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rHDOT938 0 TOM, ~TO cna6oe·B38HM08eACTBHe HMeeT BHS 
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~v '> +- ( (u > a <v > +· J 
e r fl a 

(1) 

(2) ·;·' 

(3) 

80lxyCK89T CyUieCTBOBSHHe TSK ·H83bfB8,9MbiX 'll~8I'OH8llbHI>IX' DpOiteCCOB1 

oTse~aiOUIHX sHaroHallb.HhiM cnaraeMbiM narpaHX<HaHa ( 1) o Hesasao a pa-
. /1/· . . . . ' 

. 6oTe 61>tna BbiCK838H8 H89SI1 COI'naCHO. KOTOpoA 8H8I'OH8slbHI>Ie H HellHS-
; . 

. ' . 
, I'OHallbHhie ~neHhl narpaHX<Haiia cna6biX B38HMOSeACTBHA HHKaK ~e CBSI38HI>I' 

' . . 
llPYI'. C SPYI'OM H MOryT, TSKHM o6pa30M, . HMeTb pa3HYIO DpHposy o K HaCTOSJ-

'meMy speMeHH cpaBHHTen&Ho xopowo HccnesosaHhi n~m& HellH,aroaan&Hhie 

3, 



cna6bre npoueccbr. CBeAeHHH o AHaroaanb.HbiX 'lneaax ·narpaa.>KHaHa cna6brX. 
. , . I . 

B38HMOAefiCTBHH AOBOnbHO 6eAHbi If. KaCaiOTCH rnaBHbiM o6pa30M HyKnOHHOH 

'laCTH narpamKHaHa ( acpcpeKTbi aecoxpaHeHHH 'leTHOCTH B ru:tepHbiX nepexo-

/2/ 
ABX ). 

/3/ 
3KcnepHMeHTbi no H3y'leHHIO peaKUiflf 

I) ii + e- ... v: + e 
e e 

KOTOpbie npOBOASITCH B HaCTOSIIUee BpeMSI, MOI"yT A8Tb HHcpopMaUHIO 0. 

(e V ) ( ;:; e ) -B38HMOAeftCTBiflf npH Hlf3KHX aHepi"HSIX {aHTHHefiTpHHO OT ypa

HOBOI"O peaKTOpa) • 11a onbiTOB C HefiTpHHO BbiCOKHX aHeprHfi 6brna Hafit:teHa. 
'·- I . ' U ,, ' /4/ 

nHIUb BepXHSISI rpaHHUa KOHCTaHTbi {e v )( ii e ')~ BaaHMOAeficTBHSI • H eKo-

TOpbre CBeA~HHSI 06. aTOM )!{~. B3!}H~.OA~HCTEl_lfjf ;nopy~eHbi H3. l{CTpocpH3H'IeC

/5/ 
KHX ASHHbiX 

· DoHSITHO, 'ITO B T8KOH CHTyaUH~ B8)1{H0 paCCMOTpe_Tb npprieCCbi 0 KOTD-

pble MOI"YT SIBHTbCSI HCTO'IHHKOM HHcpOpMaUHH 0. All8I"OHanbHbiX 'lneHaX acpcpeK-

THBHOI"O narpaH)I{If8H8. 

B pa6oTe 
161 

o6cy*AaeTCR npouecc 1 npH caMbiX • o6IUHX npet:tnono-

)l{eHHSIX 0 B38HMOAefiCTBiflf aHTHHefiTpHHO If ·aneKTpOHOB. • 
, /7 8/ . , ' 4 '' . . r :; ' 

Pa6oTbi ' nocBSIUieHbi Bbi'IHcneHHIO HHTerpanbHbiX ceqeHHfi peaKUHii. .. 
2) v 1 + A ... v2 + A +f-+f+· 

I 2 • 
·' 

· B t:taaaoii pa6oTe paccMaTpHBaiDTCSI npoueccbi aeiiipHHHoro Hany'leHHSI 

npH _B38HMOAefiCTBH_H aneKTpOHOB If MIOOHOB C ru:tpaMH 

:0 e- .+A ... e "'"·+· A +;rv • + ;; : ·' 
e e 

,) 

' .. ,: .. :· 
.j,- v +· v ' I! e 

-
+ v +V 

ll'' "il 

'4 ) /l-+'A': e- + .~ 
~ ~. :. :l .: ... , ... ; ,· ~ ·; 

. ! ~ ·• ~ ~ ·1 . . 1 
' .. l; : 

5) ll- + A ... ll '- + A 
.-":, <:.\ ~ ... !'' ,. 

..... ~~ . 

6 ) e- +;.A .... ll...,. +.A + v +·· v. ·• '; -~ ~-. :· .. ; . -;·/' ~· *' ... 
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··.c.···· ... ·•.:'. ;-. 

~' .... _· ~ 

: 

.'J 

I 
·I 

,· 

Ha B03MO*HYIO ponh: peaKUHH 3 B acTpocpii:3HKe Bm 

. /9/ 
BHHMSH!fe B.M. lJ OHTeKOpBO · • 

0CHOBHbiM cpOHOM AnSI' peaKUHH 3 .-6 SIBnSieTCSI npol 

Hany'leHHSI 

7)C+A ... C+A+y. 

Ot:tHaKo, y'IHTbiBaH B03MO)I{HOCTH perucTpauHH y -KBaHTc 

CHTenbHO 6biCTpb!H pOCT ceqeHHH npouecCOB 3. -6 C a He 

mero nenToHa · ( u ""k 
0
fnk 

0 
npH k 

0 
... oo ) , MO)I{HO Hat:teSITb 

HefiTpHHHOe Hany'leHHe npH AOCTSTO'IHO Bb!COKHX 8Hepl"HSI: 
. /1/ . 

)l{eTCSI , 'ITO KOHCTaHTa Gd Alf8I"OHanbHbiX. cna6hiX ' 

(evHve) If (;:tv )( ii ll ) cymecTBeHHO 6onbme o6bi'IF 

TO npoueCCb! 3. , 5 'Moi"yT HMeTb 3aMeTHhie Ce'leHHSI Y* 

B 6n!f)I{8Hllllfe I"OAhl. _aHepi"HHX ( HeCKOnbKO AeCSITKC>B faB) 

11ay'leHHe · MSII"KHX y_ii -nap npH' pacceSIHHH HepenSIT 

,. i 
nHTHBHCTCKOI"O aneKTpOHOB Ha. BHelllHeM none paCCMS,'TPHE 

/10 11/ 
BeHHO B pa6orax ' • 

/121 
B pa6~Te AaHa oueHKa HHTerpanbH~ro ce'leHH: 

npH6nH*eHHH BafiuaeKepa-BHnbSIMca. 

. B HaCTOSirueii pa6oTe B HHarueM· nopSIAKe no aneKTpl 

Cna60MY B38HMOAeHC'J;'BifHM nony'le~O TO'IHOe aHanH':H'IeCE 

AHcpcpepeHUHanbHOI"O Ce'leHHSI peaKUHfi 3 -6 KaK cpyHKUiflf 

ru:tpa OTAa'l'H. H afit:teHhi TaK)I{e aCHMnTOTH'IeCKHe cpopMy nbi 

ce'leHHfi paccMaTpHBae!i.i:brx npoueccoB. 

