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·v1ccne110BaHHSI nonSJpH3aUHOHHbIX a<!><!>eKTOB B <!>H3HKe aneMeH-

. TapHblX_·. tiaCTllU llMeIOT oonbWOe 3Ha'IeHHE! /lnSI ITOHHMaH:nSJ /lHHaMHKH lIP?

U~CCOB.· H IIpOBepKH cnpaBe/lnHBOCTH TeopeTH'IeCKHX M011eneli, a TaK-. · 

, JKe-11nS1 8KCrrepHMeHTanbHoro orrpeneneHHSI TaKHX xapaKTepHCTHK 'IaC

_.TllU, KaK aH01y1anbHb1li MarHHTHbili MOMeHT, KB~/lpynonbHblli aneKTpH-

.' 'IeCKHli MOMeHT H T./1. HanpHMep, MOJKHO onp_enenHTb nonS!pH38UHIO 

'IaCTHU C ITOMOl!lb!O H3MepeHHSI neBo-npaBoli acnMMeTpHH B pacceg-

/1 / 
HHll nonS!pH30B8HHOli 'I8CTHllbl HenonS!pH30BaHHOli MHWeHblO • Yna'I-

' /2/ 
Hoe lIOCTpOeHHe rrongpH30B8HHOli rrpOTOHHOli MHWeHH pacwHpS!eT 

B03MOJKHOCTH HCCne110BaHnli B <!>~3HKe aneMeHTapHblX 'IaCTHU. Ha oc

iro~e Ollb!TOB C lIOnS!pH30B8HHOli ITIJOTOHHOli MHWeHblO MOlKHO 0/1H03-

Ha'IHO BOCC"aHOBHTb 8MllnHTY/lbl NN - , TT N - pacceSJHHSJ, <!>oTopoJK-
. /3 4/ 

neHHSI (c TO'IHOCTblO 110 oomeli <!>a3b!) ' ,. llpOBepHTb crrpaBe11nn-

BOCTb ocHOBHbIX saKoHoB coxpaHeHHSJ T - , C - , P - , CT -

H TC p . -HHBapHaHTHOCTeli, a TaKJKe orrpenenHTb 'IeTHOCTb rHrrepoHOB. 

n K -Me30HOB. KpoMe Toro, ns oomHx cooopaJKeHHli Teopnn rrom1 

/5/ 
MOJKHO /lOKa3aTb ' 'ITO rrpn oonbWHX aHeprHSJX rrongpH38UHS! rrpo-

, TOHOB OT/18'IH B npoueccax yrrpyroro pacceSJHHSJ TT+ H TT -Me3o-

HOB Ha npoTo~ax OAHH8KOB8 lIO BenH'IHHe H npoTHBOlIOnOJKHa no 3Ha

.;Ky. Ha OCHOBe 8THX H3MepeHnli lIOnS!pH3aUHH MOJKHO llpS!MO rrpoBe

P.HTb. crrpaBe/lnHBOCTb OCHOBHb!X rHlIOTe3 TeOpHH nonSJ. 

B nocne11Hee BpeMSJ HHTeHCHBHO H3y'IaeTCSI KHHeM8TH'IeCK851 

/6/ 
· rrpooneMa B rrpoueccax pacceSJHHSJ. B paooTe ohmo 110Kasaao, 

'ITO B HyKnOH -HyKnoHHOM H HyKnOH-aHTHHyKnOHHOM pacceSJHHSIX 11nS1 

yc:TpaHeHHSI KHHeMaTH'IeCKllX ocooeHHOCTeli rrpn t = 0 ( t -KB8/lpaT 

rrepenaBaeMoro HMllynbca) 1 B03HHK810InHX llpH Bbl'IHCneann BKna110B 

3 
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OT OT)lenbHbIX rromoc0B Pem1<e ~ aMIInHTYJlbl, iieo6xonHMO IIOTpe6o-: _/,:'-
.• ~ . .... 
'. 

•• . . t. 

BaTb HanH'IHSI rrpOCTblX C0OTHOUJeHHil MelKJlY rronolKeHHSIMH II Bbl'Ie

TaMII rromocoi3 PenlKe, rrp1IHannelKalll1IX K paan1I'IHhlM TpaeKTOplIRM. 

Tor-na rronHaSI aMrrn1ITYJla 6yneT aHan1ITII'IHoll. <t>aKTII'IeCKII _aHanHTII_'I

H0CTb aMIIn1ITYJ1 rrpoueccoa, a KOT0pb1x rrp1IH1IMa10T ytiaCTIIe • tiaCT1I

Ub1 co CIIIIH0M II C HepaBHblMII MaccaMII, Tpe6yeT C00THOIUeHIIIl ·MelK

JlY crr1IpanbHh1MH aMIIn1ITynaMH He TonbKO rrp1I t = O (K0Hcrr1Ipau1I~H

Hbie COOTHOilleHHSI), HO II IIPII t=(m !±ml )
2 

(Ha rropor-ax II rrceB)lO

rropor-ax) • TaKIIe C00TH0IUeHIISI Ha3bJBalOTCSI K1IHeMaT1I'IeCKIIMII orpa-

.- . 

n, • 
HII'IeHHSIMH • 3TII C00THOIUeHIISI, a TaKlKe orpaHII'IeHIISI Ha HIIX III'-

pa!OT BalKHYIO ponb B aHan1Iae SKCrrep1IMeHTanbHblX )laHHblX ttpH 6onb-
. /8/ 

IllHX SHeprHSIX. B 'IaCTH0CTH, ,lllKOHCOM 6hmO HallaeHo, 'ITO a 

p0lK)leHHII BeKT0pHoro Me30Ha TT -Me30H0M IIPII t = 0 , TT -TpaeK

T0pHSI aaeT r-naBHblH BKnaa, HeC_M0TpSI Ha ee 6onee HHlKHee rrepece-

tieHHe no cpaBHeHHIO c rrepecetieHHeM apyr1Ix TpaeKTOp1Ill 

Ha KapTHHe tJ:y-<t>pay'IH. 

(A2,1u, ... ) 

no CHX nap 6hmO H3BeCTH0, 'ITO BQ BCex rrpoueccax, B aMIInH-

TYJlbl K0TOpblX aaeT BKnaa TT -non10c, OH aaeT rrpeHMYilleCTBeHHblil 

BKnaa rrp1I t = 0 no cpaBHeHHJO c BKnaaaMH apyr1Ix rron10coB c Bb1c:. 

