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YOK 519.714 + 681.514
BBK 22.1

AHN3OTPOMUNHBLIA AHANIN3 OECKPUNTOPHbIX
CUCTEM C NUCNOJIb3OBAHUEM JIMH

BenoB A.A.! AHipuaHoBa O.F.Z,
(DI'BYH Hncmumym npobnem ynpasienus
um. B.A. Tpanesnuxoea PAH, Mocksa)

B pabome npeonazaemcsi memoo aHu30MpORULIHOZ0 AHAIUZA OUC-
KPEMHBIX 0eCKPUNMOPHBIX CUCTEM, OCHOBAHHBIL HA OOHOM U3 IKGU-
BANIEHMHBIX NPEOCMABNIEeHUIl 8 NPOCMPAHCMEE COCMOSHUL QeCKpun-
mopuwix cucmem. Ilpu smom nonyuennvle YCa08ust A6IAI0MCI GbINYK-
JIBLMU.

KoroueBrie cnopa: AHHSOTpOHHfIHaH HOpMa, OCCKPUIITOPHBIC CUCTC-
MBI, JIMHCHHEIC MaTpHUYHBIC HCPABCHCTBA.

1. BeedeHue

[Ipu cocraBneHNn MaTeMaTHYECKUX MOAENEH CHUCTEM B (u3nye-
CKHX TIEPEeMEHHBIX MOXKHO TOJYyYUTHh MOJENH, COYETalonme B cebe
mddepeHnranbHBe U anredpandeckue ypaBHeHHUs. Takue CHCTEMBI,
Ha3bIBa€MbIE JAE€CKPUITOPHBIMH, HAIITH CBOE NMIPUMEHEHHE B pa3ind-
HBIX O0NACTSIX HayKd U TEXHUKH [6, 8].

Hecmotps Ha oueBuzmHOE ynoOCTBO B COCTaBJICHUH MaTeMarTu-
YECKHUX MOAENEH, METOAbl aHaIW3a U CHUHTE3a TAKUX CUCTEM CYIe-
CTBEHHO OTJIMYAIOTCS U OBIBAIOT JOCTATOYHO CJIOXKHBI B peaM3aLluH.
OTO BBI3BAHO TEM, YTO M3-3a ANTeOpPanvdecKUX YpaBHEHWH CBS3H Jie-
CKPUITOPHBIE CUCTEMBI IPHOOPETAIOT CBOICTBA, HE XapaKTepHBIC IS
OOBIKHOBEHHBIX CHCTEM B MPOCTPAHCTBE cOCTOSTHMUA. K Takum cBOii-
CTBaM MO)KHO OTHECTH HEBO3MO)KHOCTH Pa3pellluTh CHCTEMY OTHOCH-
TEJBHO MPOU3BOIHOM, HEOOXOMUMOCTH TO/Ia4M Ha BXOJ CHCTEMBI JI0-
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CTaTOYHO IJIaJIKHX CUTHAJIOB, a TaKKe HEMPUYMHHOE B JIUCKPETHOM
cirydae (MMITyJIbCHOE B HETIPEPBIBHOM CIIydae) IMOBEICHHE.

[lepeuncieHHbie BbIIE 0COOEHHOCTH CO3JAOT TPYIHOCTH HpHU
0000IIEHUN METOIMK, YCIICITHO Pa3paOdO0TaHHbIX I OOBIKHOBEHHBIX
cucteM. Hekotophkle 3a1aun 10 CUX TOP SBIISIOTCS HEPEIICHHBIMHA IS
JIECKPUNITOPHBIX cucTeM. K OMHON M3 TakWX 3a/lad OTHOCHUTCS CO-
3[IaHUE BBIYUCIUTEIHHO 3()(DEKTHBHBIX METONOB aHAIM3a U CHHTE3A.
B nanHO#1 paboTe pa3paboTaH aNrOpUTM aHH30TPOIMIHOTO aHAJK3a,
OCHOBAHHBII Ha METOJIaX BBIMYKIION ONTUMH3ALIUH.

