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§1. B rrapaaoKce fH66ca cKoHueHTpHpoBaHbi c rrpeaenbHoH q~TKOCTbiD 

HBlliH rrpe.QCTBBneHHR 0 IIpHpoae TO*AeCTBeHHOCTH. MMeHHO II03TOMy B Te

qeHHe Y*e MHOrHX .QeCRTHneTHH OH RBnReTCR o6oeKTOM rrpHCTBnbHOro BHH

MBHHR KBK qm3HKOB, TBK H !f>Hnocolf>oB. K CO.>KaneHHID, ITO pRAY HCTOpHqec

KHX H IICHXOnOrHqeCKHX IIpHqHH B o6rnHpHOH nHTepaType, KaCaiDmeHCR rrapa

.QOKCa fH66ca, B03HHKna He06hlqaHH8R IIyTaHHUa; cymeCTByeT MBO*eCTBO 

pa3nHqHbiX ToqeK apeHHR aa*e B oTHorneHHH orrpeaeneHHR caMoro coaep

*BHHR rrapaaoKca, eme 6onhlliHH pa3Ho6oH CBR3aH c rrorrhlTKaMH ero perne

HHR. no3TOMY anH Toro qTo6hl pa3o6paTbCR B cyTH aena H Bhl.QenHTb rnaB

Hoe, aeo6xoaHMO aaqaTb c KpaTKoro uano*eHHH semea, xoporno H3BecTHbiX. 

npH 3TOM Mhl orpaHHqHMCR 8HanH30M TOnbKO TepMO.QHH8MHqeCKOH CTOpO

Hbi BOIIpoca. 

TpaaHUHR, KaK 6yaeT BHAHO HH*e• - ae cnHrnKoM o6ocaosaaaag -

CBH3biBaeT rrapa.QOKC fH66ca C OC06biMH CBOHCTBBMH 3HTpOIIHH. EcnH HH

TepeCOB8TbCR TOnbKO H3MeHeHHeM o6oeMa, T.e. H30TepMHqeCKHMH I1pOUeC

C8MH1 TO 3HTpOIIHID pa3pe*eHHOrO H.QeanbHOrO ra3a, COCTORmero H3 8TO

MOB O.QHOrO THIIa, MO*HO 38IIHC8Tb B BH.Qe 

S = k N fn V + So , (1) 

rae N - qucno aToMo:B, k - rrocTORHHaR EonhUMaHa. Ba*HO rroaqepKHYTh, 

qTO BenHqHHa S
0 

RBnReTCR KOHCT8HTOH TOnbKO .QnR .QaHHOro pa6oqero 

Tena, rrpH rrepexoae K apyroMy pa6oqeMy Teny oaa MO*eT H3MeHHTbCR. 

3 



~ 

KaK y3HBTh BHa <f:>yHKUHH S 0 = S 0 ( N ) ? DnH aToro pa3aenHM 

o5'beM V H8 aBe '4:8CTH V1 H V2 =V-V 1 , coaep~amHe cooTBeT-

CTBeHHO Nt H N2 MoneKyn ( N = N 1 + N2 ) • 113 TepMoaHHBMH'I.J:ecKoro 

CMbiCna noHHTHH 9HTponHH BbiTeKae'!' ee aaaHTHBHOCTb no OTHOUieHHIO K yKa-

38HHOMY pa3aeneHHI01 T.e. 

S(N
1 
+!\, V 1 + V 2 )=S(N 1 ,V 1 )+S(N 2 ,V 2 ). ( 2) 

113 ( 2) nerKo BhiBecTH o5mee Bbipa~emre anH aHTponHH 

S(N,V)=Nf(V/N), ( 3) 

rae f - npOH3BOnhH8H cpyHKUHH. 

B HHTepecyiOmeM aac cneuHanhHOM cnyqae pa3pe~eHHoro Haeanh

Horo ra3a f ( z) = k fn z , H ( 3) nepexoAHT B 

S=kN fnV/N, 
x/ (4) 

To eo S
0 
=- k N fn N . 

DonycTHM, 'I.J:TO B o5oeMe V HaxoaHTCH cMecb ABYX pa3nH'I.J:HbiX ra30B 

A -.... H 8 c 'I.J:HcnoM a To MoB M H N • XopoUio H3BeCTHo, 'I.J:To TaKyiO 

cMecb Mo~Ho c noMomhiO o5paTHMoro amra5aTH'I.J:ecKoro npouecca pa3-

aenHTh HB COCTaBnHIOmHe ee ra3bi 1 npH'I.J:eM Ka~abUf H3 ra30B He H3Me-

HHT CBOel TeMnepaTyphl H 5yaeT no-npe~HeMy 38HHM8Tb T8KOI ~e 05'beM 

x/ 
CneayeT cneuHanhHO nouqepKHYTh, 'I.J:TO HanH'I.J:He N noa 3HaKoM 

norapH<f:>Ma HrpaeT npHHUHnHanhHYIO ponh BO Bcex cnyqaHx, Koraa paccMaT
pHBBIOTCH npoueCChl C nepeMeHHhlM 'I.J:HCnOM 'I.J:8CTHU (no 9TOMy llOBoay 
cM.fl/, rno 8, a TaK~e HCXOLlHYIO fH55ca/2/,. CTp. 206) o CTporo roBOpH, 
B ( 4) aaao ao5aBHTh qnea f3 N c KoacpcpHUHeHToM {3, He 3BBHCHIUHM oT N. 
B aanbHeiUieM aToT qnea HHKaKol ponH He HrpaeT H Mhi ero onycKaeM. 

4 

V 0 0TCIOaa cneayeT, 'I.J:TO 9HTponHH CMeCH p8BH8 CyMMe 9HTponHA ra-

30B A H 8 

S =kMfn V/~ + k N fn V/N. (5) 

Tenepb MO~HO ccpopMynHpOB8Tb cyTh napaaoKca fH56cao npeaCT8BHM 

ce6e aBa paBHhiX o6oeMa V , pa3aeneHHhiX aenpoHHuaeMoA neperopoa

Kott; o6oeMhi 3arronHeHbi pa3HbiMH ra3aMH A H 8 , TeMrrepaTyphi H .naa

neHHH ra3oB cosnaaaiOT. Toraa aHTporrHH sceA cHcTeMbi 

S '= S' + S ' = 2 kN fn V /N , 
A B 

rae N - 'I.J:Hcno aTOMOB Ka~oro H3 ra30Bo YaaneHHe rreperopoaKH rrpuso

aHT K ysenH'I.J:eHHIO 9HTp01IHH, C5H38HHOMY C Heo6paTHMOA LlH<Pcpy3HeA. nocne 

ycTEHoBneHHH paBHOBeCHH Ka~aaH KOMrroHeHTa 38HHMaeT o6'heM 2 V 

ee 9HTpOIIHH 

s ,, = s , 
A B 

kN fn 2V/N , 

a o5maH 9HTpOIIHH 

S"=S" +S" =2kNfn2V/N. A B 

YsenH'I.J:eHHe aHTporrHH 

L\S=2kNfn2 (7) 

He 38BHCHT OT rrpHpOLlbl CMeliiHBaeMbiX HaeanbHhiX ra30B. 

