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Tomsk International Science Program (TISP)
«Molecular engineering»

The program is related to biological systems
engineering. With the application of the concepts and
methods of biology (and, secondly, physics, chemistry,
mathematics and computer science) to solve actual
problems related to the sciences of living organisms or
their applications, using analytical and synthetic
methodologies of engineering. Biological engineering
mainly uses the rapidly developing field of molecular
biology and chemoinformatics to study and develop
the applications of living organisms.

Studying under this educational program is
carried out in the form of full-time studying, including
online studying and distance learning technologies.
The program is based on problem-based leaming
(PBL) approach, which is more effective than
traditional way of education. Students will actively
acquire knowledge and skills needed for your career
prospects, your future. With PBL, students are solving
complex, interdisciplinary and real-ife academic
problems.

Full-time form of education

Duration of study - 4 years

Areas of professional activity: healthcare, food
industry, chemical, chemical-technological
production, cross-cutting professional activities in
industry

Study language - English

Tuition fees: 289,510 rubles a year

Admission exams: 2 exams, of which
mathematics (mandatory) and a choice of chemistry,
physics or computer science. Taking exams online
from January to August 2022

Program Application Deadlines: January 10 -
August 20, 2022. Application Link
https://admissions.tsu.ru/

Objective of the program: Training of a specialist
in the field of molecular engineering, capable of
conducting applied research focused on development
for a specific task of the enterprise. The program is
aimed at training specialists with good mathematical,
chemical, biological and IT fundamental background.

Basic disciplines: chemistry, biology,
bioinformatics, biochemistry, mathematics, computer
science and basic programming, metabolomics,
organic synthesis, biomaterials science, applied
medical biotechnology, large workshop on medical
biotechnology.

The objects of professional activity of
graduates are: microorganisms, cellular structures of
animals and plants, viruses, enzymes, biologically
active chemicals; devices and equipment for studying
the properties of used microorganisms, cellular
structures and substances obtained with their help in
laboratory and industrial conditions; plants and
equipment for biotechnological processes; means of
quality control of raw materials, semi-finished products
and finished products. The field of activity of graduates
extends from the creation of artificial organs using
technical means or the search for ways to grow organs
and tissues using regenerative medicine methods to
compensate for reduced or lost physiological functions
(biomedical engineering) and to the development of
genetically modified organisms, for example,
agricultural plants and animals (genetic engineering),
as well as molecular design of compounds with desired
properties (chemoinformatics, protein engineering,
engineering enzymology).

Places for intemnships for students and
subsequent employment of graduates:

Pharmaceutical ~ companies,  biotechnology
companies, Research Medical Centers, scientific
laboratories. Graduates of the undergraduate program
can continue their studies at the master's program at
TSU or other universities. From the 4th year there is a
selection for the double degree program (TSU-France,
ParisTech University) «Translational chemical and
biomedical technologies» of the master's level.

tisp.tsu.ru/apply/




i ABTOHOMHAS! MATUCTEPCKAA MPOrPAMMA

Tomckuit

peclonsinii «TPAHCASAUMOHHBIE
XUMUHECKME M BUOMEAMUMNHCKUE  xwsecwin  CaAEMcry e

TEXH OAO rM M» dbakyAsTET MATEPUAABI 1 TEXHOAOTMY

HanpasAeHue noAroToeku Xnmmsa
PakyAbTET XUMUYECKIM CPAKYALTET MPEUMYLLLEECTBA NMPOTPAMMbI
Popma oby4eHus CMeELLIaHHbIM OopMaT OBy4eHMs
MPOAOAXUTEALHOCTb NPOTPAMMBI 2roaa OByyeHue Ha Ba3e Hay4HbIX
fi3bik 0ByHeHus Pycckui ueHTpos MY n Tomckoro HALM,
BloAXeTHble MmecTa 20 yHusepcureTos lenaeasbepra

1 MioHcTepa (FfepmaHms)
Ycaosua npuéma 3 BeAyLLIME 30PYBEXHBIE 1
MPHEM Ha NepBbI KYPC MArMCTPATYPbl MPOBOAUTCH HO KOHKYPCHOM OCHOBE MO 3A9BASHUAM POCCHIICKHME CMIELMAAUCTHI
AVLL, MMEIOLLIMX BbiCLLIEE OBPa3oBaHKE. NoBeAUTEAN 1 NPU3EPbI OAUMIMAA «MarmcTp TIY),
(XMMUS  BUOTEXHOAOTMIN, (A - MPOCDECCMOHAAY WMMEIOT  BO3MOXHOCTb  MOAYYUTL MHAMBUAYOABHOS OBPA30BATEALHOS
MOKCHUMAAbHbIM BAAA 301 BCTYMUTEABHbIM SK3AMEH. TRPAEKTOPUS

BCTYnUTEAbHbIE UCTIBITAHUA: SKIAMEH MO XMMUKM, COBECEAOBAHME.

Marmcrepckas NPOrPAMMA BKAIOHAET BO3MOXHOCTb OBY4EHM MO MPOTPAMME ABOMHOTO
AUNMAOMC COBMECTHO C YHmBepcutetom Chimie ParisTech (PpaHums). 3a neproa obyyeHms
MO OAHOWM MPOrPAMME MAMMCTPATYPbl MOXHO MOAYYUTb AMMAOMbI ABYX YHWUBEPCUTETOB, BUPTYQABHbIE AGBOPATOPHM Labster
YIAYOAEHO OCBOUTb KYPChl XMMUHECKOM TEXHOAOTUM N MHXKEHEPMN MATEPUAAOB. (TExHUYECKUI yHMBEPCUTET AQHWM)

KAKOMEBLIE AUCLIU Hbl NPOrPAMMBI BocTpeBboBAHHOCTb CNELMAANCTOB
110 TPAHCAALUMOHHBIM XMMUIECKUM

1 BUOMEANLIMHCKMM TEXHOAOTMSIM

Boaee 30% y4eOHbIX AMCUMNAMH
COCTABASIOT KyPCbI MO BbIGOPY

OcHoBbl o6Lwein BBeAeHUE B MEAULIMHCKYIO MoOAEKYASIPHbIE METOADI
MMMYHOAOTUM BUOAOTMHECKYIO XMMMIO B 6MOMEAULIMHCKMUX
MUCCAEAOBAHMAX
= BEAYLLUE NPEMNOAABATEAU

OCHOBbI KAETOYHOM XuMmu4eckue TEXHOAOTUU OcHOBbI GUOMHCPOPMATUKU
BUOAOTUM B MEAULIMHE Kypauna Upua AnexcanpposHa
M AUQrHOCTUKU KA TO4HBIX MpukAaaHas :;'::::‘,:'::"“ i
cuctem BuomarepuaroseseHue 61ouHdOpMaTHKa Ad-MH, BOLeHT, 3a8eaylowan Gasosoit

KadeaApoit NPUPOAHDBIX COCANHEHNA,

$aPMALEBTUNECKOM 1 MERNLIMHCKOR
PUNKO-XMMUHECKUE METOABI GHOAM3A OPFaHUHECKUX MoAeKyASPHAs OHKOAOTHS! X XO TTY, 3am. 3aseyiouero

Na6opaTopuen TPAHCAALIMOHHOI
KNETOUHOI 1 MOEKYNAPHOI
GuomennuuHby, HA TTY, Tomck, Poccn.

COeAUHEHMI M haPMALLEBTUHECKUX CYBCTAHLIMIA

Kxbiwkoscka 0nun feopruesta
CopyKoBoMTeNb MarucTepcKon
nporpammby;

A.6.1., npodeccop, 3a8. nabopatopuei
TPAHCAALMOHHO KNETOUHOM M
MoneKkynApHoR GromeanLMHbl, HUA TTY,
Tomck, Poccua.

Yuusepcuret feigensGepra,
Meauumnckwi dakynster, 3asefylowan
Ovaenom BpoxpenHoro MmmyHureta u
VmmyHonoruueckoit TonepaHTHOCTH
VHcTuTyTa TpaHcdy3uonHoi MeauuuHb v
VmmyHonorn, ManHreim, [epmanius.

Marnctpatypa «TPAHCAALMOHHBIE XMMUYECKNE N BUOMEANLIMHCKME TEXHOAOTUM) =

3TO:

* MEXANCLMNIMHAPHBIE 3HAHUS Ha CTbIKE * CTaXMPOBKU B BEAYLLUMX MUPOBbIX
XvMuu, 6uosiorvm, hapmakonoruu, YHUBEpCUTETaX

KSIETOYHOWM 1 MONEKYNSIPHON GroMe ANLIMHBI
* AUN/IOM MeXAYHaPOAHOTO YPOBHS

* KOMNeTeHuun no nNposeaeHuo

LOKMHUYECKIX W KMHUHECKNX NCTIbITaHMIA, * paboTa ¢ HOBbIMY TeXHONOrMAMK

pa3paboTka TexHOMor4eckoro * OCBOEHMWE NOMHOTO LMKNa Mosly4eHns Pabos Bauecnas Banepbesuy
pernameHTa, ceptuuKaLmnm, MapkeTUHTy 1 NPOAYKTA: CUHTE3-UCCNeAoBaHMe, AMH. 33MECTUTENb AUPEKTOPA MO
MasoTOHHXHOMY MPOU3BOACTBY [LOK/MHUYECKIE NCCNIEA0BaHMS, fi2nbiorn ook petore Hi

g kapauonorum Tomckoro HUMLL, u. o.
npoaykta cepTUuKaLms, MapKeTUHr PYKOBOAWTENA OTAENEHIA HEOTNOKHOR

Kapavonoruw, npodeccop Kageapbi
kapauonorvm OMK u MNC Cubrmy,

8. H. C. Ta6OPATOPMM TPAHCTALMOHHO Y
KNeTouHoi Guomennuutb HA TTY,

KOHTAKTbI

MeHeaxep nporpammbl: LLlanosaaosa EaeHa, +7 (953) 928 15 49, egshapovalova@yandex.ru
3asiBkm ocTaBAsiTE Ha caite: chembiomed.ru uau 4yepes telegram-6ota @smti_tsu_bot

@ chembiomed.ru Q chembiomed

Yypwha Enena feopruesHa
AMH, npodeccop Kadeaps
opraHuueckoi xumun XO TrY, spau
WMMyHonOr-anepronor, npodeccop.
Kadenpe: natopuamonorun Cu6rMY, unen
" “ "

KAMHMYECKIX MMMyHOTOrOB, Tomck,
Poceua.

Xainpwx flotap Anbdpea

AXH., B.H.C.naBopaTOPHN
TPAHCAALMOHHO KNETOMHOM 1
MonexynApHo# Guomeanuukb HUA TTY,
Tomek, Poccua

President of marcotech oHG, Honorary
professor of the Westphalian Wilhlems
University, Muenster Pyxosogutens 6noka
MHHOBAUVOHHbIX MaTEPHaNoB ANA
perevepatusHoi Meaumkbl, Miorcrep,
Tepmanita

e AT TOMCKAR HALHOHATLH N
Universiteit [011) m VCCIENOBATENLCKMIA : ” 000 (AAPAPMY
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NHXeHep-
TexHonor

WHxeHep-
paspaboTymk

NHxeHep-
nccnenoBaTenb

COPBEHTbI « TEXHONOINA NMPON3BOACTBA « HAHOCTPYKTYPHbIE KATATTU3ATOPbI
XUMUHECKWE NMPOLIECCHI « HOBBIE TUMbI MATEPVAIOB
SJIEKTPOHHbIN YYEBHLIN KYPC » BUPTYAJIbHBIE TABOPATOPHBIE PAEOTbI

AononHutenbHaa npodeccnoHanbHan obpasoBaTenbHas
nporpamMma rnpodeccmoHanbHOM NepenoaroToBKY No TeMe

«METO/A,bl PASPABOTKU U
TEXHONIOrU NPOUN3BO/ACTBA
MEPCNEKTUBHbIX HAHOCTPYKTYPHbIX
KATA/IM3ATOPOB 1 COPEEHTOB

AN HEGTEXMMUYECKOTO
NMPOVN3BOACTBA»

+ OcHoBaHa Ha KOMMeTEeHTHOCTHOM NMoAxXo4e

* Micnonb3yeT BapMaTUBHO-MOAYNLHbIA NMPUHLWM MOCTPOEHUS
obpa3oBaTeNbHOro npouecca

* Bbibop moayns obecneympaeT GopmMmnpoBaHue Tpebyembix
npodeccrMoHanbHbIX KOMMETeHL Ml

+ CogepxaHune NporpaMMbl pa3paboTaHoO B COOTBETCTBUM C MOTPEBHOCTAMMK
npeanpuUSTUA-NPOM3BOANTENEIA KaTaNM3aTOpPOB 1 COPHEeHTOoB.

PykoBoauTens Nporpammel:

Kyp3unHa MipuHa AnekcaHApPOBHa
Kurzinag9@mail.ru

TOMCKWIA rocyapCTBEHHbBIA YHUBEPCUTET

CAE NHCTUTYT «YMHble MaTtepuasbl U TEXHONOTUW»
r. Tomck, np. JleHnHa, 36

NPOrPAMM
Fpynna POCHAHO

©OH/] HHOPACTPYKTY PHbIX
CAE UHCTUTYT «YMHbIe Q ¥ OBPA3OBATENIbHBIX

MaTepuanbl U TEXHONOTMKA»

r. ToMck




TOMSK TOMCKWUHA
POLYTECHNIC MONMUTEXHUYECKWHA
UNIVERSITY YHUBEPCUTET

MAIT'MCTEPCKAA NMPOIrPAMMA

01.04.02
«MPUKNAOHAA MATEMATUKA U UHOOPMATUKA»

NMPO®UIIb «kMATEMATUYECKOE MOOEJINPOBAHUE
N KOMMNbIOTEPHBLIE BbIYUCITIEHUA»

Ob6pa3soBaTesnbHas nporpamma

«MaTtemaTnyeckoe MogenupoBaHue u

KOMMNbIOTEPHbIE BbIYMCIIEHUSI» FOTOBUT CMELMAnnCToB
BbICOKOW KBanudmkaumm, Bnagetomx opmanm3oBaHHbIMU
MeTodaMy aHanmaa v peLleHns MexamcLUnMHapHbIX 3agay

B pasnn4HbIX 06nacTsx Hayku 1 TeXHWKKW. Mporpamma BknovaeT
B cebsa MaTemaTnyeckoe MoaenmpoBaHme U3nNYeckiXx,
€CTEeCTBEHHO-Hay4YHbIX, SKOHOMMUYECKNX NPOLIECCOB

C UCNonb3oBaHNeM MHOPMAaLIMOHHBIX TEXHOMOUA.

AncuunniinHbl NPO®UNA

BA30BbIE OUCLUMITUHBI APODUNUPYIOLLMVE ONCLUUNMIIUHBI
AHanus ceTeBbIX AaHHbIX CoBpeMEeHHbIE KOMMbIOTEPHbBIE TEXHOMNOMMM
O6paboTka 60nbLNX 06BEMOB AaHHbIX MMuTaumoHHoe MoaenupoBaHue
MporpaMmMunpoBaHme MOBUIMbHBIX MPUITOXEHUI MporpaMmHble cpeabl B MynbTudm3nke

DyHKUMOHAMNbHBIN aHanM3 A4ns MalMHHOIo obyveHns

01.04.02
«MPUKNAOHAA MATEMATUKA U UHOOPMATUKA»
NMPO®UIb «<MATEMATUYECKUE METO[bI B
3KOHOMMWKE »

Ob6pasoBaTtenbHas nporpamma

«MaTtemaTnyeckue metoabl B 3KOHOMUKE» — BETBb MPUKIaZHOM
mMaTemaTuku 1 nHpopmatukn. OHa 6asnpyeTcs Ha COBpEMEHHOM
COCTOSIHUM TEOPETUYECKOM U SKCMEPUMEHTANBHON HAYKM U
BbIYMCIIMTENBHBIX TEXHOMOMIA. MpeanonaraeT BbICOKUIA YPOBEHb 3HAHUSI
(PUHAHCOBON MaTeMaTUKN U COBPEMEHHBIX MHOPMALIMOHHBIX
TEXHOIOMMN.

ANCUUNMINHBI NMPO®UNIA

BA30BAA ANCLUNNUHBbI NPOPUNUPYIOLLUE OUCLUUNITUHDBI
LleHHble Bymaru 1 ynpaBneHvne noptdenem MeTogabl aHanmsa gaHHbIX

MeTogbl hvHaHCOBOro aHanmsa MaTtemaTnyeckas aKoHOMUKa
CoBpeMeHHbIE KOMMNbKTEPHBLIE TEXHOMOMN MeToab! hMHaHCOBOWM MaTemMaTUKu

634028, . Tomck, np. JleHnHa 2, 10 kopnyc TI1Y, oduc 427

https://abiturient.tpu.ru/program/1803617863
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HCITOJIbB30BAHME I'TYBOKMX MOJIEJIEM HEMPOCETEM J1J11 OIIPEJEJIEHUA
HATIPABJIEHMA BY AYIIEI'O ABMXKEHIM A PUCKOBBIX KOMITIOHEHT ITOPT®EJIA

AKTHUBOB

E.C. PoagokeBuy 31
INPPOBAHUE TEKCTOBBIX JTAHHBIX AJITOPUTMOM ELLIPTIC CURVE

CRYPTOGRAPHY

M.A. Bypuun 34
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OINPEJEJIAEMBIX UNCIIAMU ©YBUHU

B.A. ITomora, 10.B. 1l1a6as 37
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J.M. UmanbaeBa 43
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MPEATIPUSTUA

N.B. Bopucenko 46
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M.B. Penpbkun 50

MVYJIbTUKJITACCOBA S KITACCUOUKAILINA KOPITYCA CMEIIAHHBIX TEKCTOB
AJITOPUTMAMU MAILIMHHOTI'O OBYUYEHU A
E.B. I'yzeeB 53

OIIEHKA DOPEKTUBHOCTU HPE)IHPI/IHTI/IPT XUMHUYECKOI OTPACJIM HA OCHOBE
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Poccus, Tomck, 25-28 anperns 2023 . TowMm 3. MatemaTtuka
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Abstract. A software product for calculating the prices of barrier options has been developed. According to
analytical formulas, as well as an algorithm using binomial trees, the prices of barrier options are calculated.

The results obtained by different methods are compared.

Beenenue. bapbepHbIC OMNIHOHBI OTHOCATCS K KATETOPHH «IK30THUECKHE», OHH TOPTYIOTCS Ha
BHEOMPIKEBOM DPBIHKE, a WX [IEHA HUKE TI€H OOBIYHBIX OTIHOHOB €BPOIEHCKOT0 TUIA. bapbepHBIMHU OIIIHOHAMHE
Ha3bIBAIOT OIIHOH, MPUOBLTL KOTOPBIX 3aBUCHT OT TOTO, TIPEBBICHT JIM [IEHA aKTHBA 32 OTPEIEIICHHBIN TepHo
BPEMEHHU 3apaHee YCTaHOBJIEHHbIM «Oapbepy». JlaHHBIE OMIMOHBI pasfiesstorcs Ha Briodaembie (Knock—in),
KOTOpbIE BCTYMAOT B CHIIy TOJBKO TOTJA, KOTJA II€Ha aKTHBA JOCTHUTHET OMPENEICHHOTO YPOBHS, W Ha
BeikirouaeMbie (Knock-out), kotopeie, Ha000OPOT, NEHCTBYIOT 10 TeX MOP, MMOKa IeHa aKTHBA HE JOCTHIHET
OTIPeIENICHHOTO YPOBHS. B CBOIO Ouepenb, BKIOUYACMBIC W BBIKIIOYACMBIC OMIIHOHBI MOAPA3IEIAIOTCS ellle Ha
HeckospKo TrmoB: Up-and-in, up-and-out, down-and-in, down-and-out u Tax naee.

Lenpto maHHOM pabOTHI SBJISETCSA PACUET CIPABEIIMBEIX IIEH 0APBEPHBIX OIMIIMOHOB MO aHATMTHIECKHM
(dopMyaM U METOZI0M OMHOMHAIBHBIX JIEPEBLEB C MOCIEAYIOIINM CPABHEHUEM PE3YIILTATOB.

Metonbl pacyera. AHAJTUTHYECKHI MeTOA. PaccmarpuBaroTcst 6aphepHbIe OMIIMOHBI OCHOBHBIX BHIOB,
KOTOpbIE TIepedurcieHbl Bbimre. Jlmst yao6CTBa, OMIMOHBI TOKyMaTeds W MpojaBiia Oymem 0003Ha9aTh

cootBerctBeHHO C u P. J{ns onpesienenus tumna 6apsepHOTo OMIMOHA OyeT NPUIHCHIBATHCS COOTBETCTBYIOIIUIA
MHJIEKC, B 3aBUCHMOCTH OT ero Buaa. Hampumep, Cui — omumoH mokymarens up-and-in, aP, - onumon
npoxasira down-and-out. M3sectHs! creayromnyue cooTHOIeHuUsI [1]:
C;+Cy, =C, C,+C,=C, P,+P,=P, P,+P,=P.
Jns pacuera neH OapbepHBIX OIIMOHOB CYIIECTBYIOT aHAINTHYECKHE (OPMYJbI, pa3paboTaHHbIE

3. Paitnepom, M. PyOunmureitnom u J1. Pudem.

[pumep aHanuTHISCKUX HOPMYIT AJIS €BPOMNEHCKUX OapbepHBIX OMIUOHOB [2]:
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O,ecru H < K

VOCUO: SD[N(d1)7N(X1)]+KeirT|:N(Xifo'\ﬁ)*N(dlfdxﬁ)JJrSO[SﬂjUx
X[N(_y)_N(_yl)]_KeirT X[SiOJZ#Z[N(—Y+O‘\/-F)—N(—y1+0'\/"?):|,ec1mH>K
C,eciuH <K

(VA SON(xl)e’qT—Ke"TN(x1—ax/WT) SeqT( jz [N(-y)-N(-v,) ]+Ke'T(SHJ2“X
x[N(—y+o-«/'IT)—N(—y1+o-\/'?)]ecnnH > K

rac H - 3aJIaHHBIN 6ap1;ep, T - nepuoa HCHOJHCHUS, G — BOJIATUJIBHOCTb, I — 6e3p1/1c1<013a51 CTaBka, ( —

IUBHACHIHAS JOXOXHOCTH aKIIWH, In(S,/K)+(r-q-o®/2)T | In(H 1S,) In(S IH)
d. = + AT +AcT
: oA h="o ol
In(H?/8S,K) In(S,/K)+(r-q+o°/2)T
A=(r-q+c’12)lc® y—_\_ ") a5 Td =
i v

Hpyrue ananutudeckue GopMyIibl MOXKHO HaiiT B [2].

MeTton OMHOMHANBHBIX JepeBbeB. B 3ToM MeTone TpeOyeTcss BBIYMCIUTE BEPOSTHOCTH TOTO, UTO MPH
JIOCTIDKEHHHM KOHKPETHOTO y3/a IIeHa aKTHBa Iepecekia Oapbep. B maHHOM ciydae TOCTaTOYHO MOIYYHUTH
3HAUCHHWs IICHBI aKIMH JUIIb B MoMeHT Sr. Mcmonb3yercs OWHOMHANBHOE IEPEBO C (HKCHPOBAHHBIMH
BEPOSITHOCTSAMH. BeposTHOCTHM yBeNWueHHMsT M CHW)KEHHMs IeHbl akTuBa 3a nepuon t pasuel p = 0,5.

Koasddunmentst U u d BIUUCISIIOTCS chaeayommm obpasom [3]:
u=exp((r—q—c72/2}+cr\/f), d=exp<(r—q—c72/2}—a\/f).

BepOHTHOCTB nonagaHus C€HbI aKTHUBA B KOHKpCTHBIﬁ y3ea paBHaZ
n! i n—i
= 5(1=
Pon = ign—i? A=P)

rje N — KOJIMYECTBO BPEMEHHBIX I1AaroB i, | — KOJIMYECTBO MIAroB, ITPU KOTOPBIX [I€HA aKI[MU YBEIUYHBAETCS.
Jlis pacueta BEpOSATHOCTH TOTO, YTO IIEHA AKIMH MEpeceKkia Oapbep, JAOHAs 10 KOHKPETHOrO y3ia,

MOYKHO MCIIOJIb30BaTh CIIEAYIONIYIO (hopMyITy Ui OIIIMOHOB UP-and-in u up-and-out:

-2

exp .S suid"
Py = F(X) = ot

H

1, ecmm Su'd" > H.

], ecmm Su'd™ < H,

Hns down-and-in u down-and-out ¢opmyna Oyner BBINISACTH TAaKXKe, TOJBKO 3HAKM B HEPaBEHCTBAX
MEHSIFOTCSI Ha TIPOTHBOTIOJIOXKHBIE.

LleHa onmuoOHa B TEKYIIMii MOMEHT BPEMEHH OyJIET BEIUMCIIAThLCA ClIeaytomuM obpasom [3]:
Vo=e [ S M o) ot Ve |
o~ =0 i1(n—i)! P 1=p) LoV

e V(n i) — II€Ha OIIIHUOHa B Yy3JIC. MGTOH OMHOMMATBHBIX JCPEBLEB IMMO3BOJIACT HaUTH HpI/IGHI/I)KeHHOG 3HAYCHUC

IeHbI JepuBaTnBa [2].
Pe3yabTaThl MpaKkTHYECKHX pacdyeroB. B mporpammuoii cpene Google Colaboratory [4] Ha si3bike

nporpammupoBannsi Python Obut TpOBeleHBI pacueTsl CIPABEUIMBBIX II€H OapbepHBIX OIIHOHOB IO
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AHAIMTHYECKUM (OpMYJIaM IO CIEAYIOUIMM 3HAueHMsIM: IieHa ucnonHeHus (crpaiik) E = 2700 y.e., Texymas
nera So = 3000 y.e., Bpems ucronHenus koHTpakTa 1 = 0,25 ner, BonarunsHOCTs G = 30 %, Oe3pruckoBas cTaBKa
r = 0,06, 6apwepsr 3amansr ypoBHsamu U = 2200, 2700, 3200 y.e. [lomydensl ciemyromme pe3yabTaTsl: LleHsI
o6brunbix omiuonoB Call u Put pasasr C = 390,83 u P = 50,63

Tabnuya 1
Peszyromamer pacuemos ananumuieckux yen OApbepHuIX ONYUOHO8
Barrier Cdi Cdo Cui Cuo Pdi Pdo Pui Puo
U =2200 0,03 390,8 390,83 0 17,82 32,81 50,63 0
U =2700 61,77 329,07 390,83 0 50,63 0 50,63 0
U = 3200 390,83 0 364,24 26,59 50,63 0 9,22 41,41
COOTHOILIEHNS 390,83 390,83 50,63 50,63

Brimoaena MMpOBEPKAa OHNIMOHHBIX COOTHOIIICHHI. HOKaSaHO, YTO ICHBI 6apbeprIX OIIIIMOHOB PACCYHUTAHBI
MMpaBUJIbHO. KpOMe TOTO, METOAOM OHMHOMUAIBHBIX ACPCBLECB, 4 TAK KE NPUMCHASA aHAJIUTUYCCKUC (bOpMyJ'IBI C

6aprepamu Ug = 2200 y.e., U1 = 2500 y.e., U>= 2700 y.e., nmst Cqi 1 Cyo MOITydeHBI CIEAYIOMNE PE3yTbTATH:

Tabnuya 2
Cpaeﬂeﬂue anaiumu4eckKkux yeH c OUHOMUATILHBIMU yeHamu
Barrier Cqi Binomial Cai Analytic Cdo Binomial Cuao Analytic
U = 2200 0,03 0,03 390,83 390,80
U = 2500 7,21 7,20 383,65 383,63
U = 2700 61,78 61,77 329,08 329,07

Hmxe MNpeACTaBJICHBL rpa(bm(n CXOJUMOCTHU OMHOMHUAIBHOM IOCHBI K aHATUTUYISCKOM IpH pa3IUYHBIX N.

Call down-and-out Mpw U = 2500

—— Binomial
Analytic

[\/\Awf_v_u!u,

Call down-and-in Mpu U = 2500

73 —— Binomial
Analytic

A

7.1

384.5

3840

383.5

3830

Price
Price

70 |25

382.0

6.9
381.5

68 381.0

0 200 400 00 80O 1000 o 200 400 600 800

n n

Puc. 1 I'pagpuxu cxooumocmu Cqi , Cgo Binomial x yernam Cgi, Cgo Analytic npu 6apwvepe U = 2500 y.e.

C POCTOM YHCJia BPEMCHHBIX ITAaroB OMHOMHAILHAS EHa BCC ommxe CXOOUTCA K aHAJTUTHYCCKOHN LCHE OIIIIHMOHA.
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Abstract. The state of book trailers is getting pervasive nowadays as the digital era provides publishers with new
tools of the advertisement. The frequency analysis using transcripts of the English book trailers' unigrams was
conducted to set the most commonly used words and word groups subsequently divided into categories
according to qualification and age. The results revealed that the most frequently used word is “one”
(333 mentions) as both a numeral and a pronoun and the second is “book” with 278 mentions. The categories’
data featured significant information that may be further leveraged in the areas of teaching the English
language and book marketing.

Beenenne. bykrpeiiep - 3T0 KOPOTKHH BHAEOPOJIUK IO MOTHBAaM KHHWTH, OCHOBHas 3a/lada KOTOPOTO
paccka3aTb O KHHIe M 3aHHTepecoBaTh 4mTaressi. KoMMepueckuil acneKkT MOJOOHBIX BHICOPOJIMKOB OBLI
3akperiéH BenomctBoM no narentam u toBapHbIM 3HakaM CIA B 2003 rony. B nurepatype kpaiiHe mano
OTHCAaHO PE3yIbTAaTOB HCCIEIOBAHUH CIIEIU(HUKHN BO3IEHCTBHSA OYKTpeHIepoB Ha MOTEHIMAIBHBIX YUTATENIEH.
B gactHOCTH, dKcniepuMeHT [1] HaleneH Ha MCClIeZIOBaHHE B3aMMOCBSI3U KHWKHOW BHIIEOPEKIIaMbl U KPaTKUX
aHHOTallM{ B TOBBINIEHUs crpoca Ha He€. Ompoc [2] MPOAEMOHCTPUPOBAT KaK WHTEPIPETANH pPexKUccEpa
BJIMSIET HA LIEHHOCTh OyKTpeiliepa B kauecTBe (hakTopa cTUMyiupoBaHusi cObita. B crathe [3] npencrasneHo
UCCIIEI0BaHUE KHUXKHOTO CIpOca MOCPEACTBOM PUTOpUYECKOi Teopuu. Ha ocHOBaHMM JAaHHBIX MCCIENOBaHUM
MOXHO CJIeNIaTh BBIBOJ, YTO COJEP)KMMOE OYKTpEHJIepOB, BKIIOYAs JIEKCHKY W BBIPKCHHUS, HCIIOJIb3yeMble
aBTOPOM, OKa3bIBAIOT BIMSHHE Ha MOTCHLIHAIbHOro norpedutens. OIHAKO 10 CHX MOp He ObUla NMpHBeaEHA
nH(pOpMaLI 0 CeMaHTHYECKOH COCTABIISIONIEH U XapaKTePHOH JIEKCHKE ay/JMOCOTIPOBOXKIEHHs OyKTpeiepa.

Henp paboTer — pa3paboTka MporpamMMBbl ISt TPOBEACHHUS YaCTOTHOTO aHAJIM3a YHUTPAMM aHTJIOSI3BITHBIX
OyKTpeliIepoB M BBIBICHHS BOCTPEOOBAHHBIX PEYEBBIX KOHCTPYKIMHA B KHHTOM3IATEIBCKOH cpefe.

Jis focTrXeHHs e HEO0OXOANMO TPOBECTH cOOp AAHHBIX, TPAHCKPHOMPOBATH AYAHOJOPOKKH C MOMOIIBIO
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Automatic Speech Recognizer (ASR) monenu, npoectd npenoOpabOTKy TEKCTOBBIX NaHHBIX W BBIYHCIUTH
Y4aCTOTHI BCTPEUAEMOCTH KaXJIOTO CJI0Ba OTHOCHTENILHO BCEX CIIOB B HA0OPE NaHHBIX.

IKcNepUMeHTAIbHAA 4YacTh. Mbl HCHONB30BAN AayIHOJOPOXKKH, W3BICUCHHBIC W3 AHIJIOS3BIYHBIX
OyKTpeiepoB, pa3MenieHHbIX Ha opTaie YouTube (410 3amuceis: 110 npodeccnonansapix 1 100 qro0uTenbekux
3amuceif, OpHEHTHPOBAHHBIX Ha B3pociyro ayauTopuio; 100 mpodeccnonanpabX U 100 MOOHTENBCKIX 3amHceii —
JETCKyI0 ayautoputo). s mpodeccHoHambHBIX OYKTpEHIEpOB, OPUEHTHPOBAHHBIX HAa B3POCIYIO ayAWUTOPHIO,
UCIONb30BAIUCh  BUICOPONUKH  m3mateinbcTB  Dutton  Books, Penguin  Books, Harvest Books,
JUts po(heCCHOHANBHBIX JIeTCKUX OykTpeiiepoB - Scholastic. [lonydyeHHble ayauodaiiiapl ObUIM IEpeBEICHBI
B TekcT ¢ momomnpio Mojenun NVIDIA Conformer-Transducer [4], oOyuennoit Ha natacete NeMo ASRSET.
TexcToBbIe (haliabl OBUTH OYHIIEHBI OT CIY)KEOHBIX CIOB M MecTOMMeHMI. Haj KakIbIM CIOBOM B JOKYMEHTax
ObLTa IIpOBEICHA IIPOIIeIypa JIEMMAaTH3aINH ¢ oMoIsio Monenu WordNet [5].

Mopeas Conformer. B pabote [6] mpenctaBneHa HeWpoceTeBas MOAETb U PAcIO3HABAHUS PEYH,
codeTaronias JOCTOMHCTBA CBEPTOYHBIX HEHPOHHBIX CeTed M TpaHC(opMepoB. ApXHUTEKTypa TpaHC(HOPMEpOB,
coJepkammx MexaHu3M self-attention, mno3BoyisieT OOHApYXUTh TJI00ANBHYI0 3aKOHOMEPHOCTh MEXKIY
3JIEMEHTaMH SK3eMILIsIpa BXOIHBIX JAHHBIX UCXOJSI U3 UX KOHTEKCTa. B cBOIO ouepenb, CBEPTOUHBIE HEHPOHHBIE
CETH MO3BOJISIIOT M3BJICYb JIOKAIBHBIE IPU3HAKH B IAHHBIX, IIPU 3TOM IUIOXO CIPABISSICH C OLIEHKOH NMPU3HAKOB B
rmobansHOM TUiaHe. B ocHoBe sukomepa mozenu Conformer nexxut moaens Macaron-Net [7], 3aMeHsist cioi
IPSIMOTO PacTpOCTPaHEHHUS B OJIOKe TpaHc(hopMepa Ha /IBa CJIOS IIPSIMOTO PACIPOCTPAHEHHS C MOITyOCTaTOYHON
CBSI3pI0. MeXIy MOAYISIMH TIPSIMOTO PACIpPOCTPAHCHHUS PACIOIOKEHb MOy MexaHm3Ma self-attention u
CBEPTOUHBII MOIyNb. BTOpoit MOy b IPSMOTO pacripocTpaHEHHUs MOAAETCs Ha BXOJ CII0S HOPMAaJTH3aLUH.

CBEpTOYHBIH MOJYNb COCTOMT H3 OIEpPaTopa HOPMAaIM3alMMd MO CIIOK; JIBYX CBEPTOUYHBIX CIIOEB
Pointwise [8] — cBéptka ¢ simpom pasmepom 1x1, KOTOpas MPOXOAWT MO KAKJOMY 3JIEMEHTY 3K3eMIUIApa
naHHbIX; GyHkuuu aktuBanuu GLU; cBéprounoro ciosi Depthwise [9] — cBEépTka NPOXOAMUT MO KAXKIOMY H3
KaHaJIOB OTJEJIFHO, MOCJIe Yero pe3yabTaThl (MIBTPALMH KOHKATEHUPYIOTCS; OIlepaTopa HOPMAJIHM3alHU IO
baruy u (yHkimu akTuBanuud Swish. B kauecTBe Meroma perynispu3aiuy HCmoiib3yercs Dropout. B ocHoBe
moxynst  self-attention JeXHMT CiIOM MHOMKECTBEHHOI'O BHHUMAHHUSI C OTHOCHTEJBHBIMH TO3UIMOHHBIMH
smOeuHramMu. Moy MPSIMOTO paclpOCTPaHEHUsT COCTOWT M3 OIEpaTropa HOPMAIM3ALMU MO CIIOI0; JBYX
JUHEHHBIX cnoéB; QyHKuIMM axkTtuBanmu Swish; 1ByX perynspuzaropoB Dropout. PesynbraTel ananmsa

MpuBeIeHbI B Ta0nuie 1.

Tabnuya 1
Ton-5 uacmom yHuepamm anenoa3vluubix OyKmpeiepos no Kame2opusm
No IpodeccronaabHbIe Jrobutensckue
Bspocisie Jerckue B3pocinbie Jerckue

1 book 135 book 59 one 113 one 62
2 one 119 friend 40 know 71 dog 49
3 like 118 one 39 book 70 new 47
4 know 105 new 36 like 65 life 44
5 really 92 life 32 story 56 like 44

3akaiouenne. I[aHHOG HCCJIICAOBAHNE [MO3BOJIMJIO BBISIBUTH JICKCHUKY, UCIIOJIB3YEMYIO B 6yKTpCﬁHCan C
HCJIbIO MNPHUBJICYCHUSA BHHUMAHUA aAYJAUTOPUHM K HNPOYTCHUIO KHUT. B 3aBucumoctu ot B03paCTHOﬁ T'pYyIIibl,

npodeccroHaNbHBIE OYKTpereps! au00 yaesstorT Oojpliiee BHUMaHWE ale/UIIUM K aBTOPUTETYy (Hampumep,
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yacToe ucnonb3oBanue mnpemior «likey»), sHaHusMm, camoil MHpopManuu («know») ¥ yCHIICHHIO YIOMHHAEMBIX
YTBEpXkKIEHUH mnocpeacTBOM Hapeuus «really», nubo oOpamaroTcs K JKW3HEHHBIM LEHHOCTSM, TaKMM Kak
npyxo0a («friend») u xu3Hb («life»), a Takke K HOBH3HE IPOUCXOMISIIIETO («NEW»).

Jlroburensckue OyKTpeinepsl MOATBEPKAAIOT, KAKOH MMEHHO CIIPOC CYIIECTBYET B KHUTOHM3IATEIIECKON
cdepe — yeMy MOCBAIICHB! IPOYNTAHHBIE aBTOPAMH BHIEO NPOU3BEACHHUS M YTO UMEHHO OHH BBIICIISIIOT B HUX,
KOIZa CTPEMATCA MOJCIUTHCS M30paHHOW HCTOPHEH C OPYTHMMH JIIOABMH. TakuM 00pa3oM, BHIICOPOIIHKH,
HalleJICHHBIE Ha JIETCKYIO ayJUTOPHIO, YaCTO YIIOMUHAIOT HAIMYKE B UCTOPHSIX cobak («dogy).

Bce Oykrpeiinepsl, HE3aBUCUMO OT HAaBBIKOB aBTOpPAa M BO3PACTHOW TIPYMIBI, HA KOTOPYIO HalpaBlicHA
pekiaMa, OOBEAMHSET YacToe YMOTPEOJEHHWE M UUCIUTENHFHOTO, M MECTOMMEHHs «one». BaxHO Takke
OTMETHUTBH, YTO JIEKCHKA, UCIIOIb3yeMast B HOZOOHBIX PEKIAMHBIX BUACOPONINKAX, 110 (PyHKINOHAIBHOCTH OIH3Ka
HE TONBKO K XYIOXXECTBEHHOMY CTWJIIO P€YM, HO M K pa3roBopHOMYy. [laHHas XapaKTEpUCTHKA MO3BOJSIET
UCIIONB30BaTh OYKTpEeWnaepsl B METOOMYECKHMX IEIsIX — HampuMep, B OOyYCHHHM aHIVIMHCKOMY S3bIKY Ha

Ha4aJIbHOM U CPEAHCM YPOBHAX.
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Abstract. This article discusses possible methods for solving the problem of classifying bitcoin transactions into
licit and illicit ones. The proposed options for solving this problem of anti-money laundering analytics based on
graph neural networks with different architecture. The results of computational experiments using data from the
Elliptic Data Set are presented.

BBenenue. [71aBHBIM INIPEMMYIIECTBOM KpPHUIITOBANIOT, HA4YMHAs C TIOSBICHHUS OWTKOMHOB, cTaia
BO3MO)KHOCTb COBEPILECHUSI HEJIOPOTMX AHOHMUMHBIX IIEPEBOJNOB Kak BHYTPHM OJHOM CTpaHBI, TaKk M Yepe3
rpannipl. OZHAKO AHOHMMHOCTBIO KPUNTOBAIIOT CTAIH MOJIb30BATHCS W 3IOYMBIIUICHHUKH /ISl HEJIETAILHOTO
000opoTa ToBapoB U yciyr. Ho HecMOTps Ha TO, YTO AHOHUMHOCTh ITO3BOJISIET IIPECTYITHUKAM CKpbIBaThCs, Oa3a
TPaH3aKIMi KPUITOBAIIOT OTKPHITA, YTO JENAeT BO3MOXHBIM TmpoBeneHune AML-anamutuku (Anti-money
laundering) ¢ wenbIo BBISBIIEHHS HEIETadbHBIX TPAH3AKIIUNA.

[JanHas paboTa MOCBfIIEHa Pa3BUTHIO MOAXOAOB pemeHus 3amad AML-aHalnuTHKH — HCCIICOBAHUIO
BO3MOXXHOCTU OOBEIMHEHHsT CTPYKTYpbl rpadoseix Hediponubsix cetedr (Graph Neural Network, GNN) c
aNTOPUTMOM cliy4aiiHoro jeca (random forest, RF) Ha npumepe 3aiaun xiaccupukanuy TpaH3akinil OUTKOWHA.

Jannsbie. B cratse [1] aHoHCHpOBaH OTKpbITHIN Habop nanubix — Elliptic Data Set [2]: rpad ¢ n=203 769
BEpIIMHAMHU, COOTBETCTBYIONINX TpaH3aKIMsIM OuTKoiHa, m 234 355 pébep, COOTBETCTBYIONIMX TOTOKAM
6utkoitna. Kaxxas BepuriHa nmeet 166 nmpu3HAKOB U pa3MeyeHa Ha Kiaccsl: 1 — HeneranbHbie (4 545 BepinH),
2 — geranphbie (42 019 Bepmmm), UNKNOWN — Hewm3BecTHble. OTHONIEHWE MHHOPUTAPHOTO Kilacca K
MaxxopuTapHomy coctasisier: 0,1, 9T0 TOBOpUT 0 HecOaTaHCHMPOBAHHOCTH BBIOOPKH. Taxke HAOOp NMaHHBIX
coZIepkUT 49 pa3nuuHBIX BPEMEHHBIX IIaroB, paclpeeIéHHbIX PABHOMEPHO C HHTEPBAJIOM OKOJIO IBYX HEZIEb,
Ka)KIbIi I1ar COJEP>KUT OJJHY KOMIIOHEHTY CBSI3HOCTH Tpada, HECBA3AHHYIO C JPYTMMH BPEMEHHBIMH ILIaraMH,

Ha OAHOM MIare COACpKATCA TpaH3aKIUH, KOTOPLIC ObLIN 3a(1)I/IKCI/Ip0BaHBI C MHTEPBAJIOM HE Ooutee TpéX JacoB

JpyT OT Apyra.

Poccus, Tomck, 25-28 anperns 2023 . TowMm 3. MatemaTtuka

15



16
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Hcnonp3yemble CTPYKTYPBI M aJdroputmbl. B naHHO# pabore mpearaercsi HECKOJIBKO BapHaHTOB
ctpyktypbl GNN s pemenust 3agaun kinaccupukauuu: cBéprounsie rpadossie cetn (Graph Convolution
Network, GCN), rpadossie cetn BHUManus (Graph Attention Networks, GATSs).