AHM30TpOnIUiiHAsA Teopusi OepeT cBoe Hadaimo u3 padot [2, 10].
B ocHoBe moaxona JIeKUT TEOPETHKO-HH(OPMAIIMOHHOE MTPECTaBIIe-
HUE CIIyYailHBIX CHTHAJIOB. AHH30TPONHKHAS TEOPHS H3Y4aeT peak-
[IAI0 CHCTEMBI Ha BO3JCHCTBYIONINE HA HEE «I[BETHBIC» ITyMEI. Ilof
«IIBETHOCTHIO» MMOHMMaeTcs nH(popMamoHHoe ykioHeHue Kynpoaka-
Jleitbnepa ot rayccoBckoro Oemoro myma [2]. Kpurepuem kauectsa B
JAHHOM CJIyJae BBICTYNAeT aHW30TPONHIHAsA HOpMa CHCTEMBI. 3a1ada
AHM30TPOIHMITHOTO aHAIIM3a JIJIi OOBIKHOBEHHBIX CHCTEM C HMCIIONB30-
BaHUEM JIMHEWHBIX MaTPUYHBIX HEPABEHCTB ObLIa perieHa B [9]. OT1oT
pe3yasTaT ObUT 000O0IIEH Ha JECKPUIITOPHBIE CUCTEMBI B [4]. OqHako
YCIIOBUS, TIOTYUYCHHBIC B TIEPEUUCICHHBIX paboTax, SBISIOTCS HECTPO-
TUMH, a TaKXKe W3-32 HAJMYWS BBIPOXKICHHBIX MATPHIl B OTpaHUYe-
HUSX — HEBBIMTYKJIBIMU. B manHO#i pabdore copmymupoBaHa HOBas
4acTOTHAs TeopeMa B TepPMUHaX JIMHEHHBIX MaTPHYHBIX HEPABEHCTB,
MTO3BOJISIOIIAs pa3paboTaTh BEIYUCIUTENHHO I GEKTUBHBIIN aJropuT™
AHU30TPOIMIHOTO aHaJHM3a AECKPUITOPHBIX CUCTEM.

Crpykrypa paboThl cinenyromias. B pa3zgene 2 mpuBeaeHBI pe-
BapUTEIBHBIC CBEJCHUS TI0 TCOPHH aHU30TPOIMUHHOTO aHAIHM3a U OC-
HOBBI TEOPHH JTUCKPETHBIX JECKPUITOPHBIX cucteM. B pasnene 3 mo-
Jy4E€HBbI yCJIOBUSI HOBOM YaCTOTHOM TE€OpEMBbl B TEPMHUHAX JIMHEHHBIX
MaTPUYHBIX HEPaBEHCTB IUIS OOBIKHOBEHHBIX cHCTeM. B pasnene 4
chopMynupoBaHa HOBasl YaCTOTHAS TEOpEMa IS JECKPUITOPHBIX CH-
CTeM ¥ TPUBEJICH YHCICHHBII puMep.
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2. OcHoeHble meopemuyecKkue ceedeHus!

2.1. JleckpunTOpHbIE CUCTEMBI
JuckperHasi JeCKpUNTOpPHasl CUCTEMa B IPOCTPAHCTBE COCTOS-
HUM UMEET BHJ]

(1) Ex(k+1) = Ax(k)+ Bf(k),
y(k) = Cu(k)+ Df(k),

e x(k) € R™ — Bekrop cocrosamst, f(k) € R™ u y(k) € RP —
BXOIHOM M BBIXOJHON CHMTHalbl COOTBeTCTBeHHO. F, A, B, C, D -
MOCTOSIHHBIC MaTPHUIIBI COOTBETCTBYIOLIMX pasmepHocTed. £ € R™*™
— BBIpOXKJIEHHast Marpuia, rank £ = r < n.

Omnpenenenue 1. JJeckpunmopuas cucmema (1) wnazvieaemcs
oonycmumot, ecnu ona peeyiapras (3N # 0 : det(AE — A) # 0),
npuuunnas (degdet(zE — A) = rank E)u ycmouuusas (p(E,A) =
maX|>‘|>\e{z\det(zE—A)=0} < 1). Bonee noopobuyro unghopmayuio
MmooicHo Hatimu 6 [6, 11].

