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OB!IAff XAP AKTEPl1CTifKA P AIDTU . 
':., ;Y,, 

. ,AKTymHOCTb TeMH. MoCJie,ItOBaime CJiirru1lfUX Heynopn.n:o'IeH.:; 

HIDC Tep1.'?JU'Hla"1Plqec~ oifCTer,(.aMJieTCJI 0~ :ut HO_BIDC IIepcne
KTRBHillC HaIIpaBJieHIDl B c.TaTHCTH'IecKOii if)n3HKfl. ll HacTORJJ{ee Bpe
MR oo.ni.moi HHTepec ~iiairnaeT n::ifiemre CJiyqaiiHlli KBa,IWYIIO~bHHX 
,cncTeM, 'ITO o6yCJioBJieHo. B OCHOBHOM, .It~YMH np.HinIHru.m: ,, 

- -Bo-nep:emc; B noc.)le,zume iteC.RT~eTH.R CJIOlitWlac1, l{eJiru:r 06'."' 

JiacT1> . c;aTHC;H'I~cKOtt .. ifM,snI<H, . IroTopait li3ytI~~ MY,ttairnue .cllll
HoBue CHCTeMU, B qacTHOCTH, MaI'HHTHUe CIIJUIDU.,.STH CHCT0Mhl 
npo.aBJ!JtlQT pn.n::HH'l'epecaux ~BOliCTB, RaK'HanpHMep, nepexo.n:B 
COCTOJIHH0CilliHODOro.cTeRJianpH HH3KHXT0MIIepEiTypax R;aJWX 
KOHD;eHT,Pau;wIX M81'IDITHUX npHMeceii. EcTeCTBeHHUM maroM B paa
BHTHH 3TOI'O HanpaBJieHWI .RMJIEl'l'M' HCCJie,ItOBBHHEl 6oJiee MOJKH~ 

cncTeM, B qacTHOCTH, CJiyqa!imix KBam>ynoJII,HJDC cllcTeM. . . 
BTopott nj)HtJHHOli, Bll3BaBWei1. mcrepec l< TeopeTR'leCKOMY liC

CJle,ItOBarutio CJiytiafuooc KBa.lUJyIIOJIJ,HWC cncTeM, JIBJI!!eTCJI um_eHcHB
Hoe. aKCnepHMeHTaJIJ:.Hoe H3ytl0IIHe TaKHX B8U{0CTB,KaK MOJieey~ 
Hue ltpHCTaJIJlllqecKHe' CM0ClI opi-o-napaoo,nopo,na,· opTo-napW{eiiTe-, 
PM,· 830Ta:..aproHa, KOTOpRe Ka!( pas ll RBJiffiOTC.R CJiytI&lHUMli 
KBaJijlynQJJl,HHMli ·. CRC'l'eMaAm • MaBBCTHO , iiw. ap.t J(0~0H1'PamtftX .. 
MOJieKyJI, 06.1I~ami1u: SJieKTpuqecKHM KB8,Iij)ytIOJU,HflM ,;IDMeHTOM, •·· 
BHllle ltpU'fH'IeCKOii B CHCTeMe' npoHCXOMT -ipasoinlli nepexoit nepoo
ro po,na ua Heynopn.n:oqeHHOI'O COOTOJJHIDI B ynopB,llQ'leHHoe. COCTO'."' 
mme 'C ,nam,HllM 'nopR.I(KOM,Xno.n.oooo MarnMHOMY yuopsmoqeruno 
B cnHuoB!lX cHCTeMax. oTOT opneHTanllOHHllil nepexo.zt conpooolK,I{a
eT~R CTpyKTYl)Hmt:nepexo.noM,U3:r~n.y. pemeTKli Br.l{.K. pemeT.:. 
Ky. IlpH KOHl{eHTpauIDIX MOJieKYJI IJIDKe IqJHTll'!eCKOI'O 3gaqelll!Ji , 

. YKa38lilHIB 'opHeHTauHOHHIDi nepexO)l OTCJ'TCTByeT. STa 06JiaCT1> . 
KOHD;eHTpar.utii H OTB.Ila ooi.ei-roi.i HHTeHciiBHllX HcCJie.IloBBHitli. 
R MOMeiITy Ha'iaJia pa60Tfl 'Ha.n TeMOii M~CepT~IH oiu HWtOIIJieH 
OoraTUH 3KCilepHM8H'l'8JibHuil-MaTepllaJI 1 KOTOpuil Tpal<TOBBJIC.R · 

' : ·, , . . . ~ . ' 

HeO,JUIOaHa'lllo. a TeOjllm opueHT~OllHOro ynopn.n:o'IeHIDI B TaKRX 
CHCTeMax llOJIHOCT.bID OTCJ'TCTBOBaJia. 

'. lleJI1>paclOTU.COCTOHT, oo-nepBllX.: 'B Teope~H'ie~KOM 1!cCJ1e'."' 
.no:e~ oplfeHTfil010HHoro ynopn.n:o'leim.R B CJIYtJaiiHHX KBa.npyno.1I1>'."' 

Hux •cHcTeM~ Iipu Hll3KRX :;rer.mepaTypax. H KCJHiteH1:P~ MOJieKy.lI, 

o6Jia,nalffi\ID: MeKTpn'Iec1mM KBaJW~°,JibUHM MOMeHToM, ;HIDKe KpHTH-
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qecROU, H, BO-BTOpllX, B 06'.bl!CH8HIU! 11M8ro:JIIDCCJI :mcnepHMeH-
Ta.Jll,HIDC ,naHHWC: ;n.JIJI MOJieKyJIJipHWC KPllCTariJruqecKlU CMeceil opTo-
napru,o,n~po.na~ Op'.l'o-nap~eiTepWI, asoTa-ap~im~: ' ' ' ', 

