
D.- 564 

VfHTErPAJ1bHOE YPABHEHVfE 
nn.sr nVJOH-HYKnOHHOrO PACCEHHVfH · 

nPVI HVI3KY1X 3HEPrVI.HX 
w ~ -'961 -rt/0 B :f. L !l.i-7 -fl. J.-6. 

I 'I / I / 

D.y6Ha 1960 roa 



V!HTErPAJibHOE YPABHEHVJE 
D.n5r nVJOH-HYKnOHHOrO PACCEHHVJH 

nPVJ HVJ3KVJX 3HEPrVJHX 

Ol'he,ll.RHeHHLiit HHCTliTyt 

fi~epmu uccneJ10Baimf1 
5:15JlHOTEKA 

D.- 564 



A H H o T a u H B 

HcxonB H3 llHCITBpCHOHHhlX COOTHOWBHHI llDB paCCBBHHB Brrepen H H838ll 

H ycnOBHB YHHTapHOCTH, rronyqeHa CHCTBM8 CBB38HHhlX MHTerpan&HhlX ypaBHBHHI 

llDB 8MITDHTYll s H P BOnH ITMOH-HyKnOHHOPO p8CCBBHHB rrpH HH3KMX 9HBprMBX. 

YqllThlB8BTCB BKna~ OT paapeaa B HB¢M3MqBCKOI o6naCTll 6ea MCITOnb30BaHriB 

aHanuTuqecKoro rrponoJUKBHHB p83DQ}KBHHB ne}KaHnpa. B HHTerpan&HbiX ypaBHBHHBX ... 
ITOBBD,B IOTCB 8MfinHTy ll hi peaKUUA /j-N 8HHMPHnBUHH 1 OHH BBHO CBB38Hbl C a¢.!. 

¢eKTOM 7C'-7C -B38HMODBICTBHB. 

1-... 



BBe.ueuue 

1-3 
HeLiaBHO Y:y u np. cnena~u uony10 nonhiTKy pew HTh npo6neMbi crtnbHoro 

B381IMOL!8IlCTBHH IIpll Hli3KHX aueprHSIX, OCHOBb!B85ICb 118 nnyxMepHOM nHcrrepcliOHIJOM 

4-6 
COOTHOLU81!HU 0 IIp8/..(Jl0}:<eHHOM J\l\aHn8JibCT8MOM • YJHTerpalibHOO ypaBHCHI!e, Bnep-. 

Bbl8 ,ll8HH08 Jv\ 8HL!8JibCT8MOM 1 BKJIIO'I88T nBe HenpepblBHhl8 He~J8BliCl!M bl8 nepeM8li!Ihie
1 

c KOTOphiMn Tpynuo orrepupoBaTb MaTeMaTnttecKu. TeopiHI MaHnenbcTaMa oc11onana 

H8 npeniTOJIO)K8HHH 0 'ITO TO.TJbKO nByXtt8CTl!'!Hbl8 npoMelliyTO'IHblC COCT05ll!IUI .ll8IOT 

3Hatt!IT8JibHbie BKJia,abi B ycnoBIIH YHIIT8P~J50CTH. 3To npennoJIO>Kenrw 011Kouuo 

TOJibKO LlJIH 51BJI8H HH t IIpOllCXO n SlU!liX II pH Hll3KHX 8H epr HHX. lloaToMy YLrofiuo non-

BeprHyTb llHTeP'p81IbH08 ypaBH8HH8 H8KOTOpOMy rrpeo6pa30B8Hll!0
0 
KOTopoc~ rwpeBO.llHT 

o6e HerrpepbiBHble HeaaBncnMbie rrepeMeHHbre, a nMeHHo, aHeprmo u rrepe::raqy HMrryJib .. 

ca,COOTB8TCTB8HH0 1 B onHy HenpepbiBHy!O II O.llHy niiCKpeTHYIO nepeM8HHbl8
1 

T8KH8 

KBK aHeprHSI H MOM8HT KOJIH'I8CTB8 LlBH)K8Hli5I, TaK K8K TOJlbKO COCTOHHHH C H860Jib~ 

WIIM MOMeHTOM KOJIH'I8CTB8 LlBIIlli8HII51 CYlll8CTB8HHhl B HBJI8HHHX rrp!I HII3KOi1: 8Hepriiii1
1 

TO MOlliHO Ilpeue6petth BC8MJI 8MilJIHTynaMH 1 C 60l!bWUM MOM8HTOM K01IH'I8CTD8 nBHllie-

HHSI B COOTB8TCTBHH C IlpU61IUlli8HlleM 1yme CLl8Jl8HHhlM OTHOCHT8JlbHO YCJIOBHA YHIITap

HOCTH. YlnTerpanhHoe ypaBueuue MaunenbCTaMa c n·ByMH ne3aBUCHMbiMH rrepeMeu

HbiMH, T8KHM o6pa30M, rrpeo6pa3y8TCH B KOH8'IHY!O CliCTeMy 38U8Il1I.HIOlllHXC5I HHTe

rpaJihHhlX ypaBH8HHA C OL!HOA H838BHCHMOfi nepeM8HHOfi, C KOTOpoA yno6~ee orrepu-

pOB8Th M8T8M8Tff'I8C~Il. 

1-3 
B pa6oTax, uaaaaHHbiX Bbrwe nucrrepcuouubre cooTHoweuun nnH rrapuuanh-

HbiX aonnOBbrx aMnmiTY n nerKo B•,rrrucaubr. O.uuaKo, ycnoauH yuuTapuocTu . B .uecpu3u

ttecKoA o6nacTH rronytteHbi rryTeM aHaJI!fTHttecKoro rrpo.aonllieHu.H pa31IOllienu.H Jle*aun· 

pa, KOTOpOe TepSieT CBOIO CUlly Ha rpaHIIU8 Cll8KTp81IhHbiX cpyHKUHA. K flK. pa3 B61IH3ll 

rpaHHUbl CIT8KTp81IhHb!X cpyHKUUA IIM88TCSI 601Ihill8Sl 06JI8CTh 1 KOTOpa.H oniiH8KOBO 

ynaneua OT cpu3HttecKoA o6nacTu u aT rpaHHUhl cneKTpaJihHhlX cpyHKunA. Borrpoc o 
( . . . . 

TOM 1 MOlliHO Jill rrpeue6pettb B STOft 061I8CTH 6onee BbiCOKHMH rrapUH8JlhHbiMH BOJIH8MH 

B p831IO)K8HIIH J1e}K8Hnpa, H8XOLIHTCH ITOLI COMH8HUeM. BKnan B IIHTerpaJihHOe ypaB

H8Hli8 OT paip838 B HecpU31fqecKOI 06JI8CTH rrpe.UCT8B1I8H II08TOMy He T8K TO'IHO, . . . 
KaK BK1Ian OT paape3a B cp!I3ll'I8CKOll 061I8CTH. 

B oco6euno ue6narorrpHHTHOM rroJiollieHIIH uaxo.auTcH rrpo6neMa It' -N -p :;en-

HIISI, Kor.ua rpauuua crreKTpaJibHbiX cpyHKuuA uaxonuTc.H conceM ne.aaneKo aT cpHau-· 
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qecKOll 06JiaCTH, C IIOMOI..Uh!O .UBYXM8pHOT'O .UHCII8pCHOHHOT'O COOTHOW8HIH! H rpaHHU 

rh " M /6/ 
CII8KTp8JihHbiX 'i-'YHKU11H, .U8HHbiX 8H.U8JihCTaMOM t MO)KHO IIOK838Th, qTo pa3JIO-

)K8HH8 Jle:rKaH.upa TepHeT c11ny npn 4._ ==14,5 --k - HMnynhc IC -Me3oHa B cH

cTeMe ueHTpa Mace. Macca 7'(; -Me30Ha npHHHMaeTCH 38 e.uHHHUy. npeHe6pe '!\8HHe 

6onee BbiCOKHMH II8pUII8JihHbiMH BOJIH8MH MOX<eT 6biTh OIIp8B2l8HO TOJihKO IIpH ewe 

6onee HII3KOM npe.uene. C .upyroit CTOpOHbi,, B cfJII3HqecKOH o6JiaCTH o6pe3aHHe 

HyX{HO IIpOB8CTI1 IIpii 60JihWHX 3HaqeHH5IX HMIIyJihCa, qTo6bi 'Hal!TII IIpaBH.TihHOe IIOJIO

)K8HH8 /3,3/ pe30H8HCHOll SHeprn:u, B TO BpeMH KaK IIOBe.ueHUe /.3,3/ 8MIIJIHTY2lbl 

