Duzuxo-mamemamudeckue HayKu

YIIK 517.98

O BJIMAHUNU TAPAMETPA AIPA UHTEI' PAJIBHOT'O OITIEPATOPA BOJIBTEPPA
HA CKOPOCTbH CXOJIMMOCTHU NPUBJIWKEHHBIX PEIIIEHUIA

Ceiioakmam k. 3., A. Kepumberos

PaccmatpuBatoTcs 3a4aun rpaHUyHoOro ONTUMarbHOMO YNpaBneHnst TENOBLIM NPOLECCOM, ONUCHIBAEMbIE BOTNLTEPPO-
BbIMU UHTErpo-anddepeHLmanbHbIMU YpaBHEHUAMM U UCCIEA0BaHA CKOPOCTb CXOAUMOCTU MPUBINIKEHWI C BNUSIHUEM
napameTpa siapa uHTerpansHoro onepartopa. OTMeYEHO BNUSIHUE YMCIIOBbIX NApaMeTPOB siApa UHTerpanbHoro onepa-
TOpa Ha CKOPOCTb CXOAMMOCTM NPUGIMKEHUI ONTUMaNbHOMO YNpaBneHns 1 ONTMMarnbHOro npolecca. YCTaHOBMEHO,
YTO Hanuumne MHTerpanbHoro onepartopa Bonbreppa B kpaeBol 3agaye napabonuyeckoro Tuna 3HauYnTerIbHO NOBMAUSIIO
Ha NOCTPOEHME MPUBNIMKEHHbBIX PeLUeHN HENMHENHOTO MHTErpanbHOro ypaBHEHWS!, ONTUMAanbLHOMO YNpaBneHus u on-
TUMarnbHOro npouecca. B 4acTHOCTU, BLISIBMEHO, YTO CyLLECTBYHOT NPUBIMKEHNS MO PE3ONbBEHTE U KOHEYHOMEPHbLIE
NpuBnxXeHns onTuMarbHoro npouecca. [laHHoe 06CTOSTENbCTBO 3HAYUTENBHO M3MEHUO CKOPOCTU CXOAMMOCTM KO-
HEeYHOMEpPHOro NPMBNKEHWsT NpoLecca kK TOYHHOMY peLLEHNIO ONTUManbHOro npouecca. Peanu3aums YACNeHHbIX 3Ha-
YeHuit NpuBedeHa B Tabnuuax.

Knroyesble criosa: d)yHKLI,MOHaJ'I; KpaeBasa 3aaava; I'IpIIIGJ'IVI)KeHVIe onTUMasribHOro ynpaslieHUS; I'IpI/IGJ'IVI)KeHVIﬂ onTu-
MalnbHOro npouecca; CXoguMoCTb.

BOJIBTEPPIUH MHTEI'PAJIIBIK OITEPATOPYHYH AJJPOCYHYH NAPAMETPUHUH
JKAKBIHJIAIITBIPBIJITAH YbITAPBLIIBIIITAPABIH KBIMHAJIT BIUTHIK
BLIIAMJIBITBIHA TUWTU3TEH TAACUPH

