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PA3JIEJI 1. AKTYAJIBHBIE IPOBJIEMbBI MATEMATHUKHA U
TEOPHUU YIIPABJIEHUSA

AJTEBPAJIBIK JKOHE TPAHCUEHIEHTTIK TEHJEYJEPII HBIOTOH
QJIICIMEH HIELITY

A.M. AH)KAH, 8.E. OJIIMBEK

Byt skymbIcTa anredpalblK jKoHE TPAaHCUEHAEHTTIK TeHaeynepai HproTon (kanamanap) xoHe
apaJiac 9JlicTepimMeH IIenry KapacTeipbuiabl. Keneci Typae Tenuey oepiicin

fx)=0 (1)

Hetoron omicinin 6acka omicrepaen epekimeniri: f(X) dynxmusaceiabie  [a, b] kecinmicinme
TYBIHIBICEI Oap >koHE TaHOAachl @3repMeyi Kepek.

backa omicrepmen (1) Tenameyai miemry, sSFHM TYOipiepiH Taly, KYBIKTAIll IIEIIyAe
UTEpAIMSHBIH CaHbl eadyip keOipek. An HbIOTOH oIiCiMEH mIemyne HTEpalusChIHbIH CaHbl a3
6onanel. CoHbIMEH KaTap, Oy teHneyni HetoroH omicimen memyre Visual C++ Oarmapiamachl
KYPBUIIBI.

O/[EBUETTEP TI3IMI

1. Temunosuu b.I1., Mapon U.A. OcHOBBI BeIuMCIUTENbHON MaTemMaTuku. -M. Hayxka, 1970. -
664 c.

2. lemunosuu b.I1., Mapon 1. A., lllyBanosa 3.3. Uucnennsle MeTobl aHanu3a. -M., Hayka,
1967. -368 c.

3. Camapckuit A.A., I'ynun A.B. Yucnennslie metonbl. -M., Hayka, 1989. -432 c.
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CBI3BIKTHI TEHJIEYJIEP )KYWECIH XOJIENKAI 9IICIMEH HIEITY

M.b. ACAHOBA
Byt sxkymbIcTa GipTEKTi eMec ChI3BIKTHI TeHJIEYIIep JKYHeciH

Ax=b
MyHOarbl  A=[ajj] KBaapaTr MaTpuua

X1 a1, n+1
x=| ¢ | Bekropel, b = BEKTOP
Xn An, n+1

Xonenkui 91iciMeH menryi KapacTeIpAbIK. Tenaeynep xyleciH menryain X oJeKuii
OMICIHIH aNTOPUTMI KepceTinai )koHe oHbIH Vicusal C++ Oarmapiiamacsl KYPhUIIbI.

O/[EBUETTEP TI3IMI

1)

1. Aemuposuu b.I1., Mapon 1U.A. OcHoBbI BeIuuCIUTENbHOU MaTeMaTuku. -M. Hayka, 1970. -

664 c.

2. lemunosuu B.I1., Mapon U.A., lyBanosa D.3. Uncnennsie MeToapl aHanmm3a. -M., Hayka,

1967. -368 c.
3. Camapckuit A.A., 'ynun A.B. Yncnennsie meronsl. -M., Hayka, 1989. -432 c.
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OPTIMAL STRATEGIES IN MATRIX GAMES
A. ASKAR, A. SOVETAY, ZH. ZHUNUSSOVA

Games are defined as a competitive activity involving skill, chance, or endurance on the part of
two or more persons who play according to a set of rules, usually for their own amusement or for that
of spectators [1].

Games could be in the form of physical activity such as sports or mental activity such as parlor
games. The common characteristic of all games is that players will have a strategy that they intend to
follow through. The strategies that the players wil | adopt will depend on the skill of the player or
random chance/luck [2].

Take three parlor games; chess, poker and roulette. These types of games do vary with the
application of chance and skill, therefore altering the strategies that the players adopt.

In the game of chess, chance or luck does not exist as the moves are skilfully thought through
and planned ahead to devise a checkmate. Poker combines chance and skill, as the cards that a player
will play with, will depend on the “hand” of the player and the other players’ cards. The game of
roulette is a game of chance where skill plays no part.

Common with all games is the amount of knowledge available to the players. The knowledge
that the players have can assist in determining the strategies that they can adopt. In the game of chess,
knowledge is perfect as the moves that the players have made are known through hout the game. The
strategies adopted by the players can complement the knowledge that they have.

Poker unlike chess has imperfect knowledge because the player will not know the deck of the
opponents and therefore the strategy will be based on the cards that the player holds.

The main objective of all games is to win and in particular to maximize the win. Winning could
be in the form of pride, trophies or money. In order to win at any game the players of the game will
have to find and play their best strategies.

a11X1 + a21X2 + ... + amiXm < b1 = -us,
a1oX1 + azXe + ... + am2Xm < b2 = -Uy,

ainX1 + anX2 + ... + amnXm < bn = -Up,

REFERENCES

1) Williams, G., 2001. Linear Algebra with Applications. 4" Ed. USA: Jones and Bartlett
Publishers Inc.

2) McCain, Roger A., 2004. Game Theory A Non-Technical Introduction to the Analysis of
Strategy. USA: Thompson/South Western.
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TUIEPBOJIAJBIK TEHJIEYTE KOUBLIIFAH BACTATIKBI-IIETTIK
ECENTI 'AJIEPKUH 9ICIMEH HIELTY

ACKAP TOYPEH

D= {(X, t)e R2 ;a<Xx<b,t>0( oOupICEIHIA TUIEPOOJIAIBIK TCHJCYTe KOMBLIFaH OacTanKbI-
MIETTIK €CeITi KapacThIPANbIK:

02U au o2u
L[U(Xt)]—— V(Xt)——K(Xt)aX - K, (x t) —ﬂ(X,t)U=9(X.t)- (1)

[lexapaJbIK mapTTapsl

!{ agu(a,t) +a, At au(a b _ a, (1)
au (b ) @
'Lb u(b,t) +by =b,(1).
bacranks! maprrapbl
u(x,0) = f(x) 3)
au(x,0) O)
o @(X) . 4)

I'unep6onanbIK TeHAeyre KOWbUIFaH OacTanKbI-IIETTIK ecenTi ["anepkuH oficiH maiaanaHsIIl,
MathCad maker-miporpammachIiH/Ia €CeNTiH XKYBIK IICIIIMIH €CeNTeIiK.

OJAEBUETTEP TI3IMI

1. A. B. Ankunos, II. A. Benbmucos, A. C. CeMEHOB. ANTOPUTMBI METOZOB B3BEILIEHHBIX
HEBS30K JUISl PELICHUs JIMHEHHBIX 3a/lad MaTeMaTU4YecKod (M3MKH M HUX peaju3alus B CUCTeMe
MathCAD // Yiupsaosck : YaI' TV, 2006. — 168 c.

2. Urnarosuu C.10., Paiixuaym P.b. Merton I"anepknHa pemieHus IMHENHBIX TPAaHUYHBIX 3a/1a4
o OOBIKHOBEHHBIX Ju((depeHINaNbHbIX YpaBHEHHH Broporo mnopsaka // XHY  umenu
B.H.Kapasuna, 2006. -36c.

3. @neruep K. Yncnennsie MmeToas! Ha ocHOBe MeTona ['anépkura. — M.-Mup, 1988. -352 c.
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CBI3BIKTbhI EMEC ITYACCOH TEHAEYIHIH TIKTOPTBYPBIIITA
IMEINIMIIIITT

I'.P. AILIIYPOBA

D={(x,y): 0<x<I, 0<y< p} tikreprOypsibHaa [Ilyaccon Tenaeyine KoibuFraH
KeJIeci ecell KapacThIPbLIa ibl
Au = f(X,y,u) (1)
Ul =), Ul =0,(Y), (2)
Ul =M. uf =), €)

MYHJAAFBl @), @,, V¥, ¥, GyHKnusapsl D obmibicbiHza y3imicei3, an f(X,y,u) ¢yHknuscs U
apryMeHTi OoibIHIIA JIMIIIKIT ITAPTHIH KAaHAFaTTaHIbIPaJIbI.

Bepinren ecenti ChI3BIKTHI €MeC HHTETpaNABIK TeHaeyre (I'aMMepmTeitn TeHaeyine) KenTipir,
COJIaH COH, MHTETPAIABIK TEHACYAl Ti30eKTeH KybIKTay 9/1ICIMEH HICIIIMILUTITH KOpCceTeMis.

OJAEBUETTEP TI3IMI

1. T'aeBckuit X., I'perep K., 3axapuac K. HenuneilHble omnepaTopHble ypaBHEHUS WU
ornepaTopHble AuddepeHnnanbabie ypasHeHus. -M.:Mup, 1974.

2. Kyduep A., @yuuk C. Henunelinsie nuddepennnansusie ypasHenus. —M.:Hayxka, 1988.

3. Hazapos H.H. Meroabl pemieHuss HETMHEHHBIX HMHTETPAIbHBIX YpaBHEHUN TuUMA

I'ammepureiina. -M.:Hayka, 1954.
4. Muxunun C.I'., Cmonuukuit X.JI. [Tpubnuxennsie MeToab! pemienus AudepeHunaibHbIX 1

MHTErpaibHbIX ypaBHeHu. —M.:Hayka, 1965.
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HYACCOH TEHAEYI YINIH KOIIN-AWUPUXJIE ECEBIH HIENTY IIH
OIITUMMU3ALUAJIBIK TOCIJII

9. olll1Po.JIl1

KympicTa mekTenreH eki enmemi oonbicta Ilyaccon Tenaeyi ymin Komm-/{upuxie ece6i
Kapacteipbliaapl. JK. Anamap [1,2] OolbIHIIA KOPPEKTTI €MeC IICKapalblK ecel THIMII Oackapy
ecebine colikecteneni. TyMHiHIec MIEKapalbIK E€CENTiH MIeHIiMi apKbUIbl THUIMAUIIK MIapTTaphl
aHbIKTaFaH. KoppekTTi eMec mekapaiblK ecen YIIiH 1 MeIeTIHAITHIH KPUTEPHiil TaObUIFaH.

1. Ecentin KOMBLIBIMBI. ()= {X,t |0<x<7m —1<t< 1} OOJIBICBIH/IA KeJIeCl IeKapalibIK

CCCII KapaCThIPpbLIIaAbI

Ya 060+ Yo D) = F (1), X (0,7), te (-L1), (1)
y(0.) =y(z1) =0, @)
y(X,—l) = (DI(X) v Y (X’_l) =0, (X) : (3)
Ecenke KochIMIIIa mapT eHTi3eMi3
Y (x1) eU, < L,(0,7) — nenec TyHbIK KHBIH. 4)

Conbivmen kartap (1)—(3) ecenrreri 6episireHaep Keeciiei mapTrapapl KaHaFaTTaHIbIPAIbI eI
yiirapambl3

fel,(Q), ¢, eH5(0,7), ¢, €L,(0,7). )

Bepinren (1)—(4) ecebi ymrin keneci TuiMaiIey ecedi KONbLIaIbL:
Ve (X D)+ Y, (1) = T(x1), (6)
y(o’t) = y(ﬂ-!t) =0, (7
Yi(x-D) =0,(x), y(xD) =w(x), w(x) € L,(QY), (8)

TUIMAUTIK (QyHKIIMOHAIIBL:

e =19, D =) dx+ - [l (x) [ dx — min (8)

0 0

w — Oy xkepne 6ackapy KbI3METIH aTKapajbl, @ — PETyIsSpIIbIK TapaMeTpi.

2. KymbicTbIiH Heri3ri HoTmxkeci: TyXKbIpbIM (KUCBIHABUIBIK KpuTepuidl). (5) mapTel
opbiHAaica, onja (1)—(3) mekapanslk ecenTiy L, -ae *aaFbI3 o1 menimi 6051a/1bl, COHJIa TEK COHJIA
FaHa, erep

fop {2k} o Jr . K ep {2k} 0y iy, BPLKH F (@)l can [, <

OJAEBUETTEP TI3IMI

1. Anamap XK. 3agaua Komm i TUHEHHBIX YypaBHEHMH C YaCTHBIMHM IPOU3BOJHBIMU
runepoonuueckoro tTuna. M.: Hayka, 1978, 352 c.

2. TuxonoB A.H., Apcenun B.fl. MeTonbl pemeHuss HEKOPpeKTHBIX 3anad. M.: Hayka, 1979,
142 c.
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AJITEBPAJIBIK 7/KOHE TPAHCIHEHAEHTTIK TEHAEYJEPII
ANXOTOMMUSA KIOHE XOPJA 9JAICTEPIMEH HIENTY

H.E. BAIIIAP, M.M. KYAHBIIIIEAH

by xympicTa anreOpasblK KoHE TPAHCUECHICHTTIK TEHISYJIEepi MUXOToMHs (KECIHIIHI Kak
0eiy) XoHE XOopAa SMICTepIMEH MICNTy KapacThIpbULABL. ByJl oic CaHIBIK 9MiCTEep/IiH €H TaHbIMAIl
YKOHE KapamnaibiM oaictepiniy Oipi. Keneci Typae Tenney oepincin

fx)=0

Mynnarsi f(X) Gyuximscsr [, b] kecinmicinme nuddepennnanaanarbia 601ChH. By Teneyai
nuxoToMus (KeciHAiHI Kak 0eiry) >koHe xopjaa omictepiMmeH memyre Visual C++ Garmapiiamacsr
KYPBUIIBIL.

O/[EBUETTEP TI3IMI

1. Temunosuu b.I1., Mapon U.A. OcHOBBI BeluMCIUTENbHON MaTeMaTuku. -M. Hayka, 1970. -
664 c.

2. Nemunosuy b.I1., Mapon U.A., [llyBanosa 2.3. Yucnennsle MeTobl aHanu3a. -M., Hayka,
1967. -368 c.

3. Camapckuit A.A., 'ynun A.B. YUucnennsle metoasl. -M., Hayka, 1989. -432 c.
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CBI3BIKThI EMEC ITAPABOJIAJIBIK TEHJIEYJIEPTE KOMBLJIFAH
APAJIAC ECEII LIEINIMIHIH 7KAJIT'BI3 AbIT'bI

A. BEHUMBETOBA

D={(Xx,y): 0<x<1 O<t<T} TIKTepTOYpHIIIbIHIA CBHI3bIKTEI €MeC MapadboIaIbIK
TeHJIeyJepl OepiICiH

U = o + |2 b + £ O000), 1)

U =ty + | e + £ (1), ®)

Ocpi (1) xoHe (2) TeHIeyIepre TOMEHIET] 0aCTaNKbI XKOHE METTIK MIapTTapMeH KONBbIIFaH
ecenTep KapacThIPbLIa bl

ul_, =o(x), 3)

u,,=0, ul_ =0 (4)

x=0

MmyH#aarel ¢, f dyskmusapsr D oGneiceinaa y3imiceis, p, >0, g4 >0, p- TypakTsl mapamerp.

Bepinren ecenTepiiH memimaepi YIIiH anpHOpPIbIK Oaranayiap ajabIHBIN, COHBIH HEri3iHzae
LISHIIMHIH JKaJFBI3IbIFb] TAJIEIIICHE].

OJAEBUETTEP TI3IMI

1. TaeBckuit X., I'perep K., 3axapuac K. HenuneiiHple omnepaTopHble YpaBHEHHS U
orneparopHsle nuddepeHuanbHble ypaBHenus. -M.:Mup, 1974.

2. Kypuep A., @yuuk C. Henunelinsie nuddepennnansusie ypasaenus. —M.:Hayka, 1988.

3. O.AJlapppkeHckas MareMaTHuecKue BOMNPOCHI JAMHAMHUKU BS3KOW HECKHMaeMoOn
xuakoctr// Hayka, M, 1970, 288c.

4. Casatees E.I'. O ckopocTty cTabuinn3anuu pereHus HayaabHO-KpaeBoi 3a1auu JUIsl OTHOTO

HEJIOKAIEHOTO 3BOJIIOIIMOHHOTO ypaBHEeHUs // MaTemarnueckue 3amMeTku. -1987. —T.42, Ne3. —C.445-
453.
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COBCTBEHHBIE 3HAYEHUSA CTPYHBI C ITPY KUHAMUAU
H.T. BEKBAEB

B npoctpanctse L?(0,1) paccMoTpum kpaeByro 3amady 1 oneparopa llITypma-JTinysumis

=y" (¥)+q(x) y(X) =Ay(x), 0<x<1 1)
C YCJIOBUSIMU
y(0)=0 (2)
y(x +0)=y(x —0), i=1Lm €©)
Y (% +0) =y (% —0)+ky(x —0), i=1m (4)
y@)=0 ()

rae X €(0,1),i=L,mu0<x <X, <..<x <1, k>0, q(x)=0-nenpepsiBaas ma orpesxe [0,1]
GbyHKIHS.
Llenp manHO# padots! - BEIOpaTh Habop {(K;, %)}, i =1,m, 94T00BI epBOE COOCTBEHHOE

snayennesagaun (1)-(5) crano MakCHMaIbHBIM.
Jlemma. Xapakrepuctrueckuii onpeaenutens 3amaun (1)-(5) onpenensercs popmynam

0 -
NGH 0]vv<1>vv-1<xi)Nivv(xo...vv-l(xl)vav(xl)M, i-im ()
10
rae W(x)=W,(x ) -marpuna Bpornckoropemenuii([1])ypaBuenue (1), N, = [k- J .

Teopema.(Ciyuait oxHoit npyxunsl). [Ipu (x) =0 ui =1BepHOo npesacraBieHue

sin«/ZJrk sin/Ax, siny2(1—x) A (/1)+k15in\/le sin\2(1-x,)
NN/ J2 ’ N N

U COOCTBEHHBIC 3HAUYCHUS 3ala4U pacCIlOJIOKCHBI TaK

Al (l) =

(0) (& (0) ] (0)
A7 <A (K x) <A < A7 (K X)) <457 <
rIe {/Irfo) }n:l — COOCTBEHHBIE 3HAYEHHUS 331291 O€3 IIPYKHH, {/Lfl) }n:1 —COOCTBEHHbIE 3HAYEHHUSI

3aJ]auy C OJTHOM MPYKUH.

CIHHUCOK JIMTEPATYPbI

1. Haiimapk M.A. Jluneiinsie nuddepennuansubie oneparopsl. —M:Hayka, 1969
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CRITERIA OF THE RATIONAL BEHAVIOUR IN CONDITION OF
UNCERTAINTY

A. BEKEY, N. NURKAIDAR, ZH.KH. ZHUNUSSOVA

Decision making under uncertainty based on the fact that the probability of variants of
development different events are unknown. Decision-making under risk based on the fact that every
event of the situation may be given the likelihood of its implementation. This makes it possible to
weigh each of the values of efficiency and to select for the implementation situation of the lowest risk
[11-[2].

Decision making in condition of uncertainty based on the fact that the probability of different
events situations variants subjects taking risky decision are unknown. In this case, the choice of
alternative solutions accepted by management, on the one hand, their risk preferences, but on the
other - the relevant criterion for the selection of all the alternatives "matrix solutions" prepared them.
The main criteria used in decision-making under uncertainty are presented below:

1)Wald test ( "maximin” criterion)

In the criterion of Wald, decision-makers choose the strategy that guarantees maximum value.

2)"Maximax" criterion

An alternative is given by:

a * = {Pij} aymaxj maxi

3)Hurwitz criterion (criterion of "optimism-pessimism" or "alpha-test")

The optimal alternative can be calculated using the formula:

and * = maxi [(1-o) minj Pji + a maxj Pji]

where optimism o- factor, a = 1 ... 0 for a = 1, the alternative chosen by the rule maximax,

when o = 0 - on the maximin rule.

Considering the fear of risk, it is advisable to set a = 0,3. The greatest value of the target values

and determine the appropriate alternative.

4)Savage's criterion (loss criterion of "Minimax")

Savage criterion is calculated using the formula:

min max P = mini [maxj (maxi Xij - Xij)]

where mini, maxj - search for maximum bust respective columns and rows.

REFERENCES

1. Designing Graph Database Models from Existing Relational Databases by Subhrajyoti
Bordoloi Bichitra Kalita Dept. Of Computer Applications .(International Journal of Computer
Applications (0975 -8887), Volume 74, no-1,July 2013),

2. Application of graph theory in communication networks, International Journal of Application
or Innovation in Engineering (IJAIEM), Volume 1, Issue 2,0ctober 2012 .
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IMAPABOJIAJIBIK TEHJIEYTE KOUBLIIFAH BACTATIKBI-IIETTIK
ECENTI 'AJIEPKUH 9ICIMEH HIENTY

A. I’ KAMAJIOBA

D= {(x, t) e R%:a<x< b,t >0( oOnbicbiHAa mapabojaNbIK TEHIEYre KONbLIFaH OacTamKbl-
HIETTIK €CeITi KapacThIPANbIK:

L[u(x,t)]=%—aa—t%—KZTZ’—ﬁ(x,t)u —g(x1). 1)

[lexapaJbIK mapTTapsbl

( ou(a,t)
4I aou(a,t) +ay BV a, ® "
L bu(dt)+b XD b 1),
EaCTaHKBI IapThl
u(x,0) = f(x). (3)

[TapaGonanblk TeHaeyre KOWbUIFaH OacTanKbl-IIETTIK ecenTi [anepkuH oiciH maiijanaHbIIl,
MathCad maker-miporpammachiH/Ia €CeITi )KYBIKTAI MIEIITIK.

OJAEBUETTEP TI3IMI

1. A.B. Asxunos, [1.A. Beasmucos, A. C. Cem&HOB. AJNTOpUTMBI METOJIOB B3BEIICHHBIX
HEBS30K JUISl PELICHUs JIMHEMHBIX 3a/lay MaTeMaTH4yecKod (PM3MKM M HUX peaju3alus B CUCTeMe
MathCAD // Yiupsnosck : YaI'TV, 2006. — 168 c.

2. Urnarosuu C.}O., Paiixnaym P.b. Meton ['anepkuna perieHust JUHEHHBIX I'paHUYHBIX
3a/a4 1O OOBIKHOBEHHBIX AM(QepeHInanbHbIX ypaBHeHMH BTOporo mnopsaaka / XHY umenn
B.H.Kapa3una, 2006. -36c.

3. ®neruep K. Uncnennpie MeTo 6l Ha OCHOBE MeToaa ["anépkuna. — M.-Mup, 1988. -352
c.
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MATEMATHYECKAS MOJIEJIb TPEXCEKTOPHOM DKOHOMUKHU
E.A. JIOJTAEB

B ocHOBy MaremMaTM4ecKol MOJEIH TPEXCEKTOPHOM 3KOHOMHKHM IIOJO0KEHA MOJENb
skoHOMHYecKOro pocta Conoy. OHa OnMCHIBaET MPOLECCH TPOU3BOJICTBA U MOTPEOJICHUS B CTPAHE.
Mopeinb CBSI3bIBAET CIEAYIONINE BETUYUHBI:

X— BajioOBbIM BHYTPEHHUH IPOIAYKT

| — uHBecTUIIMU(HAKOIIIICHUS )

C — donpg morpediieHust

K — xanuran(rmpon3BoacTBEHHBIE (POH/IBI)

L— xoim4uecTBO 3aHATOCTU(JIIOIM) B IPOU3BOJICTBEHHOM cepe

B wactHOCTH, HcnONB3yeTCs npouzsoocmeennasn pyukyus Koboa — /lyenaca

X=B-K*L'"“ (1)

rae B — TexHomornmueckuit KOAQQOUIMEHT, @ — KOIPQPHUIMEHT 3JaCTUYHOCTUH. DTH MapaMeTph
OIIPCACIIIOTCA SMIITMPUYCCKU B KAKAOM KOHKPETHOM ClIydac. A 3aHATOCTH NMOCTOSHHO B3pacTacT
OIPCACIICHHBIM TCMIIOM.
— vt —
L—Lo'e ) L(O)—LO (2)

rae Lo — HavalbHOE 3HaUY€HHUeE 3aHATOCTHU (TMapameTp 3a7auu), V—BelIWYrMHa 0OpaTHOW BPEMEHHU 3a
KOTOpPO€ YUCIIEHHOCTh HAaCUJIEHUSI YBEIMUMBAETCS B € pa3.

!
K'=—uK +1(K), K(0) = K, (©)
rne K, — HayajpHOE 3HaueHHE KaruTasa, ajl — [oKa3aTellb aMOpTU3aluy (IapaMeTp Mporecca).

B npuniune, BCro S5KOHOMUKY MOXKHO pa3JIefuTh Ha 3 CEKTOpa: MaTepualbHBIN (HYyJIEBOH),
donmocoznamuil (Mepsbiit), moTpeduTensckuil (BTopoii).B ocHoBY monoxkena moaens Comnoy. I1o
aHaJIOTUU ¢ 3a7a4eil (3) mosrydaercs 3a7a4a Hax0XKJICHUsI BBITYCKa MPOAYKIIUHU 110 CEKTOPaM:

! .
Ki = —,LliKi + Ii , Kl(O) = KiO' L= 0,1,2 (4)
K;o— npon3BoCTBEHHBIC (POH/IBI I-Or0 CEKTOPa SIKOHOMHUKH.

B nanpHelimem mpeamnonaraeTcs peNieHHe pPa3IMYHBIX 3a7ad  yrnpaBieHHs Ha 0ase

paccMaTpuBaeMbIX SKOHOMHUYECKUX Mojiesiell. B yacTHOCTH, 171t MO/IENTH TPEXCEKTOPHOM SKOHOMUKH

B KaUE€CTBE Kpumepusi onmumaibHocmu BbIOUpaeTcss GOoHI MOTpeOIeHHs Ha 33JaHHOM HMHTEpBae
Bpemenu ot 0 no7’

J = [} K,dt 5)

KOTOpBII\/’I INOAJIC)KHUT MaKCUMU3AITUH.

CIIMCOK JIMTEPATYPBI

1. KonemaeB B.A. DxoHOMHKO-MaTemaTuueckoe moaenuposanue. — M., KOHUTH, 2005.
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ATIOJIJIOHUIM INEHBEPIH CAJIY ’)KOHE OHBIH KOJIJIAHBICHI

K.A. JOCMAFYJIOBA, K. HYPITEHIC

I'eometpusinarel OipkaTap mpoOieManapisl MIENly VIIH TeK TeopeMajapMeH >KOHE OHBIH
caiapiapbIMeH )KYMBIC iCTeY JKeTKiTiKCi3. OChl MarbIHa/a cally €CenTepi MaHbI3Ibl POJI AaTKAPATHIH.
Byn sxymMpIcTa anoisioHui meHo0epiH cany ecedi KapacThIpbLIaIb.

Anomtonnii meHOepi — eki OepiareH HYKTE apachbIHIAFrbl apaKallbIKTHIKTHIH ©JIIeMiHIH
KaTBIHACKI TYPAaKThl OOJIATHIH >Ka3bIKTHIKTAFbl HYKTEJEP J>KUBIHBL. BHUMONAPIBI KOOpAMHATTAD -
arloJUIOHMH IIeHOepiHe Heri3feireH >Ka3bIKTHIKTaFbl OOPTOTOHANBJI KOOpAMHATTAp JKyHeci.

ashr
X=——
bunonsipiiel KoopAUHATTAp KYHECIHEH JEKapT KOOPIUHATTAP XKYHeciHe oTy YIIiH ch;;r(]:%sa
~ chr—coso
dopmynanap xonmaneuianel, Oyn xkepae O0<o0 <7, —w<o<x. Kenicrikre OUIOIAPIEI

KoopauHaTTap Ouocdepanblk KOOpAUHATTApFa aybICaIbl.

Kes kenres a, N, M Ty3ynepi MeH ¢ OYpHIIIbI Oepiiim, n K9HE M KECIHALIEP1 YIIiH N < m MapThl
OPBIHJIAIICBIH. /A = or, @ KECIHJIICI XKOHE % = % TeHIr1 opeiHAaNaTeiHAal, ABC ymOypeimsH cary
KaKerT.

OchiHIal mapThl KaHAFATTAaHIBIPATHIH YIIOYPHIII caly YIIIH n %koHE M Ty3yiepin AB ty3yi
OOMBbIHAH, SFHU YIIOYPBIIITHIH IMIIOTEHY3aChIHBIH OOMbIHAH TaHAall anambi3. Ty3ylnepaiH KUbLIbICY
Hykrecin K gem Oenrimen aunbim, % =% TEHJIIT1 OPBIHAATBIHIBIFBIH TeKcepeMi3. Artamran K
TY3yilHEH B OYpBIIIbIHA Kapall Tarbkl M Ty3yiH kyprizin, kecinaini DK ngen xaObuinaitMbis.
AnbiHFaH KeciHaiHi A HykTeciMeH Koccak, AD kecinmici maiina 6omanel. Erep ~<CAB =90° nen
ecenTecek, oHAa ~DAK Aa 90° -ka TeH. Ochl 3aHIBUIBIKIICH JKalFacThipcak, oHaa DK keciHmiciH
IMaMeTpl peTiHle alFaH koHe A HyKTeciHeH oTeTiH meHOepaiH OoiibiHaarsl CAB ymOypsiibiHa
TeH DNK ymOypbIibiHbIH 1a /N OYpHIIIb Ja 90° -Ka TeH.

Ocbl 3aHIBUIBIKIIEH KAJIFACTBIPATHIH 00JICAK, OHJA OApIBIK YIIOYPBIIITHIH KOFapFbl OYPhIIIbI
90° -Ka TeH OOJaThIH KOHE OJIAPABIH OapJIbIFHI 1K1 OYPHITIIBI OOJITaH IIEHOEPIIEP alaMbI3.

Erep menOeprnep keneci mapTTapAsl KaHaFaTTaHIBIPATHIH 00Jica, OHJIA allOJIJIOHUHN IeHOepiH
aiyra 0omabl:

k

k-
2. lllen6epaeri HykTe sxoHe AB Ty3yiMeH KUbUIbICY HYKTecCl apachiHaarbl PC kecinaici ~APB

OYpBIIIBIHBIH OMCCEKTpHCAchl HEMeCe COJl OYpBIIIINEH aikac OYpHIITHIH OUCCeKTpucachl 00aabl.
3. lllen6epix 11eHTpP1 OCHI €K1 HYKTEH1 KOCAThIH TYy3y OOMBIH/IA JKaTaIbl.

1. Anoyutonuii meHOepiniH paguycel R = |AB| TEH.

OJAEBUETTEP TI3IMI

1. Aranacsu JI.C., ba3buie B.T. I'eometpus. 2 6emim. - M.: [Ipocsemenue, 1986. - 270c.
2. Hypmeiiic XK. XKa3bIKTBIKTaFbl TEOMETPHSUTBIK camynap. - Anmarsl, 1995.
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KATBIHACTAPIBIH /KOFAPTBI PETTI TYBIHIABIJIAPBI
K.A. JOCMATFY/IOBA

OYHKIUSHBIH KOCBIH/IBICHIHBIH, aWBIPMACBHIHBIH JKOHE KOOSHTIHMICIHIH, opi OemiHmICIHIH
TYBIHABUIAPHI 0i3r¢ MamiM. KeOeHTiHAIHIH KOFapFbl PETTI TYBIHIBICBIH MbIHA TYpPJI€ ©PHEKTCHIi:
(uxv)® =3y _ cmy®=myM Byn gopmyna Jeibrun dopMymacs aen atanasl. bemininin

\ V2

TYBIHJIBIJIAPBI KAPACTHIPBIIMAFaH KOHE OYJI MOcele ©3€KTi.

OipiHIII PETTI TYBIHIBICHI (U) _UV-VU Kenreren onebuerrep/e KaTbIHACTAPIBIH KOFAPFBI PETTI

. . u .

KaTbiHacTapabIH KOFapFbl PeTTi TYBIHABUIAPHIH Taly YIIiH W [IaMachbIMEH —=w oenriney
eHrizeddik. OCbl TEHAIKTEH U = vV X W ekeHi Oenrini. JXorapeiga KepceTiireH KeOeWTiHAiIHIH
YKOFapFbI PETTI TYBIHBICHIH TaOyFa apHaiIFaH (GopMynaHbl MaiiaagaHCcaK, KeJIeCi TEHAIKTEp IBIFaIbl:
W™ = (v x W)(") =v™W 4+ s Vw44 w®  Bynr  temmixreri w™  isgeninni
Oenricizin Taly yIIiH aqapIMEH TEHACYIEep KYHeciH eHri3y Kaxer. CoHa

u=v*w

u'=v'*w+v*w
..................... TEHAEYIIED )KYﬁeCi aJIBIHAIBI.

UCD =y H gy CL Fy D gy g O Ry R 0D

u(n):V(n) *W+Ci *V(nfl) *W'+-~~+C:7l *V*W(nfl) +V*W(n)

TeHmikTiH KYyHeIeri peTi 6CKeH CailblH, W KOOSHTKINIIHIH TYBIHIBICHIHBIH peTi e ocemi. Exmi ockl
KYWEHI ~ MaTpHIQIBIK  Typre  KeNITIpceK,  MaTpulajgapiblH  KOOCHTIHHICI  aJIbIHAJBI:

Y, 0 0 0 0 W u
v’ v 0 0 0 w’ u’
v 2V’ v 0 0.| * = Tenmeyie fieci i w® iH
. yiep kyhecingeri w'™ iznemini
VO Cley®d o crlxy wD G
VO ClRyOY ity L w® | u® |

6enricizai Tady yurin Kpamep epexxeci naitnanansuaasl. Jlepexrepre cyiiencek, 1750 x. I'.Kpamep
(1704 — 1752) ChI3BIKTHIK TEHICYJEp JKYHECiH miemeriH epexe tanTel. Kpamep dhopmynanapb

A A .
apKBUIBI X = —, X, = XZ. dopmynanarsl A Iamajapbl aHBIKTAyBIIITAp. AJ KOWBUIFaH €cernTe

A
C . . A . .
oenricizal Taby yIIiH X, = Tn. ®opmyJiaHbl €CENKEe KOJIIAHFaHAa, KEJIECl TeHI1K OPbIHIAJIA]IbI:
[ v 0 0 0 u |
A v 0 0 u
v’ v’ % 0 u”
(n-1) 1 (n-2) 2 (n-3) (n-1)
v Co v C,, *v" ou”
@ v Clay0 g 2wy0 ) ] ) o
(_j =L n - 1” 4. OcBl TeHIIK KOWBUIFAH €CEMTIH IIEIMI.
v v
w\™ .
FHU, (— KaTBbIHACBIHBIH JKOFApFhI PETTI TYBIHABICBHIH ecenTeyre apHajarald gopMyiia TaObUIIEL.
Strum, (2 6

9JIEBUETTEP TI3IMI

1. Bopuu B.A. Maremaruueckuit ananus. - M.: MITHMO, 2002. - 244 Ger.
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BOJIIKTI AHAJIMTUKAJIBIK ®YHKIUAJAP YIHIIH
BIPBAMJIAHBICTHI OBJIBICTA PUMAH ECEBI

I.C. IYHCEHBEK, A.bl. CAHJIAYFAH

Ecen. L KuchIFbI KOMILIEKC Ka3bIKTBIKTEI D imki sxone D™ chIpTKBI 0671BICTApFa GOneTin
KapanaiibiM TYHBIK KHCHIK. OH/a keneci Puman eceGin mremnt:

O (t) = (t—-l)(t—ZI.) O (1) + _ 2t . .
(t+i)(t+2i) (t+i) (t+2i)(t—i)
myHfarsl 1,21 myktenepi D* o6mbichina, an —i,—2i nykrenepi D~ o6mbichina TmicTi nen

ecenTeimis.
Teopusra opaii [1] ecenTiH memnrmin Keaeci Type 131eimi3

R
D (t) =D (1) +9g(t
(t) a0 () +a()

P(2),q(2) xenmyurenixrepin koGeiTkimKe KikTeHMI3
P(2)=p.(2)P(2). 9(z)=0.(2)q.(2)
myrnarsl P, (2),q,(z) - tybipnepi D* oGasicemna, an P_(z),q_(z)- ty6ipnepi D~
OOJIBICBIH/IA JKAaTaThIH KenMyIIenikrep. EH/l ecenTiH MHAESKCIH MbIHA ()OPMYIIaMEH eCcenTeiMmi3

X = m+ - n+
MyHzarsl M, N, — caiikecinwe P, (Z),0, (Z) xenmywenikrepinin HONAEPIHIH CaHbI.
bi3niy xarmaiipIMbI3a
p. (1) = (t—1)(t-2i), p_(t)=1 m, =2,
q.(0)=1 q_(O=@+i)(t+2i), n =0

EcenTiH nanekci

xy=m —n =2-0=2

CoHa KOMBUIFAH €CENTIH KB IEMTiM1
1 L CotGz c,z’
(Z—|—i)2(z+2i) (Z+i)(z+2i)’

D (2)=

1 +c0+clz+c222
(2—1)(z=2i) (z=i)(z—2i)

O (z2)=-

MYHIarbl C; — KE€3 KCJII'CH TYPAKThLIAp.

OJAEBUETTEP TI3IMI

1. 'axoB ®.J1. KpaeBsie 3agaun.-M.: Hayka, 1977r., -641c.
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®OH HEUMAH - MOPTEHIITEWH 9ICI

K. ZKAMAJIBEK, 7K.X. ZKYHYCOBA

Byt antic Gipre TeH BIKTUMAJABIKIICH JIbIHFAH HOTIIKECIHIH naiinansuibirsl U GoJica, OHAA OCHI
HOTWKE1 P BIKTUMAJIBIFBIMEH JKY3€r'e achlpFaHaa OHBIH Mamanbuibirbl P, U fereH yirapbiMra
HET131EeJIreH.

Oyeri HOTHXKeIepai 0achIMIBUIBIFBIHBIH KEMY PETiHE Kapail peTTernMis:

Ry >R, >+->R,.0mancon R, >R,,j=n—-1,n-2,..1)

Hotwkenepin )ynTacTelpa KapacThIPhIl, d; bIKTUMAIIBIFBIMEH albIHFaH R; HOTHKEC] Oipre
TEH BIKTUMAIJIBIKIEH alblHFaH R, HOTHKeCiHE MOHIEC OONAThIH ; CaHbIH aHBIKTAy KaKeT. Ry
Hormkecinig nainaneUIblFel 1-r€ T€H el ajJbIHFaHIBIKTaH R; HOTH)KECIHIH BIKTUMAJIbIFbI l/ocj
,(J=n—-1,n-2,..,1) nen caHanaisl, COHIaFbl HOTHXEC Maii1aTbUIBIFbI

UR) =1LUR) == ,G=n—-1n-2,.,1p 1)

Bbynan opi 6apiblk OYpbIH KapacThIpbUIMaraH MYMKIH kynTapasl Rg > Ry (t # n) canbicThIpa
OTBHIPBIT, AQJBIHFAH TaNJaNbIKTap OaFajapblHBIH CEHIMIUINIH Tekcepemiz. MyHma mga [
BIKTHMAJIJILIFBIMEH QJIbIHFaH Ry HOTHIKECiIHIH Oipre TCH BIKTUMAJIBIKIICH &JIbIHFAH R; HOTHXeciHe
SKBHBAJICHT [S; CaHBI aHBIKTaIaabl. OCHI Ke3/1¢ MbIHA KATBIHAC OPBIHIATYHI KOJKET

B-UR) =U(R) (2)

Kepi xarmaiina (1) maiganbUIBIKTapbIHBIH OYEITi
R;, (G=n—-1,n-2,..,1) Oaranapeina (2) epHeri opbIHAAIATBIHAAN €TIll TY3ETy ’Kacay
KepeK.

O/[EBUETTEP TI3IMI

1. IMaitnaneabIKTHL 0M11IeYy 9aicTepi. Kem kputepuiini ecenrep.

2. AticaramueB C.O., Umankyn T.II. Tuimainey omictepiniH nopictepi. — Ammarter: Kazak
yHuBepcuteti, 2004. — 248 0.

3. NUmankyn T.I1. Onepanusutapasl 3epTTeyAiH aopicTepi. — Anmarel: Ka3ak yHUBEpCHTETI,
2014. - 208 6.
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AJITEBPAJIBIK 7/KOHE TPAHCIHEHAEHTTIK TEHAEYJEPII
UTEPALIMA SAICIMEH HIEITY

E. EP’KAH, 11I. ECIPKEII

Byt )xymbIcTa anredpaliblK jkoHE TPAHCUEHACHTTIK TeHICYJIEep Il UTepalys SAiCiMEH ey
KapacThIPBULABL. byt o/1ic caHIBIK SICTEP/IIH €H TaHBIMAJ JKOHE MaHbBI3bI oficTepiHiH Oipi Kemneci
TYpZe TeHIey OepiiciH

fx) =0 ey

mynaarel f(X)  ¢ynkuumscer [a,b] kecimpicinme TybIHIBICH 0OJCHIH. WTepanMsibK dmicTepi
OIpTiHAEN XXYBIKTAy OIICTEpl Nen KapacThlpyra Oosanbl. MTepanusuiblk omicTepii KoJdaHFaHJIa
O/IETTE aJFaIlKbl XYBIKTAy[bl aHBIKTAy Kepek Oomnampl. OnaH KeiiH WTepanusi NN arajiaThiH
ecenTeyyep MKl OpbIHAANAabl. M Tepanus HOTHKECIHIC JKaHa JKYBIKTay aiblHaabel. OchbIHIai
uTepanpsuiap Oenrim Oip JoNAiK-TIeH TaObUTFaH MICHIYAl TalnKaHFa JCHiH JKaIFacThIphLUIanbl. by
TeHaeyal uteparus oaicimen memryre Visual C++ OarmapiaMachl KYPbUIIBL.

O/[EBUETTEP TI3IMI

1. Aemupnosuu b.I1., Mapon 1U.A. OcHoBbI BeIuucIuTENbHOU MaTemMaTuku. -M. Hayka, 1970. -
664 c.

2. Nemupnosud B.I1., Mapon U.A., lllyBanosa 2.3. Uucnennsle MeTobl ananuza. -M., Hayka,
1967. -368 c.
3. Camapckuit A.A., 'ynmun A.B. Yucnennsie metonsl. -M., Hayka, 1989. -432 c.
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CBI3BIKTHI TEHJIEYJIEP )KYWECIH 3EMJIEJD OICIMEH IIEITY

3.5. HCAEBA, 3. KOUJIBIIIIOBA
By sxymbicTa 3eiifienb ofiCiMEeH ChI3bIKTHI TEHACY JKYHECIH IIenly KapacThIPbUIAbL.
Ax=b 1)

myHaarel A=[aij] kBagpaT Marpuia

X1 a1 n+1
x=| i | Bextopel, b = : BEKTOP
Xn an n+1

Ocwr (1) xylieHi keneci Typ/ie *Ka3alblK:
n -
X =B+ a;x;, (i=1..n). (2)
i1

(2) typmeri xyiteniy memnrimin Tabyaa 3eiaens omicine C++ Oarmapiama KYp/bIK.

O/[EBUETTEP TI3IMI

1. Temunosuu b.I1., Mapon U.A. OcHOBBI BeluucIUTENbHON MaTeMaTuku. -M. Hayka, 1970. -
664 c.

2. emunoBuy b.I1., Mapon U.A., lllyBanosa 2.3. Uucnennsie MeTobl aHanu3a. -M., Hayka,
1967. -368 c.

3. Camapckuit A.A., I'ynun A.B. Yucnennslie metonsl. -M., Hayka, 1989. -432 c.
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ON THE SOLVABILITY OF THE INTEGRAL EQUATIONS OF HEAT
CONDUCTION

A.K. KALIBEKOVA

Considered boundary value problems for spectrally loaded heat operator in unbounded
domains, and also the case: when the load is given by the spatial variable and the variable speed.
Received the data of the problem to a specific Volterra integral equation of the second kind, for which
the method of successive approximation is not applicable.

Let’s consider the following problem in area Q = {xeR,,t € R, }:

_ Up = Uyy T AUy (X, t)|x=t =f,
Lu=71 @{ u(x,0) = 0,u(0, t) = 0; @

here A € C is spectral parameter, Vtf € M(Q), (x + Vt)geL,(Q),
\/f(aa—;f(ffoooG(x:f;t—T)f(f'f)dfdf)|x=t € M(R,) (2)

M(@Q) =Lo(Q)NC(Q),M(R,)NnC(R,),6(x — t)-delta function
U= {u|(x+ (&) ™)u, VE(u — ) € M(Q), Vit (x, ) = € M(R,)} 3)
D(L) =D(L) =ulu € U,u(x,0)=0,u(0,t) =0 4)
Problem. It is required to investigate the solvability of the boundary problem (1) provided

(2),(4).

LIST OF LITERATURE

1. Jlxenanues M. T., PamazanoB M. WM. HarpyxeHHble ypaBHEHHUS- KaK BO3MYLICHHS
middepeHnmanbHbX ypaBHeHuit. —Anmatsl: FbIJIBIM, 2010.
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ALGORITHM FOR CONSTRUCTING THE SHORTEST PATH

A.K. KALIBEKOVA

Class of search algorithms of the shortest path from one vertex to another tops is widely used
to solve various types of transport tasks. In particular, a serious role is assigned for the algorithms
which find the shortest way in graph for planning and organizing the movement of robotic systems.

In the process of planning the movement one of the key problem solved by system of planning
is the problem of finding the shortest distance in the global graph. Implementation of function of
planning the movement is based on finding the shortest path between vertices in global graph. As the
global graph can represent very large dimension structure and the problem of planning the movement
under changing external environment has character of a real-time task the possibility of increasing
the speed of search the shortest path in the graph is very urgent.

LIST OF LITERATURE

1. Abraham 1., Fiat A., Goldberg A.V., Werneck R.F. Highway Dimension, Shortest Paths, and
Provably Efficient Algorithms. Proc. of the 21 annual ACM-SIAM Symposium on Discrete
Algorithms (SODA’10). SIAM, 2010, pp. 782-793.
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MATHEMATICAL MODEL OF THE PROBLEM ABOUT DIET
A.U. KASENOVA, D.M. DAVLETYAROVA, ZH.KZ. ZHUNUSSOVA

The goal of the diet problem is to select a set of foods that will satisfy a set of daily nutritional
requirement at minimum cost. The problem is formulated as a linear program where the objective
IS to minimize cost and the constraints are to satisfy the specified nutritional requirements. The diet
problem constraints typically regulate the number of calories and the amount of vitamins, minerals,
fats, sodium, and cholesterol in the diet. While the mathematical formulation is simple, the solution
may not be palatable! The nutritional requirements can be met without regard for taste or variety, so
consider the output before digging into a meal from an "optimal” menu.

Mathematical Formulation

The Diet Problem can be formulated mathematically as a linear programming problem as
shown below.

Sets

F = set of foods

N = set of nutrients

Parameters

aijaij = amount of nutrient jj in food ii, V i€F V i€F, V¥ JEN VjEN
cici = cost per serving of food ii, VieEFVieF
FminiFmini = minimum number of required servings of food ii, V i€eF VieF
FmaxiFmaxi = maximum allowable number of servings of food ii, V iEF VieF
NminjNminj = minimum required level of nutrient jj, vV jeN VjEN
NmaxjNmaxj = maximum allowable level of nutrient jj, V JEN VjEN

Variables
xixi = number of servings of food ii to purchase/consume, V i€F V ieF

Obijective Function: Minimize the total cost of the food
Minimize Y i€Fcixi) i€Fcixi

Constraint Set 1: For each nutrient JEN jeN, at least meet the minimum required level.
Yi€Faijxi>Nminj,V jENY i€Faijxi>Nminj,v jeN

Constraint Set 2:For each nutrient jeN jeN, do not exceed the maximum allowable level.
YieFaijxi<Nmaxj, V JENY i€Faijxi<Nmaxj, V JEN

REFERENCES
1. The nutrition information was obtained from US Department of Agriculture National
Nutrient Database for Standard Reference.
2. The demo and description of this case study were originally created by Optimization Center
at Northwestern University.
3. The history of the diet problem was obtained from George Dantzig's 1990 article
in Interfaces: G.B. Dantzig.The Diet Problem 1990, 43-47.
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TUIEPUMMYH/IbI ")KUBIHJIAPJBIH KEHBIP KACUETTEPI
H. KAXAPMAH, A.A. HCAXOB

IMoct e3inin Heri3ri [1] sxymbichinma, 1930-mbl kbpuTgapAa ecenteaiMai  QyHKIHsIIAp
TEOPUACHIHBIH JlaMyblHA cail (OpMaNIbUIBIKTaH Oac TapThIN, aHBIK OelpecMu TypJe ecenTemiMIi
CaHAJBIMJIBI  KUBIHIAPJBIH HETI3TT KacHeTTepi JKOHE onapAblH [ eAenbIiH  TOJBIMCHI3IBIK
TeopeMachlHa KOJJIAHbUIYbIH OasiHmaraH. Ecenremimai caHaldbIMIbl >KUBIHIAD MEH OJaJlbIH
TOpEeKeNepiH JKyieney TalnbIHBICTAphl €Ki JpTYpil ecenTeNiMal CaHAJIBIMIbl JOpPEKeNepaiH
TaOBLUTYBI Typasibl CYpaKKa asbin keni. by cypak kebine “Iloct Moceneci” nereH aTbIMEH TaHbIMAJ.
Conbiven katap, Kinuau men [loct [2] ThIOpUHT I9pekKeIepiHiH KOFAPFbI KAPTHITOPIAPBIH KB
Ke3KapacTta 3epTTell, OpaKyJIMEH [HaroHajJbl KOHCTPYKUWIAPAbIH kKemerimen ('-tan ki
CaJIBICTBIPBIMCBI3 I9pesKeepIiH TaObUIaThIHBIH J9JIeIIETEH.

IToct maceneci &<, A<, & OonaTblHAAad €CENTENIMIl CaHAIBIMIIbI A KUBIHBIH

KYpacThIpyFa Herizjaeserd. [1ocTien YChIHBUIFaH TOJBIK eMec A KUBIHBIH KypacThIpy uaesch A -
HBIH TOJIBIKTAYBI “KYpPaMBbIH]IA IEKCI3 €CeNTeTIM/I CAaHAIBIMIBI YKUBIHIBI KAMTY ’ KACHECTIHE KATBICTBI
KETKUTIKTI TypJe “KeMecki” 0oynaH TypaThiH. by uaest ”MMYH/IbI )KUBIHIAP YFBIMBIHA aJIBIT KEJIJIi.

AnbIKTama. 1) XXubIH ummyHnOwt 1 aTanajisl, erep ol meKci3 00J1ca )KoHE MEKCi3 ecenTeaiM I
CaHaJIBIMJIBI 11K YKUBIH]IBI KAMTBIMACA.

2) llekcis H >xubHbl cunepummynost nen aranaasl, erep Ke3 KeIreH n yIIiH Fn NH=Q

00JaThIHIA KHBUTBICYCHI3 {Fn}ngw MBIKTBI KecTecl TaObUIMaUTEIH 00JICa.

Illekcis H sxupIHBI rUnmepuMMyHaBI GONAIBl COHJA JKOHE TEK COHIA, €rep eIKaHaan
ecentenimai  gynkius  H -Tel  Maxkopiamaca. Bysl  TUIEpMMMYHIBI KUBIHAAPIBIH  HETi3ri
KacueTTepini Oipi O0JIBIT TaObLUIAIBI.

Oznepiniy 6aii KacueTrTepiHe OalIaHbICThI THIIEPUMMYH/IbI XKUBIHIAP JKaIblIaMa ecenTeaimMai
HOMIpJIeyJiep TEOPHUSIChIH/A 1A KOJIAAHBIC TalThl, MbICaIIbI [3]-Ti KapaHsbI3.

Con Typroifa 613 HOMipIeyIep TEOPHICHIHAA alIBIK MICENeNep/li 3epTTeyre KOMETiH TUT13eTiH
TUTICPUMMYH/IbI JKUBIHIAPIBIH KEHO1p KaCUETTEepiH )KaHa TYPFBIJAH allTHIK.

O/[EBUETTEP TI3IMI

1. Post E.L. Recursively enumerable sets of positive integers and their decision problems //
Bull. Amer. Math. Soc. — 1944. — Vol.50. — P. 284-316; reprinted in Davis. — 1965. — P. 304-337.

2. Kleene S.C., Post E.L. The upper semi-lattice of degrees of recursive unsolvability // Ann.
of Math. — 1954. — Vol.59, no.2. — P. 379-407.

3. Issakhov A. A-computable numberings of the families of total functions // Book of abstracts
of Logic Colloquium. — Helsinki, Finland, August 3-8, 2015. — P. 745.
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IHPUMEHEHUE MEXAHUKHU B PEHIEHUU HEKOTOPBIX 3A/IAY

A.A. KEH/’KEBEK

Wmeercss K HaceneHHBIX MyHKTOB, B K&KIOM M3 KOTOPBIX HAJa)XCHO MPOM3BOJCTBO 3EpHA.
O6beM MPOU3BOIMMOTO 3¢pHA B IEPBOM IIYHKTE PaBEeH - n, , BO BTOPOM IIyHKTE - N, ,...,B K-M ITyHKTe

- N,. Bompoc: rae HyKXHO BBIOpaTh MECTO IS DJIEBAaTOpa, YTOOBI CyMMa BPEMEHH, KOTOPOEC
3aTpayrBaeTCs Ha EPEBO3KY 3€PHA U3 BCEX MTyHKTOB Ha 3JIEBATOP, OblJIa MUHUMAJIBHOM IPH yCIOBUU
OJTHOPOJHOCTH TPAHCHOPTHBIX CPEACTB, T.€. BCE TPAHCIIOPTHHIE CPEACTBA HMMEIOT OJMHAKOBBIN
TOHHAXX U OJJUHAKOBYIO CKOPOCTb.

B mepBoii yactu pabGoThl NMPUBOAMUTCSA pEUICHHE 3aayd ONTHUMM3AIMH IEPEBO30K U €€
KOMIIBIOTEpHASI peaTr3aliysl.

X X, e N X
O 4N, 4.+,

_ nlyl +n2y2 +"'+nk yk
L -

BTOpaﬂ qacThb pa6OTI)I MOCBAIICHA PCHICHHWIO HEKOTOPBLIX 3ada4 TCOpUH YUCCII, a MMCHHO
W3YUCHHUIO BOIMPOCOB O KOJMYECTBE W BEIMYMHE XAPAKTEPUCTHK TOJOXKHUTEIBHBIX YHCIOBBIX
nocienoBarensbHocTeil. CHavyana pemraercs odmas 3anada (Teopema 2.1.), a 3aTrem naercs mojaHOE
pemieHre STOW 3amaud s apupmermueckor mporpeccun  1,2,....n. (Teopema 2.2.). Takxke
TIPUBOJIUTCS] KOMITBIOTEPHAS PeaTU3aIlisI TEOPEM.

CIIMCOK JIMTEPATYPBI

1. T. llreitarays. «MatemaTudeckuii kaneiockomy». ['ocrexuszaar. 1949.

2. JLLA. Jlrocrepuuk. «Kpatuaitimue nuaun». @usmat ['ocuzgar. 1956.

3.1.C. ComunCKkmii. «MeToa MaTeMaTnieckoil mHAyKuuny. Gusmarrus. 1951.
4.A.B. Ileppimkun  «Pu3uka ajs cepbMbIX KiaccoBy. J[poda. 2000.
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YHOPABJIIEMOCTb JJUHEHHBIX CUCTEM C OTPAHUYEHHBIM
YIIPABJIEHHUEM.

A. KOJKABEKOBA
PaccmoTpumM cnenyromyro 3aady o mocTpoeHuu yrpasieHus: Haitu ynpasienue
u®) eu@®) =u@ eL,(,R™)/u@®)eV(t)=R™ ne.tel}, 1)
KOTOPO€ MEPEBOAUT TPACKTOPUIO CUCTEMBI
x=AM)Xx+Bu(t), tel=[t,t], (2)

ucxogdueil u3 mo6oii 3aaHHON HauallbHOM TOYKK X, = X(t,) €R" B MOMEHT BpeMeHH {,, B 1100y10
3aJaHHYI0 TOUYKY X, = X(t,) eR" 3a mpomexyTok Bpemenu [t,,t,]. MuoxectBo S ={(x,,%,)€R*"}
COJICPKUT €ANHCTBEHHYIO TOUKY (X, X;), MOMEHTHI BpeMeHH 1,,t, — ¢ukcuposansl, t, >t,.

MHOKeCTBO BCEX YIPABICHUH, KaXIbIH JIEMEHT KOTOPOTO MEPEBOIUT TPACKTOPHIO CHCTEMBI
(2) u3 X, B X;, ompenensercs 1no ciaenyrolei Gopmyie:

u(t) e A ={u() e L,(1, R™) /u(t) = o(t) + A (t, X,, %) + N, () z(t,, 0), te I, Vo, v() e L, (1, R™)}.

JUiist peleHus 3a1a4m ciaeayer Haiitu ynpasienue U(t) us nepeceuenns maoxkects U u A .

Pemenue YKaSaHHOﬁ 3aJa4u MOXKCET OBITE CBCCHO B PCILICHUIO CHG,Z[YIOH_Ieﬁ ONTUMM3ALMOHHOMN
3aJa4u:

J(vu) = tj| () +4, (t, X, X,) + N, (1)z(t,, 0) —u(t) | dt — inf (3)

%)

IIPH YCIIOBUAX
2= At)z+B(o), z(t,) =0, () eL,(1,R"), tel=[t,,t,], (4)

u) eu(), tel, (5)
rae maokectBo U(t) onpenensiercs cootnomeruem (1).

CIIMCOK JIMTEPATYPBI

1. C.A. AiicaranueB. Teopus ynpaBiasieMOCTH AMHaMU4eckux cucteM. // Anmatbsl: Kazak
yauBepcureti — 2014 — C. 13-24.
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K YCTOMYUBOCTH PEINEHWIN OJHOI'O KJIACCA YPABHEHUM C
TN ®PEPEHIIUAJIBHBIM BKJIIOYEHUEM

B.M. JIH

YpaBHCHHE JBWKCHHS JUHAMHYECKMX CHCTEM B OCHOBHOM CJIydae C BEKTOPHOU
XapaKTEPUCTUKON UMEET BUJ
X=Ax+Bgp(o), x(0)=x,, te[0,x),
o= Xx=X(t),
2
(o) € Dy ={p(0) = (¢ (0,) . 0, (0,)) eCR",R™)[0< ¢, (0;) 0, < s * 07, V o,
o(t)=(0,,0,,.,0,),0; € R,i=1,m;p(0)=0}
9(0) e @, ={p(0) e @, ”(/’i (O'i)‘g(”i i=1m0<gp, <},
rie A— nxn, B—nxm, S—mxn.

B manHOM BHIE IOCTAaHOBKM 3aja4d, XapakTepuctuueckas O(yHknus ¢@(o) sBisercs
BEKTOPHOM, YTO OTJIMYAETCS OT PACCMOTPECHHBIX PaHEE CIy4acB BO CKAJSPHOW XapaKTEPUCTHKOM.
TpeOyercst uist 3TOTO Cilyyasi HAUTH YCJIOBHUE, P KOTOPOM IOJIOKEHHE paBHOBecust X. =0 Oyzmer
a0COIFOTHO YCTONYHBBIM, TO €CTh

!imx(t):!imx(t;O,xo,go):O, VX,, X, €R", Voed,.

JpyruMu ciaoBaMM, HEOOXOJMMO HANTH COOTHOIIEHHS, CBSI3bIBAIOIINE KOHCTPYKTHBHBIE
napaMeTphl CHCTeMbI omnpenensieMbie Tpoiikoit (A, B,S) mpu BeIMONHEHHUH KOTOPBIX MOJOKEHHE
PaBHOBECHSI CUCTEMBI a0COJIIOTHO YCTOWYHUBO.