38BHCHT B OCHOBHOM OT BKJI8.U8 OT pa3pe3a B cfJH3HqecKoA o6JiaCTH, BJIHHHHe BKJiana 

OT pa3pe3a B Hecpii3HqecKOll o6naCTH Ha .upyrne 8MIIJIHTYLlbl cymecTBeHHO •. nosTOMy 

HHTepeCHO IIOJiyqHTh HHTerpanhHbie ypaBHeHnH TaK, qTo6bi OWH6Kn, Bb!3B8HH b!e rrpu-

6JIHX<8HH5IMH1 6biJIH 6bi yM8HhW8Hbi H 6onee paBHOMepHO ,pacnpeneJieHbi Memny cfJH3H

qecKOll H H8~H3H~eCKOll o6naCT5IMH H qT06hl B~JI82l bT pa3pe3a B He¢H3HqecKon o6-

JI8CTH 6biJI 6bi yqTeH 6onee TOqHo, 

B riaHHOll pa6oTe, HCIIOJih3YH .UHCIIepCHOHHhl8 COOTHOW~HHH LlJIH pacceHHHH 

BII8p8Ll H H838Ll II YCJIOBHH yHHTapHOCT~, Mhl IIOJiyqiiJIH CHCTeMy CBH38HHhlX HHTe-

T'p8JihHbiX ypaBHeHHll .UJIH 8MIIJIIITY.U S II P BOJIH IIHOH-HyKJIOHHOT'O pacceHHHH 

IIpii HII3KHX SHeprHHX, LlHCIIepCHOHHhle COOTHOW8HHH .UJIH pacceHHHH BIIepeLl H 1:!8382::{ 

HM810T TO IIp8HMYI..U8CTBO, qTo aMIIJIHTYLlhl pacCeHHHH B He¢H3IIqeCKOll o5JiaCTH MoryT 

6biTh Bbipax<eHbi npHMO qepe3 7'C"- 1'1 8MIIJIIITY2lbl KpOCCHHf' peaKUHH 6e3 HCIIOJib-

30B8HH5I aHa.TIHTHqecKOT'O IIPOLlOJI)!(eH!15I, npu STOM He B03HHKaeT ITp06JI8Mbi Hapywe-
... ~,, 

HUH p83JIOii(81:!IIH JleX<8HLlp8, QqeHb B03MOX<HO, qTo HHTerpa.TibHb!G ypaBHeHHH yqTyT 

BKna.u oT pa3pe3a B HeqH-r3uqecKoit o6nacTu 6onee ToqHo, LiucnepCHOHHOe cooTHowe-
..... 

Hue nnH pacceHHIIH Ha3an BBOLlHT aMnnuTy.Ubl peaKUIHI aHHHT'HJIHUHH N t' IV ~It r 7C' 

B HHTerpallbHbie ypaBH8HH5I H yqHTb!B88T STHM CSMbiM BJIHHHHe -rc-?z:, -s3aHMonen-

CTBHH, C LlPYT'Oll CTOpOHbi IIOJiyqeHHbl8 HHTerptt.TibHble ypaBHeHHH LlOJI)!{Hbl 6b!Tb pewe--Hbl onHoBpeMeHao c HHTerpanbHbiMn: ypaBHeHn:H:vru ll.TIH N-N aHHHrrrnmtan:. 3ToT 

M.eTo.u MomeT 6biTb nerKo pacnpocTpaHeH Ha npyrue 'npo6neMbi cn.TibHoro B3auMo

nell:cTBHH, CosceM He.uaBHO E~peMoB, MemepHKOB rr WnpKOB 
71 

nonyqnnn nHTepec-

Hy!O COBOKYIIHOCTh HHTerpanbHhlX ypaBH8HHll LliiH -rc -N p~cceHHnH B npennono-..., 
)l<eHnH, qTo N - N 

Ul8CTB8HHO qepe3 s 
8HHIIT'HJIHUUH npoTeKaeT B o6naCTU HU3KIIX SHeprnA npenMy

H P COCTOHHHH. 0Hll T8K)K8 HCIIO.TI,b30B8.TIU IIp811MYW8CTBO 

.UHCII8pCUOHHOT'O COOTHOW8HH5I Ll.TIH pacce~HFIH H838Ll /8/ • YJx COBOKYIIHOCTb IIHTe-

,_.,.i}l 
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rpLI.llbHblX ypaBH8HIIii llM88T IIHT8p(~CHYIO OCOUOHHOCTb: OHa tvJO)I<eT 6b!Tb peweHa 

6ea 3HBHIHI aMriJIHTYLl N - .V 8HHI!f'IIJHI!!llll, 0)0111 .'!1Hihl C.'1Bilf'll 7t -I[""· -paccefl-

HUH. YJHTerpaJibH08 ypaBH8HHe, fiOJIY'I8HHOe B H8CTOHWei1 ·pa6oTe, rrpUf'OllHO llJHI 

CJiy'laH 1 KOI'll8 peaJibHOii '18CTbiO COCTOHHI!ii C 6onee Bb!COKHM MOM8HTOM KOJ1H'IOCTB8 

a,BJ1)f{8HHH He npene6peraeTCH flO CpaBHOHHIO C 

Hllf'.HJIHUHH, 

s H p COCTOfiHHfiMU N -N 

Bo BTopoM pasae.TJe HacToHwefl pa6oTbi o6cy)KLJ:aiOTCH oco6eHHOCTH napunanb- · 

HbiX aMnnnTyn n o6naCTb cnpaBe.~wnBocTH pasno:tKeHHH JlemaHnpa. B TpeTbeM pas -

D:e.TJe BblflliC8Hbl llHCnepCHOHHbJe COOTHOW8HHfl ll.JIH P,ac;:ceHUfl Bnepen H Ha3a.'l, npn-

BO.llllTCH CBH3b Me>K..::ty 8MfiJIHTY1l8MH n p BOJIH C 0 !HOli CTOpOHb! H 8Mfi.TJH-

Ty .naMn pacceHHHH snepen n Hasan - ·c npyro1'1 cTopOHbi, B qeTBepToM pasnene BJ:.:

BO.llHTcH HHTerpaJJbHbJe ypaBH8HHH .'lJlH aMriJJHTY 1l S li 'P- .BO.TJH, nony'!eHHbJe pe-

9/ 
3YJibTaTbl cpaBHHBa!OTCH c peay.TJbTaTaMn 4y, ronbn6eprepa, Jloy n HaM6y • 

2. 06JJaCTb cnpaB81l.Tll-iBOCTH pa3JJOlli8HllH Jle:tKaHnpa 

nono:tKeHne oco6eHHOCTei1 n paspesoB napunaJJbHbiX aMnnnTyn nsyqanocb 

10/ 
,\\ ,)JayaJIOM • L!JIH U3y'leHIHI 06JiaCTH cnpaBe:J:JI~BOCTH pa3JJ0lli8HUH JleMaHnpa 

6o.TJee uenecoo6pasHo naTb MecTonaxo:tKD:eHne oco6eHHOCT8li nByxMepHoro npe n-

cTaB.TieHnH TaK, '!T06bi nx OTHocnT.eJibHbie noJJO)!<eHnH oTHocnTe.TJbHO rpaHnu cneKTpam: 

Hb!X cpyHKUHH JI8f'KO Ha6.TJ IOJlaJIHCb, 0603H8'l8HUH, HCfiOJib30BaHHbie B 1l8HHOH pa6oTe, 

HBJIHIOTCH cTaHnapTHbiMn. OnHaKo, llJJH yno6cTBa onn paccMaTpnBaiOTCH B cnenyiO

weM naparpacpe. 

KaK H3BecTHo, TpH cne.nyiOmnx npouecca 

I. 

JI.. + N(fJ) ~ "Tr(-f:,ot..) + N(-f •. J 

11 /' 

III. N(~) + 
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ODliCbiB8lOTCH OLlHOH cpyHKUlieH rpnHa, 3necb Jt lf-Me30H
1 

TOrna KaK N n N 
HyKnOH li 8HTliHyKnOH COOTBeTCTBeHHO, 

CTByiOIUlie 4 -BeKTOpbl liMnynhca; eX 
10 BHyTpli CK060K 0603HaqaiOT COOTBeT

li J nHneKCbi II30TonnqecKoro cnnHa. B 

liMDynbCHOM npencTaBneHIIli cpyHKUliH rpnHa 

T ::. 
~ . 

r { A . - .4 " A + J !'~ - ( S, ~. t) + ~ ( "· - ~ ) J3 ( S, S, t) 

I { - - ,_• '\ " - - J + r [ rj3, T.,.) -A($, S, t) + 'i ( P, -: ~) B ( S, s, t) I 

/2 I 

rne 

s - - ( ;; + ?; ) 4 = - ( ~ + ~ J" -
-

..z. " s - - ( /'; + j:Ji. } ::. - ( fz T IJ ) -
..t ..t' 131 

t - - (~ r") :. -(f; +/i) -
S + s- + t ::: ..z nt.l..+ "' . 

