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© Ue11Tp&1Wtwl lllY"llO-llCCAeJIOUTeJ!bCKHA Httennyr a I J 
" TeXH~lf'ICCllllX 11CCJ1eD.01UKK A no alOIUIOA ..,.. 
b TUllUC (UHHHa._i!Clloo•l 1985r. 

.lL11Si llOHHMaHW! ~OHaJll.HHX ococ5eHHOCTett 6KOnOJIBMepoB :sa.a:­

HOe sHB.qeHHe HMeeT HsyqeHHe nepexo'AB. Crmpa.Jll> - RJJy6ox B nOJIKne­

IITB,Ita.X. Jp.H STOM MOJl0KYJIH 6HOllOJlllMepoB B0.ItYT ceM: Ktilt O;IXHOMep­

HHe KOOIIepaTHB!We CHCTeJlllI. 8Ta xoonepaTHBHOCTh onpe~eJVIeTCH 

Kalt B38l'l'.M03aBHCHMOCTh[) KOH4>0p~ noc~e'AOBaTeJll>HHX MOHOMelEHX 

e,Itl'[HHIJ;, Tait H reoMeTpHel BBYTPHMOJ!e:K:yJIHpH!iX BO'AOpo.n;HHX CB1!3el. 

B :pe.6oTax, llOCBmJleHHHX TeopeTK'ieCKOMY HsyqeimD STOrO BOnpo­

.a, Y'{eT SKCnepHMeHTaJII>HO HaMtmaeMoro aj)peKTa ysOCTH nepexo~ 

a:poBO.IJ;Jit7lCH BBe~eHlleM qJeHOMeHo~or:aqecxoro napaMeTpa KoonepaTKB­

aocTn [I, 2] . HecMOTPf! Ha npaitTJ[l!eC:eyD pac50Tocnoco6HocTI> cyll{e­

cTBYDl{ett \IJeHOMeH~OI'H'ieCKOtt Teop:im: BaltHl:lM HBJIHeTCH BOllpOC noc­

rpoeHmI TeOpKlll: nepeXO'Aa C!llipaJ!l> - KJiyc50K,OCHOBa.HH!ll!: Ha MHKpo­

CROlIH'leCKOM IIO,IJ;XO~e. 

B pa6oTe (3] 6Wla cqiopMY.7.0!poBa.Ha. MO~eJll, IlOTTca nepexOM 

Cmtpa.J!J> - KJiyc50R B IIOJllllleIITl(ltaX. B STOil: MO'A0Jm napa.MeTpaMK HB­

llfillTCS: 9He:prWI oc5pa30BaBJI.f! BO~opo;rxuott CBHSll lJ H 'lltCJlO KOH(pop­

~ IIOBTO~erocs: SBeHa Q . IIpx 8TOM B HBHOM B~e yqll'l'HBa­

eTCS: reom'!'pBSl Sar.mI<aHJISI BO'AOpo,ItHHX CBHsea. 
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Kopo'l'RO MOp;e.m:. MOXHO e<PoPMYJllIPOBa.Tb eJie;uyDl{RM o6pa30M: Krult­

.n;oa nape yr.110B Bpa.lll0HW! {~') t 4>,) (pze.I) eTaBRTCH B eooTBeTeT­

mi:e emmoBaSI nepeMeHHali 6 1, npmim.laD!¥iil Q 3Ha.'lelid. B K3BeeT· 

HOM npH6.micleHHH MOl!tHO npmm:T:&, 'ITO Bee KOHifiop~ paBHOBepo­

SiTHH H To.in..RO O;nHa KOHifio:pMa.r(Rf! ( 0603Ha'll!M ee HOMepOM 1) II.PH­

BO,ll;HT K o6pa30BaHHIJ BO,ll;Opo,D;Hott eBSI3H. 

