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H.B. nony6apnHoB 

0 PEn.HTHBHCTCKHX BOnHOBhIX nAKETAX 
B nPOCTPAHCTBE H BPEMEHH I 



I, · B B E ll E H H E 

Yxe B ieopHH O!HOCHT8XbHOCTH o6uapyuxocb .ll;aXeKO HJtYmee paeuonpaa11e npocTpaHCTBeH-. 

ROI H apeKeHBOll KOOp,ltlllHaT, Il03,llllee PaBHODpaBHM (KOBapKaHTBa.H) aanHCb CTBJia OCHOBOll•KBaH

TOBOI :reopHH noxa. fapu I K filTDKK8XbOepr HAP• 2- 4· yKa3HBBJIH, q:ro .$- xa:rpaqwa DOA

XOA ,Jtae:r OCHOBY MH paayimon TpaKTOBRH npoueccoB, B KOTOp!,lX COCTOHHIIS XOKBJIH30BaHU H B 

'apocrpaucrae II no apexenu. Tex CaJlllll paanonpaeHe npocxexHaaercs eme ~BJibme. Cwcx raKHX 

naue:roa, x~KanH30BaHHllX B npoc:rpancrae H apexeuH, sceu, uanpHxep, H3 cxe)tYDlllllX cxoa Bopa 5 

(crp,61). "•·• BcaxM ycranoeKa, nparoAuas MS H3yqeuza odxeua aueprnea II BKnYXLcox xew 
3!8KTPOHaJlll H ~o:ronaw, HeOdXO,JtlllMO AOllHa OCTaBXHTb B npocrpaHcTBeHHo-epexeHHOll XOKBJIH3a

~· npouecca AOnycxH,AOCraroqHUe MS .roro, qroOH npmAaTb oapeAeXeHHOCTb OOBSTHaK BO!HOBoro 

qmcna a qac:roru ••• H odpa:rno, BCSKM nonurKa Oonee roqaoro onpeAeneos xecra c:ronKHoBelllls 

xew ~o:rouox H aneKrpouox c~enana ou·neaoavoxnw noneAeaae Oonee roquoro Oanauca aneprmm 

1 roimqec:rea ABHXeHHR; Beeoaxoxuocrb ara odycnoeneua Be11aoexnux B38Jluo~encreHeu c nenO,ltBHX

mnm iracmradaw a qacaw, onpeAenRDmHKH apoc:rpaucreeaao-npeKeHHYD cacreuy orcqera". a:rau, 

~pya· naxe:ra onpeA8!R8TCS H8KOH:rpon1pyell!DI npoueCCOY D3aHMOA8llCTBHR C H3M8PHT8!bHllM npa

dopox, a npz ace Oonee H doxee roqHox·mayepeHHH 4-mxnyxbca uoopimaara H apexa onpeAeXSDTCR 

co nee ueHbmen roqnocTbD~/0:rcDia cymec:raym:r He TOXbKO coo:ruomeHHS ueonpe~eneaaoc:ren MR 

HKnYXbCa H KOOp,Jtlllna:ru, HOH AXR 3HeprHH H apexeHH, Bxec:re C :reu H80,IIIIOKpaTHO no~epxmeanocb 

:ro odc:rosrenoc:reo, qro nepeue coorHomeHHS HeonpeAeneuuocren cneiyDT Henocpeicreeuuo H3 

:ue.:reua:rHqecxoro annapara xeaa:roaon KexaHHKH, B :ro epeKR KaK cooruomeaHe aeonpeieneaHoc:ren 

3HeprHa a epexeHa He cxe)tYeT H iouao du:rb npHHRro KaK iononHJil:renLHHll noc:ryna:r (nocryxar 

Bopa). 6 QqeBHAHO, a a:ro .ll;aBHO H3Bec:rHo, qro MR nocc:raHOB;emrn paeHonpaeaa npexeHa II KOOP

AHHa:r cxe)tYe:r DOXOXHTb B OCHOBY nepec:raHOBOqHlle coo:ruomeHHS A!R 4-KOOP.ltllHaTH (npoc:rpauc:r

.BeHHUe xoop,Jt111Ha:rs II apelUI) H 4-HMDYXbCa (HKnYXbC a aaeprHR) B ¢opKe 

(.xt'1Xvl::::O) [t't'irv1=0) [xr,f'vl=i.brv, (I) 

:raK q:ro epeu m auepr11R nuc:rynaD:r xax 1tauoamqecKH c·onpuemme nepeKeuwe~)3anacb nepec:ra

uonoqmx coo:raomeHHll (I) noipaayxenaeT qe:repexxepHyD uopuy H ycnonne op:roroaanbuocm c~ ... ,"±',.)=~ct4 )(~:cx)1.¼!,,.C1<') =C>..,n. (2) 

rie Y"'(z<.)- co~:roau1ie, xapau:repa3yexoe HHAeKcox n, • TaKyD uopuy cqa:ranH nenpmroAHOll AXR 

~)IDmynbC ¥ xoxeT 6HTb 113Mepea MrHOB8HHO, HO 113 :roro, q:ro 3HeprHR CBOdOAUOlt qac:rmuu 
paBHa Jr1+'M~ He cneiyer, q:ro 3HeprHR TOXe .MOX8T 6HTb 113Kepeaa KrHOB8HHO, TaK 1ta1t HaM 
ayno sua:rL uaccy (auepr11D noKOR), MR.:roqaoro HsuepeHHR 1to:ropolt Tpodye:rcR 6ecKoaeqHoe 
·Bpexa, 

~>cooTuomeH11e l=-m2 oauaqaeT ni11111> CBff8l> uelltAY co6cTeeHHIDlll aaaqeH11RUH, xapaKTep11ayiol!U!MH 
COCTO!!Hlle, a ue U8lltAY onepaTOpaMII Pr• .~MeHHO TaK B penHTIIBIICTCKIIX ypaeueHl!flX n11pa1ta, ICJielt
Ha-ropAOHa, Ypan11e1111e filpeAH!lrepa [P4 - H(ii~\l:O aHanOrllQHO OTd11paeT C06CTBeH!IN8 a!aqeHl!ff 
onepaTopa auepr1111 p

4
, o6~He c co6cTne11Hw11 auaqeH11w11 nocTpoeaHoro 11a onepaTopon p raM11n1,

TOH11aua H(p). 
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. OIIli!CS.U:ll Xl!l!&illnl, mli: ltalt OEa U:OC!D DPIIBO,ltllT It CTaTJoN8CXOlf cpzaue, B XOTOPOII YCTpaxea:a 

nom:inis BO Bpexemr ? (cTl).2'.34). 0)1;11altO nomnmue CIITYa!tllll c BOpllOI! CYJ18CTll8BBO 3aBIICU 
. . . ~ 

oT·Toro, B itaxoll xapmue ml po.Oomeu (B mpeJ;J1BrepoDc1toll, raJZaeadepro»cxoR u11 nae.inro.itel-

cn:u). qeTupemePBYJ) s:op-.ry 110:ICIO COl!ll8CTiiT:& C Jtll}!aml!tOII, ei:.llll BBecri· COOTBeTCTBYl)Jllee 

DP~JtCTaJ!ll8lllle, XOTOpoe WI na30B~ xapTIIBOl1 HBMepeHHff (n. 2). O:ruetllll, qTo, xa.x DOJta3aJ! 

ll.ll:.ll!BpoxoB . S , JtJUI. pemem111. YPB.llB8BIUI K.l!el!Ba 4-lllBPllM uopim nepe:tO,ltU B OC!ll'll!Yll '.3-i::epll)'II. 

nonas aeonpe,1te11euocT:& BO apeuelill y cocTOIIlD!R c onpeie11eRBoK aaeprzea ue oaxaqaeT 

ltall:011-.UOO TPYJtl!OCTJI C DOl!lD!llJlll8ll Toro, qTo Ta.JtOe Ea'lllJl:&B08, a 'ITO T8.lt08 XOB8'1B08 COCTO

mma. D upo~eccax c Heuenapmnm qacmxtm:ll TilJC ua:m»aewe •Ba'laJ11>1me• Iii· •xoueqnue• coc

TO.mm.l ¢axnAeCKB neer,Jta xnpa.xTepB3YllltCSI TOll:&Ko 4-mmy111,cau II npoeltlVllmm CDllllOB,0830Tll0-· 

CllTCll:&llO ltO Bpeuel!ll. Odli\l~O 3TO COCTOlllll'll! C Olll)8Jt8Jlellllml mmyncou (•l!.locue BOmm•). 

qToOu yanaT:&, qfo cocToo:e nuaeT oupe,1tenemm11 4-mmy11:i.c;neoOxoJtJ,tii:o npouanecm nanepeos 

no :aeon npocTpaacne 11 OT -oo 'JI._0 +oo 'no ape:r.elCI. B orun:e noro neT, HO npl!I po.cqeTax 

ml impoxo IIOll!,3)'8UCSI Tll.ltOll ll.lt8a.G3rutHell~ ·xoTopaa Oyua.uno 03l!!l.'lae·T, 'CITO IIJ!Ote:OCTII naqa,11,

llli!X Iii KOH!l'IEIIX '111.Cffl!I np11 t, ... -oo %1UOBD :e, 1trut II npll t-..+oo, T.e •• qTo lt0B8'll!Be qacTBIIIJ 

c~cnyJDT .i.o Toro, mu: on Oun p0Qe1m nauxo.1tellcnnex, a uaqa.11_1ome- noc11e Toro,11:1Ut Ollllll 

flll!l'IT01t8l!l,I. Pasyu:eeTca, nea:aTell:&HO IIU8To·Oo11ee peMBCTlt'leCJtYll K&pTBl'!J' JtllJI B3}"18HBSI XOJtll 

npoueccon BO npeueu. 3To, B 11ac:moCTll; namio .J!Jl!I Olll!Callllst qacuu c JmllllU npe:s:ie11e:u %113tm, 

oOJ!a,llam:KX ecTeCTB8BB02 XOltw:l:138.lllllen BO npeuen. Honoc11e.1tODaTenBOCTb'OOD'IBOrO cnocooa· 

BUIIBCJl8BB4 BeposmocTell uep~XOJtll Jt!B pacna;,;OB xopomo B3B8CTBa._ Ee3 IIOJta.tB3a.IlllB COCTO.llllll 

Bo BpexeBB npm ua:uepelllllll Be111oaa noc.11e,1toBaTe111oBo paccuaTpBB8To pacna.JOJ qacuu. 

bea B xoaeqno:u C'leTe STY !le.lo, aBTOP npeinaraeT B03K01tHYD HHTepnpeTauHD COCTOHHHA, 

cocpeJtoToqenJmx B orpamn:emmx oomctax npocTpancna-npe:uena (n.2). Hay,iena_xoBapBaBTBWI 

3am1Co CDOTBOmeEllll seonpe,lllllllllllIOCD ,lllla: JtBJ'X onepaTopo.a - 4-:aexTopon, B qacTBOCTll, AIS 

4-ltOOPJtllDaTB B 4-lllllllJ.11:&ca (n.3)J B JtaqecTBe mll!Ulll'l3BPJ'lllltJ,lX·cocTOSIIIJII DOIIJ'l81!B raycCOBCJtBe 

naxem B npocTpaHCTBe-apexel!II (n.4)J B n.5 npeJtCT~lleEa rpyOai1 JtKBaD'lecxWI xapT11na, B 

ltOTopoll COCTO.IHJIB qacUit Ot!IICJDl!JITCa: TaJtlllOI na.xeTau. 

2. RapTma B3nepesna B lll1TepnpeTru:t11a: COCTOl!lll!ll (na.xeTOB). OTBOClllJ!IXCH X l!HTepBaJ!1 Bpe11e1U1 

B TO Bpewi xa.x TOJIXOBamle pa:maaa!IBOCTB BU cocpeJtOTOqeBBOCTl!I COCTOSHJIH l3 DPOCTpaE

CTBe lie BB3IIBaeT TPYJtBOCTell <• COnp0BOZJta8TCSI COO'l'B8TCTBYJlllll!K COOTBOmeHBell 11eonpe,1te11e11no

CTell JtllS ltOOP.ltllBam H l!lllIYlloca), TOIIXOBalll!e pa3ll!l.3XB BO BpeueHB BB3BBaeT TPYJtBOCTII. JIB 

nplOleU.TOJIXOB!lBlle, OCBOBBBaD~eec.111a C.118JtYDl!lllX onpe,1telleBBax. 