,qpaBHeHHe aKcnepli~eHTanbHhiX peaynbTaToB c aT.I'Ill 

noaBonHT ct:tenaTb onpet:teneHHbre BbiBOAhi o cna6oM Baam 

TO HOBo 

B npHnaraeMofi Ta6nHue ( Ta6nHua 3) npHBet:teHbi 'IE 

Hbi HHTerpanbHhiX Ce'leHHfi, nony'leHHbie H3 aCHMTITOTH'IeC 

HeKOTOpbiX 3Ha'leHHHX aaepl"Hif nenToHa. 



\, 

H8X narpaH>KH8H8 cna6h!X 

BHhlM o6pa30M HyKnOHHOH 

lCTH B S!LiepHbiX nepexo-

ll8Tb HH~OpM8UHID O. 

>IX. {aHTHHefiTpHHO OT ypa

IIX aaeprufi 6hma aafiAelia. 
'' /4/ 

IIMOileficTBHSI • H eKo-

zy,eHhi H3. ~CTp.ci~H3H'Iec-. 

=MOTpe,Tb npoUeCChi 1 KOTO

f8T'OH8nbHhlX qneaax a~~eK-

caMhiX · o6mux npeAnono-

pOHOB, '' 
.1;' t: ~' 

rpanhHhiX Ce'leHHH peaKUHH. 

·' 

l8MH 

. )'i 

.'J':'' :. 

" '·.r . l 

.· 

) . 

Ha BOSMO>KHyro ponb· peaKUHH 3 B ·acTpo~ilsuKe arrepBhie o6paTun 
/9/ 

BHHMBHHe B.M. lJ OHTeKOPBO · , 

0CHOBHhiM ~OHOM llnSI·peaKUHH 3 -8 SIBnSieTCSI npoUeCC TOpM03HOT'O 

usny'leHHSI 

7)C+A-+ C+A+y. 

OaHaKo,· y'lHThiBaSI BOSMO>KHOCTH perucTpauuu y -KBaHToa, ·a TBK>Ke OTHo

cuTenhHO 6hiCTphi:ii poeT ce'leHnfi npoueccoa 3. -8 c aHeprue:ii k 0. aaneTaro-

mero nenTOHa. ( U "'k enk IIpH k -+ oo ) 1 MO>KHO HBileSITbCSI o6Hapy>KHTb 
' 0 0 ' 0 

HeiiTpHHHoe usny'leHne npu llOCTaTO'lHO BhiCOKHX aaepruSix. Ecnu >Ke oKa
. /1/ 

>KeTCH 1 'ITO KOHCT8HTa Gd llH8T'OHanbHhiX. cna6biX B38HMO,Aei!:CTBHi!: 

(evHiie) cymecTaeHHo 6onhme o6hi'lHoi!: KOHCTaHThi G 
TO npoueCChl 3. 1 5 

1
MOT'yT HMeTb SaMeTHhie Ce'leHHSI y>Ke npH llOCTH>KHMhiX 

B 6nu>Kaiimue T'Oilhl 9Hepl'H5IX ( HeCKOnbKO JleCSITKC>B faa)~ 

11sy'leHne · MSIT'KHX ·- . . ' 
)IV -nap npu pacceSIHHH HepenSITHBHCTCKOT'O H pe-

nSITHBHCTCKOT'O aneKTpOHOB Ha BHemHeM none paccMa/TpHBanocb COOT,BeTCT-
/1011/ •. 

BeHHO B pa60T8X 1 
• 

/12/ 
B pa6<;>Te llaHa oueHKa HHTerpanhHoro ce'leHHSI npouecca .5 ~··a 

npu6nu>KeHHH Ba:iiuseKepa-BunhSIMca. 

, B aacToSimei!: pa6oTe B HusmeM· nopSIIlKe no aneKTpoMaT'HHTHOMY u 

cna6oMy asaHMO.fleil:c.'~BHSIM nony'leJio TO'lHoe aaanut:u'lecKoe Bhipa>KeHue anSI 
-

llH~~epeHUHanbHOT'O Ce'leHHSI peaKUHi!: 3 -8 KBK ~YHKUHH.aHepT'HH•H yrna 

S!Lipa OTilattu. HaiilleHhi TaK>Ke acuMnTOTH'leCKHe ~opMynhi llnSI HHTerpanbHhiX 

ce'leHuii paccMaTpuaaeMbiX npoueccoa • 

:CpaBHeHHe 9KC1IepHMeHTanbHhiX 'pesynhTBTOB C 9Ti'IMH Bbl'lHCneHHSIMH 

nosaonuT CllenaTh orrpeaeneHHhie BbiBOilhi o cna6oM asauMOileiicTBHH nen-

TO HOB, 

B npunaraeMoi!: Ta6nuue ( T~6nuua 3) npuaeaeHhi 'lHcneHHbie aenH'lH

Hbi HHTerpanhHbiX Ce'leHHi!:, nony'leHHhie H3 8CHMIITOTH'leCKHX ~OpMyn npH 

HeKOTOpbiX 3HB'leHH5IX 9Hepl'HH nenTOHa. 

5 



2. AHtbtbepeHUHanbHbre ce'leHH!l npoueccoB 3 · - 6 

Dpoueccbr 3 ·6 B HHaweM nop!l.!lKe no aneKTpoM
1
arain•aoMy H cna-

6oMy B3aHMOJle:ii:cTBHRM onlicbrBaiOTCR cneJlyiOWHMH ·JlHarpaMMaMI~ 

.. 

p 

PHc.l. 
'j 

EcnH cna6o:ii: BepWHHe COOTBeTCTByeT 06bi'IHOe' KOHT8KTHOe B38HMOJleif

CTBHe1 TO M8TpH'IHbiH aneMeHT. :3THX IIpOUeCCOB Ha SrJlpe C 38pRJlOM Z ; H 

Macco:ii: M HMeeT BHil 

<f1Sii>=-1-B 4 {p+k-p'-k'-k -k )!. Ze
2
G <p'l Ju(O) 1 p·> x 

{2rr'f . . 1 2 q2 V 2 z 

x[~{k )0 v{k )]u{k')[y. l · ()- ·+0 
1 a 2 p. " " a a,, ,. 
'· · · k.'+q ...;ll k -q ·:...m 

l 

6 

Y ] u{k), 
ll 

(4) 

·.;-· 

' I 

I 
I 

I'Jle <p 'I Ju (O) lp> - MaTpH'IHbJii: aneMeHT onepaTopa aneKTpc z ... 
Ka MmKilY COCTO!lHURMH Rllpaj m (p.) - M8CC8 H8'18nhH~I'O I 

TOHa j q = p '_ p. 

Ce<JeHHe KB:>KilOH .!Ia peaKUHH 3 - 6' MO:>KHO npellCTar 

Ce'leHHH. KOI'epeHTlJOI'O \ Ha Slllpe KaK. uenoM) ;i H HeKor'-epeHTJ 

(~~I'Jl8 K8:>KilblH HyKnOH ,. Sl~pa He38BHCHMO. 'lla.et' BKn81l B Ce'IJ 

l1HTerpanhHOe ce'leHHe K~rep~HTHbiX npoueccoB 3 - ' 
•.!·,. .· .. ~.!' :J 

BHile 

a 

F 
/LV 

'· 
Z 2 a2 G2 
---

3 d , l ,. 
J __ f._ -- F ( p, q ) M 

2 p 'o q 4 ll v . . p.v 

l 

(?17)6 2 2 2 ·~ 
- · 4[(pk) - M ·m·l' 

I' 
:" . :1 

3 3 J v(O) . J (0) 
(p,q)=(21T) '2p {277·) 2p'<p·l--lp'><p' l-4t--lp 

0 0 z . . z 
. 

