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A H H o T a u H H 

PaccMoTpeHbi aaanHTH'IeCKHe cBoAcTBa aMnnHTyn npoueccoB { K +./(~1( + Y) 
H ( 'Ji -+H -f1' K + Y) a a ocaoBe nocTynaToB KOBapHaHTHOCTH, npH'IHHHOCTH 

H cneKTpanbHOCTH. HaA.aeHhl KHHeMaTH'IeCKHe xapaKTepHCTHKH aTHx npoueccoB 

B CHCT9M9 OTC'IeTa, HBnHIOlll9ACH 9CT9CTB9HHbiM 0606lll9HH9M CHCT9M bl BpaATa. ~· 

8hlB9.ll9Hbl .llHCnepCHOHHbl9 COOTHOlll9HHH .anH MHHMblX Mace M930HOB • .[laHO 06o6me-

HHe TeopeM hl Bna.aHMHpoBa H JloryaoBa 
8 

06 o6naCTH aHanHTH'IHOCTH aHTHSpMHTO-

BOA 'laCTH aMnnHTY.llbl paCC9HHHH Ha cnyqaft, KOr.aa Bee 'l:aCTHUbi, y'laCTBYIOlllH9 B 

peaKUHH, HM9IOT pa3Hhl9 MaCChio B COOTB9TCTBHH C peaynbTaTaMH npe.Ubl.llYlllHX pa-

4 
60T nony'I9HHaH o6naCTb He co.aep:>KHT HH O.llHOA <}JH3H'19CKOA TO'IKH. 

an·-z, ·r ··~ ~-o-:·~: 
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§ 1. B a e .n e a :e e 

nonbiTKa Bb1B9CTH ,llHCnepCHOHHbi9 COOTHOW9HHSI .anSI aeynpyi"HX CTOnKHOBe

HHA, KOI",ll8 BCS 'i9Tbipe 'iaCTHUbi f.aae B aaqane H ,llBe B KOHUe/ HMeiOT pa3Hbi9 

MaCChi, BCTpeqaeTCSI CO cneuHcpH'19CKHMH Tpy,llHOCTSIMH eme npH paCCMOTpeHHH KH-

aeMaTHKH npouecca. THnH'IHbiMH npoueccaMH TaKoro THna SIBnSIIOTCSI peaKUHH c 

y'laCTHeM CTpaHHbiX '18CTHU 

K. +.f\1~'11-r Y, /1 I 

11 +K _,..K + y. /11 I 

nycTh Pt H 9a. ( P~ LL q,~) '19Tblpe HMnynhca 6apHOHa H M930'la B Ha'iane 

Ia xoaue/ o.aaoA H3 peaKu:eA /1 I H /11 I. 3Ta HMnyr.hCbi y .aoaneTaopSIIOT o6bi'IHbiM 

x/ 
COOTHOWeHHSIM 

/1,1 I 

II .21 

--C:ecTeMa BpaATa Pt +p~, = 0, B KOTopoA o6bi'IHO BbiBO.llsiTC-SI .aHcnepcHOHHbiE 

cooTaoweaHH, ecn:e M1.-:: 1'11. , a cnyqae, Kor.aa Mt :/- Me y>Ke ae TaK y.ao6aa 

/aanpHMep, p; :f p: B 9TOA CHCTeMe/. noaTOMy 0Ky6o ( Okubo
1

) H /ae-

38BHCHMOI nonHBSHOB 
2 

npe,llnO>KHnH pa60T8Th B CHCTeMe p; -t .x_ji;_ I".ll9 , ~ 

c/., onpe.aenSieTcSI TaKHM o6paaoM, 'IT06bl p1 = Pz. • O.a aaKo, TaKaS! CHCTeMa ae 

acer.aa cymecTayeT, Tax KaK npH H1 f H,. paaaoCTh p1 - p,_ aoo6me roaopSI, 

He SIBnSieTCSI npOCTp8HCTB9HHO UO.ll06HbiM B9KTOpOM; KpOMe TOI"0 1 B9KTOpbi B 9TOA 

W" 
CHCTeMe 0'19Rh CnO>KHO 38BHCSIT OT 

-2. Pt . B pa6oTax .ll>KH.aa I Jin3 -- I H 

CTpeTepa (Streater4) a c:ecTeMe p1 tp,_ = 0 nonyqeHbi 6onee npo-

CTble Bbip8>K9HHSI .anSI B9KTOpOB, 

x/ 
B aacToSimei CT8The Mbl :ecnonhayeM cne.ayrom:ee o6oaaa'leHHSI .anSI 4-Mep-

( 
0- ) 0 II --HbiX BSKTOpOB H HX CJtanSipHbiX npOH3B9,ll9HHA: pc p,p ), (P,~,=Pt?- ptj,, 

M b1 pa6oTaeM 1 K8K 06bi'IHO, B CHCT9M9 9llHHHilt B KOrOpOft CKOpOCTh CBeTa 

C•i. 
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B pa6oTe ll)KHHa BhiDHeaHbi .nacnepeHOHHble eooTHoweHHSI .nnsr npouee,eoe /I/ 
H /Il/ e Y'l9TOM eDHHOBOA H H30TODH'leeKOA eTpyKTypbi 8MnnHTY.llo HO 6e3. DODbiT

KH .ll0K838Tb STH eOOTHOWeHHSI H 6es YK838HHSI H8 o6naeTb HX enpaBe.nnHBOeTH. B 

HHTepeeaoA pa6oTe CTpeTepa 
4 

noKasaao, 'ITO Heo6xo.nHMbiM yenoBHeM .nnsr .no

Ka3aTenbeTBa .llHenepeHOHHbiX eOOTHOWeHHA .nnsr aeynpyroro npouecca ,4 +f3 -r-C+lJ 

/THUS /I/ H /II/ DpH DOMOWH eywecTBYIOWHX M9TO.ll0B SIBnSieTCSI B03MO)KHOCTb 
, . 

.ll0K838Tb STHMH M9TO,ll8MH ,llHenepeHOHHbie COOTHOW9HHSI .llnSI 060HX ynpyrHX npo-

ueeCOB A+B-A'-tB' H C +1J-C
1
+7J 1 

lxoTsr 6hl .nnR pacceSIHHSI Bnepe.n/. 

TaK K8K ewe B pa6oTax BpeMepMaaaa, 0Me H TeAnopa I H. Bremermann, 

R. Oehme, J. Taylor9,1°16hlno noKasaao, 'ITO eywecTBYIOwHe MeTo.nhl He.noCTaTO'lHhi 

.nnR .llOK838TenbCTB8 .llBenepcHOKHbiX COOTHOWeHHA .nnSI ynpyroro paCC9SIHBSI 

(I( -t .N ~ K + J{) , TO oTeiO.na sreao, 'ITO aenb3SI .noKasaTb lsTHMH MeTo.naMH/ 

.ll BCnepeBOHHbl9 COOTHOW9HBSI .nnSI HHTepecyiOWHX H8C aeynp:yrHx nponeCCOB /I/ H 

/II/. nosTOMY CTpeTep paecMaTpHB89T B ceoeA pa6oTe Mo.nenb, B KOTopoA 

Maecbl 'l8CTHU OTnB'l810TeSI OT HX SKCnepHM9HT8nbHbiX 3H8'leHHA. 

B H8eTOSIW9A p800T9 onpe.neneHa eHeTeM8 OTC'leTa, nepeXO.llSIIl.l8SI B eHq_':['e

MY SpaATa npH Mt '"' Mt, , B KOTopoA ct>opMynhi 6onee npocTbi H CHMMeTpB'lHbl, 

qeM B ynoMSJHYTbiX Bblwe paooTax. B § 3 .naao .noKasaTenbcTBO .nacnepcHOHHhiX 

COOTHOW9HHA .nnR MHBM biX MaCe M930HOB. Bonpoc 06 8H8nHTH'leCKOM npo.non)KeHHH 

8HTHSpMHTOBOft 'l8e'i'B 8MDnBTY.llhl eBO.llBTCS K HCene.noB8HHIO oonacTH 8H8nHTH'lHOC

TB Cllypbe-o6pasoe aeKoTopblx BHBapaaHTHbiX npH'lHHHhiX cPYHKUHA. TeopeM hi o6 aaa

nBTB'lec~oM npo.non)KeRBH T8KBX cPYHKUBA enepeble 6b~nH .noKasaHhi H.H.Boroni06o-

5 
BbiM B o6o6weabl B noene.naee BpeMSI c noMOWbiO HHTerpanbHoro npe.ncTaene-

HHR LlaAeoaa ( Dyaon7) • Bna.nHMBpOBbiM H noryHOBbiM 
8 

H 0Me H TeAno-

pOM J Q • B H8CTOSIWeA pa6oTe ,ll0K838H8 TeopeMa, SIBnSIIOW8RCSI o6oweaHeM OCHOB

HOA Teop9Mbl Bna.llBMBpOB8 B noryHOB8 
8 

H8 cnyqaif, KOr.na Bee 'leTblpe 'l8eTHUbl 

l.nae BHa'lane B .nee B KOJine 

TeopeM hi 8HTH9pMHTOB6 'l8eTb 

p98KUHHI HMeiOT p83Kbie M8eChi. npa DOMOWH STOA 

aMnnHTY.llhl nponeeca /1/ ITSK)Ke KaK H npor1 ecea 

4 /Il/ I npo.non)KaeTcR B H9KOTOpyiO o6naeTb 1 KOTOpasr, B eoOTBeTCTBHH C • He 

BKniO'laeT q:,H3H1{eeKBX TO'l9K IRs-sa 6onbWOA MaeChl K-Me30HOBI. no-BH,llHMOMy, 

Dony'leHHYIO o6naeTb 8H8nKTB'lKOeTH H9nb3SI .nanee ysenH'lHTb 0 HeXO,llSI TOnbKO H3 
5 xl 

DOCTynaTOB KOB8pH8HTHOCTH 1 DpB'lBHHOCTB H cneKTpanbHOeTH t B TO BpeMSI 

xl KaK aasecTHo, no.n npaanHDOM cneKTpanbHOCTH noHHMaeTesr npe.nnono)Keaae 

0 eyweeTBOB8HHH DOnHOA CHeTeMbl cPH3B'l9CKHX coeTOSIHHA C nonO)KHTenbHOA 

saepraea. 