Tax Kalt O)lHa BO.n;Opo.n;H.aJ1 eBSI3:& g)mte:apyeT TpH nap!l Bpru!lemm 

B IlOJIOEemnr I, TO I'aMlt7ll>TOHHa.H Ta.KOH eHeTeMH 3alIEl!IeTea B BPJ.ne 

~ = t-u 66 i-a,j 6e.t-1,1 68 i•' ' 
l 

(I) 

r.n;e D - aHeprmr, Bll,ll;e.lllml{8Jie.R: rrpl! o6paao:sarum o.n;Hott BO,nopo.n­

Holi eBJI3H. 8HeprIDI Beex KOBiiopMaUJllt, KpOMe 6t = I, II.PmmMalOT­

ea paBH!lMH Hy JID. 

CTaTHeTH'!eeKSH eymia eneTeMH c rro.m:n:&TOHHaHOM {I) 6yp;eT HMeTb 

BPJ,n 

~ = "Z r;T~r{M.6°i-2.16e:.i-1.1~6\,i}=L V4
Qnr, 

l6;~ G-~cG , 
(2) 

-u 
r.n;e V~ QRT _ ~ , G + - no,D;MHoxecTBo TpeyrOJ!bHofi pemeTIGI (pze. 2), 

~ - 'IHCJIO o6paaoBa.Bnraxc.R: TPeyronmmoB, a n; - 1D1eJlo Bep­

m, He m:o~ mr B omm TpeyrOJI:&mIK. HanoMimJ~. '!TO TPeyroJI:&-

1rnx o6pasoBliBa.eTca, xor~ Tp:ra: nOCJie.n;omTem.HHX ySJia pemeTKK 

llXO,nR:Te.R: B KOHcpopt~ l. 

TaKHM o6paaoM, eymmpo:erume no crmHOBllM nepeMeHHHM 6i 

wreTca eyw.mpo:arumeM no BeeB03MOll"JIHM no.n;MHOJtteeTBa.N G~ pe-

G. 
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B!lpaEeinie eTaTReT:ra:'!eCKOH CYMMH (2) yp;o6HO Allll BHCOKOTeM­

nepaTYpHoro ( v 4 I)' HK3KOTeMnepaTYpHOrO ( "l> I) ]( I/Q pas­

JlOJttemrli. B paMKaX I/ Q paSJlOlKeHM B pa6off [ 3) auo llQ1y118HO 

BllpallteHHe ,n;1lll TO'!Kll nepexo~ CIIHpaJ!l.-J.U;Jdoa. 

-u 
~ =R0.Ji ... n) (3) 

F.c.m !IpHHJIT:& Q 

B HB.CTOJ!llleli pa6oTe noJiy'!eHo BHpaEeHHe AJ111 CtaTJICTll'lecxott 

CYMMH nommenT~ott nerm, ~D!lee B03MOlltHOCTl> IlpDIOl'O !lli'DICJle­

mm Bcex napaMeTpoB nepexo.n;a ezmpa;n.-KJiy6oJt.Ilpl ftClM cyiqecTBe­

HeH TOT iiru<T ''ITO Bll'!HeJleHH.ll MOmlO JJpOBOJDlft .... 1111111 .1IJdol . 

.n;mmH. BBe.n;eM HeKOTOp!le onpe.JleJieBIUI • oeso-.--. 
IIo.n; eBSisaHHHM MaeTepou B unJD1Rcmecne Gt - wn 

HenpepHBHylO neno-qey Tpeyl'OJll.HIDWB, DM-..X XOTJI dlr 01IJlY o6iqy1> 

TO'!KY: IlyCTOH TpeyroJI:&HHK Mea;uy lUJYMR. ~. BMeDitH­

Mll TOJU,KO 06my1> TO-qey, 6y.n;eM HaSl:lBaT:& BaKaHCHel. HaxoHen. ~Ha 

KJiaeTepa - STO tmCJlO TpeyrOJI:&HKKOB, ero o6pa.SyDI!KX, llJIDC 

tmCJio Balta.He.RHB KJiaeTepe (pHc.3). 

