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lipuMep ra30UHaMIIqecRoui jllCdllllaTIIBHOI1 CIICTCMM 
C OöpaTHblM XOOM BCMCHII 

1-!. B. 33111T11EHico 

(Prof. Dr. F. A. \Villers zu seinem 100. Geburtstag gewidmet) 

Iiir das System der räumlich einditnensiona!en Gleichungen der Gasdynamik mit Berücksich-
tigung der Temperatur werden Paare von Ahnlichkeitslosungen angegeben und diskutiert, die 
a tuseinander durch Zeit- und Geschwindigkeitsu mkehr hervorgehen. 

JJ.IH IIpocTpaHcTHeIlFlo ouroMepiiix ypantietiuti ra30n0i juivaMuuu C yeo enepaypi 
yHaaaulI ii 06cy?+-aeubI iiapi BTOM01JIbIIb1X peiueiiuti, nepexoaHu.iix ypyi' B J1PYFY [1TCM 

oOpaEIIelluH IlanpanJielina lipeMellil H cHopocTu. 

For the system of spatially one-dimensional equations of gas dynamics with temperature 
effects we give and discuss pairs of similarity solutions which transform into each other by re-
turning direction of time and velocity. 

1. 143ecrHo, TO B O6ILwM cJtyqae no;iy q iiTb peII1eL[uejJ1FlCiaTItn CIIJloIli}IoikCpeJbl, 
padno.rlaraa pewen iiei a.ria cc pa3peaeIII1l, ilyreM IlpilMellen lilt lIpOCTOl'O , ,o6pa-
IIeHii HpeMeuit" (cli MMeTpH4H0Io OTpaaReiiii q oTHoduTeJlbHo HeHoToporo M0MeHra 
BpeMeHli) IieHo3MoKl(o. 0)i4aHo, CiICTHiOT ilpilMephi, IcoI'lla paape-l.ellue it ctiiie-
TptlIlO-O6pall.(elIllOe ic HC,-,l	c?jaTue 11 BJIHIOTCH peariliHo ocyi1ecTuu4MblMH	H3I4-
'ieci-ctiriii npoi.ecca3lu. Tai. HaliptiMep, iipoiecc 6e3yjapHo1'o c?KaTHH [1, 2], pac-. 
cMaTplivaeMblti B paicax aBTOMO.(eJ1hllOii 3aja4li 1l,J1fl FcOHe4HOII MaCChI l'a3a [3, 4], n- 
JIHCTCH o6paueuue11 cooTBeTcTByloiieii 3aja q il paapeeuii IT. [IpocTpaHcTHenH hie 
paCnpCeJieH ii n Besiu'nT H H 3T1IX I43aHM1Io-CFIMMeTplt q HblX npoteccax coBnaJaioT flJTII 
ClIslMeTpu'IiiblX MoMeilToil lipeMel-Til (B 6e3pa3MepHbIX nepeMeililhix aBToMo1eJibHoii 
aaaq u 3Tu paciipeeJieuun ioo6u.e uHcltpoBaHhI), a 113MeHei[un He.rIll'-IuH Co BüMC-
HOM CJ1C;lvioT O.'i4IL\i Ii TOM aie 3iOHM C 113MeHeH11eM BCMH11 OT I = 0 JO t = 
win papeeuii It oTt = -	;o I = 0jjig CaTFIII. KaK ilolca3aHo, 1-laripliMep, s[5], 
MoMenT icojirianca I = 0 MoMceT 6btTh Cgiturom no BpeMeHlt nepeileceil B TO'-1F I > 0, 
TI 'ITO BMCCTO MIIOMdHTeJIH 1", xapal-cTepnoro lk.1H pcMtiNioi3 paCuTilpCiTI-tH, B peicli-
iiax ccaTita iiofrJlrieTCn (I)aHTOP (t. - 

