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I. BBe.11:emie 

B PRAY Ba~HellWHX BonpOCOB ~H3HKH CHRbHHX B3aHMO,ll;ellcTBHll, 

no-BH,ll;HMOMY, caMHMli nony,rnpHHMH B llOCRe,ll;Hlie ,ll;eCRTHReTHR RBRRIDTCR 

BonpocH, CBR3aHHHe C KOH¢afiHMeHTOM KBapKOB. naHHaR nonynRpHOCTb 

o6~RCHReTCR He TORbKO aKa,ll;eMHl!eCKHM liHTepecoM K 3TOll caoeo6pa3HOfi 

npo6neMe, HO TaK~e WHPOKO 06cy~,11;aeMofi B HaCTORmee BpeMR B03MO~
HOCTbD C03,ll;aHHR npli CTORKHOBeHHRX R,ll;ep TaKHX YCROBHll cymecTBOBaHHR 

a,11;pOHHOll MaTepHH, npH KOTOpHX KBapKH cnoco6HH ocao60~,11;aTbCR H3 nneHa 

H npe,ll;CTaBaTb B BH,ll;e KBapK-rRDOHHOfi TIRa3MH. 
iisylleHJ.Je ,11;eKOH¢allHMeHTa, , OCHOBaHHOe Ha KX.L(, HaTaRKHBaeTCR 

Ha MHO~eCTBO nperpa,11;. Ha~OORbWero ycnexa B TaKOM 110,ll;XO~e AOCTHrRH 
npli HCTIORb30BaHHH ·Kan110poBOllHHX Teopin Ha peweTKa/1- 51. Ho npH 

Tpy,ll;HOCTRX ~YHAaMeHTaRbHOro xapaKTepa (HanpHMep, KOH8'llHOCTb perueT

KH H HeoOXO,ll;HMOCTb npe,11;enbHoro nepexo,11;a K ~enpepHBHOMY npoCTpaHCTBY) 
KX,U Ha peweTKaX CTaRKHBaeTCR eme co CRO~HOCTRMH npH yl!eTe KBapKOB. 
B CBR3H C 3THM B ,ll;aHHHfi MOMSHT OoRblllYD aKTyaRbHOCTb HMSDT CTaTHCTH~

lleCKHe MOASRH 16-161 , KOTOpHe OTIHCHBaDT ¢a30BHfi nepexo,11; H3 a,11;pOHOB 

B KBapK-rRDOHHYD nnasMy, npHBReKaR He~OTOpHe ¢eHOM8HOROrlil!8CKHe 

npe,11;cTaaneHHR. 
0,ll;HO li3 KRDl!SBHX TIOHRTHll, liCTIORb3yeMHX B CTaTHCTlillSCKHX MO,ll;SRRX 

a,11;poHHOfi MaTepHH, - 3TO TIOHRTHe CBR3aHHoro COCTORHHR KBapKOB HRH 
MHoroKBapKoaon KoH¢HrypaQHH. Cymec~BYDT pasHHe cnoco6H;on11caHHR no
,11;06Horo COCTORHHR KBapKOB: MeWOK EorORD60Ba /l?/, Memo~ Mfr/lB/, 
rapMOHHl!SCKHll MemoK 1191 H ,11;pyrHe MO,ll;SRH, CM. 0630pH 120- 221. li3 
KBaHTOBOfi XpOMO,ll;HHaMHKH cnepyeT, l!TO KBapKli 3a ClleT 06MeHa rnno

HaMH MoryT CKReHBaTbCR H o6pa30BHBaTb CBR3aHHOe COCTORHHe, KOTOpoe 

Ha3HBaIDT MYRbTHKBapKOBHM KRaCTepoM (MYRbTHKBapKoM, MYRbTH6apliOHOM). 

C no,11;06Holl TOl!Kli 3peHHR Tpa,ll;HQHOHHHe HYKROHH - 3TO TP,eXKBapKOBHe 

KRaCTepH. KyMyRRTHBHHll a¢¢eKT pox,11;eHHR Me30HOB 123 ,247 H 3KcnepHMeHTH 

no rny6oKoHeynpyroMy pacceRHHD nenTOHOB Ha.n,11;pax 1251 nosaonHnH c,11;e

naTh BHBOA, l!TO Oonee KpynHHe, lleM TpeXKBapKH, CBR3aHHHe COCTORHHR 

KBapKOB, no-Bli,ll;liMOMY, RBRRDTCR peanbHOCTbD, cocymeCTByfl,BMeCTe C 

HYKROHaMH B R,ll;pax. K HaCTORmeMy BpeMeHH TIORBHROCb 60RbWOe KORHl!eCT

BO pa6oT, KOTOpHe, HHTepnpeTHPYR pe3yRbTaT~ rny60KOHey11pyroro 
pacceRHHR, YTBep~,11;aDT, l!TO B R,ll;pax MOfYT HaXO,ll;liTbCR weCTliKBapKOBHe, 

,ll;SBRTHKBapKOBHe 11 ,11;axe ABSHa,IJ;QaTHKBapKOBHe Knacrep✓26-28/. 06-
WHpHHll 3KCnepH1il8HTaRbHYa-M~HHD HyKROHa Ha HYKROHe 
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/ 29-32/ yKa3hlBaeT Ha B03MOlKHOCTh cnHHHH.ll HyKnoHoB np1,1 cronKHOBeHVIH 

B 3K30TH4eCKOe rneCTHKBapKOBOe COCTOHHHe. 
B CTaTHCTHqecKHX Mo.n;enax, OilHChlBaIOmHx KaK ¢a30Bhli nepexo,n; 1,13 

a,n;poHHOll MaTep1,11,1 B KBapK-rnIOOHHYIO nna3MY, TaK H npoCTO a,n;poHHYIO 
MaTep1,110, COCTOHHHfl 1,13 KBapKO~hlX KJiacrepoB HHTepnper1,1pyIOTC.ll KaK 
m . /3~/. K '1/a30Bhle COCTO.llHH.ll KBapKOB • 1 BapK-rnIOOHHa.ll mra3Ma, B BJ1,l;e KOTO-
pon KBapKH npe,n;cTaIOT nocne ,n;eKoH{f?allHMeHTa, Ta.KlKe aanaerca 1,1x ~a30BblM 
COCTOHHHeM. OCHOBHa.ll uenh !,!CilOJih30BaHH.ll no,n;o6HhlX MO.n;enen - 1,13yq1,1Th 
Ka48CTBeHHh!e H KOnHqecrBeHHhle xapaKTep11CTl1Kl1 ¢a30BblX nepexo.n;oa B 
CB060,ll;Hhle KBapK11 11 MelF.,n;y pa3JIJ14Hh!Ml1 MYJihTI1KBapKOBhlMl1 COCTOHHI!Rl,rn. 

B' :paMKaX CTaTl1CTWl8CKoro no,n;xo,n;a K onncaHl110 ;i;eKOHqJaltHMeHTa 6blJIO 

nonyq eHo He c1w JihKO 3acny:l!maa10mnx BHJ,n.taHna pe3y nhTaroB, Hanp11Mep, 
Bb!BO,ll; 0 B03MOlKHOCTl1 q;ia3oBoro nepexo.n;a B KBapK-r,1IOOHHYIO nna3MY l13 
411CTOll HyKJIOHHOll {f?a3hl 1 7 , 151_ 0.n;HaKO UMeIOm11eca CTaTUCT!14eCK11e npo
ue.n;ypbl paCCMOTpeHl1.ll .n;eKOHif}allHMeHTa o6na.n;aIOT MHOlKeCTBOM He3aBepmeH
HOCTell l1 He .n;o KOHUa BblHCHeHHbIX MOMeHTOB. YnoMHHeM KpaTKO TOJibKO 
HeK0Top1:,1e .n;eran11, a 6onee no,npo6Hoe 06cyx.n;eH11e npoae.n;eM no3lKe. 

B qacTHocr11, a Mo.n;enax, paccMarp11aa10m11x polK.n;a10m11eca 113 aaKyyMa 
c pocTOM reMneparyphl a.n;poHhl 1 6 , 8- 13/ , 11Horia BMecro {f?a3oaoro nepe
xo,n;a nonyqanHcb pacxo.n;11Mocr11, a np11 era Han11q1111 noae.n;eH11e repMo
.n;11HaMH4eCKHX cpe.n;HHX Cl1CTeMhl np11 reMnepaType, CTpeMamellca K 6ecKoHe4-

HOCTl1, He COOTBeTCTBOBano KBapK-rJIIOOHHOMY ra3y. IlyreM OTKa3a OT 
cneKTpa xare.n;opHa 161 H BBe.n;eHl1.ll B MQ,n;enh Hoaon Hel13BeCTHOll {f?yHKU11H -
cneKTpa Macc-o6oeMOB a.n;pOHOB 1 12 ,131 - y.n;aBaJIOCb JIHllib qacTU4HO l13-
6aBl1TbCH OT rpy,n;HOCTell. IlOMHMO 3Toro, cne.n;yeT eme 3aMeTl1Th, 4TO .n;e
KOH{f?allHMeHT BO acex Mo.n;enax 11ccne,n;oaanca Ha OCHOBe Cl1CTeM 113 q1,1CThlX 
{f?a3, B TO apeM.ll KaK y4eT paBHOBeCHoro, ycroll4!1BOro cocymecTBOBaHH.ll 
a.n;pOHOB 11 KBapKOB cnoco6eH cepbe3HO IlOBJil,l.llTb Ha BCIO KapTl1HY q;Ja30BOro 

nepexo.n;a a KBapK-rn100HHYIO nna3My. 
B .n;aHHOll .pa6oTe Mb! {f?opMyn1,1pyeM Teop1,110 KBapK-a,n;pOHHOll MaTep1111, 

J1Me10my10 cne.n;y10m11e OTJil14HTeJibHhle oco6eHHOCTH: 
a) KaapK-a,n;pOHHaH MaTepHR BKJIIOqaeT B ce6a Bee B03MOlKHble {f?a30Bhle 

. COCTORH11R KBapKOB: {f?a3y cao6o.n;HhlX KBapKOB, 11Jll1 KBapK-rJIIOOHHYIO nna3MY, 
11 6eCKOHe4Hhlll Ha6op {f?a3 113 n -KBapKOBhlX KnacTepoB, r.n;e n = 3,6,9,12, 

• • • H T • .n;. 
6) Y411ThlBaDTC.ll peaKU1111 CJil1HHH.ll 11 pacna.n;a 4aCT11U, KOTOpble npo11c

XO,ll;RT MelK.n;y MYJibTHKBapKaMH, a TaKlKe MelK.n;y cao6o,n;HhlMl1 KBapKaMl1 11 
KnacTepaM11. BKJI10qeH11e B p~CCMOTpeHHe KBapK-rnIOOHHOll nna3Mhl, BC8B03MOlK
HhlX f2, -·KBapKOBhlX o6pa30BaH11ll 1,1 peaKUHll CJil1.llHl1.ll 11 pacna.n;a qaCT11U 
Il? 3BOJIReT 11ccne.n;oBaTh cocymecTBOBaH11e yKa3aHHhlX {f?a3, a 3Haq11T, 11 
cocymecTBOBaHHe KBapKOB H a.n;pOHOB. 
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B) Bo BCeM ,n;11ana30He 3HaqeH11ll TeMnepaTyphl 11 nnoTHOCTl1 KBapK
a.n;pOHHoll MaTep1111 HCilOJib3yerca M11KpOCKQill,14eCKl1ll KBaHTOBO-MeXaH1,1qeCKHll 
no.n;xo.n:,, np11qeM IlOTeHUHaJihl B3aHMO,n;ellCTBH.ll MYJibTHKBapKOB 3a.n;a!DTC.ll C 
IlOMOmbIO pean11CTJ14eCKoro HYKJIOH-HyKJIOHHoro IlOTeHUHana 11 3aKOHa coxpa
HeHH.ll 3Hepr1,111 np1,1 CJI!,!.llH!,!!1 KBapKOBhlX KJiaCTepqa. 

