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Hayunoe uzoanue

Marepuanst 40-it MmexxayHapoaHoi koHpepeHuuu «JIsmyHoBckue utenus — 2024» (r. Upkyrck,
2 — 6 nexabps 2024 r.). — Upkyrck: UJACTY CO PAH, 2024. - 271 c.

COOpHHK COIEPXKUT TE3UCHI JIOKJIAIO0B, MpEACTaBICHHBIX Ha 40-ii MeXayHapoIHOU
koH(pepennun «JIsmyHoBckue uteHus» (r. Upkyrck, 2 — 6 aexabps 2024 r.). Kondepenmus
OpPraHU30BaHa C ILENbI0 OOCYXKACHUS aKTyalbHBIX pE3yJIbTaTOB MCCICIOBAHUN HAY4HBIX
COTPYJIHHUKOB, aCIUPAaHTOB M CTYACHTOB 0 MaTeMaTHKe, MEXaHHUKe, TECOPHHU YIpaBlCHUS,
MH(GOPMALIMOHHBIM ¥ BBIYUCIUTEIBHBIM TEXHONOTUAM. [l OOCYyXJEHUS pe3ylbTaToB
JOCTHKEHUM B 00JIaCTU COBPEMEHHBIX TOJXOJ0B MOHMTOPUHIAa U IPOTHO3UPOBAHUS
HKOJIOTUYECKOM OOCTaHOBKM B paMKaxX KOH(EpEHIMH TMPOBOAMUTCS CHENMaIbHAS CEKLHUs
«MeTo/ibl U TEXHOJOTMH 3KOJIOTMYECKOr0 MOHUTOpUHTa». B mensx momynspuzanuy HayKud B
paMKax KoH(EpeHIIMH MPOBOAMTCS CEKLUs Ul IOHBIX Hccienopareneii. B 2024 rony B cBsi3u ¢
90-neTrieM co IHS POKIEHUS BBIAAIOIIETOCS POCCHMCKOTO yuéHoro-martematuka B.W. ['ypmana
CEeKIMIO «MaTeMaTHuecKasi TeOpHsl YIpaBJICHUsD PEIIEHO MOCBATHTD €0 MaMSTH.

Tematuka KoH(pepeHuuu:

* Maremaru4deckasi TCOpHs yIpPaBICHHS

» luddepennmanbabie ypaBHEHUS 1 MaTeMaTHUeCKas (PU3UKa

* MaremaTiu4eckoe MO/ICINPOBAaHNE, CUCTEMHBIH aHAJIN3 U ONTHMU3AINS

* Un(opMaimoHHO-BBIYUCIUTEIbHBIC TEXHOIOTUI

* CrierinanbHast ceKIust «MeTobl M TEXHOJIOTHH 3KOJIOTHYECKOTO MOHUTOPHHT A
* CrieraibHas CeKIUS IS IIKOJILHUKOB



KPAEBAA 3AJJAYA IS OJHOI'O YPABHEHU A OJUIMIITUYECKOI'O TUITA

M.O. Abynos
VYHuBepcuTeT HHHOPMAMOHHBIX TEXHOJIIOTHIH U MEHEDKMEHTA,
Pecniybnuka Y36ekucran, r. Kapmm

abulov1959@mail.ru

B o6mact Q ={(X;, X,, X;5,t): —=1<x <1,i=12,3,0<t<T}=Dx[0,T]
paccMaTpUBAETCS UHTETPAIbHOE YPABHEHHE SILTUNTHYECKOro ThNa [ 1]

AU+ [ Y00 ) TR ae - £ (x), @

o i=1

rae X =(X,X,,%),0b(x,t),1=123, f(X,t)— 3amanHbIe, JOCTATOYHO HENPEPHIBHBIC (PYHKIIHUH.

W3BecTHO, 4TO MHOTHE SIBJICHHS B OMOJIOTMYECKUX CHUCTEMaX CYIIECTBEHHO 3aBHUCSIT OT
MPEIbICTOPUH 3TOM CUCTEMBI, T. €. ABIAIOTCA 3pEAUTAPHBIMU (10 TepMuHoJoruu BomabTeppa).
DT  sBIEHUS, Kak TMPaBWUJIO, OIMKCHIBAIOTCS HArpyKeHHbBIMH auddepeHnatbHbIMU
ypaBHEHUSMH, HaNpUMep, B YacTHOCTH, ypaBHeHusmu (1) [1, ¢. 92]. Herpyano Bumers, 4to
muddepennmpys nmo t ypasuenue (1), momyunm nuddepeHImanbHOe ypaBHEHHE TPETHETO
nopsIKa

Lu= Axut(x,t)+ibi(x,t)uxixi (x,t) = f'(x,t). (2)

i=1

Otmerum, uto ypaBHeHue (1) Bombreppa Ha3Banm wuHTerpoauddepeHnnanbHbIM
YpaBHEHUEM DJUTUIITHYECKOTO Thna [1].
KpaeBas 3amaua. Haiitu B oGnactu Q pemieHue ypaBHeHUs (2), YIOBJIETBOPSIOIICE

CIIEYIOIIEMY KPaeBOMY YCIIOBHIO:

u

o»=0 U |t:0: Uy (X). 3)

st pemmienus 3agaun (2), (3) npumensieTcss MeTo ['anepkuna, moay4darTcsl almpuopHbIe
OICHKHU M C MOMOIIBIO 3TUX TTOJYUCHHBIX OLICHOK JOKAa3bIBACTCH, YTO PCHICHUC IOCTaBJICHHOU

3a/1auM CyIIECTBYET U €IMHCTBEHHO B poctpancTee W, (Q) [2].
Onpenenenune 1. O6o3nHaunM uepes W,(Q) mnpocTpaHCTBO (YHKIMMA, MOJTYYEHHOE

3ambikaHueM QyHKImid U3 C”(Q), yIOBIETBOPSIOMUX yciIoBHIO (3) o HopMe [2]

Jullyzs ) = [ (Ul +uZ +u? +u?)dQ.
Q

Onpenenenne 2. @ynxmuio U(X,t) e W, (Q) Oymem HasbiBaTh I.B. pemenue 3anaun (2),
(3), eciii oHa yIOBIETBOPSIET ypaBHEHHIO (2) moutu Bcroay [3].

Teopema. ITycts Bbmonneno ycmosue f,f'el,(Q). Torma pemenne 3amaun (2), (3)
CYIECTBYET U eMHCTBEHHO B npoctpanctee W, (Q) .

Jlnist MoKa3aTeNbCcTBA TEOPEMBI TPUMEHAETCS MeToT [ anepkuHa, T. €. pemeHue 3aaauu (2),
(3) 6ynem uckarp B BUJIE
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(X8 = 38,0000,

rae GyHKIHUU @ (X) SBISAIOTCS PEICHUSIMU 3aJa4n

_Aq)i:ﬂiq)i, i:1,2,..., gplzo HaaD
Haﬂee JUUIA HpH6HI’DKeHHOI‘O PCHICHUA TMOJIYYAlOTCAd alpUOPHBIC OLICHKH, KOTOPBIC

MO3BOJISIIOT J10KA3aTh JAHHYIO TEOPEMY.

=

A.M. HaxymeB. YpaBHeHus: MaTemMatudeckoin ononorun. M.: «Bercm. mk. 1995, 301 c.
C.JI. CoboneB. HexoToprle mpuMeHeHUs (PYHKIIMOHAILHOIO aHajIM3a B MaTeMaTHUYCCKON (HU3MKe.
M.: Hayka, 1988, 336 c.

B.I1. Muxaiinos. duddepeHnnanbaple ypaBHEeHHsT B YaCTHBIX Npou3BoAHbIX. M.: Hayka, 1976,
392 c.



ABTOMATHUYECKOE HOCTPOEHHE KAPTBI I'NIYBUHBI 110 CTEPEOITAPE
N30bPAKEHNUN

10.B. ABpamenko, P.K. ®énopos
WMHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH

Kapra rmyOuMHBI MIMPOKO MPUMEHSETCS B KOMITBIOTEPHOM 3PEHHUH JJIsi PEKOHCTPYKITUH
CIIEHbl B TPEXMEPHYIO MOJIEIb OKPYXKaIOIEero npocTtpaHcTBa. [IpuMeHsieTcss B JOMOIHEHHOMN
pEATbHOCTH, AaBTOMAaTHYECKOM YIPABICHWM aBTOMOOWIISIMH U pEIIEHWH JPYTUX 3ajad.
CymiecTByeT HECKOJIBKO TEXHOJOTMM TOCTPOCHHS] KapThl TJOyOMHBI, OCHOBaHHBIX Ha
MCIOJIb30BAHUU: KaMepbl CTPYKTYPHOT'O CBETA; KaMephl, U3MEPSIONICH 3aIepKKy OTPakeHHOTO
CBETa; CTEepeoIaphl; MICHONTUYECKOW KaMmephl; JTuaapa ceHCOpoB. CaMbIM paclpoCTpaHEHHBIM
CIIOCOOOM SIBJISIETCS] MCTIOJIb30BAHUE CTEPEOTIAPHI.

Wnes moctpoeHust KapThl TIIyOMHBI 3aKIIOYaeTcss B MOWCKE Mapbl COOTBETCTBYIOIIHUX
TOYEK, I KOTOPBIX, NPUMEHHUB TPHUAHTYJSIUIO, BO3MOXHO OMPEACIUTh KOOPIAUHATHI
OTHOCHUTENbHO Kamepbl. OCHOBHasl CIOKHOCTb COCTOUT B BBIOOpE COOTBETCTBYIOLIUX Iap
touek. [Tpumensiercs psa merono, Takux kak SURF [1], SIFT [2], ueiiponnbie cetu u apyrue.
BonbmMHCTBO METOZ0B TPeOYIOT HACTPOMKH IMapamMeTpoB U PabOTAaOT XOPOHIO TOJBKO Ha
TECTOBBIX M300pakeHMsIX. Ha KauecTBO BIMSIIOT pa3iuyHbIe (PAKTOPBI, TAKHE KAK OCBEIICHHE,
TEKCTypa, B3aUMHOE PacIoOJIOKeHHUE 00BEKTOB, YTO MPUBOJUT K BOSHUKHOBEHHIO HETOUHOCTEH
1 IIIYMOB.

B nanHo#l paboTe mpemsio’keH MOAXOJ aBTOMAaTH3allMU Ipoliecca MOCTPOCHHUS KapThl
rIIyOUHBI 1O crepeomnape. s 1eBOro M mpaBoro M300pakeHHsI CTEpeonaphbl MPOUCXOIUT X
cerMeHTHpoBaHue mpu momomm Segment Anything Model [3]. Ha Beixome mosydaem nBa
MHOXecTBa 00bekToB (L, R) ¢ mHpopmanueit: 00 ux moimoxxeHHMH Ha H300paxeHuu (X, Yy),
mupuHe u BeicoTe (h, w), Habop mpusHakoB (f). K maHHBIM MHOXXECTBaM NPHUMEHSETCS
QITOPUTM TOWCKA HAWIYYIIEr0 COOTBETCTBHSI IO METPUKE KOCHMHYCHOTO paccTosiHusA. B
pacueTax YYMTHIBAIOTCS OTPAaHUYEHHUS Ha MOJIOKEHHE O0BEKTOB, HAPUMEDP, OOBEKTHI TOJKHBI
HAaXOJIUTHhCS HA OJHOW BBICOTE (MUIONSAPHON JIMHUHK), KOOpAWHATA OOBEKTAa HA JIEBOM
M300paKeHUM JIOJDKHA OBITh  OOJIbIIIEE  COOTBETCTBYIOIIEH KOOpPAWMHATBI C  MPABOTO
M300paKeHUsl, IIUPUHA U BBICOTA OOBEKTOB JOJKHBI COBIANATh C 33JaHHOW TOYHOCTHIO. Ha
BBIXOJIE MOJYyYaeTcs CIHUCOK OOBEKTOB, SBISIOUIMXCS OAHMM M TE€M K€ Ha JIEBOM U IIPaBOM
n300paxeHun crepeomnapel. OmpeneneHne map TOYEK A 00bEKTa MPOMCXOAUT IO JIEBOW U
MpaBoOi TpaHWIle OWMHAPHOW MACKH. 3aTeM pPACCUMUTHIBAIOTCS PACCTOSIHUS U BBIOMpAETCS
MeJMaHHOe 3HadeHrne. Ha BpIXo/ie moiTydyaeM pacCTOsTHUE JI0 JIEBOTO M MPABOTO Kpas 00bEKTa,
TakuM 00pa3oM BO3MOXKHO OIPEACIUTh, (PPOHTATBLHO PACIOJIOKEH OOBEKT WM HeT. B
3aBEpIICHUH  IPOUCXOAUT IOCTPOCHHE KapThl TIYOMHBI  PACIONOXKEHHS OOBEKTOB.
ABTOMaTHYECKOE MOCTPOCHHUE KapThl TIIyOMHBI MO3BOJIUT 00pabaThIBaTh CEPUM CTepeonap u
O00BETMHUTH HECKOJIBKO CIICH.

1. H.Bay, T. Tuytelaars, L. Van Gool. SURF: Speeded up robust features. In ECCV, 2006.

2. D. G. Lowe. Object recognition from local scale-invariant features. Proceedings of the Seventh
IEEE International Conference on Computer Vision, Kerkyra, Greece, vol.2, 1999, pp. 1150-1157,
doi: 10.1109/ICCV.1999.790410.

3. A Kirillov et al. Segment Anything. 2023 IEEE/CVF International Conference on Computer Vision
(ICCV), Paris, France, 2023, pp. 3992-4003, doi: 10.1109/ICCV51070.2023.00371.

" PaGora BemonHeHa 3a cuer cyGcuamu MuuoGpHayku Poccunm B pamkax mpoexTa «METombl H TEXHOJOTHH
00yayHON CcepBUC-OPHEHTHPOBAHHOW LU(POBOH Mardopmbl cOopa, XpaHeHUs] U 00paboTKM OOJBIIMX 00BEMOB
pasHO(OPMATHBIX MEXIMCLHUIUIMHAPHBIX JAaHHBIX M 3HAHWH, OCHOBAHHBIE HA NPHUMEHEHUHM HCKYCCTBEHHOTO
MHTEJICKTa, MOICIIbHO-YIPABISIEMOT0 TI0X0Ja M MalIMHHOTO 00y4eHus» (Ne roc peructparuu: 121030500071-2)



OBYYEHUE IPEJICTABJIEHUI 3JIEKTPOHHBIX JIOKYMEHTOB C .
NCIIOJIbB3BOBAHMEM METO/I0B CAMOOBYYEHNWA 1 MTHBAPUAHTHOU
KIIACTEPU3ALI

A.E. Anekcees
HNHCTUTYT AIMHAMHUKH CHCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
solmir505@gmail.com

B pabotre mpemmokeH MeTOA s pEHICHUs 3ajadyd  OOy4YeHMs TIpelCTaBIICHHM
M300paXKeHU JTIOKYMEHTOB C TIOMOIIBIO TJIyOOKMX HEHpPOHHBIX cerei. Jlis permeHus
MOCTABJICHHOW 3a7auyd ObLT coOpaH W TOATOTOBJIIEH HAOOp JaHHBIX, BKJIIOYAIOLUIMHA TpU
OCHOBHBIX KJIacca: MacrlopT, BOJUTENILCKOE yI0CTOBEpeHHe U ueK. JlaHHble ObUTH COOpaHbl U3
OTKPBITBIX HMCTOYHUKOB, & TAKXXE JOMOJHUTEIBHO 00paboTaHbl st OaTaHCHUPOBKU KIIACCOB.
Kaxxnprit kmacc BKIIFOYAeT HECKOJBKO ThICSY M300pakeHui. J[Jis pemeHuid 3a1a4n mocTpoeHa
Mojenb Ha ocHoBe ResNetl8 mis knactepuzanun uzodpaxkenuii [2]. Ilogxon k kimacrepuzanuu
3aKJIIOYaeTcsi B TOM, 4YTO MOJeib oOydaeTcs Ha mapax H300paKeHUH: HCXOJHOE U
ayrMEHTHPOBAaHHOE. AYIMEHTAllUU MOA00PaHbI TaK, YTOOBI M3MEHEHHUS HE CHIIHHO BIIMSIIU Ha
CEMAaHTHUKY MCXOJHOTI0 M300pa)KeHUs, TaK KaK BaXHO, YTOOBI Mapbl U300paKeHUI COXPAHSIU
obmee abcrpakTHOEe coxaepkanue. [lamee oba m3o0paxeHHs 0OpabaTHIBAIOTCS C TOMOIIBIO
ResNet18. [ momy4eHHBIX BEKTOPOB paCCUYMTHIBACTCS (PYHKIHS OTEPbh, B KAUECTBE KOTOPOM
ucrnonb3yercss B3auMHas uHpopmauus [1]. Hcmomb3oBanme B3auMMHOM — uHGpOpManuu
OOyCIIOBJICHO CIIEAYIOIMMHU MPEeUMYyIIecTBaMH: B3auMHas MH(GOpMalUs MO3BOJSIET U30€kKaTh
BBIPOXK/ICHHBIE PELICHMs], YCTOMUMBOCTh K IIYMY M HEHU3BECTHBIM KilaccaM. lIpu 3Tom BaxHO,
YTOOBI KJIACTEpU3allMsl BBIMOJHSAIACH HA KOHEYHOM MHOKECTBE KJIACCOB, a HE B HEMPEPHIBHOM
MPOCTPAHCTBE, A3TO TMO3BOJISIET TOYHO BBIUYUCIUTH B3auMHyI0 wuH(popmamuio [3]. Meron
MPOJICMOHCTPUPOBATT CBOIO 3((HEKTUBHOCTh HAa OTPAHUYEHHOM HAOOpe MaHHBIX, MMOKa3bIBas
BBICOKME 3HAUYEHUS METPHUK KadecTBa Kiacrepusauuu, Takux kak Adjusted Rand Index (ARI),
Homogeneity u Completeness. 1o moATBepkKaaeT MPUMEHUMOCTh MPEIIOKEHHOTO TOIX0/1a
JUIS 33124 aHAIM3a N300paKeHUN SIEKTPOHHBIX TOKYMEHTOB. [l nanbHEHIero ucciueoBaHus
MeTOoJla IMpOBe/eHa NECTPYKTypU3alHs MPOrpaMMHOTO KOJa U IOATOTOBJIEH HOBBIA HaOOp
JTaHHBIX, cojaepkamuii 16 Ki1accoB M300paKEHH SJICKTPOHHBIX JOKYMEHTOB, KaXAbIH U3
kotopbix BKiIogaeT 40000 mpumepos.

1. XuJi, Joao F Henriques, Andrea Vedaldi. Invariant information clustering for unsupervised image
classification and segmentation //Proceedings of the IEEE International Conference on Computer
Vision — 2019. C. 9865-9874.

2. Alexey Dosovitskiy, Philipp Fischer, Jost Tobias Springen- berg, Martin Riedmiller, and Thomas
Brox. Discriminative unsupervised feature learning with exemplar convolutional neural networks
/INEEE transactions on pattern analysis and machine intelligence, 38(9):1734-1747, 2015.

3. Ishmael Belghazi, Sai Rajeswar, Aristide Baratin, R Devon Hjelm, and Aaron Courville. Mine:
mutual information neural estimation. arXiv preprint arXiv:1801.04062, 2018



APIT'YMEHTHAA 1 KPUTEPUAJIBHAS PEJTAKCALIA
JUCKPETHBIX 3AJJAY OIITUMU3 AN

A.C. Anukun, A.1O. 'opHoB
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM ynpasieHus umenu B.M. Matpocosa CO PAH

gornov@icc.ru

AKTYalbHOCTh IOCTAHOBOK JKCTPEMAaJbHBIX 3aJlad, BKJIIOYAIOIIUX JAUCKPETHO3HAYHbBIE
NIEpEMEHHBIE, HE MOXET ObITh MOJBEPrHYTa HUKAKOMY cOMHEHUI0. [loMrnMo coOCTBEHHO 3a1au
JTUCKPETHON onTUMH3anuu (CM., Hamp., [1]) B IpHUKIaAHBIX MOCTAaHOBKAX MpoOJieM BCe daIle
BCTPEUAIOTCS TAKXKE 3aJauyd, BKIIOYAIONINE KaK «HEMPEPHIBHBICY», TaK W JUCKPETHBIC H/WIN
OyJeBCKUE TEPEMEHHBIE — T. H. «CMEUIAaHHO-IICIIOYMCICHHBIe» (CM., Hamp., [2, 3]). OgHako
MOSIBJICHHE Jake B HEOOJBIIOM KOJMYECTBE IMCKPETHBIX IEPEMEHHBIX PE3KO YCIOXKHSET
3a/lauy, MOMEHTaJIbHO IMpeBpalias Aake camble MPUSATHbIE U YIO0OHBIE MOCTAHOBKH (JIMHEHHOE
MPOrpaMMHUPOBAHKE, BBIMYKJIOE MTPOrpaMMHUPOBAHUE, ...) B 3aJadll HEBBIMYKIbIC, MPHYEM
HEBBIMYKJIBIE «I10 CYILIECTBY.

OnHUM U3 CaMBIX TOMYIISPHBIX TPUEMOB OOPBOBI C JUCKPETHOCTHIO TIEPEMEHHBIX SIBIISIETCS,
KOHEYHO, MeToA mrpada. i kaxaoi u3 OyaeBCKUX MEPEMEHHBIX MOXKHO 100aBUTH B 3aJa4y
orpanuuenue X(1 — X), A «TpUIICKCHBIX» nepeMeHHbIX (—1, 0, 1) orpanndenune (X — 1)X(X +
1), nna auckpeTHbIX obmero Bujaa sin? 2mx. IlomoOHBIE NpHEMBI, OYEBHHO, MHOTOKPATHO
nepen300peTaauch CreurualicTaMyd B Pa3IMyHble TOAbl; HAlTH MEPBOMCTOYHMK HaM IOKa He
ynanock. Takoil moaxox B psne pabOT HPUHATO HA3bIBaTh HEMPEPBHIBHOW pellakcaiuei, B
JAHHOM ClIy4ae peub HuAeT 00 apryMeHTHON pernakcanuu. BeluucinuTenbHas MpakTHKa
MMOKA3bIBAET BIIOJIHE YIOBICTBOPUTEILHBIE B HECIOXKHBIX 33a4aX XapaKTePUCTHKU METOIUK
TaKoro THIA.

B noxmane obOcyxknmaercss Ipyroil moaxoa K y4eTy AMCKPETHO3HAYHOCTH IEPEMEHHBIX,
KOTOpBIM, Ha HaIl B3IJSJ, YMECTHO Ha3BaTh KPUTEPUAIbHOM penakcanuei. OCHOBHas uues
3aKJIFOYAeTCsl BO BBEIEHUHU ITpada 3a OTKIOHEHWE 3HadeHHs] (PYHKIHUHU B TeKyIled (BooOIIe
rOBOpSI, HEMPEPHIBHOI) TOUYKE OT 3Ha4YeHHs] (QYHKUUU B OnrpKalieil Touke ¢ TUCKPETHBIMU
KoopauHaTaMu («OMOPHOHM TOoYKW»). CrOCOOOB OIpeneneHs] OMOPHON TOYKH MOKET OBITh
MPEJI0KEHO MHOXKECTBO, MPEJICTABISIETCS BIOJHE Pa3syMHBIM «UIsl Hadana» HCIOJb30BaHUE
MUHHMMYMa «IIE€PBOY HOPMBD» — CYMMBbI MOJYJIEH PacXOKAEHUS IBYX TOYEK. B omopHoi Touke
HEOOXOIUMO BBIYUCIHUTH 3Haue€HHWE (YHKIMM, YTO BJIBOWHE YBEJIMYMBAET 3aTpaThl Ha
MOJIy4eHUE «OTBETa OpaKylia» — «oOIIei mpoObl» A UCMOJB30BaHUs B anroputMmax. OmIHAKO
Takhe HeOOJbIINE OMOJIHUTEIbHBIE PACXOJbl MPU PELUICHUHM CIOKHBIX HEBBIMYKJIBIX 3a1ad
MPEACTABIISIIOTCS BIIOJIHE JOMYCTUMBIMHU.