Jlisa pemieHus 3TOM 3a7ayd, W3BECTHBIH METOJ HECOOCTBEHHBIX HWHTETPAIOB PELICHUS
CKaJISIPHOTO cllydast ObUT paclpOCTpPAaHEH Ha JaHHBIA cllydaid C BEKTOPHOW XapaKTEPUCTUKOM.
AHAJIOTUYHO CO CKAJIAPHBIM CiIy4aeM OBbIIM CKOHCTPYUPOBAHBI HECOOCTBEHHBIE HHTETPAJbl U
abcoytoTHasi YCTOWYMBOCTb 3aT€M YCTAHABIMBAETCS B 3aBUCHMOCTH OT B3aMMOOTHOIICHHUS
[apaMeTpOB MAaTPHUILl DTUX UHTETPAJIOB.

JlaHHBI METOJl SBIISETCS NPEINOUTUTENIBHEE YK€ W3BECTHBIX, MOCKOJIbKY Ooiiee cTapble
METO/Bl TPeOOBAIM CYIIECTBOBAaHHE 3apaHee HEHU3BECTHBIX CKaJlsgpa WM MaTpHIbI, KOTOpbIE Ha
MpaKTUKE HEOOXOAUMO ObUIO HalTH Hayraa u3 OOJBLIOrO0 MHTEpBAJla, UYTO YCIIOXKHSIIO pEIIeHUS
[IpaKTUYECKUX 3a1a4. [1orydeHHbIl METO TAKOTO HEAOCTATKAa HE UMEET.

CIHHUCOK JIMTEPATYPbI

1. AiicaranueB C.A. Teopust yCTOHYMBOCTH AMHAMUYECKUX CUCTEM.- Anmartsl, 2012r.
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COBOJIEB TUIITI TEHAEY YIIIH KEPI ECEIITIH CAHABIK HIEIITMI

®.0. MYKAH

ATanpIK, Q:(0,|) KOHE te(O,T),0<T<OO OOJICHIH. QT:(O,l)x(O,T)

TIKTOPTOYPHIIIBIHAA

Zt—”—z%—%ﬂ(t)g(x,t), (x,t)eQ, (1)

o U, =Ue(x),  xe(02) )
u(0,t)=0 u(l,t)=0 , te(0,T) 3)
}O<u<x,t>w<x>+ux<x,t>wx<x>)dx=e<t) @

KOCBIMIIIa MHTETPANIBIK IIapTTApbIH KaHaraTTaHAbIpaThH (1)-(4) Kepi ecenti KapacThIpalbIK.
(1)-(4) ecenTiH CaHABIK IICIIIMIH KITACCUKAJIBIK CAHIIBIK IICTEPIl KOJIaHbIN OipJeH Tady Kyp/edi.
Ce0ebi (1)-TemmeymiH coi jkarblHAa X alfHBIMAJBICHI OOWBIHIINA 2-peTTi XoHE [ alHBIMAIIBICHI
OoiibiHmIA 1-perTi apanac TyBIHIBUIBL Uyyt (X,t) mymeci 6ap. CoHmbIKTaH OacTamksl OepijareH
ecerKe
Ug (X,t)+u(x,t)=v(x,t) )

OenriyieyiH eHrizeMis.

(1)-(4) xepi ecenTiH caHIBIK MEITiMi KeJleci anropuT™ GoibIHIIA icke acansl: Opbip | -kabaTta

j=0,1,...m

1. Bepinren GacTankpl UOj dynxmusace Men (12) TenaeyneH aiikpia oic 6oitpama | = 0 -mi kagamaa
f moni ecenrenei.
2. Hotwxecinne f I Men u J.nep apKbLIbl XKOHE Kyasay ofici OObIHIIa Vij -JlIH MOHIH aHbIKTalMBbI3.

3. 1)-kamamaa ta6euan T ! momi xkone 2)-kamamaa anbikTanFad VI -1iH MoHmepi apKbUIbl U-J+1-
[ p1 ap [

nepai TabambI3. by nporiecc 6oiibIHIIIa OAPITBIK uiJ MOH/IEP1 aJIbIHAIBI.

OJAEBUETTEP TI3IMI

1. Co6ones C.JI. O6 oxgHol HOBOH 3aaue MmaTemaruueckoil pusuku // U3sectust AH CCCP.

2. Jlappokenckas O.A. MatemaTudeckue BONPOCHl JMHAMMKHM BS3KOW HEC)KMMaeMoOn
xunakoctu. — M.: Hayka, 1970. — 288 c.

3. Anronues C.H. KpaeBble 3a1aun MEXaHMKH HEOIHOPOJHBIX kuakocTeit / HoBocubupcek:
Hayka 1983.

4. Camapckuii A.A., Babumesnu I1.LH. Yucrnennsle MeTonpl pelieHus OOpaTHBIX 3ajaad
Matematuueckoi ¢puzuku. M.:JIKHU. 2009.
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CBI3BIKTHI TU®®EPEHIIMAILIK TEH/IEY YIITH IIEKAPAJBIK
ECEMN WEIIIMIHIH BAP BOJIVBI

A.9. MbIP3ABAEBA, K.X. KYHYCOBA

@azanplK KOHE HMHTETPANIBIK MIEKTeyJepi Oap CBHI3BIKTHIK JKYiHe VIIiH IIeKapanblK ecen
KapacTeIppUIFaH. bepinren ecen memimiHiH 6ap OOJNYBIHBIH KaXETTI KOHE KETKUIIKTI IIapThl
aITBIHFaH.

Keneci Typaeri mekapanbiK €CenTi KapacThIpanbIK:
X=At)X+(w), tel=[t,t], (1)
(x(tp)=x,, x(t;)=x)eS <R™, 2
Ecen. (2) wexapanvix wiapmmel kanazammarnovipamviy (1) wekapanvlk ecen wewiminiy oap

OOLYbIHbIY KAXHCEMMI JHCIHE HCEMKINIKMI uapmuvlH maoy.
[lexapanbIK ecenTi mienry Kejaeci Typeri MHTeTrpaaAblK TeHIeYTre KenTipiiei:

4
Ku=.[K(to,t)u(t)dt=a, tel=[t,t], ©)
t
myHzaarsl K(t,,t) = HKij (to,t)H Ji=1n, J =1m,— nxm perti Genrini marpuna, U() e L, (I,R™) —
isneminai pynxuus, K:L,(I,R™) — R" — oneparop, a € R" — Gepinren Bexrop.
Teopema 1. Kes kencen a € R" ywin (3) unmezpanovix meyoeyoiy wewiminiy 6ap 601ybl yuin
ty
Cltyt)) = [ K(to )K" (ty, t)ct
to
MaAMPUYACLIHbIY O AHLIKMANZAH OOLYbl KAHCEMMI JHCIHE HCeMKITIKMI.

Teopema 2. Aumanvix C(ty,t) >0 mampuya 6oncvin, onda (3) unmeepanoviy menoeyoiy
JHcannvl wiewimi Keneci YyHKyusmer aHbIKmanaobl:

u(t) = K™ (t,,t)C*(t,, t)a+v(t) - K*(to,t)Cl(tO,tl)} K(t, tiv(t)dt, tel,

to

mynoaser V() € L, (I,R™) - kes keneen pynxyus, a € R" - kes xencen sexmop.

OJAEBUETTEP TI3IMI

1.C.A. AjicaraimeB ~ KoHCTpyKTHBHass ~ Teopusi  KpaeBBIX  3agad  OOBIKHOBEHHBIX
muddepeHManbHbIX ypaBHeHH, "Kazak yauBepcureti”, Aamarsl, 2015.
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OB OJTHOM 3AJIAYE JIJISI THIIEPEOJIMYECKOI'O YPABHEHMUSI C
XAPAKTEPUCTUYECKHUM BBIPOKJIEHUEM THUITA

A.K. MBIP3AXMETOBA

B ob6mactu Q= {0 <x<Llt> 0}paCCMOTpI/IM BBIPOXKJIAIOIIEECS]  TUIEpOOIMUEcKOoe

YpaBHEHUE
XUy +Uy =Uy +aU, a =const >0, 1)

KOTOpOE OIMCBIBAET Majible KOoJeOaHUs TSAXKEJIOW OIHOPOJHON IMOKOM HUTH €IMHUYHOW JUIMHBI C
y4€TOM CONPOTUBIIEHUS cpenbl [1,2].

Bagaua. Tpebyercs maiitn pemrenne ypasmenms (1) U(X,t) e C(ﬁ)ﬁ CZ(Q),
YIIOBJIETBOPSIOIIEE YCIOBHAM

I\U(x,t){zdt<w, 0<x<1, (*)

0

U@Lt)=0, t>0, 2
U(x0)=7(x),  U{(x,0)=v(x), 0<x<1, 3)

rie T(X) 51 V(X) - 3a/1aHHbIe (DYHKIINU.
Teopema. Ilycts T(X) S Cl[O,l] AC?2 (0,1), V(X) S C[O,l] ﬂCl(O,l). Torma 3amaua

OJIHO3HAYHO pa3peuinuma.

CIIMCOK JIMTEPATYPBI

1. KounutskoB H.C., T'munep 3.b., CMupHoB M.M. VpaBHeHHs B 4YaCTHBIX HPOU3BOJHBIX
MaTeMaTHaeckoi ¢usuku.-M.: Beicmas mkona.-1970.-712c.

2. Huxonenko B.H. YpaBHenus maremarndeckoit ¢usuxu.-M.: uznarensctso MI'Y.-1981.-
392c.

3. Ennec6ait T.JK. OnHomepHble OOpaTHbIE 3a/lauM Uil BBIPOXKAAIOLIMXCS 3BOIOIMOHHBIX
ypaBHEHHI U ypaBHEHUI cMemanHoro Tuma.-Anmartsl: FeumeiM.-2003.-209c¢.
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GRAPH THEORY IN RESEARCH OPERATION PROBLEMS

M.N. NURBAKYT, K.A. TAIROVA, ZH.KH. ZHUNUSSOVA

We consider a research operation problem. One of the directions of the research operation is
the graph theory. Graph theory in research operation problems are used frequently. We consider an
example of using graph theory in solving research operation problems.

Operations research (OR) is an analytical method of problem-solving and decision-making that
is useful in the management of organizations [1].

A graph is a data structure of finite set of pairs, called edges or vertices [2]. For example, graph
coloring concept can be applied in job scheduling problems of CPU.

Example: solving research operation problems it's "the shortest path" problem, which solved
with Dijkstra's algorithm.

Input: A distance matrix C for a digraph G = (V, E) with n vertices. If the edge (i, j) belongs to
E the c(i, j) equals the distance from i to j, otherwise c(i, j) equals c. Output: Two n-vectors, y[.] og
p[.], containing the length of the shortest path from 1 to i resp. the predecessor vertex for i on the path
for each vertex in {1, ..., n}. P is the set, for which the shortest path is already found.

1. Start with S = {r}; p[r] = 0, y[r] = 0; p[v] = -1, y[v] = o for all other v; P = @; 2. Selectav €
S such that y[v] is minimal; For {w|(v, w) € E} — P with y[w] > y[v] + c[v,w] set: y[w] := y[v] +
c[v,w]; p[w] :=v; S := S U {w}; When all vertices in {w|(v, w) € E} — P has been examined: S := S
—{v}; P:=P U {v}; 3. Stop when S is empty.

Example. Let it is given focused columns G (U, X) and function of scales of C: U — R. Fixed
two tops of s and t, we will consider let, connecting these tops. We will designate
its weight ¢ (u(s, t)) = X u€p cu — min p(s,t). Find minimal way of graph.
l.Vili=w 2.

Is: =0, fs: = 0, X1: = {s}, i: = s // i-the last closed top

3.V jeTi\X1 lj: =min (lj, li + cij) If lj changed, fj: =i

4. We choose i top with the minimum weight (li == min j6eX1lj)
5. If i isn't defined, the algorithm is ended

6. If on an entrance gave t top, and i ==to t, the algorithm is ended
7.X1:=X1u{i}, goto3

REFERENCES

1. Designing Graph Database Models from EXxisting Relational Databases by Subhrajyoti
Bordoloi Bichitra Kalita Dept. Of Computer Applications .(International Journal of Computer
Applications (0975 -8887), Volume 74, no-1,July 2013).

2. Application of graph theory in communication networks, International Journal of
Application or Innovation in Engineering (IJAIEM), Volume 1, Issue 2,0ctober 2012 .
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KYPBUIFBI KOMETiMeH

CbI3bIKTbI EMEC IICEBJIO-IIAPABOJIAJIBIK TEHAEYT'E
KOUBLJITAH KEPI ECEIITIH IIEINIMIHIH KUPAYbI

A.H. HYP/IAHOBA

Keneci nceBno-mapabonalibk TEHACY YIIH Kepi eCenTi KapacThIpalbIK:

u —au_ —a—ax[(v0 +v|u p)JX]+ bu‘u, —clu/"u= f(t)g(x)
u(x,0)=g(x)

u(0,t)=0, u(l,t)=0

jugdx:l

1)

)
(3)

(4)

Kepi ecentiH mrenrimi »aiiabsl KOCBIMIIA aKIIapaT aJbIH ajla aHBIKTaJFaH (4) MHTETpaIbIK

u(x,t)

OJAEBUETTEP TI3IMI

mapt TypiHzae Oepineni. PU3MKAIBIK TYPFBIAAH KaparaHja, Oy IIapT Q o6abichinaa opranay

TEMIIepaTypachlH OJIey peTiHae Tycinmipireni. bym tenumey Typi
TEXHUKA JKOHE JKapaThUIBICTAHY FBUIBIMAAPBIH MAaTEMATUKAIBIK MOJICIBICYACH TYBIHIAM/IBI.
Mpicainbl, KBaHTTHIK (HU3MKaaa, TeoPpu3nKaaarsl Kepi ecente, T.c.c. [lapabonanbik *oHE TCEBIO-
napaboJaiblK TEHICYJIep YIIiH KOWbIIFAH Kepi €CENTiH IIEIIiMiHiH 0ap jKoHe KalFbi3 001yl |1-6]
eHOEKTep/Ie KapacThIPhLIFaH.

1. V.L. Kamynin, E.Franchini An inverse problem for a higher order parabolic equation.

Math.Notes, 1998, 590-599 p.

2. R.Riganti, E.Sahateev Solution of an inverse problem for the nonlinear heat equation.

Commun. Partial Differ. Equ. 1994, 19, 1611-1628 p.
3. D.S.Tkachenko On an inverse problem for a parabolic equation 2004, 75(5), 729-743 p.

4. A.F. Guvenilir, V.K. Kalantarov The asymptotic behavior of solutions to an inverse problem

for differential operator equations. Math.Comput. Model., 2003, 907-914 p.

5. M.Meyvaci Blow-up of solutions of pseudo-parabolic equations. J.Math.Anal.Appl., 20009,

352, 629-633 p.

6. V. K.Kalantarov, O.A. Ladyzhenskaya Formation of collapses in quasilinear of parabolic

and hyperbolic types.Zap.Nauc.Semin. LOMI, 1977, 69, 77-102 p.
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FKANMAN KBI3BMET KOPCETY KYWECTHIH KOJIJAHBLTYEI
K. H¥YPIIAIIA, ZK.X. ZKYHICOBA

XKanmaii KpBMET KepceTy Kyieci Ka3ipri Ke3le €H MaHBI3Ibl KyhenepaiH Oipi 0ok
TabbuTapl. KyHAemiKTI eMipie Ke3-KeiareH KOFaMIbIK OpbIHAAp/Aa Ke3eKTep TYBIHAAIN TYpaasl. by
KE3EeKTep JCepiHEH KOITEereH >XaiChI3ABIKTap OpBIH ajaTblHbl Oenrini. MbIcasbl, TYKeHIeperi,
aypyXxaHaJarbl, OaHKTEpJEri, XaJbIKKa KbI3MET KOPCETY OpPTAIBIKTAPbIHIAFbl, KOMMYHAJJIBIK
TeJeMJIEp KACaWThIH OPTAJIBIKTAPIAFbl, 3aBOATAPAAFbl OY3bIIFaH CTAHOKTAPABIH JKOHJIENY Ke3eTiH
KYTyal aiiTyra Oojaapl. AWTBUIFAH MOceleNepal IICmyaiH Oip JKOJIBI-KbI3METKEpJIEp CaHbIH
apTThIpY. bipak OyJ1 >KyMbICKepiIep/ai KOChIMIIIAa OPBIHMEH JKOHE KApJKblIail KaMTaMachl3 Tyl KaXeT
eteni. An Oy xKymbIc Oepyi YIIiH Koachl3 ekeHi oenrini. CoHmpIKTaH Oys1 mpoOiemMmanapsl
HICHTY/l JKamai KbI3MET KOpCeTy JKyieci apKbUIbI Ny OapibIK )KaFbIHAH THIMII.

XKanmaii KpI3MET KOPCETy JKyHeci — KeJl TYCETiH TaJlanTapra COWKec KbI3MET KOPCETETiH
xyiie. Tamanrap - Kanman 1a Oip KaKeTTUTIKKe cypaHbic. TamanTapra KbI3MET KOPCETYIIi Kypaiaap
- KbI3MET KOPCETYIl KYPBUIFbUIAP HEMece KbI3MET KOpCEeTy apHajaphl Jien aTajajabl. MbIcaibl,
onapra tenedoH OalaHbIc apHAJapbIH, OMJIET CaTyIIBl KaCCUPIIEPIi, KOHIEY HKYMBICHIH JKYPri3ymIi
MaMaHAapAbl KaTKpI3yFa Ooyanel. BIipTHUNTI KBI3MET KOPCETy KYPBUIFBUIAPBIHBIH >KUBIHTHIFBIH
KBI3MET KOpCETYIII Kykenep aen araiiMbi3. MyHaal skyiienepre teiaedoH cTaHIMsUIApbIH, OWUIeT
KaccaJlapblH, medepxaHaiapabl )KoHe T.0. )KaTKbI3aMBbI3.

byrinri Tagna 0i3 ochl XyienepaiH MIeUIiMiH Taybll, aaropuTMaepin Kypambi3. CoHai-ak
C++ mporpammaray TiIiHAE TPOrpaMMa KYPhIIT ecenTepli KOMITBIOTEp apKbLIbl TEKCEPE aTaMbI3.

OJAEBUETTEP TI3IMI

1. Aiicaranue C.O., Umankyn T.IH. Tuimainey oxictepiniH nopicrepi. — Anmatel: Kazak
yHuBepcureti, 2004. — 248 6.

2. Barnep I'. OcHoBBI uccnenoBanus onepauui, - M.: Mup,1972.

3. Kyzuenos 10.H., Ky3y6oB B.1., Bonomenko A.b. MaremaTnueckoe nporpaMMHpOBaHHe. —
M.: Beicmag mxona, 1976.

4. Makapos .M., Bunorpanckast T.M., PyOunnckuii A.A., CoxonoB B.b. Teopus Bsi6opa u
HMPUHATHS pemeHnii.-M.:,1982.

5. Myp Jx., ¥Yanepdopn JI. DxoHomuueckoe MoaenupoBanue B Microsoft Excel. — M.:
Wsnarensckuii oM «Buabsmcy ,2004.

6. Xemmu A. Taxa Beaenue B uccinepgoBanue onepauuid. — M.: HW3narenbckuil oM
«BumnbsMmcy, 2005
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Ob ACUMIITOTUYECKOM IOBEJIEHUU PEIIEHUS 3AIAYM KON
JIJISI OJTHOT'O ITAPABOJIMYECKOI'O YPABHEHUSI CO CJIYUAHHOUN
IPABOM YACTBIO

A.1I. OMUP3AKOB, M.A. CAPCEHBEKOB

Paccmotpum 3anauy Ko a1 napaGoinyeckoro ypaBHEHUS

2= Au(t,x) + C(t,2),u(0,x) = f(x), (1)
rne t > 0,x € R, A - undunuTesMManbHBIA onepartop HekoToporo mpouecca &, f(x) € Dy-

t
obnacTh onpenenenus A, C(t, x)- yI0BIETBOPSET YCIOBUIO CYILIECTBOBAHMS MHTerpana M, | , Ct—

s,&s) ds cnyuaitHas ¢yHKOUS (34ech W B JanbHEiIIeM 3HaK M, O3Ha4aeT B3SATHE YCIOBHOTO
MaTEeMaTHYeCKOr0 OXHIAHUS 10 BCEM, BBIXOJSIIMM B HadadbHbIH MOMEHT t = 0 U3 TOYKH X
TpaeKTopusM mporiecca &;).

Teopema 1. Jlist perrenust 3aaaun (1) uMeeT MECTO TPEACTABICHUE

u(t,x) = My [f(E) + J; C(t — 5,85 ds|. (2)

31ech epBoe ciaraeMoe paBoit yactu (2) siBisieTcs pemieHueM ypaBHeHus (1) 0e3 mpaBoit yactu
(C = 0), a Bropoe cinaraemoe siBisieTcs perrenreM (1) npu f = 0.
Otmerum, uto aHanmoruyHas (2) ¢popmyna npeacrasienus as ciydas f = 0u C = C(x) (ner

3aBUCHUMOCTH OT t) Joka3aHa B [1].

o 1 d? : : o
Paccmotpum Temeps ciydaid, korma A = Pyt C(t,x) =gx)W; , tne W, - Genblii mym

(«pon3BOHAS» OT BUHEPOBCKOro mporiecca Wy), a g(x) takas pyHKuus, 9ro juist arodoro a > 0
CYLIECTBYET MHTErpaj f_aa g?(x)dx (310 TpeGoBanue obecrneynBaeT HanoxkeHHOe Bhille Ha C(t, X)
YCIJIOBHE).

A — sBysieTcst Tenepb HHPUHATE3UMAIBHBIM OIIEPATOPOM HEKOTOPOTro (He3aBrcumoro ot W)
BHUHEPOBCKOTo mpomecca W, u 3a D; MOXHO B3STh HPOCTPAHCTBO Cl(?izm (mpocTpaHCTBO BCeX
OTPaHUYEHHBIX W PAaBHOMEPHO HENPEPHIBHBIX BMECTE C MPOW3BOIAHBIMH IMEPBBIX JBYX IOPSIKOB
¢yHkuuit). MoXHO MOKa3aTk, 4TO JUIs IAHHOTO CiIydas MpeacTaBieHue (2) Teneph 3aluCchIBAacTCs B
BUJIC

u(t,x) = My [f(W0) + [} g(We_s)dws), 3)
rae 3Hak M, OTHOCHUTCS TENephb K MPOLECCY m, a BTOPOM MHTETpajl € g MOHUMAETCS KaK MHTErpall
Uro [1].

3ameTuM gainee, uto Gpopmyny (3) MOXKHO Mepenucarb B BUJE

+o0 t +o
ut,x) = [ fOIptx,y)dy + [ [- gy +)pt —s,x,y)dydW,, tme p(tx,y) =
1 _(y_x)z

—e
Vamt

Teopema 2. Ilyctp dynkmmm f(x), g(X) yIOBIETBOPSIOT BBIMICTIPUBEIEHHBIM YCIOBHSIM.
ITycte gononuauTensho |g(x) — o(x)| = 0 npu |x| = »,20e a(x) = 0;, x > 0; o(x) =g, , x<0.
u(tx) 1 d?

Torpa 7o Tae u(t, x) - pemenue 3anaun Kommu ypaBuenus (1) mpu A = Pyl C(t,x) =
. 2 2
g(x)W, , acuMOTOTUYECKH HOPMAIBLHO € ITapaMeTpaMu (O, (01102) ): u(j'ix) ~ N (0, @)
CIIMCOK JIMTEPATYPbI

1. A.JI. Benrtuens Kypc Treopun cinyqaiinbix npoueccos — M.: Hayka, 1975.
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YUCJIA DUJIEPA U BUPIO30BBIN TPEYTI'OJILHUK

A. OHJIACBIH, I'. AB/IYAXUTOBA

Cymma creneHeit «K» HaTypaibHBIX Yuced OT 1 J0 n MHTEpecoBasia BEIIMKUX MAaTEMaTHKOB
Ha4YMHAs ¢ IpeBHUX BpeMeH. HekoTopble U3 BeIylInX MaTeMaTUKOB, pabOTAIONINX B 3TOW 00sacTu:
[Mudarop (572-497 no H.3), Apxumen (287-212 no H.3), uaauiickuii Apuadxara (poauBiuiics B 476
r.), nepcuackuii A0y bakp anp Kapauu (pomuBmmiics B 1019 r.), erunerckuit Anp Xaitam (965-
1039). bpuranckuii matematuk Tomac Xspuot (1560-1621), ObuT mEpBBII MaTeMaTHK, KOTOPBINA
HaIeJl CUMBOJIMYECKHE (OPMYJIbI U1 CYMM KBaJpaToB, KyOOB, U YETBEPTHIX CTEIICHEH.

B 1631 nemernkuii Moxan ®aynxabep (1580-1635), uzman AcademiaAlgebra. B stoii kuure on

n
k . . .
JaeT MHOrowieH B N Zl , st k =1, 3, 5..., 17. llIBeiinapckuii maremaruk Jxeliko0 beprymmn
i=1

(1654-1705), ncnone3zoBan mocnenoBarensHocts (B,, B, B,, B;,...) u dopmyna mis cymmsr

CTETICHEH «I» MEePBBIX N HATYPAIBHBIX YUCEI ISl MTOJIOKUTEIILHBIX 00Pa3I0B [EJIOT0 YUCIIa «I).
JIJIsT WIUTFOCTpaliy  MTOJTHOIICHHOCTH ero (hopMyiibl, BepHY/UIM BBIYUCINI yIUBUTEIBHYIO
tneHHocTh aas S10(1000) , koropas sBisiercs 91,409,924,241,424,243,424,241,924,242,500, ¢

HEOOIBIINM YCUIMEM, 3a MCHBIIC YEM I10JIOBHMHA YETBCPTU Haca, TOBOPUT OH B OAHOM U3 €I'0 IMTUCEM.

[1]1+2+3+...+n= @ u3BecTHas kak @opmyiia ["aycca 11 cyMMBl HaTypaibHBIX YUCEN OT 1

g0 n. Taxxkel?+2°+3%+..+n°= 5 >

1% + 2% +3“ + ...+ n* maspanmas, kak B crenenu «kK» (K >1) — 3akon dopmyssl [aycca s cymmbl
HaTypalbHbIX 4yrcen oT 1 g0 n. JlokasarensctBa aanbl B [2] o popmyie [ayccas crenenu «K». Mbl
BbIUUCIWIHM (hopmyiny ['aycca B Hamem mpoexTe.

Iesnn Haiero npoexra;

1. HUccnenoBanne umcen Oditnepa. 2. CTpouTenbCTBO TpeyroibHuka Jitnepa. 3. Co3mganue
MOCTIeIOBATEeIbHOCTH M TPEYroJIbHUKAa Kak 4uciaa Oiepa M TpeyroibHMKa — Oinepa. 4.
JlokasarenscTBo bupro3zoBeix Uncen u buprozoBoro TpeyronpHuka npu ucnosb3oBaHuu Yucen
Onnepa u TpeyronpHuka Oiinepa. 5. JlokasarenbcTtBo buprososbix Yucen u buprozoBoro
TpeyronbHUKa IPU UCHIONIB30BaHUU anredpanyeckoro Merona. 6. Ycranosinenue popmyinsl ['aycca
bupro3oBsiMu Uncnamu B MpHIIOKEHUSX.

2

CIHHUCOK JIMTEPATYPbI
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3. I'pam, Knyr, [Natamauk, Konkpernas Maremaruka, Axmucos — Yaciau 1990 CTp.
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7. 2004, CymmupoBanue [Tomromounii Yucen, Mup Marematuku 2004-1 ctpanuist 68-73

8. Tomecky 1., 3anaun B kom6unotopuxyu u Teopus I'pada, Bumneii, Hpro-Hopk, 1985.
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CBI3BIKTHI TEHJIEYJIEP ) KYUECIH UTEPALIMS SICIMEH IIEITY

I. CAHAT, A.E. TYUMEBAH
By >kyMBICTa CBI3BIKTHI TEHICYIIEP KYHECIH UTEPALIHs 9/IICIMEH IICITY KapacThIPhLIAIbI.
ag1x1 + apx+. .. +apx, = by

alel + azzxz + -+ aann = b2

1)

Ochl TeHiey1i €H TaHbIMaJl UTEPaLysl SICIHIH aITOPUTMI KOPCETUIl jKoHe o1 anropuTMHiH Visual
C++ Garnmapiamacsl KYpbUIIbl. MpIcanaap KeITipiiaai, OHBIH 9] IMICIIIMHEH aybITKYbI Oepiiii.

O/[EBUETTEP TI3IMI

1. Temunosud b.I1., Mapon U.A. OcHOBEI BRIMUCIIHTEIbHON MaTeMaTuku. -M. Hayka, 1970. -
664 c.

2. Nemupnosud B.I1., Mapon U.A., lllyBanosa 2.3. Uncnennsie MeTo bl aHanm3a. -M., Hayka,
1967. -368 c.

3. Camapckuit A.A., 'ynmun A.B. Yncnennsie meronsl. -M., Hayka, 1989. -432 c.
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OYHKIUAHDI )KYBIKTAII UHTEI'PAJIIAY
b. CAIIAP, M.A. KAMBAP

byn sxymeicra f(X) ¢ynkumscein Oepinren [a,b] keciHmiciHIe >KybIKTal HWHTETpajiuay
KapacTeIpblIa/pl. Keseci aHBIKTalFaH HHTEIPAJIIbl €CCNITEICHIC

b
= [ f(x)dx

@ , (1)
myHzaarel  f (X) QyHKIMICH [a; b] KeciHmicinae ysimicci3, erep (1) muterpan actbiHgarsl f(X)
(YHKUIMSACBIHBIH alFaliKel QyHKIUSACH 6ap Ooica, onxa 6enrini Hetoton — JlelOuun Gpopmynacsia
KOJITaHyFa OoJajbl:

b
[ f()dx=F(b)-F(a)
@ (@)
myHgarel F(Xx) f(X) QyHKUMsACHIHBIH anramkbl GyHKIuACH. bipak, cupek jkarmaiaa, Toxipuoe
KY3iHe anFamKkel QYHKIUSHBI aHATUTUKAIBIK TYPJC aJIFAaHHBIH O31H]IC, aHBIKTAJIFAaH WHTETPAIIIBIH
CaHJBIK MOHIH HaKThl COHbIHA JIEHiH ecenTel anmaiimbl3. MyHpaal araaia sKybIKTan (CaHIbIK)
WHTETPAJIAYIbIH SPTYPIIi TOCUIIEP] KOJIAAHBLIA B,

bip eceni uHTerpanaapAbl KybIKTAIl €CENTeyre KOJIAaHbUIaThIH (hopMyanap KBaJIpaTypabiK
dbopmynanap nen atanbiHaabl. KBagparypansik hopMytanap sl KYpyIblH KaparmaibiM 9/1ici MbIHA Al
O6omansl. Wurterpan acteiHmarel  f (X) pyHKIUSACH [a; b] KECIHIICIHAC WHTEPIIOJISIIHIIAY
KOIMYILETIITIMEeH anMacTeipbuiaael. MyHnait omgic DEM-ne KeHiT OpbIHAaJIaThlH aJITOPUTMAEPIe
OKeJIiI, HOTH)KEHI HAKTHI aJly MYMKIHIITiH Oepei.

ConpiMeHn katap, Oyn (1) aHbIKTanmFaH MHTErpajabl JKyblKTam ecenrteyre Visual C++
OarmapiaamMachl KYPbUIJIBI.

OJAEBUETTEP TI3IMI

1. Aemunosuu Bb.I1., Mapon 1.A. OcHOBBI BEIUHCIUTENbHON MaTeMaTuku. -M. Hayka, 1970. -
664 c.

2. lemunou4 b.I1., Mapon 1. A., lllyBanosa D.3. UucienHnble MeToIbI aHamu3a. -M., Hayka,
1967. -368 c.

3. Camapckuit A.A., 'ynmun A.B. Yncnennsie metonsl. -M., Hayka, 1989. -432 c.
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CBI3BIKTHI KYUEJEPITH BACKAPBLITYEI
A.E. CAIIAPOBA

Bekrop:sl nuddepeHuusnas TeHaeyep Kynecin KapacTblpaMbl3

dx
xl A11 Aln Gll Gln
x=|-1,A=| ... o |, G=L o |, u=
Xn Apy o Ay Gpy o Gpp

X (k=1,...,r) apKbUIBI )XYHEHIH TYpiH aHBIKTANTHIH aitHbIMabLIap; U;(1=1,...,r)
K xyilecine KoWbUIFaH OacKapyIlibl Kyl , sSiFHH «Oackapynap».A xoHe G
AJIEMEHTTEP1 OYJDKEpe TYPAKTHI.

1)
Uq
] )
un
MaTpHIlagap

JKyiieni 6ackapy A ocone G mampuyanrapvln Kypy apxwlivl anvikmaica, onoa (A,G) acyowvl

MOoNbIebIMEH OACKAPLLIAOLL Hemece CaUKeCiHue OacKapblimMaiobl .

Teopema: (1) owcyiie monvik 6ackapviny ywin wk (k=1,..,q) , CbI3BIKTBI-TIVEJCI3 I

BEKTOpJaH TYPYbI KAXKETTI XKoHe KETKIIIKTI
Aruu (1)-4iH 6ackapy WapThl MbIHAJIaH TYpajbl , MaTPHULA PaHTi

W=[G AG A2%G..A™ 1G]

MaTpHlia paHrin-re TeH 60J1ybl KEpPEK.

OJAEBUETTEP TI3IMI

1. S1.H. Poiitenbepr YnpansgeMocTs U HaOIIOJaeMOCTb IMHEMHUX CHCTEM ,“ABTOMaTHYECKOE

ynpasnenue ~ 1978 Mocksa
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O MAPKOBOCTHU 1 HOPMAJIBHOCTHU PELIEHUSA OJAHOT' O
CTOXACTHYECKOI'O JUPPEPEHIIUAJIBHOI'O YPABHEHUASA

M.A. CAPCEHBEKOB, /I.1ll. OMHP3AKOB

Paccmorpum  ciywaitHeiii  mpomece  §(t) , 3adaHHBIA  CTOXaCTHYECKHUM
Qg depeHIraIbHbBIM YpaBHEHHEM
dé(t) —ag(t)dt =ydW,, &£(0) = ¢ (1)

rie a,Yy - noctosiHHble kodhduunentsl, W, — BuUHepOBCKuil mpoiiecc.

MOo’KHO JIETKO YBUIETb, YTO pelieHue ypaBHeHus (1) numeer Bua

§(0) = &= +ye ™ [l e, 2)

MIpUYEM MOCIEAHUIA HHTErpaJl TOHUMAETCSl KaK CToXacTHueckuil mHterpai Uto.

Jns mo6six 0 < t; < t, < t3 u3 (2) nonydyaem

f(tg) — e—a(t3—t2) [foe_atz + ye—atz fotz e—asdm + ye—atz ftl;S e—asdw/s] —
= £(tp)e™0™0) £ ye ok [P emwdWy . (3)

Orcrona BuaHO, uto ¢ (t3) He 3aBUcHUT OT & (t4), ecnu 3agano € (t,) (4TO M AOKa3bIBAET
MapKoBOCTb € (t)).

Jns Beruucienus kodgouimento cHoca a(é,t) u auddysun b(E, t) monoxum B
(3) t, =t, t3=t+ At wu HaiizeMm mpupaiieHue mpoiecca 3a Bpems At:

E(t+A8) = £(8) = (7 = 1DE() + ye(E+40 [ asapy

[Io omnpenenenuto (HUXKE uepes Mgy 0003HAUEHO B3ATHE  YCIOBHOTO

MaTeMaTHYECKOT0 OKUIAaHUsS IpH ycioBu & (t))

. . 1 -
a(§,6) = Jim Mo (§(t +A0) = §(0) = Jim - (e™“% = E(t) = —at(®).
b(§,t) = lim M (§(t + At) — §(£))* = y* (4)
Beiie MbI  BOCIIOJIB30BAIMCh CBOMCTBaMU YCJIOBHOTO MAaTeéMaTUYCCKOTO OXHIaHUA U

CTOXACTUYECKOT0 MHTErpaja.
Ecnu o6o3nauum uepes p(s,x,t,y) TNepexoJHyIO IJIOTHOCTh mporuecca &(t) mpu

yeaosun  €(s) = x u ompenenum  Ti(t,y) = f_+;o (0, x)p(0,x,t,y)dx , To mus m(t,y)

ypaBHeHHe @okkepa — [Inanka — Konmmoropoa npuHUMaeT BHJL

om(ty) _ 9 Y2 o2 (ty)

[TpuMeHsist MeTOT pa3/ielieHUs IEPEMEHHBIX MOJKHO MOKa3aTh, 4TO (pyHIaMEeHTaIbHOE
pelieHre ypaBHEHUS (5) UMeeT BUL

1 —ye—at)?
pO.3,6,y) = [210%(1 - e reap{~ L2 20 02 = L ©

Kak BumHo p(0,Xx,t,y) sBISETCSA HOPMAIBHOM HECTAIIMOHAPHON IUIOTHOCTBIO C
MaTeMaTHUeCKUM OKUJaHueM X exp{—at} u nucnepcueit o2(1 — exp{—2at}).
[Tonaras B (6) t — 00, HAXOJUM CTALMOHAPHYIO INIOTHOCTH BEPOSITHOCTH
2

2

1

pt(}’) = ame_m-
CIIMCOK JIMTEPATYPBI

1. A . Bentens «Kypc Teopum cimydaifHbIX npoueccoB » - M.: Hayka, 1975.
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HNCHOJb30OBAHUME ABAKYCA I YYULIEHUA
MATEMATHYECKOI'O MBIINJIEHUA

A. CEHBKO, K. KYHYCOBA

UCMAS (Universal Concept of Mental Arithmetic System) — 3to yHuBepcaibHas KOHIICTIIUS
OBICTPOTO YCTHOTO cUeTa I JAeTel ot 4 10 12 ner.

IIporpamma craptoBana B Aszuu B 1993 rony. Ha cerogusmnumii nenp nelictsyer okoso 5000
nentpoB UCMAS 6onee yem B 56 crpanax mupa, Haubosee aktuBHO B Manaiizuu, Kanane, CIA,
BenukoOputanuu, Asctpum, Wcnanuu, Asctpanuu, Taitnmanne, Kurtae u crpanax biwxkuero
Boctoka. Ota Bbicoko3(pekTHBHAS Mporpamma Mo HEeJIOCTHOMY Pa3BUTHIO MHTEJUIEKTA MOIy4Hiia
MeXIyHapoaHoe mnpusHanue. OHa co3fgaHa i TOro, 4TOObI MOMOYb PEOEHKY pa3BHTh €ro
MHTEJUJIEKTYyallbHbIE CIIOCOOHOCTH, HWCHOJB3YS JUIS 3TOTO YCTHBIM CUET B KauecTBE TIJIABHOTO
WHCTPYMEHTA ¥ TIOKa3aTells NAThbHEUIIINX YCIEX0B B Pa3BUTHH JETCKOT'O MBIILIICHUS. B HEKOTOPBIX
BOCTOYHBIX FOCY/IapCTBaX 3Ta IporpaMma BBe/ieHa B IIKOJIbHYIO pOrpaMmy. Y Hac OHa CYIIECTBYET
B Ka4yeCTBE JIOTIOJHHUTEIBHOTO 00pa3oBaHUs, IUIsI KOMIUIEKCHOTO WHTEIUICKTYaJbHOTO DPa3BHTHUS
pebeHka.

Takum 00pa3om, pa3BUBas CBOM MHTEJUIEKTyallbHbIE criocoOHocTH mpu padote ¢ UCMAS,
JIETH 3aKJIa/IbIBAIOT TBEPAYI OCHOBY JI JAIbHEUIINX aKaJEeMHUYECKHX YCIIEXOB U TBOPYECKOTO
Pa3BHUTHUS TUIHOCTH.

[Ipoiias 3Ty cTaguio mporpaMMel, JETH MEPEXOAIT K HEeMaTePHAIbHBIM BBIYHCICHUSM — CUETY
B yme. Kaxmas cragwst TpEHUPOBKM IIOCTEIIEHHO OCJIA0JSET MPUBA3KY peOCHKa K cueTraM u
CTUMYJIMPYET €ro COOCTBEHHOE BOOOpaxkeHHe, Ojarojapss 4Yemy BIOCJIEICTBUU OH CMOKET
MIPOU3BOJIUTH PAcUeThl B yMe€, JIMIIb TPEACTABIAs adaKyc mepes coO00i M MBICICHHO COBEpILIas
JIBUKEHHMSI KOCTOUKamMH (Tak Ha3blBaeMasi paboTa ¢ BooOpakaeMbIMH cyeTamu). PeOeHOK,
oOy4aemsblii o nmporpaMmme UCMAS, HauMHaeT pemarb MaTeMaTHYECKYIO 3aJady, BOCIPUHUMAs
yyclia KaKk KapTHHKHU, TaK KaK KaKJ0e€ KOHKPETHOE YHUCIIO OyJeT BBI3BIBATH y HETO aCCOIMAIIHIO
COOTBETCTBYIOILLEIO U300paXKEHHsI HA KOCTOYKAX CUETOB.

OcHoBHast 4acTh pabOThl 3aKIIOYAeTCd B WHTEHCHMBHOM HCIIONB30BAaHUHM PEOCHKOM CUETOB
(abakyc). Ha nauanpHOU cTamuu oOydeHHsS pPEOCHOK HCHOJB3yeT 00€ pyKH ISl Omeparuii ¢
KOCTOYKAaMHU CYETOB, CTUMYIUPYS pab0Ty 000MX MOYIIAPHi TOJOBHOTO MO3ra. J[eTH moCcTUTaroT Bce
4 BHJla MaTeMaTHYECKUX OIeparuii (CII0)KeHHe, BBIYUTAHHE, YMHOXKCHHE U JICIICHHE), a TaKKe
BBIUHCIICHHE KBAJPAaTHOTO M KyOudeckoro kopHei uncen. [Ipu paBHOM ydacTuu 060uX MOTyIIapuit
TOJIOBHOT'O MO3ra Ipoliecc 00y4yeHusl U pa3MbIIIEHUS! CTAHOBUTCS Topa3ao 6osee 3 HEeKTUBHBIM.

B pesynaprate pabotrer mporpammbl  UCMAS peOeHOK, HampuMmep, MOXKET CIIOKHUTh
JeCSITU3HAYHBIE YHCIIA 32 HECKOIBKO ceKyHA. OHAKO 3TO JTaleKo He €IMHCTBEHHBIN pe3ynbTarT.

bnarogaps UCMAS pa3BuBaercs 1 yaydliaercs:

-Konuentpanust BHUMaHUS
-dororpaduueckas namsaTh
-TouHocTh 1 OBICTpOTA
-YBepeHHOCTh B cebde
-TBopueckoe MbIIIUIeHNE

-Cnyx u HaOJIIOAaTeIbHOCTh
-Ycnexu B yueOe

-Boobpaxenue u npencraBieHue
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KBA3MCBHI3BIKTHI JU®®EPEHIAAIIBIK TEHJAEY I PUTI]
9JIICIMEH LIEIY

A.E. CEPUKBAEB

By sxympicTa (1)-(2) meTTik ecenTiy MeniMAUIITH 3epTTenMI3.

—u" +u = f(x), x € (0,1) (1)
u(0) = u(1) = 0. )
0
f € (H* (0,1))* 6onca, onna (1)-(2) ecentin u(x) xanmpuiama memiMid Taby yIIin
Aw) =f ©)

(3) omeparopibIK TeHAEYTe KeNTIpill, OHBIH MIEHIMIUIITIH Ja1enaeiMi3. MyHarel, A onepaTopsl:

A S H(0,1) - (B (0,1))", D(4) =H" (0,1),
1

<AW),w>= f[v’(x)w’(x) + v3(x)w(x)]dx.
0
A omepaTopbIHBIH TOTEHIHANBl 0ap HEMece >KOK EKEHIriH Tekcepemi3. A omepaTopsl -
MOHOTOH/IBI OIIEPATOP OHE KOIPLUUTHBTI ONEpaTop OONATHIHIABIFBIH KepceTemi3. A omeparop
KODPILIUTUBTI OMEpaTop EKEHMAIriH KepceTkeH coH (3) omepaTopiblk TeHAeyai Purtn omicimen
HICTTIMIH KYpaMbI3.

O/[EBUETTEP TI3IMI

1. TaeBckuit X., I'perep K., 3axapmac K. HenuneiiHble omepaTopHble YpaBHEHUS U
ornepaTopHble AU depeHnnanbabe ypasHeHus. -M.:Mup, 1974.

2. Kypuep A., ®yuuk C. Henunelinsle nuddepenunansupie ypaBHeHus. — M.: Hayka, 1988.

3. @neruep K. Uucienneie MeToabl Ha ocHOBe MeToaa ["anépkuna. — M.: Mup, 1988-352 c.
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METO/] ®UKTU®HON OBJIACTH JJISI MOJAEJHN HEOJTHOPOIHOM
KUJIKOCTHU

C.H. TOKTACBIHOBA

Paccmotpum B obmactt Qe R?, QT =(0,T)xQ ¢ rpaHuuei S; =[0,T]xoQ, oQeC?,
HaYallbHO-KPAeBYIO 3a7a9y JIJIsl CHCTEMbI YPaBHEHHUS JIBHKEHUSI HEOTHOPOIHOM JKUIKOCTH:

p[:t{:.v:j}w, N4 (1)
- 2
divu =0, @)
[-’ j N (3)
Pr+| u-V |p=0,
u =u_6(x), Pli_o =P%(%), 0<m<p%(x)<M, (4)
t=0

ul =o, (5)

Sy

N
rae u(x,t)= (ul, U,)— BEKTOP CKOPOCTH, p(x,t)—z[aBneHHe, p(x,t)— IUIOTHOCTB, £/ =CONSt>0—
BS3KOCTh JKUAKOCTH, Kak 3TO Tpedyercs s cucrtemMbl HaBbe-CToOkca, A7 OJHO3HAUYHOCTH
oIpeziesIeHUs 1aBJIeHUs, IOTPeOyeM BBIIIOJHEHUS YCIOBUSI HOPMUPOBKHU:

j p(x,t) =0.

Q
[peanpuHUMaETCS MOMBITKA MOCTPOCHUST MeTo1a GUKTUBHOM obnactu it moxenu (1)-(5).
CornacHo METOy, UCXOHAas 001aCTh Q) JOIOIHAETCA A0 CTAaHIAPTHOH O, O = Q/Q.

B o6nactu Q, pusnueckoit sxunkoctu vet u p(X,t) = 0. Maremariuuecku npeanonaraem, 4ro

IUIOTHOCTh KUAKOCTH B oOmactu (), p(X,t) =& u mocrostuHa. Torma (3) mcuesaer, a ypaBHCHHE
—> —> —> —>
ut+(u~Vuj=1[yAquj, (6)
E

YTO y’K€ €CTh METO/l (GUKTUBHON 00JIACTH.

HUMITYyJIbCa UMECT BUI

Teopema 1.  Ilycts :(x,t)equvl(QT ), pPel, (), 0<m<p®(x)<M. Torma 3amaga
(7)-(12) umeert «B 11e70M» 0000IIIEHHOE PEIICHHE
u? (x, ) e Lo (0. TWAH Q)N L. O T Lo (€2)), £° (1) < L. (Qr)
Y CWJIBHOE pelleHHe
ut)e L, (o,T ;Wzl(Q)h Lo (o,T W2 (Q)), u, e Ly (Qr ).
—
Teopema 2. Ilpm mOCTaTOUHO IIIAJKUX ?(x,t), u%(x), p(x) pelieHHe 3axadu

MTOCTPOCHHON METOA0M (PMKTUBHBIX 00JIaCTel CTpeMHUTCS K pelIeHnto uexoqHo 3anauu (1)-(5) npu
e—>0

CIIMCOK JIMTEPATYPBI

1. C.H. AnTonnes, A.B. Kaxxuxos, B.H.Monaxos. KpaeBbie 3a1aun MexaHUKH HEOTHOPOTHBIX
xKuIKoctel. // u3n-so «Hayka» cubupckoe otaenenue, HoBocubupek 1983r.

2. Babumerwuu I[1.H. MeTon (pUKTHBHBIX O0JIacTel B 3a/1a4ax MaTeMaTHIeCKON (DU3UKWU// U3]T-
B0 Mock.yH-Ta 1991
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JKAJIIBIIAMA BIOPTEPC TEHJIEYIHE KOMUBIJIFAH APAJIAC
ECENTIH NEINIMIHIH KMPAYbI

K. TOJIEYBEKKbBI3bI

Lmmuuapua €2 X (O,T ), Q — R" 6Gacranks! merrik ecenri KapacThIPANbIK:

u, —au®lu|? = eu,, 1)
u(x,0)=p(x), ¥y
u(x’tjagx[o:]: 0, 3)

myHaarel a>0, p>1, q>2,& >0 Typakrsuiap.

Ty:xbipbiM 1. Erep ecenTiy KIacCHKaNBIK MIemIiMi 6ap, xoHe Ke3 KenreH t (O,Tl) YIIiH

q 2(p+g-1)
—CZ(Q)Ss—aC422(t), z(t):ju 2 dx
G, 4C, 5

4C,(2(0))"

TEHCI3/iT1 OpBIHIAJICA, OHJIA €CENTIH IIeIIMi t =
3aC,(q-1)

, YaKbITBIH/A KHUpaNIbl, SIFHU

2(p+9-1)
lim |u 92

tt”

dx = oo,

OJAEBUETTEP TI3IMI

1. V. K.Kalantarov, O.A. Ladyzhenskaya Formation of collapses in quasilinear of parabolic and
hyperbolic types.Zap.Nauc.Semin. LOMI, 1977, 69, 77-102 p.

2. M.Meyvaci Blow-up of solutions of pseudo-parabolic equations. J.Math.Anal.Appl., 20009,
352, 629-633 p.

3. J.L. Bona, S.M. Sun, B.Y. Zhang, A Nonhomogeneous Boundary- Value Problem for the
KortewegdeVries equation Posed on a Finite Domain , Journal of Differential Equations, vol. 247,
2009, 2558-2596.

4. T. Colin et J.M. Ghidaglia, An initial-boundary-value Problam for the Korteweg-de Vries
Equation Posed on a Finite Interval, Advances in Differential Equations, voi. 6, 2001, pp 1463-1492.
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CLASSICAL UNIQUE SOLVABILITY OF INITIAL-BOUNDARY VALUE
PROBLEM FOR STOKES SYSTEM FOR INHOMOGENEOUS FLUIDS

K.K. ITAMIIIH/ITEHOB

Theoretical study of boundary value problems for stationary and non-stationary Navier-Stokes
equations began with the famous work of the French mathematician J.Leray. Many mathematical
problems of the theory of the Navier-Stokes equations of a homogeneous liquid has wrote and
resolved in the book of Ladyzhenskaya [1]. Important problems of the theory of the Navier-Stokes
equations of an inhomogeneous liquid written in the monograph S.N.Antontsev, A.V.Kazhihov,
V.N.Monahov [2]. This work is dedicated to the Stokes equation inhomogeneous viscous
incompressible fluid, which has important applications in the simulation of the evolution of salt
structures in the earth's crust, and a number of other problems of geophysics and oil exploration.

Let’s consider the Stokes equation in the bounded region (» — R" (n = 2) -

VAS—VE—pf =0 in QT’ (1)
divg=0
and the equation for the density of the medium
8.p+(IV)p=0IinQ; (2)
with the no-slip condition at the boundary 0Q2 and initial condition
g‘ Xeo — O 3)
/0| t—o = 6 (X) 4)

where Q; =Qx[0,T], 9:Q, — R3(0r R ?) is vector velocity field, p(x,t) is pressure,
(X, 1) :Q; — R isdensity of the liquid, f (x,t) is the density of external forces, t [0, T ]
isatime, X = (Xy, X,, X3) isapointinaspace R® (or R?), &Q is a smooth enough boundary of

the region Q from C?2, it assumed immobility of boundary.

The system (1) - (2) describes the slow motion of an inhomogeneous viscous incompressible
fluid in a gravitational field. This statement of the problem (1) - (4) and the correctness of the
mathematical model of motion of an inhomogeneous viscous incompressible fluid is the basis for the
development, study and comparison of approximate methods in the model (1) - (4) without loss of
generality received results assume that the external force f (x,t) =1 or assume that this potential
external force.

The main result is the proof of global existence and uniqueness theorems of the classical
solution of the initial-boundary value problem.

Theorem. Suppose that in the three-dimensional problem (1)-(4) boundary
I'=0QeCh, where o<, <1, b(x) e ct(c2)- Then there exists a unique classical

solution of the problem (1) - (4) for the whole time axis R.

REFERENCES

1. Jlappokenckas O.A. Martematuueckue BOIPOCHI JUHAMHUKH BSI3KOM HeC)KMMaeMon
xuakoctu. —M.: Hayka, 1970. -288c.

2. Anronrnes C.H., Kaxuxos A.B., Monaxos B.H. KpaeBble 3a1aun MexaHUKH HEOTHOPOTHBIX
xunkocreid. -HoBocubupck: Hayka, 1983. 315 c.
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PA3JIEJ 2. AKTYAJILHBIE IIPOBJIEMBI MEXAHUKHA CILIOLITHOM
CPEJIbI

IILJII03 APKBLIbI AFBII OTKEH CYUBIKTHIH HETI3T'1
CUITATTAMAJIAPBIH TOXIPUBEJIIK 3EPTTEY

A.A. AJIHMKAHOB, E.O. BEKCYJITAH, E.b. EP/IELI]

By sxympicTa TepT OYpHIITH KaHAN IMIiHAE LUII03 apKbUIBI CYWBIKTHIH OTYyl Ke3iHJeri
JIEHTCHIIEPIHIH 03Tepyl KapacThIpbUIAbl. ToxipuOenik 3epTTey MexaHnka KadeapachiHbIH CYHBIKTAp
MeH ra3zaap 3eprxanacsinaa, «Armfield S-16» KOHIBIPFBICBIHA KYPTi3LIIL.

AfpIn Oapa >KaTKaH CYMBIKTBIH IIBIFBIHBI, ILUTIO3TE JEHIHTT KOHE IIII037CH KEHIHT1 COHKec
OmiKTIKTepl, HUTFO3MIH OwWikTiri emmeHa. Ocbl OepiareHaepai KONAAHBIN, COWKEC NIBIFBIHIIBIK
KO3 (ppuIeHT, UTI03re IeHIHT )KOHE IUTF03/IeH KSHIHT1 eKIIHIAEP eCerTeliH/Il.

Op Typii pexumre coiikec cyablH MBIFBIHBI «Armfield S-16» KOHIBIPFBICHIHBIH IIBIFBIH
OJIIIIETII KYPaJIbl apKbLIBI aHBIKTAIIBI(PAacX0IoMep).

I bIFBIHIBIK KOA(PPUIIEHT TOMCHJICT1 dbopmyna apKbIPbI €CeNTeIIH/II:

Cj=———r
byg~\29Y0

Caiikec ekninaep MblHA popMyanap apKbUIbl €CENTENIH/I:

2 2
Vo Q

H, = — = -
e P A FTONOE
2 2
V1 Q

LT 29 T T 2g(ab)?
MyH1arbl,
C4 - WBIFBIHIBIK KO HUIIEHT;
Q- MIBIFBIH;

Vg - IUIKO3 OUIKTIri
b - xaHanaBIH eHi;
g - epKiH TyCy yzeyi
Yo~ CYMBIKTBIH IUTIO3TE JEHIHT1 OMIKTIT1
V1~ CYMBIKTBIH ITUTFO3/IEH KeH1HT1 OUIKTIT1
V1~ CYUBIKTBIH HUTIO3Te JEHIHT1 KbULAAMIBIFbI
Vo - CYUBIKTBIH NUTIO3/IEH KeHIHT1 )KbITaMIBIFbI
Toxipubenik 3epTTeynep €Kl >karaaiaa xyprizuial. bipinimn jxarnaiija IIBIFBIH TYPaKThl, aj
LUTIO3]IH JeHredi e3repmeni Oonabl. EkiHmN jkaFmaiia HuUTio3 JeHredi TYpakThl, aj LIBIFbIH
e3repmeri. Toxipube op skaraaia colikec yII peTTeH KalTalaHbI KYPri3iiii.
basHnamana anplHFaH TOXKIPUOEIK 3epTTEy HOTHKECIH/IE allbIHFaH IEPEKTEP/IiH KecTenepi, op
JKaFIaiifa CoMKeC CYMBIKTHIH IUII03Te JICWIHT1 OWIKTITT MEH CYWBIKTBIH IUTIO3/IeH KeHIHT1 OWIKTITI
apachIHAAFbl apaKaThIHACTHIH IpadUKTEpl KEATIpiie.

O/[EBUETTEP TI3IMI

1. BonpmakoB B.A. COopuuk 3amad no ruapasinuke.—Kues:Buiia mkona, 'onoBHOe u3-BO,
1979. 336¢.
2. Jlotiusuckuii JI.I.Mexanuka >xunkoct u raza —M.: Hayka, 1987.-904c
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YUCJIEHHOE MOJAEJIUPOBAHUE XJIAJATEHTA R290 KAK
AJIBTEPHATHUBA K R22 B CUCTEME COJIHEYUHOI'O TEIIJIOBOI'O
HACOCA ITPAMOI'O PACHIMPEHUA

. BAUMBETOB

Cucrtema TEIUIOBOTO HACOCa MMEET BBICOKYIO POJIb B 0OJIACTH PHEPreTHKu. B cucremax
OTOIUICHUSI, KOHIUIMOHUPOBAHUSA U OXJAXICHHUS TaKXe CYLIECTBYIOT MPOOJIEMBI, KacaroIuecs
HHEProcOepeKeHNs, IHEPreTHUECKOr APGHEKTUBHOCTH W YIYYLICHHS COCTOSHUS OKpYXKarolen
cpeabl. IToaTomy, nosiBusIacCh HEOOXOAUMOCTh B IOUCKE JEIIEBbIX, SKOJIOTHYECKH YUCTBIX CUCTEM,
YTO TPHUBEIO K HCIOJB30BAaHUIO COJIHEYHOH SHEPrUM — OJHOW M3 CaMbIX KH3HECTIOCOOHBIX
BO300HOBJISIEMBIX HCTOYHUKOB SHEPTUU.

Conneunsiii  TerioBoil Hacoc mpsimoro pacwmupenuss (CTHIIP) sBusiercss cuctemoi,
KOTOpasi MpejacTaBiseT co0oW OcoObIi HMHTEpec, MOCKOJbKY OHA IEPEHOCUT U Ipeodpasyer
TETIOBYIO SHEPTHIO COJHIIA (MCTOYHHMK) JUISl HAarpeBa BOABI, JINOO abcopOUpyeT TeIIo B paauarop.
Bri6op xmamarenta st cuctembl CTHIIP mMmeeT BBICOKYHO BaKHOCTh. B 3aBHCHMOCTH OT BHAa
xnmagareara B cucteme CTHIIP onpepensiercs ero sHepretndeckas 3(PQPEKTUBHOCTD,
IIPOU3BOIUTENILHOCTD, BIMSHUS HAa OKPYKAIOLYIO CpEny.

