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MNpeancnosuve peadakTopa W NnepesoguMka

HanomexHoaor{s, NOIBONAI0NIAR MAHHTTVIHPOBATE BEMICCTBOM HA YPOBHE HAHOKPH-
CTAUTUTOB, MOJEKY/ | ATOMOB, 0DEIACT B SHAYHTENLHON CTENECHH H3MEHHTE XHIHb
GyayIINX MOKOACHHH H CTAHOBHTCA OJIHHM H3 BEIYUIHX HanparieHu paisuTus of-
mecTra B XXI cronerud. Ha ocHOBE HAHOTEXHONOTHH MOKHO CO3IABATE HOBRIE Ma-
TEPHANL, CHCTEMB M YCTpoHcTBa, KOTOPSIC M0 CBOMM XaPAKTEPHCTHEAM JHAYHTENE-
HO MPEBOCXOMAT CBOM cymecTyoumil yposeHs. Ha pycckoM A3ske yxe onyGnuko-
BAHD HEMATO MEPeBOfHBIX M OTEYECTREHHLIX H3AAHKH, MOCBAIEHHEX OBIIMM | OC-
HOBOMONATAIOMMM MPHHINNAM HAHOTEXHOJIOTHHM, & MpemlaraeMan MoHorpadus
3, PooyHepa MMeeT ApKO BeIpakedHbiH yyeGHBIA XApaKTeD: OHA OCHOBAHA HA Kypce
nexauit asropa 8 Ilryrraprekom yuusepeutete (PP An8 MArHCTPOB-XHMHKOB, 3TH
NEXIINH TIOCBALIEHB OXHOM M3 HEHTPATbHEIN MpofieM HAHOTEXHOMOTHYECKON Hay-
KI — NPOABIEHHIO PAIMEPHO-3aBHCHMBIX ahdexTor B HaHOMAacIITAOHBIX (HAHOpA3-
MEPHBIY, HAHOKPHCTATIHYECKHX, HAHOCTPYKTYPHEIX, HAHOKOMIIOINTHBIX W T.4.) Ma-
TePHANAN.

OCHOBHEIE TaBL KHHTH NOCBAIIEHB 0COGEHHOCTAM ofbeMa W IPaHHL pasaena B
KAACTEPAX M HAHOMACTMLIAX, HX MEKTPOHHON CTPYKTYPE, MArHHTHBIM, KaTATATHYEC-
KM W TEPMOIMHAMEYECKHM XAPAKTEPHCTHKAM. ABTOP CNPABSLIMAO 2A0CTPAET BHH-
MAHME HA KPYIIEHIH OBBMHBIX NOAXOA0E KIACCHYECKON TEPMOIHMHAMMKM NPH OTIHCA-
HHH HAaHOOOBEKTOR THIE KAACTEPOR M HAHOYACTHIL C XAPAKTCPHEIM PAIMEPOM NMOPATKA
MIATH HAHOMCTPOB M MeHee. K CORANCHMI0, CBEIEHHA 0 PAMEpHEX 3@upexTax B KOH-
COMAINPOBAHHBY, T.€. COCTOAIINX H3 HEHIOIHPOBAHHEIX KITACTEPOB M HAHOYACTHLL, M-
TEPHATAX B MOHOrpaMH NPAKTHYECKH He ONMHUCHIBAITCA (38 MCKMoueHHeM Hebons-
ol r, 9, noceameHHoN aryxMepHBM ciereman). Ml nocTapanuck B KaKoH-To CTe-
MEHM KPATKO BOCTIONHHTB STOT Mpoben B NOCASCTOBHM, HAMUCAHHOM Ha OCHOBE HAa-
wero obsopa 8 PXOK (Poccriickuil xummwecknii xypran, T 53, Ne 2, 2009, c. 4-14),
B KOTOPOM M3-33 OrpaHHIEHHOr0 0GbheMa MEXaHWYECKHE CBOHCTRA HAHOMATCPHANOR
TakKe He paceMmarpusanucs. Jeno B TOM, YTO HAHOTEXHONOTHYECKAA MPofneMaTHKa
paIMepHO-3aBMCHMBX 3ddexTos b monHoM (popMaTe HeobMYARHO MMPOKA (OHA OX-
BATBIBAET M MaTepHAIRL, W YCTPOHCTEA, H CHCTEME], BRIIOYAA, KOHETHO, MEIHIIHHCKHE
H BHOTOTMYECKHE ACMEKThE), YTO eCTECTBEHHD AENAET TPYIHEIM HIIH IAXE HEBOIMOK-
HEIM ee XApaKTePHCTHKY B pamMKax Hebonbiiof MoHorpadun win Tem Donee KypHaIb-
Horo obzopa. Hekotopsie AOMOMTHHTEILHbE CHEAEHHA W CCBUTEH MOXHO HAHTH B 006-
30pHOi cTaThe camoro astopa (E. Roduner. Size matters: why nanomaterials are different.
Chem. Soc. Rev, 2006, 35, 583-—-392).

PexoMeHIVEMAR ANTOROM MOHOTPaHH THTEPATVPA HECKOTLKD PACLIHPEHA 33 CUET
Haubojee NpeIcTaBMTENLHbX MOHOTpadHil, HITAHHLIX B HAWEH CTPaHe B nocnelHee
spemsl, MoxHo G0 Gbl TAEKE NOAMCKYTUPOBATL © ABTOPOM MO MOBOIY HEXOTOPEX
onpefene i (HampuMep, B Cay4ae CAMOOPIAHN3ALHH 1 CAMOCHOPKH), HO HYHKHO HMETD
B BUIY, ITO B HAHOTEXHOMOTHH H HAHOHAYKE JUIA MHOTHX MOHATHH NPOUECcE ONTHMN3A-
UMM CONCPKATETRHONH TEPMHHONOMHH HAXOAWTCA B CTAIMH CTAHORNEHWA W HATHYMHE
pasHEIX MHCHHH OPeACTABIAETCH BIONHE SCTECTREHHLIM.
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8 fMpeducioaue pedacmopa u nepesodvuia
=

B saxmognTensHol rage KPaTKO HATAMAIOTCH 00JACTH NPHMEHEHMS HAHOTEXHO-
JOTHH H €8 CONMATEHO-3THYSCKHE ACTEKTA . Xovwerca HaneaTsen, Hto KHMra 3. Pomy-
Hepa Gymer HHTEPECHON W NomeIHoiH Ina LHIHPOKOrD KpyTa SHTaTencit, M Daaronap-
Hbl HTOPY 33 00CYKIEHHE PANA MOMEHTOR TEKCTA M HATHCAH e TPEAHCIOBHA K pyC-
CROMY HIoaHmo.

PA. Andpueaciui,

A.B. Xawonn
Hepnorononka, Mapr 2009 r.




MNpeamcnosue aBTOPA K PYCCKOMY M3RAHWIO

Mirrepecro Halumionars 3a MaCIITAOHBIMA COLMATEHEIMA NMpoLUEccaMil, HAMOMHHAK-
LM BOJNHEL, JANIECTHBAIONIAE BCIO TUIAHETY H Bhi3ABAIOIINE HOBLIC HATEHIE HITH
Hopse onacenns, Hanpusmep, ceif9ac BO BCEM MHpE MPORCKOIMT MoBAnHIaLINA, CME-
TAKOUIYIO IPHERMHYIO CHETEMY MIPOBO TOPTOBITH. Heoxunauso soiHuKILNi GuHaH-
COBBI KpH3IUE, NOL0GHO BOIHE LYHAMNA, paspyuact FROHOMHEY MHOTHX CTPaH H MHO-
rHE TPeAKHIE UCHHOCTH, COIAHHLIE TAKEIEM W LTHTETLHEM TPYAOM. AHATOTHYHEIE
BOMHEL AETKD 3AMETHTE B DASEATHH MOIE HIH MVIBIKATLHEIN CTHIEH, KOTOPKIE XOTH H
ARIAIOTCH DOMEE KOPOTKHMH H OTHOCHTENLHO sc/1abhMMe, TEM HE MEHES TAKKE BEIIRI-
RAIOT ObLee BOIGYAICHHE W CIOAKHEIE YYBCTEA NPHYACTHOCTH K CIHHOMY MHPOBOMY
conBuIECTRY,

Hayka He ARIAETCA HCKIIOMEHHEM, H B Hell TORE MOXKHD 3AMETHTE NOXOKHS «B0-
HEl» HHTEPECA W YRNTEUEHHOCTH (pasyMeeTCH, Goviee cepheiHEIe, YoM B CTyqae © somoi),
crocobHLIE BORTEKATH B HCCACIOBAHHA LEILIE MOKONCHHA wcenetopateneil. B Aactod-
e BPEMH, TIOXOKE, BCE MHPOBOE COODIIECTBO YBACKIOCE HRHOHAVEKDH, W U1 noayde-
M TPAFTOR HA HCCIE0BAHNA MHOKCCTBO YHEHEIX HCTIONBIYET B HAIBAHHHN CBOMX NPO-
eKTOB MArHYECKHE C/I0BA W NPHCTABKH HAK0-, ONMO- WIH fup, Pasymeercs, CTOMT 3iiy-
MATECH, PAIYMHO /I KOHLUEHTPHPOBITE BCE HAYWHBIC HCCIEI0BAHHA AU HA HeCKOITb-
KHX HAanpapieHMAx (MOKHO HATIOMHHTD AHTTMHCKYID NOTOBOPKY, YTO «HE CTONT
YIUIAIBIBATE BCC AHLIA B OZHY Kopaunys!), oanako GHUHAHCHPOBAHNE HecnenoBaHHi Bee-
[N1A OIPAHIMEHO, TAK 9T0 Y Y4EHBIX MAT0 BrbOpa. C apyro#l CTOPOHEL, MOKHO MO/AraTh,
TO CeffAC HACTYITIIIO MMEHHO BPeMA HAHOTEXHONOTHH, 1 npofaema 3AKTIONAETCH T,
B PASYMHOM COOTHOIIEHWH YCHITHA 1 3aTPaT HA pasHEIE HAyIHEE HANPABEHNA. Pasyme-
eTCs, ClemyeT HIBEraTh MATHIIHErD VANSUeHHA OTABAbHBIMH TEMAMH B ymeph obmero
pasEHTHA.

B moGoM caydae, HAHOHAYKS M HAHOTEXHOTOTHS, GeaycnosHo, obnAnAKT OTPOM-
HBIM TIOTEHIMANOM passuTid., LI OUCHKH NEPCAEKTHE {2 TAKXe BOIMOGKHEIX OTIACHO-
creil). CBY3AHHEI ¢ HOBOW HAYKOH, HEoGXOIMMO IIPEXIE BCETD TIIATEALHO HIVIHTh €8
HIHKO-XMMIHECKHE OCHOBL, FeMY H NOCBALICHE npennaracmas kKuura. A pan noAs-
JICHHIO PYCCKOTO MATAHAS KHUTH, CTIOCOBCTHYIOMIEMY PasBHTHIO 1 nepeaaye HEyaHEIX
sHaHuil B 310i otpacmn, Hanewcs, 4To KHATA OYAET HHTEPECHA M NOJAC3HA poccHiic-
KM HHTATENAM,

Faxwaw Podynep
Wiryrrapt, mapt 2009 ©.
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Mpeaycnoeue QHIAMHCKOMY M3gaHMio

Ipu pasmutmnensy 0f OBUIHX 3aKOHOMePHOCTSIX Pa3BHTHA YCTOBEYECTRA OUeHE TPYI-
HO H3GaBHThea aT CUIVINEHMA, YT0 HIMEHEHNS & Hayke, obIeCTBE HHOM &uamn i K-
TYPE HOCAT BAPLIBHOH XApAKTep M NPOMCXOOST B HapacTaoueM remmne, B OeHCTRHTE k-
HOCTH, NpencTasienne o6 YCEODEHHH 0BIECTEEHHOMO 1 TEXHHYECKOID NMporpecea Ho-
CHT, cropee Beero, NCHXOAOTHYECKHIT Xapaxrep, xomi 6l no Toii NPHYHHE, 4TO ¥ Hac
HET HHKakMX obtekTHBHLX KPHTEDHED, NO3BOMAIOIHY OUeHTBATE CROPOCTE HIMEHE-
HHA KYNBTYPHBIX SBTeHui. Kpome Toro, omymesnme CTPEMHTENBHOCTH TIpOrpecea
OBBACHAETCH H TeM, YTo Mu SHACM HOBOE H HOBEHIlIee BpeMs HCTOPUH Iopasno avyie
H noapofHee nanekoro NpOULIOre, H 3107 sHabhToK HHpOPMAT NS crelaeT AKLIEHTR]
BOCOIDHATHA W NPHIaeT GAHIKHM N0 BPEMEHH CODBTHAM MATHIIHION SHAYHMOCTE H
leHHocTs. Hekoropsie cotmonory HCTOPHEH OGHT roBoOpHTE ke of “IRCTIOHEH-
UHATBHOM® PasBHTHH ObiliecTsa it HAYKH, 9T0 [IPEACTARIAETCH BEChMa MAJIOBEPOAT-
HuM. Jlefleraurensno, moboe ATHTENEHES IKCAOHEHIAILHOR YCKOpeHHe v#e manHo
AOTRHO BBT0 TPHBECTH Hae K eDecKoHesods CKOPOCTH pa3suTis, Benomunwm, yro B
NpHpofie BooGile HeT HiKakx +DECKOHeYHE X s NpOLUCCCoR, i LI Hee XEPEKTEDHE CKO-
PEE OCUMILTALHK OTHOCHTEALHG Cpeanmx sHaveHni. Bo scex, gawe CAMBIX DRICTPhIX

I1H obimme paccyxaenmg MMEIOT HENOCPENCTBEHHOE OTHOILEHHe K BAHHON KHure,
NOCBAIEHHON CTPeMMTENLHD PAIBHBAIOINEHCA HanomexHolomL, KOTOPYIG MHOMHE ap-

K¥YPCA, NPH3BAHHOTO NO3HAKoMHT, CTYOEHTOR ¢ (bHIMYSCKIMM OcHOBAMY HOBOM Haykn,

MOCBAINEHHBIX TEXHONOHAM, B KOTOPHX YASIANOCh MANO BHHMAHIS PAIEHCHEHHIO
DHIHYECKHY AHMHIECKHX OCHOB Npolieccos, MPOTEKAIOUMX B HAaHOMaTepHaAnaX.
Huenno st BOTIPOCAM W NMocRALeHa MPCLTAraEMAas YHTATENI0 KHHTL

B wimpokom cMeicre, TEPMUH Hanomexxotosus NOIpa3yMeBaeT HATHYHE H HCIIONE-
IDBAHHE NakomMamepualos, Ho TIPH ITOM CTOMT C CAMOTO Hauaja OTOBOPHTE, Y4T0 HaHO-

—
_______;




Hpeducaosue k akzaubexomy uidani 1 gb

MATEPHATE BOBCE HE BCET1a RBNAKTCHA TPOAYKTAMM 3ToR TexHonorni. Peus nuer cko-
pee 0 reoMeTPHYECKOM ONpeleleHHH, OCKONBKY K HAHOMATEPHANAM OTHOCAT BCE
OOBEKTHE M3 MOGEIX BEUIECTH, B KOTOPEX OOHO WK BONBINE MHHERHLIN H3MEpEHWH Te-
HHT B HaHoMmeTpHaeckom auanasone (1—100 am). OcHosolf Takoro onpeleneHHs An-
AAETER TO, YTO TakHe oOLeKTH (HMEHHO B CHIY MaNocTH pa3Mepos) OpuobpeTaior Le-
fbiit pAJ CBORCTB, OTCYTCTBYIOUIMX ¥ TAKMX K¢ BELIECTE B 00LEMHOM COCTOAHNH. Muo-
HECTRO TAKHX CBORCTE H CBABAHHLIX C HHMH (PHIHKO-XHMHYSCKHX SENSHUH Guno obHa-
PYAEHO 33 TOCTEIHHE DECATHIETHA B CAMBIX PAIHEX ODMACTAX MATEPHANOBEIEHMA W
COCTARHAD, coDCTREHHG TOBODA, HOBYIO HAYKY, HAIBAHHYI0 HaHOTexHogoTHel. B Kave-
CTBE HAMMANHLIX TPHMEPOB TAKHX 0OBEKTOB ¢ HeODRYHLIMK XaPAKTEPHCTHEAMM MOX-
HO VKA3aTh YIRTPAIHCTIEPCHLIC MOPOMIKH (CTIpeccOBAHHLIE WIH cneYeHHbie), BA0K-
COMONMMMEDPEL, THOPHMIHBE (Ha OCHOBE OPrAHMYECKHX M HEOPTaHHYECKMX BEIICCTR) HA-
HOKOMITOIHTHBEIE MATEPHATE!, YINEpOIHEE HAHOTPYOKM, MUKPONOPHCTHIE HEOPFaHH-
HECKHE cpedsl (HampHMep, NOAYIEHHBIE METOMOM 30/ib—Teb), KBAHTOBEIE TOMEH,
CAMOODTAHMIYIOMMECH CTPYKTYDL!, TOHKHE TUIEHKHN, BONOKHA W T.r. OrpoMHOE YMCIo
¥ pasHoobpaiie HOBBIX MATEQHANOB, A TAKKE BOIMOMHOCTEH MX NPAKTHMECKOID MpH-
MEHEHMA NOCTOAHHO NPHANEKAKT BHHMAHHWE CNEUHATHCTOR H3 CAMBIX Pa3HLIX obac-
Teit Hayke. Hx DpHHIMITHATEHOE OTIHYHE OT NPHBELMHLX TPOABIACTCHA, HANPHMED, B
TOM, 4TO Y/lelbHAA MOBSPXHOCTL HOBLIX MOPOMIKOR YKe npeskimaer 1000 m*/r, penen-
CTBHE Y£T0 B TAKMX MaTepHAIAX noBepxHocTHLE 3dderTsl (KoTOpLIMHE 0BBIYHO Npe-
HeOPErawT) He TOMLKO CTAHOBATCH 3@METHBIMH, HO HAYHHAKT HIPATD DOMHHHPYIO-
LIYIO POSIb B TIOBEIEHHH, CBOACTEAX H BOIMOGKHOCTAX MPHMeHEHHA. CoBepiiicHHO ove-
BHIHO, 4To mobomy MaciTafHOMY MPOM3IBOACTEY H TEXHHYSCKOMY HCNONLI0BAHHIO
TAKHX MATEPHANOB AOMKHO NPEAMIECTROBATL TIMATEALHOE HIYYeHHE X (HIHKO-XH-
MHHECKHX CBOWCTE H 33KOHOMEPHOCTEI HX COBMECTHOTO NOBEACHUA, FTO coracyeTcs
¢ ofIeil HANPARTEHHOCTEIO PAIBHTHA COBPEMEHHBIX TEXHOMOTHA Ha MACCOBOE MPOH3-
BOIACTHO, YTO NOAPA3YMEBAET HHTEPEC CKOPEE K KaLieKmugHamy TIOBETEHHID 0DLEKTOR,
HEM K MX WHIWBHIVATEHEM XapaKTePHCTHEAM,

Hurepecyiomasn Hac obIACTE HAYKH OTHOCHTCA K (DHIHYECKON XMMHH, Tekame
Ha snepeceucHuHs duInKkH, XuMuM 1 TexHonoTHH. B 3Todl cealn cToMT cpaly oTMe-
THTB, 4TO cylecTByolHe yaefHukn (hu3nuecKol XHMHH TTOYTH HE CONEPXAaT cBele-
HuiA 06 3diberTax, CBAZAHHEIN ¢ PAIMEPAMM YACTHIL W NOIYYAEMEIX M3 HHX MaTepHa-
08, CTYIEHTH-XMMAKH HAXOAAT B YYeSHHKAX MacCy NOJE3HEIX CBENEHAH M3 TEPMO-
[AHHAMHEH HISATEHEX TA300 (OTHOCALLHXCA K 0DbeMHLIM CBONCTBAM M HMEIOULHM OF-
POMHOE JHAYSHME 78 TEOPHH FOPEHHSL, A3POIHHAMHKN M T.A4.). [Lna Marepuaioneaos
¥ OPYTHX CIEUHATHCTOB, pabGoTaloniuy B 0BNACTH HAHOTEXHONOTHE, DOTES BAKHE! CBE-
IeHUA O NOBEPXHOCTHLIY AWNCHUAX H CBABAHHEIX ¢ HUMM 3dubextax, ¢ KoToOpWIMH HM
BCE HAIE MPHAETCA CTAAKMBATECH NpH paboTe ¢ HOBBIMK MaTepranamu. B npennarae-
Mol EHUre Ha deHoMeHONOrHIECKOM YPOBHE HATOMKeH OBWHpHLR ofbeM 3KCcHepH-
MEHTATBLHEIX AAHHEIX N0 CBOMCTBAM MOBepXHOCTE, pasMepHuiM diperTan, JaKoHAM
CKEHNMHTE W ApyruM npobnemam, CBA3AHHLIM ¢ HaHoTexHonoruell. Kpome artoro, B
KOHUE MIAE 3HHTEPECOBARITHIACS YHTATEIb HAANET COBUKH HA ODHIHHANLHLIE TYDIH-
KALWH M0 TeMe W BANHEWIIHE MaTepHansl.

CTouT YNOMAHYTE, 4TO OCHOBHBIC HAYYHEIE KOHLEMIHA HAHOTEXHOMOTHH, CTPOTO
roBOpH, BOBCE HE OTAHYAKOTCH HOoBM3HoN, Hampumep, kanuanapHbie ABAEHHA H CBA-
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3HHOE C HUMH YpasueHue [j G6ca—Tomcong HIBECTHR Doslee cra fgeT. Passirrie Hapg-

AOBAHMA, CBAIAHHbe, HanpuMep, ¢ HANPaRTEHHOR ocTankol meka PCTBEHHLIN TIperia-
PATOB BHYTPH OpraHMaMa. Taxise CHIVALIMH He TOABKO paciuupsgior KpYrosop H pos-
MOKHOCTH Y9eHEX, Ho 1 SACTABNAIOT HX TI0-HOBOMY BIFISHYTH HA eAH H BOIMOXHER
OHACHOCTH COBCTREHMELY Hecnenosanuh. CrasaHnoes CLIE pa3s momepkHBaeT Heofixn-
AHMOCTD CePREIHOTO MOAXORA K HIYICHIIO MBCIITAGHEX 3diberTon 3 HX BOIMOXHOTO

ETCH OOHOH W3 OCHOBHKX lenedt asTopa,

Hanorexnonoryg CeHYac nepexuaaer nepuog GypHoro Pa3BHTHA, TTOCTOAHHO pac-
WIHPAIOMErD rPaHnLE ee HAYYHOrD H NpakTHYeCKOrD HCTIONB30BAHMUA, Mpl PeryispHo
HTAEM O haHTacTHYecKI AOCTHMEHHAX H HeoBRTHEX BEIIECTBAX MITH ABMEHHAX.
OBHAPYREHHBIX B ITo# ofnacTy HAEYKH. B sTHX yonopmsy NONYTAPHBEE Kiury obmero
Xapakrepa GuicTpo YCTAPEBAKT, HO Npenaraemag KHHIA MOCBANIEHA thH3HuECKIM oc-
HOBAM HAaHOTEXHONorY H, YTO IO3BOIAET aRTOpY HADEATECH Ha eg OTHOCHTENLHYID «100-
FoOBEYHOCTES,

A mio neerng BEPHI, YTO HanGonsmes SHAYEHWE JUIH PasPHTHA moBoi HAVER
HMEET KpeaTHEHOCTE, CHOGOTHEH BEIGOD B THOpYecKuii TAMAHT COIMAOIIHK co yye-
HBIX, 8 TaKkKe mnoxo onmaiowieecs onpeneteHo CTPeMIICHHE K peamMiain CHOMX
MESTaHMIH, HBEI'TDM}' MHE Kaxercs, yro cefiuac A passuTig HAHOTEXHOMOTHH ayery
BLKHO Npocto npuaneys p yee Gomsmoe wucno Momogux TAIAHTIHBLX Moaelt. Boa-
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MPHHATEMY MOPATHHEIMA TIPHHIMTAME, A ypepeH, 4TO OI0HE W3 MARHEX omacHoCTER
IR PA3BMTHA HAYKH pooGIIe ceilMac CBA3AHR ¢ MIOCTOAHHD BO3PACTAIONIAM HEIOBEDU =
&M OBIIECTBA K HAYKE, YIEHEIM H KPYTIHEIM KOPIOPALIAM, FAHUMAOIIHMCH BRITIYCKOM
BRICOKDTEXHOMOTHIECKHX HANENUA 1 YCIYT. Korna mpogas obmecTBeHHOCT: HAYH-
HACT CIMTATE, YTO HAYSHbIE COOBILECTBE H KPYTIHBIE (hMpMEl PYKOBOACTBYIOTCH B CROCH
IeATENHHOCTH TOABKO CBOMMH cOBCTHEHHMMHE MHTEPECAMW M MPHOLLBIO, ¥ MOTHTH-
KOB BOIHHKAET CCTECTRCHHOE MENAHHE OTPAHIIHTE ITY AEATENEHOCTE JAKOHOMATE b
HO HIIH APYrHMH Mepamut, CAOKHOCTD npofneMsl 3AKTIONACTCS B TOM, MTO NOMTHTHEH #
OPICTHE IUTOXO PAstUPAIOTCA B PEaTbHBIX npobaeMax passUTHA HAYKH, BCIGACTBHE HEro
OHM OBBIYHO VAECTOUAIOT HOPMEL H MTPARKIA, TIHTARCE VTANATH TEHISHLMH TEXHOJI0TH-
HECKOTO MpOrpecca W ocrabuTh MX BOIMOKHOC onacHoe Boaneicrane. B nocneaned
[TABE KHHUTH § THTA0CE IKCTPANOTHPOBATE HE KOTOpLIE W3 STHX TEHASHLIH M OLCHHTE
CRUSAHHEE © HUMM COLMATEHEE W ITHYECKHE npotaeMEL

JlapHas KHHIA BOTHHKNA Hi OCHOBE mekieit 1A Marnctpos [Tyrraprckoro yHu-
BEPCHTETH, TDITOMY MHE XOTEAOCH Gt ocofo MoGTArooapHTL MPYITY CTYASHTOR, KOTO-
phle TPOCTYIIATH ITOT KYPC B HeoGpaGoTAHHOM BHAE ¥ HEBOIBRHO CTANH NOAOMETHB-
MH dMOPCEMMN CBHHEAMHS. XOUeTeH NOIYEPKHYTS, 4TO HMEHHO MX HHTEPECHBIE BOTI=
POCHL M HEQRNIAHHBIE KOMMEHTAPHH BO MHOTOM CrOcOBCTROBATH NMPeBPRIEHITI IekK-
HOHHEIX 3AMETOK B NOAHOLSHHYH) KHHATY. B paGoTe il KHHTOR MPHHAN AKTUBHOS
yuactite berrnna bex, Credan Kaponesak n Kypr Xothep (uuTasiie pyKOIHCS W BHE-
CUIME B HEe Pi/l BAKHBIX 1 HHTEPECHEN nonpasok). Onana 3aysep, lafpuans BpetHuur
# M3onen Po3eHEPaHLL 09eHb NOMOTIH B opopMASHHN PHCYHEOR, 4 My Brassenm
COCTABMAN NpeIMeTHBIN YRA3ATENb. Kpose Toro, & Xody BHPasHTh 0TACABHYIO Gnaro-
AAPHOCTH MOei xene XaHHe H “WIeHAM CeMbH, MOCTOAHHO MOMOTABIINM B TTPOLSCCE
paBoTsl HA KHHUTOM.

