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YCHEXH PH3HYECKHX HAYK

TEPMOAMHAMUKA TJIOCKO# IUINOJIHHOM
PEUWIETKH

10. B. Pynep
BBEIEHUE

IpuMenenne MeTONOB CTATHCTHYECKO! MEXaHNKH K CHCTEMaM, CII0Co6-
HBIM cOBepluaTh (pasoBhHe NEPEXOIB BTOPOrO pola, BCTPEYaeT cepb-
€3npie MatTeMaTHyeckue TPYAHOCTH. [Jas Toro uToOH yCMOTpeTh
TIPHYMHY BOBHMKAIOIMX TPYJAHOCTEH, HAMOMHUM KOPOTKO, B YEM 3aKJio-
4aeTcd OCHOBHOE pa3iuyue MemAy «PasoBHIMM NepeXoiaMu IepBoro
H BTOpOTO poja.

B ciayuae mepex0n0B NMEpBROrO poja, NPOTEKAMMX C BHIIEIEHHEM
Tema, NO o0e CTOPOHBl TOYKM HEPeX0Aa CYLLECTBYIOT MeTacTaGH/b-
HBle, TEPMOIMHAMHUECKH HEYCTOMuMBLIE COCTOfHMA. IloaToMy BO BCEM
IMaNasoHe W3MEHeHWst TEMIepaTypn cHcTeMa MoxeT ObTh OnMCaHa
ABYMS TepMomuHamuueckumu morenumanamu D, (p, T), @ (p, T);
Hike Touku nepexofa @4 <@g, Bume Touku nepexopa P4 > Dp .

Orcioga caenyer, uro Touka nepexona T =T, & KOropo#
O4(p, Tg) = Qg (p, Ty), ABAICTCI B MATEMATHYECKOM CMBICJHE OOLIY-
HO# TOUKON I TEPMOIUHAMAYECKHX TOTERUNaNoB, 1 pyukumn ®4 (p, T)
u Pp (p, T) He NOMKHBL B Helf MMETH OCOGEHHOCTD. ,

Usaye obcTouT neso B cayuae ¢a3oBoro Iepexosa BTOPOro pona,
npoTekaiomere 0Oe3 BHIACJSHHA Temnra. 34ech He CYIUECTByeT B Tep-
MOJIMHAMMYECKOM CMbIC/e MeTACTaGHJbHLIX COCTOSHME] XOTH Hepeox-
JaXEHHBE COCTOSHHA YaCTHYHOTO DaBHOBECHS, CBSI3dHHEIE C OOJbIIHM
pasiuyueM BpeMEH peNaKCalny, H MOTYT CYUIeCTBOBATh. '

XOpowio H3BECTHHIMM TOUKAMK TEPEX0Ja BTOPOTO PO SIBJIOTCH
Toukn Kiopn y ¢eppOMarHeTHKOB, TOUKA MEpexXoia KHUIAKOTO Trejus
B CBEPXTEKyYee COCTOSHHE H TOUKA NEPEXONA METAMIHUECKOrO MPO-
BOJHHK4 B CBEPXIPOBOIAUIEE COCTOSIHHE.

PapHoBecHass cucTeMa ONMUCHIBAETCS BO BCEM JAHaNasOHe M3MEHEHMHS
TEMNEPATYPH ONHMM TEpMOjMHaMuueckuMm nortennuaiom D (p, T),
MMEIOHIMM B TOUYKE TNepexoia HempepuBHYIO npomasojuyio. [lepexon
OOHAPYXUBACTCS B HANMYWH PA3PHIBOB B BHICWIAX MPOH3BOJAHBIX (Hampu-
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Mep, B CKauKe TENJOSMKOCTH HIH B CKaYKe NPOM3BOJLHOH TEMI08M-
KOCTH TO TeMmepaType).-OrTciona caenyer, 4To TOUKA (Ha30BOro mnepe-
X042 BTOPOr0 poOJa 9BAAETCH B MAaTEMATHUECKOM CMBICIE OCoOOH
TOUKOM TEPMOAMHAMMYECKOrO MOTEeHIMaa.

B a70M ¥ AEKHT [PUYMHA BOSHHUKAIOLMIHX MATEMATHUYECKHX TpPY.I-
Hocteli. Kax mspecTtHO, mMoOble NpUONMKEHHBIE NPeJCTABJIEHHS aHAMM-
THYECKOR (YHKUIME AeNaloTCHd HEeNPHMEHUMBIMH B OKPECTHOCTH 0COGOH
rouku. IlosroMy nang onmcanusd cucreMnl BOJM3H TOYKR HEPEXOHa BTO-
POTO pola MEL BEIHYMAEHE [OMb30BATLCA JHIIL TOUHBIMU BEIPAXKEHUAMHK
A9 TePMOSKHAMHYECKHX (YHKUHH H He MOKEM UDHMEHATb OPUG/IH-
KEHHBIX | METOIOB. 910 06CTOATENLCTBO KpaiiHe CyXMBaeT Kiacc
CHCTEM, By KOTOPBIX TeopeTmecxoe paCCMOTpeHHe MOXKET OHTH TpPO-
BEJEeHO 10 KOHIA.

O6miasgs Teopus (pasOBLIX NePeXONOB BTOPOrO pojia Obija LaHa
JI. O. Jlanmay *. B ero TE€OpHH CHCTEMd ONHUCHIBACTCH TEPMOIMHAMMYE-
ckuM morenunatom © (p, T, E), 3apucsiuM OT TPEX NEPEMEHHBIX.
Jonoasnrensnad Iepemensas & uMeeT B nepsoil (ase 3HAYEHWE HYJb,
a BO BTOpOH ¢aze ~ OTJHUHBIE OF HYJIA NOJOKHTEJBHHIE UAH OTPHUA-
Te/JbHHIC 3HAUEHHA.

Iepemennad & B W3BECTHOM CMBIC/E HE paeﬂonpasﬂa ¢ nepemen-
HHMA p, T; B TO BpeMs Kak [JaBICHUE M- TeMIIepaTypa MOTYT OHTBH
3anaHbl IPOM3BOLHO, PEAJbHO OCYILECTBAAOWEECH 3HaueHne & camo
IOKHO OHITL ONPEAEJNCHO M3 VCJIOBHS TENJIOBOIO PaBHOBECHH, T. e.
u3 ycjaosua MuHuMmaiasHoctd @ npu samamubix p u T,

OcCHOBHOe TOPEANONOMEHHE TeopuH JlaHAay 3aKMOUYaeTcs B TOM,
ur0 BOJMSH TOYKH (Pa30BOTO MEPEX0ia BTOPOro poia, rie & npuuuMaeT
CKOML yroZHo Manoe sHauyenwe, ¢yuxuus P (p, T, §) moxer OuThH
pasioxeHa B POl To- cTeneHsM E.
© Onnako, kKak nopu&pkmBaer cam JI. J. Jlagaay, BO3MOMHOCTH
TAKOr0 pasJOXEeHWs OTHIONbL He ouveBMIHA. bDojee TOro, NOCKOJbKY,
KaK YKe YKa3bBaJioCh, TOUKA Hepexoja BTOPOro poja AOMKHA OHTh
HEKOTOPOH 0C0GOH TOUKOH TEPMOIMHAMHYECKOTO NOTEHLHANa, ecTh BCe
OCHOBAHHS OXHMEATh, YTO TAKOE PA3jJOKEHHE He MoxXeT OhTb NpOu3-
BENEHO BILIOTH [0 4ICHOB NPOM3BOJNLHOIO MOPAAKE, d KOIPPUUHEHTH
Pa3JOKEHNS MOTYT MMETh OCOOeHHOCTH Kak ¢ynkuwd or p u T.

ITonnoe BuiscHeHME XapakTepa OCOGEHHOCTH TEPMOLMHAMUYECKOTO
NOTEeHIMaMa B TOUKE Hepexcna CBY3aHO ¢ OGOJbUIHMH TDYIHOCTIMM.

[Mostomy mpencrasasger 3HAYMTENLHBE WHTEpEC pAaCCMOTpPEHHE
CreunabHbHIX Mojedell, nomyckaiowmux (asosbie Nepexolbi BTOPOTO
POAa, WCCAENOBAHME KOTOPHIX MOKHO TpOBecTH 10 Konua. Enmnctses-
HOI TaKOUK MOIenpi0, H3BECTHOH B HacTOodulee BPEMH, ABAAECTCHE CHEHM-
anpHas MOJejb MJIOCKOM AMNOABbHOE pPeiidTKH, NOAPOCHO PacCMOTPEH-
Has B paGore Oucarepa® M pale NPUMBKAIOWHX K Hel pabor.

ITpyMenss HOBYIO OPHTHMHAJBLHYIO METOJMKY, OCHOBAHHYIO Ha LIMPO-
KOM TNPHMEHCHHMM MaTPHUYHOro ucuuciaennd, OHcarepy yaaioch BBIYHC-
JUTH TOUHYIO (DYHKUHIO pachpejefeHnd  AJA DPACCMOTPEHHON MOJENN
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BO BCEM [uana3oHe H3MEHEHHS TEeMNEPaTyphl U -HCCAEJ0BATHL XapaKTep
0COGSHHOCTH TepMOAMHAMHUECKNX (YHKUUE B TOUKE Nepexoja.

[Mepponavansnas mertonuka OHcarepa OCHOBaHAa H4 TNPHMEHEHHH
OYeHb CJOKHBIX M CHELHaJbHHIX anre0pandecKux METOAOB, UTO IENAET
eé MajJo JAOCTYNHOH ¢usmKkaM. 3HAUNTeAbHEIH [POrpecC MH HAXOIUM
B pabore Kaypman?. B stol pabore Ieab NOCTHraeTcst NyTEM TNpHu-
BJeUEHMs] TEOPHHM CIIHHOPOB B MHOTOMEPHHIX npOCTpaHCTBax TaKxe
MaJo JOCTYNHOHK (H3MKaM.

Henp wnacrodwero ofsopa 3axjaiouaercs B TOM, llT06bI M3JI0KHTD
BECH MaTepyas] MO BO3MOXHOCTH 3JEMEHTAPHO M CheJaTh €ro LOCTYyI-
HEIM Gosiee IMPOKOMY KPYry (HU3HKOB-TEOPETUKOB. . ,

K coxanenmio, uanaraemasl 3J4ecChb MeTOAWKA, KOTOpas B Cclyuae
NJOCKOH peI&TKH pewiaeT 3ajauy J0 KOHNA, HE o600maercsd HeEno-
CPelCTBEHHO Ha cJayuaht Tpé&xmepHoit pemértku. Crenyer, OIHAKO,
AyMaTh, 4TO JaJbHeHIIMA TPOrpecc He MCKIIOUEH M 4TO HCCISHOBAHUSA
B 9TOH 00JACTH MOTyT CTaTh OOCLIAIOIUMH. .

Mbl MCTOML30BAMM TOABMBIIMHCS HeAaBHO o63op #, OoT coAepaHus
KOTOPOrO Halla CTaThsl CYIECTBEHHO OTJMYAETCH Bb160p0M U H3J0XKE-
HHMeM MaTepuaia.

A A
Ham npungrcs MMeTh 1€J0 ¢ NOHATHAMH upsamMof cyMmMb A—-B

A
H OpPEMOro NpOW3BejeHus Axg IByX wmarpuu., Kpatkme celeHus
00 3THX. ONEPANHIX YATATENh HaHI&T B npmomeHHn GoJee TIOJHBIE, —
Hanpumep, B S,

Mel BhiHecaH B IPUIOKEHHE TAKKE 34184y O PaslIONKCHUH moGora
BPalISHHA B 27-MCDHOM KOMILIEKCHOM TPOCTPAHCTBE HA TOCJAENOBaE-
TeJbHHE IIOCKHE KOMMYTHPYIOUIME BpAauleHHsl B # B3aUMHO NEpHeHIu-
KYJAPHBIX IJIOCKOCTHX.

A
§ 1. MATPVMIIA PACIPEIENEHUA P

PaccmMoTpuM nAOCKYH0 [ABYXMEPHYI0 KBAIPaTHUHYIO peHIETKY,
COCTOAULYI0 M3 M CTOJAONOB, HA KAXIOM M3 KOTOPHIX Da3MeliecHO
00 7 y310B. Mn OyleM TOBOPHTH O pel8TKe, COCTABJCHHOH W3 m
ctoubuor u n crpox. HamoxmuM Ha PEIETKY yCJOBME LMKJIMUHOCTH,
3aMKHYB €& B O0OMX HANMPABJEHHSX, T. €. OTOXAeCTBEM (m—-1)-it
cronberl ¢ mepBbM cTOAGIOM H (72— 1)-10 CTPOKY € nepBO# CTPOKOH.