[Ipennaraemass Meroauka Oblia pealn30BaHa HAa OCHOBE HCCJIEIOBAHHOTO HaMHU paHee
«HETIPepBIBHOTO» anroputMa [1] mns 3amad onTuMu3anmu «depHoro smmka» (Black Box
Optimization). [Ipou3BeaeHHOE TECTUPOBAHKE HAa MHOXECTBE JTUCKPETHBIX 3a]a4 IMOATBEPIUIIO
MPUHIMIHATBEHYI0 Pab0TOCIIOCOOHOCTh MPEUIOKEHHOTO Moaxoaa. [IpuBoAsTCS pe3yabTaThl
BBIYHCIUTENbHBIX AKCIIEPUMEHTOB.

1. Lee J. A First Course in Combinatorial Optimization. Cambridge Texts in Applied Mathematics,
Cambridge University Press. Vol. 36. 2004.

2. XauarypoB B.P., Becenosckuit B.E., 3moroB A.B., Kanmgeibaes C.Y., Kamme E.JK.,
KoBanenko A.I'., Montnesna B.M., Curan N.X., XauatypoB P.B. KomOunatopHsie MeTonmsl u
ITOPUTMBI PEHICHUS 3a/ad JUCKPETHOW OonTUMH3auuu Oonbinoi pasmepHocTH. M.: Hayka, BLI
PAH, 2000.

3. Xoxumok B.1. Meroas! auckpetHoN onTuMu3aun. Y4ueoHoe mocooue. HI'Y, 2013.

4. TopuoB A.}O. YucneHHoe wucciefoBaHue BapHaHTOB MeToaa Q-moucka. JIsSmyHOBCKHE YTeHUS,
2022. C. 25.
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ITAPAJIJIEJIBHA S PEAJTU3ALIS METOJIA KPUBOJIMHEMHOT'O BAPBIPOBAHM S
JUA HEBBIITYKIJIBIX SKCTPEMAJIbHBIX 3AJTAY

A.C. Anukun, T.C. 3apoaHtok
NHCTUTYT ITMHAMUKK CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
tz@icc.ru

[IpueM KpUBOJIMHEHHOTO BapbUPOBAHMS JIOCTATOUYHO JABHO W3BECTEH B MPAKTUKE
YUCJIEHHOW onTtuMu3anuu. Hampumep, B 3HAMEHUTOM HUCTOYHUKE [1] OH HMCHOJB30BaH it
MPEOJONICHUST HENPUATHOTO A (deKTa «HEyTydlIaeMbIX HampaBICHUI», TEHEPUPYEMBIX
TpaAULUOHHBIM  MeTofoM  Hpiorona.  CiouBHIMeCs ~ TEXHOJOTHMH  O0OecredeHUs
pENTaKCallMOHHOCTH aJITOPUTMOB BTOPOTO MOPSIIKA TATOTENN JTUO0 K METOAMKE JTIOMaHBIX, KOT/Ia
JBWKEHWE HAYMHAETCA 10 TPAJUEHTY, a MOTOM, IEPEIOMHUBIINCH, UAET K «HBIOTOHOBCKOU
TOUKE», TMO00 K KPUBOJIMHEHHOM MHOTOMEPHON KPHBOM ¢ aHAJIOTMYHBIMU HAYaJIOM U KOHIIOM.
Opgnako I 3a7ad  ONTUMAJIBHOTO YIPABICHHUS TaKWEe METOJMKH JOJIroe BpeMs He
NpUMEHSIUCh. [lepBbIM arOpUTMOM JAMHAMUYECKON ONTHUMU3AIMHU, HCIONB3YIOIUM 3Ty
METOAMKY, CUATACTCS aJITOPUTM U3 padoTHI [2].

JluneliHoe BapbUpPOBAHHME YIPABJICHUS, JOMUHUPYIOIIEE B YHCICHHBIX METOJIAX,
HEU30€KHO TPUBOIUT, Tpouas dYepe3 auddepeHIHanbHBIA onepaTop, K KPHUBOJWHEHHBIM
OTOOpaXKCHHSIM Ha MHOXKECTBAaX MOCTHKUMOCTH. C IPYroil CTOPOHBI, KPUBOITHHEHHBIE CIIOCOOBI
M3MEHEHHUS YIpaBlIeHUs, OUYEBUIHO, MHOTO Ooraye JIMHEWHBIX, KOTOPhIE MOTYT ObITh BKIIOUCHBI
B HMX KaK 4YacTHBIA ciydaid. Bo3HuKaromye NnpH 3TOM PHUCKU BBIXOJA KOHCTPYHPYEMBIX
yOpaBlIeHUN 3a TpaHUIbl JOMYCTHUMBIX HWHTEPBAJIOB MOTYT OBITh JIETKO IMOTalIeHbl C
MIPUMEHEHUEM OIEPaTOPOB T€OMETPUUECKOTO MTPOCKTUPOBAHUSI.

[TonbITKM HKCMONIB30BaHUS YIOOHBIX CBOMCTB KPUBOJIMHEHHOTO BapbUPOBAHUS JUIS
MOCTPOCHHUSI TapajUIeNIbHBIX TEXHOJOTUHA B 3ajadye ONTUMAJIBHOIO YIPABICHUS HAMH YXkKe
npous3BoAWINCh [2]. OmHako, Ha Hall B3IJIS[, MOTEHIMAT Mapajljiean3Ma KPUBOJIMHEUMHOTO
BapbUPOBAHUS PACKPBIT €Ie IaJIeKO HE MOJHOCThIO. B mokiame oOcykaaeTcs mpeIioKeHHBIN
MEeTOJi KOHEYHOMEPHOW ONTHMHU3AIlMU, OCHOBAaHHBIM Ha oOcyxmaemMoMm moaxonae. OcHOBHas
ujes 3aKJ0YaeTcs B MOCTPOCHUU KPUBBIX, UCXOMSAIIMX M3 TEKYHIEH TOYKU MO KacaTeIbHOM K
rpaJMEHTy U HAIMpaBJICHHBIX K 3apaHee CreHEPUPOBAHHOW JOCTATOYHO YJIAJCHHOW OMOPHOI
TOouKe. Bapuaiuu Takoro THma MOTYT TapaHTUPOBAHO BKIIOYATH YIYUIIAIOIIAE MPUOIMKCHUS
(ecmu, KOHEUHO, TPaJIMEHT HEHYJEBOM) M, C JPYrol CTOPOHBI, CIYKUTh WHCTPYMEHTOM JUJIS
HEJIOKaJIbHOTO TMoucKa. [lapainenbHas TEXHOJOTUsI ONUPAETCS Ha MPUMEHSEMBIH METO[
OJTHOMEPHOTO IIOMCKA, HCIOJIb3YIOUIUNA METOAMKY «CKUMAIOIIMXCA CETOK»: Ha KaXIou
UTEpallUd TEHEPHUPYETCs CIIydaiiHas CeTKa Ha JOMyCTUMOM WHTEpBalle, 3HAUCHUs (YHKIHH B
y371aX KOTOPOW BBIYMCIAIOTCS B MapajlJIeIbHOM pEXHME; 3aT€M BBIOMpPAETCs HOBas CeTKa B
MaJIoi OKPECTHOCTH HAWTYYIIIEro HAlACHHOTO IPUOIFKEHUS U T. 1.

[IpoBeneHHBIE  BBIYMCIMTENBHBIE SKCIEPUMEHThl MOATBEPAWIN MNPUHIMIHAIBHYIO
paboToCIIOCOOHOCTD MPENTI0KEHHOTO MOAX0/1A.
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I[TPUMEHEHUE 5BOJIIOMOHHBIX AJITOPUTMOB
I MAKCUMM3ALIMA BJIMAHKWSA B BYJIEBBIX CETAX

A.B. Aunpees, A.W. byrpoBckuit
VYuusepcuter U'TMO, Cankr-IletepOypr
sasha.andrieiev.2001@mail.ru, aibugrovskii@itmo.ru

Maxkcummzanus sausaus (Influence Maximization problem, IM) sBusercs omHoil u3
MHTEHCHBHO M3ydaeMbIX 3amad B Haykax o cersx (Network Science). Psan dyHnameHTanbHbIX
pe3yibTaToB, Kacaromuxcs IM, Obplmu mosydeHsl B padote [1]. B wacTHOCTH, B 3TOH cTaThe
OBLTH OMUCaHBl OCHOBHBIE MOJICTH paclpocTpaHeHust nHGopMaru B OyIeBbIX CETAX: TMHEHHAsS
moporoBass moxenb (Linear Threshold Model, LTM) u He3aBucumasi KackKaaHas MOJEINb
(Independent Cascade Model). OcHoBHOII uHTEpec Ui HACTOAIIETO HCCIICAOBAHUS
npeacrasisier LTM, a TouHee, ee 1eTepMUHUPOBAHHBIN BapuaHT, 0003Havaemblil yepe3s DLTM
(ot Deterministic Linear Threshold Model). ITo cBoeit uneiinoii npupone DLTM Gimzka k
M3BECTHBIM TOPOTOBBIM MOJIENsM, BBeAeHHBIM M. I'panoBerrepom B pabore [2]. ns
¢dopmansHoro omnpeneneHuss DLTM  ynoOHO wHCIONb30BaTh CHHXPOHHBIE OYyJIEBBI CETH
(Synchronous Boolean Network, SBN), Beeaennsie C. Kayddmanom B [3].

Wrak, paccMOTpPMM OpHEHTHPOBaHHBIA pasmedennsii rpadp G = (V,A,L), toe V —
MHOKECTBO BEpIIMH, A — MHOXKECTBO AYT, L — MHOKECTBO METOK, IMPHUIHCAHHBIX BEPIIUHAM U
ayram G. JIist mpou3BONIbHOM v € V' MHOMXKeECTBO Bcex BepiinH Buma U € V: (u, v) € A Ha3oBeM
OKPECTHOCTHIO BEPIIUHBI U U 0003HaunM ero 4yepe3 U,,. [lomaraem, 4To ¢ MpoOM3BOIBHON Tyroi
Buga (u,v) € A CBA3aHO HEOTPUIATENBHOE BELIECTBEHHOE 4ncio B, ), HA3bIBAEMOE BECOM
ayru (u,v). Tarxke CBKEM C KaKIOW Jyroil ee HOPMUPOBAHHBIA BEC, BBIPAKCHHBIN

B
ZueU,; B(u,v)
BepiminHa U € U, coeauHEeHa C ¥V Iyroll MOJIOKUTEIBHOro Beca. Takke CBSIKEM C KaXIou
BepiuHoii v € V uucno 6, € [0,1], HazpiBaeMOe IOPOrOM BEPILIUHEI V.

Cnenys C. Kaypdbmany [3], ompenenum Ha OCHOBE G AWCKPETHYIO JTHHAMHYECKYIO
cucremy (Discrete Dynamic System, DDS), kotopyio Takke Oymem ob6o3nauats G. Bymem
noJjiarath, 4To B KaXa0i MomeHT Bpemenu t + 1, t € {0,1,2, ...}, ¢ mpOU3BOIBHON BEPIIHHOM
v € V cBs3aHO 3HaUEHHWE CIeAYIONEeld BeCOBON (DYHKITUU:

1, ZueU,, b(u,v) : fu(t) = 917;
0, BIPOTHUBHOM Cay4yae.

CIAEMYIOIIMM YUCTIOM: by ) = . Jl1s KoppekTHOCTH TonaraeM, 4To XOTs OBl OJHA

A+ ={ (1)
HaGop 3nauennii Gpynkuii Buaa (1) Bcex BepIInH B MPOU3BOJIbHBIA MOMEHT t Oy/eM Ha3bIBaTh
cocrossareM DDS G B manHbBIE MOMEHT BpeMeHH. BepimHbl, ©Meromnue B MOMEHT ¢ 3HaueHHe
¢bynkuu (1), paBHoe 1, Ha3bIBAIOTCS AKTUBHBIMU, OCTAJIbHBIE BEPIIUHBI HEAKTUBHBI B MOMEHT
t. Takum 0oOpa3oMm, cocTOsiHME G B NPOM3BOJBHBIMN MOMEHT t — 3TO OyineB BekTop a(t) €
{0,1}", n = |V|. HaGop 3nauenmii ¢pynkuuii (1) mpu t = 0 3amaercs OTAEILHO U MOXKET OBITH
ar006M BekTOpoM u3 {0,1}", mocie yero 3Ha4eHHUs] BECOBBIX (YHKIHI B MOMEHTHI t = 1,2, ...
MEPECYMTHIBAIOTCS CUHXPOHHO B cooTBeTcTBHH ¢ popmyiamu (1). Cocrosinue a(0) Ha3pBaeTcs
HaYaJbHBIM.

Omnucannas DDS sBnsiercs mpumepoM cHHXpoHHOM OyneBoii cetu (Synchronous Boolean
Network, SBN) [4]. Ecmu, Haumnas ¢ Hekortoporo t, mmeer mecro a(t) = a(t+ 1), To
cocrosuue a(t) Ha3pIBaeTcs HenoaBMKHOM Toukoit DDS G. HecnoxxHo nmokasats, uro s SBN
Cc BecoBbIMU (yHKIUSMU BepmmH Buaa (1) mMeer mecTo ciemyromuii ¢akrt: s J1000ro
HavanbHOro cocrosuus a(0) DDS G wmaiinercs takoe t € {0,1,...,n}, uro cocrosume a(t),

" VccnenoBaHHe BBIMIONHEHO MpH TOAAep)KKe MUHHCTEpCTBA HAyKH W BBICIIET0 oOpa3oBaHus PO,
mpoekT Ne 075-03-2020-139/2 (T'oczananue 2019-1339).



nocrurayroe u3 a(0), sBIAETCA HEMOABMKHOM Toukoi manHoi DDS. lanee HavambHOE
cocrossane DDS G Oynem o0Oo3Hauath uepe3 «, a JOCTUTHYTYIO M3 O3TOTO COCTOSIHUS
HETIO/IBUKHYIO TOUKY — uepes «.

B Oonpmiom umcie paboT Mo pacmpocTpaHEHHIO HWHGPOPMALMU B COIMAIBHBIX CETAX
HayanbHOe coctosHre DDS G uacto Ha3wiBaioT IieeBbIM MHOXecTBoM (Target Set, TS) u
paccMaTpuBalOT 3a7a4y BbiOOpa 1eneBoro MHoxecTBa (Target Set Selection problem, TSS): nns
3aganHoro yuciaa R:1 < R <n HalWTH HaYaJlbHOE COCTOSSHUE  C MHUHHMAJIbHBIM YHCIOM
AKTHUBHBIX BEPIIUH, TAKOE€ YTO YHCIIO AaKTUBHBIX BEPIIMH B HEMOABIKHOW TOYKE @,
JIOCTUTHYTOM U3 &, HE MEHbIIIE R.

C 3amaueit TSS TecHO cBsizana mpoOiema Makcumusanuu BiausHus (IM), koropas B
cooTBeTcTBUH ¢ [1] MoxeT ObITh chopMyiaHpoBaHa B OTHOLIEHMH paccMmarpuBaemoil DDS B
cnenyromieM Buue: i pukcupoBannoro k € {1,...,n} cpeau Bcex BekTopoB a € {0,1}™:
wty(a) = k, HalTH TAKOI, YTO YKMCIIO AKTUBHBIX BEPIINH B HEIOABUKHOM TOYKE, JOCTHIHYTOM
U3 3TOr0 BEKTOpa, OyaeT MakcHMMalbHBIM. bBoiee ¢opmanbHo, 0603HaumM uwepes {0,1}%
MHOKeCTBO Bcex BekTopoB B {0,1}", mmeromux Bec Xommunra k,k > 1. Bsemem B
PacCMOTpPEHHE CICAYIONTYIO () YHKIIHIO:

0:{0,1}¢ - {k, ...,n}. (2)

Jlst iponsBosibHoOro @ € {0,1}) 3Hauenue o(a) ompenensiercss Kak Bec X3IMMHUHIA BEKTOpa @,
3a/Ial0IIETO HEMOJBIKHYIO TOYKY, KoTopas Obuta gocturHyra DDS G w3 HavampHOTO
cocrostuuss . TakuM 00pa3oMm, BeaWuHHY 0(Q) MOKHO paccMaTpuBaTh KaK MEpPY BIIHSHHS
BEKTOpa @@ Ha ceTh (G B KOHTEKCTE Mpollecca aktuBanuu. B pamkax IM otHOocuTensHo DLTM
TpeOyeTcs HaluTH @, Ha KOTOPOM 3Ha4YeHHE PYHKIUH (2) MaKCUMaJIbHO.

B [1] Owptm mpuBeneHbl apryMeHThl TpyaHopemaemoctd IM B kontekcte DLTM:
KOHKpeTHO, Obuta mokazaHa NP-TpymZHOCTh NaHHOW 3amaud, a TakKe YCTaHOBIEH (QakT
OTCYTCTBHSI TPUOJIMKEHHBIX anroputMoB pemieHuss IM ¢ rapaHTHpoBaHHOW TOYHOCTHIO B
npenmnosioxenuu, uto P # NP. B crarbe [5] 6in3Kue 1o cMbICTY pe3yibTaThl ObLTH MOJTY4YEHbI
B OTHOIIEHHH TSS.

Tounbie pemenust TSS MOryT OBITH HalIEHBI IPU TOMOII KOMOMHATOPHBIX aJITOPUTMOB.
B craree [6] mus aToi 1menu umcnosib3oBanmuch SAT pemarenu. OJHAKO COOTBETCTBYIOIIWE
3amaun B ¢opme SAT OKa3bIBalOTCS CIWIIKOM CJIOXKHBIMH Yyke st cereir ¢ n > 100
BEpIIMHAMU U, COOTBETCTBEHHO, MPAKTUYECKasi 3HAUYMMOCTh JAaHHOTO MOJX0Jla orpaHuyeHa. B
pabote [7] mnst npubmmkeHHOTO pemeHus 1SS B koHTekcTe DLTM ObL1 HCmonb30BaH KaIHBIH
NTOPHUTM, SIBJSIOMUKCS Moaudukanen anroputMma u3 [1]. B cratesax [8] u [9] ans pemenus
TSS wucnonp3oBanIMch 3BOMIOLMOHHBIE aNropuTMbl. COOTBETCTBEHHO, 1SS B 3THX paboTax
CTaBWJIACh KaK 3aj1aya 1ceBa10-0yneBoi ONTUMU3AIIHNH.

B nacrosmeit pabote paccmarpusaercs 3ana4a IM B kontexkcte DLTM u s ee pemenns
HCIonb3yeTcs: BapuaHT (1+1) 3BOTIONMOHHOTO alrOpUTMA, MPEUIOKEHHBIN B cTaTthe [10] mms
MOWCKa CHEUATIBHBIX CTPYKTYp, Ha3blBaeMbIX p —ia3eiikamu [11]. CyTb gaHHOTrO aaropurMa B
TOM, YTO OH COBEpIIACT CIECIHMATHLHOTO BUAA CIy4ailHble MYyTallMH, UICHHO ONHM3KHE K TEM,
KOTOpPBIC BBITIONHsIET cTanaapTHbIi (1+1)-EA [12], [13], ¢ To# nuimb pa3HUIIEH, YTO MyTalluH,
onpenencuusie B [10], siBastrorest mpeobpaszoBanusamu Ha MHOKecTBe {0,1}) 1, Takum oOpaszom,
xopomio nonaxonar mius pemenust IM. CoorBerctByrommii Bapuant anroputma (1+1)-EA
nonyuwi HazBanue (1+1)-WEA (ot Weighted Evolutionary Algorithm).

B pamxkax nactosmero uccnenoBanus (1+1)-WEA Owi1 ricionb3oBan yist pemeHus IM B
COOTBETCTBHH CO clieayromiei obmeit cxemoit. PaccmatpuBaercs SBN G u cooTBercTByromas
DDS ¢ ¢yukuusmu Buma (1). Crpoutcs Hekoropwiii Bekrop « € {0,1}}, 0OBsBIIsIeMbIit
tekymum (current). Ecin a —Opou3BONBHBIA TEKYIIUMH BEKTOp, TO K HEMY IPHUMEHSETCS
omeparop M u3 [10], Bemonusommit caydaiiayo (1+1)-myramuo wa {0,1}}. Beemem
obosnauenue a' = y;(a). Ecmm o(a’) > a(a), To @' craHOBUTCS TEKyIIMM BEKTOPOM (& =
a'). B IpOTUBHOM cilydae TEKYIIUi BEKTOP HE U3MEHSAETC. AJTOPUTM MPOJOJDKAET paboTy 10

10



TeX TMOp, MOKa He OyAeT MpeBBINICH 3aJaHHBbIA JUMUT Ha 4uciao MyTauuid. I[Tocie storo
aJITOPUTM OCTAHABIMBACTCS M BBIAACT 3HaUCHUE 0 (@), e A — TEKYIIUi BEKTOP.

JIsist HOCTpOeHUsT HadaabHOTO BekTopa @ € {0,1}7 MCIoab30BaCs KaJIHBIA alrOpPUTM W3
paboTsr [7].

OnucanHBI aITOPUTM MPUMEHSJICS B OTHOIIEHUH (ParMEHTOB CETEH peabHOI0 MHUPA,
IOCTYyIHBIX B OubOmuoteke [14]. Hwxe mpuBomuTcs pucyHOK (puc. 1), JIeMOHCTpHUPYIOUTUH
noBeaeHue anropurma (1+1)-WEA.

I _'_____—’_,_._.—1—
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7000

Influence
o
(=)
o
o
1

5000 1

(1+1)-WEA, k=361
(14 1)-WEA, k=404
(1+1)-WEA, k=425
(14+1)-WEA, k=449

4000

0 1000 2000 3000 4000 5000
Mutation

Puc. 1. I'paduk noBenenus anropurma (1+1)-WEA npu pemenun 3agauu |M
B cetH ‘P2p-Gnutella06’ u3 6ubnmorexu [12] mpu pa3nmudHbIX 3HAYCHHUSIX K

Ha pmanHOM pucyHke paccmorper Ttect ‘p2p-Gnutella06’ wu3 Oubmmoreku [14].
CootserctBytomuii rpad umeer 8717 BepmnH. Ha ocu OY moka3aHO 4HMCIIO aKTUBHBIX BEPIIUH
CeTH B HEMOJBIKHOW TOUYKE, KOTOpas JIOCTHUTHYTa M3 HadaibHOTo cocrosuus a € {0,1}7 3a
gucino Mmyrtanui, oroopakenHoe Ha ocu OX. Toukw mpu X = 0 COOTBETCTBYIOT 3HAYCHHSIM
o(a) nns cocrosumii a € {0,1}}, HaMIEHHBIX KaIHBIM aarOPUTMOM 13 [7]. MOXKHO 3aMETHTH,
9TO B HEKOTOphIX chydasx (mpu k = 404 u npu k = 425) amroputm (1+1)-WEA Becsma
CYIIECTBEHHO yNydIlIaeT HadallbHOE MPUOIIMKEHIE, HAallICHHOE JKaTHOU SBPUCTHKOM.