IlpelK,D;e qeM nepeX0,11;!,!Tb K H3nOlK8H1110 MaTep11ana, CKalKeM HeCKOnbKO 
CJIOB o nopa.n;Ke, a· KOTOPOM OHO 6y,n;eT npo113BO,ll;HTbC.ll. CHaqaJia Mhl o6cy.n;HM 
HaH6onee H3BeCTHhle CTaTl1CTHqecK11e MO.n;en11 ,n;eKOH{f?allHM8HTa. 3aTeM no,n;
po6HO c{f?opMyn1,1pyeM OCHOBH~e IlOJIOlK8Hl1.ll Teop111,1 KBapK-a,n;pOHHOll MaTep1,111 
co BCeM11 o6ocHOBaHHHMl,I l1 Heo6xo.n;HMhlMl1 OU8HKaMl1. B KOHUe c,n;enaeM 
KpaTK11ll aHOHC HeKOTOphlX pe3yJihTaTOB 11 paCCKaXeM O nnaHaX 1,1ccne.n;oaa
HH.ll. neTanhHOe 113nOlK8Hl18 pesynbTaTOB 1,1 TeXHHqeCKHX TOHKOCTell c.n;enaeM 
a cne;i;y10m1,1x ny6n11Kau1,1ax. B pa6oTe 6y.n;eT 11cnonh30BaThCH ecTecTaeirnaa 
Cl1CTeMa e,JJ;HHHU ("h_ = C = J. ) • 

2. Mo,n;en1,1 {f?asoaoro.nepexo,n;a a cao6o,n;Hhle KaapKH 

B paMKax cTaTHCTHqecK11x Mo.n;enen cymecTBYIOT pa3n11qHbJe npoue,n;yphl 
pacCMOTp8Hl1.ll ,n;eKOH{f?allHMeHTa. 3a HeKOTOphlM He3Ha4HTenbHhlM HCKnI048HHeM 
HX MOlKHO o6oe,JJ;HHl1Tb a ,n;Be OT.n;enhHhle rpynnhl. 

1) Ilp11eM, HCilOnb3yeMhlll B CTaTHCTl,lqeCKHX MO,n;enax nepaon rpynnhl, 
3aKnl04aeTCH B TOM, qro paCCMaTpHBaIOT CHCTeMy, KOTopaa MOlKeT peanH-
30BaTbCH B BH,JJ;e O,ll;HOll 1,13 .n;ayx 4!1CThlX {pas: {f?a3hl HYKJIOHOB C polK,n;a10-
m11MHC.ll 1,13 BaKyyMa m; -Me30HaMH HJil,I {f?a3bl CB060,n;HhlX KBapKOB C pol!,ll;a10-
m1,1MHCH 1,13,BaKyyMa rn100HaM11. IlpH4eM HyKnOHbl nonaraDTCH n1,160 HeB3aHMO
,n;ellcTBy10mHMH qaCTHUaMH 1151 , JIK60 HX,B3aHMo,n;ellcTBHe sa,n;aeTCH H8KOTO
pb1M ¢eH0MeHonor114ecKHM o6pasoM 1161 , a a cnyqae HyneBoll TeMne~aTypbl 
Il0Jlb3YIOTC.ll 1,1 peaJIHCTHqecKHMl,I HyKJIOH-HyKnOHHhlMH IlOT8HUHanaMH / /_ 
Qn1,1caH1,1e KBapK-rJIIOOHHOll nna3Mbl HHor,n;a ocymecTBnaeTC.ll np1,1 IlOMOmH 
TeopHH B03MymeHHll KXJJ., HO HaH6onee nonynapHO OilHCaHHe CB060,n;Hb!X 
KBapKOB 1 yq1,1Th1Ba10mee HX B3aHMo,n;ellCTBl18 qepe3 BaKyyM KXn /?,l~,l5 ,J4~ 
Bo BC8M ,n;1,1ana30H8 3Ha48HHll 6apHOHHOll IlJIOTHOCTH nB 1,1 TeMnepaTypli 8 
1,1ccne,n;y10T TepMO,ll;HHaMHqecKoe noBe.n;eHHe CHCTeMhl. Haxo,n;HT .TaKHe 
3Ha4eHHH 0(n.e) , np1,1 KOTOphlX o6e {f?a3li HM810T O,ll;HHaKOBlie CB060,D;Hhle 
aHepr1,11,1. B pe3yJihTaTe nonyqa10T, qro Bhlille KPHBoll 0(ns) a.n;poHHaa 
{f?asa MeHee Bhlro.n;Ha, qeM {f?a3a CB060,D;HliX KBapKOB, COOTB8TCTB8HHO WHlKe 

KpHBOll 0{neJ CHCTeMe 6onee BlirO,D;HO peanH30BaTbC.ll B BH,n;e a,n;pOHHOll 
{f?a3hl. qaCTO np1,1 3TOM Bli,n;eJIHDT o6JlaCTb roqeK, r,n;e {f?asa, HMeIOmaa 
60.llbillYIO CB06o,n;HyIO 3Hepr1,110 eme He IlOTepana TepMO,ll;HHaMH4eCKYD ycTollq1,1-
BOCTb (HanpHMep, neperpeTlie a.n;poHli 1,1n1,1 nepeoxnal[,ll;eHHa.11 KBapK-rn100HHa.11 
nnasua). 

Ilp1,1 neHHOCTH npoCToro H HarnR.n;Horo yxasaHH.ll Ha B03MOlKHOCTb {f?aso~ 
Baro nepexo,n;a B KBapK-rnIOOHHYIO nna3MY H3 q!,!CTOR HYKJIOHHOll {f?a3li . 
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li3JlOlK8HHblll BblW8 IlOlXOA BC8 JK8 OdJiaAaeT CJie)U'DmliMH ABYMSI HeAOCTaTKaMli. 

Bo-nepBblX, He Y4liTb1BaDTCSI peaKUliH CJIHSIHHH li pacnaAa MelK.ll:Y MYJlb
TliKBapKrum, a TaKxe MeXAY KJiacTepaMH H CBOdOAHbUlli KBapKaMH. C pocTOM 

reMneparypbl li TIJIOTHOC~H S!AepHon MaTeplili B Hett MoryT npoliCXOAHTb ABa 
npoTHBOilOJIOlmblX npouecca. C OAHOll CTOpOHbl, H3-3a yBeJIH40HliR 3HeprliH 
CTOJlKHOBeH~ qaCTliU BoapacTaeT BepOS!THOCTb TaKoro CdJIHX0HHSI HyKJIO
HOB, npli KOTOPOM OHH cnocodHbl CJIHBaTb.CSI B donee KpynHbl0 MYJlbTHdapliOHbl. 

B CBOD oqepeAb,OdW,30BaHHble np;t CJIHSIHHH HYKJIOHOB KBapKOBble KJiacTepbl 

TaKJKe MoryT CJIHBaTbCH, "' B peaynbTaTe, dy)U'T IlORBJIHTbCR ~me dOJihWlie 
MYRhTHKBapKli. OAHliM CJIOBOM, npH noBblllleHHH TeMnepaTypbl H IlJIOTHOCTH 
S!A0pHott:MaTeplili MOJKeT HATH npouecc YB8Jlli4eHliH KOHU0HTpauHtt wecrn

KBapKOBblX KJiaCTepoB, AeBHTHKBapKOBblX KJiacTepoB HT.,. BJIOTh AO 

IlOHBJI0HHH HeorpaHH4eHHoro rRraHTCKoro MYJlbTHKBapKa 
141 • C Apyron 

CTOpOHbl, H3-3a Toro xe yBeJIH40HHH 3HeprHH CTOJIKHOBeHHtt B03pacTaeT 
BepoHTHOCTb AJIH MYJibTHKBapKOB "paadHTbCR" np1,1 coyAapeHliSIX Ha donee 

M0JlKli0 KJiaCTepbl li AaJKe KBapKH. H, TaKHM odpaaoM, BilOJIHe B03MOlKHO, 

4TO HYKJIOHbl CKopee dy)U'T pacnaAaTbCH Ha COCTaBJIHD!l\li0 i,iX KBapKM npH 
IlOBblllleHlili TeMnepaTypbl H nnoTHOCTl,i HAepHon MaTep1,11,1, qeM dYAYT CJlliBaThCR. 

ilpH48M TO, 4TO HH OAHH 3Kcnep¾MeHT He odHapylKHJl pacnaAa Ha H30JIHpO

BaHHble KBapKli ABYX CTOJIKHYBWHXCR eyKJIOHOB, eme He aanpemaeT KJiaCTepaM 
pacna,n:aTbCSI Ha KBapKH B cpeAe, r,n:e yCJIOBHH cymecTBOBaHHH coBepweHHO 

HHble. 
BepOHTHee Bcero, 4TO yKaaaHHble npoueccbl KOHKYPHPYDT Apyr C ApyroM, 

MeHHHCb no 3Haq1,1MOCTH B paaJlliqHblX odnacTHX TepMO,D;liHaMHqecKHX napa

MeTpOB. OT Toro, KaKon H3 HHX HBJIReTCH onpeAeJIHDmliM B palloHe AeKOH
qiallHMeHTa, aaBliCHT KaK KaqecTBeHHaR KapT;tHa qiaaoBoro nepexoAa B CBO

dOAHbl0 KBapKli,TaK i,i KOJIJ,iqec.TB0HHbie xapaKTepHCTliKli ,n:eKOHq>allHMBHTa. 
HanpHMep, eCJIH rnaBHYIO ponb HrpaeT npouecc CJIHHHliSI MYJlbTliKBapKOB, 

TO q>a30Bblll nepexoA B KBapK-rJIIOOHHYIO nnaaMy dyAeT CJI0ACTBlieM nocTeneH

Horo yKpynHeHH~ MYJlbTHKBapKOB H HX CJIHHHHH B KJiaCTep-rnraHT. B npoTHB
HOM cnyqae AeKOH<pattHMeHT ocymecTBH~CSI B peayJibTaTe pacnaAa KBapKOBblX 

KJiaCTepoB Ha qiopM;tpoBaBmlie liX KBapKH, npli40M pacna.n: MYJlbTHKBapKOB 

MOJKeT npOHCXOAHTb nocTeneHHO, a He cpaay. 
nnH BblSICHeHliH HCTHHHoro IlOBeA0HHH HA0PHOtt MaTepHH npH pocTe 

· TeMnepaTypbl H nJIOTHOCTH HeOdXOAHMO npH~l,iMaTb BO BHHMaHHe TO, 4TO 
B03MOlKHbl oda npouecca. A AJIH 3Toro HYllHO IlOMHMO HYKJIOHOB BKJIDqaTb B 
paCCMOTpeHHe donee KpynHble MYJibTHdapHOHbl H yq1,1TblBaTb peaKUHH CJIHRHHR 
H pacnaAa qacTHU. KaK dy,n:eT noKaaaHO npH li3JlOJKeHHH TeopHli KBapK-aApOH

HOtt MaTepliH, TaKoll yqeT HA0HT;tqeH liCCJieAOBaHHP ycTottq1,1Boro cocymeCTBO

BaHHH MYJlbTHKBapKOB H CB060AHblX KBapKOB. 
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Bo-BTOpblX, npH KOHe4HblX TeMnepaTypax B3aHMOAencTBHe HyKJIOHOB 

JIH6o He yqHTblBaeTCH, JllidO_ HCilOJlb3YDT ero qJ0HOM0HOJIOrH4eCKOe aaAa
HHe, 4TO MOJKeT HCKaJKa.Tb peayJibTaTbl npH 60JibillHX 3Ha4eHHRX IlJIOTHOCTH . . 
RAepHon MaTepHH. 

c:) :i3 CTaTHCTHqeCKHX MOA0JISIX A0KOHqJaHHM0l!Ta H3 BTOpon rpynnbl 
paccMaTplrnaIOT BCe _B03M0li(Hble MYJibTliKBapi{.OBble KJiacTepbl, poiK,D;avmuecsi 

113 BaKyyMa H liMeIOmlie KOH04Hble pa3M0pbl 18- 131 • B cnyqae HeHyJieBon 
OapliOHHOll IlJIOTHOCTl,i K HHM ,n:oOaBJI.IIIOTC.11 aApOHbl, npHCYTCTBOBaBmHe B 

Cl1CT8M8 113Hat:Ja.JlhHO, rrp1,1 .'. T8MrrepaType paBHOH HYJIIO. PacCMOTp8HH8 

ITOKa3hlBa8T, qTo C B03pacTaHH8M T8MrrepaTyphl q1,1cJio .qacTHU 

aa cqeT liX pOiK,D;0HHH 1,13 BaKyyMa yBeJIH4HBaeTC.II, npH40M CTaHOBRTCH 

OOJlbWe KpynHblX MYJibTHKBapKOB. HaKOHeu, np1,1 HeKOTOpon TeMnepaType, 

3aB¾C.llll\0a OT OapHOHHOll IlJIOTHOCTH, AOCTHraeTC.11 COCTOHHHe nJIOTHon 

ynaKoBKH qacrnu, H npH Ton JKe TeMnepaType B CHCTeMe npoHc_~OAHT qiaao
Bbln nepexo,n:. KaK cqHTaeTC.11,pH oOycJIOBJieH TeM, 4TO B 3TOT MOM0HT 