B KaxIOM M3 Y3/I0B peUETKM HOMECTHM WO JMIONO C OCSMH,
HampaBJeHHBIMH MEpPNeHAUKYIIPHO K IJIOCKOCTH pemdtxu. Kawawii
U3 JUNOJEH MOXET MMETb OLHY M3 IBYX BO3MOMHBIX B3aHMHO TPOTH-
BOMOJIOKHEIX OpHEeHTalui, OquH,ZLHO, 4TO Ofiee YHCAO BO3MOMHBIX
KOHUrypauuil Iumosel B pemstke pasno 27, )

Jing onmucaHus pasiHYHEIX KOHQUIYpaUHR NOCTYNHM CJAEAYIOLULHM
obpasom. Ilpunviiem KaXJIOMY AMTOMO AHCKPETHYI) NEPEMEHHVIO G,
cnoco6uyl0 NpPUHMMATh JUIIL J1Ba 3HaueHusa: a== -1, ecam aunonn
OpPHEHTHPOBAH HANPABO, M & == —], eCJ/H JAUNOJb OPHEHTHPOBAH HAJEBO.
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Hanee Bpen&M m GyHKUHH v, OT # JIHCKPETHHIX IEDEMEHHBIX. Gy,
Ogye vy Oy

"kL—"vk(Gl’ 527',~ '76n)‘ (171)

Kaxnas w3 ¢yskuuit v, cnocofHa npuHuMaTh 2" IMCKPETHHIX
3HAUEHMHM M KawJaoe M3 HUX MOXeT ObTb HCIOJLBOBAHO LJS HyMepa-
uun xonpurypauu# sunoxse#i na R-m croabue. DBpengm, .Haxowmel,

dyuxnmio C OT 7 TMePeMeHHHX ¥y, Vg, .. .,%,

CZC(V], VE,,,,’V’"). (1;2)

Ouepuano, uto ¢yuknua C cnocobHa TPUHEMATE 277 NUCKPeTHHIX
3HAUEHMH, KaXJ0€ U3 KOTOPHIX MOWET ObITH MCNOMBL30BAHO AJT HYMe-
paunn KoHdurypauu#t pumonefi B peluéTke.

Hns TepMOJHHAMHYECKOrO ONHCAHMS PEIETKH Mbl JOIDKHE BBIUKC-
AUTh (QYyHKIHIO pacnpeleneHus: '

Z(T) = Y, exp (—E (C)|kT), (1,3)
’ <)

rae E (C) — saBucauias ot xoHGUrypauMd IUMOJeH SHEPrus UX B3au-
mojeicTeus, T — abcomoTHas TeMmepaTypa M CyMMa pachmpocTpaHe-
Ha TO BCeM 2™ BO3MOXHEIM KOH(QHIypauusM IHNONEH B pemETKe.
Ouepunno, ur0 Bepaxenne maa Z(7T) moxer OHTbh TepenuCaHo
B BHIE

ZM) =N ... Y exp[—E (g, v ) RT],  (1,4)

rie Kaxioe W3 CYMMHPOBAHMI BeNSTCSH HO BCeM 2" BO3MOXHELIM KOH-
¢durypaunusam Iunonefl B cCOOTBETCTBYIOWMX cToAOLAX,

Ecan  orpammunThCst  TOJBKO  YU&TOM SHEPTHM B3aHUMOAEHCTEBHSA
MEXAY OrxaiflinMy cocelsMH W Npenedpeub B3aMMOLEHCTBHEM MEWKLY
fonee OTAAAEHHBIMEA AMOOAAMM, -TO KOH(pArypauMOHHAd  SHeprus

E (v, vgy. . .,Y,;) MOKET OHTb NPENCTABJEHA B BUIE
k=m ) ‘
EOyae e v = % Vil Vel +)) (L)
’ -

rie Vy(v,) — sHeprus B3aUMOACHCTBHA AMNOJEH, PaCHONOKEHHBIX
Ha k-M croabie, U Vy(vp, V1) — 9HEPrHN BI3AUMONEHCTBHI MEKAY
IMTONSMU ABYX cocelnux cronbuos. Torma Z (T) npeicTaBuTCd B BHAE

’ ) kE=n ) V(v
Z(T)zZX... Z nexp{_g}(vk)}exp{ V(ZTk+‘)}-(1:6)

) () () =1
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: ’ A A
Bcau rteneps spectn XBe 27-punHpie Marpuis P, u P, (43 Ko-

: N
TOPBIX Pl .U.PlaI‘OHaJIbHaﬂ) C 3JEeMEHTAMU:

(Vlﬁl\lv ) :exp{ _“Vl (V)/kT}’ (1;7)

A
(v Pg|¥) =exp [V, (v, V) T}
W NPHHATbH BO BHHMaHHE (OPMYJTYy MATDHUHOLO HCUHCIICHHS
A .
SPAW:EE - 2 AﬂlﬂgAﬂgﬂs' . -Anmn,, (1)8)
(ny) (n19) (nm)
TO (YHKUMS pacnpeleNeHHs MOXeT ObIThb 3allHCAHA B BHIE

A A
: Z(T)=Sp(Py P)™. (1,9)
Ecau  Boidmcants Bce 27 COGCTBEHHBIX — 3HAYEHUS MATPHUH
AN A
P=DP,P,,

KOTOpHE 0Co3HauuM uepes E (v), TO (pYHKLHSA pacmpejeteHns 3anu-
mercss B BHIE

Z(T)y=Y (E )" (1,10)
™
Jlas nanbHeHIUMX BbIUHCAGHHH HeOOGXOLHMO 34NHCATh SHEPTHIO
saauMogedcTeua Vy(v) u V, (v, v') B sasuoM Bune. Jlas storo oGosHa-
unm uepes I} u Iy — SHEPTHH B3aHMOIEHCTBHS ABYX COCCAHMX IHNOJEH
C OJMHAKOBOH M Das/IHUHOH ODHEHTALHUSIMH B OJHOM ¥ TOM e CTOAOILE.
Paccmorpum QyHKLMIO o ’ ,
— 1
|14 (Gk) 5k_+1): 11_2}«[2 + d 9 2 Or Ok 41, (1311)

’ ’
CNOCOOHYIO NPHHMMATH TOABKO ABa 3HaueHms: Iy, ecmu o6a gunons

OPHEHTHPOBAHEl - OIMHAKOBO, M [y, €CJ/IH OHH OPHEHTHPOBAHKI PA3JIHYHO.
Has dymkumun Vi (v), Bopaxamuefi SHEPrHIG B3aUMOJEHCTBHS
JHIOJE! B OLHOM ¥ TOM Ke CTOa0Le, HMeeM:

k=n ’ r ’ v kR=n
, n(l+1 I —1
Vi) = NV (54 5 41)= ( 5 2) +2 Y oepr (1,12)
k=1 k=1

Hanee, oBosnaunm uepes /; u [, SHePruM B3WMMOLEHCTBHS IBYX
COCeJHNX AMHOJIEH C OAMHAKOBOH M PA3JMUHON ODHEHTALMSIMH B OLHOMH
U TOH e cTpoxe. PyHKUHSA.

: 1 hWw—1 v,
V(op o)y =201y il g g (1,13)




250 - 10. B. PYMEP

Cnoco0Ha NpPHHAMATL TOJLKO JBa 3HaueHus: [, ecim 06a cocemHux
IUNOJS OPHEHTHPOBAHH OLMHAKOBO, M [, €Ciu OHH OPHEHTUPOBAHEI
PAa3JIHYHO.

Has dysknuu V, (v, v'), Bepakawoued sHepruo B3AMOZEHCTBHS!
Iunone#t IByX COCEAHMX CTONOLOB, HMEeM:

: k=n k=n
_J_ _—
v, 0, V)—-Xv(%; k)_n(h D) + Iy 12 chc;e. (1,14)
k=1, ~ =1
A A
-Msl moayuMM JJd MaTpHUHHX 3jJeMeHTOB Marpuu P, m P, no dop-
myaam (1,7) srpaxenus:

u=n 1
(v|P1 [v)__expnOIIexp Bckck+1), '
=1
=1 b (1,19)
(v]P [V) == exp nb, lIexp(Gc S, ) !
k=1 )
rie Ajs COKpAuleHHs MBI BBEIM CJIeAyioude  oGO3HAYCHHH:
— By = (1l S 1,)[2kT; ¥ :(Ié — 1))/2kT, }
— b= (I 1,)[2kT; 0= (I, — I,)|2kT. (1,16)

Hama 3anaua cocTouT Temeps B TOM, uTOOH BEIPasHTh 00e 27-psii-

A A
uple Matpuns Py u P, ¢ siementamn (1,15) uepes cumcremy OGoaee
‘TpocTHX 2%-panHuix Marpun. IloctymuM caenylomuM ob6pasoM. Dynaem
paccMaTpuBath QYHKLMIO @ () OT OJHOA LMCKpeTHOH nepeMerHofl 3
KaK JIBY ..OMMOHEHTHYIO BEJUYMHY

¢9={¢ (+1), v (=D
Tpu matpnun Ilaymm: ’
AL/ 0y A ony A /0—i :
“=<0—1>? b=<1 0>; ”“;(z o>’ (1,17)
neficTBys Ha ¢ (o), HaoT: -

a (‘QPTLK) — (gD, gD,
o

= {1 +hH 1
bw_l)) =D, g}, % (1,18)

As D )
c(‘?( \ ):{——icp‘”»b, LD ).
iy | =1 .
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$Popmymst (1,18) MoryT ObHTH KpaTKO 3amMCaHbl B BHE!

AT A A
ap () =05 ¢()  bp (=0 (—0) cp(5)=iop (~ 3). (1,18))
Beengm Ttemepb cucreMmy (2"-pﬂ11m>1x) MaTpHLL '

A A
Al! A2,..., Aﬂ’
AN A A
Blr Bz: very Bm i (1:19)
A A A I
Cl; Cz;- (T2 Cm 3

JEeHCTBYIOIMX Ha QYHKIUAIO ¢ OT 7 JIUCKPETHHIX  INEPEMEHHBIX
3(y Ogy...y Op—_1, O,. Dyldem paccMaTpusaTh (YHKUMIO @ Kak 27-
KOMIIOHEHTHYIO BEJUYHHY C COCTABJIAIOIHMU BULA

o (=1, ==, .., ==
A A A
Omnpepemum matpuusnt 4,, B,, C, Kak OHEPaTOPH, BBINOIHAOILLHE
caepyomue nefcTBHA Had QYHKIMER ¢ (G5, Oyy. .., 5,):

1
Ak‘P("u“z:--- Spy v 3 9) =% (0153 - ..+ %), ,
' 1,20
Bkcp(ax, T B =8 (e (9.3, i (1,20)
Ckcp 51y - vy Tpye v 5 8,) = 10,9 (0y. .« (—ck) cn)
A

Hpmmmaa po sBuuMmanme (I, 18'), JIETKO BHIETh, YTO MaTPHUE A,

A
B, Ck MOryT OBITh 3aMHCAHBEl KaK IpAMBIE TTPOM3BELERHAS CJIELYIONMX

MaTpuLL
AN A AA A
Ap=eXeX... XaXeX...Xs,

A A A A A A
By=zeXeX...XbXeX...Xe, } (1,21)
AN A AA A
Cr=eXeX...XeXeX...Xe,

A

rae uepes e oCo3HaueHa €IHHWYHAA JBYXpAAHAS MaTpHOA M MaT-
AN A
punm @, b, ¢ croaT Bo Bcex mpousselenusx (1,21) Ha MecTe k-ro
COMHOKUTENS, ~ ‘
AA
Ws ompenenenuti (1,21) caenyer, uro Bce Marpuusl A, B, C,
DX PpAa3JUYHHEIX MHJEKCAX HepecTaHOBOYHH JAPYr C APYIOM, a IHpH
OLMHAKOBHX MHIEKCAX CBA3aHH MEXLY co0OH Tak e, KaK ¥ MaTPULLH
IMaynn, dopmynamu
A A A AN A AN A
AB,=iC,; B,C,=1I4, CLA,=IB,. (1,22)
v A A ALK A
Brlpasnm rtenepp Matpuuns Py m P, uepe3s Marpuunl A, By, C,.
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A
Marpuuna P, nnarouanbﬂaﬂ l'IoaTomy, nockoabky us (1,20) cae-

Ayer Aasg JoGoH q)yuxunu f(AkAk+1) .

f (AkAk+ 1) e (Gl- s 'Gn) = (chn + e (s.. )7 (1,23)
Mbl MOXEM €& Cpasy NpeicTaBuTb B BHIE:
k=n
AN , A A
P =expniy J] exp (64,4 1). (1,24)
b=l o S

Marpuna P, He nuaroHalbHAd M MOoxerT OHITH NpeCTaBjeHa Kak
npomsBeNenue umcaa exp (n8y) Ha mpsamoe mpousBeleHHe M3 1 ABYX-
PARHBIX MaTpuUIL T ’

o A ¢ e\ e ety T

A A A A A A :
=expnf, (ce® - be~) X (ce® 4 be—) X .. . X (ee® 4-be—?). (1,25)
: o A
Bocnosbsopasumck ¢opmyaott (1,21), M noayuaem ans P, Beipa-

KeHue
’ k=n

P, — expns, I ¢ +Be). (1,26)

k=l
A A .
Quesunno, uro B cuiay (1,22) matpuus P, u P, He nepecTaHOBOYHHL.