Cetioaxmam . 3., A. Kepumbexos

BonbTreppavH uHTerpanablk-aucdcepeHumanaplk TEeHAEMECU MEHEH MYHO34emnyyYY Xblyynyk NPOLEeCCUH YEKTUK on-
Tumangyy Galikapyy Maceriecu kapanaT aHa WHTerpanablk onepatopayH sSAPOCYHYH NapamMeTpuHUH e3repyycy me-
HEeH KaKblHAALTHIPbINTaH YblrapbibIWUTapAbliH KbIAHANMLIYTHIK bINAaMAabIrbl UsunaeHreH. VHTerpanaplk onepatopayH
AAPOCYHYH CaHAbIK MapameTprepuHuH onTmangyy 6alukapyyHyH xaHa onTumangyy npoLeCCTEPANH XKblAHAMTbIYTHIK
binfamabireiHa TMAM3reH Taacupu XeHyHAery mMacerere Hernsru keHyn o6ypynar. Mapa6bonukansik TUNTEN YEKTUK Ma-
cenene BonbTeppavk MHTerpangbik onepaTopyHyH GoryLy, Cbi3bIKTYY SMEC MHTerpanablk TEHAEMEHWH, onTumangyy
GallKkapyyHYH aHa onTumanzyy npoLeccTepPAMH XaKblHAALUTbIPbITaH YblrapblbILTapbiH TY3YYAe ONyTTYy TaacupuH
TUAMM3reHaurvH Genrvneit KkeTyy kepek. ATan anTkaHaa, onTuManyy npouecCTMH pe3osibBeHTa GOtoHYa KaHa YeKTyy
YeHeMayy KakblHAALITHIPbINTaH YblrapbinbiuTapbl 6ap aKeHAUMMH aHbikTaablk. Byn xxargai ontumangyy npoueccTuH
YeKTYY YEHeMAYY KaKblHAAWTbIPbIraH YbirapbifibUThiH aHbIK Ybirapbiibiluka GOMroH XbIMHANBIYTBIK bingaMAabIrbiH
onyTTyy e3repTTy. CaHablk MaaHUNePAMH WLLKe allblpyycy Tabnuuanapaa kepceTynreH.

TyliyHdyy ce3dep: (pyHKUMOHAN; YEKTVK Macene; onTumanayy GalukapyyHyH akblHAaLLyycy; onTumanayy npoLeccTuH
KaKblHAALLYYapbl; XbIAHANMBIYTHIK.

ON PARAMETER INFLUENCE OF THE KERNEL OF VOLTERRA INTEGRAL OPERATOR
ON THE CONVERGENCE RATE OF APPROXIMATE SOLUTIONS

Seidakmat k. E., A. Kerimbekov

The problems of boundary optimal control of the thermal process described by Voltaire integro-differential equations
are considered and the convergence rate of approximations with the influence of the kernel parameter of the integral
operator is investigated. The influence of numerical parameters of the integral operator kernel on the convergence rate
of approximations of optimal control and optimal process is noted. It is established that the presence of the Volterra
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integral operator in the boundary value problem of the parabolic type significantly influenced the construction of
approximate solutions of the nonlinear integral equation, optimal control and optimal process. In particular, it is revealed
that there are approximations by the resolvent and finite-dimensional approximations of the optimal process. This
circumstance significantly changed the convergence rates of the finite-dimensional approximation of the process to the
exact solution of the optimal process. The implementation of numerical values is given in the tables.

Keywords: functional; boundary value problem; approximation of optimal control; approximation of optimal process;
convergence.

B craree paccMarpuBaloTCA 3aqaud TPAHWYHOTO ONTHMAIBGHOTO YIPABICHHS TETUIOBBIM IPOIIECCOM,
OINHKCHIBAEMBIMU BOJITEPPOBBIMU MHTETPO-IU(pPepeHINATIbHBIMA YPAaBHEHUSIMH U HCCIIEAOBAHA CKOPOCTb
CXOAMMOCTH MPHUONMKCHUN C BIMSHUEM IapaMeTpa sjipa WHTerpalibHOTrO orneparopa. B pabdorte [1] npuse-
JIEHbl OCHOBHBIE TEOPETUYECKUE PE3yJIbTaThl U BBIBOJIBL, [TOJYUYEHHbIE IPU PELICHUH 3aJ]a4l TPAHUYHOTO OIl-
THUMaJBHOTO YTPABICHUS TEIUIOBBIM IPOIECCOM. UMCIIOBBIE 3HAUCHHSI CKOPOCTH CXOAWMOCTEH MPHUBEACHBI
B Tabnumax 1-8.