M (1,-,q)= 
p.V 

J _d
3
k.' d31~!....!~a 4 (k-q-k'-k -k ) Sp '!. 

. 1 2 1 
2k ~ 2(k 1 ~ 0 2(k

2
) 

0 

l l " . l ' 
oa + oa (' ·,.- y ll ](k+m )[y v ,, ,, : o_ {3-1 

K -q -m : k - q- m . 
X Sp(k, + ·p.)[yll'k, +q- ll 

Y'IHTbiBaR Tpe5oBaHH!l nopeHU-HHBapHaHTH.OCTH H coxr: 

Mai'HHTHoro TOKa ( q F · = F q = 0), llmi Teaaopa F 
· ll P.v p.v v ID' 

1) KOI'Il8 neiiTOH B38HMOileHCTByeT C. RllpOM :CO!.CIIHHC 

F {p,q)= 4F·2·(q2)(p +Lq )(p· +:12··~ ); • 
pv ll 2 ll "., v 

2) B cny<Jae Rllpa CO CIIHHOM·l/2 

. q q . 2 

F ( p, q )=q2 [F {q2 )+ .\F '(q2)]:1(8 i_ ~ )+[F2
(q 1- _g_ .\2 F 

pv 1 2 .P." q 2 \'1 4r.J2' 

x 4{p +.L q ){pv +.l:. q ) • 
. ll21l ·2" 

7 



\ 

:em 3· - 6 

KTpOMai'HHTHOMY H cn~

lHai'paMMaMH 

KOHTaKTHOe.B38HMO~e~~ 

l~pe C . aapSI~OM ' Z 'H 

(4) 

-y ] u(k ), 
. ·. IL 

I'~e <p 'I Jg (O) lp> - MaTpH'IHbiii: aneMeHT orrepaTopa aneKTpOMS~HHTHOI'O TO-
Z ... 

Ka MeJK~Y COCTOSIHHSIMH SIApaj m (p.) - Macca Ha'JanbHOI'O (KOHe'IHOI'O) ~'h_e'rr-

TQHa j q = p '_ p. 

Ce'IeHne KaJKAOii: ua peaKunii: 3 - 6. MOJKHO rrpe~cTaBnTb KaK cyMMY 

Ce'IeHUii: KOI'epeHTHOI'O · ( Ha SlApe KSK uenOM) ;i H He'KofepeHTHOI'O: IIpOUeCCOB 

( K~I'~a K8lKAblii: HyKnc>H" SI~pa He3aBUCUMO 'na.eT B~lr~~ B Ce.'IeHH·~) • 
'' 11HTerpanbHoe cetJeHHe KorepeHTHbiX rrpoueccoB 3 - 6 

' . 
aarrnUieM B 

.. , oi •''·!' l 

BU~e 

'· 

Z 2 a2 G 2 1 d
3 
p' 1 

a = --- f --- -- F ( p, q ) M ( k, q ) , 
(2 ) 6 2 . 2 2 If 2 p 'o q 4 /L "' . IL"' 

F 
/LJJ 

17 
4 [ ( p k ) - ~~ · m ] ' ,. 

. 3 3 J "'(0) J (0) 
(p,q)=(2rr) '2p (2rr·) 2p'.<p·l--lp'><p' 1-..U:--Ip>, 

0 0 z . z 

, .. 

(5) 

(6) 

X 

(7) 

x Sp(k '+ p.)[y -·--1--0 + 0 --
1

- y ] (k+m )[y - 1-'-0Q+ 0~-1--r-~ i. 
P."''' ,, a at'" Jl v'' ,, ~ f1 tJ'' " v 

.k+q-p. K-q-m k-q-m. k'·-1;<1;-P. 

Y'IHTbiBaSI Tpe6oBaHUSI nopeHU-HHBapnaHTH.OCTU n coxpaHeHnSI aneKTpo-

. ( F' F 0) F ··· naxo"UM 
1131

• Mal'HUTHOI'O TOKa q = q = , ~nSI T9H30pa ' ,., 
IL P.v IL"' "' IL"' . 

1) KOI'~a neiiTOH B38UMO~eii:CTByeT C. SI~pOM ;COI.CIIHHOM .0,1 ... 

(8) 

2) B cny'Iae SI~pa CO CIIUHOM·1/2 

F ( p, q )=q2 [F (q2 >+ >.F '(q2 )]2(8 1_ ~IL ~"' )+[F2(q 1- ~~ ,,,2 F 2 ( q 2)] ~ 
pv I 2 p.v q 2 1.1 4M2' · (9) 

x 4 ( p + J_ q )( Pv +.l. q JJ ) • 
• IL21L ·2 

7 
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3necb, :aneKTpOMaPHHTHble ·<!JopM<jlaKTOpbl··Sillpa F (q 2), F (q 
2
),F (q 2) HOpMHp0-

1 2 . 

B8Hbl ycnOBHSIMH 1,. 

F(0)=1, F (0)=1, F (0)=1; 
I 2 

A - aHoManbHbtil: MarHHTHbtil: MOMeHT srnpa. 

I1a '(8) 11. (9) ;Bn_nno, ,'ITO F
1111

=F
1111

, T.e. Tenaop F
1111 

cnMMeTpn-: 

'IeH. 3To oaHa'IaeT, 'ITO TonbKO CHMMeTpH'IHa.sr 'IaCT~ Te~~wpa M ll" 6y

neT naBaTb BKnan B ceqenne (5). I1a Tpe6oBaHHi! nopenu-HHBapnaHTHOCTH 

11 coxpanennsr :aneKTpoMarHHTHoro ToKa :aTa CHMMeTpH'IHasr qacTh M 
/14/ ll" 

nomKHa HMeTh ¢opMy 

Ms(k,q)=f (q2 ,(qk))(B. -~)+f <J.(qk))(k ~~q )(k _(qk)q ). (10) 
/lV I • /lV · 2 2 · /l 2 /l v · 2 V 

q, ' q . q 

. 2 
t.{To6bi ynpOCTI-!Tb Bbl'IHCneHI!SI IIIIIypoB, rrpencTaBI!M <jlyHKUHH f ( q, ( q k)) 

. . I 

II f (<( (qk)} B Blllle 
2 ' ' 

2 

f I ( q 2, ( q k )) = ;- ( Mllll + : k ll ~~~ k v ) ' ( 11 ) 

I . 2 
2 . . 1 q q2 

f ( q , ( q k »= - - ( M ,, +3 - k M k ·· ) , 
2 2 /'!. rr .A.. /l /lV V ( 12) 

2 2 2 
rne !'!. = ( q k ) - q m • 

BhmonHsrsr .aaMeHy rrepe.MeHHhiX 

d 3p ' 77 d ( q 2 
) d ( q k ) 

---= 7) . IL 

2p; ·- [(pk)2-M2m2 ]'2 
(13) 

11 rroncTaBnsrH (9) ( 13) B ( 5) , nonyqur.,t 

U=~~2{;2 : 2., J. d(q2):(qk) l[F/q2)+AF2 (q2)]2q2Milll+ 
16(277)5 (pk) u -~1 m": q 