[Ipennomnaraem, 4yro cucrema (1) sBiAETCS PEryIspHOM, TOTHA
CYIIECTBYIOT [BE HEBBLIPOKJACHHBIE MaTpuibel W u V Takue, 4To
WEV = diag(I,,0) [6]. TIpeo6pasoBanne KoOpAUHAT UMEET BHI

—-1 z1(k)
@ v = (20 )
e z1(k) € R u x9(k) € R™". Cucrema (1) Bo BTopoii 5KBHBa-
neHTHON Gopme (DD2) 3amaercs CISAYIONUMA YPaBHEHHSIMH [6]:
x1(k+1) = Apzi(k) + Appxo(k) + Biu(k),
(3) 0 = Agizi(k) + Agsxs(k) + Bou(k),
y(k) = Cizi(k) + Caxa(k) + Du(k),

e

4)

= ATF A A > — < B > —

WAV = WB = , Cv=(C, Cy).
< Aoy Ago By (G &)

Marputibt W u V Haxomsrcs u3 CHUHTYJISIPHOM JIEKOMITO3UI[UU

E = Udiag(S,0)2",
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Taxoke CileayeT 3aMeTHTb, YTO CHCTEMa SBIISCTCS GpMAH{HHOM,
ethpr det(Asgz) # 0, u yeroiumsoii, ecmm p(Ay; — Ajp A~

2.2. CpenHAd aHH30TPOIHA NIOCIEA0BATEIbHOCTH H aHH30TPO-
nuiHAas HopMa CHCTEMbI
Ilycte 3apmaHa cranmoHapHas IOCIENOBaTeldbHOCTh W

{w(k)}r>0 MHTErpHpYeMbIX C KBaJpaTOM CIy4ailHBIX BEKTOPOB M3
R™, mpencraBistonux co00il AMCKPETHBIC CIydalHBIC MPOIIECCHI.
CocraBum u3 anemeHtoB W Ha uHTepBajie Bpemenu [0, N| cimyudaii-
HBIH BEKTOD
w(0)
Wo.n-1=
w(N —1)
BCE KOHEYHOMEPHBIE BEPOATHOCTHBIE paclpe/iesieH!s] KoToporo abco-
JIIOTHO HETPEPHIBHBIL.
Amnusorpomnus cirygaitnoro Bekropa A(Wy. 1) €CTh MUHUMAITb-
HOE 3HaY€HUe OTHOCUTENbHOM 3HTpoMKHU [10] OTHOCHTEIBLHO rayccoB-
CKUX pactipenenennii B R ¢ HyJlIeBBIM MaTeMaTHIECCKUM OXUITAHHEM
U CKaJsipHOM KOBapHAIlMOHHOW MaTpHIIEH:

2 \m
e h(Wo.n—1) = Eln f(Won—1) = — [gmn f(w)In f(w)dw —
maddepenuuansras saTporms, a f : R™Y — R, — miorHOCTSH
pacmpeneneHus: BepossTHOCTH m.N-MepHOTro BekTopa Wi.n_1.
CpefiHsis aHU30TPOMNUS MOCISI0BATENEHOCTH W — 3TO ycpeaHeH-
Hasl 110 BPEMEHH aHU30TPOITUS CITy4aifHOrO BEKTOpa, OHA MOXKET OBITH
HalieHa mo gopmyne

5) A(W)= lim

AWoy1) = Pt (2”€E(|WD:N1|2>)  h(Wo_1).
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[lycte cnywaitHas mocienoBarenbHOCT, W reHepupyercs U3
rayccoBcKoro 6emoro myma V' ¢ moMombpi GopMupyromero GuisTpa
G , nepenarounas GyHkuust G(z) KOTOPOro MPUHAIIEHKHUT IPOCTPaH-
crBy Xapan HJ'*™ MarpuuHO3Ha4HBIX (DYHKINH, aHATHTHYCCKUX B
OTKPBITOM CIAWMHUYHOM KpPYTC Ha KOMIUJIEKCHOM INIOCKOCTH U MMEI0-
HIMX KOHEUHYI0 Ho-HOpMY, OMpEAensIeMyt0 BhIpaKEHHEM

L 1/2
1Gl2 = (% /ﬂTraceS(w)dw) ,

~

rie S(w) = G(w)G(w )

*(—=m < w < ) — CHeKTpaibHas INIOTHOCTh
w, Glw) = lim; G(le™) -

I'paHU4YHOC 3HA4YCHHC nepez[aToqnon

¢ynknnu G.
Cpennsisi anu3otporust (5) CIIy9alHON CTaIlMOHAPHOW TayCCOB-
ckoii mocnenoBarensHocTH W = GV MOXeT OBITH OmIpeneiicHa B

TEPMHHAX CIEKTpaibHOU TIoTHOCTH S(w) W Ho-HOpMBI (GOpMHPY-

tomero ¢puibTpa G 1o hopmyrie

” mS(w)
+ lnd t———=
awy=—- [ TaR

CpenHsisi aHU30TPONMS XapaKTEPU3YeT «PAaCCTOSHUE» MEXAY CUTHa-
JIOM ¥ TayCCOBCKUM OellbIM nrymoM. bosee moapoOHyto nHpopMamnnio
MOXXHO HaiTu B [1, 2].