Imuas Podyiep
LIryrrapr, HoaGps 2003 ©
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1.1. Knacreps M HaHowacTmusl

YacTHIlk, pasMepsl KOTOPEIX TexaT & ananazone | — 100 uu, oTHoCHT K KATETOPHH HONOD-
MamepuaIos, 8 UX COOTHOINCHME C APYTHMH HIBECTHEIMU B HAYKE MEKPOYACTHUAMH (pas-
MEPEI MEHEILE | HM MMEIOT OTISEHBIC 3TOMBL) HATSIHO AEMOHCTPMpPYETCA Ha pue. 1.1,
Boofiue roBops, HAHOMACTHIIE MOTVT HMETh CAMYID pasHoobpasayio GopMy (cdep,
MAACTHHKH, MIOOYIEL, CTEPXHH H 06bekTnl ¢ Gonee cnokHol reomeTphedt), banakne k
cepiyecKHM HEHOYACTHLE ¢ PA3MEPAMH MeHBIIE 10 HM 06MYHO HAZKBAIOT KAacmepa-
Ai, H B HHX CONCPAHTCH KOHCYHOE (TOMHEE FOROPA, PEANBHO CUETHOE) WHCID ATOMOB.
HHeno conepxaluuxcs B KIactepe aTOMOE GHICTPO BO3PACTAET ¢ VBENHYEHHEM Cro THA-
METPA, KAK NOKAZAHO Ha puc. 1.2 ma knacrepon Hatpua. [pu awametpe B 1 HM KIacTep
comepuT THIh |3 aTomo, a npu 100 By — yxe okono 107 aromon. O6uMHO KIACTEPH
HMEIOT CHMMETPHUHYIO CTRYKTYPY, HO HX CHMMETPHH CYLIECTBEHHO OTIHYAETCH OT TOl,
KOTOPO# nonb3yioTes (hHInKK Npu onHcaHK KPUCTALTHYSCKI thopm obbeMBEOTD Be-
IIECTRA (BIIPOHEM, B HEKOTOPLIX CNYUAAX KNACTEPE! BOOGLIE MOTYT HMETh HEpeTY.INRp-
HYI0 HITH Aaxe aMopdHyis erpykrypy). Tlo Mepe pocta YHCm ATOMOB KIacTep MeHseT
CBOH (DOPMY, & NOCIE HEKOTOPOID KPHTHYECKDTO MHCIA ATOMOB {TO ecth pasMepa) B
HEM, ECTCCTBEHHO, HAMHHAIOT IHEPIETHYECKH TPeolNalaTh Te JAKOHOMEPHOCTH, KO-
TOPLIE XaPAKTePHEI A 00EIYHOTO (0TbEMHOID) COCTORHMS COBOKYITHOCTH ATOMOB JaH-
HOTD BELIECTEA,

Base Humit 405 TeMbl JaHHoH KHUIH (paKT 3AKTHYAETCH B TOM, YTO [TPH YMEHB-
eHHH pasmepor YacThi a0 100 HM 1 MeHbLIE NpaxTHYecKy Beerna HaGmoIaeTey apa-
MATHUECKOE H PE3KOE HIMEHSCHHE MHOTHX BAKHLIX (IHIMMECKHY NAPAMETDOE BELIECTRE,
B MacTHOCTH, 0Y8HE CHIIBHO MCHAIOTCH TAKHE NPHBLHHEIE W LUEHHbIE XapaKTepHCTH=

m—
HacTrug A a;gmuqa
CTOMD TYMaH ro ]
Bapye LYCTorO TyMaka,_cabara TyMa
A4 HO
MOZEHKM | . Baxrepun |
| By
refiarTiTa B Menblua pacTesni
———rre
HanouacTium Yenoseyeckwi Bonoc
HacTuu Tabassoro
Akina, KOnoTH LeMeHTHAR Nk
HACTHLL {
YroNsHOM Camm Haw nenna
T T T T T
1E-3 0,01 01 1 10 100 1000

PEIMED YACTHL, MEM

Pue. 1.1. Xapakrepriie pasmepsl ouens maibix vacTiin. K HaHOMACTHIEM OTHOGHT obpa-
SOBAHHA C PAIMEPAME Hitke 0,1 MM (BeiaeneHo wpadmomM Ha pHeyHKe)
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Pric. 1.2, Yscno atomos HATpRa B cdiepHuscoM K1a0Tepe JHAMETROM d

KM, KAK TeMrepaTypa Miiasiedus, UseT (T0 eCTh JANPeICHHAA 30HA H ofIacTs ONTH-
YECKHX TIEPEX0I0B), NOTEHIIHAN HOHHIALMH, IPOMHOCTD, KATANHTHIECKAA AKTHRHOCTR
W M3IOMPATENEHOCTL, MATHHTHEIE CBOHCTEA M BEIMYHHA HAMATHHUCHHOCTH HACKILIE
uua. Kopode rosops, MHOTHE (IHIHYIECKHE MAPAMETPE! BEUIECT, OBEMHO CUNTANILIH-
eCi TIOCTORHHBIMM (| TIOITOMY MACTD HASLIBAEMbIE [IPOCTO HX XAPAKTEPHLIMH KOHCTaH-
TaMH ), MPH HEKOTOPOM MaciTabe 0FLEKTOR BAPYT CTAHOBATCA HE MPOCTO NEPEMENHEL-
M BETWIHHAMY, 3 MEpeMERHEIME O4¢Hb CTOKHOTO THNA. YioGHee BCErO padie/nTh
APOARIAIONIHECS NPH MATLIX pasmepax >qerTsl Ha 1Be GONTBLIHE TPYIIIHL

o Macumabume 3dpexmn. HauHem ¢ TOT0, 4TO CBOHCTEA ATOMOB Ha TMOBCPXHOCTH
OTNHYAIOTCA OT CBOMCTE ATOMOR BHYTPH 0OBEMHOTO BELICCTRA, BCACACTRHE H2r0
(o Mepe pocTa paiMepa YACTHLL) BCETAA A0JKHO HIMEHATHCH BackHCHIUEE B IAH-
HBIX VCAOBHAX OTHOMIEHHE (MOBEPXHOCTE/00BEM). Hamene e 31010 HIBECTHO-
O OTHOIICHHS MPHBOMHT K TOCTEMEHHOMY TIEPEXOAY OT TEOMETPHHSCKA HE-
afEMELX cocToaHKMH K HopMaIlBHOMY, 00BEMHOMY COCTOAHHIO BELIECTER.

o Keanmoesie sghghexmpt, Ecnm 3/eKTPOHHAS BOTHOBAR (pyHEIHA 0KAILIBAETCH CBA-
saiHOM © HacTHUEH THNA HeGONBINOTO (HANOMHHAKNIETO MOAEKYITY) KIACTEpa,
10 B KJACTEPE BOIHMKAID AHCKDETHLIC IHEPTETHYECKHE YPOBHM, MOXOXHE HA TE,
KOTOPbIE CODTBETCTBYIOT OTARNEHBIM STOMAM, B cymEocTH, KnacTepsl MOTYT
PACCMATPHBATBCA B KAYECTBE TAKMX OOBEKTA, M3-3 HETO X HACTO HAIRIBAKT
npocto cynepamomanmy. TIpocTeifias KBAHTOBAK MOTEb TAKHX HACTHLL OTHCEI-
BACT YACTHIIE!, HAXOIALUIMECH B HEKOTOPOM ¢KBAHTOBOM®» ALIHKE. Jlobasnenne
HOBKIX ATOMOS B KIACTEp MOCTENEHHD «PAIMLIBACT NHCKPETHYH CHCTEMY JHEP-
FETHMECKHX YPOBRHEH, MepeBoas WX NPHBLINHYIO CHCTEMY YpOBHEH LA 00heM-
Horo, TeepaoTensHOTo obpaiua. C Guanieckol TOUKH IPEHIA Donee cepLestbiM
SRNAETCH TO, YTO BBEAEHWE HOBEIX ATOMOB OIHAYACT M POCT HHEAA BANEHTHEIX
3AEKTPOHOB CHCTEMBI, B PE3Y/ILTATE HEr0 NEPETIONHNIOTCH BHPOKICHHEIE JHEP-
reTHYECKHE YPOBHM, HEKOTOPHIE MEKTPOHE HAUMHAIOT NEPEXOINTE HA Ganee
BEICOKMC SHEpreTHHeCKHe YPOBHI W T.11. CHTYALHA HECKOILKO HATOMWHACT H3-
BECTHYIO MO y4e(HHKAM KAPTHHY NepenonHeHHs JNeKTPOHHAIX yposyell 8 ato-
Max nepHomHSecKof TAGNHLEL XHMHUECKHX 3MEMCHTOR. JanonHEHHKE ATEET-
poHHble 000/I0YKH TPEICTARTAIOT coboll ocobre YCTORIABEIE KBAHTOBRIE CO-
CTORHHA WIH KOHDMIYPAIHH, YTO NOIBONAET HAM TOBOPHTE O NOTEHITHATAX



LY

_— T

E 14 Tasa 1. Beedenue

MOHH3AUHH, CPOACTBE K ANEKTPOHAM B T.I. HaBHO HIBECTHO, YTO MMEMHO 9TH
A4PAKTEPHCTHEM MEHAIOTC CKaYKOM MPH NEpexone oT OQIHHX HIEMEHTOR MepH-
DIHUECKOH TAONHULL K ADYTHMIK, i AHATOIH NPOJOIKAETCA B NOMHON Mepe npu
HENOIE30BAHHA WIH COITAHWM ATOMAPHELX KAACTepoB, B KOTOPKIX NEpPeKPEIBa-
HHE aTOMHEX opbnTaneid HOCHT ToT e XApAKTEp (HE3ABHCHMO OT TOro, HiueT
peYh O METALTAX HAH O NOAYNPOBOIHHEKAX).,

Pazymeercs, kpanTonme sthde kTl ropasgo cuikHEe NPOABRIAKITCA B HeBo LIy K-
CTEpAX H OMEHb YACTO [ePEKPLIBAIITCH MACIITAGHLIMA adubexramin. B HexoTopom cmbic-
JIE MOKHO [POCTO CHHTATE, YT0 STOMHEIE KIACTEPhl NPeACTARIAIOT coBOl OMeHE MHTE-
DECHEIN, NPOMERYTOMHLIN H3Hueckii obseKT MERILY OTNETBHBIMH ATOMAMH ¥ OGbe M-
HBIMIT CTRYETYPaMH, NO3BOMSIONDN pasyMELIM 0Bpa3IOM OLIEHHBATE PHPOIHKE SRETe-
HHA DAHOBPEMEHHO #C THYX PASHEIX CTOPOH, PACCMATPHBAN MX H3 HEKOTOPOIO HeHTpan.

1.2. Npegsugenue Deiinmana

29 nekabps 1959 rona Puwaapn ®efiiMan Ha exerommom cobpanuyn Musmeckoro obie-
crea CIIIA npowsrran ceoso SHAMEHHMTYIO, CTABILLYIO NETCHIAPHOM NEKIINI0 0/ HATBAHM-
eM o BHH3Y MOMHBIM-001HO MecTa, IMpurnameswe 5 Hopwi MHP (uzircus (There is Plenty
of Room at the Bottom: Invitation to Enter a New Field of Physics}, B kotopoli npencka-
33/l NOABJICHHE HAHOTEXHOJOTHY W oBO3IHANMT se XapaKTepHEIe ocoBeHHOCTH.
B csoeit nekumn Pefinman weTko 0BoIHATILT NPOBACMY YIPARIEHH: MMMV MUK -
POOTBERMaMY, 9T0 tharkTHIeCKN COOTBETCTBYET HAHOTEXHONIOMHHYECKOMY IIO/IXOIY, 4 B cripa-
RELTHBOCTH eN0 NPeACKAsAHH MEI MOMEM Jlerko ¥YOMNMTECH CETOHS, CHYCTH [OTBEKA.
Hexoropsie goramao Qedismana NPEACTABTAKITCA TIOPASHTENBHEIMH, Hanpimep, on cnpa-
uiiBan: «flowemy sw ne momcem sanucams sce 24 moma Encyclopedia Britannica na ocmpue
uzoaru s B 1959 rony rakan BosMoxHOCTS Kasazacs thanTacTukoil, HO 33 nocenHMe ne-
CATUIETIA MBI CTATH CBHACTE/ISMI HENPEPEIBHOTO U HCKTIOMHTETEHO GrICTpOTD BOspac-
TAHHA TOTHOCTH JAMHCH MHpOPMALIM, YTO ViKE HIMEHIIIO Boe TIPHBLIYHEIC TPENCTAR-
JRHHA H METOOR NepepaboTin HHpopsmammi. Eme anxo darTacTiieckoe MIPELIOHRE HiHe
@eitnvana («Japaitre nossiciy PAIPRILAIONTYIO CAOCOBHOCTE ANEKTPOHHEIX MHKPOCKO-
MOB B COTHH pas!s) HEOXHIAHHO PEATHAOBANOCH B COAAHMIM TAK HAILIBAEMBIX CKAHHpY-
HOILHX TYHHENBHBIX MHKDOCKOIIOB, YTO MO3BOMHIO He TONAKO HIVMATH MOBSICHAE MHK-
POOGLEKTOR, HO W HETEHANPARTEHHO MAHK NynHpoBaTs WM. [IpH 510M cToMT oTMeTHTS,
0 Popep n Busnur (nonyunsise 3a cBoe GllecTamiee JOCTHREHHE Hobenesckyio npe-
MHIO N0 disike 1986 rona) goGHIKCE YereXa 38 CUET HCTIONBIOBAHKS MHKPOMCXAHH-
HECKHX YCTPOHCTS, & HE PEKOMEHIOBAHHON camind DeftHiManom HEPAPXHH YMEHLIIAK-
HIMXCH 10 pasMepy poGotos (B aexumn Peitvana npofinema dopMynupoBanack B Bane
IIYTORHOTD H03YHTA: « MK Hayunm Mypasbes cGopke, 8 OHM CTaHYT 00YYaTE COBCEM KpO-
IeHHbX Dykamek!s). Coananne CKaHMPYIONIMX TYHHETBHbIX MHEPOCKOTIOB TR0 o-
HIM H3 BLHEHIIHX JOCTHMeHMH 0B1ACTH HAHOTEXHOMOTHI | HAYKH BOODIE, NOCKOTE-
KY MBl, JIKNIH, MPHBAIKTH BOCTIPHHHMATL MHD 3pHTENEHO, B HENOCPeacTBeHHOS Habone-
HHE H BHIYATHIALMA THHAMHKH MHEPOOOHEKTOR NPEICTABIAIOT VA HAC mnﬁmim_mpac

MHOrHe KOHKPETHBE HANPARTEHNA PAIBHTHA HAHOTEXHONOI I CBA3AHE ¢ BHOJI0-
Hei, ¥To noaMeTH euie cam Meitian, o0paTHBIIMI ocoboe BHUMAHKE HA BOAMOMNK-
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HOCTH JATTHCH W MepepaboTEM HHOPMALIMH HA KIETOUHOM YPOBHE. MmeHHO TAERE
seXaHHIME HCTIOAEIYIOTCH KHBEIMM OPTAHHIMAMIE, ST0 NOIBOMACT HM HE TOABKD CHH-
TEINPOBATE TpebyeMble BEILCCTBA BHYTPH KNeToK, HO M 0GRCMEUHBATE CIOMHLIE PO~
peccsl nepepaboTin HHGOPMALMKM B MOITY YeN0BeKa, paforaoliero nonoGHo Manol
no obBeMy, HO YpE3BEYAHHO e KTHBHOH BHMMCIHTEILHOR MAUTHHE. MeiiHMan ro-
BOPIHI O BOIMOKHOCTH COINAHMA CBEPXMATHIX OB BEKTOB KeJA3eMOro THIA, 00pallaACh
MPeHMYILIECTBEHHO K TEXHONOTAM, QAHAKD OH MpeKpacHo MoHMMAN, q9To npolneMa
yMeHbIIEHN MACIITA00B HIYICHHA H MAHMITYSINN BEILIECTBOM ABIAETCH BEChMA CC-
phe3HO W BOBCE HE CBOAMTCH K PEHICHHIO TEXHONOTHYECKHX 384249 H OCI0XRHEHHH.
Byavan GaecTAuEM GUIMKOM, OH IHAL, HACKOARKO CHIBHO HIMEHAOTCA NPH H3IMEHE-
HIH MACHITAG0E caMy CBOHCTBA BELIECTB W CBA3AHHLIE C HIMH sakonoMepHocTH. Ha-
fIpHMED, HANOMHIO TATATENO, Y10 MATHETHIM MPHHUMIHATEHO ABISETCH KOLIeKmua-
HbiM ahexmont, OOYCIOBICHHEM NOBESICHHEM MHOKECTBA MArHWTHEX JOMEHOB, KO-
TOPhIE HUKAK HE MOTYT OBITh YMEHBUIEHE 10 aTOMApHOro pasmepa, H 1.0, KBaHTORKIC
ocoGEHHOCTH NOBEACHNA OTHETLHEIX ATOMOB H KNacTepoR TPHHIHNTHATLEHO OTAHYAIT
X OT TOMOB B MAKPOCKOTIHHMECKHX CHCTEMAX, H HMEHHO 370 oTmMume yraman Deiin-
Mal, Ipenckalapimuil, 910 enocofHocmb YNpagisms offbeKmami Ha MUKpoCKonuseckom
VpOaRE OMKPHGacm heped namu MiLpoYaliLE BOIMONCHOCTIY COIDAHUA HOBWX BCUECTIE ¢
npgwmy caolicmeanu. CobcTBeHHO TOBOPH, 3TA (hpa3a NPaKTHYECKH TOMHO ONPERetscT
CVIIHOCTL | OBINYIO TeHIEHIHIO PAIBHTHA HE ToUIBKD HAHOTEXHOMOIME, HO H COBpPe-
MEHHOTO MarepuanobeneHua poobe.

Nurepatypa

I. R.P Feynman, Eng. Sei., 1960, 23, 22; J. Micromech. Syst., 1992, 1, 60;
www.zywex.com/nanotech//feinman. html.
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FMABA 2

OBbEMHAA ®A3A
1 MOBEPXHOCTW PA3AENA

2.1. TpapuenTsl B6nM3M NosepxHoOcTel pasaena

C mpocreifinedf TOYKH 3peHNUA TA30BBIC, KHIKME | THEDIRIE OIHOKOMAOHEHTHEIE k-
TICCEHE TENR PANCNEHEL YETKHMH IPaHHLIAMHE, HA KOTODEIX NPOHCKONAT «MTHOBEH-
HEIE* CKAYKM (HHIMKO-XHMHHECKHX CBOHCTS, TPHCYUIHX PARTHYHEM BELLECTRAM H dha-
3aM. Pasymeerca, B npupoae HIMEHEHHA CBOHCTE HHKOIIA He TIPOHCXOOAT aGCONOTHO
PEIKO H HEOKHAAHHO, TAK 970 B MOGOM cryuae 182 HaIonkX COCTORHHA pasieniioTcs
He abCTPAKTHOH FeoMeTpHYECKOH TpaHHuel, & HEKOTOPLIM TIPOMEKYTOMHEIM CAOEM
WK 0BRACTHIO, MMeIMIEH (o MeHBIel Mepe) ATOMHO-MONEKYIHPHYIO TONWHHY, OueHs
BKHBIM OOCTOATENBCTHOM ARIACTCH TO, YTO XHMHIECKHH NOTEHLNAT B M0G0 pPaBHO-
BECHOH CHCTEME NOMKEH HMETh OMHAKOELIE IHAYEHHA 110 ofBeMY, TD ECTH He MOMXET
HAMEHATECA CKaYEOM IIPH Tiepexosie wepes dasosyio rpanmuy. BonsmmueTso APYIHX
NAPAKTEPHCTHE, CRABAHHLIX ¢ (haloBEIM COCTOAHMEM, OBEIMHO MEHSCTCH TOBONEHG pe3-
KO B TOHKOM NPOMERYTOUHOM CI0¢, HATPHMED BAOML HATPARIEHHS, nepneHInKyIsp-
Horo nosepxHocTH. HATEpecHO, wTo Muorie ceoficTsa B 370 yaxod ofinacT npu sToM
HIMEHAIOTCA DOBOABHO CNOXKHBIM OBipasoM, nperepriesas csocoGpaiHEle KoneGanus,
KaK 3T0 NOKAIAHO Ha puc. 2.1,

Mpeanonoxms, 4To Ml HMesM 0en0 ¢ MOBEPXHOCTBID HAICAILHOTO MOHOKDHCTAN-
fid, MOABEPTHYTOND PACKATRBAHMIO B Bakyyme. [Tocne Takoil onepaumm roTHoCTs KpPH-
CTALTA CTAHOBMTCA OpMATLHO paBHOR HyTIO Cpasy nocie nepeceveHuA obpalosan-
LeHcs NOBEPXHOCTH PACKONA, BCASACTEME Yero MOHATHO, 9T0 Boe BIAMMOAEHCTEHA H
CHIIH, OTHOCHIIHECH K ATOMAM H.TH MOTEKYIAM HA erv NOBEPXHOCTH, CTAHORATES CO-

gy =
SECTOHEHLA-
ANkELIA
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Pue. 2.1. Cxema M3MeHeRHs pacTipee CHIA TIOTHOCTH NOBEPXHOCTHOTD IAPHIA [ OCLIF-
Aaunn Ppugens) wions HanpanneHus, AEPNEHANKYIAPHOID MOBEPXHOCTH
HEKTPOHHOTO T43a O CAWHOBOR NOASPH3ALLHEH, COOTRETCTRYIONIEND TPORD-
AHMOCTH INEKTPOHOR B MeTanLte, PrcyHoxk 38T 13 pabors [ 1] (oM. Takke copn-
kit [2—4]} ¢ paspeinerns wazatenborea Wiley
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Mpl]!tl-ll!ﬂ HECI-'[MM#.TDII‘-IHHMH. [MOCKOJIBKY BeE CBAIN © ATOMAPHBIMKA -nap‘rnupamw—
{d OMHOM CTOpOHE HEOWHIAHHBIM W yypecHHM 0GPAIOM HCHE3AIOT. EcrecTaeHHO, Ta-
kit CUTYALIHA ARIACSTCA COBEPIISHHD HEHOpMAIEHOM ¢ TOSKH 3PEHI CHIOBOrD W TEP-
MOIHHAMHMECKOTO PARHOBECHS, BCMENCTRHE YEr0 CHCTEMA BYACT «HCKATL HOBBIE B~
pHAHTH Gananca WHMMO/Ie HCTBYIONINX CHIT, PE3YIETATOM HET0 oBEYHO BHCTYIAKT Ipo-
Jiecchl TIEPECTROHKM HITH PEaKCalHH KPHCTALTHHCCKON PelIeTRH. TpakTHYECKH 3T0
OIHAYAET HIMEHEHHE NOKANBHELX napaMerpos KPHUCTALTHYCCKON PEIICTH, TO ECTh
HOAHMKHOBEHNE HOBOH (JYHKUHH pacnpefeneHns aToMoB no peleTke, Mo KpaiHeH
Mepe, B IPUITOBEPXHOCTHOM CAOE. Hanbonee BepoaTHEM BAPHAHTOM STOI0 BLICTYTAET
[OCTENEHHOE HIMEHEHEE CTROSHHA H [LTOTHOCTH C/IOEB PELIETKH, W3 HETD, gCTECTHEH-
HBIM OBPAIOM, BHITEKAET ¥ HEKOTOPOE HAMEHEHHE CRAIAHHEIX € ITHM (PHINTECKEX Xa-
pakTepHcTHK. MomdKatiii BOMHOBEX QiYHKIIHH ATOMOB B KPUCTALTITIECKOT peuleT-
ke OOBIMHD PHBOIHT K HIMEHCHHIO BaKHEIAX TAPAMETPOB CHCTEMBI, TAKHX KAK -
Ha CBASH, MONeKVIHpHAA OpPUCHTALUNA, KO e IHEHTE aroMapHoil H MoHHOR mod-
BUAHOCTH, INEKTPHHECKAdA NpoROIMMOCTE 1 aake xosbuunedT ONTHYECKOrD
npenoMieHMA, 30 HE AKHO VAUBIATE HAC, MOCKOTEKY pesh HIeT O nepeceueii
tpazopoil rpaHnlbl, TS EakuM-T0 0GpasoM A0JTACHED BOIHHKHYTH YCNOBHA, 0GeCnei-
RRIOLIME KOHEMMOCTH TPAIMEHTOB LT BCEX HHTEPECYIOMHX HAC (PHIMHECKHX napaMeT-
poB, KAPAKTEPHIYIONIHY (hHINYECKYIO CHCTEMY. PasymeeTcs, Hatlle BCero TAKHE MEK-
thaiHBie IPAHKLE MpencTaRAIT coboil HexMe HEPARHOBECHRIE MmeTacTabMIBHRE CO-
CcTOSHMS, TIOCKOABKY MPH HX NEpEceteHiH He COXPAHAETCS NAKE BEMHTHHA XITMH-
4eCKOTO MOTCHITMANA LTS KOMITOHEHT CHCTEMEL

XapaxrepHsiil wacmTad pasMepa CHCTEME A B 3THX CITy9asiX 3ABHCHT OT npoTi-
WEHHOCTH AEHCTBHA CHI pIaHMONeliCTBHA MEXKTY YACTHIIANMN. Hanpumep, Koresus
My AToMasH GNAropoaHLIX rason ONpeeIAeTCH HETHYMHON OTHOCHTENBHD KOPOT-
gONelicTEYIONLITE CHI PATAKEHAA Bat-pep-Baaneca, COANAIDUINKC PACCTOAHHEM TIPO-
MOPUHOHATLHD 1~ 7, 410 COOTBETCTRYET BCETO HECKOMLEAM nuaserpam atomon, C opy-
roil CTOPOHEL, KYIOHOBCKOE RIAHMONEACTBHE MY IBYMS HORAMH MEHASTCH TIpo-
MOPUHOHATBHE 1/r, To ecTh AEACTRYET HA JHAMHTENBHO DONES NHALHIX paccToRHMAX,
OmHAKO B WOHHON petleTke (¢ uepelOBaHMEM AHMOHOB 1 KATHOHOR) BOSHHKRCT -
(heKTHRHLEA KYTOHOBCKMH [loTeHIMAT ~ I

MoeeaeHue J0boR thHanueckoil cHCTEMEL, ¥apaKTepHElE pa3Mephl KoTopoit apa-
YHTETBHO NPEBLIMAT A, OTMCHBAETCR NPHBLITHEIMH X2PAKTEPHCTHRAMA obheM-
HBIX MATEPHANOE, ONHAKD CHTYALNA H3MEHAETCH, KAk TONLKO KAaKoi-To paiMep WIH
onaMeTp OGpaTYIOLIHY CHCTEMY CTPYKTYP CTAHDBUTCS CPABHHMEIM € A, Tpn Mamhix
pasMepax COOTBETCTRYIIINM o6pa’oM MOJUKHE YEHTHIBATLCA CROMCTEA TPAHHYHEIX
ofinacTell, MOCKO/BKY TPAHMIIL pasicna HeftCTBNTENBHD HAMHHAIOT HIPATh BAKHYIO
poNnk B OMTACAHHN (MOHATHO, 4TO HMEHHO IPAHHYHEE W T pOMERYTOTHEIE obnactr
i OFBEKTH 0GLIMHO 0MEHb TRYIHO onpencaiTh i onuckears). C ofHOH CTOPOHEL,
TAKME CUCTEME nepecTaioT DHTh, CTPOra roBOpH, TIEPHOAWIECKHMY, HO © apyroi —
OH He MoryT OpiTe OTHECCHBI H K avopdibM COCTORHNAM BELIECTRA, xorH OBl 1O
ToN TIPHMHHE, TTO MOBEPXHOCTH pa3ne/id BLETAd CYUIECTREHHD OTAMHAIOTCA oT TeEX
BEINECTS, B KOTOPLIX TPajcHTR (hH3HYECKHY XapAKTCPHCTAK GARHAKOBEL N0 BCEM
HATIPABICHHAM,
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2.2. Npaenna KOOPAHHALMOHHBIX YMcen

BaHe MM IEpaMeTPOM TPH OrMHCAHNH To6EX atpdrerTOR, CEAIANHEIX ¢ PaIMEDAMH
H PAIMEPHOCTBIO, BLICTYNAET LIMPOKO HCTTONB3YEMOE B PaZHBIX OBIACTAX PHIAKRA OT-
HoteHHe A/ F (mosepxHOCTL/pasMep), KoTopoe B npocTefilneM cayuae cepraeckoil
HACTHIEL C IHAMETPOM & WIH pagirycoM R HMeeT BHa

A_ 4R 3 6
Va3 R d M)

JABHCHMOCTE THOA — g~ ASPAKTEPHA JUIA NPOCTRIX NEOMETPHYCCKHX Tel (THNA Ky-
G0B, LTHHHEY WHIHHAPOB, TOHKHX IUIACTHE H T.0.), oaAako B Bolee CNOKHBIX CTPyE-
TYPaX pasMepHas JaBHCHMOCTE XapakTepHuCTHE nepecTact OLITE NpocToll THHER ol
dyurneit. Mpoerue thopMEl CBOFCTREHHE BellecTRaM JIHIE B AOCTATOMHO MPOCTHIX
COCTURHHAN PABHOBECHN, XOTH pasHoOBpaIHble NHHeHHbe ANNPOKCHMAUMH IIHPOKG
W YCNELITHD HCMONBIYIOTCH RO MHOTHX DPaKTHUECKHX 300a4aX, Hna ceprueckux win
KyOHYeCKIX YACTHL, TIE YHCTO ATOMOB BOIPAcTacT ¢ PAIMEPOM MO KyOHYECKOMY 3aKo-
HY, THHeHHAA JABHCHMOCTL cROCTE oT PAIMEDA, CCTECTBEHHO, CMCHACTCA 34BHCHMO-
CTHIO THOA =~ N-17,

B koHtexcTe onncanun HHTCPECYIOLUNX HAC CHCTEM Y4CTO MCIONBIYETCH TAKHE
TEPMUH ducnepeus (napametp F), KOTOPEIM 0GO3HAYAI0T 10TI0 ATOMOB Ha MOBCPXHOCTH
Matepuaita. Ecion snom panwyca r, B KYOUYECKOM KNACTEpe pachoiaraeTcs i ATOMOB,
TO WX MOMHOE 9HCA0 cocTantser N = i, a YHeI0 ATOMOB Ha NOBEPXHOCTH pasHo fn’
(s wectn rpaueit kvba). MoBannag IToMY aToMEl Ha |2 pebpax kyba (| 2n aTomon) u
8 aTOMOB HA BepIIMHAX KyGd, nerko MOACYHTATE, Y10 AHCIEPCHA paBHa

w

b’ —12n+8 6 (, 2 ] f
= o :NIrJ[L “N'N-FGNH’):N'”' (2)
T WLTOCTPHPYET 3ABHCHMOCTL Ha puc, 2.2,
[nst oMeHs KPYIHBX cihepHYecKmx KNacTepos pamHycd R 3aBHCHMOCT ANCHEPCHN
OT PAsMEPOBR H THCIA ATOMOB MOMeT CUHTATECH TOMHOH, TO eCTh NPONOPIHOHATBHO
OTHOMWEHHI 00BeMa 0BoNOUKHE TommmHol 2r, K obuemy obbemy, Npemnonaras, ato
[IOTHOCTD YNAKOBKH ATOMOB HE MEHAETCH (PH COBMOASHIH yenosus N = Rijr?, mox-
HO MOIYHTL 105 AHCnepeH F BupakeHNe B piLe

dnRix2r, 6 6
P o®B R 3

CoBnAnatonice ¢ ypasHennem (2). Hekotoprie asrops [6] nposenn naxe Gonee CIOEHLIE
PACHETEl M Y4IH TOT akT, 410 mIoTHECTL ATOMOR Ha NOBEPXHOCTH BCETE HECKONbKO
HIHZKE, HeM B 0DLEME, YT0 M03BONAET NOMYIHTS Gonee ToMHYI0 opmyny F=4/N'7, Dy
PEIVALTATEL OHEHL YIODHE! [UIH 0NHCAHMA BOTLIIHY KAacTepos (C YHeaom atoMos N okono
COTHH), 0IHAKO 117 Bonee MeTKux obpaiopammi CHTYALIMA BRICIAIT NOPaito CIOKHEE ¥
Tpefiver yyera HH(OPMALIMH OTHOCHTENEHO NETATLHOR CTPYKTYPEL CAMOTO KTacTepa.
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Puc. 2.2, 3anucumocth SHaye s AHCHEpCHH F OT 9Hena n aToMOB ROOaL pamiyca r, 8
KYOHYBCKOM KNacTepe BIAOTE 10 3HaseHHN n = 100, korga nonsoe Heno aro-
MOB B knactepe N cocrannser o’ = 106, Ha pucyrke CXEMATHYECKM NpPescTan-
AIEHA CTPYKTYPA MEPBRIX YETHPEX KIacTepos ONMHCKWBAEMOTD THIA

B npummmme soxHo cMeno TOAraTh, YTO AWCNEPCHA pasHa F = 0,4 nia KIACTEPOE ¢
N=10"n F=0,04 11q Kaactepos ¢ N= 105