OcnoBHo# npuHImn GNN 3aKkitrodaeTcs B pealu3alidil HEKOTOpoi (yHKIWIO 7, oToOpaxkaromeil rpad
Gu omuH U3 ero y3noB B M-pasmepHoe EBkmunoso mpoctpancteo [3]: 7(G,i)e R™,i=12,..,n. B cmyuae

Habopa manubix Elliptic Data Set mbI pemaem 3amady OuHapHO# KiaccuUKanWu: Kakmod i-0if BepinHe
BXoziHOro rpada G He0OX0MMO MPUMHKCATh METKY: 1 — HeneraipHast WK 2 — JerajbHasl.

I[Ipu obyuennn GNN B oOmem ciydae npuMeHseTCs Kakas-Tu0OO BapHalus alropuTMa MHpPsSMOTo
pacnpocTpaHeHHsl, 0CHOBa KOTOPOT'O 3aK/II0YaeTcs B TOM, YTO Ha KaXK/I0H UTEpally allrOpUTMa BEPIIMHEI Ipada
arperupyroT HHHOPMALHIO O CBOUX COCEASX COOTBETCTBYIOILETO YPOBH:. Takum 006pa3oMm, 0 Mepe OBTOPCHUS
3TOTO TPOIiecca BEpIINHBI IMOTydaroT Be€ Ooipiie nHPopManuu ot Oolee ynanéHHbIX BepmH. MHpOopManus o
cocCelIX HEKOTOpPOH BepIIMHBI mNocTymaeT B (yHKOMIO arperamud (1), TIe N0 HEKOTOPOMY MpaBHITY

CYMMHEPYIOTCSI BEKTOPBI COCTOSTHIS BepInH. DYHKINS arperarii IMeeT BHI:
(k-1) _ (k-1)
AGG({h” }UEN(V)) f (h“ ) ' (4

e hL(,k_l) — BekTop mpu3HakoB BepinHbl U Ha (k—1) tmare, N(V) — MHOXeCTBO coceneil BepiuHbl V, T — 3ananHoe

MpaBUIO CYMMHUPOBAHUSA BCKTOPOB COCTOSIHUA. 3arem TIOJTYYCHHBIC 3HAYCHUS NICPCHAAOTCS B (byHKLII/IIO OOHOBJICHHUS

COCTOSIHMS BEPIINHbBI Vv (2), KOTOpas M0 HECKOTOPOMY IpaBUTy, U3MCHACT BEKTOP COCTOSAHUA ,I[aHHOﬁ BCPIINHBI:
h*) = UPDATE" (hé“) AGG™ ({hu(“)} D . )
v ' ueN(v)

Ha BbIxozie anropurma nosydaroT rpad ¢ MICXOIHO TOMOJIOTHEH, HO C IOTIOJIHUTEIbHBIMU TIPU3HAKaMH BEPIINH,
KOTOPBIE OTIPEACISIOT TPHHAIISKHOCTh BEPIIMHBI K KAKOMY-TTHO0 Kiaccy [4].

Kpartko ommmrem ocoOGeHHOCTH HCHONB30BaHHBIX Mojenel Helipocetell. GCN BKiIO4YaoT CBEPTOUYHBIE
rpadoBbIE CIIOM Ul YMEHBIICHUS MPOCTPAaHCTBA PU3HAKOB BXoaHOTO rpada. [locnenoBarensHoe IpUMEHEHNE
HECKOJIbKMX TaKWX CJOEB TO3BOJSIET B KOHEYHOM HTOT€ MOJYYUTh rpad C TNPOCTPAHCTBOM IPHU3HAKOB
TpeOyeMoii, B paMKax 3aJadyd, pa3MepHOCTH. TakuM oOpa3oM, IaHHBIH THUI TIpadOBBIX HEHPOHHBIX CceTei
1o3BoJisieT oOpabarsiBaTh OoJblKe rpadpl, a Takxke rpadbl, BEPIIMHB WM pEOpPa KOTOPBIX UMEIOT OOJIbIIOe
KOJIMYECTBO MpU3HAaKoB. Apxurektypa GAT Ho3BOJSsIET UCIOIb30BaTh MOJICIM BHUMAaHUs JUISl PEIIeHUs 3a/1a4
Ha Tpadax. Cern GAT comepxar B cebe rpadoeie cioum BHuMmanus (graph attentional layers), xotopsie
NPOU3BOIAT arperalnio COCTOSIHUN coceliel BepUIMHbI ¢ Y4€ToM K03()(HLIHEeHTOB BHUMaHHS o [5]:

(k-1) — (k=D (k-1)
AGG({hu l}ueN(v)j_ z)awlhu v,

ueN(v

BorunciuTesbHbIE JKCIIEPUMEHTHI M HX o0cyskaeHne. CoriacHo skcnepuMeHtam [1] anroputm RF
npesocxoaut mo TouHocT GCN: 95,6% u 81,2% coorBercTBeHHO. OJHAKO B TAKOM Clydae HE HMCIIOJIB3YETCs
BCs MH(pOpMaNys, XpaHsmasics B cTpykType rpada. [TostoMy ObUT0 BRIIBHHYTO MPEANOI0KEHUN O BO3MOKHOM
noBsitieHnH dQdexkruBHocty knaccudpukanun GCN nytéM o0beMHEHUsT CTPYKTYphI ceTr ¢ anroputmMoM RF.
B kauecTBe BXOIHBIX JAaHHBIX ObUT BeIOpaH 27 BpeMmeHHOM miar u3 Hadopa Elliptic Data Set [2]. I'pad ¢ 1653
BepmmHaMu U 1717 pébpamu paszmenéH ciydailHbIM 00pa3oM Ha oOydarollyro M BaJMJIALMOHHYIO BBIOOPKH B
cootHomreHnu 85 k 15. B mepBoMm citydae, nmpoBomwiiachk kiaccuduxamus npu rnomomn cBéprounoir GNN,

cocrosiei u3 Tpéx cinoés. [lepBrlif c10l cBOpaunBaeT NPOCTPAHCTBO NMPU3HAKOB 10 128, BTopoi 10 2 U TpeTuit
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o 1 — xmacca tpan3zakuuu. B xadectBe (ynkuuu aktuBaimd B GCN UCIONB3yeTCs MONYIMHEHHBIN JJIEMEHT —
ReLU, mis Bcex cioéB, KpoMe MOCICTHEro, TAC HCIOJNB3YEeTCsA JIOTHCTUYCCKas (QYHKIUS — CHUTMOMIA.
Hcnonp3oBanue nornctudeckord GpyHkmmu Ha mocienaeM ciioe GCN mo3BosisieT IpuBecTH 3HAYCHHS TIPH3HAKOB
BCeX BepIIUH K 3Ha4eHHI0 oT 0 10 1, mociie 4ero K JaHHOMY BEKTOPY HPUMEHSIETCSI AITOPHTM CIIy4aifHOTO jeca
U omperneneHns Kinacca BepmuH — | wmu 2. JlanHas xoHdurypanus cetu 3a 100 smox oOydeHHs HOKazaia
touHOCTE: 98,6 % Ha sTame oOyuenus, 96,8 % Ha sTame Bamumanuu. DTH Pe3yIbTATH ICHCTBUTEIHHO UMEIOT
0oJiee BBICOKYIO TOYHOCTD, OTHOCHUTEIILHO KJIacCU(MUKAIMH TOJIBKO CITydaifHbIM JiecoM miiu Toiibko GCN.
Crnenyromasi cepust SKCICPUMCEHTOB ObLa mMOCBsmieHa kiaccupukanuu mpu nomormu GAT cetn
cocrosiei u3 TpEx rpadoBhIX CIOEB BHUMAHUA. B 3TON KOH(PUIYpalluu CETH UCTIONB3YETCS Ta KEe KOMOMHAITUSL
(yHKOMH aKTHBAallMM W allTOPUTMa CiydaifHoro jieca, uto M B ciydae ¢ GCN. dannas mozmens 3a 100 smox
oOyuenns mokaszama TogHOCcTh 98,9 % Ha oOyuaromeit BeIOOpke U 97,6 % Ha BanmmanmuoHHOH. Pe3ymbraTh
kinaccupukanuu npuseneHsl B Tadmume 1: momens ¢ nmpumenenuem cetn GAT moka3siBaeT MEHBIIEE YHCIIO
OmMOOK B CIIydasX OIpEIeNICHHs JeTadbHBIX TpaH3aKIUi. B OCTaTbHOM MpencTaBICHHBIE MOICTH IAar0T

Om3KMe pe3ysbTaThI.

Tabnuya 1
Mampuywl ouubox
Otan o0ydeHus Drar Bajauaalnuu
Kiacc GCN GAT GCN GAT

1 2 1 2 1 2 1 2
1 63 9 62 10 10 3 10 3
2 66 1267 7| 1326 9| 226 3 232

GCN+RF GAT+RF GCN+RF GAT+RF
1 66 6 66 6 10 3 10 3
2 13 1320 9| 1324 51 230 3 232

3akirouenue. IIpoBen¢HHbIE HAMM BBIYHCIUTEIbHBIE SKCIEPUMEHTHI MOJITBEPAMIN IPEIIOI0KEHHE O
BO3MO>KHOCTH HOBBIIIEHHH TOYHOCTH KiaccuduKkanuy npu ucnonb3oBannu komounamuun GNN ¢ anroputmom
ciry4aiiHoro Jsieca. [Ipu knaccudukarm rpadoBsIx CTpYKTYyp, B ToM uncie AML-ananuse, BaXKHO HCTIOIb30BAThH
BCIO HHPOPMAIINIO, OTPAXEHHYIO B rpade, He OrpaHNIMBAasICh UCIOIb30BaHUEM POCTPAHCTBA IPU3HAKOB.

Qunancuposanue npoekma OCywecmeninocb Munucmepcmeom HAYKU U GbiCUec0  00pA308aHU

Poccuiickoii @edepayuu (Cocnawenue Ne 075-10-2021-093; Ipoexm FMF-RND-2122).

CIIUCOK JIMTEPATYPbBI

1. Weber M. et. al. (2019), Anti-Money Laundering in Bitcoin: Experimenting with Graph Convolutional Networks
for Financial Forensics. KDD *19 Workshop on Anomaly Detection in Finance, New York, USA, 7 pp.

2. Elliptic Data Set [QnexrponHblii pecypc]. — Pexxum nocryma: https://www.kaggle.com/datasets/ellipticco/
elliptic-data-set, cBoboubIit (nata obpamenus: 19.03.2023)
Scarselli F. et. al. (2009) The graph neural network model, IEEE Transactions on Neural Networks, 20(1), pp. 61-80.

4. Hamilton W.L. et. al. (2017) Inductive Representation Learning on Large Graphs. NIPS'17: Proceedings of
the 31st International Conference on Neural Information Processing Systems, pp. 1025-1035

5. Velickovi¢ P. et. al. (2017) Graph Attention Networks. 6th International Conference on Learning

Representations.

Poccus, Tomck, 25-28 anperns 2023 . Towm 3. MaremaTnka

17



18

XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YUYEHBIX «(IIEPCIIEKTUBbBI PASBUTUSA OYHIAMEHTAJIBHBIX HAVK»

V]IK 51-77
KJIACC JIJI1 YUCJEHHOT' O PEIIEHUSI CTOXACTUYECKHUX U ®®EPEHIIAAIBHBIX
YPABHEHUM
J.A. Penpko?

HayuHe1if pykoBoauTENb: 10LEHT K.(.-M.H., M.E. Cemenopt ?

HarmonanbHbIH Ucceq0BaTeIbCKUN TOMCKHIH TTONUTEXHUUECKHH YHUBEPCHUTET,
Poccus, r. Tomck, np. Jlenuna, 30, 634050
’Hay4Ho-TeXHONOrM4IecKuii yuusepcuteT «CUpHycy,

Poccus, KpacHonapckuii kpait, nrt Cupuyc, npocnekt OnuMnuiickui, 1. 1, 354340

E-mail: dar27@tpu.ru

CLASS FOR NUMERICAL SOLUTION STOCHASTIC DIFFERENTIAL EQUATIONS
D.A. Redko?!
Scientific Supervisor: Assoc. Prof. PhD. M.E. Semenov?:2
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
2Sirius University of Science and Technology, Russia, Krasnodar region, Sirius Olimpiyskiy str., .1, 354340
E-mail: dar27@tpu.ru

Abstract. Numerical solutions of stochastic differential equations play a key role in the tasks of the financial
industry. In this paper, the numerical methods of Euler and Milstein are analyzed for different discretization
steps. The results obtained for the synthetic example are compared with the true value. The class sde_sim has
been implemented in Python.

Benenue. CTOXacTHYECKHH aHAIHM3 U TEOPHS CIYYaiHBIX MPOLECCOB SBISIOTCS TCHACHLIUEH pa3BHUTHS
9KOHOMHYECKOH cdepbl JeaTensHOCTH dYeioBeka. OZHOW M3 KIFOYEBBIX NpoOieM (HHAHCOBOI aHAIUTHKA
SIBIIICTCS] HAXOXKACHHE PEeLICHHI cToXacTHyecKux nuddepeHunansHeix ypasHeHuid (CY) pa3Hoil CTpyKTYpEL, B
TOM 4YHCJIE€ HE HMEIOUIMX aHAJUTHYeCKOro pemieHus. [l 3TOro ecrb JOCTATOYHO IIMPOKUIT Habop
OpPOrPAMMHBIX HHCTPYMEHTOB: a) GuOmmorexa Quantlib (s3siku peanmmsammu R, C++, Python) — comepxut
BBICOKOYPOBHEBbIE HHCTPYMEHTHI (TOTOBBIE 9KOHOMUYECKUE MOJIENIH, 0a30BbIe U IK30TUUECKHE OMIUOHBI U JIp.)
JUIsL PeIleHUs pa3sHOOOpa3sHbIX (DMHAHCOBBIX MPUKIATHBIX 3a1ad. YHCICHHBIE METOABI B SIBHOM BHJE He
peanusoBanbl [1], 6) 6ubnuoteka sde [2] — peanu3oBaHa TONBKO Ha s3bIKe R, mpenocTaBisieT MIMPOKUilt HAbop
Pa3HOOOpa3HBIX METOMOB, Ul HCMOJb30BaHus Sde ¢ Python cymecTByeT mone3oBarensckas OuOIHOTEKA IPY2,
OJJHAKO OHA IOCTymHa Tonbko Ha Linux [3], B) Oubnmorexka Pymle (Python) — umeer mmpokuit Habop
MHCTPYMEHTOB, B TOM YHCJIE METOJbI Ul OIIEHKH MapaMeTpOB MOJIENIH U KJIACCHYECKHE YHCIICHHBIE METOJIbI
Oitnepa 1 MunblITeHa, 0JJHAKO OHA HAXOAUTCS B CTAJMU Pa3pabOTKH, HA JTAHHOM 3Tale UMEeT IOKYMEHTAIHIO
HavYanbHOTO ypoBHS [4].

Ilens paGoThl — co37aHne YHUBEPCATHHONW OMOIMOTEKH IS PEIM3allUd YUCICHHBIX METOJIOB PEIICHHS
CAV Ha s3bixe Python.

Teoperuueckast HeoOXoauMocTb. HMues uMcineHHblx MeronoB peweHus CHY 3akmouaeTcss B

0000IIEHN TEXHUKH PELIeHUs] OOBIKHOBEHHBIX aAn(depeHnuanibHpix ypaBHenui (OJ]Y) mnst obecrieueHus
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CTOXACTHYECKOMU JWUHAMUKU. ByﬂeM HCIIOJIB30BaTh SBHBIC (bOpMyJ'II)I U1 YUCJICHHOr0 MOACJIHMPOBAHUA

cry4aitHoro mporecca metogoM Diiepa [5]:
X = X +b(t, X )dt+o(t, X ) (W, q —W,) (1)

Cxema MunbIiTeitHa UCOIb3yeT JieMMy WITO [UIS MOBBIMICHNST TOYHOCTH aNPOKCUMAIIUH TIyTeM T00aBICHHS
yrieHa Broporo mopsnka. OO0o03HAaYUM dYepe3 O, YACTHYK MPOU3BOAHYW o(t,X)mo X, NpHOIMKCHUE
MunbmiTeiiHa BeIrIsSauT [5]:
X = X +b(t, X, )dt+ o (t, X, ) (Wi =W, )+
1 2 2)
+>o(tX)o, (6 X ) (Weror =)~ lt)

CymecTBeHHBIM HemocTaTtkoM Mojeneit (1)-(2) sBisroTest MOCTOSHHBIE TapaMeTphbl BOJATHIBHOCTH O U
cMeleHust b, TO ecTh MOJENs HE MpearnojaracT UIMTEIFHOTO HCIONB30BaHUSA U TpeOyeT MOCTOSIHHOM
KOPPEKTHPOBKH. JIIsT  pelreHust 3TOH MpoOiieMBl  pa3paboTaHbl pasidyHble MOIETH JTHHAMHUYECKOM
KOPPEKTHPOBKU BOJIATWJIBHOCTH. B JaHHON paboTe paccMOTpeH HpPOCTEHIINH METOX MNPeIKOPPEKTUPOBKH
JeTepMUHUPOBaHHON (yHKumel. Byaem mnpenmnonaraTh, 4TO BOJATHIBHOCTh HM3MEHSETCS Kak (QYHKIHS C
3a/IaHHBIMY [TapaMeTpaMu & U 1.

Onucanue Kiacca. PeanmnsoBannsiii Ha Python kimace sde_sim mo3BosiseT anmpoKCHMUPOBATh METOAAMHU

Oiinepa n MusbIITeHa IpOLIECCH BUAA!
dX, = X, (u-dt+o-dw,) ©)

Onucanue MpUHUMAEMBIX MapaMeTpoB METOJaMHU Kiacca: o — HadalbHOE BpeMs, | — KOHEUYHOe BpeMs, Xo —
HavyalbHBIH MOMEHT BpeMeHH, N — KoiaudecTBO MHTepBalioB, delta — mar uHterpupoBanus, drift — cmeruenue,
sigma — BonmatwibHOCTD (PyHKIUS qucnepcun), SigMa_X — Mpou3BoHAS OT (YHKIUH JUCIIEPCUH, SCIH Sigma
He KoHcTaHTa, alpha, eta — mapamerpsr ais pred_corr, pred corr — GyneBckast IepeMeHHas! sl IMHAMUYECKOTO
W3MEHCHHUE TTapaMeTPOB MOICITH.

BoluncauTenbHble IKCHEPUMEHTHI. J[JIs1 BBIUHCIUTENBHBIX OKCIEPUMEHTOB OylIeM MOJEIUpPOBaTh

Ipouecc Bujaa:
X (t) = exp((ﬁl —%ijt] ,pn 6, =2, 6, =05, X(0)=1. (4)

U3 Teopru U3BECTHO, YTO y YHUCICHHOTO MeTosa Dilfiepa MOrpelHOCTh HAKAIUIMBAIACH C KOJINYECTBOM HTEpalUii.
Takum oOpa3oM, yOeauMcst B TOM, 4TO cXeMa MMIbINTeHa NPEBOCXOJUT CXeMy Oiepa MO CXOAWMOCTH Ha
npHMepe FeOMETPHISCKOro OPOYHOBCKOTO JIBU)KEHUS. ByieM IelcTBOBATh CIIEIYyIOIHM 00pa3oM:
1. CwmozenupyeM TpaeKTOpUH OpPOYHOBCKOTO MABW)KCHHSI YMEHbLIas INar M YBEJIMYHMBAs KOJIHYECTBO
pa30ueHui ¢ UCTIONB30BaHNEM OPOYHOBCKOTO MOCTA.
2. TlocTpouM TpaeKTOPHIO TEOMETPHYECKOr0 OPOYHOBCKOTO JBIJKEHHS Kak [0 cxemMaMm Oiijepa u
MusnbiiTeiiHa 10 NOJyYeHHOMY IIPOLIecCy.
3. CpaBHUM HCTHHHOE 3HaueHMs Ipomecca X B MOMEHT BpPEMEHH | C YHCIECHHBIMU pe3yJibTaTaMu
BBIYHCIIUTEIBHBIX CXEM.
Bynem ucmosp30oBaTh anroputM OpoyHOBckoro Mmocra Ha uHtepBaie [0;1], xortopelii pa3obbeM Ha
N unreppaios: dt=1/N. Takum obpasom, monyuum N+1 3HaueHune B MoMeHT Bpemenu t. Ha puc. 1 npuBeneHsl

TPaeKTOPUHU BHHEPOBCKOTO Tporecca (4) B 3aBucuMoctd OoT N Ui ABYX BBIYHCIHTENBHBIX cxeM. Ha pmc. 2
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XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YYEHBIX «ITEPCITEKTUBBI PASBUTUA ®YHIAMEHTAJIBHBIX HAYK»

MPpUBCACHO CPABHCHUC YMCJICHHBIX PE3YJbTAaTOB PCUICHUA Ha npaBoi/i TpaHull€ MHTCpPBaJla UHTCTPUPOBAHUSA

T =1 nns pasnnunbix N ¢ ananutrueckuM pemrenuem (4): X(1)=e87,

N=2 N=4 N=28
75 g
T s0 g
XZS __—__—___'______,..--—“ ] —//_.‘-“/ __"——/
N =128 N = 256 N =512
75 : 9
S50 1
25 1
N = 8192 N = 16384 N = 32768
7.5 { -
£ 504 :
><2v54 N//____t"/\/ 4 w"/——\—/‘m/ _d/,-/—f.M

0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10 0.0 0.2 0.4 0.6 0.8 10
t t t

Puc. 1. Peanuzayus suneposckoco npoyecca (4) onsa pasnuunvix snauvenuil N:

cxema Dunepa (nyHKmupHas aunus), cxema Munvumetina (cniowHas 1uHus)

2 a 6 0 12 14

8
log2(N)

Puc. 2. Cxooumocmo uuciennvix pewenuil K anaiumuyeckomy pewenuto ¢ pocmom N

Zaksrouenne. Haxodx/eHne YHMCICHHBIX PEIICHHUI CTOXAaCTHYECKHX (depeHIMATbHBIX YPaBHEHU SBIISETCS
OJIHO¥ U3 KJTIOUEBBIX 33/1a4 (PMHAHCOBOI MaTeMaTUKu. Peann3oBaHHbIN Kiiace Sde_SiM mpeaocTaBiseT HCClIeI0BaTENt0
mabJIoH, MO0 KOTOPOMY JIETKO OIMCBHIBATH OJIHOTHIIHBIC OOBEKTHI — JallbHElilee pa3BUTHE PabOThI IUIAHUPYETCS B
oopmiicHHH OUOHOTEKHA M PACIIMPSHHUS JOCTYITHOTO HAabOpa METOOB (HAmpuMep, MPEIUKTOP-KOPPEKTOpP, METO
Kronena) mst pazmuusbix audy3uoHHBIX TporieccoB (Hampumep, Opwinteitn-Yinenoek, Kokc-Murepcomi-Pocc).

IMporpamMMHBIi K01 pasMmeltieH 1o apecy https://github.com/DmitryRedko/SDE, noctym npemocTaBisieTcst 1o 3amnpocy.

@uHchupoeaHue npoekma ocyuecmejistiloco MuHucmepcmBOM Hayku u evlcueco o6pa306an1

Poccuitickoii @edepayuu (Coenawenue Ne 075-10-2021-093; IIpoexm FMF-RND-2122).
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RESEARCH OF MYOCARDIAL PERFUSION BY MACHINE LEARNING AND ARTIFICIAL
INTELLIGENCE METHODS
A.S. Kandybo, A.V. Mochula
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Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
Tomsk National Research Medical Center, Russia, Tomsk, Kievskaya str., 111a, 634012
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Abstract. This report outlines the idea of applying machine learning methods in nuclear medicine to analyze
myocardial perfusion. This work includes the classification of patients into healthy and patients with
abnormalities; classification of the disease of an unhealthy patient into ischemia and myocardial infarction;
segmentation of the affected area of the heart on the polar map of myocardial perfusion. This article also

presents some of the results of the initial research and the results of the first stage of work.

Beenenune. Ha ceromusmuunii 1eHb 00JacTh NMPUMEHEHUs] METOAOB MAIIMHHOTO OOYYEHHS HOCTOSHHO
pacmmpseTcs, W CBS3aHO 3TO C aBTOMarTu3anueid OoNbIIOro KojWdecTBa mporeccoB. Jloboi mporecc,
MOAPa3yMEBAIOIINH TTOCIIeI0BATEIbHOE BHINOJHEHNE OJWHAKOBBIX NEHCTBHH, B TOW WM WHOH cremeHu OyneT
paHO WIM TO3MHO aBTOMAaTH3MpoBaH. OCHOBHOM IIENBI0 ABTOMATH3AallMM SIBISETCS IOBBIIICHHE KadyecTBa
HCIIOJIHEHHSI TIpoliecca IMyTeM MHHHMHU3AIMH PUCKOB, CBS3aHHBIX C YEJOBEYECKHM (AKTOPOM WM XKe MPOCTO
YCKOpEHHE BBINIOJTHEHHUS TIpo1iecca.

OueBHIHO, YTO MEUIIMHA SBJISETCS OJHON U3 TeX cep AesaTesIbHOCTH, KOTopasi TpeOyeT MakCUMaIbHOU
TOYHOCTH HUCCIIEIOBAaHUH, BEJb OT UX KOPPEKTHOCTU 3aBHCHUT IPABUWIIBHOCTh IOCTABICHHOIO AMarHo3a M
370poBbe marpeHTa. C MoMONIbI0 METOZO0B MAIIMHHOTO OO0YYEHHs MOXKHO aBTOMAaTHU3UPOBATH DA MPOLELYD,
YTO TO3BOJIUT COKPATUTh KOJMYECTBO OIIMOOK, CBS3aHHBIE C YEIIOBEYECKHUM (PAKTOPOM, a TaKkKe OCBOOOAUTDH
CIEMAINCTA OT PYTHHHON pabOoThI M AaTh BO3MOXHOCTh CKOHIIEHTPUPOBAThCs Ha OoJiee BaXkKHOH pabore.

B nanno#i pabore OymyT ommcaHbl HCCIEAOBaHWA, MPOBeACHHbIE coBMecTHO ¢ HUMM xapauonorum
Tomckoro HUMIL] B obmacTu y4eBO AMAarHOCTHKH, a KOHKPETHEE — aHAIW3 NMepPy3MOHHOW CHMHTHUrpadun

MHOKap/a [2] MeTogaMy MaTiHHOTO O0yUEHHS.
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XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YUYEHBIX «(IIEPCIIEKTUBbBI PASBUTUSA OYHIAMEHTAJIBHBIX HAVK»

Lenp paboThl — cO3aHNe HHCTPYMEHTA ISl aHaIM3a Nepy3UOHHBIX KapT MAlMeHTOB Ha OCHOBE JaHHBIX
0JHODOTOHHOW 3MHCCHOHHOW KommbtoTepHO# ToMorpadun (ODIKT) Muokapma ¥ KiacCHpUKAUUK HX Ha
HOpMY, HH(}APKT MHOKapAa u umemMuro. s knaccupukanuy OyayT HCHONB30BaHbI MOISAPHbBIE KapThl — OMHA 13
(hopM IpeACTaBICHUSI TOMOCIIMHTHTPAMMBI.

JKcnepuMeHTalbHasi 4YacTh. B Xone mpopenaHHOW paOOTHI Ha JAaHHBIH MOMEHT peIIeHa 3axada
KJaccu(UKaIy MalMeHTOB Ha 3IO0POBHIX W MAIMEHTOB C HAPYIICHHOW MHOKapIuaisHOW mepdysmenn. Hrmxe
OyzeT ornucaH XoJ| pelIeHus! JaHHOH 3aJa4H.

[epBas npoGiema, KOTOpYIO ObUIO HEOOXOAUMO PEIINTh — cOOpaTh HEOOXOANMOE KOJIMYECTBO AAHHBIX,
KOTOPBIX OBl XBaTWIIO JUIsl OOY4YEHUsI KaK MoJiesiel HEMPOHHBIX CEeTeH, TaK U JAPYTUX AITOPUTMOB MAaIIMHHOTO
obyuennst. COOp JTaHHBIX TPOBOAWICS Ha CTaHIMH JJIS SAEpHBIX uccienoBanuii Xeleris 4 DR [1]. Ipomecc
cOopa uH(pOpPMaIMK 3aHMMAaeT MHOTO BPEMEHH, MOATOMY Ha CETOJHSLIHMI JIeHb cOOpaHO M pa3MEYeHO BCEro
196 w3oOpaxkenuit.  [Jlnsg JaHHBIX, noNydeHHBIX mocie nposeaeHuss ODOKT wmwuokapaa, TtpeOyercs
JONONHUTENbHAsT 00pa0oTka, BBINONHSAEMas Ha 3apaHee aHAHOMH3HUPOBAHHON BBIOOpKE IACHTOB
HerocpeZcTBeHHO Ha craHmmu Xeleris 4 DR, koropas mpoBoammach moJ KOHTPOJEM  OINBITHBIX Bpadeii-
PaIroJIOroB, UMEIOLINX OIBIT B 001acTH OLCHKH nepdy3un Muokapaa. OHa BKIIIOYAeT B ceOs psizl 3TAloB:

1. HUrepatuBHas pekoHCTpYyKIws [4];

2. Koppexiwus arrenroaruu [3];

3. Beinenenue cepana B Tpex NPOEKIHSX [0 3aPErUCTPUPOBAHHBIM H3JTyYCHUSIM;
4

IlocTpoeHue NoSApHBIX KapT;

STRESS_IRAC REST_IRAC

Puc. 1. Ionspuvie kapma nepghysuu npu Hazpyske (ciesa) u 6 noxoe (cnpaea)

ITocne momydenus: n3o0pakeHUH MONAPHBIX KapT (puc 1) g kaxaod kapTel (B Harpy3ke M B IOKOE)
IPOBOJMIIACH CIEAYIoLIas uX 00paboTKa:
1. H3zobpakeHue o0pe3anoch Mo Kparo;
2. Kpaii monspHO# kapTsl ¥ 3a0HUIA (HOH OBLT 3aKpalieH B YePHBIH IIBET;
3. ManpHeinme onepanyy NPOBOAWINCH AJISl KaX/I0TO IBETOBOTO KaHAJIA;
4. MH300paxeHHe pa3pe3alioch Ha 5 BEPTUKAIBHBIX U 5 TOPU30HTANBHBIX HOJIOC (pHUC 2.3);
5. JlonosHHUTEIFHO H300paXKeHUE pa3pe3aioch Ha 4 KOJIbIIa;
6. st kaxmoii gacTH (MOJOCHl U KOJIbLIA) CYMTAIIUCH CPEHEee 3HAUCHUE U CPEIHEKBAIPATHIECKOE

OTKJIOHEHHE (MCKIII0Yast U3 PACCMOTPEHHUS YEPHBIE TOUKH).

0 50 100 150

Puc. 2. BvlOenenue npusnaxkog u3z nep@y3uoHHol Kapmol

Poccus, Tomck, 25-28 anpens 2023 . Towm 3. MaremaTnka



XX MEXIYHAPOAHAS KOHO®EPEHIIMA CTYAEHTOB, ACIITMPAHTOB U MOJIOABIX
YYEHBIX «IIEPCIIEKTUBBI PASBUTUA OYHIAMEHTAJIBHBIX HAYK»

Takum 006pa3zoM ObUIO MOTyYeHO 84 YMCIOBBIX NMPU3HAKOB IS KaXJOW HossipHOW KapThl. [lanee Obu1o
HEo0X0MMO 0TOOpaTh W3 BBHIYMCIICHHBIX NPU3HAKOB HanOonee nHopMaTtuBHbe. [ 3TOro OBLT UCIIOIB30BaH
F-kputepmii @umrepa 1 KaXKI0T0 MIPU3HAKa, HA OCHOBAHUN KOTOPOTO OBUTO 0ToOpaHo 10 JIydmnx mpHU3HAKOB.
Bpauamn pagmonoramu Obula IpenocTaBlIeHa MH(POPMAIMS O HAINYMU B KAKAOM CIIydae HOPMAaIBHON HIIH
HapymeHHOH (MH(apKT WiTH UIIeMHs) MUOKapAHAIBHOH Tieppy3un.

Ha momy4geHHbIX mociie 06paboTku JaHHBIX ObLTAa 00ydYeHa IepBas MOAETh — CIydalHbIN Jec. s Toro,
4TOOBI MOJTYYUTh aJJeKBaTHYIO OIIEHKY MOJIENIM Oblila UCIIOIb30BaHa Kpocc-Baauaanus ¢ 5 onokamu. B tabnuue
1 npezcTaBiIeHbl pe3yIbTaThl TECTUPOBAHHS MOJCIH.

Ha Tex >xe nzo0paxeHusx nepy3noHHBIX KapT, Obuta 00y4yeHa npenodydeHnas na ImageNet neiiponHsie
cetn ResNet50 u ResNet152, pe3ynbraTsl TeCTHPOBAaHUS MOAEIH MIPUBEICHEI B Tabmme 1.

PesyasTaThl. B xome mponemanHON pa0oTH OBUT OOydYeH psAa MOJeNeil ¢ pa3HBIMH IapaMeTpaMu,
JTydIIne Pe3yabTaThl KOTOPBIX INpHuBeAeHBI B Tabmmiue 1. CTOMT OTMETHTh, YTO CIy4alHBIX JIEC ITOKa3al
HaWIydIlne 3HAYCHHWS METPUK B OTIMYMM OT HEHpoHHBIX cereil. Ilpm pemennn 3amadm KiacCH(pHUKALUH
MMannucCHTOB Ha 6OJ'II)HI)IX 1 3J0pPOBbIX, BAXXHO MHUHHUMHU3UPOBATH JIOJKHOOTPULIATCIIBHBIC IPCACKa3aHusA, 3a 3TO
otBeuaet Metpuka recall=0.92, uro sBiseTCS XOPOIIUM Pe3yIbTaATOM Ha TaKOM HEGOBIION BEIGOPKE.

I[Tpu 00yueHN HEHPOHHBIX CETEH BO3HHUKIIN CIIOKHOCTH C 00BEMOM JIAaHHBIX — MX CIIMIIKOM MaJo ¥ MOJIEIIN

OBICTPO MepeodyvaInch, MOITOMY C HIOMOIIBIO HEHPOHHBIX CETel HE yIaloch IOCTUTHYTh BBICOKHX PE3yJIbTaToB.

Tabauya 1
Peszyromamer mecmuposanus mooeneti
Moens accuracy | precision | Fl-score | recall IMapameTpsi
Rar&c:zgsligg:est 0,9 0,91 0,92 0,93 max _depth = 4,n_estimators = 100
CatBoost 09 091 0.92 0.94 iterations = 700, max _depth = 2
' ' ' ' Ir =0.003
n_epoch = 150
ResNet50 0,88 0,92 09 | ogg | optimizer =Adam(lr =0.003)
’ ' ' ’ loss = binary_crossentropy
pretrained_weights = ImageNet
n_epoch = 50
ResNet152 0,85 0,96 0,88 0,82 optimizer = Adam(lr = 0.003)
loss = binary_crossentropy

3akiouenue. [Tocne 00yueHus psiia Mojielneid Oblila TIOCTpOoeHa CBOIHAsS TAOJIMIIA JIYYIIHX IKCIIEPUMEHTOB
(tabnuna 1). V3 KOTOpoit MOXKHO CclieNaTh CIEAYIOIINNA BBIBOJ — JIYUIIEH MOJIENbIO JUIsl KIacCU(UKAITUH MOJIIPHBIX
KapT MHOKapja sBJISETCS MOJelb, oOydeHHas anroputMoM CatBoost, kortopas mokasana recall = 0.94. Dto
TOBOPHT O TOM, YTO CPEIHM BCEX HE3JOPOBBIX MAIEHTOB JTOPUTM KOPPEKTHO pacmo3Han 94 % w3 Hux. A
precision = 0.91 ToBOpPHUT O TOM, YTO CPEAM BCEX MAIMEHTOB, KOTOPBIX MOJAETHh Ha3Basa He3M0poBbIMH, 91 %
JICWCTBUTENIFHO SBJIIIOTCSL HE3IOPOBBIMHU. Takxke ObIT pa3paboTaH WHTEpQENC, MO3BOJSIONINNA BBHIOMPATH

n300pakeHNe ¢ MOIAPHBIMU KapTaMu Nepdy3nu MHOKap/a U IMoIy4aTh MpeAcKa3aHue MOJIEIH.

CIIUCOK JIMTEPATYPBI
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Abstract. This article outlines the idea of applying machine learning techniques in nuclear medicine to analyze
cardiovascular images. The work includes segmentation of the affected area of the heart on the polar map,
isolation of radiomic indicators from the ROI, and classification of patients into healthy individuals and patients

with abnormalities. The article also presents some of the results of the initial study and the first stage of work.

Beenenne. PagromMuka sSBISETCS OTHOCHUTEIBHO MOJONOM 00nacThio paxuoioruu [1], kotopas cTaBHUT
CBOEH TIIENbI0 W3BJICUEHHE KOJIMYECTBEHHBIX IIPU3HAKOB M3 MEAUIMHCKHUX u300pakeHuid [2]. Metozsl
MaIIMHHOTO OOy4YeHHMsS M HMCKYCCTBEHHOTO HHTEJJIEKTa B IIMPOKOM CMBICIIE IPEACTaBIAIOT co00ii Habop
BBIUHCIUTENBHBIX AJITOPUTMOB, KOTOPbIE M3y9al0T 3aKOHOMEPHOCTHU B MPEJOCTABICHHBIX JAaHHBIX U TIO3BOJISIOT
JIeNaTh MPOTHO3BI Ha OCHOBE JITHX 3aKOHOMEpHOCTeH. Pammommka, B COYETaHWH C METONAMH MAIIHHHOTO
0o0y4eHHsT M WMCKYCCTBEHHOTO WHTEJUICKTa, ITO3BOJCT HE TOJNBKO H3BICKATh YHCICHHBIC XapaKTePHCTHKH
MEIUIIMHCKUX W300pakeHuil, HO u oOpabareiBaTh OONBIIME OOBEMBI MOJIYYCHHBIX JaHHBIX, KOTOPBIE
3aTpyAHUTEIBHBI IS aHAIN3a TPAIUIMNOHHBIMA CTaTHCTUYECKIMHU MeToaaMu [3].

B nmanHOif paboTe paccMOTpPEHBl NPUMEPHl H3BICUCHHS M TEPBHYHOW 00pabOTKM YHCICHHBIX
XapaKTePUCTUK IUIAHUMETPUUYECKUX H300paKeHWH, IONyYEHHBIX METOJOM Mep(y3HOHHOW CHMHTHUTpadun
Muokapaa [4]. Ha cerogHsmHuii 1eHb, NAHHBIM METOA SBISETCS HanOoJiee BOCTPEOOBAaHHBIM B SACPHOM
kapauosiorun. COop u nepBUYHAsE 00pabOTKa MEIUIIMHCKUX N300pakKeHNH, BKIIIOUas X aHOHUMU3AIHIO, OBbLIIN
MPOBENEHBl C HCIOJb30BaHHEeM paboueit cranmmu Xeleris Ha 6aze HUM Kapmuomormm PAH B 1. Tomcke.
OTMETHM, YTO €KETOIHO JaHHOE O0CIENOBAHHE IPOXOIAT OKOJIIO TPEX THICSY dYeJOBeK. B cBs3m c 3TUM
CYIIECTBYET OTpOMHAas NMOTPEOHOCTh B CHUCTEMATH3alUMK M 00pabOTKe IONYyYEeHHOHW B XOJE HCCIIEHAO0BAHUS
nHpopmarun. CoBpeMEHHBIE METOIBl MAIIMHHOTO OOy4YeHHS M MCKYCCTBEHHOTO HHTEIUIEKTa ITO3BOJIIOT HE
TOJIBKO TpOBEeCTH 00pabOTKy AaHHONH WH(OpMAIUH, HO M pa3paboTaTh Ha €€ OCHOBE DPEKOMEHIATEIHHYIO
CHUCTEMy [UI1 Bpada-KapIuojora, KoTopas OyaZeT C BBICOKOH [oJiel BEpOATHOCTH ONPEAETSITh TSHKECTh
3a007eBaHNS TAlMEHTa W PEKOMEHAOBAaTh JajibHEHIee WHBAa3MBHOE WM HEHMHBAa3WBHOE JICUEHHE, a TaKKe

MMPOBOJAUTL UCCIICAOBAHUEC BIIUSHUA J1e4eOHOM IMPaKTUKX Ha TAUCHTOB.

1
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XX MEXAYHAPOAHAS KOHOEPEHLIMA CTY AEHTOB, ACIITMPAHTOB 11 MOJIObIX
YUEHBIX «ITEPCITEKTHBLI PASBUTUA ©YHAAMEHTAJIBHBIX HAVK»

Lens paboTbl — co3laHME HAa OCHOBE METO/IOB MAIIMHHOIO OOYUYeHHs MaTeMaTHYecKOW MOJEINH,
NPUMEHUMOH AJIsl aHajM3a MEIUIMHCKUX H300pakeHHsT Ha TpenMeT MaTo(pHu3MOJIOrM4ecKuX 0coOeHHOCTEH
TKaHeH Muokapaa. B pabore yaensercss 3HaYMTENbHOC BHUMAaHHME aBTOMAaTH3alMU Mponecca 0o0paboTKH
MEIUIUHCKAX HM300paXK€HUH C ITOMOIIBI0O METOJOB MAIIMHHOTO OOYYEHHs Ul M3BJICUCHUS KONMYECTBEHHOU
uH(OpMaINK N3 AMATHOCTHYECKUX MEIUIIMHCKNX N300pakeHNH, BKITIOUast CIIOXKHbIC U TPYIHO PacIO3HABACMBbIE
1a0JIOHEI.

JKcNepHMMeHTAJIBHAsI YacTh. B Xxoje BbINOMHEHUs paboThl Obula pelleHa 3ajada KiacCU(pHKAIMH
MAlMeHTOB Ha 3/I0POBBIX U C OTKIOHEeHUAMU. Hipke OyneT omucaH XoJ peleHns JaHHO! 3a/1aqH.

[Ipu BBIONIHEHNU pabOTHI OBLT MOATOTOBJIEH HA0OP KapAMOJIOTMUECKUX M300paxkeHuil puc.l. Ha s3bike
nporpaMMupoBaHus Python ObUT co3maH anropuT™ mepBHYHON 00pabOTKH MOTydeHHOTO Habopa n300pakKeHnH,
1 OBII CO3/aH AaTaceT M300paKeH!H, IPEICTABICHHbBIX Ha pHc.2, IS JaIbHEHIIero aHanm3a. belia BEITOTHEHA
CerMeHTauus. o0JacTH, IpeacTaBisiomeil naTepec, puc.3. Taxxke, npu momomu nakera PyRadiomics, Obuin
BBIYHCIICHBI HEKOTOPHIE PAJANOMHYECKHE ITOKA3aTENH, BKIIOYast ITapaMeTphl IIEPBOTO MOPSIKA, XapaKTCPUCTHKH,
OCHOBaHHbIe Ha (hopMe, XapaKTEpUCTUKH MAaTpPUIIbl COBIAJICHHS YPOBHSI CEPOr0O, XapaKTePHCTHKH MaTPHIIbI
JUIMHBI TIpo0era yYpOBHS CEpOro, XapakTepHCTHKH MaTpUIbl pa3sHOCTH COCEIHHX OTTEHKOB CEporo,
XapaKTEePUCTUKH MaTPHUIbI 3aBUCUMOCTH YPOBHS CEPOTO.

Takum 00pa3oMm, AJIst KaXI0H MOJSIpHOM KapThl ObUIO nonydeHo 105 yucnoBbIX npusHakoB. Jlanee Obul
NpUMEHEH MeTo[ IaBHBIX KoMIoHeHT (PCA) anst yMmMeHbIIEHHS Pa3MEpHOCTH MPU3HAKOBOTO MPOCTPAHCTBA.
B pesynbrare 66110 BBIOpaHo 10 HOBBIX ITIABHBIX KOMITOHEHT, KOTOpPBIE 00BsICHSIOT 90% BCcel TUCTIEpCHH.

Ha momyueHHpIx mocie oOpaboTku nmaHHBIX Obuta oOyueHa Mozenb — RandomForestClassifier.
J11s1 TOBBIIEHNST HAaeKHOCTH MOJIENM ObllIa MCHOJIb30BaHa Kpocc-Baympanus MetogoMm k-fold ¢ 5 rpymmamm.

