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NHO®OPMATHUKA U YIIPABJIEHHUE

VIK 62-501.12
X.3.MTAMBEPIHEB, 0.0.3APUIIOB

PEI'YJISIPHBIE AJITOPUTMbI OHEHUBAHUST COCTOSIHUS
AAHAMUYECKHUX CUCTEM HA OCHOBE KOHHEIIIUA
AJAIITUBHOU ®PNJIBTPAIIUN

X.3.Urambepaues, O.0.3apunos

AnanTtus GUIbTPJIALI KOHIENIHUSJIAPH ACOCHAA THHAMHK CHCTeMAJAPHHHT X0JIaTHHH
MYHTa3aM 6axoJial aJIropuTMJIapu

AnanTuB QuIbTpall KOHLEMIHUAJIAPH Ba HOKOPPEKT KYHWITraH MacalallapHH €Yl yCyJuIapu
acocyia IMHAMHK OOLIKapyB 00BEKTIapU XONATUHU TypFYH 0axoJalll alrOpUTMIIapy KEeITHPUITaH.

H.Z.lgamberdiyev, O.O.Zaripov

Regular algorithms of firm estimation of conditions of dynamic system on the basis of the
adaptive filtering concept

Happen to algorithms of firm estimation of conditions of dynamic object control on the basis of
the adaptive filtering concept and methods solution of problems set forth incorrectly.

B OONBIIMHCTBE TIPOLIECCOB YNPABICHHS WM MHOTOIIATOBBIX IPOIEIYD
NPUHATUSL PEIICHNUS B TEXHHUYECKHX M TEXHOJIOTHYECKHX CHUCTEMax HMMEIOT MECTO
IpHUCYIIAE WM HEONPEIeNCHHOCTH. JTH HEONPEIEIeHHOCTH HE MO3BOJSIIOT TOYHO
OLICHUTH BIIMSHWE YIPABISIOMMX BO3JICHCTBUI Ha KadecTBO (YHKIMOHUPOBAHUS
CHHTE3UpyeMOl cucteMbl. HeonpeieneHHOCTH, CYIIECTBYIOIINE KaK B CaMON CHUCTEME,
TaK W B HAONIOJCHUSAX, BO MHOTHX 3aja4aX MOTYT OBbITh MPEICTABICHBI Kak
croxacTuyeckue mporecchl. K TakuM 3aa4aM NPUMEHHUMBI METOJIbI CTOXaCTHYECKOTO
yrpasienus [ 1-4].

PaccmoTpum cucreMy, ONMChIBaEMYIO YpaBHEHHSIMHU

Xi+1=AﬁXi +Biui+rivvi’ (1)
z, =H X, +v,, (2)
rae X; — BEKTOpP COCTOSHMA CHCTEMBI pasMEPHOCTH N; U, — BEKTOp YIIPaBICHUSA

pasmepHocTH |; Z, — BeKTOp HAOIIOACHUS pa3MEPHOCTH M; W, H V, — BEKTOPHI IIyMa

00BEKTa U TIOMEXH Ha6J'IIO)]eHI/I$[ pPa3sMEpHOCTH (] U P COOTBETCTBCHHO, SIBJIAIOIINCCS
MOCJICAOBATCIIBHOCTBIO BHJda TAayCCOBCKOI'O Oesoro mymMa C€ XapaKTCpUCTHUKaMH

E[Wi]zo, E[WiW:] =Qd., E[Vi]:0, E[ViVI] =R&, E[WiVI] =0; A.B.I; mu

H, — MaTpu1Ibl COOTBETCTBYIOIIUX pa3MepHOCTel; O, — cuMBoia KpoHnekepa.



Bbynem ncnonb3oBaTh KBaApaTUYECKUN KPUTEPHl KauecTBa
N-1

Jo=E Z(X;(r+lpk+lxk+l +UIVkUk) ' (3)

k=0
TAC BECCOBBIC MAaTpHUIIbL Pk ITOJIOKUTCIIBHBI U ITOJIYOIIPCACIICHDI. B MMPCAIIOJIOXKCHUN O
CYIICCTBOBAHHNHU 3aKOHA YIIPABJIICHUS BECOBBLIC MATPUIIbI YIIPABJIICHHUA Vk MIPUHUMAIOTCs

MOJIOKUTEIBHO OmpeneeHHbIMU. OCHOBHOW NMPUYMHON, O0O0YCIOBIMBAIONIEH MIMPOKOE
NPUMEHEHHUE KBaJpPaTHUECKOTO KPHUTEpUs KauyecTBa, SIBJIAETCA €ro yaoOCTBO IUid
AQHAJIMTUYECKUX UCCIICIOBAHUM.

Tak kak cuctema (1) nuHeliHa, a HayaldbHOE COCTOSHUE, IIYMbl U TOMEXHU —
rayCCOBCKHE, €€ COCTOSHHE B JIFOOOW MOMEHT BPEMEHH TOXKE SIBJISETCS T'ayCCOBCKUM.
Kpome Toro, ecnu ydecTb TayCCOBCKHI XapakTep LIYMOB U MOMEX, U IMPEANOIOKHUTh
JMHENHOCTh ypaBHEHHUS (2), TO MOXKHO ClIelaTh IPEANO0KEHNE, YTO U3MEPEHNUS TOXKE

OyayTt rayccoBckumu jutst Beex i [1,4]. Moxuo nmokasats [4], uro miotaoctu P (X | z')
- i
U Pp(X |z"") sABIAOTCS TAyCCOBCKMMH JUIi BCEX I. AIOCTEpUOpHAs IIOTHOCTh

p(X | z') MoxeT GBITH BEIpasKeHa Uepes CpenHee X;j ¥ KOBapHalMOHHYI Martpuiy B

OIMMOKM OIICHUBAHMS. OTH CTATUCTHKU ONPEACISAIOTCS YPaBHCHHSIMH (PIIBTpa
Kanmana:

i = AiaXigia + Byl 4)
Ry = Ry a + K [z, =Bty —H Ry (5)
rie
Ki = Pi|i—1HiT [H'Pi|i— H'T +R Tl’ (6)
||| Ah i1 1Aﬁ|. +Q.1 (7)
RBi =P —KiH Ry, (8)

a HAYANIbHBIMH YCIIOBUSAMU SABISIOTCA Xy 4 = fy, Py =My

VpaBuenust (4)-(8) omuChIBaIOT CpeaHEe, KOBapHUAIMIO U, CIEJOBATENBHO,
(YHKLHUIO TayCCOBCKOW arlOCTEpUOPHOM MIOTHOCTH JUI CHCTEMBbI, COOTBETCTBYIOIIEH
ypaBHeHusM (1)-(2). Torma crparerus ynpaBlieHUs, MUHHUMHU3HMPYIOIIAas KpPUTEpUi
kadecTBa (3) npu orpanndenusix Buzaa (1) u (2), popMupyercs Ha OCHOBE ypaBHEHHUs
U = =Ai ALgiX

T Ay =(AL T LA i
A1+l| |+1,i+1Ai+1| + P H H||+l H||+1F A,

T
ii+l |+l|+V) A|+1| i+l

|||+1 i i+1,i4 il I N-1N :PN

[[aHHa;I CTpaTerus Mo3BOJIIeT CUHTE3UPOBATh CUCTEMbI YIPABICHHUS HAa OCHOBE
NPUHIUIA pa3fiefieHus.. B COOTBETCTBUUM C ATHM MPUHIMIIOM TPOLEAYpa OIECHUBAHUS
napaMeTpoB WJIM NEPEMEHHBIX COCTOSIHUS BBINOJHSIETCS pa3felbHO C BBIYMCICHHEM
mapaMeTpoB YCTpPOWCTBA yIpaBlieHHs. B CBsI3W ¢ ATHUM B TEOPHUH M TPAKTHKE
IOCTPOCHHUS ~ CHCTEM  YIpaBleHHs JAMHAMHUYECKUMH OOBEKTaMHM  Pa3IMYHOTO
(GYHKIMOHATHPHOTO  HAa3HAYCHHWS  BONPOCAM  OICHUBAHHS ~ BEKTOpa  COCTOSIHUS
yIpaBiIIeMbIX OOBEKTOB B YCIOBUSAX HaM4Us IIYMOB OOBEKTa M MOMEX H3MEpEeHUi
NpUIAeTCs BeChbMa Ba)XKHOE 3HAUeHHE. B peambHBIX yCIOBHAX (DYHKIIMOHHPOBAHUS
yIpaBJII€MbIX OOBEKTOB BHEIIHHUE ITOMEXOCUTHAIbHbBIE YCIOBUS MOTYT M3MEHSTHCS B
HIMPOKUX Tpefenax. IJTo 0O0CTOSATENbCTBO OOYCIOBIMBAaET HEOOXOIUMOCTh JHO0
OLIGHKM HEW3BECTHBIX CTATUCTHUECKUX XapaKTEPUCTUK IIyMOB O0OBEKTa M MOMeEX
U3MEPEHUH W WCIIOJNB30BAaHMS TIOJIYYEHHBIX OICHOK JUII W3MEHEHHs IapamMeTpOB



GbuabTPOB, JUOO WCIONB30BaHUS (PWIBTPOB O3 TPSAMOM OLEHKH YyKa3aHHBIX
XapaKTEepUCTHK, B KOTOPBIX aJalTalMs OCYILIECTBISETCS  HENOCPEACTBEHHOMN
MOACTPOIKON mapameTpoB GuiIbTpoB [5]. OgHAKO MpHU MPAKTUIECKOM HCIOJIb30BAaHUU
YKa3aHHBIX [10JX0/10B BOZHUKAIOT TPYIHOCTH BBIYUCIUTEIBHOTO XapaKTepa, CBA3aHHbIE
C TUIOXOH 00YCIOBIEHHOCTHIO U HEYCTOMYMBOCTBIO pellaeMbIX 3afad. Eciau ucxonHble
JAaHHBIC W3BECTHBI MPHONMIKEHHO, TO YIOMSHYTas HEYCTOWYMBOCTH TMPUBOAHUT K
MPAKTUYECKOW HEEAMHCTBEHHOCTH pelIeHHs] B paMKaxX 3aJaHHOM TOYHOCTH U K
OOJIBIINM TPYIHOCTSIM B BBIACHEHHH CMBICIIA ITOJIy4a€MOT0 NMPUOIMKEHHOTO PEILICHHS.
[ToaTomy 1enecoobpa3HO PacCMOTPETh Pa3IUYHbIE BO3MOXKHBIE MOJIXO/bI K PEIICHUIO
3a/1a4 TOBBIIMICHUS] TOYHOCTH BBIUMUCICHUS COCTOSHUS JUHAMUYECKHX CHCTEM Ha
OCHOBE METO/IOB peryispuzanui. OTMeueHHble OOCTOATEIhCTBA YKAa3bIBAIOT Ha
HEOOXOJUMOCTh CO3JAaHMUS PETYJSPHBIX QITOPUTMOB YCTOMYMBOIO OLICHUBAHMSI
COCTOSHUSI ~ AMHAMHMYECKUX  CHCTEM  MpU  MapaMeTpUyYecKOl  anpuopHOi
HEOIPEAEIEHHOCTU U CUHTE3a BHIYMCIUTENIBHBIX CXEM UX IMPAKTUYECKON peasin3alyi.

PaccmoTpuM nUHEIHYI0 AMHAMUYECKYIO CUCTEMY, OMUCHIBAEMYIO YPaBHEHUSIMU
(1), (2). Baxnoe CBOWCTBO ONTUMAIBHOTO (HUIBTPA 3aKIIOYACTCS B TOM, YTO
OCTaTOYHBIE YICHBI, ONPEICIIIEMbIE KaK

Vi =z —Hi%4,

ABJIAIOTCS IOCJIEAOBATENbHOCTRIO BUaa Oenoro 1myma. Ilpu 3ToM KOBapuauus
OCTaTOYHOTO YJeHa paBHA

A
Co=Ely,y7 |=HPH +R,

a aBTOKOBapHUallMOHHAs MaTpula Ipouecca Y, paBHa

c,=E[y,.,y7]= H[A( - KH)* APHT —KC,] ©)
npu j=123,..., rae K — npou3BosbHBIN KOAPPUIMCHT YCUICHUS.
Onpenernsist MaTPHUITy S Kak
S=PH™ —KC,, (10)
ypaBHeHHE (9) MOXKHO 3anucaTh B BUJE
C, =H[A(l -KH)]"AS .
Matpunbt K u S B ypaBHeHusX (9) u (10) UMEOT OAMHAKOBYIO Pa3MEPHOCTh

nxm,

AOconroTHbI MUHUMYM QyHKIUY f, onpeaessieMoli B BUIE
n m

f=332s
23 j=1

rae Sij — (i,])-# snement Matpuisl S, nocturaercs mpu S=0.

Jns onpenenenus kodpdummenTa ycuineHns K, KOTOPBIA MPUBOIUT MATPHUILy S
K HYJII0, OyJI€M MCII0JIb30BaTh METO/] MPOEKIMHU TpaguenTa [6]. [Ipu qocTaTouHO Mabix
MOTPEIIHOCTAX B MCXOJTHBIX JaHHBIX TEPBBIC TMPUOIMKEHUS B TPAIUCHTHBIX METOJaxX
OOBIYHO MaJO OTJIMYAIOTCS OT COOTBETCTBYIOUIMX MNPHOMMKEHUH TPH TOYHBIX
UCXOJHBIX AaHHbIX. C yBeIMYEHHEM e YHcia UTepaluil mojsyyaemble NpUOIHKEHUS
MOTYT KaK YrOJIHO JJaJIEKO OTKJIOHATHCS OT UCKOMBIX peleHui. Jlpyrumu cinoBamu, Juis
MPUHLMIIAATIBHOW TMPUMEHMMOCTH JII0OOr0 HTEpallMOHHOTO METO/a, B YaCTHOCTHU
ITPaJUEHTHOIO, K pEIIEHUI0O HEKOPPEKTHBIX 3aJad OH JOJDKEH IOpOXKIaTh
PEryJsapu3HpyIoIlee CEMEUCTBO ONEPAaTOPOB, B KOTOPOM MapaMeTpPOM pETyJspU3aluu
SIBJISIETCSI HOMep uteparuu [6-8].

3anumem ¢yaknuo A.H. Tuxonosa [9] nns paccmaTpuBaemMoil 3a1a4n

T, (Kp) = I(K,0) + @, Q(K,. ), K, €K



rne o, >0, r=12.., limeg, =0, a cradbwms3aropoM CIYXUT QYHKIUSI

Q(kyg) = Hkpquz/z'

Tax kak Q(K,,) = Hkpquz / 2 — CWJIBHO BBINyKJIash GyHKIHA, TO {2 — HOpMaJIbHOE
pellIiCHHE CYHMIECTBYET M  CIUHCTBEHHO (k* eK = {kpq : kpq eK, J(kpq) = J*},
Kiq—Kpq| =01 v, —kj,

r

J. =inf J(Ky), J. >0 ), npu otom lim)|

r—oo

Torma MoXHO MmokasaTh [6,7], 4TO MOCIIEIOBATEIHLHOCTh {k;q}, onpeaesieMas
YCIIOBUEM

v,, =P (vr —,B,(fr'(vr )+05rVr )) r=12,..;v, eK, (12)

CXOOUTCA 1O HOPME K  TOYKE k;q eK” C  MHUHUMAJbHOW  HOPMOM.

TlocnenoBarensroctn {, ), {4} B (11) MOXHO BBIGpaTh, HAIpUMEp, B BHIE

r

=r % B =r"?r=12,...
J_IJ'IH pemiCHUA 3aaadrd aJdallTUBHOIO OLCHHMBAHHA BCKTOpa COCTOSAHHA B

YCIIOBUSX alPUOPHON HEOIPEICICHHOCTH KOBAPHAIIMOHHBIX MATPHII IIyMa O0BEKTa U

IIOMEXHU I/I3MepeHHﬁ 3alMmcM BBIpa)KeHI/Ie JJIA 0OHOBIIIEMOT'O mpounecca

Vi — HX

|+I|i

a,

i+l]i 1

s _ Alo
rae Ky = A% = A%
PaCCMOTpHM CJ'ICI[YIOIHyIO HOCIIEIOBAaTENbHOCTh  B3aMMHOKOBapHAI[IOHHBIX

matpurr, M ( Vi ,+m L j=2,..,1. Cnenys wmeromaM ONTUMalbHOW JIUHAMHYCCKON
GuIbTpAIUK, MOKHO TIOKa3aTh, YTO
M (v,ﬂl,v,ﬂl,) HAE R HT, j=2,..1, (12)
rne I:)i+]J| =M (XH—]Jl XH—]Jl)
VYpasuenue (12) MOXKHO 3anucaTh B MAaTpUIHOHN dopme
Y, =SP,HT, (13)
rje
M (V|+2|| |+:u|) - H .
M (V|+3|| |+1]|) B HAI .
Y, = M(Vi+4|iVi+ui) , S = HAi2 A
M (V|+I|| |+]j|) _HA:*Z_

Bo3MoxxHBI U 1pyrue CHOCO6BI (bopMI/IpOBaHI/I;I marpuny Y, u S. Jlnsg cunTesa
aJIalITUBHOTO (UIBTpAa B paccMaTpUBAaeMON IOCTAHOBKE HEOOXOJMMO BBIYHUCIHUTH
MaTpuUIly F’H]“HT . [lpunnmas 6osee peaqucTUUECKYIO TOUKY 3peHHs, Oy/eM mojaraTh,
YyTO TmpaBas d4acTh ypaBHeHus (13) 3amaHa ¢ HEKOTOpPOMl MOIPENIHOCTHIO,

00OyCITOBJICHHON HalIW4YWeM ITyMa MOJeNr oO0beKTa M moMmexu u3mepenuit B (1) u (2).
Takum oOpazom, BMecTo (13) Oyznem paccMaTpuBaTh ypaBHEHHE BHIA

Yo =SP HT, (14)

i+1i
Yoi = Yui| £ musa kaxaoro j (j=12,..,m) - Homepa

C YCJIIOBHUEM alIlIpOKCUMallun ‘

CTONOI1a MaTPHUIIBI Yf



Jlyist yripoieHust TaabHEeHITUX BRIKJIAIOK IepenuiinemM ypaBHenue (14) B Buje
Y/ =SD,, (15)
rae D, = Pi+:uiHiT'
[Ipumenum mis pemenust ypapHeHus (15) meron perymspuzanuu [7-9]. Torma
di = (al + STS)flST yj j (@= r), rae a >0 - mapamerp peryiaspu3arum.

bosiee yaoOHBIM ¢ BBIYMCIUTEIBHOM TOYKHM 3PEHMS SIBISETCS MTEPUPOBAHHBIN
BapUaHT METOJIA PETYIISIPU3AIMU, KOTOPHI MOXKET OBITh 3aIMCaH B BHJIE

d,, =(1-57sg,(sTS)d,,+9,(STS)STY,, j=1...m, (16)

rae d; - j-i cronben marpuub D, g,(STS)z(STS+OtI)_l 17001 g,(ﬂ,) (r‘l+ﬂ,)_l,

0 < A <o - mopoxpaaromias cucteMa (hyHKITH.
[Tapamerp perymsipuzanmu ¢ B anroputr™e (16) menecooOpa3Ho BBHIOMpATH IO

BEIIMYMHE HEBA3KH Hder -y i

. Ilpn peamuzamuu npudmmkenus (16) mapametp

perynsipuzanuu 0yaem BeIOMpaTh, HCXO/S U3 BHINOJIHEHNS HEPABEHCTBA BU/Ia

bo<|sd;, —ys | <b8, b, >1, b, >b;. (17)

0
IIpu sToM, eciu Hde,o —Yui

<b,5, To monoxum r =0, T.e. 32 mpuOIMKEHHOE

pewenue ypasaenus (15) npumem navansHoe npubamkenne d; .

Jns ycranoBneHus: cxoauMmocTu npudmmkenus (16) na ocuose mpasuia (17)
OCTaHOBA UTEPAIMOHHOTO TPOIECC PACCMOTPHUM BBIPAKEHUS

d;, —dj= (' —STSgr(STS)deYO _d;)+ gr(STS)ST<ij —Yui )
Sd;, —yu; = S(' _STSQr(STS)de,o _d;)_(l —STSgr(STS)nyj - yv,,-),
rie d; — Gmxkaiimiee k d; , pemenue ypasaenus (15).
Taxum oOpa3om, ecnu npaBmiio octanoBa (17) mpu ckoib yrogHo mMaiom o >0
Beiaer =0, To HSdLO - yfj

<b,d u B npezene npu 6 —0 nomysaem Sdy, =V, ;,

T.6. dy, — pemenue ypapHeHus (15).

Paccmotpum anroputM GuiIbTpaluu JUHAMHYECKUX CHCTEM MPU HAJIUYUU
aBTOKOPPEJIMPOBAHHBIX IIYMOB O0OBEKTa W MoMex u3MepeHui. bynem momarath, 4to
MOJIEN CUCTEMBI U U3MEPEHUN UMEIOT BU]T

X = AHJJi X + Fi+ui77i » i = A|+ui77i + ﬁiWi+lv (18)
Ziy = HigXig + &, Sa = Hiu& +0v,. (19)
ATIpHOpHBIE TaHHBIE 3aaHbl B BHJIE
W, ~ N(O'Qi)’ Vi T N(O’ Ri)’ Xo ~ N()_(m Po)’ o ~ N(ﬁo’ Po('m))'
coV(X,,77,) = cov(X,, W, ) = cov (77,, W, ) = cov (77, V, ) = cov(v,, w, ) = 0.
Torma, ciemyst METOIaM TEOPUH ONTHMAIBHOM (QUIBTPALMHA U JTUHAMHYIECKOTO

oueHuBanus [4,10], MoOXHO TmoOKa3aTb, 4YTO aIrOpuT™M GUIBTPALMU 3aJaeTCs
COOTHOILIEHUSAMU

Xigian = X T K,

i+l
Xigi = Ay X + Lo Moz = Ao (21)
Z; —Hiy X + ﬁi+1HiXi|i )1 (22)

(Zi+1 —H,z —H Xisqi + |:|i+1HiXi|i )’ (20)

i+1%i i+1

_ () ~
M = Moy T Kt (Zi+1 -H;,



PY =P

i+1 i

HIT - Ai+:ui I:)ili H IT I’_|“i+1 - Ai+2UiWi-/ri HIT ﬁ

R :WTHiT_Awu'WTHiEHiw cov(x;,7;) =W;; .

i+1 ili iV Vi
(7)

i+1

i+17

(23)

IIpu stoM ko3pduuuents! ycunenus K., m K7 omnpenenstorcs Ha OCHOBE

BBIPAXKEHUI
(22 _ p® M p 2 _ p(2)
Ki+1|:)i+:ui _Pi+1’ Ki+l Pi+:ui _Pi+1’ (24)
rae P,(jf)* — KOBapHallMOHHAs MaTpHulla OIIMOKM OICHUBAHHS [Jid clydas

ABTOKOPPEIMPOBAHHBIX ITYMOB O0BEKTa U TIOMEXU U3MEPEHUIA.
3nech 1enecoodpa3zHo UCMOIb30BATh METOJ PACIIMPEHUSI BEKTOPA COCTOSHUS H
METO/JI Pa3HOCTHBIX u3MepeHui bpaiicona-Xenpukcona [1,11]. B Merone pacumpenus

BEKTOpa COCTOSIHHSI X; JOMOJHSETCS BEKTOpoM 7. HOBBI BekTop cocTosiHus OyneT

MMETh BUJL X, = [X,T T ]T . Torna cootnommenus (18)-(19) mpumyT Bujg

Xi*+1 = Aij—]Ji Xi* + bi*\Ni+l ' (25)
Zi = HinXig + &, (26)
riae
* Xi * i : I * O * ;
Xi :{' "] Ay = "AHI" A b; :{' "] Hi = [Hi+1 0 ] '
ni 0 5 Amn b;

[Ipy mcnonb30BaHUM METOJAa PA3HOCTHBIX H3MEpPEHHIl (OPMUPYIOTCS HOBBIC
U3MEepeHus Y,,, Kak JIMHEHHble KOMOMHALUU JBYX IOCIIEI0BATEIIbHBIX U3MEPEHUN Z, U

z

i+l .
Yia = Zin — HinZi, (27)
Ucnone3ys (25)-(27), nonydaemM MOAENb AJIsl OMIUCAHUS U3MEPEHHIMA

Yin = (H iilphﬂi - Hi+lHi*)xi* + H|+1bi*W +0V,

i+1 [T (28)
s cootnomenuit (25) u (28) uenecoobpazno ucnonabzoBats GuibTp [MoOHTH-

Jluriiepa [4,12], ocHOBHO#M 0JIOK KOTOPOTO UMEET BUJT
Xigisa = Xigi + Ki+1(yi+l = Vi )v

{Xi*”li } - l: A‘:ﬂ‘ o
Yiai (H i*+1Ai+ui - Hi+1Hi*)Ai*+ui "

DddexTuBHOCT,  (QYHKIMOHUPOBAaHUS —anroputMma ¢uibTpanuu  (20)-(23)
CYIIECTBEHHO 3aBUCHT OT TOYHOCTHM BBIYUCIEHHS MAaTpUl] KO3(P(UIMEHTOB yCUICHUS

K., 1 K% ma ocHoBe BBIpaxenuii (24). Matpuua P,Sf)* B OTHUX BBIPAKEHUIX MOXKET

i+l
OKa3aTbCs BBIPOXKJIECHHOM WM ILIOXO 00ycioBieHHOW. s Bbruucienus K, u Ki(fl)
[eJIeCO00Pa3HO HCIIOIB30BaTh PEryJsipHbIe Mpoleaypsl [6-9]. [Ipumenss onepaTopHyrO

bopMy PETYISIPHBIX UTEPAIIMOHHBIX METOJIOB K YpaBHEHUIO (24), MOTyduM
kD =(1-P@TG kW +GPYT (r=m'1=12,.), (29)

i+1,r

rIe ki(fl) — J-# cronbern MaTpHUIlbI KiT+1, J=12,..,n; m>2 - 3agaBaeMoe HaTypaJbHOE

qmCIIO.
m-1 .
B (29) onepatopsl G, = Gk_lZ(l - Piﬁ‘?*TGk_l)J, k=12,... wuTepaTHBHO
j=0
CTPOSATCS 1O HAYANEHOMY OIIEpaTopy

Gy =g(RG)= (PG +al ). (30)



rae o =const > 0.

Perynspuyio urepanuonnyio cxemy (29) nenecooOpa3HO HCHONIB30BaTh IMPHU
m = 2. B BeIYHCIUTENBbHON cxeme (29) mapameTpoM peryispu3aluu sBISETCS HOMED
utepauuu. Ilapamerp o BBeneH B BelpaxkeHue (29) mocpenctsoMm ypaBHeHus (30)
TOJIBKO JIMIIb ISl YJIYYIIEHHS MEpbl €ro 4YHCIEHHOHM ycToWuuBocTU. Perymnspusanus
3/1eCh MPOM3BOJUTCS 3a CYET MHOTOKPATHOTO HMTEPUPOBAHUS MpPHU (PUKCHPOBAHHOM
3HAUEHUH O .

B Teopum u mpakThKe ~ONTUMAJIbHOW  PEKyppeHTHOW  (uiIbTparuu
JUHAMUYECKUX CHCTEM BCTPEYAIOTCSl CUTYallMH, KOrJa HIYMbl CHUCTEMBI M IIOMEXU
M3MEPEHUM SIBJISIIOTCS B3aMMHO-KOppeaupoBaHHbiMU [4,12]. Ha ocHoBaHuu meTon0B
TEOpUH  JuWHamMuuyeckoro onenuBanus [4,10,11] anroput™m  ¢wmisTpanun B
paccMaTpuBaEMOM Cy4yae MOXHO 3alucaTh B BUJE

Xi+]1i+1 = Xi+]1| + K|+1( |+1 - Hi+1Xi+JJi) |+:u| Ai+:lJ| X||| + K [Z | |||] (31)
Kiy = H' +R

i+1 |+]J| |+1[H|+1 |+]J| i+1 i+1 '

|+14| [Anm K H, ] ||| [Aﬂji _KipHi] +FiQiFiT _KipRiKip’ Pi+14i+1 [ |+1 |+1] i+
Marpuna ycunenust KP B (31) onpezensiercst Ha OCHOBE BBIPAKCHHS
KPR =A0;, (32)
rae O; =cov(w,,v;).
TounocTs pemieHust 3amaud  QUIABTPALMKA TPH KOPPETUPOBAHHBIX IIyMax
00BEKTa M TOMEXH HM3MEPEHHH CYIIECTBEHHO 3aBHCHUT OT TOYHOCTH BBIYHCIICHHUS
ko3 dunuenra ycunenus K. Ha ocHOoBe ypaBHeHwus (32). DTa cucTemMa ypaBHEHHiA

MOXET OBITh IJIOXO OOYCIIOBIEHHOW, T.€. MaJbIM H3MEHEHHSM HCXOIHBIX TaHHBIX
MOTyT OTBeYaTh OOJbIIME H3MEHEHUus peueHus. Jlig peryaspusaluu  penieHus
ypaBHeHUs (32) OyaeM UCHOIb30BaTh PEryJIIpHbIC UTEPALIMOHHbBIE METO/IbI.

VcaoBus ArMpoKCUMaIlMi UCXOJHBIX JAHHBIX IMPUMEM B BUIC Hﬁwj) —S JHSé‘

HRi(h)T R th' Mpubmwkenns K ncesaopementio K; =(RiT )+S,j ypasHeHus (32)
6}’I[GM CTpOUTH B BUJIC
ki,j,r = gr(Ri(h)T) ) ko = gr(Ri(h)T )Ri(h)Tk

! LT

(33)

rIe ki’j — J-# cTosjber MaTpHUIlbl KipT, j=12,...,n; S — J-# cTonber MaTpHIlbI

i,j,r?

S’ =0 A . Mpubmuxenus (33) MOKHO TaKkKe 3amucaTh B BHJE Ki jr =B{"g?,
ki ;» =B"5?, re oneparopsi
(h) MT) gH) _ phRMTRM
g( ) Br _Br Ri Br (34)
anmpokcumupyior R . TlpuHumas Bo BHMMaHMe, uTo MaTpuuHbii omepatop R
SBIISICTC  CAMOCONPSDKCHHBIM, JUIA PEryJsipH3alliyl  pemieHus ypaBHeHus (32)

ucrnonbp3yeM Metoq M.M.JIaBpentbeBa [7,8], B KOTOpOM gr(l):(a+/1)7l, a=r"

Torna mnpubmmxenuss (33) wu  (34) npumyr Bux K . =(Ri(h)T +al )_1 %)

L),x g
Ko :(Ri(h)T +al) RMTK B =(Ri(h)T Tl )—1, B® —BMRMTBM . Tlepexons x

UTEPUPOBAHHOMY BapHUaHTy pacCMaTPUBAEMOI0 METOIa MOKHO HAITUCATh
— M _ (-0 M(RMTK (| -1) ) —
ko =0, kO =k _B®(R —d) 1= (35)

Eo =0, |ZI(IJ) — KF;{) _ B(h)(Ri(h)TEiflj 1) R(h)TkI . r) l=1..r. (36)

i,j,a!



B (35), (36) B(h)=g(Ri(h)T ) UYucno uTepaluii I IpUMeM 3a Hapamerp
perymspusanuu. Jlis HomepoB Buma N=2' wurepauuu (35) u (36) 1enecoo6pasHo
BBIYHUCIATH 10 cxeme lynbra-Xoremnra [§]

(h) _ (mT M _ (M (T = (h) P —
"M =g(R™), GM=6"(21-RMGY), i=12...,
O _cadd) 0 MR ®Te(h)(9) ol i_
k) =G"s?, k) =G"RMGgY, 1=2",i=12,...
Mpu stom oneparoper B =G, B™ =B™R""B{" wmoxno tpakToBath Kak
anmpoKCUMAIlMK K TIceBI0000paTHOMY omeparopy R™. Beibop mapamerpa r B (35) u
(36) MOXHO OCYIIECTBIISATh MO BEJIWYMHE HEBA3KM HA OCHOBE COOTHOIICHMS BUJA
ROk, ;, — 57| =ble+[k, . |n). b>1.

[IpuBeneHHble  peryjsipHble  PEKYPPEHTHO-UTEPALMOHHBIE  AJITOPUTMBI

aJaNTUBHOTO OIICHUBAHUS BEKTOPA COCTOSHUS JTUHAMHUYECKUX OOBEKTOB MPEICTABIISIOT

coboii xopomo peanm3dyembie Ha OBM ypaBHEeHHS W MOTYT OBITh 3(P(HEKTUBHO
MCIIOJIb30BaHBI B 33/1a4aX CUHTE3a CHCTEM YIPABJICHUS TUHAMUYCCKIMHI OObEKTaMH.
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VK 519.68: 517.938
A.C. KABWIBJI/KAHOB

NHTEJUIEKTYAJIBHO - AJIFOPI/ITMI/I‘IECKI/[I‘/JI noaxoa K
INOCTPOEHUIO CTATHYECKHUX MOJEJIEM OBBEKTOB
YIIPABJIEHU A

A.C. Kaoniapaxanos
Bomkapys 00 beKT/Iapu CTATHK MOJEJIMHYU TY3MIITa HHTEJUIEKTYAJI-AJITOPUTMUK EHIAIYB

Makonaza OOmIKapyB OOBEKTIApW CTaTUK MOJEIWHM TY3WIIHUHT AITOPUTMIIALITHPUIN Ba
MHTEJUIEKTyaJJIAIITHPUII Macaalapy KypruO YHKWITaH.

A.S.Kabiljanov
Savvy - algorithmic approach to building of steady-state models of objects of management

In clause the questions algorithmization and intellectualization of a task of construction of static
models of objects of management are considered.

[lpy omMcaHWM YCTAaHOBHMBIIUXCS PEKAMOB (PYHKIIMOHUPOBAHUS OOBEKTOB
yIpaBJIeHUsT HanboJiee YacTO MCIOJIB3YIOTCS cTaThuueckue monaenu. O01iee ypaBHEHHE
CTaTUYECKON MOJIeTH 00BEKTa YIPABJICHUS 3aIMCHIBACTCS B BUJIC

y="f(xa), 1)
rae X, Y — BXOJHOW, BBIXOJHOW CHUTHAJbl OOBEKTa YIpPAaBICHHS, B OOIIEM Cliydac
BEKTOPBI; & - BEKTOP HEM3BECTHBIX MapamMeTpoB Mmojenu; f - BekTop-QyHKIMS, B
o01IeM ciryuae ee BUJI HEU3BECTCH.

[TocTpoeHue craTuueckux MoeNe TpeOyeT peleHus AByX OCHOBHBIX 3a]1ay:

e omnpezeeHus Buaa QYHKIMOHAIBHBIX 3aBucuMoctei fi, 1 =1,n, BXxoasmmx B
f;

® HAXOXJICHUS 3HAYCHUI BEKTOpPa HEM3BECTHBIX MapaMEeTPOB & MO pe3yibTaTaM
COBMECTHOM 00pa0OTKHU BCEX MOJYUYEHHBIX B 3KCHEPHUMEHTE 3HAUCHUN X 1 Y.

3amgaya BbIOOpa BHAAa (DYHKIMOHAIBHON 3aBHCUMOCTH OTHOCHTCS K TPYIHO
dopManu3yeMbiM 3aqadaM, TaK KakK OJHA W Ta JXKE KpHUBas MOXET ObITh OMNHCaHa
CaMbIMHU Pa3JIMYHBIMU QHAJTUTUYECKUMH BBIPAKEHUSIMH, a PAllMOHAIBHBIA BEIOOP TOTO
WIM WHOTO aHAJMTUYECKOTO OIMCAHUS MOXET ObITh OOOCHOBAH JIMIIb TPH Y4YeTe
OTpeIeTICHHOTO TiepeuHst TpeboBanuii [1, 2].

OCHOBHBIMH TPEOOBaHUSAMH, TPEIBIBISIEMBIMH K CTATUYECKUM MOJICISM
O0O0BEKTOB YIpaBIICHHS, SBISIOTCS KOMITAKTHOCTD, a€KBATHOCTh M COAEPKATEIHHOCTD
[1- 3].

Ha mpakTHke KOMIIAKTHOCTH MaTeMaTW4ecKOW MOAETH  JOCTUTACTCS
BKJIFOUCHHEM B HEE TOJIbKO 3HAYUMBIX BXOJIHBIX MapaMeTPOB M YIaYHBIM BBHIOOPOM
DNIEMEHTAPHBIX (QYHKIMH, O0OECIeYHBAIOIINX XOpollee NPUOMIKEHUE TMpU HX
HEOOJIBIIIOM YHCTIE.

AJIEKBaTHOCTh CTATUYECKOW MOJIENIM 00bEKTa YIIpaBJICHHs Ha HAOOpe 3aJaHHBIX
ANIEMEHTAPHBIX (YHKIMA 00ECIeunBaeTCsi IyTEeM PEIIeHUs] SKCTPEMaTbHOM —3ajauu
BHUJIA

p(a) = MIN pa), @

11



rae p(a) - QyHKIMS HEBA3KM OKCIEPUMEHTANBHBIX Y; M MOJEIBbHBIX Y, 3Ha4YeHUH

BBIXOJHOTO TapaMmerpa OObeKTa yIpaBieHus; A — 00JacTb JOMYCTUMBIX 3HAUYCHUI
BEKTOpa MapameTpoB a.
Haubonee yacto Ha mpakTUKe B KayecTBE (DYHKLIMU HEBSI3KH HCIOJIb3YeTCS

CpeaHeKBaIpaTuieckas (yHKIHS BUIA
0,5

n N
p@)=| = Sty -1 | 3
Nn =53
rae N - 00beM BBIOOPKU SKCIIEPUMEHTAIbHBIX IaHHBIX.

Kak mpaBuio, comepxkaTelbHOCTh WM HWHTEPIPETUPYEMOCTh JIOCTUTACTCS
nyTeM MPHUAAaHUS ONpPENEICHHOr0 CMbICa mapaMmerpamM U (GYHKIUSM, BXOISIIMM B
MaTEeMaTUYECKYI0 MOJIETb.

B Ttex caywasx, koraa ampuopHoil uHpopManmuu 00 OOBEKTe YIpaBICHUS
HEJI0OCTATOYHO, WM IMPOILIECC HACTOJIBKO CJIOKEH, YTO HEBO3MOXHO COCTaBUTH €ro
JETEPMUHUPOBAHHYIO MOJIEJIb, IOCTPOEHUE CTATUYECKON MOJIeNI 00bEKTa YIpaBIICHUS,
KaK MPaBUJI0, OCYIIECTBIISICTCS SKCIEPHUMEHTAIbHO-CTATHCTUHYSCKUMU MeToiamH [ 1-5].
[Tpu >TOM cTatuueckas MoJelb 00beKTa yIpaBlieHUs: HanboJiee 4acTo MpeCTaBIsieTCs
B BHJIC OTpe3Ka psjga Teiiopa, B KOTOPBIH pasiiaracTcst HeM3BECTHAs 3aBUCHMMOCTD (1),
a K03 PUIIUESHTHI TOJIMHOMA OTNIPECISIOTCS METOIOM HAUMEHBIINX KBaApaToB [4].

Takolt moaxon sIBIASETCS YUCTO (OpMaIbHBIM M HMMEET PsJ HEIOCTaTKOB.
OCHOBHbBIE HEIOCTATKU BBITEKAIOT M3 YYBCTBUTEIBHOCTH METOJa HAaWMEHBIINX
KBaJ[paTOB K HEOJHOPOJHOCTH CTATHCTUKU U TUIOXOHM OOYCIOBICHHOCTH pericHui [4].
[Tpu HANTMYMKM TPOMAXOB M CIIyHYalHBIX OUIMOOK METO/ HAMMEHbBIIHUX KBaJIPATOB MOXKET
MPUBECTH K MOJYyUYEHUIO a0CYPIHOTO PEIICHUSI.

[IpensiaraeMplil HHTEIJIEKTYAJIBHO - aJTOPUTMUYECKUN MOAXOJ K IOCTPOCHUIO
CTaTHYECKUX MOJeNieli OOBEKTOB YIPABICHUS JIMIICH OOJBIIMHCTBA HEIOCTATKOB,
MPUCYIIUX METOJIaM KOPPEJSLIMOHHOTO U PErpecCMOHHOro aHaiusza. Kpome toro, oH
MO3BOJISIET TTOBBICUTH COACPIKATEIHLHOCTh CTATUUECKOW MOJACIN 00BEKTa YIPABICHUS U
obecneunTh poOACTHOCT MPOIEAYPHI MapaMeTPUUECKOM UIeHTU(DUKAIINH.

NHTennexTyalbHO - aNTOPUTMUYECKHN TOAXOJ K IMOCTPOCHHIO CTaTUYECKHUX
MojieJiell OOBEKTOB YIpaBIEHUS B CBOEH OCHOBE HCIONB3YeT MeToJ] bpanmoHa,
AJITOPUTM BBIYMCIICHUSI OLICHOK, METOJ| MEIUAHHBIX OIEHOK, METOJI HEBS30K M METOJ
HAaMMEHBIIINUX KBAaJPAaTOB U CBOJAMUTCS K CIEAYIOLIEMY.

3anuineM ypaBHEHHE CTAaTUYECKOW MOJENH Ui i-il BBIXOJHOH MEepeMEeHHOM
0o0BeKTa yrpaBJieHUs B BUJIE

yi:aOﬁfj(Xj)’ 3)

rae fi(Xj) - 1robas GpyHkuus BenuuuHsbl Xj. [IopsAI0K pacmoiaoKeHus: MEPEeMEHHBIX X1, X2,
..y Xx B BBIp@XXeHUU (3) OnpeensieTcs U3 CIeIyIoero YCIOBUs: YeM OOJbIliee BIUSHIE
Ha yi OKa3bIBACT IMNCPCMCHHAA Xj, TEM MCHBIIC OOJIKCH OBITH HOpH,Z[KOBBIfI HOMCD
HHJEKCA.

Ecnu BBectu OLICHKY P(X) CTCIICHU BJIMAHHA ITCPECMCHHBIX X1, X2, ..., Xx Ha BBI-
XOJIHYI0O TIEPEMEHHYI0 00bEKTa YIpaBJIeHUs ), JAHHOMY TpeOOBaHHIO OYIEeT COOTBET-
CTBOBAThb YCJIOBHUC

P(x1)< P(x2)<...< P(X)<...< P(x«). 4)

Bun ¢yuxnmii fj BeiOMpaeTcss Ha OCHOBE HWHTEIUICKTYaJbHOTO ITOAXOAA IIO
AMIUPUYECKON JTUHUU PErpecCcuy, MOCTPOSCHHON MPU MOMOIIM poOACTHON MPOLEAYPHI.
B nauase mo Toukam BBIOOPKHM CHCTEMBl BEJIMYHUH )i, X1, X2, ..., Xx CTPOSTCS IOJIe
KOppEeNSLUU U SMIMpUYECKasl IUHUS PErpeccuu yi- X1. TakuM oOpa3oM, orpeaensieTcs
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THN 3aBHCHMOCTH Y, = fi(X1) ¥ MeTOZOM HaMMEHBIIMX KBAIPATOB PACCUUTHIBAIOTCS

KO3 (UIMEHTHl 3TOTO YpaBHEHHsSI PErpeccHH. 3aTeM COCTaBiseTcsl BhIOOpKa HOBOM
BEJIMYUHBI:

yir = yi ] fa(xa). ©
[TonydyeHHass BelMYMHA i1 HE 3aBHCHT YK€ OT X1, a OHNPEHENsAeTCS TOJIBKO
MNEPEMECHHBIMU X2, X3, .oy Xk HOSTOMY MOXHO 3aIiucaTrb

yil:aOH fj(Xj)' (6)

[To ToukaM HOBOW BBHIOOPKH BEIUYMH )i1 U X2 BHOBb CTPOSTCS KOPPEISIIMOHHOE
I10JI€ ¥ DMIIUPUYECKAs JIMHUS PETPECCUH, XAPAKTEPU3YIOLIas 3aBUCUMOCTb Vi1 OT X2!

