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OFlUAH XAPAKTEPl1CTliKA. PAEOTH 

.Al5'!'YaJIJ,HCCT!, TBMH. ~y11,naMOHTMI,HilO llCCJI0JJ:OBlllf!D1 .lUlJl8.MYil'M 

pelll0'l'ICH TD0p;tux pacTBopoa H ipa3 Bll0,llll9HIL'l nepexo;ll,HUX l!.0T8Yw10B C 

RHCJIOpO.D,OM, a30TOM Ii yrJIBpO.D,OM H01!0Cl)O,llCTB8HHO CBR38Hl.l C np1tRJI!\l{

HBMll sBJta1tru.ra. oco6oe sna'ie1me u11em aorrpocu HsyqeHm1 aarumo.nei-t
CTBlill KHCJiopo.na C M8TaJl.1Irum B CM3lI · C llillpOl<W,,I npm,ieueHl!OM B pa:1-

JilNHWC OTpacJLIIX TOX!llU(H HOBUX M8T8pHMOB C · pasnooopasnm.m ,paau

'l8CRilMH, nlMlltiecmmu H t,iexamrqecroullli caoJ1c•rnaMl! (:xmponpo•ume H 

TOpMOC'l'OHRHO MaTepHaJIU, l''>JJYITpOBO,llllllKOBU8 coe,n1rne11l:tll 11 T. ,n:.), B 

ROMIIJI8KC8 ItO'l'opux KHCJIOpo.n Hl'paeT KaK llOJIOlln!T9JII,HYJO, T8.l< lf OTpli

naTOJI!,Hy-.oJ poJI1,, 

B CM3U C BU!ll8CK88a.HHUM npe.ncTaBJIH8'l' 118COM!l8lllllll1 11HTepec 

H3ytI811H8 .D.lillaMIUOi TBBP.11.llX pacTBOpoB llll8,lll)BllU/I na OC!IODO T0KfilC 

KOHCTpYRIJ,lIOilll!lX 11 peaY.Topm,x MaTopua.iron, RaK Hlt.PKOUlffi It TlITaH. 

HaHOOJtee llOJIHyx> HHif)opMa!l,IOO O ,IUU!aMmte JtpUCTaJLJilf'IOCl('.:,l! pmnOT
KlI .n.aeT MeTO,n ueynpyroro paccemnm Me)l.JreHHl:.IX ne!tTpouoa (HPH). 
lJCCJ18)40BaJ!HiI . CHCTOM C npmAeCJ!Ml! BIIO.IJ.P81Uf.!l MOTO,UOM HP!f ll03DOJ!JIDI 

UOJJY'llITI, nHmopMru.urn o JIORa.Jllrnru.um rrpuuecu n perueTRe ue"'9.JIJta, o 

CHJ!OBOM B3aID,!OJJ.OllCTBIDI llpl!MLCI,-MaTpima Jr upm,iec1.-llpllM8C!,. ]IJ!ii 

CllCT0M C npinA0CJ!MlI MOI'YT ltCCJI8.4OB8T!,Cl1 3J$)KTU ilCRlll8llllfl J)8Ul8'l'Olt 

H JIOMJI1,llli8 ll3MBHOHll/l B 8JIOI(TpO!lllOU CTlJYKType. 

3KcnepI1MeHTaJILHH8 l!CCJ!OJJ.OB!illl!Jl Ci!C'j,'8M MCTWl.1-JI['::MGCI, BHenpa
lllL'l M0'l'O,ll0M !IHI BO.;Il1CJ, ,ll.0 HO,ll.8llll61'0 BlJ0MilHU Il OCHOlll!OM 110 I'll,llpll

,llaA! MOTalLJ!OB. B 1·0 Jll:8 npeMll pacwopu p-3.llOMOll'l'OB BllOnpemm (!'J1C
JIOpo,n:, aaoT, yrJiepo.n) n !tpUCTa.1t,m'!eciurx pelllBTicax nepexc:umx m,Ta.u

JIOB il3J'lOHU CJia6o. TSR118 CMaBU oynteC'J'BBllHO OTJillttaID'H.:il OT paC'iBO-

poB C .s - 3JlJM8ll1.'aM1I BllB,11.P,llll.'l (EO,ll,OiiOA, .n.ei\repd1, ·11,ll'J'C.tt), 

Pa3.ll.11'lYJl B noHe,lleHlm 3Tlllt 1:.rraccoa llpi!MOC}HIX a10uot ll M3TP ... 'l.llll:'l8C

I<Oii MaTpnue c.rn.rcyor na cyr:;ecTBOUHoro r,a:lJU1qpJt c·rpoe!1:l.'i $JI6R'l'pou
HUX O6OJIO'H1K, aapRnoaoro coc1·oruuw 11p111.~cu£l., a '!'8.!{J!e 1,a311oro co
oTuomemui: _pa:iMopon oY.ra~;,llJ.1!Nec1u1x R 1·<nr;a::inr1r%cmnc 1.,e!!J(oya.'U1tl., 
B l(OTOIJliO !JOMemu»rcll BH'?)lI~lllJWJ att!!.H I C UTOUJllt'lli pn:;tJepnim ::l'Ill 

. , 
a.,e~ionron. · 

B pil,li.Y 38,,18'1, Cl3H3hlll!f.l.X C n:iy•1r111~:HU Cl1C'!':lll C llf:i'J!•;C;JH!i EH8Jl

peuYJi, 'ip".,3Eil'.Wt!HO .llaw,n,m flEJJJUJ1CJ! ,·ttR:l.9 11,~CJl!lD.OMll'lll A•HOT'Ot.OM

llO110HT!llll: cunrrno.a ·m11a 1·1 e ... x- H(ll) ,r;;e X - r .. ;:.nim,Hl'r .eueit-
pe,m;t, 11a.1atrRl'l n f'lt:: - H llJ•ifl.1E<c11 X 1wi,;,1 cyll.;;rnnef:iil'> &iv.titb 
ll8 C'I'py11:ryrm.:t'l M }'..\ilHlif:t"llCKl!e Xllf!''rff:{'}:Crn!:TJ rn:tal-tn, tt 'll<.C li:!OC'.tJ: 

~~,_,.,.__,~,,,·-----'--'-.i....~-=-,_~--,.::::·~,,_~ 

~ ,..,, .... ,,.,r,,,·,.,,,.:,c:;:', ::::'>1~-?f;?. 
f.iJV~ ... _;:..'!.L,\. -cl~,:.:.., ~t,J";i\:,,._..._Jj,tJ / 

!J!.!e~13§U; Ji'.c.teJiOOliJSU 1 
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npHBO.IllIT K sa:rnazy ao,nopo,na Ha B11e.npe1111ux aTouax 0, N H C • B 
CBOKl ottope.n1, ao.nopo.n, 88XB8'l811HUil B M8TaJIJiax, MOJK8T o6ycJIOBJlllll8Tl, 

TB.KHO BaJK!lhlO M8XaHll'l8CKlI8 .fil3JI8HHJI I KaK I H8!IpMM8p I oxpyntilIBaHH8 

M8TaJIJIOB. 
lIOHHMalUI8 CJIOlitHOro KOMITJl8RCa CBOftCTB CJIJI8BOB. BHO.nl)8HWI 

Me - X H Ma - X - H TP86yeT 8HaJU!iI MUiq)OCKOnI!'I8CKUX xaprutTepucTUK 

Bsru1Mo.neii.cTBIL'l Ma - X, Mo - H, X - x, H - H u X - n. :3Tn Donpocu 

MoryT c5h!Th IJJ.)RMO a,rweOOBaHU HCCJI8.UOBaIIUllM KOJiec5aT8JlbHUX COCTOilllml 

B Cl!CT8Max Me - X ll Me - X - !I IV.BTO,D;OM HPH, B CM811 0 3Tl1M OCHOB

uoii sa,natJeii ,naHHOil pa6.:ruHBJ!JIJI001, nccJie;u.oBaane :xapaKT8pl!CTHK npH

MOClli:IX "OJie6anuit a SaBlfctmocTH OT KoaueHTPanmt a11e.npeHHUX aToMOB, 

BJUIJlHU,l MaTJ)J!Ull Ha ,II.HH8MIIKY npmieon, .BJll'I!llll!8 .~8JI8M8HTOB Dll8.JU)8-

HWI ll~ ,UHHBMllKY BOJJ.Oponmnc aTOMOB B TBep.nmc paOTBopax Ila OCHOB8 

Zi-- uTi • 
11e.m, padoT!.! 3ama.11acb B llOJiy,t8HHl! CJI8P.Ynn8lt Illl!JIOJ,Maumt: 

I) yoTaHOllJlenmi aaan-cm1100Tu a11epreTlt'iec1<roc xapaRTepncTUK 
npuMecHHX ttoJie6a1mtt oT l(Ol!48HTPlllOm BHO:np811HUX a-roMoa; 

2) llOJly'l.8111Ul 3aBHClii,\OCTll KOUCTUHTU ca.n~BOI'O iiaruwo.nettc'l'Bl!SI 

MOTrurJI-npimec:o. OT MSJUlTOMllOI'.O paocromum MO - x; 
3) BWillJI9HlU! l!aJillT!llJI mppeJIStUJllf i.1ew .0.CRIWl!UlJU.1.11 KpliCTaJIJill,

tJ8CROil pemeTFJl OllliaBOB BII0,1@8llllJ1. It umpllllott 30IIU . !IpB.M8CHUX KOJI8-

daHlill!; 
4) onpe,neJieHlnt Bm1fil1Wi p-aJioMeH'tOB l3Ht3JW6Hlill HU JioKaJll!saum:> 

Bo,nopo.n.a u sueprmn ero 1tone6a1ml.t B TpollHl:lX cllJlaBaY. Me - X - H. 

liaY:-UlaH !{0B1!3tta l1CCJI8,ll0Balll11l, COCTa.BJlIDllllnt OCHOBH08 co,ne~ 

1iUlHl18 .I{HCC81JTru.ont 1 88.K.ll10'!88TC.fl B CJI8)JY)UJ.l8M: , 

- BnepBU0 rtOJJY'I8llll M0TO.II.OIA IIPH .uaanue no romalw!Irlt8 KJlRCTaJI

JllftlOCl:Oli pemeTRM CllJiaBOD z:t--0 I! -n-Q C CO,It8p:1W.IH!8M KHCJIO

f.-0).18 OT 4 aT.% .no 30 a1·.%. Bo Bcei cnc-reMax ua6JnQnarruc1, TpaXKpaT-

110 nupom,nell!ill0 npll?A8CBl:l8 lWJI0daiJJUI B nooTBeCTBHR O Qh ctl11M8TJ)ll

efi 01:1as,1JJllNSCKofi nommtm (OU). B TilY pomf.TltaX Zr- 11 Ti /I-5/; 
- Bl!8p1Hlfj llO.JIYqOJl8 3aBZ.CUMOCT!, 1I&CTOT:l ROJ18d1Ulllll llpHMOCIIHX 

EUOMOB !l cn.nrul!:lX C p- JJ10t!OJl18Mll Bim;npeHM or paCCTORltll'R M9T8JIJI

npl!'!.eGh. 113 :rncnepHMO!IT!l.1WUX J(aHHHX H3B1lf''l6H8 ru1,1Jo1Manrut O cruto

llO½ B3aID.!OJ\sllc-r£Htn Ma1•a.Jt1I-nr,1t'.1acc B cn:iaaax (Zr; Ti )-( 0, N )c 
y1e'.rCM Y.0!!9c:lam1« fiTO,WB uaTpm.tll H nocrpoeHa 3aBUCll1.IOCTI, ROIICTall

l'i Cl\l\Of!Ol'C B:l!'l~m),ndkT~ll/I O'f l18J)eJ.lnTf18 p!l1M9p!IC1I'O H9COOTB9TCTBHII 
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Mel!UJY BTOMOM IlpID.!8011 H B8JIWUIBOll Mo,i;,noyseJII,HOll llJPU, B KOTOPYJO 

011 noMemaeTcR. rrocrpoe1mWI saBv.CIIMOCTh. ncnoJit,SOPa11a .IWI onpe.neJia

mm napaAl8'l'pOB OTTal!IDIBaT8JU,HOll 'I8CTlt scJ:XfeKTHBJJOro napnoro IlOT0H

UHaJI8 BsanMo,nellcTBn.f! MeTaJIJI-npnMec1, B cIIJianax ( Zr, Ti )-( 0, N ) 
/2,3/; 

- Bll0PBhte B CIIJI8Bax C p-3.l!~MeHTOMl! BHe.npemm nocrpoeHa 98.BII

CllMOCTI, coc!CTB8HHOll umpilllll !IpHMOCHOll 80HH OT KOillt0HTPlllllllI !Ipn:MBCl!. 

IJpoaaamr:mpoBaHU BM8,JtU BHOCI!MllO B llllipl!HY Ilpl'JM9CUO!'O YPOBH.f! 1100.n

nopo,n.Roll CT8Tll'I8CROll JUICTopcnell I! HSCllMMOTplt'll!OCTI,!J M9il\nOY30JII,HOfi 

nopu B I'IIY pemerKe. /I,2/; 
-m1epB!le B OllJiaB!lX BHe,IU)emm c l'IIY pemerrwil (Ti Ox )na6.mo

.U'3JIHCb Ul8Jl8BU0 KOJ.te6rurna 1 . oc5yCJIOMOJIHHO ~aMmwfl RB83llMOJI9Kyml 1 

COCTOSlll!811 118 Jt8I'KOI'O 8.TOM!l DH0.npElHilil 11 ero 6.ID!1Xllllruaro O!tpYJKOHIDI 
/5,6/; . 

- Bll8pBU8 !IpOB8,ll8l!ll ltaMepemm !IpHMeCHUX ROJie6emrl1 · 1mcJiopo.na 

ll BO,I\Opo.na 13 citirasax Ti 00.0't 1-10.02 • Tl Oo,,2Ho.oolj ll Ti Do . .n Ho.01 
/6,7/, Ha anapreTR'IOOKO!'O llOJIOJr:eHUil'. mma, OT139qflltlllero IlpllM8CllHM 

RoJtoc5eumtM no,nopo.nn, o,neJtrut BHBo,n o.Jtotti'IJ1usaun11 ero s otTaa,IU)nqoc

KitX nosllltl!RX ot-TI npn ROHUOHTpaunn iaicJiopo,na ~ I2 aT.%. BHBo.n 

IIO.ItTB8PJ!,lt8U HOitTJ)Ol!O:rpajinqecrorr,m UCC.'I8Jl0Bal!llm.m .nellTopnpom:umux 

odpaanon Tl -0-D /a/. cneKTJ)OcKoIW!ecKlle nccJie,n<inrutM cllJiaBOB 

Ti - N -H rmo y1urnUBro-,r !Ill JtoKMHaawm no.nopo.na n Oil / 9 /; 

- anapnae ns J1ruu1HX no cneKTpaM HPH cUJtai:lon Ti - 0 - H u 

i,IiaaoBoro ru;amraa HettTpouo:rpaMri dwr c,neJtaH r,wio.n o cTac5wm::iaumt 

oo,nopo,na B cJ. --qiasa Tl TOJtt,Ko nptJ .nocraro•mo doJit,moM ( ?:-I2aT. 