[To utoram wuccimegoBaHUS MOXKHO 3aKJIOUHMTh, 4To anroput™m (1+1)-WEA cnocoben
3HAYUTENIBHO YITydlllaTh IeJIeBble MHOXecTBa B 3amade |M, Haxoaumble >KagHBIMU
QITOPUTMAMH, U, COOTBETCTBEHHO,  SBJSICTCS  IEPCICKTUBHBIM  BBIYHCIUTEILHBIM
MHCTPYMEHTOM JJIsi pelleHus] 3Tod 3amaud. B OmmKaWIIuX HMCCIEOBAHUSIX Mbl IUIAHUPYEM
UCIOJIb30BaTh Juis pemieHus |M nmaparniensHble BEpCUU JaHHOTO allTOPUTMA.

ABtopsl BeipaxatoT Onarogapaocts C.E. Kouemazory u A.A. CeMEHOBY 3a BHUMaHUE K
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JIOTMIKM C BEKTOPHOI CEMAHTHUKOI B AHAJIN3E JAHHBIX U ITPUHATHN
YIIPABJIEHYECKUX PEIIEHNHA

JI.B. Apmmmackuii, B.C. Jle6enes, O.B. JIuTBuHOBa
WpkyTcKuii rocyiapcTBEHHBI YHUBEPCUTET yTeH COOOIIEHUS
larsh@mail.ru, lebedevvs97@yandex.ru, mahovsk@yandex.ru

B noxmane oOcykmaroTcsi BOMPOCHI NMPUMEHEHHUS JIOTMK C BEKTOPHOW CEMAaHTHKON B
dopme V' -noruk st ananmsa JaHHBIX. B mepByI0 ouepes T. H. «OONBIINX JAHHBIX», aHATH3
KOTOPBIX MO3BOJISIET BBIPA0ATHIBATE PEKOMEHIAIIUH JUTSI JIMI, TPUHUMAOIINX YIIPaBICHYCCKHE
pemenns. OcoGeHHOCTBIO V' -JIOTHK SIBISETCS BO3MOKHOCTb MapaielbHOR 00pabOTKH
apryMEHTOB 32 ¥ MPOTUB TOT'O WJIM UHOTO CYXJeHHs. B kauecTBe apryMeHTOB MOTYT BBICTYIIAaTh
CBHJICTENIbCTBA, JKCIECPTHBIE MHEHHS M T. M. Takod IMOIXOJA TO3BOJISIET y4ECTh HE TOJBKO
MOJTHOTY ¥ MIPOTUBOPEYHUBOCTD, HO M IOCTOBEPHOCTH 00padaThiBaeMoii HH(POPMALINH, YTO TAKKe
1esecoo0pa3Ho MPUHUMATh BO BHUMAaHHUE.

B ocHoBe (hopmanm3ma JeKUT MOHITHE BEKTOPA NCTHHHOCTH:

llall=(a"; a°), ()
I7ie @ — HeKOTOpoe CyKJeHue, |[al| — ero mctuHHOCTH; &', @ €[0,1] — cTeneHn yBepeHHOCTH B
TOM, 4TO CyXJEHHE, COOTBETCTBEHHO, MCTHHHO H JIOXKHO. 3HAueHHs & M & ONpenesaioTcs
COOTBETCTBYIOILIMMU aprymeHnTamu [1, 2].

BropeiM 31eMeHTOM 00CYXkIaeMoro Qopmain3Ma BBICTYIaeT OCHOBaHHOE Ha BEKTOPE
UCTUHHOCTU TMOHATHE HecTporoii BeposTHocTu. CornacHo [3] HecTporas BEpOSITHOCTh
npencrapisierca BektopoM (PT(A); P7(A)), rome P*(A) — BeposTHOCTh peanmsarmu, a P~ (A) —
Hepeammanyun coobitus A; PT(A), P7(A) € [0,1]. KOMIOHEHTHI BEKTOpa pacCUUTHIBAIOTCS KaK

P*(A)= 2 F" (o, A)p(w);

0eQ)
P (A) = z F~ (o, A) p(w).

0eQ)
3necs F'(w,A)e€[0,1] — 0O3UTHBHBI KOMIIOHEHT BEKTOPA HCTUHHOCTH YTBEPIKICHHS:
3necs F'(w,A)€[0,1] — 03UTHBHBI KOMIIOHEHT BEKTOPA HCTUHHOCTH YTBEPIKICHHS:

F(w,A) = »DaementapHoe coObITHE @ OJIarONPHUITHO
C TOYKH 3pEHHS COOBITHS A%, (2)

MOKAa3bIBAIOIIHH, HAcKOJIbKO (2) uctuHHO, a F (@,A)€[0,1] — HeraTMBHBI KOMIOHEHT 3TOTO
BEKTOpA, MMOKA3bIBAIOIINI, HACKOIBKO (2) 10KHO; P(®) — BEPOATHOCTH @ B OOBIYHOM CMEBICIIE; £2
— MOJTHAS TPYIITA AIIEMEHTAPHBIX COOBITHH.

DTOT B3MJISA]] HA BEPOSTHOCTH MOXKET OBIT b IOJIE3€H, KOT/Ia HET MOJHOW YBEPCHHOCTH B (.
Hanpumep, eciin HU3KO JOBEpHE K MOATBEPKIAIOIIIM/OIIPOBEPTAIOIIAM CBHICTEILCTBAM O €TI0
HaOIIOICHU Y.

DTOT B3I HA BEPOSITHOCTh MOXKET OBITh TI0JIE3€H, KOTIa HET IMOJIHOW YBEPEHHOCTH B (.
Hanpumep, eciin HU3KO JOBEpHE K MOATBEPKIAIOIIIM/OIIPOBEPTAIOIIUM CBHICTEILCTBAM O €TI0
HaOIIOICHU Y.

OnHUM W3 HaNpaBlICHUH, T/Ie MOTYT HaWTH MPUMEHEHUE YKa3aHHBIC TIOJXO/bI, SBISETCS
aHanu3 Oonpimx naHHbIX (ABJ]). CeromHs MHOTHE KOPIIOPATHUBHBIC JaHHBIE XpaHATCS B 0azax
nauubix (bJ1), kak nmpaBuio, pensuoHHbIX. CIOCO0 MPEACTaBICHHS B HUX — TAOJIMYHBIHN, KOT/1a
O0BEKTY, CUTYallMH | T. Il. CTABUTCSI B COOTBETCTBUE KOpTex (3amuch) T = (1y, ty, ..., ty), rme tj —
arpuOyr. Takoe TmpeacCTaBIeHHE XOPOIIO KOPPECIOHIUPYET ¢ TaOJIMIIaMd COBMECTHOM
BCTPEYaEMOCTH, MCIOJIb3YEMbIMU B WHAYKTUBHOM BbIBOJIe. Kpome TOro, KOpPIOpaTUBHBIC WIIH
WHBIC JIaHHBIE MOTYT pa3MeEIIaThCsl B AJIEKTPOHHBIX TaOJMIAX, YTO TAaK)XKe MOJCKA3bIBACT
BO3MOYKHOCTh UX aHalM3a CPEICTBAMH WHIYKTHBHOHN JOruku. HeyBepeHHOCTh B JaHHBIX MpPU
OIMMCBHIBAEMOM TIOAXO0JIe K aHATM3y (OopMalU3yeTcss TeM, YTO KadeCTBEHHass WH(pOpMaIrus B
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KaX/10# sueiike TabIuIbl cOMpoBOXkaaeTcs BeKTOpoM (1), a KOIMYECTBEHHAs MEpEeBOIUTCS B
Ha0Op HeNepeceKarolNXCcsl MHTEPBAJIOB U KaKIbl MHTEpBal paccMaTpUBAaeTCs KaK OTIEIbHOE
KayecTBO. KOMIIOHEHTHI BEKTOpa OTPaXKaloT JOBEpPHE K JTAaHHBIM, 337aBaeMO€ 10 0ObEKTUBHBIM
WU CyOBEKTUBHBIM COOOpaXkeHusM [4, 5].

TaGnuikl COBMECTHOM BCTPEUAEMOCTH HCIONB3YIOTCS MpPHU HHIYKTHBHOM BBIBOJIE C
UCIOJIb30BAHUEM METO/0B E€AMHCTBEHHOI'O CXOJACTBA M COEJUHEHHOIO METOJa CXOACTBA U
pasnuuusi. B HUX 3aHOCATCS pe3yNbTaThl HAOMIOCHUN SIBJICHUH @ COBMECTHO ¢ HaOII0aeMbIM
seiieHreM b. Ecnu @ B HaOMIOJEHUH BCTpedaeTcs, TO MPU TPAIUIMOHHOM MOAXOAE B SUCHKY
3aHOCHTCS CMHHIA, HHAYe HOIb. CTPOKa, IIe HAGIIONACTCS KOHKPETHOE 8; , pACCMATPHBACTCS
KaKk apryMeHT B IIOJIb3y CBsi3M @—D, a Mo Takux CTPOK B OOIIEeM MacCHBe — Kak Mepa
YBEpEHHOCTH B Hel (CM., Hamp., [6, 7]). B BekTopHOM cityyae TabinuIia MpUHUMAET BUT;

Tabmuna 1. CoBMecTHast BCTPE4aeMOCTb SIBJICHUN B BEKTOPHOM IIPEJICTABICHUH

ai ao . an b
1| {(an;a1r) (@21;8017) (@niany | (bbr)
2 | (aa12) (a2";8027) (@n"an )y | (b25b2)
3 | (aizhas) (A23";803") (an3"ans )y | (b3"bs?)
K | (Gak) | (a8 (ankany | (bbk)

3mecsy ai’, aik €[0,1]. B ciydae coemuuéHHOro Merona cxonactsa um pasamums (CMCP)
3HadeHue BekTop-pyHkiwH |F(w,A)|| s kax o cTpoku K BEIYHCIIIETCS Kak
Il Ay ay ) &by v—A@ - 8y ) &by |-

st metona equHCTBEHHOTO cXocTBa (MEC) 3TO BRITISANT Kak:
Il ACay,-nay ) &by |-

YBepeHHOCTI) BO B3aNMMOCBI3H ai—)b 0 3TUM MCTOAaM PaCCUUTBIBACTCA KaK HECTporasd

BEPOSITHOCTH:
K

F’(A)=<%Z[Ak+ oby ® A °b"_];%i[(A"_ ®b.)e (AL ®b)D

k=1

— st CMCP un
P(A) = <%Z[A: -b:];%z[(A; ®b;))

— it MEC. 3necs ® u @, COOTBETCTBEHHO, TPEYrojbHas HOpMa U KO-HOpMa B MH(UKCHOM
3aITUCH.

Jlnst  BeiOOpa HamOonee MPEANOYTHTENBHBIX PE3YJIBTaTOB MOTYT HCIIOIB30BATHCS
YHUCJIOBBIE MepHI [3]:

Ha(A) = P(AT) = P(A") )
— I0OCTOBEPHOCTH (0OOCHOBAaHHOCTH);

Ho(A) = P(A)®P(A") 3)
— ONPEAEIEHHOCTH;

Ha(A) = P(A")eP(A) (4)
— IPOTUBOPEYHSL.
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DTOT MpUéM MOXXHO PACIpPOCTPAHHTh M Ha OOJee CIOXHBIC BBIPAKCHHsS, YeM ai—D.
Hampumep, co ceszkamu U, UJIN, HE neBoit wactu (aHTeueneHTe).

NHIyKTUBHBIA BBIBOJI SIBJISIETCSI CPEACTBOM HM3BJICUCHUSI 3HAHUM MPOIYKIMOHHOTO THUIIA:
«Ecnu..., T0...», KOTOpBIE MOTYT UCIIOJIb30BAaThCA B CUCTEMaxX, OCHOBaHHBIX Ha 3HaHUAX (CO3)
¥ MHOM IIPOrPaMMHOM OOECTIEYEHNH, UCTIONb3YIOIIEM MPOAYKIUU. JTO YaCTh MHCTPYMEHTapHUs
HHTEIUIeKTyaabHOro aHanu3a naHaeix (Data Mining, MA ). Ceroaus MAJ] HaxoauT HIMPOKOE
IIPUMEHEHHE B CUCTEMAX MOIEPKKU NIPUHATHS pelieHui 8, 9].

CnemyeT OTMETHTb, 4YTO Y4Y€T MAaJlOJIOCTOBEPHBIX (TOYHEE, OTCYTCTBYIOUIMX) U
IIPOTUBOPEUYUBBIX JaHHBIX sBisieTcsa Takxke yacteio JICM-merona B.K. ®unna, ognako, eciu
TOBOPUTH B TEPMHUHAX V' -noruk, B HEM WCIIONB3YIOTCA TOJNBKO 3HaueHuss uctuHHocTu (0;0)
(reonpenenéunocts) U (1;1) (mpotuBopeune) [10, 11]. IIpeacraBneHHsIid ke moaxoxd OoJee
o0Imuii.

B BemmeynomMsHyThiX paboTtax [4, 5] aBTOpamMu OOCYXIAIOTCSI OTACIbHBIE ACIIECKTHI
W3BJICYCHUS TIPOAYKIUN U3 TaOIUI MHAYKTUBHBIMA METOJAMH B YCJIOBHSIX MaJlOJIOCTOBEPHON U
npotuBopeunBoil nHpopmaruu. [Ipruem npuurHamMu npodIeM MOTYT OBbITh KaK HEHaIEKHOCTh
COOTBETCTBYIOLIMX HMCTOYHHKOB, TaK M BO3MOXKHBbIE apTedakTsl JaHHbIX [7]. JlocTomHCTBOM
TaKOro MOJIX0Ja SIBJISIETCS TO, YTO MOSIBIISIETCS MEXaHHU3M «MSTKOT0» yuéTa BIMSHHS KauecTBa
JAHHBIX HA UTOTOBBIN pe3yibTaT, HAPUMEP — BIHMSHUS apTe(akToB B HUX (OOBIYHBIN MOAXOM —
MOJIHOE JIOBEpUE K JaHHBIM, €CIHM J0oJs apTedakTOB HMUXKE HEKOTOPOro IMOpora M OTKa3 OT
aHaJIM3a, €ciau MOopor npesbllieH [12], cBoero poxa «peneiiHoe yrpaBieHHe» aHain3oM). Kak
pe3yNbTaT, aHAJIUTHK JaHHBIX MOXET KOJIMYECTBEHHO OLICHUTh BIMSHHME IUIOXMX JaHHBIX U
YY€CTb 3TO B PEKOMEHJALUAX JIULY, IPUHUMAIOLIEMY PEILLICHUE.

Emé onaum meronom ABJI, rae MokeT HalTH NPUMEHEHUE BEKTOPHOE MPECTABICHUE
uctuHHOCcTH, sBisgercs OLAP-anann3. B ero ocHOBE JIEKUT arperipoBaHHE KOJIMYECTBEHHOU
nH(popManuu Mo u3MepeHussM MHoromepHoro kyoa (1. H. OLAP-ky6s1) [13, 14]. U3meperusmu
BBICTYIAIOT aTPUOYTHI, CBSA3aHHBIE C KOJIMYECTBOM (HAMPUMED, KOJMYECTBEHHBIN MOKa3aTeh —
BBIpyYKa OT MPOJAXH EIWHHULBI TOBapa, a M3MEPEHHUsS — HAaUMEHOBAHME TOBapa, €ro THII,
MIPOU3BOUTENb, MOCTABIIMK, JaTa MPOAAXKU, U T. I.). ATPETMPOBAHUEM MOXKET BBICTYNATh
BBIUHCJICHHE CPEJHEro, MUHUMyMa, MakKCUMyMa, Mefuanbl U T. 1. [Ipu HenmomHoOM aoBepHH K
KOJIMYECTBEHHBIM JIaHHBIM, HallpUMep, MpPH HWCIpaBICHHH apTedakToB, XOPOIIO HMETh
MEXaHHU3M, KOTOPbI MO3BOJISUT Obl YUUTHIBATH 3TO OOCTOATENLCTBO. ECIU B KaXIyio sUeHKy
OLAP-ky0a moMHMO CaMoro nokasareisi KOJM4ecTBa BHOCUTH BEKTOp AoBepus k Hemy (1) u
IpU arperupoBaHUM, AOMYCTUM, YCPEIHATh KOMIIOHEHThl BEKTOPOB IO COOTBETCTBYIOLIUM
U3MEPEHUSM, MOXHO TOJIYYUTh TAaKXKE arperdpoOBaHHBIA TMOKa3aTenb OOIIEro AOBepuUs K
pe3ynbTaTaM aHajn3a B BEKTOpHOU (opme, uTo mpencraBisercs moyie3HbiM. Kak u B ciydae
MHAYKTUBHOTO BBIBOJIA 3TO IMO3BOJISICT MPUHUMATh PEUICHHE O IIeJIeCOO0Pa3sHOCTH aHajau3a U
PEIIEBAHTHOCTH €ro Pe3yibTaToOB, MCXOJS HE M3 JIOJIM «UCHOPYEHHBIX (DAKTOB», a M3 HX
(dakTHueckoro BIMSHUS Ha oOmuil pesynprar. [Ipuuém ¢ y4éToM BO3MOXXKHOM HH3KOU
JIOCTOBEPHOCTH M MPOTHUBOPEUMBOCTH 00padaThiBaeMbIX TakUM oOOpa3oM BenuyuH. OaHako
Bornpoc Bekropuzanun OLAP-ananm3a TpedyeT OTAeIbHOTO U3YUEHUSI.

Hakonen, TpeTbuM HampaBiIC€HHEM MOKET CTaTh MHTEIICKTYalbHBIH aHAN3 TEKCTOBBIX
naHHbIX. Ero 4acThio CIyXUT aHaiu3 TOHAIBHOCTH — OMNpEENIeHHE OTHOILIEHHUS TOBOPSIIETO,
NUIIYIIET0 WIK JPYroro cy0beKkTa K Kakou-mubo Teme, MO0 oOImel KOHTEKCTyalbHOU
MOJSIPHOCTH WJIM 3MOIMOHAIBHOW peaKkIMM Ha JOKYMEHT, AeiicTBHe wiaM coObiTHe [15].
OCHOBHOI METPHUKOM TaKOT0 aHAJIN3a SIBISAETCS NOAAPHOCHb, KOTOPAs NMPEACTABISAETCS YUCIOM
u3 onpeaenéunoro auamazona. Hanpumep, [—1,1] wiu [0,1]. OHO BhIpaskaeT auama3oH MEKIY
HETaTUBHOM M TO3UTHUBHOM TOHANBHOCTHIO. CBUIETENHCTBAMU B TIOJIb3y TOW WJIM HMHOU
TOHAJBLHOCTH BBICTYMAlOT IpuiaratensHbie [15]. OmHol u3 mpoOiem 37ech SBISETCS BOMPOC
aHajM3a CMENIaHHOW (MO3UTUBHOM M HeratuBHOW) mosisipHocTu. B [15] oTmeuaercs, uto st
3TOr0 BMECTO METPHK MOJSPHOCTH HCIOJB3YIOT T. H. MemKu BO3MOXHBIX TOHAJIBHOCTEH C
OLICHKOM YBEPEHHOCTHU B HUX. [Ipudem [uis CMEIIaHHOW TOHAJIBHOCTU UCIOJIB3YIOT OTIAEIbHYIO
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MeTKy Bpoae «mixed». OCHOBHOW apryMeHT aJisi 3aMEHbl METPUK METKaMH B TOM, 4YTO
CMEIIaHHasi TOHAJIBHOCTH HE MOXKET OBITh BhIpakeHa B umciax [15]. Omnako B \VALS
dbopManm3Me S5TOT BONPOC CHHUMAETCS JIOCTATOYHO JIETKO: TOHAJIBHOCTH MOXET OBITh
TIpeCcTaBIeHa KaK BEKTOp MCTHHHOCTH (@'; @ ) yTBep)KIeHHs, HampuMmep, a =» ToHaIBHOCTH
JIAHHOTO TEKCTa TONOKUTENbHASY. Ero Mo3uTUBHEIH acrekT a’ GopMHUpyeTcs TO3UTUBHEIMH, a
HETaTUBHBIA & — HETaTHBHBIMHM NpUjaraTedbHbIMU. TOrma HCKIIOYHTENEHO TO3MTUBHOU
TOHAJIBLHOCTH OYJIET OTBEUATh BEKTOP <a+; 0) (BrutoTh 110 (1; 0)), UCKITIOYNTENHHO HETAaTUBHOM —
sektop (0; @) (B mpexene — (0; 1)), a cMemranHOit — cOGCTBEHHO BeKTOp (@, @), THe @' ma_
OTIUYHBI OT Hyns. [IpenenpHass HEUTPAIBHOCTH («0€33MOIMOHAILHOCTY) TEKCTa BBIPAKACTCS
BekTopoM (0; 0). OTpuimanue TOJOKUTETHLHOM TOHAIBHOCTH (HETaTUBHAs TOHAIBHOCTD)
dopmanuzyercs mepsoit (opmoii oTpuianus ||-al|=(a;a’) a Bropas (opma OTpHIAHHS
|l~al| = (1-a"; 1-a") orpaxkaer meduuuT UHGOPMAIMY [JIs OLEHKH TOHATBLHOCTH (OTPUIIAHKE B
cuity HenoctaTtka uHpopmarun) [1].
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HHPOEKTUPOBAHUE I'MIPOPMSNYECKOI'O ITOJIMI'OHA IJIA UCCIIEAOBAHMA
IMPOLECCOB TEINIO-MACCOOBMEHA B ITPUCKJIOHOBOU 30HE O3EPA FAUKAIJI

N.A. AcnamoB, M.M. Makapos, K.M. Kyuep
JIMH CO PAH, r. Upkyrck
ilya_aslamov@bk.ru

bapoknHHBIE BOJIHOBBIE NPOLIECCH, a TAKXKE MEXaHU3Mbl HX B3aUMOJIECHCTBUSA C
MOBEPXHOCTHBIMU BOJTHAMHU U penbedom THa B puOpexHoit obnactu B baiikane Mano u3y4eHsl.
YuuTbiBass CTPEMUTEIBHOE PA3BUTHUE M3MEPUTEIBHON ammapaTrypbl H  BO3MOXKHOCTEM
YUCJIEHHOI0 MOJEIMPOBAaHUsA, [JETAJbHOE HATypHOE MCCIEIOBAaHME M MaTeMaTHYeCKoe
MOJICIIMPOBAHNE BOJTHOBBIX IPOIIECCOB B o3epe baiikan (GapoTpomHbie (ceim), 6apoKIMHHBIC
(BHYTpEHHHE) BOJIHBI W WHEPIHOHHBIC KOJEOaHUs) TMPEACTABIsET COOOW COBPEMEHHYIO
aKkTyalpHyI0 3amauy. PazpabaTbiBacMasi B pamMKax HACTOSLIET0 KPYMHOTO HAyYHOTO MPOEKTa
WHCTUTYTOM THUAPOAMHAMHMKH MaTeMaTH4ecKass MOJEeJb, OyleT HCIOJb30BaHA JJsl OLIEHKU
BJIUSIHUSL BHYTPEHHUX BOJH U celll Ha 3(PPEeKTUBHOCTb TOPU3OHTAIBHOTO U BEPTHKAIBHOIO
MaccoIlepeHoca B JIMTOPAIBHOM 30HE 03epa balikas u Hax KpyThIM CEBEPO-3allaIHBIM CKIIOHOM.

