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BOCCTAHOBJIEHNE ITAPAMETPOB JIBN>KEHU 1
NCTOYHUKA N3JIYVHEHUA 110 IIOCJIEJOBATEJIBHOCTU
TEJIEBU3MOHHLIX N30BPAXKEHIN C NCIIOJIb30BAHUEM
KBA3UOIITUMAJIbHOM ®UJIBTPAIININ

B. M. Ilougarckuii
(C'VII "KBII", r. Tyna)

PaccmarpuBaercst OAX0/1, OCHOBAHHBIN HA METOJIe KBA3UONTUMAJIBHON (DUIbTPAIUH [J1s
OIIEHKW TTAPAMETPOB JIBUXKEHUS UCTOYHWKA, U3JIydYeHus HA, (hOHE MOMEX IO MOCIEI0BATEb-
HOCTH BUIEOKaAPOB. [IpOBeseH CMHTE3 HEMPEPHIBHOIO W IUCKPETHOIO AJITOPUTMOB OIEHKU
KOOP/IMHAT [EHTPA, YaCTOThl U PAJMYCa BPAIEHHUs] HCTOYHUKA WU3JIy4YEHHs, a TAKXKe YpPOB-
Hs SIPKOCTH W pajuyca ero n3obpaxkenus. QCymecTBICHO MOIEJTUPOBAHUE PA3PADOTAHHBIX
aaropuT™MoB B cpeme Matlab.

Karuesvie ca06a: BUIEOKAID, N300paXKEHNE, CUTHAJ, TAPAMETPHI, TOMEXa,, MOJIEb, OIEH-
Ka, METOJI, KBA3UONTUMAJIBHON (buibTpanum.

BBenenue

Baxwoit 3amaueil amaam3a moBegeHns UCCIETYEMOTO 0OHEKTa SIBJISIETCS OIEHKA er0 XapaKTEPUCTHK IO
pesyabraram usmepenuii. [Ipu ucnbitanusx mosydaor wHdGoOpMaImo 00 0bbekTe, (PyHKITMOHUDPYIONIEM B
YC/I0BUAX TMaCCUBHOT'O WJIM aKTUBHOI'O SKCIEPUMEHTA. qa.CTO 6bIBa.eT HeO6XOI[I/IMO OCYIIECTBUTH OLEHKY
MapaMeTpoB JABUKEHUS 00BEKTA MO TOCTETOBATEILHOCTH BUIEOKATIPOB.

U nenTudukaiiusa mapaMerpoB JBUKEHUS MOXKET HCIOJIb30BATHCS TAKXKe B 3a7a9aX yIIPABICHUS TUHA-
MudYeckuMu obbekTamu. Hampumep, eciin Ha 60pTY BPAIAOIIEroCd M0 KPeHy GeCMIOTHOTO JTeTaTeTHHOTO
allllapaTa yCTaHOBJIEH UCTOYHUK U3JIYyI€HN A, TO IO U3MEPAECMbIM KOODAWHATAM 3TOT'O UCTOYHUKA BO3MOZK-
HO GOPMUPOBAHIE KOMAH/ yIIpaBaenus. [Ipu 5ToM IBUKeHNe NCTOUHUKA W3y IeHUsT TIPEICTABIISIET CODOi
CYMMY TOCTYTATEILHON W BPAITATENHHON COCTABISIONIAX, 0TOOPAYKAEMBIX B KAPTUHHON MIOCKOCTH CITH-
paJjiblo, IIpUYeM IOCTYIaTe/IbHOE JIBUXKEHUE OIIpeJlesIdeTcd TPaeKTopuell nepeMenieHnd IIeHTPa BPallleHnd
1 MOXKET UMeTh CJIOXKHYIO (hopMmy. M3mepenne KOOpAMHAT MCTOYHUKA OCYIIECTBISIETCS C TOTPENTHOCTHIO,
00YCJIOBJIEHHOT CJTe Iy oMU (haKTOPAMU: JIPOXKAHWE OIMTHIECKON CHCTEMbI; aTMOC(epHbIe (DIyKTyaIlnH,
HMCKaKaoIme (GOPMY ¥ MOJIOXKEHUE W300pakeHusl; HAJUYINEe JUCKPETHOCTH JIEMEHTAPHBIX siueek (hOTo-
MPUEMHWKA; CMa3 M300parKeHWs BO BPEMS €r0 HAKOILJIEHWsI; MOTPENTHOCTh BBLIYUCIECHUS MEeHTpa n300pa-
KeHud m Ip.

B paborax [1, 2] paccMOTpeHO BbljiesIeHnEe TapaMeTPOB TPAEKTOPUM UCTOYHKMKA U3JIyYeHUs [IPU pacyere
IapaMeTpOB U UX CIVIa2KUBAHUHW W ITPOTHO3UPOBAHUN C MUCIIOJIB30BaHUEM (bI/IJ'IpraLH/II/I KaJIMa.Ha. TaK)Ke
B paborax [3—6| paccMOTpeHO HCIOIb30BaHIE KBA3HOMTUMA/IHHO (DUIBTPAIUI [T OIEHKH MapaMeTPOB
BbI,Z[e.HeHHOfI TPACKTOPUU JIBUXKEHUA NCTOYHUKA U3JIyICHUA 110 ITOC/JIE€10BATC/IHbHOCTN BI/II[QOI/I306pa}KeHI/H7L

B pa3BuTne ykazaHHBIX HAIpaB/JICHUI PACCMATPUBAETCH IOXO0M, OCHOBAHHBIN HA BBIJIEIEHUN KAK I1a-
PpaMeTpPOB ABUXKEHUA MCTOYHUKA U3JIYyICHUA, TaK U I[IapaMETPOB €1r0 I/1306pa.)KeHI/IH HEIMOCPEeJACTBEHHO IIPpU
06paboTKe MOCIe0BATEILHOCTH BUIeoKaapoB |7T—11].
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Metroapl naeHTudukanuy 1apaMeTpoB ABUXKEHNS UCTOYHUKA U3y Y€HUS

