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A. B. jIy:aHoB, B. B. llsanoe,I. T. IfuRurco, M. M. Mecreqrclur

fIOJTYSMIIMI,TIIECKI,IEOIFHKIIBAH.AEP-BAAJIbCOBAB3AI,IMONEtrICTBITfl
@YJIJIEPEHOB Cro, Czo, Cao

flocne4nne 10 - 12 w (fyrnepenrr nax' Heo6rrqsrrfi ruacc KBa3r4corp.r{xreHHbD(
MoneKyn crzrJrr{ oAHrlM r.r3 6a3r{curm o6rerroB AJUr raccne4onaHrafi t1-31. B ro xe BpeMrr
MexMoJreKyffpHoe B3arrMoAeficrBr4e AJrr TaKr,rx cr4creM c rro3r{rll,Ifi Teopflu [3rreHo, IIo-
BI4ALIMoMy, cJra6o (cnr. o6sop. [t];, *ot" BbrcoKa.fl cr4MMerpr{r H pa3naTal- 3aMKuyrar Tr-cucreMa
Bo Bcex (pynnepenoBbrx MoneKyJrax - BecbMa npr.rBneKareJrbubre o6crosrerucrBa AJrr mo6oro
MOAenbHOf O 14 3rreHr,rs.

B .{annoft pa6ore Anr rpex MoneKyn Coo, Czo r Cso B rronysMrrupuuecxofi Tt-cxeMe
paccqr.rTaHbl ocHoBHbre BaH-Aep-BaaJrbcoBbr KoHcTaHTbr r4 AaHbI HeKoTopble r{x rrpr,rMeHeHvrg. IJIfl,
oIIeHKr4 ptga $uzuKo-xr4Mr.rqecrrax cnoficrn (pynrepenon.

Kar ngsecrHo, rrocJre ycpeAHeHlrr rro BceM B3aI,IMHrIM opr{eHTarlr{rM Ar{crrepcrdoHuuur
rracrb UfrrnMelKMoneKynrpHoro egar.rN,roAeficrBr.rr AByx MoJreKyn A Lr B s o6racrr,r

rlpr.rrrxeHr{-fl, rAo upene6peNuuo ooueuuoe orTiurKrrBaHr4e, npeAcraBJUrerc{ cneAyroqrrM
rroreHrlr,raJror [o]:

uXurro = -gAn P-a -cf n^ :cff n-'o -..., (1 )

rAe R - cpeAHee Mex(MoJreKyJUrpHoe paccrorHr{e.

BrrqrcreHr.re . AlrcrepcrroHHbx xoe$$uqzeHroB Clf paurcxeuux (1) rns.
paccMarpr{BaeMofo pr4a $ynnepeHoB s AaHHofi pa6ore npoBoAr4nocb rro ronyoMnr{pu.recxofi

I t l

MeroAr,rKe t'r, B Koropofi uapx4y c TT-BKJraAoM orleuvrBurcs. o-BKJraA 14 (o- n)-rounoneurrr
Me)r(MoJreKynrpHoro ngaurrroAeficTBvrs. llpu SToM Bbrrrr{cJreHrlre MynbTrrrroJrbHbrx TT-
non{prrcyeuocreft ocyrqecrBJr.f,Jrocb B paMKax orpaHuqeHHoro MeroAa Xaprpu @ora.
Iocre4uuft, KaK rroKa3aHo B [t], Am cna6o KoppenupoBanrrbD( Tr-cucreM, TaKr.rx rar ua$ra-nrau,
AaeT ,4r.rc[epcrroHHbre roe(p(puqzeHTbr c rorilrocTbro Ao 5-10 Yo no orHorrreHr4ro K TorrHoMy
MHoroaJreKTpoHHoMy o[]rcaHr,rro. Psa KocBeHHbD(, B Tov qr{cJre v qrrcro xI,IMI{qecKr.rx
apryMenToB, roBopr.rr o gna.uarenurofi erexrporrnofi r,croirqlrsocru $ynnepenon, tITo

no3BoJrter npeAnono)Kr,rrb AJrfl Hr.rx aAeKBarnocrb o6rrworo \rero.fa caMocofJracoeaHHrD( NiJ.
Pe:ynrramr pacqeroB c r.rcrroJrb3oBaHr{eM napun{erpou n: [t] npencraBneHbr B ra6t.l.Vs

