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B B e n e H H e 

. B TeopHH .. pacct:nrHHSI cymecTBYJOT pasnH'IHhre BapHauHoHH.bre . MeTonhr, 

IT03BbnSIJOlliH9 Bhl'IHCnSITb ¢H3H'ISCKHe BenH'IHHhl YCTOft'IHBhlM (OTHOCHTen&

HO nonycKaeMbiX: norpelliHOCTeft) o6pa3oM, l1Mee"TCSI nBa sapHBUHOHHh!X 

rrpriHUHna 1 Ha KOTOpb!X ITp9HMymecT139HHO 6a3Hpy!OTCSI 9TH. MSTOnhi, . · 

B rrepBOM II3 HHX HCITOn&3y~TCSI nH¢¢epeHUHan&HaSI ¢opMa ypaBH9HHSI 
111 . . . 

WpenHHrepa (KooH ). BTopoA. OCHOBhlBaeTcSI Ha HHTerpan&Ho~ ypas-
. /2/ 

H9HHH nnrrrrMaHa-illBliHI'epa ( illBHHI'ep ) , 

B naaaoA pa6oTe o6cy)KnaeTcSI. rrpHMeHeane rrpHHunrra Kooaa nnSI orrn

caHHSI peaKUHA c rrepepacrrpeneneaHeM· qacTnu, a· TBK)Ke rrpoueccos c yqac-. ~ . 
THeM H9CKOnbKHX :: 3) CB06onHhiX ¢pai'.li:"!9HTOB no llnii ITOCn~ peaKUHII 

( aarrpHMep, THrra A + B ... a + b.+ c ) , 

BapHauHoHHbrA rrpHHUHrr .. Kooaa ycrrernao rrpHMeHSinCSI nnSI pactteTa 

paCC9SIHHSI 6e3. H3M9H9HHSI COCTaBa CTan~HBaJOIIIHXCSI KOMITneKCOB B uenOM 
/3,4/ 

pSine pa6oT (eM, ) • 

Moxmo o6o6miiT& aToT rronxon aa peaKUIIH c rrepepacrrpenenemreM 

qaCTHU, flocne 3aBepii19Hli5J pa60Tbl HaM CTanH H3B9CTHbl pesynbTaTb! 1 ITO-.• 
. /5,67/ 

nyqeHHhre s naaaoA o6nacTir npyrHMH aBTopaMH ' • OnaaKo rrpennara-

eMbiH sn"ec& MeTon rrpencTaBnSieTcSI 6onee yno6HbiM nnSI rrpaKTnqecKHX rrpH

Meae'auA. 
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'·· 
CTaunoHaPHbie dJYHKuuonanhi nnSI aMIInuTyn· paccesrnuSI 

B aapuauuoHHbiX 

SITCH ljlyHKllHOH8nbi ( J 

IIpUHUUII8X llnSI UCKOMbiX tPU3U'IeCKUX JlenU'IUH CTpO

) 
1 

o@lnall810ill:IU:> B8)!{HbiM CBOHCTBOM. CT8UUOH8p-
. ~ 

HOCTU OTHOCUTenbHO B8pU811Ull IIpOOHblX ljlyHKUUH ( 0 J = 0 ) . 

llnSI HarnSillHOCTU MO)KH6 rrpounniOCTpUpOBaTb STO CBOHCTBO cnegyiO-

muM' nneanuaupoaaHbiM rrpuMepoM. 
,; ; 

flyCTb IlpOOHbJe ljlyHKUUU 1 BXOllHlllUe B j 1 aa~UCSIT.OT 6ecKOHe'IHOrO 

'IHCna rrapaMeTpOB 
0 

C I 1 KOTOpbie IlpU OIIpegeneHHbiX; 3H8'1eHUSIX ( C I ) 

genaiOT J TO'IHO paBHbiM UCKOMOH BenH'IUHeo 

, 3a¢uKcnpyeM sTu aHa'leHUH nnSI acex napaMeTpoa, · KpoMe onnoro C s, . 
' I I 0 · 

TOi'J::ta 38BHCHMOCTb j ( C 
5

) xapaKTepuayeTC,SI TeM, 'ITO B TO'IKe C s 

a J . 1o ' 
rrponaaonHaSI -ac = 0 ( cM. puc.), T.e. a6nuau C' s ¢ynKunonan J cna6o 

s 
'IYBCTBHTeneH K U3MeHeHUSIM C s • 

·J 

l 
SJ 

t 

0 

I 
I 

I 

I I 
I l . - c-' 
I I 1. 