I'a me aBTOMOaeJiblL a H aataqa ii})ll y'-feTe TeuJ1oJtpoBoJ.i1ocTl-i ii UCT.O'-1ill4i-a Telijia 
JLaeT iipnep OTHpbITOI1 1il cell naTi1BHod CIICTCMhI,Jlll IcOTO})OH B3aHMH0-cuMMeTpllq- 
ULOIC JH	HhTIi B-C	IIMCIOT peaJ1lHhiii (hI-1311'-4ecHoii CMI.1CJ1 . l-Ii-ia-e J1OCTpO0IIhT Talci-le JBlI-

iceiiva.	 - 

2. l'accMOTptIM CilJtoitHly}O CpeJ, JBit?Keil HO HOTOpOIl ollIichIBaeTcn ypaBHeHHnMn 
i'aaonoii )UlnallnHu I1JTII ypaBlieniIHMII i'aaoeoi juuaMllKll C 4eTOM Teiulo1TpoBoHoc-
Til ii 06'1,01HhIX IICTO'IHIIKOB ii cToKoiiTeliJla. B iiocie r ne cJIyae H cpeo ilpuCycT-
ByloT anccuriaTll Blihie 3()q)eKThi. 

)JJ1l1 ITpOCTOThI PCC M 0T P 11M OJLIIOMCPIIhIC JBIi?fceHIlFi iOHC'TF10il MaCcM II'I Tat-coil 
cpehT, coBepwaeMhle llO JOliCTI3lleM c()eplI qec1coro, ti4,1UH(pH'cecHoro win niiocioro 
nopuiHu. flapaMeTp 110 nbI6paH Talc, 'ITO rioJinan Macca 11f, 01 = (2xN + (1 - N) 

X (1 - N12)) 310 , r;e N = 0, 1, 2 1IJiH cJly4aeI3 tutocicoil, Lu-tJil1HJI,plt4eClcOii H C()epIl-
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'-iecicoil clIMMCTpIIII. l3ce ieji U q IIHhI, xapa}rep113yIol1ne cpeJy, iaBllCHT TOJIbHO OT 
BpeMeHiI t If oJHoü rlpocTpaHc'rBellHoii KOOjflHTbI r. KoopllliaTa HOPWHH r(t) 
eCTh aajairan njiii orIpeeJ!HeMaI (JlyH iuiin upeie ii. 

3. A.wa6aT11'lecloe JBIIfCIIII paccMaTpuHaeMoli l-OHe qiiOii Macchi cpebI 6e3 
ThIIccIirIaTHBHhlx at4eFToB - B 310M cJ1yLae oi-ia npeJcTaBJIHeT co6oi TepMoul1laMlI-
9ec}lI aaMFcHyTy}o cIIcTeMv - Moep iipo ucxoxiim ME oopaTllMhlM o6pa3oM (113-
ieneitiie 3HTpOIIIIII icei macchT BenecTBa US 101 = 0), TaH it neo6paTHMo (11p14 aTOM 

uS,, 1 > 0 it B epee t1a6i1io,ialoTcH 1Ieo60aTiuüie lIponeccii - y)apHbie BOJ1IIbI). 
CItcTe1a • c jutccllualiiieii (pacc1aTpI1Bae1aH JoIIe4Han Niacca cpeI0l . C y4eTo5i 

T(lI1.rlonpoBojcI1ocTIl ii UCTO41liI1O13 11.111 CTofcoB Tonila) B o6iiei ci1yae yaw HBJIHOTCH 
OTHpbITOII. B Taioii dncTeMe Mo?feT 6UTJ, u1S < 0 JLaae ripii Hajiu qult JLI4CCII-
riaTnuilbix npOLeccoB 3a C'leT oTBoa TeiLlia q CPC3 flOplileHb. 

I'Ia 061114x TepMojiiHaMiiqecux COOGpaacellltil 11db, 'ITO JI1[ O6paTBMOI'O ajtia- 
i)BTU'iec}col-o jw ua-eHitsb 3aMIuyToii CLICTOMbI c il pat3 eJ J1uH o cJIeybou.ee yTBep?KLeHHe. 
11ABiia-eH11e. iloJly'4a1oiteeca ha h1eIOTOpo['o peaJTbHO OCylleCTBJIeHHoro JusilitcehIll$i 
aaMenofi B I)eMeiIu t na — 111 oJHoiIpeMeHlboii 3aMeiIoü aHaiw dIwpocTil, clBJIneTc}I 4b143I1-
ilechia peajihHblNl npoIeccoi. 1'aioe , ,o6paiteniie upeMellu" MO?1rnO hIOCTBJH1Tb 
CJiey1o14uM o6paooi. IlycTh B HCIOTObIH MoMenT upeenu 1 = 11 B npotecce TtBmKe-
min IIMCIOT MecTo lpelJCJleHl1H IIJIOTHOCTII. O( r, t) n ciopocTu v(r, t i ). Pacnpee-
JieHile aHTpOlhuhl S(r, t) = 8(r) C4HTaeM 1I311eCTHbIM. Toi'ja B CHJiy aIa6aTIlqHocThl 
JB1l7KeHi4n. kaB j1diIlIe p(r, t) 14 reMnepaTypa T(r, t) Mor'yT GbITb BbvincjbeIIbi HO 3Ha-

e111410 HJIOT11OCTII. 1-Ic orpan ii'iuian o611IbOCThI, B .aJTbHeiimeM aUta6aTu qedhu4ü CJiyail 