%} KomttiecrBo roiCJiopo,na B CWiaBe Ti O" Hy • npn Mo111,ineM co,nep

iKrunm MCJiopo,na B odpaauax Bnna,naaT ru.npJW!M ~asa /Io,Ir/; 
- Brrepnae odnapYJKeua c110pxnpooo,zr,11MocT1,, nosmmamtrut D Ti6 0 

npn JterupoBatnm cIJJtBBa DO,nopo,noM, oBJiaanHM c JtoRamtaruuren Bo.no

po.na B OKT83,Iij)HqecltHX l,!8ll'.ltOY3JlliJllt pameTKI! M9TM.18 /12/; 
- nnepBHe nponeJienu RaMopeHJUI cneRTpon HPH cit.nanoB lt-OM,Ho. 0, 

n Z r00 .2s- 1--10•09 npH T = 293K H T ··c:: 80K, CnettTpoCKOinttlBOIUJ H 

11ettr.poilo:rpa/p1tttecR.U llOK838!!0 1 '!TO Bo,nopoJ1 B UCCJ18JlOD8BIIDtxCJl CrtJinBruc 

JIORMH30B8ll D Il03lli\l1l!X C T6Tp83.lll)l!'l8Cltoft I<OOp)lIIBB.UUOlt, BliCR.038!10 

npe.nJIOJ!Olii011118 0 TOM, '!TO npn ROMH8THOll TeMJtepnrypo l1 mui:o BO,nopo.n 

n cmrn.Bax Z. r-- 0 Haxo.nHTCJl . npeint.yt!leCTBORIIO n l'tU(pli,!U!Oll 4iaae rrpn 

co,nP,plKamm ItuCJiopo;ia ~ 5 BT.% III/; 
- npor~.JJ.OIIU :mcnopl1r19l!TMI,11Hfl l!!3MOpmu!JJ TOJ'P.IIO!llll/X ROJ!Gdami.11. 
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B aMoaneBliX coMX N Hil II NH~F na cnaRTJ)OMeTpe .IlllH-lM npII 

T9MI19paTYJ)e T = 90K C U9J!bD Oitp8.J:t8JI8HKlt noJJYllilll)ID!ll ipyHltUIDi paspa~ 

menlUI yc-ranoBKH AE11. rrpn nepe,na,ia anepl'lm c = 48 MaB n 
E c: 30 MBB, BWIHCJI8llll sna,ieaWI A EA. }IlU1 paamroniX paUMoB pa6o

Tll CITOKTPOM9T!J8 .lU-!H-IM I 13 /. 

HaY9Urut Jf npaKTWieCKM ueHHOCTb, IlOJIY'!OHHHe B HaCTOHJ118i\: pa-

6oTe peayJILTBTll no anepreTIItl:8CKlll4 xaprutTepHCnntaM npHM8CHllX ltOJI8-

6ruutil B TB8p,lWX paCTBOpax B}J8,l!J)8HRl1 C IlJY pemaTKOil lt ,nHH!lMHR8 

;qmcTa.vnr<r8CKOti pemaTKit TB!tHX CIIJIBBOB B U8JIOM smmmt'Clt Cytll8CTB8Hll0 

HOBOil: imcpopMaunett o lAHRPOCKOIZWl8C!GDC CBOil:CTBBX nepaXO,lUWX MeTaJt-

JIOB C p-, 8 TaIO!te p- It S -9JI9M8HTa1.ffl IiH8.1UJ8Hl:JI, 

Ha IIJJll:MSpe nepexO,IJ,HllX MSTaJIJIOB IY rpyinm BKCnepl!'MeHTaJtbHO 

ycTaHOBJIOHll OCHOBH!:18 30.ltOHOUepHOCTH cpopMRp013aHM ltOJIOCU.lll)l!MeCl!Wt 

KoJie6BH.l!ll B CIJJIBBax Me-X c CYLiSCTBBHl!O JIOltM!t30Be.Hl!HMll X2 p 
BJI9KTpoHHUMH COCTOlllUmMR <X"" 0, N ) • . 

l10JIY'!8Hll .ttaHHlla O pa3Jlll111lott JIOK8JIR3ru.um S -3JI9M8HTOB BH8.1UJ8-

Hl!ll B cI!JlBBax Zr- H Ti c J)-:3JISM8l!TaMM BHB.npaHWI H cTa6n.1maru.um 

d,.. -<tiaau no MOT8.JLTIH'JecKott no.npameTKe n cncTeMBX. Me-H n npH~ 

cyTCTBmr p-3JI8M8HTOB BH8.1UJ8HWI. . · .. •· , 

oonapj'3(8Ha cnepxnpono,nnMocTb B rpottaott cHcTeMe Tl -0 -~ , ,iro 

IlO,ll.TD8p,llMO llp8.J:tIIOJIOJ!(8JlH8 /IO,II/.o CM3ll CBepxnpoBO)VIlltlIX CBOftCTB 

C noamurett JIOKaJIH3awnt BO.ttopo,na. STO CBH.n8T8JibCTBY8T O cymecTB81l

HOM B!tmme OUTlN8CroDC WQHO!!OB B 8JI'lKTPOH-qx)l!OHH08 B3ruJMo.tie:11cTime 
B CHCTeMax Me-H • ·. , 

IT:PaKTJ>rteCROe aaaqenne padOTli 3!Ut.n:!l'188TCH.B llOJJY'18HHH Hllqx>p

Ma:r~u O CHJIOBOM B3fillMC,J!,eilcTBID! M8TaJJJt-npm.1ec1, Blle.npemm. ( 0, N, H) 
B pea&TOPIDlX H ROllCTPYJ<UHOHH!iX MaTepHaJIBX ll,HpKOHHH ll THT8H9,H806-

XO,nnMOtt Ml nocrpoeHWI 8'1J'.!)9KntBHoro noTeHUHMB Ba!ll!MonettCTBWI 

M0TeJ!JI-npJ!M8Cb U, CJI9.J:tOB8T8Jit,JIO, pacqeTa Kml8TlI'l8CKHX, T8pMO.J:tllHB

l.ffi1t8CltltX :ll' },l9XaHU'l8CKHX CBOfiCTB ST:IIX MaTepHMOB, a T8Kllt8 13 IlOJIY

'tGl!Jm m1cJ:opMarum o J!ottaJIHaawni Bo,nopo,na, ero pacTBopm.1ocTlt u cTa-

6u&381U!lt ~as geo6xo.IU™ott Ml 6oJtee noJLHoro nouHMaHM npoueccoB 

B3!l7.MO,ll.81\Cl'Bltn npm.mcel\ BH8.1UJ9llrul p83.IDM!liX TRilOB {p- lt · S -8J!9-

M811TOD), 13 qacTHOCTH aaJCBaTa BO,l!,OpO,lla Ha npnMElCHUX JlOByn!R8X, 'lTO 

CBflaaHo c TB.JmUlJ npatcT:aqecmt B!llrJIHMR aa,naqaMn, ttrut, 11anpm.iep, 

BO.Il0p0)1,lJOe CXpyil'tHB811l!9 M8T9pllaJIOB. 

Fo3YJIJ,t3Tll pa6otu MOryT 6UTL HCllOJ!l,30BaJfi! npn nocrpoemm 

M!Utpoc,cornf'l'?r.l{cl Teop1m MO!:llTOMHoro B3rutMO,nettcTBWI B CilJiaBax 

BJ!O]tp'l!Utf! • 
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Anpo6anwr pa60Tij. 0CllOBHli9 peayJI:E.TBTl:l .ItHCC8pTBUHOllHOli pa6o
Tll ,ll.OKJJBJUIDWillCl, l[ o6CYJK,ll.8JlllCL Ha Fa6oqeM COB81!1aHlill no llCllOJU,30-

Blll!HJ) pacceruum HettTpoHoB B ipllsime TBep.noro TeJia (raT'llllla,1983), 

aa XIJI CoBBIIUUlHll no ROOp.lUlllawm 11ayq110-HccJ1e,noBaTeJ1i.crorx pa6oT, 

BllilOJIH8JIHllX C HCilOJ!l,30BaJIH8M HCCJI8.ItOBBT8Jll,CKUX peaKTopoB (TOMCK, 

1984), na YUi BC8COD3HOM COB01!18Hlrn no HCilOJIL30B8HlfB) HefitpOHOB B 

HCCJIS.J:tOBaHWIX no ®R3HK8 TB8p,l!,oro TeJ!a (/OplABJia,!985 r.), Ha Fa6o
q8M COB81ll8HHR no HCCJI8,ll.OBBHWIM KOH,ll.8HCI!pOB8HHHX cpe.n Ha peattTope 

lffiP-2 (J!Y6Ha, 1984. 1985, l987rr). 

no M8T8PH8.llaM ,JUfCCt; praumt ony6JIKKOB8HO 13 pa6oT. 

.Q.:l::gyK'fYPB H 06MM nyccePTamm. ,Ullccepramm COCTOKT :113 BBS.tte

Hliil, '19Tl:lp8:X: rJiaB,. _3aK./lll'l8HlllI H cnHCKa UllT!YpOBBHHOfi JlllT8pBTypli. 

PJ\CloTa H3JIOlll8H8 J18 194 CTpammax MBWHHOIUICHoro TSKCTa, BMmaR: 

35 p:11cyaKoB •' I4 Ta6.inm H CIIHCoK JntTeparypu 113 128 aa:ro.1eHoB8llnit. 

CO)lEPJi!AlrnE JU!CCEPI' Aflillf 

Bo· BBeJiettmr ttparKo naJiaraeTCR aitzyam,nocn, ciix>PMY.llltPOBruta 

JIOCTrutOBKa 3B,ll.8'lll HCCJI8,ll.OBrunm. Q60CHOB8ll BUClop OO'WKTOB HCCJie.no

BBl!RII li MeTo,ll.a pewemm llOCTa.BJI8HHOit 3a,n.a,m. ()!tpe.It8JI8HU ll8j~8Jl 

HOBH3Ha .H OCHOBHUe llOJ10~8HIUI, BUHO.CID,llle ua 3Bll!llTY. 

B nepaM! r.J1aBe .nrut o63op paeloT no CT!JYKT'JI,e i:::cr.enye1&1x 

CllJiaBOlo Zr-0 lI Ti-0 u TpoilJrux CHCT81A ( l i,Ti )-x:.1-1 ' noCKO.lll,

K'/ n.i.o.noTBOpHoe KCCJI0,JlOBaHll8 )lllHaMIOOl KpUCTaJLJIH'i8CKOli IJ81I!8TRR, 

B qacTHOCTH CITJIBBOB BH8,tUl8HIUii H8B03MOliWO 683 .ltOCTOB8:pHoro 3llaHHSI 

cTpfttTypu uccne.nyeMoro o6WttTa. Paecuorpeau aonpocu JIOIU3Jill3BIOOI 

npm,leCHUX BTOMOB, IDC Yfl0plI.ll:O'i8HlIJi, JIOltaJILHliX UCKa.Y.eHml,oelpaaoaa-

HHli KJiacrepon l!JlID.!SCHwt aTOMOB H r • .n.. " 

B 063ope Truate H3?.0X9Hll aonpocu o6p830BaRZil JIOKaJI1{30BBHHlil 
COCTOrutHit rrplr BBO.!tBlllnt n· ttpl!CTM.II JI0rKOit npuMeCH, IIpltBO;'J,/tTCil H 

o6CYJi!,!1.8lOTCil OCl!OBl!lie peayJibTaTll HM8lClilKXCJi B ffBCTO;nnee. r,powi eKC

nepnueHT8Jt1,HUX zccne.noEaH,tli wJJawoo1 npm.mcelt BHOnfl€HM B TBepJI.UX 
pacTBo:pax Me-X H Me)(·H MGl'OllOM HPH. 

Katt C,18,llYOT H3 063opa, :lKCnepl!lJ6Hta/Tl,H00 H3,7'<ellil:0 xapaaro

pHCTIIX JIOKM!,Hl:.IX KOJie6rutlill (JIK) o6p&3:{Jl'.UUC!i npa neo,r::eu1m B lqlKC

T8Jf.lI Jl8rKol! npm1.eca a Eil8pB!i8 paCCM011)ellH!il ][;{~EHL eu:o a [9421'- i 

B aacToJUJ:ee npelUI /IB.,'lJISTCJI TOlll-:nl ll YBlIY.a.ltU!!D,( KHCT1)j'16011TOll KC

CJI8,lt0Balll!H ·PY1fnBMe11TaJi' !lax Eorrr-0~1e <µ3ztte: r,;ep!!J}ro -re;ra. -B r.BOn 

oqape;:n,, .11,,'c'! M8T?IL!!Wtec1rn:x GV.:aEO:E. EH8lll)8H,~;t ZM8HP.'".l W!tO,X Hrn 003-
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BOM8T ll3ytntTl> JIOKaJill3aIJ;UIO JII)HM8CHUX COCTOfUmli B p8W8TK8,CllJIOB08 

B3Eil!MO.UeilcTBII8 Me -X II X - X . ' 
l-!MoIOOUieca ,nrunme no HPH cIIJiaBar.n1 BHe,Jll)SHJ!fl ( V, Nb )-{ 0, N ) 

Il03BOJru:JlU onpe;ne;ru:T:r, KOHCT!lllT!l CHJIOBOI'O B3aul.lO,ll.elicTB1tll M8T8JLJI

Dli8JU)8Hllllfi aTOM B npu6JIIDKeiimr l{30.1lllpOBrurnott IflJ1!M8CU. QnI!aKO, He

JJ;OCT8TOK :ntenepnMeHTaJil>HliX .nrurnu..x no ,nnna'dlIKe p-npm.:ecetl B nepe

xoromx USTaJIJiax Y rpynnu, HJC l/.aJIM paCTBOPID.!OCTl, B c;l.. .;.qta38, 

H.l!SKaiI CT8TUCTli'f8CKM TO'lliOCTl, pesy.iu,TaToB no BllCOKOtf8CTOTHl1M 

MO;naM H OTCyTCTBlte aa.n.emmx 3KCll8pm.ienTa.'II,HllX .nanHUX no JIOKaJUr

HHM cuen;SHWIM ne nosBOJitfJfll ycTaHOBlITI, !pyJi~!OHa..'Il>HWC 38KOHOM8J)

l!OCTett [!16preTWI8CltllX xap8KT8J)RCT:IIB npUM8CllliX 30H B CUCT8MaX OT 

M8JKaTOMHOrO paCCTOR:Hl1Ji II ROHl\8HTPfillHU npRM8ClI. 