IUHMH rrepecetieHHSIMII Ha KapTHHe tJ:y-<t>pay'IH. Ha 0CH0Be K0HCIIIIpa-

" .... n l81 UHOHHblX C0OTH0IUeHIIH -,,,pay'IH H lK0HCy yaan0Cb ycneIUH0 

o6'bSICHHTb IIOSIBneHHe Ha6n10aaeMoro Ha 0IIbITe IIHKa BIIepea B qJOTO

pOlKAeHIIII TT -Me30Ha. 

B HaCTOSIIllell AHCCepTaUHII paccMaTpHBalOTCSI rronsip1I3aUII0HHbie ... 

sqiqieKTbl B HeK0T0pbIX npoueccax, B K0T0PblX M0lKHO orrpeaenHTb aHO- . 

ManhHblil MaI'HHTHbIIl H KBaJipyrronbHblil sneKTplI'IeCKHil MOMeHT w -
Me30Ha. p aCCMOTpeHbl TaKlKe B03M0lKH0CTH orrpeneneHHSI sneKTp0MaI'

HIITHblX qiopMqJaKTOpOB BeKTOpHoro Me30Ha, BKnJO'IaSI H ;iiopMqiaKTOp, 

OIIHCb!BalOillHil HapyIUeHHe T -HHBap1IaHTH0CTII B sneKTp0MarHHTHOM 

B3aHMOAellCTBIIII, B pa3Hb1X qJH3H'IeCKHX o6nacTSIX rrepeAaBaeMoro 

HMIIynbca. 

Hay'IeHbl B03M0lKH0CTH B0CCTaHoBneHHSI aMIInHTYA peaKUIIIl C 

'IaCTHUaMH 6onee Bb!CIUHX CIIHH0B, a HMeHH0: ynpyroro pacceSIHHSI 

TT -Me3oHa Ha ael!Tp0He, qJOTOpOlKAeHHSI TT -Me3oHa IIPH n1060M 
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( · BKnJOtiasi HyneBoli) yrne, pOlK)leHHSI BeKT0pHoro MeaoHa c no-. . 

M0illblO TT -Me30Ha. PacCMOTpeHbl TaKlKe pOlK)leHHSI H306apoB B 

cxeMe pe)llKHCTIIKH c ytieTOM KHHeMaTH'IeCKHX oco6eHHOCTeli aMIInH

TyJl. HanaeHbl KOHCIIHpaUIIOHHbie COOTH0IUeHHSI II KHHeMaTH'leCKHe or

paHH'IeHH~ Ha rroporax H nceBJI0II0por-ax, KOTOpbIM A0nlKHbl YJl0BneT

BOpS!Tb crr1IpanhHbie aMrrnHTYAhI psiaa rrpoueccoB. 

.U1ICCepTl'UHSI COCTOHT H3 IISITH rnaB. MaTep1Ianb1, BXOAS!IllHe 

• /9-16/ 
. B ee 0CH0BY, 6hmH orry6nHKOB8Hbl B pa6oTaX • B rrePBOli 

/9,10/ · 
rnaBe paccMaTpHBaeTCSI pOlKAeHHe W -Me30Ha IIPII aHHIII'H-

. - + -
nSIUHH nopMH30B8HHbIX rrpoT0H0B Ii aHTHIIpOTOH0B P + p ➔ W + W • 

TipH OTCYTCTBIIII KBaapyrronbH0I'O MOMeHTa AHqJqJepeHuHanbHOe ce'Ie

HHe STOI'0 rrponecca HMeeT BHA 

da 
dO -

a2 f3 aw a 2[A+ 6-822B +2µ_A+µw2<A+ 52_2 B) 1 ' (1) 
2 4EI p' :1 a - 2 

p 

rae µw -aHOManbHblli MaI'HHTHblli M0MeHT W -Me3oHa. E , f3w -
sHepI'HSI H CKOpOCTb Me30Ha B c.u.M. A, 8 -qiyHKllHII SHeprHH, yrna 

pacceSIHHSI B c.n.M. H sneKTpoMarHIITHblX qiopMqiaKTOpOB Fl - H .F2 

HyKn0HOB, ci = E / m • B cnytiae aHHHI'IInSIUHH HenonsipH30BaHH0I'O 
w x/ 

aHTIIIIPOT0Ha H rronsipH30B8HH0I'0 rrpOT0Ha HMeeM 

~=(~) 
dO dO Herron. 

..r..:± :Im F1 F; cos0 ij'n➔ • 
4y 

(2) 

3aecb (k-) - cetieHHe aHHHrHnSIUHII Herronsip1I30BaHHhlX rrpo-
d!l · Herron. 

TOHa II aHTHIIPOTOHa, ij ' - BeKTOp rronsipH38UIIII rrpoT0Ha , n➔ 

H0pManb K rrnoCKOCTII peaKUHH. KaK BHAH0 H3 (2}, aHHHI'HnSIUHSI He

rronsipl:130BaHH0I'0 H-II0nS!pl:130BaHH0I'O rrpoTOHOB II03BOnSieT rrony'IHTb 

HeK0T0pble CBe)leHl:ISI 0 MHIIMOli 'IaCTl:I K0MnneKCHbIX qiopMqiaKTOpOB 

rrpoToHa. l1HTeI'pHpysi (1) no .aarrpaBneHHJO HMrrynbca MeaoHa, rrony

'IHM cneay10mee Bb1palKeHHe ·ansi rronHoro cetieHHSI aHHHrHnsiuHH 

xi 
y =E/M, M - Macca, rrpoToHa. 