JInst HaTypHOro MCCIENOBaHUS TEPMOTMAPOAMHAMHYECKUX IPOLIECCOB B BOJOEMAaX
HauOosnee d(pPEKTUBHBIM METOJIOM MOXHO CUUTATh CO3JaHUE TUAPODU3MUECKUX IOJIUTOHOB,
BKJIIOYAIONIUX B ce0s, B MEPBYIO OYEPEb, IVIOTHYIO CETh TEMIIEPATYPHBIX JAaTUUKOB, a TAKKe
U3MEPUTENIEH CKOPOCTU W HAIIpaBJICHUS TEUYCHHUH. B MUpPOBOM NpaKkTHKE, KaK IIPaBUIIO, TAKUE
MacIITaOHbIe MPOEKTHl PEATU3YIOTCS B OKeaHax U Mopsix. B Poccuu, Hanpumep, B Hacrosiee
BpeMs CO3/aHbI U YCTIEUTHO ()YHKIIMOHUPYIOT HECKOJIBKO TUAPO(PHU3MUECKUX MTOJTUTOHOB: JBa HA
UepnoMmopckom mobepexxbe — YepHomopckuit monmuron MO PAH «leneHmxuk» u
Yepuomopckuii runpodpusndeckuii nomuron PAH «Kauusenny», a takxke Ha Jlansnem BocToke
— «MexayHapoIHbIH Hay4YHO-0Opa3oBaTeNbHbI TeochepHbii mosmron» TOW JIBO PAH
(ITpumopckwmii kpait, Xacanckuii p-H, M. Lllynbia). B o3epax Ha cerogHsAImHUN JeHb MOAOOHBIX
MOCTOSIHHO JIEUCTBYIOIIMX THAPOPHU3NYECKUX IOJIUTOHOB HE CYIIECTBYET, XOTS H3BECTHBI
OTJIEJIbHBIE KAMIIAHUM 110 IOCTAHOBKE IKCIEPUMEHTOB C YEAMHEHHBIMH TEPMOKOCAMHU.

Cozanue ONBITHOTO TUAPOPUIUYECKOTO IOJMIOHA JJI HMCCIEAOBAHMS IPOLIECCOB
TeIuIo-MaccooOMeHa B TPUCKIOHOBOM  30HE MO3BOJUT  BBIBECTH  T'HAPOJOTMYECKHE
uccaenoBaHus o3epa balikanm Ha HOBBIM YpoBeHb. MeCTOM pa3BEpTHIBAHHS MMOJUTOHA BHIOpaH
paiion meiirpuHHOrO Teneckona (106 km. KBX]). Ilogkmouenne noaurona Kk mHPpacTpykType
HEUTPUHHOTO TEJECKONa MO3BOJIMT BOCIOJIB30BATHCS PE3EPBUPOBAHHBIM JJIEKTPONUTAHUEM U
KaHaJaMu CBsI3U. BBIOpaHHBI pallOH OTIMYAETCS JOCTYIHOCTHIO B JIETHEE M 3UMHEE BpeMs
rojia, 94To OOJIErYUT pa3BEPTHIBAHUE U OOCITYKUBaHHUE TUAPOPHUINIECKOTO MOTUTOHA.

B pamkax HacTosIIero mpoekTa IUTaHUpyeTcs pa3paboTaTh M HM3TOTOBUTH AJPECHBIC
TeMnepaTypHble AaTYMKH ¢ 4yBCTBUTENbHOCTHIO a0 0.001 °C, 4yTo cnemaer BO3MOKHBIM
JETAIbHOE M3YyYEHUE NOBEPXHOCTHBIX M BHYTPEHHUX HHEPLMOHHO-TPABUTALIMOHHBIX BOJIH, a
TaK)K€ MPOLECCOB pa3BUTHUSI MPUOPEKHBIX AaNBEJUIMHIOB HE TOJBKO B TEPUOJbI JIETHEH
crpatudukanuu (c OONBIIMMHU TPAJAUEHTAMU TEMIIEpPaTyp), HO W B MEpUOAbl OIM3KHE K
FOMOTEpPMHUH, a TaKXke MOoA0 JbJoM. JlaTunku B BEpXHEH 4YacTH TEPMOKOC IO TIIYOHHBI
ce30HHOro TepMokianHa (~30 M), maHupyercs pacnosararh ¢ maroM 1-2 m. C ganpHeHIIMM
yBEJIMUEHUEM TJyOMHBI MIAr JaT4UKOB OyzaerT yBenmuueH A0 10 M, ¢ ero mocieayromum
COKpaIlleHHeM B MPHUAOHHOH obsactu 10 1 M, ¢ LeNblo JeTalbHOW PEerucTpaluy MpoIeccoB B
ITOIPAaHUYHOM CJIOE.

PaccrosiHre Mexay coceTHUMHU TepMoKocamu OyeT cocTtaBisaTh 30-50 meTpoB. Kaxnas
TepMoKoca OyJieT 3askopeHa Ha OETOHHYIO IUIUTY, YCTAaHABIMBAeMYIO Ha JHE, U pacTIHyTa B
BEPTUKAJIHLHOM TIOJIOKEHUH TUIaBY4YUM OyEM, pa3MelleHHbIM B 4 M OT MOBEPXHOCTH O3€pa.
OtnenpHBIE KOCHI OyIyT MOAKIIOYATHCS HEp)aBerolmmMm kKaderabTpocoM KI'-7 x mogBogHOMY
xaly, pacnonaraemoMy Ha riyouHe 10 merpoB B 200 mMeTpax oT Oepera, oOpa3ys TOIOJIOTHIO
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«3Be3q1a». CeMIKIITBHBIA Ka0eIbTpoc 00eCIeuuT He0OX0IMMOE KOJIMYECTBO MPOBOIHUKOB TS
nepeaadn JaHHBIX 1o JHHUK RS485 u mogaum HampshkeHUs mUTaHUS 12 BOJIBT, a Takke OyneT
BBIMOJIHATE TPY30HECYIIYIO (DYHKIMIO, TNpenoTBpallasi CIOJ3aHHEe TEPMOKOC BIOJIb 45-
rpagycHoro ckjona. OT LIEeHTpa yNpaBieHHUs] HEUTPUHHBIM TEJIECKONOM JI0 MOJBOAHOIO Xaba,
Takxke OyZeT mposioskeH kabenbTpoc mmHoi ~550 MeTpoB. B kauectBe uHTepdeiica nepenaun
JAHHBIX MEXAY IEHTPOM yIpaBiieHHs W xabom BbiOpaHa jauHus SHDSL Ha 06aze momemoB
Sigrand SG-17B-3.3-M (Poccus). [Turanue xaba Oyzaet ocymecTBisiTbes ot 220B nepeMeHHOro
TOKa.

BbiCOKOE TPOCTPaHCTBEHHOE WU BPEMEHHOE pa3pelleHUE JaTYUKOB IIO3BOJIUT B
JIOTIOJIHEHHE HCCIIEZIOBATh MPOLECChl KOHBEKIMM W TYpPOYJIEHTHOCTH, a TaKXe pa3BUTHE
TepMudeckux OapoB B o3epe baiikan. OmnucaHHble HpEeUMYyIIECTBA, HECOMHEHHO, BBIBOIST
paspabaThiBa€MbIi TOJUTOH Ha CaMbld TIEPEIOBOM YpPOBEHb HCCIICIOBAHMK B MHpE, H
3HAUUTENIBHO IPEBOCXOAT CyllecTBYIolMe Pocculickue aHajaoru, yCTaHOBIEHHBIE B MOPSX, B
KOTOPBIX pa3pelieHne TEPMOKOC cocTaBisieT, kak npasuio 0.1 °C. Ilpu 3ToM, ncnonbp30BaHue
coOCTBEHHBIX HapaboTok nmabopatopuu ruaposioruu u runpodusuku JIMH CO PAH, a Taxke
OTE€YECTBEHHBIX MATEPHAIOB U KOMIUIEKTYIOUIUX MMO3BOJHUT HA MOPSAIKUA COKPATUTH CTOMMOCTh
peayM3alMM NPOEKTa IOJIMUTOHA, I10 CPAaBHEHMIO C 3aKyNKOM TIOTOBOIO HMMIIOPTHOIO
o0opyIOBaHUS.

I'uapodusnueckuii moaUron paspadarbiBaeTcs B pamkax rpanta Ne 075-15-2024-533
MuHucTepcTBa HayKd M BbICHIEro oOpa3oBanusi PD Ha BBIMOIHEHWE KPYITHOTO HAyYHOTO
MPOEKTa TIO0 TPUOPUTETHBIM HAMPABICHUSAM HAyYHO-TEXHOJOTUYECKOTO Pa3BUTHUS (IIPOSKT
«DyHnameHTaNbHbIE UCCIEN0BaHNs balikanbCKOM MPUPOAHON TEPPUTOPUU HA OCHOBE CUCTEMBbI
B3aMMOCBSI3aHHBIX 0a30BbIX METOAOB, MOJEJeH, HEMPOHHBIX ceTell M HupoBoi MIATHOPMBI
HKOJIOTMYECKOI0 MOHUTOPUHTA OKPY>KAIOLIEH Cpeb»).
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TJIOBAJIBHBINM TTOUCK
B HEBBIITYKJIbIX 3AJJAYAX KBAIPATUYHOM OIITUMU3ALIUN®

M.B. bapkosa, A.C. CtpekanoBCKui
WNHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
mbarkova@icc.ru, strekal@icc.ru

PaccMoTpuM  HEBBIMYKIYIO 3aJady MUHUMH3ALUKA  KB3JApPaTUUYHOH (QYHKIUU C
KBaJIpAaTHYHBIMH OT'PaHUYCHUSIMU-HEPABEHCTBAMH CJIEIYIOIIETO BHJIA:

fo(x) = (x, Q%) + (bg, x) + yo | m}icn,x €S,

f:(x) = (x,Q'x) + (b, x) +y; <0,i €= {1, ..., m}, (P)

/I MaTPHIIBI Qi € R™"— 3HAaKOHEONpeAeICHHbIe, CUMMeTpuuHble, b; € R™,y; € R, i €[ U
{0}, maOXecTBO S € R™ — BBHINYKIIOE ¥ 3aMKHYTOE.

Beenem mrpaduyro ¢pyukmuo W (x): = max{0, f;(x), ..., fm(x)} , tne ¢ = 0 - mapamerp

mTpada, ¥ CBEAEM HEBBIMYKIYIO 3a1auy (P) k ciemyromieil BcmoMoraTebHOW omTpadoBaHHON

3a/1aue Ha BBIMTYKJIOM MHOXecTBe [ 1,2]:
F;(x) = fo(x) + c W(x) | min, x € S. ()
X

[TockonbKy m00ast KBaapaTuaHas (GyHKIUS MOKET ObITh mpeacTraBicHa B Buje (d.C.) pasHocTh
BBIMYKJIBIX (DYHKITUH, TO 3alHIIEM HETEBYI0 QYHKIHIO omTpadoBaHHON 3a7aud B CIEAYIOMEM
sune F;(x) = G,(x) — Hy(x) u npumenum Juis pemicHus 3amadn (P;) Teopuio riio6aibHOro
noncka [1,2]. PazpaboTannblii Ha €€ OCHOBE MOJXOJl COCTOMT M3 JABYX OCHOBHBIX 3TanoB. Ha
MIEPBOM 3Tarie JUIsl OTHICKAaHUS KPUTUYECKUX TOUEK OyAeM HCIOJIb30BaTh ClEUATbHBINA METO/1a
nokanpHOro moucka (CMIJIII) [3]. OcHoBaHHBIM Ha YaCTUYHOW JMHEAPU3ALMU IIEJIEBOU
GbyHKIMU 110 6a30BOM HEBBIMTYKJIOCTH 33/1a4H, OH 3aKJI0YAeTCs B MOCIEA0BATEILHOM PELICHUN
CepHUU BBIMYKIIBIX 3371a4:

®,(x):= Gz(x) —(VHz(v),x) | min, x €S. (P,L(v))

Ha BropoM srame peanns3oBaHbl Npouenypsl Bbixoaa u3 nomydeHHoil CMIJIII kputnueckoit
TOYKH, OCHOBaHHBIC HA YCIIOBHUSIX I100aTbHON ONTUMAIBLHOCTH [2].

JIist TecTUpOBaHUS MPEITIOKEHHOTO MOX0/1a C TOMOILBbIO U3BECTHOM TEXHUKH T€HEepallun
TECTOBBIX MpPUMEPOB [4] creHepupoBanbl 3amaun pazmepHocTd oT 100 mo 1000 mepemeHHbIX,
JUIS KOTOPBIX W3BECTHBI TJI0OAIbHBIC PEIICHHUs, a TaKXKe BCE OCHOBHBIC XapaKTEPUCTUKU
(KOTMYECTBO CTALIMOHAPHBIX TOYEK, YUCIO JIOKANbHBIX pemieHuil). [lomyueHHble uncieHHbIE
pe3yNbTaThl MPOAEMOHCTPUPOBATH A(P(HEKTUBHOCTh IMOAX0JA, TO3BOJSIONIETO OTBICKATH
r100agbHOE pElIeHHWE B HEBBINYKIBIX 3aJladaxX KBaApaTUYHOW ONTHUMHU3AIMH MOBBILICHHON
pasmepHoctu. [lporpammbl peanu3oBaHbl Ha s3bike C++ C  HUCIOIB30BAHMEM TAKeTa
NPUKIaHBIX porpamM Gurobi asist perieHus: BCmoMoraTenbHbIX BBIMYKIIBIX 3a/1a4.

1. CrpekanoBckuii A.C. MuHUMH3HpYIOIIHE MoOcienoBaTeNbHOCTH B 3amade DC onrtumuzanmu c
orpannueHusiMu // Tpyabl MactutyTta Matematuku u mexanuku YpO PAH. 2023. T. 29, Ne3. C.
185-209.

2. StrekalovskyA.S. Global optimality conditions and exact penalization // Optim.Lett. 2019. V. 13. P.
597-615.

3. Barkova M.V., Strekalovskiy A.S. Computational Study of Local Search Methods for a D.C.
Optimization Problem with Inequality Constraints// LNCS. 2021. V. 13078. P. 94-109.

4. Calamai, P. H., Vicente, L. N., Judice, J.J.: A new technique for generating quadratic programming
test problems//Mathematical Programming. 1993. V. 61. P. 215-231.

* PaboTa BBIMONHEHA TIpU (PMHAHCOBOH noaepkke Poccuiickoro Hayunoro ®onza, mpoext Ne 24-41-03004
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MHWHUMAJIBHOE KOJIMYECTBO HEMPOHOB B IIOJIHOCBSI3HBIX CJIOSX
JAHHOU HEMPOHHOU CETU (ITEPBOE ITPUBJINKEHUE)*

O.U.bepurapar
NC3d CO PAH
berng@jiszf.irk.ru

B palore mnpezacraBieH ajaropurM MOMCKa MUHMMAJIbHOIO KOJIMYECTBA HEHMPOHOB B
IIOJIHOCBSI3HBIX CJIOSX HEWPOHHOM CETH, pellarollell 3aJaHHYl0 3a/ady, KOTOpbIi He TpeOyeT
MHOTOKPAaTHOr0 OOY4YEeHHUsl CETH C PAa3JIMYHbIM KOJIMYECTBOM HEUPOHOB. J[JIsl OIHOCBSI3HBIX
CeTel CyLIECTBYIOT OOIIME TEOPEMBI, MTO3BOJISIONINE JaTh BEPXHIOIO OIICHKY YKCia HEMPOHOB
JUTSE 3a/1aHHBIX (QYHKIMI aKTUBALMA, HA HACTOsIIIee BpeMsi 3T0 Max (N ins Noue), tme Ny, Ny -
pPa3MEpPHOCTb BXOJHBIX U BBIXOIHBIX JaHHBIX HEMPOHHOM CE€THU COOTBETCTBEHHO[1]. OmHako
3TO MUHHMAJIbHOE YHUCIIO 3aBUCUT OT PEIIaeMOil CEeThIO 3a/laid U MOXKET ObITh HHUXKE 3TOU
BepxHeil oneHku. PabGora [2] comepkHUT 0030p KauyeCTBEHHBIX METONOB OLIEHKU
MUHHUMAJILHOTO 4HWcia HeWpoHoB. B o003ope [3] mepeuncneHsl pa3audyHble COBPEMEHHBIC
METO/Ibl YIIPOIIEHUs (PYHUHIa) HEHPOHHBIX CETEH, UCIOIb3yeMble B TOM YHCIIE IS IOUCKA
U ynaneHusi Hed(PEeKTHBHBIX HEHPOHOB.

[TpennokeHHBIN B 3TO paboTe alrOpUTM OCHOBAaH Ha OOYYEHHUU HCXOAHOM IIMPOKON
CEeTH C MCIOJIB30BAaHUEM METOa KPOCC-BaIMIALMK IO KpaifHel Mepe Ha Tpex Qongax. 3atem
C TIOMOIIBIO AaBTOKOIMPOBIIMKA YCEYEHHOI'O CHHIYJISPHOIO Ppa3IOKEHHS, BCTABIECHHOTO
MIOCJIE MCCIIENYEMOrO €0 OOy4YEeHHOH CeTH, UIETCS MMUHMMAJIbHOE KOJIMYECTBO HEHpPOHOB,
KaK paHI ONTUMAJIbHOW MaTpHULIbl YCEYEHHOTO CUHTYIIIPHOTO PAa3JI0KEHUS.

IlycTte ecTh ABYXCIIOMHAs IOJHOCBSA3aHHAs HEWpPOHHAs CeTb S KOTOpas BBIAAET
3HaueHusa T=f X | Ha HaGope naHHbIX X:

(poll“(w“jl,}kXi,j"-B“kl‘):Yi,k (1)

‘POIZ‘(W‘;}I Yi,k+B‘:12}):Ti,l (2)

me Xe R/ ,TeR",Y e R, (p°1”,W‘;‘jk,B‘,f: - mosneMenTHas QYHKIMs aKTUBALUH, BECA
¥ CMCIICHUS] HEHPOHOB i-TO CJI0s COOTBETCTBEHHO; X; ;Y ) - BEKTOPHI BXOAHBIX MPH3HAKOB
JUI. IEPBOTO M BTOPOIO CJIOEB COOTBETCTBEHHO; K ,L - KOJIMYECTBO HEWPOHOB B IEPBOM U
BTOPOM cCJIo€ COOTBeTCTBeHHO. KommnuecTtBo o0pasuoB I B Habope [aHHBIX Ooublie
KOJINYECTBA HEMPOHOB B IEPBOM ciioe ceTh: [ >K.

o r_ rlD]
ITyctb Takke ecTh ceTb D MAEHTUYHON apXUTEKTYpBl, Bblatomas 3HaueHus T '=f (X )
Ha TOM ke Habope JaHHBIX X, a ¥ OTIMYAIOMIASCS OT CETH S TOJBKO KOJIMYECTBOM HEHPOHOB B
TIEPBOM CJIO€, a TAKKE BECAMU U CMEIeHusAMu W | B:

‘Pozl‘(wy,lrini,j"'B‘r;zh):Y'i,m (3)
o (WY 4Bl =T )

sreck Y' € R'™M, M xonudecTBo HeifpoHOB B niepBoM cnoe, T' € R' ™"

PaccmoTpum cHayana JeTepMUHAPOBAHHYIO IOCTAHOBKY 3a/1auM.

Onpenesenne 1. Ha3oBeM [Be NONHOCBA3aHHBbIE HEWPOHHBIE CETH OJUWHAKOBOM
DIyOMHBI ¥ OAMHAKOBBIX BXOIHBIX M BBIXOIHBIX Pa3MEPHOCTEH SKBHBAJICHTHBIMH Ha Habope
JaHHBIX X, €ClIM Ha KaXaoM oOpasime Habopa HaHHBIX X OHH BBIJAIOT WICHTUYHBIC

BBIXO/IHBIC 3HaYeHUs T, =T ', 1 MOTYT OTJIIMYATHCS TOJIBKO KOJMYECTBOM HEHPOHOB B KaXKIOM
CKPBITOM clioe 1 ko3¢ dunnentamu HeriponoB W,B (1-2).
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HecnoxHo nokaszars ciaeayroumue JeMMBbL.

Jlemma 1. Ilycte pe3ynbTarbl NPOXOXKIEHHUS IEPBOIO  IOJHOCBA3HOIO  CIIOS
JIBYXCIIOWHBIX TIOJTHOCBSI3HBIX ceTeii S m D Ha Habope MaHHBIX X YIOBJIETBOPSIOT YCIOBHIO
JIMHENHOM CBS3HU:

Yi,k:Y'i,mAm,k (5)

Y=Y Al (6)

rne A,A' Hexotopsie Matpumbl, a Y;, Y';,. - BBIXOZBI mepBoro cios ceTer S u D,
COOTBETCTBEHHO. TOI/Ia ATH CETU CTAHOBSTCS 3KBUBAJICHTHBIMH Ha HaOOpe JaHHBIX X mocie
COOTBETCTBYIOIIETO BEIOOPA KOA(PHUIIUEHTOB BTOPOTO CJIOSI OAHON U3 CETEH.

Jlemma 2. MuHUMaIbHO BO3MOXXHOE YMCIIO HEUPOHOB M B MEPBOM CIIOE CETU CPEIU
Bcex cereid D, PKBHUBalEHTHBIX ceTH S Ha HaOope AaHHBIX X U YIOBIECTBOPSIOIIUX
orpanuueHusM JleMMsl 1, He MeHblIe paHra MaTpulibl Y Ha HaOope JaHHbIX X:

min|M|>rank|Y (7)

Jlemma 3. IlycTh ecTh NOJIHOCBSI3HAsE HEUPOHHAS CETh C YHUCIOM CKPBITHIX ClI0eB N, U

I_ nl
BBIXOJAMH N-TO CJIOA Y‘”‘:Yi’,’j Ha HaOope maHHBIX X, n € [l,N ] . Torma mro0as

SKBUBAJICHTHAsI €d CeTh HAa 3TOM HabOpe JAaHHBIX, UMeroias M, HeHpPOHOB B N-M CKPBITOM
CJI0€ W YAOBIETBOpstomIasi orpaHuueHusM JlemMMmbl 1 B KaXJOM CKPBITOM CJIO€ TaKke
YIOBJIETBOPSIET YCIOBHUIO:

anrank(Y‘j”:‘) (8)

Caencrue Jlemmsbr 3. Eciu cetb D ¢ rank(Y‘”“ HEHpOHAaMH B CKPBITOM CJIO€ N
SKBHMBAJIEHTHA HEKOTOPOI ceTH S ¢ Y'" BBIXOZAaMH 3TOTro ClIos Ha HabOpe JaHHBIX X , TO OHA
UMeeT MUHUMAJIbHO BO3MOXHOE KOJIWYECTBO HEMPOHOB B 3TOM CIIO€ Cpelu BCeX ceTeil

SKBUBAJIEHTHBIX S Ha 3TOM Ha0Ope JaHHBIX, YAOBIETBOPSIOUIUX OrpaHuueHusM Jlemmsr 1.

ITocKonbKy HpolLece 0OydeHHs: HEHPOHHON CEeTH CTOXAacTHYeH M paHr Y'" 3aBHCHT OT
TOTO, KaK OblIa 00y4eHa CeTh S , pACCMOTPUM CTATUCTHYECKYIO MOCTAHOBKY 3a/1auu.

Omnpenenenue 2. HazoseM nBe cetn S 1 D OnMHAKOBOM apXHUTEKTYypbl HO C Pa3HbIM
YHCIIOM HEHPOHOB B closix (Hampumep (1-2)) cTaTUCTUYECKH SKBUBAJICHTHBIMH Ha Habope
naHHbIX X ¢ MeTpuKoil kadectBa Q u ee moporoBbiM ypoBHeMm Qg ecnu cetn S u D Ha
Habope AaHHBIX X BBIIAIOT IPOTHO3BI C METPUKOH KavyecTBa Q He xyxe Q.

