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ABSTRACT. The concept of a Gaussian family of Borel measures on
a separable Hilbert space is introduced in the paper. Necessary and
sufficient conditions are found under which a Gaussian family of measures
generates a semigroup of operators on the space of complex bounded
Borel functions. These conditions are expressed in the form of a system of
functional equations and initial conditions for operator-valued functions
on the real semi-axis. A system of differential equations is derived from
the system of functional equations and it is proved that the Cauchy
problem has a unique solution for it. Several examples of Gaussian semi-
groups of operators are given.
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1. BBE/IEHUE

PaboTa TOCBAINEeHa M3yUeHUIO YCIOBHI, IPH KOTOPBIX TayCCOBCKOE CeMeHCTBO
Mep Ha cemapabesbHOM THALOEPTOBOM IPOCTPAHCTBE HOPOKIACT HOIYTPYIILY OIle-
PaTOPOB Ha, MPOCTPAHCTBE KOMITIEKCHO3HAYHBIX OMPAHTYEHHBIX 6OPEIeBCKUX (DyHK-
umit. IToz rayccoBcKmM cemeficTBOM Mep MbI HOHIMaeM (TouHoe onpezenenne [12]cu.
HUZKe) CeMeHCTBO {fi » | t > 0,2 € S} GopesleBCKUX Mep Ha, CenapabeIbHOM I'HjIb-
GepTOBOM MPOCTPAHCTEE J# CO CKATSIPHBIM MPOU3BEIEHUEM (-, -), IMEOIee BUT

1
e = h(t) exp { = S(P(H2,2) o, nwe

rae uucsoBas Gyukuus h(t) u oneparop-byukiuu P(t), Q(t), R(t) 3aganbl Ha 110-
ayocu t > 0, u gepes I'g(y) r(t), 0003HaUEHA rayCCOBCKas Mepa ¢ KOPPEeIAIHOHHbIM
oneparopom Q(t) u cpeauum 3uadenuem R(t)z (cm. m. . Oneparopbl OPOXK Ta-
eMoif atuM cemeiicTBoM nomyrpynubt (Gi)i>o (TakzKe HA3BIBAEMO I'ayCCOBCKOH —
CM. OIIpeJIe/IeHNe JIOJIZKHBI 331aBATHCA (DOPMYIIOH

W) (@)@ = [ 1) mala) =
= | rwn@es { = (P02 FFow.nondn) =
= h(t)exp { — (P, )} /% £ (= + R(t)2) Tog o(dz)

Jtst JII000# GopesieBckoit orparnaennoit pyukiuu f: 5 — C.

B crarhe Haiigens HeOOXoIMMbBIE W JocTaTouHble yeiosus Ha h(t), P(t), Q(t),
R(t), mpu BLIMONHEHHH KOTOPLIX ceMeficTBO omeparopos (Gy)i>o, 337aBaeMoe pa-
serctsoM (1)), meiicrBuTenBHO 0OpasyeT mOMyrpymiy. DTH yCIOBAS B TEOpEMe
(nepBoil U3 TPEX OCHOBHBIX TEOPEM PabOThI) BHIPAXKEHBI B BUJIE CUCTEMbI (DyHKIIU-
OHAJIbHBIX yPABHEHWil M HA4aJbHBIX yciaoBuii Ha yukuuu h(t), P(t), Q(t), R(t).
B cnemyromieit Teopeme El U3 yHOMSHYTOH cucTeMbl (PYHKIIMOHAIbHBIX yPABHEHMIT
BBIBEJIEHA CHCTEMAa OOBIKHOBEHHBIX nddepeHInanbHbIx ypasaennit mist h(t), P(t),
Q(t), R(t), a B Teopeme [5| mokazano, uro 3amada Kommm misg mocjieineii cucre-
MBI HMEeT €IWHCTBEHHOe perreHure. I[Ipm 3ToM OKa3anoch, 910 auddepeHnuaib-
Hoe ypaBhenue s P(t) orHocuTCs K KJacCy OoneparopHbIX ypaBHenuit Pukkaru
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(cm. ompenenenne [4), koTopble HrparOT BaxKHYIO pPOIb B JIMHEHON TEOPHH ONTH-
MaJbHOrO yupapjenus u teopun auddepeniuanbabix urp (cum., namnpumep, [3]).
B uerbipex 9acTHBIX CIydasx HA OCHOBE peleHni ykasanunoit 3amagu Ko, Haii-
IEHHBIX B ABHOM BHE, TIPUBEIEHO HECKOILKO MPUMEPOB TayCCOBCKUX TOJIYTPYTIT
oneparopos (cum. 1. [3.2). Ha mamn B3I/, WHTEpEC MPENCTABIIAET TAKYKE MPeJIo-
sxenne [13] B KOTOpOM BBIYHCIIEH MHTErPaJI 110 TayCCOBCKONH Mepe OT (PYHKINU BHIA
exp {z(y, b) — %(Ay, y)}, e b € S u A — nuHeHbI OrpaHUYEHHBIH OMePATOpP HA

Hawie BHuMaHue K rayCccoBCKUM LOJLyrpylinam, oupejensembiM dopmysioit (1),
00yCJIOBJIEHO, B 9ACTHOCTH, TEM, 9TO C TIOMOIIBIO AaHAJIOTHIHBIX (DOPMYII MOTYT OBITH
MPeICTABICHBI PEIIEHNs 3aa49n KoM ¢ Ha9aIbHBIM YCJIOBHEM f IJIsi HEKOTOPBIX
napaboInIecKux ypaBHEHUH, KAK B KOHEYHOMEPHOM Ciiydae (HalpuMmep, /i ypaB-
Henus reruionpoogHoctd — cuM. [22) n. 3 §40]), rak u B GeCKOHEYHOMEPHOM CJIydae
(cm. [9 reop. 1.4 . V]). PasBuBaeMoe HaMu HampaBjieHHE UCCIIEIOBAHHN HHTE-
PECHO W TEM, 9TO OHO 3ATPATUBAET TAKWE TIOMyIAPHBIC MATEMATHICCKNE O0HEKTHI,
KaK TIOJIyTPYTIIIBI ONEPATOPOB, IayCCOBCKAE MEPHI M ypaBHeHWs PUKKaTH, KOTOPHIM
HocBsIeHa obmupHeiinas jureparypa (cM., Hanpumep, [1I], [24], [14], [6], [13],
[3], [1], a Tak:ke Gubnuorpaduro B Hux). TecHbie cBsi3u, CyIECTBYIONIHE MEXK LY OLe-
paropubiM auddepeHnaTbHbIM ypaBHeHneM PUKKATU U MOMyTPyIION CHMILIEK-
TUYECKUX MaMUJILTOHOBBIX OLIEPATOPOB, u3y4enbl B padore [1§].

OTMeTrM, 9TO 9aCTHBIM CIy9aeM TayCCOBCKUX TOJIYTPYTI ABJISIOTCS TTOJXyTPYyTI-
bt OpHrrreiina—Yienteka, pacemorpernse B [6 §2.8] (cm. mpumep [3)). TayccoBekue
0600EHHbIE MEJIEPOBCKUE MOJIYIPYIIbl, u3ydenHbe B [B, §4|, Takxke npeiacrabiis-
0T cO0O¥ YaCTHBIA Ciydaii rayCCOBCKMX IMOJIyTPYIIN, MOCKOJbKY OHH MOTYT OBITH
3aytanbl ¢ nomotbio dopmya sua ([I)).

B maparpade [2| marmeit paboTsr st ymobcTBa cOOpAHBI OCHOBHBIE 0003HAYEHHS,
OTIpPEJIETIEHUST U BCIIOMOTATEIHHBIE YTBEPXKIEHNsI, KOTOphIe HaM ToHanobsaTcsa. B ma-
parpade |3| moMeleHbl OCHOBHBIE PE3YJILTATHI CTAThU (TEOPEMbl W TIpUMEPDI
6 [7). Tlnan nanbreiinux nccenosanuii u3n0Ken B ocseneM naparpade

2. IIPEABAPUTEJbLHLIE CBEJAEHNUSA

B pmamnom maparpade MBI BBOAWM OOO3HAUEHWSI, HATIOMHUHAEM PsI ONpeIese-
HU ¥ U3BECTHBIX (PAKTOB, & TAKYKE MIPUBOIUM HECKOJIBKO YTBEPKICHUHN, MOJIE3HBIX
JUIst ranbHeiimero usnoxkenus. B npeanoxennn [I3] Mbr BoramcisieM mHTErpan mo
rayCCOBCKOI Mepe OT (PyHKIHNK BUIA eXP {i(y, by — %(Ay, y>} IS JTI000rO BEKTOPA,
b € ¢ u a1000r0 JMHEHHOIO OrpaHUYEeHHOro oneparopa A Ha J&.

2.1. JIuHeliHble OrpaHUYEHHbIE ONEPATOPbl HA I'MJIbOEPTOBOM NIPOCTPAH-
cTBe.

Berony nasee gepe3 5 Oynem 0003HAYATH BEIIECTBEHHOE €BKJIUJIOBO MPOCTPAH-
CTBO CO CKAJISIPHBIM LIPOU3BEAEHUEM (T, Y), II0JIHOE OTHOCUTEIbHO €BKJIUI0BOM HOP-
Mbl || = /{x,z), tne x € S. Mol Oyaem Ha3bBaTh - 2uAbOEPMOBHLM NPO-
CMPAHCMEOM HE3ABACUMO OT €r0 Pa3MEPHOCTH, KOHEYHOH mim GeckonedHoit. Pe-
3yJIBTAThI, €CJIM HE YKA3aHO APYroe, OyJeM MPUBOJAXUTD B IIPEAIOIOKEHUU, 9TO
cenapabesvro. Hekoropbie pUBeIEHHbIE PE3YILTATHI, TEM He MeHee, OYIyT BEepHBI
7 06€3 3TOro MPEIOJIOKEHHSI.