N3-3a xopommx TermIopu3NnIeCKuX U TEPMOJUHAMUYECKUX XapaKTepucTHK R22 sBisercs
LIIMPOKO PAacCHpOCTPAHEHHBIM XJIaJareHTOM B CUCTEMAax TEIUIOBBIX HacocoB. OIHAKoO u3-3a €ro
IJIOXOr0 BO3/JECHCTBHUS Ha OKPYXKAIOILYI0 CpEAy B CKOPOM BPEMEHH €ro CYLIECTBOBAHME JOJKHO
npekpaTturcs. CienoBaTenabHO B JaHHON paboTe npeaiaraercs 3Hepro3((HeKTuBHas U 3KOJIOTHYECKU
yucTas anbTepHaTHBa K R22. bpl1o NpoBeieHO YNCIEHHOE MOJEIMPOBAHUE COJHEYHOTO TEIJIOBOIO
Hacoca IpsAMOro pacimupenus ¢ xiagarenToM R290 B kauecTBe Bo3MOXKHOMU anbTepHaTuBbl R22. B
TaHHOW cpaBHHBaeTcsi cBorcTBa R290 ¢ cranmapTHeIME pabodynMM XapakTepucTukamu R22.
CraniapTHBIMU NapaMeTpaMy SBJSIFOTCSA TEIUIOEMKOCTh KOHJEHcCATopa, noTpediiseMasl MOLUHOCTh
KoMmIpeccopa, Kod(QHUIUEHT MONEe3HOTO JCHCTBHS M COJIHEYHAsh MHTEHCHUBHOCTH, KOTOpas Obuia
B35iITa U3 METEOPOJIOTHUYECKUX YCIOBUH AnMaTsl. B MonennpoBaHuM TemmepaTypa OKpYKarolen
cpenbl ObutH B ipoMexxkyTke oT -20 ° C mo 30 ° C B 3aBUCHMOCTH OT COJTHEYHOW MHTEHCUBHOCTH.
JU1st TpOBEPKH YMCIIEHHBIE PEe3YIbTaThl Ul X1agareHTa R22 cpaBHUBAIOTCS C SKCIEPUMEHTAIbHBIMU
pedynbratamu. JlaHHasg paboTa HCIOJIB3YeTCs [UIsi IPOrHO3MPOBAHUS IPOU3BOIUTENIBHOCTH
xnagarenta R290. PesynbTaThl MonenupoBaHus nokaszaind, uro R290 sBnsercs sHepreTudecku
3 PEKTUBHBIM U PKOJOTUUECKH YUCTON albTEPHATUBOM MOATAMTHOTO OTKaza OT R22 B CONHEUHBIX
TEIUIOBBIX HACOCAaX.

CIHHUCOK JIMTEPATYPbI
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S TOPI3JAEC BOTET BOMBIMEH AFATBIH CYUBIKTHIH
KO3I'AJIBICBIHA IIJIFO3AbIH OCEPIH TOKIPUBEJIIK 3EPTTEY

/A.b. BEPITEHTAEB, A.E. BAKTBITA/IUEB, E.A. MAKC¥M

Byt s)xymbIcTa TOPT OYPHIIITHI KaHA 1IIiHAE OpHATAcKaH S Tapizzec OereT OOWBIMEH araThIH
CYMBIKTBIH KO3FaJIBIChIHA, IIIBIFA OEpIiCTEeri MUTIO3IH OPTYPJIl OpHAJIACYbIHBIH ocep €Tyl JKOHE
CYHBIKTBIH ©TYl Ke31HJeT1 IeHreiIIepiHiH e3repyi KapacThIpbUIIbl. TaXIpHOETIK 3epTTey MeXaHUKa
KadenpacblHBIH CYHBIKTap MEH ra3fap 3epTxaHachiHna, «Armfield S-16» KOHABIpFBICHIHIA
KYPrizuimi.

AFbIn 0apa KaTKaH CYWBIKTHIH HIBIFBIHBI, IUTFO3TE JICHIHT1, S Topi3zec 0ereT yCTIHIETI KoHE
NUTIO3JCH KEWIHT1 colikec OWIKTIKTEpi, WLTIO3MiH OuikTiri, GererrtiH Owuikriri emmesmi. Ocbl
OepinreHaep/Ii KOJIIAHBIN, COUKEC MIBIFBIHIBIK KO3(POHUIIEHT, TEOPUSUIBIK IIBIFBIH, IIII03TE JICHIHTI
KOHE IUTFO3/ICH KEHiHT1 eKITiHIep eCenTeH]II.

Op Typili pexuMre corkec cyablH MBIFBIHBI «Armfield S-16» KOHIBIPFBICBIHBIH IIBIFBIH
OJIIIIETII KYpaJIbl apKBUIBI aHBIKTAIABI(PacX0IoOMep).

HIbIFbIHABIK KO GUIEHT TOMEHIETT GopMyIia apKbIPbl €CeNTETIH/AI:

Q 2 3
Cqg=————Q,=vhib =b\2g9(Hey? — y;{)
b /zg(Hoyf—yf)

Coiikec exmninaep MbIHa GOpMyIanap apKbUIbl €CENTeTIH I

H + %o + vi
0=YoT5 g YTy g
MyHarsl,
C4 - WBIFBIHIBIK KO3 (DUIIEHT;
Q- MIBIFBIH;

Q¢-TEOPHSUTBIK IIBIFBIH;
b - xaHanaBIH eHi;
g - epKiH TyCy yzeyi
Yo~ CYHBIKTBIH ILTIO3Te ASHIHT1 OMIKTIT
V1~ CYUBIKTBIH IILTIO3/IeH KeH1HT1 OUIKTIri
V1- CYMBIKTHIH [UTFO3Te ISHIHT1 KBUTIaMIBIFbI
U, - CYUBIKTBIH IUTIO3/I€H KeHIHT1 KbUTIaMIbIFbI

Toxipubenik 3eprreynaep €Kl karaaia >Kyprizuial. bipiHmn skarnaiiia IIBIFBIH €3repMen,
IIJTI03 AIIBIK OOJIBI, OYJ1 peKUM MOAYJISAPIIBI A€M atanaasl. EkiHI »kaFaiia nuito3 qeHreili ToMeH
TYCIpUIAI, IIBIFBIH ©3r€pMelli, MOAYIISIPIIbI EMEC PEXXUM KoJIIaHbLIAbI. Toxipube op xaraaiina colikec
YIII PETTeH KalTaJlaHbIIl KYPri3iil.

bassanamana ansiHFaH TOXKIPUOEIIK 3€PTTEY HOTHIKECIHE aAJIBIHFAH JEPEKTEPAiH KEeCTeepi, op
XKarJaiiFa colfkec CYMBIKTHIH LUTIO3Te MEHIHT1 OMIKTIrT MEH CYHBIKTBIH HUTIO3/I€H KEeWiHT1 OMIKTIT
apachIH/IaFbl apaKaTbIHACTBIH I'padUKTEP1 KENTIpiIel.

OJAEBUETTEP TI3IMI

1. bonpmako B.A. COopuuk 3anau no ruapasinuke.—Kues:Bumia mkona, ['onoBHoe u3-Bo,
1979. 336¢.
2. Jloinsmackmii JI.I.Mexanuka xukocTd u raza —M.: Hayka, 1987.-904c
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CYUBIKTBIH KEYEKTI OPTAJIAFbI ®UJIbTPAIIUACHIH OPTYPJII
TEMIIEPATYPAJIBIK PEXKUMJAEPIE TOXIPUBEJIIK 3EPTTEY

H.A. ECTEY, J.E.TYPA/IHHA

By KymbIcTa OpTYpJi TeMIepaTypaliblK PEKUMIETI CYHBIKTHIKTBIH KEYeKTI OpTaiarbl
GuIBTpanMACH KapacThIpbuIabl. ToxipHOeiK 3epTTey MexaHnka KadeIpachlHbIH CYHBIKTap MEH
razzap 3eprxanacbigia, «Armfield» KOHIBIPFBICHIHAA KYPTi3LIIL.

Keyekrti oprameH opTypii TeMmmeparypaiblK pPEKHMAETT CyAbl arbl3a OTBHIPBIN, COHWKeC
KHMaJlap/1arbl KbICBIMHBIH ©3Tepici Mbe30MeTpIIep IiH KOPCETKIITEPiHEH Ka3bIIl AJIBIHIBI.

Op TeMITEpaTyPAIbIK PEKUMI€ COHKEC CYJIbIH MIBIFBIHBI, CYHBIK MOJIIIEPiH aHBIKTAY 9/JiCiMEH
aHBIKTAIBL. SIFHU 1 TUTp Cy KaHIA ayKBITTa aFblll OTETIHIH CEKYHIOMEP apKbUIbl aHBIKTAJIBII, COJI
JepeKTep OOMBIHIIA KOJIEMIIK IIBIFBIH €CENTETIH/II:

MyHIarsl V -BIIBICKA KYHBUIFAH CYIBIH MeJIepi, M°, t- BIIBICTEI CyFa TOJNTHIPYFa KETKEH
YaKpIT, C.

KeyekTi opragarbl CYHBIKTBIH (PHIBTPAIHS KBUIIAMIBIFEI, KOIJICHCH KUMa ayJaHbIHIa OipiIiK
YaKbITTaFbl CYUBIKTHIKTBIH (Ta3/IbIH) KOJIEMIIK IIBIFbIHBIMEH TYCIHAIPITEAl, SFHU

v=—,

S

MYHJaFbl - Q CYMBIKTBIH IIBIFBIHBI, S- TOJIBIK ay/JaHBbI.

Toxipubenik 3epTreynep eki xarjaiina OipHele TemrepaTypalblK PeKUMIEpE Kacajabl.
Bipinmii karmaiiia Tex Oip YHFbIMa alIblIazabl, ajl €KIHIII JKaFAaia ekl YHFbIMa KaTap allbulajbl.
CyneIH Kipe OepicTeri jkoHe 1IblFa OepicTeri TeMnepaTypaiapbl IpaJyCHUKTIH KOMET1MEH OJIIIEHII,
TOXKipuOe TemmepaTypaHblH op MoOHIHE colikec KaMtamanabl. Toxipube HOTHKECIHIE op
Temreparypara OaillaHBICTBI CYJBIH TYTKBIPIBIK KO3((UIEHTIHIH ©3repici ecKepulil, CYyIbIH
IIBIFBIHBI, KBUIJAMIBIFbI, KBICBIMHBIH aWbIpBIMIAPhl, OPTaHBIH OTKI3TITIK KO3 (HUIIUEHTI
aHBIKTAJIIbI.

TemnepaTypa apTKaH cailblH NBE30METPIIK KOPCETKIIITEPAIH TOMEH TYCETIHJIr, SFHU
KaObIpFara TYCETIH KbICBIMHBIH a3asTbiHbl Oalikanael. COHBIMEH KaTap CYHBIKTBIH TYpPaKThl
KOJIEMiH/I€ OHBIH aFbIll IIBIFY YaKbITHIHBIH apTAaThIHBI OaifKall bl

basingamaza anbiHFaH TOXKIPUOETIK 3epTTeY HOTHXKECIH/IE alIbIHFaH JePEKTePiH KecTelepi, op
peXHUMIe ColKec KbIChIMAAp ©3TepiCiHIH TeMIlepaTypara TOYeIAUITHIH rpa@UuKTepl KeNTipiiel.

OJAEBUETTEP TI3IMI

1. Macketr M. Teuenue oJTHOPOIAHBIX JKHIKOCTEH B IOpUCTOU cpene -M.: Mikenck, 2004.-623

2. Jlovinsackwid JI.I'.Mexanuka »)uakocTd U raza -M.: Hayka, 1987.-904c
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TICTI JOHFAJIAKTBI COPFBIHBIH IAMJAJIbI OCEP
KOD®OUIMNEHTIHIH CYHBIKTBHIH IIBIFBIHBIHA BANJIAHBICTBI
O3I'EPICIH 3EPTTEY

I.b. KA3AKBAH, JI.E. TYPAJIHHA

Byt skymbIcTa TICTI JHOHFANAKThl COPFBIHBIH Maiaanbl ocep KOIPPUIMESHTIHIH CYHBIKTHIH
IIBIFBIHBIHA OaMIaHBICTBI ©3repici 3epTTeiai. ToxipuOemiK 3epTTey MexXaHuKa KadeapachbiHbIH
cy#bIKkTap MeH raszaap seprxanacbiiaa HTL-11.17.2 (HTL[-17.200) «I'uapaBnuka M2» 3epTxaHabIK
TaKTaChIHJIa KYPTi3UIIi.

Toxipube skacay Ke31H/1€ COPFBIHBIH IIbIFA O€pICTEr1 P, KICBIMBI, OUTITIHIH N allHATY JKHLIIT,
AJIEKTPKO3FANTKBII N, KyaTbl, IIBIFBIH KOPCETKIII apKbUibl W, CYHBIK KeyieMiHIH ! yaKbITTa Ty
MOHJIepl Ka3blll alnbiHAbL. ToxkipuOeHi 6 Typii peXuMIe OpBIHAAI, KAKETTI MAIIMETTEp/l allblIl,
€CEeNTey HOTIKEIEP1 KYPri3iii.

COpFBIHBIH HAKTHI IITBIFBIHBI:

QH = W)K/t’ M3/C

TCOPHUAJIBIK IIbIFBIHBIL:
— 3
QT - Vona M / c

(GopMynanapMeH aHBIKTaJIIbl, MyHIaFbl V, COPFBIHBIH JKYMBIC KoleMi, M>.
CopFBIHBIH HAKTHI JKOHE TCOPHUSIIBIK IIBIFBIHBI apKbLIbI Kostem ik [TOK-1 kenecinel ecenrenmi:

Mo = Qu/Qr

TicTi MOHFaTaKThl COPFBIHBIH MalaNbl KOHE TOJBIK KyaThl COMKeciHIe Keneci (hopmynanap
ApKbUIbI aHBIKTAJIJIBI:

NH=pHQH: Br

Ny naﬂNa, Bt
OmnapbIH KaTbIHACTaphl COPFRIHBIH TONBIK [IOK-1H Gepeni:
TIH = Nn/ NH

AJNBIHFAH HOTHDKEJIEp apKbUIBI P, KBICBIM KeMIreH caibiH, Qy COpPFBIHBIH HAKTHI IIBIFBIHBI
apratbibl, 1 Kenemuik [TOK-i 0,987-0,999 apanbirbinna aprarbiael xaue My, Tomnbk [IOK-i 0,97-
0,59 MoHepl apanbIFbIH/IA KEMUTIHI OalKasIbl.

O/[EBUETTEP TI3IMI

1. Mengenes, B.®. I'napasnuka u rupaBinyeckie MamHbl: yuebd. nocodue/ B.®. Mensenes.
— Munck: Bemak., 1998. — 311 c.

2. I'mapaBnuka, THAPOMAIITUHBI U TUIPONPHUBOJIBL: YIEOHUK AJII MAlTUHOCTPOUT. By30B/ T.M.
bamrra [m np.]; otB. pen. T.M. bamra. — 2-¢ u3x, nepepad. — M.: MammraOocTpoeHue, 1982. — 423 c.:
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3. 'mapaBnuka, TUAPOMAIIWHEI U THAPOITHEBMOIIPUBOL: y4ueb. mocodue st By3oB/ [lox pe.
C.IL Crecuna. — 3-e u3a., crep. — M.: Akagemust, 2007.-336 c.
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«TPOTIOCKWHO» TYPIHJIETT OTKEHIIEK TOPI3/I
"KEJTYPBUHAJIAPBIHBIH KAJJAKIIAJAPBIH BEPIKTIKKE KOHE
KATAHJBIKKA 3EPTTEY

A.A.JIEITIECOBA

XKen sHeprusceIH TYPJICHIIPY ©T€ ©3€KTi, 9pi KONTereH KbI3bIFYIIBUIBIK TybIpaasl. KP-HBIH
KIUMAaT >KarjgainapblHa cail Keml KaOaTThl BIKIMIAMABI KENJICKTPCTAHIMACHIH Ha3apiapbhIHbI3Fa
YChIHAaMBbI3.  JKeNIeKTpOCTAHIMACHIHBIH ~ «TTPONOCKMHO»  TYPIHIETi  >KeNTypOMHAIapBIHBIH
KaJaKmansapsl OepiKTIKKe >KoHe KaTaHIblkka 3eprreneni. Cebebi Oy maprrap KOHCTPYKLHUS
CEHIMIIITT JKOHE THIMJAUIINIHE jkayanm Oepemi, COHABIKTAaH ©T€ MAaHBI3[IbI OOJIBIIN TaObLIAbI.
Kanakmanapra acep eTeTiH KYITEepACH SHEPT s OHIMAUIIT KapacThIpbUIaabl. 3epTTey OapbhIChIHIA
aBTOMATTAHIBIPBUIFaH IpadUKaIbIK OaFmapiaManay KYYHeCiH KOJIAaHBIN ecenTeyiep Kyprizemis,
ce0eb1 KOMBLIFaH JKYMBICTHI KOFaphl ICHIei/1e OPBIHAAYFa CETIT1H TUT13eIi.

Tyitin cesnep: «TPOIIOCKUHOY.

OJAEBUETTEP TI3IMI

1. ®eonockeB B.U. Conporusnenne matepuainos. — MI'TY um.baymana, 1999.-592c.

2. VunoBammonueri mnpoekt ©Ha 2012-14 rr. «Pa3paboTka, W3rOTOBJIICHHE U
SKCIIEPUMEHTAJIbHbIE HUCCleoBaHUs A()()EKTUBHOCTH KOMMAKTHOM BETPOIIEKTPOCTAHIIMMY IO
PYKOBOJICTBOM K (¢.-M.H., forieHTa Kynak6aeBa T.O. OT4eThI IO IPOCKTY.

3. APM Structure 3D. PykoBozactBo nons3zoBatens. Bepcust 9.2 — HayuyHo-TeXHUYECKUHN LIEHTP
«ABtomaTtusupoBanHoe [IpoextupoBanue mamuny, 2007.-147c.
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IMAPAJIJVIEJIb OPHAJIACKAH EKI BUIK FUMAPATTBIH
A9POIMHAMMUKACBIH 3EPTTEY

A.K. MAHIXAHOBA, JI.E. TYPATHHA

byn wmakamaga mnapamiens OpHalackaH OWIK €Ki FUMapar a’poJuHaMHKachl OOWBIHIIA
KYPTi3UITeH 3epTTeyJiep HOTHXKeCl OassHIaIabl.

3epTrey canabIK oaic apKpuTel Comsol Multihysics OarmapiaaMaceiHaa )Kypriziai. 3epTTeseTin
xkymbic aiimarbl  peringe COMSOL  Multiphysics  OarmapiamackiHaa — TIKTOPTOYPBIIITHI
a’pOIMHAMUKAJIBIK KYOBIPABIH MiliHi canbiHabl. OHBIY ilIiHE 63apa napaielns (KaTtap) opHalacKaH,
OMIKTIKTEP1 op TYPJIl €Ki FUMApaTThIH MIMIHAEP]1 TYPFRI3bUIAL. FruMapaTka ocep eTeTiH kel ocepiH
Oaxpuiay yuriiH COMSOL Multiphysics OarmapiamaceiHIa aya arbIHBIH TYPOYIICHTTI, KO3FaJbIC
CTallMOHAp €MeC el KapacThlpbulabl. Ecen ChIFbUIMalTBIH CyiblkKa apHanraH Hasbe-CTokc
teHeyine RANS onici KonmmaHbUIBIN MIbIFapbUIabl. Ecenteynep exi sxaraaiina sxyprizinai. bipiami
Karaaiaa exi OMiK FUMapaTThiH apaKallbIKTBIKTApbl TYPAKThI, all KeJl KbIIIaMAbIFbl ©3repe/l 1en
KapacTeIpbUIabl. COUTIN el KbUITaMIBIFBIHBIH FUMapaT a’poJWHAMHKACBIHA dCepi 3epTTEi.
Exinmn »xarfaiia sxes *KbUlIaMIbIFbIHBIH Olp MOHIHE ColiKec FUMapaTTap/blH apaKallbIKThIKTaphl
©3Tepin OTHIPabl. APAaKAIBIKTHIKTAPBIHBIH ©3TepyiHe OailIaHBICTBI KBICBIM MEH JKBUIIaMJIBIKTHIH
Tapanynapbl, KYHbIHHBIH TY311yl 3€pTTEIN/Ii.

Ecenrey HoTmKenepi cyperrepiae KeckKinaenmi. FumaparTel jKeJIMEH arblll OTy Ke3iHIe
FUMapaTTap MaHbIHJa KayiNTi KYWbIH/bI aliMakTap naiga 6onaasl. KyiiblHab! aiimakTap xkep OeTiHeH
KOHE FHMaparTap >KHETIHeH Y3UIreH arblHAapAblH ecebiHeH maiina Oomaapl. Fumaparrapra
YKaKbIH/IaFaH Ke3/Ie aya aFbIHBIHBIH TOMEHT1 KaOaTTaphl TEKeJe/i, KOHE aFbIHHBIH Oy OeiriHiH
KHHETHKAJIBIK SHEPTHACH MOTCHIUAIIBIKKA Keorrei. ColKeciHIne, CTaTUKAIBIK KbICHIM YJIFasiIbl.
CraTukalblK KbICBIM FUMapaTTapFa >KaKbIHJaraH calblH OipTiHaen yiFasabl. Fumapartapabiy
OeTiHAe KBICHIM MaKCHMaJl MOHTE >KeTeli. MyH/a KeJeTiH arblH HMUPKYJSIUS aiMarblH Kypaibl.
OHbIH KyHbIHIAPbI FUMapaT (GOpMAaChIH bIHFAMIIBI aFblll ©TETIH (hopMara JAeHiH TOJIBIKTHIPA/Ibl KOHE
OChIIAMIIa HETi3ri aFbIHHBIH SHEPTHACHIHBIH JKOFATYybIH a3zaiTanbl. byn aliMakra KyWbiH Topi3zi
KO3FaJIbIC JKacalThIH oHE FUMapaTThIH bIK KaFbIHA Kapail KeTeTiH ayaMeH anMmacy xypeai. Kenerin
aFblH FUMApaTThl JKOHE IMPKYISIUS alMarblH JKOFapblIaH J>KOHE >KaHIApbIHAH arblll OTEel.
FumaparThl arblll ©TETIH aFblH KaHjAaiaa Oip CHIFBUIYABIH e€ce0iHeH FUMapaTKa KeJeTiH JKeNJIiH
KBUITAMJIBIFBIHAH KOOIpeK KbUIIaMIbIKKa ne. Exi FuMapaT apakambIKThIFbI KaKbIH OOJIFaH CaifbIH
apachIHAAFbl KBUIIaMIBIK Ta apTa O6epeni. FuMapar xuektepiHeH y3uly Ke31HJe aFblH FUMapaTThiH
BIK YKaFbIHAH ayaHbl KAPKBIHIBI TYPAE LIeCTipei, MyYHBIH HOTH)KECIH/IE KBICHIM a3assl. FruMmaparTeia
BIK JKaFbIH/Ia OlpHeIe KyHbIH nai1a 001aabl. AJBIHFAH 3€PTTEY HOTHKENIEP1 39yI1IM FUMapaTTap MeH
yilnepai sxko0anaraH/ia )koHe TYpFbI3FaH/Ia Maiaansl 60mapsl ce3cis.

O/[EBUETTEP TI3IMI
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high-rise buildings by means of multiblock computational technologies // Journal of engineering
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JIAHAMAYECKU PACUET OIITUMAJIBHOI'O PACIIOJIOKEHUA
KAPYCEJIbHbIX BETPOTYPBUH HA 3TAKAX KOMITAKTHOM
MHOTI'O9TAKHOU BETPOJJIEKTPOCTAHIINN

A.b. HHIT'METOB

MouM  pyKOBOAMTENIEM  IPEIIOKEHA  KOHCTPYKLMUS  OPUIMHAJIBHOM  KOMIIAKTHOMU
MHOT03TaXXHOH BeTpoanekTpoctaniimun (KMBOC), koTopas He MMeeT aHajoroB BO BCEM MHPE
[1].

OcHoBubiM 31eMeHTOM KMBOC sBnsiercs BeTpoTypOuHa Jlappe ¢ Tpems (YeThIpbMs)
JIOMACTSIMH, TpeoOpasyroliasi SHEPrHI0 CTUXMUHOTO BETPOBOTO IMOTOKAa B KOHIIEHTPUPOBAHHYIO
MEXaHUUYECKYI0 DHEpPrHI0 BpallleHUsl Baja, KOTOPYI0 MOXKHO MpeoOpa3oBaTh B AJIEKTPUUYECKYIO U
TEIJIOBYIO [2].

KMBOC wumeer cruenyome NpEeMMyIIecCTBA IO CPaBHEHHUIO C  OOBIYHBIMH
BETPORJICKTPOCTAHIIUSAMH U OTACIHHBIMU BETPOTYPOUHAMH OJMHAKOBOW MOIIIHOCTH:

- skoHOMUs Tepputopun — KMBOC 3aHMMaeT TeppuTOpUIO B HECKOJIBKO pa3 MEHBIIYIO, YEM
OOBIYHAS BETPODJICKTPOCTAHIIUS TaKOH K€ MOIIHOCTH;

- Oonee cTaOMIIBHOE HCIIOJIB30BAHME HPHEPTHH BETpa M3-3a PACIONIOKEHHUS BETPOTYpOUH Ha
pa3HbIX BBICOTaX, T.K. CKOPOCTb BETPOBOI'O MOTOKAa MMEET PAa3HYI0 BEIUYMHY B 3aBUCUMOCTU OT
BBICOTHI,

- IPOCTPAHCTBO MEXKIY OSTAXHBIMM HEPEKPHITHUSAMH 00pa3yeT BO3AYLIHBIA KOPUJIOP,
criocobcTByIONHH 3 PeKTUBHOMY MPOTEKAHUIO BETPOBOTO MOTOKA KaK B adpOAMHAMUYECKOMN TpyOe
U.T.J.

B KMB3C BbITr0JHO HUCIIOJIB30BAaTh BETPOTYPOMHBI KapyCeIbHOTO TUTIA.

Pabota mocCBsIIeHa TEOPETUYECKOMY HCCIEIOBAHHIO B3aMMOJCHCTBHS MEXIy COOOU
BpAIAIONINXCS KapYCENbHBIX BEeTpOTYpOUH THNa Jlapbe npu mx oOTeKaHHH BETPOBBIM MOTOKOM C
LENbI0 ONpPENETICHNUs] ONTHMAJIbHOIO MHUHHMAJIBbHOTO pAacCTOSHUS MEXIy BETpOTYypOMHAMH,
YCTaHOBJICHHBIMU Ha JTa)kaX BETPOAJIEKTPOCTAHIIMM, B KOMIIAHOBKE IO TPU BETPOTYPOUHBI,
BBICTPOEHHBIE B BUJIE TPEYTOJIbHUKA.

[Tpu pacueTax UCHONIB3YIOTCS METOABI MATEMAaTHYECKOTO MOJICTUPOBAHUS, Pa3HbIX oOsacTeit
MEXaHWKH, YHUCICHHbIE METOJbl M MaTeMaTUYeCKue MOJETU JBWKEHHS >KUIKOCTH M Ta3a B
TypOyJIEHTHOM HOTOKE, KOTOpbIe OYAYT COIPOBOKIECHBI 3KCIIEPUMEHTAIBHBIMU HCCIIE0BAaHHUSIMU.
Bynyt yureHst:

- BUJI Cpeibl 00TekaHus (BO31yXa);

- pa3nuy4Has CKOPOCTh BETPOBOTO MOTOKA (ONPEIETICHHbIE 3aBUCUMOCTH );

- CBOMCTBA MCIOJIb3YEMbBIX MATEPHAIIOB IIPU IOCTPOEHUN MOJIENH;

- HAJIMYME/OTCYTCTBHE HAUYaJbHON CKOPOCTH BpallleHHs BETPOTYpOWMH (BpalleHHE 3a CUeT
BETPOBOT'0 IIOTOKA);

[TosydeHsl pe3yapTaThl 10 0O0TEKaHHUIO TPEX BETPOTYPOUH (YeThIpexsionacTHbie). OnpeneneHbl
MUHUMAaJIbHBIE BO3MOKHBIE PACCTOSHUS PACIIOIOKEHUS TypOUH. Bee pe3ynbTaTsl BRICTPOSHBI B BHIE
Ta0IuI] ¥ TpadUKOB.

CIHHUCOK JIMTEPATYPbI

1. CBuaerenbcTBO O TOCYAapCTBEHHOW PErvcTpalyy MpaB Ha OOBEKT aBTOPCKOTo mpaBa Ne
183 «KommakTHasi BETPORJIEKTPOCTAaHLMA Ha 0aze KapycelbHbIX BETpOoTypOuH THHa Jlapbe
Caonnycy» ot 01.02.2011r. (aBTopsl: Kynakbaes T., Orenbaes M.).

2. Epmmna A.K., Epmmn III.A., )Kan6ac6aes Y.K. OcHoBBI Teopuu BeTpoTypOUHBI Jlapne.-
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"KBLTY HACOCHI AP PETEHEPATHUBTIK KYH 5
TYIIBITAHIBIPFBIIIBIHBIH KASAKCTAHHBIH CYBIK AYA PAVBI
YIUTH CAHJBIK MOJEJITH KYPY

b.C. CAIIAPOBA, E.K. IIIAKHUP, E.K. BEJIIEB

By )kymbIcTa CaHIBIK MOJIETIb JKBITY HACOCHI 0ap pereHepaTHBTIK KYH TYIIBLUIAHABIPFBIIIBIHBIH
SHEPreTUKAIBIK CUMTaTTaManapblH Ka3akcTaHHBIH CYBIK aya paifbl YIIIH OOJDKay YIIIH YCHIHBUIFaH.
CaHIbIK MOZIETIh SHEPTHS )K9HE Macca OalaHChIHA Heri3ienreH. JKbplTy HaCOCHIHBIH KaHa KYPBUIBICHI
OHIMJIUTIKTI )KOFapbUIATy YIIIiH YChIHBIIAAEL. HoTHKenepai cambICTIPY Kail KYH TYIIBUIAH ABIPFBIIIBI
MEH KbITy HaCOCHI 0ap pereHepaTuBTIK KYH TYIIBUIAH IBIPFBIIIBIHBIH apachlHa XKyprizinai. CanapK
MOJIENb/ICY KOpIIaFraH OPTAaHBIH TEMIIEPAaTYPaChIHBIH yikeH auana3zonsl ymrin -30°C men 20°C
apaJIbIFBIHIA, KYH KapKbIHABUIBIFBIHEIH 100 BT / M2 sxone 900 Bt / M? apaJIBIFBIH/IA KYPIi3UII.

CanbIK MOJIeNb/ICY HOTHXKENEPl KbUTY HACOCHI 0ap pereHepaTHBTIK KYH TYIIBUIAHIBIPFBIIIBI
Kall KYH TYIIbUIAHIBIPFBINIBIHA KapaFaH/a dHEPrus OHIMIUTIT JKOFaphIpaK »XoHE OHiMI Kelipek
exeHiH kepcerTi. COHbIMEH KaTap, OyJ1 )KYMBICTa KYH KapKbIHABUIBIFBIHBIH, KOpIIaFaH OPTaHBIH
TEMIIEPaTyPaChIHBIH dcepiepl TaJKpUIaHABL. AJABIH aja acairaH Ooipkamuap TXipuOenik
HOTIKEJIEPMEH COUKEC KeJ/Ii.

KisT ce3nep: KyH TyIIbUIaHIBIPFBILIBL; JKbULY HACOCHI;, CYBIK aya-paiibl; Kasakcral.
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I'MAPABJIMKAJIBIK BAKBIJIAY K/TAITAHBIHBIH CUITATTAMAJIAPBIH
AHBIKTAY BOUBIHIIA TOKIPUBEJIIK 3EPTTEY

H.C. COBUT

Byn kyMmbicTa THIpaBIUKANBIK Oakpliay KJIalaHBIHBIH JKYMBIC ICTE€Yy CHIIATTaMachl
OakpuTaHABl. ToKipHOEITiK 3epTTey MeXaHHuKa KadeIpachiHbIH CYMBIKTap MEH ra3zap 3epTXaHachbIHIa
HTI-11.17.2 «'napaBiarka M2y 3epTXaHalbIK TAKTAChIH/IA KYPIi3iii.

ToxipuOe >xacay KesiHAe KIIamaHHBIH Kipe OepicTeri p,, JKoHe wWIbIFa Oepicreri P,

KBICHIMZIAPBI, ILIFbIHBL W, TemnepaTypachl T, cyibIK KeJeMiHiH t yaKbITTa 6Ty MOHJIEPi Ka3bll

aneiHabel. Toxipube 6 Typill pEeKHUMIIE OPBIHAAIBIN, KaXKETTI MOIIMETTEpl ajblll, ecenTey
HOTIOKEIIEPl KYPri3iii.
CyibIKTBIH 0aKbUIay KIIATlaHbl apKbLIbl OTETIH NIBIFBIHBI AHBIKTAJIbI:

CyMBIKTBI PETTETINIKE TYCETIH KbICBIMbI aJIbIH/IbI:
AP=P,; — Pus
bakpuiay KianmaHbIHBIH KEPriUTIKTI Keaepri KoaguiuueHTi MbiHa (JOpMyIaMeH aHBIKTaJIbL:

_Ap-z*-d*

> 8-p-Q°

Koranran KyaThbl:
Nnom = Ap : Q

Toxipubenik 3epTTey HOTHIKECIHE CYUBIKTHIH KOJIeM1 apTKaH CailblH IIBIFIHHBIH apTaThIHBI,
OFaH CollKec, MOFaJiFaH KyaTThIH apTTaTbIHbI OaliKaJIbl.
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2. I'mapaBiuka, THAPOMAITUHBI M THIPOIPHBOJIBL: YICOHUK JJIT MAITUHOCTPOUT. By30B/ T.M.
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KBLTY HACOCTAPBIHA APHAJIFAH ®OTODRJIEKTPJII JKBLTY
BYJAHJBIPFBIIITEI CAHJBIK TYPJIE MOJEJJIEY

A.M. COPCEHFEK, A. O/INYJIbl, E.K. BE/IIEB

Koty Hacoctapra apHaiFaH (OTOIIEKTPIIL KbLTY OYIaHIBIPFBINITHI CaHABIK Mojaemaey. by
Makayazia (hOTOdICKTPIIi-TePMaIIIbl THOPUATI OYJIaHIBIPFBIIITHIH TapaMeTpIIepiH CaHABIK MOJICIbIE
Oaramay ymiH yceiHBULABL ~DorodnexTpii snekrpmi  KIIJ|, OymaHaBIPFBIIBIHBIH  KBULY
ko2 puIMeHTIHIH Maiaamsl dpeKeTi, POTOIIEKTPIII-TepMaNIAbl OyJIaHIBIPFHIIBIHGIH >xkannbl KIT/],
SHEPIus SKYTBUIYBIHBIH KYH KOX(QUIMEHTI XOHE JKbUTy OeJliHyl CeKUIIl SHEeprus eHIipy
napametpiiepi Kazakcran PecriyOnmkacel AMaThl KalachIHbIH METEOPOJIOTHSUIBIK JKaFIalibIHA Kapai
0omkaMm xkacanael. R134a Oyi1 sKyMBICTa KYMBIC CYWBIKTBIFBI peTiHae TaHnanabl. Kopimaran opra
temmneparypachl -20 © C xone 30 © C nuama3oHsl apayibiFbiHaa MoaenaeHal. KyHHiy 6encenaiairine
opaii 100 Bt / M? xone 900 Bt / M? muamna3oHBIHAA KEIAIH KbUimaMabFsl 0 —geH 10 M / ¢
JMarna3oHbIHAAFEl  ©3repicl KapacThlpbulabl. JKorapeiga KepceTUIreH KOopllaraH OpTaHBIH YIII
MapaMeTpiHiH ocep eTyiMEH OHIIPIC SHePTUICHIHBIH NTapaMeTpiiepi TaTKbUIAHAIbI.

Mopnenney HoTwkenepi oaeOueTTe CUNATTAFaH 3epPTTey HOTIKEIEpPIMEH CalbICThIPBLIIBI
JKOHE MYMKIH OOJIaThIH aybITKYJIapMeH KejiciMai Oonabl. JIMCIEPCHOHIBI capalnTay KopllaraH
OpTaHblH  (OTORNIEKTPII-TEPMAIABl  OYIaHIBIPFBIITAPBIHBIH ~ JHEPrUsl  OHAIPYIHE  KaThICTHI
napaMeTpIIepiHiH MOHIH 3epTTeyre OarbITTaIFaH.

Kint ce3nep: ®DoTodnmeKTpmi-KbUTyIbIK THOpUATI kyheci; JKpiny Hacoctapsl, CybIK
kiumarieH; Kasakcran
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applications and recent research // Renewable and Sustainable Energy Reviews 22 (2013) 33-45

3. Mohanraj, M., Jayaraj, S. and Muraleedharan, C.(2010) Exergy Assessment of a Direct
Expansion Solar-Assisted Heat Pump Working with R22 and R407C/LPG Mixture, International
Journal of Green Energy, 7: 1, 65-83
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BAJIVIOHIAATBI 'A3/1bI TOJTBIPY/ILIBIFAPY YAEPICHE
TEPMOPETTEYIIUTIH OCEPIH 3EPTTEY

A. M. CYITAHKY/IOB, A. KAJITAEB

Taburu ra3apiH OarachkIHBIH ap3aH OOTYBI MEH JKep KOWHAYBIH/IA KO MOJIIIEP e KE3IECYi, OHBI
SHEpPreTHKa cajachlHAAa SKOHOMHUKAJBIK TYPFbIAA TapThIMIbI eTeni. TaOuru raznbiH 95-96%-b1
metanHHaH (CHa) typanasr [1], am MeTan KeMipTeKTi >kaHapMaiapiblH imiHae Oipiik maccara
IIaKKaH/a €H OFapFbl MEHIIIKTI )aHy XKbUTybIH (55,2 M/JIx/kr) O6epeni. ['a3 TekTec kaHapMai bl
eTe yJIKeH KpichiMa (20-25 MIIa) ceiFbuTFaH Kyiijie, TOMEHT1 TeMIiepaTypajia CYHbITbIIFaH Kyiae (-
163 ° C) nemece opta KbickiMaa (3-3,5 MlIla) ancopOuusianran Kyiae cakrayra 0onazsl. ['a3asr -
163°C TtemmepaTypaja CYMBIThUIFAaH KYyHJe HeMece >Koraprbl KbichbiMua (20-25 MIlla) ceirbuiran
KYHJe cakray TEeXHOJOTHsUIapblH KOJAAaHY KeIl JHEepPrusiHbl Tajam eTedi. Al TaOuru ras3jbl
ajicopOIMsIaHFaH KYH/Ie caKkTay TYpi ChIFBUIFAH KYHJIe CaKTay TYpiHe KaparaHia 6-7 ece a3 KbIChIM/Ia
)yMmbIc ictelni. COHBIMEH Karap, OaJJIOHABI TOJTBHIPY YIIIH €Ki caThLIbl eMec, Oip caThbLIb
KOMITpeccopIbl maijpananyra Oomnaapl. Cakray TYpiHIH OCBIHIAH Oanamanbsl MOOWIBIL JKyHeci
KOMITpECCOpFa KETKEH WIBIFBIHIBl TOMEHJETIN, Ta3[bl CBhIFyFa HEMece CYHBUITYFa KETKEH
SHEPTUSHBIH a3al0bIH KaMTaMack3 erefi. KemikTi cyibIK kaHapMmaian (OCH3MH, TU3€Nb) TaOuFu
ra3ra Kellipy, SKOJOTHSUIBIK KayilCi3diKTI KOFapbuIaTaasl. AJCOPOIS SHAOTEPMHUSIIBIK MPOLIECC
OonFaHIBIKTaH, OaUIOHIBI Ta30€H TONTHIPY OapbIiChIHAA OOJIHTeH KBULYy aJCOpOCHT
TEeMIIEpPaTypachlH YIKEHUTiNm, aacopOrusi MejmepiH TeMmeHnaeTedi. Ay Oyl cakTalafaH Ta3/blH
Medepin azaitanel. Con cebenti ra3deH TONTHIPY (IIbIFapy) Ke3iHJe OallIOH CHIABIMIBUIBIFBIH
KOOCHUTY YIIIH aicOpOEHTT1 CaIKbIHAATY (KBUIBITY) KaXKeT.

KeyekTi afgcopOeHT imIiHIeTI KbUTy TaCKIMAIIBI MCH Ta3 KO3FAJIbICHl MAaCCAHBIH, HMITYJIbCTIH,
SHEPTUSHBIH ~ CaKTally  3aHJapbIMEH JKOHE  aJCOPOLUSHBIH  KUHETHKANBIK  TEHICYIMEH
cunmartainsiHaael. COHBIMEH KOca, afcopOIMsUIaHFaH Ta3/blH MeJIIepiH ecenrtey yiuriH JyOonHuH-
AcTaxoB TeH eyl Maii1aTaHbLIa b,
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IKCIIEPEMEHTAJIBHOE UCCJIEJOBAHUE PABOT BOAO3ABOPHBIX
CKBAXKXHNH

B.A. TE, K.A. AJIMBAEBA

B paGote mpoBoauna Tpu SKCHEPUMEHTAIbHBIX HCCIEIOBAHMS BOA03a00pHBIX CKBAXHH C
nomoinbio oobopynoBanus «S12 — MKII Hydrology systemy. DkcrutyaralidoHHBIC 3a1ackl — 3TO TO
KOJMYECTBO TOJ3EMHBIX BOJ, KOTOpPO€ MOXXET OBbITh MOJYyY€HO U3 BOJOHOCHOTO IIacTa
palMoOHANBHBIMU B  TE€XHUKO-3KOHOMHUYECKOM OTHOIIEHUWH BOJ03a00PHBIMH  COOPYKEHUSIMH.
HMenHO 3KCIUTyaTallMOHHBIE 3arachl MOJ3EMHBIX BOJ YYMUTBHIBAIOTCS B OajlaHce MpHU pa3paboTKe
MIPOEKTOB  BOJOCHAOXKEHUS M3 TOA3EMHBIX HMCTOYHUKOB. [lom3eMHble BOIBI  JOOBIBAIOT
CHelHaTbHBIMH YCTPOHCTBAMHU — BOA03a00paMu pa3iIMyYHbIX TUIIOB C YYE€TOM YCJIOBHI 3ajleraHus
MOJ3eMHBIX BOJA. B manHO#l pabore wuccrnemyercs kodp@uuueHT npoHHIaeMocTH mecka. Ilpu
BBIUMCIICHUH UCIIOJIb30Baia 3akoH Japcu [5].

AKTYyaJIbHOCTb MCCJIEIOBAaHUS SBISIETCS OAHMM U3 BaXXHBIX MEpONPUSATHH B Ipolecce
COOPY’KEHHSI Pa3BEIOUYHBIX CKBAXXUH Ha BOJY SIBJIICTCSA MPOBEJICHUE MPEIBAPUTEIBHBIX U ONBITHBIX
OTKaueK C LEeJIbI0 OCBOCHUS U OIIPOOOBAHNS BCTPEUEHHBIX POAYKTUBHBIX TOPU30HTOB.

Q=k % 27rH
dr
®opmyia Japcu
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JIMHAMAYECKHA PACUYET HA INPOYHOCTD JOMACTEM
PA3/IMYHOI'O BUJA KAPYCEJIBHOU BETPOTYPBUHbBI

B.b. TYPEXAHOBA

B cBsA3M ¢ yXyJlIeHHeM 3KOJOrMYecKod OOCTAaHOBKM Ha IUIaHeTe 3eMisl M YMEHbIICHHEM
CBIPBEBBIX 3aI1aCOB /ISl TPAJAULIMOHHBIX ICTOYHUKOB SHEPTUU B IIOCIIEAHUE IECATUIIETUS CTAHOBUTCS
aKTyaJlbHbIM CO3/IaHUE HETPAJAULIMOHHBIX, SKOJIOTUYECKH YUCTBIX U BO30OHOBIISIEMBIX MCTOUHUKOB
SHEpruu. Berep — 2KOJIOrMYEeCKU 4MCTBIA MUCTOYHUK dHepruu. Teppuropus PK umeer orpomusii
BETPO’HEPreTUUECKUI MOTEHIMal, 4TO, €CTECTBEHHO, Ipearosaraer Oosblioe Oynayuiee ais
IIPUMEHEHUSI BETPOIHEPIreTUUECKUX allapaToB B HAILLEH cTpaHe.

Pa3BuTHie BETPOIHEPIrEeTUKHA MOKET CTATh TOJYKOM K BO3POXKACHUIO IIPEANPHUATUN Majaoro u
cpeaHero Ou3Heca, KPECThSIHCKUX XO3MHCTB W T.I., MOTSHET 3a OO0 peaHuMAalui0 MHOTHX
IIPOU3BOJICTB, IPUBEET K PEILICHHUIO COLIMAIbHBIX IPOOJIEM B PErHOHAX.

MouM  pyKOBOAMTENIEM  IPEIIOKEHA  KOHCTPYKLMUS  OPUIMHAJIBHOW  KOMIIAKTHOM
MHOro3TakHO! BeTpoasekrpocTanuuu (KMBOC), koTopass He uMeeT aHaJloroB BO BCEM MHDE
[1].

OcHoBHbIM 31eMeHTOM KMBOC sBnserca BerpoTypOuHa, npeoOpasyrolias 3HEPruto
CTUXHUHHOTO BETPOBOrO MOTOKA B KOHIIEHTPUPOBAHHYIO MEXAHUYECKYIO SHEPIUI0 BpallleHUs Baa,
KOTOPYIO MOXHO MPeo0pa3oBaTh B AIEKTPHUUECKYIO U TEIIOBYIO [2].

KMBOC wumeer cruenyroomme OpedMyIIECTBa 10  CPAaBHEHHIO € OOBIYHBIMH
BETPORJICKTPOCTAHIUSIMH U OTAEIbHBIMU BETPOTYpOUHAMU OJAMHAKOBOW MOIIHOCTH:

- skoHoMus Teppuropun — KMBOC 3aHnMaeT TeppuTOpHIO B HECKOJIBKO pa3 MEHBIIYI0, YEM
0OBIYHAsL BETPORJICKTPOCTAHIUS TaKOH K€ MOIIHOCTH;

- Ooree cTaOMILHOE HCIIOJIB30BAHHE PHEPTUU BETPA M3-3a PACIOIOKEHHUS BETPOTYpOUH Ha
Pa3sHBIX BBICOTaX, T.K. CKOPOCTb BETPOBOTO IOTOKAa MMEET PA3HYI0 BEIWYHMHY B 3aBUCUMOCTU OT
BBICOTHI;

- IPOCTPAHCTBO MEXIY OSTaKHBIMU IEPEKPHITHUSIMU 00pa3yeT BO3AYUIHBI KOPUIOP,
croco0cTByIOUINH 3P PEeKTUBHOMY POTEKAHUIO BETPOBOTO MOTOKA KaK B a3pOAMHAMUYECKOMN TpyOe
WU.T.J.

B KMBOC BbIroJHO HCIIOJIB30BATh BETPOTYPOMHBI KapyCeIbHOrO TUIIA.

PaGota mnocBsmIaeTcs TEOPUTHUYECKOMY HCCIIEJOBAHUIO JIONMACTEH pa3lIMYHOrO BHJA
KapyceabHOU BEeTpoTypOuHBL. TeopuTHueckas 3HAaUMMOCTb 3aKII0YaeTCs B ONPEACICHUN OIX01a K
PELICHNIO 3aJauyd II0 PaccueTy ONTUMAJIbHBIX COOTHOUIEHMM pa3MepOB JIONACTH KapyCeIbHOU
BerpoTypouHsl KMBOC. Ilpaktuyeckass 3HaYMMOCTh 3aKJIIOYAETCs B TOM, YTO MOXHO J€NaTh
paccyeTsl JUIsl BETPOTYpOMH pasHBIX pa3MEpoOB M MOIIHOCTEH B 3aBUCUMOCTH OT TpeOOBaHMMH
npotpedutens. I[lpumeneno mnporpammuoe obecneuenue SolidWorks mns  mpoektupoBanus
JI0TIacTe.

CIHHUCOK JIMTEPATYPbI

1. CBumerenbcTBO O TOCYAapCTBEHHOW pEerucTpaluy IMpaB Ha 0OBEKT aBTOPCKOro mpasa Ne
183 «KommakTHasi BETPORJIEKTPOCTAaHLMA Ha 0aze KapycelbHbIX BETpOTYypOuH THHa Jlapbe
Caonnycy» ot 01.02.2011r. (aBTopsl: KynakbaeB T., Orenbaes M.).

2. Epmmna A.K., Epmmn II.A., )Kan6ac6aes Y.K. OcHoBBI Teopuu BeTpoTypOUHBI Jlapne.-
Anmmater: Kazs['ocMHTH, 2001.-104 c.
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TABAJIIBIPBIK TOPI3JIEC BOTETTEH AFATBIH CYUBIKTBIH AFBIC
EPEKHIEJIII'TH 3EPTTEY

3. H. TYPTAEBA, I. BOJIAT,KAHKbI3bI, /1.0. BO/IBICBEK

Byn kympicTa KaHannarbl TaOaJJBIPBIK TOpI3JieC OOreTTEeH aFrblll O©TETIH CYHWBIKTBIH ary
EpeKIICTKTepl KapacThIpbulaabl.  Toxipube €Ki pexuMae Kyprizuimi: — OipiHIN JKarmaina
MOJTYJISIPIIBI PEXKUM, EKIHIII KaFai1a MOIYJISIPIIbI eMeC PEKUM. Byt syMbIcTa TOKIpHOEITiK 3epTTey
MexaHWKa KadeIpachlHBIH CYWBIKTap MEH Tra3jgap 3eprxaHacbiHga, “‘Armfield: S16 Flow
Demostrator” KOHIBIPFBICBIHA KYPTi3UIIIL.

Moy sIpiabIK PeKUMIE CYHBIKTBIH IIBIFBIHBIH ©3TEPTE OTBIPHIN IIBIFBIH KO3 PHUIMEHTIHIH
e3repici 3epTTemIi.

Moy sIipiablK eMec PeKUMJIe, IIBIFBIHHBIH TYPAaKThl MOHIHJIE MUTIO3IIH JCHICHi e3repTiie
OTBIPBII IBIFBIH KO3(PUIIMEHTIHIH ©3repici aHBIKTAJI b

Op PSKUMJIET] CYIBIH IIBIFBIHBI )Ka3bIT aNIbIHBL. KaTenikTi ecCkepMereH Ke3Jeri SHeprUsiHbIH
CaKTally 3aHbI apKBUIBI OOTreTKe JIEHIHTI )KoHE TabalABIPBIK TOpi3ec OereT YCTIHIETI TOJBIK CYIBIH
eKITiHI MbIHa (pOpMYyIa apKbLUIbI €CeNTEeTHI1:

2

Vo v,
H0=H1=y0+2—=y1+2— ey
g g
MyHJaFbl, Hj - 0ereTke AeiHT1 CyIbIH TOJNBIK €KIiHi, M, H{- 6eret yCTiHAEr1 TOJBIK CYAbIH
eKIiHi, M, Y- 0eTeTKe AeiiHr1 aFbIC TEPEHITr1, M, Y- 06reT YCTIH/ET aFbIC TEPEHIIT], M, V- OereTke
JICHIHT1 aFbIC )KBULIAMIBIFBI, M/C, V1- 06T€T YCTIHIETI aFbIC )KBUIIAMIBIFBI, M/C.
DKCTIIEpUMEHTAIBIK CYHBIK IIBIFBIHBI MBIHA (DOPMYJIa apKBLIBI €CENTEITIH/II:

3
Q = vihib = by/2g(Hoyf — y13) = 1,705bH,? 2
MYHIaFbl, Q - CYHBIKTBIH MLIFBIHB, HO - OereTke MeiinTi CYABIH TONBIK €KIiHI, b — 06reTTiH

CHI.
Toxipubenik 3epTTey CyAblH LIBIFBIHBI OlpHElle pexuMiHle KaiTtamanasl. basHnamana
HOTHKeJIep KecTe, rpaduK TYpiHJIe KeNTipiaeai.

O/[EBUETTEP TI3IMI

1. [unubae A.Jl. MccaenoBaHue M NperoTBpAIlEHHE MECTHOTO Pa3MbIlBa Ha OTKPBITHIX
BOJIOPETYJIUPYIOLIUX COOPYKEHUSX CHUCTEMBbI BOJOCHAOXKeHUs. — aBTopedepar auccepTaluu Ha
COHMCKAaHME YYEHOM CTENEHU JOKTOpa TEXHUUYECKUX HayK. — Anmatsl: 2010r.

2. Uyraes P. P., 'mapaBnuka. TexHudeckas MexaHUKa )KUIKOCTH, 4 n31., JI., 1982, ro. 8. A. J1.
AnBTHIYTD
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YUCJIEHHBIA ITPOTHO3 ITOT'OJIbI U TPO30BOI AKTUBHOCTMU B
AJIMATBI, C UCITIOJIb30OBAHUEM WRF

A.A. ITAJITBIKOBA

WRF-Mozenbs coep>XUT HEruIpOCTaTUUECKUE YPaBHEHHs MOJHOCTBIO COKMMAEeMOIl Cpelibl,
YUYUTBHIBAET HEOJHOPOIHOCTH IMOBEPXHOCTH. B Mojenu peasn3zoBaHa TEXHOJOTHS OpraHu3aluu
pacueToB BO BIIOKEHHBIX O0JIACTAX C OAHOCTOPOHHMM WJIM JBYXCTOPOHHUM BIIHSTHHEM.
Hcnonb3yerca 3aBucuMasi OT MOBEPXHOCTH CHCTEMA KOOPJMHAT, CrYIIAKOIIUECS K MOBEPXHOCTH
3eMJIM CETKH, KOHCEPBAaTHUBHBIE PA3HOCTHBIE CXEMBbI 2-TO U 3-TO MOPSAKOB aNIPOKCUMALUU IS
HECTAallMOHAPHBIX YJIECHOB U 2-6 mopsiaka - Mg aABEKTUBHBIX. ECTh mapaiienbHash BepcHs Ui
MHOT'OIIPOLIECCOPHBIX CHCTEM.

OcHoBHbIe nporHocTuueckue ypaBHenus WRF-monmenu B (X,Y,Z) -KOOpIWHATHOH CHCTEME
MMEIOT BU:

a—p+V>!<V:0

ot
£+V*(VU)+a—p:FU
ot OX
ﬂ+V*(vV)+a—p:Fv

ot oy

oW op'
—+Vx(VW)+—+gp'=F
p (VW)+—+0p'=Fy
00

E‘f‘V(V&):Flg

eoe U=pu, W=pw, V=pv, V=UVW)=pluvw=pv, F,FK,F F

—UCMOYHUKOBblIE UlE€Hbl 6 YPAGHEHUSX
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5. Ch. Voigt, U. Schumannl. K. Graf and K.-D. Gottschaldt. Impact of rocket exhaust plumes
on atmospheric composition and climate an overview. Progress in Propulsion Physics Vol.4. 2013.
P. 657-670.

69



PA3JIEJI 3. TEOPETUUYECKASA U ITPUKJIAJHAA MEXAHUKA

POBOTTBIH ¥YCTATbBIIII MEXAHU3M/IEPI

JM. BAPATOBA, A.K. EPA/IHEB

Bbyn sxyMbicTa poOOT yCTaFrbllll KYPBUIFbUIAPHI KapacThIpbuiaasl. XKyMbic OapbicbiHIa poOOT
YCTarblll KYPBUIFbUIAPBIHBIH TYPJIEPIHE TOKTANBIN, KOJMEH jKacayra OOJNAThIH KapamailbiM poOoT
YCTarbllll KYpPbUIFbLIApbIHAH OacTar, KypZelli MEXaHW3MHEH TYpaTblH POOOTTHIH SIFHU YCTaFbll
KypaJibl HEri3i eHJeyJe, OpHBIH e3repTyae, T.0. ajaaM KOJBIHBIH KHMBUIBIHA YKCAc KO3FajbIC
(GYHKIUSIAPBIH aTKApaThIH )KYMBIC MYILIECIMEH KaOIbIKTAIFaH MEXaHU3M YCTaFbIll KYPbUIFbLIAPHI
peTiHae KapacThlpambl3. MeXaHUKaJbIK YCTaFbII KYPBUIFBICH Oip)KaKThl, €KXKAKThI XKoHE KeJIeMi
ycraynbl Ooja ananbl, TYHICTIpYy Typl OOWBIHIIA TIKENIEH JKOHE KOChIMIIA OeNriIeHEeTiH
KYpPBUIFBUTAPMEH (MIITIII JIEHTA,CO3BUIFBIII KamMmepa jKoHe T.0.), KOCTPYKTHBTI cunlaTTaMa OoibIHIIA:
TOIICAJIBI, KYJIBIPBIKTBI, TICTi, BUHTTI, TI30€KTI KypaMIacThIPbLIFaH.

XKanmer aca mepcrneKTUBAIBIK OarbIT OOJNBIT 9p TYPJi ©JImeMAl, KOHPUTYpAIHsUIbl KOHE
Maccasibl 0OBEKTUIepl YCTall alyFa KOJJaHblIa ajaThlH YHUBEPCAJAbl YCTaFbIIl KYPBUIFbUIAPHIH
3€pTTeI, KYMBIC )Kacay aJrOPUTMIH KYPaThIH IPOTrpaMMaIapMEH )KYMBIC jKacaabl.

EH anapiMeH KYPBUIFBIHBIH KHHEMATHKAJIBIK CXEMAaChlH, KHHEMAaTUKAJBIK aHATH31H, YCTAFbIII
MeXaHU3MJIEPiHiH )KbUIJaMIBIKTapbl MEH YCYJIep IUIaHbIH, OepiireH KbICHIM OYphIIITaphl MEH YCTaIl
aNbIHATBIH OOBEKT emeM/iepi OOWBIHINA YCTaFbIl MEXaHU3IMIHIH CHHTE31, KHHEMATHUKAJIbIK
CUHTE3CPiH KapacThIpaMbI3.

JlemMek, MaHUNYJSTOP apKbUIBI OPBIH AyBICTBHIPATHIH OOIIIEeK YCTam aly Ke3iHAe op Typii
KaFJala OpHAJIacaThlH acThIHAH yCTanm Kaily, Oip)KaKThl ycTam Kaily, €Ki JKaKTaH MEeXaHUKaJbIK
caycakTapMeH HeMece 0Oacka OJICIEH KapMay-eKiKaKThl Kapmay, OapiblK >KarblHAH
ycTay(KYIBIPBIFBIMEH YCTaY), KOJEM/Ii YCTay CHSKTHI pOOOT YCTaFBIII MEXaHU3MICPIiH *KacalaThblH
1C-opeKeTTepiH KacalThIH aMallfap bl KapacThIPaMbI3.

basnnamana sxorapblia aUThIIIFaH MOJIIMETTEp Kailslbl TOJBIKTAM 3€pTTENeNi, poOOT YCTaFbIII
KYPBUIFBUIAPBIHBIH 1C-OpEKeT jKkacayra OallIaHbICTHI MIBIFAPBUIFAH MPOrpaMMaJIaFbl eCcenTep JKanibl
KepceTinesi.