MOaaiO c q LlTaTb 113 OHTOLi1CChFiM S(r, 1) = coast. IloJhllaliaHTporrnn S,, = _!2., . 

re S0 =fS(r, 0 rN dr, aua.riorII qhIo TOMy, iai M0 
=1 

Q(?-, 1) rN dr. OT MoMenTa 
0  

I = t io MoMenTa I = 12 > t (t	1 ^ 12) nopthleHb BufleTd11 OT r 1 = r ( 1 1 ) o 
r2 = r ( 12 ), no napyivan ajulaóaTlI qHocTu (dS/dt 0 win Beeii MaccM i'a3a). Taiuie 

• BHaceH1,111 CyIiLecTBytoT [3, 4, 6]. lIycTb i-ia MoMenT 12 rrJIoTHocTb It Cl-OpOCTb 11MeI0T 
pac1lpejeJIei-iiia e(r , 12) ii v(r, 12). IloMeilsieM Teneph CHOOCTH Ha HpOTuBOI1oJIOaHb1e 
11paCCMOTPII.Nl MoMenT I = t2 HaH Ha qajibtihle C JaHHh1Mil (r, 12) It v(r, 12). fIopttieiii 
C MoMenTa 12 HauIIHaeT ;nnramcn TaH, 'ITO 11OBTOHT CHOW TpaeKTOPI110 B Teqeilne 
BpeMeHH 12 :^-1 I :!E^ 6 13 - t2 = 13 - 1, B O6paTHOM i1op1ne TaK, 'iTO r (f3) = 1-*(11), 
hi, BOO611e, r ( t 1	1') = r (t - t')	 t,. 0 < 1' ^ 12 --. 1 1. llpti 3TOM 

(r, t 1 -f- 1') = (r,13 - 1'),	v(r, I -f-- 1') = —v(r, 13 —1').	 (1) 

KpoMe TOPO, OeB11JHO, 'ITO 'J'(r I t -4-- 1') = ,J,(r, 13 - 1') ii p(r, t -4--- 1') = p(r, 1-, - I'). 
OFca3HBaeTcn, 'ITO AJIR cpeia.i C Anccmiaqiieii 1303510HO HOCTpO1lTb )B ,,BBaFIMHO 

dlIMM OT I)uqH blx" 1-1.1114 ,,aepnaJIbHbIx" ABmHeHMH, T. e. Tanux, 'ITO JLB11H-eHI4e 11p14 
12 < I < 13 ,,I1OBTOpHeT" B O6paTHOM nopa;ne 98IIMCHme JJJ1H I < I < 12. flpo4nijtu 
HJIOTHOCTH, gaBaemin, TeMrlepaTypnr, 1%1OiyJ1H CFOOCTI1 B ,,O6parHO1t" RBM?tcenuhl 
Tahule ?KO, RH II B IIpHMOM", a ahialcIm CnopOcTeti 11pOT14BOHOJfOKHM (in ,,B3ail-
MI-tO C1MMeTpU'IHblx" ABIlHiemi .ji cnpaBeJlHBo (1)). B o11pejeJ1eHI10i CMbICJTe IIpt4Mep 
TaKux T kHllMiCIIl ,Ift CMOHCTpHpyeT ,,o6paiienue BpOMeHu" JJ111 ClICTOMLI C ucdHnaT1lB-
11M51 ii aI)enTaMi-r. llocTpohmM ero, I4diloJIb3yn aimapaT aBToMOeJIbh1hIx peiueuuii 

ioneqiioii MaccM Bci1ecTHa. 