Kak ussecrno (cm., nanpuwmep, [8, Teopema 6.5.1]), npocrpancrso J2*, conps-
xéuHoe K S, nzomopduo S B cuity reopembl Pucca.
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Cumsosiom L(5) Gynem najee 0603Ha4aTh IIPOCTPAHCTBO BCEX JIMHEHHBIX Orpa-
HUYEHHBIX OMEPATOPOB Ha J¢, HANEJIEHHOE PABHOMEDHON OMEepPaTOPHON HOPMOit
[|All = sup {|Az|¢ | @ € H,|z|w < 1}. Yepes LT () 06o3HAIMM MHOKECTBO
BCeX HeOTPHIATETLHBIX OMepaTopoB, npunateskammx L(), a uepes LST (A7) —
noaMHOKECTBO B L1 (), cocTosmmee U3 caMOCOTPAKEHHBIX ONEPATOPOB.

Cumposiom I 0003HAYNM eIUHUIHBIA omepaTop Ha 7.

(I)aKTbI, OPpUBEICHHLIE B C.HeﬂyIOH_[eI‘/JI JIEMMe, HaBEpHAKa U3BECTHDBI.

JIemma 1. ITycmov damwi onepamopo, A1, As € L(I) u cywecmeyem o6pammwii

onepamop (I + A1A3)~t € L(). Tozda

1) cywecmeyem obpammnwii onepamop (I + Az A1)~ € L(I), npunem evinoana-
10MCA PABEHCTNEA

(I+ A2A1)_1 =71 — AQ(I+A1A2)_1A1 u A1(I+A2A1)_1 = (I-‘rAlAQ)_lAl;

2) ecau onepamopot A1 u Ay cAMOCONPANCEHDL, O CAMOCONDANCEHHBLMU ABAAIOMCS
u onepamopvi Ay (I+ Az A1)~ u (I4+ A1 A2)~ LAy (komopuie pasvl mesicdy coboti
6 CUAY NEePBOTi YACTU AEMMDBL).

Jlokazameavcmeso. 1) Bepna cremyromas menouka paBeHCTB:
(I — AQ(I + A1A2)71A1) . (I+ AQAl) =1+ AxA; — AQ(I + A1A2)71A1—

7A2(I —+ A1A2)71A1A2A1 =1+ A2A1 — AQ(I + AlAg)il(I + AlAQ)Al =1.
ITosTomy omeparop (I — Asx(T+ A1A2)_1A1) seaistercst st (I + As Ap) obpaTHBIM
cieBa. AHAIOTMYIHO JOKA3BIBAETCS, 9TO OH OYZIET OMepaToOpOM, OOPATHBIM CITPABA.

Pasenctso Aj(I + AxA;)~t = (I + A1A3)~1A; nmerxo cremyer m3 paBeHCTBa
(I —+ AlAQ)Al = Al(I + AQAl).

2) Eciiu A1 = A u Ay = A%, 1o, B cuily 1€pBOroO yHKTA JIEMMbL, UMEEM:
(AL(I + AsA) ™) = (I + A1A2) 7 A1) = Ay (T + A Ay) ™ = (T + A1 42) Ay
Jlemma gokasama. O

Jlasee HAM TIOHAIOOUTCS TIOHSTHE (DYHKIIUNA OT CAMOCOIPSIKEHHOTO OMEPATOPA.

3ameuarue 1. Hanomuum (cum. [8 Teop. 7.7.2]), dro nys mo6oro auHeHOTO orpa-
HUYEHHOI'O CaMOCONpsizKeHHoro oneparopa A na S # {0} u ans n1060i HenpepbiB-
uoii pynkmuu f: 0(A) — R ompenenen oneparop f(A), KOTOpbIil TOXKE sBIsIETCS
camoconpsizkeHHbIM. IIpu srom (cMm. [8 caencr. 7.7.3]) ecam f > 0, ro u f(A) = 0.
B wactroctn (ewm. [8, crencr. 7.7.3]), mus moboro A € LS () onpenenen omepa-
top AY? = /A € LST(H#).

2.2. Slnepubie omepaTopbl Ha cermapabejlbHOM T'MJIBOEPTOBOM TIPOCTPAaH-
CcTBe.

Onpenesienne 1 (cm. [15, §8 o IIIf, [4, w. 1 §2 . 11]). Kommaxrubiii ju-
Hefinbiii oneparop K Ha cenapabesibHOM I'MJILOEPTOBOM LIPOCTPAHCTBE 7 HAa3bl-
BaeTcsi AdepHuLM, eCIH KOHedHa ero adepnas wmopma |[K|1 = D07 s,(K), tue
{51(K), s2(K), ...} — 970 mocyie[0BATEIHHOCTH BCEX COBCTBEHHBIX YHCEIT OIIEPaTOPa
(K*K )1/ 2. B3ATBIX C yI6TOM KpaTHOCTH., MHOXKECTBO BCEX SLIEPHBIX OEPATOPOB HA
A Oynem obosHavarh depes L1 (), MHOKECTBO BCEX CAMOCOMPSIIKEHHBIX 51IEPHBIX
oneparopoB — depe3 LS1 (), MHOXKECTBO BCEX CAMOCOIPAKEHHBIX HEOTPULIATE b

HBIX sJIEPHBIX orepaTopos — depes LST (7).
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Crenyrotmee mpe/ozKeHre MOKA3BIBAET, ITO || - ||1 — 9TO AeficTBUTEILHO HOPMA.

IIpengioxxenne 1 (cu. [4) reop. 6 §8 run. 11]). Ha mnoocecmee L1(.) dynryuonan
Al = Y02 sn(A) 3adaem nopmy, ommocumenvro xkomopot L1(H) aeanemca
6aAHATOBHLM NPOCTPAHCIEOM.

UsBectHO, uTo ipocTpancTio L1 () aBigercs AByCTOpOHHUM uzieaniom B L(F):

IIpennoxxenne 2 (cm. [4, m. 1 § 2 rn. 11]). Ecau B € L1(J) u A,C € L(H),
mo ABC € L1(H), npuwém sepno nepasencmeo |ABC|1 < ||A| - || Bl - |C]|-

Bepen caeayiomnmit KpuTepuii siIepHOTO OTIEPATOPA:

IIpensnoxenne 3 (cm. [I5, reop. 8.1 rur. III]). Onepamop A € L(I€) asasemca
adeproim mozda U Mmoavko moada, K020a das 4100020 OPMOHOPMUPOBAHHO20 DA3UCG
{en}o2y 68 5 pad Y., [ (Apn, pn) crodumes K 00HOMY U MOMY Jice YUCAY.

B cuny sToro yrBep:k/ieHusi sBJISIETCsI KOPPEKTHBLIM CJIEYIOIIee OIIPeIesIeHne
Ceia, KOTOPBIM MWHOTIA HA3BIBAIOT MAMPUUHLM CAEIOM.

Onpenesenne 2 (cm. [15, . 1 §8 rur. III], [l 1. 3 §2 ru. 11]). Caedom simeproro
omeparopa A na . nasbBaercs Bemmanna tr A =Y 00 (Ap,, pn), nae {on o, —
9TO MPOU3BOJIBHBIN OPTOHOPMUPOBAHHBIN OA3UC B S .

Oka3sbIBaeTCs, MATPUYHBINA CJIE]1 SEPHOIO OLEPATOPA COBIAJAET € TAK HA3BIBA-
E€MBIM CNeKMpasbHbM CAEIOM:

IIpennoxenmne 4 (cm. [19], |15, reop. 8.4 ru. III]). Hycmv {A1(4), X2(A4),...}
— 2M0 NOCALA0BAMENBHOCTID 6CEL COBCMEEHHDIL YUCEA NPOUIBONLHOL0 ONEPATNO-
pa A € L1(F), ssamux ¢ ywémom xpammnocmu. Tozda evinoansemcs pasencmeo

trA =3 A (A).

Orobpaxenne L1(.#) 3 A — tr A € R, Kak BbITEKaeT W3 CJIEIYIONIEr0o yTBEp-
KIOCHUA, ABJIACTCA HEIIPEPBbIBHBIM:

IIpengioxxenne 5 (cm. [15] reop. 8.5 ru. III]). Jlaa mpouseoavhozo onepamopa
A € L1(S) ewnoansemea nepasencmeo |tr Al < [|A];.

2.3. Oupegenuresin 6€CKOHEYHOTO MMOPSIKA.

Onpepesenne 3 (cm. [15, n. 1 §1 o IV]). Ilycre A € L£1(5). Torma onpe-
deaumenn det(I + A) samaéres dbopumynoit det(f + A) = 127, (1 + An(A)), rae
{A1(A4),\2(A4),...} — 5T0 TOCTEAOBATEIHHOCTH BCEX COOCTBEHHBIX YHCEI ONEPATO-
pa A, B3ATBHIX C yI6TOM KPATHOCTH.

3ameuanue 2. Moxkno mokazars (cM. [15], dopmyna (1.2) B §1 ru. IV mpu p = 1),
aro jyist moGoro oneparopa A € L1(#) Bepna onenka | det(I + A)| < ellAll,

IousaTus onpemenuTesnis u CieJa OMEPATOPA CBSI3aHBI MEXKy CODOil:

IIpengioxxenune 6 (cm. [15, dopmyna (1.17) §1 . IV]). Jas arbozo onepamopa
A € L1(S), makozo wmo ||A]|1 < 1, swnoansemes pasercmeo
(2) Indet(I + A) = trin(f + A).

