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© Eµeaatt cKuu <IJu3u'lecKu1i .uttcruryr, 1982 

·:· , 
B ,naHHOH pa~oTe CTa:BHTClI : 3a,naqa · onpe,neJieHHR onTHMa.JtbHOro 

. ' 
BpeMeIIB rrpOBe,nemm npocpH,llaKTHKH AJI.ll HerrpepblBHOH CHCT8Mll, .l-Ia3Ha-

' . 
"tf8HH8 H IIpHHIJ,J'!!I lflymcr~HOHj-!pOBaHID.I KOTopoil: OITHCaH B paCioTe [ 3 J . 

OCil:l'!HO ppajlHJ!C\KT~'!ec!lliil: KOHTpom:, rrpoBo,mrTCR no pa.Hee orrpe­

,neJieHHHM cpoR.aM, t.ITO ,Ha rrpaKTlillie He Bcer.na d1rnaeT cBoeBpeMeH­

Hl:lM. PemeHHe sa,na'!H rrporH03HpoBa.HID1 )VI.II'· 3KCIIJJYaTKPYeMo.i1: sJieK­

Tpomnrn ¥03BO.Jl!I8T nepeil:TH OT ~I'HOCTHpoBaffim no cpoKB.M K ,n;Har­

HOCTJillie no COCTORHHIO. 

,Il.1m: pemeHRR 3TO.i1 sa,na'll!: BOCnOJib3yeMcJi M9TO,nOM aHa.Jlll:TH'leC­

KOrO rrpornosxpo~¥. , .113 BHpaxeimJI nepe,naofo"l!Hoil: WYHKIUIH yi<a.3aH­

Hoil: CHCTeMl:l orrpe,neJIKM napaM8TP!:l, COBOKyllHOCTb KOTOpl:lx x8.PaKTe­

pH3yeT COCTORHHe . o6heKTa B K - MepHOM IIpOCTP~CTBe COCTORHIDi, 

r.ne· KOOp,n;HHa.TaMl'I npocTpaHCTBa CJ.tyl!taT K rrapa.MeTphl c11cTeMH. 

c Te'!eHHeM BpeMeHH pa,nHOKOMIIOH8HT!:l rrpeTeprreBaIOT : ~eoCipaTM­

Ml:ile @H3liKO-XHMli'I8CKHe rrpeBpamemm. CJie,noBa T8JThHO. 3aKOHO.Mep­

HOCTb H3MeHemtl1, npolicx o.wi:mruc IIpH CTapeHHH 3JI8M8HTOB IT03BOJIJI8T 

roBOPHTb 00 onpe,neJieHHOH 3aKOHOMepHOCTH H3M8H8HHR pa6oTOCITOCOCi-· 

HOCTH CHCT8Mhl. TaKHM oeipa30M, ·-cOCTMH:Ire Eame.i1 CHCT8Mhl Ciy,neT 

onpe,ne.Jl.ffTnca Bl:lpaJKeHHeM WH1\UJ'!il: cocTO.fllillR Q [ C.. ( { ) ] 
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Q[c(t)]=:Q[f,(t), C2(t), . : . (_K(t)] 
. . 

O"!eB:li,1\HO' "!eM .n;a.JI:buie B8KTOP COCTQJilU!JI _ Q [ c: ( t) J OT ;MJ:nep. 

ilOBepxHOCTH ,IJ,OrryCTHMh!X 3Ha'IeHID1 CTene!m pa60TOCTIOC06HOCTH . 

Q- 'I-) ( * 'f: * ) (c "'Q E.,, t_2_, .•.. CK ! 

r.n:e E c - .n:onycT:aM11e 3Ha'IeHM napaMeTpo:S ct. ( t) , TeM :Bwue cTe-

neH:s pa60Tocrroco6HocTlf .I(l1ar!iocTHJ)YeMoro 06'.beKTa. C;re.n:oB8.TeJI:s­

Ho, ypoBeHb COCTOIDHUI CliCTeMbl 3aBliCHT OT pa3HOCT1'! t_ - E. ". KO-
. . . 