4. Cpeim petueiiiu ypaBHehbIu ra30BOI Jh1I1aMi1KFI (6e3 juccIll1arHBHb1x llpOiCCcOB) 
113BecTHbI jWh1?H1lB, B iTOMX 11OLUHb aa Icob-je q uoc BpeMfl cacnMaeT noh-be'II[yho 
iaccy raaa go 6ecEoHe'IhIocTn HJIOTHOCTII npu zJS,, 1 = 0 [2-4, 6, 7-9]. C 1pyrofi 

cToponbl, 1131iecTen xjiacc aBToMojeJ1bhib1x u3iiaeHi-iii b-OHO'4h1Oli MaCCM cpeji (nan
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jutccIInaTnBHoh, Talc it 6e3 utccii riaiutfi), cogepRaLaltri HaK ciyaii paci.ini peI-LI1 
[10-12], TK it cjiv qau ccaT1ta raa [3, 4, 8, 9, 13] 11 xapaKTepII3yIolulIiicn OTCyTCT-
BileM pacrlpocTpaHelcllhl no maCCC BCUeCTBa yJap1Ib1x, TefliloBbix II BOJIB 
31111 MaE'I-IIITHoI'o BOMB (B ciyae cncTeMM YPBB}ICHII MariluTiloll rHjpouHaMI4KII C 
KoHe qHoi I1p0BO.IlM0CTh1O [9, 14]). I'IMCHHo Talcile peueHIIn oulichiBaloT aCuMrIToT11-

ecHy10 eTarullo 6e3y1ap11OI'o cicaTHH. 
Ci1cTeta ypaBHel-nhii ra3OHoii qtmarmlim C '1CTO1 a()4)e}cToB TCIIJIOIIpOBOIHOCTII 

11 TeujloBUeJreHun HMCCT BIlj.J 

' at	at	ax —=v:	
' at	at \ 

_. p_( (rNW)..2 
at \ /	3x	 1	ax 

aT	 P TV = _, rN —; p = RU T; e =	 x = 0T/'sn0k; Q - ax	 y-1
(2) 

3ecb x =f orN dr - MaccoBall Ma1paHeBa HoopnhLaTa. 3aBucII1ocTI1 BILyT})eILHeii 

auepruii E 14 ,raBi1eHI1H/oT TCAlHepaTypbl II HJIOTIIOCTII COOTBCTCTHT B (2) ypa1eIt 
COCTOHILIIH njea jiiioro ra3a; Koa()ulu.IeHT TellJIonpoBojnocr11 x 14 I4CTO q HI1H TCHJIa 
Q BBIIThT B Bilge cTeueHHblx (j)yIIHLUfii TeMIiepaTyphi 11 IIJIOTHOCTM. 3arnicunocTl, lioTolca 
TeILJia W CT rpa;ueiia Te.MriepaTyPIA cierye 3a1-coHy (Dyphe. 
ClicTena (2) gorIyclaeT pememiff B HW 1	JleHHri lIBCMCHHb1X 

F 1 (x, t) = Bit'/ 1 (s),	s =
	 (3) 

re F,-l1clon1Ie yiiiiwii (cicopocm, )aBJIe1lHe, rIJIOTHOCm it T. A., npoHy1epoBaHulie 
iiiueco 1), B, ii n 1 -IIOCTOHHI-IbIe, / 1 -6e3paaaepHbie npeJcTaBuTeJllt pa3nepllhlx F1. 
CrelleHI4arI aaBudnMocTI OT BpCMCIILI t" H (3) JoriycKaeTdFl cTeneHHofi 3aBHCIIMOCTBI0 
1coea11wj eHToB )1IlcclIIIaLUlit OT TCMnepaTypbi I! ITJIOTIIOCTH 14 (2), nplr'ieM 3ajaH1le 
BejlH q iiH in, K (c = 1, 2) ([nIKdIIpveT allaqelutH BCex 71 i 11 (3): Bejili q uBbi Ui 113 (3) 
B cimy coo6paneH14ci pa3mepHOCTII cwIaa!ibI MeHJLy c060ii, Talc 'iTO JOCTTO4HO 
oiipe,rtejiilTb Jilillib oru-ly 113 mix. B ra'iecTrie TaHoBofl vJO61-10 Bbi6paTb rlolca3aTeMb 
B B 4opMyJIe 

r(x, 1) = i3t"2.() 

jJiii pa ru t yca , Talc 'iTO 3aHoH BufeHI-!H nopuinri r(t) BbIl'JIllJutT cieyiouutM o6pa3oM: 

r ( t ) = Bt"),,	 (4) 

