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1. BBE J],EHHE 

nOc ne pa cnpocTpa He H~ H B we c THAe c RTwx r OAa x T eopeTMKo-none B~ X 
Me TOAo B Ha cTaT Mc T M4ecKY~ ¢H 3~KY B ceM ~Aec R T~x r OAa x Ha4anCR 
o6 pa T Hw~ n p o~ec c MHTCHCM8 Ho r o BHeA Pc HHR ~Ae ~ c T aT Mc T ~ 4ec KO~ 
M e x aH~ KM 101 n p~Me H ileMbl X B He i1 nO Ax OAOB B 'r e o p uo n OIl A 101 ep M3MKY 
RApa . T epM MHOIlor MR , C4MTa Bwa RCR pa Hee 4 MC TO C T a T MC T M4eC KO~ , 

ce~4 a c n OCT ORHHO Mc n o Il b 3 y e Tc R D c a MWX pa3HWX 06n a CTRX ¢ M3MKM. 

DAHo R M3 c a MMX MHTe pe CH~X n p0 6Ile M CTaTMCT M4e C K O~ Te o p MM RB

Ta K , rOBOp p.T 1 1.2 0 ¢a30aOM It< MAKOC Tb - ra3 BHy TpH ¢J a ~ 

IlR e TCR On MCriHHe m a 3 0 B ~ X n cpe XOAOB . OAHaK O M 3 Ta n p o 6 n e Ma 1 e ne p b 

He OTHOCHTCR K n p H B ~ Il e r M ~ TOIl bK O C T aTH C T M 4 e C K O ~ ¢ H3 MKM. 
1 

n e p e xon e 

e poona , 06pa3YIOU\erOCR n p a CTon KHOBCHMM TAP.<CIlbIX MO Ho a / ;l /. 3 1 0 T 

n cpe x o n OCYll\CCT BIl AeT c R n p M 1 e Mn e p in y p c T =2 0 H3 B B pe a yn s r a r c c 
oX Ilalt<AeH MR ¢a ~ e p6o na OT ero H a 4a n bH O~ Te Mn e p a Ty pw OKo no 100 I' 3 B . 

n pouec c oX n alt<ACHMA 4 aC TO C 4 MTa~ T aAHa6a T H4e c K ~ M , XOTR Bpe MR 
CT OJlKHOOeH l1A / 41 TAlKen biX HOH0 8 'i ll t <' 10- 2 .\.;. 10- 2 :1 , TO CCTL MCHb 

we MJlyl r o r-o It<C n o p azi x a , 4 TO 101 lia lo16 0 n c e onH1M MCH14 CCI<M C o ' : e t1KM 5
 

Y4MH IBa l0U\Io1C n lo1 0 HHblC CTc ncH M CDO'J OAbl, AIl A Bp eMCHH y( r aHOB Jl e H~' R
 

nO Ka Jlb HOr o pa OHOBCCHR . n0 3 TOMY Ti)Ki'lR CHC1CMD BP RA nH TC pMi'lJlM


30BaHi'l . 11 e CI1M B He ili c y uie c r a ye r n e p e x o n It<HAKOC Tb - r a a C x a n ax

TepHblM CKi'l4 KOM 3 HTpo nMM / 6 ' , TO e r -o c n e nye r pa CC11a TpMBaT b Ka t(
 

H c pa atlOB C C Hbl~ ¢ a 3 0Dl>J i:' ne pcxon . Ha R3b lKC TCOPMI1 nOIlA nocIlcAHMi-1
 
COOTBe TCTBY0 1 p e WCHHAM MH C 1 <J H1 0HHor o TMna ' 7 • 

npy r o~ nepe x o A nc pBoro pOAa , KO T O p~G MO~HO HHl e p n peTH pOBa Tb 
B paMKax t<B a 3 11paDI1oDCC HO~ 1 COP HI1 . n pOMcxOAMT npH C M Jl b HO~' B03 
6 Ylt<ACHHIo1 t<OMnaY HA- coC1 0R HHG AC¢O pMHpOBaHH~X AACP I K . Ko r n il 

y M OM ~H Ta HHCP UHM A AP~ Ka K ¢YHK 4 MM 4a C To T~ Apa~ eHMn B03HHKa e 1 
l Ol l< tia3bll1aC M bI ~ 06pa ltib l~1 3 a rM 6 9, 10 .', 

/ 11, 12 .c n enc r auaU ('n bl ~ p nA q,aaoBblX ne pexoAoa K0T OPblX I.1 CKl1lOlIo1

r e ns HO D<JlHHbl AnA KOCMOll0 rHM . AOIllKe H n POMCXOAI-\ 1 b npl-\ OXIla }l(AeH HM 
Pu CW~1 PA IOU\ C I; CR Dc cnel1Hoi1 BCKOp C n o cne (;OJlbWOrO Bapuaa . 

Ka l< il Hi)nO r ¢ a 30Boro nepc x OAa. aepHe e KPI-\TH4cct< oro RBIleHHQ, 
$ opM aJ1 bHll 11H TI'pnpeTI1pyeTcA n p e AeIl b Hblili n epe x on K u e n pe p u a -ro wy 
n p OCT pa HC'IBY 0 1 KuJH1GpOB04H0l1 r eopaa n OJlA Ha peweTt<e /13-15 /. 

60Ilbwo e BHMMil HIW npI1BIlCI(<lCT Ae KOHt!J a I1HM e HT KBapKOB - $a30Bbl~ 
n epe x on OT a APo HHoil M.l re pIH1 K t<BapK-rIlI()OHII O~ n n a axe 1 16 - 191 

K OTOPbl~l MOl'lCT n p(1 I' 30~H f n p M l(~M nCpa r ype Xar e n o p u a / 201 To '" 
• 150+200 M3B. 3aMcT HM. 4TO YAcpmaHMC ~BeTa np~ KOH¢a ~HMeHTe 
aHanorH4HO KOMneHCa~" H c n HHa n pMMeC M a n p 0 6Jl CMC KOHAO / 2 1/. 

B HacToA~e~ CTa Tb C MI>J pa CCMOTpHM M HO~ aMA ea a oBwx nepeXOAOB _ 

n c p c XOAbi Me l'lAY COCTOA HI-\R MM a A Po HHo i1 Ma lepMM, cOAepp.<a U\e~ MynbT H
•." 1(".. . 

;m:l\i·. 



