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BBenenue

Cxanupyromas 3oH10Basi Mukpockonus (C3M), oObeauHsIomas mmupoKui
CIIEKTP COBPEMEHHBIX METOJIOB HCCIIEIOBAHUS NOBEePXHOCMU, HACUUTHIBAET
MOJITOPA JIECSTKA JIET CBOEH UCTOPUU — ¢ MOMeHTa co3nanus B 1981 r. bunnu-
roM u Popepom ckanupyroiero TyHHenbsHoro Mukpockona (CTM)[1, 2]. 3a
MPOLIEAIINE I'O/Ibl IPUMEHEHHUE 30H0BO MUKPOCKOIINH ITO3BOIUIIO JOCTUYb
YHUKAJIbHBIX HAYUHBIX PE3YJIbTATOB B PA3IMUHBIX O0JACTIAX PU3UKU, XUMUU
u ouosiorun. Hanbouiee sspkuMu 1IeMOHCTpALIASIMU BO3MOXKHOCTEM 3TOT0 3KC-
MEPUMEHTAJIbHOTO HANIPABJIEHUS IIPU UCCIIEIOBAHUM ITOBEPXHOCTEN TBEP/IbIX
TEJI MOTYT CIIY)KUTh: PE3YJIbTAThI MO MPSIMON BU3yaJIU3ALIMU PEKOHCTPYKIIUU
noBepxHocTeit [3]Y), MaHUTYIALUS OTAEALHBIME ATOMAMHU I 3aIUCH UH-
(bopmanu ¢ peKOPIHON INIOTHOCTHIO, UCCIIEIOBAHUE JTOKATIBHOTO BIIUSHUS
MMOBEPXHOCTHBIX JePEKTOB Ha 30HHYIO CTPYKTYpy oOpa3sia [4] u mp.

Hogble sxcnieprMeHTa IbHbIE BO3MOXHOCTH PACCMATPUBAEMOIO HaIpaB-
JIEHUSI B CPABHEHUH C TPAJAUIIMOHHBIMU METOIAMHU UCCIIEIOBAHUS TTOBEPXHOC-
TU JAETIAI0T OCOOEHHO NMEPCIIEKTUBHBIM TPUMEHEHHE 30HI0BOY MUKPOCKOITHHI
(B 4aCTHOCTH aTOMHO-CHJIOBOH Mukpockornuu (ACM) [5]) miist usyuenus ouo-
JI02UYECKUX U OpeaHuyecKux MaTepuaaoB. Ha 3ToM myTH B MOC/IeTHUE TOBI
TaK>ke ObLT JOCTUTHYT 3HAUUTETbHBIN Tporpecc. B uacTHOCTH, MpUMEHUTENb-
HO K HUCCJIeIOBAHUSIM HYKJIEMHOBBIX KUCJIOT, MOXKHO YIOMSHYTbh O TaKHUX pe-
3yJibTaTax, Kak BU3yanausamus oTaeabHbix MoJiekyn JJHK [6] u uccnenoBanue
X KOH(POPMALIMOHHOTO COCTOSIHHS B XHJIKUX Cpelax, MpsSMoe U3MepeHue
CUJI B3aUMOJIEUCTBUSI KOMIUIEMEHTAPHBIX HYKJICOTUAOB [7], BUByaIM3aus B
peanbHOM MaciiTabe BpeMeHu mpoiieccoB B3aumosericteus JHK ¢ Genka-
Mmu [§].

B TO e Bpems 30HII0Basi MUKPOCKOIIUSI OMOJIOTUYECKUX U OpTraHUuYec-
KMX OOBEKTOB U CTPYKTYp OcTaercs 0oJjiee Cl10KHOM 3a1aueil B CpaBHEHUU C

C3M-aHaaru30M ITOBEPXHOCTEN TBEPABIX Tell. [{elficTBUTEIbHO, POIILIO O0Jiee

1) ganpumep, mosepxuoctu Si(111)7 x 7
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JIECSITU JIET C MOMEHTa BO3HUKHOBeHUs1 C3M, npexkie ueM Obliia yoeauTenb-
HO TOKa3aHa €€ aJIeKBATHOCTb JIsl UCCIeIOBaHUN OM000BEKTOB (B 1992T.
Ha npumepe moiiekyibl JJHK [6]). DTo cBI3aHO ¢ TaKUMH OCOOEHHOCTSIMU
TOJ0OHBIX 0OBEKTOB, KAK HU3Kas IIPOBOMMOCTL2) M HEBBICOKAS MEXaHHYEC-
Kasl KECTKOCTh. AKTYaJIbHOU SIBIISIETCS TTPpOOJIeMa UMMOOMIIN3AIINH TaHHBIX
CTPYKTYP Ha MOBEPXHOCTSIX TBEPABIX MOJIJIOKEK B MPOIIECCAX TPUTOTOBJICHUS
00pa3LoB U MPU UCCIIEAOBAHUAX (OCOOEHHO B )KUIKUX cpenax). BaxkHo, yto-
OBl 00BEKTHI OBLTU 3a(PUKCUPOBAHBI HA MTOJITTOKKE B TAKOM COCTOSIHUU, YTOOBI
OBUIO BO3MOJKHO HCCIIEJIOBATh UX MHTEPECYIOIINE CTPYKTYpHbIE OCOOEHHOC-
TH. BO3MOXHBIM [TOJIXO10M K PELLIEHUIO 3TOM 3aJa4l MOKET CIIy>KUTh, HATIPU-
Mep, MOAUDUKAIMS CBOMCTB MOTOKKH ITyTEM KOHTPOIUPYEMOTO OCAXKICHUS
Ha €€ IOBEPXHOCTh TOHKUX OPraHMYECKUX IUIEHOK C 32 JaHHBIMU CBOMCTBAMHU.

BecpMa BaKHBIM U151 4IEKBATHOTO IPUMEHEHMS 30HI0BBIX MUKPOCKOIIOB
B IIMPOKOMACIITAOHBIX HAYUYHBIX HCCIEIOBAHUSX SIBISETCS OTCIEKUBAHUE
U CUCTEMATH3alMsl BO3MOXKHBIX MEXaHU3MOB BO3SHUKHOBEHUS apmeghaxkmos,
T.€. anmmapaTHbHIX 3PPEeKTOB, MPUBOASIINX K HAOTIOJCHUIO JTOKHBIX HJIH HCKa-
’KEHHBIX CBOMCTB UCCIIEAYEMOTO 00BEKTa, KOTOPOE MOKET OBITH 00YCIOBIIE-
HO, HaITpUMeEP, BO3/IEUCTBUEM HA OOBEKT CAMOT'O MHCTPYMEHTA UCCIIEAOBAHUS
U Ip.

JIelicTBUTENBbHO, CKAHUPYIOLINNA 30H1I0BBII MUKPOCKOII IIPEICTABIISIET CO-
00l «IIPOEKTOP», MPOCHUPYIOMIUN OOBEKTHI U SBJICHUS MUKPOMHpPA HaA J10-
CTYIIHBIN HallleMy BOCIIPUSITUIO «IKPAH» — B CHIJIy MHOTUX IPUYUH YAO0OHO,
YTOOBI UM CITY>KWJI 9KpaH MOHUTOpA KOMITbIoTepa. B aToM cityuae npoekius
CTAHOBUTBCS OTUACTH «OCI3aEMOI», IOCKOJIBKY TIOMMYCKAET BO3MOXKHOCTBD JO-
ITOJIHUTEIIBHOTO aHajIu3a ¢ IMOMOIIBI0 COOTBETCTBYIOLIETO IPOTrPAMMHOTIO
obecnieueHnsi. OqHaKO MOTOOHOE «ITPOCIMPOBAHUE» HECET TOJIBKO YaCTHY-
Hy10 uHGOpMaLHIO 00 00BEKTE, K TOMY K€ OTYACTU UCKAKEHHYIO BIUSIHUEM
CaMOTO «IIpOeKTOpa». BoccraHoBIeHNE IO TPOEKIIMU PeaTbHbIX CBOMCTB UC-
ClIeZlyeMbIX OOBEKTOB SIBIIIETCS TUIIMYHON OOpaTHOM 3amaueit, Tpebyroieit

PELUICHUA U 1A SOHILOBOI\/JI MUKPOCKOIIHNH.

2) BaKHO npu CTM-uccienoBaHusx
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Llean u 3a1a4n UccJIeJOBAHUSA

Llenbro paboTHI sIBIIsIACH pa3pabOoTKa METOI0B UCCIICIOBAHUS HYKJICMHOBBIX
KHUCIIOT U X KOMIUIEKCOB C TIOMOIIbIO 30HI0BOM MHUKPOCKOITHH.

B 5T011 CBSI3M OCHOBHBIMU 3a/1a4aMU HACTOSIIIENH paOOThI SIBISIIUCH:

e pa3paboTKa METOAOB OINPE/IEICHUS UCTUHHON F€OMETPUMN OOBEKTOB ITy-
TEM aHaJIU3a IKCIEPUMEHTATIbHO U3MEpPEHHBIX napaMmeTpoB ux ACM-

n300paxeHuit (yuet apredakToB);

e ompeneiieHue aJeKBATHBIX METOAUK MUMMOOWIM3AIMU MOJIEKYI HYK-
JIEMHOBBIX KHUCJIOT M UX KOMIUIEKCOB C O€JIKaMM M MOBEPXHOCTHO-
AKTUBHBIMU BELIECTBAMU B PAJIMYHBIX 3KCIIEPUMEHTATIBHBIX YCIOBUSIX
(Tpu POBEIEHUM UCCIIEIOBAHUY B )KUIKUX CpelaxX WIM Ha BO3AyXe) Ha

PAa3INYHBIX ITOJJIOXKKAX;

e 0TpabOTKA MOAXOJIOB K PEIICHHIO 33/1a91 MOIU(UKAIIUU CBOWCTB TO/I-
JIOKKU TYTEM KOHTPOIUPYEMOTO OCAKIACHHUS TOHKHX OPTraHMUYECKUX
TUIEHOK; MCCJICIOBAHKE BIIUSHUS HA Ka4eCTBO (OJHOPOIHOCTD, Oe3jie-
(EKTHOCTH) M CTPYKTYPY CPOPMHUPOBAHHOTO IMOKPBITUS ClieNUDUKU

MPOLEAYPHI €ro POPMUPOBAHUS U IPUPOBI MOTIOKKH.

[Tpu pereHnN OCHOBHBIX 33144 BO3HHUKJIA HEOOXOAMMOCTD MUJIH BO3MOX-
HOCTBb PACCMOTPEHHMS Psi/ia JOTIOJTHUTEIIBHBIX U BCIOMOTaTEIbHBIX BOITPOCOB
u npobneM. Tak, aHanmu3upys npodiieMy oInpenesieHUuss UCTUHHON TeoMeT-
pun oObekTa Mmo pesyiabraTtam uccieqoBanus ACM (rmaBa?2), paccMoTpe-
JIU 1Ba OCHOBHBIX apTedakTa, MPOSIBISIOMIUXCS MTPU UCCIETOBAHUN MUKPO-
00BEKTOB, aICOPOMPOBAHHBIX HA MOBEPXHOCTH TBEPION MOJTOXKKHU: 3D (DEeKT
yimapenus (pa3gen2.2) u agdext 3aHmkenns BpicoT ACM-nipodutst (pasz-
nen2.1). Ilpu pa3paboTke METOIUKU KOJIMYECTBEHHOI'0 OmUcaHMs 3¢ deKTa
3aHWKCHUS BBICOT MPUBJIEKIIA TEOPUIO KOHTAKTHBIX AeOopMaIlnii; CIISICTBHS
e¢ MpUMEHEHMs JUIs aHanmmu3a pe3yibTatoB ACM morpeboBanmu (3TomMy 1o-
CBslLleH pa3nen2.1.5) 00bACHUTH C MO3ULIMI KOHTAKTHON TEOPUU MEXaHU3M
ACM-Bu3yanu3aluy aTOMHOM WM MOJIEKYJISIPHOU CTPYKTYP TMTOBEPXHOCTH.

OrnpeneneHue aleKBATHOM METOANKA UMMOOUITN3ALIUN OAHOLETIOUEYHOM
BupycHoit PHK (rnaBa 3) Ha noBepXHOCTH MTOUI0KKH [TO3BOJIMIIO BU3yaIU3U-
pOBaTh CTAIMU MPOIlecca MOCIeI0BATEIbHOTO Pa3pyIIeHUsI BUPYCHOU YacTH-

1B C BEICBOOOKIeHneM MoJiekyiibl PHK, Haxoasieiicst B 6emkoBoii 00004Ke
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(pazmen 3.1.1), u mpoaHaIM3UPOBATh HEAKBUBAJIEHTHOCTD MTPOTEKAHUS 3TOTO
npo1iecca Jjis IBYX KOHIIOB BUPYCHOM yacTulibl (pazmaen 3.1.2).

Pa3zpaboTka MeTOIOB omnpeiesieHUuss HCTUHHON reoMeTpUr 0OBbEKTOB I10-
3BOJIMIIA, TIPH MTPOBEACHUH UCCIeA0OBaHU KoMmakTizauu®) Monexyn JHK
(rmaBa 4), mpoaHaIM3UPOBATH KOJIMYECTBEHHBIN MOJIEKYIISIPHBIN COCTaB KOM-
MAaKTU30BAHHBIX CTPYKTYp. OTpaboTKa METOIUKU UCCIEAOBAHUS HYKJIEHUHO-
BbIX KUCIIOT B )KMJIKUX CpeJiax (omucaHa B pasjene4.2.2) mo3Bojauia U3y4uTh
MPOMEXYTOUYHbIE cTaanu npouecca komnaktuzanuu JJHK HenocpeacTseHHo
B KUAKOCTHOH stueiike ACM u onpenenuTh CTPYKTYPY KOHICHCHPOBAHHOM
MOJIEKYJIBI.

[Tpu uccienoBaHUMM TOHKUX TUICHOK (CM. TJIaBy 5), MpUMEHEHHUE METo/a
(hopMUpOBaHUs UCKYCCTBEHHBIX JIeeKTOB (cM. puc. 5.10) 1a110 BO3MOKHOCTh
MIPOAHAIU3UPOBATH YIJIbl B3AUMOOPUEHTALUHA OCEU PELIETKH IIJIEHKU U MO~
noxku. Kpome Toro, ajist psiia TOHKOIUIEHOYHBIX IMOKPBITUI yIaJI0Ch OCY-
miecTBUTh ACM-BU3yaIn3alnio MOJIEKYISIPHOM YITAKOBKH U ONPEAeNUTh a-
paMeTphI 3JIEMEHTAPHOU TUEUKHU. DTO MO3BOJIWIIO CAEIATh BBIBOJIBI O IIPUPO/IE

MEXaHU3MOB, OIIPEAEIIAIONIMX MOJIEKYJISIPHYIO CTPYKTYPY IJIEHOK.

3) mepexos «KITy6oK» — «TII06yTa»
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I'n1aBal

OCHOBHBIE NPUHLMIIBI CKAHMPYIOLIEH

30H/10BOM1 MUKPOCKOIIMHU

OO0111eii yepTOi BCEX CKAHUPYIOIIUX 30HI0BBIX MUKPOCKOTIOB (M OTIpeIesiio-
el X Ha3BaHUE) SIBIISICTCS HAIMYUE MUKPOCKOITMYECKOTO 30HOd, KOTOPBIN
TIPUBOIUTCS B KOHmMakm®) ¢ uccieayeMoii OBEPXHOCTBIO U IEPEMEIAETCS TT0
HEKOTOPOMY 3aJJaHHOMY yYaCTKY ITOBEPXHOCTH, OCYIIECTBIISISI €T0 30HIUPO-
BaHUe (WJIN CKaHUposamue).

KonTakT 30812 1 00pasia nmoapasymeBaeT ux Bzaumoeiicrsue. CTporo
roBOps, B 00IIEM cydyae 3TO B3aUMOJIEHCTBHUE HOCUT CIOKHBIA XapakTep.
UTOOBI OCYyILIECTBISATH UCCIIEI0BAHUE C IOMOIIbIO KOHKPETHOT O ITpudopa, u3
IIMPOKOTO CIIEKTpa BBIOMpAeTCs Kakoe-Tubo OAHO pabouee B3aUMOICHCT-
Bue. [Ipupoaa 3Toro BhIOpaHHOTO B3aUMOJICHCTBUS U OMpEeNsieT MPUHA/I-
JISKHOCTD MpUOOpa K TOMY UM HHOMY THITY B paAMKaX CeMeHCTBa 30HI0BBIX
MUKpOcKornoB. MH(OopMaIys o MOBEpXHOCTHU U3BJIeKAeTCs MyTeM huKcauu?)
WJIU JIETEKTUPOBAHUS B3AaUMOCUCTBHS 30HIa U 0Opa3ia.

B TyHHETEHOM MUKPOCKOTIE 3TO B3AaUMOCHCTBHUE MPOSIBIISIETCS B IPOTEKA-
HUU TIOCTOSIHHOTO TOKa B TYHHEIIPHOM KOHTaKTe. B OCHOBE aTOMHO-CHIIOBO#
MUKPOCKOITUU JIGKUT B3aMMOJICHCTBHE 30HAa U 00pa3lia ¢ CHJIaMHU MPUTS-
KEHUSI WIM OTTAIKUBAHUSA. MOXHO yNOMSHYTh O TaKUX PAa3HOBHUIHOCTSX
30H0BBIX MUKPOCKOIIOB, KAK MAarHUTHO-CUJIOBOM MUKPOCKOTI [9] (30H1 1 00-
pasel] B3auMOJICHCTBYIOT C MATHUTHBIMU CUJIAMH ), MUKPOCKOIT OJIMKHET O 110-
7151 [10] (onTrueckue CBOMCTBA 0Opa3Ia IeTEeKTUPYIOTCS Yepe3 MUHHUATIOPHYIO

nuadparmy, HaXOSIILYIOCS B O/1udicHeli 30He UICTOYHUKA), OIS PU3ALMOHHbBIN

) He Bceryia peub UJIET O MEXAHUYECKOM KOHTAKTE
2) IpH MOMOIITH CHCTEMBI 0GPATHOI CBA3M
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cutoBoi Mukpockori [11] (¢ 00pa3iioM B3auMOAeHCTBYET MPOBOASIININ 3apsi-
JKEHHBIN 30HM) U T.1.

MuHHATIOpHBIE pa3Mephl 30HIa U BBICOKAs YYBCTBUTEIIBHOCTH JETEKTH-
pyIOIIEH CUCTEMBI ITO3BOJISIET IOCTUTaTh B 30HI0BO MUKPOCKOIIUY HAHO- U
CyOHAHOMETPOBOTO IMPOCTPAHCTBEHHOTO Pa3peIeHHs IIPU ACTCKTHPOBAHUHT

TIOBEPXHOCTHBIX CBOICTB?).

1.1. O0mue npuHOUNBLI PpA0OTHI CKAHUPYIOILET O

30HA0BOI'0 MUKpPOCKOIIa

[Tpouecc ckaHMPOBAHUS OCYIIECTBIISIETCS IPU MTOMOIIU ITbE30KEPAMUUYECKO-
ro manunynstopa?) . 301 ABUKETCA TOCIEN0BATENBHO, CTPOKA 32 CTPOKOIA,
B/I0JIb ITOBEPXHOCTU (M3MeHsI0TCA KoopauHatel X u Y). s ouudpoBku
JAHHBIX YYaCTOK CKAaHUPOBAaHUS pa3buBaercs HA N CTPOK, a KaKaas CTpoOKa
Ha M Touek, TakuM 00pa3oM II0JI0KEHHUE UIJIBl B IITIOCKOCTU XY OIMCHI-
BaeTcs AByMsl KoopaumHatamu X;,Y; u3 MHoxectBa {X;,Y;} N x M Touek
(o6bruHO BbIOUpatoT N = M). Pe3ynbTaToM pabOThl CKAHUPYIOIIETO 30H-
JIOBOTO MUKPOCKOIIA BJISIETCS YCTAHOBIIEHUE COOTBETCTBUS MEXIY KaXKIOU
napoi koopauHaT 13 MHOXecTBa {X;, Y, } 1 HEKOTOPBIM YHCIIOBBIM 3HAYCHHU-
eM (WM pAIoM 3HAUYEHMIH), XapaKTEepU3YIOLUM aHAIM3UPYEMbIN ITapaMeTp
MOBEPXHOCTHU (WJIU PsAJl HAPAMETPOB).

ITo cnocoOy ABUKEHUS UTJIBI HAJ TIOBEPXHOCTHIO MOKHO IIPOBECTH ClIe-

nytomyio guddepennmanmio padoter C3M.

e Eciu 30HA ABMKETCS Hal IMOBEPXHOCTBIO MPHU IIOCTOSHHON KOODPIH-
HaTe Z, TO TOBOPSAT, YTO CKAHHPOBAHHME OCYIIECTBIISIETCS IO CIIO-
co0y nocmosnnoil evicomvl. B 3TOM cllyyae B KaXIOM TOUYKE U3
MHOXecTBa {X;,Y;} m3mepsercs unmencugHocms paboOdero B3aUMO-
AeHcTBUS ;| z—const. PE3yIbTATOM HCCIEAOBAHUS SBIISETCS maccus®
{®ij| z=const, Xi, Y} }, OTUCHIBAIONINII 3aBUCUMOCTb (DyHKIIUH IBYX IIepe-

MEHHBIX P |7_const(X,Y).

3) Paspemaromas cocoGHOCTb MpU60OPa, Kak IPaBHIIO, TEM BBIIIE, 4eM 6ojiee KOPOTKO-
JIEHCTBYIONTNH XapaKTep MMeeT B3anMMO/IeiCTBHE 30H1a 1 0Opa3sIa.

%) MM CHCTEMBI MAHHUITYJISITOPOB

%) MM HECKOITBKO MACCHBOB, €CITH B KaXKI0H TOUKE H3MEPSUTICh HECKOIBKO ApaMeTPOB
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e Eciiu xe cucmema obpammoii céasu (pukcupyer B Ipoliecce CKaHU-
POBaHUS Ha 33/IAHHOM YPOBHE BEJIMYMHY pabouvero B3anMMOJEHCTBUS
A(X,Y,Z) Bapuanueil BepTUKAIBbHON Z KOOPAMHATHI 30HIQ, TO TO-
BOPSIT, UTO CKAHUPOBAHUE OCYLIECTBIISETCS MO CIIOCOOY nOCMOsSHHO20
gsaumodeticmaus. PezynbraToM pab6otel C3M B 3TOM pexume Oyaer
MacCUB { Z;j| A—const; Xi, Yj }, KOppenupyronmmii ¢ Tonorpagueit uccie-
nyemoit moBepxHocTu. [lomMumo «romorpaduueckoro» MaccuBa, MOX-
HO, TIPOBOJISI B KaXIOW TOUKE M3MEpPEHHS KaKOTro-THOO TOTOJHU-

TCJIBHOT'O IMapaMeTpa (I/IJII/I HCCKOJII)KI/IX), MoJIy4aTb 3aBUCUMOCTH BHU 14
(I)ij |A:const(Xi1 Y})

Takxum ob6paszom, pesyapraToM C3M-HcclieqoBaHUS SIBISIETCS IOJIyYe-
HUe (YHKIIMOHAJIBHBIX 3aBHCUMOCTEH IBYX THIIOB: IO CIIOCOOY MOCTOSH-
HOM BBICOTBL: P|z_const(X,Y), U 1O crIOCOOY MOCTOSIHHOTO B3aUMO/ICHCT-
BUS: Z|a—const(X,Y) («TOmorpadus»), IIOC KaKas-InO00 JOMOIHUTEIbHAS
3aBUCUMOCTD P| 4 const(X, Y'). C HOMOIIBIO KOMIBIOTEPHOTO IPOTPAMMHOTO
00ecreueHs] MOYKHO TPOBOIUTH aHAIIN3 MOJYYCHHBIX 3aBUCHMOCTEN (aHa-
JIN3 XapaKTEPHBIX JIATePaIbHbIX U BEPTUKAIBHBIX PA3MEPOB MOBEPXHOCTHBIX
0COOCHHOCTEM, MMOCTPOEHUE CEUCHMI, (Pyphe-aHallu3, OLeHKa IIIEPOXOBATOC-
TH U T.IL.), OTOOpaXkaTh MOJIyUYeHHbIE 3aBUCUMOCTH Ha 9KpaHe MOHUTOpPA U
BBIBOAMTH MX HA IIPUHTED.

IIpu cTpOromM pacCMOTPEHHUH, CIEAYET YUYUTHIBATH OTIIMUHE KTOIOTrpa-
(hUYECKOr0o» MacCUBa, MOJIYYCHHOTO B PEKHMME ITOCTOSIHHOIO B3aUMOICHCT-
BUS: {Zij| A—const, Xi, Yj} OT peanbHoil Tonorpaduu mnosepxHoctu. [Tomo6-
HBII aHAJIU3 MTO3BOJISICT OTCICAUTh P MEXaHU3MOB BO3HHUKHOBECHHS apiie-
¢axkmos. B ciiyyae HECOTHOPOIHOTO pACIPEC/IEHs TOBEPXHOCTHBIX CBOMCTB,
OTIPEACTIAIONIMX HHTEHCUBHOCTD B3aUMO/ICHCTBUS 30H1a ¥ 0Opasia, s U3-
BJICUEHMS TOYHOM MHpOpPMALIUK O Tormorpaduu o0bekTa HEOOXOIUMO B KakK-
JIO¥ TOYKE MPOBOJUTDH JOMOJHUTEIBHBINA aHAIN3 B3aUMOACHCTBUS 30HIa U
obpa3sia.

Hanpumep, B TyHHETBHOW MUKPOCKOITUU pealibHAsl T€OMETPHUSI TOBEPX-
HOCTH M KapTa MOBEPXHOCTHOT'O PACIIPEICIICHUs SJIEKTPOHHBIX CBOWCTB MO-
I'YT OBITHh MOJHOCTBIO [12] pEKOHCTPYMPOBAHBI IIyTEM aHAIM3a TPEX U3MEPSI-
€MBIX MAaCCHUBOB: «TOMOrpaduu» B peKUMe MOCTOSHHOIO B3aMMOICHCTBHS,
MEPBOI IPOU3BOIHON TYHHEIBHOIO TOKA IO HAPSKEHHUIO CMEIIICHUS U TIep-

BOIt HpOHSBOI[HOfI TYHHCJIIbHOI'O TOKaA I10 BCJIMYMHC TYHHCIIbHOI'O 3a30p4a.
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1.2. Ckxanupyrwomasi TYHHeJbHAsi MUKPOCKOIHUSI

B ckaHupyromeM TyHHEIBHOM MHUKPOCKOIIE B3aMMOJIEHCTBUE 30HJA M I1O-
BEPXHOCTU IPOSBISAETCA B IMPOTEKAHUU ITOCTOSIHHOIO TOKA B TYHHEJIBHOM
3a30pe MeX1y HUMHU. JIJIsl IIIOTHOCTU TYHHEIBHOTO TOKA (B MPUOIMKEHUU
IJIOCKUX METAJNIMYECKUX 3JIEKTPOJIOB U BAKYYMHOT'O TYHHEJIIMPOBAHUS) CITpa-
BemuBa hopmyna [13]:
. 3e?ky
I Arhs

Ui exp (—2kgs), (1.1)

re e — 3apsijl AJIeKTpoHa, h — nocrosinHas [linaHka, s — paccTosiHUe 30H/1-
ob6paszen, U; — pa3HOCTb MOTEHIIMAJIOB HA TYHHEJIbHOM KOHTAKTe, kg — KOH-

CTaHTa 3aTyXaHHA BOJIHOBBIX (1)YHKL[I/II7I QJICKTPOHOB B KOHTAKTC:

2m
ko = 1/ hf (1.2)

re m — Macca 3JEKTpoHa, ¢ — 3(hPeKTruBHAS BBHICOTA MOTEHIUATHLHOTO

Oapnepa.

N3 anammza dopmynsi(1.1) cremyer, 4To mpu U3MEHEHUHM DPACCTOSHUS
30HI-00pa3ell Ha OJMH aHICTPEM BEJIMYMHA TYHHEJIBHOTO TOKA U3MEHSCTCS
Ha opsiioK. [ToCKOIbKY BeJTMYMHA B3aUMOICHCTBUS 30H,1-00pa3ell CTOJIb Cy-
IIECTBEHHO 3aBUCUT OT PACCTOSIHUS d, TO 3TO IMO3BOJISET CUCTEME OOpaTHO
CBSI3U IOJICPKUBATh BEJIMYMHY d IOCTOSHHOW B MPOILECCE CKAHUPOBAHMS
C BBICOKOUM TOYHOCTBIO. JlaHHOE OOCTOSATEIBCTBO OOYCIIaBIMBAET BBICOKOE
npocTpaHcTBeHHoe paspemieHue CTM npu ompeneiacHUn «romorpaduyec-
KOI» QYHKUIUH Z |1, —const( X, Y).

Hapsny 3T0ii 3aBUCUMOCTBIO — «TOTIOTpadueii B pexKIMe MTOCTOSHHOTO
Toka» — B CTM B03MOKHO moirydeHue 3aBUCUMOocCTel TUIa |z _.onsi( X, Y)
W | g—const (X, Y). K IEpBOMY THITY OTHOCSTCSI KTOKOBBIE» U300 PaKCHHUS,
MIOJIyYCHHBIE B PEKUME MOCTOSHHOU BBICOTBL: It 7—const(X,Y ). Ko BTOpO-
My tuiry otHocsTCS: d In(1y)/d z|1,—const( X, Y) M d I /A U|f,—const(X,Y), cBsI-
3aHHBIC C MOBEPXHOCTHBIM pacrpeseieHueM pabotsl Beixoga ¢(X,Y) (1.1)
Y MOBEPXHOCTHBIM PacCIpeIe]ICHHeM IUIOTHOCTU 3JIEKTPOHHBIX COCTOSHHUI

p(X,Y, Ef & eU). Ilocnennee onpenensiercs: hopmymoii [14]:

E¢+eU
It(X,Y,Z)% / p(vaaE)T(Eanvz)dEa (13)

Ef
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rae T(E,eU, Z) — xoadduiueHT npo3payHoctu O6apbepa, Ef— ypoBeHb
Depmu.

[Tomyyenne ¢GyHKIHOHANBHBIX 3aBUcuMocTed d In(l;)/d z|1,—const(X,Y)
U dI;/dU|;,—const(X,Y) TO3BONSIET ydecTb HMX BKJIAJl B HECOBIAICHUEC

Z|1,—const(X,Y") ¢ peastbHOI TOTIOTpadueit ncceayeMoil IOBEPXHOCTH.

1.3. ATOMHO-CHJIOBasi MUKPOCKOIHSA

B aromHo-ciimoBoM Mukpockore [5] B3aumoneiicteue A(X,Y, Z) sBnsercs

CU108bIM B3aMOACHCTBHEM 30HIa U o6pa3ua.

1.3.1. CuioBoe B3auMo/ieiicTBHe 30H1a H 00pa3ia

duznueckasi IpUPoOIa U XapakTep JAHHOTO B3aUMOJEHCTBUS B OOILIEM CITy-
4yae I0CTATOYHO CII0XHBI, IOCKOJIBKY OHU OIIPEIEISIOTCS CBOMCTBAMU 30H/12a,
obpasua U cpenbl, B KOTOPOH MPOBOAUTCS UccieoBaHue. B ciyyae uccneno-
BAHUI He3apsicenHbiX TTOBEPXHOCTEN B €CTECTBEHHOM aTMOC(epe OCHOBHOM
BKJIaJ] B CHJIOBOE B3aMMOJIEHCTBUE 30HAA U oOpaslia AA0T: CUIIbl OTTAJIKHU-
BaHUA, BBI3BAHHBIC MCXaHNYCCKHUM KOHTAKTOM KpaﬁHI/IX dTOMOB 30HIa U 00-
pasua, cwibl Ban-gep-Baanbca, a Takke KanWUISIpPHBIE CUIIbI, CBSI3AHHBIE C

HaJIMYMEM TUICHKH ajicopbaTta (BoJibl) HA MOBEPXHOCTH 0OpasIa.

Cuib Ban-nep-Baannca

30HBI AJIs1 aTOMHO-CUJIOBOIO MUKPOCKOTIA UMEIOT (pOopMy KOHyca WU TH-
pamusl (puc. 1.1), KOHUMK XapaKTepU3yeTcs paauycoM KpUBU3HBI R, nexa-
II1M, COTJIACHO JAHHBIM (PUPM-TIPOU3BOIUTENCH, B Tuana3oHe 5 -+ 40 HM, CM.
Tabmuiy A.1 Ha cTp. 227.

Bbruucnsis qucriepcMOHHOE B3aMMOJIEUCTBUE 30HAA, U300PAKEHHOTO Ha

puc. 1.1a, u mockoro o6pasiua B mpubmmkeHnn®) :
d < R < h, (1.4)

npeHeOperast wieHaMu nopsiika d/R n 0oliee BRICOKOTO MOPSIKA MalOCTH,

JUUTSE BEJIMYMHBI CUJIBI BaH-JIEP-BaajbCOBOTO IMPUTSDKEHUS nMeeM (popmyiy,

6) B l'IpI/I6J'II/I)K€HI/II/I AJIUTHUBHOCTU JUCIICPCUOHHOI'O B3aUMOJICHCTBUS
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Fyl'IP

S FB/-[B T l FKAI‘I
T FKOII I
Frp Vekan
30HI
h
o
Foo. |
R
L A
FBLlBl I l FKAI‘I
d
T Fron
a) obpasers 6) Frp Vekan

Puc. 1.1. O6001menHas reoMeTpus 30H1a aTOMHO-CHJIOBOTO MUKPOCKOIIA U GaiaHC

CHJIOBOT'O B3aUMOJCHCTBUSA 30H1a U 06pa3ua;

a) h— BrIcoTa 30HAa, R — pamuyc kpuBu3HBI KOHUMKA, d — pacCTOSIHHE MEXIY 30HIOM U
o0pa3ioM. TunuyHbIe mapaMeTpbl IPOMBIIIJIEHHBIX 30HI0B (6oJiee moapoOHo B TabmuIe A. 1
Ha cTp. 227): h ~ 3 + 15MkM, R ~ 5 + 40 HM, e ~ 10 + 35°;

0) yKa3aHbl CHIIBI, IEHCTBYIOIINE HA 30H: AUCIIEPCUOHHBIE Fpyp, KAMWILIApHBIE Fyp, CUITBI
TpeHus Fy,, ympyrue cuibl, 00yCloBICHHBIE TPSIMBIM HIH OOPATHBIM H3THOOM KaHTUIIEBEpa

F}p, a Tax:ke KOHTAKTHBIMU JepopMansaMu o6pasua Fiy,
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COBITAJIAIONIYIO C MoJyueHHOU ["amakepom [15] mms B3aumoaeicTBus cepbl

U IIJIOCKOCTH:

rae d— paccTosTHuE MeXIy 30HAOM U obpasuioMm, R— paanyc KpUBU3HBI

30H1a, A — KoHcTaHTa ['amakepa:

A= 7T2P1,025- (1.6)

31€ech p1 ¥ p — IUTIOTHOCTU MAaTEPUAIIOB 30H1a M 00pa3iia,  — KOHCTaHTa
B 3aKkoHe JIoH0Ha [16] 1y1st 3HEpruu JUCTIEPCUOHHOTO B3aMMOIEUCTBUS ABYX

HEUTpaJIbHBIX ATOMOB B BaKyyMe:

g

U=—15. (1.7)

JI1st MTaHHOW KOHCTAHTBI CIIpaBeNIMBA OlEHKA 3 ~ a1 Fu0u, TIE a1 U
Qg — TIOJISIPU3YEMOCTH B3aUMOJIENCTBYIONIUX ATOMOB, Fpoy ~ me* /A2 —
«aTOMHas» 3Heprus’) (m M e— Macca W 3apsij 3IeKTpoHa). Bocmonb3o-
BaBIIIKCh TEM, UYTO « X p — BeIWYMHA Oe3pa3MepHast M JJIsi MHOTHUX 3Jie-
MEHTOB MMeeT NopsaoK 1/10, MOIydnM OIeHKY JUIsl KOHCTAHTHI ['amakepa:
A~ E o / 10 ~ 10719 JIx. DKCIIepUMEHTaIbHO U3MEPEHHbIEC 3HAUCHU S KOH-
ctadThl ["TamMakepa AIs1 pa3IMYHBIX MAaTEPHUATIOB MO MOPSIKY BETUUYUHBI CO-
BIIQ/IAFOT C BBITUCAHHOM OLEeHKOM [17]: A,pen ~ (0,4 + 4) % 10719 JTk.

[TpoBoast onieHKH 111 TUMUYHBIX yciaoBui ACM-3KcIiepuMeHTa B PEKU-
M€ KOHTaKTa, MoJIydyaeM ISl BEIMUMHBI BaH-/IeP-BaalIbCOBOTO TIPUTSIKEHUS:
Fpop ~ 1078 = 107°H.

CTOUT OTMETHUTH, UTO TPEAINOI0KEHUE 00 aJIUTUBHOCTH TUCIIEPCUOH-
HOT'O B3aUMOJIEHCTBUS, caenaHHoe ["amakepom nipu BbiBozie hopmydsl (1.5),
BOOOIIIE TOBOPsI, HEOOOCHOBAHO. Jlpyrue cyliecTByIolue Teopuu (Hampu-
Mep, noaxoa JIudmmumna [18], cBSI3bIBaIOIINN HHTEHCUBHOCTD JTUCIIEPCUOHHO-
ro B3aUMOJIEUCTBUS C IUAJIEKTPUUECKUMU IPOHULIAEMOCTSIMU MATEpHUAJIOB
B3aMMOJICHCTBYIOIIMNX TEJI U CPEIbl UCCIECIOBAHMS) MO3BOJISIIOT OOBSICHUTD
SKCIIEPUMEHTAIIBHO HAOTIOaeMble B Psjie ClIyuaeB®) CHIIBI TUCIEPCHOHHOTO
ommankusanus [19]. OgHAKO HECMOTPS HA TO, YTO MPUPOAA TUCTIEPCUOHHO-
ro B3aUMOJCHCTBUS IOCTATOYHO TOHSTHA, pa3padoTaTh TOUYHBIN MOAXOM K

OIIMCAHHIO ABJICHHUS OKa3aJIOChb TPYAHO, U IMO3TOMY COBPEMCHHBIC TCOPHUU

7) COBIA/IAET 110 HOPSIKY BEIMUMHEI C TOTEHIIMATIOM HOHH3ALMH
8) py aJeKBaTHOM BEIGOPE MAaTEPUAIOB B3aUMO/IEHCTBYIONMIMX Tell M CPe/Ibl, B KOTOPOii
OCYIIECTBIISIETCS B3aNIMOICHCTBHE
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SABJIAIOTCSA HpI/I6J'II/ISI/ITCJ'IbeIMI/I I MOACJIBbHBIMU, BCICACTBUEC 3TOI'0O COBIIA-
JACHHEC B p€aJIbHOM UCCIICJOBAHHUH PACUCTHBIX U OKCIICPUMCHTAJIbHBIX JdHHbBIX

1O NOPAOKY 8eU4UHbL CANTACTCS BITIOJIHE YAOBIETBOPUTEIbHBIM [20)].

Kal’ll/lﬂﬂﬂpﬂble CHJIbI

BBuny Hanuuusg agcopOoUpoBaHHOM IMJIEHKU BOJbI HA UCCIIETyEMON MOBEPX-
noctu?), npu nposeaennn ACM-3KCrepuMEHTOB Ha BO3yXe MEXK/LY 30HI0M U
06pa3uoM popMHUpPyETCsI MEHUCK, UTO TPUBOIUT K BOZHUKHOBEHUIO JOTIOJIHU-

TEIbHOMN CHITBI IPUTSIKEHUS MEKY KOHTAKTUPYIOIIMMU TOBEpXHOCTAMH [21]:

47 Ry cos 6

Fkan: .
1+D/d

(1.8)
rae R— paauyc KpuBU3HBI 30H1a (0koJio 10 HM, cm. Tabnauny A.1), v — mo-
BEPXHOCTHOE HATSDKEHUE IUIEHKHU afcopbdata (i1t Boawl v ~ 0,073 Ix/m), § —
KOHTAKTHBIN yroJI JUIsl MaTepraia 30H1a (o0pasia) u 1mieHku, D — paccro-
sIHUE 30HI-00pa3ell, d — riIyOrHa MOTPYKEHHs 30H/1a B TUICHKY.

[TpuBeneHHbIE 3HAUEHUS MTO3BOJISIOT 110 MOPSIKY BETMUMHBI OLIEHUTD Be-
JUYHMHY KaWUTIPHBIX CUJT B peskuMe KoHTakTa ACM-uccnenoanuii: F,, ~
10 8 H.

I'unpodooublii 3pdext

CymHocTh 3T0r0 3¢)(heKTa — B BOSHUKHOBEHUH UHTEHCUBHBIX CUIT TPUTSDKE-
HUSI MEXYy ABYMS TUAPO(HOOHBIMU MOBEPXHOCTSIMH, HAXOISIIIIUMUCS B BOJI-
HOH cpesie. B HacTosIIee BpeMsl CYUTACTCS, UTO 3TOT IPPEKT HOCUT CITOKHBII
XapaKTep U IMPU PA3TUUYHBIX YCIOBUSAX MOXET ObITh OOYCIIOBIIEH pa3INYHbI-
MU MEXaHU3MaMH, TPOSBIISIONIMMUCS, TEM HE MeHee, 0IMHaK0oBO. CorjacHo
MMEIOLIMMCS TIPEICTABICHUSIM, BKIIad B 3(p¢dEeKT MOryT JaBaTh SHTPOMUI-
HbIE ITPOLIECCHI, CBA3AHHbIE CO CTPYKTYPHBIM YIOPSAOYUBAHUEM MOJIEKY BO-
JIbI BOJTU3U TUAPO(GOOHOM MOBEPXHOCTH [22], TepMOAMHAMUYECKHE ITPOIIECCHI,
CBSI3aHHBIE C BO3pACTaHUEM POJIu CyOKpuTHYeCKuX (UIyKTyaluii B 3a30pe [23]

U 1p.

%) IpH yCIIOBUH ee JOCTATOYHOM I'HAPOPHIBHOCTH

21



1.3.2. IIpunmun padotst ACM

Henenne ACM 1o criocoOy n3mepeHus U GuKcaluy CUI0BOTO B3aMMOEHCT-
BHS 30H/1a U 00pasiia Mo3BOJISIET BBIJIEIUTD JBA OCHOBHBIX CITydas: KOHTAKT-

Hasl aTOMHO-CUJIOBAsA MUKPOCKOIIUS U ACM MIPEPLIBUCTOTO KOHTAKTA.

KonTakTHast aToMHO-cHITIOBAst MHUKPOCKOIIHUA

s u3MepeHus BETUYUHBI CUJIOBOTO B3AaUMOJCHCTBHUS B KOHTAKTHOM PEXKHU-
M€ UCIIOJIB3YETCS CIISYIONIAas CXeMa, BKITIOUAIOIIas B KAUeCTBE MUHUATIOPHO-
ro JUHAMOMETPA YIPYTYI0 KOHCOIb (HAa3bIBAEMYIO J1e8epoM WU KaHMuiee-
poM), UMEIOIIYIO Ha CBOOOTHOM KOHIIE 30H/1 (Apyroi KOHeIl jieBepa 3ajelaH
B aepkatene). [Ipu ckannpoBaHum O6agaHC CUIT B3aUMOACHCTBUS 30H/a U 00-
pasiia IpUBOIUT K M3rH0y JieBepa (T.e. cyMMa BCEX CHJI YPAaBHOBEIIUBAETCS
YIPYTrod CHIION M30THYTOTO JieBepa, cM. puc. 1.10); BenmununHa n3ruda JeTex-
THPYETCS MPEIIM3NOHHBIM JATUNKOM. B OOJIBIIMHCTBE ATOMHO-CHIIOBBIX MUK-
POCKOTIOB JIJTsI 3TOTO UCIOJIB3YIOT ONTUYECKUE JATUUKH, PeaIn30BaHHBIC IO
CITEIYIONICH CXeMe: JTyd JIa3epHOTO TNO0a MAaeT MO/ YIJIOM Ha TOBEPXHOCTh
JeBepa U OTPAXKAETCS B LIEHTP YEThIpeXCeKIIMOHHOTO (oTtoauona (puc. 1.2).
ITpu u3rube eBepa B HOpMaJIbHOM HAaIlPABIICHUH WU ITPH €r0 KPyUeHUH BO3-
HUKAaeT pa3HUIlA B CHTHAJIAX COOTBETCTBYIOIIMX YYACTKOB (POTOIMOA: BEPX-
HUE CETMEHTBI/HIDKHUE CErMEHTHI WM MpPaBble CETMEHTHI/JIEBbIE CETMEHTHI.
ITepBrriii curaan HeceT HHGOPMAIIHIO O OaJTaAHCe CUJT TPUTSDKEHUS U OTTAJIKH-
BaHUsI, 2 BTOPO — O JIATE€paIbHBIX CUJIAX B3aUMOJICHCTBUS 30HAa U 0Opa3iia
(puc. 1.3).

B nportecce cxanuposanus cuctema oopammoti cgs3u OAIECP)KUBACT HA 3a-
JTAHHOM YPOBHE BEJTMIMHY U3rn0a KaHTHIIEBEpa (CIeJ0BATEIHHO, U CHITBI BO3-
JecTBUS 30H1a Ha 00pasel) HOCPEACTBOM BapUalluu Z-KOOPAUHATHI TOUKHU
3aKperuieHus1 KanTuieBepa. CUrHaja oOpaTHOM CBSI3U HECET, TAKUM 00pa3om,
nHpOpMaLHUIO O TOMOrpapuu MOBEPXHOCTH Z | p—const(X, Y).

VYrpyras cuna u3ruba KaHTujiIeBepa, AeCTBYIONAs Ha 30H/I, MOXKET OBbITh
HampaBjieHa KaK B CTOPOHY oOpasiia, Tak U B oOpaTHYIO (IIpssMoit 1 o0part-
HBIM M3rud KaHTUJIEBepa, cM. puc. 1.10); B mepBoM ciydyae OHa yBEIMYUBAET
JaBJIEHUE 30H/1a Ha 00pa3sell, Bo BTopoM ymeHbIaeT. Kak mpaBusio, npu cka-
HUPOBAHUU CTPEMSITCS YMEHBIIIUTh BO3JICHCTBUE HA 0Opasell, 11l 4ero BhIOU-
PaOT MUHUMAJIBHYIO BEJTUYMHY MPSIMOTO U3rubda KaHTUJIeBEpa, UM, [0 Me-

P€ BOBMOXHOCTHU, MAKCUMAJIbHYIO BCIIMUNHY O6paTHOFO n3ruba KaHTHUJIEBe-
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doroamnon

obOpaselr

TTb€30MAHUITYIATOP

Puc. 1.2. OcHOBHBIE Y3J1bL MEeXaHUYECKOM YaCTH aTOMHO-CUJIIOBOIO MHKPOCKOIIa

M3006pakeHbl: MOIYNPOBOAHUKOBBIN JTa3epHBIM AMOJ, ynpyras KOHCOJb (KaHTUJIEBEP) C
30HJIOM Ha CBOOOJHOM KOHIIE, YeTBIPEXCErMEHTHBIHN (OTOINOM, Mhe30KepaMUIecKas TPyo-
Ka (MaHUMYJSITOP OTHOCUTENIBHBIX MepeMeIlleHu 30H1a U 00pasiia, OCYIIECTBIISIEMbIX O/

yIpaBJIeHUEM CUTHAJIOB Ha X, Y U Z-3]IeKTpoaax)
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Ha KOMIIbBIOTEP

)4

cuctemMa oOpaTHOIA CBS3U

Puc. 1.3. OcHOBHBIE 3JIEMEHTHI ATOMHO-CHJIOBOTO MHUKPOCKOIIa

M306pakeHbl: MPOMOPIIMOHAIIBHOE W HHTETPAIBHOE 3BEHBS CHCTEMBI OOpaTHOI CBsI3H,
VIPABIISIONIEH HANPSDKEHUEM Ha Z-3JIeKTPOJIe, MEXaHHUEeCKasi YaCTh MUKPOCKOIIA, YeThIPe
CerMEHTa JACTEKTUPYIOIIEro (poTOoAMOa; TOKa3aHbl CHTHAJIBI, HATIPABIISIEMEBIE IS ITOCTPOe-
Hust ACM-u300pakeHu Ha KOMIIBIOTEP (B pexkuMe KOHTaKTHO ACM): CHTHAIT OTKIIOHEHUH

D men(X,Y), cunt Tpenns F,,(X,Y) u ronorpaduyeckuit curian Z| p=const(X,Y)
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pa, IpU KOTOPOM €eI1le COXpaHsIeTCss MeXaHNUeCcKuii KOHTakT. CKaHupOBaHUeE
pu 0O6paTHOM U3rube MOXKET ObITh HECTAOMIBbHBIM. ECIIN CHUIIBI IPUTSKEHUS
(KanmuJuIsipHbIe, JUCTIEPCUOHHBIE) IEUCTBYIOT HAa 30H]I HEOJIUHAKOBO Ha BCEM
y4aCTKe CKaHUPOBAHUS, TO B TEX MECTaX, IJIe OHU MEHBIIIE, 30H MOXKET KOTO-
pBATHCSA» OT MOBEPXHOCTH (BBIITH M3 KoHTakTa'?)), ecri BeMUMHA YIIpyTrux
CUJI 0OpaTHOTO MU3ruba MPEBBICUT CUJIBI MPUTSHKEHUSI. DTO 0OCTOSTEIBCTBO
SIBJISIETCS. OCHOBHBIM IPEIMSATCTBUEM MPU MUHUMU3AIUKN CUJIbI BO3JAEHCTBUS
30H/A.

Pa3nunia curHagoB mpaBbIX U JIEBBIX CETMEHTOB (poTOAMOAA OTOOpaXKa-
€T BEJIMYMHY CWJI TPEHMS, NEUCTBYIOIIMX HA 30HJ MPU CKAHUPOBAHUU, YTO
MO3BOJISIET UCCIIEA0BATD PACIIPE/ICTICHUE JIOKATBHBIX (DPUKIITMOHHBIX CBOWCTB
noBepxHocTh. MHbOpMalnio o rpagueHTe K UCCIeyeMO MMOBEPXHOCTH He-
CeT CUTHAT OMKAOHEHUL @ 5y (X, Y) HETEKTUPYEMBIiA TPH CKAHUPOBAHUH KaK
Pa3HOCTHBIN CUTHAJI BEPXHHUX M HIDKHUX CETMEHTOB (hoToanoaa, cM. puc. 1.3.
OxasbIBaeTcsl, 4YTO B 3KCIIEPUMEHTE 3aBUCHUMOCTU F,y (X, Y) U @ps (X, Y)
4acTO XapaKTEePHU3YIOTCS OOJIbIIEH JlaTepabHON pa3peliaronei crocoo-
HOCTbIO, YeM TONOTpadHUeCKUil CUTHAN Z | p—const( X, Y), B CUILy 4ero okasbl-
BaeTCs BO3MOXKHBIM JETEKTUPOBaHME O0Jiee MEIIKUX JeTalIel MOBEPXHOCTH;
MMO3TOMY UMEHHO 3TH CUTHAJIbl MBI UCITOJIb30BAJIU IIPU BU3YyAJIM3AlIMH aTOM-

HOM WJIM MOJIEKYJISIPHOM YITaKOBKHU ITOBEPXHOCTHU (pasnen 5.3).

Hexoropble orpannuennsi.  Vcnonb3yeMas cxeMa U3MEPEHUSI CUIIOBOTO B3a-
umopeiictus B ACM npocta u ynoOHa, HO B HEKOTOPBIX CIy4asiX cuibl
mpenusi MeXIy 30HIOM U 00pas3IioM MOTYT MUCKAXaTh «TONMOTrPAPUIECKUN»
CUTHaJ, cM. puc. 1.4.

B ciiyuae, korna HanpaBieHHe CKAHUPOBAHUS COBIIA/IAET C OCBIO JIEBEpa,
KapTa IIOBEPXHOCTHOT'O pacIpeeNIeH!s CUIT TPEHUS OyAeT HAIIPSIMYIO HaKJIa-
JBIBAThCS HA KapTy U3MEPSIEMOHN «TONMOrpauu» MOBEPXHOCTH, ITOCKOIBKY
JeiicTBUe CUIl TpeHus: OyleT BapbUPOBATh PA3HOCTHBIM CUTHAJ BEPXHUX U
HIDKHUX cerMeHTa GoToauo1a (MMEHHO 3TOT CUTHAJl (PUKCUPYETCs CUCTEMOM
00paTHOM CBSI3N).

B cnyuae, korga HanmpaBiieHHE CKAHUPOBAHMSI IEPIIEHUKYIISIPHO OCH JIe-
BEpa, IeWCTBHUE CUJI TPEHUS CBEJETCS K BapuallMi KPYTUIIBHOTO U3ruba Jiese-
pa 1 IPOSIBUTCS B PA3HOCTHOM CHUT'HAJIE TPABbIX U JIEBBIX CETMEHTOB (POTOIU-

04a, 4TO MO3BOJISIET pa3InuaTh BKJIAJ] HOPMAJIBHBIX U JJaTepaIbHbIX cuil. Of-

10) U cucreMa O6paTHOI71 CBA3U HE CMOXET BOCCTAHOBUTHh KOHTAKT B 3TOM ClIy4dac
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NaVaVaVaVUaVaUaUe

A A PA3HOCTHBIU CHUTHAJ A Pa3HOCTHBIA CHUTHAI
TpaBblil / IEBLIE CEIMEHT BePXHHI / HUXKHHH CeIrMeHT

(oroaunona 63 (oroaunona

Jyd Jasepa Jyd Jasepa
\V; OTK.}TOHeHI/IeI \V,
/ \

s Frp o Frp

—

HalpaBJ/ieHUEe CKaHUPOBAHUSA

HU3ruod

Puc. 1.4. O6bsicHeHUs! BIUSHUS TOBEPXHOCTHOTO pacIpeneneHns (pUKIHOHHBIX

cBoiicTB Ha Tornorpapuueckoe ACM-n3obpaxkeHue;

a) Korja HampaBlIeHHE CKAaHUPOBAHUS MEPIEHIUKYIISIPHO OCU JIeBepa, BKJIAJ CHJI TPEHUS
MPUBOIUT K M3MEHEHHUIO KPYTHIBHOTO N3rKn0a JieBepa 1 MPOSIBIISIETCS] B PA3HOCTHOM CHUTHAJIE
MPaBBIX U JICBBIX CETMEHTOB (poTOAMOIA

0) KOoT/1a HAITpaBJICHUE CKAHUPOBAHMS U OCh JIEBepa COHAIIPABIICHBI, BKJIAI CUJI TPEHUS MTPHU-
BOJIUT K U3MEHEHUIO BEPTUKAIBLHOT'O OTKJIIOHEHUSI JIEBepa U MIPOSIBIISIETCSI B pA3HOCTHOM CHT-
HaJle BEpXHErO U HIKHETO cerMeHTa (OoTOINOAA, HAKIIAIBIBASCH HA OOIIHIA TOIorpaduiec-

KUU CUTHAI
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HAKO B PEAJIbHOCTH U B 3TOM cliyuae (PpUKIIMOHHBINA CUTHA MOXET HAKJIaIbI-
BaThCS HA TOMOTrpa(UUecKuii, 4TO MOXKET OBITh 00YCIOBICHO aCUMMETPHUEH
(hOKyCHPOBKH J1A3€pHOTO JIyda OTHOCUTEIIBHO OCH JIEBEpA UIIU aCUMMETpUEH
OpHUEHTAIMU JieBepa (M 30HAAa) OTHOCHTEIIPHO MOIOKKU. DTH apTehaKThl
MOTYT UCKaXaTh pe3ynbTaThl ACM-u3mepeHus BbICOT 00beKTOB. OTCIIenTh
MX BO3HUKHOBEHUE MOKHO, AaHATTU3UPYSI 3aBUCUMOCTb U3MEPSIEMBIX BBICOT OT

HaIrpaBJICHUA CKAHUPOBAHMUA.

Paszpemaromas cnocodHocte ACM. Ilpu ckanmpoBaHuM oOpaTHas CBS3b
(bUKCHPYET Pa3HOCTHBIN CUTHAJI BEPXHUX M HIKHUX CErMEHTOB (DOTOAMO/A,
HOPMHUPOBAHHBIN Ha BEJTUYMHY CYMMAapPHOTO CUTHAJIA BCEX CErMEHTOB (OTO-
MoJia. DTO UCKITIOYAET BIUSHUE IITYMOB JIA3€PHOTO JIMO0/1a HA TOYHOCTh U3-
MepeHHs u3rubda kaHTuiaeBepa. BiusHue ceicMUYecKux IIyMOB B 10CTATOU-
HOM CTENEHU UCKIIOYAETCS UCMOJIBb30BAHUEM MPOCTEUIIINX AaHTUCEHCMHUYEC-
KUX (QUIBTPOB: HaNpUMep, JeMI(UPYIONIeH KaydyKOBON MPOKIIAIKON MO
IPAaHUTHBIM OCHOBAHMEM, HAa KOTOPOM ycTaHapauBaercs mpubop'!). Iosro-
My paspeliaronias CliocOOHOCTb aTOMHO-CUJIOBOIO MUKPOCKOIIA 110 HOpMa-
71U (B HANIPABJIGHUU Z ) OTPAHUYEHA APYTHUMU HIyMaMU: Ibe30MaHUITYJISITOPA,
KaHTWIEBEPA U AJIEKTPOHHOTO OJI0Ka (MpeyCUIIUTENS, e 0OpaTHOM CBSI3U
¥ BLICOKOBOJILTHBIX ycunuTeneir'?).

Kputepuem paspemarorieii CmocoOHOCTH 10 HOPMAIU MOKET CITY>)KUTh MU-
HUMAJIbHOE U3MEHEHUE Z-KOOPAUHATHI UIJIbI IPU CKAHUPOBAHUHM, JETEKTH-
pyemoe Ha ypoBHe 11ymMoB. [locieiHuii CyIiecTBEeHHO 3aBUCUT OT IMApaMeTPOB
CKaHUPOBaHUS (CKOPOCTH, MapaMeTPOB MPOMOPIIMOHATBFHOTO U UHTETPallb-
HOI'O 3BEHBEB LIeMU OOpAaTHOM CBSI3U, pa3Mepa KajJpa), a TaKkKe OT BSI3KOYII-
pPYrux CBOMCTB uccieayeMoro odpasua. s ucnonb3zyemoro B pabote ACM
«Nanoscope-IIla» (Digital Instruments, CIIIA) MBI olieHHBaeM npeaesn pas-
pelIeHrs IO HOPMAJIM Ha YPOBHE J10JIeH—€IMHUI] aHTCTPEM (B 3aBUCUMOCTH
OT MapaMeTPOB IKCIIEPUMEHTA).

[Tpouenypa omnpeaeneHus: paspeniaroinieil CnocoOHOCTH B JIATEPAIbHOM
HAMpaBJICHUU He ycTosiack. IIpeacraBisercs BO3ZMOXKHBIM OMPEIEIUTh €€
crnenyomuM oopazom (puc. 1.5). IlycTs 30HaUpYIOIIEE OCTpUE XapaKTepH3y-
€TCsl paINyCOM KPUBH3HBI R, a pa3peniaeMble 0COOEHHOCTU MTOBEPXHOCTH —

r (puc. 1.5). Toraa BO3MOXHOCTb JIATEPAILHOTO Pa3pEIICHHUS TTOBEPXHOCT-

11) 5Ty cXeMy MBI HCIIONB30BaIIH IKCIEPHMEHTAX
12) 33 1a10MMX CUTHAJIBI HA SNEKTPOIAX MHE30MAHUITYIATOPA, CM. pHC. 1.2
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30H]1

Puc. 1.5. K onpenenenuro maTepanbHOI pa3pernraromieit crrocoonoctu ACM;

ecin Az — TIpefiesl pa3perieHus 1o HOpMaJjH, TO d — UCKOMBII JIaTepasIbHbIA IIpeaen pas-

peuieHus; R v r — paanychl KpUBU3HBI 30H]1a U pa3pelaeMbIX 00BEKTOB

HBIX 0COOEHHOCTEN OYIET CBsI3aHa C IPeIesIOM pa3pelieHus o HopMainu Az:
KPUTEPUEM pPa3pEIICHUs SIBJISETCS YCIOBUE BO3MOKHOCTH AETEKTUPOBAHUS
pAa3HULBI B 3HAYEHUSIX BEPTUKAIBHON KOOPAMHATHI UIJIbI HAJl OOBbEKTAMU U
Mexay HUMU. ['eoMeTpuueckuil aHaiu3 puc. 1.5 Mo3BOJSET MOJYyUYUTh COOT-
HOILIEHUE I MUHUMAJIBHOTO PACCTOSIHUSI MEXAY pa3peliaeMbIMU MTOBEPX-
HOCTHBIMHU OCOOEHHOCTSIMU, TIPU KOTOPOM «IIPOBaJI» Mex 1y HuMu Ha ACM-
M300pakKeHUH e1lle MOXKET OBITh JETEKTUPOBAH (T.€., KOT/1a OH PABEH MPEIEITy
Az):

d=+8(R+r1)Az. (1.9)

[TockonbKy AOCTHKUMOE MPOCTPAHCTBEHHOE pa3pelieHHe TOKHO SIB-
JNATHCA MHBAPUAHTHOM XapakTepucTukoil mpubopa'®), To ero cnenyer ompe-
JENIUTh, pACCMATPUBAsl YCIOBUE AETEKTUPOBAHUS IBYX TOUEYHBIX OOBEKTOB

(r = 0). Toraa coornouenue (1.9) mpumer Bu:
d = +V8RAz, (1.10)

CBA3BIBAsI MIPE/ET Pa3peLIEHUs B JIATEPAIIbHOM HAIIPABJIEHUU d C IIPEIEIOM
pas3pelieHust o HopMaiau Az U pagrnycoM KPUBU3HBI 30HAMPYIOIIETO OCT-
pus R.

CTOUT OTMETUTH, UYTO BBEACHHAS MPOIleIypa ONpeAesIeHHs JaTepaabHO-

IO IPOCTPAHCTBEHHOT'O PA3PEILIEHUs YIPOLIEHA U HE YUUTBIBAET, HAIIPUMED,

13) ye 3aBuCAIIEi OT 06BEKTA HCCIETOBAHMS
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BIIMSIHUS 30H]1a HA CTPYKTYPY OOBEKTA (3a CUET KOHTAKTHBIX Aeopmalinii).
BBenennas npouenypa, no-BUIMMOMY, HEIPUMEHNUMA ITPYU ONIPEAEIIEHUN pas-
pelaronei crocoOHOCTH B UCCIIEI0BAHUAX MOJIEKYJISIPHOM (ATOMHOM) CTPYK-
Typbl HOBEPXHOCTH (cM. paznen 2.1.5).

OtaenbHO clenyeT MOJYEPKHYTh OTIMYME MPEAJIOKEHHOTO MOJIX0/1a OT
MPOLEAYPhl ONPENEIEHUS pa3pelIaroeii CHoCOOHOCTH ONTUYECKUX MPpUdo-
POB, KOT/1a UCIIOIB3YIOT KpuTepuit Penesi, cooTBeTCTBYIOIMINIA TOMY, UTO OCBE-
HIEHHOCTbh MEXIY M300paKeHUSIMU JETEKTUPYEMbBIX TOUEK COCTaBIsieT 74%
MakcuMasibHOM. To ecTh nis onTuyeckoro npubopa GepyT B pacuer ommuo-
cumebHy0 BETUUNHY ITPOBAJIa MEXIY U300pakeHUsIMU 00beKTOB. B ciryyae
ACM BaxHa abconomuas TIIyOWHA MpoBajla — OHA JOJKHA OBITH JIETEK-
TUPYEMOU Ha ypOBHE IIYMOB. DTO pa3jIMuMe SBIISIETCS CIEICTBHEM TOTO,
YTO ONTHUYECKUE M300pakeHUsI GOPMUPYIOTCS MyTEM CIIOKEHUS] UHTEHCHUB-
HOCTeH M300paxeHnit OTAEIbHBIX 00BEKTOB (MIPUHLUII #), HAaTpoTuB, ACM-
n3obpaxkeHue GopMUpyeTcs MyTeM UCKIIIOYeHHS BKIIa1a B M300pakeHue 60-

JIe€ KHU3KUX» MOBEPXHOCTHBIX OCOOEHHOCTEN (TPUHLIMI UIU).

ACM npepbIBUCTOr0 KOHTAKTA

Jns n3mepenus u pukcauu Npu CKAaHUPOBAHUHM MHTEHCUBHOCTU CUIIOBOTO
B3aMMOIeHcTBUS 30H1a U 06pasia B ACM npepuisucmozo konmaxma'®) vic-
MOJIB3YETCSl pe30HAHCHAs cxeMa. [{OMOTHUTEIbHBIN MTbe303JIEMEHT BO30YXK-
JTAeT BBIHYKJIEHHbIE KOJIEOAHMS JIeBepa Ha ero pe30HaAHCHOM YacToTe (Baaiu
OT moBepxHocTU oOpasua). [Ipu cOmmkeHun 30H1a U 00pa3lia BOZHUKHO-
BEHUE JIOMOJIHUTEIBHOTO I'paJueHTa CUJI UX B3aUMOACUCTBUS MPUBOAUT K
CIBUTY PE30HAHCHOM YaCTOTHI (M3MEHEHUIO Y3PPEKTUBHOM KECTKOCTHU) U YaC-
TUYHOMY BBIXOJAY CUCTEMBI U3 pe3oHaHca. Hapsay ¢ aTuM, mpu coyaapeHusx
30H7a ¥ 00pa3la yBeTUINBACTCS IeMII(pUPOBaHUE KOJIEOAHU 3a CYET HEeYII-
pyrux mporeccoB. CrencTBiueM o00MX MEXaHU3MOB SIBIISIETCSI YMEHBIIIEHUE
AMIUTUTY/IbI KOJIEOAHUIA.

IMpu ckannpoBanuu ACM B pexuMe MPEepbIBUCTOrO KOHTAKTa CHUCTE-
Ma OOpaTHOM CBS3U MOJAJIEPKUBAET HA 33IaHHOM ypOBHE MMEHHO BEJIMYU-
HY amnaumyowl koaeoanuil: Az = const. B cuiy BBICOKOI 4yBCTBUTEIBHOCTH
aAMILUTUTYIbl KOJIEOAHUM K CpeHEMY 3HAYEHUIO PACCTOSIHUS MEXIY 30HAOM

1 00pas3iioM, MOXHO TOJy4aTh UHPOPMAIIUIO O TOMOrpaduu MOBEPXHOCTH

14) B AHrTOA3BIYHON TUTEPATYPE HCTIONB3YIOT TEPMHUH fapping mode
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(Z| Az=const(X,Y')) ¢ MOCTATOYHO BBHICOKMM MPOCTPAHCTBEHHBIM pa3peIICHH-
eM.

Nnudopmanns o TOHKOHM CTPYKTYpe (U JTOKAJIBHBIX BI3KOYNPYTMX CBOMCT-
BaX) UCCIIEyeMOM MMOBEPXHOCTH MOKET OBITH IOJIydeHa U3 U3MEPEHUM 3aBU-
CcUMOCTH: AY|Az—const(X,Y), Tae A — caBuT Ga3 Mexay KoJIeOaHUSIMU JIeBe-
pa ¥ BHEILIHEH BBIHYK/IAI0Iel cuiibl. Branu oT moBepXHOCTU KoJiebaTenpHast
CHCTEMa HACTPAUBAETCs B pe30HAHC (¢ = m/2), OTHAKO MPH COIMKEHUHU 30H-
Ja 1 oOpaslia OHa, YaCTUYHO, BBIXOJUT U3 PE30HAHCA U BKJIAJ B CABUT (a3
OyIyT naBaTh yrnpyrue (M3MeHEeHUe pe30HAHCHOM YaCTOThI) U AUCCUTIATUBHbBIE
(yBenmuueHue JeKpEeMeHTa 3aTyXaHus) MexaHu3Mbl. OKa3bIBA€TCS, UTO B psijie
CIy4aeB CUTHAT A|a,—const(X,Y') XapakTepuzyeTcst O0JbIIeH JaTepaTbHOM
paspeniaronieil CIoCOOHOCThIO, UeM TONOTrPAPHISCKUI Z | A, —const (X, Y), TO-
3BOJISISI pA3PEIIUTh OOJIee MEJIKUE JIeTaTH TOBEPXHOCTH.

CTOUT OTMETUTh, YTO B HACTOSIIEE BpeMs HE CYIIECTBYET 3aKOHYEHHOMU
Teopurt ACM TnpepbIBUCTOTO KOHTaKTa, KOTOpas MO3BOJIs/Ia Obl KOJUYECT-
BEHHO CBS3aTh IapaMeTpbl IKCIIEPUMEHTA (BEIMYMHY aMIUIUTYIbl U CABUTA
(a3 koyrebaHuii TIeBepa) C MHTEHCUBHOCTBIO CUJIOBOTO BO3ACHCTBUS 30H1a Ha
o0pasell U ¢ JOKaJIbHBIMU BSI3KOYIIPYTUMH CBOMCTBAMU 00pasia. 9To 00CcTo-
SITEIICTBO OCJIOXHSIET KOJIWYECTBEHHYIO MHTeprpeTaruio ¢a3oBbix ACM-

n300paxeHuH (Ap|az—const(X,Y)) MUKPOCKOIINH MPEPHIBUCTOIO KOHTAKTA.

ACM moayJasiiiu CHJIbI

Meton MOAYIALMU CHIIBI MBI PACCMOTPUM IPUMEHHUTEIBHO K ATOMHO-
CHJIOBOH MHKPOCKONHMHU KOHTakTa'®). B 5ToM crmydae obmias cxeMa u3Mepe-
Hult TakoBa. Kak u B MUKPOCKOIIUY TPEPHIBUCTOrO KOHTAKTA B 9KCIIEPUMEH-
TaJIbHYIO CXEMY BBEJIEH JOIIOJIHUTEIbHBIN MbE303JIEMEHT (OuMop@), KOTOPBIit
BO30yX/1aeT KojieOaHUs JIeBepa, HO B 3TOM CJIydae He Ha €ro pe30HAaHCHOU
4acTOTe, & HAa PE30HAHCHOH 4acTOTe caMoro oumopgha (CylleCTBEHHO Oolee
MaccuBHOro). JlaHHOe 0OCTOSTENbCTBO MPUBOIUT K TOMY, YTO, B OTIIMYUE
oT ACM npepbIBUCTOTO KOHTAKTA, B 3TOM CIIyuyae CUIIOBOE B3aUMOJICHCTBHE
30H/1a ¥ 00pasLa He 61usient Ha COOCTBEHHYIO Pe30HAHCHYIO YACTOTY CUCTEMBI
(cucremMa He BBIXOJIUT U3 PE30HAHCA B Cllydyae, KOTJa IPOSBISETCS B3aUMO-

JeHCTBHE 30H1a U 00pasia).

15) eCcTh 9KCIIEPUMEHTAIIBHBIE CXEMBI, TO3BOJISIIOIIHE PEATH30BATh PEKUM MOTYJISIIUH CHITBI
Y B MUKPOCKOITMH MTPEPBIBUCTOTO KOHTAKTA, CM. http://www.di.org
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Kax u B koHTakTHOI ACM B mpoliecce CKaHUPOBaHUs CUCTeMa o0part-
HOH CBSA3U NOAJEPKUBAET HA 3aJJaHHOM ypOBHE M3rub kaHtuiesepa. Ho B
9TOM citydyae GUKCUPYETCS CpeAHee 3a MEPUO/I 3HAUEHUE U3ruba, MOCKOIbKY
KaHTUJIEBEP COBEPLIAET BBIHY)KIEHHbIE KojieOaHUs. BennmunHa amMIuImTy bl
KoJIeOaHMI OYJEeT 3aBUCETh OT YIPYTUX CBOMCTB MOBEPXHOCTH: OOJIee KecT-
KM€ YYaCTKHU IMOBEPXHOCTH OYIyT «IIpOJABIMBATHCS» B MEHBIIECH CTENIEHU U
TaM aMIUINTya KojeObaHuil OyeT MeHbIIe.

Kak u 111 MUKpOCKOIIMY MPEPHIBUCTOr0 KOHTAKTA B HACTOSILEE BPEMS HE
CYLIECTBYET YAOBJIETBOPUTEILHON TEOPUHU, [TO3BOJISIOLIEH IPOBOAUTH KOJIHU-
YeCTBEHHBIN aHAIN3 YIPYTUX CBOMCTB IOBEPXHOCTEH HA OCHOBAHUU aHAIN3a
ACM-u306paxeHuii, MOJTyuYeHHbIX B PEKUME MOAYISLIUN CUIIBI.

ITosromy B nurepatype no ACM MoayssiiMM CWIbI IIPU MHTEpIpeTa-
LIUU 3KCIIEPUMEHTAIbHBIX PE3YJIbTaTOB OIPAHUUMUBAIOTCS JIUIIb KAY4eCmeEeH-
HbIM AHAJIM30M, IIPUBJIEKAs] HEKOTOPBIE MOAEIIBbHbIE IPpeAcTaBieHus. OgHako
B psijie cllyyaeB OTMEUYEHA HEOJHO3HAYHOCTh B MHTepIperanuu. Tak, aBTo-
pBI paboThI [24] BOCTIOIB30BAIIUCE Meopueti KOHMAKMHbIX deghopmayuti C TEM,
4YTOOBI YCTAHOBUTH KAYECTBEHHYIO CBSA3b MEX/1y BEIMYMHOM aMIUIUTY bl KO-
nebaHuii U JTOKAJIbHBIM 3HAYEHHEM MOJyJIS YIPYTOCTH IMOBEPXHOCTHU (IOJ-
poOHee BOIPOCH MPUMEHEHHS TEOPUH KOHTAKTHBIX J1eopMaliii K Uccieno-
BaHusIM ACM paccMoTpeHbl HaMu B paszene 2.1).

Teopus mo3BoJsIeT (CM. CTP. 55) YCTAaHOBUTH CBSI3b MEXKY CONMMKEHUEM
3a cuer nedopmanuu h, BEIMUMHON CUIIBI BO3AEHCTBUS 30HAA F' U JOKajb-
HBbIM 3HaYeHHeM 3pdexTuBHOro Moy FOura E* (KOTOpblii B MpUOIMKEHUN

Jicecmkoeo 30H1a coBraaaeT ¢ moayneMm FOHra obpasia):

F 23
h ~ t —
const X <E*>

[Ipu n3MeHeHnH CUJIBI BO3ACHCTBUS 30HA MO 3aKOHY F' ~ Fy + AF coswt
B TIEPBOM MPHUOIIDKEHUN BEIMUUHA JehopMallK OyIeT OMpPeaeNsIThCs: h ~
ho + Ah cos wt. DTO MO3BOISET CALIATH BBIBOJ, YTO Ha O0JIee )KECTKUX y4acT-
Kax nosepxHoctu (E; > F,) BeTWUMHA aMIUIUTYbI KOJIeOaHuii jieBepa Oyner
MeHble (Ah; < Ahs). OgHako aBTOPHI pabOTHI AENTAIOT MIPOTUBOIOIOKHBIN
BBIBO/I, OCHOBBIBAsICh Ha TeX ke (hOpMyJIax KOHTAKTHOM TE€OPUHU, HO OITyCKasi
HEO0OXOAMMBbIE KOMMEHTAPUU, KOTOPBIE MOTIIM ObI MPOSICHUTH BOSHUKHOBE-

HHC pa3/ Iy B UHTCPIIPETALIUN.
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ABTOpPBI pabOTHI [25], Takke UCTOB3YysI GOPMYJIbI KOHTAKTHON TEOPUU

aehopMalLyii, BBOAIT MAPAMETP HCECHIKOCTb:
S = 0F/0h = aaE",

rae F' — cuna Harpys3ku, h — riyOMHa MTpOHUKHOBEHHS 30HIA B oOpasel]
(cOmmkeHue 3a cyeT aepopmaruu), a — paanyc odJlacTu KoHTakTa, B* —
s¢dexTuBHBIN Moayns FOHra, @ — koHcTaHTa (B hopMynax cTp. 55 a = 2).
XoJ paccykIeHUI aBTOPOB TaKOB: Oojiee MArkue oOpas3lbl XapakTepu-
3YIOTCSI MEHBIIUM E*, OJTHAKO TSl HUX OOJIbIIIEe Paguyc 00JIACTH KOHTaKTa
<a> (cpennee 3HaueHue). Jlamee aBTOPHI yTBEPXKAAIOT, YTO KECTKOCTH MO-
KET OBITh OOJIBIIEH 71 OoJiee MATKUX 0OPa3I0OB, €CJIM B BBIITUCAHHOM CO-
OTHOIIIEHUH JoMUHUpPYeT (?) BKIAJ paauyca KOHTakTHOH obnactu. C 3TuM
YTBEPKJIEHUEM HEIb35 COTTIACUTHCS, IOCKOJIBKY OPMYIIbl KOHTAKTHOU T€O-

puu (a = (FDR)l/ 3, cM. ¢Tp. 55) MO3BOJISIOT MOIYYUTH COOTHOLIEHHE:
S~ FY3 5 (B*)*

OTKYy/1a C OYEBUIHOCTBIO CIIEAYET, UTO JIUIs 00JIee MATKUX 00Pa3I0B )KECTKOCTh
MEHBIIIE; HO 3TO M eCcrmecmseHo B CUTy (PU3MYIEeCKOTO CMBICTIA KECTKOCTH.

Orcrofa, Kak Mbl M YKa3bIBAJIM BBIIIE, CIEIYET, UTO HA Oojiee MITKHUX
y4acTKax MOBEPXHOCTH aMILIUTYIa Kojebanuii jeBepa Ah B ACM Moyis-
LMK CUJIbI OyAeT OOJIbIIIe:

1

Ah o~ ——
" BFon

x AF ~ AF/S

ABTOpBI paccMaTpuBaeMON PabOThI MPUXOAAT K MAKOMY dHce 6bl800y TPU
HHTCPIPECTAlIMU SKCIICPUMEHTAJILHBIX PE3YJIbTATOB, ITIOCKOJIBKY JOITYCKAIOT,
HaIpoTHB, YTO aMIUIMTYAa KojieOaHMi OoJblie B ciryyae Oompiiero S.

T.o. agexBaTHOE NMPUMEHEHUE KOHTAKTHOU Teopuu redopMaluii MOxKeT
ObITh TIOJIE3HBIM 11 ACM, moaTomy MbI B paszzene 2.1 paccMaTpuBaeM pe-
3yJIBTATHI 3TOU TEOPUU MPUMEHUTEIBHO K UHTEPIPETALIUN IKCIIEPUMEHTATIb-
HBIX JaHHBIX. B pa3nene 5.2 npuBeaeHbl 9KCIIEPUMEHTAIbHBIE PEe3YIbTAThI Ka-
YEeCTBEHHOTO aHAJIN3a METO/I0M MOJYJISLIUU CUJIbI YIIPYTUX CBOMCTB MaTepu-
aJ10B (CpaBHEHUE KECTKOCTH OETTKOBOH IJICHKU U MOITIOKKHU ), TOATBEPKIaI0-
I1e CIPaBeIMBOCTD HAIlIEH UHTepIIpeTalny POpMHUPOBAHUS U300 PAKESHII

B paccMaTpUBaeMOM METO/IE.
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1.4. OcHoBHBIE METOIbI HCCJICIOBAHUS

OMOJIOrMYECKHX H OpraumiucCKux 00bEKTOB U

CTPYKTYDP

B Hacrosiee BpeMs B apceHalie UCCaeqoBaTeNIeH, N3yJaroux OnoJIoruyec-
KH€ U OPraHUYEeCKUe CTPYKTYPBI, UMEETCS IIIUPOKUN CIEKTP pa3NMIHbIX (H-
3UYECKUX METOJIOB UCCIEA0BAHMS, MHOTHE U3 KOTOPBIX JaBHO CTAJIM PYyTHH-
HBIMH, U 0€3 KOTOPBIX HE O0XOIUTCSI HU OJHO IMPOKOMACIITAOHOE HAYUHOE
HCCIeq0BaHME B 9TOM 00J1acTu. i1 Toro, 4To0bl MPOSICHUTH BO3MOXKHOCTH U
MEePCIEKTUBBI METO/Ia CKAHUPYIOIIEH 30HI0BOM MUKPOCKOITUH K 0003HAYUTD
€€ MeCTO B STy IPYTUX METOJIOB MCCIIEIOBAHMS, HUKE TIPUBEICHA KpaTKas
XapaKTePUCTHKA OCHOBHBIX IKCIIEPUMEHTAJIBHBIX ITOIX0/I0B K UCCIIETOBAHUIO

OMOJIOTUYECKUX U OPIaHUYECKUX CTPYKTYP.

JAudpakumonnbie MeTOIbI

K nudpakiimoHHBIM OTHOCSITCS METOIBI PEKOHCTPYKIIUU PEaTbHOU CTPYKTY-
pbI 00BEKTA MyTEeM aHaIn3a AUPPAKIIMN B3aUMOACHCTBYIOIIETO C HUM ITyUKa
9JIEKTPOHOB, HEUTPOHOB WJIM PEHTIEHOBCKUM JIydeil: MaTeMaTuyeckass 00-
paboTka TUpPaKIMOHHONW KAaPTUHBI MO3BOJISET PEIIUTh OOPATHYIO 3aJauy
U BOCCTAHOBUTH CTPYKTYpPY oOBeKkTa. [IpuHIIUNHMATIbHAS TPYAHOCTh METO/A
3aKJIIOYAETCS] B HEBO3MOKHOCTH IOJIYYEHUSI HEITOCPEACTBEHHO M3 3KCIEPU-
MeHTa uHpopmanmu o ¢aszax nudparupoBaBmux jgydeid. OIUH U3 BO3MOX-
HBIX ITyTeH pelIeHus: JTaHHOU TPOOIEeMbl — UCIOJIb30BAHUE METOK — aTOMOB
TSIKEIIBIX METAJUIOB, IIPUCOEANHIEMBIX K OIIPENEIIEHHBIM I'PYIIIaM UCCIIEAye-
Moro obbekTa. Tak, mociaenoBaTeIbHOE MEUEHHE PA3TMUHBIX CIIEIU(DUUECKUX
TPYIII TeMOTrI001MHA O3BOJIUIIO MOTYYUTh HEOOXOAUMYIO HH(OpMAIUIO TS
pacdeTa CTPYKTYpbI 3TOro 0Oejka[26] 1Mo JaHHBIM peHmeeHOCmpPYKMYypPHO2O0
aHaJIN3a €ro KpUCTAJUIOB. DTOT METO/, Hallle]I IPUMEHEHHUE U IIPU UCCIIEA0BA-
HUM HEKPUCTAJUIMUECKUX (HAIIpUMEpP, BOJIOKHUCTHIX) CTPYKTYp. IMeHHO 110
KOCBEHHBIM PEHTI€HOCTPYKTYPHBIM JaHHBIM Y 0TCcOH u Kpuk BriepBsie omnpe-
nenunu ang mosiexkynsl JJHK nuamerp m napamerps! cnvpanu (Hanuuyue 10
9KBUBAJIEHTHBIX TPYNI B OJHOM oOopote, paBHOM 3,4 HM). Ha ocHoBanuu
9TUX Pe3yJbTATOB UMU U ObLIa BIIEpBbIE MPEATIOKEHA OOIIETPUHATAS HbIHE

MoJiennb cTpoenus mostekynsl JJIHK [27].
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JudpakiuroHHble METOABI YCIEITHO WCIOIB3YIOTCS M JUIS aHalu3a
CBOWCTB n06epXHocmiu, TIO3BOJISIS JOCTUTATh BBICOKON TOYHOCTH B OIpese-
JICHUU PEKOHCTPYMPYEMBIX MPOCTPAHCTBEHHBIX MapaMeTpoB (P yCIOBUU
JIOCTAaTOYHON yHOPSIOYEHHOCTU UCCIEAYEMOU CTPYKTYpbl). OCOOEHHO 1Iu-
POKO HCIOJIB3YETCS METOJI 2/IeKmpoHo2paguu, TIOCKOJIbKY, U3-3a CHIILHOTO
B3aUMO/JICHCTBHUS 3JIEKTPOHOB C BEILIECTBOM, ONPEAEIISIIONINM B AUPpaKLU-
OHHOM KapTHHE SBJISIETCS BKJIAJl MIMEHHO OJIMKaNWIINX K TOBEPXHOCTU aTOM-
HBIX CIIOeB. B cityyae peHTreHOCTPYKTYPHBIX HCCIICAOBAHHMI ITOBEPXHOCTH
MIPUXOJIUTCS UCTIOJIH30BATh «CKOJIB3SIIYIO» T€OMETPUIO MMAIAIOIETO Iyda U
JIOCTATOYHO MOIIHBIN NCTOYHUK U3ITYyYECHHUS.

MeTo/1 peHTTeHOCTPYKTYPHOT'O aHAIN3a IIPUMEHIM H TSI UCCIIeIOBAHMI
CUCTEM YaCTHLl, PACIIOJIOKEHUE KOTOPBIX HE XapaKTepHu3yeTcs OJIMKHUM WU
JATbHUM MOPSAKOM: B 3TOM CIIyyae aHAJIU3UPYIOT paccessHe peHTTeHOBCKUX
Jy4del MO MatbiMu yeaamu. DTOT TMOAXOI MTO3BOJISIET ONPEneIaTh MO0 Gop-
My, TU00 pa3Mepbl MUKPOOOBEKTOB CUCTEMBI (IS PeIlleHUs 3a1a4M KaKas-
TO nHGOpMalUs JOJDKHA ObITh m3BecTHA [28]). Eciiu 00BeKTHI HcciieyeMoro
aHcaMOJIs XapaKTEepHU3YIOTCS HEKOTOPBIM paCIpeleIeHUeM IO MmapaMerpy,
yepe3 KOTOPBINM BBIpaKaeTcs UCKOMBIH, TO TOYHOCTh €r0 BOCCTAHOBJICHHS
orpanundeHa. Hanmpumep, mpu BocCTaHOBIIEHUU (POPMBI UacTHIl, pa3dpoc ux
10 pa3MepaM Pe3KO CHUXKAET TOYHOCTh PEIIeHUs OOpaTHOW 3amaum (eciu
OHO BOOOIIIe MOXET OBITh HalIeHO) [28], 1 Ha00opoT. JlomoTHUTEIbHAS UH-
dbopmanmsi, HeoOXoaUMast s KOPPEKTHON TTOCTAHOBKM OOpaTHOM 3a1ayH,
MOXET OBITh TTOJIyYeHA C TTOMOIIBIO IPYTUX METOIOB UCCIICOBAHUS — B TOM

YHucCJIie CKaHHPYIOHleﬁ 30HJ0BOM MHUKPOCKOITHNH.

DJIeKTPOHHASI MUKPOCKOIHUS

Meton snexkmponmnoii mukpockonuu (IM), 3a TOJIbI CBOETO CYIIECTBOBAHMUS,
OBUT TOMOJIHEH MHOECTBOM BCIIOMOTATENIbHBIX METOJUK MPerapupoBaHU
00pasioB s UcciieqoBaHuil 0M000BeKTOB [29]. [Tpobiema B ToM, uTO OMO-
OOBEKTBI COCTOSIT U3 BEIIECTB C MAJILIMU ATOMHBIMA HOMEPAMHU, CIICACTBUEM
Yero sIBJISICTCS MaJIO€ YUCIIO PACCESHHBIX JICKTPOHOB M, B UTOTE, OTCYTCT-
Bue paspemieHus. CeroaHsi HauboJiee 4acToO MCIHOJIb3yeMbIe CIIOCOObI KOH-
TpacTHPOBaHUS OMOOOBEKTOB i1 DM-UCCIIEIOBAHUI — 3TO MPUTOTOBIIE-
HUE PEIINK, OTTEHEHHUE 3aIMblJICHUEM MeTallJIAMH, OKpAIIUBaHUE» OTIACIb-

HbIX 4aCTHUI U MOJICKYJ MOHAMU TAXKCIIbIX MCTAJIJIOB. Bricoxoe Pa3pCuICHuC
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naeT npemtoxkeHHbi XosioM [30] MeTo HeraTUBHOIO KOHTPACTUPOBAHMS,
MPUHIUIT KOTOPOT'O COCTOUT B MOMEIIEHUH UCCIIeYEMbIX OOpa310B B INIEHKY
aMOP(HOTO BelecTBa BHICOKOIT mmoTHocTH'®).

[Tpu uccrnenoBaHUM HYKIEUHOBIX KUCIOM METOJIOM DM BakHOU mpo0Iie-
MOM SIBJISIETCSI METO/IMKA HAHECEHMSI UCCIIETyEeMbIX CTPYKTYDP Ha IMOJIOXKKY.
[Tpu BICyIIMBAaHUU KAIUTK pa30aBIEHHOTO paCTBOPA MOJIEKYJI HA TOBEPXHOC-
TH HanboJliee YacTo UCMOJb3yeMbIX B DM mnojioxek (koimoauii, popmsap,
YIJIEpO/1) POUCXOIUT arperaius ucciaeayeMbix cTpykTyp. Hanecenne morte-
kys JJHK ¢ momoipio nyjibBepu3aTopa MpUBOAUT K JErpagalluyd UCCIETy-
eMBbIX CTpYKTyp. [TloaToMy Gobilioe pacrpocTpaHeHue MOIyYrIa METOANKA
Knsitnmmuara u Lana [31], ocHoBaHHast HA B3aUMOJIEUCTBUU HYKJIIEMHOBOU
KHUCIIOTBI C OCHOBHBIMU O€JIKaMU ¥ CHOCOOHOCTHU 3TUX OEIKOB 00Pa30BBIBATH
MOHOCJIOH Ha TOBEPXHOCTHU paszena (a3 Bo3ayx/BoaHbIi pacTBop. Moeky-
JIbI HYKJIEMHOBBIX KHUCJIOT, CBSI3BIBASICh C OENIKOBOM IUIEHKOH, MEPEXOIsT U3
COCTOSIHUSI TPEXMEPHOTO KJIyOKa B IBYMEPHOE PACIIPABIIEHHOE COCTOSIHHE HA
MMOBEPXHOCTU BOJHOM cyOdaspl. benkoByro MIEHKY ¢ MOJIEKyJIaMi HYKJIeU-
HOBOM KHCJIOTHI MIEPEHOCAT HA CETKY, I1OCIIE YEro MPUMEHSIIOT CTaHAAPTHBIE
METO/Ibl KOHTPACTUPOBAHUS U OCYIIECTBIISIOT UccieqoBanue [32]. Hemocrat-
KOM METOJa SIBJISIETCS] TO, UTO OeIKOBasl IJIEHKA, MOKPBIBAIOLIAS MOJIEKYJTY,
YBEJIMYUBAET €€ «TOJIIUHY» 10 S—8 HM U 3aTPyAHSET pelieHue psijaa 3aaad
(Hampumep, UCCIeOBAHUS B3aUMOICUCTBUSI HYKJIEMHOBBIX KUCIIOT C Oenka-
MH).

Cy1ecTBeHHOM TPO0IeMON 2JIEKTPOHHOM MUKPOCKOTIUU SIBJISIETCS OOJTb-
1mas BEpOATHOCTh BO3HUKHOBEHHUS apTe(paKTOB, CBA3AHHBIX C HEOOXOIU-
MOCTBIO HUCHOJIb30BaHUS CIEUU(DUUECKUX METOANK KOHTPACTUPOBAHUS U
(uxcupoBaHusi 6M00OBEKTOB Ha MOIOKKE.