BM0CTO TOJlbKO qTo IlJIOTHO ynaKOBaBlllHXCR aApOHOB IlOHBJl.110TC.II OAHH orpoM

Hbln KBapKOBbln KJiaCTep, 3aHHMaDmttn Il04TH BCD CHCT0MY, TO 0CTb npo

HCXO,ll;HT A0KOHq>anHM0HT. B Il0Jlb3Y TaKoro npeAilOJIOJKeHH.11 npHBOARTCH cne

AY!Oll\H0 paccyiK,D;eHHH. ECJIH cqHTaTb KBapKOBble KJiacTepbl mapHKaMH, HMeDmMMH 

HBKOTOpble pa3M0pbl, TO npH yBeJIH40HHH IlJIOTHOCTH 3THX map.HKOB, BHe 
3aBHCHMOCTH OT Toro, B03paCTaeT Jlli OHa 3a C40T poiK,D;aD!l\HXC.11 H3 BaKyyMa 

qacTHU, C pOCTOM TeMnepaTyphl, JIHOo aa C40T YB0JIH40HHSI 6ap.HOHHOil IlJIOT

HOCTH, 1.!HCJIO a.n:poHoB, qb,H cqiepbl nepeKpblBaIOTC.11, CTaHOBHTC.11 Bee OOJlbllle. 

ilpe,n:nonaraeTc.11, '-ITO MYJlbTHKBapKH C nepeKpblBlllHMHCSI cqiepaMH odpaayDT 

OAHH BHJTpeHHe CB.113aHHblll KJiacTel141 , KBapKH BHYTPH KOToporo "aa61:l
BaIOT", KaKOMY H3 oOpa3yIO!l\HX ,n:aHHbln KJiacTep MYJibTHKBapKOB OHH npH
Ha,n:JieJKaJIH. C B03pacTaHH0M TeMnepaTypbl HJIH OapHOHHOil IlJIOTHOCTH pa3M0pb1 

BHyTpeHHe CB.113aHHblX KBapKOBblX odpa30BaHHil yBeJIH4HBaIOTCH. CymecTByeT 
KpHTH40CKaH IlJIOTHOCTb KJiacTepoB, KOrAa OHH IlOJlHOCTb!O ynaKOBblBaDT 

CHCTeMy • Ha4HHa.ll C 3Ton IlJIOTHOCTH, c~epbl Bcex MJJlbTHKBapKOB nepe

ceKaDTC.11, H, CJl0AOBaT0JlbHO, odpaayeTC.11 O,ll;HH orpoMHblil KBapKOBbltt 

oO'beKT - KJiaCTep-rHraHT. C IlOAOOHon TOqKH apeHH.11 A0KOH<pattHM0HT HB
JI.lleTC.11 "reoMeTpH40CKHM q>eHOMeHOM nepeKpblTH.11 cqiep aApOHOB 11135/ • 

0AHaKO qaCTO B OilHCblBaeMblX MOA0Jl.llX <paaJBl:ltl nepeXOA OTCYTCTBO

BaJI, JIHdO npH ero HaJIH4HH HMeJiaCh He COOTB0TCTBYD!l\aR KBapK-rJIIOOHHOMY 

raay 3aBHCHMOCTb TepMOAHHaMH40CKHX cpeAHHX OT TBMnepaTypbl nocne 
nepexoAa 1351 • qT06bl np00AOJI0Tb 3TH TPYAHOCTH, H0KOTOpble aBTOpbl 
/B,IO/ HCCJI0AOBaJIH A0KOHq>attHM0HT Ha OCHOBe cpaBHeHH.11 CBOOOAHblX 

:rneprHn aApOHHott q,aabl H KBapK-r JIIOOHHon nnaairn. B ApyroM cny-qae cy

'ecTBeHHl:lM o0pa30M H3M0HRJIH cneKTP Mace aApOHOB (cneKTP XareAOpHa) 
61 , ycTpaH.11.11 lK0CTKYD CB.113b M0JK)U' Macca:irn tiaCTHU H HX oO'heY.aAm ;,i 

BBOA.11 B paCCMOTpeHHe HeH3B0CTHYD ¢YHKUHD, 36A6DmJD cneKTp Macc-od~eMOB 
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aApOHOB, a TaKJKe MHOlKeCTBO ~eHOMeHonorHqecKHX napaMeTpOB 112 , 131. IlpH 

3TOM, BapbHPYR BHA AaHHoil 1YHKUHH, cBoCOAHYJO stteprHJO CHCTeMH BHrne 
TeMnepaTypbl ~a3oBoro nepexoAa YAaBanocb CAenaTb aHanorv.qHon TaKoaon AnR 
KBapK-rnKJOHHoro ra3a. TeM He MeHee OCTaaanHCb cnOl!(HOCT,! co cpeAHHM 
qHcnoM qacTHU, KoTopoe nocne ~a3oaoro nepexoAa He paBHRnocb eAHHHUe 
H CTpeMHnOCb K CeCKOHeqHOCTH npH yMeHbllieHHH TetmepaTypbI AO TeMnepa
TYPbl nepeXOAa, qTo HHKaK He COOTBeTCTBOBano npeAnonoJKeHHKl O IlORBne-
HHH KnacTepa-rHraHTa. 

Ilo Been BHAHMOCTH, TPYAHOCTU MOAenea H3 BTopon rpynnbl, He yqH
THBaDm~x KBapK9BHe CTeneHH CBOCOAH, oCycnoBneHbl TeM, qTo 1a30Bb!Il 
nepexo,Ii, B HHX CBR3aH C B03HHKHOBeHHeM COCTORHHR nnoTHOH ynaKOBK!i 
aAPOHOB. A TO, qTo Ha3b!BaJOT orpoMHblM MYJI1THKBapKoM, Ha caMOM Aene 
RBnReTCR CHCTeMon nnoTHO ynaKOBaHHHX_KnacTepoB. CBOCOAHaR 3HeprHR 
IlOAOCHOil CHCT6Mbl CHJ!bHO 3aBHCHT OT BHAa cneKTpa aApOHOB. YcTpaHRR 
JKeCTKYKl CBR3b Meny MaCCa.Mli H OC'beMaMH qacTHU, BBOART ClKHMaeMOCTb 
aApOHOB, qTo cymecTB6HHO oCnerqaeT yc110BHR HX cymeCTBOBaHHR. l13MeHRR 
CTeneHb ClKHMaeMOCTH, TO eCTb BapbHpyR ¢yHKUHJO, 3aAaJOmyJO cneKTP 
Macc-oO'beMOB ~p~HOB, MOlKHO B lliHpOKOM AHana3oHe H3MeHRTb TeMnepaTyp
HOe noBeAeHHe CBOOOAHOn 3HeprHH nnOTHOil ynaKOBKH KJiacTepoB, AOOH
BaRCb ee aHanorHqHOCTH CBOCOAHon 3HeprHH KBapK-rnJOOHHoro ra3a. C 
IlOAOCHoa TOqKH 3peHHR nepecTaeT Cb!Tb CTpaHHOil CHTyauHR co cpeAHHM 
,rncnoM aApOHOB. 

EcJIH lKe roBOpHTb O "reoMeTpHqecKOH" KapTHHe A6KOHjlailHMeHTa, TO 
B Heil ecTb H6KOTOpHe HenocneAOBaTenbHOCTH. IlpH xetTKHX CTOnKHOBeHHRX, 
KOrAa nepeKpb!BaKJTCR c~epbl qacTHU, B03MOlKeH He TOnbKO npouecc CJIHRHHR 
aApoHoB. OHH cnocoCHH npH 3TOM eme pacnaAaTbCR Ha Conee MenKne Knac
TepH H AalKe, Ob!Tb MOlKeT, Ha CBOOOAHble KBapKH. KpoMe Toro, MynbTH
KBapKH MOfYT nepeXOAHTb B B036yneHHHe COCTORHHR, coxpaHRR HHAHBH
AYanbHOCTb. To eCTb Mb! npHXOAHM K TOMY, qTo yxe oOcyJKAann. nnR 
BblRCHeHHR HCTHHHOil KapTHHH A6KOH~ailHMeHTa HeoOXOAHMO paCCMOTpeHHe, 
BKnKJqaJOmee ~a3y CBOOOAHblX KBapKOB H OeCKOHeqHHH HaOop COCTORHHil H3 
~ -KBapKOBbIX KJl!l.CTepoB ( It =3 ,6,9 ,12 ••• ) , a TaKlKe yqHT!iBaJOmee 

KBaHTOBHe nepeXOAH MelKAY MYnbTHKBapKaMH H CB000AHblMH KBapKaMH 
(peaKUHH cnHRHHR, pacnaAa 4aCTHU H B036y:iK,D;eHHR qacTHU). 

}13 npHBeAeHHoro Bblllie cneAJeT, qTo OCHOBHHM HeAOCTaTKOM onncaHHHX 
MOAenen RBnReTCR OTCYTCTBHe nocneAOBaTeJibHoro paCCMOTpeHHR paBHOBec
HOro yCTOil~HBOro cocymecTBOBaF,HR pa3nHqHHX ~a3 KBapKOB, TO eCTb yqeTa 
peaKUHil cnHRHHR H pacnaAa qacTHU. 11MeeTCR MHOlKeCTBO CHTY~UHil, CBH
AeTeJibCTBYJ.)mHX O qpe3BblqailHOil BalKHOCTH HCCJI6AOBaHHR reTepo~a3HblX 
COCTORHHH 137- 391, npHqeM qacTo ~30Bb!Il nepeXOA C yqeTOM cocymecTBo
BaHHR KaqecTB6HHO OTnHqaeTCR OT nepeXOAa B CHCTeMe C qncTblMH ~a3aMn. 
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B nyOHe CHn BblnonHeH PRA paOoT, paccMaTpHBanmnx B03HHKHOB6HHe rneCTH
KBapKOBbIX, A6BRTHKBapKOBHX H ABeHaAUaTHKBapKOBbIX COCTORHHil npH Il0Bbllli8-
HHH TeMnepaTypbI H nnoTHOCTH RAepHOil MaTepHH 1 33 , 4o, 411. Hx Bal[HOil 

ocoOeHHO~TbJO RBnReTCR TO, qTo, OHH yqHTb!BaDT peaKUHH cnHRHHR H pacnaAa 
MynbTHKBapKOBHX KnacTepoB. Ho TaK KaK ~eHOMeHonornqecKHil Bb!Oop 

B3aH~OAeHCTBHR, IlOA06Ho IlOAXOAY BaH-Aep-Baanb~a, RBJIR8TCR AOBOJ!bHO 
rpyoon annpoKCHMaUHeil, TO_B Ka4eCTBe cJieAYnmero rnara Obino BblnonHe-
HO HCcneAOBaHHe IlOBeAeHHR HyKnOH-rneCTHKBapKOBOR CHCTeMH4 onnpanmen-
CR Ha Oonee peaJIHCTHqecKHe KnacTepHble IlOT6HUHaJibl 142 - 41 • OAHaKo 

H6BKnJ04eHHe KBapKOBblX CTene~ea CB060Abl, a TaKxe KpynHbIX MYJibTHOapHOHOB 
CHnbHO orpaHHqHBaJio _paMKH npHM8HHMOCTH paccMOTpeHHR/33 , 40- 441. B 

cepHH paOoT, KOTopyD HaqHHaeT AaHHaR CTaTbR, Mb! IlOAPOOHO HCCJI6AY6M 
nOB6A6HH6 KBapK-aApOHHOH MaTepHH, npHHHMaDmeR BO BHHMaHHe Bee B03MOX
Hbl8 ~a30Bble COCTORHHR KBapKOB - CB060AHHe KBapKH H OecKOHeqHb!Il Ha6op 

n. -KBapKOBblX KnacTepoB ( n. =3,6,9,12,15, ••• ). Y~eT RBaHTOBblX rrepe
XOAOB MelKAY qacTHUaMH Il03BOnReT ~8.M paCCMOTpeTb ycToRqHBoe, paBHO
B6CHOe cocymecTBOBaHHe He TO~bKO CB060AHblX KBapKOB H MPOHOB, HOH 
pa3JIHqHblX MynbTHKBapKOBHX COCTORHHR. 3aAaHH8 B3aHMOA8HCTBHH Mew 
MYJibTHKBapKaMH C IlOMOmbJO 3aKOHOB coxpaHeHHR npH peaKUHRX CJIHRHHR 11 
pacnaAa qaCTHU, Ha OCHOBe 60HHCKoro HYMOH-HyKJIOHHoro IlOTeHUHana, 
AaeT B03MOlKHOCTb npH JIJ06b!X 3HaqeH11RX TepMO'Al1H8.MHqecKHX napaMeTpOB 
Hcnonb30BaTb MHKpOCKOnHqecKHH,RBaHTOBO-M8XaHH~ecRHH IlOAXOA K pemeHHD 
npoOneMQ!.KP,aTKHR aHOHC npeABapnTe11bHblX pe3ynbTaTOB 6b!JI CAe11aH B pa6o
TaX /45,467 • 