8 

+·L[F2;~(q 2 )- ...:J
2

2 ll.2 ~ 2 (q2_}][(M +~k M k. )(4(M
2
(qkl 

2 !'!. · 4 M 2 llll .A. ll ·ll" v 

2 
+q2 (p_k)2) -m~q2(4~l~.:...q 2 ))+2.1..k M k q2 (( qk)+2(pl 

' f'!. /l /lV'V 

2 rne (qk) u q uaMeHsriOTC.sr B npenenax 

1 2 .4 22% 2 2 2% 2 2 -~? k(~k)+( q :-4M q ) qpk) :- M m ) 1.:::; 2(q k) < q +m · 

2 2 2 2 '·2 2 2 2 '2 2 
q =-l2[(pk) -M m ]+(M +(pk))(m -11 )-[((pk) -M· m) 

max + 
min 

+,m2 -!l 2 f'.:_~·M 2p 2 )]J~ I x [ M_ 2 + m2 + 2(~k )] -~ 

nnsr Bbi'IHCnennsr BenH'IHH M II k M k BOC: 
llll ll ll" v 

Toi:toM 1-!HBapnaHTnoro unTerpnpoBau'usr.· Cna'Iana rrponnTei 

3aTeM, BBen.sr unTerpupoBaHne· no d(Q 2)(Q =k-k-=-q), Bhi 

no d 4 k' • BhmonH~HHe nocnen.ffiro. unTerpupoBaHnsr (I 

TaBnsreT aaTpynnenail:. 

0KOH'IaTenbHhtil: peaynhTaT nnsr M llll uMeeT Bun: 

M ,<477 )
2

(A +AnJn+A J +.i~ J ),. .,. 
llll '3 . . 0 l. l. + + - -

rne 

A = yl·~ [~(B-(R4 + 11 4 )xA.) +·Ly~xC] +(1+ ~)(a 
o 2R· · 3 . q2 

i . ~.. ' ... _', ' : 
+h (c +xn 2 )+h +J!..z(c +.xb )+x(lLz2-.2

3
'y2)}. 

0 2 2 . 2' 2 0 2. . 

9 



reaaop F p.v CllMMeTpn-

acTb TeH~opa M p.v 5y

A nopeau~nHBapnaHTHOCTli 

.teTpli'IHaSI '!aCTb M p.v 

(ok) . (qk) 
~q )(k --q ). (10) 
q2 . p. v q2. v 

. 2 
~CT8BliM <jly HKUllli f I ( q, ( q k )) 

( 11 ) 

( 12) 

( 13) 

·A F ( q 2)] 2 q 2 M . + . 
2 p.p. 

.· l 2 2 q2 
2 2 2\ a 2 . 2 .2 2 

+ -· [F (q )---A F (q ,][(M +~k M k )(4(M (q k) +q (pk)(qk)+ 
2 ~ 2 . 4 M 2 2 p.p. ~ p. p.v v 

(14) 
2 

+q2 (pk)2
) -m~q2(4~1 2 .:...q 2 ))+2.i.k M k q2 ((qk)+2(pk))2 ]1, 

~ p. p.v · v 

rae ( q k) n q 2 naMeHSIIOTCSI B npeaenax 

l 2 ·4. 2 2 ~ I~ 
-::-l![q.(pk)+(q -4M q) ((.pk)

2
-:-M

2
m

2
) ]~ 2(qk)< q

2
+m

2
-p.

2
, M ... 

2 2 2' 2 . 2 2 2 2 '2 2 '. 
q =-1 2[(pk) -M m l+ (M +(pk))(m -p. )- [((pk) -M m )((2(pk)+ 

max . + · ( 15) 
min 

nnSI Bbl'lliCneHliSI Benli'IliH M li k M k 13ocnonbayeMCSI Me-
P.J.! p. p.v v . . 

Ton oM iiHBapnaHTHoro liHTerpnpoBaHnSI,· Caa'!ana nponnTerpnpyeM no d'4k d \ • 
,, . · I 2 

3aTeM, BBe.llSI nnTerpnpoBamte no d ( 'J 2)( '} = k-k ~q) , Bbi'!ncnnM nnTerpan 

no d 4 k' , Bbmonnenne nocnea.~mro .liHTerpnpoBaHnSI (no d ( Q 2 ) ) ue ~oc

TaBnSieT aaTpyaueun'A. 

0KOH'IaTenbHbtil: peaynbTaT anSI M p.p. 
i ' 

(417 )2 
M =.-.-.. -(A +A 0 J 0 +A J +.i\_J._.), 

fl.fl. 3' . . 0 L L + + 

9 



I 
I 

:i· 
' 

I• 

2 ~ 2 . . 
'lJ 2 2 1 2" 4 2 Bp. . 2 . 2 · 2 2 

A =p.\2p. R xA-B)+-10+~H~+--d+:'l(a+2m ))+(a~-a)(c 2+x(2n+z})-f 2 q 2 X 2 1 · '' q 

-b [b +xa2+(n2:z)(c +n2x)]-a 2-zb
2
-l.[(3z2-y' 2){c +h.~)+zx(5z 2-3y' 2)]1, 

02 2 . 2 2 0 . 

.\ =1_1<1+ 
2

P.
2

)(aa +2a
2
-b )(a2+b +2a(Rq)}-(a -:a2.:..b aHa .f.ldn2+a)+ 

+ 2a q 2 1 - + 1 - + o + o 2 2 - • 

+c (n 2 +a)2 +x(n 2 +a)3]!, 
2 - • -. 

I/ 
., 2 -.2 

J 0 =fn(H~Itt ),J+=-(a) fn 
L - ± 

1.{ 
•2 

4lR
2

+z((Hq):!:_a)-y(a+) ., a+ =((Rq):!:.a) 2 -4lH~ 
2 p. y' R 2- ( z + (Rq )~a ) -

·' .1 ' ,., 2 :...1 2 2 J 2 2 2 2 2 2 2 2 2 2 
•• = k-q. 'X=< .r-Ill ) 'y = R -fl. 'z = J +p. ' r =Ill -: p. 'e =m + fl ' II =f -(qk), 

2 4/l 2 
a =-n {Uq )0----) 

0 ' 
' q 2 

2 2 41l 2 . 2 2 2 
h = n -a ln 2 ,a = 1 0- -=- ) , h = ( R q ) -4 fl n , 
. '0 0 ' q 2 .. • 

a = 3 e 2 --4 ( q k ), 
I 

b =(qk)(3f
2
-2(qk)) -4m

2
ft ~a 

2
=f 2lx+2x(r 2) 2 (q 2 + z), h2 =z-2q 2 +2x[q2 (q2-f)/ 

I . 

. +2 ln2fl 2J, 

c = !_ x (2 •1 2- a ), .\ = ( R q) I H 2 + x {2!( 2 + q 2 
) , 3 

2 3 · I · · , 

~ ' ' '.· ,' . .l -
2[22 2 ('2 !l,t =2 f+x 'I (r -2 H )+x 'I +2H Jx · 

\ 

X ( (r 
2 

) 
2 
+ 7. ( ~ 2 - 2 H 2 

) ) ], c = 2 '12 + (!t 'I )( e 2+ 2 z ) I B 2 
+X ( q 2 + 2 !t 2 

)( ·lz - f 2). 

10 

.' {' 
~ 

'-! ~ 
. ·~ . 

·:.. 

l 
. .. L. 
~~ 
ltl .. ~ 

Rl: 

;,~ 
( 

I! 
1"1 

·~ '" 
'l 
'~ 

i 
I' 

I 

l . _:i' 
;J~ 

.. 