:I- - _, ,, -

. HaY'lliM, HOBH3Ha: li 'i:IpaitTll'l8CKM: geHHOCTI>' pa60TU C~CTOH'r 
B TOM, 'l.TO BllCpBlie llp8,nJIOlK8H'IlOCJie,noBaTeJI:&HIDi TeopeTH'l.ecrom. 
Mo.ne~Hllli no.nxo.n .iizuI o~caHIDI opHeHTa.IUIOHHofu' ynop.lI,I\O'l.elllIJI · 
B CJiyqaliHux· KBa.npyno~HUX CllCT8MaJC. Il. pai.IBruc npeMOJKeimoro . . 
no.nxo.ria noJiyqenu · BupaJKeime .It1IJI ·coo66.nHoli ::meprHH. a ypaBHe1htit 
.It1IJI napaMeTpoB ncpR,Il;Ka ·.It1IJI 8.KCHam.Holi H HeaKCHWI:&Hoii · cJiyqali~ 
HUX KBa.npynoJI:&HUX cHcTeM." · 

PemeHHe HeJil:IH8liHHX ypaBH8Hllli ,It1IJI napaMeTpOB IIOpR,Il;Ka ,It1IJI , 

cJiyqrur aKcmm:&iioli CJiy'ialiaoli KBa.npyno.iI:&aoii cHcTeMH rooopi1T o; · 
Ma.BROM. aapacTrunm napru.ieTpOB nopR,Il;Ka ,npn · IIOHHlK8HHH. Telimepa.:. 
TYPU H 06 OTCYTCTBHH pe~KOro" qiasoooro nepexo.na B ~ qiasy KBa,IU>y
IlOJll,HOro CTeKJia, 'iTO, CB/I38HO' c HaJm'llieM B pll36~el!HUX KBa.zt
'pynoJI:&HWC cncTeMax BHYTpeHHllX noJieli ,•. KOTopue • He Hc'ie3aioT .na:ate 

• npH BHcollliX Te'MIIepa.Typax; :tl'H pesyJI:&TaTu. xopomo · cornacymcst 
c HoBelilllll'.Mli ::u~cnepHMeHTWHUMH · .nannw.m:. • 

. IlpoBe,neHo .1ICCJI8,ll~BaHHe no:ae.nemm napaMeTpoB·nopR,Il;Ha n, 
· 3HTIJOillUi B o6JiaCTH ru£oruu .TeMilepaTyp •. lfayqeH XO,ll: TBMOBMROCTlh 

IloRasano; 'iTO TeWIOSMKOCTb 11MeeT lllHpoKIDi MaKCHMYMHPH KOHe'i
Hoil ·' Te~mepaType: 11oJiy'leHiiJ:IB • pesy~TaT Ta:KJKe IlO,llTBepJil,ll;aeTCH 
:mcnepHMeHT8JibHui.u1 .naii11HMR; 

IloKa3aHO, 'iTO B CJI~aliHOii CllCT8M8°H8aI{CllaJibHUX 0 KBEJ.IU)yno
Jieil·nMeeT M8CTO aKCllaJI:&Huii IlOPJUOR ,ll8lK8 ·11pn OTCYTCTBH:I' 'aKCll-
8JibHOro B3aJ1Mo,neiicTBM: i3 ·Hcxo.nnoM rru.t1IJ1:&TOH.raHe. ·YcTaHOBJieHo, . · 
'iTO B CJiytiaiiuoli CllCT8Me H8aRCll8JibHUX KBa.ztpyTIOJieit. 6y.neT. }IME)Tl,'' 
Mee To pe3rorll: qia3oBuii nepexo.n • B. qiasy •KBa.npynoJI:&uoro cTeMa, . 
eCJIH 6y.nYT COBil~aTb napa-.ieTpU_ pacupe,neJieHllli ROHCTaHl' CBR3ll , 
aKCHaJibHOro H HeaKcHam.Horo B38.HMo,negcTBHli. Taxaa CliTYaIU!JI_ 
B03MOruta B CJiyqae· r.u~R. peme'!'KH; · 

• Mcc.r.e.no:saHo l3Jll1lilllie BU6opa pacnpe,neJiemm ROHCTaHT CBfl3H 
· Ha B03MOiKHOCT:& gia3oooro nepexo,na,B CJiy'iaiiHoil ClicTeMe aKCH~;.:. 

HUX ,itBa.npynoJie,ii., _IIoKa38HO, .'ITO !3 TaROil CHCTeMe OTCYTCTByeT 
qJa3a C 'iHCTUM YfiOk)JI,nO'i8Hli8M .THlla CTeRJia. Ho-Bli,l!;l!i.10MY, llJiaB

Hirn pOCT, riapa.~e~poB · nopJLD;Ra H OT()j'TCTBlie pe3KOro g)a30BOro . 

., nepexo'.na o;pe,IleJI.ll~CJI CaMllM RBa.ztpyIIOJI:&HllM '133aJ!MO,U8liCTBlieM, 

a -He ·KOHKpeTnmi BJI.UOrA pacnpe,neJieHHil ROHCTfil!T CBJI3H. 
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AIIpo6ru:wr pa6oTU. Pe3y~TaTu .ltOlt/18,]UiDMHC.b Ha Ill H lY Me
Ji.itYHapo.nnwc CIOOI03HYMax no H36p8HHUM npo6JieMaM CTaTHCTll'i8CKOl1 
Mexiurarot' /.Ily6Ha( 1984, 1987 rr./, B UAa .HM. U.B.lw'laToBa /Mo
cxi3'a!• I984 r.;;, Ha cewmape "CTpykTyp1rue CTeRJia" B JITO Otlml 
/J!y6iia, I987 r.-/, Ha ROHlpepe~ MOJIO,IUlX yqeuux-l111mt AH CCCP 
/r.POlllU<, 1986,·1988 rr./, Ha HayqHoM ceMIDfape B ~ OHlill 
/.Ily6Ha, 1988 r~t'. • Ha l!IKOJI8 "Simple ,molecular systo~a at vory 
h1ghde~sit:,";/tes Ho1:_1chea, 1988/. . 

lly6JIHKaUHH. OcHoBHHe · pe3yJibTaTH .nHccepT~HH ·ope.ncTaBJieHil 
B 7 ny6.lll!KaIJ,WDC. · 

CTpYKT ypa H 06'beM padoiii~' .l{Hcceprau,oi 'COCTOHT H3 BB8,ll8Hl!JI I 
. o.nnon 0630pHOil: 14 Tpex OPHl'liHBJU,JIIDC r.nUB·,' 3aJ<J.llO'i8HHJI, ,nByx llPH

JIOJlteHd H'CIIHCKa UHTHpyeMoil Jll!TepaTypu;•c9,nepltaiqero 107 Hnru.1e;.. 
ao:aanHI - Bcero II8 cTpamm MruinmorlllcHorc TeRcTa, BRJID'IM: 
12 PHCYHROB. 