I I 

co 
s 

B MeTone Koona ¢ynKunonanhl nnSI aMrrnuTyn pacceSIHHSI 

0 /3/ 
o6mnn ann 

~~I 
4rt a 

(a> 
'P 

2 
(11-E) '1' 1 dr. J a 

r 

4. 

Cs 
f · uMeiOT 

(1) 

., 

\ 

1 
'[ 

{ l 
I; 

I . I 

I 
.I 

I 

3necb 'P 1' ;.: J3oiiH6BaH '¢yiiKuu·SI, cboTBeTCTilyioiu'aS:!'' HCCl:Jell~ 

. k a .:. BOnHOBOe 'qiicnd :a Kaiiarie a • Bbi6op ''¥~) aaBUCl 

nnSI Kai<oii koHKpeT'How aMnnuTyllhi ' (fa) · · ·:limeM 'cT'dunolta!= 

BcrroMoraTenbHaSI ¢YHKUU~ '1' 2 yhoaneTa'o.psteT iO.M:y' 

lllpenunrepa, 'ITO 'u . : 'P I : TOnhKOi co cneuiianbHhlMH (a·}' rpi: 
BHRMU. HMeHHo: .B ' 'P. ;; rraninouia5r Boriiia n'MeeT'c:sr. imiiu; ::B •. 

n-o KOTOpbMy B 'P 1 ·pacxohHTCSI1 soi:tila 'c 'unTe'pecy~uieil:'nac 
·."f · · x/. CTj:ioHTCSI .cTonbKo *e ¢ynKun6'nanori · ·· J ~ ·> CKom a . 

BbltJHCnHTh: 8MITnHTYll fa. i i ! ~ ; ~~ ' -'~· ~ ·.>; 

', _.,! 

PeaKunn c riepepacnpeneiienueM:.qacTnu· 

·. L 

..lloKa~aTenbCTBO CT8UHOH8pHpCTH ljly~KUHOHa?JOB J, .B 

MO)KHO npoBeCTH aHanorH'IHO ·TO My 1 KaK · 3TO nen~eTCSI· B 3a]la~ 
' '• ·, '!3/ <' • . I • . " . . . 

pacrrpeneneHHSI • Hy*HO TonbKo noMHHTb 1 'ITO Ka-Hanbi .c 

BOM 'laCTHU H8 8CHM IITOTHKe He nepeKpbiBaiOTCSI 1 H ·n03TO!v 

Hbie HHTerpanhi ( "nennaronanbHhie'~ no 'cocTaily qacTnu) w 
/8/ . . 

B pa6oTe ohm rrpenno*eH MeTon onHcanuSI ( B paM 

cnnbnoA MHoroKananbnoA CBSI3H~ peaKunA c naMenenneM cc 
. . . /8/ 

floKa)KeM, KaK MOllHcpHUHpOBaTb 1)1eTOll . , 'ITOObl Bhl'IHCnSIE 

oonaAanH CBOICTBOM CT8llHOHapHOCTH. flpooHbie cpyHKUHH '?'1 
/8/ 

B BH}:(e 

,. 'P 
I (2 ) 

=X + <ll " 
1(2) 1(2) 

~/ • · · ·· a 
Ecnn Bbl'IHCnSieTCSI napunanbHaSI aMrrnnTyAa r • 

rraAaeT TOnbKO cooTaeTcTByiOmaSI Om) ccjJepnqecKaSI J36~:i'a. 
IJ' 2 BhiOHpaeTC.SI. C na}laiOllleA. ,IInOCKOI BonHol B KaHane 

neHHIO ri'. cp · •. HanoMHHM,. 'IT~ B \l' t' nnocKaSI Bon~~ pacnpoc 

OCR z .. '. ~ . . ' ... 
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pacceSIHHSI 

nanqecKHX aennqna cTpo

~aoticTBOM. CT8UHOH8p-

8J = 0) .' 
.• 

sTo caoticTBo cnenyro-

~Tp
1

0B, ~ KpoMe o.naoro C a, · 
I 0 

1, _.;ITO B ToqKe C s 
l . 