30H10Bas MUKPOCKOIUS MO O0IIel cxeMe 3KcnepuMeHnTa omnmska OM u
JUI. MHOTMX OOBEKTOB IMO3BOJISIET JOCTUIrATh JATEPAIbHOIO pa3pelleHHUs,
O0nm3Kkoro k paspeuieHuro OM. B To xe Bpems, naTepasbHOE pa3pelleHHe
C3M no nopmanu BeIIe'”), 4TO 1MO3BOAET YCIIEIIHO pelaTh cHeruduyec-
KHUE 3aJ]aul, BECbMa CIIOKHbIE 11 DM: HanmpuMep, 1o YBEJIMUEHUIO BbICOTHI
nokanbHOro yuyactka ACM-uzo0paxenus moinekyisl JIHK, nerektupoBath

MECTOTIOJIOKEHHE Mpuniekca B COCTaBe MOJIEKYJIbI [33].

16) T.e. XOPOIIO PACCEMBAIOIIETO HTEKTPOHBI
17) MeTon 3anvinenus nod yenom B IM He JaeT BHICOKOI TOYHOCTH B OMPEIETEHNN BBICOT
00BEKTOB U3-32 KOHEYHOT'O pa3Mepa 3epHa 3arbUIeH s
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Onruyeckne METOabI

OnTuyeckre MeTOIbl UCCIIeIOBAHMS TTOJIYUMIIA B TIOCIIETHEE BPpeMsI OOJIbIIIOe
pacnpocTpaHenne (0COOEHHO C MpUMEHEHUEM J1a3epHoro usnyudenus). Cpe-
1 HanboJIee 4acTO UCIIONIb3YEMbIX METOAUK — CHeKMpogdomomempusi, OCHO-
BaHHAsl HA N3MEHEHHUH CIIEKTPa MOTJIOMIEHHS MOJICKYJIBI ITPU JUMEpU3aITnH (B
o0111eM ClTyyae — IMOJIMMEPHU3AIINN) 3a CUET B3aUMOJICUCTBUS COCETHUX MO-
HOMEPOB (B OCHOBHOM MTI'PAET POJIb JUIOIb-AUIIOIBHOE B3aUMOJICHCTBHUE).
CrexTpooTOMETpHS MO3BOJISIET ONPEEISATh KOHIIEHTPAIIUU HYKJIEHHOBBIX
KHUCIIOT, OTPENeNIsITh CTENEeHb CIUPAJbHOCTH M HMCCIEA0BATh MEPEX0]1 KITy-
00Kk — 1i00yna. OaHAKO pe3ysIbTaThl UCCIEIOBAHUS YYBCTBUTEIbHBI K Ha-
JUYHIO B pACTBOPE HOHOB, CIIOCOOHBIX B3AUMOACHCTBOBATH C UCCIIEyEMbIMU
MOJIEKyJIaMu (B TOM YHCIIE TPOTOHOB, onpenenstomux pH cpemsr). 1o cBs3a-
HO C BO3MOXHOCTBIO BIIUSHUS TOJJOOHOTO B3aMMO/ICHCTBUSI HA KOHTPOIUPY-
€MBbIC B IIPOIIECCE MCCIICIOBAHUS CIIEKTPATbHBIC U3MEHEHHS. JIJTsI BBISICHCHUS
MPUPOBI CIIEKTPATTBHBIX U3MEHEHHMI HEOOXOAMMBI BCTIOMOTATeIbHbIE IKCIIe-
PUMEHTHI.

Hapsny co cnektpodoromerpueii B ucciaenoBaHUusIX OMOOOBEKTOB IIUPO-
KO TPUMEHSIIOTCS MH(MpaKpacHasi CIEKTPOCKOIMHMS, CIEKTPOIOIIPUMETPHS,
CIIEKTPaJIbHO-(IIyOpECIIEHTHBIC UCCIeqOBaHUS U T.11. OOIIIel YepTOoi TaHHBIX
METOAMK SIBJISIETCS] UX KOCBEHHBIH, HETIPSIMOM (OTHOCUTENBbHBIIN) XapaKkTep —
pe3yJabTaTOM HCCIIEIOBAHUS SIBIISIETCS YCPEIHEHHBIM MO aHCAMOJIIO OTKIIMK
00bekToB. [IpobieMoit SBIsIETCS U HEOOXOAUMOCTD pellieHus] 0OpaTHOM 3a-
Jauu 1715 u3BledeHus uHpopmauu od6 00bEKTe, UTO, B psJIe CIIyIaeB, MOKET
MPUBECTH TUOO K 3HAYUTEITBHOU MOTPEITHOCTH B pe3yJibTaTax, Ju0o K Hea-
JEKBATHOCTH PEILICHUS.

OTaenpHO ClieyeT YIOMSHYTh METOT )1y 0pecyeHmHOU MUKPOCKONUU, KO-
TOPBI HaIlIe]I TPUMEHEHUE MTPU BU3YATU3AIUN OJUHOYHBIX MAKPOMOJIEKYIT B
HATHBHBIX YCIIOBUSAX U MCCIICIOBAHUN H3MEHEHUH MX MOP(OJIOTUN B TIPOIIEC-
Ce B3aMMOJICHCTBUS C pa3IMYHBIMU JIUraHaaMu u p. K HemocraTkaM Metona
CIIeIyeT OTHECTH HEBBICOKYIO NMPOCTPAHCTBEHHYIO Pa3pelIalollylo CIocoo-
HOCTH (OTPaHWYEHHYIO ITPEAETIOM ONTHYECKOTO MUKPOCKOMA A/2, IOITOMY
YCIIEIITHO MOYHO MCCIIEA0BATH JIUIIIb JOCTATOYHO OOJIBIIINE MOJICKYJIBI), U He-
00XOIMMOCTBh KOMIUIEKCOOOPAa30BaHUSI MAKPOMOJIEKYJIBI C MOJIEKYJIaMu (Ty-

OPCCUHCHTHOI'O «KKPACHUTCIIA».
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I'mapoanHamMuyeckue MeTO/IbI

[Inpoxo uCroap3yeMble THAPOIUHAMAYECKIE METOIBI UCCIeIOBAHUS OUO-
MOJTUMEPOB (BUCKO3UMETPHSI, CEAMMEHTAIINS, TBOWHOE JIyYeIPEIIOMIICHUE B
MOTOKE) TO3BOJISIIOT ONPEIEIIUTh MPUOIKEHHYI0 POopMy, pa3Mepsl, MoJIe-
KYJISIDHBIH Bec M JepOpMUPYEMOCTh UCCIIeNyeMbIX MoJieKyl. MHpopmanus,
noJrydyaeMasi C TOMOIIBIO THIPOJMHAMHYECKUX METOIOB, TAKXKE SIBJISICTCS He-
a0CcoM0THOH (YCpemHEeHHOH Mo aHcaMOIIi0), YTO MoApa3yMeBaeT HEeOOX0IH-
MOCTb CPaBHEHUS C pe3ysbTaTaMHU IPYTUX METOJOB HCCIeNOBaHUS. AKTY-
aJIbHOM SIBJIsSIETCSl TPOOJIeMa KOPPEKTHOM IMTOCTAHOBKY M PEIIeHUs] 0OpaTHOU

3aaa4u JJIid OIpEaAcICHUSA IMapaMCcTpOB O0OBEKTOB.

Mecto C3M B psiy Apyrux MeTO/10B UCCJIETOBAHUS

B 3T0I1i CBS3M METObI CKAHUPYIOIIEH 30HA0BON MUKPOCKOIINY IIPU3BAHBI 3a-
HATh Ba)KHOE MECTO B PSIy TPAIUIIMOHHBIX MCCIIEIOBATEIBCKUX MOAXOI0B
K U3y4eHHto 0mo00bekTOB. [10CKOIBKY MPUOOPHI 30HIOBOM MHKPOCKOITHH
MpeTHA3HAYCHBI JIJISI UCCIICAOBAHMS CBOWCTB 1O8EPXHOCMU, TO CTaHAAPTHAS
cxema C3M-ucciaegoBaHus 0MOOOBEKTOB BKJIIOYAET MCIOIb30BAaHUE 10CTA-
TOYHO POBHOM MOMIOXKKHU (TIpoBojsiiei B cirydyae CTM), Ha KOTOpYIO OCy-
HIECTBJIICTCS aJcopOIus n3ydaeMbix cTpykTyp. Hanbomee pacnpocrpaHeH-
HBIE B CKAHUPYIOIIEH 30HI0BOM MUKPOCKOITHH ITOIJIOXKKH — aTOMAapPHO TIIa-
KHUE CKOJIBI CITFObI, TUporpaduTta, Iucyibhuaa MoanbaeHa, a TaKKe SIUTaK-
CUAJIbHO BBIPAIIICHHBIC IJICHKU METAJIJIOB.

Heo0xoauMocTh UCIOIB30BaHUS MOMIOKKH comrmxaeT MeToasl C3M ¢
3NEKTPOHHON MUKpocKomnuei. OCHOBHbIC OTIIMYMS M IIPEUMYIIECTBA CKa-
HUPYIOIIEH 30HI0BOW MUKPOCKOIUHU B CpaBHEHHH ¢ DM — BO3MOXHOCTh
MIPOBEACHUST MCCIICIOBAHUN B Pa3IMUHBIX cpefax (B TOM YHCJIE B JKHUIKOC-
TH), OTCYTCTBHUE HEOOXOAUMOCTH KAaKOTO-TUOO JOMOIHUTEIBHOIO KOHTpAC-
THPOBAHUS MCCIIETYEMBIX CTPYKTYP, OOJIbINas pa3perraronmas crnocoOHOCTh
110 HOpMaJId, Hepa3pylIalomMui XapakTep HcciaeaoBaHus (00yCI0BICHHBIN
HEBBICOKOW MHTEHCHUBHOCTBIO B3aMMOJCUCTBUS 30HA-00pa3en). T.0. mporie-
Jypa MpUroToBiieHus oopasnoB mist C3M mpolle U UCCISTOBAHUS MOXKHO
MPOBOJMUTD B YCIOBUSX, OJIM3KUX K HATUBHBIM.

Bce 3TO CBUACTEIIBCTBYET O TOM, YTO 30HIOBAsi MUKPOCKOITHS SIBJISICTCS
MOIIHBIM COBPEMEHHBIM METOI0M HCCIICIOBAHUS ITIOBEPXHOCTH, ITPU3BAHHBIM

obecreunTh JajbHellee pa3BUTHE TPAJAULIMOHHBIM NoaxonaM. Pe3ynbraTel
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VICCIIEIOBAHMI MTOCIEIHUX JIET YOEIUTEIBbHO IPOAEMOHCTPUPOBAIIH, UTO IS
pElIeHNs] MHOTUX 3a/1a4 METOJ 30HJ0BOW MUKPOCKOIIUU SIBJISIETCSI CAMOJIO-
CTaTOYHBIM (T.€. HET HEOOXOJUMOCTH KOHTPOJBHOTO CPABHEHUSI C PE3YJIib-
TaTaMU IPYTUX UCCIENOBAHUN); K TAKOBBIM 3a/1a4aM OTHOCSITCS, HAIIpPUMED,
(u3nUeckoe KapTUPOBAHKME MOJIEKYJI HYKIEMHOBBIX KUCIOT [34], uccienona-
HUE U3MEHEHUsI UX MOP(OTIOTUN B KUIKHUX CPEIax, aHAIN3 UX B3AUMOICHCT-
BUs ¢ Oenkamu 35, 36], aHanmu3 CTPYKTYpbl TOHKOIJIEHOYHBIX MOKPBITHI (CM.
riaBy 5) u mp.

TeMm He MeHee, B IIpoliecce MCCIIEAOBAHUS OOJIbIIOE BHUMAHUE CIIEAYET
yIENSITh BO3MOXHBIM MEXaHMU3MaM BO3HUKHOBeHUS apredakToB. JocraTou-
HO OYEBHUIHBIM (PAKTOM SIBJISIETCSI HEOOXOAMMOCTh YUUTHIBATH KOHEYHOCTD
pa3MepoB 30H/1a, MPUBOASIIYIO K 3aBBIIICHUIO JIATEPAIBHBIX Pa3MEepPOB HC-
CIeyeMBbIX CTPYKTYD (pazmen 2.2), a Takke 3PeKT 3aHUKEHUS BBICOT, CBSI-
3aHHBIN C KOHTaKTHbIMH Aedopmarmsmu (pasgen 2.1). Kpome Toro, mpu
UCCIIeJOBAHUM MHOTOKOMITOHEHTHBIX 00pa3lioB, HAUIEKUT MPOBOJIUTH J10-
MOJTHUTENIBHBIM aHAIN3 Ka)KI0NH M3 KOMIIOHEHT, C LIEJIBI0 ONPENEIEHUS UX
NapLHMAIbHOIO BIMSHUS HA PE3yJbTaT MUCCIEAOBAHMS, UTO IO3BOJIUT U30e-
KaThb OMIMOOK B MIECHTHU(PHUKAIIMHM KOMILJICKCOB, MOJIYYEHHBIX B PE3yJIbTaTe
B3aUMO/JICHCTBUS UCXOIHBIX OOBEKTOB.

ITocraHoBKa afgeKBATHBIX KOHTPOJIBHBIX IKCIIEPUMEHTOB, O€3yCIOBHO,
CIOCOOCTBYET YMEHBIIIEHNIO BEPOSITHOCTY OLIMOKH IIPU MHTEPIPETALIUU Pe-
3yabpTaToB C3M-HnccnenoBanmii; n30exaTh OMMOKH TTO3BOJISIET U CPAaBHEHHE

C pe3y/ibTaTaMu APYruX METO/IOB UCCIIE10BaHUS (PACCMOTPEHHBIX BBIILIE).

1.5. Cxanupyromasi 30HI10Basi MUKPOCKOIHUS

HYRKJICHHOBBIX KHCJIOT

Cpenn MHOXECTBa OMOJIOTMUECKHX OOBEKTOB, K MCCIEHOBAHUIO KOTOPBIX
MIPUMEHSIIUCh METO/Ibl 30H/1I0BOM MUKPOCKOIIMH, MEPBOI ObLJIa MOJIEKYJIA Jie-
30KCUPUOOHYKJIEMHOBOM KUCIOThI. OTHAKO HA HAYAJIbHOM 3TaIle 3THUX MC-
CJIEIOBAHUN OTMEYAJIUCh CIOXHOCTU B MHTEPIPETAIMU TOJy4aeMBbIX H30-
opaxenuii. Tak, aBTopsl padoT [37, 38] mpeacTaBUIIM TaHHBIE CKAHUPYIOIIEH
TyHHelbHOM Mukpockonuu monekyn JAHK, aacopOrupoBaHHBIX Ha MOII0XK-
KY U3 BBICOKOOPHEHTUPOBAHHOTO MUPOJTUTUYECKOTO TpaduTta (muporpadu-

Ta). Be1OOp maHHOTO Matepuwajga B KayecTBE IMOIOXKKH OBLT OOYCIIOBJICH
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€ro MpPOBOASIIMMU CBOMCTBAMH, & TAK)KE€ MPOCTOTON MPUTOTOBJIEHUS ATO-
MapHO TJIAJKUX YYaCTKOB MOBEPXHOCTH 3HaUMTEIbHOM mtomaau. Ha CTM-
M300paKEHUSIX HAOTIONAINCH MPOTSHKEHHBIE LIETIOYKU, OOJIadaroIIue mpo-
JIOJIbHOU TIEPUOAUYHOCTHIO (IIEPUOJI OKOJIO 2—3 HM), HA OCHOBAHUU YETO
ABTOPHI JICJIAJIM BBIBOJT O BU3yaTU3AIlIMA BUTKOB JIBOMHOMN CITUPAIIH.

OnHako no3iHee ObUTH OMTyOJIMKOBAHBI TaHHBIE [39], CBUACTENBCTBYIOIINE
0 BO3MOKHOCTH HaOmoieHns cXOaHbIX «/IHK-11o100HBIX» CTPYKTYp ITpH KC-
cnenoBannu MeToqoM CTM 4YHCTOMN, CBEKECKOJIOTON MOBEPXHOCTU IMHUPO-
rpaduta. BO3HUKHOBEHUE TAKUX CTPYKTYP OOBSICHIETCS UYyBCTBUTEIBHOCTHIO
CTM K atekmponHbiM CBOMCTBAM MMOBEPXHOCTH — MPOUCXOIUT BU3YyalIN3a-
1[1s TOMEHHBIX cTeHOK nuporpadura [40]. OTu pe3ynbTaThl, a Takxke caadas
BOCITPOU3BOAUMOCTH U OTCYTCTBHE O€3yCIIOBHO HEOOXOIUMBIX KOHTPOJIBHBIX
9KCIIEPUMEHTOB B nepBbiX padotax o CTM-suzyanuzanuu JJHK Bo3bBaN
COMHEHHMS B IPUMEHUMOCTH METOJI0B 30H/I0BOM MUKPOCKOIMNU JJIs1 UCCIIEN0-
BaHUSI MAKPOMOJICKYII.

CyliecTBeHHOE U3MEHEHUE CUTyaluu npousonuio B 1992r., koraa ObI-
Ju onyOJIMKOBaHBI MEPBbIEC HAIEKHBIE U BOCIIPOU3BOIUMBIE PE3YIbTATHI HC-
ceqoBanus [JJHK metonom atomHo-cmioBoit Mukpockormuu (ACM) [6, 41].
Takum o0pazom, mpouuio 0osee MITU JeT ¢ MOMEHTA CO3/IaHUsl ATOMHO-
cuiioBoro Mukpockorna (1986r.) u Gosee mecsaT JeT CyIIECTBOBAHUS 30H-
JTOBOM MUKPOCKOTIUH, MPEXKIE YeM ObLIT JOCTUTHYT OINpPEACIICHHbIN ycrex B
MIPUMEHEHUN METO/a K MCCIIEOBAHUIO OMOJIOTHYECKUX OOBEKTOB. B TO xke
BpPEMSI METO/Ibl 30H/I0BOM MUKPOCKOITMH BEChbMA YCIICITHO TPUMEHSUIUCH B Te-
YEHUE ITUX JIECSATH JIET JJIS1 UCCIIETOBAHUN CTPYKTYPhI TOBEPXHOCTU TBEPIBIX
(KpUCTa/UTMYECKUX) TeN. 3a 3TH TOAbI BO3HUKJIO MOHUMAaHWE, YTO TOTEHIIN-
aJl BO3MOYXHOCTEH 30HI0OBOM MUKPOCKOTIUY B UCCIIETIOBAHUSIX OUOI0UYECKUX
00beKMo6 MOXKET OBITh PEATM30BaH JIUIIb ITPU PEIICHUN B KAXKIOM KOHKPET-
HOM CJIy4ya€ OCHOBHOM 3KCIIEpUMEHTAJIbHOM 331aUu: ONpe/IeIeHUs aJIeKBaT-

HOH MemoouKu npenapuposanus 00pasyos.

1.5.1. OcHoBHbIE METOAUKH NPEeNAaPpHpPOBAHUA 00PA3LOB JIJIsI

3OHIlOBOi;I MHUKPOCKOIINA HYKJICHMHOBBIX KHCJIOT

VYHuBepcaabHON METOAMKHU MPUTOTOBIICHUSI 0OPA3LOB U1 PELICHUS IIUPO-
KOI'O CIIEKTpa 3aJ1a4 30HI0BO MUKPOCKOITMH ITOKA HE CYLIECTBYET, TIO3TOMY

HCIIOJIb3YEMBbIC MCTOJHUKH OIIPECACIIAIOTCA CH@HI/I(bI/IKOI\/’I 3aJgavdu, T.C. ABJIAIOTCS
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METOAMKAMU «HA KOHKPETHBIN ciaydaii». [[puMeHUTENbHO K UCCIIeIOBAHUSIM
HYKJIEMHOBBIX KUCJIOT BO MHOTHUX CIIy4asiX ObIBA€T Ba)XKHO, YTOOBI MAKPOMO-
JIEKYJIbl aACOPOUPOBAIUCH HA MOJUIOKKY B pacnpagieHHoM cOCTOSHUM. s
YCIICIIHOTO UCCIIE0BAHUS HEOOXOAUMO TaKXe, UTOOBI KCCIIEAYyEMbIE MOJIEKY-
JIBI JOCTATOYHO MPOYHO (PUKCUPOBAIIMCH HA MTOJIJIOKKE. B mpoTHBHOM city4dae,
MIPU UCCIIEIOBAHUSIX B )KUJIKOU CpeJie, MOJIEKYJIb OYAYT YBJIEKATHCS 30HIOM
B IIPOLIECCE CKAHUPOBAHUS; IIPU UCCIIEAOBAHUM HA BO31yX€E, CUIIbI, AEHCTBY-
IOIIIME Ha MOJIEKYJTy MIPH BBICBIXaHUH KATUIU IIpenapaTta Ha MOJIOKKE, TAKKe
OyIyT YBJIEKATH aJICOPOUPYEMBIE CTPYKTYPbI, MPUBOJIS K HEOAHOPOIHOMY (C
00pa3oBaHUEM arperaToB) MOBEPXHOCTHOMY PACIPEIETICHUIO UCCIIETyeMbIX
00BekTOB. Hi)ke paccMOTPUM OCHOBHBIE METOIMKHU, TTO3BOJISIOIINE 3a(PUKCH-
pOBaTh MOJIEKYJIbl HYKJIEMHOBBIX KUCIOT HA OBEPXHOCTHU B PACIIPABIEHHOM
COCTOSIHUH.

ITepBbie HagexHbIe pe3yabraThl uccienoBanus JJHK meronqom atomHo-
CIWJIOBOM MUKPOCKOIHMH OBbUIM MOJIyYeHbl B TOM Cllydyae, KOrja h3ydyaeMble
CTPYKTYpPbl HAHOCWJIM M3 Karutm pabouero pactBopa (pacrBopa Oydepa,
BOJTHO-CIIUPTOBOM CPEIIbl U T.I1.) HA IIOBEPXHOCTH CITIO/AbI, MOAUGULIUPOBAH-
HOU MOHaMU JBYyX- (M OoJjiee) BaJIEHTHBIX METAJUIOB [6, 41]. DTU HOHBI, TTO-
BUIMMOMY, CJIY’KAT CBSI3YIOIIMMU MOCTUKAMHU MEX]y OTPUUATEIbHO 3apsi-
’KeHHOM cim00ii!®) u oTpuIAaTeNbHO 3apsKeHHBIMU (OChATHBIMU IPYHIIAMU
MoJiekyabl [JJTHK. Moaudukamnus ciiroabl MOXKET MPEAIICCTBOBATh IIPOIIECCY
afacopOLMKM MaKpOMOJIEKYI — B 3TOM CIIy4yae CBEKECKOJIOTYIO CIIOAY IIO-
MEIIAIOT ISl IPeABAPUTEIbHON 00pabOTKN HA HEKOTOPOE BpeMsi (MUHYTHI,
4ackl) B pacTBOP, COACPIKAILIUNA KATUOHBI METAJIJIOB, 3aTEM MMPOMBIBAIOT (BO-
IO, BOAHBIM PACTBOPOM 3TaHOJA U Mp.) U BbicymmBaroT. [locie sToro Ha
MOAUGUIIMPOBAHHYIO TTOBEPXHOCTh HAHOCIT pabouunii pacTBOp ¢ Hccienye-
MBIMHU CTpPYKTypamu. [pyroif nonxon — gobaBieHue cojieif MeTaljIoB He-
MOCPEACTBEHHO K pabo4yeMy pacTBOPY — IO3BOJISET UCKIIOUUTH 3TAIM Mpea-
BAPUTENIbHON 00pabOTKH CIIOBI (MIpernapaT HAHOCIT HEMOCPEICTBEHHO Ha
MMOBEPXHOCTH CBeXkKero ckosa). [Tocie BrIchIXxaHMs KA pabovero pacTBopa
00pa3sipbl, KaK IPaBUIO, MOABEPralOT JONMOJIHUTEIBHON TPOMBIBKE.

B pabore[42] meTomom ACM NpOBOAMIN CPABHUTEIBHBIA aHATIU3 MPO-
necca agcopounu makpomonekyi JJHK Ha cirony u3 pactBopa, Kak ¢ KaTu-
OHAMHU METAJUIOB, TaK M 0e3 HUX. bbUIO MoKa3aHo, YTO BO BTOPOM cCiydae

aJIcCOpPOUPOBAHHBIE MOJIEKYJIbl HECTAOMIBLHBI B MPOIECCEe TPOMBIBKH 00pa3-

18) B BOAHBIX paCTBOPAX NPU UCIIOJIB3YEMbIX 3HAYCHUAX pH
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1I0B ¥ ITpu ckaHupoBaHuu. Kpome Toro, ACM-u300pakeHuss MAaKPOMOJIEKYJI
XapaKTEPU3YIOTCSl OOJIBIIIMM KOJIMYECTBOM 3AIyTAHHBIX U MEPEKPYUEHHBIX
Y4aCTKOB, TOTJla KaK MpHU MPUCYTCTBUU B PACTBOPE KATUOHOB METAJUIOB U
MPUMEHEHUU MPEANIECTBYIONIEH CKAHUPOBAHUIO TPOLEAYPHI IPOMBIBKU 00-
pasuoB Monekynsl JJHK ¢ukcupyrorcss Ha MOBEPXHOCTH IMOUIOKKH B pac-
MPABJIEHHOM COCTOSIHUH.

ABTOpBI paboThl [43] uccnenoBanmu metogqoM ACM B JKUIKOCTHOH STUCH-
Ke B peallbHOM MacIiitabe BpeMeHUu oopamumoe ocaxaeHue moiekyn JHK
Ha CIIIOAY IPU pa3JIMUHBIX NTapameTpax pabouero pactBopa. beuto nmokasa-
HO, 4TO aAcopOLUsi 0ObEKTOB HA MOBEPXHOCTH MOAIOKKHN U BEJIMUUHA CHUITbI
aJIT€3UH CYIIIECTBEHHO 3aBUCST OT KOHIIEHTPAIIUU CBI3YIOIINUX KATUOHOB (OTI-
TUMaJIbHOE 3HayeHue okoyo 2MM mia Zn2T) u pH cpensl (onTuManbHOE
3HAYeHHUE 0KO0JIOo 7,5).

Ha cerogusiHuii 1eHb UCIIOJIBb30BAaHUE KATUOHOB METAJIJIOB ISl CBSI3bI-
BaHus JIHK c moamoxkoit sBisieTcs, moxanyii, Hauboiiee pacpocTpaHEeHHOM
METOAMKOU MPUTOTOBIEHUS 00pa3ioB pu ACM-ucciaenoBaHusX, 4To 00b-
SICHSIETCS €€ MMPOCTOTOM U BBICOKOM BOCITPOU3BOIMMOCTBIO PE3YJIbTATOB.

Ha puc. 1.6 npeacrasnensr ACM-uzo6paxenus: mojiekyn JHK, aacop-
OUPOBAHHBIX HA TOBEPXHOCTH CIIIOBI B IIPUCYTCTBUH KaTHOHOB Ni 2t (a) uiu
ypanmianerata (0). I3 pucyHka BUIHO, YTO MOJIEKYJIbI 3a(PUKCUPOBAHBI HA
MOJIOKKE B IOCTATOYHO PACIPaBIEHHOM COCTOSIHUM.

[TpuBoauMBbIe N300pakeHUsSI MOJIEKYJT XapaKTePU3YIOTCS 3aBbILIEHHBIMU
naTtepaabHbIMU pazmepaMu — 10—15 HM — U 3aHMKEHHBIMU BEPTUKATbHBI-
MU — okoJ10 0,7 HM, B TO BpeMs KakK AUaMETp OAMHOYHOU MoJiekynbl [JHK
OKOJIO 2 HM. 3aBblllIEHUE JIATEPAIbHBIX Pa3MEpOB MOJIYyUEHHBIX M300paxe-
HUN OOYCIIOBJIEHO KOHEYHOHM BEIMUMHOM paguyca KPUBU3HBI 30HAA (KOJU-
YeCTBEHHAsl METOJIMKA y4eTa TaHHOTO apmedakma 1 OTIpefelIeHUs pealbHON
HIMPUHBI 00bEKTA pa3padboTraHa B paszzene 2.2). [IpuunHoil 3aHnkeHus BepTu-
KaJbHBIX PA3MEPOB MOXKET SIBIATHCS AepopManvs MOJIEKYJIIbI O AeHCTBUEM
30H11a (pacCMOTPEHNE TEOPUU KOHTAKTHBIX AeopMaiiuii U mpuMeHEeHHe ee
u1st onucanus ¢ dekTa 3aHmkeHust BbicoT ACM-ipoduiist 00beKTa npuBe-
neHo B paszzaene 2.1). CiegyeT moauepKHYTh, YTO 3TH apTePaKThl SBISIOTCS
munuunvimuy Ipu ACM-HCCIIeq0BaHUSIX MOJICKYJI HYKJIICMHOBBIX KUCIIOT [44].

Jpyrast MUpoOKO MCIOJIb3yeMasi METOAMKA XUMUUYECKOM MoAupUKAIIIN
MOJITOKKH I CTAOWIIM3AaIMd MOJIEKYJI HYKJIEMHOBBIX KHCIOT Ha IMOBEpX-

HOCTHU — 3TO CUJIaHU3al s CIIXOAbI [45] HpOHGCC CUJIaHU3alN1 CYIIECCTBCHHO
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6) amcopOumsi B TPUCYTCTBUHM YpaHWIAlleTaTa, oOOpas3llbl IPUTOTOBICHBI K.(.-M.H.

J. B. KimunossiM 1 B. A. TIpoxopoBbiM (MHCTUTYT OMOOpraHMYecKoi XuMuu, MocKBa)

HE U3MeHseT Tonorpaduyeckux 0COOEHHOCTEN MOBEPXHOCTH CIIOJbI — OHA
OCTAETCs 1OCTaTOYHO ITIaJKOU, B TO K€ BPEMS YJIyUdIIAETCs CBSI3b MAKpPOMO-
JIEKYJIbI ¢ MOIU(PHUITMPOBAHHON MOITTOKKOH. B pabote [46] mpu npoBeneHnn
ACM-uccnenoBanuii HykinenHoBbeix kuciaoT (JHK, aBynureBoit pubonyk-
nenHoBoii kucnotel (PHK)) B xauecTBe MOIOKKHM HCIIOIB30BAJIA ITOBEPX-
HOCTb CITIOJTbI, XUMHUECKU MOAU(PUIIMPOBAHHYIO 3-aMUHOI PO TPUITOKCH-
cwtanoM (APTES). Moaudukanus BKItouaia KOBAJIEHTHYIO IPUBS3KY aMU-
Horpymn moisiekyl APTES k cmione, crenenb Moauukauud KOHTPOIUPO-
Baiu ¢ nomoitnbio ACM, u BeIOMpain TaKUM 00pa3oM, 4TOOBI IIepPOXOBa-
TOCTb TOJIy4aeMO} MOBEPXHOCTU HE 3aTPYAHSIA UIEHTU(DUKALIMIO UCCIIETy-
€MBIX CTPYKTYp. DTO OOCTOSITENILCTBO (HEOOXOAUMOCTb KOHTPOJISI CTENEHU
IIEPOXOBATOCTU MOIUGDHUIIMPOBAHHOM MOUIOKKN) HE3HAUUTEITBHO YCIOKHSI-
€T METOJUKY.

bruto mokaszano [47], 4TO 3TOT MOJAXO[ MpEenapupoBaHus 0OPa3IOB J10-
CTATOYHO 3(h(PeKTUBEH B pyTUHHBIX UCCIIETOBAHUSIX PACIIPEIEIICHUS MOJIEKY I
HYKJIEMHOBBIX KHUCIIOT IO JJIMHAM. [IpencraBieHHble aBTOpAMU Pe3yJIbTAThI
COBIAJIAJIA C TAHHBIMH 3JIEKTPOHHOM MHUKPOCKOMHH (HUCCIIETOBAINCH MOJIe-

kyiel aABynuteBoit PHK peoBupyca), mpu 3ToM ObUIO OTMEUEHO, UTO IPU
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PaBEHCTBE pa3pellaroluX CIIOCOOHOCTEH BakHBIM IpeumyiectBom ACM
SIBJISIETCSI CYIIIECTBEHHO MEHEe CJI0KHAS METOUKA TPUTOTOBJICHUS 00Pa3I0B.

Bruta nmpoaeMoHCTprpOBaHA BO3MOXKHOCTD MCIOJIB30BAHUS MOIU(PHUITHU-
poBanHoit APTES ctofibl py mpoBeIeHUN UCCIeIOBAHUI KaK Ha BO3/YyXe,
TaK U B BOJHOU cpefie, — B 0OOMX CIydasix BEIMUMHA aITe3UH MOJIEKYJT HyK-
JIEMHOBBIX KUCIIOT K MOJIOKKE IMO3BOJISIa OCYIIECTBIISATh CKAHUPOBAHUE B
KOHTAaKTHOM pexume. B pabore [48] ocyliecTBiIsin CKaHUPOBAHUE OJIHOTO
M TOTO k€ yJacTKa IMTOBEPXHOCTH C aJICOPOUPOBAHHBIMU MAKPOMOJICKYJIaMHU
Ha BO3JyXe U B BOJE, IIPU 3TOM BO BTOPOM CJIyuyae OTMEUaJIOCh YBeInde-
HUE pa3peniaroniei ciocoOHOCTH (MMPUMEPHO B TPH pasa), YTO MOXKET OBbITh
CBSI3aHO C UCKJTIOUCHUEM HETaTUBHOTO BIIUSIHUS KAITMJUISIPHBIX CHIT (CM. pa3-
nen 1.3.1). KanuuisipHble CHITbl yBEIMUUBAIOT CUIIOBOE BO3/IEHCTBHE 30H 14 HA
obpasell, UTO BbI3BIBAET AOMOJHUTEIbHbIE IeOPMALIMK MAKPOMOJIEKYJIbL, €€
pa3pylIeHue Ui HeCTAOWIHLHOCTH B MPOIIECCe CKAHUPOBAHUS, U IIPUBOIUT K
YMEHBIIIEHUIO pa3peliaronieii CriocoOHOCTH.

Jpyrue uccienoBaTeIn Takke coo0IaroT, uto, eciiu ACM-uccnenoBaHus
MPOBOJATCS JIMOO B CyXOW razoBoil atmocdepe (MHOTAA I YMEHBIICHUS
OTHOCHTEIIBHOM BIIAXKHOCTU TeMIIepaTypy paboueit aTMochepsl MOBBIIAIOT
1o 60—-100°C[49]), mubo B )kuakocTHOU suerike [50, S51], TO BIUSHUE KaIuJ-
JISPHBIX CHJI YMEHBIIAETCS, YTO YBEIIMUMBACT TOCTUTAEMOE ITPOCTPAHCTBEH-
Hoe paspemieHue. [IpuMeHeHNe pexuMa MPEepPhIBUCTOTO KOHTAaKTa (tapping
mode, cM. paznmen 1.3.2)[52, 53] Takxe MO3BOISET UCKITIOYNTH BIUSHUE Ka-
MU PHBIX CHJT; MUKPOCKOTIUS TTPEPHIBUCTOTO KOHTAKTA TTO3BOJISIET CETOTHS
JOCTUYb pa3pelieHus (Ipu MPOBEACHUN UCCIEAOBAHUM B KUAKUX CPEIax),
HEOO0XO0IMMOTO /TSl BU3YAJIN3aIlMi BUTKOB ABOWHOM cimpanu [JHK [54].

Ha nmytu mogbopa anekBaTHOTO MOJAXOJa K MPUTOTOBIEHUIO 00Pa3IoB
MOXET OKa3aThCs MOJIE3HBIM HAKOIUIEHHBIN 3a JEeCATUIIETUS UCCIIeTOBAHUI
Oarax METOJIMK MpenapupoBaHus 00pa3loB IEKTPOHHONW MUKPOCKOIUU. B
YIPOIIEHHOM BapUaHTe MHOTHE U3 9TUX METOANK MOTYT MPUMEHSATHCS U JUIs
pelIeHus 3a/1a4 30HA0BON MUKpocKonuu. Tak, MOAUGUIIMPOBAHHBIN METO
Knaiinmmuara [31, 32] (MeTo 6e1K0oBOM MIeHKH, cM. pas3jen 1.4) naeT xopo-
IIMe Pe3yJIbTAThl MPU UCIIOIB30BAHNH THAPOPOOHBIX Mo okeK [55]. Hemo-
CTATKOM METOJIa MOXET CIYXKHUTh TO, YTO KOMILIEKCOOOPAa30BaHUE MOJIEKYJI
HYKJICMHOBBIX KUCIIOT ¢ OCTKOBOH TICHKON (YaCTO UCTOJIB3YIOT IJICHKY ITH1-
ToxpoMoB C) 3aTpyAHSIET UCCIIEAOBAHNE B3aUMOJEUCTBUS ITUX MOJIEKYH C

JIPYTUMHU O€JIKaMU, UTO OIPAaHUYUBAET KPYT pelllaeMbIX 3a1ay.
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Hus pukcaru pa3BepHyThiX Mojiekyn JJHK Ha MOBEpXHOCTH MOIIOKKHU
MIPUMEHSIOT Takke OeH3uauMeTriIankmiaMmmonuii xinopua (BAC) [56, 57] —
HIMPOKO UCTIOJIb3YEMBIH B 9JIEKTPOHHOM MUKPOCKOTIMU PeareHT, MPeaCcTaBIIs-
IOIIMI cO00M KaTHOHHOE MOBEpXHOCTHO-aKTHUBHOE BellecTBO (ITAB). BAC B
MaJIbIX KOHIEHTpanusax (0komo 5 X 105%) mo6aBiasSroT HEMOCPEACTBEHHO B
pacTBOp, COACPKAIIMNA MaKpOMOJIEKYJIbI, Iepe]] HAHeCEHWEM Iperapara Ha
MOBEPXHOCTh ciioJbl. BenencrBue cBoiictB [TAB, Ha moBepxXHOCTH Karemb-
KU, HAHOCUMOM Ha TOJUIOXKKY, (POPMHUPYETCs CTAOMIbHAS TIEHKA MOJIEKYII
BAC (co cBsizannbiMu ¢ Helt mosiekyinamu JHK), kotopast pacnpenemnsercs
M0 MOBEPXHOCTH CIIOJIbI U CTAOMIM3UPYETCS 34 CUET CHII AJIEKTpOCTaTUYEC-
Koro B3aumozeincTaus. Mcnonp3oBanue apyrux [IAB (B Manbix KOHIEHTpa-
LUSX) TaKXe CIOCOOCTBYET CTAOMIM3AIMU MOJIEKYJ HYKJIEMHOBBIX KUCIOT
Ha MOBEPXHOCTH cltoAbl. Tak, B padote [58] s pazBopaunBanus JJHK Ha
MMOBEPXHOCTH, YCIIEHTHO MPUMEHIH 2,4,6-TpUC(IUMETUIAMIUHOMETHI)(hEeHOT
(DMP-30) u xnopua uerrwmupuaunaus (CP), mpeacrasnstomume coboit, cooT-
BETCTBEHHO, HeMOHHOe M KaTnuoHHoe ITAB. Ha puc. 4.1 (ctp. 125) npeacras-
neH pe3ynbTat ACM-uccnenosanus [JJHK 6akrepuodara T4, ancopbupoBaH-
HOU Ha MOBEPXHOCTH CIIOABI U3 PACTBOPA, COJIEPIKAIIETO MaJIble KOHIIEHTpa-
uuu uetuntpumetmwiammonuit 6pomuaa (LITAB). K Hegocratkam metonma
¢ mpuMeHenueM [TAB MOXHO OTHECTH HEKOTOPYIO OBEPXHOCTHYIO HEOHO-
POIHOCTD MOJTy4aeMbIX 00Pa31I0B, YTO 00YCIOBIEHO HEKOHTPOJIUPYEMOCTHIO
npoueccoB GOpPMUPOBAHUS JICHKU M KOMILJIEKCOOOPA30BaHUS C UCCIemye-
MBIMH MaKpPOMOJIEKYJIaMH. Y TaYHBIM JIOTIOJTHEHUEM METOAA MOXKET CIIYKUTh
UCIOJIb30BaHUE MeTouKH JleHrmiopa-bnomkert: hopMupoBaHue Ha rpaHU-
1e paszena $has KUAKOCTh/Ta3 mieHKH aMbubuibHbIX ) MoneKysI 1 mocuey-
Iolllee KOHTPOJIMPYEMOe IMePEHECEHUE €€ Ha TOBEPXHOCTh TBEPAOH MOMIOKKHI
(cM. raBy 5).

B pa6ote[59] nns ummoobunuzanuu mojekyn JHK npumenwnu apyryro
METOAMKY, CXOJIHYIO C TPAIULIMOHHOM JUTS 3JIEKTPOHHOM MUKpPOCKOTUU. Mak-
POMOJIEKYJIBl aJICOPOUPOBAIIM HA MOBEPXHOCTh CIIIOAbI, CBEPXY HAIBLIIIN
cinoit yrinepoaa. Ilocie 3Toro Ha yriiepo/1 NpUKJIEUBaIn CTAIbHYIO MJIACTUH-
Ky, CIIOy YIQJISUTM, U OTKPBITON JJIi CKAHUPOBAHUS OKa3bIBajlaCh BHYT-
peHHsIst (OOpallleHHas Mpex/ie K CIII0/Ie) MMOBEPXHOCTh YIJIEPOJHON TUICHKU
C KECTKO 3aKpEIUICHHbIMU B Hell MakpomoJjekyiaamu. llepoxoBaTocts mo-

BEPXHOCTH YIJIEPOAHOM IVIEHKU COCTABIISUIA, 1O OLIEHKAM aBTOPOB, €AUHUIIBI

19) T.e. COCTOSIIMX U3 MOJAPHOI U THAPO(GOGHOI YacTn
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AHTCTPEM U JIOIyCKala OJTHO3HAYHYIO UACHTU(DUKALINIO OTACTbHBIX MOJIEKY
JHK. ABTOpBI paboThl OTMEYAIOT BBICOKYIO CTAOMIBHOCTh IMPUTOTOBIIECH-
HBIX 00pa3lloB — MaKpPOMOJIEKYJIbI HE pa3pylIAIUCh MPU OONBIINX CHJIAX
BO3/IEUCTBUS 30H/1a, Pe3YyJIbTAaThl HE 3aBUCEIHN OT CPEbl UCCIe10BaHU (IKC-
MEPUMEHTHI TPOBOJMINCH KaK Ha BO3JyXe, TAK U B )KUIKOCTH), JJIUTEIbHOE
XpaHEeHHe He BIIMSIIO Ha KauecTBO 0oO6pasnoB. Henocratok sToro merona co-
CTOUT B €r0 OTHOCUTEIIBHOM 9KCIIEPUMEHTAIIBHON TPYIOEMKOCTH.

Vcenexu npyUMeHEeHUs] aTOMHO-CUJIOBOH MUKPOCKOIIMU K HMCCIIEI0BAHUIO
MOJIEKYJI HYKJIEMHOBBIX KUCIOT IMO3BOJIWIN JOCTUYb MIPOrpecca U IMpH Mpo-
BEJCHUM TOJO0HBIX HKCIIEPUMEHTOB METOJAMM CKAHUPYIOIIEH TYHHEb-
HOM MMKPOCKONHH. XOPOIIHE pe3yiabTarhl Obuiu mnosydeHsl npu CTM-
uccnegoBanuu MmoJiekyn JJHK, ancopbupoBaHHBIX HA XUMUYECKU MOAUPUIHU-
POBAaHHBIX MOBEPXHOCTSIX MeTasu10B [60]. Xumuueckas Moaudukaius BKIO-
yaja KOBAJEHTHYIO CBSI3b XMMUYECKHU IOJISIPU3YEMBIX DY THOJIOB C YMC-
TOli moBepxHocThIo MeTasuia. Aacopouust JJHK ocymectBisiiacs 3a cuet Ky-
JIOHOBCKOTO B3aMMOJIEHCTBUSI MOJIEKYJIBI C IJIOTHO YIAKOBAaHHONW MOHOMO-
JeKYJISIPHOM IJIEHKON THOJI0B, OPUEHTUPOBAHHOMN MOJIOKUTEIbHBIMU (DYHK-
HUOHaJIbHBIMU Tpynnamu kK mosekysne JJHK. XapakTepHoil 0cOO€HHOCTBIO
MpeACTaBiIeHHbIX B paboTe [61] nzo6paxkennit monexkyn JJHK (nmpurorosnen-
HBIX [10 OIIMCBIBAEMOI METOAMKE) SIBIISIETCS] OTPULIATEIbHBIN KOHTpACT (IIpu
JBUKEHUU HaJl MOJIEKYJION TYHHEIbHAs UIJIa OIIyCKAETCsl HUXKE, YeEM ITPU JBU-
’KEHHMH HaJl TOBEPXHOCTHIO MOITIOKKHU ), CBSI3AHHBII, 10-BUIUMOMY, CO cl1aboii
MIPOBOJMMOCTb MAKPOMOJIEKYJIBI.

Jpyroit nepCneKTUBHBIN MOAXO K UCCIEAOBAHUIO MAKPOMOJIEKYJT METO-
namu CTM — npuMeHeHne HU3KOTOKOBOM TYHHEIbHONM MUKPOCKOTINH [62] ¢
pabounM AMana3zoHOM TYHHEIbHOTO Toka MeHee 1 mA. B aTom ciyuae skcrne-
PUMEHTAJIbHBIE Pe3yJIbTaThl [63] CBUIETEIHCTBYIOT O BO3MOXHOCTH BU3YaJIH-
zaru MoJsiekys JIHK, ancopoupoBaHHBIX HA TOBEPXHOCTH IUAIEKTPUUECKOIM
MOJIOKKH (Clrofbl). TpaHCcopT 3apsia B cUcTeMe 30HI-00pa3el-MoI0kKKa
OCYILIECTBIISETCS 3a CUET IMPOBOJAUMOCTH YIbTPATOHKON IUIEHKU BOJBI, IO-
KpPBbIBAIOILIEH MOBEPXHOCTU OOpaslia U MOMJIOKKHU IPH NPOBEIECHUU HCCIIE-
JIOBAHUH B YCIIOBUSIX KOHTPOJIUPYEMON OTHOCUTENBbHOM BiaxkHOCTU. ONTH-
MaJIbHOE 3HAYEHUE MOCENHEN I MOJOOHBIX IKCIIEPUMEHTOB COCTABIISET
60-65%.

T.o. ciekTp IpUMEHSIEMBIX METOJUK IIpenaprupoBaHusi oOpas3LoB HyKIe-

MHOBBIX KUCIOT Wit C3M BecbMa mMpok. B To ke BpeMsi CTOUT OTMETHUTD,
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YTO ONHMCAHHBbIE METOJUKHU pa3pabOTaHBbl I UCCIEIOBAHUS c60000HbIX MO-
nexyn JJHK, nmostomy anpuopu HEM3BECTHO aJ€KBATHBI JIM OHU JUIS U3Y-
YEeHUs!, HaIIpUMED, B3aUMOJICHCTBUS HYKJIEMHOBBIX KUCIOT C OelKaMM WU
ITIOBEPXHOCTHO-aKTUBHBIMU BEILIECTBAMU. YIIOMSHEM TaKXe, 4YTO B JIUTEpA-
type no C3M onucaHbl, B OCHOBHOM, JIMIIIb UCCIIETOBAHUS IBYHUTEBBIX MO-
nekyn HykienHoBbIX kucioT: PHK u JIHK, nMmeronux ABONWHYIO CliMpallb,
U IIPAKTUYECKU OTCYTCTBYIOT JaHHBbIE OO HCCIIEOBAHUM OJHOHMTEBBIX MO-
JeKyJ (KOTOpBIE CIOXKHEE 3a(PUKCUPOBATh HA MOAJIOXKKE B PACIPABIEHHOM

COCTOSIHMH), CM. TJ1aBy 3.

1.5.2. IlpumeHneHue 30H10BOii MUKPOCKONMH JIJISl HCCJIE10BAHUS
CTPYKTYPBI H CBOICTB MOJIEKYJI HYKJI€HHOBBIX KHCJIOT U

HX KOMILIEKCOB

[Tpu monbope anekBaTHOM METOAUKHU MIPUTOTOBJIEHUS 0OPA3II0OB CKAHUPYIO-
1M 30HI0BBIM MUKPOCKOT ITPEACTABIISIET COOOM y10OHBIN 1 HAJI€KHBIN TPU-
00 A1 UCCIeI0BAHMUS CBOMCTB OMOIOTMYECKUX CTPYKTYP Ha MOJIEKYJIIPHOM
ypoBHE. YOeAUTENbHBIM OKA3aTEILCTBOM 3TOTO YTBEPHKIEHUS MOTYT CIIy-
KUTb PE3YJIbTATHI PA0OT, MOCBSIIEHHBIX UCCIEI0BAHNIO KOHPOPMAIIMOHHBIX
CBOMCTB MOJIEKYJI HYKJIEMHOBBIX KHCIIOT U UX KOMIUIEKCOB ¢ Oenkamu, ITAB
U T.II.

ABTOpBI paboThI[35] ucciaenoBanu BIUSHUE CHEIU(DUUESCKUX JTUTAHIOB
(IMcTaMHUIIMHA U MUKPOTOHOTPOIIeHa-6b) Ha KOHGOPMAIIMOHHBIE CBOWCTBA
HeckoIbkuX TUoB Molekyn JJHK meromom ACM mnpepbIBUCTOTO KOHTAK-
Ta. Pe3ynapTaTel uccaenoBaHuil HE TOIBKO OOECIIEUMIIM BU3YaIbHOE 10Ka3a-
TEIBCTBO BIMSIHUS JAHHBIX TUTaHa0B Ha koHpopmanmio JJTHK, Ho u mo3Bo-
JIWJIH CIETIATh OIIPE/IETIEHHbIE KOJIMUYECTBEHHBIE OIIEHKU, OCHOBAHHBIE HA aHa-
JIM3€ MPEACTABIEHHBIX aBTOPAMM T'MCTOTPAMM PACIPEAENICHUS PACCTOSHUS
Mexy konuamu JJTHK.

B pabote[36] uccmemoBanmu cnemuduueckoe B3ammojericteue PHK-
nonumMepassl u3 Escherihia colic JHK, conepxarneit A P, mpomoTtop. O6pa3zo-
BaHHbIE KOMIUIEKCHI OBLIN BU3yalu3upoBaHbl MeToioM ACM, Ha moyy4eH-
HBIX M300pakeHusx Habmogaauchk mojiekyiasl [JHK ¢ PHK-nmoaumepasoit,
JIOKaJIM30BAaHHOM Ha PACCTOSIHUM 4/9 OT 0JTHOTO M3 KOHIIOB. [IpoBomim aHa-
nu3 cTpyKTypbl Komiuiekca PHK-nommepassr u JIHK kak B OTKpBITBIX KOM-

IJIeKcax, CBI3aHHBIX ¢ TpoMoTopoM (OPCs), Tak U B CTaOMIIBHBIX 3JIOHTAIIH-
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oHHbIX KoMIUIekcax (C15) ¢ o6pa3oBaHHBIM |5-HYKJI€OTUAHBIM TPAHCKPUII-
TOM. bbI10 1TOKa3aHo, yTo B 0Osactu npukperuienns PHK-nonumepassl npo-
ucxoaut u3rud monexynsl JJHK, npuuem cpenuuit yron nsruba ans OPCs u
C15 cocraBisn 54 &+ 31° u 92 + 37°, cooTBeTcTBeHHO. Ha ocHOBaHMM OOHa-
PYKEHHOTO pa3/Inuus B 3HAUEHUSIX cpeAHuX yrioB usruoda mis OPCs u Cl15
aBTOPBI I€TIAIOT BBIBOJI, UTO MTPOLIECC TPAHCKPUIIIIUU COITPOBOKIAETCS U3MeE-
HeHueM cTpyKTypbl komruiekca PHK-nmomamepassr ¢ JIHK, obycnoBnenHoi
KOH(OPMAIIMOHHBIMU U3MEHEHUSIMU TTOJIUMEPA3HI.

Bosmoxnocts ACM-BU3yaIM3allud MOJIEKYJISIPHBIX MPOIIECCOB MpOJe-
MOHCTpUpPOBaHa B paboTe [§] Ha OCHOBE MOCIEA0BATEILHOIO aHaIN3a 00pa-
30BaHUs HecriennuuHbIx KoMiiekcoB Motiekynbl JJHK u PHK-nonumepasbt
B pea’ibHOM MaciuTabe BpemeHu. CxeMa SKCIiepuMeHTa BKJIIouala B cebs aj-
cop6uuro makpomosekyn JJHK na crrogy uz 10 MM HEPES Oydepa B npu-
cyrctBur noHoB maraus (1-10MM MgCl,), 3aTeM criegoBaau MPOMBIBKA U
BBICYILIIMBaHUE 00pa3loB B 3kcukaTope. Ilocie 3Toro oOpasibl momMerniaim
B JKUJKOCTHYIO SIlYEKY MHUKPOCKOIIA, HAUMHAJIU NPOLIECC CKAHUPOBAHUS, a
3aTeM B pactBop BBoauiu PHK-nonumepasy. beuto nokasano, yrto oopaso-
BaHue kKoMIuiekcoB Oenok-JAHK Habmonaercs yxe yepe3 HECKOJIbKO CEKYH/T
1ocIIe 100aBIIEHUS IOJIMMEPA3bl, YUTO CBUJIETEIBCTBYET O COXPAHEHUU HATUB-
Holt koHpopmanuu PHK-noxumepasst u JIHK B npouecce mpurotoBieHus
00pa3LoB U IMPOBEAECHUS UCCIEIOBAHUN. DTU PE3yIbTaThl JEMOHCTPUPYIOT
BO3MOXHOCTh HCIOJIb30BAHUS 30HA0BON MUKPOCKOIUU VISl UCCIIEAOBAHUS
MIPOLIECCOB, OTBETCTBEHHBIX 32 PACIO3HABAHHE U COOPKY MAaKPOMOJIEKYJIAp-
HBIX KOMIUIEKCOB B (PU3HOJIOTUYECKUX YCIOBHUSIX.

Bounbiioe npukinaaHoe 3HaueHnEe UMEET BO3MOXKHOCTD PEIICHUSI METOLO0M
ACM 3anauu gusuueckoeo kapmuposanus JHK: cneunduueckue yuactku
MaKpOMOJIEKYJIbl IOMEYAIOTCS] ONPE/IETICHHBIMU MapKepaMu, aHaIu3 MECTO-
MOJIOXKEHUS ITUX MapKepoB Ha mnoiydaeMblx ACM-n300pakeHUsIX MO3BO-
JII€T COCTABIISITH KapPThl OTHOCHUTEIBHOTO PACIOI0KEHUS CHEIM(PUISCKIX
MocJieIoBaTeIbHOCTEN HyKJIeoTH10B. Tak, B pabote [44] mpoaeMOHCTpUpPO-
BaHa BO3MOKHOCTb BU3yaJIM3allid MECTOIIOJI0KEHUSI OMOTHHA, KOBAJIEHTHO
MPUBSI3aHHOTO K NEPBOMY HYKJIEOTHUy Ipaiimepa. buotun nomeuancs 6en-
KOBBIM KOMIUIEKCOM CTPENTaBUANH-CTA(UINIOKOKKOBBIN Oenok A (cTpenTa-
BUJIMH MUMEET BBICOKYIO CIIOCOOHOCTH CBSI3BIBAHHSI C OMOTHHOM, a OeoK A
YBEIIMYMBAET pa3Mepbl MapKepa JJIsl OJHO3HAUYHOM ero uaeHTU(UKaluKu Ha

ACM-u3ob6paxeHusx).

47



B paborax [64, 34] 66T KCTIOSIB30BAH METO KAPTUPOBAHUS KIIOHUPOBAH-
HBIX B IUTA3MUIHBIN BEeKTOP nocienoBaTenbHocTeil LTR (1uHHbBIE KOHIIEBBIE
MOBTOPHI) C MOMOIIBIO CHENUPUUECKUX MaPKEPOB, UMEIOIIUX XaPAKTEPHYIO
bopmy — R-nrerens. R-netiiu popmupoBaauck nociaegoBatenbHocTsMu PHK
u3 345 u 380 HyKJIEOTUAHBIX OCHOBaHUH, KoMIuieMeHTapHbIMU K U3 1 US 006-
nactaMm LTR genoseueckoro snnorenHoro perposupyca K-10 (HERV-K10).
B nmporecce obpazosanus netinu PHK gopmupoBana aBoitHyro criupais ¢
koMmIieMeHTapHbIM yuyacTkoM JIHK, BeitecHsist Bropyro Huts JHK, xoTo-
past KOJUIAIICHPOBAJIa B PE3yJIbTaTe BO3AeNCTBIS MOHOB Mg 2t ; xapakrepHas
(bopma 06pa3zoBaHHOM CTPYKTYPHI (TIETJIS) MO3BOJISUIA YBEPEHHOU HACHTU(DH-
uupoBath ee Ha ACM-u306paxenusix. Paznuunas qjyivHa 30H10B TO3BOJISIIA
YK€ U3 OJJHOM T'MCTOTpaMMBI OTIPEIEIUTH KaK IMOJI0KEHHE, TAK U OPUEHTALIUIO
LTR. ITony4yeHHbIe pe3yabTaThl MO3BOISIOT MPEAMOJIOKUTD, YTO B OyyIieM
paspetenue mpuoopoB C3M MokeT ObITh TOCTATOYHBIM ISl OTIPEICIICHUS
rocJieIoBaTeIbHOCTH HyKiieoTrui0B JJTHK.

VYHUKaTbHYI0O BO3MOKHOCTh 30HAOBOIO MHKPOCKOIA Kak Mpudopa, mno-
3BOJISIFOLIETO TPOBOAUTD MPELIM3UOHHBIE UCCIIEA0BAHUS JIOKAIbHBIX CBOMCTB
MMOBEPXHOCTH, MPOJAECMOHCTPHUPOBAIN aBTOPHI paboThl [7]. OHU mpoBOAUIU
MIPSIMBIE MCCIIEIOBAHUS CUJIOBOTO B3aUMOJCHCTBUS, OTBETCTBEHHOTO 3a (pop-
MHUpoBaHue BUTKOB MoueKyssl JIHK, no cinenyromieii cxeme.

Ha moBepxHOCTSIX MOMJIOKKKM U KPEMHHEBOT'O MUKPO3OHIA CO3AaBaJU
JIBa TUIIA TOKPBITHUS, TPEACTABISIONIEr0 COO0I C10i KOBAaIEHTHO ITPUBSI3aH-
HBIX 32 OJIMH U3 KOHIIOB KOMIUJIEMEHTAPHBIX OJIMTOMEPOB — B OJTHOM CJIyuae
(ALITT);, B apyrom (LIAI'T);. B nmpouecce B3aumoaeiicTBust napbl JaHHBIX
OJIMTOHYKJICOTUZIOB (IIMHOW B 20 HYKJIEOTHUIIOB) BO3MOXHO OOpa3oBaHME
koMrIuiekcoB ¢ 20, 16, 12, 8 u 4 napaMu B3aMMOIEMCTBYIOIIMX OCHOBAHUH.

B xoge skcnieprMeHTa MHOTOKPATHO MU3MEPSUIN KPUBYIO CUIIOBOIO B3au-
MogeicTBus F(z) Mex Iy 30HI0M U oAI0kKoi. Ha ocHOBaHMM 3THX pe3yiib-
TATOB ONPEIEISUIN CUITy a/IF€3UU U CTPOMIIU TUCTOTPAMMEBI €€ paclpeieTICHUSI.
B cyuae oTcyTcTBUS cielMPpUUECKOT0 B3aUMOIACHCTBUS MEKTY KOMIIEMEH-
TapHBIMH y4aCTKaMM HAO0JI0J1aJIOCh Obl OJTHOPOIHOE FayCCOBO pacmpeere-
HUe 1 cuiibl aare3nud. OJHAKO Ha MOJYYEHHBIX THCTOTpaMMax 4YeTKO Mpo-
CIISXKHUBAJIUCh OTAENIbHBIC KM (1,52 +0,19; 1,1+ 0,13; 0,83 + 0,11 uH), oTo-
Opakaroiue, oueBHIHO, creruduueckoe B3aumonaeicraue 20, 16 u 12 map

KOMIUIEMEHTAPHBIX OCHOBAHUH (aBTOPBI YKA3bIBAIOT, UTO KOMILIEKCHI € 8 1 4
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B3aUMO/JICHCTBYIOLIMMU ITapaMU OCHOBAaHUN TEPMOJIUHAMUYECKN HECTAOUIIb-
HbI IIpu 27°C — TeMnepaTtype NpOoBEAEHUS UCCIEIOBAHU).

CX0HYIO 9KCIIEPUMEHTANIBHYIO CXEMY — € 00Opa30BaHUEM MEXIy B3au-
MOJEMCTBYIOIUMH MTOBEPXHOCTIMHU «MOCTUKOB» B BUJIE OTACIBHBIX HUTEH
JAHK pnuHoit B 160 ocHOBaHM — UCIIOJIB30BAJIM 1JIS1 aHAINW3a BHYTPUMOJIE-
KYJISIPHBIX YIIPYyTUX cBoicTB. Takum oOpazom, aBTOpaM yaaioch IPOJAEMOH-
CTPUPOBATH BO3MOXHOCTH ITpuMeHeHuss ACM 17151 MpSIMOTO KOJIMYECTBEHHO-
ro aHalli3a MEXMOJIEKYJIIPHOrO U BHYTPUMOJIEKYIISIPHOTO B3aUMOIEHCTBUS
B KOMITJIEKCAaX OMOJIOTMYECKUX U CHHTETUYECKUX MAKPOMOJIEKYJ, YTO OTKPbI-
BAET HOBBIE MEPCIIEKTUBBI 1711 OOHAPYKEHUS U JTOKATU3AINH CIELIMPUIECKUX

IMOCJIEIOBATEIILHOCTEH HYKJICOTUIOB C AaHTCTPEMHBIM PA3PCHICHUCM.
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I'1aBa 2

AHau3 uckaxawmux 3p@PeKkToB

ATOMHO-CUJIOBOHM MUKPOCKONUM

HecMoTpst Ha BO3MOKHOCTB TOCTHKEHUSI BRICOKOTO IIPOCTPAHCTBEHHOTO pa3-
perieHust, “HGpopManus, mojrydaemMas MeToAaMu 30HA0BON MUKPOCKOTIUH (B
yacTHOCTH — ACM), MOXeT HeaJIeKBaTHO OTOOpaXkaTh peaibHbIE OCOOECH-
HOCTH TTOBEPXHOCTH, YTO SIBJISIETCS CJICICTBHEM BIIUSHUS MHCTPYMEHTA WC-
CIIe[IOBaHUSI HA OOBEKT M MPUBOAMUT K HAOIOACHUIO apmedarkmos. DT ap-
Te(aKThl, KaK MPAaBUIIO, JIETKO YYMTHIBAIOTCS HAa KAUECTBEHHOM YPOBHE IIPU
uHTepnperanuu ACM-pe3yIbTaToB, OJHAKO crienn(uKa psaa 3a1a4 MOXKET
noTpeOOBaTh KOJIMUECTBEHHBIX OIIGHOK U METOJIOB BOCCTAHOBIICHUS peajlb-
HOU TeoMeTpUu OOBHEKTOB.

Mp5I TpoaHaIM3upPOBAJIH ABA OCHOBHBIX apTedakta ACM, BIUsHUE KOTO-
PBIX CYIIECTBEHHO MPU IMPOBEICHUN UCCIEIOBAHUN 0mMOe1bHbIX MUKPOOOBHEK-
TOB, aJICOPOMPOBAHHBIX HA MOBEPXHOCTH TBEPOH MOITTOKKU: dIPdEKTa yuuiu-
penus npoghuis v abdexra sanusicenus svicom ACM-u3o00paxeHusi 00bEKTOB
uccnegoBanus. [TocTpomiy KOIM4YeCTBEeHHbIE METOIUKY YUeTa BIUSHUS pac-
cmaTpuBaeMbIxX 3(pdexkToB Ha pe3ynbTarsl uccienoBanus ACM. B csete pe-
3YIBTATOB MEOPUU KOHMAKMHbLX 0eghopmayuii BOSHUKIIA HEOOXOAMMOCTH T1e-
PECMOTPETh MEXaHU3M BU3yAIN3AIIUU aTOMHOMN (MITU MOJIEKYJISIPHOM ) CTPYK-

TYpPBI IOBEPXHOCTH IpU ucciegoBaHussx ACM.

2.1. KonrakTtHble JedopManmu 30H1a 1 o0pa3ua

C nepBeix pador no ACM-Bu3yaau3allMd MOJIEKYJ HYKJIEUHOBBIX KHC-

70T [6, 41] orMeuanock, uyTo BeicoThl ACM-n3o6paxennii JIHK cymecTBenHO
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3aHMKEHBI B CPABHEHUH C MOJIEIIbHBIMU ITPEICTABIIEHUSIMU O CTPYKTYPE MOJIE-
KyJbl. B TO e Bpems, 15 psaia Ipyrux 00BEKTOB (¢ OIU3KUMH (PU3TUECKUMU
CBOWCTBAMH, HO OTIIMYHBIMU T'€OMETPUUECKUMHU pazMepaMu) 3GdeKT 3aHU-
KEHUS BBICOT MPOSIBIISIETCS] HE CTOJIb BBIPAXKEHHO. Tak, B riaBe 3 U310KEHBI
PEe3yIbTAThl UCCIIEOBAHUSI BUPYCHBIX YACTHUIl TAOAYHON MO3auWKH U BUPYC-
Hoit PHK. Beuto o6Hapyxeno (cm. pazzaen 3.1, ctp. 95 u ganee), uro agdekt
3aHIKEHMS BBICOT 11 BUPYCHBIX YACTHI] HECYIIECTBEHEH (ITpU MUHUMM3A-
UM CHJIBI BO3JIEHCTBUS 30H/1a), B TO BpeMsi, Kak BbicoTa ACM-u3o06paxeHuit
MOJIEKYJT HYKJIEMHOBBIX KUCIIOT B TE€X K€ YCIIOBHUSIX IKCIIEPUMEHTA 3aHUKEHA
6omnee yem Ha 50%, HECMOTpsSI Ha TO, UTO U T€ W JAPyTrHe OOBEKTHI BU3Yya-
JTU3UPOBaHbl HA ogHOM Kajape. [IpumeHeHue uznaraeMoil HUXKE METOJIMKU
MO3BOJIWJIO OOBSICHUTH JAHHYIO 3aKOHOMEPHOCTH M CBSI3aTh €€ C pa3InuueM
pannycoB yactui] BTM (~ 10 HM) 1 HyKJI€MHOBBIX KUCITOT (< 1 HM).

Cnenys [65] MBI peaInookuian, uro 3¢ dekT 3aHmxkeHus Bbicor ACM-
M300pakeHU 0OBEKTOB CBSI3aH C KOHTAKTHBIMU aedopmanusmu. [lericTBu-
TEJbHO, B MIPOLIECCE CKAHUPOBAHUS, KAK B PEKUME KOHTAKTA, TAK U MPEPHI-
BHCTOTO KOHTAKTa, 30H/ BO3JICHCTBYET Ha 00pa3ell ¢ HEKOTOPOW CHIION (CM.
paznen 1.3, ctp. 18 u nanee), BeInunHa KOTOPOI OOBIYHO JISKHUT B IMATIA30HE
(1 =+ 100) x 10~° H. [leiicTBre 3TON CHIIBI, B CBSI3U C YPE3BBIUAITHO MaJIbIM
paanycoM KPUBHU3HBI 30HIUPYIOIIEro oCTpus (0ObIYHO OKoyio 10 HM), MpH-
BOJIUT K BOSHUKHOBEHUIO 3HAYUTEIILHOTO KOHMAKMHO20 TABJEHUS, KOTOPOE

JOJIXKHO BBI3bIBATHh KOHTAKTHBIC I[Cq)OpMaI_II/II/I.

2.1.1. KoHTakT ABYX TeJI: pellieHHe KOHTAKTHOM 3a1a4m ['epua

BriepBrie 3a1aua 0 KOHTAKTHBIX JeopManusax AByX Tel ObLIa pacCMOTpeHa
I'. T'epuem B 1882T. [66]. OcTaHOBUMCSI HA OCHOBHBIX COOTHOIIICHUSIX pelle-
HUST Konmakmuoti 3aoayu I'epya [67]. PaccMoTpuM JiBa Tea, KOTOPbIE CONIPU-
KacaroTCs IPYT C IPYTOM B HEKOTOPOU TOUYKE MX IIOBEPXHOCTEM, CM. puc. 2.1 a,
Ha PUCYHKE N300pakeH pa3pe3 COMpUKacaIOIUXCs ToBepXHocTel, O — ToU-
Ka KOHTaKTa.
BOu3u Touku kacanus O ypaBHEHUS TOBEPXHOCTEN MOTYT OBITh 3aIlHcCa-
HBI B BUJIC:
z = XalgiL’a:L’g,

' 1o
2 = XopToZps

2.1)
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Puc. 2.1. KoHTakT aByx ten, neopMaliuu;

a) — COMPUKOCHOBEHNE KOHTAKTUPYIOIINX MTOBEPXHOCTEH; 6) — medhopMamuy mpu HaJloxKe-
HUM CONMVDKATONIEN CHITbI, h — cOMDKEHHe 3a cUeT AeopMaliy, a — JaTepallbHBIA pa3Mep

KOHTAKTHOM IIOIIA KU

I'ZIe 110 IBAXK/bl HOBTOPSIOLUIMMCS UHAEKCaM a U 3 — cymMupoBaHue. TeH3o-
PBI Xa 1 X5 XAPAKTEPU3YIOT KDHBU3HY IIOBEPXHOCTEM, UX TJIABHBIE 3HAUECHHS
paBubl 1/Ry, 1/Rs u 1/R}, 1/R), tne Ry, R, R}, R, — rIaBHbIC PaaNyChl
KPUBU3HBI KOHTAKTUPYIOIIMUX TOBEPXHOCTEN B TOouke O.

Ecnu Teneps 311 1Ba Tena cAaBIMBarOTCI HEKOTOPOU CHIIoN F', TO OHU Oy~
IyT 1ehOpMHUPOBATHCS U COMU3ATCS HA HEKOTOpOe paccTtosiHue h (puc. 2.1 0),
IIPY 3TOM OOJIACThIO COITPUKOCHOBEHMS OYAET YK€ HE OJIHA TOUKA, 4 HEKOTO-
PBII y4aCTOK KOHEUHOM IJIOIaau S.

JlanpHelHnii aHanu3, MPOBEACHHBIN ['epueM, BKIIFOYAaeT pacCMOTpPEHUE
TEH30PA Xaf + Xyp» [VIABHBIC 3HAYCHUS KOTOPOTO A U B MOTYT ObITh BbIpa-

’KeHbl uepes3 Ry, Ry, R, R}, COOTBETCTBYIOIINE (GOPMYJIBI TS OOIIETro CIydast
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MIpUBEJICHBI B [67]:

IZI€  — YTOJI MEXIY TEMU HOPMAJIbHBIMH CEUEHUSMU ITIOBEPXHOCTEH, B KOTO-
PBIX paanychl KpUBU3HBI — R; 1 R). (3HaKU paguycoB KPUBHU3HBI ITOJIOKH-
TEJIbHBI JJIs BBIIYKJIBIX T€J U OTPULATEIbHBI — /JI1 BOTHYTHIX).

N3BecTHbIe coOTHOIIEHUs ['epra mokaspBalOT, 4To (GopMoii obnacTu
KOHTAKTa SIBJIIETCS SJUIMIIC C IIOJIyOCSIMU a U b, Tpr4eM (IIpU yCIOBUU MaJIOC-

™1 Aepopmalnii B CpaBHEHUHU C COOTBETCTBYIOIUIUMU PaANyCaMU KPUBU3HBI):

:FD/ ¢
™S @+ + e

o0

dg§
/ (a®+ &)/ (a2 + &) + )&’ @3)

o0

d§
/)W+£ V(@ + &0 + )¢

3/1—0%2 1—0"
DZZ( z + fo ), (2.4)

snech F, E', o u o’ moaynu FOnra u [lyaccona maTepualioB 30H1a U 00pasiia.

rac

['maBHBIE 3HAYEHUS CYMMapHOTO TEH30pa KPUBU3HBI— A U B BBIpaXKaroT-
sl 4yepe3 BEJIMUMHBI BUAa 1/R, M UMEIOT pa3MEepPHOCTh OOPAaTHON JITTUHBI —
[eM™1], a mapamerp D, omnpenenseMblii uepe3 BelMuMHbl Buga 1/E, uMeeTt
pasMepHOCTh ob6paTHOro fAasnenus [[1a '] u MOKeT paccMaTpUBaTHCS KaK
BEJIMYMHA, 0OpPaTHO MPOMOPLUOHAIbHASI HEKOTOPOMY 3(peKTHBHOMY MO/TY-
o FOHra o6s1acTv KOHTaKTaA.

Bocmpoussenem, Taxxke, GopMyIy, OMMCHIBAIOIIYIO PACIIPEICIICHHS 1aB-

JIEHUA B 00JIACTU KOHTAKTA:

1 - v (2.5)



CooTtHotenus ['epua (2.3) cBSI3bIBAIOT UICKOMbIE TApaMETPhI 3a4a4u (110-
JyOCH a, b 3JUTMITUYECKON O0JaCTH KOHTAKTAa U BEIUYMHY COJMXKEeHUS h)
C U3BECTHBIMHU NapaMeTpamu (caasiuBaronieit cunmoin F', moaynsmu FOHra
30HAa U oOpasia, napamerpamu A u B) uepe3 UHTerpajibHble 3aBUCUMOCTH,
CBOJIUMBIC K JJUTUNTHYECKUM MHTerpanam. OgHako B CUIy TOro, 4To (2.3)
SIBJISIFOTCSL CUCTEMOM HEJIMHEMHBIX YpaBHEHUN C HESIBHBIMHM 3aBUCUMOCTSIMU
OT UCKOMBIX apaMETPOB a U b, TO, 11 BO3MOXXHOCTU UX IIPUMEHEHUS IIPU
MHTEPIpPEeTALMN IKCIIEPUMEHTAITBHBIX PE3yJIbTaTOB, HEOOXOAUMBI JTUOO0 pe-
amu3alusl OOIIEr0 YHUCIECHHOTO PEIIeHUSs, JIMOO TOTOJIHUTEIbHBIA aHaAU3 C

IMPUBJIICYCHUEM YIIPOLIAOIIUX ITPEAIIOCHIIOK.

2.1.2. KonTakt cepuueckoro 3ou1a u cepuieckoro (Wjim

IJIOCKOro) oopa3ua

N3BecTHO, uTO cooTHomeHus ['epua (2.3) erko ynpoliaroTes B ciayyae, Kor-
Jla KOHTAKTUPYIOIIUE TeJIa UMEIOT CPePUIECKYI0 T€OMETPHIO (PacCMOTpPEHUE
9TOTO CiIy4asi BXOJUT B CTAHIAPTHBIN KypC TEOPUM yIIPYTOCTH, CM. HAIIPH-
Mmep [67]).

Taxast MOJeITb TEOMETPUU KOHTAKTA MOXKET HAWTH IUPOKOE MPUMEHEHNE
B 3a/1a4ax, CBSI3AHHBIX C MHTepnpeTanuei pe3yiabratoB C3M — mpu pac-
CMOTPEHUH KOHTAKTHBIX JAe(opMariuii, BOSHUKAIOIINUX B IIPOIECCE CKAHUPO-
BaHUsI MUKPOOOBEKTOB, (hOpMa KOTOPBIX MOXKET OBITh ANMPOKCUMHPOBAHA
chepoiil), a Takke MIOCKUX 06PA3I0B, HAIIPHMED, TOHKHX TIJIEHOK.

Bocnpoussenem nzBecTHbie (GOPMYITBI U MMPOBEIEM OlleHKH. Eciu 30H1 1
oOpa3zer BOJIM3KM TOYKU KOHTAKTA OMHCHIBAIOTCS CHEPUIECKIMHE ITOBEPXHOC-

TSIMHU M XapaKTEPU3YIOTCS paiycaMu KpuBu3HbI R u R', To, coritacHo (2.2),

1/1 1
A:B:— _— _—
2<R+R’)

oTKyaa a = b, u, U3 cooTHoleHuii (2.3), cieayer, 4To 00JIACTh KOHTAKTA

OyJIeT mpeACcTaBiIsITh COOOM OKPYKHOCTh paanyca a:

ys (1,1 e
= (FD -+ = 2.6

3nech D Takke onucbiBaercs (2.4).

1) HanpuMep, MOJIEKYT psiia GETKOB U TIp.
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Monaynb a,HM — pa- h,HM — cOu- P,I'Tla —
YIPYTOCTH Iuyc obmactu KEHUE 3a CYeT | KOHTAaKTHOE
obpasua, [Ia | KoHTakTa neopmanun JIaBJICHHE
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 4,7
10'2 0,7 1,4 0,04 0,2 3,7 7,9
MpY BeTu4YnHe commxaroniei cuisl (HH):
5 50 5 50 5 50

Tabmuma 2.1. CpaBHUTENBHBIN aHAIN3 KOHTAKTHBIX aedopMaIriiii, BOZHUKAIOITIUX

npu ACM-uccrieioBaHUN MaTEPUAIIOB C Pa3IMYHBIMU YIIPYTUMH CBOMCTBAMH.

Ouenku o popmyrnam (2.6), (2.7) u (2.8) s KOHTAKTHUPYIOIIETO C TUIOCKHUM 00pa3ioM
kpeMHHEBOTO 30HAA (E = 1,5 x 10! ITa) pagnycoM KpHUBU3HEI KOHYMKA R = 10 HM npu

JIBYX 3HAYEHUSIX ClIaBIMBaIOLIel cuibl: F' = 5 X 100°HuF=5x%x10"8H

JI1st BemuuMHbl h — cONMkeHUst 30H1a U oOpas3na 3a c4eT KOHTAKTHBIX
neopmanmii — B 3TOM cilydae cupaBeaiuBa popmyia:
" 1 1\! /3
h = (FD) <§ + §> . (2.7)
B stux dpopmynax, kak u panee, F'— cuna, caiaBinuarolas 30H1 1 oopasell.

U npuseneM dhopmyity sl BBIUMCICHUS 1aBICHUS Ha 0Opa3zeL:

F 1/F\Y/1 1\%
p:§:;<ﬁ> <E+E> . (2.8)

PaccMOTpUM KOHTAKT KpeMHKeEBOro 30H1a (E = 1,5 x 10! Ia) paguycom
KpuBH3HBI R = 10 HM (TUIIMYHOE 3HAYeHHE, CM. Taomuiry A.1) ¢ TIIOCKUM 00-
pasloM, ¥ TIPOBE/IEM OLICHKHU JIJISI IBYX 3HAYCHUIN BEJTMUMUHbBI C/IaBINBAIOIICH
cunbl: F =5x107°Hu F =5 x 1078 H (tabmuua 2.1).

Tabnuua nepexkpblBaeT AMANa30H 3HAYCHUN MOJyJIel ynpyroctu oopas-
108 ot 10® ITa (3HaueHne MOIYJIs yIIPYroCTH MeHormtacTa) 1o 10'2 IMa (3Haue-
HUE MOJIYJI YIIPYTrOCTH anMasa). JJis MHOTMX MaTepuaaioB 3HAUYEHUS MOTYJIS
FOnra nexar B quanazone 10'° + 10 ITa; is 6MonoaMMepoB — Kax IpaBu-
710, B nuanazone 10° =~ 10'° ITa. Ogun u3 CYILIIECTBEHHBIX BBIBOAOB daHAIN3a
TaOIULBI TOT, UTO BEJIMUMHA KOHTAKTHOI'O IABJIEHUS COCTABIISIET 3HAUUTEIIb-

HYIO BCIIMYUHY. M3 anammuza Ta6J'II/ILU:>I MOXHO HIPCAIIOJIOKUTDb, HAIIPHUMCED,
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yto ACM-uccneqoBanusi 04eHb TBEPJbIX MaTepHANIOB (TUIMA ajaMasza) Mpu
VCIIOJIb30BaHNUN OOBIYHBIX KPEMHUEBBIX 30HA0OB MOTYT IIPUBOJUTH K paspy-
IIEHHIO MOCIEAHUX (IIPEIEN IPOYHOCTH KpeMHust: o, = 0,7 x 10° ITa), ecu He
yJEJISITh BHUMaHUE MUHUMU3ALUY CUJIbl B3aUMO/IEHCTBUS 30H4a U oOpasLa.

Tot pe3yapTat, 4To I 6oJjiee JKECTKUX 0Opa3OB BBIIIE 3HAUEHUE KOH-
TakTHOTO AaBieHus npu ACM-HUcCIe0BaHUSX, CIIY)KUT OOBSICHEHUEM ClIe-
JyIoIIel 3KCIepUMEHTAIbHO Ha0IogaeMol 3akoHoMepHOoCTU. [ToBepXHOCTH
C1100bl MOKHO JIOKAJIbHO Pa3pylIUTh MPU CKAHUPOBAHUU ydacTKa HeOOIb-
woit rromaau (100 X 100 HM?), ecliu yBEIUYUTD CUITY BO3AEHCTBHS 30HIA 10
BesmuuHbl ~ 10~ HH. B To %e BpeMs, B TOXKIECTBEHHBIX YCIOBUAX KCIIEPHU-
MEHTa MOBEPXHOCTb nupocpaguma pa3pyuuTh He yAaeTcs. ITO OObSICHSET-
CSl MEHBIIIMM 3HAUEHUEM KOHTAKTHOTO JAaBJIEHUS BO BTOPOM Cllyyae B CHILY
MeHblIIel KeCTKOCTH nuporpaputa?) .

C npyroii CTOpOHBI, coriacHo Taduie 2.1, THTUYHBIC 3HAUEHUS KOHTAKT-
Horo naByieHusi B ACM-3KCIIepuMEHTE YaCcTO MPEBBIIIAIOT MPEeIIbl TPOYHOC-
i) MccnenyeMbIX 06pa3IloB U IPU MEHBUINX CUIIAX BO3AEHCTBHS 30H/A.

B uem jxe Torga npuuMHa BO3MOKHOCTH ITpoBeneHust merogqoM ACM He-

pa3pyIarouX UCCIASTOBAHMI ITMPOKOTO CIIEKTPa MaTepUaioB?

Bo3moxkHOCTBL NpoBeAeHHs HEPa3PYIIAIIUX HCCIE0BAHUI C IOMOLIBIO
ACM

Mp1 mnpeajraracM CJICAyromue apryMmeHThbI, O6T)$ICHHIOII_II/I€ BO3MOKHOCTbD IIpPO-

BEJICHUS Hepa3pylIIAOuX ucciegoBanmii Mmeroqom ACM:

e BOnu3u o0macTu KOHTAKTa UMEET MECTO NIEPEPACIIPECIIEHUE TOKATbHO
MPUIOKEHHOI0 KOHTAKTHOTO JIABJICHUSI IO TPEM MPOCTPAHCTBEHHBIM

HaIlTrpaBJICHUSM.

o [lpu nepaspywarowux uccnedosanusx BpeMs BO3AeCTBUS 30Ha HA JIO-
KaJIbHBIN y4aCTOK MOBEPXHOCTH O00Opa3la Majio B CPABHEHHMH C Xapak-

TCPHBIMU BPEMCHAMU IIPOLCCCOB pa3pyILICHUA ITIOBEPXHOCTHU.

JIelicTBUTENBHO, BO-TIEPBBIX, 3HAUEHUS ITPEAECIIOB IPOYHOCTU OIPEAEIIs-
10T IIPUJIOKEHUEM Pa3pYILIAIOIIET0 JaBICHUS K HEKOTOPOI MOBEPXHOCTHU 00-

pasna B 3aJaHHOM HaIlpaBJICHUU (OI[HOM). B namem cJIyda€ Mbl UMEEM NICTIO

2) 3HaueHre MUKPOTBepAOCTH Muporpaduta H, ~ 10'° ITa, cmonst H, ~ 2 x 10* a
3) 1pesiensl IPOYHOCTH (IT0 CKATUIO) CITIOBI U TPA(HTA COCTABISIOT 0 e =~ 0,5 x 10° ITa
U 04cne =~ 0,03 x 10° ITa cooTBeTCTBEHHO [68]
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C NIPUJIOKEHUEM K 00pa3slly J10Ka1bHO20 JABIIEHUS, KOTOPOE Mepepacpeacs-
€TCsl 10 TPEM HaIIPABJIECHUSIM.

Bo-BTOpPBIX, IpU CKAHMPOBAHUM 30H OKa3bIBAET BO3/CICTBHIE HA JIOKAJIb-
HBII y4acTOK 00pasiia B TEUCHUE MPOMEXKYTKA BPeMeHU T ~ a/ Vi, ~ a/Lf,
I71e a — JaTepalibHbIi pa3Mep o6iacTu KoHTakTa (2.6), L — nnuHa ckana
(cTpoKM CKaHUpOBaHMUs), f — YacTOTa CTPOYHOU pa3BepTKH, V., — CKO-
pOCTh CKaHUpOBaHMs. IpuBeaemM OLIEHKY IpaHUIl IHAlla30Ha XapaKTEpHO-
ro BpeMeHu B3aumojeicTBusi. CornacHo tabmuie 2.1, THMUYHBIE 3HAYEHUS
a ~ 1 um. [{nsg yacrorel ckauuposaHnus 10 ' ipu pasmepe kazapa 15 MKkM ume-
€M JIJISl BPEMEHHU B3aUMOJIEHCTBHS OLIEHKY T ~ 107> ceK, a Ipu pa3Mepe Kajapa
100 aM — 7 ~ 1073 cek. [Tonmy4yeHHbIE OLEHKU U OMPEAENSIOT IPAHUIIBI 1A~
Ma30Ha TUIMYHBIX 3HAYEHUN BPEMEH B3aMMOJICHCTBUS 30Ha U JJOKAJIBbHOTO
ydacTka o0pasua Mpu CKaHUPOBAHUH.

ITockoabKy MBI 9KCIIEPUMEHTAJIBHO OOHAPYXWIH, YTO, B pe3yJbTaTe 3a-
MeJIJIEHHs] CKOPOCTU CKaHUPOBaHMs (yBEIUUEHHUs T OT 3HaYeHus 1075 cex 10
1073 cex mpHu JI0CTATOYHOM BETMYKMHE CUIIBI BO3EHCTBUS 30H/a), PSI MCCIle-
JyEMBIX ITIOBEPXHOCTEN MOKET Pa3pylLlaThCsl, TO MOXKHO MPEAIIOIOXKUTH, UTO
XapaKTepHbIE BPEMEHA MPOLIECCOB PA3PYLIEHUS ITUX [TIOBEPXHOCTEN IO/ JIO-

KaJbHBIM BO3[ICHCTBHEM 30Ha ITOAga0T B yKa3aHHBII71 Auaria3oH.

A dexT pa3pyuieHus ucciaeyeMbIX NOBEPXHOCTeN NPH 3aMe/1JIEHHH CKOPOCTH
CKaHMPOBaHUA. 3aMeUIeHUe CKOPOCTU CKAaHUPOBaHHUA (MpU (PUKCHUPOBaH-
HOM BEJIMYMHE BO3ACUCTBYIOLIEH CUIIbI) MOXET MPUBOIUTH K Pa3pyLICHUIO
uccieayeMoi nosepxHoctu. Hanpumep, ymeHnslieHne pazmepa kajapa (mpu
TOIf %e 9acToTe CTPOUHOM pazBepTku?)) MPUBOAMT K yMEHBIIEHUIO CKOPOCTH
CKaHMPOBAHUS (IepeMeIleHNs 30H1a 110 MMOBEPXHOCTH) U MOXKET BBI3bIBATh
paspylleHue MOBEPXHOCTH, YCIEUIHO CKaHUPYEMOM Ipu GOJIBIINX pa3Mepax
KaJpa IIpU TOM K€ 3HaUYE€HUU CHJIbI BO3ICHCTBHS 30HAA.

Ha sTom npuninune ocHoBaHa anpoOUpOBaHHAsI HAMU MeTOuKa (popMu-
POBaHMSI B TOHKUX OPraHUYECKUX IJIEHKAaX UCKYCCTBEHHBIX Ae(eKTOB: ydac-
TOK IIOBEPXHOCTU 33aJaHHOM IUIOLIAAM CKAaHUPOBAJIU IIPU MEIJIEHHOHN CKO-
POCTH, YTO NPUBOJNJIO K JIOKAJIBHOMY Pa3pyILIECHUIO IUVIEHKU 30HIOM U yJa-
JICHUIO €€ MaTepualla C 3TOr0 ydacTKa; 3aTeM, IIPU CKAaHMPOBAHUU KaJpa

Ooublero pasMepa (Ipu yBeJIUUEHHOM CKOPOCTH CKAaHUPOBAHUS), BU3YaAIIH-

%) 3HauEeHNe YACTOTHI CTPOYHOI PA3BEPTKH OIPAHIHUEHO CBEPXY CKOPOCTBIO OIH(pPOBKH
JTAaHHBIX
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3UpPOBAJIM UCKYCCTBEHHBIN JAe(PEeKT B IUICHKE, pa3Mepsl U popMa KOTOPOTO
COBITAJAJIA C YYaCTKOM IIPEABAPUTEIILHOrO cKaHupoBaHus (cM. puc. 5.10). C
JIPYTOM CTOPOHBI, CTOUT OTMETUTH, YTO UMEHHO Pa3pyIICHUE MOBEPXHOCTH
MpU YMEHBIIEHUHU pa3Mepa Kaapa (3aMeIJIEHUU CKOPOCTH MepeMeIEHUsI 30H-
J1a 10 TIOBEPXHOCTH) SIBIISIIOCH OCHOBHbIM NPENAMcmauemM Ipyu UCCIIeOBAHMIX
MOJIEKYJIIPHOM YITaKOBKU TOHKHUX TUIEHOK, CM. pas3zien S.3.

MosxHO OBLIIO OBI TPEANIOI0KUTh, YTO MEXaHU3M A PeKTa CIeayIONui.
[Tpu Gomp1I10#1 CKOPOCTU CKAHUPOBAHUS OOBEKT (HAITPUMED, TOHKAS IJIEHKA)
He «ycreBaeT» aepopmupoBaThbes 1 3PekTUBHAS IITyOMHA POHUKHOBEHUS
30H]1a MEHblIIe, yeM omnpenensemas gopmymnoit (2.7). [Tpu 3amemienun cko-
POCTH MepeMelIeHHs 30H IIy0Xke «BAaBIMBAaEeTCSI» B obpasell U, eciu Iiy-
OMHA MPOHUKHOBEHUSI h CTAHOBUTHCS CPABHUMOM C TOIIIMHON IJIEHKH, TO
MMEET MECTO pa3pylIeHHeE.