Pe3ynbraThl TECTUPOBaHMS MOJIENH MIPEACTABICHBI B TA0IHIE 1.

Puc. 1. lleppyzuonnas cyunmuepagus cepoya

Puc. 2. [Inanumempuueckue uz00pasicenus 8 nokoe u noo Hazpy3Kou

2
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XX MEXAYHAPOIHAA KOHOEPEHIIUA CTYAEHTOB, ACIIMPAHTOB U MOJIOABIX
YUEHBIX «ITEPCIIEKTUBBI PASBUTUA ©YHIAAMEHTAJIBHBIX HAVK»

Puc. 3. Ceemenmayusn ROI 6 noxoe u noo naepysrou

PesyasTaThl. B xome mpoxermaHHOW pabGoTBI ORI OOYYeH psii Mojesedl ¢ pa3HBIMH IapaMeTpaMH,

JIydqHiue pe3yjbTaTbl KOTOPBIX MPEACTABIICHBI B Ta6m/1ue 1.

Tabauya 1
Pezynvmamur mecmuposanus mooeneii
Mogenb accuracy | precision recall F1-score
Random Forest Classifier 0,74 0,81 0,81 0,81
Decision Tree Classifier 0,71 0,80 0,69 0,74
Blending ensemble 0,68 0,74 0,81 0,77

3akioueHue. B pesynpraTe 00y4eHHS HECKOJIBKHX MOJENICH ObLla MocTpoeHa Tabnuma pe3yiabTaToB.
[Ipoananu3npoBaB MOJTyYEHHbIE 3HAYEHHs, MOXHO CJeNaTh CIEAYIOMMH BBIBOJ. JIydIledl MOAENBIO JUIst

KJIacCU(UKAIMHU MOJISAPHBIX KapT MHOKap/a ABJISIETCS MOJIeNb, 00ydyena aqropurmMom RandomForestClassifier.
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XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YUYEHBIX «(IIEPCIIEKTUBbBI PASBUTUSA OYHIAMEHTAJIBHBIX HAVK»
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Abstract. The work is devoted to the development, configuration and launch of a genetic algorithm used for the
symbolic solution of second-order differential equations with the right side of a special form. The program code
is implemented in Python (SymPy library), a comparison is made with the solutions found by mathematical
packages. It is shown that the program allows to obtain an analytical solution of the equation in automatic mode
without human intervention.

BBenenune. OcHOBHOI uieil mpuMeneHus auddepeHranbHbIx ypaBHenuid (JIY) B paznuysbix chepax
SIBJISIETCS TIPaBUJIBHOE ONMCAHWE ITUX YPaBHEHHH M HaXOXKAEHHE TOYHOro pemieHus. Ha mpakTuke 3adactyro
BCTPEYAIOTCS OOJIBIIOE KOJIMYECTBO CIOXHBIX 33734, KOTOPbIE HEBO3MOJKHO PEIINUTh, OIMHUPASCh HAa TEOPHIO
muddepeHIUaTbHbIX ypaBHeHHH. Ilo3ToMy cCymiecTByeT cmoco0 MOJMY4YEeHHS peIIeHUs OTIMYHOTO OT
AQHAJIMTHYECKOTO — YHCJIEHHBIM MeTox. UncieHHble METOIbl YacTO NPUMEHSIOTCS 110 IPUYMHE MallbIX
TpeOOBaHMI K BHIYMCIUTEIEHON TEXHHUKE, a TAKXKe PabOTaloT ropasfo ObICTpee KJIACCHYEeCKOW TEOpHH, HO TpH
BBICOKHX TIOpsiAKax Ju(QepeHIINaNbHBIX YPaBHEHNH HAKAIUIMBAIOT OOJBIIYIO OTPENIHOCTh pemeHus. I1o aToi
NPUYUHE MPOMCXOIUT IMOCTOSIHHOE COBEPIIEHCTBOBAHWE METOJIOB — YIyYIlIEHHE CTapbIX, IeHepalys HOBBIX.
JanHas paboTta OyaeT HampaBlieHa Ha M3yY€HHE OJHOTO M3 HOBBIX METOJOB pelieHus: Au(QepeHIraIbHbIX
yYpaBHEHHI C HaYaJbHBIMH YCJIOBUSIMH, C IPUMEHEHHEM 3HAHUI U3 JPYyroil 00JacTH HAyKu — MH(POPMAIIMOHHBIE
TEXHOJIOTHH. | eHETHYECKUIl alrOpUTM UMEET PsiJi MPEUMYIIECTB B CPAaBHEHHU C JPYTrMMHU METOJaMH PELeHUs
Y — mpocrora peann3anny, YHHBEPCAIBHOCTh METOAA JUIS NPHMEHEHUs APYIHX 3a/1ad 10 ONTHMHU3ALNH,
YCTOWYMBOCTh K BXOJHBIM JaHHBIM. Llenslo paboThl sBIsleTCsl HM3ydeHHe, pa3paboTka W HacTpoHKa
TEHEeTHYECKOI0 JITOPUTMa MNPOTPaMMHPOBAHUS JUISL TIOJyYEHUS CHMBOJBHOTO pELIEHHS JIMHEHHBIX
muddepeHInaNbHBIX YpaBHEHUI BTOPOTO MOPSIIKA ¢ HAYaJIbHBIMHU YCIIOBUSIMU.

JKcnepuMeHTAIbHAA YacTh. [loBeieHre cucTeMsl onuckiBaeTcs 3anadeit Koy, nmeromei Bus;
3,(X)Y (x)+a,(x)y (X) +2,(x)y(X) = F(x), y(@) = Yo, ¥ (@) = ¥;, X € [a; b]
IIpouecc nomydeHus peleHus: MOCTaBJICHHON 3ajaud B CHMBOJBHOM BHJI€ MOXHO pacCMaTpHUBATh Kak

CJIOKHYIO ONITUMU3ANUOHHYIO MMPOUEAYPY OTbICKaHUS HAUMCHBIICTO 3HAYCHU L (l)yHKL[I/II/I OIIHOKY HA MHOXECTBE
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XX MEXIYHAPOAHAS KOHO®EPEHIIMA CTYAEHTOB, ACIITMPAHTOB U MOJIOABIX
YYEHBIX «ITEPCITEKTUBBI PASBUTIA ®YHIAMEHTAJIBHBIX HAYK»

CHMBOJIBHBIX BBIPAXKEHHUIL, T/ TI00aIbHBII ONTHMYM paBeH Hyio [1]. s moucka CMMBOJIBHOTO MPEACTABICHHS
pelieHust LenecooOpa3sHO NPOBOJWMTH IpeoOpa3oBaHWsl OWHAPHBIX JIEPEBbEB, NPECTABISIOMINX COOOM
MaTeMaTHieckue (QYHKIMH — JAPEBOBHAHOEC TGHETHYECKOE NPOrpaMMHpOBaHHe. B paMkax [OaHHOH 3amadu
CHMBOJIBHOE IPECTABICHUE PEILCHHS 3aJaHO OMHAPHBIM JIEPEBOM, COCTOSIIIUM U3 3JIEMEHTOB (yHKIMOHAIBHOTO
MHOXecTBa (+, —, *, /, sin, co0s, exp, In), u >IeMEeHTOB TEPMHUHAIHLHOTO MHOXKECTBA (TEPMOB X, y, a TaKKe
BEIIECTBEHHBIX KO (PHUITEHTOB). BIIOK-cXeMa TeHETHIEeCKOT0 arOpHTMa MpeICTaBIICHa Ha PUCYHKE 1.

Ha mepBoM 3Tame mosp3oBaTesb 33aeT HEOOXOIUMBIE

JaHHBIE U1 pa0oTH anroputMa: auddepeHInaIbHoe ypaBHEHNE

(FO), nauamsusie yemosust (Y0), HagaabHOE U KOHEYHOE 3HAYCHHUE

/FOyO‘akahpmpc

X(a, b), xomuuecTBO pa3bueHHil OTpe3Ka JJsI BBIUYUCICHUS

Generation(k, h)

¢yukuuu mpucmocobiaenroctr (N), KOIMYECTBO WHIMBHIOB B

| Fit(population, popul_str, FO, y0, a, b, N) ‘ nonyisiuuu (K), rmybuna gepesa (h), BepOSTHOCTh CKpEIIUBAHUS
- (pc), BepostHOocTh MyTamum  (pm). Ha  Bropom  ararme
ior1a0 1000

TeHepupyeTca MOMyiIsauus U3 UHAUBUAOB. HavyanbHbIM MHAUBUL

\ Optimizate(population, popul_str, FO, a, b, N) ‘

I

| Genetic_Algorithm(population, popul_str, pm, pc) ‘

bopmupyercs crenyrommM o6pa3zoM. B mporpamme ykasbiBaeTcst

«CTOBapb», pa3felieHHbld Ha 4  KaTeropuu:  DJIEMEHTHI

I (1)YHKLII/IOHaJ'IBH01“O MHOXXECTBaA, OJId 0003HaYEHUA onepauﬂﬁ
| Fit(population, popul_str, FO, y0, a, b, N) ‘

Mexay TepmuHanamu — {+, -, /, *}; aneMeHTsl QyHKINOHAIBEHOTO

MHO)ecTBa — {Sin, c0S, exp, In}; smeMeHTB TepMHHAIBLHOTO

MHOXecTBa — {X, C}, rme C — BemecTBeHHBIH KOA(QQHUIUESHT U3
OTpe3Ka; yrouHsroume emMenTsl — { “(”, “)” }. Takxke npumem
BO BHUMaHME CJIEAYIOIIUI pAJ HpaBWL: y3el, coAepKamuii

9JIEMEHTHl M3 TMepBOi Kareropuu, 1100 OyAeT HMETh JBYX

MOTOMKOB U3 JII000M KaTeropuw, TMO0 OJHOTO IIOTOMKA TOJIBKO U3
Puc. 1. brox-cxema I'4 [EPBOM KaTeropuu; y3ell, COAEPIKAIIMA 3JIEMEHTHI U3 BTOPOM
KaTETOpHH, JOJKEH MMETh TOJBKO OJ[HOTO MOTOMKA; Y3€ll, COJEPIKAIMI JJIEMEHTH TPEThEeN KATETOPHHM, HE
MOXET MMETh MOTOMKOB (SBIISETCS JIACTOM JIEPEBA); Y3€JI, COAEPXKAIIMN OTKPHIBAIONIYIOCS CKOOKY, MOJDKEH
VIMEThL MOTOMKA TOJILKO OJIHOTO MOTOMKA, JIMOO U3 TPEThEH KATETOpuH, JMOO W3 MEPBOM; Y3€l, COJEpKAni
3aKpBIBAIONIYIOCS CKOOKY, JOJDKEH HMMETh TOJNBKO OJHOTO MOTOMKA W3 MEPBOW KATETOPHH; KOJHUYECTBO
OTKPBIBAIOLINXCS U 3aKPHIBAIOIIAXCS CKOOOK JOJKHO PABHOE KOJMIECTBO. AJITOPHTM MOCTPOEHHUS IEpEBa OyaeT
BBITVIAZETh CIEIYIONMM 00pa3oM: KOPEHb JiepeBa — BBIOMPAETCS ONepalus CIydaiHbIM 00pa3oM W3 000
KaTErOpHHY; NANbHENIIIEE TOCTPOEHHE TIPOBOUTCS BHIOOPOM CITy4allHBIX 3IEMEHTOB U3 KATETOPHH, MOJXOIAIINX
[OJ| TYyHKTHI, ONKMCAHHBIE BBINIE, C TNPOBEPKOH Ha ruyOuHy JepeBa. TakKe OLECHHUBAETCS YPOBEHb
[PUCTIOCOONEHHOCTH KAXKIOT0 WHAMBHIA. VCHonb3yeMble 3HAUCHMs TEPEMEHHBIX YKa3aHbl B Tabiume 2.
Ha TpeTbeM 9Tame 3amycKaeTcss OTPaHUYEHHBIH 10 BPEMEHM IMKI, HACTPOEHHBI Ha TOWCK WHIUBUJA,
SBISIONIMNCS PEIICHUEM 3amaud KOmM ¢ ONpeneNeHHOM TOYHOCTBIO. A MMEHHO, MPOM3BOAWTCS aIaITalHs
K@XI0TO MHIMBHAA W3 TOIYJIAINM. UHIMBHA, JTydIle afanTHPYIOIIWACA B yCJIOBUAX MOCTABICHHOM 3a1auw,
uMeeT 6osiee BBICOKYIO MPUTOHOCTD, &, CIEI0OBATENBHO, GOJEE BHICOKYIO BEPOSTHOCTH OBITH OTOOPAHHBIM ISt
MOPOXKIEHUS TIOTOMKOB. Jlajiee TPHUMEHSIOTCS TEHETHUECKHE ONEPATOPhl:  CEJIEKIHUsA, PEKOMOMHAIHS

(CerIlII/IBaHI/IC), MyTanus - Ba)XHBIH 3TaIll T€HETUYECKOTO ajropurMa st CXOXACHUA K PCHICHUIO. B namem
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XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YUYEHBIX «(IIEPCIIEKTUBbBI PASBUTUSA OYHIAMEHTAJIBHBIX HAVK»

citydae OyZeT MCIOJIb30BaThCs TYPHUPHBIM BHI CEJIEKLMH, UIes] KOTOPOTO COCTOMT B TOM, YTO BBIOMPAIOTCS JBa
CIly4alHBIX WHJAWBUZA U OTOMpaeTcsi Ooyiee MPHUTOJHBIM Ui KOHKPETHOM 3ajaud (CPaBHUBAIOTCS 3HAUCHMS
neieBbIX (yHKuuit). CKpelnuBanue — ONepanus COeAUNHEHUS ABYX MHANBHIOB UL IIepefad IpyT APYTY CBOMX
yacTel, B pe3ylbTaTe 4ero IoxydaeTcs Haubojee mprucrocoOieHHple ocodn. B maHHON paboTe MCHonb30Baics
OJJHOTOYCYHBIH OIepaTop CKpElIMBaHUA — 2 OTOOpPAaHHBIX MHAMBHAA Pa30OUBAIOTCS B CIy4aifHOM y3ie, IpH
YCJIOBHH, YTO JaHHBIE Y3JIbl IPHHAIUISKAT JIEMEHTaM W3 OJHOH Kateropun. VHaue, BEIOMpaeTcs APYroi y3eil.
Ecnu  BeposITHOCTH CKpelIMBaHMs, BBIOpAaHHOE TOJIB30BATENIEM CIHMIIKOM Maja, TO CKpPEIIUBAHUS HE
MPOUCXOJNUT, @ BO3BPAILACTCS MHIUBHJ C JIydlleil MpUCIOcoOIeHHOCThI0. MyTalus — onepauys ciy4aiiHoro
M3MEHEHHsI OJHOTO WIM HECKOJIKMX y3JI0B B JepeBe. HeoOxomuma paHHas omepaims A pazHooOpasus
WHIMBUIOB M pa30dpoca pEIleHHS N0 YHCIOBOMY HPOCTPAHCTBY UL TOTO, YTOOBI M30EkKATh «3aCTOCB» B
JIOKaJIbHBIX 9KCTpeMyMax [2].

PesyabraThl. [lonydeHHble pe3ysbTaThl pab0THI MOAEIH IPOJEMOHCTPUPOBAHEI B Tabnuie 1.

Tabnuya 1
Ananu3z nonyuenHvix pe3yibmamos
Ne 3anaya Komu [lonyuyeHnHoe pemienue AHaIUTHYECKOE Bpewms,| Kon-Bo
penieHne MHUH | OKOJICHUH
1 2 " -
X“+1)y —2xy =0,
( )y Y y(x) = (x*+2,99)x | y(x)=(x*+3)x 126 754
y(0)=1y'(0) =3,x [0;5]
2 X2y +xy +y=0 y(x) =3cos(in())+ | y(x) =3cos(In(x)) + - 1350
y@) =3,y (1) =4,xe[0;3] +4sin(In(x)) +4sin(In(x))
Tabauya 2
3uauenus napamempos, ucnonbL3yemvix 8 HaCMpoUKe alopummd.
N k h pm pc €pS(ToYHOCTB)
100 10 20 0.8 0.8 0.01

OreHKa KauecTBa HHIUBHIOB

Fit =3 2, 06)Y (x)-+3,(x)Y () + a8 (x)Y (%) =  (x) |+

n-1 . .
+k0D 1Y P (%)~ yo” |
j=0

rae Y(X) — wngusua, KO=100 — koaddurnment mrpada 3a HecoOmOaEHHE
HaYaJIbHBIX yCHOBHfI, N — KOJNYECTBO HAYaJIbHBIX ycHOBI/Iﬁ

3akirouenue. [Iporpecc aBromMaTH3alMM MPOIECCOB, YBEIWYEHHUS BBIYUCIUTEILHONM MOIIHOCTH H
YMEHBIIICHUS BBIYMCIUTEILHOTO BPEMEHHM HE CTOMT Ha Mecre. CTaHIapTHBIE METONbI HE BCEr/ia MOTYT JaTh
JKeJaeMblil pe3ynbTaT B BUAY CIOXKHOIO BUJA YpaBHEHMs, B TO BpeMsl KaK F€HETHUECKUN aJIFOPUTM MO3BOJISET
MOJYYaTh PEUICHUE B BUJIC TOYHOH (POPMYIIBI, €CIIA TAKOBAsI CYIIECTBYET, B BUIC MPHOIMKCHHOTO CHMBOJIBHOTO

BEIpakeHUs. HetocTaTok JaHHOTO METOo/1a 3aKIIF0YaeTCsl BO BPEMEHHU CXOMMOCTH K PEIICHUIO.
CITUCOK JIMTEPATYPbI
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Abstract. In this article, technical analysis indicators are selected to predict the direction of the cryptocurrency

price. We examined a set of technical analysis indicators used as explanatory variables in the current literature

and specialized trading websites. Decision trees and deep neural networks were used as a model.

BBenenne. ®uHAHCOBBIE IEPEMEHHBIE M IIOKa3aTeNM TPYAHO NporHosuposath. IlocTymar o
CYyIIECTBOBAaHUM 3(Q(PEKTUBHOTO PBIHKA, YTBEPIKIAIOIIAs, YTO HM OAMH SKOHOMHYECKHH areHT He MOXET
IIOCTOSIHHO TIONy4YaTh Oosee BBICOKYIO MPUOBLIb, YeM PBIHOK, OCTAeTCS OJHHUM M3 BAXHEUIIMX JOKa3aHHBIX
TEOPETHYECKUX pe3ynbTaToB B (uHancax [1]. MHOTOYMCICHHBIE HCCIEIOBATENM TMOCTOSHHO IBITAIOTCS
BBISIBUTh M HCIOJIb30BaTh B CBOMX IIENSIX MTHOBEHHYIO HEd(P(EKTHBHOCTh pPBHIHKA, IPEICKa3aTh Pa3BHUTHE
OyIymMx TeHAEHIWH PbIHKA. B 4acTHOCTH, MPOTHO3MPOBAaHME IIEHBI U ONPEJICIICHNE HANPABICHUS IBYXKCHHS
OeHBl B OyIymieM J0 CHUX TOp SBJISCTCA aKTyalbHOW HaydHOW TeMoil. brokueitH — 310 mmdposas
pacIipesielieHHasl IUIaTe)XHas CHCTeMa, IIPU TPOBEpKE TPaH3aKIMH B KOTOPOW HE YYacTBYIOT OaHKH.
PacnpenenenHas cucreMa ¢ paBHONPABHBIMH YYaCTHHKaMH IO3BOJIAET B JIIOOOM MecTe MUpPa OTNPABIATh U
MOJTy4aTh IUIaTekKu. KpUNTOBAMIOTHBIE MIATEXKH CYIIECTBYIOT HCKIIOUUTENIHHO B IH(POBOM BHAE B OHIAHH-
0a3e aHHBIX, ONHMCHIBAIOLICH KOHKPETHbIE TpaH3aKMu. B naHHON paboTe mpeiokeHa MOJIelb, C OMOIIBIO
KOTOPOH MOXHO IIOCTPOWTH IPOTHO3 TOBEACHHUS IIEHBl HAa OJIWH JeHb Brepend. JlaHHBIE AN pacdera

MHJMKATOPOB TEXHUYECKOT0 aHanu3a OepyTes ¢ caiita Binance [2].

LICJ'H) pa6OTLI. Pa3pa60TI<a MOACIN NpEACKa3zaHUd NOBCACHNS IICHbI KPUIITOBAJIKOTHEI HA OCHOBE JC€PEBLEB

peIHCHI/Iﬁ u I‘J'Iy6OKI/IX HCﬁpOCCTeﬁ. B xadectBe IMPU3HAKOB JJId O6y‘ICHI/I${ HCHOJIB3YHOTCSA TEXHUYCCKUC

HWHAUKATOPbI, 4aCTO U HIMPOKO HUCIIOJIb3YyEMbIC B HAYYHBIX pa60Tax.

JKcnepuMeHTaNbHAsA YacThb. [l cOopa MCTOPHUECKHUX JAaHHBIX ObLIa HamuMcaHa Iporpamma cbopa
JIAHHBIX TOPTOB: IE€H 3aKPBITHS, OTKPHITHs, KOTHPOBOK MaKCHMyMa, MHHUMyMa W 00beMa TOProB 3a JICHb.

B nannoit paborte BbriOpana mapa BTC/USDT, Tak kak oHa mMeeT HamOONbIIMKA O0OBEM TOPTOB Ha OWpKe

Binance. [lanasie coopansl 3a mepuon 01 saBapst 2018 r. mo — 25 nexabpst 2022 r.
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BLI6ep€M WHAUKATOPbI TEXHUYCCKOI'O aHaju3a il MPOBEACHUA I/ICCJ'IC,HOBaHI/Iﬁ apu (bHHaHCOBOM

MPOTHO3UPOBAaHUU C MPUMEHEHNEM MOJIeIel MallMHHOro 00y4eHus (Tabdm. 1).

Tabauya 1
Texnuueckue uHOUKAMOPbL
HasBanue Dopmyna
SR
Cxomnp3sias cpeHss SMA = Hn
S RW,
B3BenieHHast CKoOJIb3sIIas CPeIHSSA WMA = 'Zln—
Sw
=1
C,—min(L,)
i %K =100* 0
CTOXaCTUYECKHUH OCHIILIATOD max(H_)—min(L)
100
RSI =100—

N Average _gain

MHnexc OTHOCUTEIIBHOM CHITBI
Average _loss

C,—max(H,)
i %R =100* g ,
IIpouenTHsIi nuana3zoH Buneamca 0 max(H_)—min(L, )
" _ C,—SMA
HIEKC pPa3HULIbI —1 00*SM

PO = EMA(26) - EMA(12)
_ATR,,(n-D+TR

n
Upper _ Band _ Bollinger = SMA, + m*std

Lower _Band _ Bollinger = SMA, —m*std

Henosoii Ocuumnsatop

Cpennuii ICTUHHBIN AMAaNa3oH ATR,

Bepxwnss nunus bonnunmxepa

Hwxuss nuansa bomnmmumkepa

[TocTponm MaTpuIbl KOPPETSIUi MEXIy LIEHaMH 3aKpbITHS M HHANKaTOpaMH. J{iis cKomb3simen cpennei

BBI6paH nepuoa B 90 KaJICHAAPHBIX I[HCI7[. AHAJOTUYHBIC BBIYHCICHUS npoaciacM Jid OCTaBHIUXCA

HHIMKATOPOB. Pe3yNIbTaThl BEIYHCIEHUH MTPEICTABICHBI B TA0I. 2.
Tabnuya 2

Ilepuoovl pacuema mexuuueckux uHOUKAMOPO8

HasBanue KonndecTBo KaneHIapHBIX THEH
CKop3sImas cpeHss 90
B3BenreHHast CKOJIB3SIIAs CPeTHASA 90
CroxacTU4ecKuil OCHUILISITOP 7
Hnexc OoTHOCUTENBHON CHITBI 14
[IpouenTHbIN quana3oH BunbsmMca 7
WHpekc pa3HULBI 7
Henooii Ocuumisitop 26-12
CpenHuii UCTUHHBIN 1MANa30H 20
Bepxusis nunus bonnuspkepa 14
Huwxusis nuausa bomnmumkepa 10
Ckonp3simasi cpeisss 10

B xadectBe 1eneBoil TepeMEHHOW BBHIOpAaHO W3MEHEHWE IICHBl 3aKphITHs 3a JeHb. JlHU, C

IIOJIOKHUTCIIbHBIMHU HM3MCHCHUSMU IICH, 06’I)CJIHHCHI)I B KJ1accC 1, JHU C OTPpHUUATCIBHBIMHU HM3MCHCHUAMM IICH,

00BeauHeHs! B Kiacc 0.
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PesyabTarhl. McxonHblii HA0Op AaHHBIX pa3jielieH Ha 00Y4Yalollyl0 M TECTOBYIO BEIOOPKY B IPONOPLUH
70/30. K naHHBIM NPUMEHEHBI pa3IM4YHble KIacCH(UKATOPHI, TOCTPOECHAa HEWPOHHAs ceTh. Pe3ynbTraTsl paboTh

KJIaccu(UKATOPOB IPEACTABICHHI B Ta0II. 3.

Tabauya 3
Hona npagunvho KraccugpuyuposanHvix HanpasieHuti UsMeHeHUs YeHbl
Hassanne TounOCTE
Jepeso pemennit 0,5445
MerTop cirydaifHOTO Jieca 0,565
HeiiponHnas cets 0,527

[IpoBenennast OuHapHasi Kiaccu(UKanys 1Mokasajia yJOBIETBOPUTEIbHBIC Pe3yIbTaThl: OIS IPaBUIBHO
KiacCU(UIMPOBaHHBIX HAINpaBJICHUH ABMKEHHH 1IeH coctaBuia Oonee 50 mpoueHTOB ciydaeB. [lanpHeiue
YIIy4IIeHUs. MOZEH C Bapualiel mapamMeTpoB B METOJaX MOCTPOCHUS AEPEBhEB PEIICHUN U CIydaiHOro jeca
MOKa3aJIM, YTO BapHallMs [NIyOHHBI JlepeBa COBNaia ¢ onTuMaibHOU. [Ipu aToM st hopmMupoBaHusT HEWPOHHON
CETH UCIIONb30BAINCH TPH, IIATh U CEMb CKPBITHIX CJIOEB C CUTMOBUAHON (yHKIMEH akTuBaun. s oOydeHus
CETH UCTIOJB30Bajcs anroputM ontumuzanui Adam [3] ¢ 400 smoxamu obyderus. Oka3anoch, YT0 HAWITYIIIHHA
MOKa3aTedb KayecTBa MPOTHO3a HAOMIONANCS Y CETH C IMATHIO CKPBITBIMU ciosiMu (cM. Tabn. 3). Ha ocHoBe
MIOCTPOCHHBIX MPOTHO30B Ha TECTOBBIX MAHHBIX OBIIa paccyWTaHa OTPUNATEIbHAS JOXOAHOCTh, Ha OCHOBE
NpeIoKEeHHOM Moaenu — 62 %, s cTpaTeruu KynuTh u aepxkars — 63 %.

3akiouenne. B xone paboTel paccMOTpeH METOZ MpeJCcKa3aHusl HalpaBiICHHs LIEHbl KPIHMTOAKTHBA C
HCIIOJIb30BAHUEM [IEPEBBEB PEIICHUN U HEMPOHHOM ceTu. Ui nanbHEHIero yay4ileHus IoKas3aTells IPpOoTrHo3a,

HEOOXOAMMO HCCIIEA0BATh HOBBIC HHANKATOPHI TEXHUUECKOTO aHAJM3A.
CIIACOK JIMTEPATYPbI
1. Fama E. The Behavior of Stock Market Prices // Journal of Business. — 1964. — Vol. 38. — P. 34-103.
2. Binance: [Qnexrponnsiii pecypc]. — Pexxum nocryma: http://www.binance.com (mata o6pamenns: 10.03.2023)

3. Kingma, D.P., Ba, J. (2014). Adam: A method for stochastic optimization. arxiv preprint arxiv:1412.6980.
from http://arxiv.org/abs/1412.6980 (Jlara o6parmenus: 10.03.2023)
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ENCRYPTION OF TEXT DATA BY ELLIPTIC CURVE CRYPTOGRAPHY ALGORITHM
M.A. Burnin
Scientific Supervisor: Assoc. Prof., PhD. O.L. Kritsky
Tomsk Polytechnic University, Russia, Tomsk, Lenin strt., 30, 634050

E-mail: mab54@tpu.ru

Abstract. In this work, you have constructed a program that allows us to encrypt a message based on some initial
code. We get this code according to the algorithm based on elliptic curves. It is agreed between the two parties and

cannot be established based on the data that we transmited through an open communication channel.

Beenenue. B HacTosmIee BpeMsi JaHHBIE KOTOPBIE BBl OCTABISICTE B MHTCPHETE TIIATENBHO COOMPAIOT, U
pedb UOET He TOJBKO 0 COOKie daiinax, 3a4acTyro JMYHAs NepPenrcKa OKa3bIBAeTCs MO/ YIPO30H BCKPBITHS, €CIIH
BBl TIEPENaéTe KaKyl-TO BaXHYH HMH(OPMAIMIO, TO MOXKETE MEPECTpaxoBaThcs M 3ammdposarh eél.
JlanHas pa0GoTa OCHOBaHa Ha JIUIMNTHYECKUX KPHUBBIX, KOTOPBIE OTPAHWYEHBI BEIIECTBEHHBIMU IOJISIMHU
BBOAMMO# HH(POpMAIUK. PacCMOTPUM MOHSITHE SIUTMIITHIECKUX KPUBBIX [1].

Teopernueckne ocHoBbl. Kpuseie Buza y? =x*+ax+b, rme 4a’+27b*>#0 maswBarotcs

IUIUNTHYSCKUMHU. MOXKHO ONpeleNHTh abeNeBy IPyIITy JUIs SJUTMITHYECKUX KPUBBIX [1, 2]:
® 3JIEMEHTBI IPYIITBI — 3TO TOYKH dJUTHIITHIECKOI KPUBOIf;
® ¢IMHUYHBII 3JIEMEHT — 3TO OECKOHEYHO yranéHHas Touka 0;
e 00paTHasi BEIMYMHA TOYKH P — 3TO TOYKa, CHMMETPHUYHAsi OTHOCHTENBHO OCH X;
e cymMma TpEX HeHyJeBbIx Touek P, Q, R, nexamux Ha ojHO#t npsimoi paBHa P+ Q + R =0.
EcTh BO3MOKHOCTD ONPENENUTh CKaIsIpHOEe yMHOKeHue: NP = P + P + ... + P (n pa3). Koropoe MoxHO

OBICTPO MOCYHTATH MO ANTOPUTMY yJABOCHHUA-cloxkeHHd. Jlamee Oynem paboTaTh B IOJI€ IIETBIX YHCEN II0

X _
MOIYNI0 P, TAe P — MpOCTOe YHCI0. MOXKHO ONpeNeNuTh JeleHHe 10 MOAYII Pi—=X-y

rae (y™'-y)modp=1.

Aﬂre6panqecxa${ CyMMa B OIrpaHUYCHHOM II0JIC:

Xe = (M* =X, —Xo)MOd P, Yq = (Y, +M(X; — X, ))mod p = (yq +M(x, —%,))mod p

! MarepuaJsl HcclenoBaHus aBTopa [DnekTpoHHslit pecype]. Joctyn cBobonusil. UHpOpManmonHas
Cucrema: URL: https://colab.research.google.com/drive/10tul mATEOPA87Lh35uGecMsGxpLQVOhnh
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Ecin P # Q, To Hakyion m npunumaet popmy: m=(y, — Yo )(X, — XQ)’1 mod p
Ecmn P=Q, 10 m=(3x +a)(2y,) " mod p

BBeném nononHNTENBHBIEC TOHITHS 1 0003HAYCHUS

e KosmmuectBo Touek N B rpymnme Ha3bpIBACTCSI MOPSIIKOM TPYIIIBL.

o [TopsimoK MOATPYMIBI MOPOKAEHHOH TOUKOW P 3T0 MuUHMMansHOE n Takoe, uto NP = 0 (N — mpocroe
uncno, aenutens N).

¢ Kodaxrop h = N/n (Bceraa uenoe).

J1 KOppeKTHOM pabOoTH AITOPUTMA OCTAJIOCH BEIOpATh 0a30ByI0 ToukKy G:

1. Brruncisiem nopsimok smmuntrdeckoit kpusoit N mpu nomomnu anroputma lyda.

2. Bri6upaem nmopsgox N moarpymmsl. YToOB! alropuT™ cpadoTai, YiciIo JODKHO OBITh IIPOCTHIM
u ObITE nenureiiem N.

3 Bsruuncisiem kodakrtop h = N/n.

4, Bribupaem cinyqaiinyro Touky P.

5 Beruncisem G = hP.

6. Ecnu uncno G pasHo 0, To BepHEMCs K miary 4. B mpoTHBHOM ciydae Mbl HalLIM T€HEPaTop
HOATPYIIIBI C TIOPSIIKOM N U KodakTopom h.

AJiroputM nocrpoenus umnTudyeckoi kpusoii Jadgpu — Xesuimana (ECDH). [{annblii anroputM peraer
CIICYIOMIYIO TIpo0JeMy: 1Be CTOPOHBI (00BMHO Armica 1 bo0) xoTsaT O6e30macHO 0OMEHUBAThCST HH(OPMAIHEH, YTOOBI
TpeThs cTopoHa (mocpenauk, Man In the Middle) mor mepexBarbBath €€, HO He MOT pacIi(poBaTh.

CHavana Amuca u boO reHepHpYyIOT COOCTBEHHBIC 3aKpBIThIC W OTKPBITHIC KIHOUU. Y AJIHCHI €CTh
3akpeIThii K04 0o ¥ OTKpwITEIA K04 Ha=da G, y Boba ects kmoun dg u Hg=dg G. 3atem oHu
0OMEHUBAIOTCSI OTKPBITHIMH KiIrouamMu Ha 1 Hg 1o HesamuménHomy kanaiy. [TocpeHuK HE MOXKET ONpeAenuTh
3aKpbIThie KII04YM Oa M 0B, HE PEIIMB «CIOKHEHINYI0» 3a1ady JHCKpeTHOro Jjorapudmuposanus. Ilocie dero
Ammca u Bo6 MOTyT CIIOKOHO BBIYHCIUTH S:

S= dAHB = dA(dBG) = dB(dAG) = dBHA

IIpouecc padorbl mporpammbl. O0e CTOPOHBI 3HAIOT OOLIMH CEKpET, Telepb 3TOT CEKPET MOXKET
MOCITY)KUTh KJIIOYOM B QJTOPUTME INU(PPOBAHMS TEKCTOBBIX JAHHBIX. M 3TO MOXHO cJeaTh CIEAYIOIIUM
0
0 Ternepb 3TO YMCIO MOXKHO HCIIOJB30BaTh B Pa3jIMuHbIX aIropuTMax Imudposanus. Ho oHo crenuanbHO
PBIIO cleano He OOJIbIle 3apaHee 3aJaHHOTO aji(aBuTa, YTOObI:

for letter in message:

position = alfavit.find(letter)
if variant == "3awugposamyv"":
new_position = (position + key)%leng
elif variant == "Pacuugposams":
new_position = (position - key)%leng
if letter in alfavit:
vald = vald + alfavit[new_position]
else:
vald = vald + letter //Jobaensem cumgon x cmpoxe
s
e

Eoccm{, Towmck, 25-28 ampens 2023 . Towm 3. Maremaruka
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Takum 00pa3oM MBI IPOCTO CABUTAEM CHMBOJI B COOOLIEHHH Ha 3HAYCHHUE JUIMHBI KIIIOYA B 3aBUCMOCTH
OT TOT'0 XOTUM MBI COOOIIEHNE 3an(pPOBATH WIN paciIu(poBaTh.
UtoOBI MTOKa3aTh CBSI3b TEOPHH C TMPAKTHKOM, HEOOXOIMMO MPHUBECTH (PYHKIHIO CKAISIPHOTO YMHOXEHHS,
B KOTOPOH JMYHOMY KIIFO9y COOTBETCTBYEeT IEpeMeHHas K, a ImyOnnYHOMY IIepeMeHHasl point, YMHOXXCHHE
MIPOMICXOUT IO AJTOPUTMY YABOCHUSI-CIIOKCHIS:
def scalar_mult(k, point):
assert is_on_curve(point)
if k % curve.n == 0 or point is None:
return None
ifk<0:
# k * point = -k * (-point)
return scalar_mult(-k, point_neg(point))
result = None
addend = point
while k:
ifk &1:
result = point_add(result, addend)
addend = point_add(addend, addend)
k>>=1
assert is_on_curve(result)
return result
IMepemennas addend yasauBaercst mocje KaKI0d MTepalMy U NpUOABIETCA K mepeMenHoi result, sto
MIPOUCXOUT TOJIBKO B TOM Ciydae, eciiu onepaTop nmooutoBoro «M» (o6o3HauaeTcst «&») BO3BpAIIAET UCTUHY.
Oyukims iS_on_curve(point) mposepseT MPUHAICKHOCTh TOYKA K KPUBOH, UTO MOMOTAET OMPEIETIUTh JacTo
BO3HHUKAIOIIYIO TIPH paboTe OLIMOKY, TO €CTh HEBEPHO YKa3aHHbIE JaHHbIC
3akmouenne. PaccMoTpeHBI TONOXKeHUs anropurma cornmacoBaHus kmoueid  Elliptic  Curve
Diffie-Hellman mo nesamumennoMy kanany cBszu. Co3aaHa nporpamMma muQpoBaHus TEKCTOBBIX COOOIICHHIA,
oHa wmMeeT ynoOHBIA rpaduueckuii wuHTepdeiic. I[Iporpamma mo3BOsIEeT 3amUPOBATH/ IEMHPPOBATH
coobmienue. Bpemst paboTsl mporpammbl st mudpoBanus coodieHust 256 cumBosioB He npeBocxoaut 0,007
cek. [To cpaBHEHHMIO C CYIIECTBYIOLIMMH aHAJIOTAMU MOS IporpamMMa mudpoBaHus MPOILIE B UCIOJIb30BAHUU H

HWHTYUTHUBHO IMOHATHEC.

CIIUCOK JIMTEPATYPBI
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Abstract. This article discusses the process of developing combinatorial generation algorithms based on
AND/OR tree structures, as well as their software implementation using tree-like data structures on the example

of combinatorial sets defined by the Fubini numbers.

Beenenue. Mudopmanus sBIsieTCss HEOTHEMJIEMOH YacCThIO COBPEMEHHOTO MHpa M C KaXIbIM JTHEM
KOJIMYECTBO XPaHMMOW WH(POPMAIMM TOJbKO yBenuuuBaerTcs. Ecnn WHGOpMalMOHHBIE OOBEKTHI HMEIOT
HEPapXUUECKYl0 WM PEKypCHBHYIO CTPYKTYpPY OINHCAaHUS, TO HX MOMKHO MHTEPIPETHPOBATh Kak
KOMOHMHATOpHbIE OOBEKTHI M INPUMEHSTh K HUM aJrOPUTMBI KOMOHMHATOpHOI reHepauuu. KomOuHaTOpHAs
reHepanusi — Hay4yHOE HalpaBleHHE, KOTOpOe COBMellaeT HWH(OpMaTuKy, NpPOrpaMMHUpPOBaHHE H
KOMOMHATOPUKY, & TaKke€ M3ydaeT aJrOPUTMbI, HalpaBICHHbIE Ha HYMEpAIMI0O M TeHEPaIlHI0 3JIEMEHTOB
KOMOHMHATOPHBIX MHOXeECTB [1, 2]. KoMOHHATOpHOE MHOKECTBO — KOHEUHOE MHOYKECTBO 3JIEMEHTOB, HMEIOIITHX
OTIpEZIETICHHYIO CTPYKTYpY, @ TaKKe aJTOPUTMBI IIOCTPOCHHUS DJIEMEHTOB 3TOr0 MHOXecTBa. [Ipocredmmmu
pUMepaMu KOMOMHATOPHBIX MHOXKECTB SIBIISIOTCS IIEPECTAHOBKH M COYETAHMS 3JIEMEHTOB.

B nanHOlf cTaThe paccMaTpuBaeTCsi KOMOMHATOPHOE MHOXECTBO, MOIIHOCTH KOTOPOTO OIPENEISIeTCs
urcnamu OyOuHH (TakXkKe H3BECTHBIC KaK YIOpsI0YeHHbIe uKcia bemna). B Teopuu 4rcen u mepedncanTeabHOMN
KOMOHMHATOpUKE yIOpsioYeHHble uncia DOyOMHM TOJCYMTHIBAIOT KOJMYECTBO CIOCOOOB, KOTOPBIMH
N y4aCTHUKOB MOTYT 3aHATH NPHU30BbIE MECTa B COPEBHOBAHMH, YUUTHIBAS BO3MOXKHOCTh HUUBMX. Taxoke yucia
OyOuHM NOACYUTHIBAIOT MOIHOCTE KOMOMHATOPHBIX MHOXKECTB, KOTOPbIE HMEIOT OMEKTHBHOE OTOOpaKeHUE Ha
MHOXECTBa OOBEKTOB C HecTporuM mnopsakoM [3, 4]. 3nauenus uncen OyOuHn HOPMHUPYIOT LEIOYUCICHHYIO
nocnenosatenpHocTh A000670 B OEIS [5].

JKcnepuMeHTAdbHAA dYacTh. CymecTByeT OOJIbIIOE KOJIMYECTBO METO/IOB pa3pabOTKH aJIrOpUTMOB
KOMOMHATOpHOH TeHepaunu. B 3Toif crarke nNpHMeHsETCS MeTox pa3pabOTKH alrOpUTMOB KOMOHMHATOPHOM
reHepanuy Ha OcCHOBe jepeBbeB W/WJIU [6]. Jlns wWCrmonp30BaHMs TaHHOTO METOJAA HY)KHO IIPEICTaBUTH
paccMarprBaeMoe KOMOMHATOPHOE MHOXECTBO B BUAE APEeBOBHAHOM cTpykTypsl /NJIN, obmee uncio BapuaHToB

KOTOPOI'o COBIMAAA€T CO 3HAYCHUEM q)yHKHI/II/I MOMIHOCTHU pacCMaTPUBACMOI 0 KOM6I/IHaT0pHOFO MHO>XKCCTBA.
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OcobenHocTh CTpyKTYypbl aepeBa W/MIJIM 3akmiodaercs B HaJMYMM JBYX THUIIOB Yy3i0B. M-y3en
MOJpa3yMeBaeT HCIONb30BaHHE BCEX CBOMX IIOTOMKOB, B CBOw0 ouepens WJIM-y3en o3HagaeT, 4To B
JanbHEHImeM OyIeT HCIONIb30BaThCs JHINb OAWH IMOTOMOK y3ia. OrpaHWYeHHEM HCIHONIB3YEMOTO METOAa
SBIISICTCS TPUHAMICKHOCTh (YHKIIMH MOIMTHOCTH KOMOWHATOpHOTO oOBekta k amrebpe {N, +, x, R}. Kak
CJIC/ICTBHE, HE BCE CIIOCOOBI pacyera 3Ha4eHNH yncen OyOHHI MOXKHO HCIIOJIB30BATh IS 3TOT0 METOA.

Kaxmoe n-e uncino @ydnHM MOXKeT OBITH 33/1aHO PEKYPCUBHO (DOpMYIIOH:

0 )
Fn= ch “Faks FO =1,
k=1
T/Ie 7S BBIYHCIICHUS! OMHOMHUAIBHBIX KOA(GHUIIMEHTOB UCTIONB3YeTCs CIeAyIomas hopMmya:
2

(k) ck=cf +ckl,  ch=c=L

@opmynsl (1) u (2) ymosmerBopsitor amrebpe {N,+,x,R}. CriemoBatenabHo, MeTox pa3paboTKu
AITOPUTMOB KOMOWHATOPHOM T'eHepaIlii, OCHOBAaHHBIH Ha nepeBbsx WU/WNJIN, npumennm K dpopmyie (1).
PesynbTaThl. Ha ocHOBe opmyiel (1) Obl1a mOCTpOEHa CTPYKTYpa COOTBETCTBYomIero aepesa M/MIJINA

(puc. 1). B nanHO# CTpyKType Takxke ucroib3yercs aepeso /NN mis dopmyst (2).