CaeacrBue Onmnpenejsenuss 2. Bce mnomHOCThIO nepeoOydeHHBbIE  (IOTHOCTHIO
HOBTOPSIIOIIME  pe3ybTaTbl/METKH oOydarolmero Habopa [JaHHBIX) CETH  OJUHAKOBOM
apXUTEKTYpbl Ha HaOOpe MaHHBIX X CTAaTUCTHYECKU SKBUBAJCHTHBI B 3TOM HaOOpe JaHHBIX C
JI00BIM Hamlepel 3aJaHHBIM IMOPOTOBBIM YPOBHEM METpPHKH KadectBa Qo w3 obmactu
3Ha4eHUH 3TON MEeTPHKU.

[Tycts MeTpuka Q YIOBIETBOPSET CIEAYIOIIEMY YCIOBHIO Ha HEIEPECEKArOIIUXCS
naracerax X, X,:

Q(X,vX ):Dim(Xl)Q(X1)+Dim(X2)Q(X2) X, AX,=O )
b Dim| X |+ Dim|X,,| T

3nech Dim (X .|, Dim ( X 2) - KOIIMYECTBO 00pa3LoB B garacerax X, X, COOTBETCTBEHHO.

IIycTh CeTh S MONHOCTBHIO Mepeobydena Ha naracere X, (Q,=Best(Q)) u He oGyuanach
Ha paracerax X,,X; u (Dim(Xl):Dim(Xz):Dim(X3)), HO M3BECTHO ee KadecTBo Q5 Ha
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naracere X;. Torma w3z CuencrBus Omnpenenenus 2 u u3 npeanonoxenus Q;~Q, MOxHO
OLIEHUTH €€ KauecTBO Ha jgaracere X; V X,:

_Qy+Best Q|

m (10)

Torma MOXXKHO OXHAaTh, 4TO ceTh D ¢ kadecTBoM He xyxe Q, Ha maracere X, V X,
OTHOCHUTEJIBHO MIPOTHO30B CeTH S Oy/IeT CTaTUCTHYECKH SKBUBAJIEHTHA CETH S ¢ KadecTBOM Q
Ha Heu3BeCTHOM cetr D nmaracere X; (TO €CTh ¢ KA4€CTBOM CETH S Ha 3TOM JIaTaceTe).

W3 mpuBeACHHBIX pPACCYyXKICHHI OBUI CO3/laH M HMCCIIENOBaH CIEAYIOMINN alrOpPUTM
MOKMCKa MUHUMAJILHOTO YHCIIa HEMPOHOB B MOJTHOCBSI3HOM CJIO€ CETH.

1. OOyuuth Ha pemaeMol 3ajaye HEHPOHHYIO C€Thb S C BBIOPAHHOW apXUTEKTYpOi
(uucno cnoeB U (PyHKIIMM aKTUBAIMK), HO BEIOpATh 3apaHee U30BITOUHOE YUCIIO HEHPOHOB Ha
KaXJIOM cj0oe (He MEHee 4eM B JBa-TPHM pa3a MPEBBIMIAIOIIEIO OXKHIAeMOE€ MUHHMAIbHOE
YHUCIO YUCIO HelpoHoB). OOydyeHue MPOBOJAUTH KPOCC-BalMallMel Ha HEe MEHee YeM Tpex
donaax u MOIyYUTh COOTBETCTBYIOIIEE KOTMUECTBO OOYUEHHBIX BAPUAHTOB CETH S.

2. BwiOparb MeTpHUKYy KauecTBa, YIOBIETBOpsiomyl0 (9) U OIEHUTH €€ cpelaHee
3HAUYCHUC Q3 Ha BAJIMAAIMOHHBIX AATACCTaX IPH KPOCC-BaJIMAANN Ha BCCX BapUaAHTaAX S.

3. B pa3pbIB HEMpPOHHON CETH IMOCIE HCCIETYEMOro IMOJHOCBA3HOTO CIOSI MOCTaBUTh
CUHTYJISIPHOE MAaTPUYHOE PA3IOKEHHE U yCeYb €ro J0 TaKOW CTENeHH, YTOOBbl KaueCTBO
MOJTy4YEeHHOW HEHPOHHOM CeTH Ha Jaracerax, COCTABJICHHBIX HAIMOJOBUHY W3 OOydYaroIllero u
HAIOJIOBMHY M3 BaJIMJAIIMOHHOTO JaraceTa MpU KPOCC-BaUAALUKN C pe3yjbTaraMyd paboThI
cetu S 66110 He Xyke Q) (10). BoiOparh cpeHee 3Ha4eHHE JOCTUTHYTOTO PaHTa yCEYEHHOTO
CUHTYJISIPHOTO Pa3JIOkKEHHUS TIO0 BCEM KOMOMHAIMSAM JBYX (OJAOB I BCEX OOYYCHHBIX
BapHAHTOB CETH S.

4. B coorBerctBuu co Crnencrauem Jlemmbl 3 BbIOpaTh MUHUMAJIbHOE YHUCIO HEMPOHOB
B HCCIENYEMOM CJIO€ PaBHBIM HANJECHHOMY CpPEIHEMY DaHIy YCEUEHHOI'O CHUHIYJISIPHOTO
pasyIoKeHMs, cO3aTb CeTh D C 3THUM KOJIMYECTBOM HEHPOHOB HAa MCCIEAYEMOM CIIOE€ U
IIPOBEPUTH €€ KaYeCTBO.

AnTOpuTM OBLT peasrn30BaH U MyOJUYHO J0ocTyneH [4]. Pesyaprarsl paboThl anropurMa
Ha HECKOJIbKMX 3aJjadaxX KIacCHU(PUKAIUU U perpeccuu nmpuBeneHsl B Tabmuue 1. Buano, uto
MOJTy9aeMbI€ aJITOPUTMOM OIEHKH MUHUMAJIbHBIX IIMPUH CJIOCB HIKE, YEM UX OILIEHKA CBEPXY
u3 [1], a Tnana3oHpl METPUK Ka4eCTBA HOBOU CETH HA TECTOBOM JaTacere OJU3KH ¢ Ka4eCTBOM
HCXOIHOU CETH.

[TpennoKEeHHBIM aaropuT™M SBISETCS TEPBBIM NPHUOIMKEHUEM, TaK Kak, C OJHOMU
CTOPOHBI, aJITOPUTM HE TapaHTUPYET, YTO HEHMPOHHAS CETh C HAWJEHHBIM YHCIIOM HEHPOHOB
MOXeT OBITh O0ydeHa 10 TpeOyeMOoro KauecTBa, a ¢ Ipyroi CTOPOHBI, OH UIIET MUHUMAIIbHOE
YKCJI0O HEHPOHOB B OTPAHUYEHHOM KJIACCE BO3MOXKHBIX PEIIEHUH, onpenenseMbix Jlemmorii 1.

Unes anroputma He HOBA [5], 1 OCHOBHOW OCOOEHHOCTBIO MPEIIOKEHHOTO PEIICHUS
SBIIIETCSI OLIEHKA KayecTBa HOBOM MOJEIM IO CPaBHEHUIO C HCXOJHOM MOJENbIO C
MCIOJIb30BaHMEM KOMOMHAIMK OOYyYaroIlero M BajJHMJAlMOHHOIO JaTaceToB IIOCIE Kpocc-
BaJMallii, C MCIOJIb30BAHUEM 3apaHee OLIEHEHHOTO YpOBHS MeTpHKHU kadectBa (9-10), uro
MTO3BOJIMIIO C/AEJIaTh METOJIMKY CPAaBHUTEIHHO YCTOMUMBOW Ha JaTaceTax OOJIbIINX OOHEMOB.
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Tabmuma 1. IpoBepka anropuTMa Ha TECTOBBIX 3a7adax, KOJIWYECTBO (DOIIOB MpH KpoOcCc-
Banmuaaiuu 3. O6o3naueHust: BN - 6aru-nHopmanuzanus, FC - momnocBs3usiii ciiol, FL - croit
pacnpsimieHus. Q - 3HaUeHWE METPUKH KauyeCTBa Ha TECTOBOM JIaTaceTe.

3anaua Knaccudukanus Perpeccus
California Wine
Jatacet MNIST Fashion MNIST housing Quality
Mertpuka Q Tounocts (Accuracy)/1.0 CpenHekBapaTHIHOE
/Best(Q) otxionenne/0.0
HcxonmHasi ceth S IUIS peLICHHS 33a91
dopmyna FCx10 (Softmax), FCx10 FCxl(linear), | FCx1
HUCXOIHOU ceTHu (Softmax), FCx200 (linear),
S FCx300 (ReLU), (ReLU), BN | FCx200
FCx300 (RGLU), BN, FCX200(R€LU), (RCLU), BN
FL FCx200(ReLU),
BN, FL
Q 0.926..0.950 0.883..0.887 0.442..0.490 | 0.476..0.559
max(N,,,N,,,| 784 784 8 11
[Tony4yenHas cetb D ¢ MUHUMAJIBHBIM YHCIIOM HEHPOHOB
®opmyia FCx10 (Softmax), FCx10 FCx1 FCx1
MOJIy4eHHOH Softmax), li li
D FC9@ReL), OO gaan. g
FCx68 (ReLU), BN, | FCx25 (ReLU), ReLU). BN | (ReL.U). BN
FL FCx36 (ReLU), | (ReLU) (ReLU),
BN, FL
Q 0.963..0.965 0.871..876 0.479..0.517 | 0.547..0.555

1. Cai Yonggiang. Achieve the Minimum Width of Neural Networks for Universal Approximation //
The FEleventh International Conference on Learning Representations - 2023,
https://openreview.net/forum?id=hfUJ4ShyDEU

2. Sheela K. and Deepa S.N. Review on Methods to Fix Number of Hidden Neurons in Neural
Networks // Mathematical Problems in Engineering. - 2013. - Vol. 2013, DOI:10.1155/2013/425740

3. Cheng Hongrong, Zhang Miao, and Shi Javen Qinfeng. A Survey on Deep Neural Network Pruning-
Taxonomy, Comparison, Analysis, and Recommendations// arXiv:2308.06767 -2023, DOI:
10.48550/arXiv.2308.06767

4. https://github.com/berng/FCLayerMinimumNeuronsFinder

5.J. Li, Y. Wu, J. Zhang and G. Zhao, A Novel Method to Fix Numbers of Hidden Neurons in Deep
Neural Networks// 2015 8th International Symposium on Computational Intelligence and Design
(ISCID), Hangzhou, China - 2015. - pp. 523-526. - DOI: 10.1109/ISCID.2015.41.

*UccnenoBanue BBIMONHEHO 3a cyeT rpaHra Poccuiickoro Hayudoro ¢ouma No 24-22-00436,
https://rscf.ru/project/24-22-00436/
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CUCTEMA MOHUTOPUHT A U151 IIOJUIEP)KKY UCCJIEJIOBAHU S PEXXMIMOB
OYHKIIMOHUPOBAHMS SHEIPETUYECKX KOMIUIEKCOB C
BO30BHOBJISIEMOM 'EHEPALIMEN®

M.E. Bommiox™?, JI.H. KapaMmsl'3
! HNHCTUTYT nTMHAMUKK CUCTEM U Teopuu ynpasieHus uM. B.M. Matpocosa CO PAH
2 WpxyTckuii rocyiapcTBeHHBI YHUBEPCUTET yTeH COOOIIEHUS
3 NpkyTckuii HallMOHAJIBHbBINA UCCIIEIOBATEILCKUI TEXHUUECKUN YHUBEPCUTET, ballkanbCKuii
uHctutyT BPUKC
maks.bodnyuk@mail.ru, dmitriy.karamov@mail.ru

Pa3Butne sHEpreTHUECKUX KOMIUIEKCOB, UCIOJIB3YIOUINX BO30OHOBISIEMbIE HCTOUHUKU
SHEPruu TpedyeT pelleHNs MHOKECTBA CIeHU(PUUHBIX 3a]a4 CBS3aHHBIX C MOJAEIUPOBAHUEM
BJIEMEHTOB JHEPreTHMYECKUX CHCTEM, CBSI3€M MEXAy OCHOBHBIMU Yy3JIaMH, Y4E€TOM
0COOEHHOCTEH HCITOJIBL3yeMOro 000pYIOBaHMs, PEKUMOB ero pabotsl u aAp. [1]. B pabote
00CyX/aeTcst OnbIT paboThl ¢ UMHTALMOHHBIM CTEHIOM, MOJEIHPYIOLIUM SHEPreTUYeCKUN
KOMIUIEKC C BBICOKOM J10J1ei BO30OHOBIISIEMBIX UCTOYHUKOB 3JIEKTPOIHEPTUH U MIpeIaraeTcs
IOPOEKT CHUCTEMbl MOHUTOPHMHTA Uil TOAJCPKKH  HCCICAOBAHUS  PEXKUMOB  €ro
(GYHKIIMOHUPOBAHMSI TAHHOTO SHEPreTHYECKOro KOMIUIEKCa.

Ha puc. 1 wm3o0OpakeHa NpUHIUNHAIBHAS CXeMa HMHUTAIMOHHOTO cTeHna. CTeHn
COCTOMT U3 IIECTHA/ALATU OJIOKOB: MSITU MOJENIeN TMHUU AJIEKTporepeaay, YeTbIpex Moaemneit
TpaHc(hOPMATOPHOM MOACTAHIIMM M HATPY3KH, ABYX H3MEpUTENIeH mapaMeTpoB ogHO(}a3HOIM
CeTH, MBYX 0JHO(DA3HBIX TPaHCHOPMATOPOB, ABYX OJOKOB 0HO(HA3ZHOTO UCTOYHHUKA MMUTAHUS
u npeobpazoBarenst RS-485-USB. Ha Onokax moneneit TpancopMaTOpHON MOACTaHLIUU U
Harpy3Kd, a Takke Ha OJIokax u3MepuTerneil mapaMmerpoB OAHO(GA3HON CETH BO3MOXKHO
U3MEpPEHUEe BOCHMH I1apaMETPOB: TOKA, YACTOTHI, HAIMPSIKCHHS, PEAKTUBHON MOITHOCTH,
AKTUBHOW MOIIHOCTH, TIOJIHOM MOIIMHOCTH W mapameTpa CO0S(p). IlomMmumo u3MepeHHs Ha
CTEHJE IMpPEeayCMOTpPEHa BO3MOXHOCTh HW3MEHEHHMS NapamMeTpoB OJokoB. B Moxemsax
TpaHcGOPMATOPHON MOJACTAHLIMU M HAarpy3kd MOKHO M3MEHSTh MOIIHOCTb MHAYKTUBHOH U
PEaKTUBHON HArpy3KH, a Ha MOJEINSX JUHHUH dJIEKTpornepenad — WHAYKTHUBHYIO MOIIHOCTD.
Tak ke  MNPUCYTCTBYET BO3MOXXHOCTh  BKJIIOUEHUS M OTKJIIOYEHHS]  Mojenei
TpancGopMaTOPHOU TOJICTAHITNH U HATPY3KH.

ApXUTEKTypa CHUCTEMbl MOHUTOpPUHIA MpeACTaBiiecHa Ha puc. 2. OHa BKIIOYAEeT JBa
CUCTEMHBIX MOJYJS M JIBa NMPUKIAAHBIX NpriiokeHus. Jns odMmeHa mHpopMalueir B BUIE
JSON-(aitioB  Mexay cepBepoM W CTOPOHHMMH  KIMEHTaMHU  pa3padaThIBacTCs
cnenuanusupoBaHHbiii APl B 6aze qaHHBIX XpaHITCS 3HAUCHUS TapaMeTPOB UMUTAITMOHHOTO
CTEHJIa B peajJbHOM BpeMmeHH. /[ ompoca creHnma ucnosb3yercs: npuioxkenne MasterOPC
Universal Modbus Server. M3-3a cneunpuku o00BEKTa MOHHUTOPHHTA IPHCYTCTBYET
BO3MOXXHOCTh BKJIFOUEHHUS U OTKJIIOUEHUs 0710K0B. OJIHAKO BO3MOXHO TOJIBKO MEXaHHUECKOE
U3MEHEeHMEe 3HAauYeHUl mapameTpoB 010koB. [loaToMy B mporecce paboThl cTeHa Tpedyercs
npucyTcTBHe omeparopa. [ns Toro, 4roObl omepaTop MOTr YBHUAETbh Kakue JaHHbIE

* PaboTa BHINONHEHA NPH MOAAEPKKe MHUHHCTEPCTBA HAYKH M BBICIIEr0 oOpasoBanus P®, npoext Ne FWEW-
2021-0005 «TexHonornu pa3pabOTKM W aHAIH3a MPEAMETHO-OPHUEHTHPOBAHHBIX HHTEIICKTYAIBHBIX CHCTEM
IpyIIOBOrO yIIpaBJIeHUs B He/IeTEPMUHUPOBAHHBIX pacrpeeneHHbIX cpenax»
(per. Ne 121032400051-9), rpant Ne 075-15-2024-533 Ha BBIMOJHEHHE KPYMHOTO HAYYHOTO MPOEKTa IO
MIPUOPUTETHBIM ~ HANPaBJCHUSIM  HAYYHO-TEXHOJIOTMYECKOrOo  pa3BUTHS  (IpoekT  «DyHaaMeHTanbHbIe
nccnenoBanus baiikanbckoil MpUpoIHON TEPPUTOPUU Ha OCHOBE CHCTEMBI B3aUMOCBSI3aHHBIX 0Aa30BBIX METOJIOB,
MoJiernield, HeHPOHHBIX ceTed M U(POBOH MIATHOPMBI SKOJIOTHYECKOT0 MOHMTOPHHTA OKpPYXKAaroLed cpenbly,
per. Ne 124052100088-3).
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HEOOXOIMMO HW3MEHHTBH, HCHOJIB3YeTCs BCIIOMOTaTeNbHOE TpHIOKEHHE. MOHUTOPUHT
PEKUMOB pabOThl OCYIIECTBISIETCS HA OJIoKax Mojenel TpaHc(hopMaTOpHON MOJICTAHLIUU U
Harpy3KH, a Takke Ha OJI0Kax U3MepuTesel mapaMeTpoB 0 JHO(pA3HOH CETH.

l W I ITonb30BaTENH CUCTEMBI (Q}
MOHUTOPHHTA
Y Y M M
I, (e (P
AR L TR s AT s R |
| L |1 L [ PN [ é |
= = l=3 (=
: pfis J : 1 P}—:AE J 1 1 P:l;f 1 : PSIAE : Bl Bcggrﬁ;)aljee;;:oe API
|$"Dﬁ"|\ "B HJ%]’E}?HQ‘DJ&W
’ L L A B AN 1 A
A3 Ad Ad AB
p——
OPS Server > Baza maHHBIX
|
T T -

HmMuTamoHHbIN
D Omnepatopsl
CTEH/I

|

(©)
Puc. 1. IlpunnunuanbHas cxema cTeHAa (a) ¥ apXUTEKTypa CUCTEMbI €r0 MOHUTOpHHTA (0)

CyTp 1 HOBH3HA IPEMJIOKEHHOW CHUCTEMBbl MOHUTOPHHIA 3aKJIFOYAETCA B TOM, YTO OHA
o0ecreunBaeT BO3MOKHOCTh PabOThl ¢ GU3MUECKON MOJEIBI0 SHEPTeTUIECKOTO0 KOMILIEKCA.
JlanHast cuctemMa MOHUTOpPUHIAa OYIeT HCIOJIb30BaHAa NpPHU PEIIEHUU 33aJad CTPYKTYpPHO-
MapaMEeTPUUYECKOM ONTUMM3ALMU DHEPreTHUYECKUX KOMIUIEKCOB C  BBICOKOW  J10JEH
BO300HOBJISIEMBIX MCTOYHHKOB 3HEPIMM B paMKaxX HCCIEIOBAHMS M Pa3BUTHUSI MPUPOIHO-
TEXHUYECKUX CUCTEM, PACIIOIOKEHHBIX Ha ballkalbCKOM NPUPOIHON TEPPUTOPUH.

1. Kapamor JI.H., Exemer A.B., ®cokrucroB A.I'. MopenupoBaHiue >HEProcHaOMXeHHs OOBEKTOB
oxpaHsieMol baifkallbCKOi MPUPOTHON TEPPUTOPUHN Ha OCHOBE BO30OHOBIISIEMBIX MCTOYHHKOB SHEPIHH
// MexmyHapoIHbIN TEXHUKO-3KOHOMUUecKuii sxypHai. 2020. Ne 5. C. 7-24.
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BbIBOJ] BBIPAXKEHWA V1A SAIPA UHTEI'PAJIBHOI'O OIIEPATOPA
B UHTEI'PO-IUO®DEPEHIIMAJIBHON MOJEJIA PACITPOCTPAHEHM A SITMIEMIN
COVID-19

A.B. boposckuii, C.C. [JopoiieHko
baiikanbCKkuil roCy1apCTBEHHBIN YHUBEPCUTET
andrei-borovskii@mail.ru, svet201093@mail.ru

[Tangemust KOPOHaBHUPYCHOM uH(peKIuu aKTUBU3HpOBAIIA UCCJIEIOBAHMUS
snuaemMuyeckux wmojneneil. Ha pannem nstane snunemun (2020 r.) Hacenenue Poccum
UCIBITAJO IIOK OT JIETaJbHOCTU SMHJEMUU M CAaHUTApHBIX Mep, BBEAEHHBIX Poccuiickum
SINUJEMUYECKUM HAA30pOM. bBbUIM  OTMEHEHBI MACCOBBIE MEPONPUSTHS, 3aKPBITHI
YBECEJIUTEIbHBIE 3aBECHUS] M MPENIpUsITHs OOIIeCTBEHHOTro mnuTaHus, BY3bl U mIKOIBI
nepeBeleHbl Ha JIMCTAHIIMOHHOE OOYYeHHE, CTapIIeMy IOKOJICHHIO OBbLIO 3ampenieHo
BBIXOAUTHh U3 JoMa. B 0OlIecTBEHHBIX MecTax Bce 00s3aHbl ObLTM HOCUTH METUIIMHCKUE
MacKku. BpUIM HAOKEHBI OTPAaHUYCHUS Ha TIEPEMEIICHHUS OOIIECTBEHHBIM TPAHCIIOPTOM. bbin
TaK)Ke BBEACH Pl IPYrUX Mep.

PaboTel MO MOIETMPOBAHUIO SMUIAEMHI JENsATcs Ha 1aBa THma. B mepBom [5]
UCIIOJIb3YETCS SMUIeMUYEcKasi KWHETHKa, IPUMEHNMAas K HaCeIEHHOMY IYHKTY WJIM PETHOHY.
B [6-7] usyuensr mozmenun COVID-19 ¢ 6 pasnoBuanHoctamu nomnynsiuun (SEIARD nu
SEIAHR). B [8] npeacraBiena monens ¢ BakiuHaiuei HaceneHus (SVEAIR).

Bropoii moaxoa [9] omnuchiBaeT MNPOCTPAHCTBEHHOE PACIPOCTPAHEHHUE SIHUJIEMUH.
Marematruueckass Mojenb dmuaeMun rpunmna baposHa-Peauesa [10, 11] knaccudunupyercs
KaK OJNUJeMUYecKas IWHAMUKA, TIOCKOJIbKY OHA MOXET OIMChIBAaTh BOJHOOOpa3HOE
pacnpocTpaHeHUe OSIHUJEMUU MEXIy TOopoJaMu NpU y4deTe MacCaXKUPOMOTOKa (MOJenb
AQHAJIOTMYHA YPaBHEHUSAM THIPOJUHAMUKHN). Bce ykazannble wmomenu [5-8] He
NPUHUMAIOT BO BHMMAaHHME KBa3UCTAIlMOHAPHBIA HMCTOYHUK 3apa)KeHHUs, HA HEOOXOAMMOCTh
ydyeTra KOTOporo BmepBbie ykazaHO B [1-4]. Toiapko B 3TOM ciydae MOXKHO HOCTPOHUTH
aJIeKBaTHBIE MUJIEMUYECKUE MOJIETH, OMKICHIBAIOLIUE MTPOJOJKUTEIbHOE TEUEHUE SUIEMUN
Y COBIAJAIOLIUE C PEAIbHON CTaTUCTUKOM.