Afl8JIU3 Jll!T8p8TY!)H!ll .namnLX no CTpyit'l'JI)8 Tpollilux ·CilJ!aBOB 

Me X
1 

Hz. cB.n.neTemcTByeT, '!:TO n0Be,ne1me S -sJiaMeHTa B mu: na 
ymmepca.iu,Ho. Ero JIOKaJIH3aIJ;lIJl B T8Tp33):\IllI'l6CKOlt ll081!IUU1 (TTI) H 

Wllf OKT83,&J)R'I8CKOit (on) MoryT sairn:cen Itait O·T KOHKPSTHOro p-ane

l48JIT8, Ta¥, ll OT KOHllOHTpanmt nocr.e.nnoro I a . T~..8 yCJIOB:mi T8Pf.!O-

o6pactoTllJI CAAaBOB . 
.lJ.lillaMIIBa nepeXOJJ.HllX M9TaJIJIOB C p- H S -3JI8!1.8HTaP.!ll'. BH8)Ul8lll111 

npaKTli'l8C.l'..ll HB Il3Y'IM8CI,. B 118CTOiU]l88. npeMJI l!M80TCJI BCero uecKCJil,

KO pa6oT no ,wmar,nIKe no.nopo.na ·n nepexo.naux MOT8.JIJIBX B npHcyTCTBIDI 

0 lf N • B iillX 6U.'l0 npo.neu.oHCTplIJ)OBUHO .'•1TO Heynpyroe. paccennne 

Helhponoa ill3JtllBTCJl MO:!!!!liM ueTo)l.oM n 11ccJie.nonaHim B3mn,io.nellcwn:JI 

pa3HOCOPTIIHX itpV.!t.eC.aii I!U UTor!JlOll ypoBll8. . . . .. . 
MeTo.n IIPH 0Ra3UB88TCJI B pn.ne CJty'!88B 'IP?3BU'l8¥.fl0 qyBCTDIIT8JU,

H!lM K CT.PYRTyp!U!M lf ,ll.l!lfa!,Ill'!OCKJ,lM oco6eunocTm,1 BO,ll,Opo.noco,neplKal!tllX 

c1rcTeM. CHCTSMaTn•1er.ruw :11ccJ1e.nonamm MOTo.noM HHI B co'<leTlllll!H c 

ruiyrm,ra MSTO)l8Mlf T1O3UOJIS(T, _ 11O'.""Bll,ll;l!J,IO,l'-ff, peun1TJ, nonpocu O aaKOHO

uepuoC'l'llX B3ail?.IO.I(OllCTBllH aTO~l()B BHB,llJlOHWl ll MOTB.JIJI8 B TaltOJ.'O po.nu 

CIIC'l'eMruc. 

}3Ton_aa r:rallil nocP.!rute11a omwamuo a!{cnepI!MeHTaJII>IIHX Bpe!Afl

nponaT11ux ycTallOBOK ,lllfll-JIA H KI!.COr'.""M, !-Ia KOTOP!:IX no.;iyqOHli OCIIOB

J!Ele pe3y.ill,T3Til, BO:UOJiJIU!3 B 11ac·rofii!lY!O pndOTY, paccMaTpUBaJOTC.fl BO

npocH ::n:cuepnMe!IH\J!I.llvro Mero.n.a u o6pa6oT.KlI ,na!IJ1HX,I1act1eTn BIUia
.noB t'1101'0(1(JIIOHlllDC npo~:accoB. ll3JIOJ:Ol!U ueTO,llil ::mcnepl!M8111'aJILHOI'O 

om:,-e,ue.neHVJ! .J1yma.ur.t, paspeme11M cneKTilOMflTpri ;n:im-rn, MeTo.2111 npu

roToF11•3m1:1 oc:pa3l(0B :;1 if'£ J<H'l8CTB8Jlll01'0 II J{()Jlll'!eCTBBl!IIOI'O a11a.,maa. 

fl11·,'.?OJll'.1'C.f! ,rr1top!,\aJ.l\1ll O CTlJyK'I)T,G ROIIY.p0Tll!iX l!CCJI8;1l.ODUHHliX oopa3-

iIOn. 

r 
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B nepBOM paa.neJie paccMOTp8HH CXBMH cneRTpOMeTpOB If .nan HX 

cpa.BHUT8JU,HUR 8.HaJili3; cneKTpOMOTp .ID!H-IM, YCTaHOBJIOHHUit Ha perut

TOpe HEP-30 ,JIBJtll8TClt ymrnepc aJIIJlllM npHC5opoM 'no 3B OJIIIKil1!JM Ill)OBO'Al'!TI, 

l'!CCJI8,nOB8llll/l. ,l.l;llllaMmal Ko11.ne11cHpOB8HHUX cpe.n B UlllpOKOM .nnana3011e 

H8'1a.1Ib!IUX 3l!epruil H0ilTpoHOB 3 +' 300 M3B npl! pa3JUt'lHWC TOMIIOpa-ry

pax o6paana OT I,2 ,llO 750K Kalt co c6pocoM, TaJt n c npno6peTeHlI8M 

3Hepl'HH neHTpOHOB B 38BlICHMOCTlI OT YCJIOBiiil 3KCnepilMOHTa. JJ;I/I nc

CJIO,nOBaHM npHM8CllliX KOJiedan:mi CW!ru30B Bll8.ztp8HWI murdoJiee OIITn

Ma.lil,llllM aBJifteTCJl ripOB8,ll81ll'!8 3Kcnepm.!eHTOB C ymNTOJlt0Jlll9M ~OHOJIOB. 

' 3TO O,llllaKO, HaRJiammaeT Ol'pUHlftfSl!M }18 HC.CJIO,I{OBUHIUI npn HlI3KlIX 

T8MII8paTypax HS-38 ~rutropa 3aceJI8HHOCTH j3 = [ I - e )( p (- E /KT) r' 
( C = t O - E . , t r.ne. E O JI E - ::meprlilI .no ll noCJie paccemum 

11ettTpoHOB), BXO,l.l;HlJ1!:Il'O B ifx>PMYJIY .llJil1 C8'l8HIDI paccM!JIDI neHTpoHOB. 

Jlpl! npm.iep110 pannon paspemanneil cnocodnocTu ycTanoBoK Jll,IlI-IM 
H IQ{C0r-M; llQCJl8,llllRH CllBKTpOMSTp, YCTaHOBJIOHHHH II:! IIy'lK8 peaKTOpa 

HEP-2, MMBTIIO doJiee CBBTOCMJII,HM YCT8HOBKU, ll03BOJIIIKil1M llpOBO.IlllTI, 

CpaBHJITSJILHlltt rutaJills CllORTpoB HPH, JIOJIY'IOHHUX B ;D;aHIIOM nmure B 

8,ltOKB8TH!iX YCJIC'lIDIX llpH pasmlX TeMIIepaTYJ)ax l!JI!{ o6pa3J.tOB C paSJrutI

llllM co,neplltUHnBM npm1ecHUX aTOMOB. 3TO CYlltOCTBSIIHO nonumaeT K8'i8CT

BO llOJJY'l88MOit ID!qx)p.!ai(ID'r. ]3MBCT8 C T8M, HCCJI8;D;OBaHlI8 RplICTaTIJIOB 

c MaJI1lM co,nepmrurn:eM HeBo,nopo,nnux npl!Mec.ail 3aTpy,nne110 ua-sa 11uaKoro 

OTHomenM sqxfieKT/q,o11 B o6JiaCTlI nepe.na<i 3Hepnm t > 50 MSB. 

B CM31I C 3TUM, llCCJie,noBal!HR 603BC,~OpoJJ.HHX o6pasnoB CUCTOMll 

l t--0 H, qacTHtfHO, Ti - 0 npoBO,l.l;l:IJIHCI> np:a ROMHUTHofi TCMnepaTY!)e ua 

CllBKTPOMSTpe .rum-IM. cneKTPOMeTp 06pnTnon reoMeTplll'! KnC0r-M OIUi3U

B88TCJI H81IOOJI88 OllTllMMl,HliM npu HH3ltOTeMIIepaTYJ)HllX UCCJie,nonalUUIX 

( Y, == 1 np.u £ >) KT). rro:noMy Te 3Kcnep11MeHTU, B tmTopux Tpedo

Ba.lilICl> ll3Mepemm npH pa3JI1I'IJJW:: TOMJiepaTYJ)ax, llpOBO)l.lI.IIllCI, 11a CIIOKT

poMeTpe KnC0r-M. B tfaCTHOCTH, Ha 3TOM npudope ITOJJY'IBHO dOJILlllllliCTBO 

pe3yJII,Tl'lTOB no TpofulllM CllCTeMaM. 

no BTopoM pas.ne.11e rJia.BU n paccMaTp1maercn nonpoc yqeTa pa3-

peUJfill!IBll cnoco6nocTu' npn6opa. mm_nprumJio, BKJia,n B uadmo.naeMUe 

U!UpURU IlJ!KOB B cne;crpe HPH 3H8'll!T8Jl0ll If 110:JTOMy ]Vl!1 BH'UICJISIIIDI 

C06CTB8JlllHX Wlfp!UI, B •JaCTJIOCTH llpl'!M0CHUX KOJie6a111ilt ll TBep,nux pacT

nopax nue,n,pemm (TPB), Tpe6yeTcn 2HaT1, qiynmuno pa:JfJOUJemm c xopouwtt 

TO'!HOCTJ,JO. JIM :JToro Ha CilCKTPOMBTpe ,'!viii-IM 6wm 11:JMepeuu cneitTJJ!i 

HFH ra.'loreHn.~ou ar1ruonun NH~CI i1 NH~F mm T "' 90K. Ha noJiyc.m

pm, Topr.1101mux H OIITl:qecrurx Y.one6aualt :JKCIIBPIIMO!(TaJlhllO 011pe,n0J18-
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aa noJI.Yl!illP.1rna cpyHKI.inn pa3pernsmm cneKTJ)OMeTpa npH pa3JIK'IHHX 

H8'!a.7ILHUX 311epr:WIX ,ll,JilI 11epe,ua11 3H8p.'IDt c e: 48 M3B H e "'30 M3B. 

CpaBHOHi\3 pe3yJILTUTOB IIOK83aJ!l{ xopomae cor.nami:a C paC'l8TaMli 113 

,nrurnwc no yrrpyroury 9acceruuno. 
B TpeTMM pa:a,neJie orurcruio ,puroTOMOHUA o6paanoB,aHMH3 

ll ycJIOBWI 3KCII8PilM8HTOB.MOTO,IJ,OM IIJiaBJI8Hllfl B aproHID-.uyroBOll ne•ui 
rrpm:'0ToBJien1t Bee :irccJm,uyer1..e 06pa3nu Me-0,N, npoae.n;eHa nx TepMo

o6pa6oTKa ll BC0CTOpOHllll8 nCCJI8,IJ,OBaHH1I! onpe,neJieH COCTaB M0TO,!l;OM 

f:3B8llllID8H¥JI, aKTllBail,HOHHOro ruIW[l{38 H no napaMOTPY pemeTOR,MOT0-

,11,0M BaKyyMHOrO IlJI8BJI8Hllli H BrutyyM!lOfi 3KCTPanmt onpe,n;eJIOHO co,11,ep

l!'.amre IT".JCTOPOHHHX npl!Mecett BH8,ll;P9HM,ROJI1!'18CTBO RO'l'Op!lX Ha npe
BUmMO ,11,0CJiTWC ,!l;0,18¾ BTOMHWC llpOU8HTOB. }30,n;Op0,11,0CO,ll;8P1it8!11lt8 06pa3-

Ull npHrOTOBJ!OHU nyTeM H8Cllil\8HM na ra30BOil ~3U, 

fipoae.noH peHTreHOCTpyKTYJll!llil H ae.ltTpoHorpaplltl8CtmA aII8.7m3 

o6pa3UOB, onpe,ueJieHU rrapaMeTpU RIJHCTaJ'.!J!WtOCKHX pemeTOK li ~30BUll 

cocTaB o6paauoB, nJilI ncax o6paanoa onpe,11,eJieHa cTeneHL yno!)J?,tlo'!e

mm no KHCJiopo,rry, aaID:!Mfilll18MY on I'IlY pemaTRH. 
B CJIO.JlYJ(!Jl8M pa3,IJ,0Jl8 HMO~eHa M8TO,nmta llOJIY'18HIDl. 3RCnepm.mH

T0JII,HIDC peayJILTaTOB no HeynpyroMY paccemnno HOiiTpoHOB l'l lIX nep

BITT:HM o6pa6oTK8, nocROJILRy ,l!,Jill ROMIIOH8HTOB .litCCJI8,lJY8MUX CllJiaBOB 

COCTaBJUllCIUafl KOrepeHTHoro C8'18HW1 pacceruJM !tBJiff8TCll onpe,11,eJVIJO

men, npoB8,II.OH aHMH3 KoppeRTHOCTH BU'IBCJI8Hllll o6o6meHHOro cneKTpa 
tJaCTOT aTOMOB npHM8CH B HeKOrepeHTW)M npH61IlUtOHIDI. IlOK838HO, '!TO 

YCJIOBlffi HBRorepeHTHOro npH6mtlK8HM xopowo BllllOJIHm:lTCll MR no pa

ro,rycy B3ailll!O,ll.8itCTBWI, Ta.ft H no BpeMBHaM CTOJIRHOB8Hmi, 

onucall a.'li'OPH'™- odpa60TKH cneKTl)OB HPH . .no ypoBHll 0606me1mo

ro cnaKTpa 11actoT c BBe,ne!IMeM nonpanoK aa ocJia6Jiea:11a norotta na

.nauinn n 9,11,HoRIJaTHo paccerurnux nel!-rpoHoB, nponycruuum aei1TpoHo

no.n.on, o<MeRTllBHOCTH .neTettTOpoB,c ;rteTOM paccellHR!l Ha M8T8PHaJI8X 

RO!ITO!ruepa (RIJUOCTaTa). 
B nocJie,IJ,HeM pa3,ll,eJie rJiaBll IT onncmi aJ!I'Opll'IM n npoBe.neuu Mo

,neJI1,uue paC'l8Tll MHOroqJOHHOro paccerullm(~,l,P)B T!)8XRO?.mOH8HT!lh1X 

CMaBBX Me-X-H, IlOK838l!O,'lTO BIU!M M!l-npoueccoB OT paccemmJI HU 

8TOMnX 11.aTpmm npn Bll6paHHliX B pa6oTe 3RCll8pHM8HTaJII,1UlX yCJIOBIDIX 

OTHOC.litTOJitllo Ma.'t lI B ,11,ByxKOMllOIIBllTHHX CHCTOMax MOllteT 6b!TI, Y'IT8!T 

npn.•mM 1311,mTrumoM cnaKTPOB HPH MeXc.-Me • MliP na no.n;peumT1:e 

ntoMoB X TaKM ne ne.mnto H npOJIDJUieTciI rJlaB!lh[M oopa3oM B no
Clon.1,molt OCHMMOTpmt Hll8l<O"{BCTOTllOro RJ)WI8 l!-ROJre6rum.a (B c.1y,rne 

I' 

l, 

f 

!1 

r 
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TpeXKOMIIOl!Ol!TOit CllCTewI), 0::HOBHOfi H nan6o.nee CYJll8CTll8fUJUli" BKJIBJJ, 

f.@-npoueccoB CBll3aJJ C O,IJ,HOBpaM8llflUJ,! r,o;imaHHEiM (norJIO!ll0}Ui8M) He
CKOJil,KJ::X cp()IIOHOB B .cneRTpe ltOJI06amrli El'WMOB B0,11,0po.n;a. Y'leT MliP 
nplmO,IJ,HT lt H03H81ll!T8JII,HO:.iy ll3lJ8H8HJll) B noJIO.liWHID! "no.n:opo,!Ufux" 

oco6e1111ocre! 11a -2%. ij3M8H8Hltfl B Wl!Jll!HB OK83Ullam'CJI C;/ll\8CTBOHHll

Ml! lf COCTaBJIRJlT ~25% npa T = 293K, 

B TOOTI,ett rJiaBO npHB8,IJ,8Hbi peayJILTBTll llCCJI8,ltOB!i!llUI MBTo,nolJ 

HPH CIIJiatJoB nepexo,IJ,HHX MaTaJIJtoB T.Y I'JlYllllll 2 r II Ti c p-MeMeH

TaMH BH8llpGHM H ,11,rul aH8JTii3 BJIIDiHIDl ROHU8l1Tl)81Ulli npm,IGCl''!X aTOMOB 