[Tpu Hab/IIOIEHNY TEIEBU3NOHHOTO M300PaKeHNsT MCTOYHNUKA n3Tydenns Ha (one nmomex, & (t) = s (¢, A)+
+v (t) (s (¢, ) — curHas OT HCTOYHUKA U3JIyUeHus; ¥ (t) — rayCCOBCKUIL OeIblii Iy M HAOJIIOIEHI ), OIEHKY
apaMerpoB A MOXKHO OCYIIECTBUTH C IIOMOIIBIO aArOPUTMa KBA3UONTUMAIbHOM dusbrpanun [12]:

d(;;o =a(t, o) + R(t)F1(f, Xo); (1)
dh;t(t) =No(t)+ a1 (L, Ae) R(t) + R(t)al (t,Ao) + R (t) F5 (t,Xo) R(t). (2)

31ech

dA
Ao — BEKTOP-CTOJI0€L, OLeHOK [1apaMeTpoB, d—to =a(t, o)+ o (t);

a(t, Ao) — BekTOp-CTOIOEI] KOA(DMDUIMEHTOB ¢ KOMIOHEHTAMH a; (T, Ao );
Vo (t) — BeKTOP-CTOMGEN rayCCOBCKUX OeabIX (POPMUPYIONIUX 11y MOB;
R (t) — KoppendIuonHasi MaTpuIa omubOK (PUILTPAINY;

OF (t, A OF (t, A
F1(t,X0) = (¢, 0),..., (, Ao

a)\01 8)\01'

1
F(tAo) = =3 (5 (t) — s (1, )\0)>N*1 (1) (5 (t) - s(t, A0)> — byHKIHs IPABIONOKOGHS:;
s (t,Ao) — OIIEHKA CHTHAJTA OT MCTOYHHUKA M3JLyICHHUST;

N (t) — cnekrpanbHas MIOTHOCTH IIyMa HAGJIIOIeHNI;
Ny (t) — MaTpuia CreKTpaIbHBIX IIOTHOCTEH (hOPMUPYIONHX IIIyMOB TapaMeTPOB;

) T
> — BEKTOP-CTOJIOEIT;

Oa; (t, A
a1 (tv )‘0) — MaTpHUIla C SJIEMEHTAMU Q;; = M;
O0Aoj
O*F (t,\
F5 (t,Xo) — marpuma c saementamn Fj; = W’)\O‘;)

ITpu HEOOXOAMMOCTH YIPOIIEHNS BEIYUCICHN PemrM MOIUMUIIMPOBAHHOE yPABHEHNE HEJTMHEWHON KB~
BUONTUMAJIBHON (DUIBTPAIUN /I CJIydas IayCCOBCKON amMpPOKCUMAIINN AIIOCTEPUOPHOI ILJIOTHOCTH BEPO-
SITHOCTHU [TAPAMETPOB JIBUKEHUsI UCTOUHUKA M3JIYUeHUS U JTUHEHHOTO PA3/IOKEHUs ero 1mo Ao [12]:

d;to = a(t,Xo) + R(5)S1 (6 26) N1 (1) (£(6) = 5 (£, X)) 3)
% = No (t) + a1 (£, X0) R+ Raf (t,A0) = RS1(t,A) N7'817 (£, X0) R, (4)
s (£, Ao)

rie S1 (t, Ao) — BEKTOP-CTOJIOEI] ¢ KOMIIOHEHTAMHI

0 )\oi

JIuCKpeTHBI aJlrOPUTM KBa3HONTHMA/IBHOI (duibrparun nMeer B 13|

Ao [n+1,n] =aln,Aol; )
Ao [n] = Ao [0 = 1]+ P [n] S1 [n] N (¢ [n] = s[n, Ao] )
da[n, Ao) 0a” [n, Ao
Pln+1,n = P + Ny [nl;
L] = 220 p ) Rl

Pln]=Pn,n—1]— Pln,n—1]S1 [n] (SlT [n] P[n,n — 1] S1 [n] —I—N)f1 s;T [n] Pn,n—1],
rje s [n, Ao| — OlleHKa CHrHAJIA OT UCTOYHUKA u3sydenust; & [n] = s [n, A] + v [n] — TeneBusnonnoe n306-
parkKeHne MCTOYHUKA M3JIydeHuss Ha (oHe momex; A [n] — BEKTOp MapaMerpoB; Ag [n] — BEKTOp OIEHOK
mapaMeTpoB; Ao [n + 1,1] — BeKTOp MPOrHO3UPOBAaHUS OIEHOK MapaMeTpoB; Si [n] — BekTOp-cTosbeI] ¢

0
KOMIIOHEHTaMH — )\8 [T[L]], a[n,Ao] — BekTOp-cTOIbEI; P [n| — mucnepcuoHHas MAaTpHUIA BEKTOPA OIEHOK
oi [T

napamerpos; P [n + 1,1] — qucnepcuonnasi MaTpuIia BEKTOpa MPOTHO3UPOBAHUS OIEHOK ITApaMeTPOB.
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I[Tpn nponaganum n300pazkeHnss HCTOTHIKA U3JIY IeHIsd KBa3nonTuMaIbuelil dbuistp (1), (2) nm (3), (4)
obecrieanBaer IIPOrHO3UPOBAHUE OIEHOK [1aPAMETPOB MCTOUYHUKA U3/Ly YeHHsI:

dXo
dt

=e (t’ Ao (t)) ’ (6)

re € (t, Ao) — BEKTOD, OIpe/ e ISIONIii XapaKTep H3MeHeHHsI IapaMeTPOB [IPH OTCYTCTBUU HH(MOPMAIIN
0 Hewm.

B coorBercTBEE € MPOrHO3UPYEMBIME 3HAYEHHAME MapaMeTpoB (6) OCyIIeCTBIIsIeTCs BOCCTAHOB/IEHIE
CHrHasa OT NCTOYHUKA M3ITyIeHus s (t, Ao).