Momumo otHowe s A /V (nosepxxocTs/passe P) u macnepcun F, wis noctatouHo
TOYHOTO ONHCAHMA PazTHYHBIX ABTEHHA Ha MOJIEKYISPHOM YPOBHE HeobXomHMo He-
HOTBIOBAHHE EIe OAHOTO NAPAMETPE, & HMEHHO KOIHYECTBA «coceeit» paceMaTpupa-
EMOT0 aToMa B GIHKailIeM OKpYKeHHH, KOTOpoe TPATHUMOHHO HASWBACTCH KOODIH-
HAUMOHHBIM YHCnoM. Ha npocTrix reoMeTpryeckux COODPAKEHNE ACHO, UTD NoBepX-
HOCTHRIC ATOME! (M TeM BoJlee ATOMBI, PACTIONATAIOLIMECS BIGTE pebep u BepiMH Kina-
CTEPOB) BCEIIA MMEIOT MeHbllle OIHAANIIH coceaed, BenencTaie Yerp OHH crnaGee
BIAHMOZEHCTRYIOT ¢ BelllecTBOM oBpaIua B metom. Mx IHEPIMA DYIET BCEraa HecKoh-
KO MPEBLIUATH SHEPTHIO ATOMOH B 00beMe, B PE3VILTATE Yero HMeHHD € MOBEPXHOCTH
ODBIMHO W HAYHHACTCH [UIARTCHNe obpasua. Hanwame passuroi MOBEPXHOCTH IIPH 3TOM
CYHIECTRCHHO RAMACT HA MHOTHE buanveckne XAPAKTEPHCTHRM YACTHLL! B LHETOM, ITO
BymeT paccMOTpeHO HInKe Ha MHOTHX TIPUMEPAX, CBAAHHLIX C pasMepHEIMI 3ddexTa-
MH, B KOTOPEIX BAKHYIO POib OYIYT HTPaTH KOOPIHHAIHOHHEIC YHCIA COOTBETCTRYIO-
LIHX ATOMAPHBIX CTPYKTYP. YHTATENh MOKET Nerko YOCAMTECH, 4TO MHOIME CBOMCTRA
HACTHIL BElICCTRA OKASHBAIOTCA 0BpaTHO HPOTIOPLIHOHATEHEIMH BETHIHHE 0BPATHOMO
AHAMETPA STHX YACTHL, YTO ¥ COOTBETCTHYET MPOCTO KyOHYECKOMY KOPHIO H3 9Hcia
ATOMOB CHCTEME],

B ynpoiuenHoi hopme dusimeckuit cMbica noMsTI o KOOD/IHHAUHOHHOM THCTE
HACTO PATRACHAIOT HA OCHOBE KPHCTALTHYECKOMN PEIIETEH, MOCTPOCHHOH M3 aToMoR
KyBuyeckoi dopmul, Kak nokazano Ha pic. 2.3, Yneno atomos B Gausatimen OKpYy-
ACHUN MPH 3TOM OKa3bIBACTCH CBASAHHEIM ¢ YHCIOM *KOHTAKTHPYKOIINX» IpaHeil
KYDa, M KA¥IIbIf H3 COCEMHX aTOMOB BHOCHT HEKOTOPBIH BKITAL B SHEPIETHYECKYIO
crabunnsanmio atoma. HanBonee YCTORUMBLIMM B 3TON MOAenH aToMamy OKAILIRE-
KITCA GTOMBI, PACTIONOKEHHEIE B OFBEMe (Ha pPHCYHKE OHM, ECTECTBEHHO, HE BHIIHE)



L8 Y

@E 22 f1gsa 2 Osemuasn Paza u noaepxHocmu pazdesa
7 B

M

YEHH ATOMEL B paanmu b TOMOKCHHAX BHYTpY KPHCTRANYECKOM pewreTiy,
| — anaroy {adcopbuposanji aToM) Ha NOBEPAHOCTH; 2 — anarom Ha CTY-
MEHEKE POCTA KpHCTAANE: 3 — amom Ha BepMee yrng PeIieTKH; 3° — avom ua
YETYTIE; 4 — atoM Ha pefpe EPHCTANE; 5 — atom Ha MOBEPXHOCTH, V — nosepx-
HOCTHAR DakaHcHs Ha PACTYIUCH noBepXHOCTH Kpueranns, Howmepa coorper-
CTBYIOT THERE YHCRY dTOMOR B NEPROH KOOPAHHAUHOMEO cihepe

NOBEPXHOCTH WK HEMOCPEACTEEHHD Ha Mol Ky6uxu-aromm pa PHCYHKE cHal#eHu
Unpani, COOTBETCTRYIONTHMY THCIY cocenedt, yTo MoxwHo CHHTaTh camoil npocroit
OLEHKOH 3HepreTHyeckorg COCTOSHHA, Hrpaloime) BAXHYIO POTE B Npoleccax pocra
KPUCTAMNA, KaTamiaa g MOBEPXHOCTH M T.q1,

Ipu Ganee Tounom PaccMoTpeHun BoaneficTeng OKDPYXEHHA HeobXommo V4HTHRI-

2.3. Hayka o NOBEPXHOCTH KaK MCTOYHMK HHpOpMaumm
ANS HOHOHayKu

HOBAHWA HoBOJ HAVKH 3aioxm SHAMEHMTH bz Jerrviop, orxako No3nHee or-
POMHELR BKaan g eg PA3IBHTIHE BHECIH BefMKLe XHMHKH DMmerT, Monsansy, Ppermmx,
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T GuUi0 paspaboTaHo MHOKECTBO HOBBIX CAOMHBIX M HHTEPECHLIX METOIHK, 0 KOTO-
PhiX paccKashiBICTCA HIEE,

KatecTneHHnifi CKAYOK B pasBHTHH IKCTIEPHMEHTATHHON TEXHMKH M3YHCHHA NOBEPX-
HOCTER mpon3ciuen B cepennie 1960-x ronos, koraa GuUTH PAIBHTEL HPHHIHAHATEHO
HOBBIE METOAMKHN HCCNCIOBAHNA, OCHOBAHHLIE HA HCNOIBIOBAHHH PAVIHMMMX MYYXOB
(311 METOUMKH MOTYYIIN HASBAHNE (hOTOHNBIN, AEKTPOHHEIY, MONCKYIAPHBIX H HOH-
HEIX JOHI0B), 4 TAKKE CKAHMPOBAHNA NOBepXHOCTEN HTHMKM myukavy. B wawm gun Ta-
KHE METOOB NOIBORIOT NOJYVYATL BECEMA LUEHHYI0 HHDOPMALIMIO OTHOCHTEALHO He
TOABKO XHMHYECKOTO CTPOEHHR MOBEPXHOCTEN, HO ¥ IHHAMHKYN MOBEIEHHA ATOMHBIX
H ANEKTPOHHBIX MOBEPXHOCTHRIX CTPYKTYD. Onit 00NanawT BEICOKON MYBCTRHTEARHOC-
ThIO H MOTYT HCTONLIOBATHRCH B CAMBIX PAIHBIX YCAORKAX, OT HCCNEAOBAHKMA MOHOMO-
NEKYNAPHBIX CIOCE IO CHCTEM TIPH CBEPXBBICOKHX faraenuax [1], uro acraer Hayky o
RNOBEPXHOCTH OIHHM W3 BaXHEA MY HanpaneHuil coppeMeHHON huameckoil Xinum,
Hayuenne xapaxTepucTHK rpasiil paiiesia i CYUIECTBYIOLMX HA HUX BHINHeCKX CH-
CTCM MNOIBOAACT NOAYHATL OMEHL LEHHYI0 HHGOPMALINID OTHOCHTEIEHO NOBEACHHA
HAHOMATEPUANOB BoOGIIE.

B xauecTse HAMAIMOIO NPHMEPA HOBBIX MCTOAMK MOKHO NIPHBECTH MCCACA0BA-
HHA MPOLECCOB BOCCTAHORNEHHA (PEKOHCTPYKIIHM) NOBEPXHOCTH KPeMHUS 110 H3Me-
PEHAAM THDPAKIHK HIIKOIHEPreTHYeCKHX anekTpoHos (low energy electron diffraction,
LEED). Hayuaemsie 3dupexThl CBA3AHEL ¢ TEM, YTO NP oBNYMEHHH MACTL SNEKTPOH-
HBIX CBA3ZCH MOBEPXHOCTHRIX ATOMOE ¢ GAMAKARIIMMH COCEAAMMN PAIPLIBASTCH, MOC/1E
YEro MOBEPXHOCTD «CTPEMMTCHA» TIOBLICHTE CRON SHEPIHIO 34 CUET HacklleHHs obo-
PRAHHBIX CBA3EM, YTO NPHBOLHT, HANPUMED, K 0GPasOBAHKIO THMEPOB Ha BHewHed (100)
KPHCTR/UTHECKOH MICCKOCTH KpeMHHA. ECTeCTBEHHBIM ClencTeHeM TaKof «auMephia-
LMK NOBEPXHOCTH HEICTYNAKOT PEIAKCAIMOHHKE NPOLECCH, 3aTparnsaomme 3—4 aro-
MAPHRKIX CITON KPEMHUA, NPHICTAIOINMX K MOBEPXHOCTH, KAk MOKA3aHo Ha puc., 2.4
(cM. up. BAciky).

[Mpouecchl pEKOHCTPYKIMH METALIMYECKHN MODEPXHOCTER MIYUATHCH BO MHOIMX
paboTax, B PEIYILTATE Yero OGHAPYKHIOCH, HTO MEXKATOMHBIC PACCTOAHHSA B «CKIAIKAX
BHELIHHX CNI0SB MHOTHX MCTA/LTHMECKHX 0OPasioB (HANPHMED, B MPIIHNA, IUIATHHE, N0~
BepxHocTH (100) 30n07a H T ) MOTYT HIMEHATRCH O4EHE CHITBHO, BILIOTH 10 HECKONBKHX
npoueHToR. bosee Toro, BHACHIAOCH, YTO BCAEACTENE TAKHX HPPEKTOR NOREPXHOCT-
HBLIE CT0H 0OBEMHOTO 00PAlLLA MOTYT MPUMOBPETATE MEKCAIOHATRHO VITAKOBAHHYIO CTPYE-
TYPY, B OTJIHYNE OT KBAIPATHOH peieTki obRMHOTO THIA B motoxke 1.

Mapamerpsl peaakcalvi NOBEPXHOCTHON cTPYKTYPE! (100) xnopuaa Harpis Ghimm
oueHeHsl B pabote Bexcona u ap. [8]. B cooTBETCTBHM C MOAETBIO CMELTCHIH noBepx=
HOCTHBIX 8TOMOB, NpeAcTaRIeHHON Ha puc. 2.5, mpi 3ToM Habmonaercs TeHACHUNA K
obpasosarmio HOHHBIX nap NaCl. [pu penakcaiuy KpYTIHME, OTPHLUATEILHD JapiKe-
HBIE 3TOMB X10Pa NOCTCNEHHO 3AMEIIAIOTCA HOHAMM H3 oGbeMuoi dassl, B TO BpeMa
KaK IBHxeHHE DoNee METKHX HOHOE MATPHA B LEI0M HMEET OCHMUIHPVIOWMA Xapak-
TEP, TO CCTh NOTOK HTHX HOHOR MCMKTREIBACT HEKOTOPKIE sKonebanude, Nepexoad U3
OIHOTO COA B APYTOH, KAK MOKASAHO HA PHCYHKE B papoil vyacTH, Peaynurarom amux
CHOKHBX MPOUSCCOB BEICTYNAKT o00raleHHe NOBEPXHOCTHOIO CI0A HOHAMM X10pa M
KoNeGaHiA MI0THOCTH 3apina PR HIMEHEHHH PACCTOMHIA OT MOBEPXHOCTH pasiena
(MHTATETIO CTOMT CPABHNTE 3TH KoneGanuun ¢ kpusoft puc. 2.1).
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Pre. 2.5, Penikcanmontsie mpoleccsl B monepxuoctHoll crpykrype (100) xnopuna Ha-
TPHA. (@) CTpeakaMi yRO3AHE CMCIHEHHA TONKENIA HOHOR B HVTEROM, NEp-
BOM 1 BTOPOM Cloe (OTCYRTHINAS OT MOREPXHOCTH), () BennuHHa cMetieHis
TIONOHEHHA HOHOB PEUICTM (1 CORHMUAY NOCToIHHON peweTkN) B nHIE hyH-
KLLMH OT NIOPRAKOBOTD HOMEPA CON B KpHCTAUTIecKkoil crpykType. [lepene-
HATHIBAETCH ¢ paspelneHitd anTopon pabioru [8]. © American Chemical Society

Crobonnan auepris ofipasoanus NMOBEPXHOCTH BCEMIA MONOKHTEILHA, MOCKOTh-
Ky dopsisposanite moboil nosepxHocTH (13 06BEMHOTO COCTORHMA) Tpedyer saTpar
IHepritn, KpoMe 310ro, o0sie MHOTOKOMIOHEHTHBE Y3CTHIIM MpH NEpecTpoiiKe no-
BEPXHOCTH TPEDYIOT AOTIOAHMTENEHLY 3ATPAT IHEPIHM Ha BHYTPEHHIDH NepecTpoiiky
ATOMAPHRIX ITH MOTEKYIAPHREX CTPYKTYP, MEHHMHIHDYIOIHX CBOGONHYI0 IHEPIHIO,
CHAZAHHYIO ¢ JAHHOR NOBEPXHOCTRIO (3TO HRACHHE HATHIBASTCA NOBEPXHOCTHOI cer-
peraumeit). Bee onucanHme npoueces NPUBOAST K TOMY, 9T0 (PHIHKO-XHMIFIeCKoe
CTPOCHHE MOBEPXHOCTH HAMMHACT OTAMYATECA OT obbeMHO (asw, npuuem MHOIME
ApUMECH (HANPUMED, ATOMBI YIIEPOAR M T.11.) HAYHHAIOT JaTeM KOHUEHTPHPOBATLCH B
NPUMOBEPXHOCTHOM cioe Graroaaps wudpyamn. MMEHHO NOITOMY B 110BEPXMOCTHRIX
CIOHX CILIARON ONEHb H4CTO NOBLIIACTCA CONEPRAHNE HUIKOILIABKOH KOMNOHEHTHI,
HTO, HANPHMEDP, 0CODEHHO 3AMETHO B CILINBAX 307070/ cepelpo, rae B BepxHeM cloe
OBRISHO COMCPHITCA GANbUIO: KONNECTEO cepebipa [7].

Eute oauuy BasHBIM NapaMeTpoM noHoKeHNA SHEPTHH, TO eCTh CTabHINIALIHK
HHCTOH (IOBCHIWTBHOM) TIOBEPXHOCTH C BHICOKO IHEPrHeH, BUCTYIMET BOIMONKHOCTE
41COPOUMI HA Hell MONEKYA, PEIVILTATOM Yero ARISETCH TAK HAIbiBaeMas amcopdLmM-
OHHAR NEPECTPOIKA NOBEPXHOCTH, XOMI KOTOPOH, ECTECTBEHHO, 3ABHCHT OT THNA Al
copbupyembix sewecrs. Hanpumep, nmosepxHOCTR (1 10) nuaruim mMomer ofpazonw-
BATh COBCPIICHHO PAIMYHBIC CTPYKTYPH M HMETh PAIHEE XAPAKTEPUCTHEM NOCTE A1~
coplumm Ha Helt POTOPOA, MOHOKCHAR YI/epona WA kucnopona [7]. B nocaemsem
ciyuac naockocts (110) nepectpausaercs, ofipasyan crioxHyo CTYNMEHYATYIO MOBEpX-
HOCTE € MUKPOYHACTKAME AN MUKPOTPaHAME B Biae naockoet (111). Hurepecio
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OTMETHTE, MTO [IPH 3ToM ODILAA MNOLIANL MOBEPXHOCTH BOIPACTAET, HO €€ FHEPIHA
YMEHbIIAETCH, Her0 M CAeIyeT oMaaTh M3 obmedmsndeckux coobpakenuit. [pocroe
oiBsCcHERHE 3TOr0 MphekTa CBOONTCA K VOTAHOWIEHHK PABHOBECHSE MEXIY 3K30Tep-
MHYECKHM TpOoLEcCOM Ancopbine (M2-30 ARLICHCHHA TerioTh atjcopbuun) W aHID-
TEPMHYECKHM TTPOLECCOM NMEPeCcTPOiKM BCCH NOBEPXHOCTH.

[MorepxHOCTH painena THNE Mexay Teepaod w xaunkoit daoi (mam noxoxue Ha
HHX CHCTEMB ) OYEHB HACTO BCTPEUAITEE W HIPAIDT 0C060 BAKHYK POThE B INEKTPOXH=
MEHH, ¢ J8BHO 1eTANBHO paspaboTaio MHOKECTBO HHTEPECHBIX MOJeiel s nosene-
HES BellecTra Ha MesdhasHux rpanniax. [peacranneHns o ABONHOM IEKTPHHECKOM
CIIGE HA KOHTAKTHOH NMOBEPXHOCTH IMSKTPOAOBE, palBuTee eule [ensmronsues n Non—
Henmenom, anmwores knaccrieckumu [9]. K atim xe moaennm Mmoxer GuITs OTHECEHA
MiIBeCTHAA M mupoko npumeHneman teopus DIVO (Degaguin—Landau—Verwey—
Overbeek) anekTpocratieckoil crabimmn3ainn Komnownoe | 10]. Mpenunrranua kon-
NOWI0E IpeacTanifer coboil ofkyHO npolece ofpajoRaHHA HAHOKIACTEPOE, 4 B TEED-
ABIX TEJAX TPANHEHTH PANTHYHBIX PETHYHH TAKKE ONPEIeNdioT XapaKTep OCHOBHEIX
OPOLECCOB, YTO NPedcTaBIAeT ocoDBIH HHTEPEC /U1 3afay W npodieM NoaynpoBOIHH-
KOBOH TEXHHEH, TIOYTH MOCTOAHHD CRASAHHLIX C MPOLECCAME HA MOBEPXHOCTAX pasiena.

B nocacaHMe rogsl OHAM W3 BRAHEHIIHY HAMPARIeHHil PRInHTHA AMEKTPOXHMHN
TBEPAOTO TENA CTATA TAK HAILIBACMAA «XHMHA TeheKTOB B TBEDILIX TEIAXs, CHATAHHA C
NPOLIBCCAMH HA TPAHHIIC KPHCTA/UTHMECKNY 38PeH M MX BOINCHCTRHEM HA aNeKTpMYcC-
KYI0 H HOHHYIO [TPOBOAHMOCTE NONYIPOBOIHWKOBEIX MATEPHANOS, 3TH HOBLIE HANPaB-
NEHHA MMEHT OTPOMHOE IHAYEHHE [T TEOPHH TEEPAOTO TENa, WICKTPOXHMHK, TEOpHH
KOPPO3IMH, MATEPHANTOBEISHMA W ADYTHX HAVK, CBAJAHHLIX ¢ HOBEHINMMM TEXHOMOTH-
YEeCKHMH NMPHMEHEHHAMH, HAMPHMED A8 MPOMIBOACTEA JATIHKOE HOBRIX THIOB H T.IL
[11]. B camoe nociennes BpeMH HCCISTORITEIN B 0BI2CTH HAHOHAYEH H HaHOTEXHOIO-
rEv obpaTHAN CROE BHMMaHHE Ha NpoLUecckl, OTHOCHILHECA ¥ doTorpadsm.

2.4, Paamepsi 4ocTvl M MUKpoaedOpMaLIMM

B HacTofuiee BpeMA MPOCBCTHBAIILAA SICKTPOHHAR MHKPOCKOMAN BHICOKOTD paipe-
wreHmd (MIAMBP) apngerca oy 13 Hanbomes HEHHMY MCTONOR, NOIBOARKMINHEY £y
Sit ONPeaensaTs QopMY M pasMephl MCCTeIyeMBIX HAaHOUACTHIL B yactrHocTy, 3101 MeTon
IAET BOIMOKHOCTE NOMVHATE (H3IMEPHS TIAPAMETPEl OTHOCHTEILHO HEBONLILOND YHCIA
KPHCTAUTHYECKHX 3epeH) CpeIHHE PasMephl 3epeH M HX DACTIPELeNeHHE N0 PaIMEDAM.

bonee npUBLMHLIM crocOBOM HIVHEHMA COCTOAHWA MOPOILKOBRIX Ted V (hHINKOE-
IKCTIEPUMEHTATOPOR DCTAeTCA KnaccHueckni Meton Hleppepa, ocHoBAMHLIN HA aHA-
MH3e HPHHE DparroBCEHY MHKOR HA peHTreHorpamsax [ 12]. TlonHas mmpHHa THHERA
HA CepeMHe BRICOTH MHKa B 3TOM MeTane onpeiensercs dopmynoi

r:i
(L), cos8’ )

e A — WIHHA BOMHE peHTTEHOBCKONO HTyueHHA, K — xoHcraHTa Uleppepa (pasdasn 0,9

1A chepHIecKHX YacTHL), 28 — yromn pacceanns, a <L>  — yepenHeHHas 110 0DbeMy U~
Ha CTONDYATRI KPHCTALTOR, 970 COOTBETCTRYET YHCAY OTPAKAKIINX IUTOCKOCTEN, YMHO-
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OTHOCHTENEHAR MHTEHCHBHOCTL
m % %

20 40 &0 80
Yron 26, rpag
Puc. 2.6, PerrrenorpaMsa obpaiun i3 okmes kemeas (-Fe,0.) co cpenmim munmerpom
HaHo4ACTH 7,3 1M (A), 5,6 #M (B), 3.6 im (C), 2.4 By (D) u 1,9 1m (E), Op-
HETIHED 3AMETHO YIIHPEHHKE (KO ¢ YMEHEIIEHHEM paiMepa yacTHiL [Tevara-
ETCA C PAIpeIEHHE asTopos paGors [14], © American Chemical Society

HeHHOMY Ha HX 30MPEKTHEHYI0 Ty d (NOAPOGHOCTH THTATEn Hailner B pabore [13]).
g yacrin cepumeckod (hopMBE BETHYHIA <L>_ pasna 0,73 <> e D — nuamerp
3eped. ToaHocTs dopmyam Wieppepa Brionne noCTATOYHA UL OMTHCAHMS CHETEM © Ma-
TMLIMH 3ePHAMM (IHAUHTENEHOS VIHUPEHNHE NUHME) 1 HEIHATHTENBHEIMH Aehopmalina-
Mit. B KavecTRe mpMMepa MCNoTE3ORdHIS dhopmyaer Wleppepa ans anamasa IKCNEPH-
MEHTATLHEL JAHHIN MOKHO TPHBECTH pHC. 2.6,

MHKpOHANpRAEHHS B KPHCTALIHYECKOI CHeTeMe XAPAKTEPHIAVIOTCH CPeaHe KBl -
PATHIHEIM OTENIOHEHHEM MOCTOAMHOR pPemeTkd oT ee CPenHero 3HayeHud. Ero ReiH-
'HHA 3ABHCHT OT PAIMEPA IEPEH, YTO, ECTECTBEHHO, MPEATIONATACT HATHYHE MPaIHeH-
TOR DATHANLHOTO HANDEKCHHA, OJHAKO NAHMHbE PEHTTEHOCTPYKTYDHOIMO AHANNIA MO~
IBOJRIOT NONYYaTE AHITE YCPETHEHHIE 110 OTBEMY, TOMOTEHHEIC PAIMEET YACTHIL, Man
OLEHEH deopMatHi pelueTkmn & n pasMepHOro 3dupeka HeoGXoIMMO BOCMONLI0RATEEH
Goace CTOKHBIM M TOTHBIM METOIOM Bunneamcona u Xosna [15]. Ha ocuose nuihie-
PEHUMANLHON 3ABHCHMOCTH Pacces s oT ¥Ifia § MOXHO PA3IetTHTE BEIAS 060N YKa-
3AHHBIX IOHERTOB H MOMYMHTH 3ABHCHMOCTS BETHYMHLL Ttosf or sinf B Buae:

Fcnsﬁ={—gi—.+4£sinﬂ, (5)
ml

Cymectnyer Takke meron Yoppena u Asepliaxa |16}, ocHosansel Ha Hononkaosa-
HHH Dyphe-NpeobpasoBaHs KpHBLX OTPELKEHIEH, NOIROTAIOMUGN He TONLKO PAIIETHTE
BIHAHNE MUKponeOPMALIHA 1 PaIMEPOB MACTHIL, HO Jaxe NONYUHTE pacTpeIeicime
HACTHLL MO pasMepam. [TpeumyiecTroM METONE ABIAETCH TO, TO B Hem AHATHIHPYETCH
HE TOJILKO VITHPEHHE CHERTPATLHED JIHHEA, HO B HIMEHEHHS 1Y (PopMEL, 4 1o yeosep-
IIEHCTHOBAHHELH BAPHAHT, OCHOBAHHBI HA TPOLENYPE TIOATOHKH IKCTIEPHMEHTATRHEIX
AAHHBIX 10 PACCEAHMIO CHHXPOTPOHHOID MANYYEHNA, TTOIBOINET, B YHCTHOCTH, HIYIATh
B pealbHOM MacuITabe BpeMeHH in Sify KHHETHKY MpOIECCon POCTE KPHCTALTHYECKHX
3CPCH C BPEMEHHBIM PaIpellleHneM okoo S MuRyT [13].
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Puc, 2.7, 3aBHCAMOCTS CPEAHETD 3HAMEHMA CHMATHA PEILCTKH OT PaiMepa KIACTEpOs He-
RoTOpbX MeTamnos. [levarasTcn ¢ paapemenis asTopos pabote: [19]. € American
Chemical Society

CToMT OTMETHUTS, YTO (hOpMa M IIHPHHA GPIITOBCKHX OTPAXEHHH (pediekcos) 3a-
BHCAT HE TONILKO OT pasMepoB YacTHLL, HO M OT X nonoxeHud. Boobuie ropopa, minku
or Honee MENKHX YACTHMIL XAPAKTEPHIVIOTCA 9yTh GoNee BLICOKHMM (10 HECKOABKHX
NPOLUEHTOB) 3HAYCHHAMH, YTO CBAZAHO C TAK HAZLIBAEMLIM TKATHEM PEILETKM B CHCTE-
Max ¢ bonee MENKHMH 3epHAMH, JKCTIEPHMEHTATLHO NOTYYeHHEE THITHYHBC JARHCH-
MOCTH NOCTOAHHON PEIETKH OT pajMepa KIacTepoB HEKOTOPEIX METAILIOB NPHBENSHE
Ha pHc. 2.7 BMECTE ¢ KPHBLIMH COOTBETCTBYVIOLLEID TEOPETHYECKOTO PACYHETA.

DphexT COKpAIIEHHS NOCTOHHHON PEIUIETEM BOIHHKACT H3-32 YMEHBLIEHHA KOOp-
OWHALIHK MMOBEPXHOCTHRIX aToMOB. DOPMANLHO Ero HacTO CBAILEBAIT ¢ HIOKTOMHEIM
JABICHMCM, BOIHHKAIOLIHAM BCICACTEHE NOBCPXHOCTHOIO HATAXCHHA. B cooTBeTCTRMM
¢ 3akoHoM Jlannaca B xuukoil chepuucckoit kanne paguyca B Mexay BHYTpEHHEH M
BHYTPEHHEH YACTHIO TIOBEPNHOCTHOTO C/IOA BOSHHKAET PAIHOCTL JaRicHHR Ap,

=2
255 (6)

[e ¥ — NoBEpPXHOCTHOE HarskeHne, Ha ocrose 3moro noaxona Conmuapn u @anepn [17]
PACCMOTPETH (HHIHYECKOE COCTORAHME A KAACTEPOB M TErKO NOACHHTANH, 9T0 MPH 1o-
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Ofsemnan ghaza u ROBEPXHOCMN pastera

BEPXHOCTHOM HATHASHUN Nopsaks | J/v® B uacTHie PAIMYCOM 2 HM BOSHHKAET HIGkL -
TouHoe mamncHne okoito | [Mla, Hike DyIeT NoKaIaHo, 4T0 UMEHHO 310 AOCTATOMHO
BEICOKOE NARICHHE cnocobeTayer MOTHOHKALLIGY KPHCTAILIIECKIX CTPYETYD FpH Ma-
JbIX IHAYEHHAY R,

B ciyyae THEPAOTO Tesla, HAXDINIIETOCH B PARHOBECHH © COBCTREHHBIMH TAPIMH,
MAEMETP ¥ HBAAeTCR HEKOTOPO#R hyH KLME | KpHeTaniorpathiaeckoro nokasatens pa-
HH KpHcTana, a paguye & COOTRETCTBYET PACCTORHHIO OT 3T0H rpanu 1o UEHTPa Syeli-
KH B HOPMATBHOM K MOBEPXHOCTH HANpABNeHHH. 3T0 YTBEPHICHIE HOCHT HA3BaAHHE
Teopemul Bynniha (om. paboty [18] u puc. 6.13 B . 6). pi ynpyrod aeopMan i

TBEPIOIO Tena

npupanieane ceobomHof TIOBEPXHOCTHOH SHEPrim 34 umeer g

d(yd) = ydA + A dy, (7)

A KOMPOHULNEHT NoBepXHOCTHOrO HETAKEHHA £ onpefendercy thopmytoit

Ady
=l L
gE=y (8)

Henonsavn B kagecrne NAPAMETPA CHHMACMOCT) BEILecTRA & = AF/{(FAp), Mb Mo-

HEM 3AMHCAThH
BHIOE

a, Hm

Pue. 2.8.

BRIpaXeHHe 11a OTHOCHTENLHOIO HIMEHEHHH NOCTOAHHON PEIleTKH &

b AR AV _wy_ w2y L
a R W 3 - (

0 0.2 0.4 0.6
A1, 1M

Yepenuennpie TAPAMETPE PELIETKM DCAMACHHMY Ha ToOHKOH yrieponsoi
MITHKE KPHCTANTHTOR 3000TA, B RILIe PYHKLIN OT YepeaHeHROMD ofparHoro
panuyca wactu R (wmnm Anaverpa O COOTBETCTREHHD), Mapamerpu onpens-
ARAHCH 110 ANPPAKIHORHEM HKaM 119 (220} (rouxu) u (422) (RpymOqEH),
BETHUMHA 4, COOTRETOTEYET NAPAMETPY PEIIETEH BHYTDH 06bexa obpamm. Ha
pabote [17], ¢ paspewenis wanaTesorRa Elsevier
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0,404 = L] »

0,402

a8, Hm
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Puc. 2.9, 3anioAMOCTE NPaMETPa PELICTKN § OT PACCTORHMS o 10 LEHTPR ACTHIE Ans

caos MgO va wacTimax Al ¢ pamaycos 11,4 um (csatparioen ), 8,0 s (kpysiin)
1 5,2 um (TpeyromeHmks). Ma paGorst [20], ¢ paspewerns wanatensersa Elsevier

Mpeanosaras nanee, 970 BEIHYHHA k 18 MOBEPXHOCTH COBIAMALT CO CAMMACMOC-
Th) BEUIECTRA BHYTPH 0DBEMHOMD 06paslla, ML MOXKEM IKCTIEPHMEHTATRHO MOAYIHTh
JHHEAHBIC 3aBHCHMOCTH BROA Aa (1/R ) W onpenenuTs BENHYHHY g N0 HAKIOHY noay-
uaeMaix npaMbix. Kak mokasaHo Ha puc. 2.8 IR TBYX rpaHeil KpucTauia 300074, moy-
MaeMble B Pe3VIIBTATE TAKHX HIMEPEHHI AaHHLIE AeHCTEUTENLHO C NOCTATOYHON Tod-
HOCTRID ARMHKTCH NHHERHKMME H TOIBOISIOT ONPEASAHTS TIOBEPXHOCTHOE HAMPAKE-
HHE HA HCCAEAVEMBIX KpHCTA/LIOrpadHyeckHx rpaHax sonota. Benwunna g B untHpye-
mo# pabote okasanack pandoi 3,1 £ 7 H/m mana rpasn (2200 1 3.2 + 1,0 H/m s (422),
YTO JHAMHTEAbHO BEIIIE BEAMYMHE MOBEPXHOCTHOTG HATHESHHA ¥, cOCTammoneit
okoao 2,0 H/u. TMonyueHHR pesyibTar CBHIETENBCTBYET, YT0 KPHCTANINYCCKAR No-
BEPNHOCTD AEHCTRHTEIBHO HMCNLITRBACT HANPAKCHHE, BCISACTEHE 9610 MOKATOMHBIE
PACCTOAHMA HA Hell okaseBaloTes Bojblle, YeM Ha GecKoHeuMHOH KpucTRUINYecKoi
maockocTr (111) 3omora, HaxoaAuelcn B paBHOBECHOM cocTogHER [17].

