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HonHHa X.Jl. 
P4·80· 173 

OnHcaHHe KOI111eKTHBHwx aos6y•AeHHH apa•a~Hxcft ftAeP 
8 pea/lHCTH~eCKOH MOAellH 

npeACTa811eHa CXeMa OOHCaHHft K01111eKTH8HWX OAHO¢QHOHHWX 
8036Y*AeHHH, OOCTPoeHHWX HaA HpacT-nOilOCoH, 8 WHpOKoH o6nac
TH yrno awx MOMeHTOB . Pacc~HTaHa CHno aaft ~YHK~H~ npH8eAeHHol1 
8epQftTHOCTH 3/leKTPH~eCKHX K8aAPY0011bHWX nepeXOAOB C HpacT- , 
00/lOCW Ha OAHO¢oHOHHWe COCTOftHHft OTPH~aTellbHoH H 00/lO*HTe/lb-1 
HOH CHrHaTypw 8 Clly~ae AApa HISyb .. n~-· ~WH pac~eT no-
380/lH/1 npocneAHT b sa 3ao n ... .. - • 
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P4 ·80· 173 

Ro t at i o na I 

Jrupole col
nf '"-'-- I 

0ASIM H3 MBOfO QICl8BBWX acne&tOB I3YQ8HHB pea&~KI C yqaCTH8W 
TBZ8AYX IOBOB a&A88TC8 BCCA8AOBaBKe BYCOEOCDIHOBYX COCTOBBMI BA8p
BYX cacrew, noRyqesswx a pe3JAatate Ta&KX peax~HI . B aacToa•ee 
apewa T80p8tBqeCKI8 ICCA8AOBaBII BWCOKOCDKHOBWX COCTOIHKI orpa
saqeaw B OCBOBHOW ft3YQ8RI811 ~orww dYCTpOBpa~D-HXC8 RA8p AO 
xpaTKQecx•x yrnoawx wowearoa I - 41, npa xoropwx BAPO e•e se paa
pnaerca ~esTpodelll!WWI CJV181D, a opoxow IBTepaMe raxxx aaepnl 
aoadySAeaaa, npx xoropwx xownayaA-•APO Aeaoa~y~eTca npH nowo-
•• TOJlUO 'j- U6BTOB lSI , Ta.Ue p!.CQ8TW IIA81BO AOB011UO 
npocrw, so TpedyDt OoJ•••x aarpar apeweaH aa 3BM . 

B TO ze apewa OBB C03A6DT np8AfiOCW11XI AJB B3YQ8BHB X011Jl8K
TIBBWX C BOICTB diiCTpOB~Il--XC8 BA8p aa OCIIOB8 MU~OCJtODMqec&ol 

reopaa, pa3BBTOI a nocneASee apewa a paAe pador 16 , I , 
0Aaaxo pe•eaae ypaaaeaxl waxpocxonsqecxoR reopaa, noayqea

awx a pawxax npxdJazeaxa cnyqalawx ~a (llCthAaze nps oqesa wa
nol yrAOBOI qacTOte apa.eaxa CB83aRO C onp8A8A8BRWYH tpyAHOCTIMH 
awqHcaBT&~bsoro xapaxrepa. 3TH TPYABOCTB JAaeTca odoiTI, •cnon•
aya MtTOA CUOBOI 4!Y.B~Ill, OCBOBaBIJHI sa BWQJICUBU ycpUH8BBWX 
~·awqecxxx ae~q•s 18,91, 

Otweraw, qro odwqaaa carya~a aa axcnepHMeare noABOCtbll 
COOTB8TCTB~8T T80pet~8CKOMJ p6CQ8TJ 1118880 Jcp8Aft8BHWX B8~JqBB, 
B paOore I I noxaaasa aoauoBBocta raxoro paccMOTpesaa AAB ~Ddol 
cra~sapaol aaAaqB c AKCxperawx seawpoSAeRBWM cnextpow, a taxze 
AaB aarop•rw nocrpoea•• caAoaol 41YBK~H• B c41qae saadoAee od•ero 
rawHAaTOBiaBa, iBBapi6ITBOfO OtBOCIT&IaBO odpa.8HII Bp8118JB, 
B AaBBOI padote MY BCDOJa3Y8M 3t0t aaropiTM All 00Ctp08BI8 Cl~o
aol ~YRKnBH DpiB8A8BBOI aepoatBOCTI a~eKtp¥Q8CXHX XBaAPYDOlaBHX 
nepexo.-oa c coctoud apacr-noaocw sa OABocfloaonwe cocroana, 
noctpoeaawe BaA sel. Maxpocxonaqecxoe oa•caa•e TaXIX cocroaaal 
AaBO B paOotax 16•7/ • 

B §I Rpe.TKJ ~~emi OOBOBBH8 nOJIO&eBIIJI MDpOOKOIIn80ROI 

Teopmt BpWIIeBHII S • B §2 n~emi BfiPUleBJIJI ,ltJUI CUOBOI !~Jymt
IUDI, B §3 upe.JtCTaB.Iemi pe8yJD.T8Tii 'DlCJieBJlla pBC118~B • 
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§I. rawuuona a wo,J;eu • ceJtyupawe ypaaaeua 