4 ·.·•, 5 



q ( 
➔ ➔, ) .. - 0 ) ( ➔ ➔ O ) 

ao +a1 T/T/ +a2 (TJ P,;- 71'P,;-

➔ ➔ o 
rne ' T/ - BeKTOp nonsipH38UHH aHTHilpOTOHa, p P - enHHH'IHblll 

BeKTOp,, HanpaaneHHblll no HMilynbcy aHTHilpOTOHa; qo , qi , q2 

¢yHKUHH :rneprn11 H cpopM<paKTOpOB FI , F 2 ; KpOMe Toro, 

(3) 

a = Re .F .F :* • 0Tcrona cnenyeT, 'ITO a 0Tnu.:11e oT nen-
2 I 2 ' /17 / 

TOHHOll aHHHrHnRUHH IlpOTOHa H aHTHilpOTOHa , H3y'leHne nonHo-

ro Ce'leHHR Me30Hf!OH aHHHrHnRUHH Il03BOnReT nony'IHTb caeneHHR 

0 nel!CTBHTenbHOH 'laCTH cpOpM<paKTOpOB npoTOHa. PacCMOTpHM aK

TyanbHhlH cnyqai!: nonepe'IHol! aHTHnapannenbHOl! nonRpH3P.UHH Ha

qanbHhIX 'laCTHUi Koma ( ij p ~ ) = ( T/➔, po_ ) = 0 • Torna 
p p 

q qO + qi (I I;; I I ;; ' I (4) 

rne a~ = .] .F 1 + F 2 :1 2 
• B cny'lae CTonpoueHTHol! nonRpuaauHH 

'I ij :1 = :1 ij 'I= I H~~eM a = a; , 'ITO naeT B03MO)KHOCTh onpene

nHTb MarHHTHbil! cpopMcpaKTOp I F
1 

+ F2 :1 2
• Ecnu cpopMcpaKTOphI 

· , /17/ 
.F I H F2 npOTOHa 6binH H3BeCTHbl H3 nenTOHHOH aHHnrHnRUHH , . 

_TO M030)IHaR aHHHrHnRUHR nonRpH30B8HHhIX npOTOHa H 8HTHilpOTOHa 

p +p ➔ W :j_ W-, naeT B03MO)KHOCTb onpenenHTb cpopM<paKTOpbJ W -

Me3oHa. 

B o6meM cnyqae sneKTpoMarHHTHaR aepwHHa 

HMeeT BHA 

f* 
J = a ·· [ G o P +G( q o - q o 

/L __ I up /L p aµ a P/L 
v'2E+ 

-2 I 2 ) p ] f P + G m (q q - -q o ---=:: 
a w p a 2 pu /L v' 2 E _ 

rne 

)+ 

G = G +'G +'G 
I 2 3 

p =-P - p • q=p + p p • 
- + - + -

6 

W -Me3oHa 

(5) 

p 
+ 

•' .:.• .. ,.•·· 

,, 

-: 

"<' ~-' -i ·J. 
, ,•-i 

-· ' ; 

:'J 
,,, 

. t, . ~,. •, 

:J, 
·,};t 

, I 

,. ~: 

,· 

+ 
4-nMnynbCbI, f* q 

f -CIJHpOHbl W -
p 

-Me30HOB COOTBSTCTBeHHO. 

TaK KaK W -Me30H He IlpHHHMaeT y'laCTHR B CHnbHOM B3aHMO-

nel!CTBHH, TO cpopM<paKTOpbl 'GI , 'G 2 , G 3 MoryT C'IHTaTbCR IlOCTORH

HbIMH. 0HH paBHbl aapMOBOMY MarH!iTHOMY MOMeHTy, H KBanpynonb

HOMy sneKTPH'leCKOMy MOMeH:-y W -Me3oHa. 8 AHCCepTaUHH npHBe

neHbl Bbipa)KeHHR AH~cpepeHuHanbHoro Ce'leHHR du nnR cny'laR, KOr

J::ta npOTOH H aHTHilpOTOH nonRpH30B8HhI,. n11cjJcpepeHUHanbHOro Ce'leHHR 

daij'=o , Korna npOTOH nonsipH30BaH, a aHTHilpOTOH HenonRpH30-

BaH, H aHanorH'IHOe Bbipa)KeHHe du q = O , Korna aHTHilpOTOH no-

nRpH30BaH H IlpOTOH He IlOnRpH30B8H, a T8K)K0 duo c; = ~ , = 0) 

npH aHHHrHnRUHH HenonRpH30B8HHhlX npoTOHa H aHTHilpOTOHa. 3TH 

H3MepeHHR d a , du (~=-;, = 0) , du ➔ (HnH du ➔ , 
0 TJ= 0 7[ = 0 

naroT B03MO)KHOCTb onpenenHTb HeH3BeCTHbie cpopM<paKTOpbl 'GI, G2 ,G3 

T.e. onpenenHTb aHOManbHhIH MOMeHT W -Me30Ha. 

fJpuaeneHO T8K)Ke HHTerpanbHOe Ce'leHHe IlpH aHHHrHnRUHH no

nRpH30BaHHhIX npoTOHOB H aHTHilpOTOHOB. HawH cpopMynhI nocne aa-

➔ ➔, 0 6 /20/ " 
MeHhl T/ = 71 = CBOARTCR K peaynbTaTy pa OTbl • B KOTOPOH 

paccMaTpHBaeTCR aHHHrHnRUHR HenonRpH30B8HHhIX npoToHa H aHTH-

npOTOHa. 

Bo aTopol! rnaae /ll/ npenno)KeH nonHhil! onhIT nnR onpenene

HHR sneKTpoMarHHTHhIX cpopMcpaKTOpOB '18CTHUbl co CilHHOM ·1 B pa3nH'I

HhIX <pH3H'leCKHX o6naCTRX nepenaaaeMoro HMilynbca. B CBH3H C Ha6-

nroneHHeM pacnana K ~ ➔ 1r + 1r - EepHcTal!HoM, <l>ai!:H6eproM H nu 
6hma BblABHHyTa rnnoTe3a O HapyweHnn T -HHBapHaHTHOCTll B sneKTpo

MarHHTHbIX B38HMonel!CTBHRX anpoHOB. fJpn TaKOM paCCMOTpeHHH B 

sneKTpOMarHHTHYJO BepwnHy (5) '18CTHUhl ca CilHHOM 1 BXOAHT n 

'leTBepTbll! cpopMcpaKTOp 'G 4 

aHTHOCTll BHAa 

,onnchrnaromul! HapyweHHe T -nHaapu-

. -2 
iG m If f f 

4 W /L a p 

f2 
- (f o + f o ) l. 
2 pap upµ 

rne f - nepenaaaeMhil! nMnynbc. ilnR onpeneneHm1 sTHX cpopMcpaK-

Topoa (BKnJO'laR H G4 ) B o6nacTn npocTpaHCTBeHHonono6HbIX 

nepena'I HMnynbca paccMaTpuaaeTCR pacceRHne sneKTpoHa Ha nel!Tpo-

He a B o6naCTH BpeMeHHilOA06HhlX nepena'I HMnynbca - aHHllrHnR-

7 



mm rrapbr sneKTpoH-rroaJITPOH B rrapy p+p- • IToKaa_aiio, 'ITO B cny-·.: 