~7+~-... ;..- ;;._..~~---; 
-------"'~- -~ --
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Kalt y'leT CHMM9TpHH aMnnHTY.ll paCCMaTpHBaeMbiX UpOU9CCOB, B03MO>KH01 fi03BOnHT 

yeenH'l9HHe 9TOA o6naCTHe 

II 2. K H u e M a T H K a 

C ToqKH apenHSI KHHeMaTHKH 6eapaanHqno KaKoA H3 .nayx npoueccoa /1/ 
HJlH /II/ paccMaTpHBaTb /TOnb.KO MaCChi m._ H tnt. B q,opMynax /1.1 I 6y.nyT 

npHHHM8Tb npH 9TOM pa3Hbi9 qucneHHbi9 3Ha'leHHSII • 

Bee.a.eM '19TbipexMepHbi9 CKOpOCTH 6apHOHOB ui H u,_, 

12.1 I 

H onpe.a.enHM 6eapaaMepHbi9 HHBapHaHTbi ')) H 
1.2. 
\..- cne.nyiOWHM o6paaoM: 

12.21 

Haps.a.y c uuaapHaHTaMH V H t , Mbi 6y.neM nonbaoaaTbCSI ewe nonaoA aHeprueti 

a CHCT9M9 ueHTpa MaCC "if H HHBapH8HTHOA nepe.naqeft HMnynbC8 fj. 

12.31 

BceeosMo>KHbie cKanspubie npoHaae.nenHH aeKTopoa P1 ''f,1. , Pl. U q, t. .. 
Bblpa>K 8IOTC51 nHH9AHO K8K qepe3 HHB8pHaHTbi ~~~f, T8K H qepe3 HHB8pH8HTbl W ~ U Ll ~. 

HanpHMep, 

Pip,-= Mi Mz.-'(1+2.t') = 2 Ll~+ Y2.· {M~+ M:), 

Peqe-=--MtM,(V+tt)+(-l)eMe o-St =.L("~" 2-!'J~-111..2-) t=i~ 1'1t+M, z e .. , , ' 

Pi~t"' MtMt (v--t~-M1 §+6, .... ..L (11"'-'t4~_M.t-~n-t) Mt+H~ ~ ~ 1_ , 



... 6 

rae Hcnonb30B8Hbi o6oaHa'ieHHSI: 

c =-{- (N:- M1t), ~ .. + ( mt- WJ-~). 12.41 

BseaeM CHCTeMy OTC'ieTa, B KOTOpOA 

~ -
- ~ P1 Pa. O u +Ur: ~ - + -- = • 

1 ,_ Mt Mt 

-<1 12.5 I 

3Ty CHCTeMy MO)KHO paCCM8TpHB8Tb K8K o6o6meHHe CHCTeMbi BpaATe loHa nepe-

xoaHT B cHcTeMy BpaATa, Koraa Mi,. M~ I. B cucTeMe 12.51 

-

Pt~Mi (~ - f 7:) 
p2 =- M~ (Vi+ t.t, t 7:) 
~ ( 4t - ~ 1.) = + [ (Mi.- M 1) f 1 + f 1. ·~ ( M ~. + M 1) t ?"] 1 

rae t - TpexMepHbiA eaHHH'iHbiA BeKTOp. 

nono>KHM no onpeaeneHHIO 

t- ( q,1 + '~-'-) = ( E, J.. e ~ 7:), 

12.61 

12.1 I 

• nepeMeHH8SI E -f' 

r a e t - eaHHH'iHbiA BeKTOp, OpTOf'OH8nbHbiA BeKTOpy -rz. 
I sHeprHSI I npocTo BbiPB* aeTCSI qepea HHBapHaHTbi V 

E = 
M t + Mt. 

.a v'i+t.t.' 
J). 

Vf3 COOTHQWeHHA 11.1/ H 11.21 nonyqaeM 

H 

r1~-M1 j) --~..::..1 __ 

~ # et - (1'1
1

+ M~,)t , 

.A.~= a. v z,+ 2 ~ )) - c ; 

L____ . 

t~ 

12.81 

12.91 

/2.101 
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a.oecb ~ --, il, 
12.11 I 

llns peaJJbHblX aaa'leaaA Mace B npoueccax /I/ a /II/ npasasr 'laCTb /2,101 scer.aa 

HMeeT BerueCTBeHHble KOp_!:fH Y- U. V t-J ( V~ J} t-) • Ecna Q.. > Q t TO 

o6naCTb .anSI COBOKYIIHOCTH 9THX npouecCOB COCTOHT H3 HHTepsanoB 

a Y < Y-{/ Y/ > / Y-1) • Hao6opoT, ecna +a, < 0 xl • To A serue-

CTBeHHO nawb aa KOHe'IHOM HHTepsane Y-< V < V • B .aan~:>aeAweM Mbi 

6y.oeM npe.anonaraTb1 'ITO &MeeT MecTo nepsbiA cny'laA ( Q... > 0) t T.e. 'ITO 

/2.12/ 

Vfano.>Keaaoe K&HeMaTa'lecKoe paccMoTpeaae &MeeT o6ruaA xapaKTep a OTao

CHTCH K nro6oMy npoueccy C .UBYMSI '18CTRU8MH .ao CTOnKHOBeHHSI H C .UBYMSI '18CTH-

U8MH nocne cTonKaoseHHH. B 'lacTHOCTB., ec1JH M t a M 1. I cf = 0 I, ao 

nr..1 -:/= 1'11-a, J Mbl nonyqaeM K&HeMaTHKY npoueccos THna <POTopo.>K.aeHHSI g;- -Me-
6 

aoaa Ha Hyltnoae, SltBHBaneaTHyiO KHHeMaTHKe paccMoTpeaaoA B lrn. I § 6 I. 

!I 3. AaanHTB'IeCKRe csoAcTsa aMnnaTy.ahi aeynpyroro npouecca 

.anSI MHRMOft M8CCbl Me30HOB 

/1/xx/ 
MaTpR'IHblA sneMeHT npouecca B lPR3H'IeCKOA oonacTR MO.>KeT 6biTb 

38IIHC8H B BH.Ue /eM. S 1: 

x/ B .aononaeaaa If no.apo6ao accne.lTOBaaa <Pa3R'IecKasr o6nacTb a noKaaaao, 
'ITO KaK nepBhrA ,TaK a sTopoA cnyqaft I c:c.. < 0 I M oryT ocyruecTBnHTbCSI 
s peanbHOM npouecce. 

xx/ /IT Cosepweaao aaanora'IHO MO.>KHO H8'18Tb paccMoTpeaae c npouecca / 
/cM.3/. 
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rlle 

T "'t. i J $,. ( X ) (~<):::- (Ui)' < P~. I !!h. -T 

"3ana3ll

5
&I88IOW8SI aMnnaTylla•. ToKH ii (X) 

CT80M 

. 
}e (x) .... L 

§S s+ 
§ 'f-e (X) 

tf,i ( ~) H 'f 2. ( ~) - onepaTop&I K 

I 
iKX. 

Pr > e 01, x. 13.21 

• i'- (x) onpell enSIIOTCSI paBeH-

... 

' 
.e s. I., e , 

13.31 

H CJ/ -Me30HHOrO DOnSI. 

PaccMoTpHM QlHKTH8Hbii npouecc, 8 KoTopoM 8MecTo 11.1 I aMeiOT MecTo 

COOTROW9HHSI 

.r, ... 
't-e - "'*t + c;; • cr, , l· I, 2, 13.41 

rlle ~ - 8CDOMOraTenbHbii D8paMeTp 1 KOTOpbiA DpHHHMaeT Henono>KHTenbH&Ie 

3H8'19HHSI. BM 9CTO /2.101 a 12.11/ 6yll9M HMeTb 

.A. a.- a,)) ~ 2' v + c i (lf) 
Ct ('l:) •- C -cr: . 

13.51 

Hcnonb3YSI ycnoaae npaqaaHocTa 
5 

1 
DOKa>KeM, 'ITO 8MDnHTYll8 13.21 8H8nH-

Ta'IR8 a 8epxael nonynnocJtocTa JtoMnneJtcaoA nepeMeHHOI Y /ana E, 'ITO 8 

cany 12.81 TO me caMoe/
1 

ecna . .aa-cJtpHMaHaHT npa8oA qacTa 13.4 I oTpauaTeneH: 

I a._ a,c f ( cr; ) <. o, 13.61 

T.e. ecna acuoMoraTenbHbil napaMeTp 
YllO&neT80pSieT ycnoBHIO 

~~ afJ. 
<[<.- o;--C c- 'IAL 

... z. 
""t + m., 2. 

A. 13.7 I 

~ 

.£lnS1 llOJt838T9nbCT88 8TOrO yT89p>Kll9HHSI llOCT8TO'IHO OTMeTHTb 1 'ITO B CHny 

ycno8aSI DpH'IHHHOCTR QlYHKUHSI 13.21 8H&naTH'IH8 8 o6naCTH 

'1 In- v ~ 0, 
( M_t+M~.~"' (::J,.v)"'> (;hl-.l(~'i))\ (1y (vJ)~ 

--~--==--=--=--------"-- -:::---:::-~-.;..~ ~ ::.=....::?-

n 
= 

t 

r 
• 
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nocneaHee ycnOBHe npeo6pa3y9TC.H DpH DOMOUlH p889HCT88. ~ ( 'Jm- VU+itr ')''''-: 

= ,j 'Jtl.+IT~ '- U B ycnoeae 13.61. 

AaanorH'IHO MO>KHO noKa3aT&, 'ITO npa Bhlnonaeaaa aepaeeaCTea 13.7 I, 

onepe>K8101U8SI 8MDnHTYLl8 

8HTHSpMHTOB08 '18CTH 

A (P,cr;-c)= ii { rut(q,t~t~r~ )- TQ",. (ll-~;~~)} = 

ft1 +,."' X 
t j L 

= 2 (z,.t)~ d, x. e 2. < PL/[JL (-i-). ji (-~)]I PL '~ 

= 1i { 'fl d i: .. < P~ fi~ (o){ P ... ><p ... f;;(•Jfp, >' § (q,.t-p,- P .. )

-~ j d p-;,. < p,fj, (o)/ p, .. >< p,,. /j. (o) / H '7 3 (p, .. +lJ•- P•)} = 

... 1/1 (JJ)- tl~ (.V), 

IV+! +!~I . . · + 
VL+t~'- ~ <fl/Ja.(o)/P,~><P"I;,{oJ/P,>5(v-Jl,) 

P .. n. ... P,H/2. 
13.91 

/-'V+t +i'/ . . -
Vt+t~· ~ <R/Jt (o)Jpl.,_ >< P1n./iz. (o)/Pa'7<f(.Y-Y.,,) 

Pt"' • P1 -q_.L 
I L BKniO'I89T BHT9rpHpOB8HH9 DO H9DpephiBHOA '18CTH CD9KTp8 H CyMMHpoaa-

n.. • 
HHe no LtBCKpeTHhJM xapaKTepacTBK&M npoMe>KyTO'IHhJX cocTORHHAI. OcoGeanocTif 

aeyx §' - <i:>YHKuHI B npaeol '18CTH I 3.91 ne>KaT B TO'IKax: 

2. a. " .+ t,• Pa.~~,-Mz.-tna. ~ ~ )/ ., +" 0-01. 
tt. :. - + ------

2. M1 M, M1 (Mt+1'1~) 
13.101 
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v: =- t?.-
2. tvf 2. 2. fs..,_ - rJt - m.z. 