CI/IHTOBI/IpOBaHHbIe AJITOPUTMBI I/I,I[eHTI/I(bI/IKaI_[I/II/I nmapamMeTpoB UCTOYHUKA U3JTyYEeHUA

HyCTb APKOCTHAA CTPYKTYDa I/I306pa.)KeHI/IH UCTOYHUKA U3JIyICHUA OIUCHIBACTCA FayCCOBCKOI';I ITOBEPX-
HOCTBIO C TIapamerpamu a,b [3]:

2 . 2
[z — (4 + Agcos @a)]” + [y — (ya + Aasin pg)]
s (.T, Y, t) = G eXp <_ 2b2 ) (7)
IJle @ — MaKCUMAaJbHBI YPOBEHDb SIPKOCTH N300paykenus; b — paanyc m300pasKeHus.
[IpocrpancTBeHHO-IPKOCTHAST CTPYKTYPa CPOPMUPOBAHHOIO TEJIEBU3BNOHHOTO M300PAKEHNUST 3AMUCHIBA-
ercs CjaeayionumM 00pa3oMm:

§(x,y,t) = s (x,y,8) + [ (2, 9) + nu (2,9,1),

rie f (z,y) — donoBas obcranoBka; ny, (x,y,t) — IPOCTPAHCTBEHHO-BPEMEHHOI IIIyM HAOJIIOIEHUsI, KOTO-
PBIii 06pas3yeTcs IyMaMu 3JIeMEHTAPHBIX IPHEMHUKOB (hOTOMPUEMHO MATPHUITBI, IITYMAMU JIUCKPETH3AINN
W APYTUMHA OIyMaMi, 00YCJIOBJIEHHBIMU 0COOEHHOCTSAMY AJTOPUTMOB W yCTPORCTB MOCIeyromei o6pabor-
KH, HO JIOIyCKAIOMUIME COOTBETCTBYIONHMIA y4IeT YKe Ha 3Tale IIOCTAHOBKH 3a/Ia4H.

@yHKIMOHAJ TTPABJIONOA00N B 3TOM CJIydae ONPeIeIsaeTcss CaeLyOIUM BhIPaKEeHIEM:

F(t o) = — 5 // (z,y,t) — f(z,9) _3(x07ymt)>2d$07dy07 (8)

rae M — ob6aacth onpejenenus TeaeBu3noHHOTO uzobpaxenus & (r,y,t), a s (o, Yo,t) oupeensercs
BeIpazkenueM (7).

KOOp;[I/IHaTbI JABUKEHUA NEeHTPa UCTOYHUKA I/I3ﬂyquI/IH B SKpaHHOﬁ cucreMe KOOpJAnHaT OIMNCHIBAIOTCA
YPABHEHUSIMHA JIBYMEPHOIO CHIHAJIA Cjejytomiero suia [5, 6]:

T (t) = xq(t) + Ag(t)cos g (t);  ye(t) = ya(t) + Ag (t) singg (t), (9)

e a = 2 () + 2 (6 5 = v () + 3 (6 Ad = Ay () + A ); 9 = 2y () + 0 (8); 2 (8), y () — coveremre
curaana; A (t) — ammmryga cursana; ¢ (t) — dasa curnana; xp (t), yp (t), Ap (1), ¢p (t) — omopubie
t
3HAUEHUsI COOTBETCTBYIOIIUX IIAPaMeTpoB, ¢, = [ w, (t) dt.
0

Xoporre pe3yabraThl 00ECIeINBAET MOJTUHOMUAIHLHOE MIPEJICTAB/ICHUE MAPAMETPOB TPACKTOPUM, Y UM~
THIBAIOIIEE JIEHBI /0 TPETHEero MOpsSjKa. JaluileM CUCTeMY YPaBHEHUi, IMPeICTaBJISIONIYI0 HCKOMbIE
mapaMeTrpsbl, B Bujie JudHy3MOHHOTO0 MaPKOBCKOTO MPOTIECCA:

ax

T =alt X n ), (10)
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riae
A= (Arm )\y’ AA’ Alpv )\a’ Ab)T;
A$:('T7,U$?a33); )‘y:(y’vy’ay)S )\A:(A,T,p); )\LPI(QD,W,E); Aa:(ava’d); )‘b:(bvb’b) ;

T.

Vg = (VO:mVOyaVOAaVOLpaVOaaVOb) ;

Voz = (07 0, Z/Oaz); Voy= (0’ 0, Van); Voa= (07 0, Z/Op); Vop = (07 0, 1/051); Voa= (07 0, Z/Oii); Vop= (0’ 0, Vo};);
Uy, Vy, g, Gy — CKOPOCTH H yCKODEHHs CMEIIEHU: CUTHAJA; I', p — CKOPOCTb U yCKODEHHEe H3MEHEHHs
AMILIUTY/bl CUIHAJIA; W, € — yIVIOBbIE CKOPOCTb U YCKODeHUe u3MeHeHust (pasbl CUrHaJa; G, d — CKOPOCTh
U YCKOpDEHHe M3MEeHEeHHs MAKCHMAJbLHOIO YPOBHS SIDKOCTH m300parkenus; b, b — CKOpPOCTb n yCKOpeHHe
M3MEHEHHUS Pajiyca H300paxkennsd; Voq, (), Yoa, (1), Yop (1), Yo (t), voa (t), vop (t) — Genbre rayccopckme
dbopmMupyIOIue MIyMbl COOTBETCTBYIOIIUX TaPaMeTPOB.

BanumreM BEeKTOPHI U MATPUIBI KOGDQMUINEHTOB /I ATOPHTMOB OIEHKH [TapaMeTPOB [IBIZKEHUS HC-
TOYHUKA U3JIyYCHUA:

T
a(ta)\o) = (axmayoaaAwagowaaoaabo) ,
axo = (/Ulov alo7 O) 9 ayo = (Uyo7 ayo7 O) 9 aAo = (T07 pOu 0) 9

Ap, = (w075070)7 Ag, = (dmdmo)’ ap, = (60’6070) ;

@.,, O O O O O
O a,, O O O O
O 0] 0] 0] 0]
a1 (, Ao) = e ,
O 0 O a, O O
O O O O aw O
0 0] O O O  ap,
01 0 0 0 O
A1z, = Aly, = A1A, = G1p, = Ala, =15, = | 0 0 1 |5 O=|[ 0 0 0
0 0 0 0 0 0

Haiisem napamerpsr aBymeproro curaana (9).