C apyroA cTopOHhi, ecnH o6a o6'heMa aanonHeHbi OLlHHM H TeM *e 

ra30M 1 yaaneHHe rreperopOLlKH He MeHH9T TepMOaHH8MH'I.J:eCKOrO COCTOHHHH 

CHCTeMbl H He aon~o Bbl3hiB8Tb H3MeHeHHSI 9HTpOIIHHo 11cnonh3YH Bbipa

)KeHHe ( 4), nerKO rrposepHTh, 'I.J:TO T8K OHO H rronyqaeTCH B aef:iCTBHTenbHO

CTH. npH 9TOM Haao yqecTh, 'liTO 6e3 rreperopoaKH 'I.J:HCnO 8TOMOB CT8HOBHT

CH paBHbiM 2N , a o5'heM - 2V 
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TaKHM o6p830M1 CKO.Ilb 6bl HH 5hl.11H 6.11H3KH ITO CBOHM cBoA:CTBSM .QB8 

p83.11H'I810IIlHXCSI !'8381 rrpH HX CMelliHBBHHH SHTpOIIHSI yBe.llH'IHB8eTCSI Ha 

O.ll.Hy H TY >Ke B9.11H'IHHy ( 7) 1 B TO epeMH K8K Jl.llSI Oll~H8KOBblX I"830B yee-

.llH'IeHHe SHTpOITHH OTCyTCTByeTo B STOM CK8'lJK9 ITOBe.QeHHSI 1:! 8 ITpH 

xl 
rrepexo.Qe OT 5.11H3KHX I"830B K O.LlHHBKOBblM H COCTOHT napa.QOKC fn66ca o 

/4,5/ 
Cne,ayeT OTM9THTb1 'ITO HHOI"Jl8 ( CM.1 HBITpHMep, ) 6ea K8KHX-

nn6o OCHOB8HH:A 38IIHCbiB810T SHTpOITHIO H,QeB.IlbHOI"O I"838 B BH.Lle 

S~kNinV, 

T.e. onycxatoT t~nea S =-k N &. N 0 Torna y.aaneane neperoponxn rrpn-

BO.UHT K yB9.11Hli9HHIO 9HTpOITHH ( 7) H9 TO.IlbKO .Q.IlSI pa3HbiX I"830B1 HO T8K-

>Ke H Jl.llSI 0.0HH8KOBblX1 XOTSI T€pMO.UHH8MHli9CKOe ,...COCTOSIHHe CHCT9Mbl B no-

cnenaeM cnyqae He H3MSHSI9TCSio J1MSHHO STOT peaynbT8T B 

pafiOTBX KBK paa H HMeHyiOT IT8p8.QOKCOM fn56Ca. 

UHTHpy9MbiX 

HaM KB>KeTcH, liTO pe'lb n.aeT ue o napa.aoxce, a o aeaopaayMeHHH 1 

KOTOpOe YCT8HSI9TCSI 1 SC.IlH ITO.Ilb30B8TbCSI ITp8BH.IlbHbiM Bbip8>K9HHeM ll.I'ISI 

3HTpOflHH ( 4), 

§2. HexoTOpbte ¢naHKH CliHTanH1 'ITO napanoxc fn66ca nepaapernnM 

16! 
B paMKSX T9pMO.IlHH8MHKHo npHMepOM MOT'yT C.llY>KHTb nopSHU ( CMo 1 § 72) 

171 
H BaH-.aep-Baanbc (eM. 1 § §64,86). nocneaun:A .ao6asmm, onaaxo, 'ITO 

B9.11HtJHH8 1:! S H9 HT'p89T K8KOA:-nu6o ponH ,ll.llSI .llOCT8TO'IHO 6.11H3KHX 

raaoe, nocxon&Ky aenocpencTBeHHo aa6nroaaeM&Ie ¢nanqecxue ceoAcTea 

CMeCH TeM MeHee 38BHCHT OT 1:! S • tteM 5nH>Ke paccMaTpneaeMbte 

T'83bi .apyr K .llpyi"yf 6e30THOCHT9.11bHO K TOMy ,HM99TCSI .llH CK8lJOK B B9.11H

'tfHHe l!S npn rrepexoae OT CM9IIIHB8HHSI 6nnaKHX f'830B K OJlHH8KOBhiM1 

x/ 
YK838HHYJO !flopMynupoBKy MO)KH0 1 H8ITpHM9p1 H8itTH B pa60T8X 

llipe.anHrepa/ 1/ n TaMMa/3/. 0Ha >Ke no cymecTey npnse.aeHa n y fn6-

6ca/ 2/, 

6 

H86.11IO.Ll89Mble !fln3Hli9CKH9 CBOitCTBB CMecn H3M9HSIIOTCSI npn T8KOM rrepe

xone aenpepbiBHO. 

Bo tdlornx cnyqasrx Taxoe yTeep>K.aeHne oqeen.aao. HarrpnMep1 

y.llertbHbiA Bee, SneKTpH'19CK8H II0.11SipH3Y9MOCTb H HSKOTOpbl9 .apyrne XapaK

T9pHCTHKH CMeCeH IIO'ITH H9 H3M9HH~CSI IIpH CM9IIIHB8HHH H30TOITOBo BaH

.Qep-BaanbC .aoxaaan STO H .anSI psr.aa ceottcTB, Henocpe.llCTBeHHO CBHaaH-

HbiX C Be.llH'tfHHOit s 1 T8KHX K8K 38BHCHMOCTb .ll8BJI9HHSI H8CblW9HHbiX 

napoe oT xonnqecTBa pacTeopenHoro a >KH.LlKOCTH eemecTea n T • .a. BMecTe 

c TeM on onm6ancH, pacnpocTpaHSISI ( 6ea xaxoro-mr6o o5ocHoaaHnH) cao:A: 

preynbT8T HB ~ ¢lnaH'lJ9CKHe CBO:ltCTBB 5ea HCK.I110lJ9HHSI. 8 HTOT'e OH 

npnlll9.11 K HeBepHOMY BbiBOllYt ttTO BOnpoc 0 BeJIH'IHHe l!S 

HHH" OJIHH8KOBbiX T'830B B006IUe .11Hill9H ¢IH3HlJ9CKOI"O CMbiC.Ila. 

rrpn 'cMernnea-

¢Hnoco~cKaH KpHTHKa rroanuHH BaH-.aep-Baanbca JIBHB B KHHre 

E,M, 
/8/ 

KeJipoea • He npae Baa-.aep-Baanbc H c ttHCTO ¢1naHttecxoA TO'IKH 

apeHHH 1 IIOCKO.IlbKY ~8KTH'I9CKH OH OT'p8HHlJHB8.11CSI TO.IlbKO TeMH CBOiiCTBB-

MH1 KOTOpbre Henocpe.acTBeHHO He CBSI38Hbl C ITPfpO.llO:A: paanH'IHSI M9>KJlY 

paccMaTpneaeMbiMH raaaMn. Me>KJiy TeM ceo:A:CTBa, nMeromHe npsrMoe oT

HOllleHHe K o6cy>K.ll89MOMY p83JIH'IHIO, BC9I"Jl8 CyWeCTBYIOT H HM9HHO OHH 

x/ 
oxaabiBalOTCH qyBCTBHTenbHbiMH K eenHttHHe l!S • Henbast TBK>Ke co-

T'.I18CHTbCH C T9M1 'ITO C8M8 Bel1H'IHH8 1:! S He OTHOCHTCSI K 'IHC.Ily H3M9-

psreMbrX. Eeccrropno, 'ITO HaMepeHHfiMH TaKoro po.na Mbi o6bittHo He HHTepe

cyeMcsr, HO B ITpHHUHITe OHH MOI"YT 6biTb BbJIIOllH9Hbl O.LlH03H8lJHblM 06pa-

30M. 