Puc. 1. llepeso U/HUJIH ons @opmynet (1):

HJIU-y3en — y3en Oepesa be3 obvedunenus pebep k doueprum yziam; H-yzen — yzen depesa ¢ 00vedunenuem

pebep Kk 0ouepHuM Y31am; peKyPCUBHAs KOMNO3UYUSL 0epe6bes — Y3eil ¢ MpPey20ibHUKOM

Jl71st momy4deHHOro iepeBa ObUIH ONPEENIeHbI TIpaBuiia OUEKIIUN MEXTy KOMOMHATOPHBIM MHOXKECTBOM H
MHOXECTBOM BapuaHTOB aepesa /NJIN:

1. BeiOpanHuslii qouepuuii sement WUJIM-y3ma omnpemensieT KOIMIECTBO K y4acTHHKOB, KOTOpBIE BMECTE
3aHUMAIOT N-€ MECTO cpelu N YIaCTHUKOB;

2. Ilonnepeso Crlf ompenensieT Kakie K yqacTHHKOB 13 N 3aiiMyT N-0e MECTO;

3. loamepeso Fy,_i ompenerser MecTa ocTaBuInxcst N — K y4acTHAKOB.

Hcnonb3ys nmomydeHHbie CTpyKTypy aepeBa M/MJIN u npaBuna Ouexiuu, ObUTH pa3paboTaHbl aITOPUTM
pamkupoBanus BapuanTa aepesa V/NJIW u anroputM reHeparm Bapuanrta nepesa V/MJIN mo paHry, KOTopble

TaKKe ObUIM peaM30BaHbl Ha s3bIKe porpammuposanus Python (puc. 2, 3).
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def rank(self):

if self.n == @: return @

elif self.left_child != o:
L1 = self.left_child.rank()
wl = Combination().comb(m=self.i, n=self.n)
L2 = self.right_child.rank()
sum = 9
for 1 in range(1, self.i): sum += Combination().comb(m=i, n=self.n) * self.get_fub_num(self.n - i)
return int(L1 + wl * L2 + sum)

Puc. 2. @ynxyus panscuposanus eapuanma oepesa U/HITH

def urank(self, rank, n):
self.n = n
if self.n == @: pass
else:
self.i, sum =1, ©
while sum + Combination().comb(self.i, self.n) * self.get fub_num(self.n - self.i) <= rank:
sum += Combination().comb(self.i, self.n) * self.get_ fub_num(self.n - self.i)
self.i += 1
rank -= sum
wl = Combination().comb(self.i, self.n)
self.left_child = Combination(n=self.n, m=self.i)
self.left_child.urank(rank % wl)
self.right_child = FubininNumberComb(n=self.n - self.i)
self.right_child.urank(rank // wl, self.n - self.i)

Puc. 3. @ynxyus cenepayuu sapuanma oepesa U/HUJIN no pawney

3akJroueHue. B pesynbrare npoBeAeHHBIX NCCIEIOBaHNUI OBUTH MOJTyYEHBI aITOPUTMbBI KOMOMHATOPHOM
TeHepalty, a Takke MX NMpOorpaMMHas pealu3alus ¢ MOMOIIBIO JAPEBOBUAHBIX CTPYKTYp HaHHBIX. OIeHKa
BBIYUCIIMTENLHOM CIOKHOCTH airoputMoB pasHa O(N*) mpu ycnoBuu BeaucieHus kaxaoro Fn 3a O(n®) uepes
saBHYI0 (opmyny. [loiydeHHbIE alrOpUTMBI MOXXHO HCIIOJIB30BAaTh KakK JJsi T€HEPalM OTHAENIBHO B3STOTO
9JIEMEHTa, YTOOBI IOJYYHUTh ONIPEAETCHHBIH 3JeMEHT KOMOMHATOPHOTO MHOMKECTBA [UIS ONTHMM3ALUU
XpaHUMBIX JAHHBIX, TaK W JUIA IIOCJEOBaTEIbHOW TeHEepaluH, NAlollel B pe3yiabTaTe BCE 3JIEMEHTHI
KOMOWHATOPHOrO MHOXecTBa (IOJHBIA mepebop). B nmanbHeiilneM IUIAaHUPYETCsl pealu30BaTh alrOPUTMBI
PaHXHPOBAaHUS M T€HEpalny 110 PaHry Ha ocHOBe (opmy: st uncen Pyounu, BKiroyaromux ynciaa CTupiauHra
BTOPOTO po/ia M 4ynciia DHiiepa mepBoro poja, a Tak’ke CpaBHUTh CKOPOCTh PAOOTHI MOTYYEHHBIX aJITOPUTMOB.

Paboma svinonnena npu gpunarcosou noodepcke PH® 6 pamxax nayurnozo npoekma No 22-71-10052.
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YK 519.145
JIMHEVHBIE ABTOTOIU3MBbI IOJIYIIOJIEBOM MPOEKTUBHOM MJIOCKOCTH
J.C. Cxok
Hayussrit pykoBomuTens: noueHT, a.¢.-M.H. O.B. Kpasnosa
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Poccus, r. KpacHosipck, p. CBoGomHbIH 79,

E-mail: skokdarya@yandex.ru

LINEAR AUTOTOPISMS OF THE SEMIFIELD PROJECTIVE PLANE
D.S. Skok
Scientific Supervisor: Assoc.Prof., Dr. O.V. Kravtsova
School of Mathematics and Computer Science, Russia, Krasnoyarsk, Svobodny Ave. 79,

E-mail: skokdarya@yandex.ru

Abstract. A semifield is a simple ring where the nonzero elements, by multiplication, form a loop.
A projective plane is called semifield if its coordinatizing set is a semifield. We consider the problem of
classifying finite semifields and the well-known conjecture of Daniel Hughes (1959) on the solvability of the
collineation group for a finite non-Desarguesian semifield plane. The information on autotopisms, that is,
collineations fixing a triangle, is of great importance. We study autotopisms of even order in the case when
the coordinatizing semifield is a two-dimensional vector space over its kernel. The matrix representation of
a spread set for the semifield plane is constructed under the condition that the autotopism group contains a
dihedral subgroup of order 8. Using computer technology, we found 34 examples of semifield planes of
order 625 with this condition. It is shown also that the autotopism group of a semifield projective plane of

order p? with the kernel of order p" does not contain a subgroup isomorphic to the quaternion group of

order 8 when p =1(mod 4) .

Beenenue. /IpoexmusHoil ni0cKOCHbio T Ha3bIBACTCSI MHOKECTBO, COCTOSIIIEE U3 JIEMEHTOB JIBYX TUIIOB!
TOYKHU U NPAMBIC, C OTHOHICHUEM MHIUACHTHOCTHU MEXKIY HUMHU, KOTOPOC YIOBJICTBOPACT CICAYIOUINM YCIIOBUAM!
1) nro6ble ABe pa3IMYHBIC TOYKHA HMHIUACHTHBI C €INHCTBEHHOW MPAMOii;
2) mo0ble JiBe pa3MYHbIC MPSMbBIC HHIMACHTHBI C SANHCTBEHHOM TOUKOM;
3)  CYIIECTBYIOT YETHIPE PA3IMUHBIE TOYKH TAKUE, YTO HUKAKKME TPH M3 HUX HE MHIUIEHTHBI C OHOM MPSMOIA.
Ionynonem HaspiBaeTcsi mpoctoe koublio (Q, +, ©), B KOTOPOM HEHYJEBBIC 3JEMEHTHI 110 YMHOKCHHIO
o0pa3yioT nymy:
1) (Q, +)— abeneBa rpymnma ¢ HeHTpanbHbIM 31eMeHTOM O;
2) (Q*=QX0}, ) — myma;
3) x(y+z)=xy+xz, (y+2)x=yx+2x VX Vy,Z€Q.
[IpoekTnBHAsT IUIOCKOCTH Ha3bIBACTCSl MOJYNOJEBOH, €CIM ee KOOPAMHATHU3UPYIOUIee MHOXKECTBO
ABJISIETCS TOJIyNosieM. B cBsi3u ¢ mpobieMol KiaccuduKauy KOHEYHBIX ITOJIYNOJeH W M3BECTHOW TMIIOTE30H
Joamana Xeroza 1959 roma [1] o paspemmMocTH Tpynmbel KOJUTMHEANUil (aBTOMOP(H3MOB) KOHEYHOU

HE/Ie3aproBOi MOIYHOJEBOH IUIOCKOCTH OOJBIIOE 3HAYCHHWE MMeeT HHpopMarus o0 aBTOTONMHM3MAax, TO €CTh
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KOJUIMHEAIMSX, (PUKCUPYIOIIMX TPEYroJbHUK. M3ydaeTcs TakKe BO3MOXHOCTH CYIIECTBOBAHHS IMOJYIIOIEBBIX
[POEKTHBHBIX IUIOCKOCTEH € YCJIOBHSMH HA TPYIILy aBTOTONH3MOB. OTCYTCTBHE OINpEICIEHHBIX MOArPYIII
ABTOTOIH3MOB MOKET CIIYXHTh 6a30# JUIs IPOJBUKEHHUS. B PELICHHN MPOOIIeMbl XbI03a.

JKCnepUMEeHTANbHAsI YacTh. [l W3ydeHHs. aBTOTONMH3MOB MOJYIIONEBON MMPOEKTHBHOU IUIOCKOCTH
TPHMEHSETCSI METOJ] PETYIIAPHOTO MHOYKECTBA, B CIlydae paHra 2 ommcaHHbli B [2], mompo6HO Takxke oM. [3].
Hcnons3yst 3aMeHy 0as3uca JIMHEHHOTO MPOCTPAHCTBA M NPHHUMAs BO BHUMAHHE TEOMETPUYECKHH CMBICH
ABTOTOIMM3MOB, MbI 3aITMCHIBAEM HX B (JopMe, OIIU3KOI K KOPIAHOBOM.

Kosuunearyst mopsika 2 MPOEKTUBHOM IIOCKOCTH (PUKCHPYET MOMIOCKOCTh MaKCUMAIIBHOTO TIOPSIIKA
(6oposckas konmuneayust), 0O OHy MPsAMYIO (0cb) BMECTE CO BCEMU MHIMACHTHBIMU TOYKAMH U OJHY TOUYKY
(yenmp) BMecTe CO BCEMU WHIMACHTHBIMH TPAMBIMH (yenmpanvras xoanuneayus). ECiu IeHTp MHIMIECHTEH
OCH, TO KOJUIMHEAIWs Ha3bIBACTCA d1ayuell, B IPOTHBHOM Cilydae — 2omoiao2ueil. MaTpudHOe Hpe/ICTaBIICHIE
SIAINIA W TOMOJIOTHI HOJYIIOJIEBOI IITOCKOCTH XOPOILO U3BECTHO.

MBI paccMaTprBaeM aBTOTOMH3MBI YETHOTO MOPSIKA B CIyYae, KOrqa KOOPAUHATH3UPYIOIIEe MOIyIoIe

Q sBIIsIETCSI ABYMEPHBIM BEKTOPHBIM TIPOCTPAHCTBOM HaJ CBOMM SIIPOM
K ={k € Q|k(ab) = (ka)b Va,b € Q}
ITycTh T — MoJymoNeBas IWIOCKOCTh MopsiKka P2, KOOpIMHATU3UPyEMas MOJTyToneM Q ¢ SapoM
K =GF ( p") . 3neck p — mpoctoe uncio, npudeM P =1(mod 4), O6o3HauuM Yepe3 A TpyNIy aBTOTONU3MOB

TUTOCKOCTH T, THHEHHBIX Hax K.

Pe3yabTaThl. Onucad reoMeTpUYECKHH CMBICI JTMHEIHBIX aBTOTOIIM3MOB Nopsiaka 4.

Teopema 1. Ilycmo o € A — nuneiinoui aémomonusm nopsoxa 4. Tozda P>2 u o asisemcs
YEHMPAaTbHOU KOLMUHeayuel.

JlokazaHo, yTO Hpu P =2 MOJYMNOJNeBas IUIOCKOCTh paHra 2 Haja sIpOM HE JOIyCKaeT JIMHEWHBIX

aBTOTOIU3MOB TIOpsiKa 4.
Teopema 2. Eciu m — nonynoaeéas niockocmuv nopaoka p°" ¢ sopom K = GF ( pn), 2de p=1(mod 4),
mo A He codepoicum nooepynnwi, u30Mop@proil epynne keamepruonos Qg.

Teopema 3. ITycmo Tt — nonynonesas niockocms nopsioka p>" ¢ sopom K = GF ( p" ) , 20e
p=1(mod 4), mo A codepacum nodepynny H, usomopguyio ousopansroii epynne nopsaora 8, H = D;,. Toeoa

basuc uemvipexmepnozo nunenno2o npocmpancmea nao GF ( p") Modicem bvimob eblbpan mak, umo H = <(x, [3> ,

-i 0 0 0 0100

0 i 0O 1000 , .
o= . , B= ,F=-1ieZ

0 0 -i O 0 001 P

0 0 0 i 0010

pegyisapHoe MHOM#CeCcmeo NjiloCKocmu T cocmoum u3 mampuy suoa

m(u) f(v
9(v,U)=( W ()J, v,ueGF(p"),
Vv u
20e mu f — ezaumno oonosnaunvie pynxyuu na GF ( p") C ycnosusamu

m(m(x))=x, f(f(x))=x, vxeGF(p").
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3axiouenune. C HCIONB30BAHUEM METOAA PETYJISPHOIO MHOXKECTBA M MATPUYHOTO IPEICTABICHUS
JUHEWHBIX aBTOTOMHU3MOB IMOJYYEHO [OIOJHEHHE K pesyibraTam J. Mypxaysza [4]. TloctpoeHo MaTpuuHOe
TIPE/ICTaBIICHUE PETYIIPHOTO MHOXKECTBA IUIOCKOCTH T TIPH YCIIOBHH, YTO A COINECPIKUT AMAAPAIBHYIO MOATPYIITY
nopsiaka 8. C mpuMeHEeHUEeM BBIYUCIUTENBHON TEXHUKU HaiieHb! 34 mpuMepa MOIyHoJeBbIX INIOCKOCTEH MopsIKa
625 ¢ atum ycnosueM. [lonyueHHbIe pe3ysIbTaThl COMTACYIOTCS ¢ MpeACcTaBlieHHBIMU B [5, 6]. M3105KeHHbIH MeTO
JIOITyCKaeT JabHelee 0000MIeH e Ha CITyJail ITOyMOJIeBhIX INIOCKOCTEH OOJIBIIEro paHra.

Paboma nooodeporcana Kpacrospckum mamemamudeckum yeumpom, urnancupyemvim Munobprayku PO

(Coecnawenue 075-02-2023-936).
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ANALYSIS OF THE EFFICIENCY ASSESSMENT OF CONSTRUCTION INDUSTRY ENTERPRISES
BASED ON THE SFA METHOD
D.M. Imanbayeva

Scientific Supervisor: Prof., Dr., A.A. Mitsel
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050
E-mail: dmi2@tpu.ru

Abstract. The objects of the study are large enterprises of the construction industry in Russia. The purpose of the
work is to analyze the evaluation of the effectiveness of enterprises. Research method: parametric SFA method.

BBenenne. CTpOWTENBbHBII CEKTOp peannu3yeT pPacHIMPEHHOE BOCIPOM3BOJICTBO OCHOBHBIX CPEICTB,
obecreunBasi, TAKIM 00pa3oM, o0mIee IKOHOMHIECKOE pa3BUTHE CTpaHbl. [loMHMO 3TOTO, PYHKIHOHHPYOITHE
MPOM3BOJCTBA TPEOYIOT NMEPMAHEHTHBIX TEKYIIHX, CPEAHHX U KalHUTAJIbHBIX PEMOHTOB, OCYIIECTBIISIEMBIX
CTPOWTENBHBIMU KOMMaHusAMH. B m3ydenun meroma SFA OGomnbmioe 3HadeHne mMeroT pabotel [Dx. DifrHepa,
K. Jloemna, I1. IlImunra [1], XK. bartuza u T. Kosmnmu. Henb3st octaButh 6€3 BHUMaHHS TaKUX aBTOPOB, Kak
A N.Manaxos u H.II. Iluneauk [2]. B ux Tpyae paccMmarpuBaeTcsl MATHAAUATH Mojeled B oOnactu
SFA-moznenmpoBanus. [1o MHEHHIO MHOTHX COBPEMEHHBIX YUCHBIX MpoOiieMa OleHKH 3()(QEeKTHBHOCTH H3YUICHBI
JIOCTAaTOYHO MacIITaOHO B HAYYHOW NHTEpaType. B CBOMX HayYHBIX pabOTax MHOTHE aBTOPHI B OOJNBIIEH Mepe
JIENAIOT aKIIeHT IMEHHO Ha ormpeeieHue () (HEeKTUBHOCTH MPEIIPUSITHS.

OkcnepuMeHTabHasE 4vacTh. Stochastic Frontier Analysis (SFA) - mapamerpudeckuit MeToi, ¢
AQHTJIMICKOTO METOJl CTOXAaCTHUECKOW IpaHHUNbl. JIaHHBIM MeToJ SABISETCS OJHUM W3 Hamboyiee MOMYJISPHBIX
METOIOB JJIsI OIICHKH 3(PPEKTUBHOCTH.

Meron SFA Obul TpeUiokeH B JBYX CTaThsiX, KOTOpble OBUIM OIYOJMKOBAaHBI IPaKTHYECKU
onHoBpeMeHHO: Meeusen, van den Broek B 1977 romy um Aigner, Lovell, Schmidt B TomM e romy.
SFA cBsi3pIBaeT HanM4Ke CIy4alHBIX OTKJIOHEHHWH OT TpaHuUIlbl 3PPEKTUBHOCTH CO CTOXACTUYECKON NMPHPOAOH
MPOU3BOJCTBEHHOIO IIpOLECCa, HAmpUMeEp, MOCHEICTBHsS HENPEeJHAMEPEHHOIO MCKIIIOYEHUS 3HAa4MMOI
MIEpEeMEHHOW M3 NPOM3BOACTBEHHOW MOJENH, Pa3jMyMs NMPOU3BOJCTBEHHBIX YCIOBUI M T. A. B oOmem Buzme

oreHka 3(ppeKTUBHOCTH CBsI3aHA C HACHTH(UKAIINESH IPOM3BOICTBEHHON (DyHKINN:

y=ft(xp)+e,

TJ€ &€ — OTKJIOHEHHE OT T'PAHUYHOM OLIEHKH BbINTyCcKa, £ =V —U cojepikailee KOMIIOHEHTHI V U V!
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Vv — ciydaiiHas ommOKa, UMeIolasl CTaHIapTHOe HopManbHOe pacrpezeienue (0,6) U ONMUChIBaIOIIas BIMSHUC
Ha BBIXOJ HEYYTEHHBIX B MOZEIM (DAKTOpOB, JEHCTBHE KOTOPHIX HE CBA3aHO ¢ HEI(D(DHEKTHBHOCTHIO
JIeSITEbHOCTH;
U — HeoTpHLATeNbHas, He3aBUCHMasi OT V CilydaifHas BeJMYMHA, KOTOpas XapakTepusyeT Hed(h(eKTHBHOCTDH
MPOU3BOJICTBA, OTPaKAET pPEe3yJbTaThl BO3ACHCTBUS HA IPOW3BOJCTBEHHBIH NpOIECC KOMIUIEKCAa (DaKTOPOB,
00yClIaBIMBaONIIHX €ro 3 (HEeKTUBHOCTS.

[lepBeIii 5Tan paboTHl - ONpeJeTeHue CIHUCKA MPEANPHUATHH CTPOUTENBEHON OTpaciu AJIS UCCIEAO0BaHuUS.
s uccnenoBanus ObliM BbIOpaHbl BoceMmb kpynHedmux npeanpusituii: 'K «JICP, T'K «ITUK», OO0 «Cota
I'pymmy», T'K «I'panensy», 'K «arpan», ['K «3tamony, PI'-Jleenomment, @CK «Jlumep».

B pabore TakKe HCHONB3YIOTCS MHKpOIOKa3aTeau mnpeanpusatuif. OHM ObUIM B3ATHI W3 OTYETOB
«byxranrepckuii Gamanc» u «Otuer o (HHAHCOBBIX pesymbratax» 3a 2017-2021 tr. [3]. B Tabmume 1

MNpUBCACHDBL 0003HAYCHUS U OITUCAHUE MI/IKpOHOKaBaTeﬂeﬁ Hpe,Z[HpI/IFITI/Iﬁ CTpOPITeJ'ILHOﬁ OTpacjiu.

Tabnuya 1

Onucanue mukponoxazameneti npeonpusmuil

O0o3HaueHme
OmnucaHue MUKpOIOKa3aTess
MHKPOIIOKa3aTest

Beipyuka (Rev) CpenHee 3Hau€HHE BBIPYYKH — OTHOIICHHE OOIIEr0 UTOTOBOTO 3HAYCHHUS TOJOBOM
BBIPYYKH K YHCIY HCCIEIYyEMbIX MAaJbIX MPEANPHUSATHIA 32 COOTBETCTBYIOIIUI IO U3
0TYeTa O IPUOBUIAX U YOBITKAX

BAB (FAB) OtHomenne mnokazarens «UWrtoro mo pasmery [ (BHEOOOpPOTHBIE aKTHBBI)» K
nokasatenio «banaHcy 13 GyxrantTepckoro OanaHca npenpusITuit

OAB (CAB) Otromenne mokazarens «toro no pazpery II (OG0pOTHBIE aKTHUBEI)» K ITOKA3aTEII0
«banancy U3 Oyxrajarepckoro OanaHca NpeInpHsITHIA

KPB (CRB) OtHomenne mokazarens «HWrtoro mo pasmemy I (Kammram u pesepBe)» K
nokasatenio «banaHcy 13 Gyxraarepckoro OanaHca npeIpusITHit

J0OB (LLB) OtHomenne nokasarens «Mroro no pasneny IV ([Jonarocpounsie 00s3aTeNnbCTBA)» K
nokazaremo «banancy u3 Oyxraiarepckoro OanxaHca NpeInpUsTHHA

KOB (SLB) OtHomenne nmokazatenst «Mtoro no pazneny V (KparkocpouHbie 0053aTeIbCTBA)» K
nokazaremo «banancy u3 Oyxraiarepckoro OanxaHca NpeInpUsTHH

Haxonuwm norapudm 3HaueHni nokasareneit (Tabin.2). Jlagee Ha OCHOBE y>K€ HOBBIX 3HAYCHUH BRIPYUKH U
JIPYTHX HCXOJHBIX 3HAYCHUI MOKa3zaTeeld cTpouM perpeccuio (puc. 1), 11 mpuMepa IIpUBOIUTCS pacdeT TOJIbKO
st jaHHbIX 3a 2019 1.

Tabauya 2

Jlozapughmer Oanmvix

FAB CAB CRB LLB SLB HopmupoBka BEIpydKH
-0,164698118 | -0,500845399 -0,421928205 -0,42106124 | -0,615766071 -0,20228068
-0,248668616 | -0,360581149 -0,60645169 -0,523635906 | -0,343865466 0
-0,146602031 | -0,542885315 -0,475470931 -0,213237975 | -1,272599415 -1,866844104
-0,163753272 | -0,502901331 -1,444827185 -0,235553528 | -0,417105511 -1,967918813
-0,182693897 | -0,464209699 -0,271127941 -0,358318726 | -1,582492083 -0,384712384
-0,052494731 | -0,943651608 -0,669611089 -0,107702802 | -2,248082097 -1,383359673

-0,14464092 | -0,547808267 -0,437511224 -1,195486409 | -0,24330274 -1,683968583
-0,082993558 | -0,759576074 -0,982016182 -0,261949176 | -0,457557819 -0,938112203
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BbIBOA UTOTOB

PeepeccuorHaa cmamucmuka
0.989021876
0.97816427
HopmupoBsaHHbii R-kBagpat 0.615716631
CraHgapTHas ownbka 0.102267303
HabawogeHua 3

MHomecTBEHHBIH R
R-kBagpar

}ﬂ,ncnepconHuﬁ aHanus

df 55 MS F 3Havumocms F
Perpeccua 5 1.405526 0.281105 26.8779 0.03625752
OcTaTtok 3 0.031376 0.010459
Wtoro 8 1.436902

Kosgpuyuenmsr  lapmraa ocmamucmui-3HaveHu. Huxcrue 95% epxaue 95%mHue 95.0 BepxHue 95.0%

Y-nepecedeHune 0 #H/O #H/1, #H/1, #H/1, #H/0, #H/, #H/1,
MepemenHan X 1 -3.742462766 0.635091 -5.8928 0.00975 -5.76360504 -1.72132 -5.76361 -1.721320492
MNepemeHHan X 2 -0.597859628 0.34046 -1.75604 0.17734 -1.681355156 0.485636 -1.68136 0.485635899
MepemenHasn X 3 0.65680795 0.162921 4.031448 0.02744 0.138320317 1.175296 0.13832 1.175295584

1.014775087 0.181907 5.578538 0.01137
0.403433576 0.110269 3.658646 0.03528

0.435865875 1.593684 0.435866
0.052509895 0.754357 0.05251

MNepemerHan X 4
MNepemeHHan X 5

1.593684299
0.754357257

Puc. 1. Ilocmpoenue pecpeccuu 0 danuvix 3a 2019 2

Hanee, npoBoasarcs pacuyetsl B mporpamme Mathcad n crpouTes cpaBHHTENBbHBIN rpaduk Ha OCHOBE

MOJIy4EeHHBIX Pe3yJIbTaToB (puc.2).

CpaBHHTENbHBIH Ipa@HK 3QPeKTHBHOCTH
OpeInpHATHI
1.2

1 A =
0.8 —
%im

—+—1J1CP
—i—2.M1K
== 3.SETL GROUP

—=—4.paHenb

=—t=5.UHrpag
0.4
\ / ——06.9TancH
0.2 / 7.0esenonmenT

8.0CK-Nluaep

o] T T 1
2017 2018 2019 2020 2021

Puc. 2. Cpasnumenvhulii epagux

[locne momydeHHs pe3ynbTaTOB JeNlacéM BBIBOA, 4TO, Hampumep B 2017 romy Bce MpeANpusATHA

MOKa3bIBAIOT CpeAHUil ypoBeHb 3ddexrtuBHoctd, B 2018 romy HabmomaeM HH3KYI 3((GEKTHBHOCTD Y

npeanpusitTuii Ne3 Ne5 Ne6,Ne7, mo cpaBHenuro ¢ mnpensiaymumu rogamMu B 2019 roay 3ddexTHBHOCTH

yanydmuiaack y npennpustust NeS «Uurpan» u Ned «I'panens», B 2020 rogy camyro HU3Ky0 3((GEKTHBHOCTD

nokazano mpemnpusitue Ne§ «DPCK-Jlumep», a HawryummMu npeanpustusmu B 2020 — 2021 1T

npeanpustas Ne2 «ITux» u Ne5 «MHTpany.
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SIMULATION MODEL OF INVENTORY MANAGEMENT OF MANUFACTURING ENTERPRISES
I.V. Borisenko
Scientific Supervisor: Prof., Dr. A.A. Mitsel
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: ivb25@tpu.ru

Abstract. In this study, we built a simulation model of inventory management with random delivery frequency
and random demand. The frequency of supply and demand are set by a random variable with a normal
distribution law. In this paper, the random frequency of delivery will be compared with the frequency of delivery

calculated by the deterministic Mitsel model.

BBenenne. B Hamie BpeMs ympaBieHHE 3amacaMd Ha IMPENPHATHH OYCHb BAaXKHAS COCTABILIONIAs
noructuku. llenplo ympaBieHHs 3amacaMu  SBJIeTCS oOecreueHWe TNPEeAnpuaTHs 3amacaMM, KOTOPBIE
HEOOXOAUMBI Ul TOJIEP)KaHUSI MPOM3BOJICTBEHHOIO Mpoliecca, ¢ MUHUMAlIbHBIMU 3aTpaTaMd Ha HUX
nproOpeTeHne M I0CTaBKy. B ympaBieHue 3amacamu BXOIST Takue 3a/a4M, KaK KOIWYECTBO NMOCTABIISIEMBIX
3aracoB U CPOKH Pa3MEILICHHUS CIIEAYIOIMIEH TTOCTaBKH.

Lens paboTel co3maHME MMUTAIMOHHOW MOJENM YIPaBJIEHHUs 3alacaMi CO CIIyYailHBIM CIIPOCOM H
MIEPHO/IOM TIOCTaBKH.

[IpaBwiIbHO yIpaBIISATH 3anlacaMK OYCHb BaKHOE YMEHHE B JIIOOO0H JIOTUCTHUECKOM cucTeMe. 3a BCe BpeMs
OBUIO CO3AaHO MHOTO HOBBIX MOJENeil 1Mo YHpPaBIEHUIO 3alacaMi, HaIpUMep, CTOXAaCTHYECKHX WIIH
JICTEPMUHUAPOBAHHBIX METOIOB yIpaBieHus 3anmacamu. B monorpaduu [1] k. Bykana, 3. Kenurcoepra
OIMCHIBAIOTCSI OCHOBBI YITPABJICHHS 3allacaMy IPEIPHUSITHSL.

Mertopl Kiaccu(pHUKaluy 3aMacoB, CTPATErysi CO3aHUs 3aMlacoB, a TAK)KE KaK MPaBUIILHO IMOMOJHSTh U
YIOPABIATh MU 3TO HEOOXOJMMBbIC 3HAHUS ISl OCYIICCTBICHHUS JF000i MPOU3BOACTBEHHOU NesaTeNbHOCTH [2].
[Ipobnemam yrpaBieHHs 3amacaMH IOCBSIIIEHO MHOXKECTBO POCCHUICKHX M 3apyOe)HBIX HCCIIEOBAaHHUH, YTO
MO3BOJIMJIO CO37aTh LEJNBIH CHEKTP pPa3IMYHO-HANPABICHHBIX MOJENeH, YYUTHIBAIOIINX BIMSHHE CaMbIX
pa3HooOpa3HbIX (akropoB. s ynpaBieHHMs 3amacaMHM YacTO HCIOJB3YIOT OCHOBHBIE MOJEJIH, KOTOpBIC
HAIpaBIICHHBI HA JIBA OCHOBHBIX MTApaMeTpa: WHTEPBaI BPEMEHH MEX/y 3aKa3aMu U pasmep 3akasa [3].

B xuure [4] omuceIiBaeTCS MMHUTAIMOHHOE MOJEIMPOBAHME CHCTEM YIPABICHHUS 3amacaMu, oOIMpHas

KHaCCI/Iq)I/IKaHI/Iﬂ CHUCTEM YHPABJICHUA 3ariaCaMu U XapaKTCPUCTUKU €€ DJIEMCHTOB.
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JKCNepUMeHTAIBHAsT 4YacTh. PacCMOTpUM MMUTAILMOHHYIO MOJENb YIpPAaBJICHHS 3amacaMu C
MePHOINYECKON CTpaTerneil mojauy 3asBOK. 3aka3bl Ha IOCTaBKY ToBapa B oObeme Part B ganHOi Monenu
MOCTYTIAIOT TepHOAMdecKu (uHTepBan paBeH |). IIpum 3ToM Bpems HOCTaBKH OyJaeM CUHTATh PaBHBIM HYIIIO.
3arpaTel Ha mocTaBky CP IpONOPIHMOHANBHBI 00BEMY 3aKa3aHHOM MapTHH. V3IEpKKH OTAENBHOTO NEpUoia
BKIIIowaroT mTpad 3a aeunur CD, 3atparsl Ha moctaBky CP m xpamenne CH. Crnpoc sBisercs ciydaiiHON
BEJINYMHON C HOPMaJbHBIM 3aKOHOM paclipeneneHus (cpeaHee 3HaueHne paBHO MC, cpemHekBampaTHuecKoe
otkioHenne — SC). BenuunHa HEyIOBIETBOPEHHOIO CIIPOCa HE YYHUTBHIBACTCS B MOCIEAYIOUINE IEPUOIBIL.
JlocTaBka B JTaHHOH MOJIENTM OCYLIECTBIISICTCS B Havalle epruoa.

WmuranyonHas Mozaenb OyneT HEeMHOTO MOAU(GUIMPOBAHA U NMEPUOJUYHOCT ITOCTABKH OYIET SIBIISTHCS
CITly4alHON BETMIMHON C HOPMaJIbHBIM 3aKOHOM PACIpEIEICHNS C TAKUMHU ITapaMeTpaMy, Kak CpeTHEe 3HAUCHHUE
MEPHOANYHOCTH MOCTaBKM M CPEIHEKBAJPATHIECKOE OTKIOHEHHE IEPHOJMYHOCTH NMOCTaBKH. VMHTannoHHAs
MOJIETIb, OCHOBaHA Ha CO3/IaHME 3aI1acoB 3a CUET TOTO, UYTO AOKYITKa HEOOXOIUMBIX PECYPCOB OCYLIECTBIISCTCS B
o0BpeMe ux aeduura.

Bocmnosnb3yeMcst MHOronpotyKTOBOH MOJIENBIO yIIpaBJieHHs 3arnacaMu Mutenst Uit pacyéra NepuoIMYHOCTH
MOCTaBKH, B KOTOPOU TOTMOJHEHHUE HETOCTAIOIINX PECYPCOB MPOM3BOMUTCS B 00BbEME, paBHOM IC(HHIUTY JAHHOTO
pecypea [5]. JlanHas Mozens Moapa3yMeBaroT JOKYIIKY TOIBKO T€X TOBAPOB, KOTOPBIC HEOOXOTHUMBL.

Pesyabrarsel. /{15 pacuera no mojenu Munens BO3bMEM JIaHHbBIE N0 MPUXOAY ChIpbS U MAaTE€pUajoB Ha
npeanpusitud OO0 «MK Kynuuckuii» B HOsiOpe 2021 r. Bhrumcnenus nposeneHsl B nporpamme Mathcad.
U3 pacueroB mo monenn Murmens npeamoiaraceTcsi MepUOJUIHOCTh ITOCTaBOK. OTO IMO3BOJISICT CIKOHOMHTH

000pOTHBIE CPEICTBA.

1 2 3 4 5 6 7/ 8

Cbipbe 1 maTepuanbi

Bpemsa, aHn

Mogenb Muuens

Puc. 1. [lepuoouurnocms nocmasox Kasxcoozo euda mosapa 3a Hosope 2021 e.

PeaﬂM3yeM UMHUTAOAOHHYIO MOJECJ/Ib, I'IC CIPOC U TMNECPUOAUYHOCTH ITOCTABKHU ABJIAIOTCH cnyqaﬁHoﬁ
BEJIMUMHOI C HOpPMaJbHBIM 3aKOHOM pacrpeneneHus. s pacuera 1O JaHHOW MOJENH BOCIOJIb3yeMCs
MEepHOIaMH MTOCTABKH MO MOJear MHULeNs U JaHHBIMU [0 MPUXOJY ChIPbS U MAaTEpPHAJIOB HA MPEANpPUSATHE, a
TaKKe pacyer OyJIeT IPON3BEIEH TOJIBKO JUIs BTOPOTO MaTepHuara.

HmuranyuoHHas MoOZAENb CTPOUTCS JUIl KaKAOrO Marepuaja OTAENbHO, HAauWHas CO BTOPOTO IO
yOBIBAaHHMIO CTOMMOCTH MaTepHala, TaKk Kak IepBbIli MaTepHal 3aKyNnaeTcs IIOJHOCThI0O B Havyalle Iukia. bepem
UK peanmszanuu paBHbIl 30 mueil. 3a 30 gHel BTOpoW marepuas mocTaBiseTcst 3 pasza. Peanmsyem mopenb
100 pa3 U cMOTPUM Kak MEHSETCs MEePHOJUYHOCTh MOCTABKH B KaXKJAOM M3 TpeX MepuojoB. Bce pacuérsi
nposenensl B Microsoft Excel. Ha pucynkax 2, 3 u 4 u3oOpaxkeHbl BCe TPH TEpHOJa TOCTABKA U KaK OHH

MEHSUIUCH C KaXI0W peanu3anuen.
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Puc. 2. Ilepswiii nepuoo nocmasxu
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Puc. 3. Bmopoii nepuoo nocmagxu
.20
=
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Puc. 4. Tpemuii nepuoo nocmasku

Kak BUAUM, HHOIJJa MaTe€pual OJOCTaBJIAJICA pPaHbIIC CPOKa, HWHOTAAa IIO03KE, a HHOrJa BOBpEM:.
Brruncium CpCAHEEC 3HAUYCHUE KAXKIOI'0 Mepruoga u CpaBHUM C IICPUOAUIHOCTBIO ITOCTABKHU IO MOJICIN MI/IHCHH.
14

= 12
= 10

Bpewms,

1 2 3
Ilepuon nocraku

Puc. 5. Cpeonee 3nauenue xasircoozo nepuooa nocmasku

Ha pucynke 5 BuauMm, 4TO NEPHOAMYHOCTH IOCTABKUM BO BTOPOM M TPETHEM IIEPHOAE COBIAAAET C
HNEPUOJUYHOCTBIO IIOCTABKH IO MOJAENH MuLens, KOTopblid paBeH 13.

3akaiodyenue. boun MpoBeAEHBI pacdeThl MO CKIAJCKUM JAaHHBIM MPOU3BOJICTBEHHOIO NPEANPHUATUS
000 «MK Kymunackwii» 3a HOsiOpb 2021 1. teTepMHHUPOBaHHON MOAEIBIO0 MUTIEIs.

IIpoBeneHO MMUTAIMOHHOE MOJAETHPOBAHUE IO CKJIAJICKUM JAHHBIM IIPOU3BOJICTBEHHOTO MPEANPHUATHUS
000 «MK Kynuuckuit». IMUTaIiMOHHAs MOZETH CO CIIyYalHBIM CIIPOCOM M MEPHOAMYHOCTHIO MOCTABKU JAeT
HSKOHOMHIO CPEJACTB 3a CUET TOrO, YTO MaTepHall IOKYIIAeTCs HEe BECh Cpa3ly, a B HECKOJBKO MEPHUOJIOB 3a
30 gueit. Taxke, Tak Kak TMEPHOAMYHOCTh 3a7aBajach CIIydallHON BEJIMYMHON, TO HMHTAI[MOHHOE
MOJIETIMPOBaHUE MTPUOIIMKEHO K PEIbHOCTH.
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APPLICATION OF THE METHOD OF ANALYSIS OF THE HIERARCHY TO DETERMINE
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Abstract. In the present study, we performed a hierarchical representation of the problem of determining the
liquidity of an object of secondary residential real estate, presented possible solution scenarios, then, using the

hierarchy analysis method, identified the most successful of them.

BBenenne. 3amaua MpUHSATHS PEIICHUS CTOHUT MEpei YSTOBEKOM KaKIbIi MOMEHT ero >ku3Hu. Kaxmoe
Halie JeHCTBUE SBISIETCS BBIOOPOM MEXAY HECKOJBKUMH BapuaHTamMH. Pe3ynpTaT MOpOH OKa3bIBaeTCs
HEYIOBJIETBOPUTEIHLHBIM BCIIEACTBHE UHTYUTUBHOTO PEUIEHUS, KOTOPOE SBISIETCS CKOpee MCHUXOJIOTHYECKUM, a
HE CO3HATENbHBIM. YK€ BMECTE C TOCJIEICTBUSAMU MPHUXOJUT OCO3HAHWE TOTO, KaK MOXHO OBIJIO MOCTYMHUTH
nHave. JTa npobjemMa CTOUT Mepe] JIObMHU Ha TPOTSHKEHUH BCETO MX CYIIECTBOBaHUsA. [IpakTHYecKr Ka) bl
3aJyMbIBaJICS: «A 4TO ObUIO OBI, mocTynH 51 uHAYe?» [1]

J1J1s1 3TOrO CYHIECTBYIOT YHCIIEHHBIE METO/IBI [2].

Hcnonp3ys Takue METOMBI, JIFOJIU, KaK MPaBUIIO, IPUCBAUBAIOT YKCIa, KOTOPhIE MOTYT XapaKTepHU30BaTh
BCE, YTO YrofHO. B pe3ympTaTe Takoro poja aHAJIW30B JIIOIW IMOJYyYalOT YHCha Ui KaKIOTO W3 BBIOOPOB,
MaKCHUMaJbHOE WJIM MUHAMAJIbHOE U3 KOTOPBIX M Oy/IeT ONTUMAaIbHBIM BEIOOPOM.

Oco0eHHO BBITOJIHBIM CTIOCOOOM oOTpezeNieHHs] Hanbojiee BBITOJHOW aTbTEPHATUBBI SBISIETCS METON
aHanm3a uepapxuit wim meton Caatu. JlaHHBINA MeTO OyAEeT MPUMEHEH IS OTPESIICHUS TUKBUTHOCTH 00hEKTa
BTOPUYHOM KHIJION HEBUKUMOCTHU

JKcnepuMeHTAIbHAS YacTh. HauyHeM ¢ HepapXu4ecKoro MmpeIcTaBIeHHs POOICMEI.

I'mobankHas 1enb ObLIa BEIOpaHA CIIEYIOIIAsi — MOBBINICHHE MOKYNATeIbCKOH CIIOCOOHOCTH TPaKJIaH B
cepe KWIOH HEABIKUMOCTH.

Bruta moctpoena mepapxus mened (puc. 1). Beumm mocTpoeHBI MaTpHIBI CpaBHEHWUI, AT BTOPOTO H
TPEThEr0 YypPOBHEW HepapXxui, a 3aTeM HalAeHBl WX JIOKAJbHBIE MPHOPUTETHI IyTeM HOPMAaIIM3aluN
COOCTBEHHOTO BEKTOpA.

[Hanee, Obuia MpoBeieHa POBEPKa COTIIACOBAHHOCTH.
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C IMOMOIBKO MAaTEMAaTHYCCKOI'O ITaKETa Mathcad ObuH HaﬁﬂeHbI MaKCHUMAaJIbHEIE COOCTBEHHEIE 3HA4YCHMUsI,

MHJIEKCHI COTTIACOBAHHOCTH M OTHOIIEHHS COTJIACOBAHHOCTH Juist Matpuil 2,3 u 4 yposreit [3-6].

|

Onpepenerne
JMKBHAHOCTH obbekTa

|

Mokynarenu »/H (a1) J

Mpopasus! i+ (az) } l BaHkw (a3) }

HE[BUKUMOCTH (aa)

AreHcTea ‘

MpasuTenscTso (as)

Ynyywenue wly (ar)

BezonacHocTs (as)

(

¥

‘{ Bricokan ueHa (awo)

4 HapexHOCTs (a13)

BesonacHocTb (an)

BoicTpoTa nowcka
nokynarens (aiz)

Wi (214)

PocT uncna
KpeauTopoB (aus)

KON-BO IKCKIIO3NBHBIX
KOHTPaKTOB (ais)

KOMNPOMHCCHI MENAY
NOKYNaTENAMA W
npogasuamu (aiz)

MpwuBbink (as)

Ynyswenue mly
HaceneHus (ais)

OTCyTCTRME MIMEHEHMA

(azo)

BhICTpaTa Nnoucka ofH
(as)

CHUKEHWE MNOTEYHOM
CTaBKW Ha BTOPHHKY
(a21)

!