Teneps 3a/1a1a ompe ie/IeHNs TAPAMETPOB JABUKEHIA NCTOYHUKA U3JIyYeHUs B 00IIeil TOCTAHOBKE MOXKET
ObITh chopMySIMPOBaHA, KAaK 33/1a9a OIEHKU 110 HAOJIIOMAEMOMY TEJIEBU3MOHHOMY M300PaKEHUI0 BEKTOPA,
mapaMeTpoB A = (Ag, Ay, A A,A¢,Aa,Ab)T, U3MeHeHWe KOTOPBIX BO BPeMEHU OIpese/sdeTcd YpPaBHEHUSI-
v (9). IIpu 5T0M COOCTBEHHO aIrOPUTM 0OPAOOTKH TEIEBU3MOHHOTO M300payKeHus, Ha BBIXOJE KOTOPOTO
GOpMUPYIOTCsT Peryaupyonie BO3AefiCTBUSA [yig OJIOKOB TPACKTOPHONW (DUIBTPAINNA OINEHUBAEMBIX II€-
OF (t, o)

Ooi
CcBOEOOPA3HbIE TUCKPUMUHAIMOHHBIE XAPAKTEPUCTUKN, YCTAHABIMBAIONINE CBA3b MEXKIy HADJ/IIOLAEMBIM
(BXO/IHBIM) TEKYIIUM TEJIEBU3UOHHBIM M300PA’KEHUEM U PEryIMPYIONIMM BO3EHCTBUEM MO -if KOOPIUHA-
Te [3].

B npemnosioxkennn HEKOPPEIUPOBAHHOCTH ITyMa, HAOJIIOAEHUI 110 BPEMEHU W IPOCTPAHCTBEHHBIM I1epe-
MEHHBIM TIPEJICTABUM €ro KOPPEJSITUOHHY0 (PYHKIIUIO B BUJE

Ry (A, Ay, At) = N6 (At) 6 (Ax, Ay)

PEMEHHBIX, onpesensercs Boipazkenusivu (1), (2); smemenTs MOKHO MHTEPIPETUPOBATH KaK

rae N — crekTpasbHas MIOTHOCT IryMa Habsonenuit; 0 (At), 6 (Az, Ay) — o-byuximm (dbyuknun Tu-
paka) OT MPUPAIIEHUH COOTBETCTBYIOIIUX TTEPEMEHHBIX.

[Tpeanonarass, 9To IMyMbl HApaMEeTPOB CHTHAJA HE3ABUCHMBI APYT OT APYyTa, 3alulIeM MaTPHUILy HX
CIIEKTPAJIBHBIX [LJIOTHOCTE:
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N O O O O O
O Ny O O O O
Ny = O O Noyu O O O 7
O O O Ny O O
O O O O Ny O
O O O O O Ny
0 0 O 0 0 00 O 00 0
rie Noz = | 0 0 0 ; N 0 0 s Noa=10 0 0 i Nop =10 0 0 |[;
0 0 Nog, 0 Nog, 0 0 Ny 0 0 Nge
00 O 0 0 0
Noa=1| 0 0 0 i Nep=1 0 0 0 ; O — HyJieBasi MATPUIIA.
0 0 Ny 00 N

[Tocie BO3BEIEHUS B KBAJIPAT TIOABIHTErPAILHOTO BhIpakenus (byHKIMOHAJT TpaBIonogpodus (8) npumer
By [3]

Pt / (et = )’ = 2600 - 7 @) (o gont) + 5 (0 nt)| dae

[Ipu ompenenerun F (t,Ao) OCTABUM B MOJBIHTErDATBHOM BBIDAYKEHUH TOJBKO CPEJIHee CIaraeMoe, IIo-
CKOJIBKY TOJIBKO OHO 3aBUCUT OJHOBPEMEHHO OT & (I, Y, 1) 1 OEHUBAEMbIX MEPEMEHHBIX U, CJIEJI0BATEILHO,
TOJIBKO OT HEro OyayT 3aBHCETH MOIEXKAIIIEe OIIPEIe/IEHIIO OIEHKN MepeMeHHbIX. 10 ecTh OyaeM HCIIoIb-
30BaTh BhIpaXKeHne i (DyHKIINOHAIA IIPABIOIOI00NA B BHIE

1
Ao) = 57 [ [ a9 (oo t) oo
M

e ug (x,y,t) = & (z,y,t) — f (x,y) — pasnocTHOE M306paKeHue.
Bekrop Fq (¢, Ao) npeacraBum B pa3BepHYTOM BHIE:

F1(t,A0) = {F1z0, F1yo, F14,, Fip0, F1ay, F1p,

oF oF
F F,, = F - (2= .
rae 1z, — < > 1y, <ay0 O 0> 1A, (8140’ 07 0> )
oF oF oF
F ao — F = a7 0 D ;
<a 0)+ Fau= (G 00): Pu = (g 00)
1 :1: — (240 + Ago cOs
M
ydo + Ado sin @do)
t) drodyo:;
8y0 // bgo 5(1‘07907 ) xO yOa

b2 5 (%o, Yo, t) dTodyo;
do

0

_ l// [ —(Tao+ Ado €OS Pdo)] €08 Yo + [y — (Ydo + Ado SIN Pao )| SIN o
N
M
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oF Ado xdo‘i‘Ado COS SDdO)] sin @g+ [y_ (yd0+Ad0 sin SDdo)] COS Pdo .
B 2 5 (%o, Yo, t) dTodyo;
Yo bdo
OF 1 1‘0’ Yo, )
il 2 0 J05 ) o dia:

da, N // 2a4, Folos

M
oF [ — (g0 + Ago COS 24y — + Ao sin 2
ab _ W // do do Sodo)]deO[y (ydo do SDdo)] s («Tmymt) dzodyo:

M

OF 9F 9F 9F Q9F QF QF OF 9F O9F OJF OF _

Ovg,  Ovy,  Oro  Owo Oag, Oay, Opo 0Ocg 0do  Oio by  Oby

[z — (Zdo + Ado €08 0ao)]” + [y — (Yo + Ado sin SOdo)]2>
2%, ’

5 (%o, Yo, t) = ago €XP <_
Marpury Fs (t, Ao) pasmepom 18 x 18 mpejicraBuM B pa3BepHYTOM BHUJIE:
Fonxo F2yoxo F2ono F2<p0x0 FZanO F2b0$0
Fovoye  Foyoye  F2roye  Fopoyo  Fraoye  F2boyo

Foron, Foyon, Foaa, Fopoa, Foaoa, Fop, A,

F2 (tu A0) = )
FQIOSOO F2y0900 FZAOSOO FQSOOSOO FanSOo F2bo4po
F2$oao F2yoao F2Aoao F2<p0a0 F2a0a0 F2b0a0
Forgby  Foyobe  Foaoby  F2p0bs  Foaobe  F2bobe
O?F (t,\
O F(t Ao) 0 0
DoiOo;
rae FQ)\OZ‘)\O]' = 0 0 0
0 00