x/ 
8 Cnyttae CHnbHO C>K8TbiX !'8308 y'tf~T o6MeHHOT'O KB8HTOBO-M9XBHH-

qecKoro eaaHMo.aeikTBHH npnBo.llHT x TOMy, 'ITO yTeep>K.lleHHe Baa-.aep

Baanbca nepeCT8eT 6biTb eepHbiM .ll8>Ke ITO OTHOllleHHJO K TBKHM 'Ofibi'IHbiM"" 

TepMO.LlHH8MH'19CKHM CBO:ltCTB8M1 K8K BHyTp9HHSISI SH9pi"HSI, .ll8BJISHH9 H T • .llo 

{eM, HHlKe), 
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nocTeneauo e nuTepaTypy npoHHKna apyrag TO~Ka apeaug aa rrapa

JJ,OKC fu66ca. Ha HBIII B3I"J1Ril 1 B Hefi 9CTb 39pHO HCTHHbi1 H Mbi H3.110>KHM 

ee H9CKOJ1bKO ,ll9T8JlbH9R1 ~eM S'TO 6btn0 c.a.enBHO .ll.O CHX nop. 

nap8,1lOKC fH66ca CBOJl,HTCg K CKB~Ky B TIOBe,lleHHH B9.11H'IHHhl t.S 

TIJH uenpepbiBHOM C6.11H>K9HHH HeKOTOpbiX napaMeTpOB, X8p8KT9pH3YJOlllHX 

cMeumeaeMbie raabi. BosuuxaeT, o.a.uaxo, cymecTeeuu&I:R aonpoc: eo3MO>K-

' HO .1111 ¢aKTH'49CKH T8K09 HenpepbiBH09 C6J1H>K9HHe, He rrpOTHBOpe'IHT JlH OHO 

saxouaM ¢usHKH? Ecnn - .a.a, napaaoxc ocTaeTcst. Ecnu - HeT1 T.e. ecnH 

paanu~ng M9>K.llY raaaMH MoryT HSMeHgTbcg TOllbKO nucxpeTHo, napanoxc 

HC'49389T: H9T HH~9I"O Y.llHBHT9JlbHOI"O B TOM, ~TO npH Jl,HCKpeTHOM H3M9-

H9HJIH napaMeTpOB CBO:RCTB8 CM9CH T8K>K9 H3M9HgJOTCg llHCKpeTHO. 
~ 

06cym.a.aeMaSI TOB:Ka speHHSI caSJ3biBaeT peiiieHHe napanoxca fu65ca 

C T9M 06CTOSIT9JlbCTBOM1 ~TO p98JlbHO HM99T M9CTO KBK paS CHTyBUHSI 

BTopor'O p0/l8o ne:ttCTBHT9nbHO, I"OBOpSI 0 p83liH~HbiX raaax, 06bi~HO rronpa

syMeBBIOT, ~TO HX BTOMbl OT.llHt.JaJOTCSI .llpyr OT ,llpyra K8KHM-J1H6o fiHCKpe~ 

HbiM H COXp811SIIOIUHMC51 KBBHTOBbiM 't!HCJlOM ( 38p5I.LlOM 1 't!HCIIOM HyKnOHOB 

u T.n.). B 9THX ycnoBHHx napaMeTpbt1 orrpe.a.enHJOIUHe pasnn~He Me)l{o:y ra

saMH, ae MoryT HSMeHRTbCSI HerrpepbiBHo. 6onee Toro, B cuny coxpaHeHHSI 

pa3nH~8JOWHXC5I KBBHTOBbiX lJHCen, He cyiUeCTByeT .llB>Ke HHKBKOI"O ITOHSITHSJ 

6nH30CTH M9}1{.llY pBCCM8TpHB89MbiMH I"838MH 1 B HHTepeCyiOIU9M H8C Ce:R~aC 

CMbiCne HX paanH~He cnenyeT c~nTBTb a6conJOTHbiM. TaKoe yTeep*.ll9HHe 

He 6yneT K838TbC5I CIUIWKOM K8T9I"OpH'I9CKHM 1 9CJ1H y~eCTb1 't!TO C8MO 

orrpeaeneaHe noHSITHSI aaTporrHH npennonara~T Bo3MO)I{HOCTb o6pmHMoro 

p83,ll9J19HH51 H CM9WHB8HHSI I"830B, a S'TB B03M0)1{HQCTb MO.X<eT fibiTb CBSI-

38H8 TOJlbKO C T9MH CBO:tlCTB8MH !"83081 B OTHOW9HJU1 KOTOpbiX OHH pa3nH'48-

IOTCSio 
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§3. Hano;~KeHHbiA rtOJlXO,Il K napa,llOKCy rH66ca orpaHH~HB8eTCSI TOnb

KO T9MH' cny'IBSIMH' 1 KOI"Jl8 CM9WHB89Mbi9 I"83bl He MoryT nepeXO,IlH'Tb .ll.pyr 

B Jlpyra H rrapaM9Tpbi 1 OTipe,llenSIJOIUHe HX paanH"'He, H'3M9HSIIOTCSI .O:H'CKpeT

HO. EcnH 6hi :9TH rtapaMeTphi MornH H3M8HSITbCSI HenpepbiBH0
1 
CKB~OK 

B rroseaeunH ll S cneaoaano 6bi c~HTBTb aeAcTBHTen&Ho rrapanoxcanbHhlM. 

Taxoe noeeneHHe "'rrapaMeTpoa paanH~HSJ.., ¢naH~ecKH anonae peanHayeMo, 

H01 KBK 6y.lleT ceA'IBC IIOK838HO, BenH"'HHa fl S T8K)I{8 H3M9HSI8TC.R ITpH 

S'TOM H9IIpepbiBHO H He HCTibiTbiBaeT HHKSKOrO CK8'1K8 npH nepexoae OT 

6nnaKHX raaoe K OJlHHBKOBhlM. YxaaaHHoe o6cTOSITen&cTeo SJBn.ReTca ,no 

H8IU9MY MH9HHJO, OKOH~aTenbHblM p9W9HH9M IT8p8Jl0KC8e 06cy>K.QeHH9 rtpH-

'IHH, ITO KOTOpbiM CKS'IOK /lS He HBnSJeTCSI (HnH HBnSieTcH) rrapa.a.oxcanb-

HbiMt 3BMeHSJ9TC51 YTB9j:PK.ll9HHeM 06 OTCYTCTBHH K8KOI"O-nH6o CKS'IKB. 