'lae · pacceSIHJISI sneKTpoHa Ha ne:ihpo11e ( G1 , G 2 .• 'G 3 ,G 4 - Bemecr

BeHHbre) MO)KHO orrpenenJITb STI! qiopMqiaKTOpbI, 1!3MepSIS! da/ an 
(nnqiqiepeHuHanhHoe ce'leHJie B n.c. rrpn 11erronS1p1!30BaHHOH neftrpoH

HOH Ml!IUeHH), aCHMMeTpHIO A I! rronSipm3aUHOHHb!e rrapaMeTpbl 

BbICTpOeHHOCTI! neftTpOHa B pacceSIHl!I! sneKTpoHa Ha HerronSip1!30BaH-

HOM neftTpoHe. OTMeTl!M, 'ITO aCl!MMeTpl!SI A = 'G 4 , TaK 'ITO 

IIpl! T-llHBapHaHTHOCTI! A =0 . TeM CSMbIM, 1!3MepSIS! aCl!MMeTpl!IO 

A , rronyqaeM rrpocroft crroco6 rrpoBepKI! HapyrueHirn T -l!HBapn-

aHTHOCTH B sneKTpOM8I'Hl!THbIX B3aHMOAeHCTBl!SIX. ITpn aHHl!I'l!nSIUl!I! 

+ -rrapb! sneKTpoH-II03HTPOH B rrapy p p HSM Hy)K!{O T8K)Ke 1!3Mepl!Tb 

rrongp1!38Ul!IO BeKTOpHbIX Me30HOB. 3TH Me30Hbl SIBnSIIOTCSI Hecra6nnb-

Hb!MI! 'ISCTl!UaMI!, l!X rronSip1!3SUl!OHHbie rrapaMeTpbl orrpenenSIIOTCSI 

na yrnoBoro pacrrpeneneHl!SI rrponyKTOB pacrrana, B sToM cny'lae -

pacrrana P ➔ 1717 ( CM. qiopMyny ( 10) HH)Ke). 

• /12-14/ 
B TpeTbell rnaBe paCCMOTpeHO BOCCTaHOBneHHe aMII-

nnryn peaKUHH: po)KneHl!.II BeKTOpHOI'O Me30Ha TT+ N ➔ <lJ ( p ) + N , 

yrrpyroro pacce.1rHI! SI TT + d ➔ TT, + d , qioropO)K/leHHSI y+ N ➔ TT+ N 

IIpl! mo6oM H IIpl! HyneBOM yrnax. B cnyqae pO)KAeHHSI BeKTOpHOI'O 

Me3oHa " + N ➔ w (p ) + N MaTpnua peaKUl!I! conep)KHT rueCTb 

KOMIIneKCHbIX HeH3BeCTHbIX qiyHKUl!H OT s11eprl!I! I! yrna pacceSIHHSI. 

- ..A ( ➔ .\ ➔) (➔A. ➔)➔ ➔ ( ➔ .\ ➔ ) ( ➔ ➔ ) M- - = i a E n + b E n - an + c E s a ·s + 

(6) 

+d{1Aq)(aY)+e a>-:;)(aq )+He.\q)(as'). 

3necb q - e/ll!Hl!'IHbIH BeKTOp B HarrpaBne_Hl!ll l!MIIynbca BeKTOpHo

ro Me3oHa B c.u.M., i - IIO HOpMann K rrnOCKOCTll peaKIIIIII; 
➔ ➔➔· ➔.,\, 
S = [ q n ] ; E - BeKTOp IIOnSip1!3SUl!I! BeKTOpHOI'O Me3oHa. 

11aMepSieMbre BenH'll!Hhr (nnqiqiepeHunanhHOe ce·qeHne peaKUl!I! rrpn 

HerronSip1!30BaHHOH Ml!IUeHH, neBo-rrpaBa.lI aCIIMMeTpl!SI, rrongpH38UHSI 

HyKnoHa OTA8'11! IIpll HerronSip1!30BaHHOH Ml!IlleHH, KOMIIOHeHTbl TeH-

30pa nerrongp11aaunn) Bbrpa)KaJOTCSI 'lepea sTH ·qiyHKUl!II. HarrpnMep, 

8 

:··· 

.:::·~ 
,-
'. 

·., 

\ 

' 1; 

-:-;-.. 

rrongpnaaue.1r 

paBHS 

po HyKnoHa OTAS'II! rrpl! HerronSipH30B8HHOH MHIUeHH 

➔ o ➔ 1 ➔➔ + 
a

0 
( P n ) = - Sp an MM 

2 

one KOMIIOHeHTa D 
nn 

=2:lm(ab-ce*-fd*) 

re11aopa nerrongpnaauen nMeeT Bl!A 

a D = a 2 + I b I 2 -lei 2 -Id 12 -lei 2 _;I r1 2 
• 

0 nn 

(7) 

(8) 

rne a 
O 

- nnqiqiepeHuuanhHOe ce'leHue rrpu 11errongpeaoBaHHoft MH-

rueHn. ITonSipJI38UH.II BeKTOpHOI'O Me30Ha IIPI! HerrongpH30BSHHOH H 

rronSip1!30Ba~HOH (rreprreHAHKynSipHOH K rrnoCKOCTI! peaKu'lll!) MHIUeH.IIX 

naer 'leTbrpe HeaaBHCl!Mhie 11a6n10naeMb1e BenH'IHHhr. HarrpnMep, nBe 

H3 HHX l!MelOT BHA 

ad
0

=ldl
2

+:J£1
2 

0 3 

( a d O 
- a d n ) / J' = :Im ( c f * + e d* ) , 

0 6 6 

(9) 

rne d 
1 

-rrapaMeTpbr, orrpenenSieMbre na yrnoBoro pacrrpeneneHHSI 

pacrrana <l) I! p -Me30HOB (cM. ( 10} !{H)Ke). 11HneKCb! 0 H 

n YK83b!B8IOT Ha COCTOSIHl!e rronSipH38UHH MHIUeHH • .UoKS38HO, 'ITO 

H3 STHX H3MepeHHH MO)KHO OAH03HS'IHO BOCCTaHOBHTb (c TO'IHOCTblO 

no o6meft ql83bI) aMIInHTYAbl STOH peaKUHH, T.e. orrpenenHTb qJyHK-

IIHH a , b , c , d , e , f l!X MonynH I! qJS3bI. 