UyeT:& k - tmCJIO KJiaeTepoB B aa.na.HHOM IIO,ll;MHOllteeTBe. e -
- eyMMap.HafI ~a KJiaeTepoB (eYMMa .ll)IWI), a cl - eyMMapHoe 

'l'.KeJlo Ba.KaHe.KH. OTK BeJilrClmill O.n;HOSHa.'!HO onpe.n;eJI.ffiOT eTaT.HeTH­

-qee!Urli Bee Kallt.n;oro no.n;MHOlKeeTBa. Gf, Tax xe, KaK H tmcJJa f K 

nf • Eo.Jlee Toro, OH:ra: ~IOT B03MOJtHOeT:& aaMeHHT:& eyMMH.POBaH:ra:e 

!IO reoMeTpH'!eeKRM o6~eKTaM B BHpaJ!teHHR (2) aJire6paH'leeKHM eyM· 
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_,,.._. 
J{elCTBJl'feX&HO, HCIIOJll>Sy.a: O'i0Bl{,ItH00 BiipaJlteIDie t.: e- d ,MOX­

HO BaIIHcaTL CTaTRCTH'!eCICylO CYNJIY: ( 2) B aJll>T0PHaT11BHO:l! cpopr&e 

Z ::::QN~P(k)PCnPCd)Ve-JQnii 
1 

1t.e.c1 
(4) 

r.ne ni= N- nt - 'lllCJlO Bepnnm pemeTXH, BXO,n;IIlltHX XOT.a: 6u B O'A]D 

TpeyroJILHHK, P(lot) - 1ll!CJIO pas6Remm .f TpeyroJ.U,mntoB Ha k. 

RJ.laCTepoB, P(e) - l!HCJio cnoco6oB pacnoJioxeHHlI Ha pemeTKe :e:a 

N BepllllilH R. KJia.CTepoB ,IµllllI!l• e , P(d)- 'll!CJlO CIIOC060B pasMe­

memm d BaKaHCHit B k_ KJiaCT0pax ,Il;.1lHllll e . 
Birae,neM BupaJKemm .IiJ1SI Be.mrnm P(k) , P(O , P(d) , mco~­

!Jtl{X B ( 4). 

IlyCTL 3a,u.aHa pemeTKa c N y3JIB.Mli!. EcJm: e - MmJ,a. RJiaC­

TepoB, TO 'll!CJlO TpeyrOJILHRKOB, He BXO~ HR B o~ RJia.CTep, 

paBHo N-2-e • 

Sa.itaim pasMeI11eHWI k RJiacTepoB ,I1;1ll1Hll- ~ B I'll ySJiaX aitmma-

JIBHTHa 38,IJ;a<re pa3M0!110HWi N- e- 2k. CB060,ltHBX TpeyrOJI&HHROB B 

k + ~ KJiaC Tepax. 

TaRm.t o6pasoM, ;n.l1JI Be.7Ilro1Hlil P(~) KMeeM [ 4] 

le. 
P te) = CN-e-1t (5) 

Seat• pudlleeD f 'l'peyrOJILHRKOB Ha k. KJIB.CTepoB IlPHBO~T­
CSi K sa.JU!;qe pe.311e111emm { npe~eToB B k.. .fflitl!KB.X IIPH ycJioB:m OT­

cyTCTBR.a: nyc':rHX SlltHKOB [ 4] 

• k-t k-1 
PCk) =Cf-1 =Ce-d-1. (6) 
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'iTO 

H, Ha.K0He14; Mir P (d) 8.HaJIOI'H"<IH!lM o6pasoM MOJ!tHo .noxasan, 

cl 
PCd)= Ce-d-k. 

ilO,ItCTa.:BJI.a:.a: (5), (6) ll1 (7) B (4), II0.1.ly'iKM 

(7) 

N -21t k, \J t lc-1 o - J ~ 
11·21< Ot' I 

~ == Q {it k=iQ f C N-t-1t (Q) ~(e.,Se-c1.Y 1,ca) 

~-It c-iftc 
r.ne fl= 2 + T - MaKCHMaJII>Hoe i:mCJio BaKSHcd np11 qincJq>o-

:aammx sna11emmx e 1:'[ k.. • Ta.KKM o6pa30M, OflllllPOllBBJ[e no reo­

MeTpH'!eCRRM 06'b0KTaM (2)cBe,neHO K 8Jll'e6~ CJ'IMIPO:BaBJlrlO 

(8) B BlipaJltemm ,ItJ1.fI CTaTRCTJl'i0CKOA CyiMI. TaK08 DpeACftlU'.eBJie 

.Ii1ISI CTaTRCTH'ieCKO:l! CYMMH y,no6HO :AllJi 8BBDTaWCDX: mJtO:aamdi: 

1:I JipR:Mr:lX paC'i0TOB Ha 3BM. 