'

WHBECTILMKA B PBIHOK
HOBOCTpOEK (azz)

Peknama aln (azz)

Puc. 1. Hepapxus yeneii

Tabruya. 1

Maxcumanshvle cobcmeennvie 3Hauenus (Amax), unoexcwsi coenacosannocmu (MC) u omuowenus

coenacosanrocmu (OC) onsa mampuy 2,3 u 4 yposneu

YpoBeHb Tabmuma

Pazm. Matpuiist

Amax

nc

oC

2 1.1

5

5,729

0,18225

0,162723214

3 1.2

4,206

0,068666667

0,076296296

1.3

3,136

0,068

0,117241379

1.4

3,029

0,0145

0,025

1.5

3,233

0,1165

0,200862069

1.6

1

0

0

a6

4,264

0,088

0,097777778

a7

4,264

0,088

0,097777778

a8

4

0

0

a9

4,663

0,221

0,245555556

al0

4,853

0,284333333

0,315925926

all

4

0

0

al2

4,637

0,212333333

0,235925926

al3

4

0

0

al4

4,155

0,051666667

0,057407407

als

4,538

0,179333333

0,199259259

al6

4,637

0,212333333

0,235925926

al7

4,264

0,088

0,097777778

al8

4,701

0,233666667

0,25962963

al9

NN N N N S R S R R L KPS R (O T RN N N

4,324

0,108

0,12

JlokanpHBIE TPHOPUTETHI OBLTH COOPAHBI B TAOIHILY, a TII00aTbHBIC OBUIA BEIYUCICHBI IIyTEM MAaTPUIHOTO

YMHOXXEHHE COOTBETCTBYIOIIUX MaTPHULL.
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PeByJIl)TaTBI. bb11 BEIYKCIIEHBI JIOKAJIBHBIC MMPUOPUTETHI, 4 3aTEM BbIYHCJICHBL robanbHbIE TIPUOPUTETHI

MMYTEM MAaTpU4YHOTI0 YMHOXKCHHSA COOTBCTCTBYIOLIUX MATPHUIIL. CpaBHI/IB NOJTYUYCHHBIC riao0anbHEIE IPUOPUTCTEI,

MOXHO OIpENeNUTh, YTO HauboJiee YCIECIIHBIM CLEHapHeM crail cueHapuii a23 - «PekiaMa areHTCTBamMu
HEJ[BIDKUMOCTHY.
Tabauya. 2

Inobanvnuie npuopumemoi

I'moGasibHBIE IPUOPUTETHI CLIEHAPUEB
a20 a2l a22 az23
0,031 0,272 0,256 0,441

3akiouenne. B pesynbrare NpoBeNEHHBIX HWCCIEAOBAaHMN MyTeM METOAA aHaln3a HepapXuil Obul
MOoJydeH HauOoJiee YCHENIHBIH CLIEeHapuid JUId YBENWYEHHs IOKYNaTelbCKOW CIOCOOHOCTH B cdepe KMot
HEIBXKUMOCTH. OTO CLEHapuii, HalpaBIeHHBI Ha yIydlIeHHEe pPEKJIaMHBIX YCIOBUI y areHTCTB

HCABWXXHNMOCTH, B XOA€ KOTOPOTO Hanbolee BCPOATHO YAOBJIICTBOPCHUC meJei aKTOPOB.
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MULTI-CLASSIFICATION OF MIXED TEXTS CORPUS BY MACHINE LEARNING ALGORITHMS
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Abstract. This paper compares different machine learning algorithms for multiclass classification of mixed texts
corpus. The Fl-score was used as a quality metric for the algorithm comparison. The algorithms with
acceptable quality for the corpus of texts were selected in the process. The dataset includes 7863 rows and

4 features, the gradient boosting showed the best result based on metric F1=0.771.

Beenenue. Jlns pemenus 3amad OMHApHOW KiaccH(UKanWM pa3padOTaHBl aNrOPHUTMBI MAIIMHHOTO
0o0y4yeHHs, K COXaJICHHIO, B OOIIEM cilydyae O3TH alrOPUTMBl HEBO3MOXXHO OO0OOMIMTH Ha Cilydai
MyJIbTUKJIACCOBOH KiaccuuKanuu, 0ojee TOro 3apaHee HEBO3MOXKHO OINPENENUTh KAKOW alropurM OyneT
HaWIy4lIdM B CMBICJIe KadecTBa kiaccudukanuu. KpaTtko mpuBezeM ONUcaHue alrOpuTMOB KilacCH(UKAINH,
KOTOpBbI€ OYyZE€M HCIONIb30BaTh B paboTe.

JlorucTHYecKass perpeccusi Mpu 3aMeHe CHTMOWAHO#M GyHknmu Ha QyHkmo Softmax wmoxer
UCTIONB30BAThCS U 3a/1ad  MYJBTHKIIACCOBOM Kiaccuukammu. AJTOpUTM OMMKaWIIMX coceleld Takxke
CIIPABIISAETCS ¢ TAKMMH THIAMU 3a1a4. [ 9Toro HeoOXoaumo oTeicKaTh K-Oimkaiimmx cocemeil maHHBIX IS
BXxoJa X W BEpPHYTh KIacC, K KOTOPOMY NPHHAIUICKUT Oojplie Bcero naHHeIX cpead K [1, 2]. Ecmu
MPEANOIOKEHHE O HE3aBUCUMOCTH IPU3HAKOB HE HapyNIaeTcs, MOXKHO HCIIOIb30BaTh IOJIMHOMUAIBHBIA
HauMBHBIA 0alecOBCKMH KIACCU(PHMKATOP, KOTOPBIA IPEIoJiaraeT, 4To KaKAblH KJlacC MMeeT CBOW Habop
mapameTpoB. B anroputme BBIYHCISETCS BEPOATHOCTh MOSABICHMSA Kilacca B BbIOOpke. Ecim paccMoTpers
ANTOPUTMBI Ha 0a3e pemaronux JIEpPeBbEB, TO XOPOIIO MOAXOIAT aJTOPUTM CIYIaiHOTO Jeca M IPaAueHTHOTO
OyctuHra. Cioy4aiHBIH JIeC COCTOMT M3 HECKOJIBKHX JEPEBBEB PEIICHHUH, KaXJ0oe W3 KOTOPBIX oOydaercs Ha
CITy4aliHOH 1MOJIBBIOOpKE AaHHBIX. Kaxioe nepeBo cTpouTcs ImyTeM pa3OMeHHs Ha J1Be WK OoJiee MOArpyIbl Ha
OCHOBE OIIPE/IEJICHHOTO NMpHU3HaKa. [JlaBHAs ujes TpaJUeHTHOro OYCTHHTa 3aKIIF0YaeTcsi B TOM, YTO KayIbIH
CJIe/lyIolliee pelIarolee IepeBo, YIUTHIBACT OMIMOKH MPEIBIAYIINX AEPEBLEB U MBITAETCS HCIPABUTh MX. TakuM

00pa30M MOCTENEHHO YIIYYIIaeTCsl KaueCTBO NpeAcKasanuid [2, 3].
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Lens paboThl — NpOBEZECHNE CPABHUTEILHOTO aHAIN3a KaueCcTBa alTOPUTMOB MAIIMHHOTO OOYYCHHUS ISt
3aJa4 MyJbTUKJIACCOBON Kiaccuukanuu. [ JOCTHKEHHS eI MBI IOCTaBHIIM U TIOCIIEIOBATENBHO PEIIUIN
CJICYFOLINE 3a/1a49H!

1. Coop (mapcuHT) NCXOTHBIX JaHHBIX.

2. TlpenBapurenpHas 00pabOTKa TaHHBIX.

3. TloaroroBka maHHBIX JJIS KJIACCH(PHUKALINH.

4. Bri0op MeTpUKH KauecTBa JUI KIacCH(UKAIUU JaHHBIX.

5. BpIOop HawiTy4IIero ajJropuTMa Ha OCHOBE METPUKH KauecTBa.

JKcNepuMeHTA/IbHAsT YacTh. B KauecTBe HCXOAHBIX JaHHBIX MBI MCIHOJB30Balk HA0Op JaHHBIX,
KOTOPBII coOpasii Ha OCHOBE JaHHBIX OTKPBITHIX TPYIII B coranbHoi cetn BK. [l TecTupoBanus pa3innaHbIX
JITOPUTMOB MBI COPMYITHPOBAIH CIEAYIONLyt0 TunoTe3y «Ilonb3oBaTens, KOTOPHIN HHTEPECYETCS MIPUKIATHON
MH()OPMATHKONH YACTHYHO COCTOMT B COOONIECTBAX COIMAJIBHONW CETH MO HMHTEepecam». OJTa THIOTe3a Oblia
MPOBEpEHa, Ha OCHOBE TPYNIUPOBKH M COPTUPOBKM HEYHHKAIBHBIX NAHHBIX, 10 KOTOPBIM BHIHO, UTO JIIOAH
COCTOSAT B COOOIIecTBaX TaK WIM HMHAaue, CBS3aHHBIX C MPOrpaMMHPOBAaHMEM WM MaTeMmaTtukoil. [lns cbopa
JaHHBIX ObUT Hamwcad mapcep Ha ocHoBe VK API. Jlns xaxmoro mons3oBateins USer_id coOpaHbl JaHHBIE 110
10 rpynmam, B KOTOpBIX OH cocTouT. [lomydeHHas Tabnuua NaHHBIX BKIo4aeT 7863 cTpoku u 4 crosbua:
description (ommcanme rpymmer), hame (uma3Banuwe rpymmel), activity (obmas temartuka rpymmsr), group_id
(nmentudukarop rpynmel). Vcxomsele naHHele uMenn 54,5 % YHHKQIBHBIX JaHHBIX, IOCIE YIAJCHUS
nyonmkaToB ocTtanock 4365 crpok. [lamee MBI IpOBENH pa3MeTKy JaHHBIX Ha 4 kiacca: 0 — rpymma He uMmeet
OTHOIIIEHHMS, a 3 — rpyIna UMEET NPsIMOe OTHOIICHHE K MHTEpECYIoNIeH 11eneBoi ayantopun. Pactipenenenue mo
kimaccam (B momsix): 0 — 0,52; 1 — 0,37; 2— 0,073; 3 — 0,037. IIpumep HDaHHBIX TOCTE MpeaBApUTEIHHON

00paboTKN MpUBE/IEH Ha PUCYHKE 1.

description activity name screen_name target
0 [puceinaiite cBon aHexaoTsl B "TIpEANOKUTE HOBOCTb. Hmop Asoxnseiil Becnnathble LWKKapHsIe aHEeKA0ThI azohen_vey 1
1 [NozHaBaTenbHLIE MEMbI, LUMPOKKMA OXBAT TeM, YHUKaN... Hmop Memyapbl UeHUTeNed Hay4HbIX MEMOB sciencemem 1
2 Ha Xabp Q&A MO%HO NoNy4uTs OTBET HA BONPOC MO . Mporparmuposasie Xabp Q&A toster_ru 4
3 OdwmumancHeli kaHan ceperca PEK MHeecThumm ana 7. PUHaHCbI PEK WMHeecTrumm rbc_investments 3
4 Momeraem HoBMU4KaM CTaTb BeO-paspaboTynkamu, a .. MporpamMmuposaxue Xercnet hexlet 4

Puc. 1. IIpumep ucxoouwix OanHvlx

OTMeTHM, 9TO BBIOOpKaA HEe cOaTaHCHPOBAHHAS: MaXXOPUTAPHBIN Kiacc B 14 pa3 Gonbllle MUHOPHTapHOTO
KJacca, MO3TOMY MBI BBIOpaiM /U OLCHKM KadecTBa KiacCH(HUKalWU — METpUKY Fi, KoTOopast IpencTaBiseT

c060ii rapMOHHYECKOE CPEIHEe TOUHOCTH U MONHOTHI [1-3]:

. 2 - moyHocmb - NOAHOMA

F

MOYHOCMb + nojaHoma
PasmeuenHssIif HabOp AAHHBIX MBI IPEOOPA30BAIN B MEIIOK CJIOB, a 3aT€M MPHUMEHIIIN YaCTOTHBIN aHAIN3
TekcTa. s peann3anyy MeliKa clIoB ObUTH ITPOJIeNIaHbl CIIEAYIONE ASHCTBUS:
1. VYpanunu B TEKCTE CTON-CJIOBA, KOTOPbIE HE HECYT HUKAKOW CMBICIIOBOM Harpys3Ku.
2. Pa30wmm TekcTOBbIE JaHHbIE B IOKYMEHTaX Ha CJIOBa, NPUBEIM BCE CJIOBAa K HMCXOAHOH cioBodopme
(mpouecc TeMMaTH3AIMU U TOKCHU3ALINH).
3. CodopmupoBainu coBapb BcexX CJIOB B KOpITyce JJoKyMeHTa. [IpoBesu pacueT BCTpeuaeMOCTH KaXJI0ro CJIOBa.

4. Co3pmanu BEKTOPHOE MMPOCTPAHCTBO M3 TEKCTOBBIX JAHHBIX B BHJE Pa3psDKCHHON MaTpPHUITHL.
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Hdnst  popmupoBaHuss Habopa MPH3HAKOB JaHHbIe ObUIM mpeoOpa3oBaHbl B BekrtopHoe TFiDF
MPOCTPAHCTBO. JTO MPOCTPAHCTBO MOXET OLIEHUTH Ba)KHOCTH CJIOBA B paMKaX KOHKPETHOTO JIOKYMEHTa: CIIOBY
IpHCBaMBaeTcs OOJIBIIMK BeC, €CJIM OHO Yalle BCTPEYaeTCsl B JOKYMEHTE, HO IIPHU ATOM PEIKO BCTPEYACTCS B
OCTAIBHBIX JOKYMEHTaX Kopiyca. Eciu ciioBo 4acTo mosiBisieTcss B KOHKPETHOM JOKYMEHTE, HO IIPU 9TOM PEAKO
BCTPEYAETCSI B OCTaJbHBIX JOKYMEHTaX, OHO BEPOSTHO, OyIeT OIHCHIBATH CONCPIKMMOE NAHHOTO JOKyMEHTa

ayuaie [1]. TaGmuma ¢ mpeoOpa3oBaHHEIM BEKTOPHBIM MPOCTPAHCTBOM HMeeT 4365 crpok u 23464 cronbua.

5789 5878 6098 6552 6686 7396 7629 7637 7761 7864 .. 20614 20798 21046 21439 21804

0 0.070666 0138949 0539146 011321 0074291 011321 0132464 0179032 0.138949 0057835 0093175 0063489 011321 0.116779 0.072068

1 0.000000 0.000000 0.000000 0.00000 0.000000 0.00000 0.000000 0.000000 0.000000 0.000000 .. 0.000000 0.000000 0.00000 0.000000 0.000000

2 0.000000 0.000000 0.000000 0.00000 0.000000 0.00000 0.000000 0.000000 0.000000 0.207897 ... 0.000000 0.000000 0.00000 0.000000 0.194389

<4365x23464 sparse matrix of type '<class 'numpy.floate4'>’
with 115993 stored elements in Compressed Sparse Row format>

Puc. 2. Ilpumep oannvix ¢ sexmoprom TFIDF npocmpancmee

PesyabTaTnl. B pesymprare paboThl Ui KaXIOrO aaropuTMa ObUTH pPacCYMTaHbl METPUKH TOYHOCTH U
MOJHOTHl M HA OCHOBE HHUX OBLI MpOBeAcH pacueT Merpuku Fi(tabmura 1). Jns kaxmaodt momenu ObLH

1Mo100paHbl TUIEpHIapaMeTphl 1JIs ONTUMU3AIMNA METPUKH F1.

Tabnuya 1
Pesynomamel cpasnenus kawecmea pabomvl ai20pummos
Anroputm Mertpuxa F1
Jlorucrudeckas perpeccus 0,729
CryJaiiHBIi JIec 0,709
Hawusneriit Baiiec 0,706
Bmwxkaiimme cocenun 0,726
I'panuentneiii 6yctunr (CatBOOST) 0,771

3akouenue. B pesynbprare NMpoBEJEHHOTO MCCIIEIOBAHMS TTOKA3aHO, YTO HanOoJiee YCIEIHO C 3ajadeii
MYJIBTHKIIACCOBOW KIIaCCU(UKAIINK CIPABUITKCH aJTOPUTMbI TPaJIMEHTHOTO OYCTHHIa, JIOTUCTUYECKAs PErpeccHst 1
ropuT™M OJIKaimX cocezeil. B cBsi3u ¢ Tem, 4To 3a7a4a Kiaccu(UKAIMK — 3TO MOMCK BEPOSITHOCTH OTHOILICHUSI

K TOMY WM HHOMY KJIacca, a 3HaUUT Pe3yJIbTaThl MOJKHO YIyUIINTH ITyTeM MOCTPOSHHUS aHCAMOJIIs MOJIeIeH.
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Abstract. The objects of the study are the leading enterprises of the chemical industry in Russia. The purpose of
the work is to evaluate the efficiency of enterprises based on financial indicators. Research method:

nonparametric DEA (Data Envelope Analysis) method.

BBenenune. XuMuueckas NPOMBIIIIEHHOCTD SIBJISETCS OJTHOM M3 BaXXHEHUIIUX OTpaciell B 9KOHOMHUKE. DTa
OTpacib WrpacT 3HAYMTEIBHYIO POJNb B OOCCICUCHHH SKOHOMHYECKONH M OOOpOHHO#H 0e30MacHOCTH CTpaH,
y4acTBYeT B MOBBINICHHH HAYYHO-TEXHHYECKOTO YPOBHS BCEX OTpaciell XO3SHCTBA, HACHIINCHHHM DPBIHKA
TOBapaMM MaccoBOro norpebdieHus. Mcronb3oBaHHe pe3yabTaTUBHOIO METOAA AJIS MPOBEICHUS ITUAarHOCTUKH
(DMHAHCOBOTO COCTOSHMS MPEANPHATHS SBIACTCS OJHOM M3 OCHOBHBIX 3a7ad, KOTOpas CTOMT Hepex
COOCTBEHHMKaMH H pykoBoguTeimsimMu. Kiaccuueckuit meron DEA MOXHO HCIONB30BaTh ISl OLICHKH
9 (YEKTUBHOCTH SKOHOMHYECKHX OOBEKTOB, ONMCHIBACMBIX (DUHAHCOBBIMH IIOKA3aTeNIsIMH, a HE O0ObeMaMu
3aTPaYMBACMBIX PECYPCOB U BBITYCKOB.

DkcnepuMenTaiabHas yactb. Merox DEA (Data Envelopment Analysis) — sto Hemapamerpudeckuit
METOJI OLICHUBAHUS TPYIIIBI JEUCTBYIOIINX EIMHHUII, O3BOJIAIOIINE BHISIBUTh Hanbosaee 3()(GEKTHBHBIC TPYIIIIBI
npeanpusituit. DEA — OCHOBaH Ha MOCTPOCHHH TPaHUIBI 3()(HEKTHBHOCTH, KOTOpPAs SBISCTCS aHAIOTOM
NPOU3BOJICTBEHHON (DYHKIMH, KOTJa BHITYCK SIBJISETCS HE CKAISAPHBIM, a BEKTOPHBIM, T.€. KOTJa BBHITYCKaeTCs
HECKOJIBKO BHJIOB MTPOIYKIIHH.

Cytp Metonma DEA B oflieM BUIE COCTOMT B CIEAYIOLIEM: MYCTh MMEIOTCS NaHHBIC JUIL M BXOIHBIX
napamMeTpoB M K BBIXOAHBIX MapaMeTpoB Ui KaXIOro U3 N OJHOPOIHBIX OOBEKTOB (HAmpumep, GUPMBI, 3aBOJIBI,
TIPOU3BOJICTBEHHBIE KOMIUIEKChI). JIisi j-To 0OBbeKTa OHM MpeNCTaBleHBI BeKTop-cTonbmamu Y9~ u X9
COOTBETCTBEHHO. MaTpHIbl BXOMHBIX M BBIXOMHBIX MAPAMETPOB JUIS BCEX N OOBEKTOB MPECTABISIOT COOOM
MaTpuLy X, KOTOpasi HIMeeT Pa3MEpHOCTb M X N ¥ MaTpHIly Y, KOTOpas B CBOIO OYepeb HIMEET Pa3MEpPHOCTH K x N.

Monens dpopMyIHpyeTcs B BUE 3aJa9d JTHHEHHOTO IPOTPAMMHUPOBAHMS B TaKOH (opme:

Poccus, Tomck, 25-28 anpens 2023 . TowMm 3. MatemaTtuka
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f (Vours — max;
Vo XY +YxL >0, j=1...k;
X'=XxL>0, i=1..m;
v>LL>0.

L)=v,

out

rae f(Vout, L) - dyHKIus 3hbexTuBHOCTH,
V - ckansipHast BenmuuHa (3¢ ekTuBHOCTS),
L - sBiIsseTCSI BEKTOPOM BECOBBIX MHOJKHTEINEH pazMepHOCTH nx1.

B kagectBe Mepbl 3(pGEKTHBHOCTH (HHAHCOBO-XO3SHCTBEHHON MEATEIHHOCTH MPEANPHIATHAS MOKHO
PEKOMEHI0OBATh BEIUYUHY:

T, =exp(—(v,, =)

B sTom cirywae mis npeanpusTuii, padoTaromux Ha rpaHune dddektuBHOCTH (Vout = 1), 3 EeKTHBHOCTD
Tou = 1, a 1151 HeADGEKTUBHBIX MPEANPHUITUHN Vout > 1, mokazaTensb Tou <1.

IepBbIit 3Tam pabOThI: BHIOOP MPEANPHUITHN XMMHUYECKOW OTpACId IJisl MPOBEIACHUS HCCICIOBAHUS:
AO «AHrapckuil 371eKTpoiu3HbIl xumudeckuit komMOuHaT» (AO «ADXK»), AO «MamMHOCTPOUTEIbHBII
3aBom» (AO  «MC3»), IIAO «HoBocubupckuii 3aBojg  xuMkoHIeHTpatoB» (ITAO  «H3XK»),
AO «IpousBoncTBeHHOEC 00BenMHEHHE «AnekTpoxumudeckuii 3aBom» (AO «I1O0 DX3»), AO «Cubupckwuii
xumudecknii komouHaT» (AO «CXK»), 000 «TOMCKHE®TEXNM», AO «YpanbCKUi 3JICKTPOXUMHICCKIH
koMOuHaT» (AO «YOXK»), [TAO "®OCATPO".

Jiis pacueToB HCIIONB30BaNIaCh HHPOPMAIMOHHO-IMITAPIYECcKas 0a3a, a IMEHHO JaHHBIE U3 | U 2 Gopm
00s13aTenbHON (PUHAHCOBOM oTdeTHOCTH 32 2017-2021 rr.

[Mpounmoctpupyem monenb DEA st 6 BXoaHBIX U 4 BBIXOJHBIX MapaMeTpoB. B kadecTBe BXOIHBIX U
BBIXOJHBIX IMapaMeTPOB pPAaCcCMATPUBAIOTCS (DUHAHCOBBIC IMOKA3aTEIH, KOTOPHIC OIKCHIBAIOT (HHHAHCOBO-
XO3HCTBEHHYIO JCSATEIbHOCTD MpeAnpusTus [2-4].

PaccunteiBaeM K03(D(OUIIMEHTHI PETPECCHOHHON 3aBUCHMOCTH MEXIY BXOJHBIMA W  BBIXOJHBIMH
MOKA3aTeIsIMA M BBISIBIIIEM Kak MPSIMO MPOMOPIIHOHAIBHYIO, TaK M 00PaTHO MPOMOPIIHOHAIEHYIO 3aBUCUMOCTD
MEXIy OTACTbHBIMH K03 dumuerTamMmu. 310 moTpedoBaro MoauGUIMPOBaTh Kiaccudeckyro moaens DEA, Tak
KaK JJaHHasl MOJIEIb MOXKET OBbITh TOCTPOEHA TOJIBKO TOT/1d, KOTJ[a 3aBUCUMOCTD MPSIMO TIPOMOPIIMOHATIbHA.

st mpumepa npuBouTcs pacdet 3a 2017 rox (tabma.1).

Tabnuya 1

Kosgppuyuenmor pecpeccuu ons dannvix 3a 2017e.

BxonHele BbIxoHbIE IApaMeTpbl

HnapamMeTpsl 1 2 3 4
1 0,152 -0,136 | -2,924 -19,041
2 -0,038 | -0,719 | -1,382 -10,74
3 2,074 10,439 | -34,607 | 63,053
4 0,174 0,142 -0,734 71,204
5 -2,17 -6,013 | 29,184 -98,161
6 1,028 0,464 3,066 10,827

3arem MMpoBOAUM pacCUYCTbl B IMPOrpamMme Mathcad u noJiyya€M HWTOI'OBbIC 3HAYCHUSA IapaMeTpa

3(h(HEeKTUBHOCTH V 10 TOJaM:
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25 1 1167 1 1
3,225 1177 1,087 1,327 1,439
2,977 1,281 1121 1,479 1374
2,707 _|1176 _ 11,075 _ 11123 _ 11,082
v2017 = 2592 v2018 = 1481 v2019 = 1305 v2020 = 1351 v2021= 1
3,613 132 1577 1,308 1631
2,297 1,42 1,016 1 1
1 1 1 1 1

Crpoum rpadukn, kak u3meHsiercst 3pHeKTHBHOCTD AEHCTBYIOMINX MPEINPHUATHH BO BPEMEHHOH IEpHO.T

¢ 2017 mo 2021 rr. cootBetcTBeHHO (puc.1):

4,000
3,500 /\
3,000 —75\/ \ —=2017
2,500 7 \ —-2018
2,000 2019
1,500 -

42020
1,000 - : s o021
0,500
0,000 T T T T T T T 1

1 2 3 4 5 6 7 8

Puc. 1. Cpasnumenvhutii epagux

[lo pesynbratam HcCIEZOBaHUS MOXHO CJHENaTh CIEAYIOIINE BBIBOJBI. BCE MPENIPHUATHS HMEIOT
MOJIOXKHUTEIBHYIO THHAMUKY BO BpeMeHH. MOXHO OTMETHTh, YTO CaMbIi HeOIaronpusTHeINA rox 0but 2017 1. s
Bcex mpeanpusatuii, kpome 8§ mpemnpusatus (ITAO "®OCAI'PO"), kotopoe sBIseTcs caMbiM 3PPEKTUBHBIM U3
BCEX Ha MPOTSDKEHUH 5 JIeT.

1 (AO «AHrapckuif SNIEKTPOJIM3HBIA XuMHUYeckuid KkomOumHaty) u 7 (AO «Ypansckuit
ANIEKTPOXUMHYECKUI KOMOUHATY) MIPEANpUsiTHs cTanu Hauobomnee agdextruBHbIMU Kk 2020-21 rogam.

6 nmpeanpusitue (OO0 «TOMCKHE®TEXNM») k 2021 roxy ctano paboTaTe MEHEE pe3yIbTaTUBHO.
CIIMCOK JIMTEPATYPbI
1. TocynapcTBeHHBIH MH(MOPMAIMOHHBIN pecypc Oyxrairepckoi ((hpMHAHCOBON) OTYETHOCTH: O(QHIMAIBHBINA

caiit. — MockBa. — OOHoBisietcss B TeueHue cyrok. — URL: https://bo.nalog.ru/ (mara obGpamienus:
22.12.2022)

2. Baxmaes A.H., Mwuuenr A.A. DEA-ananu3 3¢dekTuBHOCTH OTpacieli 3KOHOMHKH MOHOroposaa //
PernonanbHast 5koHomuka: Teopus u npaktuka. —2017. Ne 12, — C.2378-2390.

3. Pyxaeumpina T.A. PazButue mogemn merogonoruu DEA // Bectauk Cuol'AY. —2010. — T. 24, Ne 3. — C. 74-77.

4. HosoxwioB A.A. Hcnonb3oBanune merogqa DEA nns ananmza 3¢d¢exTHBHOCTH TepepadaThIBaroIIeH

otpaciu // CoBpeMeHHbIe HaykoeMkue TexHosorun. — 2009. — Ne 2. — C. 43-44.
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YUCJIEHHOE MOJEJIMPOBAHUE IMTPOIECCA CAMOOYHNIIEHUS CTOYHBIX BO/{
C HCITOJIB30BAHUEM KAITEJIBHOI'O BUO®UJIBTPA
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COMPUTATIONAL MODELING OF THE PROCESS OF WASTEWATER SELF-PURIFICATION
WITH USING DROP BIOFILTER
A.V. Amzarakova
Scientific Supervisor: senior lecturer M.D. Mikhailov
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: nastya.amzarakova.00@mail.ru

Abstract. In the present study, we investigate the effect of a drop biofilter on the process of wastewater
self-purification. Modifications of the Streeter-Phelps, Monod, Dobbins-Driesneck and Kemp models and its

special cases are used as a model.

Beenenne. MHoOrue BOZOEMBI YTPATHIIN CIIOCOOHOCTh K CAMOOYHIIIEHHIO B CBSA3H C YBEIMYCHHEM 00beMa
3arps3HeHuil, copacrkIBaeMbIX B peKH, 03€pa U JApyrue BOAHBIE pecypchl. IloaToMy B HacTosiiee BpeMs BeCbMa
aKTyajbHa Ipo0jeMa OYHCTKH CTOYHBIX BOJ.

B pabote paccmatprBaercs Moudukaris mojenei Crpurepa-Dertica, Moo, Jlo66uHca- Iprcheka u Kemma [1]:

dL 2 XL
— =k L—k L —KL——Em ey g
dt o Y(K +L) ° (1)
dX XL
dt K +L’
dD s XL
— —kL-k,D-—fmx= 3 13, -],
d 7T Y(K +L) P
C COOTBCTCTBYIOIIMMU HaAYaJIbHBIMU YCIIOBUAMU:
L(0) = L°, X (0) = X°, D(0) = D", )

u e€ 4vacTHble cimydam; Tae t — Bpems, |(t) — KOHIEHTpalHMsi OPraHMYECKOro BEINECTBA, X(t) — OmoMacca
MHKPOOPraHu3MoB, D(t) — Aepuumt Kucnopoaa, D=q-q,, J — peaibHas KOHUEHTPALWs KUCIOPO/A B BOJE, () —
PaBHOBECHAs], IPH OTCYTCTBUM 3arpsisHenust. [lapametpst K, K u k, Obun mpesicTaBiiensbl B [2]. k,— KoHcTaHTa
CKOPOCTH Y/IaJICHHUsl OPTaHMYECKOrO BEWIECTBA IYTEM OCAKICHUS Ha IHO, g — MAKCHMAJIbHAS YIEIbHAS CKOPOCTh
pocTa MHMKpOOpraHusmoB, Y — Kodp@uument tpancdopmamuu cybcrpara B Ouomaccy, K, — KOHCTaHTa
TMOJIYHACBINIEHHS, J, — MOTOK OPraHMYECKUX BEIIECTB, BHIMBIBAEMBIX U3 JIOHHBIX OTJIOKEHUH, J, — CKOPOCTh

yOBUIM KHCIIOPOZIA 33 CYET PA3JIOKEHHs TPHAOHHBIX HIOBBIX OTJIOKEHHH, J, — CKOPOCTh YOBUIM PacTBOPEHHOTO

KHUCJIOpOaa BCJICACTBUC JIbIXaHUA paCTeHHfI, J3 — CKOPOCTB NNOCTYIIJICHUA KUCJIOPOJa 13-3a (I)OTOCI/IHTQ?)a.
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Just pemennst 3agaun (1), (2) ucronb3yercs: HEIBHBIM Pa3HOCTHBIH METON!

L.,-L

I o (kg KL - e XL+,

- (1 3 ) 4l Y(KL+LJ-) jhjea B (3)
X, =X

TN M LyaX s

T K +L,

D.,,-D H

11T l:le”l7k2Dj+17KL+aIiJ+lXMLM+J1+JZ7‘]3’
L, =L° X, = X°,D, = D".

Moaudpukamus moaeiaeii Ctpurepa-®ennca u Mono. PaccmarpuBaercs 9acTHbIH ciydait moxenn (1),
KOTOpBIH siBIsieTcst Mo uKanueit moaeneir Mono n Crpurepa-®enmnca:

d Hiex XL

L
@ KD (4)
dX g XL

dt K +L]

d

—kL—k,D— XL
dt 4 77 K +L'
L(0)=L°, X (0) = X°, D(0) = D°.
YucieHHoe penieHue 3agaun Ko (4) onpenernseTcs ¢ IOMOLIBIO HESIBHOTO METO/a, aHAJIOTHYHOTO (3).
Moaudukauus moneseii Crpurepa-®ennca, [Joo60unca-Apucneka m Kemna. Bropoli yacTHblil

ciry4ait mogen (1) mMeeT ciexyroIuii BUI:

dL
—=—(k, +k;+K)L+Jg,
pm ki +kq 8 ©)
c;—?:kiL—kzD+J1+Jz—J3,
L(0)=L°,D(0) = D".
IonydeHo TouHoe penienue 3aaaqn (5):
J J
Lt _ B LO_ B e—(k1+k3+k)x’
® k1+k3+k+[ k1+k3+kJ (6)
D(t): k1‘]a + J1""]2*‘]3 + 1 7k1L°+ liB ef(k1+kg+k>l+
(k, +k; +K)k, k, k +k;+k—k, k, +k;+k
I N N S TR e
k, +k; +K)k k l+k—k, |k kg +k
1 3 2 2 3 2 1 3

st pemenust 3amauu Komm (5) ncmosb3yeTest HESIBHBIN Pa3HOCTHBIN METOJI, aHAOTHYHBIH MeToy (3).

Just 3aaum (5) vccreayeTcs BIMsHAE OTOKA OPTaHMYECKUX COSAMHEHUI U3 JOHHBIX OTIOXKEHUM J, Ha
IOBEJCHUE KOHIEHTPAIUKM OPTaHMYECKUX COCTMHEHUH | (t) m Aeduuura kucnopoga D(t) 6€3 HCHOIb30BaHHS

onoduastpa (K = 0) u maercs cpaBuenue ¢ pesynpratamu, npuBeaeHHbIMH B [1].

Ynaneros pewwerke, Jb=0.2
Yncnennoe pewenve, Jb=0.1
06 Unenennoe pewenye, Jb=0.01 012

X Touoe pewentie, Jb=0.2
% Towoe pewenme, Jb=0.1
05 X__Touroe pewenme, Jb=0.01 01

Uncnentos pewenne, Jb=0.2
Uncnenioe pewenie, Jb=0.1
Uicnenoe peuwenne, Jo=0.01
0.1 0.02 X Tounoe pewenne, Jb=0.2

X Tounoe pewerng, Jb=0.1
%__Tounoe powenie, Jb=0.01

0 5 10 15 20 25 30 0 5 10 15 20 25 30
t, oyt 1 cyr

Puc. 1. Biusinue nomoxa opeanuyeckux coeounenutl uz 0onnvix omuosicenuil na L(t) u D(t),

JB=0,2J=01uJg=0,01
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PesyabTarsl. IIpoBeneHo cpaBHEHHE PAa3HOCTHBIX penieHui moaudukanuu moaeneii Crpurepa-denrca,

Momno, Jlo606unca-/lpucneka u Kemma ¥ ero 4acTHBIX CIy4yaeB [Jid KOHIEHTpPAIMH He(pTEIpoayKToB L(t),

Oromaccel MUKpoopranusMoB X (t) u aedunura kucmopoga D(t). PaccMoTpens! cirydam: 63 HCHOIB30BAHHS

. 1 1
(CKOpOCTh H3BATHS OpraHmueckux 3arpssuennii K = 0,0 —) u ¢ ucronssosannem 6unodunstpa (K = 4,4 —).
cym cym

Pe3ynbTaThl YMCIEHHBIX PAacYETOB MIPEACTABICHBI Ha pUC. 2-3.

07

05

Uncnentoe pewenne ans COMAIK
Uncnenios peuweHme ans COM
Uuenennos pewenite ans COIK

10 20 30 40

t, 1yt

1.035

1.025

1.005

Uncnenhoe pewenie ans COMUIK

Unenenhos pewekue ans COM

10

20 30
t, eyt

0.08

.

Unenentoe pewenne ans COMK
Unenentoe pewenme ans COM
% Yucnentioe pewenme ans COMNK

20 30 40
t, eyt

Puc. 2. Cpasnenue npubnudicennvix pewenuti L(t), X (t) u D(t) 6e3 ucnonvzosanus 6uogurvmpa (k = 0)

0.7

0.6

05

0.2

01

x

Unenestioe pewenie ans COMILIK
Uncnentoe pewenie gns Gl
Unenentioe peuwenie ans CHIK

4 6 8 10
t, Veyr

mr/n

1.001

1.0009

1.0008

1.0007

1.0006

1.0005

X,

1.0004

1.0003

1.0002

1.0001

YucnenHoe pewenme ans CHMLLK

Unenentioe peiwerie ans CoM

4 6 8
t, 1cyT

10

0.04

X

Unenentioe pelwenie ans COMILIK
Unenenroe pelwenie gns CoM
Uncnentioe pelwenie ans CHAK

t, licyr

Puc. 3. Cpagnenue npubnuscennvix pewenuii L(t), X (t) uD(t) ¢ ucnonvzoeanuem buogurompa (K=4,4)

3akaouyenne. MakcuMmajbHasl OTHOCHTEIIbHAS NOTpCIIHOCTh KOHLCHTPAIIUM OPraHUYCCKOro BCIICCTBA

L(t) u Z[G(i)I/ILII/ITa KHCJIOpOJa D(t) C HUCIOJIb30BAaHHUEM U 0€3 HCIIOJIb30BaHUS 6I/IO(I)I/IJ'ILTpa COCTABJIIIOT OKOJIO

0,025 mporenroB. B pe3ynbraTe MPOBEACHHBIX HCCIICAOBAHHIA IMOKA3aHO, YTO HCIOJIb30BaHHE OHOQHILTpPa

CYIIECTBEHHO YCKOPACT MPOUECC CaMOOYHIIICHUA B BOJJOEMAX, HO, IIPHU 3TOM, IPOIECC NPOUCXOIUT GBICTpee, TaK

KakK B MOJIEJIM YYUTHIBACTCS BIMsIHUE OakTepHii (Mosenb MOHO) U MPOMCXOANT OCaKACHHE 3arpsi3HEHUS Ha JTHO

Bonoema ( k,L ). 3a cuer J, (puc. 1) B BOJIOEM NOCTYNAET MOTOK OPraHMYECKMX BELIECTB, BHIMBIBAEMBIX M3

JOHHBIX OTHOX(CHHﬁ, B CHUJIY 4€ro Mnponecc CaMOOUYMNIICHUA HE MaaacT A0 MPEACIbHO-A0ITYCTUMBIX 3Ha‘IeHHﬁ, a

omyckaercs 10 BennuuH npumepto 0,016 mr/n npu Jg=0,01 mr/i.
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INVESTIGATION OF THE EFFECT OF THE DISTRIBUTION OF ELECTRICAL
CONDUCTIVITY INSIDE AN OBJECT ON ELECTRODE VOLTAGES AT VARIOUS CURRENT
CONFIGURATIONS
A.A Afanasyeva
Scientific Supervisor: Prof., Dr. A.V. Starchenko
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Abstract. Electrical Impedance Tomography (EIT) is a non-invasive, radiation-free imaging technique which
reconstructs the conductivity distribution inside an observation region. In practice, currents of prescribed
magnitudes are injected at electrodes placed on the boundary of the region. The current passes through the object
and the resulting voltages are recorded. These measurements are the data needed to estimate the conductivity
within the object. In EIT systems, the quality and the accuracy of the measurements depend on many factors such
as the configuration of the electrodes and the injected current distribution. The size, geometry, and location of the
electrodes must be considered because they can affect the data needed for the reconstruction. The voltage loss due
to the effective contact impedance, which is the thin resistive layer between the electrode and object, should also

be taken into account to accurately measure the boundary voltages.

BBenenune. Onexrpoumnenancuas tomorpapust (OUT) — 3To MeTox BH3yalM3alWH, KOTOPBIHA
BOCCTaHABIIMBACT PACIIPE/ICTICHIE DIICKTPUIECKOM MPOBOAUMOCTH BHYTPH OOBEKTA C IOMOIIBIO IJTEKTPHICCKUX
H3MEPEHHUI Ha 3JIEKTPOIaX, MPUKPEIICHHBIX Ha TIOBEPXHOCTH 00bekTa. 3amada pekoHcTpyKiwu B DUT sBisercst
HEKOPPEKTHO# W3-3a TOTO, YTO TPaHHYHBIC M3MEPEHHS MAJI0 YyBCTBUTEIBHBI K M3MCHEHHWSIM paclpe/eieHus
BHYTPEHHEH 3JIeKTpruuecKkoil mpoBogumMocTu. [ToaToMy 3Ta 3agava siBisieTcss 0OpaTHOH 3amadeii, A peIleHUs
KOTOPOI peyIaratoTes Kak IpsiMbIe, TaK M UTEPALIMOHHBIE METOIBI. B paboTe HCIonb3yeTces oTHas 3JeKTPOAHAS
mozens (CEM, Complete Electrode Model) — sto mpaktudeckas mozaens B DUT, kotopas Hanbonee pealbHO
MOJCIUPYET AEKTPOIBI. DTa MOAECIb MOXKET UMUTHPOBATh H3Mepenust DUT ¢ ropaso Gosblieit TOUHOCTBHIO, YeM
KOHTHHYyaJbHbIC MOjiend. Hac mHTEepecyeT 4yBCTBHUTEIBHOCTD HJIEKTPHUECKOrO MOTCHIMANA Ha JJIEKTPOIax 110
OTHOIIIEHHIO K MPOBOJMMOCTH. DTO TIO3BOJIUT OICHUTH BIMSHUE HEOTPEIEICHHOCTH KaK TPOBOJAUMOCTH, TaK H

KOHTAKTHOT'O MMII€JaHCa HA PCIICHUEC pr{MOﬁ 3aJa4u OUT. D10 TakKe MO3BOJIMUT MMOHAThH BIMUSHUE BO3MOKHBIX
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HapyIICHUH NPOBOJMMOCTH MM HEOOJBIINX M3MEHEHUH MMIIEaHca M3-32 KOHTAKTa KOXKH C JJICKTPOIOM Ha
U3MEPEHUs HalPsSKEHUS Ha JIEeKTPoax.

Lenpto naHHOM pabOTHI ABISAETCS HCCIIEIOBAHIE BIUSHUS 3JEKTPUIESCKON MPOBOANMOCTH Ha 3JIEKTPOIHBIC
HaINpsDKEHUS IPY Pa3INIHBIX TOKOBBIX KOH(QHUTYPAIMSIX 3JIEKTPOJIOB.

JKcnepuMeHTaIbHAsi YacTh. Maremarndeckas ITOCTaHOBKA UIA pemeHus npsMon 3amaunm OUT B
obmactu D=DUTI mnomywaercs u3 ypaBHeHnii MakcBema B IMPOBOJHUKAX, 3aK0Ha OMa JUlsl CTALMOHAPHBIX

HPOBOJHUKOB U HEOOXOIMMBIX IS TOTYUCHHS €ANHCTBEHHOTO PEIICHHsS TPAaHMYIHBIX ycioBuid [1].

YpaBHEHHUE IS INEKTPUUECKOTO MOTEHNINANa U B ABYMEPHOM CITydae MMEeT BULI

%(O’(X, y)%]“’% O'(X, Y)%J = 01 (X7 y) eD.

Ha T'paHuIe, KOHTaKTI/IpyIOHIeﬁ C BO3JyXOM, 3a1acTCd NPOU3BOJHAA paBHAsA HYJIIO (OTCYTCTBI/IC TOKa)Z

L
ou
— =0, (X, r/| |E
- =0.(xy)e ILJ.

Ha QJICKTpOAax E| el paccMaTpuBarOTCd T'PAHUYHBIC YCJIOBHUA, YYUTHIBAIOINHUC COIPOTUBJIICHUC

JJIEKTPOJIOB, TaK HA3bIBaE€Masl MIOJIHASI AJIEKTPOIHAs Moiensb [1,2]:

U+Z|O'a—u=U|, O-_:Il,lzl,...,L.
on

rze U — 3JIeKTpUYeCKUH MoTeHnual (HalpsKeHUe), ¢ — JIEKTPOIPOBOAUMOCTD, Z; - CONPOTHUBJICHUE JIEKTPOa

HMIICIaHC ), E - IOBCPXHOCTH 3JICKTPO/JIa, || - m3BecTHAs cHIIa TOKA HA DIIEKT oJ1€, L — xonmuecTBO 3J1eK OJI0B.
1 |

st cymecTBOBaHUS M €IUHCTBEHHOCTH PELICHHs 3TO 3a/1a4 TpeOyeTcs BBIOIHEHUE YCIOBH [2]:

ZL:I, =O;ZL:U, =0.
1=1 1=1

UYucneHHbI MeTOJ pelieHus npsmoit apymeproit 3anaun OUT mpuBeneH B [3]. B kadecTBe TecToBOM
3amaun OUT paccmorpum mpsamyio 3amagy OUT B kpyre €QMHHYHOTO paanyca ¢ KyCOYHO-TIOCTOSHHBIMH
3HAYCHUSMH DJIEKTPUICCKON MPOBOAUMOCTH. BeTaBku ¢ pasmimyHON 3JIEKTPUUECKON MPOBOIMMOCTEIO KPYTIIBIE,
uentp nepsoii BecraBku — (-0,5; 0,1), a BTopoii — (0.2; 0.4), Taxke oHM UMEIOT pa3Hbie paauycsl p1=0,3 u p2 =0,2,
COOTBETCTBEHHO (cM. puc. 1). CepenuHb AEKTPOAOB IUPUHON 2W  pacmoJOXKEHBI npu
(02{7Z/ 4 12,3714, 7,5714,3712, T 4 272'}, nonymupuHaa snektpona W = 0,25. Paccmarpusanmuch
CIENYIONINE 3HAYEHUS TMPOBOJMMOCTH JUI BCTABOK: 1) IPOBOJMMOCTh OJMHAKOBas o1 =02 =03 =1,
2) IpOBOJMMOCTh OJMHAKOBAasi y BCTaBOK o1 =07 = 0,66, 03 =1; 3) npoBOAMMOCTh OJMHAKOBAas y BCTABOK
o1=02=5, 03=1; 4) npoBogumocTh y BcTaBok pasHas o1 = 0.01, 62 =5, o3 =1; 5) npoBOAUMOCTh y BCTABOK
pasHast g1 =5, 02 =0.01, 03 =1. Tok monaercs Ha ABYX 3JIeKTpojax +1, B 3aBUCHMOCTH OT ONHMCAaHHOW HIKE
koH(purypanun. OIuH JIEKTPO HCIIOIL3YETCS I HOJaYd TOKa, a APYroi — il npuema Toka. Hanpspkenue
(hUKCHUPOBAIOCH Ha BCEX JICKTpoAax. JIJisi MCCIIEIOBAHUS BIMSHUS JJICKTPUIECKON MPOBOAUMOCTH BKIIFOUCHHUN
Ha HAMPSDKCHHUE MCIIOJIb30BAIMCH Pa3InYHbIe KOH(GUTYPAIMH [TOJa4X TOKA Yepe3 [Ba SJICKTPOIa.