Vi, = fa(x2). ™

PaccunthiBatoTcsi ee KOd((UIMEHTH M BHOBb COCTABIISIETCS BHIOOpKAa HOBOM
BEJINYMHBIL:

viz = yir | f2(X2) = yi I] fa(x1) f2(x2)]. ®)

[TomyueHnHasi BETUYMHA iz HE 3aBUCUT yXe OT JIBYX (PaKTOPOB X1 U X2 U MOXKET OBITh
OIpeziesieHa U3 CIIEAYIOIEro YPaBHEHUSI PETPECCUN:

Yio = aOH fi(x;). )

Takas nporenypa onpenenetus Gpyuxuuii fj(Xj) mpomomkaeTcs 10 MOayYeHUS BBIOOPKH
BCJIMYUHEI Yik:

Vik = Yik-1 [ T(Xk) = yi /[ fi(xe) f2(x2). .. f(x)]. (10)
[MonyueHHast BEIMYUHA Vik HE 3aBHCUT OT BCEX MEPEMEHHBIX X1, X2, ..., X« M OIpPEIe-
asteTest KO3 GUIMEHTOM HCXOTHOTO YPaBHEHHSI
- 13
Yik=2ao= WZ Yia » (11)
|

=1
rae N - 00bemM BEIOOPKH.
[IpuMeHeHre ONMMCaHHOTO BBILIE AITOPUTMa MOCTPOEHUS CTATUYECKOW MOJENn
00beKTa yIIpaBlIeHUs MIPEANoaracT perieHne YeThipex 3a1a4:
® BRIYKCIICHHS OlleHOK P(Xj) CTeneHu BIMSHUS MEPEMEHHBIX X1, X2, ..., X« Ha BbI-
XOJIHYIO TIEpEMEHHYI0 00BEKTa YIPaBIEHUS ¥ U PaHKUPOBAHUS NIEPEMEHHBIX B MOPSIKE

yObiBaHus 3HaueHuid P(Xj), =LK ;

® OpraHM3alid poOACTHOM TPOLEAYpPhl TOCTPOCHHUS AMIUPUUECKON JTMHUA
perpeccuy;

® [IOCTPOCHMS HWHTEJUIEKTyaJbHOM Tpoueaypsl BbIOOpa (PYHKIIMOHAIBHOM
3aBUCUMOCTH, allPOKCUMUPYIOIIEH MTOJYyYEHHYIO SMIIMPUYECKYIO JIMHHUIO PErPECCUU;

e [TapaMeTprUuecKoi UAeHTU(UKAIMY B TOCTaHOBKE (3).

AHanu3 CyIECTBYIOUIMX METOAOB OLIEHKH 3HAYMMOCTH BXOJHBIX [TapaAMETPOB
O0OBEKTOB yINpaBJICHHUs TOKa3aj, YTO JJs pEIIeHUs TepBOM 3ajaud J1OCTATOYHO
3 (GEKTUBHBIM U JIMIIEHHBIM HEIOCTATKOB, MPUCYLIUX METOAaM KOPPEISIUOHHOIO H
PErpeCCHOHHOTO aHANIN3a, SIBIIAIOTCS aJlTOPUTMBI BEIYHCICHHS OIIEHOK [5].

ITpu oprann3anuu npouesypsl NOCTPOEHUS SMINPUUECKON JIMHUM PErPECCUH,
oOecrieunBaromield poOACTHOCTh pELIEHUS MOCIeAyIoUIed 3aJaud mapaMeTpuyecKoit
uleHTUHUKAIMEeH, B KadecTBe 0a30BOro MeroAa ObLI MPUHAT METOJ MEAMaHHBIX
OIICHOK. B coOTBeTCTBUU C JaHHBIM METOAOM JIJIsl YHOPSAAOYEHHON BBIOOPKH 3HAUYEHUI
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Ka)XJI0M BXOIHOM mepeMeHHOoU Xj1 < Xj2 <..< XjN; ] = LK ompezensieTcst 4uciio KJIaccoB
L, manpumep, mo npasuiay Crappkeca [2].

[IpuMeHUTENBHO K KaXKAO0H Mape I1-ro BEIXOAHOM MEPEMEHHON U |-TO BXOJHOTO
o0BbeKTa YIpaBlCHHUS B KaXKJIOM Kiacce OINpeAeNsioTcs MeEAHaHbl IEHTPOB C

KOOpJMHATAMH (xj,,yij,), =1L, xak MeauaHbl MATH OLEHOK aOCIHUCC

i X?l , Xﬁ , X;-T, X?|‘5 W opauHar Yy, yﬁl , yiJP, , yirj'} , yi?,'s I=1Ln, j=L1K, uepes
KOTOpBIE TIPOBOIUTCS SMIIUPUUECKAS JTUHHUS PETPECCHH.
ITATH OLIEHOK ONpPEENIOTCS 0 CIEAYIOIHM GOpMyIaM:
I 1 n
° X = —ZX i - cpennee apudmeTnyeckoe s I-ro nHTepBaa;
=
o Xj = (X?,‘25 + X?|‘75)/ 2 - 1eHTp cruba,
025 0,75
il il
. xﬁ = (X + X

roe X7, Xy -25u 75 % kBaHTHAM Ui |-TO MHTEpBaia, COOTBETCTBCHHO;

iin )/ 2 - nentp pasmaxa aus |-ro unrepsana;
° X;T = X,k =int(n, /2) - menuana nis I-ro uaTepBana,

rac int — 3HaK OIIepanu OKpYIJICHHSA B CTOPOHY OmKamIero LEJI0ro,

2

. X?l’s =— 2 _Xjji - cpenuee apupmernueckoe 50% HaOIIOICHUH,
N i

rae i1 = int(0,25ny); ny = int(0,75n)).

[IpuMEeHUTENBHO K BBIXOAHBIM MEPEMEHHBIM O0BEKTa YIPABICHHS MEAUAHHbBIC
LOCHTPLI B KAXKJIOM KJIACCC BBIYUCIIAKOTCA 110 AHAJIOTMYHBIM (bOpMy.HaM.

WHTemiekTyanbHass mpolenypa BblOOpa (QYHKUIMOHAJIbHON 3aBHCUMOCTH B
COOTBETCTBUH C METOJIOM HEBS30K OPTaHU30BaHA IO CIETYIONMIEMY AJITOPUTMY.

1. Tlo 3kcneprMeHTAIbHBIM JaHHBIM CTPOUTCS rpaduk 3aBucumocth Y = f(X).

2. Ha moctpoenHOM rpaduke BEIOMPAIOTCS JIBE JAJEKO OTCTAIOIINE JIPYT
OT JIpyra TOuKH (X1,Y1) U (X2,Y2).

3. Borumcnsrores cpenHue apu@MeTHdyeckue, TeOMETpHUYECKHe M rap-
MOHUYECKHE 3HAUECHUS ISl X U Y

X, +X
_ ™M 2
Xpp =
2
Xl‘eOM = V Xl ’ X2 (12)
_ 2-X, X,
rapMm
X, +X,
o _N1itYe
yap - 2
yFCOM = yl ' yZ (13)
y _ 2 Yi-Y,
rapm
YitY,
4. Tlo BBIYMCIECHHBIM 3HAYEHHUAM X, X, 0\ X qpyHA TPADHKE ONPENENAIOTCS

* * *
3HAQUYCHUA Y1 , Y2 U Y3 .
5. BBIYHCISAIOTCS 3HAYEHUS HEBSI30K
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A

€, =|¥1 ~Vreon

€5 =[Y1 —Yrapu

&5 =Y, — Y (14)
€5 =|Ys —Vreon

€5 =|Ys —Yap

€7=Y5 ~YVrapn

6. BriOupaercs MUHUMAJIbHOE 3HAYEHUE & i -

7. Ilo nomy4eHHOMY MHUHHMMAJBHOMY 3HAUEHHUIO &  IPOU3BOJUTCSA BBIOOD

BUZa  (QYHKIMOHAJIBHOW  3aBUCUMOCTH B  COOTBETCTBUM  CO  CIEAYIOLIUM
UHTEJUICKTYaJIbHBIM TPaBHIIOM [2]:

Ecmu &, = €1, To nmuHelHas y=a+b-x;
Ecmn &, = €2, To mokasatenpHas y=a-b* ;
1
Ecmu &, = €3, T0 IpoOHO-palliOHaNIbHAS Y = ———
a+b-x
Ecmu &, = €4, To norapudmudeckas y=a+h-In(x);
(15)
_ b.
Ecmu &,,;,= €5, TO cTeneHHas y=a+x’,
Ecmu &, = €6, To runepbonuueckas y=a+b/x;
. X
Ecmm &, = €7, TO 1poOHO-panoHanpHas y = ———.
a+b-x

[IpaBuno (15) COOTBETCTBYET KJIACCHYECKON MPOIYKIIMOHHON MOJETH TI0
MPEJICTABICHUIO 3HAHUNA M MOXKET OBbITh PacCHIMPEHO MPUMEHUTENBHO K KOHKPETHBIM
KjJaccaM  OOBEKTOB  ucchenoBanus.  OmnpeneneHue  MapaMeTpoB — BHIOpAaHHOU
(GYHKIIMOHATBLHOW 3aBUCUMOCTH MPOU3BOIUTCS METOJIOM HAaUMEHBIIINX KBaJIPaTOB.
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YIK 519.17 (330.115)
A. ABAYFA®APOB, ®. AJVIAAPOB

BIOIKET ’KOPUI BAJTAHCUHU TABMUHJIAIL MOJEJINA

A. Adonyragapos, ®@. Annasipos
Mopennb o0ecnieuenus TEKyIero 6ajanca OrIKeTa

Pa3paboTtaHbl MOZICIIb U aITOPUTM OOeCIeueHNUs TeKyIero 6ananca GropKera.

A. Abdugafarov, F. Allayarov

Model ensuring the current balance of the budget

The model and algorithm of ensuring the current balance of the budget are designed.

bromxeTHUHT MONUSBHIA MXpOocH MyBadPakusTiM amanra OUIMIIA KYIPOK YHH
KaHYQJIUK TYFPU PEeKATAMMTUPUITAHINTATA, TapoMaJiap Ba XapakaTiap TapKHOWMHUHT
OanaHCIaHraHJIWTUra OOFNMMK. Arap JaBiaT OOKETH MXKPOCHTa HAKJA IMyN XapakaTu
HYKTau Ha3apuaaH Kapajca, sUId TYIIyM Xap JOUM SUIMH TYJIOBIapra TeHr Oyiaaw,
IIYHUHT Y49yH JIaBlaT UJOpaJapuHUHT OIO/DKET cueTiapu KaWcCUIup MabHOJA JIOMMO
Oanancnamran 6ynaau [1]. Ammo, Oromker mxpocura Oy KYypuHHUIIIArd MyHocadart,
KUJIMHAIUTAH XapakaTiapHu ¢akar Tyurymra 0ornad kyiinob, OrwomkeT Malnariapuian
camapanu (oiinananumira, Ky3maHraH Makcauiapra y3 BaKTHIa SPUIIMAIITA Xap TOUM
UMKOH OepaBepMaiiiu.

[yauHr y9yH Xam, OFO/PKETHU MIAKIUTAHTUPHINAA, Kapop KaOysn KHIIUIIIA,
peXajaliTUpHILIa YHM OalaHCIAIITHPUINra Karra axaMusT Oepuiaau. YMyMaH,
Oro/pKeT OalaHCHMHUHT yd XMW KYpHUHUIIM (apKJIaHaIu: aHbaHABUA yMyMHH OayaHc,
YKopuii OajaHC Ba onepanuoH oamanc [1].

AHbaHaBUI yMyMHi OallaHC SUIMKA JapoMajyiap OuiaH sUIMu  Xapakariap
opacugaru (dapk cudaruna aHukIaHUO, OKOKETHAa KaHua MUKIOpAa JePUIUT
(eTMIIMOBUYMIMK) €KM NMPOoPUINUT (OPTUKYAIUK) MaBXyAJIUruHu ndomanaiiau. Jlekus,
OromkeT ymMyMuil OanaHciaHraH Oynrannurd OuiaH WWI JaBOMHA Japomajiap
TYIIyMH OWJIaH Xapakariap AWHAMHKACH OpacHlia Kywiu ¢apk OVIHINU, SIbHH KOPUH
OanaHc TabMUHJIAHMAraH OYIUIIN MyMKHH.

Taxmunmnap xypcaraguku [2], naBnar OOKETUHUHT JapoMajaiap TYLIyMH
TUHAMHUKACH YCYBUH, XapakaTjiap IMHAMUKACH 3ca KaMalOBUW TEHJICHIUATA 3ra Oymap
9KaH (pacm).

vV, G y
A 1
1
R I
[ _ S T iS2l
I 1 1 G
| : . 1
| _ 1. I~ !
: T :
| A i._..|_..J_.._|._.1_..i_.._!.._.i.___l__._:
N i d TR SO S B
..... — _I_ |__|._I_|__I__|_|_|__: t
Lo L T R T .
I I | I 1 v

L
012 345678 9
brokerHu sxopuit Tanab (G) Ba takiaudu (Y) AMHAMUKACH
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Koopaunar cucremacu Ounan Y= f(t) Ba G= (t) arpu YU3HUKIap BOCUTACHA
XOCcHJl OynraH ro3alap y3apo TEHr Oyica xam, Ma3Kyp OSTpU YHU3UKJIAPHUHT MOC
KeJIMaciauru cababiu, Oropkerna WWIHWHT OupuHYW spMmuaa aeumut (Si1 1o03a),
UKKUHYM sipMua dca npodumut (Sz 103a) ByxKydara kemap skaH. YmOy dapk xopuit
nucOanmanc opKaiau udoaaraHam.

KOxopu wHuSIUS mapouTiapuaa OMHKETHUHT aHbaHABUM YMyMHUN OallaHCU
OwjiaH omepalyoH KypcaTKHuilapyd Ba Y3rapuil TEHICHIMsUIApH opacuja KaTTa
dapKIaHUIl MaBxXya OYIMIIM MyMKHH. YOy Y3rapuil OmepanuoH OallaHC OpKaJd
ndoganannd, MEKIOpY YMyMH# OanaHc KypcaTKuuugaH (Hou3 TYITOBUHUHT UHOIAIIUOH
€KM peasl KHCMUHM alUpUII OPKAJIM aHUKJIAHAIN.

Kytinna 6ropxeT sxopuit OalaHCUHHA TabMHUHJIAIT YCYJIM YCTHA TYXTalaMH3.

®apa3 KuIaiimk, 0romKeTHH oinap (t) 6yinua Tymymu (apomaan) Yi= f(1),
Y= f(2), ..., Yi= f(), ..., Y= f(12) mabaym Oyncun. bromker xapaxatiapu (i) xam
(ymapuu Tanbupnap ned ataitMu3) MabiIyMm OYJICHH.

Kymmmua Kyitunaru Oenruiap KUpUTaMH3:

aj — OropKeT HniHa orap KeTMa-KeTJINTH, SThHH:

ai=1,a=2, ..., a=j, ..., a=12;

bi — i-HuM TamOMpPHH MONMSIAINTHPHUIN YyIIOy MyanaTaaH OJJIMH amajra
OIIMACJIUTH IapPT;
Ci — I-HYM TaAOMPHH MOJMSUIAIITHPHIN YIIOy MYyJJIaTAaH CYHr amajira

OLIMPHIIMACIINTU KEpaK;
ti — I-HYM TaQOMPHM JABOM STTUPHUII JaBpH (OiIapa);
rij — I-HYM TaAOUpPHU Oiap OVitnda (j) MOJMSUTAIIITUPHUII MUKIOPH;
Xij — “0” €ku “1” KuiimMaTUHU KaOyJ KUIyBUu OyseBa y3rapyBuH.
KOxopunaru 6enrunanuiapia Macaia MapTi Kyluaarnia 3uaaau:

min{a-xj)>bi, i=1,2,...,n 1)
I<)<T
max{a- Xj}<c, 1i=1,2,...,n (2
I<J<T
T
> xij = ti, 1=1,2,...,n 3
=1
T
> (Xig+y — Xij) Xigry =1, 1i=1,2,...,n 4)
=1
1, arap i-HuM TagOMp j-HYM Oi/1a MOJTUSUTAIITHPHIICA,
Xij =
0, akc xom1a (5)
T n
F=min} (yj— Y zj - xi)? (6)
1=

Macana mapTiapu Kyiujaaru MabHOJIAPHU OUJIIUPAIH:
e (1) Ba (2) TeHrcuznUKIap TaAOMpIApHU MOJUSAJIAIITAPHUIN OelruiaHraH
MyJ1aTiIap/iaH yetTaa 6yIMaciuruau udoananam;
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e (3) TEHMNIMK MOJUSAJAIITHPUII  MYJJAaTH  JaBpUHH  OaKapUIIUIITNHU
TabMHUHJIANIH;

e (4) TeHMMK MOJMUIAIITUPUINIA Y3WIHMIUIAPra WYJI KYWMaclIuKHU Tayad
KUJIa1;

e (5) mapTt um3naHaéTraH HOMabJIyM OyieBa y3rapyBuu OyauoO, “0” &ku “1”
KMMMAaTUHU Ka0ysl KWIMHAIIUHY U(oaananm;

e (6) iinn naBoMuaa (pyHKIMOHAN OIOKETHUHT AapOMaJUIapH Ba XapakaTiIapH
opacua )xopui 6anaHc OYIUITUHY TabMUHIANWTH.

Macananu [3] naru ycyn Ouian equin MyMKAH. E4uin anropuTMu Kyiuaariya:
Vun 6yitn naBom 3Tajura TagOUpIapHU OUPMHYM HABGATIA MONMSIALITHPAMH3, SHHH
yIapHUHT KWIMHAJAWIaH XapaXarilapuHu OIO/DKET JapoMajiiapu JHWHAMUKAacHUIaH
antupamus. Kosran TapOupiapHy ti HUHI KUHMaTH KaMalWIIM KeTMa-KeTJIMru Oyiinua
TapTUOIaiiMu3: OupuHYM HaOatna 11 ol maBom sTamurad Taaoupiap, cynrpa 10
OMITMK TaAOupIap Ba X.K. )KOHIAIIaIH.

Cyurpa Tanbupnapau HaBOaTMa-HaBOAT KYpUO, MONHSIIAIIHY Xap OUp BapuaHTH
Oyiinya (6) QYHKIIMOHATHU KUAMATHHH XUCOOIa0 YMKamu3 Ba TaJOUpHH (6) HU SHT
KMYUK KUMMAaTUHU TabMHUHJIAWAWraH BapuaHT Oyinya Oro/pkeTra KupuTamui. XyIau
oy  KypuHumga —Oapya  TaaOupmap  OrojpkeTra  KUpUTWiIaaud. AJroputmiaa
TaaOUpiapHu tj HUHT KUMMaTH KaMalWIM KeTMa-KeTIUTuaa KYPHIUIIHA OO HKETHHHT
JKOpuM OaTaHCUHU TabMUHIIANWIH.

Tabkuanam >KOM3KHM, IOKOpHIArd ycyl OujaH Maxauimid (TMpoBUHIUAN),
KOpXOHa OI0/KeTIIapy XKOpHUil OaTaHCUHU XaM TY3HUII MyMKHUH.
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V3P ®A Maremarnka Ba HHQOPMAIHOH 08.07.2009 1.
TEXHOJIOTHsUIAp MHCTUTYTH KaOyJl KWJIMHTaH

VIIK 519.8:621.9 }
P.Y. CHJJINKOB

CAHOAT POBOTHHUHTI Y3I'APYBYAH ITAPOUTJIATYA XAPAKATHIA
ONITUMAJIJVIAIITUPHULIT MACAJIACH

P.Y. Cupaukos

332]3‘!2[ ONTHMHU3AUUU IBUKCHUA TPOU3BOJACTBCHHBIX p060TOB B
NMEPEMEHHBIX YCJI0BUAX
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Pa:-;pemeHa 3aJga4dya OIITUMMU3allH pacxoagoB SHEPropeCypcon npu JABUXCHHUN
MMPOU3BOACTBCHHBIX p06OTOB B IICPEMCHHBIX YCJIOBUAX
R.U. Siddikov

The issue on movement optimization of production robots in changeable condition

Solution of issue on optimization of energetic expenses of production robots’ movements in
chahgeable conditions.

PoGotnapuu OOMIKAPUITHUHT aHBAHABUU YCy/Ulapu poOOOTHH OakapyBuu
MEXaHU3MHHM TyJa, aHUK [WHAMHMK MOJIEM Ba YHUHI XapakaThJard Iiaptiap
MabJIIyMIIMTH acocuaa amanra omupunaau. [espnu Oapya Xomiapaa poOOTHHUHT
XapakaT TeHIJJaMacu TY3WIMACHUHHUHI KYPUHHIIK XaM, TEHIVIaMajlapAaru HoMabiymiap
KUAMaTiapu XaM MabiayM Oynaau. ByHpmail TM3MMHM aManra OmMpyBYd OOIIKApyB
QITOPUTMHU TYpPJIH XWJ TabCUpJIAp OCTUIA POOOT XapakaTuaa OFULIMILIAP Kelud
YUKKaH/1a Tajnad KWIMHTaH OOIKApUIN cH(aTHHH cakiai onmaiiam. Hartmxkama pobot
XapakaTuJa aHUKIMK [acasiu, TYPFYHJIMK WYKOJaAu Ba YTUII XKapaCHJapuiaru
TeOpaHuIl ycaau.

Cyurru iumiapaa poOoTiapHu OOLIKApHUIN Ha3apUACHUIA XapaKaTHU OJAUHIAH
HOAQHUK [IAPOUTIra MOCJIAIITUPHUII FOSICUTA aCOCTAHTaH SIHTM MYHATUII W34YWJT PaBHINIA
PUBOXJIAHMOKJAA. SIHrM HyHamumi, acocaH, UWKKU - "HAeHTHUKanusum' Ba
"HomneHtTuukanusu" EHpamryBiapra TasHamu. Wnentudukanusan"  EHpamryB
OpKallu  ONMHAAWraH Mojeiulap Oapyacu  JETEpMUHHUpPIAHTAaH  KYPUHHILA,
"HommeHTUUKANUTU" EHAANTYB OpKaIM OJIMHAIWUTAH MOJEIUIap 3Ca CTOXACTHK
KYpUHUIIAA OYIaan.

Hounentudukamusim EHamyB WIACHTHQUKAUSUIATA HUCOATaH YMyMHH Ba
KeHrpoK. Mnentudukauusian €HAalIyB Hazapuil >KMXATAaH acocliaHraH Oyica xam,
JeKUH aManuérna Oup KaHuya KUUMHYIIMKIApHUA KeNTUpuO uukapand. Macanas,
POOOTHMHT UIIYM KYJIU MapaMeTpiapyuHH aHUKJIAll Ba 6axomail Oupop BaKT Opalufuia
JUHAMHUK XapaKTepUCTUKAJApUHM y3rapuiiyd OYiuda HOMabiyM IapameTrpriapra
HUcOAaTaH XapakaT TEHTJIaMacHHHM €YMII OpKaldu amaira omupuiagu. JlexkuH
napameTpiiap Te3 Y3rapuilld TEHrjama XoJiaThura HucOaTaH Oup KUHWMATIM E4HINra
UMKOH Oepmaiiu Ba, HaTHKaaa Kapop KaOys KHIUIIIa KHHHHYWINK TYFIUPaIu.

[lyauHr y4yyH HOWJEHTHQUKAUUsIM  EHAAIIyBra MOC  >Kapa€HIapHU
Oomkapuira bTHOOp KapaTuica, yaapHH OOIIKapHiga Kym XoJyapiaa OoIIKapys
MOJIeJIJIapH CTOXACTUK KYpUHUIIUAA OVIaau.

PoGor xapakaTuHH omTMMan OOILIKAPYB aIrOpPUTMIIAPU CHHTE3Wra YTHUIIIAH
aBBaJI, OOIIKapyB cudarura OONUIAHFUY Ba HOMAbJIyM IMapaMETPUK OFUIIUILIAPHUHT
TabCUP KWIKIIN poOOT OOIIKAapyB TU3UMUIA KaHAal Y3rapuiuiap XOCHI KUIaau, JeraH
caBoira xaBoO Oepailuk. Arap pOOOTHUHT OOIIKAPHUIN THU3UMHU KATTUK JacTypra
OyiicyHca, y X0JJ]a CAaBOJIHUHT KaBOOU aHUK, IbHH y WUIII KOOWIHATHHU TyJa HYKoTaau
€KH alipyuM X0JIJIap/Ia aBapusi peKUMHUTA TYITHO KOJTaIH.

PoGoTHUHT ajganTWB Ba WHTEIUICKTyasl OOIIKApyB TH3UMHUTA OYHCYHYBUH
TYpJIAapUHUHT Yy3rapyBuaH IIApOUT/a XapaKaTJIaHWIIM XucoOra OJIMHCA, yjap yCTHa
WIJIMHUM TAAKUKOT YTKa3UII 3apyp.

YMymuil xonataa y3rapyBuaH IMIapouTaa XapakaTiaHyBuu CP uimum KyJIMHUHT
Xapakar TeHrJamacH Kyhuaarunda o6yucus [1]:

A(0,£)4+b(a,9,&)=u (1)

By epna g —n— y14oBau ymyMianradn KoopAnHaTaiIap BEKTOPH;
g, 4 —0g BexkTopHHU BakT Oyimua 1 Ba 2-TapTHOIM Xocuianapu; U — N — YITd9oBIN
MOMeHTap Oyiinya OomKapyB BEKTOPU;
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&—CP umum Kxynu Ba OMp HYKTagaH MKKUHYM HYKTara Ky4yBUM FOK
napaMeTpiiapy BEKTOpPH (3BEHOJAp Y3YHJIMIHU, 3BEHOJIAD OFUPJIMIU Ba MOMEHT
MHEPUUSCH, FOKHUHT OFUPJIMIY Ba MOMEHT MHEPIMsCH Ba OolLIKaiap);

A(Q,&) — CP xonatunu anukioBun (Nx N) — YI40BIM MaTpuna QyHKIMS;

b(Q,q,E)-CP wumum  Kkynu  3BeHONApDM  MOMEHTIAPMHM  M(OAATOBUH

N — {T490BIH BeKTOp (YHKIIH.
®apa3 kumaiimi, 0, (t) racrypuit Tpaekropus Gepuwiran GynchH, y Xonja

Macajla MOMEHTJApHU OOMIKApHII aJITOPUTMHUHHUHI CHHTE3Ha OepuiraH aHUKJIUK
OwiaH gactypuil Tpaektopus OYiliad CHIDKUTHINHN TabMUHIANIIAH HOOpaT.

AHuK OONLIaHFUY IIApT OCTUAA Ba HOMAbJIyM MapaMeTpPUK OFUIIUILIApIA
OyHzail MacajaHu Xaj KHIUII MYPaKKaOJIMKHU KeNTHPUO YMKAPATIH.

AHUK OONUTaHFWY [IAPTra SKBUBAJCHT PaBHUINJA OFUIIUIUIAPHUHT OONILIAHFUY
mapTH Kyiuaaruda OyicuH:

Z(to) — (q(to) - (EI()ac(tO )j
G4(t) — Gac(to)

[TapameTpuK OFUIIUII ‘5—;5‘ KATTATMK OWiaH Vmuamamu, 6y epma & —(1)
TeHrIamMaaard ¢ napaMeTpHUHT 0axOJIAHUIIIN.
Arap z(t,)=0 Oynca, ¢ =&, Oynagn. CPHM GOWIKADYB  THU3MMH

JeTepMUHHUpIIAHTaH xojarra yraau Ba (1) TeHrJIaMaHUHI KYpUHUILM 3ca Kylujparuya
Oynaau:
u()ac (t) - A(qdac)qdac + b(qdac’ qdac) @)

(2) Tenrnama y3rapyB4aH HIApOUT YUyH aMaIMETAA KaM yUupaiau.

CPHuHr xapakaT TeHINIaMacHMHU uomananmaa IMHAMUK KOd(pHUIHEHTIAp,
nemngup, IOKHUHT OuMp HYKTaJaH MKKHHYM HyKTara Ky4uIIujia 3BeHoJapra TYUIYyBYH
OFUPJIMK KY4MHM H(OJATOBUM JUHAMHUK KOI(PPUIUEHT, 3BEHOJap OMPUKMACHUHUHT
MYCTaXKaMJIMTMHU aHUKIOBYM KodpduuueHTnap »btudopra onuHaau. Kentupmiran
Kodp¢uuueHTIapH  XMcobra onraH  TeHriama [2]ma OGepunran Ba Oy
ko3 uureHTIapra maptiap Keauo YuKKaH.

(1) Tenrmama JlekapT KoopaWHaTajIap THU3MMHUAA Ba KAHOHUK KYPHHHUIIIA
Kyiinaruua 6epunran OyIcuH:

X(t,8) + T (x(t,8), x(t,£)x(t, &) +c(x(t,£)) =u(t, &) (3)
By epna nasapuii Tomonnan, f(®)— N—3ymuosmm dasona GupuHuM TapTHOIH
u(0)| <M <.

(3) TeHrnmaMaHUHT TapTUOMHU MACAUTHPUIN OpPKAIM KyHUAAard CUCTeMa XOCHI
Oymaau.

Y3JIYKCH3 XOocuiiara ara; C(e) —Nn —ymuoBiu (azona y3ayKCcHs;

X:y’ yz—f(X,y)—C(X)+U. 4)
Cuctema y3rapyBuaH Ko3((UIMEHTIN Ba KYPUHUIIN Mypakkal® OyiraHu ydyH
€UMMHUHT MaBXYUTHTHHHA aHUKJIAII 3apyp.
byuunr yuyn CP wumum KYJIMHUHT SHEprus TabMUHOTUHH aHUKJIOBYH
GYHKIUSHY KUpUTalIKK [3]:

V(x,y)= y?+jc(s)ds (5)

(5)um 3BeHonap Oyiinya udonacu Kyinaarnya:

20



Vi(X,y) :y?iner,Ci (s)ds, i=12,...,n (6)

CP ydyH TeE3KOpJIWMK Ba JHepropecypciap cappuHd KaMaUTHUPHUII aCOCHUM

Basu(anap Karopura KUpau.
dv

y2
— <Myl SM| —+1
at <MbI= (2+]

dv
dt
Oxupru TEeHICU3IUKAAH KyHUIaruHu €3UIl MyMKHUH:
V() +1< [V (0) + 1™ = V(@) <[V(©)+1™ (7)
(5) Tenrnuknan ¢oitnananuo,
y? <2V (0) +1fe™
(4) tenrmamanap cucreMacuja |-TEHINIAMAaHUHI €YUMHU KyWHUJaru KYpUHUII
oJaju:

V©) +1] <MV () +1]

X(t) =X, + j' y(s)ds.

Oxupru TeHrcu3nukaaH Goinananuica,
X(t) < x, +Ce™, 0<t<r.

(7) TenrcuznuknaH V(t) QyHKIUSHUHT dYerapajdaHTaHJINTH KO YWKaIu.
bynnan aca (4) cucrema eanmu 0 <t < o0 1a CUMMUHUHT MaBXKYIJTUTH aHUKJIAHAIH.

Vsrapysuan mmapoutqa xapakarianyBun CP ydyH Te3KOpIMK MacalacHHH
KyHu6 OyiMaciauru ypTuOOpra ojauHca, SHEpropecypeiap capQuHu TexKal MacaJacHHH
XaJI KM KoJiafau. By MacallaHu XaJl KWJIMII YY9yH IIapTId SKCTPEMYM MacaslachiaH
doiinananunaam.

(5)nan BakT OVitnya Xocuia OJUHAIH.

dv

d_tiZYiYi +¢, ()% =—f,(x, Y)Y + Yy, (8)

(8) rtenrmama Hodra TeHrnaHamd Ba V,(X,Y) GYHKUMSHHHT SKCTpeMymra

SPUIINIIN YUYH KyJIalIUK TYFAUPYBUU HyKTaJIap aHUKIaHAH.

%: ini +Ci(X)Xi :_fi(xi’yi)yi2 Yl =0

Yi (=i (%, ¥y +u;) =0
y, # 0 xucobra onuHca, KKuHYM Kynaitma — f, (X, Y,)Y; +U, =0 Oynamu.

Ba Oynpnan aca y; = €4UM aHUKJIAHA}.

ui
fi (6, v:)
Eunm (6) dynkmusra onub 6opuld Kyiniaayu Ba OpaIMK 3BEHOJIAP YIYH 3apypHil
e4rnMIIap TaHJIaHA/IH.
Nxtuépmii V, 20 ydyH srpu Yn3uKHM (a30BUil TEKHUCIUKAA Kapaimus [3]:
2

vmw=%%ew=w

oy epaa G(X) = Jx'c(s)ds .

Orpu YU3UK UKKU MIOXYAJTH SKAaHIUTA MabIyM Ba yjap Kyluaaruya:
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y =£/2(V, - G(x))

Koopaunaranap 6ommuna V, = G(X) 6ynamu.

Hlaptiu  3KcTpeMyM — OpKajly  TONWITaH  €4uMJIap  AUCKpET  XOJia
SHEpropecypcilapHUHT 3BEHOJIApAArd SHT KaM Ba 9HT KYTI cappuHu Oepaau.

VarapyBuan mapomtna XapaxariaHyBu CPHMHT 3BGHONAPHHH  y3ITyKCH3
XapakaTtuia sHepropecypciap capGuHHM ONTUMAUIAIITHpUII y4yH (3) TeHriamara
Kyingaru cudar Me30HU KyHumiamu:

.
Ju) = j u2dt
to
(3) tenrnama cudar me3oHu octuaa [IOHTPATMHHMHT MaKCHUMyM HPHHLUIH
acocua e4MIaIH.
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V3P ®A maTemartnka Ba HHOOPMAIHOH 14.09.2009 1.
TCXHOJIOTHAJIap UHCTUTYTH KaGyn KUJIMHTaH

YIAK 621.362:621.383.5
H.b. AIMIMOBA

MATEMATHUYECKASA MOJEJIb YIIPABJIAEMOI'O
I'EHEPATOPA TOKA

H.b. AaumoBa
BomkapuiyB4n TOK reHepaTOPMHUHT MAaTEeMAaTHK MOIeTN

Maxonaaa NHXCKIHUA—BOJIbTAUK TpaH3UCTOpJIapu acocuaaru 601111<ap1/mqu1/1 TOK
TCHEPATOPJIAPUHUHI MAaTEMATUK MOACIIIaApU KEJITUPUIITaH.

N.B. Alimova
Mathematical model of the operated generator of the current

In the article are brought mathematical models operated generator of the current on base
injection- voltaic transistor

Amnanorust ¢poro-BonpTandeckoro s¢pgexra (OPBD) B cCoMHEUHBIX 3JIEMEHTaX C
WHXKEKIIMOHHO-BonbTanueckum  (MB)  addexkrom (MMBD) B MHOrOCIONHBIX
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MOJIYTIPOBOJHUKOBBIX ~ P-N CTPYKTypaXx W TMEpPCHEKTUBBI CO3JaHUS CHUILHOTOYHOI
AIIEMEHTHOM 0a3bl yCTPOICTB IEKTPOHUKHU MPUBOIATCS B [1].

Matematuueckue  MOJENIM  CHJIBHOTOUHBIX  YIPABISIEMBIX  T'€HEpaTOPOB
CTa0WJIBHOTO TOKAa HA OCHOBE OWMIOJAPHBIX TPAH3UCTOPOB HE pa3pabdOTaHBI.
bunonspueiii  Tpansucrop (bT) B uHXeEKIMOHHO-BoNbTamdeckoM pexume (MBP)
paboThI sBIIsIETCS yIpaBisieMbIM TreHepaTopoM Toka (YI'T), Ha ocHOBE KOTOPOI0 MOKHO
CO3aTh TMOJYIMPOBOAHUKOBBIE YCTPOMCTBA, YCTOMUYMBBIE K TOBBIIICHHUIO paboueit
TEMIIEpaTypbl U K HECTaOWJIBHOCTH THTAHUS C BBHICOKMMHU 3HAUYEHUSMH BBIXOJHOTO
TOKa.

VYnpasnenue reieparopom Toka Ha ocHoBe bT B MIBP MOXHO OCylIEeCTBIATH
0o 3amaHueM HampsokeHus sMutTTep-6a3a Ep (puc. 1, a), imbo toxkamm samutTepa I
(puc. 1, 6) unu 6a3sl Is (puc. 1, 6) BT.

V:713 mV V:1.00V XIV2
I -6.29 A VT4 I: -7.00 A
il ZTX968 Al ==
P
B v V0OV l '
— 0.713V I 712 mA
— a
V: 961 mV V100V XIV1
I:1.00 A VT2 T.-255A

A ZTX968 i s
= = ﬁ e
TP

L NECAY Nk
1A

I 355 A

W73 mW W 1.00 WV IV
I. -6.29 A VT4 I: -7.00 A
ZT X968 ==
> » = /=
Tt
1 Eg Ig
— 0.7T13 V 2. 44 MA
6

Puc.1. Cxems! YI'T npu ynpasieHun
HanpspkeHueM Eg (a) u tokamu 15 (6), Is (B)

Harpyzounass Bosjbrammnepnas xapakrepuctuka (BAX) BT B HBP mpu
ynpasieHu Ep onuceiBaeTcs ypaBHEeHUEM
IH = aNISO[eXp(qEE/ASkT)_l]_ IKO eXp(qUH/AKkT)_l]' (1)
Kak BugHo u3 ypaBHenus (1), mpu Un=0 TOK Harpy3ku paBeH TOKY WHIKEKIMU
In, 00ycIOBIIEHHOMY UHKEKIMEH HOCUTENeH U3 SMUTTEPHOM 00J1acTH:

L, =1, = oyl 50[exp(gE,; / AKT) 1] (2)

N3 ypaBuenuss (2) ompenensercs BenuunHa Ep, COOTBETCTBYIOMIAS TOKY
MHKEKIINH:

E,; =(AKT/Q)In[(1,, /ax150)+1] - (3)

23



Ecmu B ypaBHenuu (1) 3Hauenne lp=0, To Ha BeIxOoAe BT mexnay snexrpomamu

KoJuleKTOp — ©0a3za renepupyercs WB 3JIC, BenuunHa KOTOpPOHM ompenensercs
CJICAYIOIIMM 00pa3oM:
Uy zumaﬂc:(AakT/q)In[(ln/aleo)"‘l]' (4)
AHaJIOrHYHOE PACCMOTPEHHE MOXKHO TIPOU3BECTH B CITydae yIpaBJICHUsS] TOKOM |5:
= a5 — (L= )l eolexp(qU, / AKT) 1] - (®)
L=1,/a . (7)
U, = UHBQ,Z]C = (AKkT/q)In [(IH/ IKO)/(]'_ Q aN)+1] (8)
U TOKOM 5.

IH = ﬂlE - [1+ 18(1_ ) )]IKO[eXp(q(UH +U35 _EK)/AKkT)_l]’ ©)
e fB=ay /(1_aN) - Koo uuueHT nepeaayn Toka 6a3el B cxeme BkItodeHus bT ¢

OOLIMM 3MUTTEPOM.

31ech l,=1,=/0; (10)
l,=1,/08 . (11)

UH :Uxx =Ej +UKEXX _U3EXX =Ej +UHBQﬂC_U35XX ’ (12)
U ygope = (AKkT/q)In [(IH/(1+,B(1—05| )II(O)) +1] ’ (13)

U ssxx = (KT /) IN[(15 /A — )1 50) +1] - (14)

Harpysounsie BAX  mus BT ZTX968 (p-n-p - crpykrypa) B HUBP,
paccuMTaHHbIE HA OCHOBE MPEATIOKEHHbIX MaTeMaTuueckux moaeneil YI'T, mapamerpsl
KOTOPBIX ONPEENICHBI 110 CTaHAAPTHOW METOJIMKE [2] Mpu yNpaBIEHUM HANPSKEHUEM
Es (kpuBbie 1-4) u ToxoMm |5 (kpussie 1'-4"), npuBeneHbI Ha puc. 2.
| E,=0.7133 B L=1A

E,=0.7 B

E,=0.6835 B

o — 3 ™ el e

— e e

Puc.2. Harpy3ounsie BAX p-n-p BT ZTX968 B UBP npu ympasnenuun
HanpspkeHueM (1-4) u Tokom smuttepa (1'-4")

Ha ropuszonTanbHON 4YacTu XapakTepucTuku BT  HMMeeT BBICOKOE ITHMHAMHUYECKOE

conpotuBiieHue. [lodToMy OH MOXeT OBITh PAcCMOTPEH KaK TeHepaTop TOKa s
BHEIIHUX 1€, KOTOPbhIE UMEIOT MEHbIIIEE BHYTPEHHEE COMPOTHUBIICHUE.
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Ha puc. 3 npusenensr Harpyzounsie BAX BT WMBP npu ynpasnenuu tokom Ig.
IIpu stom Hanpskxenne HB OJIC npuMepHO COOTBETCTBYET HANPSDKEHUSAM IIPU
ynpasiienuu Eg.

ZTX968
1,=2,44 MA

1,0 5

0.0 T T T T T T T T T T T T T
0.0 0,1 0,2 0.3 0,4 0.5 06 0.7 038
u,B
Puc.3. Harpy3ounsie BAX p-n-p BT ZTX968 B 1IBP
IIPU YIPaBIECHUU TOKOM Oa3bl

B paccmotpennsix cxemax BT, ympapisemblii HanpsbKeHHEM, TOKOM 3MUTTEpA
WM TOKOM 0a3bl, BeIodHSAET poib YI'T ¢ aunamudeckum nuanazonom nopsiaka 0.5-0.7B
(cm. puc. 2, 3).

IIpu ympaBnenun HanpsokeHuemM Ep wniam  TokoMm 0a3bl ko3 duLIMEHT
npeoOpazoanus toka K, =, =a, /(l-a,), a npu ymnpaBieHHH TOKOM SMHUTTEpPA
K, =a,<1.

Takum oOpa3oMm, M3 pa3pabOTaHHBIX MaTeMaTHMYECKUX MoJelieil BbIIBIEHA

BO3MOXKHOCTh co3fanusi YI'T nubo 3amanumeM HampspkeHusi smutrep-6aza Ep, 1mbo
Tokamu smuTTepa |5 mim 6a3sl Iy BT ¢ quHamMnyeckum quanazoHom nopsiaka 0.5-0.7 B.
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YK 519.711
B.P. ABUJIOB, ’K.Y. CEBUHOB

AJI'OPUTMbI YCTOMYUBOI'O OLIEHVUBAHHWSA TIAPAMETPOB
JIMHEMHBIX TUHAMHMWYECKHUX OBFBEKTOB YIIPABJIEHUSA

B.P.Aounos, K.Y. CeBunoB

Yn3HKJIM IHHAMHK 0OIIKAPYB 00beKT/IapH NaMeTPJIapuHu
TYPFyH 6axoJiam aJropuTMiIapu

AnmanTuB IUHAMHK (MIIBTPIAII YCYIUIApH acoCHAa YM3HKIN IUHAMHK OONIKapyB OOBEKTIApH
HapaMeTpIIapuHH TYPFYH 0axoJIall allrOpUTMIIApH KeITHPHITaH.

B.R.Abidov, J.U. Sevinov
Algorithms firm estimations parameter linear dynamic object control

Happen to the algorithms firm estimations parameter linear dynamic object control on base of
the methods to adaptive dynamic filtering.

WuTeHcudukanus  NPOU3BOJICTBEHHBIX MPOIIECCOB HEMOCPEJICTBEHHO
0a3upyercss Ha COBPEMEHHBIX METOJIaX AaBTOMATHYECKOTO W aBTOMATH3HPOBAHHOTO
ynpasneHus. [IpumeHeHne >THX METOAOB B 3HAUUTEIBLHOW Mepe CBI3aHO C
ucnonp3oBanueM DBM s perieHust 3aad MOJCTUPOBAHHS C LENBIO KaK JIYYIIETO
M3YYEHUS MPOM3BOACTBEHHOIO Ipollecca, TaK U OMpPENEICHHUS B KAKOM-TO CMBICTIE
ONTUMAIIGHBIX ~ YIPABISIOMIMX  BO3JCHCTBHA,  OOECHEUMBAIOMINX  TIOBBIIICHHUE
s dexktuBHOCTH (DyHKIIMOHHpPOBaHUS 00BbekTa [1-3]. O6e 3T 3amaun MexIy coOoif
TECHO CBSI3aHBI, U TI0O MEPE YBEIIWYCHHUS HAIIUX 3HAHUW W YTOUYHEHHS 3aKOHOMEPHOCTEH
(YHKIMOHUPOBAHUS  NPOU3BOACTBEHHOI'O TpoIlecca CO3Jar0Tcid  yCIOBHA  JUIs
HaXOXJCHUS TaKOTO BO3JEHCTBHSA Ha OOBEKT, KOTOpOE O0ECIeYnBaeT JIydIlHe
pesyiabTatel. [Ipobiema moaydyeHuss MOJENH, XOTS U HE HOBA, OJHAKO B IOCIEIHUE
TOJIBl BO BCEX 00IACTSAX HAYKM M TEXHHUKH € CTallM yIeNATh 3HAUNTEIIbHOEe BHUMaHUE.
OTO MOXHO OOBSCHHTH, C OJHOM CTOPOHBI, HACYIIHBIMHU MOTPEOHOCTSIMU TEOPUHU U
NPaKTUKA YIPABICHUS B HATUYMW aJeKBAaTHOH W30MOpdHOH Moaenu oO0BeKTa
ylpaBiieHUs,, Ha 0a3e KOTOPOH pelarTcs 3aJa4d BbIOOpa CTPYKTYpHI MAapaMeTpoB U
3aKOHOB YIpaBiIeHUs. EMuHBIN MOAX0J B TEOPUM YIpaBieHUs OOBEKTaMU pa3IU4HOMN
¢u3nueckoil mpupo bl Jaa BO3MOXKHOCTh pacCMaTpUBaTh «yHU(DUIMPOBAHHBIN) Kiacc
OTHOCHUTENIBHO TPOCTBIX Mozenei. C Ipyroil CTOPOHBI, B CBS3M C HCIIOJIB30BAaHHEM
OBM 3HauuTeNbHO BO3POCIH BO3MOXHOCTH, KaK B IIOCTPOCHUHU CaMOil MOJIETH, TaK U B
MIPOBEICHUH MTPOIECCa MOJICITUPOBAHHSL.