Ha~.ieM C CBMOI"O TIPO.CTOI"O cnyqag. flpennonO}I{HM 1 lJTO B KB>KllOM 

H3 pBCCM8TpHB89MblX o6beMOB V HBXO.llSITCSI p83J1HlJ"Hbie CM9CH ra30B 

A H B t OTJ1HlJ"8JOWH9CSI Jlpyr OT Jlpyra TOJlbKO OTHOCHT9JlbHhlMH KOHU9H-

TPBUHSIMH ( O.llHH o6DeM conep>KHT M BTOMOB rasa A H N 
1 

= N-M 
1 

8TOMOB B , apyroA - M
2 

aToMoB A H N. =N-M. aTOMOB8 ), 

Hcao, 'ITO c TepMonHHSMHtt"ecxo:R TO'IKH speHHSI o6e cMeCH cne.llyeT pac

CMaTpaeaTb KBK p83JJH'-1Hbi9 ITO CBOHM CBO:tlCTBBM pa60'lJH9 T9na. 5JCHO 

T8K}f{9, 'ITO CT9II9Hb 6nH30CTH M9>K.0.Y HHMH 38BHCHT TOnbKO OT COOTHOWe-

HHSI KOHUeHTp8UHR H MO>K9T H3MeHSITbC51 HenpepbiBHO. MaKCHMSnbHOe paa

nH'lJHe OTB9'18eT cnytt"B101 KOI".0:8 B OJlHOM H3 06'b9MOB HBXO.lUfTCSI llHCTblA 

ras A I B .llPYI"OM -B t OTCyTCTBHe OTIIH'lJHSI (COBII8Jl9HH9 BC8X 

CBO:tiCTB) .llOCTHI"aeTCSI IIpH p8B9HCTB9 OTHOCHTenbHbiX KOHU9HTpBUHA A H 

B a o5onx o6DeMax. 

B o6weM cny'lJae yaaneuHe rreperoponKH rrpHBO.llHT K aononHHTen&HoMy 

nepeMeWHBBHHIO H YB9.11H~9HHIO SHTpOIIHH. flpHM9H.R.R .:OOTHOWeHHe ( 5) 

nepBbi:R pa3 nnsr .llBYX 06'beMOB V , BTOpoA - ,llJlSI OllHOI"O o6'beMa 2 V 

rrony'lJHM: 
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2V llS=k(N 1+N 2 )fn :::-=~ 

N t+N 2 

+k(M
1
+M,)fn _2V __ 

M +M 
1 2 

-(kN en V/N + kM In VIM + kN fn V/ N + kM fn VIM ). 
1 II 12 22 2 

( 8) 

KaK nerKo euaeTb1 eenn'fnHa ~S uenpepbiBHO cTpeMHTCSI K uymo npH N 1 -+ N2 

u M
1

-+M
2

; ecmr M
1

=N
2

=0 unuM 2 =N 1 =o ,To llS=2kNfn2. 

.QnSJ IIpOH3BOllbHblX KOHU9HTpBUHA 

O~tlS .$ 2kNen2. ( 9) 

05paTHMCSI K 6onee HHTepeCHOft CHTy8UHH 1 KOI'AS STOMbi f'838 HM910T KaKyro

JIH60 euyTpeuuroro cTeneub ceo6on~ • .UnSJ onpeneneuuocTn 6yneM roeopHTb 

o crruue, XOTH ace rrocne.oyiOUIHe peaynhTBTbi nMeJOT o6mee auaqeuue. flycTb 

CIIHR j = 1/2 , lfTO OTB9lf89T1 B 'f8CTHOCTH 1 raay 8 Ue 

C IIOMODlbJO " OIITHlf9CKOJ.i: H8K8liKH" MO)f{H0 1 KBK H3B9CTH01 ITOJIY"'HTb 

3H8lJHT9JibHyJO IIOJIS1pH38UHJO SHe r KOTOpSH COXp8HSI9TCSI B T9li9HH9 

/9/ 
ann:Tenbuoro epeMeHn (eM. uarrp. ) • flycTb a o6DeMe V uaxo.UHTCSI N 

8 
aTolloe He , nonuocTbiO nomrpHaoeaHHbiX e uexoTopoM !PnxcupoeauuoM 

H8IIp8BJI9HHH, BO BTOpOM 05'heMe V -CTOJlbKO >Ke 8TOMOB, IIOJ1SipH30B88HbiX 

B llPYI'OM H8IIp8BJ19HHH. He IIO.llJ19>KHT COMHeHHIO, liTO STO - .llBB p83liH'I

HbiX ITO CBOHM CBOitCTBBM I'838f CTeiieHb HX p83J1H'tfHSI 38BHCHT OT Henpe-

pbiBHOI'O II8p8M9Tp8 - yrna E} M9>KllY HanpaaneHHSIMH IIOliS1pH38UHit. 

Cne.nyeT, ITOSTOMy, O>KH,ll8Tb, '<ITO IIpH CM9IUHB8HHH 5yaeT HM9Tb M9CTO 

yB9llll'tf9HH9 SHTpOIIHH .L\ S , Herrpepb!BHO 38BHCSIIUee OT E} • 6y,lleM C'tfHT8Tb, 

'tJTO Bp9MSI CIIHHOBOit p9li8KC8UHH BO MHOI'O pas IIp9BhiiU89T X8p8KTepH09 

apeM.sr an!fl!flyanH. Toraa .srcHo, '<ITO nocne cMewnaaHHSI o5paayeTcH raa, no

nsrpnaoaauu&rtt: B,llOlib 5HCC9KTpHCbl YI'll8 M9>KllY H8IIp8Bli9HHHMH HCXOllHbiX 

IIOliS1pH38UHA; CT9II9Hb 9I'O IIOJ1HpH38UHH 

10 

P = cos8/ 2. 
(10) 

Dnst Bbl'tJHCJ19HHSI SHTpOIIHH TSKOI'O I'838 H8Jl0 onpeJlQlJHTb lf:HCIIO 8TOMOB
1 

CIIHHbl KOTOpbiX OpHeHTHpOBBHhi BllOJlb H IIpOTHB HBI1p8Bn8HHSI IIOJISipB38UHR 

I +P 
(N

1 
= 2N-

2
-- .,N2 = 2N 

1-P 
-2- R BOCIIOJ1b30B8TbCSI COOTHOWQHBQM 

( 5) ansr o6"beMa 2 V 

Mb!6hrna 2kN&.V/N 

Ecnn ylf:ecT&1 1fTo .ao cMewneaaust &HTponna cucTe

' To JlJISI eenH'IHB&t AS non.y'lHM Bblpa>KeHHe: 

tlS =-kN(l+cos8/ 2)&. l+coafl/2- kN(l-cos8/2) eo .!::.!:_os8/2~ (II) 
2 2 

nerKO BH,ll9Tb, 'ITO H3 ( 11) CBOB8 cne.ayeT sepaBeHCTBO (9). KpaAHne 

3H8'1eHHSI ll0CTHI'810TCSI IIpH 8'= 0 ( HCXOJlHbi9 I'83bl O.QHH8KOBhl1 CIIHHOBhl8 