[lenpto maHHOW pabOTHI ABJISIETCS] PACCMOTPEHHE BaXKHOTO acmnekTa moctpoerus UM c
3ama3/bIBaHUEM, a HWMEHHO, ONpEAeNiEHHEe MaTeMaTH4YeCKOTO BBIPAXEHUS s sijapa
MHTETPAIILHOTO OTlepaTopa.

B pabore paccmoTpena unrerpo-auddepennmansaas moaens (1) snunemun COVID-19

t t—-1

dN_ dN_(t' dN_(t'
d—t(t) =k_ I#K(t —tHdt' + vy, f %K(t —tHhdt' |+ A,
dN,.(8) _
—ar = kN2 (0),
dL(t) = anZ(t - T);
N1 (t) + N_(t)=N,,
N_(t)=N2(t) + N, (t)+N,(0). 1)

Panee nns mnpakTUYECKOrO HCIOJIB30BAHMSA JTOM MOJEIM MEIIAJI0 OTCYTCTBHE
BBIpQXXCHHUSI WM YHWCJIOBBIX JaHHBIX JUIS siApa HMHTerpaibHoro omeparopa K(t). Sapo
3aMEHSUIOCh EAMHHUICH, a MOJeNlb peAaylupoBajach K cucTeMe IudepeHInaIbHbIX
YpaBHEHUH SHUAEMHYECKON KUHETHKH (2) C 3ama3aplBaHHEM M KBa3UCTAllMOHAPHBIM
VCTOYHUKOM.
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AN (N = L=y N (=) + A

dt
dl\gt(t) = k_(N_(D) = (1 = yON_(t — 1)) — ko No () — knNy(t — 7) + A,
dN,
% = kN,(t),
dN, ()
T = anZ(t - T),
N;(t) + N_(t)=N,,
N_(1)=N,(t) + N, (t)+N, (). @)

B nannoii paboTe mpoBeneHo HcCIeI0BaHne, KOTOPOE MO3BOJIMIO OTYYUTh BBIPAKCHHE
JUISL siipa MHTETrpajbHOTO oreparopa. Ha ocHOBe MaHHBIX MO TOCIUTAIM3ALUN OOJBHBIX C
COVID-19 moctpoeHa craTHCTHYeCKas BBIOOPKAa KOJHMYECTBA  BBI3JIOPOBEBIIUX B
3aBUCHMOCTH OT JUTUTEIbHOCTH TOCTIMTAIN3alnH, puc. 1.
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Puc.1. KonnyecTBO BbI3AOPOBEBIINX 32 ONPEACIEHHBIN TEPUO/T

BriOopka anmpokcMMUpOBaHa TayCCOBOM M JIOPEHIIEBOM (DYHKIMSAMU C  Tpems
napamerpamu. Ilpy nomomm MeToJa HAMMEHBIIMX KBaJIpaTOB HAWJEHBI C BBICOKOH
TOYHOCTBIO 3HAYEHUs NapaMeTpoB. BBIUMCIEHBI CpelHe-KBaJApaTUYHbIE OTKIOHEHUS
anMpOKCUMUPYIONIMX KPUBBIX OT CTAaTUCTUYECKHX MAaHHbIX. [lokazaHo, 4YTO JIydIIMMH
XapaKTepuCTUKaMu 00JasaeT JOpEeHIEBCKas allpoKCHUMalus, Uil KOTOpPOW cpeaHe-
KBaJIpaTHYHOE OTKJIIOHEHHE He mpeBbimaet 3,3%. [y rayccoBckol anmpokcumaru — 5,6%.
JlopeHuieBckass anmpoKcUManus HCIOJIb30BaHA Ul AHAJIWTUYECKOrO BBIUMCIEHUA sapa
uHTerpanbHoro oneparopa B UJIM. [{ns siapa nonyueno Beipaxenue (3), cM. puc.2.

1 —%arctg (t;C).

o= 1+ %arctg (%)

(3)
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Puc.2. Anmpokcumariys CTaTUCTUKH TayCCOBOUM (DyHKITMEH (CTUTONTHAS JTUHUS)

ABTOpBI TpeUIaraloT TakX e CIBUHYTH JIOPEHLIEBCKYIO aNMpPOKCUMAIIMI0 HA BEIHYUHY
JUINTEIbHOCTH ~ MHKYOAallMOHHOTO  mepuojaa 3aboyieBaHUs, dYTOOBI MOJNY4UTh OoJjiee
pETUCTUYHOE AP0 UHTETPAIILHOTO OIepaTopa C MOMEHTA HaYaJIbHOTO 3apakKeHUsI OObHbIX.
B camom nene, B OONBHHIIBI TIOMATAIOT MAIIMEHTHI, KOTOPBIE MpUoOpen HH(EKINIO HE B ICHb
TOCMUTATU3AIIH, @ HECKOJIbKUMH THSAMHU paHblIIe.

HHTEpecHO OTMETUTH, UTO BbIpakeHUE (3) A1 siipa MHTErpajbHOIO oleparopa B
moaenu UJIM (1) 3aBHCHT TOJBKO OT JABYX IapaMETPOB JIOPEHIIEBCKOM ammpokcumMaruu C u d
U He 3aBHCHUT OT mapamerpa b. ITapamerpbl C u 0 ONKCHIBAIOT MOJIOKEHUE MaKCHUMyMa
pacrpeziesieHus] U ero MONyIIMPUHY Ha mojyBbicote. [Tapamerp b omuchiBaeT abcomoTHOE
3HaUEHUE MaKCHUMyMa pacrpeneicHus. He3aBUCUMOCTh siipa OT aOCOMIOTHBIX 3HAYCHUU
JIOPEHIIEBCKOM anmpoOKCUMAallMd O3HAYAET, YTO BBIPAXKEHUE IS SJIpa MOXKET ObITh MOJTYYEHO
C HCIIOJIb30BAaHMEM HEMNOJHOW CTAaTUCTUKH TocnuTanu3aiui. Jl0CTaTOYHO HCIOIb30BaTh
OT/IETIbHYIO BBIOOPKY, CKaKeM, TaHHBIC 7151 OTHOW MH(PEKIIMOHHON O0IHHUIIBI.

1. boposckmii A.B. Mopnens osmuaemun ¢ 3amaszaeiBaHueM. System  Analysis&Mathematical
Modeling. 2020. T. 2, Ne 4. C. 53-63.

2. bBoposckuit A.B. Mopens KBa3UCTallMOHAPHOW smuaeMudeckoi kuHeTuku / A.B. Boporckui,
AJL Tanxun. W3Bectus baiikansckoro rocynapctsenHoro yHusepcureta. 2021, T. 31, Ne 2. C.
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HPUMEHEHHWE BbIYMCJIMTEJIBHBIX METOZOB B JIEKCUKOCTATUCTUYECKHUX
NCCIIEJOBAHUAX TOIIOHMMOB UPKYTCKOU OBJIACTU

A .B. boposckuii, E.E. PakoBckas
BaiikanbCckuil TOCy1apCTBEHHBIN YHUBEPCUTET
andrei-borovskii@mail.ru, rakovskayal9@mail.ru

Pa3Butue TexHomoruii 06pabOTKM €CTECTBEHHOTO SI3bIKA U BBIUMCIUTEIBHBIX METO/I0B
HaXOJAT Bce OoJbllIee MPUMEHEHHE B HCTOPUKO-MaTeMaTHYECKOM JINHIBUCTHKE, B TOM YHCIIE
JUIS CPaBHEHHSI SI3BIKOB, OIPENEICHUS TEHETHYECKOI'O pOJICTBA S3BIKOB, YCTAHOBJICHHS
00beMOB 3aMMCTBOBaHHUs. [IpenMyIIecTBOM BBIYUCIUTEIBHBIX METOAOB SIBISETCS HUX
OBICTpOTa M HATEKHOCTH [1].

ABTOpaMu JaHHOW paboThl ObLIa OOHApY)KEHA 3HAYMTENIbHAS CTETNCHb TEPECeUCHUS
MEXy JUHTBUCTHUYECKUMH MHOXECTBAMH: HEPYCCKOS3BIYHBIMH TOMOHMMaMu MpkyTckoi
obmactu A, croBapsMH CaHCKpUTa S; pycckoro ssbeika R, Oypstckoro sizpika B. Kaxmoe
MHOeCTBO coaepxaino mnopsaka 1000 cimoB. CpaBHEHME MHOXXECTB IPOBOJWIOCH B
COBPEMEHHOM 3BYYaHHHM CJIOB M TIpU TepeBOoAe 3By4aHHs CJIOB B Kiaccel A.b.
Honrononbckoro [2]. st cpaBHEHUSI CIIOB MCIOJIb30Bajlach MapHas MeTpuka Patkmudda-
O6epiena, pacCUUTHIBAIOLIAS JI0JIIO COBIAJAIONINX OYKB B JIBYX CJIOBaX:

Do = 2K,

= ————

*omp +my

3necy Kj, — 4uCIO COBNAAarOMMX CUMBOJOB B CaMOW UIMHHOM TMOACTPOKE,

MPUCYTCTBYIOIIEH B ABYX CTPOKaX, m;, My — YUCIIO CHMBOJIOB B CJIOBax i U k.

Jlist cpaBHEHUSI TUHTBUCTHYECKUX MHOMKECTB HMCIIOIB30BAIUCH (POPMYIIBI CTATUCTUKU.
CpenHee 1O MO0 MAaTPHIIBI, CPETHEE OT MAKCHMAIBHBIX METPHK TI0 CTPOKaM WIJIH CTOJIOIaM
MaTpullbl. B COBpEeMEHHOM 3BYYaHUU CIIOB CpelHEEe OT MaKCHMAaJbHBIX Mep Jocturano 60-
65%, npu nepeBojie CI0B B Kacchl J{0IronoibcKkoro cpeaHee 0T MaKCUMAJIBHBIX BO3PacTajo
1o 80-85%.

B pabore ucnonp3oBaiuck qBa MeTona. Meron nepedopa, riae Kakaoe CIIOBO U3 OJHOTO
CnucKa (MHOXECTBAa) CPaBHHBAJIOCh CO BCEMH CIOBAMH W3 JIPYTOro CIHUCKa C BBIOOPKOM
OTPaHUYEHHOTO KOJIHMYECTBA CIIOB C MAaKCHMAJIbHBIMH MAapHBIMH MEPaMH M METOJ pacyéra
MaTPHUIIBI TAPHBIX MEP, TJE KAXKI0E CIOBO CPABHUBAIOCH C KAXK/IBIM U3 O0OUX CITHCKOB.

Memoo nepebopa. 3adaua no cpasHenuro monoHumos Hpxkymckou obracmu c

Canckpumom. VImeercss MHOXKECTBO A TONOHUMOB a;, j = 1,2...], u cnoBaps canckpura B ,
COCTOAIMM K3 CIOB by, k = 1,2 ... K . Jlng Kax0ro COCTABHOIO JJIEMEHTA d; MHOXKECTBA A

HaWTH COBOKYITHOCTh DJJEMEHTOB b, m=12..M |, rtne M <K, u3 wmHOXecTBa B,
TIOJTHOCTBIO JIMO0 YaCTUYHO COBNAAIOIIUX C SJIEMEHTOM ;.

JIns Kakoi mapsl 371eMeHToB 8 U by MHOXecTB A 1 B HaxoxuMm 3Ha4yeHHe (QyHKIHN
pjk =p(@;bx) - wmerpuxku  Porkimmpda-Obepmenna.  Jlna — nanbHeiimed  paboTsl
ucnoip3oBaiuch 10 map «romnoHUM — cinoBo Ha CaHCKPUTE» C MAaKCHUMAalIbHBIM 3HauY€HHUEM
Pjk, T.e. M =10 [3].

Memoo mampuysi napuwix mep. 3aoaua onpeoeneHus CA3U MeHcOy MHOHICECMBOM
mononumos Upkymckou ooracmu u pycckum (0ypsamcKum) sa3uiKoM.

IIycths nanel MHOXKECTBA:

1. R ¢ anemenTtamu r;, i=1 ... I.

MHoecTBO R — CITUCOK CIIOB pYCCKOTO SI3bIKa,

2. A ¢ snemenTamu ay, k=1 ... K.

MHuoxecTBO A — ClTMCOK TOMOHUMOB MpKyTCKO# 001acTH.

Crmcku cnos (MHOKecTBa) R m A, BHIpakeHHBIE ¢ IpuMeHeHHeM KiaccoB A.B.
Jloaromoasckoro:
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1.D(R) =R,

2.D(A) = A

BrruucnseM MaTpuily MomapHbBIX Mep CXOJACTBA Uil COCTAaBHBIX MHIIEKCHBIX OOBEKTOB
13 000MX CIUCKOB, IEPEBEIEHHBIX B KOHCOHAHTHBIE KJ1acChl J{oNrononbekoro.

pix =p(,ax),1=2pyp=20,i=12...1k=12..K.

JInst KaXmoil maphel SIEMEHTOB 7, U @, MHOXecTB R M A HaxonuM 3HAYEHHS METPUKH
Parkmudda — O6epmienna. Pe3ynpTaToM mpruMEHEHUST METOa pacueTa MapHbIX Mep SBISICTCS
XK 3HaueHMIT METPUK, 3alMCAHHBIX B BHJIE MAaTPHUIIBI MEp OJM30CTH KOHCOHAHTHBIX KJIACCOB
(MMKK) [4].

Jns ompeneneHust CBA3M MEXIy MHOXECTBOM TOMOHMMOB MpkyTckoil obmactu u
OYpATCKUM SI3bIKOM METOJIMKA pacyeTa aHaJIOTUYHasl.

B nmanHoii paboTte mokazaHo, YTO MeTO[ Inepedopa AaéT pe3yiabTaTbl, KOTOPbIE MOTYT
OBITh MOJYYEHBI METOJIOM MaTPUILIBI MEp, C MOCIEAYIONEH COPTUPOBKOM METPUK IO CTPOKaM
1o yObIBAaHMIO M OCTaBJIEHHUEM JJIsl PACCMOTPEHUSI HECKOJIBKUX CTOJIOIIOB OTCOPTHPOBAHHON
MaTpuilel. B aTOoM cMbicie Meron mepebopa - vactHbd cimydail meroma MMKK. Ecmom
nepebop Jenaercs B MOJIHOM 00beMe, To MeToJ repedopa sxkBuBaieHTeH MMKK.

[TpuBOIATCS COOTBETCTBUS HEPYCCKOS3BIUHBIX TOMOHUMOB MpKyTCcKoi 001acTu cioBam
u3 cioBapsa Canckputa. (I'mbens TemHuka Mawmasi, boynukka koposesa [IukToB, AHra=ropsl,
AHrapa=ropoja, ooropesiiie ropsl, Karanra=ctrojoBsie ropsl u T.1.) Jpyras 3TUMoONOTHUs
IPOMCXOXKACHUS CIIOB HE 00CYKIaeTCA.

IIpumep ycTaHoBJIeHUs CBA3M TONMOHUMOB MpKyTCKO# 00J1aCTH €O CII0BaAMU
Canckpura (MeTon nepedopa)

Tonmonum Cii0B0O Ha IlepeBon 3HayeHUe METPUKH
CAHCKpHUTE Prytkangpa-Odepenna

AHra ‘an’ga TEJI0, MACCHB 0,8
anugam CJIEJIOBATH 0,8
‘agra ocTpue 0,67
“anta KOHEII 0,67
‘anna ena 0,67
any a JPyTroi 0,67
aagam, MOJIXO/IUTh 0,67
utsan’ga KOJICHU 0,67
kanva Kansa 0,67
karna yXO 0,67
g an"gaa I"anra 0,67

Boroaukra adhika BBICIIUI 0,53
giit'a TIECHS 0,53
bhog'a 312000 E:) 0,53
drhista MMOKa3aHHbII 0,5
bhakt a peJaHHbIH 0,5
bhagavad-giitaa MIECHb 0,5
mohit a OTJTYIICHHBIN 0,5
rikth'a 00raTcTBO 0,5
abh’itas BOKPYT 0,47

Kara k ata [IMHOBKA 0,89
kantha miest 0,8
katham KOE-KakK 0,8
kathaa pasroBop 0,8
atas MIOTOM 0,75
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asta 3aX0. 0,75
kart pe3aTh 0,75
nata aKTep 0,75
bata ox! 0,75
mata MHEHUE 0,75

[Tpu npoBeneHnn KcciaenoBaHUS OBLIO 3aMEYEHO, YTO MHOXKECTBA CIIOB OYPSITCKOTO U
PYCCKOTO sI3bIKa UMEIOT BBHICOKHI YpOBEHb OYKBEHHOTO COBMIAJCHHUS, 4 TAK)KE COBMAJICHUS B
kiaccax A.b.Jlonromonabckoro, HO MO CMBICTY OJM3KHE MO HANMMCAHUIO CIIOBA PA3INYaIHCh.
3710 00BACHIETCS HCTOPUUECKUMU IIPUYNHAMH.

BypsThl 1 9BeHKH Hayanu ocBamBaTh pycckuii 536k B XV I Beke. B 310 Bpems B MecTax
UX TMPOXHUBAHUA TMOSIBHIUCH PYCCKHUE MEPecesIeHIbl, OyAIucTl ¢ KHUramMu Ha CaHCKpuTe.
Y4eOHUKOB pycCKOro si3blka HEe ObLIO, Ja HUKTO M HE 3aJyMbIBaJiCsi 00y4aTb MECTHBIX
KHUTENeH pycckomy s3bIKy. OOydeHue MpOUCXOAWIO cieayroumM obpa3oMm. HaszwiBamu
pYyCCKHe ClIoOBa U 3aTe€M >KeCTaMH U JACHCTBUSIMH MBITATHCH OOBSICHUTH, YTO OHU O3HAYAIOT.
MecTHBIE KUTEIN 3allOMHHAJIU MPOU3HOIICHUEC CJIOB, HO BKJIAJbIBAJIU B HHUX paBJII/I‘-IHBII\/'I
CMBICI B MEpY CBOEro MOHMMaHus. Tak BO3HUKJIA MHOTO3HAYHOCTh CJIOB C PYCCKUM
IMPOU3HOIICHHUEM B 6yp$ITCKOM U DBEHKUMCKOM SA3bIKaX.

1.  McMahon A., McMahon R. Language classification by numbers. Oxford University Press, 2005.

2. Honrononsckuit A.b. ['mmores3a apeBHeiiero pojacTea A3bIK0BBIX cemeit CeBepHolt EBpazuu ¢
BEPOSATHOCTHOM Touku 3peHust / A.B. Jlonromonbckuii. Bonpock! si3piko3Hanus. 1964, Ne 2. C. 64-
69.

3. boposckuii A.B. U3yuenne xoppensauun Mexay TOIMOHMMaMH MpKyTcKoi o0iacTd U cioBaMu
canckputa / A.B. boposckmii, E.E. Pakorckas, W.A. KapreeBa. M3Bectus baiikaibckoro
rocyaapcTBeHHoro yuusepcureta. 2022. T. 32, Ne 3. C. 610-622.

4. boposckuii A.B. JlekcukocTaTHCTHKA B3aUMOCBSI3M PYCCKOro M OypsTcKoro si3bikoB / A.B.
Boposckuii, B.B. bparumenko, E.E. Pakosckas. System Analysis & Mathematical Modeling.
2023. Ne 3. C. 303-318.
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YUCJIEHHOE MOJIEJTMPOBAHUE CTOXACTUYECKOM SJIEKTPUYECKOM
HATI'PY3KH B )KUJIOM CEKTOPE C NCITIOJIbB3OBAHUEM PACIIPEJIEJIEHISA
BEUBYJIJIA

A.B. bopoBckuii, A.A. FOmMeHuyk
baiikanbCkuil rOCy1apCTBEHHBIN YHUBEPCUTET
andrei-borovskii@mail.ru, andrey.yumenchuk@mail.ru

[InanupoBaHue MOJEpHU3ALMA U PA3BUTUA HSHEPrOCUCTEMBI, obecrieueHue eé
CTaOUIBHONW paboThl HEBO3MOXKHO 0€3 COCTaBJICHHS JOCTATOYHO TOYHBIX IPOTHO30B
noTpebaeHus 3eKkTpodHeprun. s popmupoBaHus TOYHOTO MPOTHO3a HEOOXOJAMMO TAKKE
UCCIICIOBAaHUE U MOJETUPOBAHHE HYHEPronoTpeOsIeHUs] KOMMYHAJIbHO-OBITOBOTO CEKTOpa, B
KOTOPOM OOBEMBI MTOTPEOICHUS 3aBUCAT OT OOJBIIOro yuciaa (aKTOPOB: MECTOMOIOKECHHS
noTpeOuTeNs, BpeMEHH T0/1a, BpeMEHHU CYTOK, peKUMa TPYAOBOU JEATEIbHOCTH HACEJICHUS U
MHOTHX Japyrux [l1]. ABTtopamu ObIT TpOBENEH aHAIUM3 OOC3JIMYCHHBIX JTAHHBIX
HHEProNnoTpeOsIeHUs, MPEIOCTABICHHBIX VPKYTCKUMU 3JIEKTPUYECKUMH CETSMH IS OJTHOTO
BBOJIa sUCiiKM, oOcmyxuBaromeid mocénok Ha 500 CEeNbCKUX JOMOB M JauyHBIX YYacCTKOB.
AHau3 3HEpPromnoTpedeHUsT MOCENKa 32 HECKOJIBKO MECALEB IOKaszaj, 4To Ha rpadukax
IPUCYTCTBYIOT YTPEHHHME M BEUYEPHUE MUKU TMOTPeOJICeHUS 3IeKTpodHeprud. OHU UMEIOT
KOJIOKOJI000pa3Hylo (GopMmy ¢ 3aTsaHyToil mnpaBoil ctopoHoi. IlpucyrcTBue Ha Trpadukax
SHEPronoTpeOIeHHs KUIbIX JOMOB YTPEHHUX U BEUEPHUX IMUKOB TaK)KE IMOATBEPIKAAETCS
COOTBETCTBYIOIIMMHU HUCCIEIOBaHMsIMU u HaOmoneHusmu [2—4]. Ha rpaduxax Taxxke
IPOCMATPUBAETCS YPOBEHb IOCTOSHHOM HArpy3kKu, KOTOpas MOXeT ObITb 00YCJIOBJIEHA:
UCIIOJIb30BAaHUEM HACEJIIEHUEM CHUCTEM 3JIEKTPUYECKOT0 OTOIUICHHUS; JOOBIYEH KPUIITOBAIIOT B
KUJIBIX TIOMEHICHHSIX C TOMOIIBI0 CIENHAIU3UPOBAHHOIO O00O0PYAOBAaHUSA, HOYHBIM
OCBEIICHNEM TEPPUTOPHHU MOCENKA U IPUIOMOBBIX 3€MENIbHBIX Y4aCTKOB.