PaccmMoTpuM ~ IMHAMUYECKYIO  CHUCTEMY,  ONHUCBHIBAEMYIO  Pa3HOCTHBIM
ypaBHEHHEM BHU/Ia

y(t)+Ay(t-1)+...+ A y(t—-n,)=Bu(t-1)+...+B, u(t—n, ) +v(t), (1)
rie BXOJaHOUM curHan U(t) siBiisieTcst M-MEpPHBIM BEKTOPOM, BBIXOHOUN curHan y(t) — p-
MepHbIM BekTopoM, A —( px p)-Marpuiisl, a B, —( p x m)-marpuisr.

Jlnst ompenenenust snementoB marpun A, ..., A Bl,...,Bnb HE0OXO0IUMO

IPOU3BECTU MapameTpu3annio ypaBHeHus (1). OnuH W3 BapuaHTOB MapaMeTpU3aliu
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COCTOUT BO BKJIIOYCHHH BCEX 3JIEMEHTOB Marpuil u3 (1) obmwmM gwciom (Nap+npm)p B
BekTop 0. Toraa MoxHO onpenenuth ((NaP+NpM)XpP) -MaTpuiry

0=[A.A,....A ,B....B. [, @)

a Takke (Nap+NpM)-MepHBI BEKTOP-CTOJIOCII

L -y(t-1) ]
_ _y(t_na)
o(t)= at-1) | (3)
L u(t—n,) |
u niepenucath (1) B Bume
y(t)=0"g(t)+V(t), (4)

rae V(t) — momMexa U3MepeHui.
®opmyny (1) MOXKHO paccMaTpUBaTh Kak COBOKYIHOCTH p Pa3HBIX JTHHEHHBIX
perpeccuii, 3alMCaHHBIX OJHA IOJA JAPYrod, C OJHMUM M TEM XK€ PEerpecCHOHHBIM
BEKTOPOM.
Jlist BBIYUCIICHHSI OICHKU 0 HCIIOJIb3yeM METOJ TUHAMHUYECKOW (HIIbTpaIiu
[1,4]. dnst 5TOrO TUHEHHYIO MOJIEh perpeccuu Bua (4) 3anuiiem B BUC
O(t+1)=0(t)+w(t),

: (5)

y(t)=o" (1)(t)+w(t),

rac
E [w(t)w' ()] =Q(t)3(ti), E [v(t W' (j)]=R(t)5(t).
[Tpumensist k (5) unpTp Kamana, momydnm cieayromniee:

O(t|t—1)=6(t—1|t—-1), (6)
6(t 1) = 6(t ]t —1)+ K(t)[y(t)— " (1)6(t) [t -1)] | (7)
K(t) = P(t|t—=1)o(t)]o" (t)P(t[t—1)o(t)+R(t)] ", ®)
P(tjt-1)=P(t-1]t-1)+Q(t-1), 9)
P(t|t)= P(t|t—1)—K(t)(pT(t)P(t|t—1). (10)

Hns peanuzanuu ¢unbtpa Kanmana tpeOyercsi ampuopHas HHPOpMALUS O
MaTeMaTHYeCKOM MOJeIN OO0bEKTa, CTATUCTHKE BXOJIHBIX M M3MEPUTEIbHBIX IIYMOB.
Hetounocte wmH(pOpManmum 00 anmpuUOpPHBIX JAHHBIX MOXET IIOCIYKUTh HPUYHHOM
pacxogumocTd. OIMH U3 BO3MOXHBIX IyTeH CO3JaHMs aJaNTHBHBIX aJrOPUTMOB
(GUIBTpaluK 3aKITIOYAETCS B MCIIOJIb30BAaHUH KOPPENSIIMOHHBIX CBOHCTB OOHOBIISIEMON
MOCJIEI0BATEIBHOCTH C 1IE€JIbI0 TOCTPOEHHUS OLIEHOK KOBAPHALIMOHHBIX MaTPHIl BXOJIHBIX
Q u wu3MepuTeNnbHBIX R IIyMOB. DTOT airopuT™M MPHUTOJACH U CTAallMOHAPHBIX
O0BEKTOB W  CTAllMOHAPHBIX BXOJHBIX M  HM3MEpUTENbHBIX I1mIymMoB. Ilepen
UCTIOIB30BaHUEM aJIAalITHBHOTO QJITOPHTMA OCYIIECTBIISICTCS OIIEHUBAHHE BEKTOPA
COCTOSIHUSI Ha OCHOBE KJIacCHuecKoro airoputma Kaiamana, B KOTOpOM HETOYHO 3a/aHBI
matpuilsl Q u R. Tlpu 5ToM HEOOXOIUMO ONPEAETUTh CTENIEHh OTJIMYHS HCITOJTB3YEeMbIX
MaTtpull Q* u R* oT peanbHBIX KOBAPUAIIMOHHBIX MATPHUIl BXOIHBIX ¥ HU3MEPUTEIHHBIX
mrymoB Q u R. Eciim Q* m R* He3HaYMTeNbHO OTIUYAIOTCS OT pealbHBIX 3HaueHud Q,
R, ¢unbtp Kanmana gaxtiuuecku paboTaeT B ONTUMAILHOM PEKUME U MOKHO CUUTATb,
gro Q*=Q, R*=R. Takum o00pa3oM, MpoBepss ONTUMAIbHBIE CBOWCTBA (UIBTpa
Kanmana npu BbiOpanHbIXx Q* M R*, MOXHO pemmTh BOINPOC O MPABUIBLHOCTH
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nepBoHavyaibHOTO BhIOOpa Q* m R*. Takas mpoBepka MOXET CTPOUTHCS Ha OCHOBE
CTaTUCTHYECKOW 00pabOTKM OOHOBIIIEMOI MOCIIE0BATEILHOCTU. B TOM ciydae, koraa
V, sBiseTcs OenbiM IIymMOM, (UIBTp NpH IEpBOHAYaJbHO BbIOpaHHBIX Q* u R*
paboTraer (HaKTUIECKH ONTUMATBHO, U MOKHO CUUTaTh, uTo Q*=Q, R*=R.

Ecmu V() — He Genblit myM, To GuibTp paboTaeT B CyGONTUMAILHOM PEXKHME
U HEoO0XOIMMO OICHMBATh peajbHble 3HaueHuss Q u R, KoTopple OTIMYHBI OT
HavyalbHBIX MaTpuIl Q* u R*.

Jns cybonTuManbHOro (GpuibTpa OOHOBISIEMBIH HPOIECC MPEACTABIAET COO0M
HeOeIbIii TayCCOB MPOIECC CO CIETYIOMINMHI KOPPESIIMOHHBIMU CBOMCTBAMMU:

C(0) =M V(' (1))=¢" ()P () + R, (11)
C(k) =M V(' (t—K))=¢" Ol - KD)e" O] [P e(t) - K(1)C(O)]
re P'®) =(1 —K®)e" (1))P' (I —K(®)e" (t)) +KE)RKT (t)+Q — anpuopuas

KOBapualloHHasi MaTpula OMKUOOK OlleHuBaHus cybontumMansHoro ¢punsrpa Kanmana.
OreHky Benu4rH KoBapuanuoHHbIX Matpul] C(K) MOKHO MOTy4YHTh, UCTIONB3YS
9ProJuecKue CBONCTBA CTAllMOHAPHON OOHOBIISIEMOI 1TOCIE10BaTEIbHOCTH,

é(k) =%iv(i)\ﬂ (i—k). (12)

OreHka MaTPUIIBI H3MEPUTEITHHOTO IITyMa CTPOUTCSI HA OCHOBE MCIOJB30BaHUS
ypaBuenus (11), T.e.

R=C(0)-¢" ®)(P'(e(t)). (13)

OrpannuuMcs B JaJIbHEHIIEM CllydaeM, KOI'Jla YUCJIO HEU3BECTHBIX 3JIEMEHTOB
Matpuisl Q MeHbIe win paBHO Nx M. Torma MOXKHO HaIUCATh:

z(p 0Q0(1) = (P Oe®) pt)—¢" O)P )] —ich OV Op(), k=12...n, (14)

e

V(t)=—K®)(P'®e(t) —P'1)et)K™ (t)+ K(E)CO)K (t).
[Tepenumem cuctemy ypaBHenuit (14) B Bune
f(q)=0, (15)
rone g= { d;.9, ,...,qn+m} — BEKTOpP, COCTAaBJEHHBIM W3 JJIEMEHTOB KOBAapUALlMOHHOU

matpuisl Q .

Jns pemenus ypaBHenus (15) ucmonp3yem Mmerton HbpOTOHA AN CHCTEMBI
ypaBHeHu# [5,6]. DTOn MeTon codeTaeT B cebe ymoOCTBO YHMCICHHOW pealn3alluu C
BBICOKOH CKOPOCTBIO CXOAMMOCTH.

B merone HproToHA HOBBIC MPUOIMIKEHUST OCYIIECTBIISIOTCS B COOTBETCTBHH C

BBIpaXKECHHEM
. . of (q ] ) + .
g’ =g —{—} f(q’), 1=01... (16)
aq
of (qj)
Ucnons3zoBanue (opmyner (16) mpeamnonaraer oOpaimieHue skoOnana W

CHUCTEMBl Ha KaXXKJIOM IIIlare HWTEPAIMOHHOTO TMpoiiecca. B MpakTUYecKuX pacuerax
BMecTO (16) 1enecoodpa3Ho BOCIIONB30BaATHCS (POPMYIION

qt=ql +w, (17)

TAC BEKTOP w’ HaxXOJUTCA KaK PCIICHHUEC CUCTCMBI JIMHENHBIX ypaBHeHI/Iﬁ
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I _
A0 )i g1, (18)

I/ITaI(, Ha KaXXJIOM IIarce UTCpalrmoOHHOro mnmpomnecca Metoga HrroToHa BRIYHCINM

. . o (a') ) .
sHaueHus QyHKuu HeBssku fl = f(q’) u ee sskoOnaHa 8q B U3BECTHOM TOUKe (',

Haiizem pemenre W' cucremsl (18) U, HaKOHeN, ONpeIEIMM HOBOE NpubIIKeHHe ('™
o ¢opmyne (17).

Bynem ucnonp3oBate uTepatuBHy0 Moaudukanuio merona M.M.JlaBpeHTheBa
[7]. 3adukcupyem HaTypampHoe umcio M =>1. Ilycts Wg — HEKOTOpOE amnpuopu

M3BECTHOC mpuOMmWKeHHe K pemeHuto ypasHenus (18). IlomoxuB W, =W,
II0CJICI0BATENBHO BEIYHCIMM W, ,...,W) ~ Kak pelieHus ypaBHEHHMH

iy . .
afaq Wo—awl, —fl (n=1..m). (19)
= |

[Tpu pemennn (18) Takxke menecooOpasHO UCIIOJIB30BATh UTCPAIMOHHYIO CXEMY
Buaa [7,8]:

]
aw, , +

. o : .
aw, +¢q>wnJ =ow),—f!, n=12,.. (a=const>D0), (20)
0

KOKIBIA IIar UTEpalUy 3aKJII0YaeTCs B PEIIEHUHM KOPPEKTHO IOCTABIECHHOW 3a1ay.
[TocrosiHHas o 37ech He 00s3aTeNbHO Maja, peryiaspu3anus AOCTUTIAETCS 3a CYET
MHOTOKpPaTHOro urepupoBaHus. [Ipm MeHbIIMX « [ JOCTUXKEHUS LEIU XOTS U
TpeOyeTcsl MEeHbIIIee YUCIIO UTEepaIlHii, HO CaMU MTEpalluu 0oJiee TPYIHO OCYIIECTBHUTH
— yxyamaercs Mepa yctoduuBocTH 3anaud (20). Croutr oOpaTuTh BHUMAaHHUE Ha
¢dopManbHOE CXOACTBO HTEpallMoHHOro Meronaa (20) ¢ UTepUPOBAaHHBIM BapUAHTOM
merona M.M.JlaBpentbeBa (19). Opnako perymspuzanuss B 3THX JBYX MeToJax
JIOCTUTAETCSl MO-pa3sHOMY: B UTEPUPOBAHHOM BapuaHte merona M.M.JlaBpeHTheBa 3a
CYeT MAJIOCTH « NpHU (UKCUPOBAHHOM UHCJE UTEPALUN, a B UTEPALUOHHOM METOE
(20) — 3a cuet GOJIBIIOTO YKCIIA UTEPAIA IPU (PUKCUPOBAHHOM I .

Takum oOpa3oM, mpoueaypa paccMaTpUBAEMOIO aJaNTHBHOIO ajlropuTMa
COCTOMT M3 ABYX 3TamnoB. llepBblil 3Tam 3aKkirodaercs B MPOBEPKE ONTHUMAaIbHOCTH
¢wipTpa Kanmana, ucnonb3yromiero nepBoHavaigbHble ouleHKH Q* u R*. Dror stan
TpeOyeT 3HAUUTENbHOIO MAIIMHHOIO BPEMEHM JUIsl HAKOIUIEHHMSI CTaTUCTHKHU
oOHOBIIsIEMOTrO TIpoliecca, T.e. s onpenenenus Co, Cy, ..., Ck o ypaBHeHuto (12).

Ecnu nmpoBepka oOHapyXuBaeT, YTO (pUIBTp CyOONTHMAajeH, TO BTOPOM ATam

pabotel Oyner cocrosTh B Hawmyuieil ouenke Q u R. Ouenkn Q u R crpostcs Ha

OCHOBE HAOpaHHOM CTAaTUCTHUKM O KOBapuWalMOHHbIX Marpumax Ck OOHOBIsSIEMOMN
MOCIIEAOBATEIHHOCTH U ompenesstorces no ypaBHeHusMm (13) u (14). Ilocne Toro, kak

A

omenkn Q u R TIOJTYYEHBI, UX HCIOJIB3YIOT B KJIACCHUECKOM alTOPUTME (DHUIILTpa
Kammana Bmecto Q* n R*.

Ha ocHoBe pa3zpaboTaHHOTO aNTOPUTMHUYECKOTO OOECHedeHUs OBUIH PEIICHBI
P MOJCNBHBIX 3aJla4, pPe3yJbTaThl KOTOPBIX TOATBEPKIAIOT 3(P(HEKTHBHOCTH
UCTIONIb30BAaHHBIX PETYJSIpHBIX Tporenyp. I[lomydeHHbIE anrOpUTMBI MOTYT OBITh
MPUMEHEHBI B 3ajJladaX CHHTE3a CHUCTEM aBTOMATHYECKOTO KOHTPOJIS W YIPaBJICHHUS
TEXHOJIOTUYECKHMH MPOIIECCAMHU.

NCIIOJIbB3OBAHHAS JIMTEPATYPA
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H. PABIIIAHOB, JI.K. IIAPHUIIOB, b. ABAYPAXMAHOB

YUCJIEHHO-AHAJIMTHYECKOE PEHIEHUE 3AJTAYHN
TEXHOJIOI'HMYECKOI'O TPOINECCA HOHOOBMEHHOI'O
ONJIbTPOBAHUS CYCIIEH3NHU

H. PaBmanos, /I.K. llapunos, b. A6aypaxmaHoB
Honam apanamMa/apHu T03aJa1l TEXHOJOTHK KAPAEHIAPUHMHT YeKJIH-AHAJIMTHK eYUMHU

Makonaza MOHJIN apajalliMajJapHU TO3ajall TEXHOJOTUK >XapaSHJIApUHH €4YMII Y4yH COHJIM-
AHAMTHK ycyJutapaaH QoiialaHuiraH.

N.Pavshanov, D.K. Sharipov, B. Abdurakhmanov

Numerically - analytical decision of a task of technological process ionized of filtering

In clause is resulted the numerical and analytical decisions for tasks of technological processes
of filtering of the ionized solutions.

JUies  OYMCTKM M 3allUThl CTOYHBIX M TOJ3EMHBIX BOJ OT HCTOYHHKOB
3arpsi3HEHUs] Heo0X0IuMO pa3zpadboTaTh 3(G(HEKTUBHBIE METOMBI U CPEJICTBA Ha OCHOBE
HNOJAPOOHBIX  AHATU30B M KOMIUIEKCHOT'O MCCIIEOBAHUS TEXHOJIOTHUH MX OYHUCTKU C
MOMOIIbIO TOTO WJIM HHOTO MaTeMaTH4YeCKOro arrapara.

Matepuaiabl 1 MeToAbI. 711 OUUCTKH U QUIBTPOBAHUS CTOUHBIX, BBIOPOCHBIX
BOJI, IPOMBILUIEHHBIX PAacTBOPOB, MPOJIYKTOB MUTaHMs, (apMalleBTUUECKOTO ChIPbS U
JIPYTHUX JKHJIKOCTEM OT HEXKEIATEJIbHBIX MOHHBIX KOHIIEHTPATOB, TEXHUYECKMX OTXOJ0B
B TEXHOJIOTMUECKUX IMKIJIAX UCMONB3YIOTCA (PUIbTpbl. OOBIYHO 3TH PacCTBOPHI B CBOMX
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COCTaBax HapsAy C HOHHBIMH NPHUMECSAMU COJIEP)KAT Telb-4aCTUIBl  Pa3IUYHBIX
pPa3sMEpPHOCTEN U CBOMCTB.

[Ipu npouecce GpuIbTPOBAHUS 3TUX PACTBOPOB:

® YACTHIIBI, HAXOIIMeCcs B HUX, KOJBMATUPYIOTCS B Mopax (MIbTPa, YTO
OPUBOIUT K WX HAOYXaHHWIO, B PE3yJbTaTe YEro ero MpOIyCKHAas CIIOCOOHOCTh
YMEHbILIAETCS;

e o0pasyeTcs CI0HM OcasiKa, BCIEACTBUE YEeTO M3MEHSIOTCS 3aKOHBI MPOTEKAHHS
texHosiorunueckoro npouecca (TII) B uenom;

® XUJKUIl pacTBOp, MOJBEpraroluiics ¢GUIbTPOBAHUIO, TIOJIHOCTHIO HE
OUHMIIaeTCs OT HeXKENAaTeIbHBIX HOHOB, B Pe3yJIbTaTe YEro OH, IOMAaasi B OKPYKAIOIIYIO
Cpeny, YXyAILIaeT IKOJIOTHIECKOE COCTOSHUE PETHOHA.

Jns ananuza (QyHKIMOHUPOBAHUS, HCCIEAOBAHUS U OIpPENEICHHUs] OCHOBHBIX
napameTpoB O6’beKTa U HUX Aualla3OHOB HM3MCHCHUA, C YUCTOM YKa3aHHBIX BBIIIC
¢bakTOpoB, HA OCHOBE 3aKOHOB THIPOAMHAMUKH W KUHETUKU Ipolecca pa3paboTaHa

mMaremaru4deckas Mmojeins [1-3]:
D,
amn aun N _ 0 pon, Ds P

ot ox ot ox ox P ox’

ON n'
—= -n'), N=———.
ot ﬂ(n n) a+bn'

ou ou_ 1oP wdu uH u
—+U—= +

1)

ot X px pox’ pHk(A-8)
om@ ouf oma omo

+—+ +(1-m,)—=
ot OX ot ot

00
Ezﬂ(@—;@), azﬁ, m=m, +5(m, —-m,),

0, ()

rie N u N - KOHIEHTpauuu copOMpPYyeMOro BeIIeCTBA B PAacTBOpE M COpOEHTE,
PaCCUYUTAHHBIC Ha CAUHNUIY  JJIMHBI COp6HPIOHHOI>i KOJIOHHBI, u- CKOpPOCTH
¢unbTpoBaHMs; N'- KOHLEHTPALMs MOHOB B PACTBOPE, HAXOMAIIASCS B PAaBHOBECUU C
koHueHTpauueir N ; P — naBneHue B kosoHke arperata; D, D;- koapduument

npoaosnbHOM mudPy3un u  G6apo-auddysun; € U S - KOHIEHTpAaLUU B3BECH B
JBIDKYILEHCS CMecH W OCeJaHMe 4YacTUIl B T10pax; « - KOHLIEHTpAalUs B3BECH,
Haxojdulelics B B3BEIICHHOM COCTOSHMM B Topax (uiabTpa; - KOIPPHUIMEHT

nucniepcun; [ - 3G GeKTHBHAS KOHCTAHTa CKOPOCTH OOMEHMBAIOIIMXCS MOHOB; &, b -
IOCTOSIHHBIE M30TEpMBl copOIMM; M, U M, - HadajbHas MOPUCTOCTh (PUIBTPA U
HIOPUCTOCTH OceBIIel Macchl; K, - KOI(GOHUIMEHT NPOHUIIAEMOCTH QHIBTPA.

Tak kak ypaBHeHHE CUCTEMBbI (2) SBJISETCS ypaBHEHHEM TUIEpOOINYECKOro
TUIA, TO TPU €ro YHUCICHHOM MHTETPHUPOBAHUU BO3HHKAET MeEJIKOMAcCIITabHOe
KosiebaHue, U C TEYEHHWEM BpPEMEHU ero ammumtyna Oyner pactu. Ilostomy mpu
YHUCICHHOM MHTETPUPOBAHMM TaKUX YpAaBHEHHH OOBIYHO JOOABISIOT — 4WIEH
«UCKYCCTBEHHOM BSI3KOCTH» C HEKOTOPBIM YHMCIIOBBIM MapaMeTpoM — Kod(dduuueHTrom
HCKYCCTBEHHOM BS3KOCTH.

s ynoOCTBa MHTErpUPOBaHMsS BBEEM Oe3pa3MepHbIE IIEPEMEHHbIE U BMECTO
CUCTEMBI (2) MONYYUM CIEAYIOUIUE YPaBHEHHUS:

ou, ou_ o oP 1 o’u u 26(1,t)

+U—= —+— - +Uup——, 3
ot ox ox  Reox? Re,(1-6) " )
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oms e, 0°0

om@ ouf oma
+ + +1-m , 4
ot ox ot ( 0)6'[ X2 ox? )
00
= ~A0-79) )
a KpaeBble ycioBus 3aaauu (3) — (5) 3anuiieM B BUje
u=1 8=e" 5=0, npu t=0,
au  H? u
—= Eu/Re)P——— | 60=1 npu x=0, 6
> H%[( /Re) a—af} p (6)
a_uzo, %:—m(l_m‘))é‘, npu X =1,
OX oX u
rie Re= M; Re, = &Ozuo - yucno PeitHonbaca; Eu = LA YHCIIO
H uH, Hou

Oiinepa.
3amaun (3) — (5) perrarTcs YUCICHHO ¢ IPUMEHEHHEM METO/Ia MPOTOHKHU [4].
Kak ormeuanoch, B pe3ynbraTe (GUIBTPOBAHUS CYCICH3HMH C IOMOIIIBIO
(GUIBTPOBAIBLHONW TIEPETOPOAKH IPOUCXOMUT 3allOJHEHHE TOp (HIbTpa Tellb-
qacTuiaMu. [l03TOMy HEOOXOIMMO yYHMTBHIBaTh BIMSHHE HOHHOTO OOMEHa Ha
HOPHUCTOCTD U MMPOHHUIIAEMOCTh HOHUTHOTO (DHIIBTPA, KOTOPBIE IIOMYMHSIIOTCS 3aKOHAM

m=m -, @
Pe
3 3
k= Adk, M Ak M (8)

(1-my SZ (1-m)*’
e p, - WIOTHOCTH COPOMPYEMOTO BENIECTBA B TBEPAOH dase; d - muameTp wacTu;

S, - yaenbHas MOBEPXHOCTh MOPUCTON cpenbl; A, 1 A - TOCTOSHHEIE.
Torna ypaBHeHue 6ananca copOuuu B cucreMe (1) mpuHuMaeT BU

om—-—|n
ol oun oN 1 0 _on D, oP
+ +—=——D—+———,
ot ox ot Peox OXx Uyh,P ox
K nepBomy ujneHy 3TOro ypaBHEHHs MpPHUMEHSEM METOJ KBa3WwiIMHeapu3auuu [5] u

noJjy4aeM
NEHYon  éun 110N n NG
m, — — +— |1l | ——— -
p. Jot OX p.)Jot p. ot )
Non® 15nN)*Y 18 _on D, 10P
+— +———"t =" —D—+— ==,
p. ot Pe ot Peox ox ngu, P ox
raie Pe= % - yucino Ilexne.
Kpaessie ycnoBust 3agauu (1), (9) 3anuceiBaroTcsi B BUIE
n=1 N=0 nmpu 1t=0,
n=1 npu  x =0, (10)

n=0 npu x=1
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C yuerom KoJbMaramuu mop ¢uiabTpa renb-dyactuinamu  Gopmynsl (7) u (8)
IMPUHHUMAIOT BUJ

N
m=[m, +3&(m m)]ml_'oc e LY (1 \/5)3 (11)
=[m, + - _—, =— - :
ol mm St -y
B crporoit mocranoBke perienue ypaBuenuit (1), (9)-(11), (3)-(6)

3aTPYJHUTENbHO, TaK KaK UX MPUILIOCH Obl peliaTh COBMECTHO Ha KaXKJOM BPEMEHHOM
cioe. OnHako, ecinu B ypaBHeHUs (3)-(6) 3HaueHuss N 1 N TpPUHATH KaK U3BECTHBIC (U3
OPEIBIAYIIEr0 BPEMEHHOTO CJ0s), TO pEIIeHHE 3aJaud CHUJIBHO YIPOIIACTCSA, KaK U
npeabIayIas 3a1a4a, a ypaBHeHus (UIbTPOBAHUS pemaroTcst HezaBucumo ot N u N .
VYpasuenue (4) c yuerom (11) npuHumaer Bujg
08 _omé ( Cm )8 mo 8q0 oug _ow  ow _ M2, o0

+2——+ +0,0—0, +mo5—- —, =
T2 a HE= 4 o ox x| ox x2 ox’

rae q, =1—ﬁ, q =6[m,q, +(m, -m, )5}, q, 22(29@-1) —7/§)q, q, - ﬂq(e(s‘l) )2.

C
W3 ypaBuenus (12) BuAHO, 4YTO Jda)xk€ B TakOM YIPOILIEHHOM Buae 0e3
JIOTIOJTHUTEILHBIX TTPEANOI0KEHUNM HEeMb3s WX MPUBECTU K pacueTHOU cxeme. [loaTomy
JUI  YKCJCHHOTO pelIeHUs 3amadud B ypaBHeHuH (12) packpoeM MPOU3BOJIHBIC

ome@ omo 00
= o Hcximogas = Y TIPOU3BO/IS KBa3WIMHEAPU3AIHUIO, T0TyIaeM

ot
o0 auH aw
Q7 +(Q, +Q,)0+a,6—Q, + = "o (13)

,» (12)

rac
0
Q =248,0,0“ 7, Q=q+20,(m, +a,6). Q,=[2m, ~(m, +a, )5]%,

Qy =210,(20°Y =y5) 2y =m,—m,.

Takum oOpa3om, ypaBHeHue (13) Ui YHCIEHHOIO pELICHUs 3aJauu
GuiIbTpOBaHUS  MPEANOYTUTENIbHEE, YEeM  HEMOCPEACTBEHHAs  alIpOoKCHMalus
ypaBHeHus (12).

Jlsl 4UCIEHHOrO WHTErPUPOBAaHUS YKA3aHHBIX 3a/ad CHCTEMa YypaBHEHHM
alMmpOKCUMUPYETCA OAHOCTOPOHHEH pPAa3HOCTHOM CXEMOW C TOYHOCTBHIO O(h), 51
HOJTy4YEeHHbIC anreOpandeckre YypaBHEHHs PEIIatoTCs METOAOM IPOrOHKH [5].

Paccmorpum Gonee mpocTyro Monens mpoiiecca (GUIBTPOBAHHUA, KOT/a BO
BTOPOM YpaBHEHUHU CHUCTEMBI (2) U =const. KpoMe TOro, MOKHO MpPEINOI0KUTh, YTO
Ha JIOCTaTOYHOM TJIyOMHE OT MOBEPXHOCTU (PUIBTpA YaCTHUIbI, HAXOMASALIMECS BO
B3BEIIEHHOM COCTOSIHMM, HE OCENal0T, a OCEBIIME YacTHUIBl HE CpbIBatoTcd. Toraa
a(xt) samensem na 6,(t)= (L) u nonyyaem

33



00 06 00 0’0 00,

T ot =D_—F——F,

ot OX ot OX ot

08

—=U0-95),

p (6-70)

¢9=490e’b°x, 0=0mpu t=0, (14)
0=6, upu x=0,

%——maiﬁ mpu X =

ox a P e

VYpaBHeHue ¢ KpaeBbIMU yciaoBusMu (14) siBasercs NTHMHEHHOW CHCTEMOW C
NOCTOSSHHBIMUA ~ KO3((QHUIIMEHTaMU U, CJIEIOBATEIbHO, JIOMYCKAeT aHAIUTHYECKOE
pelLIeHue.

OtmeTuM, 4YTO JMHEWHAs cucTeMa, JOIYyCKarollas aHAJIUTHYECKOE pELIeHHE, C
OJTHOW CTOPOHBI, CIY)KUT MOJEJIbHOU 3ajadell I OTIAJKU MPOrpaMMbl YHCIEHHOTO
UHTETPUPOBAHUS, C IPYTOH - JUIs peteHus oopatHoi 3axaun TI1 ¢pumsTpoBanus.

K cucreme (14) npumensiem npeodpazoBanue Jlamnaca u noiyyaem

9,,_&9,_s(s+/1+11)9: s, -, | 9(0,s)=&,
D D(s+4,) D s

. b,s by
9(772’8)+s+1119(772’s):0’ @, =6, X b, =mAa,.

kx
HpOI/ISBOI[I/IM 3aMCHY IICPEMCHHBIX f=ue U 11oJrydacm

u”—v2u = g(x), (15)
u0:s)=2,
b (16)
u'(rz,s)+(k + s+1ﬂi ju(rz,s): 0,
re vo ke SEHh) B b, = A+ 4.

D(s+4,) 2D’
Pemenne ogHopoaHoro ypasuenus (15) 3anumiem B Buje
u=Ae” +Be™.
Torna perienne HEOAHOPOJHOTO YPABHEHHUS CIIEAYIOIEE:
U=-C,e™+C,e ™ L Ae* +Be™, (17)

DO(s+4) ~ 6 )

s+b, ' ° Dp?-(b,—k)|
Koadpduunentsr A, u B, onpenensiem u3z (16):

rie C, =

6,

—=—0,+0,+A,+B,, mpux=0,
S
_ kcleknz _(bo _ k)Cze—(bo—k)fzz +7/(A0e7772 _ Boe—mz )+

+ (k + blﬂj ](‘ Ce™ +C,e ™% LA™ + Be ™ )=0 npn x=7,.
S+

Pemas ux COBMCCTHO, HAXOJJUM
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0 + 0o, Go% — o
S (o R - Y
& G+d, G +G,

do =C{2k+ijek”2 +C [b - by ]e(bok)ﬂz’
S+ A4 S+,

! by b,s | _
q,=C,-C,, q,=C (;/+k+s+iljemz quCZ(V—k—ﬁJe“’Z-

B nepBom nmpubnmxenuu 6yaemM cuuTaTh, 4TO
b,=0, 6,=0. (18)
OTO O3HayaeT, YTO HayallbHOE paclpeiesieHue H(X,O) nocrosiHHoe. JlomymieHue
6, =0 mpaBomMepHO. DTO cielyeT U3 TOro, 4TO Ha BBIXOJAE dYepe3 IpaHb X =77,
KOHIIEHTPAIUsl B3BECH BCELIETIO OMPEeIIeTCsl TPAaHUYHBIM yciioBueM (16).

[Tocnennee ycnoBue (16) mosyuyeHo M3  MEpBBIX ABYX ypaBHeHHil (14) B
MPEIIONIOKEHUH, YTO 3a HaudalbHOE BpeMsl HMPHUHATO TO BpeMs, Korjna (QuibTpar
HAuMHAaeT BBIXOJUTH 4epe3 TIpaHb X =77,. Tak Kak BpeMs JIOCTM)KEHUS (QUiIbTpaTa
IpaHu X =77, 3HAUUTEIbHO MEHbIIIE, YeM MPOJOKUTENLHOCTh IpoLiecca, TO, IpUHUMAsI
B KauyeCcTBE BTOPOTO YCJIOBUS YKa3aHHOE BBIPA)KEHHE, HE MPOTUBOPEUYUM YCIIOBHIO
MOCTaBICHHOW 3a/Ia4H.

Takum oOpa3oMm, pelieHHe 3aaadul B U300pakeHwsx, npu ycimoBuu (18),
MPUHUMAET CJICTYIOIUN BU:

_DOb,et (s+ 2, )X L sia
u(x,s)= L4 +6,| =
b, )shix s (s+b)
s(s+b, ) chvy, +| k+—— |7~
S+A4, ) v

(19)

o b, \shv(x-7,)
chv(x—n,) (“SMJ v 6+
( b, Jshvx s(s+b,)
chvy, +| k+ T,
S+ A4,

Pemenune (19) sBasercs oOTHOIIEHHEM  JBYX OOOOIIEHHBIX MOJUHOMOB
®(s)/w(s) orHocuTennHO S, mpHueM HOMHMHOM (S) He CONEPKHT MOCTOSHHYIO,

*

T.€. BCE YCJIOBHS TEOPEMBI PA3JIOKEHUS COOIIOIEHBI, IOITOMY €€ MOXKHO NPHUMEHUTH
OpU  TEepexojie OT H300pakeHHs K OpUTHHATY:

Lol ()] - 3 D

TOI‘}Ia AHAIIUTUYCCKOC  PCHICHUC ITOCTaBJICHHOMN 3aga4ud  OKOHYATCJIbHO
nojry4qyacm B CJICAYHOLICM BUIC:
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e(x,t)=90ek*{2z1 bzljkchk x—1,)—(kA, +b, )shk(x -7, )x

x[1+21_l1_bze‘bztj+ Dbzeknz(ﬂl—ﬂl_bze_bztjshkx} 1 -
b, b, kA,chkz, +(k4, +b, )shk, (20)
, . 0,Db,e"" (s, + 2y )sin 222 et [Db, e sh x + schym, (x — 1, )| (ks + kA, +1, Jshy(x—17,)
2
22
=1 sni(F(s )sin a2, +”2003y2j
Up)
Sui(Sui +24) | 1+77; (Ksy + 4 +b))
E(s )= 2ni\oni *=%1) — .
(Sm) ZD(Sni +/11) |:772 SIN 14, i, COS 11,

Takum 06pa30M, HUCIIOJIB3YA IMOJIYYCHHBIC YHCICHHBIC W AHAJIMTUYCCKUC
pemiCHUuA 3ada4 TCXHOJOIMYCCKOIo IIponecca HOHOOOMEHHOTO (bHJ'IprOBaHI/IH
CyCIICH3MHU, MOXHO IIPOTrHO3HUPOBATH U OIPCACIIATL OCHOBHBIC TCXHOJOI'MYCCKUC
mapamMeTphbIl 00BEeKTa U HX INpUCMIICMBIC JHAIla30Hbl HW3MCHCHMUA. HOHy‘IeHHLIC
AHAIIUTUYCCKUC PCUICHUA MOI[GJILHOﬁ 3ala4Yi MOXXHO HMCIIOJIB30BaTh AJIA OIPCACIICHHUA
OCHOBHBIX mapamMcTpoOB O6paTHOI7I 3aJa4uu (I)I/IJIBTpOBaHI/IH, a TaKKE JI1d
JOoKa3aTCJIbCTBa aACKBAaTHOCTU pa3pa6OTaHHBIX MAaTEMaTHYCCKUX MOI[GJICﬁ mponecca
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CUCTEMHBINA AHAJIN3 TPOU3BOJACTBEHHBIX CUCTEM C
PEHHUKJIOM MATEPHAJIBHBIX IOTOKOB

M.M. ®o3u10Ba

Mopauii oOKUMJIAPH PeLMKJIN UILIA0 YMKAPULI CHCTEMAJAPUHHI
TH3UMJIH TAXJIHJLJIAIT

Penukimm TeXHOJIOTHK TU3UMJIAp CaMapaJoOpJIMTMHA OINUPHUIIT YYYH THU3UMIIN TaXJIMJ HYKTau HazapuJaaH
acoCui euuaaaurux Macajiajap Ba yJapHH €YU CTPATCTUACU aHUKJIaH AU,

M.M. Fazilova
System analyses of technological system with recycle of material stream

From the point of systemic analyses to increase efficiency of technological system with recycle
we obtain main tusks and strategy of their solutions.

CoBpemennble mnpousBoacTBeHHble cuctembl (IIC) mnpencraBisioT coboit
COBOKYITHOCTb TEXHOJIOTMUYECKUX alnaparoB, TexHonorudeckux cucreM (TC) u cucrem
oOecrieyeHuss UX (YHKIMOHUPOBAHUS B ABTOMAaTHYECKOM M aBTOMATHU3MPOBAHHOM
peXuMe B TeUEHME 3a/laHHOro MHTepBana BpemeHu. B nenom IIC coctout u3 odwvekra
ynpasienus, T.e. TC u cuctem ynpasienus (CY). KauectBo pynkumonupoBanus TC
OLICHMBAETCS CTENEHbIO IMPUCIOCOOJEHUSI CHCTEMbl K BBIIOJHEHHUIO IOCTaBICHHbBIX
nepea Hew 3aaad. BpiGop mnokaszarens 3(QQEKTUBHOCTH SIBJISAETCS 3aKIHOUYUTEIbHOM
cramueir  gopmynupoBku nenmd ¢yaknouoHupoanus TC. YrtoObl moKazarenb
3¢ (EeKTUBHOCTH JOCTATOYHO MOJHO XapaKTepPHU30Bal KadyecTBO (YHKIMOHUPOBAHUS
TC, HeoOXOIMMO YYMUTHIBATH BCE OCHOBHBIE OCOOCHHOCTH W CBOICTBAa CHCTEMBI,
yciaoBUS  (PYHKIMOHUPOBaHMS B 3aBUCHUMOCTH OT BHYTPEHHMX M  BHELIHMX
BO3MYIIAIOIINX BO3JECHCTBUI.

Ha mnpaktuke c¢ nosumuum cucremHoro ananusza [IC mpencraBisiercs Kak
HEKOTOPBI HEJENMMBINA KOMIUIEKC ¢ 001Ieil 1enbio. B ¢BsA3u ¢ 3TUM paccMaTpuBaroTCs
pa3IUYHbIE BONPOCHI, CBSI3aHHBIE C B3aUMOJIEHCTBHEM OTAEIBHBIX TEXHOJOTMYECKUX
IPOILIECCOB U OLIEHKO MapaMeTpoB UX (PYHKLIMOHUPOBAHMUS.

YnopsinoueHHas MOCIIE10BATENbHOCTh TEXHOJOTHYECKHUX IIPOLIECCOB
IPOM3BOJICTBA OJHOTO JIMOO HECKOJIBKUX LIEJEBBIX MM MPOMEXKYTOUHBIX MPOIYKTOB U
MHOKECTBO  TEXHOJIOTMYECKMX  amlapaToB C CHCTEMOH  MaTepUalbHBIX H
HHEPreTUYECKUX CBSI3€H MEXly HUMHU, HEOOXOJMMOE M IOCTaTOYHOE JIJIsl IPOU3BOJICTBA
LIEJIEBBIX MPOYKTOB, 00Pa3yIOT TEXHOJIOTHYECKYIO CUCTEMY.

TunoBast TexHOJOrMYyeckass cxemMa TOJOOHBIX IPOU3BOACTB B OCHOBHOM
COCTOMT M3 CTaJAWi MOATOTOBKHU CBIPbS, CHUHTE3a IEJIEBOIO MPOIYKTa U BbIIEICHUS
npoxaykra (puc. 1).

[MoaroToBKa Cunres Beinenenue
» CBIPbSA > ICJICBOIO > TPOAYKTA >
Coipbé MpoIyKTa [TponyxT

Puc.1. TunoBas cxemMa TEXHOIOTHUYECKOH CUCTEMBI

[IpakTueckn  Bce  CTaguu  TPEACTaBISAIOT  COOOW  COBOKYHMHOCTH
TEXHOJIOTUYECKUX MPOIIECCOB, B KOTOPHIX MCXOJHOE CBhIphE MpETepIieBaeT IIyOoKue
IPEBPALLCHNs], COIMPOBOKAAIOIIUECS U3MEHEHHEM arperatHoro COCTOSIHUSA,
BHYTPEHHEN CTPYKTYpPBI U COCTAaBa BELIECTB.
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Hapsiny ¢ OCHOBHBIMH, TaKH€ MHOTOYHCIICHHBIE MTPOIIECCH] KaK MEePEMEIINBAHNE
KHUJIKOCTEW M TBEPJAbIX MAaTEpPHUAIOB, HATPEBAHUE U OXJIAXK/ICHUE BELIECTB, pa3/elicHHE
KHUJIKUX U HEOJHOPOIHBIX I'a30BBIX cMeceil M T.J. (pUC. 2) ONPeaensoT BO3MOKHOCTh
OCYILIECTBIICHHS POU3BOACTBA U €r0 dPPEKTUBHOCTD.

/

I I Il
Puc.2. Oneparopnas cxema TC ¢ penukiom:

\ 4
Y

v
v

| — cmewenust; |l — npespamenus; |l —pa3genenus
B pa3IMYHbIX OTpacisax XUMHUYECKOH, He(TEeXUMHUYECKO,
MHUKPOOHOJIOTMYECKOH, OMOXMMHIYECKOH, MULIEBOMH, (hapmarneBTHIECKOM

MPOMBINIJICHHOCTH Bce OoJjiee MIMPOKOE MPUMEHEHHE HapsAay C HENpepbIBHBIMU U
nepuoANYecKUMH  mpoueccamMu Haxoaar TC ¢ peuukioM MarepualbHbIX U
SHEPreTUYECKUX MOTOKOB. PelMKkiInyeckass TEXHOJOTHYECKasl CBA3b MPEAyCMaTpUBAET
MHOTOKpPaTHOE BO3BpAIllEHUE B OJAUH M TOT K€ 3JEMEHT CHCTEMbl TEXHOJOTMYECKUX
NOTOKOB pearupyromux KomrmoHeHToB [1]. TC ¢ penukioM OObIYHO HMMEIOT
cnenu(UYeckre KOHTYPHl YIPABJICHHUS,  BJOJIb KOTOPBIX IHMPKYJIUPYIOT TOTOKH
OCBEJIOMUTENbHON u ympasisomeid uHbopManuu mexnay ammaparamu 1TC u CVY.
Paznuuator HeynpaBiisieMble U yIpaBisieMble PELIEPKYJINPYEMbIE TOTOKH.

Hanuuue B T1C pennkiia no3BosisieT cieayroiee [2]:

® MAaKCHMaJbHO HCIOJIb30BaTh NOTEHLHUAIbHbIE BO3MOXKHOCTH MaTe€pHaJIbHBIX
MOTOKOB, HEMPOPEarupoBaBIlee ChIphe U MOOOYHBIE MPOTYKTHI,

® VIIPABJISITH CKOPOCTBIO IIPOLIECCA CBEXKETO ChIPbSI M BBIXOJOM II€JIEBOTO
IPOAYKTA,

e OoJiee MOJIHO MCNOJIb30BaTh MPOU3BOICTBEHHBIE MOIIIHOCTH aNlapaTos;

® TI0JIHEE UCII0JIb30BATh ChIPhEBBIE PECYPCHI;

® 5KOHOMMTb UCXOJIHbIE BEIIECTBA U MOBBIIATH 3()(HPEKTUBHOCTH MpOLIECcCa.

Jlnst cucteMHoro uccienoBanus mpouecca GpynknuonupoBanus TC ¢ perukiom
HEO0OXOIUMO PEIINTh:

- 3aJady aHajM3a, COCTOSAILIYI0O W3 M3Y4YEeHHUS CBOUCTB M 3((HEKTUBHOCTH
¢yuknuonupoBanus TC B 3aBUCHMOCTH OT CTPYKTYPbl TEXHOJIOTMYECKUX CBS3EH
MEXy arrnapaTaMy U TEXHOJIOTUYECKUMU apaMeTPaMH;

- 3a7]auy CHHTE3a, 3aKJI0YalOUIylocs B BBIOOpE CTPYKTYPhl TEXHOJOTHYECKHX
CBsA3€H, 3HAYCHWI NapaMeTpPOB CUCTEMBI M NApaMETPOB TEXHOJIOTMYECKHX PEXHUMOB
anmapaTroB, MCXOJd U3 3aJaHHBIX CBOWCTB W ToKazaTened 3(P(EeKTUBHOCTU
(GYHKIIMOHUPOBAHHUS.

