
o-911 
OB'bE.OHHEHHblti 

HHCTHTYT 
.R.OEPHbiX 

H CCnE.O OBAH H 1:'1 

.Oytiaa. 

0 

• ill: .. 
I • • 
~ 

PI - 6521 

C.A.ByHHTOB, B.C.Kyp6aToa, A.K.Jbtxo~e~ 

llAPUMAJlbHO-BOJlHOBOti AHA.lll13 

PEAK!Mti " N - Tr" N BB.lll13H llOPOr A 

OBPA308AHHH L\ 1236 -.PE~HAHCA 

v In-- : 

C yqETOM BKnAAA TPEYrOJlbHOrO rPA~HKA 

qaCTb I. OnHCaHHe Mo~eJIH 

1972 

~- -- --



,, 
I 

PI - 6521 

C.A.ByaBTOB, B.C.Kyp6aros, A.K.nHxoAeA• 

OAPUHAJibHO-BOnHOBOR AHAJIH3 

PEAKUHR rr·N- frfTN BBJIH3H UOPOrA 

OBPA30BAHHB AII236 -PEDHAHCA 

C yqETQM BK.JIAM 1PEYroJlbHOro rPA.UKA 

Hanpa&llf'RO • HID 

•MacTHTyT ciiH3HKH BhiCOKHX aaeprHA, Cepnyxos. 

a 



1. B a e A e H H e 

Ill 
HacroHIUaSI pa6ora HBnSieTCSI AallbHeiiwHM pa3BHTHeM pa6oTbr , 

B KOTOpoA 6hrna rrpeArrpHHSIT8 fiOflbiTK8 OUeHHTb AnHHy rrrr -pacCeSIHHSI rry

/2/ 
TeM BbiAeneHHSI BKn8A8 Tpeyi'OilbHOI'O rpa¢JHK8 1 HCrrOnb3YSI rrapUHanbHo-

BOnHOBOil aHanHa peaKUHA rr N ... rrrrN B HHTepaane 9HeprHA 350-600 M9B, 

/1/ 
B OTnH'IHe OT pa60Tbl Mbl He HCfiOnbayeM peaynbT8TOB !fla30BbiX 8H8-

nH30B yrrpyroro rrN -pacCeSIHHSI C rrpHCyiUHMH HM HeorrpeAeneHHOCTSIMH H He 

AenaeM HHK8KHX rrpeArrOnO*eHHif OTHOCHTellbHO X8p8KTepa 38BHCHMOCTH 

rrapaMeTpOB MOAenH OT 9HeprHH, .LlaHHblil 8H8nH3 OTnH'IaeTCSI OT BCeX rrpeA

WeCTBYIOIUHX cneAyiOIUHMH xapaKTepHblMH oco6eHHOCTSIMH! 1 ) BrrepBble rrpo

BOAHTCSI 8H8nH3 rrOnHblX H AH¢l¢JepeHUH81lbHblX Ce'leHHil BCeX fiSITH K8Hanoa 

peaKUHA rr ±p ... rr" N OAHOBpeMeHHO ( 06bi'IHO HCfiQnb3yiOT AH¢l¢lepeHUH-

anbHble Ce'leHHSI OAHOI'O HnH ABYX K8Hanoa); 2) Y'IHTbiB810TCSI K8K pe30H8HC-

Hble ( !'! 1236 H a -MeaoH), TaK H HepeaoHaHCHbre (¢loHOBhre) "N- H 

1777 -B38HMOAeiiCTBHSI B KOHe'IHOM COCTOSIHHH; 3) Y'IHTbiB8eTCSI BKnSA 

rpeyronbHoro rpa¢!HKa, 

napUHAnbHO-BOnHOBOA 8HAnH3 peaKUHA rrN .. rrTTN 

HaaecrHo, 'ITO aMrrnHTYAY yrrpyroro rrpouecca (2 -+2) MO*HO paano-

11\IfTb B pSILI ITO rrapUH8llbHblM BOnHaM, npH 3TOM ri8pUH8nbHO-BOnHOB8SI 

81\lflnHTy!Ia 38BHCHT TOnbKO OT OLIHOA rrepeMeHHOA- rronHOH 9Hepi'IiHo 
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AuanoruquaH aMnnuTyAa AnH npoueccoa (2 ~ S) aaaHCHT oT Tpex 

nepeMeHHbJX: HanpHMep, OT llOJlHOA 3Hepi'HH IJ' H napHbiX 3HeprHA qaCTHU 

M 1717 H M 17 N 3To o6cTOHTenbcTao cymecTaeuuo ycnolKHHeT auanHa H npH

BOAHT K HeOfiXOAHMOCTH npuaneqeHHH MOAenbHblX npeACT8BJ1eHHAo B MOAenb

HO-He38BHCHMOM BRAe AH<WJepeuuuan~:>noe ceqenHe npouecca 17 N ~ 1717 N 
/3/ 

HMeeT BRA : 

d4t! 
AI 

CL u (M ,M N )YL ((J, ¢) .... 1717 17 • ~ 
L,AI dOdM dM N 1717 17 

C L, AI ( M 1717 , M 17 N J - Kosq,q,uuueHThi paanoJKeHHSI AHIPIPepeuuHanbHoro ceqe

HHSI no mapOBhiM q,yHKUHSIM, 0 H ¢ - yrnhi, onpeAenSIIOmHe uanpaanenHe 

nepaHqHOI'O 17 -Me30H8 OTHOCHTeJ1bHO nnOCKOCTH Ofip830B8HHSI Tpex qaCTHU 

a c.u.H. OuenKa Kos4J4JuuueHTOB C .. noaaonSieT onpeAenHTb MaKCHManb-
L, ... 

Hbil!: yrnoaoA MOMeHT COCTOHHHA, KOTOpbie He06XOAHMO BBeCTH npH A8HHOl!: 

3Hepi'HH1 He38BHCHMO OT K8KHX-nH60 AHH8MHqeCKHX npeAnOJ10lKeHHA. 0A

H8KO AJ1H TOI'O qT06bJ nonyqHTb 6onee AeTSnbHYIO HHlPOPM8UH10 1 Heo6XOAH

MO CAeJ18Tb MOAenbHhle npeAUOJ10lKeHHSI 0 CTpyKType 3-qaCTHqHblX KOHe'I

HhlX COCTOSIHHAi 06bi'IHO npeAnonaraeTCSI KB83HAByXqacTuqHaSI MOAenb 1 

KOTOp8H yqHTbJBaeT COCTOSIHHSI C H8H6onee CHJ1bHbiM napHbiM B38HMOAeA

CTBHeM qaCTHU B KOHeqHOM COCTOSIHHH ( H8npHMep, 1:!. 
1236 

-pe30H8HC) o 

TaKoe a3aHMOAeAcTaue onHChiaaeTcSI
1
. AHarpaMMSMH THna npuaeaeHHhiX 

ua puc. 1. 