TiATeAbHbIE H3MEDEHRA TI0 OMUCHIBAEMOR METOAHKE NO3BOAHIOT JOCTATOTHO TOTHD
ONpeeiaTh BUA 3aBHCHMOCTEN NMOCTONHHLIX PEIUETEH OT PACCTOAHNA IO UEHTPA Mac-
ik, B xauecTse npumepa Ha puc. 2,9 NPHBOLATCA 3aBHCHMOCTH TAKOTO THIIA, HILTIO-
CTPHPYIOUIHE BAKAHNE IBYX (DaKTOPOR: YCPENHEHHOTO IHAUCHHA MOCTOSHHON pelrer-
KH (KOTOpOE NOCTENEHHO VMEHBILASTCSH C POCTOM PA3MEpPa HACTHIL) W JOTIONHHATENLHO-
0 YMEHBIICHHA CPEAHNX JHAYeHAN, O0YCTORTEHHOTD BIHIOCTLIO K [IOREPXHOCTH Ma-
ABIX YACTHIL

Ha prc. 2.10 nokasada 3somonms MukponedopMaiimiil CTpYKTYpbl HAHOKPHCTAT-
AMHECKOTO XKeleda NPH OTANIE B 3aBHCHMOCTH OT BPEMEHH M TEMNEPATYPH 110 JnH-
HeiM paboter [13]. dedopmaums vexojaHbx obpasuos (MonyueHHBX MYALCHPYIOLLIIM
anekTpoocaKIeHneM) coctarsna (,68%, 4 npH OTANre B HAYATE PEIKO YMEHBIIATACS,
HO 3aTeM OCTABAAACH MTOYUTH NOCTOAHHON LHTETRHOR BPEMA, NPUYMEM COXPaHMILLLaN~
CH CTeNeHs AchopMaliny IABHCETa OT TEMIIEPATYPLI OTHRMIA 06pailoR M HIMEHATACH
ot 0,3% (npu 663 K) 10 0,1% (npu 753 K). 3710 no3sossieT NPeAnonoKHTh, 4T0 MUKPO-
dedropMatHl oGyYCNORTEHE TBYMA MEXAHHIMAMH, OIHH H3 KOTOPBIX HMEET penaKkca-
UHOHHLIA XapakTep, & BTOpOH — HepenakcauuoHHEIN, Bxnan sroporo mexaHmima,



gi 30 [liasa 2. Ofsemuan faza u nosepxnocmu pasdeia

®
é 06}
g 0.4 663 K
a o 883 K
i " THIK
0.0k,
0 50 100 150

Bpema, mux

Puc. 2.10. 3somouns vukponedbopmanuil s 00pasng HAHDKPHCTALTIMECKOTO Keaedd
B 3ABHCHMOCTH OT BPEMEHH M TeMIEpaTYpE! TepMoobpatoTEn (MpHBOIATCH
RAHHELE JTHITE [10 HEKOTOPLIM TemnepaTypas ). Tegaracres o PASDCIIEHMS BR-
Topos pabors [13). © American Chemical Society

OYEBHIHO, JARKCHT OT TEMTIEPATYPHI, OAHAKO ABTOPAM | 13] yaanocs sadmkenposars Takke
BIHAHRG pasMepa YacTuLL. [ITa 37070 OHH NPHIOTOBMIH K MOIBEPCAN OTHNUTY AOMOIHH-
TEALHO OGPAINLL ¢O CpeaHmM (110 00BEMY ) THAMETPOM JacTill 19 mu, KOTOPLIE NPHILLTH
K KOHEHHEIM JHAYEHIAM 46 HM (oTamr nph TemmiepaType 663 K, 92 um (683 K), 234 pum
{733 K) 1 395 M (783 K). OnuceiBaeMoe ABIEHNE OTPAKACT OMeBMIHRG dakT, aro
KPYIHbIC H3CTHIE TEPMOJMHAMUYECKH YCTOIMHBEE MENKIX, 4TO COOTBETCTEYET TAK
HanlBacMoMY cospesanuio no Ocmeaasdy (M. paiw 5 B ro. 6). ManeHeiime HaGmone-
HHA NOATBEPIWIN, 4T0 MEKPOIe(opMALIH B HAHOKPHCTATLTHTAX JeRCTBHTEILHO Ha-
MEHAIOTCA NPONOPUMOHATEHO SHAYCHHAM NMOCTONRHHLIX PeIeTKH.

[penatcranem k¥ npuMeHermo NPELTOXCHHBIX TTOIXON0OR SENEETCH TONBKD TOT
thakT, 9T0 BCe OHM (M NOAY4AEMEIE W3 HIX BLIBO/G) NOCTPOSHE! HA HCNOMEI0BAHIH
VpasHeHWn Bparra, nonyversoro aa KEPHCTALTHYECKHUY TEl 8 8HIE NEPHOTIICCKI
CTPYETYP GecKoHeYHOTO pasMepa. Mpofnema coctonT B TOoM, 4To HHTEPECYIOLIHE HAC
HAHOYACTHIL APAKTHYECKH BCEIIA NPEACTARTAIOT COBOI HETePHOANYECKHE KBAIHKDH-
CTALTHL AR KAACTEPBl ¢ HKOCAINPHYECKOR CHMMeTpHeil, B PeIYALTATE HEr0 BCE pac-
CYRISHIA 0 NEPECTPOIlKe KPHCTALIHYECKHY MOBEPXHOCTEH MOTYT PACCMATPHBATHCS
TOALKO B BHIE YHCTO theHOMeHONOrHYeckHX Teopuii, B Gomee obieM cayuae Heobxo-
AMMO pUMEHAT thopmyny eGast [21], ONMchBaIOMYI0 MHTEHCHBHOCTS MOTOKA Wiek-
TPOHOB NMOC/e paccedaHiA HA HEKOTOPOI (KpHeTaTmueckoil win aMopipHoit) coroxyn-
HOCTH aTOMOB H MMEIONIVIO B

f{'k’:iiﬁﬁ sr[n(:lir-rn}l.

=l =l [

(10)

rie qepes F| u F, oboanaveHn aToMHbe Ko PUIMEHTH paccesig, COOTEETCTRYI0-
LUME (-OMY H j-OMY aTOMaM cHeTemsl, k = 44-'sin @ npeicTaBageT coboit BeKTOp pacce-
AHMA LN BOTHE ¢ ATHHON 4, a Fy — PACCTOAHHE MeROY aroMamMy | 1 f. Onucusacman
thopmynoi (10) HETeHCHBHDCTL 1K) npegcrapaser coboil yepenHeHne no OpHEHTALLHN
BCCX ATOMOB CHCTEMBL MW KIACTEPa, BCACACTRHE Yero thopmyna [leGas dpessnaino
yaobra 11a oGpaboTkn 1aHHEX ANPAKIHN PEHTTEHOBCKOTO PACCERHHA Ha NOPOLIKO-
BHIX 0Opaiuax u marepuanax, B cyumocts, sto YPaBHeHHE MOIBOIAET PACCYHTRIBATE
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MHTEHCHBHOCTS TMQPaKUHOHHOIO PACCEAHHS PEHTIEHOBCKOTO H3NYYeHHS Ha OCHOBE
HEDOMBILIOTD YHCNA BAPhHPYEMEIX NAapaMeTPOB H, 9TO ABIACTCH 0COG0 BamHmM, Ge3
BECACHHA MONONHHTENBHLX MPEANONOKEHHH OTHOCHTENEHO CTPYKTVDE CAMMX MEK-
PO4ACTHI. ATOMHBIE KOH(HIYDALMK Mo 3Tol dopMyne BHYHCISKITCA € TIOMOIILIO
NPOCTOrD METONA HAMMEHBUINX KBAIPATOB H C YYETOM PACNpeNeleHHs YacTHII HIH
SEPEH MO paIMEPaM, a TAKKE BOIMOXHLX OIIHBOK «YETAIKH B OTOCNLHEX KPHCTAN-
nnrax [22]. CoBpeMeHHLEe KOMITEIOTEPH NOIBONSIOT OCYUIECTRIATE IPAMBIE BRIYHCTE-
HuA (ab [nifio, W3 MEPBLIX TPHHUMIOR) AMGPAKITHOHHBIX npoduneit N4 KiacTepos ©
pasMepami 10 15-20 nm. Bpems pacuera cocTamIser HEeCKONBKO YACOB, YTO BMOJHE
JOCTATONHO LA HCCNEA0BaHHA GO/IBIIOND YHC/IA HAHOYACTHII, MTPEICTARIMIOIIHK npaK-
THYecKH# uHTepec. K coxanennio, obbem (a COOTBETCTBEHHO, BPEMA M LIEHA) BRIYHC-
AHTCALHLIX ONEPAINE BOSPACTAET NPONOPLUHOHANEHO KBAIDATY YHCAY ATOMOB B pac-
CMATPUBAEMOH CHCTEME (TO ECTh NPONOPIHOHANKHO WECTON CTEMEHN AHAMETDA KIAC-
TEPA), H ITO MOKA HE MOIBOAET HCTONEIOBATE METON INIA AHATH3a CTPOeHNA Gonee
KDPYIHBIX YaCTHIIL,

B xavectse HarnagHoro u sipkoro MPUMEpPa MPOARNEHHA pasMepHoro adubexTa Ha
puc. 2.11a nokazauo yiunpeane mudipakunoHHOR THHAR, COOTBETCTBYIOLLIEE MHKPO-
H HEHOKPHCTAUIHYCCKHM OBpasiiaM Nopouka Kapfuaoa KpemHms, Oudrparumwon st
MAKCHMYM 1A HAHOMATEDHANA B ITOM CNYVYAE OKASKMBACTCH HACTONLKD Y3KHM, yTO (C
YUCTOM CNOXHOH (DOPMEI CIIEKTPE) OTPAXAI0MEH MNOCKOCTH Nake TPYIAHO OLIEHHTE G-
Ho3HayHo [22]. Ha pue. 2.116 npupomnuTes pacderHas KPHBa# MIMEHEHHS WHPHHLI
AUDPAKIHOHHON THHHH B 33BUCHMOCTH OT PA3MEPOR IEpHa.

B KagecTse euie onHOro npHMepa MOXKHO CPABHUTH MOMHEE AMdpakTorpasMMel,
MOMYYeHHBE 14 CTA0HIHIHPOBAHHBIX OPTAHHYECKHMH THIAHIAME Hanoknactepor Pd
(c xopowo onpeaeneHHod MKkocaanpHueckoit thopmoit) ¢ andpakTorpaMMaMy obbem-
HBX 4acTill Pd, ofnanaommx rpaneue Htprposastoil (T'LLK) ctpyxrypoit (pue. 2.12).

CTHOCHTEMEHAR WHTBHCHEHOC TR
MLUM, rpag,

20 25 30 35 a0 0 20 40 80
a) 28, rpan a) d, Hm

Puc. 2.11. (a) se pertresonckue AWPPAKTOTPAMMEL, COOTBETCTRYIIIHE peduickey (111)
A MHKPOKPHCTAIMYECKOND (PAIMEp 3CPEH — HECKONBKD M) i HAHOKPHC-
TALIHYeCKOrO (pasMep sepel — 3,9 mM) nopouika B-SiC. (6) JapMcuMocTE
NOTHOH MHPHHL IFGPaKIHOHHOTO TTHKS HA [IOT0BHHE Makcumyma (TTLI M)
OT pd3sMepa 3epeH, NONYYEHHAR HA OCHOBE BENHCACHMN ab initio m JHibpak-
TorpamMs no Gopmyne Jebas. [Mepeneuarasaetcs o PAIPEIIEHHA ARTOPOD [a-
GoTwl [22]
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Pue. 2.12. Pentrenoscioe nidpaxtorpasus: A HosHoknacTepos Pd o paskeiM SHCAOM
obanouek: aeyma (Pd,,, d = 10 am), nateio (Pd,,, d = 2,6 Hs), cembio-poce-
muio (Pd,, , 1 Pd_., d = 3,7-4.2 iw) 1 MeTanmrieckoro nopotka Pd ¢ pas-
uepany 3eped 50 uu (cpepxy ), TTonosmenms mudipakimMoniHLx AMHIR 1A
Pd ¢ TUK-crpyxrvpolh yrasamns B Guryphnx ckobxax (hkl)

B 210/ cHTVALMH NONoRCHMA AHDPAKIHOHHEX HKOR 1A KAacTepoB 1 obbeMHBIX
YACTHI CORMANAKDT, BCASMCTEHE YelD BRIMTHCIIEHHBIC JHAYCHHA MNMapaMeTpos PCINCTEH
OB COBHANATE, HEMBHCHMO OT TOYHOCTH HaMepennit [23]. Cneayer oTMETHTS, 4TO
HAMHYME OPraHHYecKiy IHFAHI0B HA MOBEPXHOCTH HAHOYACTHIL NPHBOLNT K A0mo-
HUTENLHOMY MOHMKEHHIO NOBCPXHOCTHON IHepruy, To ecth adibexTy, npencranien-
HOMY Ha puc. 2.9,

2.5. BuommmeTuka. MNpUpoRa — UCTOYHHK BAOXHOBEHMA
ANA PA3BHMTHA HOHOTEXHONOMHH

B coananmax XUBoii NPHPOoIs Mbl NPAKTHYECKH HIKOTA HE CTAIKHBIEMCA © 00beM-
HEIM BELIECTEOM B (PHINMECKOM CMEICTE 3TOT0 TEpMMMA. Boe MHakic OpraHiiMb npea-
CTARAAKT coBOR HCKTIOUHTENLHO CIOKHEE, HEPAPXMUSCKH NOCTPOCHHLIC CTPYRKTVPR
H3 KOMMO3HTHEIX MaTepuanos. bosee TOro, BXOJALIME B COCTAR KHBRIX OPraHHIMOB
CTPVKTYPR 06a1a10T Takcke cnocofHOCTEIO CAMOCTORTENIBHOTO POCTA, KOTOPaH OCHO-
BaHd HA NPUHLUHANAX C}I‘ITp‘ﬂMOﬂ:K}'IIEDHGﬂ XHMHR H CaMOOpraHAZalliH, Hamenssce o
pasMepax (0T HAHOMCTPOR Yeped MUKPOMETPE 10 MIUTHMETPOB) TAKHE CTPYKTYDL! K
THAHW MOTYT CYIIECTBCHHO HIMEHATE CROH MEXaHHTeCKIe W (PHINKo-XHMITecKHe CBOH-
CTBa, 9TO OOBACHACTCA HANTHYHEM OrpoMHOID YHCAA pamuuﬁpuaﬂux NEPCXOAHBIX TT0=
BEPXHOCTEH MERIY KOMNOHEHTaMH cHCTeMEL B Takux cTpykTyYpax 0¥eHs YacTo HA Ha-
HOMETPHYECKOM )']:K]BHE OpranfyeckHe M Hﬂﬂpl'ﬂ.H]‘l‘iEGKHE KOMIOMEHTH COUCTAIOTCA
BCTECTBEHHBIM DEPHJDM. B PB'JHJIBT&'H Yero OTNeNbHBIC ANeMCHTR ANBLIX KINETOK B
OPrasHaMoB TIONYIRKT CNOCODHOCTE BRIMOIHATE OIPOMHOE KOTHUCCTRO pasHo0bpas-
HEIX onepaumit 1 GYHKIMT B o4eHb HeGo/bInY 00BEMAX MPOCTPAHCTEA,
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HampHMep, KOXHEE TOKPOBE MHOTHX CYIIECTR i HACEKOMLIX BEIIONAIOT | cebs
MHOM Pa3HO0GPAIHEIX BemecTs (XHTHH, GEIKH W KPHCTALIL KAMRIHTA) B CHOKHBIX
MPONOPIILAX, B PE3YIETATE Yer0 BOIHHKAKT OPTaHHIECKHE TRAHW H CTPYKTYPhL, COME-
TAWINE B cefie CaMiie PasHOPOIHLE CROHCTEA W 0CODEHHOCTH. [pn 3ToM BewIeCcTRa,
COCTARIAIONIME TKAHH DPIAHMIMA, MOMYT JIErKO HIMEHATL CBOH ONTHYECKHE W MEXA-
HIYECKHE XapaKTEPHCTHEH, TIPHMEPOM HEro CYKHT KOLIarcH, KOTOpLH MOKET DLITh
npo3apasHbiM (HANPHMED, B POTOBHILC [A3a) MW MYTHEIM, XKECTKHM WIH rHbKHM 1 T.A,
ONHOBPEMEHHO KOJIareH o0nagaeT BaKHOH CNOCODHOCTEID COSAMHITLCA C KPHCTANT-
JAMH THAPOKCHATIATHTA, HEODXOMMMOTO 1A OOPAIOBAHNA B AWBLIX OPraHHIMax npot-
HOH KOCTHOH OCHOBRI,

TopaIHTEIbHO, HO 0DpA3YEMBIE B RHBMX OPraHNIMAaX CTPYRTYPh OAHOBPEMEHHO
OTIIHHAIOTCH KPAcOoTO, BEICOKO BOCTIPOHIBONHMOCTRIO H cnemmdgmuHocTeio. T nas-
HHX NOp YIeHHX NOpaxano (aHTACTIECKoS pazHoobpaIde TAK HASLIBACMEIX IHATO-
MILl, OPFAHOR HACCKOMEIX M YAHBHTEIBHO YYBCTBHTCIBHEIX (hyHKITHOHATBHBLIX YOT-
pOHCTE BOCTIPMATHA ¥ MHOTHX OPTaHHIMOB, DTH CAOKHEIE CTPYKTYREL, PAIBNBAICE W
YEMOMKHAAC, NEPEIAIOTON B KHBLX OPraHHIMAX H3 MOKONEHIA B NOKOTEHHE, TAK 4T0
VueHBIM OCTACTCH TOTRKO kaaccndHIMpOBaTh WX W MPHIYMELRATS M HOBLIC 0D0O3HA-
eHHS M HassaHia, TepMHH «0HOMHMETHEA? 03HAUAET HIYUCHHE H KOMHPOBAHHE TIPHH-
UHIIOR NOCTPOEHHA N QYHKINOHHPOBAHHA DHOIOTHYECKHX CTPYKTYD ATH HX MIpHME-
HEHHA B HAYKE | TexHHKe. B HacToAIIee BPEMA 9T HAMPABICHHE B HIYKE OXBATRIBACT
OrPOMHAH KIACC CAOKHBIX (PHIMKO-XHMHYCCKIK npoGaeM, CBATANHBX C NOHAMBHN-
&M 3aK0HOB MOPhOIOrHH (yderua o passuTHE GopM), TPHHIIMTOR CAMOOPTaHH JALIHH
BelecTBa, METO0R BHOXHMHYECKOTO CHHTE3A HA NOLTOXRKAN, MONSKYIAPHOTO Pac-
MO3HABAHIH, BHCOKON CEeKTHRHOCTH MPHPOIHKX (PEPMEHTOB W MHOKECTES JApPYIHX
HHTEPECHEIX TTPOLIECCOR.

OueHb HHTEPECHD, YTO HIYIeHHE MHOTHX MPHPOLHKEX [IPOLECCOR HEMKIIAHHO
MPUBEN0 K B3AHMOIENCTEIIO WITH ke obfbeIHHEHHID HAYUHBIX THCLHTIINH, paHee
pa3BHBARIIMNCS He3anucHMO. TTOMLTKH MOHATH, KAKHUM 0fpazom NPoHCXOANT B TIpH-
poje Npeobpa3oBaHme CBETA B AMEKTPOXHMHYECKYIO SHEPIHIO H KaK B AMROM obbeKTE
COMETAHME OPTaHMHMECKHX H HEOPTraHHYECKHX MATEPHATOR NPHBOIHT K BOSHHKHOBE=
{0 GHogorHueckux TKaHeH (TTPONAIAIONINK, B 3ABHCHMOCTH OT BHELTHMX YCIIOBH,
rHOKOCTS MK RECTKOCTh), VAKE MPHBEIH K COINAHMIO MHOKECTBE MERIHCIHTLIHHAD-=
HBEIX HOCIEA0BATENLCKMY TPYTTL. B 3THX IPYNTAX CHSHHATHCTH 13 CaMBLIX PASHEIX W Ka-
JABIIXCA JATEKMMH 06TacTeH (XMMHKH, GHONOTH, MHKXEHEDH W AAKE (PHIHKN) NHITa-
JOTCS MOHATE APYT APYra, HAYMHAKT BhrpadaTeBaTh ODLIYIO HASONOIIIO, TEPMUHONO-
(10 | CTPATETHIO HCCTeNoBaHii. 3a mocnelHAE ABALIATE JIET TAKOE COTRYNHHHCCTRO
vike NPHBENO K BASCTALINM JAOCTHREHHAM B PASHRIX HATIPANICHHAX, W3 KOTOPHIX MOX-
1o ocobo BRUIENUTE MaTepHanopeaenne, Hanpumep, B pesynbTaTe MHOTHX KOMILIERE-
HMX HCCTeAOBaHHH (B KOTOPBIX MCTIONL30BANHCE CTOKHBIC METOLE MOMERKY/IAPHBIN
OTHEYATKORS, CHATE3 HA 3a0aHHON CTPYKTYpE, caMOCBOPKH BeliecTBa  ruipodiod-
HO-THAPOITEHOTO PABHOBECHS B XMAKHX CHCTEMAX W T.IL) ViK€ YIanoch co3NaTh te-
kit pabop HOBLEIX (PYHKIHOHATEHAIX HAHOMATEPHANOR C PeryTHpyEMLinHe (H3nIec-
KiMH CBORCTBAMH, BhicOKOI GoTOXMMHYECKON 1 TEPMIECKOH CTADMIBHOCTLIO W T
B HacTosiee BpeMst YieHEEe B NabOPATOPUAN MOTYT CHHTEIHPOBATL MATEPHATEL ¢ YiIH-
BHTENLHEMHE CBOMCTEAME, KOTORLIE M0 MEXAHHIECKON MPOYHOCTH MOXHO CPARHHTE C

2-2H6
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nayruHoil, a mo cnocoBHOCTH K CAMOOUHMILIEHHIO — ¢ NTHCTHAMH LBETKOB JoToca. AHa-
JIH3 CTPYKTYPR KOXM AeNLHHA VEe NOIBOAWT HHKEHEPaM COATATL MaTepHan spub-
NeTe, NPLICTAMAIOUHI cOBOR MOMHMEPHYIY IUTEHKY CO ClosHoil cHeTeMoll «Bopoa-
OOK=, KOTOPAA © YCIexomM HCMONLIVETCA B KAMCCTRE NOKPLITHA NOBEPXHOCTH KPLUILER
B COBPEMEHHBIX CAMOMETAX M IHAYMTENLHO CHIKACT A3POIMHAMNYECKDE COMPOTHRAL-
aue, Coanansl Marepuansl, cnocobusle TpefyeMbiM oBpatoM CONpPOTHRINTLCR BOAIEH-
CTRHI} PACTBOPHTICH, CAKHMX CPEll, CBETA, WIEKTPOMATHUTHON MATYYEHUA HIK TeM-
nepatyphl, B Gyaviuem Mul CMOKeM TPOEKTHPOBATE W COMLARAT TAK HAZKIBAEMbIE YM-
HBIC MATCPHATE B BHIE TOHKOMIEHOTHLX 3eKTPOHHLIX YCTPOHCTR, JaTYHKOB COMHEY -
Hulx Dartapell. BHoCOBMECTHMBIX HMILIAHTATOB (BKIIOYAA HCTOUHWKN NMATAHHA),
HCKVCCTREHHAIN MBI H CACKHMEIX VCTPORCTD, NPEeIHAIHAMEHHEN LA JOCTADKH Jfe-
KAPCTBEHHBIX CPEACTE BHYTPH OPraHMIMa.

Knioyessbie MOMEHTH

* Ha rpanmue pasiena das MEHSIOTCH NOUTH Bee PUIHKO-XHMHYECKHE cBolicTaa
BEIICCTH, OUHAKO 3TH CKAYKH XADAKTEPHCTHE NPAKTUHMBCKH HHKOTIA HE ARA-
OTCH «Pa3PRIBAMKe, 3 HOCHT ODRYHO MATEMATHYECKH «ITIANKHITs M JaXe KO-
nebaTeNbHEH XapaxTep.

* OueHb BRKHYIO POIE B OITHCAHMM CBONCTD YACTHI BEIMECTEA MIPAET OTHOIIE-
HHE MOBEPXHOCTE/00heM, KOTOPOS B NPOCTRIX CTPYKTYpax obwuHo obpatHo
NPOMOPLHOHANEHO THAMETPY PACCMATPHBACMEIX CTPYETYD. 310 paxHeillee oT-
HOUEHHE CBA3AHO W MPOARIAETCA B YCPEAHCHHOM 3HAMCHHUH KOOPIMHALMOH-
HLIX YHCET BELIECTRA PACCMATPHBAEMBIX YECTHLL, H HMEHHO FTHM oGBRICHACTCH
TOT (DAKT, HT0 BOALLUMHCTRO CRAZAHMBIX C MACIITAGOM HAMKO-XHMUHECKHY Xa-
PAKTEPHCTHE [UIA HAHOMATEPHANOE BRIKOYAET B ceba 3anrcumocTy THna 1/d, re
d — THAMET CTPYKTYPHL.

* ATOMBI HR NOBEPXHOCTAX, Pedpax W yriax KpHCTLTHYECKNX CTPYKTYD BCErA
obaanaoT Gonbiiel 3Heprueil, YeM aToMel BHYTPH 00beMHOr0 obpaila KpHe-
Tanna. HIOHTOK SHEPrnN CRASAH ¢ HEHACKHUISHHOCTLIO XUMUYECKHX CBA3EH
TOMOB B 3THX NOIOKEHHAX, YTO MOKET DWTh BLIPEECHO YHCIEHHD Y2ped co-
OTBETCTBYOUIHE KOOPAMHAUNOHHBIE YHCAA, BCISACTEHE YEI0 MATEPHATOBETE-
HHE 18 HAHOCTPYKTYPHBIX NOBEPXHOCTEN LOMIKHO OCHOBRIBATECH HA (hHINKO-
AHMHYCCKHX NPHHIHANAY CTPOSHHA NOBEPXHOCTER paiiea.

* PenukcaumoHHbie NPoLIECCH B ONHCHBAEMBIX CTPYKTYPAX NPHBOAAT K HEKOTO-
POMY YBETHYEHIIO NAOTHOCTH PEIMETKH, H YACTO CrocoGeTBYIOT 0BpajsoBaHmIo
AHMEPOB H3 NOBePXHOCTHLIX ATOMOB.

* B xupoll npupone npoLeccsl caMOOPraHW3ALN BEMIECTs NOCTORHHO COAla-
HOT HAHOKOMMO3ATE C NOPAIHTENLHEIMY XAPAKTEPHCTHEAMY, YTO MOKET Cly-
#HTh HETOUHHKOM BIOXHOBCHHMA HIH NPOCTOTO KoNMpobanua. buommmern-
K&, WIH NOOpasasie mMpupone, TPEE}‘ET_DT HecnenoBaTeiel THATENBHOMO H3Y-
HEHHA M MOHMMAHHA NMPHHLMIOE CAMOOPTAHNIALNHE ATOMHO-MONCKYIHPHBIX
CTPYKTYP ¥ PA3BHTHA METOMHK YIPABTEHHA CHHTCIOM NEPCNEKTHEHBIX HCKYC-
CTBEHHBIX MATEPHATOR,
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FEOMETPUYECKAS CTPYKTYPA.,
MAFMYECKUE U KOOPAMHALIMOHHBIE YACTIA
ANA MAINbIX KNACTEPOB

3.1. NocnegosarensHocts PAAHanbHLIX $yHKUMIA
NOTEHUMANLHOM 3HEepPrum

Dusuxo-xMHYeckie crolicTra HAHOMACTHL ONPRALNNIOTCA HE TONEKD 1x passepanu,
HO W THIOM YRKIaTKH aTOMOB B KPHCTALIMYECKodH CTRYKTYpe, BKCnepUMEHTALHEE |
TCOPETHUIECKHE MCCNCIOBAHMS YXKe TOKAIAMH, 4T0 OfLEMHBIE CBONCTER B KIACTEpax
MHOX Monexyn (tuna CCI,, NH,, CO, n TEKCAQTOPHAOR) HAYMHAKT POSKIATECH
TOMLKO MOCHE TOTO, KaK YHCI0 ATOMOB B HHX JOXOIHT npisMepHo oo cra, C apyroit
CTOPOHBI, CTOHT OTMETHTD, MTO KJIACTEPRl METALTON HAN GRaropomHix rason, comep-
HAUTHE TA0KEe HECKOABKO THICHY ATOMOB, NPOAGILKAIOT COXPAHATL NOKATEHYIO HKOCA-
SAPHYUSCKYIO CTPYKTYPY, XAPAKTEPHIYIOLIYIOCH OCEBOi ( BPALLATENBHOR) cHMMETpHEH
5-ro nopaaka. 3TH sneMeHTH CHMMETPHM, ECTECTBEHHO, HHKAK He MOTYT COXPAHATLCH
B HOPMAIBHOM KPHCTAILIE € TIPOCTPAHCTBEHHEIM NOBTOPCHHEM IAEMEHTAPHIMY AYe-
EK [PH 0BRIYHOM TPAHCARIHOHHOM neperoce, [Npoctpanersenimii KPHETAMTHY¢C-
Kiit oBpasen Moxer conepkars CTPYKTYPEI € TARHMY S/MIEMEHTAMH CHMMETPIH, 0~
HAKO TAKHE CTPYKTYDEI, KOHEMHO, CACAVET HASKIBATE He KPHCTALTHYECKHMHE, A K&a-
Jukpucmaitiveckimy. Takne obbicHeHHR OCTAKTCH HEDOCTATOMHBIMY 7R YaoR1eT-
BOPHTETBHOMD OIHCAHHA TOrD abdexra, 4TO HAHOYACTHUE U3 OTHENEHEY ATOMOR
MPOAOIKAIOT COXPAHATL HKOCAIAPHIECKYIO CTPYETYPY Jake NOCIe Toro, Kak ofsem-
Haf CIPYKTYPA B UEN0M CTAHOBHTCH OBKIMHEM kpreTannos. B cymmoctu, npu tocra-
TOUHO MATHIX IHAYEHHAX OTHOME HHA TIOBEPXHOCTE/00BEM 3TH CTPYKTYDH BIIOTHE MO-
YT VAORTETROPATSL O HIHM XAPAKTCPHCTHEAM 0BBEMHoTO KPHETALIA, 0OHAKO Mpofie-
Mil CBAJAHA C TEM, YTO MPH 3TOM B CHCTEMAX MOMET HMIMEHATLCH XapakTep (hazousx
nepexonos. lemo B ToMm, yto B HEKOTOPLIX Cy4yanx s¢bekTisHie paccTosuna nefi-
CTHHA MEXMONEKVIAPHEIX CHIT (OTHOCHTEILHO IISHTPa MACCH CTPYKTYPBI) MOIYT COOT-
BETCTEOBATD JUIHHE 3MCKTPOHHBIN BOTHOBLY GYHKUMI, YTO npHBOANT He TONbKD K
CMELLEH IO TOYEK MepeXoIa HeMeTan — METELT, HO M K aHH30TPOITHN OTTL KHBak-
el cocTaRnsomel MEAMONEKYNPHOTO NoTeHmana | 1], Mas manux YACTHIL (€ 09eHL
H30THYTOR MOREPXHOCTLID) TIOBEPXHOCTHOE HATHACHHE MPH 3TOM NPOCTO NepexomT
B NOBEPXHOCTHOE ARIEHHE, BeTHIHHA KOTOPOTO MOMET TOCTHTATL HecKoTaknx TTla
{cM. ypasHenme (6) B 2). B peaynkrate yero HIMEHACTCH NMAPAMETP YNaKOBKM, |
CTPYKTYPA B UeTOM npHoGperaer BHN, XaPaKTEPHEIH 008 nauHoro MATEPHAIR PH
Donee BRICOKHX TaBTeHusK.