I) IlpeJtCTBBJl8HBe, DP8JtB!l3llaqen11oe Aliff OllllCaJllllSI COCTOmtlll, naxeTOB, pa3ll!ITBX BO Bpe-

118BB, llll Ba30Bell •xapTHlIOll B3llepeama• (Kil). B Kil B81tTOl)B COCTOaHBa, no onpe,1tell8l1Bll, E 
Olll!CBBallT pa:!B11Tlle BO Bpeuen, BB ODIICBBallT BJlltllX02 J!!B&lllltB. 3TO Tait B Odil11BOl·ra11seB-
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OeprOBCXOH xapTBHe (I'K), BO Tau_ BeXTOp!i COCTOH!IB.I, BB CaJlOM iene, ue 38J!BCHT OT Bpeueaa. 

B Kil B8XTOPB COCTOBBJIS 0YJtYT xax yro~o 3aBHC8Tb OT Bpeueaz, OJtH!lKO 3Ta 3aBl!ICBKOCTo ( B 

OTJ!ll'IB8 OT c~aa mpeJtBBrepOBCKOH xapTHBB (mK)~)) ue HCTOIIXOBllBaeTCff xax Bllpa.%aDJ:IBJI XOJt 
• pa3BIITBS BO Bpevenu. PasyveeTcst, C UOUOW,ll llOJtXOJtlllllllX onepaTopoB, CY!lleCTB8EBO 3aBBCBJ:tl(X 

OT Bpeuemt_ ~ B3 TaKBX COCTOHIUlll B Kil W :uo:eu, xax BB I'K, l!3BJleq& Bl'XBYD BH¢opimIU1ll od 

ICTOpBB, JtllllaJlllKe. 

2) 3aBBCIKOCTb COCTOHHBII B Kil OT npeuenu, Ba.npoep, 3aBICDOCT:&, H30dpal!:eHHYD ua 

pac.I, W dy~e• IIOIUl)ll).Tb K8.lt pacnpe,1te11eue no Bpeueaau:, It ltOTOPHII 11B OTHOCBU COCT0.1!11!!8~) 

¥~ 

L..,__,:c:_ __ J._ __ _,__ _ _j'----~--~t, 

t<l. t1 to 

Pl!c. I. 

t. 9. te 

Tax, npl!BeJt8HH08 11a puc. I COCTOHl!ll8 cxopee Bcero, C BepoaTHCCTbll \1l8:-o)\'1., OTHOCB!CB 

x uo:ueHTY Bpe:ueau -t.
0 

, c 11ea~mBlll! Bepo!!!HOCTIOO{ l\<!~,)\'1.11 11,1,{~1'\uocnca K uo11eaTaK 

BpeueBl! t.1 B ti B 3aB8JtOIIO Be OTHOCltTCH It uoveuTau: npe11e1111 t.~-tG(. B t;::.tg , JtJIH 

xoTopux l'lflt)\9.=0 (w aiec& noipaayueBaev ¢u11JnEYD sanBCID[OCTb OT Bpeuen11)BlE) .JJ.pyr111,111 

CJIOBaJLII, 3aBl!Cl!l[OCTo COCTOS!ll!S B Kil xapaxTepzayeT TOJll>XO 11eonpeneneBIIOCT:& B UOU8BT8 Bpe-

xenu, X KOTOPOJIJ OTBOCBTCH COCTOHIIBe. 
J!)c mpe,ltl!lHrepOBCXOll 1tapTl!l!OH CBS3aHa OJtHa BS TPY;Jt!!OCTett B UOBBll8.lll!l! 3aBl!CBKOCTl! OT 

Bpeueaz. Eclllll COCT0.1!11!!8 B mK 311JtaBO 1taK ¢YllltJ:lllll'. Bpeuen11, TO IICTOpua, XOJI pa3Bl!TJIH BO Bpe
uellll DOIIHOCTbD npe,1tonpe,1teneH. 0;Jtlll'Ut0 W neeu B BBJtY 11e TaJtYD 3aBHCBllOCTbo 

J1ll)c110Ba:" I 'Ii lt)\'1. - neponaocn Toro, qTo cocTol!llne otuocnTca 1t uoveuy Bpeue11u t •, 
CXO;Jtllll co CIIOBaJIIII:• l'\l!(i\')11.- BepOHTBOCTb Toro, qTO COC:l:Ol!IIB8 11aXO,lll!TCH B TO'llt_e X'lHecuoTpH 
Ba TO, qTo B xoBapzaBTHBX Teopzax u s,1tec1o ¢QpuaJibBOe paa11onpaBHe xoopJtl!HaT B Bpe11e1111 npo
cne:uBae:i:ca oqea& 1aJ1exo, 0Jt3a1to po1u Bpeueau u xoopJtBHaT B npnpone,pasyveeTca, ae T~itJte-

CTBelll!H. 
IEH)Ho Taxoe pa3W3aBHOe BO BpeueBB COCTOaHlle Ill!! B xoen uepe 11e 03Haqaei, 'ITO XBaBTO-

BO-K8Xllllll'l8CKall cuc:i:e:ua OTCYTCTBOBallll JtO ta,, cy~ecTBOB!llla TOJlbltO OT t~no tg B OeCCll8JtBO 
HC'l83Jla DOCIie t.g. Ta.xoe TOJIXOB~lll!e dBJIO dB cnpane;JtJll(BO.B mK, HOB mK no,1tod11oe DOB8Jt8Bl!e 
CIICTellB BO BpeueHlil BBrllll,ll;8!0 dB Bec&:ua CTpaBl!BUo 
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3) IlpllUeJJll saBKCllllOCU OT Bpe11eu B Kl! 11 llX TOJ!XOBaime. COCTOlllill!e B RlI. 

~ (t) ~ e-a.~(t-q\ 
(3) 

rrpll6JIIIJ:eHHO npe~CTaBJIHD~ee COCTOF.Illle Ha PHC. I, B OCHOBHOll OTHOCllTCH K orpaHlfti'eHHOlly_ llHTep

Bany BpeMeHH ll K orpaH!PleHHOMy llHTBpBaJiy SHeprHll. COCTOHHHe, OTHOCH~eeca K onpe~eJl8HHOMy 
ll0U8HTY BpeMeaa,BNl'Jl~l!T 

I¼' (_t) = 'b (t-t.). (4) 

B Heu noJIHOCTbD He onpe~eneBa 3Bepr11a (nn6oe 3Haqeu11e paBHoBepoaTao). Hao6opoT, coc:rom1e 
BR!I 

·Et ~ -'l 
~ (_t) = -Jiir e 

(5) 
ecTb cocToSHHe c onpe~enenaon 3Heprnen ll nonaocTbD neonpe~eB~HHHu xoueHT011 Bpeuenll, x xo
Topoxy OHO OTHOCl!TCS. J(e:lc:rlll!TeJILHO, ('4!"(.t), '\l!(t))= 1e.-iEt12. = 1 H '\i!(t)c pa.IIHOI! 

Bepos:rHOCTbD OTHOCHTCS x JID6ouy MOlleHTy BpeMeHirt>. 

4) 3TH np11uepn l!HTepnpe:raIU1u coc:roaaHl! noxa3HBanT, q:ro uopw coc:ronua ~oJttHa BKJID

qa:r& HHTerp11poBaHue no BpexeH11. Taxuu odpasou, H B a:ro11 o:ruomeimu BpeW1 yqaCTBye:r B RlI na

paBHe c xoop~uua:ralll! (no xpa:iuel! uepe,qiopxanr,uo), a uopxa uoze:r 6u:rr, :ro!r,xo qe:rupeni:epuoll 

(2). _Cwcn nopuu oqeBu~en. Ecnu qerupexuepuas nopxa paaua I, :ro a:ro 3Haqu:r, qTo c Bepoa:r

HocT&D I cHc:reua Haxo~:rca B ~aHnou cocTOSID!11, T.e. o6n~ae:r onpe~eJiel!l!Wlll cneKTpauu KBaH
:roBux q11cen H o:ruocu:rca x ~HHoxy HH:repBany BpeueHI!. 

H3 :raxoro nosuuaHua nopw·H cxanspuoro npoH3Be~eHHS cpa3y ze cne~e:r, q:ro ~oDHo BH

nonHs:r&cs coo:rHomeuue seonpe~eJ1eHHoc:rell_,1tJ1a 3HeprzH z Bpexesa. no~po6ao I B oao KOBa

PHaH:rHol! qiopue coo:raomeIDJa aeonpe~enesuoc:rs 6y~T scc1eioBaHB B n.3. 

5) Popua naxe:ra BRR xax B npocTpaacTBe, Tax HBO Bpexena onpe~e!aeTca TOJI&xo nexoa
:rponHpyewu ITPHIIHII ll3uepeHueu, H B COO:rBe:rcTBHH C Teu, qTo ITO,lt'lepKHBaDT KpHJIOB I POX 6 

He uoxe:r 6HTL Bl,ll!HCJleHa Hll H3 KaKHX YPaBHeuun. !Mo:t110, B006~e roBopa, 3aJJeHITL ~annoe 

npsMoe nsuepeaHe ~pyrny, xocBeHHHu, B Ko:ropox nepBoaaqaJI&HBtt •npsdop• BKJinqeH B zsuepa

euyn CHCTeuy, a cauo ll3UepeHue npOll3BO,lU!TCH yze lPYrH11 npH6opow. TorM B3a.Hl!Ol8RC'l'Blle 

uexly oO~ex:rou n nepBOHaqanbHHU npH6opou uozeT Ou:rr, onmcauo KBaHTOBo-uexaaaqecxn u H3yqe

Ho Oonee ~eTaJibHO nocpe~CIBOM HOBOro npH6opa. Ho 3a:ro B3al!UO~eRc:rBH8 C HOBHII np16opox 
Oy,ller Tonepb H8KOHTpOJIHpyei.rnu•. 

_*)TIO)!llepKHeu, q:ro COCTOHHllff (3), (4) ll (5) sanucamr B • t- llP8lCTaBJl8Hlll" •. !lHOZll
TeJib e-,Et - no BLIPE!XOHlle He3aBl!Cl!MOCT~ OT BpeYeHll npH YCJIOBllll, qTO 3Heprzg H3Bec:rua H 
paB11a E: B 3HepreTuqecrrnu npe~craBJieHllll Y-(£.) =~Seit e."'i.t ¥<:t) = b~-E). EcJIH Ou 
B t - npe,llcTaaJieHHl! Bex:rop cocTosHHH BOBce He :i~ucen o:r t , ';1'.'(t)=-k, ·To a:ro os
HaqaJio e5u, no ¥(£.) ='5l1:..), T.e. q:ro E=O. Cpel]lee Bpelo!J! B coc:roSHHH (5)0pa.Duo Hynn: 
- 1( 'Et 'Et · - (I "Et 'Et t = ;1..,. ~Jt e.' · te-' =0, a cpe~Hee xaa~pa:rHquoe ClecxoHeqao: t'l. = "irr j "t 4} t'i. .e.-• -=00; 
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0l]IO B03pazeue npOTBB 3a;itaua COCTOSBJIS Ha HHTepnane apexeHll B TOU, qTo 3TO npOHBO

peqBT cneitHa.tthHOtt TeOplH OTHOCllTeiLBOCTH H npHHlllllOY pacnpocTpaHeHllS CII'lUIJla B CXHCJle 3a,xa

qz Kou, xor~ xu Bnpaae npoa3BOJILHO 3a;itaBaTL•cocToalll'le TOJl&xo na npoc:rpancnenno-noio6no2· 

noBepXHOCTI, BHe CB8TOBOrO xouyca XJIH laBHOII Toqxa~,. lJIH KOHTPOJ11pyewx npoueccoB 3TO 

:rax, Ol]laxo, B RlI Jill llllee_u ~eJIO c nexoHTponpye'.llllMll npoueccauu. Teopu 0Taoc1teJI1nocu ue 

3anpe11;8.eT npOB3BOXLBO 3~BaTL ipyHKitHD f(x',t) ; _eCJII OHa xapaxTepll3yeT nexoHTpoupyewll, 

uenpe,11;cxti3yewll npouecc (T.e. npouecc, se onacHBaeXHII nuaxaua ~qi!lepemo1anHHxu ypaase
sasuu). IlpOTHB COCTOHHBB, 0 xo:ropou H3BeCIHO J!l!nth npll<l~H%8HHO,K KaKOMY uouenry BpeueHH OHO 

~THOCHTCB,TPY.llHO B03Pa%aTb XOTH Oll norouy, qTO 3TO BilOJIHe %ll3HCHHaH CH:ryanza. 