KBapKOB~e Kna CT ep~ . Ta K KaK npH OnHCa HHH $a30B~ X nepex OAOB 

4 a CTO anennHpY ~ T K npHH~ Hn y oC na6neH HR K O p penR ~H ~ 60ron~60

Ba / 2 2 ~M~ npOHnn~c TpHpyeM e ro n pHMe HHMOCTb B $ H3 HKe B~COK HX 
3 H ep r H~ . YK a 3 a H H ~e npHMep~ OTB e4 a~ T ABy M n peAen bH ~M cny 4 a RM: 

Ko r Aa KBap K -r~ OHHaR Ma Te p HR 6 nH3 Ka K OCHOBHOMy COCTORHV, Kl 
M KBa p KH Kn aC T e pH 3 0Ba H ~ M Ko r Aa C T anK M B a~TC R 4a CTH4~ C 6 0nbWM
MM OTHOC MTenbH~M H 3HeprMRMH , Ta K , 4 TO M~ n o n a Aa e M B o 6 n a CTb 
$ H3 M4 ec Ko i1 KMHe T MKH nap TOHOB .' 23 ,24/ , 

2 . CMECb MYn bTHK BAPKO B~X KnA CT EPOB 

Il ocne npeA CKa 3 aH MR f 25/, o6HapYlK eH HR/ 26 ' 11 AanbH e l1wer o Hc c n CAO
BaH HR ' 27 - 29k YMyn RTHBHo r o 3 $ $e KTa n p H CTonK HOB e HH ~1 penRTHBHCT

CKHX RAep nOR BHnO Cb 6 0 n bwo e 4 Hcno pa 6 0 T , nOA T Be plKAa~~MX Han H
4 He B RA Pa x /3 0 - 3 2 ~ Aa lK C B AC~ T p OHe ' 3 3 ! MHorOK B a p KOB ~X KOH$Mr y pa 

~ M~ , COC TOR~MX H3 3 ,6 , 9 H 12 KBap KOB . HMecTcR YlK C HeCK onbK O 
0 6 30 POB Ha 3 TY Te My : y noMRHcM 3ACCb To n bKO He CKo n bKO nocneA
HHX .' 34 - 36 /, 

06pa 3 0 Ba HMe MHo r o KBa pKoBblx KO~1 nneKCOB C T0 4K H 3 pe H~1 R KBaH 
TOBOI1 XPo MoAHHaMHKH n poHcxoAWl c n e AYIO U\ HM 0 6 p a30M . Me lKAY KBap Ka
MM, s c n e n c r aae 0 6 Me Hil r n~OHa MH , c y urcc i aye t 3$QCKH 1BHo e B3 a Ht·1O
Ae~ C T B He / 37- 3 ~~OTOPoe H n p HBo AHT K B0 3 H MK HOBe H H~ C B R3 a HH~X CO
C TOR HH A /40~3TH COCTORHHR MOlK HO HHTc p npe THPOBa Tb / 4 1/ Ka K c o n HTO

H~ , Ha n OAo 6 Me Tex, 4T O nORB n RIO TCR B n na 3 Me / 4Y~ XOT R AMHaMMK a 06 
pa30BaHH R Ta KHX C B R3aHH~ X KnaCTcpOB B n pMH~Mn e n OHRTHa , e e Ma 
Te Ma TM4eCKoe o n HcaHHe c llIe He n o c r po e HO , TO e CTb n p0 6ne Ma KOH
$ a i1HMeHT a He p e WCHa . MelKKB apKOB~C 3$$e K THB H~e nOT eH ~Han~ H3Y 

4eH ~ r o pa 3 AO Me Hee n onHo , 4 CM MClKHYKn OHHWe/ 43/, n03T OMY M~ MC
n on b 3 y c M $ eH OMe Ho n o r H4 CCKHA nOAxoA , n ona r a R , 4 TO KBa pKOB ~e Kna c 
T CP~ cy~eCTB YIOT. Hx na pa MeT p ~ MOlKHO H3B n e 4 b H3 Te o p HH Me WKOB 
B TOM Hn H HHOM ee Ba p Ma HTC / MCWOK 60r oJl~60Ba / 4 4~ HTT / 4 6 ~raPMO 
H H4 ec K H i1 / 46/, K H Pa nb H bI~ 1 4 7 - 4 !J~ 06Ila 4 H bl l1 / 50 , 5 11 / , a we CTHKBa p KOBble 

KOMn n eKC ~ MOlK HO TaK lKC xapaKTe p M30 Ba Tb C BO~C T B aMH Ac i1TpoH a / 521 

Hn H np Mn Mc a T b MM xa pa K1 epHcTHKM KaK HX-IlH60 H3 3Kcn e pHMe HTaJl b HO 
n peAn o n a r a e Mbix AH6 a p HOHOB 1 5 3 

COBo Kyn Ho c Tb o AMHa KOBwx MeWKOB 0 6 p? 3YCT 4 HC TY~ $a 3 Y . ECJlM 
lK e B CHCTeMe n pHC YT C T B Y~T pa3JlM4Hble n- KBa pKo Bble Kn a CTcpbl, TO 

OHH 0 6 pa 3Y lO T CMewa HHY~ $a 3 y . B Ha H6 0ne e 06~e M CIlY4ae BCRKy lO 
MaKpOCKonH4 eC KYlO c HcTe My cneAye T C4 MT aT b HMeHHO CMe wa HHOH, a Be 
PORTHOCT b ee $ a30 BblX KOMnOHe HT on peA c nR Tb c a MocorIla COBa HHWM 0 6
pa30M H3 y c n o BHi1 re Te p o ¢ a 3 Ho r o paB Ho Bec MR I54 - 57/,TaKoi1 r e Tepo

~a 3 H bl i1 nOAx OA K CMcwaH Ho My aH caM6n ~ Myn b THKBapKOB biX Kna CTepOB 
6bln an e p a u e n pHMeHCH Ay6HeHc Ko~ r py n n o a 1 58 ,59 / , HHlK e Mbl H3IlOlKHM 

OCHOBHble ~ neH H pe3y n b 1a Tbi 3Tor o n OAx o Aa . 