B nuccepTaUHH IIpHBeneHO TSK)Ke Bb!pS)KeHHe BepOSITHOCTH pac-

rrana rronSipnaoBaHHoro P -Me30HS Ha ABS 1T 

w 
/32 k2 

2 2 
2TT mp 

2 2 -
f [ sin 0

17 
+ d

3 
(2-3s_in 017 ) +(d5coscp17 + d 6 si_n</>17 ) x 

(10) 

xsin20 +(d -d )~in 2 0 cos2r/>_ +d sin
2
0 sin2cp ]dn, 

17 1 2 17 1T 4 1T - 1T 

9 
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I'/le· k, 0 ,.. cp. - COOTBeTCTBi;!HHO HMnynbC, I!On.llpHhIH H a3HMYTanb'-
TT TT ' 

.Hb!H yrnbI- TT. - Me30Ha B CHCTeMe nOKOSI. P -Me30Ha, /3 -6eapaa-

MepHa51 BenmmHa. B cny-rrne ynpyroro pacceS1HHS1 TT+ d ➔ TT + d 

MaTpHua peaKUHH HMeeT BH/l 

➔ ➔ 2 1 
M=A +BS.it +C(S,ii) + -D 

2 

➔ ➔ o ➔ ➔ ➔ · ➔ ➔ o 
I S,k S, k + S ,k S .k I, { 11) 

I'/le ii = [ 1,0 k ] /sin O , k O , k - e11HHH,Hh1e BeKTOpbl Ha Han-

paBneHHSIX HMnynbCOB 11eliTpOHa B c.u.M. 110 H nocne pacce51HH51, 
➔ 

S - onepaTop cmrna 11eilTpoaa, A , B , C D - q>yHKUHH 

aaeprHH H yrna pacceS1HHS1. 311ecb Ha6nro11aeMhIMH Ben11qHHaMH S1BnS1-

IOTCS1 llHq>q>epeHUHanbHOe ceqeHHe npH paCC051HHH Ha Henon51pH30BaH-

HOH MHWeHH .IO , neBo-npaBa51 aCHMMeTpH51 H non51pH3aUHOHHble 

napaMeTpbI 11eilTpoHa OT/laqH npH non51pH3aUHOHHOH H Henon.11pH3aUH

OHHOH MHWeHH. HanpHMep, 

- 0 . 2 . 2 1 2 ·1 ·12 -2-./3 ~< T2 +2 '> =I Bl +ICI + 4 sin 0, D. + 

(12) 

+2Re C (A +D cos O )*+sin O Im DB*, 

3/leCb HJI/leKC O B·< ½+2 '> yKa3hIBaeT Ha TO, qTo MHWeHb Herron51-

pH30BaHa. B 11nccepTaUHH np11ae11enb1 na6nro11aeMbie aenHqHHhI, Bb1pa1Karo .. 

mHe qepea q>yHKUHH A, B , C , D Heo6xo.uHMb1e 11n51 011HoaHaqaoro aoc

cTaHoaneHHSI aMnnHTY.UhI. aToro npouecca. BoccTaHoaneHHe aMrrnHTYll 

HMeeT 6onbwoe 3HaqeHHe .Un51 IIOHHMaHHSI llHHaMHKH B3aHMO/leHCTBHH 

a11poHOB H npoBepKH KOHKpeTHbIX TeopeTHqeCKHX MO/lenefi. H e11aBHO 

/8/ 
<t>payqn H IllKoHcy y11anocb o6'b51CHHTb rroS1BneHne nnKa anepe.u 

a q>oTopOlK/leHHH y+ N ➔ TT+ N Ha OCHOBe TaK Ha3bIBaeMOI'O COOTHO-

WeHHSI KOHCnnpaunn. 011HaKO pa3Hble peweHHSI 3TOI'O COOTHOWeHHSI 

{rronroc-KoHcnnpaTop nnn paapea~KoHcnnpaTop)11aroT OllHHaKoaoe no

ae11eHne 11nqiq>epeHunanbHoro ceqeHHSI arrepe11, XOTSI caMhie aMnn11Ty

/lhl HMeroT paaHoe rroae11eHHe npn o;,. 0° . 

10 
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~.:/ 
·.:,}'" •· . 
·,· 

,':.,--
~ . -~· f 

~- 11 ·.•'. 
· '.( 

1T 

r ½:~ 
·?: 
i 

. ,, 

,·:.:.•i. .,. 

'IT06b1_·~;BeTHTb. ·Ha Bonpoc, KaKoe peweHHe Ha caMoM 11ene 

cnpaBe/lnHBo; "pacC.MOTpHM B03MOlKHOCTb BOCCTaHOBneHHSI aMnnHTY/lbl· 

4>o.TopolK/leHH51 np11 "nro6oM { BKnroqa51 ayneBoil) yrne. MaTpHua q>o

TopOlK/leHHSI npH npOH3BOnbHOM yrne HMeeT BH/l 

~ ➔➔ ➔➔ ➔➔➔➔➔ 
M(k, q) =i a •cF

1 
+ a,q al kc ]F

2 
➔➔k ➔➔ F ➔➔➔➔ F + ia. q_c 

3 
+i a,q q•c 

4
• {13) 

3/leCb ( q - ei:mauqHble BeKTOpbl B HanpaBneHHSIX HMnynbCOB q>o

TOHa H TT -Me30Ha B c.u.M., i' -BeKTOp non.11p11aau11H q>OTOHa, 

F I (i = 1 • 2' 3,4) - KOMnneKCHble q>yHKUHH nonHOH 3Hepl'HH H yrna 

pacceS1HHS1 0 B c.u.M. B HanpaBneHHH Bnepe11 

M(O=O)=id,_;F =i~-~(F1 -F2 ). 