BOJIHOB&Ie 4JyHKUHR 8TOMOB COBII8.Q810T) H 8=" ( HCXOJlHbiQ I'83bl IIOIJBOCTblO 

p83liH1JHMhl 1 CIIHHOBbiQ BOJlHOBble 4JyHKUHH OpTOI'OHSlibB&I). EcnH BOliHOBbiQ 

¢YHKUHH ae coenaaaroT H ue opToroaan&Hb11 aenH1fHHa AS npHHBMaeT 

npoMe)KyTOlf:Hbl9 3H81feHBSI1 HenpepbiBHO H3M9HSI.HCb BMSCTQ C H3MQHSHH-

eM cos8/2 

TipHHUHIIHSllbHO B8)KftbiM SIBIISIQTC.H TO o6CTOSITen&CTB01 lJTO IlpH BhiSO-
~ 

,ile COOTHOWeHHSI ( 11) Mbl p8CCM8TpHB8liH I'83 C IIOJl.SipH38UHel p KSK 

CMQCb llBYX I'830B1 IIOliHOCTbiO IIOliS1pH30B8.HRhiX ~ H IIQOTHB BQKTOp8 P. 
neno B TOM, lJTO ecnB C flOMOIIIbiO nonynpOHHU88MOI'O 41HllbTpa 8JlB868TH1f8CKB 

paaaenHTb qaCTHlJHO IIOnHpH3088HHbll I'83 RMOHHO 88 T8KHe KOMIIOHOHThl1 

SHTpOIIHSI I'838 IIOCne p83JleneHH51 He H3M8HHTCSI. 3To H aaeT H8M DpaBO 

flOJ1L30B8TbCH ~OpMynoR (5) QliH CM&CH .QBYX pa3HOpOQHbiX I'830Be npH HC

nonb30B8HHH )K8 nJ06biX .llpyrHX 4>HnLTpOB IIpOHCXOJlHT Heo6paTHM08 H3M8-

H9HHQ CDHHOBOI'O COCTOHHHSI raaa1 B peayllbTBTe XOTOporo SHTpOIIHSI ysensqH

B88TCSie npB 9TOM ~OpMyna (5) Y*e ue Jl88T HCTHHHOI'O 3HaqeHHSI 9HTpDIIHR 

raaa JlO paa.aeneBHH. 

II 



n 

§4. nng IIpOH3B011bHO!'O CT8THCTH~9CKO!'O 8HC8M511R aeT811bH09 

eauue npouenypbi Bbi'-IHcneuug SHTponuu 5binO aauo 4Jou Het:iMauoM (eM. 

1101 1101 
1 I'll. 5). B COOTB9TCTBHH C SHTpOITHIO H.09811bHO!'O !'838 CO CIIH-

~ 

HOBOt:i M8TpHUei1 ITIIOTHOCTH p Momuo rrpe.ocTaBHTb B enae 

S =- kN Sp (,' fn p + kN en V . ( 12) 

" " 2Hl 
Spp fnp =I p 1 fnp

1 1=1 
, r.oe cnnu, p 1 - co5cTaeuHbie aua-3aecb 

~ 

'li9HHSI MaTpHUbi ITIIOTHOCTH p • CornacHO ( 12), SHTpOITHSI S npe.acTaB

IIHeT C05ott CYMMy SHTpOIIHfi ( 2 j +I ) !'83081 CIIHHOBbie COCTORHHSI KOTO-

" pb!X OITHCbiB810TCH C06CTB9HHbiMH 4JyHKUHRMH MaTpHUbl p • 

cnpaee.anneo uepaeeucTeo 4Jou HettMaua: 

Sp p en p ~ f p u f n q
1 

Dpu aToM 

( 13) 

!'.ll9 p il - .OH8!'0H811bHb19 9119M9HThi M8TpHUbi IIIIOTHOCTH B ITpOH3B011bHOM 

npe.acTaeneHHH ( 3HBK paeeucTea cooTeeTcTeyeT p
1 

= p 
11 

) , J1a COOT-

uoweunH (13) uenocpencTeeuuo cne.ayeT, ~To npu H3Mepeuuu (¢unbTpauun) 

;ffTpOIIHSI !'838 He H3M9HH9TCH TOllbKO B TOM CJIY'll891 KO!'.ll8 C06CTB9HHhi9 

4Jyuxuuu, xapaKTepH3YIOUIHe H3MepHTenbHhiii npu5op ( 4JHnbTp), coena.aaiOT 

C co5CTB9HHbiMH cpyHKUHHMH MaTpHUbl IIIIOTHOCTH. Ecnu >Ke TBKOe COBIIa

.aeuue He HM99T M9CT81 9HTpOITHH IT pH H3MepeHHH ( cfJHnbTpBUHH) 06SI38T911b-

uo yeenuqneaeTCSI. 

DyCTb B 06'h9Me V H8XO.OHTCH raa, co.aepmBUIHA N 8TOMOB B CITH-
~ 

HOBOM COCTOSIHHH C MBTpHuett ITJIOTHOCTii p (A) 1 B B .OpyrOM TBKOM me 

o6'beMe, orrpe.aeneuuoM OT rrepeoro uenpouHuaeMofi ITEperopo.aKott, uaxo.nnTCR 

ra31 coaepJKamnA N TBKHX lK9 8TOMOB B CITHHOBOM COCTOHHHH C M8TpH-
" (B) 

uett nnoTHOCTH p • flocne nonuoro rrepeMewnaaunH e o5'beMe 2 V 

M8TpHU8 ITIIOTHOCTH 6yaeT HM9Tb BH.O 

12 

~ I ( .... (A) .... (B) 
p =- p +P ). 

2 
( 14) 

C yq~TOM ( 13) H3M9H9HH9 9HTpOITHH IIOCll9 IIepeM9lliHB8HHSI MQ}f{HQ 

38IIHC8Tb: 

A(A) ,.. (B) 
.... (A) A (B) 

t.S=kN[Sp(p +P )fn p +p - Sp p~ (A)fn; (A) -Spp~<B!nP'<Bl ].( 15) 
2 

PaccMoTpHM BB>KHhiA: ~aCTHbiA: cny~aA:, Koraa A u 8 OTBe~aJOT 

'IHCTbiM 8HC8M61IRM CO CIIHHOBbiMH lflyHKUHRM H 1JI (A) H 1JI (B) • nng 

'IHCTbiX COCTOQHHA: O,llHO H3 C05CTBeHHbiX 3H8~9HHA MaTpHUbi ITJIOTHOCTH 

paBHo I, ocTallbHbie - HyniO. Cne.aoeaTenbHo, B <PopMyne ( 15) Mbi JlOJI}f{Hbi 

nono>KHTh Sp p"<A>enP<A> =Sp pea> foP <B) :0. Pewag aanee cTaH-

.aapTHyJO 38.08'lly 06 OJipeneneHHH C05CTBeHHhiX 3H8<ti9HHA: SpMHTOBCKOfi MaT-

~ 

pHUhl IIJIOTHOCTH p , Mbi nony~HM 

l.. (A) 
p = (l+r-'1' 

1 2 
(B) l (A) (B) 

1'1' >l),p =-0-1<'1' 1'1' >l),p =P=··=P ,.0.(16) 
:;! 2 8 4 2J+I 

Co6cTeeuubiM 3Ha~eHHSIM P1 H Pa COOTB9TCTBYIOT C05CTBeHHbiJ cpyHKilHH 

x/ B cnyqae cnnHa l/2 
A( A) -+ -+ (A) .... (B) -+ -+ (B) .... I -+ -+ 

p = l.. (l + a P ), p = l.. ( l + a P ), p = - ( l + a P ) , 
2 2 2 

-+ -+(A) -+(B) 
rn,e a - B9KTOpHbi:ti OIIepaTop flaynn1 p H p - B9KTOpbl ITOJIS1pH38-