O6o3HaynM 3a Y = PW BBIXOJ JIMHEWHOH NTUCKPETHOW CHCTeE-
Ml P € HE™, nepenarounas ¢pyukius P(z) KoTOpoil aHATMTHYHA
B OTKPBITOM SMHUYHOM Kpyre |z| < 1, P(z) umeer koHeuHyt0 Hoo-
HOPMY.

dw.

Onpenenenune 2. a-Aunusomponutinas Hopma cucmemsvt P npu
3a0annom 3Havenuu a > 0 onpedenena xaxk
(6) 1P, = sup {|PG>/IGll> - G € G},
m.e. Kax Haubonvuiutl Kod(guyuenm ycuieHus no OMHOULEHUI) K
Knaccy opmupyrowux uibmpos

o={GeHy™: AG)<a}.
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WUrax, a-ann3oTponuiiHas HopMa || P||, omuckiBaeT croxacTuue-
CKAU KOI(PPUITMEHT YCHICHHUS CHCTEMBI PP OTHOCHTETHHO BXOTHOU
nocienoBarensHocTH W
3ameuanue 1. CryyaiiHas mocnenoBarelbHOCTh W MOTHOCTBIO
omnpenensercs GopmupytommM GunsrpoM G, cienoBareiabHO, 000-
snagennst A(G) n A(W) SKBUBaJCHTHBL.

3. Hoeast aHuzomponuliHasi YacmomHasi meopema Ossi
06bIKHOBEHHbIX cuCmeM

PaccMOoTpuM OOBIKHOBEHHYIO AMCKPETHYIO CHCTEMY, 3aIlHCaH-
HYIO B CJIEIYIOIIEM BUJIE:

(7 z(k+1) = Axz(k)+ Bw(k),
y(k) = Cux(k) + Dw(k),

e (k) € R™ — cocrosame cucremsl, w(k) € R™ — ciydaiiHas
CTallMOHApHAs IIOCIIEN0BATEIbHOCTh C U3BECTHBIM YPOBHEM CpeIHEN
anmsorpornn A(W) = a, y(k) € R? — wnabmromaemslii BBIXOJ.
A,B,C,D — mNOCTOSHHBIC MATPHIIBI COOTBETCTBYIOIIMX pasMep-
Hocreil. llepemarounas ¢yHkumsa cuctemsl (7) ompenensercst BbI-
paxxeHHeM

F(z) =C(zI — A)"'B+ D.

Juns yeroitunBoii cuctemsl (7) cripaBeqinBa CleAyIoIas Teo-
pema [9].

Teopema 1. Ilycmo cucmema (7) ¢ nepedamounoti @yukyuer
F(z2) sensemcs ycmotiuueoti u npunaonedxcum npocmpancmey Xap-
ou (FeHIZ" ). Jina 3a0annvix ckarapuvix eenuuun a > 0 uy > 0
G-QHU3OMPONULIHASL HOPMA CUCTHEMbl OZDAHUYEHA C8epXy HUCIOM Y,
m.e.

IE1 <,

ecnu cywecmeyem maxoti ckanap 1 > y> u n x n-mampuya ® =
®T > 0, 01 Komopuix cnpasednusvl cnedyowue nepasencmea

(®) n— (672“ det(nl,, — BToB — DTD))l/m <72
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) ATeA -0+ CTC AT®B+C'D
BT®A+DTC BY®B+ DD —nl,
ITepenumrem HepaBeHCTBO (9) B ciienyromei dpopme:

(10)
cTtc Cc'p AT 1 -® 0
Tak xak & = T > 0, To [ —® 0 ] < 0. 3Ha4wmr,
0 —nl,

an [ ctc C'D ] B [ AT

D'C D'D BT
Ucnone3ys nemmy llypa, monydyuM HEpaBEHCTBO, 3KBHBAJICHTHOE
HepaBeHCTBY (11):

] o(-®)"'®[ A B <0.