3. KBapK-aApOHHaR MaTep11R 

KBapK-aApOHHaR MaTepHR npelCTaBnReT coOoR OecKoHeqHyD Cl1CTeMy, 
B KOTopoR MoryT cocymecTBOBaTb CBOOOAHble KBapK11, HJI11 KBapK-rnDOHHaR 
nna'3Ma, 11 CBR3aH11He COCTORHHR KBapKOB - fl,- KBapKOBble K11aCT6pbI, 

r Ae fL = 3, 6 ,9 ,12, • • • 11 T ·A•, npHqeM yqnn1Ba1JTCR He TOJ!bKO OCHOBHble 
COCTORHHR MY11bTHKBapKOB 1 HOH HX B036YlKAeHl1R. raMH11bTOHHaH KBapK-

-aApOHHOR YaTep1111 HapH,ey- C KHH8T~8CKHMl1 3HeprHHMl1 qacTHU H 3Hepr11RMH 

11X B3amtOleRCTBHH BK11DqaeT B ce6R 11 CJiaraeMble, CBH3aHHble C rJIDOHHbIM H 
Me30HHbIM 113nyqeH11eM. 0AHaKo 11CC11eAOBaHl1H Cl1CT6Mbl, KOTopaR Morna 
pea111130BaTbCR 111160 B BHAe HYKnOHOB C M630HHblM H3nyqeHHeM, 111160 B Bl1A8 
CB060AHHX KBapKOB C rJIDOHHblM 113nyqeH11eM 115 , 161, n0Kasa1111, qTo yqeT 

3Tl1X H3JIY~8HHH MOlKeT 6b1Tb BalKeH np11 Il110THOCTRX f <<J=>o, rAe po = 
= 4·106 M3B3 - HOpMaJibHaR RAepHaR Il110THOCTb (3AeCb·l1 Aa11ee AOrOBOpHMCR 
Ha3HBaTb IlJIOTHOCTbD KBapK-aApOH~OR MaTepHH Il110THOCTb acex Ba11eHTHblX KBap
KOB BHe 3aB11Cl1MOCTl1 OT Toro, CBR3a.Hbl OHl1 11Jll1 CB060Aeb1),a TaKlKe np11 Bb!COKHX 
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TeMIIepaTypax 0 ~ 200 M3B. l1O3TOMY, C y'leTOM CKa3aHHoro, Mbl 

CHa'laJia, B cep,rn dJIHJKa.Ilurnx padoT, paCCMOTpHM KBapK-a.n;poHHYJO MaT ep1rn 

des H3Jiy'leHHil Me3OHOB H rJIJOOHOB, He sadblBall, 'ITO pe3yJihTfiTbl·IlPH._P«.,Po 

HJIH npH e ~ 200 M3B MOryT HeCKOJihKO H3MeHHThC/l Ha CJie.n;yJOll{eM 

3Tane. 3aTeM Mbl cod11paeMC/l BKJIIO'lHTh B HCCJie.n;oBaHHe yKa3aHHble H3Jiy4eHH/l 

11 npoaHaJIH3HpoBaTh RX BJIH/lHHe Ha BO3MOJKHOe paBHOBeCHoe H YCTOW'lHBOe 

coc~eCTBOBaHHe a,n;pOHOB H KBapK-rJIJOOHHOH ITJia3M11. 

faMHJihTOHHaH CHCTeMbl 113 KBapKOB H a,D:pOHOB (KBapK-a.n;pOHHOil MaTe

pttH), C KOTOpblM Mbl dy.n;eM HMeTh ,D:8JIO Ha nepBOM 3Tane, sanHCblBaeTC/l 

B TaKOM BH.n;e: 

,, + 
p == ~s cl~ "7<~,~J-(/v;i+ m71

-t ½ -147 },<f7(~o1) + 
(I) 

+ Z S dx %j<~,-£J(,/-v.1~-M; · -/nJ J. lfo/ <"Z-sJ ,-
n,;,--:. 

+ + 
. + f ll; ff dxJj Wij{x,&ifnt(i,-e.~ Unn,(i~l~:!-i) 'l!i:t({,~'J'fn/~~J. 

'JJ,' n,'; }"-' 
+ 

B onpe.n;eJieHHH raMHJihTOHHaHa lf/9 (~ti) ( "f (Z,ot I) - IlOJieBble 

oneparopbl CBOdO,D:HblX KBapKOB B KBaHTOBOM COCTO/lHHH o( ',D:JI/l KOTOpblX 

cnpaBe,ll;JIHBbl COOTHOllieHH/l: + 

"7{:l,"')Yf(i,flJ + 'ff<i,PJr,c~"') = o°'ft d(~--;J, 

Y11 <~,°') ~ <i,flJ + 1ft (y,fi) Y, {x,«) -= o . 

COOTBeTCTBeHHO, lfni1(:Z;e;(l/.lnJ(X;-!)) - 3TO noJieBble onepaTopbl n... -
KBapKoBoro KJiaC_Tepa, Haxo.n;Hmerocll B j- M B03dyJK.n;eHHOM COCTO/lHHH H 

B CilHH-H3OCilHHOBOM COCTO/lHHH ~ • PasyMeeT C/l, tlTO ,ll;Jl/l KaJK.n;oro 

MYJihTHKBapKa HMeJOTC/l CBOH BO3dyJK.n;eHHH, a y Kal!C,lf.oro Bosdyl!C,lf.eHH/l -

CBOH CilHHbl H H3OCilHHbl. nnll KOMilaKTHOCTH H3JlOJKeHH/l Mbl He dy.n;eM CITe

UHaJihHO BBO,ll;HTh OT,ll;eJihHble odO3Ha4eHHf! BHyTpeHHHX CTeneHen CBOdO,ll;bl 

Kallt.n;oro KBapKOBOro KJiaCTepa, TeM do.nee, 'ITO HH.n;eKCbl J H r£. Bcer.n;a 

BCTpellalOTC/l B KOMilJieKce C /1, • !1oJieBble onepaTopbl MYJihTHKBapKOB C 

pa3JIH'lHblMH n, 11 d. Bcer.n;a nepecTaHoBo'lHbl: 

'f'ni( ... J<frJ,;j 1( .. ): lfn.'jl( .. )(//llj-(, .. )) (tl..*/1.ji*J')j 
' + + 

11/ ( I ' 't) f/J,;j{-.JIJ-1r,'j,(--.J -= lfn:;,(--.J Tn)( ... J J n.*lt,J#/ . 

8 

·, 

,) 

EcJIH JKe oneparopbl OTHOCllTCf! K O,ll:HOMY 11 TOMY JKe B03dyJK.n;eHHJO t?,

KBapKOBoro odpasoBaHHfl, TO HM8eM 
r r 

, 'fn.;(£,~) 'fn.Jcij,.t'J t j(n.J'fry.<if,--i-'.J<f,z; <:l°,--:.J = ~~, - oc:x-f;.,, 

lf'nj (X,·t)l/ln-J°(Y;~') -t J(n.) ~-(f,-i-~f//lt.J· (:l.;~) -=0,1 

r.ne } (tt) = .i , ec,rn n, -HetJeTHo; y-(rt) =-1 , ecntt n .,. tJeTHo. 

KpoMe Toro, r.1cnoJih3oBaHbl eme TaKHe odosHatJeHHf!: m 7 H M,.,_i - no 
MaCCbl KBapi<8. H j-ro Bosdyl!C,lf.eHH/l n -KBapKOBoro KJiaCTepa. l!epe3 

.,)-'y 11 .J'nj odo3Ha'leHbl XHMH'leCKHe noTeHUHa,'lbl pa3.'lH'lHblX copTOB qac

THU - CBOdO,ll;HblX KBapKOB H a -KBapKOB B j-M Bosdy11:.n;eHHOM COCTO/l

HHH. Ur - 3TO 3HeprHH B3aHMO,ll;eilcTBH/l CBOdO.ll,Horo KBaPKa C OKpymJOmeR 

cpe,non, a Utt11.'(/~,,j 1-£~ x-cj) · - noTeHUHaJibl B3aHMO,ll;eRCTBHil MYJihTH-

KBapKOBblX odoeKTOB.' 

CJie.n;yeT IlOIICHHTh, 'ITO ,ll,Jl/l y.n;odCTBa Mbl nonaraeM OCHOBHOe COCTOll-

HHe fl -KBapKa HyJieBblM B03dyJK.n;eHHeM, a .n;anee dy.n;eM IlOJih30BaThC/l 

,ll,JIH Hero odosHa'leHHHMH: 

lfln.o ( ... ) = 'fn. ( .. ); Mno =M,.,., ,/11,o =/,,,_ 

KaK yJKe roBOpHJIOCh, ITOJIHoe 'lHCJIO KBapKOB B CHCTeMe N = .f. v,, 
r,ll.e Y - odoeM CHCTeMbl, /lBJI/leTC/l cyMMoil CBOdO,ll.HblX KBapKOB H KBapKOB, 

saKJID'leHHHX B Knacrepax: 

IV = Mr ,- z_ rz. Nn/ ;, (2) 

ILJ 
N7 - q11cno cBodo.n;HblX KBapKOB, Nttj - qr1cno a- KBapKOBblX KJiacTepoB 

B j-M B03dyl!C,lf.eHHOM COCTOllHHH. IlpH 3TOM KalK,ll;blR copT 'lacrnti, HJIH 

¢a3oBail KOMilOHeHTa, xapaKTep11syeTC/l codCTBeHHOil KOHUeHTpautteR 

KBapKOB: 
a) KOHUeHTpaUHll KBapK-rJIJOOHHOR nJia3Mbl 

..-\ 

· _HIBJ 

M J. '5"'1·..,. .,. - ~ ., I Tr( .... e ;) ) 
Wq ~-1 = - L, dx <Y{,(.x.,«J ~(x,ol)/_, l( .. .)"' -1-f/i , (3 

, /II p•V « 1 Tr e e 

d) KOHUeHTpaUHll ¢a3bl 

KJiaCTepoB 

j.-x B03dy;;r;.n;eHHil n- KBapKOBblX 
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W,i . = n- Nn.,i = ___!!_ L_ J dZ < C//11.; c ~;tJ If '1./. ( x,--~ J >. 
'i N' p· V ~ (I 

J13 (2)-( 4 ) CJI8,!1.Y8T, tJTO ,ll,JIH W7 11 W11.j cnpaBe,ILJil1BO paBeHCTBO 

W7 -r L;- Wn./ = j_ • 
11.J 

( 4) 

(5 ). 

EcJil1 113B8CTHbl KOHU8HTpaU11M BCex qla30BblX KOMITOH8HT Cl1CTeMbl, TO 

113 (J) 11 ( 4) onpe;i;eJIHJOTCH Xl1M11tJ8CKl1e ITOT8HU11aJibl Bcex copToB 'IaCT11U, 
a 3Ha411T, MOllCHO HanT11 CBOOO.ll.HYJO 3Hepr11JO 

A 

• { } /) ·r, -ff/e) ., ~ /111 •. -F(0/✓, ~ ~, wi ) =- 0 ~ r ( e 7r'v7 -t- L:-/41. 11 · 
'Y 

(6) 

Ilp11 H8KOTOPblX noCTOHHHblX GI~ v' KOHU8HTpau1111 Moryr np11H11MaTb 
pa3Jil1'IHble 3HatJeH11H, 113 KOTOpblX.HeoOxo,ll,11MO Bb!OpaTb Te, KOTOpble 

oOecnetJ11BaJOT Ml1H11MaJibHYJO B8Jll1411HY CBoOo.nHon 3Hepr1111. To eCTb, HYllCHO 

HallT11 11HqnrnyM cpyHKU1111 F (w7, {w"ilj) np11 nocTOHHHhlX tJ,N, V Ha 
MHOJKeCTBe 

[ 0 ~ W7 ~ i. ; 0 ~ w 'V :': i I ( II h.;J°) i W7 -,. I:- w n.J = i j. ( 7 ) 
"d 

;1n11, wO11paa 

u11if £ w,vJ 
B 3aMKHyTon 

B KatJeCTBe H83aBl1C11MblX nepeMeHHblX COBOKYITHOCTb KOHUeHTpa-

' Hah11 11HqrnHyM F ( {Wn.j}) = F( 1- ~ W11-j 1 [ w11-J) 
oOnacTv. 'V 

l? 
'ti 

W11.j ~ 1. 1 W,i.j ~ 0 , { V n>/)}. c8 ) 

~ 
I1p11pall\eH11e 4lYHKUl1l1 F 3a,naeTCH Bblpal[eHl1eM 

di=2.·o'i: 
11.J. o Wnj 

dwi =L ( -aF 
ni 0W11,j 

_ oF ) J-.,i1,,l 
;J~v'r 

YtJl1rnBaH npo113BOJlhHOCTh HaOopa { dw11-J 11 paBeHCTBa 
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7JF -
own· -

'/ 

no.rrytJaeM ycnoB11H 

tJ. M . 
fl;,/",/ 1. 