Jnst  MonenupoBaHMsSI SHEPTONOTPEeOJeHNUS KOMMYHAIbHO-OBITOBBIX TMOTPEOUTENCH
ObUIa MOCTPOEHA MOJIENIb Ha OCHOBE CBEPTKU (PYHKIIMH IUIOTHOCTH BeposTHOCTU Beiilya ¢
GyHKIHEH HHEPronoTpeOsIeHUs] THMa CTOJIOMKA, OMMCHIBAEMOM PAa3HOCTBHIO ABYX (YHKIIUMA
XeBucaiina. OyHKIMS TJIOTHOCTH BEpPOSITHOCTH BeitOymna sBiseTcs aCUMMETPUYHON H
MMEeT 3aTSHYTHIH TpaBblii XBOoCcT. DYHKIMS TUIOTHOCTH BEPOATHOCTH BeiOymia mupoko
UCTIONB3YeTCsl B NPOMBIIUICHHON WH)KEHEPUH, 3JCKTPOTEXHHMKE, aHAJIN3€ HaJeKHOCTH,
TUAPOJIOTHH, a TaK)KE B PA3NIMYHBIX aCMeKTax 3[apaBooxpaHeHHs. [ITOTHOCTh BEpOSTHOCTU
pacnipenenenus BeitOymia umeer crieayronyii BU;

gt 4 k) = (k/A)(t/1) k" De=E/DF,

B TakoMm cnywae ¢yHKuMs, ommchiBaromas sHepromnorpedieHne N- oro KOJIUYECTBa
prOOPOB MOIIIHOCTHIO A, €CIIM OHU OBLIIM BKJIIOUEHBI B MOMEHT BPEMEHH ¢, a BHIKITIOUCHBI B
MOMEHT BPEMEHH t,, UMEET BUJL:

F(t;ty;t ks t') =

t—(t1-t") t—(tz—f')>k

= Na|6(t—(t; —t"))- 1—e_< g ) —0(t—(t; —t") - 1—e_< A ,

1 k-1
rae H(t —(t; — t’)) — (pynkuus XeBucaiinga; t' = ek,

Ha ocHoBe nmaHHBIX 00 3HEpPromoTpeOJICHHH OBITOBBIX NPHOOPOB, TOJYYCHHBIX C
MIOMOIIIBIO U3MEPUTEIBHBIX OJIOKOB-BAaTTMETPOB, aBTOpaMu MOJICTTHPYETCS
sHepronoTpednsenne 500 >KUIBIX TIOMEIICHWH W BBIMIOJHEHO CPAaBHEHHE C pPEabHBIM
DHEPronoTpeOIeHneM MOCETKa COMOCTaBUMOro pazmepa (puc. 1).
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Puc. 1. ®ynkmaus snepronorpednerus A S00 )KunbIx TOMEIeHUH (YepHBIM); Tpaduku
SHEPronoTPeOICHNS MOCENKA B CAMBINM XOJIOIHBIN IEHb anpens (CHHUM) B B CAMBI KapKUil
JIeHb HIOJIsI (KPaCHBIM)

[TomryueHnHass MoJienb YYUTHIBA€T YTPEHHHUE W BEUYEpHHUE MUKW DHEPronoTpedseHus:, a
TaK)K€ JEMOHCTPUPYET IPAKTUYECKH HACHTUYHYIO CYMMapHYI BEJIMYHMHY pPacXo0l0B
MEraBaTT-4aCcoOB JJIEKTPOIHEPIMH HACEIEHHBIM ITYHKTOM 3a OJHU CYTKH, M, IO MHEHHIO
aBTOPOB, MOXET CIYXHTb JUIs JOCTaTOYHO TOYHOTO IIPOTHO3UPOBAHMS SHEPrONoTpeOIeHUs B
JKUJIOM CEKTOPE 3a ONPEAEIIEHHBIN TEPUOI.

1. boposckuii A.B. MopenupoBaHHE CTOXaCTHYECKOW HArpy3ku B IKWIOM cektope / A.B.
Boposckuii, A.A. FOMenuyk. MoaenupoBaHue, ONTUMHU3AIUSA U HHGOPMAI[HOHHBIC TEXHOJOTHH.
2024.T. 12, Ne 2(45). DOI 10.26102/2310-6018/2024.45.2.034.

2. ConosbeBa A.C., HlsemoB ['.K. CpaBHuTenpHbII aHaIW3 3WMHHX H JIETHHUX TpaduKoB
JMEKTPUYECKOW Harpy3kh pabodnx ¥ BBIXOJHBIX JHEW MHOTOKBAPTHPHBIX JOMOB C
3JIEKTPOILUIMTAMH B CHCTEMAaX JJIEKTPOCHAOKEHUST KPYyIHBIX ropoaoB. Bectauk IOYpIl'Y. Cepust
«3uepretukay. 2023. T. 23, Ne 1. C. 27-37. DOI: 10.14529/power230103.

3. Conysno .M. MWccrnenoBaHue 5SIEKTPUUECKUX HArPY30K MHOTOKBAPTHUPHBIX  JKHIIBIX
KOMILUIEKCOB B IIEPHOJ] PaCIIPOCTPaHEHUsI HOBOM KopoHaBupycHo# nudexuuu / FO.U. ComnysHos,
AU. ®enoros, A.P. Axmeriny, B.U. ConysHoB. Bompocs! anextporexnonoruu. 2021. Ne 2(31).
C. 57-67.

4. Tapuwxkesckuit M.B., Muxaiinos B.1. MonenupoBanue CyTOYHBIX TpadUKOB SIEKTPUUECKUX
Harpy30K KOMMYHaJbHO-OBITOBBIX HOTpeOUTENEH METOIOM OPTOTOHAIBHBIX Pa3JIOKEHHM.
OnekrpuyecTtBo. 1985;5:66-68.
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IIOAI'OTOBKA HABOPA TAHHBIX IS BAJAYNU CEMAHTUYECKOI'O
AHHOTHUPOBAHUIA PYCCKOA3BIYHBIX TABJINL]

A.A. bynax
NHCTUTYT nTMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
antonionykid@gmail.com

Ha cerognsimnauii 1eHbh TaOIHIIBI SBISIOTCS JOCTATOYHO PacpOCTpaHEHHBIM (hOpMATOM
npelacTaBieHuss JaHHbIX. OJHAKO CHOXHOCTH, BO3HHMKAIOUIME IMPU aBTOMATUYECKOM
MOHMMAaHUU TAOMWYHBIX TaHHBIX, 3aMEJISIOT TEMIbl UX aKTHBHOT'O HCIOJb30BaHUA. Tak
TaONMIBI, KaK TMPaBWJIO, HE COMPOBOXKIAIOTCS SBHOM CEMAHTHUKOW, HEOOXOAMMOW st
MAIIMHHOW MHTEPIpEeTaluu CcBoero cozepxanus. [loaTomy paboThl, HampaBICHHBIE Ha
ABTOMATUYECKOE BOCCTAHOBJICHUE CEMAaHTUKU TaOJIMYHBIX JAHHBIX, SIBJISIFOTCS aKTyalbHBIMHU.
AHHOTHpPOBaHHE TAOIMYHOTO COJEPKUMOTO CEMAHTHUYECKUMHU THUIIAMHU SIBIISIETCS BaKHBIM
maroM B 00€CIIEUeHUH TaKOTO BoccTaHOBIeHUs. HemaBHo ObLT mpemmoskeH moaxox [1] mos
CEMAHTHYECKOTO AaHHOTHPOBAaHUS  CTOJIOIOB  PYCCKOS3BIYHBIX ~ TaONUI[] Ha OCHOBE
MIPEABAPUTEIILHO O0YUYEHHON MYJIbTH-SI3BIYHON s3b1KOBOM Mojienn BERT. Oqnako ocHOBHBIM
HEJOCTAaTKOM JTOTO IMOJAXO0Na SBISETCS MpoOJieMa pa3peKeHHOCTH JaHHBIX, KOTOpas
HMPUCYTCTBYET B chOPMHUPOBAHHOM KopIyce Tabiuil. B cBsI3u ¢ 3TUM MOJENb 1EMOHCTPUPYET
JIOBOJILHO HECOAlaHCUPOBAHHOE pacrpesielieHne TUIOB (TaK Ha3bIBAEMOE «PaCIpeeieHue C
JUIMHHBIM XBOCTOMY). JlJisi pemieHust 3Toil mpoOieMbl NmpeasiaraeTcs MCHOoJIb30BaTh METO/bI
KOHTpacTHOTO oOydeHuss (contrastive learning) [2] 11 wu3ydeHHs]  TaOIUYHBIX
MPEJICTAaBICHUH, MOTYYEHHBIX HAa OCHOBE OOIIMPHOrO KOPIlyca HEpa3MEUEHHBIX TaOIUYHBIX
MaHHBIX. B nmanHOW paboTe mpeanaraercs METOH CO3JaHus M (HOPMATUPOBAHUS BXOIHOTO
KpyImHOMAacIITaOHOro Habopa PYCCKOS3BIYHBIX TAOJWYHBIX JTaHHBIX, C(HOPMHUPOBAHHOTO HAa
TabNIMIaX, W3BICYCHHBIX W3 Bukumeaww, A HOBOTO MOIXOJAa U CHCTEMBI, PEIIArOIINX
3aJauy CEMaHTHYEeCKOTr0 aHHOTHPOBAHMS CTOJOLOB. 3ajaya MOApPa3yMEBaeT pealln3alhio
QITOPUTMa KOHTPACTHOTO OOYUYEHHS, TO3TOMY METOJ] BKIIOYAET B ce0sl TaKKe ayrMEHTAIIHIO
MaHHBIX: CO3JaHHE CXOXHX M OTJIMYHBIX IO CMBICAY TaOJIMYHBIX JAaHHBIX Ha OCHOBE
CYIIECTBYIOIUX. Takoe pelieHue MO3BOJUT JOCTUYh JYUYIIMX 3HAYEHUH 1O HECKOJIbKUM
OILICHKaM B CPAaBHEHUU C MEPEIOBbIMU MOAXOAAMH.

1. Tobola K.V., Dorodnykh N.O. Semantic Annotation of Russian-Language Tables Based on a Pre-
Trained Language Model. In: 2024 lvannikov Memorial Workshop (IVMEM). 2024. P. 62-68.
DOI: 10.1109/IVMEM®63006.2024.10659709.

2. Chen T, Kornblith S., Norouzi M., Hinton G. “A simple framework for contrastive learning of
visual representations”. In: Proceedings of the 37th International Conference on Machine
Learning (ICML’20). 2020. P. 1597-1607. DOI: 10.5555/3524938.3525087.

“ PaGoTa BHIIOIHEHA B PAMKAX FOCYJAPCTBEHHOTO 3a1aHis MHHUCTEPCTBA HAYKH M BBICIIETO 0OPa30BaHUs
Poccuiickoit @enepanyu (tema Ne 1023110300006-9).
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MATEMATHUYECKOE MOJAEJIMPOBAHME BECITMJIOTHUKA B CPEJIE MATLAB

A.II. BacuueHko
WNHCeTuTyT AMHAMMKY CHCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
svasichenko@mail.ru

N3yuenne OecnminoTHBIX JietarenbHbIX ammapaTtoB (BIIJIA) sBnsercs axkTyanbHOU
3a/1a4yeid, Tak KaK pa3pa0d0TKa U UCTIBITAHUS HOBBIX MOJIENICH CBSA3aHBI C PUCKAMH UX TIOJIOMKH.
KomneioTepHoe MoJenupoBaHHe B CIEHUATM3UPOBAHHBIX Cpeax IMO3BOJIAET BBISIBUTH
OCHOBHBIE JIe()EKThI, KOTOphIe MOTYT BOSHHKHYTh B KoHCTpyKiuu BIUJIA. B nannoii padote
cucTeMa KBaJIpoKomnTepa ObUTa ONMcaHa ¢ MCMOJIb30BaHUEM TU(depeHITNANbHBIX YPAaBHEHHI
U HCCIIEeI0BaHA B BUPTYyabHOM cpene Matlab.

MopenvpoBanue JBMXKCHHUS KBAaJIPOKONTEpa BHIMIOJIHEHO B Matlab — mporpammHoit
wiaropme, mpeaHa3HAYCHHON ISl MH)KEHEPOB M YUEHBIX IS aHAIHW3a U MPOCKTHPOBAHUS
cucreM. barogaps ucnonp30BaHUI0O MaTpUIHOTO s13bIka Matlab oOecrieunBaeT ectecTBEeHHOE
BBIpQXXCHHE BBIUMCIHTENBHBIX TmporeccoB. Cpema Matlab mo3Bosisier MpOBOIUTH
UCCJIEIOBaHMsI ABM)KCHUS, TPACKTOPUHN U MapamMeTpoB KBaJIPOKOIITEpPa B PEKHUME PEalbHOTO
BpPEMEHH.

MonenupoBanue AMHAMUKH KBaJIpOKOMNTEpa, OCHOBAHHOE Ha TEOPUM TBEPIOrO Tela U
ypaBHeHUsX HproToHa-Dilnepa, AETUTCS HA JBa acleKTa: MOCTYNaTeIbHOE NBIKEHUE U
BpaiarenbHoe. [Ipu 3ToM yuuThIBaloTcs Takue GakTopbl, Kak B3aUMOJICHCTBUE BO3AYIIHOTO
MIOTOKA MEXAY POTOpPAaMHU, a3pOJIUHAMUYECKOE COMPOTUBIIEHUE, TUPOCKOMMYECKHUE d(PPEKTHI
POTOPOB U KopIiyca. DTO MO3BOJSET NOCTPOUTh KUHEMATUYECKHUE U TUHAMUYECKHE MOJENH
KBaJIPOKOIITEPA KaK TBEPOTO Tea.

B pabore mnpencraBieHbl MaTeMaThyeckas MOJENIb KBaJpPOKOINTEpa, CTPYKTypa
YIPABISIONIUX 3JIEMEHTOB, CUCTEMbI KOOPJUHAT (3€MHAas ¥ CBSI3aHHAS C allllapaToM), a TaKKe
BHEIIHHE BO3ACHCTBHS Ha cHCTeMy. Pe3ynbTaTbl MOJEIUPOBAHUS JEMOHCTPUPYIOT
MOBEJICHNE KBAJAPOKONTEpPa B peaJbHOM BPEMEHH MPU PEIICHHH TaKUX 3a]ad: TPACKTOPHOE
JBUKEHHE B 3a/IaHHYIO TOUKY, [TOCAJIKa U yJIep>KaHHUe BBICOTHI U Ap.

VYrpaBisomue CUTHAIBI MOTYT TI0JIaBaThCs MO0 OJHOBPEMEHHO Ha BCE JIBUTATEIH,
an00 Ha KaXKIbli JABUraTeslb MO OTAENBbHOCTH, B 3aBUCUMOCTH OT IOCTaBJICHHOM 3ana4yu. B
nporecce CUMYIISIIIMUA U3MEPSIOTCS TapaMeTpbl CKOPOCTH BPALICHUS POTOPOB, YIJIbl HAKIIOHA
U TIOJOKEHUE KBaJpoOKONTepa B MPOCTpaHCTBE. [l peanucTUYHOCTH MOJETHPOBAHUS
YUUTBHIBAIOTCS TAKUE CHIIBI, KaK CHJIA TSHKECTH U TPABUTAIIMOHHOE MPUTSHKCHHUE.

1. Luukkonen, T. Modelling and control of quadcopter / T. Luukkonen. School of Science. 2011. 26
p.

2. Elyaalaoui, K. On Novel Fractional-Order Trajectory Tracking Control of Quadrotors: A
Predefined-Time Guarantee Performance Approach / K. Elyaalaoui, M. Labbadi, S. Boubaker, S.
Kamel, F.S. Alsubaei. Mathematics. 2023. 11. 3582. URL.: https://doi.org/10.3390/math11163582

3. Ibmn, K. Anroputmsl crabunu3anuy [Uis aBTOMATHYECKOTO YNPABICHHUS TPAaCKTOPHBIM
JBIDKCHHUEM KBajpokonrTepa [Dnekrtponusiii pecypc] / K. I'sn, H.A. UYymun. Hayka wu
obpaszoBanume MITY. 2015. Ne 5. C. 218-235. URL: http://engineering-
science.ru/doc/771076.html.

4. Omxkua /. A., EgokumoB C. A. Pazpabotka amantuBHOro Heuetkoro [IWJ[-perynstopa
CHUCTeMBl aBTOMATHYECKOTO YIpaBieHHs W crabwimsanmuu MynbTupoTopHoro BIUIA Tuma
KBaJpOKOMTEp. AKTyaJIbHbIE TPOOJIEMbl COBPEMEHHOIN HayKH, TEXHUKH H oOpa3oBanus. 2015. T.
2.C. 198.
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PA3BUTHUE UHOOPMAILIMOHHON CUCTEMBI VUETA HAVUHOM JEATEJIBHOCTH
NACTY CO PAH

B.C. BeﬂepHI/IKOBl'Z, 1.E. Hosocenos™?

lI/IpKyTCKI/Iﬁ rOCyJapCTBEHHBIN YHUBEPCUTET ITyTeH COOOLICHUS
ZI/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€opuH yrpasieHus umenu B.M. Matpocosa CO PAH
vlad.vedernikov.95@mail.ru, ilya.novoselov.ilya@mail.ru

VY4er, aHaM3 U OLIEHKA Pe3yabTaTOB HAYYHOUW NEATEILHOCTH COTPYIHUKOB SIBIISIETCS
aKTyalbHON 3amadell Kak Uil HaydHO-HCCIEJIOBATEILCKUX HWHCTUTYTOB, Tak M IS
By30B [1,2]. K pe3yibpraraM Hay4HO# AEATEIILHOCTH OTHOCAT MYyOJIMKAIMKM B Pa3InYHBIX
W3JJAHUSAX, JOKIAJbl HAa HAy4YHBIX MEpPONPHUATHIX, OTYETHl O BBITOJHEHHBIX HAYYHO-
UCCJIEIOBATENILCKUX padoTax, MaTEeHThl Ha HM300pETEHHUs, CBUAETEIhCTBA O PErHCTPAIlUU
nporpaMM © 0a3 JaHHBIX. BBINONHEHHWE TakKOW OICHKH B COBPEMEHHBIX YCIIOBHSIX
HEBO3MOXXHO 0€3 HCIOJIb30BaHMUs CIEHUAIM3MPOBAHHBIX HMH(DOPMAIIMOHHBIX ~CHCTEM,
oOecrieunBarOIUX cOOp, XpaHEHUE, aHATM3 JaHHBIX U MOJATOTOBKY OTYETHBIX (popM. JlaHHBIH
kiace cucreM umenyercs Current Research Information Systems (CRIS). Ha ceronmmus
110100HBIE CHCTEMBI pa3pabaTriBaloTcs Kak B Poccuu [3], Tak u 3a pyOesKoMm.

B pabote mpencraBieHbl pe3yabTaThl Pa3BUTHs WH(GOPMAIMOHHOW CHCTEMBI ydeTa
HayuHoit nestensaoctd UJICTY CO PAH [4-6]. [lannas cucrema Oblia cozmana B 2016 roay
Ha 0aze CMS October. Cucrema obecrieunBaeT cOOp AaHHBIX O MyOJIMKALUAX COTPYIHUKOB
WHCTHUTYTA C YUETOM IOKa3aTescH n3IaHui B H3BECTHBIX OnbarnomeTpuueckux 6asax (Web of
Science, Scopus), ux momck Mo 3amaHHbIM kputepusMm (DUO, mnonpazneneHue, THI
yOJIMKAIUU, WHACKCAIH), MPEICTaBICHHE OTYETHRIX (OpM, a TakKe pacyer MoKaszarenen
MyOTMKAIMOHHON aKTHUBHOCTH COTPYIHUKOB 3a 3aJlaHHBI mepuoa. HeoOXxoauMo OTMETHTS,
yT0 mosiokeHue o0 orenke apdextuBHocTH coTpyaankoB MJICTY CO PAH (ITonoxxenue o6
OIICHKE) YYHUTHIBAET HE TOJBKO MyOJMKAIIMOHHYIO AESITeNhbHOCTh, HO M BBICTYIUICHHE Ha
HAYYHBIX MEpONPHUATHIX, TIOJyYeHHE YUYEHBIX CTENeHeW W 3BaHHM, NOJYy4YCHHE Ha
KOHKYPCHOI OCHOBE CTUIICH/INI U TPAHTOB, MPENOAaBAHNE U SKCIIEPTHYIO NS TEIbHOCTD.

B cBs3u ¢ nepexonom B Poccuiickoit @denepanuu Ha HCHob30BaHUE benoro cnucka
KypHAIOB («benbIii CUCOK») MPU MPOBEICHUH PA3IMYHBIX OIICHOK KBAaTHU(PUKAIIMU HAYYHBIX
COTPY/ZHUKOB, KOJUIEKTUBOB W YYPESKICHHU (HAmpHUMep, B paMKaxX OTYETHOCTH, OIICHKU
3asiBoK Ha rpadTel U T. A.) B CRIS UJACTY CO PAH Obina peanuzoBaHa BO3MOXHOCTh
3amaBath NyonukamusM YpoBeHb Oenoro crucka (YBC) m3manms. Teneps mpu pacuere
MoKa3arenei MyOIUKAIMOHHON aKTUBHOCTH COTPYIHHUKOB B CHCTEME MOXHO HCIOJIb30BaTh
Kak kBaptuim u3ganuii w3 Web of Science, Scopus, tak u YBC. Ilpu ¢popMupoBaHuHU 0TUETOB
no myonukanusM J00aBlieHa BO3MOXKHOCTH BbIBOAa ((rarm) mokaszareneil u3gaHWil B
oubnmmomerprueckux 0azax (kBaptuiau Web of Science, Scopus u YBC). Jlo6aBnen ¢iar Ha
00BeIMHEHNUE TEPEBOJIHBIX CTaTed, 4TOOBl MOXXHO OBLIO Cpa3y YBUACTh CTaTbi0 U €€
NIEPEBOIHYIO BEPCHIO.

B pamkax pa6ot 2024 roaa Obla peann3oBaHa BO3MOXKHOCTh yuera @PUO noknamgumnka
npu BBojae WHPOpPMANMK O MYOJUKAIUAX B TpyAaxX KOH(MEPEHIUH, YTO TO3BOJISET
aBTOMATHUYECKH (POPMHUPOBATH OTYETHBIE (HOPMBI 00 y4aCTUH COTPYAHUKA B KOH(PEPEHIHX, a
TaKXXE pPacCUMUThIBaTh Oamibl coriacHo [lomoxkenmro 00 onenke. C y4eTOM TNPUBS3KH
myOIMKAIUi K MPOEKTaM, MOSBUIACH BO3MOXKHOCTH (POPMHUPOBATH OTUYET O JOKJIAAaX IO TEME
MIPOCKTA.

Wznavansno CRIS UJACTY CO PAH co3naBasiiach Kak MHCTPYMEHT aBTOMATH3aLUHU
JesATeTLHOCTH HayuyHo opranu3amnuonHoro otaena (HOO). Corpynauku HOO ocymiecTBisitoT
BBOJ Bcell wHMOpManuu O MyONHKAIUAX, TMPOCKTaX, COTPYAHHUKAX U TOIPA3ICICHHSIX.
HayunpiM paGoTHUKaM ObLT JOCTYMHO (OPMHPOBAHHUE M TMPOCMOTP TOJIBKO HECKOJIBKUX
oT4yeToB 1o mybnukanusM. B 2024 rogy Obuto pemieHo peanusoBaTh Ha 6aze CRIS momauy
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COTPYAHHMKAMHU NyOJIMKALMOHHBIX MAaTE€pHajoB Ha JKCIEPTH3y U TMOIY4YEHUE SKCIEPTHBIX
3aKJIIOYEHUH O BO3MOXKHOCTH OINYyOJMKOBaHUS. bBbim peanu3oBaH JWYHBIA —KaOWHET
corpyanuka (puc.l), B KOTOpOM aBTOP MOXET HAIIPaBUTh aBTOPCKYIO CIPaBKy U (aiia cBoei
paboTbl B KOMHUCCHIO Ui AKcHepTH3bl. Takke OblT peann3oBaH uHTepdeiic cexperaps
JKCIIEPTHONM KOMHCCHUHM, B KOTOPOM OH MOXKET IPOCMAaTpUBaTh IIOCTYNHBIIWE 3asBKU Ha
OKCHEpPTH3y, TOTOBUTH MaTepUalbl Ui KOMHUCCHH UM TIIOCIE SKCHEPTH3bl (OPMHPOBATH
HEOOXOIUMBIN MaKeT JOKYMEHTOB (3KCIEpTHbIE 3akitoueHMs ). [1o OKOHUaHMM IKCHEPTHU3BI
OTCKaHMPOBAHHBIE aKThl HAIPABIAIOTCA HAYYHOMY COTPYAHMKY U TOCTYIIHBI JUUIsl CKAUMBaHUS
B JINYHOM KaOUHeTe.