IloKa3aHO, qTo 11n51 O/lH03HaqHoro BOCCTaHOBneHHSI aMrrnHTY/lbl q>OTO

pOlK/leHHSI HaM HylKHbl He TOnbKO H3MepeHH51 C non51pH30BaJIHOH MH

weHb!O KOMfiOHeHTbl TeH30pa 11enon.11pH3aUHH, HO H COOTBeTCTBYIOWHe 

non.11pH3aUHOHHble napaMeTpbl C non51pH30BaJIHblM q>OTOHOM, Eea 

nocne11HHX H3MepeJIHil Henb351 OT/lenbHO orrpe11enHTb q>a3hl q>yHKUHH 

A,B,C,D • B cnyqae q>OTOp0lK/leJIH51 yqHTbIBaeM H pen51THBHCTCKHH 

noBopoT CIIHHa HyKnOHOB, CB513hIBaIOl!lHH H3Mep51eMhle BenuqHHbl B 

n,c. C KOMnOHeHTaMH Tenaopoa non.11pH3aUHH pl ' aCHMMeTpHH A I 

n 11enon.11p11aau11n T11 B c.u,M. HHaqe I'OB0p51, paCCMOTplIM pen51-

THBHCTCKOe BOCCTaHOBneHne aMnnHTYllbl q>OTOpOlK/leHHSI rrpn nro6oM 

yl'ne. HanpnMep, KOMfiOHeHTbl TeHaopa non51pnaaunn BbipalKa!OTCSI 

qepea npoeKUHH non.11pnaaunn HyKnoaa oT.uaqn B q>oTopolK.ueHHH ae

·non.11pnaoaaHHoil MnweHbro cne11yrol!lHM o6paaoM: 

p 0 
=P ➔ n n 

0 0 
p =cosa P➔ +sin a P ➔ 

q p r 

( 14) 

P = sin a P 1 - cos a P ~ 
q p r 

11 
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i) 

_____ :,, 

ri:te a= 0+¢e - a , 'Pf - yron OTAS'IH B n.c. H 

,\ s_in0 <x+.\cos0) 
·sin a 

2- 2 2 2 1 
x[4M s+C-s+M Ks+M -µ )+.\cos0 

2 2 
A= (s-M 2 )y[s-(M+µ) Hs-(M-µ) 1 (15) 

- 2 ( 2 - 2 X = (v's +M). ·s +M +2My7 -,µ ) • 

M, µ - Macca rrporoaa H 77 -Meaoaa. p - ei:tHHH'IHhIH BeKTOp B 

aarrpaaneHHH HMrrym,ca HyKnoaa oTi:ta'IH a n.c. t = [ n p 1 , rt -. 
HOpMaJib K rrnOCKOCTH pea~UHH. Kori:ta qJOTOH aerronsipH30BaH, TO 

TOllbKO p ~ OTnH'IHO OT aynlI. HMeeM aaanOI'H'IHbie COOTHO-
n 

weHHSI i:tnlI KOMIIOHeHT Teaaopa i:terronSipH38UHH H aCHMMeTpHH. 

/15/ 
B 'IeTaeprol! rnaae o5cy)KJ:l8eTCSI qJOTOp0)KJ:l0HHe H305apbl 

11(1236) H 77 -KOHCIIHpaUHH. PacCMOTpeHbl rrpoueCCbl y+p➔ 77(V)+l1. 

ri:te l1 - (3,3) 'Hao5apbi H V ;..BeKTOpHb!H Me.aoa. Hal!i:teHbl KOH

CIIHPSUHOHHbie COOTHOWeHHSI H KHHeMaTH'IeCKHe orpoHH'IeHHlI aa rro-

x/ 
porax H rrceai:torroporax • TTony'IeHhI cnei:tyromHe KOHCIIHpa11HoHHb1e 

COOTHOWeHHSI: 

i ) ,llnsi rrpouecca y+ p ➔ 77+ l1 

- t - t 
t (f 1 ! 

01;!:f- 2 

-t 

+ f 1 ! 
0-1; 2 - 2 

- t 
)=t{f 1 _! 

01;2- 2 

-£ ) 0-1;!_..! • (16) 
2 2 

t(fOl·!.!. 
'2 2 

+ f 3 1 
0-1;2 2 

)=t(f 31 
01; 2 :i 

-f 3 _! 
0-1; 2 2 

3 -t - -½- - t - t 
tT(f 3 1+f 3 1)=t (f 3 1-f 3 1 

0l;lr- 2 0-1; 2 - lr 01; ir- :i 0-1; °li - 2 

I I ) .llnSI rrpouecca y + p ➔ V + l1 (HX acero 6) 

xi 
3i:teCb IIpHBei:teHbl TOllbKO HeKOTOpb!e H3 HHX. 

12 

) . ( 17) 

), ( 18) 

- t • 

t(f01;\, ½ 
- t 

+ f 0-1; i ~ 
- t 

>=dr 0 1 ; f ~ -£ t . 
0-1; 

3 1 . ), 

2 2 
(19) 

2-t -t 2-t -t 
l ( f 3 1 + f 3 1 )=t (f 3 1- f 3 1 

-1!;2-2 l-l; 2 - 2 -l1;2-2 l-l; 2 - 2 
). (20) 

Bee 3TH COOTHOWeHHlI IIpHHai:tne)KaT K TpSTbeMY Knaccy IIO TeopeTH

Ko-rpyrrrroaol! KnaCCHqJHKSUHH. 0HH MOI'YT YAOBneTBOpSITbClI ABYMSI 

crroco5aMH: nH50 ace BbI'leThl aMIInHTYAbl B (16)-(20) IIpHHHMSIOT 

i:torronHHTenbHbIH KHHeMaTH'leCKHH qiaKTOp t ( "aeynOBHMOe peweHHe'), 

nH5o KO)KJ:lOlI OMIIllHTyi:ta 7 coxpaHSieT CBOe CHHrynsipaoe IIOBei:te-

HHe rrpH t =D HO o5e CTOpOHbl a (16)-(20) AOll)Kffbl HMeTb OAH-

HaKOBbIH rrpei:ten ( KOHCIIHpaUHOHHOe peweaHe) • B 3TOM cny'lae KS)K

i:talI TpaeKTOpHlI 5yi:teT HMeTb COOTB0TCTBy10my10 ce5e KOHCIIHpaUHOH

HylO TpaeKTOpHIO (KOHCIIHpaTop) C rrpoTHBOIIOllO)KHOH 'leTHOCTbIO. 