00~!.AHHE P AIDTll' 

Bo BBep.eHm1 o6ocHoBana SKTyam,He>cT:& TeMH .n11ccepTait1IOH1lbn· 
pa6oTU, cqx:>pMyJIHpoBaHa uem, pa60TH, H3JIOJ!t8HO COJt8plltaHll8 ,nlICCe
PTBUHH .H npHBe,neHll OCHOBHue1Hay.rmtfe· llllBO,nll. 

B nepl3()it r~aBe ~pe.nc~imireH'ocfaop ai<cJJepHMeHTam.1rux H Te-
. opeTH'ieoux pa6oT no CJiytiafutIIM. KB!l,IU)YllOJI.bHllM c~cTeMOM, pacCMO
Tpemi ocHoBHue· noJIOllteHHJI Teopru,: cnllllooorb ,1 c~eMa. 

H3JIOlKCHU ,nBe TO'iKH 3peHHJt, ROTopue CJI6iwt11c1, B pe.ayJll>TaTe 
nepBOHS'IMl,HHX .:1xc11epHMeHTOB no HcCJie'AOBamm. CJiyqaitlrux KBa.npy
no~mu CHCTeM. I!epBSSI H3 lllOC COCTOSIJia B TOM, 'l'l'O llOCROJibRY 
H~_IIOJIHM BitaJiooo cJiyqaliHUx KBIW>YllOm.Hux cncTeM co CJIY
qaltHw,m crumoBUMH CHCT6M3MR~ a HMeHHO HaJIH'!i!e 6ecnopJllU{a 38Me-
1!18HW1 'H qipycTpau,rn, TO B CJIY~ai!HUJC KB8JI.PYll~JU,HW( CHCTeiiax 
HMeeT. MeCTO, peaiadl · nepexo.n .B. COCTQJJJUfe KB

0

~ynom.a6ro "CTeKJia . 
Up.it onpe.l{eJieHHOH Te~mepaType 're (x.) / :e - ROHU8H'l'pa.I.tHJt MO;e-;. 
KYJI,, 06Jia.ztaxJllW[ 3JI8KTpli 'le CIU!M ~8,lijlynOJil>,HllM MOl.eHTOM/, no:no~
HO nepe.ico.ny .a cocTomme ·. C!UlHOBOro cTelCJia •. _· ilp11 • Ter.mepaType • Hue 
'f'c. (:t:.)opHeHTaitllH KBa,JU)yno.ilei! B Y3JIWC pemeTKl! 38!,l(),PO~eHH B 
npoll3BOJI:&HOM HanpaBJteH.itH, l1 ,It8J!I,lilllt llOPJl.ltOK B CHCT8M8 OTCj'T-
'. , . ~ 
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CTByeT. BToprur TO'Uta speim.st COCTOJtlla·B TOM~' 'ITO P8.11WM CTeMa 
HapacTaeT llOCTeIIeHHO IlpH IlOHWJ;6IDm 'l'6MJiepa'l'ypll~ H pe3roilt ·qia..:· 
3O:alll1 nepexo,zt O'l'CY'l'CTBYeT,' trro HBJtiie'l'CJI CJie.ztcTBHeM HapymeHHJI 
JIOKaJU,HOH cHMMeTpim B CJiyqafiHilx KBB,lij)ynoJri.Hilx cHcTet.ia.x ,ztWKe 
npH DHCOKllX·_TeMIIeparypax.·· 

IIoc1t0JibKY nocire.itoBaTeJII,Him TeopeTn<1ecioot IIO.JtXO.zt K :on:aca.:.. 
HIDl op.11eHTartHoHHoro ynopsmoqeHwr B CJiy,IafiHIDC KBa,iu,yrroJI:E;nux 
CHC'l'eMax OTCYTCTDOBaJI1 'l'O 3a OCHOBY dwm B3JlTll M8TO,IU;l, paspa,.. 
dOTaHHlie p,IIJI OllllCaHIDi CJIY'IBHHUX CllllllOBllX CHC'l'eM. 113 dOJ!I,WOI'O 
ROJill'I6CTBa reope'l'H'I8CIGIX padoT IIO CilllHOBOMY cTeMy B Od3ope , 
npe,ztcTaBJieHa Ta 'ISCTb li3 HHX, KO'l'Op8.R: HMee'l' Henocpe,ztCTB8HHOe 
OTHOllleHHe . It ,ItaHHOtt padO'l'8 •, l13JIOlK8Ha MO,It6.1ll, · C deCROH8.'IH!lM 
,ItaJlbHO,zteilc'l'BReM IDeppHHI"l'OHa H KlipRIIaTp111ta ( IilK) .· • · B KOTopon 
decnopH.l{OK saMe~eHWI no y3illM 3aMeHeH Ha decnopH.l{OK no ·cBJJ:sRM. 
r8MliJffiroHHau MO,zteJ,W HMeer mm: 

-~·-·:;· 

H = - i ~- J.~s. S;, . 
4 

t~ =- ±i ,· 
'"*~ . 

KOHC'l'aHTU CBJl:8~ Jtj pa~npe,zte~eH!l C.Be~~HOC'l'bX> 

P(J,d);::~.T exp[-(J"c.j-:-J"o)'2/,2J",.t], 

(I) 

(2) 

llpH'l8M ~: j.;/VtV: , j~ i;4~~:,q/. 
PaccMOTpeH Kalt pewmKOCHMM8TpH'IHim BapHaHT pemeHWI 8TOI 

MO,zteJm · · , Tax H BapHWIT c ·napymeHneM pewm'!Hoit cRMMe'l'pim. 
KpaTKO H3JIOJKeH!l H ,!U)yrHe no.nxo.Itli, npiweH.IIBDruec.a: It onH·ca;.. 

mm opHeHTartHOHHOl'O ynopH.l{O'ICHWl'. B CJiy,IanHUX CID!HOBUX CHC'l'e-
Max. :· 0 • '· :. ' 

B. SaBepmaKJ!l(ell · 'l,aCTH Od3opa. paCCMO'l'peHU 'l'eOp8'l'H'l6CIG!e pa.;. 
doru, llOSIBHBl!IH8CJi B doCJie,ItHee BpE!MR

0 

H npe,l(CT~e pasaue . 
no.nxo.Itli K OIIHCaHHD CJI~aitHwc KBa,iipyno;r1,Hwc cHcTeM. B pH.l{e: · 
E:3 HHX. 'pasBHB86'l'C/I npe,ItJIOJKeliHull HaMH lIO,IUCO,l( K OimCaHJuo OpHeH
'l'B.UHOHHOl'O ynopH.l{O'l6HHSi B .· KBB,lij)ynoJll,HllX CHCT8Max co CJiy,IaitHu-. 