Creayroliee yTBepKIeHIE TOBOPUT O HEMIPEPHIBHOIN 3aBHCHMOCTH JT€TEPMUAHAHTA
det(I + A) or oueparopa A € L1(5) 1o saepHOil HOpMe:
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IIpepgioxxenne 7 (cm. 15, ca. 1.1 . IV]). Iyemo Ay € L1(I). Toeda daa
amobozo € > 0 natidémes maxoe 6 > 0, wmo das Kascdozo onepamopa A € L1(57),
ydosaemeopsrousezo nepasencmsy ||A — Aglli < 0, bydem ewmoansmoca ouyenka
| det(] + A) — det(I + Ag)| < e.

Hawm momamoburcst ermé ogHo CBONHCTBO OMPEIeINTES:

Ipeanoxenne 8 (cm. [15, croiictro 5° §1 1. IV]). yemv Ay € L(H) u Ay —
Komnaxmvil onepamop wa J, npuuem A1Ay € L1(H) u AsAy € L1(H). Tozda
sunosnaemea pasencmeo det(I + A1 Az) = det(I + Az Ay).

Crexyrolmee mOIe3HOE yTBEPIK,JeHIE MOXKHO 0O0CHOBATD, IPAKTUIECKU IOBTOPUB
apryMeHTHI U3 JoKa3areabersa JeMMbl 3 B §6 rnasel I kaurn Jukcmbe [10], 3amenus
upu sroM A va L4(F) u ¢ Ha tr:

JIemma 2 (cp. [10, lemme 3 §6 ch. I], [15, dopmyua (1.16) §1 ru. IV]). ITycmo dymxk-
yua f(N) aHaAuMUYHE 6 HEKOTNOPOM OMEDPLIMOM MHOHCECTNEE KOMNAEKCHOT NAOC-
Kocmu, codeporcawem mouky 0, J — 3amMEHRYMAS HCOPIAGHOBA KPUBAA, AEHCAULAA
6 amom mmooicecmee, u f(0) = 0. Iycmsb, xpome mozo, omobpavicenue t — S(t)
noayurnmepsasa [, 8) sewecmeennoti npamoi 6 npocmparcmeo L1() dudpe-
PEHUUPYEMO 8 cmbieae A0ephoti Hopmst || - ||1 (nod duddepenyupyemocmoio 6 mouxke
a nowumaemcs Hasuvue Helh Npasoti npouseodnoti). Ilpednoroscum maxoice, 4mo
dasa abozo t € o, B) cnexmp onepamopa S(t) aesrcum enympu J. Tozda omobpa-
orcenue [, B) 3t — f(S(t)) = (f 0 S)(t) € L1(H) makorce duPpepenyupyemo 6
cmoieae Hopmos || - |1, u das arbozo t € [a, B) vinoanaemcs pasencmeo

(3) tr ((f o S)(t)) = tr (f’(S(t)) : S’(t)).
W3 3101t JIeMMBI BBITEKAET yTBEPKICHAE, KOTOPOE HAM TOXKe OyaeT HyKHO:

IIpenmoxenue 9 (cp. [15, dopmyna (1.14) §1 ru. IV]). ITycmov omobpascenue
t — S(t) noayunmepsanra (o, 3) C R 6 npocmpancmeo L1(H) duddepernyupyemo
8 cmoieae Hopmu || - |1 (nod duddepenyupyemocmoio 6 mouke o NOHUMAEMCHA Ha-
Aunue 6 Heth npasoti npousdeodnoti). Ipednoaosicum, wmo ||S(t)||1 < 1 npu abom
t € [a, B). Tozda wucaosan dynryus t — det (I + S(t)) maxoice dupdepenyupyema
na [, B), u das a0bozo t € [, B) sunosnaemesa pasencmeo

(@) % det (1 +5(1)) = det (1 + (1)) - tr (1 +5(1) '5'(1)).
Jokasameavcmeo. Vcnonb3yst opmyiry , TIOJTY 9HM:

d d
7 det (I+S(t)) =det (I+5(t))- - I det (I+5@) =

(5) = det (14 5(1)) - & trln (I + S(0)).

Hokaxem paserctso (4) mist rouxn ¢ = . Iomoxum € = (1—||S(a)|l1)/3 > 0. Tax
kak S(t) muddepeHnnpyemo B TOUKe (v CIIpaBa, TO MOXKHO BBIGpaTh § > 0 HACTOIBKO
MaJIbIM, 9TO TpH Bcex ¢ € [a, a0 + §) Oyaem mmers ||S(t)]|1 < 1 — 2e. IIpumennm
JIeMMy ,ZLJ'[H npomexyTKa [, o + 0) B cayuae, koraa J = {z € C | |2| = 1 -6}
u f(A) =In(l1+ A) . Ipu stom f(0) =0 u f'(A) =1/(1+ N). Torna, B cury 3T0i
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neMuer, oToGpazkenue ¢ — In (I+5(t)) Takxe auddepeHnupyeMo B CMbICIe HOPMBI
|l - |1 B TOuke o cpaBa, U BHIMONHAETCS PABEHCTBO

d
tr oI (14 S(0))|

Kpowme Toro, nockonbky orobpazkenne A — tr A muneitno u menpepbisao Ha L1 (),
TO BEPHO PABEHCTBO

_— ((I +8@) S (a+ 0)).

t=a+0

ol (I+5()

d
—trln (I + S(t)) . o

dt
IloacraBuB mocieiHme 1Ba paBEeHCTBA B (DOPMYITY , MbI yOEeIMMCSI B HCTUHHOCTH
JIOKA3BIBAEMOTO COOTHOIIEHUST B TOuKe . JIJIs1 OCTaNbHBIX TOUEK t € [, 3) OHO
JOKa3BhIBAETCST aHAJIOTHYHO. O

t:a+0.

2.4. OmeparopHoe nuddepeHINaIbHOE ypaBHeHne PUKKaTH.

Onpepestenne 4 (cp. [3, §1 chapt. 1 part IV], [I8] def. 3.1]). Onepamoproim dugde-
penyuasvrom ypastenuem Purkamu Oynem mHasbBarh muddepeHnuatbHoe ypas-
HeHHe IePBOro HOPAIKa BUAIA

(6) P'(t) = C + D*P(t) + P(t)D — P(t)BP(t)

oTHOCUTEBHO oneparop-bynkmun [0, +00) 3 t +— P(t) € LST (), rae 3anannbie

oneparopel B,C € LST(A#) u D € L(J) we 3apucar or t. IIpu 3TOM B TOUKe

t = 0 Gepercs npasast nponssoguas P’ (+0) = limy_, 4 (P(t) — P(0)) /t.
Omneparoproe guddepennuanbioe ypapaeane PukkaTu

Q'(t) = B+ DQ(t) + Q(t) D" — Q(t)CQ(t)
HA3BIBAETCS J80UCMEEHHBILM K YPAEHEHUIO @ (cm. [3, p. 7.3 chapt. 1 part IV]).

YpasHernsM PUKKATH W UX aHAJIOTAM TIOCBAIMIEHO GOJIBITOE YUCIIO Iy OIMKAIIWIA.
HekoTopbIMI aBTOpaMH ypaBHEHHs, aHAJIOrHUHbe ypaHeHmio (6), n3yuammuch B
CJlydae HeOrpaHWYeHHBIX oneparopos B uiu D (cm., Hanpumep, paborst [3], [I] u
6ubsmorpaduio K HUM), & TAKXKE B CJly4dae, Korja oneparopubie Koddgduuuenrsr B,
C, D zaBucar or t (naupumep, [18]). Xopowo ussecren ciepyrowuit pe3ysbrar:

Teopema 1 (cm. [3, theor. 2.1 part IV], [I8, theor. 8.5], [16] reop. 5.21 . 3.5]).
s mobwiz onepamopos B,C € LST () u D € L(H#) onepamopnoe duddepen-
yuamvnoe ypasnenue Purkamu (6), 2de npouseodnan bepemca 6 pasromephoti one-
pamoproti nopme, umeem eduncmeennoe pewenue [0,4+00) >t — P(t) € LST ()
npu a06om nanasvrom yeaosuu Py € LST ().

2.5. BopeJsieBckue mMepbl Ha THJIBOEPTOBOM MPOCTPAHCTBE UM UX Hpeobpa-
3oBaHue Pypne.

Yepes B Oymem o603HauaTh 0—aarebpy Bcex OOPEIEBCKUX TTOIMHOXKECTB TUITb-
GeproBa mpocrpaHcTBa ¢, Yepe3 M () — MHOXKECTBO BCeX GOPENEeBCKUX Mep
B ¢ (TO €CTh CYETHO-3/IUTUBHBIX, KOHEYHBIX U HEOTPUIATEIbHBIX MED Ha By ).

B kagecTBe mpumepa HATOMHUM KOHCTPYKITHIO Mepbl Jlumpakxa.

Ilpumep 1. Badukcupyem mpon3BOIbHBIN 31eMeHT z € J. st kaxaoro M € By
nonoxuM: ecnu z € M, 1o 0,(M) = 1, unaue 6,(M) = 0. Torna J, sBAsiercs
GOpeeBCKOil Mepoii, u Ha3bIBAeTCA Mepoti lupaka, cocpedomouwennoti 6 mouxe 2.
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CumvBonom %y (., C) 0603HaYNM TPOCTPAHCTBO BCEX KOMIIJIEKCHO3BHAYHBIX 00-
PEeIeBCKUX OrpaHudeHHbIX (YyHKIWE f HAa J£. DTO MPOCTPAHCTBO ABJIsIETCS OaHA-
XOBBIM OTHOCHTEIBHO HOPMSBL || f|loo = SUP,e e | f(2)].