. : A A
Iockombky, onHAKO, cJel NPOM3BEIEHHA IBYX MaTpuu P, u P,
He 33BUCHT OT MNOPAAKA COMHOMHTENEHR, npH BHIYKC/JICHHH (yHKLHK

A A
pacnpegenenns Z (T) = Sp (P,P,)", NOpsnok COMHOXHTeNeH He HveeT
3HAYECHNA, :

WTak, MBl MOJAyuAMM A MATPHLH PACHpPENHEHHS BHIPAXKCHHE

k=n k=—n

P — exp (- n6) [ exp A Ak_H)I[(e”—{—B e—e) (1,27)

k=1 k=1

OrMeTuM, 4TO Hajuuyue Y (YHKUUM PachpeiesieHuss MHOHTENT
BHZE €XP (C/kT) HECYIECTBEHHO A OH MOXeT ObiTh OTGDOLIEH.
dinZ
B camom nexe, B cuny E = kT? a7 HaJMuue - TAKOrO0 MHOXH-
Teds 060sHaudeT nobapjeHwe K 3HepruH E CHCTEMB HECYLICCTBEHHOH
anauTupHOH mocrosuHo#t C. I[loaromMy B jaibHEHIICM MBI BCIOAY -
B MaTpulle PAacHpeieseHHs ONYCKAeM MHOXHTEIb eXp (n60+/?60)
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W TiHINeM e§ B Bpme

P— I[exp(eAkAkJrl)]I(eﬂ-,-Be—v) (1,1

k=1 k=1

-

Ilpouspeném eul,e OJHO (popManbHOE npeo6pasoBaHne BBIpaXeHus (1 26)

AN MATpHILH P
Honoskum: : ' , -
C e =pchl% ¢ =pshb® (1,28)
OTKyLa Hahngm: )
p=VIH; thor—e 0= Linctnos  (1,29)

[ockombky BZ==1, nmeem:

e 3 A . A .
"} Be—"=op (chb*-}- B, sh 6¥) =)/ 2sh 26 exp (6%B,) (1,39)
I, CLOBATEABHO, OKOHUATENBHO
k==n

A A '
P, — (2sh 20y || exp(62B,). (1,31)
| i

o AOAA
OxonyaTenbHOEe BHIpAXEHME IS Mannuu P= P1P2 MMEET BHA:

AAA k=n k=n '
— PP, = (2shonyr [ exo (0 4gders) [ exp 0B, (1,32)
k=1 k=1

B sakmiouenue BhipeseM HECKOAbKO (GOpMys, CBS3mBaiommx 6 u 6%
KOTOPHE OKAKYTCSA MOJE3HHIMH B JAadbHEHIIeM,
Tlo (bopmyJIaM (1,28) naxonmm:

1

(cth 0% — th0¥) = —rg —sh 20;)
(1,33)
—T(cth6*+th6*)=%—§~gz—=ch26 .

u nonyqaéM BaXHBIC IJd HOCJIe,U,YlOLU,eI‘O COOTHOUICHHU .,
sh20%sh 20 = 1,
.ch 20%sh 20 — ch 26,

Fpu nsmeﬂexmn Temnepa'rypu B HHTEpBaje O<T<ooBemdquHm

——[
6’ n 6% MOHOTOHHO H3MEHSIOTCH, npnqéM o’ ’——227—M0H0T0HH0 na-

(1,34)

fHaeT 'oT oo 1o O 4 BeIMUMHA 6*————1n cth

— I
kT MOHOTOHHO pa-
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crér or 0 10 oo. CymecTsyer, clenoBaTeNbHO, HEKOTODAT TeMIe-
parypa 7 =1, npu KOTopoH 0% =0'. Ilpu, 9ToRk - TeMmeparype
coraaceo (1,34) Sk
sh 26 sh 20 = 1. (1,35)
My nanbume yBunuM, uto Temmepatypa 7, M ecTh TEMIZpaTypa,
IpH KOTOPOH NPOMCXOANT (ha30BHH Iepexol BTOPOro poaa B pac-
cMaTpHUBaeMOH MOJENH IIOCKOH JNHIOAbHOM DeIuSTKH.
B nanpuefimeM Me OyJeM pasmuuaTbhb HH3KME T €MIEPaTypH
T < Ty (8 > 0%) u Brcokue remmeparypsl T > T, (6% >0").

TlepexoauM K ompesejenuio COGCTBEHHLIX 3HAUeHHH MaTpHubl P
W K BHunciesnio ¢yHkumn pacnpenenenns Z (T).

§ 2. BbIYMCJIEHUE ®YHKLKMW PACHPEIAEJEHUA Z(T) ..

Mul npoBen&m 3nech BEIUHCJAEHHE COOCTBEHHBIX 3HAYEHHH MaTPHIL

A k—=n k=n ’
M= T exp @A) TT exo (B*Bk), @l
k=1 oy k=1
LI /\

OTMYAIOUEHCS OT MATPHILBL PACIPENCIEHMS P unc/oBLIM MHOXHETEIEM
(2 sh 20)72,
,U,Jm quncneﬂm VIOGHG BMECTO CHCTEMHl 27-pIIHHX Ma TpHL

IMaym Ak, Bk, Ck, ynaneTBOpmoumx CQOTHOIIEHAM:

’ AkBk — le: i
A A A
B,C,=iAy 3 . (2,2)
A A A |
CrAp=1iB,;,

BBECTU CUCTeMy u3 (2n-- 1) aHTHKOMMYTHpYOUIHX 27-PAIHHX MaT-
puu Jdupaka no ¢opmysiam:

A N AN N
I'y=¢y, =24,
A ANAL A AA
I'3= C;»Bn T4 =A231’
A AAA A AAA (2,3)
Ty = CyB1B,, T = AgB\B,, o
AN ASANAS A A A NN A
I‘2n__.l = C”Ble. .Bn_], r2ﬂ = Aﬂ3132 . Bﬂ— 1y
b==n_ . i
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Jlerko yGeautbhcs, ucmoasayd (2,2), uro Bce (2n-}-1) marpuue:
cucteMsl (2,3) aHTHKOMMYTHDPYIOT: _

AN JAWAY

I',,I'@ —{— 1‘(31‘,, = 280.@,

AN AN (@, B=1,2,..., 2n). (2,4)

r,u4-ur,=0 '
Uz=1,

Tlpunnumas Bo BummaHue (2,2), BuUHCIAdEM:

b
_ = Dy,
2p—11 9z & k=1,2,..., (n—1)

AA A A
Top_ 1 Topyo = — iAzApyy,
A OAAA A AAA
Toprly = C.BiBy. . BurAy— — iA BB, .. Bn._lAI—-l 4,025
Hn, C1e10BaTENbHO.
A AA
i Bﬁ‘: i il"gk_ll[‘m,i ) _ )
AN A A _ 1 /
ApAprr = ilyp_1Topya, k=12 0=0),  (@5)
AN N AN
A A = — Ty T,U
“ A
Hoacrasasaa (2,57) 8 (2,1), moAyuaeH AMS MATPUUL M Bupaxenue
k—n—l
M (D) = exp (— 18 rg,,_lr ) H e FoiTone) X
k=1
k=n
><II exp (— 105, 11“2k) (2,6)
7=

Beel&M B paccMOTpeHHE NOROJHHTEIbHYIO MaTPHILY
k=n—1 .
M (— 0) — exp ('TosT,0) T exp v rzk_lrzm) >

k=1
k=n

X [ exp (— w1 Ty)- (2,6")

k=1

Mu sameqaeM mo MaTpuiLa U KOMMYTpreT ¢ ofbenmn Ma'rpnnamn
M (U) " M (— U) ‘ '
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Tlostromy Bce co6CTBeHHue 3HaveHHs 1) (v) i CO6C1‘B€HH!>I€ ‘BeK-
TOPH MaTPUILH M(U) pacnajaloTcs Ha JBa KJjacca:

1) nonoxurenbHeie, LA KOTOPHIX U'z—{-”—l:

M (1) 0+ () = 1+ (5) ¥+ (9, @
2) OTpnuaTeanﬁe, An KOTOPHIX (/}z — 1t
M=) 4 ) =1 () 4 ). (2.7)

Cornacxo (2, 7’) orpuuaTenbHule COGCTBEHHblE 3HAYECHMS MATPHLHL
A ,
M (U) aBAgIOTCH NONOXHTE/NbHHIMH COOCTBEHHBIMH 3HaUCHHAMH MaT-
AN
puusl M (— U). Urak, Mu noayunM Bce 2" coGCTBEHHHX 3HAYeHMH

marpunyl M=M (U), ecan nafingm Bce 2"~ pojoxureibHse oG-
CTBEHHLIE 3HAYCHHS MaTPHIBL :
k=n—1

A A
A A A A )
Mr=M (1) == exp (f,ge’rﬁn*lr2) I[ €xp (le'rzk—1r2k+2) X

k=n

X II exp (= lﬂ*Tzk lfzk) (2,8)

k==l

# Bce 2”—1 TOMIOKHTE/bHbIE coﬁcmemme 3HAYCHMT MATPHLH

k—ﬂ—l :
M“_M(——l)—“exp (le IQH—ITQ) II oo (19 Ton 1T2k+2) ><
k=1
o . o : o hin
‘ ><]Iexp (~ ze*r% L. (28)
il - ezl

s BBI‘!HCJICHH& BOCﬂOJIbByEiMCﬂ CJIB,[LY!O_U,HM METOLOM,

Marpuust ,U,npaxa T o yaoanewopmoune YCIOBHAM IEPECTaHOBOK
(2,4), MOMHO NOIBEPrHYTb nponanonbﬂomy KOMIUICKCHOMY ~ OpTOro-
vanwomy npeoﬁpaaoBaHHm. S .

e

: . i
rie L,g— MPOM3BOMbHAS 2/-DAAHAT OPTOTOHATBHAH MATPHILA, :MPHUEM
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A
soBbie I y/OBAETBOPAIOT TEM e yCJIOBASIM IEPeCTaHOBOK. B camom

Jene, uMeeM;

FAYAY TAWAY A AN A A
T+ =3 {(Leols) (LgLe) 4 (LT (Laalo)) =

:Z LochB': (%6?1 + ?T?c) =2 2 arstLowL(Rt =2 2 LocsL@u‘-
o, T o, T 4

-
Ho mno ycaoBmio opTOroHanbHOCTH LLachczﬁap H, CcJenoBa-

g

TJIbHO.

ANANR AR

]?Ot[‘(3 b l‘ﬁl"a == 283,
T. €. YTBEep:KICHHE JOKa3aHo.

. . A
C Ipyrolt cTOpOHBI, TOKa)eM, uTo ecad Marpuubl Jupaka I,
A
fI0/IBEPrHY Th TPeOOPA30BAHMI0 NOAOOMA npu momourw Matpull, Mt win
A

AL AL
M=, Tto HoBnie MaTpuue I u I:
A A A A AN AN
Th=M+T, (Mt)~! u Ty =MT, (M)~ (2,9)

A
CBA3aHBL CO CTApPBIMU MaTpHUAMH roc OPTOTOHAJBHBIMHU HpeoﬁpaSOBa—
HAIMH: .
A A AL A
Lr=Y Ll u I7 =Y 15T, . (2,9)
5 3

A A
Jlast aTOrO JOCTATOYHO 3aMeTHTb, YTO Matpuusl Mt m M— aBiamoTcs
fIDOM3BEACHHAMH MHOXHUTeEJeH BHIa

A A AN
exp (\[oFg)=cos k4~ T'.Tgsin X,

TA€ A — TPOM3BOAbHEII KOMILIEKCHHH MapameTp, u yOeinTbesi B cnpa-
BELJIUBOCTH CJACLYIOMAX (HOPMY I

AN A FAWAY A A
exp (\L.1g) Thexp (— kl.Yg) =T, cos 20 — Tgsin 24,

AN A A A A A 9 10)
exp (\T,Lg) Tg exp (— M,Tg) =T, sin 2k - Tycos 2, ( (%

AN A A A A
exp (ML) Iy exp (— AL Ig) =TI, (v # a, B). J

7 yoH, r. LIlI, Bum. 2
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Mel npuxoauM, Cle10BaTENbHO, K OCHOBHBIM (DOPMYJIaM:

A A AN —~
Id =M'T, (MH ==Y LT, (2,11)
)
A A .
T= M (M) =Y LT, (2,11)
. p

JIeKAMUM B OCHOBE M3/14raeMoro Jajee MeTOLd BLIYMCAEHHS COGCTBEH-
: A A
HHX 3HaueHu# wmavtpun M+ u M-,