Ecnn H3uepeaze npoB3BO~Tca B :reqenze orpaHl!qenHoro 1urepBMa Bpexeu, TO aneprHH 

uozeT Ourr, z3uepeHa n11m1 neToqno, a cocioSHBe, nonyqan~eeca B peayJILTare zwepenzs,uozeT· 

OKa3aILCH, nanpnep, COCIOBBl8M BH~a (3). TOJILKO 1311epaa deCKOBeqsoe BpellJI, UH 110:ey npu

roTOBUTb COCIOSHBe C onpexexeHHOR auepr1ei (5). IlOCKOXhKY naxe:ru B RlI onpe~eJISDTCS l1Bmh 

ReKOHTPOJIBpyemnm U3Uepenz.mm, TO coo~eTCTBYlllll88 COOTHomeuae JUIS 3Bepl'llx-npeueHH ecTL, 

B COOTBeTCTBllU C KpHJIOBW H ~KOK G, COOTHOmeHBe Bopa. B qi0pwum311e RR 3TO COOTHOmeue 

npsuo BHTeKaet U3 ua:rexaT1qecxoro annapaTa. 

6) Bee OCHOBHH8 3~aqu, paccuaTpllBaewe .B XBaHTOBOR YeXaBBKe H :reopu1 IlOJIH (paccez

Blle, CBS3amme COCTOS:HIH) •cTaitl!OHaplW•, T.e. 06X8,1ta.DT onpeleXeHHOII 3Hepraea H B lliit 3aBHCS3 
· -,Et . 

OT t t1epe3 3XCDOHeury e, • Mil llCTOJ1xye11 c:raitHOHapnoe COCTOHBlle xax :raxoe COCTOl!Hlle, B 

xo:ropoy aneprua cTporo onpe~enena, Bpe:wi nonnocrr,n HeonpeAeneunonia t uueeT cwcn xmnh 

nepeuennoll npexcrannem1a. Tax11e_coc:roana B Kl! 1 O.JIIIBaKOBO san11cuBaJJ:rca B Kl! z lliit u ona

CHBaJJTca ypaaneuex mpexaurepa. Pa3BBTue npoz3BOJlhBoro naxeTa 110:imo Hayqa:rb nyTe11 pa.3xoze

mta no IaKD COCTOS!HBSX. KapTBBa u:r~epeuza (RlI) TCCBO CBS:3aBa rrucce C KapTBHOII B38.l{llO~eAcT• 

BIia (KB). IlYCTh B Kl! B xaqecTBe BO.l!HOBHX ~YB~I! ncex qacrzu B naqaJILl!llX II KOHeqnux coc

TOHRBSX D3STH pemenza CBOdOJtHHX YPaBH8HBi (K1Iel!Ha-roplOHa,l1paxa), U nycTL B KB paccuaTpll

:eaeTCS: COOTBe:rCTBYlll!IHl:! Jla:t'pl.l'lllIIII 3Jlell8HT 1:>- JmTpllUJ,1 xez~ BpelleHauu !, 00 , _$ = 

= VG= ,-oo )*~)'rorla aJmJIHTYJUl Taxoro npouecca B RR u B KB coB~anT. .$ - uaTpHua B Kl!, 

npuuenaeima x donee mupoxoxy XJlB.ccy naqa.t•HUX u xoaeqHHx cocToo1a, xozeT paccuaTpnar1ca 

xax odo6~enue $ -uaTpllUJ,I B KB. B3BeCTHOll .lUIS yra38.IIHOrO qaCTHOro CJiyqaa. (CY.n.5). 

n)06cYlt.J!eHueu a:roro nonpoca aBTOP o6a3aH M.R.l!lllpoxony. 

**)B o:rJ!ll'lne OT Odll'!HOro nonuaHIS xax COCTOSHIS C O;itllOi I TO:! ze 3nepr1ell B JID601! 
UOUGHT BpeueHll. ' 

'll:ltJ;):i:roT onepaTop .s B KB no CllJlOllj' BUBO~ H KOHCTPYKitllH OITICHBaeT TOJILKO nepeXOJUl 
ue~ COCTOSHHSUU, SBXSDJlll!XHCH pemeHBSIJllll CB060JO!BX YPaBH8HBll(KJienua~rop~OHa,l1paxa). 
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3 •. Coo~momemu1 aeonpe,;eneaaocrelt B xonapxaaraoll lj>opYe 

,!{axe oelwrnue cooraomeHIISI aeonpe,1teJieHaocn .li,l!SI XOYilOHeHr rpeneplllllC mmym.ca 

11 xoop.1t1rnam ~ b. \>~ b. X~ ~ 1 He Hoen xosapl!aHrHol! qiopw .itaxe orHocneJII.HO rpenepmtx spa

meHml!. ,l{JISI nonyqeHIISI san11cll coorBomeruilt Heonpe,1teJieBHocru, xosapxaarHolt oraoc11reJ1I.Bo npaJ11e

Hlll! 11 npeoelpa30B8.!!Klt XopeBqa, npo,1tenaeY craa,1taprHult BHBO.it, 9 BO c coelJ1D,1tea11eu xo~apllaH?HOC

ru Ha scex :iranax. 1Iycr1, 1tueDrca xax1te-utlo »a oneparcipa-4-sexropa /\t' H ~t'. Cocran~ 

:ip1Dl?OBCJ:Be oneparopu rt'{.t,.t'-i\l')=~rb.f>..t' l! ~,..(~t'-y'.;11)=1t'AB['1, ue A-rnBt'
cpe,1tHHe ssaqeHJISI oneparopon A.t' H Bt' B aexoropo111 cocroSIBli!H ¥ , ~ t' 11 ~~ -11pons

son1,m1e 4-sexropaue nap8Jlerpu. Tax xe, xax H A.t' 11 Bl"' , OHII o6na,i;aDr tpe:im nemecneaau

:im H OJlHOI! qucto IIHHJrolt XOYilOHeHtaim. Tor.ita, xaxoB Ou Hit ClUJI Bextop COC?OllHl!SI 7:i, cxa

JISipHoe npomsne,1teH11e 

F = (c~" b.f'..r +-i. ~t' ~'DiJ¥) (1.v ~ ~v + i.1v li 'bv)'~) (6) 

110J10X11reuao onpe.ite>neao, f > 0 . EcnH snecrn .itJll! xoppeilltl\lllt oelo:maqeau 

a.r" = ~ ("i, ~Ar ~~v ~) = 2.. ti.. t>-.r Afi..v 

6r-" = i (1:i!, [A.r,~vT~)= i, U,r,"BvJ (7) 

C. rv = 2. ("x, ti.Rt' t..Bv 1:i!) =-1 &q, i\%v, 
ro ycnoBHe 110J10X11ren1,aocr11 cxanapHoro npo11sse,1teHHSI (6) sannmerca B BH.ite xsa,1tpar11quol! qiopw 

2. F = a.t"'~r~v + i «rv ~t' ~v +ct'"' ~t' 'lv >O. (5
) 

Ecn11 d.et \lo..t'v\\-1:0 , ro XBa.itparH'lHYD qiopuy B (8) 11oxao paselnn Ha »e 

a.l'v~r~ v + i ~t'" ~r 'l.v + C.i-v 1-/_t'~" = a.rv (st'+ u.-~.I' e,f6ri6)(i v + d.-~)I. g),.,:~-c-J + 
+ (c.t'_,-'ft'6 a..~~€,._v) 1lt'~\I 1 • ( 9) 

r.ite ~ Oel03Ha'laer rpaHCIIOHHPOBaHHe. Taxaa 3allHCI. oelnerqaer IIOJ1yqeHHe YCJIOBIIII IlOJIOXHTeJII.HOlt 

onpe,1teJ1eHHocru. 3r11 ycnoBHSI qiopuynupyDrca c nouomI.D mnypoB or pa3JIH'lHUX creneHelt uarp11q 

o..=IICl.rvll, c..==l\<:.l',,I\ l! d=lldrvll=d\ct'V-et',.;0..-~-re'l:VI\, (IO) 

r.e. c nouomI.D !lllXJIOB 
c:l1 = d.t'l' ) d..t. =Clt'"Cl..vt' 1 a.'.!>;= a..t'vc:t.v}_Q).t') •· • 

C.1 = c.,l"t' 1 C.'l = C.rvC.vt' 1 C~ = C..t'v Cv>,C.>-,t'-, · · • (II) 

J. 1 = drr) J!.= At'"a"t"-, d'>=dr:wAv1'A>-t--, ... 
E.Jiaro.itapH 3TOuy YCJIOBHSI IIOJIOlffl?8JII.HOlt 011pe,1teJieJ1HOCTH II coornomeBHSI Heonpe.ite~eHHOCTH Cly,1tyr 

BHpaJ:eHU ROBapllaHTHO OTHOCIIT8JII,HO oprorOHaJlbmtX npeoelpasoBaHl!lt 

x't-,:,"lt'vtv J "tr)..'t.v>-= 1\,v (I2) 

CnepBa paccuotpl!U rpenepHoe eBXJIH~oso npocrpa.HcrBo. Tor.ita B qiopuynax (6)-(I2) HH,1tex-

cu _tA, v , ••• npoeleraDr 3Ha'le!IHSI I,2,3 H YCJIOBIISI IlOJIOlmT8JlbH02 onpe,1teJ1eHHOCTl! san11cuBaDTCSI *) 

*)cu.1Ip11~oxe11He I. 
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4. 
\ 

<1.1 > 0 

a.;-ct'l>O 
a.f -~0.1U.2. +:ta.:!,> 0 

C.1> 0 

c.;- C.2.> 0 

c..f - ?:.C.1C.2. +l.c.'.!,> 0 
d1 >0 

J;-cl~o 
d; - ~ d" Ai. .\-1. d:!,> o 

J 
} 
1 

(D) 

(I4) 

(IS) 

Coo:rnomem1a (IS) u ecrb sanuc1, coorHomeHH2 Heonpe~eneu11ocru B npo113BOJII.HOII cllcteue xoop.itH-

HaI B SIBHO HHBapHaB?HO~ qiopue. 
AHMOrll'lHO MOJ[J!O sanzcatb coorHomeHHS Heonpe~eneHHOCIH B eBXJIH,ltOBOU npocTpaBCrBe 

npOH3B0JlbROlt pasuepHOCtl!. 
06parlll!CSI It npocrpa.HCTBY l.lHHXOBCROro, r.ite l!H,lt8RC11 j' , 'II •• •• npoelerall? 3HaqeHl'tll 

I,2,3,4. J.!lmuocr1, qerBep:mx xounoHeHr Be~eI x rouy, qro ycnoBHH nono:imrenbHOlt onpeAeJ1eH-

11ocru qiopim (8) llJll! (9) oanucuBaDrca u11aqe*) 

s.,...1.,,1; tv.l.¥>1.t o.,.v > Ci.1 ; 

2.£.t',JAid.." 'i;_ v,vy_J..t, °'-r,v, (lrtv'l. > a.~ -a.'l 7 

2 f..l",t-'tl":i.4 'i:..v,v'l.v!,4 U.r,v, 0.. .t't"t ~J\:,v~> o.t - ~0.10..'l + 2.a..:!,? 
0 > O..~ -ba.; O..'l. +£.a..1 Cl.:!, + ::,o..\ -6 CL4 

tr.1.v,4 '<-v"-f.>4 c..t"' > C.1 

i~ ~ t t'•l"t"-4 v,v1J.4'-J-1,V,C.t't"t > C1-C.2. 