Ilocmanoeka 3a0auu HeIUHENHON ONMUMUZAUUL U ee peuleHue. PaccMOTpUM 3a/iady HETMHEHHON
ONTUMU3ALNH, T€ TpeOyeTcss HAUTH MUHUMAaJIbHOE 3HaueHne (PyHKIMOoHAaIa!

J[u] = [[v(T.x) - &(x)] du+ p[u (t)de. >0 W
Ha MHOXKECTBE pelleHuil kpaeBoii 3agaun [1]:

Vt=Vxx+/1J.K(I‘,T)V(T,x)d2'+g(t,x), 0<x<l, 0<¢t<T,
0

V(O,x):l//(x), O0<x<1, 2)

v, (2,0)=0, vx(t,l)+av(t,1)=p[t,u(t)], 0<t<T.

3necy Qynxkums v(t,x)€ H(Q) — coctosume ympasnsemoro mponecca;u(t)e H(0,T) — dynxuus
yrpasienus; H(Y) — runs0epToBo IpoCTpaHCTBO (BYHKIMH, ONIPEAEIEHHBIX Ha MHOXKECTBE Y.
Penrenune kpaeBoii 3a1auu onpezaensiercs no Gpopmyse [1]:

©

v(l,x)=2vn (t)zn (x), 3)

n=1

rae v, (f) — pCIICHUEC JIMTHEWHOTO HUHTCTrPAJIbHOT'O YPaBHCHU

t

v, (1)=a,(t)+ /IJ.Rn (t,s,4)a,(s)ds,

0

a,(t)= ey + '(':el’%(”) (gn (7)+z, (l)p[r,u(r)])dr ;

t
R,(,5,A) — pesonssenta sapa K, (¢,5) = Je'l" ("I (z,5)dr ynosnerBopsier onerke
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[A[Ky (2-5)

Rn(t,s,/i)|3%e B on=1,23,....

n

Ha npaktuke He Bcerna CylIecTBYyeT KIACCHYECKOE pellleHUe, TOITOMY MOIb3YITCs 0000IIEHHBIM pe-
nieHneM [2] kpaeBoi 3amauun (2). B padorax [1, 3] HaiieHo 0000IIeHHOE pelleHre KpaeBor 3aaaun (2) u3
russ6eprosa npoctpanctsa H(Q), 0 =(0,1)x(0,T).

B naHHOM HcCIIeIOBaHUH HCIIOIB30BaHbI 0003HaYeHHs padoTh [1].

JlaHHbIE [Tl YUCIIEHHOMN peain3alin:

L.T=1.

2. £(x)=¢,(x-1), 0<x<1.

3. K(t,r)=t+1, KO=(fg£D|K(t,r)|=y(|t|+|r|)=2/¢; A=1.
4. g(t.x)=0,04%(x" +1),

5.p(x)=x-1, 0<x<I,

6. a=05 S=08.

. p[t,u(t)]=ln,/u2(t)+1, —1<u(r)<1.

Haiinena npousBonHas GyHKIHH P [t,u (t)] :

u(1) u(1) u” (1)
P [t,u(t)](pu [t,u(t)]l =)+ 2u=2— 01 >0, Vu(t).

A Taxke BbIUMCIIECHA:

P, [t,u(z)]‘ =0.5.

~

=max
p() u (t)

0=e<T

8. pu(t)p,'[tu(t)]=p( (1)+1)=0(r), B<O(t)<2B, 0<t<I.

9. OntumMainbHOE YIpaBJIeHHE HAXOAUTCS IO hopmyIie:

u(t)=p[1,0(t),p]=+ /% (4)

" ONpeACIsICTC KaK

%(ﬂ)zr‘(}f‘f‘ o _| 1 | : 1 1 o625,
t

= < =
Yool |2y Jo(0)-| " 2JB 285 28

10. Mocrosituass M, ynoBIETBOPSET OL[CHKE:

M, = max(l - e%’%(m)) <I1.