0TM0T.HM, llTO BllCOKOTeMIIepaTYPHOe, HJISKOTeMIIepaT.YJ>HOe H 

YQ paSJI01teHR.a: ,ItJ1.fI cBo6o.J:tHoil aHepro, IIOJiyl{emme us IIpe.ltCTa.B­

JieHR.a: (8),TPJIBKaJll>HliM o6pa30M BOCnpOR3BO~T pesyJILTaTH, npoe­

,l(emme B pa6oTe [ 3) . Ha.K6oJiee xapaKTepHo:l! xom1:.i:ecTBeHHoA Be­

JIR'mHo~ .IiJ1SI o:rmcaIDI.a: nepexo,na C:rmpa.7IL - KJiy6oK B nommeIITH,ItaX 

.a:BJI.a:eTC.a: CTeIIeHL C:rmpaJll>HOCTR: 

o=l_<z~ >: .. 6 )-J.alZ 
U N l '"q.I "9.1,1 cs1+2,1 - N ~ 

(9) 

r.ne 
1J -

~::::RT 
B UOJIHOCTLIO C:rmpaJll>HOM COCTOJIHlm £},.,r, a ,ItJ1.fI COCTOJIHWI 

KJIY6KS f1 ...... 0 • XapaKTepmilt BJl,lt Mi! 3aBRCRMOCTR i1(T) IIpll1Be.n;eH 

Ha puc.4. To11Ka neperR6a ~ JIBJllleTc.a: T011Koi nepexo,l(a C:rmpaJl1>· 
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- RJiyOOK. 

Ka.It li3BeCTHO, nepexo;n; Cllllpa.ru, - KJiyOOit He RBJ!lieTC~ qJa30-

BllM, a npoPicxowa:T B HeitoTopoM TeMnepairypHOM mITepBaJie ~ T , 
Haa!lBaeMoM WHPRHOli nepexo,tta 

AT= oe - RTc. __ I - <>'U 
( 

-l 2 ( -I 

<IT )T~Tc - -U \lc+I ?JV )\I~~ (IO) 

,lJ.m:i peaJD>HHX nOJIInieilTll!,Il;OB 3ltCIIep:m'1eHTaJ!l>HO IIOJiy'laeMlie 3Ha­

'lemrn: AT~ I0-40° [ 5] • IlpH aToM HaOJIJO;n;aeTc.11 3aBliCHMOCT:D 

~ T OT MliHll MOJiexyJI1,1 ( cTeneIDI rrOJmMepns~). 

B paHee ~ MO.xteJIJJX [I,2] ysocT:D rrepexo;n;a ;n;ocTPI­

e) , 'lepes RO-

Af_ade·~ i;. u . 
(II) 

l1a ciio:PMYJI (IO) • (II) Jlll88M 

-2 
~ (<>~\ 0 == 4(v~+\)2 <l\J /";"'c C:2) 

T.e • .It.J.IJi :swmcJielili.11 6 (rrapaMeTpa ROOIIepaTl!BHOCTll) ;D;OCTaTO'lHO 

lllfil[C.IB'flt (~) 
'a'/ ""'"C 

Hcno.&8J'• npe,acms.teBlile (8) .It.J.1Ji cTaTnCTH"IecxQtt cyMMI:l, HB.Mli 

owm ~ 9M • AT .It.J.IJi MOJieRyJI pas:mx .IIJlllli. Ha p:a:c.5 

:e: B T~ DJ1"MA1"D' 88.BBCBYOCTH "(.-J) ,JI,1IH MOJieityJl parn­

HOtt ,n;mmH. Kalt BOJ(O B3 plllCymta K TaOJIKI.l}i' c YBeJIR'lemreM ;n;.innm 

MOJieityJil:l BeJIJNmla t. T MOHOTOHHO yMem.maeTc.11 OT t. T = 60° npz 
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N = 45 ;n;o .e. T = 35° npK N = 450. 