2-MtM~., ZM1M2. 

0 ..... +~ + 
+ Ma. (Mrt·M.z.) 

'L" I 3. I 1 I 

BTopaR eeTBb cneKTpa /3.11 I ecer.aa co.aep:>KRT o.aHH .aHcKpeTHbiH noniOc npH 

R~ = M: ( = M,a.) H paapea ItpH. Pt~ ~ ( M {--+ lnz.) l., • nepBaSI BeTBb 

. p2. Ma. z.. 2. /3.10/ MO:>KeT co.aep:>KaTb .aea .aHcKpeTHbie noniOca :~ott :::. 11 u P'l.lt. = M~. 
EcnH aMnnHTy.aa srensreTcH co6cTBeHHoA ~YHKuHeA onepaTopa nonHoro naoTonHqe-

CKOI'O CIIHll8 C C06CTBeHHbiM 3H8'1eHReM 1 HnH 0 /'ITO HMeeT MeCTO B peaKUHH 

( K +I{~ A+ 1/) HnH ( K-+ ./( ~ Z 0+ 1/tJ) x/ I, To I:i cneKTpe /3.10/ 
2.. 2. ~ 2. 

ecTb TonbKO O.UHH .aHcKpeTHbiA noniOc npH p
2

ll = M g HnH npH p = Ml\ 
+ an. ' 

COOTBeTCTBeHHO 3Ha'leHHIO CIIHH8 1 H 0. HenpepbiBHbiA CIIeKTp B J}l\... B03HHK8eT, 

ecnH p:n >: ( 1'1" + ml.) z.J ~a HCKniO'IeHHeM cnyqasr peaKUHH ( K+.!V- 'IT~ r), 
Kor.aa paapea Ha'IHHaeTcH npH Pa.tr- ~ ( M'E: + J1t,_) Z. • Mo:>KHO noKaaaTb, . 

'ITO ecer.aa cywecTeyeT o6nacTb H3MeHeHHSI i a. Ha HHTepeana /2.12/, TaKasr, 

'ITO .aa:>Ke npH '[ = 0 cywecTByeT wen& Me:>K.ay .UBYMSI BeTBSIMH Henpepb!BHO"ro 

{ K r .IV_,.. l: + 1/) : Kor.aa HerrpepbiBHbiA cneKTp eo 
xx/ 

cneKTpa • B peaKUHH 

BTopoA BeTBH H8'1HHaeTCSl 2. ( )2. -c {l,., "'- M 1\ + 111-a, IHanpHM ep, B peaKUHH K + p -
-- ~ -+ t]{+ /o.QHH H3 O.UH06apHOHHbiX noniOCOB BCer.aa ne:>KHT B HenpepbiB-

HOM cneKTpe. B ocTanbHbiX cnyqagx MO:>KHO .ao6HTbCSI /npH HeKoTopbiX .aononHH-

TenbHbiX orpaHH'IeHHSIX H8 /; Z. I • 'IT06br ace noniOca Haxo.aHnHcb a wenH. 

l..fT06bi HCKniO'IHTb H3 .UHCnepCHOHHbiX COOTHOUieHHA HHTerpHpOBaHHe ItO OTpH

uaTenbHbiM SHeprHHM* Heo6xo.aHMO paccMoTpeTb Hapsr.ay c aMrrnRTy.aoA npouecca 

/I/ ewe B aMnnHTy.ay •nepeKpecTHoro• rrpouecca /H/: 

: C~1T)"i a 1 _ ~ );.:;'Itt( 'h+tt~)· /3.12/ 
< P.t~~~./ sjq,:,.f{ > 1 ·, 0. lB. -t't~ Pz. CJ~. 1 ~ , 

... lf9t i}J. •. 

x/ 
AeTop 6naro.aapeH IO.Bonb~Y aa o6cy:>K.aeHHe BTopoA soaMo:>KaocTu. 

xx/ 
HarrpBMep, B cnyqae npouecca ( K +.K- /\ + 1/} HMeeM npH6nH:>KeHHO 

+ .t '(; ,\- /l. 'l. .!- II+ Ye ~ -f, + 0 lg - tM 1'1 , Ye=- -c. 7 ~01 + - H ycnoBHe ~'c -' 'c. 
' I 2. .tHt M,_ cr 

COBMeCTHO C /2.12/ .aaeT: ~ / .tL Q 036 _ l. .(. 0 08{:, • 
O,Of-= "C "" I 2,,WftMz. I 

. ----- -- -------

• 
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I( --- < Jt. .t 
- oz.ei: i J I a . (- .!:.) 
T ( ) - (up P, o ~. ( -i-) /11. 

13.13/ 

3aMeTHM, 'ITO aaKoH coxpaHeHBSI, co.llep>KamaAcSI a /3.121 ( Pt+ CJ,L .. Pa. +lfi.), 
nonyqaeTcSJ H3 11.21 nyTeM aaMeH&I ~i-- CJ-1. 1 q,.t. --9-.., . HeTpy.llHO OTCIO.lla 

nony'IHT:b 1 'ITO KHH9M8TB'I9C&Be XapaKTepBCTHKB npouecca /III. nony'ISIOTCSI B3 

cooTaeTCTBYJOlllBX xapaKTepacTBK npouecca /I/ 3aMeHoA ~ ....... - Y . HanpaMep 

8HTH9pMHTOB8 '18CT:b 8MilnBTY.llhl 13.131 MO>KeT 6&IT:b 38fiBC8H8 B BB.lle: 

{ 
1~+1+·(;'·-/ . . 
-v' L-+ t ~. ~ < p,./;1 (o) I Ptll, >~ plft u~.{o)jf{ > 6 J( 

~n·P~+J.,. 

/-v+t-~o+...,/ 

v't+t.t.' 

H 
J)-

n.. 

l( (v+v;. {TJ)-
f < Pz./J~ {o) / P.t.n >< P~,tt fJ~ (o) / P, > (v,.y,• (1:~ = 

13.141 

_ 11., (v}-ll~. (-J>); 

38.l1AIOTCSI cpopMynaMH 13.101 a 13.11 I. 

VfTaK, .llnSI cpHKTHBH&Jx npoueccoa /I/ H /11/, a KOTOp&xx ~ Y.llOBneTaopSieT 

/3.7 I, MO>KHO HanacaTh cucTeMy .llBCnepcnoHHhiX cooTHoweHHA. KaK oTMe'lanoch, 

OHH B.bifiHC8Hhl B pa6oTe .ll>KHH8 
3 

H Mhl He 6y.lleM BbtnHChiBaT:b HX 3.lleC:b 

CHOB8. 

0 Al. AHanHTH'IecKoe npo.z:ton>Keaue aHTaspMHToaoA 'ISCTH 

aMnnaTy.llhl no acnoMoraTen&HoA nepeMeaaoA q; 
..,r 

B&Ipa>KeHne 13.91 .llnSI aaTuspMHToaoA 'laCTH aMnnHTY.llbi MO>KeT 6biTh aag:u-

C8HO B BH.lle 

14.1 I 

3.lleC:b i(I(1X1 tKt,~~-ti(.,:X:'f) 

1) (Kv K,,KJ, K, )= j D (x,,x,, o, x,)e d,Cl"-, J,z,.d,:r.,, 
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a Tp8HCJlSJUHOHHO-HHB8pHauTH8SJ cPYHKUHSJ D (xi, x..:l-1 X.3, x.'f) 
paBeHCTBOM: 

onpenensteTcSJ 

0 ( x.J., ~:,, x3 , x.,) ,.< o / s~ G·.cx.l,JJ.x,J] I o > /4.2/ 

3ll 9Cb ui (?;) 1£. cr i (xi) ( ii,_ ( P:) 1c,. 'f~ rX.J) COOTB9TCTB9HHO CnHHOpbl H 

onepaTOpbi nonst HYKJ10H8 /rHnepoHa/ • VfccnellOB8HHe HHB8pH8HTHOA cPYHKUHH i) 
8HTHapMHTOBOA '18CTeA llJlSJ /cM.nononHeHHe B/1 aaanorH'IHoe HccnenosaHHSJM 

npyrHx npoueccos 
5 ' 6 , npHBOllHT K npencTasneHHIO 5 B BHlle CyMMbi 

¢ypbe-o6p830B 'leTbipeX TpaHCJlSJUHOHHO HHB8pH8HT.HbiX cPYHKUHA, YllOBneTBOpSJIOWH:X 

ycnoBHIO aanaanbiBaHHSJ no llBYM napaM apryMeHToa. K Ka:>KnoA HX aTHX cPYHKUHA, 

5 6 
cnenyst MeTony Boron106oaa ' MO:>KHO nocTpOHTb ewe no TpH ¢YHKUHH, ynos-

n 9TBOpSJIOWH9 "llOnOJ1HHT9JlbHbiM" ycnoBHSJM 38n83llbiB8HHSJ 0 

TaKHM o6paaoM, sonpoc o6 aHanHTH'IeCKOM nponon:>KeHHH aHTH9pMHTosoA 

ttaCTH 8MnJ1HTYllbi, CBOllHTCSJ K H8XO:>KlleHHIO o6nacTH 8H8J1HTH'IHOCT~ ¢YJibe-06pa

.:aeB Tp8HCJlSJUHOHHO-HHB8pH8HTHbiX cPYHKUHA r iJ' (X .f.~ X.t, X., • :(:If) 1 ~i = t, Q, , 
x/ 

y llOBneTBOpSJIOWHX CJl9llYIOWHM ycnoBHSJM npH'Il!HHOCTH 

fn (x~,x~, x.~. x'f) = 0 ecnH ::e1 £ .t.~ HJlH .t:.t ~ :tlf I 

r.,(l, c xJ ,a: .a.· ~!, ~,J = o ecnH X 1 ~ X_s HnH X..t.~ X¥ 1 

/4.3/ 

~alt. (:tv :t,, x~, x,) r:. () ecnH X.t ~ X.s HnH .X .t ~ :tv , 

~ c~L' ft.t, ~_,, Xr)= 0 ecnH Xt l. X& HJlH Z.c, ~ :/:.'/, 

Vf x o6paabi 

Kt +IV~,+ 

<t>ypbe <J~· { K~,, ~.,., ~;_,, (.It), onpeneneHHbre Ha MHoroo6pa3HH 

IV3 + "'v :. 0 paseacTBOM 

{ t']f )V! (Ks. + ~~ -t ~6 + /<',y) f~. (let, k-,,IVs, Je.,) = 

(X il X.z, x.l, z.) eX. p { i ( K I x.~. t t:.,:x.~ + /f,J X.!+ JC.,~v) cl ~i"" rl~ , ~ JJ/J~ /4.4/ 

x/ 3HaK ;f, !v J 
o L o 

03H8'189T, 'ITO X, = "' HJlH { x--y )~ 0 

L .. _ . --_ ---- -· --- -
' 
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y .ll08118TBOpRIOT 8ll.l9 DOCTY118T8M •cneKTp811bHOCTH •: 

- -1=1 ( t,,t.,, t,s I IC,) = r, ( ll,.~,. JC.I, ~.) ecnH 
& .. 