-» PA IB
(12) AT CcTc CTD | <o.
BT® DTC DD
Takum o6pazom,
—P DA dB
(13) ATd CT'C - CTD <0,
BT DYc DTD-nI,
orkyna umeem M TEM < 0

0 I, 0 0
mpu M7 = o 0 I, 0|, E =
~I, 0 0 I,
0 0 0 )

0 CTc-2o CTD 0
o D¢ D'D—-nI, 0 -
L P 0 0 0 J
C npyro# cTopoHBI, HepaBEHCTBO (9) MOXET OBITh 3aIIMCaHO B BHUJC
NTEN <0,
I, 0 O —%In
meNT=| o f, o AT
0 0 I, BT
[IpumMensis neMMmy 0 poeKIuH [5], momyaum

E+YTYTw + 0Ty T <0,
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1
me¥=1[1, 00 I,],T= —§In A B -I, |,aY e

R™ ™ — npou3BoIbHAs MATPHIIA.

Ucnonb3yst mpeabIyne BBIKIAAKA, CHOPMYIUPYEM HOBYIO
AHU30TPONMIHYIO YaCTOTHYIO TEOpEMY JIJIsi OOBIKHOBEHHBIX CHCTEM.

Teopema 2. Ilycmo cucmema (7) ¢ nepedamounotl @yuxyuetl
F(2) asnsiemcsa ycmouuusoti u npunaonedxcum npocmpancmesy Xap-
ou (F € HE™). Ina 3ad0annvix cranapuvix eenuuun a > 0 u vy > 0
G-QHU3OMPONULIHASL HOPMA CUCTHEMbl OZDAHUYEHA C8epXy HUCIOM 7,
m.e.

11, <,

eciu cyujecmgyem maxoii ckanap 1 > v2, n x n-mampuya ® = T >
0 u npoussonvnas mampuya n X n-vampuya Y, 015 KOMOpsIX cnpa-
8e01UBbL CledYIouIe HePaBeHCTEA

n— (e 2*det(nl,, — BT®B — DTD))!/™ < 2

(14)
[ —%Y—%YT YA YB @T—YT—%Y 0 ]
| ATY -® 0 ATYT cT |
| BTYT1 0 —nl, BTYy™ D" , <0
<I>—Y—§YT YA YB -y —-YT 0
{ 0 C D 0 ~1, J

4. OcHoeHoOU pe3ynibmam

PaccMOTpyUM [IECKpUINITOPHYIO CHUCTEMY, 3alMCAHHYIO B IPO-
CTPAHCTBE COCTOSHUM

(15) Ejx(k+1) = Ajz(k)+ Bqw(k),
y(k) = Caz(k) + Daw(k),

e x(k) € R™ — cocrosaue cucremsl, w(k) € R™ — cnydaiinas
CTAIIMOHAPHAS TIOCIIEN0BATENLHOCTh C M3BECTHBIM YPOBHEM CpEIHEN

XI BCEPOCCHUMCKA S IIIKOJIA-KOH®EPEHIIUS MOJIOJIBIX YUEHBIX
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anmsorpornn A(W) = a, y(k) € RY — nabmromaeMblii BBIXO.
Ey4, Agq, By, Cq, Dy — W3BeCTHBIE MOCTOSHHBIE MAaTPHUIIBI COOTBET-
CTByIOIIUX pasMepHocTeit. [Ipeanonaraercs, uro rank By = r < n.
[Mepenarounast GpyHKuust P(z) CHCTEMBI 3aIUCHIBACTCS BRIPAKECHUEM

P(2) = C4(2E4 — Ag) "' Ba + Dq.

OCHOBBIBasICH Ha yCIOBHUSIX HOBON YAaCTOTHOW TEOPEMBI ISl OOBIKHO-
BEHHBIX CHCTEM W aJTOPUTME NPUBEICHUS JECKPUIITOPHBIX CHCTEM
KO BTOpPOH SKBUBaJICHTHOH (opme, chopMymupyeM ycIoBHs aHH30-
TPONUHHON YaCTOTHOM TEOpEeMBI JIJIsi JECKPUIITOPHBIX CHUCTEM BHUJIA
(15).

Teopema 3. Ilycmo cucmema (15) ¢ nepedamounoii gynrxyu-
eti P(z) sensemcss oonycmumou u npunadiexcum npocmpanHcmey
Xapou (P € HL™). Ipeononazaemcs makoce, umo rank E; =
rank (Ey, By). [ns 3a0annvix ckanspuoix eenuuun a > 0 u v > 0
G-QHU30MPONULIHASL HOPMA CUCTNEMbl OZPAHUYEHA C8epPX)y HUCTIOM 7,
m.e.