OJAEBUETTEP TI3IMI

1. W.N.Mauynbckoro  «PoOOTOTEXHHYECKHME  CUCTEMBI U KOMIUIEKCHD»  //M,.
«Tpancnopr»1999r, C. 17-22;

2. Nanwresckuiit B.H., 3emmens B.B. «Mexanndeckue 3axBaThl MPOMBIILICHHBIX POOOTOBY //
C6.1ayu. Tp. HUAT. HoBble pa3paOoTku B 00J1aCTH IPOMBIIIICHHBIX PoO60TOB. 1974r. Ne 386., C. 7-
11,
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KOMITEHCAIIMSI BHEIITHUX BO3MYIIEHU C TIOMOIIBIO
YIIPABJIEHUSA H,,

3.4A. BAPUBAEBA

[Toctpoenue cuctemsl, obecrieunBaroIIel TpedyemMoe Ka4eCcTBO P BO3ACHCTBUH HA OOBEKT
BHEUTHUX BO3MYILEHUH, SBJIAETCS OJJHOM U3 OCHOBHBIX MTPOOJIEM COBPEMEHHOM TEOpUH YIIPaBJICHUS.

B kauectBe ucnonaHuTenbHbIx opraHoB MKA paccMarpuBaroTCsi MaxOBUKH, B KayeCTBE
BHEIIHUX BO3MYILIEHUW - TIpPaBUTALMOHHBIE BO3MYUIEHUS 3€MJIM M OCTaTOYHBIE MarHUTHBIE
BO3MYIIICHUS, BO3HUKAIOIIUE BCICJACTBUE (DYHKIIMOHUPOBAHUS DJIEKTPUYCCKHUX IEMEH Pa3IMuHbIX
ANEKTPOHHBIX KOMIIOHEHTOB KOCMHMYECKOTO ammapara U COJHEYHBIX OaTapeil Ha OCBEIICHHOMN
CTOPOHE OpOWTHI, HaIMuYMs Ha OOPTY KOCMHYECKOTO armapara akKKyMYJISTOPHBIX Oarapeil u
AHTEHHBIX MOJYJIEH.

B xnacce 3aga4 po6acTHOTO yIpaBiIeHUs CYIIECTBYIOT TKare METOIbI ¥ MTOAXO0/IbI K PEIICHUIO
JAaHHOM 3amaun Kak Teopusi He - ynpaBiieHHs, TEOpUsl YNPABICHHUS CO CKOJIB3SLIUM PEKUMOM,
aJlanTUBHOE yIIpaBJICHHUE.

[TpuBenennble HapaOOTKKU 0a3uUPYIOTCA HA HUCIOJIL30BAHUHU JIMHEHHOTO IMOAXO0Ja METOoja
H,teopun ynpasnenus. OTIHYUTENbHON 0COOEHHOCTBIO Hy, yIpaBieHus: B CpaBHEHUU C APYTUMU
METOJaMH CHHTE3a POOACTHBIX KOHTPOJUIEPOB SIBIISIETCS TO, YTO METOJ] pab0TaET C YCTOMYMBOCTHIO
Y YyBCTBUTEIILHOCTBIO CUCTEMBI, IMEET MPOCTON OJJHOIIATOBBIN aIrOpUTM U TOUHOE (OPMUPOBAHKE
BBIXOJHON YaCTOTHOM XapaKTEPUCTUKHU.

Cunre3 Ho - ynpaBneHusi ObUT MPOW3BEJCH HA OCHOBE JIMHEHHOTO IMOAX0JA, TO €CTh JUIS
CUHTE€3a YIPABIICHUS HUCIOJIb3YIOTCS JIMHEAPU30BAHHBIE YpPABHEHMS WJIM JIMHEWHbBIE YpaBHEHUs
CUCTEMBI BUA:

X=Ax+B,w+B,u,
z=C,x+D;;w+D,,u,

y=C,Xx+D;,w.

r7ie X - BEKTOpP COCTOSIHUS CUCTEMBI; 4 - MaTpHIla COCTOSIHUS; B, - MaTpuia Bo3mymeHuii; W

-

- BCKTOp BXOJHBIX IAPaMETPOB CHCTCMBI; 82 - MaTpula ynpaBjiaeHH:A; U - BEKTOpP YIPaBJICHH

CUCTEMBI; Z - BEKTOpP BBIXOJHBIX IapaMETPOB CUCTEMBI; Y - BEKTOp HAO0JII0JIa€MBIX MapaMeTpoB
CHUCTEMBI C nepe):[aTquoﬁ ManHI.IefIZ
-1
H,,(s)=C(sl-A)"'B+D.

CIHHUCOK JIMTEPATYPbI
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KNHEMATHUKA U IUHAMHUKA /IBYHOI'OI'O POBOTA I'VMAHOU/JIA C
12 CTEIIEHBIO CBOBO/IbI

A.P. BEKFAFAHFETOB, AJK. CEHJAXMET

JIByHOTHi pOOOT r'yMaHOM I SIBJISIETCSI MEXaHUYECKON CUCTEMOM € OOJIBIIMM YUCIIOM CTENEHEN
CBOOO/IBI, YTO MPUBOUT K CIIOKHOCTSM TP aHAJM3€ €ro KHHEMAaTUKU U AMHAMUKY U JaTbHEHIIEro
npoekTupoBanusa. B paborte paccmoTpeHa cxema poOoTa ryMaHouza ¢ 6 CTENeHSIMH CBOOOABI Ha
kaxaoi Hore. CocTaBiieHa KHHEMaTHIeCcKast MOJIeNIb po0OTa U pelieHa 3a1a4i MPsIMOil 1 0OpaTHON
KMHEMAaTHKH, TIPH 3TOM HCIOJIb30BAJIOCh pa3/ieieHne MOXOJIKHA Ha JIBWXKEHHUs Brepen u B 6ok. C
UCIIONIb30BaHUEM ypaBHeHHUI Jlarpamka Obuta pa3zpaboTaHa MareMaTHUecKas MOJENb AWHAMHUKA
IBWKEHUS HOT poOOTa C pa3/ielIeHMEM IIOXOJKM Ha IEPEeAHIOI M OOKOBYIO COCTABIISIOILUE.
Cocranena mporpamMa B cucteMe Maple u mpoBeneHO MonenMpoBaHME JABWXKEHHS poboTa
ryMaHOU/A.

CIIMCOK JIMTEPATYPBI
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OBPABOTKA KOCMMYECKUX CHUMKOB, CO3JAHUE IIMP
P.A. BYJIT'AKOB, K.T. JIA3AT

B coBpeMeHHON U3HM HEMallyl0 POJib UrpaeT J100blYa MOJIE3HBIX MCKOomMaeMbiXx. M3 3Toro
CIIeTyeT YUUTHIBATh, YTO MPHU HBIHEIIHUX YCKOPEHHBIX TEMIIaX PAaCTeT U OMACHOCTh BO3HUKHOBEHHS
00BaJIOB, KOTOPbIE MOT'YT IPUBECTH K HEOXKHIAHHBIM NOCIeACTBHSIM. Bo nzbexxanue npo0iaeM, CTOUT
HCIIOJIb30BaTh BCE CpPEACTBA OOHAPYXKEHUS M MPENOTBPALLCHUS U3MEHEHHH B JBUKEHHHM 3EMHOMN
MoBepxXHOCTH. Ha ceromHsmHuil JeHh MBI MOXEM IMpeyclieTh B JaHHOW cdepe, UCTONB3ys
COBpEMEHHBIE KOCMUYECKHE TEXHOJOTHH, T.€. 00pabOTKy paJapHbIX KOCMHUYECKUX CHHMKOB M
oOHapykeHHue omnacHocTH. bombmryto pons B o0pabortke urpaer mocrpoenue LIMP (Ludposas
Mopgenb Penbeda) u LIMM (Ludposas Moaens MecTHOCTH).

[octpoenne LIMP nnu LIMM ocy1iecTBiseTcsi HECKOJIBKUMU CIIOCOOAMH:

1. Cozmanue IIMM mo crepeonape caumkoB (DEM extraction Wizard).

2. Cozpmanue LIMP o Toueunsim qanasiM (Rasterize Point Data).

3. Cozmanue IIMP mo kouTypHbIM AanHbIM (Convert contours to DEM).

Coznanne [IMP, ucrnonb3ysi COBpeMEHHBIE TEXHOJIOTHH, SIBJIAETCS OJHON U3 TJIaBHBIX 3ajad
IUTSL TIOJy4eHuUs1 00Jiee TOYHBIX JaHHBIX IPH 00pab0TKe KOCMHUYECKUX CHUMKOB.

B mipotiecce pelieHus MOCTaBICHHBIX 3a/1a4, TOJIYYEHbI CIEAYIOUIUE PE3yIbTaThI:

bt npouncramnuposan nporpaMmuslil naker ENVI 1151 06paboTki KOCMUUYECKHUX CHUMKOB.

[Ipoananu3upoBaHbl MOTEHIMATbHBIE MECTa OOBAJIOB, T.€. MECTOPOXACHHUs, Ilie Haubolee
aKTHUBHO OCYIIECTBIISIOTCS TOOBIYA MMOJIE3HBIX HCKOMAEMbIX B pailoHe T. DKHOacTys3.

Bbutr ostydeHsl 1 00paboTaHbl pagapHble CHUMKH co criyTHHKa Sentinel-1A.

[Tpm 3arpy3ke pagapuoro cauMka ¢ Sentinel-1A 6buta monyuena Ludposas Monens Penbeda
peruonHa r. Okubacrys.

B xonme uccnenoBarenbekoit paboTel ObUTM 00pabOTaHBI KOCMHYECKHE pafapHble CHUMKHU C
nomoIibio nporpaMmmuoro rmakera ENVI 5.2. Taxxke mo o6padoTaHHBIM CHUMKaM €CTh BO3MOXHOCTh
npenyragaTb M NPEJOTBPATUTH TIOCIEJACTBHS OOBaJOB 3E€MHOW MOBEPXHOCTH B aKTHBHO
no0bIBarOIIMX pernoHax Kasaxcrana.

CIHHUCOK JIMTEPATYPbI
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PEIIEHUE MMPSAIMOM U OBPATHOM 3AJIAUA KWHEMATHKHA
IHJIAT®OPMbI CTIOAPTA IS TPEHAXKEPA

H.A. TAYTOBA

B paborte Obuta paccMOoTpeHa CTpPYKTypa Iutat¢opMeHHOro Manumnyistopa ['sro-Crroapra.
[Tnardopma CTroapTa COCTOHUT U3 ABYX TEJ CBSI3AHHBIX MEXIY COOOU IIECThI0 CTEPKHSIMH M IMEET
mecTh creneHer cBoOoxawl. IllMpokoe mnpuMeHeHHe NOMOOHBIX MEXaHWU3MOB IS TPEHAXKEPOB
Pa3NUYHBIX TPAHCHOPTHBIX MAIIMH BJICUET 3a COOOW TMOCTAHOBKY 3ajad MPsSMON W OOpaTHOM
KnHeMaTHKH. Pelienns »Tux 3a71a4, OCHOBAaHLI Ha METOAaX aHAIMTHYSCKON MeXaHUuKH. C MOMOIIBIO
nakera Maple aHamTUTHYECKH PEIICHBI YPaBHEHUs MPSMOW KWHEMATHYECKOW 3ajadd, KOraa s
3aIaHHBIX JUIMH HOT TIATGOPMBI  PEIIASTCS CHCTeMa YPaBHEHHH W ONPENEIseTCs TOJOKCHHE
wiardopmel. [lonoxenrne u opueHTaIus WIaTGOPMBI ONIPEESIeTCS BEKTOPOM , T/Ie — JACKAPTOBBI
KOOPJMHATHI IIEHTPA IMOBMKHOMN TUIaTGOPMBI, @ — TPOIKa YIJII0B, KOTOpast OJTHO3HAYHO OTPEISsIeT
OpPHUEHTAIMIO CHUCTEMBI KOOPJIWHAT MOJBIKHOW TIAT(HOPMBI OTHOCUTEIIEHO CUCTEMBI KOOPIWHAT
ocHoBaHusl. Perniena obpaTHas 3a7jaua KMHEMAaTUKH, TJI€ 110 3aJJaHHOMY TOJIOXKEHHUIO M OPUEHTALIUN
1atopmbl ObUTH HAWICHBI JUIMHBI TIecTH crepkHer. Co3maHa TpexMepHas MOJENb TUIaT(hOpMBI
Crroapra mis TpeHaxkepa B cucreme Autodesk Inventor. C moMoIbpi0 YHCICHHBIX aIrOPUTMOB U
ucnoiub3ys cucreMmy MSC Adams, mpoBe/ieHO MOAETUPOBAaHUE ABM)KEHUS TPEHAXKEPA.

CIIMCOK JIMTEPATYPBbI

1. “Direct and inverse kinematics of Stewart platform applied to offshore cargo transfer
simulation” H. Gonzalez, University Autonomous of Bucaramanga. 13th World Congress in
Mechanism and Machine Science, Guanajuato, México, 19-25 June, 2011

2. “Pemenue npsmMoii 3a1a4u KHHEMaTUKU 171 11aTdopMsl I'bro- CTroapTa ¢ UCIIOJIb30BaHUEM
aHaJIMTUYECKOro ypaBHeHUs miockoctn” JlanukoB A. JI., [Tamenko B. H. Hayunoe n3nanue mrry
um. H. 3. baymana C.52-69

3. “Crabunm3zanysi TIOJOKEHUI paBHOBECHs HArpyKeHHbIX Moaupukanuii 1uiaThopmsl
Crroapra”. JlokTop Qu3nKo-MaTeMaTHuecKux Hayk, nmpodeccop M. I1. FOmkoB. Cankr-IletepOypr —
2014 C.405-502

4. “Inverse Kinematic Problem Solving: A Symbolic Approach Using MapleSim and Maple”
www.maplesoft.com | info@maplesoft.com

5. Kysnenos FO.H., Imutpues J[.A., JluneBuu I'.E. KoMnoHOBKa CTaHKOB C MeXaHM3MaMH
napauiensHoi cTpykTyphl. ['nn. 5/ mon pen. FO.H. Ky3nenora. Xepcon: I1I1 Bumemupcrkuii B.C.,
2010. C. 234-252.

6. Dasgupta B., Mruthyunjaya T.S. A Canonical Formulation of the Direct Position Kinematics
Problem for a General 6-6 Stewart Platform // Mech. Mach. Theory. 1994. Vol. 29, no. 6. C. 819-827
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MOHHUTOPHHT JEJHAKOBOI'O IOKPOBA CEBEPHOT'O TSAHB-IIIAHS
MO JAHHBIM /33

P.T. ZKAHTAEB

OkoHoMmuKa lleHTpaibHO-A3MATCKUX CTpaH HaXOAWTCA B CHJIBHOW 3aBUCHUMOCTH OT
TEMIIEPATYPHO-BIA)KHOCTHBIX YCIOBHM BBICOKOrOpHOU Tepputopuu TsaHb-Illansa. OCHOBHBIE peku
pernona: Ceip-lapes, Amyaapes, Upteimn, Unu u ap. UMEIOT CHEXHO-JIEAHUKOBOE IHUTaHUE, a
BEJIMYMHA UX CTPOK CYILIECTBEHHO 3aBHCUT OT CE30HHOTO 3aI1aca CHETa B TOPHBIX TEPPUTOPHSX.

JlonroBpeMeHHbIe psiabl ciyTHUKOBOro Monutopuara LANDSAT(TM, ETM) ¢ pa3perienuem
30 M cnocoOHbI oOecrieuuBaTh ONpPEAEICHHBIH 00beM HMH(pOpPMALUU O COCTOSHUM JIEAHUKOB U
CHEYKHOT'O TIOKPOBa B ropHbIX cucteMax Tsaup-11lans B Teuenue nocneanux 14-15 ner. OcobeHHoctu
(dbopmupoBanus obsayHoro nokposa rop CpenHeil A3uM TakOBBI, YTO OOLIMPHBIE AHTULMKIIOHBI C
6€30071a4HO TOT0/10M THITMYHBI JJIs1 aBrycTa-ceHTA0ps. K ToMy BpemeHu (hopMHUpyeTcsi Ce30HHBIN
MUHHMMYM CHEXXHOT'0 MOKPbITUs. TakuM 00pa3om, ¢ IepuoJUUHOCTBIO Pa3 B roJl CIIyTHUKOBBIE JAHHBIE
MOTYT YCTOHYMBO o0OecTiednBaTh HHHOPMAIHIO O CE30HHOM MHHUMYME CHEKHO JIEIOBOTO MOKPBITHS
B BBICOKOTOPHBIX TEPPUTOPUSX LICHTPAIILHOU A3HH.

CHHUCOK JIMTEPATYPbI

1. ToxmarambetoB I'.A JlennukoBslii 3aunuiickuii Anatay //1996
2. TroprepoBa M.b. Onenenenue Tsaup-1ans//1995
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KWHEMATHYECKHWIA CUHTE3 U AHAJIN3 MAHUITYJISITOPA
PA3I'PY3KHU OIIOPA JIDII C I'PYIIITIAMU ACCYPA BTOPOI'O KJITACCA

K.b. EPI'EBEK

B nannoit paboTte paccMOTpEHbI 33/1a4i CTPYKTYPHOTO U KUHEMAaTHYECKOT0 CUHTE3a U aHaTTu3a
IJIOCKUX HANpPaBJISIONIMX MIECTU3BEHHBIX MEXaHM3MOB Ha NpUMEPEe MEXaHHW3Ma IOoJbemMa
pasrpy34rka omnop JHHUH J1ekTponepenad (JIDIT).

VYcenenHoe pasBUTHE METOOB  CTPYKTYPHO-KMHEMAaTHMUYECKOTO CHHTE3d, KHHEMAaTUYeCKOro U
JIMHAMUYECKOTO aHAJT3a MEXaHH3MOB TTO3BOJISIET CTABUTH 33/1a41 ONTHUMAJIBHOTO MPOEKTUPOBAHMS TIOCKHX
PBIYAKHBIX HAIPABIIIOLIMX MeXaHN3MOB. [ [pobriema Hax oK 1eHNs! METO1a, TO3BOJISIFOLLETO IIPOBOIUTH IOKCK
MEXaHW3Ma ONTUMAIBHOM CTPYKTYpbl, OcCTaercsa OTKpbIToi. [losToMy B OCHOBE ONTUMAIBHOIO
IIPOEKTHPOBAHMSI MEXaHM3Ma JIEKUT MHOTO BapHAHTHOCTb BO3MOMKHBIX PELIEHUH IPOEKTUPYEMOIO
MeXaHW3Ma, OTIIMYAIOILMXCS IPYT OT JpyTra Kak KJIaCCOM, TaK M TeOMETPUYECKUMU pa3MepaMu 3BeHbeB. Hncio
BO3MO)KHBIX BAPUAHTOB 3TOI'0 MEXAHU3MA 3aBUCUT OT XapaKTepa JBMKEHHS BXOJJHOTO U BBIXOHOTO 3B€HA, OT
TOYHOCTH BOCHPOM3BEICHUS TPeOyeMOro JBIKeHHsT pabodeil TOUKH, OT YKClia CTeNeHel MOABKHOCTH, OT
YyCIIa TIOABIKHBIX 3BEHBEB, OT OIPaHIYCHHI Ha Ta0apHTHI 3BEHBEB, OT JIOITyCTHMOTO Beca.

3ajaua KMHEMAaTUYeCKOTO AaHAM3a JAaeT BO3MOXKHOCTb OLIEHUTh JIOCTOBEPHOCTH IOMYYEHHBIX
PE3YNIBTAaTOB CTPYKTYPHO-KMHEMAaTHYECKOrO CHHTE3a [0 TOYHOCTH BOCHPOU3BEICHUS 3aJAHHOTO JBMKEHUS
paboueil TOukM. 37ech TAKKE OINpPENEISIOTCS KHUHEMATHYECKUE XapaKTEPUCTHKU IPOSKTUPYEMbIX
MEXaHI3MOB, HEOOXOJMMBIE Il €r0 JMHAMUYECKOTO aHAIM3a. 3aada O TOJOKEHMSIX ISl MEXaHH3MOB
BBICOKHX KJIaCCOB PEILAeTCs METOIOM YCJIOBHBIX OOOOIIEHHBIX KOOPAMHAT , a JUIsi MEXaHU3MOB BTOPOTO
KJIacca peraeTes aHaTUTUYECKH.

CHHUCOK JIMTEPATYPbI

1. AproGonerckuit .M. CTpykTypa, KMHEMaTHKa W KHHETOCTATHKAa MHOTO3BEHHBIX ILIOCKHX
MexaHu3sMoB. M«-JI., 1939, ¢.232.

2. Accyp JI.B. HccrnenoBanue MIOCKHX CTEPKHEBBIX MEXaHH3MOB C HU3IIMMU MapaMu C TOYKU
3peHHs UX CTPYKTYphI 1 kinaccudukanuu. M3n-so AH CCCP, 1952, 592 c.

3. bapanos I'.I'. Knaccugukarius.ctpoeHre, KHHEMaTHKa U KHHETOCTATHKA MEXaHU3MOB C ITapaMu
nepBoro Buja, -B xu.: Tpyasl cemunapa mo TIL, 1952,Bp1m.46, c. 15-39.

4. EacunweB H.C. O nmepeBoguMoCTH CTPYKTYPHBIX (hOpMysT MexaHu3MoB KH.: Tpyasl Oxecc. yH-Ta.
C6.mat.ota.us.-mar. ¢-ta. Matemaruka, 1941, ewim.3,c.185-194.
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HNPUMEHEHHUE IUOPOBOI'O MOJAEJIA PEJIBE®A U HAUD®POBOI'O
MOJAEJIA MECTHOCTHU JJIAA I'OPOJA AJIMATHI.

A.X. IKAMA/TUEBA

AJMaThl — KaKk BCEM M3BECTHO, KPYIHEH I TOpPOJ] CTpaHbl, pACHOJI0KEHHBINH Ha FOT0O-BOCTOKE
pecyOJIMKN Y CEBEpHOTO MOAHOXKbS TOp 3amnuiickoro Anartay ceBepHoro xpedra Tsub-Illans.
Koopmunatel ropoga -77° Boctounoif momrotsl u 43° cesepHoii mupotsl. Ilnomans ropoaa
cocraBisieT 451,5 KBaApaTHBIX KUIOMETpA.

Tax kak ropoJ1 pa3BUBAETCS U paclIupsieTcsl, HAOIIOAATh U U3y4aTh TO— HA CETOAHSIIHUN IeHb
OYECHb aKTYaJIbHO. [ 3TOro nemarTcs MHOXKECTBO a’pO(OTOCHEMKH, KOCMUYECKHE CHEMKH H
oOpabaTpiBatoTCsI Ha  (DOTOrpaMMETPUUYECKHUX MPOTpaMMHBIX obecreueHusx, kak ERDAS,
GeoMatica, PHOTOMOD, Info u Ha apyrux aBTOMaTU3MPOBAHHBIX MPOTPAMMHBIX 00ECIICUCHUSX.
Hazemuas cucrema 00paOoTku oOecriedyrBaeT MOJHBIM MPOU3BOIACTBEHHBIM LUK OT 3arpy3Ku
U(POBBIX CHUMKOB JI0 TPOU3BOICTBA (POTOTPaMMETPHUUECKUX MTPOAYKTOB.

[Tporpamma PHOTOMOD siBnisieTcst MOIHOCThIO HApaOOTAHHBIM M KaXK/IbI T0J1 OOHOBIISICTCS
BepCUsl MPOTPaMMBL. TaK KaK MPAKTUYECKH BCE IMPOIECCHl aBTOMATH3MPOBAHBI, Ui 00pabOTKH
cauMkoB B mporpamme PHOTOMOD Obimn coznmanbl mudpoBas mozaenb penbeda (LIMP) wu
udposas moaenb mectHoct (LIMM). I'maBabiMu diteMenTamMu [IMM SBISIOTCS TUKETHI — TOYKH,
JeKalue Ha MOBEPXHOCTH 3eMiu. [IMKeThl MOKHO pacCTaBlATh B PyYHOM WJIM B aBTOMaTHYECKOM
pexuMme.

Hnst cozganus [IMP u MM B ¢dororpaMMeTpuyeckoM MPOTPaMMHOM OOCCIICUCHUH
PHOTOMOD 6put1 ncnosnp3oBanbl BekTopHble qanuble U T IN-b1. Ha ocHoBe mnwmkeroB u TIN-oB
CTPOMTCS] MaTPHIIA BBICOT.

HNCITOJIB3YEMBIE JIMTEPATYPbI

1. «cnons3oBanue PHOTOMOD Lite B o6pa3oBanun». CmupHoB Brnaaumup Bukroposuy,
Anmatsl, Kazaxcran

2. www.leica-geosystems.com

3. Www.racurs.ru

4. www.gharysh.kz
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OIIEHKA TEOMETPUYECKOM TOUHOCTH JAHHBIX, TIOJTYYEHHBIX
C KABAXCTAHCKHUX CIIYTHHKOB /133

P.A. ) KETIIHCOB, b.M. MUPKAPUMOBA, 3.b. PAKHIIIEBA

B 2015 rony Kazaxcran BBen B KOMMEpPYECKYIO dKCILTyTanuio 2 ciytHuka /133 cpennero u
BBICOKOTO paspemieHus. Ha naHHBIMI MOMEHT JaHHBIE C 3TUX CIYTHUKOB HE IOJIYYHUIIU AOJKHOTO
pacmpocTpaHeHus cpeau IMojb3oBareneil. OQHOM M3 NMPUYMH STOTO SIBISETCA HEIOCTATOYHAS
M3yYEHHOCTh XaPAKTEPUCTUK MOJy4aeMbIX IaHHBIX.

B noxiane nmpuBOIATCS pe3ysbTaThl MPOU3BEAECHHOW OLIEHKM T€OMETPUYECKOW TOYHOCTH
cauMkoB co cnyrtHuka KazEOSat-1 Ha TeppuTOpHio OZHOTO W3 HEPTAHBIX MECTOPOXKICHUN
ManrbicTayckoit ob6iactu. B kadecTBe ONMOPHBIX W KOHTPOJIBHBIX JTAHHBIX MPHUHSTHI MaTePUAIBI
a’3p0oPOTOCHEMKH CBEPXBBICOKOTO IPOCTPAHCTBEHHOTO pa3pelleHuUs.

Ha ocHoBe moONy4eHHBIX PE3yJIbTaTOB M CYIIECTBYIOUIMX HOPMATUBHBIX JOKYMEHTOB
BBIpaOOTaHbl PEKOMEHIAIMK 110 HCIOoNb30BaHui0 AaHHBIX KazEOSat-1 nans xapTupoBaHus
TEPPUTOPHUI B Pa3TUYHBIX MacIITabax.

CIIMCOK JIMTEPATYPBI

1.Wuctpykuuss 1o  (oTorpaMMeTpUYecKHM  paboTaM TpU  CO3AaHUM  LU(PPOBBIX
tonorpaduueckux kapt u mwianos, AY3P PK, Acrana, 2009.
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MOIEJINPOBAHUE KMHEMATHUKU U TIUHAMUKHU
MEXAHUYECKOI'O MOJIOTA C I'HAPOIIPUBOAOM

E.JK. JKOIIIUEB, A.JK. CEHJJAXMET

B pabote paccMOTpeH MeXaHMYEeCKHil MOJOT ¢ ruaponpuBogoM. Co3gana MaTeMaTHiecKas
MOJIeJIb KWHEMATHKHU U JUHAMHKU MEXaHUYECKOT'0 MOJIOTA C TUAPOIPUBOJOM Ha OCHOBE MEXaHU3Ma
nepemenHot crpyktypel (MIIC). Bce BbluuciieHUs pealn30BaHbl B CHCTEME AHATUTHYECKUX
Berurciienuit Maple. IlpoBeaeHo TpexmepHoe MojenupoBanue B cucreme Autodesk Inventor.

Llenpto paboOTHl SIBISIETCS MOJCIMPOBAHUE KWUHEMATHKH, JWHAMHUKH UM IPOBEICHUE
UCCIIEIOBAaHU MEXaHUYECKOTI0 MOJIOTA C TUPOIPUBOJIOM BpPaIlaTEIbHOTO IBUKEHUSI.

JUis monydeHusl ypaBHEHUH ONKCHIBAIONIMX KHHEMATHKy MEXaHW3Ma ObUIM 3alCaHbl
MPOEKIIMH Ha OCH X, Y BEKTOPHOTO YPaBHEHUS 3aMKHYTOCTH KOHTYpa:

L+ =0+L

Jnst  cocTaBiieHUs ypaBHEHUS OMHCHIBAIONIETO JUHAMUKY MEXaHHYECKOTO MOJIOTA,
MCIOJIb30Bajlach OJHOMACCOBAs IMHAMUYECKash MOJIeNb, I7I€ BCE MOMEHTHI MHEPIUU BCEX 3BEHBHEB
MPUBOIWINCH K Baly ruapoaBuratess. Dopmysna mpuBEICHHOTO MOMEHTa HHEPIIMH UMEET BU:

‘]np = J() + ‘Js + ‘]wc +u120 ’ (JK + ‘]sl + mZ().(SZZx + ys22y) + Js2¢22 + m3 (st3x + ys23y) + JngDSZ) '

HI/IHaMI/IKa MCXAaHHUYCCKOI'0O MOJIOTa OIMMUCBIBACTCA ,I(I/I(b(i)epeHI_[I/IaJ'ILHLIM YPpaBHCHUCM BHUA:
2

3,00 %005 L3600 500 | =M, (00

Hmwxe noka3aHbl HCHOJIb3yeMble€ MPOrpaMMbl YPAaBHEHUS KUHEMAaTUKH M JUHAMUKU
MEXaHUUYECKOI'0 MOJIOTA.

JuddepenunanbHoe ypaBHEHHE JBHKEHUS MEXaHUYECKOTO MOJIOTA:

. 1 : 2
du = Jn((1))-diff (¢(1), 1, 1) + = -Jn_I(0(1))-diff(o(t), )" =Mn(¢(1));

[TapameTpsl 1711 MPOBEAEHUS pacueTOB KMHEMAaTUKM M JAMHAMUKH MEXaHHYeCcKOro pobora
Opasiuck u3 padotsl [1]. s momyueHus mapamMeTpoB U Ul UX MPOBEPKU C pacUUTaHHBIMU B [1], a
TaKKe Ul CO3JaHusl aHUMAallMi U pe3eHTanuii, Oblia paspaboTaHa TpeXMepHasi MOJIENIb B CUCTEME
Autodesk Inventor. Tlomyuennoe nmuddepeHnnanTbHOe YypaBHEHHE HCIOJIb30BAJIOCh IS
MOJICIINPOBAHUSI JUHAMHUKHN MEXaHNYECKOTO MOJIOTA B CUCTEME Maple.

CIIMCOK JIMTEPATYPBI

1. AGapanmoB C. beamydToBble Ipecchl ¢ MEXaHU3MaMH IIEPEMEHHOM CTPYKTYphI: ABTOpE(.
JMCC. ... JOKT. TeXH. HayK. Ppynse, 1985. -36 c.

2. HpakynoB FO.M., Tynemos A.K., Cefinaxmet A.XK. [IlunamMuka yJjapHOTO U BpaIlaTeIbHOTO
MeXaHu3MOB OypoBoro poOota. IIpoOGneMbl MeXaHMKHM COBPEMEHHBIX MamuH: Matepuansl V
MEXTyHApOAHOHN KoHpepeHn. — Ynan-Ym: U3n-8o BCI'TY, 25-30 utons 2012 1. T.2, ¢. 165-168.

3. AOGapaunmoB C. MexaHU3Mbl TEPEMEHHOM CTPYKTYypbl //MexaHU3MBbl IEepeMeHHON
CTPYKTYpbl W BUOpaIlMOHHBIE MaIIWHBL: Martepruaiasl BTOPOH MEXTYHApOTHOW KOH(EpeHInH. -
Bumkek, 1995. — C. 2-3.
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YIOPABJIEHUE OPHUEHTAIIMEA CIHYTHUKA C TIOMOIIbIO
MATI'HUTHBIX UCITOJTHUTEJBbHBIX OPI'TAHOB

M.K. KYMA/ITH/IVIAEB, 3.b. PAKHIIIEBA

B HacTos1ee BpeMsi MarHUTHBIE UCIIOJIHUTEIIBHBIE OPTaHbl SBISAIOTCS HEOTHEMIIEMOM YacCThIO
CHCTEMbI YIPABJIEHHUs IBUKEHUEM CITyTHUKOB HA HU3KOH OpOHTE, B 0COOEHHOCTH MaJIbIX CIYTHUKOB
U LIMPOKO UCIIOJIb3YIOTCS KaK JJIsl TOCTUKEHUS TpeOyeMol OpUEeHTallUU CIIyTHUKA, TaK U JuIs copoca
M30BITOYHOIO KUHETUYECKOIO MOMEHTA CIyTHUKA. JTO B MEPBYIO OYEPE/Ib CBS3aHO C UX OOJIBLION
CTEIIEHBIO HAJCKHOCTH M JOJIIOBEYHOCTH B CPABHEHUU C MEXAHMYECKUMMU HCIIOJIHUTEIbHBIMU
OpraHaMH, a TaKKe ¢ MEHBIIMMHU 3aTpaTaMH SHEPIUM Ul NPUBEACHUs UX B aelctBue. OmHaKo
HECMOTPsI Ha BCE IPEUMYILECTBA MAarHUTHBIX MCIIOJHUTEIBHBIX OPraHOB CYIIECTBYET HECKOJBKO
po6JieM B pa3pabOTKe MArHUTHBIX CUCTEM OPHEHTALMU: HEBO3MOKHOCTh JOCTHXKEHUS TPEXOCHOU
OpHUEHTAILMM CIIyTHUKA B CiIy4ae OJIM3KOro K HYJIIO yriia MEX/ly HallpaBJeHUSIMU BEKTOpa MATHUTHOM
UHIYKIMM M BEKTOPAa MAarHMTHOIO MOMEHTA CIIyTHUKA; I€PEMEHHOCTb MArHUTHOIO IOJIA,
co3laromas TPYAHOCTH B pa3pabOTKe 3aKOHOB YIPABJICHUS OpPUEHTALMEH C TOCTOSHHBIMHU
kod(urmenTaMu 0OpaTHOM CBS3H.

B nmaHHO# cTaTtbe paccMaTpuBAaeTCs pEHICHWE HEKOTOPBIX IPEACTaBICHHBIX mpobiem. B
YaCTHOCTH, Ui peIIeHus TMepBoi NpoOieMbl NpeaslaraeTcsi HUCHOJIb30BATh COBOKYITHOCTh
MarHMTHBIX UCIIOJIHUTENbHBIX OPraHOB U MEXAHUYECKUX UCIIOJHUTEIbHBIX OPIraHOB - MaXOBUKOB, a
TaKKe MPOBECTH YTOYHEHME 3aKOHa ympamieHus Ha Oaze I1J[-perymaropa, koTopoe obecneuuT
HEHYJIEBOM YIOJ MEKJy HAlpPaBJICHUSIMH BEKTOPA MAarHUTHOM MHIYKLIMHM U BEKTOpAa MAarHUTHOIO
MOMEHTA CITyTHHKA.

CHHUCOK JIMTEPATYPbI

1.WHcTpykumss 1o  (oTorpaMMeTpUYecKuM  paboTaM  OpU  CO3JaHUU  IH(POBBIX
Tororpaduueckux kapt u mwiaHos, AY3P PK, Acrana, 2009.
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INOCTPOEHHME AJI'OPUTMA YIHPABJIEHUA YT'JIOBBIM
ITOJOXEHHUEM CITYTHHUKA C ITIOMOIIIbIO HEJIMHEUHOU
CUCTEMBI YIIPABJIEHUS H,

P.K. ZKYCYIIFEKOB

[TocTpoeHue cucreM ympaBieHHUS UII KOCMHYECKHUX allapaToB, HEUYBCTBUTEIbHBIX WU
YCTOMYMBBIX K M3MEHEHHSIM MOJICIIH O0BEKTa YIIPABJICHUS, SIBISICTCS OJHOW M3 OCHOBHBIX MPOOJIEM
COBpEMEHHOM Teopuu ynpasiieHus. B kiacce 3amad po6acTHOro yrpaBieHHsl CYIIECTBYET OOJIbIIOE
YHUCJIO METO/IOB U MOJX0I0B K PEIICHHUIO JaHHOM 3a/1auu.

B wuccnexyemom cnywyae Ui pa3paOOTKM 3aKOHA YOpPaBICHHS B TPOCTPaHCTBE H._,

paccMaTpuBaeTCs HEJIMHEWHAs CUCTEMa YPaBHEHUM

x = f(x)+g(x)d,
z=h(x), 1)
. - - - he (X
mmzmﬂ@gﬂmmez{“?}

h, (x)

ITocTanoBka 3agayu B JaHHOM CJIydac TakoBa: Tpe6yeTc;1 HaWTH TaKoe yOpaBJICHHUE U, YTOOBI

peuiajiaCb 3aaa4da CY6-OHTI/IM3.J'IBHOFO HOO-YHpaBJ'IeHI/IH, T.€. TaKOC YIIPABJIICHHUE U, KOTOPOC OBI
00ecIeYnBaIo BEIIOIHEHHE yCIoBUA:

T—

[T ()z(tdt < yz}ﬂjﬁ)’dt . @)
0 0

B HaHHOﬁ CTAaTbhC IPEJIaracTCs peIInTb 3ala1y CUHTC3a HEJIUHEHHOT O PIoo -yOpaBJICHUSA ITYyTEM

noadopa GyHKIIUU V(;() .

CIHHUCOK JIMTEPATYPbI

1. Lu W.M,, Doyle J.C. Ho control of nonlinear systems via output feedback: controller
parametrization // IEEE Transactions on automatic control.

2. Kang W. Nonlinear H infinity control and its application to rigid spacecraft // IEEE
Transactions on automatic control. - Vol.40,Ne7. - P. 1281 - 1285.

3. Ferreira H., Rocha P., Sales R. Nonlinear Hoo control and the Hamilton-Jacobi-Isaacs
equation // Proc. of 17-th World congress the International Federation on automatic control. - Seul,
2008. - P. 188 - 193.

4. Cyxenko A.C. Pa3paboTka ympaBiieHUs OPHUEHTAIMEH MaJIbIX KOCMHUYECKHUX alllapaTos,
YCTOMYMBOTO K pa3iaudHbIM Bo3mymieHusM // Bectauk KasHTY. — Ne5 (111). — Anmarsr, 2015.

81



TEOPEMA O PABHOBEJIPEHHOI OTPAHUYEHHOMH 3AJTAYE TPEX
TEJI

T.M. KYMABEK

PaccMoTpuM ypaBHeHUE ABHKEHUS 6€3MaccOBOro Tena P, B OrpaHMYEHHOM 3a7a4ye TpeX Tel B
OapuieHTpuYecKoi cructeme koopauuat Gxyz [1]

" A F-F) -
rzzf[m1 1r32+m3332J:F2. 1)

21 r23

Omnpenenenue. B GapuueHTpUUYecKoil cucTeMe KOOpAMHAT CUly F,Ha30BeM LEHTPaIbHOM,

ecn  cuna F, mpoxoauT 4epe3 OapMIIEHTp JIByX OCHOBHBIX T€J C MaccaMd M M M, — Hayalo
koopauHat. U3 aToro onpenenenus cienyer, YTo UMEET MECTO BEKTOPHOE YpPaBHEHNE

F,xF, =0. (2)

Teopema. B OapuieHTpHUECKO CHCTEME KOOPAMHAT JUIsi TOTO 4YTOOBI CHIIa If2 Obu1a
LEHTPAJIBbHOU, HEOOXOUMO U I0CTATOYHO YTOOBI BCE BPEMS JIBUKEHMUS, BHIITIOJIHSIOCH YCIOBHE

=l =A. (3)

T.€. TPEYroJIbHUK 00Opa30BaHHBIN TpeMs TeJlaMU — paBHOOEIPEHHBIH, Ha BEpIINHE KOTOPOro
HaxoauTcs 6esmaccoBoe Teno P, .

CaencrBue. Opouta B paBHOOEAPEHHON OrpaHMUEHHOH 3a/1aue TpeX TeJl — IJI0CKask KpUBasl.

CHHUCOK JIMTEPATYPbI

1. I'.H. Jly6ommn. Hebecnas Mexanuka. OcHOBHBIC 33a1aun 1 MeTo16I, MockBa, Hayka, 1968,
800 cp.
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MACCAJIAPBI AHU3OTPOIITHI O3I'EPETIH YIII AEHE MOCEJIECIHIH
KO3TI'AJIBIC TEHAEYJIEPI

K.Y. HMAHOBA

AliHpIManel  Maccajapbl  op  TYpJi  KapKblHIAa  aHU30TPONTHI  ©3TEpeTiH  e3apa
IpaBUTAIMSIIAHATHIH YII chepasibIK acriaH JIeHenepiH KapacTeipaMbi3 [1,2]
ﬂiﬂ’ ﬂiﬂ’ ﬂ;&& (1)
m, m m, m m m
AOCOJIIOTTI KOOpJAMHATA JKYHWECIHJIe peaKkTHBTI Kyl Oap Ko3fraibic TeHIeyl Merepckuit

TEH/ICYIHEH aJIbIHA B

1 0 2 1 2

B L
mR; = grangjU + rﬁfvj, V,=u;- R, j=012, )
U= f[m0[n1+m0[n2+m1rj]2], \7.:11—|$.¢0, j=012 (3)
R R R o ]
01 02 12

MyHJaFbl U j - AeHE/IeH OemiHeTIH OONIIeKTep IiH a0COMOTTIK KBbITAMIBIFEL, R i- chepalbiK

JICHE OPTACHIHBIH PaJUyC BEKTOPHI, ﬁij - cdepalbIK JICHEIep IEHTPiHIH apa KallbIKThIFBI, f -

TpaBUTALMSIIBIK TYpakThl. bakpuiay acTpoHOMHSCHI HakThl Oip acmadH jgenenepi ymiH (1)

MacCaJIapbIHBIH ©3repiC 3aHIBUIBIFEI KOHE (3) IeHeneH OeiHEeTIH OemIIeKTepAiH aOCOTIOTTIK

KBbUIIaMIBIFBIH aHbIKTalAbl. ConnpikTal (1), (3) MoHmepin Oenriii aen ecenteyre 0OIaabl.
Anrambiana T, chepanblk JIeHECiHIH OpTaChlHAH OACTAaThIH CABICTHIPMAJbl KOOpPAMHATA

KyHeciHe Kememi3

R01=R1' Ro’ R02=R2' Ro (4)
Copnan coH SIko0u KoOpauHATAIAPHI )KYHEeciHe KomeMi3
. r_ ! m
=Ry, I, =Ry - MRy, V= —— # const. )
m, +m,

Ocspuraiima, Sxko0u KoopAMHATANAp >KYWECIHIE KapacThIPBUIFAH MOCEJICHIH KO3FaJIbIC
TeHJIeyJiepl MbIHA TypAe 0oaibl

I
m e grad;U + mF,, (6)
I

my B grad; U - m, (2% @)+ myF, )

L oMo Mo r r r r r
Fm i Vos 0 R= R, ﬁvogg g V- ﬁvogjmo, ©)

rT]l rnO rT]Z rn0 rnl rn0
p=—M L const, = MM+ M) congt ©)
m, +m, m, +m, +m,

Opi Kapaii (6) — (9) TenaeynepiH MaiJaIaHbIl MOCETEHIH FACBIPIBIK KO3FAIBICBIH 3€PTTEY
KocTapiany/a.

MAHJAJAHBLIFAH SJEBUETTEP TI3IMI

1. Munrnubaes M.JIx. JluHamuka TrpaBUTHPYIOIIMX TeJd C IMEPEMEHHBIMH MaccaMu H
pasmepamu. [locTynatenbHoe W MOCTyNaTeNbHO-BpamatenbHoe apmxkenue. LAP  LAMBERT
Academic Publishing, I'epmanus, 2012, 229 c.
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NCIHOJb30OBAHME IEPEMEHHOCTHU CTPYKTYP POBOTOB "
POBOTOTEXHUYECKHUX KOMIVIEKCOB

I'.A. KACBIMOBA

PoboToTexHKa BO BCeM MUPE MPOJIOIHKAET pa3BUBATHCS TEMIIAMHU, IIPEBBIIIAIOIINMHI YPOBHH,
XapakTepHbIe I TPOMBIIICHHOCTH B 1eloM. [Iporpecc B pOOOTOTEXHHUKE CBS3BIBACTCS
MIPEUMYIIIECTBEHHO C pacIIupeHneM odnacteil mpuMeHeHus: poboToB. Eciiu panee Obliia OpreHTAIUS
Ha TIpUMEHEHHE pOOOTOB B MNPOMBINUICHHOCTH (i1 OOCIY)XMBaHUS TEXHOJOTHYECKOTO
000pYyIOBaHUS U IJIi HEKOTOPHIX TEXHOJIOTMYECKHUX OIEpalui, TAaKMX KaK IIOBHAs U TOYCHHAs
CBapKa) M B DKCTPEMAIIbHBIX YCJIOBUAX (B KOCMOCE, O] BOJIOW, B XUMHUYECKH U PATHAIMOHHO
OTMacCHBIX CpeAax), TO Temeph 00JaCTH WCIOJIb30BAHMS HACUUTHIBAIOTCS JIECSATKaMH. B Hay4dHO-
TEXHUYECKOH TEPUOJIMKE B 3HAYUTEILHOW MEpe COBEPIICHCTBOBAHHE POOOTOB CBS3BIBACTCS C
NPUMEHEHHEM  COBEPIIEHHOW  CEHCOPUKH, KOMIIBIOTEPHOTO  YyIpaBJIEHHs, BIUIOTH  JO
WHTCIUICKTYaJIbHOTO ¥ KpeaTuBHOro. IIpW 93TOM HEpeAKO CUUTAeTCsA, YTO MeXaHHYecKas
npobiemMaTuka OTXOAWT Ha BTOpoil miuan. Ho Bcerga ocrarorcs 00NacTH, B KOTOPBIX MMEHHO
OPUTMHAILHBIMU PEHICHUSAMHU B MeXaHHKE 3()()EKTUBHO TOCTUTAIOTCS HOBBIC PE3YJIbTAThl B TAKUX
Pa3IMYHBIX HAMPABJICHUX, KaK paCIIUpEeHNE MAHHUITYISIIHOHHBIX BO3MOYKHOCTEH, TaK U 00JIeTYeHNe
TEXHUYECCKOHN pealln3aIiii.

OcHOBHOM  1Eenbl0  paboOThl  sBIsiETCST  OOOCHOBAHHWE  BO3MOYKHOCTEH  MOCTPOEHUS
MaHHITYJIIIUOHHBIX CHCTEM TIEPEMEHHOM CTPYKTYPBI POOOTOB C II€JICHANIPABICHHBIM pPa3MbIKAHUEM
Y 3aMBIKAaHHEM KMHEMAaTHYECKHX IeNell B ONpeesICHHBIE MOMEHTHI BpEMEHH, pa3padoTKa METOIUK
MOCTPOCHHSI MAaTEMAaTUYECKUX MOJICNICH M Ha UX OCHOBE MPAKTHYECKOE pEIIeHUe 3aj1a4 BhIOOpa U
pacuera yCTPOMCTB, OO0ecleYnBaOMMX TpeOyeMble W3MEHEHHS CTPYKTYp, TEOPETHUYECKOE
UCCIIEIOBAaHNE KMHEMATHKH U JIMHAMUKH ITOJI00HBIX MAHUTYJISIIIUOHHBIX CUCTEM.

CIIUCOK JIMTEPATYPbI

1. ITaBnoB Anekcelt HukomaeBud. POGOTBHI ¢ MaHUMYJISALIMOHHBIMU CHCTEMaMHU MEpEeMEHHOU
CTPYKTYpHI : JIuc. ... kaua. TexH. Hayk : 05.02.05 Ynan-Ym, 2006 119 c. PT'b O/, 61:06-5/1813

2. Annabu M.X. [lpuOmmkeHHbBII METOA pacyera MOTpelHocTe oTpaboTku podoTamu
nporpaMMHbIX Tpaektopuil. Kannunarckas nuccepranus. CIIOITIY, 2003.-126 c.

3. Apro6onesckuit U.1. Teopus MmexanuzmoB u mamuH M.:Hayka, 1975.-638 e.

4. Aprob6onesckuit 1.1I. Mexanusmel B coBpeMeHHON TexHHKe. CripaBOYHOE MOcoOue Iist
MH)XEeHEepoB 1 nzobperareneit. B 7-mu Tomax. -M.: Hayka, 1979.
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CANSAT METEOPOJIOI'HYECKOI'O HABHAYEHUS
C.b. KACBIM, H.C. JOC/KAH

CanSat (Can Satellite) — aTo meficTByromast MOJETb MUKPOCITYTHHKA BECOM JI0 | KHJIOTpamMMa.
Bce oCHOBHBIE IIEMEHTHI «CIYTHHKa», a UMEHHO: OOPTOBOH KOMIIBIOTEpP, NMPHEMO-TIepelaTUHK,
MoJie3Hasi Harpy3ka M CHCTeMa SHeprocHa0XeHHUs JOJDKHBI BMeHIaTbes B OaHKy oObemom 0,5 .
«CIyTHHK) 3aITyCKaeTCsl paKeTO! Wi cOpackIBaeTCs ¢ FeJIMEBOTO IIapa v 3a BpeMsi INIaBHOTO CITyCKa
Ha mapantote ¢ BeicoThl 300-700M. momkeH nepenaBath noje3nyro uHdpopmarmio. T.e. CanSat we
3aIIyCKaeTcsl Ha OKOJIO3EMHYIO OpPOUTY M CIY)XKHUT Al OTPAOOTKM TEXHOJIOTHMH NPOCKTHPOBAHUS
MHUKPOCITYTHHKOB.

CanSat sBnsiercss ynpoOIIEHHOHW MOJIENBI0 0oJiee CIOXKHBIX JICTATENBHBIX KOCMHYECKHX
armnapaToB, HO IIPH 3TOM OTPa)KaeT BCE AIIEMEHTHI U (PYHKIIMOHAT MaJIbIX KOCMHUYECKHX alllapaTos,
B TOM YHCJI€ UCKYCCTBEHHBIX CITyTHUKOB 3€MJIM M KOCMUYECKUX 30HIOB.

OtpaboTKa TEXHOJIOTMA H METOAWKU CO3JaHUS MHUKPOCIYTHHKOB W  CO3JaHHUS
IKCIIEPUMEHTANBHOTO o0pasna 00pa3oBaTebHO-METEOPOJIOTHUECKOTO Ha3HAueHHsT Ha 0Oase
TexHojorui CanSat ocyIecTBisieTcsl ¢ HOMOIIBIO anmnapaTHoi miardopmbl Arduino U pa3iIudHbIX
JaTYNKOB, TAKMX KAK MArHUTHBIA, TEMIEpPATypHbIH, IaTYMK W3MEPCHUS PACCTOSHUS, IaTYHK
Ka4yecTBa BO3/yXa U JIp.

PaccmarpuBaembiii CanSat u3mepsietr TeMieparypy, BIaKHOCTh U Ka4€CTBO BO3/1yXa, KOTOpas
SIBJISIETCS] CAMOH aKTyabHOM MPOOJIEMO COBPEMEHHOCTH.

[Ipoektupoanne CanSat-oB sBiseTCSs OJHOH W3 OCHOBHBIX (pa3 pa3pabOTKH JTHOOOTO
KOCMUYECKOT0 armapara, a Takxke AyOJHpyeT BCE €ro OCHOBHbBIE NOAcCUCTeMBbl. OHO SBISETCS
YHUKQJIBHBIM TIPAKTHYECKH IS BCEX KOCMHYECKHUX allapaTtoB M, CICIOBATEIBHO, JUIS KaXIOTO
CIIyTHUKA HEOOX0MMO pa3padaThiBaTh CBOM HOBBII MPOrpaMMHO-MaTeMaTH4YeCKUil armapar. ITHM
OIpEeICIISIeTCS] HAy4YHasi 3HAYMMOCTh PaOOTHI.

B nporuecce pemenns NoCTaBICHHBIX 3374, NOJTYYEHBI CIEAYIOMINE Pe3yIbTaThl:

—IMpOaHaJIM3UPOBAHbI IPUHIIHUITEI IpoeKTUpoBanus CanSat-o.;

—pa3paboTaHa 4YepTeKHO-KOHCTPYKTOpCKas TokymeHnTanus CanSat-a

—paspaborana 3D monens ¢ momoibko nporpammel SolidWorks;

—IMpOaHATM3UPOBAHbI PUHIUIIBI TOCTPOCHHSI M CPEJICTBA aBTOMAaTHKH CHUCTEM OPHEHTAIUU
CanSat-os;

—pa3paboTaHbl HA3eMHAsI CTAHITUS M POTrPAMMHOE o0ecrieueHue cucteMbl ez CanSat-a;

—pa3paboTaH KCIIEpUMEHTAIBHBIN 00pa3er CanSat-a.

CIIUCOK UCITOJIb30BAHHOM JIUTEPATYPHI

1. CeBactesnoB H.H., bpaneny B.H., ITanuenko B.A., Kasunckuit H.B., Kounpanun T.B.,
Heronses C.C. AHannu3 COBpPEMEHHBIX BO3MOXHOCTEN CO3IAHMSI MAJIBIX KOCMMUYECKHX alaparoB
IUTSL AUCTAHIIMOHHOTO 30HAMpoBanus 3emmn // Tpyast MOTU. —2009. - T. 1, Ne 3 — C. 112-125.

2. AupumoB H.A. TeHneHINN pa3BUTHS KOCMHUYECKOW TEXHUKH Ha coBpeMeHHOM dtare // 111
MexnayHaponHass — KoH(pepeHuus-BeicTaBka  «Manble  cnyTHUKM:  HoBble  TeXHOJOTHH,
muHHaTopu3anms. Oomact s3pdextuBHoro npumeneHust B XXI Beke». — Kopones, 2002. - 27-31
mas — C. 5-10.

3. http://arduino.com/
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OCTIK CUMMETPUAJIBbI KACAH/bI CEPIKTIH YL OCTI XKEPJIAIH
TAPTY OPICIHAEI'T AMHAJIMAJIBI — VI'EPIJIEMEJII
KO3I'AJIBICBIHBIH JEPBEC HIEINIMAEPIH AJTY

A.b. KOIIIEPBAEBA

Bi3/1iH KapacThIpaThIHBIMBI3, YIII 6CTi JKepaiH TapTy epiciHaeri 6CTiK CHMMETPHUSIIBI JKaCaH bl
CEPIKTIH UIrepiieMenni — alHaIMajIbl KO3FaJIbIC JKaFaaibl. OCTIK CHMMETPHSIIBI )KacaH bl CEPIKTIH
ymr ecti JKepaiH TapTy epiciHaeri inrepiiemeni-alHaIManbl — KO3FalbICBIH CHIIATTAWTHIH
mudGepeHIHATIBIK TEHACYIEPAIH KaHOHIBIK JKYHeCi:

dy _ OF

el e
dx oF
dt  dy

MyHarbl ;. F — [aMIIIbTOH QYHKIHSCH; T — OJIIIEMCI3 YaKbIT;

X = (]: Gv' H,EI}H; EI)! y= (l’ 9 hli ll’ g1, hll)'

CepikTiH YHBITKBIFAaH KO3FAambICHIH KapacTeipaiibik  (x # 0) . yR' (aprymentrepinne
Y, Y3Kpuigam aliHBIManbuiapsl O0ap Mylienep) YHBITKBITaThiH (yHKUMSHBIH, [lemone — Xwuin
cxeMachl OOMBIHIIIA OpTamaiiayFa TEH ocepii O0NaThiH, KbICKA MEPUOATHIK Mymienepin Lleiimens
TYPJEHIPYi apKbLIBI ANbIT TACTAHMBI3. ¥ R yHBITKEITATEIH QYHKIUAHBIH OpTallaJaHFaH MOHIiH KOca
eCeITerexie 0()(2) MYIIECiHE JMEHIHT1 AIIIKIICH xR YUBITKBITATBIH (PYHKIHS KeJeciiel Typae
Gonanbl: YR = ¥Rpex + X*Ran + X*Rpes)

TaOplIFaH miennmaep CEepiKTiH Maccanap IEHTPIHIH OONIBIFBIH  (PE30HAHCTHI €CENTEreH
Ke3J1e) KOHE OpOMTA arCh]] ChI3BIFBIHBIH OaFrbITTATYBIH aHBIKTANW I )KOHE CTAIIMOHAD HICHIIMHIH 16
TUIIIH (KOHPUTYpaLUACHIH) Oeperi.

OpTypili gepOec Karmaiiapja €CeNnTiH CTalMoHAp MIENIMJIEPiH JKa3y VIIH MbIHA
Oenrineynepi eHrizenik:

I: Sini # 0; II: Sini =0; A:e#0; b:e = 0;

1:Sinp #0; 2:Sinp=0; aSin8+#0; 6:Sin8 =0

xKoHe keneci 4 nepOec kaFaaiibl KapacThIpy Kepek:

1) IAla xarmaiisl (Sini # 0; e # 0; Sinp # 0; Sinf # 0);

2) Ibla xarmaiiel (Sini # 0; e = 0; Sinp # 0; Sin6 + 0);

3) I1A2a xarnaiisl (Sini = 0; e # 0; Sinp = 0; Sinf # 0);

4) 11b2a xarnaiiel (Sini = 0; e = 0; Sinp = 0; Sinf + 0);

OchI )KYMBICTBIH ©3€KTLIIT1 aiblHFaH 16 nepbec jkaFaaiiibl 3epTTEI OTHIPHIM, aPTHIK IIBIFBIH/IbI
Ka)XeT eTIeNTiH, Oenriyi 6ip ayMaKThl KAMTHTBIH JepOec MemiMaep/Ial aty.

MNAUJIAJIAHBLJIFAH 9JEBUETTEP TI3IMI

1. C.I'.XypaBneB. MeToa uccienoBaHusi OCTPOPE30HAHCHBIX 3a7a4 HEOCCHOW MEXaHUKH U
KOCMOJMHAMUKH.: ApxaHrenbck, 2002.-368c.
2. JIykpsaoB JL.I'., upmun ['.U. Jlekuuu mo HeOecHOM MexaHuKe: Y4ued.1moco0./171s By30B. —

Anmartsl, U3nar. ..., 2009.227 c.
3. yoormmu I'.H. HebecHas mexanuka. OcHOBHBIE 3a1aun U MeToabl. M.:Hayka. ['nmaB. pen.