A A
3amernM, yTo Marpunsl Mt u M~ SBASIOTCH CUEUHANBHBIME CJay-
yasMu. Gosee 0o0meft 27 -pAXHOY MaTpHIL BHAA

A A A
S=T exp (A T.Tp), (2,12)
o
rae A= — A3:— npousBonbHLIE uHC/a, B OOUleM CJydae KOMILIEKC-
Hple.. Mbl ‘HOKaXeM, KaK BBIUHCIATL COGCTBEHHBIE 3HAYEHHA TaKoi
A ] .
MaTpui S, MCX0Ad u3 obmed popmyn:
' Y :
. =ST S—I—E LTy (2,13)
A

Ecau BBectn 2"-MepHuii Manmelﬁ Bextop I ¢ xoMIOHeHTaMwu

A ,
I, 10 dopmyna (2,12) moxer ObiTb B CKATOM BHAE 3ANHCAHA Kak
A, ANA AA ’
» I"=8I'S—1=LT. (2,12"y
Tpocrolt reomerpuyeckuél cmpica Bulpaxenus (2,12') saxmouaercs
B TOM, 4TO OJHOMY ¥ TOMY e BpauleHuio 2"-MepHOro HpPOCTPaH-
crBa (T — T, ) comocTapigeTcs, ¢ Oﬂﬂoﬁ CTOpOHbI 2n-pangas opro-
roHanbHas MaTPHIA L (mo ¢dopmyae T —-Ll") C Ipyro#t . CTOpPOHH,
27-paiHas MaTpHLA S (no q)opMnye T’—STS“ ). HockoabKy npous-

BeLGHHIO JBYX MaTpHL L u Lu comocTapadeTcsd no ¢opMmyne
AN A A AA A A AA s
T':SZSIT S] SQ — (S2S1) T (Sle)_“ l— LLLI T (2,13 )

, A A
NPOU3BEICHNE UM COOTBETCTBYIONX MaTpull S; H Sy, MH HMeeM €70
¢ 2"-pALHBIM NPEACTABICHHEM IDYNIH BPAWEHHil B 2/°MEDHOM IIPO-
CTpaHcTBe. VsydeHne 3TOr0 NPENCTABJCHHS COCTABMAET CONCPKAHUE
TEOPHH ' CHHHOPOB B MHOMOMEPHBIX HPOCTPaHCTBAX.

B cBasuw ¢ Teopuell COMHOPOB OTMETHM JUINL Chlelyloutee. B rTeo-
pun Jlupaxa BOJHOBAH (YHKHHA GBAIETCH UYETHIPEXKOMIOHEHTHOR
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KOMIIEKCHOi BequunHO#  §s — TaK HA3BIBAEMHIM  CIMHOPOM. [lpn;
nepexoie K HOBOH CHCTeMe OTCuETa

’ 4
X, x x3, xr—zct

OCYILECTBISCMOM KOMIJIEKCHOH OpTOroHambHo# Matpuue#l Jloperua

X=YLuxy (i, k=1,2,3,4), (2,14)

yeThipe cocTaprmomux cnuropa W, mpeobpasyorcs no QopMysaam:

¥=Y St (5,7=1,2,3,4), (214)
© -
UpHuEM

COAA A ' .
.Sxks—l~2Lm,,, | (2,)

rie ?k—“ YeTHIpe ManHuH ,U,Hpaxa Ml nmeem S.HECL yacTHRY Cay-
uait dopmyasr (2,12) npu n=2. B 10M uacTHOM cnyTJae 06e Man'k”
upl, 2%-pannag MaTpund S ¥ 2p-psanas ManMua L, oxasuBaiores ue-
THpEXpaAHLIME. TlogpoGree cm., nampumep, . g R ST

Onnako Ans1 maliedl Lean OKa3plBAETCHA M3MHIUHEM nonbaoaaTbc/ﬂ
rOTOBOM Teopuel CNMHOPOB. B MHOFOMEDHHIX NPOCTPAHCTBAX, KAK *3T0
crenana Kaydman 2 B cBoelt paGore. Mb momyunM BcE HeoOxolnMoe
npoiie, HCHOAb3YSH JHIIL SJNCMEHTAPHHE METOLb MATPHYHOH -aiareOphl.

HycTs HaM ynanoch HaHTH B 2n-MEPHOM KOMIJIEXCHOM -IIPOCTPAH-
CTBE TAaKyi0 CHCTEMY KOODIAMHAT, B KOTOPOH KOMILIEKCHAS OPTOro-

: A

HaApbHag MarTpuua L npeacTapieHa KaKk npiaMas CyMMa H3 1 ABYXq
PHAHBIX ManI/IU, B IpHAOKEHNY TIOKa3dHO, 4YTO 23Ta 3a4d4a 3KBHUBaA-
JEHTHA 33,113‘!6 05 ONpCAEJCeHEN KOMIJIEKCHBIX COOCTBEHHBIX SHa‘JGHI/Ii‘;{

MaTpuUILbl L ; S

O6osnavas uepes I cocrapasiomue matpuunoro Bexrtopa I

B Taxofl cuCTeMe KOOpAMHAT M uepe3 exp (2= 2k ) — cobcrBeHHbIE
A v

3HaYyeHusd MaTpULH L,, uMeeM:

A €os 2ik;, sin 2k \ - cos 2ik,, sin 20k,
L.X‘_—_— N -
— sin 2{A;, cos 20k,

— sin 2ik,, cos2ik,
cos 2i),, sin 2ix,
N . . (2,16)
— sin 2ik, cos2ik, /|
A 7 ‘
B raxoli cmcreme ROOpAMHAT Martpuua S Oyler coraacHo Qopmy.e

7*
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(2/13) npencrapiena Kkax npousBeneHME 7 KOMMYTHPYIOUIHX MaTpPMIL

AA A A
$: =S () S()...50,), (2,17)
rie COrJaCHO (popmynaM (2,10)

A .
S()\k)—exp (—l)\k 1 g (2,18)

B paccMaTpHBaeMO#l CNENMAVBHON CHCTEMe KOOPAWHAT HMEeM, CJiefo-

BaTEABHO!
. k=n

A
o * r
Sr= Rl exp(— a1y, 17,). (2,17)
k=1 »
ﬂpP{HI/IMaﬂ BO BHI/IMaHI/Ie YTO0 COOCTBCHHBIMH 3HAYEHUAMH BCEX KOM-

A
Mympyroumx MAaTpHI zT — Iy, Oynyr il, MBI MOXEM cpasy
anmucarh coécmem—me 3HAYEHHS MAaTPHILI S B BuIE

(v[S]v)~exp(+)\1+}\ SNl W R (2,19)

Mt nonyan Bce 2% COOCTBEHHBIX 3HAUECHWS MATPHUH, BHOWpas Bce
BO3MOXHbE 2" koMOuHauwk 3HakoB B (2,19).

- Mrak, Mb npunum 'K CAENyOUIEMY HPOCTOMY pesyabTary. Jas

TOro yrolGbnl Ha#TuH cOGCTBeHHBle 3Hauenus 27-paaHOl  MaTpHIM

A
S, yizoBnersopsiouieti - ycaosusM (2,12), nocrarouno HadtH 2n oG-
' ! A :

_CTBEHHBIX 3HaueHMd 2n-psajHOM MaTpuum L.

{’Mpl TIepexOiMM Temepb K YaCTHOH 3ajaue BEIYMCJACHHT COGCTBEH-
HHX sHavennit Matpun Mt u M—, UTO IKBHBAJIEHTHO, KAK MBI IIOKa-
3ali,- ‘Bblqucneﬁ"ﬁ}o COOCTBEHHBIX ‘SHAYEHWH MM COOTBETCTBYIOLIUX

Mannu L+ n L“

: BMeCTo caMuX MaTpHL L+ " L'— HaM yjao0Hee uMeTh [elo
C UM COOTBETCTBYIOUMMH OPTOTOHA/ILHHIMHA Npeo0pasoBaHuIMHu 2n-Mep-
HOIO KOMIIJIEKCHOTO MNPOCTPAHCTRA

Ron ={X1, V1, X3, Vay =2y Xpy Y}

Ilpunumas BO BHMMaHHe onpenerenns (2,8) m (2,8") u ¢opmy.n
(2,10), Mb MOXEM BHIIHCATH WHTEPECYIOMUE HAC OPTOroHANbHLIE
npeoGpasosanns mpoctpanctsa Ry, — R, u R, — R, B BuIe

xk:xk cos (— 2i6%) — yy sin (—20%),
V= rsin(— 2i6%) - yj cos (—2i6%),
Xy == X,cos (2i") — ¥}, sin (208"),
. v, _H::x,;sin (2:6") —}~y’k+1 cos (2i0"),

(2,20)
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IpHUEM MbE IOMKHH coriacho (2,8) u (2,8') mosoxmrh:
B cayuae marpuun L1 y,41=— y,, _
g PR ' } (2,21)
» » » L= yﬂ"i-l:_l—yl-

Briunciienne co6CTBEHHBIX sHaueHmit marpun Lt m L— mpowusBendm.
B JBa NOC/AenoBaTebHWX 3Tana. Cnepea NpeNCcTaBUM 3TH MAaTpPHLL
B BUIe NPAMHX CYMM ABYXDAIHHX YHHMOLYJADHLIX MATpPHIL, 4 3aTeM
OpUBEIEM KAXKJYI0 M3 JABYXPAAHBIX MATpUU K IHATOHAJIbHOMY BHAY.

Jdag toro urofm YROBIETBOPUTH «KpaeBHIM ycaoBusM» (2,21),
COBEpIIMM npeobpasopanue:

=X (B)exp (ikB);  yp =Y (B) exp (ikf). (2,22)

Tloncrasnsa (2,22) 8 (2, 21), noayuaeM nad P TOCIELOBATENLHOCTE
21 DMCKPETHBIX sﬂaqeﬂmﬁ s

B ClIyuYae MAaTpPHILHl I+
T
Bre—1= 7(213—”1);

(2,2
B ciayyae MaTpuusl L—: ( ! )

&————aq,-n‘—_-’

Hoacrasnssa (2,22) B (2 20) u 0603Haqaﬂ X( ) X, Y( )
=Y, , Haxonum:
X =X, cos2if%-} Y, sin 2i6%, } \
V)= — X, sin2i6* -} ¥, cos 2i6% l

|

)

a

X" X cos 26" — Y exp( > sin 2¢67,
=X exp (- ——) sin 2i6” + Y, cos QLB’

IlpeoOpasosanue, nepesopamee {X, , Ym}—e{X" Y'}, samumercs

B BHIE "
X;: X, { cos 2i6’ cos 2i6* -1~ exp (l%’? sin 26 sin Qie*}‘-y—
+ Y {cos 2i% sin 2i6% — exp (l%z-) sin 216’ cos 2;‘6*} ,

Y'=2X, ] —cos 2i6’ sin 2:0% AN o6 10 (2,25)
o —Xa in 2/6%}-exp ~7> sin 2i6 costG}_Jl—

+ Y. { cos 2i6” cos 2i6* | exp,<f l—i?) sin 246" sin 2i6% } .
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O6osnayan yHUMOLYAAPHYIO MATPHUY 3TONO HpeobpasoBanud uepes

- AaBa) y
c.D, |’ ‘ ; {2,25" }

MBl MOXeM 3amucaTb LT W L— B BuAc npAMOT CYMMH ABYXPLIHBIX
YHUMOJYIAPHBIX MaTpPuil, NPrdIsM corgacHo (2, 23)

[+ (Al Bl) i (As 33) A (Azn——i32n~—l)
- CI D‘l Cg D3 CZn—IDZn——l
A, B, A, B, ) . - [A4,, Bgﬂ)
L :<C2D2)+(C p,) 1+ C,, D
, [Teppumiti 3tam Hammx Bouncaenn# 3awonuen. Ham  otranocs
Tenepb KaWIyl W3  ClaraeMbX MaTPul NPHBECTH K AYAroHaNb-

HOMY BHLY.
XapakTepucTUIeCKOe YPaBHEHHE

8 — (A D, )i 1= ,
=2 _Q{ch 20’ ch 26% — cos—~sh26’sh29’°}—}—1

(2,26) .

(2,27)

I/lMeeT BBHLGCTBQHHHG KOpHX/I KOTOpre MbI 0603“3'-[]/11\:{ gepe3 eTi
— g . .

U e ,

rae : R :
ch 2y, = ch 26’ ch20% — cos i:{ a.sh 20" sh 20%=cos 217, .