K me copTa (paaMepa) Ha ,l(lmaM.l:!RY pameTrot TBep.IUlX pacTnopon,::mep

l'BTlfllecR..,e xaprun'BplICTlilffl Cll8RTpa KoJie6aHUli 8TOMOB Kl!CJiopo,na ll 

aaoTa. · 

BBe.neHH8 B pelllS.TRy M8TBJJJI8 JIBritOtt npHMOCU BIIO.lij)OHJ'.'I ,XElCTRO 

CBJl38HHOi1 C 6JIIDltailumMu. K Helt aTOMBM!{ MaTpHI.lU, MOJ!t8T, B npmnume, 

ltpHBO,IJ,HTl, R Tp8M sifxI;eKTaM - o6pa30BaJU!10 JIOKa!UJIUX KOJI86f'Hllll,cM-

3aHHliX C ,lU31IlKelru8M JI8I'KOfi llpl1M8Clf OTHOCUT0JI1,HO OCTMbHU.X ElTOMOB, 

o6pa:-=ionamm pe30tlaHCHWC Will illeJIBBHX KOJia6aimil, CB!13illlfl!1X ;; KOJI86&-

HWIMH KB83RMOJ18KyJIU, COCT05l!Il8i1 HS 8TOMOU 6JIJ!lY.alluero K Ir'lllMOCll ORPY

JCeB.wI, l1 ll3M8H8HIIIO B cneKTPO '13CTOT 8TOMOB MaTpffilu, B qacTHOCTll -

- c,naury rpalill'lHOit '!acTOTU CllJIOIIIHOro Cll8KTpa KOJl86amnt polll8TK.lil 

STOMOB MaTpfilUI, 

Ha pnc. I n 2 noRa3aHl1 cneKrpu HPH crtJiaBon 2r-O,.. v. Ti O,. 
c x = o • 30 aT. % , T. e. no Bee~ ooJIEicTn CYlfleCTllCEaHl!R d.. -
'l'llep,11,UX paCTBOpOB, fipOB8,IJ,0HH!lli B rJI. IT ll I!! ,lll!CCepTar1m1 mia,nis no
iasa.n, 'ITO ,11,aHJme CllBKTPIJ OTJla!tSlOT ECO oco6aHHOCTll Cil€YTpa ltOJieda-

Hm1 p8ll!0TKll TEOP,IUIX paC'IDOPOB. B cneKTpax H11I MOlflJO llll,llMI!Tl, T'pl! 

o6Jiacnt: paccarume aefiTpoi10B Ha ltoJieE!amr.nx aTOMOB r.mrp~ B o6Jiac

TU nape,naq aaeprnn 0<: t~ Er ( Et .,.. rpaJJlfi!!M tJr!:.:roTa ROJredamrli 

Cll.llo!l!Horo Cll0KTpa ROJie6aHH1i aTOIJOB M8Tptm.i., RO'rOpo.fi OrB8'!MT anep.., 
nm 25 + 29 MllB n cJiy'lao 2r0.x H 35 + 40 M3B B CJJYti:aa Ti 0)( ), 
06JiacT1, npl!MecHUx l\oJiedruurll E z E~,.. , c.M:snHHM c peccemmeM, 

rJiatJHUM o6pasOM, ll8 8TOM8X lrnCJIOpo,na l! Ol'l.l!BCTL l!lS.'ll! :A8l(.1J ¢r R 

En,, • 
· · .An8Jlll3 1rn1Iue11Tpruuio1111ux 11:J?LeHemrtt od.1acrn O 1... t ~ c r .nau 

B pa3,lleJIO ru. I. BBe,ne!IHO a•; OM.OB I:lICJ!O,PO)!,a B 1.C!fPROHB.! l! Tl!ta.a npn

BO,nllT K CYJll8CTB8JIHOA nopeCT.POJ'i!Ke Clle!:TJ)a l<OJ!!ldrum~ a'!'O!.IOB IJStpl!Uli 

np1r KotruaH'l'pauint npuuoca!l > 5 aT .%. I'PaHY.Uli cnairrpos C1:!::ntatr.Cfl B 

OM8CT1, do.nOIRX 'l8CTOB Ha ~ !5'.t 'T}.'11 Upe).(e.l!!:JUOC f'.Om,eHTpa:.ul'U, 
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Jie~PMfiltM cneKTpa KoJie6amm aTOMOB MaTpllUJ:i c:aaaana c H3MeHemreu 
Baruwo.nettc1'BJlll Me -Me • Momo Bu.nem1T1> TIJH ocaoBHWC BR.llaAA D Rs:. 
M8HBHH0 3Toro B3mtMOJ(ei1cTBllli - CMfU''i8HUII aa . C'i0T ,nwi:aTB.WUI pemeT

Kll, yxeCT'IOHH8 pemeTKH aa ClJ8T .lt0IlOJil!liT8JlbHOro lKOCTKOl'O CWIOBOro 

ue11Tpa H, Ha.Koaeu, ll3M8HeHne BaaHMo.nettcTBWI Me -He aa C"!GT 

U3M8H0HWI B 3JI8KTpOHHOtt CTPYKType cwrana. 
IIepB!lit BIUia,n: B :irny-qaet'iUX CIIJ18B8X• IlO-l3li.I4llMO!JY, .H83Ha'lliT9JlBll, 

IlOCKOJII,R,y YB8mN8HU9 paCCTOHHUli He-Me COCTaBMBT ~ 0,8% lt· ~Z' 
,wzR ZrOI' u TiO.x coo'l'BeTCTnenHo npu aae.140Hm1 ~30 aT.% KHCJIO

po,na. IlOCJI8,ZUUill BK,18,l{ MOlliOT mt.STL Jll06oit 3HaK, ITOCKOJU,cy B 3RCilB

IJIDA0HTe Hac1Jncu(aeTCl'I CYl!l8C'l'B8HHOO yiltOCTtJBHHEl cneKTp0D, TO paa;xe.ne
liH8 BTOporo U Tp8TLaro BKJIB,l{a II!)OOJIBM8T1NHO, Ho paa.ztemm 3TH 
B&'la,n:ll. J.!Olil!ci nonuTaTI,CH Oill!CaTI, 3a.KOHOMOPHC>CTI, c:nmra rprui.lltUloii 

1J8CTOTU cneitTpa MBTpmtU npu: ynaJrit'tBIIIID CO)lOJ.)JKafULfi npm.teCH B npn-
6Jnll(O!Um Cpe,!Ui0l'O IlOM; . . . . , 

B npu6Jnu:emm cpe,IUiero llOM lt3M8H8Hll8 Cpe)llieii KOHCTanw CBH-

3~ Me-Me MOlKllO llPBJICTamn:r, B BU.1!9 <Pr1ex.::: ¢Me + C:· f ,r)le 

c/>Ma - Cp0)lHM CW.OBM DOCTO.fiHllall He-Me. B 'iHCTOM M8TaJI)I8, a 

-f - 1<oncTru1Ta c~an Ma -X . ucxoM r.:a aroro a c.nyqae o6paao
uamm B CllJ!8B0 . .III<. C O t CllMMOTpnei\ MOJl(JJO OimCliTt, ·. CMlfi' rpalllfllHOli 

"!6!}TOTli B ,ne6aeBCK01'I npud.'IlilleHlil1 qiopM'JJIOtt . 

. a. 2. 
1 

. rn 2. 
W = (.J + 1 ·C· - • LJ (I) r . r., · 2M+hl /\ · 

r.ne Wr - l'IJaBl!IU!aJl •:taCTOTa CllJIO!lillOI'O cneKTpa KOJie6:mmt aTOMOB 

MaTpro~ n ell/Ia.Be Me Xe ; W io - rpalllf!t!lrul'. 1:JaCTOTa "!HCToro 

MeTaJl.i1a;u>"" m- JIOJ<MI,Ha!i lJ&!'.:Tora u Macca Jtel'Rott npuMeca X . 
PaC'iBTll no <},Jpt!.yJie (I) llOR838JIU, 'l'fO y!l3.C'.l"l'l'eiill8 cneKTpoB Cil,'IllilOB 

Zt·O 11 Ti Oc xor,omo o;:incll.eaern!I n II1T::lmtv.enm1 cpe,w1ero no.Jm. 
C • 

B p83,ll8J18 rn. 2 paCCP!aTJ)UBruo'l'CH EO!IpOChl o6pa30llaHllfl U na6J!lQne-
HiMl li(O.'lOBllX lw.,,,dattult D cr ... 1asax lille,I!pemui:. B OCJillCTH li\OJIU 

Er( E < £.,. B cne1:1•pe HPI! C!L16BOB ;l ... ~ 0 He nacl.ttvi;aOTC.il o6pa30BaIIJIR 

RalmX JIBdo oco6uHHOCTBi1, 38 UC.IUt'.fflOJ!Ul3hl TO,IU,ICO, ?JO~r dllTb, H3M8-

lt01l2.il giopMu rpammu cneKTpa KoJieq_aai!it MaTpHUl:l B cI!Jiase Zr00_,,, • 

H!UIPO'HIB, B CIIORTpax. HP!! CIIY.aBOB. fi -0 .B o6JiaCTil mem: na6,mmaeT
CiI O'klHh Jlt3Jlfa<mre;u,na,1 no li.'!TOHCJfBHOCTU oco6e_HHOCTI, e. ::::: 40 MUB. 

01'1.lOW:OH!!Ue ROJIP.d81lll.'1 B::f:lkl rrw11r<mofi '18CT01'll CllJIO!llIIOro cneKT
_pa un6J!Il!!P.1r~C!, paqoe !W'fO.'.IOM nm B om; gl9.31iX Bll8.llJlilHllil :a !.lat'illllHHX 

f?.C"!eTax om: CTPYK'l'J!l C Il,)rl\\e~!1MY. E!l;Jr,J<Hll~I. (Ut!Hl~O 'mmnu,recR 

,. 

... \ 
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PRC. 2. CneKTPll HPH CilJlaB oa 1i ox 
I-X=O, 2-x;.0,04, 3-X=0,!2, 
4-Xec0,25, 5-X::cQ,5. t= Ei: ·ff 
-nepe.na~a 3HOprim.IToJIOEOHWI 
oco6e1mocTe1l YJ<U38HH B MaB, 

2 

<aj 0 

l: 

~o ..... 

PMc. r. cne1<Tpu HPH cIIJiasoB lt·Dx 
I- :x:o, 2- X=0,05, 3-X-=0,16, 
4-X=0,35, 5-X:0,4!,0C06eHJIOCTR 
YJ(a38HH B M3B. E=E,-Ei 
r,I(e E i. n E f -aneprmr iieilTpO
HOB .no ll IlOCJl8 paccaJIHIDI. 

Nk - HoMap BpeMeHHoro KaHMa 

aHaJIR38TOpa. 
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pactteTl.l HS U03BO.'IJUJT O!IpO,II8J!UTl, llOJJOJleHYJI TaKOro po,na oco6emtoc- • 

Tell .H ycJlOBlllI illC IlpORBJI8Hl!Jt B ,IijJYI'HX C.HCTSMax. rroaTOMY ll'.8JiaTeJII,HO 

l!M9Tb XOTJl 6u oueimy 110JIOl!".8HWl meJ1etl11X KOJte6ruml1. 

TBY.'JJO OUOHR"/ ,'18l'KO llOJlY'IHTI, D KBi:13llMOJ18KyJIJtpHOM np.H6JIID!t8Hlm 

B O,IU!OM9l)HOM tq)l1CTaM8, 06o6~a;t ae Ba CJI.rlaft Tp8XM8pHoro .ne6aeBC

ROro RpUCTa.M!l MOll'JIO llO.ny,tl{Tl>: 
,. 2. m 1 w~ = o.9 u.l + .2M+in • w,. (2> 

onemm no :f:,opMyJie (2) .na<:JT xopomee coBna,neHne imcnep.HMeltTBJII,:itax 

.nmmux n pac-qeTa B cnc_TeMe li-0 . B c.n:yqa<J lr-0 aqxpeitT o:ttaslilla-e 

etCJI na rprumue cWioliJHoro cneKTpa Jt npaKTll'tecKK ae ItpORMJteTcst. 

ouemta J1.JifI V-0 .naeT e =:. 45 MaB,-crro HrutO)U!TCH B np8Iql8CHOM corJia

ctm C 8KC!l8pl!M8HTO!A, 

H3 (2) BHll.HO,'tTO ;rr.M tipoSlBJI8Jtllll TSROro po,na 1!18Jl8B!U ROJie(jaad, 

C o.u.aon CToponu,neo6:XO)UlMO, 'lT06U KOHCTaHTa CM3ll 6wra ,l(OCT8TOtJHO 

cio.,u,mon f, ~ 2(/J, ( ¢, - xoacTrutTa.cMsn Me-Me ), c mrott 

CToponu, OTHOlll8Hml m/M HS J!.OJlZHO 6!1TI, CJmllIKOM M8JI8HI,RHM. OllTll

M/3JII,JlU9 ycJIOBM Ha6mmemm JlOR8Jm30Ba.HHUX KOJre6a.Hml 8TOMOB MaTpll

UJ! B l!l9J!ll Me~u,y ~r H t~p. MOXHO npe,nCTaBllTl, B BllJ!.8 f,/rp, Z /Om/M 
. B TpeT1,eM pas,neJia rJI.llJ ns cneKTpOB HPH CJtJiaBoB (lr-,Ti)-O 

llOJIY'l8llll napzuta.'ll>I!Ul' cnettTplJ "laCTOT KHCJIOpo.tta, ll3BJJ0ti8HlJ napaMeT..: 

pu IlpllMBC!Il:lX llOJ!OC, paccMoTpeHa me CTPJKTYP8 H Ilp08HaJIH3HpOBaHa 

3tunICll'.MOCTl, tJaCTOT KoJie6rurntt, Ilpl!MBCHUX 8TOMOB OT pa,n;ryca M9l!mO

Y30Jil,HOI! noa:mnrn. 

Han6oJI88 llJll'iMY)} IU?rlioPMaIUm OCWIOBOM B3ru!MO.tteilCTBIDl: IlpRM8Cl,

M8TIJ>ma MOl!t!IO H3llJIO'U, H3 aHMU9a ~HapreTR<!SCIWX xaprutTepllCTHK IlpH

M8CH'd.X KOJte6aamt. B rJI. fl OWI CJ!.8JiaH BUBO.It O TOM, 'iTO p-3JI8M8HTH 

Dll0.llJ)8Hll.fi DHOCS!T DKJ!a,n, rJiaBHl.iM o6pa30M, B BUCOJ:0'18CTOTRYlJ tJaCTI, 

CllOKTp8 l{OJiadaHn:ll. Ha cneKTpax itPH oco6aHHOCTli, OTB8"'laIE1.U0 npm..iec

HUM ROJ!06ammu ltliCJIOpo,na HR6.m®8IOTC/l npn napa,na-qax 3Hepr,m 

€,...1\-::: 52 M3B ( Zt-Ox ) u E~p . ..,. 54 + 60 MaB ( Ti 0)( ). B o6JracTrr 
t ~... cmmrp I!PI-I 6UJI o6pa6oTaa .tto yponHJl if;yHKU,IDI 8 (EJ _: 

E)- d
2
6' ·(E·)''~ c[el<~(c/KT)"'."IJ 8( - d.Qdf ff (E, .,z E.Ei•co1ip+£t) (3) 

rne d&/dQdf - J!.B!l.l!(,lUl .ttHiMepe1nnra:rr,Hoe co-qemre pacceruum HettTpo-

non; e = E 1 - Et; E;_ "· E. f :.. :meprru1 na.namuu Ha o6paseu n 
!)3Ccemumx na yro;i tp HBffTpOHOB COOTB8TCTB8HHO. 