'l. £. t'•~tf1,4 'c.v,v1v~4 c.r,v,Cr'!vtCr~v3,> C~ - :,C.1C..<t +'1c.2, 

0 >C~ - fic,1c.t. + ic.1C.:!> + '.:>Ci - (, C..ii 

'c.t'J.\!-4 €.v~~4 d,-v > d1 ' 
2.tr•t'q_d-4 t,v,vi.J.." c1.,..,v,c\r,.vt > d~ - d 'I. 
2.~r1r2r:i.""c.","tvb,,dr,",dr1""ctt':.v~:> d; -:>d,d'l. +2d:!, 1 

O> c\~ - {:ict~ d,. +'l>d1ct:!, +::,c\;-bd4 

(I6) 

(I7) 

l (18) 

XeBue qacru HepaneHcTB (16) uoxHO 3a1111can B BH.ite !l.OL..,m, l. [<1..'1. - Ci. ct. 1 :!, mm -n nMJ 

1,l_d:1r1m-~C1...,,.0..,tCli,._ +1a.,..n.CltitCltl'!] , t',Jte BH,lt8XCH m, n.,e npoCleraDr JlllmI. 3Ha'l8Hl!SI 
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I,2,3. AHMOrl4'1HO 3anHCHBaDTCH JieB!le qar.TH Hepa.BeHCTB (!7) 1,1 (!8). npyrBILll CJIOBaim, B Jie

BliX qacTHX (I6)-(I8) CTO.IIT noJ.llloxeHH!le Ha 2 Blipa.%eHllH TOil xe ROHCTPYJ!Ill!B, qro 1,1 npa.Bue 

qaCTll (I6)-(I8), HO TOJil,1(0 TpexuepH!le (r.e. Y.ltBOeHHlie 3aaqeHllH JieBHX qacTeil BepaBeHCTB 

(I3)-(I5) ), 

COOTHOmeHH.11 (!8) - ROBapllallTHa.11 3anHCl, qerupemepH!lX COOTBOmeHBil neonpe,1teJieHHOCTB. 

XOTH B nepa.BeBCTBaX (I6)-(I8) y,iacTBYDT 44-xo:imoHeHTli TeH30pOB, BO Tell He ueHee OHB HHBa

pHaHTHll OTHOCHTeJI&HO qerupexuepl!l1X opTOrOHMbHHX npeo6pa30BaHHil (!2) - TpeX11epHUX BpaJlle

HHil H npeoOpa30BaHHll nopeHna. nna noacnenu.11 npHBe.1teM xopomo jl3Becrnuil npHJlep aHMoruqnoil 

cuTyanuu - 3TO ycJIOBHH,onpe,1teJIHDDU!e nonoimreJibHHR Bpeuene-no,1t06Hllil Bexrop 

Po> tt'L 
) 

'1. O >P. (!9) 

OiueTHU, qTo YCJIOBHH Tllna (!3) B npocipaHCIBe JID6oro qzcJia ll3UepeHllil ope qucTO Be~e

CTBeHH!lX HnH qacnD q11cTO l!HMMl,llC XOOPJtHHaTax cyn YCJIOBHH Toro, q:ro6u KBa,ltpa:rnqnaa <popva 

CLr-v /C-14 J(.v auena ry xe curnarypy, q:ro 11 q,yn,1trui:eHTM&HaH q,opua xl'xt'. B 4-uepnoll npo-
➔.1. 'L .:...'t 2.. 

CTpaHCTBe Ml!HKOBCXOro,nanpHllep, q,yH,1taJ1:eHTM&BaH q,opw X +x,. = X - Xo He onpe-

,lteJieHa npnoxuTeJI&Ho. B cooTBeTCTBHll c 3:rHM npu ycnonuax :rena (7) ~) uaTpuna lla.rvll 

6y,1ty,iH npllBe,lteBa K JtllarOHMbHOllY BHJtY' lllleJia 6H Cl..11> 0' Cl.u> 0 ' a.'.!,~> 0 ' a.,.,> 0' 
T.e. q,opua 0-t'" \(t')(V He 6HJia 6H OOJIOllO!Tem,BOll ll lllleJia 6u TY xe CHrHaTypy, qro ll ¢YHJta

MeHTM&HaH q,opua J(.t'lC.t' • 'POp!la a.rvXr-Xv6Y.1teT OOJIOJ:HTeJI&HOil, ecJill nocJie npi!Be,lteBH.11 llaTPIIIlll 

II ct.rv I\ x JtHaroBaJI&HOMY BHJtY BHOOJIB.IIDTCH Hepa.BeHcTBa 

ClH>O) lLu.>O ') a..cs.,.>O) °'-.t.i't.:::.o (a..oo>O!). 
lb.leHBO Ta.ROB CWCJI HepaBeHCTB (!6), (!7) H (!8). 

4. lolHHHlffl3HJ2I!l!!!!!.e naxeTH 

Tenep& w 3ail11euca orucKaHJ1e11 lfflHlllffl3HPYDDU!X coc:roHHHil (na:a:eToB) V , :a:oTopue o6pa

!ll1lD:r Hepa.BeHCTBO (8) B paBeHCTBO. lJIH 3TOro HYJ:HO HailTII lfflHHJlYM KBa,ltpaTHqHOll <popllll (6) 

HJIH (8) no~ H ~ npll HeffYJieB!lX 3HaqeBHHX 3THX nepeueHHHX. naq,q,epeHIU!PYH q,opJlY (6) HJill 

(8) no \ 11 ~ , npllXO,ltHll :a: ypa.BBeHIIHll 

a.t'v\v -1- gt'V ~v =0 J et'"i;" +c.t'" ~t' = o. 
3Ia CHCieua ypaBHeHHil npH HeByJieBHX ~ II 1 COBlleCTBa Jil!mb npa 

d t'" = c..l'V -1 t-6 a.-i'Cg'CV = 0' 

(20) 

(2!) . 

a np11 3TOII HepaBeHCIBa (!8) nepeXO,ltHI B pa.Benc:rBa O=O. IlpH BUOOJIHeHllH (20) 11 (2I) KBa,ltpa

THqHaH q,op:ira._(6) HJIH (8) o6pa!ll1leTcH B HYJib 

*)3anHCb 3IHX ycJIOBHR ,ltJIH JID6oro qgcJia H3Mepenail Clio B IlpHJIOXeBHH I. 

IO 

t 

F ==- ( (:- (<1.-•~)
1
._ ti.A.~+, ~~.,)i}t'.;, (-(,._-,g)>-5' A~)\ +ib.~.I') ~fit)= 0 (22) 

r.1te lr Ouxo BupaxeH~ c nouo~&D (20). B CHJIY noxon:reJii,non onpe~eJteHHOCTH 11e:rpnn rnx&-

6ep:rona npoCTJ;)aBCTBa 06paJ11eHJte B HYJib HO~ Be:a:Topa rHJt&6epTOBa npocTpaHCTBa 03BaqaeT,q:ro 

Call OB paBeB·HYJID 

(-Ca.-•~\.,, Al\. +i ~lsv)~v ti =O) 
a B CHJIY npOH3BOllbBOCTll VZ v 

(23) (- c~-1~\vb.A.I' +-i b.13.:)'li::::: 0. 
nn.11 :roro qT06H penntTl, a:ro ypanseBHe ll HaiTH BeXTOP coc:ro.11BHS 7i , HYJ:HO 3HaT& .IIBHll~ 

BllJt onepa:ropoB l\t' 11 E:,t' • 
l!u paccl!oTpH11 Tenep& qac:rHUil cnyqail, :a:or,1ta f\t" ecn onepa:rop 4-Hunyn&ca, a '8,t' -one-

paTop 4-:a:oop,JtBmi.:ru 

Ta:a: qTo 

A _. h '\ 'Q 
t\ .. - ri-==-=-~ J ,. ,. I" 

' lsl'=Xr_• 

[/\1',~"1 =- [pi- 7 Xvl=-i~t'" 

Cl.I"" =-l t.rrA\>v) eil"'"=,: [pt'>x.,]=bt'v') <:..t'v = 1. 6.xl"ti.Xv 

d. -'\ 
l4V = C, t'V - a_ t'" ' 

Ilpn a:rou ycxonue (2!) 3anecUBae:rca B-BHJte 

a.I"., C.v},. == 'bt'}. 

(24) 

(25) 

(26) 

(27) 

(28) 

H ,cJie,ltOBa:reJI&HO, lmIPHilll xoppeJI.IIUHil H:l!IIYJibCOB ll·:a:oop,JtBHaI B3aHUHO o6pa:rnue. EcJIH npeo6pa-

30BaHl!ell :a:oop»HaT np:mecTH 11aTpzny II a.I'" I\ K ,JtBaroHM&HOJIY BHJtY, TO llc""'I\ :raxxe cTane:r 

,1tiaroHaJibBOm B YCJIOBHe (28) 3annmeTC.11 

4 t.pt' t.rt' · b..Xt' t,.)(t' = i 
(cyw.lllp0B8Hllll DO 5" HeT) 

(29) 

Coo:rHomeHHe {29) ec:rb ycnonlle MHHl!llH38IlHll HeonpeAeJieHHOCTeU, H B 3TOM CMNCJte pemeHlle ypan-

HeHHB {23) eCTb MHHl!llH3HpyDUUla naKeT. 

IlOACT8Bl!II (24) H {25) B {23), H ypaBHBHlle AJtll lll!Hll!!H3llpynmero naKeia nplllleT Bl!Jt 

(.- '.l ti. ~I' ti.Xv ( t :::)(" -f0 + i (x t'-Xr) 11:1:1 = 0, (30) 

ner:a:o y6e,1tHT&C.11, qTO pemeHHell 370ro ypa.BHeHH.11 HBJI.11e:rcH COCIOHHHe 

1i = e. - ti.pt"tfvC.Xi---><t-)C.Xv-><v)+-if,..xr. (3!) 
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3:ro II ecrb IICKOlllll! l,[J{Hlllll!311pynlltllA naxer. Ilpll cod/lDAeHIIII ycllOBHA (!6) 1raa.11par11qnas ipopva 

B noKa3arexe 3KCllOHeHT!l ll0/10:ll!TeXbHO onpeAe/leHa. Ec/lH ace xoppellSllllll. A.pt'A.pv PaBBII HYllD, 

ro cocrosn11e ~ npeapama.ercs B oduxnoaeHHYD n11ocxyn BOllHY, r.e. B cocrosHHe c onpeAe11en

BIIM 4-HVnYllbCOM, a ClleAOBarellbHO H vaccoa. B od~ev c11yqae COCTOl!Hlle (3!) npHH]lllllllMbHO He 

odxa.itaer RH onpeAexeHHol!4-KoOpAHHaroli, HH onpeAe11emwv 4-uimyx&cov H vaccol!. CpeAHee 3Ha

qeu11e iraa,l!para vaccu, r.e. oneparopa -p; , B cocrol!HHH (3I) paaHo 

~,(-i,~)'lt') = r; = 1: + A\'t< A.\'"" • (32) 

i~x Ecu nxocx11e BOXBU e. - 3:ro cocrosnHs, pe11sr11a.acrcxz HHBap11an:rl!Ile no q>op!le 11 

xapaxrep113yewe 4-aexropov 11imy11hca p~ xaK napauerpou, ro naxeru (3!) - APYras coao

xynHoc:r& pe11s:r11a11crcxz 11HBap11anruux no ~op!le cocrosu11li, xoropue xapax:rep11synrcs, xax 

napauerpaJlll, 11 4-Bexropou i;-t' (cpeAHHl! 4-11imy11oc) 11 reH3opov aroporo panra 6.1>rAPv 
(reH3op xoppe11sU11l!). 

B nepe11sr11a11crcxov c11yqae, :r.e. np11 J-'"' M , v = n. =I-A (rpeniepuoe eBKJIHAOBO npo

crpaHcrao) cocrosn11s (3!) cyr& aau6011ee od~as ipopua :rpexvepHHx VHHHWl311PYDIItl!X naxeroa. 
B u:reparype q~e Bcero odc~ercs O.JU'IH cnellllM&BIII! c11yqal! raxux naxe:roa 

2. (-" =..)2. - ➔-l:t = e - a. x - )(. + '\ P x' q3) 

cooraercraYDIItlll! ua:rp11ne xoppe11anal! Bl!Aa 

6. r ... A\>n"" e1.'l. 8 ... n. (34) 

Cy~ecraeHHo, qro B paccuarp11aaeuou pe11sr11a11c:rcxou c11yqae H3-3a nceBAoeax1111Aoaocr11 uarp11cy 

Koppe11snal! ne11h3S audpan B ana11omqHoli ipopue A)>t' 6. \>v =o.'I. Sr.,., rax KaK npa 3IOll ue 

BllllO/IHS/IIICb 6u YCllOBlllI (!6), 11 XBaAparaqHas ~opua B noKa3a:re11e 3KCllOHeHru (3!) He 6u11a 6u 

no11oure11&HO onpeAe11eHHOI!. Coc:rosuas 6u1111 6u He11nrerpapyeu:u a neorpan11qenno poc1111 np11 

t --,, ± o-o , He ODIICWlM Taxi!¥ o6pa3ov /IOKMll30BaHHl1X BO apelleHII coc:rosHllli. 