Ct 
0 

!flyHKunoaan J cna6o 
s. 

'I 

.! 

'll pacCeSIHHSI f' HMeiOT 

( 1) 

.. 

, I 

3nech 'P 1 :..:. BOiiH6Ba$1 '!flyiiKUHSij cbo'l'BeTcTnyiouiaS!'' n'cciiE~A~~Mdtt' 1pe'akhn'ti{' 

·k a.,;, ~onHoBoe lmcno B Kaa'a.rie a • Bb16op ·'P~,- aann~nT''oT ·T6.ro 1 I:: 

AnSI KaKofi KOHKpeT'Hoti aMnnnTyAbi ·'(fa) . ·· HIUeM CT·;~.UIOHapHoe_ slta~e'ii.ii'e;•·. 
. 1 . . 

BcrroMoraTenhHaSI lflyaKunSi 'P 2 y):wBne'.i-B'o'pS!'eT +oM)P )J{e · 'y'pa'B'Iiemi'id 

lllpenn:urepa, qTo 'n: .: 'P 1 ; TOllbKO' co cneunanhHhiMll (a')•'rpaHHliH~Itllf''y.cn_o-= 

Bn:siMii. Y!Meaao: B · 'P 2' rrana!OuuiS! Boniia IiMe~T'cS! nn:illh'·:B ·-roM''J{aiiane ·(a'');, 

no KoTopoMy B 'P 1 pacxob.n:TcSI~ 'Boitira 'c naTe'pecy~uieti: · ~ac")a'MI1nii1-~hofi' 
·"f a .xl. CTpon:TCSI ·.cToiihKo )Ke $yHKUn:o'aanoB · · J a · ;·· CKonh.KO Ha'M ·l{y~ab ·< 

Bbr"rn:cnnTh: aMrinnTyil f Ct. • 
';•' ·:.:•.: 

.. ' . ~ 

PeaKun:ii c nepep~cnpeneirean:eM · >lacTiiu · 

lloKa~aTenhCTBO,CT8UllpHapHpCTH $yHKUHOHanoB J, -B.A8HHOM ,cnyqae~ 

MO)KH0, ~pOB9CTH aHan~rHqH? TOMy 1 K8K 9TO nen£leTCSI B 38Jl8qax 6ea nepe-: 
. ' '73/ ' . . . 

pacnpeneneHIISI • Hy)KHO TOnhKO nOMHIITh1 qTo K8•H8nbi .C p83Hb!M COCTa.-

BOM qacTHU H8 8CHM nTOTIIKe He nepeKpb!B810TCSI 1 II nOSTOMY nononHHTeirh

Hbie HHTerpanhr ( "uenn:aroaanhllbie"· no cocTaily qacTnu) ncqeaaroT. 
/8/ . .· 

B pa6oTe 6bm npenno)Kel! MeTOA onn:caHIISI t'B paMKax ¢o_pMamiaMa 

Cllnhi!DH MJ-IDrOK81!8nhHDH CBSI3ll ), peaKUHH C ll3MeHeHIIe.M CDCTaBa qacTHU ••• 
. . . /8/ 

IToKa)KeM, KaK Monn$IIun:poBaTh, 1).1eTOJl , , qT06br BhrqncnHeMbre aMnnn~yJlbi 

o6nanan11 CBOHCTBOM CT8Ull0118pHDCTII. I1po6Hhle ~YHKUHII DThlCKIIB810TCSI 
/8/ 

B Bll)le 

'1{1·. -X +¢ ., 
1 (2 ) - 1 ( 2 ) 1 ( 2 ) ( 2) 

. ' 

x/ Ecn~I BhrqncmieTcSI napun:anhH8SI aMnniiTyna f 7m , Tf> B ', ·.- ql ~. a 
nanaeT TDnhKO C00TB9TCTBYIOIU8Si Om) c¢eptiqecKaSI B'onHa. nnSI pacqeTaf (O,cp) 

'P 2 Bbr6npaeTc.H c na):lBIO?Zeii ,nnocKoti BonHoti,B KaHane (a) .no HanpaB-
neHHIO fi, cp ·• Han.oMHHM, qTo :B. 1P 1 nnocKaH Bonn a pacnpocTpaHSieTcSI BJlCtnh 

ocn·z ·. . ,. ; 