Pe3ysbTaThl. 10 pe3yapTaTaM YUCICHHBIX PACYETOB MOJYUYCHBI CIICIYIONIHE BEIBOIBI:

1) Hawubosee 4YyBCTBUTENBHBI K HM3MEHEHUSIM JJIEKTPUUECKON MPOBOAMMOCTH — AKTHBHBIE 3JIEKTPOJIBI

(TOKOHOH&IOIIII/Iﬁ U TOKa HpHHHMammHﬁ), a HAaMMCHEC YyBCTBUTCIIbHBI YIaJICHHBIC.
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2) Ilpu KpaTHOM yBEJIMYCHHM WM YMEHBLICHHH G BKIFOYCHHH aMIUTUTyaa Bo3MylueHuit Hanpsokenus {U}

Ha 3JICKTpOAaX COXpaHsICTCA.

3) Ecnm BcTaBka HaxoauTcs B CTOPOHE OT IMYyTH TOKA MEXKAY aKTUBHBIMHU DJIEKTPOAAMH, TO OHA HE OKAa3bIBACT

3aME€THOC BIIMAHNE HA U3MEPCHUSA HANTPSIKECHUA.

N 83
k. %\‘?\ oL aTA VA Ta Ay, (,),Q 4
0, . g&'ﬁ‘ﬁgm:_.an“,"’:a»
N R
s
% A
74
AN VA A6 AVAY g e
L sy, Pavaes B
ALK ﬁé'EA%%’Essﬁgsgwé’ési |
R
¥ I oo
25 RO R
STV, AW“QAM 5
VAR VAT K
2 ERIIACISTAHIAKR S -
N e AV s
A
SOORRRAEES &

mol=102=103=1
®01=0,6602=0,6603=1
M 01=502=503=1
01=0,0102=503=1
M01=502=0,0103=1

0,1
0,3
05
0,7
0.9
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13
15
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23
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31

Puc. 1. Pacuémnasn cemka ¢ 762 aueuxamu 01s Kpyea ¢ 08ymsa ecmagkamu u 8 anekmpooamu. Tok nooaemces Ha

aﬂeKmpoc) 3, a npuxHumaemcs na 9ﬂeKmpoz)e 6. Paznuunvimu yeemamu nOKA3aHvl 3HAYeHUA HANPAINCEeHUA Ha

INEKMPOOAx Npu pasiuiHoM pacnpeoeienuu SNeKmpuieckol npoeooUMocmu

3aki1r0ueHue. B naHHOI paboTe mpeacTaBiIeHO MCCIEAOBAHHUE BIMSHUS PACIPEACNICHUS DIEKTPUUECKON

MPOBOIMMOCTH Ha HAINPSDKEHUE Ha AJIEKTPOAAX IPH Pa3IMYHbIX TOKOBBIX KOHQUTIYpalusx B npsiMoii 3anaue SUT

C KPYIJIBIMHM BCTaBKaMU Pa3IMYHOIO pajyca Ha MOAEIH C 8 JIEKTPOJaMHU.

Paboma evinoanena npu nooodepoicke Munucmepcmea nayku u evicuie2o obpazoganus P® (coenawenue

Me 075-02-2023-943).
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Abstract. The present article deals with the estimated calculations of the original scheme of a high-speed
electromagnetic track for aeroballistic testing of large-sized models. Based on the result of the research, the
efficiency of electromechanical energy conversion is estimated, the parameters of the main elements of the

device are determined, including the length of the boost section of the track.

Beenenne. A3pobaIMCTHYECKUE UCTIBITAHUS KPYITHOTaOAPUTHBIX TEJNl MPOBOAATCS HA PAKETHBIX TpeKax
JrHOH oT 3 1o 10 KM ¢ HCHOJB30BaHHMEM PpAs3TOHSIONIMX PAKETHBIX JABHraTelel, YCTaHOBJICHHBIX Ha
CKONB3SAIICH 0 pejbcaM Tuargopme ¢ wuccieayemoit mognensio [1]. K HacrosmieMy BpeMeHH CO3/IaHbI
NPEIOChUIKA UIsl Pa3pabOTKU W CO3JaHHs OJIEKTPOMAarHUTHBIX TPEKOB HOBOIO MOKoJeHus [2-4]. Ux
MOTEHIMATbHBIMHA TIPEUMYIECTBAMHU SBISAIOTCS YKOpOdeHHas Oojiee 4eM B JecsATh pa3 Tpacca pasroHa H
aKTHBHasl Iu1aTgopMa JuIsd MOJAENH, CIy)KaIlasi OJHOBPEMEHHO Pa3TOHHBIM SKOPEM pENIbCOBOro yckopureins. B
HacTosiledl  paboTe  TpeICTaBICHBI  PE3yJNbTaThl  OLEHOYHBIX  pacyeToB  OPUTHHAIBHOW  CXEMBI
BBICOKOCKOPOCTHOTO 3JISKTPOMAarHUTHOTO TpeKa JAJIsl pa3roHa MOJeNeil Maccol HECKOJIBKO COTEH KHJIOTPaMMOB
JIO CKOPOCTH TOpsiIKa 2 Km/C.

Oo0mas cxema U 0cobeHHOCTH padoThl Tpeka. OOmas cxemMa MOJAEIHPYEMOTO Tpeka IpHBEAeHa Ha
puc. 1. Tpek cOCTOMT M3 TpeX OCHOBHBIX (YHKIMOHAJIBHBIX Y3JIOB. T€HEeparopa 3JIEKTPUYECKOW DHEepruu,
HaKOIUTEJSI-Ipeo0pazoBarTessi PHEPIMU U MHOTOPEIbCOBOTO 3JIEKTpOJUHaMH4Yeckoro yckoputens (MPOY) c
METAJUIMYECKUM SIKOPEM, PasrOHSIOIUM MOJENb. [ eHepaTopoM 3JIEKTPUYECKOH SHEPruu CIIy>KUT MOILHBIN
UMITYJIbCHBIN MarHutoruapoannamuueckuii (MMI'[]) reHepaTop Ha TBepAOM IL1a3Mo00pasyrouieM Toriuse [2].
Haxorutenue sHeprum ocyuecTBiseTcs B TpaHC(HOpPMATOpe C IMOBBIMIAIOMIEH TOK BTOPUYHOW 0OMOTKOM [3], K
KOTOPO# MojKI09aeTcst yckoputens [4]. [oakirodenre yCKOPUTENS MPOUCXOAUT C TIOMOIIIBIO SKOPS, KOTOPHBIit
BXOJIUT B YCKOPHUTEIb C HAYaJIHHOW CKOPOCTHIO OKOJI0 50 M/C, M TapayuieTbHO cpabaThIBAIOIIETO PAa3MBIKAIOIIETO
KJIFOYa Ha BTOPUYHOH 00MOTKe TpaHcopmaropa. SIKOpb COCTOUT U3 N KOO B OpPME «TACTOYKHHOTO XBOCTa.

Cko0bI PasMEIICHBI B )KECTKOM HEDJICKTPOIIPOBOAHOM MOAAOHE C THE3IOM JISI MOJCIIN.

Poccus, Tomck, 25-28 anperns 2023 . TowMm 3. MatemaTtuka

65



66

XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YUYEHBIX «(IIEPCIIEKTUBbBI PASBUTUSA OYHIAMEHTAJIBHBIX HAVK»

K1

UMrg4

Tpaxncopmamop
Puc. 1. Obwas cxema snexkmpomacnumuoeo mpexa: 1Tl — cenepamop nnazmol; Ki, Ko — 6sicmpoodeiicmeyrowue
samvikarowue kuoyu; L1, Lo, M — undyxmusenocmu oomomox mpancgopmamopa u ux 63aumHas

unoykmusnocms; |, | — moxu 6 obmomxax mpancghopmamopa

C momenta Bbeixoma VMI/I-reHepaTropa Ha pPEeXHMM XOJOCTOTO XOJa IIPOIECC YCKOPEHHS MOAEIH
BKJIIOYaeT B ce0s TpW IIOCIENOBATENbHBIX 3Tama. Ha mepBoM 3Tame NMpOMCXOMUT HAKOIUIEHHME MAarHWTHOH
sHepruu TpaHcdopmaropoMm. Ha BTOpoM nepexoqHOM 3Talle CLENKa «IKOPb-MOJEb» HAYMHACT YCKOPSTHCS C
MOMEHTa BXOJia SKOpsl B YCKOPHUTENb U IO MOMEHTa t TOJIHOrO MEepeKIIUeHUs] TOKa BTOPUYHON OOMOTKH Ha
yckoputenb. Ha TpeTbeM, OCHOBHOM 3Tale pa3roHa, YCKOPEHHE CIENKH «SIKOPb-MOJENb» MPOUCXOIUT II0A
JICHCTBHEM TOKAa BTOPUYHOM 00MOTKH TpaHCchopmaTopa mpu padoraromem UMI JI-renepaTtope.

IMocranoBka 3agaum. Pabora WMI[l-reHeparopa Ha Harpy3ky B [3] omuchiBaeTcs IJHHEHHOM
3apucuMocthio U(I)=Up — rl, rme Uo — HampsbkeHHe XOJIOCTOro Xxoja reHeparopa, | — Tok, r — mapametp
BHyTpeHHero comnpotusieHus MI'/l-kanana. HaykTHBHOCTH 0OMOTOK TpaHcdopmaropa L1 u Lo, a Takxke ux

B3anMMHasA UHAYKTUBHOCTb M PpacCUYUTBIBAIOTCA IO CIICAYHOIIUM q)OpMyJ'IaM:

2W, 2k2W, kW, | __M

0
DN L = PR = . 1 C: i
T T T T TN KR (i

rae |m — OpeACJIbHO JONIYCTUMOC 3HAUYCHUC TOKA B HMFH'I‘CHCP&TOPG, im — MAaKCHUMAJIbHOC 3HAYCHHUEC TOKa Ha

|_l:

BTrOpu4HOU 00MOTKe, Wy — MarHuTHast 3Heprus TpanchopmaTopa npu Tokax Im u im, Kc — koadduruent csa3u
ero oOMoOTok. PaboTa pa3MbIKalOIIEro KJIYa Ha BTOPOM JTale pabOThl MOAENIUPOBAIACH C IOMOIIBIO
3aBHCHMOCTH, OTIMCHIBAIOLIECH HapacTaHWEe COIPOTUBIICHHS KIIFOYa BILUIOTH JIO MOJHOTO pa3pbiBa AIEKTPHUYECKOIT
e B MOMEHT tp. HAyKTHBHOCTD YCKOPHTEIs paccuuThiBanachk mo opmyne L(t) = y-X(t), rae y — morouHast
HHJYKTHBHOCTH yckopuTens, a X(f) — mpojonpHas KOOpAWHATA SKOpsi B mpoiecce pasrona. CompoTHBIEHUE
YCKOPHTENS PACCUUTHIBAIOCH C TOMOIIBIO YPABHEHHS

dr. _ 2nm,u(t)

+ai2®R (1), o =1L
dt co

g2’

rae N — YUCIO Tap PelbCOB B YCKOPHTENE, S — IUIOMIA[h IOIEPEYHOrO CEUYCHHUS pellbca, 4o — HavYaabHOE
3HAUEHHE Y/IEILHOTO COMPOTUBIIEHUS PesibcoB, U(t) — cKOpOCTh siKOps, f — TemrepaTypHbiii k03 duiueHr, ¢ —
yIeNbHas TEIIOEMKOCTh, p — IUIOTHOCTh Marepuaia penbcoB. PaboTa Tpeka OMUCHIBATIACH ypaBHEHHSIMHU
AIIEKTPUYCCKHX [T YCTPOUCTBA U YPABHEHHUEM JBHYKCHUS CLIEIIKH IO ACHCTBUEM DJIEKTPOMArHUTHOM CHITBI.
PesysabTaThl. OIEHOYHBIC PACUYEThl MPOBEACHBI IS JJCKTPOIUHAMUYECKOTO TpPeKa C IapamMeTpaMu:
WM [I-renepatop monHocTsio 600 MBT — Ug = 4,74-10° B, r = 0,00822 Owm; tpancdopmaTop — L1 = 0,291 T'n,
L, =2,409-10° I'u, M = 0,024 T'n, k; = 0,91; yckopurens — N = 5, y = 14,44-10° I'u/m, S = 0,035 Mm% maTepuan

PEIBbCOB — XpPOMUCTAs M€JIb; MacCa CLUCIKH «IKOPb-MOAECIb» — M = 300 kr.
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Ha puc. 2 npuBeneHsl: @) pe3ybTaThl pacueTa ckopoctu Moenu U(t) oT ee momoxeHus B yckopureine X(t)
u b) 3aBHCHUMOCTB TOKa B yckoputese oT Bpemerd ir(t). Ha annte pasrona okoso 72 M SKOpb pa3roHsAeT MOIEIb
JI0 CKOPOCTH BbIIIe 2 KM/C. Pe3koe HapacTaHHe TOKa Ha Ha4aJbHOW CTaJuu pa3psla BBI3BAaHO MEPEKIIOYCHHEM
NIEKTPUYECKHUX Lereil BTOPHYHON OOMOTKHM TpaHchopMaropa Ha BTOpPOM dTame pabGoTel Tpeka. [lukoBas
Benn4rHA ycKopeHus cuenku — 9600 g coOTBETCTBYeT MaKCHMAaIbHOMY 3HAUCHHIO TOKA B YCKOPHTENE MOPsIKa

2 MA. OneHo4Has1 MaKCHMaJlbHAs TUNIOTHOCT TOKA Ha CKOJIB3SIIIX KOHTAKTax sSKOps He mpeBbimaet 10 KA/cM2,

2x10°

u(t), m/c

1.5%10°

1x10°

20

60

80

it), A

2x10°=

| b

1.5%10°

1x10°

5x10°

40 ]
x(t), m t,c
Puc. 2. ﬂuHaMuKa npouecca: a) — 3d6UCUMOCMb CKOpoCcmu MOOenu om ee NONOHCEHUL 6 yCKopumeie,

b) — 3d6UCUMOCMb MOKA 6 YyCKopumeie om epemeru

Pabora Tpeka BkiIrOYaeT B ceds IETIOYKY MOCIIEA0BATENILHBIX IPE00pa3oBaHUil OTHOTO BHIA YHEPTHH B
Ipyroi: or sHepruu Ttomumea HMMIJI-reHepatopa — 10 KMHETUYECKOW 3HEPIHU CLENKHU (IKOPb-MOJAECIbY.
O6umit ko3 duireHT mpeoOpa3oBanuii sHepruii Bo Bcelt 1emouke npumepro 10,5 %. Koaddumuenrt
npeo0pa3oBaHKs SHEPTUU TOIUIMBA B AIIEKTpHueckyio sHepruo MMI [I-reneparopa [3] oxomo 18 %, a
pacueTHbI KOA((UIMEHT MpeoOpa3oBaHUs AIIEKTPUICCKOH SHEPTUH TeHEpaTropa B KUHETUYECKYIO SHEPTHIO
crenku mpuMepHo 58 %.

3akmouenue. [lpexcraBieHBl pacdeThl [UIA  JIEKTPOMArHUTHOTO TpPEKa, TIIPOBEJCHAa OIICHKA
3 PEKTUBHOCTH 3JIEKTPOMEXaHMYECKOTr0 IpeoOpa3oBaHMsl SHEPTUH, OMNpe/eNieHbl MapaMeTpbl OCHOBHBIX
3JIEMEHTOB ycTpoiicTBa. B pacueTHOM BapuaHTe Tpeka cuemnka Maccoif 300 Kr pa3roHsieTcss 10 CKOPOCTH CBBIIIE
2000 m/c B yckopuTeie JJTUHON TOopsiaka 72 M. AHaJIN3 Pe3ysIbTaTOB pacyeTa yKa3blBaeT Ha paboTOCIIOCOOHOCTh

IIPEIJI0KEHHON CXEMBI YCTPOMCTBA U OCHOBHBIX €r0 Y3JI0B.
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ANALYTICAL DETERMINATION OF THE BASE MATERIAL VOLUME
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L.R. Akhmetshin
Scientific Supervisor: Dr. 1.Yu. Smolin
Institute of Strength Physics and Materials Science, Russia, Tomsk, 2/4 Akademicheskii ave., 634055
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: Akhmetshin.Ir@gmail.com

Abstract. This work discusses a tetrachiral mechanical metamaterial. An important issue in the design of
3D printed metamaterial samples is to evaluate the consumption of the base material. Special attention is paid to
the volume of the base material consumed in the creation of cellular structures. Equations are derived for
calculating the base material volume of metamaterial samples. The considered metamaterial is composed of unit
cells connected in two different ways (adjoining and overlapping) and aligned along one, two or three
coordinate axes to obtain 1D, 2D and 3D samples.

BBenenne. MeramaTepuansl — 3TO MCKYCCTBEHHO CO3/IaHHBIE MaTepHabl, 00iamaronye HeoObIYHBIMA
CBOMCTBaMH, Yalle BCEro, HE BCTPEYAIOIIMMHCS B mpupoje. IIpu co3maHnm MeTamarepualoB HanOolbIee
BHUMAaHHE YIENAeTCs CO3/IaHUI0O CTPYKTYp Ha MHKPOYPOBHE M BBINIE, a HE XHMHYECKOMY COCTaBy 0a30BOTO
cocramisoniero Mmarepuana. 1o Buay HeoOBIYHBIX CBOWCTB MeTaMaTepHaibl MOAPA3AEISI0T HA MEXaHUIECKHE,
ONTHYECKHE, AaKyCTHUeCKHe ¥ MHOTHE Jpyrue MeTamaTepHaisl. MexXaHWdecKHe MeTaMmaTepHalbl
XapakTepU3yloTcd HEOOBIUHBIMH  MEXaHMYECKMMH cBOHCTBaMH. Cpean  pa3iUuYHBIX ~ MEXaHHYECKHX
MeTamMaTepuajoB OCOOBIMH CBOMCTBAMM 00JaJar0T XHpallbHbIE MeXaHuueckue Meramarepuans! [1]. Tepmun
XHUpPAJIbHOCTh WCIIOJIB3YETCsl JUISL OIHMCaHMs OOBEKTa, KOTOPBIH HE MOXKET HAKJIAJbIBAThCS HA CBOE 3EpPKAIBHOE
m3o0pakeHue [2]. MeTtamaTtepuansl ye XOpOLIO NPOSBUIM ceOsl B NMPOMBINUICHHBIX NPUMEHEHUSX, HaIpHUMep,
CO3JJaHHE MEXaHUYECKUX PEryIUPYEMbIX CTEHTOB WK ckaddonnos [3] 1 KOHCTpyKIWit ¢ n3MeHsemMol (opmoit [4].

Wcnonp3ys 1mocienHue JOCTIDKEHHS TPOW3BOJACTBEHHBIX TEXHOJOTHWH, OCOOEHHO aJIWTHBHOTO
MIPOM3BOJICTBA, TEMEPh MOXHO HM3TOTABIMBATH METaMAaTEPHAIbl CO CIOKHBIMH MHKPOCTPYKTYpPaMH, OTKPHIBAs
HOBBIE BO3MOXXHOCTH JUISI IPOSKTHPOBAHUS MHOTO(YHKIMOHATIBHBIX cTpyKTyp [5]. IIpm mpomsBoacTBe Takmx

n3aenuil TpedyeTcs 3HaTh KaKOBHI OyIyT 3aTpaThl 6a30Boro MaTepuaina mpu 3D medaTu.
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Lenp nmanHOW pabOTBI COCTOMT B IMOJy4eHHH (OpMyN Uil pacuera oObema 0a30BOro Marepuasia B
oOpa3uax U3 TeTpaxupaabHOr0 MeTaMaTepuana, UMEIOIUX Pa3Hble TeOMETPUUECKUE Pa3Mepbl U 0COOCHHOCTH
COCIIMHEHUS DIIEMEHTAPHBIX SYCEK.

Crpykrypa Mertamarepuana. B pabore paccMaTpuBaeTcs TETpaxWpalbHBIH MeTaMaTepHal,
MIPE/ICTABICHHBIA Ha pHUC. la, KOTOPBI MMeeT KBaJpaTHYIO IUIOMIAJb MOIEPEYHOTO CEYEHHS C JIMHEHHBIMH
pa3mepamu L — mmmHa, H — mupuHa, T — Tommuaa. O6paser] cocToUT u3 OOBIIOTO YMCIIa HIIEMEHTAPHBIX SYeeK
(puc. 106). I'pasp dmeMeHTapHOI SUCHKNM UMEET XMPAIBbHYIO CTPYKTYPY M COCTOUT W3 KOJIbIIA M HPHJIETaIOIINX K
HEMY IO KacaTeJbHOH cBs30K (puc. 1B). 19Tk mapaMeTpoB ONpEAENsIIOT TEOMETPHIO TETPAXUPATIBHON CTPYKTYPBI:
| - mnuna sveiiku, t — mwUpuHA CBS3KH, h — TOmmIMHA CBS3KH, I — BHEIIHMII Pafnyc KOJBIIEBOTO DJIEMEHTa,
I1 — BHYTPEHHHII pagiyc KOJIBLEBOTO JIEMEHTa. YTOJI 6 — yroi HaKJIOHa CBSI3KH, 3aBHCHT OT IPOYUX ITapaMeTpOB
CTpyKTypbl. TONIIMHA CBSI3KU SJIEMEHTApHOW SYEHKU IMOSBILSIECTCS B IpOLECCe SKCTPYAUPOBAHMS BHOJb OCH Z.

VYron 0 ctpouTcs OT BOOOpaskaeMOi JIMHAM, POBEICHHON U3 BEPIIUHBI CBS3KH K KOJBITY IO KacaTeIbHOM.

(8)

Puc. 1. Ilocmpoenue memamamepuana uz 21eMeHMAPHbIX SUEEK C MEMPAXUpaIbHOU CIMPYKMYpou:
mpexmepuvill obpazey (a), sremenmaphas sueixa (0), XupaibHas CmpyKkmypa — 2pans 91eMeHmapHoll siuetku

(8), cniou obpasya, nonyuennvlie COeOUHeHUEM SUeeK MemoOoM «NPUcoeourHeHuey (2) u «enaxiecmy (0)

Sueiikun MeTamarepuaia B 00pasie MOXHO COEAMHSTH JBYMs CHOCOO0aMH — «IPUCOEIUHEHHE» U
«BHaxyecT» [6]. «IIpucoeuHeHHE» — ITO METOJ[ COCJUHEHHUsS, KOTAa OJHA sYeiKa COCJMHSETCS C APYrou u
YBEIMYMBAET TOJIIMHY BHYTPEHHHX CTEHOK B obmactu coemuneHus (puc. Ir). MeTox «BHAXJIECT»
MOJIPa3yMeBaET, YTO Kax/Jas MOC/IeAyomIas siueiika OyieT uMeTh 0OIIYIO0 rpaHb ¢ mpeabiaymiei (puc. 1).

PesyabraTnl. W3 omucaHust CTPYKTyphl MeTamarepuana sCHO, YTO METOJ COEAUHEHUs siueeK
«IPHUCOEANHEHHE» pacxomyeT Oolbire 6a30BOT0 MarepHaia Ha co3aaHue obpasia. PaccMOTpiM OXHOMEpPHBIH,
JBYXMEPHBIN U TPEXMEPHBIH CITy4au st KaKI0TO U3 METOIOB COCMHEHHS:

Vapx = Nx * 6 * Viwall — ©IMEEM BCeria mecTh IPaHei;

Vovx = Vwan - [5 - Ny + 1] — kaxknas mocneayromast sideiika uMeeT Ha | TpaHb MEHbIIe, KpOMe NEPBOH;
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Vabxz = Nx "Nz * 6+ Veg;

Vovxz =Vovx - Nz — N - (nz - 1) * Ved;

Vabxzy = Nx - Nz - Ny - 6 - Veg;

Vovxzy = Vovxz - Ny — Ny - Nz - (ny - 1) * Veg.
rae Vapov)x — 00beM 00pasma B omHOMEpHOM ciy4dae; nHAeKCH AD m OV o03Ha4garoT cnocoOBl COeInHEHHS
«mpucoeanHenue» (adjoining) u «sHaxmect» (overlapping), cooTBeTCTBEHHO; Ny — KOIMYIECTBO SYEEK BIOJIb OCH
X; Vwall — 00beM OJHOH TeTpaxupajbHOW CTPYKTYpPbI; Vapov)x: — 00beM o0Opasna B JBYMEPHOM Ciydae;
Nz — KOJTMYECTBO siYeeK BAOJIb och Z; Vapovixzy — 00beM 00pasiia B IByMEPHOM ciiydae; Ny — KOJIUYECTBO SUCeK
BJIOJIb OcH Y.

3akaiouenue. B pabote mpemmoskeHs! GopMyiIBl I pacdeTa o0bemMa 6a30BOro MaTepHaia B 0Opasmax
U3 MeTaMaTepHaia, MMEIONIUX Pa3Hylo MPOCTPAHCTBEHHYIO Pa3MEPHOCTh U MOJYYEHHBIX Pa3HbBIMH CIIOCOOaMHU
COC/IMHEHUS DIIEMEHTAPHBIX sYeeK. BBIIBICHBI OCOOCHHOCTH HM3MEHEHHs 00beMa 0a30BOr0 MaTepHaia MpH
pasHbIX crocobax coenHeHus siueek. [1oaydeHHbIe Pe3yIbTaThl MOXKHO HCIOIB30BaTh MPU CO3[aHUH 00Pa3LoB
JUIsl HATYPHBIX UCIIBITaHUM.

Paboma evinonnena ¢ pavmxax cocyoapcmeennozo 3aoanus U@IIM CO PAH, mema nomep FWRW-2022-0003.
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Abstract A program has been developed to calculate the multidimensional parameter of projectile trajectories.
The specific of the program lies in the fact that the change in aerodynamic coefficients is considered not
according to the standard laws used in ballistics, but according to dependencies taken from the computer
program for preliminary analysis of the aerodynamic characteristics of Missile Datcom. As part of this

approach, it is possible to consider the individual configuration features of the projectiles.

Beenenune. UncieHHOE MOAEIMPOBAHWE ABMKEHHS TBEPIOTO TeJla C YYETOM €ro B3aWMOICHCTBUS C
BO3AYXOM HMEET BaXXHOE 3HAUYEHHE B CBOEM IPAKTHYECKOM NpHMeHeHHH. CyIIecTByeT OOJbIIOe KOJHYECTBO
MaTeMaTHYECKUX MoJeJiel, KOTOpble OJHO3HAUHO OMNPENENISIOT TPAaeKTOPUIO Pa3IMYHBIX CHapsAnoB. B pabore
MPE/ICTABIICHBI PE3yIbTATHl YHCIEHHOTO PENIeHUsI 000CHOBAaHHO OTOOPAaHHON M pean3yeMOoi MOJEIH ABHKEHHS
0CECHMMETPHUYHBIX CHAPSIJIOB.

JKcnepuMeHTAIBHASL YacTh. B pamMKax peann30BaHHOTO MOAXOJAa B3ATa B OCHOBY MaTeMaTHYeCKas
MOJIeNIb JBHXKCHHUsT ocecummeTpuuHbix cHapsimoB P.E. Copkuna [1]. Ona cocrout u3 12 HennHEHHBIX
muddepeHIUaTbHBIX ypaBHEHUH: 3 ypaBHEHMSA [BIDKEHHS IIEHTpa Macc, 3 YypaBHEHHS BpAIaTEIbHOTO
JBIDKEHUSI BOKPYT LIEHTpa Macc M 6 KMHEMAaTHYEeCKHX COOTHONICHMH. B cocTaBe COOTHOIIEHHI CHCTEMBI
BCTpEYaOTCs 6 a’pOJMHAMUYECKHUX KO3((UIMEHTOB, KOTOPBIE 3aBUCAT OT 4YMclIa Maxa M yrjia aTaku.
IpeumymectBo momenn P.E. Copkuna 3akimodaeTrcss B TOM, YTO B CHUCTEME YpPaBHEHHH paccMaTpUBArOTCS
KOMIUIEKCHBIM Yrojl aTakd M KOMIUIEKCHas yIJIoBas CKOPOCTh [UIS Tepexoja K CHCTeMaM KOOpAMHAT, He
CBSI3aHHBIM JKECTKO ¢ TelaoM. [locie MHTerpupoBaHMsS COOTHOLICHMH MaTeMaTHYeCKOW MOAEIH IOIy4HM:
CKOpOCTb LIEHTpa MacC CHapsia, KOOPAMHATHI LEHTPa MAacC CHapsia; COCTaBJISIIOIIUE YIJIOBOH CKOPOCTH;
MIPOEKITHIO YTIIOBOM CKOPOCTH Ha OCh CHMMETPHH Tela CBA3aHHON CHCTEMBI KOOPIMHAT; YTOJI IOBOPOTA CHApsiia
BOKpPYI' CBOEH OCH; YIJIBI, ONpPEICISIONIUE IOJ0KEHHE BEKTOpa CKOPOCTH B 3€MHOH CHCTEME KOOpIMHAT;
MIPOCTPAHCTBEHHBII YTOJI aTaKH.

Ha xadenpe nunamukm nonera ¢usnko-rexHudeckoro dakymsrera TI'Y panee Obina peannzoBaHa
nporpaMma pacyera napaMmeTpoB TPAeKTOPUM Ha si3blke mporpammupoBanus Delphi, B kotopoii ucnonb3yercs

marematuyeckass Mmogens P.E.Copkuna [2]. B 9T0if mporpamme y4YHTHIBAIOTCS H3MEHEHHS TONBKO 2-X
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a’pOJMHAMUYECKUX KOI(P(HULIUEHTOB OT uuciaa Maxa, ocTanbHble KOI(OHUIMEHTH CUUTAIOTCSI KOHCTAHTaMH.
KoaddunmeHt 1060BOr0 CONPOTHBIEHHUST PACCUUTHIBACTCS 10 OOIIECNIPUHATOMY B OAUTUCTHUKE CTaHAAPTHOMY
3akoHy comnporusieaus 1943 roma [3, 4]. KoddduuueHT ONMPOKHIBIBAIONIET0O MOMEHTA YYHTBIBACTCS TI0
OOIIETIPHHATOM KYCOUHO-HENpepbiBHOM GyHKIwMH [5]. OCHOBHON HETOCTATOK 3TOM MPOrPaMMBbI 3aKJTIOYAETCS B
TOM, YTO BO BpeMsl pacueTa OCTalbHbIe 4-X adpoIuHaMUuYeckux KoddduuuenTa ocrarotes KoHCTaHTaMu. Kpome
TOr0, KOHQHUI'YpalHOHHBIE OCOOCHHOCTH METaeMbIX Tel B  OOIICIPHHATHIX 3aKOHaX  M3MCHCHHMS
a’pOJMHAMUYECKUX KOI((HUINEHTOB HE yYUThIBalOTCA. Jl1s yyera MHIMBHUAYaJIbHOW FeOMETPUN METAaEMBIX TEl
CYIIECTBYIOT IPOTPaMMBI NPEABAPUTEIHHOTO aHaIM3a a3POAMHAMUYECKUX XapaKTePUCTHK. DTH MPOTPaMMBbl, 110
3aJaHHOH KOH(QWIypallMi CHapsaa B MPOAOJHHOM CEUCHHHM Ha BXOJE, Ha BBIXOJE ONPEIEISIOT
TOTySMINPHUIECKUE 3HAYeHUS (QYHKIHMHA TpeOyeMBIX a’pOoIUHAMHUYECKHX KOI(PPHUIIMEHTOB I HIMPOKOTO

JHamna3oHa 9uce] Maxa u s Pa3INYHBIX YTJIOB aTaKH.
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B paMkax peanM30BaHHOrO TMOAXOAa GYHKUMM OIS TpeX a’dpOJHMHAMHYECKUX KO3()(HLIHEHTOB
(g ko punmeHTa  JTO0OOBOTO  CONMPOTHBIICHHS, KOd(QQUIMEeHTa TOABEMHOH CHIBL, KO3(QHIHEeHTa
OIPOKU/IBIBAIONIEr0 MOMEHTa) OBUIM IOJYYEHBl € IIOMOIIBIO IIPOIPaMMBI PEIBAPUTEILHOTO aHAIN3A
aspomnHaMuueckux xapakrtepuctuk Missile Datcom (Mccrnemoarensckas sabopatopun BBC, Oraifo,
CHIA) [6]. OcransHble 3 aspomuHaMHUECKUX KOA(PQHUIMECHTA, TTO0 pe3yiabTaTaM MPOBEICHHOTO aHain3a, TpH
PEIICHNY ITOCTAaBICHHON 3a/ladil MaJ03aMETHO BIIMAIOT HA ApaMeTpPhl TPAaeKTOpuH. IIporpaMMHas peannsarus
KOJa BBINOJIHEHA HA CTATHYECKH THUIM3UPOBAHHOM s3bIKe mporpammupoBanusi C++. Peienue cucTeMbl
HEJMHEHHBIX TuddepeHIManbHBIX YPAaBHCHUIH OPraHU30BaHo 1Mo MeToay Pynre-KyTTsl 4-ro mopsiaka TOYHOCTH.
JBeHaaUaTh MapaMeTpOB TPACKTOPHH PACCUUTHIBAIOTCS OT TOYKH CTApTa IO TOYKU MaJCHHS, aBTOMATHYCCKU
BBIBOAATCS JAHHBIC Ul BEPIIMHBI TpaeKTopud. Taroke B HHTep(deHc mporpaMMbl BCTPOSHA BO3MOXKHOCTb
HOCTPOCHHS IPOCTPAHCTBEHHON KPHBOH NBIKECHHS OCH CHApsiaa M rpadiika M3MEHEHHUS] CKOPOCTH 10 BPEMEHH.

Pe3ysabTaThl. B pesynbrare NpoBEeICHHBIX UCCIIEAOBaHHI MOJTYYCHBI MapaMeTphl TPACKTOPHH JUIA Tpex
pa3IMYHBIX cHapsaoB. [loydyeHHbIC 3HAaYCHHUS U3 IPOrPAMMBI OBUTH CPaBHEHBI C TAHHBIMU U3 TaOJIUII CTPEIBOBI.
HaGumonaeTcs xopoiee coriiacoBaHue napamMeTpoB TOUKH TTaJIeHUs CHapsiia, MPEICTAaBICHHBIX B TAONUIAX U U3
pacueroB. PaccornacoBanue MeHee 2-X IPOLICHTOB.

3akiaouenue. [Tyrem MoanduKanuyu oHON U3 CYIECTBYIONIMX YHCICHHBIX MOZeIeH Obliia pa3paboTaHa
mporpaMmMa, CrocoOHasi MPOM3BOIUTE PacyeT MapaMeTPOB TPACKTOPUH CHApsIOB, e mHTep(deiic mokasaH Ha
pucyHkax 1 u 2. B MareMaTHueckoil MOJEIM YYWTHIBACTCS MHAMBHAYaJbHAs F€OMETPHS KKAOr0 CHapsaa U
GepyTcs B pacueT 3aBHCHMOCTH OT 4HMclia Maxa M yIyla aTaku JUIsl GOIBIIEr0 KOJHYECTBA adPOJMHAMHYECKHX
K09 (PUIMEHTOB, YeM B paHee PeaM30BaHHBIX MOJCNSAX B OUIMCTHKE. B KOHIENIMH JaJIbHEHIIEro pa3sBUTHS
NPEaIonaraeTcsi BO3MOXXKHOCTh ONEPATHBHOTO H3MEHEHHS MATEMAaTHYeCKOH MOIENHM IJisl  pa3iIH4HBIX

KOH(pUTrypanuii CHapsI0B.
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COMPLETE EXPERIMENT PROBLEM FOR DOUBLE PION PHOTOPRODUCTION
ON NUCLEONS
I.A. Dementjev
Scientific Supervisor: Prof., Dr. A.l. Fix
Tomsk Polytechnic University, Russia, Tomsk, Lenin str., 30, 634050

E-mail: iad@tpu.ru

Abstract. A special method developed for solving the complete experiment problem is applied to
photoproduction of two pseudoscalar mesons on nucleons. Independent sets of observables are obtained, which

make it possible to find the amplitudes of this processes up to possible discrete ambiguities.

Beenenne. OnHON W3 BaKHEWIIX peaknuil B (PHU3MKE SJIEMEHTApHBIX YacTHIl B PE30HAHCHOHW 0ONacTH

SHEPTHUil sBJIETCS Mpolecc GOTOPOXKICHUS ABYX MH-ME30HOB Ha HYKJIOHAX
y+N-o>z+7+N (1)

Wudopmanns 0 CHMHOBEIX aMIUIMTyJaxX 3TOTO Ipolecca MPaKTHUECKH HeoOXoauMa Ul peIeHHs
MHOXXECTBa NMpo0ieM B 3TOH obOnacTH. J0CTaTOYHO NEepeyuciInTh JIHMIb Takue, Kak mpobieMa HeJOoCTaIoMNX
PE30HAHCOB, AMHAMUKA KAaCKaIHBIX PACIaJ OB 0apHOHOB, M30TOIMMYECKAs! CTPYKTYpa apOHHOTO TOKa, 3HAYCHHS
paavaloHHBIX MIMPUH pacrnana OapHOHHBIX PE30HAHCOB, KBapKOBas CTPyKTypa OapuoHOB u jp. CpaBHeHHe
OIIGHOK aMIUTUTYJ, TOJIyUYeHHBIX B XOJi€ aHaJH3a COOTBETCTBYIONIEH AKCIEpHUMEHTAIFHOW HMH(pOpMAIMH, CO
3HAYEHUSIMHU, PACCUUTAHHBIMU B PAMKax Pa3JIMUYHBbIX TEOPETUUECKUX MOJENEH, SIBIAETCA OJHUM U3 BaKHEHIINUX
METOZIOB MPOBEPKH HAIIMX MPEACTaBICHUI 00 OCHOBHBIX MEXaHM3MaxX 3THX peakuuil. M3 3Toro majexko He
MOJIHOTO TepeyHsl NMpoOjeM, pEemaeMblX C IIOMOIIbIO JBOWHOTO (HOTOPOXKAEHHS ME30HOB HA HYKJIOHAX,
CTaHOBUTCSl OYEBHAHONW HEOOXOANMOCTD MOJTYYEHHS Ha/IS)KHBIX OIIEHOK, COOTBETCTBYIOIIMX CITMHOBBIX, a TAKXKeE
MYJIBTUIIOJIBHBIX AMIUIUTY I 3TUX IIPOLECCOB.

K HaCTOAIIEMY BpPEMCHU B PEIYJIbTATC HNPOBCACHHA CHCTEMATHYCCKUX MNPCHU3UOHHBIX H3M€peHHﬁ

y+N—->7+7+N
(1) mnomyuena oOmmMpHas OSKCIEepUMEHTambHAs wWHGOpMaImsa 06 ux

peakiuit
T epeHIINATBHBIX CEUCHUSIX W HEKOTOPBIX MOJISPU3ANMOHHBIX XapaKTepUCTHKax. Kpome 3Toro, ycmimsMu
psilia HayYHBIX TPYIII ONPENCICHHBIC YCIIEXH OBUIM OCTUTHYTHI B TEOPETHYCCKOM HCCICHOBAHHH IIPOIIECCOB
(hoTOpOKICHUS ME30HOB HA HYKIIOHAX M Jierdaimux sapax. [locieHne BO MHOTHX CIy4asX UCHOJIb30BAaJHCh B

Ka4y€CTBC 3(1)(1)CKTI/IBHI>IX HCﬁTpOHHLIX muineHe. HakomieHHbie CBCACHUS MO3BOJIAIOT IMOCTABUTH BOHIPOC O
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y+N—->7z+7+N

BO3MOKHOCTH U3BJICUCHUS 3HAYCHUN aMIIUTY]] peakuuil (1) nHa ocHoBe pereHus

HpO6HCMBI IIOJITHOI'O OIIbITa.

B mmpokoM cwmbicie mpobieMa IOJHOTO OMBITA MOXET OBITh C(OPMYJIHpPOBaHA, KaK ONpEICICHUE
o0beMa IKCIEPUMEHTAIbHOW MH(MOPMAIMH, HEOOXOAMMOW M JIOCTATOYHOHM Iyl OJHO3HAYHOT'O HAaXOXKACHHS
aMIUTUTY, OTIUCBIBAIOIIMX JaHHBIH Mpoliecc.

YKCIo He3aBUCHMBIX HabIIoJaeMbIX Il POU3BOJLHOTO mpolecca Buga a+b —>c+d +--- pasno

(n/2)2, T/Ie N OTpeNeNeHo0, KaK IPOU3BEeICHNE (28a +1)(28b +1)...30eck Sa, Sb ¥ T.J. CyTh CIIMHBI YaCTHII,

y+N->7+7+N

MPpUHHUMAKOMIUX Yy4aCTUC B PCAKIIHU. ﬂﬂf{ peaKkunu (1) 9TO YHCJIO OKa3bIBaCTCs

paBHBIM 8, Tak UTO 0OOlIee YNCIO HE3aBUCHMBIX HabmonaeMbix paBHO (8/2)° =16 . Peurenue 3a1aun cBOUTCS
K BbIOOpY M3 16 HaOmrogaeMbIX MHHHMAJIBHOIO HaOopa, oOecleunBaloniero OJHO3HAYHOE OIpeeleHue BCex

aAMIUTATY]] PEaKIIUH r N—7z+7+N (2).

IMocranoBka 3agaun. Tak Kak HaOJIrOaeMbIe MPEACTABISIOT COOOH JTMHEHHbIE KOMOMHAIIMY KBA/IPaTOB
aMIUTUTYJ, MareMaTh4eckas (QOpPMYJIHUPOBKA MPOOJEMBI MPUBOAUT K HEOOXOAMMOCTH PEIICHHS CUCTEMBI

KBaJIpaTHbIX YPABHEHUH

M
3 xH®OX, =b®@,a=1,...,N. @

i,j=1

3nech Higa)— usBecTHele Marpuusl pasmepHoctn M XM . Henssectuoimu X, B oT0i cncreme

SIBISIFOTCS BELLICCTBEHHBIC U MHMMbIC YaCTH HCKOMbIX aMILIHTY, @ CTOJIGEL CBOGOXHBIX wieHoB b — sHauenus
pa3IMIHBIX HAONMFOIAaeMBIX BEJIHYUH, TIOTYICHHBIC B SKCTIEPHMEHTE.
[TpoGIiema HONHOTO ONBITa MOXKET OBITH TeTleph CHOPMYIIMPOBAHA CIEAYIOIUM 00pa3oM:

1) Kakum pomkHo ObITh uwciao N  HabmogaeMeix (TO  €CTh, YHCIO YypaBHEHHHM B CHCTEME

M
D xHA% =b e =1,...,N.
L=t (2)), xotopoe momyckaeT OmHO3HAa4YHOE perieHue. OYEBHIHO, YTO
N=M.