HamomuamM TakKe onpeiesieHus CPeIHETO 3HAUEHUs W KOPPEJIIITNOHHOTO Onepa-
TOpa Mephl.

Onpepesienne 5 (cu. [14] onp. 2.3 rur. 1], [23] §3 ro. 1]). Iycrb p € M(H) n nas
moGoro x € A cymectsyer unterpait [, (y, ) du(y). Torma cpednum snavenuem
MephI 41 GyzieM HashIBaTh TaKoi smement my, € H, aro (my,x) = [, (y, ) du(y)
npu Bcex T € .

Onpepesienne 6 (cu. [23, §3 ru. 1]). Iycrs p € M(H) u ans 1106bIX x,y € H
cymectByer materpan [, (z — my,x){z — my,y) du(z). Torma xoppessyuonmoim
onepamopom Mepsl 1 OymeM Ha3bIBaTh Takoil oneparop K, € L(4), 4ro npu Bcex
x,y € J€ BepHo paseHctso (K, z,y) = fﬂo(z —my, x){z —my,y) dp(z).

Ham momamoburcst Takzke MOHATHE 00pa3a MepPhI IIPH OTOOPAKEHUMH:

Omnpenesenne 7 (cp. [7, u. 3.6]). Iycrs S u S — runbbepTOBbI IPOCTPAHCTBA
u orobpaxkenue F': 7 — 7 sBiasiercs 6opesieBcKuM. Torna st BCAKON Mepbl

w € M(H) bopmymna
(po F71) (M) = p(F~'(M)), M e B()

3aJaeT 60peIeBCKyIo Mepy (o F ! B U4, HazbIBaeMyIo 06pasom Mepvt (L Npu 0mob-
pasicenuu F') a Takxke undyyuposarntot mepot.

Bepro cnenyroiniee yTBep:K/ieHIE O 3aMeHe IepEMEHHBIX B MHTErpaJie:

IIpensioxxenne 10 (cm. [7, Teop. 3.6.1]). Iyemo S u Hq — euavbepmoso, npo-
cmparemea, p — bopesescrasn mepa 6 €, u omobpasicenue F: I — J4 aeraemcea
bopeaescrkum. Tozda Ppynkuyus g: 74 — C unmezpupyema na J64 ommocumenvro
mepwl (1o F~1 6 mounocmu mozda, xozda gynxyus go F: # — C unmezpupye-
Ma Ha JE ommnocumenvro mepos . IIpu smom eepra caedyrousas Gopmysa 3amemse
NEPEMEHHBIL:

@ | swuern = [ gtF@utin)
%) A
ITepexonst kK ompejenennio npeobpasosanns Pypbe Mepbl (cM., Hampumep, [2
1. 6.2]), 3aMeTHM, YTO HHOI/IA €r0 HA3bIBAIOT XapAKTEPUCTHIECKIM (DYHKIMOHAIOM
Mmepbl (Hanpumep, B kaurax [14] u [23]).

Omnpenesienne 8 (cm. [I4, onp. 2.5 rur. 1], [23] §3 ru1. 1]). IIpeobpaszosanuem Pypve
mepbl 4 € M(S) Gynem HasbiBarh Gynkuuio F(u] = g: # — C, nyst Kaxku0ro
y € A 3amapaemyio pasencrsom F [u](y) = f(y) = [,, ey dp(x).

Ipumep 2. B gactHoM ciaydae, korma S = R™ u Mepa g uMeeT TJIOTHOCTH p
OTHOCHUTEJIbHO n—MepHOil Mephbl JleGera \,, npeobpazosanue @ypbe [i(y) B TOUKe
y=(y1,...,Yn) € R” MmoKHO 3anicaTh B BU/IE

uly) = / TV p(x) dA, = / el Tt tTayn) (g ) day . day,.

IIpennoxenue 11 (cm. [23] §3 1. 1]). Jobas bopesesckas mepa 6 2usbbepmosom
NPOCPAHCEE 00HOZHAUHO ONPEIEAAEMCA c60uM npeobpasosanuem Dypove.
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2.6. TayccoBckme Mepbl B rmJib6EPTOBOM IMPOCTPAHCTBE.

HnmeroTca pasnudHble SKBUBAJICHTHBIC BADUAHTHI OMPEIEICHUS rayCCOBCKIX Mep
B rusibbepToBoM npocrpascrse (cm., naupumep, [23, §5 ru. 1], [14], oup. 2.6 ru. 1]).
MpbI BBEZIEM TIOHSITHE TayCCOBCKOM Mephl B IBa 9Tara, Kak 3To ¢ienaHo B Kuure [6]:
CHAYAJIA IS BEIIECTBEHHON TIPSIMOii, 3aTeM IJIsl THIBGEPTOBOTO MPOCTPAHCTBRA.

Onpenesenne 9 (cp. [6, oup. 1.1.1]). Bopenesckas mepa 7y Ha BelECTBEHHON
npsimoit R HaswiBaercst 2ayccosckol mepod ¢ napamempamu a € R u o € [0, +00),
eciu ubo o = 0 u 7 asisgercsa mepoil /lupaka d,, COCPEIOTOYEHHOH B TOUYKE @ (CM.
npuMep , amb0 ¢ > 0 u Y UMeeT OTHOCUTENHLHO MephI Jlebera mIoTHOCTH

po(@) = ——-exp | -

CoV2r

(z —a)?

202

}, r eR.

Onpepesienne 10 (cp. [6, onp. 2.1.5 (ii)], [14} omp. 2.6 ru. 1]). Bopenesckas mepa
/4 HA THIBOEPTOBOM MPOCTPAHCTBE S HA3BIBAEGTCS 2a1CCOSCKOT MePOtl, eCITU Tt
BCAKOro (DYHKIHOHANA (p € J£* HEAyIHpOBaHHAS Mepa [ o ¢ ' Ha R apmgerca
rayCCOBCKOH (B CMBICJ/IE OLIPE/Ie/IeHUsE E[)

CBoiicTBO MepbI OBITH FAYCCOBCKON MOXKHO TAKYKE BHIPA3UTH B TEPMUHAX €€ TIpe-
obpazoanusa Pypne:

Teopema 2 (cum. [6, reop. 2.2.1], [14, oup. 2.3 . 1|). Boperescras mepa p Ha
2UAL6EPMOBOM NPOCMPAHCMEE FE ABAAEMCH 20YCCOBCKOT M020a U MOALKO M0204a,
xozda eé¢ npeobpasosanue Pypve umeem 6ud

~ . 1
(8) u(y)=exp{1<m,y>—§<Ky,y>}, y e A,
edem € J, K € &ST(%”). IIpu amom m ABAAENCA CPEOHUM 3HAUEHUEM MEPDL
i, u K asasemcs e€ KoppessyuoHHbLM ONEPATIOPOM.

Bciozy Ja/ee raycCoBCKYIO Mepy ¢ KOppPesamHoHHbIM onepatopom K € LS ()
U CPeJHUM 3HadYeHneM m € J¢ OymeMm oOo3HaYaTh CUMBOJIOM 'k .

XoTs pe3ynbTaT, COAEPKAIUNACI B CASAYIONEM IPEITOKEHIH, HABEPHIKA N3Be-
CTE€H, OJid IIOJTHOTBI U3JI02KeHUA IIPUBOJAUM €r'0 C IIOJTHBIM JOKAa3aTE/JIbCTBOM.

Ilpennoxenne 12 (cp. [9, m. 2° §2 ra. 2], [6, nemma 2.1.6]). IHyems F € L(I#)
u I'gm — eayccoscras mepa na €. Tozda mepa Ik o F~ 1 maxoice asasemen
2ayccosckoli u umeem Koppessyuornut onepamop F K F* u cpednee snauenue F'm,
mo ecmv Um0 F71 =T pgpe pm.

Jlokxazameavcmeo. B cuny npemmoxkenusd 11| 0CTaTOYHO BBIYUCIUTD TPEOOPA30Ba-
une Oypoe mepot [, 0 F~1 u nokasars, 4ro ono cosnagaer ¢ npeobpasosanuem
@ypne Mepw! I'pi g+ pm. Cormacuo onpezenennio (8| n dbopmyne 3aMeHBI TTepeMeH-
ubix (7)) mpu mobom y € S umeem:

F [T o F(y) = / @D (D 0 FY) (da) =
T

- / e F=ND g (d2) = / BT (d2) = F e (F*y).
A g4
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Orcrona, npumensis GOpMyITy U3 TEOPEMHEI |2| B CayYae [ = FK,m, TIOJIy9aeM:
1 * *

(KF*y, Fy) ¢ =

3
= oxp {i(Fm,y) ~ S(FKF*y,9)} = F[Crrcr sl ).

Urak, npeoGpazosanua Oypve Mep L'k 0 F~1 u [ pgpe gy, pasubr [osTomy, B
cuity npeagiozkenust [11] u camu 9Tu Mepbl PaBHBL. O

F[Tkmo Ffl] (y) = exp {i(m, F*y)

Crenytoliee mpeIIOXKEHNE TOHAI00UTCS HAM I TOKA3aTEIbCTBA TEOPEMBI

IIpennoxxenne 13. IIycmov danve npouseosvhvie sexmopa b,m € S u onepamopoe
A€ LSt (), K € LS] (). Tozda umeem mecmo pasencmeo

9) /,f exp {i<y7b> - %<Ay,y>}FK,m(dy) — det™ V(I + KA)-

cexp {i((T+ KA)'m,b) = < (I + KA) " Kb,b) — %(A(I + KA) 'm,m) |

1

2
Joxazamesvcmeo. JJoKazaTe bCTBO MPOBEIEM B TPU JTAMA: CHAYAIA JITS CJIydast
A = I, 3areM 1 0OpaTUMOro oneparopa A, u jgajiee B 00IIEM CIIydae.