~, t a., H & l"' ~ ... < t• 
..... ..._ 

ftt {A:t.~.t•~!•t~)- 'J'ia, ("''~' IC~, tv) a. .. 
.t I' ecnH K._< a..._ 8 K• ~ & J 

,_ 

'J,j ( K I. I k;~, ~JI /li,,) & 0 ( I. ... 
ecna ~,..,."J<t! 8118 

• • "l. f "· ~ 0, 

r.ne li0110*HT811bHbl9 'IHC118 a...t1 8t H ~ DOll'IHH9Hbl YC1108HIO 

c > a., - &e ~ 0, 

Pa3Hb19 ''1118Hbl p83110)1{8H8SI 8HT8apMHTOBOI '18CTH 8MD11HTYllbf ABIUIIOTCH 

cpyHKUHSIMH TUna 14.5/ CO C118llYIOlllHMH 3H8'18HHSIMH napaMeTpOB Q.,t, et k-· 

~(ntt""•tt",ttJ.,_ ... ~f"• Mt•t1N, M,,.M" 111111 Mz) 

14.5 I 

C-=M,.+m~, a,1 ~M1 t-Jtt.~, ~-M41-'"-..,, C, .. ,.,.tf.t-.,, &~""51n,j 14 •6a/ 

' 
( i:: f'1 i + Jn1. I a,..t..,. M, _,_,.,,.t ' (·,"' 3 wtL 

Taxae *e 'III&Hw, TOIIbKO a llpyrot.c nopsrllKe, nony'leiOTCR 8 npH paccMoTpeHHH 

8HTHSpMHTOBOI '18C'tll 8MDIIHTYllW npouecca /IT/ /ct.c. 8B848HH81. 

Mw ccj)opMyiiHpyet.c H npRM&HHM Teopewy oCS oCSnacTR aaanBTH'IHOCTH <i>YHKUHA, 

Y.ll08118TBOpSIIOlllHX yCIIOBRSIM /4,i/ H /4,8/, SIBIIRIOU!8ICR oe50C5ll.l8HH9M OCHOBHOA 

T80p8MW '8118ll8MBpON R /JoryH088 
8 

e .lJOK838T811bCT80 8TOI TeopeMbl npoBO.llHT

CSI 8H8110rH'IHO llOK838T8111:oCT8y, H3IIO)K8HHONY 8 paCSOTe 
8 

X /• 

IeopeMa. nyCTI:o :~· (z., z~, ¥,, ~.)I i,j c I,Cl· - '18Tbrpe 

xx/ 
OI506ll.l8HHbl8 cj)yHKUHH '18TWp8X 4-B&KTOpOB-. IIH88pH8HTHbl8 OTHOCHT811bHO npeo6-

pa3088HHOI H3 H80llHOpollHOA opTOXpOHHOI rpynnw /IOp8HU8e npe.llDOIIO>KHM 1 'ITO 

STH 060C51ll8HHW8 ci:IYHKUHB Yll08118TBOpRIOT YCIIOBHIIM 3ana34WNHHR H onepe>KeHHSI 

x/ 

xx/ 

M w npH80.ll8M llOKa3aTen~:ocTao TeopeM w a llOnonHeHRH C • 

noll OC50C5ll.l8HHOI ci:IYHKUR81 MW DOHHM88M IIHH8IHWI cj)yHKUHOH811 H8ll npocTpaH-

CTBOM S Waapua 11, IIRCSo 884 H8KOTOpWM H3 npOCTp8HCTB C (z, S1 /6) 
SoronroCSoaa 

8 
• 
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14.31, 8 HX ¢ypbe-o6p83bi r~· (1<1.,le.t, 1\.!J, fC,'f) , lcocpe.uoT0~8HHbi8 HB MHOroo6pa-

3UH l(,i+IC-.t1"1(r?»+k-v•=O, I y.uoeneTeopsnoT ycnoBHSIM 14.51. ·'·"· 

' nycTb .uanee TIOJlO)f{HT8JlbHbi8 t{HCJla 

xl 
M~ H eewecTB8HHbre 

TaKOBbi 1 t{TO 

'f/ < ·~~t- { v;.t+ Me~- .t W' 
e~t.~ W.tc 

-~ tl 
a..eW+ l"le - a.e f)e 

w +a...e- ~J,~. } 
I ~ 

. .,.o f)~ 

"fHCJ18•. "~ < bfj, 

14.7 I 

Tor.ua MO)KHO nocTpOHTb cpyHKUHIO ~ r~i.lt..~~ll.y, ls-; 111), o6o6weHHyiO 

OTHOCHTenbHO eewecTeeHHoA nepeMeHHoH: £V , oopawaiOwyiOCSI e HYJib npH W<c 

H 8H81lHTHt{8CKyiO npH ly' ~ C OTHOCHT81lbHO COBOKyTIHOCTH TISIT!I KOMTI118KCHbiX 

nepeMeHHbiX {l:. 11 'l.t,l3 , :t.,, ~ 5 ) e HeKoT~poA ,o6nacTH lJ { trl} , co.uep-

)KaweA Bee TO'IKH BH.UB 

'l = M.~ 
1 1 I ~~=- M~,. ~_,=T"11 1::,=-7:.~,, .1.5 =-ltt:/"

7 14.81 

r.ue 
(T• L. cro 
Vl, = L-t, a HHBapHaHTH8SI nepe.uaqa HMnynbca f.t Ll.t"' - ( K 1 + K~ ) R. 

npo6eraeT BHyTpeHHOCTb snnHnca 

11 ( w; cr, . cr.t ) + B ( w) ~ I rr:.t) cos c + i c ( w, ~, T.t) ~ 8', 
O!:c!:. Z!li, 

3.uecb 11, 8 f./ c . onpe.ueJISIIOTCSI COOTHOlll8HHSIMH: t ,t 

14.9/ 

~- . .t {-M"'- M1, + 'l"t- 'f.t _) -1-
// (w. T,, 7:~) = 1(, (w, -r,)+ '( ( W,T. )- . l"' I . /4.10/ 

i . I. 
T B ( w, 'J:, • T,) = 'f', ( w:r, )'IU w; -r.} _,_ y [ 'i'; ( lfl. '1:,)- 'l' t( ..;T,)] [ '!>,' ( ..,,..)-'ft ( w, TJ) 

t c ( ~ r,. '<;.)· '[!, ( w, <r, ) J <r: ( "'· 1:•)- 'i' t ( w,r,J + cp, ( w, T,J-/rN w;r,)- <e~ ( w, 'f,), 

X I . . a, - q_. "' f1 + rn.-11 M L ... M"' a. M"' 0TM8THM 1 'ITO B 'IBCTHOM cnyqae, KOr.ua L- ;t I 
181 

1 l. f 

liepaBeHCTBO /4.7 I 3KBHB8J18HTHO HepaBeHCTBy 11,51 pa60Tbi H npH STOM 

npoUJe no cpopMe. 
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t 

r.11e 

l= 1,2,. 

14.111 

x) 
~ (W,if) = 

/4.12 I 

.t, 

(npa 're :~f (a,c (1.~-&e. ), <pt= 1w ( ~~g£ w; a,eGe- MA.) • Ka.K. . .llnSI sepXHe-

ro TaK H .uns HH>KHero Bhlpa>KeHHSI 14.12/). 
/ 

¢yHKUHSI ~ (l i 1 ~.t. • lJ, ~¥ 1 ~so ; W) TaKosa, 'U'O npa sewe-

CTBeHHhiX P1 , P~ 1 P4 , P 'f H3 no.unpocTpaacTBa g, + P.t. + ~ + p., = 0, 
'2. p~ '2. p~ .t, ~ .t 

.11ns KOTOphlx senH'IHHhi "'l =- 1 ' ~~"" .t, , ~, = P:. , ~If • P y 1 ~ s-= { p1 + P.c.) 
npHHa.llne>KaT o6nacTH 0 ( ,/(p~-t Ptt)"-

1

) HMeeT MecTo npe.ucTasneaae 

14.131 

tl 0 

npa u pt + p'f > o. 

x/ 
nerKo BH.ll9Tb, 'ITO B cnyqae aeynpyroro pacceSIHHSI K-Me30Ha Ha HyKnoae 

BTOpag B03MO>KHOCTb OCYlll9CTBnSI9TCSI TOnbKO DpH ft. < 0 H .uns pean&HOA 

TO'IKH '[l:. m.;, 'IJe ( W1 'C) .ll89TCSI sepXHHM Bblpa>KeHH9M /4.12/ • 
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Cci:>opMynuposaHHaSI TeopeMa oxsaTbiBaeT KaK see npoueccbr, oTMe'leHHbre 

8 
B / ynpyroe pacceSIHHe Me30HOB Ha HyKnoHax, KoMnToH-sci:>ci:>eKT Ha HyKnoHe, 

paCCeSIHHe Me30H8 Ha Me30He, TOpM03HOe H3Jiy'leHHe y -KB8HTOB B sneKTpoH-

HYKJIOHHblX CTOJIKHOB9HHSIX H cPOTOpO)t{LleHHe 9JieKTpOHHO-n03HTpOHHbiX nap H8 HyK-

JIOH8X 1 ¢oTOpO:>K,lleHHe H BHpTyanbHOe ¢oTOpO:>K,lleHHe Me30H8 Ha HyKJIOHe, po>K.ne-

HHe 8JI9KTpOHHO-n03HTpOHHbiX nap t -Me30HaMHI t T&K H, B npHHilHne, nonHOCTblO ,.. 
HeynpyrHe npoueccbi C K-Me30H8MH H f"HnepOHaMH 1 XOTSI, K8K Mbi YBH,llHM 1 OH8 

OKa3b1B89TCSI He.llOCTaTO'IHOA .llJISI .llOKa3aTeJibCTBa .llBCnepCHOHHbiX COOTHOWeHHA npH 

sKcnepuMeaTanbR.OM aaa'leaau Macchi K-Meaoaos. 