Bemt'IHHa ·k M k aanHliieTCSI TaK: 
fl. flV V 

8rr2 · 
kM k_=-(B+B 0 J 0 +B J +B J ), 
flflVV3 0 LL ++ --

I'.lle 

• 1 44 ·22_ .;~ '.2·t 
B

0
=yl-[z(B

1
-(R +p. )A 1 )+·3 y C 1 ]-t=-::!r-D3 (a

0
-a )+hJ£3 

2 . q . . 

3 5 2 2 2, 
+ B3 +Zz(C3 + h0D3)+D3 ~'2z - 3 y 1!, 

Bn=fl
2

R
2

(2p 2 R 2 A -B )+!.::t.!.[-{Rq)A +a2B +(RJdC -(R 
L 112 2 2 2 2 q. 

+ ( a 
0 

- a 
2 

)( C 
3 
+ (2n2 + z ) !.1 

3 
Y- h 

0 
[ B 

3 
+a 2 D 

3 
+ ( n 2+ z )( C / n 2 D ~ ) ] -

X ( 3 z 
2 -l) + z !) 3 ( 5 z 

2
- 3 y 1 ] I ' 

1 1 2 .' · 2 I 2· ' 
!l =-1+-.-(a +~Rq)a+h)[+aA -:a !l -(Rid C -+C.Rid! ± 2a -:- q 2 - . . . - 2 .. 2 2 

2 . ., ' 2 . •. . 
+a -a )x(:\ +B (n~ +a)+C (n 2 +a) +D (n 2 +a) 3]1, 
- + 0 • 3 3 - ,3 - 3 - • 

A= llq 2 +x[6m 2;t2q 2-5(q ld+m2 x(4m 2-q:!J]/R
2
,B =8ft 2

L\, 
I . I • · 

~ " 

x [m2 r 2+ H2 (r2 _-2:d]+ m2x 1[6+x(4m 2-q2)][(r 2f 2 +Z(f ~ 2z)]~q~~ 
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-a2.-h aHa +h (;r +a)+ 
+ 0 2 2 -· 

I[ 
•2 

I 2 2 2 
-·; at. =«Hq >:t. a) -4p. n I 

·' 
2 2 2 2 2 2 

p. .f. =m +p. 1 n=f -(qk)l 

·, . 

f• ' ' ; . 

[
2(.2 2 (2 ry·· 

-x 'I r -2 H )i-X 'I i-2H1x · 

IJ 
d . ,; . 

.. 

·t ' .. 

Bemi'IHHa ·k M k 
p._ p.v .v 

aamuueTcSI TaK: 

8rr2 · 
kM k =-(B +BnJe+B J +B J )I 

p. p.v .v 3 o r. + + - -

' 

., l' 

.. {17~ 

+ ( a
0 
-a 

2 
)( Ca+ (2n2 +z )!l a f- h 0 [ B a ~a2D 3 +( n 2+z )( C a+n 2 !J 

3 
}].- A 

3
-z !1

3
- i [(C

3
+b

0
Da)x 

.. 

1 l 2 . 2 2 . 422 
!l =--{+..,..(a +2:Hq)a+hH+aA -:a B -(Rid C .+CH!d!l

2
-m r R l+(uh + ± 2a -:- q 2 - · .. - 2 .. . 2 2 o-

A I 2 t 2 . 2 (' ) . 2 ('. 2 21 1 I ' 2 I . 2 I . 4 <' I ':! I 2) ", = 1 q +X 6m ,+ 2q -5 q k +m X 4m -q I J ' J, =,8/t ~ If + I q +~ n X 
. !.. ' 

x[rn2 r 2+H2(r2 _-2z)ltrn 2 x {[6+x(•lrn 2-q2)![(r 2f 2+Z(e~ 2z)]-rJ 2 (r 2 t2H 2)IIH\~ 
! .• • 

'j , : ~-
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C =(3f
2
+4lx)lq

2
+[9z-q

2 
+24m 

2
+3xf(Hq )+ m2x (18{ ri6 m 2~2q 2+3xf 2(4~ :_q))]/R.~-

I \ . . .. 
• 2 2 2 2 • ' 2 .2 2. 

A2 =4f!L\(4(qk)-3f)lq ,B2=3f(qk)~12m 2fL 2 ;...2(qk) {l-4f!lq ), 

C =2f! 2(Rk);t-r 2(qk)+2L\, D 2=m 2 [r2(m 2-;-q2).t2f!_2H2] 
2 

( ~ 2( . 2 2 ) ( )( 4 2 2) . ; 20 2( 2 r ·( ~2 ) A = r 1 .Jf +2m -2 q k 2f! + m r +m r. . q + 4 r J· x , 
3 . 

2 . 2 . ) 2 2 2,. 2 2. 2 . 2 2 2 2 B =f! (-7m -2(qk) +m (m +q J+2m x(4m fL .-2q fL.+ m q ), 
8 .. 

C =l.[8(q!d-4m 2- 9f 2+4m 2 x(2q 2-3d], D =_!_(3+4m 2x). 
8 a··, · a. 2 

. ! ~ 

TaKnM o6pa3oM, nonyqeao Toqaoe aaannTnqecKoe Bhlpa•eane 

·JJ.nSJ. JJ.ncjlcjlepeliunanbaoro ceqeang npoueccoB 3 - 6 

' 

d 2 a 

d(q2 )d(qk) 

3. AcnMnToTnqecKife~ d>opMynhi JJ.nSJ. HHTerpanhlthiX · ceqeanii 

HaiiJJ.eM Teneph nepBbie JiB~ qneaa HHTerpanhHbiX ceq,eanii KorepeHT

HbiX npoueccoB B npeJJ.ene, KOI'JJ.a aaeprng nenToHa k 0-+oo • 3To qneHbi no-

PSIJJ.Ka k 0 fnk 0 n k 0 

3aMrqag,· qTo. I q2 1 s¢¢,eKTHBHO orpaanq,nBaeTCS! cP~J.l~cPaJ<_ropaMrl S!JJ.pa, 

a l(qk)l" = (pk) 1 MO;HO CqHTaTh 1 qTo l(qk)l»lq 2l,m 2,f! 2 H npeHe6pe% B 
max 

(14)-(17) nenTOHHbiMH MaccaMH ll q 2 no cpaBHeHHIO c(qk). 1 (pk) BCIO-

JJ.Y, rJie STO B03MO*HO. ~· 

B TaKoM cnyqae 

, 

2 4 . 
( · 2 [ . 2 2 8 (·-I X 2/L 10 IL · ) M = 477(q k)l3) -8 foOl IlL >+ - Cn(-- ---:;-'- -

4
-1 + 

ILIL . .. f, (+I q q 

. \ . ' • 2 (qk) 2 12 fL 4 1 . f- 1 6 2 
kf! •. rf!l/1. 17 (h(q k ) 13) -- 4 [ -- - fn ( -;c:;:T ) - !:!L -.I 

2 q4 J: ,+1 2 . q , q 

ll 
2 . 2 ·2 

rJJ.e f, = 0-4 fL I q ) 

Z 2a2G 2 
a=---· 

16(271) 5 

_1_ f 'd(q
2

){)(qk) 

(pk)2 q·~ 
I [F, ( q 2) +AF~(p2)]2q2~ 

2 2 . 2 2 2 
_ _,!l__,\2 F2(q2)].[(llt +....!!..:._k M k )4(M.('Ik) +q (pk) 