BnepBhJe yqeT o6pa3oaaHHSI 1:!. 1236-u3o6aphi a peaKUHHX 17N -+ 1717 N 

a o'leHb rpy6oM npu6nuJKeHHH 6bm npoaeAeH nuuAen6ayMoM H lllTeAuxaA

/4/ 
MepOM H COOTBeTCTByiOmSH MOAenb nony'luna Ha3BaHHe 'H306apuoA' 

MOAenu. B aan~>HeAmeM sTa MOAenb 6hma cymecTaeuuo pa3BHTa B pa6o-

/5/ ' 
Tax Oncoua H Aoaxa , rae Y'IHThiBanucb KaK pe3ouaucuoe, TaK 

H uepe3ouaucuoe pOlKlleHHe H B3aHMOAeAcTaHe a 17 N -cucTeMe a KOHe'I

HOM COCTOSIHHH. 3Ta MOlleJ1b YllOBJleTBOpHTenbHO OUHCbiBana 3HepreTuqecKyiO 

3aBHCHMOCTb nonHhiX ce'leHuA, a TaKJKe cneKTpbi s<WJeKTHBHhiX Mace 17 N , 

4 

17 + 17 -. B pa6oTax llenne no nnoxo onuchiBana cneKTpbi 

171 
8 HaMhi3J10BCKoro H AP· pa3BHT8 pellSITHBHCTCKaSI q,c 

/8/ 
HOI'O aneMeHTa, OCHOBaHHaSI Ha npellCT8BJ1eHHH BuKa 

TpexqacTuquoro npouecca. no uamHM oueuKaM nonpaBK 

nSITHBH3MOM npu He oqeub 6onblliHX aueprHHX "'450 M 31! 

(2-3%) H ll03TOMY BUOJ1He llOllyCTHMO HepenSITHBHCTCKC 

MaTpH'IHoro sneMeHTa npouecca 17N ~ 1717N, 6onee npu 

CTOTOA 38UHCH. Heo6XOAHMOCTb HCUOJ1b30BaTb pa3J10lKe 

171 
HOMY H3 nonHhiX ua6opoa, KaK sTo npeanaraeTCH a ~ 

npunuunuan~:>uoA. HanpoTHB, uanH'IHe pe3oHancuoro sa~ 

6oA H3 nap (a 17N - 1:!. 12.36 H B 1717-a -Me3oH) YK83 

HOCTb BCeX Tpex CHCTeM. K H8CTOSimeMY BpeMeHH Bbll 

6 
/3,1 

UHallbHO-BOJlHOBbiX 8HaJ1H30B npH J1H3KHX 3H9pi'HSIX 

/3 9 11/ 
3aX 1 

' HCUOnb30B8JlCSI q,opMaJ1H3M MOll9JlH llenne~ 
/12/ 

UH8nbHO-BOnHOBOM aH8J1H3e HCllOJ1b30BaJ1CSI q,opMal 

/10,13/ 
ua-AoAxa, a a auanuaax - 4JopMaJ1H3M Moaenu H 

HmaSI MOAenb npeacTaBnSieT co6oA cymecTaeuuoe pa3B 

111 
BHqa H llP• 1 B KOTOpoA anepBbiQ Y'IHTbiBaJlOCb BJ1HSI 

rpaq,uKa. OcuoaHhie sTanbi pa3BHTHSI H306apuoA MOAen 

J1HU9 I • 

B b!6op uaqaJibHh!X H KOHe'IHb!X cc 

Ha puc. 1 cxeMaTH'IBCKH noKa3aHhi AHarpaMMhi, 

nucb a AaHHOM auanH3e. Pa3J1H'IHhle MoaenH oTnuqaiO' 

paCCMOTpeHHeM pa3J1HqHb!X HaqaJ1bHb!X COCTOSIHHA CHC' 

Hb!X KOHeqHb!X COCTOSIHHA 1717 N H napaMeTpH38UHeA t 

Tyll. B HallleM aH8JlH3e Mbl orpauuquaanHCb s- • P- I 

TaKoe orpauuqeuue cornacyeTCH co aceMH q,a30Bh!MH 

17 N -pacceHHHst. Kosq,q,uuHeHThi ueynpyrocTH a 6oneE 

npu sueprHH 430 Mae no seeM q,AaoBb!M auanu3aM npeuc 
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g aMnnHTyna ang npoueccos (2 ~ 8) aasHCHT oT Tpex 

If H napHbiX aaeprHA 'i8CTHU 

3TO o6CTORTenbCTBO cyweCTB9HHO ycnO*HReT aHanH3 H npH

Ieo6XOl!HMOCTH npHsne'ieHHR MOl!enbHhiX npeacTasneHHA, B MOJlenb-

BHl!e nH<P$epeHUHanbHOe Ce'ieHHe npouecca 11 N ~ 1111 N 

4tJ' 
M 

d M 11N 

I cL.M (M1111 ,M11N JYL ro. ¢J, 
L,M 

, M 11 N) - xoa$$HuHeHTbr paano*eHHR llH$$epeauHanbaoro ce'ie

M ljlyHKUHRM, 0 1:1 ¢ - yrnhr, onpeJlenRJOWHe HanpasneHHe 

11 -Me30H8 OTHOCHTenbHO nnOCKOCTH o6pa30B8HHR Tpex 'iaCTHU 

KOa$$HUH9HTOB C il03BOJIR9T Oilp9Jl9JIHTb MaKCHManb-L,M 

COCTORHHA, KOTOpbie He06XOl!HMO SS9CTH ilpH .QaHHOA 

leaasHCHMo OT KaKHX-nH6o .QHHaMH'iecxHx npennono*eHHA. On

'iT06br nony'iHTb 6onee .QeTanbHYIO HHijlOpMaUH10
1 

He06XO.QH

MOl!9nbHb19 npeanono*eHHR 0 CTpyKType 3-'iaCTH'iHbiX KOHe'i-

' 06bi'iHO npeanonaraeTCR KSa3H.QSYX'iaCTH'IHag MO.Qenb, 

COCTORHHR C HaH6onee CHJibHbiM napHblM S3aHMO.QeA-

S KOH9'1HOM COCTORHHH ( HanpHMep, ~ 
1236 

-pe30HaHC) • 

ACTSHe OnHCbisaeTCg .QHarpaMMaMH THna npHSe.QeHHbiX 

y'ieT o6paaosaHHR ~ 1236-Hao6apbr s peaKUHRX 11N ~ 1111 N 

npH6nH*9HHH 6brn npose.QeH nHHl!eH6ayMOM 1:1 llJTeAHxaA

C00TS9TCTSYIOWag MO.Qenb nony'IRna H83SaHHe "1:1306apHoAN 

MO.Qenb 6brna CYW9CTS9HHO pa3SHTa S pa6o-

rae Y'IHThrsanRCb xax peaoaaacaoe, Tax 

1:1 saaHMo.QeAcTsHe s 11 N -CHCTeMe s xoaeq

Monenb YllOSn9TSOpHT9nbHO OilHChlSana aHepi"9TH'i9CKy10 

ce'ieHRi!:, a TaK*e cnexTpbr a$4JeKTHSHhrx Mace 11 N , 

4 

+ - ffl! ao nnoxo onRchrsana cnexTpbr 11 11 • B pa6oTax Llennepa 1:1 Bananaca 
17/ 