06naCTb aaanHTB'IHOCTH aHTH8pMHTOBOA 'laCTH no nepe.na'le HMnynbca, cor-

.,-o I. l 
nacao 14.1 I, He nycTa TOnbKO, ecna npu Lt =- ltf,t .- = 1,2 

0 

"i < mt.n.. 
e W~c 

W 3
- (Cve.+f,e)w.z,-t .t (a,tBe.-Me~)w+ {a.e_.,.Ce) Ml 

w -t a,e. - lJe. 
14.141 

He Tpy .nHo nposepaTb, 'ITo Kor .n a a.t , ~e. H c 38.llalOTCSI cPOpMynaMH 14.61, a 

M8CCb1 HMelOT CBOH SKCnepHM9RTaJibHb19 3H8'19HHS11 MBHHMYM B npaBOft '18CTH 14.141 

.nocTHraeTcsr· npu W = C • B cornacaH c pa6oToA 
4 , nonyqaeM bie TaKHM o6pa-

30M aepaBeHCTBa ae BblnonHSIIOTCSI .nnsr peanbaoro aaa'leausr MaCChi K-MeaoHa. Hau

(l,e 1 te, H c npHHHM810T 3Ra-

, MHHHMYM B npasoft '18CTH 

6onee :>K9CTKH9 Of"p8HB'I9HBSI nony'lalOTCSI1 KOf".ll8 

qeausr 14.6al. B cny'lae, Kor.na a,, • M" -t f1frtr 
J, 

14.141 npB6JIH3HTeJibHO paBeH 8,2 J11-1f t B TO BpeMSI K8K HaM 
~ l, 

Heo"lxo.nHMo npo-

.llOJI:>KBTb ¢YHKUB10 .llO TO'IKH lft,l(. ~ /!J rJ1..~ ecnu ~a.. M t:.,.mr 

MHHHMYM npaBoA '18CTH 14.141 
~ 

paBeH 9,3 l'tff" , 'ITO TO:>Ke M9HbWe Tpe6yeMOf"O 

L 
3Ha'leHHSI 113 ~~ I. 

paBeHCTB8MH 14.6al 

'19HH9M 1 nony'I9HHb1M 

Ra HYKJIOH9o 

0TMeTHM 1 'ITO B cnyqae 1 Kor.na ~Q...:f. 1 81 'k-- e. aa.naroTcH 

{c.= M11+11'V1i), HepaseHcTso 14.141 cosna.naeT c orpaHu-

10 
0Me a TeAnopoM .nnsr ynpyroro paccesHBH K-MeaoHa 

xl 
no-BH.llUMOMY t nony'leHHb19 Of"p8HH'I9HHSI H8 .llOK838TeJibCTBO .llHCnepCHOR-

HHblX COOTHOWeHBA HeJib3.SI CHSITb, HCXO,llSI TOJibKO H3 8KCHOM npH'IHHHOCTH H cneK.., 

TpanbHOCTHo He HCKJII0'19Ha 1 O.llH8K0 1 B03MO:>KROCTbt 'ITO y'leT CBOACTB CHMMeTpHH 

xl 9 
3To noKa3aHo B pa6oTe BpeMepMaHaa a .np. .nnM: cnyqasr pacceSIHHH RyKJIOHa 
sa ayKnoae. 3.necb nono>KeHae aHanorB'IHO. 
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aMnnHTYUhl pacceHHHH no3BonHT yaenH'IHTb o6nacTb aaanHTH'IHOCTH no KBaupaTy 

Me30HHOA MaCChl '"[ • 

B 3aKnroqeaue aaTop Bhlpa1KaeT rny6oKyiO 6narouapHOCTb aKaaeMHKY 

H.H. Boronro6oay 38 BHHMaaue K pa6oTe, B.C.BnaaHMHpoay, A.A.noryaoay 

H H.A. t{epHHKOBy - 38 none3Hhle yKa3aHHH H o6cy}KU9HHSI so apeMSI BbmonaeHHSI 

pa6oThi. 

,UononaeHKSI 

B aToM cPH3H'I9CKyiO o6nacTb 
x/ 

uononaeHHH M hl onpeuenuM H3M9H9HHSI 

HHBapHaHTOB wz,u .4a, COOTB9TCTB9HHO y H t"' , onpeaeneHHbiX B § 2 

/eM. /2,2/ K 12.311. B OTnH'IH9 OT cnyqag ynpyroro pacceHHHS{, 3U9Cb 9TOT 

BOnpoC H9 SIBnSleTCSI CTOnb TpHBKanbHhlMo 

Henocpe.aCTBeHHO MO}KHO onpe.oenHTb o6nacTb H3MeHeHHSI W • 3a cqeT 

H3MeHeHHSI ayMepanHH acer.aa MO}KHO .ao6HTbCSI Toro, 'IT06bi M1 .,. lfr-1 ~ Ml.. + hf,i 

KaK ~aanpHMep, B cny11ae pealtUHH /1/ § 1. Tor .a a o'leBH.IlHO aeo6xo.aHM hiM yc-

noaaeM .onSI Toro, 'IT06bl aexTopbl Pe 
5I BJUI9TCSI BhinOnHeHHe H9p8B9HCTB8 

H f}e ne}KanH B cPH3H'19CKOA o6naCTH 1 

IA.l/ 

noaTOMy H8H6onee 9CT9CTB9HHO onpe.aenRTb cPR3H'I9CKYIO o6naCTb CHa'lana 

B CHCT9M9 U9HTpa M8CC: 

/A.2/ 

B 9TOA 

x/ 

[ W ~ ( M t- llf,e) 11
} [ W ~ (Me+ m-t} "J, 

/A,3/ 

• 
' 

~t-

Mhl 6y.aeM rosopHTb, 'ITO aeKTOpbl P£' 9-tJ P~, R 9-.r.., yuoaneTaopSIIOIUHe cooT
HoweHHSlM /1.1/ H 11.2/, ne)KaT B cPH3R'Iecxoft o6nacTH, ecnu ace OHH aeme
cTB9HHbl, Ll p:_ 7 0 1 4(. > 0 



- -EcnHe yron Me*.aY 6apHOHHbiMH HMnynbcaMH g, H Pz. Is cHcTeMe IA.2/ I,. 

--'?-P1 P~ ,_ K~. Kt. cos 8, 
I A.41 

- -To BeKTOpbi Pt. H lJ.e. MoryT 6biTb aanHcaHbi B BH.ae: 

- - -Pt =- 'J,1 ... Kt et , 

P- == - a -= K (cos r:; e: + ~ B ~ ) • :z, ,... z. 1 t. , 

I A.5/ 

- -3.Qecb e i H eL 
TOpbl • VfHBapHaHT 

- B3aHMHo-opToroaanbH'.~ ITpexMepHbie/ e.aHHH'IHbie eeK

Ll 2. MO*eT 6b1Tb aan&caH B <j:lopMe 

·~ ( )2. ( 0 • il 4 ~ '-ltJ =- P1-Pa.,. 2. P1 P4 -K~,I<~eos6;- M1 -M~. 

0TCIO.Q8 BH.QHO, 'ITO npH 38.Q8HHOM w-.t::. s, It .1 :(, 
4 

H3M 9HH9TCSI B HHTepea-

n e /eM. TSK)Ke /: 

0 D .\, .{, 0 ~ 

<( (s)::2p1 p2.- M1 -M:t.-£KtKt.~'tll.t~21{J{-N1 - M:+ 
IA.61 

+ 2K1 K2. = cp (s) :1 

3.Q9Cb 

s- w~· , 

o• a. .t ! {"r,~ a. a." ~,_a.)(" "H 2 P1 P, -1'1 t- M .t :. ""IS S - l M t + M,-+ m 1 + nr..t ) 5 + l M 1- m-1 r1 t.- Hr.t, 1 J, 

l { 'f (M.t Mt t .t) ~ r, ( "' t.){ .tr a.) Q,Ktl<,· .tS» S-.t 1 t .t+Jn.1 +~n-, S+Llf Mt.+wt 1 M:. +m~_ -t 

+ ( M;-m-~)~ {M:-~n:t'] s~ ~ [( Nt+ m~ ){ M:-:""~) ~+ (M;n .. !){N;-~n!J7s+ 

-t ( N 1~- m;) t { M "'t- mf) t.} ~ 
HaHM9Hbwee 3Ha'leHHe, JtoTopoe MO*eT npHHHMaTb 't Ll ~ 
TaK KaK e aaweM cny'lae ( /'1,.-Mt}J.,<. (Ht-~,-m.~.J2., ct. {s} 

eCTb ( N-f1).t 2, 1 , 

.aocTHraeT ~Toro 

3H8'19HHSI npR 

~~ - --~~c=--=-~7-=-~ .---



t 

s =-
0 

IA.7/ 

- . ht-.,1,] 
;.r, ~ 

B 9TOti TO'IKe cpyHKUHSI (e. ( S) noCTHraeT MHHHMyMa, paBHOI'O 

m 1-11-- '( ( s ) = lf (so) =- ~-. ( M ~ - M 1) ~ IA.BI 

5~ (Mt+Ht-1 ), 

N\OMHO IIOK838Tb, 'ITO 3TO enHHCTBeHHbiA 9KCTpeMyM cpyHKUHH <( (s) B HHTep

BaJle 5 ~ (Mt + Jn-1)~ B TO BpeMSI K8,K cpyHKUHSI cr (s)' MOHOTOHHO B03p8CT89T 

Ha aToM HHTepsane. OTMeTHM ewe, 'ITO npH S • ( Mtr+ _m-1 ) ~ 

m1 M!+ Nt m~ 

ML+ fn.t 
= M1 (111f-~n!)-wtt (11!- M~) 

ML + IHL , 

06nacTb I A.l I , I A.61 MO*eT 6biTb 3anaaa ewe cnenyrowaMH aepaeeac·reaMa: 
' 

IA.9/ 

• , 
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B cny'iae ynpyroro pacceSIHRSI1 KOrlla Mt • M~ ... M, nt~, • ""'.\. .. ~fl.', K t • J<., =- K., 

HepaaeacTBa IA.61 R IA.9/ npaoC5peTaJOT cneLiyJOlUHA npocToA BHLI: 