OnHako, MO-BUAMMOMY, 3TO OOBSCHEHUE HE MOXET ObITh MPUHITO KaK
yHHUBepcasibHOe. JlelicTBUTENbHO, COTJIACHO OlleHKaMu paszaena?2.1.4 (cM. co
cTp. 71), XapakTepHOEe BpeMsl YCTAHOBJICHHS YIPYTUX KOHTAKTHBIX aedop-
Maluil COCTaBIsAeT BeIUMunHy ~ 10 %cek, 4TO MeHbIE WM MHOIO MEHb-
e, YeM BpeMsl B3aMMOJECHCTBUSI 30HJa U JIOKAJIBHOTO ydacTka obpasua
(1073 = 10 5 cek, cM. Bbie). [103TOMy MPUMEHEHHE CTATHYECKUX (HOPMYII
TEOpUM KOHTAKTHBIX Aedopmaruit (tumna (2.7)) aas aHadu3a pe3yIbTaTOB
ACM sBisieTcs ONpaBIaHHBIM, B CUITY YeTO IIyOUHY TPOHUKHOBEHUS 30H/1a
B oOpasel 3a cueT ynpyrux gegopmanuii cienyeT CUuTaTh He 3aBUCALLIEH OT
CKOPOCTH CKaHUpoBaHus. T.0. mpoBoANMEIE B paszene 2.1.4 o1ieHKH mo3BOIs-
IOT C/IeTIATh BBIBOJI, UTO HaOII01aeMblil 3P PeKT: paspylIeHUs] TOBEPXHOCTH
IIPU 3ameOdNeHUuU CKOpOCMU CKAHUPOBAHUs HE CBSI3aH C TMHAMHUKOM Ipolec-
ca ynpyrux aegopmauuii U 107keH ObITh 0OyCIIOBIIeH 0ojiee MeIJICHHBIMU,
Heynpyeumu nipolieccaMu. T.e. pa3pylieHre NTOBEPXHOCTU UMEET MECTO B CITy-
yae, KOrja XapaKTepHOE BpeMsl B3aUMOIEUCTBUS 30H/1a U JIOKAJIbHOT'O y4acT-
Ka 00pa3iia CTAaHOBUTHCS CPABHUMBIM CO BPEMEHAMU HEYIPYTUX MPOIIECCOB,
CBSI3aHHBIX C JIOKJIbHBIM BO3/IEUCTBUEM 30H 1A (IIPU IOCTATOYHON BEJIMUUHE

CUJIBbI BO3ICUCTBUS).
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2.1.3. KonTakt cepuueckoro 30H1a U HHIMHAPUIECKOTO

o0Opa3ua

Mopenp IMIMHAPUYECKOTr0 00pa3iia MOKET HANTH MpUMEHEHHEe MTPU aHaJIH-
3e nedopMaIii MUKpOYaCTHUL IIMIIMHAPHUUECKON (POPMBI (BUPYCHBIX YACTHII,
JIMHEWHBIX MAKPOMOJIEKYJI U IIp.). OHAKO B 3TOM ciy4ae (KOHTAKT chepuyec-
KOT'0 30H/1a ¢ O0KOBOI MOBEPXHOCTHIO IIMINHApPA) cooTHOLIeHUs ['epua (2.3)
He yrpomaiorca® . [103ToMy Mbl peanu3oBaay obliee YHCIEHHOE PellleHHe
cuctemsl (2.3), a Takke NMpoaHaIU3UPOBAJIHU J1Ba YACTHBIX ciaydas (OIU3KUX
U pa3IMYarOIIUXCs ITIABHBIX 3HAYSHUI CyMMapHOT 0 TEH30pa KPUBU3HBI KOH-
TaKTUPYIOLUX [MOBEPXHOCTEN), 11 KOTOPBIX yAAJIOCh IMOJYyYUTh AHAJIUTHU-
yeckre (pOpMyIIbl, BBIPAXKAIOIIUE UCKOMBIE BEIMUYNHBI SIBHO Ye€Pe3 U3BECTHHIE

napamerpsl 3agaun. M3 hopmyn (2.3) cremyer:
2FD
h="—"K (\/1 — a2/b2) ,
T

e 2.9)
a da

_Lon
bob’

rae K (k) — momublil ammuntudeckuid uHTerpain. CootHomenus (2.9) sBis-

FOTCSI IPOCTO APYroi (hopMoi 3anrcu COOTHOIEHUH (2.3).

YucaeHHoe peneHue 3a1a41 0 KOHTAKTHBIX JedopManusax cpepuyeckoro

30H/1a U HIJIHHAPUYECKOT0 o0pa3ua

CooTtHoteHus (2.3) ABISIOTCS CUCTEMOM HEIMHEHHBIX YPaBHEHUH, T1€ UICKO-

MbI€ BEJTMYMHBI BBIPAKEHBI HESIBHO Yepe3 JUIMITUYECKUE UHTETPAIbl. DTO

0OCTOSITEIIBCTBO OCIIOKHSIET PEATM3AIMI0 YUCICHHOTO PEIIeHUs, OCHOBAaH-

Horo HemocpeacTBeHHO Ha (2.3). [loaToMy MBI MPOBENM JTOMOJHUTEIIHHBIC

AHAJTUTUYECKHE MPeoOpa30BaHMsl, OCHOBBIBASICH HA COOTHOIIEHUSX (2.9).
Bocnonb3oBaBmmcs Gpopmyiioit [69]:

OK(k) 1 (E(k) _K(k)>,

ok K\ k?

ok k

%) aHaIIM3 IAHHOI F'€OMETPHH He BCTPEUAJICsl HAM HH B CTAHJIAPTHOM KypCe TEOPHH YIIpY-
roctu [67], Hu B muTepatype o ACM, mo3TOMY MBI COUJIH BO3MOKHBIM U3JI0KUTH BBIKJIA/IKH,
MPOBEIIEHHbIE HAMHM JJIST paCCMATPUBAEMOTO CITydast

59



rne E(k) — moyHBIA syumMnTH4eckuilt uHTerpat, k' = +/1 — k2, BeramcIss

MIPOU3BO/IHBIE B COOTHOIIEHUSX (2.9), moayduM:

S Rt (2.10)

e K = K (\/1 - a2/b2), E=E (\/1 - a2/b2).
Cootnotenue (2.10) sBnsieTcsi HETMHEHHBIM YPaBHEHUEM C OTHUM HEW3-

BECTHBIM — OTHOIICHUEM a/b, UTO MO3BOJISIET PEAIU30BATh €r0 PEIICHUE.

Hanee, u3 (2.9) nonyyaem 3aBUCUMOCTbD:

- 2D <1 . b_> (K (VImaR) - B (VIZa/E)), @i

KOTOPast MMO3BOJISIET ONPENIEIIUTD b TI0 U3BECTHOMY OTHOILEHHIO a/b.

Takum 06pa3oM MbI CBEJIM CUCTEMY HEJTMHEMHBIX YPABHEHUH K HE3ABUCH-
MBIM YpaBHEHUSM: U3 cooTHomenus (2.10) MoxkHo uncnenno® ompenenurs
a/b, 3aTem, u3 cootHomeHus (2.11), 3HaueHue b. Bocrob30BaBIINCH IEPBBIM
u3 ypaBHenuii (2.9) onpenensiem h. Tak monyuaem Bce HICKOMBIE TTapaMETPhI:
h, a u b, T.e. 3aaUa pellIeHa YUCIEHHO B OOIIEM BUJIe 0€3 UCIOJIb30BAHUS
yhopoluaroumx npeanonoxenuii. Ilocie sToro gapnenue (cpegHee) B obac-
TH KOHTAKTa TaKK€ MOKXHO ONpeeNuTh: P = F/mab. TekcT mporpaMmsl’),
peanusyrolleit JaHHOe YUCIIEHHOE pellieHue, npuBeieH B «[IpmioxxeHun» Ha
cTp. 220.

PeanuzoBaHHOE pellleHHe CIPABEAIMBO ISl TPOU3BOJBHON T'€OMETPUU
30H1a 1 o6pasua®). Heobxomumble ay1s peltenus 3HadeHus A u B onpeens-
IOTCS KIMEHHO 3TOM T'€OMETPHEH: IS cllydyast KOHTakTa cdepsl paauyca R u
OOKOBOI MOBEPXHOCTU MWIMHIpA paauyca R’ OHM BBIPAKAIOTCS U3 COOTHO-

meHu (2.2) cienyromum o0pa3om:

1/1 1
A= (24—
(5 m)

_ 1
2R’

(2.12)
B

PaCCMOTpI/IM TCIICPb AOIIOJIHUTCIIBHBIC YIIPOIIAIOMIUC ITPCAITIOIOKCHUA

YAaCTHBIX CJIY4acB.

6) MBI peaT30BaIi METOJ IIPOCTHIX UTTeparwii [70]
7) HanCAHHOM Ha A3BIKE C++
8) eciTM MX TOBEPXHOCTH OMUCHIBAIOTCS HEHYJICBBIMU TIIABHBIMH PAIHYCAMHI KPUBH3HBI
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Cayuvaii pa3inyalmuxcs rIaBHbIX 3HAYEHUH CyMMAapHOIr0 TeH30pa KPUBH3-
HbI KOHTAKTHPYIOLIUX MOBepXHOCTeli. B ciydae koHTakTa 30H1a 1 OOKOBOI
IIOBEPXHOCTH LIMIINHPA, IIPU YCIIOBUU, UTO paauyC HWINHAPA MEHBIIIE paIu-
yca 30H71a, u3 hopMyiasl (2.12) ciemyeT, UTo riIaBHbIC 3HAYCHUSI CYMMapHOTO
TEH30pa KPUBU3HBI MOBEPXHOCTEH paznuuarorcs: A > B. U3 dopmys (2.10)
(un HemocpeAcTBeHHO U3 popmyi (2.3)) ciaemyeT, 4TO B 3TOM ciaydae a < b.
Ecnu paznuuue cocTaBisieT 10CTATOUHYIO BETMYUHY, TO MOXHO BOCIOJIb30-
BAaTbCSI ACUMIITOTUKOU HOJIHOT'O JLINIITHYECKOT'O HHTCIrpala, CHpaBeHHHBOﬁ

P yCIIOBMH a? < b2, 4TO, OUEBHMIHO, HE SBISETCS KECTKUM yCIOBHEM [69]:

4 12 4 2
Kk)=In|— —(In— — =) K?*+... 2.1

(k) n(k,>+22<nk, 1‘2>k +..., (2.13)

rae k' = /1 — k2. B acumnrotuke (2.13) orpaHu4IuMcs IEPBBIM YJICHOM U
MOJTYYUM:

2FD
h=(C+1)—, (2.14)
b

rae 6e3pa3mepHblil mapamerp C' 3aBUCUT, BOOOIIE TOBOPS, OT OTHOIICHUS

C:ln<4—b>—1.
a

Bocnonb3oBasuuce ypaBHeHusimu (2.12, 2.13), MOXHO 1MOKa3aTh, YTO UMEET

mapaMCTpoOB JJIMIICA a U b:

MECTO COOTHOLICHMUC:

a Aa?’

2
C=1In (4—b> B (2.15)

N3 ypaBHenus (2.15) npu U3BECTHOM OTHOIIEHUH B/A MOXHO YHCIEHHO
OIpEeIUTh OTHOILIEHUE b/a M, COOTBETCTBEHHO, 3HAUCHHE Oe3pa3MepHOro
napamerpa C. UucneHHoe peleHue moka3pIBaeT, uTo 3HaueHue C' 11 MHO-
IUX 3ajad4 JIeKUT B 1Uana3oHe oT | 10 3 1, B 4aCTHOCTH, IIpU aHAJIM3€ KOH-
TakTa 30H1a (R = 10 HM) U MOJIEKYJIBI HYKJIEMHOBOHM KUCIOTHI (R’ = 1HM) ¢
JIOCTAaTOYHOM TOYHOCTHIO MOKHO BOCIOJIB30BaThCS COOTHOIIIeHUeM C' =~ 2.
@opMyIIbl JUIsl TAPAMETPOB IUIUIITUYECKON 001aCTH KOHTAKTa a U b He-

CKOJIBKO I'POMO3JKH:

4\ /6 B\ 6
a= (W) x (FD)'/3 x <ﬁ>

20\ /3 X 1\ /3
== /3 -
b ( - > x (FD)"* x (B) :
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HO IO CBOEH CTPYKTYpe COBMAIAIOT C ypaBHEHUEM (2.6) 11 U3BECTHOTO CIIy-
yas cepuueckoro oopasna (4To eCTECTBEHHO), OTJIUYUE JIUIIb B YUCIOBBIX
MHOXUTEJISIX U B XapaKTepe 3aBUCUMOCTU OT COOTBETCTBYIOIIUX PaJNYCOB
KpuBu3HbIL. [loacTasiss BTopoe u3 ypaBHeHui (2.16) B (2.14), momyuum s
h:
4\ /3
h = <%> (C+1) x (FD)*? x BY3, (2.17)

YTO TaKXke IO CTPYKType coBmagaeT ¢ ¢opmynoit (2.7) mis chepuueckoro

ciyyas. [Tosryunm BelpaskeHue 17151 JaBJIeHUs Ha 0O pa3el Ha ocHOBaHuH (2.13)

u (2.12): y 3
_F 1 F —
== <167r20> % <D2> x (A°B)™%, (2.18)

CTPYKTypa KOTOPOTO TaK)Ke COBMaaaet ¢ hopmysioii (2.8), cripaBeiuBoOM [ist

cepuueckoro oopasiia.

Takum o6pa3oMm, moirydeHHbie Hamu Gopmyitsl (2.17), (2.16) u (2.18) pe-
MIAFOT MMOCTABIICHHYIO 3a7a4y. JlefcTBUTEIbHO, HICKOMBIE ITapaMeTPhI BbIpa-
’KEHBI SIBHO Yepe3 n3BecTHbIe Benuunbl (', D, A, B) u mapametp C, KOTOPBI
MOJKHO OIIPEICTUTh U3 COOTHOIIEHUS (2.15) M BOCTIOIB30BaThCS OIIEHKOM.

st ymoOcTBa CpaBHEHHS pe3yIbTATOB TOUHOTO PEIIeHHS (IT0 COOTHOIIIe-
Husim (2.10), (2.11) u mepBbiM u3 (2.9)) u npubmmwkenHoro (mo (2.17), (2.16)
u (2.18)), mocnenHee TakKe BKIIIOUEHO B IPOrpaMMy pelieHus 3a71auu O KOH-

TaKTHBIX JehopMalnsaX, TEKCT KOTOPO# nmpuBeaeH Ha cTp. 220.

Cayyaii 0JM3KMX IVIaBHBIX 3HAYeHWil CyMMAPHOI0 TeH30pa KPMBU3HbI KOH-
TAaKTHPYIOIIUX noBepxHocTeld. Ciryyaii OIM3KUX 3HAUCHUI BenuuuH A u B
peanusyeTcs IS 3aJlaud KOHTaKTa chepuuecKoro 30H1a 1 O0KOBOI MOBEPX-
HOCTU LIWJIMHAPA MPU YCIIOBUU, YTO PAJINYC IIUIUHIPA MHOTO OOJIbIIE pagu-
yca 30oHaa. Torma, B cuiny cooTHomuenuit (2.12), melictButrensHo A ~ B W,
B cuity (2.10) (wm HenmocpencTBeHHO (2.3)), umeeM: a ~ b. B aTom ciyuae
acuMnToTuka (2.13) TepsieT NpUMEHUMOCTb.

[Tpu BeIITOSIHEHUU YCIIOBUS a ~ b CIEAyeT BOCIOJB30BATHCS IPYrou

ACUMIITOTUKOM MOJIHOTO JUTUIITUYECKOTO HHTerpasa [69]:

2

1
(1+m)[1+§m2+...},

™

2
rnem = (1—k")/(1+F),ak' =+v1— k2

K(k)
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B aTom ciiydae st mapamMeTpoB 001aCTH KOHTAKTA a U b ¢ MpUBJIeYEHUEM

cooTHoteHu# (2.12) u (2.9) MOXKHO BBIBECTH CIICAYIOIINE 3aBUCUMOCTH:

od
bB
2.19
1 1\ A\ 7! 1
—2FD (= + = 1+ =
o=pro(3+5)] (1+5)
OTKy/a:
1 1 1/3 A -1
—_ 1/3 1/3 = = -
a = 2'3(FD) ><<A+B> <1+B>
(2.20)

A B A
YTO COBIMAJAET MO CTPYKType ¢ (2.6) u (2.16) u mo3BojsgeT HAUTU a U b IO

1/3 -1
b= 2Y3(FD)? x (1 ;1 > <1 + E) ,

W3BECTHBIM MTapaMeTpaM 3aJIauu.

s cOmmxeHus 30H1a U oopasia 3a cuet Aepopmanuu moaydum:

1 1\ -3
h = (FD)*? x <H + @> : (2.21)
YTO TaK)Ke UMEET CTPYKTYPY, CXOJIHYIO ¢ ypaBHeHUsIMH (2.7) 1 (2.17).

W ns BenmumuuHbL JaBIeHUS HA 00pa3el] UMeeM BhIpaXKeHHE:

1/3 4/3
P:%_%<§> xAB(i%—%) (2.22)
KOTOPOE 10 CTPYKType coBnaaaet ¢ (2.8) u ¢ (2.18).

NTtak, u 1u1st paccMaTpuBaeMoro ciaydasi HAMU MOJTy4YeHbI AHATTUTUYECKUE
dbopmymsr (2.21, 2.20), pemaromue 3agady. st ynro6cTBa CpaBHUTEIBHOTO
aHaJIn3a C TOYHBIM YHCJICHHBIM PEIICHHEM MbI TAKXKe T00aBUIN IMPUBE/ICH-
HBII BBIIIE AJITOPUTM B TEKCT IMPOTPAMMBI PEIIEHUS 3aJa4l O KOHTAKTHBIX

nedopmanusx (TEKCT MporpaMmsl cM. Ha cTp. 220).

KonTakTHble 1edpopmanuu 30H1-00pa3en-noiioKKa

Brime MbI paccMOTpenu KOHTAaKTHBIE 1eopMaIii B 00JIACTH CONPUKOCHO-
BeHUs 30HAa U obpasua. OgHako obmas nedhopmaius, onpeaesomas 3a-
HIKeHue BbICOThl ACM-nipoduiisi, BKIIFOUAeT eie ¥ BKIa Aeopmanmii B
o0JlacTi KOHTaKTa oOpasla M MOJUIOKKHU (MMEEeTCsl B BUY CIIydai, Korma
CBEpXY Ha oOpa3sell 1aBUT 30H1). [JIs1 3TOTO ClTydasi OCTaIOTCs CIIPABEIUBbI-
MU ITPUBCACHHBIC BBIIIC PCHICHHW A, HY>XHO JIMIIb COOTBETCTBYIOIIIUM 06pa30M

MepeonpeaeuTh mapaMeTpsol A u B.

63



I'eomeTpust KoHTakTa obOpasia paauyca R’ (Ha KOTOPBIM CBEpXy JaBUT
30H7 paauyca R)® U MIOCKOI MOMTOXKM TI03BOJIAET ONPENETUTh 3HAUEHUS

Au B o popmynam (2.2):

!
- 2RV

B=1(—L1_).
2\ R+ 2R

AJ'IFOpI/ITM dHaJIn3a 3TOoro cjiydas HIEHHO HE OTINYAeTCs OT IMPpOBCACH-

A
(2.23)

HOTO BBIIIE JJIsI 3HaUeHnt A u B, onpenenseMbix ¢popmyioit (2.12), ero pe-
3yJIbTATHI BOLLIU B TAOHILY 2.2.

BooO1e, Bkitag B popMyity s 3aHukeHUs BbiIcoT ACM-nipoduiis 00b-
€KTOB UCCIIEJOBAHMS 32 CUET KOHTAKTHBIX JeopMaIvii Ipu CKAaHUPOBAHUU

AAIO0T TpHU ClIaracMbIX:

Ahcym - Ahwu() /obpasey + Ahoﬁpa3eu /noonoscka Ahwm) /noonoscka s (224)

rJie BTOPOE cliaraeMoe (paKTUYECKU COBITAIACT C MIEPBBIM B CIIydyae MaJIbIX
paanycoB mWIUHApA. UTO KacaeTcs TPEThEro ClIaraeMoro, TO OHO OIpee-
nsercst popmyroit (2.7) (TUNIUUHBIE 3HAUEHUS MMPUBEACHBI B Tabmuie 2.1), u
MIPY aHAJIU3E PE3YJIbTATOB UCCIIEOBAHUS «MSITKUX» OMO00OO0BEKTOB, aCOPOU-
POBAHHBIX HA «TBEPABIX» IMOJIOKKAX, UM MOKHO ITpeHeOpeyb B CPABHEHUHU C
MIEPBBIMU ABYMSI.

OnHako Mpu aHaIM3e Cllydash «MSITKOW» MOMJIOKKH TPEThe ClaraeMoe
dbopmysl (2.24) cnenyeT yuuthiBaTh. Tak, u3 tabmui 2.1 u 2.2 cnemyer, 4To
3aHUKEHHE BBICOT LWJIUHIpUYecKoro obpasua (paauyc 1 M, moayns FOH-
ra 10'°ITa, cuna BoszeiicTBus 30HAa 5SHH) B ciiydae CIIOASHON MOMIOKKH
(E ~ 10" 1IIa) 6ymer B ~1,4 pa3a Goavuwe, ueM B ciydae nuporpaduro-
BOIi (E ~ 10' I1a) momiokKu. ITOT BBIBOJL COITACYETCS € IKCIIEPUMEHTOM:
JEUCTBUTEIHLHO, MIPH UCTIOIB30BAHUH B KAUECTBE IMOJITIOKKHU CITFO/IbI 3aHUKE-
Hue BbIcCOT ACM-u300pakeHU MOJICKYJIT HYKIeUHOBbIX KUCI0M OOJIBIIE, YUeM

IIPU UCMOJIb30BAHUU NUPOTPAdUTOBOM MOTOXKKH.

9) o6paselr ceayeT paccMaTPUBATE B TOM CIIydae KaK H30THYTHIH IITHHAP C PaINyCcOM
u3ruba MOBEpXHOCTH, KOHTAKTUPYIOIIEH ¢ MOTOXKOU: R + 2R/
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IIpumenenue pa3padoTaHHOIO AJATOPUTMA K CPABHUTEILHOMY AHAJIM3Y

neopmanmii 00pa3ioB ¢ pa3jIMYHbIMH 3HAYEHUSIMH PAIHYCOB

B kauecTBe WILTIOCTpAIIMM MBI TPUMEHUIIN pa3pabOTaHHBIN aJrOPUTM IS
BBIUMCJIEHUS] KOHTAKTHBIX aeopmaruii B MOACIBHBIX CIydasx HWJIMHIPH-
YecKoro o6pasia ¢ paaunycoM 1 HM u paaumycoM 10 HM U cheprudecKkoro oo-
pasna ¢ TeMU ke 3HAaYCHHSIMH paanyca. Pe3yabTraTel mpuBeIeHBI B TaOJIH-
ne 2.2, rae s yaoOCcTBa CpaBHHUTEIIBHOTO aHaIu3a ISl BCeX CIIydyaeB HC-
MOJIB3YIOTCS OJIMHAKOBBIE MapaMeTphl: 3HaUeHHs] MoyJieit FOHra oopasion
(E; = E} = 10'°IIa), 3ouma (E = 10" Ila), cuibl Bo3AEHCTBUS 30HIA
F = 5 x 10 °H u paauyca KpMBU3HBI KOHUMKA 30HAa R = 10HM. BbI-
6o0p 3HaueHuit moayieit FOura o6pazos (10 I'TIa) oOycnoBiaeH TeM, YTO 3TO
3HAUYCHHE SIBJISICTCSl BEPXHEH T'paHULIed MOJYyJIEH YIIPYTOCTH OUONOIUMEPOS.
IToaTomy 3HaueHUsI, TPUBEACHHbBIEC B TaOIUIIe, TOHKHBI PAaCCMATPUBATHCS B
CMBICIIE «KaK MUHUMYM» Ipu ACM-uccnenoBaHusix 6M00OBEKTOB; B TAKOM
cllydae M3 aHaJIu3a TaOJIUIbI CIIeAYeT BBIBO, YTO POJIb KOHTAKTHBIX aedop-
Maluii BeCcbMa 3HAYWTEIbHA W JOJDKHA YUUTBIBATHCS MPU HMHTEPIPETAIIUN
Pe3yJIbTAaTOB MOAOOHBIX 3KCIICPUMEHTOB.

B Ttabmuiie mist mumMHAPUYECKOro oOpasia MPUBEICHBI pe3yIbTaThl YHC-
JIEHHBIX PACYETOB TOYHON METOJMKH, PEaTU30BAHHON IO COOTHOIICHUSIM
(2.9),(2.10) m (2.11). PacueTsl 1o mpuOINKEHHBIM METOIMKAM JIAI0T HE3HAUH-
TEJIbHBIC PA3JINYUS C TOUHBIM peIIeHueM: T ciiydast R’ = 1 HM pelieHue 1mo
dbopmynam (2.17), (2.16) naet oTauune B 3HaUECHUSX a U b okos10 2%, 1 B 3Ha-
yenuu h — 0,5%; st cnydas R = 10 HM perienue o popmyiam (2.21), (2.20)
JIaeT OTJIUYME OT TOUHOTO perieHus s a u b okono 10%, mias h oxkonnol%.

N3 tabnuipl ciaeayer, 4TO MPU MPOYUX PABHBIX YCIOBUSX OTHOCHUTEIb-
HbIe TehopMaIii OOBEKTOB C MEHBIIINM PaJNyCOM KPUBU3HBI CYIIIECTBEHHO
BBIIIIE. DTO MOATBEPKIACTCS IKCIIEPUMEHTOM: omHocumebHvle nehopMarim
MOJIEKYJT HYKJIEMHOBBIX KUCIOT (paanyc KPUBU3HBI OKOJIO | HM) MTPEBBINIAIOT
omHocumebivle 1eopMaIy BUPYCHBIX YACTHUI] TAOAYHON MO3aHNKH, TaXe B

TOM cClIydac, Koraa OOBEKTHI BHU3YyaJIM30BaHbI HA OJHOM Kaz[pelo).

10) yt0 onpesensieT a6COMOTHYIO TOKIECTBEHHOCTD YCTOBUIA IKCTIEPMMEHTA
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R', am | O6nacTh KOHTAKTA aub, HM P,Ila h,am | ¢, %
cpepuuecxuii oopasey

1M 30H1/00pasel 0,7 HM 3x10°TIa | 0,57uM | 29%
00 pasel/IIoLIOKKA 0,7 HM 3x10°TIa | 0,55uM | 28%
cymmapHas nepopmanus: | 1,12um | 56%
10 aM 30H1/06pasel 1,3 M 1x10°Ma | 0,321m | 1,6%
o0pa3zen/momIoxKa 1,6 HMm 0,6 x 10°TIa | 0,26 um | 1,3%
cymmapsas neopmanust: | 0,58 uM | 2,9%

YUIUHOpuYecKuil oopaszey

1M 30H1/06pasel 0,46 m2,2uM | 1,6 x 10°TIa | 0,36 M | 18%
obpazen/motoxkka | 0,47 m2,4um | 1,5 x 10°TIa | 0,34um | 17%
cymmapsas nepopmanus: | 0,7am | 35%
10 am 30H1/00paselt 1,1ul8um | 0,8 x 10°Ta | 0,29um | 1,4%

obpasen/nomioxkka | 1,3u2,7um | 0,4 x 10°TIa | 0,21um | 1%
cymmapnas nepopmanus: | 0,5um | 2,5%

Tabmuma 2.2. CpaBHATEIBHBIN aHAIN3 KOHTAKTHBIX aedopMaIuii 1jis Mmoaenei che-

PHUYCCKOTI'0O U TUIMHAPHUYCCKOI O O6p33LIOB Pa3INYHOro paauyca.

PaccmaTtpuBanu n1Ba 3HaueHus paguyca oopasua: 1 u 10 HM. Bo Bcex ciaydasx HCIIOTb30BaHbI
OJTHU U T e MapaMeTphl 3a1a4u: 3HaueHus moyJieii FOnra o6pasuos (E] = Ey = 1019 T1a)
u 3on1a (E = 10! ITa), Benmuuunbl cxumaromeii cunbl F = 5 x 1072 H u paanyca KpMBH3HbI
KOHYHMKA 30H1a R = 10 HM.

B cTonbmax TaOIMIel yKa3aHbI:

R' — pamuyc obpasua

a 1 b— mapaMeTpbl 00IaCTH KOHTAKTa

P — KOHTaKTHOE JaBJIeHUE

h — BelnMuMHA COMVDKEHUS 3a cueT aedhopMaluu

€ — oTHocHuTenbHas geopmanus (h/2R’ x 100%)
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CpaBHeHne C OKCIIEPUMEHTAJbHBIMHA JAHHBIMH

HTak, npuMeHNB TEOPHUIO KOHTAKTHBIX J1ehopMaliuii, Mbl OOBSICHUIN OCHOB-
HbIE 3aKOHOMEPHOCTH 3 dekTa 3aHmkeHUs! BbiIcoT ACM-u306paxeHuii npu
npoBeneHnn ACM-uccieqoBaHu.

MbI nokazanu Takxe, YTO 3aBUCUMOCTb BEJIMYUHBI JedhopMalvu OT Ia-
paMeTpoB 3aaun UMeeT B 0011eM ciydae (cMm. hopmyasl (2.7), (2.17) u (2.21))
BU/I:

h ~ (FD)*?® x f(R,R"), (2.25)

rae f(R)— HekoTopas QyHKIMS paInyCcoB KPUBU3HBI 30H/a U 00pa3ua (pas-
mepHoctu [1/cm/3]), F — cuna Bo3zeiicTBus 30012 HA 06pasen (MoUIEpKu-
BaeMasi B Ipolecce CKAHUPOBAHUS CUCTEMON OOpAaTHOM CBS3HM Ha 3aJaHHOM
YPOBHE).

C LeNbIo 3KCIEPUMEHTAIBHON MpOoBepkU 3akoHa h ~ F2/3 mbl npose-
JI ICCTIEIOBAHUS TECT-00BbEKTOB — BUPYCHBIX YACTUIl TAOAYHOI MO3aUKHU U
modiekyn JAHK (umerormux yununopuueckyro ¢popmy) — mpu pa3IndHbIX 3HA-
YEHUSIX HATrPYy’Karole CHUIIbI TPY CKAHUPOBAHUH.

{1 BUPYCHBIX 4acTHUIl TabayHON MO3auMKu HabII01aI0Ch XOPOIEe CO-
BITA/ICHUE DKCIIEPUMEHTA C Teopuei (T.e. C 3aKOHOM «IBe TpeThux» (2.25)),
cM. puc. 2.2

DKCHEepUMEHTAIBHYIO 3aBUCUMOCTh H3MEPSJIM IyTEM aHalu3a BBICOT
ACM-u306paxeHuil BUPYCHBIX YaCTHII, MOJTYYEHHBIX IIPU PA3INYHON Benu-
YMHE CUJIbI BO3AEUCTBUS 30H/1a IPU CKAHUPOBAHUHU (HA Irpadrike 06003HauUEHbI
CpeIHEKBaIpATUYHBIE OIIUOKY CPeTHUX apU(PMETHUECKUX, OIIPE/Ie/IEHHBIE IO
pe3yiabTaTaM YCPETHEHHsI M3MEpSieMbIX 3HAYCHUU BBICOT IS HECKOJBKUX
ACM-m306pasxennii yactuir'!)). TeopeTnueckas 3aBUCHMOCTb PACCUHTAHA
0 pa3paboTaHHOM BBIIIE METOAUKE (TOYHOE PEIICHUE), T 1€ UCIIOIb30BAIUCh
3HAaYeHUs paanyca 30H1a R = 25 HM (3HAYCHHE OIIPE/IeTICHO U3 SKCIIepUMEH-
Ta JiUIsi KOHKPETHOTO 30H/1a) M MOAYJIS yIpyroctu oobvekra E' = 4 x 10° ITa
(3HAUEHUE OINpeAeNIEHO ANMPOKCUMAIMEHN 3KCIEPUMEHTATBHBIX TOUEK).

DTO MO3BOJISET MPEIOKUTh METOJUKY U3MEPEHUs] MOIYJsS YIPYroCTH
0MOeNbHO20 MUKPOOObEeKma, aicoOpOMPOBAHHOTO HA MOBEPXHOCTb TBEPHOit
MOTOKKH. JJ1s1 3TOTO HE0OX0UMO U3MEPHUTH BhIcOTY ACM-nipodusist 00b-
eKTa IPU pa3INYHbIX 3HAUEHUSIX CHJIBI BO3JIEHCTBUS 30H/a IIPU CKAaHUPOBa-

HUH, a 3aTEM, U3 ANIIIPOKCUMUPYIOIIEH 3aBUCUMOCTH (3aKOHA «IBE TPETHUX»),

11) 11715t KQKIIOTO 3HAYUEHMS CHIIBI a"ausuposajiock 30 wactuiy BTM
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Puc. 2.2. 3KCHCpI/IMCHTaHLHaﬂ 1 TCOPETUYICCKAS 3aBUCUMOCTH ,Z[C(I)OpMaLII/II/I qacTun
BHUpYyCa TabaYHON MO3AHWKU OT BEIIMYUHEI Harpyn(afomeﬁ CUJIBI BO3JICMCTBUS 30HAA

IIpUu CKAHUPOBAHHUU

OIpeIeIUTh UCKOMOE 3HaUeHue D (CBsI3aHHOE C MOJTYJIEM YIIPYTOCTH 00OBEKTa
110 (2.4)). MBI HCITOJTB30BAIIH 3TY MPOLEAYPY s orpeaeneHus Moy FOH-
ra otjaeabHbIX yacTull BTM u mojiyuniy, 4To HalJIeHHbIE 3HAUCHUS JISKAT B
auanasoHe 3 +4 x 10° ITa. Dta MeToAMKA OIpeeeH s YIIPYTHX IapaMETPOB
aJICOPOUPOBAHHBIX OOBEKTOB MOXKET YCIICIIHO MTPUMEHSITHCS B Cllydae, €ClIU
OTHOCHUTEJIbHBIC JeopManii 0ObEKTOB HEBEIIUKU (MHAYE TEPSET MPUMEHU-
MOCTh TEOPH S KOHTAKTHBIX eopmarnii). [TorpenrHocTr METOTMKH CBSI3aHbBI
C MOTPENIHOCTBIO KATMOPOBKY ckaHepa'?), OrpelIHOCThIO ONpee/eH s Ha-
pameTpa reoMeTpuu urisl (R)'%), onpeneneHns ypoBHs «HYJIEBOro» U3rnba
KaHTWJIeBepa (MUHUMAIBHOTO BO3JIEHCTBHS 30H/Ia) M MOTPEIIHOCTHIO OIpe-
JleTIeHnsl )KeCTKOCTH KaHTuiIeBepa GpupMoii-mponsBoauteneM'?) (uro mpuso-
JIAT K MOTPEIIHOCTSIM B OTNPEACIICHUH 3HAUCHUI CHUJIbI BO3/ICUCTBUS 30HIA).
OnHako MOTEHIUAIbHO )KECTKOCTh KaHTUJIEBEPa MOKHO ONIPEALISATh C 0O0JIb-

e TOYHOCTBIO, MCIOJIb3Yysl KAIMOPOBKY MO PE30HAHCHOW YacTOTE KOJle-

12) MBI OLIEHHBAEM TOYHOCTh KATUGPOBKH Ha ypoBHE 5—7%

13) kak MOKA3BIBACT AHAIIM3, PELICHIHE OTHOCHTEIBHO YCTOYNBO K BAPUALIMU 3TOTO Tapa-
MeTpa

14) moxeT cocTaBisTh 6otee 10%
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O6aHMil. DTO MOXKET MOBBICUTh TOYHOCTD OIPEIECIICHUs YIIPYTUX [TapaMeTPOB
OTAETbHBIX MUKPOOOBEKTOB 10 YPOBHS, ONPEAEIIEMOr0 BeIMUNHON HaOpaH-
HOU CTaTUCTUKHU BBICOT OOBEKTOB M IUCTIEPCUEN ITUX 3HAUCHUH.

N3 puc. 2.2 crieqyet, 4TO 3aKOH «IBE TPEThbUX» (2.25) cripaBeyIuB 11 UC-
CIIEyeMOr0 ciayyasl B LIMPOKOM JUara3oHe CHUJI, 32 UCKIIOYEHHEM 00J1acTu
MUHUMAJIBHBIX BO3JEHCTBUI. DTO CBSI3aHO CO CIEAYIONIMM: 32 HYJIEBOE 3HA-
YeHHE B IKCIIEPUMEHTE BbIOMpAIU MUHMMAJIbHO BO3MOXKHOE 3HAUEHUE Ha-
TpYy’Karolel CHIIbI, TPU KOTOPOM YyJIaBaJIOCh OCYIIIECTBIISITh CKAHUPOBAHME.
OQIHaKO B CHJIy TOTO, YTO KCHEPUMEHT MPOBOIUIN B €CTECTBEHHOM aTMO-
cdepe, HaIUUME KATUUISIPHBIX CUJT (KAMWJUISIPHOTO MOCTHKA), OUEBUJIHO, HE
MO3BOJISNIO MUHUMM3UPOBATH CUJIYy BO3JIEHUCTBHUS O BEJIWYWHBI, MEHBIIICH,
YeM HECKOJIbKO HAHOHBIOTOHOB.

s aHanmm3a KOHTAKTHBIX AeGopMaldii MOJIEKYJ HYKJIEHHOBBIX KHCIOT
MPOBOJAWIN CXOJHBIA 3KCIIEPUMEHT, COOTBETCTBYIONIAS SKCIIEPUMEHTAJIbHAS
3aBUCUMOCTb M300paxkeHa Ha puc. 2.3. OmubKU 3KCEPUMEHTATIbHON KpU-
BOIi TaKKe BBEICHBI KaK CPEeTHEKBAPATUUHBIE OIITMOKH CPETHUX apUPMETH-
YECKUX, ONPEIEICHHBIX NP YCPEAHEHUU PE3YJIbTATOB aHAIN3a HECKOJIbKUX
ACM-n306paskeHnit MaKpoMoeKy'?).

DKCIEpUMEHT MPOBOJUIIN B TEX K€ YCIOBUSAX U C TEM K€ 30HJIOM, UTO U
JUIs cnydas aHanusa aepopmauniit BTM. OnHako B paccMaTpuBaeMoM CITy-
yae nedopmanms moirekyir JIHK yke He onmuchIBaeTCsl 3aKOHOM «IBE TPETh-
ux» (2.25). Bmecto sToro Haba0maeM OOBIUHYIO JTUHEHHYIO 3aBUCUMOCTb,
T.e. 3ak0oH I'yka. Ho 3TO M ecTecTBEHHO, ITOCKOJIBKY TE€OPUsl KOHTAKTHBIX
nedopmalmii cripaBeiMBa MpU YCIOBUH Manocmu AepopManuil 00beKTa B
CpPaBHEHUH C €ro paanycoM KpuBu3HbL. [locnenHee He BBITOITHSAETCS IS CIIy-
yast ACM-uccnenoBanuii Mmojekya JIHK, mockonbky ux OTHOCUTENIBHBIC JTe-
(hopMaIy BeIUKU B CTAHAAPTHBIX 9KCIIEPUMEHTAIbHBIX YCIOBUSAX, CM. Ta0-
nuity 2.2. Kpome Toro, BooOiile MpUMEHUMOCTh KOHTHHYAJIbHOU TEOpHUH U
UCIOJIb30BaHNE MAKPOCKOIMYECKHUX MmapaMeTpoB (tuna moayis FOura) mis
onucanus aedopmauuu omoenvroii moaexkyavt JJHK, BbI3bIBaeT COMHEHHUS.
TeMm He MeHee, CMbICII TPOBEAEHHOT'0 aHAIU3a B TOM, YTO OH ITO3BOJIMIJI KAYECT-
BEHHO OOBSICHUTH, TOYEMY OTHOCHUTENIbHBIE IepopMaliu MO BO3ACHCTBUEM
30H/a TEM BbIIIIE, YeM MEHBIIE PAJNYC KPUBU3HBI OOBEKTOB, CM. TA0IHILy 2.2.

To, uro qns cinydas monekyn JJHK skcniepumeHTaIbHO U3MEPEHHBIE OT-

HOCHUTCJIBHBIC I[eq)OpMaHI/II/I BCJIMKM HOAXC IMPpU MAJIbIX CHUJIaAX BOSIICI\/'ICTBI/ISI

15) JU1s1 KQKIOTO 3HAUEHHS CHITBI aHam3upoBaan 20 ACM-u306paxenuit monexyn JJHK
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Puc. 2.3. DxcniepuMeHTabHas 3aBUCUMOCTD Aedopmanmu Mojiekyn JJHK ot Bean-

YHHBbI Harpymafomeﬁ CHJIBI BO3AECHCTBHUS 30H1a IIpU CKAHUPOBAHNU

30HAA, O6”bHCH$I€TCH, OILATBH K€, IMPUCYTCTBUEM KAIIWJIJIAPHBIX CHUJI (KaHI/IJ'I-
JIAPHOI'O MOCTI/IKa), HC ITO3BOJIAIOINUX MUHUMHU3HUPOBATHL CUITY BO3JEHCTBUS
30HAAa Ha O6p33€1_[ IIPU CKAHUPOBAHUU HA BO3AYXC 10O 3HaYeHUM MCHBIIHX,
4YEM HCCKOJIbBKO HAHOHBIOTOHOB; M3-34 MAJIOCTH paJnyCa KPpUBU3HbI MOJICKY-
JIbI I[HK 9TOI'0 3HAYCHHUA CUJIBI YK€ JOCTATOYHO IJIA TOIO, 4TOOBI 3HAUCHUS

OTHOCHUTEIbHOM AeopMaliuu ObUTH BEIUKH, CM. Ta0auiy 2.2.

KpaTlcne BbIBO/IbI

WTtak, MBI NPUMEHWIN TEOPHIO KOHTAKTHBIX AeopMarnuii I OTMCAHHUS
apdexra 3anmxkeHus Boicor ACM-uzo6pakenuii. [loaydeHsl aHamuTHUEC-
Kue (OPMYJIbI, MO3BOJISIONINE KOJIMUECTBEHHO OMUCATH JAHHBINA 3PQeKT (s
MUWIMHIPUIECKOT0 00pa3siia); pa3padboTaHHBIN MOIX0 MPOASMOHCTPUPOBAIT
corjacue ¢ 3KCIIEPUMEHTOM | TTO3BOJIMI OOBSICHUTh OCHOBHBIE 9KCIIEpUMEH-
TaJIbHO HaOro1aeMble 3akoHOMepHOCTH. [Ipenoxkena MeToquka onpenerne-
HUS 3HAYCHHSI MOJYJISI YIIPYTOCTH OTAEIBHOTO MHUKPOOOBEKTa, aicopOoupo-

BaHHOTO HA MOBEPXHOCTH TBEPAOU MOTOKKHU, MeTogoM ACM.
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2.1.4. JlunamMuKa Nepexo/IHOr0 NMpoIecca KOHTAKTHBIX
nedopmanmii

ITokaxem, 4TO XapaKTEPHOE BPEMSI YCTAaHOBJICHUSI KOHTAKTHBIX JIeOpMaIIHiz
MEHBIIIE TUIMTUYHBIX 3HAYEHUI BPEMEHU B3aUMOJICHCTBUSI 30Ha U JIOKAIIbHO-
ro ydactka obpasia Mmpu CKaHUPOBAHUU. DTHUM OOOCHYEM MPUMEHUMOCTH
cmamuyveckux GOPMYJT TSI KOHTAKTHBIX JAepopMaruii B 3a/1a4ax, CBI3aHHBIX
¢ ACM-uccnenoBaHUSIMH.

PaccMoTprM KOHTAaKT 30HAA W IDIOCKOTO obOpasma. [lpu mpritoxeHun
cuibl F' B cTAaTMYECKOM Cilyuae MX COIMMXKEHHUE 3a cueT nedopmanuu Oyner
onpeaensaTbest hpopmysnoit (2.7). OmHAKO TP MTHOBEHHOM IPUIIOKEHUH CH-
JbI K KacaroIMMCS TelaM 3TO 3Ha4yeHue h OyIeT JTOCTUTHYTO He cpasy, a
B pe3yJIbTaTe MEePEXOJHOr0 Mpoliecca JMHAMUYECKOT0 U3MEHEeHHs h BO Bpe-
MEHH. YpaBHEHHE, OMUCHIBAIOIIECE PACCMATPUBAEMBIN MEPEXOTHBIN MPOIIECC
st h(t), MOXKET OBITh MOJYYEHO U3 IJIEMEHTAPHBIX PACCMOTPEHHIA OalaH-
ca CWJI B3aUMOJICUCTBUS (puiiaraeMoit u3BHe F' 1 00YCIIOBIIEHHOM yIPYTHM
otkmukoM v Rh3/2/ D, em. (2.7)):

VR

(2.26)

re m— Macca 30H1aa (BMecTe ¢ JeBEepoM), o — KOI(PPUIIMEHT 3aTyXaHus,
OCTaJIbHBIE ITAPaAMETPBI ONPEAEIICHBI BBIIIIE.

I'paduk umcneHHoro peuieHust ypaBHeHUs (2.26) MpuUBEAEH HA PUCYH-
ke 2.4. I1pu penieHur Mbl BOCIIOI30BAIMCh 3HAUCHUSAMU TaOIuIbl A.1 s
OLIEHKU MacC 30H0B U KaHTWJIEBEPOB (OBLIO OMPEIETIeHO, YTO 3T 3HAUECHUS
nexart B quanasone 10710 < 1071 kr). [lns apyrux nmapaMeTpoB 3aJaud Mbl
BBIOpAIIHN CIIEyIONIIE THUITMYHBIE 3HaYeHus: F = 5x 10 °H, D = 10 1°T1a *,
R =10 x 107 M (mapaMeTp 3aTyXaHUs. HEKPUTUYEH JUIst TIPOBOJUMBIX OIle-
HOK BpeMeH yIpyrux aedopMaruii 1 BeIGHpacs B pa3yMHBIX mpeaenax'®).
N3 peienus cieayer, YTO XapaKTepHble BpeMeHa JedopMaliuii UMEIoT Io-
pstnok 7 ~ 107% cex (Ta e OlleHKa MOXKET ObITh TIOJIyYeHA U3 COOTHOIIEHHSI
T ~ /mh/F, xoTopoe cienyet u3 (2.26), u rae h oueHuBaercs 1o (2.7)).

16) NeifcTBUTENIBHO, BETMUMHA TAPAMETPA 3aTyXaHHs OTpe/IeNseT HHTEHCUBHOCTD MePEKo-
ne0aHuil, HO He BIIMSIET HA OLIEHMBAEMOE XapAaKTEPHOE BPEMsl ynpy2oti peakui CUCTEMBI Ha
MIPIJIOKEHHOE BO3ZICHCTBHE

71



1,4

1,2 by,

CTaTuyeckKas Heq’.)OpMaLH/IH
1,0
0,84

0,6

0,4 4

h: BesMunHa nedopmaumu, HM

0,2

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

T: BpeMsi JeopMaLUH, MKCEK

Puc. 2.4. PexxuM yCTaHOBJICHUSI KOHTAKTHBIX JlehopMaIuii.

YucneHHoe pemeHue ypaBHeHus (2.26) 1 3aBUCIMOCTH COJMMKEHUS 3a CUeT AehopManuu h

OT BPCMCHU ITPU TUIIUMIHBIX TapaMeTpax ACM-SKCHepHMeHTa, CM. TCKCT

I/ITaK, MBI ITOKAa3ajin, 4YTO XapaKTCPHBIC BPEMCHA YCTAHOBJICHUA KOHTAKT-
HBIX feopMmaluii (T.e. XapaKTepHble BpEMEHA YIIPYIOro OTKIMKA CUCTEMBI)
I CJIyanI ACM MCHBIIIC WUJINU MHOI'O MCHBIIIC XapaKTeprIX BpeMeH B3a-
UMOJENCTBUS 30HA U JIOKAJIbHOIrO ydyacTka obpasua (102 <+ 107° cek, cm.
cTp. 56). 3a 3TH BpeMeHa B3aMMOIEHCTBUS EPEXOAHBII IIPOLIECC YCTAHOBIIE-
HMSI KOHTAKTHBIX 1e()OpMALHii 3aBEIOMO 3aKOHUUTCS, U IOTOMY HCIIOJIb30-
BaHue 1pu aHanuse 3aga4 ACM popmyn crmamuueckoti meopuu KOHTAKTHBIX

nedhopMalnuii BIIOJIHE OMPaBIaHO.

2.1.5. B0o3MOKXHOCTb 10CTHKEHHSI ATOMHOI0 (MOJIEKYJISAPHOIO)

pa3peienus ¢ nomombo ACM

CoortHotenue, cnenyiouiee u3 popmynsi (2.6):
a = (FDR"Y3, (2.27)

KOTOPOE OIpeNeNsieT JaTepalbHbld pa3Mep 001acTH KOHTAKTa 30HIa U 00-
pasla npu CKAaHUPOBAHUHU IIIOCKOM IMOJIOKKH 30HIOM C PaILYyCOM KPUBU3-
HbI KOHYMKA R’ (Mpy BeJTMYMHE HATPYKAFOIIEH CHITBI F), TOJKHO, HA TIEPBBIi
B3TJISII, pAaCCMATPUBATHCS KaK (DyHIaMEHTATbHBIN MTPeIes TOCTHKIMOTO Jia-

TepaiibHOro paspeueHus ACM npu usMepeHuu Tonorpaduu moBepXHOCTH.
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Paccunrannas mo gpopmye (2.27) olieHKa, YTO MIPU TUITUYHBIX YCITOBUSIX
ACM-akcniepuMenTa a ~ 1 HM (cM. Takxke Tadmuily 2.1), o3Ha4aer, 4To IUI0-
aab 00JacTU KOHTAKTa ma? uMeeT 3HaueHue S ~ 3uM>. Eciu cpaBHUTE ¢
TUITMYHOHN BEJIUYMHOM IUIOIAAU, TPUXOISIIEHCS HAa OJIHY MOJIEKYJTY B ILJIOT-
nHoynakosanuoM JIB cnoe (0,2 Hm?, cM. pazzmen 5.3), TO OYEBHAHO, YTO IPH
CKaHUPOBAHUU B KAXKIbIH MOMEHT BPEMEHU UMEET MECTO KOHTAKT 30H/a HE
C OJTHOH, a ¢ necsiTkoM U 6osee moiekyn. [louemy ke, B Takom cinyyae, ACM
MTO3BOJISIET MTOJYyYaTh MOJIEKYJISIpHOE (MJIM ATOMHOE) pa3pelleHue pu uccie-
JIOBAaHUM IIMPOKOTO CIIEKTPA MOBEPXHOCTEH KPUCTAINITMUECKUX MAaTEPHAJIOB
Y TOHKHX IUIEHOK?

ABTOPBI paboThI [65] 171 TOro, YTOOBI COBMECTUTH PE3YIbTATHI TEOPUU
KOHTAKTHBIX AedopMalnii (3HAUUTEIbHYIO BEJIUYMHY 00JIACTH KOHTAKTa) C
BO3MO’KHOCTBIO HAOIIOACHHS] ATOMHOM U MOJIEKYISIPHOM CTPYKTYPBI TOBEPX-
HocTu MeTojoM ACM mnpuberaroT K MPEAnojokKeHUo o0 HUrie, uMerolei
HEKOTOPYIO «OCOOEHHOCTh» AHICTPEMHBIX pa3mepoB. [logobHoe npencras-
JIEHUE, YTO MPU BU3YAJIU3AIMU ATOMHOU CTPYKTYPbI C MMOBEPXHOCTHIO KOH-
TaKTUPYET JIMIIb HEKOTOpasi «OCOOEHHOCTh» (OJMH KpaWHUIl aTOM) 30HMA,
HIMPOKO PACTIPOCTPAHEHO B CHITY CBOEH HATJISITHOCTH (B TOM CIydae TOBOPSIT
00 «ricTUHHOM» aTOMHOM paspetieHuu ACM [71]). OnHako umeeTcs Takxke
MPEACTABJICHUE, YTO BU3yaIU3allUsl IBYMEPHOU MEPUOINUECKON CTPYKTYPHI
603MOXCHA N B ClIy4ae, KOrJa Urja KOHTAKTUPYET C UCCIEAyeMOM MOBEpX-
HOCTBHIO HECKOJIBKUMH aTOMaMH CBOET0 KOHYHMKA [72] (B 3TOM cilyyae rOBOPSIT
0 «JI0KHOM>» ATOMHOM Pa3pelIeHUN).

AHanu3 BIUSHUS TEOMETPUU KOHUMKA WIJIbl (OAMH WIM HECKOJbKO
aTOMOB, KOHTAaKTUPYIOIMX C MOBEPXHOCTHIO) Ha (opmupoBanne ACM-
n300pakeHNt aTOMHON YITAaKOBKH UCCIIEAYEMBIX TOBEPXHOCTEH ITUPOKO pac-
cMaTpuBaeTcsl B nuteparype. Hampumep, aBTopsr pabot([73, 74] meTomom
KOMITBIOTEPHOTO MOJIETIUPOBAHUS UCCIIEIOBAIIU PSIJL MOJEIIEH: B3aUMOAEHCT-
BHE 30H/A C IBYMEPHOU MEPUOIUUECKON CTPYKTYPOH (ATOMHOM CTPYKTYypOi
MMOBEPXHOCTH) B CIIy4ae, €CIU 30H]I KOHTAKTUPYET C MOBEPXHOCTHIO OJHUM,
TpeMsi, YETBIPbMS U IEBSATHIO KPAWHUMH aTOMaMU (IIPU PA3IUYHBIX PACCTO-
STHUSIX MEX]1y aToMaMu). BbUT cliesiaH BBIBO, UYTO KUCTUHHOE» aTOMHOE pa3-
peleHre BO3MOXKHO JIUIIh TIPU HATTUIUH eOUHCIMBEEeHH020 KOHTAKTUPYIOIIETO
aToma WTrJbl. ECIM KOHTAKTUPYIOIMX aTOMOB HECKOJIBKO, TO OBLJIO MOKa3a-
HO, YTO U B 3TOM CIIy4a€ 603MO#CHA BU3yalln3alls IBYMEPHOU iepuoanyec-

KO CTPYKTYPBbI, XapaKTepHU3yIOLIecs TEMU ke MapaMeTpaMu JIeMEHTaPHOMI
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SUEHKH, UTO U PeasibHasi IOBEPXHOCTHAS perieTka. OqHaKo CTPYKTypa caMoi
SUEHKU OTOOpaXxkaeTcsl HeaJeKBaTHO. [Ipu onpeieIeHHBIX yCI0BUAX BO3MOX-
Ha uHeepcus Koumpacma, T.e. HabmoneHne MUHUMyMOB ACM-n306paxeHus
Ha0 aTOMaMH UCCIIeyeMON MOBEPXHOCTH U MAKCUMYMOB MeX 1y HUMH. To-
yeuyHbIi 1eeKT (ITPOIMyCK OAHOTO ATOMAa PELIETKH) TAaK)Ke HeaJeKBaTHO OTO-
opaxaercs Ha ACM-u300paXeHUU: UMEET MECTO IepepaclpeieICHUE €ro
BKJIaJa IO HEKOTOPOI objacTu, u, MpU OIMpPEAETICHHBIX YCIOBUIX, BO3ZMOXK-
Ha BU3YallU3allUsl «JI0KHOTO» aToMa Ha MecTe Aedekra. T.o. peub uaer o
JOCTH)KEHUHU «I0XKHOT'0» AaTOMHOT'O Pa3peleHusl.

ABTOpPBI OTMEUAIOT KOPPETSLUIO MOITYYEHHBIX UMU PE3YJIbTATOB C IKC-
MEPUMEHTATIbHBIMU HAOIOACHUSIMU, U JI€Jal0T BBIBOJ, YTO AJISI JTOCTHXKE-
HUS «UCTUHHOTO» ATOMHOTO pa3pelleHus HEOOXOIUMO UCIOJIb30BATh UTITY
C €IMHCTBEHHBIM aTOMOM Ha KOHUYHMKE (TIpe[siarasi MeTOANKY TECTUPOBAHUS
reOMEeTPUH KOHYMKA UTJIbI ITyTeM MCCIIE0BaHUS TOUEUHBIX 1e(DEKTOB B ATOM-
HOM CTPYKTYpE MOBEPXHOCTH TECT-00BEKTA).

B T0 ke BpeMst aBTOpBI paccCMaTpUBAEMBIX PaOOT HHTEPIPETUPYIOT 3TOT
MapamMeTp — «KOJIMYECTBO aTOMOB Ha KOHUMKE MIJIBI» — KaK CIIy4aiHbIH,
HE JIONYyCKAIOMMI KOHTPOIMPYEMOTO U3MEHEHUSI CO CTOPOHBI IKCIIEPUMEH-
tatopa. HanmpoTus, MbI, OCHOBBIBAsICh Ha PE3YJbTaTaX TEOPUU KOHTAKTHBIX
nedopmaluii, mpeasaraeM Moaxo[, CBI3bIBaloIINi Hablto1aeMble IKCIepU-
MeHTaJIbHble 0coOeHHOCTH ACM-BU3yann3aiuu aTOMHON (MOJIEKYJISIpHON)
YIaKOBKH MOBEPXHOCTH C KOHTPOJIUPYEMBIMH ITapaMeTPaMH 3KCIIEPUMEHTA.

PaccmoTtpum, npu Kakux yCIOBHUSIX BO3MOXKHO JOCTH)KEHUE KUCTUHHOTO»
(MCTIONTB3YST TEPMHUHOJIOTHIO aBTOPOB[71, 72]) aTOMHOTO (MOJIEKYJISIPHOTO)
paspemtenus. CornacHo Gpopmyiie (2.27) pa3Mep KOHTAKTHOM TUTOINAIKY 7 a?
Oyner pasen 0,2 HM? (KOHTAKT C €IMHCTBEHHBIM aTOMOM IIPH PACCTOSHUM
Mexay atoMamu ~ 0,5 HM), Ipu paauyce KpuBU3HbBI 30HAa 10 HM U 1ocTa-
TOYHO KeCTKOM 06pastie (Moayab FOura 10 IMa), muib 1pyu MUHUMHU3ALUKA
BEJIMYMHBI CUJTbI BO3/IEHCTBUSI 30Ha ITPU CKaHUpoBaHuu 10 3HaueHus 0,1 HH,
4YTO TPeOyeT CHEelMaIbHbIX IKCIIEPUMEHTAIIBHBIX YCIOBUH (MCCIIEOBAHUS B
KHUJIKUX Cpelax WM B BAKyyMe).

B cinyuyae nmpoBenenust ACM-uccienoBaHui HA BO3/yXe MUHUMU3ALIMS
CHUJIBI BO3JEHCTBHUS Ha oOpa3el] BO3MOKHA, ITO-BUAUMOMY, JIUIIb 10 €IUHUIL
HAaHOHBIOTOHOB. [103TOMY IpH HccIeIOBAHUSAX HA BO3yXe (OCOOEHHO «MSIT-

KHX» 00pa31oB, HallpuMep, TOHKUX 1mieHok JIb, cM. pasnen 5.3) nonyyaemas
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B pe3ysnbTrate ACM-ucciieoBaHus ABYMEPHAs KAPTUHA SABIISIETCS «I0KHBIM»
MOJIEKYJISIPHBIM Pa3pEIICHUEM.

Hwxe mokaxkeM, 4To TeOpUs KOHTAKTHBIX JehOpMaIINil TOMyCKaeT BO3-
MOXHOCTh JIOCTHDKEHHUS «T0KHOI'0» aTOMHOI'0 (MOJIEKYJISIPHOTO) pa3peliie-
HUS, T.€. BU3yaJIM3alluK JBYMEPHOU IIEPHOINUECKON CTPYKTYPBI, XapaKTePH-
3YIOLIEHCS TEMU K€ MapaMeTpaMH 3JIEMEHTAPHOMN STYEHKHU, YTO M PEIIeTKa
UCCIIeyeMOM MOBEPXHOCTb.

B crity HEOTHOPOTHOTO pacIpe/iejIiCHHs TaBICHUS B 00JIACTH KOHTaKTa
(cM. popmyity (2.5)) BKJIaT KAKIOTO aTOMA TOBEPXHOCTH B CUJIOBOE B3aUMO-
neiicTBue 30HAa U obpasiia OyAeT ONpeAeNaThCsl ero MoJI0KEHUEM OTHOCU-
TEJIBHO IIEHTPA 00JIACTH KOHTAKTa; KOJIUYECTBO aTOMOB, JAIONINX BKJIAT BO
B3aUMO/ICHCTBUE, OMPEILIISIETCS PAINyCcOM 001acTH KOHTaKTa (2.27).

PaccmoTpum cnenyroliyo Moienb: 30H CKAHUPYET MOBEPXHOCTD ILIIOC-
Koro oOpasma (paauyc 00JacTH KOHTaKTa omnpeneisercs popmynoit (2.27)),
TOoTa, corjlacHo dopmyne (2.5), pacnpeaelieHre JaBieHus B 00J1acTi KOH-
TaKTa HEOJHOPOJIHO, UTO MO3BOJISIET BBECTH AMMAPATHYIO (PYHKITUIO AaTOMHO-

CHJIOBOTO MUKpockomna'”) Buja:

Alx — 2 y—y') ~

_ 2 _ \2
\/1—(I ') j;(y v) eciu (z — 2')? + (y — ¢')? < a?
a

0 ecmut (z — ')’ + (y — y)* > d?,

(2.28)

rae a— paauyc o0jacTu KoHTakTa (cM. popmyiry (2.27)). 3mech MbI IIPOCTO

BOCIIOJIB30BAJIUCh COOTHOIIIEHUEM (2.5), yYUTBIBAsI, UTO, €CITH 30H]T AKCHATTb-

HO CUMMETPUYCH, TO @ = b, U HE BBIIUCHIBAsI HECYIIIECTBEHHBI /IS IPOBO-

JUMOTO HIKE PACCMOTPEHUS IIOCTOSTHHBIM MHOXKUTENb. OOIIMIA BU CCUCHHUSI

byukmn A(z — z',y — y') npu ¢ukcupoBaHHoM y U ' = 0 mpHBeaeH Ha
puc. 2.5.

BBenennas anmapatHas QyHKIUS TTO3BOJISET CBSI3aTh osrydaeMoe ACM-

n3o0paxkeHue (YUUThIBAs BKJIA] KaXIOTO aTOMa B CyMMapHOE CUJIOBOE B3a-

UMOJIEHCTBHUS 30HIA U obOpasua) f(x,y) ¢ pealbHOIl reoMeTprell aTOMHOI

17) yenonp3oBaHKe ITOM (BYHKIMK ONPABIAHO JIHIIb IS PACCMATPUBAEMOI MOJIEIH MIIOC-
Koro obpasna u chepnueckoro KOHUMKa 30H1a
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Puc. 2.5. O6mmit Bug ceyenus ammapatHod GyHkmuu ACM IS cioydasi IIOCKOTO

obpasua: A(x—z',y—y') (mpu pukcupoBantoM y u x’' = 0), cM. cooTHoIIeHHE (2.28)

CTPYKTYpPBI OOBEKTA MCCIIEIOBAHUS ¢( T, y):

F(z,y) = / / Ale— 'y — ool o) de'dy (2.29)

du3nueckuil CMbICI ypaBHeHUs (2.29) TakoB: CTENEHb BKJIaJa KaXI0TO
aToMa B CUJIOBOE B3aUMOJCHCTBUE C MIJION OINpeNensieTcss TeM, HACKOIbKO
OH JaJIeKO HAXOJUTCS OT LIEHTpa OOJACTH KOHTAKTa (3TO M OIHUCHIBACTCS
anmapatHoi ynkuumeit A(x — ',y — y')).

[Tpumenum pazpaboTaHHbIN MTOIXO0 IS IPOCTEHIEH MOIeTN: BBIYUCIIE-
Hust ACM-n300pakeHus B Cllydae, KOrja aTOMHAasl TEOMETPHUs 00bEKTa OIH-
ChIBA€TCS TE€KCATOHAJIBHOM PEIIETKOM C MapaMeTPOM SUEUKH d, & B KAYECTBE
ATOMHBIX (DYHKIIMI B3SITBI 0-QYHKIIUHU, CM. puC. 2.6.

Boruncnum dynkmuio f(z,y), onpenensemyro (2.29), s AByX ciydaes,

n300pakeHHBIX HA puc. 2.6:

a) Korga HCHTP 30HAa HAXOOAUTCA Hal ATOMOM, TOraa

Zéaz—mdy \/_nd)+5(x—g—md y—i—\/_nd)

0) Korma IeHTpP 30HJa HAXOAUTCS MEXIy aTOMaMH, TOrAa

:Z&(x—g—md,y—\/gnd)+5(x—md y—i—\/_”d)
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Puc. 2.6. KoaTakT 30H1a (IIeHTp B Hayajie KOOPAUHAT) U TeKCaroHaJbHO yIIaKOBaH-

HBIX aTOMOB (OIUCAaHBI §-(QYHKIUSIMHU) ITOBEPXHOCTHOM PEIIETKH.

K npumenenwuto anmapatHoi pyHkiuu (2.28) mirst Beraucienus paznocmuoil pykimu ACM-
N300paKeHNUsT: a) UEHTP 30H/a HaJl OJTHUM U3 ATOMOB, 0) LIEHTP 30H/1a MEXIY aTOMaMH; @ —

panuyc objacTu KOHTaKTa (AKCHAITbHO CHMMETPHYHBIN 30HN), d — IMapaMeTp peleTKn

ITpoBonst BerumciieHus: ¢ ucnoiab3oBanueM (2.28) u (2.29), obo3Hauas
JUIS IBYX CIIyd4aeB BBIUMCIsAEMbIe QYHKIMHU KaK fi; M fo, BOCIIOJIb30BaBIIKCH

CBOMCTBOM 0-(QYHKIUH, TOIy4YUM (MpeHeOperasi YuCiI0BbIMU MHOKUTEISIMU):

d2 3d2 / /
f1:1+6\/1——2+6\/1—— 1——2 112 1——2+
a a a
/ 7d2 9d2
fo=2 1— +2\/1—— \/1—ﬁ 2\/1—4—2+
13d2 \/ 1942 \/ 21d2 \/ 25d2
44/1 - 4 1— 2/1 — .
+ 4q2 + 4a? 4q2 + 4q2 tee

(2.30)

rae d— mapameTp peleTKU, a— pajuyc 00JIaCTH KOHTaKTa, OIpeerse-

Mblii (2.27). I1pu ucnonp3zoBanuu BeipakeHuit (2.30) cyMmMupoBaHue ciieayer
O0OpPBIBATH /IO TOSIBJICHUS OTPULIATEIBLHBIX 3HAUEHUM B TOJKOPEHHBIX BbIpa-
KEHMSIX clIaraeMbiX. M bl HCIIOJIB30BaIM B pacueTax A0 10 mepBhIX cliaraeMbIx
st pyakumu f; 1 go 20 cnaraemsix 11t QyHKIUA fo (3TO COOTBETCTBYET KOH-
TaKTy, MaKCUMyM, ¢ 70 aTomMammu).

Paccmotpum GyHKIMIO 6u0HOCHU:

(fi — f)
S = 2(f1+f2) 2.31)
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a TaxKe pasnocmuyio bynkimo ACM-n3o6paxkenus'®

A= (fl - f2)- (2.32)

B cuny uznosxxennoro B paszene 1.3.2 co cTp. 27 (15 pa3peliaroiieit cro-
cobnoctt ACM) otimnunie ACM ot onTtuyeckux mpubopoB 3aKITIOYAETCS B
TOM, YTO JJIs XapaKTEPHUCTHKU pa3pelaroiieil CiocoOHOCTH U KOHTpacTa
M300pakeHUI CIIeAyeT UCIOb30BaTh aOCOMIOTHYIO (2 HE OTHOCUTEIBHYIO)
pasHuLly Mexay MakcumymMamu U MuHuMymamu ACM-uzobpaxenus. Ilo-
3TOMY Jajiee Mbl Oy/IeM HCIOJIb30BaTh UMEHHO paszHocmuylo QyHKImo A
ACM-uzobpaxenus, a He GYHKIIUIO BUIHOCTH S (KOTOPYIO TPaIUIIMOHHO
HCIIOJTB3YIOT TS XaPAKTEPUCTHKU ONITUYECKUX MMPUOOPOB).

ITpoBenem pacuer pazHocTHOM pyHKUMM (2.32) mis cnyyast d = 0,52 HM
(mapameTp sYeiku Ciro/ibl). Pe3ynbTaTsl IpeacTaBiIeHbl B BUE rpaduka Ha
puc. 2.7, T1ie MpUBeIeHbI 3ABUCUMOCTH pa3HOCMHOU (PYHKIIUU U €€ MOJIYJIS OT
panuyca o01acTu KOHTAKTa a.

Kax crnenyer u3 pucyHka, 3Ha4CHHUE pazHoCcmHoi GYHKIIUU CYIIECTBEHHO
BapBUPYET B 3aBUCUMOCTH OT IapameTpa a, ONpeAessieMoro COOTHOIIEHU-
eM (2.27). bonee Toro, mpy HEKOTOPBIX 3HAUCHHUSX @ MOXKET U3MEHSTHCS 3HAK
pazrocmuoti GyHKIUHU, YTO TOJDKHO MPUBOAUTE K UHBepTUpOoBaHHOMY ACM-
n3o00pakeHuro (MHBepcusi KoHTpacta). Ho ocobeHHo clieryeT moA4epKHYTh,
YTO MO Mepe YBeIWYeHHs a (M BOBJICUEHHUS B KOHTAKT BCE HOBBIX aTOMOB)
He HaOJII0aeTCs TEHACHIIMS K CHIDKCHUIO MaKCUMYMOB Pa3HOCTHOH (hyHK-
IIUH, T.€. COXPAHSIETCS BOZMOKHOCTD JTOCTIDKEHUS «aTOMHOTO>» pa3pelicHHS.
T.0. «10)KHOE» AaTOMHOE pa3pelIeHHe MOXKET ObITh JOCTUTHYTO U MTPU 3HAUU-
TEJIHLHON BEJIMYMHE 00JIACTH KOHTAKTA @ (T.€., HAIIPUMED, ITPU KTYIION» UTIIe,
«MSITKOM» 00pasle UK 3HAYUTENIbHOM cujle Bo3AeicTBus 30H1a F).

OTH BBIBObL, HECMOTPS HA UCIIOJIb30BAHUE YITPOIIEHHOM MOJIENIH, KAUecT-
BEHHO COTJIACYIOTCSl ¢ HAOIIOJaeMbIMU HAMU IKCIEPUMEHTATIbHBIMU 3aKO-
HOMEpPHOCTSIMU. JleficTBUTENIbHO, KOHTpACT U KauecTBO ACM-u306paxeHuit
MOJIEKYJISIPHOM (MJIM aTOMHOM) YHMAaKOBKHU HCCIIEIyeMOW MOBEPXHOCTH Cy-
IIECTBEHHO 3aBUCUT OT BEJIMUMHBI IPUIOKEHHON CHIIBI BO3JIEHCTBUS 30HIA

F, onpenenstonieit, cornacHo (2.27), BeIUUnHy 00JIacTH KOHTaKTa a.

18) yasBaHUe BBEIEHO HAMU
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Puc. 2.7. 3aBucumocts pasznocmuoti ynkuuu (2.32) ACM-u3obpakeHus (1 ee Mo-

IyJsl) OT paamyca 00JacTH KOHTAKTa a.

PaccunTtaHo st MOJEIBHOTO CiIydasl TeKCAaroOHAJIbHO YITaKOBAHHBIX aTOMOB (d-(pyHKIMIA,

puc. 2.6), mapametp pemeTku d = 0,52 HM
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MBI IpOBOAMIIN 3KCIIEPUMEHTAIbHBIE U3MEPEHUS CHEKTPAIbHOM IJIOT-
noctn'®) ceuenust pyukumu F,, (7, y) BIOIb OCHOBHOTO HAMIPABIIEHUS PEIIET-
k1 ACM-n306paxeHnsi TOBEPXHOCTHU CIIO/IbI HA IPOCTPAHCTBEHHOM YacTOTE
k ~ 1/0,52 um L. I3Mepsiemast 3aBUCUMOCTb CHUMAJIACh [IPU U3MEHEHHH Be-
JIMYMHBI CHJIbl BO3AEHCTBUS 30HAa, KOTOpAs OINpeAessieT BEIUYMHY paanyca
obiactu KoHTakTa a 1o ¢opmyie (2.27) (a oTiiokeHa HA TpadUKe MO OCH
a0cuucc); Mpy BRIYUCICHUSX Mbl HCIIOIb30BAIA 3HAUEHUE MOAYJIS yIIPYTOCTH
cmoasl E ~ 2 4 x 10 ITa, u 3HaYeHUs paJnyCOB KPUBU3HBI UCIIOJIb3YEMBIX
30HJI0B, KOTOPbIE OBUIM OIpPENETIEHBI C MOMOIIBIO TECT-OOBEKTOB (YACTHI]
BTM). Pe3ynbraThl u3MepeHuit A1l TpeX pa3InyHbIX 30HI0B MIPEACTABICHBI
Ha puc. 2.8, KpuBas Jy1s Sy CHSITa IIPU IPOBEJICHUU UCCIIEIOBAHUI Ha BO3/IYXE,
Sy 1S3 — IpU NPOBEAEHUHU UCCIIEAOBAHNI B BOJHOM PACTBOPE U30IPONAHO-
1a (40-60%). BepxHee rpaHMYHOE 3HAYEHUE TMATIA30HA U3MEHEHUS a (CHUJIIbI
BO3/CUCTBUS 30H/1a) ONIPEAETIAETCS IPENEIBbHBIM JABJIEHUEM, IIPU ITPEBBILIIE-
HHMHU KOTOPOI'O CKAaHMPyeMas MOBEPXHOCTH paspyaercs: Py, ~ 10! I1a, uto
COOTBETCTBYET cuiie Bo3aeicTaus F ~ 10~ 7 H.

N3mepsieMble BeTMUMHBI, IPUBEAEHHbIE HA rpadukax pucyHka 2.8, mo cBo-
emMy (PM3MUYECKOMY CMBICIIY 10JIKHBI KOPPEIUPOBATH C BBEACHHOM BBILLIE U pac-
CUMTAHHOH TCOPETUUCCKU pa3zHocmHoi GYHKIMEH (€€ MOIyJIeM), CM. puc. 2.7.

OnHako cpaBHeHHE rpaduKOB Ha puc. 2.8 1 2.7 He TTO3BOJISIET YTBEPKIAATh,
YTO UMEET MECTO IOJIHAs Koppensuus. JleicTBUTENbHO, 0011el YepTOii cpaB-
HUBAEMBIX 3aBUCUMOCTEH SIBJISETCS JIMILb BhIpaKeHHas (KBa3UIEepHOInYec-
Kasl) 3aBUCMMOCTb aHAJIM3UPYEMBIX BEJIMYMH OT 3HAUEHUS pajnyca 00y1acTu
KOHTAKTa, HO MAKCUMYMbl CPABHMUBAEMbIX KPUBBIX (JaxKe IKCIIEPUMEHTAIIb-
HBIX) J1aJIeKO HEe BCErJa COBIAIaI0T.

DTO HECOOTBETCTBUE MOXET OOBSCHITHCA TOCTATOYHO YMPOIIECHHBIMU

IMPCAINIOChIIKAMU ITOCTPOCHUA MOJACIIN:

® ICIOJIb30BAHUEM B KAaueCTBE aTOMHBIX (MOJEKYJISIPHBIX) QYHKIMH §-

byHKIUH

® TPEIIOJIOKEHUEM 00 aKCUANbHOU cuMMenpuy 30HIUPYIOIETO OCTPUS

19) y3mepsn ¢ nmomorsio 110 «Nanoscope-ITla» 1Mo 3KCIEpPUMEHTATBLHO MOJTYYEHHBIM
ACM-n300pakeHUsIM, 3aIIMCAHHBIM ITPU PA3INIHON CHIIEe BO3JCHCTBUS 30HAA
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Pamuyc 06JacT¥ KOHTAKTa a=(FDR)1/3, HM

Puc. 2.8. 3aBucHMOCTH CIeKTpabHOM TIIOTHOCTH cedeHruss ACM-n300paxeHus CITro-

Il OT pajuyca 00JIaCTH KOHTAKTA.

AnanusupoBanu ceuenne ¢yHkuun F,,(z,y) BIOJIb OCHOBHOTO HAINPABICHHUS IIOBEpPX-
HOCTHOU pemteTkd. CHEeKTPaIIbHYIO IJIOTHOCTb MU3MEPSUIM HAa MPOCTPAHCTBEHHOHN 4acToTe
k ~ 1/0,52um~! 1y Tpex pasIMYHBIX 30HIOB NPM U3MEHEHUM CUIIbI BO3IEHCTBHS 30HIA
(xoTopas ompenensier 3HadeHue a). Kpusas S; mosydeHa Nnpu MPOBENECHUH HUCCIEAOBAHNN
Ha Bo3ayxe, S2 U S3 B BOIHOM pacTBope uzomnponanoia (40 u 60%). DkcriepuMeHTalIbHbIE
3HAYECHUS ISl KaKIOM KPUBON HOPMUPOBAHBI HA CHEKTPAIbHYIO IJIOTHOCTD LIyMa (Ha TOMH

xe gactore). J1JIst HATISTHOCTH KPUBBIE pPa3HECEHHI Ha TpaduKe Ha BeTHUHHY 15 ef.
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e IIpeHEOPEKEHUEM BIIUSHUS CPeJIbl UCCIIEIOBAHMS HA XapaKTep CUIIOBO-

o B3aMMOJEHCTBHS 30HAa U 06pasia?)

e KpOME TOTO, Mbl HE MPUHUMAJIM BO BHHUMAaHHE ATOMHYIO CTPYKTYpPY

CaMOI'0 KOHYMKa 30H4a

CylleCTBEHHOCTh BIIMSIHUSI AKCHUAJIBHOM ACUMMETPHUHM CKAHUPYIOIIETO
30HJa Ha MU3MEpPsieMble 3aBUCUMOCTU MOXET ObITh MOATBEPXKACHA CIIEAYIO-
UM 3KCIIEPUMEHTANIBHBIM pe3ysibTaToM. Kak U BhIIIE, MBI aHAIM3UPOBAIIU
3aBUCUMOCTU CIIEKTPAJIbHBIX INIOTHOCTEH ceueHuit Gpynkiuu F,,(z, y) ACM-
M300pakeHU aTOMHOM yITaKOBKHU MTOBEPXHOCTHU (MUporpaduTa) mo Tpem oc-
HOBHBIM HampasieHusiM pemetku ([01], [11] u [10]) oT BemUUUHBI MPHIIO-
’KEHHOM CUJIbI BO3/IEHCTBUSI 30HAa (KOTOpasi IepecUnThIBAIACh B paNyC 00-
JIACTH KOHTAKTA); pe3ybTaThl MPUBEIAEHBI HA puUC. 2.9 (371eCh CIIEKTPAIbHBIE
TUIOTHOCTH U3MEPSUIH Ha MPOCTPAHCTBEHHOM YaCTOTE, COOTBETCTBYIOIIIECH I1e-
PUOAMYHOCTU pelieTku rpacduta). st KaXkaoro 3HAYEHUS CUJIbI BO3IEHCT-
BUS 30Ha TPU AaHAIM3UPYEMBbIE BEJIMUMHBI OMPENEIISIIA IO AHATIU3Y OJIHOTO
ACM-u306paxenus. Bepxuuii nepeaen 3HaYSHUS TpUIaraeMoi CUIIbI OTIpe-
JEIsUICd IMHAMUYECKUM IManla30HOM HUCIIOJIb3YEMOTO JIEBEpaA (a HE paspylie-
HUEM IIOBEPXHOCTH, KAK B CIIy4ae CO CIIIOI0M).

AHanmu3 TpadUKOB PUCYHKA MOKA3bIBAET, YTO ISl TPEX OCHOBHBIX Ha-
MPABJICHUI aTOMHOM YIMaKOBKU MUporpaduTa u3MepeHHbIe (QYHKIIUU CIEK-
TpaiabHOU TIoTHOCTU ceueHUust ACM-u300pakeHus 3aBUCAT OT pajauyca 00-
JACTU KOHTAaKTa HeoOUHaKo8o — OTCIO/Ia, C OUEBUJIHOCTBIO, CIEYET BBIBOJI
00 aKcHaJIbHON aCUMMETPHUHU CKaHUpYolero 3oHaa. JlanHelid apdext mpo-
SIBJISIETCSI, B YaCTHOCTH, B TOM, UTO Ha JIBYMEpPHOU KapTuHe criekTpa Dypbe
¢dbynkimun ACM-u300pakeHnsi OTHOCUTENIbHbIE MHTEHCUBHOCTHU IIECTU OC-
HOBHBIX pe(IeKCOB HEOOUHAK08bl N1 UX COOTHOUIEHHE MU3MEHSIETCS MpU Ba-
pUaLMK PUIOKEHHOW CUJIbI BO3AECUCTBUS 30HAA. DTOT 3PHEKT 4acTo Ha-
OyrofaeTcsl B 9KCIEpUMEHTaX (B YaCTHOCTH, MbI HAOJIOJANIM €ro Mpu aHa-
T3¢ MOJIEKYJISIPHBIX YIIAaKOBOK opraHnyeckux ruieHok JIb, cm. pazmen 5.3):
JTOMUHUPOBAHUE ABYX PEQIIEKCOB HAJ YETHIPbMs JIPYTUMH IPOSBISETCS

B ToM, uT0o ACM-u306paxeHre MOJEKYJIIPHON CTPYKTYPbl MCKAXKAETCS U

20) NeliCTBUTENBHO, COTNIACHO pabotaM M3pasmamsumy 1 Anamca [22], oGHAPYKUBIIMX
KBa3HUIICPHUOAMUECKYIO U CYIIECTBCHHYIO 3aBUCIMOCTD CHJIbI B3AMMO/ICHCTBYS IBYX TTOBEPX-
HOCTEH B KHUIAKOCTU OT PACCTOAHHA MCXKAY HUMU, CpE€aa UCCICAOBAHUA MOXKET OKAa3bIBATH
3HAYUTEIHHOE BIIUSHIE HAa XapaKTep CHIIOBOTO B3aUMOJIEHCTBHS 30HAa U 00pasia
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SCMI‘HZII / SLUyM
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3
Paguyc 06/1aCTH KOHTaKTa a=(FDR)"> um

Puc. 2.9. 3aBucumocty 3KCIepUMEHTATPHO N3MEPEHHOM CIIEKTPaIbHON TNIOTHOCTH

ceueHnit ACM-m300pakeHult muporpadura oT paguyca o0J1acTH KOHTAKTa.

AnamusupoBanu cedeHuss GYHKUMH F,(r,y)) Ha HPOCTPAHCTBEHHOW dacToTe k ~
1/0.25 am~! st Tpex manpasnenuii: [01], [11] u [10] aToMHO# (rekcaroHanbHOI) yrmakos-
KHU. DKCIIEpUMEHTAIbHbIE 3HAUEHUS AJISI KAXKION KpUBO HOPMUPOBAHBI HA BEJTUYUHY CIEK-
TpaJIbHOM TUIOTHOCTH 1lIyMa Ha TOM ke yacTtoTe. JJIsl HArJIAIHOCTH KPUBbIE pa3HECEHBI HA

rpacduke Ha BeIMYHUHY 3 €11.
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MMeeT BMJI NapajuIeNIbHBIX «rpsaok». OaHako rpaduku puc. 2.9 mo3pos-
IOT YTBEPKAATh, UTO AJIEKBATHBIM MOAOOPOM BEIMUYMHBI CUJIbI BO3/IEUCTBUS
30H/Ja YAAeTCsl JOCTUYb OJIMHAKOBOTO 3HAYEHMS CIEKTPAIbHOMN IIIOTHOCTU
ACM-u306pakeHus MO0 BCEM TPEM HAIMPABIICHUSIM, YTO Mbl OOHAPYKUBAJIU
IKCTIEPUMEHTAIIHHO.

KonnuecTBeHHBIN aHAIN3 B CIydyae aKCUAJIbHO ACUMMETPUYHOTO 30HIA
TaK>K€ BO3MOXEH (Mbl €ro He IPOBOIWIM), JJIS YEro CJIeayeT BHECTH OYe-
BUJIHbIE KOPPEKTUBBI B GopMyIbl 2.30, OLIEHUB, IPEABAPUTEIBHO, TapaMETP
ACHMMETpPHHU reoMeTpuH 30H1a%Y).

CTOUT OTMETUTB, YTO, HECMOTPS HA UCKAKEHUS peaIbHON KaPTUHBI ATOM-
HOM WJIN MOJIEKYJIIpHOM ynmakoBku mpu ACM-Bu3yanu3anuu (MHBepcUsi KOH-
Tpacra, «ImoTeps» OJHOr0o aroMma B Oasuce A ciaydyasl nuporpadura, pas-
JUYHAas CIEeKTpaJibHAS INIOTHOCTb CEYEHUH BJIOJIb 9K8UBANEHINHbLX HATIPABIIE-
HUU ¥ T.11.), MeToag ACM npuMeHUM [JIs ONpeesIeHUs TapaMeTPOB peIleT-
KM TTOBEPXHOCTU. [leficTBUTEIbHO, BU3yaIU3UpyeMas IByMepHas CTPYKTypa
XapaKTEPU3YETCSl TEMU K€ BEKTOPAMU TPAHCIISIIUU, YTO U peajibHAsl HCCIIe-
JyeMasi IIOBEPXHOCTH (ImpeobdpazoBanue (2.29) He MOXKET UCKA3UTh 3HAUCHU
MPOCTPAHCTBEHHBIX YACTOT ABYMEPHOU MEPUOANIECKON (DYHKIIMH HCCIIeTye-
MO TOBEPXHOCTH).

Htax, puc. 2.7 mo3BOJIs€T yTBEPKAATH, UTO IIPH YBEIIUUEHUE 00JIaCTH KOH-
TaKTa 30H]1a U 00pa3iia ¥ BOBJICUEHUS B KOHTAKT 3HAYUTEIIbHOIO KOJIUYECTBA
aTOMOB 00pa3La coXpaHsaemcs 603MOHCHOCHb BU3YaAIN3ALIMH JBYMEPHOI Iie-
PUOIUUECKON CTPYKTYPHBI C TEMU KE MapaMeTpaMu PEIIEeTKH, UTO U UCCIIeIy-
eMasi IOBEPXHOCThH (WIOKHOE» ATOMHOE pa3pellieHre). DKCIepUMEHTAIbHbIE
rpaduku puc. 2.8 u 2.9 MOATBEPKIAIOT ITOT BBIBOJI, IEMOHCTPUPYS KauecT-

BCHHOC COBIIAACHUC C TCOpI/ICfl.

Kpatkue BbIBOBI

Mpsl npemnoxunu mMexanusmM ACM-Busyanu3aluyd aTOMHONW M MOJIEKYJISp-
HOH yNaKOBKH MCCJIEyEMbIX IIOBEPXHOCTEN (OCHOBBIBASICh HA PE3yJbTaTax
TeOpUH KOHTAKTHBIX JedopMalinii), BBEIU anmnapaTHyo (GyHKIIMIO Tpudopa
JUISl 3TOTO Cilydasi, IPOJAEMOHCTPUPOBAIIM €€ IPUMEHEHUE ISl BBIUMCIICHUS
paznocmuoti pyHkunKu KoHTpacta ACM-u300pakeHus B MOJIETIbHOM Cllydae,

MOJTYYHIIN OKCIICPUMEHTAJIbHBIC 3aBUCUMOCTHU OJIA CHeKTpaHBHOﬁ IINIOTHOCTH

21) ryTem aHAIIM3a TeCT-00BEKTOB
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ACM-1306paskeHns BIOIb OCHOBHBIX HAIPABIEHHIl peleTky 0opasnos?)
U KQYeCTBEHHO OOBSICHWIN Psi/l SKCIEPUMEHTAIbHO HAOIII0JaeMBbIX 3aKOHO-
MEPHOCTEH.

BaxHoil oTiMuneM pa3pabOTaHHOTO MOJXOAa B CPABHEHUH C OIHMCAH-
HBIMH B JIUTEPATYpPE SIBISIETCS TO, YTO OH ITO3BOJISIET OJHO3HAYHO CBSI3ATh
0COOEHHOCTH (KOHTPACT, KauecTBO U 1p.) norydaemoro ACM-u3zo0paxeHust
aATOMHOM CTPYKTYPbI IOBEPXHOCTH C peaIbHbIMU TAPAMETPAMHU 3KCIIEPUMEH-
Ta (CHIION BO3ACUCTBUS 30HIA, MOIYJISIMU YIIPYTOCTH 30HIa U 00pasia, pa-
JIMYCOM KPWBU3HBI UIJIbI U CTENICHBIO €€ ACUMMETPHUH), a HE C aOCTPAKTHBIM

KKOJIHUYCCTBOM ATOMOB Hd KOHYHMKC HUTJIBI».

2.2. 3ajaya BoCcCTAHOBJIEHHS peaibHOM reoMeTpHHu
00bexkTOB 10 ACM-n300paxkeHuro (yuer

dpdexTa ymmpeHus)

DddeKT yumupeHus mposBISIETCS B TOM, YTO OTAEIbHbIE MUKPOOOBEKTHI, a-
COpOMpPOBAHHBIE HA TMOJJIOKKY U BU3yanusupoBaHHble ACM, UMEIOT 3aBbI-
LIEHHbIE 3HAUYEHUS IUPUHBI MPoduis. ITOT 3GPEeKT MOKET ObITH MTOJIE3EH.
Tax, Hanpumep, npu ACM ucciaenoBaHUsSIX HYKJIEMHOBBIX KUCIOT OH 00JIer-
yaeT UAEHTU(PUKALMIO MOJIEKYJT: KyIIMPEHHbIE» MONEKYbIY) 1erue o6Hapy-
KUTh Ha KaJ[pe 3HAUUTEIbHOU IO, YTO 00JIeryaeT Habop CTATUCTUKH.
B cuny sToro npu uccieqoBaHUM HYKJIEMHOBBIX KUCIOT 3G (GEKT YIIMPEeHUs
II03BOJISIET 00X0AUTCS 0€3 JOTIOJIHUTEIBHOIO KOHTPACTUPOBAHUS MAKPOMO-
JIeKyJ1 (KOMIUIEKCOOOpa30BaHUEM C OSIIKaMU U TIp.).

OddexT ymmpeHns CBs3aH ¢ TeM, YTO 30HIUPYIOIIEe OCTPUE MUKPOCKO-
12 UMEET KOHEUHbIA paJNyC KPUBU3HBI KOHUMKA. DTy annapaTHYIO MMOrperl-
HOCTB TPYJIHO NIPEOA0JIETD, IOCKOJIbKY YMEHBIIEHUE painyca KpUBU3HBI KOH-
YyrKa 30H7a (MCIOJIb30BaHME O0JIee OCTPHIX 30H0B) IPUBOJIUT K YBEIUUYECHUIO
JIaBJICHUs B 00JIACTH KOHTAKTa (IIPU TOM K€ 3HAYCHUU BEJTMYMHBI KOHTAKT-
HBIX CUJI, cM. opmyiy (2.8) cTp. 55); 3HaUNTENbHAS BETUYMHA KOHTAKTHOTO
JABIIEHUSI MOXET MPUBECTH, B CBOIO OUEpE/lb, K YACTUUHOMY DPa3pyLICHUIO
30H/1a NPU CKAHUPOBAHUM. ¥YMEHBIIUTh KOHTAKTHOE JaBJIEHUE MOXKHO IIPU

Ha6J'IIOI[CHI/II/I ITIOBCPXHOCTH 06p8.3HOB B JXUAKOCTAX, IIOCKOJIBKY B 9TOM CIIy-

22) crioapl M NUpOrpaduTa
23) mupunHa npoduns mosekyisl JTHK 3abmmaercs B 5—10 pas
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yae MOXHO IMOJIePKUBATh KOHTAKTHBIE CUJIbI HA CYIIIECTBEHHO 00JIee HU3KOM
ypoBHe [50].