UHH rasoe • P = -}ot<A)+p <B)·flpn aToM, ecnu I P<A) I= I P <B> I= I, 
na o6men tjlopMy"llht ( 15) cpa3y cnmyeT (II). 
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r 
! l

m(A) lm(B) i>j lm(A) ·lm(B) I~ 
T > + T '>e T •>- T •> e 

I 'l' I·>= • 'l'. > = ~===7.7==~== 
y2(l+l<'l'<A>I'l'<B> >!) y2(1-l<'l' <A>I'l' <B>>I) 

( 17) 

rne 
(B) (A) 

~=arg<'l' l'l' ·>. 

nollCT881IHH ( 16) B ( 15), Mhl DpHXOQHM K COOTHOWeHJno 

1 ·I <A> <B> 
1\S=-kN(l+l<'l' <A> l'l' <B> >I )fn + <'l' l'l' >I 

2 
( 18) 

(A) (B) 1 I (A) (B) 
-kN(l- l<'l' IIJI >I> fn - <'l' l'l' >I 

2 . 

npH I <'l' (A) I 'l' (B)> I= 1 BenH'IHHa 1\S = 0 • B cnyqae opTOI'OHanhHOCTH 

BOnHOBbiX <I>YHKUHA BenH'IHHa .:\ S = 2 k N fn 2 npa IIpOM9>tcy"TO'IHbiX 

3H8'1eHHHX l<'l' (A) .l'l'(B),>I BbiDDnHHeTCH HepaBeHCTBO 0<AS<2kNfn2. 

noll'l9pKH9M, 'ITO Bblp8>K9HH9 (12) CIIpaaeanHBO IIpH n~OM 3H8'19HHH CIIHH8 

(H Boo6me JlnSI BHyTpeH.RHX CTeiieHeA CB060llbl mot5oA IIpBpOJlbi). EcnB 

CD~ p8BeH 1/2, TO l<'l'(A) l'l'(B)>I= coo8/2, H COOTHOWeHHe (18) 

SKBHBaneHTHO (II), 

BepHeMc.H K o6meMy BbipB)K9HHJO ( 15). nerxo BH.Il9Tb1 liTO e cny11ae 

KOMMYTHPYIOUIHX M8TpHil DnOTHOCTH Mbl IIOnyliHM <flopMyny THII8 ( 8) • nnSJ 

OllHHBKOBbiX raaoB 

ptA> -=/i (B) ( 19) 

14 

H B9nlfliHH8 6, S = 0 • KpHTepaeM nonuoA paanH'IHMOCTH raaoe RBnReTcSJ 

BbUTOnHeHH9 MBTpH'tf.HOrO paBeHCTBB 

"(A) 
p •p" (B) = 0, 

npa 3TOM H3M9H9HH9 SHTpOOHH 6.S =2kN fn2. 

( 20) 

Mo>KHO noxaaaTb1 

"::TO H3M9H9HI-19 9HTpOIIHH 6_ S , onpeaeneHHoe no ¢opMyne (15), aceraa 

ypoaneTBOpSieT HepaaeHCTBY ( 9). npH 9TOM YK838HHbl9 BbiWe ycnoBHSI no-

CTH>KeHHSI MHHHMBJibHOrO H M8KCHM8JibHOrO 3H8"19HB:ti: ~ S SIBJJSIJOTCSI He 

TOJJbKO .QQCTBTO"'HbiMH, HO H He06XO.QHMbiMH. 

§5. TpaaHUBOHHbiH no.oxo.a K napanoxcy fH66ca MeTa¢naHYieH, no

cKon&Ky CM9WHB89Mbl9 rB3bl C"'HT8lOTCSI JIB6o JIO.IIHOCTbiO p83JJH'lHbiMB, JJH-

6o nonHOCThlO TO>K.aecTaeHHhiMH. CooTaeTcTaeHHo 8TOMY nonararoT, liTO HX 

MO>KHO JIOJJHOCTbiO p83,[19JJHTb HJJH >Ke p83.ll9JJ9HH9 a6COJJIOTHO HeocywecTBHMO. 

HuKaKHe npoMe>KyTOliHbie CHTYBUHB He pBCCM8TpHB8JOTCSJ. TaKaSJ TOliKa 

apeHHSI He COOTB9TCTByeT ,!l9:ti:CTBHT9JJbHOCTH, JIOCKOJJbKY HM9JOTCSI COCTO

HHHH, paanHliBIOIUHeCSJ ( nu6o coana.aa10IUHe) TonhKO qaCTHt~Ho. B qacTHo-

CTH, eCJIH BTOMbi paCCM8TpHB89MbiX ra30B OITHCbiBBIOTCSJ cynepD03HUHSIMH 

no HeKOTOpOMy BHyTpeHHeMy KBBHTOBOMy "'HCJJy, TO MepoA: p83JJHliHSI KBK 

paa SJBJJSJeTcSJ cTerreHb aeopToroaan&HOCTH I <'P(A) I 'I' (B~!. B STHX ycno

BHSJX "paa.aenSieMOCTb" raaOB TBK)Ke ITepeCTaeT 6biTb a6COIIJOTHOR: mo6of;i 

clJHnhTp, Bbl!l9JJSIIOWHA: O.QHO H3 COCTOSIHHA:, B HeKOTOpOA: Mepe - orrpe.aeJJSJe-

MOtf CTeneHbiO HeOpTOrOHBJlbHOCTH - "38XB8ThiB89T"' H 8TOMbl BTOporO TH,.. 

/10/ 
rra (eM. TBK)Ke , rn. 5). 06bi'lHo npe.anonaraeTCSJ, trTo ae cymecTayeT 

o6paTHMbiX npoueccoa, nepeao.aSJWHX raabi A H 8 .apyr a .apyra. Ha-

IIpOTHB, B paCCM8TpHB8eMbiX HBMH CJJY"'BSIX T8KHe npOU9CC.bl 38B9.llOMO cy

IUeCTBy~ (COCTOSIHHe TIOJISipH38UHH MO>KHO o6paTHMO H3MeHSJTb C ITOMOWblO 

COOTB9TCTByiOWHX MarHHTHblX ITOJieit) • 
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TaKHM o6paaoM, peweaue rrapaaoxca ru66ca CBB38HO c rrepexoaoM 

oT a6coniDTHaHpoeannoro earnRna aa rrpupouy To*necTeennocTH H paa

mPntMOCTH K 6onee WHpOKOMY B3I"JIB.Oy, COrJIBCHO KOTOpOMy 9TH IIOHBTHSI 

OTpB)KBIOT TOJibKO rrpe.aeJibHbi6 CJiy'IBH o6me:A: CHTYBUHH, KOr,aa p8CCM8TpHBae-

x/ Mbie ra3bl 'IBCTHlJHO p83JIHlJHMbl H lJ8CTHliHO Hep83JIHl:IHMbi • 

3aMeTHM1 liTO yK838HHbi:A: IlO.OXO.O K KBBHTOBO-M9X8HHl:leCKO:A: TO:>K.06CT

B6HHOCTH ne SIBJIReTcSI o6menpnHBTbiM. BoT cnoea Ba:A:cxomPa , e KOTOpbiX 

C rrpe,aeJibHOi:t RCHOCTbiO H3JIO>K6H8 06bil:IH8SI 'r0l:IK8 3p9HHB: 11 ••• KB8HTOB8B 