1:1 HaMhranoscxoro 1:1 np. paasHTa penRTHSHCTCKag <jlopMa aanHCH MaTpH'i-

/8/ HOI"O aneMeHTa, OCHOsaHHag Ha npeaCTasneHHH BHKa .Qng aMnnHTYJlbi 

TpeX'IaCTH'iHOI"O npouecca, flo HaWHM OU9HKaM nonpaSKH, CSR3aHHbie C pe

nRTHSH3MOM np1:1 He O'leHb 6onbWHX aaepi"HRX "'450 Mas , HeaHa'iHTenbHbr 

(2-3%) H ITOaTOMy SilOJIHe .QonyCTHMO HepenRTHSHCTCKoe npe.QCTasneHHe 

MaTpH'IHoro aneMeHTa npouecca 11N ... 1111N, 6onee npHsnexaTenbHoe npo

CTOTOA 3aUHCH, Heo6XOl!HMOCTb HCnOJ1b30SaTb paano*eHHe TOnbKO no Ol!-

17/ HOMY 1:13 ilOJIHb!X Ha6opos, KaK aTO npeJlnaraeTCR S -. He npe.QCTasngeTCH 

npHHUHnRanbHoA. HanpoTHs, aanH'IHe peaoaaacaoro saaRMo.QeAcTsHH s nJ0-

6oA 1:13 nap (s 11N - ~ 1236 1:1 s 1111-a -Meaoa) yxaabrsaeT Ha pasaonpas

HOCTb scex Tpex CHCTeM, K HaCTORWeMy speMeHH SblilOJIHeHbi WeCTb nap-

/3,9.f13/ UHanbno-sonaosbiX aaan1:1aos npH 6nH3KHX aaeprHRX • B aaanH-
/3 9 11/ 

aax ' ' Hcnonbaosancg <jlopManH3M MOJlenH Llennepa- BanaJXaca, s nap-
/12/ 

UHanhao-sonaosoM aaan1:1ae HCnonbaosancH <jlopManHaM MOJlenH Onco-
/10,13/ 

aa-Aonxa, a s aaan1:1aax - <jlopManH3M MOJlenH HaMhianoscxoro. HacTo-

RWaH MO.Qenb npe.t:tcTasnReT co6oA cywecTseaaoe paasHTHe MO.QenR Aa~:~co-
/1/ 

SH'ia 1:1 .Qp, , S KOTOpoA snepsbre Y'iHTbiSanOCb SJIHHHHe Tpeyi"OJibHOI"O 

rpa<jJHxa. OcaosHbie aTanbr paasHTHH H3o6apaoA MO.QenH OTpa*eHbi s Ta6-

JIHue I • 

8b!60p HaqftnbHb!X H KOHe'iHb!X COCTOWJH8 

Ha pHC, 1 CXeMaTH'ieCKH ilOKa3aHbi JlH8I"p8MMbi
0 

KOTOpbie• y'ii:ITbiSa

nHCb S JlaHHOM aHaJIH3e, Pa3JIH'IHbie MOJlenH OTnH'iaiOTCH, S OCHOSHOM, 

paCCMOTpeHHeM pa3JIH'iHb!X Ha'iaJibHbiX COCTOHHHH CHCT9Mbl 11 N , pa3nH'i-

HbiX KOH9'1Hb!X COCTOHHHA 1111N H napaMeTpH3aUHe8 .QSYX'iaCTH'iHbiX aMITJIH

Ty.Q, B HaWeM aHaJIH3e Mbl orpaHH'IHSaJIHCb s-. P- 1:1 D-sonHaMH ( L ·~ 2). 

Taxoe orpaHH'ieHHe cornacyeTCH co sceMH <jlaaoswMH aaanH3aMH ynpyroro 

11 N -pacceHHHH! KOa<jJ<jJHUHeHTbi HeynpyrOCTH S 6onee Sb!COKHX COCTOHHHRX 

np1:1 aaepr1:11:1 430 Mas no seeM <jlaaosbiM aaan~:~aaM npeae6pe*RMO MBJibi, 
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Ta6nHua 1 

ABTOpb! Y~eT KOHe~HhlX COCTORHHA B B38HMOAei!:CTBHi!: KBaHTOBh!e COCTORHBgX/ 
B KOHe~HOM COCTOSIHHH 

Oncoa H AoAX Peaoaaaca. Hepeaoa. 
p 

' D 
11 13 

(1966 r.) 17 N -B3aH- rrN pOlKA. 
MOAei!:CTB. H B38HMOA. p 31 'D H 

ft. 1236 

.nenep B Peaoaaaca. Peaoaaaca. p11 ,Do 
BanaAac (1966) 1T N -B38H- 1T1T -B38HM. p s 

Aei!:CTB. M =(600-800) 11 ' 13 

.ne BHp B AP• ft. 1236 f ,(200-400) s 31 ' D 33 
(1969) a 

• ----

AHHCOBH~ HAP· Peaoliaaca. Hepeaoa. Tpeyr. p 11 D 13 

(1968) 1T N -B38HM. rrrrN rpaq,. D p 

ft. 1236 

pOlKAeH. 33 31 

HacTOSIIIla51 Peaoaaaca. Hepeaoa. Peaoaaa. p 
I Do 

(1972) 1T N -B38HM. rrrrN Tpeyr. 11 
pa6oTa 1T 1T -B38HM. 

rpaq,. p s 
ft. 1236 

pOlKAeH. ( Ma =750M9B) 13 11 

( ra = 300 M9B) s 
31 I DH 

p 
31 

x/ 
3AeCb H B A8nhHei!:meM HcnonbayiOTCSI o6oaaa~eHHSI L ( 2 T 1 r 2 1 1 rAe L -

op6HT8nhHb!i!: MOMeHT Ha~anhHOf'O COCTOSIHHSI1 T - H30TOllH'IeCKHi!: CllHH, j -nonHhii!: MOMeHT. 

~•r••,~-~···•'1•··-.·•:z•··•r•ss•·~~:~~~~~ ......... 

+ 
N ~' N:X: 

f1(75D! + ___ z + 
"' 'I ... ..... ..... 
~~..__---... , ............ 