0<t<T
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Al K,
11. ;/:1"‘0.5*L L2+l 1+| | < |<1.
2\ A4 6 24

Ta6nmma 1 — 3Havenne ¥ npu 3HaveHmax U =1,2,3

u 1 2 3
7 0.514572 0.715408 0.916245

12. 3navenns A,, n=1,2,3,... s pacyera ONEHOK CIEAYIOLINE:

Tabnuua 2 — Suavenus 4, n=12,3,...

n

/11 12 ﬂ’.’a //i’4 /15
1.5000 45026 7.5127 10.5335 13.5668

13. JInst MOCTPOEHUs ONTHMAJTBHOTO yNpaBieHus cHadana B npoctpanctse H (0,7) pemaem oneparop-
Hoe ypaBHeHue [1]:

0(1)=GL0(1)]+h(r). 5)
Ha nmpaxTuke He Bcerna CyIiecTByeT TouHoe perreHue (5). IloaroMmy, B OCHOBHOM, ONpaHUYHMBAIOTCS Ha-
xoxnernem 6, (1) MeTomoM mocienoBaTebHbIX PHOIIKEHHIA:

0,(t)=G[ 0., (¢)]+n(r), k=123, 6,(t)=h(t).
CXOIMMOCTb TPUONMIKEHHH ONEPAaTOPHOro ypaBHEHUs. [IpHONIMKEHHOE PELICHUE OMEePaTOPHOIO ypaB-
Henus 6, (t) VIOBIIETBOPSIET ciemytomieit onenke [1]:

_ k
o ()6, (t)”H(O’T)Slji y“G[eo(t)]“H(m, k=1,23,....

UwucneHnHas peanu3alys oka3aHa B Tadimiie 3.

Tabnuna 3 — CXOMUMOCTh MPUOIMKEHHBIX PEIICHHUH ONEPaTOPHOTO YPaBHEHHS

k
”0 (t) -0 (t)"H(O,T) < 17:_7,”G|:90 (t):”‘H(O,T)
. # 1 2 3
1 0.4745 1.4618 7.8263
2 0.2442 1.0458 7.1708
3 0.1256 0.7482 6.5702
4 0.0647 0.5353 6.0199
5 0.0333 03829 55157
6 0.0171 0.2739 5.0537
7 0.0088 0.1960 4.6305
8 0.0045 0.1402 42426
9 0.0023 0.1003 3.8873
10 0.0012 0.0718 3.5617
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B cTonbrax npuBeeHbI CKOPOCTH CXOJMMOCTH MPHOJIMKESHUH MPY 33JJaHHBIX 3HaYeHHsIX A . Hanpumep,
JUTSL TIEpBOTO cTOJNOIa TOUHOCTh € = (0,1 obecrieunBaeTcst Ha TPETheM MPUOIIMIKEHHH, JIJIT BTOPOTO CTOJIONA —
Ha JIEBATOM MPUOTHIKCHHN.

MOXHO 3aMETUTh, YTO C YBEIIMYCHUEM 3HAYCHUS A , CKOPOCTh CXOIUMOCTH 3aMeJIISIeTCS.

THpuonuscenue onmumanvhozo ynpasienus u e2o cxooumocms. Iloncrasnss B popmyiy (4) 0, (t) ,
MOXKHO HalTH k-0€ MPUOIMKEHNE ONTHUMAIILHOTO yripaBieHus [1]:

u, (t)=0lt,6,(1), 51, k=1,23,...

na k-ro mpnOaMXeHUs! ONTUMAIILHOTO YIIPABIECHUs CIIpaBe/UINBa CIEeAYIOIas oleHKa [ 1]

”uo (t) —Uu, (t)"H(O,T) = “¢|:Z’§(t)’ﬂ:| - ¢[t’0k (t)’ﬁ:”H(O’T) < Py ('B)Hg(t) - Hk (Z)”H(O,T) '

B tabnuie 4 mokazaHa 4yMCIeHHAS Peau3aliis CXOIUMOCTH ONTUMAIILHOTO YIIPABICHHS.