1) B ciiyuae A = I, B3gB € = 1, npoBeéM pacCyKIeHUs, AHAJOTMYHBIE [IPUBE-
nennbiM A.B. Ckopoxomom [23], §5] B npumepe Bbraucsienus npu € > 0 unrerpasia
suia [, exp{(y,b) — e(y,y)}T K m(dy).

Tax xax K € LS] (), 10, B cuny Teopembr I'manGepra-Ilvuara (cu., ma-
npumep, [8, reop. 7.5.1]), B S cymecTByeT OpTOHOPMHPOBAHHBIH 6a3uc {e, 52 ,,
COCTOSITINY U3 COOCTBEHHBIX BEKTOPOB oreparopa K, COOTBETCTBYIOIMUX HEOTPHUIA-
TEJBHBIM COOCTBEHHBIM 3HadeHusAM {7, 152 ;. IIpu kaxmom n € N 0603naunm uepes
S}, OTHOMEPHOE TOAMPOCTPAHCTBO B J#, HATAHYTOE HA, €y, 9ePe3 Y, — MPOEKIINIO
Mepbl 'k HA FE;,, B 9€DES Ty, Yn,, My — HPOEKIUN HA F7;, BEKTOPOB T, Y, M CO-
orBercTBeHHO. Torma @ =Y 07 | Tpepn, Y= D oo Yn€n, M= Y oo Mye,. llosromy
BEPHO PABEHCTBO

1

(10) /% exp {i<y,b> 2<y7y>}FK,m(dy) = ﬁ/ﬂ exp {iynbn - %yi}vn(dyn)

ITpu xaxmom n € N mepa 7, Ha UpAMOil JZ;, ABJISETCA TayCCOBCKON CO CPEITHUM
3HAYEHUEM M, U KOppessuuei s,. [losromy npu s, > 0 no oupezenenuo [J umeem:

/m exp {iynbn - %yi}%(dyn) =
(yn — mn)2 } dy,

1 /OO { b 14
= X nUn — 5 -
\ 21, _ooe P Zy" 21,

My, by, m2 %nb% }

1 { .
ex — —
Sxm P\ 5, 2L+ 00) 201+ 52n)
Ecmu xe s, =0, T0O 7y, = 0y, . Cllen0BaTEIBHO, B ITOM CJIydae PABEHCTBO

/% exp {iynbn - %yi}%(dyn) =

ima, by, m?2 s, b2 }

1
\/1+%neXp{1+%n T2+ m) 201+ )
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Takke BepHO npu KaxkaoMm n € N. IloxcTasiss Bce 5T paBeHCTBa B MPaBYI0 9acTh
dopmyubr ((10), monyanm:

1) [ e {itnt) = 5009 }rnn) =

M by, m2 2, b2 } B 1

B Vdet(I + K)

x
:nr-[lmexp{wxn 2(1+ ) 2(1+ )
((I+ K) 7' Kb,b) }.

1
2

2) B ciyuae, korja A mmeer orpanmdennbri obparmbii A1 € LST(F), B
cuy 3ameuanws || ompemenensr omeparoper AY2 mw A71/2 = (A=11/2 u3 kmac-
ca LST (). Cuenaem B unrerpare fﬁp exp {i(y,b> — %(Ay,y>}FK7m(dy) 3aMeHy
HepeMeHHbIX (CM. HpeJlokKeHue , nonoxkus y = A~Y/2z, a 3arem npumennM
upenoxkenue [12] B urore noayuunm:

- exp {7,<([ + K)_lm,b> — %<(I—|— K)_lm,m> —

, 1
(12) / exp {l<y,b> - §<Ay,y>}1“z<,m(dy) =
v
. A—1/2 1 -1/2 —
= [ exp {i(A720,8) — (w2 b (Dien 0 A7) (d2) =
- 2
_ cA—1/2 . 1
= exp {z(A b, z) 2(35,95) L1242 172 (d).
ra
Orcrona, ¢ yaerom hOpMyJIbI , HAXOINM MCKOMOE 3HaYeHNe WHTerpaia:
, 1
(13) [ exp {il08) = 540 () =
T
= det V2 (I + AV2K AY?) . exp {i(([ + AV2RCAY2) A 2 A2

1 1
—§<(I+A1/2KA1/2)_1A1/2m,A1/2m>—§<(I+A1/2KA1/2)_1A1/2Kb,A_1/2b>}.

HecKOIBKO YIPOCTHM MOJMYUIeHHOe BRIpaskKeHue. Eciu B mpenyioskenun [§] mogoKuTs
A = AY2 u Ay = KAY?, 10 13 HEro moyunM paBeHCTBO

det(I + AV2K AY?) = det(I 4+ Ay Ay) = det(I + Az Ay) = det(I + K A).
IIpu sTom u3 myrKTa 1 TeMMBbI |I| cJIeIyer, 94To
(I+AYVPERAY?) T AY? = (T4 Ay A) TP A = A(L+ A Ay = AV (T + KA,

YdauThBasg 3T Pe3yJbTAThl U PABEHCTBO (Al/Q)* = AY2, dpopmymry MOYKHO
YOPOCTHUTD CJIEAYIOMAM 00pPa30M:

, 1 _
/jf exp {Z<y7b> - §<Ay,y>}FK,m(dy) =det™V*(I + KA).
1
- exp {i<A1/2(I—|—KA)_1m,A_1/2b> . §<A1/2(I+KA)_1m,A1/2m>—
1
— (AT + KA)_le,A‘1/2b>} — det™V2(I + K A)-

- exp {i<([ + KA)"'m,b) — %(A(I + KA)"'m,m) — %((I + KA)"'Kb, b>}.
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3) B obmewm ciayuae, korja oneparop A € LST () ne obstzaTebHO 06paThM,
it Kaxkgoro n € N nonoxkum A, = A + I/n. Torna oneparopst A, € LS ()
UMEIOT ODAHUYEHHbIE 00PATHbIE, U BEPHbI (DOPMYJIbL, JJIOKA3AHHbIE B IYHKTE 2):

19) [ exp {itn.b) = 514 () = det™ /2T + KA,

1 1
cexp {i((T+ K An) ™, b) = 5 (An(T+ K Aw) ™ mm) = S((1+ K An) " Kb,b) |
ITockonbky lim, oo KA, = KA B s1epHOil oepaTopHOii HOPME, TO BEPHBL PABEH-
cria lim, oo (I + KA,)"t = (I+ KA)~! B paromepHoit oneparopHoit Hopme, 1, B
cuity nipeioxenus |7} limy, o, det(I + K A,,) = det(I + K A). Tlosromy, epexozsi B
dopmyie K IpeJiesly IpH 1 — 00, HOJLy9IHM J0Ka3biBaeMoe paserctso (9). O

3. T'AYCCOBCKUE MOJIVTPYTIIIBI U UX CBSA3b C YPABHEHUEM PUKKATU

B nannom naparpade colepKarcsi OCHOBHBbIE De3yJIbTarThl Hamell paboTsl (Teo-
peMbI U IIPUMEpPbI 6 [7). B ero nepsoii uacru Mbi cnauasa jaém ompese-
JIEHUSI TayCCOBCKOrO ceMeicTra Mep (onpejgenenne W rayCcoBCKO 1M0JIyrpy bl
oneparopos na %y (H#,C) (onpenenenne [13| n pasencrso (17)). 3arem B Teope-
e 3| maxomuy HeOOXOMMMBIE B MOCTaTOUHBIE yeaoBus Ha dynkuun h(t), P(t), Q(t),
R(t), mpu BBIIOIHEHUN KOTOPBIX ceMeficTBO omeparopos (Gy)i>o, 3amaBaemoe Gop-
myaoit ([17), neficreurensuo o6pasyer HoLyrpyiiLy. DTH yCJIOBUs IPeJCTABIeHbl B
BUJE cucTeMbl (PDYHKIMOHAIbHBIX yPABHEHUI U HAYaJIbHBIX yCJIOBHI IS
h(t), P(t), Q(t), R(t). Janee B Teopeme [ n3 dbyukmonanbHbIx ypasHeHnuit
BBIBEJICHA CHCTeMa OOBIKHOBEHHbIX Auddepenmanbubix ypasrennii (28). B reope-
me 5] moxasano, uro 3amada Komm 115t 9T0ii cHCTEMBI IMEET €IMHCTBEHHOE PEIIeHNe.
B npumepax [ [} [0} [7] sra 3anata Komn pemena anst 4eTbipex 4acTHBIX CIydaeB
(dims” =1, B =0, C = 0, D = 0), uro gaér 4erbipe LpuMepa rayCCOBCKUX
HOJIyTPYTIL.

3.1. TayccoBckue moJIyrpyImibl OllEPATOPOB HA POCTPAHCTBE OrpaHUY€H-
HBIX OopesieBCKUX (bYHKIIHIA.

Omnpenesenne 11 (cp. [6, onp. A.2.17], [8, omnp. 10.5.1]). Hamomuum, uro cemeii-

crBO (G4)t>0 OPPAaHMYEHHBIX OLEPATOPOB Ha mpocrpancrse %y (7, C) nasbiBaerca

NoAY2pyYnNoti, €CJI BbIIOJHEHbI CIELYIOIUe JIBA YCJIOBU:

(S0) Gof = f nas moboii [ € By(H,C), 10 ectb Gy = I — eAMHNYHBIN OTIEPATOD
ua By(H,C);

(S1) nmeer mecro nonyrpyniosoe cBoitctBo G5(Gtf) = Giqs f, TO €CTH BBIIOTHSET-
cs paBencTBo G o Gy = Gy, KakoBbl Obl Hu Obutn t, 5 > 0 u f € %y (,C).