Omer111L, qro cocrosHHS BIIAa (3!) np11 onpeAenennoll 3aAan1111 uarpllltll xoppensnal! 

~t> C::,.h = .1_ (j_c +~\ (35) 
rt" rv 'L'L t. t"' m'L) 

pacc~TPHBa/1 M.A. l,lapxoa' /IO/. Ilpll 3;01l naxem cq11ra1111c& ~YHKnHSVII He KOOPA!!Har )(t' , 

a nexoropux BHy:rpeHHHX nepeuennux ~ r , xo:ropue ile conpuenu 4-11lllly11I,cy Pr- , 11 B (35) 

MOX!lo 6uno no11arau p'l.=-m'L, rAe m. - vacca qac:r11ItU.Ila1te:ru B o6uqHOM x-rrpoc:rpanc:rae c 

aHaJior~ol! uarp11uell xoppe11Hn11ll A.Prb.P~ =<X--~lor.+lnrn~, r}le auec:ro 4-llllnyru;ca c:roH/1 He1to:ro

plllt npo113Jio11:1,H1xl! ape!.!eH11-no]lo6Hlll! aeKTop n.,. l n.'- = - ~) , paccMaTpl!BaJIII J{.H.EJIOXIIHUSB 11 

r.H.KoJiepoaII. 
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5. Ma:rp11qBI1l! 311eueHr nepexo8a uegy MHRllllll311pYDtgm.rn naKe:rau11 

Ha p11c.2 Ha np11uepe paccesu11l! 11306pazeHa od~as Kap:r11aa xaa11:roao-uexaH11qecK11X npo-

neccoa, xorAa uaqaxbHUe II xoaeqaue ' 

HaqaxbHlle KoHeq!We 

COCIOSHIIS COCTOSHIIS 

Pnc.2 

COCTOHHIIH llllC/llITCS cocpeAOToqeHHllMII B npoc:rpancrae II apeMeHII OXOl!O :roqex c 4-xoop]lllHaraMH 

X1, x,., x~ Bx~. Pacno11aran raKHe COCTOlIHJIS B pa31111qHllX odxacrsx rrpocrpauc:raa-BpeMeHH, 

l!ll llOZeM 113yqa:rb npoc:rpaHCTB8HHO-BpeveHHOll XOA nponeccoa. 3:ro ocodeHHO Ba.xHO A/IS 113yqeHBS 

pacna.itoa. Hllze dyAer a311ozeua rpydaa cxeKa )VIS pacqera allllJIHTYA noAodHllX nponeccoa. 

, I!yCTb W 1!¥eev ]lllarpawy ipeltHMaHa C I'\. aepmHHallll II e /IIIHHSJ!II. BnyrpeHHII!.! lll!HIIHll 

:raKoli ]lllarpruom oraeqaer npOll3B8A0Hlle ~YHKnHlt pacnpoc:rpaHeHIIH 
.e 

~G-1 ... x,.,') = n 6.C.(\h), 
J=1 3 

(36) 

ue .,. 
'!·=Lx;.c..,. 

J i:==~ l 
(37) 

)(."' - 4-xoOPAl!Harll acex Bepm11H ]lllarpauu:u, a \I c.i., 11 - 11a:rp11ua CBH3elt 12 *), 11p11qe11 y C·. 
• 'tJ 

nepalllt IIHAeKc - uovep aepm11111,1, a aropon - nouep 1111uuz. AMn1111:ryAa nepexoAa xezAY cocros-

Hl!Sllll C onpeAe/leHHllMII BllllYJibCaMH nponopl.lHOHa/lbHa 
I'\, 

~ ~ n. " r:. v ... xa. e c. 
f:' Cr1 ... "I\,'"" n c1"" e. ""1 n ll .i Ci-.;). 

\:~1 J:1' 
(38) 

rAe ~ ... - ~imy11&c, xo:ropllX BXO,JtBT B ct.-D Bepm11ey; BHyrpeHHIIM aepmHH8JI COOTBerc:raynr 

pc,.= o, OAHaKO y~odHO )VIS e)U'!H006pa311s coxpaHHib ~Ill 111.!llYllbCll npOll3B0llbHllllH. 

~>cv. :raIOte Ilpilllozen11e 2. 
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Hae l!H:repecye:r auIIJlllTYJta nepexo,Jta 118%~ JIOKaJIH30BaHlmYB COCTOBHBmm; Jf./lB onpe.iteJieHHOCTH, 

cxaz:e11, lie_:;u paccuorpenmnm B!lme lllllll!llll3DPYI!ll\lll(ll ·COCTOBBll.llJ,!I!. J);JIB BWll!CJI8BHB TaKHX rui:

nJil!TYJt npo11n:rerpzpyell (36) ne c fiJIOCKlllm BOJ!H&m (xax B (38) ), a C llHH~3HPYD!lll!WI naxe

:rrum (3!)~ B K~ll Bepmuny ll0%8T BXO,ltl!TI, necxoxr.xo qac:r11~, :rax q:ro l!llIIYJibC ~a. ec:r& 

cywa 11unyxr.coB qac:r11~, BXO,ltlll!IDX B (X.-Jl Bepmrny: pt(.= 1: b • Ilos:rouy HHTepecyDnian 
. 't f <t.t. 

aac mmxu:ry,Jta sanume:rca 

~ 
I'\. ~ [ ,{ ....- ' "-t./, <l -a.'I.\(, a. -Cl ) • - 1 e ~Fr.:: -;\_ TI I iii -,:~~r ... \!1--)1.r Ji:!-v-y.,..,t. +1,pa,,c.a.JTI c.r .. 

\fi"" rn.J - i:\1'.k. e.. ~- ~'J · 
l<•-1 j,1 J J 

(39) 

fa."< 11 )( "'"' - cpe,JtH11e snaqen11a 4-11llllyJI&ca 11 4-xoop;JU1naru 3.itec& ~ ... = ~ 'f a.'I. 

a.."t. -:roll qac:rl!UB, a I\ Cl~~\\ E 9. \\ t.p~,. A.p~t II - i:a:xp11i.a, xoppeJIH:nHll KOllI!Onen:r 

ee 4-111.myxr.ca. 

Tenepb ec:reCTBCHBO, xax 3TO ,JteJiallT B cxyqae nJIOCKl!X BOJIH, r2-r4 BllnOJIHl!Tb 11a:rerpH-
~) . 

POBaHltle no )(1 ... )( ..,_ • J\JIB s:roro C/1e,1Q'0T BOCilOJib30BaT&Cl! J... - npe.itc:raBJieHHell Jf./lH qiyHK-

:nHll I!,. c. 

ttC.i,s)= _-1 ZJ.i. t@-1;\,,._ mi) 
~J\'l.. ) e. d. l 

(40) 

0 

a Jf./lH oOll!llOCTB, q:roOu cpasy OXBa:ru:r& 14 cnyqall JtllpaKOBCKltlX qac:ru~; 3all8Hl!ll &(1) na 

scl1) = (_~~~ -m') ~c.b) - (4!) 

3:ro ,Jtae:r Jf./ll! aJllUillTYA!l e = • , . . mi ~ t ( ~ . -LL .:.::ls 
F (1;1 •• :i>"J = (~:1t'l.f _) !}., JJ,,j ~J.i ~i l!j-m j) e. !l. k~1 6-1< 

... o J e 
(, , f., l-\~a..~~~-x;-"')(!-~-~~'t)+iftl.x...1 + ~ Z,;J.s"ls- · 

·j~ic., .. ,<1)(.1\.e_ J-1 
(42) 

IlOJtCTaBJIHl! Cll,Jta ~j B Bl!,Jte (37) l! 3all8HHl! B J.!l!Oltl!T8Jll!X ~.J-j '{j ~~ :.. IYL j) nepeuenll!i:e 

l<;, na npousBoJtHHe no P:i , noxyqae11 • 
. • L 'l. 

c..,oG . '\.' l'Y\• 
"- _ _ "\ -t ~ 1, I / _ I\. ~ 0 -T 4=-, 7 F ~ .... ~"J = U"t) 1;I ~.1..i\..J..i~ C:-ii '& ~ -11\.· e. J-1 ~ 

o J:I ,~, 1> Pt l 

r · tJ-tia.~J~~-i~¾,~-~~'<)+i.f..,x<l.1-+ \. t f\Cl.4,')(.._v., 
. J a1., ... A1. ... e. .. ,h1 

(43) 

r;ite II fl... d ll-11,n.- 11a:rpuD,a c :ixeuen:rB.llll 

•>eu. iaBXe Ilpao:a:eaue 2. 
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t 
A.,,_e, = r,.Ll c.""•c.i· · 

.i-=-I } l 
(44) 

IlepByll KB!!Jtpa:rHqnyJl 1p0puy B noxasa:rene sxcnonenru uo%HO npe,tcia»11:r& B BH.ite 

~ Q~C!<~-x~")C!-t-~~t.)::: "-rv <.x;--z:t)Gx~ -:~) i-
+ ~ ._. a..., I'. -1) "'-s /-:;a.,. -a. :\/7'<¼ -a. ) l' -~ (1_1"' '-e1. a. v).. ct.,.S' ~ r - y..t' ,_ /0" -Xv,_ . , (45) 

r.ite 
a. ' a..,. ct.I'" == ~ ~t'" ) 

'1. 
a.-1 = II CL~v 1r1 

i!:"' == lo..-~) r:. ct.a.,. xd..'t 
r r,_ 't >-.i r · (46) 

Bupa:ea11e BO B:ropoli c:rpoxe (45) ne· 3aBllCl!T o:r nepeuennux Hn:rerpupoBaJJIIH X;., , Tax q:ro 

:ixcnoneaia B cooIBe:rcIBYil!llell c:renen11 uo:a:e:r Oun Bunecena sa snaK 110:rerpaxa. ;naxee ~e11e-

cooOpasno c.itenan saueny X"' -~"'-. xa. , q:ro ,tae:r 

F (f, ··· f,.') =- l~ .. •t.,r~ ~,Cr l-t 2; L. a.~: (_e1..-~}v). Cl.~y ~~'t-x~')Ge-'L -x~s') 1 
<l-1 -t,~ .) 

c,,c:, l . rt. • t Wl'!. 

. ) TI.AJ.1~J~. c.,; '6i !-. -Yr\ i} . ~J ~' t\...c, 'e..,:c~ - -3t-~, -i; 
0 J=I t-1 a p, J 

... • I'\. ) 

(' L [i<t..X"- -½-ct.r., x~x~1 + i > t>-. ... a )(,._')(~ (47 
. • )dx,c\)(i ... J.x .. !La.-.., ~' , 

r.ite 

'l<t. = f ... + f ~ ... q, ~g • 

IDl:rerpax no Bceu 1-, paBen 
~- -111 a.~ r,.t.).,. 