Topa.H onpe,nemi:eT paccTom-rne KOHIJ,a Be:KTop;i. .n.o noBepxHocT.1L 

B Ka'IecTBe rrapaMe'fPOB Ci: B~.6epera 3Ba'iemiH Bhlxo,ruroro c~r.c 
nana B >rHTepB8.Jle BpeM"elri! T1 + T2 • Hcxo,n;.r.i: :1!3 Ha3Ha'IeffiIB sToia 

c>rcTeMbl li Tpe6yewhlx TO'IHOCTeii HSrV!epeH>rff 2a,n;a.Hu .n:onyCTIDllb!e npe.­

.n:e.irbl ll3M8H8HIDI Bb!XO,IUIOro ClirHa.Jia. Ilpli il:opMa.JU,HOM perome '1JYHK­

l..\HOHHp0BaHIDI qiopMa BHXO,IUioro Cl'lrHa.Jia np:irne.n:eHa :Ha pncyHKe . .Uo­

;rycrnMoe OTKJIOHemrn aMIIJIIfi'Y.n:HOrb 3Ha"!e}I11lJ: KPHBO.tl: .( 1) B li.HTep­

Bane(T1 + T
2

) cooTBeTCT:BeHHO palll!O tiA,; t..A2 • ;lJ.orrycTill\noeJ1sJYJeHe- · 

Hlfe BpeMeHHHX. liHTepBa.JIOB 11 li T~ wEHo_4T. 

IIepeiii.n;eM· K onHcaJIBro Tex k3~~HeHIDi A, ~,1;; 12 :,K?±b~ ,I(O~ ·•·· · ··· · 
rrycTHMbl ,lJ,IDl Harneiii CHCT8Mbl. IT:pliBe.n:eM aHa.i1.ll'l'H"!eCKO(? l3hlpaiiteirne 

nepe.n:aTO'IHO.tl: WJHKU;llH HccJie.n:yeMoft CHCT:~M!:l. 

A I 1lt.,i)i) M3A6<l<T, 
T, T~ 

. , .· . t. 

-- ~M M 1..l (l)=K·R·C(1-e Rc}----t<t.<T+T 
b blX . T2. T'2. I I 2 

I cr t 0 T, + T
2 

< t 
;r, Ta---

4 

: .<~ : ·· .. , 

" · ... . · 

IlaJtOlKe~e : ycJldBH.fi} pa:6o~ocrtqC.o6koc'i'if K •• nepe.ttaTOtiHOH WYHKUIDr 

.. '"'~"" ~~:+~~?'"'°t"~, ~~~}: T~) I < • 1 

: \ K R· c (1 -et:). A·{J)~oi_ k'~·~i{l -e~'c) A'(~:~ i') I« Ll A , 
·. . . · . T, ·.· .: · :.:, : ..,. . . . 

. ·1 < .· .· . -ta)d A( '6-Jo) .••. K.' ,.R· ;. ;(J-: e.~. !~)A' ( '6·- f;') J < A A . 
K'R cl·f e_Rc · · - · c: . . · . . a ·· .. · , . \ - : . . · .· .. · ·. Te.. < .. ; . ' · T,' 

t I = I" · i < +a · ~ - ~~ t 

3aMer:ID11' "1To Bb!i:iaiKe~e {1 -: .· e - Re ) . B . nepBOM Ilpli16JIIDK8!Ulli 

.. .nM· ~eli:bKri . t . ~ MOJKHO saMelU{T:O B!:ipruK8Hli8M ;c ' a ,Il;JIJI 60Jlb-
. t . . , .·.· . 

lllHX t (I - e- RC:)::::. 1 : c: Y'!e'roM 3T:lii4 HaMeHeirn:iii Haurn yCJioB:aJI MoJKHo 

sarmcaT:b B Ta.ROM BH.n;e : . 
.· . •.: . . . . I I 

!T, ~ T: J ..i Llt j'T.~T~ - (T, ~Ta.)\< Ai 
. '· · .· ... :.-··:·.· ... :.··:.:~\>.>:· .. ·· .. ·.:.·:.-.: ·.:·. I 
r 1<AtP·11) t.' KAtJ~Pt') T, \ · A 
l T, : "T< · .. · .. · .r.· · . . T < 6 I 

I KA·Rc(o-f.l)" K'A'. i<'c, ' t~~Pl \ < 6 A2. 
l· Ta .· · Ta 

(a. ) 

IlapaMeTphl K, A;f>, ~ ,1, , Te orrpe.n;eMIOTCJI, liICXO,IJ,JI >rs 3KBliB8.JleHTHo1i 

cxeMhl :JdCCJle,IJ;y'eMOH · CHCT8Mhl, TIOJU)06Hoe OIIl'ICaHlie KOTOpoil li13JIOJKe-

HO B pa6oTe 

K = R!>o 
RH 

[3] . 