"\ 1ft 
\ 
\ 
\1ff 

I n m 

PHCo 1 • .nHarpaMMbi 1 KOTOpb!e Y~HThlBanHCb B A8HHOA MOAenH, ·} - pe30HaHc
Rnl'! .. N -B3aHMoAeAcTBHe B KOHe~HOM P -cocTOSIHBB (Hao6apHag AHarpaM-



Oncoa H ffoJlX Peaoaaaca. Hepeaoa. p , D 
II 13 

17 N -aaaH- rrN pmKJl. (1966 r.) 
MOJleACTBo H B38HM0Jlo p 3I • D 33 
l'l I236 

.D.enep H Peaoaaaca. Peaoaaaca. pI I ' Do 
BanaJlac (1966) "N -aaaH- TTTT -B3BHMo 

p s JleACTBo M "-'(600-800) II' I3 
.D.e BHp H Jlp. l'l 1236 f ~(200-400) 531, D 33 (1969) a 

AHHCOBH'i H JlP • Peaoaaaca. Hepeaoa. Tpeyr. pI I Do 
(1968) 1T N -B38HMo rrrrN rpaq,. D p 

l'l I236 
pO)I(JleH. 33 3I 

HacTO.IIIIlB.II Peaoaaaca. Hepeaoa. PeaoHaH. p • D 
( 1972) rrN -B38HMo rrrrN Tpeyr. II 13 pa6oTa 1T 1T -B38HMo 

rpaq,. p s 
l'll236 

pO)I(JleH. 
( Ma =750Maa) 13 11 

( ra = 300 Maa) s 
31 • 

D 
33 

p 
J1 

x/ 
3JleCb H a JlllnhHeAmeM HcnonbayiOTC.II o603Ha'ieHH.II L ( 2 T) ( 

2 1
) rJle L -

op6HT8nbHhiA MOMeHT Ha'ianbHOro COCTO.IIHHSI1 T - H30TOITH'ieCKHA CITHH, J -nonHhiA MOMeHTo 

N 

+ 
N ~' N1f: 

~750) + ::: __ z + 
...... ~'----l"z ................ 

"\ 1ft 
\ 
\ ,1f, 

I II m 

PHc. 1 • .D.HarpaMMhi, KoTopbie y'iHThiBanHCb a JlaHaoA .MoJlenH, ·I - peaoaaac

Hoe "N -aaaHMOJleAcTBHe B KoHe'iRDM P -cocTOBRHB (Hao6apaag JlHarpaM-
Ma); cocTOBRHB PP 11 , PP 31 , DS31 , DS33 • 11-peaoaaacaoe 
"" -BaaHMOJleAcTBHe B KoHe'iROM S -cocToBHHH; cocToBRHB SP 11 , PS 11 
Ill -Hepeaoaaacaoe po)I(JleRHe Tpex 'illCTHU B S -cocTOBHHH (<Poa) H 

( TTTT ) -cHCTeMbl B p -cOCTOSIRHH; COCTOSIHHSI p 11 
1 

p 31 
0 

531 
IV -Hao6apHaH JlHarpaMMa nepepacceHRHeM ITHOHOB (TpeyronbHBH JlHarpaM-

Ma); cocToBRHH P P 11 , P P 31 , DS31 



llnS! scex sonH Mbl OI'pSHH'IHSanHCb paCCMOTpeHHeM COCTOS!HIIH C IIOn

HbiM yi'nOSbiM MOM9HTOM f ~ 3/2 1 'JTO cneJlyeT H3 MOJlenbHD-HeSaSIICIIM0-

/9/ 
I'O aaanHaa yi'nOSbiX pacrrpeJleneHHti: STOpH'IHhiX 'ISCTHU S peaKUHSIX 11N-+ 11 11N 

II TSK:lKe HSXOJliiTCSI S COI'naCIIII C ¢aaOSbiMII aHanii3SMII. 

8 KOHe'IHOM COCTOSIHIIII KpOMe /1 1236 -pe30HSHCa S 11 N CHCTeMe 

Y'IIITbiSSnOCb pe30HSHCHOe 11 11 -S3SHMOJleftCTSIIe S S -COCTOSIHIIII ( TSK 

HS3b!SS9Mhlft a -MeaoH c rrapaMeTpaMH Ma = 750 Mas, r a = 150 .. 

-t 400 Mas). YKaaaHIIe Ha cymecrsosaHIIe CllnbHOI'o 1111 ... S3SHMOJl9ftCTSIISI 

S S -COCTOSIHIIII IIpiiMepHO C TSKIIMII IIapaMeTpaMH IIOny'leHO S pa6oTe 

llati:HeTa II JlP• /l 4 / • llOMIIMO aTOI'O Ha HS'ISIIbHOM aTaiie Y'IIITbiSanCSI TSK>Ke 

SKnaJl OT p -Me30Ha. 0JlHSKO SKni0'19HHe p -Me30HS S COCTOSIHIISIX S ll 1 

p J J II D 1.3 He Jlano cymeCTSeHHbiX yny'IW9HIIA Ilpll OIIIICSHIIII aKCIIepiiMeH

TanbHbiX JlSHHhiX1 'ITO YKS3biSaeT Ha rrpeHe6pe>KIIMO Manhift SKnaJl IIOCneJlHei'O 

S aTIIX COCTOSIHIISIX Ilpll aHepi'IIII 430 Mas. 8 JlBnbHeil:WIIil: aHanll3 p -Me-. 

30H He SKnlO'ISnCS!t OJlHSKO S COCTOSIHHII S Jl SSeJleHO S- sonHOSOe pO>K-

JleHIIe 1111- CHCTeMhi s P -cocTOSIHHH. BKnaJl Tpeyr-onbHOI'O r-pa¢HKa Y'IHThl-

BanCSI S COCTOSIHHSIX plJ p 1.3 II 

1111N 

D 
13 

• B Ta6nHue II nepe'IHcneHbl 

KOHe'IHhle COCTOSIHIISI CIICT9Mbl JlnSI scex rrapuHanbHhlX sonH. 

IV· OcHoaHhle cbopMynhl 

PeaKUIISI TIIIIS 2 -+ 3 1 KSK 113SeCTH01 3SSHCIIT OT IISITII He3SSIICHMb!X 

rrepeMeHHhlX. B Ka'lecrse rrepBhiX JlSYX s peaKUHII 

6yJleM Bb1611parb n106b1e JlBe 113 rpex nepeMeHHhlX 

11N 

s 
12 

-+ 11 

I 

11 N 
1 2 .3 

s1.3 I s 2.3 

I'Jle sii HMelOT CMb!Cn KSSJlpaTa IIOnHOH aHepi'IIII IISpbi 'ISCTHU S IIX U9HT-

pe Mace. s i i CBSI38Hhl nHHeil:HhiM COOTHOW9H119M 

2 2 2 
m

1 
+ m

2
+ m

3
+ s . (1) s + s + s 

12 1.3 2.3 

8 

"~··" 

Ha'lanbHoe 

COCTOSIHIIe 

11p 

s 11 

p11 

p1.3 

D1.3 

s .31 

p .31 

DH 

p -pO>K.IleHIIe a 

S -pO>K.IleHIIe a 

S -pO>K,IleHIIe 

1111N s s
COCTOSIHIIII 

S -pO>K,Il9HHe 

1111 -CIICT9Mbl 

B p -COCTOSIHIIII 

S -pO>K.IleHIIe 

1111 N B 

S COCTOSIHIIH 

KoHe'IHhie 

COCTOSIHIISI 

p - pO>K.Il9HH• 

P -po);{.neHHe 

S -pO>K.IleHHe 

S -pO>K.Il9H119 
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BCeX BOnH Mbl orpaHH'IHBanHCb paCCMOTpeHHeM COCTOSIHHH C non

hiM MOM9HTOM f _::: 3/2, 'iTO Cne)lyeT H3 MO)lenbHQ-H938BHCHMO-

N /9/ yrnOBbiX pacnpe)leneHHti BTOpH'IHbiX '18CTHU B peaKUHSIX 17N-+ 1717 

XO)lHTCSI B COrnaCHH C ljla30BbiMH 8H8nH38MH. 

e'IHOM COCTOSIHHH KpOMe /'!,. 12.3 6 -pe30H8HCa B 17 N CHCTeMe 

b peaoHaHCHoe 17 17 -B38HMOJleA:CTBHe B S -COCTOSIHHH ( T8K 

tt a -Me30H c napaMeTp8MH Ma = 750 MaB, r a = 150 .. 