Jis uccnenoBaHust CBOMCTB W myTeil moBbimieHust 3ddextuBHoctu TC ¢
PELMKIOM MOXXHO NMPUMEHUTh OJMH U3 CIOCOOOB - 00pabOTKH 3KCIEPUMEHTATbHBIX
JAHHBIX, MOJTYYEHHBIX HETIOCPEICTBEHHO U3 OOBbEKTa YIPABICHUS UM KOMIIBIOTEPHBIM
MOJIEJTMPOBAaHUEM.

KommblorepHoe MoneaupoBaHue HUCHOIb3YETCS JUIsL  TIPOTHO3UPOBAHUS
BIMSHUS W3MEHEHUs YCIOBUH, CXEM COEQUHEHMs M HIPOU3BOJUTEIBHOCTH Ha
3¢ PEeKTUBHOCT (YHKIIMOHUPOBAHUS CHUCTEMBI COTJIACHO C(OPMYIHPOBAHHOW IIEIH,
OBICTPOrO COCTAaBJICHUSI MAaTEPHAJIBHOIO M SHEPreTUYECKOro OajaHCOB, ONTHUMHU3ALUU
npouecca yriayOneHus 3HaHuM o moBefeHuM TC, COBEpUICHCTBOBAHMS YIpaBIEHUS,
HAXOXJCHUS M YCTPAaHEHUs «Y3KHMX MECT» MpPOU3BOJACTBA, a TaKXkKe Uil O0ydeHus
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OTIepaTOPOB-TEXHOJOTOB. [10JOOHBIMU MCCIIEIOBAaHUSAMH MOKHO BBISIBUTH, HACKOJIBKO
qyBCTBHUTEJIbHBI PE3yJbTaThl pACUETOB K M3MEHEHHUSM BapbUPYEMBIX I1apaMETPOB.

KommproTepHOe MOIeTUpOBaHUE MTO3BOJISACT:

® OIIPENICNIUTh CTPATETHUI0 PEIHICHUS 3aJad C PEHUKIOM HPUMEHHUTEIBHO K
peaJbHBIM  TEXHOJOTHYECKUM CHUCTEMaM IMPU CTOJIKHOBEHHH C TPYJOEMKHUMH
PEKYPPEHTHBIMA UM TIOBTOPSIOIIMMUCS BBIYMCICHUSMH, BBI3BAHHBIMH pEIUKIAMHU
MaTepHaIbHBIX U YHEPTETHUECKUX MTOTOKOB,;

® IPUMEHSATH PA3BUTHIC MPHHLUIBI X METOJBI K JAPYTUM HOJOOHBIM OOBEKTaM
yIIpaBJIeHUS U porpammam npoektuposanus TC;

® OTHICKMBATh HambOosiee OJArONPUATHBIE YCIOBUS JUIS (YHKIHMOHUPOBAHHS
nporecca C LeJbIo MOBBIIICHUS ero 3 (eKTuBHOCTH.

OnHaKo penMKIBbl CO3/1AI0T AONOIHUTEIbHBIE TPYAHOCTH MPU KOMIBIOTEPHOM
MojenupoBaHuu. HeoOXonumbl ompeneneHHble CPeiCTBA, YTOOBI OCBOOOIUTBHCS OT
MHO>KECTBA TIOBTOPSIOLIMXCS IIUKJIOB BBIYMCICHHH. DTO CPEACTBA JODKHBI COUETATh B
ce0e COBpEeMEHHYIO KOMIIBIOTEPHYIO TEXHUKY C METOIaMU 00paboTKH HH(pOpMAITHIH.

CucTeMHbII aHanu3 npu aHanau3e U pacuere npoueccos TC peanusyercs B BUJE
MOYJIFHOTO MPHHIIMIIA, T.€. CIIOKHBIE IPOLIECCHl PACCMATPUBAIOTCS KAK COCTOSIIHIE W3
MOJyJIeH, KaXIblii U3 KOTOPHIX MMEET CBOE MAaTEeMaTHYECKOE OMHMCaHHE U KOTOpHIC,
00BeANHSISICh, O0Pa3ylOT CIOKHBIM IPOLECC, ONMCHIBAEMBbI 3aMKHYTOW CHCTEMOM
ypaBHeHuid. Cnenyer umerb B Buay, uro B TC mepuoauueckoro aedcTBus Habop
TUIIOBBIX TIPOIIECCOB, OOPa3yIOMIMX CIIOKHBIA TPOIECC B pPasHOE BpEMs, MOXKET
cyliecTBeHHO pasznuyarbesi. OcoOeHHOCTh OonbmmHCTBA TC COCTOMT B CIOXKHOCTH
(dopMHpOBaHUS UX MOJHOTO MAaTEMaTHYECKOTO OMHMCAHUS B BUJE 3aMKHYTOH CHCTEMBI
yYpaBHEHU, BbIpaarouield (yHAaMEHTaNbHbIE 3aKOHBL [IpuuMHA 3aKiIroyaeTcss B
OTCYTCTBUH JIOCTATOYHON HH(OpMAIMK O mporeccax, TPYA0EMKOCTH (HOPMHUPOBAHHS
MOJIETH U MCHTU(HKALMK €€ TapaMeTpOB, B MaJOM XH3HEHHOM LIUKJIE IPOYKTOB.

Lenb GyHKIMOHUPOBAHUS MOKHO BBIPA3UTh B BUJIC KPUTEPHS YIIPABICHUS

J=f(1, K, I1,X,Y,U) J(U) =extr.

3mech X —MHOXKECTBO BXOAHBIX TapameTpoB; X C X - 001acTh JOMYCTHMBIX
3HaueHuit; Y —MHOXKECTBO BBIXOJHBIX TapameTpoB;, Y C Y - 001acTh JTOCTHRKUMBIX

sgauenuit; U - orpanudenns Ha ynpaBieHHe, COCTOSIEE W3 TEXHOJOTHYECKHUX,
SKOHOMHUYECKHX M dKojorudeckux U = {UT,U 5,U BK};H — CTOMMOCTb yIIPaBJIEHHUS;

K —xauectBo BBITTyCKaeMo# mpoaykiuu; [1 — mpon3BoacTBEHHOCTD.
MHO0XeCTBO MATEMATHYECKUX OIUCAHUNA

M ={M;,M;,M, 1,
rac M TO ™ MOJICIIN TCXHOJIOTMYCCKUX onepaunﬁ; M T~ MOJICIN TCXHOJIOTMYCCKUX
npoueccos; M yy - MOJIIETH YIPABJISIOMIIX YCTPOMCTB, COCTOSIIIINAE U3
Myy:{M()’Mn’M MZLM’MTK}’

M = - COOTBeTCTBEHHO MozeNb Jardmka, IpeoOpa3oBaTels,

uy !

e M, M /M

HU3MCPUTCIIBHBIX yCTpOﬁCTB, HUCIIOJITHUTCIBbHOI'O MCXaHUu3Ma, M Te ™ MOACIHN

uy !

TEXHOJIOTHYECKON B3aUMOCBSI3H, T.€. MOJIEIH PELHKIIA.

Nmest Mosienn OTAEIbHBIX ONEpaliid U TPOLIECCOB, UCTIOJb3Ys OJUH U3 METOJ0B
MO/JICIIMPOBAHUSI CIIOKHBIX cUCTeM [3], MOKHO CHHTE3upoBaTh MONHYIO MoJeib TC u
IIC B nemomMm.
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Cnenuduyeckue ocod0eHHOCTH M cBoiicTBa TC ¢ pEenuKIOM HE IMO3BOJISIOT
IPOCTO TNPUHUMATh TOTOBBIE MOJENM HM3BECTHBIX CHCTEM, a TpeOyIoT pa3paboTKu
KOHKPETHBIX BapHAHTOB U MPAKTUYECKOTO MPUMEHEHHUs JIJIsl pacCMaTpUBaEMOro Kjacca
00BEKTOB YIIPABJICHUS.

AJropUTM YIpaBJICHUS TPEICTAaBISIET COOOM MOCIEN0BATEIbHOCTh pPEUICHU,
OTHCBHIBAEMBIX KaK (PyHKIIUS

A, :{Abnipbc’%c'pbmlprchgy}-

3nech Aoy - aIroput™ 00paboTkH HH(POpPMAIINH;
Aoc - QITOPUTM OLIEHKH COCTOSIHUS;
Aqc - aIrOpUTM MPOTHO3UPOBAHUS COCTOSIHUS,
Aorn - QIITOPUTM ONTUMHU3ALUU TEXHOJIOTUYECKOTO MPOIIecca;
Aorc - anroputm ontumuzanuu TC;

Agy -aJI'OPUTM BBIYMCIIEHHS YIPABJIAIONINX BO3EHCTBUH.

TC ¢ peuukioM TpeACTaBIAIOT COOOH CTPYKTYpHO- M (YHKIIMOHAIBHO-
CJIO)KHYIO CHUCTEMY, KOTOPOH MNPUCYIIM MPAKTUYECKH BCE OOLIECHCTEMHBIE CBOMICTBA:
CJI0KHOCTD, IPENIONPEIEICHHOCTb, YIPaBISIEMOCTb, YCTOMYUBOCTh, BBIYUCIUMOCTD U
T.A. OTU U Jpyrue BOIPOChl TPeOYIOT CBOEro peleHHs Npu (GOPMHPOBAHUU KaxI0TO
3JIEMEHTA B ONMCAHUU METOJ]a CUHTE3a CUCTEM YIIPABJICHUS.

TexHonmoruueckyro  cucreMy € TOYKM  3PEHUS  JIOCTMDKEHUS — LENU
(GYHKIMOHUPOBAHUS MOXKHO MPEJICTABUTD B BUJIE CIIEAYIOIEH (QyHKINN:

M, =p(J,M,AU).

JlaHHas QyHKIUS XapaKTepu3yeT METO]l CHHTE3a allTOPUTMOB YIIPaBJICHUS.

OyukunonupoBanue CY TC c peuukiiom, nmpelHa3HadyeHHBIM JUIsl BblIOOpa U
HOJ/IepP)KaHUST CTA0MIIBHBIX TEXHOJOIMUYECKUX PEKUMOB 00ECHEUEHUs ONTUMAJILHOTO
TEXHOJIOTUYECKOTO Tpoliecca, 00yCIOBINBAET HEOOXOMMOCTh ONTHMAIBHOTO BBIOOpA
TEXHUYECKUX CPEJCTB U AITOPUTMOB ympaBieHus. [y pemeHus (yHKIMOHAIbHBIX
3ana4 ynpasieHuss TC ¢ penukioM HeoOXOIUMO COOTBETCTBYIOIIEE MaTeMaTHUECKOe
o0ecrieyeHre, KOTOpOe MpeCTaBIsAeT co00 COBOKYITHOCTh MaTeMaTHYECKUX METOJIOB,
MOJIEJIEN U aJITOPUTMOB.

Takum  oOpazom, moBblieHue  dpdextuBHocTH  CY  3aBUCHT  OT
MaTeMaTUYecKoro obecreueHusi, OT €€ alrOpUTMHUYECKON CTPYKTYpbl, KOTOpOil
OTpeieNsIeTCsl TOYHOCTh YIPaBJIEHHs MO KaKJOMY KOHTPOJIUPYEMOMY Mapamerpy, U OT
TEXHUUYECKUX CPECTB, PEAU3YIOLINX YIPABISIOLINE BO3IEHCTBUS.
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PET'YJUPYEMBIH JIEKTPOIIPUBOJ] KOHBEMEPHBIX
YCTAHOBOK U AJITOPUTM UX BbIBOPA

T.C. Kamanos, O.3. Toupos, JIL.U. CaiidpyinaeBa

Kongeiiepan KypuiMaJIapHHHT 0OLIKAPUIIYBYH 3JIEKTP IOPUTMAIAPH
Ba YJAPHH TAHJANI AJITOPUTMH

Maxkonafga TacMaid KOHBEHepian  KypWiIMaJapHHHT 4YacTOTaBHH OONIKApHUIYBYUH JIIEKTP
IOpUTMaNapuaaf (oianaHum Macaiajapy Ba yIapHU TaHJIAII aITOPUTMHU KYpUO YHKHUITaH.

T.C. Kamalov, O.Z. Toirov, L.I.Sayfullaeva
The adjustable electric drive of conveyor installations and algorithm of their choice
Questions of use of frequency-adjustable electric drives of tape conveyor installations and

algorithm of their choice are considered.
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Cpenu CymiecTBYIOIIMX Pa3HOOOPA3HBIX KOHCTPYKIMH KOHBEHWEPOB, LIMPOKO
IPUMEHSEMbIX B PA3JIMYHBIX OTPACiAX IPOMBIIIJIEHHOCTH, B YaCTHOCTH B TI'OPHO-
pyAHOH, Haubosee pacHpOCTPaHEHbI JICHTOUYHbIE C HCIOJIb30BAHUEM YHU(UIIMPOBAH-
HBIX KaK OJHONPUBOJHBIX, TaK U JBYXIPUBOIHBIX AIIEKTPONPUBOIOB OapabaHOB,
PacIoI0KEHHBIX B TOJIOBHOM U XBOCTOBOM 4acTAX KOHBEHEPA.

B kauecTBe »3yEKTpONpPUBOAA KOHBEHWEPOB HCIIONB3YIOTCS AaCHUHXPOHHbBIE
KOPOTKO 3aMKHYTbl€ M aCHHXPOHHBIE C (pa3HbIM poTOpoM 3iekrpoasurarenu (AJl).
Yacto mpPOU3BOACTBEHHBI TEXHOJOTMYECKUN Tpouecc oOCIyXHBaeT Tpymnmna
KOHBEHepoB, 0ObEAMHEHHBIX B €IMHYIO NOTOYHO-TPAHCIOPTHYIO cucrteMy. Ilpu stom
JBIDKEHUE TSAHYIIMX OPraHOB KOHBEHEpPOB JOJDKHO OBITH CTPOTO COTJIACOBAHHBIM, B
IIPOTUBHOM CJIy4ae MOXET BO3HUKHYTh HapyLUICHUE TEXHOJIOTHYECKOr0 IIpoLecca.

OCHOBHbBIE 2JIEMEHTHI  KOHBEHEPOB — JIEHTA, POJUKU M DBIEKTPOIPHUBOL.
[Tocnenuuii SBISIETCA CUIJIOBBIM — DJIEMEHTOM, KOTOPBIM OIPENENSET 3HEPrOEMKOCTb
TPAHCIIOPTHOTO KOHBelepa. Hamm wuccienoBanus mo KoHBeiiepam, paboTarolmuM B
TOPHO-PYIHON MPOMBILUIEHHOCTH, TOKAa3bIBAIOT, YTO JABHUraTead B paboueM pexume
4acTo HE JOTPYXKeHbl U Kod(ummeHT 3arpy3ku ux Haxogutcs B npeaenax 0.36 — 0.7,
U3-32 TOTO, YTO OHU BBIOpPAaHBI MO IMYCKOBBIM XapaKTEPUCTHKAM. OTO MOBBIIIAET
YIAEIbHYIO HOPMY pacxoja MIEKTPUYECKOW 3HEPIMM Ha €IMHHUIY TPAHCIOPTUPYEMOIO
rpy3a. W3yuenuto pexuma paOOTbl KOHBEMEpPOB H MX DJIEMEHTOB, BKJIIOYas
CTaTUYECKHE, MHAMMYECKHE PEKUMBbI pabOThl KOHBEHEpPOB, a Takxke BHIOOp HX
3JIEMEHTOB, MOCBsLIeH psg pador [1-8].  OmHako 3T BOIPOCHI PacCMOTpPEHBI, B
OCHOBHOM IIpM HCIIOJIb30BAaHUU HEPETYIUPYEMBIX JJIEKTPOIIPUBOIOB KOHBEWEPOB.
Mexny TeM HEKOTOpbIE aBTOPbI MOJHUMAJIA BOIIPOCHI MCIIOIb30BAHUS PETYIUPYEMBIX
3JIEKTPOIIPUBOJOB, HO U3-3a OTCYTCTBHSI HAJIEXKHBIX YCTPONCTB peryauposanus Ha 0.4 u
6 kB He moy4mn NpakTUUeCKOW peaan3aini.

OCOOEHHOCTh CTATUYECKMX M JUHAMUYECKHUX PEXKUMOB 3JIEKTPOIPUBOIOB
COCTOMT B TOM, YTO MEXaHHWYeCKasl YacTb KOHBEHEPOB MPEICTABIISAET COOONH CUCTEMY C
pacnpeeIeHHbIMH [TapaMeTpaMu 110 JJIMHE: MacCOM MEePEMEIIAEMOro Irpy3a, MacCol U
VIOPYTOCTHIO TSITOBOTO OpraHa, YCHJIMEM CTaTHUYECKOTro conpoTuBieHus. Hamuuume
YIPYTrUX MEXaHHUYECKUX CBsI3eH CIIOCOOCTBYET BO3HMKHOBEHHIO KOJeOaHWi, KOTOphIE
CYILIECTBEHHO YBEJIIMYUBAIOT JUHAMUUYECKHE HATPY3KU Ha 3JIEKTPOIIPUBOI.

C ydeToM cTaTMYECKUX U JUHAMUYECKHX PEKUMOB pabOTHI 3JIEKTPONPHUBOAA
KOHBEHEpOB  cPOpMYIMpOBaHbl  cleAyrolue TpeOoBaHUS K  pErylIupyeMoMmy
3IIEKTPOINPHUBO/Y Ha OCHOBE pekoMeHaarmii [ 1-7]:

1. MOmHOCTB AJIEKTPONPUBOA KOHBEWEpa JOJKHA COOTBETCTBOBATh PACYETHOU
CTaTMYECKON HAarpy3ske M 3aJaHHOW CKOpPOCTH [BMKEHHS KOHBeWepa I TSKEIbIX
KOHBEHEPOB C yU4E€TOM JIMHAMUYECKOTO YCHJIMS M3-3a OOJBIION Macchl MOCTYHAaTEIbHO
JBUKYIIUXCS SJIEMEHTOB.

2. DIeKTponpuBOj JOJHKEH OCYUIECTBIATH MYCK KOHBEiiepa B JBE CTYNEHH:
TpPOraHMsl C MeCTa M pa3rOHa BCEX JBIKYILIMXCS Macc /10 3aJaHHOW (HOMMHAJIbHOMW)
CKOPOCTH, 33JJaHHBIM YCKOPEHHEM, IpU KOTOPOM BpeMs IMycKa KoHBeiepa B 5-10 pa3
Oonbllle BpPEeMEHU pPACIPOCTPAHEHHs JAWHAMHYECKOTO HMMITyJbCa, T.€. BPEMEHHU
M3MEHEHHUs HaTsHKEHUS JICHTHI TI0 BCEMY KOHTYPY Tpacchl KOHBeHepa.

3. DAeKTpONnpuBOJ JOKEH 00ECIeYnTh MPH MyCKe KOHBEHEepoB YCKOpEHHUE B
npenenmax j = 0.1 — 0.2 m/c?, 9TO0 NOMKHO GBITH OOECIIEYEHO COOTBETCTBYFOIICH
IporpaMMoil  (aJaropuTMOM) CHCTEMOW YHpaBICHUS YCTPOWCTBOM PpETrYIHPYEMOTO
AIIEKTPONPUBOJIA.

4. TopmoxeHHE 3IIEKTPOABUraTeNsl KOHBEHEpAa AODKHO OCYHIECTBIATHCSA IO
HAKJIOHHBIM Y4YaCTKaM, BbIIEPKUBasl yCIIOBUE
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O 2N =D W,

rac qmaxzh_ COCTaBJIAOIIAss CHUJIbl TAXCECTH HAKJIOHHBIX Y4YaCTKOB KOHBeﬁepa IIpu

HauOobIIel 3arpyske, H; ZW - CONMPOTUBIICHUE JIB)KEHUIO JICHTHI HA BCEX Y4acTKax

KoHBerepa, H.

[Ipu omnpeneneHMH MOUIHOCTH 3JEKTPOIPUBOJIA KOHBEMEpA ONpPEACIISIOIIUMU
SIBJISIIOTCSI TSATOBOE YCHJIME KOHBEWepa W CKOPOCTb JBHMXKEHHUs JieHTHI, T.e. N = ¢(p,V).
Bce mapamerpsl, BXoasiue B TaroBoe ycuiue P= ¢ (,q,q0, L., qi,H, mg, mz, ma, ma, ms),
BBIOMPAIOTCS IO CIIPABOYHBIM JIaHHBIM B 3aBHCUMOCTH OT JUIMHBI KOHBEHepa, BHICOTHI
noJgbeMa TIpy3a, KOHCTPYKTHUBHBIX MPU3HAKOB, IMOTOJHBIX YCIOBUA U JIPYrHX
[apaMeTpoOB.

Bpewmst mycka xoHBeiiepa Mo BBIOPAaHHON MOIIHOCTH ABUTATENS UIS 33JaHHBIX
CTyIICHEW MycKa KOHBeWepa

_ (GDz)knsg
" 375(M,. —M, )k,

rae N, — 3aJaHHas CKOPOCTh (HOMHUHANbHAas) KaKIOW CTYNEHM IyCKa KOHBelepa,
00/MuH; M, — CpeAHWI MYCKOBOH MOMEHT Jnekrpoasurarens, H-wm; Ky -—
KOO(QQUIMEHT, YYUTHIBAIOIIMK YNpPyroe Y/UIMHEHHWE JICHTH, OOecreunBaromee
HEOJJHOBPEMEHHOCTh MPHUBEIEHUS] MacC KOHBelepa B JIBUKEHUE (Ul PE3MHOTKaHEBbBIX
aent ky =0.7 + 0.8, s pesunotpocoBbix - Ky =0.9 + 1).

PacuetHoe Bpemss 1nycka JIOJDKHO  YJIOBJIETBOPATh  TPeOOBaHUSAM K
peryimpyemMomMy 3J€KTPOIPUBOLY ITYHKTA 2.

OCHOBHBIM 3BEHOM IIpU OIIpPENEICHUU YCKOPEHUS IpU IIycKe KOHBelepa
ABJIIETCS CHCTEMa yIpaBiIeHUS NpeoOpa3oBaTelieM YacTOThl, KOTOPHIA JIOJKEH
3ajjaBaTh IIAr JAUCKPETU3aLMU TMPUPAIICHUs 4YacTOThl BO BPEMEHHM IyTeM BbIOOpa
3aKOHA YCKOPEHUsI M 3aMEJJICHHS DJIEKTPOIIPUBOAa KoHBekepa [9].

UccnenoBanuss  mokasplBaloT  3()PEKTUBHOCTH  MPUMEHEHUS  MPHUBOJIOB
JEHTOYHBIX KOHBEHEPOB C pEerylupyeMod CKOpOCTbIO Ha 0a3e YacTOTHBIX
npeoOpa3zoBarenel ¢ KOPOTKO3aMKHYTBHIM AaCHHXPOHHBIM AJIEKTPOJABHUraTeIeM U
ACUHXPOHHO-BEHTWJIbHBIM KacKaJioM C aCMHXPOHHBIM JABHMrateieM (a3HbIM POTOPOM
[9,10].

Hamu  paccmaTpuBaeTcst  3JE€KTPONPHBOJ,  KOHBEHEPOB C  YAacCTOTHBIM
yhnpaBjieHUEM, KakK Haubosiee MNEepCHeKTUBHBIM M A(PQEKTUBHBIN, MO3BOJSIOIUI
KOMIIJIEKCHO YIIPABJIATH AJIEKTPOIPHUBOIOM KOHBEHEpa B CTATHYECKUX M TMHAMHYECKUX
peXHUMax, YIOBIETBOPSAIOIINM COBPEMEHHBIM TPEOOBaHUSAM pabOTHl KOHBEHEPOB.

C yueroM TpeOOBaHUI COCTaBIIEH QJrOpUTM BbIOOpa  BJIEKTPONPUBOAA
KOHBEHEPHBIX YCTAaHOBOK WU MpeoOpa3oBaTesissi YacTOThl C BBIOOPOM €ro 3akoHa
yrpaBiieHus (YCKOpeHHUs1) (PUCYHOK).
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BBoa MCXOAHBIX JaHHBIX:
Q, 1; v, M/c; w; L, Loy, m; H, m;
mai, mo.. ma.. Ma,, Ms

Omnpenenennie k03 dHUIMEHTA ©,
YUUTBIBAIOIIETO YCIOBHS PabOTHI
KOHBelepa, 10 CIIPaBOYHBIM JJAHHBIM

y
Ornpenenenne 3HaueHUH (], (1 — TOTOHHOM
Macchl MaTepuaa Ha JeHTe, Ke/M;

~ Q-1000,

36000

Q - IPOU3BOIUTEIILHOCTD JICHTOYHOTO
KOHBeliepa, T/4;

L - CKOPOCTb JICHTHI, M/C.

q=m,

Onpenenenve  3Ha4eHHsT  (o—  I[OTOHHOM  Macchl
JBIDKYIIMXCST 4YacTell KoHBeilepa (POJIMKOB M JIEHTHI)
(xr/m) ipu B, -IIMpUHE JICHTHI
Jlns psnosoro rpysa B:> 2a, + 200 mm.
JI71st copTupoBaHHOTO Tpy3a B> 3.3ac + 200 mm;
a - pasMep TUIIUYHOTO KYyCKa, MM.

Jo BbIOMpaeTcs MO CIPABOYHBIM JaHHBIM B

3aBUMCUMOCTH OT IUMPUHBI JIEHTHI B,

|
Be16op m1 m2 mz mg ms -
K03 () PHUITMEHTOB, YIUTHIBAIOIITUX
KOHCTPYKTHBHBIC TTPU3HAKKM KOHBEHepa
10 CIIPABOYHBIM JJAHHBIM

Onpenenenrie TArOBOro yCUiIus KOHBENEpa;
P=10[w(g+ Qo) L. £q:- Hl mimzamzmgy
Mms, w.
L. — ropu3oHTanbHas JJIMHA KOHBEWepa, v,
H -BricoTa noxsema rpysa, M;
3HAK + IIpU JBUKEHUH JICHTHI BBEPX;
3HAK — IIPU JBUKCHUU JICHTHI BHU3

A\ 4

Omnpenenenne o6mero KI1JI mpuBona

n=1n"M;,
17, - KIIJI mepenato4yHOro MexaHu3Ma BBIOMpPAETCs
13 CIPaBOYHHUKA;

s - KIIJI mpuBoaHOTO OapabaHa;




!

Omnpenenenne korpduimenTa,
YUUTBIBAIOIIETO TPEHUE U YTOJI 00XBaTa

fa
K e
¢ _fa !
e -1
e — OCHOBaHUE HaTypalbHBIX
jorapudmos;

f — koo uLHieHT TpeHUs, BEIOUpaeMbIi
IO CIIPAaBOYHBIM JIaHHBIM,;
0. — yroJj o0XBaTa IIIKUBa JICHTOM.

Omnpenenenrie yCTaHOBOYHOM MOLTHOCTH
AJIEKTPOIBUTATENS IPUBOJIA KOHBEEpa

N =k, P-v
n

em,

w

I
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Br10op aBurarens no karaaory
MOIITHOCTH

A 4
BBoa ncXoaHBIX JaHHBIX BEIOPAHHOTO

nsurarens (AJl):
P, xBt; ns, o06/mun; U, B; cos o;

I nycKk MMax M”yCK MML{H
I HOM MHO,’V[ MHO.M MHO,M
Nuow, %0; J, KT-M2,
t, — Bpems mmycka KOHBeiepa t,/t,>5 <
t, — BpeMsi pacripocTpaHeHHs
JTUHAMHYECKOTO UMITYJThCa
Omnpenenenue pac4yeTHOro kodddunrenTta

b:1=0.4+0.8

CONPOTHUBIICHUS  JIBUJKEHUIO  JIEHTBl MpPU  IYCKe
KOHBEWepa

Wi = Kic W,
rne  Koe= 1.2+1.5 — KOIpOUIHMEHT yBETUUCHHUS
CONMPOTHUBIICHUS (MEHbIIee 3HAUYEHUE MPUHUMAIOT MpPU
TeMIepaType oKkpysxarotiei cpeasl Boime 0°C, Goibiiee
— npu Temnepatype Huxke 0 ° C);
W — K03 (ULUUEHT COMPOTUBIEHUS JIBUKEHUIO JICHTHI
IpU YCTaHOBUBIIEMCS €€ JBW)KEHMM (I BEpXHEM
BETBH W =W, JUTSL HIDKHEH - W =Wy).

S e I

¢unueHT (MeHblIee 3Ha-
YeHUe NPUHUMAIOT IS
KOHBEHEPOB JUTUHOMN
oonee 300 M, Oonblee —
npu jpiauHe Menee 300
M); L — nmuumHa KOH-
Beliepa, M; € - OTHOCH-
TEJIbHOE YJIMHEHHE JICH-
TBI.

Pexkomennyercs mnpuHH-
math j=0.1+0.2 m/c?

j< Elz)\/

W, cos S +sin S

Her
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b>=0.4+08-
koaurmeHT
6e3omacuoctu; f2 =0.8 +

Her

1 — ko3 dunmeHT
TPEHUs TPpy3a O JICHTY;
[} — yros HakyIOHa
KOHBENepa, rpas.

jmax = Zg(fZ COSﬁ—Sin ﬂ)

a

Onpenenenue tamin - npu
PaBHOYCKOPEHHOM  JIBWKCHHH  JICHTHI
Ipyd IycKe KOHBEWepa MHHUMAalbHAs

A

MIPOJIOKUTENIBHOCTh (C) ITyCcKa

9

t =
J

nmin

A 4

Onpenenenne 3HaYeHUS] M- MOMEHT
CTaTUYECKUX CHUJI COMPOTUBJICHUS TIPHU
YCTAHOBUBIIIEMCSI ABUKCHUU KOHBeHepa,
MIPUBEJICHHBIN K BaJly 3JIEKTPOJABUTATEINS,
MIPU 3aIaHHOW MOIITHOCTH P:

M= 974- P

Cr
nH

\4

Onpenenenne 3Hauenus (GD?)k — MOMEHT MHEpIMH BCexX
JBWXKYIIMXCS YacTed KOHBEWEpa, NPUBEACHHBIA K Bally
nBUTATeNs (Kr-M2):
2 2
(GD?), = K, (GD?), +
3650v°n
+ 2221 @+2q)L+ (X m,, +3m,, + > m,)]
H

Ki=1.1+1.2 — ko3¢ dunmeHT npuBeACHUs BPAIIAIOLINXCS
JacTell MexaHu3Ma NPUBOJIA K poTopy asurarens; (GD?),-
MaxoBOW MOMEHT POTOpa 3IEKTPOABUTaTENs (MPUHUMAIOT
0 KATaIOry DIEKTPOABMIATENs), Kr'M2, M,,, M, , m,-

MacChl BpaIIAIOIINAXCSA qacTen COOTBETCTBEHHO
POJIMKOOTIOpP Ha BEPXHEW M HIKHEH BETBSX M OapabaHOB,
YCTaHOBJIEHHBIX Ha KOHBEHEpE, KT

l

47




Ornpenenenue JIMHEHHON CUIIBI TSKECTH
q.7 = m.7BJl

m, —Macca 1 M? JIGHTHI;

B, - mmpuHa neHThI

A 4

Onpenenenure BpeMeHH Ui 3aJJaHHBIX CTYIEHEN IMycKa KOHBelepa
I10 IIyCKOBBIM XaPaKTEPUCTUKAM DJIEKTPOABUTATENS IPUBOAA

_ (GD*)nyug
" 375(M,, —M, )k,

Ny — 3aJIaHHasE CKOPOCTh (HOMUHAIIbHAS) BPAIICHUS IBUTATENS JIIsI
KaOKJIOW CTYNEHU IycKa KOHBelepa, o0/MuH; M. — cpenHui
MyCKOBOH MOMEHT ainektpoxasurarens, H-m; Ky — koaddurmenr,
YUHUTBHIBAIOIIUN YOPYroe YyAJMHEHUE JEeHTHl, 00ecleynBarolee
HEOJIHOBPEMEHHOCTh TPUBEJICHUS Macc KOHBeWepa B JBUKEHUE
(st pe3auHoTKaHEeBBIX JeHT Ky =0.7 + 0.8; 11 pe3smHOTPOCOBBIX -
ky =0.9 + 1)

Het

Beibop miara  IHMCKpeTH3alMHM  TPUPAIICHUS
4acTOThl Af 1715 3aKOHA YCKOPEHUS U 3aMEIJICHUS
JIBUTATEIIEM:

TUHEHHBINA, S — 00pa3HbIii, U—00pa3Hblii
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[Tpu f = Af 2y onpenenenue Py
P, =+/3-U, -1 _-cose.

rIe |n =k-I k=1.0+1.5

Onpenenenune My

Ompenenenne TOoKa A/l  1mpum  Kaxzaom

AUCKPETHOM U3MCHCHHUH YaCTOThI YIIPABJICHHA Af
t t

| = Ic(l'eiﬂ) + € Th )

raie lc — ycraHoBuBIIEeCs 3HAUYCHHE TOKa,
COOTBETCTBYIOIIIEE JTaHHOM CTaTUYECKOU
Harpy3ke M. u dyactore; l... — HaganpHOE

3HAYEHHE TOKA MIPU ITyCKE

CpaBHeHue Her

Tokal ¢
3aJJaHHBIM |3

Onpenenenue
M=1(t)

\ 4

Bri6op npeobpazoBaTess 4acTOTHI
0 KaTaJIOTy
Ly 2 1o
|77 — TOK IpeoOpaszoBaTess YacTOTHI,
los — TOK nBUTaTENS
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YK 620.4
A.P. BACUKOB, T.I1. CAJINXOB, 3.H. TAPAEB

O KOJIMYECTBEHHOM OIEHKE YPOBHSI DHEPTETUYECKOM
BE3OITACHOCTHU CTPAHBI

A.P. Bacukos, T.II1. Canuxos, 3.H. I'apaeB
MaMJIaKATHUHT YHEPTeTHK XaB()PCH3IUK JapaKacHHH COHJIM faxosiam XaKuaa

Maxonaaa MaMJIaKaTHUHT SHEPIeTUK XaB(bCHSHHK JapaxaCuHU sSIroOHa UHTErpajl KypcaTKu4jiap
acocruga COHJIN 6ax0nam METOAUKACH TaKJ'H/I(i) KUJIMHTI'aH.

A.R. Vasikov, T.P. Salikhov, Z.N. Garaev
About a quantitative estimation of a level of power safety of the country

A method for quantitative estimation of a level of energy safety of the country on the basis of a
single, integrated indicator has been offered.
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HeykmoHHBI poCT MHPOBOW TMOTPEOHOCTH B DHEPrUU, BO3pACTaHUE €€
nedunuTa B MUPOBOM MaciuTade, CIeACTBUEM Yero SBISIOTCS MOCTOSHHOE TOBHIIICHHE
U 3HAYUTENbHBbIE KoJeOaHus 1eH Ha HeTh U Apyrue SHEProHOCUTEIH, BBI3BIBAIOT BCE
00bIIyI0 032004YE€HHOCTh TPABUTEIBCTB MHOTHUX CTPaH MHUpA, CMEHY BEKTOPOB HX
JOJTOCPOYHOU 3HepreTudyeckoil mnoauThku. Ha mepBele Mecta Bce HacTOWYHBee
BBIJIBUTAIOTCSL BOTIPOCHI 00ECHICUEHHsI SHEPreTUYECKOW OE30MacCHOCTH KaK Ha YpOBHE
OTJIENbHBIX CTPaH, TaK U Ha II100aJIbHOM YPOBHE.

Hanpumep, B DHepretuueckoil ctpareruun Poccum Ha nepuoxn no 2020 rona
3alMCaHoO, YTO CTPATETMYECKUMHU OPHEHTHUPAMH JOJITOCPOYHOH TrOCYyAapCTBEHHOM
HHEPreTUYECKON  TMOJUTHUKU  SBISIOTCS  DHEpPreTHYeckas M IKOJIOrMuYecKas
6e3omacHOCTh [1].

B Pecny6nuke benapyces npunsTa cnenmanbHas «KOHIENIHs dHEPreTHYECKOM
6e3onacHocty PecnyOnuku benapyck», yTBepxkacHHas YkazoMm Ilpesumenta ot 17
certsaops 2007 r. Ne 433, koropas mpemycMaTpuBaeT 12 MOPOTOBBIX 3HAYCHUN —
MoKa3aTesed, OT COOII0ICHUSI KOTOPBIX Oy/IeT 3aBUCETh dHEpreTHUecKas 0e30MacHOCTh
cTpaHsi [2].

Hammonanenast sHepretnueckas mnporpamma KeIprei3cTaHa — ompeaenuia
[JIABHBIM TIPHOPUTETOM JHEPTEeTHUECKOW CTpAaTeruy panuoHajgbHOe M 3(QeKTHBHOE
UCIOJIb30BaHUE MPUPOJHBIX TOIJIMBHO-OHEPIeTHUYECKUX PECYPCOB, HMEIOIIETOCS
TEXHUYECKOTO, HAYYHOTO M KaJpOBOrO IOTEHIHAJA TOIUIMBHO-YHEPI€TUYECKOTO
komiutekca (TOK) s obecrniedenus sHepreTHIeckoil 6e30macHOCTH cTpaHsl [ 3].

AHAJIOTUYHYIO 1LIeNTb, T.€. 00eCIeUeHNe YHEPreTUIECKON 0e301MacHOCTH CTPaHBI,
npecienyoT sHepreTuyeckue moautuku Smounuu [4, 5], Pecnyonuku Kopes [6, 7],
[Monbmm [8], ['py3un [9] 1 MHOTHX IPYTUX CTpaH.

He Menbiryto 03a004€HHOCTH BBI3BIBAET M BOMPOC OOECHEeUEHHUs TI00abHON
sHepretrueckoil OezomacHoctu [10-13]. B 3asBrnenuun G8 («rpymma BoceMb») O
NpUHIMIIAX TJ00anbHON 3HepreTudyeckoi Oe3omacHoctr (2006 T.) TOBOPHUTCS, YTO
rpyIia HaMepeHa YKPEIUIsTh TII00aJbHYI0 SHEPreTHYecKylo 0e30MacHOCTb, JCHCTBYS
0 CJIEAYIOIINM OCHOBHBIM HAMpPaBICHUIM:

® TOBBIIICHUE MPO3PAYHOCTH, IPEICKA3YEMOCTH U CTA0MIBHOCTH TII00ATBHBIX
OHEPreTHYECKUX PHIHKOB,;

e yIyYllIeHHE UHBECTHIIMOHHOTO KJIMMaTa B SHEPTeTHUECKOM CEKTOPE;

® [OBBIIIEHUE S3HEPT0I((HEKTUBHOCTH U SIHEPTOCOEPEKEHNUS;

e nuBepcU(UKAIUS BUIOB YHEPTUH;

e olecreueHue busnueckoit 0€30MacHOCTH KUZHEHHO BaKHOU
HHEPreTHUECKON HHPPACTPYKTYPHI;

® COKpaIIeHHE MaCIITa0OB DPHEPTETHUECKON OETHOCTH;

e pelieHHe NpobIeM U3MEHEHHsI KTMMaTa U yCTOHYNBOTO pa3BUTHSL.

[Ipu »o>TOM mTepeyeHb OCHOBHBIX HaMNpaBIEHUN YKpEIUIeHHs TI00albHOMI
DHEPTeTUYECKOW Oe30MacHOCTH He BCEr/Ia COBNANACT C HMHTEPECaMH OTAEITbHBIX
roCyJapcTB, 4TO BUAHO W3 TPAKTOBKH IOHATHS <«QHEprernyeckas O0e30MacHOCTb»
PAa3IMYHBIMH C JHEPreTUYECKON TOUYKH 3pEHHsI KAaTEerOpHsMH CTpaH: HMIIOPTEPOB,
IKCIIOPTEPOB, TpaH3UTepoB [14-16].

JI1st cTpaH-UMITIOPTEPOB ITO:

e o0ecrieyeHne HaJle)KHOCTH U HETTPEPBIBHOCTU TIOCTABOK SHEPIOPECYPCOB;

e cTa0WIn3aLus IeH Ha SHEPropecypchl Ha IPUEMIIEMOM YPOBHE;

® YJIOBJICTBOPEHUE MOCTOSHHO PACTYIIETO BHYTPEHHETO CIIPOCa;

e nuBepcH]UKaIMs UCTOYHUKOB U BUIOB SDHEPTOPECYPCOB;

® TIOBBIIIEHHE YHEProdIPPEKTUBHOCTH U SHEProcOepeKeHNE;
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e oOecrieueHre 0€30MMaCHOCTH YHEPTETUUECKOU HH(PPACTPYKTYPHI;

® pa3BUTHE UH(PPACTPYKTYPhI XPaHEHUsI SHEPTOPECYPCOB.

Jli1s cTpaH-3KCIOPTEPOB ITO:

e o0ecrieyeHne TapaHTUH  YCTOMYMBOrO COpoca Ha  OKCIOPTHPYEMbIE
HEPTOPECyPCHI;

e Hapalll¥BaHue JOOBIYM SHEPrOPECYPCOB;

IUBepCU(pUKALMS PHIHKOB SKCIIOPTA SHEPIOPECYPCOB;

MOJTyYeHHE MaKCUMaIbHOM MPUOBLTN OT 3KCIIOPTa PECYPCOB;

obecrieyeHre d6ecnepedOfHOr0 TPaH3UTa FIKCIIOPTHPYEMBIX SHEPTOPECYPCOB;
yIOBJIETBOPEHHUE TIOCTOSIHHO PACTYIIET0 BHYTPEHHETO CIPOCa;

® TIOBBIIIIEHUE YHEPrOdIPPEKTUBHOCTH U SHEProcOepeKeHNE;

e o0ecrieyeHne 6€30MaCHOCTH YHEPTETUUECKON HHPPACTPYKTYPHI.

JIns cTpaH-TpaH3UTEPOB ITO:

® [10Jy4EeHHE MAaKCUMaJIbHOM NPUOBLUIN OT TPaH3UTa SHEPTOPECYPCOB

¢ o0ecrieyeHne 6€30MaCHOCTH TPAaH3UTa SHEPTOPECYPCOB;

e o0ecrieyeHne 6€30MaCHOCTH YHEPTETUIECKON HHPPACTPYKTYPHI;

® YJOBJIETBOPEHUE TIOCTOSHHO PACTYIIETO BHYTPEHHETO CIIPOCa;

® TIOBBIIIIEHUE YHEPTOdPHEKTUBHOCTH U DHEPTOCOEPEKECHHUE.

Kpome Toro, ectp rpynmna cTpaH, B OCHOBHOM DPa3BHBAIOIIUXCA, JUISI KOTOPBIX
«3HEpProOe30MacHOCTbY O3HadaeT obecredeHrne 0a30BOM NOTPEOHOCTH HACEIEHUS B
SHEPropecypcax.

Hcxons W3 3TUX OINpelesIeHUl MOHATUS <« HEpreThyeckas 0e30MacHOCThY,
MHOTHE CTpaHbl BbIpa0aThIBAIOT HAIIMOHAIBHBIE CUCTEMbl HHIUKATOPOB (IOKa3aTesneil)
U Ha uX Oa3e MPOBOAAT KOJMYECTBEHHYIO OLIEHKY U aHajdu3 TeKylero u
NEPCIEKTHBHOTO YPOBHS 9HEPro0e30MmacHOCTH CTpaHbl. B wactHocTH, Takas paboTa
npoBoauTcs B MonjoBe, rae uid aHainu3a copMupoBaHa cucTeMa M3 27 OCHOBHBIX
nokazarenei [17], B benapycu, rne Ha rocyaapCTBEHHOM YPOBHE YCTaHOBJIEHBI 12
UH/INKAaTOpOB 3HeproOe3omacHocTd [2], B Poccum, rae g OLEHKH YpPOBHS
SHEPIreTHUECKOM 0e30MacHOCTH HCIob3ytoTes oT 10 1o 122 mokazateneit [18-20].

EcTb naxke npenokeHns OLEHUBATh YHEPTETHUECKYIO 0€30MaCHOCTh TOJIBKO MO
OJIHOMY TIOKa3aTelll0 — JI0J€ COOCTBEHHBIX OJHEPropecypcoB B o00meM o0beme
notpebaenus [21].