¢uz-mar. mut., 1968, 800 ctp.
4. JIunos M.JI. Kypc nexuuii mo teoperndeckoit mexanuke. —M.:@U3MATIINT, 2001.-478 c.-

ISBN 5-9221-0074-2.
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OIIMCAHUE TEXHOJIOI'MX TPOLECCA UHTEI'PALIUU U
TECTUPOBAHUE AITOHCKOI'O MUKPO-CITYTHUKA UNIFORM-2

K. T JIA3AT

Ha nannbeiit Moment KasHY um ane-®apabu peanusyer MpoeKT Mo pa3padoTKe MEepBOro
CTYJe€HUECKOro HaHocnyTHUKa. CIIyTHUK ¢ Ha3eMHOU HHPPACTPYKTYpOi OyIeT UCII0JIb30BaThCs Kak
COBPEMEHHBIN J1a0OpaTOPHBIA HAYYHBIA MPAKTUKYM IO YIPABJIECHUIO MaJbIMH KOCMHUYECKHMU
anmnapaTtamu, IS IPOBEACHHS CheMOK 3€MHOI MOBEPXHOCTH, IpreMa U 00paboTKku MHGpOpMaIuu.
Peanu3zanus 3T0ro mpoeKkTa OCYIIECTBISAETCS COBMECTHO ¢ TOKHMHCKMM YHHUBEPCUTETOM B paMKax
Mexnaynapoanoro koncopuunyma UNIFORM Project. Ha ocHoBe 3toro npoekra 3 PhD crynenta u
2 MarucTpasTa MpoILIM CTAXKUPOBKY B YHUBepcuTeTe BakasMa, (SInoHun) Hajx cO31aHUEM MUKPO-
cnytHuka UNIFORM-2. B 2010 roamy B VYHuBepcurere Bakasma mojg pyKOBOACTBOM
npod. Xuposiku Axusima (Hiroaki Akiyama) wHauvancs mnpoekr mox  HasBanuem UNIFORM
(University International Formation Mission). UNIFORM-1 smonckuii MHUKPOCITYTHHK ObLI
samymed B 2014 roxy u ero macca coctaBisiia 50 kr. UNIFORM-2,UNIFORM-3 npopomkenne
mpenplayiero npoekra. Ha gaHHbIE MOMEHT MPOEKT BHINONHSETCS Ha 0a3e HOBOM iabopaTopuu
B KBIC-ke (Kawasaki Businessincubation Centre) muromaapo 150 kB.M. [IpoekT HaxomauThcs Ha
ctanuu unTerpanuu MukpocnytHuka UNIFORM-2. Bce HeoO6xoaumbie cOOpOYHBbIE LUKIBI ObLIN
MIPOBE/ICHBI C MHKXEHEPHON MOAENbIo . Tak e ObLTH MpOBeIeHbl HA3€MHBIE HCIIBITAHUS CITyTHHUKA C
yuacTueM MaructpantoB Kazaxcrana. BuOpanuoHHBIE U TEpPMOBaKYyMHBIN TECThl IOKa3aiH
XOpOLLIUE Pe3yNbTaThl, KOTOPHIE IO3BOJIAT NEPEUTU K CTaJUU HUHTErpaluu JIETHOM MOJENH.
WuTerpamnus 1€THOM MOJAENH IUIAHUPYETCS] Ha BTOPYIO YETBEPTh 3TOro rojaa. Muccueid JaHHOTO
CIyTHUKAa ObLJIO OOHapyXeHHe JeCHbIX moxapoB. CTyneHTbl Takxke OyayT paboTaTh Hal
npoektupoBanueM Ka3axcTaHCKOrOo HaHOCHYTHUKA, KOTOPBIA IJIaHHpyeTcs coOpaTh U
IpoTecTUpoBaTh Ha 0a3ze TexHonapka KazHY. YHukanbHOCT 3TOr0 MpoeKTa 3aKIo4yaeTcs B TOM 4TO
3TO MEpBbIN pazpabarbiBaeMblii HaHOCITYTHUK B Pecriybnuke Kasaxcran u cOopka kotoporo Oyzaer
npoBouTcs Ha 6aze KasHY.

Crynenramu KazHY  Obta mpowusBeneHa MHTErpanus HMH)XXEHEpPHOM — Mojenu
mukpocnyTHuka Anonuit UNIFORM-2. [Ipouecc nnTerpanuu miarGopMbl CIyTHUKA C MOJIE3HON
Harpy3Ko# BKJIIOUYaeT B ce0sl HE TOJIbKO MEXaHUYECKYIO CTBHIKOBKY JIBYX OCHOBHBIX KOHCTPYKTHBHBIX
2JIEMEHTOB amnmnapara, HO M OOBbEIMHEHUE pA3JIMYHBIX CUCTEM B eauHoe uenoe. Hcexons us
MIOCTaBJICHHBIX 3a/1a4, Ha OOPT ammapara TakXke ObUIa YCTaHOBJIEHA COOTBETCTBYIOLIAs KaMepa s
J33. OOmieit oTauyMe MPOEKTa SBISETCS OOECleYeHUe JIYYIIero KayecTBA M TOBBIIICHHS
s¢p¢pextuBHOCTH KA B CpaBHEHUH €ro C 1OI0OHBIMH CITYTHUKaMHU MOCIEIHUX JIET.

CIIMCOK HUCITIOJIB30BAHHbBIX NCTOYHUKOB

1. Space Mission Analysis and Design (SMAD) - 3rd Ed. [James R. Wertz and Wiley
J.Larson, 1999] -150-190 ¢

2. Xapnamos I1.B. U30pannsie Tpyasl. — Kues: Hayk. nymka, 2005. — 255 c.

3. http://www.clyde-space.com
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FAPBIII ATIITAPATBIHBIH EPKIH AMHAJTYBIHBIH JUHAMUKA ChI
3.111. MYCAEBA

Byt syMBICTBIH MaKcaThl: Faphiin anmapaTeIHBIH €pKiH alfHATYBIHBIH JUHAMUKACHIH aHBIKTAY.
EcenTe KaTThl IeHEHIH epKiH alfHAITYbl KO3FaJIbICHl TYCIHIT1 PETIHAE CHIPTKBI KYIITEP 9cep ETIEHTIH
Ko3FanbIc TyciHaipiteni. Kosraneic Diiepaid 3 TUHAMHUKAIBIK )XKOHE 3 KHHEMATHKAIBIK TEHACYIepi
apKbUIbI cunatTanaasl. Ko3Fanbic TeHaeyi TOMEHIeTiIeH:

Ady + (€ = B)waws = Mpap + Myaru, +... My,
Ady + (A - Cwiw, = Mrpas,, + Muars, - +Mn,, (1)
Ads + (B = w10y = Mepan_ + Myarn, +... + M,

Mynparet A, B, C- uHepuus MOMEHTTEDI, W1, Wy, W3~ OYPHILTHIK KbUIAAMIBIKTAD, Mpas-
IPaBUTALUSIIBIK MOMEHT, M, ;- MATHUTTIK MOMEHT.

w, =P sin@sing + 6 cos ¢
a)yzll}sinecosgo—ésin(p 2
= w,pcosf + ¢

EH anapiMeH KO3FaibICThIH AuddepeHInaIIbIK TEHACYIH ey YIIiH 0acTanKpl IapTTapbl
TaybIl anbIHIbI. O YIIiH CepiKTIH OacTamKel OMIKTIT1, OacTalKbl CHIIIT JKOHE 0aCTaKbl OOUIIBIFBI
KOJITAHBUIIBL. [ paBUTAIMSITBIK XKepai chepablK IeHEHIH KYIITIK (yHKIUACHI QpKbUIBI CUTIATTAJI B
Byn ecenrte rapbIln ammapaThIHBIH €PKiH aifHATy KO3FAJBICHI KapacTHIPBUIATHIH OOJFaHBIKTAH,
HBICAH PETIHJC HAHOCEPIKTEP KO3FAIBICHI albIHAbl. ECENTiH HOTH)KECIH/IE FaphIll anmnapaThlHbIH
epKiH aifHaATy JUHAMHUKACKI DWJiep OYpBITaphl ApKbUTH aHBIKTAIA/IBI.

w, sing +w, sin ¢
(//:

sing
0 =W, cosp—Ww, singp 3)
W, sing +w, cos ¢

=W. —
14 tané@

z

JKyMBICTBIH HOTH)KECIHJIE KO3FaJIbIC TEHACYJEpl apKblIbl HyTallUs, ©31H/IK aifHay OypbIIIbI
KOHE Tperieccusi OYpBIUTAPBIHBIH KOHE OYPBIIITHIK JKbULAAMIBIKTAPBIHBIH YakKbIT OOMbIHIIA
rpadukTepl kentipinal. JXKacaHapl cepikke ocep €TeTIH KYIITEPAIH MOMEHTTEpl Typajbl TOJIBIK
MaiMeTTep Oepinai. Fapsli anmapaTbiHbIH €pKiH aifHaTYbIHBIH JMHAMUKACHI 3€PTTENII.

MAUJIAJIAHBLJIFAH 9JEBUETTEP TI3IMI

1. B.B.benenkuii. [I[BukeHHe HCKYCCTBEHHOTO CIIYTHHKA OTHOCHUTEIBLHO IIeHTpa macc .M.:
«Hayxkay», 1973r.-C.416.
2. A.Il.Mapxkees. Teopernueckast Mexanuka. Mocksa 1999. -C.572¢
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MOJIEJIMPOBAHUE AJJAIITUBHO YIIPABJIAEMbIX ITPUBO1OB
MAHUIIYJIAHIUOHHBIX POBOTOB

M.Y. YTEHOB, A.K. O/KIKEH

B Hacrosimee Bpems crieUagucTaMd B 00JacTH POOOTOTEXHUKH IOKA3aHO, YTO OOBIYHO
MpUMEHsSIeMble B KOHCTPYKIHUSAX pPOOOTOB pa3OMKHYThbIe KHHEMAaTHYECKHWE IIeNU He BIIOJIHE
00eCTIeYnBAalOT OIPENIENICHHBId YPOBEHb TOYHOCTH, KOTOPBIH YK€ HE MOXET ObIThb IpPEeB30iAeH
BcieacTBue ux crenuduku. To ke MOXKHO cKa3zaTh M O CHCTEMax YNpPaBJICHUS MAaHUITYJISITOPOB,
KOTOpBIE B CBOEM HBIHELIHEM BUJE HE IO3BOJIAET B PEaIbHOM BPEMEHHU JOCTHUYb 3aJI0KEHHOTO B
MEXaHMYECKYI0  CXeMy  MAaHUIyJATOpa  BIIOJHE  ONPENEICHHOTO  YPOBHSA  TOYHOCTH
nozumonupoBanus [1,2]. [loaToMy npeasioskeHus, HalpaBJIEHHbIE HA PELLICHUE YKa3aHHBIX 3aja4 ¢
MOMOUIbI0  HETPAIUIMOHHBIX  CPEACTB,  OONAAAIOIIMUX  BBICOKUMH  (YHKIIMOHATHHBIMU
BO3MOKHOCTSIMH, O€3yCIIOBHO, BaXKHBI.

B pabGorax [3,4] uzmararorcs HETPAAUIIMOHHBIA MOAXOJ] YIPABJICHHUS SJICKTPOIPHUBOIOM,
CBSI3aHHBIH C TIPUMEHEHHEM B HEM CaMOHACTpauBaromerocs OJ0Ka s ONTHMHU3ALUHU
kodddumenTa ycuieHus oOpaTHOM CBSI3U MO MOJIOKEHUIO, C OJHOBPEMEHHOW cTabunu3anuei
Kod((HUIIMEHTA YCUIICHUS BCEH CUCTEMBI.

Ha ocHoBanuu »5TOro mnpuHIMIA, B HacTosmed paboTe OBUIO HUCCIIEOBAHO BIUSHUE
YKa3aHHOTO KOHTypa Ha KauecTBO NPOTEKaHHs JIMHAMUYECKMX IPOLIECCOB B CHCTEME
ANEKTPONPUBOJIOB C TEPEMEHHOW WHEPIHOHHOW Harpy3koil. Ho, mpu ympaBieHuu NpUBOAOM
ontuMm3anyga KodhduimenTa ycuieHHs OCYIIECTBISETCS HE B LeMd OOpaTHOM CBs3M, KaK B
BBHIIICHA3BAaHHOM CJIy4ae, a IyTeM HEMOCPEICTBEHHOr0 H3MEHEHHUs KOod(pUIUeHTa nepeaayu
perysaropa 3JeKTpOIpUBOJa. JTO, B CBOIO OYE€pEllb, MPUBOIUT K YIPOIICHHUIO CAMON CHUCTEMBI
MIPUBOJIA, CIIEA0BATENbHO, U €€ TEXHUYECKOU peanu3anuu. [Ipu 3TOM yduTHIBAIOCH, YTO B IIEPBOM
NpUONMKCHUN JTUHAMUYECKHE CBOWCTBA HCCIEAYEeMOM CHUCTEMbl MPHBOAA XapaKTEPH3YIOTCS
nuddepeHIMaTbHBIMUA YPaBHEHUSAMHU 2-TO MOPSIIKA.

HccnenoBanue kauecTBa Mpolecca yupaBieHUs JEKTPONPUBOIOM IIPOU3BEIEHO C IOMOIIbIO
MMUTAlMOHHOTO MOJEJIMPOBaHMs cHUcTeMbl aekTponpuBogoB B [IK, ¢ mpumeHeHunem makera
nporpamMmHbIX npoaykToB MATLAB (Simulink).

[losnydyeHHBIE pe3ysbTaThl MMHUTALMOHHOIO MOJEIMPOBAaHUS CHCTEMBI 3JIEKTPOIPUBOIOB
MTOKAa3bIBAIOT, YTO IMEpPEXOJHbIE MPOLECCHl B AJANTUBHO YIPaBISIEMOM JJIEKTPONpPUBOAE (T.€. C
caMOHAacTpauBalOUMMcS OJOKOM), HMEEeT O4YeHb Mallble 3HAYeHMs IepeperyaupoBaHus 110
CPaBHEHHIO C D3JEKTPOINPHUBOJIOM C TPAAMLIMOHHBIM BHJIOM YIpaBieHUs. Takum o0pas3oM,
MIPUMEHEHUE CAaMOHACTPauBaIOIIErocs OJoKa B CUCTEME YIPABICHHS 3JIEKTPONPUBOJOB, IS
NOJICp)KaHUsl  3HaueHUM Ko’ @UIMEHTa YCHJIEHHS CHCTEMbl Ha ONTUMAalIbHOM YpPOBHE,
o0ecrnieunBaeT yinydllleHue MPOTEeKaHNs TMHAMUYECKUX MPOIIECCOB B CUCTEMAX 3JIEKTPOIIPUBOJIOB C
IIEPEMEHHON MHEPLMOHHOM Harpy3koH M, CJI€JOBATEJIbHO, NOJyYEHHUsI KaUeCTBEHHBIX IOKa3aTeseu
MIEPEXO/IHBIX ITPOLIECCOB.

CIIMCOK JIMTEPATYPBI

1. Mensenes B.M. CuHTE3 ONTUM@JIBHOIO YIPaBJIEHHUS B3aUMOCBS3aHHBIMU IPUBOJAMU
MaHunyasTopa. //TeopeTudyeckuii U MPUKIAJIHON Hay4YHO-TEXHUYECKHH >KypHan «MexaTpoHUKa,
aBTOMaTH3anusd, ynpasieHue» — M.: M3a1-Bo HoBeie TexHnomorun. Ne9, oxts16ps 2003. — C. 5-10.

2. Bogatyrev M. Modelling Systems With Symmetry // Proceedings of the 4-th International
IMACS Symposium of Mathematical Modelling. — ARGESIM-Verlag, Vienna, 2003.

3. Ozhikenov K.A. Dynamic Control stabilizing in Manipulator Drives’ System. M3Bectus
HAH PK. - Anmarsr: 2013. - Ne5. pp. 28-33.
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BEMCTAIIMOHAP IIEHTPJIK TAPTBLIBIC OPICTHIEIT
BEWCTAIIMOHAP YIII OCTI AEHEHTH AMHAJIMAJIBI-UITEPLJIEMEJI
KO3FAJILICHI

D.M. CAXH
Beiicranmonap mapapiH TapTHUIBIC OPICIHETI OeiicTanmoHap YIIl ©CTi JCHEHIH irepiieMeri-

aliHaIManbl KO3Falbic TeHaeysepi JlemoHe-AHpayaiie alHBIMAIbUIAp aHAJIOThIHAA MBIHA TYPJE
0oJael

(o OV WD W Wt W W
ol o9 oh oL oG oH
L.,__aw* G,__aw* o oW’ I-,_aw* . oW’ h,_aw*
o'’ a9’ oh' ' oL’ oG" oH"

FaCLIpJILIK ¥ﬁBITKy TCHIIGYi Kenecl TYPAC aHbIKTAaJIaAbI:
2n2rx 3
* * B C b G
w =i2.H.W didg’ = fm, AR (1+E ) _fﬂ (Bz_Az); :
A 2 ip3 2 Bla

00 7 p 3(1_82)3
.L! IGIZ_HIZ L! IGIZ_HIZ
G/Z G!Z

sinh’- coshcos g — gsinh sing - (-e)+ cosh’-sinh cos g +

H : LH" . H? 1
+ g coshsing - (-¢) + o7 sing 1—?-(—6)'((32—'%)(—}‘

773a3(1_82)3
.Ll [GIZ_HIZ L! lGIZ_HVZ
G/Z G!Z

sinh’- cosh cos g — gsinh sing-(-e) + cosh’-sinhcos g +

na 2

L'H" . H
o7 -sing 1—?-(—e). (1)

+ gcosh sing - (—e)+

)KOFapBIILaF bI HOTHUXKETC CYI\/’ICHC OTBIPBIIT FACBIPJIBIK Tel-meynepz[i TabaMbI3

Ho W WD g WD W )
oh coH oh’ oH'
. . W . .
L=0, G=-———, L'=0, G'=0, (3)
g
. oW’ . OWT . WS oW
l=—— 0=—£, I's—, 0'=—. (4)
oL oG oL oG

Ocpl Tenzeynep caHAbIK 9IICIIEH NN, Tpaduri Tajaay *KacaabIHIbL.

MANJAJAHBUIFAH OJIEBUETTEP

1. Munrmubaes M.Jlx. JluHamMuka TpaBUTHPYIOIMIMX TeI C IMEPEMEHHBIMH MacCcaMd H
pasmepamu. [locTtynaTenpbHO€ W TOCTyHaTelbHO-BpallaTeIbHOE MABMKEeHHE. - ['epmanus: LAP
LAMBERT Academic Publishing, 2012. - 229 c.

2. Jluno ML.JI. Kypc Jneknuii 1mo TeopeTH4YecKod MeXaHWKe. — 2-€ W3J., UCIp. U JOI. —
M.:OU3MATIJINUT, 2010. -496¢.

90




AJIMATBI YCTIH/IE BIP HYKTEJIE TYPATBIH TEOCTAIIMOHAP
CEPIKTIH YABITKBIMATAH UITEPLIEMEJI — AMHAJIMAJIBI
KO3FAJILICBI

.M. CYIOH/IHKOBA

Byn sxyMBICTBIH Makcathl: JKepMeH caibICThIpFaHa AJMaThl YCTiHAE Oip HYKTEIe TYPaKThI
KO3FaJIaThIH CEPIKTIH KO3FAJIBICBIH aHbIKTay. byJ1 KO3FaIbICThI aHBIKTAY YIIiH XKepaiH aifHaTy eCiHiH
KO3FaJIMaUTBIH Olp HYKTECiHEe OarbITTaaFaH MOJYJ OOWMBIHINIA TYpaKThl peakTuBTi W yney Oepy
e3ekTi macee [ 1]. Ko3ranbic TeHIeyl ToMeHAeTIIeH:

d’R 1 _,
W = Egrad U+ W, (11)

Ap+ (C —B)qr =My, Bg+ (4 —Cpr=M,, Ci+(B —A)pg=M,. (12)
Mynnarsl 6enrinep [1]-ne Gepinres.

Op ¢ enairi ymia W peakTuBTI yAey HIaMachlH a3alTaThIH THIMII ) OYpHIIIBI Oap eKeHiH
eckepTeitik. W peakTHBTI y/iey IIaMachlH KeJleci OpHEKTEeH TabaMbI3:

u? 2p)?
JR—g + (wSRO - ﬁ) WERycos%g . (1.3)

0

W =
p= RO/R , MyHAaFrel p =3/1+ tg@ytgP (1.3.1)

9K6

w3 = H/R3 , 1 =f*(Mearth+ms,) = 3.9353*10"

JK8
MpbiHa mapTTaH peakTUBTI YACYAl a3aiTaThIH TUIMII OPOUTAHBI KApaCThIPAMBI3.
ow

aR =0 ,y P MarbIHACBIH Ta0aMBbI3:
0

opt
1
pipt = 5( /1 + 8sec?q, — 1) (1.3.2)

Popt -~ W peakTHBTI yaey/i asaiTajibl, OChIIaH )KaHapMai IbIFbIHBIH J1a a3 TaTbIHBIH KOPYTe
Oomabl. Pope MoHI (1.3.1) TEHIIKTI 1€ KaHAFATTaHIBIPYBI KAXKET OOJIFAH/IBIKTaH COMKEC Yo,y MOHIH

KeJeciell aHbIKTauMBI3;
1
tgopt =3 (/1 + 8sec2¢y — 3)ctge,, (1.3.3)

Temenzeri 6epinreH mamanap apkbuibl W peakTUBTI Y€y aHBIKTaJIbI
©0=43°15"23", Mearth=5.97219*10%kr, f= 6.67408*1073! m3/c?*xr,

Msat= 1.33kr, R, = 42164 KM.

byn ecente XKepai aliHany eciHiH KO3FaJIMalNThIH HYKTE€CIHE OaFbITTaIFaH MOJTYJII OOMBIHIIIA
TYpaKThl peakTuBTI W yneyiH Taybin, AIMaThl €HAITHAET1 TeocTaoHap cepikTiy XKep OeTiHiH Oip
HYKTECIHIH YCTiHAE TYpy LIapThl 3epTrey aHbiKTanasl. Tadsutran W yneyni 6eperin F peakTunTi
kymri 6ap maccacel 1.33kr 6omatein Cubsate 1U cepiri Tanmanisl, COFaH cokec KyaTbUIbLIbI N
0OJIaTHIH PEAKTUBTI KO3FAITKBIII TaObLIIbI.

MMAHJAJAHBLIFAH SJEBUETTEP TI3IMI

1 Kynunein  AJL, JLT.TamumoB. HekoTopele 3amaud  yCTOMYMBOCTH  HETHMHEHHBIX
pe3oHaHCHBIX cucTeM. AnMma-ata «Fsuteimy, 1990. -C.195.

2.http://www.academia.edu/11525487/CubeSat_Design_Specification_Rev. 13 The CubeSa
t Program_Cal_Poly SLO_CubeSat_Design_Specification_CDS REV_13 Document_Classificati
on_X_ Public_Domain_ITAR_Controlled_Internal_Only.
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PABPABOTKA CTEHIA UMUTATOPA MATTHUTHOTI'O IIOJISA 3EMJIN
A.C. TAFABAEB, A. MYXAME/IT'AJIH

B HauanpHBIX cTagusax pa3zpaOoTku u npoektuposanus KA, npeanonaraercs uepapxudeckas
pa3paboTka BceX (GYHKIMOHHPYIOUIMX TOJACHCTEM cryTHUKa. OgHOW W3 Hambosiee BaKHBIX
CIIy’)KEOHBIX IOJICUCTEM SBISIETCS cucTema yrnpasieHus opueHtauuii KA. B wactHocTH, m1s
OTIpEJICIICHUS] OPUCHTAIIUM MOTYT TIPUMEHSThCS TATYNKU, TAKUE KaK 3BE3/IHBIA TATUYNK, COTHEUHBIN
1 MAarouTHBIC JAaTYUKU U T..

PaccmarpuBasi cHCTEMBI OIpENEICHUS OPHUEHTAlMd HAa OCHOBE ()YHKHIIOHHUPOBAHUS
MarHWTHOTO JaT4yWKa WHTErpUpoBaHoro B OoproBywo tiarpopmy KA ©Ha opbure 3emiun
MPEIoIaracTcs MOJIyYCHNE TaHHBIX BEKTOPOB HANPSDKEHHOCTH MarHTHOTO TTOJIST 3EMUIH.

B nensax sroro npu cnpoekTupoBaHHBIX KA, mpoBonsdTcs TecTUpOBaHUS B J1a0OpaTOpPUSAX
MPUMEHSST pa3jMYHble CTCHIbI, UMHTATOPBl TPH IOMOIIA KOTOPHIX CHUMYIHPYETCS YCIOBUS
KOCMHYECKOT'0 IIPOCTPAHCTBA.

OnHoit u3 pa3pabOTOK, CUMYJIHPYIOIUX KOCMHYECKOE MPOCTPAHCTBO SIBJISCTCS HUMHUTATOP
MarHUTHOTO TIOJIS 3eMJIH.

Bo3Hukaer HEOOXOIMMOCTh TECTHUPOBaHUS U Bepudukanmu, pa3pabOTaHHBIX METOJIOB
yIIPaBJICHUS CITlyTHUKOM C MarHUTHOM CHCTEMON OPHECHTAIMH, B CUMYJISIIIMOHHBIX YCIOBHSX O €T0
BBIBOJIa Ha OpOuTy TpeOyeT co3maHusi HazeMHOro creHna. C 9ToW LEeNbl0 MpEeAroyaraercs B
71a00paTOPHBIX YCIOBHSIX UMHUTHPOBATH TEOMArHUTHOE ITOJIC B TOM BHJIE, KaK OHO BO3JICHCTBYET Ha
IBIDKEHUE CIyTHHKAa 10 opoute. I[logoOHBIE cTeHABI YyXe CYIIECTBYIOT, B YacTHOCTH,
B System Innovation Ltd. (UK), Surrey Satellite Technology Ltd. (UK), Technion (Israel Institute of
Technology), Technical University of Berlin (Germany).

Co31aBaeMblii CTEHJT COCTOUT M3 UMHTATOpa MoJjsl. IMUTATOp MOJIS CO3/]aeT MarHUTHOE T0JIE
0 3apaHee 33JaHHOMY 3aKOHY M3MEHEHUS €ro XapaKTepUCTHK, T.€. 10 MOJYII0 HANPSHKEHHOCTH U
HaTpaBJICHUSI.

MarHuTHOE 110J1e, CO3/JaBaeMOEe HMUTATOPOM, JTOJHKHO OBITH CMOJIETUPOBAHO TAKUM 00pa3oMm,
4TOOBI CO3/1aTh OJHOPOJHOE I0JIE BHYTPM HMHUTATOpa JUIsl oOcialleHuss HaJ eCTECTBEHHBIM
T€OMAarHuTHBIM ITIOJIEM B MECTC HAXOXIACHHUSA CTCH/AA.

B pamMkax naHHOrO Mcciae10BaHus ObUIH TOTYYEHBI CIEIYIOUINE Pe3yIbTaThl:

¢ Pazpaborana 3D mozens UMUTATOpa MArHUTHOTO TIOJIS;

e Pa3paboTana mpUHIMIIUANBHAS JIEKTPUYECKass cXeMa MOJKIIOUEHHUS KaTyIIeK UMHTaTopa
MarHMTHOTO TIOJISl 1 UICTOYHUKH MUTAHUS;

.PaCCMOTpCHBI U TIOJYYCHBI PE3YJIbTAThl IO CHUMYJIALUAM BCEKTOPOB HAMNPAKCHHOCTH
MMHUTATOpa MArHUTHOTO TOJISl B pa3pe3ax KaTYIIEK IPH ONPEICICHHBIX CHIIaxX TOKa;

e CoOpaHa MexaHU4YeCKasi KOHCTPYKIUSI UMUTATOPa MAarHUTHOTO TIOJIST 3eMJTH.

CIIMCOK UCITO30BAHHbBIX NCTOYHUKOB

1. OBunnHukOB M.IO., IIBeTkoB E.A. IIpoekTnpoBaHNE MMHUTATOpPA T€OMATHUTHOIO MOJS B
cocTaBe JlabOpaTOPHOrO CTeHAa Ui OTPabOTKM CHOCOOOB  YNpaBJICHUS OpUEHTaluen
MuKpociyTHUKOB. M.: [Ipenpunt UIIM Ne 55, 2005 r, 29 c.

2. B.1.®eonockeB. ConpoTHUBIEHHE MaTepHaioB. 9-e u3f., nepepadborannoe. M.: Hayka, 1986
r,512c.
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AJTAITUBHBIN MPUBOJ A1 KOCMUYECKON TEXHUKH
K.C. UBAHOB, I.T. TYJIEKEHOBA

[TpuBOIbI B KOCMHYECKOHN TEXHHUKE UCIIOJIL3YIOTCS JIJIS IEPEIaYu IBUKEHUS UCTIOHUTEIIBHBIM
opraHam, sl ODHCHTAIIMH U CTa0MIIN3aIliH IBU)KCHUSI.

B Hacrosmiee BpeMs MOSBUIUCh NPUHIUIIMATIBLHO HOBBIE CAMOPETYJIUPYIONIUECS
MEXaHUYECKHUE CUCTEMBI, CO3/Ia0MIe HOBBIE () (EKTUBHBIC BO3MOXKHOCTH IEPENIAu JIBHKCHHS TIPU
MUHUMAJTBHOM WM MOJTHOCTBIO OTCYTCTBYIOIIEM YIIPaBICHUHU. DTH MPUBOABI KMCIOT Majblii BEC U
BBICOKYIO HAaJIe)KHOCTh, TO €CTh OOJIAJalOT TJIABHBIMU MPEUMYIIECTBAMH 110 CPAaBHCHHIO C
CYIIECTBYIOIIUMHU TTPUBOIAMH.

[TpuBOA BKIIFOYAET AJIEKTPOIABUraTEb U MEPEIATOYHBIN MeXaHu3M. Bec mpuBoja 3aBUCHT OT
MOIIHOCTH JIBUTATElNs1. MOIIHOCT JABUTATENS JIOJDKHA COOTBETCTBOBATh MAaKCUMAJIbHOW HArpyske.
HccnenoBanusi MPUBOJOB MaHUIYJISATOPOB MMOKAa3aJid, YTO MaKCHMaJIbHAasi Harpys3ka CBs3aHa C
MPEOJOJICHUEM MAaKCHMAIbHBIX CHJI WHepiuu [2]. i yMeHbIICHHs] MOMEHTA COMPOTHBIICHUS,
MIPEOJI0JIEBAEMOT'O JIBUTATENIEM, HEOOXOAMMO HCIIOIB30BaTh MIPUBOJ] C IEPEMEHHBIM IIEPEIATOYHBIM
oTHoleHrueM. B pabote [2] ObUI0 MpeI0’)KeHO UCTIONB30BaTh aJallTUBHBINA TPUBO MAHUITYJISITOPA C
MIEPEMEHHBIM TIEPEIaTOYHBIM OTHOIICHUEM, 3aBHCSIIAM OT HArpy3Kd. ANANTUBHBIA 3yO4aThlid
BapHaTop MPUBOJIa 00ECIICUNBACT HE TOJILKO TUIABHOE PETYJIUPOBAHKE MEPEIATOYHOTO OTHOIICHHS,
HO TaK)Ke W aJIalTaIlfio K IEPEeMEHHOMY MOMEHTY conpoTuBiieHus. [Ipu 3ToM 3yOuaThiii BapuaTop
UMEET MPOCTEHINYI0 KOHCTPYKIIUIO, MAJIbIe pa3Mepbl U BEC, YTO OYEHb BAXKHO JUISI KOCMUYECKHX
YCTPOMCTB.

AanTUBHBIN 3y0YaThIii BApUATOP UMEET 3aJ]aHHOE 3HAYCHHUE MaKCUMAJIBHOTO MIEPEAaTOYHOTO

OTHOMIEHUS U, (U, =3...10) 1 MaKCHMMaIbHOTO BHIXOJHOIO MOMEHTA CONPOTUBIEHUA M, Ha

BbIX0JHOM 3BeHe H,. TpeOyercs ompenenuTh MOCTOSIHHbIE MapaMeTpbl MOIIHOCTU JBUTATElIs
®,,, M ;; Ha BXOJIHOM 3BEHE H,, CUJIOBBIE U KHHEMATHYECKHE NTAPAMETPBI BapUaTopa.
Omnpenenenre MOIHOCTU JBUTATEIIS:
1) OnpenensieM MUHUMAIIbHYIO BBIXOJIHYIO YTIIOBYIO CKOPOCTD
Dy =01/ Uy
IZle ®; - HOMHHAJIbHAs YIJIOBas CKOPOCThb ABUraTeleil 3alaHHOrO THIIA.

2) OmpenensieM MOMeHT aBurarenss M, =M o/ 17Uy

rae 7 - kox Bapuatopa (77 =0.9).

3) OnpenenseM mouHocTh ABurarens N =M, -0y, -

ITorpeOHass MOLIHOCTH JABUrarTels NpH OTCYTCTBUU BapHaTopa oOKas3ajgach Obl OoJiblle
MOJTY4E€HHOH MOLIHOCTU IPUMEPHO B N =177 pas.

CIIMCOK JIMTEPATYPBI
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3. lvanov K.S., Ualiev G., Tultaev B. Dynamic Synthesis of Adaptive Drive of Manipulator.
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MAXOBUK HETIBIHAETT HAHOCITYTHUKTIH BYPBILITBHIK OPHBIH
BACKAPYBIHBIH KHNHEMATUKAJIBIK ECEBU

K.K. TYPBICBEK

KapacTeIpbLIbIll OTBIPFAH KYMBIC KATThI JICHEHIH KEHICTIKTET1 KO3FAJIBICHIHBIH, YaKbIT KOHE
SHEeprusi OOMBIHIIIA THIMJII aliJalaHybIHA HET13/IeITeH KWHEMAaTHKAJIBIK €Ce01H aHATUTUKAJIBIK JKOHE
CaHJBIK TYpJE WICUIyre apHairaH. byn ecenm acmaH MEXaHHMKAChIHIA FApBINTHIK armmapaTTapibl
Oackapy/ia ®oHe KO3FaaMaibl 00bEKTIIEpl OaFaapiay/ia YJIKEH pojl aTKapaibl.

KarTel neHeHiH OYPBINUTHIK OPHBIHBIH KO3FAIBICH TU(GEPEeHINANABIK KHHEMAaTHKAIBIK
KBAaTEPHUOH TYPIHJET] TEHICYJICPMEH CHUIIATTAIIA IbI

ZI = /_1 © Ei (1)
M¥H,I[aFBI A — KaTThl ACHEHIH HHEpLHUAIAbl KOOpJAuHaTa )KYerciHe KaTbICThI 6aF,I[apBIH

AHBIKTAUTHIH KBATCPHHOH, W; — KATThI JICHEHIH a0COIIOT OYPBIIITHIK KbLUIJAM/IBIFBL.
KarTsl nene, KBaTepHHOH TYpiHAe OepiinreH 6acTankbl OYPHIITHIK OPHBIHAH

- -0
A(0) =2 )
OepinreH OYPHIITHIK OPHBIHA
— —T
AT) =2 ©)
JeHIHTT KO3FAJIBICBIH KapacThIPaMbI3, COHBIMEH KaTap cara (yHKIIMOHAIBIH
[= [ (a0 + 2,03 + a,w3)dt (4)

MUHHUMAJIB/ICYiIMi3 KaKeT.

Koiipuiran ecenn JI.C. IlonTpsruH omiciHiH KkeMmeriMeH miemryieni. byn omicke colikec
IamunbToH-ITOHTPATHH QYHKIUSICH AaHBIKTAJIIBL.

[lekciz Oackapy yuriH MakcuMyM [aMunbTOH-IIOHTpATMH —QYHKIMSICHIHAH TYHiHIEC
AfHBIMAJTBI )KOHE CaJIMAKTHIK KOOCUTKIIT TYpIHAETI ONTHMab/Ii 6acKapy 3aHbl aJIbIHAIBI.

AnpiHFaH HOTHOKeNepi HpIOTOH oiCiHIH KeMeriMeH CaHIbIK TypAe ILIemrin, OacKapyablH
TUIMJUTITIH KOPCETETIH TpaduKTEp/l ajJambl3.
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POBOTTBIH KOPY TEXHOJIOI'UACHI
A.7K. XAJIBIK, A. EPA/TUEB

PoOOTTBHIH «KOpy» MYMKIHIIKTEpI aJaMIap/iKi CUSKTBI, MKEMJ1 KOHE «I1apacaTThl» CHIPTKBI
opTajarbl e3repicTepre jkayan OepeTiH Kypem ce3y MeXaHM3MIMEH KaMmTamachi3 etiuireH. Kepy
TEXHOJIOTHSCHIH KOJIJJaHy OpKalllaH MKEMAUIITIH apTTBIPYAbl KoHE POOOTOTEXHMKAJBIK >KYHEHIH
KOJIZIaHy aiMaFbIH KEHEUTY Il TaJlall €TyICH TYbIHIal Ibl.

PoOOTTBIH Kepy TEXHOJOTHACHIH YIIeNmeMIik OeliHeneH anblHFaH Oenry mporieci,
uaeHTU(DUKAIMA JKOHE JCPEKTEepHl TYpPJCHIIPY peTiHIAe aHbIKTayFa Oosanbl. byin mporecc
TEXHUKAIBIK HEMECEe MAIIMHAIBIK KOepy NN aTajajbl KOHE alThl HETi3ri srtantapra Oemineni:l)
aKIapaTThl aJIbIIl TacTay, 2) aKmaparThl ajl/IbIH-ajla OHJCY, 3) CerMeHTTey, 4) cumarray, 5) TaHy, 6)
MHTEepHpeTanua. AKMapaTThl ajblll TacTay KOPHEKUIIK KECKiHIH aiy Mporeci OO TaObLIaIbl.
AKmapaTThl aijblH-aja OHIEYy LIyJAbl a3aiiTy Hemece jkeKe OeJIIeKTepHAiH HMMHUJDKIH JKaKcapTy
CHSIKTBI 9MIiCTepi KoiaHy 00uibin Tabbuiaabl. CerMeHTTeY-KbI3bIFYIIBUIBIK HBICAHIAP/IbIH KECKIH/Ie
oenrineny mnpoueci. Cunarray ke3inge 0acka (GOHAAaFbl KaKeTTI OObEKTUIEp/l TaHAayFa KaKeTTi
MiHE3ZEeMENIK TapaMeTpiiep aHbIKTaNaAbl (MbICANBI, MilIHI Hemece enmemi). MHTeprnperanus
TaHBIMAJI OOBEKTIJICp TOOBIHA KAXKETTUIITIH CUITATTANIbI.

TexHuKaNbIK KOpy KYHECIHIH YII JEeHIeliH KapacThlpaMbl3: TOMEHT1, OpTAallla kKOHE JKOFapFhI.
TexHUKaIBIK KOPYIIH TOMEHT1 IeHreiiHe aKImapaTThl aJbIIT TacTay JKOHE allIbIH-ajla OHJICY KaTabl.
Ocpinaiima 6y neHret 6eiiHeH1 KaabITacThIpyJaH OacTar, IIybl 09CEHIETY CeKiI1i KOMITEH Al
MIPOLIECTEPIMEH KOHE KAPKBIHABUIBIK Y3LTICTEpl CEKIIII KapanaibiM CypeT ImapamMeTpiiepiH TaHaayFa
JEHIHT1 TporecTep/ii KaMTU bl TeXHUKAIBIK KOPYIiH OopTaiia JeHreiinae 0oy, uacHTHPUKAIISI
KOHE TOMEHTI JCHIeHIe alblHFaH CYpeTTepHi TY3eTy NpOoIecCTepi TYCIHIIpUIeai. AJIbIHFaH
TOMTACTHIPY/IbI €CKEPE OTHIPHIN, TEXHUKAIBIK KOPY/AIH OpTallla JCHIeiiHe CerMEHTAIIUS KOHE KEeKe
OOBEKTIIEep/Il TaHYIbl KATKbI3yFa Oomjanbl. TEeXHHUKANBIK KOPYHiH KOFApFbl JCHIeHl KacaHIbl
MHTEJJIEKTKE KATaThIH MPOLIECTEPMEH TYCIHIpiieai. TeXHUKaNbIK KOpyAiH TOMEHI1 )KoHE opTallia
JICHrefiH/Ie KOJIAHBUIATBIH alTOPUTMACD KAKChl JKETUMIPIATeHIMeH, KOFapFbl eHreHaiH Oitimi
MEH TYCiHIr omi skeTkimikciz. Kymbicta OeliHeH1 aiynbl, >KapbIKTaHIBIPY oficTepi, OeifHeHIH
T€OMETPHSICHI, aKIapaTThl AJIBIH-aJIa OHICY KapacThIPbUIIBI.
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KUHEMATHUYECKHN AHAJIN3 U MOJEJIUPOBAHUE IIATAIOIIETO
POBOTA

H.K. BICKAK, A.JK. CEHIAXMET

B pabote npoBeieHO KHHEMAaTHYECKOE UCCIISIOBAHUE IBYHOTOM X0/Ib0BI IIATAIOIIEro podoTa.
. [ararorue poOOTHI — 3TO TUI MOOHMJIBHBIX POOOTOB, MEPEMEIECHHE KOTOPBIX OCYIIECTBISICTCS
UCIIOJIb30BAHUEM «HOT», X aHAJIN3 MPEICTABIACT COO0H CIOXKHYIO CTPYKTYPY 337a4 KHHEMATHKH.
Ilenp  paboThl  3aKimroYasiaCh B ONPEACICHUHM  KUHEMAaTHUSCKMX  XapaKTePUCTHK |
MPOM3BOAUTEILHOCTH CHCTEMbI BO BpeMsi XOIbObI. J[Jis omnucaHusi IBUKEHHS JIBYHOTOH XOIbOBI
ObUTH BBEJCHBI MATH MMEPEMEHHBIX, KOTOPBIC MOJHOCTHIO XapaKTEPH3YIOT MOXOKY: /UIMHA Ilara,
BbICOTA JI0 Oe/ipa, MaKCHUMalIbHOE 3HAYCHUE ITyJIbCALMM TOYKU Oeipa, MaKCUMAIIbHBIN 3a30p IS
CTOIIBI ¥ [UTHHBI 3BeHbEB. B paboTe ObLJI0 MPOBECHO BHIYMCIICHHE TPOU3BOAUTEILHOCTH [IArAIOIIEerO
pobota. IIpoBeneHo cpaBHEeHHE TMOKaszareie 3PPEKTUBHOCTH MPHU OMPEACICHUU HAJACIKHOCTH H
3P PEKTUBHOCTH MOJTYUYECHHOTO MEPEABUKCHUSL.

B pabote ObUIO MPOBEACHO CPaBHEHUE PA3IMYHBIX KHHEMATHYECKHUX ACIICKTOB JIBYHOTOTI'O
nepenBrKeHus. Mcronb3yst pa3anyHble MOCTH IBHYKEHHsI, OblIa MPOBE/ICHA OI[CHKA, PearipOBaHHMs
po060Ta Ha pa3IMYHbBIC U3MEHEHUS TIEPEMEHHBIX, TAKUX KaK 3HAYCHUE ITyJIbCAI[MH TOUKHU Oepa, 3a30p
CTOTIBI ¥ OTHOCHUTEJIbHBIC UTHHBI 3BeHbeB. [ aHanmn3a 3(pGEeKTUBHOCTH KHHEMATHIECKOW MOJIEIN
po6oTa ObUTH CHOPMYIUPOBAHBI PA3IMYHBIC KOJMUYSCTBEHHBIC Mepbl. METO/I aHain3a OCHOBAaHHOE
HA DHEPrHH TIO3BOJSET BBIMOJHUTE KOMIIBIOTEPHBIC PacdyeThl M, KPOME TOrO, OH SIBISICTCS
BBIYUCIIUTENEHO 3P (HEKTHBHBIM.

B nanbHeiinieM mpeanosaraeTcs yTOYHEHHE pa3pabOTaHHBIX KMHEMATHUECKHX MOJEIeH U
BKJIFOUUTH JMHAMHKY JUIS U3YyYCHUS YESIOBEUCCKOM MOXO/IKH.
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PA3JIEJI 4. AKTYAJBHBIE ITIPOBJIEMbI BBIYNCJIUTEJIBHOM
MATEMATHUKUU MATEMATHYECKOI'O MOJAEJIMPOBAHUA

NUMERICAL SIMULATION OF TWO-DIMENSIONAL LAMINAR FLOW
OF THE METHOD OF CONTROL VOLUME

S.YE. ABDYBAYEVA

Mathematical modeling is an integral and rapidly developing part of the modern science. The
essence of this term is to create the model of various objects, phenomena or processes, and also further
study of the model using the developing computer technologies.

Mathematical modeling of computational fluid dynamics is widely used in the study of various
natural phenomena, climate and environmental problems, etc. The study of the dynamics of fluid
motion can be accomplished by the creation of the mathematical model and its further calculations,
as well as through experiments and trials. However, the carrying out physical experiments is a long
and expensive process, and in some cases even impossible. In such cases mathematical modeling is
the primary means of the research in computational fluid dynamics.

There is applied Navier-Stokes equation for an incompressible fluid in the work for the
simulation of dynamics of the fluid motion. Also there is performed the nondimensiolization if the
Navier-Stokes equation by the Reynolds parameter. The numerical solution of the simulation of two-
dimensional laminar flow is implemented by the method of control volume with given boundary and
initial conditions.

The objective of the work is to solve the problems based on the Navier-Stokes equation by the
method of control volume, using the SIMPLE algorithm and its modification SIMPLER, with the
usage of the QUICK scheme, and also numerical simulation of the laminar flow in a cavity and a
channel with a ledge. The purpose of the work is to analyze and compare of the obtained results of
the numerical simulation of two-dimensional laminar flow.[1]
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MATHEMATICAL MODELING OF HIV SPREAD DYNAMICS IN
KAZAKHSTAN

A.S. ANUARBEKOVA

Infection with the human immunodeficiency virus (HIV), which is developed in the final deadly
acquired immune deficiency syndrome (AIDS), is recognized as one of the most dangerous infectious
diseases of human. The main danger of HIV infection, which determines its social significance, is
almost inevitable death of the infected person averaging in 7-10 years after the getting the HIV
infection. Today the scale of the HIV epidemic is relatively small (about 70 million people infected
around the world), but the annual incidence is high (up to 3 million of new cases per year). Main
problem is that the HIV affects the working population of reproductive age (20-30 years old). The
HIV infection is incurable, so the spread of the HIV can lead to the serious economic and demographic
losses [1]-[2].

Interest in mathematical models in the infectious epidemiology is revived in the second half of
the twentieth century, when epidemiologists are faced with two problems which had a direct and
immediate relevance to HIV/AIDS: (1) how to estimate the number of cases of infected persons (HIV-
positive),while the number of people in the terminal stage of the disease (AIDS) is only known, and
(2) how to predict the spread of the infection in the population on the basis of information about its
transmissibility and the frequency of risk behaviors. Modern epidemiology could greatly benefit from
the use of methods of mathematical modeling in the domain of the epidemic process history, when it
is difficult to directly observe it, from the definition of the risk group size and from the use of the data
for modeling the epidemic process in the large populations or in the small groups. In general, the use
of mathematical models in the epidemiology is called the mathematical epidemiology [3].

The objective of the work is development and study of the model of the human
immunodeficiency virus (HIV), which takes into account the dynamics of the formation high-risk
groups. Most HIV transmission models suggest that the risk of the infection does not change
throughout an individual's life. In this work, we offer the model of the virus spread in the population
with a dynamic risk. The dynamic risk model describes the formation of the groups of the individuals
with the drug addiction that affect the spread of HIV in Kazakhstan.
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NUMERICAL SOLVING OF THE PROBLEM CONTINUATION THE
SOLUTION OF THE HELMHOLTZ EQUATION INTO INACCESSIBLE
ZONE

A.M. KABYLZHAN, B.K. KAIYPBEK

In the domain Q = [-b, b] x [-b, b] considered boundary value problem

Au+wiu=g, (x,y) €Q, (1)
U(—b,y) = f(y)! y € (—b, b)’ (2)
uy(=b,y) = f(y), y € (=b,b), 3)
u(x,—b) =u(x,b) =0, Xx€ (—b,b), 4

where w; = ew, e > 0, f (X, y) =0 (a-| x |) 0 (a-| y |) is a source located in domain’s center, a
<b. The problem (1)-(4) is ill-posed problem, for example, Hadamar’s example is well known when
w,=0.

In this paper we propose a method of continuation of the Helmholtz equation’s solution into
inaccessible zone. This method is based on solving of a specially formulated inverse problem. Objects
of rectangular shape are considered as the model of examples. It is assumed that radiating and
receiving antennas are located at the border or inside the object, and on one of the boundaries of the
domain there is a possibility to carry out additional measurements. As the result of solving the
continuation problem succeed to restore the value of the solution of Helmholtz’s equation. Solving
of the continuation problem is implemented by replacing the problem under consideration on some
special inverse problem to a direct problem for the original equation. The direct problem is typical
for modeling electromagnetic field in the neighborhood of a borehole of GPR consisting of two
antennas. There is introduced the definition of a generalized solution of the direct problem. It is shown
that the inverse problem can be written in the operator form Aq = f . To solve the inverse problem,
conjugate problem is considered to the direct problem. The definition of the generalized solution of
the conjugate problem is given. Optimization method of Landweber is applied for the numerical

solving of the inverse problem. Considered objective functional J(q)=|Aq - f||2 . The gradient of

the functional J' = 24*(Aq — f), where A* is conjugate operator of the operator A4, is calculated. For
the numerical solving of the direct and conjugate problems there is used the finite element method.
Triangulation of the domain under consideration was made. Numerical calculations for the test
problem were conducted. It is shown that the inverse problem solution converges in functional. The
graphs of the inverse problem solution for different parameters and the graph of the residual of inverse
problem were provided.
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APPLICATION OF WAVELET ANALYSIS IN THE TASKS OF STUDYING
THE STRUCTURE OF SIGNAL

L.A. KARMYSOVA

Signal is any function depending on time. To remove the noise removal is commonly used high-
frequency components of the signal spectrum. To solve this kind of problems usually wavelet —
transformation is used. One of the methods of analysis of noisy signals is tresholding. Essentially, it
is a decomposition of a signal into consideration of wavelet spectrum with its subsequent processing.
It should be noted that wavelet spectrum is a function of two variables - time and scale. However, in
the case of a discrete wavelet transformation, we obtain a set of N sequences, wherein the sequence
number corresponds to the coordinate scale, and element number in the sequence - the time
coordinate.

The wavelet transform process is as follows: the signal is passed independently through both
the filter and the resulting signals are selected from only the even elements. Thus, at the output we
obtain two sequences, each of which is two times shorter than the original one. This procedure can
be repeated until the approximation coefficients sequence becomes too short.

An important feature of this expansion id that it is reversible and linear. This allows us to
perform a fiberboard, such as process factors, and then perform inverse DWT and obtain a modified
signal. It is for such a scheme works tresholding.

To clean the signal from the noise, the following types of wavelets: Haar wavelet, discrete
wavelet of Meyer, Daubechie’s wavelets and Simlet’s. The process of noise reduction performed in
a specialized computer program Mathematics system using MatLab Wavelet Toolbox utility.

SCM offers several MatLab interval of noise thresholds of selection options (thresholding
method) for each level of decomposition: fixed form thresholding, rigorous sure, heuristic shure,
minimax; penalize high, medium and low. In each of the methods of interval thresholds are
automatically selected for all levels, respectively, they will be different for different wavelets.
Threshold values offered by these conventional methods do not give an acceptable result.

Based on the analysis of existing approaches to filtering of non-stationary signals as the
mathematical method multiresolution wavelet analysis has been selected, the use of which allows to
select and save the local features of the signal. The programs in the medium MatLab, cleaning
implement noise signal using a wavelet transform have been developed.
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CREATION OF GEOGRAPHIC INFORMATION SYSTEM FOR
MODELING POLLUTION IN THE CASPIAN SEA

D.M. MUSSIREP

Geographic information system is a system designed to capture, store, manipulate, analyze,
manage, and present all types of spatial or geographical data and a tool that allows users to search,
analyze and edit digital maps, as well as additional information about the objects.

The objective of the work is the creation of a geographic information system with a module of
mathematical modeling of oil spills with non-stationary source in the North Caspian Sea, depending
on weather conditions.

Geographic information system allows to display the location of events and objects on a map,
but also to operate with large arrays of diverse information on which to base decisions on management
of resources and processes.

The graphical user interface (GUI) was created using the technology of desktop and browser-
based graphical applications: Java Applet Technology. Java applets are based on the Java
programming language. A key element in the programming interface of applets are classes of the
Swing package.

The system of basic equations describing the flow in the laminar flow regime are the Navier-
Stokes equation and the transport equation of concentration. For the numerical solution of the problem
we used the method of splitting on physical parameters in combination with the MAC method
(markers and cells).

Based on the Navier-Stokes equations a mathematical model was constructed for the transfer
of the oil slick on the sea surface, which consists of the equations of motion, continuity and transfer
of concentration.

The migration of the oil slick on the surface of the Caspian Sea from non-stationary sources for
different initial masses of spilled oil were simulated.

Created GUI information system modeling of the oil spill with the non-stationary source,
conducted a comprehensive testing of created system.
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NUMERICAL SIMULATION OF TWO-DIMENSIONAL LAMINAR FLOW
IN COMPLEX AREAS

A.N. TANGIRBERDI

It is undoubtedly fair to assert that the investigation of the laws of fluid dynamics has been
widely developed for a long period of time. External and internal environment of buildings,
hydrodynamics of ships, aerodynamics of aircraft and vehicles, chemical process engineering,
meteorology are not a complete list of research applications [1].

In the last few years great effort has been devoted to the study of flow motion. However, several
practical questions arise, especially, when dealing with more and more complex areas. In solving
fluid flow problems we need to be aware that the underlying physics is complex and as it is generally
accepted, the majority of experimental and laboratory research are high-priced and time-consuming.
As a result, it can be seen that the mathematical modeling is crucial in the development of
hydrodynamics [2].

This study aims to give a comprehensive account of numerical simulation of two-dimensional
laminar flow in complex areas. The fluid will be regarded as a viscous incompressible continuum and
mathematically described through Navier-Stokes equations [3, 4].

Previous studies and literature on fluid dynamics suggest a variety of approaches and methods.
In our paper, the focus of attention is on laminar flow simulation using the finite volume method.
Most of the work will be done by SIMPLE (Semi Implicit Method for Pressure-Linked Equations)
algorithm and its modifications, applying the QUICK scheme [1].

To elaborate the numerical algorithm we will use the modern software based on one of the
known programming languages (C++). All gathered data will be visualized by the tools of QT and
Tecplot.

In order to verify the validity of the proposed method, we will look over the obtained numerical
simulation results and will compare with the values received at practice, especially for defining flow
components of the velocity and pressure.

Clearly, further research will be required to prove the main laws of fluid dynamics.

On the basis of the promising findings presented in this paper, work on the remaining issues is
continuing and will be presented in future papers.

References

1. H K Versteeg and W Malalasekera An Introduction to Computational Fluid Dynamics. The
Finite Volume Method — Pearson Education Limited, 2007. — P. 1-8, 156-164,191.

2. Chung T.J. Computational fluid dynamics — CUP, 2002. — P. 3-5.

3. ®neruep K. BeruncnurenbHble METOIBI B IMHAMUKE xkuakocteid — M.: Mup, 1991.

4. Anderson J.D. Computational Fluid Dynamics. The Basics with Applications — International
Editions, 1995. — 75p.

102



EKI OJIIIEMII TACBIMAJI TEHJIEYTH CAHABIK OJICTEH HIENTY
YIIITH AJATITUBTI TOPJBI KOJIJAHY

B.E. AUTKAJTH

Ecentepain ecenteny aitMaFbIHBIH KYPBUIBIMBI SPTYPJIL 2IEMEHTTTEPMEH CUTIATTANIAbL. Y TIKSH
KeJIeMJIeT1 aiMaKTap/1a Killli IIeNIiM rmapaMeTpiHiH rpagueHTTepi 60iybl MymMKiH. COHBIMEH KaTap,
CaNBICTBIPMAJIBl TYPAE Tap KOHE HICHIiMAEp NapaMeTpiHiH TpajueHTTEpl YJIKEH MoHJEepre He
OonaTelH aliMakTap kesneceni. OcbIHIAN TYpAeri ecenTepIiH HaKThl CaHIBIK IICHIIMIH ajly YIIIiH,
KCHICTIK KaJamJaphl KIINIKEHTall ecemTey TOphIH KOJNJaHy Kaxker. byn kesme, ecentey
IIBIFBIHIAPBIHBIH KONTITIHE OalJaHBICTBl OOJIATHIH €CEeNTEYilll TEXHUKAHBIH IIEKTey ceOeOiHeH,
KETKUTIKTI TNl HIeHIiM ally MYMKiH emec. MyHaai araaiia CaHIbIK 9JICTIH KaTaH TalalTapblH
OpBIHAY YIITIH KEHICTIK OOMBIHIIIA KINTKEHTAH KaJaMaap bl TEK KaXKETTi alMaKTap/1a FaHa KOJIJJaHyFa
MYMKIHIIK OepeTiH aJanTUBTI TOpJiapAbl MaiijaiaHfaH XeH. MyHIail TopiapAblH ecenTeyiln
TEXHHKara KOSATBIH TaJanTapbl YCTaM bl OOJIbIN TaObLIaAbl. AJANTUBTI TOpJap dAICTepl - ecenrTey
aiiMarbpIHBIH CAHJBIK IIEIIIMIHIH JSJAITIH apTThIpyFa apHalFaH €H THIMII TocULAepAiH Oipi.
AJIanTUBTI TOpJap 9MICiHIH HETI3T1 MAESICHl YJIKEH KaTeNKTep Iaijaa 0oJIaThIH aiMaKThIH YSIIIBIK
OJIIIEMiH KilIipEHTyNeH Typabl.

Byt s)kyMbICTa €Ki eTmeMIi TachiMall TEHJICY1 aIallTHBTI TOP/IbIH KOMETIMEH aKbIPIIbI KOJIEMIEP
oniciMeH mIbIFapbUIIbl. CaHIBIK SICTIH JQJIITIH, TYPHICTHIFBIH JKOHE )KYMBICKAOUIETTITIH TeKCcepy
YIIIiH 5Ka3bIK TUIACTUHAAA )KbUTYOTKI3TIIITIK TEHACY1 dKoHE CKaSIP bl TACKIMAJIIAy €CenTepi M.
barmapnama C++ timiame xas3puiabl. Cannsik mimiMaeyaid Hotmwkenepi VIK ASCII dopmateiama
cakranbln, ParaView O6arnapiamMachlHbIH KOMETIMEH rpauKaiblK OHACYICH OTTi.

HNAUJAJTAHBLIFAH OJIEBUETTEP
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MATEMATHYECKOE MOJAEJIMPOBAHUE TEYEHUS ) KUAKOCTH CO
CBOBO/JHOMU ITOBEPXHOCTBIO MAK METOJOM

C.Y. AB/IUBEKOB

B nanHoii paboTe paccMaTpuBaeTCs YUCIEHHOE MOJEIMPOBAaHUE IPOCTPAHCTBEHHOI'O TEUEHUS
HEC)KUMAEMOM BA3KOW >KHUIKOCTU CO CBOOOJHOW MOBEPXHOCTHIO. AKTYaJbHOCTh HCCIIEIOBAaHUS U
IIPaKTUYeCKass 3HAYMMOCTb pe3yJbTaTOB OOyClOBJI€HAa TEM YTO 3aJayd I0J00HOro poza
BCTPEYAIOTCS IIPU U3YUEHHUH IIMPOKOI0 Kpyra sIBICHUH IPUPOJIbI U TEXHOIOTMUECKUX IPOLIECCOB.