1P, <,
ecau cywecmayiom maxue mampuyst L € R"™", [, > 0, Q € R"™*",
R e R § ¢ RO=)X(=7)  cxanapuvie senuuumnvt 1 > Y% u
a > 0, 015 KOmopwIXx cNPagedaUssl credyroujue HePaGeHCmMea
(16) - (e~ det(nl,, — BJTIB, — DI Dg))/™ < ~2

a7)

[ —%Q—%QT TAg By LT -QT-1¢ 0
A;F na, +ATO"T — e By A;FT C‘?r + aAgnTchr
1 B;rT BTt —nlg B;rT D; +aBjUTC}
L-G- 1QT r'a rBg ~Q-QT 0
0 Cq + aCyllAy Dy + aC4llBy 0 —Ip
L 0 0 0
20e © = = ,F:[Q R].
0 0 0 S

st BeIUMCIIEHUS G-aHU30TPOIUMHONW HOPMBI JIECKPUIITOPHOM cHCTe-
MBI HEOOXOAMMO PEIINTh CICAYIOUIYIO 3a/1ady ONTHMH3AIUU: HAWTU
v« = inf~y wa muoxectBe {L, Q, R, S, a, 1, v}, KoTOpoe ymoBie-
TBOpsieT HepaBeHCTBaM (16), (17). Ecniu MuHMManbsHOE 3HAUCHHUE 7Yy
HaliIeHO, TO a-aHM30TPONHITHAS HOPMa CUCTEMBI P MOXKEeT OBITh TpH-
ONDKEHHO BBIYKCIICHA 1O (opmylie

(18) 121l = s
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Ilpumep 1. PaccMOTPUM JHCKPETHYIO JECKPHUITOPHYIO
CHCTEMY, 33JJaHHYIO B IPOCTPAHCTBE COCTOSHUH CIIETYIONIMHU

MaTpullaMu:
30 2 -5 0.7 —325 —07 0
0 3 —2 2 18 04 —64 26
Ag=

Ey—12 2 0 =2’ 1.0 -19 -54 24 |’
[2 -4 4 —6J I_—0.6 —-2.7 54 —2.8J
[ 3.2 —3.5]
25 =79
Ba=" 38 76
[—1.2 8.2 J
Cqg=1[02 04 045 06 ], Dg=1[02 1.0 ], rank By = 2.

Jlerko npoBepuTh, UTO CUCTEMA SIBISCTCS MPUYMHHON U YCTOMYUBOM.
Pesynbrarsl BHIYMCIEHUS Q-aHU30TPONMIHON HOPMBI Ha OCHOBE
YaCTOTHOM TeopeMbl MpeiacTaBieHbl Ha puc. 1. Ha puc. 2
MoKa3aHa aOCONIOTHAs ONIMOKA BBIYMCICHHUS aHU30TPOIMHHON
HOPMBI OTHOCUTENIBHO 3HAYEHUH, NOJYyYEHHBIX 0 aJIrOpUTMy Ha
ocHoBe Pukkaru-momxoma [3].

5. BbieoOdbl

B pabore mpuBeneHa HOBas 4acTOTHAas TEOpeMa, COAEprKarias
JOCTAaTOYHBIE YCIOBHUS OIPAaHUYEHHOCTH (-aHW30TPOIUHHON HOPMBI
OOBIKHOBEHHOI crcTeMbl. [laHHBIN pe3ynsTaT 0000IIeH Ha AECKPHII-
TOpHBIE cucTeMbl. llomydeHHbIe ycIoBHS ABISIOTCS BBIIYKIBIMHU, a
aNrOpUTM aHajdu3a CHCTEMBl HAa HMX OCHOBE — BBIYHCIUTEIHHO
3¢ GEKTUBHBIM.

Jlumepamypa

1. BJIAJUMUPOB WM.I., JAMMOH]] ®. KJOEJEH II.
Anuzsomponuiinoltl aHaiu3 pobacmuo2o Kauyecmea AUHeHbIX
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Puc. 1. a-Anuzomponutinas nopma 0ecKpunmopHoul cucmemol

w107 ABConiTHAA oWmbka BEIMMCNEHKA HOPMEN JBYMA METOSaMK

Puc. 2. Abconromnasn owmubka memooa OMHOCUMENbHO
Purxxamu-nooxooa
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