Crnenyer cormacutbcss ¢ MHeHueM [21], 4uro mMHOrooOpaswe IMokazaTene u
CJIO)KHOCTh B3aUMOCBSI3€H CYILIECTBEHHO 3aTPYJHSIOT €€ OolleHKYy. Heo0xoauM enuHbIH,
WHTETPAIbHBIA, KOJWYECTBEHHBIH II0Ka3aTeib, KOTOPBIA TIO3BOJIUT OOBEKTHBHO
OLIEHUTb YPOBEHb HAIIMOHAJIBHOW SHEPreTHYecKoM Oe30MacHOCTH, COMOCTaBUTh €€ C
MOKa3aTeJsIMH JJPYTUX CTPaH.

Jns pemieHust 3TOM mpoOiembl, 0e3 MpeTeH3udl Ha aOCONIOTHYIO HCTHHY,
npeIaraeTcst CieIyromee.

AHanu3 TPUBEACHHBIX BBIIIE TPAKTOBOK DSHEPreTUYECKOH Oe30MacHOCTH
MOKa3bIBAET, YTO OOIIMMH AIIEMEHTAMH IS BCEX KATETOPHHA CTPaH SBISIFOTCS BOIIPOCHI
YIIOBJIETBOPEHHUST TOCTOSTHHO  PacTyLIEro BHYTPEHHEro CIpoca Ha JHEPrHio,
TBEPCUPHUKAIHS BUIOBOM CTPYKTYPHI SJHEPTOMOTPEOICHHSI U IICHOBBIE BOIIPOCHI.

OTH 3JEMEHTHl HHEpPreTUueckoil 0e30MacHOCTH OJHO3HAYHO COOTBETCTBYIOT
TpakToBKe NOHATUA JaHHOM B 2000 r. IIporpammoint Passutns OOH, JlemaprameHTOM
OOH 1o 5KOHOMHKE W COLMaIbHBIM NpobiemMaM W BceMupHBIM DHEpreTHuecKUM
Cosetrom [22]: sHepreTrueckass 0€30MaCHOCTh — 3TO JOCTYITHOCTh SHEPTHH B JTH000E
BpeMs, B Pa3jJMYHbIX (OpPMax U B HEOOXOAMMBIX KOJIUYECTBAX U 10 AOCTYNHBIM
HeHaM.
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Ha wam B3, cieayroniye Tpu TOKa3aTelsl MOJIHOCTbIO XapaKTEPU3YIOT
JAHHYIO TPAKTOBKY 3HEPreTHUECKON Oe30MacHOCTH. JTO:

® COOTHOLIIEHHE I[I0Ka3aTeje IylIeBOro HalMOHAJILHOTO NPOM3BOACTBA U
BHYTPEHHETO MOTPeOdJIeHUs] SHEPTUU, YTO XapaKTepU3yeT NOCTYHNHOCTh SHEPTUU BO
BpPEMEHHU;

® [I0Ka3arejlb BHAOBOM CTPYKTYPbI SHEPronoTpedsieHus, YTO XapaKTepHu3yeT
paziuure hopM UCIIONIB3YEeMON SHEPTUH;

e BEJIMYMHA JAYWIEBOr0 JHEpPromorpedJieHUsi, YTO B IIOJHOH  Mepe
XapaKTepU3yeT YypPOBEHb HSKOHOMMUYECKOTO pa3BUTHSA CTPaHbl, 3HEPreTUUYECKYIO
3¢ (peKTUBHOCTH HAIMOHAJILHON SKOHOMHKHU U YPOBEHb JOCTYMHOCTH LI€H HA YHEPTHI0

B CTpaHe.
Nmvenno mno »3TUM Tpem mokazareisiM (obecriedeHHOCTH sHeprued loj,
TUBEPCUPHUKAIIMM  CTPYKTYPBl 3HEpromnoTpedneHus | U YpOBHSA [JyLIEBOTO

sHepromnoTpebnenus lri) mpemnaraeTcs BeIpaboTaTh OONIMI TOKa3aTelb M MPOBECTH
KOJIMYECTBEHHYIO OIICHKY YPOBHS YHEPTreTUUECKONM 0€3011aCHOCTH CTPAHBI.

Hcnonb3oBaHue MAymieBbIX, a HE aOCONIOTHBIX TIOKa3aTelleld JAUKTYyeTCs
HEOOXOIUMOCTBIO OOecTedeHnsT OOBEKTHBHOCTH IPH IPOBEACHUU MEKCTPAHOBBIX
cpaBuenuii. Hampumep, WMumusa u Kanaga uMEOT comocTaBUMbIe MOKa3aTelH
IpOU3BOJACTBA U moTpedneHust sHepruu: B 2005 roay mNpou3BOACTBO NEPBUYHOM
SHEPrUU COCTABUJIO, COOTBETCTBEHHO, 419 u 401 MIH. T.H.3., @ IOCTABKU SHEPIUU —
COOTBETCTBEHHO, 537 m 272 muH. T.H.3. [23]. OmHaKO eclii pacCMOTPETh JAYIIEBbIC
MOKa3aTelH, TO OYEBHIHA CYIECTBEHHAs pa3HHIA B YPOBHE KaK MPOU3BOJCTBA, TaK U
notpebnenus. s Uuauu sTo, coorBeTcTBeHHO, 383 11 491 Kr H.3. Ha 1 xutens, a 1
Kananpr — coorBeTcTBeHHO, 12434 11 8427 Kr H.3. Ha 1 yelloBeKa.

[Toka3zaTenb 00eCIeUeHHOCTH SHEPTHEH | CTpaHbl OnpeaeseTcs mo Gopmyiie

Ioi :C_I’ (1)

rae Pi- o6beM qymieBoro npousBoacTBa SHEpruu (Kr H.3./4ei) | CTpaHsl;
Ci - 00beM aynIeBoro notpedaeHus sHeprud (Kr H.5./dei) | CTpaHsl.

JlanHbIN MOKa3aTenb MeHsieTca B mpezenax oT 0, Korja cTpaHa HE HMeEeT
HaIlMOHAJIBHBIX MCTOYHHUKOB 3HEPruM, A0 1, Korma oOobeM IyLIeBOro MPOM3BOJCTBA
DHEPTUU B CTPAHE PaBeH WM MPEBBIMIAET 00BEM TYIIEBOTO MOTPEOJICHHUS DHEPTHUH.
[TpeBbimaromuii MOTpeOHOCTh 0OBbEM MTPOU3BOICTBA YIHEPTUN HE YUUTHIBAETCS, TaK KaK
JUTSL DHEPTETHYECKOW HE3aBHCHMOCTH M O0ECTICUeHHs yCTOWYMBOTO PA3BUTHUSI CTPAHBI
HEOOXO/MMO  TPOU3BECTH  JOCTATOYHOE JUIS  YAOBJIETBOPEHHUS  BHYTPEHHHUX
noTpeOHOCTEH CTPaHBI KOJIMYECTBO YHEPTHH.

Kak wu3BecTHO, mpouecc auBepcH(PUKALNUU SBISETCS OOPATHBIM MpPOILECCY
KOHIeHTpanuu. I[lodTOMy mansi OIEHKH JWBEpCH(PHKAIMK BHUIOBOHW CTPYKTYPHI
HHEPromnoTpedsieH!s] IpeJiaraeTcs BOCIIOJIb30BaThCsl  MHJEKCOM  XephuHaais-
Xwupmmana (Herfindahl-Hirschman), koTopblii ncnonb3yercs sl ONpeeeHNsT YPOBHS
HKOHOMHYECKOW KOHIEHTpauuu [24, 25], u paccuuTarh MoKasaTellb TUBEPCUPUKAIN
CTPYKTYPBI SHEProONnoTpeOIeHus | cTpanbl 1o hopMyIte

I . =1-HHI, @)
Al

n
HHI =" g2
rae = 2. U« - uunexc Xepdunnans-Xupimana; N - KOTHYECTBO HCIIOIb3yEMbIX
k=1

BUJIOB TEPBUYHOW »dHepruu; ( - 1oias K Buma mnepBUYHONH SHEPTUUM B 0OIIEM
AHEPTONOTPEOICHUH.
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W3 cBoiicTBa mokaszarensi cieAyeT, YyTO 4eM OOJbIle HHAECKC, TeM OoJblIe
YpOBEHb JHMBEpCU(UKANMA BHIOBOW CTPYKTyphl dSHepromorpebnenus. Ecim B
sHeproOanaHce CTpaHbl UCIIOJIBb3YETCS OJUH BHUJ NMEPBUYHOM sHepruu, To Gopmyna (2)
naéT 3HaUYeHWE, paBHOE HYIO. B ToM ciydae, Korja IO UCTIOIb3YEMBIX HECKOJIBKHUX
BHUIOB DHEPTUHU OAMHAKOBBI, TO popmyia (2) naér 3Hadenue, paaoe 1-1/n.

[Tokazarenr ypoOBHS JHEPreTHYECKONH O€30MacHOCTH, CBS3aHHBIA C JyIIEBBIM
SHEPronorpebaeHreM | CTpaHbl, onpeaensercs no Gopmyie

m Cmax - Cmin
rne C - o0beM aymieBOro mnorpebiieHust 3HEepruu (K- H.3./den), COOTBETCTBEHHO,
daxTuuecKuil 1y | CTpaHbl, NPMHATHIA IS PAacUYeTa MUHUMAIIBHBIA M MaKCUMAaJIbHBINA
00BEMBI TyIIEBOTO SHEPTOMOTPEOICHHS.

JlaHHBIII HOPMHMpPOBAaHHBIA IIOKa3aTelb MeHseTcs B mpexnenax or 0, korga
BeJIMYMHA (DAKTHYECKOTO AYIICBOTO SHEPTONOTPEOICHUST paBHA WJIM BBIIIC MPUHSATOTO
MakcuMyma, A0 1, korma BenuuumHa (PAKTUYECKOrO AYHIEBOTO HHEPromoTPeOIeHHS
paBHa puHATOMY MUHUMYMY. [Ipu 3ToM Qopmyna (3) oTpaxaer B3aUMOCBSA3b YPOBHS
SHEPreTU4eCcKON 0€30MacHOCTH U IYIIEBOr0 SYHEProNnOTPEOICHHs], 8 UMEHHO, YEM BBIIIE
YPOBEHBb AYIICBOTO JHEPromOTPEeOICHUS, TeM OOJBIINEe Yrpo3 sl DHEPreTHUECKOM
6e3omacHocTH cTpanbl. Kak mpuMep MokHO mpuBecTd Mcnanauio, CTpaHy ¢ OJHUM U3
CaMBIX BBICOKHX YPOBHEH JYIIEBOTO HEPTOMOTPEOICHUS U OYCHD BBICOKHM JYIIEBHIM
BaJIOBBIM BHYTpeHHUM mnponayktoM (BBII), kotopas B 2008 rogy okaszanach Ha rpaHu
YKOHOMHYECKOTO OAHKPOTCTBA B CBSI3U C IIOOATBHBIM (UHAHCOBO-DKOHOMHUYECKUM
KPU3HUCOM.

Hcnonb3yst yka3aHHBIC BBINIC MOKA3aTeM W ToJjlaras WX PaBHO3HAYHOCTH JIJIS
SHEPIrETUYECKON OE30MAaCHOCTH, ONPEETIIEM €€ YPOBEHD IS | CTpaHbl 110 (opMyIie

I6i:(|0i+lni+|z[i)/3' 4)

JlaHHBIN ITOKa3aTeNnb MEHseTcs B npenenax oT 0, 4To COOTBETCTBYET HHU3ILIEMY
ypOBHIO  Oe3omacHOCTH, 70 1-1/n, YTO COOTBETCTBYET BBICIIEMY YPOBHIO
HHEPreTUYECKO Oe30MMacHOCTH.

Jlnst pacdyeta ypoBHs sHepreTuyeckoi 6e3omnacHocTH 3a 2005 1. mo 130 cTpanam
MHUpa HaMU UCIOJIb30BaHbl JaHHbIE MeX1yHapOAHOTO SHEPreTUUECKOro areHTcTBa [23]
u Jloknana [IPOOH o pa3Butuu uenoseka [26].

[Ipu 3TOM 3a MUHUMAaJbHBIA YPOBEHb AYIIEBOI'O SHEPronoTPeOICHUS] MPUHSAT
ypoBeHb banrnazgemr (170 r H.3.), 32 MAKCUMaJIbHBIN - CPEAHEYIIIEBOM YPOBEHb CTPaH
Opranuzanuu dKOHOMUYECKOTO pa3Butust u corpyanudectBa (OOCP) — 4740 xr H.O.
JlaHHBIH ypOBEHb AYIIEBOTO 3HEPrornoTpedIeHHs 00eCeunBaeT KUTENISIM 3THUX CTpaH
BBICOKHMI YpOBEHb J0XOJI0B, BHICOKOE KaYeCTBO YPOBHS KM3HU M JIOCTYIHOCTb LI€H Ha
DHEPruM, a TaKXKe JOCTH)KCHHE HM3KOM DHEPrOEMKOCTH IKOHOMHUKH, UTO SBIISIETCA
LEJIbIO /ISl PAaBUTENLCTB OOJIBIIMHCTBA CTPaH MUPA.

Jns pacuera mokasarens AMBEpPCU(UKALUHN CTPYKTYPHI SHEPronoTpedsieHus
WCIIOJIb30BaHbl JIaHHbIE MO JI0JIe€ LIECTH BUAOB IMEPBUYHON SHEPTUU: YT, HEPTH,
IPUPOHOTO Ta3a, AaTOMHON SHEPIUH, BO30OHOBIISIEMBIX BUJIOB SHEPTHHU (TUIAPOIHEPTHS,
COJIHEYHas1, BETPOBas U T.J1.) U BO30OHOBJISEMBIX BHIOB TOILIMBA (JIPOBA U OTXOJIbI).

IIpoBeneHHble  pacueThl  MOKa3bIBAIOT, YTO  HAWOOJBIIYID  CTENEHb
SHEpreTHYecKoil 0e30MacHOCTH HMMEIOT CTpaHbl, OOecrnedYeHHble COOCTBEHHBIMU
UCTOYHHKAMHU DSHEPrHHM, C HEBBICOKMM €€ JYyIIeBBIM OSHEpronorpedieHueM u
IUBepCcU(DHUITMPOBAHHON BUIOBOM CTPYKTYpO dHEprodaianca (Tadiuia).
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Pe3yabTaThl pacyeToB YHepPreTH4ecKoi 0€30MacHOCTH

ITokaszarens

Ne
a/n Crpansl obecrieueH- | quBepcu- | moTped- | Oesomac-
HOCTHU bukanuu | JeHus HOCTHU

lo I Iy ls

1| KonymGusi 1.000 0.724 0.899 0.875
2| Unnouesus 1.000 0.735 0.860 0.865
3| BeerHam 1.000 0.687 0.902 0.863
4| Kot n’UByap 1.000 0.589 0.943 0.844
5| bonuBus 1.000 0.596 0.910 0.836
6| Konro 1.000 0.502 0.972 0.824
7| Mpsitama 1.000 0.477 0.974 0.817
8| banrmanmem 0.801 0.646 1.000 0.816
9| IMakucran 0.803 0.713 0.930 0.815
10| Unaus 0.781 0.703 0.930 0.805
11| Anrona 1.000 0.508 0.902 0.803
12| Eruner 1.000 0.552 0.856 0.802
13| bpazwus 0.900 0.712 0.792 0.801
14| Tlepy 0.787 0.655 0.930 0.791
15| I'abon 1.000 0.553 0.766 0.773
16| 3umbabBe 0.908 0.522 0.873 0.768
17| Kamepyn 1.000 0.352 0.943 0.765
18| Cupus 1.000 0.464 0.832 0.765
19| AprenTuna 1.000 0.607 0.678 0.762
20| Amxup 1.000 0.464 0.805 0.756
21| Mekcuka 1.000 0.584 0.670 0.751
22| Cynan 1.000 0.328 0.926 0.751
23| Kuraii 0.953 0.547 0.748 0.749
24| Tynuc 0.793 0.599 0.853 0.748
25| Hurepus 1.000 0.368 0.864 0.744
26 | MoHromus 1.000 0.385 0.836 0.740
27 | Mo3zambuk 1.000 0.289 0.923 0.738
28 | OWINITUHEI 0.540 0.750 0.919 0.736
29 | 3amOus 0.914 0.365 0.904 0.728
30| Azepbaitpkan 1.000 0.506 0.676 0.727
31| Keiprei3cran 0.522 0.735 0.919 0.725
32| DxBagop 1.000 0.293 0.864 0.719
33| I'ana 0.719 0.477 0.950 0.715
34| Kenus 0.811 0.404 0.928 0.714
35| I'Batemana 0.682 0.554 0.899 0.712
36| Konro JI.P. (6. 3aup) 1.000 0.158 0.974 0.711
37 | Maaiizus 1.000 0.626 0.508 0.711
38| Benecyana 1.000 0.590 0.536 0.709
39| PymbiHus 0.729 0.746 0.650 0.708
40| Tautn 0.776 0.370 0.974 0.707
41| Kambomxka 0.742 0.392 0.961 0.698
42| Henan 0.884 0.242 0.963 0.696
43| CampBanop 0.551 0.643 0.891 0.695
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[Tponomkenne TabauIbI

44| Dputpest 0.631 0.456 0.998 0.695
45| Toro 0.808 0.303 0.967 0.693
46 | Dduonus 0.929 0.171 0.972 0.690
47| benun 0.638 0.444 0.969 0.684
48| Hukaparya 0.583 0.567 0.895 0.682
49| bochus u ['eprieropuna 0.673 0.609 0.759 0.680
50| HUpan 1.000 0.519 0.516 0.679
51| borcBana 0.554 0.665 0.803 0.674
52| Illpu Jlanka 0.557 0.532 0.932 0.674
53| I'py3us 0.395 0.739 0.880 0.671
54| Tanzanus 0.940 0.146 0.921 0.669
55| Memen 1.000 0.024 0.967 0.664
56 | Tamxukucran 0.441 0.622 0.921 0.661
57| Nanus 1.000 0.719 0.245 0.655
58| Ceneran 0.419 0.539 0.980 0.646
59| 'onaypac 0.457 0.560 0.919 0.645
60| ITonbmia 0.844 0.580 0.503 0.642
61| Tannanyg 0.539 0.685 0.696 0.640
62| MakenoHus 0.533 0.638 0.742 0.638
63| Y30ekucran 1.000 0.269 0.643 0.637
64| FOAP 1.000 0.454 0.442 0.632
65| Kocra-Puka 0.483 0.562 0.845 0.630
66 | Kazaxcran 1.000 0.611 0.236 0.616
67| Anbanus 0.485 0.487 0.869 0.614
68| ApmeHus 0.335 0.621 0.851 0.602
69| Kyba 0.544 0.416 0.840 0.600
70| Typrus 0.278 0.729 0.779 0.595
71| JlatBus 0.486 0.709 0.589 0.594
72| Ypyrsaii 0.351 0.576 0.853 0.593
73| BenmukoOputanus 0.874 0.703 0.188 0.588
74| Kanana 1.000 0.751 0.000 0.584
75| bonrapust 0.531 0.741 0.470 0.581
76| JIuBus 1.000 0.406 0.326 0.577
77| Ynnn 0.309 0.740 0.641 0.563
78| TypkMeHHUCTaH 1.000 0.390 0.298 0.562
79| Xopsarus 0.428 0.654 0.600 0.561
80| Poccus 1.000 0.635 0.048 0.561
81| JIutBa 0.457 0.726 0.486 0.557
82| ABcrpanmus 1.000 0.668 0.000 0.556
83| Hopgerust 1.000 0.666 0.000 0.555
84| HamuOus 0.239 0.492 0.888 0.540
85| Vkpanna 0.566 0.678 0.372 0.539
86| ITanama 0.286 0.445 0.862 0.531
87| Hosag 3emannus 0.722 0.729 0.136 0.529
88| Mapokko 0.071 0.531 0.937 0.513
89| Dcronus 0.727 0.591 0.208 0.509
90| Benrpus 0.372 0.710 0.435 0.506
91| Yexus 0.727 0.702 0.070 0.500
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92| CnoBenus 0.470 0.765 0.236 0.491
93| CaynoBckast ApaBusi 1.000 0.463 0.000 0.488
94| JloMuHUKaHCKAas 0.207 0.399 0.856 0.487
95| KygeiT 1.000 0.446 0.000 0.482
96 | Oman 1.000 0.444 0.000 0.481
97 | bpyneii-Jlapyccanam 1.000 0.427 0.000 0.476
98| CIIIA 0.697 0.721 0.000 0.473
99| IlIBenus 0.666 0.743 0.000 0.470
100| OAD 1.000 0.402 0.000 0.467
101| Hunepnansl 0.756 0.640 0.000 0.465
102 | CioBakus 0.350 0.756 0.271 0.459
103 | baxpeiin 1.000 0.356 0.000 0.452
104 | MonnoBa 0.025 0.478 0.851 0.451
105| IIBeitapus 0.401 0.698 0.245 0.448
106 | I'penus 0.333 0.582 0.427 0.447
107| Karap 1.000 0.265 0.000 0.422
108 | ®unnsaaaus 0.473 0.788 0.000 0.420
109 | I'epmanus 0.390 0.744 0.123 0.419
110| ®pannus 0.496 0.683 0.074 0.418
111 | Tpununax u Tobaro 1.000 0.238 0.000 0.413
112 | Tlopryranus 0.132 0.606 0.473 0.403
113| Ucnanus 0.208 0.685 0.304 0.399
114 | Uranus 0.149 0.648 0.346 0.381
115| ABcrpus 0.286 0.726 0.125 0.379
116 | Uopnanus 0.035 0.346 0.753 0.378
117 | Ucnanaus 0.718 0.412 0.000 0.377
118 | Uspanib 0.106 0.579 0.420 0.368
119| benapych 0.143 0.512 0.442 0.366
120 | I'oHKOHT 0.003 0.621 0.468 0.364
121| SImaiika 0.125 0.237 0.722 0.361
122 | SInonus 0.188 0.690 0.129 0.336
123 | benbrus 0.245 0.719 0.000 0.321
124 | Kopes P. (FOxHas) 0.201 0.696 0.068 0.321
125 | Upnanaus 0.108 0.603 0.230 0.314
126 | JIluBau 0.039 0.135 0.696 0.290
127| Manbta 0.000 0.000 0.523 0.174
128 | JlrokcemOypr 0.015 0.495 0.000 0.170
129 | Kunp 0.020 0.072 0.300 0.130
130 | Cunranyp 0.000 0.316 0.000 0.105

OnnHako Jaxke 1moyiHash OOECMEYEHHOCTh HMCTOYHMKAMU TpPU  HU3KOU
IuBepcuPUKAMU dHeprodajaHca M OYEHb BBICOKOM YPOBHE 3SHEPronorpediaeHus
(Tpunnman wu  TobGaro, Kartap, baxpeliH) CyliecTBEHHO CHIXKaeT ypOBEHb
HYHEPreTUYECKOU 0e30MmacHOCTH CTpaHBbI. Tounbko pa3yMHBII YPOBEHB
HHEPromnoTpeOsieH!s], BHICOKAsI CTENEeHb JUBEpCU(UKAIMKM dHEprodagaHca u pa3BUTHE
COOCTBEHHBIX HMCTOYHHKOB DSHEPTUHM MOXET OO0ECHeuuTh NpUeMIIeMbIi YpOBEHb
HHEpProOe30macHOCTH, B TOM YHCJIE COKpalleHHEe MaclTaboB HHEPreTHUECKOM
0eTHOCTH.
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Ha nam B3msi1, npuMeHEeHNEe TaHHOTO METOAA MO3BOJIAET, IPU UCIIOIb30BAaHUU
MUHHMAaJIBHOTO KoiuyecTBa HH(MoOpManuu (TMokKa3zaTenedl, WHAWKATOPOB), MPOBECTH
OOBEKTUBHYIO KOJIMYECTBEHHYIO OILIGHKY YpPOBHSI JHEpPreTHMYecKoil 0e30macHOCTH
CTpaHbl ¥ MEXCTPAaHOBBIE COIOCTABICHHS M O00ECHEUMBACT COJEPIKATEIBHYIO
HUHTEPIPETUPYEMOCTh, a TaK)Ke MPOCTOTy pacuera. OH MOXET ObITh HCIOJIb30BAaH B
IPAKTUKE PETPOCIEKTUBHOIO aHajiu3a M  I[POTHO3UPOBAHUSA  (MHAUKATUBHOTO
IUTAHUPOBAHMS) PA3BUTHS SHEPTETUKU CTPaHbl, BEIPAOOTKE €€ 1IeJIEBbIX MoKa3aTesei Ha
HNEPCHEKTHBY M OOBEKTUBHON OLIEHKE CTETICHH UX JOCTHXKEHUSI.
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NMMUTAIDUOHHASA MOJAEJIb YACTOTHO-PEI'YJIMPYEMBIX
SJEKTPOIIPUBOJIOB ITYJIBIIOHACOCOB I'OPHOPYTHOM

MNPOMBIIHIJIEHHOCTH
0.X. Nmna3apos

ToF — KOH caHOATHU/IA YACTOTABMM pocT/IaHaAUIaH MYJbIIOHACOC IJEKTPOIOPUTMACHHUHT
HMUTAIUOH MOJdEIH

Maxkonana MMHUTAIlMOH MOJENb acoCHIa TOF-KOH CaHOATH Hacoclapuja SHEproTekaMKop
peXUMIIap KYpHO YUKHITAH.

O.H. Ishnazarov

Imitating model of frequency-regulated electric drives a pulp of pumps of the mining
industry

In article on the basis of imitating modeling the effective operating modes of pumps the mining
industry is proved energy.
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Bbicokasi SHEpProeMKOCTb TEXHOJOTHYECKOro O0OpyIOBaHUS TOPHOPYIHOM
MPOMBINIJICHHOCTH 00YCIIOBIMBACT IPUMEHEHHE YHEPTrocOeperaroninX TeXHOIOTHH TIPH
nepepaboTke MUHEPATIbHO-CHIPHEBBIX PECYPCOB.

OmHuM U3 3HEProeMKoro o0OpYIOBaHHS B TOPHOPYIHOM MPOMBIIUIEHHOCTH
ABIIAIOTCS TypOOMeXaHH3Mbl (MEXaHU3Mbl C BEHTWJISTOPHOW HArpy3Koi: rIyOMHHBIE
CKBQ)XMHHBIE HACOCHI IMOA3EMHOI0 BBIIEIAYUBAHUS YpaHa, HarHETATEJIbHbIE HACOCHI,
3€MJIECOCHI, HACOCHI OTKAYKH ITYJbIIBI 30JI0TO- U MEAECOAepKAIIUX Py, KOMIIpEccopa,
BEHTWIATOPBI, ILIMOCOCHI U JIp.), HAa JOJI0 KOTOPBIX npuxoautcs 6onee 20% oT Bcex
pacxoioB 3EKTPOIHEPTUH TOPHOPYIHOM MPOMBIIIJICHHOCTH. [IpoGnema
9HEeprocOepexeHns: 000CTPSETCS B CBS3U C JC(DUIIMTOM IHEPrOPECYpPCOB U PE3KUM
yBeNMMueHHeM ux crtouMoctd. [loaToMy mepBoouepenHOil 3amaueld 3KOHOMUU
TOTUIMBHO-3HEPTETUYCCKUX  PECYpPCOB  SIBIISICTCS.  CHIDKEHHE  HEOOOCHOBAHHBIX
SHeprosarpar, BenuuuMHa KoTopbix ngocturaer 30-40% or obmero pacxona
AJIEKTPOIHEPIUHU.

Jo 60% mnoTpebisieMOll  DNEKTPUYECKOW  JHEPrMH  HCHOJIb3yeTcs B
HEPETYJIHUPYEMOM ACHHXPOHHOM 3JIEKTponpuBojae. BriOOp HOMHHAJIBHOW MOIIHOCTH
ANEKTPOABUTATENCH OCYIIECTBISIETCS 0 MAaKCUMAaJIbHOM Harpy3ke moTpeOuTens, Bpemst
JNEHCTBUS KOTOPOW B COOTBETCTBUU C TpapuKaMyd HArpy3Kd JUIss MHOTHX
TEXHOJIOTHYECKUX IIPOLIECCOB HE IIPEBBILIAECT 20-30% JUIMTEIIbHOCTH
AKCIUTYaTaI[MOHHOTO PEKUMA.

W3 cexTpa pa3nu4HbIX pElICHUN, MIPUMEHIEMbIX JJIsl SHEpProcOepeKeHus, OTHO
u3 Haubomee d3(PPeKTHBHBIX M OBICTPOOKYMAEMbIX, TPEOYIOUIMX OTHOCHUTEIBHO
HEOOJIBIINX KAMUTAJIOBIOKEHUH, — BHEAPEHUE BHICOKOTEXHOJIOTHYHON U HAYKOEMKOM
sHeprocoeperaroneidl TeXHUKA - YaCTOTHO-PETYJIMPYEMBIX ACHHXPOHHBIX IPHUBOJIOB,
MO3BOJIAIOIIMX ONTHMH3UPOBATh PEXKUMBI PAbOTHl TYypOOMEXaHHW3MOB B IIMPOKOM
JTUana3oHe u3MeHeHus Harpy3ok. OmHako 3¢p(heKTHBHOCTh €ro MPUMEHEHUS BO MHOTOM
ompezensercss 000CHOBAHHBIM HCIOJIb30BAHUEM JJIsi KOHKPETHBIX TEXHOJIOTUYECKUX
IPOLIECCOB MpPHU BHIOOpPE COOTBETCTBYIOIIETO CHOcO0a yIpaBIEHUS C Yy4ETOM
cnenuduku npousBoacTsa. Kpome Toro, B psie ciiydaeB 1el1eco00pa3HO MEePeXOoIuTh
OT CYIIECTBYIOIIETO TEXHOJIOTHUYECKOTO peXuMa paboThl DIEKTPONPUEMHUKOB K
HOBOMY, OPTaHH30BaHHOMY 0 33JJaHHOMY 2HeprodhHeKTUBHOMY 3aKOHY YIpPaBIICHUS
TEXHOJIOTHYECKUM TTPOIIECCOM.

TpaguionHeie cocoObl PETyITUPOBaHUS TOJIaYM HACOCHBIX U BEHTUIISITOPHBIX
YCTaHOBOK COCTOSIT B IPOCCETMPOBAHUYN HAMOPHBIX JIMHUN U U3MEHEHUHU O0IIEro Yrciia
paboTaronMx arperatoB Mo OAHOMY M3 TEXHOJIOTUYECKUX MMapaMeTpoB - JaBICHUIO Ha
KOJUJIEKTOPE WJIM B JUKTYIOIIEH TOYKE CETH, YPOBHIO B MPUEMHOM HIIH PETYIUPYIOIIEM
pesepByape W JAp. OTH CHOCOOBI PETyJIUPOBAHUS HANPABJICHBl HaA PEIICHUE
TEXHOJIOTHYECKHUX 3a/lad M TPAKTHUYECKH HE YYHUTHIBAIOT JHEPTreTHUYECKHX acClEeKTOB
TpPaHCIIOPTa BOJIBI UJTU Ta3a.

Hama nens — MUHHMMUH3alMS 2HEpProsarpar TypOOMEXaHHW3MOB TOPHOPYIHOM
MIPOMBINIUICHHOCTH Ha MPUMEPE TEXHOJOTUUYECKOTO MPOIECCa OTKAYKHU IMYJIBIIBI, TYyTEM
peanuzanuu 3HeprodPpGHEeKTUBHOTO PEKUMA YACTOTHO-PETYITUPYEMOTO IEKTPOIPUBOIA
HAcoca OTKAYKH MYJIbITHI.

YuuteiBas, 4T0 SHEProd(PPeKTUBHOCTH SBISIETCS HHTEPTaIbHBIM CBOWCTBOM
SKOHOMHUKH, KOMIUJIEKCHAsE OIleHKa YHEProd(HEKTUBHOCTH C YKOHOMHUUYECKOW TOUKH
3peHus JOJDKHA YYMUTHIBaTh CJENYIONIME TOKAa3aTeNH: PAcXoJl AJICKTPOIHEPIHH;
NMOTPeOIIEMYI0 MOIIHOCTh, KOY(PQHUIIMEHT TOJE3HOTO0  JEHCTBUSA, KOd(DHUImeHT
motHocTH. Kputepuem skoHOMHUYECKOH 3(P(HEKTUBHOCTH TPU BHIOOpE HAUTYYIIIETO
BapuUaHTa CIY)XUT HAWMEHBIIWWA PpPacXoJ DJIEKTPOIHEPTHMH TIpH  OOeCleueHUun
TpeOOBaHUI TEXHOIOTHYECKOTO MpoIiecca.
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Ilo pesynpTaTaM 5SKCIEPUMEHTOB M aHAJINW3a TEXHOJOTHMYECKOro Ipolecca
OTIpeIeNIeHBI CIEAYIOUINE OCHOBHBIE TPEOOBAHUSA K PETYIHPYEMOMY 3JICKTPOIPHBOILY
HACOCOB OTKAYKU ITYJIbIIbI:

— HACOCHl SBIAIOTCA MEXaHU3MaMH C JUIMTEIBHBIMH pEXKAMaMH paloThI,
MIO3TOMY JIEKTPOIIPUBOIBI HACOCOB JIOJDKHBI OBITh PACCYMTAHBI HA JUTUTEIBHYIO paboTy
¢ OOJIBIIMM YHCJIOM YacoB B TOAY;

— YPOBEHbB MyJbIIBI B 3yMII()e TOIDKEH MOAJIEPKUBATHCA B TUKTYIOLIEH TOUKE,
TaK KaK HEOOXOOUMOCTh CTAOMIM3AIMM YPOBHS OOYCIIOBJIEHAa MEPEMEHHBIM
XapakTepoM MOCTYIJICHUsI MyJIbIbl B 3yMII(], a MOJAepKUBaHHE TPeOyeMbIX 3HAUECHUH
TEXHOJIOTUYECKUX MapaMeTpoB (HAIMOp, MPOU3BOAUTEIBHOCTh) B CHCTEME BO3MOKHO
TOJIbKO NPHU CTaOMJIM3aLMK YPOBHS IYJbIIBI B JUKTYIOLIEH TOUYKE, T.€. NOJAEpKaHUEM
3aJJaHHOTO YPOBHSI ITYJIBITBI B 3yMII(e;

— IUIaBHBIM IIyCK U IUIABHOE PETyJIMpPOBAaHHE CKOPOCTH BPALIECHHUS, TaK KaK pe3Koe
U3MEHEHHE CKOPOCTH BpAILEHHs BbI3bIBAET MTHOBEHHOE IMOBBILICHUE WM ITOHMKEHHE
JIaBJICHUS B TPYOOIPOBO/IE, KOTOPOE MPUBOIUT K THIPABIUYECKOMY YAApY;

— JMarna3oH peryaupoBaHus JOJHKEeH obecreunTs 2:1;

— BBIXOJHOE JIaBJICHUE HACOCOB 2-U CTaJUU JOJDKEH OBbITh IOCTOSHHBIM, TaK Kak
IyJblIa OTKAYMBACTCS B THAPOIMKIOHHYIO YCTAaHOBKY U IS €€ 3(P(PEKTUBHON pabOThI
HE00X0MMO TOJIepPKUBATh JJaBJIEHUE HA €€ BXOJIE€ TOCTOSIHHBIM;

— IIYCK HaCOCOB MPOMU3BOJUTCS Ha 3aKPHITYIO 33/IBHXKKY.

TexXHONOTHYECKUI TpoLecC CTaaus W3MEIbUCHHUS TaKKe ONpeiesieT psia
TpeOOBaHUH K YCIIOBHSIM PEryJIUpPOBaHUS HACOCHON YCTaHOBKHU:

—9KOHOMHUYHOCTb,  T.€.  PETyJIHpPOBaHHWE JOJDKHO  OCYHIECTBIAThCE — 0e3
JOTIOJTHUTEIIFHBIX TOTEPh PHEPTUU C MaKcUMallbHO BO3MOHBIM KI1J[ ycTaHOBKH;

— HaJIe)KHOCTh B paboTe, T.e. YCTOMUMBOCTH K arpecCUBHOM cpezie, BBICOKUM
TeMIIepaType 1 BIAXKHOCTH;

— BO3MOXKHOCTh peanu3am ABTOMAaTHYECKOTO peryIupoBaHHS
MPOM3BOIUTEFHOCTH HACOCOB B (DYHKITMH MApaMETPOB TEXHOJIOTHIECKOTO MPOIECcca.

O0600611eHHbIe TPEOOBAHUS K HJIEKTPONPUBOIAM MOTYT OBITh C(HOPMYIINPOBAHBI
CJIEIYIOIIUM 00pa3oMm:

— MOIIHOCTb 3JIeKTpoBurareneii He npesbimaetr 110 kBT;

— peKUM padOTHI MPOAOIKUTEIBHBIA U HEPEBEPCUBHBIN;

— TOYHOCTb MOJUICP)KaHUS ~ PEryJupyeMoro rmnapaMerpa TIpHd HU3MEHEHUH
TEXHOJIOTHYECKHUX IapaMeTpOB He JI0JKHA ObITh Xyke 0.5%;

~ YCIOBHS DKCILTyaTalluK: TeMIepaTypa okpyskaromeit cpeast + 5.0 .. +40.0 °C,
OTHOCHUTEJIbHAs BIAXKHOCTH 85%.

s obecrieueHust TpeOOBaHMS TEXHOJIOTMUYECKOTO MPOLECca OTKAYKH IYJIbIIbI,
yuéra M3BECTHBIX u JIOTIOJTHUTEIBHBIX IPEUMYIIECTB yIIpaBIICHUS
IPOM3BOJUTENBHOCTBIO  YAaCTOTOW  BpallleHWs  Hacoca IpeajaraeTcss  IMOJAXOf,
OCHOBAHHBIM Ha MCIMOJB30BAHUN MAaTEMAaTHYECKHX MOJIENIEH YCTPOHCTB M TIEPEMEHHBIX
npoliecca ynpapieHHUs TEXHOIOTHYECKUM MPOLIECCOM OTKAYKHU IMYJIbIIbI.

Jlng pelieHus IMOCTaBIEHHOM 3adauu Oblla  pa3paboTaHa  MMHTALlMOHHAs
MOJIENIb YaCTOTHO-PErYJIMPYEMOT0 3JIEKTPONPHUBO/Ia HACOCHON YCTaHOBKH.

[IpakTryeckuii MHTEpPEC MPEICTABISIOT CTPYKTYpPHBIE MOJETH aCHHXPOHHOTO
AIIEKTPOABHUIraTENs, IOCTPOCHHBIE B HEMOIBM)KHOM OPTOTOHAJIBHOM CHCTEMe KOOPMHAT
a, . 10 0OBACHSETCS, TEM, YTO YKA3aHHBIE MOJIEIH MOTYT ObITh MCIIOJIBL30BAHBI JIS

HMUTAIUOHHOI'O MOJCIUPOBAHUA CUCTEM, B KOTOPBIX AH IIOJAKJIIOYACTCA K HCTOYHHUKaAM
HECUHYCOMJIATbHOTO  HANpsOKeHHs  (aBTOHOMHBIM  HHBEPTOpaM,  CTaTUYECKUM
npeoOpazoBaTessiM YaCTOTHI U T.I1.).
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JInsi HeTOABMYKHOW OTHOCUTENIFHO CTaTopa CHCTEMbI KOOPJHHAT «, ,B(a)k = O)

nudGepeHaNIbHbIe YPaBHEHUS JIICKTPHISCKOTO PABHOBECHS HATIPSDKEHUI B 0OMOTKaxX
CTaTopa ¥ pOTOpa MALIMHBI IPUHUMAIOT CIeAyroIuii Bua [2, 3]:

. d¥
U, =Ri, +—1:
la 1"1la dt
d¥y,
U,, = Riiy, 1 .
dt 1
o, (1)
U,, =R, + dta +a)‘P2ﬁ;

. dY,,
U2ﬂ=R2|2ﬂ+?+w‘P2a.

B cucreme ypaBHenwii (1) mpuHSTHI clieqyroniue 0003HAYCHUS:
U,,, i, - HanpskeHue u Tok cratopa 1o ocu & ; U, , I, - Hanpsokenue u Tox potopa
nmo ocu f; R,R,— aKTHBHbIC CONPOTHBICHUS OOMOTOK cCTaropa H pOTOpa
cooTBeTcTBEHHO; 'V, ‘Plﬁ - TMOTOKOCIEIJIEHus OOMOTOK CTaropa; Wy, Wy -

IIOTOKOCILCIIIICHUA 00MOTOK poTopa; rn ., Lll - AKTHUBHOC COIIPOTHUBJIICHUC U

UHAYKTUBHOCTh CTAaTOPA.

Uetsipe ypaBHeHusi cuctembl (1) comepkar BOCeMb JMHEHHO 3aBUCHUMBIX
nepeMeHHbIX. C MOMOINBIO BBIPAKEHUH CBSI3U TOKOB U IMOTOKOCLEIIJICHHH O0OMOTOK
CTaTopa M POTOpa MCKIIIOUUM JBE Maphl IEPEMEHHBIX, T.€. BHIOEPEM COCTaB KOMIIOHEHT

—

BexkTopa ¥
W, = L, + Loy, ;
Tlﬁ = Llilﬂ + L12i2/3;
W, =Ly, + Ly, ; )
Tzﬁ = L2i2,B + L12i1/3’
rae L1 - coOcTBeHHass WHIYKTMBHOCTh OOMOTKM cTaropa; L2 - mnpuBeneHHas
COOCTBEHHAas MHIYKTUBHOCTh OOMOTKHM poTopa; Liz - mpuBeaeHHas B3auMHas

WHIYKTUBHOCTH OOMOTOK CTaTOpa U poTopa.
5
BeiGpaTs cocraB komrmoHeHT BekTopa V HyXHO Tak, 4TOGBI PE3YIBTHPYIOIIEE

MaTeMaTHYECKOE OMHCAaHUE HIIEKTPOMEXaHUUECKOTro Mpeodpa3oBanus sHeprun B AJl He
coJepkKao anreOpauyecKuxX ypaBHEHUH, a, CII€A0BATEIbHO, CTPYKTypHas MOJAEIb HE

nMmeiaa 6C3I>IHepI_II/IOHHLIX KOHTYPOB. BbI6epeM CJ'ICILYIOH_II/II‘/’I COCTaB KOMIIOHCHT BECKTOpa
-

Y
v =i, i, ¥, %,].

W3 nByx mocneaHUX ypaBHEHUH cHCTEMBI (2) BEIpa3UM TOKHU pOTOpa

1 L,.
I2a T LIJZ()( -
L L
2 2
1y L
la — 25 15"
I_2 L2
HOJ’Iy‘{eHHBIC BBIPpAXKCHUSA (3) MNOoACTAaBUM B YPABHCHUSA IJIA HOTOKOCI_[CHJICHI/II‘/’I

cTaTopa, TO €CTh B IIEPBbIE /IBa YPAaBHEHUS CUCTEMBI (2)

1o

©)
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Loy L (L ) Ly,
A

o __ L12 o
O0o03Ha4YnB L1 - L1 v TIOJIYUUM BBIPpAXKCHUA JIA INOTOKOCHCIINICHUU

00MOTOK cTaTopa:

\Pla Li Ila LL1

2a7
Lf (4)
\Plﬁ = Lf-lﬁ : \P
L,
Jlanee Beipakenust (3) moacTaBUM B ypaBHEHUs cucTeMsbl (1) u ¢ yueTom
0003HaYeHUS
D= d
dt’
MOJTy9UM
L,
Ula 11 +L1 plla L2 \PZa’
L, .
Ulﬁ 11ﬁ+L1 pllﬂ L2 IPZ[“
U,, =- L — L 2, + p¥,, + oy,
2 2
RL,. R
U,, =— T_ 2iy, +L—2‘P2ﬁ + p¥,, + 0¥,
2 2
[Tpeobpazyem (5) k Buy, yI00HOMY ISl TOCTPOSHUS CTPYKTYPHOM MOJIETH
. 1 L,
I, =————|U,, -2 p¥,, |
R, +L7p L,
. 1 L
L,=—"—|U L2 p¥, . |
7 R1+pr( v, P ”J
1 R, L R ©
\PZQ = _(U 2a +ﬂ la - \PZQ \PZﬂj’
p 2 L,

1 R,L,, . R
¥, =—|U,, +—=222j —2¥  —ao¥, |
28 p( 28 L, 18 L, 28 ZaJ

Cucremy ypaBHeHUN (6) JOMOJHUM DJIEKTPOMAarHUTHBIM MOMEHTOM H
MOMEHTOM COINPOTHUBJIEHUS. DIEKTPOMArHUTHBIA MOMEHT ONPEIETTUM IO BBIPAKEHUIO

= pn be (' ¥, ila\PZﬁ)’ (7)
2
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rac P, — YUACJIO map IMOJKCOB IBUTATCIIA.