DddexT ymupeHus MOXeT BeCbMa CYIIECTBEHHO (OCOOCHHO TPU 3HAYH-
TEJIBHOM pajnyce KPUBU3HBI KOHYMKA 30HAMPYIOIIEIO OCTPHS) MCKAXKATh
MOPQOIOTHIO TOBEPXHOCTH Tpu ee Bu3yanuzanuu merogom ACM. Harnsin-
Hoe cpaBHeHUE pe3ynbTaToB ACM M 31€KTPOHHOM MUKPOCKONUU NMPU HC-
CIIEOBAHUM OJHUX U TeX K€ MOBEPXHOCTEH MPOBOASAT aBTOPHI paboThl [75].
[MpuBeneHHbIe N300pAXKEHUS TTOKA3BIBAIOT, YTO MPH MCCIEIOBAHUN TTOBEPX-
HOCTEH, XapaKTepU3YIOLIUXCS CIIOKHON MOP(OIIOTHEH, NCKaKaroIIee BIIUs-
Hue s¢dekrta ymmpenus ACM MokeT MpUBECTH K MmoTepe nHpopmamu Ha
MOJTy4aeMbIX U300paKEHUSIX.

[Tpu uccnenoBaHUsIX OMOTOTMUECKUX U OPraHMYECKUX OOBEKTOB YaCTO
BO3HMKAET 3ajaya ompeaeieHust BiaussHus 3Pdexra ymupenuss Ha ACM-
npoduib 00BEKTa, aJICOPOUPOBAHHOIO HA IMOBEPXHOCTh TBEPIOH MOIOXK-
k. Wckaxaromiee BiusiHue 3pdexra ymupeHuss U KOHTAKTHBIX Jedopma-
LU MPUBOJIUT K TOMY, UTO JUISl BOCCTAHOBJICHUS PEAIbHON T€OMETPUUYECKOM
hopmbl 00beKTa uccieaoBaHus 1mo ero ACM-u300pakeHHI0 HEOOXOUM J10-
MOJIHUTEIBHBIA MaTEeMaTHUECKUI aHAIN3 C HUCIIOJIb30BAHUEM OIIPEACTICHHBIX
MO/IETIbHBIX MIPEACTABIEHUI O FeOMETPUH 30HAa (KOHYC CO c(heprUUecKUM KOH-
YUKOM, MapaboI0oua U Ip.) U alPUOPHBIX IIpeICcTaBiIeHUi o popme oObeKTa

HUCCIICAOBAHMA.

N3BecTHBIE METOAUKHN BOCCTAHOBJICHUA peaHLHOﬁ reoMeTpun 00BEKTOB

uccaenosanng ACM

B pa6ote [76] npemioxkeHa yHuUBepcaIbHAsl KOMIIBIOTEPHASI METOIUKA JEKOH-
oo ACM-u306paxeHnii, BKIIIo4Yaromas ABa 3Tamna: onpeaeieHue reo-
MCTPHUHU UCITOJIB3YEMOI'O OCTPHA C IOMOIIBIO TeCT-00BEKTOB U CBCPTKY HHBCP-
TUPOBAHHON TeoMeTpuu ocTpusi ¢ u3MepeHHbIM ACM-npodusiem; 3ta mpo-
Leaypa Mo3BOJISET BO MHOTUX CIIydasiX BOCCTAHOBUTH MCXOAHBIN MPOQUIIb
00BEKTA C BBICOKOW TOYHOCTBIO.

MEI TPOBOAMITN TECTHPOBAHME TAHHOW METOAMKH, pelIasi 3a/1a4y BOCCTa-
HOBJICHUS T'COMCTPUN O6'I)€KTOB, aI[COp6I/IpOBaHHBIX Ha MMOBEPXHOCTH ILIIOC-
KO IMOUTOXKKH. AHAJIN3 TIOKAa3aJ1, YTO BOCCTAHOBJICHHBIE 110 JAHHON METO !~

Ke JIaTepalibHble Pa3Mepbl 00beKTa (IUpHHA Ha nonysbicoTe??)) cymmecTsen-

24) 5TOT MapaMeTp UCIIONB3YeTCs TIPU OTpeielleHHH 00BeMa HCCIIETYeMOro 06beKTa
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HO 3a6bluieHbl TIPU YCIIOBUH, YTO PAANYC KPUBU3HBI 00BEKTA MeHblLUe PAIAYCA
KPUBU3HBI KOHYMKA 30H/1a (OIIMOKA TeM BBIIIe, YeM OOJIblle pa3HUIa paau-
yCcoB). DTO OOCTOSATEIBCTBO OCIOXKHSIET MPUMEHUMOCTh paccMaTpuBaeMoi
METOJIUKHU MPU UCCIIEAOBAHUSX Psila OMO0OBEKTOB (OTACIBHBIX MAKpPOMOJIe-
KYJ1, UX KOMILJIEKCOB U ITP.) B CUJIy MaJIOCTU Pa3MePOB MOCIIEAHUX B CPABHEHUU
C paguycoM KpuBH3HBI KoHUMKaA 30H1a ACM. Tak, npu paanyce KpuBH3HBI
30H1a 15 HM U paaunyce 00beKTa 2,5 HM (TUIIUYHbIe 3HAUEHUS JJIsSI UCCIIe0BA-
HUM OMOO0OBEKTOB) MOTPEIIHOCTH (3aBBIIICHIE) BOCCTAHOBJIEHHBIX 3HAUECHUM
HIMPUHBI COCTABJISIET IJIsl TECTUpYeMoil meToauku 6oee 50%.

B pabore [77] mpemioskeHa METOIMKA BOCCTAHOBJICHUSI 0O BbEMa HUCCIIeTye-
MbIX yacTull (mo ACM-nipoduiito), He BKITIOUAIOAas CTAIUI0 ITPeIBAPUTETh-
HOT'O TECTUPOBAHUS 30HAA: KAK T€OMETPHS 30HAa, TAK U FEOMETPUS O0BEK-
TOB UCCIIEIOBAHUS, OIPEIeNsieMble COOTBETCTBYIOIIUMHU paInycaMu KpUBU3-
HBI, MOXXET OBITh BOCCTAHOBJICHA ITyTEM aHAJU3a OJHOro U Toro xxe ACM-
n3obpaxkenus. OnHAKO JaHHAS METOAMKA, BKIIIOUAIOIIAs UCTIOIb30BAHUE TS
OIMCAaHUs FEOMETPHUM ITOBEPXHOCTHBIX CTPYKTYP 3HAUEHUE paoduyca Kpugus-
Hbl, CBOOUT 3a/1a4y K PACCMOTPEHHUIO T'€OMETPUU KOHTAKTa CPepHUUecKOro
30H7A U chepuyeckozo obpasua.

Bo3MOXHOCTh MOJTyueHUs B 3TOM cjyuyae JOMOJHUTEIbHOU HH(pOpMa-
uuu (T.€. HE TOJIBKO MapamMeTpoB O0BEKTa, HO M 30HJA U3 ogHoro ACM-
M300paKEeHUs) MOXKET OBITh MPOWLIIOCTPUPOBAHA CIEAYIONIUM. MBI HUXKE
MPUBOJMM pEILIEHUE 3aJa4i OIpeIeeHUs] UCTUHHOW IIMPUHBI (2a) 3JUIUII-
COUJAJIBHOTO B CEYCHUU OOBEKTA MO M3BECTHBIM MapameTpam: BbIcOoTe (2b),
mmpuHe ACM-npoduis Ha nonyBbicoTe (2d) u paauycy 3oHAa R. [1pu aTom
BO3MOXHBIM OKa3bIBAE€TCS yKa3aTh JOMOJIHUTEIbHbIE COOTHOLIEHUs (2.38,
2.39), cBsa3bIBaIOIIME YKa3aHHBIE MapaMeTpbl. Mojiens chepriaeckoro oopas-
112 MO3BOJISIET OIMHUCATH €r0 F€OMETPHUIO OJHUM IMapaMeTpOM — PaaNYyCOM
KPUBU3HBI (6€3 NCIOJIb30BAHUS IIPEAIIONIOKEHUS O CBSI3U 3TOT'0 apaMeTpa C
BBICOTOH 0OBEKTa HaJ MOBEPXHOCTHIO MOANIOKKH). [To100HOE yMeHbIlIeH e
Yyclla MapaMeTpoB 3aJayuy MO3BOJISIET U3BJIEUb, IIyTEM aHAIN3a T€OMETPUU
KOHTAKTa, JOMOJHUTENbHYIO MH(POPMALIHIO.

ABTOpBI paboThI [78], 0OTMEUasi, YTO MPHU JOCTATOUHO «OCTPOM» Mpodu-
JIe UCCIIEAYyEMbIX MOBEPXHOCTHBIX CTPYKTYp Ha ACM-uzoOpaxeHuu OyaeT
0TOOpaXaThCs JIMIIb MPOQPIITH OOJIee KTYION» HUIJIbI, TP CPABHUTEIBHOM
aHaJIM3€ TaKXKe ONEPUPYIOT NapaMeTPaMU COOTBETCTBYIOLIUX PANYCOB KPH-

BU3HBI (30H/1a U UCCIIEYyEMbIX TOBEPXHOCTHBIX CTPYKTYP).
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Ho B crty umeromumxcsi mpeAcTaBIeHUH O CYIIIECTBEHHOU POJIU KOHMAKM-
Hvix Odeghopmayuii (paznen2.1) B uccnenoBanusix ACM MOXHO MpeArnosio-
KHUThb, UYTO MOJIENTb Cc@heputeckoti TEOMETPUHN 00pa3lla U UCIOJIb30BAHUE IS
€€ OMHUCAaHUSI COOTBETCTBYIOIIETO paouyca Kpusustsl BPsl U aJeKBaTHA TIPU
PEIIeHUH 3aJJaud BOCCTAHOBJICHHSI TEOMETPUU aICOPOMPOBAHHBIX OU000ObEK-
moes, XapaKTePU3YIOIINXCS, KAaK U3BECTHO, HEBBICOKUMU 3HAUCHUSIMHA MOYJIS
ynpyroctu. bosee oO1eit siBiseTcss MOAeNb, MO3BOJISAIOMAS y4ecTh 3pdexT
VIIUPEHUS NMPU KOHTAKTE UIJIBl C dedhopmuposantoli YacTULIEH, UMeroIei
AUNCOUOAIbHOe ceueHre. PerieHne JaHHOM 3a/1a4u MO3BOJISIET ONPEIETUTD
00BbEM YaCTHULIBI, BBIPA3UB €r0 Yepe3 MapaMeTphl AITUITUUECKOTO CEYSHHUS:
HaWJIeHHOI'0 3HAUYEHUS ¢ U CBSI3aHHOI'O C BEICOTOM YaCTULILI 3HAUEHUA b = h / 2.
Ho, HackoIpko HaMm U3BECTHO, B JIUTEPAType OTCYTCTBYIOT PaOOThI, ITOCBS-
HIEHHbIE TPUMEHEHUIO MOJIEIIU ILIUNCOUOATLHO20 00beKma 111 AaHAJIN3a IKC-
nepuMeHTaJIbHbIX ACM-n300pakeHUI; HUKE MBI U3JIaraeM pa3paboTaHHYIO

MCTOOUKY PCHICHUA JaHHOM 3aJa4H.

2.2.1. IlocTaHoBKa U pelleHUe 321241 00 orpe/ieIeHUH IIAPHHBI

00bEeKTOB N0 N3MepeHHbIM napamerpam ACM-npoduiis

Mpbl npuMeHWIN 71 yueTa 3¢gQeKTa YUIMpeHus TeOMETPUIECKYI0 MO/JIENTh
(puc. 2.10), y4uTBIBAIOIIYIO B3aUMOAENUCTBHE OOBEKTA TOJIBKO ¢ KOHUMKOM
30HAa (MpeAIoIaraeTcsi, YTo0 HeT KOHTAKTa CO CTEHKaMU MUPAMUIBI). DTO
OIPaBIaHO B TOM CJIydae, KOTJa BBICOTA UCCIEMYEMBIX CTPYKTYp HaJ MOJ-
JI0)KKOU He MPEBBINIAeT paanuyca KPUBU3HBI KOHYMKA HUTJIBI.

Konunk 30112 annpokcumupoBanu 1udo nonycepoit paauyca R, 1ubo
napaboyongom Bpaenus (z = kp?, rae k — kosdduuuent napaboisr). [Tpu
3TOM OBLJIO TOKA3aHO, YTO PE3yJIbTAThI IPUMEHEHUS IBYX METOJUK (haKTH-
YECKU TOXK/IECTBEHHBI: KOJIMUECTBEHHOE PACXOXK/IEHUE B OTBETAX COCTABIISIET
MeHee 10%. CTOUT OTMETUTH, YTO ANIPOKCUMALIMS UIJIbI C TOMOILBIO MOJTY-
cdepnl Ooltee HArJIsIIHA U O0JIee IMMPOKO HMCIOIB3YETCs B TUTEpaType. Mol
HIDKE MIPUBOINM aJITOPUTMBI UCIIOIB30BAHUSI 000UX MOIXOO0B.

Hccnenyemyro 4acTuily ONMUCHIBAIM MOJIENbIO Ayuthrnconaa. T.e. Mbl UC-
XOJUM U3 allpUOPHBIX MIPEACTABIEHUIN O KOHTAKTHO! JedopManuu odbpasua
10J1 IECTBUEM 30H/a, CM. pasjaen 2.1. B ceueHun o0beKTa UCCae0BaHUS —
AJUTHIIC C TIOJTyocsiMU a 1 b. CTaBWIIN 33124y T10 3a/JaHHBIM 3HAUEHHUSIM BBICOTHI

oowekTa (h = 2b), napamerpa reomerpuu 3oH1a R (wm k 1y1s napabosuuec-
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Ob6pasenn 30HI

b

IMonnoxka

Puc. 2.10. 'eoMeTpust KOHTAKTa 30HIa B oOpa3ia (K 00bsIcHeHNIO 3¢ deKTa yImpe-

HHS)

2d — u3MmepenHas mupuna mpodpuinst ACM-n3o6paxeHuss 00beKTa Ha TTOIYBBICOTE, 2a — HUC-
THUHHAs UpUHa 00beKTa, R — paanyc KOHYMKA 30H1a, h = 2b — BbIcoTa IOt 00beKTa

HaJ MOJIOXKKOMN

KO anmpoxkcuManuu) U mupuHbl mpoduis ACM-u300paxeHns 4aCTULIBI HA
€e MoJIyBbICOTE (2d) HAMTH 3HaUEHUE UCTUHHOM IIUPUHBI 00BEKTA 2a.
3anuiemM cucTeMy ypaBHEHHIA AJIs 3JUTUIICA (CedeHre MPoMIIst UCCIenye-

MOU YaCTUIIbI) U OKPYKHOCTH (cedeHre mpouIsl UTIIbI):

Yeu = by/1 — 2% /a?

Yeir = R — \/R2 — (z — d/2)?

B Moenu mapaGoIiecKoii UIiibl BTOPOE ypaBHEHHE CUCTEMBI IPUMET BUIL:
Ypar = k(z — d/2)2.

JUtsl peleHust 3a1a4i CTABMIIN YCIIOBUS ISl TOYKH KOHTAKTa C KOODJIH-
HaTaMu (zg, yo): PABEHCTBO KACATEIbHBIX K SJUIUIICY ¥ K OKPYKHOCTH (I1apa-
GOJIBI) U YIOBJIETBOPEHUE KOOP/IMHAT TOUYKH KOHTAKTA yPABHEHHSAM JJUTHIICA

1 OKPYXXHOCTH (T1apaboJibl):

by/1—22/a? =R — \/R2 — (z¢ — d/2)? (2.33)

dye”/da:|z07y0 - dycir/dx|m0,y0

Hust Mmonenn mapabonmyeckoi uriibl B cucteMe (2.33) BMECTO ypaBHEHUS
OKPYKHOCTHU UCTIOJIb30BAIN ypaBHEHNE TapadoIIbl.

JIaHHYIO CHCTEMY aHAJIWTHYECKU CBOAWINA K OJHOMY yYPaBHEHHUIO C OJI-
HUM HEU3BECTHBIM (20)?%), Ul KOTOPOTo GBUT CO3/IaH ATTOPUTM YHUCIIEHHOTO

pemenus®®). Huske MbI IPUBOIMM 9TU YpaBHEHHUs s cilydast chepuueckoit

25) ju1st 2y ypaBHEHHE MPOIIE
26) nanee, Mo HAMJIEHHOMY &( OTIPENEIISAIN a
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UTJIBI:

{b“‘ — (R= VR = (w0 - d)2)2] N oy 10

(2.34)
+0( — d) (R — /B2~ (2 — ) =0
H U1 HAXOXKIACHUSA a 110 YUCIICHHO OIIPCACIICHHOMY Zq:
a= o (2.35)

\/1 - (R— VRZ— (2o —d)2>2/b2

AHaJ'IOFI/I‘{HO, g ciiy4dast napa6oaneCK0171 UTJIbl UMCCM YPABHCHUC OT-

HOCHUTCIIbHO Ty AJIA IIOCTPOCHUA YHUCIICHHOI'O PCIICHU !
U YpAaBHCHHUC JIA OIIPCACIICHUA a:

o= M (2.37)

AHaIUTHYECKU OBLIO IMOKa3aHO, YTO MOJIydeHHOEe ypaBHeHue (2.34) mis
chepruUeCKO UTJIBI HE UMEET pellieHrs (Ha MHTEPECYIOIeM Hac UHTEepBaJie)

TOJIBKO B TOM CJ]Iy4ac€, KOrid BBIIOJIHACTCA CUCTEMA HEPABCHCTB!

R >d/2
b>R—/R?—d?*/4

AHaJIOrM4YHO, ypaBHEHUE JIJTs mapabonueckoit urisl (2.36) He UMEET pe-

(2.38)

IICHWA HAa MHTCPECYIOIIEM HAC MHTEPBAJIC B ClIydac, KOraa BbIITOJIHACTCA YCI10-
BUC:
b> kd> (2.39)

CMbBICTT JAHHBIX OIPaHMYEHUI OYeBUACH: eciau u3MepeHHbli ACM-
npoduiab 00BbEKTAa JOCTATOYHO «OCTPBIN», TO UIJIa, KOTOPOW OH ObLI IO-
Jy4eH, He MorJjia ObITh «Tymoi». [Tomyyennsie cooTHomeHus (2.38, 2.39) sB-
JISIOTCSI, TO-BUJIMMOMY, YACTHBIM ClIy4aeM Ooliee 0OIIero moaxo/ia K oleHKe
TEOMETPUU UTJIbI, U3JI0KEHHOTO B padote [79]. ABTOp MaHHO pabOTHI TEO-
PETUYECKH OOOCHOBBIBAET BO3MOXHOCTDb OLIEHKH «OCTPOTBI» UIJIBI (OIIpese-
JICHUE BEPXHETO Mpeferna) myTeM aHanu3a MopgoIoruu 0ocoOOeHHOCTEH Moy-
gaemoro ACM-u300paxeHus mpu MPOU3BOJILHOMN, HO TOCTATOYHO HEOIHO-

POIHOM CTPYKTYype HucciaeayeMoi moBepxHocTu. OnHako cooTHoteHus (2.38,
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2.39), nonyueHHble HAMH, 00Jiee TPOCTHI U HATJISAHBI, YeM OOIIUIA MOIX0,
M3JI05KeHHBIN B paboTe [79], 1 MOryT ObITh BECbMa MOJIE3HbI IPU UHTEPIIPETA-
LM SKCMIEPUMEHTAJIbHBIX PE3YJIbTATOB.

VpaBuenus (2.34—2.37) ucnonb30Bajau AjIs MTOCTPOEHUST YUCIIEHHOTO pe-
IeHUs (CM. TEKCT TporpaMMBbl Ha cTp. 223): ypaBHuenus (2.34) u (2.36) pemanu
MeTo/IoM gusku [70] OTHOCUTENBHO ¢, Jaliee 1o ypaBHeHusM (2.35) u (2.37)
OTIpeIeNIsUIN UCKOMOE 3HAUEHUE a.

BozHukaer Bompoc, eciu Bce paBHO 3ajaya pelagach YUCIEHHO, TO IOo-
Yyemy HeJlb3s ObLIO UCXOIUTh HEIOCPEICTBEHHO U3 cucteMsl (2.33), cBens ee,
HanpuMmep, K CUCTEeME HEIMHEWHbIX YPAaBHEHUN M HAXOAS UX YMCIEHHOE pe-
meHue. OTHAKO OKa3bIBAETCS, UTO CHEIU(UKA CUCTEMBI HE TTO3BOJISIET B 3TOM
Clly4ae MOCTPOUThH TIOCTATOUHO MPOCTOTO YUCICHHOTO PEIICHHUs, TOCKOIbKY
CKOJIb YTOJTHO MaJjible OTKJIOHEHHS OT TOUHOT'O PELIeHUs TPUBOJAT K OTPUIIA-
TEJIbHBIM 3HAYEHHSIM B MTOJKOPEHHBIX BRIPAXKEHUSIX, BXOIAIINX B PEIIAEMYIO
cuctemy. B cuity aToro nmpennoKeHHbIi MEeTO/ SIBJISETCSl, HECMOTPS Ha HEOO-
XOJAUMOCTD IIPEIBAPUTENIbHBIX AHATTUTUUECKUX BBIKJIAOK, TOCTATOYHO MTPOC-
TBIM, KpPOME TOTO, OH UMEET BaKHYI0O OCOOEHHOCTD: MPOBEPKA BBIITOTHEHUS
ycnoBuit (2.38) u (2.39) mo3BosisieT 3apaHee ONMpeIeIuTb CIIydyan OTCYTCTBUS
pelIeHn U MOJy4YUTh UHPOPMAIIUIO O JOMYCTUMOM 3HAUYEHUU MapaMeTpoB
reoMeTpuu 30H1a R ninu k.

OnpeneneHue TOYHOro 3HaUeHUs paauyca R (unu k) it KOHKPETHOTO
30H/1a TpeOyeT ero TECTUPOBAHUS HETTOCPEICTBEHHO MEPe/] UCIIOJIb30BAHUEM
(Mo pe3ysbTaTaM HMCCIEAOBAHUS TECT-O0BEKTOB, HAPUMEDP, BUpyca Tabad-
HOHN MO3aMKU — YA0OHOTO MPUPOJTHOTO KHAHOPA3ZMEPHOI0» 00beKTa C (PUK-
CUPOBAHHBIMU T'€OMETPUUYECKUMU ITapaMeTpaMu, cM. pazaen 3.1). OnHako u B
9TOM CIIy4ae CyIIeCTBYET BEPOSITHOCTh TOT'0, UYTO B MPOIIECCE CKAHMPOBAHUS
(opMa UTrIbl NPETEPHIUT U3MEHEHUS] B pe3ysIbTaTe B3aUMOJEHCTBUS C 00b-
eKTOM. B 3TO# CBsSI3M Upe3BBIUAITHO MOJIE3HBIM SIBIISIETCS MOJTyuYeHre nHpop-
Manuu o ¢opMe 30HIa HermocpeacTBeHHO 13 ACM-u300paxeHuit 00beKTa
MCCIIEJOBAHMUS.

ITpu anamuze ACM-u300pakeHHit 00BEKTOB, JISI KOTOPBIX HEOOXO/IH-
MO BOCCTAHOBUTH UCTUHHYIO IIIMPUHY, U3MEPSETCS Napa 3HAUYCHUI: BBICOTA U
HIMPUHA HA TTOJIYBBICOTE; PE3YJIbTATOM aHAJIM3a SIBJII€TCSI HAOpaHHas CTaTUC-
THUKA Map 3TUX 3HAaYeHUI. AHATM3UPYS BBINOIHUMOCTb COOTHOIIEHUH (2.38,
2.39) npu pa3nIMYHBIX MapamMeTpax T€OMETPUU 30H]a, MOXKHO OIPEIETUTh

npeaenbHoe 3HaueHue R (unu k) BeIe (st k — HIDKe) KOTOpOoTro Habro1a-
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€TCsl POCT YHUCIIa CIIy4aeB OTCYTCTBUS pelieHus (JJ1s1 HAOpaHHOU CTATUCTUKU
nap 3Ha4eHui napaMeTpoB o0bekTa b u d). 910 U OyAeT BEepXHEe FPAHUYHOE
3HAYEHUE JIJIs1 OLICHUBAEMOT'0 PaJINyCa KPUBU3HBI UTJIbI. TUIMMYHBIN TpUMep
3aBUCUMOCTH YUCJIA CJIy4aeB OTCYTCTBUS pelLlIeHHUs 1J1sI HAOpaHHOM CTaTUCTH-

KU nap b u h oT paauyca KpUBU3HBI UIJIbI IIPEACTABIIEH Ha puc. 4.5, crp. 135.

K Bonpocy o npumeHnMocTH pa3paboTaHHOI METOIMKH

Crnenyer nMoguepKHyTh, YTO pa3paboTaHHAsI METOAMKA HE YUUTHIBAET BO3-
MOYXHOTO JTOMOJTHUTEIHHOTO BKJIA/1a B YIIMPEHUE, CBA3AHHOTO C YACTUYHBIM
yBJIeUeHUEM 00pa3lia 30HI0M ITPU CKaHUPOBaHUU. DPGeEeKT yBiiedeHus ooyc-
JIOBJIEH JIAT€PAJIbHBIMU CHJIAMU B3aUMOJEHCTBUS 30H/1a U 00pa3la, KOTOphIe
XapaKTePU3yIOTCS TOCTATOUYHO OOJIBIION HHTEHCUBHOCTBIO MPU MPOBEACHUHI
WCCIIe/IOBAHMI B KOHTAKTHOM peXUMe Ha Bo3ayxe. [1o HalmmM orleHKaM JaH-
HBI 9P PEeKT, B OCHOBHOM, MOXKET MPOSIBIISTHCS ITPU UCCTIETOBAHUU OOBEKTOB,
MMEIOIINX HEOOJIBIITYIO BETMUMHY IO CEUeHUS (HarpuMep, OTUHOTHBIX
moitekyn JAHK), u nmpuBoguts x 1,5-2,5-KpaTHOMY 3aBBIIIEHUIO 3HAUCHMS
NIMPUHBI 00BeKTa 2d U, KaK CJIeICTBHE, BOCCTAHABIIMBAEMOI'O 3HAUCHUS a.
Ocnabute BausHue 3ddexra yBiedeHus oopasua 30HI0M MOXKHO ITyTeM
YMEHbIIIEHUSI THTEHCUBHOCTH CHJIOBOTO JIATEPAIbHOTO B3aUMOIEHCTBUS 30H-
Ja 1 oOpasua. 9To JOCTUTAeTCs MPU MPUMEHEHUM PEeKUMa MPEPbIBUCTOrO

KOHTAaKTa, 0COOEHHO B cJIydac IIpOBCACHUA HUCCIIEAOBAHUU B XKUIKUX cpcaax.

ITorpemHOCTH BOCCTAHOBJIEHHBIX 3HAYEHMIA

OcHOBHAasl IOTPELUIHOCTh BOCCTAHOBIIEHHBIX 3HAYEHUI a BHOCUTCS MOrpEll-
HOCTBIO n3MepeHus nonymupuabl ACM-nipoduss o0vekTa d. MBI TecTupo-
BAJIM pa3pabOTaHHYIO METOJIMKY, BOCCTAHABIMBAS IIUPUHY TECT-0OBEKTOB —
yactull BTM — no usmepeHHbIM napamerpaM nx ACM-u3o6paxkenuii (Bbl-
coTa 2b u mupuHa npoduis 2d). [Ipu 3ToM aHAIM3UPOBAIM 3aBUCUMOCTH
MOI'PELIHOCTHU PEIIeHUs] (MCTUHHON IIMPUHBI 00BEKTA 2a) OT MOrPeIIHOCTEN
BXOJIHBIX IIAPAMETPOB.

Bb110 06HApYX)EHO, YTO B MEHBIIIEH CTETICHH ITOTPEITHOCTD perieHus (Aa)
3aBUCHUT OT IMOTPEIIHOCTEN MmapameTpa reomeTpuu 30Haa (AR unu Ak) u no-
TPEIIHOCTU U3MEPEHHOU BbICOTHI 00bekTa (Ab). OTHOCUTEIbHAS BEJIMUYUHA
CTAHJAPTHOTO OTKJIOHEHUS IS BOCCTAHOBJIEHHBIX 3HAUYEHUN IIUPUHBI 3TUX

OOBECKTOB B ABa—TpPH pa3a MCHbIIC, YEM OTHOCHUTCIIbHAA BEJIMUNHA CTaAHAAPT-
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HOTO OTKJIOHEHHs BXOJHBIX ITAPAMETPOB BHICOT?"), M B MONTOpa—IBa pas3a
MEHbIIIE, YeM T4 K€ BeJIMUMHA IS TapaMeTpa reoMeTpur 30H1a%%) .

B naunbosbIneit crerneny MorpenrHocTh PelIeHUs ONMpeIeseTcs MOrpell-
HOCTBIO mapaMeTpa mupunbl popuiiss ACM-u3o6paxeruit 2d. OTHOCUTEIb-
Hasl BEIMYMHA CTAHIAPTHOTO OTKJIIOHEHMS JIJIsI BOCCTAHOBJIEHHBIX 3HAUCHUM
VCTUHHOHN IIMPUHBI OOBEKTA B ABA pa3a npesvluiaent OTHOCUTEIbHYIO BEIIU-
YUHY CTAHJAPTHOTO OTKJIOHEHUS BXOAHBIX 3HAYEHUN IIUPUHBI TPOPUIIS €ro
ACM-uzobpaxenus. T.0. UMEHHO BKJIaJ MOTPEIIHOCTH MapameTpa d B 1O-
TPEITHOCTD PEIICHUS SABIISIETCS OMPEACIISIONINM.

[TorpemHocTs u3MepeHus: d MOKET ObITh 00YCIOBIEHA OMMCAHHBIM BbI-
11e 3¢(HeKTOM YaCTUYHOTO YBJICYEHHSI 00bEKTOB 30H/I0M ITPU CKAHUPOBAHUMU.
3HaYuTEIbHAS ACHMMETPUS UTJIbI TAK)KE YBEIIMUUBAET 3Ty OTPELIHOCTb, I10-
CKOJIbKY 3HAU€HHUS IIMPHUHBI B 3TOM CIIy4ae 3aBUCAT OT OPUEHTALIUM OOBEK-
TOB. B cuily 3TOTro CTaHIapTHOE OTKJIIOHEHHE BOCCTAHOBIIEHHBIX 3HAUEHMI
VUCTUHHON IIMPUHBI OOBEKTOB UCCIIEAOBAHUS MO pe3ybTaTaM aHalu3a UX
ACM-u300paxeHuit MoxeT npeBbmath 20%. YBEIUUYUTh TOUHOCTD PE3yJib-
TaTa UCCIIEAOBAaHUS MOKHO IIyTeM YMeHbIeHus 3 dekTa yBieueHus (1ccie-
JIOBaHUSI B PEKUME MIPEPHIBUCTOTO KOHTAKTA B JKUJKOCTH), & Takxke (TOTEH-
LHUATBHO) MyTEM OMPEIEICHUs U yuyeTa CTeTeHN acuMMeTpun uribl. Kpome
TOTO, BEJIMYMHA OIIMOKU MOXKET ObITh yMEHbIIIeHa Mpu Habope mocTaTou-
HO 00160 cCIamucmuKy aHATU3UPYeMbIX mapameTpoB ACM-n3o0pakeHmit

OOBEKTOB.

KpaTtkue BbIBOBI

PazpaboTtana meToMKa BOCCTAHOBJIEHUS PEAIbHON IIMPUHBI OOBEKTOB, a/l-
COpOMPOBAHHBIX HA ITOBEPXHOCTH IIOJUIOKKH, IO ABYM H3MEPEHHBIM Ila-
pamerpam ACM-u3obpaxeHus (BbIcOTa U IIMpPUHA HA MOayBbicoTe ACM-
npoduiis) ¥ U3BMEPEHHOMY NTapaMeTpy reOMeTpUH 30HAa (paanyc KPUBU3HBI
R wnu xoagduumeHT napaborsl k).

OcobeHHOCTSIMH pa3pabOTaHHOTO aJITOPUTMA SIBJISTFOTCS:

e HAJIN4YME «BHYTPEHHETO pemnepa»: cooTHomeHus (2.38, 2.39) no3Bos-

IOT IIOJIYYUTD I/IH(bOpMaI_[I/IIO O I'COMCTPHU 30HOA U3 aHAJIN3a Ha6paH-

27) IpM YCTTOBHH, YTO TIOTPENIHOCTH JABYX PYTHX IAPAMETPOB HyJIEBbIE
28) 1IpH TOM 7K€ YCITOBHH, YTO M BBIIIE
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HOU cTaTuCTUKU napameTpoB ACM-u3o0pakeHuii 00BEKTOB HCCIIEI0-

BaHMSI;

° 06H_[HOCTI> moaxoJa: OH IO3BOJIACT aHAJIU3UPOBATDb Cnyqaﬁ HC TOJIBKO

chepruuecKoro, HO U IUIUIICOUAATBHOTO B CEUEHUU OOBEKTA;

e IIPOCTOTA B peain3allii: KOMIIBIOTEPHBIN aHAIN3 CBOJIUTCS K HAXOXK/Ie-
HUIO KOPHEH OJTHOTO ypaBHEHUS C OJTHIM HEM3BECTHBIM ((popmyia (2.34)
unu (2.37));

e aJIrOpUTM pa3paboTaH Kak IJisk MOAeH chepruIecKoi, Tak 1 mapabdbom-
YEeCKOU MIJIBI, IPU 3TOM PE3yJIbTAaThl IPUMEHEHUS ITHX MOjesel (ak-

THYCCKHU NACHTHUYHBI.

Pa3paboTaHHblil 34€Ch AJITOPUTM MOXKET CIIY>KUTh MIPOTOTUIIOM ISl 00-
LIET0 MO/IX0/1a BOCCTAHOBIJIEHUSI TEOMETPUU OOBEKTOB C YUETOM MpexXmMepHOti
2eomempuu Wribl. JIeHCTBUTENIbHO, Mbl PACCMATPUBAIIM ClIyyail akCHAIbHO
CUMMETPUYHOMN WIJIBI, UTO MO3BOJISJIO CBECTH 33a/1a4y O KOHTAKTe K JBYMEp-
HOMY cllydaro (depe3 paccMOTpeHue ceueHus oOjacTu KoHTakTa). Ho Bo3-
MOXHO 0000IIeHNE 3a/JaUul Ha TPEXMEPHBIH cllydail, 4TO MO3BOJIUT UCTIOIb-
30BaTh MOJIEIb ACUMMETPUYHON uribl. O0mIas cxeMa MmporpaMMbl JOJDKHA
ocTaTbhecs TOH Xke: B mpotiecce Tectupytoieit gpazpl ACM-n306paxeHus TecT-
00beKTa UCIIONB3YIOTCS AJI1 BOCCTAHOBIIEHUS (POPMBI UIJIBI, ajiee, TpeXMep-
HBI€ aHAJIOTU COOTHOIIeHUH (2.34—2.37) MO3BOJISIOT TOCTPOUTH PEIICHUE JIJIS
BOCCTaHOBJIEHUS (GOPMBI 00BEKTOB. [1pr 3TOM B KauecTBe BXOHBIX TaHHBIX
UCHoJb3yeTcs HenocpeacTBeHHO ACM-1300pakeHre «yIIMPEHHBIX» 00beK-
TOB UCCIIEIOBAHMS, & PE3YJIBTATOM PAa0OTHI MPOTrpaMMBbl OyJIET CIYKUTh U30-

OpaxeHue 00OBEKTOB C BOCCTAHOBJIEHHOM (peajibHOM) reoMeTpUei.
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I'1aBa 3

ACM-uccienoBanusi
B3aumoeicTeus BupycHoin PHK

c 0OeJIKaMH

1) BupycHble YacTULBI SABISIOTCS TMPOCTEHIIMMU MTPUPOIHBIMU OOBEKTAMH,

CIOCOOHBIMU K perutKanuu. OHU COCTOST U3 HOCUTENSI TeHETUYeCKOW WH-
bopmanyu (MOJIEKYIIbl HYKJIIEMHOBOW KUCIIOTHI) U 000JI0YKH, 0Opa30BaHHOU
OETKOBBIMU MOJIEKYJIaMU. PeruImkanusi BUPYCHBIX YaCTUIl OCYIIECTBIISETCS
TOJIBKO BHYTPHU KJIETOK JKUBBIX OPTraHU3MOB, IIPH 3TOM €€ MPOIECC peryJiu-
pyercs crienuUKoi B3aUMOACHCTBUS MOJIEKYIbl HYKJIEMHOBOM KHUCIIOTHI C

OeKaMu.

3.1. UccaenoBanue npoueccoB pa3pyumeHus
0€JIKOBOI 000/10YKH YACTHI] BUPYCAa TA0AYHOI

MO3auKH U BbICBO0OOk1eHust BupycHoii PHK

Bupyc TabauHo# MO3auKH PEACTABIISIET COOOM MOJIBINA IMITUH/IP, UMEIOITUN
JIMHY oKkoJio 300 HM, BHYTpEHHUM AUaMeTp 4 HM U BHEIIHUI JuaMeTp 18 HM
(corimacHo IaHHBIM 3J1EKTPOHHOU MUKpockonuu [29]). Kaxxnas BupycHas yac-

tuiia coctouT u3 2200 GeNKOBBIX CYyOBEIUHUL], OPTaHU30BAHHBIX B MPABO-

1) Pe3y/bTaThl, H3/I0KEHHBIE B JAHHOM IJIaBe, MOTYUEHBI B XOAE COBMECTHOH paGOTHI ¢
nabopaTopueil HyKJIEeMHOBO-0EITKOBBIX B3aUMO/ICHCTBUI OT/IeNIa XMUMUU 1 OMOXMMHH HYyKJITe-
onporennoB HUM dusuko-xumuueckoit Ouonoruu uMm. A. H. benozepckoro MI'Y, 3aBeny-
rfoumii tabopartopueir — 1. x. H. }O0. @. Ipeirun
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Puc. 3.1. CrpykTypa BuUpyca TabaqHON MO3aNKH;

BHpPYCHas 4aCTua I/I306pa)KeHa HaCTUYHO «paSpyLHeHHOfI» C 4aCTUYHO BBICBO60)KH€HHOI71

Makpomodekynoit PHK, coxpansroreit 371eMeHTbI BTOPUYHO CTPYKTYPBI

BUHTOBYIO CITUPAIb ¢ marom 161/; cyobenuaui Ha BUTOK. Bupycnas PHK,
cocrosimas u3 6400 <+ 6600 HyKIIEOTUAOB, TAaK)Ke 00pa3yeT CMpaib, KaKIblil
BUTOK KOTOPOM pacriojaraercs Mex1y AByMs BUTKAMU CIUpaiu OeIKOBBIX
cyObeauHuIl, cM. puc. 3.1.

Bupyc TabauHoif MO3aUKU SBISIETCS YAOOHOU MOACITBHONU CUCTEMOM ISt
anmpoOUpoBaHUS METOAUK MTPUTOTOBIIEHUST 00PA3IOB, MO3BOJISIONIUX TPOBO-
nuth ACM-uccienoBaHus B3aUMOJICUCTBUS o0HoHumesoti BupycHoir PHK ¢
OenKaMu.

B nacrosiee Bpemsi pa3paboTaHbl pa3IMUHbIE METOIbI (PUKCAIIUU MaK-
pomonekyn auHeitHo JIHK, xonbueBoit mnasmuanon [JHK u nByHuteBoi
PHK Ha moBepXHOCTAX pa3IMUHBIX HOJIOKEK 171 uccnenoBannit C3M, (cM.
paszzaen 1.5.1 co cTp. 39). OgHako B muTepaType MpakKTUUECKH OTCYTCTBOBAIIU
paboTel (mo Hamel myOiukamuu [80]), mocsieHHbie C3M-ucciaen0BaHUIO
BBICOKOMOJIEKYJIIpHOH 0dnonumesoti PHK. D10 o0bsicHsaeTcs cnienudukoi
MoJIeKyJbl oqfHOHUTeBO PHK — oTcyTcTBHEM perynsipHOi 1BOMHON crivpa-
7Y, U, KaK CIIEJICTBUE, MEHbIIIEH «KECTKOCTBIO», YTO 3aTPYIHSAET (PUKCALINIO
9TOM MaKPOMOJIEKYJIbI Ha MTOJI0KKE B PACIPABICHHOM COCTOSIHHUM.

ABTOpPBI paboTHI [81] UCIOIB30BaIN TPAAUIIMOHHYIO METOJIUKY (CM. pas-
nen 1.5.1) uMMoOuIM3anuy HYKJIEHMHOBBIX KHUCIOT Ha MOBEPXHOCTH CIIIOJIbI

katnoHamu Mg?", nobaBiseMbIMu B pabouuii pacTBop. B kauecTBe 00bEK-
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TOB MCCIIEJIOBAHUS OHU BBIOMpAJIU, B 4aCTHOCTH, KopoTkue (25 u 50 ocHo-
BaHuit) Mosiekyibl ogHoHuteBoi JIHK, a rakxke PHK-romononumepa nomnu-
A? . ABTOPHI OGHAPYKUITH, UTO MO MCHONB3yeMOil METOMKE TIperaprupoBa-
HUS 00pa3lOB TOJBKO MOJIEKYJIBI MOJIU-A BO3MOXHO MMMOOWIN30BATh HA
MOJIJIOKKE B PACIPABICHHOM COCTOSIHUM — B OTJIWYHE OT aJcopOMpoBaH-
HbIX MoJieKysl ogqHoHUTeBOoM JIHK, xoTOpBIE XapakTepru30BaINCh KOMITAKT-
HOH TTIOOYISIPHOM CTPYKTYpOil. DTO HAOIIOACHHE MTOKA3bIBAET, UTO OCHOB-
HBIM MMPETISITCTBUEM ITPU PACITPABICHUHN HA TTOTI0KKE OJTHOHUTEBBIX MOJICKYJT
HYKJIEMHOBBIX KUCIIOT SIBJISIETCSI 0Opa30BaHUE BHYTPUMOJIEKYISIPHBIX ITap OC-
HOBaHMH (110 MexaHuzmy YotcoHa-Kpuka [27]). JeHCTBUTENHHO, MOJIEKYJIbI
JHK, ucnons3zyembie aBTopaMu padboThl [81], Mmorim ¢popmMupoBath moao0-
HbI€ BHYTPUMOJIEKYJISIPHbIE Mapbl (Cy/Is 1O MPUBOIUMO aBTOPaAMU MOCIIEI0-
BATENBbHOCTH HYKJIEOTUJIOB 3THX MOJIEKYJI), B OTJIMUYME OT MOJIEKYJ MOJu-A,
SIBJISIFOIIIETOCSI TOMOIIOJIUMEPOM, OOpa30BAHHBIM JIMIIIb OJJHUM THUIIOM HYKJIe-
OTHU/IOB.

Tpaguuuonnast Meroauka npurotosiennss PHK B pacripaBieHHoM cocto-
SIHUM JIJT 9JIEKTPOHHOW MHKPOCKOIIHMH BKIIIOYAET 00pa3oBaHUE KOMIUIEKCA
PHK ¢ MoHOCI01HOM MmTeHKoM 6enkoB (utoxpoM C uinu auu3onponuidoc-
(baTTpUIICHH) Ha TOBEPXHOCTHU pa3zeina (a3 BO3ayX/Boja U MOCIE Ty OIIHA me-
peHoc mieHku ¢ Mojiekyiaamu PHK Ha moBepXHOCTh IJIEHKU-TTOTOXKKH [32].
JanHasi MeToIMKa MO3BOJISIET MoaydaTh DM-u300paxkenus: mojekyin PHK,
HAXO/SIIMNXCS B IBYMEPHOM PACIpPaBI€HHOM COCTOSHMH [82], OTHAKO B 3TOM
cnyyae ToT pakt, yro PHK HaxoauTcs B koMruiekce ¢ Oeiakamu (B O€TKOBOM
«1ry0e»), MOXKET OTPAHUUYUTD PEIIeHHe 3a/1a4, CBI3AHHBIX C TOHKON CTPYKTY-
poii PHK u ¢ uccnenosanmsmu PHK-6enkoBoro B3aumoaeicrus.

Hab6mronenune ceoboanoit PHK mo3Bosser mpoBoauTh Kak (GU3UYECKOE
KapTUPOBAHUE 3JIEMEHTOB BTOpuuyHOM cTpykTypbl PHK, Tak u uccnenosats
crenpuyIeckoe B3aUMOACHCTBUE C Hell OEIKOB, Y3HAIOIIUX OMpPEeICHHbIE
(HampuMep, peryasaTOPHbIE) TOCIeI0BATEIBHOCTH HYKIICOTHA0B. B cBOtO OUe-
pensw, uccienoBanue B3aumoaeicteust Bupycnoi PHK u 6enkoB moxeT nathb
BKJIa/1 B TOHMMaHHUE MEXaHU3MOB ITpoliecca COOPKHU U pa3MHOKEHUSI BUPYCOB,
CTPYKTYPHOU OpraHu3aliuu U (GyHKIIMOHUPOBAHUS pUOOHYKIICOTTPOTEHIOB.

[TosToMy B paboTe Mbl yJIeIuId BHUMaHUE pa3pabOTKe METOAUK IpPHU-

rotoBiiennsi BupycHoii PHK u pubonykieonpoTenmoB ajisi UCCIEIOBAHUN
C3M.

2) A — amenun
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IKcnepuMeHTAIbHAS 4acTh

3) 171 IPUTOTOBJIEHHS BCEX PACTBOPOB MCIIOJb30BAJIH JEMOHU30BAHHYIO OU-
JUCTUIIMpOoBaHHyto0 Boay. Ilpenapart Bupyca (BTM, mwramm Ul), nonyuen-
HBI MeTo1oM Iu(hepeHInaIbHOro HEHTPUPYTUPOBAHMS U LEHTpUDyTrupo-
BaHMs B I'DAJMEHTE IUIOTHOCTH PAcTBOPA Caxaposbl, ObLI JII0OE3HO Ipeno-
ctasneH E. H. 1o6poseim (HUU ©XBb MTIY).

B skcniepumenTax 1o AeNpOTENHA3ALUH UCIIOIb30Bau cycrieH3uo BTM
B BOJI€ ITPU KOHUEHTpAH 2,6 Mr/mil. JlenpoTeMHU3aLMI0 BUPYCHBIX YaCTHII

IMIPOU3BOJANIIN:

e 72% pactBopom mumetuicyiabdokcuaa (JAMCO) [83], skcrmo3urms
30 MUH IpU KOMHATHOM TeMIepaType, I OCTAHOBKH PEAKIIUU K CMe-
cu 100aBIISUTH paBHBIN 00BeM BOAbI (10 36% konneHTparuu JJMCO —
MPH 3TUX YCIIOBUSAX MPOIECCHl CAMOCOOPKH U pa3pyIIEHUS] BUPCYHBIX

HaCTULl HaXO0dATCA B AMHAMHNYCCKOM paBHOBCCI/II/I);

e 4M pacTtBOpoM MoOueBHUHBI [84], skcro3unusa 2,5 yaca npu 0°C, mis
OCTAHOBKH PEaKIMU K CMeCH 100aBIISUTH TTOJTyTOPHBINA 00BEM BOABI (10
1,6 M KOHLIEHTpAIIM MOYEBUHBI — IPU 3TUX YCIOBUSIX MPOIIECCHI ca-
MOCOOPKHM U pa3pylLIeHUs] BUPCYHBIX YACTUIl TAK)KE HAXOMISITCS B IMHA-

MHNYCCKOM paBHOBCCI/II/I);

e 0,1 M pacrtBopoMm rimimHa co 3HaueHueM pH 10,4 [85], skcro3umus
3 uvaca npu 0°C, a7 OCTAaHOBKM PEaKLMM JOOABISIIA aleTaT Kaaus
(xonnenTpanus 0,5M npu pH 5,0) B komuecTBe 0JHOU TPETH OT 00B-

eMa pearupyroiei cMecu.

s pa3aeneHusl OTIASIbHBIX MOJIEKY OenkoBoii obonouku BTM, cBo-
6onnoit PHK u yacTuuHO pa3pyllieHHbIX BUPYCHBIX YaCTHUL UCIOJIb30BaIN
METO/I BBICOKO3((EKTUBHOMN XUAKOCTHON XpoMaTtorpaduu c reixem Toyo-
Pear]l HW-55. B Tpex ucnonb3zyembIx MeToauKax KoiaoHkH (150 M) mpen-
BApUTEJIbHO YPABHOBEIIMBAIM BOAHBIMU pacTBopamu 36% AMCO, 1,6 M
MoueBHHBI win riunuHa (KonmenTpanus 0,1 M nmpu pH 10,3), cooTBeTcTBEH-
HO.

B xauecTBe Mo105KeK UCIOIB30BANIA KaK YUCThIE (CBEXKHI CKOJI), TaK U

MOAU(ULIUPOBAHHBIE TOBEPXHOCTH BBICOKOOPUEHTUPOBAHHOIO MUPOIUTHU-

3) O6pasibl 1T MCCIeOBAHMI OBUIM NPUTOTOBIEHHI 1. X. H. F0. ®. Ipsiruaeiv (HUU
®Xb um. A. H. benozepckoro MI'Y)
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yeckoro rpadura (muporpadura) u ciroabl. [IoBepXHOCTh IOIOKKH MO-
TuUIUPOBATN WM KaTHOHHBIM [TAB — GeH3umanMeTmIanKuIaMMOHUI
xaopunom (BAC) (1% pactBop B popmamuie, skcro3uius 45 Mun) [86] nim
100mMM MgCl, (cMm. pasmen 1.5.1), skcriozunust 75 mun. [Ipouecc moaudu-
KAl 3aBepIIaii TPOMBIBKOW Bojoi (B 0,2 MiT ueThipe pas3a nmo 1-2 MuH),
W3ITUAIIEK BOABI YAAISITN QUIBTPOBAIIBHON OyMaro 1 Mo IyI0KKH BBICYIIIHBA-
JIU B CTpye (PUIBTPOBAHHOTO CKATOI'O BO3AyXa.

Monexynst PHK, BricBOOOXI€HHBIE U3 OenkoBoi obonoukun BTM, unu
YACTUYHO Pa3pyIICHHbIE BUPYCHBIE YACTHIIBI IIOCPEACTBOM 0OpabOTKH MO-
YeBUHOMN WIIM AUMETHICYIb(POKCUIOM HAHOCWIM Ha MOAIOKKY U3 1,6 M pac-
TBOpPa MOYEBUHBI WM 36% TUMeTUICYTb(OKCHIa COOTBETCTBEHHO, PA3IEINB
MPEIBAPUTEIBHO 3TU CTPYKTYPHI HA (PpaKIMK IO pa3MepaM METOAOM BbICO-
K03((HEeKTUBHOHN KUIKOCTHON XpoMaTorpaduu, CM. BBIIIIE.

Cxema sKcrepuMeHTa 0e3 HCIOIB30BaHUS XpoMaTorpaduu BKIIOYAIA
cnenyromue 3tanbl. Bupycubie yactumel BTM (0,138 mr/min) 8 2MM MgCl,,
200 MMM KCl sxkcrionupoanu 50% AMCO u 3,7% dopmanbaeruaom B Tede-
Huu SwmuH npu 45°C qis neHatypauuu PHK. 3atem k cmecu nobasunu 1%
BAC u ancopbupoBam Karuiro mpernapata Ha MOBEPXHOCTD CITIO/IbI.

Monekynsl PHK Bupyca sHIedasoMruokapauTa MbIIICH, BbIICJICHHBIC U3
BUPYCHBIX YaCTHL, UIMMOOMIIN30BAJIM Ha IOJUIOKKE IO CIEAYIOIIENH cXeMe.
Maxpomorekysl (kormnentparus 60 mxr/m) B 0,01 M HEPES 6ydepe (pH
7,4) u 7,5% dopmanpaeruie 3KCIOHUPOBAIU B TedeHUH 15 muH npu 55°C
JUISL IEHATYpalliu. 3aTeM WJIU K Tperapary 100asisiiu paBHblii o0bem 0,1%
pactBopa BAC B dpopmamune (1o koneunoit konmeHrpanuu BAC 0,05%)
WY K 3 4acTsM npenaparta 1o0asisuu 27 gyacteid Toro xe pactBopa BAC (mo
koHeuHoH koHIeHTparuu BAC 0,01%).

AJZcopO1MIO UCCIIEAYEMBIX CTPYKTYP OCYIIECTBIISUIA (BO BCEX CIIydasix)
13 Kam npenaparta (3—15 MKi1), KOTOPYIO HAHOCUJIM HA TTOBEPXHOCTh MO-
JI0KKU U 9KCTIOHUPOBAJIU BO BIIAXKHOM cpejie Mo KOJMakoM. [{IuTenbHOCTh
IpoLecca IKCIIO3UIIMN BAPbUPOBAIN OT HECKOJIBKUX CEKYH/I 10 Yaca 1 boJiee.
ITocne 3aBeplieHNs IKCIIO3UIIUN TOBEPXHOCTD MOJTIOKKHU TAK)KE IIPOMBIBATIN
BOJION M BBICYIIIMBAJIU B CTPYe (PHIIBTPOBAHHOTO CKATOT'O BO3yXa.

ACM-uccrnenoBaHusi MPOBOAMIM Ha BO3AyXEe B PEXHUMaX IMOCTOSHHO-
ro WX MPEePBIBUCTOTO KOHTAKTOB Ha npudope «Nanoscope-IIla» («Digital
Instruments», CLIIA). I1pu npoBeneHn UCcCae0BAaHUN B KOHTAKTHOM PEXHU-

MC HCITOJIB30BAJIN KAHTHUJICBEPDI ) KECTKOCTBIO 0,06 H/m u3 HUTpHUIa KPpEMHU.
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s viccnenoBaHU B peXUME MPEPHIBUCTOIO KOHTAKTA MPUMEHSITH KPEM-
HUEBbIE KAHTUJIEBEPHI C pe30HAHCHOM yacToToi B auamna3zoHe 350-380 kI'w,

(mapameTpbl KAaHTUJIEBEpOB cM. B Tabmuie A.1, crp. 227).

3.1.1. Pe3yabTaTthl H HX 00CyK/AeHHE
AToMHO-cuI0Bast MUKpockonus yactun BTM

Yacruupl Bupyca TabayHON MO3aMKU OBUIM UCCIENOBAHBI B peXUMax IO-
CTOSIHHOT'O U MPEPBIBUCTOTO KOHTAKTOB Ha MOBEPXHOCTSIX nuporpadura u
cirofbl. bpito 0OHApYKEHO, YTO CKOPOCTh COPOUPOBAHUS BUPYCHBIX YACTHI]
Ha CBEXMI CKOJI MOBEPXHOCTH CYILLECTBEHHO 6bluie TIPU UCIIOIb30BAHUM ITHU-
porpaduTOBO MOATIOKKH, YEM ITPU UCIIOTB30BAHUU MOITIOKKU U3 CIIOAbI. B
MIEPBOM CJTyuae IMPU PaBHBIX YCIOBUSAX COpOUpOBaHUs (TeMIiepaTypa, oobeM-
Hasi KOHIIGHTPAIMs BUPYCOB B MIperapare, BpeMsi IPOMBIBKH U IIp.) TOBEPX-
HOCTHAsI TUIOTHOCTh BUPYCHBIX YACTHI] CYIIECTBEHHO BhIIIE. B TO ke Bpems
Ha MUporpaduTOBON MOMIOKKE MTPU CKAHUPOBAHUU B PEKHME IMOCTOSIHHO-
o KOHTAKTa BUPYCHBIE YACTHUI[HI HECTAOWIIbHBI U YBJICKAIOTCS UTTION Jaxke
IIPpY MUHUMU3AIUU BO3JeHCTBYOMIEN cribl 10 BenuunHbl MeHee 1 HH. Cra-
ounbHble ACM-1300pakeHus] BUPYCHBIX YaCTHUIl Ha IUporpadure ygaercs
MOJIYYUTh TOJBKO B PEKMME MPEPHIBUCTOTO KOHTaKTa. B cityuae ke ucnomb-
30BaHMUS CITIOJISTHOM ITOJIIOKKH CUJIa aJre3UN BUPYCHBIX YACTHII JIOCTATOUHA
JUTSl TPOBE/ICHUSI UCCIIEIOBAHUIN U B PeKUME MTOCTOSIHHOTO KOHTAKTA C BEJIH-
YUHOW BO3JACHCTBYIOIIEN CUJIBI B IecATKU HH.

Bonbiras ckopocTs copOIMU BUPYCHBIX YaCTUIl HA TTOBEPXHOCTh MHUPO-
rpadguTa B CpaBHEHUHU CO CITFO0H MOXKET OOBSICHATHCS BIUSHUEM 2UOPOGhoO-
Ho20 3¢pgpexma, cMm. paznen 1.3.1 (ctp. 21). B monb3y gaHHOTO yTBEPKACHUS
TOBOPUT TOT (DaKT, UTO B CiIydae eudpoghoouzayuu MOBEPXHOCTU CIIOJIBI MO-
cpenctBoM o6pabotkun BAC cKOpoCcTh COPOIIMKM BUPYCHBIX YACTHIL yEeauUtu-
saemcs.

HecrabunpHocTh a1cOpOMPOBAHHBIX HA MUPOTPAPUT BUPYCHBIX YACTHI]
B IMPOILIECCEe CKAHMPOBAHMS B PEKUME MOCTOSTHHOTO KOHTAKTa OOBSCHSAETCS
cnaboii aare3ueit yactuipl, 0OyCIOBIEHHOU MHEPTHOCTHIO MOIOKKHU (TUI-
podoOHBIH 3 (deKT He JaeT BKJIA B CUITY aJATre3UH MOCIIe BBICYIIUBAHUS 00-
Pas3IoB, MOCKOJIBKY MPOSBIISETCS TOIBKO B BOJAHOMN Cpee).

ACM-u3006pakeHus1 4aCTUIl BUpyca TaOauHOW MO3aWKHU MPHUBEIACHBI Ha

puc. 3.2. CornacHo aHajau3y IMOJIYYEHHBIX JAHHBIX, JJI1 BUPYCHBIX YACTHI]
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cpelHee 3HaYeHUE UTMHBI cocTaBiisieT 310 HM, pU 3TOM CpeAHEKBAIpATHY-
HOE OTKJIOHEHHE OT cpeaHero cocraniisieT 30% (UUCIo MpoaHAIM3UPOBAHHBIX
ACM-u306paxenuii BupycoB N=120). Ctosb mHpoKoe pacipeaeacHnue o0b-
SICHSIETCSI, BO-TIEPBbIX, YACTUUYHBIM PA3PYLICHUEM BUPYCHBIX CTPYKTYp MPHU
MIPUTOTOBJICHUH TIPENapaTa 1, BO-BTOPBIX, arperaireil BAPYCHbBIX YaCTHUIL TO-
pen B Topell (3TO, B YACTHOCTHU, MPOSBIISIETCS B HAJTUYUU MTUKOB HA yIBOEH-
HOH, yTPOEHHOI U T.1. JiHe BupycHoil yactuusl ¥). C Havamom mporecca
00paboOTKN BUPYCHBIX CTPYKTYP C 1LIeTbI0 BhICBOOOXAeHUsT BUpycHO PHK
MaKCUMYM pacrpeieJICHUsI BUPYCHBIX YACTHUI 110 JJIMHAM CMeIIaeTcs B 6osee
KOPOTKYI0 obnacth. Tak, 11 BUPYCHBIX yacTull, oopadotanusix 50% dop-
MaMUJIOM B TeUeHHe 2 MUH, MakcuMyM coctasiser 260 um (N=500), a mms
BUPYCHBIX yacTull, oopabortanubix 40% JAMCO npu 37° B Teuenue 30 MuH,
3HaueHne Mmakcumyma — 180 am (N=270).

Anamn3 BbicoT ACM-u300pa’keHUi BUPYCHBIX YACTUIl HAJl TMOBEPX-
HOCTBIO MOJIOKKH 1aeT 3HaueHue 18 + 2 HM (He3aBUCUMO OT PeKUMa UCCIIe-
JIOBaHMUSI), UTO COTJIACYETCS C pe3yIbTaTaMU ANEKTPOHHONU MUKPOCKOHH [29)].
Kak nmoxa3zanu nonofiHuTeIbHbIE UcclieqoBanus, BbicoTa ACM-nipoduss Bu-
PYCHOM 4aCTHUILIBI HAJT TOBEPXHOCTHIO MOIOKKHN YMEHBIIIAETCS IIPU YBEJIUYe-
HUU CHJIBI BO3ICUCTBUS 30H/1a, UTO CBSI3aHO C KOHMAKMHbIMU Oehopmayusmu,
cM. pazzen 2.1; pe3ynbTaThl IKCIEPUMEHTAIBHOTO HccieqoBaHus d¢dekTa
yMeHblIneHus: BBICOTEI ACM-u300paxenniit yactuiit BTM npu yBenmndeHnn
CHJIBI BO3JICUCTBHUS N300pakeHbI HA puC. 2.2 cTp. 68.

Yactuust BTM, siBIIsisick MpUPOIHBIMU «KHAHOPA3ZMEPHBIMU» OOBEKTAMU C
(PUKCUPOBAHHBIMU F€OMETPUUECKUMHU MMapaMeTPaMU, MOTYT CIIYKUThb Ya100-
HBIM TECT-OOBEKTOM ISl AHAJIM3a KAayecTBa 30HAUPYIOLIEro ocTpus (ompe-
JIENIEHUs TTapaMeTPOB ero reoMeTpun). [1pr MUHUMU3AIUN CUITBI BO3/IEIHCT-
BUSI 30H/IA BEeTWYMHA JeOopMallii BUPYCHBIX YACTHI] HE3HAUYMTENbHA (CM.
9KCIEPUMEHTAIBHYIO 3aBUCUMOCTD PUC. 2.2 WIN pACCUUTAHHbIEC 3HAUCHUS J1e-
(bopmanmu 11k MOJIETIBHBIX CITydaeB, IpUBEIeHHBIC B TaOmuie 2.2 cTp. 65).
B cuity 3TOro MOXHO CUMTATh, UTO YACTHUIlA BUPYyCa UMEET B CBOEM cCeye-
HUU OKPYXHOCTb. OueHUuTh 3PekT ymupeHus (pacCMOTPEHHIO KOTOPOTO
MOCBSIIIEH pa3ien 2.2) AJIsl 4aCTUIlbl, UMEIOIENH B CEUEHUN OKPYKHOCTh, CYy-
IIECTBEHHO MPOLIE, YeM ISl YACTULIBI, UMEIOILEeH 3IUIUICOnAATbHYIO (hopMy

(aTOT cryuait moapobHO paccMaTpuBaetcs B paszene 2.2). CorjaacHo 3JIeMeH-

4) HaCTULbI, ABJIAIOIIUCCS PE3YJIbTATOM arperauuu, B ,HaJ'IbHefIH.IGM U3 CTATUCTHUKHU UCKJIIO-
qaJnuchb
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Puc. 3.2. YacTuibs Bupyca TabauyHoOi MO3anKH.

Yacruibl aacopObupoBaHbl B TCUCHHH 7 MUH Ha caoAy (0) 1 2 MuH Ha nuporpadur (a, B),
KOHIIEHTpalUs mpenapaTa Bupyca coctapisiia 0,27 mr/mir; ACM-uccieoBaHue B peKUMax

KOHTaKTa (0) ¥ MPephIBUCTOTO KOHTAKTA (a,B)
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TapHbIM I'COMETPUUYCCKHUM ITOCTPOCHUAM AJIA OCTPHUA C paanyCOM KPHUBHU3HBI
KOHUMKa R 3HauyeHue pcajibHO HBMGPHCMOﬁ HIMPHUHBI HA ITOJIYBBICOTC ACM-

M300pakeHU BUPYCHBIX YACTHI] pajnyca r JOJHKHO COCTABISATh BEIMUUHY:
255 =2 (2Rr + 1) (3.1)

DKCIepUMEHTATIBHO OTpeielIeHHbIe 3HaueHus upuHbl ACM-u300pakeHui
BUPYCHBIX YACTHII JIJI PEKUMOB MIPEPBIBUCTOTO U ITOCTOSHHOTO KOHTAKTOB
cocTaBsitoT BeuurHbl 30+ 5 HM (N=270) u 32+ 6 um (N=400) cooTBETCTBEH-
Ho. Bocrionp3oBaBmmch hopmysnoit (3.1), MOKHO OLIEHUTH PaINyC KPUBU3HBI

JUTSL KOHYMKOB 30H/I0B UCIOJIb3yEMBIX TUIIOB KAHTUJIEBEPOB: R ~ 5 + 15 HM.

ATOMHO-CHJI0Basi MUKPOCKOMNHUS J1eNPOTEHHU30BAHHBIX BUPYCHBIX CTPYKTYP

BTM c yacTuyHO BbICBOOO:K1IeHHBIMH MakpoMoJiekyaamu PHK

B MArkux ycrioBusix IeMpOTEMHU3ALMU HAOIIOAAT PUOOHYKIEONPOTEU b
(PHIT) ¢ BeIxomsmmMu u3 HUX (C OJHOTO KOHIIA Win ¢ o0oux) HutsamMu PHK,
cM. puc. 3.3 u 3.4. Ml 1pOTECTUPOBAIN TPU U3BECTHBIE METOIMKHN YACTUYHOU
nenpotenHuzauu BTM u BeicBoOoxaeHuss PHK, onucanubie B tuteparty-
pe [83, 84, 85]. CpaBHUTENBbHBIN aHATIU3 TTOKA3aJl, UTO HauboJiee MepCreKTHUB-
HBIM sBJIsieTcst MeTo1 ¢ mpuMmeneHueM [IMCO (puc. 3.4). MeToa nenpoTenHu-
3allUM B pACTBOPAX CO LIETOYHBIM 3HaUeHueM pH xapaktepuzyeTcst 601b1IIM
¢onoMm momyuaembix ACM-uzo0paxenuit. Kpome Toro, monekynst PHK B
9TOM CITy4ae CKJIOHHBI K arperaiiy U B 3HAUUTEJIbHON CTETIEHH COXPaHSIOT
3JIEMEHThI BTOPUUHOM CTPYKTYpbl. METO/1 C UCIOJIb30BAHIUEM MOUEBHUHBI 110-
3BosisieT morydatbh ACM-u300paxeHus: ¢ He3HAYUTEIbHBIM (DOHOM, HO TIpU
TOM HabOmonaercs arperauust BupycHeix PHIT (puc. 3.3).

ACM-u306paxenus: pucyHkoB 3.3 u 3.4 mojydyeHbl B Tomorpaduuec-
koM pexume Z(X,Y) u B pexume nzmeperust cun tpenus F,,(X,Y), (cm.
pasaen 1.3); nocnenHue n300pakeHusl, B CUILy 3HAUUTEIbHONW Pa3HOCTU BbI-
cot yactuly BTM u monexkyn PHK, xapakTepusyrorcs aydiimM KOHTpac-
TOM B CpaBHEHHHU C TomorpaduueckuMu, Mo3BOJIsAs paznudyaTh Ha ACM-
n300pakeHnu 00a TUIA CTPYKTYP.

BenkoBbIe OCTOBBI MOTYT paccMaTpUBaATHCs Kak Mapkepsl Mosiekys1 PHK,
MO3BOJISISl YBEPEHHO OTOXAECTBIISATh HAOII0/1a€Mble TPOTSIKEHHbIE HUTH, BbI-
XOJIAIIUE U3 PA3PYIIEHHBIX BUPYCHBIX CTPYKTYP, UMEHHO C MOJIEKYJIaMH BU-
pycnoii PHK. ITostomy nipu ucciaeqoBaHuu MOJTHOCTBIO pa3pyIIEHHBIX BU-

pycHbix yactul (o6padbotkoit IMCO), ucnosnb3ysi UAEHTUUHYIO METOJIUKY
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300 um

Puc. 3.3. YacTuisr Bupyca TabaqHoi MO3aMKH, YACTHYHO IENIPOTENHN30BaHHBIE 00-

paboTkoif 4 M MOYEBUHOM.

Hao6mromarorcst 0eKoBBIE OCTOBBEI ¢ BRIXOAAIMMHU n3 HuX HuTsaMu PHK. Yactunsr an-
COpOMpPOBaHBI Ha CBEXKUH CKOJI CIFoAbl u3 1,6 M pacTBopa MoueBHHBI; NTpuBeneHbl ACM-
n300pakeHus, MOTyYeHHbIe B Tororpaduueckom pexume Z(X,Y) u B pexxume U3MepeHust

cuit TpeHus F,,(X,Y)
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Puc. 3.4. Yactuis! Bupyca Taba4HOi MO3aMKH, YACTHYHO IENIPOTENHN30BaHHBIE 00-

paboTkoit 72% muMeTIICYTb(HOKCHIOM.

Hao6mromarorcst 0eKoBBIE OCTOBBEI ¢ BRIXOAAIMMHU n3 HuX HuTsaMu PHK. Yactunsr an-
copOMpPOBaHBI Ha CBEXHUH CKOII cimronbl u3 32% amMernicynbdokcuaa; mpuseneHsl ACM-

n300pakeHus, MOTyYeHHbIe B Tororpaduueckom pexume Z(X,Y) u B pexxume U3MepeHust

cuit TpeHus F,,(X,Y)
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MPUTOTOBJICHUST 00Pa3IoB, M HAOIIOAsT UICHTUUHBIE MPOTSHKEHHBIE HUTHU
(HO yxe 0e3 BUPYCHBIX OCTOBOB, CM. pHC. 3.5), MBI TAKXkKe OTOXAECTBIISUIA UX
¢ monekynamu BupycHoit PHK (moHOCTBIO OCBOOOKIEHHBIMU OT O€IKOBOM
000J10YKN).

Habmronenue BupycHbix octoBoB ¢ naByms Hutsimu PHK, Beixomsmmmmu
W3 OJIHOTO KOHIIA BUPYCHOW YACTHIIBI, MOXKET OOBSCHSATHCS JIUIIH MPOIEC-
COM YaCTUYHOI'O UX BOCCTAHOBJIEHUS IOCTIE TOr'0, KaK IKCIIO3UIUS C 1IeJIbI0
pa3pyiieHus Obl1a 3aBepiieHa. JleiicTBuTeaIbHo, corinacHo padore [87], Tob-
KO B pe3yJlbTaTe camocOopku BUPYCHOW YACTHUIIBI BO3MOXXHO HaOJIO/IeHUE
nByx Huteil PHK, Bpixoasmux u3 BUPYCHOM 4acCTUIBI C OJHOTO KOHIIA, YTO
CBSI3aHO ¢ OCOOEHHOCTBIO TTPOIecca CaMOOPTaHU3aIMKA BUPYCHOM YaCTHIIH.
ITporecc camocOOpKU BUPYCHBIX YACTUIL MOT MPOTEKATh TOJIBKO do pasie-
JIEHUS KOMIIOHEHT IpernapaTa MEeTOAOM BbICOKOA(pGEKTUBHOMN KUIKOCTHOM
xpomaTtorpaduu, MOCKOJIbKY B IMpoliecce 3TOW 0OpabOTKH MOJIEKYJIbI Oel-
KOBOH obosouku, Mosekynbl cBobogHoir PHK u wactuuno paspyiieHHble
BUPYCHBIE CTPYKTYPBI Pa3IeIsuINCh HA OTIEIbHbIE (PPAKIIUU, UTO UCKITIOUATIO

BO3MOKHOCTb BOCCTAHOBJICHUSA PA3PYIICHHBIX BUPYCHBIX YaCTHII.

ATOMHO-CI/I0Basi MUKpOcKomusi MoJieky.1 BupycHoii PHK BTM

Ha 3axmrounTtenbHOl cTaguu 0OpabOTKH BUPYCHBIX YACTHIl OEIKOBasi 000-
J04Ka paspymaercs, u makpomosiekyia PHK nomHocteio BeicBOOOX1a€TCS.
Ha puc. 3.5 npuBenens! Tunn4Hbie pe3ynbTaThl ACM-uccienoBanus CBOOO/I-
Hbix PHK, aficopOupoBaHHBIX Ha MOTIOKKY U3 CIIObL.

Mousnekyibl, n300pakeHHbIe Ha puc. 3.5a 1 6, OTAENIEHbI OT YACTUYHO Pa3-
PYILIEHHBIX BUPYCHBIX YACTHI] K MOJIEKYJI OETTKOBO 000JI0YKM METOJIOM BBI-
cok03((HeKTUBHOM KUAKOCTHON XpoMaTorpaduu U aacopObupoBaHbI Ha CBe-
KUK ckou cimroibl u3 36% JAMCQO; UMEHHO TIPUCYTCTBUE ICHATYPUPYIOIIETO
JAMCO criocobCcTByeT pacnpaBlIeHUIO MOJIEKYJI.

MBI IPOTECTHPOBATIA PSAI METOJIUK MOAU(PUKAIIMU CITIOABLI 10 HaHece-
HUS Npenapata: oopadoTka B TeueHun 75 muH 100 MM MgCl,, 150 MM KCl,
100 MM MgCl;, + 150 MM KCl; obpabotka 1% pactBopom BAC B popma-
mugie unu APTES (2 waca pu 105°C), cm. pazaen 1.5.1. bsuto oOHapyxkeHo,
YTO METOAMKa ¢ ucnoiibzoBanueM MgCl, NpUBOIUT K KOMHAKMU3AUUU MO-
nexkyn [JHK, ancopOupyembix Ha momaioxke. ONTUMAIBLHOM, MTO-BUIUMOMY,

ABIACTCA MCTOAUKA C IIPUMCHCHUCM BAC, IIpu 3TOM XOpPOLIHEC PE3YJbTa-
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Puc. 3.5. Monexynsl PHK BTM, moJHOCTBIO BBICBOOOKIEHHBIE U3 OSIIKOBOM 000-

JIOUKH B pe3ynbTaTe oopadoTku [AMCO;

a) u 6) — monexynsl PHK, BeicBoOOXIeHHBIE 00paboTKoit 72% JAMCO, oTaeneHsl OT Yac-
TUYHO Pa3pyLIEHHBIX CTPYKTYP U OEIKOBBIX MOJIEKYJI METOOM BBICOKO3(D(DEKTUBHOIM KU-
KOCTHOW XxpoMaTtorpaduu u aacopOMpoBaHbl Ha CBEXHUI ckoll cironbl u3 36% pactBopa
AMCO, B)— momekynsl PHK BBICBOOOXIEHBI U3 OTKOBON OOOJIOYKU U JAEHATYPHPOBA-
HbI 06paboTkoit 50% JAMCO u 3,7% dbopmanbaeruioM; aacoporupoBaHbl HA CBEKUI CKOJI

cirroTbl B mpucyTeTBuu 1% BAC
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ThI OBLJIM TIOJTYYEHBI U B CITyyae, KOTa MUCIIOJIb30BaIN CBEXKHUU CKOJI CITIOJIbI,
a BAC (xoneuynas xkonuentpaius 0,01-1%) mo6aBisiyiu HEMOCPEACTBEHHO K
npernapary, CojiepkalieMy ucciielyeMble MaKpOMOJIeKYJIbl. TakuM o0pazom,
uMeHHO npucyTcTBrue BAC crmocoOCTByeT MUMMOOMIN3AIIMY MOJIEKYJT Ha TIO/I-
JIOXKKE.

Moexyiibl, U300 pakeHHbIE HA PUC. 3.5B, TAK)KE UMMOOMIN30BAaHBI HA I1O-
BEPXHOCTHU CBEXKET0 CKOJIa CIo/1bl B mpucytctBuu 1% BAC; meToauka npuro-
TOBJICHUS MpernapaTa He BKIIFOYAJa B 9TOM cliydae pasjesieHue ero Ha gpak-
LMY, [TI03TOMY [JIs1 ITpenoTBpalieHus: camocoopku yactuly BTM monexysbl
PHK penatypupoBanu o6pabotkoit 3,7% dopmanbaeruioM (cM. onucaHue
9KCIIEPUMEHTAIBHBIX METOJIUK CO CTP. 98).

DKCcIepuMEHTAIIBHBIN aHaau3 mupuHbl Makpomoltekysr PHK, aacop6u-
POBAHHBIX Ha cironay, naer 3HadeHus 10 + 15 u 20 + 30 HM I peXUMOB
MPEPBHIBUCTOTO M MOCTOSTHHOTO KOHTAKTOB COOTBETCTBEHHO. AHAINU3 3HAYE-
HUM BBICOT MAaKPOMOJIEKYJI TOKA3aJl, YTO 3TH BEJIMYUHBI JOCTATOUYHO CUIIBHO
BapbUPYIOT KaK JJISl pa3JIMUHbIX MOJIEKYJI, TAK U JIJI1 PA3JIUUYHBIX YYACTKOB
OJHOM U TOM ke MOJIEKYJIbI, U 3aKJIFOYEHBI B Auamna3oHe 0,3 < 1,5 HM (1 uc-
CJIeIOBAHUH KaK B PEKUME IMOCTOSTHHOTO, TaK U MPEPBIBUCTOTO KOHTAKTOB).
JlaHHBIN pa30poC MOKET OOBICHATHCI COXPAHEHHMEM MaKPOMOJIEKYJIOH 3J1e-
MEHTOB BTOPUYHOU CTPYKTYPHI (HEMOJIIHOE Pa3BOpAYMBAHNE HA TIOBEPXHOCTU
MOJITIOKKH, HAJTMUME CKPYYEHHBIX yUaCTKOB).

O yacTUYHOM COXPAHEHUHU 3IEMEHTOB BTOPUYHOMN CTPYKTYpPbl MAKPOMO-
JIEKYJI TOBOPUT TAKXe HAJIMUUE TIETENIb U «IIMUIeK». PacimpaBieHunio Makpo-
MOJIEKYJI MOKET CIOCOOCTBOBATH BIIMSIHUE MOTOKA MPU BBICBIXAHUU KaIlIu
npernapara (cM. puc. 3.5). 9To BauUsSHUE OOYCIIOBICHO CUJIaMH, JIEUCTBYIO-
LIIMMH CO CTOPOHBI BBICBIXAIOUIEH KaIUIM, HA MOJIEKYJIbl, IPUKPEIJIEHHBIE K
nomioxkke. [Ipupoaa 3Tux cuia MoxeT ObITh TUAPOIUHAMUYECKON WIIH 3JIEK-
TPOCTATUUECKOM: IEUCTBUTEIBHO, KAl Mpenapara, HaXxoasiascs Ha Io-
BEPXHOCTH CJIIO/IbI, oborarineHa nonamu KT, mepereaimmmMu B pacTBOp Mpu
YACTUYHOM JUCCOLMAIIMU CITIOJIbI, MTOBEPXHOCTh MoJjieKysibl PHK 3apsokena
oTpuiaTebHO. ITpH BBICBIXaHMK KAIUTA KOHIIEHTPpalns KaTHoHOB KT yBesu-
YUBAETCS, YTO MOXKET BBI3BATH JIEKTPOCTATUUECKOE B3aUMOICHCTBHE KAILIH
¢ mosekysoit PHK u 0ObsIcCHATH uX HabJII0Aa€MYI0 OPUEHTALIUIO.

ITpu sToMm Ha ACM-u300pakeHNN YETKO HIEHTUPUIMPYIOTCS yYACTKU
MIPUKPEIICHUSI MAKPOMOJIEKYJIBbI K MOJITI0kKe. BuaHO, 4TO MOJiekya, Oyayuu

3aKpEeIJIEHHON B JAHHOM TOYKE, OPUEHTUPYETCS], PACIIPABIISISCH 10 TTOTOKY.
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Crabunmnzanuss MaKpOMOJIEKYJI Ha ITOBEPXHOCTH IOJJIOKKHU B PacCIpaBlICH-
HOM COCTOSIHUM II03BOJISIET IIPOBECTH AHAJIU3 PACTIPEAEIIEHNS MAKPOMOJIEKY I
PHK no orunam. B T0 e BpeMsi, €CITu CHITbI BO3/IEUCTBUS HA MOJIEKYJIbI 3HAUH-
TEJIbHBI, TO 3TO MOXET MPUBOJIUTH K UX PA3PBIBY, UTO CIIOCOOHO 3aTPYAHUTD
MHTEpHpeTalmIo rnojaydaeMoix pacnpenenennii PHK no nmmnaam, cM. Huxke.
Bocrnonb3yemcst moaxoaoM, pa3paboTaHHBIM B paszene 2.2, il OlIeH-
kU 3(pdexTa ymumpeHuss IpUMEHUTENbHO K uccienoBanuio Mojiekyil PHK. C
IMOMOIIBIO TPOTPAMMBI, TPUBEAECHHOMN Ha CTP. 223, MOKHO BOCCTAHOBUTbH HC-
TUHHYIO IIUPUHY 00BEKTA 110 U3MEPEHHBIM noaymupuae ero ACM-nipodust
u BbIcOoTe. Jlj1s1 m3MepeHHBIX TapaMeTpoB BbicoThl nmpoduins PHK nanx mox-
noxkoi (0,3 < 1,5 HM) U nOIyUpuHbI Ipoduiist Ha noayssicoTe (10 + 15 HM
I peXUMa MPepbIBUCTOTO KOHTakTa U 20 <+ 30 HM U1 peXuma KOHTAaK-
Ta) MOJIyYMM BOCCTAHOBJICHHbIE 3HAUEHUS ITUPUHBI OOBEKTOB: 6 + 14 HM 151
pe)Krma MPEPHIBUCTOrO KOHTAKTA U 16 <+ 28 HM U1 pexkuMa KoHTakTa. Ec-
JIM TIO/ICYMTATh, CKOJIbKO MoJiekyn PHK (N = S,;/Spux = ab/r?) moxer
YMECTUTBCS B 3TOT «BOCCTAHOBJICHHBIN» 00BEKT, TO (MCIOIB3YS TS panyca
PHK r = 1um) nonmyuum mudps: 0,7 + 4 T I pekuMa MPEepbIBUCTOTO
koHTakTa U 1 + 100 T qist pexkuMa KOHTakTa. Takum obpa3om, eciu s
pekuMa MPEPHIBUCTOTO KOHTAKTA MbI IMOJIYUMIN BIIOJIHE PA3YMHYIO OLIEHKY,
TO OLIEHKA, NMPOBEJEHHAs 110 Pe3yJbTaTaM U3MEPEHUN B PeKHMME KOHTAKTA,
CBUJETENBCTBYET O CYLIECTBEHHOM BIIMSIHUM B 3TOM CIIy4yae JOIOJIHUTEIbHBIX
MEXaHU3MOB YIIMPEHUs, BKJIAJl KOTOPBIX HE YUUTHIBAET TEOPHUs, pa3paboTaH-
Hast B paszzene 2.2. [IpencrasisieTcsi, 4TO OCHOBHAS POJIb B 3TOM JIOTIOJIHU-
TEIBbHOM BKJIaJIe TPUXOIUTCS Ha 1010 3¢ deKTa YBIeUeHHUs] O0BbEKTa 30HA0M

B IIPOIIECCEe CKAHUPOBAHMSI.

3.1.2. Anamm3 pacnpeneenus mojekya PHK no nqiaunam
Jmnbl cBo6oanbIX Mostekya PHK BTM

Ha pucynke 3.6 npeacraBieHa rucTorpaMmma pacrpeaeneHus no JyImHaM Mo-
nexkya PHK, BbICBOOOXACHHBIX M3 OEIIKOBOI 000JI0YKH ITOCPEACTBOM 00pa-
oomxu JIMCO. Xapaxtep pacrnpeaeiacHuss OJUHAKOB KaK I MOJIEKYJ, aj-
copbupoBaHHbIX U3 36% AMCO nocne pazgenenus Ha GpakiU METOIOM
xpomaTtorpadun, Tak U IJIs MOJIEKYJI, aJICOPOUPOBAHHBIX B MPUCYTCTBUU 1%
BAC u nenatypupoBansbix 3,7% (opmanbaerugom (B o6oux ciayyasix af-

CcOpOIIUs OCYIIECTBIISIIACH HA CBEXKUN CKOJI CITI0/IbI). M3 prucyHKa BUIHO, YTO
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TUCTOTpaMMa pacIpeeIeHUsI MOXKET ObITh OMMCaHa CYIIepIHO3UIINEH TpexX ra-
YCCOBBIX pacIIpeIe/IeHHit”), XxapaKTepu3yIomuXcs 3HAYeHUSIMH CPeIHeH UTH-
HbI MoJeKyibl [: 0,7 MkM, 1,4 MkM 1 2,0 MKM. 3HaYeHHUs IIMPUHBI COOTBETCT-
Byromux pacmnpenenenuit: 0,5 mxm, 0,3 MkM u 0,7 MKM COOTBETCTBEHHO.

MpbI CBSI3BIBAEM CO 3HAYCHHUEM JJIMHBI paCHpaBJ'ICHHI)IXG)

mouiexkyn PHK
UK, uMeromuii 3Hauenue 2,0 MkM. JIelCTBUTEIILHO, MEXAHU3M 3aBBIIICHUS
3HayeHui! JuinHbel Mojiekyl PHK Moxer ObITh CBSI3aH JIMILIBb C UX MEXMO-
JEKYJISIpHOM arperanueii. B citydae ecinm MOJIEKYJIbl arperupyroT «TOpPEL] B
TOpEL», pe3ysbTaToOM OyAeT BOBHUKHOBEHHME BTOPOIO IIMKA B paclpesene-
HUM HA BEJIMYMHE YJIBOCHHOM JJIMHBI MOJIEKYJI, UYTO BPS/L I MOXKET UMETH OT-
HOUIEHHE K HaIlleMy cllydaro. BeposTHOCTh crienuduueckoii arperaliii MoJie-
KYJI, IPUBOJSAILIEN K BOBHUKHOBEHUIO BTOPUYHOIO NMUKA HA 3HaYeHuu 2,0 MKM
(ecnu cuuTATh 32 POJUTEIBCKUI MUK CO CpeIHUM 3HaueHuem 1,4 MKM), Ha
Halll B3IJI HEBEJIMKA. MBI cuMTaeM, 4TO 34 POAUTENBCKUM CIEIyeT CUU-
TaTh UMEHHO IHUK CO CPETHUM 3HaueHueM 2,0 MKM, a HAJIMYKE ABYX JOYEPHUX
IIIKOB MOXET OOBSCHSTHCS HEOPA3BOPAUNBAHUEM MOJIEKYJI B ITpoliecce 00-
paboTKU (TpU BO3MOXHBIX COCTOSIHUSI MOJIEKYJIBI C PA3JIMYHONW BEIMUYMHOMN
MEXHYKJIEOTUHOM CBSI3M), COXPAHEHUEM 3JIEMEHTOB BTOPUYHOM CTPYKTYPHI,
a1u00 pa3pbrIBOM MOJIEKYJI CHIIAMHU BO3AEUCTBUS CO CTOPOHBI BBICBIXAOIIEH
Karum npenaparta. JefcTBUTENbHO, B OTIMYME OT TPAJIULMOHHOTO aid DM
Merona Kisitnmmuara (kommuiekcooopazoBanne PHK ¢ 6enkoBoit miienkoit
U TOCTIeAyIoIee HaHeCEHNEe KOMITJIEKCa Ha TOIOXKKY, cM. pasaen 1.5.1), uc-
MIOJIB3YEMBIIl HAMU MOJXO0/ B CYHIECTBEHHO MEHBIIEH CTENEHU «3allUIIAcT»
MOJIEKYJIBI OT JAECTPYKTUBHOI'O BIIMSIHUSI CUJI, BO3HHUKAIOIUX IPU BbICHIXA-
HuM Karu. HTepecHO OTMETUTD, UTO 3HAYeHHUE ABYX JouepHHUX MUKOB (0,7
u 1,4 MKM) COOTBETCTBYET BEJIMUMHAM 1/3 U 2/3 OT pOUTEIBCKOTO MAaKCHMYyMa
2,0 MKM.

Hrak, Mbl cunTaem, 4To 3HaUEHHUE JJIMHBI pacnpasiieHHbIX MoJiekyl PHK
B OIHUCHIBAEMBIX YCIIOBUSIX 3KCIEPUMEHTA cocTaBisger 2,0 MKM. DTO NOA-

TBCPKAACTCA TAKXE CIICAYIOINMU H8.6J'IIOI[€HI/I$IMI/I.

%) MyHKTHPHBIME JTMHUSAMHU TTOKA3aHBI COOTBETCTBYIOIIHE AMTPOKCUMUPYIONINE pacrpesie-

JIEHU s, CIUIOLIHOM JIMHUEN UX cymMMa
6) o6paborkoit JMCO
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Puc. 3.6. 'ucrorpamma pacnpeaenenus o aiuHaM Mojekyil PHK BTM, noiaHocTbio

BBICBOOOIKICHHBIX U3 OEIKOBOM 00omoukm moa AciicteueM JIMCO, cM. puc.3.5.

CruiomHoM IMHUEH MOKa3aHo anpoKCUMUPYIOIee paciipeeieHue, IBISIIOIEeecs CynepIo-
3UIIMEH TPEX rayCCOBBIX pacrpe/iesieHni (ToKa3aHbl IYHKTUPOM) CO 3HAUCHUSIMU MAKCHMY-

moB 0,7, 1,4 u 2,0 MKkM
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JITMHBI YacTHYHO BHICBO0OKAeHHBIX MoJiekyJl PHK BTM

Mpbl IpOBOAUIN aHATIU3 PacHpeleeHus 0 JUIMHAM YaCTUYHO BBICBOOOXK-
JeHHBIX KOHIIOB MoJjieKys 1 PHK m1st BUpyCHBIX 4acTull, HAXOASIIUXCS HA TIPO-
MEXYTOYHOH cTaauu pa3pyuieHus. beimo obHapysxkeHo, uto B 40% ciyuaen
y BUPYCHOW YacTUIIbl HAOIIOAAETCS 1BE HUTU YACTUYHO BBICBOOOXKIEHHOMN
PHK (B ocTanbHBIX c1ydasix — ojHa HUTH). IHOrIa 06e HUTH HaOMIOJar0TCS
BBIXO/IAILIMMHU U3 OJTHOTO KOHIIA BUPYCHOM YACTHULIBI, YTO MOXKET OOBSICHSATh-
Csl JIMUIb IMPOLIECCOM YACTUYHOTO Goccmanosienus [87] BUPYCHON YaCTUILIbI
TMOCJIe 3aBepIIeHUsT 00Pa0OTKH C 1eNIbI0 pa3pyILIeHHs (MPOLecC pa3pyIIeHHs
JAMCO 3aBepiany MOHMXEHUEM KOHILEHTpAIlMU 3TOro peareHta ¢ 72 10
36%, aHaJIOTUYHO pa3pyIlIeHNE MOYEBUHOM 3aBepIIaioCh IPU MMOHUKEHUH €€
KoHUeHTpauuu ¢ 4 1o 1,6 M).

Mb1 00HAPYKUITUA ONTPEACIIEHHYIO KOPPEJISIUIO MKy JUTMHONU BUPYCHOM
YaCTUIIBI U ITTMHOM BeICBOOOXKAeHHOU PHK, cMm. puc. 3.7 u 3.8.