5Haﬂ Teneps COOCTBEHHbLIE 3HAUSHUS MATpPHI L+ u L— MEL MOXEM
Hnepen’caTh HUX B TakO# cCcucreme KOOpAMHAT x u yk, B KOTOPOH

OHM OYAYT NpeCTIBJACHB KaK TIPAMEIE CYMMBSI:

'L ) cos 2iyy, sin2iy; ) . cos 2{Ys, sin 2iy; ) .
=
— sin 2iyy, cos2iy, — sin 2{y;, cos 2iy;

cos 2iY2n —1, SIN2iTe, 1 )

— sin 2Y9y, — 1, €08 2iYon —1 (2,26')

L_:-/._CS?:;Y: sin 2LY2>+ +<mc?szi.yan, sinii'yfn .
Y-, €Os 2iY, sin 2Y,,, cos 2iy,,

]
B sToft cucTeme koopauHaT harpuus Mt m° M— mpeacTapaTcs
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B BHJE NPOH3BSACHHA KOMMYTHMDYIOIMX MATPHIL

E=n : !
Ve | EUCT A A
=1
k==n . } (2!28)
MF—= I[ exp (— iYarly, _Top)s l :
E=1
!
U HX COGCTBEHHLIE 3HAYEHHT uepes
t (v)=exp (= yl—:y?,i—...i:yzn_l),} (2,29)
N (V) =exp (= Yo =Y 2o e T2 e ) ’

Ham ocragrcs remepp emg oTOGpaTh MNOJONKHUTEJbHbHIE COOCTBEHHBIE

. A A
3Hauenuss Matpuy Mt m M—. Jlas sTOrOo 3amedaeM, UTO OHEPATOP

A
U#, onpejnengunsifi dopmy.aofl (2,3)

k=n

A Ne A=

U — 11 (iTor Toe_1), (2,30)
k=1

SIBJAETCS [POMIBEACHHEM N KOMMYTHPYIOUMX MaTpHIL, Xawias Hu3
KOTOPHIX HMeeT COGCTBEHHHE 3HAueHus —=1,

A
IlpnrpMag Bo BHEManme (2,28) n (2,29), mp Bumum, uto U* Oy-
JeT umeTh gHavenue -}~ 1, ecan meiGop 3HakoB B (2,29) orpanuuuTh
Tpe6OBaHHEM, YTO YHCJIO MMHYCOB JO/MKHO OHITh - uéTHHM. Hanarag
3T0 TpeGoBaHHe, MH OTGHpaeM 271 TONOKATENbHEIX COGCTBEHHBIX

3HAueHus: MaTPHIHI //V\H‘ 1 2" —1 MonoWATENbHHX — COOCTBEHHHIX 3HaA-
JeHHsl MaTpHILH //i/\I—, T. €. moayuaeMm Bce 27 COGCTBEHHBIX 3HAYCHHA
MaTpPHILHL //|>I, KoTOopad Julb MHOXuTedeM (2 sh 20)%2 oramuaercs ot
MaTpPUIE pacupelrefieHns Ig ~
3Has cOOCTBEHHHIE 3HAYCHHS MATPHIE ,/3, MBI MOXeM 3anncarthb

. A
€OOCTBeHHEIE 3Ha4YeHWs MaTpuIe P B Buie

nm )
{ET(v))m=(2sh20)2 expm (== ==Y3 7=, .. 2= Yon —1), @
nm : ’
{E-())"=(2sh20) Texpm {Z=y, =y, == . ..oy, )
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U BLIUHCJUTE (QYHKIHIO pacmpenenenus mo ¢opmyae (1,10)

Z(T)=(2sh20) 2 | D exp m (2= 475 . .. == Yom—1) -
(]

+2 expm (=Y, 2. = ygn)l . (2,32)
o) : I

ri¢ CYMMHPOBAHHE TDOHCXOJNT TI0 BCEM paspeluaeMeM HaGoOpaM 3Ha-
KOB. JIerKO NPOBEPHTH, YTO B PE3yIbTATE BEMHCAEHHA MBI TOJYUYHM:

rkE=n E=n
Z(T):_%_(Qsh%)?_{ (2chm~(2k_1)—{— I[(Q shm¥o, —1) -

Le=1 | =1

kE=n k—n ]

Mesme+ Meshmw b @32

=1 k=1

Gynkuna pacnpenedaenus Z(T) sBAfeTC] aHAJINTHYECKOH (yHK-
npe# aprymenta I BO BCEM [HaNa30He M3MEHEHU TEMOEPATYPEE
n rouka 0'=0% gBisercs nas He& OOGLIKHOBEHHOH TOUKOH. Mbl mpH-
XOIUM K BaXHOMY BBIBOAY, YTO pe&TKa, COCTOAMIAN U3 KOHEUHOTO
wyicaa aunosei, He oOHApY:KMBaeT ¢a30BOFO MEpPEexoia BTOPOTO POAd.

Paccmorpum tenepp cayuail pemérky, GeCKOHEUHOH JMIb B OLHOM
HampaBJeHWd, T. €. YCTPeMUM #.— 00, COXPAHHB JJS 7 KOHEYHOE
snauenne. Ilpu m— oo umeem mo dopmyae (1,10)

Z(T)=Ep { 11 (%)'@ o E (Z)’”} _En, (2,33)

rae 4epes El 0_603Haquo MAKCHMAaJbHOE COOGCTBEHHOE 3HauyeHue

matpuns P. Beendm «pyHknumo pacmpenenenus A (T) Ha OIMH CTOJE
Oeu» Kax Tnperer.

A (T =1lim VZ(T)—EMaKc (2,34)

m—>co

W, BOCIO/Nb30BABIIACH . BHIPAXeHHAMH (2,31), maftzém:

AT) =@ sh20)% exp (Y- s o T 1). (2,34

Dyukups pacnpenenenns A (T) Taxke fABATETCS AHATMTHYECKOH
¢yuknmelt aprymedTa T BO BCEM AManmasOHE H3MEHeHHWd TEMHEPaTypHL.
Mo BuanM, ur0o OeCKOHEYHass peléTKa, CcOCTOMlass H3 KOHEYHOro
yEc/ia CTPOK, Takxe He OOHapyxmBaer (Ha3oBOrO Hepexosa BTOPOro
pora. Mui ysumuM- B § 4, 4TO (pasoBHIH mepexos BTOPOIO DPOLA
HOABJAAETCA JHIUL B cJayuae pemeTiH, OGecKOHeuHO NPOTHKEHHOH
B 000OMX HaNpaBJ/eHHIX.
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A
§ 3. CIIEKTP MATPMUILIBI PACIIPELEJIEHNA P

Jna noHuManud pasauyvs B ¢H3MYECKHMX CBOMCTBAX MOIENH IIO-
CKOMl JHMONLHOM PeIn&TKH NPH HUSKMX H BHICOKHX TeMIepaTypax mo-

JIE3HO COCTABHTL cefe NPeJCTaBJeHKHE O XapakTepe CIEKTPa MaTpu-
A
st P ¥ 0 3aBHCHMOCTH €ro TepMoB OT TeMneparypsl, Hac 6yner

31eCh HHTEpEeCOBaTh cAyuall OoiblIMX 3HaueHuHt n B mpelele, acuM-

MTOTHICCKH CTPEMSIUMCE K OeCKOHEYHOCTH.
, A
MuBl NOAYYMAW BHIPAKEHUS [JA TepMOB MaTpuuu P

NOJOXHUTEJBHBIE! .
E+()=(2sh20)mrexp { vy =qst= ... Hqea_1),  (3,1)
OTpULaTeNbHLIE! ‘ »
E—(v)=(2 sh20) "hexp { 2oy, 1p 2. . . o qan—a),  (3,19)
rupe
Ta == Y2n— o, (B2
ch2y, = ch 20’ ch26* — cos “= sh 20" sh 26%, (3,3)

npuuéM BHOGOP 3HAKOB OrpaHHuen TpeGoBaHWeM, uTOOH B OGOMX BEI-
paxeHUsSX YHCJIO 3HAKOB MHHYC OBLIO UETHEIM.
Coraacuo ¢opmyaam (3,2) u (3,3) Bce BeJMYHHHI

To <Y1 <+« <n

JIEXKaT B JHaIlla3oHe
1y 07 — 6% <y <=0 0%, (3,4)

npuuéM BCe OHHM, 3a HCKMOUeHueM Y,=0'— 6% coxpansor cpoit
3HAK BO BCEM [1MalasoHe MSMEHEHHS TeMmnepatTypel. JIMImb Y, MeHAeT
sgak nmpu 0'=0% craHoBfCb NpH BHICOKMX TEMNEPATYPAX OTpULLA-
TeJbHHM, J34BUCHMOCTL BEJNUYUH 7, OT TEMIEPAaTypH JMA cayuas
u30TponHOl pemdtku § =0 mpreenena Ha puc. 1.

Pasmune B smake y 7, 00yCAOBAMBAET, KaK MBI YBHMJIHM, pasiH-
YyhMe B XapakTepe CHEKTPa INPH HH3KHX M BEICOKMX TeMHeparypax.
Paccmorpum ofa nmanasoHa pasaenbHO.

Husxue remneparypn: T < Ty (0% <0).

ITpuHuMast BO BHMMdHHe, YTO BCE 7, NOJOXMTEJbHBIE H UTO TPH
n— oo

e = terl = 0 (5, (3,4)
A

MBI B4KJIOYdeM, YTO CIHEKTP MaTpuubl P cocToMT H3 uepenylomeiics
NOC/IEJOBATENbHOCTH TOJOXUTENLHEX M OTPULATENbHEIX TEPMOB, 00pa-
BYIOIIMX TOHKME AyGAeTH, PACCTOSHHE MEeXKIY KOMIOHEHTAMH KOTO-
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PHIX ACHMIITOTHYECKH TPH 7 — OO CTPEMUTCA K HYIO. Mel roBopum
O IBYKDaTHOM KBa3HBHIPOXIEHHH KaXJIOro TepMa.

Has maxcamansuoro ayOaera umeeM, BuiOmpag B (3,1) Bce 3Hakn
TIOJIOKUTEJIb HEIMH:

Et=Ef = (2sh26) s exp (v Yo+ . . F72e—1), 35
Er=E_ .= (2sh20) "= exp {14~ 1o - . 4 Jon —2}- (3,5)

Jdag caeaymouwero, BTOPOro AyGaeTa noayuaeM, coOmonas TMpaBH/IO
BLIOOpa 3HAKOB: .

Ef=(2sh20) "2 exp { =1+ 1g - . . — Y20 —1}, ]
_ - (3,6)
Er—(2sh20)mhexp {4y — ot - - - —Tan—2). |

IlpunuMas BO BHHMAHHE, YTO Y;==1Ton=—1, {a=="Y2n—2, MHl 3aK/IOUaEM,

r
N— B
) 7/12=73’7
45
X Y =Y2ns
Ik
-g5t
_/,0_
e 1 I3 4 ] L H i
a7 g2 437 04\@ 45 46 47 G8 8
T>7; - T<T, — >
Puc. 1.

YTO OTHOCHUTENLHOE paccroiHue MEXAy IByM#A HepBbIMI/I ,U,y6J'IeTaMH

CTPeMUTCA NPU #— 00 K KOHEHHOMY Mpejely:
(B — EP)Efuge— 1 — exp (— 47)=1—exp 4 (5* —0). - (3,7)

MaKe

Tlpuvensst NPaBUIO OTGOPA BHAKOB, MBIl 3aMeudeM, UTO K KaXAO-
my Tepmy EJf m E; npuMbKaeT TNOCJEN0BATEIbHOCTL Tepmos [3fF

u E., norapu(Mel KOTOPHX OynyT:
lﬂE—l_:lnEl_vl{—aKc__zlﬂmk“l (kZQ’ 3; LR ’[%]>:
InE;=InEL — 4yo. : 3,8)
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OTHOCUTENbHEE PACCTOSHHS MeMLy HMMH JaloTcd (QopMyaaMu:

(E;;(~ - EE’L 1\[EMaKc = exp (— 4y2r —3) —exp (— 4y —1), 1

| | (3,9)
(E7 — E;,_ M Ewaxe = exp (— 472z —2) — €xp (— 4Y2x) J

M TpH 7 00 CTPEMATCHS K Hymo. Mul 3axmouaeM, 4To K E;" n B

I T
1
3 I

Puc. 2.

NpUMBIKAET [OCAELOBATENHHOCTh OJHSKHX TEPMOB W YTO CIEKTD Ile-
JiaeTCH KBAa3HHENpPEPHIBHEIM, XapakTep cnexTpa usobpandu na puc. 2,a.
Bucoxne temmeparyps: I >Tq (8 < 6%
Tpunnmas Bo BHEManue, uTo mpH B =0% pemmumna |,== Yo, usMe-
HYEeT CBOH 3HAK H CTAHOBUTCH OTPHIATEJbHOM, MMeeM NIpH 7 -— 00!