. 'l' 
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~! . 

rae 4JyHKIUISI ¢· 1 li3BeCTHaSI C TO'IHOCTb!O IIapUIIaJibHblX aMIIJIIITya .· f n fm 

C<ll = ~ . f nfm . </> _nfm ) , OIIliCbiBaeT aciiMIITOTII'leCKOe IIOBeaeHIIe IJI B•OII-

peaeneHHhiX KaHanax. B <ll MO:>KeT .TaK:>Ke BXOaiiTb He ~aBIICSIIIlliH OT . f 

'IJieH, COOTBeTCTBYIOIIlliH IIaaaJOIIIefi BOnHe ¢ o • 

0Tnii'llie MeToaa, OCHOBaHHOro Ha BapnaUIIOHHOM IIpliHUime,. OT MeTo-
J8/ . . . . . . 

aa . 3aKnJO'laeTCSI 1 BO-nepBbiX1 B TOM 1 'ITO IIHaqe CTpOSITCSI anrefipaii.":" 

qecKue ypaaHeHnSI· .anSI f • B Ka'!eCTB.e eapnaunoHHbiX napaMeTpos C 1 

a ( 2) paccMaTpiiBaJOT~SI Koa~nuneHTbi paano:>KeHIISI X , KOTOpb.re MoryT 

6biTb 4JyHKUIIsiMII KoopanHaT, a TaK:>Ke aMIInnTyahr .f • Bo~BTOf>biX, ,Bhi-

'IIIcnSieTcH nonpaBKa K f , cor nacHo 4JopMy ne ( 1). 

EnaroaapSI TOMY, 'ITO napaMeTpbr 'I' 1 nmeM na _ycnoiinH 
. . 

fo'1'
2 

(H-E) '1' 1 dz=O (aTo paBHOCIIncHo'cncTeMe ypaBHeHHH ojjoC 
1
=0 ), 

OTnH'IHblH OT HynSI BKnaa B TIOIIpaBKy K f 6yaeT HMeTb' MeCTO ·a . cny'lae, 

eCnli '1' 2 . ·coaep:>KIIT, BbiaeneHHOe SIBH01 He3aBHCHMOe OTIIapaMeTpOB C 1. 

cnaraeMoe IIaaaJOIIIYIO BOnHy . ¢ 
0 

J fa = f - ~- f ¢ (H-
a 4rr . o 

E)'l'
1
dr. .. (3): 

IlonpaBKa K . f . liC'leaaeT, ecnH. naaaJOIIIaSI · BOnHa BXOaliT B X 2 ( B 

cnyqae B KaHanaX1 aCIIMIITOTHKa KOTOpblX BbiaeneHa B <lJ 2 1 eCTb 

yxoaHIIIIIe BOnHhl) • 

PeaKUIIII, B KOTOPbiX B Ha'lane IInH B KOHUe IIpouecca 

'IHCnO CBOfiOliHbiX 'laCTIIH fionbllie llBYX 

'l 
I 

9T0!"1 
1 

TOnbKO 
I 
' l 

llo CliX IIOp Mbl orpaHH'IHBaniiCb paCCMOTpeHHeM IIpOUeCCOB.· TIIIIa 

A + B .; F·+: D ·, _Koraa· 'laCTHUbi ao n nocne peaKuun rpynnnpyJQTCR 

·a ~aaa 4JparMeHTa ·- nonHaR aHeprng· E cncTeMbi HeaocTaTo'IHa · anR pa::J-
, .· .·. . • . i· ·, :.. !. 