A=· 0~ 9 E.:i. · . .. . . 
t:. R.~s 

·a= R !>5 

T, =Cg .' J< ,. K, Tc_:: C3· R, 

D.R.," 
f> = R ~" 

IIepeIIllJ1leM yCJIO:SruI (0:) · , no.n;CTaBJIBR 3Ha"!eHIDI yKCrnamrux napa­

MeTpoB. 
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· 1. I c 8. R 3K - c ~ R ~K I < AT 

2 .. 1c8 R3K+cs·R, -c~ R~K-c~·'if l<tiT 

• R
0

, 9 ( AR~i;, A R~s) A" ---'"R: R
0

;oi;, R':.5 I< 2tiA. 
T,' \

A· R:.s ( c.R3i; _ AR!>s) 
3. RH \ R3co R,35 

Cs· R3t< c'8 R'3K 

\

AR 39 ·R-cfAR3s _Ll.R""\ AR~·R'·c'IAR!>s_AR~)I 
RH ~ R_,s R:i,.,/ Rw \ R3s R.>" ,, /1 

~ - ~ <ufl 2 , 

· c8 . R' 1 c~ R,' (t)) 
r.n;e C 8' , R ~ir , A,' . . . 3.Ha'!emm aTHX rra:pa.MeTpoB, KOTop1,re .n;OJVKHH 

Oh!TI>, a C 8 , R :H, P., 3Ha'!eIDLf! aT:wc lite rrapaMeTPOB, Ha6JriqnaeMEl:e BO 

BpeMfI rrpoBepRH cHcTeMH. B HepaBeHcT:sax(~) yKaaa.Hl:l rrpe.n;eJih!, r.n;e 

MO!'yT MeH.fIT:bC.iI Bh!XO,n.'Ille xapaKTepHcTmrn: CHCTeMH. 0.n;HaRO 3TH yc­

JIOBHR 3arrn:caHI:. B Hey.n;o6Hoi1: WOpMe. .I(Jia KOHiq)eTHOM rrpoBepRH 6oJiee 

y.n;o6Ho yKa.3aTI> rrpe.n;eJibl, r.n;e MOlKeT MeHRTI>CR ~ rra:pa.MeTp B 

OT,IJ;eJil>HOCTH. 33.MeTHM, 'ITO rrpe.neJru H3MeHeHHR KCUK,ll;Oro 3Jl8M8HTa 

y.n;o6Ho aa..na:sa.TI> B cJie,nyIC1I1ett WC>pMe: 

leg- c~ I~ c, c~ I R3K- R~K I~ t 2 R~K H T.,!I. 

11T00hl HM8JIO M8CTO HepaBeHCTBO ( f ) . B CHCTeMe ( ~ ) HeOOXO,!IHMO 

BIDIOJIHemre ycJIOBJm 

\CgR3K-c~ R~ll'.1~ j(c8-c~)R3Kl+IC~(R3!(-R 1;)K)i<c,CgR3K+ 

+ t.2. c'8 R 3 K ~ C8 • R3K (2..c, + c~) ~AT 

cJie.n;o:sa TeJll>HO, Ha E, H E 2 HYJKHO HaJIOlKRTI> orpa.HJl['!eHIDi 

6 

t..T 
2.c,+E. ~ 2 Cg· R3 1< 

B 'IB.CTHOM c.rryqae, Kor.n;a E. 1 = t 2 =- C. HMeeM 

c..: AT 
~·C8·R31< 

BcTa.J3Jllm 3Ha'!8HHe C, B HCXO,WJ:Oe Bb!pa.JK8Hl'Ie IIOJIY'!HM 

. AT 
I '1.::.-t:,.(8= C8- Cg - 3R3K 

I \ ll T . AR 3K =I R 3K - R 3K ~ 3-C 8 

IIepefi.n;eM K paCCMOTpeHHIO BTOporo HepaBeHCTBa 

I T, t T2 - ( T,
1 

+ T ~ ) I ~ AT 

I ""' I I I ~ \ T 
C 8 · R3 k+C 8 · R,-c

8 
Rn-C8 R; ~ !:>. 

( c) 

TaK KaK H3MeHeHHe Ita.JtmOro rrapaMeTPa OTblCKHBcl.eTCR B BH,IJ;e Hera­

BeHCTB 

IC -c'l<c·C 
I 8 8 8 • I RI - R ,' I ~ c R I 

li T .,IJ;. 