'JF 
d~ =/rN,I 

/"'11./ -= n /7 ' { V 1/J,, 
(9) 

KOTOpbie 3a,na!OT BMeCTe C ypaBHeHl1HM11 (J)-(5) KOHU8HTpau1111 W7 l1 
[Wn,j} , onpe,neJIHIOll\l1e 3KCTpeMyM cBoOo.n1;2tt 3Hepr1111. nna nonyt1eH11H 

11Hqll1HYMa HeoOxo,n11MO cpaBHl1Tb 3HaqeHl1H /: B -TOtJKe 3KCTpeMyMa 11 

Ha rpaH11uax odmcT11 (8). r11nepnoBepxHocT11, orpaH11t111BaDll\l1e odnacTh 

(8), 3a,naJOTCH O,ILHl1M 113 cne,nyIOll\11X ypaBHeH11tt; · 

L. Wn.j = 1. 
'tj 

I 
wn.;" =O. 

TaK11M·odpa3oM, HaM Heodxo.n11Mo cpaBHl1Th 3Hat1eH11e cBodo.nHon 

3Hepr1111 B TotJKe, onpe.nenaeMott (9), co 3HatJeHl1HMH F Ha MHoi,::ecT-

Bax . 

{ W n,j ~ 0 ,, ( v' n/) ; ~ Wn./ =.1 },, 
n.1 

[ W,y' =0, 2;., w,,,;;-, ~ d., Wn.'/' ~ o I n)' 1: nj}. 
n.'J I 

ECJll1 3TO aKKypaTHO npo.nenaTb, .nettCTBYH aHanorHtJHO OilHCaHHOMY Bblme, 

MOXHO IlOJIYtJl1Tb cne,nyIOll\Hn anropHTM Bb1HBJ18Hl1H TepMO,ILl1HaMl1tJ8CKl1 Bblro.n

HOfO COCTOHH11H KBapK-a.npoHHon MaTep1111. 
I1p11 J110db!X 3Hat1eH11Hx TepMO.ILHHaM11t1ecK11x napaMeTpoB cHcTeMhl 

HCCJ18.ILYIOTCH npO113BOJlbHble KOMdl1HaU1111 COCYll\8CTBYIOllll1X copTOB tJaCT11U, 
TO.eCTb KOHU8HTpau1111 HeKOTOpb!X cpa3OBb!X KOMilOHeHT 3aB8,ILOMO nonaraJOTCH 

paBHblMl1 o. Ilp11 3TOM BCer.na ,ILJIH X11M11tJ8CKHX IlOT8HU11aJIOB COCYll\8CTBYI011111X 

cpa3OBblX KOMilOH8HT Bb1IlOJIH8Hbl YCJIOBl1H reTepocpa3Horo paBHOB8C11H: 

,IA n,d'i/ n;j' = ft/ 11,' . J /A 7 = /''V/n, . (IO) 

K CMemaHHblM cpa3aM· .nodaBJIHIOTCH e111e 11 tJl1CTbl8 cpa3OBble COCTOHHl1H -

cpa3a CBOOO,D;HblX KBapKOB 11 cpa3bl j-x B03dyl[,ll,eH11n fl -KBapKOBblX 

KnacTepoB. H3 nepeq11CJI8HHoro Bbld11paeTCH HaOop KOHUeHTpaU11H, odecne
tJl1BaD11111n M11HHMaJibHOe 3HaqeHl18 CBOOO,D;Hon 3Hepr,111. Ilp11 3TOM HeRb3H 

3adYBaTb od YCJIOB11HX TepM0~11H8.Ml1tJeCKOll ycrottq>fBOCTl1: 
11 



oat="). O - ~ ( '30"- Y;N " ( 'i).2/:) ~ o. 
-av.2 e,v 

ERaroAapa TOMY, qro B KBapK-aApOHHon MaTep1,11,1 CTaRKHBaJOmHeca 

qacTHUH cnocoOHH CRHBaTbCR 1,1 pacnaMTbCR, a MYRbTHKBapKH MoryT eme 
nepeXOAHTb B B030Yl!CAeHHHe COCTORHHR, CHCTeMa 1,13 KBapKOB H aApOHOB 

npH H3MeHeHHH BHeWHHX YCROBHn H3MeHaeT KOHUeHrpaUHH CBOHX 'lla30BblX 
KOMilOH8HT,.BH0Hpaa HaHOORee OilTl1MaRbHOe COCTORHHe. CReAoBaTeRbHO, 
1,13 Bcex B03MOlKHblX HaOopoB KOHUeHTpau1,1n CHCTeMa BHOHpaeT Hal100Ree 

TepMOAHHaMHqecKH BHrOAHbln, KOTOpbin AeRaeT CBOOOAHYJO 3HeprHJO MHHHMaRb
Hon. TaKHM oopa3oM, BKRJ018HHe B paCCMOTpeHHe H CBOOOAHblX KBapKoB, H 

n,, -KBapKOBblX KRacrepoB co CKORb yrOAHO 00RbWl1Ml1 n,, ' KpaIHbll,rn 

rpeM, a TaKl!Ce HCCR8AOBaHHe npoOReMH HX cocymeCTBOBaHl1R RBRR8TCR OA
HOBpeMeHHO H yqeTOM npOHCXOARmHX B KBapK-aApOHHon MaTep111,1 KBaHTOBblX 

nepeXOAOB M8l!CAY qacTHUaMH •. 3Haa 3aBHCl1MOCTH W7 (e,pj 1,1 { Wttj {0,_p)j, 
Mbl TeM CaMblM 0YA8M HM8Tb HarRRAHYJO KapTHHY npoHCXOARmHX B Cl1CTeMe 

113 KBapKOB 11 aApOHOB npoueccoB. To eCTb OAH03HaqHo OTB8THM Ha 
Bonpoc, qTo onpeAeRR8T IlOB8A8Hl18 KBapK-aApOHHOil MaiepHH - CRl1RHHe 

MynbTl1KBapKOBHX KnacrepoB l1Rl1 pacnaA KnacTepoB Ha COCTaBRRBWHe HX 

KBapKl1. 

fJ. • Bbidop B3aHMOAencTBHil 

nna nonHoro onpeAeneHHR KBapK-aApoHHon MaTep111,1 HeooxoMMO 3a
AaTb noTeHUl1aJ!bl B3aHMoAeRCTBHR MynbTHKBapKOB U;in' (j-!.,j!.s.~ :Z-i) 
H :rneprnIO B3al1MOAeRCTBHR CBOOOAHOro KBapKa C Cl1CT8MOil 113 KBapKOB 11 

aApOHOB ½ . PaCCMOTpHM CHaqaRa TO, KRK Mbl npeAnaraeM yql1Tb1BaTb 
HYKnoH-HyKnOHHOe B3aHMOA8IlCTBHe, a 3aTeM Il0AP00HO OCTaHOBHMCR Ha 
Bb!Oope noTeHUHaROB ARR npoM3BORbHblX KBapKOBblX KnacrepoB. KOHKpeTl13a

Ul1JO l!Ce BHAa. u1 CAeRaeM nocne onpe,!ieReH11a Un.x.' Ci~,j.~! x~fjJ. 
BbiOMpaa cnoco O y qeTa: B3aHMOAeilCTBHR HYKROHOB, 0YA8M OCHOBblBaTbCR 

Ha OOHHCKOM noTeHnaan/471 • KaK M3BeCTHO, peaRbHble HyKROH-HYKROHHble 
noreHnMaRH BKmoqaJOT B ceca CRaraeMHe, 3aB11cam11e or cn11HOBblX xapaK

rep11cT11K napH B3al1MOAeilCTBYJOm11x qacTl1U. TaK KaK Hae HHTepecyJOT 
TepMOAHHaMHqecKHe cpeAHHe Cl1CTeMbl HyKROHOB, ·TO HaM He TaK Bal!CHO HC

IlORb30BaTb IlORHblil MHKPOCKon11qecK1,1n IlOT8HUl1aR. IlpeACTaBRR8TCR pa3yMHblM 

MCilORb30BaHHe ~eKTHBHoro noTeHUHaRa, HMeDmero CMblCR cpeAHeR 3Hepr1,111 
B3al1MOAencTBHR HYKROHOB Ha paCCTORHHH 'l , np1,1qeM ycpeAH8Hl1e npo
BOAMTCR no Cill1HOBblM HHA8KCaM napbi qaCTHU. ITpH ycpeAHeHHH OOHHCKoro 

12 

JI 

ll 

) 

nor eHu11ana no c mrnaM cnaraeMHe, c0Aepl!Cam11e Bbipal!teH11a ~: 6.:1. J:. §" 
[ 

3 ➔ ? .::::, ➔ - ::r} ?" ) H S'1,i = v' (o, 'l.)(0.1.lJ - ~ C>.;1. ( .!-tr ,.;. CilHH OU8RbHOil qaq11-- ~ ... ) Ubl, 1-, , H ,S' - op0!1Te.RbHblil·•MOMeHT 11 Cill<IH napbi HYKROHOB 3aHynRDTCR, 

ecnH Mbl cq1,1TaeM BCe HanpaBneHHR ARR CTil1Ha HYKROHa B npocrpaHCTBe 

paBHOBepORTHblMH ( OTCYTCTBH8 cpeppOMarHeTl13Ma) .• 
KpoMe Toro, napaMeTpbi OOHHCKoro IlOT8HUl1aRa 3aBHCRT OT TIORHOro 

1,13ocn1,1Ha napbi qaciHU, np11HHMaDmero 3HaqeH11a T=O 11 T=l • BB11AY roro, 
llTO HaM He06XOAHMO YllHTblBaTb B3aHMOAeRCTBMe npOTOHOB C HenrpoHaMH, 

a TaKl!Ce npoTOHOB c nporoHB:M.H 1,1 HenTpoHoB c HeilTpoHaMH, ocTaerca 
8AllHCTBeHHaa B03MO~HOCTb npHeMneMoro BblOOpa - 3TO BOCTIORb30BaTbCR 

napaMeTpaMH ARR nonHoro H30CTIHHa T=l. 
HaKoHeU, OOHHCKl1H noTeHUHan CoAepl!CMT cnaraeMble C TaK Ha3blBa8MblMH 

A -1.paKropaMM (A,..., 1000 ;,\sB) /''17/ • )laHHble cnaraeMHe BHOCRT cy

mecTBeHHbiR BKRaA BO B3aMMOAeJCTBl1e HyKnOHOB Ha MaRblX paCCTORHMRX 
'r ,..., o,I q>M. TaKMM o6pa30M, MX yqeT BaJKeH npH BliCOKMX nnoTHOCTRX 

(p ~ 1000 pa)' KOrAa cpe,IJ;HH8 paCCTORHJ,rn MeliCAY HyKROHaMH HMeKlT no

pRAOK O,l qiM. ,IloroBopHMCR B AanbHeilweM cnaraeMi.:e c A -q>aKTopaMH 
Hey llMTblBaTb, IlOMHR npH 3TOM, qTO paccMaTpHBaeMble nnoIHOCTH AORl!CHli 

OblTb MeHbWe yKa3aHHOro npeAeRa. 
B pe3ynbTaie, B COOTB8TCTBHl1 co BCeM CKa3aHHliM, noRyqaeM 

3'll~8KTl1BHblil HyKnOH-HyKnOHHblH TIOTeHUHan B cneAyDmeM BHA8: 

U33 (Jt,) 
. v.i. 

= <fl3 (,) + ½a ('r) f'vlf 
7 

(il) 

np1,1qeM " <:/-13 (It)= L lf,: · tn<.· Y(tn, i)., 
1,=1 

" ½3 (It,) = ,Z: ffi • m i • I.J {mi ~). 
i. = I 

3AeCb 
-.'t' .2 i J.:z zo1. -. . - -

U("::r:) = e /.,,.. V = - -;;:-:i."t.- - l•-L'Z."V a m . ,,.,, tr· 
.J / :;,.__ J 'Z d'Z. 't..._ 1 . 1 ' , ..,-, ~ ' 

HMeIOT 3HalleHHR, npMBeAeHHble B Ta0n1,1ne. 

Ta6irn11a 

---
' 

mi, [M..vJ cp~ V: L 

l 783 16,7 -15 
2 769 2,7 - 0,71 
3 550 - 7,8 - 1,95 

4 983 - 2,7 - 0,67 
------- -----------------------------
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KaK BH.4HO H3 (II), 3lp(lieKHlBHhla HYil:JIOH-HYKJIOHHhli1 TIOT em:u,mJI COCT0l1T 
l13 .ll.BYX qacrell: (j?,,3(~) OTBe4aer 3a JIOKaJibHOe B3al1MO~e¼CTBH~ ncphl 

. [7.7./ ~ 
HYKJIOHOB, a '!aCTb "3., (t) /11.3 CBR3aHa C HeJioKaJibHhlM B3al1MO,ll,e»cTBHeM. 
3TH CJiaraeMhle OKa3hlBaDT_pa3Jil14HOe BJil1RHHe Ha repMO,ll,l1HaMH48CKoe noBe
.n.eHHe MHOfOHYKJIOHHOtt Cl1CTeMhl. B qacTHOCTl1, MOY.HO noKa3aTb, 4TO yqer 

H eJIOKaJII,H oro B 3aHMo.n,el1 CTBHH Heo6xo~11M np11 ~OcTaT01.rno Bb!COKl1X TIJIOT- . 