DKcrepyUMeHTANIbHBIE JaHHBIE, TPUBEACHHBIE HA puc. 3.7 u 3.8, xapakTe-
PU3YIOTCS 3HAUUTEIBHBIM pa30pocoM. ITO, BO3MOXKHO, CBSI3aHO C YACTUUHBIM
COXpaHEHHUEM MOJIEKYJIaMU BTOPUYHOU CTPYKTYPbI, C MEKMOJICKYJISIPHOM ar-
peranuen, a Takxe ¢ TeM, YTO JIUHBI OJTHOCTBIO BHICBOOOXKICHHBIX MOJIE-
Kyl PHK Ttakxe XapakTepu3yroTcsi TOCTATOYHO IIUPOKUM pPacCIpeeIeHU-
eM, cM. puc. 3.6. Tem He MeHee, U3MEPEHHBIE IKCIIEPUMEHTAIbHBIE 3HAUEHUS
JUTMH 4aCTUYHO BbICBOOOXAeHHBIX Mosiekyll PHK gomyckator cratuctuyec-
KU aHAJIN3 1J1s1 OLIEHKU XapaKTepa 3aBUCUMOCTH JIJIMHBI CBOOOIHBIX KOHIIOB
PHK oT nyinHBI BUPYCHOTO OCTOBA.

CTaTUCTUYECKUM aHAIU3 SKCIIEPUMEHTAJIbHBIX JTaHHBIX MO3BOJIMII YCTa-
HOBUTb, 4TO ISl JyiuHbl BeicBOOOXAeHHOH PHK B Tom ciyuae, korma y
BUPYCHOM 4acCTHUIIbI HAOJIIOAAETCS OJTHA BBIXOJSIIAs HUTh, U B TOM CJIydae,
KOIJla paccMaTpuBaeTcsl OoJbIasi U3 JABYX HUTEN, HaOmromaeTcs oopaTHas
JWHEWHAs 3aBUCUMOCTbD JITMHBI BRICBOOOXAeHHOTO yuacTka PHK ot mmunb
BUPYCHOTO ocToBa. 1 MeHbIei U3 AByX HUTEH (B ciydae, KOrja UX JBE)
MBI IMEEM TaKXKe JTMHEIHYI0 3aBUCUMOCTD, HO CYIIIECTBEHHO MEHEE BhIPaKEH-
Hy10. B cpaBHEHNU C ITTMHOM OOIbIIIEH HUTH JIJTMHY MEHBIIIEH MOXKHO CUUTATD
(baxTUUECKU MOCTOSIHHOM, He 3aBUCSIIIIEN OT JJTMHBI BUPYCHOTO OCTOBA. B ciry-
yasx, korjga Habmonaercsa enuHcTBeHHas HUThL PHK, xapakrep 3aBucumoctu
€€ IJIMHBI OT IJTUHBI BUPYCHOTO OCTOBA UdeHmMuYeH aHATOTUUHON 3aBUCMOC-

™™ 11 OoJIbIIIEN HUTHU B clIy4dac, Koraa ux IBC. HOSTOMy MbI CHHUTAEM BC-
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Puc. 3.7. 3aBucumoctu auHbl BeicBoOOXkAeHHOW PHK BTM oT A/IMHBI BUPYCHOTO

ocCTaTKa, cnyqaﬁ ABYX HPITGIZ, BBIXOJAIINX M3 KOHIIOB YaCTUIIHI.

Crarucrudeckas 00padboTKa pe3yIbTaTOB U3MEPEHUS 3aBUCUMOCTH JITUH BBHICBOOOXKIEHHOMN
PHK BTM oT myiuHBI BUPYCHOTO OCTaTKa B ciydyae, Koraa HaOmogaroTcs ase Hutu PHK,
BBIXOJISIIIIME U3 PA3PYyLIEHHON YACTHUIIBI; YKa3aHbI AIIITPOKCUMUPYIOITUE TPSMBIE TSI KOKION

uuti PHK n nHTEpBaIbl CTAaHIAPTHBIX OMTHOOK.
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Puc. 3.8. 3aBucuMoctb ammuHBI BEICBoOOXIeHHONH PHK BTM oT miuHBI BUPYCHOTO

OCTaTKa; ClIydyai OJIHOM HUTH, BBIXOJSIICH U3 KOHI[A YaCTHUIIHI.

CraTtuctuueckast o00padboTka pe3yIbTaTOB U3MEPEHUS 3aBUCHMOCTH JUTHHBI BBICBOOOXKICH-
Hoit PHK BTM oT minHBI BUPYCHOTO OCTATKa B ClIy4yae, Koraa HaboqaeTcst eIMHCTBEHHAS
Huth PHK, BeIXOsIIas M3 pa3pyIIeHHOM YaCTHIIbI, YKa3aHa allllPOKCUMUPYIOIIAs psMast

Y MHTEPBAJI CTAHIAPTHON OITNOKH.
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POSTHBIM, YTO HAOJIIOAEHUE TOJILKO OJTHOTO «XBOCTa» B 60% CllydyaeB MOXKET
OBITH CBS3aHO C TEM, UTO BTOPOI «XBOCT»") B 3TOM Cilydae pacioaaraeTcs uin
BJI0JIb BUPYCHOM YaCTHIIbI, WJIK BHYTPH €€, YTO HE MO3BOJISIET BU3YaJIU30BaTh
€r0 C IIOMOIIbIO0 CKAHUPYIOILEr0O MUKPOCKOIIA.

ITo pesynpTaTam HaOMIOAEHUN MOXKHO CAEIATHh BBIBOJI, UTO MPOIIECC BbI-
cBoOoxkeHus BupycHoii PHK un3 6enkoBoil 000JI0YKM XapaKTepu3yeTcs
acuMMeTpuei 17151 1ByX KoH1oB BupycHoit PHK, Takum o6pa3om, Hamu no-
TBEPKJICH MEXaHU3M TOJIIPHOTO Pa3pyIIeHUsI BUPYCHBIX YAaCTHUIl TaOauHOU
Mo3anku® . B To BpeMs Kak, ¢ yMeHbIIIEHHEM JUTHHBI BUPYCHOH YaCTHITbI, JUTH-
Ha OJTHOM BBICBOOOKIEHHOM HUTHU pacTeT A0 3HaYeHus 1,44+ 0,13 MkM, JyIrHA
BTOPOM HUTH OCTaeTcs PaKTUUECKH MOCTOSIHHOM Ha ypoBHe 0,53 + 0,07 MKM
(cranmapTHBIE OIIMOKU OIpeIeIeHbI AMMPOKCUMALINEN SKCIIEPUMEHTAIbHBIX
3aBUCUMOCTEH 110 METOIY HAUMEHBIIINX KBaAPaTOB, CM. puc. 3.7 u 3.8). Ctour
OTMETHUTh, YTO CyMMa IKCTPAIOJISAIMOHHBIX 3HAUECHUH 711 000UX HUTEH mpu
HYJIEBOM JUIMHE BUPYCHOM YacTULbI cocTaBisieT Benuuuny 1,97 + 0,15 MKMm,
YTO COBMNAJAET C POAUTEIBLCKUM MUKOM pacrpenenenus cBoboaubix PHK
M0 JUIMHAM, CM. pucC. 3.6. DTO MOATBEPKAAET CHPABEMIMBOCTh MPHUBEIACH-
HBIX BBIIIE PACCYKIECHUN 00 OMPaBIaHHOCTU UJICHTU(UKAIIMA UMEHHO KA
CO 3HAYEHHMEM 2 MKM C JIJIMHOM MOJIHOCTBIO pacipaniieHHbIX MoJiekysl PHK.
ITockonpky PHK unccnenyemoro mramma Ul Bkiarouaer okono 6400 Hykiie-
OTHU/IOB, MPUBEACHHBIE OLICHKU MO3BOJISIIOT OLIEHUTh BEJIMUYMHY MEXHYKIIEO-
TuaHOM cBs3u B Mojiekyjiie PHK, o6paboTtanHoit 1 ”MMOOMIN30BaHHON HA

IIOJUTOKKY CITIO/IBI [TO ONIMCAHHOM MeToauke: [,/, = 0,31 + 0,02 Hm.

Hccaenosanne PHK Bupyca sn1epaiommoxapaura mMoimeii

C 1empI0 MPOBEPKU YHUBEPCATIBHOCTH alTPOOMPOBAHHON MPU BU3yATH3AINT
PHK BTM meToauku UMMOOMIIM3AIIMU MOJIEKYJI Ha TTOIJIOKKE C TPUMEHEHH -
eMm BAC, mbl mpoBenu cxoanbie uccienoanuss PHK Bupyca suuedamomuo-
kapauta (BOMK) mbieit. Monekynel PHK, Bbiaenensble u3 npenapara Bu-
pyca, OblIH IeHATypUPOBaHbI 00paboTKOH 7,5% hopMaabaerugoM B TCUCHHE
15 mun nipu 55°C u ancopOMpOBaHBI HA CBEKHUIN CKOJI CITIOJIBI B MPUCYTCTBUU

0,01 u 0,05% BAC, onucanue sKCepUMEHTAIBHBIX METOAUK CM. CO CTP. 98.

7) MBI CUNTAEM, YTO OH TAK)KE IIPHUCYTCTBYET

8) acummMeTpus Tipoliecca paspyienns yactuil BTM BriepBble 06HApY)eHa MO TaHHBIM
OM [83] ¢ npumeHeHuem Metoauku KisiiHimMuaTa npenapupoBaHus o6pa3LoB; Mbl BU3ya-
nmusupoBau cBodoaubie Monekysl PHK (6e3 OenkoBoit «uryOni»)
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Puc. 3.9. Monexynst PHK Bupyca sHIIehamoMrIoKapauTa MbIIIEH.

Mornekynbel AeHATypHpOBaHbl 00paboTkoit 7,5% dopmanpaeruaoM u aacopOMpOBaHEI Ha
MMOBEPXHOCTh CBEKET0 CKoJIa citrobl B ipucytcteuu 0,01 1 0,05% BAC; ACM-uccnenoBaHnue,

PEXUM IPEPBIBUCTOIO KOHTAKTA

ITpumeHeHre TaHHOTO aJIrOPUTMA MO3BOJIMIIO BU3YaJIU3UPOBATh MOJIEKYJIbI
uccnenyemoit PHK B pacnipaBieHHOM cOCTOSIHUU, CM. puC. 3.9.

OTOT pe3yabTaT ITO3BOJISIET CAENATH BBIBOJ O BO3MOKHOCTh UMMOOMIIN3a-
LIMM OJTHOHMTEBOU BbICOKOMOUIEKYIsipHOi BupycHoit PHK (mipu ycrnosum ee
JeHaTypalun) Ha IOBEPXHOCTH CITIO/Ibl B PACIIPABIEHHOM COCTOSIHMU I10 Me-
TouKe ¢ ucnoiab3oBanueM BAC; mpuuem pa3paOoTaHHBIN MTOIXOT SIBIISIETCS,
MO-BUAUMOMY, YHUBEPCATbHBIM.

Bosmoxnocts umMmobmmzaiinu PHK BOMK mblieit Ha moaytoxke B pac-
MPABJIIEHHOM COCTOSIHUU ITO3BOJIMJI IIPOBECTU aHANIU3 PACIPENeNIeHUs UX 110
JuHaM, eM. puc. 3.10. ITpu s3Tom 06HapyKeHO, UYTO XapaKTep paclpeaeaeHus
HE 3aBUCHT OT ucnoib3yemoit koHueHTpauuu BAC (0,01 i 0,05%).

OGHapy:xeHo, uto pacnpenenenne PHK BOMK wbieit no jimmnam, uzo-
OpaxeHHoe Ha puc. 3.10 xapakTepu3yeTcsi HeCKOJTbKUMU MaKCUMyMaMU, Kak
U pacnpenenenue o mmmHam MoJiekysn PHK BTM, npuroToBiieHHBIX 11O CXO/I-
HOH MeTonuKe, cM. puc. 3.6. [ToaTOMYy MOKHO MPEANOIOKUTD, UYTO CreIUpU-
YeCKUH XapaKkTep pacmpeeieHnii 00ycIoBIeH UMEHHO UCIOJIb3YeMO MeTo-
JIUKOM IPUTOTOBIICHUS 0OPaA3II0B.

PaspaboTka meTonuk nmmoobunuzanuu BupycHoit PHK na nmosepxHoctu
IIOJIOKKH UMeIIa CBOEH 11e1bI0 OTPaOOTKY PYTUHHOTO ITOJIX0/1a K UCCIIe0Ba-

Huro crenrduyeckoro PHK/GenkoBoro B3auMoIelicTBUS; K KAPTUPOBAHUIO
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Puc. 3.10. Pacnpenenenne monexyn PHK Bupyca snuedanommuokapanta Maliiei mo
JUTFHAM.

Moutekyibl aAcoOpOUPOBAHBI HA MOIOXKKY CIIIOABI 10 METOIUKE, BKIIIOUAIOIIEH MPUCYTCT-
Bue B npenapate 0,01 u 0,05% BAC; coorBercTBytomue ACM-n300pakeHHst MOJIEKYIT ITPH-
BeJeHbl Ha puc.3.9. CruiomHoi JUHUEH MOKa3aHO aIpPOKCUMUPYIOIIEe paclpeelieHue,

SIBJISTIOIIEECS] CYTIEPIIO3UIIMEN TPeX TayCCOBBIX pachpeneieHuil (MoKa3aHbl MyHKTHPOM) CO

3HaueHussMu MakcuMyMoB 0,5, 1,0 u 1,5 mxm
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KaK JAaHHOTO B3AUMOJEHUCTBUS, TAK U 3JIEMEHTOB BTOpUYHOU cTpyKTYpbl PHK
C LIEJIbIO OTPEAETICHHS MECTOIIOI0KEHUS CIIeU(UIECKUX ITOCIIeA0BATEIbHOC-
Tel HykiIeoTu0B. ToT daxt, yto mosekynsl PHK, nMMobunn3zoBanabie Ha
IIOJIOKKE 110 allpOOMPOBAHHON METOJMKE, XapaKTEPU3YIOTCSI HECKOIIbKUMU
MaKCUMyMaMU B paclpe/ieJIeHUH 10 JJIMHAM, MOKET ObITh YUTEH IPU pelle-
HUU 33/1a41 KapTUPOBaHUs ClIeAyomuM oopa3om. Eciau noctpoeHHas kapta
OyIeT XapaKTepu30BaThCS TAK)KE HECKOJIbKUMU MAaKCUMYMaMHU, TO 3TO OyJeT
CBUJIETEIILCTBOBATH O PA3HOM JUIMHE MEXHYKJICOTUIHOU CBS3U MOJIEKYJI, all-
COpOMPOBAHHBIX Ha MOJJI0XKKE IO UCIOJIB3YeMOM MeTouke. B aToM ciyuae
JUTS1 OTIIPE/IeICHUS a[IEKBATHOTO MECTOIIOJIOKEHUS UCClelyeMoi crieruduyec-
KOM MOCIIEA0BATEIILHOCTA HYKJICOTUIOB KaXKIbI MAKCUMYM JIJI PACCTOSIHUS
OT KOHIIA MOJIEKYJIBI IO CIEHU(UUECKOTO YUACTKA JOJKEH ObITh HOPMUPO-
BAaH Ha COOTBETCTBYIOIIMNA MAKCUMYM JUIs1 IIOJTHOM JUTMHBI MOJIEKYJIbI. Ecin
’Ke IOCTPOEHHAs KapTa OyJeT XapaKTepU30BaATHCS €AMHCTBEHHBIM MaKCUMY-
MOM, TO €ro CJIeAYEeT HOPMUPOBATh HA BEJIMUMHY POJUTEIBCKOIO MAKCUMyMa

paciupCaciiCHuA MOJICKYJI 11O AJIMHAaM.

3.1.3. Kparkue BbIBOIbI

MBI uccnenoBaiu MpoLecc MOCIeI0BATENIBHOTO BEICBOOOXKIEHNS BUPYCHOM
PHK wu3 6enkoBoit 06oouku yactull BTM. Beutn BU3yaau3oBaHbI pas3iiny-
HbIE cTaJuu rnpoiiecca pazpyuenus BTM u orpabotana Metoiuka uMMoOu-
JW3alMU BBICOKOMOJIEKYJIIpHON ogHoHUTeBON BupycHol PHK Ha moepx-
HOCTU NTOT0KKHU. CTaTUCTUUYECKHUI aHAIU3 3aBUCUMOCTH JJTMHBI BEICBOOOXK-
nenHoit PHK BTM ot mimHBI BUPYCHOTO OCTOBA MO3BOJIWI MOATBEPIUTH
MeTogoM ACM acuMMETpHIO IIpoliecca pa3pylLIeHUs! BUPYCHBIX YaCTHI] OT-
HocuTenbHO 1ByX KoHIIOB PHK BTM. DTOT aHanu3, B COBOKYIIHOCTH C aHa-
JIM30M PACHPEEIIEHUS 110 JUIMHAM IOJHOCTHIO BBICBOOOKIEHHBIX MOJIEKYJ
PHK, no3Bonwuit caenath BbIBOJ O JIMHE MEXHYKJICOTUIHON CBSI3M, Xapak-
tepusytomeit mosnekyny PHK BTM, ob6paboranHoit 1 ”MMOOUIM30BaHHOM
Ha MOJIOXKKE IO UCIOIb3yeMON METOAUKE MpernaprupoBaHus oopasioB (6e3
KOMILJIEKCOOOPa30BaHUs ¢ OSIIKOBOM TIIICHKOM).

AnpoOupoBaHHasi METOIMKA UMMOOWIU3ALIUY TTO3BOINIA BU3YAIIU3UPO-
BaTh U Monekylbsl PHK Bupyca sHuedanommokapaura mpliieid, 4To moju-
TBEP)KAAET YHUBEPCAIBHOCTh pa3pabOTaHHOIO MOAX01a. XapaKTep pacipe-

ACJICHUA 110 JJIMHAM 3THUX MOJICKYJI COBIIAAACT C XaPAKTCPOM PACIIPEACIICHU A
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st mosiekyst PHK Bupyca TabauHoit Mo3auku, UMMOOWIIM30BAHHBIX HA MO~
JIOKKe TI0 TOM ke MeToaunke. CrenaH BBIBOJI, UTO crieludrka HAOII0gaeMbIX
pacrnpeerneHuit 00ycIoBiIeHa UMEHHO UCTIOJIb3YEMON METOAUKON TPUTOTOB-
JeHus o0pa3loB; MPH 3TOM CHEHU(DHUUIHOCTh PACIPEICICHUS MOXET OBITh
y4TeHa MPU MOTEHIIUATBLHOM HCIOJIb30BAHUHM alIPOOMPOBAHHON METOIMKU
nmmoOunm3anuu PHK mis pemmenus 3agaun kaprupoanus PHK/6enkoBoro
B3aUMO/JIEHCTBHUSI.

Takxum 06pa3zoM, BEIMOJIHEHHAs pa00Ta 10Ka3bIBAET aIEKBATHOCTD U Iep-
CIIEKTUBHOCTH MpuMeHeHus: metoga ACM mist ucciaenoBaHus U KapTUpOBa-
HUS MPOILIECCOB B3aUMOACHCTBUSI MOJIEKYJI HYKJIEHMHOBBIX KHCIOT (BBICOKO-
MoJeKysipHoit onHoHuTeBOM BupycHOlt PHK) ¢ 6enkamu. ITogo6Hsbie nccie-
JIOBaHUSI MOTYT J1aTh BKJIAJl B MIOHMMAHHE MEXaHU3MOB Ipoliecca COOPKU U
PA3MHOXEHHS] BUPYCOB, CTPYKTYPHOI OpraHu3aluu U QyHKIIMOHUPOBAHUS

PUOOHYKIICOTIPOTEUIOB.
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I'1aBa 4

3oH10Basi MUKPOCKOIIUA MIPOLIECCOB

koHaeHcaunu /IHK

) Monekyna ne30KcHpuGOHYKIEHHOBOM KUCIOTHI SBISETCS HOCUTEJIEM Te-

HETUYECKON MH(OPMAIINU KUBBIX OPTaHU3MOB (COBOKYITHOCTHU JAHHBIX, HE-
00XOIMMBIX ISl CHHTE3a OCIIKOB), KOTOpas «3alucaHa» B CTPYKTYpe MoJIe-
KYJIbl B «4€TBEPTUUYHOM> (110 YUCITY HYKJIEOTHI0B) Kojae. CoriacHO MoJenu
Yorcona u Kpuka [27] monekyna JIHK nipeacrasnsieT coboit 1Be HUTH, KOTO-
pbie GOPMUPYIOT JBOMHYIO CIIUPATh, CTAOMITU3UPOBAHHYIO B3AUMO/IEHCTBU-
€M Map KOMILJIEMEHTAPHBIX HYKJICOATUIOB (BTOpasi HUTh 0OOpa30oBaHa HyKJIe-
OTUJaMU, KOMIUIEMEHTAPHBIMU HYKJIEOTHUAAM NIEPBON HUTH).

B >xuBoil mpupozae (BHyTpu BupycoB U kietok) mojekyna JHK naxo-
JUTCS B CYLIECTBEHHO «KOMIAKTHU30BAHHOM» COCTOSIHMM, 3aHMMas 00BbEM
HA HECKOJILKO MOpAAKoB (1o 10%) Menbmmii, ueM 06beM monekynsl JJHK B
pactBope?) . Takum 06pa3oM, IMEHHO KOMIAKTHAs KoH(opMauus (koHdop-
Malus «rJI00YJIbI») SIBIISIETCS «ecTecTBeHHOM» miist mosiekyibl JIHK, xoTs B
nabopaTopHbIX UcciaenoBaHusAX vale umeroT aeno ¢ JJHK B pactBopax, T.e.
pacrpaBiieHHON (KoHpopManus «Ki1yoka»).

[TepeBoa monexysbl JIHK u3 pazBepHyTOro B KOMHakTHOE (KOHIEHCUPO-
BAHHOE) COCTOSTHUE MOJKET OBITh OCYIIECTBJIEH U B J1a0OPATOPHBIX YCITOBHUSIX

IIOCPEICTBOM PA3HOOOPA3HBIX KOHACHCUPYIOUIUX ar€HTOB U IIP.; CTPYKTYPY,

1) Pe3ynbTaThl, H3I0KEHHBIE B JAHHOI I71aBe, TIOMY4EHBI B XOJIe COBMECTHOM paGoThI ¢
COTPYIHMKAaMHU JIAOOPATOPUH MOTUAIIEKTPOIUTOB U OMOMOTUMEPOB Kadeapbl BHICOKOMOJIE-
KYJISIpHBIX coequHeHn Xumuueckoro ¢akynprera MI'Y: k.x.H. O. A. [IpIIIKMHON U K.X.H.
B.T'. Cepreesnim; 3aBenytomuii tabopatopueit uieH.-kopp. PAH A. b. 3e3un

2) B X0pouiem paCTBOPUTENIE, B KOTOPOM IPOSBIISETCS IEKTPOCTATHIECKOE OTTAIKUBAHHE
OTZENBHBIX BUTKOB MOJIEKYJIbI
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00pa3oBaHHYIO B pe3yibTaTe KoHaeHcauuu JJHK B mpucyTcTBum rnonmmepon
U coreit, uHoraa Has3biBatoT psi-JAHK® umu ¢-THK [88]. Hauamno uccnenosa-
Huto nipouieccoB kommnakTuzauun JJHK 6bu10 nmonosxeno Jlepmanowm [89], ko-
TOPBIH METOIOM CEAUMEHTALIMHM OOHAPYKIII, YTO B pa30aBIIEHHBIX PACTBOPAX
JAHK, npu yBenuueHuu KOHIEHTPALMU HEUTPAIBHOTO MojuMepa (IIoJIM3TU-
JIEH TJIMKOJISI) U cotu ogHoBasieHTHOro MeTtaia (NaCl) Bblllie HEKOTOPOTO

IIOPOTIOBOTI'O 3HAYUCHHA, (bOpMI/Ip}/IOTCSI YaCTHUILBI BBICOKOU INIOTHOCTH.

Kpartkuii 0630p 1utepatypbl

B HacTosiiiee Bpems ycTraHOBIIEHO, YTO KoHAeHca1uio mosekyn JIHK, naxons-
LIMXCSI B BOAHBIX PACTBOPAX, ClIOCOOHBI BbI3BATh PA3JIMYHbIE MYJIbTUBAJICHT-
Hble KaTHOHBI: criepMuauust [90], cnepmun®t [91, 92], KaTHOHHBIE OMIIEN-
TUABL: TTOJIMIIN3UH, TUCTOHBI [93], katnonubie ITAB[94, 95]. IByx- (1 Ooee)
BAJICHTHBIE METAJNIMYECKUE KATUOHBI CIOCOOCTBYIOT KOH/IEHCAIIMU MOJIEKYII
JHK, Haxoasmuyxcst B BOAHO-CIIUPTOBBIX (3TAHOJI, METAHOJI, U30IPOIIAHO)
cpenax [96].

Crpykrypa komnaktuzoBanHoit JIHK uccnenoBamace pa3inyHbIMU Me-
ToJaMu (KpaTKuii 0030p OCHOBHBIX PE3yJbTATOB IMPUBOAUTCI B pabdo-
Te brrompenbna[97]) mpu 3TOM HEmOCpenCTBEHHAs BU3yaliu3amus OObeK-
TOB MCCIIEOBAHUSI OCYIIECTBIISIIIACH METOJAMH 3JIEKTPOHHOM [93, 98, 99,
atromMHO-crtoBoi [100, 101] u (¢ MeHpmMM pa3sperieHueM) (IyopeCIeHT-
Ho11 [94, 95, 102] MuKpockomnuu.

PesynbraThl uccnegoBanuii mokaszanu [97], uTo ABYMsI ocHosHbimu (Pop-
MaMH 1)-KOMITAKTU30BAHHON MOJIEKYJIbI SIBISIOTCS MOpoudanivHas U cmep-
acresas. s obeux GopM cedeHHe KOMITAKTHU30BAHHBIX CTPYKTYp, UMEET,
MO-BUAUMOMY, OJHO U TO K€ 3HAaueHue (€clu CTPYKTYPbl chOpMUPOBAHBI
O/JIMHAKOBBIMU MOJIEKYyJIaMH). J|0CTaTOYHO MHTPUTYIOIIUM IMPEICTABISACTCS
TO, UTO pa3Mep (paanyc) TOPOUAATBHON CTPYKTYPHBI He 3agucum OT IJIUHbBI
MOJIEKYJIbI (eciii OoHa JeXUT BHyTpu nuarnaszona 400—-400001.0.) u omnpene-
JI€TCSl, TO-BUIUMOMY, 8HYMPEHHUMU MEXAaHU3MAaMH MPoIlecca KOHACHCAlIUH;
TUIHMYHbIE 3HAYEHUS BHELIHETO paJryca TOPOUIATIbHOM YacTUIbl R, TexaT
B auama3zoHe 35-90 um [97]. dnmunubie monekyibl JJHK oOpa3yioT kommnakT-
HbIE CTPYKTYPbI U3 OJTHOM MOJIEKYJIbI, ITPU 3TOM y1aBaJlOCh HAOII0IATh TOPO-

NOAJIbHYIO TCOMCTPUIO KOMITAKTHOM YaCTHUILbI 115 MOJICKYJI, JJIMHAa KOTOPbIX

3) psi pacumdpossiBaetcs kak Polymer and Salt Induced
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He npesbimana 40000 m.o. Kopotkue [JJHK dopmupyior cTpykTypsl, oopa-
30BAHHBIE B PE3YJIbTATE CAMOOPraHU3alUN HECKOJIBKUX MOJIEKYJI, IIPH 3TOM
co6cem KOPOTKHE MOJIeKyJIbl (MeHee 150 1.0.), O-BUAMMOMY, HE MOTYT OBITh
KoMnakTu3oBaHbI [103].

MeToa 37EeKTPOHHOM MHUKPOCKOIHMH, TO3BOJISAS JIOCTUTAaTh BBICOKOTO
MPOCTPAHCTBEHHOT'O pa3pellIeHus B TaTepaJIbHOM HAIIPABJICHUH, 1a€T 3HAUU-
TeNbHYIO OIIMOKY TIPU OTPeIeNleHNH BBICOTH 00bekTa?), ecriu oHa cpaBHMMA
C pa3MepoM 3epHa HAIBUICHUS; 3TO OOCTOSITEILCTBO HE MO3BOJISET C OOJIb-
IO TOYHOCTBIO ONpPEACNISiTh 00BEM HCCIIEYEMbIX YACTHUIl (HEOOXOIUMBII
JUTSl aHAJIM3a UX KOJIMYECTBEHHOT'O MOJIEKYJIIPHOTO COCTaBa) 110 pe3yIbTaTaM
uccnenoBannit M. bortee Toro, pu pacuere 06beMOB YaCTUI] KOMITAKTU30-
BaHHo# JIHK uacro He 3aiatoTcs 11e71b10 OMPEIEIUTh BBICOTY CTPYKTYD Hal
MOJIOKKOM, IMojarasi, YTO CeYeHHe OOBEKTa IMPEACTaBIAET COOON OKpYXK-
HOCTB [97]; HaM IIpeICcTaBIsSETCs, YTO TAKOE MPEIOI0KEeHUEe He Bcerja 060c-
HOBAHO (CM. pe3ynbTaThl paznena4.1.2, crp. 135).

CTOUT TakKe OTMETUTH, UTO clielin(uKa mpenapupoBaHus oopa3ioB I
uccienoBaHuil DM MOKET UCKaXaTh CTPYKTYPY OOBEKTa UCCIEAOBAHUS.

DTOro HemocTaTKa JUIIEH METOA (PIIyOpECHEHTHOW MHMKPOCKOIUHU, I0-
3BOJISIIOIIUI MPOBOJAUTH B PEaIbHOM MACIITA0€ BPEMEHU UCCIIEAOBAHUS KOM-
naktuzanuu moisiekyn JAHK, Haxonsmmxcs B HATUBHBIX YCIOBUSIX (B pac-
TBOpax ¢ noaxoasmmM pH). Ognako paspemraromniasi CocoOHOCTh METOAa
OrpaHMYEHa MPeeTIOM ONTHYECKOTO MUKpockona A/2. [Toaromy B kayecTBe
00BEKTOB MCCIIEIOBAHUS TPUXOIUTCS BEIOUPATH JOCTATOYHO OOJIBIIINE MO-
nekynel JJHK (manmpumep, ruranrckyro JJHK T4, koTopas BkiatouaeT 166 ThIC.
m.0.)[94, 95, 102].

[MTpumenenne metona ACM i nccrieqoBaHU KOMIAKTU3AIUN MOJIEKYJT
JAHK npencrasisieTcst BecbMa MEPCIEKTUBHBIM, TIOCKOJIBKY OKA3bIBAETCS BO3-
MO>KHBIM MPOBOAUTH MUCCIIEIOBAHUSI B HATUBHBIX WIM OJIM3KUX K HATUBHBIM
YCIOBUSX, IPU 3TOM, KaK ObUIO MOKa3aHO HAMU B pasjene 2.2, reoMeTpus
UCCIIeIyEMbIX OOBEKTOB MOKET ObITh BOCCTAHOBJIEHA MYyTEM aHAJIU3a U3Me-
peHHbIX TapameTpoB nx ACM-u3006pakeHuii (BBICOTHI HAJl TOAJIOKKOM U IITHU-
PUHBI Ha MOJyBbIcOTEe). B TO ke Bpems, paspematomas cnocooHocts ACM
CYIIIECTBEHHO BBIIIIE, UeM y MeTO 1a (hIYOPECIIEHTHOM MUKPOCKOTINY U OJTU3Ka

paszpermaroreit cnocoonoctr M. OgHaKo B HACTOSIIEE BpeMsl B IUTEpATyPe

4) 10 MCTOY 3aIlblJICHUA 110 YITIOM
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MMeeTCs JINIIb He3HAYUTeIbHOEe uncio nyonukanuii [100, 101], mocBsiieHHbIX
npumenenuto C3M miis uccnegoBaHuii nmpoueccoB komnakruzauuu JHK.

ABTOpBl paboThI [100] uccrenoBamu Hauanvhvle CTATUU KOHACHCAITUU
miasMuaHoi nonu-A JIHK B pesynbrate €e B3aUMOJEHCTBUS CO CIIEPMHU-
nuHoM. Mcnonb3yeMble KOHIIEHTpALMKM CIIEpMUIMHA OBLTA MajbIMU (BEepX-
Hsst TpaHunia 150 MkM) TOCKOJIBKY, KaK COOOIIAal0T aBTOPBI, MPU OOJIb-
IIMX KOHLUEHTPALMIX CIIEPMUINH HETATUBHO BIMSET HA BO3MOXXHOCTh ACM-
BHU3yaJIU3AIMHU UCCIIETYEMBIX CTPYKTYD.

DKCIEepUMEHTHI TPOBOAMIMCH HA BO3AYXE U aJACOPOIUS OCYIIECTBIISIACH
U3 KaIuId MperapaTa Ha MOBEPXHOCTb CBEXEro CKOJIa MOJJI0XKKHU (CITIO/bI).
ABTOpBI OOHAPYXKUJIU, YTO MPU KOHLEHTPAIUM CIIEPMHUINHA B JUAMA30HE
7,5-15MkM otnensnble yuactku [JHK o6pa3syror metim, paanyc KOTOPBIX
cocTaBiseT BeMUnHy 0k0i10 20 HM. [Tpu O0nbIInMX KOHIEHTpALUIX CIIEpMU-
JIMHA UMEET MeCTO MexMoJiekysipHas arperauusa JAHK, npuuem, B uccneny-
€MOM JIMaNa30He, C YBEJIMUEHUEM KOHLEHTPALHUHU CIHEPMUAMHA BO3PACTAIOT
pa3Mepsl arperatos; crenuduueckas popMa 3TOro Kjiacca CTpyKTyp ompas-
JIbIBAET HA3BAHUE «IIBETKa», KOTOPOE UCHOJIb3YIOT aBTOPHI [JI ONHUCAHUS
MOP(hOIOTHH KOMITJIEKCA.

ABTOpBI MOJIATAIOT, YTO HaOIIOMaeMble 0Opa30BAHUS MOTYT SIBIISITHCS
MIPOMEKYTOYHOM CTa el KOMIAKTU3AIMU MOJIEKYJI B TOPOUJATIBHBIE CTPYK-
Typbl. OgHako obpalaer Ha ce0s BHUMaHHe crienuduuecKkas niockas 2eo-
Mempusi BU3yaIM30BAHHBIX OOpa30BaHUI: OHU XapaKTepU3YIOTCSI MUKPOH-
HBIMM 3HAUYEHUSIMHU JIATEPATLHOTO pa3Mepa mnpu BeicoTe Bcero 3—7 um. Ilpen-
CTaBIISIETCS, YTO B UCCIIEyEeMOI CCTeMe BeCbMa BaKeH BKJIAJ BIUSHUS HOO-
JIOXCKU HAa TEOMETPUIO0 KOMITAKTU30BAHHBIX KOMILIEKCOB, I03TOMY OOHApY-
KeHHas crerududeckas MOpdoIorusi MOXKeT ObITh CBSI3aHA UMEHHO C TEM,
YTO U3ydaemMasi KOMIAKTU3ALMs SIBIETCS, 10 CYTH, KOMIIAKTU3ALUEN Ha no-
6epXHOCMU TIOJJI0KKH; B 9TOM CIIy4ae €CTECTBEHHO OKMIATh MHOM F€OMETPUU

KOMIIAKTHBIX CTPYKTYP, B CPABHEHUHU C KOMITAKTU3ALIUEH 8 0Obeme.

HUccaenoBanue ceodoaubix JTHK

[Tpu nmpoBeneHun o0Cyk1aeMbIX HUXe ucciaenoBanuit komnaktusanuu JJHK
MBI CTAaBWJIM KOHTPOJIbHBIEC IKCIIEPUMEHTHI 110 BU3YATH3aIIHd CBOOOHBIX MO-
JIEKYJ1, IPU 3TOM HCIOJIB30BAIM U3BECTHBIE METOJIMKU, pPa3paboTaHHBIC I

METO/Ja aTOMHO-CHUJIOBOM MUKPOCKOIHH, cM. pazaen 1.5.1, cTp. 39.
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Hawubosee mmpoko UCIOIb3yeMbIM CIOCOOOM UMMOOMIIN3AIMNA MOJIEKYJT
JAHK Ha nmoamoxke B pacinpaBI€HHOM COCTOSIHUU SIBJIIETCS METOJ 100aBIie-
HUSI KaTHOHOB METAJUIOB B pabouMii pacTBOp, COACpKAIIUN HYKIIECHHOBBIE
KHCJIOTBI, C TTOCIEAYIOIel aacopOIMel Kary mpenapara Ha MOBEPXHOCTh
CITIO/TBI (CBEXKHI CKOIT).

TurnmuuHble KOHIICHTPAIMA KOMITOHEHT B ITperapaTe, HAHOCHMOM Ha I10-
BEPXHOCTb CJIIOJIbI, BBIOMpAIU B CIENYIOUIEM IHaNa30He: KOHUEHTPALMs
JHK oxkoio 0,5 MkM x11.0., konnenTpamust MgCl, unu NiCl, okomno 1 MM.
Kammto npenapara oobemoM 0,5 MKIT HAHOCUIIM Ha CBEXUH CKOJI coabl. Ha
puc. 4.1a nmpusenens! pe3ynbTaTthl ACM-uccnenoBanust monekyn JJHK 6ak-
tepuodara OX-174 (5386 1.0.), KOTOpBIE OBLUIU AJCOPOMPOBAHBI HA CITIOTY
1o onucaHHOU MeToauke B mpucyTcTtBun NiCls.

Hpyroit MeToa (ukcalluy MakpOMOJIEKYJI Ha MOJJIOXKKE, KOTOPBIH HC-
MOJIb30BAJICSl HAMU B 3KCIIEPUMEHTAX, 3TO 100aBIJIeHHE K paboueMy pacTBopy,
coaepxkamemy JIHK, monmekyn katuonusix [1AB B mansix KOHIIEHTpaLMsIX
(menee 0,1%), cm. puc. 4.16. Tunuunbsie konuentpauu JHK B npenapare
BBIOMpAJI B TOM e Juara3oHe, 4To u Bhiile. [lo-BuagumMomy, B 3TOM ciiydyae
UMeEeT MecTo KoMmriuiekcooOpa3oBanue mojekyn JJHK ¢ monexymamu TTAB,
00pa3yroUIMMH TOHKYIO IUIEHKY, TOKPBIBAIOLIYIO CHAPYKU KAIUTIO Ipenapa-
Ta, HAHOCHUMYIO Ha TIOJUTOXKKY. DTOT IKCIIEPUMEHTAIIBHBIN TTOIXO0]] IKBHBA-
JIEHTEH W3JI0KeHHOMY B paszene 3.1, rae aisi UMMOOWIM3AIMU BUPYCHOU
PHK npumeHsiim MeToa KOMIUIEKCOOOpa30BaHMUSI MOJIEKYJIbl HYKJIIEMHOBOU

kucnoTel ¢ BAC, Taxxe sBisioninMcst KaTuoHHBIM TTAB.

4.1. UccaenoBanne KOHPOPMANMOHHBIX H3MEHEHN
JAHK npu B3anmoaeiicTBuu ¢

NOBECPXHOCTHO-AKTUBHBIMU BC€IIECCTBAMHU

Komnaktuzammss JHK npu B3aumopeiictBuu ¢ katuoHHeiMu [IAB u
npoxoxaenne komruiekcoB JIHK-ITAB uepes MexdasHyro rpaHuily Bo-
J1a/MaoONOISIPHBIA OPTraHUYECKUN PACTBOPUTEIh MOXKET PaccMaTpPUBATHCS
KaK OTJaJieHHAss MOJENb TPAHCIIOPTa TeHETHYeCKOW MH(GOpPMAIMHU B KIIET-
Ky [104].

Panee nporecc kommaktuzanun JJHK npu B3auMoaeicTBuu ¢ KaTHOH-

HeiMu TTAB uccrnenoBajcs, B OCHOBHOM, JHUIIb METOAOM (PIIyOpeCIeHTHOM
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Puc. 4.1. Co6oaubie Moekyiibl JIHK Ha moioxke 13 CIIIOIbI.

a) JIHK 6axrepuodara ®X-174, ancopobuus B npucyrcrsun 1 MM NiCly; 06pasus! mpuro-
ToByeHbI coBMecTHO ¢ M. Sc. Malin Ardhammar (Chalmers University of Technology)
6) AHK 6akrepuodara T4, ancopOuus B IpUCYTCTBUU LETHITPUMETHIIAMMOHUN OpoMua;

00pa3ibl MPUTOTOBJICHBI COBMECTHO ¢ K.X.H. B. I'. CepreeBsiM u k.X.H. O. A. [TpIIIKHHOM

Mukpockoruu (OM) [94, 95, 102]. DTo 00BsICHIETCS TEM, YTO JAHHBIN METO/T
MIO3BOJISIET BU3YAIU3UPOBATH TOJIBKO T€ OOBEKTHI, KOTOPbIE KOKPAIIEHbBI» MO-
JeKyJIaMu GIIyOpEeClIEHTHOTO KPACUTE s, TOATOMY BKJIa BO UIyOpeClieHTHOE
n3obpaxkenue naet nuib Mosekyina JJIHK (MMeHHO ¢ Hell CBSI3bIBAIOTCS MO-
JIEKYJIBl KpacuTensl), a MPUCYTCTBUE B pacTBope moiiekya [TAB He Bhuser
Ha MoJTydyaeMoe M300paxkeHne. B 9TOM OTIMYME U NPEMMYILIECTBO®) JaHHO-
ro MeTOojla B CPaBHEHMH C 3JIEKTPOHHON M aTOMHO-CHUJIOBOM MUKPOCKOITUEH,
JUIS KOTOPBIX BOMPOC 00 aJeKBATHOM PACMO3HABAHUU M HJIEHTU(DUKAIINHI
HAOJTI0TaeMBIX CTPYKTYP MOXKET SIBJIATHCS BECbMa HETPUBUAIBHBIM. DTOT ac-
MEKT OCOOCHHO CYIIeCTBEHEH MPU MCCIIEIOBAHUSIX, CBSI3aHHBIX C MOJIEKYJIaMH
ITAB, B cuity UX CITOCOOHOCTH K CAaMOOPTraHU3alliU, B PE3yIbTaTe KOTOPOU
BO3MOXKHO (POPMUPOBAHUE CTPYKTYP C pa3nuyHoit reomerpueii [105].

Ilepen HaMu cTaBwIIach 3a/1auya 3KCIEPUMEHTAIBHOTO OMPEIEIICHUS OIl-
TUMAaJTbHBIX YCIIOBHI IMPOBEICHUS UCCIICOBAHUI, KOTOpAs peraiach MmyTeM
KOMITIEKCHOTO mpuMeHeHust MmetogoB ACM, CTM, ucnonb3o0BaHus pa3iny-
HBIX TUIOB TOIOXKEK (TUuApopOoOHBIX — muporpaduT, ruapoPUILHBIX —
CIII0/IAa), a TaKXe Bapualuell ycIoBUN HaHeceHUs oOpas3lioB M MPOBEACHUS

HUCCIIEOBaHU.

%) B 10 e BpeMs, HeTocTaTKoM MeTo1a DM sBIISeTCsl HeBBICOKAS pa3peIatolas Crocoo-
HOCTb.
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[Tpu aTOM yHUBEpCcalibHASI METOAUKA TPUTOTOBIIEHHS 00pa310B, KOTOpas
MO3BOJIsIa OBl YCHEIIHO UCCIe10BaTh Kak cBodoanbie Monekyisl JJHK, an-
COpOMpPOBAHHbBIE HA MOJIJIOKKY B PACIIPABICHHOM COCTOSIHUH, TaK M KOMITaK-
TU30BaHHbIE KOMIUIEKCHI, BPSI/I JIU MOKET ObITh HaliieHa. [losToMy B miporec-
Ce MCCIIeIOBAHUS TPUXOIMIIOCH UCIOIB30BATh METOAUKU «HA KOHKPETHBIN
CIIyvai.

Pa6otsr mo uccnenoanuro B3aumosercteus JJHK-ITAB Mb1 mpoBoan-
JU cOBMeCTHO ¢ jabopatopueil wieH.-kopp. PAH A.b. 3e3una (Xumunuec-
kit paxynprer MI'Y) 1 pe3ynbTaThl 30HI0BOH MUKPOCKOIIMH HAIILIU Yac-
tnaHoe oTpaxkeHue B nuccepraruu «Komrmiekcsr JIHK-ITAB B manonossip-
HBIX OPTraHMYECKHUX PACTBOPUTENSIX» HA COMCKAHUE YYEHOW CTEMEeHM K.X.H.
O. A.Ilpmukunoit (1997r., Xumudeckuii pakynprer MI'Y). B aToii pabo-
T€ MPUBOAATCS JAHHbIE IIUPOKOTO CIEKTpa (PU3MKO-XUMUYECKHUX METOHO0B
uccnenoBanus (Y P-cnekTpodoTOMETpHs, CKOpocTHas ceaumenTaius, K]I-
cnekrpoporomerpus, CTM u ACM, Buckozumerpus, pehpakToOMeTpus,
3NIEKTPUYECKOE IBYITyUeIpeioMIIeHHe, n3oTepmudeckas qudadysus). Pe3yib-
TaThl UCCIENOBAHNN 30HA0BOM MUKPOCKOIINN BECbMA XOPOIIO COTJIACYyOTCS
C IPYTUMHU 9KCIEPUMEHTATBHBIMU MOIXOJAMH.

B nacroseit pabote Mbl paccMaTpUBAEM JIMIIb /1Ba aCIEKTA Pe3ysbTa-
TOB MccaenoBanuii komnaktuzauuu JJHK npu Bzaumoneiictsuu ¢ TTABY),

KOTOpBbIE HEe ObLIU 3aTPOHYTHI B YIOMSIHYTOM paboTe:

e BO3MOXHOCTb Bu3yanusanuu komruiekcos JIHK-ITAB meTogom ckanu-

pyroniei TYHHeTbHOM MUKPOCKOIIUH;

e IIpUMEHEHUE METOUKH yueTa addexTa yuupenus (paznen 2.2) ajist Boc-
CTAHOBJICHUS PEaJIbHON TeOMETPUHU (U KOJIMUYECTBEHHOTO MOJIEKYJISIp-
Horo coctaBa) komruiekcoB JJHK-ITAB o pe3ynbTatam ucciemoBaHus
ACM.

Bonee neranbHas mHbopMamus o GU3NKO-XUMUUYECKUX CBOMCTBAX U Xa-
paxtepuctukax komruiekcoB JIHK ¢ mporuBomnonoxuo 3apsokeHHbiMu [TAB
(mostyyeHHasi MPUMEHEHUEM ILIUPOKOTO CIEKTPA UCCIENOBATEILCKUX METO-

JIMK) MOeT OBITh HaliJIeHa B YIIOMSIHYTOM quccepTalimoHHOM paboTe [104].

6) 3TOMY TOCBSIIEH TeKyuii pasuen 4.1

126



4.1.1. Bo3M0:KHOCTD HCCJIEOBAHUSI KOH(OPMAIIMOHHBIX

cBoiicTB komiiekcoB /IHK-ITAB meronom CTM

CornacHo pe3yiabTaTaM UCCIIeIOBAHUI aBTOPOB paboThI [61] cBOOOAHAS MO-
nekyina JJHK xapaktepusyercsi HEBBICOKON MPOBOAMMOCTBIO MPU UCCIIEI0-
BaHuu CTM, uto BbIpaxaercs B BU3yalu3allMi MOJIEKYJIbI 10 CIIOCOOy om-
puyamenbHo2o KOHTpAcTa (T.e. MPU JBMKEHUU HAJl MAKPOMOJIEKYJION, B CUITY
JIARJIEKTPUYECKUX CBOMCTB MOCIEIHEH, CKAaHUPYIOIIAsl UTJIa OIYCKAeTCs HU-
e, UeM TPpU IBHKEHUHU HAJI IMOITT0OkKKOM). HecMoTpst Ha 3T0, MBI OOHAPYKU-
nu ipu uccienoBanuu komruiekcos JJHK-ITAB, uto mocienHue MOryT OBITh

ycrenrHo Bu3yanu3oBanbl MeTogoM CTM (1o cniocoOy npsiMOro KOHTPAacTa).

3KCHepHMeHTaJILHaH 4yacTb

7 B skcnepuMenTe ucnonb3oBamd JHK u3 spurpounntoB mpimst («Coros-

xuMpeaxktuB», Poccust) 1000-3000 1m.0. u 1ucreapuiauMeTUIaAMMOHMI XJ10-
pun (ACAAX) («Tokyo Kasei Kogyo Co.», SAnonus).

OxcnepumenTsl mpoBoawiu Ha CTM CKAH-8 («LlenTp nmepcrneKTUBHBIX
TexHonorui», Poccust) [106], B pexxnMe MOCTOSTHHOTO ToKa (paboyue napa-
Metpol: Uy ~ 0,3 B, I; ~ 0,5HA). ACM-3KCcriepuMeHThI IPOBOAWIN HA MPHU-
6ope «Nanoscope-IIla» («Digital Instruments», CILIA) B pexkxnme KOHTaKTa
C UCMOJIb30BAHUEM KAHTUJIEBEPOB M3 HUTpUAA KpeMmHus (cM. Tadmuny A.1,
ctp. 227).

Pacteop JIHK (10> M) u ITAB (9 x 10=° M) B 0,5-M TBE 6ydepe 065-
€MOM 2 MKJI TOMEIIAJIN Ha MOJIOKKY (CBEKUM CKOJI MUporpaduTa WM CIo-
JIbI) ¥ BBICYIIMBAJIH B TeueHue 3 MuH. [1pu HaHeceHnU KOMIUIIEKCOB U3 XJIOPO-
(hopma ux mepBoHaYaTIBHO (POPMUPOBATIA B BOAHOH (ha3e MpU B3aUMOIEHCT-
Bun [JHK c ITAB, 3aTeM KOMIUIEKCBI BBICYIIMBAIN U PACTBOPSUIM B XJIO-
podopme (B oTimume ot cBoboaHbix Monekyn JHK nx xommiekcor ¢ [TAB

pacTBopuMBI B Xja0podopme [107]).

AHaau3 pe3yJbTaToB

bruto o6Hapyxeno, uto komruiekchl JJHK-ITAB MoryT ObITh BU3yaIu3upo-

BaHbl MeTosioM CTM, cm. puc.4.2a u 0, rae uccieayeMble 0ObEKThl HaHECe-

) O6pas1bl 715 HCCIIEIOBAHMIA OBLTH IPUTOTOBIEHBI COBMECTHO ¢ K.X.H. O. A. ITbIIKNHO#
n k.X.H. B.T. CepreeBbim (Xumudecknit pakyaprer MIY)
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Puc. 4.2. UccnenoBanue komiutekcoB JIHK-TITAB meromom CTM u ACM.

a— Kowmrutekcel ancop6upoBaHbl U3 BOIHOM (a3l Ha nMUporpadyT U BU3YAITU3HUPOBAHEI
CTM, (BHmM3Y n3ob6paxeno ceueHue CTM-ipoduirst KOMITIEKca);

06— KOMIUIEKCHI aacopOupoBaHbl U3 XJopodopMa Ha NUPOrpadUT ¥ BU3YAITU3HPOBAHBI
CTM;

B — KOMIUIEKCHI aJICOPOMPOBAHBI U3 BOJTHOM (ha3bl HA CIIOMY U BU3yanu3upoBaHel ACM
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HBI Ha TTOJI0KKY Iuporpadura u3 BoaHou dassl (a) u ximopodopma (6). s
UCKJTIOUeHUs 3 deKTa BIUSHUS MOIT0KKUA U MPOBEPKHU aIeKBATHOCTH MPU-
MeHneHns: Metoga CTM K HCCIeTOBAHUIO TUAJIEKTPUUECKUX CTPYKTYp MpO-
BOJIMJIN KOHTPOJIbHBIE U3MEPEHUS C IOMOIIBIO aTOMHO-CUIIOBOI'O MUKPOCKO-
na. [Ipu aToM ObUIH BU3yaln30BaHbl OOBEKTHI C UACHTUUHONW MOpdoiorueit
(puc. 4.2 B).

bruto o6HapyxeHo, uto yactunbl komruiekca JJHK-TTAB xoporo aacop-
OMpPYIOTCSI Ha MOBEPXHOCTh TUAPO(OOHON MUPOrpa@UTOBOM MOIOKKHU U3
BOIHOM (pa3bl, 4TO MOKET OO BACHATHCS TUAPOPOOHBIM 3PpdekToM, cM. cTp. 21
(MTOBEPXHOCTh UCCIIEYEMBIX KOMITJIEKCOB XapaKTepu3yeTcs: TiapoPoOHbIMU
cBoiictBamiu [104]). MeTouka HaHECEHU ST YACTUI] KOMILIEKca U3 Xjopodopma
MO3BOJISIET N30€KaTh arperaiy UCCIeNyeMbIX CTPYKTYP B MPOILIecce MPUro-
TOBIIEHUS 00Pa31[0B. DTO MOKET ObITh CBA3AHHO C TEM, YTO B XJIopodopme
ruipodoObHOE B3aMMOIEHCTBIE OTCYTCTBYET U arperupoBaBIlre oOpa3oBa-
HUS PEacCOIUUPYIOT.

Mo3kHO TPEANOI0KUTh, YTO BO3MOKHOCTh BU3yaIu3allul TAKUX OO0BEK-
ToB, kak koMmiuiekcel JIHK-ITAB, meTonqom CTM cBsizaHa C no8epXHOCHHOT
nposooumocmoio ciost Mosekyn [TAB, MOKpBIBaIOIUX KOMIUIEKC CHAPYKH.
DTO NPEANONOXKEHNE Ccorjacyercs ¢ OOHApyKEHHOM HaMu paHee (CM. pa-
601y [108]) Bo3moxkHOCThIO CTM-BU3yamm3zanuu OUCITIOUHBIX JIMITAIHBIX 00-
pa3oBaHU — JUMOCOM. JIeHCTBUTENIBHO, UCCIIeIOBAHHBIE JIMTTOCOMBI OBLIU
00pa3oBaHbl MOJIEKYJIAMU JIUNUO08, CBOMCTBA B CTPYKTypa KOTOPBIX OJIM3KU

MoJiekyiam ucnonbzyemoro [TAB (JCOAX).

4.1.2. Onpenenenue reomerpun kommiekcos JJHK-ITAB,
nepelieaMMnX Yepe3 rpaHuily pasaesa ¢gas

Boja/xnopodopm, no pesyabrtatram ACM

B cuny toro, uto kommekcel JIHK-ITAB HepacTBopuMbI B BogHOI (hasze,
HO PacTBOPHMMBI B OPraHMYECKUX PACTBOPUTENAX (XJIopodopMe, TenTaHe,
nukiorexkcane) [107], mpeacTaBisiiock MHTEPECHBIM IPOBECTH UCCIIEIOBAHUE
Ipoliecca UX MepeHoca uepe3 rpaHuily pasziesna gpas B OpraHu4ecKuii pacTBo-
pUTENb U UCCIEeN0BAaTh MOP(HOIOTUIO IepeleaAmnx KomMiuiekcoB. [lono6Has
CHCTEMa MOJKET CIIY>)KUTb MOJIEIIbHOM IIPU U3YUYEHUU MEXaHHU3Ma TPAHCMEM-

o6panHoro nepenoca JJIHK [104].
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3HaHME T€OMETPUU KOMITAKTU30BAHHBIX KOMIUIEKCOB SIBJISIETCSI BEChbMa
BaXXHBIM, HaIIpUMep, JJIs1 ONIPEACTIEHUs COCTaBa KOMILIEKCA (KOJIMYecTBa 00-
pa3yrolux ero MoJjekyia). TOUHOCTh ompenesieHus TeOMETPUN OpraHUuvec-
KOTro 00BEKTa IO pe3ybTaTaM HCCIIEIOBAHUI 3JIEKTPOHHON MUKPOCKOIUU
OrpaHuYeHa (TPYAHO MOJYYUTh TOYHYIO MH(OPMAIMIO O BBICOTE OOBEKTA:
METO/IUKA 3albUICHUS MO YIJIOM JIA€T 3HAYUTEIbHYIO OLIMOKY MPU MaJIbIX
BBICOTaX OOBEKTA).

Onpenenenue reomerpun komiiekcos JJHK-ITAB no pesynbratam om-
HOCUumeJbHblX METOJIOB HcciieqoBaHus (cM. pasaen 1.4, ctp. 33 u ganee) oc-
JI0KHEHO B CHITY BapHallii KOMILUIEKCOB 110 pa3MepaM.

Metoa ACM 1no3BOJISIeT HEMOCPEICTBEHHO OMPeeisiTh GOpMYy U pa3me-
pPBI OTIENbHBIX OOBEKTOB, aICOPOUPOBAHHBIX HA IMOBEPXHOCTH IMOJJIOKKH,
HO ]IS BOCCTAHOBIICHUSI UX peanbHOoli TEOMETPUM HEOOXOAUM JOTOJIHUTENb-
HBI MaTeMaTH4ecKuii aHaau3 (yueT 3dgdekTa yimmpeHus, cM. pasaei 2.2 co
cTp. 85). 31ech MBI MPUMEHUIN pa3paboTaHHYIO B pa3jaeie 2.2 MeTOIUKY s
onpeaenenus popmbl Komiuiekco JIHK-ITAB, uto mo3Boaniao cienaTh Bbl-

BOJbI O KOJIMYECTBC MOJICKYJI HHK, BXOOAIIIUX B KOMIIJICKC.

3RcﬂepnMeHTaanaﬂ 4acTb

8) TIporecc mepeHoca KOMILIEKCOB OCYLIECTBIISIN M3 BOAHOI Cpesl B XJIO-
podopm. B xauectBe [IAB Hamu ObuT BRIOpAaH AUCTEAPWIIUMETUIAMMOHUN
xnmopun (ACHAX) «Tokio Kasei Kogyo Co.», SAimonusi. B pa6ote ncnomnbs3o-
Bayi [IHK u3 cniepmsl nococst («<"OCHUNOXT» Poccus) 300-500 1. o.
Csoboanbie Mosekyibl JJHK HepacTtBOpumMBl B X10podopMe U MOTYT
OBITH TIEpEeBEJCHBI B OPraHUYECKYIO (a3y TOJIBKO B BUJE KOMILJIEKCOB C
ITAB (koTophble, Kak YyIIOMHHAJIOCh, B Xjlopodopme pacTtBopsitorcs). Kon-
TpOJIb TIporecca nepeHoca koMiuiekcoB JIHK-TTAB uepe3 rpanuily pasaena
(a3 mpoBogwn MeTogoM Y D-CrieKTpoPOTOMETPUHN Ha CHEKTPOGOTOMETPE
«Specord M40» (I'epmanus). beito nokazano®), uro npu gobasnesuu 1,5-

kpatHOro n36nitka JJCAAX) k nByx(a3HOll cucTeMe, COCTOSIIEH U3 BOI-

8) O6pasipl 1T MCCIEOBAHMIl OBLIM IPUTOTOBIEHBI coBMecTHO ¢ A.C. AHIpeeBoil u
k.X.H. O. A. [TermkuHo# (Xumudeckuit pakynprer MI'Y)
9) 51 m3Mepenus 6sun poBeneHsl A. C. AnapeeBoit n k.X.H. O. A. ITpimkuHOM (XuMu-
yeckuii pakymbTeT MI'Y)
10) 1. mpu ycoBuu, uTo KoHnenTparms ITAB B 1,5 paza npespimaer konnenTpao JJHK
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Horo pactBopa JIHK u dazsr xnopodopma, Habmogaercs npaktiuaecku 100%
nepeHoc monekyn JJHK B oprannueckyro dasy.

AncopO1rio 06pa3IoB Ha CITIOAY OCYIIECTBIISIN CTAHIAPTHBIM 00pa3oM:
KaILTIo TIpernapara (XaopodopM ¢ KoMIIeKcaMu mocie mposeaenus 70% me-
peHoca) 06beMOM 3 MKJI TOMEIAIN Ha CBEKUIN CKOJI CITIOJIbI, BBIAEPKUBAIN
B TeUeHHEe 3—5 MUHYT, IPOMBIBAJIM OUJUCTUIUIMPOBAHHOM BOJOM U BBICYILIN-
BAJIM HA BO3/IyXe, ITOCIIE€ YETO OCYIIECTBIISIIN CKAHUPOBAHUE.

ACM wuccnenoBanus OCyIIeCTBIsUIM Ha Tmipubope «Nanoscope-IITa»
(Digital Instruments, CIIIA) B pexuMe KOHTaKTa ¢ KAaHTHJIEBEPAMU U3 HUT-

puna kpeMHus xectkoctbio 0,06 H/m.

ACM-u3mepenusi reomerpun kommiekcos [HK-ITAB

Metonuka Hanecenust komruiekcoB JIHK-ITAB Ha moBepXHOCTh MOTOKKHU
U3 xJ0podopMa, IO-BUANMOMY, UMEET CIIEAYIOIINE TPEUMYIIECTBA B CPABHE-
HUM C HAHECEHHEM 13 BOAHBIX pacTBopoB. Kommiekcol JIHK-TTAB sBnsrorcs
ruApoGoOHBIMH, U B BOJHOM cpele MOTYT B3aMMOJIEHCTBOBATH C CHJIAMH
MPUTSDKEHUS 34 c4eT ruaApodoOHOTO 3PdeKTa, UTO MOKET MPUBECTHU K arpe-
ralyuyu KOMIUIEKCOB IPU MPUTOTOBJIICHUH O00Pa3IoB M OCIOKHUTHh UX ACM-
BHU3yaau3aluio. B ximopopopme ruipopoOHbIe B3aMMOICHCTBHS HE TIPOSIBIIS-
IOTCSI, U TIepeleIIne TyJa KOMIUIEKCh CTaOMIN3UPOBAHBI JIUIITbL BHYTPEH-
HUMM MexaHu3Mamu koHjaeHcauuu JIHK, B cuily dyero kaxablii KOMILIEKC,
IIO-BUIMMOMY, cocToUT 13 MoJiekyl JIHK, moxpbIThIX crapyatcu ciioem More-
kya [TAB. Kams xmopodopma, comepxaiiast icciaeayeMble KOMIUIEKCHI, TPU
HAHECEHUU HAa IMOJUIOKKY BBICBIXA€T JOCTATOYHO OBICTPO, YTO YMEHbBIIAET
BEPOSATHOCTh O0PA30BAHUS PETYISIPHBIX CTPYKTYP BCIEICTBHE MEXaHU3MOB
arperaiuu win camoopranuzanuu [TAB.

C nomortipio ACM 066110 0OHAPYKEHO, YTO IMPU HAHECEHUH HA MOITIOKKY
CTPYKTYp, OCTaBLINXCS B BOJHOI (ha3wl ocie mposenenus 70%-nepenocall),
Ha ACM-u306paxeHusX MpucyTCTBYIOT arperatsl mosieky JJHK B Buae Hu-
teit mHbI 2502000 HM (M300paxeHus He mpuBeaeHbl). OOpa3oBaHUE JJTHH-
HBIX TSDKEH MPOUCXOAUT, IO BCE BUAMMOCTHU, BCIIEICTBUE MEXMOJIEKYJISIP-
HOI arperauuu oTaenbHeIX Monekyn JJHK!?) . Msmepenne 3HaUeHUI BBICOTHI
Y IUPUHBI HA TTOTYBbIcOTe ACM-1300paXeHNi TaHHBIX CTPYKTYP AAeT 3Ha-

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

1) 7.e. B BomHOIt (hase ocraercs 30% momekyn JJHK
12) npu BozneiictBuu ITAB
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Puc. 4.3. Topounaneusie komrekcel JJHK-ITAB, nepemenmue B xnopodopm u3

BOJIHOM (a3l 1 ajicopoupoBanubie 111 ACM ucciieqoBaHKUS Ha ITOBEPXHOCTH CITFOIBI

Ha puc. 4.3 npuenenst pesynbtatel ACM-ucciieqoBaHus KOMIUIEKCOB
JHK-ITAB, nepemenmux B xa0podopmM, aaAcopOMpPOBAHHBIX 3aTeM Ha CBe-
KM CKOJI CITIO/IBI M MCCTIeIOBAHHbIX Ha Bo3ayxe. C Lenbio aHanu3a Mmopdoio-
MU KOMIUIEKCOB ObLlIa MPOBE/IeHA CTATUCTHYECKass 00paboTKa U3MEPEHHBIX
napaMmerpoB ACM-u300paxeHui TOPOITOJ0OHBIX CTPYKTYp: D — auamerpa
TOpa, d — AuaMeTpa ce4eHus Topa U h — BBICOTHI TOPOUAIBHOU CTPYKTYPbI
Ha/Jl ITOJIJI0KKOM.

I'ucrorpammel pacnpeeneHus napaMmeTpoB TOPOUJATIBHBIX KOMILIEKCOB
MpeCTaBICHBI HA puc. 4.4, CTaTUCTUKA HaOpaHa B pe3ysibTaTe n3mepenus 180
ACM-nipoduiieit KOMIUIEKCOB, CIUIOUTHOM JTMHUEH yKa3aHa armpOKCUMAIIUS
ITOJIyYEHHBIX PaCIpeeIeHUI 10 3aKOHY pacnpeneneHus ['aycca.

CpennHue 3HaYeHUS IS TApaMETPOB TOPa, ONPEIEICHHBIE MO AIMPOKCU-
Malu pacrnpenenenueM ['aycca, coCTaBIsIOT CleAyIOlIUe BEIMUUHBI (B Ka-
YECTBE MMOrPEIIHOCTU YKAa3aHO CTAHJAPTHOE OTKIIOHEHUE):

D =1004+308M,d=254+9uaMu h =5 £+ 2HM.

T.o. mapamerpsl yactull (guewnuii paguyc topa Ry, = (D + d)/2 =
62 + 16 HM) XOPOIIIO COTJIACYIOTCS C TUIWYHBIMU 3HAYCHUSIMU IS MOJIe-
ky1 JIHK, nmeronux pazmuuHyo JJIMHY U CKOHJIEHCUPOBAHHbBIX PA3JIMYHBIMU

areHtamu [97].
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Puc. 4.4. T'ucrorpamMMbl pacripeneneHus mapaMeTpoB reomerpun ACM-npodureit
TopounabHbIX komiuiekcoB JJHK-ITAB.

Wsmepsimu reomerprudeckue napameTpbl ACM-u300pakeHUI: TuaMeTp Topa, JUaMeTp ce-
YEHHSI TOPA U BBICOTY HaJl MOMT0KKO0M. CIUTONTHOM TUHUEH ITOKa3aHa alllIpOKCUMAIIUS pac-

npeacJICHuEM Faycca
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Onpenenenue uncia mojeky JIHK, oopazyrommx kommiekce ¢ [TAB, nyrem

BOCCTAHOBJICHUSA peanbﬂoﬁ reOMETpud KOMIIAKTHBIX TOPOUJAJIbHbIX

CTPYKTYPp

B cuny Toro, 4to anmHa MoJiekyn JieKUT B auanazone 100—170 um, a cpen-
HSSI JIMHA OKPYXXHOCTH TOPOUAATBHON YacTUllbl D COCTaBIISIET BEIMUUHY
300 HM, OYEBUIHO, YTO B OOpPA30BAHUM KOMILIEKCA MPUHUMAET y4acTHe, o
KpaiiHeit Mmepe, nBe—1pu MoJiekyibl [IHK. Bonee monpo6HsIit aHau3 Tpedyer
BOCCTAHOBJIEHUS PealbHOM reOMETPUN KOMILIEKCA.

3aHMKeHNe 3HAYCHUI BEpTUKAIbHBIX Pa3MEpPOB UCCIEAYEMBIX CTPYKTYP
00YCIIOBJIEHO KOHTAKTHBIMH JIe(hOPMALIUSIMU TIO]T IEHCTBUEM 30H/a, OCOOEH-
HO CYIIECTBEHHBIMM IIPU UCCIEAOBAHNU OOBEKTOB, PAJANYC KPUBU3HBI KOTO-
PBIX MEHbIIIE paguyca KpUBU3HBI KOHUMKA UTJIbI, cM. paszaen 2.1. [Tpeanomna-
ras, 4To aedopmaiusi 00beKTa He COIMPOBOKIAETCS U3MEHEHUEM ero 00beMa,
MBI JIeJIa€M BBIBOJ] O TOM, UTO yMeHbIlIeHHe BhICOTEI ACM-u3o6paxkenus (3a-
HIDKEHUE mapameTrpa h = 2b) OyleT CKOMIIEHCUPOBAHO COOTBETCTBYIOIIUM
YBEJIMUEHUEM €To IUPUHBI (mapaMmerpa d). TakuM o6pa3om, MbI JIeJIaeM ar-
PUOPHOE MPEIoJIoKeHue, 4To TopounanbHbie kKomiuiekcsl JJHK-ITAB ume-
IOT «CIUTIOCHYTYI0» (GOpMYy.

3aBsinenne 3HaueHU MUpuHbl ACM-n300pakeHUuil SIBISETCS B OCHOB-
HOM CJIE[ICTBUEM TOTO, YTO KOHUMK 30HIUPYIOIIETO OCTPUS UMEET KOHEUHbIN
panuyc KpUBU3HBL, cM. pasnen 2.2. Paccuntats BKIIa1 B yIIUPEHHUE MOKHO Ha
OCHOBAHUHU AHAJIM3a F€OMETPUM KOHTAKTA UCCIEAYEMON CTPYKTYPbI U KOH-
YUKa 30H/a C IOMOILbIO pa3paboTaHHON METOAUKH; TEKCT IIPOrPaMMBbI, pea-
JW3YIONIeH JaHHBIM MOAXO/, MpuBeAeH Ha cTp. 220. MbI pOBOAWIN aHATIU3
TUTSL MOJIeTIEH Kak MapaboIMuecKoid, Tak U ceprueckoii urisl. [lonydennsie
PEe3yIbTATHI 151 000UX MOAXO0A0B (PAKTUUECKH TOXKIECTBEHHBI: KOJIMUYECTBEH-

HOE€ pacxojkJeHHe B OTBeTax cocTaniseT 3—9%.

Pe3yabTaThl npuMeHennsi MeTouku yyera 3¢gdexta ymmpenus (pasgen 2.2)
K BOCCTAHOBJICHHIO LIMPUHBI CeYeHHs HccaeyeMbIX 00bekToB. ['eomerpuro
KOHYMKA UTJIbI (paguyc KPUBHU3HBI WM KOI(DPHUIIMEHT mapadoiIbl) MOKHO
ONPENEIUTh MPU HCCIEI0BAHUN OOBEKTOB, MMEIOLIUX B CEUEHUU OKPYHC-
Hocmb W3BecTHOTO paauyca'® . CormacHo pesynbTaTaM HCCIel0BaHUs TecT-

00BEKTOB (YaCTHI[ BUpyca TaOAuHOW MO3auKu, CM. paszaen 3.1) paauyc Kpu-

13) y3 3;IeMeHTAPHBIX TeOMETPHUECKHX OCTPOEHHIA, M. cTp. 103
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Cnydau otcytcTBusi petcHust (%)

Pamgnyc urnsr (HM)

Puc. 4.5. Hucno ciaydaeB OTCYTCTBUA PEIIEHUS B 3aBUCUMOCTU OT pajnyca amnmpok-

CUMalluu UTJIbI.

ITpoBepka BBIMOJIHUMOCTH «penepHOoro» ycinoBus (2.38) ctp. 90 11 HaGpaHHOM CTATUCTUKU

M3MepeHHbIX 3HaueHu h n d ACM-nipoduieit Topounanpabix komiiekcoB JIHK-ITAB

BU3HBI KOHUMKA UIJIbI KAHTUJIEBEPOB UCIOJIb3YEMOTr'0 TUIIA UMEET BEIMUUHY
oT 5 10 15HM (o maHHBIM (pupMBI-pousBoauTEsd A0 40 HM, cM. TaOIIH-
uy A.1). Jdnsa moaenu napabolnyecKol UIJIbl 3TO COOTBETCTBYET BapHAILINK
napamerpa k B muanasore (21,5-3,9) x 10~2um !, Onpenenenue TOYHOrO
3Ha4YeHHs paauyca R (win k) A7isi KOHKPETHOTO 30HAa TpeOyeT ero TeCTupo-
BaHUs HEMOCPEACTBEHHO Tepe/l UCITOIb30BaHeM. OQHAKO U B 3TOM CiIydae
CYIIIECTBYET BEPOSITHOCTh TOTO, UTO B MPOIIECCe CKAHUPOBAHUS (hopMa UTJIIbI
MPETEPIUT U3MEHEHUS B Pe3yJbTaTe B3aUMOAEUCTBUS ¢ 0ObekTOM. B 3TOit
CBSI3U YPE3BBIYAHO TOJIE3HBIM SIBIISIETCS TOJIyYeHUe MHpopManuu o (Gop-
Me 30H7a HerocpeAcTBeHHO u3 ACM-u300pakeHuit 00beKTa UCCIIeIOBAHMUS.
DTa nHpOopMAaIUsI MOKET OBIThH MTOJyUYeHA B pa3paO0TaHHON METO/IMKE yueTa
addekra ymmpenus (pasaen 2.2).

Tax, Ha puc. 4.5 nmpencrasieH rpaduk 3aBUCIMOCTH YHCTIA CITy4aeB OTCYT-
CTBUSI pellieHus (U1 CTATUCTUKY Map 3HAUeHUH d u h) OT paaunyca anmnpoKCH-
MaIliy 30H/1a, TOCTPOCHHBIN MyTEM TECTUPOBAHUS BHITIOJIHEHUS KPETICPHBIX»
ycnoBuit (2.38) wiu (2.39), cM. ctp. 90. Ha ocHoBaHuM puc. 4.5 MOXKHO CIeNIaTh
BBIBO/I, UTO BEPXHSISI TPAHUIIA 3HAYCHHS R, XapaKTepU3YIOIIEro UCIOIb3ye-
MBIt 30H]1, cocTaBisieT 12 HM (cooTBeTCTBYET k = 5,5 X 10 2 HM 1) — BbIIIE
9TOr0 3HAYEHUS! HAOJIOIACTCSl JTMHEUHBIM POCT YMCTIa CIIy4yaeB OTCYTCTBUS
pemrenus. HykHSs TpaHUIa Ui pajnyca KPUBU3HBI 30HIA OIPEICIAETCS

KOHTAKTHBIMH J1e(hOPMAIHSIMHU.
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MBI BOCCTAHOBWIM WCTUHHYIO IMIMPUHY TOPOUIATBHBIX CTPYKTYp, HC-
MOJIb3ysl ABA Pa3JIWYHbIX 3HaUeHUuss R— 6HM u 12 HM (cooTBeTCTBYET k —
132 x 10 2um ' u 5,5 x 107 2am ). Cpennee 3HaueHne nmapameTpa a (Haii-
JIGHHOE YMCIICHHO) ISl 3TUX cityyaeB cocTanisieT 11 u 10 HM COOTBETCTBEHHO
(otHOCHTENBHOE OTKJIOHEeHUE ¢ = 0,5). Pe3ynbTaThl mpuMeHeHus mapabdoiu-
YeCKOM MOJIeIu Ukl JatoT 3HaueHus 12 u 11 um. Takum o6paszom, 1eicTBU-
TenbHO, popmoii komrutekca JIHK-ITAB siBiisieTcst CIUTFOCHY TBIN TOD.

MBI osicunTanu Takxke koindaectBo mosekyi JAHK, Bxoasuux B cocraB
MPOTSIKEHHBIX TSHKEM, OCTABIIUXCS B BOAHOMU (haze mocie MpoBeAeHUs Tpo-
1iecca rnepeHoca (cM. Boliie). BoccraHoBUB 3HaUeHNE UCTUHHON ITUPUHBI HUTH
(mmsg R = 6 amM monyuuiid a = b—11 1M, 111 R = 12HM — a = 6—12 HM) 1 00-
Hapy>XWIH, YTO B CECUCHUU HUTH YKiaabiBaeTcs oT 1 1o S monexkyn JAHK. T.o.
WCIIOJIb3yeMasi METOJIMKA JJaeT COIVIaCHe C OXUJAAEMBIMM 3HAUECHUSIMU IIpU
MIPUMEHEHUU €€ K aHaJIM3y IIMPUHbI KaKk oaMHOYHBIX Mojekyn JHK, tak u
UX arperaTos.

Cnenyer nmoayepkHyTh, YTO METOJAMKA HE YUUTHIBAET BO3MOXHOIO J10-
MOJIHUTEJIBHOTO BKJIA/1a B YIIMPEHUE, CBI3aHHOIO C YACTUYHBIM YBJICUEHU-
eM 00paslia 30HJ0M MPU CKAHUPOBAHUU, YTO MOXKET MPUBOAUTH K 1,5-2,5-
KpaTHOMY (110 HAILIUM OLIEHKAaM) 3aBBIIICHUIO 3HAUYEHUS INUPUHBI OOBEKTA d

U, KaK CJI€ACTBHEC, BOCCTAHABIIMBACMOTI'O 3HAUYCHUS a.

Pacuer unciaa moaekya JIHK, oopasyromux kommiekc ¢ ITAB. IIpennona-
rasi INIOTHYIO (TeKcaroHaabHyI0) yrakoBky moiiekyn JJHK B kommiekce, mo-
Jy4YUM, YTO 00BEM, MPUXOISIIHUIICS HA OJIHY MOJIEKYJTy B COCTaBe KOMILIEKCA,
nMeeT BennuuHy 4R?sin 60°L, tne R— pamuyc monekyisl JIHK, a L — ee
JUTMHA.

OO0BeM TOpOUIATBHOTO KOMILIEKCAa OYyIeT ompenensiTbes (Gpopmyoi
m?abD, TAe a— HaWJIeHHOE YKCIIEHHOe penenue, b = h/2, D — nuamerp
topa. C yuerom Hanuuus ciosi [IAB Tommuuoi | nonyuyum Gopmymny s

YHUCITa MOJICKYT:
m2abD

~ 2V3(R+1)2L
Ha puc. 4.6 mpuBeneHbI rHCTOrpaMMBI PaCIIPEAEIICHNS] HAMEHHBIX 3HaYe-
HUH 4KcIa MOJIEKYII IIPH IBYX 3HaUEHUsIX apaMmeTpa R (paaunyca KpUBH3HBI
uriabel) — 6 u 12 aM. (Mojens mapabonieckoi Uikl 1aeT GaKTUUECKU UeH-

TUYHBIE PACIIPEIEIICHNUS).
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Yucno MOJIEKYJT B KOMITJIEKCE

Puc. 4.6. I'ucrorpammsl pacnpenenenus yncia mojiekyn JJHK, Bxomsmux B cocras

xomiuiekcoB ¢ [TAB

AHaIM3 TUCTOTPAMM IOKA3bIBAET, UTO, COTJIACHO MOJIYYEeHHOMY pellle-
Huo, 80% KOMILJIEKCOB MMeeT B cBoeM cocraBe MeHee 16 monekyn JJHK
(mIpy KCMOJB30BaHUM anmnpokcumauuu R = 6HM) wim 15 Monekyn (mpu
R = 12 Hm).

BbiBoapl. MpbI OKa3aiu, YTO B COCTaB KOMIUIEKCOB, HEPACTBOPUMBIX B BOA-
HOHM (haze, HO PacTBOPUMBIX B XJIOPOdOpMe, BXOIUT HECKOIBKO MOJIEKYT
JIHK. MoXHO NpeanonoKUTh, YTO B UCCIEAYEMbBIX CTPYKTYpax MOJIEKYJIbI
JHK o6benrHeHbl HEMOCPEACTBEHHO APYT C APYTOM U MOKPBITHI CHAPYKU
cnoem ITAB') . TTpumMeHenre METOMKH BOCCTAHOBIIEHUS HICTUHHOMN reoMeT-
pun 00beKTOB 10 pe3ynbTaTaMm ACM-u3MepeHnii 03BOIMIIO C/IEIATh BBIBO/I,

YTO B COCTAB KOMIUIEKCOB BXOJUT OT 2 110 15 MosIeKy.I.

14) oCKOITBKY KOMIIIEKC, B KOTOPOM 0OBbeIMHEHBI HeCKONbKO Momeky1 JIHK, kaxmas u3
KOTOPBIX MOKPHITA CHapyku citoeM ITAB, He OyeT cTabMIBHBIM B XJIOpodopme (B OTCYTCT-
BUe ruIpoQOOHBIX B3aUMOIEHCTBUIN)
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4.2. UccaenoBanne nzmenennii kongopmanuu JHK

B BOAHO-CIIMPTOBLIX Cpe€aax

B paznene 4.1 mbl paccMaTpuBaiu KOHPOPMALMOHHBIE U3MEHEHUsI, KOTOPbIE
npetrepreBatoT mosekysibl JIHK nipu B3anmopeiictBun ¢ monexynamu [TAB B
BOJIHBIX pacTBopax. Mertogom ACM Ob1710 MOATBEPKIEHO, YTO B 3TUX YCIIO-
BUSIX MOKET MPOUCXOIUTh KomnakTuzanus monekyn JHK, npu stom Obuta
BU3yaJIM3UPOBaHA TOPOUAATIbHAS CTPYKTYpa KOMIAKTHBIX KOMIIJIEKCOB.
Crout ormetuth, uTo cucreMa JIHK + ITAB mocraTouHO ciaoHa s
WCCIIeIOBAHUN npsAMbIMY METOAAMU BU3YIU3ALUU T€OMETPUN MUKPOOOBEK-
TOB, K KOTOpBIM oTHOcuTcs 1 ACM. [leiictButenbHo, npucyrcrsue [TAB B
KauyecTBE KOMITOHEHTA CUCTEMBI TPEOyeT MPOBEACHUS TPYAOEMKUX KOHTPOJIb-
HBIX 9KCIIEPUMEHTOB JJIs1 ONPEICIICHUSI METOUKH TPUTOTOBJIEHUSI 0OPa31OB,
IIPY UCMOJIB30BAHUU KOTOPOU CTPYKTYpbI, 0Opa3zoBaHHbIe TobKO [TAB (6e3
JAHK), e npuBoauiu 0661 K ommOkaM B uHTeprpetaniiu ACM-pe3yiibTaToB.
D10 cBs3aHo co cnocobHocThio [TAB k camoopranuzamuu [109], koTopas,
HaIpuMep, MOXKET UMETh MECTO B IMPOIIECCE BBHICHIXAHUS KAIlIM Mpernapara,
HAHECEHHOIl Ha IOBEPXHOCTH IOJIOKKH Ul IPUIOTOBJIEHUs 06pasios’®).
[ToaTomy HE0OXOAMMO OMPENENIUTh TAKUE YCIOBHS MPOLIECCOB HAHECEHUS
00pa3LoB, BBICYIIMBAHUS KaIUIM IIpenapara W MPOMBIBKH, IPU KOTOPBIX
HaJIMYue Ha MOJJIOKKE OOBEKTOB, CBSI3aHHBIX JIMIIL C CAMOOPraHU3aluel
ITAB (6e3 yuactus JIHK), munumanbpHo. Mu, eciiu OHM ¥ TPUCYTCTBYIOT,
TO UX F€OMETPHUS MPUHIHUIINATIBHO OTIIUYAETCS OT UCCIIE1YEMbIX KOMIUIEKCOB
JHK-ITAB: HanpuMep, HaTM4YME Ha MOJIOKKE CAMOOPTaHU30BAHHBIX HJI0C-
KUX MOHO- WJIU MYJbTUCIONHBIX TUIeHOK [TAB He ocnoxHsieT uaeHTuduKa-
uuto uckombix [JJHK-ITAB kowmriiekcoB, HO, HAITPOTUB, YACTO CIIOCOOCTBYET
MMMOOIM3AIIHN UCCIIETyeMBIX OOBEKTOB B ITPOLIECCE CKAHUPOBAHUA'S) |
[ToaToMy nOCTAaTOYHO MOKA3aTENbHBIM ObUIO OBl HOATBEPANUTH aJeKBAT-
HOCTh NpuMeHeHus C3M 15 uccnegoBanus mpoieccoB konaeHcauuu JJHK
Ha IpuMepe Ooiiee MPOCThIX cucTeM. TakoBOHM CHUCTEMON, Ha Halll B3TJIS,

MoOxeT cuutatbes Mosiekyna JJHK, naxoasimascss B BOJHO-CIMPTOBOM cpelie

15) 11pu BBICHIXAHMH KATUIH GY/IET MOBBIIAThCS KoHIeHTparms [TAB

16) popmupoBanue mieHok ITAB Ha TOBEPXHOCTH CITIOBI (OTPHIATETBHO 3aPKEHHOMN B
BOJIHBIX PAcTBOPaX) MOXKET MPUBOJIUTH JUOO K ee ruapodobusanuu, 1100 K CMeHe 3Ha-
Ka MOBEPXHOCTHOTO 3apsifa — B 3aBHCUMOCTH OT KOJUYECTBA MOHOCIIOCB M OPUCHTAIIUU
MOJIEKYT
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(ata”on, uzonpomnanoi). [Ipu 10cTaTOUHO BBHICOKUX KOHUEHTPAIUSIX CIIUPT
cranosutcs ans monekyn JHK nroxum'™ pactBoputeneM (B IpUCYTCTBUU
kaTroHOB Na™ — 00b1uHO paboTaror ¢ HaTpueBbiMU coisimu JTHK), uro
MPUBOJIUT K MIEPEXOy MAKPOMOJIEKYJI U3 COCTOSTHUS Pa3BEPHYTOrO KIIyOKa B

COCTOSIHME KOMMAaKTHOM 17100y [110].

4.2.1. UccaenoBanne CKOHAEHCUPOBAHHBIX B BOIHO-CIIMPTOBOM
cpene moJieky.a JIHK npu npoBenennu uccsieloBanuii Ha

BO31yXe€

18) JKkcHepHMEeHTHI B eCTECTBEHHOM aTMocdepe OCYIIeCTBIIANH 10 CIeayIo-
men cxeme. Monekynbl JIHK koHaeHcupoBaiu B BOAHO-CIIUPTOBOM cperie
MpU KOHIEHTPAIUAX CIIUPTA, MPUBOJAIINX K MEPEX0y KIyOOK — I1o0yIa,
¥ HAaHOCHJIM KaIUTio rpenapatal® Ha MomtoxkKy, 3aTeM o6pasibl BBICYHIH-
BaJIM, IMPOMBIBAIM U CHOBA BBICYIIMBAJIH, T.e. CXeMa JIKCIEPUMEHTa ObLIa
CTAHJAPTHOM TSI UCCITEOBAHMI HA BO3/IyXE U MIGHTUYHOU CITydaro aHaIu3a
KoHeHcanun xomruiekcoB JTHK-TTAB??)

Hst axcniepumenToB Beiopanu JAHK u3 sputpounToB st (1000—-3000
1. 0., «Coro3xumpeakTuB», Poccus ), B kKauecTBe CIIUpTa UCIOJIB30BATN H30-
MPOTIAHOII ¥ 3TAHOJ (X. 4.). KOHTPOIIBbHBIE IKCIIEPUMEHTHI 110 UCCIIETOBAHUIO
moutekyst JIHK, mpuroToBiieHHbIX HAHECEHUEM U3 BOJAHOTO pacTBopa Oydepa
(0e3 cupTa), AEMOHCTPHUPYIOT OTCYTCTBHE KOMITAKTU3AIIUU MAKPOMOJIEKYJT B
JTAHHBIX YCIIOBUSX — pUC. 4.7. 371eCh MBI UCIIOJIH30BAIN B KAUECTBE MOAJIOKKHI
HeMOOUGUYUPOBAHHYIO CITIOY, TIOCKOJIBKY TAKYIO XK€ IMOUIOXKKY BBIOUPATIU U
TSl KOHICHCUPOBAHHBIX MOJIEKYJI. Mcrop30BaHe HEMOAU(PUITUPOBAHHOMN
(T.e. OTpUIIATEIBHO 3aPSKEHHOM) CITIO/IBI B KAUECTBE MOJTIOKKU OOBIICHSIET
TOT (haKT, YTO aICOPOMPOBAHHBIE MOJIEKYJIBI HEIOCTATOYHO PACIPaBIICHBI
YACTUYHO MPOATPETUPOBAIIH.

JlobGaBneHue k ucxogHomy pactBopy 50% u 60ee ciupTa (M30IpoIiaHoIa
WJIM 9TaHOJIA) CYIIECTBEHHO BiuseT Ha koHpopmarmio JIHK. PesynpTaTs! Ha-
IIMX 3KCIIEPUMEHTOB IMOKA3bIBAIOT, UTO OOJIBIIAS YACTh MOJIEKYJT HAXOIUTCS

B OJIHOM M3 JIBYX THIIOB KOH(pOpMAINl — TOPOUJTATIBHON WU CTEPHKHEBOU

17) B cMbICITe BIHSHUS HA KOH(GOPMAIIMIO TOTUMEPHOI 1ern

18) OO0pasipl T KCCITeTOBAHNH OBITH MTPUTOTOBIIEHBI COBMECTHO ¢ K.X.H. O. A. TTpImkuHOM
19) Gpanu ocagok

20) 370 MO3BOISAET IIPOBECTH CPABHUTENBHEII AHAITH?3
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0 2.00 4.00 6.00 K

Puc. 4.7. Coboausie monekynsl JJHK, ancop6upoBaHHbIe HAa TOBEPXHOCTH CBEXKETO

CKOJIa CITIOARI 13 Oydepa.

BuiHO, 4TO IpU 3TUX YCIOBHUSAX MOJIEKYIIBI HEIOCTATOYHO PACIIPABIIEHBI M YACTUYHO IIPOar-

perupoBaiu

(rod-like). CrnenyeT moauepKHYTh, YTO MPU BBICOKOW KOHIEHTPALIMKU MOJIe-
kyn1 JAHK B ucxogHom pactBope TopouaibHbIe U CTEP>KHEBBIE YACTUIIBI ar-
perupyioT B equHyo cTpykTypy. Ha puc. 4.8 npencrasien pesyiabrar ACM
BU3yanu3aluu crepskHeBoit ctpykTypbl [JHK, momyuennoit npu agcopoimm
MaKpOMOJIeKyJI u3 66% BoaHOro pacrBopa 3TaHoia (koHueHTpaius JJHK
cocraBisna 5 x 1075 M).

AHaMM3 MUPUHBI TPOPHUIIS CTEPIKHEBBIX CTPYKTYP IMOKA3bIBAET, YTO OHU
0o0pa3oBaHbl, 0 KpaliHel Mepe, HeckoJabkuMu Mosekyinamu JHK («ctsny-
TBIMU B XKTYT»); BBICOKAS CTENICHb arperalii CTEPKHEBBIX CTPYKTYP O0OBsIC-
HsIeTCsl 3HaUnTeNIbHOU KoHUeHTpauuei JJHK B pabouem pacTtBope.

Heckonbko oTiIMuHbIE Pe3yIbTATHI ObUIH MTOJIYUYEHBI TPU UCTIOIb30BAHUI
B KauecTBe cnupra u3omnponaHoia. Ha puc. 4.9 npencrasiieHbl pe3ysIbTaThl
ACM-Bu3yanuzanuu TOPOUJATIbHBIX CTPYKTYP, 00pa30BaHHBIX MOJIEKYJIAMU
JHK mpu HaHECEHUM HA MMOBEPXHOCTH coAbl 4 x 1077 M pactsopa JJHK B
50% wuzonpomnanosne (B npucyrcreun 0,05 M TBE Oydepa). Pe3ynbraTe! cBu-
JETEeNIbCTBYIOT, YTO B 3TOM ciyuyae (B CpaBHEHUU C 3TAHOJIOM) OoJiee 4acTo
HAOJI01aI0TCS TOPOMOAOOHBIE CTPYKTYPBI, HEXKEU CTepkHeBble. [IpuunHa
MOXET 3aKJIF0UaThCSl B PA3IMUHBIX 3HAUEHUSX AUIIEKTPUUECKUX MTPOHULIAe-

MocTel u3zornponanona (¢ = 18,3) u atranona (¢ = 24,3), uro obecneynBaeT
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Data tupe Height Data tupe Phase
Z range 48 um Z range 40 rpaa

Puc. 4.8. Monexynsr JIHK agcopOupoBaHbI Ha TOBEPXHOCTD CBEXETO CKOJIA CITFOIBI

13 66% BOJHOTO pacTBOpa dTAaHOJIA.