~ ,._'-:;;,~ 't q.,_)(,,_ - -r.n~i-"'" l(l' )(.., - \:!T\ 
Ax, ... Axn. e. -~ 

\I- ])~t:X 

r.ite c1\, - ua:rpv.~a 

~ '7:l. ,.a. s 
-1cJ·<Ja.Q.iJ-'" 71' 'Iv 

e. 

j{, = \\a\~.H'" \\ = \la.~v'&4.t -i.'bt'"~.,,_q,\\, 

a cl::> - odparnaa x Hell 

~a.lsirv j\ ~<-j v}. = 'i><X.e. b)''>- • 

(48) 

(49) 

(50) ' 

(51) 

B pesyJihia:re Jf./lH aM1Jn11:ryJtH nepexo.ita MeJr.;IJ.Y J.111Hlll.!113HpyID!llllllll naxe:ralll! noxyqaeu BHpa%en11e 
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F(fr··~I\) = ~:~s~ (.)(r{- 'i ~' F,~ ct~~ (Cli._Jv)-C(_~f<_xi-~~)(.x~..:X~ .. ) 1 · 
o,O ~ I'\. • • ... • t. 'M'- 1 ~ Q. 
.fI[J.J.-~iI:_c .. y~l..-m•'ni:L A .. ~i.,_1e.,-~L~-~ ~s;,-v"~'lv / J\'rt 
} j:I J i::I ') 11p; !J/ '- "'-,hi 1:~\ ''-:~l I) (52) 

Kax H n cnyqae nnocxHx nonH, 3Aec1 OCTaJioc1 nHm1 HHTerpHponanHe no napaYeTpau oLj 

rayccOBCXHe iflaKTopu, BXO,llS!litlle B Xaz,llOa nepmaHe OT YHHH!.1113HPYDll!l!X naKeTOB, OCYllleCTBB/IDT 

perynspH3aUIID aimnH:tY.ltH, oco6eHHo, ecnH )!)Ill nay:rpennHx nepmHn, nonara11 ~ ... =0 , coxpa-

H11n a.;,/:/:-0 • 
Pa3yuee:rcs, :raxa11 cxeua, OCHOBaHHa/1 Ha BHpa:iteHHH )I)l/1 aJlllIDITY.JtH (39),HIDI (52), /IBB/leT

C/1 oqeH1 rpy6oa. B Hell HapymeHa YHH:rapHoc:r1. B <lonee nocneAonaTen1noa ~opuynHponxe AOllHH 

6u:r1 UOAH~HUHPOBaHH nponaraTopu, HanpHuep, ny:reu HHTerpHpOBaHH/1 no uacce c nOAXOXIIIIUIH 

necou. 

IlPIUIOJKEHIIB I 

YcnoBH/1 nonon:ren1Hott onpe8eneHHOCTH XBa8parnqHott wopw B eBKBH80BOM H nceB80eBKBH80BOU 
nl!2Q!l).aHCTBax 

IlyCT1 KBaAPaTHqHa/1 ~opua 

a..t'Vl(J-'l(V Ct,"'""' 1>···\'\..) (IT.I) 

nono:HTen1Ha, :r.e. npH nD6HX He paBHHX OAHOBpeuenno HYBD 3HaqeHHIIX ee apryueHTOB (xr~O) 

o..rv Xr'l.v >O . (Il.2) 

Op:roroHaJI1HHH npeo6pa3oBaHHeu 

~.t':, -c._,...,x.,, 1:.r,}."t..v>,. =b.,.11 (Il.3) 

ee UO%HO npHBeCTH K Aaar0Han1HOl4Y BHAY 

1\- '!. 'I.. t. 
~ >--, 'h + \q_ ';!t. + ... +'>-11. ~I\.,' 
':.\ 

(Il.4) 

Tax qTo ~pua 6yAe:r noxon:ren1Ho onpeAeneHa, xorxa 

>--;.> 0 (-i. = 1 ... \-1.). (Il.5) 

Ko:i~HUHeHm >..,. -cyn co6c:rneHmrn :JHaqeHH/1 MaTPHllll l\c:t;.vll , :r.e. pemeHH/1 nexonoro 

YPaBHeHH/1 

D-t.t \\a.~v -'>-'bl'-_,\\ = (-1)"' [ ).,,YI. - ().-\ + }-'l. + •· • + }-..,_') }!'-1 + 

+ ()..1}..,t. + )..1)-:!, + ... + '>--,t-1)...11.) ),t-t+ .. • + (-1)1\.>,.+)\t. ... >,l'I.. 1:: (Il.6) 

=- (:-1)"' [>r- -D-\ ).."'-1 + D,.>-.11.-'!.+ .•. + (:-1)1'\,Dn.] = 0..-
CHc:rew HepaBeHCTB (Il.5) 3KBHBaJieHTHa CHC:teue Hepa.BeHCTB 

I6 

D1=)..1+t-1.+ ... +).,.,_ >0 l 

b,_ =- >-1'}.'1. + '!,.,_)..~ + ... + '>--1t-1)...n. > 0' (II. 7). 
' . . . . . . . . . . . . . . . . - . . . '. . .. . . 

D.,_ =-)-1)..t.···'>--I'\, > 0 ") 
Anll xo:i~:11m1eH:ron nexonoro ypanHeHHa, :r.e. ycnoBH/1 nonou:ren1HocTH KBa.ztpaTHqnon ~opM!I 

uono :iariiic.an B. Bl!,lle (Il.7). O:rue:rHu, q:ro >-'\. H ,cneAOBa:ren1Ho, Di cyn HHBapHaHTH 

op:roronaJI1HHx npeo6pa30BaHHn. 

Ko3~IUieHm Di )(ODO :JanHcan B HBHO HHDapHaH:rnoa ~opue HenocpeACIBeH!!O qepe3 

w:rpaey II a. .I'" II • llcnon:iya IIBHO HHBapHaHTHYD :ianHc1 AeTepwrnan:ra c no1.1011l&D eAllHH'IHoro 

nOJIHOCUD aHTHCHlllleTpHqHoro T8H30pa £..l.1.l..2.·••J..11. 

Det I\ a...J. 11 =-.i_ £. . t 
I'- n,1 J..,J.'!.·•·J...., {l-1"-2.···12.l'I.OL.l,.C1.,1."- ···U 

• ' ,- lt'I 1 ,'l. cln,f,n. 

(CK.,HanpHvep, r5 ), 11H M0%eM npe.ztCTaBllI1 B8XODOe ypaBHeHHe (Il.6) B ¢op1.1e 

(Il.8) 

D~.-1:, \la.J.!!-->-oJ.\l-11 = ~\ ~.1., ... .1.,. £. 1>, ... v,"' (_ ~.i.'"' -s-.,h~ · -· ( ct...i.,..r, .... -'b .... r-n!" J = 
= l-1)1\,{>-\'t. f. £ 

n.! J., ... J..,. .1., ... J.11., -

_ c-, '>--"-1 £. £. a.. 
t1 J.,•··J..,. l'-,.i..'!. ... J...,_ J..,h + 

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

r_ )1'1.-11\, cm. WI, a.... o.. + 
+ic

1 
n. )( £..1,., ... J.."-t.f->,···~n-m.ln-1n+1··•J..n ;,1.,f,1 .. · J..,.._mf-,,_...,_ 

(_ '\l'\-'l. '1. ,. 
+ --=-'1 Cn. '>.: £. E 

J.., ·•· J..n. f>, · ·• 1'-n-'LJ..1'1.-1 cl..._ a.cl <>- .. • CX...c:1. + 
I r-1 1\-'1. f>l\-'L 

+ (_ 1)1\-\ \. £. . 
'C V\..{\. J.., ... J...,_E.f.-,"•\!on.-1d.n.Q.J.. ···Ct. + 

1'f>1 J.n-1 f>n-1 
+ (:-1)n £. £. ,. ) 

J..l'Lt···cl.." f>1···\!-t1. ""-o(,Y,. •. ·tl...l.,.f,n. = 

= (:-1)"- [ ').."- - D1 '>-'1-1 +D~~-'l.+ ... +(:-1)"-Dh.1 = 0 (!l.9) 

M)To, q:ro ll3 (II.5) CJie,llye:r (Il.7), O'leBH,llHO. ~OKalteY o6paTHOe. 0603HaqHl! 

z 1"' >-., + ··· + }..1t-1 J z..,__, = >-.,l\2. .. ·>-- n.-1 • 
Tor,lla Hepanenc:rna (Il.7) nepenmny-:ca 

1,+>-.11.>0 (1), h+"f 1>-.11.>0 l2.) 7 ···? ... -,+l,.-~>-.l\,>o(n.-1)) itt-i">-.11.>0 (n-)• 
lla (I'\.) HMeeu ,l!Be B03MOXHOC:rll: a) Zn-I ,)l..,_>OH 6) 1,,_,, :>-.,._<Q • ECJIJI 6H OCy!l19CTBBl!JlacI, BTO
prui BOSMOXHOCTI>, TO _H3 ln.-1) BblT91C8.JIO 6H, q:ro ln-~ <.0 , H aHaJIOrlf,HO, q:ro B006Jlle z,.-1 <Q, .. , 

71 <.O • Ilocne,l!Hee BMecTe C >-'\<O npOTHBOpeqH:r Hepane~:cTBy (!J. 11:rax, MH ,llOKa3aJIH, qTo 
peaJIHayeTCH TOUKO B03M0%HOQT!, BJ: 'h-) >0~ >-,.>o. TaK KaK B (rr.1 J ""' HHqeu He BH,lleneHo, 
:ro Yll ,llOKasaJIH, ~TO H3 (Il.7J cne,llye:r lll.5J. q.T,,ll. 0:rMeTIIM, q:ro ecJin 0,l!HO, ,l!B8 H ~.,ll. H3 "i. paBHll Hymo, TO, COOTBercTB8HHO, IlOCJie,l!Hee, .llBa IlOCJI6,llHHX H T.,ll •. HepaBeHCTB lll.7) 06-
pa!llalOTCl! B paBeHCTBa. . . 
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15 
Ha OCROBawll'I H3BeCTH!,IX cjlop!1JI \'ii 'li •.. 4S j 

•,~, .i.,h. .i.,r,.,_ 
J., •.. J.n, •••• - ••• - - - • - •• 

£..t. ···'- i:... ..• ... ._ \> .. , ..• y,,.. = "' " <:, 
, n. n ,·n. • . o.,_ .. t,u.1.,.r,,.·••0,1-,.f, 

(! )1'6.J., ... J...,_, 
f.J., ... J."f..\!>,···P,n-,cl..l'\. = l'\-

1 · f, ... ~t\-1 J 

'E. r, '1 \ c-J., ... J...., 
J-, ... J.h tf1···~mol:..,.,+1 .. ,J..,_ = ,n.-m/ • ~ r,, ... f>m 

JICHO, qro]), BllpB.XaI>TCJI qepe3 ~l'IRJIH 

(Il.IO) 

(Il.II) 

(Il.I2) 

ct..1 E Ci.!'<!-'~ a.'!.-= a..t'"~"t' > Cl~ =-a.,-wC1..v)..°'->-.t4? •• • O.n.==CX..._,.va..v)l. ···Ct.61"' (Il.I'.3) 
"I\.. l.lllODTeJiell 

:r.e. mnypn CTeneaell. ua:rpll~ _II a._:--v I\ • illlKJibl BBHO llBBap11aH:rH!,I OTHoc11reJ11,ao op:roroHaJI!,-

anx npeotlpasoBaHllll. Buq11cJiea1rn ;tan:r: uo 

I! D1:::: ot.1 ' 

2 ! "D!. =- (j.,; - CLt. , 

-'!, Q 
3 ~ D., = ex., :- :::, Ci., Clt. + .... a.~ 1 

4! D4 = o.~ -b~CX..i + '3ct.,ct..., +~o!;_ -bCL.Lp 
....... ., .... - - . . . . . - . . . . .. .. . . .. . . . .. . . ... . . .. . ~ -

ID --
1
-E. i.. a.. ·•·O... = m. "'- - Qt.-M.)! J.., .•. .J.."- h ·--f, ... cL...,+, · .. cln. J.,r,, J.·,., l'>wt 

L r "l,+~+···+k,..+m m! a..k, ,..,le.,. ,.,k,.. 
- ~1J k I 1 "'-t. .. '""-m 
- 1"-, k,t 2."t. kt.\··· W:"' km. 

"-,+'l.~+:.lc:!,+·••-Hnk..,=tn 

(Il.I4.I) 

(Il.I4.2) 

(Il.I4.3) 

(Il.I4.4) 

(Il.I4.m) 

Ilp11 :i:rou npll m=tL MU noJiyqaeu Bnpa.:i:en11e Jte:rep:im!!an:ra Dn. qepes IIHXJ!ll. Tax,cjlopuyJin 

(Il.I4.I) - (Il. I4.ni) ,l!;aD:r Bblpa:eBHJI Jte:repwmaa:roB I-ro, 2-ro, 3-ro, 4-ro, • • • m. - ro 

nopSl,ltKOB qepe3 IIHRJibl. )!JIJI Jte:repwIHaa:ra DI'\, Bupa:i:ea11e (Il.I4. m ) c m=l'l- JtOKasuBae:rca 

cJieJ!Yll!llllll oelpa3ou. D11, coJtep:u:r VL \ qJieaoB, oTBeqalllltllX Bceu tL ~ nepec:raaoBKall'. VL l.ll!O

DTeJiell. Rax H3Bec:rno,xax)taa nepec:ranoBxa pa3tlHBae:rca na IIHXJIU. IlepectaaoBxy, coJtepxaeyll 

k.1 e)!;llHHqnux ~MOB, k2.. - JtBOllH!,JX l! :r.Jt. nasUBaDT nepecTaHOBKOll xxacca ( k1 , k,_ ••• ). · 
B )te:repwaan?e Bee qJienu, OTBeqalllltlle nepec?aHOBKruc o)!;Horo H Toro xe KJiacca, paBHbl. CJieJto

Ba:reJI1,ao, q11cJI0·11x paBHO qllcJiy nepeci:aaoBoic RJiacca ( k
1 

, \.:.,_ ••• ) (cu. ,aanpHuep, 16 ) 

tL \ 
C(l1,k1.,'""tt)= i"•k 12.'~k I ... lc..,I( I. (Il.I5) ,. t.· tL ... 