HOCTHX l1 TeMnepa rypax • .r.eiiCTBl1Te::.s;-,c, Q 3;,,· ,iii :.r eprn, CY c: D.bi i-lYKJ10-
HOB BhlfJIH,ll,l1T CJie.n,yDmHM o6pa30M! 

E~ = zf dx < <4 cx,-eJ ✓-~i?"_:t_+_M_.3_.t._,, V-J (::t,~J> .,. 
. ~. 

/ j L Z JJ didf <i cx,~J {rv-;s'J ~(iI-j,J <fJ({-s-'J l/i(~-;fJ. 
4~' . 

]Jill oueHKH fr,,.uc, BOCTIOJlb3yeMCH npl16JIHlR:eHHeM XapTpH. Tor.n,a, nepexo.n,H 
B npe.n,CTaBJieH11e BTOPl14HOfO 1rnaHTOBaHl1H .~JIH B8Jil11-Il1HbIEIU.lGMb! noJiyl!11M. 
B1,1paxeH11e: + 

00 

[;;rw.c ~ . V f J<.J. /1<,~1- Mf ·.f3(i<.) d1<. r 
,2JrJ. 'V' 

0 

.2. 

-f J JJ3 •Ns ( <7fi (oj - f ~S (o) 9 J: J,, 
M.1 

B KoTopoM jJJ - no nJIOTHoCTb HYKJIOHOB, V - 061>eM c11cTeMhl, /II.; 
4l1CJIO HYKJIOHOB, 

j ~ 3 (7.)dz -= efLccJ = 4, 1· ,c-0 -11-i • .,1. ~ 
f ~3 ('l} di = ~ 3 (0) = - 3. -1c··

4 11,: ... o1. ) 

(12) 

-J JG di<:' (IJ) fJ - .f-1 ( ) (J.iTJ 3 ,) 

.z ff diZdp .f.;tJ<.Jp.1r;0J riZ-pJ.2 
9J3 ~ --------------

fj'diZdf .f.;O<-JJJ_:;CJJ) 

IloJiaraH, 4TO rrepBoe CJiaraeMoe B (12) HMeeT rropH,ll,OK M.1Vp,a, ,ll,JIH :rnep
fl111 HYKJIOHOB nonyqaeM 

14 

i 

.l 

'l 

t 
} 

~ 

£,v.u:, 1.. ~ {;;::; ,1 u' . CJ.13 ) o/ ~ M.1 · P., + ,;i.. Pa . ~3 co) - -;;- Y3/0J t11/ . · (14) 

Ilp11 HyJieBott TeMrrepaType 9.13 ~ kp(JJ 

?epMl1 HJKJIOHOB, orrpe.n,eJIHDm11RcH 113 ypaBHeHHH 
, 3 

£(.3) K,=-(3) 
J.J'[«- -J-. - = ,?J ~ 

, k,:-(3) - 3TO HMIIYJibC 

C(J} = 4 - 4HCJIO CIIHH-H30CIIl1HOBl,IX COCTOHHH!a HYKJIOHa. 0603Ha4HM 
JIOKaJibHYD 11 HeJioKaJibHYD qacTH B (14 ) Bblpal!teHHHMH 

C E .2 
'- &c - 1.__ .J. ~ /r..fcxJ. j_ ~ .2 'j33 
V - .l. f.J <733(0) I "-v :::: -8 VJJ(o)fe ' -,;.-

frt.3 • 

T or.n.a B 3aBHCHMOCTH OT BeJIWiHHl,I IIOJIHol,l IIJIOTHOCTl1 KBapKOB J' = 3-._p3 
HMeeM pa3JIH4Hble pe3yJibTaTbl: 

a) p ~.90 ·= If- 10
6 

/vl,i,.,;3{M.J = 93-9 Mw). (l5) 

Eh.-icc. En.ecc 
- ~ 0ooi. - -~qi 
£~,:, ,, E e..x. 

6)JJ=10po. 

'=lz.ice En..1.cc (I6) 
-- ~ 0).2. 

~ 
--~o,8. 

E nuc.. E eoc 

B) .P = :l.O po . 
En.£,:e En.ea:. 
,- ~cp ,, ~.z:r 
Cn,..u_ Ee.x~ , . 

(17) 

IIpH KOHe4HhlX TeMrrepaTypax %~/j,,J ~ e #IJ 11, CJie,ll,OBaTeJibHO, 

EMoe. ~Eecc ¥"' 0 ~M,3. (18) 

TaKHM o6pa30M, H3 (15)-(18) MOJKHO 3aKJIK)q1,fTb, 4TO yqer HeJioKaJibHO
ro CJiaraeMoro B ~3(~) Bal!teH IIpH IIJIOTHOCTHX p :3- 10po 1,f)l!,f rrp11 

0 ~ M3 • CJie.n.yeI eme o6paTHTb BHHMaH11e Ha TaKyD cymecTBeHHyD .n.e-
TaJib. C pOCTOM TeMrrepaTyp1,1 pOJib JIO.KaJlbHliX B3aHMO.n,e!aCTBH!a CTaHOBHTCH 

Bee MeHbwe. B TO xe BpeMH HeJIOKaJibHOe B3aHMO.n,e!aCTBHe yCHJll1BaercH rrpH 
IIOBb!WeHHH 0. 
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CHCTeMa HYKJIOHOB HBJIHeTCH qacTHblM. cnyqaeM KBapK-a,n;poHHoa 

MaTepHH, B KOTopon MoryT cymeCTBOBaTh l1 donee KpynHhle MYJlbTHKBapKH. 

KaK MOlKHO sa,n;aTb B3al1MO.n;encTBHe npOl13BOJibHblX MYJibTl1KBapKoB? ~icnoJih-

3YH apryMeHThl,aHaJiorH4Hble paccyneHHHM npl1 Bbldo~e HYKJIOH-HYKJIOHHoro 

noTeHu11ana, Mb! Mo~eM npe,n;nono~HTh cne.n;yIDm11n Bl1,n; s:M;eKTHBHoro noTeH

u11ana B3aHMo.n;encTBl1H /2, - KBapKa C rrz- KBapKOBblM KJiaCTepoM: 

r,n;e 

v.z 
U,u,,_{'t):::: Cf;,_m. (-c)+ ~m ("t.) 'r,2M,r.,11t).,_ 

/if If,. j,j /ti, 

.Mn. /1'1, = 11 fl, -j- .1'1 rn. 

,I 

Tenepb TaK ~e, KaK l1 HYKJIOH-HYKJIOHHYID noTeHUHaJibHYID 3HeprHID/ 

MOlKHO oueHHTh IlOT8HUHaJihHYID 3Heprl1ID B3aHMO.n;encTB~'IR fl - KBapKa l1 

m - KBapKa l1 cpaBHHTb JIOKaJibHYID l1 HeJIOKaJibHYID ee .4aCTl1: 

(19) 

1 LL ffdx.d{ ( ~(~-d.)rl,{i,J.'} u,u,Jfx-/l)l/fn ri,l}'fi (~4)) =::-
.l ~ -4-' . .2. (20) 

1 · ~ J_ ~ </nm ) 
:::: J p,.p/>1, ( ff:w,tc) - 4 Vnm(") {-.JMn."').,_ ,, 

r ,n;e .Ph. l1 .Pm - IlJIOTHOCTH ll - l1 /11. -KBapKOBblX KJiaCTepoB ;, 

citim(c} == Jcp,11,d'tJrFi 
1 

~m(o}= f Vn,..{'T}Jt" i 

f 
...,. -,. .z. 

0.:1. _ ,. .i f11,.{K-J.P;,,. rpJ ( ..!£. - _p_) d'iZ r~ 
/11,nt. - .., . M/1.m . . . Mn Mm 'P 

d°it •Pn.-= f p,d J<.) . (J.7T)-~ 

j pn. {k.) ,Pm (p)"diZ dp...,.. ,, 
(21) 

IlycTh 8=0 • ECJIH l1 n -KBapKOBbln KJiaCTep' l1 m - KBapK 

HBJIHIDTCH qiepMHOHaMH ( /1. l1 m. - He4eTHbie), TO 

.2. 
On.m., 
~'--;.. = 

(.:i Mn.1n} 

kF(n.} l1 J</=(h<} 

.,_ 
.1... . ( kt={n) 
5° .IIA.f.. -f-

,•111.. 

.:i. 
kF(m)) 

M;. I,) 

- HMilYJihCbl PepMH n- l1 m,. - KBapKoB. TaK KaK 

B KBapK-a,D;pOHHOn MaTepHH IlOLUIMO yKa3aHHblX·MYJihTHKBapKOB MoryT ~pH-

cyTCTBOBaTb'. l1 ,n;pyrHe q>a3bl KBapKoB, TO cnpaBe,n;JIHBO HepaBeHCTBO: 
16 

n._pn. + mpm- 5:..p. 

rl3 (22) noJiy4aIDTCH HepaBeHCTBa ,Jl;JIH /<,:{It} 

E(n.J 
.:i. 7L<l 

CooTBeTCTBeHHO 

J 
f<,=(n.) -~ f!_ 
"c] fl., 

t(m) 

.z 7r.J.. 

11 • Kt: (m..) 

.J 
l<,::-{r>r) ~ 

.J 

~ . 7 6,t-:p 
n. &. {rn} ~ ~< J " ( ) , ~ ·e ( mJ• m. . 

(22) 

.£.. 
m 

(23) 

(24) 

B (23) l1 (24) qepe3 C(n.) 9do3Ha4eHO KOJll14eCTBO Cill1H-l130Cill1HOBblX 

COCTOHH11n n -KBapKoBoro KJiaCTepa. HeTpy.n;Ho 3aMeTHTh, 4TO ,Jl;JIH fl -

He4eTHOro ( . n. -KBapKOBbll1 KJiaCTep - qiepM110H) 8(11.) ~ c(3) =: L/ . 
Cne.n;oBaTeJibHO' 

kp(n) f: ~(3)· f g ' ~(m) ~ /v=-{..3)J(i' 
/1. .I JI-;;:; . 

Y4HT!i1BaH, 4To 1111. >M3 npH it >.1 , nonyqaeM 

.2 .2 .2 

~ ~ ..:l_. ( _!±..!!}. (J _) 1/.j + 
(.2 M11.1n).2.. ~ M.3"- n. J 

.'l .:,) .2/J .t 
~{J} 3 13 3 t/n 
/tf.3.1. . (m.7 ~ ( ~<","') . M_;1 . (25) 

HepaBeHCTBO (25) Mb! IlOJIY4l1Jll1 B TO,M CJiy4ae, Kor.na It- 11 tn

KBapKOBble KJiaCTepH HBJIHIDTCH ~epM110HaMH. Ho OHO dy.n;eT_.cnpaBe,n;JIHBO l1 

npu YCJIOBHH, 4TO O,Jl;l1H l1Jll1 oda B3aHMO,D;eilcTByIDmHx MY JlhTHKBapKa HBJIHilTCH 

d030HaMl1. Jlei\cTBHTeJihHO , npH 0 = 0 0 030Hbl HaXO,Jl;HTCH B COCTOHHHH C 

lMilYJihCOM, paBHHM HYJIID, l1Jll1 odpa3yIDT do3e-KoH.n;eHCaT. Tor,n;a 

.i '7h.m = 0 , fl H In. 4eTHble; (26) 

:I. J.. ,t. 
9n.~f(:1.Mn1n) . ~(n.) / 

n He4eTHoe, 

m 4eTHoe. 
(27) 

C noMomhID Bblpa~eHHH (26), (27) MOXHO nerKo ,Jl;OKa3aTh Bb1IlOJIHl1MOCTb 

(25). .t 

TaKHM odpa3oM, npH 0=0 !13 HepaBeHCTBa 9u/M; < .i BJ,ITeKaeT 

HepaBeHCTBO 1tm/(.1.Mn.111).z < d. • To ecTb' e CJIH npH HeKOTOpHX IlJIOTHOCTHX 

KBapK-a,n;pOHHon MaTep11!1 l1 Ilp11 0 :0 CJiado HeJIOKanhHOe B3al1MO.n;enCTBHe 

HYKJIOHOB, T.O BilOJIHe KOppeKTHO npe,n;nonoxeHHe O TOM, 4TO npl1 TeX lite 

IlJIOTHOCTHX HeJIOKaJibHble B3aHMO.n;encTBHH JIIDdHX MYJlhTMdapHOHOB TaKX8 He 

BHOCHT cy~eCTBeHHbln BKJia,n; B noBe.n;eHMe CHCTeMbl npl1 9 =0 
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Ilp11 Bb!COK11X TeMnepaTypax 

.2. 
:I. 0 :i. e 911,m 

-- J. ~ -- ~ -
( .l. Nfl.1/1) /'1,irn, MJ.; 

e 
= M < 1 (G<MJ). 