Hee BLIAHo, rITo B orJII{q}Ie or MaJIbD( Tr-cl{creM, H3\areEHbN 
" 

[t], u*la4 n-o6orowca B
3HaqeHr4e cTapIIIux Auclepcr4oHHbD( xossQnueHToB c3 u C11 sB--rJrercr onpeAeJurroqan. B ro
xe BpeMr caMr{ BeJrr,rllr{Hbr TI-BKJIaAoB 6;msl(E K 3HaqeHEqt\r. [pe.fIII,IcbrBaeMhrM aAAarreHofi
cxeuofi, Koropyro B cJryqae .@ctrepcuounbD( KoHcrulET \]recrHo Ha3Barb agrrrlrBno-
Mynbrr.rflrurxaraesofi cxeyofi. I4rreercs B BE:t\-. Tro trpq pactra.]e saJauuoft MoneKynbr sa N
o.rr{HaKoBbD( (fpanrerron (rronorrepon) clrnra ecex N- n:anrro-leficreufi pr3owrpoBanHbx

QpanrerrroB rrpr{Be"ter.ar.tr cocrannoft uo-rerq---Irl K 3naqenr{ro Jr{clepcuoHnofi roHcranrbl B N'
pa: 5o-nmefi" qeu .a-I,I \roHo\{epa Hanpnrrep. }fo--reF-ry $1-.rrepena C6r-, }{o;ftfro }{brcJrr.rrb KaK
npocrpaucmemffi refica\(ep JeruJprpoeaffiofi uo--rex\---rbr uaQrauna- c.-rerxa u:orrryrof
Hlxu{-l-IT6me 6a6,owro -"-.
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fr-atiladu C I u notuwe 3HoqeHufl C ,, ducnepcuoHHbtx KoHcmaHm (ed. I 06 eB*A)

MyJrlTl{nJlllratr.rnnoft cxeMe noJrfraeM CI(CuJ =1033e8*E3, uro Jrlrrrrb na 3 Yo Menbme

3HarleHus ag ra6n. 1. OtrvreruM, rlro Tl-[onspr43yeMocrr4 rrpr.r sroM BeAyr ce6s noqrl{
aMIrrLIBHo, TaKKaK a@lcroHa)=8,09E3, d@) (Cuo)= 48,468'.IocneAu.f,r Berr,rrrprHaBMecre

C AHtUIOTI4IIHbIMLI 3HAqEHZ'IMI4
' 

oQr) (cr) = 63,2283 , a@) (cro ) = 73,5783

Aaer Bo3Montnocrb oIIeHIrrb cpeAuroro gHeprrrro rr-nos6yxg 
"t " 

1'"' , rpe6yenryro $opuynofi
Jlonnona:

c[ =1@")) '2@ . (2)

floAcraerrr n (2) ena.rennfl, [vrcilepcuouuofi KoHcranTbr C{us ra6* l, noJD^raeM cneAyroqre
sHaqeurls s gB:

7'"' (c u) = 5,99 ,7'"' (cro) :5,47 , 1'"' (c, ) = 5,45 . (3)
3ru 3HarIeHIrt crolrr cpaBHr.rrb co 3HaqeHl,rrMr4 rroreHrlr,ranoB r{oHr43arll{rl I (e aB),
paccqr,rranHbrMlr n 6nusKofi [apaMerpr,rgaquu [6]:

I (Cuo)  =7,9 ,  I (Cro)  =7,4,  I (Cro) :6,6 (4)
Cpannnna"r (l u @),BuIAuIM, tITo rlplrMeuenr,re co6crBeHHo (popnrynu Jlon4ona, Koropar BMecro
- (  E \

1" ucnotb3oBana 6rr (4), AaBaJIo 6rr no [oprrKy BeJrr{qrrnbr 6rrasKr.re pe3ynbrarbr rnfl Ca.

OAlraro Ant crapmlix AlIclepcI{oHHbD( roe(hfzquenroB cronb )Ke rrpocrbrx, KaK (2), $oplayn He
cyrlecTByeT.