I!OJ!lll'M, 'ITO cpamurl! Rlla,npaT. BBKTOpoB 110JIIIpH3aI~ HS 38.BHCllT 

t" 

i\ 

,:,\ 
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OT 3H8pI'Illi B o6JraCTH c .. ,., , a 8TOM!l IGICJiopo.11.a, .Krut noKa3aHO B 

l'JI. II .nuccepTauim, KOJI00JOOTCJl r.JIB.BH!,M odpasou C CllTW18C)OO.ili 'l&CTO-

T&m ~ Ep,.. _ ,MOJEIJO C'llI'raTb, "tiTO 8(E) npm:o rrponoPQIOlle.Jll,Ha 
nap~LHOMY ( oCSocimaHHOMY) cnaltTP:( '{8CTOT KllCJIOpO,lUlliX 8TOMOB, no
CKOJII,By B ysKOtt o6JraCTH rrpm.mmwtt 30.HU MOlUiO npeHo6pa% a11epra-r11-

'18CKOtt 3aBUCmIDCTl,1J gl?KTOpa JJ.e6afl-BMJIOpa. 

CTJ)YKTypa 'npID.!8CHWC llOJIOC COOTB8TC'l'BY8T Oh . cm.l}.!()Tp,m O.milAail
wero OiqlYJIOHiUi~. 11.HTeCimHOCTl> IDIBOBnpiilf.O rrpoll0fJUI10lla.,U,Ha ltOHU'JHT

pawm npm.mcu. fiOJIY'teHHUO P93YJU,TRTU CBH,lleTeJILCTBY!OT O JrOl:a.JrLllOU 

xaprutrape npnuaCHUX KOJtad&.Huli, tJTO ll0,1!.TBO~aeTC.f.l C0B0I-cyllrl0CTUJ 
CTPYKTY);JH!'X J!.aHIJllX ( Hiraba.yanlli l.i,, e. n, I9?4} n: RBaHTOBOXHWf'iOC

JmX paC'l8TOD (Ivanovsky A,L., e.a. ,1988). 
Kalt nu.nao RS pm:. I a 2 t UOJIO;t!.GllYJI tAaKCW,iyMoB D UI11Jl<Olll10ll~ 

CllJUlllax OCT8lOTCR Bp8.KTiltJ8CKn: HeHSMO!IH!I.Ml! Bpli YBOJU!1WlllU! co.n.ep;uunm 

lUtCJiopo.na, a TO x" apeMR n ouc-rer.ro Ti -0 Ha6.1DO.naeTCJt cymecTnen
HWI KOHI.tBHTPB.W[OHHM 36BJICl!MOCTI, ttaOTOTLI It0.1l8drum-tl atoMOB BH8.I(ll&

fflilt. l'33YJIE!TaTa oCSpa6oTrot napnnaJJ:l,H!:U: CrtOKTpoB '18CTOT npm,1ecnux 
8.TOMOU e. ( e ) 1.iefo.n:01-: HanMOH:blllHX KSa.uJ)aTOB n_pl1U8)4Gllll B TaoJI. I

TW.t ~ ItpHB8;t811U P.!Ul11li8 ,nJiil CllJlaBOD ( Zt· ,Ti ) - t--J , 
PllJll!YC OK'l'ailOp!l 'tltCTOI'O UHIJKOHllft Ron = 0,67A, noaTOl.fY KHC

Jiopo.n o pim1qcoM 0,66A nprutTli'tecr.1t cao6o,IUJo noiremaetca B OK'l'a-
3.IUJKli0CKoe t.te.1lf,ll;OYJJrAa li- . B TnTaHe Ree oKT!l3,&pl!'fecKaJI no:;:m;a,q 

. . . . ... ··. C . . . . 

CYll!eC!rl38llHO ME,!1Ltli8 { Ron:=:: 0,6A ) l!, TaRlll! o<lpaaoM, OTT8..,"00!BaI!lla 

Tr -0 CWU,Hae. 3'ro np!:!DOJ:lllT k 6oJU,rueA tJacToTe KoJiadaun! RHCJio

po,na n TllTaJIOBo'1 MaTpM:Qo 1io cpaB!iemm c 11,lll)ltOHl!eBolt. ?ZJiaKoat.(M 
Ha!Ip/llf.Bllfttt, B03filULJlll!UDC ntm 1>.Be.nei1m1 tmcJtopo;na B Ti ;Be;ner It 

y-B8Jlll'tetum napaMeTpon pemeT:rJt no impe pccTa co~epxemm tmCJiopo,na, 
npa 3ToM ynemt<J.HBaeTcti xaprutrop110e paccToRuHa Me 1- 0 , 'ITO B cnon 
oqepe,ni, IlpMBO.IU!T R ll0Hl!'-'.8fllll0 3lieprrut KOJ!e6rumi! llTOMOB BnO;tlJ<HiM, 

• Ha OCHOB81Hlli m-:cnepllM6!l't8JlL111iX ;naiiH!U: 6W!il · rro:::'l'p<)OHa 3!lBS!Cro,rocn 

auepr1w 1to.11e6amdi nToMoB l'.RC.11opona oT pa.unyca OKTaa.npWie.ckoR no-
pu Ron , B F.OTOPJ'l) !U',c.,,opo,n noMfJmaeTc:t. ~ 

treTBeptliit p83JJ.8JI rJI.ll] IIOCB.Rl!l8H anaim3y CltJIO.:lOI'O D3al!MO,ttoi!cT

BWI MeTa.1Jr-npl!Mec1, n cn.'IaBax n11e,npemt'l (lr- ,11 }-( 0, I~ ). 
ITO.icy -i0Hllll8 Il 3KC118lJI'..MeH·ro ;-'Urnlle no -q&CTOTeli. ROJI86.9Jlrl UTOMOB 

BHB.llJ)el!IUJ B MaTPIDla:x l t :a Ti no31lOJL'im' onpe.a;e.10!:T:£ rmpa:.wrp-1 Cl!· 
JIODOI'O B38.UMO.I{8itCTBl1Jl !teTaJLII-Ilpm!8CL, . qeCTOTl. RM06M:rl! llH!l~H

HOI'O 8TOMa B Cm.!Me-rptl'mOM OKTa8,ttpe TJ)lUWl ll!iJ)Ol'.)t<l.?.!l l!: C}'t'lllCtlH!IJllO 
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oupe.ner.RJOTC!I llYJIID,m 31laMOHaTeJVI B!IprultOHWl ,MJt ilJy}!Kntm rpmia B 
o6JiaCTII MOlK,IWY30)i1,HOrO 8TOMa. nJI!l M8llt.nOY30Jil,HOrO ;neqieKT2. C Maccofl. 

tn ll IIpO,IJ.OJll,HOll CM3l>IO fl C c!mattmmlrn: COC8,ll,llIDI ROE.HO llOJIY'-

'!'ATt,• iF. . 
• l. _ 2ft [ f ·( G0 cc> G0 ct••I) ]-1 . w,.. - rn I + t + , (4) 

.. !•} 0 (tao) 
r.ne ~ i1 G , - 8JIOt'f'lHTH TOJ!3opa W-HKUIDt rpKHa H.I5SaJI1:.aoro 

n Gtuoi 
xpncTM.'!a. JJ,JJH. w > .:lC.rn<tt= Wr Moll'Jlo npene6pa'lL 1 0 ,rro-a-
cito.n:LKY B 3TOM CJiy'l80 I Gl:01 !(.~ I G tol I . n.'Iii BH'lltCJI81JHll G tOJ 

tlO.?:HO BOCl!O;II,30D8Tl.Cll p83..'I01'9Hll8M nplt BllCOKllX 'i8CTOTax W '>> n,,.41 

orprunrumaRc1, nepnm.m ;r;ayv.fl tJJiettru.m paMoit:.enmr rroJly'taeM npocTyXJ 
CIJ.'l:3I, M3l!f,IIY np1;JJ.OJII,HOH lWHCTEU!TOil MOJRaTOMHOro Cl'..JIOBOro nsam.10.nett
CTDWI M8T&1JI-IlpnMOCI, f e H 3RCnapm.tallTam.RO nadJnQnaeMofl. 'tllCTO·rott 

ROJ106rumfl. Tlpu:MOCH BHe;npemm: 

· 1 _ M 2. [ 2M+m + <u)a.> ]-' (S) 
Jt- w,., m w; 

pac11eT ne.inN:IDI fl ,!J,,"IR cn.n:aBoB cncTOM (t'.t- ,Tl ) - (0 , N ) npn-
ne.u.M B Tac!JI. ! . B CBO?J O'l9pe,IU, ft .aenocpe;ncTBeHHO Blip8.llt8eTCll 'l8-

pe3 DTOPYJ) npoR3BO,ll.ffYJO napaoro IlOT8HIUIM8 B3!IBMO;ztellcTBRfl M8TaJL7!

!1pHM8CI, V(t·) . Trutm,1 oc!pasqM,nocTPOnB saniicHMoCTL ,racTOT RoJre

oa.min npnMOCHHX 8TOMOD (TIA) OT paCCTOHJIRf!, MO'.'tHO n~ITI, JIHqx:>p
Mau;Im O napa.MeTpax napnoro llOT8HIUfaJI8 B38l!MO,ll.OifoTB.11ff. 

H30CTpyttTYPII08 CTPQOHR8 BHO!lll':IX SJIORTPOHH!lX 000JIO'l8K 8TOMOD 

z t- n 11 ' a Tll.K.T.8 cxo;nCTBO OCHOBHHX gJ113lilto-XID.m'l8CKRX CBOi1CTB 

c1t.,1aBOB BHO;ztpeHRfl nepexo.nHwc MeTa.i1J10B. IY rpyxmu c p-aJieMOHTBMH 

BH0,lijlel!Ufl IT03BOJlfllJT ll_i,8;nllOJIOlRHT!, O;nHOTltIIHliii xapaKT9P MO!taTOMHOro 

n3aIDJ10,n:ettcTmm ,nJifl Been coB01tynHocTH cncreM ( lr-, Ti) - { O, N) . 
[IOCKOJILlt'/ OTTaJIIGm8TOJrlill8fl 'l8CTL IlOT8HIUfaJI8 BSID!MO.I(OfiCTBIDl .. !(<;.-)( 
onpe;\OJU!OTCJI nepeRp!lTHOM 3JI8KTpO!Ul!lX odOJIO'l8R 8TOMOB BH8.JU)OHID1 1t 

MOTR)IJia,napaM8TP!.l aTOro nO'l'8HUJ!l1Jla, RBJI.fllOll{erocn ilJy}IRIUfOfi paCCTOll

HHJl M8T8JL7!-upID.18CI,, ,ll.OJil!Olll y,IHTl:IB8TI, pasuutt p831.!.8P 8TOMOB M8Ta'L,10B 

2 p-npm.ecott. CJio.noBaTOJI!,llO, n KOHCTaHTa ClIJIOBOro B38l!Mo,neitcTBHJi 

p-upm,10cott O n N c ll,lll)KOHneM n TJ!TaJ:IOM i10Jm1a OHTb 1.10H0To1moil 

¢y'IIY.I.Umll BeJIH1IillJH (r-- RM-RxJ,r;ne I"' - p8CCTO.f!Hl-t0 M8TaJIJ!-IlpHM8Cb, 

a R. M 11 Rx. - pa.neyc aToMon M8T8JL1la n np11Mec.n coOTBeTcTBe11110. 

~ ()J. J1el!Cldrprut/• , tpol!ap H, To'I8'llill0 ;necfieRT!l B M8Tll.7L,1ax: 
nep. c anrJI •. M.:MKp,I98I. 
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nattcrnaTSJil>HO, ruiamxa peayJ11>TaTOB liCCJI8,ll;OBru11rlt (CM.TadJI.I) 
noitaailllaaT, tz'ro KOHCTBHTU cwioaoro narun,10.nettcTBWI Me - X SaBHCRT 

OT pamryca OKT83.lijill'IOCKOli noaHUim Ron , B KOTOpyJ) IlOM81Qa8TCR 

11A :.r KOBWiaHTHoro P!WIYCa npmrocu Rx • Ha ocuona .na.H11HX TadJI.I 

ua puc. 3 nocTpoeHa 3aBUCll?,IOC'U npHBa,ll;eHHOit 'lBCTOTU .Q KOJiedaami 
Ilpill48Cli C 0,lUUUI'IHOil uaccott OT B8Jlll'llillll pa3Mepaoro H8COOTBBTCTBID! 

aT01.ia nue)U)Gulili H Me;imoys8.1Ibffoii. nosHUim Sr= Rx - R
00

=Rx ... R1-1 t"· 

n, 
meV 

200 

150 

~~ 
-~•fill 

'1'1- o ~ • 0,2 . 

/>-ft.:tbZrL . · . ...i✓ · ~-· . 
/"Ir - o 

!GO 

o.o 0.04 0,08 
or, 1 

_0.12 

PHC,3. 3aBKCMOCTI, IIJlll:B8,ll;BHHO! qacTOT"I .0. ROJiedrundl aTOMOB 
BIJBJU)8llWi OT napaMeTpa pa3lv.epaoro ll8COOTBBTCTBR!i 8,.. 

BtlJllNUH8 Q CB:13atta C KOIICTaHTott U8HTpaJU,HOI'O Baam.10,nef!
CTBID{ MBTa.nJI-npm.1ec1, J l It aueprneil KOJI86amtl!. tJc,-. 8TOMa C 
llaCCOlt rn B OTT MOTMJill:''IBCKOll peU18T.KH COOTHO!u8HlteM 

I' 1/2 . · 1/2 ( ) S"2 = 0.51/·t-1 ~ LJ0 ~(m/2.) 6 

r.ne ft aanaeTcn B O,IUIHllltax .nmi/cM, a v..1 0 .._ ,attnm·rellJ1oacKM 
lfBCTOTa KCJI06ruudl t!pll!.IOCH i1 "aaMopoF..eHHo.tt" pemeTKS, B MaB. 