Tabnuia 4 — CXOIUMOCTb A-T0 IPUOIMIKCHUS! ONTHUMAIBHOTO YIIPABICHUS

”uo (t) Uy (t)”[[(o,r) < (Po (ﬂ)"@ (t) - 0" (t)"H(O,T)
. N 1 2 3
1 0.2942 0.9063 4.8523
2 0.1514 0.6484 4.4459
3 0.0779 0.4639 4.0735
4 0.0401 0.3319 3.7323
5 0.0206 0.2374 3.4197
6 0.0106 0.1698 3.1333
7 0.0055 0.1215 2.8709
8 0.0028 0.0869 2.6304
9 0.0014 0.0622 2.4101
10 7.4412e-04 0.0445 2.2083

B cron0uax nmpuBeaeHbI CKOPOCTH CXOAUMOCTH IPUOIMKEHUI TIPH 33aHHBIX 3HaYeHUsX A . Hampumep,
JUTSL TIEPBOTO CTONIONA TOUuHOCTh € = 0,04 oOecrieunBaeTCsl Ha YETBEPTOM MPUOIMIKEHUH, JUISI BTOPOTO CTOJIO-
[a — Ha JICCSTOM IPUOIMIKCHHH.

MO’KHO 3aMETHTB, YTO C YBEIUICHUEM 3HAYCHUS M CKOPOCTH CXOIUMOCTH 3aMEUISCTCA.

Ipubnusncenus onmumanwvhozo npouecca. lloncrapmnsis B (3) u, (t) , HAXOuM:

v, (t,x)= i[/lj;R" (t,5,4)a" (s)ds +al” (t)Jzn (x),

n=1

t

a (t)= eHy + J‘e_’l"z('_r) (gn (7)+z, (1)p[r,u (r)])dr ,

0

KOTOPOE€ HAa30BEM k-M HpI/I6J'[I/I)KCHI/IeM OIITUMAJIBHOTO ITpoIiecca.
HpI/I HCCJICJOBAHNU CXOAUMOCTH OINITUMAJIBHOTO MPOIECCa MOABIIACTCA CXOAUMOCTD IO PE30JILBEHTEC!
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© t

v (1,x) = Z(AJ‘ R (t,5,A)a" (s)ds +a (t)Jzn (x),
n=1 0

KOTOpPOE Ha30BeM K, 71-M HPUOIIIKCHHEM ONTHMAIILHOTO.

[TockonbKy V' (t,X) SBIISIETCSI CYMMOI OECKOHEYHOTO psifia, Ha TPAKTUKE HCIIONB3YIOT yCEUCHHBIH
psd BUIA:

Vi (1) = z(z R (1,5, A)a® (5)ds +a® (t)}n (x),

n=1

KOTOpOE Ha30BeM K, m, 7-M NPUOIIMIKEHHEM ONTHMAIIBHOTO Ipoliecca.

[TpubarmKeHus: ONTUMAIBFHOTO TPOLIECCa U HX CXOAUMOCTh

I. Cxooumocmyo k-eo npubnusicenus onmumanvro2o npoyecca. /[na k-ro npuOIMKEHHUST ONTUMAIIBHOTO
npoiiecca umeet Mecto [ 1]

|4 KT 2

bl o | 1027 S | b0 -0~

B Ta6n1/1ue 5 moka3aHa YMCJICHHas peam3anusa CXOOAUMOCTH k-ro HpI/I6J'II/I)K6HI/I${ OINITUMAJIBHOI'O ITpo1ecca.