[annrre n ra6n. 1 gHa-reHI,Is [peAcraBJurrorcr pinyMHbrMr{, c lrx rroMorrlbro MoxtHo
oIIeHKI,I gHepn{I{ nsalll,IoAeftcrBvts. B BaH-Aep-BiuubcoBbrx Ar4Mepax $yruepeuon. llpn gToM B
o6nacru paBHoBecHrrx gHa-reHufi R = R" H3-3a 3Harrr,rrelrnofi 6nugocrra KoHTaKTr,rpyroqrrx

yrJlepoAHbrx aroMoB (- 3 h neo6xoAr,ruo yruTr-rRarb o6naennoe orraJrKaBaHr.re, Ho
coorBercrBlrorqar lByxrleHTpoBaf, Ar.rclepcprounrur 3Heprar AoJrrrclra 6rrrr 4emn(fraponana. B
KOHKpeTHbrx Bbrtlr.rcJreHr4rrx AJUI MoneKyJrbr Cuo MbI r,rcnoJlb3oBaJrr,r o6rruryro cxeMy aroM-

aroMHbD( rroreul{trtrrroB c gKctrorreuq{iurbHbrM orraJrKEBaHr{eM a exp(bR) Aff Ka}KAofi naprr
nsanuo4eficrByroryx yrnepo.{rr-D( aroMoB c trapirMerpaMv a , b u3 ttl. 

AuyrtleHTpoBbre
Al{cnepcuonrrBle E-IeHBr rlln Kaxroft ymepo4rroE naprr Bbrrrr.rcJuurucb rro $opnayne (1) c
ylrelrbmeuueM Bcex KoEcraET n N' pat tro cpaBuennro c rD( troJmbrMrr 3naqeuurMu uz ra6l. l.

.{erm(fupoBuluue trpoBoJn.rocb no MeroAy [8] c *rac-ra6mrn r\[Eo]cETeJreM p -1,4, uafigeuurnr

H3 vc--IoBnf, troJroEf,E BErrrrrcJertroro paBgoBecgoro paccrosuu.g R" x u:necrrroMy grlt Cuo

:naqerrrrloR,:10 -j'l-- g ps3\--rbftrre trocJe )-cpe.f,EenEr tro rpe\{ B3a[\{HbL\{ oprrenTargf,,r B

-rl\{eFe t Co. r- rIo-TrqeHo 3gaqerrr{e gEeprEE cB[38 U : -0.28 :B. Be:mwma - ZI3, rle Z -

rmL-IL1 coce:eft B Fielnerre lrrx C." Z : !2). B cor-lacrtr c oSrrmu tror\o.forr [9] .faer

lry.fF{-mo q6:mnarrrrs- paBuyo 1.68 rB. qro 5-u:xo E fxcrep[uenTa-rruo\rr-3uaqeHxro 1.7-1 sB
--"r- Orxsrru Tame. qro orrhrr pacuera f,nn(epa .rplrEK (f1-.rrepenos no roft xe crelre
nora3nrf,ffr- wo 5es rcnm$npoB:laEs BK;rroqeEne BhrcnrFx tdr---rbrEtroJbnbn( trorrpaBen He -faer

<hn+es C: C: C{o c6 cs C,,
Ceo 03898 14.9s 0.02595 0.5946 18.43

Czo 0-01640 0-606r 23.94 0.03812 0.9019 29.05

Ceo 0-022t4 0.7813 30.64 0_05090 .t654 37.72

BsH3 t5l xaprau-QoxoscKuf Tr-BKJraA C{ (CrH ) = 287 eB * E3 , no aAA}rrrrBHo-



:a;xe \IrrHn\r\ara- B ro xe Bpe\ffI o6rrryoe AJU{ aroM-aroMHbrx.cxerur npeHe6pe}KeHl{e BbrcItrI,IMr,r
\r\--rbrrrrro.-rbubDrrr a(f (fexrarm rp)'rso o6ocsoearr (cu. rarcr<e t' I ).

Iplroe trpE\IeHeHEe safi.lerrsru< trrcrrepcl{oHHbD( KoHcraHT cBs3aHo c pacqeroM BaH-
-leFBaa-IbCoB€l BI\,-Ia.la B CToiIKHoBETeJTbIIITo IIoJUIpI,I3yeMoCTb Oas M€)KMOn9KyJUIpHOTO

Kol.fiL-Ienca AB. B:au or oOJIacrE o6r"renHoro o11aryueaHv;s' r;1ro $ra:uuecr<u peanv3yercr B
ra:oQa:nou cocrosHxl-I, Mo)ICHo rloJlb3oBarbc.f, agnecrHofi reopuefi Eaxranreua v ee
:ausefirnq\.{ pa3BETEeM B psle pa6or Xanra c corpyAHlrKilM}r (cna. nanpurep, tttl;. 