= (I)-6e3pa3MepHaH 1oopJuInaTa nopwan. TaRnm o6pa30I1, n ciaaaii c -ia, K, a 
duJly ycJioBHii aBTO M OJ eJ1bu1OCTlt , a rio 311a'ieI-utIo B MOFT 61,ITB BbI qucJIeIIlI Bee 
ocTajiblihie it, [3, 8, 9]. rpaI1H'inie pemiix (iia riopiutic) cooTBeTcTByloT 11})I-1 3TOM 
(t)OpMYJLaM (3), B i0T0PhIX iiajio IIOJIO?EIITb S = 1. EpaHn'iHb1e ycJIoBlln iipii S = 0 

ecTecTBelIIlo BBHTb B BilgeyCJLOBII ft C11MMT1I u. H a qaJlbHbie Ilbie H a HTOMOJOJ1b-
HOü aagatte cuHl'yJInpHhI ('iTo COOTHCTCTBBT ma'iei-imo / = 0 n.rin j tj = 00 B (3)). 
YCT0il'mHaii aBTOMoJeJ1bI1aR aaa'ia ,,HblXOJu-IT" C TC'ICH IteM BpeMeI-tI .1 i-ia peilteHite (3) 
C JLOCTaTO'-IHO flO113BOMbHhIX liaqaJiblibix JWH}ibix, 3aJaHHbtx B Koile'I}1oi-1, Mcdliii-
1'yJtflpHoi MOMeI-IT HpeMeni-t [3, 9]. 
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Be.ru411111h1 B i MOl'yT OhITI, RhLpaneuh1 U CIIJLY pa3MepHOCTILhfX COOTIIOuIeHIIÜ 'iepea 
napaiepi M0 , II if B 113 (4). IIpII 3TOM MOHHO IIFccltpoBaTb iIla'IeHItc ,*, Halipu-

iep, 2 = -. Torja CHOpOcTI, IIoptIIuIl UMMeT BU v (t) = Bt' 	T. C. l'pallH4HOe 

ycJloBIle jia 6e3pa3MepIloii clopocTH /(6)	s(s) iipu S = I ecm N( 1) = 1. IT0CTa-
HoRKa 3aja'iu C BHMOM Ha rpaHuIe, re 6e:lp13Meplloe JaBJIel(He / 2 (1)	/9(1) ='01
a uapaep 2 on peJeJ,1neTdH iii pemeiiva, Haiipuep, u [3, 14]. 

Peweiiiin iitja (3), KaH noiaaHo n [3, 4, 8, 9], OTHOCHTCH RaH i- 3aja'1aM pa3-
pe?*eHua (iipii 3TOM 0 < t < ± oo, aclIMUT0TIl 1fecEic I — ± 00), Talc U H 3L'1M 
caaTl1a (iipii 3TOM —CO '< / < 0, If acltMIlToTtI qecIcIl / -± 0). B 'ralcoM rIoJxoLe c.riyafl 
I < 0 U 3aJa4ax cacaTun Tpe6yeT olipeeJieillroi'o aHa'eHi•in apl'yMeHTa icoiii.neiccnoi'o 
qucjia B (TaH, 'ITO/ihi fln > 0) [3, 8]. OaaHo. Halc uoHa3aHo B [5, 9], Tal-c011 
iiOjXOj IIOJIIIOCTbIO 3HBI1 Bait eHTCII iioxojy. H t0T00M jiirir 3aa'i ckcaTItR —00 
< t < /j, acIIMnToTlI qecfiIl / —i- I, It MHO?fcIlTeJlI, /.' B (3) 3MHI-1 ua (t — I)''. B jiio(oi 
cJiy'lae fl!H lLpe,'lcTa FIlireJieti paepu MX HJI u 'iii H F(x, I) IlOJly4aeTcll o lkiia II T +ce 
ducTeMa oShucHoUeHHhIx 11(4epeHhJL4aJlJ,l1hIx ypaBHeIIlIIi 

n( 1 — n) 6). =

q;	- 

(U = —x do/d).(5) 

q = 

n.=
	

— i);	n = 27(2 ±):	i = (; - .1) (N +1). 