KHHeMaTH'leCKHe orpaHH'leHHlI HMeIOT BHi:t: 

i:tnSI rrpouecca y + p ➔ 77 + l1 IIpH l = µ 
2 

(HX BCeI'O 4) 

t -t t -t_3 
'P2 I F<5,u> +v'3 Fca,4> -i yFc1,s> + i y3 y F 2 J =c/>2 (21 ) 

IIPH t =(M-rn )
2 

(HX BCeI'O 5) 

2 t _r;, t t - t = 4 
,f, [F -v3F . +iy(F +y3 .F )1= ,f, 

(6,5) (4,3) · (8,7) 1 
(22) 

H 15 aaanorH'IHbIX COOTHOWeHHH i:tnSI rrpouecca y+ p ➔ V + l1 , ri:te 

Ft 
(l,j) 

=Ft -xFt 
I j 

,x=cos0t y = sin 0 0 0 t -yron paccelIHHlI B 

c.u.M. . t -Kaaana 
- t+ 

t I f 1 1 
Fl =2 01 ;:;- "2 

- t-
t I f 

F 2 = 2 o1; ½ ~ 

13 
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-t+ 
t 1 f I I 

F4 = 2 01: 2 -::r 

F
t 1-t+ = -f 6 2 Ot:\½ 

- t-
t 1 f 3 I F5 = 2 01; ::r ::r 

. t 1 - t- I F. =-fo,-l!. __ 
7 2 '2 2 

t - t+ 
F = l.,_ f 0 t · 3 I - en11panbHbie aMnn11TyllbI, 

8 2 ; "li -2 

<p2=t-µ2 
½ ,p = [ t - (M-m )2] , t - ltBanpaT nepenaBaeMOI'O IIM-

Ilynbea, M, m - Maeea 11306apbl II HyKnoHa eoOTBeTeTBeHHO. 

PaeeMaTpllB8SI llllH8MIIKY 8TIIX npoueeeoB B paMK8X Teop1111 

PenJKe, IIMeeM eneny10u111e pellJKIIOHHbie BblpaJKeHIISI nnsi en11panbHblX 

aMnn11Tyll 

Ft ( H t ) = I g(a,) h ± (a ) K ± 
j k I r(a + 1) oA; Db I oA; Db 

I 

(t) X 

(23) 

+ 
X ,yo:; Db 

(t) (~)I -M 
s • 

0 

t 
i = 1,2, .•• _, 8 , k = 1,2, •.• , 24_, 

y+p ➔ V+~ 

H k - aMnn11TyllhI nnsi npoueeea 

1 +r
1 

exp(-irra
1

) g(a I) = ______ .......; __ 

2sin 7T a 
1 

r 1 - e11rHaTypa non10ea PellJKe, a 1 - TpaeKTop11si non10ea. 
= + 
K - ( t) - 113BeeTHbie c!iyHKUIIII, KOTOPbie eonepJKaT Bee KIIHe-

oA; Db 

MaT11qeeK11e e11HrynsipHoeT11 no 

3aB11esim11e OT TpaeKTOpll:ii a1 

h± 
cA; Db ( Cl 1) - c!iYHKUllll 1 

, Bllll KOTOPhIX MOJKHO 11a:iiT11 ( K 
II h - c!iyHKUIIII ll8IOTeSI B Blllle Ta6n11u B n11eeepTau1111) • y ± (t) -

cA;Db 

n11HaM11qeeKasi qaeTb Bb1qeTa, M= max{:J >.. 'I , I µ':II,>.. '=D-b, µ ~c-A; c1A,D,b-

en11panbHOeTH qaeTIIU c , A, D , b ¢aKTOPll3aUHsi naeT HeKOTopy10 

HH<!iopM8UIIFJ, nOMora10my10 BbI6paTb peweHHe KOHen11pau11OHHb!X eo

OTHOWeHH:ii. B H8WHX o603HaqeHIISIX OHa HMeeT Bllll 

14 

':" ~.j- ~ -, 

· .± - = + · . a -M 2 2 

[y2(t)K;;(t)(pcAPDb) ] 

. ± = + 2ca-M 1> · + = ± 2ca-Ma) 

=[yl (t)K;-(1)(p) ][y-3(t)K (t)(p2 ], 
Db 3 c 

(24) 

rne HHneKe 1 eooTBeTeTByeT npoueeey D+b ➔ D +b , .IIHlleKe 2 -

D+b ➔ c+A II IIHlleKe 3 - C + A ➔ C +A • 8hm11eh1B8SI non-

po6HO 3TO paBeHeTBO nnsi paeeMOTpeHHbIX npoueeeoB H pewasi HX, 

nonyq11M eneny10mee peweH11e nnsi npoueeea y+ p ➔ 11 + ~ Bee 
+ 

BbJqeTbl y - eTpeMSITeSI K nocTOSIHHO:ii np11 t = 0 , a 
oA;Db 

V ~· ± t. nnsi npoueeea y +P ➔ + ; Y11 _½..1 = t, Y _
11

_.Jl _J = t 
' 2 ' 2 2 

OCTanbHbie BbiqeTbl eTpeMSITeSI K no!=TOSIHHOii npH t = 0 • 0Te10na 

BllllHO, qro Koaen11pau11ouuoe eooTHoweu11e (20) IIMeer 'ueynoB11Moe 

peweu11e', npyr11e eoOTHOWeHHSI IIMeIOT KOHen11pau11OHHbie peweH11S1. 

ll11c!ic!iepeuu11anbHoe eeqeu11e nnsi npoueeca y + P -t 11 + ~ HMeeT 

Bllll 

611 s p2 da 
Ny dt 

y2 Cl F 1 i :I- I F 2 I 2 ) + 

+(l+x2 )[ I IF
1 

1
2

+y
2
(IF7 1

2 
+IF 8 .l2 )] 

I =3 ,4 ,5 ,6 

- 4 x Re (F 3 F/ + F 5 F6 * + y2 F 7 F 8 * ) 

H auanor11quoe Bb1paJKeH11e nnsi npoueeea y+ p ➔ V + ~ 

(25) 