Kan BM}!O li3 puc. 3, BCR COBOK:,'lIHOCTI, 8KCnep1'1.;8HT3.lJl,HUX lt8H-
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HWC, BuprutteHHHX B O,nIDllll.lBX Q 'omtcHBaeTCJl O.lUIOfi qmyKUHSH,ROTO
PYD B ltaHHOii odJiacTH O t- MOlltl!O amtpOKCHMI!pOB8TI, 1I1iEMOfi .mnmett 

Q = o..,Sr- + g c napaMeTpaMn a = 427,2 n B = 142,3, r.ne 
5,.. .naeTCJi B A, a Q. - B M3B, 

TaKHM odpaaoM,ltaHHHe no tiaCTOTBM ROJiedrumii aTOMOB O n N 
B cIIJiaaax ( l r ,Ti )-( O , 1\1 ) MoryT OOTL omtcrum c noMonu,JO a@'ex
THBHoro napaoro llOTOHUHaJia, OTTa..'!Rlm8T8JU,H8ll 'laCTl, ROToporo .IIBM8T
CH <PYHRUH8ll pa~MepiJoro H8CCOTB8TCTBKH aTOim BH8JU)8llllll H M8Jl!.nOY38JI!,-
HOtt nopu, B KOTOPYD oH noMemaeTCJt. . · 

· · IlOJJY'l8HHBJI 3aBHCEMOCTL .Q ( D j--) Cl!L'IR RCll0Jll,30B8H8 npii OU8HKe 

napSMeTpoB 3(fxl8RTKBHOro: napnoro llOT8HUHaJI8 B3lmM0.lt9llCTBRll B qiopMS 
Eopaa-Mattepa V (5t-_) ;fo,,ey.p (rJ.,.,Sr-}. JlM acex '!OT!lpax cncTeM 

(l.r-:n >~co ,N} A= 0,134 SB u d--= 6,QA. napa1A8Tpll Il0Te!!ql!8-

JI8 V < t- > =B·«HpC-~-t' ), r.ne B=A•e'ltp[ol(Rt,i+Rx)J ,,n.llfI 
pa3JIH'IHNX TB8p,I!llX-pacTBopoB CM88Hll M8.Jr.n.Y coelott tzepea reOM8Tpll'18C
ltli8 napaMeTpli . mto,namn:x B en.rum aTOMOB R ,JtJ1ll CJly'IM lUl0.7ll!PODa'tHOll 

npnMecH np:imeneria.B TaCIJI.2. 

Tarimma 2. 

napaMOTJ)li IlOTeHU,HaJia Eoptta-1/.affepa P,J1JI CHCT8lt(2t,Tl}-(O,N} 
OilP8.lt8JI8HHll8 HS aneprn::l!. ROJiedrunrll aTOMOB BHe.n:peHR!l. 

ClICT8M8 Zi--0 Ti-0 Zt-~N T;-N BH8JU)8Hl!R. 

B, :1B ·!04 I0,41 4,49 14,05 6,06 

~ l_;' 6,0 6,0 6,0 6,0 J . .. 

0 

RM+Rx,A 2,26 2,12 2,31 2,17 

C HCil0.ltl,3QBllllH8M IlOJIY'!8HHlil napaMOTPOB IlOTBHilllM8 Clwm oue
H8Hl:I ttaCTOTH OilTWI8CKHX KOJI86rumtt B MOHOHllTplt,ltllX WJPKOHIDI. :e: TRTa
na ( htJ ;:~;. = 63 MaB 11 · tt<...:>;~. = '72 MaB) xopomo corJmcYJJ

lllHSCJi c 3RCll8pl!MeHTMI,lll:IMH .naHHl:IMH (6I ;!: 2 M8B ll 68 ;!: 2 M3B, 

/9/). :)TOT ipaKT, UO-BH.U,i'IMOM;{, He CJIY'l88H U roBOpl{T oel o6mJtocTR 
npHIJo,ll.u cMsn Me- X n _ llloHoHI{TPJJ.nruc c o.1U1oit cToponH H B cooTDeT
cTBYJ:mJDC TPB C .npyroi. 

)IJIH IlOCTpoomm lltfqloKTIIBHOro napnoro IlOTCl!Ull8JI8 M8TaJ1JI-npm.mc1, 
C y<!STOM CM npnTAAeHim H806XO.l1P.)'AO IlpfillJIO'IOIIRC .ll.0IlOIDll-11'8J!I,HOlt mt-
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,fopMatum. C ,npyron CTOPOHll, M!!Orne 8TOMHH9 CBOi1CTB8 B 3H8'llIT8JII,HOll 

cTenemt onpe,neJIHJOTCR OTTaJIRHBaTeJII,J::;1,nr CH.JiaMII. Q6o6memm,c.neJiaH

mm ;II,JIJl c;l:!cTeM BHe.npemm (lr ,Ti )-(0, N ) noaBoJIIUOT npoBecTl! 

H8KOTOp!le OU0HY.H. B '18CTHOCTH, llOJJY'I0HHlle Blllll8 peayJII,T8Tll 6wnt 
UCllOJII,30BaHll ,n.,'Ill OI!p0,It9JI9HIDI BM8,It8 CT8T.IN9CKHX H T911JIOB!cr <p.nyK
Tyau,lI.fi paccTomum 111aTa.vr-npm,1ecr, B cmpmiy npm.1ecnoro ypoBH.fl. 

Coclcrne1mue umpmm JDllMOCHllX KOJie6aantt Ha ll0JIOBH.H8 BhlCOTH 

OIIp0,It9JI/IJlliCl> noCJie onncamm rayccoBCKl!Ml! KpllBllMH MOTO,ItOM Hal!MOH!,-' 

mmc ltB8JU)8TOB ll8PLiHaJI!,HllX Cll8KTpOB '18CTOT 8TOMOB KHCJIOpo,l',a 8 ( f.) 
BlltmTaanei; noJIYl!lHPKHH q,yHKUJill paapemen:wt (LI.Ee.= ( ~E,!- - nE~ )''2) • 

.Pe3YJII,T8Tll IIp.ltB0,I:\8Hll B Ta6JI. I H Ha pno. 4. Kru: B}JJU!O ,xapaKTSP H 

Macmracl H3M8H0.lfofl nmpm1 C POCTOM ROHU8H'l'PanKH IIpltM8pHO O.IU!HaKOB 

.lUL'l 06810:: CIICT8M ll OOCTl1BJIII8T ~2 MSB B ,IIR8ll880H8 ROHU8HTpauirft 

5 ¾- 30 ar.% l<HCJ!Opo.Jta. (mllruto, D UElJlOM nmpm1a llOJ!OCll KOJI8d!U!ml 

8TOMOB Ilp.llM90H B THT8.HOBllX CIIJiailax OOJU,me, 'l8M B 1.iliPitOHlleBHX.STO 

oclcroRTem,cTBO cMaruio, no-BH,llllMOMy, c TeM, '!TO B Tr - 0 ynpyroo 

Baam,o,nei!cTBll8 IWCJlopo.n-:-lUICJIOpo,1:1 doJiee Cym8CTBOHHO B CW!y Pa3HHX 

no xapaxTepy H B8Jllftlill!8 HCK8Jt8Hml, C03,ItaBaaM!il: BOKpyr IIA. CMSB!l 

Zt-0, n Ti Ox ynopH,nO'DmaIOTCR no RHCJIOpoJlY nplI cocTBBax )( -:,,:. o, !5 ,. 
'!TO, BOpoRTHO, OIIp8.D,9JL'l8T q>aKTH'l8CK08 OTOytCTBH8 poCTa nmpmlll 
npm.1ecnoll 30l!Lt I!pli YB8J!l{'I8Him' CO.It8PJKaHwt BHe,npeHHllX !lTOMOD 

>I5 aT.%. 

B MTOM paa,neJie rJtaBJ;l Ill ,IIRCC8P"'aum! IIpOB8,It8H allSJm3 OCHOBHHX 

BMl\ltOB npHBO,wIJlllDC K ynmpeamo npnMecHux no.noc. 

Ynmpamre an ctteT (p.cy'Kryar.urll pacc-rorumtt MeTrut1I-npxmeo1,,cBJiaaH

mu: C JIORaJ!l,HUMa UCRali('J.l!llRMll' BOKpyr BH8lU)8HHoro STOMa B UCCJI8JlY8-

MIU CHCTOMax MO:'IIHO OUOHttTL UCXO,It/1 HS ll0JJY'I8HHIDC napBMOTJ)OD llOT8l!

unrura a:iruruo.neficTBlt.fI Me - )( .llJI/l l r- - 0 H Ti -0 • IJJ>e.ncTaBJl'.fUr 

tJ8CTOTY JIK B atb!mTeflJ!cfu!roM IIpH6Jiltllt8HIDI' naxo,nnM: 

dw =-[I+ w . 
v':r -6v'/~ J. dt- y dr 
2(V"+2V1/,-.) "F=o,T (7) 

,. , I /I /fl 

3Itec1, d t- - cp.nyxzyrunrn paccToRHIDI MeTMJt-npm.1001,, V , V H V 
nepBM,BTO,PM ll TpoTM: IlpOH3BO,!Ul1'0 .HOTOmntaJia V(r) ; \/"== f [ M 

V;t- = J t - ROllCTll.llTH pacTIDrollWI U uariroa COOTB6TCTBOH!IO. 

ouaima O c. .naoT aHa'toHnrr ~ - 6 rt ~ - 4, 5 .llJI/1 2r-0 11 Ti -0 
coorneTcTBelll!o. Bommrnu dt'/t- B C11Jiaeax Ti -0 onpe.neJieHHllo 

113 Jmt8!'3T"JJ)ll!lX .nru1m1x (Scl10f'nin1; LH.L. ,e.a., ,I965) N.Ollff!OTCH 13 
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IIpe,D;8.ir8X I + 2%, TaKI-.:W! odpa:ioM,Bl'w'Ia,It B llll-Ip1ll!Y npnM6CHOil IlOJ!OCil 

B CWlaBhlC Ti O )( 38 C"IBT HBO,ll,ltOpO,ll,l!Oll CT8TlN8CROii .lll!CTO!)Cllli CO-

CTaBMOT AE,nr:"(4 + 8) uaB. Or.{eHRa Afa .. r. B 2r--O smteTHO 
MeHI>UJS ( ~. I,3 MsB). f,o;u,ll!Ifli BRJra.n; cTaTHl!ecrurx: gmyRT"'Jar.urfi B Ti-0 
no cpaBuenm:i c lr·O nBHarul, no-Blf.llllMOIAY, c oom,mm.ra no ne:nttnme 
JIOKaJIJ,HWfil liCRru!r.OHIDlMlI, C03,Il8B881JUMH fl.A. 

AHwtorwmm1 cnoco6oM MOHJ!O OUBHU:Tl> BKJIB..It T611J!OBHX (!l)JY}t'J'yaurui 
M8TaJtlll!'I8CROtt llO,IijlelllOT.lCH B llllIJlill!Y JIHHID!. (r,..{8Hlta aepxaero npe,zt8Jl8 

Trutoro nMa.na .ztaeT A Er -::::: 4 M&B. CYJ,!Mapuue oueHim BICJia,norl 

A E q, = (A E:T./ AE;) •12. naneceHu Ha p,m. 4. 

PHc.4. CoOCTB8HHllB llllipIUlU npn- .1[.,,,.,s . ~ 
M8CHHX KOJIBClrurnit RUCJlOpo,na B 8 Ti -0 ,- .... --==-=-....:::.....-:.. ... 
c11Jiariax ZtO.,. a T10.,. .CyM- .1.;:::::-- 1 

MapHU8 Ol.(8HRU llK,'!(lJ(OB qJJlyRTY- G yr . ♦, .· 
auHll paCCTO.flHM Me-X ll wupu- :::r +--- . . r--
Hy npHMeCHUX sou nruiecenu 4 . ~ - lr--0 - - -
IIyHKTlipOM. . _,f 

2 

O<-..-.~~--~~~--~~ 
0 QI Q2 Qj 0.'- Q5 q,'Me 

T!lKUM o6paaoM, oueHO'll!ile pactieTl:l noaaaw...11 1 '!TO code rnem1ar1 
illlfPIIH8 np1111.ecnon 30HU H ee ltOHUOllTpaunollllaJl 3aBllCllMO;;tl, B .nrumu:r 
CllJISBax MOryT OHTL Y.ltOE.'iSTF.OP,HT9J!LIIO o6MCHeHU ¢11:YR'l"Jfill,llffi,ill 148.&

aToMHOI'O paccTonmm Me - X , aostnrna'U!UJM;I nc.'Ie,ii:cTHlla HeomtopoA"" 

llOti CT8TK'l8CltOH ,nl1C'I'Ol)Cl'.li, BllSUBaeMofi aTOMali!lt Ilpl!.\!0Clt 1I ·remronu
Mll: W'KTYaururMR aTW.OB M8T,P.llll!l; no. Mope Yl38Jllfq8!JIDi ll:CYJ.U:e.lll!it 
Bl<J!ll.n O'l' H80.l1./,0PO.AHOil CTaTlf'lUC!<Oil }.i.lfCTOpcl:li Cl'aHOEH!CII lipeod.'!8,llll-. . .. 
JOlliI!M. 

lL'IergeuTofi l'JiaB!l np!lDo~(JiTC.li peayfil:ram ~3Mepe11n:i\ cne:trpcn 

Hffi Tpo!tiu:x. Cl!CTO/.l Z.r-(0,N)-H l'l Ti-(0,N)-H • HcCJre)t{iil'CSt pas
Jill."UlR n .10.1trum2ruum Bo.11opn,n;a B eacrewu .1m ocao:oa Zr- n Tl 
ococleimocrn "KOHU8HTpauno1woro" UOllO,:tOJIV.H BCJlOPC)lB B a:ro: C!iCT8-

Max, A)JWUl.31:lPYJ)TCiI YCJIO.EM Cta0Ml!33Utll1, d.. ~4a3ll B 2 t--0 ~H l!'. 

n -1.i - ti . paccuaTpm3ae=cn CBfi3b uo:rnn,m .. 101-tMR3Ul.t1U1 MJ!.O,PO.?Ul 

B Tl - 0 -H C npo,rn.,1eH.IWIA cnep:mpoBO,lXJl!lUi"l c:aoi!.cT1l B lfl\'.)~ cnctou ·• 
B napnoM paa,naJta. !'JI. rJ pacetm'rp.l!l!L\l'JTM .ro,110601-:<~ll cneittp 

no,nopo,na .a. Clll!ll3ax. Ti - ( 0, tJ) -H • Ila· r,r.c. 5 nr,Emeaeim 1Jl!coiu,.;. 
ttaCTOTBM ,ia,~·n, cna1<:Tpa :m C!JJIB.5a ·r; Oc-.c<i Ha.oi. • Jtor.r-
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11aCTOTH1Ilt Illil( C ll8pe,14a'!efi .aueprIDI C. <== 60 M3B CM3aH C KOJieclrurn:

m.m aTOMOB KHCJIOpo,na. Cll8ltTp KOJI00aHIDi Bo,nopo.mmx aTOMOB xapaK.:· 

T8pll3Y8TCfi namr<meM JJlJ]X llOJIOC. K8K CJie,nyeT ll3 COBOeyIIHOCTH H8fiT

pomnnc ll p0HTr8HOBClUIX .nrurnux ,BUCOKO'lSCTOTHafi ocooeHHOCTI, 

ta~ I40 M3l3 CBR3aIIa C Bl:lllll,n0Hli0M B oopaaue ,...I% 5 -r:ir,npz,na 

Ti H,s • CJia,noBa'I'am,uo, B OTJililllle OT BliCOKOTeMllapaTypHUX .nruumx, 
npUCyTCTBli8 D TllTaH8 4 aT.% llliCJiopo,na He llpllBO,nliT K ll0,1l;aBJI8HIO) 

ru.1mooopas0Ba.HM. 

. ~ . 