Bonnumucrao TCOPETHYECKHX MCCACTOBAHMIT B laHHOM 0B1acTH oTHOCH TCH K Kia-
CTEPAM W3 ATOMOB META/UIOR TOTH GAArOpPOIHEIX 4308, 9To O6BICHACTCH npoeToToi
YPABHEHMH, OIHCKIBAKILIAX Chepnyeckie ATOMEL, ILTH yI0BCTBOM HCIOIL3I0BAHMS G-
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KX K chepHIec KM TOTEHITHATAM BIAHMOIEHCTEHA B IBYXATOMHEIX MOJCKY/IAX 3TOI0
tina. Hviesos npubnmkeHde 115 NOTEHUHATA TREPORX WAPOR HMECT B

Mir)=e (r<s)
=0 (r>3), (1)

I¢ CKaYoK IHAUCHHA noTeHIHana oT (I} 10 DECKOHEMHOCTH NPOHCXOANT B TOUKE O, CO-
OTRETCTEYIONICH KPHTHYSCKON BEAMYMHE MEKATOMHOTO PACCTOAHNA. DTa Monens, B
KOTOpPOH pAcCMATPHBAIOTCH TOMBKO HECHMMAEMBIE MONEKYIM, KOTOPKE He BIAHMO-
NefCTBYIOT APYT ¢ APYTOM NPH PACCTOAHHAX BONBINE KPHTHYECKOTD, OYCHE JANCKE OT
PeANLHOCTH B, B CYITHOCTH, O4EHb FIOX0 OMHCKIBAET TTOYTH BCE XaPaKTepHCTHRH DOMib-
HHCTEA BemecTs. [UIA OnMCcAHHA STOMHO-MOIEKYTAPHBIX B3aHMoacHeTEHi TOpasIo
Gonee peATHCTHIHLIM ARIASTCH M3BECTHRIN nomenuwan Jenapda—daconca

IF' L] a_ m
o5

I1¢ FiepBklil MIeH B KBAAPATHRIX CKOBKAX COOTBETCTBYET OTTATKHBAHMKD HA MATLIX pac-
CTOSHKIX, 8 BTopol — mpuTAXeHio Hi Donbm#x paccToAnnAx. ObDuuHO A 3TOr0
MOTCHIHMATA TPHHEMAIOT 3Ha9eHus 7 = 12 ¥ m = b, BCneacTane Yero ero obuMHO Ha-
JRIBAKOT TIPOCTO MOTEHIMANOM «IBCHANUATE-IIECTh». BeAWTHHa o COOTBETCTBYET pa-
BEHCTBY CHJI MPUTHXEHWA W OTTAIKHBAHHA, A& MAPAMETP £ — SHEPIHA CBAIH B ABYX-
ATOMHBIX Monekyiax. OueHs YACTO B MOTEKYISPHON PHIMKE HCNONBIVETCA TAKKE Ho-
menyuar Mopie, OnUCEIBaeMEIR YpPABHEHWEM

Mr) = g[1 — exp{—alr—r )", (3)

rae koadpHuMeHT @ COOTBETCTBYET KECTROCTH MK napamerpy nopiaka. Ocobyio npu-
BIEKATEILHOCTS 3TOMY NOTEHLMATY NPHAAET TO, YTO, BO-MEPBLIX, OH JOBONLHO TOMHO
COOTBETCTBYET XHMHISCKHM CEASAM MEXIY WEeMEHTAMH, & BO-BTOPHIX, M0 HCTIONb30-
BAHME MO3BOAACT NONYIHTE TOUHEIE pemeHus ypasseHus [pexunrepa.

OyeHb WHTEPECHBI® PE3VILTATH MOMVYAKTCA TPH HCCAEA0BAHHH 3aBHCHMODCTH
CTPYKTYPbI H MPABHI CHMMETPHH KIACTEPOB B 3aBHCHMOCTH OT PasMepoB B Mpoliecce
pocra. [IpocTpaHCTBEHHBE OrpAHHYEHWA AOIKHLL BRITIAICTH OOINHAKOBO TR BCCX
cihepurecknx vactuu, Kax Gyner nokasaso B T, 3, 8 METWUIAX NEN0KATHIALNA BbL1e-
NeHHEX CTPYETYD 03HA4YaeT I0NOAHHTENbHBIE YCTOBHA CTABHIHIAIHA, YTO HEHOIMOKHO
B CHCTEMax aToMop Gnaropoassix rasos. B npemensuom cavuae dopmyast Jlenapaa—
JoHca M HMEEM AE10 ¢ NEPEXOAOM OT OIHOTD THNA CHMMETPHN YTIAKOBKH KPHCTAT-
JI0B K OPYIOMY, 4T0 CBN3aHD TONBKO ¢ HaMeHeHHeM (hOPMEl PATHANTEHONO NOTEHLIHATb-
HOTO BIANMOACHCTENN, B PE3YIETATE Y610 MEHAETCH COOTHOLIEHME NIPHTATHBAIOMIAX M
OTTIVIKHBAIONIHY COCTARNSIONINE BIARNMONSHCTENA 0 HX BOIISHCTRHY HA ITHHY XHMH-
yecKNX Cef3ell pu paHoBecHH. CkazaHHOe MOXET DLITh KO M TOYHO BEIPAKEHO
KOJIMUECTREHHO Yeped BEKAAIL NocaenosaTensHe cihep (obonodex) kpucTasaniecko
peiteTki. [TonbIvACE 3THM TIOTEHIMANOM, MOKHD HAWTH, HATPHMEP, Y4T0 11000H aToM
B ofbeMHOLEHTPHpOoRaHHoM kyGnueckoit (OLLK) crpykrype umeet 8§ Gaukaimmux co-
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Puc. 3.1. Pasnansioe nonosenmne KOOPAMHAUHOHHEL cdep Ha xpHBoll noTeHUMaTEHOH

FHEPTHM L0 KpueTanios ¢ TLK- u OUK-crpysrypams ipi notesmane s-
nsManeicTann Jlenapoa—Txonca (12-6)

CeneH Ha paccTosaHmm 5 M 6 cocencit Ha paccroarnn 1,155s, B TK-crpykrype ATOMY
COOTBETCTBYIOT 12 Bnmaiinmx coceneli ua paccTosiHHH ¥ M 6 cocenell — Ha paccTon-
HHH 1,414y, Braanw ot PAATHYHEBI 0DON0MER MOKHO OUEHHTE, HANPHMED, IUIH KPH-
BOH Ha puc. 3.1, e npescrasmen THITHYHEL DHMED MOTeHIMATA THIA Jlenapma—
Hxonca. Ouesnano, 4o HanBonee HMETHRIA BKIIAL B SHEPIHIO B33HMOASICTEHA BHO-
CHT ATOMB, HAXOIAIUKECA Ha paccToanuy | 6o ot PACCMATPHBAEMOTO, 8 ATOME Ha Tpe-
ThEl KoOpIHHANMOHHOI chepe MOXHO He YIUTRIBATE, Kpome toro, Momxno BEMHCITHTE,
HTO HA PACCTOAHMM 3¢F OT USHTPATEHOID ATOMA MOIYT HaxoaHThes 132 aToma B cayyae
OUK-ctpyxrypst w miuie 128 aromos s cmyuae IHK-crpykTyphi, wro ecrecTeeHiio npo-
HAAETCA B HEKOTOPHIX XapaKTePHCTHKAX, Kpome Toro, npu pacyere nonmoit IHEPIHH
B ITHX CAYHAAX, IOMHMO SHEPIMMH ABYXATOMHEIX BIANMONCHCTEHH, HeoBxomMMo yau-
ThIBATE H TAK HAILBAEMEIE MHOTOYACTHY HEE athpe T
Horenunan Nenapna—Ixonca O4EHEL YI0DeH LIs MONeTHPOBAHHA NOBEIEHHA Kia-
CICPOB H3 ATOMOB PAXTHIHLIX BIArOPONHBIX TR308, NOCKONBKY MOSBONACT BROINTE M
BAPLUPOBATL XAPAKTEPHEIE 1A AAHHKIX JEMEHTOR DAPAMETPL £ H O, OCTARIAR UK~
CHPOBAHHEIMH pasMepHBIC NEpaMeTpLi i 1 7. B 31oM NPHONUAEHHN He CYIlIeCTBYeT
HEIABHCHMOIO NapaMeTpa paimepa, B PEIYILTATE HEro CTPYKIVPa KIACTEPOR BCeX afe-
MEHTOB HIMEHASTCS IIPH OIHEX 1 TEX Xe PAIMEPAX, COOTBETCTBYIONIMX 3A0AHHOMY THCTY
2TOMDE B KOODAMHALHOHHEL chepax. Inn Mogennposanus u HIYUEHHA THCTO pas-
MEPHBIX 3thexToR ropasao Goee VAODHBIM NpeICTARIAETCH NOTEHIHAT Mopae.
Ocobo yrobasmm s MOACAHPOBAHNA HAHOKIACTEPOR ARIOTCH HKocasapHyec-
KHE CTDYKTYPH, KOTODBIM H COOTBETCTRYIOT NpeAcTaRteHHbLe HA puc. 3.1 nanuse. K co-
HANCHHID, CICOYET CPA3Y OTMETHTE, 9To HKOCA3PLE He 06PA3YIOT COBEPIIEHHO MPABHTL-
HOU NepHonHYeckol CTPYKTYDH, BCleaCTBHE ET0 BEOAHMOE B MOEIH MpeacTABIEHHE O
KPHUCTALTHYECKOM OKPYIKCHHH (KOOpPIMHALIHOHHKE cephl, SAKDHEL CHMMETPHH) ARMA-
E€TCH, CTPOro roBOPA, CHPABELTHEBIM TOIEKO [UTA UCHTPAIBHOND TOMA, A ¢ VBETHIeHNeM
Pa3MEPOB OLHGKH BOIpACTAIOT { KOOPAHHALIMOHHOE YHETO TR HUCHTPAILHOTO ATOMA Pas-
HO 12). Mkocasnpir moryt PACCMATPHBATECA B KAYMECTBE JNEMEHTOR YACTHIHO HCKAKCH-
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#oft TLLK-cHCTEMEL, DIHAKO WM COOTBETCTBYET DOsiee MNIOTHAA YIAKOBKA, BCNCICTRHE
HErD MEKATOMHEE PACCTOSHHA MEKIY CaMHMH cepamit OKASHIBAIOTCA NPHMEPHO Ha
5% MesbLIe, 9eM BHYTPH cdep (oM. 1. 2), MOITOMY MONY4asMBIE B ITOH MOLETH 3Have-
HHMA SHEPTHH CBAIM MPUBIHIHTENLHO HA 8% MPERBILIAIOT T€, KOTOPHIE COOTBETCTHYIOT
rekcarodaTsHoi mioTHoynakosaniof (TTTY) pewetke wmm TLIK-pewterke w3 Tex e
ATOMOB,

TpencTannfeTcs MOYTH OUEBHIHEM, YTO XAPAKTEPHAS [UIMHA BIAHMOACHCTEHA
MERILY ATOMAMH H MOTEKYIAMH ARTACTCH OTHHM H3 AR HER I IapaMeTpoR, Onpene-
nsourx asopsie nepexosl B cucTeMe, OrpoMHOe KOTHIECTBO TEOPETHHECKHX paboT
B Toit 06NACTH CBAAHO KAK ¢ MPOCTHIMK MOTEHUMANAMH (THTIA TBEpALIX chep W mo-
renimwia JTenapna—/xonca), TAK ¥ CO CTOKHLIMH BI3aHMOISHCTBHAMH DEIKOBRIX CO-

a) 6) B)
2 . 2
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'l." u L
0 15 20 T 5 70 0 5 20
rio ria rfi
15 ¢ 15 Taky-an 20 b
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U u o
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cpend Tang T3/ wAnkocTs TEERADE
Y a5k 1.0 Tent
[a3/ TREpAOR TRAG TETn
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Phe. 3.2, (g) @asosas AHATDAMME 18 TOMHOH MOIETH THEPALX CHED WTH NOTCHLUMANL B
Billle CTYTMEHBKH» {BBEPXY) AEMOHCTPHPYET BOSMOKHOCTL CYIUECTROBANHA THI b
aEyx asoBRX CoCTORHMA — MAaxoro (npH ofbeMHoN pone Y, sarepaeserc
pemecTaa mike 0,494) M KpHCTALIHMECKOTD (NpH O0LeMHON 107€ PACTLIARICH -
Horo pemectsa W soine 0,545). (6) thasopas aMarpasMa (HEXKHAA pHCYHOK)
TR CHOTEME! © AATLHONEHCTBYIOWEMHE CHIAME, THNE noTexnunata JleHapaa—
Txonca 12-6 (sepxmmil pucyHoK) I BUae GYHKUMH OT YHCAEHHON MNOTHOCTH
qacTHU o (B enHHEEEX o, T @ — HQKTHRIERA THAMeTp EauMMOIeRcTENR ),
(&) Dazopas AMATPAMME (HIDKHIH PHCYHOK) WA CHETEMBL © KOPOTROACHCTHYIO-
LIHMH CHAAMI, XAPAKTEPHEIME L5 KOAUIOWIHLIX YACTHLL C O4EHE MATEIM MOBEPX-
HOCTHEIM 3apAnoM (sepxauil pucyrox). Ha AWArpaMME BEIICIHCTCA Xapakrep-
HEA KPITUMECKAR TOUKA Mexy paspexeHHol Teky4ei cpenof (ee MOXHO Ha-
BT araI0M») ¥ MOTHOR Texyuel cpenoft (ee MOMHD HEIBATH AHHIIKDCThiO® ).
FpaTebibe QUIVKTYALMH TIOTHOCTH B OBNACTH KPHTHYECKOH TOMKHN cnocod-
CTRYIOT TRK Ha3biRAEMOH HyKNeaUnH (06pasoBaHmo apoikINeH KPHCTILIMYEC-
woil hazst). MepeneyaTsBaeTc ¢ pa3pellenis asTopos pabotst [6]. € 1997, AAAS
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EAHHEHWH, TPEGYIDIIMMH ITHTENEHEIX YHCASHHBX pacderon |2, 3). B sasucumocts ot
YTIAKOBKH (HO HESARHCIMO OT TEMTIEPATYPE! ) MOTETHPOBAHIE CHCTEM H3 TREQIBIE Chep
RCErna NPUBOTHT K CYLIEeCTBOBAHHIO TPeX pasnetbHuix (has, Kak mokasaHo Ha pue, 3.2a.
IMpi 06beMHOl none Beiwe 54,5% cHeTeMBl M3 TREPIWX cep Boera NepexonaT B KpH-
ETANIHYECKOS COCTONHUE, 4 HMAE 3TOTO 3HAMCHWA BHadane obpasvior aeyxdisHoe co-
CTOAHNE (MPOMERYTOUHOE MEHKIY RHIKOCTRIO M THEPIEIM TENOM B JABHCHMOCTH OT
SHTPOMIHE CHCTEMBI), & 3aTeM (npn ofbeMHON gone ke 49,4%) scerma nepexoanT
HHIAKOE COCTOAHME,

Jna noTeHUMANA TBEpALIX cdiep He CYILECTBYET TRK HaIsBaeMoil KPHUTHYECKOH TeM-
NEPATYPH, HHKE KOTOPO#H CHCTEMA BCErTa MepexoinT B XuIKoe coctoanme. Monexy-
JIHPHBIE BEIIECTHA C OTHOCHTCIBHO JATBHONEHCTEVIOMINM TPHTATHESIONIIM BIAHMO-
aedcTanem (Tna norerunana Jexapna—Txonca 12-6) 0GHYHO HMEIOT CIOMHLE tha-
JOBLIE THATPAMMEL, OMTHCHIBAIOLLIME TRH OCHOBHLIX COCTONHUA (TBEPAOS, XKIIKOE W Ta-
3006pasHoe), A TAKXe 06ACTH, COOTHETCTRYIOMHE cocyulecTBoRaHNO has, Pevs uaer
0 COCYUIECTROBAHMMN rA3a M TBEPAOTO Tesa, rala M HWAKOCTH M, HAKOHEL, RHIKOCTH
(BBIIE KPUTHYECKON TEMIEPATYPRI) ¢ THEPILIM TENOM, KAK MOKA3aHO Ha pue, 3.26,
ORHAKO 110 MEpPe YMEHBIIEHIHS ALMBHOACHCTIIA CHIT TIPHTHACHHA KPHTHICCKAR TOHKA
AHIKOCTE — HHIKOCTh NOCTENEHHO CMEILEETCH K TPOHHON ToUKE, B KOTOpoi TeepIas
thasn coCylRCTRYET OIHOBPeMEHHD © ABYMA #HAKNMH hazaMi (paspeskeHHON W naoT-
Hoit). Kak noxkasamo \a pue. 3.2, npy oanbHeiem YMEHEIICHHH PAINVCA MUILHO-
ACHCTBYIOLIAX CHJI MTPHTAAKEHNA (KO, HAMPHMEp, OH CTAHOBHTCA MeHBIe 25% Tua-
METPA KOMIOHIHKIX YACTHIL) CUCTEMA MOXKET HMETh TOILKO BA VETOHIHBELY (Pa30RLIX
COCTORHMA (TBEPAOE M KHIKOe). Pasini B NoBeACHUN CHCTEM OBYCIORIEHA TEM, UTO
TP OYcHb KOPOTEOIEHCTBYIONINY CHIAX MOMTHOCTR) HCYEIAET B3ANMOIEHCTARE ¢ Yac-
THUAMH BO BTOPOH KOOPIHHAUMOHHOI cthepe (To €CTh ¢ YacTHLAMM «uepess Brkali-
IIETO COCERA), B PE3YIBTATE HETO YIAKOBKA KRN0 chephl Onpeneaseres Beero ML
YETOBHAMH OTTHMANLHOTO pacrofokeHns Ommkalinmx gactul. Ectecracnno, uro n
CHCTEMax Doniee CHOKHOTD THNA (HANPUMED, B KIACTEpax BelkoBhx HACTHUIL) PAIHYE
IPHEKTHEHOTO MEXMONEKYAAPHOIO BIAMMONSHCTEBI BOCINE OKAILIBACTCH ropaiton
GOaBINe, YeM B TIPOCTOH MoZeTH TREPIMY ciep.

MNorenunan Mopse smnouaet B cebdl napamMerp (PAIMYC) B3aHMOTCHCTRIN W 1o~
ITOMY ABNACTCH O4EHB YIOGHLIM T8 MOACTHPOBAHNA PAITHYHLIX PASMEPHEIX Hbehek-
TOR, CBASAHHLIX ¢ OpMOil NOTEHIMANE (IPH CPABHEHHH CepHYECKIX MTOTEHLHATOB ¢
ApyrumMu M T.1L ). Hanpumep, » pabote Mosenepa m Hopanka [4] monemipoeanocs no-
HEACHHE KIACTCPOD H3 ATOMOB ¢ IBYXHACTHYHLIMH B3aiMOIeHCTEHAMN 10 TOTEHITHE-
71y Mopse, i 6bUT0 OGHAPYKEHO, HTO LIA HCCIEAYEMBIX CHOTEM ¢ VYMEHBIIEHHEM PAIH-
Ve BIAHMONEHCTRAMA TIOCTENEHHO HCYEIAeT PazHHLA B IHAYEHMAX TOUCK MTaRIeHHA |
KHIEHNA. ITOT 3(ubekT HAMMAMHO NPOABIAETCA B BAArOPONHEIX FA3aX, 118 ATOMOB KO-
TOPLIX CHALE MPHTHXEHHA B NOTEHUMANE B3AAMOASHCTENA NelCTBUTENBHO SENAITCA
KOPOTKONCHCTBYIOIIMMM, TAK K3K OHN OTHOCHTCSH K TAK HAZK BAEMEIM THCD EPCHOHHEIM
CHIAM, 3ABHCHMOCTh KOTOPBIX 0T PACCTOAHMA MMEST BILL A °, B KauecTae npMMepa Mok-
HO YKA3ATE KCEHOH, /U1H ofbeMHRIX 06PA3U0B KOTOPOTD JHAYCHAA TEMIEPATYP 1112k~
NEHHA W KHneHna odens Ginakn (161 u 165 K cootsetcreesio). C apyroit croponm,
KAACTEPRI METATTHYECKHX ATOMOB METALITOR { 0BNAIAIDNIHY AeFOKATH 0B HEBIMH 37TeK-
TPOHAMH H, CIEI0BATENRHO, OTHOCHTENEHO GONBUINM DAIHYCOM BIaMMoneiicTeia) oc-
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TAIOTCA VCTOHIHBLIME B PACILIABACHHOMN (bade B CYLISCTBEHHO Bonee MUPOKOM TeMIe-
PATYPHOM JHMATAIOHE.

B HeKOTOPBIX CIYHAAX OUEHD HEIHAUMTEILHLIS M0 BENHIHHE M KOpOTKOASHCTEYIO-
WHe BENAIK B MOTEHUMA OTTAIKHBEHHE MOTYT BEChMA CYLUECTBEHHO RTHATE Ha 1oBe-
JeHHE CHCTEMBE B LEN0OM M TIPHBOANTS K 3aMETHLIM duanveckim adderrtam [3]. Ha-
MPUMED, HEKOTOPRIC TAKHE BIAMMOACHCTBHA MOTYT NPHBOAWTE K TAK HAILIBASMOMY
PAsIENCHHIO (BelaeeHii0) MUEpPogal, b pesyIsraTe 4ero B KOUIOHAHLIX CHCTEMAX B
JAMETHBIX ODBEMAX HACTO BOIMHKAKIT MIBECTHBIC JAMELIADHEE COCTOAHMA, PaIMCphI
EOTOPBIX BAPLHPYIOTCA OT HECKOTHKHX HAHOMETPOR BIVIOTH 00 MHKpPOMETpOD, 3ako-
HOMEPHOCTH TAKHX TIPOLICCCOR, KOHEYHO, JOEHR YMHTHBATECH PA3paloTIHKAMHA K
NMPOEKTHPOBAHHM H COIMAHMM Pa3HOODPRIHMX CAMOOPIAHHIYIOLWIMNCH CTPYKTYD, MO-
CROMBLKY 3TH 3OQEKTH MOIYT BRCTYNATL B KAYECTBE AONMOITHHTEILHBIX NAPAMETPOR
PErYIHPOBAHHA B YTIPARNEHMA NPOLECCAMIL.

HansHoneHcTBywommHe B3IaMMOIeHCTEHA NPAKTHYMECKH BCETAA BKIOYAIOT B cebA
HEKOTOPLIE INEMEHTE AHMAPMOHIMHOCTH, KIACCHYSCKHM MPHMEPOM MEro MOMXET ClTy-
HHTh HABECTHAA B (PM3MES NOPBIUEHHAA TUTOTHOCTE KONeDaTeILHLIX 3HEPTETHYECKHX
COCTONHMM BOTHIN «IHA» KPHBOI rApMOHAYECKOro noTeHIMana. Manecto, 4To B 310
ODAACTH YACAbHAS TEMI0EMKOCTh BEMICCTEA HAMHHAST IHAYHTE/IEHO NPEROCKOINTE JHA-
4eHHe 3k Ha OTACNLHB aTOM (KaK ONpeaeieHo KIACCHYECKHM 3KOHOM TeIUToeMKoC-
TH Jionoara—T1ru), yro offbacHAeTCH HMEHHO (haJOBEIM TIEPEXOAOM B KHIKOE COCTOMN-
HHE, PH KOTOPOM TEILT0EMEOCTE CYLIECTBEHHO BO3pacTaeT. B HeKOTOpHIX C/y4asx 3ToT
iMpEKT ABIAETCA BECEMA 3AMETHBIM, B PEIVIRTATE YEro, HANDHMED, KAK MOKAIAHO B
pabore [3], TemnoemkocTs GeH3ona B ocoboM COCTORHMHE (ANCOPOLIHA BHYTDH NOP 11e0-
auTa NaY) oxkaseieaercs npuMepno Ha 30% seinie, yem B 0OKYHOM OTBEMHOM COCTON-
HHH (TO €CTh NPAKTHYECKH MPH KPHTHYCCKOM 3HAYCHHH MIOTHOCTH).

Ocoboro HHTEPECa IACAVKHBACT NOBENCHHE BIBSMIEHHEX B XHIKOCTH YaCTHI Pas-
JHYMHLIX PAIMEPOB (DT KOIUTOHAHKE A0 MATUTHMETPOBRIX), NPHYEM NpH DONTLIINX pas-
MEPAX YACTHL B TAKHX CHCTEMAX NpeolnananT BHEIIHNE B3IAHMOICHCTENA (THTIA TPa-
HBHTALHOHHBIX ), BCAGICTBHE 900 B HUX HAYHHAETCH NpeuMmaTaumy. [pumepn Takoro
NOBEICHHA OYCHB PACTIPOCTPaHEHE! B IPHpOJE, H HMEHHO GNarojaps aTHM NpoLeccamM
00PasyOTCH TATIIL cepebpa, 301 300074, TIHHEL, YACTHIIH KPeMHMUA, TaTekca U T.I0.
Boobiue ropops, KOATOMIHEE CHCTEMB W MPOUECCH NPEIOCTARANIOT MACCY BOIMONK-
HoCTEH A8 opMUPORAHNA HAHOYACTHII CAMOT0 pasHoro THoa, OCHOBOH BOIHHKHO-
BEHHA METACTAOHNEHEIN COCTOAHMM B THKHX CHCTEMAX (TO €CTh COCTOMHMA THNE Cve-
NEHIHA H BIBECEI) HRAACTCH FTCKTRHYSCKMH Japail YacTHil, Grarogaps KOTopomMy oHu
OTTATEMBAITCH APVE OT ApyTa. B TAKKX B3auMoneRCTBMAX BAXHEHLIVIO pOis HIpMoT
AR KOMNOHEHTHL, XBPAKTEP KOTOPHX HATTAIHO ICMOHCTPHPYIOT KpHBLIS Ha pMc. 3.34.
Ipexne Beero, HEODXOAMMO YUHTHBATE MONCKYAAPHLIC CHAK TpUTSReHus Ban-nep-
Baannen, KOTOpEIE, KAK VEE OTMEULIOCE, NPONOPLHOHATLHE! IIECTON CTENEHH BHELL-
HEro IMAMEeTpa YacTHIL (7 = 6 B noTeHurane 12-6). Ha oueHs HeDombIHy paccTOAHAAX,
BANSKHX K npaMoMy DHINMecKOMY KOHTAKTY YACTHI, CHNB IPHTHXEHHA CTAHOBATCA
HACTONBKO CHILHBIMH, MTO MPOHCXOINT WX cnunanue (duoxyiauna). C apyroii cropo-
HBl, CYLIECTBYET H OTTAMKHBAIOIIAR 9aCTh MOTEHUHANA, obvenopaeHnas planmMoneii-
CTEHEM ABORHBIN SNEKTPHMECKHX CIOSE HA MOBEPXHOCTH HacTHl, OTTATKHIAHNE OUeHE
CHIBHO 3ABMCHT OT KOHUSHTPALIHH 3MEKTPOITHTA B PACTBOPE, YTO, KCTATH, COIAST MHOID
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Puc. 3.3, (@) Cxemi noterunaios sranmonefcTans MERTY HACTHIIAME B KOWTOHANOR
cicreme 1o pacyeras modeny JUTBO (Tours KOMTAKTHOID MEHMMYMA CMELlLe-
HA DTHOCHTEALHO CHCTeMEl KOOpauHAT). (6) [apri noTeHuHAN B XHIKOR
cpeie, AacMOHCTPHPYOMNA 3QhexT «ocuMLIHPYIIEros B3auMoneHCTanA,
MepeneunTrmacro ¢ paspeleHis asTopan patorh [T]

AOTNOTHHTENBHBIX BOSMOXKHOCTEH 1A CTabHANIAUHH KOMLTOMIHEIX CHCTEM. Hanpusep,
B PAIPEXCHHOM JIEKTPOMIATE MPH BHICOKHX JHAYCHHAX 3apAa Ha MOBEPXHOCTH 4ac-
THIL STBHONCACTBYIOUIH MOTEHIIHAN OTTANKWBAHMS CKAAAMBACTCH M3 ABYX "acTei, n
PEIVIETATE HErO BOIHHKACT CYMMAPHEI MTHE OTTATKHBAHNA {cooTBETCTRYIOWMA pac-
CTORHINO MeXty sacTHuamMi B 1—4 1), KoTopsifl coanaer BechMa HhdeKTHRHE akep-
reTuieckmit Gapsep i npoueccos arperamiu (7). B Gonee KOHUEHTPHPORAHHKWX pa-
CTBOPAX AEKTPOAHTA Ha paccToAHMAX Go/biue 3 HM BOIHMKAST BTOpPHIHBLA MHHHMYM
axeprun W (oM. pue. 3.34), xoTopuii TakKe MpenATCTRYET COMGKEHIIO | KOHTAKTY
HACTHL, B PE3YNETATE 4ero oHu MO0 YACPAHBAIOTCH HA STOM MHHIMAILHOM PACCTON-
HiH, 00 oCTAIOTCH CBOBOTHO TMCTEPrHPOBAHHBLIMM B PacTBOpe, TO ecTh MIPHIAKT
PACTROPY KHHETHYECKYIO ¢TabinsHoCTs. [pH sansHefiwes NoBLIIeHHN KOHIEHTpa-
HHMH AACKTPOTMTA NPOHCXOANT HEeTPANH3ALNA BOINEHCTEHA MOBEPXHOCTHBIX IAPANOE
HACTHIL, W3~33 YEro HCYEIAeT aKTHBALHMOHHLIA Gaphep MEKAY KOHTAKTHEM | BTOPHY-
HLIM MHHHMYMaMm#, focie 4ero, ecTecTBEHHO, NPOMCXOMMT KOAry/IAUMA YACTHIL CHC-
Tembl. KoniyecTaeito sror ahdekT ONHCHBAETC YyIOMMHABLIEHCS BEILLE Teopuei [7].