MH Ha~ew c potallHOHBO-HBBapHaHrHoro r8Jl1Vluonasa 
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cu, G - a:oscrasra cnapaaatenaoro B38.DO.lelcnu. tlusw, 
co.lep~e apoe&Qia yr~oaoro wowesta Ji , aae,J;esw, 11rodw 
odecneq•r• BW.J;e~esae asyrpessax (sepo~llllOBHWX) B03dya..eB•I npa 
OpOJI3BOJI»BOW 388.11880 Jr.IOBOI CltOpOCTil BpalleBU Q • KaJt OOK8.-
3aBO B /?< napawetpw ,., 

1 
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_Q '1 r = =--
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cf < Si?l H -..Q.j~ I.Q> = 0. 

nocu sW.J;ueau cpe.lllero nou odwqaww llYtew JIDeapuallD 
p811a8TC8 31.\,J;alll.\ 0 WI.\JIWX ltO.IedasUX B llot. li.mrO.J;apl tpaB~Opwa
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Q ... R-' Q+ &otop~~x y.J;oa.aenopor coono•esuw Ry. un ,. • <T>= cr .,. , 
r.J;e oarsatypa a-: t 1 • Codctsesao do:sosiiJII odpaa ri.\WK.o.-
ros•aaa ,J;e.otca sa .lJI& 111.\CTK H,.) • H,_, 
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,J;la.cpe»ero ao~a. Odo:snaqeaxa taa:•e ae, xax • a padote 1?/ • 
B nepBOW ypaasean IIII,J;81tCW i J< OTHOCITCI It COCTOIHIIIK C paa-
RWKH ssalt8KB ssepr•• B ypaaaea•s Xaptp•-Eoro~~oaa. 
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YcnoaMe cy•ecraoBaBaa aeayneawx pesenHI npKao~r K ce&y
napHowy ypaBH8HKD 

I s I (..) ) l :: 0 (8) 

Ana aaxo&Aeaza coOcraeaawx WOA c nonoKHren&aol carnarypol. 
Otweraw cneAYD•ee oOcroar~•crao. EcnH acnon&30Bath cooraome

HHe weXAY warpH,.HWK anew en~ K~yno.llhnoro oneparopa <J. ~';> 
H oneparopa yr;roBoro MOMeRTa J ~ 7 

'" 
t t(t) • • £ 

:.ons ·'J.," , J, ... '" , 
BWt8KaD.88 1!3 ycnOBHB pota~HOBBOI HBBapBaBTHOCtH raUHnLTOBiaH~/ 
ro ypaaaeaze (8) woxno nepenKcath a ~opwe, npeAcraaneHsol a 17 ; 
OABaKO, !tal n 0143480 npz a&aJU13e TOIDI 0 p811a8WOI MOA8JlR / !0/ 
Wl'!ltpOCKOOiqecltolt reopn Bpa.eBHII, 0030BHHI 00pa3 Ooeparopa ~ ll 
woxer "saHyJIJITl.ca~'lil Taxoe oooTBomem~e TepiieT camCJI. B atow ceyqae 
YAOOaee pemar• cexy.11apswe ypaaaeaza B tepwliiHax warpaqawx anewea
roa Jt&aApyn ouaoro wow en ra, ae nepexo.u 1t warp~BWW anewes mw 
yrnoaoro woweara. Cacrewa (6) AOnxHa pe•ar&ca coawecrao c ycJio
BKew II OpwlipOBitll 

"?"t z - -L L . _ · ~ - 2. 
U( ._..,.. 

(9) 

lK 

HanK•ew RBBWI BRA awnAMTYA 
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1 . .... <" .... 

- \ 0 ~.-~ -D. = 2X.L .. . z. 
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YAOBnet aopaoQae cacrewe ypaanea HK 
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Cexy upaoe ype.aaes1e B 3tow cny,.ae uweet BIU 

J $-(w>J = 0 . 

0tW8tliiM, qro ypaB88BH8 (14) WOXBO UpeACTaBHTL B BIIA8 

J s·{w)} = ( S?2..w 1
) ft'w> = 0 ) 

ue j i w> KMeer BHA, npne,Maad a paOore 17~ 

( !2) 

( D) 

(14) 

(14) 

w~ ~ 

fCw).:w'1(3~+-S?S)(:11~5?s)-n
1 0,-:;,- sz S)(J.-.1z-~ S) . 

Taxxw oOpaso», (14) co~epXRt, xpoue scex sayrpess•x pe•eaal, 
OASO pemeaae,COOTB8TCTBY~88 Bpa~8BBD C qactOTOI ~ 

§2. CK~OBai ~yuxn.a npKB8A8HBOI B8pORTHOCTll 3~8KTpftq8CKHX 
KBe.Apynon»BWX nepexo~OB . 