TonbKO nse H3 T.pex rrepeMeHHbiX S -s . t He3aBliCHMbl, H1. 0603HaqaeT 

snech Macey HyKnoHa. YI HBapnaHTHbie cpyHKUHli A .t + 
n 'B- ynosneTBOpSIIOT cnenyiO-

IUHM KpOCCliHI"' COOTHOW eHliHM 

..,. -
A-~S,S,t) 

... 
_ ± A-(s.s,t) 

1). .,. - + -o'..,. ( S, S, t ) = + 'Jj- ( S. S, t), /4/ 
'fl·it!~,..,_l--., 

4/ 
no MaHnenbcTaMy OHH TaKX(e ynoBneTBOpHIOT CJieLlYlOIUliM LlBYXM9pHbiM nne-

nePCHOHHbiM COOTHOWeHHHM: 
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+ 

:t: , , a,
4 

c s, t; .t -' , 
~~ ( S, t ) 

cs:..s>ct'-t) {f:..sJ(t'-t; 

+ -B -, S, $, t ) ::: 

+. 
lS'-SJ(t'-t) 

+ 
n t " b-
"'- n - cneKTpaJihHb!e ¢YHKUHH. / - peHopMaJIH3oBaHHaH pauHoHaJIH3oBaH-

H8H KOHCT8HT8 '7f:-fV. CBH3Ho LlJIH yno6cTBa paCCMOTp8HHH Mbl BBODHM CJienyro-

IUHe nepeM8HHbl8 B C,U.Mo k H t/> HMnyJihC H yrOJI pacCeHHHH peaKUHII 1, 

f H i HMnyJihC II yroJI paCC8HHHH p~aKUIIH 11. /0, g H 8 IIMnyJihC HyKJIOHa 

H 8HTIIHYKJIOHa, IIMnyJihC H yron pacceHHIIH peaKUIIH Ill cooT-- -B8TCTB8HHO, Tor.na DJIH peaKUIIH 1 IIMeiOT M8CTO CJI8LlYIOIUII8 COOTHOW8HIIH: 

s - ~.l.+/ + <. k 4. + .z)(nr.J.+k~ )(/ + ~:.j -
/6/ 

m..'4 + I - ~/e~JC - <. Jcm.z+ k.:. > ( 1 + k.-t) 
I 

s = 
-l 

+· t - -..2k (1-JC) X Co~ - -I 



8 

CooTeeTcTBYIOWHe cooTHoweHIHI .UJHI peaKUIH! 11 HMeioT en.n: 

s = 111,~+ I -~- J - -' .t J( - .2 ("' "+ ;_ 4.) ( I + i_ .l) 

-l 
+ <.j(,_:z.,. k<LJ( I+ kz.) s - m~+ I ~o.z.it 171 -

t --l - -
S CO$ t/J - -.2,k, (1-K) )( - , 

CoOTB8TCTByiOWll8 COOTHOW8HIIH DJIH peaKUllll 111 IIM810T Bll.[l: 

4 A. ; S: -/t' -J +3. J.Z 

" .L s = - ~ - % - "'It' I z 
181 

t :. 4 ( m.4+ Jtl.a) .:. l.J..( I+ gl) 

~ = cos $ 

¢n3nqecKaH o6nacTb peaKunu 1 rrpe.ncTaeneHa o6nacTbiO 1 Ha puc. 1 a. 0Ha orpa-
-.l. ' -

HlfqeHa yc.TIOBHHMH 5 ~ (.WJ.+IJ , •J ~ If~ 1 . 0Ha II08TOMy HaXOllHT-

CH CIIpaBa OT IIpHMOH S : ( 1t1. +I ).a, If ne;.;,: IIT Me}Kny rpaHIIUaMH. 

-,..~ 

J..- D 
(I - I is = (111-l.-1)-<.. 

19 I 

¢H3IfqecKaH o6nacTb peaKUHII 11 o6o3HaqeHa KaK 11 Ha prrc.la.Orra orpaHrrqeaa ycno-
.:L - -

BHSIMH S ~ ( "1 +I) , - J. ~ X i J. . 0Ha TaK)!(e JI8)KHT Me l!(llY 

- .l . 
rpaHHUaMH 19 I , Ho Haxo.niiTCH cneBa · oT rrpSIMoi'i S = ( lH. + 1) • ¢ H3II'IecKaH 

-- -- .l. 
o6nacTb peaKuHH 111 o6o.·maqeHa KaK 111 Ha pnc.1a. 0Ha orpamrqeHa yc.rroBHHMH t~'l-11t 

II • J. ~ ·~ ~ J. • Ee HHMHeil rpamrueu II08ToMy HBJIHeTcH Ta qacTb KpHBOI1 

-s s c. -<. = (111.-1) 

.l, 
KOTOpaSI Jl8)KIIT Han IIpHMOH t :" -4- 1'>'1. 

, 1101 

i 



9 

npSIM8fl t a: 0 CBfl3b!BaeT pacceHHIIe Bnepe!l peaKUIIH 1 C paccef!HIIeM BllepeLl 

- " .a. peaKUIIII 11 , KpHBafl ~ $ : ("'. -I) 
1 

COe!liiHSISI pacceSIHIIe H838Ll peaKUIIII C pac-

ceHHUeM Haaan peaKUIIII 11, coenHHHeT TaK:m.e pacceHHHe •Haaan peaKuHH c pac-

11 n t -:> '' - 4 t· ~- l.o_ ceSIHIIeM anepen n aaaan peaKunn I.· pn - ... H .,.. ypaBHeHne 

S$:(nt.4 -JJ 4 
oniiCbiBaeT nae BeTBII OLlHOfi rn:nep6onhr, npi~BeneHHofi Ha pi1c.1a. 

npii ./i- ~ t ~ 4- 1J1. ,t $ II i CT8HOBSITCSI KOMnneKCHb!MU, ypaBHeHIIe 

onucbrBaeT snni~nc, Kacaromi~ficH ri~nep6onbi Ha o6eiix KoHuax. 3ToT snnunc npencTaB

neH Ha pile. 1 c. 

rpaHIIU8 cneKTpanhHbiX cpyHKUIIH npencTaBneHa CXeMaTIIqeCKII llyHKTUpOM Ha 
.t ~:y :t 

puc. 1 a. 06nacTh, B KOTOpOH + 4,-l- ' b,< He paBHhl Hynro, OTMeqeHa 12, a 
f + :t 

o6naCTII 1 COOTBeTCTBYIOUlHe cz,; b,j U t;t-, b_ ,oTMeqeHbi 13 II 23 COOT BeT-
.ii .~J 

CTBeHHOe 

Oco6eHHOCTU napuiianbHhlX BonHoBwx aMnnHTYLl peaKUIIH B 0 3HUK8 lOT H3 

2-x IICTOq HUKOB. n epBb!H II CTOqHIIK - cPYHKUIIOHanbH8SI 38BIICIIMOCTb i, "f: oTS,JC. 

Yfa /6 I cnenyeT 

-- j_ { $ - (Itt+ I J<,} { $ - ( nt- I )~} • 

4-$ 
111 I 

0Ha naeT OC06eHHOCTb npn: $: 0 , KOTopaSI SIBnSieTCSI OLlHOH Il3 aCIIMllTOT riin.ep-

60nbi SS=(nz.-'-1) 4 • Yfa puc. 1a BIILlHO, qTo onn:H KOHeu aToll: acn:MnToTbi npn:-

6nii:m.aeTcH K rpaHIIUe paccef!HIISI H838Ll peaKUIIII 11, B TO BpeMSI KBK npyrofi n~n:-

6nn::m.aeTCSI B rpaHIIUe pacceSIHIISI Bnepen peaKun:u 111. 