0 k L\"' f. J< ~ ~ [ S - ( M - .,_) 4) [ S - ( M + m) 4] 
'ts , /A.e/ 

0 ~ Ll"' w- ~ ~ -f- ./ lfl.l.+~L I IA.9/ 

n epeXOllH K HHB8pR8HT8M }) Ji t l, no ¢opr.c ynar.c 12.3 I, M bl nerKo nonyqaeM 

cpH3H'i9CKYJO OC51J8CTb B 3THX nepeMeHHbiX, KOTOpaA COBR8l189T C OOJI8CTbiO ee-

Ul9CTB9HHOCTH A (v, t~} ( -;) 0) /cr.c. § 2/ • 

B. AH81JH3 aHTHSpMHTOBoA 'iacTH ar.cnnHTYllbl Heynpyroro pacceSIHHR 

TpaHC1JSIUROHHo-aaaapnaHTHaR cpyHKUHA D 14.21 r.comeT ObiTh 3anecaua 

a BHLie: 

• D(xu:t~.~.,z.,)-. ~ (1-tf,J·,j,) 0;. {¥t.~a.,X1 ,.ttt) ,.1 . ' lB. I I 

rlle 9J· .. j, - onepaTop nepec::TaHOBKH TOKOJit i1. {:Jt,) H i~. ( z.,) • HHBapaaHT

Hble ¢YHKUHH l:li (~~~~.a,,X.J ,%.,)) La i,l,3,'f 38l18IOTCA <jlopMy1J8MH 

CJ"•·"•• x.,, r.,)- <. 0/ 6t~ ( l:.t) O;i. (x,) J o > 
6" 'f-. (Z,) cf' 'fa ( x,) J IB.21 

D .. (x,,:c.,, :&:,. :r.,) :-< 0 J cJj:. (X.) K,!i ( r.,) J o > j 
6 ~ (x,) s cr.(~) 

03 (x, .x~,, x.~.~.J = < o j cf[& (~.) J·,(~J)jo> 
a <fa. (~J 6'cp,(x,) • 

/8.3/ 

!:Jt ( x,, x,, x.~, -z,) • < o/ ia. (z.,) s~-J~ (%, > . 
6 'f.. (:&r,J cr 'f. ( .:~:,J / o >. 

noKamer.c, 'iTO 

( 1-Pi,j,)-5~ (-p,,p~,-q,,,q,,):{1-~iJ~)S,(-R,P,,-"uq,)•O, 18.41 



• 

J 

I 

I 

- 21 -

ecnu 

neACTBHTenbHOt pa3naraB o6pa3 ¢ypbe 4lyHKUHH /:) ~ llO llOnHOA CHCTeMe 

COCTOSIHHA H llOnb3yBCb CT86HnbHOCTblO O.llHO'I8CTH'IHbiX COCTOSIHHA 1 nony'IHM 

AHanorH'IHO MO.>KHO npoaepHTb, 'ITO 

[), ( Kt, IV~, Jcl, IV,) = 0 

cri!J~ ~ ( l<t,K~, K!>. J(y J = o 

CfiJ.t 0'1 ( K1, ".t' K3, l<y) = 0 

TaKHM o6pa30M 

ecnH 

ecnu 

ecnu I<;~ (!> m~) ~ 

ecnH K./' < ( lnt + 1m.~)~ 

/B.5/ 

YITaK, aHTHSpMBToaa qacTb aMnnHTY.llbl npe.ucTaaneaa a aH.ue cyMMbl 'leT&xpex 

cnaraeM biX O.llBH8KOBOrO TBil8o Ka.>K.ll09 B3 HHX 9CTb o6pa3 ¢ypb9 OT Tp8HCnBUH

OHHO-HHB8pB8HTHOA 4>YH.KUHB '19Tblpex 4-BeKTOpOB1 y.uoaneTBOpSIIOUleA CBOACTBY 

"3ana3.llbiB8f1BSI" no .uayM napaM apryMeHTOB. TaK KSK aaanBT3'19CKHe caoAcTaa 

STHX 4>YHKUHA paCCM8TpHB8IOTCSI O.llBH8KOBbiM o6pa30M 1 p8CCMOTpHM llO.llp06Hee, 

H81lpHM9p 1 nepByiO H3 HH:X:. nycTb 

(t) /5J~ (x.,) 
'Jrz-'t (x 1 ,x,,x.!,x,)s 1:>1 (:(..t,:r.~,x.~,x,J=<O SqJ~(~) 
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'l:fT06bl HCCn8llOBaT& 8HanHTH'I8CKHe CBOACTBa ¢>yp&e-o6pa3a
1 

<i>YHKilHH 18.6/ pac-
56 ..-(J} ) 

CMOTpHM lcnellyH 
1 

I BM8CTe C :J.n (Xil''' 1 X,/ eme TpH BCnOMOI'8Ten&Hbi8 <i>YHK-

IlHH 

rlle 

cr (t) S 1 .i~Q.. (xt_, ... , x'f) .... < o j .t (~4-) 
0 'l~ (~,) 

ct" (1) 
:t 0,"1, ( Xt, ... I x.,) :: < 0 I §j", ( x, J 

6 'f~ (x...,) 

(1} I 1" CJv4, ( X1 t '" I ~y) & < 0 dJJ, r~ ... ) 
oce.., (x.,) 

s,~ rx!) I o >., 
5 <fJ (x.1) 

"t: r,_,J I o >, 
oct( (x.) 

o J~. rx.jJ 1 o >, 
6''{~, (~!J 

IB.1 I 

a'S 
"{ (::.:...,) .. i ~ - (x ) 
0 .l, . Cl 'f~ ... 

s+ , . J'S S + J. r~.)· ( 5 <f, r~.) 
f1epBb1A HHll8KC 03Ha'I88T aana3llbiB8HHe ( ~) HnH onepe}KeHHe ( Q,) 

no nape nepeMeHHbiX (x,t 1 X,l) t a BTOpoi HHll8KC - no nape ( ~ol. 
1 

:JC'I) o npe

o6pa30BaHH8 ¢>yp&e Tp8HCnHQHOHHO-HHBapH8HTHbiX <i>YHKUHA onpellenseTcH npH nOMO

lllH <i>opMy~bl /4.41. 

--
t{To6bl HCCn8llOBaT& BOnpOC 1 rlle o6pamaiOTCH B Hyn& <i>YHKilHH ~ii H HX paa-

HOCTH1 BOCnOnb3Y8MC5I TO}Kll8CTBaMH 

bJ~ (:e.) 

~<f. (:t~) 

Oj't {:t..) 

; 'ft (:r,1) 

~ :J, (X.~) 
O'Cf~ (~.,) 

= 1, [J~ ( x, ~ J ~ (X. .a. ) ] ., 

~it (xt) . . , 
oce, (x,) = ~ [ J, (x,), j. (x,)]. 

Paanaraa MaTpH'IHbl8 Sn8M8HTbl no nonaoA CHCTeMe COCTOHHHH H HCnon&3yH 

cneKTpan&Kble ycnosua, nonyqaM 

-.. (i) ,_ (i) 

'f "'I (I( 1.~ .... 1 I('() =. ~ o;J' (I( f. J .. ' I I( y ) J 

------------- ---

IB.BI 
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ecnH H 

- (.t) - (t) , 'Ijt . (K,, ... 1 Kv)= g:'Ja,. ( l<i 1 ... , K., ), IB.91 

ecnH H 

·' 

- (t) 
g::~. (Kt, .... 1 K.v}=O, 

/B.lO/ 

() 0 

HJlH f<. 2, + f<.y < 0. 

LITo6bi oceo6o.uHTbCS1 oT o.uHorHnepoHHbiX noniOcoB B ycnoBHH /B.lO/ .uocTa-
- (t) 

TO'IHO yM HO:>KHTb Bee tPYHKUHH 11 ( /( S., ... 1 I( V ).. Ha n OllHHOM 

[ ( K2.+ 1<, )J.- M!} [(~<J..,.r<v)~~·M'g], 
. . . q- Cf} ( . ) 

HnH, 'ITO To :>Ke caMoe, BMecTo tPYHKUHA .:r~ X.( 1 XJ., X.s, X.v .. 

paccMaTpHB8Tb tPYHKUHH 

3-

[ 1'1:+ c..:':LL + 'i)~:e.Jl [ M~ + c: 3!._ * -a'axJ'7.1i/" (x,,x.,x,, "'•) /B.ll I 

() () 0 0 () '() ~ C> 0 () ) 
'VXL U~l(:: '0~£ ox~ q!l!; '().x~-'i>x.t 1Jx:- 'iJxi -ux: . 

/B.12/ 

/B.13/ 

IB.14/ 



• 
·---~-------------

. :J,J , ~w + -c ( r>t+ •>t) 

11 0 ,. :~ .j Q't?f HUH 1' (T~ t"'~W) '>.re')l .f "(>f) HltOa 

Hlt09 

!,., (.,,,,)/) 't1.1f, ~f~lc... =(")I .... .,:,l ~? ,,,~ 
( ' ('r) :!:' v / {'t) :1 ' ''{:; 

"" .,(~141 ~) ,. :}1 ~ 
?f""'4,w) >:lt .,..8 '(•, ' .... ,, )r•J~ ~~·~& . ( ., · ... ·.,Jr./~ '!~ 
';w f't('H'Jt) h i"w + 'w) >,( •, p,) ...,.n 'o • ( ,, '···''Jt) fy, M_ 

~ -r ( -r""' r) > # " -n ., ( 'r111 + 1 w) > t)l Hlt09 

(">t 1.,, IJ>t) ('1;~ : ("'>f I .,,f'J>t) {t)} 
~ 'r ( ,1-ff o~--rw) > l, 11 ( .,t14f '& +.;111} > :>~ Hlt09 

H 

~., ('-~~t 1' -1-111{) > 'rf/}f ~ (1-141 -1-T bJ) > : )/ 

'(">t''"''>~)•<""D,',j -r.f'F.'J :..(">t ..... .,>t) '-'-t TfrPr 
(r) .... (J) ::d .. <.!J 

' 

Hlt09 

91:7...1 I 

\(
1
t.urJ>:>t h .,(~u.r+'JN) >~'>t Huoa 

'(')f''>t'-r'JI'')I) ./of.. ttf~fb = {">t •r>t't)lq>t} .f1..t. --f•fc.. 
('1)-:: (J) .::E . ·v 

•u.awa warr.Ag /Lt•t/ H /9I"t/ 'ISI't/ OJ.oawa 1&1:7..ro~ • ""(1..,. f'•1 

./}
1 

.,,,,t:. f .!1 .& HHnlUJ.Acp 'U:£ 15111:7 H ll&ll WHOdJ.OOI:7 H (-r'J J ..;u • '\V ('t} ·..u {t,' ..b 

-t~ -
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TaKHM o6pa3oM, Bonpoc o6 aaanHTH'l:ecKoM npo.nonm:eaHH aHTHapMHTOBoA 

'l:8CTH 8MllnHTY.llbl .neitCTBHTenbHO CBO.llHTCSl K H8XO)K,ll9HHIO o6nacTH 8H8nHTHtiHOCTH 

ct>ypbe-o6pa30B HHB8pH8HTHbiX npH'l:HHHbiX cPYHKUHit, y.noBneTBOpSIIOlllHX ycnOBHSIM 

14.31, 14,51 I 14.6 I. 