J ) 

TaK KaK /1J3 ~ M11.A ( V n1 1n ~ .3}. 
Ilp11Hl1MaR BO BHl-lMaHl-le BCe CKa3aHHoe, MOJKHO c;i:eJiaTb Bb!BO,ll;: np11 

p ~ {O_fo 11 0 ~ MJ HeJIOKMbHb!e B3al-lMO;J:ei1CTBl1R MO~O He pac-

CMaTp11BaTb np11 onpe;i:eJieHl-ll-1 TepMO.ll:l-lHaMHtlecKoro noBe;i:eH11R KBapK-a;i:poH

Hoil Marepl-111. 

CJie,zyeT ynoMRHYTb, tlTO Mb! He BKJlIOtlaJil-1 B l-13JIOJKeHHble paccy;.i:,11;eHl-1R 

B036JJK,D;eHHb!e COCTORHl1R MYJlbTl-lKBapKoB, TaK KaK yqer B036ylK,ll;eHl-li1 He 

113MeHReT 3aKJIIOtlaIOml-lX Bb!BO,ll;OB, HO ;i:eJiaeT 6onee rpOM03,ll;Kl-lMl1 Bb!KJia,D;Kl-1. 

JlJIR OKOHtlaTeJibHOro onpe;i:eJieHl1R MYJibTl-lKBa"pKOBblX noTeHUl-laJIOB 

B3al1MO,ll;ei1cTBl-lR paCCMOTPl-lM peaKUl-ll-1 CJil-lRHl1R 11 pacna;i:a KJiacrepoB np11 

CTOJIKHOBeHl-lRX. ilYCTb, ,D;JIR HatlaJia, Mb! l-lMeeM cne,zyIOmYIO c11Tyau11IO. JlBa 

HYKJIOHa CJil1BaKJTCR B lli6CTl1KBapKOBbli1 KJiacrep, a noo,D;aJib HaX0,11;11TCR eme 

o,11;11H HYKJioH (cM. p11c.I). 3an11meM 3aKoH coxpaHeH11R 3Hepr11n B no,11;06Hoil 

peaKu1111: 

..; -;r: -t fr/: ' + ✓ il/·,- Mt +- ✓ iZ./ t- M/ 
1 

+ C?.i3 ('l!J3 ) f 't;3 ('"l,) + Cfl1 ('"l.;}= 

= { 'it.a.r 1v1:' + C/-1,(ir,J + /f.,_ + M;-,, (28) 

-- -~,: -~-6 -J 
P,1C.I. 06pa3oBamrn meCTUKBapKa B Cl1CTeMe 113 rpex HYK:10HOB. 

. - . 
r;i:e k1 Vi K.,1-m,myJibChl cmrnaIOm:iXCR HYKJIO!IOB, k.3 - MMilJJI.bC HYKJIOHa, - - , 
HaXO.ll;Rll.lerocR noo~a,'lb' /<, l1 p - ,IMilY .'lbCbl rnecT 1-!KBapKa Vi HyKJIOHa noc-

,16 peaxu;rn; 'Z/33 - pa,1u1yc CJil1RHl1R .IIBYX HyK.~OHOB, ;z, 11 'Z'.2. - pac

CTORHl1R OT cmrnaKlll\HXCR HYKJIOHOB .110 HYKJIOHa - "Ha6.'!Kl,ll;aTe,'IR 11
, '? 

paCCTORHMe i.:e:r.-:,zy mecT11.trnapKOM JI! J!JK,10HOM (cM. p11c.2). Jpe,11;nOJIOlUIM, tlTO 

'l. >;> 't/33 . Tor;i:a 'l1 ~ ~ ✓ 'Z.z. ~ 'l , a CJIICTeM.y CJIJl!BaIOUlJIIXCR HyKJIOHOB JI! 

07,J:,e:ibBO HaXO,ll;.tlllll1i1CR HYKJIOH MOiKHO CtlJl!TaTb KOHCepBaTJIIBHblMl1 Cl1CT6Maim. 

10 eCTb 
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rfn 

3 r 1 

___ j_ 3 --"-=-~~0 => r 

3 r2 

Pnc .2. f eoMeTpl-FleC?-Jlle xapaKTepl-lCTl1KJII npouecca CJil1RHMR HYKJIOHOB. 

~I -,..,1. .1 ✓ +,i . ~, 'P . I ➔,l ,!. I 
·, k, + fol.3 +J<a. + /.1..3 + a3 ("l/J1) =1<- + M6 / (29) 

.., 
. -~ ,!. • ,J. ..2 i kJ + /11.1 "' -y p t M.1 • 

(30) 

Tor;i:a c IlOIIOI:{blO (~8)-(30) Bh!BO,ll;JIITCR paBeHCTBO 

~6 {t) = -.:z ~3 {'l) ( '"l » 't!.n) . 

AHa.ilorHtlHO MOiKHO paCC.MOTp6Tb ,11;pyryIO CHTyaumo, KOr,D;a m:1. - KBapK 

CJIJl!BaeTCR, C m.z. -KBapKOBb!M KJiaCTepoMJH Ha HeKOTopo~ paCCTORHJIIH OT 

HJ/IX Ha,XO,J:,ll!TCR fl -KBapKOBblil KJiacrep • 3anJl!CaB 3aKOH coxpaHeHl'IR 

3Hepnrn, rrcnoJih3YR rrpu noM TaKne lite coo6paJKemrn, KaK llJ npJ11 paccMOT

peHJ1111J CJll-lRHllJR HYKJIOHOB, IlOJIYtlUM CJie,11;yIOII166 peKyppeHTHOe COOTHOIII8Hl-!e: 

Cf111,n. ('t) + CfJ,,,~.r1. ('t,) = cpnz +""'· n ('t), (t»~/.,,,1111.1.) (31) 
f ...... , ~ 

lt/rn1m,1. - pa,11;11Jyc CJIJIIRHJIIR m, - llJ ln..:r, - KBapKOBblX o6pa3oBaHllJil. B 
HyJieBOM npl'l6JillJ~eHHM no napaMeTpaM 1/m,m.1./t llJM66M paBeHCTBO 

r:,, H (lz) + Cf!.. .. {'l) -= <pin "fin• fl. ('l) ~ ,,. ,., __ ,... . . 1 -) (32) 

J/13 KOTOporo MOjj(l!Q BblB6CTJII KOMilaKTHYIO CBR3b KRacrepHb!X llOT6HUJl!aJIOB C 

'733(~). B caMOM ,11;ene, TaK KaK 

<p_ (tzJ=P rzJ-1-Cf!. ("J = ~3 ,JtzJ+ .... +Cf],,J'l:J: :;'- ·'!in.(~J, (33) 
Ml/.. 'JII, "1.-3 It .._ ..,. ' 

, hi/ 3 

TO,YtlllJT!lBaR ~n.(tz.)"" ~3(Z),nonyquM llJ3 (33): 

<ptn.n ('t) = 
/71.. n. 

.1 
C/3_;, (Z). 
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HyneBhlMl1 npuC:L1l1lKeHl1RMl1 no napai.ieTpaM pa3,'lOiKeHl1A 'lfrn,m,, /,z 
MOlKHO nOJib30BaThCR npu TaKl1X TT.i'IOTHOCTRX KBa_pK-a.n.poHHO;l MaTep1rn, Kor.n.a 

Clm,+/11.,:1. ✓ ll > 7lm,mo1. J 
(35) 

r.n.e a111,+111,J. 
1 

fl. - cpe.n.Hee pacCTORH!1e 1:.eJK.n.y MYJlbTHKBapKaMl1 B Cl1CT ei.:e • 

B qaCTHOCTl1, !13 3KCnep:;naeHTa.i'IhHhlX .n.aHHhlX Y!3BeCTeH nopR,li;OA pa.n.Jt,yCa 

CJil1RHl1R HyKJIOHOB 'l/J3 ..,, 0,-1 'f!M • :0Bi'1.JJ;y Toro, 'ITO 

a raKlKe 

1 f a -::::: --- , a66 ~ --
J6 {fa+p,) I.J J A 113 > 

p J + ?6 ~ _.e_ 
3 

f6 ~ L 
6 ' 

cnpaBe,Il.Jil1BO HepaBeHCTBO 

1 I 
C{ >- -- Ct >,--

)6 ~ (Pl3Jl13 ; U _,, (P/,)l/3 

Tipl1 p ~ fO,po t?J6 ~ 1tpMJ a,6 ~ fcpM • TaKl1M o6pa3oM, 

C/36 > 'Z/3~ , Clu > 'r/33 

11, c.11e.n.oaaT eJihHO' BhlnOJIHeHhl YCJIOBl1R (35). 3TO n03BOJIReT sa,n.aTh '!jl, ('Z) 
l1 <7}, {'Z) B qiop1ie (34). Ilo-Bl1,Il.l1MOMY' ,Il.JlR U1eCTl1KBapKOB l1 ,n;eBRTl1KBap-

KOB pa,n;11ychl CJ1l1RHlrn l1MeDT nopR.ll;OK HYKJIOHHOfO • Ilo3TOMY ,llJIR 'P,.,,,i,. ('l) 
( m, n. =9, 12 ,15 ,18) np116n11JKemrn HY JieBoro nopR.JJ;Ka no fCf It KoppeKTH o 

npu p ~ fOpo. 'iTO lKe KacaeTCR pa,n;11ycoB C.i'Il1RHl1R KpynHhlX MYJ1hTl16ap110-

HOB, TO OTHOCl1Te.i'IbHO Hl1X HeT HHKaKoA 3KCnepl1MeHTa.i'IbHOR l1HqJopuau1111. 

O,JJ.HaKO pa,n;11ychl C,'lHRHl1R MOlKHO oueHl1Tb C noMOl.l{b!O npe,n;nonaraeMhlX Mace 

,MY,'lbT!16apl10HOB /l 4/: 

/1111. = fo· M~ -· . n. n,»/ .J 7 J 

:} % 1,22.n;JIR noTeHu11aJihHOlil MO,lleJI11, ) ~ l,31.JJ;JIR CTPYHHOlil MO,IJ;8Jll1. 

3aKOH coxpaHeHl1R 3Hepr1111 ,Il.J!R l130Jil1pOBaHHOR Cl1CTeMhl .Il.BYX CJ!l1Ba!Ol.l{l1XCR 

MY JibTH6apl10HOB MeT C Jie.n.y10me e ypaBHeH11e: 

,/-,z.1.+ 1-1; + ✓ 1.;J. + M:.' -t cpm.ti.C 'r.f ,,,11..) = I 1/1, +- M/1:)11, 7 

- - -r .rr.e I<, H p - 11:MTTY JlbChl cmrna10m11XCR KJiaCTepoB' 9 - 11:Mny ,'lbC 

06pasoBaBU1erocR 061>eKTa. II:pe,n;noJiaraR, 'ITO/ °iG/ << /vln , I pl « frlm , 
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TIOJlytiaeM 

'Pmn {, /1n,n.) = M1tfln -Mn.. - Mnz. = 0 

:1m1 trz ·ti 

J ~3 ("l/ tnn.} = C => '/rnn ~-q,:;z, 'PM· 

~c,1:i yqecTb B03UOiKHOCTh Heyrrpyroro rrpouecca CJH-!RHHR MYJihTv.KBapKOB, 

TO 

9;,,rr. ('lf,,,,,.) = Ex ( Ex.>O )) 

r.n.e Bx - 3Hepr11R, yHoc:rnaR HeKoToport qacn1ueA. B 1nore 

'l/ />In ~°'7<pM. 

] TO :Ke B peMR ;J;JIR modhlX m 11 It 

. j 
amn. ~ 

( ~ P"-)'IJ 
;;,; " (" "/ ( Pi.3) 1/J /l p,. ~ f). 

(36) 

TaKv!M o0pa30M, npH p ~ {Op,, '<m11 ~ 1Cf>M ,I(11R Vm,IL . c.11e.rr.o-

BaTe,1bHO, npn6.m:+.:eirne Hy,1eaoro nopR,l\Ka pasno;i:eu11R no ,.,_fl1t , B odmeM, 

B03MOJKHO l1 ,11.JIR 60Jlhurnx ii:JiaCTepoB. oueHKa (36) .n.aHa ;J;JIR npo113B0J!hHhlX 

3Ha'IeHl1R 1n l1 IL ■ LlOBHO npuBeCTll ,l\0TT0JIHllTaJibHO HepaBeHCTBa ,IJ;JIR 

KOHKpeTHhlX 3Ha'IeH11;i m H n 

~ ~ J'l.1 a.,m ~ (p3 + p,.. 
1 1 

(Pf.1) /JJ I ( f3 +- p,.,, ~ f }, 

Clmn ~ i 

( f1n -f PIL)f/J ~ 
d. 