ITpa I >> '1 ~· rrpaaeAesaoro »atpaqaoro snewesra Wf.nLtH
noALaoro onepatopa M8JtAY cocroaaBawH •pacr-nonocw HM&ew 75, 11/: 

<1£ 11Yn \E.l)JIP1 >~rzi <wJ)71(E..I.Z .. )lw>) IH .J~.l 

rAe ctYllltlUII IS?> •ner caolcTBa 

<SZ I ';:1-.JS?)-:: Jr( I+1) 
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r~e tl:;_ -cusatypacoctoaau Q:t<?> 
Ba COCTOBBBI D040KHt8!LBOI CHI'Batypw B03MOZBY !HaL aepexo~ 
c 1:.~o,tz : 

r.; }l'- .... ->ll ::Jz i ·t> 1 <, r 8(E2
1
t) = j < ro 2.o1.t1't o>< lQo4,m.}> +{2 {.: to2tlrtt 1)· 

L 'l - UeJIM 1W.CTL , a t. - npoexnaa aa ocL x 1 

)JI ,E).,~. )~ 2_ ~ /..,. ~.,, i{ ,:)) ))1\EJo,x). 
JC. •• 1 

~ 

nonL3YICL acwwntot H'IeC.JtKM 8Wpas eaaew ~41 3j - CHM80!08 1121, 
(15) MOXHO npeodpa3086TL K 8~ 
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~ u) )I,£ u II '1'
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> ~ r:u-.1- \ < r~< A .X: l r+lJ<~x.>-.!.H m,£Jo,x>lS2 > 

f~ J'~' ~ ' I (17) 

r~e '2 r - 3awene11a sa 'l I + 1 • EcJUI I SC > coxpauet a&cwanL-
RJII CHM»etpKII 8 HHTepaane 0 ~ I ~ I 0 1 TO C TO'IBOCt Lil .lO ~81108 
0 ( "JJ.) llOZBO no.tL30BatL CI HStepDOJIInHOHBOI 4JO pMJ!OI (17). ~Op

MJ!Y (15) 1 (17) llOXHO odOd~TL Ba C~Qal nepeX 0~08 we~ COCTOa
BBi llH BpacT- DO!OCW H B03dJS.leBBY WK O~ o4JOHOHBYMH COCt OIHHi lll 

l otSC> ~ Q: IS?> 

< t.Prt'l: w miE .l >ll lJ'r ) = [ii < .s< I [ Q ... > m \A;r. >1 1.SC.>:::; 

~ ]2'r+1 I.< n < A X: li +t, I<+X) < sz I [Q. 'm ( ~~X)] lSD. (19) 
X 

~ 'let ao-'le t HYX a~ep aatepnoAanaoaaaa 4Jopwyaa (19) npBBB-
waet BB.l: 

< Y'rn ot \1 )1}(£.4>U ~1 > = Ju;; L < I O .\ x IItt x.>. 
I x~o 
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· lH ( 1-fJU)~ ~.-J) ) <S?<rl [Q ... i{m,lx) + cr"" m(~;x>})l5t~>. 

6 

· < lQ.,.,rn1• 1 > + < r o ·az1 rn z)< t.Qo( ,m/]>} 1.2 

Ha COCTOIBBB Otp~ate!LBOI CBI'Ratypy 803MOZHW DepeXOlM 
tO.Illt.ltO C ~ :: t 1 : 

a< E 2., -r > = \ < r o a 1 1 r .. ~., > 12 < l Q., m .. -J > +-

+<I022II+t2>fi< La •. ma-1> 1.
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KOKMJTStOpa, BXO~Be 8 8YpaK8BII (21) I (22) ; 
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D03tOMy KOkWYT8.t OpW (23) 88 Ot0~8CTB~a~tCi C KOBCt aHtawl , 
BB8R!BIIWWH B §I. 

rM 

OnpeAeJIIOl cuny~ ~ysx~n c~.Q'Il!UM oOpas ow 19~ 

blE2,t, w)= 2_ B\E2J,W..,)fA (W·...>~), 
11 

f,. (:.>-v.>.,) -"' 
Cl. 
Jff ,w . .:.J,)1+ 0.~~ 

TorAa ~~ 
2.. B\E l , Z',W..,)..:. ( bi.£2,-r w)d:.J. 
h l I -· 1 

(24) 

Paccwot pn CJtf'l8.J pe118sd c DOJIODtUitBol cxruatypol . H etpy~o 

BIAeta, QtO JC~OBie BOPKJIPOB&tl (9) KO&et Ollta 3aDiC8.BO B BRAe /9/ 

L Ds D.s, !_ ~H ' -~ 4 . 
S S' d :.,.) 

(25) 

.nu onpe,lluesl!octa , nycu Kllaop 6. 1 = A-. 4 cHcteKII (6) ouaqeu ot 
sy.11a . Tor.-a , acno~aya nepswe 4 ypaaaeaHa atol c1cte~ saxoAKV 
BUK'UIRII Cs~ Ds;'/)

4
, s = 1,4 11 D4- KODO aalt11 n (25) 

' '~ l. 

D : JSss• 
4 l.. ..i~ s ,. 

+ 6.1 
(26) 

~ A.ss,J_?ss• 
ss• JvJ 

rAe A $S' - aueOpaxqecue .-ono.raesl!a MatPtltOII S • PaBeHcrso 
(26) B8DIC8.BO C yqttOII B8811pOJAeBWOCtX cne&tpa. 