M6X8HHK8 IlOpO.OHJI8 KOHU6ITUHIO H.068JibHO:A: 'r0:>K.06CTB6HHOCTH
0 

nea 8TOM8 

HBXO,OSITCSI JIH6o B O.OHOM H TOM )K9 KBBHTOBOM COCTOSIHHH H TOI".08 OHH TO:>K

.06CTB6HHbii JIH6o B p83HbiX KBBHTOBbJX COCTOSIHHSIX. H TOI".08 OHH IIOJIHOCTbiO 

pa3JIHtrHblo HermAphJBHbdt nepexon Memny TD)f{g;cTBeHHQCThiO. CXOQCTBOM 

/14/ 
H p83JIHtrHeM HCl:l63 ( IlO.Ol:l6pKHyTO HBMH) 11 

• Ha IlpHMepe rrapa,aoKC8 ru6-

6ca MO:>KH01 KBK HaM Ka:>KeTCB 1 y6e.D.HTbCSI1 tJTO T8K8SI Kpa:A:HSISI $OpMyJIHPOB

Ka He MO)K6T CliHTBTbCSI BllOJIHe IlpBBHJibHO:A:. 

§ 6. Bbrme Y*e OTMel:lanoc&, liTO Ban-.a.ep-Baan&c IlbrTancsr peWHTb 

napanoxc ru66ca, onupastcb na nexoTopbre cneuH¢Hqecxue ceottcTea anTpo-

IlHH1 B liOC1HOCTH, Ha "nena6JIIO,Il86MOCTb 11 BeJIHlJHHbi L\S • CxonnhrM 

x/ 
CnenyeT aaMeTHTb, liTO ananorHl:IHBSI TO'IKB apeHHSI 6brna Y*e 

Bbrcxaaana panee e psrne pa6oT A. nanne (eM., narrpnMep,/11,12,13/). 

K C0)KSJI9HHI01 B 9THX pa6oTaX conep:maTCSI rpy6bre ¢H3Hl:I6CKHe OUIH6KH
1 

OTHOCHIIU16CH K C8MO:R CYTH BOnpoca. B 1.J:8CTHOCTH1 HCXO,OSI H3 OWH60liHbiX 

¢H31P-IeCKHX rrpe.onocbii10K1 A. naaae HCIIOJib3yeT HerrpaBHJihHOe Bbip8)f{6HHe 

nnst eenHlJHHbi ~ S - no suny cxonuoe c ( 18), HO conep*amee 1 <'I' (A)pp <8 '::;.] 2 

BM6CTO I <'I' (A) I 'I' (B)> r. H IlpHXO.LlHT K BbiBony o6 OTCYTCTBHH caMoro 

nOHRTHSI SHTpODHH CM6CH, ecJIH KOJIHlJeCTB8 CMeWHBaeMbiX I"830B He O.OH
HBKOBbl H T.,a. 

16 

o6p830M oco6aa ponh SHTpOITHH SIBHO H HeSIBHO npe.arronaraeTCB B 6onb

UIHHCTB6 pa6oT1 nocesnneHHbiX ananuay napanacca ru66ca. Mbt npunep)I(H

eaeMCR npoTHBOTIOJlO*HOfi TOliKH apeHHR H Cl:IHTSeM, lJTO TI8p8.00KC ru66ca 

CBSI38H C SHTp.orrneA, -rnaBHbiM o6pa30M1 HCTOpH"16CKH H MO>K9T 6biTb B 

neficTBHTenbHOCTH c¢opMynHpOB8H COBeprneHHO He38BHCHMO OT STOr'O ITOHR-

THR. 

neAcTBHTenbH0 1 BbiBe.a.eHHOe panee COOTHWieHHe ( 3) 0"19BH.IlHblM o6-

paaOM OTHOCHTCSI He TOnhKO K 3HTpOITHH 1 HO H K mo60A .apyro:A: B.ll.LlHTHB

HOi:t $yHKUHH COCTORHHSio B "18CTHOCTH1 .llnR BHyTpeu~e:A: SHeprHH TElK>Ke 

MO:>KHO aanucaT& ( npu ¢uxcnpoeaHHoA TeMnepaType) 

U=N¢(V/N). (21) 

noaToMy, eCJIH B O.OHOM H3 .llBYX p8BHbiX o6'heMOB V HBXO.IlHTCSI N 8TO

MOB u.aean&noro raaa A , a B npyroM - cxon&KO >Ke aToMOB raaa B 1 

TO ,llO CM6lliHB8HHSI BHyTpeHHSISI SHeprHSI CHCTeMbi 

U'=2N¢ (V/N). 

nocne cMeWHBElHHSI KB:>K.llbltl H3 I"830B 38HHM8eT 06'beM 2V t 
1
8 ITOJIHSSI 

BHyTpeHHSISI SHep!'HSI CMeCH U " p8BH8 CyMMe BHyTpeHHHX SHeprH:A: KOMIIO

H8HTo noaTOMY B CJiyliae H30TepMHli9CKO['O rrepeMeWHB8HHSI 

U"=2N¢(2V/N), 

T.e. HMeeT MeCTO uaMeHenue 

AU 2NI¢(2V/N)- ¢ (V/N)l ( 22) 

He 38BHCHillee OT CTeTieHH 6JIH30CTH CM61liHB86MbiX I"830B. C .opyroi:t CTO

POHbl1 B CJiy'tlae O.OHHBKOBbiX I"830B HCITOJib30B8HHe ( 21) npHBO.IlHT K 

t.ll = 2N ¢ (2V /2N )- 2N ¢ (V /N) .o. 

17 



• 

I 

8 norH~SCKOM nnaHe YK838HH8H CHTYBUHH HHl:ISM He OT1IH'i8eTCH 

oT napa~oxca fn66ca, xoTH noHHTHe euyTpeuueA 3Hepruu He HMeeT unxa-

KOI'O OTHOlli9HIBI K 8HTpOTIHH H HHKBK- H€ CBSI38HO CO BTOpbiM H81.181IOM 

T€pMO.IlHHaMHKH. CneayeT, npaBJJB, OTMSTHTb, l:ITO .lUIH paap€)f{9HHbiX 

H.ll981lbHbiX I'830B BB€.1l€HH8SI HBMH lflyHKUHSI t/J OK83biB89TCSI KOHCTBHTOt:i 

H CKB'IOK B B€ni.P.£HH€ BHyTpeuHeA 9H8pi'HH £1 U = 0 Onuaxo e HHTepecyiD-

meM HBC ceRqac OTHOlliSHHH STO o5CTOSIT€1lbCTBO He SIB1IH€TCH cymeCTBeH-

HbiMo EcnH OT p83p€JK€HHbiX H.ll€81IbHbiX I'830B nepeitTH K I'B38M HBCT01lb-

KO II1lOTHbiM1 'iT05bi HB'tJ8110 HI'pBTb 38M€THYJO pOIIb KB8HTOBOM8XBHH'lJ8CKOe 

/15/ 
Bbipo>K.aeuue (eM., uarrpnMep, , §55), To ¢=I coost H eenn'iHHa L\U 

xl 
OK83biBa9TCSI KOH91J:HOti o 

TaK »ee KBK H B cny'lae 9HTpOTIHH CKB."'OK,. B H3M9HeHHH BHyTpeHHeA 

aueprHH npH nepexo,ne OT OD.HHB.KOBbiX I"'EI30B K p831IH"'810IUHMCSI OTCyT

CTByeT, ecliH BB9CTH HenpepbiBHbiA napa.MeTp 61IH30CTH !"83081 HanpuMep, 

(A) (B) 
cTeneHb ueopTorouanbHOCTH cynepnoauuuA I <'I' [11' >[. f1pu aToM $op-

Myna D.JISI 6_ U ( 8H81IOI"'H'CJ:H8SI !f>opMylie ( ]8) .UIISI H3MeHeHHSI 9HTpOTIHH) 6y-

neT nMeTb sun: 