( • P .) /J.3'( ftn + f,t· ~ -!-\ 
/71,(,/'l,(tn,1t) l'>ktr.("',"Y' 

KaK BH,l\HO ll3 npHB e,l\eHHoro' IBM 60Jihille I?'/. l1 fl. ' TeM d0Jibllle cpe,IJ;HHe 

paCCT0RHHR MelK,ll.y MYJihTHKBapKaMH. 

KpoMe Toro, eCJIU 11CIT0Jib30BaTh npe.n;cKa3aHHR ,IJ;JIR Mace MYJihT11KBap

KOB Ha OCH OB e Mo.n;em1 CKHpMIIOHOB /I4/' TO 

ct 
Mtt -= J3 · n . 

JierKo yde,n.11:TbCR, 'ITO B 3TOM cnyqae lz/,,.n. < 0/l'f'("f np11:v' In, u. 11,. 

no CIIX nop Mhl n0'ITl1 Hl-!KfiK He YilOMl!HaJiv! B036y)UeHHHe COCT0RHHR 

MYJibTHKBapKOBhlX KJiaCTepoB. Ho B Halllell cxeMe paccylK,lJ.eHl1tt O TT0TeHUHaJiax 

KJiacTepoB HHr.rr.e He YTO'IHRJIOCb - B OCHOBH0M l1Jll1 B B036ylK,lJ.eHHOM C0CT0RH!-!v! 
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HaXO,D;l1TC.H o6pa30BaHHhla. npl1 CJI11.IIHlm MY,1bTllKBapKOB KJiacTep. Ji,,1.H 

B036yi.AeHufl MoJKHo npo,JJ,eJiaTh TY JKe ueno'-lKY paccy~eHuU, '-ITO 11 ,n.JI.H 

OCHOBHOro COCTO.HHl1.H 1.;y JlbTl1KBapKa. J'1Hb!Ml1 CJIOBaMll, np,1 p ~ 1Dpo 
l1 npl1 $ ~ fvl3 11Meei.; CJie,D;y10:iiee TOJK,ll;eCTBO: 

u, • ., ' - + n-1'>1. rn ✓-7- ~ 
n,m, (J-!tJ ~,X-Jj) = -

9
- ')3l/X:_-v/J, (J7) 

,[(JI.II OKOH'-laTeJihHOrO 3a,JJ,aHlrn BCex Be,111f'-rnH, BXO,ll;.Hil\11X B rai,1ll,lbTO-

Hl1aH (I) 
1 

Heo6XO,Il.l1MO onpe,JJ,e,111Th Be,1,1'il1HY [_~ • Cne,n;y.H Ha1'!60Jiee 

ynoTpe611Te;lhHOMY cnoco6y onucaHn.H KBapK-r ,1100HHO!ii n,1a3Mbl /I5/, 
3HeprnlO;CBO6O)J.HhlX KBapKOB 3aTillCb!BalOT B Bl1,IJ.e 

Epe, -= ~ ki +- BV,, 
l, 

(38) 

r,IJ.e (.. • HyMepyeT KBapK11, /4 - KVIHeTl1'-leCKa.H 3Hepnrn KBapKa, B 
,D;aBJieH11e saKyyMa, V - O61>eM, 3aH11Mae1,11,1!ii nna3Moa. To JKe caMoe MOJK

HO nepen11caTh B cne,D;y10~ea ¢opMe 134/: 

Epe = :{.. ( Kt: +17,) J lli = 8/ppe , 
(. 

(39) 

3,D;eCh .P;x- - 3TO TIJIOTHOCTh KBapKOB B TIJia3Me. 1113 (09) CJie,eyeT, 
1
no 

Ka)K,ll;hllii KBapK HaXO)J.l1TC.II B cpe,IJ.HeM none .IJ.pyrnx KBapKOB 11 111.1eeT 3Hep

r1110 B3al1Mo.IJ.eliicTBl1.H c Hl1M, paBHYJO B/pp-e . 
::Oa,JJ,a,IJ.HM 3Hepr1110 B3all!>,IO,IJ.eliicTBl1.H CBO6O,ll;HOrO KBapKa C KBapK-a,IJ.pOH-

HOlii MaTe:;rne!ii aHaJIOrl1'-lHO (39): 

U= 7 
~ 
p 

TaK KaK. f - 3TO no.1rna.H TIJIOTHOCTh KBapKOB B Cl1CTeue, TO B/p 
npe,IJ.CTaBJI.HeT co6on 3HeprHIO B3am,10,IJ.eliiCTBl1.H CBO6O)J.HOfO KBapKa co cpe,D;

Hl1M TIOJieM BCeX KBapKOB, BHe 3aBl1Cl1MOCTl1 OT Toro, CBH3aHbl 0Hl1 l1Jll1 

CBO6O~Hhl. TeM caMhlM Y'-ll1Tb!BaeTCH He TOJ!bKO B3al1MO,IJ.elCTBl1e CB060,ll;HhlX 

;rnapKOB ,IJ.pyr C ,n;pyrou, HO l1 B3amv10.n.e/acTBl16 nocJie,IJ.Hl1X C MY ,1bTl1KBapKOBhl-

Ml1 od1>eKTaMl1. 

5. 2aK,110'-leH11e 

i{aK Mb! yr..e TIO,IJ.'-lepK!1BaJil1 BO BBe,IJ.eHl111, ,n.aHHa.H paCioTa HBJIHeTCH 

TIOApO6HblM l13J!OllCeHl1eM OCHOBHhlX npl1HUHTIOB Teopl111 KBapK-a.IJ.pOHHO!ii MaTe-

pim. ].eTa;1bHOe paCCMOTpeHlle Mhl ony6JI!1KyeM B CJie,D;y!Ollll1X CTaTh.HX. B 

qaCTHOCTl1, CHa'-laJia o6cy,IJ.l1M noBe,ueH!1e KBapK-a,D;pOHHO!ii MaTep1111 npl1 

Hl13Kl1X TeMnepaTypax, npoBe,IJ.eM aHaJil1Tl1'-leCKOe l1CCJie,ll;OBaHl1e l1 paCCMOTpl1M 

pe3J,1bTaThl '-ll1CJieHHhlX pac'-leTOB Ha 3BM. ~IHTepecHo, '-ITO npl1 H113Kl1X 

Te1.:nepaTypax qia30BH!ii nepexo,IJ. B KBapK-rJIIOOHHYIO nJia3MY npo11CV.O,JJ;l1T C 
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poCTOM TIJIOTH OCT!! c.11e,D;Y10llll1M o6pa3OM. CBO6O,UHhle KBapK11 TIO.HBJI.IIIOTCSi B 

c11cTeMe nplii .9-:::..2-,1po (HaTIOMHl1M, '-ITO po ::: 4.10
6 

M3B
3 

- HOpMaJihHaH 

H,D;epHa.H TIJlOTHOCTh KBapK-a,ll;pOHHOlii MaTep1111), a 3aTeM l1X KOHUeHTpaUl1.H 

:!,\e,Il.JieHHO yBem-FrnBaeTC.H. · Tipl1 "3TOM B KBapK-a,D;pOHHOll MaTepl1l1 cocymecTBYIOT 

CB06O,D;Hble KBapKl1, HYKJIOHhl l1 meCTl1KBapKl1. KoHUeHTpaUl1l1 JII06YX donee 

KpynHhlX KJiacTepoB paBHhl HYJIKl. 3To csu,D;eTeJihCTByeT B noJib3Y Toro, qTo 

,ueKOHqia!iiHMeHT oOyc,'IOBJieH pacna,UOM MYJ!bTl1KBapKOB Ha COCTaBJIHBilll1e l1X 

KBapKl1. 
rrocne paCCMOTpeHl1.II KBapK-a,UpOHHO!ii MaTepl1l1 npu Hl13Kl1X TeMnepaTy-

pax !,!hi !1CCJie,D;yeM BhlCOKOTeMnepaTypHhle aCl1MTITOTl1Kl1 ));JI.II TepMO,Ul1HaM11qeCKl1X 

xapaKTep11cT11K c11cTeMY 11 o6cy,ul1M Mam11HHhle pacqeThl ,uJI.H npoMei,;yToqHhlX 

3HaqeH11ll TeMnepaTyphl. BaJKHo, qTO o6ml1pHa.H odJiaCTb cocymecTBOBaHl1.II CB0-

OO,UHhlX KBapKOB l1 a,D;pOHOB l1MeeTC.II l1 npl1 KOHeqHhlX TeMnepaTypax (3TO 

cornacyeTCH c yKa3aH~.HMl1 pacqeToB KXJJ. Ha pemeTKax /
48

7 ), npuqeM 

KOHUeHipaUl1l1 Oonee KpynHYX, qeM mecTl1KBapKl1, KJiaCTepoB TaKllC8 npaKTl1-

qeCKl1 OOBHhl HYJIKl ( \-4 <. 10-3',L. Wn <'.. I0-3 ). Heo6XO,ll;l1MO·oTMeTl1Tb 1 
· , _n-.,,n. 

qT O TIJIOTHOCTb TIO.HBJieHH.H CB06O,D;HhlX KBapKOB p -= 2 ,fpo Tipl1 {) = 0 l1 

TeMnepaTypa l1X 3apollC,ll;eHl1H 0 =- IOO M3B npl1 p =.Po HaXO,lJ;.IITCSi B 

xopomeM cornacl1l1 c nJIOTHOCTblO n TeMnepaTypon noTepl1 ycT0Jiiq11BOCTl1 

TpeXKBapKOBOrO MemKa B cpe,ue /
4
9,50~ 

ABTOphl npl13HaTenbHhl n.IT.B3pl1 3a l1HTepec K pa6oTe H noJie3Hhle 

O6cy:ueH11H. 
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WaHeHKO A.A., IOKanoa B.H. r2-00.350 
Teopm1 KBapK•8J1POHHOlt MaTepHH - 06UWI q>opMynHpOBKa 

Ilo,npo6HO cq>opMynHp0B8.HLI OCHOBHble nonolKeHID! TeopHH KBapK•8J1p0HHOH MaTe
p1m, KOTOPaJI BKnlO'laeT B pacCMOTpeHHe Bee B03MOlKHbie q>a30Bble COCTOIUIIDI KBapKOB -
KBapK-rnlOOHHylO Ma3My, HnH !pa3y cao60,1tHblX KBapKOB, H COCTOIIHHII H3 n-KBapKOBblX 
KnaCTepoa, r.ne n = 3, 6, 9, 12, 16, ... H T,,n.; a TaJOKe Y'lHTLmaeT pea·KUHH cnHIIHID! H pacna
.na MelK,lty Myn&THKBapKaMH H MelK,lty KBapKOBblMH KnaCTepaMH H cao6omibIMH KBapKa• 
MH. Y'leT BCeX. B03MOlKHblX q>a30BblX COCTOIIHHH KBapKOB H peaKUHH cnID!HHII H pacn&J1a 
'laCTHLt 003BOnlleT HCCne,noBaTb yCTolt'lHBOe,paaHOBecHoe cocyntecTBOB.8.HHe.KBapK-rnwoH
HOH nna3Mbl H Myn&THKBapKOB, 3anHC8.H rl1MHnbTOHH8.H CHCTeMbl H3 KBapKOB H 8J1p0HOB, 
peaJIHCTH'lecKHM o6pa30M 38J18.HLI KnacTepHb1e noTeH~aJibl B3aHMO,ne8cTBIDI H c,nenaHLI 
·ace Heo6xo,nHMbie oueHKH, KpoMe Toro, npnae,neH KpaTKHH 063op cyntecmywntHx CTa• 
THCTH'lecKnx Mo,neneil ,neKOH!paHHM!lHTa. 

Pa6oTa BbinOnHeHa B Jla6opaTOpHH TeopeTH'lecKOH !pH3HKH OIUIH. 

Ilpe!:!pHHT 06'be,llHHeHHOro HHCTHTyTa 11,nepHblX Hccne.noaaHHlt . .Ily6Ha 1990 

Shanenko A.A., Yukalov V.I. 
Theory of Quark-Hadron Matter - General Formulation 

P2-90-360 

The basic assumP.tions of the quark-hadron matter theory are formulated in detail. 
·The theory includes into consideration all possible phase states of quarks: the quark-gluon 
plasma or the phase of free quarks, and the states from n-quark clusters where n = 3, 6, 9, 12, 
16, and ... , etc. It also allows for the fusion and decay reactions between multiquarks and 
between quark clusters and free quarks. Inclusion of all possible phase states of quarks and 

· fusion and d·ecay reactions of particles enables one to study a stable, equilibrium coexistence 
of the quark-gluon plasma and multiquarks: The Hamiltonian of the quark-hadron system 
is written down, the interaction cluster potentials are given in a realistic way and all necessary 
estimates are ma~e. Moreover, a brief review of the available statistical deconfinement models 
is given. 

The investigation has been performed at the Laboratory of Theoretical Physics, JINR. 
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