C Apyrol cropoaw,aet pJABO noxasata, qyo 

2_ A J Sss' d I S{w)j 
ss•- = --

JJ ' J w d (A) (27) 
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' 

• tor~ 

4- A1 
J /S( w)/ D/ = 
~ 

BIIAe.IJI)l D .. 8 Bwp6.:18BIUI ,PI 8 ( 62, 't' ) (21) 
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(28) 

(29) 

(30) 

Ot weTKw, QtO up• nox.yqea .. (30) 01110 tlCDOII.3osaso ycJtoJ•e 
pery.upaocu tYB~tltl A1 rz) ij (z)/1 S(z)l All acex 3B8.QeBKI z , 
xpowe ay1el tyu~u l s \ % > l • llp• now OIIJlo yueao pa.3JIH'Drle 

aeltpouawx • npotoRBYX .-ayxqact•qaax no~»COB . 

BwpazeBH8 A~• CH~OBOI tJR&~H B c~qae OtpHQate~•aol CtlrB8.
typM DOJ}qaeTCI 8.B8.JIOrtlqBKII 00pa30W. 

§3. P8SYJII>'r8.1'H pa.C118T8 

B ABBBOK napar~e npe.-ctaltlK peay.ll1t t8.TR pacqeta CHJIOBOI 
tynu.o .PI a..pa ' " Y• AO cniiBa r= sot . Kopouo oo u ew 
npoqe~py pacqeta xapau ep11ctu cpe.-aero nou. On oope.-eunc• 
,par oaa.•auuel B~J)•eroca rawunoamaa H•nccoaa o.n c 
IIIOROno.u.HOe cnapi[B8JIKe, !'<> eCTJ. 'Dlc.leBBO pe1118.110CJ. YJl8l!BeBBe 
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(
e -~ .h ,( j;s>Z ~ ~::.rJ(~ j(A'.J (A~) <r> • , r " ,. 

;; 1:;-. • 

. ' 8' c. S' e .• )..- B~ -.<. • , ~ - • •, A H{ J _ - 6. • <. ' "- • 
• •• ""1:1 .... ~ 

(JI) 

r~e e.~,- O»!OilaCTJIIlHiole 3ReprHJI nOTBBIUIAJia fii!JlJ.CCOBa , ).. II 

6. - XI!:WMileCltlllll nOT8HIUUU H nape.Ketp III8.1K 1 S.~ - yrJIOBal 
cKopocn Bpa~sllll, reaepHpfD"'-11 cocroa.aHe c r. : j It'I-H) . 

Da3KCBW8 COCTOBBIIII <-( H ~ BH0paBW !taX COCTOBRBB raMJI JIJ.-
TOBIIaB8 HHJUoCCOBa C OCJ.ll lr.BaBTOBMBa )( , TO eCTl> 

.::1,~~1.-.">~m ,. l~> • /11-m- -'la. = qeTBoe, r.-e w - r.maaoe 
X!aBTOBOe QBCJIO. 

B pac11erax Owao npoae~eso ca~o~.ocornacoaaaae , JtOropoe 
3aUIIIl8.10Ch B tpeOOBaBD loi..IIBIDI.j'llll 

E = L. L e A i A,· + ._- L_ B £ 8~ 
1. '/16 E. <o -<p '<1 oe. ~ ::;6 """ x ~ 

• • r 
npa ycnoB BII coxpauesaa llHCna llactWQ 

N ~ L l: (A~) a + ~ L 
E; <O o( C;,>fl o( 

( Bl ) ~ 
B COr JiaCOB8HHII no .BJIH 

A. -:- GL L B~A~. 
e. >o o(, . 

Ha nepBOW 3Tane peaanach CHCTBllll (3I ) C aaqaaJ.BHKH npoOHWWH 
3B8Q8BIUIIol.l t:. 0 B A 

0 

Hal.-esswe BeJtTOpY ( A~, 8 ~) • cnoJD. 30Ba1lllch ~~ awucneau 
N 11 A • Sa reM saxo,ua.c• npapalllena tl A • J A , 

xorop.r e npB6auaucJ. 1 Ao 11 Ao coonercraesuo , • caoaa 
pe.aAacJ. cacrewa (31) AO rex aop, nose. pe•ea•e ae cxo.-xaoc•. 
OOaqso AOCtar oqa o 0w11o 2-3 atepauxJ ~· roro, qroOw pe•ea11e 
cxo.-xaocJ.. KorAa cnapaBaa•e acqesao, cor~acoaaaae npoBO.UAoc• 
no QICJy Q4CTB~. Ha.-o OTW8TBTh1 Qt O KH CD8~a.IJ.BO Be BCiaJIB 
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~ 

~ 

KparaqecKBe cnaaw, npa KOtopwx npona~et cnapMBaBKe B aeltpoauoB 
H npOTOHBOB KOKnOH8Bt8X 1 T81t JtaR AJIB 3TOrO 880010~0 6WJIO 6!i 

npoao~r• npoexrapoaaaae sa tollaoe qHcno llaCTH~. 
Pasaoaecawe napaweTpw A~opwauwK onpeAeJIRnac• WHHHIII.H3a