) • YxaaaHHe Ha cymeCTBOBaHne CHnbHOro 1717... B38HMOJlefiCTBHSI 

CTOSIHHH npHMepHO C T8KHMH napaMeTp8MH nony'leHO B paooTe 

Jlp. /l
4

/ • flOMHMO 9TOI"'O Ha Ha'ianbHOM 9Tane Y'IHTbiBancg TSK)I(e 

-Me30Ha. 0JlH8KO BKni0'19HHe p -Me30Ha B COCTOSIHHSIX S J 
1 

, 

.3 He )lano CyiUeCTBeHHbiX yny'IIUeHHA: rrpH 0ITHC8HHH 9KCrrepHMeH-

HHbiX, 'ITO yxaabiBaeT Ha npeueope*HMO ManbiA: axna)l nocneJlHero 

OSIHHSIX npn aueprnn 430 Mas. B Jlanbaefimntt aaanna p -Me-. 

10'18nCSI0 0JlH8KO B COCTOSIHHH S 
31 BBe)leHO S- BOnHOBOe pO)I(-

CHCTeMbi a P -cocTOSIHHH. BxnaJl Tpeyronbuoro rpaljlnxa Y'IHTbi-

p 
1l p1.3 H 

1717N 

D 13 • B Taonnue ll nepe'l:ncneHbi 

CTOSIHHSI CHCT9Mbl JlnSI scex napunanbHbiX sonu. 

IV. OcHOBHbie cbopMYnbi 

Sl THna 2 -+ 3, K8K H3BeCTHO, 38BHCHT OT ITSITH H938BHCHMbiX 

I 
• B Ka'lecTa.e nepBbiX JlByx a peaKUHH 17 N -+ 17 17 N 

1 2 .3 
aTb niOobie JlBe Ha Tpex nepeMeH.llbiX s , s , s 

12 1.3 2.3 
MeiOT CMbiCn KB8JlpaTa nonaotf 9H9pf'HH napb! '18CTHU B HX UeHT-

ij CBSI38Hbl nHH9HHbiM COOTHOIU9HH9M 

s + s 
l.3 2.3 

2 2 2 
m + m + m + 

1 2 .3 s . (1) 

8 

Ha'lanbuoe 

COCTOSIHHe 

77P 

sll 

p11 

p1.3 

D1.3 

s .31 

p.31 

D.3.3 

p -pO)I(JleHne a 

S -pO)I(Jl9HHe a 

S -p0)1(Jl9HHe 

1717Na S

cocTOSIHHH 

S -p0)1(Jl9HHe 

1717 -CHCTeMbl 

B p -COCTOSIHHH 

S -pmKJleHHe 

1717 N B 

S COCTOSIHHH 

Ta6nnua 11 

Koae'I:Hbie 

COCTOSIHHSI 

p - p0)1(Jl9HHe !'!. 
12.36 

p -p0)i{)l9HHe /'!,. 12.36 

S -p0)1(Jl9HHe /'!,. 12.36 

S -p0)1(Jl9HHe /'!,. 12.36 

9 

TpeyronbHbiH 

rpaljlnx 

TpeyronbHbiH 

rpaljJHK 

TpeyronbHbiH 

rpaljJHK 



I 

li 
I 

i ~ 

3AeCb m
1 

-MaCChi, a B -KBaApaT IIO.IIHOA 9HeprHH BCeX TpeX qaCTHU 

B HX UeHTpe Mace, KOTOpbiA IlpHMeM 3a TpeTb!O He3aBHCHMY!O nepeMeHHY!O• 

0cTaBWHeCSI ABe nepeMeHHble 6yAeM Bbi6HpaTb H3 Tpex KOCHlcyCOB ( z 1 

z2 z3 
) yr.JIOB BbllleTa 'laCTHU OTHOCHTellbHO HanpaB.JieHHSI Ha.JieTa!O-... 

wero nuoua, HMIIyllbc KoToporo Mbi o603Ha'laeM qepe3 k 

B CHCTeMe UeHTpa Mace TpeX 'laCTHU cyweCTByeT COOTHOWeHHe, CBSI-

3biBa!OIUee KOCHHYCbi yr.JIOB 

k 1 z 1 + k 2 z 2+ k 3 z 3 = 0. 
(2) 

" 1 

k 2 

k 
2 

t k 
3 

-a6CO.Jl!OTHbie 3Ha'leHHSI HMIIYllbCOB 'laCTHU, npH'leM, 

k 2 - m 2 H iljlok 
io 

2 -
k

10
= (s -silt + m 1 )/(2ys )(i,j, k 1' 2. 3). 

(3) 

<l>u3H'leCKaSI o6nacTb peaKUHH rr N 

nepeMeHHbiX onpeAenSieTcSI ycnosueM 

... 
" " N 

B Bbi6paHHblX 
1 2 

Q ( z 1' z 2 , z 12 ) 
1- z 2- z 2

- z 
2 

+ 2z z z > 0 
1 2 12 1 2 12 

... ... 

( Z 
12 

-KOCHHYC yrna Me >KAY HanpasneHHSIMH HMIIyllbCOB k 1 H k 2 

TaK>Ke rpaHHUaMH rpacpHKa nanHU8 B II.JIOCKOCTH nepeMeHHblX 

I 2 
+1-M )/2s + 

13 •"" s "'2+(s-J-s )(s 
12 13 H 

+ 21£ 
(s-1-s )

2 
H 

( s 13 +I - M 2) 2 
- J]l ~ -I][-----

4SJ3 4 s 13 

s 
-~ 2 =2+(s-J-s )(s +I-M )/2s 
J2 13 13 13 

2 2 2 
~ (s-1-s ) (s +I- M ) 

.~21[ H - I] [ - 11 I 
4s13 4 s l3 

2 2 
(M + 1) < II < (W - I) W = ys . 