n yc Tb Jn - n coc r pa a c r s o COC TOR HM~ $ a 3 b1 H3 n -x a a pxoaux Kn a c 

r epo s , a Hn - n c enc r a a n e u a e r aMMn b TOHHa Ha CMCTe lolbl Ha 3 TOM n p o c r 

pa Hc TBe . nonH o e npo c Tpa Hc T Bo COC TOR HH~ re Te po¢a 3 Ho~ CHCTeMbI RB

2 

n Re TCR T eH30p H~M n pOH3B eA eHMeM 

@~f ~ II 
n 

ra MMn b TOHMa H n p eA CTaB nR eT CR n pR Mo ~ CYMMO ~ 

H - Ell H • 
n 12/ 

n 

KO H ~ C H T pa ~HM C OO T B e T C T B YIO~ ~1 X dia ao a u x KOI~nOHe H T 3a Aa~T CR OTHO

we HHeM
 

e- :..Jl.W
II 

N 
( N = ~ N i . 13 

11 11N 

B KOTOPOM Nn - 4MCJlO KBa p KOB n - H ~a 3 ~ . 04 CBHAHO , 4 1 0 131 HMeC1 
C BO~ C T BO Be pORT HOCTH n - ~ $a 3~ , 

O;::W s i • .. W 1. 141n - n 
n 

raM l1n b TOH ~l a H Ka ll< AOI1 H3 ~a 3 3 il n MC blBa CM B ()lopr1c 

11 11 ~ ( / k 2 t M 2 _ ll ) a ' (k .f» a (k. s ) « Un' 
k s n II n n 15/ 

B KOTOPOI1 <lll(k .s)- n o n ea o a on e p a r o p n - KBa p KOBo ro KJla CTCpLl C It1 M

n yrie coa k , Ha 6 o pOM c n u ua It1 M3 0 CnHH <1 s It1 Ma c c Ol1 Mil ; "n - X H ~1 1t1 

4 e cK Hi1 n OTcH4 Ha n II - 11 ¢a 3~ ; c n a r ae Moe Un COACplK MT MC lK Kn a c Tc p 

H~C B 3 a HMoAe ~ c TBHR . H3 13 1 It1 151 cnCAYC1 . 4 TO K OH 4 CHTPil ~H R 

KBa p KOB II -I i rtJ a 3 bl B bl p a}~a eT C R paB C H C T 8 0 t~ 

W .!!.... ~: OIl (k .s ) a (k ,s ) 
II N k s II II / f.> 

n OCKo nb KY KBa p KIt1 - 3 1 0 ()l C PM HOH~ . TO RCHO , 4 TO K na C T C p ~ C 4 CT
HblM II RBn RIO TCR 603 0 HilM11 . a C H~ 4 (,THbIM n - <!J c p MHOH a M ~1 . Cncno 
e a t c ru. uo , n p H H ~1 3K0 i1 leMn c p a 1 YPc B 0 0 30 HHbiX nO ACIt1ClCMLl X B0 3MOlK 
Hi) KOHACHc a4 HR 50 3 C- 3 I1 HwTc I1H a . 

Kn a cT cpbI Ma r y l CIl H9 a l bCR H p a cn a Ac1 1 b c R , 1il K 4 TO n pOHc x OART 
p c aK ~H~1 MC)t(AY II -KBa pKOBbll~ I ' K llac, e pa~I H 

II q f n ' q ( 11 ' 11' ) q ; /7 / 

3 1 H p e a Kij lt1 1t1 o6pa T HM~ ~ c ox p il H n~ l Ga p H o H H ~e 4H c n a . n p H Ha n lt1 4 HIt1 
peaKij H ~ THna 171 y c noBH c rc r cpO$ c1 3 Ho ro pa BHOBCCHR HM e e T BHA 

.!:n_ n - /1 ~ cons t (V n ) • / 8/ 

3 TO y c n o BHe MO~ HO Tc1 K)t( e sa n Hca T b a HH OI1 $ OpMC : 
. ar 
-) - 0- 0 ( l W el) , 
( W n 11 n / 9/ 
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rAe f - n pHB egeHH aR c B0 6 0 AHa R 3H e p r HR 

8 - 11/ 8 
- N In Tr e t J1 • / 10/ 

8 - 3 He pre TH4 e CKaR Te Mne pa Ty p a . 

3 aAaBaR RBHO M e*Kna CTepH~ e B3 aHMoAe ~ c TBHR , onpeA enRID~H e Un' 
Mhl nony4a e M nonHY~ ~op M ynHp oBK Y MOAe n H I Ay 6 He Hc Ka R MOAe n b reTe

poepa 3 H O~ C HC TeM~ MynbTHKBapKoa~x Kn a c Te p OB/. npH 3TOM HaAO 

n OMHHTb, 4TO HHTe HCHBHOCTb Me ~KnaCT e pH~ X B 3 a H MoA e~cTBH~ Ha

CTonbK O CHn b Ha, 4TO Hcnonb30BaHHe Te o p HH B 03M y~e HH ~ TepR eT 

B C R K H ~ CM~cn . AnR peweHHR 3aAa4H Mo mHO Bocnon b30BaT bCR Bap Ha

4HOHH~MH MeTOAa MH, pa3BHT~ M H Ka K An R 6 0 3 e- 160 : T a K H AnR ep epMH

cHcT eM / 6 1' C C HnbH~M B3aHMOAe~CTB HeM . DAHa KO 3 TH M eT OA~ HCKnD

4 HTe n b HO rpOM0 3AKH H npHcnoc06neHbl, B OCHOBHOM, AnR On HCa HHR 
CHCTeM npH Hyn esO~ TeMnepaType . 50nee 3epepe K T HB H~M RBnR eT CR n OA
XOA , BOC X OAR~H~ K BaH-Aep-BaanbCy /1 6 /- Kna C T ep~ C4 HTa DTCR epOP

Ma n b HO C B 060 AH~MH , HO ABH * Y~HMHCR B e CTeC TBCHHOM 0 6 b e Me V: 
B HaWeM c n y 4 ae 

V ' = V - ; W,, ~ V Il ' / 11/ 

r Ae V - nonH bl ~ 06beM c uc r e a u , Yn- 3<;Jcpe KHIB Hbli1 06beM n - x aap

KOBo r o Kn a CTe p a . np H pa CCMOTpeHHH KOHe 4 Ho i1 C H C TeM~ H3 Un HaA O 

B~A en HTb c a Mo c o r na COBa HHo e none, B KOTOp OM ABH* YTCR KnacT ep~ , 

KaK 3 TO 06~ 4 HO Aena eT CR B TeopH H RAp a. Ec nH * e n OB ep X HOCTH~M H 

3epepeKTaMH Aon YCTHMO npeHe6pe4b, TO nepe XOAHM K RAep HO~ MaTe
pHH C Un =O. 