. Ml{. CB/iSJ'IMH, . 

Bo BTopolt rJiaBe. ua ocHoBe npe,ItJioxeHHoro H&m no,nxo,l(a pao:. 
CMOTpeuo o~eHT~oHHoe_ynOpH.l{O'leHHe B aKCHBJlbHOit KBam>ynOJO,o. 
Hoit CllC'l'eMe co CJiyqaitm&a CBJl:3.FIMH. . 

., 

.I~ 

l! 
f 

' 

j 

II 

B _§I H3JIOllteH npe,ItJioJKeHHim no,nxo.l(. PaccMOTpeHa cncreMa 
aKCHaJll,HllX KB8.IU)ynOJie.ll C r8.Ml1JU,TOiill8HOM 

11 '= _ 1. 2. :ft· Q., Q. n J.·· .\ 1, 
"*o 

r.zte Q_ eCTI, KOMIIOH8H'l'a KBa,JUJYilOJlbHOI'O MOMeHra: . 
.t 

~ = 3J';t_ - 2 , J"i = o, :t f. , 

(3) 

a KOHC'l'aHTll CBJI3H -:Tc-;,. HM8il'l' decKOHO'IHim Pa.xtRYO ,nellcTBWI .1{ 

pacnpe,neJieH!l C BepoJITHOCTL~ 

P(.:r.J ),. (m .1rt_ixp [-(;,.:~ -Jo )'1/2 :1~ 1 , 
(4) 

Jo= Jo/W, J= j/N, 
B npHdJIIDKeHilll cRMMeTpH'lI;lUX pellJlllK no;ry~eHO mipaJKP.HHe 

,n.nn CBOdO,l(UOI :meprlllf' ycpe,ItHeHHOit no' KOH<lSHryp~. a Taiate 
yparureHK.R: ,ItJIJl qieppoKBa.zwynoii'Horo napmieTpa nopiwta 
m.-=<'<Q>T>J'. H napaMeTpa uop.a:,nka q,asu KBa,ztpynoJihHOI'O cTeKJia 

i;:::.(~Q>!>-:s: 
< g:> ,. . . . J'c tJ1.. 

r.zte 

. ~ -::.- -l (q+m-,-)(q,-m-'-)+ ; 117 -
,•N.1.T If · · · · · ·· -.. ;, 'It, . . - ~/. . .. . . . . • . 

. 1 J -1. /1. O ( • El -J.Q) - -_ ol i e _-ui, le -r e . _ , m ... 

,r~ 4J~.:-i½ 

m, = .ifdll_~~¼ 
)air . 

( 

.. o . -J.9. ·1· L e - e . . 
· S -J.9 
:i.e + e · 

. . . 

l El ·_ -J._91 . e - e, 
9 · -,10 

~e + e . . . 

... ·. I. . .· ., . -
0 = -l {fl+ i ( citm-.1.) + J'~ m , 

. . .·· ., .. . ·. ,,,, 
J 

i= Fr 

:.(5) 

. Ui) 

(7) 

_Ca)·· .. 

.. . PellleHne ypa.BHeHmi p,1IJI .3apmieTpcB, '1, .I! m._ npe.ztcTaMe
HO Ha pHc •.• I p,IIJI CJiy<lM .. ;:r., = 0. }!3 IJHCJI8HHOI'O pemeHl!H yp8.B- . 
uem; (6,, 7) CJie,nyeT, ;'ITO napru.teTplH!OP.ffAIW. q,. ,_H m 
n.nalllto. 003pacT210T npH. noHWtemm TeMUepa-rypu, ;p~3I<ID!. wa,somrll _ 

J 
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D .f S' .f. 1- .. I -lT/J" 

. PHO. ~ 

() 

,nepexort OTCYTCTBye'l', H CHCT~!'-{a ,c~prucrepK3Y8'1'Uli ~~rmy HSJilt~.,. 
,eM CM8WaHHOil ~ll O .i .K m, ~· .OTJIH'il!HMH .o~ ,~yJir{ •. :)ro:r 

. ·pesyJu,TaT J1MJieTCS{ B8l!UIW4, qocKOJil>K1 ':Ill· o,naosHalfflc;> ,no.n.nepu-
• •• , + • • • 

BaeT BTopym H3 YJ<a38HHNX '1'0'18,K ;ipemm Ha llpo~ecc ,OP.~8H'l'~OH -
aoro ynopJl,llo'le!IHJt B TaKIDC cilc.TeMax. C!ne,nye'l' saMeTHTl>,1 ';ITO B 
H8CT0ill!l88 Bpewt MHeHH.11 0 llJlaBHOM HapaCTa.HHH p6JI004a C'l'eKJia npH 
I!Olll!llt8HHH 'l'CMIIepaTypll H ,Q?,',CY'l'O'l'B.Jn.i p83KOl'O ~OBOI'O nepexo,na 
npH,JlepunaeTOJI· 6oJihlllHHC'.l'BO 3KOll8,PllM8H'.l'a'l'opon. \, 

. B §2 HCCJ18,llOB~ ~~0~8,ll6HHe :U::ip~e;rIJOi :nopJ1.IUCa 'l, H m, 
B ,o6JtacTll HH3KHX TeM!lepaTyp .:tJlJt CJIY';18:ff _-;f'"o. • "' o. 