Cauk = 5 x 107° M; ACM-HccrieoBaHnE B PEKUME TIPEPHIBUCTOTO KOHTAKTA, CIIEBA [PU-

BeJIeHO TomoTrpadudeckoe n3o0paxkeHue, crpasa — ¢pa3oBoe, cM. pazaen 1.3.2

JYUIIYI0 KOMIIEHCALIMIO 3apsiia TOBEPXHOCTU MAKPOMOJIEKYJIBI TPOTUBOMUO-
Hamu Na™ B ciIyuae H30mpomnaHona.

CToUT NOAUEPKHYTh, YTO Npu NpoBeaeHn ACM-uccienoBaHuii Ha BO3-
JyXe Hen30eXHOM cTaJueil MpUroToBiieHNUs 00pa3LoB SBIISETCA IIpoLeaypa
BBICYIIIMBAHUS KaIUIM Ipenaparta Ha MOJJI0XkKe. B mpoiecce BhICYIIMBAHUS
KOHIIEHTpallMl KOMIIOHEHT IIpernapara B KaIule HEpaBHOBECHO BO3PACTAIOT,
YTO MOXET HEKOHTPOIMPYEMO BIUATH HA MOP(DOTIOTHIO aIcCOPOUPYEMBIX HA
MOJIOKKY CTPYKTYpP. MCKITIOUNTh poLienypy BbICYIIMBAHKS BO3MOKHO ITPU

npoBefaeH ACM-UCCIeTOBaHUIA B KUIKUX Cpeax.

4.2.2. Uccaenoanue npoueccoB konaencauuun JJHK

HenocpeICTBEHHO B BOJHO-CIIMPTOBOIi cpe/ie

B 3T10ii cepun 3KCIIEpUMEHTOB MbI MPOBOJIWIN UCCIEAOBAHUS KOHIEHCAIIUU
mosekyn JJHK HenmocpencrBeHHO B orcuoxocmuoii siwetike ACM, 94TO MO3BO-
JISJ10 UCKJTIOUYUTh BO3MOKHOE HETATUBHOE BIIUSIHUE MPOLIECCa BBHICYITUBAHUS
KaIUIu ITpernaparta B CTaHIapTHOM cXxeMe 9KCIepUMEHTOB Ha BO3yXe (CM. pe-

JBIAYIIUHA pa3aen).
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0 1.00 2.00 kM

Puc. 4.9. Monexynsr JIHK aacopOupoBaHBI Ha TOBEPXHOCTD CBEXKETO CKOJIA CITFOIBI

u3 50% BOJHOTO pacTBOPA U30IMPOITAHOMNA.

Ancop6uus B npucytcrsun 0,05 M TBE 6ydepa, Cyux = 4 x 1077 M; ACM-uccnenosanue

B PCKMME KOHTAKTa

PaccmaTpuBaemMoe OCI0KHSIONIEE MPEISITCTBUE TTOJTHOCTHIO OTCYTCTBYET
MIPY TIPOBEIACHUH MCCIISIOBAHUIN B XKHUIKUX CpelaX, KOraa MOBEPXHOCTh MO/I-
JIOKKH W 30H MUKPOCKOTIA TTOMEIIAIOT B KUIKOCTHYIO STYCHKY, TTOCTIE YETO
STUCHKY 3aITOTHSIOT PAOOYMM PACTBOPOM, COJCPIKAIINM OOBEKThI CCIIEA0BA-
Hus. UMMoOMIn3anus n3yqaeMbIX CTPYKTYP Ha MOJJIOXKKE OCYIIECTBIISIETCS
JIAIIB 34 CYET MPOIIECCOB aCOPOIMU U3 PACTBOPA.

B onmceiBaemoit cepum skcriepuMeHTOB Mbl Hcniofib3oBan JJHK 6akre-
puodara T4 m BomHBIE pacTBOPHI U3OIPOIAHOA U dTaHoa. Panee ObL1O
nokazaHo [110], yto rurantrckas JHK T4 B BogHO-cIUpTOBOM cMmecu mpu
KOHIIeHTpauuu cinupTa 6omee 50% (st u3omponaHoia) mperepreBaeT KOH-
(hopMaImoHHBIN TIepexo 1 KITyook — ri1o0yia. [Ipu ymMeHbIeHnr KOHIIEHTpa-
uu cnupta 10 40% HaOII0aI0Ch YACTHYHOE pa3BoOpaunBaHue rioodyn. Ju-
HaMMKa Mepexoga UCCIIe0BaIach METOIOM ()IyOPECIIEHTHOM MUKPOCKOTIHH.
OnHako, B CUIIy OrpaHUYEHMS pa3peliarollei crrocoOHoCTH MeToAa (Ipeen
OTNTHYECKOTO MUKPOCKOIIA), 0Ka3aJIOCh TPYIHBIM OIPEICIUTh TOUHYIO T€O-
METPHUI0 KOMIAKTHBIX TJI00YJI U CTPYKTYPY YACTUYHO KOMITAKTU30BAHHBIX
00pa3oBaHUi.

[TpencraBnsuiocs mokaszatenbHbIM npoBecT ACM-uccienoBanus MmMpo-

necca KOMIIAKTHU3allUM UMCHHO AJIA 3TOI'O 00BEKTA B TEX XKE YCIIOBHSIX.
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IKcnepuMeHTAIbHAS 4acTh

21) B kadecTBe 0OBEKTOB McclenoBanus ucnonssosanu JHK 6aktepuoda-
ra T4 («Nippone Gen», SAnonwusi), cocrosimeit u3 166 Toic. m.o. I1pu npose-
JEHUU HKCIIEPUMEHTOB UCIIOIb30BaNIM OUANCTIILIMPOBAHHYIO BOAY, OUHIIIECH-
Hy10 ¢ momoIibto cucteMmbl «Milli-Q» («Millipore», CILIA). BogHo-ciupToBsie
Cpellbl TOTOBIJIM C UCTIOJIb30BAHMEM M30IPOIaHoa (X. 4.).

Hccnenoanusi konaeHcauun wMojiekyn JHK npoBogunu metomom
ATOMHO-CWJIOBOM MUKPOCKOIMU B BOJHO-CIMPTOBON CMECHU C UCIIOJIb30Ba-
HUEM TOAJIONKEK CIoAbl. CBeXHUI CKOJ CIIOIbI U KAaHTHIIEBED (C 30HIOM)
MTOMEIIATH B )KUJIKOCTHYIO siueiiky ACM, KOTOPYIO MOCIeI0BATEIHHO 3a110JI-
HsUTH pabouumu pactBopaMmu. [Ipenapat, coneprkanuii mosekyisl JIHK T4 B
BOJIHO-CIIUPTOBOM cMecu Tpu 80%0 KOHLEHTPALIMK CIUPTA, [T0JIy4Yajiu, CMELIH-
Bast oquH oobeM pactBopa JJHK B 0,5-TBE-0ydepe ¢ ueTsipbms oObeMamMu
m3onpomnanoia. Ilpemapar monexkyn JHK B 40% wuzonponanosne mosy4a-
v, cMemmBas aBa oowsema pactBopa JAHK B Oydepe ¢ Tpemss obbemamu
n3omnpormnanoia. B oboux cioyuasx koneunast konuentpauust JJHK B cmecn
cocraBisia 1 x 1075 M.

DKCIIEpUMEHTHI MMPOBOIUIN B XKUJAKOCTHOU stuelike ACM «Nanoscope-
III» (Digital Instruments, CIILIA) B pexume TpepbIBUCTOTO KOHTAKTa C
HCIIOJIb30BAaHUEM 3a0CTPEHHBIX KAHTWIEBEPOB U3 HUTPUIA KPEMHHUS JKECT-
kocThio 0,32 H/M, cM. Tabmuiy A. 1.

OnpeneneHue agexkBaTHONW MeToauku npoBeneHuss ACM-3kcriepuMeHTa
BKJTIOYAJIO AHAIN3 HanboJ1ee MOAXOASIINX KOHIEHTPALIMI BOTHO-CIIUPTOBOM
CMECH, & TAKXKE MOCIEA0BATEIIBHOCTD 3AITOJIHEHUS KUIKOCTHOU STYEMKU pa-
00YMMHU pacTBOpaMU (TECTUPOBAIU PA3IUYHBIE BAPUAHTHI).

B pe3ynbraTe TECTUPOBAaHMS OCTAHOBUIIMCH HA CIIEAYIOLIEH METOJUKE:

® B XXHUAKOCTHYIO quﬁKy IMOMEIAIOT KaHTUJIEBEP U ceedculi CKoJl CITIOJIbI,
3aTEM BBOJAT BOAHO-CIIMPTOBYIO CMECH IIPH ToM KOHOCHTpAalH CIIUp-

Ta, Kakas IIpeJroaraercs B UCroab3yeMoM npenapate ¢ JJHK??);

21) JkcrnepUMEHTbI GBITN TTIOCTABIIEHBI COBMECTHO ¢ K.X.H. B. I'. CepreeBbiM
22) HeKOTOPOE BPeMsl OTBOANTCS HA CTAGUIN3AIINIO CHCTEMBI

143



e JaJICC, HAYMHAIOT IMPOLUCCC CKAHUPOBAHUA OJII TCCTUPOBAHUSA pa6OTbI
CUCTCMBI, a TAKXKC KOHTPOJIA Ka4CCTBA ITOBCPXHOCTHU CIIIOAbI 1 UHCTOTDBI

HCIIOTb3yeMBIX PACTBOPOBZ);

e HE mpeKpaiasi mpolecc CKAHMPOBAHUS, B CUCTEMY BBOJST Ipemnapar,
conepykamnuii mosiekynsl JIHK B BomHo-cniupToBoit cmecu. KonaeHcu-
POBaHHBIE MOJICKYJIBI BBITAAAIOT HA MMOBEPXHOCTH MOJIOKKH, YTO TI0-

3BOJIACT UX BU3YAJIM3UPOBATH C IOMOIIBIO MUKPOCKOIIA.

Pe3yabTathl n nx o0cy:K1eHue

IIpenapart, conepxkaimuit Mmosekysbl JIHK T4 B BogHO-ClTUPTOBOM CMeCH pU
80% KOHILIEHTpALIUK U30TIPOIIAHOJIA, BBOAWIH B )KUIKOCTHYIO STUEUKY, 3aI10JI-
HEHHYIO IIPENBAPUTEIIBHO BOAHO-CIIUPTOBOM CMECBIO C TOM K€ KOHLEHTpa-
uuen cnupra. [Ipm stux ycnosusx makpomodsiekynsl JJTHK ocaxxpanuce Ha
MOBEPXHOCTH CITIO/IbI B BUIE KOMITAKTHBIX 100y (puc. 4.10a u B).

[TpumeHeHre MeTOOUKH BOCCTAHOBIIEHUS pEaJIbHbIX Pa3MepOB HCCIe-
JyeMbIX OOBEKTOB MO M3MEpPEeHHON BbIcOTe U wMpuHEe npoduns ACM-
n3o6paxkeHus (yuer addexra ymumpeHus), KoTopas padpaboraHa B pasfe-
ae 2.2, (cMm. cTp. 85 U nmanee), MO3BOJISIECT OMPENETUTh 00beM TIIOOYISIPHBIX
CTPYKTYp. MBI IPOBEIN pacyeThl MO pa3pabOTAHHOW METOIUKE yueTa 3¢-
dexTa ywupenus 1Sl IBYyX 3HAUEHUN paauyca KpUBU3HBI ULJIBL: 5 U 10 HM,
pe3ynbTaThl npuBeaeHbl B Tabmuie 4.1. 1o Hammm oleHKam (C IpUMeHe-
HUEM TECT-OOBEKTOB) PAJANYC KPUBU3HBI UIJIbI, UCTIOIB3YEMON MIPU 3aITUCH
MPUBEICHHBIX U300paXXKEHUH, JISKUT UMEHHO B auarna3zoHe 5 + 10 M. 3Ha-
YeHUs MapaMeTPOB TJI00YIIbI, OMpENeIEHHbIE C UCIOIb30BAHUEM JIBYX I'pa-
HUYHBIX 3HAYCHHUH TS pajryca KPUBU3HBI UTIIBI (DAKTHUECKU HICHTUYHBI.
BoccraHoBieHHBIE 3HAUEHUS TapaMETPOB IOJIyOoce a U b MO3BOJISIOT Clie-
JaTh BBIBOJI, YTO FeOMeTpUUecKOr (popMOil TTI00YIIbI ABISIETCS CHIIOCHYMbLLL
U ce2Ka 8bIMANYMbLIL IJIUNCOUO.

CraHgapTHbIE OTKIIOHEHUS BeJIMYUH, TPUBEACHHBIX B Tabnuie 4.1, Benu-
KH, YTO OOBSICHSIETCS] CTATUCTUUECKUM pa30pocoM U3MEPSEMbIX TapaMeTPOB
11 pasauuHbIX rao6yn?Y). Bojee HAIMSAHO 9TO BUAHO M3 aHAJIU3a TUCTO-

rpaMM paclpeesieHUs aHAIU3UPYEMbIX TapaMETPOB.

23) no/kHA HAOMIONATHCS IMIaaKas (HAa aHICTPEMHOM YPOBHE) IOBEPXHOCTH CIIOMBI, 0€3
KaKHUX-THOO MMOBEPXHOCTHBIX CTPYKTYP
24) 3 He IOTPELIHOCTBIO METOMMKHU yueTa d(deKTa yImpeHus
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&= I
6.00 mHEM 8.00
33.0 um 22.0 Hm

Puc. 4.10. JuHamuka nmpo1ieccoB KOMITAKTU3aLMK/ fekoMmakTr3anuu Monexkyin JJHK

B BOJIHO-CIIUPTOBOM cpene:

a) ¥ B) — KOMITaKTHBIE TTI00YJIBI, BBITIABIINE HA TIOBEPXHOCTH CIToabl 3 80% BogHOTO pac-
TBOpA M30IIPOIIAHOIIA;

0) U T)— YaCTHUYHO JIEKOMITAKTU30BaHHBIC III0OYIIBI (Te XKE yUYACTKH MOBEPXHOCTHU) ITOCIIE
TOHIKEHUS KOHIIeHTpaluu cnupta g0 40—50%;

T), Bpe3ka— OJHA U3 TJIO0YI ¢ OONBIINM YBETMYCHUEM, PUCYHOK ITO3BOIISIET Pa3IMUUTh

BHYTPEHHIOIO ITIOJIOCTh
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R,HM | a, HM b,uM | c,HM | V, x10° um®
5 41 +£12 | 55+ 17| 23+9 2,6+ 1,7
10 37+12 | 52417 23+9 2,1+15

Tabmuma 4.1. ['eomeTpuueckre mapaMeTpsl 1100y, 0O0pa30BaHHBIX KOMITAKTU30-

BaHHBIMHU B 8§0% n3omnpomnanoie mojiexkyiaamu JJHK T4.

PacueTs! mpoBOAWIUCH IO pa3paboOTaHHOI MeTOAMKe yueTa dhQeKTa yuuperus IS TBYX
3HAUEHUH paanyca KpUBU3HBI Ul R: 5 1 10 HM; mpUBeACHHbBIE MOTPEIIHOCTH SIBIISIFOTCS
CTAHIAPTHBIMU OTKJIOHEHUSIM CPETHUX apUPMETHUECKUX, PACCUNTAHHBIX IyTeM CTATHCTH-
YecKOTo aHam3a monydeHHbIXx ACM-u300paxkenuii rmooyn (N = 55). O60o3HaueHUs Ta0IH-
LB @, b ¥ ¢ — TapaMeTPhl IJUTUIICOM 1A, OTTUCHIBAIOIIETO FEOMETPHIO MIO0YJIBL; a 1 b BOoccTa-
HOBIIEHBI 110 MeToTuKe yueTta ACM-yImupeHus, ¢ — IoJ0BHHA BBICOTEI ACM-H300pakeHus
r100ynbl. V' — 00beM 2IIIUICOMA, OIPEIeTIeHHbIH 110 hopMyTIe: V. ugm = %wabc. Jns cpaB-
HeHus, o6beM monekynsl JHK T4 Vg = 7r2L, (r = 1um, L = 55 x 10® HM) cocTaBisieT

1,7 x 10° am®

154 — 154 ——

paguyc 30HAa = 5 HM paauyc 3oHma = 5M HY

10 A 10 —

T
0,0 0,1 0,2 0,3 0,6 0,7 0,0 01 0,2

Yucso rnobyn
aucro 6roQyr

O6beM T100Y.Jbl, #10° uM® b GesH GroQyr, 150 nd’

Puc. 4.11. l'ucrorpamMmsl paciipenerieHus o0beMa rIIo0yIIpHBIX YacTHIl, 0Opa3oBaH-

Heix Mojiekynamu JJHK T4 B 80% uzonpomanoire.

3HayeHue 00beMa OBLIO BOCCTAHOBIICHO TS KaX IO TIT00YIISIPHOM YaCTHIIBI C PUMEHEHUEM
pa3paboTaHHOI METOIUKH yueTa 3dekTa yImupeHus s IByX 3HaUSHHUH paguyca 30Haa: 5

u 10 HM
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Ha pucynke 4.11 npeacraBiieHbl TUCTOTPAMMBbI paclpeiesieHUs] 3Haye-
HUll 06beMa I00yYIApHBIX yacTull. Hanmnune B HAOpaHHOM CTaTUCTUKE TII0-
OyJ1, XapaKTEepU3YIOIIUXCS] MATbIMU 3HAUEHUSIMU 00BbeMa (MeHbIIIe, YeM 00b-
eM onnoit mouekyibl JJHK) oObsicHsieTcs, mo-BUAUMOMY, IPUCYTCTBUEM B
WCIIOJIb3yeMoM mipernapate ¢paemenmos monexkyn JJHK. M3 ananuza pucyn-
ka 4.11 (cp. c Tabnuueit 4.1) cneayet, 4yTo 00BEM rI100YIbI, 0OPA30BAHHON
uenbHol mouekyinolt JTHK (ne ¢pparmeHTOM) cocTaBisieT BEIMUUHY MOPSII-
ka 3-5 x 10° um?3, uTo npeBblmaer BemunHy oO0beMa mostekyinbl JJHK T4:
1,7 x 10° am3.

T.o. 06pa3zomM MOXKHO MPEANOIOKUTh, UTO Kaxaas riodyna oOpazoBaHa
oanou mounekynoit JIHK, Haxoasieiics B 10CTATOYHO IUIOTHO YITAKOBAHHOM
COCTOSIHUHU.

YacTU4HO TEKOMITAKTU30BaHHbIE CTPYKTYpbl Makpomoiiekyn JHK T4,
nojy4yaemMsle mpu pazdasienuu 80% criupToBoro pactBopa B Boze 10 40-50%,
UCCIIE0BAIIU CIIEAYIOMUM 00pa3oM. B xKUIKOCTHYIO SUEHKY, COAepIKALLYIO
JHK T4 B Bue rno6yn B 80% uzonponanose (20% BoibI), 100aBIIIN CMECh
n3ornporanoia ¢ Bogoi (40% nzomnpormanosa + 60% BoIbl), C IIETbIO TOHU3UTh
KOHIICHTPALUIO CIIUPTA B STUCUKE.

ITockonbky npouecc komnaktuzauuu JHK B cnupre oOpatum, To npu
MOHMKEHUM KOHIIEHTPAIMH CIIUPTA B KUIKOCTHOI sdeiike?® rmobysisl mpe-
TepHeBaT KOHGOPMAIIMOHHBIE U3MEHEHUS, CBA3aHHBIE C HAYAJIOM ITpoIiecca
nekommnaktusanuu. Ha pucynkax 4.106 u T n300pakeHbI T€ K€ y4aCTKH T10-
BEPXHOCTH, YTO U Ha pucyHKax 4.10a u B, HO IpU NOHMKEHUU KOHLIEHTPALIKI
cnupra B suerike g0 3HaueHus 40-50%. M3 puCcyHKOB BUJHO, UTO B IIPOLEC-
ce JIEKOMIIAKTU3aLU1 U3MEHWINCh OUYEePTAHUS IITOOYISIPHBIX CTPYKTYpP U UX
BBICOTA (Cp. a U 0).

HexoTopble BBIBOJIBI O CTPYKTYPE KOMIAKTU30BAHHOM II100YIBI MOXKHO
CleNaTh, aHAIM3UPYS CTAIUU TUHAMUYECKOTO Mpoliecca JEKOMITAKTU3alMH,
n3obpakeHnole Ha puc. 4.10B u r. AHaIN3 PUCYHKA MOKA3bIBAET, YTO MEp-
BOHAYAJIbHO KOMIakTHas riao0yna (puc. 4.10 B, otmeTka «['11») B mpouecce
JIEKOMITAKTU3AallU1 YMEHBIIAETCS B BBICOTE M IO3BOJISIET BU3yaJU3UPOBATh
YeHmpaibHyio noiochmy, cM. puc. 4.10T 1 Bpe3ky.

OpnHako oka3anoch, UTO JAaJIbHEUIINN MPOLIECC pa3BOpaunBaHus 100y
HE MPOUCXOAUT. DTO MOXKHO OOBSCHUTH HAJTUYUEM CUJT B3aUMOJICUCTBUS

MEXK/1y MOJIEKYJION U MOJIOKKOM, KOTOPbIE U MPEMATCTBYIOT pa3BOpaynBa-

25) yJTyureHuy KauecTBa pacTBOPUTENS
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HUIO IIPY YMEHBIIEHUU KOHLIEHTpaluuu cnupra. (OKa3anock, 4TO B YCIOBUSIX
BOJITHO-CIIUPTOBOM Cpebl UCCIIEAYEeMbIE 0OBEKThI TOCTATOYHO CTAOMIBHBI HA
MOJIJIOKKE U HE YBJIEKAIOTCS 30H0OM ITPU CKAHUPOBAHUN).

[Tosromy mpomexyTtouHblie coctosiHus koMnaktuzauuu JIHK (Mexmy
r100yJIoN M KITyOKOM) mostydanu ciaeayromum oopazom. Momnekynsl [JTHK,
Haxojsmuecs B 40% u3ompomnaHosie, BBOJAWIN B KUIKOCTHYIO SIUCHKY, a 3a-
T€M KOHILIEHTPAILMIO CIIUPTA B siYEHKe MOBBIIAIM ITpokaunBanuem 80% nzo-
npomaHoja. [Ipyu MoBBIIIIEHNH KOHIIEHTPAILIMU CIIMPTAa MOJIEKYJIbI BbITIA1a-
JIM HA MOBEPXHOCTb MOUIOKKHU B YACMUYHO KOMRAKIMUZ08AHHOM COCIOSHUU.
Hanpuetimas komnaktuzamus JAHK, agcopbupoBaHHBIX Ha MOIIOXKKY, HE
Ha0JII01a71ach, UYTO, MO-BUAUMOMY, OTISATH K€ OOBSCHSIETCS B3aUMOICHCTBH-
eM moutekys JIHK co cinronoi.

ACM-u306paxeHuss YaCTUYHO KOMIAKTU30BAHHBIX CTPYKTYp IpUBEe-
HbI Ha puc. 4.12. Bpu1o 00HAPYKEHO, YTO HAYAIBHBIM MPOILIECCOM KOMIIAK-
TU3ALMK TJI00YH SIBISIETCS 3aKPYYMBAHUE OTIECIBHBIX YYACTKOB MAKPOMO-
nekynel JJHK B ToponnanbHyio CTpyKTYpy, 3TH KOMIIAKTHBIE YYaCTKH, IO-
BUIMIMOMY, U SIBIIIIOTCS LEHTPaMU JJIbHEHIIEH KOMIAKTU3AIUU.

Ha ocHoBanuu HaOMIOAEHUN MOXKHO MPEIOI0KUTh, YTO U KOMIIAKTHbBIE
J100YJIbl, BU3yaIM30BaHHbIE HAa pucyHke 4.10a u B ABISAIOTCA TPOAYKTOM
MMEHHO TOPOUJAIbHON KoMnakTtuzauuu Makpomoiiekya JAHK u npencras-
JIIOT COOOM MJIOTHBIE KKIIYOKU», B KOTOPBIX OTJEIbHbIE YUACTKU MOJIEKYJIbI
3aKpYy4Y€HBbl BOKPYT TOPOUAATIBHBIX CTPYKTYD.

Crnenyer orMeTuth, yTo Makpomosekyabl JJHK npu noselieHun xoH-
LHeHTpaluuu cnupta B sueiike (0T 40%) o6pa3yioT He TOJIBKO TOPOUIANIbHbIE,
HO U (pexe) cTepskHeoOpa3HbIe CTPYKTYPHI, CM. PUCYHOK 4.13.

CTpexHeBbIe CTPYKTYPBI, U300paKeHHbIe HA pUCYHKE 4.13, UMEIOT Ty ke
MPUPOAY BO3HUKHOBEHUS, UTO U NMPUBEJIEHHbIE HA pUCYHKe 4.8, rae u3odpa-
KEHBI pe3yJIbTaThl UCCIIENOBAHUMN, MPOBOJMMBIX HA BO3yXe. BugHo, uTo nipu
WCCIIEIOBAHMSIX B )KUJKOCTHU JJOCTUKUMO OOJIblIee MPOCTPAHCTBEHHOE pa3pe-
HIEHUE, YTO MO3BOJISIET BU3YyaIU3UPOBATh OTAeIbHbIe HUTU MoJiekyJibl JJHK,
oOpasyroniel uccienyeMyro crpyktypy. M3 pucynka 4.13 6 BUaHO, 4TO MpHU
CKaHUPOBAHUU MO BO3/ACHCTBUEM 30HAa MUKPOCKOTIA CTEPIKHEBASI CTPYKTY-
pa YaCTUYHO «PaCILIENIACh».

Habmronenue B psifie ciaydyaeB KOMIAKTU30BAHHBIX CTPYKTYP, UMEIOIINX
MOP(QOJIOTHIO, OTIUYHYIO OT TOPOUAATBHOM, MOXKET OOBSICHSATHCS TEM, UTO

B OKCIICPHUMEHTE UCCIIEA0BAIINCE ITPOMEXKYTOUYHBIC CTAANH ITPpOLECCAa KOMITAK-
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22.0 HM

22.0 Hm
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0

Puc. 4.12. YactnuHo komnakTu3oBaHHble MoJeKyibsl JJHK.

11.0 Hm 11.0 =m
EE E i b
féfa : , ‘
: 1.50
3.00
; /
i § : |
; a0 1.00
) -2.00
. ? . ’
- a J‘\_’_‘ﬂj"‘\_
i k o bi.oo [s 0.50
- \W | a :
w— - 5 L]
B)I T — T T 1] r) r o T ]
1.00 2.00 3.00 MKM 0 0.50 1.00 1.50 mMHEM

a) U B)— MOJICKYJIbI, BBIIABIINE Ha MOBEPXHOCTH oAbl 3 40—50% BoIHOTO pacTBOpa

H30IIPOITaHOoJIa;

0) U T) — Te e YUACTKU IIOBEPXHOCTH C OOIBIINM yBETHICHUECM;

Ha PUCYHKE OTMEYEHBI TOpOUIabHbIe («Tp») 1 rmoOymsapHbIe CTPYyKTYpbI(«[71»)
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Puc. 4.13. CrepxxHeBasi cTpyKTypa, 0Opa3oBaHHAasl B pPe3yJIbTATe KOMIIAKTU3ALUU

JHK B pactBOpe n3ompomnaHoia.

a), 6)— IlocnegoBarenbHO CHATBIE ACM-n300paskeHUs] OMHOTO yJacTKa ITOBEpX-
HOCTH C pa3JIMYHBbIM yBEJIUUYeHUEM. BUIHO, YTO B IIpoIlecce CKAHUPOBAHUS B PE3YJib-

TaTe BO3ACUCTBHUS 30Ha CTCPXKHECBAS CTPYKTYypa YAaCTUYIHO «PACILICIIaACh>»

TU3a1MU, B KOTOPBIX HEKOTOPOE KOJIMYECTBO MOJIEKYI MOXKET HAXOIUThCS B
HECTAllMOHAPHBIX MOP(POIOTUUECKUX COCTOSHUIX

T.o0. MBI HCCTIEOBANIN PA3IMUHbBIEC CTA/IUH MTPOIIECCAa KOMITAKTU3AIUN MO-
nekyn JJHK T4 B BomHO-CIUPTOBOM CpeAe MPU pa3IuYHbIX KOHLIEHTPAIUSIX.
B 3aBucuMOCTH OT KOHLIEHTpAIMU COMPTA ObUIM BU3yaJIU30BaHbI KaK IOJ-
HOCTBIO KOMITAKTHBIE IJIOOYJIBI, TAK U YACTUYHO KOMITAKTU30BAHHBIE CTPYK-
Typbl. [IprMeHeHne MEeToIMKY BOCCTAHOBIJIEHUSI PEaIbHOM TeOMETPUU O0BEK-
TOB HccienoBanus (yuaet appexkra ACM-ymupeHus) To3BOJIUIIO PACCUUTATH
3Ha4YeHHe o0beMa OTAeIbHOU r100yiapl. C y4eToM MOJIyYeHHOrO 3HAYECHUS
C/IeJIaH BBIBO/I, YTO Kaxaas ri1o0ysa odpa3oBaHa, O-BUIAUMOMY, OJTHOU MO-
nexynon JIHK, Haxoasiuelics B IIIOTHOYNMAaKOBAHHOM COCTOSIHUU.

YacTuyHO KOMIIAKTU30BAHHBIE CTPYKTYPBI BKIIIOUAIOT YYACTKU HaUyallb-
HOW KOMIIAKTU3AIMHU, T/I€ HUTh MOJIEKYJIbl 3aKPYUMBAETCS B TOPOIO100HbBIE
CTPYKTYPbl. MOXXHO MPEANnoJIOKUTh, YTO B MPOIECCe KOMIAKTU3AIUU TJ10-
OyJIbI BOKPYT 3THUX TOPOUIATBHBIX LIEHTPOB 3aKPYUMBAECTCS BCE OOJIbIIE U
00J1bllIe BUTKOB MOJIEKYJIbI, YTO MPUBOJUT B Pe3yjbTaTe K (POPMUPOBAHUIO
CTPYKTYPBI BBICOKOHW TUIOTHOCTU YMAKOBKM (BO3MOJXKHO, B IIEHTPE JTaHHOU
CTPYKTYPBI CYLIECTBYET I1OJIOCTh, PAANYC KOTOPOX COBNAAAET C BHYTPEHHUM

paanyCcoM TOPOB, CIIyXaluX HEHTPAMHA KOMHaKTI/BaHI/II/I).
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4.2.3. KpaTtkue BbIBO/bI

OcHOBHEIE BBIBOJbI, KOTOPBIC MOXHO CACIIATb HAa OCHOBEC PE3YJIbTATOB, U3J10-

JKE€HHBIX B I[aHHOfI TJ1aB€, TAKOBBI.

e HccnenoBanbl komnakTHble Komiuiekebl JIHK-ITAB, BuzyanusupoBana
UX TOpOUAATIbHAS CTPYKTYPA; C MPUMEHEHUEM METOIUKH ydeTa 3 dek-
Ta yuwupenus OnpeieeHo KOJINUECTBO BXOAAIINX B KOMIUIEKC MOJIEKYI
JAHK; nponemoncrpupoBaHa Bo3MoxxHOCTh CTM-Buzyannzanuu Kom-

TIJICKCOB.

e Uccnenosan nporecc komnaktuzauu JJHK (1000-30001.0.) B BoiHO-
crupToBbIX cpeaax. [lokazaHo, 4TO pe3yJbTaTOM KOMIAKTU3AIIUM SIB-

JISAIOTCA TOPOUIAJIBbHBIC U CTPC)KHEBBIC CTPYKTYPHI.

e [Iponecc kommakTuzanuu JJHK T4 (166 ThiC. 11.0.) UCCIeTOBaH HETMO-
CPEJICTBEHHO B BOJIHO-CITUPTOBOI cpee®®) ¢ nekirouenyeM mpomueayphl
BBICYIIMBAaHUs 00pa3loB. Buzyann3upoBaHbl KOMITAKTHBIE TJIOOYIIBI,
uMeroIe GopMyITy CIUTFOCHYTOTO 3JUTUTICOUIA U COCTOSIINUE U3 OJTHOU
MmoJiekyabl JIHK (uto onpeneneHo ¢ mpuMeHEHUEM METOIMKH yueTa 3¢-
dexta yuupenus). [lpr mpomMeXyTOUHBIX KOHIIEHTPAIMSIX CITUPTA BU3Y-
QI3 POBAHBI YACTUYHO KOMITAKTU30BaHHbIE 00pa30BaHUS, CO/IepKa-
1[1€ OT/EJIbHbIE KOMIIAKTHBIE YYACTKHU, TJI€ BUTKU MOJIEKYJIbI 3aKpyue-

HbI B TOPOUAAJIBbHBIC CTPYKTYPHEI.

Pazpabortannbie noaxoas! nposeneHus ACM-3kciepuMeHTa B HCUOKUX
cpedax (T.e., TOTEHIIMAJIBHO, B YCIOBUSX, OJIM3KUX HATUBHBIM) MOTYT OBIThH
TMOJIE3HBI PU UCCIIETOBAHUSAX MOJIEIIHBHBIX CUCTEM TPAHCIIOPTA FEHETHUECKO-
ro MaTepuaja BHyTPb KHUBBIX KJI1eTOK. [lono06GHbIe nccae10BaHUS MOTYT TAK)Ke
JaTh BKJIAJ B TOHUMAaHHE MEXaHU3MOB MIPOLIECCOB KOMITAKTU3ALIMHI MOJIEKY-

JIbI I[HK I10JI BO3/IeHiCTBUEM Pa3JIMYHbIX KOMIIAKTHU3YIOIIUX PCAI'CHTOB.

26) g xuIKOCTHOM stueiike ACM
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I'naBa s

IIpumenenne meroga ACM nia
AHAJIN3A CTPYKTYPbl TOHKHX

OPrauH"mvuCCKUux IJICHOK

1) JlenrmiopoBckast miueHka[l11] MoxkeT OBITH ompejeneHa Kak yHOpPsIO-
YEHHBIH HEPACTBOPHUMBIM MOHOMOJIEKYJISIPHBIA CII0H, CHOPMUPOBAHHBIN Ha
rpanuie ¢a3 xuaKocTb—Ta3. [Ineakoobpasyroliee BemecTBO T0IKHO ObITh
aM(UPUIBHBIM, T.€. COCTOSITh U3 KOMIIAKTHON MOJSPHOMN T'OJIOBKU (TUIPO-
¢dbunpHOM) U TUAPOHOOHOTO hparMeHTa (JUTMHHOTO AIKWIIBHOTO pajiKaa).
IIpouecc popmupoBaHus JTEHIMIOPOBCKOM IJIEHKU COCTOUT B CJIEIYIOILEM.
Bhnauarne, mpu HaHeceHUM HA OBEPXHOCTH paszena (a3 rmieHKkooOpasyrole-
ro BEIIECTBA B MOJXOASIIEM PACTBOPUTEIIE, IUIOMIAAb TOBEPXHOCTHU IJIEHKU
COXPAHSETCS JOCTATOYHO OOJIBIION, YTOOBI OCIIE UCMIAPEHUST PACTBOPUTENS
C MOBEPXHOCTU KUAKOCTH 00pa3oBajiach 08yMepHas 2a3000pa3Has TIICHKA.
I1pu coxpamenuu wiomaau, 3aHUMaeMOM INIEHKOM, C TOMOLIBIO ITOJABUKHO-
ro 6apbepa MPOUCXOAUT OPUEHTAIUS U YIIOPSIIOUMBAHUE MOJIEKYJT B TJICHKE
Y OHA MOCJIE0BATEILHO MPOXOUT Pa3IUUHbIE JBYMEpPHbIE (Da30BbIE COCTO-
SHUS: OT «2a3000pazHo2o» N0 «meep0o2o»[20], 4To COMpoOBOKIAETCS U3Me-
HEHUEM XapaKTepa 3aBHUCHUMOCTH MOBEPXHOCTHOI'O JABJICHUS OT ILIOIIAJIHN,
npuxosuieiics Ha Moliekyiny m = 7(A); 9TU 3aBHCUMOCTH SIBJISIFOTCS aHa-
aoroM uzotepM p = p(V') s TpexmepHoro ciydasi[105]. OnHako da3oBbie
JIUarpaMMbl IBYMEPHOTO ciydasi HOCST OoJjiee CIIOKHBIM XapakTep, TakK, Ha-

MIPUMED, CYIIECTBYIOT ABYMEPHbIE (ha30BbIE COCTOSHUS KUIKO-PACTSIHYTASN»,

1) Pe3ynbTaThl, H3MOKEHHBIE B JAHHOI TJ1aBe, TIOMy4eHBl B X0/l COBMECTHOM paboTHI C
k.x.H. I'. K. XKaBuepxo (MucTUTYT prizuxo-opranmueckoit xumun AH Benapycn, MuHck)
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<OKMJIKO-KOHJICHCUpOBaHHas TieHKa»[112] (koTopble pa3imuyaroTcs Mo Xa-
pakTepy 3aBUCUMOCTH m = 7(A) Ha 9TUX y4acTKax), HE UMEIOIUE aHAJIOTOB
Ha nm3otepMax p = p(V') TpeXMEepHOTO cirydast.

IInenkamu Jlenrmiopa-biaomxkert (JIB) Ha3pIBAIOT COBOKYIMHOCTb JICH-
TMIOPOBCKUX IUUIEHOK Ha TBepaoi mnoBepxHocTu[113]. IlepeHoc mieHku
OCYIIECTBIISIIOT OOBIYHO BEPTUKAIBHBIM crocobom (meton JleHrmropa-
bromxerT), mpomyckasi MOAJI0KKY CKBO3b MOHOCION, IpUYeM JaBIICHUE B
TJIEHKE TIOIEP)KUBAIOT TTOCTOSIHHBIM ITyTEM COKPAIEHUS TUTOIIA U TUICHKU
Ha BOJAHOM MOBEPXHOCTU IMOJIBUKHBIM 0aphepoM B IpoOliecce MepeHoca Mo-
Hocnost. CTpyKTypa chOPMUPOBAHHOTO OKPBITUS OTIPEENISIETCS] CTOCOOOM
BbIZIeIeHUs (puc. 5.1).

Texnomnorus JIb mMo3BoisSeT JOCTATOYHO MPOCTO U3MEHSATH CBOICTBA I10-
BEPXHOCTU U (POPMUPOBATH KAUYECTBEHHBIE IJICHOUHbIE MOKPBITUS 34 CUET
TOYHOT'O KOHTPOJIS TOJIIIUHBI TUVIEHKU B TpOLIEcce BbIAeNeHUs (KOJIUYecTBa
HAHOCHUMBIX CJIO€B), OJTHOPOJTHOCTHU MOKPBITHS, HU3KON IIEPOXOBATOCTU U
BBICOKOH (IpU MOAOOPE a/IeKBATHBIX YCIOBHUI) aJAre3uu IJICHKU K MOBEPX-
HocTU. CBOMCTBA IVIEHOK TAKXKE MOKHO JIETKO BApbUPOBATH, U3MEHSIS CTPYK-
TYpY MOJIIPHOU TOJIOBKY aMPUPUITEHON MOJIEKYJIbI, COCTaB MOHOCIOS (IBYX-
1 MHOTOKOMITOHEHHBIE CMECH MOJIEKYJT), a TAK)KE BApbUPYS YCIOBUS BbIJIETIE-
HUS — CcOCTaB cy0(a3bl U TIOBEPXHOCTHOE 1aBJIEHHUE. DTO OOBACHAET UHTEPEC
K ITOTEHIIUAJIbHOMY UCITOJIb30BAHUIO MOHO- U MYJIbTUCIIOMHBIX TUIEHOK JIb B
BBICOKOTEXHOJIOTUYHBIX OTPACIISIX: MUKPO- U HAHO3JIEKTPOHUKE, ONTO3JIeK-
TPOHUKE, TIPU pa3pabOTKe CEHCOPOB U OMOCEHCOPOB, OMO- U YIbTpa(Ih-
TPaIMOHHBIX MEMOPAaH, CO3/1aHIHN HETMHEHHOONTUYECKMX MAaTEPUATIOB U OIl-
TUYECKUX IJIEMEHTOB (BOJTHOBOBI, JIIOMUHECIIEHTHbIE YCTPOMCTBA) C 3a1aH-
HBIMU CBOMCTBaMH#, u T.A. OIHAKO ISl MIUPOKOMACHITAOHOTO MPUMEHEHUS
IJICHOK JAHHOTO TUIIa HEOOXOIUMO MPOSICHUTH OCHOBHBIE MEXaHU3MBI, OIIpe-
JEISIIOIINE CTPYKTYPHBIE U (pU3UYEeCKUe CBOMCTBA CPOPMUPOBAHHBIX TOHKOTI-

JIEHOYHBIX MOKPBITH.
Biausinue yc/10BHi IPUTOTOB/ICHUS IVICHOK HA MOP()OJIOTHIO NOKPBITHI,
c()opMHPOBAHHBIX HA TBEP/10il IOBEPXHOCTH

Mopdosiorus IIeHKH Ha TBEPIOH MOBEPXHOCTH 3aBUCUT OT COBOKYITHOCTH
(haxkTOpOB — yCcinoBUil GOPMUPOBAHUS MOHOCIIOS HA MeX(a3HOM TOBEPXHOC-

TH, criocobau }/CJ'IOBI/II\/'I MEPCHOCA IINICHKHN HAa TBECPAYIO IOBEPXHOCTD, ITPUPOAbI
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Puc. 5.1. Cxema meropa Jleurmropa-Bbokert popMupoBaHusi TOHKUX OpraHUYec-
KHX IJICHOK Ha TIOBEPXHOCTHU TBEPAON TOUTOKKU:

a) — BEPTHUKAIBHBII METO/I HaHeCeHUS (B OOJIBIIEH CTENeHN IIPUMEHNM JUTS CO3JaHUS MYITh-
TUCITOMHBIX MOKPBITHIT); 6) — METOJ] FTOPU30HTAILHOTO OCaX/IeHUs (1103BOJIsIeT hopMHpO-

BaTh KAYECCTBCHHBIC MOHOCJIOI/I)
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MOJIIOKKH U T.J. BecbMa KpUTUUHBIM /JIs1 KAYECTBEHHOT'O MEPEHOCA TUICHKU
SIBJISIETCS CTPYKTYpAa MOBEPXHOCTHO-AaKTHUBHOI'O BEILIECTBA M, B YACTHOCTH,
MpUPOJIa MOJISIPHONU TOJIOBKH, KOTOpas B 3HAYMTEIHLHOU Mepe OmpenesseT
CBOICTBAa MOHOCTOS. [leficTBUTETbHO, MHOTHE aM(PUPIITHLHBIE MOJIEKYJIBI 00-
pa3yioT cTabmIbHBIE MOHOCIION Ha BOJIHOM MOBEPXHOCTH, OJTHAKO HE BCE Ma-
TE€PUAITBI MOTYT OBITH YCIICIIIHO BBIJIETIEHBI B BUE IUIEHOK JIB TpaauiimoHHbIM
(BepTUKAJIbHBIM) METOOM BBIJICTICHHUSI.

Briennenrie MOHOCIIOEB Ha TBEP/IYIO TOBEPXHOCTH U (GOPMHUPOBAHUE MYJTb-
TUMOJIEKYJISIPHBIX IUICHOK BepTHKaIbHBIM MeTojoM JIb mpoucxomut mpu
LIUKJIMYECKOM MOTPYKEHUU U MOIbeMe MOIONKKH CKBO3b MOHOCIIOH, MpH-
YeM JIaBJICHUE B ITJICHKE MOICPKUBAIOT TTOCTOSIHHBIM B TIPOIIecce TepeHoca
(puc. 5.1a). B aTom ciiyyae ¢popmupyeTcs TuieHKa (Ha3biBaeMas TUICHKOM Y -
TUIA), COCTOSIIAs U3 HEHTPOCUMMETPHUUHbIX OucioeB. B 3aBucumoctu ot
CTPOEHUSI, HEKOTOPbIE MOJIEKYJIbI MOTYT BBIIEISTHCS B BUAE MOHOCIIOS TOJIb-
KO IpH NMOrpyxeHuu (X-TUIM BbIAETICHUS) WIK TOJIBKO MPU U3BICYCHUH MO/~
JOXKH U3 cyodassl (Z-tun). I1pu 3TOM mocienoBaTelIbHO HAHECEHHBIE MO-
HOCJIOUN He 00s13aTeNIbHO 00J1a1at0T (PUKCUPOBAHHOM opueHTanueil. M3Bect-
HO [20] (MO TaHHBIM PEHTTEHOCTPYKTYPHOI'O aHaIW3a), YTO MHOTHE IUIEHKU
X-Tuna B pe3yjbTaTe epeopraHn3aliid UMEIOT BHYTPEHHIOIO OPUEHTAIHIO,
COBIMAJAIONIYIO C TUICHKaMM Y -THUIa (CUMTaeTcs, 4To Y-TUICHKH OoJiee cra-
OunbHBI). UTOOBI M30€KaTh SBJICHUM, 3aTPYIHSIONIUX MEPEHOC MOHOCIIOS
OOBIYHBIM BEPTUKATIbHBIM METO/IOM BBIJIEICHUS, TAKUX KaK ONMPOKUIbIBAHUE
MOJIEKYJI B MPOIIECCE TIEPEHOCA, KPUCTAUIU3AlIUS BEIIeCTBA B MEHUCKE KU/~
KOCTH U T.J., MbI U UCIIOJIb30BAJIM METO/ TOPU3OHTaIbHOTO0 ocaxaeHus (I"O),
cM. puc. 5.16. DTo MO3BOIMIIO, HAPAY C YK€ U3BECTHBIMU, HAOTIOIATh PSIJT

MaJIOU3YyUYCHHBIX SIBJICHUN WJIM HE OTTMCAHHBIX PpaHeC B JIMTCPATypC.

Bymmsinue npupoabl cyodaspl Ha KAa4eCTBO MJIEHKH

CylecTBeHHOE BIIMSIHUE HA CBOMCTBA MOHOCIIOEB OKa3bIBAET COCTaB cyOda-
3Bl U NIpUpoja npotuBonoHa. Haunboee sipko 3To MpOsIBIISETCS HA IpUMepe
MMOBEPXHOCTHO-AKTUBHBIX KHCIIOT. [lepeHoC Ha TBEPIYIO IMTOAIOKKY MOHOCTIO-
€B KUPHBIX BBICHIMX KUCIIOT, C(OOPMUPOBAHHBIX HA YUCTOM BOJHON MOBEPX-
HOCTH, BecbMa poOemaTuyieH. [1py UCTIOIB30BaHUH TTOIIOKKHU U3 CITIOJTBI
3TO CBSI3aHO C OTPHUIIATEIBHBIM 3aPSIIOM, TPHOOPETAEMBIM CITIOOM B BOAHBIX

pactBopax (kapOOKCUIbHAS T'PYIINA TAKXKe 3apsKaeTcs OTPULIATENIBHO), T.€.
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12 HM

Puc. 5.2. Monociou 6ereHoBO# KUCIOThI, TPUTOTOBJIEHHBIE TOPU3OHTAIBHBIM Me-

TOAOM OCAXJACHU Ha CIIIOAY.

MoHocIIOH TIepeHeCceHbI C TOBEPXHOCTH YUCTOM BOTHOI cyOdassl (a), u c moBepxHocTu CdTe-
cy6da3ssr (cM. Hmke). ACM-ucciaeqoBaHue NO3BOJISET BU3YyalTM3UPOBATH YUACTKU PA3IUUHO-
ro (a30BOTO COCTOSIHUS TUIEHKHU, XaPAKTEPU3YIOIIMECs PA3JIMYHOM BBICOTON MOHOCITOS (pas-
Huna 0,3-0,6 am). Hapsay ¢ 9TuM B miteHKe HaOJTI0IaI0TCs TOPHI, TIIYOMHOM 10 TMOTOKKH

(MHTEHCUBHO TeMHBIEC 00JIACTH)

BO3HUKAET Ta K& MpobiieMa, YTO W MPH UMMOOMIN3AIMU HA TTOBEPXHOCTHU
MOJIOKKM MOJIEKYJI HYKJIEMHOBBIX KUCIOT. [loaTomy, 0OBIYHO, MOHOCION
JKUPHBIX KHUCIIOT MEPEHOCIT HAa MOJJIOKKY Meronom JIb B Buae uX cojel
C MOHAMU pa3IUYHbIX MeTaiuIoB [114]. OgHako METOIOM TOPU30HTATIBLHOTO
OCaKJIEHUS HaM y/1aBaJIOCh IEPEHOCUTH KAUeCTBEHHYIO0 MOHOCTIONHYIO IJIEH-
Ky OereHOBO# KMCIIOTBI C BOJTHOM MOBEPXHOCTH Ha CITIOY, CM. puc. 5.2a. Ha
9TOM PHUCYHKE OTYETIMBO BUJHO COCYIIECTBOBAHME JIBYX THIIOB oOjacreit
TUICHKU, XapaKTePU3YIOIMIUXCS PA3IMYHON TOJIIMHOM ClIOs, a, CIe0BaTElb-
HO, ¥ pa3JIMYHON OpUEHTAINEH YIIIEBOJOPOIHBIX XBOCTOB (pa3INUHBIN yroi
C HampaBJIeHUEM HOPMAJIU K TIOBEPXHOCTH). MBI mojiaraem, 4To HabJro1ae-
MbIe 00JIACTH SIBJISIOTCS YY4ACTKaAMU Pa3IMYHOTO ABYMEPHOTro (pa3oBOTO CO-
CTOSTHUS TUIEHKH («TBepAasi» U «KUIKO-KOHIeHCHpoBaHHas» (a3bl). CiuemyeT
0co00 MOMUEPKHYTh, UTO TIPU MCIIOIBb30BAHUH TPATUIIMOHHOTO BEPTUKAIIb-
Horo Metoja JIb popmupoBaHus TOKPBHITUS YBUIETH MO I00HBIE OCOOEHHOC-
TH OPTaHU3aIMH MOHOCIIOS Ha TBEP/I0H TOBEPXHOCTH (COCYyIIeCTBOBaHUE (a3
pa3IMYHOM CTPYKTYpPBI) He ynaBanock. He oTMeueHbI cityuau ux HaOIIOAeHUS

U B JINTEpPATYpeE.
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5.1. Bausinue npoueccoB BHeapenus CdTe-kaacrepon
HA CTPYKTYPY TOHKOIJICHOYHbIX NOKPbITHH

0ereHoBOM KHUCJIOThI

AKTyanpbHON 3ajlaueii HAHOZJEKTPOHUKHU SIBIISIETCS CO3JaHHE THOPHUIHBIX
OpPraHMYeCKO-HEOPTraHUUYECKUX HAHOCTPYKTYP Ha TBep10i moBepxHocTu. [1o-
JYIIPOBOTHUKOBBIE KIIACTEPHI MPEICTABIISIOT COOOM OMH U3 HanboIee NHTe-
PECHBIX U MEPCIIEKTUBHBIX 00 BEKTOB UCCIIETIOBAHUS; MX YHUKAIbHbBIE CBONCT-
Ba 00YCIIOBJICHBI KBAHTOBOPA3MEPHBIMU 3 (eKTaMu 1 ITPOSBIISIOTCS, HAITPH-
Mep, BO B3aUMOJICHCTBUU C JIA3€PHBIM M3JTYUCHUEM: TIPOIIECCaX PACCeSTHUS U
MIOTJIOIIEHUSI, TEHEPALIUU BTOPON TrapMOHUKH U 1p. OTINIUTENBHON 0COOEH-
HOCTHIO HAHOKOMIUIEKCOB Ha OCHOBe XajibkoreHu10B Cd, crabunm3npoBaH-
HBIX OPTaHUYECKUMU JIMTAHIaMU, SIBJIIETCSI HAJTUYUE PEAKIIMOHHOCIIOCOOHBIX
Tak HaspiBaeMbIX E-nentpos? (nanpumep, atomsl Te B CdTe knacrepax) Ha
BHEIIIHEH MOBEPXHOCTH HAHOKJIACTEPOB. OCOOEHHOCTH KIIACTEPOB TAKOBBHI,
YTO OOJIBIIMHCTBO MOBEPXHOCTHBIX aTOMOB Cd CBSI3aHO C OpraHUYEeCKHUMU
JUTraHAaMM, B TO BpeMs Kak E-IIeHTpbI OCTalOTCSl HECBSI3AHHBIMU U BIIUSIIOT
Ha MPOLECC B3AaUMOJIEUCTBUS KIACTEPOB C 3JIEKTPOMATHUTHBIM U3JTyUYE€HUEM.
I[ToMumo 3TOTO, TOCKOIBKY E-TIEHTPBI CBOOOIHBI, CYIIECTBYET BO3MOKHOCTD
MX XUMHUYECKON MOIU(DUKAIIMU U CO3/TaHUSI HOBBIX CTPYKTYp [115].

Hamu Obuia m3ydena Bo3MokHOCTh BBeneHuss CdTe kimactepoB B Mo-
HOCJION C IMOCIIEAYIONIUM MEPEHOCOM HAHOYACTHUIl Ha TTIOBEPXHOCTh Ha IpPH-
mepe CdssTeso(SCHoCHy;OH)xa50. MccienoBaHHBIE HAHOKIIACTEPHI MMe-
IOT TIPEATIOI0KUTEIBHO TETPAIPUUECKOE CTPOCHUE, TPUUEM THOTIIUIIEPOII-
CTaOWIM3UPYIOIINE JIUTAH/Ibl PAacloaraloTcsl Ha yriax U pedbpax, OCTaBs-
TSIl OTKPBITBIMM I XUMHUYECKOTO KOHTAaKTa aTOMbI Te Ha IJIOCKHMX Tpa-
Hsax TeTpasapa[l15]. C momouipio METOAOB KBapLEBOTO MHUKPOB3BEIIMBA-
Hust, UK- 1 Y®-CieKTpoCKONUH OBUIO YCTAHOBIEHO®), UYTO TUOTIMIIEPO-
CTaOWIM3UPOBAHHBIE KJIACTEPhI MOXKHO YCIIEIIHO BHEIPSTH B MOHOCIION Oe-
T€HOBOM KHCIOTHI U MEPEHOCUTHh HA TBEPAYIO MOIOXKKY C TOBEPXHOCTU UX

BOJHBIX PACTBOPOB.

2) IEeHTPOB CBEUEHHUSI
3) 9ti m3Mepenus mpoBoamwH K. X. H. I'. K. Kasuepko (MDPOX AH Benapycn, MuHCK) 1
K. X.H. A. JI. Porau (MDXU BI'Y, MuHck)
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5.1.1. DkcnepuMeHTAJIbHAS YaCTh

4) O6pasipl MIEHOK ObIIM IPUIOTOBIEHBI BEPTHKAILHBIM METOIOM, CM.
puc. 5.1a, © METOAOM TOPU3OHTAIBHOTO OCaXaeHHs (puc.S.10), KOTOPHIH,
Kak ObUIO MOKa3aHo HaMu ¢ nmoMoibio ACM, B psizie ciyyaeB MO3BOJISIET IO~
Jy4yaTh O60Jiee KaUeCTBEHHbIE MOHOCOUHbIe TIOKPBITUSI B CPABHEHUH C TPaiu-
LIMOHHBIM BEPTUKATBLHBIM criocobom®). JleHcTBUTENBHO, chOPMUPOBAHHEIIL
Ha BOJHON MOBEPXHOCTU MOHOCIOHN ocaxkaaercs merogoM 'O «kak ecTb»
Ha MpeIBAPUTENIbHO MOTI'PYKEHHYIO MOJI BOJHYIO TOBEPXHOCTh MOJIOKKY B
npoiiecce MeaIeHHOro (okoxo 0,01 MM B MUHYTY) MOHUKEHUS YPOBHS KHU/I-
KocTH (B pe3ylibTaTe hopMupyercst CTpykTypa Z-tuma, puc. 5.106). [lnenku,
MoJy4eHHble MeToIoM JIb npu mponyckaHuu MOI0KKH CKBO3b MOHOCIION
8epMUKAIbHO CO CKOPOCTBIO 4 MM/MUH, UMEJH, KaK MPABUIIO, CTPYKTYPY Y-
TUIIA.

Tuornunepoin-cradbunuzupoBannubie CdTe kmacTepbl, UCMOIB30BAHHBIC
JUIs. BHEAPEHUS B IUICHKHU, ObLIA MPUTOTOBIIEHBI IO METOJUKE, ONMMCAHHOU
B pabote [115]. MoHnocnoi#t 6ereHoBON KUCIOTHI (OPMUPOBAIIA HA TTOBEPX-
HoCTH BOIHBIX pacTBopoB CdTe knactepos ¢ KoHueHTpalmeit 0,1-1 x 1074 M.
Momnocoii Z-tuna win 1-Y 6ucioit® 6ereHoBoi KMCIOTHI BBIAETSIIN C BOI-
HOU MOBEPXHOCTH WM ¢ cyodassl, coaepxkanieit CdTe kmactepsl Ha TOBEpX-
HOCTh MOJIOKKH (CITIOABl WIM MUpOrpaduTa), OUUIIEHHYIO CTaHAAPTHBIM
METOJOM MEXKCIOHHOI'O CKAJIBIBAHUS HEMOCPEACTBEHHO Mepe]l HAaHECEHUEM
MOHOCIIOS.

ACM wuccnenoBanust nposoawin Ha npubope Nanoscope-Illa (Digital
Instruments, CIIIA) ¢ ucroabp30BaHNeM KaHTUJIEBEPOB U3 HUTPUIA KPEMHHUS
KecTkocThIo 0,32 H/M ¢ 3a0CTpeHHBIMM 30HAAMH B PEKMME KOHTaKTa Ha BO3-
nyxe. bputo 0OHapyKeHO, YTO UCIOb30BAHUE JTAHHOTO KOHTAKTHOTO KaH-
Tunesepa’) MpeanouTUTEIbLHEE B CONOCTABIEHUM C APYTUMH TOTO e THIIA,

MOCTaBIAMBIMU (pupMoii-iponsBoauTeneM (xkectkocthio 0,06 H/m, 0,12 H/m

4) O6pa3Ik! IEHOK GBUTH MPUTOTOBNEHH K. X. H. I'. K. XKasnepko, UPOX AH Benapycn,
Munck

5) BepTUKAJBHBIIT METOI B GOJIBIIIE CTEIIeHH TPHMEHIM 1S ()OPMUPOBAHMS MyJIbTHCIIO-
HbIX JIb mokpeITuit

6 TIpn MCIONB30BAHMM B KA4YECTBE IOIJIOKKH CIIOABI OBIIO OGHAPYKEHO (METOIOM
ACM), uto TIpH cIeIOBaHUH TIpOIeype HaHeceHHsI 1-Y OUCITos (BepTUKATHHBIM METOIOM)
peasbHO Ha MOJUIOKKY YAAeTCs IEPEHECTH TOIBKO MOHOCA0M (TIO-BUANMOMY, IEPEHOC IIIICHKU
MMEET MECTO TOJIBKO ITPH U3BJICUYEHUH MTOATIOKKH U3 CyOdasbl uepe3 MOHOCIION).

7) cm. Tabmumy A.1, crp. 227
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unu 0,58 H/M), npu nccneToBaHUSIX TOHKUX IIECHOK, ITOCKOJIBKY pa3pylia-
Iolllee BO3/JEHCTBUE 30HAAa Ha OoOpasel B 3TOM ClIydyae MUHUMAIbHO. DTO
MOKET OBITh CBSI3aHO C TE€M, UTO JIAaHHBIM KaHTUJIEBEp 00JIaaeT HAUMEHb-
el Maccom, U, Kak ClIeACTBUE, HauMeHee nHepinoHeH. Cuily BO3ACHCTBUS
MpU CKAHUPOBAHUU BAPhUPOBAJIU B IUPOKOM JIMATIA30HE: OT €IUHMUIL IO Jie-
CATKOB M COT€H HAHOHBIOTOHOB, MPU ITOM B DPSAE CIydyaeB BO3MOXHOCTH
MIPOBENICHUS HEPA3PYUAOWuUX ucciedosanuti TpedoBajga MUHUMHU3AIANA CHITBI
BO3JIEHCTBHS 30Ha. YacTOTy CTPOUHOM pa3BEepTKH BRIOMpAIA B THAIIa30HE
5—60T'u; mpu MOIyYeHUHU MOJIEKYJISIPHOTO pa3pelieHus 111 MUHUMU3ALNT

TEII0BOro Apeiiha UCoNb30BaaM MakcuManbHoe 3Hauenue®) (60 I').

5.1.2. Pe3yabTaTsl U HX 00CY:K1eHUE

CnonranHoe (popMHPOBAHHE KPUCTALIHYECKHUX BKIIOYEHHUI B
MOHOMOJIEKY/ISIPHBIX MJIEHKAX 0ereHOBOM KHCJIO0TbI, 0CAKIAEMBbIX C
CdTe-cyodasnl

Mpsr o6Hapyxuiu, uTo ocaxaeHHas ¢ CdTe cybdas3bl Ha MOBEPXHOCTH MOJ-
n0xku (Meron I'O) MoHOMOIIEKYISIpHAsI IIJIEHKA OEreHOBOM KUCIIOTHI Z-THIla
COJIEPKUT CIMOHTAHHO C(HOPMUPOBAHHBIE KPUCTALIMYECKHE OOpa30BaHMUS,
UMEIOIINE JIAMEISIPHYIO CTPYKTYpy. Biin3kyio Mopdoioruio nMmesna rieHka,
chopMHupoBaHHas Mo mpolueaype nonyueHus 1-Y oucnos (meron JIB). Ana-
nu3 ceueHuss ACM-u3o0pakeHuit 3TUX 00pa30BaHUM MOKA3bIBAET, YTO MX
BBICOTA HaJl TOBEPXHOCTHIO CIIIO/IbI OJIN3KA YTPOEHHOM JINHE MOJIEKYJIbI Oe-
T€HOBOM KHMCJIOThI B MAKCUMAJIbHO BBITSIHYTOM KOH(opMaIiuu (0koi1o 3 HM),
cM. puc 5.3. B ciryuae ucionb30BaHus MUPOTrpadUTOBOM MOIOKKH U CIIEI0-
BaHUs Tipoueaype ¢dopmupoBanus 1-Y oucnos (meron JIB) ctpykrypa mo-
KpbITUS, (PAKTUYECKU, NICHTUYHA: TAK)Ke HAOII0JAI0TCSl BKIIIOUEHUS aHAJIO-
TUYHBIX KPUCTAJUTMYECKUX CTPYKTYD, CM. pHUC. 5.4, HO MOp(]OIOrus MOKphI-
THSI, OKPYXAIOIIEro KPUCTAIUIUTBI, MeHee ofHOpogHA. CorjacHo pe3yibTa-
tam ACM-uccienoBaHus BbICOTA MOHOCIIOS HAJl TOBEPXHOCTHIO MOAJIOKKHI
(cmrombl) BapbHUpyeTcs B auamnal3one 2,2—2,7 HM (3aHKEHHUE BBICOT 00yCTOB-
JIEHO KOHTAKTHBIMH Aedopmanusamu, cMm. pasaen 2.1). Beicota kpucramiu-
TOB HaJl MOBEPXHOCTHIO MOHOCIOS (IJ CIIO/BI) JISKHUT B MUHTepBaje 4,2—
6,2 HM. BpIcOTa KpPUCTAJUTMTOB HAJ MOBEPXHOCTHIO MUPOTrpadUTOBON MO/I-

JTOXXKH HpI/I6J'II/I3I/ITeJ'IbHO paBHa 8 HM (T.e. COOTHOCHUTCA CO 3HAUYCHUAMU OJIA

8) ompesienseTcs CKOPOCTHIO OIM(POBKU JAHHEIX B CXeMe KOHKPETHOTO pubopa
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MOTOKKU-CITIO/IBI ). [TOCKOMIBKY, KaK MOKa3aid KOHTPOJIbHBIE IKCIIEPUMEH-
TbI, TO100HBIE KPUCTAIUIUTBI He popMupyiomces Ipu HAHECEHUH aHAI02UYHO20
MoHoc0s ¢ oBepxHOoCcTH BoAbI Witk CdCl, cyOdassl, MbI TToj1araeM, 4To 4ac-
TUYHAS KPUCTAJUTU3ALUS OCTeHOBOM TJICHKU MPU HAHECEHUU C TIOBEPXHOCTHU
CdTe cy0daszbl 0OycrioBiieHa BIUSHUEM UMEHHO K1acmepo8, KOTOPbIE MOTYT
SIBIISITBCS IICHTPAMU HAYJTbHOM KPUCTATUTU3AINH.

[Tpennomnosxenue o Tom, uto CdTe kitacTepbl HAXOAATCS UMEHHO 8HYMPU
KPHUCTAJUTUTOB, IMOJITBEPXKAAETCS TeM (DAKTOM, UTO CIIEKTPOCKOITUYECKUE Me-
TOBI UCCITICOBAHUS IETEKTUPYIOT MPUCYTCTBUE KIIACTEPOB B MPUTOTOBIICH-
HOM MOKPBITHH; IPUYEM UX JETEKTUPYEMOE KOJIUYECTBO I KOHKPETHOIO
o0pasiia HAMPSIMYIO KOPPETUPYET C BETUUYNHOMN MOBEPXHOCTHON KOHIIEHTpA-
MU KPUCTAUTUYECKUX CTPYKTYP, BU3yaTn30BaHHbIX ACM.

OnHaxko, Henocpeocmeaerno ookazams MeTogoM ACM mpuCyTCTBHUE Kitac-
T€pOB B C(HOPMUPOBAHHOM MOKPBITUU He yoanoch. Tem He MeHee, Ipel-
CTaBIISIOCh UHTEPECHBIM HCCIIE10BATh CTPYKTYPY U OCOOEHHOCTU CIIOHTAHHO
00pa30BaHHBIX KPUCTAIIUTOB. BbUIO YCTAHOBIIEHO, YTO OPUEHTAIIMS JIaMe-
Jel KPUCTAUTUYECKUX CTPYKTYP MOTUUHSETCS ONpeAeSIEHHBIM 3aKOHOMEp-
HOCTsAM. Tak, yriiel MeXay JaMeIssMu KpaTHbl 60°, KaK MpH UCIOJIb30BAHUU
MTOJIIOKKH M3 CITIOJIBI, TaK U rpadura (puc. 5.5).

l'ucrorpamMmbl MMOKa3bIBAIOT, YTO CpEAHEE 3HAYECHUE BEIIMYWHBI YIJIa
MEXIY JIaMeNsIMU cocTaBisgeT 60+7°, kak B ciaydae MOMIOKKU M3 CITIOJIbI
(puc. 5.5a), Tak 1 muporpadura (puc. 5.56). Bo3MOKHYI0 TOTPENTHOCTD U3-
MEPEHHSI, CBSI3aHHYIO C HAJIMYMEM TEIIOBOTO Jpeida, Mbl OIEHUBAIIHA ITy-
TE€M KOHTPOJIbHOTO U3MEPEHMUS YIJIOB MEKIY KPUCTAIIOrpaPUUECKUMH OCSI-
MU TIOI0KKH (yroa 60°). Bplo moka3zaHo, 4TO B YCIOBUSIX TaHHOTO JKC-
MEPUMEHTA aHAIIU3UpYEMasi OTPEITHOCTh COCTABIISIET BEIMUUHY MEHBIIYIO,
yeM 3°.

JI71s1 yCTaHOBJIEHUS OpPUEHTALIUH JIaMellell OTHOCUTENIbHO KpHUCTaNlIorpa-
(brueckux oceit MoAT0KKU UCTIOIB30BAIU CIIEAYIOIIYIO Tpouenypy. Onpene-
JISTU OPUEHTAITUIO JTaMeJTeld. 3aTeM B MOHOCIIOMHOM MOKPBITUU (POPMUPOBA-
JIM UICKYCCTBEHHBIH 1e(heKT MyTeM BO3ACMCTBHUS HA 3Ty 00JIACTh 30HIa MUKPO-
ckorma ¢ yBenuueHHo# cuioit (1o 100 HH u 6omee) mpu MeneHHON CKOPOCTH
CKaHUPOBAHMS (YaCTOTA CTPOUHOM pa3BepTku MeHee 3 '1r). B pesyiabraTe ma-
TepHaJ TUIEHKH YAAJSUTA 30HI0M MUKPOCKOTIA B IIpefiefiaX BBIOPaHHOTO OKHA

ckaHnupoBaHus. B aTtom oxHe monyuanu ACM-u3zo0paxxeHne aTOMHOU pe-
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o 2.5 5.0 ?.5 MKM 12.5

Puc. 5.3. KpuctannuTsl B MOHOCIIOE OETEHOBOM KHUCIIOTHI, OCAKACHHOHN Ha IMOJUTOKKY
cirronbl MetogoM 'O ¢ moBepxHOCTH cyOdassl, cogepxareit CdTe kmacteps! (quHa-

MUKa pa3pylIeHUs/BOCCTAHOBICHHS).

M3o0paxkeHust moyydeHsl mocnenoBatenpHo: a) ACM-n306paxeHus: HICXOAHBIX CTPYKTYP,
3amMCaHHbIe TPH MUHAMAIIEHOM BO3ACHCTBUU 30H/a; 0) YACTHYHOE pa3pylIeHHEe KPUCTAII-
JIUTOB TIPU YBEIMYCHUU CHIIbI Bo3delcTBUs 30Hma (6onee 100uH); B) u r) mocnenyroriee
BOCCTaHOBJICHUE UCXOTHBIX KPUCTAJUIMUECKIX CTPYKTYP IIPU MUHUMH3AIIAHN CHITBI BO3IIEHCT-

BUS 30HOA
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Puc. 5.4. KpucraymmuTel, cpopMupoBaBIIriecs B INIEHKe OET€HOBO KUCIOTHI, IIepe-

HECEHHOH Ha MOIOKKY MUporpaduTa BepTHKAIBHBIM MeToioM JIb ¢ moBepxHOCTH

cyb6dassr, comepxkaieit CdTe kiracrepsr

80

60 —]

40 -

Uneso caydaes
Uneso caydaes

20

40 50 60 70 80 40 50 60 70

YroJ, rpanychl YroJ, rpanychl

a) 0)

80

Puc. 5.5. Pacripenenenue yriia B3anMOOPHEHTAIIMHA MEXIY ITapaMu KpUCTaLTHyec-

KHUX JIaMeJIEH.

Jlamenu cmnoHTaHHO (i)OpMI/IpOBaJ'II/ICI: B IUICHKE OEreHOBOM KHCTIOTBI, HAHECEHHOM C TIMOBEPX-

HocTH cyOdasbl, cogeprkamieii CdTe xmacrepbl, Ha MOMAIOXKKY: a) — CIIOABI, MeTogoM 'O

6) — nuporpadurta, metogom JIb
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a) 0)

Puc. 5.6. Pacnipenenenue yriia Mexay JaMelssMH B TUIEHKe OET€HOBOW KUCIIOTHI U

OCAMU PCIICTKH ITOAJIOXKKH.

Jlamenu cioHTaHHO C(HOPMUPOBAIIUCH B TUIEHKE OET€HOBO KHCIOThI, HAHECEHHO! € OBEPX-
HocTH cyOdassl, cogepxaiieit CdTe xiracrepsl, Ha TOMIOKKY: a) — ciatoabl, Mmetogom ['O

6) — nuporpadura, meroaom JIb

HIETKU MOJJI0KKUA M ONPENEsiiin HalpaBJIeHUE OCHOBHBIX IMOBEPXHOCTHBIX
KPUCTAJUIOTrpaUIECKUX OCEH.

Kak noxazanu skcniepumenTsl 110 ACM-BU3yaIu3auy MOJEKYJISIpHON
CTPYKTYPbI TOBEPXHOCTU KPUCTAJUIUTOB (CM. HUKE pazfien 5.3) BeKTOp a Mo-
BepxHocTHOM peretku (LIT-Tumn) conanpasineH c opuenrtaiueit tamenu. Oxa-
3aJ10Ch, YTO JUISl MOJJIOKKU U3 CIIOAbl HANpaBiIeHUE KOHKPETHOW JaMeln
KPUCTAJUIMYECKON CTPYKTYpbl 0Opa3yeT ¢ OAHON U3 OCHOBHBIX OCEH pelIeT-
ku?) ([10], [01] wmm [11]) yron 6mm3kuii 20°. Ha puc. 5.6 a mpecTaBiieHa FHCTo-
rpaMMa paclpeaesieHns 3HaUeHNN yIriia MeK1y HallpaBIEHUEM JIaMeI KpUC-
TAJUIMYECKON CTPYKTYPbI U OJHON U3 KPUCTAIUIOrpaUUIeCKUX OCeH CITIO/IbI
(Obmkaien, K HarpaBICHUIO JIAMEIIH).

IIpu mocTpoeHun rUCTOrpaMMmbl UCIIOIB30BAIN aOCOIIOTHOE 3HAUEHUE
M3MEPEHHOTrO yIuia (I03TOMy TMCTOrpaMMa orpaHudeHa uHrepsajaoM 0-+-30°).

HpI/I 9TOM B Ha6paHHOI>'I CTATUCTHUKEC YHCJIO ITOJOXHUTCIIbHBIX U OTPHULIATCIIb-

9) rexcaroHaJIbHasi pereTka
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HBIX 3HAYEHHMI TAHHOM BEJIMYMHBI IPUMEPHO coBHaano. M3 rucrorpaMmal
CIIeZIyeT, UTO CpeHee 3HAYCHHE yria MEeXIy KPUCTAUIOrpaduieckoil Ocbio
MMOBEPXHOCTHOM PEHIETKH CIIO/Ibl U HAIPABJICHUEM OpPUEHTALIMM JIaMmellen
KPUCTAJUTUUECKOU CTPYKTYpPhI cocTanisieT 20 + 4°. DTo MO3BOJISIET TPEATIOIIO-
KUTh, YTO JIAMEJTU MPEINOUYTUTEIHFHO OPUEHTUPOBAHBI BIOJIb HATIPABIECHUN
[21],[32], [13] wmm [31], [23], [12] penteTku caromsl. JeHCTBUTETBHO, YITIBI MEX-
ny Hampasnernsmu [31] 1 [10], [23] 1 [11], [12] u [01] umeroT Bemmunny 19,1°,
a yrosl Mexay [21] 1 [10], [32] u [11], [13] u [01] cOCTaBASIOT Ty e BEJIUYUHY,
HO CO 3HAKOM MUHYC.

Te e u3MepeHust TpOBOAWIH JIJ151 IJICHOK, ChOPMUPOBAHHBIX Ha IMOJII0XK-
ke u3 nuporpadura. Mamepenue yria Mexay HampaBIeHUSIMUA KPUCTAJUIH-
YecKuX JaMelel U KpuctauiorpauueckuMu ocsiMu rpadura gaeT 3HaueHUe
30 & 7°19, ructorpamMma pacrpeieeHusl pe3yaIbTaToB U3MepeHHs IpUBejie-
Ha Ha pucyHke 5.60. [TomydyeHHOe 3HaUEHUE MO3BOJISIET IPEANOJIOKUTh, UTO
MPEAIIOYTUTENIbHBIM HAIIPABIIEHUEM OPUEHTALIUN JIAMEIIEH B 3TOM Cllydae sB-
JseTcs HanpasiieHue [12] moBepXHOCTHOM perieTku rpadura.

OTtmeTuM, 4TO pacnpeesieHue 3HaUeHU U3MEePSIeMbIX YITIOB MEHEE JIOKa-
JIM30BAHO TIPU KCIIOJIb30BAHUH B KAUECTBE MOIOKKHU MUpOTpaduTa, B CpaB-
HEHMU C TTOJITTOKKOM U3 CIIoBI (Cp. puc. 5.60 1 a). Y HAC HET OJTHO3HAYHOT'O
00BSICHEHUS] HAOII0JaEMOMY PA3JINUYNIO, OCOOEHHO YUUTHIBAS TOT (PAKT, UTO
pacrnpeielieHus: YIiIoB MeXAy KPUCTAUTMYECKUMU JIAMENISIMU, TTPUBEICHHBIC
Ha puc. 5.5a u 0, AEMOHCTPUPYIOT (PAKTUUECKHU UIEHTUYHbIE 3aBUCUMOCTH 1

JUIS cTydast CIOJIbI, U JJIsl cilyvas nuporpadura.

JlnHamMuKa npoueccoB pa3pyiieHnsi/BOCCTAHOBIEHUS KPUCTAIHYECKUX

CTPYKTYP, BKIIOYCHHBIX B MOHOMOJICKYJ/IAPHBIC IVICHKH 0ereHoBoOM KHCJIOTHI

HecMoTpst Ha TOKaJbHYIO YCTOWYHMBOCTh KPUCTAINIMYECKUX OOpa30BaHUM K
CHUJIOBOMY BO3EHCTBUIO 30H/1a HA HEOOIBIION YUYaCTOK MTOBEPXHOCTU, UMEH-
HO OHU (2 HE MOHOCJION) B MEPBYIO OUEpeb pa3pylIalOTCs B CiIydyae, Korjaa
BeIMYMHA BO3AeHCTBYIoMIeH cuiabl yBenudeHa (no 100 uH), a pa3smep kanpa
COCTaBIISIET 3HAUUTENLHYIO BenuuuHy (1o 15 x 15 mxm?). ITocine HecKomb-
KMX CKaHUPOBAHUIN C yBEIIMYEHHON CWIION Bo3aedcTBUS 30HAAa Ha ACM-
n300pakeHUn HaOoaeTcs ciaenyioumasi KapTuHa: YYaCcTKHU IJICHKHU, COOT-

BETCTBOBABILINE MOHOCIONHBIM Y4acTKaM, XapaKTEepU3YIOTCS JIMIIb yBEIIU-

10) 371ech, KaK U B IPEIBIIYIIEM CITydae ISl CITIO/IBI, IPUBEIEHO CTAHAAPTHOE OTKIIOHEHHE
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YEHHBIM KOJIMYECTBOM IOP U MENKHX 1e(eKTOB, B TO BpeMsl KaK KPUCTAILIU-
yeckue 00pa3oBaHus «rcue3atoT». AHanus3 BbIcoT ACM-u300pakeHus rnoka-
3bIBAET, YTO B TEX MECTAX, I/Ie MPEKAe ObUIN KPUCTAIINYECKUE CTPYKTYPHI,
OCTaeTCs JIMLIb YMCTasl IOBEPXHOCTD CIIIOAbI. BusyanpHo 3TO HabiromaeTcs
B Buje 1e(eKToB (IbIp) B MOHOCIIOE, KOHTYPbl KOTOPBIX B TOYHOCTH IOB-
TOPSAIOT KOHTYPbI KPUCTAJUIMYECKUX CTPYKTYP, IPUCYTCTBOBABIINX HA 3TUX
MecTax mpexe, cM. puc. 5.30.

Jaunbiif 3pdekT MOXKeT CBUAETEIbCTBOBATh O CKIIOHHOCTU KPHUCTAJIU-
YECKUX CTPYKTYDP B3aMMOAECUCTBOBATH C UIJIod Mukpockomna. [Ipuuem, npu
MOCIIEAYIOMNX CKAHUPOBAHUSIX C OOJBIIMM pa3MepoM KaJpa U MUHUMM30-
BAHHOH CHJION, Ha KpasiX 00JacTH CKaHMPOBAHUS HAOJIOAATIOCH JIUIIb He-
3HAYUTENIbHOE KOJIMYECTBO YIAJIGHHOTO MaTepuaa, 4YTo MO3BOJISIeT CAeNaTh
BBIBOJL O €TI0 aJICOPOLUH Ha 30H0e™Y.

Ecnu nocne paspyuieHns KpUCTaUIMYECKUX CTPYKTYP YBEJIMYEHHOM CH-
JION MPOJOKATh CKAHMPOBAHKME, YMEHBIIUB CUIY BO3JEHCTBUS 30HIa, TO
4yepe3 HECKOJIBbKO IOCIIE0BATENbHBIX CKAHUPOBAHUI MaTepuajl BHOBb I10-
SBUTCS B T€X yYaCTKaX, TJe NMpex/e ObUIM KPUCTAIUIMUYECKUE CTPYKTYPBI, CM.
puc. 5.3 (B u r). Ilpu 3TOM BOCCTaHABIUBAETCS U 6bICOMA KPUCTAILINYEC-
KMX 0Opa30BaHUM, UTO CBUAETEIBCTBYET 00 UX 3HAUUTEIBHON yCTOMUUBOC-
1. CxomHbIi 3 PexT nmepeHoca MaTepuasa IJIeHKU C MOJI0XKKHA HA 30H U
00paTHO OBLT omKcaH B paboTe [64].

T.o. HaM yAaa0Ch BU3yaIM3UPOBATh TUHAMUYECKUN U 0Opamumblii Ipo-
LIECC Pa3pYIICHUs] KPUCTAINIMYECKUX CTPYKTYP, UTO MO3BOJISIET CIENATh P

3aKJIIOUYSHUN.

e B3aumoseiicTBre 30H1a U 00pa3iia He OTPAHUYUBAETCS JTUIIb 1eHCTBU-
€M CHJI MIPUTSKEHUsI U OTTAJIKUBAHUS MEXAy HUMU. B ciyudae, xoraa
MpU CKAHUPOBAHUU UMEET MECTO IUHAMUYECKUI MPOLIECC pa3pyILLICHUs
o0pa3slia, BEI3BAHHBIN MPEBBIINICHUEM HWHTEHCUBHOCTU CHUJIOBOTO B3au-
MO/JIEUCTBUS 30H1-00pa3ell HEKOTOPOTO KPUTUUECKOTO 3HAUEHUS, 30H/]T
MOJKET SIBIISITbCS pe3epayapom sl MaTepuaa, yaajJeHHOTO ¢ o0pasia

B IIPOLIECCE CKAHUPOBAHM.

11) JeficTBUTEIBHO, IUIOMA/b GOKOBBIX IPAHEH 30HIA COCTABIAET HECKOIBKO MUKPOH (CM.
Tabmuiy A.l Ha cTp. 227), TO3TOMY 3HAYUTEIIHPHOE KOJMYECTBO yAAJIEHHOI'O MaTepualia
TUICHKU MOYXET MPU CKAHUPOBAHUU HEKOTOPOE BPeMsl «OOJIETUISITH» OOKOBBIC CTCHKU 30HA,
HECYIIECTBEHHO BJIMSISI HA Ka4eCTBO nojiydaeMbix ACM-nu306pakeHui.
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e [Ipu yMeHbIIIECHUU HHTEHCUBHOCTH B3aUMOICHCTBUS MATepUAJI C 30HIa
MOJXET TepelTH obpamno Ha obpasen. IToT 3hPeKT crocodbeH mpu-
BOJIUTH K OITMOKAM B MHTEPIIPETAIUH, €CITH JUIs1 paOOTHI UCIIOTB3YETCS
TPSI3HBIN» (T.€. UICMIOJIb30BAHHBIN MPEXKE) JIEBEP, HA OOKOBBIX CTEHKAX
KOTOPOTO IMPHUCYTCTBYET aICOPONPOBAHHBIN MaTepuall. B aTom ciryuae,
MIPU CKAHUPOBAHUKM MOTYT HAONIOAATHCS CTPYKTYPBI, HE CBSI3aHHBIC C
0COOEHHOCTSIMH JTAHHOTO 00pa3lia, a JMHAMUYECKH ChOPMUPOBAHHBIC

MIPH MIEPEeXo/ie MaTepHraia ¢ jJeBepa Ha UCCICAYEMYIO MOIIOKKY.

Mpb1 HaOMIOAATN CXOIHBIHN 3 (EKT MPU UCCISTOBAHUN HYKIIEHHOBBIX KHC-
JIOT, KOIJla IpeIBapuTelbHOe CKaHupoBanue'?) obpasiia, XapakTepu3yolie-
rocsl BBICOKOM IMOBEPXHOCTHOM KOHIIEHTPALMEN U3y4aeMBbIX CTPYKTYp, IIPH-
BOJIMIIO K TOMY, UTO TTOC/IEAyIOlIee CKAHMPOBaHUE ®) TIOBEPXHOCTH, 3aBEIOMO
€80000HOI OT KaKUX-JIMOO aICOPOUPOBAHHBIX OOBEKTOB, TTO3BOJISIIO, B Psjie
CITydaeB, BU3YaIM3MPOBATh Te e caMble On000BeKThI') (OTIHYaeMble B CH-
a1y ux crienuduaeckoi reomeTpun). IHPexT mposBisiIcs TeM 0oJiee BhIpake-
HO, YEM BBIILIE CPOJCTBO TPOCKAHMPOBAHHBIX MIEPBOHAYATIbHO OMOOOBEKTOB
K TIOBEPXHOCTH, MTPOCKAHUPOBAHHOM mociie. B cuily 3TOoro MoKHO KOHCTa-
TUPOBATh, UTO ISl TOCTAHOBKU d0€K8aMHbIX KOHTPOIBbHBIX IKCIIEPUMEHTOB
HE0OXOAMMO JTUOO0 UCMOJIB30BATH ISl KAXI0W cepur 00pas3oB HOBBIE (MU
OUMILIEHHBIE) 30H/IbI, JIN0O, MO KpaltHel Mepe, CTABUTh KOHTPOJIbHbBIE JKCIIe-
PUMEHTHI 00 OTIBITA: MHAYE CYIIECTBYET BEPOSITHOCTh OOHAPYKUTH B KOHTPO-

JIC TC )K€ CTPYKTYPhI, UTO U B OIIBITC, U JOIIYCTHUTD OI_HI/I6Ky B UHTCPIIPCTALINH.

Oco0eHHOCTH CTPYKTYPbI IVIEHKH 0ereHOBOM KHCJIOTHI HA MOBEPXHOCTH

nuporpaguTOBOil NOAIOKKH

IIpu uccienoBaHUN TIEHKU GereHOBOI KUCIOTH Ha uporpadure'®) Mbl Ha-
OJirofanu, 4YTO MaTepuall IJIEHKU OPraHU30BbIBAJICS B YIIOPSIOYEHHbIE ITPO-
TSDKEHHBIE CTPYKTYPBI (cM. puc. 5.7), MoXoxue Ha «rpsiaku». OpueHTauus u
OpraHM3anus rpsioK IIOJUUHSIETCS ONPENEICHHBIM 3aKOHOMEPHOCTSIM: YIJIbI
MEXAY HUMU KpaTHBI 60°, a pacCTOSAHUE MEXKIY I'PAAKAMU COCTABIISIET BEIU-
ynHy 6,3 £ 0,4 HM. YT0JI MEX1y HAITPABIECHUSIMU I'PSIIOK U OCHOBHBIMU KPHC-

TaJTorpaduuecKuMu OCSIMU TOBEPXHOCTHOM pelIeTKU Muporpadura cocras-

12) ¢ yBeIMUEHHOI CUITOi BO3IEHCTBHS 30HAA

13) TeM ke 30HIOM

14) e TUHUYHBIE

15) IPUTOTOBIEHHOI 1O criocoby hopmupoBanus 1-Y Gucios

166



Puc. 5.7. Crpykrypa mienku JIb 6ereHOBOM KUCIIOTHI, HAHECEHHOH Ha TUPOTPaUT;
I'psinku opreHTHPOBAHBI OJ YoM 30° K OCHOBHBIM OCSM MOJIOKKHU, PACCTOSHUE MEKIY

«TPSIIKaMU» COCTaBIISET 6,3 HM

aset 30° (puc. 5.8), T.0. TPSAIKU OPUEHTHUPOBAHBI BJIOJIb TOTO )K€ HAITPABIICHUS
MOJIOKKH TUpOrpaduTa, 4TO U ONMMUCAHHBIE BBIIIE KpUCMALIUdecKue TaMeu.

breuto obHapyxkeHo, 4TO CHOPMHUPOBAHHOE IMOKPHITHE HA TpaduTe Xxa-
paKTepU3yeTCsl HECTAOMILHOCTRIO U pa3pyIlIaeTcs UTJION MPU CKAHUPOBAHUHT
MPY HE3HAUUTEIbHOM YBEJTMYCHUH BO3ACHCTBYIONIEH CHUIIBI (TN YBETUYCHUN
XapaKTEPHOTO BPEMEHHM BO3JEHCTBUS 7 MPU YMEHBIICHUH Pa3MEpPOB Kall-
pa). [1pu uccneqoBaHUM AUHAMUKU PA3PYLICHUS TOKPBITUS ObLT 0OHAPYKEH

3¢dexT BpeMeHHOTo (GOPMUPOBAHHS CXOAHBIX'6)

YIOPSAOUYEHHBIX CTPYKTYP
(«TpsAI0OK»), XapaKTEPU3YIOLIUXCS TOU ke (PUKCUPOBAHHOM B3aUMOOPHUEHTA-
nuen (yroja Mexay 3TUMH CTPYKTypaMu Takke Onu30k 60°) u TeM ke Quk-
CUPOBAHHBIM PACCTOSIHUEM MEXAY IpsakaMu (okono 6,3 HM). bbuio oOGHa-

PYXEHO, UTO OPUEHTALIUS OMUCHIBAEMBIX CTPYKTYP TAKXKE COCTABIISIET IO

16) ¢ caMOOpPraHU30BAHHBIMH
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Yrou, rpagycet

20 30

Puc. 5.8. Pacipenenenue yrira Mexmy HalpaBIIEHUEM «TPSI0K» B IDICHKE OETEHOBOM
KHUCJIOTBI 1 OCHOBHBIMU OCSIMU ITOBEPXHOCTHOU PEIISTKU MUPOTPa(PUTOBOM TTOITONK-

KH.

I/I3Mep6HI/IH IIPOBOOMIIN OJISA «KTPAJOK», I/1306pa)K6HHBIX Ha puc. 57, CXO0JHas 3aBUCHUMOCTb

MOJIy4eHa AJI CTPYKTYP, BU3yIM3UPOBAHHBIX Ha puc. 5.9
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Puc. 5.9. BpemeHHBIE CTPYKTYPBI, GOPMUPYIOITHECS B IIPOIEcCe TMHAMHYECKOTO pa3-

pymicHus nmpyu CKaHUpPOBAaHUHU IINICHKH OereHOBOM KUCIIOTHI HA HI/IpOFpa(l)I/ITC.

OpueHTaIus 3THX CTPYKTYP OTHOCHTEIHHO OCel MOIIOKKHI U UX MIEPUOTUIHOCTD UICHTHY-

HBI CTPYKTYpaMm, n300pakeHHbIM Ha pHc. 5.7

6mu3kuit 30° ¢ HAIIPaBICHUSAMH KPUCTAILTOTpadruecKux oceil rpadura, 4o
CBUJIETEJILCTBYET O BBIICJICHHOCTH JTAaHHOT'O HampasieHus 1 apdexTa B3a-
MMOJICUCTBUS MOJIEKYJI OETE€HOBOM KUCIOTHI C MUPOTpaUTOBOM MOIIOKKOH.
CrienoBaTeNbHO, MOKHO CHIENAaTh BBIBOJ, YTO B 000UX cirydasix GopMHUpoBa-
HUE TPSIOK 0OYCIOBJIIEHO OJTHUM MEXaHU3MOM.