MoznenpoBaHue IMHAMUKH KUIKOCTH OCHOBAaHO Ha YHCJICHHOM peleHUM ypaBHeHnH HaBbe-
Crokca Tak Ha3biBaeMbIM MeTo0M MapkepoB u siueek (MAC — Marker and Cell) na pasnecennoii
cerke. Ha nepBom srtane B MAC meTone HaXOAUTHCSA HOBOE IIOJIE JABJICHUS 3a CUYET BBIYHUCICHUS
JUJIATalliy B KaXJ0U sueiike. Ha BTopom stame mo sBHBIM (popMysiaM HaXOAWUTHCS 3HAUEHUS OIS
CKOpOCTEH Ha ClIeAYIOLIEM BPEMEHHOM CIl0€. YUeT CBOOOJHON TOBEPXHOCTH MPOU3BOJUTHCS 3a CUET
nobasneHust B 0071aCTh JKUIKOCTU YacTHIl 0e3 Macchl - MapkepoB. [Ipom3BoAs TPEKMHT JaHHBIX
YaCTHUI] MOXKHO HAXOJUTh PACIIONIOKEHHE CBOOOIHON rpaHullbl. [ paHUUHbIE yCIOBUS HA CBOOOJHOM
MOBEPXHOCTH TOJOMPAIOTECA TaK 4YTOOBI YAOBJIETBOPSUIOCH ypaBHEeHWE (1) HampspkeHUs Ha
cB00OJHOI TIOBepXHOCTH [1] B AMCKpETHOM BHJIE.

o =(—p+Adivi)l +2uo (1)
JlaHHO€ ypaBHEHHE C YU€TOM I'€OMETPHUECKUX XaPAKTEPUCTHK KPUBU3HBI IPUHUMAET BUIL:
(oo —o°)i=k(—+—)n (2)
Rl RZ
B (1)—(2) o' — TeH30p HaNpsKEHNs B IIEPBOH KHUIAKOCTH U G BO BTOPOii, Ry 1 R, paamycsl
KPUBU3HBI TMOBEPXHOCTH, K — KO3(Q(UIMEHT TOBEPXHOCTHOIO HATSHKEHWsS, 71 — HOpMalb K
HOBEPXHOCTH, P — naBienue, divii — ypaBHEHHE HEPa3pLIBHOCTH, | — €IMHUYHBIA TEH30p, | —

BA3KOCTh, O — cUMBOJI KpoHekerns.

[To mocTpoeHHOMY aJIrOPUTMY PEIICHBI TECTOBBIE 33a4l PACTEKAHUS KUJKOCTH B MOJIOCTU U
MaJIeHUs KHUJIKOCTH B HAMOJIHEHHYIO IMOJIOCTh MPH PA3IMYHBIX PEKUMHBIX MapamMeTpax W yHuciax
PeitHonbiaca.  [lomyueHHble  pe3ynbTaThl — MOJAEIMPOBAHUS  XOPOLIO  COMNIACYHOTCA €
HKCHEPUMEHTATbHBIMU HAOIIOACHUSAMH IPYTUX aBTOPOB.
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104



3BIMBIPAH TACBIMAJIJIA VIIBICBIHBIH KEP BETTHIETT )KAPBLIBIC
OCEPIHEH KATTBI BOJIIEKTEPIIH JMHAMUKACBHIH MOJEJILJIEY

3.5. ACKAPOBA

«balikoHbBIP» FaphIll aiiMarbl ©TKEH FACBIP/bIH CHILICIHE Ka3blUIFaH agamM3aT OallaChIHbIH €H
Oip TeHJecCl JKOK JKETICTIriHIH Oipereii. Anaiiia FBUIBIM MEH TEXHUKAHBIH JKETUTyl, OHIIPICTIH
KAapKbIHAI JaMybl KOpIIaraH OPTaHbl TYPJIl XUMUSUIBIK KOCBUIBICTAPMEH JacTayda. TaOuru opTaHbl
3UAHIBl 3aTTAPMEH JIACTAWTBHIH OPBIHAAPABIH Oipi — FapbIIKa 3bIMBIPAHIAP YIIBIPATHIH OCKEPH-
OHJIIPIC KEIICHJIEPiHIH >KYMBICHI. DKOJIOTHSFa 3apla0blH KENTIpeTiH 0acThl 3WSHABI oCEpPi, OJ
canMarbl 2,5 TOHHara JAeWiH OOJAaThIH 3bIMBIPAHAAPIBIH JKarap JKOHE JXKaHApMail KaJJbIKTapbl
KYpaMmblHAa XUMHSUIBIK TOKCHTI KOCBUIBICTApAbIH O00nybIHAa [1]. 3pIMBIpaHIapIbIH Karap >KOHE
KaHapMall KaJJBIKTapbIHBIH O6JiHyl KOHE jKepre Kyjlal >XapblUly Ke3eHiHAE KaTTbl OeleKTep
JKOFaphl KeTepimin, OYiIT Ty3eni. Ty3uireH OyITTaH KarThl OONIIEKTEp jKaH-)KaKKa bIIbIpar, amaT
aiiMarpl OOJIFaH ayMaKTap/ia yJIbl KOMIIOHEHTTEPMEH JacTaHy JA9PEKECiH KaJbIITACThIPAIbI.

XKep Getinze xapbuIbIC Ke31HE KAaTThI O6IeK JUHAMUKACHIH MOJIENb/IEY YIIIH CTAllHOHAPIIBI
emec exi emmemai HaBpe-CTOKC TeHEyiMEH, Y3UTiCCI3NIK TeHIEyIMEH KoHE KaTThl OOJIIeKTep IiH
KO3FaJIbIC TEHJACYIMEH cumaTTanajbl. by MoneniiH Heri3iHae KapbUIbIC 9CepiHEH Maccachl aybIp
KOHE JKEHIJ OOJIIEKTepaiH KO3FAIBICHI, OJapblH YaKbIT OOMBIHIIA TPACKTOPHUSIAPBIHBIH ©3Tepici
KapacTbIpbliaibl. Kolbliran ecen TIKTOpTOYPHIIITH aiiMaKTa KapacThIpbUIa Ibl, 0aCTalKbl YaKbITTa
KapBUIBIC KOK eKeHIT1 eckepisieni. OH, COJ KOHE KOFapFbI )KaK KaObIpFaiapbIH/a €pKiH aFbIIl IIBIFY
IapThl, all TOMEHT1 KaObIprachblHA KaObICy IIApThl KOWbLIaAbl. JKapbUIBICTBIH OCEpiHEH Maiina
0O0JIaTBIH 9p TYPJIi Maccaarbl KATThI OOIIIEKTEP JKENIiH KbUIIAMIBIFBIMEH KO3FAIBICKA YIITBIPANTBI.

XKep Gerine >kapbUIbIC KE31H/IET1 KAaTThI 0OJIIEeK JUHAMUKACHIH MOJIENIb/ICY YILIH €Kl eImeMIl
HaBpe-Ctokc oHE KAaTThl O6JIIeKTep KO3FAIbIC TEHACYUIepl JKapbUIbIC KYIIiH OacTankpl mapTra
€CKepy apKbUIbl CaHBIK MICHIUIreH. ApalbIK >KbUIIAMABIK KypayllbUlapbl aiiHbIMANbI OarbITTap
oNiciH KOJJaHy apKbuibl TaObuiazbl. EKiHIN caTbina y3uTicCI3NiK TEHACYIH KaHaFaTTaHIBIPATHIH
[lyaccon TeHaeyi MaTpHUIANBIK Kyajay oAiCi apKbUIbl IIEHIiiefl. AHBIKTAIFAH apaybIK
KBUITAMJIBIKTap MEH Ta0BUIFaH KICHIM apKBLTBI KOPBITKBI KBIIIAMIBIK KYPayIIblIaphl €CenTeiHe 1.
CoHFbI caThlJla €CENTENHIeH KOPBITKBI KbUTIAM/IBIK KYpaylIbUlapbl apKbUTbl KATTHI OOIIIEKTEPIiH
KO3FaJIbIC TEHJIEY1 HIeIIIe/].

AJBIHFaH CaHJBIK HOTIKENEPAl KOPBITHIHABLIAN Kelle )KapbUIbIC 9CepiHEH Keperi TOMbIpaK
ayara KeTepuIil, KaTThl OOJIIeKTepAeH OYIT KaasmTacTeipabl [2]. KanbimracTeIpbutFad OyJITTaFsl
Maccacel ayblp KaTThbl 6emnmexTep (nuamerpi 50-100 MKM-/1€H KOFaphbl) )KapblIbIC KYIITIH 9CEpiHEH
TPAEKTOPUSIIAPBIH ©3TePTIN KaH-)KaKKA YIIbIpalIbl. AJI KaTThl JKOHE JKEHUI OOJIIEKTEp KEIIiH
OarpITHIMEH KO3FaJIbIN, OYKLI ayIaHapFa yIbl 131H KaIAbIpabl. JeMek, ayaHbIH KbUTIaMIBIFbIH KOHE
KAPBUIBIC KYIIH Ol7€ OTBIPBINT ayblp JKOHE IKEHIT O6JIIEKTepiH Tapaly KO3FaJIbIChIH
MaTeMaTHKaJIbIK MOJEIICY apKbIIbl €cenTeyre 00abl.

MAUJTAJAHBLJIFAH OJIEBUETTEP
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MATHEMATICAL MODELING OF CHRONIC RENAL FAILURE
INCIDENCE DYNAMICS

H 1. BAHKYMA

Chronic renal failure is progressive loss in kidney function up to its full disappearance, which
is caused by the gradual death of kidney tissue as a result of chronic kidney disease.

Chronic renal failure occurs in 200-500 of the one million people. Currently, the number of
patients with chronic renal failure is increasing annually by 10-12%.

The number of patients with the end-stage kidney failure increases rapidly. In the world, the
main treatment and support for the state of health of patients with the end-stage kidney disease is the
hemodialysis [1]-[2].

The hemodialysis is an extra-renal purification of blood. The "artificial kidney" apparatus filters
the blood through a special membrane, cleans it from the water and the toxic body's waste products.
It works instead of the kidneys when they are unable to perform their functions. The purpose of the
hemodialysis assignment is to clear the blood from harmful substances [3].

Currently, diabetes is a leading cause of the terminal chronic renal failure in both developed
and developing countries. It is a major disease of 20-40% of patients which the first time begin RPT
(renal replacement therapy). In addition to diabetes, the vascular nephropathy is considered the most
common cause of the chronic renal failure. The glomerular, cystic and tubulointerstitial diseases are
the less common cause. On the basis of the statistic data and the prediction of the disease dynamics,
it is assumed that in Kazakhstan the main reasons for the development of the end-stage kidney failure
are 1) immunological (glomerulonephritis) causes; 2) metabolic causes (diabetes) [4]-[5].

The purpose of the work is to assess the effectiveness of hemodialysis for the patient population
with the end-stage kidney failure and the forecast of the dynamics of the chronic kidney disease
(CKD) sickness rate as a consequence of the major causes of the disease.

On the basis of the constructed mathematical models it is revealed that among the patients
admitted to the Kazakhstan hemodialysis centers the prevailing disease causes are diabetes and
glomerulonephritis; people over the age of 55 years and mainly women suffer more frequently. The
mathematical model has been constructed on the basis of the statistical data of 205 patients
(Kazakhstan) with the diagnosis of the end-stage chronic renal failure (ESRD) or K/DOQI (Kidney
Disease Outcomes Quality Initiative) Stage 5 CKD by the classification, and particular on the
statistics of the medical center in Almaty [5].
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YW CJIEHHOE MOJEJIMPOBAHME IBVKEHMSI BO3JTYXA B HOCOBOI
HHOJIOCTU YEJIOBEKA

oM. ECEHKO/KA

HccnenoBanue Te4eHUs: BO3yXa B HOCOBOM IOJIOCTH Y€JIOBEKa MPEICTABIACT 3HAUUTEIIbHBIN
UHTEPEC, ITOCKOJIbKY JBIXaHUE OCYILECTBISETCS B OCHOBHOM C IOMOIIbIO Hoca. HocoBoe npixaHue
BaXXHO JUI IOJ/IEP’KaHUsI BHYTPEHHEH Cpelibl JIETKUX, TaK KaK OKPYXaroIlUi BO3JyX MEPEXOJUT B
QJIbBEOJISIPHBIE YCJIOBUSI (HAarpeT A0 TEMIEPATyphl TeJa U MOJHOCTHIO HACHIIIEH BOISHBIM I1ApOM)
IPU JOCTHKEHUH HOCOTJIOTKH.

CrtpyKTypa HOCOBOI IOJIOCTH OOECIIEUNBAET OYEHb CJIOKHBIN IyTh JJI BO3AYIIHOIO I1OTOKA,
[I0O3TOMY KOMIUIEKCHOE HCCII€IOBaHHE TPAHCIOPTHBIX MEXaHU3MOB IPOBOJMIOCH B JBYXMEPHOM
BU/JIE, UEPE3 PA3JIMYHbIE MIONIEPEUHBIE CEUEHMSI HOCA.

Bno6aBok, Mbl fienaiiu clieAyIoIne IpeanoNoKeHus:

* CTEeHKH HOCOBOI1 IOJIOCTH M HOCOBBIX PAKOBUH IIPEIOJIAraeTCs KaK HETOABM)KHO TBEPABIMHU.

* TeueHue Bo3/1yxa B HOCOBOH IOJIOCTU pacCMaTpUBaeM KakK JJAMUHApHOE TeUeHHE, U BO3AyX
KaK HEC)KUMAEMYIO Cpeny.

* CKOpOCTh Ha CTEHKAX MOJIOCTH MPpUHKUMaeM Kak HyseBbie(U =0 , v=0).

Mopnens mnoctpoeHa Ha ocHoBe YypaBHeHH Hasbe-CTokca, BKIIOYalOIUE YypaBHEHUE
HEepa3pbIBHOCTHU, YpaBHEHHE ABMKEHHS U ypaBHEHUE SHepruu. Jluckperusanus npoBeieHa MeToJ0M
KOHEYHBIX 00heMOB [2, 3].

VU =0,

Q+(U -V)U :—EVp+vV2U,
ot p

T u-wyr =Ky,

ot

p
rae U - BekTop ckopoctw, t- Bpems, p- JaBiieHHWe, V- KHHEMaTHYeCKas BSI3KOCTh, -

TeMIEparypa, C, - y/elbHas TEIIOEMKOCTh CPeJibl NP MOCTOSHHOM JIaBjieHuH, K - kodpdurment

TEIJIONPOBOAHOCTH, O - IIIOTHOCTb.

[lonyyeHHble pe3ynbTaThl CBUAETENBCTBYIOT O TOM, 4YTO MPU JAbIXaHUUM C MOMOIIBIO
HOPMaJIbHOT'O YEJIOBEUYECKOI'0 HOCA €CTh JOCTaTOYHO BPEMEHH JUIsl HarpeBa U BOJIOOOMEHA, YTOOBI
JOCTUYh BHYTPHAIBBEOJSIPHOTO COCTOsIHMS. HocoBas MONOCTh MPOM3BOAMWT TEIIOOOMEH U
TPAHCIIOPT BJIard MyTEeM CYXXEHHUS MPOXOJIOB ISl BO3AyXa M a TAKXKE 3aBUXPEHHH OT HOCOBBIX
PAaKOBMH CTE€HOK BHYTPEHHEW NOJOCTH. Pe3ynbTaThl BBIYHMCIEHHS CPaBHUBAJINCH C JAaHHBIMHU
pacyeToB OMUCAHHBIX B cTaThe [1].
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KOHBEKTUBTI AFBICTAPJIbI ’KOFAPTHI OHIMII KJIACTEP/E
CAHJIBIK MOJEJILJAEY

E.K OYBOKIP

EpkiH KOHBEKTHBTI JKbUIy ajaMacy Ka3ipri TaHJa KemNTereH TKIPHOETiK >KOHE CaHIBIK
3epTTeyJepIiH ©3€KTi TaKbIphIObIHA aiHAIBI. TOXKIpUOETIK JKoHEe OHIPICTIK TYPFhIIaH KaparaHa
reousmka , actpousnKa, METEpOJIOTHS callapbl XKoHE T.0 JKbUTy alIMacy IpoLecTepl, CYHbIKTapAaFbl
JMHAMUKAJIBIK OPHBIKCBHI3BIK HEMECE XaoCThl KO3FaNbIC, H30TONTapAbIH TepMOAUD y3usIBIK
OeJliHyl MEH KpHUCTaIAaHybl MyHall OHIMICPIH CaKTay J>KbUIY PEXKHMICPIHE >KOHE XHUMUSIIBIK
TEXHOJIOTHSIIAP/Ia OPBIH aTaThIH KYObUIBICTaPBIMEH THIFBI3 OaliIaHbICTHI [ 1].

TyiipIKTa)IFaH TOPTOYPHIIT OOJIBICTaFbl €pKIH KOHBEKTHUBTI XKbUTy anmacy mporueci (Paeii-
benapn ecebi) Kapactelpbuianbl. KOHBEKTHBTI arbIcTapabl caHIblK Mojenbiaey Hasbe-Crokc,
Y3UTICCI3 K JKOHE TeMIlepaTypa TeHIIeyJIepl HeTi31He Ky3ere acaasl. Ecenrey aitMarsl peTiHae X,y
ocerepi 6otipama ememi 1000x1000 Tops anbiHabl. TepTOYPHIIT OOIBICTHIH ACTHIHFBI KAOBIPFACHI
KbI3JIBIPBLIFaH, aj YCTIHI1 KaObIpFachl CybIThUIFaH . DU3UKAJBIK IaMaap YIIiH KeJeci MeKapalbIK
mapTrap KOWbLIAbI. U,V  KbpUIIaMIbIK KypayblIITapbl OapiblK  KaObIpFraa HeJIre
TeH,TeMIepaTypara BepTHKalb KaObipranapaa Heliman mapTsl KoubLIams! [2].

Haspe-Ctokc TeHIeYiH CaHIbIK MOJIENbB/ICY YIIiH YII STalTaH TYPAaThIH (PU3UKAIIBIK TapaMeTp
OolbIHINIA Japanay cyibacel maijanansuiafsl. bipinmn sTanta KeickiM eckepyinciz Hasbse-CToke
TeHeyi menrinesni. by atanTta apanbik KbUIIAMBIKTapIbl €CENTeyre KOl KaJaMIbl YaKbIT OOHBIHIIIA
nonairi 2-mi perti Agamc-bamdopn omici konmmanbuianel. ExiHIN sTanTa y3uTiCCi3IIK TeHICYl
HOTIKECiHe anbiHFaH [lyaccoH TeHaeyi mienriieni. AJNBIHFaH KBICBIM apKbUIBI YIIIHII ATarTa
TEMIIepPTypa TEHJEYIH WIellyre  maiiaJaHblIaThlH KOPBITKBl JKBUIAAMJBIKTAP €CEmTeiHe/Il.
Kypburran Ti30€KTi anropuTMIi Mapajuieiblen, Ti30eKTI JKoHE NapajuieNbll HporpaMManay
HOTH)KECIHJIE aJblHFaH MOHJEpre Tajijay skacaneinl  Poaneli-beHapa KOHBEKIMSCHIHIA ajIbIHFaH
MOHJIEPMEH CaJIBICTBIPA OTHIPHII , THIMIUTIKKE YaKbIT OO#bIHIIA Oaranay sxyprisiieni [2].

by canabIk MoJienb HETi31H/e TYHBIKTaIFaH TOPTOYPHIIT 00IbICTAFbl KWHETUKAIBIK YHEPTHs
KOHE TeMITepaTypaHblH ©3repy [IaManapbl aHBIKTAJIBL.
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TPEXMEPHOE MOJAEJINPOBAHUE AHUMALIMOHHOI'O TIEPCOHAXKA

C.E. ZKAKCBL/IBIK

TpexmepHass KommblOTepHas rpaguka cTaja HEOThEMJIEMOM YacThbl0 COBPEMEHHOMU
MeauauHayctpuu.  Ilpaktuueckn — Kaxaplii  MenuManpoayKT — (Npe3eHTanus, BUIACOPOJIUK,
aHUMAIIIOHHOE BHJIC0, KOMIIBIOTEPHAsI Urpa, KMHO-TIPOEKT U T.lI.) CO3JaeTCsl C MCIOJIb30BaHUEM
BO3MOXXHOCTEH TpeXMEpHOW rpaduku. 3a4acTyro, TVIABHBIMHU JEHCTBYIOIIMMHU JUIAMH, B TaKHX
MEANANpPOAYKTaX, IBJISIOTCS epcoHaxu. FiIMu MOTyT OBITH JIO/IU, )KUBOTHBIE, PACTEHHUS, PA3IUYHbIC
CyIIeCTBa, TEXHHWKa (Hampumep, poOoThl). TpexmepHas rpaduka MO3BOJISICT B KaXIbIH M3 HUX
BJIOXHYTb KU3Hb OJ1aro/iapsi BO3MOXHOCTSAM TPEXMEPHON aHUMAIIHH.

B ocHoBe m000# TpexXMEpHOI MOJENH, B TOM YHCIIE M NEPCOHAXKEH, JISKUT WHTEPECHAs HIIesl.
Kak mpaBuio, uaess — 3T0 CIIOBECHOE ONKCAaHUE WJIM YEpHOBOM HaOpocok oOpasza mepcoHaxka. 3a
OCHOBY HaIllell TpexXMepHOW MoJieNn ObLT B3T nepcoHax Epmek 6aTwip u3 komukca “Epmek 0aTbip-
JIereH 1a 3a0bIThIX BpEMEH .

IIpy co3naHum TpEeXMEpHON MOJIENM MOXHO BBIJECIUTh HECKOJBKO Ba)KHBIX IIAroB, 4epes
KOTOpBIE MPOXOIUT AHUMALIMOHHBINA MIEPCOHAXK:

[lepBpiii mar — 53TO CcO3JaHHE BBICOKONOJIUTOHANBbHONM Moxenu. llponecc co3manug
BBICOKOIIOQJINTOHATIBHOM TPEXMEPHOM MOJIENH €Ile Ha3bIBalOT IU(GPOBBIM CKYJIBITUHIOM WU
nenkoi. Ha maHHOM 3Tamne CKynbITypHUpPYeM TEJIO TIEPCOHaXKa, UCIIONIb3Ysl OTPOMHBIN HA0Op KUCTEH
B Zbrush (Clay, Move, TrimDynamic, Standart, ClipRec, MaskRec, MaskPen) mist Toro, 4ro0sr
n30ekarh OCTPBIX KpaeB HCIOJIb3yeM KHUCTH CriakuBaHus Smooth, yim6o SmoothStronger.
Nucrpyment Divide no6asisietT eiie 0uH ypOBEHb CaOIMBOB, TEM CaMbIM yBEJIMYMBAEM YPOBEHb
cabauBoB SDIiV ot 1 110 3 1 moyry4aeM BHICOKOTIOIUTOHAIBHYIO MOJICIb.

Bropoii aTan — 310 co3aaHue TpeXMEPHOI MOJIENIN CpEeIHEN WIIH KEe HU3KOM MOJIUTOHAIbHOCTH.
Hcnonp3yeM HHCTPYMEHT ISl peToroioruu Zremesher.

Tperuii aTanm — 3TO co3AaHNE TEKCTYPHBIX Pa3BEpPTOK, TEKCTYyp U MaTepuanoB ais mojaenu. UV
Master 1utaruH, KOTOphIM aBTOMaTHdecku coszmaer UV paseprky mis 3D-monenu. Crenyet
3arpy3uTh MOIeJIb IIEpCOHAXa MpH HaxkaTuu Ha KHonky Work on Clone, OyzeT co3/1aH KJIOH HUKHETO
ypoBHs Subdivision Hamieit moaenu. C momoristo Unwrap monydaem koneunyro UV paszseptky. UV-
pa3BepTKU B AaJbHEHIIEM UCTIONb3YIOTCS s co37aHus TeKCTyphl B 2D penakrope (Photoshop).

YerBepThlii 3Tan — 3TO MOJArOTOBKAa MoJENM K aHMMauuu. Ha 3Tom s3rtame co3maercs Habop
KOCTeH Ul TPEXMEpPHOro IMEpCOHa)ka M CO3/laHUe YAOOHBIX CPEICTB JIs YIPaBIECHUS ITUMHU
KOCTSIMH, C IIOMOIIBIO KOTOPBIX, IEPCOHAXK CMOXET BBIIOJIHSATH JBUKECHHUS.

Takum oOpa3om, SI3bIK aHMMAalMM B TPEXMEPHOM M300pa’k€HUU MOHSTEH BCEM BO3PACTHBIM
KaTeropusiM U MO3BOJISIET B MPOCTON (popMe TOHECTH OCHOBHBIE UJEH J0 MAKCHUMAJIBHO HIMPOKOTO
Kpyra JIFOJIeH.
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MOJIEJUPOBAHUE JUHAMWKHA ®U3NYECKA HEJIUHEWHOI'O
JIEMEHTA

HJI. KAKBIITEAH

PaboTta mocBsieHa MOJCTUPOBAHHUIO JAMHAMHUKU 3JIEMEHTOB M3 (DU3MYECKH HETMHEHHBIX
MaTepuaioB. B kauecTBe npuMmepa paccMaTpUBAIOTCA KPYTHIIbHBIE KOJIe€OaHMs Bpallarollerocs
CTPEKHEBOTO 3JEMEHTa M3 pe3uHOKopAHoro Matepuana. IlocieaHue o00samaloT  BBICOKO
AeMI(UPYOIMUMU CBONCTBAMHM, MOTOMY HIMPOKO MPUMEHSIOTCS B COEIUHUTENIBHBIX 3JEMEHTax
tuna MypT. MyQTbl HUCHONB3YIOTCS B KMHEMATHUECKUX LEMSAX arperaroB M MamluH s HX
BUOPO3aILUThl [IPU NPEeJadyu BpallaTeIbHOIO JBMXKEHUS OT OJHOIO 3JEMEHTa LENU K JIPYromy.
[TosTomMy pa3zpaboTka IUHAMMYECKOW MOJIENH, €€ pEIIeHUEe M BHU3YaTU3alHsl MPOUCXOMSIINX
TEXHOJIOTUYECKUX U (PU3MYECKHUX MPOLECCOB C IPUMEHEHHUEM COBPEMEHHBIX MTaKETOB CUMBOJIBbHBIX
BBIUUCIICHUH C OOJBIIMMHU aHUMAIMOHHBIMH BO3BOMOXKHOCTSIMH TPEACTABISIIOT HAYYHBIA U
npakThuyeckuid uHTepec. Hayunas rpaduka mo3BOJIMT MOJAEIMPOBATH (DU3UYECKHE MPOLECCHl U
YIOPaBIATh UMU B LIEJIAX MCKIIOUYEHUS OMACHBIX HEKENaTeNIbHbIX SBJIECHUI U3 pabouux peXUMOB
UCCIIElyeMON KOHCTPYKIIUH.

Ha nanHoM »sTame uccieaoBaHUN HPOBOAUTCS MOJEIMPOBAHUE KPYTHIBHBIX KosieOaHUI
Bpalaromencs MyQpTsl U3 Pe3MHOKOPJHOIO MaTepuaia, KOTopas paccMaTpuBaeTcs Kak 4acTb
COCIMHSIEMBIX €10 BAJIOB.

B ocHoBe MopenupoBaHMs JIEKUT IpHUBIEYEHHE OOIIEH Teopuu ymnpyrux aedopmanuii,
BKJTIOYAOIIEH (U3NYECKUil 3aKOH, KOTOPOMY MOTYHHSCTCS MaTepuan MyQThl, © MaTeMaTUIECKUN
anmapar JJIs BBIBEICHUS U3 3TOr0 3aKOHA HY)KHBIX COOTHOILIEHUH U 3aBUCUMOCTEH.

B kagecTBe TakMX 3aKOHOB MCIIOJIB3YIOTCS YIPYrue noTeHuuansl Tpenoapa, MyHu, B Buae
BBIpaKEHUH noTenuanbHoi sneprun W (&) [1] B kagecTtBe e MaTEMaTUYECKOIO arrapara

UCTIOJIB3YIOTCSl BapUAIMOHHBIA mpHHIUI OcTporpaackoro-I'aMuiibToHa U COOTHOIICHUS MEXKITY
KOMITOHEHTaMH TEH30POB HANPSHKCHUH U nedopmaruii [2-3]:

0
W (& 639) - 1)
0

[TpuHuMaeTcs TUIoTE3a INIOCKUX CEeUEHH, KOraa AeraHanue cedeHuit npenedperaem. J{ns
JAHHOTO JIOMYIIEHUS! BapHALMOHHBIM IIPHUHIIMIIOM ITOCTPOEHO YPaBHEHUE KPYTHIILHBIX KOJICOAHUH
BaJla U3 PE3MHOKOPIHOr0 MaTepuaa ¢ yueToM 0oJbiux JedopManuil U Gpu3ndeckoi HeTMHEHHbBIX
CBOMCTB cpenbl (moTeHnuan Tpenoapa):

0 op 0° 0 0° 0
Glpa—)g+4RGlpa—fa—;20—plpat—2¢+gi angt—geago:F(x,t), @)
rae G, - %eCTKOCTh Bana Ha KpyueHue, o |, - MOMEHT MHEpIMH EIMHUIBI BAIA, &;,&, -

" 20,

K03 (HULIMEHTHI, XapaKTepU3YIOIIe BHYTPEHHEE U BHEIIHEE TpeHHE, ¢(X,t) - yroy cKkpyuuBaHMs B
ceyeHuHu Bana, F(X,t) - FHTEHCUBHOCTb BHEIIHETO CKPYUYMBAIOLIETO MOMEHTA.

B cnyuae notenuunana MyHu ypaBHEHHE KOJI€OAHUN HOCUT I'POMO3KHUI XapakTep, MO3TOMY
31ech He mpescraieHo. O0a MoMydeHHBIN YpaBHEHHS HEIMHEWHBI U BKIIIOYAIOT B CEObI JIMHEHHOE
yYpaBHEHUE, KaK YaCTHBIN CIIy4ai.

CIHHUCOK JIMTEPATYPbI
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MOAEJNPOBAHUE IMPOLUECCA BBIIIEJAYUBAHUA B IOPUCTBIX
I'PYHTAX HA MUKPOCKOIIMYECKOM YPOBHE

A.C. ZKYMATH

B paGote paccmaTtpuBaeTcs 3a7aua oA3eMHOT0 BhIllleIaunBaHus opucToro rpyHTa. [Ipomecc
BBIIIEJIAYMBAHUS TPOBOAUTCS MOJIa4eil aKTUBHOI'O PacTBOpa B TPYHT, TJI€ PacTBOP BCTYIMAET B
XUMHUYECKYI0 PpEakIMI0 C MarepuasoM rpyHTa. UYTo0 TMOHATH CIOXKHBIE CHCTEMBl U HX
MaTeMaTUYeCKOe OMUCAHKUE MBI PACCMATPUBAEM MATEMaTHYECKYI0 MOJENIb HA MUKPOCKOITMYECKOM
YPOBHE.

Pa3znuuHble YacTHBIE CIIy4ad TOYHBIX MOJIENICH aKyCTUKU U (PHIIBTPAIMH KUKOCTH B TOPHBIX
[IOPOJaX UHTEHCUBHO MCCIEA0BAIMCh MHOTMMH aBTOpaMu. JleTanbHOE pacCMOTPEHUE MOYKHO HAUTH
B [1], [2]. Haubonee cucreMaTHUeCKH TOYHBIE MOJENU (PU3NYECKUX IPOLIECCOB B MOPOYIPYTHX
cpenax ObLIH HccnenoBanbl A.M. Meiipmanossim [2] - [6].

BbIBOT MHUKpPOCKOTMYECKONH MaTeMaTHYeCKOW MOJETH OCHOBBIBACTCS HA OOIICTIPUHSTHIX
YpPaBHEHUN MEXAHUKHU CIUIOIIHBIX cpea [7] M 3aKOHOB XMMHUYECKOW KuHETHKHU [8]. [[nHamuka
KUJKOCTH B TIOpax OIUCHIBAECTCS YPABHEHUSMU JBIKCHUS UJII HECO)KMMAeMOM >Kuakoctu. s
ONMCaHUs TUHAMUKY aKTUBHOI'O PACTBOPa HA MUKPOCKOIIMYECKOM YPOBHE UCIIOJIb3YETCS] YpaBHEHUE
TG Gy3UU-KOHBEKIIMM C TOYHBIMH KPAaeBBIMU YCIOBHSMH Ha CBOOOJHOH TpaHHIE MEKIY
AKUJKOCTBIO U TPYHTOM, BBIPAKAIOIIMMU 3aKOH COXPAHEHMsI KOJIMYecTBa peareHToB. [Ipu onucanun
JUHAMUKH TPOAYKTOB PEaKIMM HCIIONB3YEeTCSl TPAHCIIOPTHOE YypaBHEHHE. [J1aBHBIMH 371€ChH
SIBJIAIOTCSI HOBBIE YCIIOBHUSI HA CBOOOJIHOM (HEM3BECTHOM) IPaHULIE MEXKAY >KUIKOCTHIO U TBEPABIMHU
TEJIaMH.

[IpuBeneHbl YMCIEHHBIE pacyeThl OJHOMEPHOW 3aJlayM, peajn30BaHHbIE B MATEMATHYECKOU
cpene Matlab. B uncieHHBIX peanu3aiusx MOXHO YBUACTh OTIIMYUTEIbHBIC OCOOCHHOCTH MOJICITH.

Ha coBpemeHHOM 3Tane mpakTH4ecKash 3HAYUMOCTh MOJYYEHHOM MAaTeMaTH4eCKOM MOJEen
3aKJIFOYAETCS B BO3MOXKHOCTH HW3YYCHHS OCHOBHBIX OCOOCHHOCTEH MpoTeKaHusl (HU3HKO-
XUMHUYECKOIO TIpOLiecca, 3aKIIYAroUIerocs BO B3aUMOJEHCTBHE AKTUBHOM KOMIIOHEHTBI CO
CKEJIETOM M €€ JIBIXKECHHUSI TI0 KalWuIspy.
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OP TYPJII POJEN CAHBI YIITH W30TEPMMSIIBIK JKOHE
N30TEPMUSIIBIK EMEC JKAFJANBIHIAFBI YIHKOMITOHEHTTI T'A3
KOCTIAJIAPBIHJIAFBI MEXAHUKAJIBIK TENE-TEHIIKTIH
OPHBIKCBI3BITbI

O./K. KYHYCOBA, A. HCA

byHpa yIIKOMIIOHEHTTi ra3fgapJblH HM30TEPMUSUIBIK JKOHE H30TEPMUSUIBIK €MEC KarJIaibl
KE31HJerlT MEXaHHKAJIbIK TeNe-TeHMIKTIH Oy3bUTybl KapacThIpblianbl. (OHU3UKANBIK >KaFbIHAH
KapacTbIpcakK, OPHBIKCHI3 JKaF1aiiFa aJiblll KeJIETIH HET131HEH OJ1 aybIPJIbIK, apXUMe]l KyIITepi O0JIbII
keneni. XKorapeiia OpHATACKaH aybIp Ta3AapAblH aybIPIBIK KYIITEpl Ko O0JIBI,ofap TOMEH Kapan
TapThuiaael. COHBIMEH KaTap, Oy ke3ne auddy3us kKodhPuimeHTTepi apacbiHAaFbl albIPMaIIbLIBIK
MIHJETTI TYpAC KapacThIpbUIaAbl. AJl erep HM30TEPMUSIIBIK €MeC Karjaail OoiFaH Kesle, OHJa
TeMIleparypa TpPaJMEHTI YJIKEH pes oiHaiapl. HeriziHeH sKCIepUMEHTTEp KYPrizy apKbLIbl
OPHBIKCBI3 JKaFJaiFa ajblll KEJIETIH XarJall TepMOIWHAMUKAJIBIK IapaMeTpiIepAiH e3repyiHeH
6onanpl. On mapameTpiepre: TeMmIepaTypa, KbICbIM, KOHIIEHTpamus xaraibl. CoHpaii-ak,
TG G y3USITBIK KaHAIIBIH T€OMETPUSUTBIK JKaFnainapel Kipeai. OFaH, KaHaIbIH Y3bIH IBIFbI, PAIHYChI
arapl [1].

Mpina sxymbicta, 0.196C3Hg+0.804C0O2-N20 yHIKOMITOHEHTTI Ta3 KOCHACHIHBIH OPHBIKCHI3
YKaFJaiibIHbIH MaTeMaTHKaIbIK MojaenbAeyl KapacTeipbuiagsl. 0.196C3Hg, 0.804CO; e aybip xoHE
€H JKEHIJT Ta3napsl xKorapbiia, ar N2O Ta3a a30T 3aKuCi acThIHAA OpHANIACTIpbUIa s [ 1]. Byt ecernri
mbirapy yiiH, HaBbe-CTOkc TeHIEyiH, Y3UTICCI3NIK TEHAEYl, KOHICHTpalusi TeHIAeyl, opTypii
KBICBIM KE€3JI¢ KapacThIPhUIAIbl. AJl H30TEPMUSUIBIK €MeC JKaFaalblHAa, Oy TCHAeYNep XKyleciHe
COHBIMEH KaTap TeMmmeparypa Koceuiaabl. Omapasl wibirapy yiriH, 64x64 TiKTepTOYphII TOp
Komanbuianel. CoHBIMEH KaTap, (U3MKAIBIK IMapamMeTpiiep YIIiH Kelleci MIeKapajblK IapTTap
koJimaasuiansl: u=0, v=0, oP/on = O, oClon =0.

BipiHmi sTanta KO3FaJlbICTBIH aIMAaCTBIPBUIYBI KOHBEKLUS koHE MudQy3us eceOiHEH FaHa
xypeni. Exinmni sTanTa TabbutFaH apablK KbUTIaMABIKTApAbl KOJAaHa KbICKIMABI Ta0aMbI3. Y IIiHIII
JTanTa TachIMaJl KBICBIM TPAJMCHTIHE CYHEHEe OTBIPBIT ICKE acajbl JIeN KapacThIpaMbl3.
Kemgamapikrapapl ecenrtey YIIH OeMiKTey OICiH KOJJIAHBIN anlpoKcuManusanay [2], Kyamay
O/IICIMEH LIbIFapaMbI3.

Monenbaey GapbIChIHIA, SPTYPIIi KbICHIM KE€31HJIEr1 KOHIIEHTpalus e3repicid, Paneit canbiH
aHbIKTaIbIK. COHBIMEH KaTap M30TEPMILUIBIK €MeC JKaFIaliMeH W30TEPMHUSUIBIK >KaFaail Ke3aep/ai
CAIIBICTBIP/IBIK.

OJEBUETTEP TI3IMI
1. Tlospkos U.B. lucd¢dy3snonnas HeycTOMUUBOCTh B OMHAPHBIX M TPOHHBIX I'a30BbIX CHCTEMaX
MIPY HAIMYUY KOMITOHEHTA C peajbHBIMH cBoiicTBaMu. — M: Hayka, 1987

2. Slumenxo H.H. Metox npoOHBIX IIAaroB pelieHds: MHOTOMEPHBIX 3ajjad MaTeMaTHYecKOou
¢usuku. — H: Hayka, 1967.
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IHJIACTAPABI BIPTE OHAIPY MATEMATHUKAJIBIK MOAEJITH
AKBIPJIBI SJIEMEHTTEP TOCIJIIMEH CAHIBIK 3EPTTEY

A.K. KAPUMOB, H.M. OMHPA/IUEBA

O3apa OaitylaHbICIIaraH KOC M30TPOIITHI TUTACTAPIAaFbl CYHBIKTHI JKETIITeH YHFBIMAMCH OHJIIPY
ecebl KeNTIpiIreH KbIChIM OOMBIHINA KapacThIPbUIAAbl. ¥ HFBIMAHBIH paanychiHa (&) OailIaHbICTHI
mieHOepMeEH ImeKTenreH aiimarbl (Wy = w, U 0w,) TIACTBIK paguycrapsl Oipieil KOHTypMeH
wekTenren aitmakran  (Q; = Q; U0Q;, i =1,2) xen kimi. YHFeIMagaH OHIIPiIETIH CYHBIK
Menepl OeplareHae n300apaiblK JEeHICHIepIiH ©3repiCiH CUMATTAUThIH MAaTEMATUKAIIBIK TEHIEY
Keneci Typae oepineni

divo;gradP; = 0, (x,y) € Q. = Q)\@e, (1)
P;i(X.y)=¢o(x, ), (x,y) € 0, )
L, Oiatdy = Qo i=12 3)
MyHnarsl 0; = % > (0 - TuacTapAblH THAPOOTKI3rimTirin Oeperin mamanap, k;, h;

TIaCTTapAbIH OTIMIUTIT XKoHE KyaThl, @ - €Kl IIacTaH eHIIPUIETIH CYUBIK MOJIIIepl TYPAKThI, al U
- IJIacTapAarbl TYTKBIPIBIKTAPhI Oipei mama.

1) Tlonspnelk KoopauHATTap Kyihecinne (x =rcosf, y = rSind, r2 =x2+y?)
anpiarad ecentid (1)-(3) KOHbUIBIMBIHBIH aHAJTUTHKAJIBIK HAKTHI MICIIiMI TaOBUIBIN, HOTHXKEIEPiHE
Tajaay >Kacanubl.

2) Ecenrig OepinreH >xa3blK aliMarbIH (Q&i) CEKTOpJIapFa JKOHE JOHIENICK KOHIEHTIPIIK
afiMaKkTapra yHFbIMa HIeKTelreH menbepre (dw,) meiiin Oesemis. OCTim, alblHFaH aliMaKTap.Ibl
YHIOYPBIINITE  CUMIUIEKC OJEMEHTTEPMEH allllpOKCHUMalMsIaiMbi3. Bapuanuansik HeriziHzae
KYPBUIFaH aKbIPJIbI JJIEMEHTTEP TOCUTIMEH €CENTIH JKYBIK MICIIiMi aTbIHAIBI.

3) Jlammac omepaTtopbiMeH OepiireH  CBHIFBUIMANTBIH  CYHBIKTBIH  (MIIBTPIICHYIHIH
MaTEeMATHKAIBIK MOJETIMEH YHFbIMara paJaualibl >Ka3blK aFbICHIH CHITATTayFa OOJATHIHBI
ToNeNeH . AJBIHFAH JKYbIK IICMIMAEpl CEKTOpPIapAbIH KOHE KOHLEHTIpIl JAeHIelIeKTEepAiH
caHJapbiHa OaIaHBICTHI 00TATHIHBI HAKTHI MICTIIMIMEH KOPCETUIIN Taaay *Kacasibl.
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®PAKTAJIBHBIE U30BPAKEHUSA U UX MOIAEJIMPOBAHUE B OPENGL

E.K. KOPUBAEBA

Pabota mnocBsAlieHa M3Y4EHUIO MaTeMaTUYeCKMX OCHOB (pakTaJbHOW rpaduku u HX
[IPAKTUYECKOMY IIPUMEHEHMUIO.

W3BecTHO, 4TO (pakTagbl MUMEOT UIMPOKOE IMPUMEHEHHE HE TOJIBKO B KOMIIBIOTEPHOM
rpaduke, HO U B APYrux cepax AesATETBLHOCTH uyesnoBedecTBa. OHU MIUPOKO HCIIONIB3YIOTCS MpU
MO/JIJINPOBAHUH IPOLIECCOB U ABJICHUN pa3nuyHoi npupoasl. Harmpumep, Gppakraiibl IpuMeHAOTCSA
B reosioruu u reogpusuke [1]. K Hum oTHOCATCS 3a1a4M OnpeaesieH st AIHHBI T0OepeXuii 0OCTPOBOB
U KOHTHHEHTOB, a TaKXXe pa3padOTKU MECTOPOKICHHH I0JIE3HBIX MCKOINAEMbIX, paclpe/ieleHue
KOTOPBIX HMHOTJA HPOHCXOJUT TO (PpakTaJbHOMY MEXaHH3My, YTO VIPOLIAeT HX pPa3BEAKY.
ANropuT™M (QpakTaibHOIO CKaTHs M300paKeHWH SBISETCA OAHMM W3 BApUAHTOB NPUMEHEHUH
¢pakranoB. B HEKOTOpPHIX claydasx OH MOXET JaBaTh OYEHb BBICOKHE KOI(D(UIIMEHTHI CHKATHSA
n3o0paxxenuil. lllnpoko npuMeHsIOTCS (pakTanbl B MOJIEIUPOBaHUH (HU3NYECKUX IporeccoB. OHU
[IOMOTal0T OINpPEAEIUTh CBONCTBA HEKOTOPBIX TBEPIBIX, MOPUCTBIX TEN M a3poreieu, a Takxke
IPUMEHSIOTCS B U3YYEHUH TypOYJIEHTHOCTH B [IOTOKAX, KOTOPYIO CJIO’KHO OIUCATh MaTeMaTH4eCKON
MOJIETIBIO BBUJY CBOICTBa XaOTUYHOCTH, M JPYIUX sIBI€HUN. B OCHOBE HIMPOKOro MpUMEHEHUS
(bpakTajoB jexaT MaTeMaTHYeCKHEe OCHOBBI UX (OPMHUPOBaHUS, YAOOHBIE 10 CBOEH mpupojae u
HarJIsiJHOCTH, TO3BOJIAIOLIUE CTPYKTYpUPOBaTh M AJITOPUTMHU3HUPOBATH IPOLIECCHI, 3HAUUTEIBHO
COKpaIlasi Mpu 3TOM BbIUUCIICHUS.

Lenbto nanHON pabOTHI ABISIETCS MPAKTHYECKOE MPUMEHEHNE (paKTaIbHOM Irpad Ky B He(Te-
ra30J00bIBaIOLIEH OTPACIU U IPOTHO3UPOBAHUN (PMHAHCOBBIX ITPOLIECCOB.

PaccmoTpeno npumenenue ux B Hedrempoobae. CymecTByeT mpobieMa CI0KHOCTH TOOBIYH
He(TH M3 KOJUIEKTOPOB Ha MO3JHEH cTaguu pa3pabdOTKU HEPTSIHBIX MECTOpOXIeHHH. B pabore
paccMoTpeHa (ppakTaibHas TIPUPOAA MOPOJ — KOJTIEKTOPOB, KOTOPasi MIOMOTAET JJ0OUTHCS OOJbIIEH
a¢pdexTuBHOCTH mpU J100BIMEe HePTH HaA TMO3AHEH craaum pa3padbotku [2]. Paccmorpeno
npemioxenue MiBanankosa B.M. 0 npuMeHeHNN BOJIHOBOT'O BO3/IEMCTBUS HA KOJUIEKTOPHI.

Uccnenyercs xapakrtep mnoBeaeHuss kypca BamoT B PK B mepuon 2015-2016 rr.
[IporHo3upoBanue (UHAHCOBOIO PhIHKA BAIIOTHI U LIEHHBIX OyMar sIBJISIETCSI OJJHOM U3 aKTyaJIbHBIX
COBPEMEHHBIX 3a/1a4 MUPOBOM 3KOHOMUKHU. [[09TOMY 3/1€CH pacCMOTPEHO U3MEHEHUE Kypca Aojuiapa
Ha BaOTHOM pbike PK 3a ykasanuelii nepuon. M3BecTHO, 4TO ABMKEHHE LEHBI COOTBETCTBYET
OIpeNIeIEHHON CTPYKType, KOoTopass HMMeeT (hpaKTajabHBI XapakTep, a WHpopMauus, KoTopas
MOCTYMAaeT Ha PBIHOK, HCKa)XxaeT €€ IMOCPEACTBOM H3MEeHEeHHus BoJaTwibHOCTH [3]. B memsx
BBISIBJICHMSI (PpaKTaIbHOCTH MOBEJEHUS Kypca J0JuIapa aBTOpOM paboThl ObLT MPOBEAEH MOAPOOHBIH
aHaJIN3 CTPYKTYpsl u3MeHeHus 1eHsl noiuiapa CIIA B tenre 3a 2015 u nHauvano 2016 rona. bein
HCCIIEIOBaHbl pa3jIMYHble MPOMEXKYTKM BpPEMEHHU: Mecdll, TMOJYyrogue, ToA. YCTaHOBJIEHA
¢dpakTanbHas 3aBUCHUMOCTb IIOBEIEHHUS Kypca Jojulapa (poCcT M CHaja) Ha BCEX BPEMEHHBIX
MIPOMEXKYTKAX, UTO MO3BOJISIET IPOTHO3UPOBATH MOBEEHUE Kypca Jlojiiapa B Oyayiiem. PesynbraTsl
UCClieIoBaHUM NpeacTaBiIeHbl rpadudecku. [IpoBeneH ux noapoOHbIH aHau3.

CIHHUCOK JIMTEPATYPbI

1. http://m-rush.ru/theory/item/184-fraktaly-na-praktyke.html
2. http://burneft.ru/archive/issues/2011-02/11
3. http://study-i.ru/forex/fractal_theory/topic.php?id=fundamentalny;j_analiz
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MATEMATHYECKOE MOAEJIMPOBAHUE 2JIEKTPOHHOI'O
OBJIYYEHUA HE®THU

A.JIl. KH35AEB

MarucTtpanbHoe — HampaBlI€HHE  Pa3BUTHS ~ COBPEMEHHOW  HedTenepepaldaThIBaIOIeH
MPOMBIIIJICHHOCTH CBS3aHO C HMHTEHCH(UKanued W yriyOJIeHHeM IPOIECCOB MEepepadOTKU Kak
MEPBUYHOTO, TAK U BTOPUYHOTO CHIPhs. OHOM U3 aKTYyaJIbHBIX 33]]a4 HOBBIX TEXHOJIOTUH SIBISIETCS
paspabotka dS(PeKTHBHBIX, OE30TXOMHBIX W HSHEProcOEperamImx METOI0B IMepepadOTKu
HedTenpoaykroB. K uuciy Hanbomnee 3pPeKTHBHBIX CIIOCOOOB MepepaboTKH TSHKEIOro He(TIHOTO
CBIPbSI OTHOCSATCSI paJMAIlIOHHBIC TEXHOJIOTUH C HCIOJIh30BAHUEM IMPOMBIIUICHHBIX YCKOPUTEIICH
ANEKTPOHOB [1].

MaremaTrueckasi MOJENb IPOIEcca HOHM3HPYIOUIETO H3JIyYeHHs] Ha HEC)KUMaeMYIO
HEHBIOTOHOBCKYIO ’KHJIKOCTh OCHOBaHA Ha PEIICHUH YPAaBHEHUHU COXPAaHCHHS KOJIMYECTBA IBUKECHUS,
ypaBHEHHS HEPA3PBIBHOCTH LIS SJCKTPUUIECKOTO TOKA, YPAaBHEHUS Ul KOHIICHTPAIIH, YPABHEHUS
UL Temreparypbl. PaccmarpuBaeTcsi YMCIEHHOE MOJECIMPOBAHHE TEUYEHHUsS CIIa0OMpOBOISIICH
HEC)KUMAEMO MHOTOKOMITOHEHTHON HEHBIOTOHOBCKOM JKUJIKOCTH B IJIOCKOM KaHAJIe CO CKOPOCTHIO
U, ¥ KOHICHTpAIMSMH TSDKEIOr0 KOMIIOHEHTa BO BXOJHOM CEYCHUWH, JABJICHUEM P, . — B

B
BBIXOJHOM CeYeHHMH. B 1ieHTpe kaHama mpou3BOIUTHCS O0IyUeHHE JIEKTPOHAMU ¢ dHeprueit 2M»B
U IJIOTHOCTBIO TokKa 1-5MKA. Ilpu BO3neHCTBHUS MOHHM3UPYIOIIETO M3y4YE€HUsS] OCHOBHASI 4YacThb
SHEPTUU PACXOAYETCsl HA HOHU3ALIMIO U BO30YKJEHUE aTOMOB M MOJIEKYJI, KOTOpasi, B CBOIO O4€pe/ib,
MPUBOIMT K Pa3pbIBy XUMHUCCKUX CBSA3EH 3JICKTPOHHO-BO30YKICHHBIX MOJIEKYJIIPHBIX cCUCTEM [2].

Jlig perieHust 3ajjaud HCIIOJIB3YETCS CXeMa paclierieHus: Mo (U3MUECKUM IapameTpam,
KOTOpBIM COCTOMT M3 BOCBbMHU 3TanoB. Ha mepBoM 3tame pemiaercs ypaBHEHHE IS MOTEHUHAJIA
METOJ0M MaTpU4YHON poroHku. Ha BTOpom 3Tane BbIUMUCIIAEM 3JEKTPUUYECKYIO CHILY U3 YPABHEHUS
nepeHoca. Ha Tperbem 3rTame NnepeHoc KOJIU4ecTBa JBUIKEHUS OCYIIECTBIISIETCS TOJIBKO 3a CUET
KoHBekIMH U Tuddy3un. [IpomexyTouHoe 1moie cKOpoCcTH HAXOJUTCS METOAOM JPOOHBIX IIAroB,
[IPU KCIIOJIL30BaHUKM MeToja nporoHku [3]. Ha deTBeproM 3Tame HaXOAWUTCS MOJC JABIACHUS C
IIPUMEHEHUEM METOJa MATPUYHOW NPOroHKW. Ha msAToM srtame mpeamnonaraercs, 4yTro IEpPEeHoC
OCYHIECTBJISETCS TOJBKO 3a CYET I'PAJUEHTA JIaBJICHHUS, T/I€ MIEPECUNTHIBACTCS OKOHYATEIBHOE T10JIE
ckopocter. Ha mecroM artare BbIUHCIAETCS KOMIIOHEHTHI KOHLIEHTPAUMH C Y4€TOM XHMHYECKHX
MPEBPAIICHUN METOJOM JAPOOHBIX IIAaroB, MPH HUCIOJB30BAHUM METOJIda MPOTOHKH C YYETOM
HAWJIEHHBIX TMOJerd ckopocred. Ha cenpbMOM M Ha BOCBMOM JTalle HAaXOAUTHCS IUIOTHOCTH U
JAJIEKTPUYECKas MPOHUIIAEMOCTh CMECH.

Ha ocHoBe mocTpoeHHOW Monenu OBLIO OMpeNeNeHO OTHOLIEHHE KOHCTAaHT CKOpocTel
MOJIMMEPHU3AlMd U 00pa3oBaHUsl OJICPUHOB, BIMSHUE MOIIMHOCTHA J03bI M TEeMIEpaTypbl Ha
paAualMOHHO-TEPMUYECKUE TpeBpalleHus Tshkeno dvactu HedTu. Ha oOcCHOBe 4YHCIEHHOTO
MOJIETTUPOBAHUS OIpesiesieHa /103a O0Iy4eHUs], IPU KOTOPOI HaOI0AaeTcsd MaKCUMaIbHBIA BbIXOJ
one(uHOB.

CIIMCOK JIMTEPATYPBI

1. Hamupos H.K. BricokoBsizkue HeTH U npupoHble 6uTymbl. Anmatsl: Feuteim, 2001. B 5
ToMax. 3T. 415 c.

2. Croco6 pa3pylieHus MOJEKYJISPHBIX CBsSI3€H B KHMJIKHUX CpelaX M YCTaHOBKAa JUISL €ro
ocymiectBaeHus: 3asBka 2009134394/05, 14.09.2009 Poc. denepamnus: MIIK BO1F5/08 (2006.01) /
ApedneB C.I'.; 3asBin. 14.09.2009; ony6m. 27.02.2011, bron. Ne 6

3. Suenko H.H. Meron ApoOHBIX IIAaroB peuieHHs MHOTOMEPHBIX 33aJady MaTeMaTHYeCKOi
¢usuku. — H: Hayka, 1967. — cTp. 26.
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INPUMEHEHWUE NIPOT'PAMMHOI'O KOMILUIEKCA ANSYS JIJIA
PEHIEHUA 3AJAYU TEYEHUSA BA3ZKOU HEC KUMAEMOMU
AKNJIKOCTHU B KABEPHE

A.Il. KOCTOMAPOBA

Ha mnporsokenun yxe Oonee Beka mpobiema TypOyJIEHTHOTO JBIDKEHHS OCTaeTCs
byHIaMeHTaJIbHOM MpoOseMOil B THIPOAMHAMHKM M HE TepsAeT CBOEH aKTyaJlbHOCTH Ha
CeroMHAIIHUN NeHb. VccaenoBanue TypOYJIEHTHOCTH MMeEeT OOJIbIIOe MPHUKIAAHOE 3HAYCHHE —
3HaHUE MapaMeTpOB HEOOXOJUMO JJIs pacueTa JBMXKEHUS Ta3oB M KHUJIKOCTEH B TpyOax, KaHaax,
00TeKaHMA JeTaTebHBIX allllapaToB BO3AYXOM H T.1I.

B nacrosiee Bpems 6osiee NpeInoyTUTEIbHBIM SKCIIEPUMEHTAIbHBIM UCCIIEI0BAHUEM TEUECHUS
KHUJKOCTH CUYHMTaeTCs 4YHCIeHHOe wuccienoBanue. Kak wu3BectHo [1-3], pacmpocTpaHeHbl TpH
OCHOBHBIX IIOJXOJa YHUCIEHHOM peanu3auuu TypOyJeHTHbIX TEYEHUIl: NpsAMOe 4YHMCIEHHOE
mozaenupoBanre (DNS — Direct Numerical Simulation), ocpennerHOE 10 peHHOIBACY ypaBHEHHE
Hasbe-Ctokca (RANS — Reynolds averaged Navier-Stokes equations) u moaenupoBaHue KpymHBIX
Buxpeir (LES — Large Eddy Simulation). Kaxaplii U3 KOTOpBIX MMEET CBOE MPEHUMYIIECTBO U
HeloCcTaTKU. lcnonb3oBaHUE e CHEKTPAIbHBIX METOJOB MEHEE pa3BUTO IO CIEIYHOIIUM
npuyruHaM: 0coboe TpeOOBaHNE K TPAaHUYHBIM YCIOBHUSM, KECTKOE TpeOOBaHHE HAIMYHS MPOCTOU
reOMETPHH BBIYMCIUTEIBHON 001aCTH, OBBIILICHHOE TPEOOBAaHHE K KOMIIBIOTEPHBIM pecypcam U T.JI.
OnHako, HECMOTPSI Ha TaKW€ KPUTEPHH MPHUMEHUMOCTH, CIIEKTPAJIBHBIE METO/BI SIBJISIOTCS CAMBIMHU
TOYHBIMHU U3 BCEX JIOKAJIIbHBIX METOJIOB [4].

OCHOBHOE NPEUMYILIECTBO IMPUMEHEHUS CHEKTPAJIbHBIX COCTOMT B TOM, YTO JOCTUIAETCS
BBICOKAsi IPOCTPAHCTBEHHAs! TOYHOCTh PELICHUS NMPH CPABHUTEIBLHO HEOOJIBIIOM YHUCIIE MPOOHBIX
¢bynkuuid. [Ipu paccMOTpeHHH BA3KUX TYpOYJISHTHBIX TEUSHHM, 11 KOTOPBIX C EIbIO TOCTHKECHUS
HEOO0XOAMMOM TOYHOCTH TpeOyeTcs 3aJaHue MalbIX IIaroB MO BPEMEHH U IPOCTPAHCTBY,
CIEKTPaJIbHbIE METOBI MOT'YT COCTaBUTh CEPHE3HYIO0 KOHKYPEHIINIO KOHEUHO-Pa3HOCTHBIM METOaM.

B paMkax HacrosIero McCleJOBaHUS pELIeHa JBYMEpHas 3ajaya TEYEeHUs BA3KOU
HEC)KUMAEMOM JKHJIKOCTH B KBAJPAaTHOM KaBEpPHE C BEPXHEH IOABMKHOM TIpaHuied. Pemenue
ypaBHeHuii HaBbe — CTokca JuIsl JaHHOW 3aJlaud CTPOMJIOCh Ha OCHOBE MPUMEHEHMsI MOJIMHOMOB
YeOpImeBa ¢ NOMOIIBIO MATPUYHOTO MOAX0AA. [[1s1 BEIUMCIEHNS CpEHUX 3HAUEHUN UCIIONIb3YeTCs
METOJ KPYIHBIX BUXpeil, OCHOBHAs HJiesl KOTOPOTO 3aKJIF0YaeTCs B MATeMaTUYECKOM (ITOCPEICTBOM
GbyHKIMU-GUIBTPa) pa3elieHHH KPYIHBIX, H B TO )K€ BPEeMs, HEYCTOHUMBBIX, OT MEIKUX BHXPEH.
Jlns 3aMblkaHus puMeHsieTcs Monenb CmaropuHckoro. s peanuzanuu 3a1add UCHOIb3YETCS
METO/]I pacUIEIIEHUs 0 (PU3NUYECKUM ITapaMeTpaM.