6 

co 
OJ 
:r: 
E4 
0 

300 200 10080 60 40 
60 
I 

• 

l,M3& f'HC,5. BUCOKO'iaCTOTHafi 'ISCTI, cneK

'l•pa HPH cwiaBa Ti 00. 0 .,. Ha. 02 

OTB81Ianll8fi cnaKTpy KOJI86ruum STO

MOB Bll0.JU)8HWI. e, = E, ~E, -nepe.nitit
HWJ :mepr:.m, NK - HOMep KaI!aJm 

anrumsaTopa.IIOJioJKaHrot oco6eHHoc-

. Teti ,naHu B iiaB, 

OC150 I 70 90 'NK 

MaKCi!MYM e I e:: 86 M3B CBfiSa.H c KOJI86aHRflMII Bo.nopo.na, 

JIOK8JH130ll8Hl!Oro D OKT83JU)lttl8CKliX nosmnmx.· 3'1'0 llU.BO.ll OUJI no.n

TB8Pli!.n8H CTPYlCTfljHill.m 11 ,!UfllOM;rt{OCRHMl! llCCJI8.llOB8HIDIMll odpasuoB C 

cloJU.UIHM co.n:eJ);f'.rullieu KHc.1opo.na H ao.nopo,na. 

Ha pRC. 6 no1marum CTPYR'l'YPa llOJTOCH rrpHM8CHllX KOJledaHim 

1U:1cJ1opo.na n no.nopo.n;a CIIJtaBa Ti Oo.,i l-to. 00., .KaK BH.IU!o,. no.noca 

ROJie6rornit E ~ 140 M3B. OTCYTCTByeT, cJie.n,oaaTeJILHO, BOCI> no.no

po.n 38flBMaeT TOJll,KO OKT83JU)lf'!8CKU8 M8;K.D.Oy3JOOI I1JY pemeTrol Ti . 
,IIartLliettwee yB0Jll{q8Hll9 co,rieplK!Ullifl KIIC.wpo.na B Tll8pJJ.OM paCT

BOJ)O Ti. 0 - ~-i !19 npKBO,ll;llT < K. Ka'leCTBOJIHh1A U3M9H6HWIM B Cil8KTpo 

IlpllMOCHllX lWJieOamrn. Trutr,M oopaso~:,npoBe.neHHll8 113MepeHHfl IlpIDIIOC

Hlil KOJie6amu{ B CllCT8M9 Ti-0-H ll0Ka3a.i1lt,'1TO HaJIR't£U9 B MOTanJJO 

1rncJI01io.nr. 60J11,cio HOKOTOJX)fi RJJHTH'l:ecKolt Konue11Tpamrn ( ~ I2 aT. % ) 
np1moJJ.HT 1: no;i1lliJteHm) mma.neHM rn.njm,rmofi tjlaJu · II .1101tamrnauaa no
.nopo.na B on. 3TH llltBO,nH 6Wll! no,nTBep:--,neHU CTPYKTYJJ{IHMH llCC.1I8JJ.OBa-
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F,Ic.6. CTPYKTYPR llpllMOCHllX 

60.5 

J 
IlOJIOC ltllCJIOpo;na u Bo.n;opo;na B 

I CIJJI8B8 Ti Oo.,t Ho.oo4 • 
40 I- f\ 

113 Cil8KTpa HPH Bli'!TO!!O pac-

. ,, -v comma Ra 'IHCTOM THTaRO, uuw-
~ paMH na.n cTpeJIKaMn .nano no.110-

-:-20 i!t8HH8 ococle!!HOCT8il B M3B. 

10 -
60 70 80 •· 101.0 N1< 

HWlMI!: ,nattTepHJJOBatffioro cIJJtaBa Tl 6 0 D o,'iS /8/. I!PMOM Hr.it'rpo110-

rpa1{Mt!ecrurn .n:rumua yJtaawiruoT ua Ba1lll'{HO 0-]) nap B oa:mcnott 

II.ltOCltOCTF! IllY - CTPYJCTYJlhl· 
l'tCCJie.noBaRIDl MOTOJJ.OM HPH C11JI8Jl8 Ti N0 • H • noKasaJIM., ,, O,Oo 

'!TO Bo,nopo,n .B 3TOtt CHCTOMO 'l'a.Itl!t8 38Hl!Ma8T On ( e .. c:. 94 MaB,/9/). 
IIPnttm1ott cra6MH3anm'I d-. -qiasH H .11ott8JIK381J.HM Bo,nopo.na B on B 

Ti - { b)I} cnc!aMax fIBJtffeTcJI,llO-Bn,JU1MOII\Y, ynpyroe aaaTIMo.nattcTBHO 

( 0 , N )- H , BHsurumoe 110KaJ11JJmru: RCK8llt8HW!Mli noKpyr aToMa 

BH8,l!Jl8HIUI < 0 , N ) . . 
CJro~ paa,neJI I'JI, IY llOCBJllllOH B08l!HKHOB81UI!O CBepxnpOBO,nli-

'MOCTF! B cMruiax Ti -0 - H {D) . D /IO,II/ dHJ10 BHCK838l!O 

npe)l.llOJIOllt8Hlt8 0 TOM, '!TO CB8IJX11I)ODO,ll;HMOCTI, CliCT8M T j - 1-1 (D) H 

2.t- - H(D) . ,llOJIY'!81Ull1X M0TO:UOM HH8KOT8Mll8P8TYPHO!t llMIIJt81!T8-

t!;lm· B0.11:0p0JJ.8 (Stritzker B, 1 Meyer J,D. ,I980) TaKllte,mut II /:. -
iJ)a3H Ti H x (IIoHRToBctwn n ,np. ,1985) cBRsruta c cocTomtneM, B 

KOTOpOM BO,nopo.n Haxo.nnT<m B on 11, no aHWIOI'IIU, '!TO CliCTOMU 

Me- X - H MO!'YT 06Jfa.naT1, Ter.mepaTYpolt cBepxnpoBo)J,fllllaro nepexo

.na oo.11ee BUcoKoit, tJeM y ncxo.n.HUX Me 1w1 Me- X ,ecm1 Bo.nopo.n 

B mu: JIOKaJIR3Y0TCfl B on. 
Henocpe,ncTB8Hl!M :mcnep;!ME!HT8JILHM npoBOPKB 8Toro npe)l.lIOJIO-

,romm no;nTBep,nHJia naimt1J.Io cBepxi1poBJI.nffi11ero nepexo.na n crurruiax 

Ti
6
0H

0
.n npn Tc. z I. IK 11 Ti 6 0 Do. 8 npn Tc. ~ 0,4K /[2/ • D 

cruxfillax c oTuorueaueM H ( D) /0 < O, 7, n .TaI01\e 13 6oaBo}iopo.m111X 

06pa3uax cBepxnpono,11,nur,itt nepexo.n He un6mo,na.n:M un.no.Th .no. 0,3tif<. 
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cPaBHenne TeMIIepaTYJl cBepxnpoBo,n.Rlllero nepexo.na B Pd -H H 

CHCTeMax Ha ocHoBe T i c aHeprneft KOJieelamrlt Bo.nopo.na B HRX no-

RaaimaeT, 'lTO TeMIIepaTypa Tc. TeM mnne, 'leM HIDKS :rneprIDI ROJieela-

HHil Bo,nopo,n8 B COOTB8TCTBYJ(XU8tt pelll8TR8 1 T. 8, MeHL1Il8 KOHCT8HTH CM-

3H Me- H .::tro yKa3UBaeT Ha To, 'ITO BT! -H HTi-0 -H cHcTeMrut 

ll0Blilll8HH8 Tc no cpaBH8Hm:l C 'lHCTliM Me CBU38HO, llO-Bl!.JJ;}IMOMy- 1 . Kalt H 

B Pd - 1-j C BKJia,nOM OllTH'l8CKIDt q>OHOHOB B RoHCTaHTY A 3JtORTpoH

q>OHOHHOro B3ffi!MO,nei1CTBHJI ( AonT. (/) 1 /m < w!nr:> ) • 
D J;8a.ne11e 3 rJia.BH IY p8CCM8TPKB8eTc11 .JJ;HHm.nma npm110cell B TpoltHwc 

CMaBax nne.npeHIDI Ha OCHOB8 ItHPROHIDI. , 

B CBR31t C npe.nnoJIOJKeHH8M O ,neipopM81!,HOHHOM xaprutTepe B:laMO

.n:ellcTBIUl (0 , N )-( H, D )B Ti (O,N)-(H,D) cucTeMax npe,ncTaBJllJJIO 

ll:HT8pec llpOCJl8,IUITI, 38 ocoelel!HOCTRMH .nnHaMlllUI llpMMecen BHe,npeHWI B 

2.r- -(0,N)-(H,1)) ,r.ne noM JIORMLH!DC ncRBJK8H1tii BoKpyr npuMecett 

BHOJU)8HWI M0Ill,lll8 no B0Jili'llill8 ll He HOCSIT TaKOtt SlpRO BlipallteHH!:lf! 8HJt-

30TPOllH!:lt! X8paRTep. Ha pnc.? llOKa3aHa CTPYKTYJl8 noJIOCbl IlpllM8CHWC 

ROJieClaautt CIIJiaBa 'l. t-0 0_2rHo.og npn T = 293K l'i T = BOK. 

!'HC,7. cneRTPbl HPH cllJlaBa lr-0,.1 , H0 _0 , . 

B 06Jl8CTH npuMeCH!:lX ROJI868-
ct) 142 l 11ntt,noJIYtieH!me npn T=293K(a) I 

H T = BOK ( 6). TioJIOJKetum IIH-

1000 

ROB yKa38Hli B M3B. f: = E i. - ft, 
E i. IA E f - anepnm Heitrpo-

I HOB .no H llOCJI8 p8CC81IHH.ft, 

fopH30HTML!lllMlI OTpesRaMH 

I noKa38H8 no.eyumpmm pasplm.e-

0 HM YCTaHOB!IB. CilJ!OlllllaJ! Jlll-

-, .. , HUR no.n Cll0KTPaMll-pactteT MHoro-

61 
,., 

illoHOHHoro p8coe.fU!n.1i. I 

t..- {\ 10001--
,z.o 

I 

70 45 100 
N,c 
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KOJieelrumm.t: BO.nopo,na :mec1, OTB8'l88T oco6eHHOC'J.'I, E., ::::c 141 M3D, 'ITO 

CBl{.n8T8JILCTBY8T O T8TJJa3,ItP11'!8CKOft KOOpn;IDirunrn BO.U,Opo.n8 B .naHHOM 

CIJJiaBe. J830Bblii aHaJIRS oelpa:m;a H CT:pyKTypH!le H8HTPOHOrpzjl1rqecrora 

llCCJie.noBaHllli ,net!Te pHpoB8JUll:IX CllJiaBOB l r--0-]) IIOK8311B8JOT. 'l'l'O Bo,no

po.n B 3TOtl CilJiaB8 H8XO,IUITCR B TB8P,Il;OM paCTBopa B I'fIY pe!!!CTKe M8-

T8J!Jl8. IIPll STOM d,. -q)a38 OCTa8TCii CT86l!JIH!Oft II npH T = 80K 
/IO,II/, HcCJie,noBaHWI MeTo.n;oM HPH CIIJiaBOB Z r--0-H c MBJruM co.nep
llaHHeM RlICJlOPOlt8 no 9BOJliIDT npe,nn0.,'10lK!:!Tb 1 'lTO B 3TOll CHCT8M8, KaK ll 

B T1-0-:- 1-4 , cra6MHa81!,H1l Bo.nopo.u,8 B TBep.noM p8CTBope upon:cxo,nHT 

llpll KOHU8HTpawm ItllCJlOpo.u,a B 11,llpKOHUH no KpaiiHeil r.1epe 60.1!1,IJ8ll, '181.! 

5 aT.%, 'l CTPYKTYJlHUe 11ccJie,noBamm .nailrepnpoBaHHHX CIIJia.BOB i!tOq~Do,.1 
(Muke.wa s. ,e,11; ,I984) II lrO l) /II/ y-«a311EID~T na HaJili'!He o.n a, 
llpUTRlt8l!WI M0li(,lly · Q ll .l) , 

TaIGJM oelpa30M, H8CMOTp1l H8 Il83Jll!'IU8 D II03:liUMX JIOKaJlli38IJ;lm 

Bo.nopo.na B CHCTot.iax Zr--0-H a Ti-0-H , rnt.eJOTcst uo6mHa 11epr11 B 

rue llOB8.U.8HIU1 B SailMCIIMOCTll OT COCTaI3a II Ter,mepaTypu. B 068HX ClfC

TOMIDC H8.llll'lUO MCJiopo.na B KOJrntI8CTB8 ,..,. IO I- 30 8T.% IIOJIH0CT.I,l,J no

.naar.neT Buna,neHue rimpu.n8 npu cooTHomemm o/H ( 'D ) ~ 2. ITPit 
DTOM r).. -q,asa OC'l'88TCSI. CT86WU,J!OH II npn Hll31tiIX TOl1.l181J8TYP8X 

(T ."" SOK). 
AHMli3 COBO:eyIDIOOTlf po3yJIJ,T8TOB no llJIIDll!IDO llHYTP8llHICC }ianpiI

Jlt8Hliii 38 C'l8T Bii8,np8HlL'l !IA u/wrn IJH8ll!ll0I'O ,It8.DJI8HWI ua Jl.OY.aJilt38-. 

wm i'lo,nopoiia a no1iexowimc MeTaJUiax, ormcanmu a r.it. IY noRas1IDaaT, 

'iTO BO,nOpO,ll, MOlit8'1' nepeXO,ll;UTb ll9 TIT B Oil npll HaJII!'lilll B o6pa3U8 81Hl.-

3OTpOllHWC ,neiIJop,.rawrfi, BliSBaJ!H!L't Jm6o npHJIOlKe!IIIUM ,It11B,18HlleM, .rr.ado 
11A ( O , N ) ; . m160 . npu o,JUwapeMon110M Boa.u.eUcTBnit 060:a qiru:TO!JOB 

(Yagi E., e,e..,IQ86). IlplI 8TOM B OUK 1tp!ICTaJr.rrax., r.n;e .n.eifOpWlll,Iilt 

38 C'l8T BL8,!lEIIUD1 !IA BeJtllKlt ll 811ll30TfCilHll I napaXOJ\ B0Jl0J)0.JJ;3 ll3 TIT 
B Oil J,J.,lli UCKal!Sl!llli8 Oil !AOl!COT nponcxo,r;il:TL y;ae npn MaJILIX KOHU6HTP8-
U.l!.H:X ( 0, N ) · (Carsta;1jen H.D, ,1980). 