0TCIO,Ita BH,IJ;Ha TeH;D;e~ K yBeJUil:JemtD pe3KOCTJI nepexo.v.a c BOS­

paCTaH:a:eM· ,wllllill uen:e:. 

O;n;HaltO HaPIOOJiee KH(po~OBBYll IIElp&ll8'l'pOll AIR uepexo~OB 

SIBJIHeTCJI KOppeJ1Jm,1110HBWl ,MBBa, c:easmm.aa c AIJIJl<lA KOOUepaTBB­

Horo Y'laCTita. BwmCJie:ime aTOi!: BeJm'IDIHli B pumax OIDICHBaeMOA 

.MO;D;eJIK, a TaIOKe paccMoTpeHKe 6oJiee wm:mmx MOJiexyJI 6y,neT npH­

Be;n;eHo B IIOCJie;n;yl!IllHX IIYOJ.IJilltaltIDDC. 

Ta.KIDA o6pa30M, pemeTO'!Ha.11 MO,XteJU, noJIKITeIITH,I(HOtt uerm: OIIHCH­

BaeT oes BBe;n;eHIDI iileHOMeHOJlOrli"I9CKHX napaMeTpOB CJ19;D;y!Cll\He 3ltC­

nepHMeHTaJll,HO Ha6Jl~;n;aeMHe lflaltTH no nepexo;n;a.M CIIPipa.Jll> - KJJyOOK' 

- ~ - o6pa3Ha.H 3a.EllC:l:IMOCTb IlOBe,XteHR!l CTeneHK CllllPa.JI.bHOCTPI OT 

TeMIIepaTypa; 

- TeMnepaTypa nepexo;n;a crmpa.ru, - KJJyOOit - IIOpH.ltlt8. KOMH8.THHX; 

- ysocT:D mITepBaJia rrepexo;n;a; 

- um:pHHa nepexo;n;a yMeHI>maeTcR c yBeJill'leHPieM ,IT,JlllliH ueIIR. 

B 3aKJI~'leID'Ie OTMeTnM, 'ITO BJlll!fIHHe pacTBopnTeJIR Ha rrepexo;n; 

CirnpaJU, - KJiyOOlt B OHOIIOJI:a:Mepax MOllteT OllTb Y'lTeHO BBe;n;eHHeM B 

raMlt.ThTOIDiaH (I) ;D;OIIOJIHPITeJil>HllX 'lJieHOB THIIa r i 61 ' KaR OUJIO 

npe,ltJ!ollteHo B paooTe (6]. 

A:sTOPll OJiaro,ttapHT B.M.ACJI.aHHHa, A.10.I'pocoepra, c.r.Ma'l'H­

IDIHa, O.B.IlTRiij:iHa z A.P.XoXJioBa aa noJiesHHe oocyao:i:eHHH, a 

TaR:llte C.r.reBOpKBHa R E.ill.Y.a.MacaxJIPICOBa 3a IIOMOl!ll> B paOOTe. 
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I~ 
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5,5 

6 

6,5 

7 .... 
7,5 

8 

8,5 

9 

9,5 

IO 

I0,5 

II 

TaciJnrwl 

PesyJU.'1'8.TH pac~e'l'OB noBe~eHWI cTeneHliI 
ClillpaJWIOOTB OT '\J H3 B.llpaJ!teHWI ( 5) 

N= 45 N= 90 N= IBO 

0,044 0,045 0,046 

0,062 0,065 0,066 

0,088 0,093 0,096 

0,128 0,138 0,142 
0,188 0,205 0,213 

0,271 0,30I 0,316 

0,376 0,421_ 0,444 

0,489 0,546 0,575 

0,592 0,655 0,686 

0,675 0,738 0,769 

0,739 0,798 0,827 

0,786 0,840 0,867 

0,822 0,670 0,895 

IO 

N = 300 

0,046 

0,066 

0,095 

0,137 

0,203 

0,3I5 

0,456 

0,588 

0,709 

0,794 

0,846 

0,881 

0,906 
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