OTMeTHM, 4TO 111/ OTn H4 ae TCR OT BaH-Acp-Baanb c o BcK oro CBO

6oAHoro 06b e Ma An R ra3a TB e pA~X c epe p B ABy X acn eKT a x . Bo-nep

B~ X, oTcyTcTB He 0 6~4H or o $ a KTOp a 4 B03ne C YM M~ I 0 3 Ha 4 a e T , 4T O 
n 

Kna C Te p~ MoryT 6 WTb npO H 3 Bo nbH~M 06pa30M AeepOP MHpye Mw , n MWb 

6 bl 06bC M Ka >KAo ro H3 HMX OCTaBanCR epHKcHpoBa H HblM /1 6 ~ BO-BTOpbIX , 

B Ka4 e CTB e v n MO*HO Bw6pa Tb BcnH4HHy , MeH b wy D, 4 e M 0 6 b e M OT

Aenb Horo n -KBa p KOBor o Me WKa , TaK KaK 3cpepe KTHBHbie 0 6beMbi 

B3a H/"lOn ei1 cTBYD\JiH X n - KBa p KOBbIX Ko~mneKC OB, B o06~e r o a o p a , OT 
16 2 

n H4 a DTCR OT pa3MepOB c OOTB e Tc T BYD\Ji MX CB 0 60AH ~X KOMnne KCOB 

n OA v n nOH HMa eTCR 3epcpeKT HBHbli1 06bf M B3 aHMo .qe i1cT BltIll . B c oe p u 

4 eCKH cH MMeT p M4H o M cnyuae Vn = 4 1T rn / 3 . rAe rn - An HHa B3 aHMO

A e~cTBHR . To , 4 TO v n Me Hb we 06b e Ma n - KBa p KOBo r o c B0 6 0 AHo r o 

Me WKa , 3 KBMBaneHTH O C* HMa e MOCTH nocn e n ue r o n p a B3a H Mo.qe i1 c T B ~1 H . 

TaKHM 0 6 pa 30M, He CMOT p R Ha TO, 4TO r a MHn b TOHHBH / 5/ npH 

Un = 0 OTBe4a e T epop Man bHO C B 060AH~M 4aC TM4a M, paCCMa T pHBa eM~e 

Kna C T e p~ Te M He MeHe e CKo n b y roAHo CHn bHO B 3aHMoA ei1 c T BY~ T Me * 

AY c 060 i1, 4TO Y4 HTWBa e TCR cneAYID\Ji HM H epaKT a MH: 

1/ pa 3YMHo~ napaMeTpH3a4Me~ MOAe n H, 3 a Aa D~e i1 Ma CCbl Mn 
H 06be M~ B3 aHMoAei1 cT BHR v n ' n p HHHMa R BO BHHMa HHe C* HMa e MOCTb 

Kna cTepoB ; 

4 

2/ BbI6 0 po />, e CTe CTBCHHo r o 06bC ~l a B epOPM€ / 11/ . BKnI04 al')C(' j:1 

B03MO* HOCTb ACepO PMa4H H Kn a CTe p OB ; 

3/ pa CCMOTpe HHe M p eaK 4 H~ /1/, n p H B OA R~HX K yc noBHRM r e 1 e po

epa 3 Ho r o paB HOBe CHR /8 / Hn H / 9/ . 
~n A YMe Hb weHHR 4 Hc n a n a pa Me TpOB p a 3 YMHO Bo cn o nb30 BB1 bCR M3 

BeC THblM B r eop u a Me WKOB COOTHo wc HHe ,.\ 6 :1.1;4 

V a M ( u consr ) . / 12/n n 

Mw pa c cMoT pc nH CMeCb, C OC 1 0R~YD H3 Kn a CTc pOB C 4 HCn aMI1 K8ap 
KOB n == 3 , 6, 9. 12 , B Ka 4eC TBe Am 1Hbi 133<:H'M0,l1ei:"1cTB I1R 3 - KBa p Ko u o r o 

KOMnn eK c a 6wn B ~G pa H pa AHye Ko p a n pOTOHa r ~ == 0.4 ¢ M. o n pCAc n RC

MWi1 H3 Aa HH~ X no Hy Kn o H- HyKno HHoMy pa c c e R H H~ . 3 a M~ 13 3R 1<J Macea 
npOTOHa , a 3H d 4 e HHR OCTanLHblX Ma c c aana uu lIa OCHOBiHHHl nafio 'r 
n o 1 e Op l11-1 Me WKOB '6 3. 6 4' 

M = 938 /'138 , M (i 21 63 /13 6 . MIl = 352 1 /bB,a 
/ 13/

Mut' ll932 M3 B. 

n p l1 H~' 3K H X 11 BblCOKHX r e -me o a r ypax Y/F1C1 CA n pOBC CTI1 ,l Hil Ill11 11l lCCKO, ' 
Hccm~110 BaH~1 C' , Hcn On b 3 YR pa 3 J1 0 >ll CHI1 R COO l BCl Cl BYIO~ I1X 11 HH :rpa nOB . (; ~) 
n pH n p()/"\ t,lll<YT0 4Hb IX TeMn e p <:JT YPd X npI-1XOIl ~ 1TCR np I16 c r a r e K n a WMHllhll"l 

p a C'-le TaM. 

<tJ <1 30BbIC IH' POATHOCTI-1 onpen c n a n t c a 113 paBC HC r ua /9/ , 0 3 H<1 4 a tJ 
iue r o 3 KCTPCM H3 d 4 1 11O c BoGoA I ! O I~l :JHc p r ll l-1 

r " ., I f 1\ I r .A !l' I I :! • 
/ 14/ 

r - N In Tr e - 11 ,, / (-)• I I . 
11 

,lln n r or o 4 10 Gbl 3T01 3K C1 PCMY'''l Gu n MHHH/"l Y''' O/1, HCOOXOAI1 MO , 4 10 Ubl 

BblflOIll IAfiOC b yc n OI3HC r L' l e pO(\l tl 3 H O I~1 yc l oi14 11tlOC1 11 

il:! r 
1 ) . / 15 /o " - wII ,'1 w:! 