MoOMEHT conpoTHBIICHHS TypOOMexaHu3Ma ompeaenum [1]
2

0.05+0.95 -2

Mc = M ! (8)

H

rac MH - HOMMHAJIbHBI MOMEHT JABUTaTCIIA, a)H - HOMHHAaJIbHAasA 4aCTOTa BpalllCHUA.

MomMeHT  jaBWrateis, BBIYMCISIEMBIH  Tpu  pemieHMH — cuctembl (7)),
MPOIMOPIMOHAJIEH MHIMOMW 9acTH MPOU3BEICHUS BEKTOPOB MOTOKOCIEIUICHUS CTaTOpa U
poTOpa, WM TPOW3BEACHUIO MX MOJIYJICH M 3HAYCHHIO CHUHYCa YIja MEXIy HUMH.
MoayIib TOTOKOCIETUICHUSI POTOPa MEHSIETCS MEIJICHHO, TaK KaK IOCTOSTHHAS BPEMECHH
poOTOpa JOCTATOYHO BeHKa. MOIyib TOTOKOCHEIUICHUSI CTaTOpa, €CIIM paccMaTpUBaTh
HEOOJIBIIION OTPE30K BPEMEHHU, MOYKHO MIPUHSTH IIOCTOSTHHBIM.

Ha ocnoBe (1) — (8) momyuyuM UMUTAIIMOHHYIO MOJENIb ACHHXPOHHOIO
JIBUTATEIIT HACOCHOW YCTAaHOBKHM OTKAYKH MYJBIBI MPH YAaCTOTHOM PETYJIHPOBAHUH,
Npe/ICTaBICHHYO Ha puc. 1.

zinauwt —— e [zinat la —
a g —|lz
ut at
cosaut ———Jie{oos i =
Prc Iz
PO i A S |
M1 e ™
THo
; +E—n} "
—i p
| ——
el Avn == - E’_ —
PTA Uﬁ wr
-+ i
e |t ] ]
> ———— [z g
J El == i g 0.005s+1 ! ”’E
FTZ S
F2/F2
" —p{ : gy L1
it }. Mofene
ki }q
kit }17
K

Puc. 1. UmuTanuionHas MOJeNb YaCTOTHO-PETYIUPYEMOTO aCHHXPOHHOTO
AIIEKTPONPUBOJAa HACOCHON YCTaHOBKHU

PCSYJ'II)TaTI)I pacucToB n HUMUTAIITMOHHOI'O MOACIINPOBAHUSA CHUCTEMBI

«4aCTOTHO-PETYJIUPYEMBbI  aCHHXPOHHBIM  JBUraTellb  —  TypOOMEXaHU3M»
npeJCTaBJICHbI Ha pucC. 2-5.
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Ha ocHoBanmu anamu3a puc. 3-5 aCHHXPOHHOTO YaCTOTHO-PEryJIHPYEMOrO
AJIEKTPOTIPUBOA TYPOOMEXaHU3MA YCTAHOBIICHO CJICIYIOIIEE:

1. MaKCI/IMYMBI MOMCHTOB W TOKOB HMMCHT MECTO Ha HA4YaJlbHOM Y4YacCTKE
JaCTOTHOT'O IT1yCKa. 9H€KTpOMaI‘ HUTHBEIA MOMEHT ABUTaTEIIA JOCTUTIacT MaKCUMaAJIbHOT'O
3HaueHus:, B 1.5 — 3 pa3a mpeBbIIIAOIIEro HOMHUHAIBHBIM MOMEHT. BenmnunHa 3Toro
MOMECHTaA OKa3bIBACT 3HAYUTCJIBHOC BJIUAHHNEC HaA HAJACKHOCTH pa6OTBI ACUHXPOHHOI'O
3JICKTPOTIPUBOJIA, SBJISSACH MPUUUHOMN yIapOB B MEXaHHYECKOM 000pPYIOBaHUMU.

2.3 anamsa JIA®UX BuaHO, 4YTO pPa3HOCTh MEXKIYy YHCIOM
[IOJIOKUTEIIbHBIX U OTPULATENIBHBIX IIEPEXOJOB paBHA HYIO, T.€.
pa3paboTaHHAasI CUCTEMA SBISIETCS yCTONYIHBOMA.

3.YHacTOTHO-peryJupyeMblid  3JIEKTPONPHUBOJ  TypOOMEXaHHU3MOB
TOPHOPYAHOW TPOMBIIUICHHOCTA TO3BOJUT OO0ECHeUYnTh PAbOTy CHUCTEMBI
«AIIEKTPOIPHUBO/T - TYPOOMEXaHU3M)» B IKOHOMUYHOM PEKHUME.

T offeet: 0

Puc. 3. 3menenue TokoB cratopa b ., MpU JMHAMUYECKOM U CTATUYECKOM PEXHUME

4aCTOTHO-PETYIUPYEMOT0o TypOOMEeXaHu3Ma
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Puc. 4. DnexTpoMarHuTHBI MOMEHT M 1 4acToTa BpalleHus @ B QYHKIMU TIPU
JUHAMUYECKOM M CTAaTUYECKOM PEKHMME UYaCTOTHO-PEryIHpyeMoro TypoomMexaHu3ma

Magnitude (dE)

Phase (deg)

Frequency (radisec)

Puc. 5. Jlorapupmuueckas aMminTy1HO-pa3oBasi 4aCTOTHAs XapaKTEPUCTHKA
NCTIOJIbB3OBAHHAS JIMTEPATYPA

Kamanmos T.C. Perymupyemsiii 5SIEKTPONPHUBOJ OPOCUTEITBHBIX HAaCOCHBIX
crannui. Tamxkent: Pan, 1987. — 80 c.

Kosau K.II., Pang WM. IlepexomHbpie mpomnecchl B MallMHAX MEPEMEHHOTO TOKA.
M.;-JI.: T'oconeprouzaart, 1963. - 744 ctp.

Konsimos HM.II. MaremaTtnueckoe MOAEIMPOBAHUE JIIEKTPUUECKUX MalIWH. M.:
Bericmas mikoia, 2001. - 327c¢.

Wucturyt snepretiku u aTomatuku AH PVY3 Jata noctyruieHust
25.02 .2010
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NHO®OPMAIIMOHHBIE U TEJIEKOMMYHUKAIIMOHHBIE TEXHOJIOI'MHU

V]IK 681.03
®.5. ABYTAJIMEB, 3.111. HABUPOBA

ABTOMATH3AIINS BBIMUCJTUTE/IBHBIX PACHETOB 3A1AY
OUJIBTPALIUU MHOT'O®A3HBIX )KUJIKOCTEHU B IOPUCTOU CPEJIE

®.b. Adyranues, J.111.Hazuposa

FoBak myxutaapaa kyn ¢azanau CylOKJINKJIAPHUHT QUIBTPJIAHNII MACAJTACMHM €YMIIHUHT
XHCO0/1a1I HIIJIAPUHM ABTOMATJIAIITHPULI

Makona kyn ¢azany CyHOKIUKIAPHHUHT HOCTAlMOHAPIM (MIIBTPIAHUII >KapaSHUHHU TaJKUKOT
KWJIMIIHUHT XUCOOJAIl TaXpUOaldapuHU YTKA3HII y4yH KOMIUIEKC AACTYypUH TabMUHOTHHM sSpaTHIIra
Garunuranrad. Kapamaérran nacTypuil BOCHTa MacajaHM €uMIIl KapaCHUHH aBTOMAaTJIAIITHPAId Ba
Taxpnoba yTra3zyBuyu omnad DXM ypracuna MyJoKOT Pe)KUMUHN TabMUHIAHIH.

F.B. Abutaliev, E.Sh. Nazirova

Automation of computing calculations of problems of a filtration of multiphase liquids in the
porous environment

Work is devoted to development a complex of software for carrying out of computing
experiments on research of non-stationary processes of a filtration of multiphase liquids in the porous
environment. We assume the program tool, automates process the decision of problems of a filtration and
provides interaction of the experimenter from the COMPUTER in a dialogue mode.

OnHuM 13 3QPEeKTUBHBIX CPEICTB aBTOMATU3ALUH IPOIlecca PEeLIeHUs KPaeBbIX
3a7a4 MHOrogasHod ¢GuiIbTpalluu B TOPUCTOM Cpefe, MO3BOJSIOUINX YCKOPUTh
OPOEKTHUPOBAHUE, AaHaJIM3 W  IPOTHO3MPOBAaHUE  Pa3pabOTKU  HedTerasoBbIX
MECTOPOXKACHUM, SIBJIAETCS NOCTPOCHUE ABTOMATH3MPOBAHHBIX CHCTEM IPHUKIAIHBIX
HpOrpaMM, OPUECHTUPOBAHHBIX HA PEIICHHUE Pa3IMYHBIX KIaccoB 3a1ad4 [1].

PaccmarpuBaemass cucrtemMa CIIy)KUT HWHTEPAaKTHBHBIM CpPEJICTBOM AaHAJIA3a
naHHbix  Ha [I9BM, o0ecneunBaronM  B3aMMOJAEHCTBHE  MPOEKTHUPOBILMKA-
crenuamucrta ¢ [IDBM B mpouecce NpuHATHS OKOHYATENBHBIX WJIH MPOMEXKYTOYHBIX
pemennii. CucremMa NPOTHO3MPOBAHUS Pa3pabOTKH HE(PTEra3oBBIX MECTOPOXKJICHHM
(ITPHI'M) Bkmroyaer B cebs moacucteMy HHGOPMAlMOHHOIO obOecreyeHus,
MOJCUCTEMY TEXHOJIOTMUYECKUX pPAacyeToB, IOJACUCTEMY OOecledeHHus cepBHca
oJib30BaTent0. Opranu3anus BBIYUCIUTEIBHOIO MPOLECCa B CUCTEME OCHOBBIBAETCS Ha
MOJYJABHOCTH HPOTpPaMM, MPOCTOTE IMOJIb30BAHUA, IPPEKTUBHOCTH M JAUATOTOBOM
pexxrmMe 00pabOTKH TaHHBIX.
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MareMatnueckass MOJeNTb 3aJadyd B Ciydae JBYMEpHOW TpexdazHoit
HECTAIIMOHAPHON (MIIBTPAINH B MMOPUCTOM CpEJie OMUCHIBACTCS CIEAYIONICH CHCTeMOM
nn(b(bepeHuHanLHHx ypaBHEHHIA 1apabOIMYECKOTO THITA B YACTHBIX MPOU3BOIHBIX [2]:

o, (P, a\] o|,(op,  a)| o

6)( A (ax 7W&J}+5|:ZW( ay Vw ayJ:| ot (mpw W)+qW

O (F_, )| 0), (R _ dz}|_0 _5 _

&_l"( & 7 axj}ray{l"( Y ayﬂ at[mpo(l S, =S, )+ a,

2lrn(Rr 2] Lra( 2 _ﬂj}

ox| ox oy | o oy

+3H . j w21 (@_y a_ﬂ ®
OX ox)| oyl Loy "oy

=§[mRspo(l—SW —S, J+mp,S, |+ R.q, +4,
Pow =P, —P, = £,(5,.5,)

cow

P, =P, —P, = ,(S,.5,)
Se+S,+S, =

C Ha4YaJIbHBIMU U I'PAHUYHBIMU YCIIOBUSAMMU:

P(x,y,0)=P"(x,y), P,(xy.0=P'(xy), P,(xy0 =P (xy),

(2)
S, (% ¥,0)=S,"(x,¥), S;(x¥.0)=S; (), S,(xy.0)=S,(xy).
oP oP oP
°|.=0; —2| .=0; —w| =0. 3
on'" on '’ an I ®)
K
3necs A, = —Kp, (1=0, g, w) — mpoBoaumocTs |-it da3ssr;
|
K, - orHocutenbHas mnpoHumaemoct s | — ¢aser; K - abcomrorHas
HNPOHHIIAEMOCTh, M - MOPHCTOCTh IUIACTa; 4 - BsA3kocTh s | — dase;; p, -
wiotHocTh | — daser; P, - xapakrepHOoe 3HadeHuWe naBieHHs; (, - ooveM | — da3spl,

OT6PIpElCMBIfI IpUu CTAHAAPTHBIX YCJIOBHUAX B €AUHUIY BPEMCHU U3 CAUHUYIHOTO o0Bema
iacra, S” -XapaKTEepHOE 3HAYCHUE HACBIILICHHOCTH; J/| 'YZ[GHLHLIﬁ BCC IJId | — (1)3.3]:1.

Kanunnsipueie naBiaeHust Mexay HEPTbIO U Ta30oM Pcog , HEPTHIO U BOAOH Pcow
OTIPEEIAIOTCS 10 OMBITHBIM JIaHHBIM KaK (DYHKIIMSI HACBHIIIEHHOCTH BOJIBI U rasa, T.e.
Pcog: Pcog(SW,Sg), Pecow :PCOW(SW,Sg)-

B 3agavue HedTh M BOJa HEC)KMMAEMBI, T.€. LOo=CONSt, pw=CONSt, a ra3 CXUMaeM.
Ero miotHOCTB onpenensiercs ypaBHEHUEM COCTOSIHUS, T. €. pg—=Pg/(RTZ).

JUid 1oslydeHHs YHMCIIEHHOM MOJENIHM MPUMEHSETCd METOX IPOJOJIBHO-
NONEepeYHbIX  HampasieHnd.  [lepen — peanmmsamuedl  4YMCIEHHBIX — MOJENE
(WIBTPAMOHHBIX MPOLIECCOB, MPOUCXOAIINX B HE(TEra30BbIX IUIACTAX, HEOOXOAUMO,
MpEeXJIe BCETO, pa3padboTarh nX HHPOPMAIIMOHHBIE MOJIEIH, COACpIKaITUe B ce0e Meblil
KOMILJIEKC HH(POPMAITMOHHBIX JTAHHBIX.
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Jlns oOecrieyeHuss MCXOAHBIMHM JaHHBIMH M YIPABJIECHHS BBIYMCIUTEIBHBIM
npoueccoM cosznaercss uHpopmanuonneiii Maccus | ={inf,;} (i=LN; j=1,M). B
obmieM ciydae KakAOMy Y3y CeTKH 2, CTaBUTCA B COOTBETCTBHE OJMH JIEMEHT

o o T f _ll mn
3TOro0 MaccuBa B Buze | - 3HauHO# cuMBombHOM KoHcTanThl INT; = N1
0, ecu (x,y;)gG+I;

L ecnu (%,Y;)€G;
2, ecnu (x,Y;)el, (epanuya 2— pooa);

=43
4 ecu (X,Y;) €l (epanuya 1- poda),
| Homepa epynn smavemuii epamuumblx Oagnenuii
9

3neck paspsan I conepxur B cebe nHPOPMALIUIO O IPAHUIIE U KOH(PHUIYPAIMU 00J1aCTH

¢wipTpanum, a I, - nHbOpMAHIO O CKBOKMHAX M UX JIeOUTaX:

0, ecnu (X,Y;) &S,
1

r, =

? ecnu (Xi : yj )e Sk U HOMEpAa 2PYnn 3HAYEHUUOeOUM 06 CKEAICUH,
9

3nech S, - KOHTYp CKBaXXHHBI K .

[pyrue paspsiibl 371€MEHTOB MH(GOPMAIMOHHOIO MacCHBa HUMEIOT CIENYHOIIMM
CMBICIL:
e I, - uH(opMaUsA 0 MPOHULIAEMOCTH IUIacTa, MPUHUMAaroLIas 3HaueHue ot 0

10 9, T.e. HOMepa TpyII 3HAYCHUI IPOHUIIAEMOCTH;

® I, - uH(OpMaLHUs O MOPUCTOCTH IUIACTA, IPHHUMAOIIas 3HaueHune ot 0 110 9,
T.€. HOMepa IpyII 3HaYeHU TPOHUIIAEMOCTH;

e r(i=58) - uHpopMmamus O HAYATBHBIX CrPYINIHUPOBAHHBIX 3HAYCHUIX

N0JIeH TaBJIEHUS M HACHIIIEHHOCTH He(TH U rasa.

Cucrema [TPHI'M sBisieTcst HHCTpYMEHTOM JJIsi IPOBEACHUS BBIYMCINUTENbHBIX
HKCIEPUMEHTOB 110 HCCIIEOBAaHUIO HECTAI[MOHAPHBIX IPOLECCOB  (PHIBTPALIUM
MHOro(a3HbIX JKHJIKOCTEM B mopuctoi cpene. IlpumeHeHHe MAaHHOM cCHUCTEMBI
NOBBINACT PPEKTUBHOCTh Pa3pabOTKU  He(TErasoBbIX MECTOPOXKICHHM, a Takke
MO3BOJISET  YCKOPUTh  NPOEKTUPOBAHHWE U NIPOTHO3UPOBAHHME  pa3pabOTKH
MECTOPOXKIACHUM.

Cucrema T1O3BOJSET BECTM UHUCICHHBIM pacueT MPUKIAAHBIX  3a]ad
MHOro(a3HOM (QUIBTpAIMM JUIs JABYXMEpPHBIX 00]acTeil MpakTUYeCKH MPOU3BOJIHON
dbopMmbl. [ pa3nUyHBIX KpaeBbIX 3a/ay JIOMYCKAIOTCsS pa3iuudHble (Gopmbl obmacreit
¢wibTpanuu. Ilpu sTomM dopmupyercs WHGOPMALMOHHBIM MacCUB Ul OINHCAHMA
pacueTHOI o0nacTu QUIBTPAIMK C MOMOLIbI0 HHPOpMaIoHHOM 6a3bl naHHbIX (UB/]).
Kpowme Toro, 3anaroTcs KpaeBble yCIOBUS IEPBOIO UM BTOPOTO WIIM CMEUIAHHOTO THUIIA.

B UBJ] cuctembl BXoauT MHpOpMAIMS O MPEeIMETHOM 00JacTH (QUIbTpaluH,
KOTOpasi COACPXKUT CIEIYIOIIUE JaHHBbIE: TE€OJOTMYECKHME W TUAPOJAMHAMUYECKUE
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napaMeTpbl MECTOPOXKJICHUS; KOHPUTYpaluu 001acTi QUIbTPaLUU; O CKBAKUHAX U UX
neburax; O MPOHUIIAEMOCTH M IMOPUCTOCTH IUIACTa MO BCEeW 00MacTH (QHIBTPAIUH,
HavaJbHbIC 3HAYEHUS TOJIeH TaBJICHUS U HACBhIILIEHHOCTHU (a3.

Bce Momynum cucTeMbl pa3ienwiM Ha TPU TPYIIIBI, BXOMASIIUAE B TMOJICUCTEMBI:
obecrieuenue cepuca nonb3oBarento (I10C), uapopmannonnoe odecrieuenue (ITHMO),
texnosorunueckue pacuetsl (I1TP).

Honcucrema [MOC. TIporpammusie moayimu [TOC obecrnieunBarOT MOIB30BATEIIO
BEIOOpD KOHKPETHOW 3ajauu, ympaBieHue (GOpMHUpOBAHUEM HCXOAHBIX JAaHHBIX U
BbIJIauy pe3yJIbTaTOB B TpedyeMoii popme.

Honcucrema IMHUO. ns ¢dyaxnuonupoBanus cuctembl [IPHI'M TpeGyrorcs
3HAYUTENIbHbIE O0BbEMbl MCXOAHBIX JaHHbIX. K HHMM OTHOCATCS MapameTpsl ILUIACTa,
¢u3nueckue XapakTepUCTUKU (IIOMIOB, a TaKKe 3aJal0TCd MECTOIOJOXKCHHUS U
nebuTsl MOOBIBAIONIMX CKBAaXXUH, 3aBHUCSIIME OT BpeMeHU. Bce ncxoaHble 3HaYeHHS
¢yukuuun koopauHat Toukd (1,J), TpeACTaBICHHbIE B BHJIC KapT, BBOJISTCS B
uHpopmannonnyio b/l

s obecrieueHusT MCXOMHBIMH JIAHHBIMU W YIIPABICHUS BBIYHCIUTEIIHHBIM
MIPOLIECCOM nepen MOCIIETHUM co3aaercs MH(OPMAIIMOHHBIN MaccuB

| ={inf;} (i=LN; j=1,M)npu nomoum mMoayns GpopMUpPOBaHHS HHPOPMALIOHHOTO
MaccCHuBa.

[Moacucrema TEXHOJIOTHYECKUX PACYETOB OCYIICCTBIISIET MPOTHO3HBIE PACUEThI
TEXHOJIOTMYECKHUX [OKa3aTelnel Mo BeIOOpY mojib3oBaTenda. B moacucreMy BXOIST
pa3lIUyHbIE YHMCJICHHBIE QJITOPUTMBI pEHICHUs 3aJa4d, KOTOpble O00eCreunBaroT
3¢ hekTUBHOCTH Pa0OTHI BRIYUCIUTEIHHOTO MIPOIEcca.

Jlnst  mpoBeNeHUs UYMCICHHBIX HCCIEAOBAHUN BBIYUCIUTEIBHBIX CBOWCTB
QITOPUTMOB U TPOTPaMMbl PacCMOTPUM He(TerazoByr0 3alie)Kb KpPYroBOl (HOpMEI.
Hedtsnoit mmact, comepxkamuii 30% -HBIM pacTBOp 3TOro rasza, paspadarbIiBaeTcs
eAMHUYHOM [EHTPaJbHOW CKBAXUHOW C TMOCTOSHHBIM  Jebutom. DyHKIHUH
pacTBOPUMOCTH ra3a B He()TH U KaMWIISIPHOE JTaBJIEHUE UMEIOT BUJ]

Hcxoanple mapaMeTpsl IUlacTa CIEAYIONUE. YHUCIO Y3JIOB CETKH Mo abcumcce
n=21; gucno y310B ceTku 1Mo opauHare M=21; konmndectBo ckBakuH (1t)Ng=1; mrar mo
BpeMeHH (cyT)7 =4; koHeuHoe Bpems BhIYHCICHUs (CyT) Tkon=1080; mpoTskeHHOCTD
iacta (M) Lx=10000; mupuna miacra Ly=10000; momHocTh mnacta (metp) H=20;
nopuctocTh iacta M=0.1; aGcomorHas nmporumaeMocts ([lapcu) K=0.2; xapakTepHoe
3Hadenue fapienus (atm.) PH=300; BaskocTs HepTH (cn3) p, =3; BA3KOCTH rasa (cms.)

1,=0.01; xoodduurent cpepxcKUMaeMOCTH KUAKOCTH Kz=1; mWIOTHOCTS HepTH
(xkr/m3) p,=0.87; mmotHoCTh Taza (kr/m°) p,=0.8; ynenpubiii Bec Hedru (k1) 7,=0.8;
yanenbHbii Bec rasa (kr) y,=0.7; cymmapHbii nebut ckBaxuubl (=500000 M3leyT;
TOYHOCTbH MTEPALMH 110 JABICHAIO &, =0.0001; TouHOCTH UTEPAIUH 10 HACHIIICHHOCTH

£,=0.0001.

WNHpopMalinoHHbI MaccuB, MCIIOJIB3YEMbIH Il paclio3HaBaHUs (POPMBI 3aJIEKH,
Ha [I9BM npencraBisieTcs B CIEIyIOIEM BHJIE:
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= o

eciu (X, Y;) £G;

ecnu  (X,Y;)ely;

2, ecnu (X;,¥;)el’,;

Y13, ecmu (X Y;) els; (4)
4, ecnu (x,Y;)eGN(X,Y;)eS,;

5 ecnu (X,Y;)€GN(X,Y;) €S,

3/1ech KOIbI y3JIOB CETKUA O3Ha4aroT: 0 — PUKTUBHBINA y3en ceTku; 1,2,3 — rpaHUYHbBIC
y371bl; 4 — BHYTPEHHUM Yy3€J1 CETKU; D — CKBaYKUHBI.

PaccmarpuBaemblie KpaeBble 3a/1aud HEIMHEHHBIE, & IOJIyYEHHbIE Pe3YyJIbTaThl —
npubivkenHple.  DakTHYECKH HEYeM OO0OCHOBAaTh IMPHUTOJHOCTh  MOJYyYEHHBIX
pe3yibTaTOB, KpOME KAuyeCTBEHHBIX OLIEHOK IOTPEHIHOCTH  alllPpOKCUMAalUu
Qg depeHraIbHON 3a1a4l ¢ KOHEYHO- Pa3HOCTHOW. B TakuWx ciydasx HCIONB3YIOT
ypaBHEHHE MaTepuaibHOro OajlaHca, XOTS OHO CaMO SIBJISETCA CPEIHEUHTErpaTbHBIM
pelIeHreM MoCTaBICHHON 3a7auu B 00J1a/1aeT ONpeIeIeHHOW MOTPENTHOCTBIO.

B 1ab6un.1 nmpuBeneHsl M3MEHEHUsI BO BPEMEHU CPEIHEro IIaCTOBOTO JaBIICHUS,
BBIUMCJICHHbIE [0 PEUICHUSM KOHEYHO-Pa3HOCTHBIX YpPAaBHEHUH M MaTepHUaJIbHOrO
Oananca. J{ns HaArfmsgHOCTH TPHUBENCHBI TaKKE€ OTHOCHUTEIbHBIE MOTPEIIHOCTH 3TUX
JIBYX BEIMYUH. YCTAHOBIJIEHO, YTO 32 720 CYTOK OTHOCUTENbHbIE MOIPEUIHOCTH 3THUX
BeIMYMH He mnpeBocxodsaT 1%. OTo moka3piBaeT Ha UX OJIM30CTh, MPH 3TOM
HOTPEIIHOCTh YBEJIUYUBAETCS BO BPEMEHHU.

Tab6muma 1
CpaBHeHHe CpeJHHMX ILIACTOBBIX JaBJIEHUIl 110 IBYM MeTOAaM
Cytku HaBnenue raza Ha | CpenHee IJIaCTOBOE J1aBJICHHE, OTtHOCUTENBHAS
CKBa)KHHE, aTM aTM MOTPEIIHOCTbD,
no [I9BM 110 Mat.0ajaHcy %

40 284.82 299.64 299.76 0.0380
120 281.79 298.92 299.28 0.1230
240 279.66 297.75 298.56 0.2776
480 276.33 295.32 297.12 0.6060
720 273.03 292.92 295.68 0.9387

OnuH U3 crnocoOOB aHajdM3a MPAKTHYECKOW CXOIMMOCTH PEIIEHUS] KOHEUHO-
pa3HOCTHOM 3amaun K AuddepeHInaIbHOl — U3METbUYCHHE I1ara BPEMEHHOW CETKH.
Ecim mpu mnocneroBaTeIbHOM YMEHBUIEHHMM BpPEMEHHOIO Ilara pe3ynbTaTbl B
OJIMHAKOBBIX TOYKAX MPOCTPAHCTBEHHOW CETKH HE OTJIMYAIOTCA PE3KO, TO MOXKHO
anpuoOpH YTBEPXKAATh, YTO CXOAUMOCTb €CTh. C 3TOM LEIBI0 MPOBEAEHBI PACUETHI IIPH
pa3IMYHBIX 3HAYEHUSX Iara Mo BpeMeHHOW cerke 7 . IlpexacraBneHHble B Tab.2
pe3yNbTaThl MOATBEPHKIAIOT CXOUMOCTh IO BPEMEHHU.

JUia aHanmm3a CXOJMMOCTH HTEPAllMOHHOIO IpOIEcca PEIICHHUsS HEIMHEHHBIX
anredpanvyeckux ypaBHEHHUI COMOCTAaBJIEHBI PE3YJIbTAThl, MOIYYEHHbIE MIPH &, PABHOM
0.001, 0.0001 wm 0.00001. Pe3ynapTaThl IMOKa3ajid, YTO C TIOBBIIICHHEM TOYHOCTH
UTepaly 3HaYCHHE JaBIICHUS pe3ko He MeHsercs. Co CHWKeHHWeM 3HaveHus & >0
M3MEHSETCS 3HaUe€HUE JaBJIEHUS BO BCEX TOUKAX 001acTu (PUIbTPALUH, T.€. IPU MaJbIX
TOYHOCTSIX Pe3yibTaThl OyAYyT MOBbIIEHHBIMU. OJJHAKO OHU HEOOJIBIINE, YTOOBI MOXKHO
OBUIO ¢ JOCTATOYHOM TOYHOCTHIO Opath B pacuerax ¢ = 0.001.
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Ta0mnuma 2

HN3meHnenue CpeAHEro MJacTOBOI0 AaBJECHUS U JAaBJICHUS B CKBAKUHE 110 BPEMEHHU
IPHU PA3JIUYHBIX BPEMCHHBIX HIarax

Cytku

r=2

r=4

r=8

PCKB

Pcp

PCKB

Pcp

PCKB

Pcp

80
160
240
320
400
480
560
640
720

0.9428
0.9365
0.9322
0.9284
0.9247
0.9211
0.9174
0.9138
0.9101

0.9976
0.9951
0.9925
0.9899
0.9871
0.9844
0.9818
0.9791
0.9764

0.9427
0.9360
0.9315
0.9275
0.9237
0.9199
0.9161
0.9123
0.9085

0.9976
0.9949
0.9922
0.9894
0.9866
0.9838
0.9811
0.9783
0.9755

0.9427
0.9359
0.9314
0.9274
0.9236
0.9197
0.9159
0.9120
0.9082

0.9976
0.9949
0.9921
0.9893
0.9865
0.9837
0.9809
0.9781
0.9752

Paccmorpum

HNudopMalinoHHbIE  MaccuB

v H n mn
BHUJIE IBYX3HAYHOU KOHCTAHTBHI, T.€. Infij =nr, .

3ajady,

Korma
obnmactu  ¢uabTpanuu npuBenaeH B Taom.3. Kak
YCTaHOBJICHO, JIEMEHTHI HH(pOpMAMOHHOTO MaccuBa | = infij} IPEJICTABIISIFOTCST B

HedTerazoBoi

j1acT

NudopmaunonHbiii MaccuB 00J1acTH GUILTPAIUA

HEOJHOPOIHBIN.

Ta0muma 3
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0
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3nech aIIeMEHTHI paspsana I, ompenenstorcs no Gopmyne (4), a paspsa I, COAEPKUT
UH(POPMALIHIO O 30HaX IUIACTa:

1, ecu (X,Y;)eGy;
=42, eciu (X,Y;)€Gy,;
3, ecu (X,Y;)€G;.

r7ie 3HaUeHHsI TOPUCTOCTH M 3HAYECHUSI aOCOTIOTHOM MPOHHUIIAEMOCTH IO 30HAM MMEIOT
BUJ
G : (m=0.2, k=05);G,: (m=0.002, k=0.005);G,: (m=0.1, k=0.4).

Ha ocHOBe WU3JI0XKEHHBIX TECTOBBIX 3aJad IPOBEJICHBI BBIUYMCIUTEIBHBIC
9KCHEPUMEHTHI. Pe3ynbTaTbl BBIUMCIUTENBHBIX SKCHEPUMEHTOB IPHUBEIEHBI B BUJE
rpaduKoB, TPEACTABICHHBIX Ha puc.l, 2, rae MOKa3aHO paclpeneieHue MoJeH
nasieHust npu cedeHwsx Y =0.5 (mo m3menenwro mepemenHoit x) m X=0.5 (mo
U3MCHEHHIO TIEPEMEHHOW ) MPH pa3IMYHbIX 3HAYCHHUsX BpemeHu). Ha puc.l nomanas
KkpuBast 1 — rpaduk uM3MeHEHMs HaBJIE€HHs B TOPU30HTAJIBHOM HAIPABICHUM, KOTAA
obmacte (uABTpanMKM KyCOYHO-HEOAHOpPOAHAsi 1Mo ocu x. HempepwiBHasi kpuBas 2 —
rpaduK M3MEHEHUs JaBJICHUS B BEPTUKAJbHOM HAINpaBJIEHUH, KOTJa MO BEPTUKAIH
o0macte (UIBTPaMK OTHOPOAHA. DTH TpadUKU HAOT O0XHIAEMYIO KadeCTBEHHYIO
KapTHUHY, YYUTHIBAIOILY0 HEOJAHOPOIHOCTh 00JIaCTH (DUIBTPALIUH.

14 1
0,98 1
0,96 1 /
0,94 1 2
T 0921
5
8 091
&
S 0881
0,86 1
0,84 1

0,82 4
08

0 001 002 003 004 005 006 007 008 009 0,1

Puc. 1. IIpodpunu pacnpenenenus nasieHus raza 3a 720 cyTok pa3paboTKu npH
ceuenun: 1 —y=0.5; 2- x=0.5

0,98 1

0,9 A

0,94 4 /
0,92 2

0,9 4
0,88
0,86
0,84
0,82 4

HDaBnenuna

08 T T T T T T T T T "

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 0,1

Puc. 2. Tlpodunu pacnpeneneHus JaBiaeHUS Ta3a IPHU Pa3InIHbIX BpEeMEHaX
pa3pabotku npu ceuernu y=0.5: 1 —uepe3 360 cyTok, 2 —yepe3 720 cyTok
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Ha puc.2 npezacrasnensl rpaduki M3MEHEHHS B TOPU3OHTAIILHOM HaIlpaBJIEHUU
npu Y=0.5 mnpu pa3nuuyHOM BpeMeHU pa3pabOTKH, KOTOpbIe IOKAa3bIBAIOT, YTO
NEHCTBUTENPHO B IIJIOXO TMPOHHUIIAEMON 30HE (UIBTPALMU TEYEHHUsS] TOYTH HE
IIPOUCXOMMUT.

[IpuBeneHHbIE pacyeTbl IOCTAHOBKM M3JI0KEHHBIX BBIIIE 334ad  JalIu
OKUJAEMYI0 KapTHHY paclpelesieHusl 3TUX IOJeH JaBJeHHs MO BPEMEHH, YTO JAET
OCHOBaHHWE TOBOPUTH 00 aJeKBAaTHOCTH MAaT€MaTUYeCKOM MOJEId OMUCAHUS
HECTAIMOHAPHBIX (PUIBTPAIIMOHHBIX MPOLECCOB, MPOMUCXOJAIMX NpU pa3padoTKe
He(TEra3oBbIX MECTOPOXK/ICHUN CUCTEMOMN CKBaXKHH.

NCIIOJIbB3OBAHHAS JIMTEPATYPA

1. JIamko U.NU., Cepruenko N.B. u ap. Bopockl aBTOMaTH3a1IMn pEIICHUS 3a/1a4
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2. A3u3z X., Carrapu D. MaremaTnueckoe MOJEIMPOBAHUE IIACTOBBIX CHUCTEM.
M.: Henpa, 1982.

TamkeHTCKU YHUBEPCUTET Jata noctynineHus
HH(POPMAIUOHHBIX TEXHOJIOTHIA 22.10.2009
V]IK 681.324(03)

m.X. CAMJAXMEJIOB

CETEBBIE MOJIEJIU TIETPU MPOTOKOJIA SNMP (SIMPLE NETWORK
MANAGEMENT PROTOCOL - ITPOTOKOJI ATAIITUBHOM
KOMMYTALUN)

HI.X. CaugaxmenoB
SNMP (agantuB kommyTtauus) 6aénnomacunuur I[erpu Typaapuaaru ango3ajaapu
ApnantuB KoMMyTaIus 0aéHHOMAaCHHUHT MaTeMaTHKa TacBUpJam macanainapu [letpu typrapu
(IIT) Ba yHHWHT KEHTaWTHpWITaH 3JEMEHTJIAPH acocHaa KypwiraH. ba€HHOMaHWHT aHAO3ajJapu YHUHT
HIUTaII aJIrTOpUTMHU Ba IIT 3JIEMCHTJIapH acoCuia OJITU MaTEMAaTHKa Kf’pI/IHI/IH.I,I[a KEJITUPHIITAH.
Sh.Kh. Saidakhmedov
Network models Petri protocol SNMP (Simple Network Management Protocol)
Methods of formal specification of protocol Simple Network Management with the
determination of join are considered on the base of elements of networks Petri (NP) and their expansions.

Protocol models underare guided to poles forms of the mathematical presentation in accordance with the
block diagram of algorithm of operation of protocol SNMP and NP elements.

CYH_[HOCTB METO/Ia aJanTUBHOMN KOMMYTallu COCTOUT B 3aMCHC IIPU U3MCHCHUU

COCTOSIHHUA y3Jia KOMMYTalluu aJIropuTtMa KOMMYTalluu, aBTOMAaTHYCCKOU
KOPPCKTHUPOBKE 3HA4YCHHH nmapaMeTpOB OFpaHI/I‘lCHHﬁ, a TAKKC IPOTHO3C COCTOSAHHA
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y37a KOMMYTAaIllud C Ieiblo  oOecrnieueHus J(PGEKTUBHONH pabOThI  anropuTMa
KOMMYTAIlU{ ¥ MapIIpyTH3AIHH.

O606menHass cxeMa (YHKIIMOHUPOBAHUS aIrOpUTMa HM3MEHEHHUS peXHUMa
KOMMYyTalluu npuBejeHa Ha puc. 1 [1], nomedennoit kak ceru Ilerpu [2]. Hama nens -
pacuIMpeHne ONMKUCaHus AIrOpUTMa COTJIacHO [3].

CornacHo puc.l, HEKOTOpPBIM COCTOSIHMSIM alroputMma pi B mojenu llerpu
COOTBETCTBYIOT (PYHKIIMH anropurma tj , KOTopble 3aIyCcKatoTCs MpH Mepexoie B TaHHOE
COCTOSIHME M OCTAHABIHMBAIOTCA IPH BBIXOAE W3 HEro. OTH (YHKIHMH aIropuTMa
HEOOXOIUMBI ISl Pa3pabOTKU MPOrPaMMHOTO OOECHEYEHHUs CHCTEMbI YIIPaBJICHUS
cereBoro ypoBHss OS|I BRM.

Puc.1. I'pacdoBast monens IleTpu mpoTokosia aAanTHBHON KOMMYTAITUU

Mampuunas mooens nipotokona (pyHKIUs npeamecTBoBaHus B, QyHKuusa
cnenoBanus F) umeer coorBercTBeHHO B (Tabdmn.1, 2).
Iloocmanosounas moodens IPOTOKOIA, SKBUBAJIIEHTHAs TpadoBOM U MAaTPUYHOMN
MOZCIISIM 3TOT'O K€ ITPOTOKOJIA, UMECT CJ'IeI[y}OH_[I/Iﬁ BU.
Qu:{(X2> 1,p1) }—>{(x1-1,p1) JU{(y2+1,p2) };
Q2:{(x2 = 1,p2)}—>{(x2-1,p2) JU{(y1+1,p1)};
Qa{(X1> 1,p1}—>{(x2-1,p2) }U{(ys + 1,p3)};
Qs:{x3>1,p3)}>{(xs-1,pz)}U{(y1 +1,p1)};
Qe:{(x2> 1,p2)}—=>{(x2 -1,p2)} U{(ys +1,p3)};
Q7:{(X3>1,p3)(X6 21,p 6)(X5 > 1,ps)(Xe > 1,ps) }—>{(X3-1,p 3)(X6 -1,p6)(X5-1,p 5)
(xa-1,pe)} U{(ya +1,p4)(ys +1,ps)(Ye +1,pe)};
Qs: {(x721,p7)}—>{(x7 - 1,p7)}U{(ys +1,ps)};
Qo: {(X621,pe) }—=>{(xs - 1,p 6JU{(y7 +1,p7)};
Quo: {(Xa >1,p4)}—>{(Xa -1,p4) FU{(y1 +1,p1)(Ys+1,ps)};

Q26:{(X9 > 1,pg)(X10> 1,p10)(X17 > 1,p 17) }—>{ (X9 -1,p9) (X120 -1,p10)(X17 -1,p17) }
U{(y20 + 1,p10)(y11 + 1,p11)(y17 +1,p17)};
Q27 :{(X10>1,p10)}>{(X10- 1,p10)}U{(Y20 + 1,p20)};
Q28:{(x20 > 1,p20 ) }>{(X20 -1,p20) JU{ (Y10 + 1,p10)},

rae Qi - MHOXXECTBO COOBITHIA; Xi,Yi - UACIIO METOK BO BXOJIHOW M BBIXOJHOM MO3HIIUIX
pi cootBeTcTBeHHO; (X1 >1,p1) - HanW4Me HE MEHEe OJHOW METKH B mo3unuu P1 ; (X1 -
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1,p1) — u3BICUYEHUE OJHON METKHU U3 mo3unuu P1; (y1+1,p1)- MOMeIIeHHE OIHON METKH
B TTO3HIIHIO P1 .

Tabmauma 1

Oyukius npeanectsopanus (B)

P1 | P2 | P3| Ps|Ps5|Pe | P7|Ps|Po|P1 | P11 | P12 | P13 | .- | P18 | P19 | P20
t1 |1
to 1
1y 1
ts 1
te 1
t7 1 1)1 1
ts 1
t9 1
t10 1
t11 1
to | 1 1
t13 1 1
14 1
{15
{16
117 1
t1g
t19
t20 1
o1 1
22 1 1
t23 1 1
to4
tos 1
tos 1 |1
to7 1
t2s 1

[Tpumeuanne: ITycToTHI B 31eMeHTax TadJl. 1 COOTBETCTBYIOT HYJISIM.

Ananumuueckoe npeocmaenenue 3anaetcs B Buae (opmyn  anreopsr CII.
dopmynamu B 3TOil anredpe SBISIOTCA: CUMBOJIMYECKHE OO0O03HAUEHUS AIEMEHTAPHBIX
CII u pe3ynpraTthl npuMmenenus ainredopsl CII ee ¢opmynam. CeteBble mpeacTaBICHUs
dbopMyI IpUBEACHHI HA PHC. 2, TIe: a) MHOXKeCTBO neMeHTapHbIx CII ans mepexomos
t1 - tog; 6) CII - cooTBeTcTBYET (hopmymmam A1 -Azg.

Ha ocHoge ceteBoro mpencrasierust Gopmyn Ai-Azg oTydaeM aHATUTHIECKYIO
MOJIEJTh MIPOTOKOJIA aJaTHBHOW KOMMYTAIlUN

(CCCCCCCCCCCCCC(((AL*A2)*Ag)*Aa)*As) *As) * A7) * As) *Ag) *Ar0)* A11)*A12)*Aus)™
A14)*A15)*A16)*A17)*A18) *A19)*A2o,...,A28 =A1*A2*A*As*As, ..., * A2o,..., Az, 20e
"*'"- oneparust HanoxeHus [4].

Ta6muma 2

®dynkius cinenoanus (F)
P1| P2 | P3| P4|Ps|Pe|P7|Ps|Po|P1o|P11|P12]|P13|---|P18| P19 | P20
t1 1
|1
ta 1
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[Tponomxkenne Tabm.2.

ts | 1
te 1
t7 1111
ts 1
to 1
t10 1
{11
t12
t13 1
t14
t1s
t16 1
t17
t1g
t19
t20 1
o1 1
22 1 1
t23 1
{24 1
t25 1 1
{26 1 |1
to7 1
t2s 1
HpI/IMe‘IaHI/IeZ HycTOTLI B 3JIEMEHTax Ta6J'I. 2 COOTBCTCTBYIOT HYJISIM

CmpyxmypHas Mooeb TIPEJICTABIISICTCS B BUJIC YeTBEPKH, KOTOPasi COCTOHT
U3 MHOKecTBa mo3unuii (P=p1,p2,,....,P20 ), MHOXKecTBa mepexo10B T=(t1,t2, ....,t28),
BxojHou (I:T—P * - oToOpaskeHHe U3 MEePeXxo/I0B B KOMIUICKThI IO3UIIHIT) M BBIXOIHOM
(O: TP~ - orobOpakeHHe U3 MEPEX00B B KOMILICKTHI MTO3UIIN#) GYHKIHIA U UMEET

caenyromuit BUIL 1(t)={p:}, 1(tz)={p2), I(ts)={p1}, I(ts)={ps}, I(ts)={p2}, 1(tr)={p3,Ps,Pe,Ps},
I(ts)={p7}.1(te)={Pe}, I(t10)={p4}, I(t1)= {p2}, I(tiz)={ps}, I(tis)={pa},1(tra)={p1s}, I(ti5)={p1a},
I(tie)={p1s}, I(ts7)={p13, P1s,Pa7}, I(tie)={P1e}, I(tr0)={p17}, I(t20)={pP17,P10}, I(tor)={p1s},
I(t22)={ps, P11}, 1(tes)={ps}, I(tea)={p2s}, I(tz5)={Ps}, 1(tz6)={Po,P10,p17}, I(t27)={P10}, I(t28)=pP20};
O(two)={p2}, O(tz)={p1}, O(ts)={ps}, O(ts)={p1},O(ts)={ps}, O(tr)={p4,ps,ps}, O(ts)={ps},
O(to)={p7}, O(t0)={p1,ps}, O(tur)={p1s}, O(trz)={p13}, O(t13)={ps, P13}, O(tra)={p1},
O(ti5)={p1,p15}, O(tie)={pP13,P15}, O(t17)= {P14,p17},O(t18)={p17}, O(tre) = {P16}, O(tz0)=

{p17, p1s}, O(tar)={p1s0}, O(tz2)={ps}, O(tzs)={P12}, O(tes)={ps}, O(ts)={ps,ps},
O(tz26)={P10,P11,P17), O(t27)={p20}, O(tzs)={p1o}.