BTopoll: IICTOqHn:K oco6eHHOCTell: - o6pameHIIe B Hynh paann:qHbiX aHaMeHaTenell: 
I 

B LliiCnepCIIOHHb!X COOTHOWeHIISIX 15/. 06pameHn:e B Hynh 3HaMeHaTenSI $'- .s ~ 

$ = ' na. + ' J . npiiBOLliiT B o6nacTn: oco6eHHOcTeti:, ne:m.amiix cnpaBa oT npHMofi: 

Oaa o6oaaaqeaa qepea Q, Ha piic. 16 H To:m.necTBeHHa co ·acefi: ci:Jn3HqecKofi: o6nacTbiO 

peaKuHH 1. Oco6eHHOCTh, B03HHKaromaH oT nep~oro nonrocHoro qneHa !Yc 11'&"- S ) 

o5oaaaqeaa b Ha pn:c. 16. 0Ha npencTaBnsreT co6oti: ae5onbuiofi: oTpeaoK nHHHII 

s = H1. .. • 
I 

06naCTb OC06eHHOCTefi: , B03HUK810ll.{8SI OT o6pameHHSI B Hynb 3HaMeHa-

TenSI §'- i ' pacnono:m.eHa cneBa OT npSIMOH S a ( nt -1- I)~ • 0Ha COCTOUT 

Il3 2-x qacTefi:, 0603HaqeHHb!X qepe3 C H ol. COOTBeTCTBeHHO Ha puc. 16, c - -
qacTb <}maHqecKOH o6naCTH peaKUHH 11 t HO .· o(. ne:m.HT nonHOCTb!O B Heci:Jn:aHqe-

CKOH o6nacTH. Ee 6cnbWaSI qacTb noKpbrTa nnomaLlbiO, rne cneKTpanbHbre cPYHKUJIH 
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+ + 

"~~ II b~ He o6pamaiO.TC5!" B HYJlb, a pa3J10)KeHIIe ne)KaH.npa TepSieT CIIJiy. Oco

6eHHOCTII 0 B03HIIK8IOilliie OT BTOporo IIOJ1IOCHOI'O '!JieHa 
jl./ " -f /'nt - $ ) , TaK)Ke co-

CTOSIT II3 2-X '!8CTe~ o603Ha'!eHHhlX qepe3 e II f Ha piiC. 16. 06nacTb oco-

1 
6eHHOCTefi, B03HIIK8IOilliiX OT o:6pameHIIH B HYJib 3HaMeHaTeJISI 

neHa Ha piic. lc. 0Ha cocTOIIT II3 2-x qacTefi I II .( 
t'- t rrpe.ncTaa

$ - qacTb rroaepx-

HOCTII UIIJIIIH.Upa 

s--s . ~ 
=Cnt 4 -tJ, 

I 121 

O.UIIH KOHeU KOTOpOfi orpaHII'!eH t : ~ t TOrn: a KaK .npyrofi orpaHII'!eH Bb!W e-

- a .t 
yKa3aHHbiM aJIJIIIIICOM $ S = { na. -I) • Vl'MeeTCH 6onbwaSI qacTb rroaepXHOCTII 

UliJIIIH.Upa, r.ne pa3JI01KeHIIe JJe)KaH.npa TepSieT CIIJIY B pe3yJibTaTe orpaHII'!eHIIH 

CO C~OpOHhl CIIeKTpaJibHhlX ¢yHKUIIll 
. .,. b ~ .L 

4.z"j ii ;zJ • 06iracTb '1. orpaanqeaa 

rpaHIIuefi t=:lf. S:o ' - .l. ~ 
II aepxaefi BeTBbiO rrmep6oJibi S S:: (111. - 1)• 

60JibW85I 'IaCTb 06JiaCTH ( :t :t 
rroKpbrTa rrnoma.nbiO, r.ne Q.oll II b~l ae o6pama IOT-

CH B HYJib 1 a pa3JIO)KeHIIe ne)KaH.npa TepHeT CHJIY. 

Oco6eHHOCTH H pa3pe3bi rrapuHaJib,HbiX BOJIHOBbiX aMIIJIHTy.n peaKuHII 1 6 

KOMIIJieKCHOll S -rrJIOCKOCTH MOI'yT 6hlTb IIOJiy'!eHhl rryTeM IIpoeKTHpOB8HHH pHC.1B 

H 1 c Ha KoMrrneKcayiO S -rrnocKoCTb. 0HII rrpe.ncTaBJieHbi a a piic. 2. CooTBeTcTBIIe 

Me*.UY piiC. 2 II piiCo 16 1 1 C oqeBII.UHO II- He Hy)!{.naeTCH B o6oHCHeHIIII. 

Hau6onee )KeCTKoe orpaa'uqeaue Ha crrpaaen:JIHBOCTb pa3JIO)KeHIIH ne)KaH.npa 

IIMeeT MeCTO Ha pa3pe3e 1 pHC.2 1 KOTO~pb!H COOTBeTCTByeT IIOBepXHOCTH UHJIIIH.U-

pa ~ Ha piic. 1c. MHIIMbie qacTH IIHBapuaHTHbiX aMIIJIHTy.n pacce!!:HHH aa 1 
LJ:OJI:tKHbl 6b!Tb IIOJiy'IeHbl rryTeM_ 8H8JIHTH'!eCKOI'O IIpO.UOJI)KeHIIH p83JIO)KeHHH Jle)!{aH.n-

p9 aMIIJIIITY .n peaKUIIH 111 • no TeopeMe Xafiae 
11 

I o6nacTbiO crrpaaen:JIIIBOCTH 

pa3JIO:tKeHIIH IIpH cpHKCHpOBaHHOM t HBJISieTCH BHyTpeHHHSI 'IaCTb 8JIJIHIICa 1 KOTOphlH 

B .naJibHefiweM 6yJleM Ha3hiBaTb anniirrcoM lleMaHHa, 'IT06br He crryTaTb ero 'c an-

- .t 4 . 
JIHIICOM s s :: ( m. -I) • 3JIJIIIIIC neMaHa rrpoxon:IIT 'qepe3 rpaHHUY crreKTpaJibHbiX 

cPYHKUIIH H liMeeT ci:>oKyCbi rrpu ~ : CIJS S = t 1 , KOTOpbre ne*aT Ha KpHaofi 

$$ :: ( I'YL2.- / ).l, 1 KaK IIOK83aHO BbiWe. npoCTb!e paC'IeTbi .Ua!OT ypaBHeHIIe LJ:JIH 

8JIJ1IIIICa JleMaHHa B 06JiaCTII ""' ~ t ~ 4 nt < 

)(~ ~.z 
-?lot 1131 J. ' - + --1~ 
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rne t 
hn s .(. - ~ s 

)( = :1 ::: m. • .<. 

z3. _. 4-jl)..~" t .l I. • 
/14, 

f-4:: ~ = s.uJ + m. -
~ 

:t ' l:. 
rpaH!lUa crreKTpanbHbiX cf>yHKUllH ~.Zi ll b.,i . YpaBHeH!le /13/ 

llJIH ITOB8pXHOCTll UllJlllHDpa MO:IK8T 6b!Tb rrepeiT!lCBHO. CJie.UyiOLUHM o6pa30M! 

115 I 

rpaH!l!I8 o6JiaCTll crrpaBellJlllBOCT!l pa3JrO:IKeHIHI ne.>KBHDpa MHllMbiX 'lac·refi llHB8pll-

8HTHhlX 8MITJIHTY1l p8CC8HHHH orrpe.uenHeTCH rrepeceqeH!leM SJIJllliTC8 neMaHH8 C rro

BepXHOCTb!O UIWHH.Upa, KOTOpb!H MO:tKeT 6biTb ITOJiy'leH ITyTeM peweH!lH yp8BH8HHH 

I 13 I • I 15 I c IICITOJib30BaHneM rpaH!lUbi crreKTpanbHbiX cPYHKUllH M aHnenbcTaMa. 
IZ 

Haa60JibWII8 orpaHII'IeHHH BHOCHT TO'IK8 cp = 54° , .t = 12, k =•14,5, KOTopaH 

HB.11H8TCH 6.TIIOK8HWeil K cflll3Hl.J8CKOll 06JiaCTH TO'IKOll rpaHHUbi. 

HecOMHeHHO, o6naCTb crrpaB81l.TlliBOCTH pa3.TIO:IK8HHH ne:IKaH.upa .UJIH .ueilcTB!l

TenbHOii '18CTH llHB8pH8HTHb!X cflYHKUHH paccemiiHI MHOf'O y:tKe, KBK OTMeqeHO JleMaH

HO:VIl2l. 0Ha He OITp0D8.TlH8TCH rpaH!lU8ll CITeKTp8.TlbHb!X cflYHKUHH, a orrpe,U8.TIHeTCH 
I , .2. 

Hl!ihHHM rrpe.n:e.TIOM HHT8f'pHpOB8HHH ITO tL l B /5/. no rrepeMeHHOll 1i. rpaHHU8 

~ 
H8YHH88TCH OT k =-2,36. 0TM8THM, 'ITO OH8 ITO,UXO.UHT K cflH3!l'leCKOll 06JI8CTH 3H8-

'IlfT8llbHO 6mDKe, '!eM rpaHHUB p83JIO./K8HHH MHHMb!X '18CT8ll HHB8pH8HTHb!X cPYHKUHll. 