[Moscrasus noayuennbie Boipaxkenus B (1) u (2), mosyunm ypasHeHHsI, 10 KOTOPBIM CHHTE3UPYETCS
AJTOPUTM OIIEHKM MapamerpoB. Passopaumsast MaTpudHOE NpejcTasienue (2) B cucreMy ypaBHEHHid, 11o-
aydaeM (UIBTP ¢ MHOXKECTBOM TIEPEKPECTHBIX CBg3eli 1Mo OleHWBaeMbIM mapamerpam. U3 (2) ciemyer,
q10 771 pacyera KodhuImeHToB Tpedyercsd Ha KayKIOM IIare perarsb CUCTEMY HeJnHeHbIX nuddepeH-
IUATBHBIX yPaBHEeHHUil, 4T0 TpedyeT GOJIBIINX BHIYUCTUTEILHBIX PECYPCOB.

[IpoBeeM yIpolenne Moy 9eHHOro ajaropurMa. st 3Toro Bocmosb3yemcs ypapuenuamu (3) u (4).

Mo>KHO HMOKa3aTh, U4TO JIs paccMarpusaemoro curnada (7) cobmogaercs pasenctso Sy (£, Ao) N1 (1) x

X (5 (t) — s (t, )\0)) =F1 (t,Xo), cniegoBarensho, ypasuenue (4) copmagaer ¢ (2).

O603maamM P (t,Xo) = S1 (£, A0) N1 (£)S17 (¢, Xo). Bamumrem marpumy P (t, o) pasmeponm 18 x 18:
Prozo  Pyozo  Phoze  Poore  Pagze  Fhoxo
Proye  Pyoye  PAaye  Peove  FPaoye  FPhoyo
Proae Pyoas Paga, Ppoay Paga, Fhoa,
Progs  Pyopo  Paopa  Poope FPasps  Fooo
Proao  Pyoao  PAcae  Ppoao  FPacao  Phoas
Probo Pyobo Pagbs  Lpoby  Lagbs  Lhobo

[Tonaras, 9To mepumomyeckre COCTABJLIONIE B Marpuile P He OKa3bIBAIOT 3aMETHOrO BingHud HA R,
YCPEJIHUM WX 33 TEPUO.
Koppensamnuonuas: Mmatpuiia omuboK puIbTPAIUA UMEET CJAEY IO BUT;:
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Ry oz, Ryoaco Rayz, R«poﬂco Rage,  Rboz,
Ra:oyo Ryoyo RAoyo R«poyo Raoyo Rboyo
Rogas Ryoa, Raga, BRpga, Raga, Rpa,
Ryopo  Ryspy Ragp, Reopo Raops Rbocpo
Rygay  Rysay Raga, Rpgae Ragas  Rboa,
Regbo  Ryobe  Ragby  Rooby  Ragby  Roob,

B npenmonoxkenun, 9T0 M3MEHEHHE IapaMeTPOB HE3aBUCHMO, T. €. Ry u = Ry A, = Ryypo = Rigay =
= R$obo = Ryvo = RyoSOo = Ryoao = Ryobo = RAOSOO = RAoao = RAobo = RSOOaO = Rlpobo = Raobo = O7

HEIMPEPBIBHBIN aJrOPUTM KBAa3UONTUMAJILHON duabrpanuu Oy/1eT uMeTh CAeAYIONnil BU/I;:

dA
d;:o = ag, + Rﬁtololeo;
dR
;t()a:o = Nox + alxoRxoxo + Rxoxoarﬂto + R»’UOIOFQIowoRmOxO;
dAyo
g Ao T RyoyoFiy,;
dR 040
;t = Noy + @1y, Fyoy, + RyoyoalTyo + Ryoyo Foyoyo Flyoyo’
dA
Ao = ay, + RA0A0F1A0§
dt
dR A,
7dt = NoA + (IleRAvo + RAOAOCL,{AO + RAOAOF2A0A0RA0AO;
Ay,
dt = Ay, + RW0¢0F1¢O;
dRyup, . |
7(115 = Nocp + algooRgooSoo + Rgoosooal@o + RSOOSOOF?SOos&oRgoocpo;
dA
dtao = Agq, + RaoaoFlao;
dR
(;;ao — Noa + Ala, Raoao + Raoao (I?ao + Raoao F2a0a0 Raoao;
X,
= =ay, + Rpp. F1s,;
dt bo bobo lbo
dRp,p,
—r = Nob + a1p, Rogp, + Roob,alp, + Rbobo Foboby Rbgbs-

dR
s cTanmMOHAPHOTO COCTOSHUS TOJIaraeM i O. B pesynbrare (2) mpeobpa3syercst B CUCTEMY W3

HEJIMHEHHBIX aredpanviecKuxX ypaBHEHU, He 3aBUCIIINX OT BPEMEHHU.

Jlist 9acTHOTO Ciyvas MPU TPETheM MOpsjake ypapHeHuit nuddy3u0HHOr0 MapPKOBCKOTO MPOTIECCa, JI/Ist
He3aBUCHMBIX NIPYT OT JApPyTa MMapaMeTPOB TPAEKTOPUH WMeeM CJIEIYIONIYI0 CTPYKTYPY HEMpPepBIBHOTO
dunbrpa:

dx :1:— (Tdo + Ado OS g4

2 = Vg, + ° ) & L4 O)S(xmymt) dxod?JOQ
dt b7
dvg, . q x — (Tdo + Ado OS pyq

o = To i // ° 3 > 4 O)S(xmyo;t) dxodyo;
dt R

S (1‘0,y0,t) dzodyo;

daxo _ $ - $d0 + Ago cos Sodo)
= 72
W do
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Yo
dt