B CJIYtiae llCO IlJIOTHOynru<eBamn.lX CTpyKTYP JIO!{a,'11,Hlla nmm:t.e!ll!.il 

llORpyr npUM8CHOI'O aTOMa X MHoro l,101lLUi8 R. rrpll l!.8Jl11X IWHH811TPaurutX 
owocwre.,u,110 miotpomm. IIoaTOMY ,naitpIDt.ep, a Ti - 0-H :eo,nopo.n 

JIOKru!ll3Y8TCil B Qll TOJIT:.lto Itpll ,ll.OCTatO'lllO 60Jlb'lilIX ROIIT18l!1'patt!L'U 

l'.liC.l!Op0.I(U ~ 12 aT. % ,ItO::'J;.__l neq.opM8Ull.O!lilrl8 llOJ1J! OT OTA8JlLllllX aro
MOB n11e,npemre, 11anpa:a.ire1111ue rJia.1J1tmt 06pi20M a,nc.l!b o:.i c aatru

uai.:ri nepeI<{lllB8TLCII. 3TO Be.r;OT, 130-nepBUY., K JUOpi!,lOttel!IDJ no l<ltC

.'lopo.:iy u, BO-BTojnu:, K .v.e:to11aru,11011llo1AY saruu10,11;eilcw1m 0- H • 
l!p,3IIR1'CTBYJ[QEW!Y B»m\ll.8c.,OO nopu . .ua. 
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B CHCTeMe Zr--0-H(D) cwdnJm3auIDI d,.. -4>aau (npu KOHUeHTpa-

wm KUCJiopo,na 60JI1,we, no Kpai!Heit Mepe, ~ 5 ar.%)nponcxo.IlllT,Bepo

JITHO, TaruKe B peayJILTare ,ne1p:,:p1v1auirnHHoro B3aHMo,neltcTBIDI 0-HCD). 
o.nuruw, B0Jfl{t{1Ula :moc ,neqiopr.iaun:li MBHbW~,tieM B Ti-0-H(D) ~ He 

HOCHT TaKOil ilpKO Blipaar.8H!ll:111 aHli30TpOnHUil xapaKTBP, B cu.ny qero 

BO,IlOpo,Il He nepeXO,IlHT l!3 TII B on B 3aM8THl:IX KOJU!ll8CTBax ,Ilalite llPlf 

KOHU8IITPaJ.J,l{ll "' 20 aT. % Kl'ICJiopo.na ( CM; puc. ? H /II/). 
B cMall c aTllM MolKllo olKli,IlaTb, 'ITO B cue Te Me l r- -N -H , r.ne 

HCKaJKBHHJl Bttoc11MHe aaoroM no-mwmoMY, OOJII,We, qo:., B Z r-0- H 
38 C'l8T OO~bWBrO KOBW!BIIT!IOrO PaJllfYCa ( R.r-1 = O,?I A, a 
R

O 
= o, 66A), Bo.nopo.n oy.ner JIOKaJmaoaaucJI B QII. QmlaKO, ItaK no-

Kaaallu 11aMepemm, np0Be.nean1:1e Ha cnJialle lrNo.i H 0 ., · , :JHeprWl 

H-KOJIBOaHllM B 3TO!t Cl!CT8M0 n, lJ ~ 140 M3B /9/, tJTO · CBlijl0T8JibCT

By8T O T8Tpa3.npll'l'.BCKOii KOOp,nuua,.um Bo,nopo,na, 

OCHOBlillE PE3YJibTATH If BHBOJlU 
()CHOBHU0 peaym,TDTlJ ll3JIOJY.BHHOii paOOThl COCTORT .B CJI8,JJ.ylOOl0M: 

I. B pru.IBBX p83Bl!TlIB MBTO)UilUI HCCJI8,IlOBaJU1Ji ,IlI!HaMJOOI CIIJiallOB 

BHe.npemm na cneKrpoMeTpax .rum-IM u KllCOr-M c nouomw ueynpyroro 

paccemum Me;tJieHlillX aeilTponoB pemeHu 3a,na'IH: 

a) Bh!P800TaJl8 npoue,nypa npHrOTOBJIBUUR ~! aTTBCT8Ul11l o6p83UOB, 

l(pOBB,IlBH l1X crpyKT'/pHUll ll 1ta:JOBliii anamrn; 
6) BWIOJIHOH!:I 3ICCnepMMBHTaJibllU8 U3M8pB!llLfI 11 paC'iOTli no~{!JH

HU tPJHitUJUI pa3pellleJ1Wi Bpeuri11poJJ0TI10ro cnei.TpOMeTpa paccemnm Me;n;-
. . 

J101111ux ueitTponon; 

B) o-rpado1•rum MeTO,llm:a rrpone,ne, .. m u3110pe11uil cne1<rpon IP.ynpy

roro paccemnUI M8,l))l01JIIHX llBllTPOHOB CllJI8llOB IJ!le,npeHIDI ]lBOrmwc 

(lt- ,Tl ) - (0 • N ) If Tpol~!!lX ( Zr ;n ) - 0 -H Cl!CT8M B umpo
KOM .nuana:;one JW!ll\0HTP''.IUlfi npiIMBCHilX aTOMOB npu pa3mttfilUX TeMIIe-

pa1•ypax; 

. r) pa3m!'ra MeTo.n:mu n3BJJ8'!91!1L'1 nn.i,opMm1.m1 06 ::mepre-r1NeCKllX 

xapHK'l'OIJlICTJ!Y"lX nprn,iecmH aTOMOB l!3 cneKTpon 11eynpyroro pacceR

u:u, 1.IC:i;,JIEJ!HilX uolis:po!i(iE C yt10TO!.l t,:8TO.ll,lPI0CKl1X ;1 q;:13i:~18Cl0'.X no-

11par101;, 

I1P('1:t~r.eH aua1~t3 1-~c1c~~1H'!'pn::1~0BH=.iX r.:1;,1eneu.;1i! cneKTpa r:oJie

,,.;•i\-!i'J• •3_~(·1 1.\0B '-:ll'Dl',.. 13 ,n';'.le-~1;\" r,, ....... ;.,C'"'~•" ,,7r- 1-~ ) - 0 
.._,,. ·- ~,..._,. •·•- , •~', .1- •1--W- t•-•-- !·-A \"-It 

1 

:;. 
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IloK838HO, '!TO l!8MOH8lll!O B Cill!8Bax co,nep:ita.1!llll KHCJiopo.na OT O .no 

30 ar.% npn H8U311!8HHO!i CHMMOTpmr pemeTrut ~ l?ll9:Hi[)9J!!tfl,l!pmio

~ K cymeCTB8IJHOtt nepeCTpoiiKo cneKrpa KOJI86amn't M9Ta.rrmr<I8CKO.lt 

no.npewarrot. C.IJ;Bnr rpamm.il cruroumoro cneKrpa KOJieoamrll aToMOB Mar- . 

PHUI:l B -OOJraCTI, QQJII,l!JUX ttaCTOT B SaBIICUMOCTll OT Itonr;,enrpai.µm npu

Mecn y,noBJieraopHTeJU,Ho onncllBae'i;OJI B npnommenmx cpe,nnero ·noJIH, 

3. ll3 :mcnepllM8HTaJII,HWC ,namn,rx .ItJtfi BC8X HCCJI8,I(OBa!IHHX o6pas

UOB BOCCTaHOBJI8H 'o6o6meHHHil cneitTp '18CTOT npnMOCH!JX aTOMOB B OilTll

tteciott ooJtacTn cneitrpa, Korop!rll omto11Baer anepreTlt'l'.ecKOe pacnpa,ne

JieHHS KOJI8da.Hml 8TOMOB BH8.np0HWi B CllJiaBax BHC!e rprunnr,u CU8KTpa 

ttoJtedaamt aroMoB MarpHUI:l, rrottasauo, ttTO qiopMa cnettrpon p· ri s
MeMenron lllle,rweHlill 0Tp8Jlta8T Cl1MM8TPHFJ OJiltlltallnraro OKPYJ!t0Hl!!I. 

4, H3 lJRCrtepllMeHT&JU,IlllX ,naimux onpe,n;eJielm ltoHCTaflT!,! CMOBOI'O 

BsanMo,neRCTBWI MaTW-l!pHMecL Blle.npemm B npntimilKettmI npo.nonuofi 

CilJ13ll C OJ'Il!l!tailmliMK coc:e,nm.m, yqllTllBaxlJl8M :koJie6amm aTOMOB CCl!OB

noro RpHCTaJrJia. nooTpoena 38.BUCliMOCTI, KOHCT8.HTli CWIOBOro B!3ail.MO

,n;ailcTBM M8TaJIJt-npHMec:r, OT paccTORHIDl C Y'l8'.:'0M JIOlta.'II,ll!ilX llCKa'Ke

Hlltt Bottpyr IIpJi'.M0CHHX 8TOMOB. !IOR83fl!l0, '!TO COBOKytIHOCT!, ncex ,naiI

nm: no M0lK!lTOMllOMy B3llitMO.D;8UCTBffiO D CllCT8MaX UIIPROHirfi-rotCJIOpo,n;, 

UJ!PltOHlrli-asoT, TltTaH-KHCJiopo.n ll TltTaJl-aSOT MOJKeT OUT!, omtca!la o.n

nott (P:yIJRnHett napaMeTpa o t" ,oTpaJK8mtero CTerteH:r, pasMepuoro neco

OTBeTCTBIDI Me~oysem,nott ll0311Ullli Jt Blle.npenHoro 8TOMa. IlOJry'l8llllaJ! 

3lll3HCUMOC'l'I, llCilOJII,SODaHa .ItJtfi onpe,neJieHIDI napaMeTpOB OTTaJIIGID8T0Jl!,

HOll 'ISCTII IlOT0Hl.lllaJia B8al{MO,nettCTBIDI MBTWJJI-l!pHM8Cb. 

5, Bil8PBl18 M8TO;IJ;OM neynpyroro pacceRHRfl M8,wt9ll1IDX H8HTpOHOB 

B rettcaroHMbHOii CTpyttType CnJianon TllTaJi-Kl'ICJIOpo,n Il80JID.Il8.'IllC!, mo

JIOBli9 ItOJI80aJtIDl, CM88HHH8 C KOJieOaHllJJMH aTOMOB MaTpmu,1 OKPYlKa!O

lllll:X: lK~CTitO CBJ13aHHliit C HUMH llTOM Blle.npemm. IlORaSaHO, 'ITO llOJ!O:¥.B

HH8 IlOJIOCJ:,1 Il!OJIBBl:lX KOJl86atmfI xopowo orraCHBaeTCR B KBa8l!MOJI8RyJUlp

HOM IIpUOJil!JKO!Hll'l. 

6. IlOCTpoena 3aBHCI!MOCT!, WllpHHU np1u,1ecHoro YPOBHJI RlICJiopo,nn 

B URPKOIIIUI H TIIT8ITO OT IWllll9llTP8li;lUI. IlOKasauo, 'ITO npu KOl!JJ.9HTpa

UID{X 6oJiee I5 aT.% coclcTDemiaJI unJI)mm mma npuMec11oro KOJie6runrn: 

npaKTWI8Cfil! nepecTaOT 3aBIIC8TI, OT IttllllI8IlTpamm. I!pe,!i110JI8I'89TCR, 

"!TO TaKoli xo.n 3aBUCJUAOCTH CM:3811 C ynopf!AO'!Ol!!IOM aTOUO!l RUCJJOpo

,na. on,10qaoTCR KoppeJIHIUffi MOJ!OJY BOJIII'UU!llMJI JTOR/JJ!I,JJU.X MCTCav.emin, 

BHOCJ!MHX npnMeC!ll.lMII aTOM/ll.m B peUI9Tlt,V MaTp.l!r\ wrpl\O!llt<r ,1l!T!lll!l, 
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Elll!MWI l! Hno6HR lt 3l!8'10HIUIMJI OTllOCHTBJil>HOtt lllllplIBH npm.leCHblX 
ypomrelt • 

B!lTICJTHenu oneHim BMa,noB neo.nnopo,!l.Hott .netf)opMaumt pen.eTKU, 
TBILlIOBbl.X ROJieelrurnU aTOMOB M8TPHIUl, a Tlll'OK9 pac111ellJieHIDI B H9CllM
M9Tpwmott ROH'f).rrypau;nn B lllHpfillJ JIOKMt,Horo ypoDHfl. 110K83a'!O, 'ITO 
COBOKYTIHOCT!, ll83DaJ!HblX BRJI8.n0B D OCHOBHOM oupe,neJiR:eT HaclJJJQltae
MyJO rrmpnny lllIKOB D (Zr- ,Ti )- 0 CHCTeMa.X. 

,' 

7. Bnopnhle Ha6.w.na.iracr, OKTa3,lij)U'lecKaR Koop.nnnau;rui no.nopo.na 
D cl,. - TBep.noM paCTDope TllTaH-RHCJIOpo,n-no.nopo.n ,11,JUl p83JllltTJIJiX 
co.nep»:rumfi KUCJiopo.na n no.nopo.na. Onpe,neJieltu ::iHepreTmecKHe R 

peJirutC8UHOHHH0 xapaKT0pllCTHKH KOJie6anlltt Bo.nopo,na B TnT8H8 B IlIJll

cyrcTBlU! KHCJIOpo,na. l101Ul38HO,'ITO Bo,nopo,n CT80HJ!ll3Rpy8TC~ B OKTa-
3,lij)li'l8CKOtt noSHu;nn reKcaroHaJI1>Hoft pemeTKR T~Tana·Jimlll, npa .nocTa
To'tlfo BHcoRon co.nep.,:ruum n c1IJiane rutcJiopo.na ( ~12 aT.%). rrpn 
BTOM CTIJYltTYJlHHe ,naHHble yKasHBro:rr Ha o6pasonrurn:e O - H (])) 
nnp B 683llCHOtt WIOCROCTll I'l1Y pemeTKJr. . 

8. SRCnepllM8HT8JIUIO ll0Ka38HO,'ITO BB8.lt8RH8 ll30TODOB no.nopo.na 
ll JIO&MR38.I(Rll HX B OKT83,lij)ll't8CKIOC M8~0Y3J.IID1X npllBO,nHT :lt B08Hmt- . 
l!OB8HIDJ CB8pXItp0130.IUIMOCTH B rettcaroll!Utl>ll!lX TBep.nwc pacTBopax Cll-
CT8M!I T; - 0. . 

9. H3M8p8HIDl M8TO,UOM Heynpyroro paccemtIDI M8,IJ,1!8l!HIU H8fiTpol!OB 
noKaaa.im,qTo no.nopo.n B cncTeMa Zt- 0 -H t:axo,!J.HTCJI B nosmum o 
TeTpaa,lij)H•tecKott ROOp.!Ufi!BUH8A. cneRTpoMeTpl!'t!OCK\18 irnMepemm IT03BO
JIJllJT c.neJil'lTl> BHBO.Jt O TOM, 'lTO Blma.neHlle rl!,llpl!,lla 118 llpollCXO,n.l!T I no 
RJ)afulott Mepe, .no TBMIIepama Qoro aaoTa. 

' . 

IO, CTpyttTypllw.m He11Tpoliorpa(I/MtteciulMR ncc.110.noarumm.rn: .nettTep11:
ponrurnw.: odpas110B lt- -0-D n Ti :-0-D c co;lt8IJl!U1HtteM roicJiopo,na 
~ 20 BT,% n .neftTepRll ~IO a-r.% no.nTnep~eaa Roop.nirnauM 5-aJtoMeH
ToB Dll8m>9Jllut D T8Tpaa.npirqecIWX H ORTaa.npnqecrooc ll03HU11RX ,JVlJl 

UJtpltOJntBBWC lt THT8llOBl:lX CIJJI8BOB COOTBBTCTDOH!JO, 110R838110, 'ITO B CJT.Y

'l!IO Ti - O· D .neATep11tf CTpeMl!TCSI pacnoJIOl!tltTtcR TOJJt,Ro B '3ffil.f!TOM 

lU!CJlOJ)OltOH CJI08 OKT83J\Pll't8CKHX nosnunR. 
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