J3 

10 

s 
12 

), a 

H s 
13 

(5a) 

(56) 

3AeCb H AS.Jiee 6yAeM C'IHT8Tb 0 'ITO m 
2 

"' 1, m 
1T 

AliSI AHcpcpepeHUHanbuoro ce'leHHSI npouecca rr N ... 17 

IUHA BHA: 

I /A /_I_ dz 1 dz 2 ds 
da 

2s y(s + J-M2J2-4s 4rr yQ(z1,z2, 

I A 12 = ll: A I 2 

" " 
- KB8Ap8T MaTpH'lHOrO 9lleMeJ 

H8'18llbHbiM IIO.IISipH38UHSIM HyK.JIOH8 H IlpOCYMMHpOB811 

pH38UHSIM, A " B H8WHX o603Ha'leHHSIX COOTBeTCTB)I 

yKa3aHHbiX a Ta6nuue II • S - po>K.UeHH!O B3o6apbi 

COCTOSIHHA j = 2T, rAe T -u3oTonu'leCKHA c 

COOTBeTCTByeT MaTpH'lHbiA aneMeHT C.JieAyJOIUero BH~ 

/). ... ... 
A 

Di3 

/). 2 ...... 

=GD l[k (ak 
13 a3 

)-3(ak)(kk n~ 
a3 

I~ =M~-i16. 
/If 6. "' 8,8 - Macca 

q 3 

H3o6aphi, ['/). 

= [' M rrN 
0 /). q 3 

, 1
0 

Mil =7,5, 
0 

s 
a; 

a = 
-wupuua H3o6ap 

q 
17 

N HMIIYllbC 

ro B H306apy B CHCTeMe IIOKOSC' !l306apbl, q O ;:It 1.,.11; 

AliSI K8>KAOrO H30TOIIH'leCKOrO COCTOSIHHSI, p -c 
I I 

ABYMSI M8TpH'IHblMH 9.JleMeHT8MH, COOTBeTCTBY!OIUHMI 

Me30H8 

A a ca 
--+ ... ['(] 

= (k (]) 

PI I PII 
s -I 2 

I2 a 

II! a "' 5,3 - M8CC8 a -Me3oHa, 

q TTTT 

['a ['I M(J 
ql 

x/ 3AeCb H AS.Jiee orryiUeH COOTBeTCTBy!OIUHA HS 

Kne5wa-fopAOH8, 38BHCSIIUHA OT TOrO, K8KOA IIHOH Cl 

H3o5apy. 
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-MaCChi, a S -KBallpaT nonHOA SHeprHH BCeX Tpex qacTHU 

Tpe Mace, KOTOpblA npHMeM 3a TpeTbiO He3aBHCHMYIO nepeMeHHyiO, 

CSI llB9 nepeMeHHbl9 6ylleM Bbi6HpaTb H3 TpeX KOCHH)'COB ( Z 1 

) yrnOB BhrneTa 'laCTHU OTHOCHTenbHO HanpaaneHHSI HaneTa!O-

HMnynhC KOTOporo Mbl 0603Ha'laeM 'lepe3 k 
HCTeMe UeHTpa Mace TpeX 'IBCTHU cyweCTByeT COOTHOWeHHe, CBSI-

e KOCHHYCbl yrnoB 

1
+ k

2
z

2
+ k

3
z

3
= 0. (2) 

k 
2 0 k 

3 
-a6coniOTHb19 3Ha'leHHSI HMnynbCOB '18CTHU 0 npH'19M 0 

2 _ m 2 H i,Jj,f,k 

2 -
- s 1 1r. +m; )/(2.,js)(i,j, k 1.2,3)· (8) 

H'lecxaSI o6nacTb peaKUHH "N ... " " N 1 2 
B Bb!6paHHblX 

biX onpellenSieTcSI ycnoaHeM 

z 12) 1- z 
2

- z 
2

- z 
2 + 2z z z > 0 

1 2 12 1 2 12 -

... ... 
OCHHyC yrna M9)f{llY HanpaaneHHSIMH HMnynhCOB k 1 H k 

2 

aHHUaMH rpa<j>HKa DanHua B nnOCKOCTH nepeMeHHhlX 

(s-1-s }(s 
2 

+ 1 - M )/ 2 s + 

1 - s ) 2 
13 

4 s 13 

13 13 

(s
13

+J-M2) 2 

- 1][-----
4s 

13 

13 

- 1)1 ~ 

2 
+(s-1-s )(s +1-M )/2s 

13 H 13 

2 2 2 ~ - 1- s13 ) (s +1-M) 
-1)[ 13 -l)l 

4s
13 4 s 13 

2 2 < s < (W - 1) W = .,js . 13 

10 

s 
12 

), a 

H s 
13 

(5a) 

(56) 

3lleCb H llanee 6ylleM C'IHTaTb, 'ITO m 2 = 1, m 2 = M 2 • Bhlpa*eHHe 
1T N 

llnSI llH<!><j>epeHUHanbHoro ce'leHHSI npouecca " N -+ " " N HMeeT cnellyJO-

wHA BHll! 

da 
1 

/A/ 1 dz 1 dz 2 ds 12 ds
13 

2 s .,j ( s + 1 - M 2) 2_4 s 4TT .JQ(z,,z2,z12) 

/A/ 2
= /IA / 2 

" " - KBallpar Mal'pH'IHoro aneMeHTa, ycpellHeHHhiA no 

Ha'lanbHbiM nonSipH38UHSIM HyKnOH8 H npocyMMHpOBaHHb!A no KOHe'IHblM nonSI-

pH3aUHSIM, A B H8WHX 0603H8'19HHSIX COOTB9TCTByeT BKnally COCTOSIHHJt, e 

yxa3aHHhiX B Ta6nHue II. S - po)f{lleHHIO H306aphr .1 
1236 

H3 D 
13 

COCTOSIHHlt ( j = 2T, I'll9 T -H30TOnH'I9CKHA CnHH, 

COOTB9TCTByeT M8TpH'IHhiA sneMeHT cnelly!Owero BHlla x/: 

.1 
A 

D/3 

.1 
= G 

0
i3 

2 ... ... ... ... 1 
l[k {ak )-3(ak)(kk Jl---

a3 a3 s _ l 2 

2 2 
l.1=M.1-

a3 .1 

a = 1,2 

T= _1 
2 

M.1 8,8 - Macca 
q 3 

i r .1 

H3o6aphr, -WHpHHa H306apb! H r.1 = 

3 
2 

= r M "N 
0 .1 q 3 

r.1 

r0 M.1 =7,5, q 
17 

N HMnynbc 1T -M930Ha, CBSI3aHHO-
0 

1'0 B H306apy B CHCTeMe nOKOB H306aph!
0 

q ;;t lJf; 
Q -

G .1 
D. 