" 
~3 /"lHD* <;: CT Ba B0 3M(}}l<I- lbIX P; 'IUt' IIHC, ' J1UI' PBY.l TCR r o , KOTOP blC oGecne 

11 11BBIO T a 6e '.Jnt:J1 t ~ hll-' MI'lIH1/1YM C. flo I30 /IIH>C1 :)He p l'HI1 / l ll / 11 06 nilAalO T 

L S0I1C TB,l l·H1 I1l' P O H1 11()LT~1 /1 1/ . l{ pOMl: r or o , u a n o , c CTe cTBeH Ho. n po

Be p l1Tb Bbln o nHl;Hf1L' yc..JllJIHHI 1 l' P flOUtJl1 yCl o ii 4 HBOCTI1 f1 YC1 0 (.i 4 HBOC 111 
CJl HOCI11CJlLIiO C * ~lMa L'I"l ()(_1 ~ 1 : 

( elr ( rJ ~ r . )~) o.
rJ l:) 2 V - O. , / v :! (0) 

P e3ynb TaT ~ BU4 ~C neH \1A n p l1 HyneB o~ TeMn e pa Type npl1 Be Ae HW Ha 

pl1 c . l H 2 , r Ae H 306 pameH~ BCPOR THOCTM ¢ a 3 H c Bo6 o AHwe 3H e p rH M 
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PJ1C. 1. K OHL\eHT p aI4HH IlYK JIOH 1l011 / C rr JI OWHaH JlHH H H / 11 UJ(~ CTH

~ K B apK O B Oll /UlTpHxn YHK THp H a H JJH H HH/ K OH n OHeH T KaK QJYII KL\J1J1
 

npHBeAeHH oA rrJIOTHO CTH.
 

4T O np~ P= PO HAPO B OCHOBHOM COC T OH H ~ ~ c OAep*~T TOn bKO HY KnO H ~ . 

DAHaKO 3T OT pe3ynbTaT 04eHb C~nbHO 3aB~C~T OT Ben~4~H~ MaCC~ 

we CTHKBa p Ka. Hanp~Mep, ecn~ B napaM eTpH3a 4 ~ ~ / 13/ B3RTb M6 = 
= 19 50 M3B, TO KOHu e HTpaU~R W eCT~ KBap K OB O~ npHM eC ~ B TOM ~e 

OCHOBHOM COCT OHHH ~ n p H HOpMan bHO~ nnOTHO CT~ COCTa S nH e T 10~ , 

4 TO cornac ye Tc H C 3 KCn epHM eHTanbH~M ~ OueH KaMH / 6 6 / 

3. npJ.1HU~1n OCJ1A5J1EH J.1fl KOPPEnfll~1H1 

Cy~ ec T BoBa HMe MHor OKBapKOB~X KOH¢~r ypau~~ n 03B onR e T n pOBC
CTH nocneAOBaT enb HY~ H H T e p n pe T a 4 M~ Ky My n RT HBHo r o 3$$ CKTa f25 - 28 : 

KO T OP~~ C caMor o Ha4ana pa C C Ma T p~B anC H KaK c ~r H a n 0 H a nH4H ~ 

B HAp a x "xanen e x a AP OHH O~ MaTe p MM" , n o C B oe~ CTpy KTy p e 01nbHO 
O T n M4 a D~ HXCR OT CB o6 oAH~ X HYKn o Ho B . n p HCy TCTB HC B HAp a x TaK HX 

MHorOKBapK OBblX KnaCT epoB Aa eT B03M O*H OCT b RCHO np eACT aBHTb c e6e 

n po u eA YPY npOAen bHO ~ $ parM eHT aUHH AAe p KaK npou e cc a c TpHn n ~ H r a 

H n OAxB aTa Ha KB a pK-rn~oHHOM ypoBH e . 

¢parMeHT aU MOH H~ e npouecc~ , npo ~ c xOAH~ HC npH CT o nKHOBe H ~H 

C OC T aBH~X C ~ C TeM B p enRTHBM C T CKO~ 0 6na CTH, YAo 6 Ho / B7 / o n Mc uoa Tb 

C nOMO~ b~ nepeMeHH~ x . 

p . 2 (Pi p . )

b - _(.!'..i .:.1..) ~ 2[ -~ -1 1. / 16/
1.1 m 

m j mimji 

B KOTO P~ X Pi • P - 4 eT~pex MepH~e HM n yn b c ~ , m i • m J - Ma c c~j 
4ac TH4. 3 TO YAo6c TBO CBH3aHO C Te M. 4T O n p ~ CTon KHoB eHH M RAe p 
Ka K C O CT a B H~X 0 6 bCK TOB Ben~4~Ha n e p eA a4 M MMn y n b c a -3 He p r HH He 

Mo* e T cnY~ ~ T b K pH Tep ~CM An R n epe x oA a OT KB a 3 H4 a cT~4 HYKnoHoB 
K KBa 3 ~4acTH 4a M - KBa p Ka M. n epeAa43 ~Mnynb c a pacnpeAe n eH a Me MAY 

MHo *e CTBOM 4 a c TM4 , B XOAR~HX B C OC T a B H~e o6 be K T ~. n 03T OMY, Ha 

n p HM e p, n y 4 KH RAe p xa pa K TepM3Y~T C R 3 Hepr Me~ , np~ xOAR~e~cR Ha 

OA~H Hy KnoH . QAHa Ko B pe nRT MB ~ c T C K O~ KBa H T oB o~ MP X3H MKe 4 ~ c no 

4aCT M4 He RBn Ae TCR MHB a p H a H T H~M nO HRTHeM . 5 0ne e To r o, C Y4 eT OM 

KBa p K - a H T~KBa p KOBo r o MOP A 4~ cno ~ aC T ~ 4 B HY T P ~ aA POHa 6eCKOHe 4 
HO. E A~HC T B e H HO~ penA T MBMC T C K~ HHBap~a H T HO~ Me po~ 4H cna KOHC T ~ 

~ 
P I1C . 2 . Y n e JJbllhlC CI! 0 6 0J~ ll b J e :)JJc p r l-lI1 QJ330BbiX CO C TOH,IJ111 B 3 aBJ1 

CI1N OCT H 0 '1' Ilp HB e A e ll H o ii llJI O T IlOC TI1: HYK JJOHH OH ¢a 3 e COO T B e T C T -

B ye T TO Il K a~ JJH IIH H , We C TI1 K B apK O B oH - w TpHxnyllK T HpH aH 11 r e