TO BCTa.BJI.fI.ff 3TH 0003.Ha '!8HHR B BH:pallt8ffii8 ( C ) IIOJiytrHM : 

!C8 R3 k+ C8 .R, - c'8 R~K-C8°R:+c8 R~K+C 8 R
0, -C8 R;K - c 8 R ', I .:: 

< \Cs ( R3K - R'3K) + R ~K (c8 - c~) + c 8 (R, -R:) + R: (c 
8 

- c ~) I < 

< \c8R31<C:.+(l+c.)R~K·c.-c8+2.Cg·t_(J+c.)R,, < 

< . t. . c 8 . R 3K ( 2 + c_) -+ 2 c 8 . RI ( 1 + E. ) ~ AT 

c 
TaK KaK C, << I, To, rrpeHe6perM '!Jle.HaMli, co.neµ'Ka.rqID,lR c , rrpHxo-

n;HM K H8µl.B8HCTBy 

? 
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. . : ..::· · . . : .·.·.:: .. 

•. 2c.·: (ci•~· .. ~;J(/c·8f?{)¥'Af. .·.:··.:. 
. .. 

POW. .WMo~·:!~ ~§~e R2~~aa:,·is.M·•ra.o •.• 
3Ha'!e~He c .. ; : . ~qTopoe · O~Hoi;l):ieMeHHO y.n;o~eTfebJl8:eT . Tpi;6.0llaHIDIM .• 
HepaBeH~ri· •( f>) >:: . ·. . .. . . . . .. . . 

PaccMorpui.i TP~T~e. HepaBeiicrnb: 

R39 • A(. A R3G> A R~5 ). 
RH . . Ra.,- . . R ~s ~~·A·(~,~)/< c:Ll.4; . 

. . ·. •·· , . . .. · T' 
C3 . R 3K . . . · ' ·. Cg ; R~~ 

. AR AR •. · ..... · 
OC503Ha'ra.R (~ _._ ·~)=· tn HOJiy~: 

R?>G ·· : R35 

R~9 fl' m ' . ·\ < 2aR. ·. ···1R -R .,. ~ c> R • ·. • · · · · · . , · - . · . . · 39 .!>9 . · .. . . 39 I . Rli ·.c 3· R3t< · R'~c~ Rn. .: . T, ·. . · · · 

R39 ·A· m 

(R39-R
1

39)A·m· R~~{A. - ·A'>·rn · R:9 :A;lm~~.:J · R', 9· ·A',~:'(:f 1.·)······· 
-----,-. + ~ . + ~ . .. ·+ .;> ---. + 
RH·Cg·R. ~i< RH ·Cg · R~I< Rli·Cg· .R3K .C:g .R.31< RH R~ · 

' I I . R I 

+R~9.Am'(_i_-~)~R3sA·m'(..!__i_)\<. 39- R:1s·A·m + 
R'H R3 1( c& c~ R~ c~ R3,. R.~K , - . RH· c8 · R3 1< 

R39 
+~ 

(
II <) I ' . t t . p. 
f1 - A ·m + ... . ~ C. · R 39 ·A- m + E. R 39 · A · ~ + .•.. !S. 2. A , , 

Cg·R31e Rti·C:.a·R3K RH·Cs·R3K T, 

8 

.. 

·,· · 

l 

IIpeHeClperaJI '!JleHaMli, co,n;ep;;tall1HMH t" , IlOJIY'·IBM: 

6. C. R ~9 • A,. m ' 

. , R' RH·C 8 · 3K 

2t>P., 
~ T,' 

Hepa.BeHcTBO ( c ) Ciy.n;eT IBVJeTB Mee To, eCJIB 

(J. ' , ' 
s: A, Rli·C 8 ·R L ~ . . . 3K 

3 R' · 11 '· .· ' · T' 
39 rt m • ' 

. Pa9CMOTp'.liM '!E}'i'J38PTOeHe:i)a:BeHC').'BO. 