C. llOK838TenbCTBO TeopeMbl § 4. 

llOK838TenbCTBO TeopeMbi, c¢opMynHpOB8HHOit B Ha'l:ane § 4,onHpaeTCSl· H8 

xl 8 
cnenyromyro neMMY Bna.nHMHpoBa H JloryaoBa • 

J1eMM8. nycTb o6o6meHHbie cPYHKUHH '[F., (X) H 'f:v {X) o6na.naiOT 

CBOitCTBOM 38ll83.llblB8HHSl H onepem:eHHSl COOTBeTCTBeHHO: 

ecnH X6 0 ~(x)~ 0 ecnH X~ 0. --
nycTb, KpOM9 Toro, HX npeo6p830B8HHSI <t>ypbe rt {p), 

coBna.uaroT B o6nacTH 

t -,Jp-~+~~ '<Po<- f + -I?J,-+0!1.: 
zt,.a--~~o, ~>o. 

,._. 

IC.l/ 

Tor.na cymecTByeT cPYHKUHst ?b (K} 'l:eTbrpex KoMnneKCHbiX nepeMeHHhiX K 

K = (K~ J(: ~~ .t3) = p+iq,_ = (P"+ i'j~ P+ if), 
ronoMop¢sast a o6nacTH G (~ g; t) TO'l:eK K , y.noBneTBOpSIIOlllHX ycnoBHSIM: 

~ J, 
i1H6o q > 0 

1 
nH6o npH ~ ~ 0 , p y.noBneTBOpSleT IC.l I H 

lr, (p: p) = -ag--l~+ p"+i'ff'-(a-B)'-J r-t{C (a+& )-p•(a-gJ1 ~ < ~~tc.21 
ecnH 

0 ...... 

p+p ~ atg 
-~--tj a- 6 

0 -

( 
o -) _ t- P -P r; :~. -t ( )~) < .\. 

lJ;. P~ p = t+ Po+ P La,+ p- Po +t CJ ' 
IC.31 

e cnH p 0 + p ~ ~~! t i 

3,lleCb HCDOnb30B8HO 0603H8'19HH9 

xl 8 npH .llOK83aTenbCTB9 STOA neMMbi HCDOnb3yeTCSl HHTerpanbH09 npencTasne-

HHe llaAcosa 
7 

• 



~ 

~--

- 26-

cl>yHKJUHI ~(1<) T8KOB8 1 'ITO npH B9IU9CTB9HHbiX f H3 o6naCTH /C.l/ 

~ ( p) = ~ ( p) =. 1:, ( p) • 
x/ 

npHCTynaeM K .llOK838T9.!lbCTBy OCHOBHOA TeopeMbl • 

y. 

BBH.llY Tp8HC.!lSIUHOHHOA HHBapHaHTHOCTH o6o6rueHHbiX cpyHKUHA ':J~. (Xs,X.t,X3,::tJ 

HX ~O:>KHO paCCMaTpHB8Tb K8K o6o6rueHHbl9 cpyHKUHH Tpex 4-BeKTOpOB1 H8npHMep 1 

~1=X..f-X.~, "J.t•X.,.-X.y 1 "jtt=:t-1-X..t,+X,J-ZY o 3Jo npHBO.llHT K cpyHKUHSIM 

p~ (Js.•~.t'YJ)= '1:>~ (ZcX.pX,a.-Xy, X 1 -X.t+x3-Xv)= 1iJ· (x.t,x,,x_,,x.,), 

- ...... IC.4t· 
~~· {K1 ,K,a.,1<1):. g:~. (K1 +x3 ,K,a.-K_,,K_,-Kt,-K.,.-K_,)

1 

-
r.lle g,~. (l(t,l(.t, KJ) oTnil'l aeTcst MHO:>KHTeneM 

-If 
t OT ¢yp&e-o6pa3a cpyHKUHH 

~ij ( yil ,J,, ~~ ) o Jlng .llOK838T9.!lbCTB8 BTOpOI'O COOTHOW9HHSI 

IC.41 38M9TJIM, 'ITO 

'Jei-x3-~1' x,-~=r (yi+~.a.-,!J)I x..,-x.J= t (y~.-y~.-,,) 
a, cne.llOBaTenbHO 

q= I ( P.a. + P., P.., -P., p.., +Py) 
:r~· (p~,,p..,,~,p.,)= 'fij pl.+ .t , .t, I- .?, • 

npa noMOIUH nO.llCTaHOBKH f1+! (P,.+P.,)=Kt•t(P,_-p.,)•Ka.1 -t(Pa.+Pv)=Kl 

c y'leToM ycnoaast fli- fi..,. Ps + P., • 0 Mbi nonyqaeM OTCIO.lla IC.41. no no-

:>KHB 

R .... K 1 + I(~ I p.., = K ~- I( s I p~ = /( 3- K 1 I p., -:::. K..,- K! , 

H8XO.llHM 

KJ=-t- (!1tPJ)1 P:= {Kt+!<.!J)~ p:={Kz.-1(3)~ ~'={K~-KI.)~ 
/C.5/ -

~ ( . a, R c K~+KJ) v ·. J 
( Pt+Pv)~ {KcK.._}a., (P1 +P.._)~ (1(1 +1<.._)."' 

""' 
B cany ycnoaast /4.5/ 9>~ {Ki,K.t, 1<3 ) o6parua10TCS1 a uyn& a o6nacTH 1 r.lle 

'fK"'<CJ.. 
3 

H.!lH 

0 

K..J ,. 0. IC.61 

x/ 8 
Mbi cne.llyeM cxeMe .llOKa3aTenbcTBa ocuoauoA TeopeMbi a pa6oTe • CM.TSK:>Ke 

5 
pa6oTy Boron106oaa a Bn S.llHMHpoaa • 

·---~ ------
--~ ... --.,.~--~"""-'"'--·-~· ----'--"-

i· 

.. 
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nosToMy, Ha OCHOB8HHH nopeHUOBCKOft HHBapHaHTHOCTH cPYHKUHH MO>KHO Bbi6paTb 

CHCTeMy OTcqeTa TaKHM o6pa30M, qTo6hl 

8 SToll: CHCTeM'e (-Kt, l{l,, 1<5) 6y.ueM 38fiHCbiB8Tb B BH.lle r;.(J<1,1<~, W}, 
t.i="C- H Hao6opoT: fy·(y1 ,y,.,~y0)=-~0j·{-"J11 ~:i!J· rne ecnH 

TaKHM o6paaoM, Mbi npHXO.llHM K cHcTeMe qeTbipex o6o6meHHbiX cPYHKUHA 

( () ..... to - "\ 
Ll eBSITH nepeMeHHbiX 1 J.. J 9 J.. 1 y J, J 1J J, 1 fJ jt 

KOTopbie o6na.uaKiT B cHny 14.31, 14.51 H IC.41 c.ne.uyiOIUHMH · caoAcTBaMH: 

1 I fn(Jt~~~; ~o)=O, ecnR YJ. ~ o RnR ~I..£:.. 0 , 

f'U!v (~il~j,i ~ 0): 0, ecnH JJ. ~ (J HnH '!!~ >- 0 I 

J~ {~!• Y'-j Jo)"' 0 1 

IC.7 I 

ecnH jJ. ~ 0 HnH "'~ ~ 0, 

f QJl. ( Ju ~:J,i J o) =< 0' 
ecnH it?:., 0 RnH 'Jt ~ 0 j 

2/ 

IC.BI 

ecnR w .(c. IC.9! 31 !~· (K1 ,K,_i w).; 0 

41 <l>yHKUHH Tv ( 1{1 I K~~ w) 
IUeHHit H OTpa>KeHRA BeKTOpOB 

HHBapRaHTHbl OTHOCRTenbHO npOCTpaHCTBeHHbiX Bpa-- -K 1 H I(~ 

l-13 IC.71 H IC.SI BH.llHO, qTo .use napbi cPYHKUHA l;· {Kt_, Kt; w) 
H To;· ( 1(1• I(~; w) YLlOBneTBOpSIIOT ycnOBHSIM neMMbi OTHOCHTenbHO l{t. 

npRMeHSISI aTy neMMy. npR.ueM ·K <i:>YHKUHSIM ~- (K1. K.t,; w), i=t,a..' ronoMopclJ-

HbiM OTHOCRTenbHO )(1 B 06.Q.aCTR G ( a,:f ~ t; i i r) H o6o6meHHbiM OTHOCR

TenbHO (KJ.,j w). <l>yHKUHH 9{(Kt,J<.ti W}"' $4--{Ki,K~; It'} TO)Ke y.uoaneTBOpSIIOT 

ycnoBHSIM neMMbi OTh..JCHTenbHO nepeMeHHOA K~ • npHMeHSISI BTopoit paa neMMy, 

nonyqHM cPYHKUHIO ;j (J<.i ,J(,l j 'W) , I"OnOMOpcPHYIO no COBOKynHOCTH nepeMeHHhlX 



G (a-.1 ,g.t; f )x G (a."-,C~i r) H 0606IU9HHy~ OTHOCHT9JlbHO B9IU9CTB9HHOA nepe-

M 9HHOA W • 3.a 9Cb M bJ BOCIDJlb30B8JlHCb TeopeMoA rapTorca 12 
/cM.t aanpHMep, 

rn. 11 I, KOTopag rnaceT: ecne cpyHKUHSI f (l
1

, 1..1., ... 
1 

~..,.) 
ronoMopcpaa no 

K 8>KLtOA nepeMeHHOA ope cpHKCHpOB8HHbiX OCT8JlbHbiX~ TO OHa f'OJ10MOp¢aa H DO 

coaoKynaocTe nepeMeHHbiX ( l.t 1 l-1.
1 

•••· 
1 

:t..,.) 

nony'feHHaSI cpyHKUHSI i ( K I. I I(J.. j "')- ope B9IU9CTB9HHbiX ( K t.. I '<A.) 