Tommmo ykasammsix Ha puc. 3.2 M 3.3 NapHEIX NOTEHLMAIOB, 04EHb TTOAE3HO Ve~
THIBATH H MPEACTABNCHHYIO Ha pue. 3.36 Gonee choxuyo IHEPreTHUECKYIO KPHEBYIO,
PAKTHUECKH 3TOT NOTEHLINAT HE COOTRETCTBYET HHKAKOMY BIAHMOAeTHCTEHIO ABYX pe-
WIBHBIX (PHIMYECKUX TEN, 2 OTPAKACT, CKOPEE, IHEPIETHYECKHE COCTONHHS BHYTPI KpH-
CTRA, KOIA KaAIbil aToM NPUHALICANT K HEKOTOPOR (KOOPAHHALHOHHOH) cihepe,
PACTIOVIATANOLICHCA HA 3A0AHHOM PACCTORHHH OT LCHTPATBHOIO ATOMA, KAK NOKATAHO
Ha pue. 3.). Kak yxe ynoMusanocs, obsmHo BsaHMotelcTsme TBYX HACTHIL [IPOMCNO-
AT B COOTBETCTBMM ¢ moTeHunanom Jlenapna—/xonca, onHaxo B GOABIIMX CHCTEMAX
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3 pEKTHEHEIR MHONOMACTHUHLIN TIOTEHINAN MPROGPETACT COKHEN BHIL C XapaKTep-
HEIMH MHHHMYMaMH Ha PATHYCAX KOOPIHHALHOHHBIX cdep, PACIONATMIONINXCS B OT1-
PEIENeHHOM NOPAAKE (B 3aBHCHMOCTH OT TEOMETPHYECKHX 0COBEHHOCTEH CTPYKTYPEI)
OTHOCHTEABHO LEHTPAIEHOTO aToMa. (POPMATEHO BIAHMOJEHCTBHE B TAKOH KpHCTAN-
NMYECKDH CTPYKTYPE MOKET GLITh ONMHCAHO «OCUMLTHPYIOUIHMIs CHIaMMW, NPEICTaB-
NEHHEIMH Ha pHe. 330, npyueM asHATOTHYHAA CHTYALHA BOIHHEACT MPAKTHUECKH B
oGOl KUAKOR cpene (X0TH, KOHEYHO, B RHAKOCTAX sOCIIMININHS CIU1 04eHb BRICTPO
FACATCH ¢ POCTOM PACCTOSHMS OT UeHTpansHol 9acTuusl). Bonee Toro, Konebanus
TOTHOCTH SACTHII HABMIOAAIOTCH H BOAMIH MIOCKHX CTEHOK WIH TIOBEPXHOCTEN, HTO
MMeeT ocoboe IHAYEHHE TPH OMHCAHWH CTRPYKTYDE! RHIKHX MOTOKOB BHYTPH YIKHX 110p
{cwm. pasa. 7.6 u 7.7.2).

3.2. Maruyeckme 4MCNa AN 3AMKHYThIX
reomerpuuyeckux obonouex

MpeaeisHoe 3HAYEHHE LT KOOPAMHALMOHHOND YHCAA B KPHCTAUTHYECKOH CTPYRTYPE H3
TBEp/LIX chep paBHO 12, YTO COOTBETCTHYET TEOMETPHYECKON KoHQUIypailny puc. 3.4,
Tlerko 3aMeTHTh, 970 3T0 YHCIO IHAYHTENLHD YMEHBILACTCH LT TIOORIX PACTIONOMEH-
HBIX BONHIM NOBEPXHOCTH ATOMOB (HATIPHMED, H3 TOTO JKe PHCYHKA BHIIHO, 9TO TOMK
HA MOBEPXHOCTH KOHTAKTHPYIOT C NATHI0 GIHMARIIMMK COCEMAMM, B PEIYILTATE MET0
TAKME ATOMBI BHOCHT, CTECTBEHHO, MEHBIIHI BKJTAN B MONHYI0 IHEPruio cossn). B ko-
HEYHOM MTOIt CPEIHEe PACCTONHWE MeXIy DMMKARIIHMH B CHCIYIOUIHMH 38 HHMH
cOCeIHHMM ATOMAMM B KNACTEPAN HECKONLKO HIMEHASTCA, A NOTIOMHMTEALHEIN yueT
KOHKPETHBIX BKIATOB ATOMOB (3aBHCALINX 0T KOHKPETHOTO THNA AMEMEHTa M €70 INeK-
TPOHHON CTPYKTYPH) TIPHBOANT K TOMY, 4TO PACCMATPMBACMAN CHCTEMA CTAHOBHTCH
OuYEHb CAOKHON H KpaitHe YyBCTEUTENLHOM K 3HEPTeTHYECKOMY BallaHCy BHYTPH Knac-
Tepa. ATOME! XHMMYECKHX SMEMEHTOB ¢ HEIOCTATKOM HEKTPOHOR OGEMHO 06pa3vioT

Puc. 3.4. TIpi mioTHof yNaKoske UEHTPATEHLI AT0M (ODOIMANEH YEPHBIM LBETOM) OKpY-~
HeH WICCTRIO ATOMAMH B OIHON NACCKOCTH ¢ HUM (CBETA0-CEphill UBeT), TpeMi
ATOMAMM CEEPXY (TeMHO-CEPLIH BET) W TPEMA ITOMEMH CHIIY (OKPYRHOCTH)
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METALIHYECKNE CBA3M, B Pe3YNETATE YETO BOSHMKAIOT ILIOTHME KPHCTALIHYECKI e yma-
KOBKH C DOTBIUHM MHCTOM GoKafinny cocelsi [B], 4TO Cpazy HARGAWT HA MBLICTE O
TEOMETPHUECKH NPABIIBHLIX 0000YKAX, JAMKHYTHX CTPYKTYPAX COOTBETCTBYIONUIMX
STOMY TAK HAIBIBACMLIX MATHYECKHY YHCIEX, HIBCCTHBIX B KpucTannorpady | siep-
HOl tianke, Knacrepam ¢ Baicokoit CHMMETPHEH 00BYHO COOTBETCTEYET HKOCAMAPH-
HECKad CTPYKTYPA, /Ui KOTOPOi XBPAKTEPHEL MATLIC IHAYEHHUN OTHOCHHA noBepx-
HOCTDL/OTBEM, HO PACCTOAHMA MEXTY ATOMAMH B 060I0YKaX npuMepHo Ha 5% Gonkle,
HEM MERITY CAMHMI oBonodKamu. TAKaA PAIHNIA B PACCTORHMAX MERITY ATOMAMH TIPH=
BOINT K BOSHUKHOBEHWIO BHYTPEHHMY HANPAXSHHI B CIPYETYPC W YBENHYCHHN «Ha-
[PY3kHe HA UEHTPATLHLI ATOM, BOIPACTAIOWICH C YBCAHYEHHEM PEIMEDOR KNACTED.
Korna SHeprus Ha UeHTPATLHOM ATOME HAYMHACT MPEBEIIATE HEKOTOPOE KpHTHYEC-
KOS SHAUCHHE, MPOHCXOAMT HHTepecHLIH (huIMveckuii npouece IdyyInn UeHTpaTL-
HOTD aTOMa Ha NOBEPXHOCTH KIACTepd, B PEIVILTATE Yero 8 LEHTDE CTPYKTYDEE 0Dpasy-
ETCH HEKAA «IBIpKas, KOTOPYI0 MOXHO Ha3BATL NOpoil WAK BaxaHcHeil. JoKasarens-
CTBOM 3TOFO CIYKAT H PE3yILTaThl KOMNLIOTEPHOTO MOOEAHPOBAHMA CHCTEM M3 Yac-
il ¢ noteHuHanom Jenapsa—dxonca 12-6, nokasasmme, uto B HKOCAIIPHYLCKHY
KIACTEPAX BOIHHKAIOT «BAKAHCHM» HA MECTE UEHTPATLHOID ATOMA, MPHYEM 3TOT [Tpo-
HECce HAYHHAETCA B KaacTepax ¢ 3835 aToMaMH M CTAHOBHTCH NMPAETHYECK HeH30eH -
HEIM B KRacrepax ¢ 752 atoMamu [9]. Hkocasap ofnanaer cHMMeTpHel 5-ro mopaaka,
BCGNCTRHE Hero TAKOH KPHCTALT He MOKET HMETh MepHOTHICCKOH TPaHC/IHINOHHOM
CHMMETPHY, 4 MOXET 00AAIATE THIIL TEPHOIMYHOCTEIO B CTPOCHHH oGonouek. B npo-
THBOMOAOKHOCTD 3TOMY, OKTAYIPHYECKHE KIACTEPH] MOIYT HMETH MUTOTHYIO INIK-yma-
KOBKY 110 BCeMY 0GbeMy KPHCTAILTA, B KOTOPOIt BCE ATOMBI HAXOAATCS HA OUHHAKOROM
paccropuy apyr or apyra, [pn cuvmerpun TTIY-cTpyKTyDEE 3THM obecneulBIETCS
MAKCHMATLHAS [UIOTHOCTL YIaKoBKH 1% chep (/32 = 74%), 410 npensimact sxave-
Hue i OLK-yknankn, passoe V3n/8 = 68%.

B DonbinmHCTRE MONeALHEIX pacteToR BAPBHPYIOTCH OTPAHUYEHNE Ha CHMMETPHID
CTPYETYPB M ITHHE XUMHHeckHx ceaseil. Tloarn scerma HROCAIAPHICCKHE CTPYKTYPR
C BRICOKOH cHMMeTprell oBnataoT MUHHMATEHON IHEPTHEHN, OMHAKD HHOMIA PACYETH
NPUBOIAT K BECHMA MHTEPECHKM HCKTIOYEHHAM, K KOTODBIM, B YACTHOCTH, caeayeT
OTHECTH NOKASAHHEIC HA pHC. 3.5 KnacTepst w3 13 atoMos muTyToHmns Pt ,, ann koTopix
OITHMHIMPOBIHHAN HKOCA3NPHYECKAR CTPYKTYDA HEOXHIAHED NPEBOCKOINT 0 3HEP-
THI OCTATBHBIC (POPMBI, BKMIOYAN aBe upperynspusie [10]. Crowr OTMETHTh, YT0 pac-
NPEACICHHE 34PANA B 3TOM CIIy4ac ARNACTCA HEONHOPOIHEIM, Hanpuwmep, pacueru no-
Ka3a/, 4T0 8 HEHTPANBHOM HKOCA3IDHYECKOM KAACTEpE Pt,, ueHTpansHLd atom non-
AeH obnanats necuimmmom sapsaa p 1,6 aapsaa JIEKTPOHA, B TO BPCMA KAK B AHAIOTHY-
HOM HEOCAZAPHYEcKOM KnacTepe n3 13 aTOMOB AMIOMHHNA (Al ) raxoit aToM JoukeH,
HAOGOPOT, 0bNATaTh HIGHTOMHEM 3apaaom 0,65 [11]. Hepasrosechoe pacnpenene-
HHE JMEKTPHUECKOTO 3apsia B KIACTCPE OGBACHACTCH COKHIM XapaKTepoM 3anosie-
HHA SMCKTPOHHBIX opOuTaned BOMH3KN yposus Depym.

[Mokasannste wa puc. 3.5 kractepsl no hopMe HANOMHHAIOT ATONK MATHHEL, YTO
WHTYHTHEHO TIPEICTARNSCTCA BIOMHE PAIYMHBIM, OAHAKD PACHETH HEOXHIAHHO [10-
KAIBIRAIOT, YTO PEATLHAR KAPTHHA MOXKeT GLITE rOpaino CIOKHEe, TaK kKak, HAMPUMED,
FHEPIETHUCCKH BhilMOIHEIMH OCHOBHEIMM COCTORHHAMY KRacTepon 3onoTa {or ﬁu,‘m
FHIOTETHAECKOTO Al [) OKB3EIBAIOTCA TUIOCKMe KoHGMrypammm [12], yro TEOpeTHYEE -
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Puc. 3.5. Pacwer aneprun (s eandnuax 3B), MpRXOASMEHcH Ha XM ATOM B KAGCTepaX
Pt,, ¢ pawirnoit reoMeTpiyeckoi Gopmoi. 3HaueHis Ha 1BVX NepELX PHOVH-
Kax (g W §) TpuBeeHsl 10 OTHOLICHMI K JHEPTHH B MICATEHLY HKOCEIIpH-
HECKHX (@) W KyDOOKTa3apHIecknX () KIACTEpaX, HpHHeM BepXHsA 1rdpa oT-
HOCHTCH K HAzansHOol CTPYKTYPE, 2 HIGKHAR B cKoDKAX — K HCKLkeHHOM
cTpykType Haa—Tennepa Jasnsie 8 pany (¢—u) OTHOCHTCH K NOKATLHEM MH-
HIMYMAM JHEPIHA COOTHETCTRYIOUIHY aMopdHuX CTPYKTYD, o cTpyKTYpa ()
COOTBETCTEYET HANMEHRIIEMY 3HAYCHINO SHEPTHH TA BCEX PACCMOTPEHHEX
cucren. [Tepeénedampactes w3 paborst [11] ¢ paspeimenss wanarenedt

i OBACHACTCH CHIBHON rubpimiaimeil aToMHeIX opbuTaneit 5d 1 65 nwi-3a pensari-
sHcTCKHX aberTon. Bonee Toro, pacteTsl NPEICKAILIBAIGT, 4TO BO3MOXIHO COITAHKE
YCTOIIHBOID KNACTEPA THIA AU, ¢ «NoJ0H» UEHTPATLHON YaCTHIO, HANOMMHAIOIIETO
M0 CTPOEHHKD NonyiapHbie ceivac dyoutepens [13], nprdes verolimusocTs s1ol mo-
PEINTENLHON KOH(PHTYPALMH TAKKE A0JKHA 00CCNEMHBATECH PETATHEHCTCKIMM 3-
exTamy. Enie 0AHHM BEKHBIM QAKTOPOM CTPYKTYPHOMH YCTOHYHBOCTH KIACTEPOB Bll-
CTYTHET HIBECTHOS B XHMHH IMTPENCTARNEHHE 00 ApOMATHYHOCTH, CBRIAHHOE C HATHYH-
=M KOIBUEBLIX CTPYKTYP M TOKOB, 06eCNe1HBAIOUIMX MATHHTHYIO 3KPAHHPOBKY LIEHTpa
COEPHYECKMX CTPYKTYP, YTO BHOBb BLIIRBAET ACCOLMALMIO ¢ (DYUICPEHAMH B BIIE To-
aiN cep C . DKCTIEPUMEHTH 110 MPAMOMY H3MEPEHHIO NONBIAHOCTH HOHOR TAIOKE 104~
TECPALIAKOT, YTO CTPYKTYPEL Thna Auy (rne N < 13) Ransores noanapaei | 14]. C opy-
TOH CTOPOHLI, MIBECTHO, YTO KAACTEPH 13 55 aroMOB OJIMIKUX 1O THITY XHMMHECKHX
3NEMEHTOB (HANpPHMeED, cepelpa W MEIH HIH TIATHHE H NALIAIHA) Jerko obpasyior
KOHIPOPMAITHH ¢ HETKOIT HKOCA3APHYECckol CTPYKTYPOI, B KOTOPKIX HabmoaaeTes 1a-
UMTCALHOE BRIPOXICHNE MIEKTPOHHLIX COCTOAHMA. B 370/ cBasn oyens uHTEpCCHO,
970, B OTITHYHE OT HMX, KAACTEPRl THNA AU, ODAANAIOT BHICOKOH YCTOHUMBOCTLIO B
AMOPOHBIY KOHPHIVPALIMAN, YTO TAKKE MOKET GITH CBAIAHO ¢ PLINTHBHCTCKHMIM ath-
ipexramu [15].

O6pasoBIHne W NOBEIEHAE KIACTEPOR OBRIMHO HIVYAIOT METOIAMN MACC-CIEKTPO-
METPHH ¢ HCNOAB3OBAHHEM MYYKOB YACTHLL, QOpMHUPYEMBIX HCITADEHHEM, HCTEYEHHEM
BEIIECTRA Uepes coruna ¥ T [Tpn IToMm yxe naBHo GU10 OGHAPYAKEHO, TT0 B GOIBIIHH-
CTHE NMPOLECCOB ¢ 04MeHb BRICOKOR BEPOATHOCTEIO 0DPasyIOTes KIACTEPE OTPeALTEHHEIX
PAIMEPOB, M3 YETO Jerko NPHATH K BEIBOY, 970 HMEHHO TAKHE PAIMEPEl 06CCTIe AT
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TN MHOrorpEHHWKA AGSpeswatypa | Marmuecxue umcna (nonuappa)
Tetpasnp el 1, 4. 10, 20, 35, 56, B4, 120, 165,...
Oxrasap oot 1, 6,19, 44, BS, 145, 231, 344,
Rexasap dec 1,7, 23, 54. 105, 181, 287, 428....
Wrocasap lco 1, 13, 55, 147, 309, 561, 823....
KyGoxTasap us bHHKOH

nosepxHocTeR (111 cuboct 1. 13, 55, 147, 300, 561, 823,...
mmluu mmgfnm e trdec 1. 13, 55, 147, 309, 581, 923....
PomSuieciid Gonexasnn boc 1, 15, 65, 175, 369, 671, 1105,...
mﬁﬂ} troct 1, 38, 201, 586, 1288, 2406,...
YoeuaHnnd fexasnp Mapkca mirdec 1. 75, 147,._..

Hantivie g3aTHl 13 paborsi [8] ¢ paspemenma PCCP Owner Societies. Cu. taxxe padory [16].

BEICOKYIO YCTOHUHBOCThL obpasyiomhxcs ctpykryp. [Tps roM uieno aroMos B KnacTe-
Pax ¢ NOBLIUEHHON YCTORYMBOCTLI0 OKAILIBAETCH OAMHAKOBBIM 15 PATHLIX CHCTEM,
HTO 3ACTABHAO HCCIEOO0BATENCH BCMOMHHTEL O TAK HATR BAEMBIX MAZUMECKLUY YRCAaX, JAR-
HO HIBECTHBIX B KEAHTOBOH MEXAHHKE W AnepHOH puanke, DT 9HCAA CBA3AHB C Feo-
MCTPHER MHOIOTPAHHMKOB (NOAKAIPON), (POPMUPYEMEIX NTPH VITAKOBKE ATOMOR B KPH-
CTWUIHYECKYIO CTPYKTYPY, & HX KOHKPCTHRIE JHAYEHMA LIA HAHDOMee pacnpocTpaHeH-
HEIX TEOMETPHYCCKMX CTPYRTYD npHpoaaTcH s 1abn, 3.1, Dopmyasl s Mx pacyeta, npea-

noxennbie T. MapTuHoM, untarens MoxeT HaiiTi B paBore [16].

B xnactepax W3 aToMoB proHa M ApYruX GNaropodHuIX razon, BIaUMoLedcTEHeE
KOTOPLIX CBAIAHO TOABKO ¢ AHCNEPCHOHHBME (NMOHIOHCKHMH) CHAAMM, Mard4eckme
4mcna 0bpasyor wHoit pan (13, 53, 147, 309...), JHAYCHHA WIEHOB KOTOPOrO ONMpeaens-
HOTCH «3ABEPIWEHHOCTRI0: ICOMETPHYECKHY CTPYRTYP Fopaino Gonee chomHone THNE
(HATOMHHAUAX «1yKOBHILYs ). TTPHUMHON OYCHS BRICOKOH VCTOMMNBOCTH TAKHX KOH-
hurypaumii BECTYNAET TOT JAKT, 4TO BCE NOBEPXHOCTHHIE ATOMEI B HHX OGILIAI0T MAK-
CHMAIBHO BOIMOXHEBIM KOOPAHHAIMOHHEIM YHCAOM B 2AHHOM NOVIOACHHN, BCACACTRHE

UCro LOCTHIACT MAKCHMYM CPeAHAA IHEPIUA CBAsH Ha atowm. JTiobok atoM, noGasise-

MU K MOBEPXHOCTH Takolt cTpyKTYps!, GYACT MMETH KDOPAMHALMOHHOE YHeno 3, 9T0
CYIECTBEHHO MEHBILE KOOPIWHALKOHHOTO wHoaa |2, xapaktepHoro ain oObeMHRX

KAACTEPOB ¢ MKOCasNpHYeckol cummeTpueit [17].

3.3. Maruyeckue yucna
ANA 3AMKHYTBIX 3neKTPOHHbIX obonoyex

Ha puc. 3.6 npupeneHn nonyyeHHbie IKCNEPUMEHTATRHO CIIEKTPL MACC L18 KIacTe-
POB aTOMOB HATPHA, HAITALHO 1EMOHCTPHPYIDLINE 0YEHD BRCOKYIO YCTORMUBOCTE CH-
CTEM, COCTARMCHHLIX H3 MATHYECKOrO YHCna aToMos. JIerko 3aMeTHTh, MT0 1A KIacTe-
poe Na, o0pasosaHHEX cunamu Ban-nep-Baansca, 3T0T psg COCTOMT TONLKO U3 YeT-
HbiX yHCen {2, B, 20, 40, 58, 52, 138, 196,...). 4T0 AMILE YCAOKHACT ONHCAHHE H OGBAC-
Hewtie apekra, TaK Kak Buime (tabn, 3.1) G0 NOKasaHo, YT0 MArHMECKe MHCIa,
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CxopocTe cHaTa

1,2 4

DIB il

0.4 -

AN +1) - A(N), 28

8 20 34 40 58 10
M

Pue. 3.6. MoayaeHHse SKCTIEPHMEHTATLHO MACC-CNEKTRE KNACTEPON NTOMOB HATRHA
(BEPNHHN PHCYHOK) M BEIMHCNEHHLIE [INA HAX SHAMOHHA DAIHOCTH SHeprdf
[AUN =+ 1) = A(N)] 8 spe hyrxuns ot N Lndipa man HEKoTOpLIMA NITKAME
HE MACC-CIEETPAX CODTRETCTRYIOT JAMEKHYThIM FACKTPOHHLIM obonouram, MNe-
peneyaTBASTCH ¢ pajpewieHun arTopos pabotm [13]. © 1984, American
Physical Society

BEMHCIAEMEIE HA OCHOBE MEOMETPHUCCKHX COODPaXeHHH, MOTYT OBITh H HEYETHBRIMH.
Taxum obpazom, npobiemMa YCTORUHBOCTH KIACTEPOB © MATHMECKHMH YHCIAMM aTo-
MDBE MOXET OBITh PelicHa HE OCHOBE IBYX KOHKYPHPYIOIIHX TEOPHH, CBS3h BAIOUIAX
YCTOHYMBOCTS C 3AN0MHEHHEM [IBYX PA3HLIX BUIOB 0DONOYEK (FCOMETPHYUCCKHX M 3/IeK-
TPOHHBX).

Casisb YCTOHYMBOCTH CTPYKTYD © JanDNHCHHEM HITH 3ABEPIIEHHOCTRIO SMEKTPOH-
HuX obonoyex ARIAETCA BECHMA NPHELMHOA A8 GPHINKOR H XMMHKOR, TAK KAK Cpaly
HAMOMHHEET 00 HCKTIOYHTETEHON XMMMYECKOH HHEePTHOCTH 8TOMOB GIATOPOIHBIX T3-
308, YTO Beerna ofBACHANOCE HMEHHO MOUIHLIM 3aMOIHEHHEM HX ANEKTPOHHBX 0D0I0-
yek. B aToM ke cMBICTE MOKHO CYHTATE, YTO KIACTEDPE ATOMORB HATPHA 00pasyioT noed-
doamonsi, B KOTOPHIX BCE JeMOKANNIOBAHHEE JNEKTPOHE! MPOBOAMMOCTH 35 SRNAIOTCH
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NPAKTHYECKN CRODOITHLIMME, STO NO3BOJAET MM JaNONTHHTE HEEYID CepHiecKy1o obo-
JIOUKY, ONPEACAACMYI0 TOBEPXHOCTLIO camoro knacTepa | 18], Ynchennoe peiueHne ypas-
Hesus Llpeannrepa s TAKMX CHETEM TTO3BOAAET MOAYYMTE PAL AHCKPETHBIX YPOBHEH
[U1H SHEPTHI VIERTPOHOE, KIPAKTEPH3YICLIMXCA HEKOTODPEIM OpOH TA/IBHEIM KBAHTOREIM
HHEAOM {, co cTenerbio BupoascHiA 2(( + 1), srmoyan oy, POpMUPYIOLIAACH TP
STOM CTPYKTYPE IHEPIETHYCCKHX YPOBHEH B WX MOAHOIe SaNoAHeHHA Ghlna pacciauTana
B pabore | 18] 408 HECKONBKHX NOKASAHHLIX HA PHCYHKE BBEPXY NoTeHuMaNoB (chepn-
YECKAR MOTEHUMLILHAR JMA, FAPMOHHYECKHHA MOTEHUMAT 1 MPAMOYTONLHER NOTEH-
LAY B BHAE KPpYInol saMet) (puc. 3.74, oM. ue. medy). TTockonuky adupe ki i
PAIMYC KIACTEpPA ¢ POCTOM YHLIA ATOMOE YMeHbmaeTeH ~ N7, suepretuueckiie ypos-
HH O MEPS YECTHYCHHRA N nocreneHHo CMELUAKITCH BHHI. nFﬂll.Eﬂ.'- BECHME HATOMH~-
HAeT JAN0NHeHHE INCKTPOHHEIX OpOHT, NOITOMY HEVIHBHTENLHO, 4TO HanGoee yC-
TOHMHBBRE XOHQHIYPAHK COOTBETCTBYIOT AHATOTAM 3ANQIHEHHLIX FEKTPOMHB 0BoNo-
wek Tina 15 (N = 2), 1§1p* (N =8), Is*]1p*1d'"2s* (N = 20) u t.a. 3anonHeHue HOBLIX
obONoYeK HOYHHACTCA C© IMPORBIEHNI O4eHb HHIKOI 3aCeneHHOCTH Ha COOTBCTCTBYI-
LMK MECTAN MACO-CTICKTPA, KAK NOKA3aHo Ha puc. 3.6. [posomrkan aHanoriio ¢ 3anos-
HEHMEM INMEKTPOHHLIX 0bMIoYeK, MOKHO YTBEPAIATD, TO STHM TPEM MEPBERIM MeEpe-
UHCAEHHEIM OBONOUKAM B PACCMUTPHBACMOM HAMM CIy4ae B Kadectpe npubnicscnmii
COOTBETCTBYIOT KaacTephl atoMmos natpua Na,, Na, n NaJ (pasyseerca, ¢ yuerom sii-
ANHA PAIHHILL B PA3MEPAX M CHMMETPHHM CHCTEM).

Marsseckie MMCcaa, BOIHHKMIOIIHE B MOASIH WICKTPOHHBIX 060N0MCK, SABMCHT o7
!CDHH])L‘TIIOI‘D HHIA MOTeHIWATA mmuﬂuﬂmm, H MO3TOMY MX IHavYeHHA OTITHYRK0T=
CH A% KIACTEPOB PATHYHEX 2eMeHToR. KpoMe Toro, pasHee METWLIR XapakTepiay-
HOTCH PAIHMM NOPAIKOM JAMQIHEHHA IHEPIETHYCCKHX !p"pOBHEﬁ. BCICACTBHE YEDD, OCO-
DEHHO MPH MATBIX PAIMEPAX KISCTEPOR, HX VIIAKOBKA MOXET 3HAYHTEILHO OTAHYATHCH
0T VIAKOBKM TeX #e meTamios B obsemuoil dase, B To BpeMs kak macimalbil camoro
BIMHMOAEHCTRNA HATHHAKT MIPATL JHILD BTOPOCTENEHHYID POk,

Pacyerw no mMeroay GyHKUHOHANOB MJOTHOCTH /U4 PEATBHOR CHCTEMBL B BIUIE
urocasapryueckux kmacrepon AlPb * (rae 12 aromon csiHua obpasyioT nouTi cdepi-
HECKYI0 0BOIOUKY BOKPYT LEHTPATLHOND ATOMA AMIOMHHHA, KAK NOKAMHO Ha puc. 3.76),
NPOAEMOHCTPHPOBLIH ABHOE CXOACTBO «MWICKY TAPHLL opGuTansiis N4 KIACTepoR C
YENOBBIMH JABHCHMOCTAMM ATOMHBX OpDHTATEH (TaK HaiMBagMBIX cdepiHeckuX rap-
sonuk) [ 19]. B onucspassiod cnosknoi cierese Bee 50 BaneHTHRIX JAEKTPOHOE 3aHH -
MaoT 25 Moslexyaspanx opbutaneil, ICTOKAIH30BAHHBIX Mo BeeMy KaacTepy. Eann-
CTBEHHAA MONEKyHpHaA opbuTans THIE 1S ¢ cuMMeTpHeil A‘ ofimagser B 3TOM Cayuae
HIIUIEHA 3HcprHe, a 3a Hell chenyer HaGop W3 TPeX BHIpORIeHHMX opbuTated 1pcoum-
seTpielt Thna T, (0Gpasyiollinx BTOPYIO IHEPTETHYECKYI0 060109KY) H Habop U3 NATH
BhipoieHibx 1d opGurancil ¢ cumMeTprel THIE H‘ B Tpetseil obonouke. OrmeTM,
YO MEHHO Takas NOCAe10BaTeIbHOCTL HaNATLHOTO JAN0IHEHHA ob0N0UEK BOSHHEAST
Npit HENUIBIoBAHNI chepiyeckoll MPAMOYTOILHOR NOTEHIMATLHOR AvEl, OiHako cu-
TYALAA MEHACTCH TP MEpexome K cleIyIonms obonoMKan, TAK KaK YeTeepian obonoi-
Ka npejctapnger coboi T-kparHo peipoxaeHioe | feocTosnpe, pacnanawuieecs Ha ophn-
TN € TPEX- M YCTRIPEXKPATHMM BRIpOXKIeHHeM (¢ cummerpieil T, n G cooTsercTen-
Ho). Mo Froll ke NpUIMHE CHEIYIOLEA ISBATHKPATHO BEIpoXIsHHAN ofonouka g npu
aneprun 3,1 9B pacnanasTes Ha NATH- W YCTHIPEXKPATHO BRIPOXRIEHHEE HabopLl Op-
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Guranedt (¢ cummerpuamin H 1 G). Mmerno 3T 18a HaGopa ¥ npeacTaBnaioT coboi
[AK HASHIBAEMEIE BHICIIYIO 3AHATYIO W HHIMIYK BAKAHTHME MOICKYIAPHEIE OpOUTAIH
(HOMO # LUMO, no NpHHATHM COKPamensiM) LA PaCCMaTpPHBACMOro KAacTepa.
Bonee TOro, MM ITOM TAKKE OKASHIBAIOTCH 3AHATEIME 1 ABa CASIYIOIIAX FHEPreTHYCC-
KHX ypopasA (25w 2p).