R~<3· A:K•C · in>• .·· · .. ·R ~9; 'r<' ·. c' · ;.. rn l~.6.Ae . (cl) , " ' I ' . I . ..- , -

. · R · C · R . . l1 B I .RH.cg. R' 

AHg.;ror1PIHlilMH paccyJK,TI:eHlimJJH Jr€I'KO yele.n;HT:oc.a:, 'ITO np:11 yCJIOBim 

8[ · R ~9 · R' ·c' A'-rn' · · A 
I I ,..., I . ~ 4 . 2. 

RH·Cs· . R., 

· ,MMee:r MecTo Hepa.Ber-JC'i'BO (d).;C;re.n;oBaTeJI.:OHo, Ha c c;re.n;yeT HaJIO.l!tJl!T:o 

· eme o;wi.o ~cJioJjRe . . .. , , ~ , 
t~ t.:..A ., Ri;·C 8 ·R, 

. . . -0 . DI f) I . c· A' m I 

O'!eBliiµl9, <iTO Ha.KMeH:olliee 3Ha'!eime t.. y.n;oBJieTBOpaeT BCeM Hepa­

BeHc;i;i.M. (i}>BCTa:BJI.AA 'lliCJieHHHe 3HatrelliIB napaMeTpoB(fl:R~C~ ... ) 
;~ Bh!Jl~~HRH \t, ~1 E 4) IIOJiy~eM: 

c. ·,= -· c = -
3'1 <. 37.5 

~ 

c..!>" 38 
1 

c. ~ = ~5 

C.!><t"-<c ,< t:.,.. c::,=o,o.:. 
0;t(H8.KO Hae RHTepecyeT 'l'O'i' (]?a.KT, Ka.K .n;oJ!rO BeJill'HllU.i rrapa.MeTpo: 

Harnett CHCT8Ml:.l Ciy.n;y1' HaxO,I(liTl'iGfi B rrpe.n;e.nax .n;on-ycTHMh!X OTKJIOHe-

1rnii. Wm onpe;Le.;imrn:.Fl 8TOrO BpeM81fo ,Li.JIB .KaJK,n:OPO 8Jl8M8HTa BOC­

!10J11>3Y811IC.fl Te:.1 i118BeCTH1™ Qia.KTOM, -q·ro m:i,uer.utOCT:t. pa.n;1rn,n:eTaJie~! 
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.l'I pa,n.l'IOKOMIIOHOHTOB TIO BpeMeHll pacnpe,ne.JieHa TIO 3KCTIOHeHIJ;Ha.JlbHO­

MY 3aKOHY. 
e- Ai t 

pl 

r.ne )\. i. - qacTOTa OTKB.30B, Be.Jlli'lliHa KOTOpOr'J ,nJlil KOHKpeTHOro 

pBJUiiOKOMIIOHeHTa Tip.l'IBO~TCJi B CilpaBOtI!mKaX . 

HIDKe npHBe.ne M Tad.mmy )\. i. ,IT,JW .l'IC[\OJlI:i30BaHiillX .HBJ,JH 3JI%'J6HTOB. 

11.oajxp:m:.1; 

Harpysror 

pe3.l'ICTOpH I,o 
KOMeHcaTOPH 0,6 

.. . ' ' . 
TPaH3.l'ICTOPll -· 0,6 . 

, 
0,4 JJ;.l'IO~ 

l 
, M.l'IKpocx.eMI:I 0,6 

' :mtTeHCID3-
HOCf'I> OTKB.-
30B 

0, UGI5 

O,Ol045 

0,002 

0,001 

0,002 

KOJI-BO 
3.JieMeH'.l'OD 

50 

1'5 

14 

IO 

12 

Pac ctIHTaeM P1. - BepMTH?CT_Ii Toro, 'ITO Be.JIWmHa i.. - oro 

3JieMeHTa Oy,neT HaXOJJ;.l'ITI>Cf.! B IIpe,ne.JiaX .l\OIJYCT.l'IMHX .l'I3MeHe•nfii. 