3jecb 6, /9, w, q, ?, 0, q0, — rlpejcTaHuTeJLI-I COOTBCTCTI3eHHO I1JIOTIEOCTIl, aBJIeHl4H, 
IToTolca TeuJIa, lIcTO q H uica Terl.la, FcOa(I)tj)ll lIuCHTa Te11s1oIlpoBowocTu, TeMrrepaTypbl 
H IIOCTOHIIIIbIX Qo a .. 13 ll0CJlC)HHX m3yx CJiHX B opMyiax (3) ccTecTBeHHo. 
n — 0 (aTo H r.iopoaHqaCT ycilOBlin aBToMo)eJ1bHocTFl). CucTe1a (5) 3aIlucalIa OTIIO-

CIITCJ(bHO (JeapaaMepHol'o pajiuyca . B cJ1 y lae 11aj111411H riapaepa lcolle q Hoii MaccM 
1W0 TaIcaH 9a1I11Cb 3MRIIHaJIeHTHa 3aII1ICII oTHoclITeJIhulo 3e3pa3Mepuoti Macchi S B 
cn.ny clipaBeJ.rlltHocTll cooTHolnelIlla 

(i = 62'cI2.	 (6) 

Flo cpaBllelinlo c (2) IM cl!cTe1ht (5) llcIcJiIo qeHhl i kBa !lCBb1X ypaBHellun. YpaBlEellIle 
H3h1HHOCTU ToMcecTUeH110 YOBJITBOPHCTCH C y1eTOM (6), a BTopoe jaeT a =flI. 
II y!l1Tb1BaeTCa H ocTaRuHlxCn B ClICTM (5) ypaw-iei-ii•iax. 

Paauuia B 3aka'4ax cncaTuH H papeenin 3IcIlO'IaOTCF1 H dHCTeMe (5) JilItub H 
aiiaicax 6e3pa3MepIlhIx J1CCIInaT1I HHbIX Jcoa(I(!I1911el1ToB ico H q: OHII rloJLoMcHTeJJ hHbI 
JiH 3aa q papeiceu)i II OTI)llLaTeJIb11hl JJ1FI caTIIn: [3, 4, 8, 9, 13, 14]. lipu 'JTOM 

Sign W = sign w gim 3a)a paupeIceunn II sign W = — sign W 7 kJltl aafla q c4caTIaa. 
B1ecTe C TeM, HaR 7k.TUiCMTUfl, Talc 11gim I)3P0CI1I	> 0, 110 pa3MepIIaH CEO-

pOCTI, V = n - flOJIoacllTeJIbllH )vIft pa3I)eaceuht}I (I > 0) If OTPIfgaTC.TIbiia JJ1H c?lcaTHn 
(/<0). 

5. B icjtacce pellIelluti (3) H3altMIio-cuMMeTpIt1IhIM w11Hce11uaM COOTBCTCTByI0T 
peineiiva rulm c?1caTua I < 0) it paapeaceHlIn (1 > 0) C OU11lOUbIMH ILpOCTpaHCTBeH-
HhlMll pacllpegeJleuuHMu Beilli q uil /(s) 11.iii-i /(i.). Ib ocJ! eyWue, B CBO}o o'1epeb, on-
pejeiaioca cucTeMoil (5). Oiipejeiui HaauMI-Io-duMMeTpu1lIhie JB111ce11uhL icaic 

BI1MCHHa 8 cpegax C Oiiiiiii U TeMIi ?fce x H Q, iipue 0HO 113 MIX BL1?*ceHufi



ra30altuaMllecican clicTeMa C OSpaTlibiM xojoM upeieiiit	325	- 

(6e3pa3.rIuFIo, C?+caTlle iit pa3pe?IceHIle) 6yee HaahmaTb ,,IIpHMblM", a jpyroe 
,,o6paTHwI". Tora :3aa4a 3a1J1Io'{aeTcn B Haxo.[LeIIHH olIHaFcoBb1x peiueiiwf4 
ayx aaja q J1H clicTeMbI (5) C OjL4HaHOBbJMH l'paiInRhIMII ycJI0BHHMH npii ..	0 

1	=	II OjHHaFcoBbrMII Bejili q iIHaMII Iol II	HO C npoTlIBor1oJ1olIhrMlr 3HalcaMH

it q0. 

	

Il ycTb ,,npnMOe" JBII?1ceHue HMeeT	 fl° = fl II	Talc 'ITO	- 

2 U) =	
-	

-	
= 2 + ,'	

= ( - I) (T + I). 