dvyo
dt

day,
dt

dA

dpo

o _

A
_ // ydo +2 do Sin (de)S ($07y07t) dzodyo;
bdo
— (Ydo + Ago Sin g
¥V~ W i ‘po)s(xo,yo,t)dxodyo;
do
Q - Ay si
= ayq //Udy (ydO +2 dO Sln(de)S(xoyy07t) dxody03
N bdo
QAq (Zdo+ Ado COS ©do)] €08 Yao+ [Y— (Ydo+ Ado SIN P g0 )] sin g
// @ o o ' 0)] 14 11)72 [y (Ydo o ' 0)] ' °s(m0,y0,t)dxodyo;
do
/ / — (%do+Ado €OS Pdo)] €OS Yo ;F[ — (Ydo+ Ado SIn Pao) 810 Pato (Zos Yo, ) dzodyo;
bdo
bdo
Q,qA —[z— A i - Ado s
n so]qv do//ud [ — (g0 + Ado COS P4y )] Sm%zo;r[?/ (Yao+ Ado Sin ©ao)] Coswdos(xo,yo,t)dxodyo;
N do
=&,
qudo wdo + Ago cos @do)] Sin Yo+ [y — (ydo +Ago sin @do)] COS Ydo .
$(Zo, Yo, t)drodyo;
Do
Ay — (@ g0+ Ado COS Pgo )] sin g0+ do+ Ado SN g, )] cos vy
Qeq 0// o o Pdo)] 90(;)(21 [y = (Yao 0 o) L Os(xoaymt)dxodyoi
e}

dt

dao

dt

da,

dt

diiy _
dt

by
dt
i,

dt

dt

rme q —
yenue ()

Qaq // ugs? (a:o,yo,t)dx o
N Qdo [0} yOa
M
Q 2 t
+ aq // Uds (x07y07 )dxodyo;
N Ado
M
Qaq // Ud82 (x07y0>t)d$ d .
N Qdo o y07
M

@ // ug [x - (xdo + Ago cos SOdo)]Q + [y - (ydo + Ago sin Qodo)]Q
2b4o

S (an Yo, t) dxodyo;

= 0p —

(an Yo, t) dzodyo;

i Qiq // [# — (Tdo + Ado €08 0a0)]” + [V — (Ydo + Ado Sin 9g5)]”
=y — -0
N 2b4o

- A 4y — Ago si 2
= _Tb // J} xdo + do cos SOdO)] 2 + [y (ydo + do s SDdO)] S (1’07 3/07 t) dxody07
M

bdo

IPpU3HAK OTCYTCTBUA 1/1306pa>KeH1/19{ UCTOYHUKA U3JIyYCHUA Ha BUICOKaAJIPaAX (HpI/IHI/IMa,eT 3Ha-~

nmr 1); Qz, Qyy Doy Quyy Qayy Qays Qay, Ly Qp, Qoy Doy Qey Qoy Qay Qay Dy Q) Q —

k03ddurimentsl GUIBTPA.

Cunre
HO U CKO

31/IpOBa,HHbII71 KBAa3UOIITUMAJIbHBII AJITOPUTM o6ecnqu/IBaeT OIEHKY HE TOJIbKO CaMUX IapaMeTPOB,
pOCTeil 1 YCKOPEHU X U3MEHCHU.
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U3 anropurma (11) BO3MOXKHO MOJTyYeHIe YACTHBIX BAPUAHTOB IIYTEM UCKJIIOUEHUsI OTIEHINBAEMBIX Mapa-
METPOB, a TaK’Ke IMOHUKEHUEM IOPsIKa, ypaBHeruil 1uddy3noHHOr0 MapKOBCKOTo mporecca. Hampuwmep,
JLI 9aCTHOIO CJIydas IPU IEPBOM MOPsAIKe ypaBHeHuil qudy3noHHOr0 MAPKOBCKOTO MPOIECCA [T ITa-
paMeTpOB CUTHAJIA UMEeM CJIEYIONIyio CTpYKTypy duibrpa [13]:

d — A
Lo _ x xdo +2 do COS SOdO)s(xo,yo,t) d$0dy0;
dt bdo
d A
@Yo _ // (Gao + 2 o 510 P 5 (%o, Yo, t) dTodyo;
dt bdo
N p B Ao si .
to Aq// — (2 go+Ado COS P40 )] cOs god(;);— [ — (Ydo+ Ado SIN 9o )] SIN V4o 5 (o, Yo, t)dTodyo:
do
d
900 _ (12)
A A i - Ago i
Q,q do// — (2 do+Ado €OS Pgo)] sin gogll)(;—i- [Y— (Ydo + Ado SN P40 )]COS ©do 5(20, Yo, t)dzodyo:
do

dag Qaq // uds2 (anymt)
— = dzrodyy;
dt N i LolYos

db Q [ — (240 + Ago cOS + |y — + Ago sin
d_; _ g // (zdo + Ado Sodo)]de [y = (Yao + Ado 5in a0)]? 5 (o, Yo, 1) dzodyo.
0

JMCKpeTHEBI aarOpuTM KBA3HONTHMAILHON (DUIBTpAIMA AJId OMEHKH TOJIBKO IapaMeTpPOB JBUKCHUS
n300paskenust Ha (hOHE TTOMeX, MOJTyIeHHBIH B COOTBETCTBIH C (5) 1 ¢ yaeroM paseHcTBa S1 [1, Ao] N1 [n]x
X (6 [n] -5 [n7 Ao]) =F [n, Ao]: HMEET BUJL

Az, [n+ 1, n] =a,, [n];
Az, [] = Az, [0, 0 — 1] + qPy [n] F1g, [n];
Ay, [n+ 1, n] = ay, [n];
Ayo [n] = Ay, [0, = 1] + qPy [n] Fy, [n]; (13)
Aa, [n+1,n]=au, [n];
)‘Ao [n] )‘Ao [n n—l]—l—qPAFle[ ]
Ago [N+ 1, n] = ay, [n];
)‘tpo [n] = A‘Po [TL, n— 1] + qP«pFlz,oo [n] )
ag, [n]T? r
rae a,, [n] = <x0 [n] + vg, [n] T + # ) Uz [0] + ag, [0] T, ag, [n] ) ;
ay, [n] T? T
a1l = (sl + 3, 017+ 2B o ol 4 0, 0T, 0, 1)
n] T? T
a, [n] = (AO [n] + 70 [n] T + % 70 [n] + po [1] T, po [n]> :
€0 [n] T2 r
as, ] = (ol + o T+ 2+ 20 T, 20 )
T T
Fla:o [n] = <8§m[?] ) 070> ) Flyo [n] = <a§—y[on]>07 0> ;
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o)