111. [l.llcrrepcHoHHbi e cooTHoweHHSI .U.TIH pac·ceSIHHSI Brrepe.u · H Haaa.u 

1J ucrrepc HOHH bie C OOTHO ill eHHH .UJl 51 rrapUll8JibH b!X 8MITJIHTY .U ITHOH-HYKJIOHHOrO 

10/ 
pacceHHHH 6brnH Bbrrrncaabr M.D.aysnoM • BMecTe c ycnoaneM yHHTapHOCTH OHH 

MOf'yT 6b!Tb HCIT01Ib30B8Hbl K·aK HHTef'p81IbHbie ypaBHeHHSI .UJISI 7f:-ft/ -pacceHHHSI 

rrocne cBepweHHSI cooTBeTcTBYIOLUero aHanHTH'IecKoro rrpo.uon:tKeHHSI. PaccMoTpeHIIe 

rrpenbi.UYLl(ero pa3.uena rrc-Ka,1biBaeT, o.uHaKo, 'ITO llHTerpanbHbre ypaBHeHHSI, rrony-

'!eHHbre TBKHM o6pa30M, HeKOppeKTHbi B peaynbT8Te TOrO, 'ITO p83JlO:IKeHne JTe:tKaH

LlPB paHO TOpHeT CHJiy. C .Upyr'Oll CTOpOHbi, MO:IKHO O:IKH,U8Tb, 'ITO II8pUH8JlbHbie BOJI

Hbl, OTJIH'!Hb!e OT BOJIHbi B /3.31, orrpe,UeJIHIOTCSI BKJIB.UOM HecflH3ll'l:eCKOll o6naCTll. 

noaTOMY HHTepecno HCCJie.UOB8Tb B03MO:IKHOCTb H36b:IK8HHSI 9T.OH Tpy .UHOCTH. 
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f}peLlblLlYUHfe paCC·Y:fKLleHIHI T8KiKO IIOK83b!B810T 0 '-ITO r'p8HIIU8 o6JiaCT!f CIIpa

Be!_lJilfBOCT!f pa3JI0/l(eHrt:H nemaHLlP8 If3MeHHeTC51 ilJIH pa3JIIf'-!HbiX yrnon· pacCOHHHH • 

.i..l.TJH pacceHHHH BrrepeLl LlHcrrepcHo~Hbrt't HHTerpan 6epeTcH rro JIHHHH t = O. AMrrmr-

TY Llbi pacceHHHH peaKUHH B He¢H3H'-!eCKOA 06JiaCTH HerrocpeLlCTBeHHO CBH38Hhl 

C 8MI1JlHTYLl8MH peaKUlfH 11 B ¢rr3lf'-!0CKOA o6JI8CTH ;; i! C:.~S i: J. • TaKrt:M 

o6pa30M 1 He Tpe6yeTCH 8H8JlHTIPieCKOf'O IIPOLlOJillieHIIH. LlnH paCCeHHifH H838Ll LllfC

ne-pCUOHHbiA UHTerpan 6epeTCl1 no KpiiBOt'l S S = ( m:~·- 1 J 4 
• K poMe Toro, 6yLly'-lu. 

CBH38HHbl~1If C pacceHIUieM H838Ll peaKUUif 11 B ¢If3H'-!eCKOH o6JI8CTli 1 8MrlJIHTYLl bl 

pacceHHHH peaKUHH B H8¢If3H'-!eCKOH 06JI8CTH T8K/Ke HerrocpeLlCTBeHHO CBH38Hbl 

c aMnnnTyLlaMH peaKUIIH Ill rrpH .l :: C."S t!J :: :t 1 . EcnH ycnoBHe yHIITapHocTH 

LlJIH peaKUIIH Ill aHaJIHTH'-!eci}If npoaonmeHo B o6nacTb · "+- ~ t S 'I- m. ~ , KaK ' 

M 13/ 6 . 
STO II0~838HO 8H,'leJlbCT8MOM t TO T8KiKe He Tpe yeTCH ,'l8JlbH8filliero 8H8JIHTH-

'leCKOf'O npoaon:rKeHIHI B aToM cnyqae. HaH6onee He6narorrpHSITHhiH cnyqafi HMeeT 

M8CTO rrpll • = 54°r T8K KaK pa3JlOllieHHe nelli8Hilp8 TepgeT Clflly rrpH /e.4:-/~$' 
lln5I "1f-N pacceHHH51 ~pH Hlf3KHX SHeprH51X H3 SKCrreprrMeHTa H3BeCTH01 'ITO 

TOJlbKO He60JiblliOe, KOJIU'IeCTBO COCTOHHUH MOMeHT8 KOJlll'IeCTBa ,'lBH/K8HU51 cyrue

CTBeHH01 TOf'Ll8 K8K Bee Llpyrlfe COCT051HH51 M8llblo £lll51 orrpeLleJieHrt:H STOf'O He6onb

lliOf'O KOJlH'IeCTBa 8MIIJIUTYil ·pacce51Hlfsl Heo6XOLlHMbl TOllbKO ,'lHCII8pCIIOHHbie COOT

HOllieHH51 ,'lJI51 He60JiblliOf'O KOJIH'I8CTB8 Yf'JIOB. 3Tlf Y,f'Jlbi MOf'yT 6b!Tb Bbi6paHbi Ta

KIIM o6pa30M, 'ITO p83Jl0lli8Hlf8 [Ie:tK8HLlpa 6yaeT Tep51Tb ClfJIY TOJlbKO B YLl8Jl8HHbiX 

o6JiaCT51X. B C8MOM Llene, B o6JiaCTif SHepf'IIH, rae BOJIHbi, OTJIU'IHhi8 OT BOJIH ~ 

If p , H8CymeCTBeHHbi, He06XOLllfMbi Ton6Ko LllfCIIepCHOHHHbie COOTHOW8Hlf51 Llll51 

LlBYX pa3irlf'IHbiX yrnoB. O'IeBHilHbril: Bhr6op naaaeT TorDa Ha 4' =180° u tf> =0°. 

nony'IeHHbie ·1fHTerpallbHbi8 yp8BHeHH51, Bep051THO, 6yLlyT Y'IliTb!B8Tb BKJ18Ll OT He-

¢H3H'I8CKOH o6naCTH 6onee TO'IHO. 

J1CII0llb3Y51 60llbllie ilHCrrepCilOHHbiX COOTHOWeHUH rrpn ilPYf'HX Yf'll8X Mbl MO-

/KeM yqecTb 60J1bllie BOJIH. D.n H cny'IaH 'TJ:- N pacceHHHH none3HO Bhr6paTh yrnhr, 

6JIH3KHe K 180°, TaK K8K XYLlilllfH yron illlH p83Jl0lli8HHH nemaHapa + =54°, KOTo

pbiH 6nu30K HyJIJO. He;:r.aBHO E¢peMoB, M emepHKOB n WupKOB 
71 

nony'Iunn rmTepec-

HY 10 COBOKYIIHOCTb HHTerpallbHbiH ypaBHeHUi1: ,'lJIH '1t -/1 pacceHHHH, KOTopwe yqu-

TbiB810T s¢¢eKT lt'-7r;' B38UMO,'leHCTBHH, HO B KOTopoti He IIOHBJl.HlOTC51 8MIIJIUTy'"-

ilhi peaKUHH 111. KpoMe Toro, npeanonoMHB, 'ITO peaKuiHI B .o6nacTu H~3KHX 

sHeprufi npoTeKaeT npeHMyruecTBeHHO qepe3 S If p BOJlH hi, OHII T8K me IfCIIOJib-

30B8Jllf IIPelfMylUeCTBO LllfCrrepciiOHHOf'O COOTHOllieHIIH LlJl51 yrna pacceHHifH 6JIH3K0f'O 

K 1800 /8/• 
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;:J.acnepc!!OHHbre cooTHOJL;eHIHJ ·urH paccOHliiHI sncpc.·t xopot1ro II3nncTHr,r, Ourr 

lll\!e lOT BI!;(: 

I 
s ,_ .s 

"" 
+ ~jd s '{ -!---rc. s-.s 

(nt+l).t 

+ ~ 4/ 

II 6 I 

II 81 .. orrpeneneHbi B pa6oTe MaHnenbcTaMa 

. A~ II 'Dr B 

t KOTOpb!e COBIT8Ll810T C MHH-

:\!b!MH 'I8CT51MII O cp1I31I'IeCKOII o6JiaCTII peaKUHH 1 • ~ orrpe.aenH-

eTCH K8K 

/17 I 

J'v\ bl MO)KeM T8K)Ke IIp51MO Bb!ITHC8Tb LlHCITe_pCHOHHbie C OOTHOWeHHH ,llJIH pacceHHHH 

H838Ll. noJIO)KeHIIe OCo6eHHOCTeH 11 pa3pe30B LlBHO Ha puc: 1 H 2. npe)K,lle BCero . 