2) Kak omnpenenuTh, Kakhue UMEHHO HaOJI0J[aeMble CIIEAyeT BhIOpaTh, TAK 4TOOBI yPaBHEHHS B CHUCTEME
OBLITM HE3aBUCUMBIMHU.

Jnst perieHrss HaMH ObLI HCIOJB30BAH METOJ, pPa3BUTHIM panee B pabore [1]. Merox mosBosser
M

> X HO% =b“ @ =1...,N.
YCTAHOBUTH OINPEJENICHHOCTh chcTembl 17 (2) ¢ TOYHOCTBIO IO
JIBOMYHBIX JTHCKPETHBIX HEOTHO3HAYHOCTEH. VICIONB3ys 3TOT METOM, Mbl CMOTJIM HAaWTH MUHUMAJBHBIN HAOOp
HaOJFOTaeMBIX JUIS IPOIIECCOB (DOTOPOKICHHUS ABYX IMTU-ME30HOB HA HYKJIOHAX.

Onucanne MeToAA. HyCTI) HUMECTCA CUCTEMA KBaJIpaTHBIX ypaBHCHI/Iﬁ

M
3 X, B, -1

ij=t (2). dns onpepenenHocTy nonoxum N = M.
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M
D xHx =b a=1,...,N 3)

i,j=1

M
D xHO% =b a=1..,N

KakoB «kputepuii Toro, uro cucrema 17 (3) wumeer
0__r,0 0 0
€IUHCTBEHHOE pelieHue X —{Xl,XZ,...,XN} (C TOYHOCTBIO o BO3MOYKHBIX JIACKPETHBIX
HEO/IHO3HAYHOCTEH )?

OueBHIHO, YTO 3aJady MOXKHO TepedOopMyJIMpOBaTh CIEAYIOUIMM 00pa3oM: INpPHU KaKUX YCIOBHUIX
a
oToOpaskeHHe MHOKecTBa N IepeMEeHHBIX X; Ha MHOXeCTBO N NepeMeHHBIX bt ), 3aJaBaeMoe BBIPOKCHHEM

M
D xHOX% =b a=1..,N

b=l (3), sBiseTCS B3aMMHO OJHO3HAYHBIM B OKPECTHOCTH TOYKH

0 _fy0 0 0
X _{Xl y XZ""’ XN} I[OCTaTO‘IHBIM YCJIOBUCM OAHO3HAYHOCTH SABJISICTCA HCPABCHCTBO HYJIO SIKO6I/IaHa

nepexoga X, — b , TO €CTb

6f a N "
J(xl,xz,...,xN)zT=det[ZHi§ >xj]¢o (4)
i 1
HCHOHBSyH M3BECTHOC MMPABUJIIO CJIOKCHUA OHpeﬂeHHTeﬂeﬁ, HMEECM
N N
J(X X Xy ) = Do X, detfw® (k). w™ (k)] = 0 (5)
K ky
e W (K) = (H .. H@)T

PesyabTaTsl. TakuM 00pa3oM, NPUXOANM K CIEAYIOIIEMY HEOOXOIMMOMY YCJIOBHIO. J{JIsl TOTO, YTOOBI

M
$ HEx, <59, =1 N

j
cucrema 17t (3) nMena equHCTBEHHOE pelieHre (C TOYHOCTHIO IO BO3MOKHBIX

JIMCKPETHBIX HEOTHO3HAYHOCTEH ), HE0OX0IMMO, YTOOBI TIO KpalHEl Mepe OJIMH U3 olpeaeIuTenci

HE o HY
det[w® (k,)...w™ (k,, )] = det o (6)
HY, o Y

bl OTTHYEH OT HYIs. Heo6X01uMo 0T™MeTHTD, 4TO HHaeKkchl K ,, He 0043aTeNbHO JOJDKHBI OBbITh PA3IMYHBIMU.
Ecnu HeHyneBbIX ompeaenuTenell HET, TO HA0Op BEKTOPOB, KOHEYHO, HE MOXKET OBITh JTMHEHHO HE3aBHCHMBIM.
Bonee Toro, eciu 3T0 yCIIOBHE BBINONHEHO TOJIBKO JUIS OJHOTO Habopa {ka}, B TO BpeMsl, KaK OCTaJbHbIE
ONpeIeNIUTENN PaBHbI HYJIO, 3TO YCJIOBHE SIBJISIETCS TAK)KE€ M JOCTATOYHBIM. B cilyuae HaXoxk/1eHUsI HEHYJIEBOTO
ompenenuTeNs Uis 0ollee 4eM OHOTro Habopa {ka}, MOJXET CIyYUTBCA TaK, YTO Ui HEKOTOpPOro Habopa

(@)

. 0
3HAYCHUHN IEPEMEHHBIX X~ MHOKECTBO BEKTOPOB 14 , OIIPEICIICHHBIX KaK
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D Hx

x| |
v == : )
afa N
H{@x.
ox, JZ_;; Nj 7

OKaXETCSI TMHEHHO 3aBUCUMBIM, XOTSI TAKOH UCXOJ SBJISCTCA MaJIOBEPOATHBIM.
Hcnone3ys chopMyTUpOBaHHBIA BBIIIE KPUTEPUil, MBI BBIACIIIN HAO0OpPHI HAOTIOJAEMBIX BEIHUIHMH IS

y+N—o>7r+7+N

peaknuu (1), n3mepenre KOTOPBIX TIO3BOJISET B MPHHIMIE HAXOAUTH COOTBETCTBYIOIIIE

aMIuTITy bl [1oTydeHHbBIe pe3ynbTaThl Oy OIHMKOBaHbI B padore [2].
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Abstract. For the particular case of the one-dimensional nonlocal population Fisher-KPP equation under
consideration, a family of leading terms of the semiclassical asymptotics is constructed in an explicit form, and
their qualitative behavior is investigated. The behavior of the asymptotic solutions and of the corresponding

numerical solutions constructed using the software package Comsol Multiphysics is compared.

Beenenmne. B pabotax [1, 2] u B psiae qpyrux paboT aBTOPOB TEOPHS KBa3HKJIACCHUYESCKOTO MPUOIMKEHUS
B.II. MaciioBa [3] cHUCTEeMaTHYECKH TMPHUMEHSAIACh K  HEJIOKAaJIbHOMY OO0OOIICHHIO  KIACCHYECKOIO
MOMyAIMOHHOTO ypaBHeHHs Pumepa-Kommoroposa-Ilerposckoro-ITnckynosa (®umepa-KIIII), xoropoe B
(1+1)-mepHOM caydae (T. €. UMEETCsI OJIHA BpeMeHHast { U OjlHA TPOCTPAHCTBEHHAS X KOOPAMHATHI) Oe3 ydera

KOHBEKTHUBHBIX YJICHOB B 663p33M€pHHX 0003HaYEHUIX MOXKHO 3aIucaTh B BHUEC
U (X, 1) = DAyu(x,t) +a(x, hu(x,t) — xu(x, t)j:ob(x, y,tu(y,t)dy. (D)

B ypaBHenun (1) u(x,t) xapakrepusyeT NONYJSLHOHHYIO IUIOTHOCTh, Kod(duumentsr a(x,t) m b(x,y,t)

SABJIAOTCA TJIaAKUMH (1)yHKLII/I${MI/I CBOUX TIPOCTPAHCTBCHHBIX APrYMCEHTOB, KOTOPbIC PACTYT HE 6LICTp€6, (S

MOJIMHOMHAJIBHO B KaxJod Touke [, mapamerp audpdysuun D urpaer posib acCUMOTOTHYECKOTO Mapamerpa,

D —0; BemecTBenHblii mapamerp HenuueiHoctw k>0, U =du=0u/ot, Au= o%ulox® . Bripaxenue

TO b(x, y,t)u(y,t)dy umeer cMBICT HEMOKAIBHBIX KOHKYPEHTHBIX MOTEPh ¢ GhyHKuuen ausHus b(X, y,t) .
—00

B cratbe [2] ObUTH MOCTPOCHBI B SBHOM aHAIUTHYECKOM BHUJE CEMEHCTBA aCUMITOTHYECKUX pPEUICHHM
3agaun Komm nnst ypaBHeHus (1) ¢ ydeTOM KOHBEKTHBHBIX UWICHOB B KJacCe€ TPACKTOPHO-COCPEIOTOYCHHBIX
(hyHKIINH, OJTHAKO CBOKCTBA MOCTPOSHHBIX ACUMITOTHK TOJPOOHO HE MU3yUYaJIHCh.

B HaHHOﬁ pa6OT€ BHUMAaHUC YACACTCSA HCCICIOBAHUIO 0CcOo0eHHOCTEH HNOBCACHHUSA ACUMIITOTHYCCKHUX

pemenuii, nomyueHHelx ¢ Tounocthio O(D¥?) B paMkax KOMIUIEKCHOTO METOJa KBa3HKJIACCHUYECKOrO
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79

npubmmkenus Benruens—Kpamepca—bpumtiosna—Macnosa (BKB-Macnosa) [1, 2] ais 4acTHBIX Ciydacs
ypaBHeHus (1).

YacTHble aCHMITOTHYECKHE pPellieHHsl B IBHOM BHJe. VICTIonb3yst pe3ynbTaTel, MOJTy4YeHHbBIE B paboTe
[2], 6buIM OCTPOCHBI B IBHOM BHIE CeMEHCTBA aCHMIITOTHYECKUX PELICHUH ISl YACTHOTO CITy4Yasi HETIOKAIbHOTO
ypaBaeHus @umrepa—KIIII (1), rme, U3 coobpakeHHI WHTETPUPYEMOCTH CHCTeMBl JHHIITeHHa-JpeHpecTta
(em. [2]), dyukuuu a(x,t) u b(x,y,t) BeiOuparorcs B Buzge a(X,t)=a=const u b(x,y,t) =b(x—y) I'naBubiit
YICH KBa3HKJIACCHUYCCKOM aCHMIITOTHKH B paMKax HM3JIOXKEHHOTo B [2] dopmanm3ma HaxoOuTCs ¢ TOYHOCTBIO

O(D¥?). ®ynkuus BnusHus Gepercs B raycCOBOM BHJE

b(x—y) = Elm exp[_“z‘a? J - @

Januble acuMnToTHKU (0003HauMM uX U (X,t, D)) obmanalor cnemyromumu cBodcrBamu: U, ,(X,t,D)=0, a

U,,(X,t,D) marTcs BEIpaKEHUAMH

U, (%1, D) = V3 (X, 1,C,) ®)

© D | 29 | f b ©
vy’ (x,t,C)) = \/_'{ (t)} Hn[ DZ(’(t)Z(*)(t)AX]VO (x,1,C.), 4

Ot N, |- WO 2,0.D) Xp{ 1 W")(t)} N =

bzO(t) o, (0,D) | 2D ZO(t) 7o’ ®)

rIe

b=b(0) , dysxmm Z (t), W (t) umeror Bun
WO (t) =+,Z29(t) =F2bt +1, (6)

a noctosiHEBIE C, ONpenensroTcs Kak

C, = (6,(0,D),%, (0,D),2(0, D)) 7, (0, D) = J“”D o @D =1, a20,0) =2 )

HccnenoBanue 4acTHbIX AaCHMNTOTHYECKHMX pelIeHUH HeJ0oKaabHOro ypaBHenus ®umepa-KIIIL.
[peiieM K HCCIEIOBAHHMIO ACUMITOTHYECKHX pelIeHUi HesokaapHoro ypaBHenuss @uiepa—KIIIT Buma (1),
onpezensembix BoipakeHusMu (3)—(7). [lpuBeneHHble Huke TrpaduKy MpPEACTABICHBI B 0Oe3pa3MEPHBIX

0003HAYECHHUAX U OTPpAKAKOT KAYCCTBEHHOC IMOBCACHUC paCCMAaTpUBACMBbIX pCLHeHPlﬁ.

Uz Us Uz
6- 6+ 6~
4- 4- 4-
2r 2 2
N X \ Lo X S D X
0810 1.2 1. 6182022 0810121416182022 0810121416 182022
-2 -2 -2+

(C) (b) (©)

Puc.1. Acumnmomuueckoe pewenue U,(X,t, D) ypasnenus (1), 3a0asaemoe svipasicenusmu (3)—(7)

npun=2;@) t=0;(Mm) t=2;(c) t=9

Ha puc. 1 npuBeneH rpaduk acCHMOTOTHYECKOTO peleHus (4) i CenyIOIUX 3HaYeHHH MapamMeTpoB
ypaBHenus (1):

D=0,001% =15a=1Lx=10, =12, ®)
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Ha BPEMECHHOM MPOMEXKYTKE T :[0,9]. 3HadyeHNs N BBHIOMPAIOTCS YETHBIMH, T.K. JUIS HEUCTHBIX 3HAYCHHU

U,,,(xt,D)=0.

B kauecTBe KOCBEHHOM MPOBEPKH COOTBETCTBHS aCHMITOTHUCCKUX perernit (3)—(7) ypasuenwus (1) Gbutu
MIOCTPOEHBI YHCIIEHHBIC pelneHnst ypaBHenus (1) ¢ momomsio mporpammuoro makera Comsol Multiphysics c
napamerpamu (8) U HayaabHBIM YCIOBHEM

U (X,0,D) =V (x,0,C,), 9)
TaKMM ke, KaK M I aCHMITOTHHECKOTO pemleHwus, mpezctasiennoro na puc. 1. 3mecs V¥ (x,0,C.) maercs

BeIpaxeHneM (4) npu t=0 . Pemenwe, mocTpoeHHOE METOJOM KOHEYHBIX 3JIEMEHTOB C HCIIOIB30BaHHEM

TPEYTOJBHOM CETKH, OKa3aHO Ha PHC. 2.

Unum,2 Unum,2
6- 6-
5= 5+
a- i
3- 3
3- 3
3= i
0 0
.1_ .1_
:27 I I I | I ] |x :27 I I | 1 I ] x :2_ L L 1 L 1 1 x
8112141618 2 21 8.8 112141618 2 2.1 8.8 112141618 2 21
(@) (b) (c)

Puc.2. Yucnennoe pewenue U, ,(X,t, D) ypasnenus (1) ¢ nauanvuvim ycnoeuem vi?(x,0,C,) suoa (9);

@) t=0; () t=2;(c)t=9

OO0cy:xnenne pe3yabTaToB. 13 moBeneHHs acCHUMITOTHK, NPEICTABICHHBIX Ha pUC.] Ha BpeMEHHOM

NpOMEXyTKe T :[0,9] , MOXKHO HaOIfo#aTh NpeoOpa3oBaHHE HAYAIBHOTO PAaCIpPENETICHUs] ¢ HECKOJIBKUMH
HavyaneHbIMU Timkamu (N/2+1) B pacupeneneHue O6iau3koe 1mo ¢Gopme rayccoBy pacrpejaesieHuto. HucieHHoe

peuienue ypaBHeHHs (1) ¢ Ha4albHBIM YCIIOBHEM Vr(lo)(X,O,Cn) , TIOJI[yYEHHOE€ METOJOM KOHEYHBIX JJIEMEHTOB,
JIEMOHCTPHPYET MOBEACHHUE, NPEACTABICHHOE HAa pUC. 2, aHAJOTMYHOE MOBEACHHUI0 aCHMITOTHK Ha pHC. 1.
OT0 HaONMIOEHUE MOXKET CIYXHUTh apryMEHTOM B IOJNb3Y CIPABENIMBOCTH ITOJIYYCHHBIX ACHMIITOTHYCCKHAX
pelleHnid Ha BpPEMEHHOM HPOMEXYTKEe T = [0,9] W TI03BOJSIET OLIEHUTh BPEMEHHBIE IPOMEXYTKH
AT = [to,tO +At], Ha KOTOPBIX CIIPABEJJIMBA IIOCTPOEHHAs KBA3UKJIACCUYECKAsT aCUMIITOTUKA IyTEM CPABHEHUS
AHAIMUTUYECKUX U YUCIEHHBIX PELICHUM.

Yro kacaercs «HepHU3NIECKUX» OTPHLIATEIbHBIX 3HaueHnH ipu t = 0 acumnrornveckux perieHui (puc. 1,
2), TO OHU CYHICCTBYIOT B TCUHEHUE OTHOCUTECIILHO KOPOTKOT'O BPEMEHHN U HE OKA3bIBAIOT CYHICCTBCHHOT'O BIIMSHUA

Ha ofIee moBeaeHne 3Bomonnn mwiotHoctn U(X,t).
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NUMERICAL SIMULATION FOR DETERMINATION OF EFFECTIVE ELASTIC MODULI
OF SAMPLES FROM POROUS TITANIUM NICKELIDE
Elvin S. Djelilov, A.V. Vetrova, Elviz S. Djelilov
Scientific Supervisor: Assoc. Prof., Ph.D. A.A. Kozulin
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
E-mail: elvin_dj2000@mail.ru

Abstract. The mechanical characteristics of samples made of a porous TiNi alloy under conditions of uniaxial
compression and shear have been studied. The results of high-resolution three-dimensional neutron tomography
were used to create geometric models of porous samples suitable for strength calculations by the finite element
method. Numerical simulation methods are used to determine the features of the deformation behavior of the
studied samples, which consist in the appearance of orthotropy of their elastic properties. The orthotropy of
elastic properties is realized in the skeleton of samples during the passage of a combustion wave during
synthesis and self-organization of through porosity during the redistribution of gases. It has been established
that the values of the elastic moduli of titanium nickelide with a porosity of about 60% correspond to those of

some bone tissues, which may be a prerequisite for using the alloy in the creation of osteoreplacing implants.

Beenenune. OcoOblii Kitace CrenMaIbHBIX MEAUIMHCKUX CIUIAaBOB MUMEET CIIOXKHYIO IMOPHCTYIO CTPYKTYPY,
HO yIpyTHe U MEXaHHYECKHE CBOHCTBA HEKOTOPBIX M3 HUX CPAaBHUMBI C aHAJIOTHYHBIMH TTOKa3aTeJIIMH KOCTHBIX
TKaHel, 4To OJaronpusiTHO CKa3bIBae€TCS Ha WX MeXaHW4eckoil OuocoBmectumoctd [1]. Iloatomy mpu
BBIHYX/JICHHBIX OIEpaTHBHBIX BMEIIATEIbCTBAX MMIUIAHTAThl HA OCHOBE MOPHUCTOTO CILJIaBa HUKENU/A TUTaHA
(TiNi) 3aaumaroT ocoboe Mecto. OmHAKO M3-32 HEIOCTATOYHOW HM3YyYCHHOCTH OOJACTh MPUMEHUMOCTH 3THX
MaTepHaJIOB B HACTOSIEE BPEMs HE O KOHIIA SICHA, & HEKOTOPBIE UCCIISIOBATEIIH []aXKe BHICKA3bIBAIOT COMHEHHU S
0 BO3MOKHOCTH HCIIOJIb30BaHHs IOPHCTOTO HUKEIH/A TUTaHA M3-3a €r0 HeJOCTaTOYHOH OHoCcoBMecTUMOCTH [2].
Onuako Gnarogapsi CBOMM YHUKaJbHBIM CBOWCTBAM MOPHCTHIE CIUIaBbl HA OcHOBe TiNi SBISIOTCS 00BEKTOM,
NPUBJICKAIONMM 0c000€ BHMMAaHHE CIEIHAIMCTOB B 00JAaCTH MEIMIIMHCKOIO MaTepHAJIOBEICHHS H3-3a HMX
MPOHHUIIAEMOCTH, CBEPX3JIACTHYHOCTH U TPOSIBICHUS dQdekra namsaTi GopMbl IPH U3MEHEHHH TEMIIEPaTypBhI.
Takoe codeTaHue CBOWCTB JeNaeT O3TH MaTepHalbl MEePCHEKTHBHBIMHU JUIl HMILIAHTOJIOTUH Onaroxaps
JIOTIOJIHUTEILHOMY ~ HQJIMYUIO CKBO3HOW TMOPUCTOCTH M THAPO(UIBHONH IIEpOX0BaTOM  MOBEPXHOCTH,
o0ecrieuynBaOIIMX OBICTPYI0 HHBA3MI0 W PEreHepalyi0 KOCTHOH TKaHU BHYTPU IOPHUCTOTO HMILIAHTATA.

Yucnenaoe MOACIHUPOBAHUE TIPHU HUCCICAOBAHNHU MEAUIMHCKUX MATEPUATIOB HMCHOJB3YCTCA I IMPCACKa3aHUuA
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TOT0, HACKOJBKO OHM MEXaHMYECKH CXOXH C OMOJIOTMYECKHMH TKaHSIMHU. BBIOOp onpenesnsionmx ypaBHEHHH,
KOTOpBIE JTOJDKHBI OTHMCHIBATH BCE aCIEKTHl MEXaHUUYECKOTO MOBEACHHUS, BKIIOYas Ae()OPMALOHHYIO PEAKIHIO
IpY HAJIWYMM AHW3O0TPONHMH MEXAHHMYECKHX CBOWCTB, fABIAETCS ONHMM U3 (YHAaMEHTAJIBHBIX BOIPOCOB,
BO3HUKAIOIIUX NPH MOJCIMUPOBAHMM TAKHX MaTepHaioB. Hamuuwe mOpOBOTO NMPOCTPAHCTBA HPH Pa3IUIHBIX
YCIOBUSIX Harpy»KEHHUs 1 0COOCHHOCTH MEXaHUYECKOTO IIOBEJICHNS B JIOKAIBHBIX 00/IACTAX KapKaca IOPUCTOCTH
JIOJDKHBI yYUTBHIBATHCS B SIBHOM M HESIBHOM BHJIC HCIIOJIB3YEMBIMH (PU3UKO-MAaTEMaTHIECKUMH MOAEIAMH [3].

JKCNepUMeHTAIBLHAST YacTh. [JIs MPOBEICHUS YHCIICHHBIX PAacueTOB MO ONPEEJICHUIO HaINpPsKEHHO-
JeopMUPOBAHHOTO COCTOSIHUS M HaXOKACHHIO MOAYJIEH YHPYroCTH Ha HayalbHOM 3Talle BBIYHCIMTEIHHOTO
JKCIepUMeHTa Obula co3/laHa TeoMeTpHdecKas MoJiellb 00paslia ¢ SBHO BBIPaKEHHOH CTPYKTYpO#l MOPHUCTOCTH,
NPUTOJHAs IJIsl UCIOIb30BAaHMS B KOHCUHO-3JIEMEHTHOM aHaim3e. 11 3Toro pa3paboTaH alrOpUTM CO3IAaHUS
TBeprorensHoi CAD-Mozeny o JaHHBIM PEHTTeHOBCKON TOMOTpadrH, BKIIFOYAIOIIHH CIIeIyIONHe ITarH:

1. INomy4yeHue pe3ynbTaTOB TPEXMEPHOH KOMITBIOTEPHOW PEHTTCHOBCKOM TOMOTpaduH B BHIE MaccuBa
rpadudecknx (aioB, AETANM3UPYIOIMX IOCIOWHBIC IONEPEYHbIE CPE3bl MOPHCTOro o0pasla HHUKEIHIa
tutaHa. Kakaplid y4acTok M300paskaercsi cepuell CBETIIBIX OCTPOBKOB Marepuaia Ha 4epHoM (OoHe, Tak Kak
CKBO3HasI MOPUCTOCTh MaTepHalia HaXoauTcs B mpeaenax 60 %.

2. Ha Bcex cpe3ax ¢ HOMOIIBIO CIEIHAIN3UPOBAHHOTO MPOrPAMMHOTO 00ECHEeYeHUs] M3MEHEH YPOBEHb
BOCHPUMMYHBOCTH CTPYKTYPHBIX DJIEMEHTOB, yIAJICHbl LIYMOBBIE apTe(akThl PEHTI€HOBCKOW TOMOTpaduu.
[Noy4yeHHBIe MOCIOWHBIE CPe3bl MOCIEA0BaTEIFHO COSANHSINCE B IporpaMMHOM obecniedeHnn InVesalius 3.2
[4] ¢ Bocmipou3BeicHHEM TPEXMEPHOM PEKOHCTPYKIIMH MOPUCTOM IUITHHPUYECKOH 3aroToBku B Stl-popmare.

3. Ilomyuennass STL-Mozmens B TakoM BHIE HE IHOAXOAWT IJISi MOZIEIMPOBAHMUS, MOCKOIBKY COCTOHT
TOJNBKO M3 Habopa 3aMKHYTBHIX IIOBEPXHOCTEH W He sBisiercss TBepAbM TenoM. [lanee Stl-monens Obuta
npeoOpa3oBaHa B TBEPJOTEIbHYIO MOJENb C MOMOIBIO COBPEMEHHBIX OJIXO/I0B PEUHKUHUPUHTA B IIPOTpaMMe
SpaceClaim. TIlocie 3toro 3D-peKOHCTPYKIHMIO HUIHHIpUYEcKoro obpasma B (opmare CAIIP moxHO
MPUMEHSTD B JII000# porpaMMe MH)XEHEPHOTO aHajln3a, OCHOBAaHHOM Ha METO/Ie KOHEYHBIX JIEMEHTOB.

4. JInst mccnenoBaHMsT aHWU3OTPOIMHU CBOWCTB JOCTaTOYHO HMCCJIENOBATh HECKOJIBKO MPU3MATHUYECKHX
00pa3sILoB MPeICTABUTENLHOTO 00beMa (3x3x6 Mm®). [Ipu 3TOM MpeCTaBUTENBHBIE MOJIETH 0OPA3IOB TOTOBHIIH
MyTEM BHPTYaJbHOTO BBIPE3aHUS] IOPUCTBIX NPU3MATHUECKHX OOBEMOB W3 LEHTPAJIbHOW YacTH
[WJIMHAPUYECKO MOJIETTH 3aT OTOBKH.

UHCNEHHO  WUCCIIE[OBAHO  HANpPSDKEHHO-Ae(DOPMUPOBAHHOE  COCTOSHME  MOPHCTOrO  JJIEMEHTa
MPe/ICTaBUTEIBHOTO 00beMa IPH OJHOOCHOM U C/IBUTOBOM HarpyxeHuw [S5]. Pe3yibraTbl YHCIEHHOTO pPELICHHs
UCIIONIb30BAIIUCH AJIsl onpeneneHns: SGPEKTUBHBIX MOAYJEH YINPYrocTH B TPEeX B3aWMHO INEPIEHIUKYIISPHBIX
HarpaBJjeHUsX. MaTemarnieckasi MOJIeNIb PelIeHHs 3ajaun OblIa MpeAcTaBlieHa cucTeMoi nuddepeHnanpHbIx
ypaBHEHHI MEXaHUKH CIUIOIIHOW cpeabl B oOmem Buae. CucreMa ypaBHEHHI cocTOsIa W3 YpaBHEHUH
paBHOBECHsI, TEOMETPUYECKUX COOTHOLIeHNH KoM n ompenensromyx COOTHOLIEHMH B BHUie 3akoHa ['yka.
Cucrema ypaBHEHHMH pelIajach YHCICHHO C MCIOJIb30BAaHMEM METOAa KOHEYHBIX 3JIEMEHTOB W JlarpamxeBoro
MOAX0Aa B JIEKApTOBOW NPSMOYTOJIHOM cucTeMe KoopAuHAT. D(QQEKTUBHbIE MOAYIH YIPYroCTH (MOIYIH
Onra Ej, xoaddunmentsr Ilyaccona vij u momynu casura Gij, mpu i,j=1,2,3) B Tpex MepHeHIUKYISPHBIX
HAIpaBJeHUsIX Il OPUCTOTO 00pa3la OIpeNeNsUINCh Ha OCHOBE YNPYIUX OTKIUKOB CHUCTEMBI, TTOJyYSHHBIX

YHUCIICHHO JUIA 6 YCIOBHI HAarpy>keHus (3 HOpMaJIBHBIX U 3 CABHTOBBIX) MPH MaJIBIX Ae()opMaIiisx.
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PesyabTarbl. C HCIOIB30BAHUEM YHCICHHOTO MOJCIUPOBAHUS YCTAHOBIEHO, YTO M3-3a CTPYKTYPHBIX
cocraBissronmx TiNi, GopmupyeMbix HampaBieHHBIM (poHTOM ropenuss npu CBC, B kapkace CIUIaBOB C
OTKPBITOH TIOPUCTOCTBHIO MPOSIBISIOTCSA 3(D(PEKTH aHU30TPOINH, KOTOPBIE IOAPA3ICISIFOTCS HAa: aHU30TPOIHIO
MEXaHHYECKUX CBOWCTB; CTPYKTYpPHYIO aHHM30TPOIIMIO; T€OMETPHUYECKYI0 aHH30Tpomuio. B Hamem ciydae
OPTOTPONHS SIBJIACTCS YAaCTHBIM CIIy4acM aHW30TPONHHU. XPYNKHE IIEPEMBIYKH KapKaca COCTABILIIOT IOPUCTYIO
OCHOBY CIlTaBa. B moje BHENIHEH HAarpy3KW B CIIOKHOHAINPSDKEHHOM COCTOSIHUM TaKH€ MHOTOMAacCIITaOHbIE
CHCTEMBI CBEpPXYINpYyro AehOPMHUPYIOTCS M HaKaIUTMBAIOT MOBPEXKACHHS Ha DPa3HBIX MacIITaOHBIX YPOBHSX,
o0pa3yss HOBBIE T'€OMETPUYECKHE KOHQHUIYpalMH IOp W MEePEeMBIYEK, TEM CaMbIM YCIOXHSS HCXOIHYIO
CTpYKTYpy. YHCIEHHO @OKa3aHO, YTO MpPH KBAa3UCTATUYECKOM CXKaTHM KOHLEHTPATOPHl MaKCHMAaJIbHBIX

HanpspKeHUH mopucThix 00pa3noB NiTi BO3HHKAIOT B MeCTaxX MEPEMBIUIEK TI0p.

Tabauya 1
Paccuumannvie snauenus s¢pghexmusnvix mooyneil ynpyeocmu
E11, I'Tla Ezz, ITla E33, I'Tla Glz, I'Tla G23, I'Tla G31, I'Tla V12 V13 V23
2,98 3,24 3,01 1,21 1,31 1,22 0,231 0,238 0,233

Jns  WccneoBaHHBIX IIOPHCTHIX OOBEMOB MaTepuaia OBUIM pacCUUTaHbl CPEAHHE 3HAYCHUS
3¢ dexTHBHBIX MOayNeH ynpyroctd (Tabmuna 1). Y cTaHOBIEHO, YTO HCCIeyeMble IOPUCTHIE 00BEMBI 00JIalaf0T
OPTOTPOIIHEIMH YIPYTUMH CBOMCTBaMH. 3HAUCHUS YIPYTMX MOAYyJeH HMEIOT MaKCUMalbHbIC 3HAuCHUs B
HarpasjeHUH (poHTa rOpeHHs: BJOJIb OCHOBHOW OCH IMJIMHAPHYECKOH 3aroToBKU. M3 KapTHHBI paciipeaeieHus
HAaIpsHKCHUI YCTaHOBJICHO, YTO HANPSDKEHMs, ICHCTBYIONIUE 110/ YIJIoM 45 rpalycoB K HAalpaBJICHHUIO CXKAaTus,
SIBJISIFOTCS] ICTOYHUKAMU 3apOXKICHUS pa3pyIICHHs OTHOOCHO CKaToro nmopucroro cruiasa NiTi.

Hccredosanue evinonneno npu  nodoepocke Ilpocpammer  pazeumus  Tomckozo eocyOapcmeeHHo2o
yuugepcumema (Ilpuopumem-2030).
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Abstract. This work deals with numerical simulation of natural convective heat transfer of nanofluid in a square
cavity with a local heater of constant heat generation flux. Analysis has been performed using 2D unsteady
Oberbeck-Boussinesq equations for nanofluid and heat conduction equation for the heat-generating element.
The finite difference method of the second order of accuracy has been used for numerical simulation. Effects of the

heat generation strength and nanoparticles volume fraction on nanofluid flow and heat transfer have been studied.

BBenenne. Ilepemaya Teruia 3a cUeT €CTECTBEHHOW KOHBEKIMM B 3aMKHYTHIX OOJACTAX M3y4aeTcs
MHOTUMH  HCCJICOOBATCIBCKUMU TIpyImnaMnu BO BCEM MUPE, OCO6eHHO NPpUMECHUTEIIBHO K 3aJja4yaM
HHTCHCH(HUKAIIMKA TPAHCIOPTHBIX TPOIIECCOB B MAIIHHOCTPOCHUH, MHKPODJICKTPOHHKE H 3Hepretnke [1-3].
B mocnenHee BpeMs ¢ [eNbl0 HHTCHCH(UKAIMH TeIIooOMeHa B KadecTBE pabodeid cpembl HCIONB3YIOT
HaHOKHIKOCTH [4, 5].

Henpro wccienoBaHus SBISETCS YHCICHHBIA aHAN3 CCTECTBCHHON KOHBEKIUM HAHOKUAKOCTH B
KBAQJIpaTHOW TMIOJIOCTH C TEIUIOBBIACTSIONIAM JJIEMEHTOM. PaccMmaTpuBaeTcsi BO3MOXHOCTh OXJIAXKJICHUS

BHYTPEHHETO TEIUIOBBIICISIONIETO 3IEMEHTA 32 CYET UCIOTBb30BaHMS HAHOKHKOCTH (PUCYHOK 1).
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Puc. 1. Obracme pewenus 3a0auu
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[Ipennonaraercs, YTO HAHOXXUAKOCTb SIBJIACTCS BSI3KOM HEC)KMMAaeMOW TEIJIONPOBOIHON Cpeloi.
l'opu3oHTaIbHBIE CTEHKH IIOJIOCTH CUUTAIOTCS aaua0aTHYeCKUMH, a BEPTHKAIbHBIE — W30TEPMHUYECKUMH C
Temrmeparypoit Te. CauTaeTcs, 9T0 HAHOXKHAKOCTH COCTOMT M3 HAHOYACTHUIl OKCHIA aToMuHust [6], a B kadecTse
6a30BO# KHIKOCTH HUCTIOIBb3YyETCSA BOJA.

Onucanue MmaTeMaTu4eckoi Moaeau. MaremaTnyeckoe ONMCaHUE NaHHOH 3a1a4y IPOBOJUTCS HA OCHOBE
OIHO(A3HOTO TIPHOIIKEHUS UIST HAHOKHIKOCTH C SKCIIEPUMEHTANBFHBIMH COOTHOUICHUAMH IS 3((EeKTHBHON

TCTIJIOTIPOBOAHOCTU U ZIHHaMH‘IeCKOﬁ BA3KOCTH. Onpe;[ensnomne YpaBHCHUS UMCIOT cne;ly}onmﬁ BU/:

aL N, 1)
ox oy
U ou  ou op o°u &
Prf | - tU V| =t | 53+ )
ot ay oX aXZ ay2
N N v op v o%v
P £—+u&+v5j:—a+unf 6x_2+$ +(pB)y 9(T-T¢) 3)
2 2
(pC). LIV = Ayt o, o7 4)
n ot Ox ay 6X2 ayz
YPaBHeHI/Ie TCIUIOMPOBOAHOCTH BHYTPH TCIIOBBLACIIAIOIICTO 3JICMCHTA UMECT CJ'IeZ[yIOH.[I/Iﬁ BHU
aT T AT
(PC)hSE:khs ery +Q (5)

3mech X, Y — KOOPIMHATHI AEKAPTOBOI CHCTEMBI KOOPIHMHAT, t — BpeMsi, pnf — INIOTHOCTh HAHOMKHUAKOCTH, Phs —
IUIOTHOCTh Matcpuajia HUCTOYHHWKA DHEPTUH, Chs — TEILUIOEMKOCThH mMarepuajia HUCTOYHHMKA OHEPruu, nf —
IUHAMAYECKAash BSI3KOCTh HAHOXUAKOCTH, [nf — TepMHYECKHil KO3(QGHIMEHT OOBEMHOr0 pAaCIIUPEHHS
HAaHOXKHAKOCTH, Anf — TEIUIONPOBOIHOCTh HAHOXKHIKOCTH, Aps — TEIUIOMPOBOJHOCTh MaTepHala HCTOYHHKA
JHEPTHU.

HauanpHble ¥ rpaHuyHBIe YCIIOBUS s CHOPMYJIUPOBAHHOM cucTeMbl TU(QepeHIHaTbHbIX ypaBHEHHH
(1)—(5) BBITAAAAT CIIEMYOITAM 00pa3OM:

=0 u=v=0, T=T;

>0 u=v=0, T =T, HaBepTUKAIBHBIX CTEHKAX;

oT
U=V=0, — =0 Haropu3oHTAILHBIX CTCHKaX;
(6)
Tnf = Ths
u=v=0, aT OT.. HaTpaHMIAX BHYTPEHHErO MCTOYHUKA SHEPTHH
Y " nf _ _7\4h hs
n S

CdopmynupoBanHas kpacBas 3aaa4a (1)—(6) Obuia pemieHa B mpeoOpa3oBaHHBIX MEPEMEHHBIX «(YHKIIHS
TOKa — 3aBUXPEHHOCTBHY» METOZOM KOHEYHBIX pa3HOCTeil. UMCICHHBIC HCCICIOBAHUS MPOBEACHBI B IMHPOKOM
JMara3oHe M3MEHEHUSI OMPEICIIAIOINX TapaMEeTPOB, XapaKTePH3YOIIHX CBOOOIHO-KOHBEKTHBHBIN TEIIIO0OMEH
HAHOKUJKOCTH BHYTPM 3aMKHYTOH mojocta: uucio Pames (Ra=10*-10%), o6wemHas 107 HAHOYACTHI]
(6 = 0-4%).

PesynbTaThl M 3akiawuenne. B pesynprare paboThl ObUIa CO34aHA BBIYHCIHATEIBHAS MOJICIb H

YHCIICHHBIN AJITOPUTM IJId UCCJIICAOBAHUA €CTECTBECHHOMU KOHBCKIIMHU HAHOXUJIKOCTHU B KBaHpaTHOﬁ II0JIOCTH C
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TEIUIOBBIACISIONINM  dJieMeHTOM. Pa3paboTaH mporpaMMHBIM  KOA Ul NPOBEICHUS BBIYUCIMTEIBHBIX
9KCIIEPUMEHTOB. B pe3ynpraTe MOJETUpPOBaHMS IOJMYYEHBl paclpeseNieHus H30JUHUHA (QYHKIMM TOKa |
TEMIIEPaTypHl, a TAK)KE HHTETPATBHBIX TAPaMETPOB.

Paboma evinoanena npu noddepoicke IIpocpammer  pazeumus  Tomckozo — 2o0cyoapcmeenno2o

yuusepcumema (Ilpuopumem-2030).
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NUMERICAL SIMULATION OF MIXED CONVECTION IN CHANNELS WITH HEAT
GENERATING ELEMENTS USING LATTICE BOLTZMANN METHOD
N.S. Gibanov
Scientific Supervisor: Professor, Dr. M.A. Sheremet
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050

E-mail: Gibanov@mail.tsu.ru

Abstract. In this work, mathematical modeling of mixed convection in a channel with heating elements has been
carried out using the lattice Boltzmann method. The developed mathematical model has been verified by
comparison with the results obtained by other authors, as well as using other numerical methods. The conducted
comparative analysis confirms the operability of the developed numerical algorithm. The double distribution
function approach has been used in the research process, the BGK operator has been used as the decomposition
of the collision operator. As a result of the research, distributions of temperature and velocity fields have been

obtained at different flow rates of the cooling medium.

BBenenue. Ha ceronusmnuii J1eHb UMEETCS MHOXKECTBO Pa3JIMUHBIX YUCIEHHBIX METOJIOB, MTO3BOJISIOLINX
pemaTh 3a1a4n TeroooMena. OgHIM U3 HanOoJiee TUHAMUYHO Pa3BUBAIOMINXCS YHCICHHBIX METO/IOB SBIISACTCS
pemi€rounbiii Meton bonbliMana. JaHHBIM MeTOA SIBJISIETCS OTHOCUTENBHO HOBBIM, W OO0JIaZlaeT PsIOM
OPEUMYIIECTB TIEPel Y)KEe 3apeKOMEHIOBABIIMMU ce0si paHee BBIYHCIUTENBHBIMU moaxomamu [1-5]. Kpome
TOTO0, PEeIETOUYHbI MeTOJT bosibliMaHa MO3BOJIIET MPOBOJUThH BBIUYMCIEHHUS MPOLECCOB TEIIOMAacColepeHoca B
ciIydae pa3peeHHBIX cpel, 0THO(A3HBIX W MHOTO(Aa3HBIX, IOPHUCTHIX U C OOABICHUEM HAHOYACTHII, a TaKKe
MO3BOJISIET YYUTHIBATH MHOTHE APYrUe 0COOEHHOCTH (hU3UUECKHX mpoiieccoB [6-8].

B nacrosmierr pabore paccmarpuBaeTrcs 3ajada CMEIIaHHOW KOHBEKIIMHM B KaHAJIEe C HarpeBaTelIbHBIM
3JIEMEHTOM C HMCIOJB30BAHUEM PEIIETOYHOro MeTosia bonpiMana U MeToja KOHEUHBIX pa3HocTeil. B mpouecce
WCCIIeIoBaHMs Obla MPOBEJieHa OIEHKAa CKOPOCTU TMOTOKA HECKUMAEMOW HBIOTOHOBCKOM JKHUAKOCTH, a TaKXKe
BBICOTBI N HarpeBaTeIbHOTO AIIEMEHTA Ha PACTpe/Ie/ICHUE TEPMOTHPOJMHAMUIECKUX XapaKTEPUCTHK.

du3nyeckas U MaTeMaTHYecKas MocTaHoBKa. Ha pucynke 1 mpencrasieHa o0IacTh pelICHUS 3a1a4H.
B nmBymepHoM kaHane BbICOTOH H w amuHO# L B HawyanbHBIA MOMEHT BPEMEHH PACIIONAracTcs MOKOSIIAsCS
HBIOTOHOBCKAsl HEC)KMMAaeMast YKHJIKOCTh C MOCTOSHHBIMH TEIIOPU3NIECKUMHI CBOMCTBAMH M C TEMIEpaTypoit

Tin. Ha HIKHEH CTeHKe KaHasla, Ha pacCTOsHUU H oT BXoJia pacroiaraeTcs HarpeBaTeIbHBINA dJIEMEHT JITUHON
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H u BricoTO# h ¢ Temmepatypoii Th. BepXHsis i1 HIKHsIS CTEHKH KaHata CYMTAlOTCs agnabaruyeckumu. Ha Bxoze
B KaHAT 3a1aéTcs BXOIMIINN MOTOK CPEeNbl C TeMIepaTypoil To M TOPM3OHTANFHOW COCTAaBIIONIEH BEKTOpPa
ckopoctu Uo. I[Ipencrasiennas 3amada OblIa pelIeHa ¢ MOMOIIBI0 METO/Ia KOHEYHBIX PAa3HOCTEH M PEMIETOYHOTO

MmeTtona bonpiMana.

o01/0y=0

H//////////////////////////////////////

OT/oy=0
HCTOYHHK DHCPI'UU

Puc. 1. Obracme pewenus sadauu

HpI/I peuICHUN 3aaa9un peIHéTO‘IHLIM METOAOM BOHLHMaHa, B KaUCCTBC OCHOBHOI'O YpaBHCHUSA BBICTYIIACT

KHHEeTH4YecKoe ypaBHeHue bonbimana [2, 3, 9]:

f, (X+AX, y+Ay,t+At) = f, (x, y,t)(l—o)f )+o)f ol (x, y,t)+AtFicyi )
g (X+AX, Y+ Ay, t+At) = g, (X, y,1)(1- 0, )+ 0,95 (X, .1) (2)
rae f« — k-ast Qynxums pacnpenmenenus (KOJHYECTBO CBs3el K ompemessiTcsi B 3aBUCHMMOCTH OT CTPYKTYDBI
pelieTky, Ha OCHOBE KOTOpOU %1% MIPOBOAUTHCS JanbHeie pacyérsi),
— —\2

Uu-c u-c u-u
f =wp| 1+ —= +( Z) —— | — k-ag QyHKuus JOKaJIBHOrO PaBHOBECHOIO paclpeseneHus, Wi —

C; 2c; 2c;

1 ..
BECOBBIC KOA(DDHUIMCHTEL, ©; = 05 bopmyna s pacuéra QyHKIMN pactipeleNeHus Ui IBIKeHHs (V —
v+ 0.