. . D, ~3 noJiy'leHo Bllpait8Hl4e ~ sHTp<>ll,HK ,H ~ll'll4CJieHo ee aHa.-
qemrn Rf,¥ ,HYJie Te111nepaiypu. B OTJIH'lll_e o;r Mo.neJIK lllK , r.ne 
3llll'18_J:l:;I,~ ~liTpollHH IIpll T = 0 OTpHitaTe.lU>,HO H Jl~8'1'0Jl H8(pH3H'l-
llLIM pe~Y.t_I!?'/-'aTOM 1 B HauieM CJIY~8t6 ,1e/4/ = 0 1164 'K • • 

B §1 BU'lHCJI8'!1l pupait(eH~ ·~ BHYTP~HH.eil aaepru u TellJio-; 
evJ«)cTH~ 3arutc_w.l(),crf · ;rep;J-6,efdKJ:>,cT~ or· T,e.~ep~Typu JrIMeeT xapax::. 
T8pHUll llll!po~tfi ~8.K~~YM !JflH KOHe~o~ r.elllleva:rype / pirn. 2 I, · 
'lTO IlO,ltTBe~aeTCI/: ~~Off,!3p~V.81!:f!.ir!>¥w,iY. ,11.~HWv!H . • iloKB.30#0, 
"ITO B o6JiacTi. uua~· 'F,ft.¥P.~parr? 'F!JfPi.oeir,mcn .mmeY.ao cTpeMH',l',:,- · 
CJl K HyJID. 
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B §5 ,pesyJU.TaT.U 0606111avrC8 JtM CJry'I8Ji 5-o /:- O. IIo1caaa
HO 1 , 'ITO OTOYTCTBlf8 y paccMaTpH,BaeMOll HaMlf · ICBa,IijlynOJll>HOii onC-.:. 
Tew ·co 0:1ryqall1IUMU OBH31™H IIOJUIO.CT,LD'HeynO,l)Jl,ll0'18HHOH qiasu 
I g, ... o,. ,n. = 0/ cBJiaaHo c ,llaJml!HeM B cHcTeMe npu JD06oi1 
'.f8MIIepa:rype BHYl'P8.HHHX noJielt~ .ROTOpl:le orntcuBWDTCJI Blipa'iteHHeM 
,Ct:'-h)(j f,t:n.- ,-) B gi>pMyJie .( 8) • :h'.u noJIJl oosmi:Rru:JT Hs-:-sa 
~e6pu KBB,ApynOJI'bHUX onepa:ropoB, B lCOTopoa Q. 1, = J,- G ' • 
3,BMeTHM, _ '!TO a MO.Ile~ lllK ~ ,_ .. I. 

. B TP8Tl,8H~ pacCMOTpeHa 60.11ee peSJIHCTH'l8CRWI MO~eJl'b, 
~TOPWI·Y'lllTUBaer Truate HeaKcHSJI'bHoe nsW1M0,11.eiicTBHe Melii,,lly 
,KBB,ApynoJIJlMlf. rSMltJll>TOH.HSH MO~eJlll O 6eCROH8'1HliM ,ltWILHO,llel!.
CTBH~ JU>l88T-BH,Jl: 

H =- "" f i. -;r,~ Q~ Q~ -
. •~) 

j_' 'y G- .. tJ'.. -d-, 
;. ~- ·~ • CJ . ..,a . . , 

(9) 

. ' ' :. ,, ·. 
r:.zte, Q. = ~'J'i - '- v-=- f3 ( "J :_ ~: J"~)' J""_i l 

l(OJ,:OTalj'j:'ll CBlr::JH , J".:a H (;-.) pacnpe.neJieHS C B8p0SITHOCTJDm 

P(i~~)=(ffi ~f1 
e:x:p L-(J"~j~J0 )'-/,tJ".t] ' (Io) 

' ' l. .•, . . , ':. 
·E(fr.:J)•{fi?, G-)- .e:r.p l-(~-J;- bo)1/.u; 1

) 
.-~'"" 

(II) 

J"q ... 'io/w, ;J:. i/tV; Go= ?o/W, G- = &/IV. 7 



l3 ~am10M CJiytiae Q i =- J. - Q , 1Y :t .,,_ J, +- Q • 

B §I Ha OCHOBe pewmr.oc.llMMeTpH'llIOI'O no,IlXO.n;a Bll'ill'.CJieHa 
O006O.n;HaH · 3HeprHJI T8K0,3 Mo.n;e.lll, ycpe.n;Hemm1I no ROH~ryp~
JIM, H noJiyqeHu yprumenHJI .wm · napru.teTpoB no PH.IlKB: rutCH8JU,HWC 

m,1. = ..:'.<'. Q >" >-;;, t;, it=- <..fG.>.J.. >.,r;.. }I Hea.KCHBJ.U,HJIX mL = « iJ>. '> 
n <"" .v .f. ) "l' I • , "l' J;~ I 
yt= ,u>-r :r,i;,. . . . •. . .. 

lfa BllCOROTeMnepaTypHOI'O . paaJioJKeHHJI ,wI.11 napBMeTpoB nppHJt-.. 
· .Ka CJie,eyeT, 'l.TO napaMeTpll ma, :I! <J, J. nMeBJ'l.' npH BllCOIUOC 1'eM
nepaTypax TpHBHaJII,HOe 3Ha'IeHHe' a m 1. H '}, L • B0061!1e I'OBO
P8t ueT. Ilapar.mTpll m1. H r1,, IlJlaBHo uapacTam npH nomu:e
mnt TeMIIepaTypu; a B c.nyqae napa.MeTpoB m 1, H t;,,. H8-3'.'1 CHM-:
MeTpWI no.n;tmTerpaJI1,aon wYllronm·nMeJOT MecTo qiasoBne nepexo.n;H, 
no.n;o6uo CHTY~ B CllHHOBOM CTOKl!e. 