4-M2 2 . ILIL (q kf fL fll' II 

? 4 2 

+ ~\ k M k ((qk)+2 (pk)) ]; 
(qk) , fL fLII II · 

(p k) 2 4 2 2 !~ 
-·--(q +(q-4Mq) )<2(qk)< 

M2 - -

4(pk)2 2 M 2(m2 -··j.L2)2 
--.,.~....;_- < q < - ----=--
M2+2(pk)-- 4(pk) 2· 

2 2 2 
m -tL + q ' 

llnSJ. npouecca Ha S!JJ.pe CO CnHHOM 0, npeHe6perag ~ 

v'-71M nonyquM OTCIOJJ.a 

a z2a2G2 .(pk) fF2(x)~[8fn(2 (pk) \!x >-UJ.· 
(6 71 ) 8 M o Vx M u 2 . (pk) 

---+ 00 

M 

!'JJ.~ x=-q 2 , a BennqnHhi 0
2 · n U JJ.aHhi B Ta6nnue ·1 

U npeae6peranoch m
2 

lx n 'np,oii3BOJJ.ItnOCh pa3no•ean 
e . • 

PSJ.JJ.Ka no xI m 2 • 
. fL 
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2 " 2 . 2 2. ' 2 ·~ ] 2 
+16m -2q +3xe (4m-qJ)/R,-

,_ • 0 ' 

2 . 2 .. 2 .. 
qk) {1-4/Liq ), 

+ 4(r.~ 2 x ), 

' 2 2 2. 2) .q./L+m q ' 

tnbHbiX Ce"'eHHll: KOI'epeHT-
t 

, 3To qneHbi no-

1aeTCSI ljlopMcpaKTOpaMH s.mpa·, 
' . ~·. ' ' • ' 1 . ' t' 

2 . 2 2 ' ' lq I• m •IL H. npeae6pe"'b n 

BHeHHIO , C ( q k) 1 (pk) BCI0-
1 . ' ~ '¥ 

·2 2 2 8 f . ..,t 2u 2 
l011 4 4Q, 2 

M = (4rr(qk)l3) [-8fn(a IlL)+ -rn(-'-)(_,---i-1)+-; +17], (18) 
ILIL . . · ~ ~+I q q q 

( 19) 

2 2 !f 
rne ~ = U-41L I q ) 

Z 2a2G 2 
a= .. 

l6(2rr) 
5 

? 4 2 
+ ~q 2 k M k ((qk)+2 (pk)) ]; 

(qk) . IL /LV v . 

2 2 2 
m -IL + q ' 

(21) .. 

LlnH npouecca aa SIJlpe co cnaHoM 0 1 npeae6peraSI qneiiaMil 'nopSIJlKa 

'1/- q2 IM 1 nony"'HM OTCIO)la 

z2a2G2.(pk) iF2(x)~[8fn(2 (pk) :Yx >-UJ,· 
(6 17 ) 

3 M o Vx M u 2 

a 
(22) (pk) __ ... 00 

M 

!'Jl~ x=-q 2 , a senH"'HHbi 0
2 · H U naHbi n Ta6nHue ·1, DpH Dbi"'HCneHHn 

U npeae6peranocb m
2
/ x 11 ·np,oHanomwocb paano)K~l!HO no nepnoro no-

pSIJlKa no xI ~ 2 • 
IL 
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Ta6mma 1 

Bemi"IIIHhl, soaHuKmomue B acuMnT~TH'lecKnx 
ce'leHHSIX npoueccos 3 - 6 ( ¢opMyn~ (22)) 

ITpouecc 3)e ->e 5)p.->p. 
4) p.-> e @e .... P. 

2 m 
u X p. 

u 3513 4 I 2 29+ l) x mp. 

/8/ 
Bbl6epeM Tenepb ¢opM¢aKTop Sinpa B sune · 

F (x)=(l+xlf3 2
}";-

2 {3 =oy20IR ,R =1,2A
113

¢.· 
I .I ; I I 0 0 • 

¥!a (22 )· Torna ·HaxonuM ( B n.c.) 

a 
I 

2Z2
a

2
G

2
· 

(617) 3 
k 

5 
TT f3 I - [ 8 fn (2k f3 I v 2 ) - V j • 

0 32 . 0 I I I 

k ... 00 
;(J 

/8/ 
IToncTasnSISI B (22) ¢opM¢aKTop B ¢opMe 

F (x) = exp [- x I (2 {3 2 
) ] 

II . II . 

HMeeM 

222 r- ·.· 
a _ 2Z a G y rr r::l · 

II - ----- k · ~-'u 
k -> 

00 

( 6 TT ) 3 0 --2-
.0 

Ben'n'lHHhl v 2 , v 2 , V 
I II I 

,v 
·II 

:,,, 

f3. =v·5 1 n. 
. II 0 

[8~n(2k {3 I v 2
)- V ]. 

0 II ·, II II 

npusel(eHhl B Ta6 nuue 2. 

(23) 

(24=) 

(25) 

(28) 

ITpouecc 

2 
VI 

v 
I 

v2 
II 

VII 

·Ta6nuua 2 

BenR'lRHhi, B03HRKaiOmae B acaMnTOTH'leCKRX c 

npoueccos 3 ·- 8 , . 

3) e., ... e 

4) P.:+ e 

'f3 :I 

(¢opMynhl (24) If (28)) 

5) .p.-+p. 

6) e -> p. 

"' ·miL 

619/15 + L r::~. 2 1 ~ . 25 1-' I . 

m2 
p. 

- 4 ( c '+ 2 &. 2) + 35/3 4( C+2 fn 2)+·29 + ~ 

ITpuMe'la-nae:. c =0;577 . - nocTominai 3iinepa~ 
., ' ,. 

KaK: sunHo a::i paseHCTB (22), (24), (26) a Ta6nau 1,: 

KRe Ce'leHRSI. OllRH8KOBbl anSI npoUeCCOB· C O,[{IIH8KOBbiMII KOH 

HaMR, ITpa aToM B cnyqae peaKUHH c MIOOHOM B KOHe'lHOM c 

niOnaeTCSI peaKoe coKpameHae _nepBbiX nsyx qneHos ( = k 
0
fn I 

8CRMllTOTR'leCKRX ¢opMyn, .llnSI. npoueccoll C KOHe'lHbiM sneK' 

coKpamenae He a MeeT MecTa. · 

B o6nacTu csepXBhiCOKHX snepruii,· Korna 

peaKURH 3. .,;. 8 CTaHOBSITCSI paBHhiMR 

a I 

fnk
0

->oo 

au 
fnk 0 -+00 

z2a2G2 

(6 TT ) 3. 

- 8 ---a 
5-.jTr .I 

.k 
0 

5rrf3 . 
___:__]_ 

2 

0.90 a I. 

fn (k/ m). 
p. . 

fn k -+ oo 
0 

B Ta6naue 3 npuBeneHH HeKOTOpble qucneHHhle aHa'ieH 

nony'leHHhle no ¢opMyn!lM .. (24 )_ u (28). 



- -

cuMnToTu'lecK-nx 

( ¢opMyna (22)) 

m 
fl. 

3 
/81 

ll. (23) 

q_ v J. 
1 1 

(24=) 

(25) 
.. 

]. 
'i; 

(26,) - v 
II 

~a6 nuue 2. 
) 

llpouecc 

v 2 
I 

v 
I 

v2 
II 

VII 

-Ta6nuua 2 

Bemi'IUHbi, B03HHKarom:ue .B acuMIITOTH'IeCKHX cetieHH.HX 

(¢opMyJib1 (24) if (26)) 

3) e -+e 5) 

4) 1-L-:> e 6) e ... fl. 