T T
Pua, b = (5420.0) 5 Pl = (%5 00)
oF[n] 1
0x, _N%Z

(xdo + Ago cos @do)
OF [n 1 — + Ay, sin
l ¥ %:Z [udy (o + 2o S0 Pao) [9:073/07”]] ;

x_
Ud

| —

s [:co,yo,n]} ;

b2
b2

OF [n 1 T — (T g0+ Ay, COS cos +[y— + Ay, sin sin
[n] ZZ{W[ (% do+ Ado €OS Pdo )] €08 Yo+ [y — (Ydo +Ado SIN Qo) ] @dos[xmymn]};

04, N i b2

oF [n] _

o

_ fk;o 4,3°Y {Ud — [2— (%o + Ado COS Qgo)] sin @dg;r [y = (Ydo + Ado Sin pao)] cos P, — n]}.
M
OF [n] OF[n] OF[n] OF[n] OFI[n] O0FI[n| O0F[n| OFI[n] 0:
ovg,  Ovy,  Or,  Ow,  Oay,  Oay,  Opo 0o
B 2 B . 2
5 [0, o, 1] = 1 €XD (_ [ — (a0 + Ado cOS wdo)]zgg [y — (Ydo + Ado Sin o] ) .
do

C y4uerom TOro, 94r0 M3MEHEHUE MMapaMeTPOB HE3ABUCUMO, JTUCIEPCUOHHBIE MATPHUILI BEITUCIAIOTCS 110
CJIeTYIOIIAM YPABHEHUIM:

_ Oag[n] 0al [n] .

P.[n+1,n]= o [0 P, [n] e [0 + Noz [n]
-1

Py[n]=Py [n,n —1] — Py [n,n — 1]S1, [1] (slj,{ (] P, [, n— 1] S1, [n] + Nx) ST [n] Py [n, n— 1]

_ Oay[n] da, [n] .
Pyin+1,n]= Ty, 1) P, [n] Try. ) + Noy (1]
Pyn] =P, [n,n—1]— P, [n, n— 1]y, (slg n] P, [n, n— 1]S1, [n] + Ny)_lslg 0] B,y [n, n— 1]

a n aT n

Py [n +1, n] = ;}\j [[71] Py [TL] 88)\;14 [[n]] + Nog [n] )

Ps[n]=Psn,n—1]—Psn,n —1]S14[n] (S;l£ [n] Pa[n,n—1]S14 [n]+NA>7181£ [n] Ps [n, n —1];

va, [, . 9aL[n

o W oW

+ Noz [n] 5

-1
P, [n]=P,[n,n —1]=P,[n,n —1]S1, [n] Slg [n] Py [n,n —1]S1, [n] + N¢) Slg [n] P, [n,n —1],

1 T T2/2
. Oa,[n]  Oay[n]  Oaaln]  Oda,[n] T/ . S1.[n] = (85[71,)\0] OO>T'
R W Y B W (3 > O > Wl 1 Bl B e T W Ry
0 O 1
[ 0s[n, ] T' [ 0s[n, ] T' [ 0s[n, ] T
sl = (Gas 00) ¢ Sl = (G150 00) s subil= (575 .00)

HpI/I OTCYTCTBHI H306p&}KeHI/IH HCTOYHHUKA M3/JIyI€HUA Ha BUICOKaJIpaX €ro ABU2KEHHNE MOZKHO BOCCTa-
HOBHUTD IIO IIPOTHO3UPYEMBIM IIapaMeTpaM ABH2KEHHA B COOTBETCTBHUU C BBIPaZKECHUAMN

Teo () = Tdo + Ado €08 (Pdo) § Yeo (1) = Ydo + Ado sin (@do) - (14)
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B coorBercrBun c 3akoHaMu FeOMeTpI/I‘{eCKOfI OIITUKH CBA3b MEXKJy KOOPpAWHATaMHA H306pa}KeHI/IH uc-
TOYHUKA U3JIyYEHUA U PEaAJIbHbIMU €I0 KOOPAWHATAMU OIIPDEAEIAETCA BbIPDazKEHUAMN

d d

T = ?X oy = ?

rjie T, Y — KOOPAMHATH MCTOYHKMKA 3y deHnst; X, Y — KoOpAnHaThl n300parKeHusi UCTOUHUKA 3Ly YeHNUS;
d — MaJbHOCTD JI0 UCTOYHUKA u3aydenus; f — (oKycHOe paccrogHue 00beKTUBA.

CuHTe3upOBaHHbIE AJINOPUTMBI MOYKHO KCII0JIL30BATh HEIOCPEICTBEHHO Jjisl OLEHKU 11apaMeTPOB JBH-
JKeHUs] NCTOYHUKA U3JlydeHusi. B 9ToM ciydae B ypaBHeHUsl JIsl OLEHKHM KOODAMHAT IEeHTPa (T, Vg, Qay
Yo, Uy,, Qy,) B paguyca (Ao, 7o, pPo) BPAIEHU HCTOYHUKA U3JTydeHus Iepes mHTerpanamu B (11), (12)
wim 3HakaMu cymmuposanust B (13) seogurcs koadduunent K = d/f B coorsercrsuu ¢ (15), a nox uH-
TerpajiaMi MM 3HaAKaMU CyMMHUPOBAHUS MCIIOAB3YIOTCsI APAMETPhl JIBUKeHHs N300parkeHnsi HCTOTHUKA
u3aydeHns. Ecan mepBoHAYAIBHO ONPEIesSiOT OIEHKN [HapaMeTpPOB JBHKEHUS N300pPAKeHIs NCTOTHI-
Ka U3/1ydeHust, ucrosb3dys aiaropurmbl (11), (12) uamn (13), o pacyer KOOpPAMHAT MCTOYHUKA M3JLyYEHUS
OCYIIECTBIISIETCS IO BhIpaxkeHusM (15).

[Momyuenustit ynpomenustii aaropur™ (11) mesrecoobpasHo HCIOIB30BATH B CAYYasX CTAIHOHAPHOTO
WM KBAa3UCTAIIMOHAPHOIO M3MEHEHUsI [IaPAMETPOB JIBUZKEeHUsI N300parkeHnsi NCTOYHNKA M3JLy YeHUSI.