Onpepenenne 12. CemeiictBo {pt 4 | t > 0,z € S} 6openeBckux mep B S
HA30BEM 2ayccosckum, ecnn npu mobeix t > 0 u & € S Mepa [i; ;, UMEET BUJ

(15) ptx = h(t) eXp{ - %<P(t)xax>}FQ(t),R(t)wa
re h(t) € [0, 400), P(t) € LS (A), Q(t) € LST () u R(t) € L(A).

Omnpegnesieane 13. BymeMm roBopuTb, 9TO HEKOTOPOE IayCCOBCKOE CEMEHCTBO Mep
{tt .2 | t > 0,z € #} 3anaér nonyrpyuny (Gy)i>o OLEPATOPOB HA IIPOCTPAHCTBE
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By (H,C), ecin qist mobbix t > 0 u f € %y (A, C) BbIIONHAETCST PABEHCTBO

(16) (Gif)(x /f ) pit,2(dy).

TMonyrpynmy (Gt)i>0 npu 9TOM TOXKEe OyJeM Ha3bIBATH 2aYCCO8CKOU.

Samenwanue 3. Ilycrb upu xaxuom ¢t > 0 orobpaxenue Gy na %y (', C) 3ana-
érca pasencreom ([16)), rae MEDBI it , YAOBIETBODPSIOT YCTOBUAM ONDEIETCHNUS
Torma npu jobom [ € HBy(H#,C) Bepro Briouenue Gif € %y (H°,C) u BbiOI-
usercss HepaBeHCTBO ||Gtf|lco < h(t)||flloo, mo3TOMY G} siBASIETCS OrpaHHYEHHBIM
oreparopom Ha npocrpancrse By (H, C). D10 BbITEKAET U3 LEINOYKHU PABEHCTB

17 (Guf) /f ) 6.0 (dy) =

/ 1y eXp{ N ’<P >}FQ<t>,R<t>x(dy) =

= h(t) exp { - %<P(t)x, x>} /;g f(z+ R(t)z) Do 0(dz),

a TaK2Ke U3 HEePpaBEHCTBa
[(Gef)(2)] < h(t)/ £ (2 + R(t)2)| Tqe),0(dz) < h(t) sup | f(y)| = h(t)]| s
I yeHl

Ipumep 3. YacCTHBIM CIyYaeM TayCCOBCKHUX TOJYTPYII SABJISIOTCH, HAPAMEP, IMO-
ayrpynmst Oprmreitna—Yiaen6exa (T});>0, 3amanusle B [0, dopmyna (2.8.29)] npn
KaxioM ¢t > 0 ¢ IOMOIIBIO PABEHCTBA

@)@ = [ 1+ VI= ) Dol

rie K € LS} (). Jleiicteurenbro, caeaeM B JAHHOM WHTErpaje 3aMeHy Tepe-
MeHHBIX z = F(y) = V1 — e 2y (cM. mpejjioxeHne . Iockonpky mpu TOoM

F*=F =+1-—e 2], 1o, B cuily npejjl0:KeHus [TOJTy IUM:
(18)
(T f)(x) = / fle™'z + F(y))Tko(dy) = / fle7tz+2)(Tgoo F)(dz) =
pa I

- / Jle e+ )T pic e o(dz) = / )T re (),
I R

e Q(t) = (1 — e ?")K u R(t) = e~*I npu Beex t > 0.

Crenyrommasi TeopeMa MOKa3bIBAET, IPH Kakux ycjuoBusx Ha h(t), P(t), Q(t) u
R(t) rayccosckoe cemeiicrBo mep (15]) 3amaer nomyrpymnimy:

Teopema 3. Iayccoscroe cemelicmeo mep

1
(19) fie.e = h(t) exp{ - §<P(t)z,x>}FQ(t)7R(t)w, t>0,2€H

3adaem noayepynny onepamopos Ha npocmpancmee RBy(H,C) mozda u moaivko
mozda, xozda h(t) u P(t), Q(t), R(t) npu ecex t,s > 0 ydosaemsopaiom cucmeme
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PYHKYUOHANOHOLL YPaSHEHUT

h(t + s) = h(t)h(s) det /% (I + Q(s)P(t))

0 P(t+s) = P(s) + R*(s)P(t)(I + Q(S)Pl(t))_lR(S)
Qt+5) = Q(t) + R(t) (I + Q(s)P(1)) Q(s)R* (1)
R(t+s) = R(t)(I + Q(s)P(1)) "' R(s),

a mawsHce cucmeme HavarbHuvlr yCJLOBU’l'Z

(21) {h(0) =1, P(0) =0, Q(0) =0, R(0)=1}.
Jlokazameavcmeo. B cuny ompenenennii u HYZKHO JI0Ka3aTh, 9YTO OIIEPATOPHI
(Gef) (& / F () o (dy) =

(22)
=nexp{ - 5(P0=.2)} [ F0)Ta0.m0s(d

Ha mpocrpancTBe By (H,C) ynosaersopsitor yenosusim (S0) u (S1) m3 onpemee-
HI/IH TOTJ]a M TOMBLKO Tora, Kora h(t), P(t), Q(t), R(t) yaosieTsopsior cucre-
(20

Me (20) m HaYaJIBHBIM yCIOBUAM .

1) Iokazkem, yro ycaosue (S0) paBHOCUIBHO Ha60py yCJ’[OBI/II/I .

IIpu t = 0 B cuny opmysst nMeeM: Gof f% ,uo z dy) HoaTOMy
yenosne (S0) pasrocuibHO pasenctsy [, f )uo x(dy = [uf dy)
npu Beex f € By(H#,C), x 6 J€. TO PABEHCTBO, B cpmy Hpe,Z[.HO}KeHI/IH K-
BIBAJIEHTHO TOMY, 4TO [, € Y g o (dy) = 52 = f v 6, (dy) HpI/I BCEX

x,z € . Tlocneanee yemorue, cornacuo dgopmymnam (19) n @ MOYKHO 3AIIHCATH B
BUJIC PABEHCTBA

h(0) exp {i(R(O)z. 2) — %(P(O)x,:c) - %(Q(O)z, 2} = explif, 2).

TTockonbKy B 3ToM paBerncTre oneparopbl P(0) n Q(0) cuMMeTpuyHBI, a BEKTODA
X,z € J¢ UPOU3BOJILHBI, TO OHO, & 3HAUUT u ycjaosue (S0), paBHOCUILHO HAGOPY
HAYAJIbHBIX yCJIOBHAM .

2) TTokazxem, yro yciaosue (S1) paBHOCHIABHO cucTeMe (DYHKIMOHAJILHBIX yPaB-
HEeHu . Cuavasia npu r00bIX ¢, s > 0 BerancauM Kommnosunuio Gg o Gy. B cuny

dopmyst npu Beex f € By (4, C), x € A nmeem:
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TIe Vi 5, — OOpeJIeBCKad Mepa B £, Ha KaxKJIoM MHOXKecTBe M € B e 3amaBacMas
PABEHCTBOM

Vs (M) = (Go(Gilar)) () = /% iy (M) 10 0 (dy) =
= /jf h(t) exp{ - %<P(t)yvy>}FQ(t),R(t)y(M)'

- h(s) exp{ — %<P(5)3fa$>}PQ(3),R(s)x(dy)a

rae gepe3 [, obo3HAUEeHA WHANKATOPHAs (PyHKINA MHOXKecTBa M: ecnmu x € M, To
Ing(x) = 1, unage Ips(x) = 0.
C apyroii croponsl, u3 ¢popmy.bt (22) BbITeKaeT PaBEHCTBO

(Girsf)(x /f ) itz (dz).

Takum ob6pazom, ucruuuoctb paBeHcrBa Gs(Grf) = Giysf upu n0bbix t,s > 0
u f € B,(s,C) paBaocuibaa ToMy, 410 1pu Beex t,s = 0 u © € S BepHO paBeH-
CTBO V455 = [its,z- B CBOIO OUEPEIb ITO PABEHCTBO, HOCKONBKY MEPa OJHOZHATHO
omnpezensaercs ceouM npeobpasosanuem @ypoe (cm. npezioxenue [11), sxkuBatenT-
HO TOMY, UTO /f5.() = flt4s.x(®) TpH Beex t,5 = 0 u x,p € . Tlosromy nanee
BBIMHC/THM CHAdaTa QDYHKIWIO i+ » (), TOTOM U4 5 » (), B 3aTeM HPUPABHSIEM HX.

Hna m(go), B cuiry popMyn n , HIMeeM CIeIyIOMEee BhIPAKEHHE:
—_ 1
(23)  fitts,a(p) = h(t+s) eXp{ - §<P(t + s)w, $>}9[FQ(t+s) R(t+s))(p) =

:h(t+s)exp{i<R( + 8)z, g0> 1<P(t+ s)z,z) — 7<Q t+ s)p, go)}

st vt 5 (), cormacno opmymnam (19) un , TTOJIy9aeM TaKOe BBIPAsKCHHE:
— . 1
@) o= [ ([ ewtitzenwen{ - J(Ponn)
o \Jaw

'FQ(t),R(t)y(dZ)>h(5) eXP{ - %<P(s)$vx>}FQ(s),R(s)x(dy) =
(P(t)y,y) }f[FQ(o,R(t)y] ()

= / h(t) exp{ -
H
- h(s) exp{ - %(P(S)CC, $>}FQ(5),R(s)z(dy)-

Tax xax Z [T g, rt)yl (@) = exp {i(R(t)y, ©) — 2(Q(t)e, cp>} no TeopeMe TO

DN | =

(25) Dtsal / h(t eXp (R(t)y, o) — %(P(t)y,w - %<Q(t)<p,<p>}-
~h(s) exp{ - %<P(8)x7x>}FQ(s),R(s)z(dy) =
= h(O)h(s)exp { = 3 (P(s)r,2) = 3 (Q)p.0) }

: /ﬁ exp {ity, B (1)2) — 5 (P(1)0.) a0 moya (d).
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Jagiee JIs BBIMACCHAS OCTABIIErOCs MHTEIPaIa BOCHOIb3yeMcs paseHcTsoM ([9)
u3 npennoxenus [I3] B ciyuae, korna A = P(t), b= R*(t)p, K = Q(s), m = R(s)z.
Beezs amist kparkocrn obosnadenne V (s, t) = (I + Q(S)P(t))_l, IOJTY THM:

26) [ explitn. R (0)9) = 5(P(0)3.9) o rio () =

= det™/2(I + Q(s)P(t)) - exp {z‘(V(s, t)R(s)x, R* (t)p)—
1

— §<V(s7t)Q(s)R*(t)<p,R*(t)<p> — %<P(t)V(s,t)R(s)ac,R(s)x)}.