2V 
1\U~NO+xlo;l>( )+NO 

2V 
-x)o;l> (--)-2No;I>(V/N), 

N(l-x) N (I +x) 

rae 
I .. (A) I .. (B) I 

X=<T T >. 

nerKO BHneTb1 'ITO npu X ::::: l BeliH'IHH8 /! U =0 , a DpH X = 0 

( 23) 

Bbipa>Ke-

uue ( 23) cosnaaaeT c ( 22) , B HHT<psane 0 < x < I BeliHlJ:HH8 L\ U 

npHHHM89T DpOMe>KyTO'tJ:Hbi9 3Ha'leHHSI. 

xl 
f1o cymeCTBy HMeHHO 9TOT napanOKC yTIOMSIHyT B pa6oTe 3itHlliTeA-

H8 (CM,/16/, CTp, 488), 
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illiH pe81IbHbiX 1"'8308 BHyTp9HHSJSI aHepi"'HSI 6yneT 38BHC9Tb He TOIIb-

0'1' TeMnepBTypbl (KHHeTH"'9CK8SI 9H9pi"'HSI BTOMOB) 1 HO H OT Cpe,llH9I"'O 

pncCTOS'IHHSI Me>K.Uy 8TOM8MH (noTeHUH81IbH8SI 8HeprHH). f10CII9.UHHSI tt8CTb 

BKniOqaeT B ce6SI T8K>Ke TBK H83biB8eMyiO 06M9Hf1YIO 8HeprHI01 CBSI38HHYIO 

c no6aB0'-1HbiM KB8HTOBOM9X8HH1JeCKHM B38HMO,ll9:t:iCTBHeM Me>K.OY TO>K.OeCT-

neHHbiMH 8TOM8MH. 

f1pu cMelliHBB.HHH .ll8JK9 O"'eHb 61IH3KHX1 HO BCe JKe p831IH"'8IOUIHXCSI 

( HaiipHMep, H30TOIIOB) cpe.uaee p8CCTOSIHH9 MeJK.UY H.U9HTHlJ:HbiMH 

cnoMA.MH yseJIH"'HBBeTCSI, lfTO TipHBO.llHT K H3M9H9HHIO 06MeHHOI"'O B38HMO

neficTBHS'I H eHyTpenueA anepruu CMecu. f1oaToMy npu anua6aTH"'ecxoM CMe

muBaHHH CKOIIb YI"'O.llHO 61IH3KHX 1"8308 HMeeT M9CTO KOH9'1Hbifi CK8'10K TeM

ncpaTypLI, OTCYTCTBYIOIUHA IIpH •cMeUIUBaHHH"" H.UeHTH'1HbiX I"'830B. HTaK, 

CHOB8 napan_oKC 1 CXO.llHbiit C IIB.pa.UOKCOM ru66ca. 

flpH :>K9118HHH MO>KHO 6blliO 6bi yK838Tb ewe H9CKOIIbKO napan.OKCOB 

TBKOI"'O po.na. Hau6onee I"'IIy60KHfi H3 HHX Boo6me He CBSI38H C TepMO.QH

HaMHKOfi H MO>K9T 5biTb CQ:lqJMYIIHpOBBH .UIISI CHCT8Mbl1 COll,9p)J{8Wett BCei"'O 

J1Hlllh .OBe lf8CTHUbi. EcnH l!BCTHUbl Oll.HHBKOBbl , BOJ1HOB8SI Q:lyHKUHst CHCTe-

MLI .00J1}KH8 6biTb CHMM9TpH30B8.H81 B CIIY'189 p83HbiX l!BCTHU BOJ1HOB8SI 

¢yHKUHH ITpOH3BOJ1bH8. 0TCIO.U81 KBK H3B9CTH0 1 Cne.nyeT, "ITO noae.ueaHe 

CHCTeMLI CKOJ1h YI"'OIIHO 6J1H3KHX qacTHU pe3KO OTIIHli89TCSi OT ITOB9.U9HHSI 

CHCT9Mbl TO}Kil9CTBeHHbiX lfBCTHUe 

Bee yKaaaHHbie napanoKCbi cxonHhi no caoeA rrpupone c rrapanoxcoM 

fu66ca. EcnH CBOACTB8 paCCMBTpHBBeMbiX I"'830B HIIH 'LJBCTHU MOI"'YT H3M9-

H>lTbCH TOJlbKO Jl,HCKpeTH01 CHTyaUHIO H9J1h3SI CqHT8Tb II8pB.llOKC8J1bHOti:: 

.OHCKpeTHOe H3MeH9HUe IIpH"'HH npHBOll,HT K .llHCKpeTHOMY H3MeHeHUID cnen

CTBHH. rfapanoKCbi HMeJIH 6bi MecT0 1 eCIIJI 6bi IIOBe,lleHUe H3M9HSIJ10Cb CKS'-1-

KOM ITpH HenpepbiBHOM H3MeH9HHH "napaMeTpOB 61IH30CTJJ"'; O.UHBKO B 8TOM 

cnyqae n noeenenue uaMeuHeTcH aenpepbmHo • .llmi BHYTpeuueA auepruH aTo 

6LinO TIOK838HO Bblllle. B OTHOUI9HHH CKaqKB TeMrrepaTypbi ( H .UBBneHHH) 
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rrpH cMeWHBBHHH peanbHhiX rasoB TaxoA >Ke BbiBO.ll cne.nyeT us aaanorn<tJ

HhiX pacCy)l{,lleHHit. l..JTO K8C89TCSI CHCTeMbl .llBYX 'li8CTHU 1 TO ee CBOJ:iCTB8 

TBK:H<:e aerrpepbiBHO H3MeHSIIOTCSI B 38BHCHMOCTH OT CT9Il9HH HeOpTOrOHBIIbHO

CTH COCTOSIHHti, OTBe"J8IOntHX p8CCM8TpHB89MbiM 'l{8CTHUBM. npH STOM COBIIB

ll8IOWHe COCTOHHHSI B9.llYT Ce6H KBK TO>t<.lleCTB9HHbl9 "18CTHUbi1 OpTOrO

HBnbHble - KBK pa31JH'iHbie "18CTHUblj B 06IUeM CIJyqae X8p8KT9p IIOB9.ll9HHSI 
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