PassMBas 3TOT HOAXOL, TETKO NPHATH K BIBOLY, 4T0 Hanbo/ee yCTOHYHBAIC CTPYK-
TVl A0DKHEL COOTBETCTBOBATS COBIANSHHIO s3aMKHYTOCTHR TEOMETPHHECKIUX H SNek-
TPOHHEIX 06onouek. B KagecTse NpHMEPA MOXKHO NPHBECTH OTPHIIATENRHO 3aPHASH-
JbHL sMATHHMECKH i KIacTep W3 aToMOB ATIOMHHHA Al S ¢ 40 BAeHTHBIMH MEKTPOHA-
M, OBPAIVIOLIMMHA 3AMEHYTYIO 2p-000a0vKy (puc. 3.7a), koTopslii no pacueTam obna-
AAET TIOUTH MACANLHON MKOCA3APHYECROH CHMMCETPHEH B OCHOBHOM COCTOAHMM, B
OTITHHE OT AHAIOIHYHON0, HO HERTRANLHODO KiacTepa Al |, Tie 37a CUMMETPHA HAPY-
[AeTCH, DTA 3aMKHYTAA CTPVKTYpa npeactasaser coboil raoreHononoGHki cymep-
atom. MHTEpECHO, ¥TO OHA TIPH B3NMOASHCTEHN ¢ aTOMOM HOa 0DpasyeT MOMIEKYTIAP-
it woH Al I, B KOTOPOM 3HEPIHA THCCOUMALINHA CBASH Al —1 cocramnaer 2,46 3B, 0
£CTh (ipH THCCOMMALIMH OTPHUATEIEHEL 3apil OCTASTCA HA KIACTEPE AlIOMHHI [21].
HekoTophle HCCICAOBATENN ke TOAATAIOT, YTO TAKNC 3AKOHOMEPHOCTH & CTPOSHHN
KAACTEPOE NOIBOMNAT HAM CO BPEMEHEM TOCTPONTH HEKHH pacIuMpeHHbI AHATOT Me-
pPHONMYECKON TaOlUIIEL A CYNIEPaTOMOR.

Peun et o ToM, 9To6L COXIATH UMM CYTIEPATOMOB KRXIOTO HI MEMEHTOB Talin-
uy 3anmonHeHms opOuTaneit, THIA TOH, KOTOPYIO Mbl NPHELIMHO CTPONM U OBRrHBIX
CHMHEMECKHX IeMEHTOB, B K4UecTBe TPUMEPA MOKHO NPHBECTH NOKA3AHHYIO Ha pre. 3.8
(cM. UB. BEAEHKY) TAGTHILY TAKOTO THIA A4 CYTIEPATOMOB (KNACTEPOB) ATOMOB HATPHA.
B eyimHocTy, N0 3TOMY Ke MPHHIHITY MOKHO TOCTPOHTh TalTHUy W U1 KIACTEPOB H3
ATOMOR MOGEIX METAMTOB, OBAATAOMIMX JENOKATHIOBAHHEIMH OPOHTANAMH W ONHHM
MEKTPOHOM Ha BLICIIEH OpOHTAIK (K ITOMY KJIACCY MOKHO OTHECTH, HANPHMER, K,
Cs. Cu, Ag 1 Au). [pu nocTpoeHH# CTPYKTYPhE 000104CK O0BIMHBIX ATOMOB MBI HCXO-
AHM H3 KVIOHOBCKOIO BIAUMONEHCTEHA JICKTPOHOR CO ciabo 3apARcHHBIM AIPOM,
QIHAKO B KIACTEPAX YKAIAHHOTO THITA IPOMCXOANT COBNANCHKE ChepUUCCKHX MOTEH-
UHATOB (KAK NOKA3aHO Ha pie. 3.74), B pe3yILTaTe Yero IHAYEHHE OPOHTAILHOTO KBaH-
TOBOTO YHCa | EPECTAET TONMHHATLEH HIBECTHOMY YCIOBIIO /S 1 (11 — [IABHOE KBaH-
roBoe qncio). B oTHCHBAEMEIX CHCTEMEAX (B OTAMUHE OT 0ORIMHEIX 3NEMEHTOR) nephast
SMEKTPOHHAA 0GOIOTKA MOKET COICPIKATE HE TONBKO |5-3MEKTPOHb], HO I 3MEKTPOHLL
BCex Apyrux noaobonovex (1p, Id, 1f 1 o). KoHewso, 4 Kasioro 13 nepeuHcieH-
HEIX BRILIE S1EMEHTOR KOHKDETHAN TIOCTEN0BATENEHOCTE IHEPTETHYECKHX TIojobono-
gek Gyner onpeneisaTsea TouHo# hopMoil adpeKTHEHOID NOTCHIHATA. B cayaae KpyT-
7I0H PAMOYTOMBHOM HMEL NOTEHUHATA (PHC. 3.7a) s MPOCTHIN METAIOR NOMYYaeMin
MOCIEA0BATENLHOCTE NNONODONDYEK BEITTIAINT BECHMA PCATMCTHICCKH. Monobanoakn
kractepos Na, 3aMaNHMIOTCH 3§ SACKIPOHAMH OTAENBHAIX ATOMOB, KOTOPLIC BIITIOqA-
1A B JeN0KAM30BaHHEE OpOHTATH KIACTEPOB B nocaelosatensHocTh 18, 1p. Id, 25,
If, 2p... DTa NEPHONHYHOCTE, ECTECTREHHO, IOMKHA NPOARAATLCSH YEPE3 HOHHIALHOH-
HBIE MOTEHIMATE KIACTEPOR W HX CPOICTBO K ICKTPOHY, 4TO ByAET OTIENLHO pac-
CMOTPEHO B pasl. 4 ra. 4.

[pn cute Gonee rayBokoM M oGLIEM PAsMBILIEHAN HA ITY TEMY MOKHO BCIIOM-
HHTE 0 TOM, UTO IPENCTARNCHHAE O +MATHIECKHX MHCTAXe O4SHB JABHO, CEPHEIHO M BECH-
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Ma 3HEXTHBHO HCNONLIYETCH B ANCPHON (HINKe, (e JABHO M TOYHO HIBECTHO, YTO
HEKOTOPLIE COYETAHNA YHCA HYKIOHOE (MPOTOHOE ¥ HelTPOHOB) B Anpe obecnmednna-
K0T BHICOKYIO CTAGHABHOCT COOTBETCTBYIONMX aTOMOB, [Tpy sroM ofpasyemble Mary-
HYECKHMH YHCIaMH Nochenosatensioct (2, 8, 20, 28, 50 1 82) yacTvHO CORIANAIT ©
TEMH, € KOTOPBLIMH Mbl CTRIKHBAEMCA NPH PACCMOTPEHHH KIAACTEPOD METANTHYECKMX
ATOMOB. ATOMEI C SUIPAMM, B KOTOPLIX MPHCYTCTBYET MATHYECKOE THCIO HYKIOHOB, OT-
JTHMAKTCA NOPAIHTEALHOA YCTOMNROCTLIO (HANPHMED, ONOBO ¢ AApoM 13 50 Hykio-
HOB HMeeT 10 cTabuasHBIX HIOTOMOR), YTO HE MOKET HE BHIMBATE HHTEPECa W BHHMA-
HHA. Marnueckne yucia SaepHoi GHIHKH COOTBETCTBYIOT JANONHEHMIO SACPHBIX IHEP-
FETHHECKHX 000I04CK, B CTPYKTYPE KOTOPBIX TAKKE HADNIOZAIOTCA IHAYHTE IbHbIE Pa3-
puiEn, B 910l casan Moo 0co60 MoONepEHYTS, ST0 HMCHHO CBMHEL {Anpo KoToporo
COACPAMT MATHUCCKOE WHEAO NPoToHOB, 82) O4eHN YACTO BHICTYTIACT KOHEYHEIM, YCTOH-
HHBEIM NPOIYKTOM PACTIALA MHOKECTE HEYCTOIHBEIN PANMOAKTHEHELX JACMEHTOR.,
Muorue apyrue merawis (Hanpumep, Mariuit [8] win wukens [22]) cymectaento
OTAHYAKOTCA CBOMM NOBEEHIEM OT Hatpua. Bonee Toro, Wis GOABIIMX KIACTEPOB TAKHX
ATGMOB O4EHb TPYIHO NOCTPORTE MOAEH ITEKTPOHHLIX oBonovex soobme. TpwumHo
TEOPETHYECKONO ONUCANMA AWTACTCA TO, YTO B HHX PAIHMUA 3Heprih mexay HOMO u
LUMO (kotopas # onpeaeister CTeMneHn YCTORYMBOCTH KIACTEPa) YMEHBILALTCS © poc-
TOM HHCTA aTOMOB N0 sakony N7, B pesyaisTare 4ero OCHOBHYIO POJib HAYHHAIOT HTPATE
HE IHEPTETHYECKHE COODPAKEeHIA, 8 0CODEHHOCTH ICOMETPHYECKOH cTpyKTYpH [23].

3.4. 3Heprus Koreamm M KOOPAMHALHOHHO® YMCNO

B camom mpocTomM nNpHBAHKEHHH YHC0 aToMOB obsemMHON dadsl KIACTEPAE C YBEIHYe-
HHEM €10 PAIHYCa 10/KHO BO3PACTATH MPONOPUHOHANLHO F, YHCIO0 ATOMOB HA NOBEPX-
HOCTH — MPOMOPUHOHIIBHO 1, & THCIO 3TOMOB Ha IPAHAX — THHekHo. TTpu 3Tom ocraeTca
HEHIMCHHBIM AHLUIb YHCIO ATOMOB HA BEPUIMHAK. B THKHX YCNOBHAX SHEPIHA KONE3UH MK
JHEPIHA CEAIM CHCTEMBI JO/DKHA OMHCHIBITECA NPHGTHAEHHIM ypasHeHeM [8]

=13 i 1
Eamutas Nt g NB+g N, (4)

rae kosdupnumserTol a (Bee a, < 0) COOTBETCTBYIOT NPHPALLICHIIO IHEPTHI B nepecyeTe
Ha OHH 4TOM NOBEPXHOCTH, IPAHM WM BepHHLL JIns ceprueckoro Knactepa Ml
MOXEM NpeHeOpedb HATHYMEM rpaHeil i BEPILIHK, YTO NPHBOINT K NPHOAMKEHHO TH-
HeHHOH sasucumMocTy £ ot N2, [lng ouens Gonbuimx 3naqenuit N 314 GopMyTsl Gon-
XHBI TIPHBOAWTH, ECTECTBEHHO, K IHAYCHMIO SHEPIUN CBA3M INA ATOMOR B O6BREMHOM
ipaze (BenmHYMHA £,..)- Ha puc. 3.9 npencrannchsl 3aBHCHMOCTH TAKOro THNA, noay-
HEHHLIE PACUETOM [0 KBAHTOBO- MEXSHHYSCKOM TCOPUM DY HKLHOHANIOR IUIOTHOCTH Ls
KAACTEPOB MArHUA. IKCTPANOAUMA K BONLUINM IHAYeHMAM N I8 pasHuIX KpHCTan-
AIMYECKHX CHCTEM NPHBOINT K CBIYIOWMM 3HAseHuam £ . 1,39 + 0,01 3B (kaacreput
¢ FITY-crpyxrypoit, N'= 26, 57, 89, 103, 157), 1,34 + 0,04 3B (xnacrepsi MiK-crpyk-
Typoit, N = 38, 44, 55, 116, 140, 147) i 1,37 £ 0,03 3B (xnacTepst ¢ MKOCA3APHYECKOI
cipykrypol, N =355, 147, 3(9), Crout 0colio OTMETHTB, YTO 9TH JHAYECHHA B PAIYMHOR
CTEMCHH COMMACYIOTCA C IKCNCPHMEHTATBHO ONPEICTCHHBIM SHAUCHHEM £, 1 PaB-
HosecHof ITIY-crpykrypn (pasasiv 1,51 3B). H3 npuseaeHubix Ha pue. 3.9 (BepxHA
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YACTH) PACYCTHEIX AAHHKIX TRKKC CACAVET, 4TO IHEPIHA CBA3M aTOMOR (B NepecyeTe Ha
OITHH ATOM )} IHILE Ciabo 3aRHCHT OT VIIAKOBKK CTpYETYpE. MuTepecHo, uTo nmpy Mari-
JeCKHN gHCHax B aHanasoHax N = 54—57 n N = 140-143 nxocasnpuyeckne KIacTepsl
MATHMH MMCIOT HEKOTOPOE JHEPIETHYECKOE TIPEHMYILIECTRO, B TO BPEMA KAk VA KiIac-
TEPOH AWUOMHHHA HanMeHee cTabIBHEIMH H30MEPAMH OKA3BIBATHCH HMCHHO HKOCA-
3apbl. Fror addexT MoKHO oGBACHNTL GONRIIHM IHAYEHIEM CHAOBOMA KOHCTAHTE (TO
£CTh Honee KOpoTKOZEHCTRYIONIMM TOTEHUMANOM BIAHMONEHCTEHA) N0 ATOMOB AT10-
MHHHSL, ITO OTPAHMHHBAST BOIMOKHOCTH BADEHPOBAHMA LTHH CBA3E, HeoDXOIHMBIX
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Puc. 3.9, Pacuet 3HEpIiy KOTEIHHA UTH KIaCTEPOB M3 VW STOMOB MATHKA PEXTHMHOTO Pii-
MepE B BHOE diyHELME OT apamerpa N7, panyx pasauuHsy Macinrabax. Beep-
XY — JAAWCHMOCTL LTS KIACTEPOB pazndvHol gopme npn N z 23, Buway —

Hanbonee crafunssne Knacrepu npu N 2 1. Jandwe sasms w3 paborsl [8] ¢
paspemenua PCCP Owner Societies
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A ropMuponan g HEOCA3NpHYecKoil CTPYETYDEL [B]. Takme Tonkue ocobeHHOCTH
thopmuposanus CTPYRTY LI TO3BOIHIOT HPEANONOHRMTL, YT Iiepexon K obbemHoi dase
PEANBHO AOCTHTACTCH T B OMEH L BB KIACTEpax, BEMONAIONGN 5 ceha, Bos-
MOXHO, HECKOABKD THICHY ATOMOR,

Mpencrannenmse g HILKHEH yacti puc, 3.9 nanume o Haubonee crabiTLHLm CTPYE=

MAKCHMYMAM COOTRETCTBYIOT 8, 20 n 40 paneHTHL NEKTPOHOB. Takum oBpazon. mic-
Hras cTabIRHOCTY KIACTepos BHOBE, KAK 0 B CIIYIAE € ATOMAME HaTpwsI, AOCTHTACTCH
TIPH 3AN0IHEHHBIX 31 KTPOHHBIX oboroukax. Mockon LKY TAKAA BRICOKas CTabIILHOCT,
CBHIAHA ¢ YHC/IOM ACTOKATHIOBAHHEIX JNEKTPOHOR, PAIYMHO OPEANDIOKATS, YTO CH-
cTemMa Mg, nomkua ofnanars METALTHYICCKHMM XapaKTepHCTHEAMM,

DHEPIHA CBAIN B NEpECYETe Ha OOHH aToM oy Gamsaimy cocenei (K KoTophim
OTHOCHTCH PACNONOXEHHEe Ha pPaccrogHun ao 0,37 uM) s KPHCTALHYECKOH CTpyKTY-

OdHY candt), Yo AOCTATOYHO Gan3IKo K IKCASPUMEHTATEHO ONpesienen HOMY 3HAYSHIK
0,25 5B, COOTBETCTRYIOMEeMY | /6 SHeprum cpgan obbemMHol hase OpH NepecyeTe Ha
OTRENLHEH atom, METepecHo, qra TPUMEPHO TAKAN e IHepris COOTBETCTEYCT Kiac-
TEPAM aTOMOE Marmmsg Mg, u Mg, (0,22 4 0,21 aB), B 1o Bpeun kak IHAYEHHR 1A |
MCJTKHX KIACTepoR Mg, n Mg, pesko ymenbwanics (0,14 1 0,09 5B CODTHETCTBEHHD ), I
OcobenrocTn hopMHpoBaNY Kiactepon Mg, i Mg, pacemarpunaores OTHENEHG B

paam. 3 o, 4,
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Puc. 3,10, Pacuethme suavenmy KOOPIHHALIOHHOIO YHCR B JABHCHMOCTH OT MAPAMETPa
N nng knacre POB I3 ATOMOB MATHHA © PRI HOM CHMMETRHEN (Tpeyrons-
HRESMH 0003HAYCHE maHBkEe L HKOCAIPOR, KBATPaTAMY — LA AoKazsnpon,
poMbamu — g ITI¥-ctpykryp). Mo nanmsm pabor [§]
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FAMETHOE M PEIKOE YMEHBUICHHE SHEPIMH CAAIN (B NEPECYETE HA OIHH ATOM) AB-
AHETCH OMeHb ODIIMM SETeHHEM M NMOATEEPANACTCA IKCNEPHMEHTATEHEIME HiMepe-
HHAMK 1A KnacTepoes maatnHs [24] v sukens [22]. Habnogaemutfi paokHsiit adiperr
MOGKET OO BACHATECH YMEHBIICHHEM YCPQIHEHHOTD KOOPIHHAIMOHHOTD YMCIa [UTH CH-
CTEMBI B LEJI0OM, YT0 MOKET SRASTECH NPHYMHON BOZHHKHOBEHHA «Daphepas Wis obpa-
JOBAHMA MAABIX vacTHL Boobie (oM. pa3n. 5 B ra. 6),

Ocoboe BHEMAHHAE HocAenoBaTenei, Mo BNOIHe NOHATHEM NPAKTHYECKIAM TPHIH-
HAM, MPHBIEKATH TEOMETPHYECKHE H 3HEPTeTHYECKHE OCODEHHOCTH KIACTEPOB H3 T0-
MOE KPEMHHA, UIPAKONICTo OIPOMHYID POk B padioanexkTponuke. banenc u Wedep B
obzopHoil pabote [11] cHCTEMATHIMPOBAITH PEIYNBTATH PAVIHYHLIX paboT U CBEIH HX K
HEKOTOPOil 3aBHCHMOCTH ODLIero THIA, npeacTanientol Ha puc. 3,11, s knacrepos
HeDoakinrx paiMepos (N = 25) 3HepIruA CAAIN MO-NPCKHEMY OMTHCHBASTCA 3ABHCHMOC-
Teio N7, xapakTepHoft WA chepHyuecKHX KIACTEPOR, OIHAKO y&e rpu N = 10-25 8 He-
KOTOPBIX IKCNepHMEHTAX ODHAPYV A HEACTCH 0BNACTE NOCTORHCTEA SHEPTHN, COOTRETTTRY -
otas GopMHPOBAHMIO VUTHHEHHBIX KNACTEPOs, B KOTOPAIX YCPEAHEHHOE KOOPIHHALN=
OHHOE YHCJIO OKAILBACTCH BOODILE MANO CRA3AHHBM C 0BLIEH LTHHON aTOMAPHOTD KoM-
rnexca, O4ens MATEIC KTacTepsl NPH 3T0M 0DPAIYIOT KOMITAKTHEE MOAN3IPE, Kak Dhi
COCTOMLIME TONLKO W3 yrnos o rpadei. MMenso ofpazoaHieM TRKHX VLIWHEHHBX (Bl
TAHYTRIX) KAACTEROR MUKHO OO BACHITE IHAMHTENEHOE (HA NOPALOK) YMEHBLIEHWE SHeP-
UM CBAZH B KNACTEpax B AxanasoHe 3naqdenuit N ot 65 10 175, OBHapy#eHo, 410 TaKHe
VIUIHHEHHLIE KIACTEPE SRISIOTCA MeTAcTADMABHEIME W MO3IHeS TPAHCGOPMUPYIOTCA B
Honee KOMNAKTHAIE YCTOHYHBRIE HIOMEDSI.
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Puc, 3.11. Dueprun canay Ha OTIENEHLI 8TOM B ETACTEDEN KPEMMHSA 10 F2HHLEIM pai-

NMHYHBX asropos, Janisie paaTsl 11 padotst [25]. 10 2000, nevaraeTed ¢ pas-
peiesns swararenscrea Elsevier
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Knioueebie MmoMeHTsI

* KpHCTAIHYECKaA CTPYKTYPA MATEIX YACTHI MOXET CYILECTBEHHO OTIHYATHCA
OT ¥NAKOBKH B 0bhemEoi thase BemecTsa. Bo MHOTHY CTyuany B MATHIX 9ACTH-
Oax OTCYTCTBYET TPAHCAAUMOHHAR NEPHOIHYHOCTE, BEIEICTRHE Yera, cTporo
TOBOPHA, TAKME CTPYKTYPHI CNEIVET HAILIBATE HE KPHCTADTHYECKHMH, A Keazy-
nepuodieck M.

= PaaMepu, nMpH KOTOPEIX NOCTPOCHHEE M3 ATOMOB HIH CchepHIeCKEY MOTEKYIT
HAHOCTPYKTY Db MOKHO CHHTATh OFLEMHEIME ODbEKTAME, ONPENENsOTCR AATE-
HOCTRIO AeHCTRHA MOTEHIHANE BIAHMONeHCTEHA.

* Kanactepsl, ofiasanime 3aMKHYTHIMH JIEKTPOHHEIMK 0BOTOMKAMY HIH 33M-
KHYTHIMI [EOMETPHYSCKHMH 0DON0YKaMy, o0IAIAI0T NOBKIIEH O cTabuns-
HOCTRIO, H TIO3TOMY HX OTHOCHTENLHOE COACPKAHNE B DARHOBECHLIX aHCaMB-
JIAX HACTHIL BCETNA ABNSETCA AOCTATOMHO Gonbums. Konuyectso atomon, ob-
PasyIOUIN TAKHE JAMKHYTHE H YCTOHYHBLIC KOHDHTYPALIHN ( HEATOMHHAKLIHE
SAEKTPOHHEE OBONOYKH ATOMOB GIIATOPO/IHLIX TA30B), B COOTRETCTEHM C Tpa-
OHLHEH HATHIBAKT MAZLNeCK ML YUCIaMU.

o Knacreps ¢ geloKANH30BANHONW JMEKTPOHHOH CTPYKTYPOR MOIYT paccMaTpH-
BATBCA B KAYECTBE Acesdoamomos, NPHYEM TTOCAEN0PATEIEHOCTE 3AM0NHEHHA
OpOHTAIEH B HAX 0YeHb HATIOMMHAST MPOLIECC JAMOAHEHHA INEKTPOHHEIX 060-
NoYeK B ATOMEX meprommueckoll Tabnuiu sieMeHTOs,

» YepenHeHHOE KOODIHHALHOHHOE YHCIO KAACTEPA M CPENHAN SHEPTHA CHAIH
(B nepecyeTe Ha OMHH aTOM) OBLIYHO NPOTNOPUHOHATEHL napameTpy 1/R.
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SNEKTPOHHAA CTPYKTYPA

4.1. QuckpeTHbie COCTORHHUA M 30HHAS CTPYKTYpa

Ksarrosbie 3dypeicril TPOHCXOIAT TOTLEO B TAKIX CHCTEMILN, 118 ATOKATHIOBIHHEIE SNeKT-
POHB pacnpeicIeHbl N0 BeeMy 001LEMY HAHOYACTHLIR, BCASICTEHE YEr0 PacCMOTPeHMe
CIEIYET HAYHHATD C ONPEAEACHUA VCIOBHEH Nepexola AMEKTPOHOB M3 TOKAIHIOBAHHKX
COCTOAHMH B HEIOKAT30BaHNbEe. Hagses ¢ NPOCTLIX ATOMOB, HMEIOIUIHX XOPOIO onpe-
JENCHHYIO CTPYKTYPY MHCKPETHEIX WICKTPOHHLI YporHel 3Heprin. M3 ksantopoit mexa-
HITKH H3RECTHO, 4T0 B TAK HATRIBACMBIX BONOPOIONOIO0HLIX aTOMAX (C JapRIoM snpa )
ITH YPOBHH 3ABHCAT TOMBKO OT IMABHOID KEAHTOBOTO MHCAA #f H ODPAIYIT NOCICI0BI-
TensiocTh E(3B) = —13,62°/, B KoTopoit BCe COCTOAHNA HANAINTCA 17 pa3 BLPORICH-
HbMK, B MEOTO31eKTPOHHEIX ATOMAX, TAe HEOOXOMMMO YIHTHBATS H ANEKTPOH—/TeK-
TPOHHBEC BIGHMOICACTRHA, BOSHHKACT AOMOMHHTEIBHAN JABHCHMOCT OT MArHHTHOMO
kpaHToBOro Sncaa f (0 1 < a), 4To NPHBOAMT K PACLICNAEHITO YPOBHEH CO CTENEHbBID
Beipos#aeHis (26 + |). B eue Gonee cOKHRI CHCTEMAX Ha 3710 BHIPORICHHE JOMONHH-
TE/IBHO HAKITAMLBACTCH PACIETIeHue YPOBHER M3-31 cNUH-0pOHTATRHOTO RIANMONEH-
creud. Buiue, 8 paan. 3.3, yae oTMeMAn0ch, Y0 N0 TAKOMY e NPHHUHITY MOXHO [10CTPo-
HTH IHATPAMMY SHEPIETHYECKMX YPOBHEH JU1H JACKTPOHOR B KIACTEPIX MLTEIX PAa3sMepos.

HMasectiio, 4o npn cOAMMEHNN TBYX ATOMOB MX ATOMEHEIE OPBITATH HAYHHAIOT
NCPEKPREBATHCH, BCICICTRHE YEND B CHTVAINAX, KOTIA JHAYCHHE HHTENPana repexphi-
BAHMS HEe PARHO HYTI0, HeODXOAHMO KRK-TO YUHTHEBATE PACHIETUICHHE IHEPIMH J0eKT-
poHHBIX yposedr. [Ipy 5ToM aBe aToMuKE OPOHTATH NPEBPALIAIOTCA B IBC obBeIN-
HEHHBIC MOJCKYAAPHEE OPOHTANM, OMHA H3 KOTOPHIX XapaKTepHIyer yerolumsyio, o
BTOPAA — HEYCTORYHBYIO XMMHYCCKYVIO CBA3M (3TH OpGHTAIN NPHHATO HAILIBATE CES-
ILBAROLLCH H pasphiuiaonieH cootpercTaeHH0), OcofeHHo CHABHO paclienieHne Npo-
ABIACTCH B TEX CHCTEMAX, LIE aToOMapHkle OpGHTAIN MMEIOT IPHMEPHD OHHAKO-
BYIO SHEPTHIO, A CTeneHs MwbekTa paciienneHts 39BHCHT Kak OT CTENCHH Nepekphina-
HHA, TAK W 0T MERATOMHOTO PACCTORHMA.

Oruesino, 9T0 TaHHAN MOLETE MOKET BWTh 0UeHb AEMKo TPUMeHeHa K moboil omHo-
mepHoit (1D) uenouxe 3 N oanHAKOBLIX ATOMOB, PACTIONIOACHHEIX HA JALAHHOM pac-
CTOAHMHE APYT 0T Apyra. B 1axof cucreme nabop w3 N atoMueix opGuTateil cpasy obpa-
3YeT OBHLYIO 30HY IHEPrETHUECKHX COCTOANMI, coCToAIIYIO 13 N yposHell, Kak noka-
sado ma puc. 4.1 CronT cpa3y oTMeTHTL, YTO WHPHHA J0HK APH 3T0M NpeBbIAcT
PACCTORHME MEAIY PACLUIENASHNEIMH YPOBHAMM IBVXATOMHOR cHCTEME (IpH ToM #e
MEKATOMHOM PACCTOAHMN), HO CTPEMHTCAH K HEKOTOPOMY MOCTOSHHOMY SHAYCHHI OpH
OTHOCHTENLHO HEDOIBLILOM YiCle aToMon B knactepe. JLus cHeteM ¢ ouerb BobiimM
YoM N ATOMOB B OMHCHIBACMKX KAACTEPAX IWTH GOPMHPOBAHHAX CTENEHD BLIPOX-
OeHus (MIOTHOSTE MHCIE COCTOAHMIT) HAYHHAET GHICTPO BOIPECTATH, NPHYEM HHIKO-
IHEPIETHYCCKHE COCTORHMA COOTBETCTEYIOT HHU MMM ATOMHLIM OpBHTANAM, AN KOTO-
PhiX MepeKpBaHHE HIPACT OUCHb HEIHAUHTETLHYIO poak. [MooToMy, KaK nokasaHo ua
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FHEprETH- 0 T Mewuonoe
Haoeue PACCTORHWE
A0HHI

Pue. 4.1. 3apncHMocTs cTelleHl NEPEKPLIBEHIA IHEPTETHYECKINY 301 OT MERATOMHOD
PACCTONHIA

PHCYHEE, NPpH MO00M 33TAHHOM MEABANEPHOM PACCTORHHK & HH3KOSHEPIeTHYECKHE
COCTOHHMA OCTAIOTCH ITPAKTHYECKH HEBOIMYLLEHHBIMH M O0PaIVIOT A0KIUIOEANNNE
AMOMHBIE COCMORHIA C OEHE YIKMMH SHEPTETHYECKMMHE I0HAMH (TAK HAILIBACMBIC BHYT-
PeHHEE WX ocmosnse opbumaiu). C poCTOM IHEPTHE COCTOAHNA TIMPHHA 30H pacuim-
DAMOTCH, 3 38TeM OHH TAMEe HAMHHAIOT NepekphiBATRCA (MMEHHO nocierHes oberog-
TENBCTEO MOIBOMALT OCYIIECTR/IATE MHOIHE KBAHTOBO-MEXaHHUECKHE PACTETE! U OC-
TOBHEIY opOHTANCH no yIpolmeHHeR cxeMe).