Moncrasnss sty Gopmyny B (25), npuxomum K OKOHIATENTBHOMY BBIPAYKEHHIO [IJTsi
dbysrIMn Uy 6 4 ()

(27) Fvale) = hh() et Vs, 1) - exp { = 2(P()2,) — 5(Qt)p o)+
ROV (5,0 Rs)2,0) — 5 (ROV (5, 0QER (), 0) -

- %<R*(s)P(t)V(s,t)R(s)x,x)} -

= h(t)h(s) det*/2 V (s, t) - exp {i(R(t)V(s,t)R(s)x, ©)—

— 5{Q) + ROV (5, HQER (1) 2,) |

Bamerum, uro oneparopsl R*(s)P(t)V(s,t)R(s) u R(t)V (s, t)Q(s)R*(t), B cuiy
nemubt [I], ABIAIOTCS CAMOCONPSIZKEHHBIMU. Y YHTBIBAs 9TO U IIPUPABHUBAS BBIPA-
JKEHUsl B IPABbIX 4acTax (hopmy. u (27), npuxonum K BbIBOZY, 4TO PaBEHCTBO
fitsm(P) = Vraw(p), a 3maunt u pasencrso Gy, = Gy o Gy, PABHOCU/IBHO CHCTE-
e (20). Teopema noxazana. O

Teopema 4. Ilycmo 2ayccosckoe cemeticmeo mep

1
te,z = h(t) exp{ — §<P(t)z,x>}FQ(t)7R(t)w, t>0,zx e

3adaem noayepynny onepamopos na By(H, C). IIpednososicum, wmo dynkyus h(t)
Jugpepernyupyema nput > 0 u umeem KoneuHyw NPpasyro npouseoduyro a = h'(+0).
IIpednonosicum maxoice, wmo 6 sdeproti nopme onepamop-gynkyus Q(t) duddepen-
yupyema npu t > 0 u umeem ozpanunennylo npasyr npouseodnyo B = Q'(+0),
U 8 pasHoMepHol onepamoprol nopme onepamop—pynryuu P(t), R(t) dudppepen-
yupyemv, npu t > 0 u umerom oeparuuennoie npasouie npouseodnme C = P'(40),
D = R/(+0) coomeememeenno. Tozda a € R, B € LS (), C € LSH (),
D € L(s2) u ¢dynryuu h(t), P(t), Q(t), R(t) npu ecex t > 0 darom pewenue
3adavu Kowu

W) = (o= 5 0 (BPO) )10 M) =1
(28) P'(t) = C+ D*P(t) + P(t)D — P(t)BP(t) P(0) =0
Q'(t) = R()BR' (1) Q(0) =0
R'(t) = R(t)(D — BP(t)), R(0) = 1.



TAYCCOBCKUE IIOJIVI'PVIIIIEI OITEPATOPOB 17

Loxazamenvcmeo. 3 mpenmoxenns |§| u HadaJbHbIX ycaouit (21) caenyer, uro

(det (I+ Q(S)P(t)))' = det (I + Q(0)P(t)) - tr (Q'(+0) P(t)) = tr (BP(t)).

sls=4+0

Otrcrona, muddepenuupys pasencrso h(t + s) = h(t)h(s) det™/2 (I +Q(s)P(t)),
nepsoe B cncreve (20), n yanremas (21), maxomm:

W(t) = (h(t + s));}S:H) = h(t)h' (+0) det ™'/% (I + Q(0) P(t)) —

!

s=40

—h(t)h(0) - % det ™% (I + Q(0)P(t)) - (det (I+ Q(S)P(t)))

S

= h(t) (a - %tr (BP(t))).

Crosa sBesém oboznauenue V (s, t) = (I + Q(s)P(t))fl. Torna V(0,t) = I npu
Beex t > 0. Kpome roro, us nynxra 1 semmbt[Tlupu Ay = P(t), Ay = Q(s) nosyuum:

V(s,t) = (I+Q(s)P(t)) " =T —Q(s)(I + P(1)Q(s)) " P(t).
TMosTomy, yunrbiBas nadanbhoe ycaosue Q(0) = 0, naiigém:

(V(s,t));|5:+0 = - Sl_ig_lo @(I + P(t)Q(s))*lP(t) = —Q'(+0)P(t) = —BP(t).
Hanee, sauncas B Buge P(t+s) = P(s)+R*(s)P(t)V (s, t)R(s) Bropoe paBeHCTBO

cucremsr (20), HaxomuM:

P'(t)= (P(t+3s))] = P'(40) + (R'(+0)) " P(t)V (0, ) R(0)+

s=-+0
+R(0)*P(t)(V(s, 1) ] _ LoR(0) + R(0)" P()V(0,1)R'(+0) =
= C + D*P(t) + P(t)D — P(t)BP(t).

I3 rperbero pasencrsa cucremst (20), samenus 5 ném (I + Q(S)P(t))f1 Ha

V(s,t), noayuum:

Q) = tm BOV(s.) 2D B (1) = BOQ ()R (1) = ROBR" (1)

s—+0

Ananornuno, 3amucas Buzne R(t + s) = R(t)V (s, t)R(s) mocnentee paBeHCTBO
CHCTEMBI , NpHUAEM K COOTHOIIIEHWIO

R'(t) = R(t) ((V(s £)"] o R(0) + V(o7t)R’(+o)) = R(t)(D — BP(t)).
Teopema jokazana. ([

3amenanue 4. Ucxons us cucrembr (20)), MOoKHO ciaeayomum o6pa3oM Oy YUTh
cucremy juddepeHuanbHbIX ypaBHenuii, orngaontytocs or (28). Cuavasna s (20))
MeHsAeM MeCTaMu t u S:

h(s +1t) = h(s)h(t) det "/ (I + Q(t)P(s))
P(s+1t) = P(t) + R*(t)P(s) (I + Q(1)P(s))~ m>
Qs +1) = Q(s) + R(s)(I + Q()P(s)) Q)R
R@+0=R@U+Q@P@rﬁwy
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Haitee, nuddepeniupys KazxKj0e paBeHCTBO 10 § B HyJI€ CIpaBa, (aHAJOTUIHO TOMY,
KaK 3T0 jiesaercs B Teopeme (), npugem K cucreme

h'(t) = (a - %tr (Q(t)C))h(t)

P'(t) = R*(t)CR(t)

Q'(t) =B+ DQ(t) + Q(t)D* — Q(t)CQ(t)
R'(t) = (D - Q(t)C)R(t).

Bxopginee B neé nuddepennuanbhoe ypasaenue Pukkaru nyia Q(t) sBigercs qBoii-
cTBeHHbIM K ypaBhenuto mis P(t) uz cucremst (20) (cm. onpenesenue |4)).

Teopema 5. IIpu aobwz a € R, B € LS (), C € LS (H), D € L() 3adaua
Koww umeem eduncmeennoe pewenue na noayocu [0, +00) (nput = 0 bepemces
npouseodnas cnpasa) 6 raacce duddeperyupyemnr dynryud h: [0,4+00) — R,
P:[0,400) = LS (), Q: [0, +00) — LST (), R: [0, +00) — L(H).

JHokaszameavcmeo. Haunem ¢ ypasrenust P'(t) = C+D*P(t)+P(t)D—P(t)BP(t).
B cuny teopemst [I] nannoe oneparoproe muddepennuansaoe ypasrenne Pukkaru
uMeer epuHCTBenHOE pemtenne P(t) € LST () ¢ nauambubiv yeaosuem P(0) = 0
Ha noJyocu t = 0.

Hasee, B cuny npesgoxkennii [5| u 2] mpu Beex ¢, s > 0 BepHa oneHka

=
[t (BP(t) -t (BP(s))| = |t (B(P() = P(s)) )| < IBIl1 - |1 P(t) = P(s)]|-

Orciona, BBUy HeNpepbIBHOCTH OTOOpazkenus ¢ — P(t), ciemyer HempephIBHOCTD
dbynkumn ¢ — tr (BP(t)). Ilostomy ypasaenne h/(t) = (a— Ftr (BP(t))) h(t) c na-

qanbHbIM yesosreM h(0) = 1 nmeer eauHcTBeHHOE perenne mipu ¢ > 0. OuernHo,
t

9TO pellleHre MOXKHO 3anucarh B Buze h(t) = exp { Ik (a —Str (BP(s)))ds}
0

Ypasuenue R'(t) = R(t)(D — BP(t)), nocaeauee s (28), B cuiy neupepbisHocTu
orobpakenust t — (D — BP(L‘)) rakxke umeer npu t > 0 €IUHCTBEHHOE DEIIeHNe
¢ HavasbHbIM ycsosneM R(0) = I (cwm., wampumep, [I7, m. 1 § 2 ru. 2], [21] . 31
rir. 3], [12) m. 1.1]).