,4-
o.ryHaKoBbD( Monexyn A: B r{HKpeMeHT lor-spr,r3yeMocrr.r Ar.rMepa

A,a -- aee - 2dA x oa)R't + +a)R-6 + ZaR-6 (5)

3.qecr nepBble ABa rlneHa B rIocJreAHeM BblpaxeHrrr{ I,BBecrHbr r.r3 KJraccuqecKoro paccMorpeHr,rs
.4rIrIoJIb I{HAyrIupoBaHHrrfi Arlrlonb ([mE), To ecrb cB.f,3aHbr c rroJr-rrpr43arlrroHurrM
MexaHa3Morra, r<oroprrfi aBToMarLIqecKLI f{LITbIBaercr c}.[epMoneKynspnbrM xaprpra-$oKoBcKrlM

(ognosrercrpouurnr) roAXoAoM. flocre4nzfi uren Zu HMeer cyry6o rucnepcr4ouHrrfi, r.e.
MHorosneKTpouHufi, xapaKTep, Ho oH Moxer 6urr oqeneH rro uocroft (fopuyle Baxunrerr,la

" t .
A a = l T C e d - ' -

9 '
rAe BCe BeJII4quHbI 3aAaHbI B aTOMHbIX 9AI,IHI{IIaX, [pI4tIeM KpOMe IIOntpI{3yeMOCTLI A = AAVI

Al4cnepcl{ouuofi xoucranTbl Cu=Ct 3Aecb rlo.f,BJulercr BTopiu{ rr{lep[onrpr43yeMocrb y: fA
MoneKynblA.PesynrrarblpacqeracHeo6xoALIMbrMr.rBeJrr,rqrrHitMvaprynpvBe1enrtsla6n2.

CpanneHne nafiAennBn< sHaqeuuft (6) c nenuuunattu 4a3 (eropofi qJreH B (5)) uoxa:uBaer, qro

Allcrepcuonnrnl BKnaA BHockIT HllqroxtHble (- 0,5 0%) nonpanKr.r K Teopuu [VI[r. Cne4yer
orMerl{Tb, cro Arr- (pynnepena reoperr.rqecKr.re orIeHKr{ y rronr.c,iarorcfl cyrqecrBeHHo
3aHI4xeHHBIMrr [14'15] kr lrurrrb yqer qacrornofi gaeuclrMocrra c6nzxaer pactrer c oKcneprzMeHToM
tttl. oAttuno Aaxe KoppeKTplpoB.lia y(Cuo) Ha rloprAoK KaqecrBeHHo He Meurer Harru BbrBoAbr.

CleAonarenrno [epBble rBa rIJIeHa BbrpilKeHr,rr (5) AocrarorrHo aAeKBarHo orrrrcrrBzrror
pe(ppanquro raso$asnru< (pynnepeuon.-.^I,IgsecrHo, BrrpoqeM, MnomecrBo cnfraeB, HanplrMep
r.rHeprHbre f€t.:br, rAe 9To AaneKo ne rax [12].

.{zcnepcnoHHblMl,I KoucraHritMu us (1) y,4aercs raKxe BocrroJrb3oBarrcs rrpn pacqerax
BaH-Aep-BffrnbcoBa nsarzuogeficrBkrs. MoneKynhl A c nexoropofi _nonepxHocrbro S sa4annoro
Marepr,rana. B sroM crryqae BMecro (1) npurvreusror pa3noxeHr4e tt'l

uil';r, : -cl-s R-t - c!-t n-' -..., (7)
rAe AI,IclepcI{oHHbIe roe$(fuqueHTbl cBoAsrct K r{HTerpanaM rzua Kaguuupa-flonrAepa or
Mnr{Moqacrorsofi noJurpr.r3yeMocrr,r.