Toqao Tax xe ~ORa3!lBallTClI qiopuyJibl (Il.I4) II JIJ!lI Jtpyr11x lt03\M>HI11!8Hr0B BeltOBOro YPaBHeHlllI(Il.9).ic;) 

ic;)Jlpyroe JtORa3aTeJIJ,CTBO Cll. B !7 

I8 

Ilpi! IlOJ,iOIIUI qiopuyJI crr:14) YCJIOBl!lI IlOJIOD:J:eJil,HOll onpe)teJieHHOCl'll Dt>O (Il.7) uoryT 

tlu:r1, nenocpe,l!;cTBeHHo BllpaxeH!,I qepe3 iro.:rp11~ II CL.t'" \I 
Odpa?HVCJI X CJiyqall npOCTpaHCTBa J.!HHROBCROra, ROr~a Ilp!!CYTC?Byll:r lll!Hlme nepelleHHlle 

X , "r ={.X: 7 ix01 .. TpetloBaHHe, q:rotlu RBa,l!;pa:ruqaM qiop:r.ia 

a_J"V '\,Xv 
tluJia IlOJ!OlO!TeJil,HO onpe,l!;eJieHHOll, pa3yueei:ca, CHOBa IIHBapHaHIHO OTHOCHTeJil,HO op:roroHaJIJ,HllX 

npeotlpa30BaHHll (Il.3), npH YCJIOBHll, qro R031jlqill~eH:rbl a.f-'V paccwrpl!BaI>TCJI KaK I8H30p. 

0JtHaRO BBllJIY ll'.Hlll!OCTII x.,, 3Ill YCJIOBlllI tly)ty:r OTJIHqH!,IIIH o:r (Il.7). J\JIJI IlOJiyqeHHlI YCJIOBllll 

IlOJ!OlEl!IeJIJ,HOl! onpe)teJieHHOCTH nepell)tell'. K BemecTBeHHHJ.I nepeueHHblll 

~ .t' == f J-'" X.v == {x, Xo) 
(Il.I6) 

i_...,, == fr.,.. a..>-s-tyv , 
r)te HCilOJ!J,3yeTClI ,l!;llaroHaJIJ,itaJI BeJil!ql!Ha f ...,v C ROMIJOH6HTrum 

(

1
1 0) f,-wfv).. = 1}')... = Q 1 _i ~ .t'" = { 1 ,-1, -t 7 -i.}, (Il.I7) 

WP'~a tenep1, nepenmnerca 

CL.t'" Xr"-v = ~J"'';}.t' ';}v (Il.IB) 

IlOCKOJIJ,RY :renepb W HJ.leeu Jt8JIO C Bemec:rBeHH!lllH nepeueHHllllH, :ro YCJIOBl!JI IlOJIOXHTeJIJ,HOll 

onpe)teJieHHOC?ll qiopuaJIJ,HO tly,l!;y:r llll'.8TJ, BHJI, aHaJIOrHqaull (Il.7), a llll'.8HHO 

I ! "j:)1 :: (?,i. :> 0 

2 ! ~ 'L. = t! -~,.. > 0 

3\ :b~ = ~~-~«1 g1. + 1 B 3 >0 (Il.I9) 

4! ';b,, =~ 11e.r.ll = ~:-6g;g2.. + '3. g1 e'.!, +:> t! -<; S"i >0. 

Tenep1, o:r gf'' .Bepaeuca K Cl.J'" • HcnOJib3YlI JIBHblll BllJI ;\",J'\/IJierito Hall:rH, q:ro ycJIOBlllI (Il~I9) 
nepenHCllBaI>TCJI B BH,l!;e 

:D1 ==-D
1

+2D~:;)>0 

lJ2. = -D1. +2.bt)>O 

~:;,=-D~ +21)~)>0 

<b4 =-D4 >O, 

I9 

(Il.20) 



("!.) 
r.xe D'- - B!lpazem!ll (II.14) Jtll.11 4-KepHoro npoc:rpa.Rcraa, a Di ra1t11e :re a1,1pa:reH11a JVIH 

3-KepHoro npocTpaRcraa. Ou 38.nHCHBaJlTCH 

O,) . 1 . 
It D1 = ""i""" £. _r-J..y,~ €.vJ..f>~ 0..t'" 1 

(3,) 

2 \ D2. = f.. !', t<t.J..~ £. "• Vt. J..4 Cl.f-',"• ct..J-11.\/.z. , (II.21) 

'.3 I !) (.!,) = 'c.. i. Q Cl. a.. 
• :;. _t-,}'t.t-'~4 v,vt.V:!.4 f-t•"• .1-'tYt. f:!>V'.!> 

TaxBlll o6pa30lll, ycJIOBl!H (II.20) B OTJlllqlle or (II.7) c Di (II.14) He uocsr HBHO l!RBap11aRrRoro 

a11,11;a. B Hl!X yqacnyDr 44-.e:ollJloHeHrH reH3opa, 11 no:iroll[1 OHH po,11;cneHHH ycJIOBH.1111l f>o > H- , 
~t.,::Q ,ll;X.11 BpellleRX-IlO,ll;Oc5HOrO Beuopa. 

·Ilycn renep1, 1taa,11;pauquy1> ¢oPMY Clrv "r Xv B qac:rnolt c11creKe orcqera y,11;anoc1, npH-

aecr11 It ,JtHarOHa.Jil>HOMY BHJIY. Tor,11;a, l!CnOJil>3YJI ,ll;XJI 1) i BHpazeHl!JI (II. 7) qepe3 "'i ll a1,1pa:re

Hl!H 
(~) " 

1)1 =\1-+)\1.+/\:!, 1 

lo) . 
Dt. = ">--1\.'l. +'>-t'>--:!, +),..>'>.-" 

(!>) 
D:!, = \1 '>-..'l.\:!, ' 

uaxo,11;Hu, q:ro Hepaaeuc:raa (II.20) 3an11cll11a1>rca 

A1+)1.._+'>-o-\4 >0> 

)\,}.2. +'>-2.}-:!. +'>,'.!,\, -\4 ("'-,+ ),..2.+>-~ >0) 

}..,),,..t.'>-o, - '>..,. 0--,>-t. 4-}-'l.),..'.!, +).,.'.!,),..0 > 0' 

- >-, '>--t. '>-:i. '>-,. > 0 ) 

xoropue :ixa11aaxeHrHH 

\ >0 7 )\'l. >0 ) }.."'>0) >-.4 <O. 

(II.22) 

(II.2'.3) 

(II.24) 

Ilp11J10:reHHe 2. !lmJ1H:r;vta nepexona B cxnae nJ1oc1t11x BOJIH. llarpzna caa3elt nee uoµ

puxanBH. 

Alm.imry,11;a nepexo,11;a llleJ:,ll;Y COCTOJIHHJIYll C onpe,11;eJ1eHHHllll HUDYJil>CauH ('.38), _c5y.eyq11 pac-

npocrpa.HeHa na cxyqalt ,11;Hpaxoacx11x qacrun, 3anHcuaaerca 
~ 

~ I'\, i. L. f "-'><"--
\ \ ,~:c\ 

F C\,1 ···\'n. 1 = J TT a~1c.. e. 
. t=\ 

t C. 

TT i- (1i) = 
j=t j 
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(II.25.I) 

. ~ . . s I'\, i L fd.X1.1., e, . . ' . 
= TI/·(1:. e. .._,._, ·· U ()'}~~>~ mj} t>.3 (~j) = (Il.25.2) 

·• 11. • t oo, a •· 'l. ., b ·1. 'Ii"'' 'l. 
e_(' '-· ·. . _i.r_ mk ( 'lL!'•-xd.+y4-""1'l 

=.~;,;'1.)- • J•11JJ.iGJi )"l~j -l'n~ (?_ :l_ hi~ ~d1',l ••; d)(,I\. e_ "-=I Jsl j• (I!.25.'.J) 
0 • 

Iloxcrauu Cl)Jta 'j-j B B11,le ('.37) H 38.lleHJIJI_B lllHOUTeJI.IIX ~-J..i)'j';\,j-11'1,i} 
Chuo c;n;e.taHo B n.5, Depe11eJU1He x ~ Ha npoll3BO,ll;HHe no i,_ , noxY.,aelll 

~ • . r-,, ' ::e 'l. 

~ :) -e. ( e. r, I'\, • o ~ · -~r ..!!!.II F(l''t···\>,, ""(hi) .) 1l.!J.1~j~C.i·'l11-. -tn.· e 2. k•l d-k 
o J-=I 'L"I l "b \>, .) 

t\. • " 

S I I \ ~ t'«-)(.d. +t) A.«/?, X,._,Ci 
<l)( •.. d.XI\ e_ "- l ~=I 

I , 7 

,· xax :iro 

(II.26) 

r,11;e A,._v:,,-u.e11eHru Karpmnu "(44). C:rpo.e:11 imrp11nu lie.ii II Bcer,11;a J111HeilHo 3aauc11w u:i-3a 

roro, q:ro \l. Bllpa:a:8.ll:rcs ronxo qepe3 pa3Hocr11 xi • 3ro, .e:ax H3Bec:rHo, BeJter x 3aEOBY 4J . 
coxpanelllla llOJIHoro 4-mmy.uca. H3-3a 3a.auc11uoc:ru crpo.e: ll <:.ij II oxa31,1aae:rcsr ococ5eHHOII 

imrp1n:1a I\A«.g II II ycxonaercs 11n:rerp11poaaR11e no xi • 0,ll;l!H cnocoll B3HU 11n:rerpax no )(; 
- c,11;eJ:ar!> 3aKeBH 14 

I . • 
JC.;_ =X;_ -')(.,._ '\,= I,2 ••• tt.- I . 

) 
(Il.27) 

Ilocxe a:roro HHrerp11poaaHue no Xtt. cpa3y :re ,11;acr 3aitOH coxpaHeH11s 4-HllIIYJ11>ca, a ocraamaacsr 

B a.e:cnoHeH:re xaa;n;parllllHaa ¢opua y:e,He 6y,11;e:r ococ5eRHOlt u 11Hrerp11poaaH11e npoao,11;11rca 6e3 

rpyxe. 14 • Bllecre x,., w uo:ex BH,ll;exun JIDc5oe ,11;pyroe )(i • 0,11;Ha.1to ace paaHo 3:ro:r cno

co6 HecHllllllerpneH. Cnmerpilqimlt cnococ5, npeµo:reHHHlt Hauc5y, 13 cocronr a ;n;onoJIHeHl!n 
uarpunu A ,11;0 Heoco6eHHoll uarplfilH A1 c·:iJ1eueHraU11 

f\ a.e, = f\a.e. + \1i<l.Q. (Il.28) 
) 

BJNncieHHH BHrerpaJia c :ruol ua:rpxnell II B nepexo,11;e x.npe,11;eJIY >.-+O B oxoffqareJ11>Hou pe-
....,_ I'\. • h., ( 3YJil>Tare. ~= xax •, b t. ~ 11.• · 

~ "- L:,. r«.l'<L + c;;- t\a.B x~x.B 
I I d..-1 · ,_ a. ~, 

d.)( I •·•C\)(I\. e_. l = 
r 

(4lt!.i.)"' - \ B ... e. \'a. re. 
= --~-...,....-, e.. 

he.t N. \DdcA: I (Il.29) 

r,11;e 11 i,..e II - ua:rpuna, oc5paTHaa x A1, :ro 
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~ . ze . e. m't. 