T e p o ¢ a 3 H o H C H C TeMe - Ton CT a H c rrnOillH a H n HHH H . 
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Ty eHT oB BHYTP~ C nO~ HO rO 060e KTa C n Y~~T ero Macca . B CB R3~ C 3 T ~M 

e CTe CTBe HHO ~cnonb 30BaTb 3 He pr ~ ~ ~ ~Mnyn b cbl KBa 3~4aCT~4 , OTHe
ceH H ~e K ~X Mac c a M, TO eCT b on peA en~Tb Ge3 pa 3MepH~e 4 e T~pe XMep

H ~ e CKOP OCT~ 

u i ~P i /mi ' 1171 

P enRT~B~CT C K M ~HBapM aHTH~MM B en M4MH a M~ RBnR~T C R, KaK H3 BeCT Ho , 
HHT e pBa n~ MnM KB aA p aT ~ MHTepBa nO B. ~3 CKo poc TeR 1171 HecnO~H O
 

o6pa 30 Ba Tb Ha60p T a K ~ X KB aA p a TOB pa ccT oRH ~ ~ B n pOCTpa HCTBe 4e

T ~peXMe pH~X CKopocT e~
 

2 
bij ~ - (Ui-ll j )' 1181 

4 TO ~ Aa eT /16 /.
 
~ HBa p ~a HT Hoe c e4 e HM e o6pa 30BaH~R M Ho~ e C TB a 4aCT~ ~ B ~H Kn~ 


3 ~ BHOM npo~ e c c e THna 

1 + 2 ~ 3 + 4 + 5 + 119/ 

MO~HO paCC MaT p~ B a Tb Ka K ~YH K~~~ pacn p eA en e H~R B n pOCTpaH CTBe 
O T H OC ~ T en b H~X CKo pocTe H 118/ : 

F ( b12 • b l a • b 14 • b 15 .. . b2 :l ' h24 • b 25 ' " b34 • b :l 5 . .. ) . 

np ~ 3 TOM ¢a 30B ~~ 060 e M B 06~ 4 H~X nepe Me HHw x cneA y eT n epen HcaTb 
B n e pe Me HHwxb i j • ~ c non b 3YR COO T How e H~ e 

2
II dP. m j I !? ~ 

. _ t _ . ~ I I -- ( h 11+ - b1') db , dn . 201 
1='3 I~ :> 2 1 1 11 E i 

OCHOBHWM npeH M~~eCT BOM n e pe x OAa OT HMn yn b coB ~ 3He p r Vl l1 K n e pe 
Me HHWM b i j RBn HeTC R TO, 4 TO YAa e TCA y6eAHTbCA B MOH OTOHHOM VI AO
CTa T0 4 HO 6bI C T P Of~ y6 b1 B aHH~ F (b j j .. . ) n pu b jj , oo . 3~ o CB0 l1eT Bo / G8! 

Hc noc p Cfl,CTBeH HC CBfl3a HO C npM H ~lmOM oC Jla (jJleH MA KoppenR ~MH 6o ro -
I~ _ I ~ ~ 

Jl ~ 6OBa B C T a T MCT~4eC KOH ~M3 ~Ke . 

Ec n n pa36 HTb coa o xy n aoc r s ap ryMc HTo B I b ij l Ha PRA r pyn n l b lj l(1 ' 
Ib lj 113 . .... H pa CCMOTpe Tb a C MMn To T H 4ec K ~H c n Y4 a Cl , xorn a pa CCTOR-
HHR b 'jlf Me~AY T0 4 Ka MM i H i H3 pa a uux r o y n n a M f3 CTpe MAT CR 
K 6 e CKOHe 4 HOCTH, TO nOn e Bwe One p a TO p~ C ap r yMe HTaMH H3 pa3 HWX 
rpy n n AOn mH bl KOMMYTHpOBa Tb . ~on y~e H He 06 a C HMn T oT H4e c Ko~ KOM 
MYT a~HH np llBOA HT K ¢aK To pH3a ~ H H F (.. .) Ha MHO~M TenH, OTHOC R~VlCC P, 

K COOTBe TCTBYIOl11 11M r oy n na a . YI< a3a HHaR ¢a KTo pM3 a~MA . KaK 6b lno 

3TO yc noBHe np H MHo me CTBeHH OM pomAeH~H 4 a C T~~ 0 3 Ha 4ae T . 4 TO 

aA POH H 3 a ~ H R KBa p KOB npOH c xOA~T 3a n peA enaMM aAPOHa-pOA ~Ten R . 

TO eC Tb xa pa KTe p H3 ye T npo ~ ecc ~ CTO n KHO BeH~R a APOHOB, COn pOB O~ 

Aa~~ HeC R AeKO H¢aHH MeHT OM KBapKOB / 6 8 : B n ap TOHHOH MOAen Vi aAPOHbl 
pa C CMaTpHB a~ T C R Ka K Kn aC Tep w KB a pKOB-n apT OHOB. O T H OC H T en b H WM ~ 

CKOpOCTRMH KOTOpWX n p eHe6pera ~T. np~ H ~~n OCna6J1e H ~R K o p p enR ~ ~ ~ 

n 03 13 0nReT o n pen e n a r s a APOHbl KaK xna c r e pu napT OHOB C M aJ1 bIM ~ OT
HOCHTen bHWMH C KO POC T R M ~ b ~ • a A eK OH ~aRHM eHT o npe Ae nMTb KaK npo
uec c , B pe ayns r a r e x o r o po r o nORBnR I0TCA -i ac T11~ bl C bij » 5. Pa cnpe
Aene HHe no Aa eT . c neAo Ba Te n bHo , npeAC T aBn e H~ e 0 AB ~~e H ~ H 1 b i j 
«aa oxo e B HY T P ~ aAPOHOB ~ RAep . 