KHHeMaTndeckas Ba3kocts), fy u {2 — dyHKImE pacnpenenenus 1 IOKAIbHOTO PABHOBECHOTO PACIIpeIe/ICHHS,

HMCIIONIB3YIOIIUECS Il ONPEACIICHUS MaKpPOCKONHMYCCKHX IIapaMeTpPOB CKOPOCTH M IJIOTHOCTH, (Jk M g:q —

(I)yHKIII/II/I pacrnpeaciicHud M JIOKAJIbHOI'O0 PABHOBECHOI'O PACIPCACIICHUA JId ONPCACIICHUSA TEMIICpaTyphl,

®, =m — IapaMmeTp, UCIOJb3YeMbIH NpH pacuere (QDYHKUUH pacrpeleieHus Al Temueparypsl (a —
a+ 0.

K03 PHUIINEHT TeMIIepaTypOIPOBOTHOCTH).

B ciydae pemeHus 3amadd METOJOM KOHEYHBIX Pa3HOCTEH, CHCTeMa ypaBHEHMH B €CTECTBEHHBIX
MIEPEMEHHBIX MOXKET OBITh MPEJICTAaBICHA B BHJIE:
ou oV

&*‘5:0 (3)
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ou ou  éu op o’u %
pl —+tU—+V— |=——+U| —+— 4)
ot ox oy OX ox°~ oy
N N oV op ov v
pl —H+U—+V— |=——+U| — +— (5)
ot oX oy oy ox® oy
2 2
(pc,) CLSCLENVCLR Y g+g (6)
flat  ox oy e oy

r7ie X, Y — KoopAMHATHL; t — Bpemsi; U, V — MPOEKIMH BEKTOPa CKOPOCTH Ha OCH X, Y; P — JaBJICHHUE; P — INIOTHOCTH;
W — K03 huIMeHT TMHAMUYECKOH BA3KOCTH; T — TeMIieparypa; A — Koo GUIMEHT TerIonpoBOJHOCTH.

Pe3ysabTaThl U 3aKjI04eHue. B mpolmecce perieHus npencTaBlIeHHOH 3amayd, ObUI MPOBEACH aHAIN3
BIMAHMSA CKOpocTH MoToka rasa (102 < Re < 10%) u BbicoThl HarpesaTenbHoro snementa (0.05H < h <0.2H) na
pacmpezieNieHue TePMOTUIPOJMHAMUYECKUX XapaKTEPUCTHK B HCCIeayeMoil obOiactu. Ilpu pelieHnu 3amaqn
peméTouHbiM MeTonoM borplMana wcrnonb3oBanach aByMmepHas cxema D2Q9, a rtawke link-wise cxema
IPaHUYHBIX YCJIOBUH yIpyroro orckoka. [Ipu pemieHun 3agaqu MeTo10M KOHEUHBIX Pa3HOCTEH UCIIOIb30BAINCH
npeoOpa3oBaHHbIe Oe3pa3MepHbIe epeMEHHbIe «(DYHKIUS TOKa — 3aBUXPEHHOCTH.

Paboma svinonnena npu ghunarcosou noodepacke Poccutickoeo nayunoeo gponoa Ne 22-79-00291.
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Abstract. A study of convective heat transfer inside a differentially-heated square cavity under the effect of non-
uniform rotation has been carried out. The angular velocity of the cavity has been changed with time on periodic
law. The governing equations have been written using non-primitive variables such as stream function and
vorticity. The main system of equations has been solved using the finite difference method on the uniform grid.

The influence of cavity heating and rotation modes on the intensity of heat transfer in the cavity has been studied.

BBenenmne. l3yueHue ecTeCTBEHHOW KOHBEKLIMM HAa CETOAHSUIHUN J€Hb IIMPOKO PACIpOCTPAHEHO B
OOIMPHOM KpyTre HCCIeNOBAaHUM, BKIIOYAIONINX OOecleueHrne yCTONYUBOCTH TE€YEHUH, 3aMKHYThIe 00JacTh ¢
WCTOYHUKAMU DHEPTUHU, TOPUCTBIE CpPENbl, OXJAXACHHE OJEKTPOHHOTO O0OpYyIOBaHUS, HAHOXKHUIKOCTH,
Marepuaibl ¢ HM3MEHSIOMMUMUCS (a30BBIMH COCTOSHHSIMH M MHoroe jpyroe [1]. MHTepecHO# o0061acThio
WCCIIEIOBAaHUM SIBJISIETCS] €CTECTBEHHAs KOHBEKLHMS B YCIOBHUSX BpalleHus. Bparmiarommuecs cucTeMbl MOKHO
4acTO BCTPETHUTh, HANPUMEpP, [PHU MPOCKTUPOBAHHM PA3IMUHBIX TEINIOOOMEHHHKOB [2], BbIpamiuBaHUU
KpHUCTAUIOB [3], MPOEKTUPOBAHMK CHUCTEM OXJIAXKIEHHUS DIIEKTPOHHOM ammapaTyps! [4]. YacTo Bpamiaronmecs
CHUCTEMBI MOTYT OBITh TOJBEPXKEHBI HEPAaBHOMEPHOMY BpAIICHUIO, MO3TOMY B JaHHOW pPabOTe MPOBOIUTCS
WCCIIeIOBaHNE PEKUMOB ECTECTBEHHOW KOHBEKIMM B HEPAaBHOMEpPHO Bparmlaromieiics auddepeHuanbHo

oborpeBaeMoii KBaApaTHOH MMOJI0CTH, N300paXkeHHOI! Ha puc. 1.

aT /ey =0
LLLLLL LI

g

J,
r,| \LF’—K?

AALTRRRRRRRNRANNANN
ar/ay =0

Puc. 1. Obracms pewrenus
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Tlomocte BEICOTHI L 3amonHeHa HBIOTOHOBCKOW HECKHMAaEMOM KUIKOCTBIO, yﬂOBJ’IeTBOpHIOIHeﬁ

[1-sin(ft)]
npHOIIKeHNI0 byccrHecka, U BpamaeTcsi IPOTUB YacOBOW CTPEIIKH € YIITIOBOM CKOPOCTBIO & =&, -
[TonocTe MMeeT JIeBYI0 HarpeBaeMylo CTEHKY, MOJICP)KUBACMYIO MPU MOCTOSHHOM TeMmneparype Th, U IPaByio
OXJIAKIAAEMYI0 CTEHKY, MOIICPKHMBAEMYIO0 IIPH TIOCTOSHHOH Temmeparype Tc. ['OpH30HTanpHBIE CTCHKH
SABJISTFOTCSI TETIIION30IMPOBAHHBIME. AHAIM3UPYEMBII PEXUM TEUCHHS ABIACTCS ABYMEPHBIM H JJAMHHAPHBIM.

YpaBHeHuss U Meroabl. Omnpenensdiomne ypaBHCHHS OCHOBAaHBI HAa 3aKOHAX COXPAaHEHUS MaccChl,

UMITyJIbca M SHEPTUHM W 3alMCaHbl C UCIIOJb30BaHHEM INpeoOpa3oBaHHBIX NMepeMeHHBIX (QyHkuus Toka (1) u

3aBUXPEHHOCTH (2):

r-Y X &
oy X

_ oV oJu

o=—-— 2
x

Takum obpa3om, cuctema ypaBHeHuit OoepOeka-byccunecka B Buae ypaBHenus [lyaccona s pyHKuuu
ToKa (3), ypaBHEHHUs AUCIICPCHU 3aBUXPEHHOCTH (4) M ypaBHEeHUs >Heprud (5) 3amuceiBaeTcs B 0e3pa3MepHOM

BUJIE U TIPEJICTABIIACTCA B cIeaylomei hopme:

GRVEEGE
%4-5\';:—0) (3)
ot ox oy JTalaxr oyt

2 (4)

Ra {ae { 1{ . (f ﬂ} 20 { 1[ . (f HH Ra, [ 20 86]1{ . (f ﬂ
+ —cC0S<t—|1-sin| —t ||;——SiNqyt=|1-SIN| —1 ————| Yy——-X—|=|1-sin| —1
Pr-Ta| ox 2 & oy 2 & Pr-Tal " ox oy )4 &o

o0 80 00 1 0’0 %0
—+tU—+VvV—= —t—
ox" oy

— 5
ot ox oy Pr-\/ﬁ ©

[Tpu 3TOM BO3HMKAIOT O€3pa3MepHbIe KOMIIEKCH: Pr = v/ o — aucio Ipanamis; Ra = gBATH® / (ocv) -

BBITAKHBaRONIEE uncio Portes; Ra, = BATH'E” /(av) — Bpamarensnoe wncio Pones; Ta=&,°H* /v’ — aucio

Teitmopa. CTOHT 3aMeTHTh, YTO BpaIlaTeNbHOE YHCIO Pajes He SBISETCS HE3aBHCHUMBIM M IIOJIHOCTBIO
o0yciaBIMBaeTCsl BHIOOPOM OCTaJIbHBIX MapaMeTpoB, B TO BpeMs KaK BBITAJIKHMBaroIlee 4ucio Pames u gmcio
Telinopa MOTYT OBITH OIIPEAEISIONIMMH [UISl TEUEHHS U TeTuiooOMeHa xuakocT. Yucno [Ipanamis ¢pukcupyercs
— Pr=0.7. [Tonocts Bpamaercsi ¢ N3MEHSIOLIEHCS BO BpEMEHH 110 IEPHOINUECKOMY 3aKOHY YITIOBOH CKOPOCTBIO
ézi{l—sin[irﬂ rae & — MakCHMaJIbHO BO3MOXKHAs JJISI BBIOPAHHOTO PEXHUMa CKOPOCTh BpalleHHS
2 o )|
noJtocTH, a f — "actoTa M3MeHEHMsI YriIOBOW CKOpPOCTH. IIpH 3TOM WacToTa W3MEHEHWs YIiioBo# ckopoctu f
MOKET CILYKUTh YIPaBJISIOIUM IapaMETPOM.
HauansHble ¥ TpaHUYHBIE YCIOBHS BBITJIAIAT CICTYIONIAM 00pa3oM:

1=0: y=0=0=0 mpu —0.5<x<05u-05<y<05

Poccus, Tomck, 25-28 anperns 2023 . Towm 3. MaremaTnka

91



92

XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YUYEHBIX «(IIEPCIIEKTUBbBI PASBUTUSA OYHIAMEHTAJIBHBIX HAVK»

2

t>0: \V:O,m:—a\ij,Gzl mpuX=-0.5u-05<y<0.5

X
o’y

\V:O,m:—a—z,G:O mpuX=0.5u-0.5<y<0.5
X
0 00

y=0, 0=—"F, Z -0 npuy=-05 0.51-05<x<05
oy" oy

OcHoBubie  ypaBHenus (3)—(5), WIIFOCTpHPYIOLIME pPEXHUMbI KOHBEKTHBHOTO TEIIOMAaccoOOMEHa B
muddepeHunansHo oborpeBaeMol Bpalialonieics KBaJpaTHOH MOJIOCTH, C COOTBETCTBYIOIIMMH Ha4albHBIMH U
IPaHUYHBIMH YCIOBHSMHU PEIICHBI METOJOM KOHEYHBIX Pa3sHOCTEH Ha paBHOMEpHOM ceTke. YpasHeHue (3) Obu10
amnMpoKCHMHPOBAHO C HCIOIB30BAaHWEM IIEHTPANbHBIX pasHOCTEH. IlosydeHHBIE CHCTEMBI JIMHEHHBIX
anreOpanvdecKux ypaBHEHUH PeIIeHBI C IIOMOIIBI0 METO A MOCTIeIOBATEIEHON BEepXHEH perakcanun. Y paBHEHUS
(4) u (5) nuCKpeTH3UPOBAHBI C HCHOJB30BAHUEM LCHTPAIBHBIX pasHOcTed il IU((Y3UOHHBIX WICHOB U
MOHOTOHHOHM amnmpokcumarmu A.A. CamapcKoro ajisi KOHBEKTHUBHBIX 4JieHOB. [lomyueHHBIE COOTHOIICHHS
BBIYUCIAIIUCHE METOAOM MTPOT'OHKU.

WHTEHCHBHOCTL TEII000MEHA OLICHUBACTCA TIpU NOMOIIM CpECAHEro 4uciia HyCCﬁJ’ILTa BIOJIb

0.5 5%2

HarpeBaeMoii ctenku: NU =
05 X

x=-0.5

Pe3yabTaThl M BBIBOABI. UHCIIEHHOE MOETHPOBAHHE PEKAMOB KOHBEKTHBHOTO TEIIOOOMEHa B
muddepeHInaTbHO 000TpeBacMOl  KBaJpaTHOH TMOJOCTH, IIOJBEPKCHHON HEpaBHOMEPHOMY BpPALICHHUIO,
MPOBEICHO MJI IMHPOKOTO JHAala3oHa OIpeNessIiommx mapamerpoB: Pr=0.7, Ta=10%-10%, Ra =105,
Ra=1.8-10-1.8-10% TlonydeHsl M ONMMCaHBI paclpeeeHUs TEMIEPATyphl W H30JMHMM (YHKUHM TOKa B
TEYEeHHE MOJHOTO 000poTa MOJOCTH. VCCIeMOBaHO BIMSHUE PEKUMOB HAarpeBa IOJIOCTH W BpalleHHS Ha
WHTEHCUBHOCTH TEII00OMEHa B 1moJjiocTH. [IpoBeieH aHanu3 BIUSHUS [EHTPOOCIKHON CHIIBI Ha TEILIONEPEHOC.

Hccneoosanue evinonneno npu noooepowcke Ilpoepammer pazeumusi Tomckozo 2ocydapcmeeHHO20

yrugepcumema (Ilpuopumem-2030).
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ABOUT CHARGING AND DISCHARGING MODES IN A THERMAL ENERGY STORAGE SYSTEM
WITH A POROUS MEDIUM IN A RECTANGULAR OPEN CHANNEL
M.S. Astanina
Scientific Supervisor: Prof., Dr. M.A. Sheremet
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
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Abstract. In the study numerical simulation of mixed convection in an open rectangular channel in the presence
of a porous insert has been performed. Newtonian medium with temperature-dependent viscosity has been
considered as a working fluid. The charging mode implies the hot flow at the inlet to the channel, while the
discharging mode implies the cold flow. The peculiarities of these modes have been shown for a wide range of

governing parameters.

Beenenne. TermioBele CHCTEMBI C HEOJHOPOAHBIMM TOPUCTHIMH MaTepHalaMHd HMMEIOT OOJbIIoe
KOJINYECTBO TMPAKTUUECKUX NPUMEHEHHH B 00JaCTH NPOMBINUIEHHOCTH, pa3paboTKe TEIUIOBBIX CHCTEM
aKKyMYJIMPOBaHMSI SHEPTUH U CTPOUTENbCTBE 37aHuil. [lopucTeie cpenbl sABISIOTCS 3((GEKTHBHBIM CIIOCOOOM
pETyIMpOBaHUs TEMJIOHAKOIUIEHWS W TEIUIOOTBOJA B PA3MYHBIX INPWIOKEHHUAX W3-3a ITOBBIMICHUS
MHTEHCUBHOCTH TEIUIOOOMEHa INpH B3aMMOJCHCTBUM pabodel cpeibl ¢ BBEIEHHOW IMOPHUCTOH CTPYKTYpOH.
B 3ToM KiIrOUYE MCTIONIB30BAaHHME YMCICHHBIX METOJIOB — HawOoiee JOCTYHMHBIH M3 METOAOB NPOTHO3HPOBAHUS
paboThl TOAOOHBIX CHUCTEM II0 CPAaBHEHHIO C SKCIEPUMEHTAJIbHBIMH cIllocobaMu. JlaHHBIE YHCICHHOTO
MOJICIUPOBAHUA MOTYT OBITh HCIOJB30BaHBl Ha 3Tamax NMPOEKTUPOBAHMSA WIIM OTIAIKHA pabOThl Pa3IMYHBIX
3JIEMEHTOB TEIUIOBBIX CHUCTEM.

MartemaTHyeckass Mojejb. CxemMa MoAeIMpyeMON 3a/aud MOKa3aHa Ha pucyHKe 1. PaccmaTpuBaercs
KOHBEKTHBHOE TE€YEHHE B OTKPBITOM IPSIMOYTOJBHOM KaHajle C MOPUCTBIM MarepuanoMm. Ha Bxone B kaHan
nogaércss Haberaomuil MOTOK, MHUIMUPYIONIUH TedeHue. [loBeeHne cucTeMbl paccMaTpUBaeTCs B JIBa dTara:
PEeXMM 3apsiAKM (MoJjada TOpsSYero MOTOKa) W PEeXMM paspsaikd (1mojada XOJIOMHOTO IMOoToka). B kauectse
pabouell cpenbl paccMaTpuBaeTCsi HBIOTOHOBCKas Cpefa ¢ IepeMEHHOH BSA3KOCTBIO. B kauecTBe 3akoHa
3aBUCUMOCTH  paccMarpuBaetcss coortHomienne Caszepnenma [1]. T[opu3oHTanbHBIE TpaHHIBI —KaHaua
TEIUTOM30JIMPOBAHEL. {711 MOIENMPOBAHMS TEIJIOBOTO B3aUMOACHUCTBHUS MEXAY IOPHCTHIM MAaTepHajoM |
paboueil JKUAKOCTHIO HCIIOIB3YETCs JIOKAIbHO-PABHOBECHAS TEIJIOBAsI MOJIEIb, B paMKaX KOTOPOH TeMIepaTyphl

IBYX (a3 CAUTAIOTCS OAMHAKOBBIMHU.
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N

SN
I

0

Puc. 1. Cxemamuyueckas nocmanoska 3a0ayu

Takum 00pa3oM, ONPEICIAIONINE YPABHEHHUS, OMMCHIBAIONINC H3y4acMBIil MPOLECC, MOXKHO 3alllcaTh
creayronmM odpasom [2]:

e Jlyst yucToi cpenbl

2 2
6\|/ 82 e )
ox* oy
o o
6_0)+ua_m+va_0):i @4_@ +— Gr ae
ot OX oy Rel ox oy Re’ 6x )
2 [Onou ooy, Sl
"Re ox> oy oy* ox oxoyloy ox
o0 006 00 1 (0’0 0%
—+U—+V—= —+— ?3)
ot ox oy RePrlox* oy’
o Jlns mopucToit cpensl (Moaens Japcu-bpuakmana-®opxreiimepa)
2 2
oy, 0v__, @
aXZ ay2
2 2
ot  oOXx oy Rel ox oy? Da Re? ox
2 2 2
el n oo Onan duov O (v o] EC o ©)
Re| 2Da dy 2Daox ox* oy oOy* ox oxoyl oy ox JDa
£°C, (zau o ou 2avJ
| U —+UW——uv—-V’'—
Jul+v2JbDal o oy ox X
2
U Gom/ e 6_? 8—? (6)
ot ox oy RePr{ox® oy

BespasmepHble mpeoOpa3oBaHHble MepeMeHHbIe ((YHKLIUS TOKa M 3aBUXPEHHOCTH) OBUIM BBE/ICHBI

CIIEIYIOIIHM 00pa3oM:

{U g {a) x_a

' ox’ X oy

B onpexnensromed cucteme muddepeHinanbaeix ypaBHeHuit (1)—(6) ObUIH HCHOJB30BaHBI CIEAYOIINE

6C3p33M€pHLIe apaMeTprl U IIEPEMECHHBIC!
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Pr=p,/pa, Da=K/H?, C. =1.75/150¢%, Gr = p’gBATH® /p,”, Re = pHu, /
x=X/H,y=Y/H, t=tuy/H, 0=(T -T,)/AT, p=p/p, ,u=0/u,, v=V/u,, y =y /(Uu,H), o= H/u,
B HavanbHBIE MOMEHT BpPEMEHHU T = 0 pa60qaa cpeaa 61,1na HCMIOABUIKHA, U BCC NEPEMCHHLIC CUNTAIUCH
paBHbIMH Hymo (0 = y = o = 0). B xauecTBe TpaHWYHBIX YCIOBHI OBIIM HMCHOJB30BaHbI CIEIYIOIINE
COOTHOIIICHUAA .

>0 y=y,®=0,0=0 vax=0u0<y<l1

—=—=—= HaX=Au0<y<
dy_oo_®_, Au0<y<l
oX OX oX
@:O, a—W:O,\y:O HaYy=0un0<X<A
oy oy -
@:O, a—W:O,w:l HaY=1u0<X<A
oy oy
Ha IpaHMlIe MOPUCTOr0 MaTepuasa u YUCTOM Cpebl :
\mez\Vf (mezwf epmzef

oy lon=0y, lon |ow,, lon=00, /on |(k,y /%, )@8,,/on)=00, /on

3ammcannapie auddepeHIanbHble YpaBHEHUS C HCIOJNB30BaHHEM TIEPEMEHHBIX «(QYHKIHS TOKa —
3aBUXPEHHOCTh — TEMIIEpaTypa» C COOTBETCTBYIOLIMMHM HayalbHBIMU M TPAHUYHBIMU COOTHOIICHUAMH
pelIaTuch METOJOM KOHEUYHBIX Pa3HOCTEW Ha CTPYKTYpUPOBAaHHOW paBHOMEPHOM pacuéTHoi cerke. s
peanu3ay PenIeHUsT ObUT CO3[aH MPOTPAMMHBIA KOJ Ha s3bIKe HporpaMmmupoBanus C++ ¢ BO3MOXKHOCTBIO
BU3yaln3allMy pe3ysbTaroB. Pa3paboTaHHas MeTOIMKa pEIICHHs 3a/jad KOHBEKTUBHOTO TEIUIoOOMeHa Oblia
TIIATCJIbHO BepI/I(I)I/IHI/IpOBaHa Ha HECKOJIBKUX MOACJIBbHBIX TCUCHUAX.

PesyabraTrel m 3akir4denue. [IpoBeeHO YMCIEHHOE MOJEIUPOBAHUE CMEIIAHHONW KOHBEKIMU B
MpsIMOYTOJIBHOM KaHajie C IOPUCTBIM MaTepuajoM. B mepByro ouepenb aHaiu3 MOJYyYEHHBIX PE3YJbTaTOB
MPOBOIMIICS. C TOYKH 3pEHHSI OICHKH S((EKTUBHOCTH pabOTHl CHCTEMBI KaK TEIUIOAaKKYMYIHPYIOMIETO
aJeMeHTa. B KauecTBe NOJy4YyaeMBbIX XapaKTEPUCTHUK pacCMaTpPUBAINCH MOJS TEeMIEpaTypbl U H30JIMHHUH
(GYHKOMK TOKa, paclpeleNieHHs CpemHed TeMmIepaTypsl MOPHCTOW BCTaBKH, a Takke KOd(PQPHUIMEHT
s dekTUBHOCTH Pa3psaku. [loydeHHbIE B MTOTe JAaHHBIC OTPa)KatOT BO3MOXKHOCTH PETYJIUPOBAHUS CBOWCTB
aKKyMYJIMPOBAHHUSI TETIJIOBOM PHEPTHUU 3a CUET BapbHUPOBAHUsS OMPEACIAIONINX MapaMeTpoB: uncia PeliHonbaca
u I'pacroda, a Takke CBO¥cTBa MOPUCTOro Marepuana (MOpuUCTOCTh, uuciao Jlapcu). IlpencraBieHHbIC
TEOPETHIECKHUE PE3yIbTaThl MOTYT OBITH HCIIONB30BAHBI TP MPOCKTUPOBAHHHA W CEPBHUCHOM OOCITY>KUBAHHUH
TEIUI0AKKYMYJIUPYIOIIUX CUCTEM B CTPOUTENILCTBE, & TAKXKE B MUKPOAJIEKTPOHHUKE.

Paboma svinonnena 6 pamxax peanuzayuu npoexma Poccutickozo nayunozo ¢ponoa (22-79-10341).
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EFFECT OF THE NANOPARTICLES COMPOSITION ON THE NON-NEWTONIAN NANOFLUID
FREE CONVECTION IN A CAVITY WITH A HEAT-GENERATING ELEMENT AND POROUS FINS
D.S. Loenko
Scientific Supervisor: Prof., Dr. M.A. Sheremet
Tomsk State University, Russia, Tomsk, Lenin str., 36, 634050
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Abstract. This work is devoted to the study of the nanoparticles material effect on the pseudoplastic nanofluid
natural convection in a closed cavity in the presence of a heater and porous fins. The following substances have
been used as nanoadditives: Al.Os, Cu, CuO, TiO2. The process is described by non-stationary differential
equations based on the conservation laws of mass, momentum and energy based on the non-primitive variables
“stream function and vorticity". The pseudoplastic properties of the base fluid have been described by the
Ostwald-de Waele power law. The effective nanosuspension parameters have been calculated using

experimental correlations reflecting the temperature effect.

Omnucanne wucciaenoBanus. JlanHas paboTa TIOCBSIIEHA OICHKE BIMSHUS XHMHYECKOTO COCTaBa
HaHOZ00aBOK Ha CBOOO/IHO-KOHBEKTHBHOE TEUCHHE HEHBIOTOHOBCKOW HAHOXKHMIKOCTH B 3aMKHYTOH KBaJpaTHOH
HOJOCTH, MPEJICTaBICHHON Ha pucyHke 1. Ha HmKHEH CTEHKE MOJIOCTH PACMONIOKEH HCTOYHUK MOCTOSHHOTO
O6’I)EMHOFO TCIIJIOBBIACIICHUSA Q, HaJl HUM TCIUIONPOBOJHAA MEIHAsA ITOJJIOXKKA. Ha TOJJIOXKKEC HAXOIAATCA
MOPUCTBIE pedpa, COCTOSIIME W3 AMOMHHHEBON MeHBl. CTEHKH KOpIlyca MOIIEP’KUBAIOTCS NMPH IMOCTOSHHOM
HU3K0H Temneparype 7.. BHelHue rpaHuLibl 110 NEPUMETPY HOUIOKKH TEIUIOU301MpoBaHbl. IlonocTs 3anonHeHa
cMechio kapookcumetmeutroio3el (KMI) ¢ Bogoit u HaHouactuiiamu. bazosast xxuakocts KMII/Bonma mposiBsiet
CBOMCTBA ICEBIOIIIACTUYHOCTH, YTO O3HAYAET CHIDKEHHE BA3KOCTH IIPU YBEJIWYCHHWH CKOPOCTH Ae(hOpManuH.
Takue XUIKOCTH SBISIIOTCA KJIACCOM HEHBIOTOHOBCKHMX CpEll, TEUEHHE KOTOPBIX OMMCBHIBAETCS PA3IMUHBIMU

Mozessamu. B nanHo# paboTe ucnone3yercs creneHHoi 3akoH OcTBaibaa-ae-Buis [1]:
Tij = 2lps Dy 1)
3neck My — IGQOEKTUBHBIA KO(PQPHUIMEHT BSI3KOCTH HAHOXKHJKOCTH, KOTOPBIH BBIMHCISICS C IOMOIIBIO

coorromrenus ['yo u ap. [2]:
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t (14 2.5¢+6.5¢2)(1+ 350?] @)

B cooTHomenuun (2) MPUCYTCTBYCT BA3KOCTH 06a30Boi JKUIAKOCTH, KOTOpas, B COOTBETCTBUM CO CTCICHHBIM

-1
3aKOHOM, OIIPeIeIsLIach CIeAyomuM cooTHomenueM: iy = K(2DyDy ) 2, rae K — koadduument motHoctn

>

IIOTOKa, Dkl — KOMITOHEHTbI TCH30pa CKOpOCTeﬁ I[e(l)OpMaHI/II/I; N — oka3aTeyb MOBEACHUS XUIAKOCTH, KOTOpLII7I

XapaKTepU3yeT CBOWCTBA cpeabl. TakuMm o0pazoM, eciau N > 1) TO KUIKOCTH SBISCTCS MIIATAHTHON. Y Takoi
Cpebl BS3KOCTh YBEIMYHBACTCSA C POCTOM ckopocteil medopmarmu. [Ipu N = 1 BI3KOCTh KHUIKOCTH UMEET
JMHEHHYI0 3aBUCHUMOCTh OT ckopoctu nedopmanuu. [Ipu N < 1 cpena sBisercst MCEBIOIUIACTUYHON, KaK B
HameM cirydae. [l pasHoro cogepskanus KMIL B Bome mokasarens moeaeHus mmensiercs ot 0.81 mo 0.91.
UMeHHO Hanu4uMe T[CeBIOIUIACTUYHBIX CBOMCTB y 0a30BOH Cpefbl [MO3BOJISIET HHTCHCU(DHIUPOBATH
KOHBEKTHBHBIH TEINIOOOMEH B MOJIOCTH, YTO JeJIaeT TAKyH KUAKOCTh 3((GEKTHBHON B 3a/1a4axX OXJIaXKIACHHS

HarpeThiX 3JICMCHTOB.

A
nopucThie pedpa

/ |

TeNnJIOBbI1eIS IO NI HI TeIJIoNnpoBoOAHAA
JJIEMEHT MOJIOKKA

Puc. 1. Obracms pewenus 3a0auu

Taxoxe B Bonpocax 3(p(peKTUBHOTO TEIIOOTBOA OT HATPETHIX 3JICMEHTOB MOKHO HCIIOJIH30BATh YaCTHUIIBI
HaHOMETPOBOTO pa3Mepa, KOTOpble HMEIOT 0OoJiee BHICOKYIO TEIUIONPOBOMHOCTh B OTIHYHAE OT IPUBBIYHBIX
pabounx skuakoctedl. B maHHOW paboTe HCHOIB3yeMble HAHOYACTHIBI TPEICTABIIIOT CcO00# ciemyromue

BeiectBa: Al,O3, Cu, CuO, TiO,. Bee cBoiicTBa MaTepHasoB Mpe/cTaBieHbl B Tabuuie 1.

Tabnuya 1.
Ceoticmea mamepuanos
CaolicTBa ¢, Jx/krK p, kr/m® A, Br/imK

baszosast xuakocte KMII/Bona [3] 4179 997.1 0.613
Hcrounuk sneprun (Kpemunii) [4] 710 2330 150
Hozanoxxka (Cu) [4] 385 8920 400
IMopucteie pebpa (amomunaneBas nexa) [5] 897 2700 205
Cu 385 8933 400
Hanouacrtuip [6] Al 765 3970 40
CuO 535.6 6500 20

TiO, 686.2 4250 8.9538
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JobGaBnenue HaHOWacTHI] B 0a30BYI0 Cpedy IO3BOJISIET YBEJIMYUTH TEIUIONPOBOAHOCTH BCEH
HaHOXKHUIKOCTH. B Hamem cimydae mist BblYMCHEHHS A(QQEKTUBHOW TEIJIONPOBOJHOCTH HCIIONIB3YETCS
9KCHepUMeHTanbHast koppesitus JKanra u Yoit [7], koTopas oTpakacT BIMSHHE TEMIICPATYPHI, a TaKKe

00BEMHOM JOTM HAHOYACTHII U MIX THAMETpa’

i“f :(1—¢)+O.01;i¢+(18-106)2i Re?Pr ¢ ?3)
bf bf p

[ocTaBneHHyI0 3a1a4yy ONKCBHIBAeT CHCTEMa HECTAILlMOHAPHBIX I (pepeHInanbHEIX ypaBHeHn Hasbe-
Crokca B mpeoOpa3oBaHHBIX 0e3pa3MepHBIX MEPEMEHHBIX «(PYHKIUS TOKa W 3aBUXPEHHOCTHY. [IpuOIImKeHwme
ByccruHecka UCIonb3yeTest IUIsl ONMCaHUs BIMSHHS BBITAJIKUBAIONIEH CHIIBL, a Monenb Japcu—bpuHkmana — st
OIMCaHUs TPAHCIIOPTHBIX IIPOLIECCOB BHYTPHU MOPUCTHIX pedep.

OnucaHHasl 3ajjaya pellajach Ha OCHOBE MeEToJa KOHEYHBIX pazHocTed. Pa3paboTaHHBIH anropurm
PELIEHUs ¥ BBIYUCIUTENBHBIN KOMIUIEKC Ha s3bike C++ ObLIM MPOTECTHPOBAHbI Ha OoJiee MPOCTHIX 3aaavax [8].
Taxoke 6I>IJ'IO OLICHCHO BJIMAHUE CCTOYHBIX MapaMETpOB Ha CXOAMMOCTH PCIICHUA. B X0a¢€ HCCICI0BaHUA OBLIT
MpOBE€ACH aHaJIn3 BJIMAHHUA COCTaBa HAHOYACTHIL, a TaKXE MHX 00BEeMHOI JOJIJM Ha BO3MOXHOCTb
MHTCHCH(HKAIIMK OTBOJA TEIIa OT HAPETOTO 3JIEMEHTa. Pe3ynbTaThl pacCMaTpUBAJIKCh B BUJIC PACIIPEICICHUS
JIMHHUHN TOKA M H30TEPM, a TAKXKe [0 CPEIHEH TeMIlepaType B HCTOYHUKE TeIlIa.

Paboma evinonnena npu noodepawcke Ilpoepammur  pazeumus  ToMCKO20 — 20CY0apCmEeHHO20

yhugepcumema (IIpuopumem-2030).
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Abstract. This work is devoted to the numerical analysis of time-dependent bioheat transfer inside biological
tissue under one-dimensional formulation. Analysis has been performed using 1D time-dependent Pennes
equation with metabolic heat generation and spatial heating based on the Beer’s law. It should be noted that the
initial condition has been obtained as a result of solution to the steady Pennes equation with boundary
conditions of first and third kinds without outer spatial heating. The developed computational code has been
verified using analytical data of Deng and Liu for initial temperature and temperature profiles for different

times. A good agreement has been achieved.

Beenenue. M3yuenne Temno- U MaccollepeHoca B OMOJIOTHYECKUX TKAHIX SIBISIETCS aKTyaJbHOM 3agaueit
COBPEMEHHOI OMOMEXaHWKH NPUMEHUTENBHO K aHAJIN3y JaHHBIX OITyXOJIeBOTO pocTa. IlepeHoc Teria B TKaHIX
SIBIISIETCSI CJIOAKHBIM IPOLECCOM, 3aBUCAIIMM OT Pa3IMYHBIX MapaMeTPOB: TEIUIONPOBOJIHOCTU TKaHEH, BBIICICHUSL
MeTaboINYeCKOH TEIUIOThI, MHTEHCUBHOCTH Iep(y3uH KpOBH, KOHBEKIMH. Takke, B3aMMOACHCTBHE TKAaHH C
HEepBaMH, BEHAMH U apTEpPUSIMH CO3[aeT CJIOXKHYI0 Mopdonoruio. BeHsl M apTepuu TpaHCIOPTUPYIOT KPOBb,
KOTOpast IIEPEHOCHT TeIJIO K TKaHW. [Ipy HaIM9IMu OITyX0JM MOSBIISIOTCS H30JIMPOBAHHBIE 00JIACTH C Pa3IMUYHBIMU
TETIOU3NUECKIMH  XapaKTepUCTUKaMU. Pa3pa0oTka MaTeMaTHUECKMX MOJENeH, CIOCOOHBIX OIUCATh 3TH
MIPOIIECCHI, SIBJISIETCS aKTYAIbHOM 3a7a4eil COBpPEeMEHHOW MPUKIATHON MaTeMaTUKU U OnoMexanuku. [IpuMeneHue
TaKUX MOJENEH BO3MOXHO B pE3yNbTaTe aHAIN3a KPUOXMPYPIMM M THNEPTEPMHU IPU Pa3BUTUU paka. Takum
00pa3oM, cymiecTByeT HeoOXOJUMOCTh B HEMHBA3MBHBIX METOZAX JWArHOCTHKU paka HAa PaHHUX CTaJuiX, 4TO
MOXKET OBITh PEaTM30BaHO ITyTEM aHaJI3a TEIJIOBOI'0 COCTOSIHUN OMOJIOTUUECKUX TKaHEH.

Onucanne MaTeMaTH4eckoii Moaean. PaccmarpuBaercsi oJHOMEpHas 3ajada TellooOMeHa B
Omosornyecknx TKaHAX (pUCyHOK 1). 3a OCHOBY MaTeMaTHYECKOW MOJENH NpHHHUMaeTcs ypaBHeHue [lenneca
[1], u3 xoTOporo BHWIAECH JMHEHHBIH XapakTep 3aBHCHMOCTH HCTOYHHKOB TeIla OMOTKAaHH OT HCKOMOTO

TEMIIepaTypHOTO IOJIS.
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XX MEXIYHAPOAHAS KOHOEPEHIMA CTYAEHTOB, ACITMPAHTOB 1 MOJIOJIBIX
YYEHBIX «ITEPCITEKTUBBI PASBUTUA ®YHIAMEHTAJIBHBIX HAYK»

OHOJIOrHYeCKasi TKAHD

Puc. 1. Obracmo pewenus 3adauu

JuddepennnanbHoe ypaBHEHHE TEIIIO0OMEHa B OHOIOTHYECKHX TKaHsX [1] mMeeT creayrommii Bu:

or 0 el
Ptcta=&(7ht &j+pbcbmb (Ta-T)+Qu+Q 1)

3nech X — KOOp/iMHATa JIeKapTOBOW CUCTEMbI KOOPAWHAT, t — Bpemsl, pt — ITIOTHOCTh OMOJIOrNYECKON TKaHu, Ct —
TEIUIOEMKOCTh OMOJNIOTHYECKON TKaHW, 1o — apTepHalbHAas TeMIepaTrypa, At — TEIDIONPOBOJHOCTH
OMONIOrMYeCKOl TKaHH, Pp — MIIOTHOCTh KPOBH, Ch — TEINIOEMKOCTh KPOBH, M — MHTEHCUBHOCTD niepdy3uu, Qm —

00bEMHOE BHYTPEHHEE TEIUIOBBIACICHIE, Qr(X,t)=nP0 (t)eXp(—nX) — 00OBeMHBIH HarpeB A OOpHOBI C

PaKoOBBIMH KJIETKaMH B BHJE HarpeBa 3a CYeT JIA3epHOT0 M3JIyYEHHs MM MHUKPOBOJIHOBOTO BO3AEHCTBHS HIIU
yIABTPA3BYKOBOW Tepamuu, 1 — koddduuueHT paccesHusi, Po(t) — BpeMeHHas 3aBUCHMOCTH M MOLIHOCTH
HarpeBa Ha ITOBEPXHOCTH OMOJIOTHYECKOH TKaHM.

VpaBrenue (1) pemraercsi ¢ pa3iIWYHBIMHA HAa4aJbHBIMH M TPaHHMYHBIMH YCJIOBHSIMH JUIA OJHOMEPHOM

Hp?[MOYFOHBHOI;’I CHUCTCMbI KOOpJAUHAT. HagansHoe TCMIICPATYPHOC PACTIPEACICHUC MOKET OBITH IMOJYYCHO, KaK:

t=0, T=T, )
WM perieHueM ypaBHenus (1) aj1st cTalHoHapHBIX YCIOBU
d 2T, (x
Ay #() +PpCr®y [Ta -To (X)} +Qn =0
To(x)=T,, x=H , 3
dT, (X
Iy % =0 [T =To(x)], x=0

rae T(x,0) = To(X) — ycTaHOBUBLICECS TEMIIEPATypHOE TIOJIE Mepe]] HaualloM BHEIIHEr0 00bEMHOI0 Harpesa; T —
TeMIepaTypa Tella, 4acTO PaccCMaTpUBAETCS KaK IOCTOSHHAS, Oo — KO3()(OHUIHUEHT TernooOMeHa MExIy
MOBEPXHOCTHIO KOXH W OKpYXKamollel cpelioi, 00YyCIIOBICHHbIN KaK KOHBEKTHBHBIM TEIJIOOOMEHOM, TaK M
TEIJIOBBIM M3JIydeHUEM; |f — TeMIepaTypa OKpy)Karolieil cpeibl. 31ech MOBEPXHOCTh KOXKM OMpejeNieHa Ha
rpanutie X = 0, a rpaHuna TKaHu — rmpu X = H.

I'panuuHble ycnoBusi ais ypaBHeHus: (1), 3aBucslMe OT BPEMEHH, MOXXHO MPEACTaBUTH B BHIE

TpPaHUYHOT'O YCJIOBUA BTOPOI'O poda

oT
—kt&:fl(t), x=0 (@)
WA B BUAC TPAHUYHOIO YCJIOBUA TPETHETO poaa
oT
2 T = [1,(0)-T] x=0, ®

rae fi(t) — 3aBucsimmit 0T BpeMeHU MOBEPXHOCTHBIN TETLIOBOM MOTOK, fo(t) — 3aBucsimast or BpemeHu Temieparypa
OXJTXKIAFOMICH CPEIBI U Oif — KOA(DDHUIMEHT TEIIOBOM KOHBEKITMH MEXTY CPEZION U MOBEPXHOCTHIO KOKH.

Temmeparypa Tena cuuTanach IMOCTOSHHON
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XX MEXIYHAPOAHAS KOHO®EPEHIIMA CTYAEHTOB, ACIITMPAHTOB U MOJIOABIX
YYEHBIX «ITEPCITEKTUBBI PASBUTIA ®YHIAMEHTAJIBHBIX HAYK»

T=T, x=H (6)

[Ipu pemeHHM TMOCTaBICHHOW HECTAIMOHAPHOM KpaeBOW 3amadd, BKIFOYAIOMIeH IudQepeHnnanbHoe
ypaBHeHue (1), HaganbpHOE YCIIOBHE, IONydeHHOE B pe3yibTaTe PEHICHUS CTalMOHApPHOH 3amadu (3), a Taxke
TPaHUYHOE YCJOBHE TPEThEro poJa Ha MOBEPXHOCTH TKaHM (5) M TpaHUYHOE YCIOBHE NEPBOrO poja Ha
BHYTpCHHEH rpaHuie GHOIOrHYeckol TKaHu (6), UCMOJB3YETCS METO] KOHEYHBIX pasHoctedl [2]. Obxacts, B
KOTOpOH ormpexaenseTcs peuieHue nuddepeHnanbHbIX ypaBHEHHH, MOKPHIBAETCS PAacUeTHOH paBHOMEPHOI
CETKOM — JUCKPETHBIM MHOKECTBOM ToueK. [Ipu nepexone oT nuddepeHimanbHOM 3a1auu K pa3HOCTHOM 3a1aue
Bce nuepeHInaNbHbIe OTIepaTOPhl, BXOAAIINE B ypaBHeHHE (1), a Takke B Ha4albHBIC W TPaHUIHBIC yCIOBUS,
3aMEHAIOTCSI X Pa3HOCTHBIMH aHaysoraMu. KoHEUHBIM 3TamoM paboThl SBIAIACH MPOTPAaMMHAs pean3amus
3a/1a4d Ha S3bIKe mporpammupoBanus C++ ¢ manpHeimeil Bu3yann3anueil pe3yapTaToB.

PesyasTaTel M 3akiao4yeHue. Pa3zpaGoTaHHBII mporpaMMHBI KO# OBII NPOTECTHPOBAH C
HCIIONIb30BAaHUEM aHATMTHYCCKUX AaHHBIX [3]. PUCYHOK 2 WILTIOCTpHpPYET cpaBHEHHE TPODIICH TeMIepaTyphl,
MOJIyYSHHBIX B PE3yJbTaTe UCIOJIBb30BaHUS Pa3padOTaHHOIO AJITOPUTMA, C AHAJUTHYECKUMH JTaHHBIMH PaOOThI
[3] B pasnuunbie MOMeHTHI BpeMeHH. HaGmomaemMple pacxosKIeHHs HA JIEBOM TpaHUIlE, MO BCEH BUAUMOCTH,
00yCIIOBIICHBI HEKOPPEKTHBIMH 3HAYCHMAMH KOX(P(QHUIMEHTa TemIooOMEeHa M TEMIIEpaTypbl OKpPY’KaroIIeH

cpensl, npecTaBIeHHBIMU B padore [3].

t=0s

t=200s

Qm = 3380, alpha, = 100, alpha,, = 10, T;, = 25, T,= 15 t=500s
t=1000s

m-m- t=0s(graph, fdm)

80

75 e-e—- t=200s (graph, fdm)
A-a-a t=500s (graph, fdm)

70 e—e— t=1000s (graph, fdm)

_A-A—A—a—g
- ~ax,

_» 4,
e 4,

35 WEWEWEWENEWEWENE
30
0 0,005 0,01 0,015 0,02 0,025 0,03

dist

Puc. 2. Cpasnenue npoghuneti memnepamypol ¢ ananumuieckumu oannvimu [3]
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