·m 
fl. 

_-3/5 619/15 +L IQ
2 ./m 2 

. 25 t-' 1 fl. 

-4( c '+ 2 E~ 2)+ 35/3 ( ) 2 2 2 
4 C+2 En 2 +·29+ 5 (3II I mi-L 

KaK Bunno- n3 p~Beiic;B (22), (24), (26) u Ta6nuu ,i,2, ac:UMIITOTH'lec

KUe Ce'IeHUH OllUH8KOBbi llJl.ll I!pOUeCCOB C OlliiH8KOBbiMH_ KOH9'1HbiMH JleiiTO-

. HaMu. llpu aToM B cny'lae peaKuuii: c MIOOHOM B KOH-e'IHOM cocTO.HHHH na6-
. . 

JIIOnaeTC.Il pe3K09 COKpaiUeH:Ue IIepBbiX llBYX 'IJI_eHOB ( "' k 
0
fn k O " H = k ) 

I) •• 

8CHMIITOTH'19CKHX <iJopMyJI. nn.11 IlpOUeCCOB C KOH9'1HbiM aJieKTpOHOM TaKOe 

coKpamen:ue ne :uMeeT MecTa. · 

B o6nacTu cBepXBbiCOKHX anepi':uil, KOI'na 

peaKUHil 3 - ,.;. 6 CTaHOB.IlTC.Il paBHbiMH 

z2a2G2 
. k 

577 (3 
.En ( k/ m ) . a I 

(677 ) 3 0 2 fl. .. 
enko-+00 

8 0.90 a 
1

• all =--a . I 

enk~ -+OC 
5y;:- . 

, · Ce'leHH.Il BCeX 

(27) 

B Ta6n:uue 3 npuBeneH.PI HeKoTOpb1e ti:ucneHHbH~ 3Ha'ieHH.Il ce'IeH:uil, 

nony'l~HHbie no ¢opMynaM (24 )_ :u_ (26). 
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Ta6n'nua. 3 

·. 'LlucneHHhie 3H8'IeHHSI·BenH'IHHb( a/a· ·, \I"lle:a = Z 2
a

2
G

2
m

2
= 

-44 2 ° 0 fL 
= 3,03·10' CM Z 2

· . llnH .npoueccon 3' - 6 , , 
I 

nony'IeHHble H3 aCHMnTOTH'IeCKHX lj>OpMyn (24) ,H 

c · ucnonb30BaHuet.f ljlopM!jlaKTopon F
1 

· , F II 

A ;, ·12,56,208. 

e- +A --~-+A+v0 +v
0 

fL-+A-+e;_+A +v ,._;:; 
fL . e 

: 

'\...--k- rJmfL 20 · 
_A"" 50, 100 500 1000 2000 

-1 F I 0,99·10 0,31 0,72' 4,7 10' 23 

208 
-1 

0,67 F. 0,93.10 0,29 4,3· 9,5 21 
II 

-
56 FI 0,14 0,44 1,0 6,8. 15 33 

-
Fn 0,13 0,41' 0,95 6,3 14 30 

-
~I 0,19 _0,64 1,5 10 23 52 

12 -

(26) 

t~nH 

5000 '10000 

63 135 

58 124 

93 200 

85 183. 

146 316 

FII 0,18 0,60. 1;4 9,?: ' 22 ' ·48 - . ····1.34 290 

~mil 

208 

56 

12 

fL- +A -+fL- + A +V/l +.v fL 

e-+A -+fL -+A +v +V·.' 
fL 

500 1000 

F, 1;3 3,5 

F 1,1 . ·3,0 II 

FI 2,4 6,3 

Fu 2,1 5,5 

Fu 4,8 12 

FII . 4,2 11 

2000 5000 10000 

9,0 ·- 29 67 

7,8 25 59 

16 . : :,,, 49 
~ 113 

14 43 99 

29 8~ 202 .. 

26 79 180 

np~Me'IaHHe: Ce'IeHHSI llaHhl KaK ljlyHKUHH 9Hepi"HH Hd'I8nbHOI"O nenTOHa, 

16 

., '0TMeTHM Tenepb'; 'iTO HaUl pe3ynbTaT riiHI 1acJiMJiTO'I 

npotiecca 5 ,; na· immknTenb 4/S fsonbme- pe3ynbTaTa pa6o 

):IHMOMy, 3TO CB.II38HO C 
1 
TeM, 'iTO aCHMnTOTH'ieCKOe Bbipa 

}.12/ ' ' . ·. ' . . .. ;. ' . 
HOe B · ' :13 npn6nH:>Ke.HHH BaiiU39Kepa-BHnb.IIMCa 0 OTnH'i 

TH'ieCKOH cjJopMynhi (20} ):ISHHOH pa60Thl MHO:lKHTeneM 1/2 
. - . 2( )2[ .... q2_kM; ·1· ., 

- 'ineHOB THna Hamero 4M q .k M ·· + -·- · k Jt KOTOphiE 
· ' . /l/l {qk) 2 /l /lV lJ 

BKna):l B aCHMnTOTH'ieCKOe Ce'ieHHe 

3· ·a K n 1d >i''e H n' e· 
' u · ·• .r " , , 

B HSCTO.IIIlleH pa6oT~ B KOBapHaHTHOH cjJopMe nony'ie 
. _..- .. - ,.,.r 

TH'ieC.KOe Bbipa:>KeHHe ):ln.II J:tHcjJcjJepeHUHanbHOI'O Ce'ieHH.II np< 
~·-'. ~~i_4 

f 
• ' 1 

+A .... e __ + A .. +v +.iT., 
2 1 2• . ' 

-~ \. : 

; ~ ~· ' ~· .;. ~ ' 

KSK cjJyHKilHH 3Hepi'HH H yrna .llliP~ OT):IS'iH B na6opaTOpHO 

Bhi'iHCneHHH C'iHTanOCb, 'iTO paCCMaTpHBaeMbie ·peaKUHH 0 

paMMaMH pnc. 1 c oflhi'iHhiM V "'7 A cna6biM B3aHMOJ:teiic 

3KC~epHMeHTa~bHbiX p.e3y·n~~aT,OB C Bhi~~C~~H~.II~H no cjJOJ 

no3aonnno 6hi c):lenaTb · onpeJ:teneHHhie BhiBOJ:thi o cna6oM 

nenT.OHOB, B 'iSCTHOC~H, o' -~P?6ne'Me·---I:L- e YHHBepcanbHO 

0co6hiH HHTep~c~ npenci-a:BrrsieT. H-cc'ne):IOtlaH~e . npolle 

BKniO'iSIOill~X :nHaromfhb'lii.teticna6hi~ B~a~MO):Ieii:CTBHSl'; .CBe 
/1/ . ' 

noxa eme O'ieHb cxyJ:tHhi. EcnH .oKa:>KeTC.II ·, ''iTO ·xo 

B3ai!:MoJ:teiicTBHii G d 3Ha'iHTenbHO 6onbme o6hi'iHOii xo! 

SKilHH 3 H. 5 6yJ:tyT HMeTb 3aMeTHbie Ce'ieHH.II y:>Ke npl 

KOnbKO ):leC.IITKOB faa. 