Hanpnrrep-

Ci--'= !i*<,t)g,(iet)dat (8)-  J r ,
3-2r * - l-nn:-rerxpl{rlecxaJl $lmurnr E3\qae\{oro \{areprra-Ia: qagro lumpoxcrnrup\-e}riur B
$ie Mt-rJ&rM -l{-rFheHua - Ip}:e. lloc-re.u-fl-f,:aer

g'\ict) = g; (alt * ri 'ft. (9)

(6)

3u
T a 6

qqeHun @m.ed. mu u dL|gnepcuoHHbtx rcoeQQu4ueHmor Aa no $opuyne (6
(Dyrnepen a * l}-a y * l0-4 Zt* 10-6

Cuo 0,048 6,103 3,075

cro 0,060 10,261 6,023

Cro 0,070 14.046 9,511



I

rfe g: - SenorrenoJorr{lrecxarr KoHcraHTa Marepl{ana S; a)s- rlacrora Kone6aHllft

coorBercrB\rorr[rx rroBepxnocrHbD( rrJIa3MoHoB. llo.uo6nrru Ne o6pasoM olpeAensercx Cl-s

rreFE3 KBa*rplno-rblr)lo troJulpH3yeMocTb

.ILrs oqemu xoa$$nuaeHToB n (7) eocnonb3yeMcs relra $ar<roM, rlro r{rcro (8) rvroxno

Bocrrpr{HE\tarb Kar( cKaJurpHoe [por.rsBeAeHHe KBaAparr4rrHo LlHTerpl4pyeMbrx (fynrqufi. Tor4a,

tro}'{IUr o npe.{crirBJreEr,rE c6 coorBercrByrorqrrM r,rHTerpanoNl KlaszNallpa-llonr4epa Tvna (8), c

rroMoqbro HepaBeucrBa Komz-EynrKoBcKofo HerpyAHo rlonfrlirb cneAylou).to oIIeHKy cBepxy:
( ' -

C l - t  o * e l r , l 3 ) t ' '  = l a - s .  ( 1 0 ), 8

Bsree4ennoe flpaBnno Aaer yAoBnerBopvrenbHble qucJIeHHbIe oIIeHKI4, qro BI,IAHo
n ra6l. 3 sHa.reHrfi (10) u pe3ynbraroB nprMoro rrr{cJreHHoro pacqera uo fayccy
c y.rerorr,l (9).

I43 CpaBHeHI'It

ranrerpana (8)

T a 6 n u u a 3

fiucnepcuoHHafl KoHcmaHma Cl-t , df-t 1un* A) esauuodeilcmeun Qym1onena c

nosepxHocmun u QeuoueHorozuqecKue KoHcmaHmu t4amepuana ( g', u o, , sB ) vt tt6J

Cpe4Hax rorrHocrb raKprx orIeHoK B cnfiae Coo 10 Yo, a to orblry Apyrux 3allaq - 15 -20 %.

flpocrora nrr.r[creHufi (10) rro3BoJrrer peKoMeHAoBarb gro coorHolxeHlle I.rA Tex

MHOfOrrr{cJreHHbrx cJr}rrraeB, rAe r,r3BecTHbr xoporuue oIIeHKLI ocnonuofi 
- Alrcflepcuounoft

KoHcraHTbr C6. Ananon,rrrgbre coorHorrreul,It MoxcHo rlon)rurl{Tb Ant C:-t , Ho 3Aecb MbI

orpauzqr.rMcr Jrr{rrrb KaqecrBenHofi xoucraraquefi roro lparta , rITo B orJll{que or crapmux

Arrcrepcr{oHHbrx xoelp$uqueHToB B (1), crapllrl{e TIJIeHII ssauMoAeficrBl4t (pynnepeuon c

rroBepxHocrbro oKa3brBarorcr Menee cyrqecrBeHHbrMl,I Antr oueHKpI cyMMapuoro e$(pexra.
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KOHCTAHTA Me AI Ge fpatbnr A-nnra.: LiF NaF

o o
O s

I 1 0,88 0,73 0,70 0,33 0,27

a)s 7,7 10,0 12,7 14,2 ) 7 ? 17,4 21,8

CA_S 31,0 37,2 34,5 30,3 a a a
J J ' J 14,7 12,3

e o-t 3 1 , 0 37,9 35,6 32,0 39,3 15,3 14,7

t . -  P . 8 - i - 9 : l
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