Bbi[leJI51IOTC51 ITOJIIOCHbre 'IJieHbi. K O'HTYP HHTerf:mpoBaHHH Bb!6paH. KBK) rro~a3aHO Ha 

p11c. ·s. DHcrrepcHOHHbre cooTHoweHHH DJIH pacce51HH51 Ha3an HMeiOT ann: 

... 
A -( s. cos"' = - .t ) = 

+ 
AJ-, s: -J.) 

s'- s 

..t 
{M-1) 

L[ I 

;;_;r~s 

0 

A
t , 

J (5, -1) 

. s'- s 

~ , 
A~ (S, -J.) 

s'-s 
/18/ 



+ ,~ 
8 -cs, -1 > = ltt..:&- 5 

.2 
{ttt-1) 

-:~r}u· 
0 

+ . 
B.z-( s; -1). 

S'-S 

14 

!:z. 00 + 

+ ::~rjc~.~· 
'8,-( .s: -1) 

:;: ,.,.~_ s s'-. s 
. - .a. 

("&+-t) 

z. 

Jc{j + j -/ +jJ~s·_B.~;......:~-~-·~~) 
J+ ,_ .. -.tit.~ I . -0<:' 

+ +' + + 
A.,z-, 8-l- uA1-, 83- naHbi ~TaKlli.e.; pa6oTe MaHnenbcTaMa, 0HH cosqanaroT c MHHu-

MaJibHbiMH -IaCTSJMH A , B B cpH3HtiecKoii o6nacTH peaKUHH 11 H 111 cooT-

BeTCTBeHHo. KoHTyp I+ SJBJisteTcst nonyKpyroM sepxHeii nonynnocKocTH, o6xonu-

MbiM no qacosoii cTpenKe, Torna Kak KOHTyp 9_ - nonyKpyroM IH!lli.Heii nony

nnocKOCTH, o6xonHMbiM npOTHB 'l8COBOH CTpeJIKH, KaK nOK838HO H8 pHc,3, s:. -
onpenensteTcst cnenyromuM o6pa30M 

-s_ = I { ~ . .t T »z ~-I) • 1191 
~ . + t + 

3HaKH nepen A.t ' s.t- H A, ' 84-, nom~JISJIOIUHecSJ B HHTerpanax-1 noJilli.H,PI 6b!Tb on-

peneneHbi nyTeM paccMoTpeHHSJ 3HaKOB He6~nhwux MHHMbiX qacTeii S H t noSJBJISJ-

IOlUHXCSJ B nHcnepCliOHHbiX COOTHOWeHHSJX 151 • llnst HJIJIIOCTp8UHH nanee nOK838HO . + 
onpeneneHHe 3HaKa nepen A; B UHTerpane no 

.t 
f; = -'fk. . Ha nonyKpyre sepxHeii rronyrrnocKocTu 

/1+ . llnst paccestHHSJ Ha3an 

s HMeeT sun: 

• 
s = f e "'~' ;,· 

OS'f'S.'TC. 
1201 

VJcnonh3yst 111 I Mbi cpa3y lli.e nonyqaeM 

~ t = T { cm.t_, J~- f.t} J;·~ f. 
121 I 
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TaKrrM o6pa3oM, t ITM88T OTpllU8T8llbHYID MHllMYID qaCTb BHB rronyKpyra B8pXHeR 

IIOllYIIllOCKOCTll ll IIOJ10)i(IIT8llbHYIO MHHMyiD qaCTb BHyTpH IIOllYKpyra B8pXH8H rrony-
;t 

rrnocKOCTrr, 3HaK rrepe.a. A1 B ITHTerpane no 3.,. .a.onMeH ohiTb oTprruaTenhHhiM, 

. M 10/ B rrpoTrrBorronoMHOCTb pe3ynhTaTy, rronyqeHHOMy aK-Day8noM • 

DrrcrrepcrwHHhre cooTHOWBHIHI /18/ MoryT rrprrHSITh BITJJ:
1

rro.a.o6Hhri1 /16/. VfHTe

-;-S -- c -""- l).t. rpanhr B /20/ B3SIThi cpaKTHqecKrr B.a.onh KprrBoti t7 ,.. HeKoTopbre rr3 HHTe-

rpanoB y.a.o6Ho rro.a.BeprHyTh rrpeo6pa3oBaHrrm: 

$ = 
/22/ 

B qacTHOCTll 

,,.._,, .t 
t I 

()ID + - A.z-(s.'-1) :/; J.u' A.t(S,-1) 
.I j ~ _, ·s_ 
- s. -· s'- s 7t' 

_, _, s: s s -~ 0 (M+I) 

+ _,_2:,. i 
0 A

1
-cs: -L J + 

-j; j dS' 'j -· $.. AJ -, S,' -1) - ;;r tJ( $ • -· -$'- s _, _, -s 8 - s_ 

•Jtt,l.+ I -oo 

/23/ 

nprrMBHSISI KpOCCllHI' COOTHOW8HllSI K /23/, Mhl rronyqaeM 

~ . ., Cnt-1) + .,. . 

A-t -c s; -1 J - AA-(s: -J.) 

-l,c J dS' 
~ $_ = + .J_ ct $'•- . 

s_ s'- s 71:' S' $'-

(, ... ,,~ .... 0 

/24/ 

0 + -mt..+ I 
+ ;. j dS' 

A,;cs,' -1) 
+ t}t~s'· 

- A,-c.s: -.l) s_ - ·-· -$'- s $' s'- S: 
-~not+ , . - 0() 



J(j 

n O.[l06H bi:-..1 o6pa30M M bl ITOJiy~IaeM 

CIK-1) 
.ol 

+ 00 

.:.JH· B<-<S:-l) j - 1J ~ , 
I , S l ( .5, -J.) 

s'- s 
= :;' - dS • -=-. 

'1T. S' .s'- .s_ 
D ( '"~' )~ 

0 
-m<l.+l . 

B:/·( s,' -lJ + 

:~rj «S' 
~-<s:-1) j . s - + clS · __:_. 
s'- s - .- S' s' -- s_ 

-M1..,.1 
-oo 

KpoMe Toro, HHTerpan ITO :J~ KOMITJleKCHO COITpH)I{eH HHTerpany ITO 9_ • 
fl08TOMy /20/ MO>KeT 6hiTb ITpHBeneHo K C.TieLlYT<lLUeMy BliDY : 

+ 
A -( ~. -l J 

(I(J 

. I . 

= ~;-is'{ S'- S 

s_ ' } + 
!" s:-· s~s_ A,-cs;-1) 

cm••J 4 

4 . j :;c ~e. . d. s, 

9-
.~~~.:.,.., 

1 J , { I 7r ets s'- s 
-oo 

94 

. :t , . 
Al cs. -JJ 

i%..~ 

' 

..,. -

s'- s 

S:. I .,. 
7 · s'- s:.} A4-cs: -~) 

+ a -c s. -1. ) = 1n .z. _ s 
9l.. 

+ m~- S: 

t/10. 

'j , t I +- ol$ .. ,......-
'7C' s·-s . ~ 
(111.+1) . 

-~I} :t, + s· · ,.., - B cs,-L) _, - ~ .l 

/25/ 

~ 

,-f 

9 
it" 
rr· . 

/26/ 
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- :irjr.~s•{/-s + 
-otl 

-· _!_} B':t I s'-. t ~ { s' -.L) · S' 

Ecnu Mbi Mo:t:KeM npeHe6peqb D ll 6onee BhlCOKHMH BOJIHBMH no CpBBHeHHID C 

S - BOJIHBMH, npeHe6peqb F u 6onee~ BbiCOKHMU BOJIHaMH no cpaBHeHum c 'P -
+ + % 

'BOJIH8MH, TO aMnJIUTYLlbl S- t. P- BOJIH :1.; (4"}, ~~($) 
1 

~~-~ ($) MO:ryT 

~Tb ne:rKo Bbipa:tKeHbi qepea aMnJIUTYLlbi _riacceSIHHSI anepeLr n Ha~au: 

:!: 
J (S) ~ 

'-.t 

... J- cs) ,, 
'I 

B bipa :tK eH ue f,1: u 

:! + } ~ t { f.t (S, 1 ) + j~ -( S, -I. ) 

onpeu en eHo 

E+ »t· -- I7'C {i' 

/8/ 
B cneuymm:uM o6paaoM: 

3uecb E - sHep:ruSI IiyKJIOHa B c.u.M. 