PaCCMOTpeH CJiytiatt, · iror,n;a BK/!Kl'l8HO TOJlI,KO HOa.KCliaJII,HOe 
B88.HMo,neficTBRe / J0 = f;.0 := o, i= o /. Ilo.Kaaauo, 'ITO .n;Bl!te B OTCY,:- · 
CTBHe B HCXO.n;HOM raMR/II,TOHHaue a.KCHWII,HOI'O B8aHMO.n;ettCTBHJI B 
HOaKCHaJ.U,HOli.CHCTeMe KBa.n;pynoJieft.co CJlytirulHllMH CBJI8RMII m.ieeT 
MOCTO 8.KCll8.,'II,HllH opHeHTB.UHOI!HllH IlOPH..ltOK. Haii.n;eua TeMnepaTypa 
tf- - 0,I78, r.ne tc.= 'G./lT, HIDlt8 ROTopoii no.lIBJlJieTCJ! HeTpH-· 

. . . ,t 
BJlaJII,Hoe pemeime · it ,{ 0, tn1.. *. 'I, { • · . · 

·• B §2 paCCMOTpeH ~H80Tponml.lf'\. c.11yqa!l, 1ror.n;a pacnpe,neJieHlfJl 
KOHcTa'IT CBJI8H·8.KCH8JII,HOI'O H,He8.KCH8JII,HQI'O. Bsa.HMO.neficTmnt . ,• 

P(J"ij). : H .f(G,,j)HMsm O,nHHaKOBlle .n~paMeTpll: 7o "'-~• = 0 .; ~.i~J-
. fu BllCOROTeMnepaTypHoro pasJIO.llteHM c.ne.nyeT, 'ITO. B 8TOMc•, 

CJiytiae napaMeTpll ml. ·' q, J. . • <l, J,. paBH!l HYJID npH BllCO.KHX _TeM-
nepaTypax. IlapaMeTp m,, · == O B cHJiy : cRMMeTpe no.n;wTerpam,
uott <l>YHKl.tlIH •. fu paB.IIOJKeIDUI B o.KpeCTHOCTH MaJlllX m1. ,, 'h. • 

{f~ .· nOJlytieHO, '!TO B . 911cTeMe MOJKeT IlpOllCXO,nHTI, peaKIDi. qia:3O
Blitt nepexo.n B q>asy KBM_PynoJ11,aoro cTeKl!a c napaMeTpaMH m1. = O, 

n 'l-!"' t/.r.. 'I'()· npn Te141.1epaType tc == .1/.t: 
BllCKa3aHO npe,nIIO.IIO.lKeHHe, ', 'ITO' TaltWI CHTYa.ttrur B03MO1iWa Ha 

Ky6l!tt6CKO,li peWeT.Ke, ROr,na onepaTOpll Q, H if llpl!H8,!tJie.lKaT 
O.n;HOMY HenpHBO,nnMOMY npe,nCTaB.!IeHHD . • Bo8MOlltHO Ta!Olte, 'ITO 
m1.1m.'Ille ll.lla.BHoro oospacTa.mui rril ·• 6e3 pesl(OI'O qiasooofo nepe.:. 
xo~a RBJI./IeTCJI cneu;rq,HKOil reKCaI'OH/3.7II,HOli OTp~ypH / !i+,G- I, 

.• ' KOTOPYKl H HMeIOT Bee Ha6JIJO,n;aeMHe 'Ha oero,nH.lll!IHHi1 .new. 
aKcnepHMeHTaJll,HO · CJlytiaiiHLie · .KBa.n;pynOJII,Hlle cRcTeMll. 

_1 .• - • "< '.. • ' ' 

B '!eTBepToil rJiaBe paccMOTpeno BJIIDllll!e. B1i6opa. pa,cn~e.n;eJie

Hrut KOHCT,miT 'crurn:u Ha 003MOJ!iliOCTl> pe8.1Ili38.UHH pesKOI'O qiasOBOI'O 

• 

,'i 

[ 

nepexo.n;a B COCTORHHe .KBB.n;pynOJll>HOI'O cTeK/Ia B,CHCTeMe 8.KCHaJil,
HHX KBa,IU)yno.rreil · CO CJlytiailHUMH CBJi3R.MH. 

B §I na ocHoBe BapH~oHHoro .np1w.wma Eoro.'L'.l6ona MeTo- ' 
,noM annpoKCID.rnpymuix raWW,TOHliaHOB,, ~Topull npm.!eHHJIC.FI lt 

OimCaHHD Clllil!OBUX c'i'eROJI, B npH6JIHJKemm CHMMeTpntmwc pell.lilm . 
IJOJlytieI!O EU})8llteIDie ,wI.11 MO,lleJII,HOil CB06o;nuotl. :mepnm t a Ta.Kllte' 
ypaBHeHrur MR BapnarmouHHX napaMeTpoB; · Bapnarmolllille. napaMeT-' 

PH i~ H :t CBJI8a!!ll C qieppO.KBSJUlyIIOJU,H!iM napaM~TpOM . 
m. ~., ,c.c. Q~'>.;>ci 6 H napaMeTpoM nop~ KBa,n:pynoJ1I,Horo cTeK/Ia · 

~~. <:"<"Q,'>~ >"6 c.ne.n;~ o6pa:ioM: · 

J e - e . = 1 «{;.u. 
. t· ~. 4 

-.2..1 ..... ·1 
m.. ~ . ~e''"+ ·e"'" (fa)' 

. ·[·•"•It. -:J./~,.,_1.t 
q,,i.. = 4_-~ dG- ... • e .. - e-u· ' " "•U. ..... . ,. · · oce + e • 

(13)· '. 

r.ne di~~(~)1
/4ezp(;u3/:t)di HOpMHpo'Bruiu~ "rayccoJc:imsi 

Mepa, a .C~u." \ .. + t 11:-·. , ·. · : · · .. . .. 
IlqKasEIHO, 'l.'l'O B paccMaTpHBaeMOR CliCTeMe B CBJI8H C OHMM_e-:' 

TpHeit llO,nHHTerpaJibHOil qiynronm B ( I2) MOrYT peamraOBlWaTl>CH: 
CJl8,nYllltll8 qia:30BH8 COCTO.IIHl!R: . . .. 

a/ napa..KBa.zu>ynoJII,nBJI qia.sa: m-. = O, 4·L ~ 0 npu '1, ~ = 0, 
·\ - O· .. - t ~· ' _, ' 

L • . ,• & 
6/ qieppoKBa.n;pynoJII,HasJ qiasa: rn. i. /; 0, q,;. /,. 0, <j,;, -= m.., · ·. 