BelecTno ARMMETCH METANIOM HIH HAMWHAST MPOAWTATL METAUIMYECKHE CROMCTRA
JHILL MOCTE TOrG, Kak 8 HeM obpasveTcs Kakas-nmubo YacTHeHo 3anonHeHHas 3088 FTH
HEIANOTHEHHAR IHCPIETHYECKAA JOHA MEPEKPRBACTCN 3anonHeHEON (Kax 2T0 MMEeeT
MECTO [uisl S-000I0MeK LETOUHBIX METALIOR HIH d-0BoNoYeK MeTATIOB NEPEXOIHOro
peta). Ecm e Mexay 3anomHeHHoN i nycTol 30HOI (B TEOPHK TBEPIOTO TEAa X ATk -
BAIOT I0HEMU SAVEHIHOCMU 1 APOSOOUMOCMIU COOTBETCTBEHHD) CYILIECTBYET 3HEPICTHYEC -
KaH HIENb, TO BEIIECTRO MPEICTARTNeT coBOH HIOATOP WIH NONYNPOBOAHKE. YacTHuno
3aMOMHEHHAR BLICIIAA 30HA TAKAC HAIBIBAETCA 30HOH NPOBOIMMOCTH, DHEPris BLICIIC-
To 3AN0AHEHHOTO YPOBHA NpH abCooTHOM HYIE TEMITEPATYDE! SRINETCH ONHOMN HI BAX-
HEHILNX XAPAKTEPHCTHK BEMICCTRA B TEOPHIN THEPIOD TEIA W HASKIBAETCH SHepauel Pep-
M, 8 ANEKTPOHB NPOBOIHMOCTH COIAKT KOHEYHYIO MArHHTHYIO BOCITPHHMYHBOCTE €10
obbeMHON (hasel (Tak HaswmaeMEll Aapavastemiuam Mayvau). U3 ofmmx coobpakeHui
MPENOJaraeTca, 410 OCHOBHLE OCODEHHOCTH 30HHOA CTPYKTYDE COXPAHAIOTCA [IA%e B
OteHb HEDOMBIINX ATOMHEIX CHCTEMAX, ConepXanmx scero 4—20 atomon [1]. Havam.-
HYI0 TOYKY NepeceieHHA 30H HHOIMA IYTAHBO HA3KIBaKT BUnscoHOBCKHM nepexomom,

4.2. PaamepHbie 3pexTsl M CHMMETPHUS
B KBOHTOBBIX CTPYKTYpaX

Jlerko 3aMeTHTB, YTO IHEPreTHUECKHE YPOBHH AENOKATHIOBAHAKN (CBOBOAHBIX) 21eKT-
POHOB B SHAYHTRIBHOR CTENEHH ONpelenTioTed hHIHIECKHMI PaIMEPAMH PECCMATPH-
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BAREMOMH CHCTEMN, XOTa Ghi NOTOMY, YT, Korga FEOMETPHUYECKHE PaIMEDPBI IO OTHON M3
KOOPAWHAT CTAHOBATCH HAHOMETPHYECKHMH, B ofpasie HEM3OEHHO NOMKHK TPONRTATHCS
KBAHTOBO-MEXAHHYCCKHE bexTEl THIA «KBaHTOROTO OrpaHideHis» (confinement)
# 1.0. Ocobuiil unTepee B sT0M OTHOIEHHH NPeICTARINIOT kaghmoane MK, HATIO-
MHHAKLINE OMHCAH|EE B I, 3 CAMOOPraHHIYIOIIHECA KIACTEPI THNA HOHOB AlPb, ¢
(oM. pre. 3.76 ua s, BRNEAKE), WIH HArOTORISEM he CMEUHATEHOH AHTorpaheckol
TEXHOMOMEN NOMYNIPOBOIHNKOBEE CTPYKTYPH. KsanToBie Toukn yaobHee peero pac-
CMATPHBATH HE B BHIC OOLEMHBIX MATEPHANOR, & B KaYecTBe 0COGRIX MOICKYI THIA
“BKPAIIEHHHS, npuyem NPHCYIIHE MM IHCKPEeTHELE IEKTPOHHBIC THATPAMME 3Hep-
THIl TOIBONAIOT HAILBATE Hx Heesdoamomani, Mockoneky 37 ocobibie obpazoBanna
HMEIOT HAHOMETPHYCCKHE PAIMEDEL 110 BCEM TMEOMETPHICCKIM napaMeTpaM HiIH Koop-
MHHATAM (BCE NeKapTOBE PASMEDSE @, b | ¢ gRIgI0TeR HCKTHMHTENBHO MATERMMY), Mid
MOXCEM HAIBIRATE MX JAXKeE NPOCTO OOBEKTAMM HyNeBoit pasmepHocTi (HY b= MEPHEIMN
i 0D). B sasncumoct or CTPYKTYPEL M IPYTHX XapaKkTepHCTHE, Takie OOBEKTE MO-
YT OWTh Ha3BAHL 3aTeMm HAHOKPHUCTALTAMY (B THEPILIX TEMAX) MM KOOaoHIaMn (B
BHIE B3Beced B xMIKom OKPYXKEHHH),

Owennuun Takue atomsl wmm KJIACTePEl B UENIOYMKH HAK MMIncKHe CIPYKTYDRL, Jer-
KO NONYIHTE TAK Ha3nIBaEMble KBAHTOBLIE NPOROIOKI WA XEIHTOBRE CI0H (MOHOMD-
MEKYIAPHEIE IIEHKH ), HMelone dhopManbHo oaHO W aRa MPOCTPAHCTBEHHEIX M3Mepe-
HHi, 9T0 NO3BONRET CynTaTs HX OTHOMEPHBIMH H IBVXMEDHBIMH KHAHTOBLIMH 00bek-
Tamu (1D w 2D cooTseTCTREHHO), Chemyer CPasy OTMETHTE, YT HIMEHEHHE pasMep-
HOCTH paccMaTpHBaeMEIX obbekTon HEMEBILIEHHO MPHBOANT K ApaMAaTHYCCKIHM

1 2 143 1
. S{E}=§['§J JF 1 D-cuerem: (1)
L 2m
Hﬂzﬁ[h_?] ana ID-cuetem: (2)
1 Y 2my'? i
EIE}-—-[E) [TJ VE mng 3D-cuerem, (3)

Cxematiueckn soimMoxHue SABHCHMOCTH TUIOTHOCTH COCTOM OT SHEPTHH 118
KBAHTOBHIX CHCTEM pasHBIY PaMepHoCcTell NpencTaBnenE Ha puc. 4.2, Tlpenensine
CAYHAH ONHCEIBATCA JOCTATOYHO MPOCTRIMH M NPHBLIYHBIMK 3aBHCHMOCTIME. Ha-
TIPHMED, IHEPreTHYECKMi cekTp Hyb-mepHbix (0D) kBanToBEIX CicTem, kak 1 cre-
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Puc. 4.2. O6wmas cxema CTPYKTYPBL SHEPIETHYECKAX YPOBHER B cHCTEMAX C payiHYHo
PAIMEDHOCTBIO! (&) HY/Ib-MEPHAIE CHOTEML (0D), X ROTOPEIM MOMYT BhiTe OTHE-
CCHEl KBAHTOBKIE TOMKH, HEBOTRLHE WIACTEDEL, KOLIOHIL W HAHOKPHCTALTH-
Thi, TeOpeTHYECKH oBrataonme AHCKPETHRIM CHEKTPOM; (i) IHoMepHse {1 D)
KBEHTOBLE NPOBOTOKH WK LUEMOUEH, B KOTODBX MOMITO npeHebpeys ponsio
ABYX TEOMETPHYECKHX PasMepoB obbexTa; () AByXMEpHE (2D) xmanTosme
AMBI, TOHKHE CION M TLIEHKH, B KOTOPLIX MORKHO NPeHEGPEYS TONIH ok b k-
T2, (2) obbeMHOe BEICCTRO OBLMHOTO THma (3D)

1

MnotHocTs BHEDETHYBCK MY COCTONHMR

AHHA YETKO PA3fieneHEl MeXay coboii, B Makpockomiaeckix (3D) cucremax, rae pee
PasMepsl (a, b u ¢) senaoTes JOCTATOMHO BonbIIHMY, SHEPrETHYECKOE pasdencHue
OTASNLHELX COCTOAHUIT CTAHOBHTCR HEIAMETHRIM, BCIEACTEHE Yero pacopeaencHEe co-
CTORHMHA g{ F) iMeeT i He MPEPHIBHON 1 rankoi dyHknmy (3), Bonee CNOXHOM npe-
CTABMHETCA CHTVALIMS B HECTAHNAPTHAIX, ONHOMEDHBIX W IBYXMEpHEIX KBAHTORBIX CHC-
Temax. B omHoMepHux kBanToBRIX MPOBONOKAX JHIL OIHO TEOMETPHUCCK e HiMepe-
HHE ABAACTCH ROCTATONHO Gombimm (o — Gonwuloe, 3Hauenns b u e — npeHedpexRmMo
MANkL), B PE3VIETATE Yero BOSHMKAIOT 30MEl, pacnpeneicHue CocToRH BHYTDH KOTO-
PhIX MponopuuoHansHo £-7 g cootsercraue ¢ ypasreHHeM (1). Mpu s1om kaxaas o7-
AENEHAS 30HA COOTRETCTRYET AHCKPETHOMY SHEPTETHUECKOMY YPORHID, onpefensemo-
MY KBAHTOBRIMH Da3MEPaMH Mo ABYM TCOMETPHYIECKHM HIMEDCHENM, AHANOTHYHD,
CTYMCHYATHI BUA DYHKIMA pacnpefenenus cocTomrmil £(E) B asyxmepHoit cucreme
(@ 1 b — Gonburme, 3naverNe ¢ — NpeHebPeXHMO Malo) COOTBETCTBYET 30HAM C NOCTO-
AHHOM BemuunHON g(E), onuceiraemoli YpasHeHWeM (2), npHueM prcoTa CTYTIEHEKH
Ha rpadmke onpeneasercs TOMMHHOA cnos, N8 KOHKPeTHRIX CHCTeM BCE OMUCHIRAE-
MbIE 3JABHCHMOCTH HO/TKHEL, KOHCYHO, BHIYHCIATECH C YICTOM TOUHEIX thopM noTerHmm-
AN0B YACPKUBAHHA M APYTHX napaMeTpon. bonee ofiee paccMoTpenue Tpebyer, npexae
BCEro, oTka3a o1 ouHOINEKTpOHHO MOJETH, TO ECTh YT MEKITEKTPOHHEIX {anexrt-
POH—3NEKTPOHHEIX) BIAMMOICHCTEMIE, a TaloKke BRENeHMY SNEKTPOH—WPOYTHEIX BIaH-
MONCHCTBHH 1na po3Byaie MR COCTOAHMI [2].

Hanpusep, na puc. 4.3 NPEACTARMCHA IHATPAMMA SHEPIeTHYECKHX YPOBHER LA Tpex
KOHKPETHBIX, HO HECKOIBKO HEOGHIMHBLLN (s cnenwanueTos B KNACCHYeCKoil Teopuun
TBEPIOIO TE/A) CHCTEM, NPEICTARASIOLIX BechMa BOABION NpaKTHYecKuii HHTEpeC &
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Pue. 4.3. Mnothoctn FHEpreTHyeckin cocTosuui (dynxins DOS) L HEKOTODL Ha-
HOCHETEM, OGTaARIWIY pPauTHHOT PAIMEPHOCTEID, (a) Pynnepen C.. mpes-
CTAEMARLUHE COG0H HYIb-paIMepHE (0D} neennoatoM ¢ mHex PETHRIMH YPOK-
HAMH FHepIHH. () Yincponsas HaHoTpyGka (10,10), npeacTanimomas coboi
CUHOMEDHYID CHCTEMY © THITHUHBIMH CHHTY ApaocTamMu Ban Xosa. (a) Ipadwr,
NpetcTaRTAOmNHA coboi ABYXMEPHYIO CiicTteMy, Peanhioe NOBCIEHNE TAKHY
CHETEM, KOHCUHO, SRTRETCH IHAYHTETRHO Bonee corom HEIM, oM Npe/nonarg-
ETCH NPeIcTaRTeHHON NpocTol cxemoit FHEPICTHHCCKRY ypoBHed. (a) Mannnie
B3ATEL M3 paborst [5]. © 1992, American Chemical Society. (6) u (¢) Jamse
B3IATH H3 patorm (4], © 1999, meqataeres o PaIpenieHMs HuaTenLeTea Elsevier -

PAATHHHBIX 3a04494X COBPeMEHHOH HAHOANEKTPOHKKH. Pevs muer o dynnepene C,, (xo-
TOPLIL ABTACTCA HY/Ib-PASMEPHEIM OGBEKTOM | ObNAnAeT NENOKATH3IOBAHHBIMI JIeKT-
POHaMi), HAHOTPYGKe (KOTOpas npeacTamiseT co0Oi KBAIHOMHOMEPHYIO (KBasu D)
CHCTEMY M MOMET DaCCMATPHBATHECH B KAYCCTHE CBEPHYTOTO B TPYBKY micTa rpadmma)
W, HakoHed, ofpasiax ofsyHoMO rpadiTa (HByXMEpHOro ofibekTa B Rie FLTOCKOrD
IHCTA 13 atoMos yriepona). Crenyer ocobo OTMETHTB, “ITO UIOTHOCTL COCTORHI B
UEHTPATEHOMN, SHYTpeHHelH YacTH HAHOTPYOKM OTIMYHA OT Hyaq, B PEIVARTATE YErn
TakHe obLeKTH npHoGpeTaloT NAPAKTEPHCTHEH METANN0B WIH NOAYNIPOBOIHUKOR, B
HBHCHMOCTH OT ToTo, KaK ofpazom thopmupyercs TPYOKa NIpH «CBOPAUYHBAHIIS THCTA
rpauTa,

Hanomim, yro BonsmMMHETED KosdupHHeHTOR neperoca 1 ONMTHYECKHX napa-
MCTPOB CHCTEM ONUCHIBAIOTCH COOTBETCTRYIOUIHMK HHTEIPATAMH, BETOMAOIIHMK B
cedsl MPekae Beero MMEHHD MIOTHOCTS IHEPreTHUCCKIX pacTipenenennit gl £), HANpR-
MEP JEKTPOHHKI BKIAA B YACABHYIO TeMI0eMKOCTS BEILECTEA LS TPONOPIHGIE-
JIEH TMOTHOCTH COCTOAHMIT HA YPOBHE 3HEpTHM Depmu £, B peansHBIX yenommsx 3Ha-
HeHWe £ Hoonesosatenn oGO perynupyiT tnbo BEeaeHMeM COOTBETCTRYIONI MY
MPHCRTOK (JONAHTOR), AHBO TILATETEHKM NoAGOPOM BCIOMOTHTETEHIMX CHCTEM HAH
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TELTOACK, © KOTOPHIME MOXET OCYILCCTRTATLCA 0DMeH anexTpoHaMy. Yurarens ner-
L0 mpeacTaBnT cebe HATepecHEIE APeKTH, KOTOPHE MOAKHO COITABATE W HCTIOMBIO-
TH. KOTOpPBIE BOJHMKRIOT NMPH HACTPOHKE TAK HAIKIBAEMOH <TOMIOBLL» (KOPOTKOBOM-
=S0S0H PAHHIE! CTIEKTPATEHON NMONOCH ) B TeX HeOoDLYHLX CHTYALMAX, KOria nioT-
SOCTE COCTOAHMI MEHAETCH JTHCKPETHEIM 0GpasoM.

OreHb BAKHRIM ACITEKTOM MPH TI0G0M PECCMOTPEHHH BBCAEHHLIN BRILIE NCERI10-
ETOMOB (KAK W CHEIVET OXKWIATE B MUKPO(IHIHKE ) BRICTYNIACT cuMMempin 00LEKTOR,
SaicoKaR CHMMETPHA CHCTEMBI BCETA CBAJAHA ¢ BRICOKON CTENEHBIO BMPOKISHIS e
SCHOBHBIX IHEPTETHYECKHX COCTORHMIL. B KavecTae OMEHE HATHAHONG TPHMEpPa MO -
=0 npuBecTH HaBeCTHRIN dubext Ana—Tennepa, ceAlaHHK ¢ BRENCHWEM (HAH yaa-
TEHEHEM ) OTHOTO-EAWHCTBEHHOIO MIEKTPOHA, NPHBOLAIINM K NOHHACHWIO obmed
cusMeTpHE cHeTeMBl. MuTepecHo, yTo KnacrepaMy ¢ 04eHb BEICOKOH cumMmeTpHeil B
COBPEMEHHOM HAVKE W TEXHONOIHH BEICTYIAIT MMEHHD (hynepeHk C,, ¢ uKocaanpu-
SECHON CTPYETYPOR M NMATHEPATHO BRIPOMACHHOA BRICIIER 3amomHeHHOH Monexyisp-
=oit opGumansio (HOMO), conepsamedt [0 anexTpoHoB ocHOBHOTO cocTomHmus (puc. 4.3),
TPHHSM HHILLAN BAKAHTHAS MOTEKVIAPHAA opGHTAIL B 3TON CHCTEME HENACTCH TPH#-
za priposaeHHol. Wenounne dynnepunst (coeiHHEHHE THNA AC, tie A — atom
LETOTHOTO METALNA) MMEIOT CHMMETPHYHY) H HAMOAOBHHY 3ANOTHEHHYIO 30HY Npo-
SOTMMOCTH, YTO MOIBOAACT HM MTPH HHAKHX TEMTIEPATYPAX [PEBPAIIATLCH B CBEPXIIPO-
soaHKkK [b]. [lna cpaBHeHHs yKaxeM, yTo Qyuieped C,, obnanaer ABAXIIN BEIPOX-
ITHHON, NOAHOCTHIO 3amonHerHod HOMO, onnaxo n3-3a Gonee HUIKON CHMMETpUM
(L. iveet cummerprio THna D [7]) o# He MOXET NPeBPALIATECH B CBEPXTPOROIHHEK
soaobHo wesounbiv Gymiepuaam C . OTMETHM TAICKE, 9TO B HEKOTOPLIX KATHOHAX
= asnonax pynepenos C, n C, HabmojaloTed IHAMHTENLHEIE HCKaXeHUA Hua—Ten-
zepa [8, 9.

Buyrpy BeckonedHo GoMBIIOro ofbeMHor0 ofpasia OKPYREHNE ATOMA MOXET 0O-
T23aTh OUYCHB BRICOKOW CHMMETpHENR, Ho mofoe npuEIHKEHHE K MOBEPXHOCTH Hapy-
ZseT 3TV CHMMETPHIO, [TpH IOCTATOMHO BRICOKON CTENEHM BHIPOXASHHA BECLIETO 3a-
ENTOI0 ATOMHOTO COCTOAHMA NMOBEPXHOCTHEIE ATOMB! HCMBITH BAIOT NPEBPALIEHIN , aHa-
TOTHYHBIE MEPEXOIAM MEXITY BHCOKOCITHHOBEIMH M HHIKOCTTHHOBLMMME COCTOSHHAMK
EOMITIEKCOR, YT0 MOXET MPHBOOHTL K CYIICCTBEHHRIM W3IMCHCHHAM OOMEH MarmmuT-
HON CTPYKTYPhI MATRIX HACTMIL [T0 CPABHEHWIO ¢ MATCPHANOM OFLEMHON (halkl.

Oraens HHTEPECHBIM TPHMEPOM MOIETRHOH CTPYKTYPLL LI ABYXMEPHOI 30eKTpOH-
HOH CHCTEMBI MOBET CITVEHTL HIBECTHLIA B NOJVIPOBOIHAKOBOA TEXHHKE TOHKOILIE-
so9HBI nonenoi Tpan3ncTop (FET), Ha puc. 4.4 nokajana cxeMa TAKOIO TPaHINCTO-
7, B KOTOPOH MCNONLIYETCA OPraHHYeckKiil NoTyNpoOBOIHHE, IIe CAOR NoynpoBoi-
HHEE H JMCKTPOA 3aTROPA MOTYT DACCMATPHBATHCH MTPOCTO B KAYECTBE ABYX 0DKIAI0K
OORYHOIO KOHAEHCATOPA, B HIDIHPYIOIHI OKCHANBIE C0i — B KauecTee ANINEKTPH-
“2 B rakofl chereme noadata CMEILADLIErO HAMPAAEHMA HA SAEKTPOI 3aTROPA [IPHBO-
THT K HHAEKLHH HOCHTeNel 3apana B odNacTs NOBePXHOCTH PALeTa, TAK YTO [PH J10-
CTETOYHOMH IITOTHOCTH 33pA08 914 00AaCTh NPEBPAIIAETCH B IpoBoisiyn. Ecnn opra-
HMYECKHH MONYNPOBOLHHK HMEET HHILIYIO CBOBOAHYI0 MONCKYAAPHYIO opGHTANE
(LUMO), To OH MORET JErKo MPHHATL HIGKTOYHEE JMEKTPOHE! M PHOGPECTH J1eKT-
DOHHYIO MPOBOAMMOCTL. B npoTHRHOM CAvYae, 3MEKTPOHLL MOTYT VIASTHCH H3 9TOTD
TOAVTIPOBONHHKR Y2Pe3 BRICIUYIO 3aTTONHEHHYI0 MOTeKyARpHYIo opbutans, (HOMO), B
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Pue. 4.4. Touxomnenounsifi nonesolt tpansicrop (FET). Moaaus oTpuustensHoro cue-
HIAKWErD HANPRACHHA ¥V, HA 3MCKTPOA 38TBOPA NPHBOINT K HHACKLHN [HOCH-
Teneil XA B opradrueckiil MOTYNPOBOIHIE H BOIHHEHOBEHIIO AByXMep-
Horo (2D xamana p-THna Mesny HETOYHHKOM H CTOROM, No3BOARIOLIIERD npo-
BOIKTL INCKTPOHL NPH HATOMKCHHI HANPSKeHUA cToka V. Tomkui caol nio-
AsTopa (06brHe Si0,) MERTY JETEOPOM M OPrEHIHECKHM MOAYTPOBOIHKKOM
NpeAOTEPALRET BOIHHKHOBEHHE TOKA JiTeopa. [loasprocTy yerpoficTsg Mo-

#ET BHTE HIMCHEHA HA [POTHBOMONOXHYIO NDAGOPOM COOTRETETBYIONIEND Ma-
TepHana

PeIVALTATE Hero MatepHan npHobpeTacT TAK HAIKBACMYIO ALPOYHYIO NIPOBOANMOCTS,
KakK Nokazao Ha puc. 4.4. B 510/ cucteme BusHEALIYIO poib HrpaeT Mopdoaorin ca-
MOFO OPIAHHYECKOIO BEILECTBa TOHKOO C/10H, NOCKONLKY HMEHHO 3HAYHTEIbHAA CTe-
MeHb NEPEKPLIBAHMA OPOHTANSH MEXTY COCEAHHMH MOMEKY1aMH MOXET 0fecTIeHBATS
MPOBOIHMOCTS, 8 HEGNAMONPHATHOE TEOMETPHYECKOE PACTTOTOKEHIE MOJEKY NIPHBO-

AHT MPOCTO K YARIEHHIO 31eKTpoH08, ONHMM M3 CAMBIX HIBECTHBIX OPraHHIECKHX Mo~
AYNPOBOAHMKOBLIX MATEPHAIOB ABIASTCH NeHTaleH, HeboabiWe No pasMepy MOAEKY-
1kl KOTOPOro B 0MEHb TOHKHX CI0RX Jerko CO3A0T ALPOUHYI0 NIPOBOAHMOCTE, 0bec-

NETHBAEMYIO TONOKHTEILHEIMH 3apinavi. [ToaBHAHOCTS ALPOK B MOHOKPHCTALIAX
[IPH ITOM MOKET JOCTHIATH OCHS BHCOKOro 3HaueHust, nopsuka 2 cm’/B - cex. Torkui
crol nedTaneHa MoxkeT 68Th c)OPMHPORAH CAMBIMH PASHEIMH METOZaMM (OCAXICHH-
eM 13 rasoBoll (askl, OKyMauMeM B pacTsop M T.L). B kavecTse ApyTHX MaTepHATOR
MONVT HCNIOIBIOBATECA JEKTPONPOBOIALIHE MONHMEPH C LTHHHBMH WETIAMH {HanpH-

sep, noautnoden wan nondanwiiy). [10THOCTL HOCHTENS JapAna B obeaHeHHOM
crnoe Moxet gocrurats 10" oM~ npi HanpsxeHUH 3aTsopa —30 B, a Tomuuya Toro
C/IOR COCTARNACT OKono 5—20 HMm.

B nacToaniee Bpems Gonbiinod NOMYTAPHOCTEIO NOALIVIOTCH NOTYNPOBOJHHKOBKE
rETEPONEPEXOIsl, NpeacTapngone coboi ABYXMEPHLIE CTPYKTYPEl Ha MOBEPRHOCTAX
pasaesa marepuanos Gads u Al Ga,  As, 1ae X OBHIMHO NPUHAMACT SHAYEHHA OT 0,1 ao
0,4, MapaMeTphl KPHCTALIHYECKHX PELICTOK ABYX 3THX NOTYNPOBOAHHKOBEIX MaTEpi-
AN0B ONeHb GANIKH, YTO NOIBOAAET BLPALIWBATE BEICOKOKAYECTECHHME MOHOKPHC-
tanan Tpedyemoro THIA. TTpH HATOKEHHH MOLIHOTO MATHHTHOTO OIS NEPNEHINKY -
MAPHO IIOCKOCTH ABYXMEPHOH CHCTEMB!, B HEH MPOHCXOAHT MOMHOC KBAHTOBIHHE co-
CTOAHMA HOCHTENEH 3apAaa, KOTOPLIC MOFYT CRODOIHO IBHIATLCH N0 TIOCKOCTH, KOH-
JeHCHPYACH HA TaKk HasupaeMmuix opbutax Jlamnay. [ToTHOCTL COCTOAHMI NPH 3TOM
MIMEHAETCA OT onpeneneHHol ypasHennes (2) nocroaunoi 10 HaGopa O-thyHkumi,
TO CTh OMEHb YIKHX pacapeacacHni, cnocoDHLX YIMPATLCA TPH HAPYLICHHH YTIOPA-



4.3. Hepexodm nememans — memans 63 QB

J0YEHHOCTH CHCcTembl. Harnanno#t wnmocTpaineit TAKOro NMOBENSHWUS CHCTEM SRISET-
CA MIBECTHRIA KBAHTOBLIHA adxperT Xomna. [Tpu cuariy maruuTHOrO nass yposuu Jlan-
a3y NOCAEA0BATENEHO CTAHOBATCA MYCTHIMK, B PE3Y/ITATE Yero BCE BaxHeilIMe Xapak-
TEPHCTHKH MATEPHATIA (TAKHE KaK NPOBOAHMOCTE, HAMATHHYHBAHWE, VILNLHAS JTeKT-
POHHAR TETUIOEMKOCTh) HAYMHAT ONPENETATLCA ML UIOTHOCTHI) COCTOSHHI Ha
yponue Depmu, 4TO NPUBOAKT K IHATHTEILHEM OCIIUUTRIMAM Mx 3nadennit, Onuca-
HHME TAKMX creumbiiecknx sdupekToB B IBYXMEPHEIX CHCTEMAY, YHTATENh HaflneT B of-
sope Kesnw u Hukomaca [10].

Onenb HeoObrTHAA ¥ KPACHBAS OBYXMEDHAR ITEKTPOHHAA CTPYETYDA B BHAE 9Ji-
Jmnca, 00pa3oBaHHOTO 36 aToMamM# KoGansTa, Ha nosepxHocet! (111) kpuctanna mean
Oui1a MOAyYeHa U onucana B pabote [11]. MonyueHHbe Ha CKAHUPYIOIEM 3IEKTPOH-
HOM MHKpockone (npu 4 K) n3oDpaxeHus MOKHO CPABHHTL ¢ KOPATTOBMM pHbOM
HIIH C IIMPOKO PACHaXHYTOH MACTRIO AKYIH (MHOMIA MX HATHBAIT TAKKE <«KBAHTOBEI-
MM 3aroHAME=), O4EHb MHTEPECHO, YTO TIPH BEEICHHH B OIMH 13 DOKYCOB 3T0M0 KBaH-
TOBOTO «3/UTHIICAs AOMOIHHMTETBHOID ATOMA KODANLTA KAPTHHA HIMEHAESTCH TAKHUM 06-
PaBsoM, YTO HEKHH «0Bpais 3TOTO ATOMA TOABNASTCH W BO BTOPOM, HEIaNoAHEHHOM
tokyce ammunca. PakTHYeCKH ITO 0IHAYAET, 9TO TIOKAAHHOE HA puc. 4.5 {cMm. us.
BKICHKY) KOMBUO H3 aTOMOB KoGansTa (c AMAMETPOM NpHMepHO 15 HM) nelicTeyer B
Ka9ecTRe CBOC0DPAIHOrO KBAHTORO-MEXAHWIECKOTD 3EPKANA WM PEIOHATOPA, OTPA-
HAOIIETO NMapUHATLHBIE BOMHE (CO3JABACMBLIC MATHHTHLIM ATOMOM, TIOMEIIEHHEIM B
OIHH U3 (POKYCOB IMNUNCA} H KOIEPEHTHO (OKYCHPYIOLIETO HX ClieKTpankHoe Hiobpa-
#eHHE Bo BTOpOM (oxyce. Boanmkalomuit sddbext nomyun Hassanmne cnexTpansHOro
mupaxa (spectral mirage) H npeacrarnger coboil KBAHTOBKI AHANOr TEX TIPOLECCOB,
Gnaroaaps KOTOPHIM ONTHYECKHE HIH 3BYKOBELE BOTHE QOKYCHPYIOTCA B 0IHOH TOUKe
NPH HCTIOJAB3OBAHWH JIMHI W NapabonHyeckux orpaxateneil. DhdekT neMoHCTpHDYET
KBEAHTOBYID, BOMHOBYI0 MPHPOIY MOBEPXHOCTHRIX WICKTPOHOR B META/LIAK, TAK KAK ATOM,
noMeleHHLIR B MOBYI0 ApYTyIo TOMKY BHYTPH 2/UTHICA, HE COANACT HHKAKOTO MOMO-
HHTEAbHOTo HiohpakeHud, AnicHHe OCHOBAHO HA TAK HAILIBAEMOM pé3oHaHce Kon-
[0, CBH3AHHOM C PACTIONOXEHHEM MHAHBHIVATEHLIX MATHHTHEX MOMEHTOR BAOIE OK-
PYRHOCTH Ha TMOBEPXHOCTH METALTA,

4.3. Mepexoasl HemeTann — merann

4.3.1. O0wue xpumepun

CobicTBeHHO rOBOPA, TOKA3AHHKE Ha pHC. 4.1 HIMEHEHHA THArPAMME JHEPreTHYEE -
KHX YPOBHEH MPH NeEpexone OT OAHOMEPHO CTPYKTYDPH K TPEXMEPHOH ABNAIOTCA MO~
HATHBIMH H He TpeOyioT Ing cBoero oBbACHEHNA ¥ OMHCAHHA BREICHHA HOBKIX npen-
crapneHufl. [Lna TeMB M colepRAHHA MPeAIAraeMol KHHTH ropaino Gones BaKHBIM
ABNAETCH TO, KAKMM 00pa3oM NpeiacTABICHHLIC HIMCHEHHA TONKHE GHTH MOIH-
HHIHPOBAHE! B KOHKPETHEIX CHTYAIIHAX, 4 HMEHHO NPH Nepexons K PACCMOTPEHHID
HAHOMETPHYECKHX CHCTEM, TO 8CTh CHCTEM ¢ ManhiM ynenom N, [Mo-suanmonmy, oc-
HOBHBIE H3IMeHeHHs duInyeckoil KAPTHHE NPH NEPEXONe K MATKM IHauyeHuaM N
HONKHE BRTE CEA33HEL CO CAEAYIOMAMH HHIHYECKHMH SRTEHHAMH | 3AKOHOMEPHO-
CTAMH.
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