CBoR c TBO 6 wcT por o y6wBaH~R pac n p eAeneH~R BepoRTHOCTel1 C pOC
TOM b ij o r oaxa e r ¢ YHAa MeHTa n b Hoe CBOHCTBO KBapKOB - aC HMn TOT ~ 

4 e C K Y~ CBo6 0 AY. ¢~3 ~4 ecK~H CMwc n 3Toro Y T B ep~AeH~ R COCTOHT 
B TOM, 4T O B3 a HM OAe HCTBHe KB apKOB , B XOAR~~X B 4a C T ~~y Hn~ RA
p o i , H KB ap KOB. B XO A R~~X B 4a C T~~y HnH RAPO i , np ~ b i j » 1 
CTa HOBHTCR Ha CTonb KO c n a 6 wM. 4T O e r o MO~H O paccMaT p HBaT b no Te o 
P~11 B 0 3My~eH~H KX,u . n p~ 3 TOM nonpa a yaea a e r c a , 4 TO B eJ1~4HHbl b., I 
~ b q j , xa pa K T e p Ill 3 y~~ ~e ABM~eH Me KBa p KOB BHy Tp M a APo Ho B i H j, 
coo TBe Tc TBe HHo , B cpeAHe M 3Ha4 11lT enbHO MeHbw e OTHoc HTe n bHoH Be 
n~4 11H bl b i j » b i - b q j • Ba l'< HO oTMe T~ Tb. 4T O nneH e HM e Bbl6 HTo r o 

. q n -KBap Ka n p o ~ cXOA~T He Mr HOBeH HO. ~nR Ha pa CTa HIIl R n o n A, HeHTpa Jl~ 

3y~~e ro ~B e T HO~ 3apAA. Tp e 6yeTcR HeK OTopo e BpeMA TO . 3a KOTo po e 
OH y c n e Ba e T npOI1TH pa CC TOR H ~e 

P r : r OE / /10 : 122/ 

3AeC b 110 - 3¢ ClJ e K T ~ B Ha R Macc a Bbl6~ T or o xaa p xa , E/ Il o - pena r u
BHCTCKOC YAn IllHe H ~e Bp e Me HH. 4 e M 6 0 n bwe 3 H ep r ~ R KBapKa E. Te M 
6 0n bwe e pa CCTOAHHe OH n p O~Ae T , n p e~Ae 4eM C¢ o PMHp ye Tc R a APOH. 
O n peAen~M Ae K oH ClJ a ~HMeH T Ka K RBn eH Me . Ko r Aa Bw6 11l TWH KBa p K n po 
XOA ~T pa CCTORHlIl e , MHo r o 6 0 nbwe e p a 3Me pOB pOAHTe n b CKo r o aAPOHa . 
Pa aa c p la APo Ha no n o pRAKY Be nlo1 "lMHbi oa ae a R - rO ' a c r uo uie u a e E / 11 0 

a BHO ('9 bqi • 1 ). n OAc Ta BnR R 3 H i o ~e HK 11 B ClJo pMy ny 122/, IIl MeeM 
Pr - f · b-Q i ' OTc lOAa RCHO , "lTO , ecn a b'! i ·" 1. TO a ro o3 Ha 4a e T , 4TO 
KBa pK a APo HH3 y e Tc R IlHC oon -rr ene cxo r -o aAPo H,J IRAPa/. TaK KaK 
npH 3 TOM P .~ R. 

} 
R 

Co r n a c HO npcAnara eMOH IIlHT epnp eTa4~H npHHUM na oc n a 6 n e HMR KOP
penR ~ H R B npoc TpaHcTB P OTHOCHT enb H~X 4 - C Ko pOC T e~ , npo3 pa "lHoc f b 
aAPOHOB C POCTOM b tJ YBcnH 4 I1lB a e TcR. BepOATHo CTb l e pMan H 3 a ~ H H 

n plll CTo n KHOBCHlIl 1ll p e nRT~BlIl c lCK IIl X nAe p Mana, H f a KIll C CTo nK HOBe 
H~ R c n e Ay e T CKo pe c o n IllC UB,JTb ypaB Hc HHRMM 'H 3 ~ 4 e CK0I1 KIllHe THK ~, 

4 e M T epMOAH H aM~K H , 

nOKa aa Ho ' 6 9 , • AOn mHa n pOABnATb CA yme n p Vl 3 Kcn e pHMeHTa nbHo e oGocH oB aHH S npHH 411lna o cn a 6n e HHR K o p p e n A ~ ~ 11 

b Ij > 5 . /21 
B npOCTpaHCTB e b ij n O K ~ He 3aBe pweHO . OAHa KO y me nepB we npOBe p 
KH A a n ~ Bno n He y6e AHTenbHwe n OA T B e p ~A e H ~ R . n p MBe Ae M n HWb ABa 
n p MM epa ' 68,: OTHo c RU\ He c R K a Ha n M3Y 11 _ 1 ~ C - B3 aH MOAe iic TBHH n p ~ 
HMny n bc e H an e T a lO~ e r o n MO Ha 40 r3 B/ c , TO e c r s n p., U 12 = 570 . 
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n p~	 3TOM npo~CXOA ~T ~HKn~3~BH a A peaK4 ~A 

n "	 ~ 12 C ~ TT + tt + .. . / 23/ 

n e pBW~ n p ~M e p - 3TO aHan ~3 pac n peAene H~A nap n~ O HOB no 
KBaApa Ty ~x OTHOC ~ T enbHO~ 4- C K OPOC T~ B ~HKnI0 3 ~B HO V. pe a K 4 ~ ~ / 23 
P a ccMoTp~M OTAenbHO 06naC T ~ n peAenbHo~ ¢pa rMe H Ta 4 ~~ RApa 12 C 
~ HaneTalOUlero n~ OHa rr- . B n peAena x OW ~60K 3Kcnep~Me H Ta B 06 
naC T~ 0 < b . < 250 06a pa cnpeAene H ~ A OK a 3a nHC b n04 T~ OA~HaKO 

I. I )	 6 - 
BWM~ . nX MO MHO ann pOKC HM ~pO Ba Tb MOH OTO HHO y WBa IOUle~ <l>YHK4~e~ 

F (b i j ) ~ A1exp (-h ij /cl) + A 2exp ( - / c 2 ).	 24 /b i j 

.anA 06 naCT ~ <l> par MeHTa u~ ~ rr- - Me 30Ha C 1 = 1 , 6+0 , 2; c" = 43+ 2 , 
a AnA 06naCT~ QPa rM e H Tau ~~ AA pa y r ne poAa C 1 ~ 0 , 6 4~O , 0 4 ; C = 2 
= 46+1 . 