Ocraércs naiitn perenne ypasaenns Q'(t) = R(t)BR*(t) ¢ HadaibHBIM yCJIO-
suem Q(0) = 0. dro pemeHHe TaKKe €JMHCTBEHHO W BBIPAKAETCS U€PE3 MHTErpas
Boxnepa: Q(t) fo 7)BR*(7) d7 (cm., nanpumep, [20, Teop. 6 § 7 ra. VI]). Tax
kak B € LS (), To R( )BR*(1) € LS} () npu mobom 7 € [0,t]. Tlosromy
Q(t) € LST (o) npn moBowm t > 0. Teopema moKa3ana. O

3.2. HeckoJIbKO IPAMEPOB I'ayCCOBCKHUX IMOJIyT'DYIII.

3aech MBI pemaem 3amady Kormm B YETHIPEX YACTHBIX CIy4asgx: B OTHOMEp-
HoM cirydae dim 52 = 1 (upumep 4) u B cayuasx, korga B =0, C =0 wm D =0
(upumepst [5} [6] 1 [7). Do saér uersipe npumepa rayccosckux HOLyrpyILL.

Hpumep 4. Iycrs dim 57 = 1, ro ects S = R. Torga oneparopst B, C u D = D*
MOXKHO OTOXKJECTBUTH C HEKOTOPBIMH BeIeCTBeHHbIME dnciamu b > 0, ¢ > 0 u d
COOTBETCTBEHHO, a omneparop—dyHKimn P(t), Q(t) n R(t) MOXHO CUNTATH Belle-
crBernbIME byHKIHAME Ha ayqe [0, +00). Beeaém oboznauenne k = v/be + d2.
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Cuauasia npeanosioxuM, 910 k # 0. Pemas B (28]) mocienosarebuo ypasaenus
s P, R, Q u h, ipu Becex ¢t > 0 npuaém xk dhopmyram

B Vkela—d/2)t . B csh(kt) _
ht) = VEk ch(kt) — dsh(kt)’ Pt) = kch(kt) — dsh(kt)’
B bsh(kt) ) B k
QO = ot —asn’ T Lh(e) — deh(kD)

Ecmm xe k = Vbc+d? = 0, to d = 0, a takke b = 0 mum ¢ = 0. TTosTomy
cucreMa ypaBHEHUI B VIOpOIaeTcs, u pernerne mpu Bcex ¢ > 0 mmeer BUT
h(t) = e, P(t) = ct, Q(t) = 0, R(t) = 1 B cayuae b = d = 0, u, COOTBETCTBEHHO,
h(t) = e, P(t) =0, Q(t) = bt, R(t) =1 B ciiyuyae ¢ = d = 0.

ITporepka mokaswiBaer, uto Haiizenuwie dbyukuun h(t), P(t), Q(t) n R(t) ymo-
BJIETBOPSAIOT YCJIOBUSIM KaK B cayuae k = 0, tak u B caydae k # 0. B cumy
TeOpeMbL |§| 9TO O3HAYAET, 4TO i t > 0 ceMeiicTBO OmnepaTopoB BHUJIA

1
(Guf)a) = ht)exo { = 5(PO.2)} | F)Ta0 mins(d)
¢ rakumu pynukuusmu h, P,Q u R 3anaer rayccosekyio noayrpyuiy Ha Bp(R, C).

Hpumep 5. ycrs B = 0. Pemas 3anaay Komm (28)) s aroro ciyvast, npu Bcex
t > 0 maxomum: h(t) = e, P(t) = fot e™P"Cem™Pdr, Q(t) = 0, R(t) = e'P. Mpose-
pssl yCJAOBUS u npumeHsis Teopemy [3| ybex naemcs, aro na By (A, C) cemeii-
CTBO TayCCOBCKUX MEpP C TAKUMHU MAPAMETPAMHU EHCTBUTETHHO 33/1a€T rayCCOBCKYIO
MOJIyTPYIIITY.

Hpumep 6. Ilycrs C' = 0. Torjga, aHAJOrUYHO HPEIBULYIIEMY, [OLYYaeM W3
npu Beex t = 0: h(t) = e, P(t) =0, Q(t) = fot e™PBe™ dr, R(t) = e!P. Tax xak
B € LS (), To Q(t) € LS] (A) npu Beex t > 0 B cHITy TIPeIIOKEHAS

B wacrrocrm, ecmm a = 0, TO, mOACTABNSAA HaliIEeHHBIE BhIpaxkeHus mist h(t),
P(t), Q(t) u R(t) B pasencrso (I7), anst mobbix f € By(H,C), x € # ut >0

nostyuum ¢opmyity, anajsoruunyio dopmyse (2.1) u3 [3]:

@) = [ 1+ RO Toualds) = [ 1RO =1) Toualdy).
Takum obpasom, npu C' = 0 u a = 0 rayccosckast moiayrpynna (Gi)i>o SIBISETCST
0000IIEHHOl MEeJIEPOBCKOl oIy rpynnoil Ha npocrpancTse %y (7, C) (cM. onpene-

nenue 2.4 u naparpad 4 B [5]).

Ipumep 7. Ilycts D = 0. /Iy Toro, 9TobbI 3amucarh perenne 3aaaqn Kormm B
3TOM CiIydae, IPUMeHHM K oneparopaMm B € ES;F(%”) uC € LST () 3aMeanHe
Torma momyunm, uto omnpenenenst oneparopst vVCBvVC,vVBCVB € LST(A) n
VVCBVC,/VBCVB € LET ().

ITycrs reneps t > 0 duxcuposano. s awoboro x € R\ {0} 3anaaum Gyukuuun
fi(z) = (th(tz))/z u g,(z) = (ch(tz)—1) /(2 ch(tz)). Torna fi(z) > 0u gi(z) > 0.
Hooupenesus f; u g B rouke x = 0 110 HELPEPBIBHOCTHU, HOJLYyYuM, 410 fi, g: € C(R).
TIlosTomy, B cuty 3amedanus |1, s moboro oneparopa K € LST () onpenesenst
oueparopst fi(K), g:(K) € LS (), koropbie Mbl o603nauum 4epes (th(tK))/K
u (ch(tK) —1)/(K?ch(tK)) coorsercreento.
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Hajiee, ucnosb3ysi cBoOcTBa OnpeaeuTess (CM. MIPeNIoXkKeHue E[) U TIPOBOJSA
HEOOXOIMMBIE BBIYMCICHUs, IPAXOAAM K BBIBOLY, 9TO B ciaydae D = 0 pemenue
sazadu Kowmwu (28) upu so6om ¢ > 0 MOKHO 3anucaTh B BUIE

h(t) = e - det~1/? (ch (t\/m))

. th (t\/\FCBJ@) .
JCBVC
(29)
o) = VB th (t+vVBCVB)
VBCVE
) . ch (t\/\FCB\FC) — I
O e e (BT

[pu atom, ockonbky B € LST (), 1o Q(t) € LST () ans moGoro t > 0.
Ucnonb3ysa pasnoxkenust pyuxmuit sh, ch u th B cremennbie psabl, MOKHO TOKa-
sarb, aro mpu 0 < t < 7/ (24/|B[| - |C]]) pemenne zagatu Komn MOZKHO

[EPeNnuCcaTh B HECKOJIbKO HHOM BH/IE:
s(t) = e - det™1/2 (ch (tv BC))

Pt)=C- th{tvBC) %f?)
th (tv/BC)

o="rpc "

R(t) = (ch (t\/ﬁ)) -

rae omeparopsl th (t\/ﬁ) / VBC n (Ch (t\/Bic))f1 OIPEJIENIAIOTCS € TTOMOIIHIO
panoB Makmnopena mnsa dyaxuumit © — th(tx)/z u z — 1/ch(tx) coorsercTBeHHO.
OTH psibl, BBULY YeTHOCTH YKA3aHHBIX (DYHKIHI, OYIyT COAEp:KaTh MEPEMEHHYIO T
JIAIITb B Y€THBIX CTEIIeHAX (xQ)", n=20,1,2,.... llogcraBass BMeCTO KayKJIOTO BbIpa-
xenust (22)" onepatop (BC)™, momydum psjibl Aj1st omepaTopos th (t\/%) /VBC

u (ch (1vVBC)) ™.

P(t) = Ve

VB

C.

4. TITAHBI HA BYIVIIEE

B mamumx ciaemayiomnux paboTax Mbl IJTAHAPYEM:

1) BBIACHUTD, MPU KAKUX YCJIOBUSAX M HA KAKUX TOAMPOCTPAHCTBAX MPOCTPAHCTBA
Py (A, C) rayccoBckas MOJIyrpynna, 3anasaemMas HhopMyoit , OymeT CUIbHO
HEIIPEpPBIBHON, a TaKzKe HAWTHU ee TeHepaTop;

2) BBECTHU IOHATHE I'ayCCOBCKON MOJIyTPYIIIb OLEPATOPOB Ha IIPOCTPAHCTBE GOpe-
JeBckux Mep M(S) u u3yuuTh Takue noJLyrPYIIIbL;

3) ycusurb pesysbrar reopemb (4 nosydus u3 cucrembl KaK CJI€J/ICTBUE CUCTe-
My (28) mpu Gosee ciabuix ycmosusix Ha omneparop-byrkuun P(t), Q(t), R(t)
(HampuMep, mpeIIo/Iaras JIUIIb UX HEIPEPHIBHOCTD );

4) nokaszaTh TeopeMy, 0bpaTHyIo Teopeme [l To ecTb 0KA3aTh, YTO BCE PEILEHUS 3a-
maun Kot OyayT peIIeHnsIMU CHCTEMBI (PYHKITHOHATBHDBIX YPABHEHUIT .
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