Tabnmuma 5 — CXoquMocTh A-To IPUOIMKEHNST ONTHMAJIBHOTO TIpolecca

0
"v (t,x)-v, (t,x)”H(Q)
U
1 2
k 3
1 0.3444 0.4870 0.5965
2 0.1953 0.2761 0.3382
3 0.1107 0.1566 0.1918
4 0.0628 0.0888 0.1087
5 0.0356 0.0503 0.0617
6 0.0202 0.0285 0.0350
7 0.0114 0.0162 0.0198
8 0.0065 0.0092 0.0112
9 0.0037 0.0052 0.0064
10 0.0021 0.0030 0.0036

B cronbuax mpuBeaeHbl CKOPOCTU CXOAUMOCTH MPHUOIIKCHUN TPH 3aJaHHBIX 3HAYCHUsX A . OmHaKo
CIICTyeT 3aMETHTh, YTO C YBEINICHHEM 3HAYCHUS A , CKOPOCTh CXOJMMOCTH HE3HAUUTEIHHO 3aMEIICTCSL.

IL. Cxooumocmu k, m-2o0 npubnusxicenus onmumanvroeo npoyecca. /[ns k, m-ro npuOIMKeHU ONTUMAITb-
HOTO TIporiecca umeeT MecTo [1]

||Vk (t,x) - Vl:n (t’x)"H(Q) < C2 (l) ﬁi|:

——>0, Vk=12,3,..
j'lZ m—o ]

|z|1<or}’" s
AL m!

rae
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C.(2)- ATJ§(§+§j[||w<x>||zw +Tle(e.0)f, , + 27 [r ()], |

B Tabnuie 6 mokazaHa YMCIICHHAS peau3alisi CXOAUMOCTH k, m-TO MPUOIMKEHUS ONTUMAIBHOTO MPO-
mecca.

Tabmuia 6 — CXomuMoCTh k, m-ro MPUOIMKEHHS ONITUMAIBHOTO Mpoliecca

"Vk (t,x)—v} (t,x)"H(Q)
u
k 1 2 3
1 0.0218 0.0673 0.3602
2 0.0112 0.0481 0.3301
3 0.0058 0.0344 0.3024
4 0.0030 0.0246 0.2771
5 0.0015 0.0176 0.2539
6 7.8795e-04 0.0126 0.2326
7 4.0546e-04 0.0090 0.2131
8 2.0864¢e-04 0.0065 0.1953
9 1.0736e-04 0.0046 0.1789
10 5.5244e-05 0.0033 0.1639

B cronbmax npuBeaeHs! CKOPOCTH CXOTUMOCTH MPUOIMKESHUH MTPH Pa3HbIX 3HaYeHUsIX L . OqHaKo cire-
JIyeT 3aMETUTb, YTO C YBEJIMUYEHUEM 3HAYCHUSI £/ , CKOPOCTh CXOIMMOCTH HE3HAYUTEIHHO 3aMe JISIETCSI.

I Cxooumocmo k, m, r-eco xoneurnoeo npubnusicenus. /s k, m, r-ro IpUOIIKSHUST ONTHMAIIBHOTO IIPO-
necca nmeet mecto [1]

P!
m m,r d 1
v (t,x) vy (t,x)"H(Q)S C3(/1)(2?J ———0, Vk,m=123,....,

n=r+1

rae

12K, T\
2

c(a)=3|1+27| Ze | Iy, +Tle (o0, +2ro e (), ]

B Tabmume 7 moka3aHa YUCICHHAS pealu3alys CXOTUMOCTH k, m, r-TO MPHOIIDKCHUS ONTHMAJIbHO-
ro IpoIrecca.

B cronbuax mpuBeneHsI CKOPOCTH CXOAUMOCTH IPUONKEHIH TIPH 33JaHHBIX 3HAaYeHUsIX A . Hampuwmep,
JUTSI IEPBOTO CTOJNIOIA TOYHOCTH € = 0,7 oOecrednBaeTcsi Ha BTOPOM MPUOIMKEHHH, JUTsl BTOPOTO CTONIOIA — Ha
YETBEPTOM, a IUIS TPETHETro CTONIONA — Ha MSTOM PUOIMKESHHH.