13 
- KOHCTaHTa 

llnSI Ka)f{ll01'0 H30TOnH'I9CKOI'O COCTOSIHHSI, p -COCTOSIHHe OnHChiBaeTCSI 
J 1 

llBYMSI MaTpH'IHbiMH aneMeHTaMH 0 COOTBeTCTBYIOlliHMH S -p0)f{ll9HHIO 

M930Ha 

Ma 

A a 

,, J 

ca 
p 
lJ 

-~... ra 
(k a) [2 

s,2 -

5,8 - Macca 

r = r M a 1 a 

a 

a -Me3oHa, 

q1T1T 

q~ 

a 

x/ 
3ll9Cb H llanee onyweH COOTB9TCTBYIOlliHA H30TOITH'I9CKHlt MHO)f{HTenb 

Kne6wa-fopllOHa, 38BHCSIWHlt OT TOro, KaKolt ITHOH CBSI38H C HYKnOHOM B 

Hao6apy. 
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r 
1 

B8pbHpOB8n8Cb H 6bin8 paBHOi!: 1,07 t 2 ,14t 2,85 ( COOTB9TCTB9HHO 

150 , 300 H 400 Mas), q - HMnynbC TT -M930H8 B CHCTeMe nOKOSI 
TTTT 

a -M930H8, q 
1 

= 2,5 H p -pO>Kll9HHIO ft.. 1236 

ft.. 
AP 

11 

A_......, _, _, -+_, _, 
GP (ak)l2(ka

3 
k(3)-ia[ka 3 k(3]1 2 

11 sa 3 - 1 ft.. 

(a' (3 1,2; a I (3). 

KpoMe TOI'O B p 
11 

COCTOSIHHH Y'IHTbiBanOCb S -pO>Kll9HH9 B KOHe'l-

HOM COCTOSIHHH BCeX TpeX '18CTHU 

s 
A P 

11 

s 
GP (ak), 

11 

P -cocToSIHHe onHCbiBaeTCSI P -po>KAeHHeM H3o6apbi, CooTseTCTBYIOIUaSI 
13 

aMnnuTyna HMeeT BHA: 

-+-+ _, ...... ...... ... ... 
A P 

13 
G P 

13 
1-i 5 k [ k A; (3] 

a3 
ak(k(3k )-(ak )(kk(3)+ a J aJ 

-+-+ ..... -+ 

+ 4(ak(3)(ka 3 k)l 
s - I , 

a 3 '-' 

a = /,2 
a f, (3 ' 

(3 = 1.2 

p 
31 

- COCTOSIHH9 OilHCbiB89TCSI S -pO>Kll9HH9M 
TT 1T N- CHCT9Mbl B s -

COCTOSIHHH 

... ... 

A 
p 31 

G P (ak). 
.31 

12 

s ll -COCTOSIHH9 onHCbiB89TCSI p -pO>Kll6HHeM a 

A a 

•u 

a .. ... 
G (k

3 
a)r;,l( s 12 

• 11 

s - s 
.31 

A "" 
s 31 

pO>Kll6HH6M rr TT 

rrrr ... .. 
G (k 12 a) 

"J 1 

1 2). 
a 

-CHCT6Mbl B 
p -COCTOSIF. 

OTHOCHT61IbHbl6 HMnynbCbl '18CTHU 1,3; 2 ,3; 112 B HX 

... ... ... .. ... ... ... 
k =k + k . 

1.3 I K12' k 23 = k 2 + K 2 k 1 ; "12 

3AeCb 

K1 

1 r. . 2 
s + 1 - s23 + 2 J .;:.-.-

5
- 1 ( s + 1 - M ) 
lJ IJ 

( r;-+ ;;:: / - .] vs . 2.3 

... 
k 1 +KJk 

1 r;- 2 
s+J-s +-..J-:---(s +1-M) 

13 2 82.3 13 

K 
2 ( r. .r;;, ) 2_ 1 

s + 1 - s + /s • s 
23 12 

KJ 

r.J:'+ ~;2-M2 
12 

BKnaA B aMnnHTYllY 'lneHoB c norapu¢MH'IeCKOi!: oco6 

paaee B pa6oTe /1/ H Mbl npOBOllHM OKOH'IaTenbHbiA 

po6HOI'O Bb!BO)la, 

BKnaA s DJJ - BOnHOBYIO '18CTb aMnnJITYllhl 

13 



bHpOB8n8Cb H 6bin8 paBHOH 1,07; 2 ,14; 2,85 ( COOTB9TCTB9HH0 

H 400 M3B). q rrrr - HMnynbC 

H p -pOlKASHHJO 

rr -Me30H8 B CHCT9M9 UOKOR 

Ha. q 
1 

= 2,5 /). 1236 

A _._. ...... -Jo ...... ...... ...... 1 
(ak)l2(ka

3 
k{3)-ia[ka 3 k{3]1 2 

sa 3 - I !'!. p 
11 

(a, {3 1,2; a f (3). 

e Toro B p 
11 

COCTORHHH Y'IHTbiB8nOCb S -pOlKJl9HH9 B KOHS'I-

ecex Tpex qacTHU 

s 
G p 

(ak), 
11 

oHHHe onucbmaeTcH P -po,KJleHHeM uao6aphi. CooTeeTCTBYJOIII8R 

8 HMeeT BHJl: 

..... -+ ...... ...... ->-> -> ... 

G P 
13 

1- i 5 k [ k 1 {3] a3 
a k ( k {3k ) - (a k ) ( k k {3 ) + a 3 a3 

j(ka3C;! _[2\.-
s a 3 ' 

a /,2 
a!{3, 

{3 = 1,2 

CTORHHS OllHCbiB89TCR S -pOlKJl9HH9M " 1r N- CHCT9Mbl B s -
H 

-> ... 

A 
p 31 

G P (ak). 
3 1 

12 

S J 
1 

-COCT051HH9 OUHCbiB8eTC51 p -pOlKJleHHeM a -Me30H8 

A u 
•u 

s 
31 

A 1711 

s 
31 

u ... .... 2 
= G (k u)r/(s -I ). 

s 3 u 12 u 
J J 

S pOlKileHHeM 17 11 

... ... 
1117 

G (k 12 a) 
1
31 

-CHCTeMbl B p -COCTOBHHH 

OTHOCHTellbHbie HMnynbCbl '18CTHU 1,3; 2 ,3; 1,2 B HX CHCTeMe UeHTpa Mace: 

-> ... ... ... ... ... ... ... ... 
k =k+Kk • 

J3 I 1 2' 
k =k +K k • 

23 2 2 J • kl2 k
1

+K
3

k
3

• 

3AeCb 

K1 

K 
2 

K3 

1 r. . 2 

s + 1 - s23 + 2 J ..;:--
8

- 1 ( s + 1 - M ) 
JJ 13 

( .;;-+ ,;;:: / - .] 
23 

1 ,--;- 2 
s+]-s +-..J-::----(s +1-M) 

B 2 s
23 

JJ 

r0Fs:J 2
-l 

s + 1 - s + /s • s 
23 12 

( Js+ ~ ) 2 _ M 2 
12 

BKnaA B aMnnHTYilY 'lneHoe c norapH~MH'IeCKOA oco6eHHOCTbJO o6cylKJlancg 

paHee B pa6oTe /}/ H Mbl npOBOJlHM OKOH'ISTenbHbiH peaynbT8T 6e3 UOil

po6Horo BbiBOJla. 