JlaHHas 3a7aya peaJn30BaHa YUCIEHHO, IPU UCIIOJIb30BaHUM NOJIMHOMOB YeOrlmeBa. A Takxe
peasin3oBaHa Ha 0a3e MPOrpaMMHOr0 KoMiuiekca ANSYS, MO3BOJSIONIETO MOCPEACTBOM 3aJaHUS
HEOOXOMMBIX MapaMeTPOB, METO/IOB, PACUETHON CETKH, OCYIIECTBUTh PELICHNE OMMCAHHON BbIIIE
3aJladyd M TPEACTaBUTh KAauyeCTBEHHYI BH3yanuzauuto. OO0a pe3yiabTaTa — YHUCIEHHBIM H
peann30BaHHbIN Ha ANSYS — IMEIOT XOpOIllee COTIacOBaHHUE C SKCIIEPUMEHTOM.

CIIMCOK JIMTEPATYPBI

1. Moruun A.C., Arnmom A.M. Craructudeckas ruapomexanuka. — Cankt-IletepOypr:
I'mapomereonsaar, 1992. —T. 1. — 694 c.

2. ©puk I1.T. TypOymnenTHOCTH: MoAeny u moaxoasl. 1 Tom. Ilepms: Ilepm. roc. TexH. yH-T.,
1998. - 108 c.

3. Jlowingackuit JI.I'. Mexanuka >KHIKOCTH 1 Ta3a. — MockBa: Hayka, 1987. — 477 c.

4. ®neruep K. BeruncnurenbHple METOBI B JUHAMUKE KUAKOCTH. — MockBa: Mup, 1991. — T.
2.—552c.
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YII OJIIEMII KEHICTIKTE CY KOHE KEJI IMHAMUAKAJIAPBIH
CUMYJISILUAATIAY APKBLIbI KBICKAMETPAKIbI AHUMA LUSIBIK
BEHHEPOJIMK KYPY

3.C. KACBIMOB, H.C. CYJITAH

bip kaparanna cy xoHe xen 3 Qexrisiepin minriHaen aHuManusiay oHai kepineni. bipax on
OHAall mapya emMec, OHbl MIIIiHACY OapbICBIHAA KOI YaKbIT Tajall ETEeTIHIH >KOHE >KYMBICTBIH
KUBIHJIBIFBIH TYCiHyre Oomansl. Kaszipri tTanmga ym emmemai oObEKTLIEpIl MOAENbAEYre, MaTaHbI
YKOHE JKEJT TMHAMHUKAJIAPbIH CUMYJISIIMsUIayFa eH THIMI «3ds Maxy nporpammach! O0JIbIT TaObLIa/IbI,
a cypl miminaey ymin RealFlow mporpammacsr Trimi.

Bi3/iH JKYMBICBIMBI3 KHHOMHYCTPHS CaJIaChIHIA, COHBIMEH KaTapa jKapHamaiapjaa KeHIHCH
KOJIJIaHyFa COHBIMEH KaTap KOMIBIOTEPIIIK OWBbIHIAp 1A KEHIHEeH KOJIIaHyFa 00Iaibl.

beiineponuk 2-3 wmuHyTTaH Typaasl. Mara skone skeami 3ds Max mnporpammacsiMeH
mimiHAeaiM, an cyasl cuMmyssinusuiay yiriH RealFlow nporpammachlHbIH KeMeETiHE >KYTIHIIM.
beiineponukti xy3ere aceipy yuriH «Epmek Oarbip» komukciHeH Epmek Oarblp KeWnkepiH
naiinananaeiM. JKymbic 6apbicel 3 OemiMHeH Typansl. 1-mmi 6eximae Cloth moxudukaropsr, Wind
(oKesT) apKbUTbl KEHIMKepAiH YCTiHIACTi MaTtajapibl cuMyisiusanibiM. 2-mi Oemiminge RealFlow
MporpaMMachlHa KEHINKepAl Cy CHMYISILIUACHI apKbUIbl aHUMAlUSUIAIbIM. 3-I1i OeJiMiHze cy
cumyssinusiceln - RealFlow  mporpammaceian  3ds  Max — mporpammachkiHa — 9KCHOpPTTAI
AHUMAIIHSUIA BIM.

1-mm GemimMzi >xy3ere achlpy YIIiH KEHINMKEepAiH YCTIHJErl Kam30JIbIH, MaTaJaH jKacajFaH
Oennirin >xane Oac kuimingeri ykicin Cloth momudukatopsin KoamaHambi3, on ymin Modify>
ModifierList>Cloth  tammaiimpI3, ocbIFaH Kea AMHAMHUKACBIH Koimany ymin —Create>
SpaceWarps>Forces >Wind, »one Top Tepe3ecinie KeIiH TaHOAChIH TYPFBI3bII, KeHiNKepre Kapai
Oypein KoiiaeiM. Object manmaiimaceirga Cloth Forces 6arsipmacsin 6acambis, maiiga 6osran Forces
tepesecinge Wind01 tapnan, « > » Gateipmackin Oaccak Wind01, Forces in Simulation Tepesecine
kemeai. Ochl 9JIic apKbUIbI el JUHAMUKACHl KHIM, MaTa JKOHE YKIire acepiH THTi3e amaabl. 2-Ii
Oomimae 3ds Max mporpammacsiHan RealFlow nmporpammachiHa keifinkepai 3KCIOPTTaIbIM,
coman keiin keiinkepre Daemons > kVolume sxone Gravity koMaHIAchblH TarailbIHAAIbIM,
ob0bekTiMi3 cyra Tony ymnin Liquid-Particle > Circle xomanmacein tanman Simulate tanOacwiH
OacaMbI3, CHMYJISIIIUS asKTalFraHHaH Keiin 3dS Max mporpammacsiHa SKCIIOPTTalMbI3. 3-111i COHFBI
oemiMae Render sxacaabiMm.

KopBITBIHIBL: YT ©IIeMIl JKeTl, ¢y AMHAMUKaapbl apKbLIbl Keiinkep Epmek OaTbIpasiH Ccy
MKOHE el bacKapy MYMKIHAITH aHUMAIUUIBIK OEHHEPOIUKTEH Kopyre 00abl.

OJAEBUETTEP TI3IMI

1. MycabekoB M. Komukc: ¥MbITbUIFaH Ke3/1€p/AiH aHbI3bl OonraH Epmek Oatsip.

2. Npeiinep Iut. Cnenumaneusle 3¢gdexrsl B 3ds Max: Oross, Boja, 3eMJIsl U BO31YyX, 2-€
nznanue.: [lep. ¢ anrir. — M.: OO0 “U.J0. Bumesmc”, 2008. — 480 c.

3. TynrarapoB H.H. 3ds max-Ta KOMIOBIOTEpIIIK MOJEICY OHE aHMMAIUs HETri3/epi: OKy
Kypainbl. — Anmatsl: Kasak yausepcuteri, 2012. — 241 Ger.

4. Buneypoxku no RealFlow, http://videotuts.ru/realflow/

117



IEKAPAJIBIK KABAT IIEH COFBIJIATBIH TOJIKBIHHBIH O3APA
IJOCEPIH 3EPTTEY

A.K. JIEC

KyMmbICTBIH MaKcaTbl: PeakTuBTI-0ye KO3FaJbICTaphIH TaJAayFa KbI3bIFYIIBUIBIKTHIH apTyblHA
opail COHFBI Ke3/epi KbULAAMIBIFBI ABIOBICTAH KOFApFbl TYpOYJIEHTTI aFbIHAAP/IBIH apajacy jKoHe
YKaHy YIEPICTepiH MaTeMAaTHKAJIBIK MOJICICY KOKETTUIIr TybIHAAAbI. OcCIpece, adpoIMHAMHUKAIaFbI
KOFapbl KBULAAMJIBIKTAP, >KBUIIAMIBIFBl JIBIOBICTAH KOFApFbl KON KOMIIOHEHTTI TYPOYJIEHTTI
ra3Jiap/blH aFbIHINAJA YPJECHETIH aFbIHBIH 3€PTTEY —FBUIBIMIAFRI KYpaeal Macenenepain Oipi. by
aFbIHHBIH TYPl PaKeTaJbIK KO3FAJITKBIIITHI Ta3/IbIK PYJIbAiH KOMeriMeH O0ackapy Ke3iHze jKoHe ras3
TEKTEC >KaHFBIIITHIH KbUIIAM/IBIFbI AbIOBICTAH JKOFAPFbl aFbIHAA YPJICHYl Ke3iHJe maiiga Oomajbl.
CoHIBIKTaH 13, OChI ©3€KTI MACEJEHIH IIeHIiMiH Taly YIIIH MaTeMaTUKaJIK MOJENiH KYpPYybIMbI3
Kaxer.[1-2]

3eprrey omictepi: TeHaeyni CaHIBIK oIiC AapKbUIBI MICNIy YIIIH JKOFapFbl PeTTi
anmnpOKCUMAIUSIIBl CXeMaHbl KOJIAHbI, €KIHII PeTTi JANIIKTI amy[2].

Pefinonpc  omici  apkbuIbl  OpTamanaHablpeiFaH  HaBbe-CTOKC —TeHAeynepi  apKbLIbl
MaTEeMaTHKAIBIK MOJENb KYPbUIbIN, JAWHAMUKAIBIK TYTKBIPIBIK 3eprrenineni. COHbIMEH KaTap,
OacTarnkpl JKOHE MICKapalbIK MapTTap KoubLIaabl. KbICBIM TypakThl OOJIFaHIAaFbl MECHIIIKTI KBUTY
CBIUBIMJIBUIBIK OTTEr1, CyTeri, a30T XUMHUAIBIK dneMeHTTepl ymriH 0 K — 400 K apanbirbiHIars!
MEHIIIKTI JKbUTy CHIHBIMIIBUTBIKTBIH MOHJIEPI €CENTell, dMIUPHUKAIBIK TYPAaKTBUIAPABIH MOHICPI
aHbIKTaIIBI[3].

MNAUJIAJIAHBLIFAH 9JEBUETTEP TI3IMI

1. "Investigation of sonic jet mixing in a stream of supersonic cross-flow using large eddy
simulations” Rana Z. A, Drikakis D., Thornber B. J. 27th Congress of International Council of the
Aeronautical Sciences, 19 - 24 September 2010, Nice, France, Paper ICAS 2010-4.9.2

2. "HucneHHoe UCCIeI0BaHNE CBEPX3BYKOBOI'O TEUCHHS C TMOMEPEYHBIM BIyBoM cTpyii" A.O.

bekeraeBa ,kanAMAATTHIK quccepTamus, Anmartsl, 2006
3. JANAF kecreci, 1974x
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MATEMATHUKAJIBIK ®U3UKA CBI3bIKCbI3 TEHAEYJIEPIHE
IIEKAPAJIBIK IHAPTTAPBIH IIIINTHAEY

HM. MAMETOBA , K. BAUTYJIEHOB

By xxymbIcTa yIII eJmeM/Il MeHEeITeH KeHICTIKTET1 O1pTeKTi eMeC CYHBIKTHIKTBIH CTaIlMOHAPIIBI
i dy3usnslk HaBbe-CTOKC Mojeni VIIH JKanFaH aiiMakTap omici 6ip Typi apKbUIbl KBICHIM
(G YHKIMSICBIHA MIEKAPAJIBIK MIAPTTHI MINIHACY KOMEKII ece0l KapacThIPhLIaIbl.

CoHbIMEH, S IIeKapachl KETKUIKTI Jopekene Teric OOJBII KeJeTiH mieHedareH () C R3
aiiMarpIHAa OIPTEKCi3 CYUBIKTHIKTBIH Mimimi [1]:

p(V-V)V = AV +A(Vp,V)V-Vp+pf, (1)
(V-V) p+C(x) p=1Ap, 2)
diw =0, 3

[IeKapaJIbIK MapTTaphL:
\7|s:0’ p|s:ps(x)- 4)
By (1)-(4) merisri ece6i [1] xyMbIchIHIA KanmbuiaMa GyHKIUSATIAP KEHICTITIHIE KaH-KaKThI
3epTTEIIHTEeH, IepOec JKaFaaiiaa menrimMaep yiiH O1pKaabIThl apHOPIIbl OaFrajiap ajlbIHFaH.
bizniy makcatbiMbi3 — (1)-(4) eceOi yIiIiH YJIKeH KO3PPHUIMSHTTEPMEH JKAIFACTHIPBLUIFAH HKOHE
KBICBIM (DYHKIIHMSCHI YIIIH IIEKapalblK MapTTap OepiireH >KaiaraH aiMakrap oAiciHiH Oip TypiH
Heri3aey. Slram, 013 Keneci KOMEKIII ecernTi KapacThlpaMbl3:

P (V- V)V = AV + 2 (V! V)V =Vp° + p° f, ()
(\7‘5 -V)pg +C(x)p" =A°Ap°, (6)
divw*® =0, ()
VARY s, =0, p° s, = s (X), p* s, =0 (8)
U, XeQ, A, xXeQ,
Mysaa 4" = % xeD\Q=D, - 5. xeD,

bizain 3eprreynepae aranraH kemekil (5)-(8) ecebi yIIiH JKanmbpllamMa JKOHE KYIUTI
mrenriMaepain 6ap Ooyybl MEH anmpOKCHUMALMSIAyIIbl a3 MapaMeTpiiH HeJre yMTBULY Ke3iHJe
HET13l1 €CeNTiH CoMKec MIeIiMIepiHe KUHaKTaly aasenaeHred. ConbIMeH Oipre, miemimMiep Y
colikec (PyHKIIMOHAIIBIK KEHICTIKTEPAE KOFapblAaH OIpKaIbINThl Oaraiap ajlbIHFaH.

Teopema 1. Ezep f € Lz(Q), Ps (X)e LOO(Q), C(X)S M < 6onca, onoa xomexuii (5)-(8)

ecebiniy Kem Oecende OIp dHcarnvliama xcane Kywmi wewimi 6ap 6onaowvt dvcone € — 0 6onzanoa
neeizei (1)-(4) ecebinin caiikec wewimoepine HcuHaKmaiaosi.

By >KyMBICTBIH HOTHXKENEpiH TUAPOAMHAMHKA, THAPOJIOTHS, OKEOHAJOTUS MOJENbAEpiH
3epTTey MEH MPAKTUKA/IA ICKE achIpy Ke31H1€ KOJIJaHyFa OO0JaIbl.

O/[EBUETTEP TI3IMI

1. AnronneB C.H., Kaxxuxos A.B., MonaxoB B.H. KpaeBsie 3a1aun MeXaHUKH HEOTHOPOIHBIX
xuakocreit.// HoBocnbupcek: Hayka.-1983,-318c.

2. baiitynenos XK.b., Jlanaes H.T. Xanran aiimakrap oxici. - Anmatsl: Kazak yHUBepCHUTETI.
-2013. -126 6.
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BYPFBLIIAY KOHJABIPFBLIAPBIHIATBI PE3OHAHCTHIK
KYBBLIBICTAPABI MATEMATHKAJIBIK MOJEJIBJIEY

M.A. MYKAHOBA

Kenbey OoiipiHIIa Oyprbliayfa aHaMa >KOHE CHUIATTAYIIBl HYKTeNepi YCTIPTiH OOIysl
MYMKiH. COHJBIKTaH pE30HAHCTBHIK KYOBLIBICTAPIBI MOJENBICY KHBIHFA COKTHL. [4] >KyMBbIC
aBTOpJApbl YHKeNic KYIIiH Ke3AeHCOK Kyl peTiHAe, all YHKenic Kod(p(UIMEHTIH Ke3IeHCoK
JKa3BIKTaFbl YHKENIC PEeTIHIE KapacThIpYAbl YCHIHIBI. YiKenic KodhHUIMEHTIH MinmHAey YIIiH
HKCHOHEHTTIK KOPEISMUIBIK (YHKUIUACHI Oap Ke3NIeHCcOoK »ka3blK aibiHaabl. Oceiiaiima {v(X):
x€(0,L)} xesmedicok xa3birbl (CL,F,P) BIKTUManmbUIBIK KEHICTIri Oap Ke3JIeHCOK MaTepHsIIbIK
©JIIIEMICP/IiH KUbIHBI PETiH/Ie aHbIKTaNFaH. MyHarbl Q-ipiKTeNreH KeHICTIK, F-¢ anreGpace xoHe
P-pIkTHManapuIbIK emmeMi, v-[0,L] apaibiFpIHIaFbl SKCIIOHEHTTIK aBTOKOPPEIALHUSUIBIK ()yHKIIUSCHI
0ap craroHapiIbl KUBUIFAH Ke31eHCOK JKa3bIK PETIH/E aJaMbl3.

_lxa-x4|

R(xy,x,) = a?%e” b, (1)

MYHJIaFbl b e3apa OalIaHBICTBUIBIK (DYHKIUSCHIHBIH OIIyiH CHUIIATTANTHIH OalIaHBICTBIIBIK
Y3bIH/IBIFBI, SIFHU OalIaHBICTBUIBIK (DYHKIMSICBHIH CHUIIATTay apPKbUIbI PE30HAHCTHIK KYOBLIBICTAp
CUTIATTAJIA/IbI.

ABTOKOppenanus AereHimMiz — perti 6ip, Oipak Oenriii Oip KbUDKYMEH alblHFaH PE30HAHCTHIK
KYOBLIBICTAPIBIH CTATHKAIIBIK OaiTaHbICBl. MBICAIIBI OJ1 KE3JEHCOK MPOIECCTE YaKBITIICH JKBUIKY
O6o1ybl MyMKiH. bi3miH karmaiiia OKbUDKY KOPPENsALHUsS Y3bIHABIFBI  OOWBIHINA SKYpEl.
ABTOKOPPEISAIHSIIBIK (yHKITHS:

Yo = Ot -Ddt, )

UHTETPaIbIMEH aHbIKTanaabl koHe f(t) (QYHKUMSICH O3iHIH T JKBUDKYMEH CalbICTBIPYbIH
kepcetei. Erep KanblnTsl GyHKINS KaTaH MEPHOATHI Type 0oJica, OHJIa aBTOKOPPENAIUs cy10achl
Ja MepuoAThl Typae xypeni. Ocbutaiiia on cyii6anan 6a3anblK QYHKIUSHBIH IEPUOATHI HEMece
MIEPUOJICHI3 E€KEHIH MOHE JKUUIrIH Kepyre Ooaabl. ABTOKOPPENALUUSIBIK (DYHKIUS Kypaeni
TepOenicTepe TajIay kacayra KOJIIaHbLTa Ibl.

MAHJAJAHBLIFAH SJEBUETTEP TI3IMI

1. Loeve M., Probability Theory, Graduate Texts in Mathematics, 4thed.Springer, USA, 1977.

2. K.J. Bathe, Finite Element Procedures, Prentice-Hall, Inc., Upper Saddle River, New Jersey,
1996.

3. Galli A., Beucher H., Ecoledes Minesde Paris, Centrede Geostatistique, CToxacTuueckue
MOZCIIN OJId XapaKTCPUCTUKH KOJIJICKTOPOB: 0630p, leyX(eCTBeHHHﬁ K ITOJB30BATECIIIO.

4. Ritto T.G., Escalante M.R., Sampaio Rubens, Rosales M.B., Drill-string horizontal dynamics
with uncertainty on the frictional forse, Journal of Sound and Vibration 332 (2013) 145-153.
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HNPUMEHEHUME METOJ10OB MOHTE-KAPJIO JUIA CTUMYJISILIUN
MOJAEJIEM BOJTATHJIBHOCTH

AM. MYXAMETKA/IUEB

Meron Mounte-Kapiio Bce dale 0ka3pIBaeTCsl €IMHCTBEHHBIM IIPUMEHUMBIM HHCTPYMEHTOM
U1l OLIEHUBAHMSI CII0KHBIX OIIIMOHOB. DTO CBA3AHO KaK C YCIOKHEHHEM CTOXACTUYECKUX MOJIENIEH,
TaK M C YCIOXXHEHHEM CaMUX HHCTpYMEeHTOB. Monte-Kapiao mopenupoBaHue MOXET OBITh
JUCKPETHBIM MM TOYHBIM. B 1epBoil cxeme NpUMEHSETCs YUCIEHHOE HHTErpPUPOBaHUE
CTOXaCTUYECKOT0 MU depeHIINaIbLHOr0 YpaBHEHUS, HAIpUMep MeToJoM Diiepa. Bo BTopoii cxeme
pelleHre CTOXAaCTHYECKOro ypaBHEHHUs IMpEAIoaraeTcs M3BECTHBIM. B aToM ciyuae nepexoaHas
IUIOTHOCTb PACHpEIeNeHHs] OINpENeiIeHa M HMMEETCS BO3MOJKHOCTh TI'€HEPUPOBATH CIy4alHYIO
NEPEMEHHYI0 U3 TOYHOI'O paclpe/ielieHusl ¢ MPOU3BOJIBHBIM LIArOM IO BpEMEHU. TOUYHBIH METO[
UMeeT TMpeuMyIlecTBa - OH Oojee OBICTPHIE W HE COJCPKHUT OMIMOKU JUCKPETH3AIHH.
AHaIMTHYECKOE PEIIEHUE CTOXAaCTUYECKOTro TU(PPepeHIINaIbHOIO YPaBHEHHU U3BECTHO JTAJIEKO HE
Bcerga. Kpyr cToxacTu4eckux MpoIeccoB ¢ M3BECTHOW XapaKTEpUCTHUECKOW (DYHKIMEW HAMHOTO
HIMpe.

B nanbHeiieM onucbIBaeTCs AITOPUTM TOUYHOTO MOJEIMPOBaHUs 110 MeToy MonTe-Kapio
JUIl CTOXaCTMYECKHMX IPOLECCOB C M3BECTHOM XapakTepucTtuyeckoi (ynkuuei. IIpenmonaraercs,
4TO XapakTepucTuueckas QyHkims (@, a) CTOXaCTUYECKOro Mpoliecca 3a/1aHa:

Blip, ) = B{e¥} = f&ng(ﬁ}dﬁr a = (¥, x06,0 5]
YucneHHo oOpalias XapaKTepUCTUICCKYI0 (PYHKIIUIO, MOIy4aeM IIOTHOCTh pacipeIe/ieHUs
P(x) u pynkuuto pactpeneneuus D(X):

[==]

Pla) = 5 f e lp,aldp == [Refe™al0,a)}do

—

1

D)= [ P(e)g =7 — = [ Rafe™2(p,a)/ sp}de

Jlns  reHepanuu ciydaiiHOW TepeMeHHoM u3 D(X) wucmonp3yeM MeTox  00paTHOro

yea 0T

npeoOpa3oBaHus: TeHEPUPYeM PAaBHOMEPHYIO CIIyYailHyI0 MEepEeMEHHYIO a 3arem

x=D7(y)

HaXO/JUM X ISl KOTOPOTO . B pesynprare momydaeMm cClydailHyl0 TEpEMEHHYIO W3
pacnpeaesnenus D(x).

Jis ducneHHoro oOpaiieHust (QpyHKIUHM pacrpelesieHusl UCnoib3yercss merosl HproToHa-
Padcona:

Dz —
T = F T %r Ty = -De_.fl(y]'
5

B kadecTBe HayagbHOrO mIara MeTOJa NPUMEHSETCS IepeMeHHass W3 HOPMaJbHOTO
pacripenenenusi. OTMETHM OBICTPYIO CXOJUMOCTh MeToja. [yl HaXOXKJAeHUsl KOpHS, KaK MpaBuiIo,
JOCTATOYHO 2-3 UTEpaLni.

CIIMCOK JIMTEPATYPBI

1. Jxexen I1. Ilpumenenue merogoB Monte —Kapno B punaHcax.
2. Cox, J., Ingersoll, J., Ross, S. A theory of the term structure of interest rates. Econometrica,
1985.
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3D-MOAEJIMPOBAHUE U BBICOKOKAYECTBEHHAS BU3YAJIN3ALIUA
HUHTEPBEPA C IPUMEHEHHUEM HOBBIX TEXHOJIOI'TU
OCBELIEHMUA

I11.A. OPA3A/IHEBA

3D-MonenupoBaHue NPUHUMAET aKTUBHOE YYacTHE B Pa3NIMYHbIX chepax, Kaxaas U3 KOTOPBIX
HMMEET CBOIO CIEeNU(UKY U Y3KYIO CIICIHATN3aIUI0, HO €CTh M OCHOBHAs 0a3a 3HAHWIA U HABBIKOB.
Ucnonb3ys 3D-rpaduku Bbl MOXKETE CTAaTh YaCThIO CaMBIX MHTEPECHBIX MHIYCTPHIl MPOU3BOJICTBA
Ha HAIlIe| TUIaHeTe.

Cdepa npumenenuss 3D-MopenupoBaHUs OUYEHb LIMPOKA, OJHAKO OJHUM M3 KIHOYEBBIX
obracteid, KOTOPYIO Ha CETOHSIIHUN IeHb TMPOCTO HEBO3MOXKHO MPEJICTAaBUTh 0€3 UCTIONb30BaHUS
3D-MonenupoBaHus U BU3yallM3allu, IBISETCS AU3aiiH HHTEpbepa.

KOHG‘-IHO, CYHICCTBYCT HEMAJIO APYTHUX CIICHUAIM3UPOBAHHBIX MIPOrpaMM, IMpCIHa3HAUCHHBIX
JUISL CO3JIaHUS TTPOCTBIX MHTEPhEPOB, HO MMEHHO 30S Max 1M03BOJIsICT BOIUIOTUTD B BH/IE OOBEMHOM
MOJIeTIM JIIOOBbIe HECTAHJAPTHBIC PEIeHUs JU3aifHepa, Kacaroluecs Kak M3MCHCHHS TUTAHUPOBKHU
MOMEIIIEHUH, TaK U CO3/[aHUsI HHTEPLEPOB JTFO00M CII0KHOCTH. HeCOMHEHHBIM TperMyItiiecTBoM 3dS
Max nepea ApyrumMu IOXOXKUMHU IMPOrpaMMHBIMU IPOAYKTAMH MOYKHO Ha3BaTbhb TAKIKC BBLICOKYIO
(OTOPEeaTuCTUIHOCTH CO3/IaBAEMBIX MO/JIENICH U UX OCBEIICHHUE.

[TepBBIM >TamoM TPEXMEPHOTO MOJCIMPOBAHUS IU3ailHA WHTEPhEpA SBISETCS CO3JIaHUE
TreOMETPUUYECKON Mojenu mnomemieHus. ['eoMeTpuyeckyro Moenb MOMEIICHHs MOXKHO CO34aTh
BPYUYHYIO, MUCIIOJIb3Yys JUIsl 3TOT0 HMMEIOIIMEcs B Karajore rpaguueckue MNPUMHUTHBBI U JApYyrue
TEXHOJIOTUU CO3/IaHUSI TEOMETPUYECKUX OOBEKTOB.

[Tocrne co3manust reOMETPUICCKON MOJISIIA TIOMEIICHH S, HEOOXOIMMO CO3/1aTh MOJIEIIH MeOeIn
U aKCeccyapoB, TAKUX KaK JIaMIIbl, KAPTHHBI, YaChl, IOCY/1a, TEKCTHIb U T.I. O4eHb BaKHYIO POJIb B
MpoIIecCe MOJCITUPOBAHUS MEOEU M aKCeCcCyapoB HWIpaeT JeTaliu3alus, MPHUAAIoNas MOJICIN
PEATMCTUYHBIN BUJ: CKJIAJKU HA TKaHSIX, HEPOBHOCTU HA MOBEPXHOCTSIX, OCOOCHHOCTH JIEMEHTOB
JeKopa.

3aBepuIaronIMM 3TaloM B MPOLIeCCe CO3JaHMs TPEXMEPHON MOJETH WHTepbepa SBISETCS
paccTaHOBKa OOBEKTOB (MeOenM M akKceccyapoB) B TEOMETPHUYECKONM MOJEIH TOMEIICHUs |
PacToIOKEeHUsT KaMepbl, MO3BOJISIONIEH HaM Kak Obl 3arJsHYTh B CMOJIEITHPOBAHHOE MTOMEIIIEHUE.

BaxHpIM MOMEHTOM TaK>Ke SIBIISIETCS BI)I60p U pacCTaHOBKa MCTOYHUKOB CBETA, IMOCKOJIBKY
BHEITHUI BUJ] MHTEPbEpa OMPEeNIeTCsl He TOIbKO UCTIOIb3YEMbIMU MaTepHraiaMu (TEKCTypaMu), HO
¥ TeM, KaK IaJacT CBET, KaK OH MPEeJOMIISIeTCS U oTpaxkaeTcs. [IpopaboTka Bompoca OCBEIIECHUS
UTpaeT BaXXHYIO POk B pa3paboTke qu3aiiHa MHTEphEpa, MOITOMY elle Ha dTare MOJCIUPOBAHUS
HGO6XOZ[I/IMO PEIINTL TAKUC BOIIPOCHI KaK BI)I60p MCCTOPACIIOJIOKCHUA HCTOYHHUKOB CBETA, THUIL
HMCTOYHUKOB CBETa, UHTEHCUBHOCTh U HEKOTOPBIE APYTUe MapaMeTphI.

3areM MOJKHO MEPEXOAUTh K PEHAEPUHTY, T.€. BU3yaJIU3alluM Hallel Moemu.

CIIMCOK JIMTEPATYPBbI
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PASBHOCTHASA CXEMA J1JIA MOAEJIA BAPOTPOITHOT'O ABU/KEHUSA
BA3KOI'O I'A3A B QJIEKTPUYECKOM I10JIE

C.K. OPA30B

Hacrosmas padora nocssieHa U3y4eHHI0 CXOJAUMOCTH U YCTOMYMBOCTH Pa3HOCTHOM CXEMBbI
IUIL MOJENIU BJIEKTPOTa30AMHAMHUKU C yuyeToM AU(Qy3uu 3apsyKEHHbIX YacTHIl, KOIrJa JaBIEHUE
3aBUCHT JIMIIb OT IUIOTHOCTH. MaTeMaTH4yecKyro MOJEIb - JBYXKOMIIOHEHTHAs Cpea, COCTOsIas
13 HEMTPaJIbHOIO T'a3a U MOHOB OJTHOTO COPTA IIPU OTCYTCTBMM BHEIIHErO0 MarHUTHOTO o /1/.

ov oou
o5 T G0 (1)
B )2 (L) g 3 )
6 pb 1; dx 5 ax av dx & ax’ ( )
E E OF D 10FE
=TT 422 (3) + i, (3)
p=v" (y> 1), (4)
& . T .
&= 1= j]o(t)- (5)

r1e U —CKOpOCTb, p - INIOTHOCTb, P - AaBjieHue, E — Hanps»keHHOCTb, ( — IIOTHOCTH 3apsija, | —
IUIOTHOCTh TOKa, ¢ - moTeHuuan, b — koadduuueHT moxBMKHOCTH HMOHOB. W,&,D —BsI3KOCTB,
JHMJIEKTPUYECKas MPOHHUIIaeMOCTh 1 K03 durment auddy3un noHos, b — nMeet 3HaK 3apsza.
u(0,t) =u(1,¢) =0, E(0,t) = E(1,t) = 0. (6)
u(x,0) = ug(x), v(x,0) = vo(x), E(x,0) = Ey(x), x €N (7
O060061eHHbIM perienueM (3) - (7) Ha3bIBaeTcs COBOKyHHOCTL ¢bynkunu (v, u, E)

v € Lo (0,T; W (!2)) E L,(Qr),

oFE

(W E) € Lo, (0, T; W4 (2)) N Ly (0, T; W ((2)) (61: 6t) L,(Qr)
Anmpokcumupys cuctemy aud@epeHIuanbHbIX YpaBHEHUH PacCMOTPUM  CIEAYIOUIYIO

Pa3HOCTHYIO CXEMY:

n+1 n+1 -
Vil = Uik o= 1,..,N, (8)

ulngl — [ nil u?;l] N [p (vinj-ll)] + & [ELT-Li-+11 +En+1]En+1' (9)
2 X

Vi—1/2

D .
Eir%+1 — n+1 [(En+1)2 +En+1En+1 + (En+1 ]X_|_E vn+1 En+1 ¥+ ]Il' (10)
l_E l_E l_i
i=1,.,N—-1,n=0,..,.M —1,
-V
p <v.”+11> = <v.”+11> ¥ >1
l_i l—z
C HavyaJIbHBIMU U TpaHUYHBIMHU YCIOBUAMU

uf = o), vz = vo (%1, B = EoCxo), (11

u3+1 n+1 — O En+§ En+1 0 (12)

CIIMCOK JIMTEPATYPBI

1. Baraxun A.b., I'paboBckuii B.I., JTluxtep B.A., ynerun B.W. Dnexrporazonnamanyeckue
teueHusi. — M.: Hayka, 1983. — 344 c.
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MOJAEJIUPOBAHUE TUHAMUKHU IOT'PAHUYHOTI O CJIOA
ATMOC®EPBI C IPUMEHEHHMEM ANSYS

H.A. 1IOJIIKOBA

B cBsi3u ¢ BO3pacTalOIUMH aHTPOIOTEHHBIMH HArpy3KaMH 3arps3HEHHOCTh OKpY’Karomien
Cpelbl, B YaCTHOCTHU, aTMocdepbl yBenuyuBaeTcs. [103ToMy MOHUTOPHUHI M MPOTHO3WPOBAHHKE
3arpsi3HEHUs atMoc(hepbl Beeraa ObUTH M OCTAIOTCS aKTyalbHbIMH IpobiemMamu. CyThb HCCIeI0BaHUs
3aKJII0YAeTCs B PAaCCMOTPEHUH HEOAHOPOIHBIX TYpOYJIEHTHBIX IMOTOKOB Pa3IMUYHBIX CYOCTAaHIIMIA,
BO3HUKAIOMIUX HAJl HEOTHOPOJHON 3eMHOM MTOBEPXHOCTHIO B IOTPAHUYHOM CJIOE€ aTMOC(EPHI B CBS3U
C TIOBBIIICHHOHN 3arps3HEHHOCTHIO BO3/yXa MbUIbIO M MPOAYKTAMHU KOHAeHcanuu. [lorpanuyHbii
cioit armocdepbl — 310 cioit Bozmyxa oT 300—400 m go 1—2 kM, mpuierarmuid K 3eMHOU
noBepXHOCTU. TypOyJIeHTHOCTh B TMOTPAHUYHOM CJIO€ WUIPaeT BaXXHYIO poiib. B cBA3M ¢ 3TuUM
CBOWMCTBA MOTPAHUYHOTO CJIOS OMNPEACNSIOTCS B OCHOBHOM TEPMUYECKUM U JMHAMUYCCKUM
BO3JICHCTBUEM MOJICTUIIAIONIECH TOBEPXHOCTH.

Llenpt0 HAayyHOTO WCCIEOBAHUS SIBISETCS MOJCIMPOBAHUE XapakTepa pacupeieieHHs
CKOPOCTH BeTpa M MpPHMECH B TOTPAaHUYHOM CJO€ aTrMocdepbl MpU MOMOIIM MPOrPaMMHOTO
koMmiuiekca ANSYS.

B HacTos1ee Bpemst CyIiecTByeT MHOKECTBO YHUBEPCATbHBIX KOMIbIOTepHbIX CFD-makeToB,
takux kak FLUENT, FLOW3D, STAR-CD, ANSYS-CFX, no3Boistomux Ha 0a3e COBPEMEHHBIX
BBIYHUCITUTENBHBIX TEXHOJIOTHH M YUCICHHBIX METOJOB JOCTATOYHO TOYHO PElIaTh HMIMPOKUN KPYT
3a]a4 a3pOTHIPOAMHAMUKY M TETNIOOOMEHA.

[Ipy MonmenupoBaHUU MOTPAHUYHOTO CJIOs aTMOC(hepbl ¢ HCIOJIb30BAHUEM MPOrPAMMHOTO
kommuiekca ANSYS  00s3arenbHBIM  YCIOBHEM  SIBIISIETCS. KOPPEKTHOE 3aJaHWe T'PaHUYHBIX
METEOYCJIOBUHN (MPOQUIN CKOPOCTH, TeMIEpaTyphl, TYpOyJIEHTHbIE XapaKTePUCTUKH U T.1.). s
MOJTyYCHHUS PEUICHUS HECTAI[MOHAPHOW 3a1aul OblIa 3a7jaHa TEOMETPHS paccMaTpruBaeMoii 0oacTu,
MOCTPOCHA pacueTHasi CeTKa C MPIKAThIMHU MOTPAHUYHBIMU CIOSMHU BOJHM3U TBEPIBIX T'PaHUIl U
CTYIICHHEM STYEeK CEeTKH B OO0JIACTSAX PE3KOro M3MEHEHHS KPUBU3HBI MOBEPXHOCTH. [ pemeHus
ypaBHeHuil HaBre-CToKca, OMHUCHIBAIONIUX BS3KKUE TYpPOYJIEHTHBIE TEUECHHUS, UCTIOIB30BAICS METOT
koHeuHoro oowsema (Fluid Flow(Fluent)) u k-€ mogens TypOyieHTHOCTH.

[TocTaBnennas 1enb U chOpMyIUPOBaHHBIE MPOOIEMBbI MOTPEOOBAIM pEIICHUS 3a/1ay, Kak:
CO3/IaHHe MAaTeMaTUYeCKOW MOJENTH MUHAMHUKHU MOTPAHUYHOTO CIIOS aTMOc(ephl; HCCIe0OBaHUE
BIIMSTHHS pelibed)a MECTHOCTH Ha pacripeieIeHue XapaKTePUCTUK TTOTOKA.

Pe3ynbTatel MOETMPOBAaHUS MOTYT OBITH HCIIONB30BAHBI IS Pa3pabOTKH MaTeMaTHUeCKO
MOJICTTH pacIpeie]ICHUS PUMecei U TUArHOCTHKH KPUTHICCKHUX (YPE3BBIYAMHBIX) CUTYAIHA U JIJIS
CO3/IaHUS CE30HHBIX KapT 3arps3HEHUs pEeruoHa, HEOOXOJUMBIX TMpPH MPOEKTUPOBAHUM U
CTPOUTEIIECTBE HOBBIX MPOMBITINIEHHBIX O0BEKTOB.

CIIMCOK JIMTEPATYPBI

1. B.I'. Barep, E.JI. Hanexxuna [lorpanudnsrii ciioit atMochepsl B YCIOBHIX TOPU3OHTAITHHON
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2. A.E. Anosin JlnHaMuKa M KMHETHKA Ta30BBIX MpUMeceil u a’sposoneit B atmocdepe. - Kypc
nexuuit, UBM PAH, 2002, 201 c.

3. C.A. Bansrep, M.H. [anunos, 10.B. 3axaposa, H.H. ®enoposa OcnoBsl pabots! B 11K
ANSYS 16.0 — yue6HOC ocobue, HoBocubupck: HTACY, 2015. — 240 c.
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PEIIEHUE YPABHEHUH JIUISI BEPOSATHOCTH BBIXKUBAHUSI
CTPAXOBOUM KOMIIAHUUA

A.b. PBIM/KAH

B kmaccuueckoi MOZCIN pHUCKa C IIYaCCOHOBCKHM ITOTOKOM ymep6OB HMHTCHCHUBHOCTH i,
nocrynmaromux B CTPAXOBYHO KOMIIAHHMKO, CO CKOPOCTBIKO HAKOIUICHUA miatexxed C w

pacnpenenenuem yumep6os F, (U) MBI moOnmyuaeM ypaBHEHHE IS BEPOATHOCTH BHLKMBAHHS

CTanOBOﬁ KOMITaHNH
X+C

S(x)= jS(x+c—u)dFZ(u) 1)

0
L (AU)
rne F,(u)=e — n=0,12,..., S(X) — BEPOSITHOCTh BBUKHBAHHMS KOMIIAHMH Kak
n!

Gynkmun  or HavaneHoro kammrana X =>0. HseectHo, urto S(X)s{Bﬂ;{eTCﬂ MOHOTOHHO

Bospacraromeii k 1 mpu X —>00 Qynkuueii. Jloka3aHO, 4YTO Il HENPEPHIBHOM (YHKIHUU
F, (u), u>0 uHTErpanpHOE ypaBHEHHE ISl BEPOSITHOCTH S (X) BBIKMBAHUSI UMEET €AMHCTBEHHOE

pemenue B kiacce C ¢GyHKIUM, HEPEPHIBHBIX HA [0, oo).

[TocranoBka 3agaun. PemmTh aHanuTUYECKH (TOYHO) WM YUCIEHHO ypaBHeHue (1) ans
rapamMeTpoB A=0.7, c=2.3, n=2. Beruncianm

w=—O.1715-exp(—0.7u)~u2+O.49-exp(—0.7u)~u u mnoxacrabuMm B (1). Torma mnomyunm
u

OZHOPOIHOE MHTErpajbHOE ypaBHeHHE BosbTeppa BTOporo poxa:
X+C

S(x)= J (—0.1715 .exp(—0.7u) -u® + 0.49-exp(-0.7u) - u)S (x+c—u)du (2
0
I/IHTerpaHBHOC YpaBHCHHC (2) pCemICHO YUCIICHHO METOJ0M KOHCYHBIX CYMM. HO,Z[TBep)KI[aeTCH

CBOWCTBO «S(X) ABJAETCS MOHOTOHHO Bo3pacTaomieii k 1 mpm X—>00  QyHKuuE».

PaCCManI/IBaeTC}I YpaBHCHHUEC I BEPOATHOCTU BBDKUBAHUA IJIA arpCrupOBAHHOIO HpOCTCfII.HGFO

0, u<QO,
mpolecca prucka ¢ mapamerpamu C=1, pe (O,l) u F@Uu)=4p, 0<u<2,Csrumu napamMmerpamu
1, u=xz2

MBI [10JIy4aeM Pa3HOCTHOE YpaBHEHHE BTOPOIO MOPSAIKa BUIA
S(X)=S(x+)+@1-p)S(x-1) (3)

YPaBHeHI/IC (3) TAKIKC PCHIACTCA YHUCJICHHO W IMOATBECPKAACTCH CBOMCTBO ((S(X)HBJ'I}ICTC}I

MOHOTOHHO Bo3pacTaromeii k 1 npu X — oo pyHKImeit». D10 BuHO Ha rpadukax Gynkumn S(X).

CIIMCOK JIMTEPATYPBI

1. HoBocenoB A.A. MoaenupoBanue GpuHAHCOBBIX pUCKOB. JIlekuuu u1st ctyaenToB MHcTuTyTa
matemaTuku Cubupckoro ®@enepanbHoro YHausepcurera. Apxus, 1998 ron. Kpacnospcek, 1998. 30
C.
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TPAHCIIOPTTHIK JKEJIUIEPAETT AFBIHIAP/IBIH TENE-TEH
YJECTIPLTYTHIH MATEMATHUKAJBIK MOJAEJIBJIEYI )KOHE THIMII
BJAEY CAHJBIK 9JIICI

A.C. CAI'AJIOBA

AJMaThl KaJlaChIHBIH TPaHCHOPTTHIK xkedici perinae = (V,E) rpaden xapacteipaiibik. byn
xepae, V- KellenepAiH KUbUIBICTAaphl (rpadThiH Tobenepi), an £ <V xV - OarbITTalnFaH Kellenep
(rpadThIH KaObIpFaIaphl).

AnMaThl KalaChIHAAFbl KOUIENEep/iH CaHbIH [IaMaMeH N = |V| ~10° —10* nen anapik. Enperne,

E|-
rpadThIH KaObIpFalapbIHbIH CaHbI YIII TOPT €ce KOIl O0JIaIbl.

Wci{w=(,j):ic0, jeT} (1)

W mamacel - Goimmkay Mep3iMiHIEri eHAIPYIIIEpACH TYTHIHYIIbUIApFa ACUIHT1 OapiibIK MYMKIH
0oJIaThIH JKOJIIAp. {il,iz,...,is}=0 - eHIipymIep (KoiMmaap) >KUBIHTBIFBI, ajl {jl, Joreees jk}=T -
TYTBIHYHIBUIAP (IYKEHAEP) )KUBIHTHIFBL.

w w
weW

AJMartel Jkemicinaeri 6apibIK iCKe acaThlH OHAIPYIIICPICH TYThIHYIIBUIAPFa AciiHT1 xommaap.Onma
aFbIHIAP/IBIH YJICCTIPUTYiH CUIIATTANTBIH X BEKTOPBI KEJIECl XKHUbIH/IA KATYbI KEPEK:

X={XZO;ZXp=dW,WeW} (2)

peP,

P, -Oenrim Oip OHIIPYIIIACH TYTHIHYIIbIFA JCHIHTT KOJJAPIAbIH KHUBIHTBIFBL. Ay P =| |P

X, P JKOJBIMEH | caFaT apabIFbIH/IA JKYPIll OTETIH KONIKTEP/iH opTaima caubiH Oingipeni, d, - 1

caraT apaybIFbIH/IA OapIIBIK ICKE acaThIH OHAIPYIIIEPICH TYTHIHYIIBUIAPFA XKiOEPLIETIiH KOMIKTEPAIH

CAaHBbI.
f Za 5. —|LeeP 3)
= X , o =
° pep * |0egp

fe -€ I(eI_HeCiHiH arblH IIaMackbl, OJI 1 carar apaJibIrbIHJa OCBI KOIIIC OoMBIMEH opTallia KaHIlla KOJIIK

KYpINl OTETIHIH KepceTel. re(fe) - € Keleci OOMBIMEH >KYpreHJIer1 KOJFa )KYMCaJaThbIH LIBIFBIH.
XKorapsinarsl mamanap 6enrisi 6ojca, OH/Ia Op KOJIFa KETETIH HIBIFBIH/BI eCenTeyre Oonaibl:

6, (=) r.(1.()-, @

ecE
X € X Teme-TeH yJlecTipinyiH i3aey, ke3-kenreH W eW , p € P, yIiH, Keeci ChI3BIKTHI €MECEeCerTi

HIETyre OKeTiHeIi:

X, -(Gp(x*)—min Gq(x*)):O (5)

qeRy
¥YcpiHbUTFAH anroputMmre [1] uTepauusiablk 9AiCTI  KOJJAaHbIIM, Gp(x) HIBIFBIH  (DYHKIIHSACHIH

MUHUMU3AINSIIAY apKBLIbI, CAHJIBIK €CENTeyIIep KYPri3IiK.

MAHJIAJTAHBLIIFAH OIEBUETTEP

1. I'acaukoB A.B., lopn 1O.B., Hectepos [O.E., [llnupko C.B. O TpexcraguiiHON Bepcuu
MOJIeTTN CTAOMIIBHOM JUHAMHUKY TPAHCIIOPTHBIX TIOTOKOB. - MaTemaTideckoe MojaenupoBanue, 2014,
-T.26, Ne6. - C. 23-51.
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MAPKOBCKUM METO/I NEPEKJIIOYEHUSI PEXKUMOB

E.C. CAI'BIH/IBIK

B Hacrosmiee BpeMs Npu aHaau3e JUHAMUKHA SKOHOMHUYECKHUX U (DMHAHCOBBIX MEPEMEHHbIX
LIMPOKO MCTIONB3YIOTCS pa3IMYHbIE MOJEIN BPEMEHHBIX PSAIOB.

PaccMoTpuMm Mozenb ¢ MapKOBCKMMHU IEPEKIIOYEHHUSMHU, TAKXKe H3BECTHas KaKk MOJEIb C
NEPEKIIOUYEHUSMU PEXKUMOB. OJTa MOJEIb BKIIOYAET MHOXKECTBO CTPYKTYp (ypaBHEHMI),
XapaKTepU3yIOIUX IOBEJCHUE BPEMEHHOIO psja B pasiMyHbIX pexumax. Eciau paspemutsb
MIEPEKIIIOUEHNE MEXKTY STUMU CTPYKTYpaMH, ITOJIyYHUBILIASICSA MOJIEIb CMOXKET YJIaBJIMBATh JOBOJIBHO
CJIO’KHBIE IMHAMHUYECKUE 3aKOHOMEPHOCTH.

Mopnenu ¢ MapKOBCKUMU MEPEKIIOYEHUSAMH OTJIMYAKOTCS TEM, YTO MEXAHU3M NEPEKIIIOUEHUS
KOHTPOJIMPYETCsl HeHaOJroAaeMol MEepeMEHHON, Cleayroleil MapKOBCKOMY IIpOLEcCY IEpBOro
nopsaka. MapKkoBCKOE CBOMCTBO, B YAaCTHOCTH, O3HAYAET, YTO TEKYIIEE 3HAUCHUE IEPEMEHHOMN
COCTOSIHUS 3aBUCHUT TOJBKO OT IIPEIBIAYIIEr0o €€ 3HAUCHHUS.

MHoOrounciaeHHble 3MIMPUUYECKUE MCCIEA0BAaHUS MOKAa3bIBAlOT, YTO SKOHOMHYECKHE U
(uHaHCOBBIE BpPEMEHHBIE pAAbl MOTYT XapaKTePU30BATHCSA PA3NUYHBIMM JAMHAMUYECKUMHU
naTTepHaMU B pa3HbIe MEPHOJbl BpeMEHU. BmecTo HcIonb30BaHMsI €AMHCTBEHHOM MOJENH AJs
YCIOBHOTO CpPEAHEro, €eCTECTBEHHO pacCMOTPeTh HECKOJIbKO MOJENeH s yJaBIMBaHUSA
MEHSIOIUXCST  3aKOHOMEpHOcTed. Mozenb ¢ MapKOBCKUMHU — IEPEKIIOYEHUSIMU  CTPOUTCS
KOMOMHUpPOBaHMEM JIByX WM Oojee JIUHAMUYECKMX MOJENed ¢ IOMOLIbI0 MeXaHu3Ma
nepexmodenus. Cnenys padoram Hamilton (1989, 1994), mMbl CKOHIICHTpUpYEM BHHMaHHE Ha
Mojien AR ¢ MapKOBCKMMH NEPEKIIOUYEHUSIMH.

B nanHON pa®oTe WUIIOCTPUPYIOTCS XapaKTepHblE YepThl MapKOBCKOIO MEXaHU3Ma
NEPEKIII0YEHNUS Ha IPOCTENIIe MOJIeNH, 3aTeM paccMaTpUBaroTcs 6osee olmue crenupuKaim.

CIHHUCOK JIMTEPATYPbI

1. Yaur-Musnr Kyan Mopenu ¢ MapkOBCKUMHU NepeKiToueHUsIMU. - TaliBanb, Tai0oii: Akanemus
Hayk, 2013
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METOJ COCPEAOTOYEHHBIX TAPAMETPOB B 3AJJAYAX
YUCJIEHHOI'O MOAEJIMPOBAHUSA TUHAMUKHU CIIVIOIITHOU CPE/IbI

JI.P. CAUMATOMBETOB

Paborta mocBsimieHa TPUMEHEHHI0O METOJa COCPEIOTOYCHHBIX IMAapaMETPOB K YHCICHHOMY
MOJIETTMPOBAHUIO JMHAMUKH CIUIOMION cpeabl. MeTol CcccpeOTOUYEHHBIX MapaMeTpOB ILIUPOKO
UCTOJNB3YeTCsl JUIsl pEIIeHUs 3a7ad CTPOUTEIFHOW MEXaHUKHU. YCIEIIHOCTh €ro MNpPUMEHEHUs
oOycloBJIeHa TPOCTOTOM TMepexoJa OT  YpPaBHEHHHM C pacHpelecIHHBIMU IapamMeTpaMu K
JTMCKPETHOMY MPEICTABICHUIO MOJIEIH, 33/1aBaEMOW CUCTEMOM OOBIKHOBEHHBIX AU (PepeHIIHaTbHBIX
ypaBHeHUH. OcCOOBIi HHTEpeC BBI3BIBACT METOJ MPHU PEIICHUWH HEIMHEHHBIX MoJeNed ¢
pacrpesielleHHbIMU TTapaMeTpaMH, KOTJa HAaXOXJICHUE aHAJUTEYECKOrO PELICHHs HEBO3BOXKHO, a
TaKXKe ISl SJIEMEHTOB KOHCTPYELUMH C Pa3IMYHBIMU CBOMCTBAMU MaTepUANIOB, MEPEMEHHBIMU
(dbopmMamMu ceueHU U APYTUMH OCTIOKHSIOMNUME (pakTopaMu. JlaHHBIN METOJ] YCTIETHO PUMEHSIICS
JUISL PELICHUS 33]a4 KMHEMAaTHYECKOro aHalli3a YIPYrHX SJIEMEHTOB MEXaHM3MOB W MarmuH [1],
KOTJla YIpyTrue 3BEeHbS MEXaHU3MOB M MAIlIMH PACCMATPUBAIUCH KaK OJHOMEPHBIC CTEPKHEBBIE
AJMIEMEHTHI. ABTOpPOM paboT [2 U JAp| METOIOM COCPEIOTOYECHHBIX MapaMeTpPoOB IPOBOIMIOCH
YHCJICHHOE MOJICIUPOBAaHNE (PH3MUECKH M TCOMETPHUYECKHM HETUHEHHBIX CHCTEM CTEXHEBBIX
AJIEMEHTOB. B cpaBHEHHH C HM3BECTHBIM METOJIOM KOHEUHbIX 31eMeHTOB (MKD) manHbIil MeTO[
TpeOyeT ropa3ao MEHBIINX TPYAOEMKHX 3aTpaT, IIOATOMY B JaHHOH paboTe paccMaTpUBaeTCs €ro
MIPUMEHEHHE K YHCIEHHOMY MOJICTTMPOBAHHIO TIPEIBAPUTEIHHO HAMIPSHKEHHBIX YIIPYTUX 3JIEMEHTOB.
o’u, ocd lox  ou au, oQ, / ox _ o’u; I ot?

PV +E+ 5 1+0,5 + 5 =P, 5 :
+o, +(Q+e,) OX ox ) F(E +o,(1+e,)) E +o,(+e,)

0
rac¢ U - mpoaojibHOC CMELICHUE, O,, - HOpMallbHasi COCTaBJLAOIIAA HAYAJIbHOI'O HAIIPSKCHUS, exx -

OTHOCHUTCIIbHOC YIJIMHCHUC ruOKoro 3BeHa B HaIlpaBJICHUU OCH OX; 6Q/8X - MHTCHCHUBHOCTbD

BHEIIHEW Harpy3ku. [Ipu 3ToM criomniHas cpefa 3aMeHsSeTCs CUCTEMOM Y3JI0B ¢ COPEAOTOUCHHBIMU
B HUX MaccaMHM W CBOMCTBaMHU YIPYroro sjaeMeHTta. llepexoa OT CIUIOIIHOCTH Cpeabl YIpyTrux
3BEHBEB K MX JUCKPETHOMY IMPEICTABICHUIO B | — X y3J1aX OCYIIECTBISETCS KOHEYHO-PA3HOCTHOM

aHHpOKCI/IMaI_II/Ieﬁ BBIIIC YKA3aHHOT'O YPABHCHUA
2 —
A 2[ Al = (A + AU+ A (EJ U [&j Uj., — U,
j

AX ). A1 (A + 2,) AX 2, AX); A
2j-2l 1<j<N
rae ﬂ,j:XJ——XHy, | = L npu i=N41

[lonyuyenHnass uucieHHas Mojaenb B Buje cucteMbl N+1 HelMHEWHBIX OOBIKHOBEHHBIX
i depeHnanbHbIX YpaHEHUH, TUCKPETHO ONMUCHIBAIOLINX KOJIEOAHUs HJIEMEHTA C O/IHOM CTeNebto
cBoOOAbI 1, OyAeT pemarbcs M3BECTHBIMM MMAKETaMU CUMBOJIBHBIX BHIYUCICHUM.

CIIMCOK JIMTEPATYPBI

1. Cagnep, Canyop. AHa/IU3 HETMHEHHBIX KOJIEOAHUN yIIPYTUX YeThIpeXx3BeHHUKOB.//KoHCTp.
u TexHos. Mamuuoctp. Tp. AMepukan. o6, uHx.-Mex. 1974, Ne2. - C.22-30.

2. KoapipOekynol A.b., Xamxkuesa JI.A: MoaenupoBanue ¢uznueckd HETUHEHHBIX cpel U
cpea ¢ HaualbHbIMH HampsbkeHusMu. //Tp.Bcepocc. 1mIKoIbl.-ceMUHapa Mo COBP.IPOOI. MEXaHUKU
ned.tB.rena, HoBocubOupck 2003. - C.119-123.
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MATEMATHYECKOE MOJAEJIUPOBAHUE ®OPMHUPOBAHUSA TPOMBA
B ITIOTOKE BA3KOU ’KUJIKOCTH

A.T. CEUJIOB

[IpucreHounble TPOMOBI — 3TO CT'YCTKH, KOTOPbIE NMPUKIEUBAIOTCA K CTEHKE KPOBEHOCHOT'O
cocyna. OHM BOZHHKAIOT B KPYITHBIX COCYJIaX, TAKMUX KaK CEPAIIEC U a0PTa, 1 MOTYT O'PaHUYHUTH TTOTOK
KpOBH, HO, KaK MpPaBUJIO, HE MEPEKPBHIBAIOT €ro MOJHOCThI0. Takoe oOpa3zoBaHHE B OOJIBIIOM
KPOBEHOCHOM COCYJI€ OYZET YMEHbIIATh KPOBOTOK Yepe3 ITOT COCY/l (IPUCTEHOYHBIH), U BCIEICTBHE
Yero MOXeT MPUBECTH K TAKUM OO0JIE3HSIM KaK CTEHOKapus, aTepockiiepos, nHbapkT muokapaa [ 1].

HccnenoBanust TpoM0000pa3oBaHus MPOBOAST C IIOMOIIBI0 MAaTEMAaTHUYECKUX MOJIENEH, 100
B UCKYCCTBEHHBIX CHCTEMaX. Y paBHEHHUS B MOJIEIM MAaKCUMaIbHO BO3MOXKHO OMUCHIBAIOT YCIOBUS B
OpraHu3Me 4eJIOBeKa, HO M UMEIOT OTin4us. Hampumep, CTEHKU COCYJ0OB MOKHO CUUTATh KECTKUMU
u HenehopMHUPYEMBIMH, a KpPOBb KaK HEC)KHUMAeMyl, KHJIKOCTb C MOCTOSHHOW BSI3KOCTBIO.
[ToBpexxaeHHsT COCYIOB MOJIENMPYIOT HAaHECEHHWEM BeleCTBa-akTUBaTOpa. B pabore mpoBeneHO
UCCIIEIOBaHNE MaTeMaTU4YecKoi Mojaenu (QOpMHpPOBaHUS TpomMOa B KPYINHBIX apTEpHUsiX.
PaccmoTpeno ¢gopmupoBanue Tpomba B OTOKE BSI3KOH JKUAKOCTH HA Pa3HBIX YYaCTKaX CHCTEMBI
KpOBOOOpAIIIeHHsI YeIOBEKa U CIEJCTBUS TEX WM WHBIX pe3yibTaToB [2].