~·ea ~YBK~IIOB6118 3BeprHM 

f I (£,)/):- fL: U,~) 1' ~ £,:ru.t, 

.I r- I ue £ L t> Ct.,~) - aaeprBJI spa~llll!elcll ~ol xan.1111 1 o E~tru.t 
- ooo~oqeqaaa nonpaaxa CrpyTKBcxoro. 

leTaAB qac11eaaoro pacqeTa ~ns Aaaaoro 11~pa, sw~op napaMeT
pos notea~ana, nonozeaae napaweTpoa paaaoaecawx .-~opxanal 
Dpl H3K8BeBHH yr.IIOBOrO loi.Oiol.eBta DOApOOBO ODHC8BW B pe.Oote /!J/ . 

Ha pac . I,2 noxasaaw pacqeTswe KpBBWe CHJioaoA ~YBKUHK npuse
~eaaol s epoaTaocta ane&Tp~ec&Hx &B~pynon•awx nepexo~oB aa 
COCTOIBBB DOJIOXBT6AJ.BOI CJ!rBaTJpW B O&p8CTBOCTH HpaCT-DOAOCW

1 
B 

.apoxol 00118Ctl yrJOBWX loi.OK8BTOB. ITO OCI a0CUHCC OTJIOZeBa 3HeprHII 
B030fXA8BHI OTBOCIT eJihBO Bp6CT- DOAOCW1 no OCB OPABB6T np8ACt6BJI8-
SW f b ( E~, 1:'} • Pac11 eT npoae.-ea c ~UTIIBBHMB sapBAaloi.JI 
e .. ~ 0,15 • eP = I ,I5 . Taxol BwOop onpeAe.llu cB cor11acae~o~. 

pacqera npKBeAeasol aepoBr aocra nepexo~ c oca oaaoro cocroaaaa sa 
~ - BI0~KOSB08 COCTOIIBKe ( Kalt BaM00.188 KOJIJI81tTHBHOr o 

COCTOIBIS) Dpl Bf118BOW 3BaQ8BBI COIBa C 3&CnepKWeBT611l>BWiol. 3Baqe
BII8lol. ( B(E2, 0+-t2t)sp• 5. 2) /I4/. 

Uape.Ketp KBa.lpynon-xaa.-pynona oro B3allliOAeiCTBJia x 
onpeAeunca 113 ycJIOBHII ycrpaaesll!.c A}'Xosoro pnea n IIOI • Ero 
Be!XQZBa ae3BaQKteJihBO xs~o~.ess.aac• c yaeJIJ!qeaae~o~. cn•aa. IToAozesae 

l 1 ft - al!O~Kosswx cocro•ul npa I · 0 uaxOAITCSI B 
AOCTaToqao xopo•e~o~. cornac11 c a&cnepxweaT ow, ecJIH yqecTJ. toT ~&T, 
QTO ODBCa&Be npOBOAITCI C nOioi.OIIlhll Jll_. OASOI lOBCtaB TW B36KKO
A81C!IIB. 

B raOJ~Bne I npe.-craanesw paccqaTausw e x B3Be CTHWe axcnepa
MBBtiUJ.nte / ! 4/ 3Bepru BO 30y&,l8BHI "( II j3 - BIIOpe.JlKOBBWX 
COCTO.CBII OtBOCIIT8JIJ.BO Bpacr-noaocw. TeopetBQ 8Cit118 3BaQ8Bia 
3seprBI np1 I ~ 4 • 6 noay~eaw nyrew IIBtepnoAa~ aa.1x 
pesyJJ.taToB, asarwx a OJIH3&Hx r oqxax . K3 ra~.IBU» I a~uo , liTo 
oO. aa TBBA8BUX& 1W8Bh.eBBI paCCQBTaB BOI 388prKB B090YIA8BISI 8-
11 ft- BH6pelUlOHHHX OOC1'0mm:l 6.msxa lt 8KCU8p8MeBTam.BOI ~· 

Uap6Joletp aseprernecJtO ro ycpeu eua D. B ~~~o~pazeau (30) 
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0 b:- -===-= - ' 

Pac.I. Cuoaaa tfimiUil uuTp .. ecux Jt.aa,~;pyno.o.sux 
nepeXO.J;.OB Ra O.J;.BotOBOBHW8 COCTO&RaJ D040ZKT8~·BOI 
carsaTypw a saaxcawoctx OT yr~osoro wowesTa I • 

AJIB CIIJIOBOII ci>YBitUHH ,li;OCTaTO'«<HO MaJI ( !;,. = 50 IUlB) , 'Cl'1'06 ii 6WIO 

803110 Dllilol npOCJ19,1lHTb 3a 3B0Jlll1Uf911 HaH60nee ltOJIJI91tTIIBHMX ( t - II 
~ - ltOJie6aHKII) COCTOIHHI no wepe YB9nHQ9BH8 yrJIOBOI CltOpOCTII 

apa~eBHS , 

C ,~;pyrol ctoposw1 ~ AOCTatoqes 1 qto6w onxcas11e c nowo~ll 

Cll.IIOBOI ~YBltlllll IUI8Jl0 CWIICJI. 
Ra plcy&Jtax I , 2 wo:lllo qeno npocne~n aa 3BOJIDl lel t- • } -