&3 o6nacTH IC.BI coena.aaeT c cPYHKUHSIMH J~· (Kt.• Kl.; IV) 

8 CHJly YCJ10BHSI HHBapeaHTHOCTH OTHOCHT9JlbHO DpOCTp8HCTB9HHbiX BpameHHA 

tPYHKUHSJ $ (KL' K,.,; w) 38BHCHT OT Ki H K:,. nocpe.acTBOM DSITH 

0 0 -.t. -+.t, --
CKanSipHbiX nepeMeHHbiX: K1 , K.l., K 1 , '<2.. 1 Ki KJ, • BMecTo aex ase.aeM 

SKBHB8J19HTHbiiO CHCTeMy DepeMeHHbiX ;i; = ('~ 1 , 'l,tJ eJ, ly 
1 

t_
5

) t DOJ10>KHB 

( " w) ~ -.:~. ( "') 

TBK 'ITO 

11 = Ki + T: - Ki =A , 

1. "' (K"+ !!JJ.- KJ. (= D:l.) 
3, \I .a. .t ~ Tl_ ) 

( 0 w').t -.t. ( J.) z3 :: t<l.- T - K 1. = ~ ' 

( 0 Jt::.) ~ -J. ( .t) ty = K..t- .t. - K,, = p., > IC.IO/ 

( 0 D),t - -- "'I ( ;.c.) Zs-:. 1(1-KJ, - (K~_-I(J,) l= P~.+P~ , 

(w.t: (R.+P.,)J.)~ 

~ {Kt,K.t.i W) = 9> (!t,l._, ... 1_siW) • Vf3 IC.lO/ nony'faeM 

a ~1 - ls 
KL = iw ~"' -lv , {K;- K:}~-~ +'(-E,-~.c.-.t+~,_\ a, 

~"' 5 ~ w / , 

• 
K.t"' 

....,.~ w"" 
Kt-.:-1( -

z,.,.l.! (- 1,-ls).a. ;~ w.t _ l.t+ ~y (i-"'-1! ).t tc.u 1 
t + J,t{ I 1., 'I ~ + J.W I. 

~ ··-.. ·-·------
----~ ·-----------·--------------- --- ----· 

-~-~---- ---------------

~ 

• 
~ 
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{ 

M1.-'[ 

K = ~w ' p + i #"- 'f~ ( N, 'LJ e} , IC.l61 

- -I".lle e BemeCTBeHHbi:A e.llHHH'IHbiA BeKTOp
1 

OpTOI"OH81IbHblii /( p -HbiA BeKTop p yaoaneTaopHeT aepaaeacTay: 
, a aewecTaea-

'e~ ( w. r) ~ p.t 
• 

.. 
IC.17 I 

;, L 0 
B paccMaTpuaaeMoM cny'lae, oqeauaao, 'f = • 11a 14.11 I cneayeT, 'ITo 

aepaaeacTaa IC.ll .ll1IH ToqeK K IC.161 Bbmonaeabr, ecnu ?:<.tJva Nz.,<a}· • 

.LleAcTBHTenbao, .ll1IB TO'IeK auaa IC.161 aepaaeacTaa IC.l I HMeiOT BH.ll 

H1IH 

~-[ri;;;;< 1'1 ~- 'T 

.2.-W <-~ + tp:;;;; fl Y P ~-t a,:·- ' 

cf '".( W, 7:) 1-M:..< p~-r a"-, 

.1, ( ('1.t_ 'I: ) .t <f ( ~ T) + 7:- w < p-~+ [~ 

OTKyaa a cuny IC.l71 cneayeT caenaaaoe yTaep.>Kaeaue. Y'cnoaug IC.21 H IC.31 
npHHHMaiOT COOTBeTCTBeHHO BH,ll: 

ecnH 

ecnu 

W"" p . ,_ N~Cf" 
L! +~rot 'f (w, rr)-

M ~-'[ "'L W Q+g 
.:Lw +P=T a-g 

? {[w"-(a-l)j P"'-[: (a+f, )-

( ~ -1~T-PJt~"--N~f':..'f'(w;r:J)< (':: + 

- M'-T (o-gtf 
H~.:.r + P )( <f~( W,7:)- P~J 

a+~ -
a.-& 

M.1.-T ....... 
A,w + p > 

w -. 
~ 

...... ~ "V"' 
PewaH STH aepaaeacTaa oTaocuTenbao p = f nonyqaeM: 

-.t .t.( ~ a.t_ M~ ( .t. ) p < U ~ T) ==. <f_ (w,T)+ .. ,.~. , -·· C -T ==-
IC.lBI 

, . ........._~·--. ...._,_._,_ ----~-----

' 
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w- (w,'r)~ j5 {= v- (~ <t:), IC.l91 

ecnH 
M2--'t a+t 

Jv 1¥ _,. p > G,- g r rae 

IC.201 

-:¥ y{( ~- ~)~- Te J [ {v+~e)':-;;] 

U 2.( ·r-:-)' Yf 3 pa3J10)K eHHSI tPYHKUHH W, ~ Ha MHO)KHTeJJH IC.181 BHLlHO, 'ITO 

Tpe60B8HHe 14.7 I o6ecae•IHBaeT ROJ10)KHTenbHOCTb MRHHMyMa ua.(w. cr). 
....... 

noKa)KeM, 'ITO B IC.l91 HS CSMOM .nene He B03HHK8IOT orpaHH'IeHHSl Ha p 
CHH3y. DeACTBHTeJlbHO, no YCJJOBR~, ~epaBeHCTBa IC.l91 CnpaBe.UJJHBhl TOJlbKO, 

ecnR 

3To nocne.uaee aepaseacTBO npeo6paayeTcSI K BHLlY 

IC.21 I 

C .npyroA CTOpOHbl H9TPYLlHO BRlleTb 1 'ITO HepaBeHCTBO IC.21 I SKBHBaJieHTHO 

HepaBeHCTBY 

TaKHM o6pa3oM ycnoaae p >c: lU {~ T) 
B KOTOpoA OHO cnpaaeanHBO. 

BhlllOJJHeHO 8BTOM8TH'IBCKH B 06JJaCTH, 



j 

... 32-

nonyTHO DOKa3aHc, 'ITO HepaaeacTBa IC.l9/ H IC.20/ MoryT 6b1Tb 3aDHC8Hbi 

B BKlle P tz <p (w, ~). 

r lle cPYHKUKSI <.p oopelleneabl c:PopMynoA /4,l:at. 

Ha ocaoaaaHK IC.l7/ K IC.l2/ nony'iaeM cnellYIOlllKA peaynbTaT: ace 

TO'iKH IC.l61, llnR xoTopblx 

... 
max ( 0, <f J. ( w_, 7:)) fa pLf: c.r" ( w) er:) 

npKHallne>KaT ot5nacTH ronoMopc:PaocTH G (a,, 'j W} • 

Bb!SICHKM ycnoBHR, KOTOpble o6ecne'iKBaiOT aenycToTy: o6nacTa /C.23/ npu 

acex 'C ;.: Cl; o 
K BC8X W. ~ C • ..Qn Sl STOrO He06XOllKMO K llOCT8TO'iH0

1 
'IT06bl 

6blnK Bbloonaeabl aepaaeacTaa 

<.pR. (w,cr: },. o, <pa.(w,cc)- <e"'(l¥,7:-)>o,. 

2. 2.. 
113 14.11/ H /4.12/ BK.OHO, "'TO cPYHKIIKH f K 'f y6.hrBaiOT c Bo3pacT8HHeM 'E. 

A. "'' .LlOK8>K8M 1 'iTO c.p - <.{' TO>Ke y6blB8eT C B03p8CT8HKeM q: • .LlnR Depaoro 

Bblp8>K8HBR /4.12/ 3TO 0'18BHllHO, .Llnst BI'Oporo B.blp8>K8HK~. K0f'll8 '[: ~ (o- i.~) t 

HMeeM 

-a-a" r., ~r w.-r J- r~c w.t-;J = '1~. ;~ { c a,•- M'J '+ 

t [ (w+a,)":. 7:1 [ (w-tl) ~'L]+ 2 (a!·- N~) l(~v~a'-T)~ rwLtt.L 

=. 

+ ~ M !l. w..,- ( w· ~ M •- 'f) ~ } • 

a."'- MA. 

~W"- { 
T-a,.t.-w:v 

['r..,-~ (w~n~ .. ~)7: + (w"'-a..L):.] i/L 

( ~t ( ~ 0 )- f~ ( w; 0) G 0 )• 

1}< 0, 

~~===:-=-~-=---- -~~-=-~ -- -- -~-=-=-----· ---~- - -------- -

' 
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TaKHM o6paaoM, ycnoBHR IC.241 Bhlnonaeahl, ecnH 

Ho STH rrocne.oaHe aepaaeacTaa o6ecne'IHBaiOTCR ycnoaHeM 14.7 I. 

J..1Tax, To'IKH ke =- Pe + iq,e , Y.llOBJleTBOp5110I.UH9 yCJlOBHRM 

IC.l31, IIpHH8.llJle:>KaT o6naCTH I'OJlOMOpcpHOCTH @ ( Lt1, ti; w)"' G (a..~., I>~; h' ), 

ecnH BbmonaeHbr a_epaaeacTaa 

B CHJlY H3JlO:>KeHHOI'O K o6nacTH 8H8J1HTH'IHOCTH lJ ( w) 
'"L (j" 4- <!" 

IIpHHSLIJle:>KaT Te 3Ha'leHH51 l<::5' lnpH .ll8HHbiX '-'t = v( 

IC.251 

cpyHKUHH p(~f., ... ,'/;s-;IV) 

I, KOTOpbre MoryT 

6biTb npe.ocTaaneabr a BH.ae IC.141 xoTR 6br npH o.aaoM aa6ope 'IHcen fo.c. , Ye 
,_ 

H Pe. , y.aosneTBOpHIOI.UHX cooTBeTcTaeaao ycnoBHRM IC.151 H IC.251. "4To6br 

ilOJly"'HTb rpaHHUY COOTBeTCTBYhliUeA 06J18CTH H8.ll0 I10CT8BHTb 3H8K paBeHCTBa 

B nepBOM aepaseHCTBe IC.l51 H B aepaBeHCTBe IC.251. Tor.oa MO:>KHO nono:>KHTb 

TaKHM o6pa30M Mbi npHXOLIHM K snnHncy 14.91. \eopeMa .ooxaaaaa rronHOCTbiO. 

. ~ 

.lloKa:>K eM eiUe, 'ITO seeM snnHncaM 14.91 npHHa.ane:>KaT BeruecTBeHHbre ,1 

H3 npOM e:>KyTKa 

.llnR 9TOA UeJlH .ll0CT8TO'IHO 38MeTHTb, 'ITO B CHJly ycTaHOBJleHHbiX CBOACTB 
~ 4. • 

rio. '""" (,}.t. (J).c._ ...0"' M OHOTOHHOCTH '-t'YHKUHA \.. , T H I "1... , cpyHKUHH 

CJ 

A H B 14.101 

npH W ~ C MOHOTORHO y6brBa lOT C B03p8CT8HHeM v e • 

PyxonHCb nocTynHna B Ha.aaTenbCKHH OT.oen 
18 RHBapR 1960 rona. 
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