Torja anai 113 CIICTeMbI (5) rroIcamlBaeT, MTO ..oSpaTI!oe" jnniccHue T kO.TIHMO o6JIajaTb 
napaepa	 - 

	

=	(1)	 (7) 

11ocneHee 1I1)14130)1lT Ic CBM3II memiqy nolcaaaTeJtnMII aaLIaSaThl '/2 11 Y1 H ,,oSpaTIIoM" 
II , , UpHMOM' tuu?fce1Itt1I 

'/2 = + [
n(N ± 1)_	I	 -	 (8)

1—n

T'/ (I)OPMYJTY Mo?lcHo fie .peimcaTb B C1TMMOT14HOM B1ije oTlIocliTejibIlo y: 

('/2-1)('/I—I)	1—n	
9 

'/2 ± '' - 2	(T ± I) fi	 -	 (.

HuM u:

ft1/22	= I	n	 -.	 (10) 
/.L1 -1/2	it-	 -	 - 

'ITO olIpeJeuIneT paBIloSo'IHylo I'llnepSoJly (	— z) (u 1 - z) -1- z 2 , z = ( 1 — n) n1.
Fla pucyice npltHe1eH rpa)LI1-c 3aHHCflMOCTH (8) '/2 OT y, jia 4mIcCtrpoHanhIhlx n it N. 
1-lepe3 y oSoatIa'-ieHa BeJul'lHHa y z/(N ± I). I{OHFcpeTllbIe uejiti q iii nil N, jjni 
1OTOhlX 11OCTOCI( rpa(mFc, a Talcace Ta6JIuLa 31-faeHHi1 '/1 If Y2 npItBeJeHhI tia pit-- 
CYIIHC. I113 ()opMyTI (9) it (10) BIIJIiO, 'ITO I-iaai1Mi10-dnMMeTpu4HlIe T kBMRCI4IM H03- 
Mo?lciLhI ulumb tipit ?t :5:1 (z	0), eC.riii C'.IIITaTh, 'ITO I < '/1.2 < 00. 1,1:3 aliaJIi13a (9)
uJiit (10) cJTeyeT, 'IT iipniie y =- I -+- y u '/2 = I + y FIBJIHIOTCH acuMliToTaMit: 

'/2 —>	flH '/ -* 1 + y, HanpoTun, /2 -- I ± y "P it 
y - 00. "P

it 
y = 1 + 2y
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6yeT /2 = y. BTopan BCTBb r1I1ep6oJxI4 (06031-laeHIIaR iia pcyince nyl-IKTIIpoM) 
(llI3il qecl11M 1(epeaJlblla. TR Icaic iia Hei jiiióo y < I (BbIIue 6IlcelcTpI1ccbI Oil hoop-
JHHTHOFO yra), iio /2 < 1 (HHe On). Ci-iyiaü paBelIcTBa y = /2 (ToKa C aa 
rpa(j)IlHe) 000TReTcTHyeT +elLI4n1 C COXBHHHM 3HTponI4I1. B caioi geae, np1 
YI = /2 5yeT /21 = 92 = a, it 113 (10) cJIeJyeT, 'ITO n. = 2/(2 + /2) = • RaK yxa-
3HO IfaripliMep, B [4, 9] 

- 2RM ;:i - 
(It - 

rje S,,-rioiaa 31-17OflH}! Maccu t'aaa. Upii n = iticei dS 0 /dt = 0. 3TOMY CJIy-
qaio COOTBTCTBIOT ItlimEeHun raaa 5e3 yea AticettriaTUBHUX npotwCcoB (Haulpit-
roep, pemeiiue cBepxc,iaTii 113 [3, 4]). upu KOTObIX ,,HpHMOe" It ,,oSpaTlIoe" JBI1-
feHue alaIlecl ocyiiecmuui ;.riri Oj.l-tOii H TO +e cpei e OHIIM ii TM ?KC 

JIOlca3aTeJIeM Y. 
B o6EieM criyae ;rHcdnhTaTLlBIIoit cpejui 311a'-leHHR Yi 11 Y2 pa3JtI111bI. I'13 4opiyi 