A

[

[

t1 Aty
e e - U R 0 p.
t2 A o
P2 0------- |------- Opr  p20------ |-------- 0p1
t2 At
P20---mmoe|--==-0 p1 P2 O-mmoefrmmoees 0p:
ts As ty
P10---mo|---=-0ps Py O-mommefrmooes 0 ps
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Pg0------- |--------- 0pu Po0-------- |--------- 0 p1r
tos | tae
Pg0------- |--------- 0 p1o P170-------- |--------- 0 pu

t26
P10 0------- |-------- 0 p17 pP100-------- — 0 p1wo
t26
P17 0------- |-------- 0 pu
t26
P17 0------- e 0 pu
t26
P17 0------- |-------- 0 pu
t26
P17 0------- e 0 pu
t2
P17 0------- e 0 p1wo
{26
P100------- |-=------ 0 p17
t26
P100------- |-------- 0 pu
t2s
P100------- |-=------ 0 pwo
to7 Az 1
P100------- |-------- Op2o  P1o0-------- |-------- 0 p2o
t2s Aag tag
P200------- |-------- Opwo  P0-------- |-------- 0 pao
a 0

Puc.2. CereBoe npezacrasieHre GopMys1 aHATUTHYECKOH MO ITPOTOKOIIA

Aneebpauueckyro mooenb, SKBUBAJICHTHYIO  TPUBEICHHBIM BBIIIC MOJEIISAM
ATOrO K€ MPOTOKOINA, ToJiydaeM cieayroumm obpa3zom. Ilpumaem mo3uiuu pi Bec
=21y nmosrygaeM: S1=1, Sp=2, Sz=4, S4=8, Ss=16, Se=32, S7=64, Sg=128, S¢=256,
S10=512, S11=1024, S1o=2048, S13=4096, S14=-8192, S15=16384, S16=32768, S17=65536,
S18= 131072, S19=262144, S»0=524288, S»1=1048576;

Beca Qi mepexomoB tj 3ammmem Tak: Q1=S2-S1=1, Q2=S1-Sp=1, Q3=Ssz-
S1=3, Q5=51-S3=-3,Q6=53-S2=2, Q7=Se+S4+S5-Se-S3-S5=4 , Qs=S6-S7=-32, Qo=S7-
S6=32, Q102-31-58+S4:-121, Q112513-32:4096, Q 12=513-51=4095, Q130:SS+513-S4:
4216, Q14=S1 -S13=4095, Q15=S1+S515-S14=8193 ,Q16=S13+S1-S14=12288,Q17= S14 +S17-
513-515-517:-12288, Q182317-516:32768 s Q192316-817:-32768, QZO:517+518'517: -131072,
Q21=S519-S180=131072, Q22=S5-S5-S11=-1024, Q23=S12-S5=2032, Q24=Ss-S12= -2032,
Q25=S9+S5-S5=256,  Q26=S11+S17+S10-S17-S9-S10=768 , Q27=S20-S10=523776, Q28=S10-
So0=-523776.

DyHKIMU 3aIlyCcKa MNEPEXONoB cienyromue: t1= pi,to= pz, ta=p1,ts= ps,te= po,
t7=pspepsp, ts= w7, to= pe, tio=w 4, tu=po, tio=p1, tiz= p4, t1z= w4, ts= pus, tis=puias,
t16= p14, t17=p17 paspas, tig= pue, tio=p17, o= pao p17, ta=pas, t22= ps paa, t23= ps, t24= pa2,
f2o5=ps, t26= p17popio, t27=p0, t2s= Li2o,

Koprex Qynkumii tog t27 toe ts taa tog t 22 21 too - tigetigetiy etigetisetis etizetsy
o110 tipe toe tge t70 tge 15 elselze 1, ofy peanusyercs anreOpanyeckuM MOJIMHOMOM
T= ptpztpitust pot pspspept s+pz+ petpat potpat pat past pagtpiatpaspaspiz+pies
M7+ pa7piotpagt pspaat Ustpiot+pst+opliopiz+ ot toopti+po+ust st s+ stz ot
2tU13t taat pietuizt past poot papspeMstasplaspaztpspiit Holioar.
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CnenoarensHo, Mmoaenb CII 3amaercst ypaBHEHUSIMU:

1. Mk+1: Mk+ Qk1
rIe le {1,-1,3,-3,2,4,-32-121,4094,4095,4216,-4095,8193,12288,-12288,-131072,
131072, -1024,2032,-2032,256, 768,523776, -523776};

2. T= wtpptpatust pot papspspt szt petpat o+t pat pagt paatpist
pi3pispi7 + Hiet pazt pazplag + pist pspiit pstpiotustugpiopazt paot poopts
potustpatps+ pe +pz+piot izt izt piat paet izt pist pootpsps et iz plis izt
uspi1t popiopa7 , re pi € {0,1} - KoauuecTBO MapKepoB B O3HIIUH i .

Nrak, nosydeHbl MOJEAM MPOTOKOJIA aAaNTUBHOM KOMMYyTalUWH B IIECTH
dbopMax MaTeMaTHYECKOTO TIPEJACTABJICHHS C  HMCIOJIb30BAaHUEM 9JIEMEHTOB
nomeueHHoir CII: rpadoBas, wmaTpuyHas, TMOACTAHOBOYHAS, AaHAIUTUYECKAs,
CTPYKTypHasi U anreOpanyeckas. Ha3zHaueHue KaXaoll M3 MOJENEH - B OTpaKEHUU
COBEPILIEHHO ONPEAEIEHHBIX aCIIEKTOB MOAEIUPYEMOr0 IIPOTOKOIA.
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WHCTUTYT MaTeMaTHKH U HH()OPMAIIMOHHBIX [ara mocryruieHus
TexHosioruii AH PVY3 20.05.2009
VK 004.42

B.II.PAIKABOB, YHM.XU/UPOBA

VKYB KAPAEHUHU BUPTY AJUTAIUTUPUIT MAKCAJUIA
BUPTYAJI YKYB KYJILIAHMAJIAPH SIPATUIIIHUHI JACTYPUI
TABMHUHOTH

B.111.Pax:ka6oB, U.M.XuaupoBa

IIporpammHoe oGecneyeHHne cO31aHUSI BUPTYAJIBHBIX y4eOHbIX MOCOOUIi B LeJSIX BUPTYaau3auuu
y4eOHOro npoiuecca

B crarpe paccmaTprBaeTcs 3a/1a4a BUPTYIU3aHK y4eOHOTO IIPOoLecca Ha OCHOBE BUPTYAIIBHBIX
y4eOHBIX MOCOOMH B LEJAX YIy4LICHHs MPENoJaBaHus CTyICHTOB B By3aX Ul NPHOOPETEHHsT HABBIKOB.
Pa3paboraHbl BHpTyalibHbIC yueOHbIE MOCOOHS (JCKIHOHHBIC, MPAaKTHYECKHe, Ja00opaTOpPHbIE 3aHSTHS,
TECTHI U T.JI.) HA OCHOBE OOBEKTHOTO OPHEHTUPOBaHHOro mporpammuposanus (Borland C++, Delphi) u
MyJIbTHMEIUMHBIX CPECTB.
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B.Sh.Radjabov, Ch.M.Khidirova
The software of creation of virtual manuals with a view of virtualization educational process

In article are considered the task a virtualization of educational process on the basis of virtual
manuals with a view of improvement of teaching of students in HIGH SCHOOLS for acquisition of
skills. Virtual manuals (lecture, practical, laboratory researches, tests etc.) it is developed on the basis of
the objective oriented programming (Borland C ++, Delphi) and multimedia resources.

Byrynru xyHra xenu0 TabiauM TU3MMHKJA, )KyMiaJlaH, OJIMH TabJIUM TU3MMMJA
XaM 3aMOHaBUH axO0OpOT TEXHOJOIMs HMKOHUATIApUJaH (oijanaHuil sxafgain Tyc
onmokna. Iy karopga onuii TapauM TH3UMHJA Tanabanmapra OwiauMm  Oepurn
camapaJlopJIMTMHU OIIMPULI MAKCaAUIa YKYB Kapa8HUHU BUPTYaJUTAIITUPUIL Macajgacu
MYXHM aXaMUsT KacO 3Taju.

bu3 kypub unkaérran Macanazna YKyB jkapa€HUHHM BUPTYaJUIALITUPHIL, JEraHia
BUPTyal YKyB KYJUIAaHMajapyd acocuaa oJu0 Oopwiamuran YKyB kapaéHU Ky3aa
TyTWiIrad. Bupryan YyKyB Ky/ulaHMalapu TabIUM CaMapafopiurvHU  OIIMPHUII
MaKcaauaa, MYJIbTUMENWs BOCHTaJapu (aHMMalus, OBO3, TacBUp), Ipaduk, cxema,
’aJlBaJl Ba X0KazousapJaH (oigananrad Xoi1/1a UIuiad YUKUIraH.

v

DJIEKTPOH Mabpy3a

|
v v

Buptyan taxpuba Buprtyan amanuii
MaIIFyJI0TH MaIIFyiaoT

A 4

Buptyan Ha3opat (Tectiap) |

v
HarmxanapHuHT KHECUIN TaX TN

1-pacm . Buptyan ¥KyB jxapaéHu CTpYKTypacH.

IOkopumarn cTpykTypa acocuia SpaTWiITaH BHPTyal VKYB JKapaéHUHHHT
nactypuil TapMuUHOTH Jjactypiam Tuuiapu (Borland C++, Delphi), mabmymotiap
6azacu xamaa Web texHomorusuiapaan ¢oigaianraln Xosaa uiuiad YuKuiarad. buzHuar

MHUCONTUMU3/IAa  axOOpOT  TeXHOJOTHsulapu  WyHamunuiapu  ydyyH  “OObekTra
WYHANTUpUATAH JacTypiam Tuuiapu’ ¢anu OViinya BUpTyasl YKYB KYJUIaHMallapu
SApaTUJITaH.

] Ob'ektga Yo'naltirilgan
Vn J Dasturlash Tillari fanidan
Virtual O'quv Jarayoni

Virtual o'quv jarayoni Fan Dasturi Ma'ruzalar Tajriba mashg'uloti Amaliy mashg'ulot Virtual test

2 - pacm. JlacTypHHHT capjaBxa OaH/IM Ba acOCHit MeHIO KaTopu (top frame.)

Pean yxyB xapaéHugan (apknu Yrmapok, BUPTyasl TabIMMHUHT ad3auluru
nryHaaH ubopatku, OyHaa Ttanaba YKyB kapa€HHMa TacaBBYp KWIMIL, (DUKp FOPUTHUII,
TUHTJaWm, €310 ONUIIJAaH TallKapu Xap Oup u3oxJaHaéTraH xXapa€H, BOKea Ba
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Xoaucanap, Ky3 OWjiaH KYpuIl MyMKHH OYyJIMaraH, TacaBBYp KWJIMIN KWUWWH OYiraH
XO0JMica Ba jKapaCHJIapHU BHUPTYAUIAIITHPWITAaH KOMIIBIOTEp MOJENUAa Ky3aTHO
Typanu. Xap Oup cxema, rpaduk, kajaBall Ba Mypakka0 cy3iap 3JEKTPOH X0JaTia aHUK
kypcarub Oepwiagu. Tamabanap onraH OWJIMMHU BUPTYaJ HAa30paT OPKAIW TEKIIHPHUIIT
HaTIKacHa BaKT TeXanaau. ByHJaH Tallkapy HapcHU Y3JamTupa oJiMaraH EKu
OMITMMHHHU SHAJAa MycTaxKamsall Makcaaujaa Tanabaja MYCTaKWJI PaBHINAA BHPTYyall
VKyB KyJu1aHMajaapuaaH GoiigalaHuil IMKOHUSTH MaBxKy/l.

Bupryan ykyB xapa€Hu, y3 HaBOaTHaa, JIEKTPOH Mabpys3a, IIy Mabpy3a
acocua TY3WITaH BHPTyaJl aMaJdid Ba TaXpuOa MalIFyJoTIapH Xamja OJIMHTaH
OWJIMMHHU TEKIIMPHUII MaKCaJuJa BHPTyald Hazopar OJokKiapuiaH ubopar Oynud, Oy
kapacHiiap Oup-Oupura OOFIUK X0JI/1a UITUTANTH.

Bupryan VyKyB KyJulaHmManapu IEJaroruk JacTypuid BOCUTalap acocuaa
sipatuirad Oynu0, AaBiaT TabJIuM CTaHIAPTIAPUTa MOC KEIaJIH.

DNEeKTpOH Mabpy3aja Jaapc jkapa€Hu, acocaH aHUMauusuiap, TacBHUpIAp,
rpadukiap, xaasauiap Ba cxemaiaap épaaMuaa TYIIYHTHPUO OepHiiraH Xxamja aMajiuid
Ba TaXXpuOa MamFylnoTiapura 6EBOCHTa Mypo)KaaT KIJIMII MyMKUH. BupTyan mabspysa
KapaHUHUHT TY3WIUIIN KyWUIard cXemaja y3 akCUHH TOIITaH.

Bupryaa mabpysa

1. Mabpy3a HOMH |«

Hazapuii kucm

h 4

2. Mabpy3aHuHT

TacBupuiiap, xaasajap,

MaKcaIu ”
Kean | 3. Acocuii aHMMAaIlMOH MoJIeJIIap Ba
KHACM X.K.

A
A 4

4. TassHu ubopanap <——

Awmanmii Ba Taxxpu0a
5. Xynoca < | ManFynoTnapura Myposkaar

6. CaBou Ba B Anabuétnap
TONMIIMPUKIAD | (kuTOO, XypHAI)

7. ®onparaHuITaH DNEeKTPOH YKyB
MaHOamnap KYJUTaHManap

DneKTpoH
—» Mmar3uLIap (WWW
ra Mypoxaar)

3 - pacM. Buptyan mabpy3a sxapa€Hu CTPYKTypacH.

Ymby wmabpy3ara acocaH BUPTyal aMmaluii Ba Taxpuba MaIIFyIoTIapH
Ty3udarad OynuO, amManwii MamFygoTHAA, acocaH, JAacTyp KOJJapWHUHT TacHU(H Ba
JacTyp CUMMUHUHT  alTOPUTMHK OJIOK cXemalapu KeNTHpWIraH. Amanuit
MalIFyJgoTiapia xaM, y3 HaBOaTuja, Mabpy3a Ba TaxpuOa MalIFyJIOTHTa MypoxKaaT
KWINAII MYMKUH. BupTyan amanuii MalifyJIOTUHUHT TY3WIHIIK KyHuaaru cxemana y3
AKCHHH TOIITaH.
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Bupryaa amanuii MalryJaoT

|
v v v v v y

1. Amannit 2.Mamry- 3.Tassau 4.Acocuit 5.CaBou Ba 6. ®oiimana-
MAILFyJI0T JIOTHUHT nbopanap KHCM TOMNIINPUK- HUIITaH
MaB3yCH Makcaau Jap ajabuérnap
v Y v
Macananu equin Hactypuii Hactyp
ycynnapu KOJJIAPHUHT ITOPUTMU Ba
TacCHUH 0JI0K cXemacu
Taxxpuba MarFyaoTHra Maspy3zara Mmypoxaat
MypoxKaar

4 - pacMm. Buptyan amanuii MalFyJI0THHHT CTPYKTYpPacH

Buptyan yKyB jxapaéHUHHUHT stHa OUp acOCHIl KMCMU OYJiraH BHPTyal TakpuOa
MAIFYJIOTJIAPUHU  SIpaTHIAA aJloXuJa MexHaT Tanad oTwimbd, OyHaa acocaH
MyJbTUMEANA BOCUTAJIApU acCOCHJA aHUMAIMOH Ba OBO3JIM YKyB KyJUIAHMajap
sapatuiagy. BupTyan taxpuba MamFynoTuja e4uiaaJural macana €Ku Ty3WJIaJuraH
JacTyp OaXapWIMIIHHUHT KOMIIBIOTEP MOJCIUIAPH SPATUIITAH.

Bupryan Taxpuda

MANIFVIOTH
1. JTaboparopust 2.JIabopaTopus 3.MacanaHuHT 4. JTaboparopus 5.Macanauu
MaIFyJI0TH- MaIFyJI0THIA TY3WITaH MaIFyJI0TIapu- | || edunin gactypwuii
HHUHT MaB3yCH Kypuiagura AJITOPUTMHU HE OaXkapuI TabMUHOTHHH
Macaja Oyitmua macTyp YUYH SPATHII MyXUTH-
KOJIUHU TY3HII TOMIIUPUKIIAP HH TYLIYHTUPHO
[ OepyBYH MYITBTH-
+ * Meauainu
Hactypan JacTyp anropuT™u Ba nabapoTopus
Ty3UIIa KOJUlapu TacCHUGH MallIryJloTH
Mabpy3ara OWIaH TAaHUIIUII YIYH
MypoXKaar amanuii MalFyiIoTra
MypoKaar

5 - pacMm. Buptyan naboparopust MalFyJIOTUHUHT CTPYKTYpPACH.

:I Buprtyan Ha3opart TecTH |

v ' y
Bomnanruu Ha3opar Opanuk HazopaT SxyHuit Hazopat
bounmanruu Hazopar Opank Hazopar SkyHuii Ha3opat

HATHXacH HaTIKacH HaTHXKacH
v y y
A 4
Haruwxanap taxmunu

6 - pacm. Bupryai yKyB xapa¢auia Tanadanap OMJIMMIHHA Ha30paT KWW JaCTyPH
CTPYKTypacu
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VKyB KapaéHMHHHT BHPTyal Ha3opaT OJIOKM MaxCyc IacTypyiap acocuua
spaTWirad TectiaapAan uoopar 6ynub, TecT sKyHuAa Tanadanap ojraH OMJIMMH TaXJIHI

KHJIMHaau
El

moe @[3 - RS E B

sle 8- ™4
Ob'ektga Yo'naltirilgan
Dasturlash Tillari fanidan
Virtual O'quv Jarayoni

Virtual o'quv jarayoni Fan Dasturi Ma'ruzalar Tajriba mashg'uloti Amaliy mashg'ulot

OB'EKTGA YO'NALTIRILGAN DASTURLASH TILLARI fanidan talabalar olgan bilimlarini tekshirish uchun
VIRTUAL TEST

Fakultet. [Axborat texnolagiyalari
Kafedra far
Guruh: [11-08
Farmiliya, ism, shar [Choryev Alisher
Nazorat turini tanlang [Vakuniy nazorat =]

1-TESTNI BOSHLANG
2-TESTMI BOSHLANG

[l

file: ] }iD: jmaruza.html
7 - pacM. Buptyan yKyB jxapa€Huia BUPTyall Ha30paT JaCTYPUHHUHT 3KpaH Gopmacu
OOUJAJIAHWITAH AJJABUETJIAP

CvupnoBa U.E. Hauano Web-nuzaitna. Cn6.: BXB - Ilerepoypr, 2005. -238c.
M.M., MyxammaaueB X.Y. HWuadopmaruka// Wupopmanuon

=

2. Apumnos
texHosorusnap. Tomkent, 2006. - 217 ©.
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3.
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yHuBepeuretn Kapum gpunnanu KaOyJ1 KWIHHTaH
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Hl.®. MAJAPAXUMOB, A.X. XYPPAMOB

YMYMJIAIITAH KYPCATKUUYJIAP TETHIIJINJINK ®YHKIIUSICH
KUAMATJIAPA CUDATHUHIA

II.®. Maapaxumos, A. X. XyppamoB

O0o0nIeHHDBIC MOKA3aTENIN KAK 3HA4YeHUsd (PYHKINA NPUHAMNIEKHOCTEH

0000OIIEHHBIX IIOKa3aTellel B

3aja4ya BbIYMCIICHHUA arperupoBaHHbBIX,
HpI/I peuICHur HUCHOJB3YCTCA METOA IOCTPOCHUA

PaccmarpuBaercs
«0OBEKT-

Pa3HOTUITHOM MNPU3HAKOBOM IIPOCTPAHCTBE.
HUHTEPBAJIOB NOMHWHUPOBAHUA 3HAYCHWH KOJHMYECTBEHHBLIX IIOKa3aTeled II0 Ta6J'H/IIIaM

CBOMCTBOY.
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Sh.F. Madrakhimov, A.H. Khurramov
Generalised parameters as a values membership functions

The problem of calculation of aggregated, generalized parameters in polytypic attribute space is
considered. At the decision the method of construction the intervals domination values of quantitative
parameters on the tables «object-property» is used.

Maxkonana oObekTiIapHU cuHGIapra axparuil Ba MOPOrHO3 MacajalapuHu
CUMIIIATA OIIKOp ¥yidaM Oupiurura sra OyiaMaraH >KamJIOBYM, YMYyMJIAITaH
KYpcaTKUWIapHH XUCOOJIAIl Macajacu Kapainaau. byHaai kypcaTtkuura KyiuaarujiapHu
MHUCOJI KEITUPUII MYMKUH: OEMOp KACAJUINTMHUHI OFUPIIMK Japa)kach, KpeauT
Oepumiiary 0aHK MIDKO3MHHHI Kap3HHM Tyjamira KOAMPJIWIH, XYAYIHUHT 3KOJOTHUK
XOJATUHUHT 0aXOCH Ba X0Ka30. YMyMIalrad KypcaTkuuiap Typiau Toudanaru (cugpat
Ba MUKIOpPHM Yrmyammapnaarv) anomariap ¢aszocuaa xucobmaHaau. XucoOiard
xkapaéHuga Oepuiaran 0a3aCMHM MHTEUIEKTyall TaxXJIWl KWIUII  yCyJIapuJaH
doinanmanuIaIm.

YMymnamran kypcatkuuiap (0axoiapHU) OJIMII MacajlaCHHU €YUITHUHT Y3ura
XOC XYCYCHSITH IIyHAaKH, Makcaa QyHKuuscu (OKMOATHH) KUWMAaTUHU OOFIIMK
Kypcatkuwiap (cababnap) KuHMaTIIapu OPKAIM aHUKJIAMIIUDP. AJIOXHIA MYyXHM
MyamMMmonapAaH Oupu cudaruga xap xun Toudanu anomatiap dazocuga OOFIHK
KypcaTKUWIapHU KalTa HIUIAIl aJropuTMJIapd Ba METOMJIapy HIUIa0 YUKW
MacaJlaCHHU KYpcaTUIl MyMKUH.

KacamukHUHT  OFUPJIMK  JapaXaCMHW  aHHUKJIANI Y9yH KOMOMHALWSIIHA
yMyMJalral Kypcarkuunu xucobmnamra ypununuiap C.M.3yes [1] Ba [.11.Mapuyxk [2]
unulapuaa  kentupwirad.  KacaJuIMKHMHT  OFMpPAMK — JapaKacCMHU — MUKIOp
aNIOMAaTJIapUHUHT ypTaya KuiiMatinapu Oyiinuya perpeccusi Mojeiiapuia Xucooarl
Takiu( KUIuHTaH. YU3MKIU Ba YM3UKCU3 Perpeccrs OOFIAHUIIUTAPU KapasTaH.

Opatna, makcan GYHKIUSCHHHM (YMyMIIAIITaH KYPCAaTKUYHU) XOCHJ KUJIMIIAA
coxa Oyiinua HsKcrepT-Taxkpuba MabJIyMOTIapU HIUIATUIAAM Ba yhaap Kyluaaru
mrakapaa Oynaau[3]: skcrepTiapHUHT Oann 6axonapu; TaJKUKOT OObEKTIapuIaru
TaxJIWI KWIMHAETIaH XOCCAJIApHUHI HaMOEH OYIuIl JapakalapuHU 3KcrepTiap
TOMOHUJAH TapTUONAHUIIM OWiaH; >KyPT TaKKOCHANUIApHUHT Oyl MaTpullacu
KYpUHUIIUA.

IOxopuaa kenTupuiaran ycynJapHUHT KaMYMIUTH — YylapAa SKCIepTIapHUHT
CcyOBeKTUB (pUKpIapura TasHULIAMP.

Taakukor Makcaagu. YMymIamrad KypcaTKHYJIapHU XHcCOOIaml OpKaiu
Taxxpuba Oepriranyiap 0azacugaH OUITMMIIAPHU aXpaTUO OJIMII Ba YJIapHU OUITMMIIApHU
TacBUpNall Mojennapuaa udonaansam TaAKUKOT Makcaau XucoOnaHagu. Meroauka
cupatuaa Typau Toudanard, MUKIOpUH Ba HOMHUHAi anomatiap (daszocuaa
yMyMJamraH  KypcaTKHMYJIapHH  XUcOONall  HWMKOHHMHU  OepyBYM  YCTYHIIHK
MHTEpBAJUIApU YCYJIM KYJUIAHWJIAJAM Ba OJIMHTaH OWJIMMIIApHM HOAHUK MAaHTHUK
MoJIeTi/1a TaBCU (Al aMalira OMIHPUIIaIH.

Macana kyiunnaumm. CraHgapT paBulla KyWuiaraH oOpasfiapHU aHIJIain
Macayiacu Kapanaau. Mkkura y3apo kecummaiiauran K, K, cundnap Bakuuiapuau ¥3

wuura onrad E, = {51,..., Sm} o0BbeKTIap TYymiamMu Oepwiran ae6 XucoOJiaHaaH.

O6bextnap N Ta Typaum Ttoudamarn (Mukmopuii Ba cudar) anomariap OusaH
taBcudianran 6ynub, yinapuuer & Ttacu mHTepBawiapaa (I tymmam), N—¢&  Tacu

HOoMMHAN (J TYmiam) ynyamiiapaa ymdaHaau. YHralnuk yayH, K, cuH( BakuiutapuHu
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pyit 6epran xonatnap (xonarnap) Ba K, - pyii 6epmaran xonarnap (HO xonatiap) 1ed

XUCOoOIaiiMu3.

Nkxkn cundam wmacama Kapanmumura cabaOmapgaH Oupu — Xap  KaHgai
OOBEKTHUHT yMyMJamraH 0axocu HHCOMUAuMp, y Kapama-Kapim cuH(} oObeKTiaapura
KuEclal HaTvKacuaa to3ara kemaau. MkkuHumpad, xap kanga k (k>2) cuadnm
MacaJlaHd UKKH CHH(]IIN Macananap KacKaau KYypUHUIINIA €YUl MyMKHH.

Xap Oup MUKIOpUI ajoMaT y4yH, yerapagapuaa “xomnar”’ €ku “Hoxojatr’ cuHbu
yCTyH OYyNraH WHTEpBAJUIAPHU TaHJANl Macajach TaAKUK KuinHagu. WxTuépuit
MYMKHH OyiaraH OOBEKTHUHT MHUKIOPHA QJOMaTHHMHT KUHAMAaTH  YCTYHJIUK
WHTEPBAJUTADUHUHT OUpopTacura xam TyIIMaraH XoJaTH Ma3Kyp TaJIKUKOTAA
KapaJMaiau.

YMymJamrad KypcaTKu4JIapHu XHCOOIAIIHUHT UHTEpPBaJ ycyau. bepunran
C ajloMaTHUHT (C el ) KuiMaTiapu yeum 0yiinda TapTuOIanaim:

(Y RN F 1)
N i i i
AiiTaiinuk, dlx(u,v), dZ(U,V)- MOC paBuIla [I’Cu , FCV ] WHTEpBalgaru Kl, K2

cuH(ap BaKWUIApM MUKJIOPU OYJICHH. Fe, 1 1o, KUMaTiapuHu Ba te{l,Z} cuH]
YCTYHJIUTH UHJICKCIApUHN TaHJIall
d/(u,v) di,(uv
R . ”
Kl K

Me30HM Oyiinua anuknaHanu. Kentupunran meson Oyiuda (1) xerma-xkemnuk 7, Ta

y3ap0  KecHIIMaiauran [I‘Cu T, ]',l <u,usvmi=1r, MHTEpBaJLIapra
OynuHaau.

bupunun, [rol ,

KCTIIMKHUHT 6I/IpI/IH‘H/I SJICMEHTH OuiaH YCTMA-YCT Tylaau, HUKKUHYU [rcp ) rcq J2

I’CV ]1,V <M wuHTepBamHUHTI dYan derapacu (1) xkerma-

uHTepBan P=V+1,q<m kuiiMatunan OomnuiaHaau Ba XO0Ka30. (2) Me30H Oyitnda >HT

KaM MHTEpBALIap COHU T (I‘C1 < I’Cm XOJIaTH Y4yH) 2 Ta TEHT.
Xap 6up [rcu ' Ie, ]i,i =1,7, wunTepBan yuyH (2) Gyiinua ONTHMAN aKpaTHII

d{ (u,v) :dg(u,v)

— =, 17j Omnan Oecnrwmainuk. Y xonma ¢ —
Ky Ky

HaTWXKaIapUHU  7]3j =

[r r ]' 6yt K
anomatHuHr (I e | MHTEpBAI Oynnda Ky cuH(ra TerMIUTMINK (QYHKIUSCUHUHT
Thi
i + 12

oynca, f. (I) dyHKIMACHAATA 7], 7]p; KMAMATIAPH C - AIOMAT | -IPa/IALUSCHHUHT MOC

KANMaTUHU fc (i)z KYpUHHIIKAA aHUKIAaWMu3. Arap amoMar HOMHHAI

pasuma Ky, Ky cundnapnarn muknopnapu.
SeEynKy,S=(b,by,...0,) o6bexTHHUHT yMyMITalTan 6axocu

+ 2

i
’ bClXjC € [rcu 1rcv] cel

fo(i), be € [rcu ,rcv]i aa Xjc & [rcu,rcv]

LY 2k

‘K3—d‘5-eK_ cel
j 3-d

R(S) =

bc - ch

{fc(i)- be # Xjc | (3)

O, bCZXjC

Cy rcv
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dopmynacu 6unan xucodnanany. by epna Sj =(Xj1,Xj2,...Xjn) Ba 7T Ta rpajauusiin

C € J momunan anomar Kuiimatiapu {1,2,...., Tc} TYIIamra Teruiui aed Kapaiau.

Xuco0Ja1 IKCIePUMeHTH. XUCco0all SKCIIepUMEHTH cudaTuaa runepToHus
KacaJuTuru Owian OornuK 29 Ta MUKIOpuid aloMaT OwiaH TaBcudanran 36 Ta kacan
(“xomat” curdu) Ba 111 Ta mespmu coriom (‘“Hoxonatr” cuH(H) XapOuitmap Oyitnua
THOOUN Oepwirannap Oazacu onmuHAw [3]. Xap amomar OVitmya ‘“xomar” cuHpwura
TErHIUTMIMK (PYHKIUSACH KHWMATIapUHU XUCOOIaIl Macaiacu Kapaliay.

TannoB O6yiinua xap OMp MUKIOPHI aJOMAaTHHUHT (2) Me30H OViinya aHUKJTaHTaH
ONTHMAJl MHTEpPBAJIAp Ba ylap Y4YyH AJIOMATHHHT “X0JIaT’ CHH(Hra TerHILIHINK
dbyHKIMsACH KuiimMaTiapu 1 - kaaBajijja KeITUPUITaH.

Oxopunaru sxamBan acocuma SeEgnKy,S=(b,by,...0,) o0bexTHHHHT

“xomar” cuHOUra TETHIUIM OYIUIIMHUHT HOAHUK TYIUIAMUHH KYpUII MYMKHH.
Macanas, S 00beKTHU TaBCU(DIOBYM TYTIJIaM Oepuirad OVIICHH:

{Yosh=63; Bo'y=172; Vazn=79; ADS=200; ADD=120; RR=0,84;, PQ=0,2;
QT=0,42; QRS=0,04; PLP=3,2; KSP=3,2; KDR=4,9; YCC=71;, ADSr=146,67;
ADPuls=80; UPS=54,76;, KI1=0,74; K2=0,65; SisPok=0,5; Sistola=0,42;
Diastola=0,42; KSO=40,96;KD0=112,81;DS=34,69; YO=71,85; MO=5,1; SI=2,68;
FV=0,64;Kerde=-69}.

VY xonna S 00beKTHUHT HOAHUK TYIUTAMU KyHUAarura TeHr Oynaau:

{0,83/63; 0,56/172; 0,82/79; 0,97/200; 0,94/120; 0,41/0,84; 0,73/0,2; 0,48/0,42;
0,66/0,04; 0,13/3,2; 0,3/3,2; 0,22/4,9; 0,43/71; 0,96/146,67; 0,97/80; 0,87/54,76;
0,47/0,74; 0,63/0,65; 0,47/0,5; 0,48/0,42; 0,38/0,42; 0,3/40,96; 0,24/112,81;
0,29/34,69; 0,27/71,85; 0,38/5,1; 0,7/2,68;0,28/0,64; 0,78/-69}.

1-xanBain.
AJIOMaTIapHUHT UHTEpBAIIAPIATrd TETHIUTHIMK QYHKIMACH KUHMaTIapu

T/p | Anomat Hnrepsan fe (I) T/p | Anomat Wnrepsain fe (I)
1 vosh 17..38 0,06 0,438..0,438 1
39..80 0,83 17 K1 0,444..0,481 0

152,0..173,0 0,56 0,5..0,56 0,64

2 Bo’y 174,0..185,0 0,35 0,565..0,933 0,47

186,0..194,0 09 |18 K2 0,5..0,566 0,71
3 Vazn 47,0..47,0 0,76 0,573..0,587 0,2

48,0..73,0 01 0,589..0,594 0,86

74,0..114,0 0,82 0,596..0,643 0,36

4 ADS 90..135 0,03 0,645..0,731 0,63
140..220 0,97 19 | Sispok 0,281..0,357 0,7

5 ADD 60..85 0,11 0,36..0,6 0,47

90..130 0,94 0,24..0,3 0,76

0,6..0,7 0,63 20 | Sistola 0,32..0,32 0,44

6 RR 0,72..0,88 041 0,34..0,34 0,76

0,9..1,28 0,54 0,36..0,44 0,48
0,12..0,12 0,44 0,24..0,24 0

0,13..0,14 0,74 : 0,25..0,38 0,64

T 015.016 | 033 | =+ | POl o7 052 [ 0.8

0,17.0,2 0,73 0,56..0,92 0,54

0,24..0,3 0,76 99 KSO 27,02..61,95 0,30

8 QT 0,32..0,32 0,44 63,91..97,34 0,96
0,34..0,34 0,76 | 23 KDO 74,22..74,22 0
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1-xagBajTHUHT TaBOMU

0.36.0.44 048 8307.8769 | 067
o | ors 0.04.0,07 0.66 9245.1474 | 024
008.0.12 046 14742.2160 | 089
25.3.2 013 2333.32.76 | 066
10 PLP 33.4.3 089 | 24| DS 3333.460 | 029
27.38 03 44.67.45 15 0
111 KSR 39.4.6 096 4977.5352 | 0.76
3944 07 | 5 | uo 56.29..60 67 0
12 | KDP 45.5.4 022 61956381 | 086
5565 088 6444.8207 | 027
47.47 1 8266.12355 | 064
50..56 02 | % | mo 338.5.95 038
13 | vcc 57.67 061 597.1018 | 062
68..83 043 1.835.2.167 0
86..100 061 2175.2.469 | 067
70.103.3 003 | 27 S| 2.480.2.656 | 024
141 ADSr ™46333.15333 | 096 2.678.2.803 0.7
20..50 01 2811.5887 | 048
15 | ADPuls 60..110 097 | 5 | py 0459.0,606 | 069
1585.350 024 0607.0.772 | 028
16 | UPS 915.-139 | 078
35015476 | 087 | 29 | Kerde |5 25—t ruo

TannoB oObekIapuHU “X0yIaT” CHH(UIra TETMIUIMJIMTUHUHT YMYyMJIAITaH
b6axocu (3) OVitmua xucoOmanud, kypcatkuunap [0..1] opanukka akCIaHTUPUITAH Ba
YycMaiaurad KMo TapTuOiaHraH KeTMa-KeTJIMTHHUHT aipuM Oymakiapu 2 - )kaaBaiia
KCJITUPUIITaH.

2 — KaaBall.
OOBeKTIapHUHT “X01aT” CHH(UTra TErMIUITMJINTHHUHT YMyMIIAIITaH 0axocu
T/p O06wexT (cuHb) R(S) T/p OO6wexT (cuHb) R(S)
1 ]138-00nekT (“xomar” ) 1,0 36 |37-00bekT (“HOXOMAT”) 0,31
2 |142-o6wekt (“xomar”) 0,91 38 |38-00bekT (“HOXO0JIAT”) 0,3
3 |146-00bekT (“xomar”) 0,85 39 |61-00bekT (“HOXOMAT”) 0,29
4 |135-o0mekT (“xomar”) 0,84 ..
5 ]131-00bekT (“xomar”) 0,83 144 |14-o6bekT (“HOXOMAT”) 0,007
145 |18-00bekT (“HOXO0MatT”) 0,004
34 |118-o0wekT (“xomar”) 0,48 146 |20-00bexT (“HOX07aT”) 0,004
35 |123-00mekT (“xonatr’”) 0,36 147 |105-06bekT (“HOX0NAT”) 0

Anbarra, OOBEKTIApHUHI yMyMJjamiraH Oaxonapura cudamid Hu30X Oepuil
THOOMET coxacuaaru MyTaxaccuciap BakoylaTiaa OYaraH Xoj/1a OJIMHIaH HaTHKaapra
Kypa KyHugaru XyjnocaiapHu OuaumiIap makiuiaa udoganan MyMKHUH:

1. Taunouunr 138, 142, 146, 135, 131 — oObexTIapuHUHT “X07ar” cHH(pUTA
TErHIUIMIIMK KuiiMatiapu Jespiu 1 ra TeHr Ba 11y cababnu ynaap 1y CMHQUHHUHT SIKKOJ
HamyHanapuaup. Xyaau mysaai 14, 18, 20, 105 — o0bexTnapu “Hoxoaar” CHHPUHUHT
HaMyHajapu O0Yau0, yJapHUHT “XosaT’ CHH(HUra TeTMUIUIMINK KUHMaTH JeSpiyd HoJra
TEHT.

2. TamnoBmarm “xomar” cuHuHUHT 118,123 - oOBEKTIApU UerapaBHid
AIIEMEHTIap XucoOsaHaau. Yiapaa ¥3 cuH¢Hra TErMIUIMIMK HUCOAaTaH CyCcT HaMOEH
OynraH.
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3. UYerapagaru ‘“Hoxonar’ cuHpuamHr 37, 38, 61- oOwvekTmapuma ‘“xomar”
CUH(UTA TETUILIMINK aJOMaTIapy MaBxKy/l.

AHUKJIaHTaH OWJIMMIIAD HMHTEJUICKTyal axOopoT TH3UMIIAPH Y4YyH OMIMMIIap
6azacuHu sipaTuiga MaHOa OYIMb Xxu3mMar Kujiaau.
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B.X. CAJIAXYTAUHOB, K.®. KEPUMOB

TEXHOJIOI'USA WEB MINING OBHAPYKEHUS BPEJJOHOCHOI'O
COJAEPKUMOI'O HA WEB-CTPAHHUIIAX

B.X. Canaxyraunos, K.®. Kepumos

Web-caxuda mandanapuna supycaapuu rommum Web Mining Texnosnorusicu

Maxounaga web-caxudanapiary 3apap KHAMPYBYH OMIJUIAPHH aHUKJIALI, SBHA ax0opoTiapHu
XUMOSI KHJIMIIHUHT acoCHi GOCKMYM MacalacHHM edMin ycynu Kapab umkwiran. Web caxudanapaa
3apapii MaHOAIapHU aHUKJAI Macanacu | web mining ycymnapura acocnanras.

V.Kh. Salakhutdinov, K.F. Kerimov

Web mining technology for detecting viruses from the Web-pages

The method with help of which the problem of main stage of information protection, that is
harmful contents from the Web-pages, is proposed in this paper. This problem is solved on the base of
Web mining methods.

Ha ceronuamHuii neHp co3natoTcs pasiuyHble  (GopyMbl, OJOTH, 4Yarhbl,
XOCTHHT'OBBIE TUIOIIA/IKH, I/I€ MOJIb30BaTeNIM MOTYT pa3MellaTbh cBoM pecypchl. Eciu He
NpUHITH Mephl 110 3ammte Web-pecypca, mosBiseTcss BO3MOKHOCTD MpeTHAMEPEHHOTO
HAHECECHUS Bpe/ia KOMIbIOTEpY moib3oBarens [1].

Bompoc o 3ammre mHGOpMaMOHHONW 0€30MaCHOCTH CTOWT Ha TIEPBOM MECTE,
KOTJ]a pedb MJIeT O MECTax OOIIEHUS MOJb30BaTeNel U pa3MEIICHUH M0JIb30BaTeIbCKUX
pecypcoB. B nurepatype onuchiBaeTCsl JOCTaTOYHOE KOJIMYECTBO METO/0OB 1O O0ophOe ¢
BPEIOHOCHBIM COJEpKUMbIM. OJIHAKO 3TH METOABI HUMEIOT sl HEJOCTaTKoB[2], K
YHUCITy KOTOPBIX MOKHO OTHECTH CJIETYIOIIHE:
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1) 3arpara 3HAYMTEIBHOIO BpeMEHHU Ha ckaHupoBaHue Web-pecypca, KOTOpBIA,
KaK IpaBHJIO, 3aHUMAeT OOJBIIOM 00BEM NaMATH U PACHOJOKEH Ha yJAJIEHHOM
cepBepe;

2) OOJIBIIMHCTBO TPOrPAaMMHBIX KOMIUIEKCOB  ckaHupytoor Web-pecypcsl,
paboTasi Ha CTOpPOHE KJIMEHTA, W IMOJIb30BATEII0 B CBSI3U C 3TUM HEOOXOIMMO XK/AaTh,
II0Ka MPOrpaMMa  BBITIOJIHUT HEOOXOIUMBIC OTIEpaIlii CKAaHUPOBAHUS;

3) BO3MOXKHBI COOM, 3aBHCAIIME OT BHEIIHUX (AKTOPOB: BBIKIIIOYCHHUEC
AIIEKTPONUTAHUs, COOM B COeNMHEHMSIX C ceThio MHTepHeT, cOoli B paboTe KOMIbIOTEpa
TIOJIb30BATEIIS.

B cBs3M ¢ BO3HHMKIIMMH NpobjJeMaMu BCTaeT 3ajaada pa3paboTKH HMHBIX
10x0/10B 110 3amute Web-pecypcoB mnonb3oBareseii.

Hamu mpeyiaraercss Ha paccMOTPEHHE METO/I, C TIOMOIIBI0 KOTOPOTO PeIaeTcs
3ajaya OCHOBHOTO JTama Mo 3ammre WHPOpMAlKd, a WMEHHO: OOHapyKeHHe
BPEIOHOCHBIX HocuTenei Ha Web-ctpanurax. [Toaxoa K perieHuio JaHHOW 3axauu
ocuoBan Ha Meromax Web mining. Web Mining mMoxHO HHTEpmpeTHpoBaTh Kak
"no6pr4a manHbeIx B Web'".

Texuosorust Web Mining oxBaThIBaeT METO/IbI, KOTOPbIE CIIOCOOHBI HAa OCHOBE
JIAHHBIX caliTa OOHApYXHTh HOBBIC, paHEC HEH3BECTHBIC 3HAHUS M KOTOPHIC B
JabHEHIIIEM MOKHO OyJIeT MCIIOJIb30BaTh HA MPaKTUKe. TakuM 00pa3oM, TEXHOJIOTHUS
Web  Mining npumeHser  TexHojorumro  Data  Mining  gng aHanmsa
HECTPYKTYPUPOBAHHOM, HEOTHOPOIHOW, PACIPEIACICHHON U 3HAYUTEIBHOMN 110 00beMy
uHpopManuu, conepaieiics Ha Web-y3nax.

3amgaun Web Mining MoxHO moapa3iennTh Ha TAKUE KATErOpUH, KakK:

- mpenBapuTeibHas 00paboTka ganubx st Web Mining;

- OOHapyXCHHE U BBISBJICHHUEC IIA0JIOHOB, W OTKpPHITUE 3HAaHUH C
UCTIOJIb30BAHUEM  aCCOLIMATHBHBIX MPaBHJ, BPEMEHHBIX IIOCIIEOBATEILHOCTEH,
KJIaccu(UKaIUKU U KJIacTepPU3allny;

- aHAJIN3 TIOJTYYEHHOTO 3HAHUSI.