MpbI cunTaeM, 4TO HAOIIOaeMbIe CTPYKTYPBI SBISIFOTCS NOIYYUTUHOPU-
yecKumu muyennamu, PopMUpyeMbIMH Ha TTIOBEPXHOCTHU THIPO(HOOHOM MUpo-
rpaduTOBOM MOIOKKH MOJIEKYJIaMH OET€HOBOM KUCTOTHI. [|eliCTBUTEIBHO,
NPeJCTaBIISAETCs, YTO HaOII0JaeMble CTPYKTYPbI HE MOT'YT SIBJSITHCS T.H. «BOJI-
HUCTOI» (ripple) dazoii, koTopast 06HAPYKUBAETCS MTPU UCCIIEAOBAHUM OUC-

JIOWHBIX TOHKUX IJIEHOK. ABTOpHI paboTsl [116] uccinenoBanu «BOITHUCTYIO»
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CTPYKTYPY, KOTOpasi CHOHTaHHO (hOPMHUPOBAIIACH B OUCITO0IX (hOCHOTUTTUIOB,
cOpMUPOBAHHBIX HA TOBEPXHOCTH CII0/1bI. OHAKO MEPHOJT OOHAPYKEHHBIX
CTPYKTYP COCTaBJIISI 3HAUUTENbHYIO BeTMuuHy — 27 HM 1 53 HM. Kpowme Toro,
OPHUEHTALUsl «BOJIH» HE ITOAUMHSIACH, [10-BUIUMOMY, KaKUM-IM00 3aKOHO-
MEPHOCTSIM, KaK 3TO UMEJIO MECTO B HAILIEM CIIydae.

ABTOpHI pabot[117, 118] obHapyx)umu cxomusie!”) mpoTskeHHbIE 06pa-
30BaHus, copMUpoBaHHbIE MoJieKylamu ITAB Ha mOBEpXHOCTAX CIIIOIBI
u nuporpagdura. Tak B padote[118] nccnegoBanu mpouecc caMoopranusa-

LII/II/IlS)

MoJieKyJ kaTuoHHoro [TAB: teTpagenunTpumeTiiiaMMoHui OpoMuia
(C14TAB), xoTOpbIe, KaK MOKa3aau aBTOPHI, GOPMUPOBAIIN HA TTOBEPXHOC-
TH TIOJITOXKKH HWIMHAPUYECKHE (B CIIy4dae MOJIOKKHU U3 CITIOAbI) U TTOTYIIHU-
JUHApUYecKHe (IIpU UCIOJIb30BaHUU uporpaduTta) oopasoBanus. B coyuae
MOJYIIWINHIPOB OHM OBl 0Opa3oBaHbl Mosiekynamu [TAB, cradbumusupo-
BAHHBIMU TUAPOPOOHBIM B3aUMOIEHCTBUEM C MOJIOKKON U APYT C APYTOM
(Mo3TOMY NOJISIPHBIE TPYIIITBI MOJIEKYJT (POPMUPOBAIIH 8HEUHI0I0 TTOBEPXHOCTD
nonyuunuHapa). [Ipu aToM HampaBIeHUS! OPUEHTAITNH «T'PSAOK» HA TTOBEPX-
HOCTH muporpadura, Kak U B HallleM cllyyae, coctaBisia yroia B 30° ¢ Ha-
MPABJICHUEM OCHOBHBIX KPUCTAUIOT pAPUIECKIX OCEH IMOII0KKH (KaK IMHAIITYT
aABTOPBI, UCCIIEAyeMbIe 0OPA30BAHUS . .. OPHEHTHUPOBAHBI MEPIICHIUKYISP-
HO OCH CUMMETPHH MOIIOKKI», YTO IKBUBAJICHTHO HAIIIMM HAOIOICHUSIM).
O10T 3(h(PeKT MOKET OOBSACHATHCS TEM, UTO B CIIydae TAKOW OPUEHTAIINH I10-
JTYUMIIMHIPUYECKUX MUIEIT OTAeNbHbIe Mosekybl [TAB, nexamue Ha non-
JIOKKE, OPUEHTUPOBAHBI BJIOJb KPUCTAIIOTpaUUECKUX HAIPABIICHUI Tpa-
¢uTa, mpuyeM NMepuoOgUYHOCTh PelIeTKH I'paduTa BAOJIb 3TUX HAMPABICHUI
(0,246 HM) 1 mepuoA YIIEBOAOPOIHON 1enmu MOoJeKyiasl (0,254 HM) UMEroT
OJIM3KHE 3HAYCHMUS.

[Tepuon ynakoBKY MOTYUUITUHIPUYECKUX MULIEILT, OOHAPYKEHHbIN aBTO-
pamu paccmaTtpuBaeMoil paboTel, coctaBui 4,7 + 0,3 um. [nuHa yrieBoao-
POAHBIX 1eTiel MoJieKyl O6ereHoBOM KUCTOTHI (Cay), 00BEKTA UCCIETOBAHUS
B HaleM citydae, B 1,5 pasa Ooinbiie, uem mosekya Ci, TAB, ucciegoBan-
HbIX B[118]. I[ToaToMy HabmroaeMblii HAMU MEPUOL KTPATOK», (hopMUpYe-
MBIX MOJIEKYJIaMU OereHOBOM KUCIOTHI (6,3 4= 0,4 HM) BIIOJIHE COOTHOCUTCS CO

3HAYEHUEM, TTOJIYUYEHHBIM B YIIOMSIHYTON paboTe. DT 3aKOHOMEPHOCTH 10-

17) ¢ HaGIIIOIAEMBIMH HAMHI
18) g3 pactBopa ITAB, KOHIEHTpALHs KOTOPOTO B B4 Pa3a MPEBHIIIAJIA KOHLIEHTPAIHIO
MUIIETI000pa30BaHUS
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3BOJIAIOT HAM CACJIATh BBIBOA, YTO 0COOCHHOCTH CaMOOPpPIraHrU3alu MOJICKYJI
OEreHOBOI KMCIOThI Ha ITIOBCPXHOCTHU rmporpa(bI/ITa OOBICHSIIOTCSI UMEHHO

(hopMHpOBaHUEM MOIYLUMIMHAPUUECKUX MUIIEILI.

KpaTlcne BbIBO/IbI

e [lrieHKM OEreHOBOM KUCIOTHI MO3BOJISIIOT U3BJIEKATH U3 CyOda3bl HEOp-
rannueckue yactuiibl — CdTe kimacrepbl, KOTOpbIE, BOZMOXKHO, SIBJISI-
IOTCSI LIGHTPAMU HauyaJlbHOM KPUCTAJUIM3AIMU MaTepraa IIeHKU. J1a
KPUCTAIUTA3ALUS TPUBOAUT K (POPMUPOBAHUIO BKIIIOUEHHBIX B TUICHKY
JIAMETISIPHBIX KPUCTAJUITMYECKUX oOpa3oBanuil. (OOHApYkKEHO, UTO UX
MOJIEKYJIIpHAs yITAKOBKA MOKET OBITh ONIMCAHA LIEHTPUPOBAHHOM Mpsi-
MOYTOJIBHOW STYEUKOMN, U U3MEPEHBI MAPAMETPHI STUEUKU CM. HUKE —

paznen 5.3).

e OOHapyKeHHbIE KpPHUCTAUNINYECKHE OOpa30BaHUS XapaKTepU3YIOTCS
YCTOMYMBOM MOPQOIorHei. ITO MOATBEPKIAETCS TEM, YTO, MTOCTE AH-
HaMHUYECKOT'0 pa3pylleHUs] KPUCTAIUIMUECKUX CTPYKTYP IIPU yBEIUYE-
HHUH CHJIOBOTO BO3/ICHCTBHS 30H1a HAa 00pasel, OHU BOCCTAHABIMBAIOT
CBOIO CTPYKTYPY ITPH YMEHBIIEHUN COOTBETCTBYIOIIETO CHIIOBOTO BO3-
JelicTBus (T.e. HaOMIOMAETCsl IMHAMHUUYECKUH MepeHoc MaTepHana o6-
pasiia Ha 30H ¥ 00paTHO ¢ COXpaHEHNEM MOP(OIIOTUN KPHCTAITNYEC-

KUX 00pa3oBaHuit).

e BaxHyio pojib B OpraHu3allui MaTepuaia IUIEHKU UTPAET €€ B3auMO-
JIEHICTBUE C MOJJIOKKON. DTOT BBIBOJ CIEAYET U3 YCTAHOBJIEHHBIX 3a-
KOHOMEPHOCTE B3aMMOOPHUEHTAIIUU KPUCTAJTMUECKUX JIAMEISPHBIX
CTPYKTYP, BKIIFOYEHHBIX B IUIEHKU U YIJIOB OTHOCUTEJIBHON OpUEHTa-
LMY KpUCTAIOrpauueckux ocel IUIEHKU U MOJJIOXKKHU (715 CllydaeB
nuporpadutoBoit u cnroasHo noanoxku). [lokazano, 4To yriel B3a-
MMOOPHUEHTALIMKM KPUCTAJUIMYECKUX JIaMeseld MPUOIN3UTEIbHO PABHBI
60°, KaK MpU UCIOJIb30BAHMHU B KAUYECTBE MOJIOKKHU CITIOJIbI, TAK U MH-
porpacdura, B TO BpeMsi Kak U3MEepPEHUeE YTIIOB OPUEHTALIUN KPUCTAIIIHU-
TOB IUICHKU OTHOCHUTEIIbHO OCHOBHBIX HAIPABJICHUN MOBEPXHOCTHOM
PELIETKH MOJIOKKHU IaeT 3HaueHue, ommskoe 20° 11sl CIoAsSHON MOA-

noxku u 30° s nuporpadura.
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e YCTaHOBJICHO, YTO MaTepUaJI IJICHKU OEreHOBOW KUCIIOTHI HA TTOBEPX-
HOCTH MuporpaduTa OpraHu3yercs B YIOPSI0YCHHYIO «IPSAKO00pas-
HYIO» CTPYKTYPY, C (GMKCUPOBAHHBIM HAIIPABJIECHUEM T'PSIOK I pas-
JINYHBIX TOMEHOB (YyTroJI MeXay goMeHaMmu 60°, yroy ¢ HanpaBlIeHUEM
Kkpuctaorpaduueckux oceit rpapura 30°) u GuKkcCUpOBaAHHBIM PACCTO-
STHUEM MEX]y rpsiaikamu (6,3 HM), OJIU3KUM YABOECHHOM JTMHE MOJIEKYJT
o6erenoBoi kuciaoThl (2,8 HM). [lokazano, 4To 0Opa3oBaHHE CXOIHBIX
CTPYKTYP COIMPOBOXKAAET MPOIECC TMHAMUYECKOTO pa3pyIIeHUs TIICH-
KM TIOJ] BO3/ICMCTBUEM 30HIa MUKPOCKOIIA, ITPU 3TOM HAOIIOIAI0TCS Te
e XapaKTepHbIe 3HAYCHHUE YIIIOB B3aMMOOPUEHTAIIUH U YIJIOB C KPHUC-
TautorpaUUEeCKMMHU OCSIMU TOJIJIOKKH, a TAK)KE Te K€ 3HAUeHUs pac-
CTOSTHUI MeXay rpsakamu. CaenaHo MpeanoaokeHue, 4To Habmoaae-
MBbI€ CTPYKTYPBI SIBJISTFOTCS TTOTYIITHHAPUIECKUMH MULIeTIIaMH, oOpa-
30BaHHBIMU MOJIEKYJIaMU O€T€HOBOM KUCIOTHI U CTAOMIN3UPOBAHHBIMU

ruaApohoOHBIM B3aUMOICUCTBUEM.

5.2. UccaenoBanne TOHKUX IJICHOK 0€JIKOB

19) I/IMMO6I/IJ'II/133LII/IH OEJIKOBBIX MOJICKYJ Ha TBepHOﬁ IIOBCPXHOCTH JOCTATOY-

HO aKTyaJlbHa Kak JJig MPaKTUYecKuX 3aaad (co3gaHue OMO- 1 UMyHHOCEH-
COPOB, HAIpUMeEp), TaK U I PyHIAMEHTAIBHBIX UCCIEIOBAHUN CTPOCHHUS
oenka [20]. ITpu pemeHun 3THX 3a1a4 CYIIECTBYET IIpoOIeMa cTabuIn3anuu
OCJIKOB Ha IMOBEPXHOCTH MOIOKKHU [29]. BBuay Oombiioro paznoobpasus
OEIKOBBIX MOJIEKYJI, UpE3BBIUAIHO CTTI0KHO HAUTHU YHUBEPCATBHYIO METOAUKY
UX J)KeCTKOM ¢ukcanuu Ha noasioxkke. OCHOBHbIE OEJIKM MOXHO paccMaTpu-
BaTh KaK aMmpuUIbHBIE MAaKPOMOJIEKYJIbI [119], TOCKOIBLKY OHU UMEIOT TH/I-
podunpHbIe U TUAPOPOOHBIE 30HBI. Clie0BaTEIFHO, MOXHO HCIOJIb30BATh
BCE IOCTOMHCTBA TexHooruu JIb s co3ganust OTHOPOIHBIX MOHOCIONHBIX
IJICHOK O€JIKOB Ha BOJIHOM MMOBEPXHOCTH U IIEPEHOCA UX HA TBEP/IYIO MOIOXK-
ky. Ha mpumepe psina 6e1koB (reMOorsIoOUH JI0Iaau, ObIYuid CBIBOPOTOUHBIN

anpoymuH (BCA) 1 nip.) MBI UCClIeI0BaId BO3MOXKHOCTh (POPMUPOBAHUS HA

19) Pe3ynbTaThl, M3II0KEHHbIE B TAHHOM pasjeie, HOCAT, BO MHOTOM, IpeIBapHUTEIbHbIIA
XapakTep, ¥ MPUBEICHBI IS IEMOHCTPAIIUH IBYX aCIEKTOB: 1) BOBMOXKHOCTU (hOPMHUPOBAHUS
HCKYCCTBEHHBIX 1€(heKTOB B TOHKOIIJICHOYHBIX ITOKPBITHSX, 2) BOBMOXKHOCTU KaYeCTBEHHOTO
OTIpE/IeNICHIS YIPYTHX CBOUCTB c(hOPMIPOBAHHBIX TOKPHITHI.
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PAa3JIMYHLIX ITOBECPXHOCTAX KaK MHAUMBUAYAJBbHBIX, TAK U KOMIIO3BUIIMOHHBIX

IIJICHOK.

3KCHepHMeHTaJ'IbHaﬂ 4acTb

20) MoHocnon 6elKOBLIX MOJIEKY/ Ha BOJHOMN IMOBEPXHOCTH (pOPMUPOBAIIH,
WCIIOJIb3YS pa3InUHbIe BAPUAHTHI JIOCTABKU BEIIECTBA HA MTOBEPXHOCTH. Bo-
MEPBBIX, UCMOJIH30BAIHN TOT (PAKT, YTO HccieyeMble OEIKU CAMOIIPOU3BOIIb-
HO KOHLEHTPUPYIOTCS HAa BOAHOI MOBEPXHOCTHU MOCTIE BBEJCHUS UX PACTBO-
poB B BojHYyIO cyodasy (pH 5,8). B atom ciyuae cxumanu MOHOCTION CIIyc-
Ts IpuMepHO depe3 30 MUHYT ITOCIIe HAHECEHUsI BELECTBA HA MOBEPXHOCTb.
Bo-BTOpBIX, 610K HEMOCPEACTBEHHO HA BOJIHYIO IOBEPXHOCTh HAHOCHIIH U3
CIIMPTOBOrO pacTBOpPa, KOTOPBIM FOTOBUJIU, pacTBOPSIsA 1—2 KAaIuIl BOJHOTO
pacTBopa Oenka, cojepikaiiero HeooxoaumMyr HaBecky, B 0,5 MJT 3TUIIOBO-
ro cnupta. B TpeTbux, Ha BOJHYIO MOBEPXHOCTh HAHOCUJIU PACTBOP Oelika,
MIPUTOTOBJIEHHBIN B CMeCH XJIOPO(OpPM: alleTOH: CIIUPT B 0O BEMHOM COOTHO-
menuu 1:1:1 (XAC pactBop).

Ocob6oe BHUMaHUE yAenuiau reMorinoouny. ['eMornobus, kak OCHOBHOM
KOMITOHEHT 3PUTPOILIMTOB KPOBU, OCYIIECTBIISIONINI JOCTABKY KUCIOPO1a OT
JIETKUX K TKaHSIM, JOCTATOYHO JOocTyIeH. [Ipu pactBopeHnn remMoriioOuHa B
XAC pactBOpe ciiycTs 2—3 yaca GeOK BbIJIENSUI I'eM (OKpAIIeHHbINH B PO30-
BBII I[BET pACTBOP), @ B OCAJI0K BhInaaan 0enok 6emoro nsera. Oxas3anocs,
YTO 0CaJO0K OTISITh BO3MOKHO TIEPEBECTHU B BOIHBIN pacTBop (pH 5,1-5,3), kak
U IIPU paCTBOPEHUH UCXOHOTO remorioduna. Kak 6emok, BeIaBImii B oca-
JOK (TJI00MH), TaK ¥ TEMUHOBAS YacTh 001aaI1 MOBEPXHOCTHO-aKTUBHBIMU
CBOMCTBaMU, 4TO MO3BOIIIIO (hopmupoBaTh JIb mokpsITHs kKak u3 6e1KoB Oe3
TeMUHOBOM T'PYIIIBI, TAK U, HA0OOOPOT, TOIBKO U3 TEMUHOBBIX TPYIII.

[Tnenku (MOHOCTON) OBUTH IEPEHECEHBI HA TOBEPXHOCTH MOJITIOKEK (CITIO-
Jla, KpEMHHMI, TUporpaduT) ¢ MOBEPXHOCTH BOJHOM cyOdas3bl MmeTogoM 'O
IIpY AaBIIEHUU BblAENeHUs T B Auamnas3oHne 20 <+ 25 mH/m.

ACM-u3mepenns mpoBoawiu Ha mpudope «Nanoscope-I1la» B pexxumax
KOHTaKTa M MOIYJISIUU CUIIhl (cM. paszzaen 1.3.2, cTp. 30) ¢ ucrnoiap3oBaHueM

CTAaHJAPTHBIX KaHTWIeBepoB (Tadnauua A.1) xecrkoctsio 0,32 H/m.

20) O6pas1bl IUIEHOK GBUTH IPUrOTOBIEHH K. X. H. I'. K. XKasrepko, UPOX AH Benapycu,
Munck
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OO06cy:x1eHue pe3y1bTaTOB

ComnocraBieHue MOp(OJOTrUU MOBEPXHOCTH ITUICHKH TeMOTJI00WHa, KOBa-
JIEHTHO CIIMTOHN (C MOMOIIBIO TIyTAPOBOTO AJIBJAETUIA) C TUAPOPIIHLHON
MOBEPXHOCTHIO, 00pabOTaHHON aMHUHOIIPOMTUITPUITOKCUCHIIAHOM, 1 MOHOC-
JIOWHOM TJICHKH TeMOTIIO0OMHA, OCAXKIEHHOU C BOJTHOM ITOBEPXHOCTH METO/IOM
'O Ha moaoXkKy, MOKa3bIBAET MPEUMYIIECTBA BTOPOTro crocobda ¢hopmMupo-
BaHMs IUICHKU. ECITM B MepBOM ciIydyae MMella MEeCTO XaOTHYHAs arperaiusi
Oenka 13 pacTBOpa Ha MOBEPXHOCTHU (U300 paKeHHe HE MPUBEICHO), TO B CITY-
Yyae 0CaXXICHUsI MOHOCITOsI OeiKa ¢ BOAHOM cyOda3bl 00pa3yeTcsi OTHOPOIHOE
MOHOCJIOIHOE MOoKphITHE (puc. 5.10). OTHOPOIHYIO INIEHKY MOJIEKYJ reMo-
riobuHa ygaercsi cQopMUpPOBATh HA BOAHOM MOBEPXHOCTU M MEPEHECTH HA
MMOBEPXHOCTH IMOJUIOKKHU TIPU PAa3TUIHOM CIIOCOOE JOCTABKHU BEIIECTBA HA
BOJIHYIO CyO(a3y: kKak U3 COUpPTOBOro pacrBopa (puc.5.10a), 0)), Tak u u3
XAC pacrBopa (puc. 5.10B), 1)).

Oka3zaaoch BO3MOXKHBIM C(hOPMUPOBATH IUIEHKH U3 Ppa3HbIX (DparMeHTOB
remoryniobuHa. Tak, 1 Ha MOBepXHOCTH Ir'paduta (puc. 5.103), n)), 1 Ha TOBEPX-
HOCTb ciojiblI (puc. 5.10x)) metomom 'O nepeHOCUTCSI KaUueCTBEHHAS TIJIEHKA
U3 HAHECEHHOTO Ha BOHYIO ITIOBEPXHOCTh OKPAIIEHHOTO (TEMUHOBOU T'pyII-
noif) XA C pactBopa (Iocsie yaajeHus U3 3TOTO pacTBOPa BHITIABIIET0 OEIOTO
ocajka Oenka). BemectBo, octapieecs B XAC pacTBope, BO-IIEPBBIX, OKa3a-
JIOCh TTOBEPXHOCTHO-AKTHBHBIM, YTO IMO3BOJIMIO CHOPMHUPOBATH TUICHKY Ha
BOJTHOM TTOBEPXHOCTH, BO-BTOPBIX, 3TA IJIEHKA, TIEPEHECEHHAs] HAa TIO/IJIOXKKY,
OKa3aJlach 3HAUUTEIBHO O0Jiee yCTOHYMBA HA TOBEPXHOCTH I'paduTa Mo cpas-
HEHUIO C TIOBEPXHOCTHIO CITIOABI. OTMETUM TaKXke, UTO TOCIIe PACIIEIUICHHS
reMorjioonHa OeIKoBasi YaCTh MOJIEKYJIBl TAKXKe OCTAeTCs MOBEPXHOCTHO-
AKTUBHOM, IMOCKOJIPKY M M3 Hee MOXXHO (DOPMUPOBATH TBEPYIO TUICHKY Ha
BOJTHON TTOBEPXHOCTU U YCIIEIIHO MEPEHOCHUTH €€ Ha TUAPOPUIBHBIN KpeM-
Huit (puc. 5.10m)) unu cmroay (puc. 5.10m)).

I'emorobuH pacTBopsieTCs B 10CTATOYHO Y3KOM uHTepBasie pH, mosro-
MY MOXHO OBUIO MPEIIOIOKUTh, YTO €ro MEPEX0/l Ha BOJHYIO TOBEPXHOCTH
3 obbema OOYyCIOBIIEH U3MEHEHHEM PACTBOPUMOCTH IpU M3MeHeHuu pH.
B TO ke BpeMsi ObIuMii CBIBOPOTOYHBINA aTbOYMUH PACTBOPUM B JIOCTATOY-
HO mmpokoM uHTepBasie pH. Tem He MeHee, Takke yIamoch CPOPMUPOBATH
TBepayto mwieHKy BCA Ha BOJIHOM MOBEPXHOCTHU MPH JOCTaBKe Oenka Ha cy0-

(ha3y U3 BOAHOTO pacTBOpa: MJIEHKA YCIIENIHO Oblla MepeHeceHa Ha TBEPIYIO
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Mo 10kKKy (puc. 5.10k)). AHanoruyHas OJJHOPOJIHAsE MOHOCIIOMHAs IJIEHKA
(hbopMupyercs ¥ IpU UCIOIB30BAHUU IIPOLIEYPhI JOCTABKU HA BOIHYIO I10-

BEPXHOCTb AJIb,OYyMUHA U3 CIUPTOBOTO pacTtBopa (puc. 5.10x), e)).

HckyccrBennble AedeKxThl B 0eJKOBbIX IUIEHKAX. BbICOKOE KauecTBO IIEH-
KM MOJXET BBI3BATh HEOJHO3HAYHOCTh B MHTEpIpeTanuu pe3yibrata ACM-
WCCIIEIOBAHMS, TIOCKOJIbKY OTCYTCTBUE KAKUX-IMOO XapaKTepPHBIX 1e(EeKTOB
(mop ¥ T.I.) HE MO3BOJSET OLUEHUTH TOJNIIUHY IUJICHKU, U BOOOIIE CleIaTh
BBIBO/JI O npucymcmeuu IIEHKU Ha OoAJIoKKe. J[eiCTBUTENbHO, OAHOPOIHAS
IIOBEPXHOCTh MOJKET HAONIOAATHCS U B TOM Ciyyae, €ClIM IJIEHKY He yJa-
JIOCh YCIIEIIHO TMEPEHECTH C I'paHUlbl pas3zaena (a3 Ha TBEPAYIO MOMIOKKY
(V1S pAa MaTepualioB TOCTATOYHO CJI0XHO OIPEIEIUTh a/IeKBATHBIE yCIIO-
BUSI ITepeHoca: cocTaB cyOdasbl, TOBEPXHOCTHOE IaBJICHUE U IIP.).
[TonmyueHHbIe OETKOBBIE INIEHKN XapaKTePU30BATIUCh BEICOKOW OJTHOPOI-
HOCTBIO IOBEPXHOCTH, TOITOMY MbI ITPOBOIWIIH UX TOTIOTHUTEIbHBIN aHATIN3,
IyTeM BO3CUCTBUS CKAHUPYIOIIETO 30H/1a HA HEKOTOPBII BRIOpAHHBIH yuac-
TOK IIpU yBeJIMUEeHHOU BenmuuuHe cuiibl (10 100 HH) u MennenHol ckopoctu
CKaHUPOBaHMS (4acToTa CTpOYHOHM pas3BepTku okoisio 1I'm). Jannas mpo-
Lieaypa, B cilyyae HaJu4us Ha MOJJI0KKE OPraHUYeCKOH IUIEHKH, I103BOJIsIa
(hopMUpOBaTh B HEM UCKYCCTBEHHBIN AeeKT KBaApaTHOH (OPMBI, B KOTOPOM
MaTepuall IJICHKU ObUT yJaJIeH 30HI0M IPHU ckaHupoBaHuu. [1pu ykazaHHBIX
YCIIOBUSIX 3Ta MPOLEAYpa HE MPUBOJIUT €11IE K PA3PYLICHUIO MOITIOKKHU U T10-
3BOJISIET MPOBOAUTH KaK KOHTPOJIb HAJTUYHUS TUICHKU HA MTOBEPXHOCTH, TAK U
M3MEPEHUE €€ TOJIIIMNHBI (CIIEIYEeT, OJHAKO, YYUTHIBAThH 3aHMKEHUE pe3yJIbTa-
ToB ACM-u3MepeHus: 3TOro napaMerpa B CHIy KOHTAKTHBIX JaedopMaliuid,
cMm. pazzen2.l). Tunuunsie ACM-n306paxeHuss NOJI00OHBIX HCKYCCTBEHHO
chopMUPOBAHHBIX AePEKTOB B OCIKOBBIX MNIEHKAX N300pakeHbl Ha puc. 5.10.
[Taps1 n306pakenniia) u0), B) UT), A) U e),3) Un) puc. 5.10 morydeHsI B pe-
KUME MOIYIISIIINK cuiibl (cM. pa3zaen 1.3.2, ctp. 30), nepBoe nu3obpaxkeHue na-
PBI SIBJISIETCS] OOBIYHBIM TOMOTPa(PUUECKUM, & BTOPOE 0TOOpakaeT BETUUUHY
AMIUIUTY 16l KOJIEOAHUI JIeBepa, HAXOISIIETOCs B KOHTAKTE C TIOBEPXHOCTHIO
Y UCHBITHIBAIOIIETO CO CTOPOHBI MbE3OMAHUMYIATOPA MEPUOIUUECKOE BO3-
nericrBue. CoriacHo M3I0KEeHHOMY B paszene 1.3.2, 6oyee cBeTIIble y4aCTKH
3TOr0 aMIUIMTYIHOTO M300PAKEHUSI COOTBETCTBYIOT MEHEE )KECTKUM y4dacT-
KaM HCCIIeyeMO MMOBEPXHOCTH; PE3yIbTaThl HAOIIONEHUN MOATBEPKAAIOT

MPAaBWILHOCTH HAIllel MHTEpIpeTanuu (GOpMUPOBAHUS KOHTpACTa U300pa-
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Puc. 5.10. MckyccrBeHHBIC MeheKThI B OSTKOBBIX IIEHKAX, COOPMUPOBAHHBIC ITPET-

BapUTCIbHBIM CKAHUPOBAHUEM C YBCJ'II/I‘ICHHOI‘/'I CHIION BOSHCﬁCTBHﬂ 30HJA:

a)-T) MOHOC/I0# remoriobuna Ha cmoae (Merox 'O npu 7 = 25 MH/M); 1)—K) MOHOCTO#M
ampOyMuHa Ha KpemHHH (1, €)) u cmrome (k)) (merox 'O mpu m = 25mH/Mm); 3)—k) Mo-
HOCJTON TeMHUHOBOM 4acTH reMoryiiodunHa Ha rpadurte (3, n)) u caoae (k)) (merox 'O npu
m = 20MmH/m); 1), M) MOHOCIIOM reMorIoONHa 63 TeMUHOBON YacTH Ha KpEeMHHUH (J1)) U
cmrone (M) (meton I'O mpu # = 20 MH/Mm). ITneHkn nepeHeceHb! ¢ BOOHOW cyOdassl mpu

Pa3IMIHbIX criocobax JOCTaBKH Ha ITOBEPXHOCTD XKUJIKOCTHU (CM. TCKCT).

Boree cBeTible yuacTku n3o0paxenuii 0), r), €), 1), MOJyUdeHHBIE IT0 METOTY MOIYJISIITUU CH-

7B (cM. pazzen 1.3.2) cooTBETCTBYIOT MEHEe KECTKUM YUaCTKaM HCCIIeJyeMOl ITOBEPXHOCTH

(cp.a)u6),B)UT), A)UE),3) U U))
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xeanit ACM monynsinuu cuiibl. belnkoBble TUIGHKU OBLIN BBIOpAHBI B Ka-
4ecTBE OOBEKTA ITUX U3MEPEHUIN UMEHHO B CUILY TOI'O, UYTO OHU IOCTOBEPHO
XapaKTepHU3yeTcs MEHbBIIMM 3HAYEHHEM MOJYJISl YIIPYTOCTU B CPABHEHUM C
ITOJITIOKKOM.

Meton popMupoBaHUS UCKYCCTBEHHBIX A€(PEKTOB B TOHKMX IUIEHKAX MO-
KET HANTU YHUBEpPCAIIbHOE IPUMEHEHHE. MBI MPOJAEMOHCTPUPOBAIN ITOT
MOAXO0/ Ha MpUMepe OEIKOBBIX IJICHOK, OJTHAKO MbI TAK)KE YCIELIHO UCIIOb-
30BAJIM €T0 U JUISl AHAJIN3a APYTUX NOKPBITUNA. POPMUPOBAHNE UCKYCCTBEH-
HBIX Je(QEKTOB MO3BOJISIO HE TOJBKO AETEKTUPOBATH MPUCYTCTBUE IUIEHKU
B Clly4ae €€ BBICOKOI'O KauyeCTBa, HO M ONPEAENSTh TOJIIMHY MOKPBITHUS,
a Tak)e, HallpuMep, MpU HCCIEAOBAHUM MOJIEKYJISIPHON yIMaKOBKH, aHAJIU-
3UpPOBATh B3AMMOOPHEHTALIMIO PELIETOK IUIEHKU U MOAJ0XKKU. bonee Toro,
MyTeM OIpeAeNIeHuUs IPEIEeIbHOr0 CUIIOBOT0O BO3IEHCTBUSI 30H1a, HEOOXO U~
MOTO JJIsl TOTO, YTOOBI MCKYCCTBEHHBIHN AedeKT OblT chopMUPOBAH, MOKHO
MIPOBOAUTh CPABHUTEIBHBIN AHAIN3 MEXAaHUYECKON MPOYHOCTH TOHKOILIE-

HOYHBIX HOKprTPIﬁ.

5.3. UccaenoBanne BJOMSHUS yCJIOBHIA
(opMupOBaHNS NOKPHITHI U MPUPOIBI
MO/VI0KKH HA MOJIEKYJISIPHYI0 YIIAKOBKY TOHKHMX

OPraumucCKHUux IVICHOK

OCHOBHBIM IMPEUMYIIIECTBOM METOa CKAHUPYIOIIEH 30H10BOM MUKPOCKOTIUU
MIPU UCCIIEIOBAHUM MOJIEKYJISIPHOM CTPYKTYPbI TOHKHX TUICHOK SIBJISIETCS BO3-
MOXHOCTb OIIPEJIeICHUS] TApAMETPOB 3JIEMEHTAPHOM STYeMKHU 111 TOKAIbHO-
HEYHOPSTOYEHHBIX, OCTPOBKOBBIX M JOMEHHBIX IUICHOK. JlefCTBUTENbHO, B
HACTOSIIIee BpeMs JIJIs UCCIIeI0BAHUS CTPYKTYPhI TOBEPXHOCTU IIUPOKO HUC-
MOJIB3YIOTCS TUPPAKIIMOHHBIE METOIbL: TU(PPAKLINS IITEKTPOHOB, PEHTT€HOB-
CKHX JIy4yell, HEUTPOHOB, HOHOB U HEUTpabHbIX aTOMOB [120, 121]. DTn Mme-
TO/JIbI TO3BOJISIIOT OMPENEISATh CTPYKTYPY MTOBEPXHOCTHU C BBICOKOM CTETIEHbIO
TOYHOCTH JIMIIIb IPU YCJIOBUH, UTO UCCIIEAyEMasi TIOBEPXHOCTh XapaKTepU3y-
€TCs OTNpeesIEHHON CTETEeHbI0 YIOPSAOUYEHHOCTH BO 6celi 00IaCTU B3aUMO-
JEUCTBUS C 30HAUPYIOIUM ITyukoM. Hanmuuue B mieHKe pa3opueHTHPOBAH-

HBIX TOMCHOB, OCTPOBKOB, KPUCTAJIJIIMYCCKUX BKJIIOUEHUI U IIp. OCIOXHACT
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TUGPAKIMOHHYIO KAaPTUHY U CO3[AET CIIOXKHOCTU MPU UHTEPIpPETALNU pPe-
3yJIbTATOB U OIIPEAEICHUN UCKOMBIX IIAPAMETPOB.

B 3T0#1 cBSI3M METO aTOMHO-CHUJIOBON MHUKPOCKONHUHU MPEICTABISIETCS
BECbMa IEPCIIEKTUBHBIM JIJIsl UCCIIEAOBAHUS CTPYKTYPBI MOJIEKYJIIPHOU yIIa-
KOBKM TOHKMX OPTIaHWYECKMX IIJIEHOK, B TOM YHCJIE B CPABHEHUH U C MUK-
pockonuueckuMu Metoaamu. [elicturenpHo metoq ACM xapaktepusyeTcs
HEBBICOKOW MHTEHCUBHOCTBIO BO3/JIEHCTBUS HA 0Opasell (B OTIMUUE OT 3JIeK-
TPOHHOW U MOHHOW MMKPOCKOIIMM), MO3BOJISIET MPOBOJUTH HCCIEIOBAHUS
JIARJIEKTPUYECKUX CTPYKTYP (B oTianune oT CTM) u xapakTepu3yeTcsi BbICO-
KUM IPOCTPAHCTBEHHBIM Pa3pELIEHUEM, TTOCKOJIbKY ITO3BOJISET ONPEAEIISATh
IapaMeTpbl MOJIEKYJISIPHON MJIM ATOMHOM yIIAKOBKH ITOBEPXHOCTH.

OcTaHOBUMCS HA OCHOBHBIX PE3YyJIbTATaX, IMOJYYEHHBIX PSIOM aBTOPOB
IIPU UCCIIEAOBAHUSX MOJIEKYJISIPHON YHNAKOBKM TOHKHMX OPraHUYECKHUX ILjIe-

HOK.

KpaTkuii 0630p JuTepaTypbl, NOCBSAIIEHHOH HCCIE0BAHUAM MOJIEKYIAPHOI

YIaKOBKH OPraHU4€CKUX IVICHOK

BnusiHue mpuHIUIIA TUIOTHOW YIMAKOBKH YIJIEBOJOPOAHBIX IIeTIel Ha Tapa-
MeTPBHI sTUeHKHU H-TTapauHOB ObLTO paccMoTpeHo Kurtaliropoackum [122, 123]
Ha OCHOBe reomerpudeckoro ananusa. (Hopmansueie napadunst (C,Hs), 1 2)
SIBJISIIOTCS MIPOCTEHIINMU MOJMMEPAMU, U BBISICHEHUE UX CTPOEHUS HUMEEeT
00J1b1110€ 3HAUYEHUE 1J1 TOHUMAaHUS 00X 3aKOHOMEPHOCTEN OPraHUYeCKOit
KPUCTAJUIOXUMHHM). MICXOIHBIM MOJIOKEHUEM CITYKUJIO PACCMOTPEHHE IIOT-
HOTI'O0 KOHTAKTa MOJIEKYJ IIOCKOM 3UIr3arooopasHoil popmbl, OCH KOTOPBIX
napasuiesabHbl. JJaHHBIN aHATIN3 TO3BOJINI ONPEAETIUTh BOBMOXKHBIE YITaKOB-
KM MOJIEKYJI B H-apaduHax, cM. Tabnuny 5.1. Mi3BecTHbIe KpUCTAJUIMUECKUE
CTPYKTYPBI H-TapaUHOB OTHOCATCS K HEOOIBIIOMY YUCITY MPEACKA3aHHBIX
B pe3yJbTaTe paccMaTpuBaeMoro aHanusa. Kak oxasanoch, IpUHLUII IUIOT-
HOM yITaKOBKH yTJIEBOJOPOIHBIX IETIel MOXKET OIPEACIATh U MOJIEKYIISIPHYIO
YITAaKOBKY aM(PUPUITBHBIX MOJIEKYJI, UMEIOIIHX MOJISIPHYIO TPYIIY U JTTUHHBII
YIJIEBOIOPOIHBIN (pparMeHT (MOJIEKYJI )KUPHBIX KUCIOT U T.I1.).

B pa6ote[124] aBTOPHI MPOBONIIN CPABHUTEIBHBIN aHAIN3 TPUMEHEHUS
MeTog0B ACM u audpakiuu 3JeKTPOHOB K UCCIIEAOBAHUIO MOJIEKYJISIPHOM
YIaKOBKH TBEPABIX PACTBOPOB H-NMapa(uHOB U MHOTOKOMITOHEHTHBIX BOC-

KOB. MCTOI[OM ATOMHO-CUJIOBOM MUKPOCKOIINH (pe3yHBTaTBI HaxXoauJIucChb B
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Cnon ITapamMeTps! s'Ueiiku clios, HM Pa ©p Pex

H [0, 0] a =048, 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= 0557, 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=0,49, b=0,44, v =107 | 59°,121° | 90° 32°
M[0,+1] |a=042, b=051, v=107° | 90° 60°, 120° | 32°
T[£15,0] | a=0,43, b=0,45, v =103° | 73°,107° | 90° 18°

T[+lh,1] | a =043, b=0,52, v=109° | 73°,107° | 120°, 60° | 36°

Tabmuna 5.1. BoaMoxHbIe yTakKOBKY MOJIEKYII B H-TapaduHax, u3 padbotsl [123].

JIByMepHas siueiika ciosi onpeaensercs: moabsueiikoit (H — rexcaronanpHas, R — pombu-
yeckasi, M — MOHOKJIMHHAS, T — TPUKJIMHHAS) U YHCIaMU [m, n] ONMpeNeNsIONMNX BEPTH-
KaJIbHBINA CIIBUT MOJIEKYJI, CB3aHHBIX TPAHCIISIIIUSIMUA Ha BEJTUUYUHY HJICATBHBIX TAPaMETPOB
noabstueek (ag, bg), MPH 3aIMOTHEHUH CITOs. B Tabnuiie mpuBeeHbI MTapaMeTPhl YITAKOBKHU CJI0-
€B: a, b 1 'y — MmapaMeTphl ABYMEPHOU SIUCHKU; @4, b U P — YTIIBI HAKIIOHA OCH MOJIEKYITBI

K OCSIM @, b 1 HOpMaJIu K TJIOCKOCTH ab COOTBETCTBEHHO
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COTJIACUH C TAHHBIMH JUPPAKIIUU JIEKTPOHOB) OBLIIN OTIPE/IEICHbI TapaMeT-
PBI 3JIEMEHTAPHOU STUEHKU (IIPSIMOYTOJIbHAS) KaK JJIsl TOBEPXHOCTU KpHUCTaJ-
na uuctoro H-C3sHry (a = 0,47(5) uM, b = 0,78(5) HM), TaK U TOBEPXHOCTEH
TBepabix pacTBopoB: H-C3sHyo/ H-C36H7y (a = 0,46(6) HM, b = 0,76(1) HM) 1
CsaHge/ H-C36H74 (a = 0,59(6) Hm, b = 0,78(5) HM). Bo3mokHOCTH HabIIIO-
neHust ¢ nomoibio ACM nByMepHOH yIOPsAI0YEHHOM CTPYKTYpPBhI B MOCTE-
HEM CIIy4ae 1I0CTaTOUYHO HEOXKHUJIaHHA, [IOCKOJIbKY CTPOEHHUE MOJIEKYJI KOMIIO-
HEHTOB TBEPAOTO PACTBOPA PA3TUYAETCS HA YETHIPE METHIICHOBBIX T'PYIIITHI.
MoXHO TIPEANOI0KUTh, YTO BU3yaIu3allis MOJIEKYJIIPHOM YITAaKOBKHU ObLIa
BO3MOKHA Ha y4acTKax JTIOKaJIbHON OJTHOPOJHOCTH IIEHOK.

Pa6ora[125] nocesmena ACM-uccienoBaHUIO IUIEHOK TpaHC-6-OKTa-
JICLICHOBOM KUCIIOTHI, epeHeceHHbIX o Metoauke JIb (25 unu 5 cinoes) Ha
MOBepXHOCTh cTekya ¢ cyodassl aByx TumoB: CdCly wim TbCls (koHIEeHT-
pauueii 10-4 M). ABTOpbI 0OOHAPYKMJIM, YTO THII YIIAKOBKH IUIEHKHU CYIIECT-
BEHHO 3aBHCUT OT MPUPOJbI MPOTUBOUHA. Tak, MIIEHKH, NIEPEeHECEHHbIE HA
HOJUTOKKY ¢ cyOdassl, comepxamei nonsl Tb 3+, obnapyxusamu B Qypbe-
CHEKTpPEe HECKOJIbKO KPATHBIX PeQIIeKCOB, MPUUYEM UX 3HAYEHUS MTO3BOJISIOT
MPEAINOI0KUTh, YTO YIIAKOBKA TUICHKU XapaKTEepU3yeTcs MepeopraHn30BaH-
HOU B CBEPXCTPYKTYpPY LEHTpupoBaHHOU mpsimoyronbHou (LIIT) pemerkoit
¢ mapamerpamu a = 0,46 + 0,02um u b = 0,89 + 0,03 um. I[linomwane, npu-
XOAAIIasica Ha MOJIEKYITy, B 9TOM ciaydae cocrasiuser 0,205 4 0,010 M2, uto
XOPOLIO COTJIACYETCSl CO 3HAUEHUEM IpelebHONW MOJIEKYISPHOHN IIoIaan
0,21040,004 aM?2, KOTOPOE GBLIO OMPEIETEHO ABTOPAMH 110 U30TEPME CHKATUS
IJICHKU Ha MOBEPXHOCTH cyOdassl. B To ke Bpems IJIeHKU, EpEHECEHHbIE C
CdCl; cybdaszbl xapakTepru30BaINCh KOCOYTOJIBHOM pelIeTKOM ¢ mapameTpa-
mu: a; = 0,48 40,03 HM, as = 0,51+ 0,03 HM 11y = 68 +3°, 4TO COOTBETCTBYET
IomaaM Ha Mojiekyiy 0,23 £ 0,02 am?.

ABTOpHBI pabotsl [126] uccnenoBanu MerogoM ACM MoJIEKYISIpHYIO yIia-
KOBKY TuIpooOHON MOBEPXHOCTH BEPXHETO Ciosl 3-, 5- U 7-CIIOMHOTO TI0-
kpbiTus apaxunata kaamus (CdAs). ABTOPBI ONIPEeTUIN TapaMeTphl SUeii-
KM ISl JAHHOW MOBEPXHOCTH (THUIL: MPSIMOYTOJIbHASI C ABYMsSI MOJIEKYJIaMHU
B 6asuce®), xoTopsle cocTaBmwmn: a = 0,48 + 0,03HM, b = 0,74 £ 0,04 HM.
ABTOpBI OTMEYAIOT, YTO B psiie U3MEPEHUM NTapaMeTpbl STYSHKN ObUIN UCKa-
KEHBI ¥ CBS3BIBAIOT 3TO C BIMSHHUEM 30H/1a MUKpockona. OqHAKO Mpe/cTaB-

JIACTCA, 4YTO JIOKAJIbHBIC ne(bopMauHH HJIN JIOKAJIbHBIC CMCIICHHA MOJICKYJI

21) THUIT PCHICTKN OBbLIT U3BECTEH M3 PEIYIbTATOB PEHTICHOBCKOTO paCCCAHUSA
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110/ BO3JIEHCTBUEM 30H/1a B IIPOLIECCE CKAHUPOBAHMUS He MO2ym CKa3aTbCs HA
pe3ysIbTaTax ONpPENEIEHUS IapaAMETPOB IEMEHTAPHON SYENKNU ITpU U3MEpPe-
Husix ACM, NOCKOJIbKY BO3/IEMCTBUE 30H/1a HE MOXKET MPUBOJAUTH K «IIepe-
yIIAaKOBKE» MOJIEKYJI Ha BCeM cKaHupyeMoM ydacTke. Ilo Bcell Buaumocty,
HaOIr01aeMble UICKAKEHUSI MOTYT OBITh OOBSICHEHBI BIMSTHUEM TEMIIepaTyp-
HoOTO npeiida. CTOUT OTMETUTH, YTO OOHAPYKEHHBIE aBTOPAMH MapaMETPhI
peleTky OJIM3KM MapaMeTpaM IUIOTHOM YIaKOBKU CIOEB YIJIEBOJIOPOIHBIX
neneii R[0, 0], cM. Tabmuiy 5.1.

Cocy1iecTBOBaHUE TPEX PA3IMUHBIX THUIIOB MOJIEKYJISIPHBIX YIIAKOBOK B
TpexcrnoiHbix JIb mienkax apaxugara 6apus (BaAs) 6610 0OHApYX)EHO aB-
Topamu paboThI [127]. DTO AEMOHCTPUPYET BBICOKYIO YYBCTBUTEIILHOCTH Op-
TaHU3ALUU IJIEHOK K CTPYKTYpPE MPOTHUBOMOHA (KOTOPBIA OINpeaessieT Iio-
IIaab MOJISPHOM TPYIILI HA IOBEPXHOCTU CyOdasnl): 3aMeHa mona Cd 2"
roHOM Ba 2t cylecTBEHHO U3MEHSIET TTapaMETPhl MOJIEKYJISIPHOM YITAKOBKH.
Tpu 0OHapYKEHHBIX TUIA YIAKOBKH JJIS UCCIIETyEMBbIX IIJIEHOK XapaKTepU30-
BAJIMCH OJIM3KMMU 3HAUEHUSIMU IUIOIAIN, TpUXoAsuieiica Ha Mosiekyy. [Tpu
9TOM KKIBIM THUIl YIAKOBKM Pa3IMYaJICs OPUEHTALUEH MOJIEKYJ OTHOCHU-
TEJIBbHO HAIIPaBJIEHMS], HOPMAJIBHOTO K IIOBEPXHOCTH IOJJIOXKKHU (UTO OIpe-
JeTISIOCh 10 Pa3IMyarolIeicsl BBICOTE COOTBETCTBYIOIUX yuacTkoB ACM-
N300 pakeHUsI TUIEHKU HaJl MTOBEPXHOCTHIO MOJIOKKH).

[TapameTpbl epBOro U3 OOHAPYKEHHBIX TUIIOB JIEMEHTAPHOU sUeUKU
(TpukiMHHAS suekika, a; = 0,42 + 0,01 M, ay = 0,45 + 0,01 aHM, v = 76 £+ 1°)
MO3BOJIWJIM aBTOPAM CHIEJIATh BBIBOJ, YTO B 3TOM ClIy4yae CTPYKTypa IUIEH-
KU OMpEeeIIsieTCs MPUHLIUIIOM INIOTHOW YIAKOBKH YIJIEBOJIOPOAHBIX IIeTIel ¢
00pa3oBaHUEM CJIOEB, XapaKTePUIYIOMUXCs «[»-moabsaueiikoit (cM. Tabau-
1y 5.1). Bropoii Tun ynakoBku UAEHTUPHUIIMPOBAJICS aBTOpPaAMU KaK CTPYK-
Typa ¢ «R»-nompsueiikoit (R[0, £1], cMm. Tabmuiy 5.1), Takxe 0OyCIOBICH-
HOW MPUHIMIIOM IUIOTHOM yNakKoBKHU yrieBojaoponbix ueneit (LIIT sueiika,
a = 0,514+ 0,011Mm, b = 0,79 + 0,01 um). TpeTbst 0OHApY)KEHHAS] CTPYKTypa
yIaKOBKU OblLIa MEHEE YIOpSIOUYE€HA B CPABHEHUU C MEPBBIMU ABYMS, UTO
He T03BOJIMJIO ONpPEeIUTh HapaMeTphl AUeiku. YIroa HaKJIoHA MOJeKyi??)
cocTabisl 26° 1 19° COOTBETCTBEHHO IS MEPBBIX ABYX TUIIOB, TPETUM THUII
yIaKOBKU ObUT 00pa3oBaH, MO-BUIAUMOMY, BEPTUKAIBHO OPUEHTUPOBAHHBI-
MU MoOJeKyi1aMH. BecbMa MHTEpeCcHO, UTO BCE TUIThI YITAKOBKU XapaKTepH-

30BAJINCh OJIM3KUMU 3HAUYCHHSIMU Iiomaau, HpHXOI[SIIHCI;'ICH Ha MOJICKYITY,

22) y3Mepscs MO TOIIIMHE CIIOEB
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MpUYEM MIPU UCCIIEIOBAHUSX KOHKPETHBIX IJIEHOK B PA3JIMYHBIX YYACTKAX UX
MMOBEPXHOCTU OBLIO BO3MOXKHO OOHAPYKUTH BCE TPH THUIIA YIIAKOBKH (aBTO-
PBI OTPENETTUIIN, YTO MEPBBI TUI YMAaKOBKHU 3aHuMaeT 70% MOBEpPXHOCTH
IJIEHKHU, BTOPOM U TpeTuit — 5 1 25% COOTBETCTBEHHO).

Kak nokasano B pabore [128], Becbma cnieriuyeckoe BIUsHUE HA CTPYK-
TYpy IUIEHKU apaxuaaTOB OKa3bIBAET UCIIOJIb30BAHUE B KAUE€CTBE MPOTUBOU-
ona Ca?". ABTOpPBI MCCIIEN0BAIN TPeXCIOHYIO0 JIB IIIEHKY apaxuaaTa Kallb-
s (CaAs) 1 0OHAPYKUIIU, YTO CTPYKTYpPa MOJIEKYISIPHOM YITAKOBKHU IJIEHKHU
He oOJajaer 3epKajibHON cuMMeTpuei. [liieHka umMeeT JOMEHHYIO CTPYKTY-
Py C ABYMSI TUIIAMU PEUIETKH, KOTOPBIE SIBJISIOTCS 3€pPKAIbHBIM OTPa’KEHU-
eM ApYr Apyra. DleMeHTapHas siueiika BKJII0YaeT BOCEMb MOJIEKYJI, C YIJIIOM
HAKJIOHA UX K IOIJIOXKKE B 26°, mapameTpsl sUerku: a; = 1,86 + 0,01 Hm,
as = 0,894 £ 0,006 M, v = 71,3 £ 0,5°). ABTOPBI CBSI3BIBAIOT HAOIIIOAEMYIO
cneluuKy CTPYKTYPHI IUIEHKU C KOHKYpeHLIUel TpeOOoBaHus INIOTHON yma-
KOBKH YIJVIEBOJIOPOAHBIX 1IeTlel U 3HAYEHHEM IUIOLIA U MOJISIPHOM TPYIIIIbI,
OIpeAeIISIEMBbIM PAUYCOM €€ IKPAaHUPOBKU TPOTUBOMOHOM KaJIbIIMSL.

O6o61aonee paccMOTPEHHUE BIUSHUS TPUPO/IbI IPOTUBOUHA, IIPUCYTCT-
BYIOIIEro B cyO(ase, Ha CTPYKTYPY IUVIEHOK COJIEH )KUPHBIX KUCIOT MPUBOIUT-
cs B pabote[129]. ABTOPHI yKa3bIBAIOT Ha KOPPEISAILIUIO MEXIY 3HAUCHUSIMHU
IUIOIAAM, IPUXOASIIENCA Ha MOJIEKYILY CII0S, U 3JIEKTPOOTPULIATETIbHOCTHIO
MPOTHUBOMHA, CM. Tabnuily 5.2. ITo Mepe yMeHbIIIEHUS 3JIEKTPOOTPUIIATETh-
HOCTH MPOTUBOMHA BO3PACTAET CTEIIEHb HOHHOCTH CBSI3U U, KaK OKa3aJI0Ch,
BO3pacTaeT IIoLab, MpUXxoAsascsa Ha Mojekyy B uieHke. Tak, Cd, Mn
1 Pb o0pa3yroT KOBaJIeHTHYIO CBsI3b, a IellouHo3emMenbHble (Ba, Ca u Mg)
B3aUMO/JICHCTBYIOT C MOHAMHU >KUPHBIX KUCIIOT 3JIeKTpocTaThuuecku. OueBui-
HO, IMEHHO THII CBSI3H OIPeIeNseT IITOMIAb, MPUXOASIIYIOCS HA OTIETBHYIO
MOJISIPHYIO TPYIIY.

ITpu sTOM TpebGoBaHME IIOTHON YIAKOBKH YIJIEBOAOPOAHBIX YACTEH MO-
JIEKYJI TAaK)Ke BIMSIET HA CTPYKTYPY IUieHOK. Ecnu miomans, npuxoasimascs
Ha MOJISIPHBIE IPYIIIBI MOJIEKYJI OOJIbIIE, YEM IUIOIIA/Ib IIOTIEPEUYHOTO CEUEHUS
IUIOTHOYNAKOBAHHBIX YIJIEBOAOPOAHBIX Lenei (0koo 0,18 HM?), TO ynoBieT-
BOPUTH TPEOOBAHUIO IJIOTHOM YITAKOBKH «XBOCTOB» MOKHO JIUIIIb JOMYCTUB
BO3MOXHOCTb HAKJIOHA OCEl MOJIEKYJ K noaioxkke. Kak nmokasanu aBTopsl,
3HAUYEHHUE yTila HAKJIOHA (M MapaMEeTpPOB SUYEHKH), KaK MPaBWIO, HE MTPOMU3-
BOJIBHO, HO TTOYUHSETCS] 3aKOHOMEPHOCTSIM, MpeickazaHHbiM Kuraiiropo-

ckuM [122] ayist CTpYKTYpBI YIIAKOBKH H-TapaguHOB (cM. Tadmuity 5.1).
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I[IpoTuBO- THUIN  3JEMEHTap- HAKIOH MOJIEKYJISIpHAass ~ 3JIEKTPOOTPH-
2

HOH HOH STYeUKHN MOJEKYJd  IUIOIaab, HM®  I[ATEIBHOCTH
Pb LI 0° 0,179 1,8
Cd LIt 0° 0,18 1,7
Mg It 0° 0,187 1,3
Mg TPUKIIMHHAS 0° 0,187 1,3
Mn III 19° 0,195 1,5
Ca TPUKJIMHHAS 26° 0,196 1,0
Ba I 19° 0,202 0,9
Ba TPUKJIUHHAS 26° 0,204 0,9
Zn rekcaroHajibHas 33° 0,222 1,6

Tabnuma 5.2. BnusHue npupoasl IPOTUBOMOHA Ha IapaMeTPhI JJIEMEHTAPHOM sTUeii-
KH MOJIEKYISPHON YITAKOBKHM TOHKHUX IUIEHOK COJIEH KUPHBIX KUCIOT (3—7 CI0€B); U3
paboTtsI[129]

B To xe Bpems, Kak OTMEUAIOT aBTOPbI paccMaTpUBaeMON pabOThI, He-
O0KUJAHHBIMU OBLIM PE3YIbTAThl MCCIEIOBAHUS MOJIEKYJISIPHON yIMaKOBKU
rwieHkH (7 cioeB) apaxuaaTta HuHka. OHM 0OHAPYKUIIU, YTO CTPYKTYpa IUIeH-
KU OIMUCBHIBAETCS T€KCATOHAJIBbHOU pemeTkoil ¢ mapamerpom 0,47-0,48 HM.
Bbicokas cuMMeTpHsi YIIAKOBKU IUIEHKU COOTBETCTBYET, T.H. «Ta30KPUCTAJI-
JUYECKOMY>» COCTOSIHUIO (XapaKTePHU3YIOUIEMYCSl HEBBICOKOH MIIOTHOCTHIO
YIaKOBKHU), KOT/1a MOJIEKYJIbI COXPAHSIOT HEKOTOPYIO POTALIMOHHYIO CBOOOTY
(9TO OOecTeunBaeT aKCHATBHYI0 CHMMETPHIO 00JIACTH, 3aHUMAEMOM KaXXIoit
MoJtekyaoi) [123].

B paGote paccmaTpuBaeTcs Takxke 3((PEKT BIUSHUS CBOMCTB MOIOXKKHU
Ha CTPYKTYPY MOJIEKYJISIPHOM YITAaKOBKHU C(DOPMUPOBAHHBIX HA €€ TOBEPXHOC-
TH TUICHOK CJIOM KUPHBIX KUCIIOT. DTO BIUSHUE MOXKET MPOSBIISITHCS BEChbMaA
Pa3IMYHBIM 00pa30oM ISl pa3HbIX MPOTUBOMHOB. OTMETHUM, B YaCTHOCTH,
(bakT yMeHbIIIEHUs] MOJIEKYJIIPHOM IIJIOIIAIM B TUIEHKAX cTeapaTa CBUHIA (C
0,21 1o 0,18 um?), chOPMUPOBAHHBIX HA MOBEPXHOCTH CIIOMLI, IIPHU yBEIIU-
YEHUU YHCclia caoeB B uieHke (1-3-5-7). MosekynspHas yrmakoBKa BEpXHETO
CIIOsI 7-CIIOMHOTO MOKPBITUS PETAKCUPYET, MO-BUAUMOMY, K HEBO3MYIIIEHHO-
MY BJIMSTHUEM MOJIOKKH COCTOSIHUIO, IIOCKOJIBKY TE JK€ MapaMeTphl yIaKOB-
KU XapakTepusytoT 200-c1oiiHOE TOKPBITHE (110 JAHHBIM PEHTT€HOCTPYKTYP-
HOro a”anuza). [1pu UCHONB30BaHUU B KAUECTBE IMOJIOKKHU MOBEPXHOCTHU

KpeMHUsI (HOKPBITOM OKCUAOM U CYIIECTBEHHO 00Jjiee MHEPTHOM, YeM Cllto-
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J1a) MOJIEKYJIsIpHasl yIIAaKOBKA BEPXHETO CIIOS YXKE TPEXCIONHOrO MOKPBITUS
XapaKTEPU3YETCs] TEMU KE HEBO3MYILIEHHBIMU IapAMETPAMMU.

ABTOpPBI pabOTBI pacCMAaTPUBAIOT TAKXKE MEXaHU3MBI (POPMHUPOBAHMS
CBEPXCTPYKTYP B MOJIEKYJISIPHOM yaKOBKE MOBEPXHOCTH, CBSI3bIBASI UX BO3-
HUKHOBEHUE C MPUCYTCTBUEM PETYJISIPHBIX 1e(DeKTOB yITaKOBKHU, 0OYCIOBJICH-
HBIX HEOOXOJMMOCTBIO YJOBJIETBOPEHUSI TPEOOBAHUSAM IUIOTHOM yHaKOBKU
YTJIEBOJOPOIHBIX YACTEH U MOJISPHBIX IPYIIIT MOJIEKYII.

Cxonnoe o6o6menne ACM-pe3ynbTaTOB UCCIIEIOBAHUS YIIAKOBKH MO-
JIEKYJI )KUPHBIX KUCIOT B 3aBUCUMOCTH OT YCJIOBUH (POPMUPOBAHUS TUICHOK
(BmustHue cyOdassl U MPUPOIBI MTOTTOKKH) TpoBoauTcs B 0030pe [130]. IToa-
YEPKHUBAETCS, UTO MAPAMETPHI IIEMEHTAPHOM STUEHKU, CHAMMETPHUS U IO b
Ha MOJIEKYJIY He 3aBUCSIT OT JJIMHBI AJIKUIBHON LIETIH KUPHBIX KUCTOT (Cq6—
Csz), @ KOHTPOIUPYIOTCSI OCOOEHHOCTSIMU B3aMMOACUCTBUS MPOTUBOMOHA C
kap6okcunpHoii rpynmnoit (COOH). Otmeuen daxt [130] HEBO3MOKHOCTH 10-
CTUTHYTb MOJIEKYJISIPHOT'O pa3pelIeHHs HA MOHOCIO0LHbIX TUIEHKAX COJIeH JKUp-
HBIX KUCJIOT (32 UCKJIIOUEHUEM cTeapaTa CBUHLIA), B OTJIIMYUE OT MYJIbTUCIION-
HBIX ITOKPBITUH.

KowmmiekcHoe uccrenoBaHue miIeHOK JKUPHBIX KUCIOT, IEPEHECEHHbBIX Ha
MTOBEPXHOCTHU CITIOJIbI, TUPOTpadUTa WIH KPEMHHUS, OCYIIIECTBIIIM aBTOPHI pa-
60th1 [131]. ITpumenenue Mmeroga ACM 1o3BoIMIO aBTOPAM OIPEAEIUTD Ma-
paMeTphl 3JIEMEHTAPHOM SYEHKHU U1 KAaJIMUEBBIX COJIEM CTEApUHOBOM, apa-
XHMHOBOM, O€T€HOBOM M JIMTHOIIEPUHOBOM KHUCIIOT, cM. Tabu. 5.3. Kak orme-
YAIOT aBTOPbI, MOJIEKYJISIPHOE Pa3pEIIeHHUE MOTJIO OBITh JJOCTUTHYTO JIUIIb
B cllyyae, KOI/la TOJIIMHA MOKPBITHS MPEBbIIIATIa TP MOHOCIOS (Jaxke I
IUICHOK, OCAKIEHHBIX FOPU30HTAIBHBIM METOAOM). 3HAUEHUS NTapaMeTPOB
9JIEMEHTAPHOM sTUeHKH, TPUBEICHHBIE B IBYX HIKHUX CTpPOKax Tabi. 5.3, Mo-
ryT ObITh OOYCIIOBIIEHBI IPUHUUIIOM IUIOTHOM YMAKOBKH YIJIEBOJIOPOIHBIX
LIeTIei: Cp. co 3HaYeHUsIMU apamMeTpoB a = 0,496 HM u b = 0,785 HM yIaKoB-
KU CJIOEB yIJIeBOIOPOAHBIX Herneid R[0, +1] tabmuimt 5.1.

ABTOpPBI paboThI[132] coOOmIalOT O TOM, YTO UMHU BIEPBBIE METOJOM
ACM Oblna BU3yallu30BaHA MOJIEKYJISpHAsl yITAKOBKA MOHOCIIOWHBIX TIjIe-
HOK JKUPHBIX KUCTIOT (JIMTHOLIEPUHOBOM U CTEAPUHOBOM), MEPEHECEHHBIX Ha

CITIOAY C BOAHOMN MOBEpXHOCTU®)

. B cxeme OKCIICPUMCHTA HCII0JIb30BaJIOCH
MOCICAOBATCIIBHOC MHOTI'OCTYIICHYATOC CXATHUC MOHOCIIOA HA IMMOBEPXHOCTHU

paznena ¢as, 4To, MO-BUAUMOMY, U TMO3BOJIMIIO MEPEHECTH KaYeCTBEHHbIN

23) Ge3 KaKMX-TH60 MPOTHBOMOHOB B cybdase
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a, HM b, HM

creapart (CI18) 0,45-0,47 0,74-0,76
apaxugat (C20) 0,46-0,48 0,73-0,76
6erenar (C22) 0,47-0,49 0,73-0,78

nurHouepuHar (C24)  0,46-0,49 0,79-0,80

Tabnuia 5.3. [TapamMeTpsl 371eMeHTApHON SYSHKHU MOJIEKYJISIPHOM YITAKOBKU TOHKHUX

TJICHOK COJIEH KaaMUs )KUPHBIX KUCITOT (13 padoTsl [131]).

ITnenku GpopMupoBannch ¢ cyddassl, conepxameil katnonsl Cd 21 ; LIIT-Tun pemerku

MOHOCJIOM Ha ITOBEPXHOCTH IMOJIOKKHU 10 TPAJAULMOHHON BEPTUKAJILHOMN Me-
tojuke JIB. ABTOPBI ONPEACIISIIOT MOJICKYISIPHYIO YIIAKOBKY ITOBEPXHOCTEH
MOHOCJIOEB KaK IeKCaroHaJIbHYIO C MapaMeTpoM siuerku a = 0,43 HM u1s
JIUTHOLIEPUHOBOU U a = 0,42 HM JjIs1 CTeapUHOBOM KUCIOT. OTHAKO 3T 3HA-

yennsa cooTBercTBYIOT 0,15 n 0,16 Hm?

IUIOIIA U, TTPUXOAAIICHCS Ha MoJie-
KyJy B CJIO€, YTO, IMO-BUAMMOMY, MaJIOBEPOSITHO, TTOCKOJIbKY MUHUMAJIbHOE
3HAYEHUE JAHHOTO MapaMeTpa ISl KPUCTAIUIOB PACCMATPUBAEMBIX YKUPHBIX
KUCIIOT cocTaBiseT okojo 0,18 um?, cm.[122]. Habmromaemoe pacxoxaeHue
0OBSACHSIETCS, TTO-BUIMMOMY, OIITMOKOH B KaTUOPOBKE MbE3OMAHUITYJIATOPA,
JIOTTYIIICHHOM aBTOpaMU: IPH KATUOPOBKE UCITOJIb30Ba10Ch 3HaUeHue 0,46 HM
JUIS TapaMeTpa STUeUKHU CITIObI, B TO BpeMs KaK 3TOT IapaMeTp COCTaBIISIET
0,52 aM. Ecimu Bocnosib30BaThCsl TAHHBIM 3HAYEHUEM M IIEPECUUTATh PE3YJib-
TaThl U3BMEPEHUIH aBTOPOB, TO IS MTapaMETPOB STYCHKHU JTUTHOLIEPUHOBOU U
CT€ApPUHOBOM KMCIOT MOXHO TojiyuuTb a = 0,49HM U a = 0,47 HM COOT-
BETCTBEHHO, 4YTO, B CBETE PE3YJIbTATOB PACCMOTPEHHBIX BBIIIE padOT, Mpe/-
CTaBJISIETCS BIIOJIHE PA3YMHBIMU 3HAUEHUSIMU (M COOTBETCTBYET MapaMeTpam

«Ta30KPpUCTATIIMYICCKOT'O» COCTOHHI/IH).

Cneunguxa ACM-3kcnepuMeHTa N0 onpeae/IeHHI0 MOJIEKY.ISPHOIl YIaKOBKH

MOBEPXHOCTH

Meton ACM no3BOJISIET UCCIIEIOBATH MOJICKYJISIPHYIO YITAKOBKY HEKOTOPO-
T'0 BEIOPAHHOTIO JIOKA/IbHO20 YIACTKA IMTOBEPXHOCTH 3aJaHHOM IUTOMIAIU. DTy
miomanab ydacTka B S9KCIICPUMCHTAX MbI BbI6I/IpaHI/I HCXO0OdA U3 CICAYIOHNIUX

JIBYX TpeOOBaHMIA.
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e [1OCKOJIbBKY OTHOCUTEIbHAS OIIMOKA U3MEPEHUS JTATePATbHbBIX PACCTO-
STHUH, 0OYCIIOBJIEHHAs! HAJTMYUEM TeMIlepaTypHOro apeiida, oopaTHO
MPOIMOPIMOHANIFHA pa3Mepy Kajpa (CM. HIXe), TO TpeOOBaHHE MUHMU-
MaJIbHOCTU TAHHOM OIIMOKY MPUBOJAUT K OTPAHMYEHUIO pa3Mepa Kajapa

cHusy (Kak npaBuiio, Ha yposHe 20 x 20 = 40 x 40 am?).

e MoekynsapHasl ynakoBKa MPeACTaBIsgeT cO00N IByMEPHYIO EPHOIU-
4ecKylo cTpyKTypy, a ACM wuzobpaxenue — maccuB u3 N x N (Mbl
BbIOMpanu 512 x 512) touek. [losToMy, B cuily cleaCTBHIl TeOpeMbl
Kotenpaukoa-IllenHoHa, TpeOoBaHNE BOBMOXKHOCTH OITUGPOBKU Kap-
TUHBI MOJIEKYJIIPHOM yIMAaKOBKM 03 MOTepu HeoOxoaumoit nundopma-
LU O TPOCTPAHCTBEHHOM CIIEKTPE OTPAHUYMBAET pa3Mep Kaapa CBEpXy

(xax mpaBuio, Ha ypoBHE 70 x 70 <+ 90 x 90 Hm?)

[TosicHuM BbIIMCAaHHBIE TPEOOBAHUS.

OcHOBHBIM (pPaKTOPOM, OTPAHUYMBAIOIINUM TOUYHOCTh MeToaa ACM npu
UCCJIEIOBAHMSIX MOJIEKYJISIPHON YIAaKOBKU MMOBEPXHOCTH TBEP/BIX TeJl, SBIIs-
eTcsl memnepamyphulii Opetigp 30HAa MUKPOCKOIIAa OTHOCUTENIBHO 00pasla.
Ecau ckopocTh TeMIepaTypHOIo apeida vypeuy B HAIIPABIEHUN OCU CKAaHU-
POBaHMSI CPaBHUMA CO CKOPOCTBIO MEPEMEIIIEHNUS JIeBepa B 9TOM HaIlpaBiie-
HUU, TO BOSHUKAIOT 3HAYNTEIIbHBIC NCKAXEHUS MPU U3MEPEHUN PACCTOSTHUS
MEXIY BYMSI TOUKAMH [TOBEPXHOCTU. B 30H10BON MUKPOCKONIHMH pa3inya-
I0T HamlpaBlI€HUsl ObICHPo20 CKAHUPOBAHUS (HAIIpaBlIEHUE CKAHOB) U Meo-
JIeHHO020 CKaHMPOBaHMS (MEPHEHINKYISIPHOE HANPABIEHUE, B KOTOPOM Iie-
pemMeniaeTcs JieBep Mpu MEepexojie OT CKaHa K CKaHy). B HampaBieHuu ocu
MeOdleHH020 CKAaHUPOBAHUS JIEBEP MEPEMEIIAEeTCS B CPETHEM CO CKOPOCTHIO
Vexan = Lf/N, a B HANIPABICHUH OCH ObICHP020 CKAHUPOBAHUS — CO CKO-
POCTBIO Veray = 2L f; 3mech L — pazmep ACM-u3o0paxeHus (C4uTaem, 4ro
L, = L,), f— 4YacTtoTa CTpOYHOH DPa3BEPTKH CKaHMPOBaHU:A, N — ducC-
710 ctpok B ACM-n3o0paxenuu. I1ycts TeMnepaTypHslil npeiid HanpaBieH
BIOJIb OCH MEUIEHHOI'O CKAHMPOBAHUS M MMEET CKOPOCTb Uypeigy, ¥ MYCTh
HEOOXOIMMO U3MEPUTh OTPE30K JUIMHBI a, MapajllelIbHbIi OCH MEJIEHHOTO
CKaHMPOBAHMSI, TOT1a OIINOKA U3MEPEHUs!, 00YCIIOBIIEHHAs TEMIIEPATYPHBIM

nperiom, MoKeT OBITh OIIpe/iesieHa CIASAYIOIUM 00pa3oM:

a
€ = & _ vbp6ﬁ¢) X Uckan vopeﬁqb _ N/U()pe‘ﬁti) .
- - - - )
a a Vexan Lf

(5.1)
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AHAJIOTUYHO B CIIy4ae COHAIPABJIEHHOCTH TEMIIEpaTypHOro Apeida, ocu

6BICTpOFO CKaHHUPOBAHHUA U UBMECPACMOI'O OTPE3KaA ITOJIYUUM JIA OIIMOKH:

Voperigp Vopeiigh
© VUexan 2L f ( )

T.€. OTHOCUTEJIbHAS OLIMOKA U3MEPEHUS] OOPATHO MPONOPLUUOHAIIbHA BEIIU-
yiHe Kaapa L 1 yactore cTpoyHoi pa3BepTkH f. T.o. 11 yMeHbIIEHUS UCKa-
KAIOIIETO BIUSHUS TEMIIEPATypPHOTO Jpeiida 3T mapaMeTphl IIPU CKAHUPO-
BAaHUU CIIE/IYET, [10 BO3MOXKHOCTHU, yBeNINYUBATh. OHAKO 3T BEJTMUMHBI Or'pa-
HUYEHBI CBEPXY: TaK, BEJIMUMHA CTPOUHOU pa3BepTku (mpu N = 512) aJ1st KOH-
KPETHOTro Mpubopa, Ha KOTOPOM MpoBoauiu n3MepeHus («Nanoscope-Illa»,
Digital Instruments), orpanndyera BenmuauHoi 60 ', 4TO CBsI3aHO CO CKO-
POCThIO OLIM(PPOBKHU JTaHHBIX aHAJIOTO-IUGPOBBIM MpeoOpa3oBaTeneM. Paz-
Mep KaJipa orpaHuueH TpeOboBaHUEM BO3MOXKHOCTU JUCKPETU3ALUU ABYMEp-
HOU MEepUOIUYECKON CTPYKTYPHI 0€3 CYIIeCTBEHHOW moTepu NHGOPMALIMH O
MPOCTPAHCTBEHHOM CHEKTPE HAKJIIAJIbIBAET OIPAHMYEHHE HA 1IAT JUCKPETH-
3al1u, 9TO, MpU (PUKCHPOBAHHOM N, OTpaHUYMBAET pa3mep kaapa L.

Mpb1 oOHapyXWJIM, YTO B CTAHAAPTHBIX YCIOBUSIX 3KCIiepuMeHTa (6e3
MIPUMEHEHHUSI TEPMOCTATUPOBAHMS) UCKAXKAIOIIEE BIIMSTHUE TEMIIEPATYPHOTO
npeiida MOKeT MPOSIBIISITHCS U ITPU MAKCUMATBHO BO3MOXHBIX TapameTpax f
U L (frae = 60110, Lypge ~ 70 < 80 HM), 4YTO TTO3BOJISET OLIEHUTD MO (GOPMY-
nie (5.1) BENMMYMHY CKOPOCTH TEIIOBOTO APEHDA: Vypenp < 0,8 HM/CZY),

Oxka3spIBaeTcsl, YTO TeMIepaTypHbIA Apeiid XapakTepHu3yercs MOCTOSH-
HbIM HanpaBieHueM. [1ockonbKky OH OCOOEHHO UyBCTBUTEJIEH B TOM Clydae,
KOI'JIa KOMIIOHEHTA Ve, HAIIPABIIEHHAS BJIOJIb OCH MEIJIEHHOIO CKaHMPO-
BaHUSl, IPUHUMAET 3HAUUTEIIbHYIO BETUYMHY, TO MBI IIPU CKAHUPOBAHUHU 3a-
nuceiBaii ACM-u300paxeHus: mapamMu — MPH JIBYX B3aUMHOIIPOTUBOIIO-
JIOKHBIX HAMpPaBJIEHUSAX MEIJIEHHOTO CKaHMpOBaHMsS. B Takom ciydae mpu
YCPEIHEHUHN U3MEPEHHBIX MapaMETPOB JIEMEHTAPHOU SIYEUKU JJIs1 IEPBOTO
1 BTOPOTr'0 U300pakKeHNs UMEET MECTO B3AaMMOKOMIIEHCAIIUS, YTO I1I03BOJISET
UCKIIIOUUTDH BIIMSHHUE TEMIIEPATYpPHOIO Apelia B HANIPABIEHUU OCU MEIJIEH-
HOT'O CKaHUpoBaHMs. JIJIsi yMEHbIIIEHUS BIMSHUS TeMIIEpaTypHOTO apeiida
B HAIPABJIEHUU OCU OBICTPOTO CKAHUPOBAHUS MBI OMPEICIISIN MTapaMeTPhI
MOJIEKYJISIPHOM yIaKOBKH IyTEM YCPEIHEHUS 3HAUMTEILHOTO YUCIIA U3MEpPe-
Hut ACM-n306paxkeHuil, MoIy4YeHHBIX MPU PA3HON OPUEHTAIUY IepKaTEeNs

JeBepa u obpasna.

2N =512, =0,1, f = 60T, L = 70 ™
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VcepenHenre napaMeTpoB 3JIEMEHTApHOU STUeMKY Ha OCHOBAHUU HECKOJIb-
kux ACM-u300pakeHuli MO3BOJIMIIO CBECTH BHOCHMYIO Jpelidom morper-
HOCTBh B M3MEPEHUSX K ONIMOKE CpeaHero apuMeTHIECKOTO, U IOCTUTHYTh
TOYHOCTH B OTIPE/ICJICHUN NCKOMBIX TApaMeTPOB HAa YPOBHE HECKOIBKUX ITPO-

HOEHTOB, CM. HMXEC.

IKcnepuMeHTaIbHAS 4acTh

25) O6pasupl MIEHOK ObIIM IPUTOTOBIEHHI BEPTUKAIBHBIM MeTomoM (Y-
MJICHKU) ¥ METOJIOM T'OPU3OHTAIBHOTO OCAKIACHUS (Z-TIJICHKH) TPU KOMHAT-
HoH Temmiepatype (¢t ~ 25°C) u MOBEepXHOCTHOM AaBJIEHUU 7 B 1uana3oHe 20—
40 mH/M. MoHnocmnol, chopMUPOBAHHBIN HA MOBEPXHOCTH CyOdasbl, 0cax-
nanu MetoaoM 'O Ha mpeaBapuTEbHO MOTPYKEHHYIO MO/ BOJHYIO TOBEPX-
HOCTb MOJIIOKKY B Ipoiiecce MeaeHHoro (okono 0,01 MM B MUHYTY) MOHHU-
KEHUS yPOBHS )KUAKOCTU (puc. 5.10). [lneHku, noayueHHbIe BEPTUKATIHLHBIM
metoaoMm JIb, popmupoBanu npu NpomycKaHUU MOJJIOKKH CKBO3b MOHOC-
JIOM BEPTUKAJIBHO CO CKOPOCThIO 4 MM/MuH. [Ti1eHKko0Opa3zytolee BemecTBO
HaHOCHJIM Ha TTOBEPXHOCTH cyOdasbl u3 pacTBopa B xjtiopodopme (x. 4.). [1pu
MPUTOTOBJICHUHU TUICHOK IMYEIMHOTO BOCKA HCIOJIH30BAIM Iperapar, Ouu-

HIEHHBIN pa3feneHrueM Ha ppaKkIuu.

Kanu6poska npuéopa. Bce skcriepuMeHTHI 110 ONTPEACIICHUIO MOJIEKYISIPHOM
YIAKOBKH MpoBoauian Ha nmpuoope «Nanoscope-IIla» (Digital Instruments,
CIIA), obopynoBaHHOM «D»-ckaHepoMm (MaKCHUMaJlbHBIA pa3Mep Kazapa
15MKM), B KOHTAaKTHOM PEKHME C HUCIOJb30BAaHUEM KaHTHUJIEBEpa KeCT-
kocThio 0,32 H/M, cm. Tabmuity A.1. 11t KamuOpoBKH CKaHEpa UCTIOIH30BAIIN
MTOBEPXHOCTU TECT-O0BEKTOB: CITIOABI U MUpOrpaduTa, 11 KOTOPHIX U3MEPSI-
JIM TIapaMeTphl perieTku. [TonydeHHble 3HAUeHUs YCPEIHSUTUA 10 pe3yiIbTa-
Tam 06paboTku okono 100 ACM-nu306paxkenuit>®), cpaBHUBAIN C U3BECTHBI-
MU MapaMeTpaMU reKCaroHaJIbHOM YIAKOBKH HCIIOb3yEeMbIX TECT-O0BEKTOB
(0,519 8m mns caronst u 0,246 aM miis rpadura), u onpenensiu Ko3pduim-
eHT KanmnbpoBku. [TomyueHHbIe 3HAUCHUS TSI KOA(D(UIIMEHTa KaTUuOPOBKHU
COBITAJIU JIJIS IBYX TUIIOB UCIIOJIB3YEMBIX TECT-00BEKTOB C TOYHOCTHIO 110 2%0.

M3mepeHHble 3HaUeHUS XapaKTEPU30BAIUCH CPETHEKBAAPATUIHON OIIMOKON

25) O6pas3ibl IIIEHOK ObLIH NPUToTOBIIeHH K. X. H. I'. K. JKaBnepko, UPOX AH Benapycn,
MuHck
26) TOJTyUeHHBIX B PEKMME H3MEPEHUS CUIT TPEHHUSI
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Puc. 5.11. IIpumeps! BU3yanu3auy MOJIEKYIIpHON YIAaKOBKU TOHKUX IIJIEHOK Oere-

HOBOU KHUCJIOTBL.

ACM-u300paxeHre MOIYIEHO B PeXKUME U3MEPEHIS CHIT TPEHUS IUIS: a) IOBEPXHOCTH KpHC-
TaJTATOB, BKJIIOYCHHBIX B MOHOCIION OETreHOBOW KHMCIOTHI Ha CIIIO/E, CM. pHC. 5.3a; 0) 1mo-
BEPXHOCTH KPUCTAIIUTOB, BKIIFOUEHHBIX B MOHOCIION OEreHOBOM KUCIIOThI HA TUporpaduTe,

cM. puc. 5.4

MeHble 2%. Takum oOpa3oM, Mbl OLIECHUBAEM, UTO TOYHOCTb JOCTUTHYTOM

KaJMOpPOBKU HE XyKe, ueM 2%.

5.3.1. Pe3yabTaTthl Hccie10BaAHUI MOJIEKYIAPHON YIIAKOBKH

TOHKHX IIVICHOK

OcHoBHBIM TipensgTcTBHeM npu ACM-HcciieoBaHUAX MOJIEKYJISIPHON yra-
KOBKHM TOHKHX IUICHOK SABJIAJIOCH JIOKAJIBHOC PA3PYUICHUC IMOKPBITUA IO
BO3JIEMCTBHEM 30H/Ia MUKPOCKOIIA IPU YMEHBIIEHUHU pa3Mepa Kajpa 1o 70—
80 HM (yMeHbIEHHE pa3Mepa Kaapa NPUMBOAUT K YMEHBIIEHUIO CKOpOCcTH?")
MepeMelleHus 30H/1a 1, CJIEI0BATEIbHO, YBETUUCHHUIO XapaKTEPHOTO BpEMEHU
B3aMMOJIEHCTBHS 30HAa U 0Opasna, cM. pasaen2.1.2 co crp. 56).

TeM He MeHee, U1 psiia TOHKOTUIEHOYHBIX MOKPBITHH (YCTONYMBBIX K BO3-
JEMCTBUIO 30H/1a) 0Ka3aJ10Ch BO3MOXHBIM J1I0CTUYD ¢ moMolbio ACM more-
KYJISIPHOTO pa3pelleHus] U ONpeAeSIUTh MapaMeTphl JIEMEHTAPHOU STUEHKH.
[Mpumeps: ACM-BU3yann3aiuy MOJEKYISIPHBIX YITAKOBOK TOHKHX IIEHOK

npuBeaeHsl Ha puc. 5.11, puc. 5.13 u puc. 5.15.

27) ipu (PMKCHPOBAHHOI YACTOTE CTPOYHOMN PA3BEPTKH
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B ta6nuie 5.4 npuBeeHbl 3HAUEHUS CPETHUX apU(PMETHUECKUX JIJIS U3Me-
PSIEMBIX IAPAMETPOB, IIOJIyUEHHBIE IIyTEM YCPEIHEHUS PE3YJIbTATOB 00paboT-
KM HECKOJIbKUX /1ecsiTkoB ACM-u300pakeHuil. B kauecTBe mOorpentHocT u3-
MEpeHMsI IPUBE/IeHa BEINUMHA CIMAHOAPIMHO20 OMKIOHEHUs CPEHEro apud-
MeTtuyeckoro. VMcnonbp3oBaHue 3TON BETMUYUHBI (2 HE CPEAHEKBAAPATUYHOMN
OIIMOKHU CpeaHETO apu(PMETUUECKOro) 0OYCIOBIEHO TEM, YTO UCCIIEyeMble
IUIEHKM MOTYT XapaKTepHU30BATbCA TOMEHHOM CTPYKTYpOWl C pa3IMYHBIMU
napamMeTpaMy YIAaKOBKH; IMana3oH BapHallud MX 3HAUEHUH OIpeaensercs

NMEHHO BEJIMUYMHON CTAaHAAPTHOI'O OTKJIOHCHHU.

BberenoBas kucaora. CrpykrypHas popmyna: Co Hyi3COOH.

MousnekynsipHOE pa3pelleHue yaaBajaoch CTAOMIbHO MOJy4yaTh HA TOBEPX-
HOCTSIX KPUCTAJUIUTOB (3 CJ1051), CIOHTAHHO CPOPMUPOBAHHBIX B MOHOCIIOSAX
0ereHoBON KHCIIOTHI, IEPEHOCUMON Ha MOBEPXHOCTh MOAJIOKKH (ClIoAa U
nuporpadur) ¢ cyodassr, cogepxkareit CdTe-knacrepsl, cM. pa3aen S.1.

Bruto ycTaHOBIIEHO, UTO MOJIEKYJISIpHAS yIIAKOBKA BEPXHETO CIIOs KpHUC-
TAJUTMYECKON CTPYKTYPhI HA CIIOZAE, MOKET ObITh OMMCAHA KaK IPSIMOYTOJIb-
Has ueHTpupoBaHHas (Nel tabmuiel 5.4). [1pu 3TOM HanpaBlleHHEe BEKTOpaA @
COBIIQJIA€T C HAIIPABIIEHUEM JIaMeJIed KPUCTAJNINYECKUX CTPYKTyp. T.e. mis
HAIlpaBJIEHUS] BEKTOPA @ CIIPABEUIMBBI BCE PE3YJIbTAThI, U3JI0KEHHBIE BBILIE
OTHOCHUTENIBHO HampaBiieHus Jiamelnel (00 yriiax ¢ KpUCTAIUNIMYECKUMU OCS-
MU CIIIO/IBI U O B3AUMHOI OPUEHTALUNU JIAMEJIEN, OTHOCSIIIIMXCS K Pa3JINYHBIM
KPUCTAJUNIMYECKUM CTPYKTYpaM, CM. TUCTOTpaMMBbI puc. 5.5a u puc. 5.6a).

MousnekynsipHasi ynakoBKa BEPXHETO CJI0s1 KPUCTAJUIMUYECKOM CTPYKTYPBHI,
00pa3oBaHHOW Ha MOBEPXHOCTU muporpadura, Taxxke omuchiBaercs LII1-
peleTkol ¢ OJIM3KUMH 3HAYEHUSIMU NTapamMeTpoB stueiiku (Ne2 Tabmuiet 5.4).
[Tpu 3TOM HampaBjeHNe BEKTOPA d TAKXKE COBIAJAAET C HAIIPABJICHUEM JTaMe-
71 (06 opueHTAIMH JTaMeTiell Ha MUPOoTpaduTe CM. TUCTOTPAMMBI puC. 5.50
puc. 5.60).

B o6oux crydasix mapamMeTpsl peleTKy 03Ky napamerpam st R[0, +1]-
CIIO€B TJIOTHOYIMAKOBAHHBIX MOJIEKYJ H-apadguHoB (cM. Tabmuity 5.1). Mel
0OHAPYKUJIHU, YTO T€ K€ MapaMeTPbl XapaKTePU3YIOT YITAKOBKY MOJIEKYI MO-
HOCJIOSl TTYEIMHOTO BOCKA, MEPEHECEHHOT0 Ha MOBEPXHOCTh MHUporpadura
(Ne13 Tabmuuer 5.4). bauskue mapamerpsl 3adukcupoBanu metonom ACM
aBTOpPBI paboThI [124] 11 MOBEPXHOCTEN KpUCTANIOB H-apauHOB, a TaK-

e aBTOpbl paboThl [131] miist ToHKUX TUIeHOK (OoJtee 3-x cmoeB) OereHaTa u
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Ne, | mon- a, HM b, HM b/a S, HM? N
THIT | JIOXKKA

1 | cmoma | 0,4840,03 |0,7740,06 |1,59+0,16 |0,1854+0,017 | 60
II1 e =6% e =8% e =10% e=9%

2 rpadur| 0,50 £ 0,02 | 0,78 + 0,06 1,56 £0,14 | 0,19440,016 | 70
1T e =4% e =8% e=9% e =8%

3 | cmoma | 0,47+002 | 0,88+0,08 | 1,9+ 0,2 0,210-£0,018 | 70
LIIT e =4% e=9% e =11% e=9%

4 | cmoma | 0,5340,03 |0,7740,04 |1,46+0,13 |0,2034+0,007 | 10
I1 e =5% e =5% e=9% e=3%

5 cmona | 0,477+0,014 0,197+0,007 | 46
r e=3% e =4%

6 cmona | 0,476+0,018 0,196+0,008 | 30
r e =4% e =4%

7 | cmona | 0,477+0,011 0,19740,006 | 50
| e =2% e =3%

8 caroga | 0,566+0,015 | 0,80 4+ 0,03 1,42 £0,08 | 0,22740,011 | 50
LIIT e = 3% e = 4% e =6% e =5%

9 cmona | 0,48240,010 0,2024+0,005 | 15
r e=2% e =5%

10 cmoga | 0,548+0,009 | 1,56 + 0,08 2,85+0,09 | 0,42740,014 | 20
T e =2% e =5% e =3% e=3%

11a | cmoma | 0,54840,009 | 1,31+ 0,06 | 2,40+0,11 | 0,360-0,018 | 67
I e=2% e=5% e=5% e=5%

116 | crmoma | 0,55040,012 | 1,30 0,07 | 2,37+ 0,014 | 0,36 + 0,02 | 45
LIIT e=2% e=6% e=6% e=5%

12 | croma | 0,5084+0,007 | 1,37 £ 0,08 | 2,71+ 0,017 | 0,35+ 0,02 | 40
11 e=1% e =5% e =6% e =5%

13 | rpadur| 0,50+ 0,04 |0,79+007 |1,6+02 | 0,195+0,015 | 15
LIIT e=17% e =9% e=13% e =8%

Tabmuma 5.4. [TapameTpsl aJIeMEHTAPHON TYSHKH MOJIEKYIIIPHON YIAaKOBKUA TOHKHX

IIJICHOK.