Oihe.zumeHHUil HHCTl!rj'ii 1 
W.;tt:}1HUX IICCJJe)lOD<lrmH I 

_ f,!!JGJll-iOTEHA i 

/27 I 

/28/ 
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1 Y • J.1HTerpaJibHbi9 ypaBH9HHH 

:1: ~ 
CneayroruHil: aTan cocToHT a ToM, 'ITODbi abrpaaHTb A1 , BJ 'Iepe3 MHHMb!e 

'I8CTH 7t-:N ..;.. napuHaJibHbiX BOJIHOBbiX aMUJIHTY.ll H A; a: , 'Iepe3 MHHMb!e 
N . • I ~~ 

'IaCTH _aMTIJIHTY.ll. N- ~ aHHHrHJIHUHH. Bbrpa)KeHHH .JlJIH Al -a:t ~ .. 
H ~ MoryT ubiT!I: 

'. . 

U~Jiy'IeHhl UpHMO H~ /27/ H /28/ 

I -)1-"Tf: 

+ 
A -(S, f) ~ 

J . -

Ji +Itt 

E+m 
J.,; { f,tcsJ +3j,,.tcs >} - IS- WI. k { f.~S>- J:~s> l 

l l E-nt ~ ~ J 
.z. 

.t li+wt { f :!: 1 ~ 1 ,J'i _,_ t lt. _L A.t (.~-1>~ ~ cs>-3 cs> - Jm{J cs'.-;4 ,s>j 
Ji..1r - E + m. . S.L 1j E-m. '± ·. ~ 

~ . ~ 

/29/ 

t ~ . I 
. t t· -~ ~ 

h. ·{ f (f.) + 31 ( s >J + ...!... ;....{ i 's ) -1 ( s >j ~ B 1 c s. t l ::; .e- + m. \ J E-m 't ~ 

f t I ., $1± .jt 
;;;::i 8

1 
(~.- J) ~ E +IJI.- l JS '~ l- 3 ($1} 

. t . ~ 
f!!"' 4 

. + 

+ __!,_ ~ { J ~s ) _ j ~ s > L 
E -nt f. '- J · 

.L l 
. ~ . ~ 

+ 
4TOObi Bblp83HTb A; H 'Bg- <Iepea aMnJIHTY.llbi pacceHHHSI peaKunn 111, npe)Kne 

acef'o H900XO.llHMO UOJIY'IHTb CCOTHOW9HH8 Me}K·Jly S '( S GOS 4' peaKunn 1 n 
I . 

t,2~COf8peaKUHH 111. Via /6/ n /11/ cneayeT, 'ITO ansr paccesrHH5! H,aaan 

t . 2.. I .a. ).t 
: <, ( nt. +I ) - 5 - $(~-I • 

/30/ 

M O)KHO noKaaaTb, 'ITO a a KOHTypax HHTerpnpoBaHH5! a /26 I 

s- s 
2 -

Ji,/'~ 
= -- 1 . /31/ 
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"' PeaKUIHI /11-N aHHiri"'IrJISIUirir 6bma Ir3y'IeHa <Ppa3epoM Ir <PynKo /21. H eTpy.nHo 

:t •' ~ 
Bblp83ll:Tb A 3 Ir sa- qepe3 rrapuiraJibHb!e BOJIHOBb!e 8Mll.TIHTY.llbl N-N. 8HHirJ"'Ir-

f!.·3 c I .. J 6 ~ JISIUllll ~ orrpe.neneHHOfi CllirpaJibHOCTbiD. n 0 03H!qaroT 3,lleCb Ir30TO-

IllfqecKirfi crrHH Ir rroJIHbii MoMeHT KOJIIr'IecTBa .llBIOKeHHSI ' N -IV cHcTeMbi cooT BeT-

CTBeHHOa "+" Ir "-" OTHOCHTCSI K .llBYM • CllllpaJibHblM CCCTOSIHHSIM. YqHTbiB8SI ycno-

BHe YHirTapHOCTir .anSI peaKUHir 111 , rrnc.rre rrpocToro pacqeTa Mbr rronyqaeM: 

Httqi.THbiH 

A;cs.-o = 47r l. f;r+f> 
,j 

.. " 
~eTHiJI If 

I (3"+i,JJ;-,;r.,.,J 
;r 

J"'.lle H8 KOHType g_ 
-i.'f 

s:cm. .. -•Je 

• 
' .t • ftJ ' :: - ( nt - t ) S.ut. Cf ~. 

t .t. . I .Z. :) I. :: <. ( m +I) - S "':"" S (m:- I , 

/32/ 

/33/ 

/34/ 
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A+ -
YfHTepeCHO OTMBTHTb 1 'ITO Ha KOHType I_ 'J H '81 SIBnSIIDTCSI ,aeifCTBHTBnbHhl-

- + -
MH, a A, H Sa - 'IHCT,O MHHMb!MH. nepBb!B HBCKOnbKO 'IneHOB pa3nomeHIUI /"~2 I 

I . . .· . . . ~ t 
MornH 6bt 6btTh .aocTaTO'IHbiMH .anSI Taro,· 'IT06bi xopowo npe.acTaBnHTb A1 n: ~ 

·,anSI 3H8'IBHHil: t, HBMHOI'O 6onbWll:X 4. 3Ta o6naCTb .aaeT cyiuecTBBHHb!M BKna.a 

B . .aHcnepCHOHHbiB COOTHOWBHHSI. 0.aHaKO OHa OTHOCHTCSI K HecpH3lPIBCKOM o6naCT.If 

peaKuHH lfl, ae .aocTynaoif sKcnepHMBHTy. DeifcTBHTenbHoe '!Hcno qneHoB, KOTopoe 
. . .. 

aeo6xo.aHMO coxpaHHTh, .aon)KHO onpe.aenHTbCSl B npouecce pewean:SI n:aTerpanbHoro 

ypaBHBHHSio Hcnonb3YSI onpe.aeneHn:e 

"" • rs-- "L -
{ 

1 s_ I } 
K:t c s', s > = ;;::-; ± 7· s:.._;: , 

. ' 

135/ 

Mbi nonyqaeM H3 1161 t 1261 1 127 I, 1281 cne,ayiDIUHB ypaBHBHHSI 1 KOTOpb~ B coqe

TaHHH C ycnOBHBM yHHTapHOCTli Ll8IDT HHTerpanbHbiB ypaBHBHHSI ,anSI '71:-1/ pacceSI
+ 

HHSio [lnSI 8MllnHTy,abi f.-{$) Mbl HMBBM cne,ayiDIUHB ypaBHBHHSI 
I, r 

t + J <S> = ~(s> + + + 
+ I ~u > + 1C (s , + m: -, s J 

SL . SJ. SJ. s, .SJ. 

~ " ~ z ~ 

:t ~ ( I! + ... ) I' { .2 . I I 1 j 
'Ps (f) = //,7'C ,;s m"- s _ + [ m"- S.,. "' m"- s_ i f·'' 

+ 
I-u > 
'r 

00 

j tiS' { = .;. .z. S'-S. 
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E+m . R+/$ ~j :s'J 
E '+nt. .2./i s · 
. ~ 

~. li-8-[kl.~~,J- k~~S'>]} 
+ ~ rs E '- m. ~- l 

tfiD 
+ t 
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r 

E+nt j , ~ 3 " cs:s > ~ dS '1. 
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~ 
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[ 
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. ~ . 
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E '" i ~ 
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4 Jots'{ kt< s:s > A/cs:-•J • w K .,cs:S) s/cs: -o}}. 

+ + r 
QqeBH[lHO, qTo Bbipa}!{eHIHI A 3- n: B,- B m~u) [lOJI}!{Hbi 6biTh 38MeHeHbi 

- ~ .fr .L '1: 
B.&lpa}I<eHIISIMII /32/. CooTBeTcTByromae ypaBHeHn:SI nrrSI (SJ .-I, (S) n:MeroT 

. ~. ~ 
l:HILl: ... ~ 

± 'P u) 
, J . 
I'"l 

.t E-n-t 
111 U>=----
~-1 ,,'TC'/i 
.t .2. 

+ 
E-m. 