Maremaruueckass MOJCIb ONMUCHIBaeTCs ypaBHeHuWsMH HaBbe - CToOkca, 3amMCaHHBIX B
SIIEPOBBIX KOOPJIMHATAX U ypaBHEHHEM Hepa3pbIBHOCTH. [lJis [ByMEpHOro ciydyasi MoJelb OyeT
UMETh 3 ypaBHECHHS, a TPOMO OyIeT 3amaBaThcs B MpaBoil vacth ypaBHeHHi HaBbe-CTokca
skBHUBaJieHTOM Tpomba B cuiax. C momomipto ANSYS Obuia mocTpoeHa cliokHas 00JacThb C
HaJIM4YueM TpoMOa M MCClieoBaHa JUHAMUKA KPOBOTOKaA [3].

Lenbto paGoThI sBiIsSIETCS MOJAETUpOoBaHUE (GOPMUPOBAHUS TPOMOA B KPYIHBIX apTEpHsiX C
MOMOIIIBI0 MaTeMaTHYeCKOW Mojenu u mnpukiagHod mnporpammbel ANSYS mis momydenus
YUCJICHHBIX PE3YJIbTATOB [4].

[To wmerommMcsT TpeIBapUTEIBLHBIM  pe3yibTaTaM IoOKa3aHo, 4To Qopma Tpomoa,
oOpa3ymolerocs B MOTOKE BS3KOM >KUIKOCTH, OyAeT 3aBUCETh OT 3HadyeHHs uucia PeliHonbaca u
pa3Mepa MOBPEXACHHOIO yJyacTKa CTEHKU COCYJa, a TaKKe€ 3aBUCHMOCTb CKOPOCTH OT BSI3KOCTH.
Pe3ynbTaTthl 4HMCIEHHBIX DKCIEPHUMEHTOB IO MaTeMaTHuecKoil monenu ¢GopMUpOBaHUS Tpomba
MOTYT OBITh UCTIOJIE30BAHBI JISI ITPEICKa3aHuUs SKCTICPUMEHTAIBHBIX PE3yJIbTATOB HAa KAYECTBEHHOM
YPOBHE.

CIIMCOK JIMTEPATYPBI

1. Colman R.W. Hemostasis and thrombosis basic principles and clinical practice. —
Philadelphia: Lippincott, 1993.

2. A.C. Benim, A. Nahavandi, A. Assman, D. Schubert, P. Feindt, S.H. Suh “Simulation of
blood flow in human aorta with emphases on outlet boundary conditions”. — Applied Mathematical
Modelling 35(2011) 3175-3188

3. Sankar D.S. Two-fluid nonlinear mathematical model for pulsatile blood flow through
stenosed arteries. - Bull. Malays. Math. Sci. Soc. (2) 35(2A) (2012), 487-498

4. C.A.Banerep, M.H./lanunos, F0.B.3axaposa, H.H.®enoposa. “OcnoBbl pabotsl B [IK
ANSYS 16.0” yuebHoe mocobue.- HoBocubupck (2015)
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MOJIEJIJMPOBAHUE CBETA ¥ TEHEH B CIIEHE OPEN GL

LK. CYITAHOBA

OpHolt M3 TIVIaBHBIX 3a7ady IPU CHUHTE3€ PEATHCTUYHBIX KOMIIBIOTEPHBIX H300paXKeHUl
sBIsieTCs (POpMUPOBaHHUE TeHEH. TeHU MO3BOJSIOT 3HAYUTEILHO MOBBICHTH PEAIU3M BUPTYaIbHOM
CIICHBI, IOCKOJIbKY OHH JIAIOT APYroil BUJl 00BbEKTa (CO CTOPOHBI UCTOYHUKA CBETA), 33 CUET YETO MBI
MOJKEM JTy4Ille TIPEJICTAaBUTh B3AUMHOE PACIIONI0KEHNE OOHEKTOB M NICTOYHUKOB CBETA B CIICHE.

B nannoii pabore paccMmarpuBaeTcs penieHue 3aaady  (GOpMUpPOBaHUS TeHEH B rpaduueckoi
cpene OpenGL. Onu akTyanbHBI JJisi KOMITbIOTepHOU rpaduku. Kpome TOro, BO3MOXKHOCTH
MOCTPOCHUSI TeHel He peanusoBaHa Hampsmylo B OpenGL, ogHako, CyIIECTBYIOT pa3liiyHbIC
CHOCOOBI MX BU3YAIH3AIMH ¢ TOMOIIbI0 6nbarorexk OpenGL.

ABTOpOM paboThl MpoBeeH 0030p U aHAIU3 BO3MOXHBIX METOJOB MOCTPOCHHUS TEHEH, UX
BO3MOXKHAsI peanm3alis ¥ HCIoNb30oBaHue mpuMeHuTenbHO K OpenGL. BbiieneHsl HECKOIBKO
croco0oB gopMupoBanus TeHel 00bekTOB B cpeae OpenGL. Oto «lIpoekTuBHBIE TEHU» -
OTHOCHUTEIILHO MPOCTON B peajM3allii METOJ, HCIOJIb3YIONUN MPOSKIIMOHHBIE TPpeoOpa3oBaHusl.
3areHsomui 00bEKT MPOCTO MPOCHUPYETCS] HA HEKOTOPYIO MIIOCKOCTb, CBA3aHHYIO C 3aT€HSEMbIM
00BEKTOM, a 3aTeM BU3YAIH3UPYETCS KaK OTJCIbHBIN IPUMHUTHUB.

«TeneBoil 00beM» GopMUpyeTCs U3 JIy4eld, UCITyCKaeMbIX MCTOYHHKOM OCBEIEHUS, Jajee
MPOXOJAIIMX Yepe3 KOHTYp 3aTeHSIOUIEro O0O0beKTa (CO CTOPOHbI HMCTOYHMKA CBETa) U
MIPOJIOJKAIOIIMUXCS 32 TIPEIEIIbI CLICHBI.

«Kaptel TeHel». MeTo TEHEBBIX KapT SBIISIETCS METOJOM JSKPAHHOTO IPOCTPAHCTBA H
UCIIONIB3YET MAJIsi TMOCTpOeHHs TeHel Z-Oydep W mMpoekIroHHOe HalokeHue TekcTyp. CleHa
BBEIBOJIUTCS TOJBKO B Z-Oydep W3 TMOJOKCHHS HCTOYHUKA CBETa; cojaepxkumoe Z-Oydepa
MIEPETHCHIBACTCSI B TEKCTYpPY, KOTOpas W Ha3bIBae€TCA KapTOd TeHH. TeKCTypHas KOOpAWHATA T
(paccTosiHME TEKYIIEro DJJEMEHTa JI0 HWCTOYHHWKA CBETa) CPAaBHUBACTCS CO 3HAUYCHUEM
COOTBETCTBYIOIIETO TEKCENs KapThl TeHU. Ecnu r > 3HaueHUs TEKCesl, 3HAYUT CYIIECTBYET SJIEMEHT
CIICHBI, HAXOJSAIIMICS OJMKe K MCTOYHHKY CBETa, YeM TEKYIIUW, W, CJIEJOBATECIbHO, TCKYIIUH
JJIEMEHT 3aTeHsieTcs. B mpoTuBHOM citydae - oH ocBemieH[1].

ABTOpOM pabOTBI TIPH MOJICTHPOBAHUM CIIEHBI YYUTBHIBACTCS B3aWMHOE PACIOJIOKEHUE
(paccTosiHME) MEXAYy HCTOUYHHKOM CBETa M 3aTEHSIEMBIM OOBEKTOM, MOJIOKEHHE HaOIoIaTeNs
OTHOCHTEIILHO CIICHBI M CIIEHBI OTHOCUTEIILHO HAOFOAaTeIIs.

B pabote paccMoTpeHsI ciydau:

eKOr/Zla HaOJo/aTeNb HEMOJBMKEH M MCTOYHHMK CBETA PACIOJIOKEH ONM3KO K OOBEKTY
3aTCHEHUS;

e Hao0OpOT, KOrjga HaONIOAAaTeNh HEMOABMKEH M HCTOYHHUK CBETa pACIOJOXKEH Ha
OTIpeIeIEHHOM JAIbHEM PAcCTOSHUY;

® HAXOJTUTCS HAJl CAMUM OOBEKTOM;

® DACCMOTPCHBI BHINIE YKa3aHHBIE CIIy9ad TMPU YyKE H3MCHSIONIEM CBOE IIOJIOKCHUE
Habuo1aTene.

B pabote pa3paboraH anropuTM M IporpamMmMa MOJIEIUPOBAHUS TEHEH IS CTAaTHYECKOTO
M300pakeHUsT OOBEKTOB M B Clydae WX aHUMAIMU. Pe3ynbTaThl WCCIICIOBAHHWM IPEACTABICHBI
rpaduyecKu.

CIHHUCOK JIMTEPATYPbI
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130



MATEMATHYECKOE MOJEJUPOBAHUE ITOTOKA KPOBU B Y3KOM
APTEPUU C KATETEPOM

P.Y. TEHU3BAH

KpoBb 4esoBeka HENpecTaHHO IHUPKYJIUPYs B HAIIEM OpPraHWU3MeE, COTPEBacT, OXJIAXIacT,
MUTAET U 00ECTIIeYMBAET €My 3aIIUTY C MOMOIIBIO OYHUIIEHUS OPTraHU3Ma OT OTPABJISIOIINX BEIIECTB,
OTBEYAET 3a CBs3b BHYTPU HAIIEr0 OpraHmW3Ma. boiiee TOro, € MpPOHM3BOIUTCS HEMEIJICHHOE
BOCCTAQHOBJICHHE CTEHOK BEH I10CJIE JIFOOBIX MOBPEXKICHUH M, TAKUM 00pa30oM MPOUCXOAUT MPOIIECC
pereHeparuy.

Tpom06 BO3HUKAET, KOT/1a MPOLIECC TeMOCTa3a, KOTOPHIii 00BIYHO BOZHUKAET B OTBET HA TPABMY,
aKTUBUPYETCS B HEMOBPEKICHHOM WM CIIerKa IMOBPEXIECHHOM cocyne. Takoe oOpa3oBaHue B
O0JIBIIIOM KPOBEHOCHOM COCYZIe OyJIeT YMEHbIIATh KPOBOTOK U€pe3 3TOT cocyl (IPUCTEHOUHBIN). B
HeOO0JIBIIIOM KPOBEHOCHOM COCY/I€ TIOTOK KPOBU MOKET OBITh IIOJTHOCTBIO OTPE3aH, B PE3yJIbTaTe Yero
MPOUCXOIUT CMEPTh TKaHM, MHUTAEMOW 3TUM cocyaoM. McciemoBaHue NWHAMHKH KPOBOTOKA B
apTEpUAX CO CTEHO30M SIBIISICTCS aKTyaJIbHOW MPOOIEMOii B TeMOIMHAMHUKE.

Lenbto paboOTHI SBISIETCS MOACTMPOBAHHWE KPOBOTOKA C HAJMYMEM TpoMOa M Karerepa ¢
npuMeHeHneM nporpamMmHoro nakera ANSYS [1], ucciemoBaHue MONyYeHHBIX PE3yJIbTaTOB U
KOTOpast Oy/IeT MCIOIb30BaHa JJIsl MEAMIIMHCKOW AMAarHOCTUKU. B paboTe KpoBb paccMaTpuBaeTcs
KaK HEC)KUMaeMasi JKUJAKOCTh C IMEePEeMEHHOW BS3KOCThIO [2]. JIis mpuOJIMKEHUsT YUCIECHHOTO
peleHust K peabHOMY 1010010 ObLIa MpUMEHEeHA (YHKIMOHATbHAS 3aBUCUMOCTbD BSI3KOCTH KPOBHU
OT IPOIEHTa ApUTPOIUTOB [3]. PaccmaTrpuBaiach Cii0)kHasi TEOMETPHS JIJIsl KOTOPOI CTpOUIIach CeTKa
¢ npumeHenueM ¢pyukimu “Inflation mesh” ms crymenus cetku B o0actsix Tpom603a. C oMol
aktuBais ¢yukiuu Report Quality B General Setup npousBeeHa orieHKa KauecTBa ceTku. Kpome
TOTO, OIEHEH MaKCHMaJbHOE OTHOIIEHHE CTOPOH s4YeeK. boiplme 3HaueHHs 3TOrO IMapaMerpa
JIOIYCKAIOTCS B MPU3MATHUYCCKHUX CIIOSX SUECK, MOCTPOCHHBIX ¢ MOMOIbI0 nHCTpyMenTa Inflation.

[Tonmy4yeHHbIe pe3ybTaThl MOKA3aIH, YTO TP MHHUMAIBHOM 3HAYEHUU BS3KOCTH, CKOPOCThH
MOTOKA YXHUJKOCTH MPUOJIKAETCS K CBOEMY MaKCUMAaJIbHOMY 3HAYCHHIO B OOJIACTU MPHUCYTCTBHUS
KareTepa, s JF000r0 HEeOOJBIIOTO yBETHMUEHHUS pa3Mepa KaTeTepa MPOMCXOIUT 3HAUYUTEIILHOE
YBEJIMUYEHUE BEIMYMHBI CONPOTHBIIEHHS IOTOKA. 3aMEUY€HO, YTO BSA3KOCTh, CKOPOCTb IMOTOKAa U
HaNpsDKCHNE CIIBUTA apTEPHUATBHOIN CTEHKH CYIIECTBEHHO H3MEHSIOTCS C HATMYUEM KaTeTepa.

CIIMCOK JIMTEPATYPBI
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YUCJIEHHOE MOJEJIMPOBAHUE ABAPUMHBIX BLIFPOCOB CBHIPOM
HE®THU CO CTAHMOHAPHBIX IIVIAT®OPM H C ABUKYIHIUXCA
HE®TAHBIX TAHKEPOB B OTKPBITOE MOPE

H.B. [[OH

IIpomblnieHHast JI€STEIBHOCTh YEJIOBEKA HAMPsIMYIO CBS3aHHA C OKPYXKAIOIIECH Cpe/ioi.
JlokanpHBIC 3arpsi3HEHUS MPOMBIILICHHBIMHA BBIOPOCAMU MPEANPHUATHNA B OOJBITMHCTBE TOPOIOB
MHpa MPEBBIIIACT MPEACIBHO JAOIMYCTUMbIC HOpMBI. OrpoMHbIe pabOThI O JOOBIYM HEeMTH, YIIId,
JKEJIE3HOHN PYy/Ibl U IPYTUX IMOJIE3HBIX HCKOTIAEMBIX MPUBOAAT K 3arpsi3HeHuro. [1pu poznuse HedTh
1 He(TEpOAYKThl 00pa3yloT IJICHKY Ha IMOBEPXHOCTH BOJIbI, B BOJIC MOSBIISICTCS 3allaX KEPOCHHA.
Hedrsnas mnmenka wu3MeHsieT (GU3MKO-XMUMHYECKHE Tporecchl. OHa TMOBBIIIACT TEMIEpaTypy
IOBEPXHOCTHU CJIOS BOJBI, YXYAIIACT ra3o00MeH. SIIOBUTBIC KOMIIOHGHTHI HE(TH CTAHOBSITCS
MPUIMHOW TUOETM PBIO, MOPCKUX NTHUIl U (UTOIUIAHKTOHOB. [lomamas B BOQy W3 pa3IMYHBIX
HCTOYHHUKOB, HE()Th UMEET TEHICHIINIO K PACCCMBAHUIO U MUTPALIUH.

Kacnuiickoe Mope sSBJISICTCSI OJTHUM W3 KPYITHEHITNX HEPTeA00BIBAIOIINUX perHOHOB B Mupe. C
TOYKM 3peHHs 3arps3HeHus Kacnuiickoe Mope HaxXOJWTCSd B KPUTHUYECKOM COCTOSHHH.
DKCIUTyaTanuss MECTOPOXKICHUM HE(PTH M JBM)KCHHE KPYIHBIX HEPTSHBIX TAHKEPOB MPUBOIUT K
exerogHomy BeiOpocy 122 Tbeic. 350 TOHH 3arps3HSIONMX HE(TSIHBIX BEIIESCTB. B CBSA3M ¢ BbIIIE
CKa3aHHBIM CTaBUTCS aKTyaJIbHBIM ITOCTPOEHHE YHCIICHHBIX MOJENIeH, CIOCOOHBIX OIMCHIBATH
pacmipocTpaHeHUe ChIPOH HEPTH B OTKPBITOM MOPE.

Matematuueckass MOJENb TepeHoca pazNuBa He(pTH OCHOBaHA Ha PEIICHUE CIETYIOIINUX
YPaBHECHHM:

ypaBHeHus1 HaBbe-CToKca [1s1 KOMIOHEHTOB CKOPOCTH:

%mwﬁui — VAU, i =12 )
ypaBHEHHUE MepeHoca HeTH, COCTOSIICH U3 N KOMITIOHEHT:
%Miﬁsi —VAS, +F,i=1.n @)
Tak e B TaHHOW MOJIeTH OBUIO MPUMEHEHO ypaBHEHHE JUTS ydeTa ucnapeHus HedTu
LAY ©

Ha ocnoBe BBII.HGy1(8.33.HHOI>i MaTeMaTH4eCKOM MOACIN ObLIH IMPOBEACHBI YNCIICHHBIC PACYCThI
10 JMHAMHKEC HC(l)TS[HOFO IIATHA CO CTAlIMOHAPHOT'O U HECTAIMOHAPHOI'O UCTOYHHUKA Ha Kacnmiickom
MOope. HOJ'Iy‘ICHHBIC pe3yiabpTaThl MOTYT OBITh MNPUMCHCHBI IIpU MOJACIHUPOBAHHNU HEKOTOPBIX
aBaprIHI)IX CUTyallul U OLICHKU BO3MOJKXHBIX MOCICACTBUU OT BBI6pOCOB Heq)TI/I B MOpCE.

CIIMCOK JIMTEPATYPBI
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YHACJEHHOE UCCJIEJOBAHUE OBTEKAHUSI IPENSITCTBUS
CJIO)KHOU TEOMETPUYECKOM KOH®UT'YPALIMHA B BSI3KOM
HEC)KMMAEMOM CPEJIE

A.A. ITAHBEKOBA

B HacTosiee BpeMsi 3aJaud B3aMMOJCHCTBHS Pa3iMYHBIX CTPOUTEIBHBIX MOCTPOEHUH C
MIOTOKOM BO3/yXa IIUPOKO PACHPOCTPAHEHBI BO MHOTHX OOJIACTSX HAayKH (MalIMHOCTPOCHHE,
apXUTEKTypa, MEIULIMHA, IPOMBILIUIEHHOCTh, OnoMexanuka). [IposBienue orpoMHOro MHTEpeca K
JAHHOM 3aJaue CBSI3aHO C HIMPOKHM PACIPOCTPAHEHHEM TEUCHHMU BSA3KOHM JKUAKOCTH B MIPHUPOJE, a
TaK)Ke MCI0JIb30BaHKUE 3HAaHUI 00 00TEeKaHUU FeOMETPUUECKO KOH(MUTYpaIlK B BSI3KOW cpefie BO
MHOTHX TEXHUYECKHX NPWIOKEHHUSIX, TAKUX KakK, B TEIJIOOOMEHHBIX ammaparax, TpagupHsX,
Typbunax. K Tomy ke, mpu pacuerax a’poOynpyrocTd CyAOB, JIETaTEeIbHBIX alMapaTtoB U
aBTOMOOWJIEH OOJBIIOE MPAKTHYECKOE 3HAUCHHE MMEET HCCICIOBAaHHE B3aUMOCHCTBUS MOTOKA
KHUJKOCTU WU ra3za ¢ TBepabiMH Tenamu. Ocoboe BHUMaHKHE BOMPOCY a3pOJIUHAMUKH TOCTPOCHUN
CTaJIM YIENATh MOCJIEe HEKOTOPBIX HECUYACTHBIX MPOUCIIECTBHN, TAKUX KaK OOpYIICHHE BHCSYETO
Mocta 4yepes pexy Takoma (CLIA, 1940 r), Tpex rpagupen Ha TOC @eppubpumxk (Anrius, 1965r.),
aBapust Ha ADC Turkey Point.

B pabote mpotectupoBaH pa3pabOTaHHBII METOJl HA OCHOBE SKCIIEPUMEHTAIBHBIX JIaHHBIX,
B3STHIX C paboThl [1], rae paccmarpuBaercsi OOTeKaHHE KBaApPAaTHOTO IUJIMHIPA TIOTOKOM BOJBI; B
pe3ynbTaTe 4ero MOJy4YeHHbIE YHCIEHHBIE PEHICHHS XOPOIIO COTJIACYIOTCA C SKCIEPUMEHTOM;
paccMaTpuBaeTCs MOJIENIb OOTEKaHHS ABYX CTPOHUTEIBHBIX COOPYKEHHI C KPYTrOBBIM IMOIIEPEYHBIM
CEUEHHUEM, DPACIOJNIOKEHHBIX APYr MPOTUB Jpyra. JlaHHas MaremaTHuecKas MOJENb MO3BOJSET
YCTaHABJIMBATH M PACIIONIaraTh CTPOUTEIBHBIE COOPYKEHHS C YUYETOM HX a3pPOAHMHAMUKH.

Jlng  omucaHuWs — JABWKEHUS  KUAKOCTH  [2]  UCHONB3YIOTCA  HecTal[MOHapHbIE
nBymepHbeleypaBHeHus: HaBbe-Crokca [3] ¢ MOCTOSHHOM IUIOTHOCTBIO M KMHEMAaTH4ECKOU
BSI3KOCTBIO:

a_u+ﬂzo

2 2
6_u+u8_u+V6_u:_18_p+9(Z_LZJ+8_u
X

ot ox oy  pox oy*

2 2
@+u@+v@:_£@+9 ﬂ+ﬂ)’

ot ox oy poy Xt oy

rae (X,y) — KoOpAuHAThI CUCTeMBbI, t — Bpems, (U,V) — KOMIIOHEHTBI CKOPOCTH, P — JAaBJCHUE, P
— IUJIOTHOCTbh, V — KHHEMaTU4YeCKasi BA3KOCTb.

B pesympraTeé INpPOBENEHHOIO MCCIEAOBAaHUS HANAEHO ONTUMAJIBHOE pACIOJIOKEHUE
COOpPYKEHHH , KOTOpoe o0ecrieunBaeT 6e30MaCHOCTb U LEI0CTHOCTh TOCTPOCHU.

CIIMCOK JIMTEPATYPBI
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YUCJIEHHOE UCCJIEJOBAHUE TEYEHUSA KPOBU B CUCTEME
COCYAOB I'OJIJOBHOT'O MO3T'A C ITATOJIOT'TYECKUMH
N3MEHEHUAMMU

AM. IIIYBAH

3azaya MaTeMaTHYECKOTO MOJCIMPOBAHUS JIBWIKECHUS JKUIKOCTH IO CHCTEME IACTUYHBIX
KaHAJIOB MMEET LIMPOKYI0 00JIACTh HAYYHOTO M MPAKTUYECKOro nmpumeHeHus. OpHa u3 Hambosee
BaXXHBIX MPOOJIEeM MEIUIMHBI — JIEYEHUE PacCTPOMCTB MO3roBoro kposooOpaienus. [Ipodiema
OpoWIAKTUKA U XUPYPTUYECKOTO  JICUYCHHS  HMIIEMHYECKUX  HApyIIEHWH  MO3TOBOTO
KpOBOOOpAIEHUs YpE3BbIYAHO aKTyallbHa B CBA3H C PACIPOCTPAHEHHOCTHIO 1IepeOPOBACKYIIIPHBIX
3ab0JIeBaHUI.

YucnenHsle pe3yabTaThl CPABHUBAKOTCS C aHAIMTHUYECKUMHU pelieHusmu Teuenus Ilyaseiins,
KOTOPBIA JAacT YAOBJIECTBOPUTENBHBIM pe3ynbTaT. UYTO IO3BOISET HAM IPUMEHUTH JAHHBIN
YHMCJIEHHBIM METOJ K MHTEPECYIOLIEH HaM 3a7adye TEUEHUS KPOBH B COCYJax I'OJOBHOI'O MO3ra C
[1aTOJIOTMYECKUMU 3a0051€eBaHUAMU. PaccMaTpuBaeTcsi YNCIEHHOE MOIEIMPOBAHNE TEUEHUS KPOBU B
KPOBEHOCHOM COCyJie cO cTeHO30M. Mcenenyercs BIMsHUE CKOPOCTU Ha ITOBEICHNUE KPOBU B COCYIaX.
YucneHHOE MOJENMPOBAHUE ATEPOCKIEPOTUUECKOM OJIAIIKKM B COCyJaX TOJOBHOIO MO3ra JaeT
BO3MOXXHOCTb YCTAHOBMTb KAapTUHY TEUYEHUS, BBI3BAHHOIO CTEHO30M. JlONOJHUTENBHYIO
MHGOPMAIMI0O MOKHO TOJYYHTH B XOJ€ AKCIEPHUMEHTAIBHBIX HCCICIOBAHUN, YTO TO3BOJISIET
OIIpeNIeJINTh HaM THIl, XapaKTep, TEUYCHHUs U CTeNeHb 3a0oneBaHMs. [ ycTaHOBIEHUS pa3BUTHS
(U3NONOTHYECKUX W TIATOJIOTHYECKUX IPOIECCOB B BEHAX BAXXHBIMHU IMapaMeTPaMH SIBIISCTCS
pacnpeesieHne CKOPOCTH U JaBJICHUSI BIOJIb OCH.

B3sB 3a ocHOBY B paboTe uMciIeHHOE pelieHue cucreMbl ypaBHeHuil HaBbe — CrtoOKca,
IIOCTPOEHBI MAaTEMaTUYECKHE MOJIENIN ABHIKEHHS KUIKOCTH B CUCTEME KPOBOOOpAILEHHS:

ou ov
—+—=0
oX oy
2 2
87u+u67u+\/67u:_£67p+9 @.{_ail:)

ot ox oy  pox ox* oy

N v v 1dp RVANGRY
—HU—+V—=———+H 5+ )
ot ox oy poy ox® oy

rae (X,y) — KoopauHaThl CHCcTeMBbl, t — Bpemst, (U,V) — KOMIOHEHTBI CKOPOCTH, P — JaBJICHUE, P
— IVIOTHOCTBh, V — KUHEMATUYECKasl BI3KOCTb.

Pe3ynbpTarsl 1aHHOM pabOTH MOKHO HMCIOJB30BATh B UCCIEIOBAHUAX 10 MAaTEMAaTUUYECKOMY
MOJIETTUPOBAHUIO MO3TOBOTO KPOBOOOpAIlIEHHs YeJIOBeKa M B PEIICHUWH 3a/Jad MPaKTHYeCKON
METUIIAHBI.

CIHHUCOK JIMTEPATYPbI
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PA3JIEJI 5. AKTYAJIBHBIE IPOBJIEMbI UHO®OPMATUKHA U
NHPOPMAIIMOHHBIX CUCTEM

INPOEKTUPOBAHHME COBPEMEHHBIX TEXHUYECKHUX CUCTEM
BE3OITACHOCTH HA TIPUMEPE PERCO-S-20

I.K. AB/JTAKHM

Mup, B KOTOPOM MBI J)KUBeM, HeOe3omaceH. [Ipruem moxoxe, 4To ¢ TeUeHUEeM BPEMEHH CUTYaIUs
yxyauaercsi. COBpeMEHHOMY YeJIOBEKY JI0CTaTOYHO YaCTO MPUXOUTCS CTAIKUBAThCA C IPOOIeMO
3alIUTHl CBOMX MHTEPECOB OT Pa3IMYHBIX MOCATATEIbCTB.

Bo Bce BpeMeHa OCHOBHas Lieib OOJIBIIMHCTBA 3J0yMBIIUIEHHUKOB ObUIa OJHOW M TOM ke
3aBNa/IeTh YYKUM HMYIIECTBOM M U3BJI€Yb M3 3TOr0 BHIroAy. B 1aHHOM ciyyae TepMUH
«UMYIIECTBO» YHOTPEOISIETCS B CAMOM LIMPOKOM CMBICIIE. DTO MOT'YT ObITh YUaCTKH 3€MJIM, 34aHU,
mo60e 000pyIoBaHKE, TPAHCIIOPTHBIE CPEICTBA, KyAbTYPHBIE IEHHOCTH U MHOTOE Jipyroe. Mcropus
M300pETEeHUs] YeJIOBEKOM CIIOCOOOB 3alUThI CBOEH COOCTBEHHOCTH HE MEHEE JIMHHA, YeM BCA
UCTOpHUS UMBWIM3AIWU. [IpakTHUECKH BCE TEXHOJOTUYECKHE JOCTIIKEHHS, KOTOPBIE MOXHO
UCIOJb30BaTh JUIsl OXPaHbl 4ero Obl TO HU OBLIO, cpa3y MCIOJIb30BAIUCH MPU PELICHUH JaHHBIX
3amad.

B nocnennee Bpemsi oXpaHHbIE CUCTEMBI JOCTHIVIM CTOJb BBICOKOH CTEMEHM pPa3BUTHUSA, YTO JJIS
yIIpaBJICHUS] MU HEOOXOMMO MMPUMEHEHHE CTIEIMAIN3UPOBAHHBIX KOMITBIOTEPOB. Ha TexHmueckom
A3bIKE TaKHUE CUCTEMbl HAa3bIBAIOTCS WHTETPUPOBAHHBIMU cucteMamu Oe3onacHoctd (MICB).
JlelicTBUE JaHHBIX CHCTEM allapaTHBIX U MPOTPAMMHBIX CPEICTB HAIPABJICHO HA OCYIIECTBICHUE
CaHKIIMOHMPOBAHHOI'O MPOX0/Ja Ha KOHTPOJIIMPYEMYIO TEPPUTOPHUIO, a TaKkKe (PUKCALINIO COOBITUN —
¢axTa mpoxo/1a, BpeMEeHH IPOX0/1a, HAITPABICHHS ITPOX0/1a (Ha BXOJI MJIM Ha BBIXO.). JlaHHBIHN JOKIa
MOCBAIIEH pPEIIEeHUIO 33734 MOBBbIEHUA 3((EKTUBHOCTU TpyJda MNPEANPHUITHS C IOMOIIBIO
TeXHU4YeCcKol cuctemsl 6ezomacHoctu PERCo — S- 20.

JlaHHas cucTeMa KOHTPOJIs JIOCTYIa MOCTPOEHa Ha OCHOBE CETH KOHTPOJUIEPOB M KOMIIBIOTEPOB,
CBSI3b MEXK]Iy KOTOPBIMHU ocyIecTBisieTcs o uarepgeiicy Ethernet. B kauectBe unentudukaropos
UCHOJb3YI0TCs OeckoHTaKkTHBIE (Proximity) kapTel 1 Openoku crannapra EM-Marin, HID, Mifare. B
KayecTBE HCIOJIHHUTENBHBIX YCTPOHCTB CHUCTEMBI KOHTPOJS JIOCTyIIa MOTYT HCIOJIh30BATHCS
TYPHHUKETBI, KaJUTKH, 3JIEKTPOMAarHUTHBIE U 3JEKTpPOMEXaHWYeCKHe 3aMKu. B mpencraBisemom
JOKJaze OyIyT OCBSIIEHBI dTAlbl MPOSKTHPOBAHUS 3a[1a4d MOBBIIICHUST d()(HEKTUBHOCTH Tpyaa C
MOMOIIBIO ocyIecTBiIeHne SMS - pacchlIkM Ha 3ariporpaMMHMPOBAaHHBIE HOMEpPA IPU HACTYTIJICHUN
onpenenéHHbIXx coOblTi  Ha Oa3e kadenpsl HMHpopMalmoHHBIE CHCTEMBI MEXaHUKO-
MaTeMaTHYecKoro (akynbreTa.

CIHHUCOK JIMTEPATYPbI
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CUCTEMA ABTOMATHU3ALIMU U KOHTPOJISA TPOU3BOJACTBEHHOI'O
ITPOIECCA 3KCIIVNIYATAIIUA KOMITAHUHU AO «JIOKOMOTHB»

A.M. AB/IPACH/IOBA

OaHMM W3 aKTyaJbHEHIIMX HAa CETOAHSIIHUN JI€Hb MPOEKTOB SIBJISETCS MPOEKT CO3JaHUS
KOPIOPaTUBHON CETH JIaHHBIX (MOPTal), 00ecreYrBaIONINi ONEepaTUBHOCTD 110 BCEM HapaBICHUSIM
nestenpbHocTH OOmIecTBa, 0COOEHHO B BOIPOCaX MOHUTOPHMHIA M aHaiu3a padoThl, yXoAa OT
OyMakKHBIX TEXHOJIOTH, a TaKke MHPOPMAIIMOHHYIO O€30MaCHOCTh C Y4E€TOM CHMKEHUSI BUPYCHOMN
U XaKepCcKou yrpo3.B 3Toli cBsi3n 0cO0O0T0 BHHUMAHUS 3aCIIyKUBAET MPOEKT aBTOMATU3UPOBAHHON
CUCTEMBI YIIpaBJIEHUS JOKOMOTUBHBIM X03siicTBOM (ACY-T).

Jannsiii npoekT mHUIMUpoBaH AO «JIOKOMOTHBY» M IpeayCcMaTpUBAET IOJHBIA YXOA OT
nHpopManuyd Ha OyYMaKHBIX HOCHUTENSX (MapHIpyT MAIIMHHUCTA, KOHTPOJIb SBOK, MEIOCMOTPOB U
T.I1.) 33 CUET BHEAPEHUS CITyTHUKOBBIX TEXHOJIOTUI U AJIEKTPOHHBIX KapT MALLIMHUCTA. DTO TOBBICUT
ONEepPaTUBHOCTh, IPO3PAYHOCTh U  JOCTOBEPHOCTh y4eTa TIroBoil pabOThl, IO3BOJIUT
ONTUMU3UPOBATh IITAT YYETYMKOB U KOOPAMHUPOBATH pabOTy BCEX CYLIECTBYIOIIUX M BHOBBb
CO3/1aBa€MbIX COOCTBEHHUKOB TSATOBOT'O MOJBUKHOT'O COCTABA.

WNudopmannoHHO-BRIYHCIHTENbHAS HHPpacTpyKTypa Komiiekca ACY T umeer
BEPTUKAIbHO-UHTETPUPOBAHHYIO CKBO3HYIO TPEXYPOBHEBYIO CTPYKTYPY U YCIOBHO COCTOUT U3
CIIEYIOIUX CTPYKTYPHBIX Pa3/ieioB (BBIUUCIUTEIbHBIX CEPBEPHBIX KOMILIEKCOB):

e KOMIUIEKC JTMHEHHOTO YPOBHS;

e KOMILJIEKC JJOPOKHOTO U PETMOHAILHOTO YPOBHS;

e KOMIUIEKC KOPIOPATUBHOI'O YPOBHSI.

[Iponykumeit chepsl 1eATeTbHOCTH OT/IeNIa JOKOMOTUBHOTO X035ICTBA SABJISIIOTCS pa3pabOTKu
KOMIUIEKCa aBTOMATU3MPOBAHHBIX Pa0OYUX MECT MPEINpHUSITHI JTOKOMOTUBHOTO Xo03sicTBa (APM
ACYT).

Lenb pa3Butus komiuiekca ACYT yrpaBieHus SKCIUTyaTallMOHHONW paboTOM JIOKOMOTHBHOTO
XO03SICTBA — MOTYYE€HUE MYJIbTHUINTUKATHBHOTO TEXHUKO-I)KOHOMHUYECKOTO Y eKTa 3a CUeT:

1. OGecnieueHus MepeBO30YHOrO MpPOIEcCa MCIPABHBIM TATOBBIM IOJBHKHBIM COCTaBOM H

Opuragamu B TpeOyeMbIX 00beMax.

2. ObecnieueHust 3aJaHHOTO YPOBHS 0€30IaCHOCTHU JABHXKEHHSI ITOE3/10B.

3. OnTuMu3aus SKCIUTYaTallMOHHBIX PACXO0JI0B XO3HUCTBA U 00ECIICYEHUSI UX COOTBETCTBUS

00bEMY BBITIOTHIEMBIX MTEPEBO3OK.

4. OGecnieueHus: NPO3PAYHOCTH JI€ATEIBHOCTH MPEANPUATUI X039HCTBA.

5. ObGecrieueHnsi CBOEBPEMEHHOCTH M KadyecTBa TEXHMYECKOTO OOCIYKHMBAHMSI U PEMOHTA

JIOKOMOTHBOB.

6. Baenpenust  yHUGUIIUPOBaHHOW J()PEKTUBHOW  TEXHOJOTHUH  PabOTHI  JIMHEHHBIX

NPEINpPUATHHA, OTACTCHUN U CITyKO0 OTpaciH.

[IpemyiaraeMblii MPOEKT pa3paboTaH C Y4ETOM TOJHON HMHTETPAIlMU C CYIICCTBYIOIIUMHU U
1aHupyembiMu KoMrnanuei k BHeApEHHUIO Ha MEPCIEKTUBY MH(POPMAITMOHHBIMU CUCTEMaMH U TeX
3¢ (}eKTOoB, B MEPBYIO OUYEpe/lb MPOU3BOJICTBEHHBIX, KOTOPbIE MOTYT OBITh JOCTUTHYTHI IPU €ro
YCIIELTHOM 3aBEPLICHUH.

CIHHUCOK JIMTEPATYPbI

1. A6pamoB C.A. OmeHka KayecTBa aBTOMATHU3MPOBAaHHBIX CHUCTEM  YIPaBJICHUS
IIPEANPHUATHAMU JKEIE3HOIOPOKHOIO TPAHCIIOPTA.
2. Jlakma U.K. ABTomMaTn3upoBaHHas CHCTEMa yIPABICHUS JIOKOMOTHBHBIM XO3SIICTBOM.
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THE USE OF SENTIMENT ANALYSIS IN TEXT RECOGNITION
M. ABAKAN, D.R. RAKHIMOVA

Sentiment analysis has a wide range of applications in the field of information technologies for
monitoring, analytics, for document management systems and advertising platforms, targeted on the
subject of web pages. The goal of sentiment analysis is to determine whether a given text is positive,
negative, or neutral in its effect on the reputation of a particular object.

Sentiment analysis has many unsolved problems. One of such problem is automatic detection
of the emotional coloring of the text. The difficulty of analysis is to presence the emotionally enriched
language — slang, ambiguity, uncertainty, sarcasm, all these factors are misleading not only people
but also computers. Thus, the tone of the utterance is determined by three components: the subject of
the tonality (who made the assessment), the object of the tonality (about whom or what made the
rating) and the actual tone rating (as rated).

There are two basic methods of solving this problem:

1)Statistical method. It requires pre-marked tonality of the collection (body) of texts that are
undergoing model training, which occurs and determining the sentiment or phrase.

2)A method based on dictionaries and rules. For this pre-compiled dictionaries of positive and
negative words and expressions. This method can be used as a list of templates and rules compound
the tonal vocabulary of a sentence, based on grammatical and syntactic parsing.

In some cases used mixed methods (a combination of the first and second approaches). In a
statistical approach for solving the General classification of texts into classes of keys are widely used
support vector machine (SVM), Bayesian model [1], various kinds of regression. Sometimes using
more sophisticated statistical algorithms, such as CRF, the semantic similarity algorithms (e.g. latent
semantic analysis — LSA, the latent Dirichlet placement — LDA), etc., as well as methods, rule-
based.

Nowadays, there are some program applications that works on determining sentiment analysis
of text: GATE, RapidMiner [2], Decooda. To specify the attribute key use language models, neural

networks or thematic thesauri. Future aim of my work is to continue research of text analysis on term
of sentiment coloring.

CIHHUCOK JIMTEPATYPbI

1. Pablo Gamallo, Marcos Garcia. A Naive-Bayes Strategy for Sentiment Analysis on English
Tweets. — Proceedings of the 8th International Workshop on Semantic Evaluation (SemEval 2014),
pages 171-175, Dublin, Ireland, August 23-24 2014.

2. http://rapidminer.com/ (web resource)
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OBb30P COBPEMEHHBIX ITPOI'PAMM-AHAJIM3ATOPOB CETEBOI'O
TPAOUKA

A.7K. A/TH/IBBEKOBA

Coznanue aBTOMaTU3MpPOBAaHHOW cucTteMbl i ynpasieHus (ACY) mporeccoM ceTreBoro
Tpaduka B komnbioTepHbii cetr (KC) npeanpusaTus B MociaeaHee BpeMs SBIISICTCS BaXHOW 3a1adeit
s 000 opranmsanuy, Tak kak KC mpeanpusrus urpaer IJIaBHYIO pOJib B IUIAHUPOBAHUH U
peannzanuu OM3HEC MPOIECCOB, MpU padOTe ¢ KIUEHTAMH U MOCTABIIUKAMHU, TaKXKe SBISETCS
HUCTOYHUKOM MHPOpMAUU O (HYHKIIMOHMPOBAHWHM KOPIOPATHBHBIX TPUIOKEHHUH, KOTOpas
YUUTBHIBACTCA TPU PACHPENCICHUH CPEACTB, IUIAHWPOBAHUU BBIYUCIUTEIBHBIX MOIIHOCTEH,
OTIpEeJICJICHUH U JIOKAIM3ALUU OTKA30B, PEIICHHH BOIPOCOB 0€30MacHOCTH.

[ToaTomy AJis TOro HEOOXOUMO UMETh MMPOTPAMMHBIN KOMILIEKC KOTOPHBI OYIET BHIIOIHATh
creaytomue QyHKIUU: aHAIU3 TpaduKa ¢ IeJIbIo BBISBICHUS IPobieM B paboTe ceTu (B TOM UuCIe,
HECaHKUMOHUPOBAHHOW aKTHBHOCTH); BOCCTAHOBJICHHE IIOTOKOB JIAHHBIX («IIPOCITYLIMBAHUEY);
MPEJOTBPAIICHHE PA3JIMYHOTO pOJa CETEBBIX arak; CcOOp CTaTHCTHUKH OTHOCHUTEIBHO CETH
MIPEeANPUSATHS.

3ajava aHanM3a CETEBOrO Tpaduka MpuoOpeTaeT Bce OONBIIYI0O aKTyallbHOCTh B CBS3H C
pa3BUTHEM U BHEJIPEHHUEM HOBBIX CETEBBIX TEXHOJIOTUM (U, KaK CIEICTBUE, YBEIMYCHHEM 00beMa
JAHHBIX, MEPEJaBAEMBIX 10 CETH), a TaK)Ke IOSBICHHEM OOJIBIIOr0 KOJMYECTBA HOBBIX CETEBBIX
MIPOTOKOJIOB MPUKIIATHOTO YPOBHSI.

Cucrema ananusa jnoipkHa obecrieunBath 3axBaT 100% Tpaduka, a Takke NpeaoCTaBISTH
3¢ (heKTHUBHBIC METO/IbI aHAJIM3a U HABUTAIIMH 110 €T0 pe3yiIbTaTaM. 3axBaT Tpaduka OCyIIeCTBISETCS
nocpeacTBoM cHuddepoB. B obmem cimydae, cauddep — 310 mporpamMma WIH TPOrPaMMHO-
anmnapaTHOE yCTPOMCTBO, MpeJHa3HAYCHHOE /7S epexBara Tpaduka.|[1]

Lenp manHoro o030pa — BBUICHUTBH, KaKHe 3a/laud aHAJIM3a CETEBOTO TpaduKa CHOCOOHBI
peliarth cymiecTByroue (Kak CBOOOJHO paclpoCTpaHsIeMble, TaK 1 KOMMEPYECKHE) HHCTPYMEHTHI,
HACKOJIBKO pacupsieMa ux (pyHKIIHOHAIBHOCTb.

ITo pe3ynpTaTam TECTHPOBAHUS MOKHO CKa3aTh, YTO OOJNBIIMHCTBY JOMAIIHUX MOJIb30BaTeNei
OyIeT JIOCTaTOYHO BO3MOXKHOCTEM, KoTopble mpenoctarisier Bandwidth Monitor Pro. Eciom ke
TOBOPHUTH O caMOil (DYHKIIMOHATBHOW MporpamMme JUisi MOHHUTOPHHTA CETeBOro Tpaduka, 3TO,
6e3yciioBno, BWMeter.[2]

W3 4ymcna paccCMOTpPEHHBIX MPOTPaMM-aHAIM3aTOPOB CETEBOro Tpaduka XOTenoch Obl
BeIIenTh Wireshark, koTopast umeeT 0oJblee KOMM4eCTBO (DYHKIITMOHAIBHBIX BO3MOYKHOCTEH.

Cuctema monuToprnra Cacti MAaKCUMalTbHO OTBEYAET MOBBIIICHHBIM TPEOOBAaHHSIM, KOTOPBIC
MIPEIBSBISIOTCS B CIIy4ae MPOBEICHUS UCCIIEOBAHMSI CETEBOTO TpaduKa B HAYUHBIX HENsIX.[3]

CIIMCOK JIMTEPATYPBI

1. Colasoft Packet Player. http://www.colasoft.com/packet_player/, nara oGpamienus
13.12.2015

2. IlnatoB B.B., IlerpoB B.B. HccrnemoBanue camornonoOHOW CTPYKTYpbl TeneTpaduka
OecripoBoHOM ceTH // Pamnorexuudeckue tetpamu. M.: OKb MOBU. 2004. Ne3. C. 58-62.

3. [lerpoB B.B. Ctpykrypa Tenerpaduka u alroputM odecrneueHus: KauecTBa 00CIyKUBaHUS
npu BiIMsiHUM 3(ddexTa camononodbus. [uccepranus Ha coOMCKaHUE YYEHOW CTENEHW KaHuaara
TeXHUYecKux Hayk, 05.12.13, Mocksa, 2004, 199 c.
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BEWHE TAHY KOHE KIIACCUPUKALUATIAY AKHAPATTBIK
KKYUECIH BEPTTEY )KOHE KYPY

I. A3AT, II.T. OMAPOBA

¥3aK yakpIT arbIMBIHAA TaHy Moceneci KoiaaHOanpl MaTeMaThka, KHOepHETHKa >KOHE
aKnaparTaHy adMarblHIaFbl MaMaHJApIblH ©31He Ha3apblH ayaapibsl. OCblFaH MbICall PETIHIE
TaHY/ABIH TOKIpUOEIiK )K9HE TEOPUSIIBIK OeiMaepiHiH Oipi peTiHAeTi JUCKPUMHHAHTTHIK Tal1ayIbIH
namybIH okenreH 20-mbl XbUiAapAa opbiHaanran P.Oumiep/iH KyMbICTapblH KelTipyre 0omiabl.
Tany omicTepiHiH KeH JKy3ere acybl, OIipiHIIiEH, OJapAblH KOJJAHBUIYBl YIIiH Oacka
MaTeMaTUKaIBIK OICTePAiH KOJIJIaHyblHa KaparaHAa, 3€pTTENeTiH OOBEKTUICpIIH JKOHE
KYOBLIBICTAP/IBIH CHITATTAMAChIH KOWBUIATHIH TaJlaHT AaHAFYpJBIM a3 JONAIrT Heri3 Oomiabl.
Exinmigen, kenmiik Heri3iHAe MmennM KaObuiiay HUaeschl 3epTTEYIIUIepIiH KO3KapachiH (IyHHE
TaHYbIH

beitHe Tany KyieciH KypyablH OipHEIe KOHIENIUsIaphl 0ap:

Knacc obvexminepin mizimoey npunyuni. Kiacc orfaH KipeTiH OOBEKTUIEp Ti3IMIMEH
cUMaTTagFaHja, OeifHe TaHyIIbl XYile Kypy OOBEKTIHIH OCHI Ti3IMIe JKaTy jKaTlayblHa HEeri3eNe/I.
By skeplie STaJIOHMEH aBTOMATTBl CANBICTBIPY apKbUIbI OCHHE TaHYABI )KY3ere achIpaThlH Kyke
Typajbl aUTBUIBII OTHIP.

Opmagx, kacuemmep npuyuni. Kitacc e3iHiH 0apiblK 00BEKTIIEpiHE OPTAK KACHETTEP apPKbLIBI
cUnarTainFaHja, OciiHe TaHy >KyHeciH Kypy OpTak KacueTTep NpULIMIiHE Herizneneni. byn oprak
KAacHeTTep/ll JKYWEHIH JKaJaplHAa KIipri3inm Korora Oomanel. JKaHa OOBEKT YCHIHBUIFAHIA OHBI
CUNATTAUTHIH OENTisiep KUBIHBI OOITIHII, 01 CaKTayJIbl OeNTIEpPMEH calbICThIpbLIabl. COHBIMEH OV
TOCUIII maiiananFaHga HETi3ri ecem OChI KJIacKa THICTI aKbIpibl OeWHeNep TaHJaMachblHaH OpTaK
KacueTTep/Ii 6ein aimy OOJbIN Kenei.

Knacmepney npunyuni. Knacrapabel KapacTeIpranaa OeiiHenep KeHiCTIrHae KiacTepiaep Ty3imyi
MYMKiH Oojica, OHJa >yile KypFaHaa KiacTepsiey NPUHIUMI KoifaHbuiaabl. OChl MPUHIHUIIKE
Heri3enreH OeliHe TaHy J>KyHeci JXKeKeJIereH KIIAcTapJAblH e3apa KEeHICTIKTErl OpHajlacybIMeH
anbIKTanaapl. Erep xmacrap canplCThIpMalbl Type Oip-OipiHEH anbic opHalacca, OH/Ia KapamaibiM
TaHy aJITOPUTMJIEp] TTalJaaHbLIIa b, MBICAJIBI €H KiIlll apa-KalIbIKTHIK PUHITKII OOMBIHIIIA.

JXorapeiia alThIIIFaH NPUHIMIITEP/] ICKE achIpy YIIIH YIII HET13T1 TOCLT TYpl KOJAAHbBLUIAbI:

a) OBPUCTHUKANBIK TCLI. DBPUCTUKAIBIK TOCUIAIH HETi31HE 3€pTTEYIll aJlaMHbIH TaKipuoOeci
MeH Ty#Hciri anbiHFaH. On kepae OOBEKTTEepAl Ti3IMAEY XOHE OpTaK KacHeTTep NpPUHIMIT
Konmanbuiaael. OChl HET13/e KYphUIFaH Kyienep Oenriii Oip ecenke apHaJIFaH, COHABIKTAH apHaibI
nporeaypaiapsl 001aabl. 9pOip €CenTiH TeK 631HEe TOH KYPBUIBIMBI 0ap, COABIKTaH apOip ecerl calbIiH
KYHEeHI KaiiTa aHBIKTAy YIIiH KY€ KYPBUIBIMBIHBIH Oipiliama TalbIHIBIFbIH KOKET eTe/Ii.

0) MareMaTuKaJbIK TOCLI. MaTteMaTHKaablK TOCUI HEri3iHe KaHaal na Oip MaTeMaTHKaJIbIK
dbopmynanap OoifblHIIIA KYphUIATHIH Kiacka Oeny epekeci canmbiHFaH. OChI KacHMeTi apKbUIbI O
IBPUCTUKAIBIKTAH epeKileniHenl. beliHe TaHymIbl Kyile KYpyJblH MAaT€MaTUKAJbIK TOCUIIH €Kire
Oemyre Oonapl: JETEPMUHUCTIK KOHE CTATUCTHKAIIBIK.

OJAEBUETTEP TI3IMI

1. Bantauk B. H., UepBonenkuc A. 5. Teopus pacno3naBanust o6pa3on. M.: Hayka. 1974. 418

2. Tropan H, Onen I1. Knacrepnsrit ananmus. M.: Cratuctuka, 1977. 128 6.
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MYHAM OHJIEY 3ABOJIbIH ABTOMATTAHIBIPYFA APHAJIFAH
OPTAJIBIK OIIEPATOPJIBIT'BIH K¥YPY

MM. AMAHTEJLTI

OHepKICINTIH Ke3 KelreH TYpi jKocmap KypyaaH Oacray amanbl. MyHIai skocmapiap yuiiH
MaMaHAaH IbIPBUIFaH OHEPKICINTIK MOJIENIEP KOJIAAHbLIA IbL.

XKocnapnay mporpamMMaiblk MOAYJIbAE iCKe acaibl. AWIBIK KeJEeMJeri jKocmapra CouKec
TEXHOJIOTUSUIBIK KYPBUIBIMFA TOYIIKTIK KOMIIOHEHTTEPl KOHE NalblH OHIMI IBIFapy >OCMAaphl
ecenTemnineli. OpUHE OHBIH PE3epPBYyapibl MAapKTeri O0OC KYThUIap CaHbl MEH TEXHOJIOTHSUIBIK
KYPBUIBIMIAPIbIH KYMBICKA KaOLTITTUIINH yiiFapa OTBIPHII aablHATBIHBI Oerimi.[2]

Kenen-nucnerdepiik 6ackapy Moy i OOJBIN JKAaTKAH JKaFJaiIbl )KoHE KYPBUIFaH OIEPaTUBTI
KOCIIApJbIH OpbIHAATIMaFaHbl KAkl aKmapaTThl Te3 apaja MKETKI3UTylH KamMTaMachl3 eTel.
Hotmwxecinne, eHepkacinTe OONBIN KaTKaH OapibIK IPOLECCTEp AUCHETYepre AaHblK KOpiHII
Typajisl.[2]

Kenen-mucnieruepnik  OackapyAblH  OW3HEC-TIPOLIECIHIH ~ aBTOMATTAaHABIPBUTYBl  Keleci
GyHKIMIApABIH OPBIHIANTYBIHA TYPTKI OONaabl:

- TexXHONOTHWSUIBIK KYIITEPiHIH 1CKE KOCBUIYBl TypaJbl MOHHUTOPHHII, TEXHOJIOTHSIIBIK
MPOLIECCTIH OENriJIeHreH PeXUMHEH >KOHE HOPMATHUBTEPACH aXKbIpaybl *kKailllbl MOTiMAEME kKacay
’KOHE OJIapAbl TIpKeEY;

- TN yaKbITTaFbl OHEPKACIMTIK JKOCTIapaH aybITKy ce0eOiH ecernrey;

- IIMKi3aTTHIH, XKapThUIaid (haOpUKATTAPAbIH KOHE JTaibIH OHIMHIH KO3FaIBICHIHBIH TipKEeTyi;

- pe3epByapIibl MapKTETi KaJAbIKTapAbl PETTEY;

- IUCTIepUEpIiH TalChIpMaIapbIHBIH OPBIHAATYBIH OaKblIay KOHE OHBI JKa3bIl OTHIPY;

- OHEPKACINTIK ecen 0epyal KaIbIITacThIPY.

OmnepaTopibIK — OIepaTopbIH KYMBIC OPHBI OpHAJIACKaH OesMe, MyHAa Oackapy xyienepi
MYHKTTEP1, JUATOTTIK PEXUM KYPbUIFbLIAPhI 0ap. OnepaTopIbIH >KyMbIC OPHBIH/IA CYHBIK KPUCTAIIbI
KaJIKa OPBIHIBIFBIMEH Maiiananbuiaasl.[ 1]

CoHFBI HOTHIXKEC] KAKCHI OOTYBI YILIIH — OHIPiCTErT SKOHOMUKAIBIK THIMALTIKTI apTThIPY TEK
OHJIIPICTIK CAJIAHBIH OapJIbIK aCMEKTUIEPIH KOMIUIEKCTI TYpAEe aBTOMATTAHJBIPY apKbUIbI FaHA 1CKE
acanpl. CoHfail skaraiiia aBTOMATTaHABIPY KYHesnepl KoHe TEXHOIOTUATIApbIH IYphIC TaHIAY OTe
MaHBI3]IBL.[2]

HAFII[AJIAHI)IJIF AH 9/IEBUETTEP
1. Tom 3 OII3 Oneparopuoii, pazaen ACY TII// TOO “KazStroyEngineering Group” DOC,
1.96Mb

2. Cpe,[[CTBa, CHUCTEMBI U TECXHOJIOTUHU aBTOMAaTU3alluu B He(l)TeFaSOBOﬁ IMPOMBINIJICHHOCTHU //
000 «MugacodT», r. Mocksa// http://isup.ru/articles/6/51
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OKbITYUBIHbIH KOCIBU KY3BIPETTIJIII'THIH MATEMATHUKAJIBIK
MO/JEJIBIH BAT AJIAY

/K.A. AM3EEB

By KyMmbIcTa OKBITYHIBIHBIH KOCIOM KY3BIPETTUIIK JIeHTeiliH Oaranay TYpFhICBIHAH
YCBIHBLIAIBI.

JKyMBICTBIH HETI31H]Ie KOFApFhl OKY OPBIHIAPBIHIA OKBITYIIBIHBIH KOCIOM KY3BIPETTUTITIHIH
JEHICHIHIH KOPCETKINI 9p TYpJi KpUTEpHiiepMeH OaiylaHbICThl KepceTinemi. OChbl KYMBICTBIH
MaKcaThl XKOFapbl OiTIM OKBITYHIBUIAD KYPAaMBIHBIH KOCiIOW KY3BIPETTUIIK JEHredin Oaranay yIIiH
MaTEeMaTHKAJIBIK MOJICIBACP/l JaMBITY OOJIBINT TaObUIAbI. 3EPTTEY HBICAHBI )KOFAPFBI OKY OPHBIHBIH
OKBITYIIBUIAP KYPAMBIHBIH KoCiOM KY3bIpeTiH Oaranay mporeci O0JbI TaOblIabl.

Kaszipri TaHma OKBITYIIBIHBIH KOCiOM KY3BIPJIBIFBI OLIIM cajachlHIa OPHBI EpeKIIe.
Crynentrepre OKbITYIIBI OiTiM Oepil FaHa KoiMail TOpOHeHi XKoHe eMipresie YipeTy KaObUIeTTi eTe
KaXerT.

Bonamrak OKBITYIIBI 3aMaHaybId TajanTapra COWKEC KapKbIHIBI JaMBIl Kelie KaTKaH
aKnmapaTThIK ~ TEXHOJOTHsIUIApABl ~ MEHIepreH,  ©O3iriHeH  IennM  KaObuigail — aJiaThlH,
YUBIMIACTBIPYIIBUIBIK ~ KaOlIeTi JKOFapbl, OWIIBLI, INBIFAPMAIIBUIBIK TaOBICTapFa >KETEIEHTIH
KaOijeTke ue 0oybl THIC.

OKBITYIIBIHBIH KOCIOM KY3BIPETTUIITHIH MaTeMaTHKAIIBIK MOJICNbIH jKacay oHe OyJI MOAeh
apKbIJIbl OKBITYIIBIHBIH KOCIOM KY3bIPETTUIIrIHIH JeHrediH aHbIKTayra Oojanbl. COHBIMEH Kartap
OKBITYIIBUIAPJIBIH  KOCIOM KY3BIPETiHIH TUHAMUKACBIH KOPYIe JKOHE KociOM arapTYIIBIHBIH 6cy
00JKaMBIH JKacayFa MYMKIHAIK Oepei.

Baranay sxyiieci kociOM KyY3BIPETTUTIKTI BIHTAJIAHABIPY MEH KaTap JaMBITyFaJia CeMTIriH
turizeni. Ocpuiaiiiia, >korapel OUT1iM Oepy OKBITYIIBUIAPBIHBIH —KOCIOM KY3BIPETTUIIriH Oarajnay
MOCeJIEC ©T€ MaHBI3IbI OOJIBIT TAOBLIA B
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YHUBEPCHTETTIH OKY KbI3SMETIHEIT BUSHEC-YPIICTEPAI
KOJIJIAY )KYHUECIH KYPY

A. APBICTAHBEK, b.A. YPMAIIIEB

NuHoBanusuIbIK  OUTIM DKOHOMHUKACHI MEH FBUIBI