BKnaA e D13 
- BOnHOBYJO '18CTb aMnnHTYilbl HM99T CneJlyJOIUHH BHil: 

13 



T D (12} 
1!!. . 2 ... ... ... ... ... ... a + V s,2-4 

G 
0 

[ k ( a k ) - 3 ( u k ) ( k k ) ] i a h • [ ln + I] I 2 {3 
J.3 3 3 o D I al 

BxnaJl a P
1 1 

-aonaoay10 'IBCTb: 

I!J. ... ... a+ ..js12 - 4 
T ( 12) = G P ( u k ) i a 

0 
h P [ ln + I ] I 2 f3 

PIJ 11 lal 

H a P 0 aonay: 

T 
Pu 

• 'h 
p 

1!!. 
(12)=Gp 

H 

-+-+ ....... ~~ 2 
[ 3 ( u k ) ( k k ) - ( u k ) k ] i a

0 
• 

3 3 3 

1 M + 2 ~ 
+I] "2/J 4M(W -M- 2) 

3Jlecb a 
0 

-Jlnnua rr rr -pacceHHHH. BenH'IHHa I, Bbi'IHcneaa 

Te 111: 
2 

s + 

a pa6o-

!_:_I- I ~ ; {3 
2 

1 ~_- 2 2 
-y[(W+M) -4][(W-M) - 4] 
4 

af3 

hp 

h 
D 

2M(W-M-2) 

M+1 

M + 2 
+ 

2(M + 1) 

a 
+ ---

M + 1 

j_ 4M(W-M-2) 

1
· M + 2 

Ma j M+2-

4(M+1) M(W-M -2) 

14 

I'Jle W 
2 = s • TaxuM o6paaoM, MOJlenb a onucaaao~ 

17 HeH3B8CTHbiX napaMeTpOB ( 12 napaMeTpOB JlnSI 01 
1 

H30TODH'I8CKHM CDHHOM T = - H 5 napaMeTpOB C 
2 

Jl8B.IITb - MOJlynH BeplliHH 8MDnHTYJl nepeXOJlOB B pac 

HH.IIX0 CeMb - cjla3b! 0 COOTBeTCTBYIOIUHe 9THM 8MDnHT: 

17 17 -pacce.IIHH.II a 
0 
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/). 2 ... ... ... ... ... ... a + V sl2 -4 
G 

0 
[ k ( a k ) - 3 (a k } ( k k } ] i a h • [ ln + I ] I 2 f3 

l3 3 3 o D I al 

p ll -sonHOBYIO 'ISCTb: 

/). ... _, a+ ..,js
12

- 4 
) = G (a k ) i a 0 h P [ ln + I ] I 2 f3 

P zz I a I 

;3 sonHy: 

2) 
/). ...... ... ... -+-+ 2 

GP [3(ak )(k k}-(ak)k ]ia 
13 3 3 3 0 

n 
a + v s 12 -4 I M + 2 

+!]- ~ 
lal 2 f34M(W-M-2) 

0 
-JlnRHa " " -pacceHHIUI, BenR'IHHa I 1 Bbi'IHcneHa s pa6o-

2 

+M -I f2;t:J s ~-~~ - /). fJ 

2 

I l- 2 2 
-..,j[(W+M) -4][(W- M) - 4] 
4 

M(W-M-2) a 
I + -----

J_ 4M(W-M-2) 

M+2 M+l M +I 

M + 2 
Ma / M+2 ' 

4(M+J} M(W-M -2) 
+ 

2(M + I) 
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I'Jle W 
2 

= s , TaxRM o6pasoM, MOJlenb B onHcaHHOM sapHaHTe COJlep)I{RT 

17 HeH3BeCTHbiX napaMeTpOB (12 napaMeTpOB JlnSI onHCSHIISI COCTOHHH:l! C 
1 3 

usoTonR'IecKRM cnHHOM T = - u 5 napaMeTpos c T = - ) , us HHX 
2 2 

JleBHTb - MOJlynH BepWHH SMnnHTYJl nepeXOJlOB B paCCMOTpeHHbiX COCTOH-

HHSIX1 CeMb - <jl&3b!1 COOTBeTCTBYIOIUHe 9THM &MnnHTyJlaM, II OJlHH - JlnHHa 

" "-pacceHHHH a 
0 
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16 

Y CJIOBHll 06MeH 
TiperrpHHTbi H coo6meHHR OH.HH paccbiiiaJOTc~ 

HMHOrO o6MeHa, YHHBepCHTeTaM, HHCTHTyTaM, Ill 

Hay'IHbiM rpyrrrraM H oTaenbHbiM y'leHbiM 6onee 
Tiony'laTenRM HsaaHHti OH.HH rrpeaocTaBnReT' 

RBHTb HHHUHaTHBy B 6eCII118THOti IIOCb!IIKe IIy611F 

o6MeHa IIPHHHM810TCR HBY'IHbie KHHrH, :lKYPHBIIb 
rry611HK8UHH IIO TeMaTHKe 011.HJ1. 

EaHHCTBeHHbiti BH.ll rry6nHKauHti, KDTOpbiti H 

8TO peiipHHTbl ( OTTHCKH CTaTeti 0 yJKe orry6nHKOB~ 
.l::i pR/le Clly'laes Mbl CaMH 06pamaeMCR K HE 

6onee KpyiiHbiM IIOIIY'IBTeiiRM HalllHX H3.ll8HH:l!: - 1 

CII8Tb H8M K8KHe-IIH60 KHHrH HIIH BbiiiHC8Tb .lliiR 

JKypH81lbi0 H3.ll810.lllHeCR B HX CTpaHaX. 

OT,neJibHhle 3anpc 
HsnaTenbCKHti oTnen eJKeronHo BbiiiDIIHReT 01 

cos Ha BbiCbiiiKY HsnaHHti OH.HJif. B TaKHX aanp 

YK83biB8Tb HH.lleKC 3aiipa.lllHBaeMoro H3.ll8HHR. 

A,npeca 

TIHCbMa no seeM sorrpocaM o6MeHa ny6nHKai 

oTnenbHbie HsaaHHR cneayeT HarrpasnRTb no aapec 

MocKBa, 

FnaBHbiil IIO'lTBMT, nh 
H3~aTenbCKHil oT~en 

06'be~HHeHHOrO HHCTHTJ 

H~epHbiX HCC/Ie~OBBHHil. 

Anpec .lliiSI noCbiiiKH BCeX rry6nHK8UHti B no_r: 

6ecnnaTHOti IIO,llnHCKH Ha HBY'IHbie lKYPH811bi: 

MocKBa, 

FJIBBHbiit IIO'lTBMT, 11/ 

Hay'lHO-TeXHH'leCKBH e 
06'be~HHeHHoro HHCTHT. 

H~epHbiX HCC/Ie~OBBHHil. 