E '+ )t\, 
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•n& a.+ I 

+ j •IS'{ -ktcs: s J A}cs: ~l) + c a+"' J I( .,cs: s J s/cs: -l l]}. 
-oo 

+ 
YpaaHeHIBI ami aMrrnrrTy Llhi ics> 

1j 
cnea y IOI.UIIe: 

+ 
f ,.,-($) = 

l 

+ r;,,-( s) 

z 

.. 
.... .t ~ 

+I -u) +IfF.,,,+ m;.UJ 
1', 1 J 
i a. - X 

1: 
P, u > 

l 

w(E+JH.) 3t. 1 1 = + ~~·'TC a L "',__ .s. - ---a.--s-- J 

+ 
1 ~(5) = 

t 

t 
Jl~(5) = 

i 

Od .lj ciS' 
'lt' -

("1+1 )a. 

· E+wt 
E' + ,.._ 

.. 
+ fi' +IS ln.. f -(S 1 ) 

~a ~ 

I + 

+ f+)l1. 1 l - u.:1r/i c~sl 3 k+(s:s) 
l.J'H +£c)-"-' 3m j -£$') 

~ f '+ ttt l 
{»c+IJ.Z. 

~~ 

[ 

I t lcJ+t.l) t t" } + 1(_($~$) 4»1i-ld-IU ;...J.(t.IJ- t "'"-(f;,C$')-!111($'))] 
E. I+.... J~ E - M ~ '1 

~ ~ "' 

:t m ,, > 
~ 

I .:t 
- - - 11! (.$) - ~ .s ' t a: 

/38/ 

3TH ypaBHeHHst aocTaTO'IHO anHHHhi, HO rrpocThi. Ka>Kaast II3 aMIIliHTya rrpeacTaa-

±. t % % % 
nsteT co6oii HaJio>KeHHe 'IeThipex 'IJieHoB "P , I , II . 1!l • 1' 

- IIOJIIOCHhiii BKnaa, B To apeMSI KaK I%, II. :t , lilt BKnaahi oT o6nacTeii peaK -
UHH 1 , 11 , 111, COOTB8TCTB8HHO. 
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TaK KaK B BbrweyKaaaHHbiX ypaBHemurx. nosrBJHIIOTCSI aMnniiTY.Ubi peaKUIIII Ill 

HHTerpallbHbie ypaBH8HIISI .[J:01I:/KHbi peu.aTbCSI O.UHOBpeMeHHO C II~TerpanbHbiMH ypaB

"" HeHHSIMH .unsr N·N -aHHIIriinHuiiii. 

'YfHTepeCHO Cp8BHHTb ypaBH8HHSI /36/, /37/, /38/ C COOTB8TCTBYIOIUIIM peaynh-

8/ . .m:~ T870M • 0CHOBH8SI pa3HHU8 JIE!lliiiT, H8COMH8HH0 1 B 'l118H8X 
1 

no-

HB1ISIIOIUIIXCSI B H8WIIX ypaBH8HIIHX, KOTOpbi8 n01IHOCThiO OTCyTCT·BYIOT B IIX ypaB-
%,1' 

HeHHHX. 3TH ttneHbi npe.ucTaBnsrroT SIBHo· aqxpeKTbr$-~ -aaauMo.ueii:cTBIISI, TaK KaK;t... f± 
o6pawaroTcsr B HY1Ib B npe.uenax .UBYXMe30HHoro npii6nnmeHIISI ycnoBIISI yHIITapHocTu, 

ecmr o6pawaeTcsr B Hynh '7t'-7t'- aaaHM?.ueii:cTmre • 
...,., 

4T06bi Cp8BHHTh n01IIOCHbl8 BK118.[J:bl II BK118.Ubl OT o6nacTeii: 1 II 11 t y.uo6-
t 1~ ~ 

HO npeHe6petth A-t f~_ II L. J)Jt no cpaBH9HIIIO C . ~ Jill 
'l119Hbl nop>I.a:Ka(~t! Cp8BH8HIIIO C I'118BHb!MII, 'ITO II 6b!1IO C.U9118HO 

II OT6pOCIITh 

8/ 
B .Tor.ua .unH 

-p t It II II* 
s.J. s.L s.L HMeeM cne.uyrowiie npu6numeHHbie BbipameHIIH: 

4 ~ ~ 

+ '.t I I ( I "' ""' )} 'P, (s > ""' - - ) ± ( I + -::::: - -. an .&."t .a.JM 
:.L ' 4'1( 
l. 

fkJ 

+ u,t J clw' { 1 w' "" + I- + } At f/P.-(S') (~) ~ 
'TC/$ tt" .a.m. .tm. -t, - I i , 1: /38/ 

~ 

+ + ....... } d441 I • w' t. ' 
JI.,- ($) -- - {I - 4 ~ } . ~f fi C S'J - -~rs .tm. - "1.. :L 

.t 

' 
.z. 
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+ + 1; (s J 
rJ. -1 , 

JI,.- ~S) 
;.~. __ n p116niiil(eHHbie ypaBHeHIHI LVHl 

± 
~ .3(6), 

"--HMeiOT BHD 

.... r.- (S) 

t.! 

2. .J. 

Z.%. (4J 

. I lr. { _( I - - ) ± 
"" -- 4Jtt. = w 

2. 1 .a. .a. 

"" } "' (f+iM") (1-.iWi) 

J. 2. 
/40/ 

... + I; J (S) ~ 
r-I 

. 100 -1/ J. . ell w , ..;_,_ l 
'7r It~ 

_L 
~·-~ 

+ _f 1. '}.,., J -, S') 
-m. J ~ 

--± 
II.~ 1.(~) 

.L ... 
~ ~ 

I 

(JlO 

"""" + .ljc~w' = - TC 

I 

X 

k1 , 
"ii4 { ;;;;;w - 1H. 

.,. 
J ;!... 1~-,~,). 

X 

1- peHOpMani130B8HH8H, HO HepaUHOHani130B8HH8H rrceB.[lOBeKTOpHaH ITOCTOHHH8H 

cBH311, orrpe.neneHHaH cne.nyiolllHM o6paaoM. 

1 ~ ,£ 

+ 
np116.TJH>KeHHbie Bbipa>KeHHH .nnH p~ 

+ 'P,- (S') 

i 
,..... --

'!. 

± 3'4J 

-

33. 
J" 7C' "'~ 
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1,, 

i: 

~~ 

~ 

n 1I,: nMeroT ann: 

:t 

/411 

). 

t 
}~(S) ~ 

J. 
~ 1 .,~,. { _! 

+ .L} '*} :t( S') . /42/ 

J. 

+ 1I;, ($) ~ 
f ' 

iJtt, . ... . '2 
4. 

I 
(/10 

+ 1 1 fA !AI 
1 

·{ f 2,(W+IAJ'Jl. Jc.
1 

.Z. W 
-.;r ~' + 3/i" ( 1- ("'+~ct'J")- ::m 

, 
+ 

Uw•IAI'J
3j]M l ~li'). 

J m/c'.a. ~ 
4 

T aKIIM o6paaoM, ·nonrocHbie BKna.nbi n 

npe.nenax c.nenaHHoro rrpn6nn:>KeHnH • 

r,- J TQqHo T8KIIe >Ke,. KaK y 
];·t 

9 B 

., 



25 

... :t + 
ll -

18 ~ t ~.L II ][Pi-}. . OTJJII'Ia IOTCH OT COOTB8TCTByiOLUIIX Bb!pa)f{eHIIif 9 
4 .t. ~ ~ :!: :t 

'llneuaMII rropHLtKa :1£. Ho lpl II llt-l, OTliii'l!Hbi npyr oT npyra. B caMoM 

aene B uawiix ypaBHeHrrHx /38/ He rrpoii3Beneuo BW'l!IITaHMH. Ecnu Bhl'l!MTauue rrpo-
+ ~ 

nenauo rrpu I.IJ ~)' , If~ cTaHOBIITCH auanorM'l!HbiM ux peaynbTaTy, Ho .ll~ acTa-

eTcH OTJJM'l!Hb!Mo 3To, B8~0HTHO, IIpllB8Ll8T K H8KOTOpb!M ll3M8H8HllHM B IlOB8Ll8Hllll 

13.3/ oeaouauca. 

A aTop rronbayeTcH cny'-IaeM, 'l!To6bz BLipaawrb 6naronapuocTb LlOKTopy 

WnpKoBy, M emepHKOBy u EcppeMoBy a a MHoro'l!ucneHHbie rroneau hie LliiCKyccuu, 

a TaK)!Ce y'llaCTHnKaM ceMuuapa Eoromo6oBa aa MHTepecHbie LliiCKyccnu. 

""·;; 
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