Yo — M1 (OL:Q; 37 ey 2"’)7

1 (3,10)
[ Yo — Ya—1 [—*0<7;>-
,ﬂﬂﬂ MaKCUMAJbLHLIX TepMOB nMeeM Tenepb:
Ef=Ef, =(@sh20) exp {(Yi-F1st . A1) G

Ep = Eppe= (2sh 20 exp {— 4|+ a4 - Han—a ). |

Mpbi BHIMM, 4TO JABYKDATHOE KBAa3WBHIPOWIAEHHE MAKCHMaXbHOTO
TepMa CHMMAeTC M OTHOCHTEIbHOE DPACCTOAHHE MEXAY €ro KOMmo-
HEHTAMH NPH f—> 0O CTPEMUTCH K KOHEWHOMY Tpejeny

Efce — Ewd Erfuee =1 —exp (= 21 16| ) =

Maxc MaKC Maxe

‘ =1—exp2 (6% — 6. (3,12)
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Ilpumenssi npasuio oT6oOpa 3HAKOB, M 3aMeYdeM, UTO K TEPMY Es
TPHMBIKAET NOCHENO0BATEILHOCTh OiM3KHX Tepmop E.-, Jorapudme

KOTOpPHIX OyayT
InE =InE 2|7, — 2Yo, (3,13)

Maxgc

OTHOCHTEJIbHBIE DACCTOSHHA MEXAY 9THMH TepMaMu AaloTCs (GopMy-
LENIN

(By — Ex )/ e =XP(— 272) — exp (— 2Ym—2)  (3,14)

U UpH n— oo cTpemarTcd K Hymo. Mpl 3ameuaeM, 4TO ChmekTp Ae-
J3eTCH KBASHHENPEPLIBHHIM ¥ TOAy4aeT Xapakrtep, #3o0paxsuuni na
puc. 2, 6.

Haxkonen, B Touke mepexona 8 =0% xak moxaseiBalOT (opMyiEE
(3,7) u (3,12), Becb cmexTp jenaeTCs KBasMHeNpepmBHEM (puc. 2, 8).

§ 4. MPEAEJLHBIN CAYYAN BECKOHEUHOM
TUIOCKOW PEIIETKU

CopepiiuM npefebHBIE NEPexXon K cayuai GeckoHeuHoll pewmdTky,
YCTPEMHB 4YHCAO CTOAOLOB M H UMCIO CTPOK 72 K GECKOHEUHOCTH.
Brengm «byHKUMIO pacmpeneseHud Ha opuMH Aunoib» A (7)) mo op-
Myne .

L (T)=tim Y Z(D). (4,1)

CpoGoanad 9Heprud f, BHYTpEHHAd BHEPrud & ¥ TeIIOEMKOCTh ¢,
pacCuMTaHHBE Ha OIMH IMNOJb, LAOTCH BHPAXKEHAIMHU:

dlad (T d2(T lnd
f=— kT ink e=kre LD o TEID 49y

[MpunuMasg BO BHHMaHHe A(I)OpMy.IIbI (2,33) u (2;34), HOTYUUM:
n ) (7) =5 In (2 sh 20) (g Yot - e D=
— L 1n(2sh20) - ifﬂm)d.n &9
2 T J ’
riae coraacuo (3,3)
sh 27 (o) = ch 26" ch 20* — cos o sh 267 sh 26*, (4,4}

Bocnonb3oBaBwuch popmyoi (CM. npuiokeHue)

2y = —i—j‘ In(ch2y — cos o'ydo"+1n2,
0



TEPMOIMHAMUKA IJIOCKOH IHNOJbHOM PEMETKY 269

M MOxkeM unTerpai B (4,3) nmepenncate B BuA€ IBOHHOIO HHTErpa-
Ja ¥ NOAYYHTH.

1 1
ln)\=~2—ln ,(QShQB)—}— Tln?—{—
-+ 2%25'5‘ In(ch2y (0) — cos o’)do do’. (4,5)
3Banucas, HaxoHeu, mepBhilt wren B (4,5) B BHe MHTerpaina
4%5 In (2 sh 20) do do’,
00
MbH MOXEM mepenucarhk (4,5) B BHIe

1

[ 2
P

lnk= —%~ In2 - Syln (sh 28 ch 2y (0) — cos o sh20) do do’. (4,5")
00
IMpunuMas Bo BhuManue (4,3) u (1,34), nmeem:
sh 26 ch 2y (o) = ch 26’ ch 26 — sh 28’ cos ©
v nonyvaeM pas Ink (T) Bwmipaxenne, cuMmerpnunoe B 8 u 6

nh (T) = - In2-}-

+§}t_zﬁ In (ch 20’ ch 20 — sh 26’ cos @ —sh 20 cos o) do do’.  (4,6)
00

Tlokaxem, uro npu temneparype 0% =0 ¢ynxuna Ink (T) umeer oco-
GeHHOCTh, M HCCAefyeM XapakTep 3Toit ocobennoctd. Mz dopmymst
(4,4) Mu BuanM, uto npu 6 =06% m 0 =0 dyukuws ch2y(0)=1
H, cienopateabno, mo ¢opmyie (4,5) npoiHoi wmurerpan npu 6= 6%
uMeer Ha HuwkHeM npenere o = 0; o' = 0 0coGeHHOCTD.

Huaa Ttoro urofw B ofuieM BHIe MCCHAEAOBATL 3TY OCOOEHHOCTD,
3anuiueM Bhipaxcenue (4,5) B Buie

o B
Ink(T)=A(T)-+ 2—7125.5 In(ch 2y (0) —cos0')do do’,  (4,7)

rae A (T)— dyuxuud, peryisphas npu T =T ; o, § — Maible BeTUUAHH.
Pasnaras nomnmurterpansuyio ¢ymxumio B pan Teitiopa no creme-
uAM Maibx kommiuecTs t=0" — 0% o, o', Doasyunm:

a

I ()= AT) -+ o j In (212+l2 shi 20%2 |- 4202 \dodo. (4,8)
00

TIpoussensd saMeHy NepeMEHHbIX MHTErpHpOBAHUs NO (HOPMYJaMm

!

2 _sh20¥—=pcosp, - =—rpsing, (4,9
V2 V2
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MBL IIOJIYUUM:

’ ’

e

(1) = 4 (7) -+ grage | do o ln @0 dp, (4,10)
0 0

rie ¢’ u p — HOBblE BEDXHHE TNpeneabl HHTErDHPOBAHMSI, YIKE 3aBH-
CAlllde OT TeMNepaTypH. BHINOAHIS HHTErPUPOBAHHE, ME TOJydYaeM
okoHuaTeapHo s Ink (T) Belpaxenue puaa -

I\ (T) =P (T)+Q(T)<* In~, (4,11)

rie P(T) u Q(T) — nse dynxumu, perynapusie npu 7 =T.

Us Bupawenus (4,11) zaxmouaeM, UYTO pa3JIOKEHHE SHEPIHU &
 ROJMBM 0CO0OR TOuKM T==0 uMeeT ujeH, NMPOMOPUMOHAJBLHEY < ln-t,
' @ pasvoXeHue TeNJOEMKOCTY € HMeeT ujieH, MPONOPUROHANLHBIH In,
CrneoBaresbHO, 3HEPrUd & HempepuiBHa npu 7 =7, a TensoEMKOCTb
MeeT JOrapu(MHYCCKYI0 OCOOEHHOCTh.

Mpt yGenminch, uYTo TeMmmepartypa 7, fABIAETCS TEMIEPATYPOH
($a30BOro Ilepexoia BTOPOr0 poja naisa OeCKOHEUHO TNPOTIKEHHOH
ILIOCKOH JMTONbHONR PEINETKH, ' ‘

Wnrerpan, Bxoxdmu#i no ¢opmyre (4,6) B srlpaxenue jaag ln A,
He BeIpaxkaeTcd depe3 uspecTHrle Gynkumy, OIHAKO, KaK [0KasaJj
Omncarep 2, murerpasel, Bxozamue B (opMyusl (4,2), nag sHeprud
H TEMIOEMKOCTH ¢ BBIPAMAIOTCA Uepe3 OIIHNTHUECKHE HHTErPaJbl.
llpusenm 510 npeobpasopaHue [I1g Clydas HSOTPOMHOH pemeTKH
6=10", Vimeem mo popmynam (1,16), (4,2) u (4,3):

o 12——]1 dlnk
- 2 g ?

dm(a) cth2g L j 1) 4, ,
I

(4,12)

[TpunnMas BO BHUManue q)opmynbl (1,34) u (4,4), nmeem npu- =10

ch 2y (0) = ch 26 cth 260 — cos . (4,13)
OGosnauas

ch20cth 26 = —, 4 (4,14)

BHIYHCIIAEM: ;

o1
2( ch20 ——-cth 20

dy(e) __ ( & > :
a9 - z . (4,15)

V(—z——~cosw> —1
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Toacrapasa (4,15) B (4,12), noayuaem mocie oOwusoro mnpeobpa-
30BaHUT: .
=/

o (12—11){ 1100 L (4th 20 — 2cth 26) r_ dy } 416
== g | 20+ = JVT=msiey - (4,16)

B ofmeM cilIyyae HEW3OTPONHOH PpEMETKH 3IJLIUATHICCKHE HHTErpaibi
CT4HOBATCA 3HAYUTENLHO CJoXKHee (cM. (2) B NPHJIOKEHHH).

§ 5. JAJIBHMIA TIOPSIOK

Mur moxasann, uro Qymkuus pacnpeperserus Z(T) pnag IIOCKO#
: A

pewdTKN BHpaxaercs uepes COOCTBEeHHBIE 3HAYeHHsd MaTpuunl P,
BosHukaeT BOmpOC O TOM, Kakoi ¢H3nyecKHit CMBICA HMEIOT He-
LHMArOHAJbHEIE 3JEMEHTH 3TOH MaTpHILBL

V;(v’ f"v):exp<- VI(V’)+V2(v”V)>. 5,1)

kT
Ilag Toro yro6il OTBETHTH Ha 3TOT BOHPOC, PACCMOTPHM pewdT-
Ky, COCTOfIYIO TOJMbKO H3 JBYX crToabuos. IlycTbh nymerolt croaben
umeer koudurypanuw v0. Toraa mo mpmmuuny Bosbumana saBucsuiad
or ¥0 pepoarmocts w® (v, ) Tcro, uyro mnepmnit croafen Oyner
HMETh KoHuUrypanmio v/, Oyner

wl (¥, ¥0) = CD exp (_ - h}_k;/? 'y v0)> =

A
P

— (v’ \,0) ) (5,2)

rae CO) — popmupyomu#t MHOMHTENb, OnpenenseMmu u3 TpebopanHus

Vw0 (, w) =1
. (+)
U paBHBIH

Cc) — (5’3)

2 <v' vo) '

AN
P
"

A
Wrak, MaTpuuHbi 2j1eMeHT (v"PIvO) TPOTIOPLHOHANEH BEPOITHOCTHU
@ (v, ). |

Hanee paccMoTpuM peIETKY, COCTOZIIYI. H3 TPEX CTONONOB.
Io TeopeMaM YMHOXEHHS M CJOXEHHA BepOSATHOCTEH HAXOINM g
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BEPOSTHOCTH w<2I>/ (»", ¥) roro, uro BrOpol cToNben Gyrer UMETH
KOH(Hrypaumo v’, P yCJIOBHH, YTO HYJICBOH MMeeT KOHQHrypanuio v,)
BHIDAXKEHHe :

w® (47, ) = ¥ w0 (7, ) 0 (7, wy—=ce v | 52| w)  (5,4)
(v)

Tle HopMupylommit MuOxurems C®  onpemessercs M3 TpeGoBanud
Ew(% (v, ¥)==1 u pasen
)

CO = (5,5)

1
;7\’2 vO) .

7)

Tlponomxas Takum e 00GpasoM, Mbl mpuXOAuM K obuielt dopmye,
BEIpaxaiomeil BepoatHocTs w!® (v®) y9) rtoro, uto k=4 croaben Oy-
JeT uMeThb KOoHurypaumio ¥R, mpu ycioBuH, 4TO HyJAeBoH cTomben
uMeerT KoHQUrypanuo vO:

A
)

CB#3b M3MOXEHHOTO C TeopHeH -IUCKPEeTHHX leneli -Mapkosa oue-
BHHA, MOCKOJRKY w (v, /) SBISIOTCS jeMeHTaMu 2"-paiHOA cToxa-
CTHUECKOH MATPHIHL.

Ilo onpenenenyo Mbl FOBODHM, Y70 B PelI&TKE HMeeTCH JaJbHAH mOps~
J0K, eCld BepOSTHOCTh KOHQUrypauuu v4) Ha £-M cTo6le IpoioLKaeT
3aBUCeTh OT Koudurypauuu W Ha HyJeBoM ctoibue npu kB — oo. Ecau
3Ta 34BHEHMOCTb B IIpejesie MCUE3a€T, TO MHl ['OBOPHM, 4TO HMEeTCS
TOMBKO OMMXHUH IIOPSIIOK.

[asg BHSCHEeHHS KPUTEPHH CYUISCTBOBAHHUS AALHEr0 NOPSIiKa Ml

A
JOMKHE PpeofpazoBaTh Bupaxenue (5,6), B koropoM Marpuua P 3anana
A
HAM B TPeACTABJEHUM, COOTBETCTBYIOUIEM [IMaroHaibHOCTH Ag, K BH-

A
pPaxeHmio, B KOTOPOM JMaroHalbHa MaTpuna P.