Tum: IIIT— nenTpupoBaHHas npsiMoyroibHasi, I — rexcaronanpHas. PacmmdpoBka HOMe-
poOB 00pa3LoB NpUBeaeHa B Ta0NHLE 5.5. a, b— mapaMeTpsl SYeHKH, b/a — UX OTHOILICHUE,
S — momanb, MPUXOIAIIASACST HA YIVIEBOAOPOAHYIO Lienb, N — YHUCIIO MIPOaHAJIU3UPOBAH-

HbIX ACM-n300pakeHuii, € — CTaHIapTHOE OTKIIOHEHHE. 3HAYKOM * OTMEYEHBI CITyJan Ha-

OJIIOICHUSI CBEPXCTPYKTYP.
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Ne | mMatepuan mjieHKH JaBJICHUE | TIOJIOKKA cybdaza| chopmu-
w (MH/M) | 1 crtoco6 poBaHHOE
HaHECCHUS ITOKPBITHE
1 Berenosas kuciaora | 30 cimona, 'O CdTe JTaMeIn
2 30 rpadur, JIb | CdTe JaMenn
3 30 cmona, JIb CdTe MOHOCJIOH
4 30 cimroma, 'O H->0 MOHOCJIION
5 N,N'-mnokragenmi- | 30 cimona, 'O H->0 TPpUCTOH
MIPOTTaHIHAMUL]
6 N-rexcagemmiarmer- | 30 cmoga, I'O H->O TPHUCITOH
aMMJI
7 N,N'-murekcagenmi- | 25-30 cmoga, 'O H>0O TPUCIION
MponaHAuaMuI
8 N-rekcageunn-N'- 30 cimona, 'O H->0 MOHOCIION
(2-HadTHM)IpOTIAH-
TIMaMUL]
9 N-rekcageri-N'- 32-34 cmoga, 'O H->O MOHOCJIOH
(6-XUHOINH)IIPO-
TTaHIHaAMU
10 | 5-okramenmi-2,4,6 30 cmona, 'O H->0O MOHOCJIOM
11a | (1H, 3H, 5H) upu- | 30 cimona, 'O H->0 JTaMeJn
116 | MUAMHTPUOH 35 cmona, 'O H->0 JTIaMeJn
12 35 cmona, 'O H>O OCTPOBKU
13 | IMuenuHsbIi BOCK 20 rpadur, 'O | H,O MOHOCIIOH

Tabmuma 5.5. Onucanue 06pa3oB TOHKKUX IUIEHOK TS TaOIHIe! 5.4

TopuzontansueiM MeToaoM (I'O) ocaxxganu 1-Z MOHOCIOH, BEpTUKAILHBIM MeToaoM (JIB)
¢dopmupoBanu 1-Y 6ucnoun. Psn nmoxpelTuil pereprieBai CIIOHTAHHYIO IIEPEOPraHnu3altio
U HE COXPAHSII CTPYKTYPY, ONPENeIsIeMyI0 IIPOLeIypOoll HAHECSHHSI: B TTOCTIEHEH KOJIOHKE

TaGJIMIBI YKA3aHO JUTSI KAKMX IMEHHO 00pa30BaHU MOTYYEHO MOJICKYJISIPHOE Pa3pelleHUe
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JIUTHOLIEpUHATa KaaMmus (CM. Ta0auiry 5.3). DTo Mo3BOJISIET MPEAIOI0KUTb,
YTO MOJIEKYJIIpHAs YIIaKOBKA MOBEPXHOCTU KPUCTALIUTOB, CPOPMHUPOBAH-
HBIX B MOHOCITOsIX OereHoBoM kucioTel Ha CdTe-cyOdase, B Hesnauumenvhoti
cmeneny TIOJIBEP)KeHA BIIUSIHUIO MOJIOKKH (IeUCTBUTENIBHO, TApaMETPhI pe-
HIETKU KPUCTAJUIUTOB OJIM3KU B 000UX ClTydasix: MUPOrpauToBOM MOMIOKKHI
Y TIOJUTOKKU U3 CITIOJIbl), HO OTPEIENISIETCS MPUHLIUIIOM TJIOTHOM YIaKOBKH
YTJIEBOJOPOIHBIX LIETEH.

[To-BummMomy, B O0JIBIIIEH CTETIEHHN BIUSTHUE TTOJIOKKHU IMTPOSIBIISIETCS ITPU
(hbopMUPOBaHUM CTPYKTYPHl MOHOCTIONHBIX MJIEHOK O€reHOBOM KUCIIOTHI, T1e-
PEHECEHHBIX Ha MOBEPXHOCTH CItonbl (Ne3 u Ne4 Tabnmuier 5.4). B otimmume
OT aBTOPOB paboThI [132], Takke UCCIETOBABIIUX MOHOCION XUPHBIX KHC-
JIOT, TIEPEHECEHHBIX HA MOJJIOXKKY C BOJHOU cyO(a3bl, Mbl OOHAPYKUIIU HE
reKcaroHallbHYyIO («ra3okpucTainyeckas gasa»), a tunuunyto LII1-pemerky
MOJIEKYJIIPHOM YITAKOBKM MOHOCJIOEB B 3TUX CIIy4asiX.

3HaueHue napamerpa b = 0,77 £ 0,04 HM MOJIEKYJISIPHON yHAaKOBKU MO-
HOCJI051 OET€HOBOM KUCIOTHI, chopMupoBaHHoro metogoM 'O (Ne4), 6:1u3ko
3HaueHuto b = 0,785 HM, onpeAeIsieMOMY IPUHLIMIIOM INIOTHOM YIIAKOBKH YT~
JIEBOJOPOJIHBIX YACTEH MOJIEKYJI 1T ClToeB ¢ R-moabsuekoit, cm. Tabmuiry S.1.
[Tpu sToM 3Hauenue napamerpa a = 0,53 £ 0,03 HM MOXKeET OOBSICHATHCS BIIU-
STHUEM TIOJIJIOKKH.

C npyroi#t cropoHsbl, nmapamMerpsl pemerku (¢ = 0,47 + 0,02uM u b =
0,88 + 0,08 HM) MOHOCIOS, IEPEHECEHHOTO Ha CIIOAY BEPTUKAIIbHBIM Me-
tonoMm JIb (Ne3 tabmuirel 5.4) 6M3KK mapaMeTpam, OOHAPYKEHHBIM aBTO-
pamu paboThI [125] mist BepXHETO CIIOSI MYJIbTHUCIOMHBIX IUIEHOK TpaHC-6-
OKTaJICIIEHOBOM KUCIIOTHI, MepeHeceHHbIX Ha cTeky10 ¢ TbCl;-cyOdassl, koraa

BJIMAHUC ITOAJIOKKHU BPAA JIKM MOXKET UMCTh MCCTO.

Iaenkn ampudnabHbix KeToamuaoB. B Tabnuie 5.4 npuBeaeHbI pe3yiIbTa-

ThbI UCCIICAOBAaHUA IINICHOK, CCI)OpMI/IpOBaHHBIX Ha OCHOBC:

N,N'-nnokrtaneuminponanauamuaa (Nes)
C18H37NH—ﬁ— CH,— ﬁ— NH—CgH3;

(0) (0)
N-rekcamenmnamneramuaa (Ne6)
Ci6H33sNH—C—CH,—C— CHj

P
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N,N'-nurekcaaenuamnponanaramuaa (Ne7)
C16H33Nﬁ—ﬁ— CH,— ﬁ— NH—CgH33
(0] o

N-rekcagenmi-N'-(2-HadTun)nponanauamuaa (Neg)

CiH3s— NH— ﬁ— CHz—ﬁ— N
O O

N-rekcanenmi-N'-(6-xuHomuH)mponanauaMuaa(Ne9)

CigH3—=NH— C— CHy~C—NH—
Il Il O
(0] O N

N3o06paxkenus CTpyKTYphl UCCIIETYEMBIX IJIEHOK MPUBEACHBI Ha puc. 5.12.
Coenuaenus Ne§ u Ne9 11o3BoJIsI0T (hOPMHPOBATH Ha CBOEH OCHOBE Ka4ecCT-
BEHHBIE MOHOCIIOU C HE3HAYUTEIbHBIM KOJIMYECTBOM /1€(heKTOB, CM. puc. 5.12r
u A. B To xe BpeMsi U3 pUCYHKA BUIHO, 4TO I 0Opas3uoB NeS—7, mmeer
MECTO CTPYKTYpHAasl MepecTpoiika MOJIEKYJ IUICHKU ¢ (POPMUPOBAHUEM MU
00pa3oBaHU, BICOTA KOTOPBIX MPEBBIIIAET BHICOTY MOHOCIIOSI U COCTABIISI-
€T BeJIMuuHy 5,5—6,0 HM (cM. puc. 5.12a—B). MOXHO MPEANOIOKUTh, YTO ITU
CTPYKTYPbI 00pa30BaHbl TPEMS MOHOCIIOSIMU MOJIEKYJT (BBICOTHI TOHKUX ILIE-
HOK 1o pesynbTataM ACM-ucciaenoBaHuil 3aHIDKEHBI B CUJTy KOHTAKTHBIX
nedopmanuii, cM. pazzaen2.1). C yueToM Toro o0CcToaTeIbCTBa, YTO MOJIEKY-
761 06pa3noB Ne5 u Ne7 UMeroT 1o ABe yIriIeBOAOPOAHBIX LIEMU PABHOM IJIUHbI
MO>KHO MPEANOI0KUTh OJUHAKOBYIO OPUEHTALIMIO 3TUX LENEH OTHOCUTEIb-
HO TOJIIPHOM I'PYIIITBI MOJIEKYJIbI. B ITOIB3y 3TOr0 3aKJIIOYEHUSI TOBOPUT TOT
(haxT, 4TO CTPYKTYpa mieHkH oopasia Ne6 cxoaHa ¢ obpasumamu Ne5 u Ne7, xo-
TSI B IEPBOM CIIy4ae MOJIEKYJIa UMeET JIUIIb OAWH JIJTMHHBIN yTIIEBOI0POTHBIN
(bparmeHr.

bruto obnapyxeno (puc. 5.13), uto 3a ogaum uckimoueHueM (Ne§) ACM-
N300 pakeHUs TJIEHOK UCCIIeIOBAHHBIX COEMHEHUN XapaKTEPU3YIOTCS reKca-
rOHAJbHON YIAKOBKOMH, C MapaMeTpoM siueiiku Oau3kuM 3HaueHuto 0,48 HM,
KOTOpOe XapakTepu3yer ymakoBky cioeB H[0,0] (tabmuma 5.1) yrieBomo-
POIHBIX 1IeTIeH ¢ reKcaroHanbHOM noabsaueiikoif. [Tpu sTom ynakoska ACM-
n3ob0pakeHust obpasna Ne7 xapaKTepH3yeTcsl CBEpXCTPYKTYpOi: B ¢ypbe-
CHEKTpe HabJIIogaeTcs MAaKCUMyM Ha MpOCTpaHCTBeHHOU uvacToTe 0,826 HM

(a x v/3) Baonb Hanmpasnenus [21], cM. puc. 5.13B. B mpsMoM mpocTpaHCTBe
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22 HM

a) o 2.5 5.0 7.5 wmkm 10.0

22 um 22 um

10.0

- . =N
H) o 2.5 5.0 7.5 i0.0 12.5  mum

Puc. 5.12. CTpykTypa TOHKHX IIIEHOK KETOAMUI0B Ha MUKPOHHBIX pa3Mepax, ACM-

HCCIICAOBAHUC!

a) N,N'-auokragenwimnporiananaMuna, 0) N-rekcagenmianeraMuaa, B) N,N'-nurekcaaemmi-
nponanauamuaa, r) N-rekcamerui-N'-(2-Had ) npomnanauamuna, 1) N-rekcamerut-N'-(6-

XUHOJIMH ))IpOTIaHuaMHIa

195



15.0

10.0

5.0

)j[) 0 5.0 10,0 M 15.0

Puc. 5.13. Ilpumepsl BU3yanu3aluu MOJIEKYJISIPHON YIIAKOBKU TOHKHUX TUIEHOK KETO-

aMHIOB.

ACM-u300paxeHue MOJIYUEHO B PEXKUME H3MEPEHUS CHJT TPEHHUS JIJTs TOBEPXHOCTEH TUICHOK:
a) N,N'-nuokranerminponananamuia, 6) N-rekcagenuianeramunaa, B) N,N'-murekcanenui-
nporanauaMua, T) N-rekcaaenui-N'-(2-HadTrn)nponanauamMuia, 1) N-rexcaaern-N'-(6-

XI/IHOJ'II/IH)HpOHaH}II/IaMI/II[a
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3TO TIPOSIBIIAETCS B BUJIE uepeoBanus spkocTu>®) ACM-n306pakeHus psaoB
(uepe3 OJIUH psifl), MEePIIEHANKYISIPHBIX HaMlpaBieHuo [21].

MpI osnaraem, uto B 3Tux cirydasx ACM-u300paxkeHue JByMEpHOU Iie-
PUOIUUECKON CTPYKTYPHI SBIISIETCSI OTOOPAKEHUEM YIIAKOBKH YIJII€BOIOPO/I-
HBIX 1ierieil. Mosekyibl 00pa3ioB NeS u Ne7 uMeroT 1o ABa YriIeBOAOPOIHBIX
(bparmenTa paBHOU JIUHBL. [103TOMY MOXHO MPEANOI0KUTh, UTO KaXKIOU
MoJieKyJie 3Tux coequHeHnit Ha ACM-u300pakeHnuu CTPYKTYP UCCIENyEeMbIX
IJIEHOK COOTBETCTBYIOT 08¢ MyYHOCTU. T.0. MBI MIMEEM JI€JI0 C FeKCaroHalb-
HOH yIMaKOBKOH yII€BOJOPOIHBIX LIEMEH, TPHUEM UMEHHO TOT (PaKT, 4TO 3TH
LENU MONapHO OOBEIMHEHBI B MOJIEKYJIbl, BO3MOXXHO, U IIPOSIBIISIETCS B Ha-
OTr01aeMot CBEpXCTPYKType (i1t oOpasia Ne7).

@DaKT yNaKOBKHU YIJIEBOAOPOAHBIX LIETIEN B FEKCATOHAJIBHYIO PELIETKY IS
MOJIEKYJI, UMEIOIIMX I10 ABA YIJIEBOAOPOAHBIX «XBOCTa» SBJISETCS HECKOJIb-
KO HEOXUIAHHBIM. J[eiCTBUTEIBHO, COTJIACHO UMEIOLINMCS MPEACTaBICHU-
siM [123] rekcaroHapHasi yIakoBKa yriIeBOOPOAHBIX Lereit B cioit H[0, 0] He
XapaKTEPU3YETCSl BBICOKOM MJIOTHOCTHIO: MOJIEKYJIBI B CJI0€ OPUEHTUPOBAHBI
BEPTUKAJIBbHO, HO B TO € BPEMs MOJIEKYJISIpHAs IUIOLIAAb COCTABIISIET OKO-
1o 0,2 HM2, TOorga Kak 0oJee IIOTHBIE YIAKOBKY BEPTHKAIBHO OPUEHTHPO-
BaHHBIX MOJIEKYJI MOI'YT XapaKTepU30BaThCs 3HaYeHneM ruromanu 0,18 um2.
Cunraercs, yTo MoJekynsl B cioe H[0, 0] coxpaHsSIOT HEKOTOPYIO CBOOOILY
BpallleHUs BOKPYT BEPTUKAIBHONU OCH, YTO IPUBOJIUT K AKCHAJIbHON CUMMET-
pun 0651aCTH, 3aHUMAEMOM MOJIEKYJION, M 0OYCIaBIMBAET BBICOKYIO CUMMET-
puro MoJeKyIapHoit ynakosku?®) . ITostomy 718 00bICHEHUS BBICOKOM CUM-
METPHUH YITAKOBKHM B HAILlEM cllydyae CIeAYyeT NOMYCTUTh, YTO JBa YIJIEBOIO-
POIHBIX XBOCTA MOJIEKYJ UCCIENYEMBIX CTPYKTYP COXPAHSAIOT BO3MOXHOCTD
HE3aBUCUMOI'0O BpAIIEHUsI BOKPYT CBOEH OCH.

OTnenbHO CTOUT OTMETUTh, UTO MOJIEKYJISIPHAS YITAKOBKA IUIEHKU HA OC-
HOBe coequHeHus Ne9 xapakTepu3yeTcss OTHOCUTEIbHOU HEOTHOPOIHOCTHIO
Y HaIpaBJIeHUs] BEKTOPOB TPAHCISAIMU PA3JIMYHBI B NpEAesiax pPa3InyHbIX
YyUaCTKOB IUICHKH, TIPUYEM pa3Mepbl y4aCTKOB (PUKCHPOBAHHOM OpUEHTAITNN
COCTABJISIIOT JIMILIb COTHU KBaAPATHBIX HAHOMETPOB. [1pu 3TOM UeTko Bu3ya-

JIM3UPOBATDb I'PAHUIBI JOMCHOB HE YAaBaJI0OCh, YTO, IIO-BUAUMOMY, O6YC.HOB-

28) KaK TIOKA3a]li KOHTPOITBHEIE H3MEPEHHS C PA3THYHBIMI 30HIAMH, 3TO HAGTIOAEHHE He
MOXeT OBITh CBsI3aHO ¢ apTedakTamu ACM, paccMOTpeHHBIMHU B pazaene 2.1.5

29) 310 COCTOSHNE OPrAHNYECKOTO BENIeCTBA HA3bIBAIOT [123] POTALIMOHHO-KPHCTAILIHYEC-
KHM HJIN «Ta30KPUCTATUIUYCCKHUM> COCTOSAHUEM.
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JIEHO U3JI0KEHHBIMU B paszjenie 2.1.5 BEIBOJaMH OTHOCUTEIILHO «IOXHOCTHY»
MOJIEKYJIsIpHOTO pa3penicHus B ACM npu TUIMYHBIX apaMeTpax 3KCIepu-

MEHTa Ha BO3/IyXe€.

CocymecTBOBaHHEe Pa3jHYHBIX THIOB YNAKOBOK B CTPYKTYpe IJIEHKH S5-
oktaaeuna-2,4,6(1H, 3H, SH)nupumuauaTpuona. s sToro coeiuHeHusl,

CTPYKTypHasi hopMyjia KOTOPOro:

NH
CigHs; Nb 0
7
O

auny 5.4: st monocnos (Nel0, Tabnuma 5.4), s kpuctamToB (Nel1) u st

, MBI OOHAPYXWIN TPU Pa3IMUHBIX TUMA YIIAKOBKH, CM. Ta0-

OCTPOBKOBBIX 00pazoBanmii (Nel2).

CtpykTypa IieHKH Bu3yaiausupoBaHa MetoqoM ACM Ha puc. 5.14, rie
M300pakeHbl 00JIACTH PA3IMUYHON CTPYKTYPHOH opraHu3anuu chopMHpO-
BAaHHBIX MIOKPBITUH: MOHOCIION, OCTPOBKH U JIJaMeJTU. AHAJIU3 BBICOT MTOKa3bI-
BAET, UYTO OCTPOBKU CPOPMUPOBAHBI, IO-BUIUMOMY, IBYMS CIOSIMU IJIEHKU
(BpICOTA 3TUX O0Opa3oBaHUi OKOJIO 4 HM, BBICOTA MOHOCIOS 1,52 HM), B TO
BpeMs KaK KPUCTAJUIUTHI (JTaMeNn) 00pa3oBaHsbl 3, 6 win 9 closiMu (BBICOTHI
oKoJI0 5,3-5,7 HM, a Tak)Ke yIBOCHHBIC U YTPOSHHbIE 3HAUCHUSI. )

MomnekynsipHasi yakoBKa OCTPOBKOBBIX M KPUCTAJUIMYECKUX 0Opa3oBa-
HUW XapaKTePU30BAIACH [IEHTPUPOBAHHON MPSIMOYTOJILHOW SYEMKOU C OT-
JMYAIOLMMHUCS MMapaMeTpaMu ¢ U b, HO OJMU3KUMU 3HAYEHUSMU IUIOLIA/IH,
MPUXOJISAIIEHCS Ha MOJIEKYTTY, CM. Tabnuity 5.4.

B 10 xe BpemMss ACM-u3obpakeHrne MOJIEKYISIPHON yMaKOBKH MOHOC-
JIOSI XapaKkTepu30BajoCh, BO-TIEPBBIX, CBEPXCTPYKTypoil (puc.S5.15a), a Bo-
BTOPBIX, OOJIBIIIEH IJTOIIAIBI0 HA MOJIEKYTY. [Tocennee MokeT 0OBACHITHCS
BJIUSTHUEM TOJIOKKHU. JIeHCTBUTENBHO, Mbl OOHAPYKUJIU, UTO HAIIPABIICHHE
BEKTOpaA b 1151 MOHOCIIOIHOTO ITOKPBITHS B 3TOM CIIy4ae COBNAJAET C OJJTHOU
13 KpucTtauiorpaguieckux oceil caonbl. [lepnoaunyHOCTh YyIIaKOBKH TUICH-
KU BJIOJIb 3TOT'0 HAIIPABJIEHUS XapaKTepu3oBajaach 3HaueHueM 1,56 HM, B TO
BpeMs KaK 3HAYEHUE 3TOTro mapamerpa s nogioxku 0,519 uMm, uto B Tpu
pa3a Menblie. Takum o6pazoM nMeeT MecTo (POPMUPOBAHNE MOHOCIIOEM pe-
LIETKH, OJIMH U3 MapaMEeTPOB KOTOPOU COU3MEPUM C IMAPAMETPOM PEIIETKU
MOJIIOKKH (BTOPOM MapaMeTp IUIEHKHM UMEET TO K€ 3HAu€HUe, 4TO W s

KPUCTAJUIMUECKUX JIAMEIISIPHBIX CTPYKTYP).
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22 Hm

i o
a) o 1.00 Z2.00 3.00 MEM 6) o 2.5 5.0 7.5 10.0 12.5 meMm

Puc. 5.14. CtpykTypa TOHKHUX IIeHOK S-okTaaeuwin-2,4,6(1H, 3H, SH)mupumugus-

TpUOHA Ha MUKPOHHEIX pa3Mmepax; ACM-uccienoBaHue.

BuzyanusupoBaHbl y9acTKH PAa3IMIHON CTPYKTYPBI IUIEHKU: MOHOCIION, OCTPOBKU U KPHUC-
Ta;uuThl (J1amenn). OOpasLbl MOTy4YeHbl IPU Pa3IMYHOM IIOBEPXHOCTHOM JaBJIEHUH BbIJIe-

nerust: a) m = 35 MH/M, 0) m = 30 MH/™M

O01ue 3aKOHOMEPHOCTH BU3YAJIU3AIMH MOJIEKY/ISIPHON CTPYKTYPbI TOHKHX

OpraHuvYecKuXx MmieHok merogom ACM

VcenenHasi BU3yaIM3alusi MOJIEKYJISIPHOM CTPYKTYpPhI IIEHKH BO3MOYXHA
JIMIIb MPU YCIOBUM JOCTATOYHO MPOYHOU CBSI3M MOJIEKYJI IUIEHKU APYT C
JIPYTOM H C ITOIJTOKKOM (UTO MO3BOJISIET TPOBOIUTH HEPA3PYIIAIOIIHNE UCCITe-
JIOBaHUs). ITa CBA3b MOXKET BOSHUKHYTH B PE3yJIbTATE CICAYIOMIMNX TPUYKH.
Bo-nepBbix, 3a cueT ruApopoOHOTO B3aUMOIECHCTBUS AJIKWIBHBIX YYaCTKOB
MOJIEKYJT ¥ TUIPO(POOHON TOTOKKHN. DTO MO3BOJIUIO HAM HAOIIOAATh MO-
JIEKYJISPHYIO YIIaKOBKY IUIEHOK IMUeInHOoro Bocka (Nel3 tabmuier 5.4). Bo-
BTOPBIX, 33 CUET IIPOIIECCOB CIIOHTAHHOW KPUCTAIITIU3AlUN UIIM CAMOOPIraHU-
321 MOJIEKYJI TUIEHKH, MPUBOISIIUX K (OPMUPOBAHUIO IJIOTHOYIAKOBAH-
HBIX CTPYKTYP, XapaKTePU3YIOIINXCS BBICOKO CBSI3aHHOCTHIO MOJIeKyT (Nel,
Ne2, NeS=7, Nel1 m Nel2 raGnuier 5.4).

B oTcyTcTBHE 3TUX (DAaKTOPOB TOCTUKEHHE MOJIEKYISIPHOTO Pa3pelIeHHs
MeTosioM ACM ocTaeTtcs ClIOKHOM 3a1a4uei: CTPYKTYpa IUIEHKU pa3pylIaeTcs
T0J] BO3/eiiCTBHEM 30H1a MUKPOCKOIA IPH yMEHbIIEHHH pa3Mepa Kaapa®?)

HECMOTPA HA MUHHUMH3ALIUIO CUJIOBOI'O B3aMMO/JICHCTBUS 30HAA U 06pa3ua.

30) mpu yMeHbIIeHNH pa3Mepa Kaapa yMEHBIIAETCS CKOPOCTh CKAHMPOBAHMS H yBETNUNBA-
eTCsl XapaKTepHOEe B3aMMO/IeIICTBIE 30HAA C JIOKAIbHBIM YYaCTKOM o0pa3sia
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B) 0 5.0 10.0 HM 15.0

Puc. 5.15. IIpuMepsl BU3yaTH3aIii MOJIEKYISIPHON YITAKOBKH TUIEHOK S-OKTaIeITHII-

2,4,6(1H, 3H, SH)nupuMuIuHTPHUOHA;

ACM-u300paeHue MOJIyUeHO B PSIKUME H3MEPEHUS CHUJT TPEHUS JIJTs TOBEPXHOCTEH pasiiny-
HBIX YYaCTKOB IUIEHKU: a) MOHOCIOWHOTO TTOKPBITHS (Ne10), 6) kpuctammmaeckux (Nell) u B)

ocTpoBKOBBIX (N212) oOpazoBanmii
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Bo3MoxHO, petuts 3Ty mpooaemMy yAaacTcs Mpyu MIPOBEIECHUM UCCIIEAOBAHUM
B JKUJKUX Cpeaax.

TeMm He MeHee, B TeX Cilydasix, KOrja IUIEHKa XapaKTepu30Bajach 10CTa-
TOYHOH MPOYHOCTBIO, YTO MO3BOJISJIO NPOBOAUTH HEPA3PYILIAIOLIUE HCCIIe-
JTOBAHUSI MAJIOT0 JIOKAJIbHOT'O y4yacTKa MOBEPXHOCTH Ha BO3/1yXe, OKa3aJoCh
BO3MOXHBIM OIPEIEIUTD MOJIEKYISIPHYIO CTPYKTYPY PAAA MOHOCAOUHBIX TOH-
KOTUICHOYHBIX TTOKPBITUM (Ne3, Ned, Ne§—10).

Bruto 0GHapykeHO, U4TO Uit MHOTHX IUICHOK MapaMeTphbl SUeHKU MOj-
YUHSIOTCS IPUHIUITY TUIOTHOM YITAKOBKHU YIJIEBOAOPOAHBIX LIEMEH MOJIEKYII
(cp. ¢ Tabmuneit 5.1). Tak, oopasubr Nel, Ne2, Nel3 xapakrtepusyrorcs LIIT-
PEIIETKOM ¢ mapaMeTpaMu, OIM3KuME apamerpam cios R[0, +1] mmoTHOY-
MMaKOBaHHBIX MOJIEKYJI H-nmapaduHoB (Tabnuia 5.1). B cBoro ouepens mosie-
KYJISIpHBIE TTIEHKU 00pa3iioB NeS—7 u Ne9 xapakTepu3yroTcsl reKcaroHaJIbHOU
YIAKOBKOH ¥ mapaMerp siueiiku 01130k 3HaueHuto s ciaost H[0, 0] (tabmu-
1a 5.1) «razokpucrauimaeckoi» (assl H-mapa@uHOB.

C apyroit cTopoHbI MOJIEKYIISIpHAs CTPYKTypa IieHoK Nel10—12 He moxkeT
OBITH OOYCIIOBIIEHA MPUHIMUIIOM IUIOTHOW YIMAKOBKH YIJIEBOJOPOIHBIX Iie-
neit. [nomans, mpuxoasmascs Ha MOJIEKyIy, B 3ToMm cirydae (0,35-0,36 am?)
3HAYUTENIbHO MPEBBIIIAET IO TONEPEYHOr0 CEUEHUS YIIIEBOJOPOIHON
uenu (okono 0,18 um?). Tlo-BUAMMOMY, B 3TOM CIIydae MapaMeTpPhbl PEIeT-
KU OIPEIEIIAIOTCS 3HAYEHUEM TUIOIIAIA, 3aHUMAEMOM MTOJISIPHOM IPYIIION Ha
MMOBEPXHOCTU CyOdassl.

Hapsany ¢ atum otnuume, HabiogaemMmoe A1l pajia IJIEHOK, TapaMeTpoB
YIaKOBKH OT 3HAUYEHUI, peaTu3yIOLIUX INIOTHYIO YIIAKOBKY YIJI€BOJIOPOIHBIX
TPYIII, MOXET ObITh 00YCIOBJICHO U BIUSHUEM MOUIOKKHU. B yacTHOCTH, MBI
oOHapykuIu (OPMUPOBAHUE MOJIEKYJIAMHU MOHOCJIOS PEIIETKH C IapaMeT-
pamu, COM3MEPUMBIMH C TTapaMeTpaMu Mo iT0KKHU (Ne10).

T.o. MBI MOKa3aJIM, YTO MapaMETPbl MOJIEKYJISIPHOW YHAKOBKU TOHKHX
TJICHOK OTPEEIISIIOTCS HECKOJIBKUMU KOHKYPUPYIOIIUMU (haKTOpaMU: IPUH-
LUMOM TUIOTHOW YHAKOBKU YTIJIEBOJIOPOJHBIX LTI, 3HAUEHUEM ILIONIAIU

HOHﬂpHOﬁ I'PyHIIbI ¥ BJIMSAHUCM ITOAJIOXKKH.
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3ak/JII0YeHue

Llenpio MNpPOBENEHHBIX MCCIEIOBAHUN CIyXKWIa pa3paboTka 30HIOBO-
MUKPOCKOITUYECKHX METO/IOB MCCIIEIOBAHMS HYKIIEMHOBBIX KUCTOT. [lomyT-
HO, IIPU PEIICHUHU 33724 KOHTPOJIUPYEMOU MOIU(PUKAIIMN CBOUCTB MOI0XK-
KU JIS1 UMMOOWIN3AIMN HYKJIEMHOBBIX KUCIIOT, ObLIM 3aTPOHYTHI BOIIPOCHI,
CBSI3aHHBIE C TOHKMMHU OPraHUYECKUMHU IJICHKAMU: BBISCHEHHE OCHOBHBIX
MEXaHU3MOB, ONPEAEIISIIONINX CTPYKTYPY MOKPBITHSI.

UccnenoBanust opraHM4ecKUX IUIEHOK, CPOPMUPOBAHHBIX IO TEXHOJIO-
run JIb, nmokasanu, 4To OHU SBIISIIOTCSI BECbMa MEPCHEKTUBHBIM OOBEKTOM
s C3M-aHanu3a, MoCKOJIbKY METOABI 30HA0BOM MUKPOCKOIIMU MOTYT I1O-
3BOJIUTH IMOJIYYUTh 3/1€Ch MPUHLHUIINAIBHO HOBYIO HH(popManuio. [loaTtomy
MBI IIPOBEIIU PSi UCCIIEOBAHUIM TOHKOIUIEHOYHBIX IOKPBITUH (I71aBa 5) B KO-
TOPBIX 3TU CTPYKTYPHI SIBISIUCH OCHO8HbIM OOBEKTOM UCCieIoBaHUs (0€30T-
HOCHUTEIIbHO K HYKJIEMHOBBIM KHCIOTaM). B skcriepuMeHTax Mbl aHATU3UPO-
BaJIM BIIUSTHHE MTPOLIETYPHI BBIIEIICHIS TUIEHKH, COCTaBa CyO(has3bl M TPUPOIBI
MOJIOKKH KaK HA MUKPOCTPYKTYPY IIEHKH (IePEKTHOCTh U OJJTHOPOAHOCTD
Ha MUKPOHHBIX pa3Mepax MOBEPXHOCTH), TAK U Ha MOJIEKYIISIPHYIO YITAKOBKY
MOJIEKYJ B CHOPMHUPOBAHHBIX TOKPBITHUSIX.

B03MOKHOCTD TOCTHKEHUSI MOJIEKYJISIPHOTO pa3pelieHus ITPU UCCIIe0Ba-
HUU IJIOCKUX MOBEPXHOCTEN (TOHKUX IJICHOK, KPUCTAJUIMUECKUX MTOUIOKEK ),
U HEBO3MOXHOCTh JOCTIKEHHUS CTOJIb K€ BBICOKOTO JIATEPAIbHOTO MPOCT-
PAHCTBEHHOTO pPa3pelIeHUs] B UCCIEIOBAHUSX HYKIEMHOBBIX KUCIOT U BU-
PYCHBIX YacCTHL], TpeOOoBaIN 00bsICHEHU. Bopoc 0 MexaHu3Me JOCTUKEHUS
«aToMHOT0» paszpemeHnss B ACM BO3HHK U B CBETE PE3yIbTATOB MPUMEHE-
HUSI TEOPUU KOHTAKTHBIX eopMaliii 1151 ONMCAHUsI KOHTAKTa 30Ha U 00-
pasna (pasnen 2.1 — yduert addexra 3anmxeHus Boicor ACM-uzobpaxeHuit
00BEKTOB). [lelicTBUTENBHO, COIIaCHO COOTHOIIEHUsIM ['epiia 3Toil Teopuu,
pasmep 06J1acTH KOHTAKTa 30HAa U 00pa3lia Ipu TUMHYHBIX YCioBusix ACM-

HUCCIIEJOBAHUM Ha BO3AYXE COCTABIACT €AMHHUIIBI KBAAPATHBIX HAHOMETPOB
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Y 3HAUUTEIIbHO MPEBBIIIAET, HAIPUMEDP, TUIMMYHYIO TUIOIIAb HA MOJIEKYITY
B JIb mnenkax ~ 0,2uM?. B pasgene2.1.5 mexanusm ACM-BuU3yaln3anuu
ATOMHOM CTPYKTYPBI TOBEPXHOCTU ObLT 0OOCHOBAH C MO3UIIUA KOHTAKTHOM
TEOPHUH, UTO MO3BOJIUIIO OOBACHUTH PAJl SKCIEPUMEHTAIBHO HAOIIOAAEMBbIX
3aKOHOMEPHOCTEN.

C ucrnonp30BaHMEM COOTHOIIEHUH ['ep1ia yaanocek pa3padboTath METOIU-
Ky OIpeeNieHUs YIPYTUX MapaMeTpoB OTAEIbHBIX MUKPOOOBEKTOB, alcop-
OMPOBAHHBIX HA MOBEPXHOCTh TBEPAOW MOMJIOKKH. DTa METOAMKA HAIIIA
OTpaXkeHHe B KCHEPHMEHTaIbHO yacTu 3amaun®t) «CxaHupyromas 30H10-
Basi MUKPOCKOITHS HYKJIEMHOBBIX KUCIOT» CIIEIUATIBHOTO (PU3UYECKOTO MPaK-
THKyMa MO 30H0BOM MUKPOCKONHUHU Kadeapsl (U3UKH MOJTUMEPOB U KPHUC-
TauioB ¢uszndeckoro pakynprera MI'Y. MU3mepenus o pesynpratam ACM-
9KCIIEPUMEHTA, IPOBOJUMBIE CTYyIEHTAMH, MOATBEPAUIN, B YACTHOCTH, UYTO
nedopMalil MUKPOOOBEKTOB C XapaKTepHbIMU pa3zMmepamu ~ 10 HM (1 60-

JIee) XOPOIIIO OIMUCHIBAIOTCS TEOpUEN KOHTAKTHBIX AeopManuil.

HepCﬂeKTl/lel INPUMCHCHUSA pa3pa60TaHHbIX noaxoaon

AJITOPUTM MOCTPOCHUS YUCIICHHOT'O PEIIeHUs 15 yueTa a¢eKTa yInpeHus,
pa3paboTaHHBIN B pa3zene 2.2, mpeIcTaBiIsieTcsl BeChbMa MPOCTHIM B pean3a-
[IUM, & TIPOBEJIEHUE pacyeToB (PaKTUUECKH HE TpeOyeT KaKuX-JIMOO 3aTrpar
KOMITBIOTEPHOTO BPEMEHHU. IDTO TMO3BOJISET HANEATHCS, UTO IMPEIIOKEHHAS
METOJIUKA HaWIeT MpUMEHEHHUE CPEIU CIIEINATUCTOB, 3aHUMAIOIINUXCST 30H-
JIOBOM MUKpOcKomnuenh 0uocTpyktyp. Cpeau OTIUYUTENIbHBIX OCOOEHHOCTE!
peann30BaHHOTO ITOJIX0/4a CTOUT YIIOMSIHYTh €0 OOITHOCTD («<3JITUTICOU1ATh-
HBII» 06BeKT??)), a TaKKe HAJIM4Ue «perepHbIX» cooTHommeHHi (2.38) u (2.39),
MTO3BOJISIONINX OLIEHUTD «OCTPOTY>» CAMOT'0 30H/1a HEMOCPEJICTBEHHO I10 aHa-
nusupyemomy ACM-u300paxeHuro.

Jlornueckum 06001IEHNEM PE3YJILTATOB YETBEPTOM M MITOM IJIaB CTa-
JIY TPOBOJIMMbIE HAMU B TOCJIEHEE BPEMSI UCCIIEIOBAHUS BIIUSIHUS MOJICKYJT
JHK 1 CHHTETHYECKHX ITOJIM3JICKTPOIUTOB, IIPUCYTCTBYIOIIKX B cyOdase, Ha
CBOMCTBA JICHI'MIOPOBCKHUX IIJIEHOK MOBEPXHOCTHO-aKTUBHBIX BEIIECTB, Ha-

XOJSILIMXCS Ha TOBEPXHOCTH XUJKOH cyOdaszbl (m nepeHocumsix aiist ACM-

31) 3a1a4a IOCTaBJIEHA ABTOPOM COBMECTHO C 1. (.-M. H. V1. B. SIMuHCK1IM
32) B OTIMUME OT TPAMIIMOHHO HCTIONB3YEMOi MOENH Chepueckoro 06beKTa
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FICCIICIOBAHMUI Ha TBEPAYIO MOMIOKKY). I1omyueHHbIE pe3yIbTaTh®®) HOCAT
IIpeIBAPUTEIbHBIN XapakTep (M HE BOLUIN B JUCCEPTALUIO), OJHAKO I03BO-
JSIOT CAENAaTh BBIBOJ O BBICOKOM UYBCTBUTEIBHOCTU CTPYKTYPHI U CBOICTB
c(OPMUPOBAHHBIX MOHOCTIOEB K MPUPOAEC OOBEKTOB, HAXOISIIMXCS B CyO-
¢aze. Pasnuuue Bo BiausiHuM, oka3zbiBaeMoM Modnekyinamu JIHK u cunreru-
YECKUMHU MOJINAIEKTPOIUTAMH (MIOJIUMETAKPUIIOBON KUCIOTHI) HA CTPYKTYPY
MOHOCJIOEB ITO3BOJISIET KOHCTATUPOBATh PAa3/IMule MEXaHU3MOB UX B3aHMO-
nevictus ¢ [TAB.

Pe3ynpTaThl MpOBOAMMBIX HAMM WCCIIEJOBAHUI TOHKHUX IUIEHOK CBUE-
TEITBCTBYIOT O O0IbIIIOM noTeHIInane Metoaa ACM B 3Toi o61acTu (3TO yac-
TUYHO OTPAXXEHO B nucceprauuu). JleicTBUTENbHO, MO3BOJISIS HEIOCPEACT-
BEHHO «BHUETH» CTPYKTYPY MOBEPXHOCTU U U3MEPSTh €€ XapaKTepHbIE Ia-
pameTtpsbl, MeTol ACM City )XUT yIa4HbIM JOMOJHEHUEM APYIUX (GU3MUECKUX
METOA0B UCCIIENOBAHNS TOHKUX IJIEHOK. DTO MTO3BOJISIET aIEKBATHO NHTEPII-
peTUPOBATH Pe3yIbTaThl KOMIUIEKCHBIX HccnenoBanuil. [Ipencrasisercs, 4to
HAa0Op J0CTATOYHOTO KOJMYECTBA (PaKTUUECKUX IKCIEPUMEHTAIbHbIX JaH-
HBIX [TO3BOJIUT, IIPY UX aHalu3e U 0000IIeHnH, caenaTh pyH1aMeHTalbHbIe
BBIBOJIbI OTHOCHUTEJIBHO OCHOBHBIX MEXAHU3MOB, ONPEIEISIIOUUX CTPYKTY-
Py TOHKOIIJIEHOYHBIX OKPBITUNA. ECTh Bce OCHOBaHMS moy1araTh, YTO METOL
30H/10BOM MUKPOCKOIMM HAWJET B Omkaliiiee roasl LIMPOKOE MPUMEHEHNE
B 3TOM 00J1aCTH UCCIeIOBAHUI U PE3YJIbTAThI, U3JI0KEHHBIE B paboTe, OyAayT
TMTOJIE3HBI MMPHU 000OIIIAIOIIEM aHAIIH3E.

OnpeneneHue aIekBATHON METOIMKA UMMOOUITU3AIIMU OJHOIIETTOUYEYHON
BupycHoit PHK (rnasa 3) Ha moBepXHOCTHU MOJIOKKH ITO3BOJISIET HAM B HACTO-
slee BpeMsi IPOBOAUTh MCCIeI0BaHUs Onocnerupuyeckoro B3auMomaecT-
BUSI OEJIKOB C HYKJIEMHOBBIMU KUCIOTaMu. PazpaboTaHHble TOAXOIbI MOTYT
OBITH TOJIE3HBI B AKTYaJIbHBIX MUKPOOUOIOTMUECKUX HCCIIEAOBAHUSIX, IIPO-
BOJMMBIX B YCIIOBUSIX, MAKCUMAJIbHO OJIM3KUX HATUBHBIM.

B 3axmrouenun chopmMyiupyeM OCHOBHBIE BBIBOJIBI IO pe3yIbTaTaM, U3-
JIOKEHHBIM B JUCCEPTALIMOHHON paboTe. DTH MOJI0KEHUS BBIHOCSTCS Ha 3a-

HIUTY.

33) Tonoxensl Ha XVI MeneneeBckoM che3ie MO OOIIeH M IPUKIATHON XUMMM:
O. A.Tlpnmkuna, E.A.Bapemmankosa, M. O.Tammsmos, B.T. Ceprees, WM. B. AMunckuii.
CsoiicTBa u Mopdosorust komiuiekcoB JHK uu moimmMeTakpuaoBoii KUCIOTHI C KATUOH-
HbiM [TAB B MoHocnosx // Pedepatsr noknanos u coobmenuii Ne2, — C.-IletepOypr, 1998,
—c.451.
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BriBoabI

1. PazpaboTaHbl MOAETN U TOCTPOCHBI AJITOPUTMBI yUeTa IBYX OCHOBHBIX
apmegaxkmos ACM: 3pPeKTOB yuupenus N 3aHuUAICeHUsI 8bICOMBL TIPO-
(U OMMHOYHBIX O0BEKTOB, aCOPOUPOBAHHBIX HA TOBEPXHOCTH TBEP-
o nojioxkku. Ilpennoxkena MeToauKka ONpPEesIeHUs] YIIPYyTrux napa-
METPOB OTAETBHOTO MUKPOOOBeKTa. C MO3UIIUN TEOPUN KOHTAKTHBIX
nedopmaluii mpoaHanu3upoBaH MexaHu3m ACM-Bu3yan3aiuy aToM-

HOU CTPYKTYPBI IOBEPXHOCTH.

2. AnpobupoBaHa METOIMKA UMMOOMIIM3AIIMN Ha TTIOBEPXHOCTH TTOTOXK-
KU CBOOOJIHBIX MOJIeKyJl ogHOHUTeBOM BupycHoit PHK B pacmnpasieH-
HOM coctostHuu. Metogom ACM Bu3yanu3upoBaHbI CTAAUU IIpoliecca
BrIcBOOOXIeHUss PHK u3 6enkoBoii 00010UKM YacTull BUpyca Tadbay-
HOW MO3aWKH U MOATBEPXKICHA AaCUMMETPUS MPOTEKAHUSI 3TOTO TPO-

necca OTHOCUTEIIbHO IBYX KOHIIOB MOJICKYJIEBI.

3. Metonom ACM wuccrnenoBaHa JUHAMHMKA Ipoliecca KOMITAKTU3ALUU
Moiekyibl JJHK T4 B BOogHO-CIMPTOBBIX CpellaxX, BU3YATIU3UPOBAHBI
MOJIEKYJIbl, HAXOISIIIUECS HA Pa3IMYHOM cTaanu koMnakruzanuu. O6-
Hapy»X€HO, YTO YACTUYHO KOMIIAKTU30BAHHBIE CTPYKTYPhI BKIIOYAIOT
TOpPOUJATIbHBIE YUACTKU, OOpa30BaHHBIE OT/EIILHBIMU BUTKAMU MOJIe-
kynbl. [lo pe3ynbratam usmepennii ACM BOCCTaHOBJIEHA peasibHAs
reOMEeTPHsI KOMIIAKTHBIX CTPYKTYP U PACCUMTAH UX MOJIEKYJISIPHBIN CO-

CTaB.

4. Ilo pesynpratam ACM-uccnenoBanuii crpykrypsl JIb mieHok moxa-
3aHa MEPCHEKTUBHOCTh METO/Aa TOPU3OHTAIBHOTO OCAXICHUS MOHOC-
JI0€B Ha MOJIOKKY. [I71s psiia TOHKOIUIEHOYHBIX IMOKPBITHH ITOTy4eHO
MOJIEKYJIIPHOE PA3PELIEHUE U OIPEIEIEHB] MAPAMETPhI PEIIETKH C MO-
I'PEIIHOCTHIO B €IMHUIIBI TPOLIEHTOB. [1oKka3aHo, 4TO CTPYKTypa IUIeH-
KU OIpeIeIsieTCsl HECKOJIbKUMHU (PAKTOpaMU: PUHIUIIOM INTIOTHOH yna-
KOBKH YIJIEBOJOPOIHBIX LIeTel, 3HaYeHUEM IO AM MOISIPHOM rpyIl-

Bl HA TTIOBEPXHOCTH CyO(a3bl U BIUSHUEM MOTOKKH.
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baaromxapHocTh

[Tpunomy riaybokyo 61arogapHOCTh CBOMM HAYYHBIM PYKOBOJIMTEISIM —
Bacunuro BacunwseBuuy IlotemMkuny u Uropro BragumupoBuuy SAMUHCKO-
My — 3a MOCTOSIHHO€ BHUMAaHUE, MOJJEPKKY U IoMollb B pabdorte. Takxke
BBIpaKaro Mpu3HaTeIbHOCTh AJiekcero PemoBuuy Xoxnosy u Uropro Bnanu-
MUPOBUYY SAMUHCKOMY 3a MPEAOCTABICHHYIO BO3MOKHOCTh UCITOIb30BAHUS
9KCIIEPUMEHTAIIBHOTO 000py10oBaHus. Sl B HEOIUIATHOM JONTY Hepes KoJlie-
raMH 110 COBMECTHBIM HcciieqoBanusM — FOpuem denoposuuem A pbIruHbIM,
Omnbroit AnexcanapoBHoit [Iermkunoi, Baagumupom I'mebosuuem Cepree-
BbIM, ['enHanuem KoncrantunoBuuem KaBHepKoO, 3aTpaTUBLUIUM OTPOMHOE
KOJIMYECTBO YCWJIMH W TBOPYECKOUM IHEPTHH HA Pa3pabOTKy U MOCTAHOBKY
9KCIIEPUMEHTOB, PE3YIbTAaThl KOTOPBIX HAIIMIA OTPAKEHHUE B JUCCEPTALINH.
MHorue 1ieHHbIe 3aMeYaHus 0 MPOUYUTAHHON PYKOMHUCU OBLIM BbICKA3aHbI
Opuem ®enoposuuem pbirunbiM u I'ennaanem Koncrantunosuuem ’Kas-
HEPKO, 32 UTO UM HCKpEeHHee crnacu6o0. Xouy ModjaarogapuTh CTyJI€HTOB XHU-
muyeckoro ¢gakynbreta MI'Y — Bapckoro Aprema, 3uH4eHKO AHATONHS,
AnnpeeBy AcIo, a TaK)Ke aCIUPaHTKy YaIMepCcKOro TeXHOJIOTHYeCKOTO YHU-
BepcutTeTa MannH ApaxaMMap — 3a MOMOIIb B TPOBEJACHUH UCCIICIOBAHUI.
Sl mpu3HaTeNeH BCEM COTPYIHUKAM, ACIUPAHTAM U CTYJIEHTAM OOBEAUHEH-
HOM I'PYIIIBI 30HI0BOM MUKPOCKOIIMHU 32 TEIUIYIO TBOPUYECKYIO aTMOCheEpY, B
3HAYUTEJIbHOMN CTETEHM CIIOCOOCTBOBABIIYIO BhINOJHEHUIO padboThl. He Mo-
Iy He yIOMSHYTbh OTIeNbHO Tpyna Asekcanapa CepreeBuuya duioHoBa 1o
CO3JAHUIO BBICOKOMHTEIJIEKTYaJIbHOI'O IPOTrPAMMHOTI0 0OecIieueHus1, 00ier-
YUBLIETO 00Pa00TKY IKCIIEPUMEHTANIbHBIX PE3yJIbTATOB.

MHe 0coO6eHHO TPUATHO BBIPA3UTH OJ1aroapHOCTh Moel xkeHe OJ1e, KOTo-
pas B3si1a Ha ce0st OCHOBHBIE 3a00ThI O ChIHE DJIbJAape U 3HAUUTEIbHBINA TPY
M0 MpaBKe S3bIKa PYKOIMCH, U KOTOPOH MPUHAIJIEKUT OCHOBHAS 3aCiIyra B
TOM, YTO 3Ta paboTa ObLIa 3aBEPILIEHA.

Cracu0o.

206



buoanorpadus

[1]

2]

3]

[5]

[6]

[8]

G. Binnig and H. Rohrer, Scanning tunneling microscopy // Helv. Phys.
Acta.,— 1982, — v. 55, — pp. 726-735.

G. Binnig, H. Rohrer, C. Gerber, and E. Weibel, Tunneling through
a controllable vacuum gap// Appl. Phys. Lett., — 1982, — v.40, —
pp. 178—180.

I'. bunnur, I'. Popep, Cxanupyromiasi TyHHeJIbHasi MUKPOCKOITHSI — OT
poxnaeHus k voHoctu// YOH, — 1988, — 1. 154, — Ne2, — cc. 261-277.

N. S. Maslova, A. I. Oreshkin, V. I. Panov, S. V. Savinov, A. A.
Kalachev, and J. P. Rabe, STM evidence of dimensional quantization
on the nanometer size surface defects// Solid State Communications, —
1995, — v. 95, — Ne8, — pp. 507-510.

G. Binning, C. F. Quate, and C. Gerber, Atomic force microscopy //
Phys. Rev. Lett.,— 1986, — v. 56, — Ne9, — pp. 930-933.

C. Bustamante, J. Vesenka, C. L. Tang, W. Rees, M. Guthod, and
R. Keller, Circular DNA molecules imaged in air by scanning force

microscopy // Biochemistry, — 1992, — v. 31, — pp. 22-26.

G. U. Lee, L. A. Chrisey, and R. J. Colton, Direct measurements of the
forces between complementary strands of DNA // Science, — 1994, —
v.266, — pp. 771-773.

M. Guthold, M. Bezanilla, D. A. Erie, B. Jenkins, H. G. Hansma,
and C. Bustamante, Following the assembly of RNA polymerase-DNA
complexes in aqueous solutions with the scanning force microscope//
Proc. Natl. Acad. Sci. USA, — 1994, — v.91, — Ne26, — pp. 12927—
12931.

207



[9] J. J. Saens, N. Garcia, P. Grutter, E. Meyer, H. Heinzelmann,
R. Wiezendanger, L. Rosenthaler, H. R. Hidber, and H. J. Guntherodt,
Observation of magnetic forces by the atomic force microscope// J.
Appl. Phys.,— 1987, — v. 63, — pp. 4293-4295.

[10] U. Durug, D. W. Pohl, and F. Rohrer, Near field optical scanning
microscopy// J. Appl. Phys., — 1986, — v. 59, — pp. 3318-3327.

[11] J. Hu, X.-D. Xiao, D. F. Ogletree, and M. Salmeron, Imaging the
condensation and evaporation of molecularly thin film of water with

nanometer resolution// Science, — 1995, — v. 268, — pp. 267-269.

[12] C.B. CaBunoB, Ckanupyrowas myHHeIbHAsi MUKPOCKONUS U CHeKMPOCKO-
nust MOHKUX NJIeHOK Ha nosepxHocmu epaghuma. ABroped. muc. . . . KaH/.
¢u3.-mat. HayK., Pusnueckuii -t MI'Y, — M., 1993. — 14c.

[13] J. G. Simmons, Generalized formula for the electronic tunnel effect
between similar electrodes separated by a thin insulating film // J. Appl.
Phys.,— 1963, — v. 34, — pp. 1793-1803.

[14] R. M. Feenstra, J. A. Stroscio, and A. P. Fein, Tunneling spectroscopy
of the Si(111)2x 1 surface // Surf. Sci.,— 1987,—v. 181, — pp. 295-306.

[15] H. C. Hamaker, // Physica, — 1937, — v.4, — pp. 1058.
[16] F. London, // Z. Phys. Chem.,— 1930, — v.B11, — pp. 222.

[17] B. B. Hepsrun, H. B. Uypaes, B. M. Mymnep, Ilosepxrnocmuvie cubl.
— M.: Hayka, 1985. — 398c.

[18] E. M. JIudpmm, // ZKOT®, — 1955, — 1. 29, — cc. 94.

[19] U. Hartmann, Theory of van der Waals microscopy// J. Vac. Sci.
Technol. B, — 1991, — v. 9, — N2, — pp. 465—469.

[20] A. AmamcoH, Qusuueckas xumus nogepxrocmeii. — M.: Mup, 1979. —
568c.

[21] J. T. Woodward, J. A. N. Zasadzinski, and P. K. Hansma, Precision
height measurements of freeze fracture replicas using the scanning
tunneling microscope// J. Vac. Sci. Technol B, — 1991, — v.9, — Ne2,
— pp. 1231-1235.

208



[22] J. N. Israelachvili, Intermolecular and Surface Forces. — London:
Academic Press, 1985. — 296 p.

[23] V. V. Yaminsky and B. W. Ninham, The hydrophobic force: the lateral
enhancement of subcritical fluctuations // Langmuir, — 1993, —v.9, —
pp. 3618.

[24] R. M. Overney, E. Meyer, J. Frommer, and H.-J. Guntherodt, Force
microscopy study of friction and elastic compliance of phase-separated
organic thin films// Langmuir, — 1994, — v. 10, — Ned, — pp. 1281—
1286.

[25] G. Bar, S. Rubin, A. N. Parikh, B. I. Swanson, T. M. Zawodzinski,
and M.-H. Whangbo, Scanning force microscopy study of patterned
monolayers of alkanethiols on gold. Importance of tip-sample contact
area in interpreting force modulation and friction force microscopy
images// Langmuir, — 1997, — v. 13, — Ne3, — pp. 373-377.

[26] M. F. Perutz, M. G. Rossman, A. Cullis, H. Muirhead, G. Will, and
A. C.T. North, // Nature, — 1960, — v. 185, — pp. 415.

[27] J. D. Watson and F. H. Crick, Molecular structure of nucleic acids//
Nature,— 1953, — v. 171, — pp. 737-738.

[28] A. W. Kuraiiropoackuit, PenmeeHocmpyKmypHblil aHaiu3 MeakoKpuc-
mannudeckux u amoppuvix men. — M., Jlenunrpan: I'oc. u3a-Bo

TEXHUKO-TEOPETUUECKOM TuTEpaTyphl, 1952. — 588 C.

[29] @usuueckue memoowt ucciedo8anus OeIK08 U HYKICUHOBLLX KUCIOM (N00
peo. FO. C. Jlazypxuna). — M.: Hayka, 1967. — 322c.

[30] C. E. Hall, // J. Biophys. and Biochem. Cytol.,— 1955, —v.1,—pp. 1.

[31] A. K. Kleinschmidt and R. K. Zahn, Uber desoxyribonucleinsaure-
molekulen in protein mischfilmen// Zeitschrift fur Naturforschung, —
1959, — v. 14b, — pp. 770-779.

[32] A. K. Kleinschmidt, Monolayer techniques in electron microscopy of
nucleic acids molecules, — v. XII of Methods in Enzymology. — New
York: Academic Press, 1968.

209



[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

. U. YepHblil, DneKmpoHHO-MUKPOCKONUYECKUEe UCCTe008ANHUs CHeYU-
Quueckux xomniexkcos JITHK. Aptoped. muc. ... HOKT. OMOJI. HayK,

Wuctutyt MonexkynspHoil renetuku PAH, — M., 1999. — S0c.

D. V. Klinov, I. V. Lagutina, V. V. Prokhorov, T. Neretina, P. P.
Khil, Y. B. Lebedev, D. I. Cherny, V. V. Demin, and E. D. Sverdlov,
High resolution mapping DNAs by R-loop atomic force microscopy //
Nucleic Acids Research, — 1998, — v. 26, — Ne20, — pp. 4603—4610.

H. G. Hansma, K. A. Browne, M. Bezanilla, and T. C. Bruice, Bending
and staightening of DNA induced by the same ligand: characterization
with the atomic force microscope // Biochemistry, — 1994, — v. 33, —
pp. 8436-8441.

W. A. Rees, R. W. Keller, J. P. Vesenka, G. Yang, and C. Bustamante,
Evidence of DNA bending in transcription complexes imaged by
scanning force microscopy// Science, — 1993, — v.260, — pp. 1646—
1649.

G. Travaglini, H. Rohrer, M. Amrein, and H. Gross, Scanning tunneling
microscopy on biological matter// Surf. Sci., — 1987, — v. 181, —
pp- 380-390.

D. D. Dunlap and C. Bustamante, Images of single-stranded nucleic
acids by scanning tunneling microscopy // Nature,— 1989, —v. 342, —
pp. 204-206.

C.R. Clemmer and T. P. Beebe, Graphite: A mimic for DNA and other
biomolecules in scanning tunneling microscopes studies// Science, —
1991, — v. 251, — pp. 640-642.

W. M. Heckl and G. Binnig, Domain walls on graphite mimic DNA //
Ultramicroscopy, — 1992, — v. 4244, — pp. 1073-1078.

J. Vesenka, M. Guthod, C. L. Tang, R. Keller, E. Delaine, and
C. Bustamante, Substrate preparation for reliable imaging of DNA

molecules with the scanning force microscope// Ultramicroscopy, —
1992, — v. 4244, — pp. 1243-1249.

T. Thundat, D. P. Allison, R. J. Warmack, G. M. Brown, K. B.

Jacobson, J. J. Schrick, and T. L. Ferrell, Atomic force microscopy

210



[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

of DNA on mica and chemically modified mica // Scanning Microscopy,
— 1992, — v. 6, — Ned, — pp. 911-918.

N. H. Thomson, S. Kasas, B. Smith, H. G. Hansma, and P. K. Hansma,
Reversible binding of DNA to mica for AFM imaging// Langmuir, —
1996, — v. 12, — Ne24, — pp. 5905-5908.

M. N. Murray, H. G. Hansma, M. Bezanilla, T. Sano, D. F. Ogletree,
W. Kolbe, C. L. Smith, C. R. Cantor, S. Spengler, P. K. Hansma, and
M. Salmeron, Atomic force microscopy of biochemically tagged DNA //
Proc. Natl. Acad. Sci. USA, — 1993, — v.90, — pp. 3811-3814.

J. Hu, M. Wang, H.-U. G. Weier, P. Frantz, W. Kolbe, D. F. Ogletree,
and M. Salmeron, Imaging of single extended DNA molecules on
flat (aminopropyl)triethoxysilane-mica by atomic force microscopy //
Langmuir, — 1996, — v. 12, — N7, — pp. 1697-1700.

Y. L. Lyubchenko, A. A. Gall, L. S. Shlyakhtenko, R. E. Harrington,
B. L. Jacobs, P. I. Oden, and S. M. Lindsay, Atomic force microscopy
imaging of double stranded DNA and RNA // Journal of Biomolecular
Structure & Dynamics, — 1992, — v. 10, — Ne3, — pp. 589-606.

Y. L. Lyubchenko, B. L. Jacobs, and S. M. Lindsay, Atomic
force microscopy of reovirus dsRNA: a routine technique for length
measurements// Nucleic Acids Research, — 1992, — v.20, — Ne15, —
pp- 3983-3986.

Y. Lyubchenko, L. Schlyakhtenko, R. Harrington, and P. Oden,
Atomic force microscopy of long DNA: imaging in air and under water //
Proc. Natl. Acad. Sci. USA, — 1993, — v. 90, — pp. 2137-2140.

B. B. IIpoxopos, . B. Knunos, E. B. FOpkosa, B. B. [lemun, Nccne-
JIOBAHUE BO3MOYKHOCTEN aTOMHO-CUJIOBOM MUKPOCKOIIMU IIPU KapTHU-
poBanuu JAHK /| Mamepuanwvt 16-0ii Poccutickoti KoHghepenyuu no snex-

mpoHHoU Mukpockonuu, — 1996, — cc. 227.

H. G. Hansma, J. Vesenka, C. Siegerist, G. Kelderman, H. Morrett,
P. L. Sinsheimer, V. Elings, C. Bustamante, and P. K. Hansma,
Reproducible imaging and dissection of plasmid DNA under liquid with
atomic force microscopy // Science,— 1992, —v.256,— pp. 1180—-1184.

211



[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

J. Yang and Z. Shao, The effect of probe force on the resolution of
atomic force microscopy of DNA // Ultramicroscopy, — 1993, — v. 50,
— pp. 157-170.

Q. Zhong, D. Inniss, K. Kjoller, and V. B. Elings, Fractured
polymer/silica fiber surface studied by tapping mode atomic force
microscopy // Surf. Sci. Lett., — 1993, — v.290, — pp. L688—L692.

P. K. Hansma, J. P. Cleveland, M. Radmacher, D. A. Walters, P. E.
Hillner, M. Bezanilla, M. Fritz, D. Vie, H. G. Hansma, C. B. Prater,
J. Massie, L. Fukunaga, J. Gurley, and V. Elings, Tapping mode atomic
force microscopy in liquids// Apll. Phys. Lett., — 1994, — v.64, —
pp. 1738-1740.

H. G. Hansma, D. E. Laney, M. Bezanilla, R. L. Sinsheimer, and P. K.
Hansma, Application for atomic force microscope of DNA // Biophisical
Journal, — 1995, — v. 68, — pp. 1672—-1677.

J. Yang, K. Takeyasu, and Z. Shao, Atomic force microscopy of DNA
molecules// FEBS Lett.,— 1992, — v. 301, — pp. 173-176.

A. Schaper, L. I. Pietrasanta, and T. M. Jovin, Scanning force
microscopy of circular and linear plasmid DNA spread on mica with a
quaternary ammonium salt// Nucleic Acids Res., — 1993, — v.21, —
Ne25, — pp. 6004—-60009.

F. Jelen, V. Vetterl, A. Schaper, T. Jovin, and E. Palacek, Two-
dimensional condensation of benzalkonium chloride at the mercury
electrode and its relation to DNA imaging using scanning force
microscopy// J. Electroanal. Chem., — 1994, — v. 377, — pp. 197-203.

A. Schaper, J. P. P. Starink, and T. M. Jovin, The scanning force
microscopy of DNA in air and in n- propanol using new spreading
agents// FEBS Letters, — 1994, — v. 355, — pp. 91-95.

H. Butt, T. Muller, and H. Gross, Immobilized biomolecules for
scanning force microscopy by embedding in carbon// Journal of
Structural Biology, — 1993, — v. 110, — pp. 127-132.

L. A. Bottomley, J. N. Haseltine, D. P. Allison, R. J. Warmack,
T. Thundat, R. A. Sachlebe, G. M. Brown, R. P. Woychik, K. B.

212



[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Jacobson, and T. L. Ferrell, Scanning tunneling microscopy of DNA:
The chemical modification of gold surfaces for immobilization of
DNA//J. Vac. Sci. Technol. A,— 1992, —v. 10, — Ned, — pp. 591-595.

D. P. Allison, T. Thundat, K. B. Jacobson, L. A. Bottomley, and R. J.
Warmack, Imaging entire genetically functional DNA molecules with
the scanning tunneling microscope// J. Vac. Sci. Technol A, — 1993, —
v. 11, — N4, — pp. 816-819.

D. Dunlap, Scanning tunneling microscopy of DNA // IEEE engenering
in medecine and biology, — 1996, — v. 15, — Nel, — pp. 46-50.

R. Guckenberger, M. Heim, G. Cevc, H. F. Knapp, W. Wiegrabe,
and A. Hillebrand, Scanning tunneling microscopy of insulators and

biological specimens based on lateral conductivity of ultrathin water
films // Science, — 1994, — v. 266, — pp. 1538-1540.

. B. KitunoB, Hccreoosanue dbuononumepos memooamu cKanupyrouyeti

30H00801U Mukpockonuu. ABToped. muc. ... KaHA. (u3.-MaT. HaAyK,
M®TU, — M., 1997. — 20c.

Z. Shao, J. Mou, D. M. Czajkowsky, J. Yang, and J.-Y. Yuan,
Biological atomic force microscopy: what is achieved and what is
needed // Advances in Physics, — 1996, — v.45, — Nel, — pp. 1-86.

H. Herz, // J. Reine Angew. Math., — 1882, — v.92, — pp. 156.

J. O. Jlangay, E. M. Jludmuu, Teopus ynpyeocmu, — 1. VII cepun
Teopemuueckasn ¢uzuxa. — M.: Hayxka, 1987. — 246¢.

Duzuyeckue geruyunsl, cnpagoynuk. — M.: DHeproarommusaat, 1991. —
1231c.

I'. b. ABaiit, Taonuyst unmeepanos. — M.: Hayxka, 1973. — 228 c.

H. C. Baxsanos, H.I1. )Kuakos, I'. M. KobenbkoB, Yucnentwvie menoost.
— M.: Hayka, 1987. — 598c.

G. Binnig, Force microscopy// Ultramicroscopy, — 1992, — v. 4244,
— pp. 7-15.

213



[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

V. Koutsos, E. Manias, G. ten Brinke, and G. Hadziioannou,
Atomic force microscopy and real atomic resolution. Simple computer
simulations // Europhys. Lett.,— 1994, — v. 26, — Ne3, — pp. 103—-107.

M. Komiyama, S. Ohkubo, K. Tazawa, K. Tsujimichi, A. Hirotani,
M. Kubo, and A. Miyamoto, Effect of atomic arrangement at tip
apex and tip-sample distance on atomic force microscopy images: a
simulation study// Jpn. J. Appl. Phys., — 1996, — v.35, — Ne4A, —
pp. 2318-2325.

S. Banerjee, M. K. Sanyal, and A. Datta, A simulation study of multi-
atom tips and estimation of resolution in atomic force microscopy//
Applied surface science, — 1996, — v. 99, — Ne3, — pp. 255-260.

K. L. Westra and D. J. Thomson, Atomic force microscopy tip radius
needed for accurate imaging of thin film surfaces// J. Vac. Sci. Technol.
B, — 1994, — v. 12, — Ne6, — pp. 3176-318]1.

A. A. byxapaes, 1. B. OpunnnukoB, A. A. Byxapaesa, [luarnoctu-
Ka TTOBEPXHOCTHU C TTIOMOIIBIO CKAHUPYIOIICH CUIIOBON MUKPOCKOTUH //

3asoockasn nabopamopus, — 1997, — Ne5, — cc. 10-27.

V. J. Garcia, L. Martinez, J. M. Briceno-Valero, and C. H. Schilling,
Dimensional metrology of nanometric spherical particles using AFM:

I1, application of model — tapping mode// Probe Microscopy, — 1998,
—v. 1, — N2, — pp. 117-125.

K. L. Westra, A. W. Mitchell, and D. J. Thomson, Tip artifact in atomic-
force microscope imaging of thin film surfaces// J. Appl. Phys.,— 1993,
—v. 74, — N5, — pp. 3608-3610.

J. S. Villarrubia, Morphological estimation of tip geometry for scanned
probe microscopy// Surface Science, — 1994, — v.321, — Ne3, —
pp. 287-300.

Y. F. Drygin, O. A. Bordunova, M. O. Gallyamov, and I. V. Yaminsky,
Atomic force microscopy examination of TMV and virion RNA// FEBS
letters, — 1998, — v. 425, — pp. 217-221.

H. G. Hansma, I. Revenko, K. Kim, and D. E. Laney, Atomic force

microscopy of long and short double-stranded, single-stranded and

214



[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

triple-stranded nucleic acids // Nucleic Acids Research,— 1996, —v. 24,
— Ne4, — pp. 713-720.

R. G. Milna, // in Principles and Techniques in Plant Virology (C. 1.
Kado and H. O. Agrawal, eds.), — pp. 76—128, — New York: VNR,
1972.

A. Nicolaieff, G. Lebeurier, M.-C. Morel, and L. Hirth, The uncoating
of native and reconstituted TMV by dimethylsulphoxide: the polarity
of stripping// J. gen. Virol.,— 1975, — v. 26, — pp. 295-306.

L. E. Blowers and T. M. A. Wilson, The effect of urea on TMV: polarity
of disassembly // J. gen. Virol.,— 1982, — v. 61, — Nel, — pp. 137-141.

R. Hogue and A. Asselin, Polyacrylamide-agarose gel electrophoresis
of tobacco mosaic virus disassembly intermediates // Can. J. Botany, —
1984, — v. 62, — pp. 2236-2239.

H. J. Vollenweider, J. M. Sogo, and T. Koller, / Proc. Natl. Acad. Sci.
USA.,— 1975, —v.72,— pp. 83.

G. Lebeurier, A. Nicolaieff, and K. E. Richards, Inside-out model for
self-assembly of tobacco mosaic virus (electron microscopy)// Proc.
Natl. Acad. Sci. USA, — 1979, — v. 74, — Nel, — pp. 149-153.

L. S. Lerman, The polymer- and salt-induced condensation of DNA.
Physico-chemical properties of the nucleic acids, — London: Academic
Press, 1973.

L. S. Lerman, A transition to a compact form DNA in polymer
solution// Proc. Natl. Acad. Sci. USA, — 1971, — v. 68, — pp. 1886—
1890.

L. C. Gosule and J. A. Schellmann, Compact form of DNA induced by
spermidine // Nature, — 1976, — v.259, — pp. 333-335.

D. K. Chattoraj, L. C. Gosule, and J. A. Schellmann, DNA
condensation with polyamines. II. Electron microscopic studies// J.
Mol. Biol., — 1978, —v. 121, — pp. 327-337.

215



[92]

[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

R. Marquet, A. Wyart, and C. Houssier, Influence of DNA length
on spermine-induced condensation. importance of the bending and
stiffening of DNA // Biochemica et Biophysica Acta, — 1987, — v. 909,
— pp. 165-172.

Y. Y. Vengerov, L. P. Martinkina, and T. E. Semenov, Electron
microscopic study of compaction of individual DNA molecules with
histone Hlin surface films // FEBS,— 1993, —v. 322, — Ne3, —pp. 311—
314.

S. M. Mel'nikov, V. G. Sergeyev, and K. Yoshikawa, Transition
of double-stranded DNA chains between random coil and compact

globule states induced by cooperative binding of cationic surfactant//
J. Am. Chem. Soc.,— 1995, — v. 117, — pp. 9951-9956.

S. M. Mel'nikov, V. G. Sergeyev, and K. Yoshikawa, Discrete coil-
globule transition of large DNA induced by cationic surfactant// J.
Am. Chem. Soc., — 1995, — v. 117, — pp. 2401-2408.

R. W. Wilson and V. A. Bloomfield, Counterion-induced condensation
of deoxyribonucleic acid: a light-scattering study// Biochemistry, —
1979, — v. 18, — pp. 2192-2196.

V. A. Bloomfield, Condensation of DNA by multivalent cations:
Consideration on mechanism// Biopolymers, — 1991, — v.31, —
pp. 1471-1481.

I. Baeza, P. Gariglio, L. M. Rangel, P. Chavez, L. Cervantes,
C. Arguello, C. Wong, and C. Montanez, Electron microscopy and
biochemical properties of polyamine-compacted DNA // Biochemistry,
— 1987, — v. 26, — pp. 6387—-6393.

S. A. Allison, J. C. Herr, and J. M. Schurr, Structure of viral ¢29
DNA condensed by simple triamines: A light-scattering and electron-

microscopy study // Biopolymers, — 1981, — v. 20, — pp. 469—488.

Y. FangandJ. H. Hoh, Early intermediate in spermidine-induced DNA
condensation on the surface of mica// JACS, — 1998, —v. 120, — Ne35,
— pp- 8903—-8909.

216



[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

D. D. Dunlap, A. Maggi, M. R. Soria, and L. Monaco, Nanoscopic
structure of DNA condensed for gene delivery// Nucl. Acids. Res., —
1997, — v. 25, — pp. 3095.

S. M. Mel'nikov, V. G. Sergeyev, Y. S. Mel'nikova, and
K. Yoshikawa, Folding of long DNA chains in the presensce of
distearyldimethylammonium bromide and unfolding induced by neutral
liposomes// J. Chem. Soc., Faraday Trans.,— 1997, — v. 93, — N2, —
pp. 283-288.

J. Widom and R. L. Baldwin, Cation-induced toroidal condensation of
DNA: studies with Co*"(NH,),// J. Mol. Biol., — 1980, — v. 144, —
pp-431-453.

O. A. Ilenukuna, Komnnexcewvt JJHK-IIAB 6 manononspuvlx opeanuyec-
Kux pacmeopumensx. ABToped. IuC. . . . KaHA. XuM. Hayk, MT'Y, 1997.
—22c.

E. . lllyxun, A. B. Ilepuos, E. A. Amenuna, Koarououas xumus. —
M.: Beiciiag mikona, 1992. — 414c.

C. U. Bacunbes, FO. H. Moucees, H. 1. Hukutun, C. B. CaBunos, 1. B.
Smunckuii, CkaHUpYOMUH TyHHETbHBINH MUKpocKoll «CKAH-8»: koH-

CTPYKLHUS U 00JIaCTU IPUMEHEHUSs /] DaeKkmponHas npombiuienHoCb,
— 1991, — Ne3, — cc. 36-39.

O. A. Ilpmukuna, B. T'. Ceprees, A. b. 3e3un, B. A. Kab6anos, BrI-
cokomoekysipayo JJTHK MokHO pacTBOpUTH B MaJIOMOJSPHBIX Op-
FaHUYECKUX PACTBOPHUTENISX IyTEM KOMILICKCOBAHHUS C KATHOHHBIMH

IMOBEPXHOCTHO-aKTUBHBI MM BetiectBamu // [loxknaovt PAH, — 1996, —
T. 348, — Ned, — cc. 496-498.

V.Y. Uvarov, Y. D. Ivanov, A. N. Romanov, M. O. Gallyamov, O. 1.
Kiselyova, and I. V. Yaminsky, Scanning tunneling microscopy study
of cytochrome P-450 2B4 incorporated in proteoliposomes // Biochimie,
— 1996, — v. 78, — pp. 780-784.

K. Deguchi and J. Mino, Solution properties of long-chain
dialkyldimethyl ammonium salts// Journal of Colloid and Interface
Science, — 1978, — v. 65, — Nel.

217



[110] V. G. Sergeyev, S. V. Mikhailenko, O. A. Pyshkina, I. V. Yaminsky,
and K. Yoshikawa, How does alcohol dissolve the complexes of DNA
with a surfactant// JACS., — 1999. (in press).

[111] I. Langmuir, // JACS, — 1917, — v. 39, — pp. 1848.

[112] M. xetikok, . [Tapdur, Xumus nosepxnocmeii pazoena ¢az. — M.:
Mup, 1984. — 269c.

[113] K. B. Blodgett and I. Langmuir, // Phys. Rev., — 1937, — v.51, —
pp. 964.

[114] K. Kobayashi, K. Taklaoka, and S. Ochiai, / Thin Solid Films,— 1988,
—v. 159, — pp. 267.

[115] A.L.Rogach, L. Katsikas, and A. Kornowsky, // Ber. Bunsenges. Phys.
Chem., — 1996, — v. 100, — pp. 1772.

[116] Y. Fang and J. Yang, Role of the bilayer-bilayer interaction on the
ripple structure of supported bilayers in solution// J. Phys. Chem., —
1996, — v. 100, — Ne38, — pp. 15614-15619.

[117] W. A. Ducker and E. J. Wanless, Surface-aggregate shape
transformation// Langmuir, — 1996, — v.12, — Ne24, — pp. 5915—
5920.

[118] S. Manne and H. E. Gaub, Molecular organization of surfactant at
solid-liquid interfaces // Science, — 1995, — v. 270, — pp. 1480-1482.

[119] C.E. Bbpecnep, Bsedenue 6 monexyisapuyro buonrocuro. — M., JleHuHTpa:
Hayka, 1966. — 512c.

[120] 2. 3enryun, Quzuka nogepxnocmu. — M.: Mup, 1990. — 536¢.

[121] U. ®. JTokcrotoB, A. I'. Haymosen, B. JI. ITokpoBckuii, /[6ymepHole

kpucmannvt. — Kues: HaykoBa nymka, 1988. — 218c.

[122] A. WU. Kuraiiropoackuii, Opeanuueckas kpucmanioxumusi. — M.: U3n-
Bo AH CCCP, 1955. — 558 c.

[123] A. U. Kuraiiropoackuii, Monexyusphuvle kpucmaniwi. — M.: Hayka,
1971. — 424c.

218



[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

D. L. Dorset and B. K. Annis, Lamellar order and the crystallization of
linear chain solid solution// Macromolecules, — 1996, — v.29, — Ne§,
— pp- 2969-2973.

J. P. K. Peltonen, P. He, and J. B. Rosenholm, Order and defect of
Langmuir-Blodgett films detected with the atomic force microscopy //
J. Am. Chem. Soc., — 1992, — v. 114, — pp. 7637-7642.

M. Florsheimer, A. J. Steinfort, and P. Gunter, Lattice constant
of Langmuir-Blodgett films measured by atomic force microscopy//
Surface Science Letters,— 1993, — v. 297, — pp. L39-142.

D. K. Schwartz, R. Viswanathan, and J. A. N. Zasadzinski, Coexisting
lattice structures in a Langmuir-Blodgett film identified by atomic-force

microscopy // Langmuir, — 1993, — v.9, — pp. 1384—1391.

R. Viswanathan, J. A. Zasadzinski, and D. K. Schwartz, Spontaneous
chiral symmetry breaking by achiral molecules in a Langmuir-Blodgett
film// Nature, — 1994, — v. 368, — pp. 440—443.

J. A. Zasadzinski, R. Viswanathan, L. Madsen, J. Garnaes, and D. K.
Schwartz, Langmuir-Blodgett films// Science, — 1994, — v.263, —
pp. 1726—-1732.

J. A. Zasadzinski, R. Viswanathan, D. K. Schwartz, J. Garnaes,
L. Madsen, S. Chiruvolu, J. T. Woodward, and M. L. Longo,
Application of atomic force microscopy to structural characterization
of organic thin films// Colloids and surfaces, — 1994, — v.A 93, —
pp- 305.

A. Schaper, L. Wolthaus, D. Mobius, and T. M. Jovin, Surface
morphology and stability of Langmuir-Blodgett mono- and multilayers

of saturated fatty acids by scanning force microscopy// Langmuir, —
1993, — v.9, — Ne8, — pp. 2178-2184.

T. Kajiyama, Y. Oishi, F. Hirose, K. Shuto, and T. Kuri, Direct
observation of molecular arrangements in fatty acid monolayers with
an atomic force microscope// Langmuir, — 1994, — v. 10, — N4, —
pp. 1297-1299.

219



IIpuinoxkenune A

A.1. Ilporpamma, peanu3zyromasi YucJeHHOe peleHue
3a/1a4M 0 KOHTAKTHBIX JedopManusax 30H1a U

UJINHAPHYECKOro o0pa3ua

Hwxe npuBeeH TEKCT MPOrpaMMBbl, HAIIMCAHHOM 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; 1 += 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 1 = 1; i < 1000; i += 2)
{
g _count = g count*(i-2)*(i-2)/(i+1)/(i+1)*m*m;
E_count = E count + g count;
}
return (M PI/2.0/(1.0 + m)*E count);
}
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main()

//Main parameters input

cout << "F = ? (nN)" << endl;

cin >> F;

F = F*1.0e-9;

cout << "E sample = ? (GPa)" << endl;
cin >> E1;

El = E1*1.0e9;

cout << "E probe = ? (GPa)" << endl;

cin >> E2;

E2 = E2*1.0e9;

D=3.0/4.0%(1.0/E1 + 1.0/E2);

cout << "R sample (cil, nm) = ?" << endl;
cin >> R1;

Rl = R1*1.0e-9;

cout << "R probe (sph, nm) = ?" << endl;
cin >> R2;

R2 = R2*1.0e-9;

// probe/sample
A =0.5*(1.0/R1 + 1.0/R2);
B = 0.5/R2;

// sample/substrate

!/ A = 0.5/R1;

// B = 0.5/(R2+2*R1);

//Exact solution

a=20.1;

b=1.0;

b a 2 = b*b/a/a;

for (int i = 1; i < 1000; i++)
{

a b =sqgrt(l.0/b a 2);
b a 2 = A/B*K ell(a b)/E ell(a b);
ba2=Dba2-A3A/B+Kell(a b)/E ell(a b);

}i
2.0*F*D/M PI/B/(1.0 - a b*a b);

b*(K ell(a b) - E ell(a _b));

pow(b, 1.0/3.0);

a b*b;

2.0*F*D/M_PI/b*K _ell(a_b);

F/M _PI/a/b;

cout << " Test: exactly" << endl;

a = a*le9, b = b*1le9, h = h*le9, P = P*le-9;

"o e oo o
I

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);
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a=a/(l.0 + A/B);

b = A*a/B;

h = 2.0*F*D/(a + b);

P = F/M PI/a/b;

a = a*le9, b = b*1le9, 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;

//second: b>a
cout << " Test: b > a " << endl;
a=20.1;
b=1.0;
b a 2 = b*b/a/a;
for (int i=1; i < 1000; i++)
{
C = log(4.0*sqrt(b_a 2)) - 1.0;
b a 2 = A/B*C;
}i

b = pow (2.0*C*F*D/M PI/B, 1.0/3.0);

a = pow (4.0*B*F*F*D*D/M PI/M PI/C/A/A/A, 1.0/6.0);
P = F/M PI/a/b;

h = 2*F*D*(C + 1.0)/M PI/b;

a = a*le9, b = b*1le9, h = h*le9, P = P*le-9;

cout << " a =" << a << " nm";

cout << " b = " << b << " nm" << endl;

cout << " h = " << h << " nm" << endl;

cout << " P = " << P << " MPa" << endl;

ITporpamma npeacraBisieTcsi JOCTATOYHO IIPOCTOM: B KauecTBe (DyHKIIMIA
K_ell u E_ell pealn30BaHbl HPOLEAYPHI BIYMCICHUS MOJIHBIX JJIJIUIITHYEC-
KHX UHTETPAJIOB 10 ACUMITOTHKAM, IPUBEIEHHBIM B [69]. OCHOBHAs 4acTh Ha-
YIHAETCS C 3a1poca MapaMeTPOB 33/1a4H, 3aTEM OIPEIeNISIIOTCS mapameTpsl A
u B (1o dopmyre (2.12), ecnm uHTEpECHa 001aCTh KOHTaKTa oOpa3sia 1 moJ-
JIOXKKH, TO CJIEIYEeT UCIIOIBb30BaTh (hopmyy (2.23)), mocie 4ero peasn30BaHo
TouHoe pereHue (o popmynam (2.10), (2.11), (2.9). s mpubiauxeHHOT O pe-
IIEHUS peajIM30BaHbI ABa cirydas: a ~ b (c ucnonap3oBanueM Gopmyi (2.21),
(2.22) u a < bY no popmynam (2.17), (2.18). B kauecTse pesyabTaTa paboThI
MporpaMMa BblJIaeT HaliJIeHHbIE 3HAUEHUS [TApAMETPOB 00JIACTH KOHTAKTA (a

u b), BenmuuuHy aedopMannu h 1 KOHTAKTHOE JaBjieHue P.

D) 115 onpe/ieneHHOCTH
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A.2. IIporpamma, peaju3yroiasi YMcJIeHHOE pellieHne
3a/1a44 BOCCTAHOBJICHUS PeaJIbHON reoMeTpUuu

o0bekTa no usmepenHomy ACM-npodpuiro
Hwxe npuBeeH TEKCT MPOrpaMMBbl, HAIIMCAHHOM 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-sq(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) xl=x;
else x2=x;
}i
if ((R-sq(x))*(R-sq(x))/b/b < 1.0)
{
return (x/sgrt(l.0-(R-sg(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 i = 1; i < N; i++)
{
X = (x1+x2)/2.0;
if (func_par(xl)*func par(x)>0.0) x1
else x2 = x;
}i
}i
return sqgrt (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 << " VIM 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*(sqgrt (d _vtm*d vtm+648.0)-d vtm);
k sqrt (81.0-x*x)/(x-d vtm)/(x-d vtm);
cout << " for sphere, R=" << R << endl;
cout << " for parabola, k=" << k << endl;
cout << " Press any key..." << endl;
N2 = getch();

}

else
{
cout << " R (sphere)?" << endl;
cin >> R;
cout << " k (parabola)?" << endl;
cin >> k;
}i
N = 1000;
cout << " sphere parabola" << endl;

for (int j = 1; j < N1; j++)
{
inFile >> d;

d = d/2.0;
inFile >> Db;
b =b/2.0;
a = a_sph();
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if (a !'= 0.0)
{
outFile << a << " ";
cout <K" a = "<a <« " ";

}

else
{
N_sph_bad++;
cout << " no" < " ",
outFile << "=" << " ",
}:
a = a par();
if (a != 0.0)
{
outFile << a << endl;
cout << " a = " << a << endl;
}

else

{
N_par bad++;
cout << " no" << endl;
outFile << "-" << endl;
}i
}i
cout <<" Sphere wrong:" << N sph bad << endl;
cout <<" Parabola wrong:" << N par bad << endl;
}i

ITporpamma peanusoBana 1o ciaeayroouieit cxeme. Kak rokasan aHanms,
MOTPEIIHOCTh ONPEEISIeMbIX 3HAUEHUH CYIIECTBEHHO 3aBUCUTh OT MOrpelll-
HOCTH BXOJHBIX MapaMeTpoB (0COOCHHO M3MEPEHHOU IMIMPUHBI TPOGUIIS Ha
MOIyBbICOTE d). J1J1s1 yMEHbIIIEHUS 3TOM MOrPEIIHOCTH HeOOX01UM HAbOp J10-
CTATOYHOMN CTATUCTUKHU ISl 3HAYCHUI BXOJHBIX MapamMeTpoB — h (BBICOTHI)
u d. [ToaToMy B mporpamMmme BBOJ BXOAHBIX TAHHBIX OCYILIECTBIISIETCS B BUJIE
(daiina ("data.dat") COCTOSAINETO U3 IBYX CTOJIOIIOB 3HAYCHH 71 h U JIJIsI
d cooTBeTcTBeHHO. Ha »sTame BbIYMCIIEHUs MporpaMMa 3amlpalluBaeT O Be-
JUYMHE HaOpaHHOM CTAaTUCTUKH (KOJIMYECTBE CTPOK B (haiiie "data.dat").
BuIBOJI 3HAUEHMIT TaKXe ocyIecTBIsieTcs B (aiin (result .dat)?, B 1Be Ko-
JIOHKH (IJTs1 alIPOKCUMAITUU UTIIBI Chepoil U mapaboiol COOTBETCTBEHHO).

®yukiuu func sph u func par noctpoensl o Gpopmynam (2.34, 2.36),
nanee, pyHKUIUM a_sph U a_par pealu3yroT pelleHue ypaBHeHuit (2.34, 2.36)
OTHOCHUTENIBHO o U, [0 HAWJAEHHOMY Zo, BBIUMCIEHHUE MCKOMOI'O 3HAUYECHMS
a o ¢opmynam (2.35, 2.37). OnHOBpeMEeHHO, 3TH (YHKIIUU OCYIIECTBIIS-
IOT MIPOBEPKY BBIMOIHEHU ycinoBuit (2.38, 2.39) oTcyTCcTBUS pelleHui; mo-

CUeT Yucila ClIydaeB OTCYTCTBHSI PEIIeHMI BenyT cueTyuku N_sph bad u

2) ¢ TeM e KOJIMYECTBOM CTPOK, yTO 1 "data.dat"
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N_par_bad mis cheprudeckoii U mapadoIndecKOr almpoKCUMAaIii COOTBET-
CTBEHHO.

Pabora mporpaMMbl 1O JKETAHUIO MOKET OBITH NpeABaApeHa TECTUPYIO-
et ¢paszoil, B KOTOpoii Mo u3MepeHHbIM nmapamerpam ACM-nipodusis Tect-
00beKTa (BUpyca TaOayHON MO3aUKH) OMPENESIOTCS allPOKCUMUPYIOIIUE

napameTphl uriisl (R u k)?).

A.3. IlapameTpsl NPOMBIILIEHHBIX KAHTHJIEBEPOB

OcHoBHBIE ITapaMeTpbl 30H0B IPOMBILUIEHHBIX KaHTUIeBepoB (Nanoprobe,
Digital Instruments, CILIA) 1151 aTOMHO-CUIIOBBIX MUKPOCKOIIOB ITPUBEIEHBI

B Tabnuiie A.1. DTU KaHTUIEBEPHI UCIIOJIH30BATNCH B HACTOSIIIEH pabdore.

3) MUHYS TeCTHPYIOITYIO (ha3y ITH MapaMeTphl MOXKHO 3a/1aTh BPYUHYIO
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Mopenan NP-S FESP(W) TESP(W)
Oxide Sharpened | Force Tapping  Mode
Silicon Nitride Modulation Etched Silicon
Etched Silicon
Kecrkocth 0,06 H/m, 1-5 H/m 20-100 H/m
0,12 H/m,
0,38 H/m,
0,58 H/m
PesonancHas 5-50 KTt 60—-100 KT'11 200400 KI'g
4acToTa
Pamnyc xpususz- | 540 1M 5-10 1M 5-10 M
Hbl KOHYHMKA WT-
JIBI
BricoTta urisl 3 MKM 10—15 Mxm 10—15 Mxm
Vron pactBopa | 35° 18°Vv25°Vv10° 18°Vv25°Vv10°
KOHYCA UTJIBI
Orpaxatoree 3omoto HET HET
MTOKPBITHE
Jmuna kantune- | 120 MKMm, 225 MKM 125 MKM
BEpa 200 MxM
[Mupuna kautu- | 15 mxm, 40MxM | 30 MKM 3040 Mmxm
neBepa
Tommuuaa xkaH- | 0,4-0,6 MkM 2—-3 MKM 3,55 MxM
THJIeBepa
dopma kaHTH- | V-00pa3Has npsmast npsMast
nieBepa

Tabmuna A.l. IlapameTpbl OCHOBHBIX THUIIOB ITPOMBILIUIEHHBIX KaHTHJIEBEPOB

(Nanoprobe, Digital Instruments, CLLIA)
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