• C no-

MOmbIO . (23) MOJKeM Bblp8311Tb 

+ 
paMeTpbI a 1 .H y.oA;Db 

d a/ d t qepea pellJKIIOHHbie na-

• Marp11ua nnoTHOCTH 11ao6apb1 ~ 

B e11eTeMe llJKeKeOHa paBHa 

t* 

P , = :£ -f cA•m 'b 
mm c,A,b • 

t . t . 2 
f A· b/1 I If A•Db (s,t)J • 

c 'm c,A,D,b o ' 
(26) 

0Ha MOlKeT 6b!Tb Bb!palKeHa qepe3 pellJKIIOHHbie napaMeTpbl e no

MOmbIO (23). 
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Aaanaaapyg aKcnepaMeHTanbHbie 1:taHHbie n• nponeccy cjioTo-
. /18/. 

pOlK/leHH5l /",. -aao6apbl, A11nep H Kan1:teBHnb HawnH, 'ITO B 

3TOM cnyqae 'aeynOBHMoe· peweaae KOHCllHpaUHOHHb!X COOTHOWeHHfi 

He 1:ta
0

eT cornaCHSI MelKAY Teopaefi H OllblTOM, a KOHCllHpaUHOHHOe 

peweaae npH llO/lXO/lSlllleM Bb16ope pe1:tlKHOH.HblX napaMeTpOB 11aeT xo

powee cornacae • O1:tHaKo ae11aBHHe 11aHHb1e, npe11cTaaneHHb1e Ha 
/19/ 

BeHCKOfi KOHcjiepeHUHH no cjiOTOpOJK/leHmo /",. -Hao6apbl, yKa3bl-

BaJOT, 'ITO ecna C'IHTaTb TpaeKTOpHIO Pe1:tJKe naaefiaott HnH HCnOnb-

30BaTb MO/lenb TOnbKO C naae.liHb!MH KOHCllHpanHOHHblMH TpaeKTOpHSI-. 

MH, TO peaynbTaTbl H3MepeHHii He MOI"YT 6b!Tb 06'1:>SICHeHbl. Tor11a, 

C 01:tHOii CTOPOHbl, HaM HYlKHO Y'IHTbJBaTb BKna11 paapeaoa HnH 11onon

HHTenbHhle acjicjieKTbl (a6cop6THBHbJe rrorrpaBK.~• HaIIpHMep), c 11pyrott 

CTOPOHbl - HYlKHbl 6onee TO'IHble 1:taHHbie O cjiOTOpOlK/leHHH /",. -H30-

6apbJ a ·aanpaaneHHH anepe11. 
/16/ B !ll!.!.Q.!t rnaae paCCMaTpHaaeTCSI KHHeMaTHKa H pe11JKe-

/1HHaMHKa KBa3H/1BYX'IaCTH'IHblX rrpoueccoa npH CTOnKHOBeHHH HyKnO

Ha C HyKnOHOM. B 3TOfi rnaae Mb! "npHMeHanH TeXHHKY Bbl'IHCneHHfi, 

· H3nOJKeHHYIO B 'IeTBepTofi rnaae, K paCCMOTpeHHIO npoueccoB 

3+ 
N+N ➔ N+/",.(-) 

2 

.. I+ 
N+N ➔ N+N'( 2 ) 

3-
N+N ➔ N+N*(-), . 2 

H . HaWnH COOTBeTCTByJOmHe peaynbTaTbI. 

113 coxpaHeHHSI H30CllHHa H HHBapaaHTHOCTH P - ," p J , G 

'IeTHOCTefi aatt11eHbl BKna1:tbI KOHKpeTHblX nonroCOB Pe11JKe B onpe11e

nea11y10 cnupanbHYIO aMnnuTy11y: Mb! TaKJKe Bblpaauna Ha6n1011aeMble 

aenH'IHHbl 'Iepea pe1:tlKHOHHble rrapaMeTpb!. EcnH- 3HepI"HSI /lOCTaTO'IHO 

BblCOKa, TO npe11nonaraeTCS1, 'ITO TOnbKO nonroc c HaHBb!CWHM nepe

ce'IeHHeM Ha KapTnHe Lly-<t>pay'In 11aeT BKna11. B03bMeM BKna11 TOnb-

KO OT p -nonroca a peaKUHH N +N ➔ N + /",. (1236 ) n nonroca no-

Mepall''IyKa a peaKunsix N +N ➔ N +N *{1518) n N +N ➔ N +N '(1470) •. 

Tor11a cne11yeT, 'ITO .11nsi npoueccoa N + N ➔ N + /",. ( ~+) H 

3-N + N ➔ N + N * ( - ) MaTpH'IHbie aneMeHTbI MaTpHUbI nnoT-. 2 
HOCTH HMelOT BH/1 
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, '. 
,•: >·•, 
(" 

p = Re p • = Re p · · = 0 • 
33 31 · 3-t 

· OTc1011a a cucTeMe .lJ.JKeKCoHa yrnoaoe pacnpe11eneaae. npo11yKTOB 

pacpa11a aao6apb1 6y1:teT HMeTb BH/1 

W _ (0,¢);; consl. cos0. 
/",.,N:*(~) 

2 

(27.) 

·+ 
D.nsi npouecca N + N ➔ N +N ' ( ; ) MaTpnua nnOTHOCTH 

MOJKeT 6b!Tb npe11cTaBneHa B BH/le 

"p 

(

I + ·p T I I 
22 

p~ I 
2- 2 

P1 _ ½ ) 

.1_

2

-pl I 
2 2 ~ 

· HaaeCTHO, 'ITO TOnbKO napaMeTp p 1 1 MOJKeT 6b!Tb H3Mepea 
22 

Ha 3KCnepHMeHTe. Tor11a C npHHSITblMH Bb!W~ npe11noJKeHHSIMH nony'IHM 

p 
L. .1 
2 2 

1 
2 

(28) 

Bb1palKeHHSI (27) H (28) SIBnSIIOTCSI npOCTbIMH cne1:tCTBHSIMH 3TOI"O 

npn6naJKeHHsi. Koae'IHO, HyJKHO a 11anbaettweM nay'IHTb 3TH npouec

CbI n HeKOTOpblX llPYI"HX npn6naJKeHHSIX ( 6onee cnolKHbIX), Y'IHTbTBaSI 

aKna11 11 -rpaeKTOpHn u ero KOHcnuparopa, aanpuMep. 
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