IlycTe GOPMYJIH IJs Mepexoia OT COGCTBEHHBIX BEKTOPOB V*
A

A
marpult Ap k cobcreenseiM BextopaM § (E) marpuusl P HMEOT BH

Wi = Y€ (w0, E)¢(E). G,7)

(E)
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AAA
Ormernm, 4TO ‘NOCKOABKY Martpuua P = P{P; HeCHMMETpPHUHA,

cucteMa ‘BeKTOpoB Y (E) He OyzeT OPTOTOHAMBLHOM.
Torza umeem aas (5,6) Bhipaxenue

EEkC (v(k) , E)C(w, E)
w@®) (), 40y —= B} (5.8)

NN ErC (@, ) o (0, E) ’

(F)E)

rie CyMMHpPOBaHHE Z-HpOI/ICXOﬂH’I‘ o BCEM pOﬁCTBeHHHM 3HAUCHUAM

(E)

: A
marpuupl P. Tlpu Gofplunx sHaueHHAX Kk 3TO BHIPAXKEHUE ACHMITOTH-
YeCKW TEePexXOIuT B

lim w® (‘a(k} \;0> = Eﬁamc(v(k), EMaKc) C (\;0, Emaxc)
, —

k=00 Eﬁaxc Z C (V(k) ’ Emaxc) C (\'0’ EMaKC)
(+1)

» (5,9

W MB BHIUM, 4TO 3aBHCHMOCTb OT Y Bhimamaer, ecau HauboJbINee
' A
cobCcTBeHHOE 3HaueHwe MAaTpUIL /7 He BHIPOWACHO.

Hgave oBCTOMT [ei0 B CAyUae ABYKPATHOIrO BHIPOXAEHHS HAHOONb-
Hero co6cTBeHHOrO 3HaveHus, G6o3Havasi 06a BHIPOMACHHBIX COOCTBEH-

HbiX 3HaueHus ueped [, ==FE, = Eyakc, TNOAYYaEM B 3TOM CJayuae
u3 (5,8) acuMNTOTUUECKH:

lim w® (vfk), V) =
—» o

C (“V(k), E1) C (VO, EI) _{_ C (V(k)sEz) C (\'Oy E2)

Y (O B E)+ € (W, B C (4, E))
(+%)

B3 (5710)

T. €. B Npelfesie B —> 0O BEPOSTHOCTh NPOJC/KAET 3aBUCETh OT KOH-
purypammi v0,

Mul nokasamu, ciaenys pabGore® YTO OPH  HH3KMX TeEMMepary-
pax T < T, xorzia HanGoablice COGCTBEHHOE 3HAUECHNE ACHMITOTHYCCKH
JBYKPaTHO BEIDOXIEHO, CyllecTByeT Laspnuit nopsapox. Ilpu T>T,
3T0 BHIPOXIAEHHE CHHMAeTCs M AaibHu# nopanok mcuesaer. Wrak, da-
30BBIE MEpPeXon BTOPOIO POAA CBA3aH C HMCYESHOBEHHEM JNaJBHETO MO-
paixa.

8 VY®H, r. LI, sum. 2
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§ 6. IIJIOCKAS PELIETKA BO BHEIUHEM [OJIE

OGobGuinM Tenepb Halle PACCMOTPEHHE YY&TOM BHEIIHEro HoAs,
HANPaBJIEHHOrO MEPIeHAUKYAPHO K TOCKOCTH pPedTKN, Kax /bl AuToNs
OTHOCHTEJNLHO BHELIHEro noias F MoweT HPUHATL ABe NPOTHBONOIONK-
HblE€ OPHEHTAlMH. DHeprust KoHdurypaunu E (v, vy, ..., v,) mo dop-
myze (1,6) noayuar nononemtenbuwiit wien AE (v, v,, ..., v,),3aBu-
CSHUMA OT HaNpsKEHHOCTH noust F:

k=m

IVTORER R B | AR
k=1
k%n
Vo) =—poF ¥ 0 (6,)
k:l

rie uepes p, obo3maded MoMeHT iunondg. PyHKUWS pacnpeneneHus
no dopmyre (1,6) sanumercd B Bume

(T)—EE Z I[exp< VO(Vk)>eXp< Vl(\'k)>><

2} () Cm) k=1

X exp ( —V, (\:’T e+ 1) ) ) (>6,2)

A A
Ecau JlOHOJIHI/ITEJIbHO K TpemHMM MATpUiaM Py P, eBecTn

~ Marpuiy P0
k=n
o= e (644), 6,3)
=1 '
e =7¢Tﬂ’ T0 QYBKUUS PACHPeNeJNeHUT B NPUCYTCTBUH BHEWIHErO

MOJIsI MOXKeT OHITh 3anMCdHa Kak

z(r, §)=5p (P, P, B,)" (6,4)

W JeN0 OnaTh CBOAHTCA K BBIYHCJACHHIO COOCTBEHHRIX 3HaueHUH
A A A
nexkoTopo#t 27-psanuofi Matpuust P, Py P,. 3Hag yHKUHIO pacnpeieie-

ung Z(T, B), MBI MOMEM BHYHMCJHHTL Cpeinuii MOMEHT munoas (p) No
Popmy e

(P) =L 210 Z(T,8). (6,5)
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Ecau wmul Gyaem cumrtarh YHCJIO CTOIOLOB m B peldTke 6OJb-
iy, T0 (6,5) npnﬁ.rm»(énno MOxeT OBITH 3aNMCAHO B BHIE

Ap) = 1“ Eyae (8), (6,57)

AAA
rae Eyaxe (B) — MaxcuMannHOE COGCTBEHHOE 3HAUCHNE MATPULK P P P, .

B ofmeM cayuae 3azaua onpeleteHus COGCTBEHHHX 3HaueHui

AN A
marpuusl P PP, am 1o kpafinedl Mepe e8 MaKCUMaAbHOTO COGCT-

BEHHOro 3HaueHMA Lya (B) A0 cux mop He pemena., Meroas!, KoTo-
PLIMH MBl TOJB30BAJHCH PaHbIIE, HENPUMEHHMbl, IOCKOMLKY MATpHILA
A k= A

P, == ex A HE MOXET ObiTh IPeJCTaBJeHa KaK OlepaTo
0 k

=1
BpAUICHUs B 2n-MEepHOM MPOCTPAHCTBE.

Onuako, TIOB3YACh METOAAMH TEODHH BO3MYIEHHS, OKA3HBAeTCH
BO3MOXHHIM HafTH BEIDaXeHME IJIA CPEAHero MoMeHTa (p) NpH Hcue-
33I0LeHl BeNHUHHE HaNPMKEHHOCTH BHEIUHEro MO,

AAA
Las oT0oro pasnoxuMm Mdtpruy P PP, 10 creneHsM B U moayyuMm:

AN A AN A 1 /\)/\A
POP1P2=P1P£~J1—§(EAk P1P2+--- (6;6)

Ham yno0Hee HMMeTh B TEODHH BO3MYIIEHMA AEM0 C CHMMETPHYHOH
HEBO3MYIIEHHON Marpuilell, TNOCKOAbKY B TOM cJaydae cucreMma cob-
CTBEHHBIX BEKTOPOB OKaweTcd optorofanbuoil, IToatomy cosepumm

(6,6) npeobpasopanne nopoGHs:

A (/\/\/\\/\1 AANAY /\1</\)/\/\1
Pys\P PP, | P;ils= Py:P Py - 8Py S A,) PP (6,7)
Ha#iném BOaMyIlIEHHOE 2HAYEHME MAKCHMAJbHOrO COGCTBEHHOTO 3HAye-

ACAA
1B Eyaxe (0) HeBOBMYLIEHHOR MaTDHLHI P2/2P1P‘2/=.

O6o3nayast yepes W coGCTBEHHLE BEKTOD HEBO3MYIIEHHOW MaTpH-
ILH, COOTBETCTRByIOLLedl STOMY TepMy, HMeeM MO OOGUMM NpPABHJAM-
TEOPHM BOSMYIUEHHS:

, k=n AN AN
Eyaxe (,B) == Emaxc (O) +p Z(w 1 P:zlgAkPIPQI’ l‘I’) - (6,8)
k=1
Mockoneky W sBiIseTc OXHOBPEMEHHO COOCTBEHHBIM BEKTOPOM
A
MaTpuubl {/, uMeeMm:
A
UV =1, . (6,9)

g%
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. Lo , AL A
Hoxcrasass ~(6,9) B (6,8), umeem, nockoisky U kommyTupyer ¢ /2
A

¥ P, 1 aHTHKOMMYTHDYET CO BCEMH A

AN AN AN
w) = (w|0Ppa p g w) =

AN NN

<IFIP2/2A,€P1P2/?
‘/\ ANANA

= (v Pl/’Ak‘Dl‘Dl/g'l IF> =0 (&:10)

¥, CTeL0BATE]IbHO, B HEPBOM npnﬁnn»(eﬂnn TEOpUH BO3MYIEHNT Eyaxe (B)
ne sasucur ot 8. Ilo dopmyne (6,5") orciopa caenyer, uro (p) = 0.
' I/IHaqe O00CTOUT 1EJO, €CAM MAKCHMAJBHOE COBCTBEHHOS 3HAUEHHC

Maxc (0)=E,, . (0) IBYKpaTHO BHIPOKIEHO NpPH 7 — oo. B 3ITOM
CJAy4ae BO3MYIIEHHME CHHMAET BEHIDOXK/IEHHE, M TEPM PACIIEMIACTCH.
[To ofmuM mpaBuiaM TEOPHH BO3MYLIEHMS HMEEM JUIS PACIENSHIBIX
TEPMOB!

“aKC (B) = Emac (0) + B E ( IIH_+ '(P f‘P’/iAkplpl/s 12‘5‘7_}_;15—__) =
= e 044 5 (7] Bubiby ),
wt— 1 gt g
\axc (@)— WIaKC(O)+BZ( -v|P/AP (__1_/_2__>~_
= EMaKC (0) o S Z QII_’"_ } P;/“AkP}P;/’ Q“"‘) . (6,1 1)

k
Flpurmmas BO BruManue

(pI/sP P'/=> g e Eaxe (O) 1F+

nojyuaem:

) : o AN
Et_ (B) = Exaxc (0) {1 4 pz <11f |P‘2/2AkP—2— I

o)

11;+> (6,12)

mEF (B)—InEmaxc(Q —J[—BZ<T' Pl/AkP—’/a

MaKcC

Bameuas, YTO MaTPULA Pfr uukauuna B MHAEKCAX M UTO, CHELO-
BATENLHO, BCE' K. YICHOB B nocnermeﬁ CyMMe DABHBI, MHE MOXEM TO
gopumyne (6,5) sammcarh:

o /\‘ ANAY ,
<1v>:po(‘1J ‘P»Q”Alpz_ s

wt), (6,13)
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meem:-

", CJe10BATENBHO.
ACAN AN A : A
PQ/zA‘LPZ—I/ﬁ:A_le— §*B, :Al ch6® — Bshb®) =

A A ' )
— A, ch6* — iC, shb®. (6,14)

Moncrarnas B (6,13), moryuaem:

N

oy — pofense (=L, ) vanos (w8, w9, ,19)

ITpuHUMMKAALHO peub MAET O - CACAYIOUIEM: A4HH BhipaXeHud
A A A
marpuil Ay 1 C, B UpeACTaB/JEHHM, B KOTOpOM HuaroHambHa A;; Tpe-

6yeT<:ﬂ HX 3anucaTh B NPEACTABACHHH, B KOTOPOM BHMATOHAJbHA MATPH-

na P/sP P/° OAHAKO BHIYMCACHHT OKA3BIBAIOTCH OYEHb TPYLOEMKHMH,

NIOCKOALKY BHLIE Bmpa»{eﬂm Ans coGerBennbix BexkTopo W u W—

oueHp CAOKHBE. SIHrY $ yranocs npeononeTh 9Ty TPYAHOCTL NYTEM

oueHbL CIAOKHHIX pacudToB. IlockoumbKy - pe3yibTaT — OKa3HIBAeTCs

NPOCTHIM, CHEAyeT AyMath, 4TO CyulecTByer Gonee npocmu cn0c06

BLIYACJEHHUS, IOKA- euld HE HaliaeHHBIi, .
o HHry umeeM (B cayuae m3orTpornHol pemdrtku 0 = 6):

(w4, Jw) =

A .
(w=|c,[wt) =0,
CJIe0BATEILHO, OKOHYATENbHO! ,
(py=po YT — si20% 626 (T Ty,
(p) =0, >0 (T>T).
Mbl BHIMM, 4YTO HCYE3HOBEHHE CIOHTAHHOIO MOMEHTAa NPH TeMIepa-
type T >T, cBI3aHO C HCUE3HOBEHHEM JAJbHEro NOPANKa, HUTO

B CBOI Ouepeib CBH3aHO CO CHATHEM JABYKDATHOIO KBA3HBLIPOMJIEHHS
Yy MaKCHMa/JbHOro TepMa MaTPHUL! PaCcIpelescHHus.