Bll6pBitiiOBIIWX COCTOJIB HI ,1;0 yTJIOBOrO loiOioi9HTa ,..., 1 2. i • fipK ,J.an
sel mew JB8JIIIQ8SHII CDKBa npOICXO,I;KT ltalt yweH~mesKe HX ltOJIJ18ltTIIBHOC-

TH1 talt II Cloi91111BaHHe COCTOIIBHI C pa3i!i14HiiloiH K • 3TO npHBO,I;HT It 

Tpy,I;BOCTK Opll KX H,I;8HTH!IIKita!tHH . ilOTepa ltOJIJI91tntBBOCTK Italt ~ - 1 

12 

10 l 
I 

5 L 
l • LC 

~\pp~ 

l · 30 

20t 

' 

10l 
0 -

I • 1& 

1 2 

Pac .2. To ae 1 qyo 11 ~· p11c.I. 

TaK II j!. -Bi!Cl~UKOHI!WX COCTOJIHHII oClyCJIOBJieHa KC493HOBeHHelo! C~lJI 
cnapHBaHHa np11 yseJIH4eRKII yrnosoro Moweara. 

Hellrpoasoe cnapKsanHe KC4esae-r np11 cnHRax nopR.IUta :: 3 o i 
npOTOHHOe np11 J:::: 15 ~ . 

Ywes~mea11e asepretKqeCKoll ~e1111 npHBOAHT 1t ywes~meHKil as ep
rKH Hll.allmHX ABYXKBa3114aCTH4RWX 00111lCOB 1 QTO oClycnaBJIHBaet nepe
we~eHKe aas6onee KOJIJiextKBHWX pemeaKII B oelnact~ Clon~mKx aaeprKB 
B03ClyaAeBlUl. 

Kpowe toro,pacteT OJIOTH OCT~ COCTORHKI B OltpectROCTII llpact
OOJIOCW C pOCTOiol I H IIpOliCXO,li;IIT KOpl!O.II.HCOBO B3aHMO,li;6!CTBRe 

CII6D'JHBSHHR' KOWIIOHeHTii BO.m!OBO! IIJ.yHKlnm C pasmo.m K , 
B raeli!Hue 2 npeAc rasneaw &oa¢4>KUHeHTW Ax 1 onpeAeneaHlle 

swpaxea 11ew 

8(E2 ?: ) = l I. < IO~X/Ht~> A Je 
, X. X 

(JJ ) 
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II YKa31111181lii{H8 Ha BltJ16Jl Jt0Wfi0118B T C :{:6 3HWWH K B npHBBABHHYil 
B8pOSTROCTI> n epeX0.1.8 .lVIII H8K00JI88 KOJ1118KTK811WX COCTOSHIII flOJIO
lU!T8JlhiiOR CKrRa TypW. KopKOIIKC080 B38HWO.Il81CT8 118, KB.K npaBKJ!O, 

npKBO.JlKT K CW8mK86HKil ABYX KOWOOHBRT B KOIIJ18KTK8HWX COCTOSRKSX : 

KOMIIOHeHTbl 0~ C KOMIIOHeHTO! f. , RJllil KOMIIOH8HTI:i 4-t- C 2 +- • 

TOJlhKO npK OIIBHb CKJ!hROW spa~eHKK ( I= 50 t\ ) npK !f>OpwKp0 -

86111111 KOJ!J18KTii8ROrO COCTORHRR (aanpRMep,~=640 K3B)CTaHOBHTCR cy-
1!18CTB8HHbiMI! Bl<JI8,I4bl OT Tpex pa3.1DfiHWC KOMIIOB8HT. 

BKJ18.1l B npK8 8.1l8Hllj'll BepOSTBOCTh 3nBKTpK118CKoro KB8.1lPYOOJ!h

HOro nepexo.1.a 8 .ll8 HROR cxewe OT pa3HWX KownoaeaT 80J!IIOBOR 
4>YRKUIIII onpe.]leJlSBTCR 8 38811KT8JlhBOR CT808BK reowetpK118CKHWH ¢aKTO

pawK a 4>o~yn e (JJ ). B npuene OonuHx I 01111 HWBilT cne,IU'Il lltl!e 

3Raii8Hllll: 
a ~ 2 , 

< I O 2011+20) = (I020/ I -20) ~< IO 221 I 2.) = .//t 

2 2 z < ! 02oiiO) = < I 021 II+21)=< I D21I I-2 1 ):V~t 

2 2 
<I0221I+22):(I0~ 2JI- 2 2): 1ft, 

2 < r o2 1lr1):: 0. 
AaanH3 K03~HUHBIITOB Kneoma- rop.J.alla noxaJwsaer , liTO .IVIR xowno