(7)—(I0) upit 3TOM cJ1ejyeT, 'iTO ecnii It1(1) > n, TO n, (2) < nit i-laO60poT. BTo B COOT-
BCTCTBUII C (11) O6eclleq uiiaeT o)l1i1aioBOe H3MeHeilHe CO BMHM aHTpolluH S, 
(yôb&Iai-lHe HJTM BoapacTallue) B iip 1o1' it ,,o5paTHoM" JB%IIceHUnX. B cai'iori 
riejie, 113 (10) Will ffpRM0 113 VCJIOBIIJq (7) lipit y'iee 2 * = 2(2 + iz) 1 < 1 ( 1a > 0) 

oJiy4aeTcH (!)OpMy.rla .riJlH CBII3I1 fl(2) 

n -	- 1 -
(12) 

fl	--	
<0, 

113 icoTopoil CJlCIOT BbILuerfpl4Be rteHHbIC yTBepKeilHa. OH14 coriiacyiocn C ()ll311-
'iCCKIIM CMbICJIOM 3a.a qH, T. K. POCT 11.3111 y6hIBaIIile 3HTpOnllil H cpee C iICTO'iHI1HOM 
H TeriJioIIpOBoHocTbio onpejeJ1neTca HO)llJIM TemriepaTYPM (T. e. nOJIO?Kn1TeJmHbnl 
MH OTpInaTeJ1bi1bIM nOTOEcOM Terl.rla 'iepea iiopmeiit), a noc iejtiutf oJI1J-IaKoB ilJIH 
,,npn1oro" it ,,o6paTHoro" gilmHemifi.. 

Taic', HanpuMep, B3HB B taqeCTBC ,,IIpHMOI'O", l,HiI?KeHl1H papenceii cpejui C 
= 5/3, N = 2 a n = 2/3, 'ITO COOTBCTCTBT ;,	7'o/2 14 Q	T1 ' 6013 TVIff ,,o5paT- 

HOI'O" IBi1iceHur(, 11071M	= .!!- = 55/45 = 1,22 ... 'flpii 3TOM	=	' < fl 

(pe#cllM HO3PCTOH11fl aHTpouuH), a	= 3/1 > n. B ciy'iae CHc3TUH jjiri 6JiH3-



icoro 31-fa qeiiuri y . = 1,2 = - = B [3, 4] IIOCTOCiIO 'ilICJleHiioe peweHile aBTo- a	45 
MoJeJihHoii (puC. 3 113 [4]), coepaiiee IleMoHoFOHHOCTh B E1OliJiC TOM-
JlepaTypbt. 3a1en1btii uiitc TeMlteparypbl iie ua tiopuiiie ii He B uepe CacIIMaeMoil 
cpeji 06113a11 CBOH3T npoi•ICxofcgeHiieM )eiiCmulo IICTO q H11Ica Terijia. 

6. B I1aCToulEeii pa60i'e HO aaTparriBaioTcfr peayJlbTaThi 'IuCJieilHhlx uCCiieoBaHuil 
CI1CTeMbI (2). Taictie uCCJIeioBauIiH )OJIMcHbI ltOHa3am yCTOil'IuBhI ml oöa 133atiMHo-
ciiMMeTpIl4uLhlx ABIlWillifl, J1I15O O1I0 113 1IHX 06ii3aTeJihito HeyCTOII'lIIBO, .nu6o 
yCTOII'IIIBOCTb itocJrejiicero aaHiICIIT OT riapaMeTpoiJ aaj.aqit. 

B 3aiciio'ieuue 0TMeTIIM, 'ITO flI1 0.3ui-Ia1cOI1hix rIpoiuiax 0 11 ' BO B33UMIIO-
c1IMMeTpI1'Iublx JBi1?IceHiIHX H flI1 3eplcaJlbuo-cIIMMOTpII1H0M fl0BOJOI1Ui4 lix BO 
HpeMeHlI, ITOJIHaH 3i-ITpOIIIIil S,, PaCTeT icaic B ,,upiIMOM", TaK H B ,,O6paTHOM" 
JBHMOHUUX (Co. (II)), npI14e.l	'-..' in (t > 00, 1 -* cc) if S, '-.- — In t (t < 0, 
-*0); IIJ1II aie yGbIBaeT OrIIITB-TalcFI 11 B ,,HpHMOM" 11 H ,,o6paTIIo1" BH+ceHt1nx, 

rlpL1'ieM S,,. -..' —in t (t > 0) if S 1 ' In 1! (1 < 0).

(11)
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