sana Ra 6oi:Ibmee 'IHCno ( 4JparMeHTOB) 'laCTHU. B aToM cnyqae npn pac;'-

CTORHIIRX Me)l{lly 4JparMeHTaMH 1 6onblliHX paanyca liX B3aiiMoaeHCTBH5I 1 

6 

i 
lr 
I 

.,\ 
l 
I 

l' \!1 
{)I 
r 
r 
\ 

aHepriiR:· E aennnacb ancKpeTHbiM o6paaoM · Me:>Klly TunaMH 

peHHHM ( 4JIIHliTHbiM) aBII:>KeHIIeM _'laCTIIU B 4JparMeHTaX H 0 

aen:>KeHneM. 4JparMeHToB. E_naro~apg aToM:y aonHosag 4JyHKI 

TOTH'leCKYIO 4J~PMY CyMMbl IIO KOHe'IHOMy 'IHCny OTKpb!TblX 

nonb30BanHCb 9TliM IIpH paano~eHHli IJI IIO llHCK~eTHOM 

nopora .aeneHIIR Ha Tpn 4JparMeHTa nonHag aHepriiR MO:>Ke'J 

-Hb!M o6pa30M pacnpeaenSITbC5I no pa3nli'IHblM THIIaM aBH:>KC 

HO TOMy, KaK B aaaaqe aByX Ten aaaaHIIe KOHe'IHOrO 'IHCll 

aMnnnTya onpeaenReT HenpepbiBHoe yrnos9e. pacnpeaeneHn 

6onbmero 'IIIcna. 4JparMeHTOB ( . N ) napunanbHbre (no KBt: 
. . ' . /8 9/ . . 

'rno6anbHoro' MOMeHTa ' ) . aMIIniiTyahi onpeaenRJOT. HaJ 

n aRepreTII'leCKoe pacnpeaeneHne. 

llnR. cao6oaHoro aBII:>KeHIISI MHornx· 'lacTnu "rno6anbk 

ngeTC5I coxpaHRJOIIIeil:cg aen~'IHHOH. IloaTOMY. yao6Ho npeac 

pa3nO:>KeHII5I IIO COfiCTBeHHbl~ yrnOBbiM ( rnnepc4JepH'leCKlit.. 
I l 

(0 2N .Ji) aTot7o MOMeHTa T:y 'lacTb aonHoaofi 4JyHKUHH, K' 
. I 

acuMIITOTIIKy1 COOTBeTCTByJOIIIYIO pa3Bany CliCTeMbl Ha Hec 

TOBo HaiipHMep, B cny'lae Tpex 'laC~liU IIIIIeM BOnHOByJO 4J~ 
i 

IJI I (2 ) 
~ !X l ( p ) y K( Q ) + 
K I 1(2)K . . 5. 

I . L . 
f 

<lJ 1( 2 ) 

f 
n · • ' I rae · p 1 . u 5 - 6 KOopaHitaT, xapaKTepH3YJOIIlliX BHyTpeJ 

• ! - f • ,' . A 

CliCTeMbl 3-x· 'laCT~Ut a · ¢1 , KaK\H B ( 2) t coJTBeTCTB) 

asyx'lacTH'IHbiX KaH;most ITo a K a l ( 4) noHHMaeTcR Ha6c 
I I I . . 

B TaKOM paallo:>Kelfi'III no K -,· rapMoHHKaM cneaye, 
I ' I I , ' t,. 

qneHbl c . K • .::.. K max .;rae, K max onpeaen~eTcSI, MaKCHM: 
1 ... I · ' 

(Q 5 ) CKOpOCTb]O H3Me~;HII5I; '1', • 3TO aHa~ornqHO ' 
.. I ' ' 

'!ae c o6bi'IHblMH c4Jepii'leCKliMII rapMOHIIKaMII 'y e HY~ : 1 · l · m 

KOHe'IHOe 'IIICnO fi t ecnnjo6naCTb: B38HMoaefiCTBHSI orp 

• l 
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\ 
8JlbHb!X aMfiJlHTy.ll _. f n f m 

:::Koe noaeneHHe 'I' B on

:b He aaBHCSIIUIIfi oT · f . 

!HOM npHHUIIfie 1 . OT MeTO

e ·cTpOSITCSI anre6paH::

'OHHhiX napaMeTpOB C I 

mSI X 1 KoTopbre ~oryT 

f o , Bo~BTO{lhiX 1 ,Bhi-

( 1)~ 

~M H3 ,YCJlO.BIISI 

1e ypaBHeHHfi 8J/8C 1= 0 -) 1 

:eT :nMeTb. MecTo 'B cny'lae 1 

we oT'napliMeTpos C 1 ' 

I 

I d T •·· .. ( 3) I 
I 

a axonHT B X 2 ( B 

HB B . <lJ 2 .1 eCTb 

,. 