-~· ' . npH ~ , ,{ 0 , ' :. = 0 ; . , , 
a/ cMemaam,n .pasa: m:. yl,. o, i.: ·-/: 0, q,., 1' ht;,' llP>! \;.; tO• 

Hs BHIIl8ll8JlOl!t6HHOI'O c.ne.n;yeT t' 'ITO B. CHCTeMe aKCHaJI!,HUJC . 
KBa.n;pynoJiei! · CO CJlytiEU1HllMH CBJI8RMH OTCYTCTBY6T ~a C 'lHCTUM 
ynopR.D;o1Ie111:eM TRna cTeKJia / m.., = O, q,,., ,{ 0/. 

D §2 B KatteCTBe WIJIJOCTPB.UHH npHBe,neBo. pemeHHe CHCTeMH. , . 
ypaimeimi! .lVIJI BaPHB.UHOHHllX napai~eTpoB ,wI.11 MO.n;eJIIi C rayccOBlil,! 

. pacnpe,neJieirn:eM .KOHCT~T. CB.li3H.- B aTOM C.1Ilf'l8.e -Bllpa.iiteHRe ,n.lIR·, : 
0006O.n;Hoi! ·. an~poo H' yp8BHeHwt .wm napW11eTpoB nopsr.ziKa ~oJiHocTI,D 

oonnimam C llOJiytieiiHHMH paaee B rJI.Il. . . . , . 

. •·H §3 pemeime:cHcTew· YPBBHemrll ,wm BapHB.UHO~HllX na~aue

'l'poB. r.pili'e,n;eHO • .IVI.II 0606U1eHHoif M:>,D;eJlH C pacnpe,lle~eHHeM RO!fC.- ·_ 
TaHT CBFl3~ BH,ll8.! , , . 

' 



P(J") := e~ (:r:..Jo -Jt)+ ({iC)btJ"<fo:J"~), 
r.ne i/ J. <- c < L . 

c!-

('I4} 

,lJ;allHBJI MO.Il8Jll,,. Kati ll MO,n;em, c • rayccoBUM pacnpe.neJieH'HeM 

.KOHCTBHT CM3.l:tt• xapru<:Te_Qll3Y8TCJI H8JIH'IH8M llpH JII>6HX TeMnepaTy

pax CMelllaJIHOro _COCTOJIHHJI·c·na~aM8TpaMH ql H'·' m· ,,OTJIHq

HHMJ.t _OT HyJIJI,. DHCita38HO npe.ItIIOJIOJKelme,. 'ITO OY!il8CTBOB8HH8 B 

CJiy'laitHax: cHcTeMax aKCHWibHH.X ItBa.npynoJie.tt cMeruaunoro·cbctoJI.:.. 

ID1II: onpe.I(eJIJieTCJI"CaMKM KBaJl.PYilOJlbHUMBiaHMe>.IleilcTBHeM;•a: 118 

.KOH.KpeTiruM mmoM · pacup.e.I(eJielllIJI .KOHCTaHT CM3H ·. P,. l'; "3'/ • ).·• . . . . . . .·.1 \. '-J 
B 3aKJlBJ'l811HH cqopMjJIHpoBl::UIU 'OCHOBHH8 pe3YJII>TaTH .IlHCC8.P-

TarutOHIIOi1 paOoTU, • 

B IISCTOSlllle:ii, pa6oTe n •p e .Il JI '0 'lit 8 H llOCJle,JtOBaT8JlbHIDl 

TeopeTll'lecrorli,MO.I(8JII,Hml II O .Il XO .Il; .I{JlJI OllHCaHRJI opHeHTa

WfOHHO_!'O . yllOpJI.IlO '18HHJI B · KBa.np"ynoJU,HWC CHCTeMax co CJiy,tailHmll! 1 

CM3.llMH, B paMKax .KOToporo IIOJJy:qeHH CJie,nYJO(l!He pe3yJJI,TaTH: 

I. B MO,neJiu aKCHaJJl,HllX KBa.npynoJiei c · 6ec1<0lletIH1i1M pa,zutycoM' 

DaaIIMo.I{eilcTBM 11 rayccotiHM pacnpe,n;eJieHHeM ROHC.TaHT CM3H 'nc,1.:.~ 

Jiy:qeao BtlpalK8HH8 .I{JlJI CB060,nHOil· aHepnur, a T
0

ruate yp8.Bll8Hli:it' 1 

wm· IiapaMeTpoB nopJI.IlKa. ll3 pemellllJI ;aTWC· ypaBHeHmt CJie.n;yeT~" 

'rYO paci::MaTpabaeMaJI :cHCTeMa XapaKTep:aayeTCJI 'H8Jlllllll8M' llp.H 'JID--

6o1t-T8MllepaType· CM8lllal1HOI'O COCTOJIHM·c·oT.lllitIHHMR'OT'HYJIJi' 
~ppoKBa.npylloJJI,Hw.t napa'deTpoM nopR,IUta ll napaMeTpoM ·nopH.ItKa 

CT8KJJU,, 3TH napSMeTpH,llJI8.BHO HapacTBJO'l' npH llOHIDlt8HllH' T~Mli'i;pa,;. 
TypH~, npH'leM- p83I<lll q>a30Blill nepexo,n; OTCytCTByeT ii, 'ITC>° CBJI88HO 

C H8JIHttR8M. ·a· pas6aBJI8IIHWC 1q3a.npynom,HWC ·. CHCTeMax, BHyTpeHJOOC 

IIOJiel t , l<OTOpHe He HC'l83Bl0'1' ,ll8l!te llpH BHCOKIDC · TeMnepaTypax. ){SH;.. 

HR8 pesyJII,TSTl,I xopomo porJiaCyDTCJI C 3ltCllepHMeHT8Jll,HHMH pesyJll>

Ta.T"aMH 'H · 'WCJl8Jilil,IMH pactieTaMH. 
2. IIo.ny-qeHo· B!ipruK8HH8 ,l{JlJI 8HTpollHl! H Olt8H8HO 88 8HaqeHlI8 npz~, 
HYJI8 · TeMnepaTypl-l~ · iloJIOlltHT8JII,HOCTI, llOJiyqeIIHOro 3HaqeHRJI ~ee'F' 

llpHHWfllRalll>HHft _ q>H8ll'l8Crorli. CMHCJl~ . . 