IV. Cxooumocms k, m, r-20 koneuno2o npubRUICEHUsL K ONMUMATbHOMY npoyeccy. /s k, m, r-ro npuOnu-
JKEHUST K ONITUMAJILHOMY TIpoIieccy nMeeT Mecto [ 1]

V" () =vi ()], ) <[V () =vi ()], +

+||Vk (t,x)—v} (t,x)"H(Q) +||v,i" (t,x)—v,:"”(t,x)”H(Q) 0.

k,m,r—w
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Tabnuna 7 — CXomuMocCThb k, m, r-ro IPUOIHKEHUS ONTUMAIILHOTO MpoIecca

| Vlin (l,X) - Vl:n’r (t’x)”H(Q)
y2
k 1 2 3
1 1.1700 1.6546 2.0264
2 0.7165 1.0132 1.2409
3 0.5515 0.7800 0.9553
4 0.4625 0.6540 0.8010
5 0.4053 0.5732 0.7020
6 0.3648 0.5159 0.6319
7 0.3343 0.4727 0.5790
8 0.3102 0.4387 0.5373
9 0.2907 0.4111 0.5035
10 0.2744 0.3880 0.4752

B Ta6n1/1ue 8 mokaszaHa YHCJICHHAs peanmusanusa CXOAUMOCTH k, m, r-ro l'[pI/I6J'H/I>KeHI/I$I K OIITHUMAJIbHO-

MY MPOIIECCY.

Tabnuna 8 — CXomumMocTh k, m, r-ro IpUOTMKEHUS K ONTUMAILHOMY TPOLIECCY

0 mr
"V (t,x)—v (2, x)"H(Q)
U
k 1 2 3
1 1.5362 2.2089 2.9831
2 0.9230 1.3375 1.9092
3 0.6680 0.9710 1.4495
4 0.5282 0.7675 1.1869
5 0.4424 0.6411 1.0175
6 0.3858 0.5571 0.8994
7 0.3461 0.4979 0.8119
8 0.3169 0.4544 0.7439
9 0.2945 0.4209 0.6888
10 0.2765 0.3943 0.6428

B cronOiax npuBeeHbl CKOPOCTH CXOMUMOCTH TPUOIMKEHHIN TIPH 33JaHHBIX 3HaYeHUsX A . Hampumep,
JUIS TIEPBOTO CcTOJNONA TOUyHOCTh € = (0,9 oOecrieunBaeTcs Ha BTOPOM MPUOIMKEHUH, JIJIsT BTOPOTO CTONOIA —
MEXY TPETbUM U YETBEPTOM IPHOIMIKEHHUSIMHY, & IUTSI TPETHETo CTONOIA — Ha IIECTOM MPUOIIKCHUH.

MO’KHO 3aMETHTD, YTO C YBEIWICHUEM 3HAYCHUS A , CKOPOCTH CXOMMUMOCTH 3aMEICTCS.

BoiBoabl. UnciieHHas peanu3aliys MojiydeHa ¢ HCIOIb30BaHUEM Pe3yiIbTaToB pador [1, 3], a Take ¢ uc-
MOJTb30BAHUEM CTPYKTYPBI TOCTPOCHHUS PUOIMKEHUH ONTHMATBHOTO ITPOIecca, OIMMCaHHOTO B padboTe [4].

3HaueHHsI CTOJOLOB MMOKA3BIBAIOT CKOPOCTh CXOAMMOCTHU MPHONMIKEHUN TIPU 3aJaHHBIX 3HAYCHHUAX AL .
[Ipn 3TOM MOYKHO 3aMETHTB, YTO C YBEIUICHUEM 3HAYCHUS M CKOPOCTH CXOAMMOCTH 3aMEUIICTCS.
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