KOHUe npouecca 

o,rne nnyx 

·t 
I 

9TOM 

I 
TOJlbKO 

I 
I 

I 

l 
meM Iipoueccoa· Tlina 

:lKUHU rpynnH~yiQTCSI 
. · , 

HellOCTaTO'IHa llJlSI pa3-
_.;;.. "i. ,, '. : .. .. ·I' 

aToM criyqae np~ paq-

HX · B38IIMOnefiCTBHSI1 

\f 
iJ 

1. 

aReprHSI ... E aenHnacb. aHcKpeTHhiM o6paao!"'· Me~ay TnmiMH aBH)KeHHSI: BHyT-( 

peHHHM {!jJHHHTHbiM) ,llBH)KeHHeM 'laCTHU B !jlparMeHTBX H OTHOCHTeJlbHb!M 

aan)KeHneM !jlparMeHTOBo E.naroaapSI 9TOMY aonHoBast !jlyHKUHSI nMena acnMn

ToTn'leCKYIO !jlopMy cyMMbi no I<OHe'IHOMy qncny oTKpbiThiX ·KaHanoBo Mbt 

nom>aoaanncb 9THM npn paano)KeHnH 'I' no ancK~eTHoMy 6a~HCYo Bbtrne 

nopora aeneHnst Ha Tpn !jlparMeRTa nonHaSI aHeprnSI MO)KeT y)Ke HenpepbiB

HhiM o6paaoM pacnpeJlenSITbCSI no paann'IHhiM TnnaM .llBH)KeHUSio ARanorn'I

HO TOMy 1 KBK. B 38Jla'le JlBYX Ten 3a)laHMe KOHe'IHOI'O 'IHCJla napUMBJlbHbiX 

aMnnHTYJl onpeJlenSieT HenpepbiBHoe yrnos9e. pacnpeJleneHne 1 TaK. H' B cny'lae 

6onbrnero >Jncna. !jlparMeHTOB ( . N ) napunanbHhie (no KBiiHTOBhiM qncnaM 
' ' . /8 9/ . . . . . 

"rno6anbHoro" MoMeRTa 1 
) aMnnnTy.llhi onpeaenSIIOT RapSiay c yrnoBbiM 

H aHepreTH'l:ecKoe pacnpeaeneHHeo 

LlnSI. CB060JlHOI'O .llBH)KeHHSI MHOI'HX '18CTHU "rno6anbHbifi" MOMeHT SIB

nSieTCSI coxpaHSIIOliieficSI aen~'IHHofi. IloaTOMY. yao6Ho npeacTaBnSITb B anrie 

pa3JlO)KeHHSI no co6CTBeHHbl~ yrnOBbiM (rHnepc!jlepnqecKHM) !jlyHKUHSIM Y K 
I i • 

(0 2N .Ji) aTor:o MoMeHTa T:y 'IBCTb aonRoBofi !jlyHKUHH, KOTopaSI HMeeT 
. . ' / - . 

1 
aCHMfiTOTHKy1 COOTBeTCTByiOIUYIO pa3Bany CIICTeMbl HB HeCKOJlbKO !jlparMeH:--

TOBo HanpHMep1 B cnyqae Tpex 'laCTHU HIUeM BOJlHOBYIO !jlyHKUHIO B BHJle: 
I 

I i 
'I' 

I (2) 
!. X I ( p ) y ( Q ) + <I> I( 2 ) 

K f t(2)K . K 5 ( 4) 
. I . 

n I • 't 
rae· p 1 ' •• 5 6_KO~pJlH~aT, xapaKTepH3YIOliiiiX BHyTpeHHee llBH)KeHne 

. ' . 
cncTeMbi 3-x· qacTHU 1 a · <I>i 1 KaK ·,,H a ( 2) 1 cooTBeTcTayeT acHMnToTnKe 

;. ,, 
I 

i. l 
aayxqacTH'IHhiX KaHanoa! Iloa K B i ( 4) noimMaeTcSI Ha6op KBaHTOBhiX 'IIIceho 

· : t i I 
B TaKOM pa31lO)Ke~nH ~o K ~ rapMoHHKaM cneayeT ocTaBnSIT~ numb '-

qneHbi c . K • <_ K mlax ,;rJle I K max bnpeaen~eTCSI~ M8KCHM8JlbHOtl: yrnoBofi • r 
(Q 5 ) CKOpOCTb~ U3Me~~HH~~ IJ' . 
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