B asropurmax (11)—(13) mosmKHBL 00ecIiednBaThCA yCIOBUS CHHXpOHN3aun [14], B mpoTHBHOM CiIydae
BO3MOKEH CDBIB IIPOLECCA OIEHKHU [1apaMeTpPOB JBUKEHUs NCTOYHUKA W3/IydeHus. Torga HeobXommmo
LIEPEXO/IUTH B PEXKUM IIPOrHO3UpoBanus mapamerpos (14) B coorsercreun ¢ (6).

Y, (15)

Pe3ynbraTsl MozmempoBaHus AJITOPUTMA OIEHKU IIAPAMETPOB IBU2KEHUS
WCTOYHUKA U3JIyYeHUs

Pazpaboramnblii KBazunonTuMasbHO aaroputm (13) 6e3 oneHkn mapaMerpoB n300paykeHust a u b peaju-
3oBaH B cpeje Matlab [11]. ITo nonaydennbiM KoopuHaTam n3obpaxkenus myrem nepecdera (15) mosyvaror
KOOD/IMHATHI UCTOYHUKA WU3/TyICHUS.

Peanmmzanusg aaropurma ocymectsiena ¢ wacroroit 200 I'u. Pazmep TeneBuzuonnoro nzobdbparkernus 320X
x 320 mukceseit. st ynporneHusi BHIYUCIEHUS WHTEPAJIOB [PU PEAJU3ANNNA yKAZAHHOIO aJrOPUTMAa,
UCITOIB30BAH MOJXO]I, MPe/IOKEeH b B pabore [3|, mO3BoIONMil BECTH PACUETHI TI0 CyMMe U Pa3HOCTH
TIJIOMIAIEH YeThIPexX KBAIPAHTOB OTPAHWIEHHON KBaJApaTHBIM CTPOOOM obacTr 00paboTKM.

Ha puc. 1 mpuBejieHbl UCXO/IHBIE TeJIEBU3UOHHBIE n300paxkenus. Ha puc. 2—4 — pe3yabrarhl OlEeHKN
mapaMeTPOB JBIZKEHUsT N300paykeHusT NCTOUHUKA U3/TyUeHUsl 110 BHICOKAIpaM (Ceporo IBera), a TaKkKe
WCTUHHbBIE 3HAYEHUs OIIEHUBAEMbBIX NaPaMETPOB (UEPHOrO IBETA).

IMomexn

H3o0pazkenne
HCTOYHHKA
H3JTydeHHs

Puc. 1. /Ipa BuaeoKaapa M3 MOCIEIOBATEILHOCTH TEJIEBU3NOHHBIX M300PaKEeHNH, TOKA3BIBAOIINE MOJIOXKEHNAE MO~
JBUZKHOTO M300PazKeHUs NCTOIHUKA TIOIE3HOI0 M3JIyIeHUs OTHOCUTETBHO MOMeX
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@y, Dy, PlC Ay, Ayo, MHKCETH
— —

65 T T T T T T T 20 T T T T T T T
60 : 18 F 1
ss | ] 16 1

14 -
50 F .

12 1 1
45 ¢ 1

10 E
40 f ' 8| .
35 L L L L L L L L L t,c 6 L L L L L L L L L t,c

0 05 1 1,5 2 25 3 35 4 45 5 0 05 1 1,5 2 25 3 35 4 45 5
a 7]

Puc. 2. Ouenka gacrorst (@) u paguyca (6) BpalieHus n300parKeHUst KCTOYHUKA IIOJIE3HOIO U3JLy YeHUs

X4, X0, MTAKCETH Va> Vio, THKCEITH

5 25

201 . 20 | .
15+ 1 15 F g
10 |- - 10 F

5 {\ hY . s

T ] L

St ';(’ - St
10} s Rt 10t
15 1 -15 i
20F : 20 F g
25 _— te -25 — tc

0 05 1 15 2 25 3 35 4 45 5
a 7

Puc. 3. Ouenka KoOpJuHAT HEHTPA BpaIleHrsi H300PaskKeHrsi HCTOYHUKA [TOJIE3HOIO U3JIYYeHUs: ¢ — [0 TOPU30H-
Tajau; 6 — M0 BEPTUKAJIN

xc, Xco, IIHKCeJINn yC,v yco, IIHKCeJINn
25 — I
20 . 20 b :
15 \ - 15 :
10 | ‘ | - 10 ]
5 || ] 5 J 1
0 ‘ | | 0
5 |f] 5 1‘ f| |
-10 ‘ | -10 | 0
|
-15 A -15 ¥
20 F i 220 d
25 . - tc 25 S tc
0 05 1 1,5 2 25 3 35 4 45 5 0 05 1 1,5 2 25 3 35 4 45 5
a 0

Puc. 4. Ouenka KOOpAWHAT MEHTPA N300PAXKEHUT UCTOYHUKA, TIOJE3HOIO U3JIYyY€HUs: ¢ — [0 TOPUBOHTAIN; 6 — 1O
BEpPTUKAJIN
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[IpoBesien pacuer omubOK OIEHOK TApPaAMETPOB JBUKEHUS M300parKeHus UCTOUHUKA MOJIE3HOTO U3JIY-
gennsd. [losydeHbl cieayromnre MaTeMaTuIecKue OXWIAHWSA W CPEeIHEKBAIPATUYECKUE OIMMUOKU OIEHOK
COOTBETCTBEHHO: JIJId KoopauHaT meHTpa Bpamenns — 1,0 u 0,88 nukcesrs; mada pajuyca BpalleHus —
0,11 u 0,08 mukcess; musa gactorer Bparmenus — 0,02 u 0,01 p/c; a1 KOOpAUHAT MEHTpa W300paKeHUsT
WCTOYHWKA m3rydenuss — 1,2 n 1,3 nukcers.

3akJIroueHue

Taxum ob6pazom, paspaboraHbl KBA3UONTUMAIbHBIE aJTOPUTMbI, 00€CIIeINBAIOININE OIEHKY W ITPOTrHO3HU-
POBaHIE MapaMeTPOB JBUKEHUS (KOODIMHAT IEHTPA, YaCTOThI M PAJNYCa BPAIIEHU) UCTOUHUKA U3ITY-
JeHNsd, 8 TaKyKe YPOBHA SIPKOCTH U PAINYCA €ro M300parKeHns HEeMOCPEICTBEHHO II0 IOC/IeI0BATE/ILHOCTH
TEJIEBUBUOHHBIX M300PAXKEHNUIA.
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