L T st

H,

§ 7. BUHAPHAS [JIOCKAS PEILETKA

PaccMorpuM IJIOCKYI0 KBAAPATHYHYIO PpeLI&TKY; COCTOSILYIO U3
4ATOMOB JABYX . COPTOB, paCHOJIO)KeHHbIX B eé yajax. (i)ym(umo pac-
npejiesieHud 3anuileM B BUAE S

ZT) = N Xexp(nl-tmb—EOET, (1,1

N = n;+ 1y (%)
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rae ny ¥ 7, 0603HAYAIOT YUCAA ATOMOB PA3MMYHBIX COPTOB, IEpEMEH-
HOe v HYMepyeT BCeBOSMOXHLIE KOH(DHIYpaltMH aTOMOB B pPeuIETKeE,
Cy # Gy — XuMuuecKue noreHunansl, £ — sapuciwas oT Koudurypauni
4TOMOB B PEINETKE MX 9SHepIrusl B3aHMOJEHCTBHA.

[punumem kaxaomy ysny (i) IHCKDETHYIO NEDEMEHHYIO G;, CIO-
COOHYI0 TNpPHHMMATh 1Ba 8HAYEHHA: o;=-}-1, ecim y3ex 3auar
aTOMOM TICPBOTO cOpTA, H 7;= —1, €caM OH 3aHAT ATOMOM BTODPOIrO
copra. ViMeem:

i i=N
Mm=g 2 (149,
i=1 i
i=N (7,2)

Ecau ({) u (k) o603HayaloT nBa COCENHMX Y342 B DeW&TKE, TO
SHeprua B3aumonelcTeuit V'(s;, oz) Memiy ABYMA aTOMaMH MOXKET
OblTh 3amHcaHa B BHIE

V(s o) =~ T (14-9) (1 a5+

o Ll — ) (L —o0) + T (l—ope),  (7,3)

rae /) — SHeprug B3AMMONEHCTBUI MeXAy JBYMT COCEJIHMMU aATO-
MaMU TepBOTO COpPTa, [,y — SHEPIHS B3AMMOLEHCTBUS MENKLY ABYMA
COCEHHMH A4TOMAaMH BTOPOTO copta, li4 — 9HEprusi B3anMMOJEHCTBHSA
MEXIYy ABYMfA COCEIHHMHM aTOMAM¥ PA3JMYHBIX COPTOB.

BBelEM CHMBOJ @, ONpENEAeMBIf CIeLYIOWUM 00pasoM:
ay,=—1, ectu { U k — cocenHHe Y3bl, (7.4)
@i =0 BO BceX APYIHX CJay4asx. T
E=N

Ouesnano, 4TO Z Qi ©€CTh 4HCAO Ommkafimx cocenelt  naHHOTO
=1
y3na, paBHOE 1/ KBaJpPaTHYHOH DeIu&TKH ueTHPEM.
Torma sHeprust B3amMoieHcTsma E (v) MoxeT OHTbL 3amucaHa

B BUAC
1 ' .
E()=-5 X 0V (31). (7,5)
ik
Ioncrasaga Bupaxenns (7,2) — (7,5) B (7,1), nonyuaem:

ZM) =N .. N [l —EO, (7,6

(s} (o) (GN )
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rie CYMMHPOBAHMSI 1O BCEM N -}-f,— N H 7 3aMEHEHO SKBUBAJICHT-
HHIM CYMMHPOBAHHEM M0 BCEM 3HAYCHHAM NEPEMEHHBIX

O1y Ty - v ON-

Mmeem:
. N o
mly = ngly — E(v) = 9 [6 -8 — Ty — Lo — 2055] -
k=N
L ¢ Iyl X
+_2‘[t1+-2 — 21y - 21,) Ok =
B=1
1 1
— 5 Un + Iy — 2145) 72 @ir3i%k- (7,7)
ik
OGo3HauKM:
)
ri (Cl +C2 - 2[11"{""2122) - B» ‘
4kT (I 1py — 2115) =8, } (7,8)
1,
BT Cit-Cy— L1y — gy — 215) =1,
)
U Nony4uM:
TUET ) | KT I[ exp (5 auws ) (19

@) () (o) k=1

HecymecrpenHni Maoxuteds exp Nb, wmoxer ObTb OTGpOuIEH, ¥ MBI
nojyuaem ¢yHKIHIO pacnpe‘neneﬁﬂﬂ B BHJe

zny=%¥..¥ IIexp (Box) I[exp<_ i, sk) (7,10)
(s1) (35) (31\() k=1
OHa MOXKerT 6blTb 3anucatda xak cJiaen
A AN
Z(T) = Sp{P, P, P,)™, (7,10°)

rie MaTpHUa pacupejeneHus Ra8Tcsa (opMyJoH
ASEANEA
PO Pl p2:::

k=n k=n

=(2sh 26)"/2I[ exp (B4x) X |1 E5XC Ay 1) Hex @8,). (1,11)

k=1 k=1 B=—1
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Mpl BHIMM, YTO 3ajdua O HJAOCKOH OuHapHOW pemidTKe SKBUBAJEHT-
Hd pacCCMOTPEHHOM paHee 3anaue O NJOCKOHM peIméTKé BO BHEIIHEM
none (B # 0).

Briuncaas cpennue 1o . gpopmynam (7,2), HaxoLuM:
M= (m) =N (4¢e)), |
m=<%w:%u—<wyjl

LA , :
Ho marpuna pacnpenenenus P npu §= 0 uHBApHAHTHA NPU 3aMEHE
o, Ha -—G; U, CIELOBATEJLHO, B 3TOM cjydae

(o) =0,

N, = N, — N2

Vitak, sazaya © GMHAHOH DPEIIETKE C OJHHAKOBHIM YHCJOM 2TOMOB

c0oMX COPTOB SKBHBAJEHTHA 3ajdaue O IMOCKOM JNMNOMbHOH Demérxe
B OTCYTCTBHM BHEILHEro HOJS.

(7,12)

OTKy 1A

MPUJIOXKEHHE

1. OPAMAS CYMMA U TIPAMOE HPOI/ISBEL[E HUE MATPHMLL
A
HyCTb NAHB 7-PAAHAST MATPUILA A 14 m-pazHas MaTpuua B.
/\
MpsimMoit cyMMo# ManHu " B naswiBaerca {(n + m)-psa-
Had MATPHILA

AN ) .
. A0
AlB—{" | (1)
' 0 B/
Tak xax
Bo o '
pean(20) "
\o 4/ -

TO TpsaMas CyMMa HEKOMMyTaTuBHa,.ls onpeseneHuss JErKO BLITE-
KAIOT CAELYIOUHE CBOHCTBA NPAMOH CyMMBL:

SEA A A A A A
(4B C—dtE40,
(A1+Bl) (A +Bz) = A1A +31 B2,

Sp(A+B)_SpA—]—SpB

Det (A J- B) — Det A- Det B,
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I A

IpaMbM npowssexennéM wmarpul, A u B HasmBaerTcs
MA-PSAHAT MATPHIA , . .
A A A .
B B (4B ABlm>. )

Tak kax
, (3)

TO NPAMOE NPOU3BELEHHE HEKOMMYTAaTHBHO. s Onpeneiedusd Jerko
BBRITCKAWOT CJCAYIONUE CBORCTBA NPpAMOTO NPOU3BENEHHU.

A A A A A A
(AXB)XC=AX(BXCAO),

AN A A A
(A X B1) (A X By) = A1 Ay X 81 Bz,
AA A A
Sp (A X B)==Sp A-SpB,
AA A A
Det (A X B) = (Det A)" (Det B)™. (4)
Ipu npeoGpasopanny 101001
A A AN
A" =814 S
A AN . ()

B = S;l BS,
NPIMBIE CYMMEL M HPSMOE Npou3BejeHHe NpeoCpasyloTcs 1o GopMyiam:
A A A AN A AN
A+ B = (ST1AS) 4-(S;1BS,) =
DA A PAA A
= (ST +571) (A+4-B) (5;+-Sy),
A A AN AN A AN
A" KB = (ST AS) X (S;1BS,) =
N Y/ S N A
= (ST X S57) (A X B) (S, X Sy). (6)
A A
CJIGILOBHTEJXBHO ecan mpe 06paSOBaHnsx S u S npmsoz[m ManHIJ,bI A

u B K [IHaroHaJbHOMY BHLY, T0 npeo6pal0BRaHHs 81 —{—S H S1 ><S
A A A

HPUBOAAT K LMATOHANLHOMY BHAY MATPHILE A+B o4 A X B.
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2. [IPUBEAEHUE KOMILIEKCHOWN Qn-PﬂﬂHOﬁ’ OPTOIOHAJILHOM

A .
MATPULIbI L K TIPSIMOM CYMME ABYXPSOHbBIX
OPTOT OHAJIBHLIX MATPUL]

A
SneMeHTsl OPTOrOHAABHON KOMIUIEKCHOH MaTpuus L  yA0BIETBO-

PHIOT YCAOBHSM:
Log = LELI . ) (7)
IMycte ¢ u ¢ — ABa COOCTBEHHLIX KOMILUIEKCHBLIX BEKTOPa MAaTPHILH
2\, NpPHHALACHANIHE KOMIVIEKCHBIM COOCTBEHHBIM 3HAYEHHAM A H |
Z Loo Oy == Ay ; ZLM v == PPy . 8)
@ (@
Ipnanumas Bo BHEMaHue (7), oTcioja cieiyeT:

E%Lac=-}\—%; Zc?ata::‘%‘(?c; (8/)

s (8) u (8') BuiBonum:

(90 Las®s ) — (Yo Las®s ) = (A — ) (Da @0 ) =
1 h—

:(-:L—QT)(%%)Z M‘H ("?a'ﬂr)a)’ (9)

OTKyjla caeayer, uTo Jubo BekTOpPH ¢ M ¢ OPTOroHaJbHH, JHOO
Ap=1.

HTak, KOMITEKCHRIE COOCTBeHHbIe 3HAUCHHT M MM COOTBETCTBYIOUME
KOMIUVIEKCHBIE COOCTBEHHBIE BEKTOPH PAacmafaloTcd Ha n map

1 1 1
(kh T s <)‘2v —)\2—>’ SRR <)\n’, H)! (10)

91y P15 Doy Pore ey Py Oy ' (10%)
| JIeXAUWUX B OPTOFOHANBHEIX APYT APYTY 7 MJAOCKOCTAX:
(b 90) =05
Cm c?n) = 0;
(9 90) = 05
(9 20) F O-

(11)

O060o3Hauas:
A, =exp A,,
d?k = Xp + iVk,
P == Xy — LYk,

(12)

| —
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rae A, X,, Y, — KOMIVICKCHBIE, TOAyYaeM:

A

L xp = x;, 08 (i) + v sin (1Ay), ] (13)
A

Ly = —xpsin(iAy) - v, cos (iA,),

OTKYyIa Clenyer, uTo M0Gas KOMIUIEKCHas 27-pAHAas OPTOTOHANBHAS
MaTpula MoxeT ObITh NpexcTaBleHa KAk OpsMas CyMMa M3 7 IBYX-
PSAHHX MaTpPHIL

A _____(ﬁcoszA], siniA, )+ A (McoszAn, siniA, ) (14)

sinfA;, cosil, siniA,, cosiA,
B neficrBuTenbHOl obnacTn pasaowenue (14) coorBercTByeT pas-
JIOMEHHIO  TIPOM3BOJLHOIO BpAlleHHd B 24-MEDHOM  MPOCTPAHCTBE

Ha TOCASAOBATCABHOCTL KOMMYTHPYIOIUUX BpaLU,EHI/Iﬁ B 1 B3AaUMHO
NepneHIHKY/JIAPHBEIX NJA0CKOCTAX.

3. BBIYHMCJAEHHWE HMHTETPAJIA

1 ¢
2x=—_~~1—t—-'f1n(ch2x- cos o) do -+ In2.

Pasnaras 2sh2nx Ha npocThle MHOXHTEH, HUMEEM:

) k=n
2 sh 2nx == (e%)?" — (e~ ¥)*" = II (e*—npe— %) (ex““ T—Ik e x)’ (15)
E=1 :

wi
rle Ny ==exXp — — KOpeHb 2n-# CTeNeHu H3 eIHHMIK. VMeeM H3 (15):

k=n
TR I4
2sh2nx == HQ(ch2x~cos7). - (15)
A=l '
Jlorapugmupys, nonyuaem: »
k=un "
k2
In2 - lnsh2nx = nln24 Y In (ch2x——cos—n—). (16)
k=1 .

Iepexons k mpeneny n-— oo, noxydaem:

2x=1n2 4 ~ y in (ch 2x — cos ) do. (16')
(¢}
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