B pa6oTe nony'ieHhi TaK:>Ke aCHMnTOTH'ieCKHe cjJopMy 

HbiX ce'l.eHHii xore.peHTHhiX npoueccoa 3 - 6 .• B Ta6n11u 

'iHCneHHbie 3Ha'ieHH.II npH HeKOTOpbiX 3Hepi'H.IIX nenTOHSe ; 
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•48 '1.34 290 

-5000 10000 
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89 . 202 , .. 
79~ 180 

rHH HdqanbHO~O nenTOHS, 

·t ; 0TM9THM Tenepb~~ q"To··'Ha·w peaynbTa~ 'riliSI racHMD;T.oTHttSCKoro· ceqenitsi 

5 
. . ' . ' .. . . .. .. /12/ .. ·: 

npouecca ,; aa:· ~1HOOKHT9nb 4/3 6onblll9· peaynbTaTa pa60Thl ' ·~ flo-BH..;. 

JlHMOMY 
1 

a TO CBSI3aHO C 
1 
TeM 1 'ITO aCHMnTOTH'I9CK09 BbipameHH9 1 nonyqea.:.:· ' r 

HOe B 1121 B npH~nHmeHHH. Baiiuaexepa-BHnb1slMCa,· o'TnH'IaeTc.fi'o1-. achMnTo

.TH'I9CKOll ctJopMy~bi (20) JlaHaoii pa6oTbi MHOmHTeneM 1/2 11 oTcyTCTBHeM 

qneaoB THna aalllero 4M 2(q .k) 2[M,,+ q).
2 ~k M: kt,xciTopbie Ta'Kme )laroT 

· rr (qk p pv II 

BKnaJl B 8CHMnTOTH'I9CK09 C9'19Hiie 

,-:.. 

3· a K n 101 q' 1e H 1i e: . 
~ r, ~ '; , r h I .. ' 

B H8CT051lll9ll pa6~T~ B KOBap!iaHTHOll clJopMe nony'ISHO Tq'IH09 aaanH-
' •;. F 'r' \ ·~ 

Tli'19CKOe BbipameHH9 )lnSI JlHclJclJepeHUHanbHOI'O C9'19HHSl npouecCOB 
_____ _ : _~_t,_:_~L- i.·, __ :'~ :::} . ' 

f + A .. f .. · + A +Y + iT 
·' ·, I '• 2 I 2·· ··1 

_: ~; ; . ~H .:. • 

KaK clJyHKUiili aHepi'Iili li yrna SIJlpa OT)la'lli B na6opaTOpHOll C!iCTeMe, flpli 

Bbi'IHCn9Hiili C'IHTanoCb 1 'ITO paCCMaTpliBaeMbl9 ·pe~.KUHH OnHCb!Ba!OTCSl Jlliai'

paMMaMH p!ic. 1 c o6bi'IHbiM V "'7 A cna6biM B3aHMOJleiicTBHeM, GpaBHeHHe 
\ ~ ,' . \ ·I " ' 

axcnepHMeHTanbHbiX peaynbTaToB c Bbi'IHCneHHSIMH no clJopMynaM (14)-(17) 

no3BOnH·nO 6bi C)lenaTb · onpe)leneHHbie BbiBOJlbl 0 cna60M B3a!iMOA9HCTBHH 
. ' . . ~ .. ' ;.. ~. ~· ~ .. . . . '· ' '• " 

nenTOHOBj B '18CTHOCTH, o' np'?6ne·Me·' ·p- e YHHBepcanbHOCT!i, 

0co6b!l% lia'.rkp~c~ npeAcTiu3rrsieT ltccnerioaaauE! . npoueccoB .. ~ .11 S 1: 

BKniO'iaront~X' :llliaroHJhh.!itieHcJ'ia6i.i~ B~a~MOJleil:CTBii~·; -c~eneH~R o •KOTbpbiX 
. /1/ '· . 

oqeHb CKYJlHbi, Ecn11 oxameTcst ·, ·qTo ·xoHCTaHTa TaKHx· 
l. 

noxa eme 

B3aiiMOJleiicTBHA G d aaa'IHTenbHO 6onbllle o6bi'IHOil: KOHCTaHTbi G 1 pe-

aKUiili 3 1i. 5 6yJlyT HM9Tb 3aMeTHbie Ce'leHHSI yme np!i aHepi'!iSlX B Hec

KOnbKO Jl9C51TKOB faB, 

B pa6oTe nony'leHbi Taxme aCHMnTOTH'IeCKHe clJopMynbi )lnst HHTerpanb

HbiX ce'leHHii xore.peHTHbiX npoueccoB 3 - 6. • B Ta6n11ue 3 npHBeJleHbi HX 

'IHCneHHbie 3Ha'I9Hii51 npli H9KOTOpbiX aHepi'!iSIX nenTOHa, 3neKTpOMai'HHTHblii 



ciJopMciJaKTOp sutp~ J3bi6HpanC.SI ~pH STOM B JlBYX ciJopMaX ':"' JlHUOnbHOfi H rayc-

cos,ofi. Oxa3anocb, 'I,To peayn~.TaT cna6o aaaHCHT oT:· Bbt6opa ciJopMciJax.., 
J.! _,. •t.,: ''·' ' . 

Tapa.,~ · ; ~ 

f1pH ~ CaepXBbiCOKHX SHeprH.SIX Ce'leHH.SI peaKUHfi S 
,_ •.· ' . ,, ' . :-- ·• ..... . .. 

. ~ _ .. 
OJlHHaKOBbiMH, 

Cpaaaeaae c peaynbT~TaMH. Jln.SI npoueccoa ,t 

~ ....; + 
v +A .... v +A +f + f , 

1 2, 1 2 

6 CTaHOB.SITC.SI 
~" 

. /8/ : 
nony'leHHbiMH a pa6oTe · ~ ,. noKa3biBaeT, 'ITO ce'leHH.SI STHX npoueccoa ~a 

·Hecxonhxo paa npeaocxoJl.SIT · ce'leHH.SI peaxua~ 3 - 6 • TaKHM· o6paaoM, 

HCCne.qOBaHHe pOlK.IleHH.SI ·neiTTOHHbiX nap ITY'IKOM HefiTpHHO BbiCOKOil: SHeprHH 

Ka~eTC.SI 6onee peanbHJ;>IM. 0JlHaKo cneJlyeT y'leCTb, q~o aett~pHH~hie ·· IIY'<~- ~ 
. ,, ' . 

KH Ha yCKOpHTen.SIX ~HMeiOT JlOBOnbHO WHpOKHfi. CITeKTp H COJlep>KaT B OCHOB-

HOM MIOOHHbie Heil:TpHHOo f10STOMY ITpH HanH'IHH MOHOXpOMaTH'IeCKHX ITY'IKOB 

aneKTpOHOB. BbiCOKOil: ~ 9HeprKH H3y'leHHe peaKUHH 

.·~·-+A -+e- +A + v + v 
e e 

'"J ••• 

· MO>KeT. JlaTb HHciJopMaUHIO 0 JlHaroHanbHOM (; v ) ( v- e ~ B38HMOJleil:CT-
'.:... 

BHH. 
-~ . 

AaTop s~pa>KaeT rny6oxyro 6naroaapHOCTb C.M., BaneHbKOMY ~a BHK

Maaae .x pa6oTe "· Il~>ne3HI>Ie <>?CY)I{Jl~HHHaaTpoeyTbiX ,3Aec~ aonpocoa. 

Oa: 6naroaapeH TaK>Ke rtpociJeccopy ;I.A. CMopoJlKHCKOMY H ll.IO. Bapaaay 
• ' ' • 1- ' . ~ • • ' • . . •' - ~ .• • 

aa o6cy>KJleHHe peaynDTaT~B• 

\:-. 
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