ReiiTW sonnosoa 4>YIIKUHK c K i=2.+ BW.IleneHw nepexo.llW c t" =:t2. 
( 01111 IIAYT B 6 p83 Cl1Jlbll88 1 II 8W nepeXO.IlW .IVlll 3TOR 1:8 KOWOORBRTW 
C t': 0 ) • llilB KOWOOBBRT W C K 11: 1 +" H8H00J188 0JtaronpKRTHW ne
peXO.IlW c 1:= 2. 'a .llJ!ll Ky= o+ - npHWepBO O,ll.lfH6JtOBWA BKJ18Jl 

8 B8pORTROCTb nepexO,J.OB A81lT nep8XO.IlW K8X C 1::: 0 1 T6K II C 

~ : 12 

Ha pKc. J , 4 npeJJ.cTasneH cnexTp 11 xonneKTIIBHOCTh pemeHKR 
OTpliU8T8JihHOI CHrHatypw. fipll IIYJI880W Bp8.11{811llll COCTOll llllll Otp11U8-

T8JlhiiOI CHrRatypW BWpOJ:ABBW C COCTORHIISWI! fiOJ!O J: IITBJihBOR Cilrllary
pw. 3BOJ!IlUIIll COCTOIIBI!S 2 1-G":- 1 Ot118TJIIIBO npOCJl8DI888TCll BnJIOTI> 

.1.0 cnHRa I;:~ ot. , c l'ICII83HOBeRHew cnapeaaHa oao TepaeT csoD 
ltOJIJIBKTIIBIIOCTh W8,1.JI8HR88 

1 
IIBW COCTOIIRHB 2. + CT 02 + 1 , B paOore /I'J/ 

np11 3~HBOW yrJIOBOW MOMeHTB B6XO.I.IIA0Cb nepsoe RKJ:almee pemeRIIB 
OTpKU8T8JihROI CKr Ratypw, JtOTOpOe OTO~BCTBJiliJIOCh C npeneCCIIOIIRWWH 

B030YJ:,1.8RHSWII 8p6.8D.BrOCll S,l.pa. 3TH pemeBHll H8XO.I.II JI HCh 1!3 ypa8-
aeeHS ( 140) , 38 BIICSII{ero or warpHIIRWX aneweRTOB yrJiosoro woweHTa. 

0,J.Ralt0 8B8JIK3 KOJIII8KT1!8HOCTII 3TBX pemeRKI B BwmeynOWIIHYTOI 
paOoTe ae npo80.IlHJtcs. Kpowe roro,ayJ:Ho orwerHrb, litO coOcrsesawe 

14 

20L Lb(E2.I - I· tlspu 
I 

10 

0 

10 

0.2 

I ~ 16 

J . 17 

0! A =' 
20 ~ 

10 

OL 
o l......,;, 

1·5 

2 wMJB 3 

Pac.J . CuoMa wntnta auup~Ne cJtu ua,~;pynonHiiX 

D8p8IOAOB sa O.J.Bo4>0BOBHWe COCtOSBII OtpKUa T8nhBOI 
caruarypw B saaaCRwoctB or yr Joaoro wowesra I. 

, r '·'' A ·· ~ 
o ~ - A.A. 

O.L 

5 

2 3 

Pac. 4. To ~:e , qyo • A.U pac.J . 
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~acror~, no~~eu~e npK pemeHHH ypaaueHKR (I4)6, Kuecr npe;tCKa3a
re~LHyc cHny , ecnK awno~ReRw ace ycnoBKR cawocornaco&aHKR. 

B 4aCTHOCTK, ~onzaa KUeTb W8CTO CBR3b UeZAJ warpwqHWWK 
aneweHtaWH yrnoaoro H xaa~pynonLHoro wowearoa , awrexac~as K3 
pOta~OHBOR HHBapKaHTHOCTK rawKJlbTOHHaHa 

L~y , H] = (j~.H] = 0 ' 
KOTOpaR oOecne~KBaet yct£8ReHKe ~XOBYX pemeHKI B cny~ae 
xonneKTHBHoro apa~eRHR I O/ • B npe~craansewoa cxewe co6craeuuwe 
~acrorw orpKnarenbROI cHrRaryp~ onpe~ena~KCb c nowo•• c ypasaeRKR 
(IJ) , KO TOpoe Kpowe BCeX pemeH KR ypaBHeHHS (!46) COAep KHT AOflOJ1H K
T8JlbROe AJXOBOe pemeHH8 W :a S2 ( Ha pKc .J , 4 H8A 3TKW peD!eRK8W 
nocrasneuo 3Ha~ eHKe S2 B MaB) . BwOop napawerpa KBaApynonb
uoro B3aKUOAe RcrsKR l: Own noA~Kueu arowy ycnoaHD. 