Pi ·( j ,x l - m ,{.._ ] < · C.. · rn x l ) 
1 . ~.· 

IIo.n BepoJITHOCTI>IO 6esoTRa.3Hoi1 pa6oTH Pi. 6y,neM noHHMaTI> Be­

poJITHOCTI> COC5HTH.fl' COCTM!llero B TOM' 'ITO BeJlU'IHHa KalK,ll;Oro 3.Jie-
~ · . ' 

MeHTa B TeCieIDrn HeROTOpofo BpeMeHH He BIDi.ne.T sa .norryCTHM!ie npe-
. ' 

. ,ne.JIH · ( :!:"C...rn;.) • .Ey,neM ' c~HTaTI>·, 'ITO BeJllI'llIHa ~oro MeMeHTa 
' l . • • • 

npe,ncTaB11.HeT C.JiyqaiJ:eyro BeJ!lil'lllllY c HOpMaJll>HhlM pacnpe,ne.JieimeM 

N ( rn x L 6,) , r.ne rn i. pa.BRO HOM.l'IHaJII>HOMy sHatI~HHIO i - oro 

sJ!eMeHTa, a 6 l. onpe.nemm :as yCJIOBIDI .3 6 i. = 6 l , r.ne 6 t.. - Nia.R­

C.l'IMa.JII>HIDi pas6poc OT HOMH.Ha.Jll,HOrO 3HatieID!H. ,UJm: MHOiKeCTBa pa-
( . , . 

.IJ;IIOKOMIIOHeHTOB t. l COCTaBJI.FieT ± IO% OT HOM.l'IHa.JII>HOro 3Hatie-

H.l'I!i, C.Jie.ri;oBaTe.Jll>HO 

IO 

36, = 0 . 1 · rni. 6i.:::: 0,003 rnl. 
lIOC'lliTaeM BepOJITHOCTI:i norra,naIDIB CJiyqffirHofi Be.l)}FIHH'-J xi B HHTep-

Ba.JI 

(mx,-C.mxl mx, +C.rnx,)(rnx, - -trnx,)~X,~(mx,+ ~ m,,) 
(x - rn,) 2 ~m- e m--+ ~rn;xi 

- 2. 6 ~ f s2 . -2,,;:;" 
dx =-- e. dt t=15-m·. 
~6 ) 

-~mi. 

, ' 2 1 e. 
?, (_X)= J J

2
'.JT 6l 

m·- ~ m 
l 2. Xi. 

E.,,, < 
~6 ':J 

P. (xj = 1- J e - ad'::! 
L 2.!iT 

em 
¢ ( ~: ) ~ ¢ ( - ~n~ ) 

l1oJI:o3yJic:o -ia"6JI~ei1 JLJIJ! Tae5yJiupoBaHH0;1 ctyHrucrn 

¢ ( ! ) - cp ( - i ) = c ' b663 b 

* ~:: 0 

¢ ( l) :1u.-:-yqaer11 : 

CJie,noBaTeJI:OHo, BeJll{t{fillb! 1<0HTpoJ1r~p;,- e1.iiE Har.!!! rrapar.mTpoB B J1yq­

we:,1 CJiy11ae MoryT Haxo;n;HT:OC.fi B .IJ;OfI'JCTHMl:iX npe,ri:eJ1a;= c ITOJlj tieHHoi1 

BepoHTHOCTblO pi. = 0 ,b6. Ilp1rne.neHHble OU,eliK11 crrpaBe;n;.;mB!:l ,:\JIJ! 

1mCiaJI:oHoro r.10MeHTa BpeMeID:! t 0 • llporH03HIJOBrurne ;1 3r,en eH.1L~ na­

pm.·JeTpOl:l CJ~CTeM!l ' M3MeHR:Rll.UECJI no HOpMaJI:OHOi{'/ 38.KOH::,' J CBOJ:;llTCfl 

I< nporH03llpoBaHl1!Q li3MeHe1-m}i rra))2.i.ie TpOB rnx, rr Eix, B 11oc"18,C:;)' i'Jil;;e 

:.10Me1IThi BpeMCIIM t , , t c. i .. i.~. 0,!\Hairn :iawa 3an:aqa 3aKr: ;cq:i.eTl:Ji B 
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