F (r,--·1> .. ) =~x'l.i)"(IIT.t.)-t) U cl.ti f J..} ic.,. tj°L -m\ e. -t t .1.: 
D j:\ ~ t-=-\ ~ ell';, j J 

• I\ 

• n. -1 -½' B'CI(.~ Pa.h. 
\'..-i."1 ---,-,---,-,-,.. r, .t&, 
}.➔Q 4-t,l ~ \'hut'\\ '<.. I = . e. n,1 

trt " · ) _.1..r.
=(41tti,\l\.li-n,.f J flJJ.l~lr_ci))'~ ~ . - m.; e. ,_ k,.I .1.1< 

o J:l 1.:1 p,_. " 
(._i:r.)" '(; ff:_ P""-) -1,_ e. -ti~, B..,. t ... l'q,, (II.JO) 

. ½~, D 
r.11e 

D ==- _J---:-~-}. A_' \>.,,o (II.'.31) 

n. ])u/\(«Q.)(">-") -bet~l"-'6i(0) _ ~ D-ei: t\(c1..k,(\<) 
B~=u~-------------::.-----

... ~➔O :kt t\0-) D 
(!I,32) 

t,..(. ... D.) II t\c.c1.." tk)03Ha'!aDT IDIHOPH :ua.Tpll!Ul A, noJiy'leHHlle B pe3yJILTaTe B!ltlepXIIBaHIIH yxasaHHHX 
) . 

CTpOK II CTOJI6qOB, 13 

OT11eT1111, '!TO B n,5 B qiopyyne (47) noxasaTeJIL sxcnoaeHTH cpasy co.11ep:an aeoco6eHHYD 

lla.Tplley na.11paTll'IHOl! {jlopw. Ty poJII;·, KOTOPYD y HaM6y 11rpan riapa11eTp ).. , B_ n.5 BHnOJil!H-

JIii LtaTPll!Ul xoppena~l! IIIIHllllll311PYD~IIX naxeroB, 

BapazeH11e (II.JO) - 3IO TOT npe.11en, It KOIOPOMY ,llOJIZHO CTpelll!TbCH BHpa:eHl!e (52) B npe

.11ene COCTOHHllll C ·onpe.11eneHHHIIII llllIIYJILCaMII, T,e. xor.11a BCe a..~~ 

3a11eqaa11e o 80nonHeH1111 :ua.rp11Ijll CBH311 io xBa))J)aTHol! Heoco6eHHOll 11aTpllljll II o nepexo8e 

x IIHTerp11poBan11D no xon:rypnu1111unynLca11 

B (jlop1,1yne (37) 11 B .11anLnel!m11x {jlop111nax (jl11ryp11pyDT sne11enru LtaTPll!lH CBH3el! C = llc-tjll 12 • 

Houep c:rpox11 t. ecTL no11ep BepmllHH, a HO!,iep CTOJidqa j ecTL HOllep JIIIHIII!. 3Jie11eHTH c.;j . 

PaBHH 

Ci,i = I 
C;j =-I 

C·· = 0 
'l 

eCJIII Jll!HIIH j 

eCJIII JIIIHIIH .I 
ecJIII JIIIHIIH l 

BXO,lll!T B Bepm11ny 1. 

BHXO,llllT 113 Bepml!HH 1. 

He BXO,lll!T II He BHXO,llllT 113 BepmllHH 1. 

IIp1111ep I. CodCTBeHHM 3Hepr11H. 

I 

~ C. = 

P11c,3 

I 

-I 
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- I 

I 

IIpaxep·2. qe:rupe::mocTxa. 

!, ' Ji I - I 0 0 

C, I - I 0 
C= 

4 t 

~ 
0 0 I -I 

-I 0 0 I 
PB 

't' f 

Kalt CJl8)tCTBl!e Toro, 'ITO ';\, j cyn JlllmL pa3HOCTlil X;_ , paar 3T.IIX llll.Tplilq Ha e,ltl!Hl!ey HHZe 

pa3llepHOCTH, :r.e. Bcer~a O,llHa c:rpoxa eCTL JIHHel!Haa K0116BH8.qi'IH .JlPYrllX, 

OT ocodeHHOA WTpl!!Ul ., B006~e roBopa, npH11oyroJ1bHOl! Jal.TPllllll C 110%1!0 nepel!TH X 

aeocodeHHOl! 11 na_itpa:raol! c.' • IIepexo.11 ocy~ecTBJIHeTca cJie.JlYDJll]IJ( 06paao11. 

~) B!ltlepxHe11 nocxe,llHDD c:rpoxy imTp11qa c. , qro coone:rc:rBye:r 11cxxD'!eHHD nepe11eaaol 

JC."' • nepexo)O' x nepeiieHHHII .x';_ (II,27), :rair q:ro 

ll-1 
IA.-:,;.._- ~! C. •• 
4"J fu ,. 'tJ 

(II,33) 

2) :BBe.11e11 aeiroropae Ho Bue, KOHTypl!He nepe11eHme x.' i ( i :a n.
1

11+i..., ••. t) , xo:ropue 

,llOdaB.UD:rca · It KaJ:JtOMY ~ · Op!! 06xo.11e Jl8,JIHOro KOH:rypa. Dpll lfOl! TU B.1111 BIIHII cnoco6ox 
j / . . 

BH,lt8JIHD?CH H83!1BBClillme XOHTYPH, II nepe11eHHHe xi npanBCllll&IITCS TOIILIO He3aBl!CIIJIHJ( XOR-

Typall, He3aBBCHIIHX KOHTYPOB POBBO t- (.n-1) , :B pesyJIL'Tate Bee ~j 31U1811HDTC8 Ha 

' q_ 
I .._- I / 

I}· -=- L.._ ". C. .. 
J -i:=ol \ 1.J j=-1 ... e. , ' (II.34) 

xoropae Bee. H83a!IHCBIIH B OTJIBUe OT ';!- j , 

3) q:rodu .11oda11neHHe HOBHX nepe11eHHHX He cxasaiiocL Ha 811DJIJITJ'.ll8 
I 

(HJIB (II.25,I) ) ,11;06ae1111 IIHTerpHpOBaHHe 110 IOHTYPHHII nepe11eBHm1 x\. 

f.(1'1 ... \>n.) (38) 

i! fi C HOll8pa11H 

i.-:e "-, n+1 ... t 
l 

~ · -i Q tt.. ~ e. ~ l i. r_: r~x~ l • 
F(k··\>11.)=~ jl-tt..)Ii 'o 'L.~~ TIJx';. TI Ar~ e ""' - 11 flc.{4~) 

11' k.tl '-) t:l l'=n _ j:I J -4j 
(II.35) 

r{ =\'i np11 i = 1, :·· tt.-1 • 
I • a C- · 

EcJIB BllllOJIHIITL HHterp11poBaH111e no r:. C 1.= 11.··· ~ , ?O B03HIIKBYT . 0 -q>yHXqHB 

S(x\ ),i=h.·-l, B ,llaJILBeDmee IIHTerpmpoBaHBe no ll,r c. i.-:: I'\.··· t np11Be.11e:r It ltCKJID'leHIID 

B nepe11eRHllX xl C. i = I\, ••• e, , TaK 'ITo, B qac:rHOCTH, « ;_ nepel!,lly:r B U • 
. 4J . 'J 
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L_ 

Ma:rpana \lc.'q I\ , noc:rpoeuuas yxasa.Bl!llll cnocoeloll, yxe ue Cly.ite:r ocoeleuuoll. IIpaBe.itell 

npBllepll. 

II~• lmarpawe pmc.3 coo:rBe:rcnye:r 

c! = 
I 

I 

-~ II 
(!-i = I/2 11-~ ~ II I } 

iaarpaJ.11,[e pac.4 coo:rBe:rc:rBye:r 

I -I 0 0 

c!= II 
0 I -I 0 

0 0 I -I l 

I I I I 

npaKep 3. lHarpawe pmc.5 coo:rne:rc:rBye:r 

-I 

j' <'• : 

3 ~ 1 ~-'""r~----e----"I""" 

I 

0 

-I 

Pl!c.5 I I I 

3.iteCL npHBe,1teua H nHmnss c:rpoxa Ka:rpH!lll C 

n~. lmarpwe pmc.6 coo:rBe:rc:rBye:r ,., i 
4 .!, 3,' I -I 

5 I (_; 1-C 0 I 
~ 

0 0 

(, (, 1 0 0 
5 Pac.6 i e,' = 

0 ·o 
-I e 
I I 
0 0 

3 2 I I 

~-1= 
-I 2 I I 

-I -2 2 I 

-I -2 -3 I 

, no,1tnexamas BLl'lepxHBauaD. 

0 0 0 0 0 

-I 0 0 0 0 

I -I 0 0 -I 

0 I -I 0 0 

0 0 I -I 0 

e e e I I 

I 0 0 0 I 

0 I I I I 

3,1tecL nauellno 3aBBCHMas c:rpoxa BLl'lepxuy:ra H 3aKeneua .itBYllll xou:rypuIDOI no qmcny ue3aBBCBllllX 

xou:rypoB. 
R:rax, xou:rypHHe c:rpoxa nonyqaD:rcs pacc:rauoBxoll I HnH -I npm oelxo.ite no xou:rypy n 

24 

COO:tBe:rc:ra~H C uanpaBneuHel( llBll!H. C:rpoxH, COO:tBe:rc:rBYDIItlle BepmHBrur, XHmL XHBelluo ue3aBB

CHllll Kex,Jty coeloll,uo ue op:roroBMLHH. To xe o:ruoca:rcs H x xou:rypuw c:rpoxrur. B :ro xe BpeKa 
• mu:repecuo, q:ro Bee xou:rypBHe c:rpoxH opo:roroBaJILBH Bcell c:rpoxall Bepmmu. 

Bupaxeuxe (II.35) 3anzmell xpa:rxo xax 

·,.._, 1 r~VL )~t ~ 
F(1>1···1' .. J"" Cg.: )'t(t-'1.) 1) \.._L~1c.. n dpJ'. F(r.' ···t>D, 

Jt k.~1 J"'"' 

r.ite BH.itexeuo Hu:rerpmpoBaume no xo2~_:rypuw HllIIYXLCall p { ( ~ :.11.. ••• t) . Tax xax w:rpr.uia 

ueocoeleuuas, :ro B BupaxeBHB .itns P (p; • -• Pt} nerxo nepell:rm x HB:rerpapoBaBHD no ta' 

~

t ~ I -1 TIJ. I F ~( .. •pe,) == 1)e.t l\c'.,:j\\ i.~1 ~i. 

IIo.itc:rauoBxa ~c, B p - npe,JtC:t8.BXeBBH 

t 
• "'i""" I--( I I 
'\.~Ci: \'• U· 

',Pl J t. cl'l 
Q... 

c. , " ) ik- '. L\j (_~,) =- Jk. Q.. l'!J 
J '-.ir.)'1 J 

1 
k~+""~ 

l J 

no3aoirne:r cpa3y xe B3ll:tL Hu:rerpax no Bce11 ';} ! H k j 

e. 
TI 6. c._ ( 1'· ) 
j:\ J .) 

~ re. · .i i \~ 1 
F Cr1 --·rD = D~l\c'ii 11 ) ~,d~ S(.ki + ~ l'i c.';J J Th ~f +1>1f = 

1 ~ i 
= -~-t-l'-\c:-,,-.\\ 11-e:t~b-! c.-1~1)~+l'l'l~ 

1 J i. r, t.j J 
Taxall oelpa30111 noxyqae11 .itns al!Ilxa:ry,1tu BHpaxeuae 

"' i r~v.. \CQ. ,t 
F(r, ... l'i.J = ~r.)"tt-11.)~ \\cijl\ ~ \.t~}"-J) TI}fk. ~\ 1. 

ff_ b( c!:~)'-+ nt~ 
~, r, "l l 

3:ro BUpaxeBHe ,ltXll ~elll!l.!a!IOBCKOII allDXH:ty,JtU HB:repecno :re11, q:ro Bllec:ro BB:rerpapoBaBHll nQ 

HIIIIYXLCW[ XHBHII OHO CO,ltepu:r KB:rerpHpOBaBHe no BllIIYXLCBll xou:rypoB, q:ro HBOr,Jta oxa3HBae:rcs 
Y.ltOClBUU (JlaB,Jtay ). 

B 3axx~euHe aB:rop Clxaro.itapm:r E.H. BaxyeBa, r.H. RonunoBa, M.A. MapxoBa, B.J.OrBeBen
xoro, M.H. filHpoxoBa 3a oelcyl(,ll;euHe. 
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