KaK noxa3an pac~ er, Ka~ecraeuaoe nose;teHHe arHX pemeaKA corna
cyerca c pac~erawH K3 paOor~ /D/ , uo nepaoe pemeaMe ae scer;ta 
aan.11erca aaMOonee KonneKTKBRW, !ipH aaaJIH 3e ro~uo pemaewol wo;tenK 
Owcrpoap~ac~eroca SApa /IO/ O~no noxa3aBO , ~to OAHa K3 coOcr
aeRHwx ~acr or rKraarcKoro KBaApynoJ!huoro pe3ouauca (rKP) ln.teer 
aBOWa.llbHO HK3KyD B8nK~KHY npH OWCTpOW Bpa~eHKK , 

Mw He nony~KJ!K TaKKX aHOMaJ!bHO HH3KKX CKJ!bHOKOJIJleKTKBK3KpO
BaHH~X COC TOIIHHI , 0TII8.CTH 3TO WOKriO ouoRCHKTb T8W1 QTO yrnO BOI 
WOW8BT nopiiAKa 50 t e~e 88AOC T8.TOQ88 1 ~TOOW OKHAaTb HK3KO
J!eKa~He CH.IlbHOKOJ!JleKtHBK3HpOBaHHWe COCTOIIHHR, C ApyroR CTOp08W1 

aama cxeua pac~era onpaa;taRa TO.IlbKO npK Kccne~oBaHKK HK3Kone.a
~x OAH~OHOHH~ COCTOHH KA 1 T8.K KaK WW Re y~KTWB8.J1K CBB3H WeKAJ 
pa3HWMK 00oJ!04K8MK 1 4TO OC06eHHO BaKHO npH paCCWOtpeHHK fKP . 

'faOu~ I 
3xcnepBKesraAaawe 1 paccqarasawe aaepra1 '(f I J3 

no~oc otaoc .reJaBO apact- nonocw 

I &U» ~<~B w~ K78 

Pac4er 3JtcnepiDI . Pa.cqer 3Jtcnepo. 

0 1240 1156 

2 648 646 1230 Il46 
4 630 664 1215 IIOS 
6 690 660 1210 1035 
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l ac::m;:t .' . . l!n'Wmt:: I:lla.::xt':'OB .\,.; :.1H HU:!OOJICC «o.a.re h"Tl!Bl! ·n: 

~oc::JH!!:::: c cr:: + 1 , B cmm::max s pu I IAaB. 

I f f\ 

~ 

i2 

IG 

30 

50 

w 
K3J 

?~lJ 

IUIO 

r:::n.~ 

'110 

u:3u 
!230 

d40 

TOlD 

I:GUO 

390 

II 50 

I540 

360 

640 

71\0 

!460 

2 
Ao 

o , u:J 

0 ,0 

I 4 , ~ 

U,3 

0 ,0 

2 , 7 

l , I:.! 

0, .:: 
'2. , 7 

o.o 
0 , 03 

0 ,0 

u.o 
2 ,0 

4 , 16 

O, U3 

2 
A1 

1, 3 

3 , 7 

O, :J 

2 ,09 

7 ,0 

6,0 

16,0 

IU , 5 

.!. , 0 

IG , O 

I.C . 2:~ 

19, 6 

9 , 04 

3, 5i?. 

8 , 36 

6 ,8 

J. 
A;. 

'?J , U 
) .. 

"- o I 

u,c 

2:J , 2 

I , I~ 

l) , !) 

21 ,2 

I , :.J 

0 , ;) 

o.o 
o.w 

16,0 

0 , 00 

4 ,1\8 

1 ,6 

Il ,l34 

Taxm~ o6pa3ow, ua npHMepe ll,ll,pa 1' 8y11, llW np>fMeHHJIH wero;t Ci!
noaolt <flyRKWIK 1 11Cfl0Jlb3yeilllll npK HyneBOW BpaiJieHKI! )1.11.11 00¥1CO.RKR 
cneKtpOB C OOJ!bmoA OJIOTHOCTbD ypOBHel Ha CJIY48A OOHCaHIIR CJIOKHWX 
COCTOl!RIIIt O,ltRO<fJOHOHHOrO TI!08.1 nocrpoeHHWX B OKpeCTHOCTK Hpact 
flOJ!OCW. 

3ror uero~ no3aonwn Oea 3H8.4ilteJibH!.IX 3atpar apeweHK ua Ji3!.: 
npocne~nTb ,B 48.CTHOCTI! , 3a 3BOJ1DUHeA KOnJieKTI!BHUX COCTORHI!I! B 
Ial!pOKOil OClJiaCTI! yr .1108!.1 X WOWeH TOB, TaKJ&e B036JK.J;eHHWe COCTO!IHI!ll 
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woryr OORBKTbCA OpK ~OpWKpOBaHKK KO»nayH~-s~ep, HMeC~KX 60nhWOR 
yrnosoR woweHr K oOpasoaasHwx B pesy~TaTe cronKuoaeHKA raxenoro 
KOHa K R~p6-MKWeHK, 
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HeT ;m rrpo6eJioB B Bawei1 6J16JIJ10TeKe? 
8bl MO)I(eTe nOJIY4HTh nO II04Te nepC4HC'.IICHHbiC HH)I(C KHHI'H, 

('C.~H OHH He 6bi.IIH 1aKa3aHbl paHee . 

Pl ,2-7642 

.Itl,2-8405 

Pl ,2·8529 

.It6-8846 

.Itl3-9164 

.Itl,2-9224 

.Itl3-9287 

.It7-9734 

.Itl-9788 

.It-9920 

.It9-IOSOO 

.It2-10533 

.Itl3-11182 

JUO,Il-11264 

.It17-11490 
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