3. IloK83ilHo ~ 'ITO TeIIJioeMKOCTl> paccMaTpHaaeMoil. cHcTeMH m.ieei 

xapmepH!-ll-i 111Hporun1 MaKCHMy-M IIpK l<OH8'1HOtt TeMIIepaType, "'ITO 

no.nT.iiel)EJlaeTc.it aKcnepUMeHTMhHHMH .llaHH!OOI; :e,. o6JiacTH HH3J?U 

TeMIIepa~yp ,TeMoeMitOCTb Jil!.H8i1Ho· CTpeMllTciJ .R HYJID• ·. ._ _ _ _ ... 

4 • . YcTai10BJ1eH0°, 'ITO B_ MO,ll;eJIH He~CHaJILHHXKBa,lij)yllOJiel c:6ecito

H8"llllD4'PMHYCOM B38HMO,U8itCTBIUt ll rayc~BHMpacnpe,n;eJieHlleM ROH

CTaH'l': CBJI3H' HMePJT MeCTO (pa:30Bl-l8 nepeio,n;H ,l{JlJI HeaKCHaJII,HWC na-

11·, . 

r 

paMeTpoB llOPJI.IlRa, aI!aJIOrH'IHO CHTYauim B CIIllHOBOM CTeILJie, B TO 

BpeMJI ItaK aKCli8JII,Hll8 napaMeTpH IIOpJI.IlKa IIJiaBHO HapacTaIOT npa 

YM8HI,Ill8HHH TeMllepaTypH. ·; • , 

·5. iloKa3aIIO' "'ITO B CJiy-qa:iiHoli ClICTeMe H8WtellaJibHHX_ KBa,npynoJielt 

HMeeT Mec'l'O aKC:llaJII>HU:ii opHeHTSW!O.HHuil nop.imoK ,n;ar.:e B oTcyr

CTBlie aKCilaJibHOro B88.IlMO,ll8ilCTBll.lI B IlCXO,ItHOl/1 raMIIJibTOHl!aHe. 

6. · YcTaHOBJieHo, "<ITO wtcHaJibinm cipueHTSWfOHHuii nop,moK · OYJ48T 

OTCYTCTBOBaT:r, IlPH' BliCOitHX TeMIIepaTypax, :11 B CHCTeMe llMeeT Mee

TO qJa30BH:ii nepe~o.n B qJa3Y ltB8,lijlyllOJJI,HOI'O CTeILJia, 9CJIH.6y;nyr 

coBIIa,naTI,. napaMeTpH pacnpe.neJieHvJi. KOHCTSHT CBII3l! aKCl!8JII,HOro .. 

H HeaKCli8JII,HOI'O' B3aHMO,ll8ilCTBHi1, BHCita3aHO npe,n;IIOJIOJK8lllle' "'ITO ' 

Ta.RM CHTymorii B03MOJKHa B CJiytiae r.n;.K. peme1.rn, 1t0r.I{a onepa

Topll . Q, . R if · npHHa,u.irelltaT. o.nuoMy Henpuoo.nm/.oMy npe,ncTWlJle

HllBJ,· a \llJiaBHoe rrnpacTrurn:e opHeHTSW!OHHoro napaMeTpa nopJI.nKa n 

oTcyrcTBUe Jl88KOI'O qJa30BOro nepexo.I{a· JI:BJIJnOTCJI cnel\11gJH.KOil ~.n. y. 

CTPYKTypH. . ; 
7 • . PaCCMOTpeHO BJ!l!JIHHe BHOopa pacnpe,neJieHHJI l<OHCT_a"l!T CBII3ll Ha 

xapaKTep opHeHTSW!OHHOro ynopJI.IlO'l8Hl!JI B CJiytiaiiHoli , Cl!CT8M8 aK

CllaJILHHX KBa.npynoJieit. iloRa3aHO; '"'ITO B ClICTeMe OTCYTCTBy_eT W8:-:-
3a C tiliCTHM ynopJI.IlO"'l8l!H8M Tlllla.cTeILJia •. Ha OCIIOBe, paCCMOTpeHHJI 

rayccoBCil M0,11;8JIU.ll _o6o6meHHOil qipycTpSW!OHHOl-i M0,11;8fl-;!1 BliCK83aHO 

npe,n;noJIOlKeHHe, qTo HaJIH'11!8 · npu JII06oit TeMIIepaType . cMema.HHofi 

<p83H. l! IlJl!llll!Oe HapaCTaIU!e·, napaMeTpoll nopsu;KEi HpH IIOHl!Jit8Hl!l! 

TeMllepaTypll onpe,ne.'IJIBJT_<}JI cawINl RBa,n~ynOJII,ll!lM B~al!MO~eliCTBHeM, 

a He KOH.KpeTHHM. BH,I{OM pacnpe,ueJieHl!JI · ROHCTaIIT CBfl8U_~ . 

B npHJIOlK8Hl!ll I paCCMOTpeHa 'IHCT8ll RBa,npynoJibllaJI CllCTeMa 

C WCCHaJibHHM B3fil!MO,It8HCTBH8M 6ec1<0ne'IHOI'O pa,nuyca ,nelicTBHJI, 

B KOTopoli npH 4-t == 0, 92 /-/; ; J" / i 7' I npoHCXO.JlHT qi83oBIIil 

nepexo.n nepooro po.na B opueHTaIJ;llOIIHO ynopJI.D;o'leHHYBJ qia3y c 

,llaJILHHM- nopJI,~KOM. 3TOT Iiepexo.n. He C0>.1Ja.H.lI8TCJI B pasoaBJieHHllX 

ItBa,npynOJI~IIHX cucTeMax. 

B npHJIOJK811HlI il paccMoTpena B03MOlKHOCTb peaJIH88Ullli COCTO

Jil{RJI. KBa,npyllOJII,UOI'O CTeKJia no.n ,It8llJI8HH8M B napaoo,n;opo,ne /opTO-

.nel-iTepim/, ,KOr.na MOJieRyJIH .nepexo.rvrr: .113 COCTOJIHl!JI ;r ,.,.:= 0 B . 

COCTOJIHY.e ~ : J° . :s 2~ 
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