Hama 3amaga cBsi3aHa ¢ TIOMCKOM MpOSIBICHHS ONPEACICHHOTO BUAA
3aKOHOMEPHOCTEW (TPU3HAKOB, OMPEIEINSIONINX aapec B ceTh VHTEpHET), KOTOpbhIe
MOTYT OBITH CpaBHHMBI ¢ malnoHaMu ompeneneHHoro Buaa[3]. Takumu miaGroHamu
SBIISIIOTCSL ajipeca B ceTW VIHTepHET, yKasbIBaloIlde Ha BPEIOHOCHOE COJNEPKUMOE,
KOTOpO€ MOXET BHEIPHUTHCS TPH HErpaMOTHOW (WIBTpAIlMM BXOAHBIX JIAHHBIX.
370yMBIIIJICHHUK MOXET BHEAPHUTH CCBUIKY, JIMOO CIEIHATIbHBIA KO/, aBTOMATHYCCKH
nepeBoAIIMKA Opay3ep IMOJIb30BaTENs Ha BPEAOHOCHOE COAECPKUMOE, KOTOPOE MOXKET
HaBPEIUTh KOMITBIOTEPY.

Ha ocHoBe Hamiero wuccieoBaHus BBISIBICHO, YTO CYIIECTBYET 0a3a JaHHBIX
aipecoB, TPEACTABISIOMIMX Yrpo3y, T.e. 0a3a CCBUIOK, 1O KOTOPBIM HaXOIMTCS
BpEJIOHOCHOE coaepkumoe. baza Haxoautcss Ha cepBepe kommanuu Google u
pEeryJsipHO OOHOBIISIETCS.

CrnenmanpHast porpamma «PoOoT-Tiayk» 1Mo 3asiBKe MOJB30BaTeNsl 3aXOIUT Ha
crpanunsl ero Web — pecypca, pacno3Haer, HauuHasi ¢ IEPBON CTPAHHUIIBI, BCE CCHUIKH
U 3aHOCHT uX B 0a3y maHHbix Google. [lanee, mo co3gaHHOMY aBTOpaMH aJrOPUTMY
pacno3HaBaHUs CCHUIOK, TIPOU3BOINTCS BBISBJICHUE IIA0JIOHA - CCHUIKM Ha BPEJOHOCHOE
cogepkumoe. CBepka TPOUCXOMUT MO Kakmoi cceuike Web-pecypca.  Ilpu
OTIpe/IeIeHNH aJjpeca BPEeOHOCHOTO COAEP)KUMOTrO JaHHAs CChUIKA IOMEYaeTcs M IO
OTIpeNIelIeHHOMY Ha0Opy MPU3HAKOB OTHOCUTCS K OJTHOMY U3 KJIACCOB.

Ha ocHOBe mpoBeNeHHBIX HCCIIEAOBAaHWN aBTOpaMH pa3padOTaHa MporpaMma
Webscan (monydeHO CBHAETENBCTBO HA MPOTPAMMHBIH  KOMILIEKC), KOTOpas
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ucnonn3yercs Web-cepBepoM, 1ist BBISIBICHHUST BPEIOHOCHOTO conepxumoro Ha Web-
pecypcax (puc.1).

basa Bupycos
Google

A A A A

CpaBHenn
CpaBHeHn
CpaBueHn
CpaBaeHn

CKaHupOBaHHE

Cepsep
CkanupoBaHue - cat
Web Scan Huposanng| \Web - caiit

CKaHUPOBAHHUE

3amnpo
Otyer

\4

Ilons30Barenns

Puc 1. Cxema pabotsl iporpammuoro komiuiekca \Webscan

[IporpamMmma umeer apyxemtoOHBI M ynoOHBINH HHTEphEHC U MOXKET ObITh
UCTIOJIb30BaHa JJIsi KOMIUIEKCHOW MPOBEPKH HAa HAJIHMYUE BPEIOHOCHOTO COAEPKUMOTO
Web-pecypcoB opraHu3aiuii MM XOCTHHTOBBIX KOMITaHHM, OCYIIECTBIISIONIMX CBOO
NesITeTbHOCTD B ceTH VIHTEepHeT.

Bpemsa oxugaHus

| A

HOMexoyCTOﬂHMBOCTb WM
LT

HapexxHocTb

5

0 10 20 30 40 50
Webscan @ O6bl4HbIN CKaHep

Puc. 2. luarpamma, MILTIOCTPUPYIOIIAs IPEUMYILECTBO METOI0B IIPOIPAMMHOTO
komrutekca \Webscan nepes TpaIuIMOHHBIMA METOIaMU CKaHEPOB 0e30I1acCHOCTH

[Tpu obHapykeHUU BHUPYCOB MOJIb30BATENIO MPEACTABIAETCS MOJHBIM OTYET MO
CKaHMPOBAHHOMY PECYpPCY.
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TpeboBanus Kk paboTe CUCTEMBI:

Kondurypamnus 1K — ne Hmxe Pentium IV ¢ o0beMOoM OIEepaTUBHON MaMsATH
512 Moaiir;

ornepanuonnas cucrema — Windows XP.

[lporpamma paspaborana B cpeae OOBEKTHO-OPHEHTHPOBAHHOTO  S3bIKa
nporpammupoBanus PHP, PERL. O6wsem peructpupyemoii nporpammsl - 3.1 Mb.

Takum 00pa3om, B pe3ysbTaTe HCCIEIOBAHUS C HCIOJIB30BAHUEM TEXHOJIOTHH
Web Mining pa3paboranbl METOIMKN OOHAPYKEHHS BPEIOHOCHBIX HOocuTenei Ha \Web-
cTpaHunax. B cBs3M ¢ 3THM pa3paboTaHbl HE MMEIONIME HEIOCTATKOB AITOPUTM M
nporpaMma, ¢ TIOMOIIBI0 KOTOPOH peatn3yloTCsl ONTHMAIbHBIN METO OOHApYKEHUS U
BBISIBJICHUSI BPEJIOHOCHOTO cojepxkumoro Ha \Web-crpanunax. PaspaboranHas
porpaMMa MOXeT OBITh HCIIOJIb30BaHa BIIaeNIbLIaMH PECYPCOB B ceTH MHTepHeT.
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OIIEHKA NMOKA3ATEJIEd D®®EKTUBHOCTHU U KPUTEPUEB
OIITUMAJIbHOCTH OBECIIEYEHUSI THOOPMAIIMOHHOM
BE3OITACHOCTHU CUCTEM YIIPABJIEHUA CTPATEI'HYECKHA
BAKHBIMH OB BEKTAMHA

C.A.Ar3amoB, J.I1.JIeBueHKO

CTpaTermc MYXUM OG'I)EKTJ'[apHI/I 601m<apnm TU3UMHU XaB(l)Cl/ISJ'[I/Il"I/lHI/IHF ax60p0T TABMHUHOTH
ONTUMAJJIMK ME30HIAPpU Ba CaMapaJlopJjauru KypcaTlcnq.naanu oaxoJsam

Makonana CTpaTernk MyXMM OOBEKTJIapHH OOIIKAPHII TH3UMH XaB(CH3IUTHHMHT ax0opoT
TabMHUHOTH ONTHMA/UIMK ME30HJapH Ba caMmapaJopiiMrd KypcaTKH4JIapHHU Oaxojaml Macajaiapu
KYpuiIaau.

S.A.Agzamov, E.P.Levchenko

Efficiency factor Evaluation and criterions onrumansnocru ensuring information safety of
managerial systems of strategic important objects

In the article is considered questions of evaluation of efficiency factors and criterions
onTuMaibHOCcTH ensuring information safety of managerial systems of strategic important objects.
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[Tpobnema onenku 3¢hdeKTUBHOCTH (YHKIUK oOecrieueHuss WHOOPMAIMOHHON
6esonmacioctn  (OWbB) sBnsercs  AOCTaTodyHO  CIHOXKHOH. BBumy — Oonbmioi
MOJIBEP>KEHHOCTH CaMoro Mpoliecca 3allUThl BIUSHHUIO CIIy4aiiHbIX (PaKTOpOB Hanbolee
MOJIXOAAIIHNE JUIs ATUX LIeJIel pa3TuuHble He)OpMaIbHbIE METOIbI OLICHUBAHMSL.

CnoXXHOCTh ~ BBIMOJIHAEMBIX  (DYHKUMHA, 3HAYUTENbHAs  JOJs  HEYETKO
OTIpPENIeICHHBIX HWCXOJAHBIX JAaHHBIX, OOJBIIOE KOJMYECTBO MEXAHHW3MOB 3alIHTHI,
CIIO)KHOCTh MX B3aUMHBIX CBA3€il W MHOrue Apyrue (hakTopbl JElaroT MPaKTUYECKH
HEepa3pemMon mpooieMy oneHkH 3()PEKTUBHOCTH CUCTEM YIIPABIICHUS CTPATETHUSCKU
BaKHbIMU oObekTamMu (CY CBO) B 1enoM ¢ TOMOINBK KaKoro-imbo MeToja
MozenupoBanus [1].

s peuieHus 3Toil nmpoOieMbl IPUMEHUM METOJ JEKOMIO3UINH (pa3aesieHus)
obmeit 3amaun oreHku ddpdexTuBHOCTH CY CBO Ha psin 4aCTHBIX B3aMMOCBS3aHHBIX
nom3anay. Tak, 3amady oueHkH 3(G(EKTUBHOCTH KOMILJICKCHOM CHCTEMbl 3aIIUThI
unpopmanuu (KC3M) CY CBO pa3o0séM Ha yacTHBIE oa3a1auu [2]:

e  o1eHKy 3¢dextuBHOCTH 3auUThl CBO 0T cO0€eB M OTKa30B anmapaTHbIX U
MPOTPaMMHBIX CPE/CTB;

e  oueHKy dpdexkruBHOCTH 3amuTel CBO OT HECAaHKIIMOHHPOBAHHOTO JTOCTYIIA
k uapopmanuu (HCN);

e o1neHKy 3¢dexruBHocTr 3anmThl CBO OT MOOOYHBIX 3JIEKTPOMAarHUTHBIX
usnydenuit u HaBoaok ([IDMUH) u 1.1.

[Ipu omenke 5¢G(HEKTUBHOCTH 3aMUTBI  OT OTKA30B, MPHUBOIAMIUX K
VHUUYTOXXKEHUI0O HH(OpPMAlUM, UCHOIb3yeM BEIWYMHY BEPOATHOCTH OE€30TKa3HOI
pabotsl P(t) cucrembl Bpems t. DTOT OKa3aTeb BEIYUCIUM O GOpMyJie

Pt)=1 - Pom(t),
rie Pom(t) - BeposITHOCTB OTKa3a CUCTEMBI 32 BpeMs 1.
Benuunny Pom(t) , B CBOIO 0uepe/ib, ONPEIEIUM B COOTBETCTBUH C BBIPAKCHUEM
P omx (t) = e-)‘t,
r7ie A - MHTEHCUBHOCTb OTKa30B CUCTEMBI.
Takum o0Opa3oM, yacTHas 3a/avya ONEHKH BIUSHHS OTKa30B Ha 0€30MacHOCTh
UH(OPMAIMHU pelIaeTcsi U3BECTHBIMH (hOpPMaTTbHBIME MeTo1aMHu [ 3].

B cBoro ouepenp vacTHble 3amaud OyAyT JEKOMIIO3MPOBAaHBI Ha I0/33a4H.
['maBHas CIOKHOCTh METOJA JEKOMITO3UIIMU MPH OLIEHKE CUCTEM 3aKIII0YaeTCsl B y4yeTe
B3aMMOCBSI3M Y B3aMHOTO BJIMSTHHS YAaCTHBIX 33/1a4 OIICHWBAHUS U ONTHMHU3ALUHU. JTO
BIMSIHUE YYMTBHIBAE€TCS KaK MPU PELICHWH 33Ja4yd JIEKOMIIO3UIUH, TaK M B Ipolecce
MOJIyYEHUs] MHTETpaJibHBIX OleHOK. B 3amaue OB OT 31eKTpOMarHuTHBIX H3JIy4eHUH,
HalpuMep, HCHOJb3YeTCsl SKPaHUPOBAHUE METAJUIMYECKMMM OJKpaHamM, a s
TIOBBIIIEHUS] HA/ICKHOCTH (PYHKIIMOHUPOBAHUSI CUCTEMBI - PE3epBUpPOBaHME OJIOKOB, B
TOM 4Hcie oOecrieuynBaromux oecrepe0oitHoe MUTaHue.

[Tpu omenke >(h(EeKTUBHOCTH 3aIIUTHI OT HECAHKIIMOHUPOBAHHOTO JIOCTYyNa K
uHpOpMaLlUM B CIOXKHBIX cucreMax, Takux kak CY CBO (cormacHo 3HaHUAM
IKCTIEPTOB), HEOOXOMMO UCIIONIB30BaTh MAKpOMOETHpoBaHue. Takoe MOJeTUpOBaHHE
OCYILECTBIISICTCS [l OOIIeH OLIEHKU CHCTEMBI. 3ajada MpH 3TOM YIPOILAETCs 3a CUeT
UCTIOIB30BaHUSI TIPU TIOCTPOCHUM MOJENM TOJIBKO OCHOBHBIX XapakTepucTuk. K
MaKpOMO/JICTUPOBAaHHIO, KaK MPAaBUJIO, MPUOETaloT I MOJTY4YEHHUS MpeIBaAPUTEIbHBIX
OIICHOK CHCTEM.

B xauectBe makpomonenu paccmorpuM Mozaens KC3U CY CBO, B kortopoit
UCTIOJNB3yeTCs K - ypOBHEH 3alUThl. 3M0YMBIIUICHHUKY HEOOX0IUMO MPeoIoneTh K -m-
YPOBHEW 3alMThl, TIJ€ M— HOMEp HAWBBICIIETO YPOBHSA 3aILIUTHI, KOTOPBIH
3JIOYMBIIIJICHHUK ~OECIPENATCTBEHHO TPEOJI0JEBaeT B COOTBETCTBHH CO CBOHMM
ouuManbHBIM cTaTycoM. EciM 370yMBIIUIEHHUK HE UMEET HUKAKOro O(UIIMaTIbHOTO
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craryca Ha CBO, 10 emy, B 001mmem ciydae, HeOOXOAMMO MPEO0JIETh Bee K - ypoBHH
3alIUThI, I-ITO6I:I MMOJIY4YUTh OOCTYyIl K I/IH(bOpMaLII/II/I. I[JISI TAKOro 3JIOYMBINUJICHHUKA
BEPOATHOCTh  IOJIYUCHHS  HECAHKIMOHUPOBAHHOIO  JOCTyna K HMHQOpManuu

PHC() MOET OBITh paccurTaHa 1o GhopmyJie

k
PHC() :HPia

rne Pi- BEpOSITHOCTH MPEOIOJICHHUS 3TI0YMBIIUICHHUKOM | -TO YPOBHS 3aI[UTHI.

Ha wMakpoypoBHe HEOOXOJMMO HCCIEA0BaTh TpedyeMoe YHCIO YPOBHEH
3alUThI, X 3((HEKTUBHOCTH 110 OTHOUICHHUIO K MPEI0IaraeMoi MOIeIH HApYILIUTENS C
ydeToM ocoOeHHOCTeH U (PMHAHCOBBIX BO3MOkHOCTeH moctpoenuss KC3M CBO.

O} PeKTUBHOCTH CHUCTEM MOXKHO OIICHHTh C IIOMOIIBIO TIOKa3aTelei
sdpdextuBHOCTH (TMOKazaTene kadectBa). B CBO mokasarenmsmu  KadecTBa
XapaKTepU3YIOT CTENeHb COBEPIICHCTBA Kakoro-nubo Oioka, ycrpoiictea CY CBO. B
OTHOIICHUU CIIOKHBIX CHUCTEM O€30MacHOCTH UCIHOIb3yeM TEPMHUH <«I10Ka3aTeib
sapdexruBHocTH PyHKIHOHUpOoBaHuss CY CBO» [4], KOTOpBIi XapakTepu3yeT CTEreHb
COOTBETCTBUSI OLICHHBAEMOIl CCTEMbI CBOEMY Ha3HAUEHHUIO.

[Tokazarenn >¢dexkruBHOCTH cructemMbl KC3W CY CBO mpencraBuM B BHIE
HEKOTOPOT0 MHOKECTBA (DYHKIUHN Yk XapaKTEPUCTUK CUCTEMBI Xj:

Yk =1(x1,x2, ....,xn), k=1 K, n=1)N,
rae K - MomHocTs MHOKECTBa Noka3zarenel 3ddexkruBHOCTH cuctembl; N — MOLTHOCTh
MHO’KECTBA XapaKTEPUCTUK CUCTEMBI.

XapaKTepUCTUKU CUCTEMBI X1, X2, ..., Xn - 3TO IIEPBUYHBIE JAHHBIE, OTPaXKaIOIINE
CBOICTBa M 0COOEHHOCTH cHCTEeMBbI. MCroiab3yeM KOJMYECTBEHHbIE U Kaue€CTBEHHBIE
xapakTepucTuki. KonndyecTBeHHbIE XapaKTEPUCTUKU CHCTEM MMEIOT YHCIIOBOE
BolpaxkeHre. Has3oBém wux mnapamerpamu. K KOJIWYECTBEHHBIM XapaKTEPUCTHKAM
OTHECEM pa3psATHOCTh YCTPOWCTBA, OBICTPOAEHCTBHE Ipoleccopa M MaMATH, JUIMHY
naposisi, IJIMHY Kitoya mudpoBanus U T.1. KauecTBeHHbIE XapaKTEPUCTUKH ONIPEAEITUM
KaKk HaJuuue (OTCYTCTBHUE) OMNpENENICHHBIX PEXHMMOB, 3aIMTHBIX MEXaHU3MOB WIIU
CPaBHHUTEIBHYIO CTENEHb CBOWCTB CHUCTEM («XOpOIIO», «YIOBIETBOPUTEIHHOY,
«rydmey, «xyxe»). Hus Toro uroObl oueHuth 3¢¢exktuBHocTs KC3U CBO wumm
cpaBuuTh pasnbie cuctembl OB CBO, npennaraempie s 3alMThl O€30MACHOCTH 1O
ux 3pPEeKTUBHOCTH, 3a/1aAUM HEKOTOPOE MPaBUIIO MpPeAnodTeHus. Takoe mpaBuiIo WK
COOTHOILIEHHE, OCHOBAaHHOE Ha HCIOJb30BAaHUU IMOKazarened 3(¢GeKTUBHOCTH, OyIeT
aBnsaTbes kpurepueM s¢dexktuHoctn KC3U CY CBO. [lns nonydeHus: KpuTepus
3pGEKTUBHOCTH TPH  KCIOJb30BAaHHM HEKOTOPOrO MHOXeCTBa  K-rokasaTeneit
IPUMEHHUM PsiJi TOAXO0JI0B!

1. Beibepem oauH rinaBHbIM MokazaTenb. ONTHUMaIbHOM OyneT cuuTaThbCcs Ta
CUCTEMA, IJII KOTOPOH ATOT IOKAa3aTeilb JOCTUraeT AKCTPEMYMa, IIPU YCJIOBHHM, UYTO
OCTaJbHbIE TOKAa3aTeNU YJOBJIETBOPSIOT CHCTEME OrpaHMYEHUM, 3a/JlaHHbIX B BUJE
HEpaBeHCTB. B HameM ciyyae oNTUMaibHOW OyJIeT cucTeMa, YJIOBJIETBOPSIOIIAs
cienyromeMy Kputepuio 3G PeKTUBHOCTHU:

PH_?:P]-[j’max npu C < Caon. ) G < Gnon )
rae Pu; - BEpOATHOCTb HENPEOJOJIEHUSI 3JIOYMBIIUIEHHUKOM CHCTEMBl 3alllUThl 3a
omnpenenenHoe BpeMs; C u G - COOTBETCTBEHHO CTOMMOCTHBIE M BECOBBIE MOKa3aTelH,
KOTOpBIE HE JIOJKHBI MPEBBIIIATH TOMYCTUM bl X 3HAYEHUI.

2. Vcnonb3yeM MeTOJbl, OCHOBAaHHbIE Ha pPAH)KUPOBAHMU TIIOKazaTesedl o
BaxHOCTH. IIpu cpaBHEHUM CHCTEM OJHOMMEHHBbIE TOKa3arenu 3(G(GEKTUBHOCTU
COIIOCTABUM B MOPSAJKE YOBIBAHUS X BaXKHOCTH 110 ONPEEICHHBIM aJrOPUTMAaM.
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Paccmorpum  nekcukorpaduyeckuii METOI U METOJA  IOCJeI0BaTEIbHBIX
YCTYTIOK.

Jlexcukorpaduyeckuit METOI MIPUMEHHUM, €CJIU CTENEeHb Pa3Iudusl OKazarenei
0 BaXHOCTH BenuKka. [IBe cucrembl OyaeM CpaBHUBaTh 10 Hambosee BaXKHOMY
nokasarento. OntuManbHOW OyAeM CyYuTaThb Ty CHUCTEMY, y KOTOpPOH JIydlle 3TOT
nokaszarenb. [Ipy paBeHCTBE CaMbIX BaKHBIX I[OKa3aTeled HEO0OXOAMMO CpPaBHHUTH
MOKa3aTely, 3aHUMAIOIIMe IO paHry BTOpylo mno3uuuio. [Ipum paBeHCTBE U 3THX
HOKa3aTeleil CpaBHEHUE OyleM MPOM3BOAUTH JO IOJYYCHHs NPENNOYTEHUS B I-M
nokasarelie.

Metoa mocneoBaTeNbHBIX YCTYIOK MPEANoaraeT ONTHMH3AINI0 CUCTEMBI 110
Haubosee BaXKHOMY MokaszaTento Y1, OmpenenuiM IOMYCTUMYIO BETMYUHY HW3MEHEHUS
nokasatensi Y1, KOTopasi Ha3bIBaeTCs YCTYNKOH. VI3MEHEHHYI0 BETMYMHY TOKa3aTels:
V'i= V1 = A1 (A1 - BenmnumHa yCTynkH) 3aduxcupyem. OmnpeaeiuM ONTUMAIbHYIO
BEJIMYMHY TOKa3arens Y2 mpu GUKCHpOBaHHOM 3HaueHUH Y'i. BeibepeMm yctynky Az u
MPOLIECC MOBTOPUTCS A0 MOTYyUEHUS Yi-1.

3. PaccMoTpuM MyNBTHUIUIMKATUBHBIE W aJJIUTUBHBIC METOIBI IOTyUCHHS
KputepueB 3(pPEeKTUBHOCTH, KOTOPbIE OCHOBBIBAIOTCS HAa OOBbEIMHEHUN BCEX WM YaCTU
MoKa3aTeJiel C TMOMONIbIO ONepaluid yYMHOXEHHUS WIM CIOXEHUS B 0000IIEeHHBIE
nokasarenu (Zm, Zc). Ilokazatenu, ucmonb3yemble B OOOOIIEHHBIX IOKa3aTelsXx,
Ha30BEM 4acTHBIMH (Yi, Yj).

Ecnu B mpousBeneHue (cymMmy) BKJIIOYMM YacTh MOKa3aTelei, TO OCTalbHbIC
YacTHBIC I[IOKAa3aTeNW BKJIIOYaTcs B orpanndeHus. [lokasaremm, oOpasyromiue
npousBeqcHue (CymMmy), uMeroT BecoBbie koddduitnentsl Ki (Kj). B obiiem Bume stu
METO/IbI MOKHO TIPEACTAaBUTH CIIEIYIOIIIM 00pa3oM:

Zn=extr ITkiyi Zc=extry Kjyj.
i j

4. OcymectBuM oneHKy 3¢dextuBHoctu cuctem OWb wmeromom Ilapero.
OnpenenuM, 4YTO MPH MCHIOJIB30BAaHMM N - mokazareneid 3()(PEeKTUBHOCTU CUCTEME
COOTBETCTBYET TOYKA B N-MEPHOM NPOCTPAaHCTBE. B N-MepHOM IpoCTpaHCTBE CTPOUTCS
00JlacTh  MapeTo-ONTUMAJIBHBIX  pelieHuii. B aTolt  obmactu  pacrnosararorcs
HECpaBHMMbIE pELICHUs, JUIi KOTOPBIX YJIy4YlIEHHE KaKoro-imbo IoKa3aTems
HEBO3MOYKHO 0€3 YXYAIICHUs IPYTuX rnokazarenen 3HEeKTHBHOCTH.

Ntak, 0000111as1 BBIIIEN3TI0KEHHOE, MOKHO BBIBECTH, UTO:

F={f1,f2,...,fn} - pyHKIIMH, KOTOPBIC NOMKHA BBITONMHITE KC3U CBO;
M={mg,my,...,Mk} - BO3MOKHBIC MEXaHH3MbI 3aIHUTHI;

U={u1,uz,...,up} - crioco6s! ynpasnenus KC31 CBO;

V={y1,¥2,...,Yuw} - nokazarenu s¢pextuBaoctr KC31 CBO.

[Toxazatenu 3peKTUBHOCTU 3aBUCAT OT BBINOJIHAEMBIX (YHKIMHA, MEXaHU3MOB
3amuThl U cnoco6os ynpasienuss KC3U CBO: Y=d(F,M,U).

Kpurepuit s¢pdextuBHoctu CY CBO nonywaercs ¢ HCHOJIb30BaHHEM
nokazarenet a3pdextuBHoctn K=E(V).

Torma maremaruueckas moctaHoBka 3amaun paszpabotku KC3U CY CBO B
oOmieM ciiydae TpejcTaBisieTcss B cleayromeM Buze: Haitu extrS (F.M* U¥), mpu
M*eM. U*e¢C, KOTOphIM COOTBETCTBYIOT Y*e¢Vn, Tme Vi - MHOMKECTBO JIOMYCTUMBIX
3HaueHui nokazareneit 3¢ dexrusoctu KC3U CBO.

Jliss BBIIOJTHEHUsS JTUX YCIOBHH TpeOyeTcs co3/laTh WM BBIOpaTh TakKue
mexanusMpl OHWB u cmocoObl ympaBieHHs CHCTEMOH 3alUThl, NpPU KOTOPBIX
o0ecrieunBaeTCsl BBITIOJIHEHHE BCEr0 MHOXKECTBA TPEOYeMbBIX (PYHKIHH M JOCTHTAETCS
MaKCUMYM WM MUHHUMYM BBIOPDAHHOTO KPUTEPHs, a TAKXKE BBITIOIHSIIOTCS OTPAHUYCHUS
Ha HEKOTOpbIE TToKa3aTesn 3(h(PEeKTHBHOCTH.
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Takas mOCTaHOBKA MPUMEHUMA JIJIsl PELICHUST HE TOJBKO OOINEH, HO M YaCTHBIX
3ana4 onenku 3pdexruBaoctu KC3U CY CBO.
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MOJEJINPOBAHHE HEYCTAHOBUBIIENCA ®UJIbLTPAIIMA B
TPEXCJIOMHOU CPEJIE ITPU HAJIMYUU KOMBUHUPOBAHHOI'O
JAPEHAKA

P.K.Bepnuen

ny[ylc.nap THU3UMHUIA Y4 KaTJIaMJIA My’nTna HOTYPrYH (l)PIJ'l])Tpa]Il/Iﬂ mapaénnﬂn MoAeUIAIITUPHII

Makonana yd4 KaTJIaMJId MYXUT/Aa CYIOKJIWK XapakaTHHHU aKC dTTUPYBUM MapaboJiMK TUMAArd
YM3UKIN OYIMaraH TeHraaMaiap CHCTEMacCHHU MOJACIUIAIITHPHII KapaCHN KapaIMOKIa.

R.K. Berdiev

Modelling of the unsteady filtration in the three-layer environment in the presence of the
combined drainage

Process of modelling of system of the nonlinear equations of the parabolic type describing
movement of a liquid in the three-layer environment is considered.

PaccmarpuBaeTcs HeycTaHOBHMBUIIEECS [IBUKEHHUE TPYHTOBBIX BOJ B Cpele,
coZeprKalllell aHU30TPONHBIN IUIACT. BEpXHUI €10 €ro ABISETCS MalONPOHULIAEMBIM
OC3HAMOPHBIM TOPU30HTOM, KOTOPBIM MPOPE3aH OTKPBITHIM  CHCTEMATUYECKUM
TOPU3OHTAIBHBIM JPEHAXOM JO TPaHHIBl CO CIA0OMPOHUIIAEMON MPOCIOMKOM,
uMeromed MomHocte M, u koddduuuenT QuisTpanuu kz, KOTOpasi cooOIaeTcs
Yepes3 Hee C HUKENEKA[MM HallOPHBIM TOPU30HTOM, MOJCTUIIAEMBIM BOJOYIIOPOM.

Jns onumcaHust mporecca UCXOAUM W3 CIEAYIONIEH HEITWHEMHON CUCTEMBI
nudepeHIaTbHBIX YPAaBHEHUH B YaCTHBIX MPOU3BOIHBIX Mapa0dOIUIECKOTO THTIA

24,2
LI
xm, , (1)
oh _o’h y—h

T +
™ o m
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rie Y(X,t) u h(X,t) - coorBercTBenHO ypoBeHs TpyHTOBHIX BoA (YI'B) B BepxHeM
Ge3HAOPHOM M HAMOp B HMKHEM HAMOPHOM CIOSAX C KOd((PUIHEHTaMH (UIbTPAIUI
k, u K,; M, —mommnocTs HmkHero cinost; 4 U L, —KOd(QHUIMERTE rPaBUTALMOHHO
¥ YIPYroii BOJOOTAAYH COOTBETCTBYIOIMX cioeB; &(t)- MHTEHCHBHOCTH MH(HIBTPA-
IIHOHHOTO MTUTAHHUS.

B HamopHOM TOpU30HTE ¢ (UIBTPALMOHHONW IIPOBOAMMOCTBIO | = k3m3

PACIIONOKEHbl Taleped CKBAKHH C MEKIPEHHBIM paccTosmeM 2L u morommeiM
IIPUTOKOM q(t). 3amayy Takoro TUIA, HO B JINHEAPU30BAaHHON IIOCTAHOBKE PELIECHBI,

Hanpumep, B [1], mpUyYeM Ha OTKPBITBIX M 3aKPBITHIX TOPHU3OHTAIBHBIX JPEHAXKAX
3a/1aBaINCh Pa3IMYHbIe TPAHUYHBIC YCIOBHS, YTO B OOIIEM MPOTHBOPEYUT (HUBHKE
MPOUCXOAIINX SIBJICHUH, TaK KaK 3TH YCIIOBHUS JOJDKHBI HaXOJIUThCS B IIPOIECCEe
pEIICHUS 3aIauH.

Pemenue (1) 6ynem uckath B BUE

Y(x0)= altL - + 400 } @
(4= oL )+ 0)500)
HpI/I TaKOM CHoco0e HaxXOXIACHUA PCHICHUSA NPH HAJIUWYUHU CUCTEMATUYCCKOTO

& _on

APCHAKa aBTOMATUYCCKU BBITIOJHAOTCA YCJIOBUA Ha MCKIAPCHLC a—

Xt ox
byHKIIUN a(t), p (t), gp(’[) uy (t) B (2) momyexar onpenenenuto. [Tocae moacraHoBKU

><=L:O’a

(2) B (1) n npupaBHUBaHHUS KOA(DPUIIMEHTOB MPHU CTEICHIX (L—X)2 U CBOOOIHBIX

YJICHOB nepeﬁﬂeM K CJICAYHOIIHUM OOBIKHOBEHHBIM I[I/I(I)(bepeHL[I/IaJILHBIM YpaBHCHHUAM
MEPBOro nmopaaKa

da k
1E=6k1a2 —mzza[l—go(t)], (3)
d k
0 @
t 2
d k
L = 2kap - pl- ]+ (), ®)
t m,
0 3P gt ap o Yo gl )] ©
dt m,
Ha ocHoBanum ycimoBus T oh , =q(t), ¥3 BTOPOTO ypaBHEHHS CHCTEMBI 2)
HaXOUM
q(t)
tho(t)= ——2L . 7
altholt)=-5 7 (7)
Crnoxum ypasuenus (3) u (4). Torna nomyuum
1 da u, de
). =4+ 5. 77 _6k- (8)
et + taaplO)] = -~ 2 =K
BBeneM HOBYIO (DyHKIIHIO
1
u(t)=—"7~- 9)

a(t)

B pesynbrare (8) MOKHO TiepenucaTh CIeayIonuM 00pa3oMm:
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du_ wmu dp_ 6Bk . (10)
dt g +me(t) dt o+ uelt)
Bo3sspamiasice Teneps k ypaBuenuto (3) ¢ yuerom (9), noayuum
WK pp=-2 ay
dt
Boruutas u3 (10) ypaBaenue (11), Hatimem
M Jdo kK, Hy 1
- —— 1-plt)]| = +olt) | ==
s o] 20000 <
Ucnonb3ys (9), nomydaum

1772 1

Ha ocnose (7) 3anumiem

) Sk st “ 0000 2

Pemenne (12) oTHOCHTENHHO (QYHKIUU go(t) CKJIaAbIBAaeTCs W3 OOIIEro

pEeLICHHS OTHOPOTHOTO YPABHEHHS U €0 YaCTHOTO PEUICHHUS.
OnHopoaHOE ypaBHEHUE UMEET BU/T

% oot]| 4 ot0)| -0

dt wm, 3

KOTOPOE 3aIHIIEM CIECTYIONUM 00pa3oM:

dp  dp _ K(m+u),. (13)
2 -1 o+ & M pm,
Hs
Wnterpupys (13), momyuum
¢ _ 1 -k, (ﬂ1+ﬂ3)t

— Ele HafizMy . (14)

¢+ A

My

[IpumenuM MeTos Bapualuu MPOU3BOJIBHON MOCTOSIHHOM, Toraa ¢ yuetoM (12)
OyaeM UMeTh

d_E]_e_kZ(ﬂl+y3)t 3k1q(t)

Ha My —
dt LT

[Tocne nHTErpUpOBaHUS HAUAEM
Ky 4+ 113)

=1 # t)dt 15
c, ﬂlLTIe q(t)dt +c, (15)

B pesynbrate (14) Ha ocHoBanu# (15) mpumeT BUA

olt)-1 At At [ At
S =ce ™+ Ae™™|[eMq(t)dt, (16)
o n, T AT

3k,

rae Alz—kZ('ulJr'u?') A, _HA A=—2>1.
My, 7 mLT
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Bri6op neduta q(t), MPUXOJANIETOCS Ha CAWHUIYY JIMHBI Tajiepe, Oyner

onpenensaTh (PyHKIHIO (D(I) u3 dpopmyisl (16). Tak, HanpuMep, eciii 3TOT ACOUT 3a7aTh
COOTHOIIICHUEM

q(t)=a.e ™, (17)
TO mociie oAcTaHoBKH (17) B (16) U HHTETpUPOBAHKS TIOTYUUM
¢(t)_l —ce™ 4 ﬂe—m ’

TN . A 1
plt)+ A, A -1
rie Q, = q(O); A - HEKOTOPbIM 3aIaHHBIN MOJIOKUTEIbHBIA MapaMmeTp. M3 3Toro

COOTHOIICHUA HAXOIUM

1+ Ae " +ce™
¢(t): 1A2(q0 4—/1'( 1—A11 )
_qu4e —C¢e
N3 (7) cnenyer
QO e_M(l_QOA4e_M_CleiAit)
a(t)=- e
2LT 1+A,(goA ™ +ce™)

rae A4 = L .
A-1

Paccmotpum Teneps ypaBHenus (5) u (6), B KOTOPBIX a(t) u (0('[) W3BECTHBI Ha
OCHOBaHUU pelieHus ypaHenuii (3) u (4).

Torma nns ynoBnerBopeHusi ypaBHeHUH (5) u (6) uCHONB3yeM CIEIyONIHA
BapHUaHT.

3amagum cHmxkeHne YI'B kak (yHKIMIO BpeMEHM Ha MEXKIPEHbE, OTKyJa
MOXHO OINPENEIUTh CKOpPOCTh u3MeHeHus YI'B, Kkortopas dABiseTcs BaXHOU
XapaKTEPUCTUKON P PEryIUPOBAaHUU BOAOCOIEBOT0O PEKUMA TIOYBOTPYHTOB.

DYHKINIO CHIKEHHS Ha MEXKJIPEHBE BEIOEPEM B BUJIE

Bt)=H+(H,,—H)e™", (18)

rie H,, - monoxenne VI'B B HavanbHBli MOMEHT BpEMEHH; ) - HEKOTOpas

HOJIOKUTeNbHAs KoHCTaHTa;, H - npeaenpHoe nojgoxenue YI'B.
N3 (18) Haxonum ckopocTh cHukeHus: YI'B Ha MexapeHbe

c(jj_f = _7(HM0 —-H )e_ﬂ' (19)

[lepenuiem (6) B BuzE
dy [, 98 _ Kk _ LY 20
wB +[us i +m2ﬂjw(t)—2Ta¢>+m2ﬂ (20)

[Moxcrasum B (20) 3Hauenus [ (t), C;—'f, a@ s hopmyn (18), (19), (7).

B pesynbrare ¢ yuetom (19) Oynem umeth
dy  Ale"+A)

_ 9,Ae™” K, 21
it e a) Y @

S HLE™ + AS)+ Lm,
rac

H K, : ky A
A A =2y A= _ 22
H,,—H m, THs m, A (22)
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Pemenue (21) ckmagpiBaeTCsi U3 OOIIETO PEIICHHUS OJHOPOAHOTO YPaBHEHUS W
YAaCTHOTO PEHICHHSI HEOAHOPOTHOTO YPaBHCHHUS

dy Al"+A)
dt +ﬂ3(e*ﬂ+As)W_o'
dy __Al"+A),
v e+ A)

HHTerpupys nocienHee ypaBHEHUE C y4eTOM (22), TOTYyIrM
_ ka t
e HzMy

y/(t):czm :

[Ipumenum Tenepb METO BapHallH IPOU3BOJILHOM MMOCTOSTHHOMN

3/1ech MepeMeHHbIE ACTIATCS

(23)

kzt

dEz __qOAg e_[ﬂ—ﬂzé]zjt +L e_[}/_ﬂ::nzjt +A\Seﬂ3mz

dt HL ,m,
WNHterpupys, Hangem
k,
- - A- ko t k e_[}/_ﬂamz Jt kizt
C,=- q°A5k e( “3m2j -—2 ” +Ae"™ +c,. (24)
A, HsM,

[Moncrasiss (24) B (23), moay4nuM pelIeHHE OTHOCUTENBLHO I/ (t)

w(t)=ﬁ{/*s re s A A }

HI(/l—A8) y—A
k2
rae A = m

31ech HEOOXOIUMO OMPEASTUTh HHTEHCUBHOCTh WHOUIbTparuu. Ee MOXHO
HalTH U3 ypaBHeHuUs (5)

8(t]=,ul(l’f+(:;2—2klaJﬂ—:]2l//(tj- (25)

, B, &, ¥ B(25), nonyunm

e_7’t(1—qu4e_7’t —ce” Altj

IloxncraBnas dg
dt

_ — ko ko -7
e®)=(Hy, —HR [ e M+ ag )| 22 200, — 1R -
Mo ( j my LT 1+ AZ[QO A4€_ n + Cle_ Aﬂ'tj !
- — At —n
K, A +e” At DA _Ae T

_mz[e_j/t+A5 HLA-A] 7-A

B ¢opmynax, omnpenenstomux mnosnoxxkenne YI'B u Hamopa mpu pabote
OTKPBITOI'O CHCTEMATHYECKOTO0 TOPHU30HTAIBHOIO JPEHAXa, BXOAAT NPOU3BOJIBHBIE

KOHCTaHThl C U C,. MIX MOXKHO OIpeAenuTh CIeTyI0IUM 00pa3oM.

[lycTh B HayaldbHBII MOMEHT BpeMeHM Ha cTeHke apeHaxa X =| wuspectHO
nonoxenre YI'B Y = H . Torna us nepsoro ypasuenus cucrems (2) cieayer
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H.m)_H(): g . 1_qu4_Cl _
(L—1y  2LT 1+A(q,A +c,)

OTcroma Hax0auM

C :1_qu4 _(1+ A2A4qo)Q
' 1+ AQ ’
_2LT(H, -H,)
QO(L_I)2

O603uaunm Hamop npu X = 0 B HavanbHbli MOMeHT Bpemenn vepes H, = h(0,0).

rae

N3 (2) nomyduM COOTHOIIICHUE

H, = ¢(0)x(0)L* + H ,1/(0),

HCIIOJIb3Ys KOTOPOC, HAXOJHUM

_1+A5 _qOL A, 3 1 a1
““h, (H° 2TJ+A{A5(y—A8) HL(A-A,) 1j

Taxum 00pa3zom, MOTYYEHO pElIeHUE 3a/1a4l HEYCTaHOBUBILIEHCS (PUIBTpALUU K
CHUCTEMaTUYeCKOMY  KOMOMHHMpPOBAaHHOMY  JIpEHaXy B  TPEXCIOWHON  cpene,
ONUCBHIBAEMOM HEJIMHEWHONM CHCTEMOW ypaBHEHMH B YacCTHBIX MPOU3BOAHBIX
napaboIMYEeCKOro TUIIA.

[Tonoxenue VYI'B Ha OCHOBE IOJYyYEHHBIX pE3YJIbTATOB OIPEAEIACTCS
dbopmyoit

—at 2t —At

y(x t) qo € (1_qu4e _Cle Al)

AV it —Ait)
2LT 1+A,(g,Ae ™ +cee

31ech BXOAALIMMHU IapaMeTrpaMM AU ¥ MOXKHO pEryJupoBaTh CKOPOCTh

(L_X)2 + H +(H,m) _H)e’ﬂ.

cHmxenusa YI'B.
NCITOJIB30BAHHAS JIUTEPATYPA

1. Oneiinuk A.f. TeormapoamHamuka npeHaxa. Kues: HaykoBa mnymka, 1981.

—283c.
TamkeHTCKUl MHCTUTYT UPPUTALIUY U Jara nocrynnenus
MeJIMopanun 11.04.2009
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IIPABHUJIA ODOPMJIEHHUS CTATEH JJJIA XKYPHAJIA

“IIPOBJIEMbBbI HH®OPMATHKH H DHEPI'ETUKH”

Crarbu, mnpeAcTaBlieHHbIE B PENaKUWIO, JODKHBI OTBEYaTh CIETYIOIIUM
TpeOOBaHUSAM:

1. Cratbsa nomxkHa ObIThb He Oojee 6 CTpaHUI MANIMHONUCHOIO TEKCTa,
Hay4HbIe coo0meHus - 3-4 cTpaHuIlel, HaOpaHHBIE B TEKCTOBOM penakrope WinWord
7.2-2000, mpu¢t «Times New Roman Cyr», pa3m. 13 nt.

TexcT nedaraeTcss Ha OJHON CTOPOHE CTpPaHMIIBI Yepe3 2 MHTEpBalia C MOJISIMU
CBEpXY, CHM3y U C JIEBOM CTOPOHBI HE MeHee 3 cMm, ¢ npaBod — 1 cm. CrpaHuLbl
HYMEPYIOTCS €IMHON HyMepalue, BKIII0Uasi Ta0JIIbI U IUTEPaTypy.

2. Pykonucer nomkHa ObITH HOJMUCaHA BCEMH aBTOpaMH M IpEACTaBleHA B
YKOMILJIEKTOBAHHOM BHJI€: UMETh HAIPABJICHUE OT YUPEKACHHUS, B KOTOPOM BBITIOJIHEHA
paboTta, akT ’KcrepTusbl (2 9K3.), 0POPMIICHHBIH B COOTBETCTBUU C CYILIECTBYIOIIMMHU
TpeOOBaHUSIMHU, ABTOPCKYIO CITPABKY.

B pemakmuio xypHana caatoTcs 2 9K3. CTaThU TBEPIOM KOMHUU U SJICKTPOHHBIN
BapHUAaHT.

3. B Tekcte Ha TabmuIpl HEOOXOAUMO JaBaTh CChUIKHU. TaOmuisl U ee rpadsl
JIOJIKHBI UMETh KPATKHE 3arojIOBKU, HAIICAHHBIE OJTHOCThIO, 0€3 COKpAIEHUH.

4. PucyHKU NOJKHBI OBITh HApHCOBaHBI (WM CKaHUPOBAHBI) B TpadUyecKoOM
penaktope Word-crpynmupoBaHUeM.

5. ®opMyJbl TIIATEIBHO BHIBEPEHBI.

6. Pa3MepHOCTH BCEX TMPHUBEICHHBIX BEJIMYMH JOJDKHA COOTBETCTBOBATh
Mex1yHapOAHOM CUCTEME €IMHULL U3MEPEHHU.

7. Ha nepBoii ctpanuiie cratbi ykaszbiBatoTcst Y JIK (cneBa), 3aTeM — MHUITMAIBI
u ¢hamMuIus aBTOpa, HA3BAaHUE CTATHU.

[Tocne cnucka nAUTEpaTypbl YKa3bIBAIOTCS HWHCTUTYT WM OpTaHMU3aIus,
MpEACTaBUBILAS CTaThIO, JaTa MOCTYIUIEHUS, HA OTIAEIbHOM CTpAaHUIIE — KOHTAKTHBIN
TeneoH aBTopa WM KypUpyeMOro JINLA.
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