.apyr ~l~ XOPOW~ M n p~ M e p O M C!JaKTop~13a 4~ ~ pacnpen ene-u-si ABn AeTCA 
B b lAe neH ~e CTPYV. - Hilnpa BneHHblX cryCTKO B 4a C T ~ U , 06 pa3 Y~UlI1 XC A 

B pe a K U ~ A X MHOMe CTBeHHo r o PO*AC H~A . TpaA ~ 4 ~oHH~H a Ha n~ 3 C TPY~

uo r o nOB eAeH~A BT OP~4 HbI X 4ilCT ~ 4 C nOMOUl blO ne pe MeHHblX " co e puc a
T~II, " Tpa cT" ~ n py r vx 06bl4HO npO B OA~ TC A 0 c . 4 . ~ . B 3a~MOA e ~1C T B YIO

Ul~ X 06beKTOB, noc Kon bKY B 3TOV. CHC TeMC HeT KHHeMa T ~4 eC K ~X o r pa 
H~4 eH~ ~ Ha yrnw pa 3ne Til BTOP~4HW X 4 a CT ~4. Pa C CMaTpHB a eM~e np~ 

3TOM n epeMe H H ~e He AB nAIOTCA nopeH4 -HH B a p l1aH T H~MH . H HX 3Ha 4e Hl1 R 
c~n b HO 3aBl1CA T OT CHCTe MW OT C4eTa . B PilOOTC ' 68 / 6wn n pe Ano*e H 
MeTOA I1 H B ap~a HTHo ro OnHCa HI1A C T PY~ KaK 4 C T ~ peX M e p H~x 06bCKTOB, 
060c06ne HHbiX B n poc TpaHCToe b i ) /<!>ilK TO PI1 30BilHHbIX B <l>Y H KU~~ pa c 
n p eA eneH ~A/ ~ nOToMy npCA C TaBnA~~X y,q06HylO npoBcpKy n p ~H 4 ~na 
ocna6ne H ~ A Kop pen A 4~~ . \ . 

OC b ~ CTPYI1 n peAnar a CTCR Ila 3Ba Tb eA H H H4 H ~G 4e Tw pe XMe pH ~~ 

8e KTOp Vo = ~ U . / .J(i-;::)2",B K01 0 POM CYMMl1 pOa ilHHe BeAeTCA no 
iI i I 

Bc eM 4aC TI1 4a M, OTHOCRUl HMCA K BWAe ncHHoG rpynn c 4aCT ~ U . Pa cnpe
A en e H ~ e 4a C T ~ U B CTpyC np eAna r a c TCR pa c nonO* HTb no n e peMCH H O~ 

bk ~ -(Va -Uk ) : " HCTPYAHO yG l~A ~1 IbCR . 4TO on pcnene a ae 00 ' CT PY~ 

COOTBeTC TBye T M ~ HI1:-1 YM Y BCn I1 4.' Hbl ~ b ,. . Ha OCHOBC a r o r o onpe
k r. 

AeneHI1R 6bln~ BblAene Hbl CT PY ~ Ka K B ofina c r l1 l1lpar MeH Ta 4~ ~ anpa , 
TaK ~ B 06n a CT~ Hane TalOUlc r o n- - MC30 Hil. Ba * HO nOA4 epKHyTb, 4TO 
pacn pe AeneHI1 A B 3 T ~X CTpy Ax OK a 3 il n ~ C b B npeAen a x OW l160K oA ~ Ha 

KOB blM ~ . ,llnR C T PY~ B ofina c r u i1J P ,l r Me H T a 4 ~ ~ AApa c oe n -u-e 3 Ha4 eH ~A 

< b k > = 5,3 2~O,09, a AnA CTPYH B Ha npa BnCtH111 Ha neTalOUle r o TT 

Me30Ha <b k > = 5 , 0 5~O . 10 . Pac np e nene ua a «: - Me30HOB c b k " 4 
B 06 e~x rp ynna x C T PY ~ o n ~C ~BaIOTCR oAHHaKo Bo ~ 3K cn oHeHT o~ 

,, ' ( b k) =A exp ( - b k / 4 ) .	 /2 5/ 
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TaK ~M 06pa 30M, rp ynn~ 4aCT~4 B C O OTB eT CTB~~ C np~H4 ~nOM OC
na6neH~ A KO p p enA4H~ OKa 3~Ba ~TC A He TonbKO BWAeneHH~M~ /~a K TOp ~ 

3 0B a HHbIM~ B <l>Y HK 4 ~ ~ pacnpeAeneH~A /. HO ~ ~M eIOUl~M~ OA~HaKOBb le 

C B O~CT B a , KO Top~e on pe Aen AIO TCA K OpOTK OA e~ CTBYIOUl~M~ KoppenR
4~RM~ B npOCTpaHCTBe KnaCTep, B XOAAUl~~ B CTpylO , MO*HOb i k • 

pa C CMaTp ~B a Tb KaK 06~4 H~~ aAPOH. 60nee To r o, a A PO H ~ , B~A~MO. 

c neAye T on pe Aen RTb KaK KBapK-rnn OHH~ e KnaCT epw B np OCTpaHCTB e 
• XO TR n on H~~ K opp enA4~OHH~~ aHan~3 MH OMe CTB eHH~X np04eCCOB,b i k
 

KO TO P~ ~ Aan 6~ CBA3b KoppenATopOB C K OMM Y T a T op aM~ K BapKOB~X no

ne ~ , e Ule npeACT O ~T CAena Tb , ~ AO K~HeT~4eCK~X ypa B He H~H , on~


CWBa~Ul ~ X B 3a~MOAe~ C TB ~ e p enft T~B~C TCK~X RAe p, nOKa AaneKO, He

COMHe HHO , yC TaHo B ne H~e np~H4~na ocna6 ne H~ R KoppenA4~~ B npOCT

paHCTB e b 

ik 
ABn AeT CA cep be 3 H~M war OM B 3TOM Hanp aBn eH~~.
 

B 3a KnlO4e H ~e O TMeT~M eUle pa3 , 4TO MW pa CCM OTpen~ 3AeCb ABa 
npeAen bHWx cny 4a A: AA ep HylO MaT ep~lO, 6n~ 3 KYIO K OCHO BHO My COCT OA
H~IO , Kor Aa Bc e KBapK~ rp ynn~p YIO TC A B a APOH w ~ MHo r OKB apKOBwe 
M ewK ~ , ~ BWCOK03 H epreT~4eCK~e np 04 e ccw, KorAa B 3 a~MOAeHC TB ~e 

06beKTOB n p o ~CXOA~ T Ha KBa pKOBOM y poBHe. 8 npoM e*YT04H~X c~Tya

U~AX np~ a Ha n ~ 3e Ha 6n DAaeMwx B en~4~H, 04e B ~AHO , He 0 6xoA~M O Y4 ~ 

TW BaTb KaK KBa pKOBwe C Te neH ~ cB060AW, TaK ~ 06 pa30B a H ~e CBft 3aH
/ 70 1H~X	 Mynb T~ KBa pK oB~ x KnacTepoB 
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