[naeHas Mouck CratucTuka CTpykTypa TenedoHe! MpoexTsl OTyeTsl Moii npodmne

JINYHBIN KAabUHeET

MNpodune asTopa

ABTOpCKME CNPasku Co3pate asTopCKy CnpaBky

LNokymeHTsl

Astop(sl) Momck

3kCNepTy3a MaTepuana ®epedepos EC, Pepedepor

Hactpoiku npoduns Depedepos Eerenuit Cepreesuy

“n

LonkHocTs(u)

YueHelit cexpeTape, Hayunbiil coTpygHuk,

Bua matepuana
MonHoe HassaHue paBoTsl

KonuuecTeo cTpaHuy

0

KonuyecTeo MAMKCTPAUMA

0

I Menonesosanuee nuTepaTypHeIe MCTOMHUKI M AOKYMEHTBI, MMEOLWME rpud, a TakKe CNyKeBHEIE MATEPHANEI ADYTMX OPraHM3aLMIi;
[ Menonezosanmce ceenenns, KoTopsie MOTH Bkl COCTABMTE NPEAMET M30BPETEHUA, HO He 0DOPMIEHE! 33ABKaMK B PocnaTeHT;
() 3aumMCTBOBaHbI MATEPMAIbI HYIKOTO HAYHHOTO NPOM3EEAEHIA BE3 YKA3aHIA MCTOMHMKA 33MMCTBOBAHIA (HE HAPYLLIEHS! ABTOPCKIE NpaBa);

| Mcnonbsosanuce ceegens 06 M306peTEHUAK, 3AUMILIEHHLIX ABTOPCKMMM CBMAETENLCTBAMM MK NaTEHTAMM, ONYBAHKOBaHHLIMKM B BroineTene
nz0BpeTeHnin

H3obpeTteruns

O Eers zanpeT PocnaTeHTa Ha NyBAHKAUMK B OTKDBITON NEYaTH.

Puc. 1. UnTepoeiic co3panus aBTOPCKOi cripaBKu

B pamkax nUYHBIX KaOMHETOB COTPYIHUKOB OBLIN peain30BaHbl aBTOPCKHE POy,
TJie arperupoBaHa Bcsi HHGOpMAIHS O MyOJIMKAIIMOHHON IEATEIIbHOCTH COTPYAHMKA, a TAaKXKe
€ro ydacTMM B TMpPOEKTaX M IMOJy4yeHHbIX Harpagax (puc. 2). Jlawubsle s mpoduiis
sanonHsoTes  cotpyaaukamu HOO, coxpaHsroTcss B 0aze JaHHBIX M TPH  OTKPBITHH
aBTOPCKOTO TpoGWiIs TPYNIUPYIOTCS IO TrojgaM, 4YTOOBI MOXHO OBUIO MPOCTO HAMTH
UHPOPMALIMIO O JACATEIBHOCTH COTPYAHWKAa 3a ONpelelieHHBbIH ron. Bce »Tm maHHBIC
O0TOOpaXaroTCsl HE TOJBKO B JIMYHOM KaOWHETE, HO U B 0OmIed cBOAHOW MH(popMAIuu 000
BCEX COTPYAHUKAxX MHCTHUTYyTa B pazzaene «Ctpykrypa». COop Takoil nHpOpMAIUU TOMOTaeT
OLIGHUBATh ACATEIbHOCTh MHCTUTYTA, a TaKK€ Ha OCHOBE COOpPAHHBIX JAaHHBIX COTPYIHUKHU
MOTYT TOTOBUTH JIOKyMEHTBI O CBOHMX JIOCTHXKCHHSX, (POPMUPOBATH THUIIOBBIC TOKYMEHTHI Ha
KOHKYPCHI U JUIsl MPOXOXKICHHs arrecTauuu. Hampumep, B JIMYHOM KaOWHETE COTPYIHUK
MOYKET CT€HEPHPOBaTh M BBITPY3HUTh B BHUjE AO0KyMeHTOB B (popmare Word «Dopmy 3.3»,
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¢opmy «CHUCOK TpaHTOB, IPOEKTOB, B BBHIIOJHEHHH KOTOPHIX TMPUHUMAT Yy4acTHe
COTPYAHUKY», (popMmy «CIUCOK TPYAOB COTPYAHUKA», hopMy «CBeleHUs O TUUYHOM y4acTUU

COTPYAHHMKA B HAYYHBIX MEPONIPUATHIX) (puc. 3).

TnaeHas Mouck CratucTuka CTpyKkTypa TenedoHs! MpoekTe! OT4eTsl Moii npodmne Boii

ABTOpPCKUIA Npodunb

Bbiukos Uropb BayecnasoBuy

AgsTtop 571 cTaten
AomkHocTe: [JupexkTop
e-mail: bychkov@icc.ru

TenedoH: 427100

MyGankamm PykoBoAcCTED NpoeKTamMu YHACTHE B NPOEKTaX Harpags!

My6nukaymm

2022 ~

DyHAAMEHTANBHBIE OCHOBBI, METO/bI M TEXHOMOMAN L POBOro MOHWTOPMHIA M NPOrHO3UPOBAHKUA IKONOTMHECKON 06CTAHOBKN BailKanbCKOI NPUPOAHON TEPPUTOPHK

Bei4xos M.B.
& wypHane Poccus a XXI sexe 8 yenosuax znobaneHsix esizoeos: C6. mamepuanoe Beepoc. HayuHo-npakmuueckol koHd. (Mockeaa, 26-27 anpens 2022 z.) , n3aaTenscTeo
aeneHus , N® , c.37-41

[ocydapcmeenHelll yHUsepcur

Integration of web processing services with workflow-based scientific applications for solving environmental monitoring problems m
Feoktistov A., Gorsky 5., Kostromin R., Fedorov R., Bychkov |

e wypHane ISPRS International Journal of Geo-Information . N® 1, ¢

Classification of Sentinel-2 satellite images of the Baikal Natural Territory m

Bychkov V., Ruzhnikov G.M., Fedorov R.K., Popova A.K., Avramenko YV.

& ypHane Computer Optics , N® 1, ¢.90-94

ANropuTMbI NAZHWPOBAHWA BbIYUCIEHUIA C y4ETOM M36LITOYHOCTH M HEONPELENEHHOCTH
®eoktuctoe AT, Koctpomun PO, Topckuid C.A., Beikoe W.B., Hepueix A H., Bawapuna 040
& ypHane Tpydel MCMPAH , N° 1, c.123-140

An adaptive data cleaning framework: a case study of the water quality monitoring system in China m

- H PI/iC..z..ABTOpCKHI‘;I npopuIIb.

[naeHaa Mouck CTaTuCTMKa CrpykTypa TenedoHsl MpoekT! OTueTsl Moi npodunk

JIn4yHbIN KabuHeT

1.

Mpodwine asTopa 3 Orrona Aaropa
2019 2024
OoKkyMeHTEl =]
CoTpyaHHK
SkcnepTu3a matepuana B
Mepedepor Eerennit Cepreeemy -
Hactpoiku npoduns Y

oot
CxayaTe DOCX 0 AMYHOM YHACTHM B HAYUHBIX MEPONPHATUAX Ckavats DOCX cnucka Tpygos

B 33 Fereferov_2019 2024 _1729768049335.docx
B undefined.docx
B 671/72c/aae/67172caael1730177451577 . docx.docx

Puc. 3. Paznen nuunoro kabunera «J{okyMeHTHI»

BmacoBa C.A., KanenoB H.E. Cucrema yuera pe3ynbTaTOB WHTEIUICKTYAIbHOUW JESITCIHLHOCTH
YYCHBIX KaK pa3BUTHE MH()OPMAIMOHHON crcTeMbl « Tpynbl HAYYHBIX COTPYIHUKOBY». HayuHbId
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cepsuc B cetdl MuaTepHeT: Tpyasl X XIII Beepoccuiickoii Hayunoi koHpepeHunn (20-23 ceHTa0ps
2021 r., onnaiin). M.: IIM um. M.B.Kenapmma, 2021. C. 76-93.

Xapuronos J[.B., Cunkua A.H., Atpoxun U.C. AKTyaqpbHOCTh HCIIOJIB30BAaHUS CHCTEM y4Y€Ta
PE3y/IbTaTOB HHTEUIEKTYalIbHOM JESATEIbHOCTH COTPYIHHKOB HAy4YHO-IIPOU3BOJCTBEHHOI'O
npeanpustusi. Hayka u OusHec: mytu passurus. 2023. Ne 9 (147). C. 90-96.

Canoanunit B.A., Baceann B.A. HMaTemiekTyanpHas CHCTEMa TEMATHYSCKOTO HCCIICIOBAHUS
HAYKOMETPHYECKHX JAHHBIX: TPEINNOChUIKH CO3/IaHusi W Meronoiiorus paspadorku. Yacts 1.
[Iporpammuas umkenepus. 2018. T. 9, Ne 2. C. 51-58.

BerpoB A.A., ®epedepoB E.C. ABTOMaTn3npoBaHHas cUCTeMa y4yeTa HAyYHOM IeATeNbHOCTU
COTPYIHUKOB yupexjaeHus, nojasenomctBeHHoro ®AHO Poccum // Marepuansl  KoH(.
«JIsamynoBckue urenus» (Mpkyrtck, 21-23 nostops 2016r.). 2016. C. 14.

BerpoB A.A., ®epedepo E.C.Pa3utne uHPOPMAIMOHHON CHCTEMBI YydeTa Hay4dHOU
nestenbHOCTH // Marepuanbl koH(. «JIsmyHoBckue urenus» (Upkyrck, 5-8 nexabps 2017 r.).
2017.C. 9.

Hosocenos W.E., Benepuuko B.C. Pa3purue nHpopManmoHHOH cuCTeMbl y4yéTa HaydHOU
nestenproctd UJJCTY CO PAH // Matepuanst koH]. «JIsmyHoBckue utenus» (Mpkytck, 4-8
nexabdps 2023 r.). 2023. C. 78-79.
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PA3PABOTKA METO/IOB I[TPOTPAMMHONM CUMYJISILIUU PABOThI LIDAR

E.P. Bukynosa, A.A. Toactuxun
WNHCeTuTyT AMHAMMKY CHCTEM U TeopuM ynpasieHus umenu M.B. Matpocosa CO PAH
vikulizavet85@gmail.com

LIDAR (Light Detection and Ranging, oOHapyxeHHe M ompeneileHHue MAITBHOCTU C
MOMOIIIbI0 CBETa) — 3TO TEXHOJIOTHUS, HCIOJb3YIOWAsl JIA3€PHBIA JIyd Uil HU3MEPEHHS
pacCTOSTHUN W BOCCO3JIaHMsSI MOJENH OKpyKaromier cpeapl. OCHOBHOW MPUHIUI PAOOTHI
LIDAR 3axmouaercs B TOM, YTO JIA3E€PHBIA JIyd HANpaBiIsieTCs HA OBEPXHOCTh OOBEKTa, a
3aTeM HM3MepsieTcsl BpeMs, 3a KOTOpPO€ OH BO3BpalllaeTcsi K JAaTYUKy. AHaJIU3Upys Bpems
3aJ€pKKM M Yrojd OTKIOHEHHS Jy4a, MOXHO OINpPEIeNUTh pacCTOSIHHE J0 OOBEeKTa.
[TomyueHHble AaHHBIE OTOOPAXKAIOTCS B BHJIE MACCHBAa TOYEK, OMUCHIBAIOIIUX KOHTYpPHI U
CTPYKTYpYy Okpyxarorieit cpeasl. LIDAR mmpoko mpuMeHsieTcs B Teoe3uu, kapTorpaduu,
poOOTOTEXHUKE M MHOTHUX Jpyrux obmactsax. B dactHoctn, B pobotorexnuke LIDAR
UCIIOJIb3YETCS AJI CO3JaHUsl KapThl OKPYKAIOLIEH CpPelbl U ONPEIEIICHUs MECTONOIOXKEHUS
po0oTa B MPOCTPAHCTBE, MTO3BOJISISI EMY IepeMeIIaThes 0€3 CTOIKHOBEHUH C MPENSTCTBUSIMHU.

JlanHas paboTa 3aKiIrodaeTcs B pa3paboTKe METOA0B MIPOrPaMMHOM CUMYIISIIUN pabOTHI
LIDAR nns naneHeiimero ux npuMeHeHHs B pamkax koMmiuiekca TEMAR [1]. B ganHom
CIIy4ae yCTaHOBKA PEaJbHBIX JTaTYMKOB Ha MOOMJIBHBIX POOOTOB KOMILIEKCA HEBO3MOXHA I10
KOHCTPYKTUBHBIM U 3KOHOMUYECKUM cooOpakeHusIM. OJTHAKO MPUCYTCTBYET CUCTEMA KaMmep
U TIpOrpaMMHOE oOecredeHHe C HCIOJIb30BaHHEM alTOPUTMOB KOMIIBIOTEPHOTO 3pEHUs,
CIIOCOOHBIE pacmo3HaBaTh MPENSATCTBUS Ha cTeHae. TakuMm o0pas3oM, 3amadeil MoIyss
cumymsauun  LIDAR  saBnsiercs oTOOp JaHHBIX, JOCTYNMHBIX poOOTY, a TaKxke uX
npeoOpa3oBaHKE B COOTBETCTBYIOMUHN (hopmar.

B kxagectBe 6a3ucHOro mMeroja AJisi OIEHKUA M CPaBHEHHUs pa3pabaThIBAEMBIX METOJIOB
BBIOpaH  HauOoJiee TOMYISAPHBIA  WTEpaTWBHBIM  moaxon. OH  3akiro4aeTcss B
MIOCJIEI0BATEILHOM ITOCTPOSHUH Jy4el B 33JaHHOM CEKTOpe ¢ HEOOJBIIMM IIAroM JI0 TeX
nop, Mmoka He OyAYT BBISIBJICHBI IPAHULIBI N300paKeHUS WM HE MPOU3OMIET MepeceueHue ¢
MPENSTCTBUEM.

bbu1 npennokeH aHAIUTUYECKUH TIOXO C IBYMSI BapHaHTaMU OMHMCAHUS IPEISTCTBUS:
C TIOMOIIBIO Tepexoaa B (ha30Boe MPOCTPAHCTBO M ANMNPOKCHUMALMEH 10 T€OMETPUYECKUX
MPUMHUTHBOB.

B mepBoM cmocobe mnpumeHsieTcss IETeKTOp TpaHUI] canny K H300paKEHHIO IS
BbIIEJICHUS] KOHTypa mpensarcTBus. Kaxknas Touka Ha KOHType MOXET OBITh CBs3aHA C
OECKOHEUHBIM KOJHMYECTBOM HPSAMBIX, KOTOpbIEe MPOXOoIAT udepe3 Hee. lIpenctaBuB 3TH
npsMble B BHIE X cOs B + ysinf = R, myrem ux mepebopa cosnaercs Kpuas B (hazoBOM
MPOCTPAHCTBE OTHOCUTEIBHO yIyia M pajuyca, TAe KaxkJas TOYKa KOHTYpa COOTBETCTBYET
CBOEH TpsAMOHM. 3areM HaxXxOAuM KOOPJWHATHI TOUYEK C HAWMOOJBIIUM KOJUYECTBOM
nepecedeHuil mpsaMbIX. [1o 3TUM KoopAMHATaM CTPOSATCA MPSMbIe B aHATUTHYECKOM BHUJIE,
KOTOpBIE OMHCHIBAIOT KAXKIAYIO U3 TPAHMUIL TPETISITCTBUS.

Bropoii crnoco6 omucaHus COCTOMT B TOM, YTOOBI ammpOKCUMHUPOBATH MHOXECTBO
TOYEK TpaHMIbl NPENATCTBUA [0 HEKOTOPOro T€OMETPUYECKOro NpUMHUTHBA (KBaJpar,
npsMoyroyibHUK). Ha ocHOBe HMeEIOIIErocss KOHTypa HalTH €ro BEpUIMHbI U TOCTPOUTH
IpsIMble B aHAIMTUYECKOM BU/JIE JIJIsl OTIMCAHUS TPAHULIBI IPETISTCTBHSL.

Ha ocHOBe moydeHHBIX pPE3YJbTATOB MOKHO MPEANOJIO0KUTh, YTO AHATUTUYECKHUM
MOJIXOJ C HCIOJb30BaHWEM (Da30BOro MPOCTPAaHCTBA TO3BOJISIET JOCTATOYHO YETKO
ONPENIETUTh TPAHMIIBI MPENATCTBUI. B cpaBHEHUM C UTEPATUBHBIM METOJOM ATOT IMOIXO
JEMOHCTPHUPYET MEHBIIYI0O CKOPOCTh BBIMIOJIHEHUSI 00paboTku. OJHAKO CTOUT OTMETUTH, YTO
CIIOKHBIE BBIYUCIICHUS HEOOXOAWMMO TIPOBOJIWTH JIMIIL OAWH pa3, MpPH  YCIOBUHU
HEMOJIB)KHOCTHA ~ MPENSATCTBUI. AMNNpOKCUMAIMs A0 TI'E€OMETPUYECKUX MNPUMHTHUBOB,
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CYILIECTBEHHO BBIMTPHIBAET MO BPEMEHHU, XOTSI MOKET MIPUBOJUTH K CHUKEHHIO TOYHOCTH U3-
3a mpolecca anmnpokcuManuu. B Hactosmiee Bpems Benerca pa0oTa Haja JalbHEHIIIM
yIy4IIEHUEM MOJYJisl, HallelieHHas Ha TOBBIIIEHHE YacTOThl 00pabaThIBa€MBIX KaJIpoB U
YBEJIMYEHUE TOUHOCTH TepPelaBaeMbIX poOOTaM JaHHBIX.

1. Kostylev D.A., Tolstikhin A.A., Ul’yanov S.A. Development of the complex modelling system
for intelligent control algorithms testing. Proc. Intern. Conf. 42nd International Convention
MIPRO 2019. Opatija: MIPRO, 2019. Vol. 1. N. 1. P. 1091-1096.

2. YnpsHoB A.JO. MeTon TpacCHpOBKH Jiydeld KaK OCHOBHAs TEXHOJIOIHsS (OTOPEATMCTHUHOTO
peanpepunra / AJO. VYuesHoB, JI.A. Kartroxkanckii, H.I'. PepkkoBa. ®dyHmameHTallbHBIC
uccienoBanus. 2015. Ne 11 (uacts 6). C. 1124-1128.

3. A. Schmitt, H. Muller, W. Leister Ray Tracing Algorithms — Theory and Practice, In book:
Theoretical Foundations of Computer Graphics and CAD (pp.997-1030). Publisher: Springer
Verlag.

42



PA3SPABOTKA BEb-CEPBUCA JIJIS1 AHAJIN3A BU3YAJIBHBIX JIAHHBIX U
[NTAHUPOBAHUMA ITY TEIHECTBU

I'.A. Bonosukos', K.B. Bepé3HH2, 51.0. Crenanos’
1I/IpKch1<I/H71 rOCYJIapCTBEHHBI YHUBEPCUTET
2Cubnpckuii penepanbHblil yHHBEPCHTET
jezv@ya.ru

CoBpeMeHHbIE IM(PPOBBIE TEXHOIOIMU KapANHAIBHO U3MEHWIH MTOAX0]] K OpraHU3aluu
NYyTEIIEeCTBUM, Npesiaras TypucTaM YAOOHbIE U MEepPCOHAIN3UPOBAHHBIE MHCTPYMEHTHI IS
IUTAHUPOBaHMsI NOE310K. B mocnenHue roipl pacTéT NOMyasipHOCTh MOOUIIBHBIX NMPUIIOKEHUN
U HHTEPHET-CEPBUCOB, KOTOpPbIE IO3BOJSIOT HAXOJIUTh WHTEPECHBIE MECTa, COCTaBIIATH
MapuUIpyThl U JEeIUThCs BreuaTieHusIMU. Ha gone 3Toro pazButie METO10B HCKYCCTBEHHOTO
MHTEJUIEKTa, B YACTHOCTH TEXHOJOTHMH KOMIBIOTEPHOTO 3pEHMS, OTKPBIBAET HOBBIC
NEPCIEKTUBBI JUIS aHAIN3a BU3YaJIbHBIX JaHHBIX, TAKUX Kak MOJb30BaTeNbCcKkHue (poTorpadum,
U CO3JaHMs peIIeHUH, YYUTHIBAIOUIMX WHAWBUIYAIbHBIC 3alpoChl IyTEHIECTBEHHUKOB.
Pa3zpaboTka 1udpoBbIX CEPBUCOB, CITIOCOOHBIX aBTOMATHYECKH (DOPMHUPOBATH TYPUCTHUECKHUE
MapHIpyThl Ha OCHOBe (QoTorpaduil JOCTONpPUMEUYATETbHOCTEH, CTAHOBUTCS AaKTyalbHOU
3ajaueil. OTo O0OYCIIOBJIEHO yBEIMYEHHEM OOBEMA BU3YaJIIbHOTO KOHTEHTA, pa3BUTHEM
QITOPUTMOB aHAIM3a JAHHBIX U U3MEHEHUEM OXKUIAHUN TYPUCTOB, CTPEMSILUXCS MOTYIUTh
Oosiee TOUHBIE, ONEPATUBHBIE U NEPCOHATU3UPOBaHHbIE pekoMeHaanuu. HacTosmas pabota
MOCBAIICHA CO3JIAaHHIO TAKOTO BeO-CcepBHCA.

Ilenpto wuccienoBaHus crana pa3paboTKa CHCTEMBI, CHOCOOHOW aBTOMAaTHYECKH
¢opmMHpoBaTh MapIHIpyThl Ha OCHOBE aHajiM3a II0JIb30BaTeNbCKUX (oTorpaduii mimm
TEKCTOBBIX 3ampocoB. JlJis NOCTM)KEHUS LeNu ObUIM IOCTABJIEHbI OOO3HAYEHHBIE HUXKE
3a1auu.

1. TlpoBectu  0030p  CYIIECTBYIOIIMX  CEPBHUCOB,  HCIOJB3YIOIIMX  METOJbI
UCKYCCTBEHHOTO WHTEJUIEKTa B TypU3Me Ui TIIOCTPOEHUS MapUIpyTOB Ha OCHOBE
MPEANOYTEHUN MOJb30BATEIIEH.

2. M3yuuTh aNropuTMbl UCKYCCTBEHHOTO MHTEIUIEKTA, MOIXOASIINIE A1 MHTEPIpeTaluu
N0JIb30BATENbCKUX MPEANOYTEHUH Ha OCHOBE (poTorpaduii 1 TEKCTOBBIX 3aIIPOCOB.

3. CnpoekTupoBaTh apXUTEKTYpy LH(POBOTO cepBHCa.

4. PaszpaboraTh aIrOpuUTMbl aHaJIM3a BHU3YalbHOIO M TEKCTOBOIO KOHTEHTa H
COIIOCTAaBJICHUSI OOBEKTOB C 0a30i TYPHUCTUYECKHUX JTOCTOIPUMEUATETbHOCTEH.

5. CozpaTh METOJUKY aBTOMaTHYECKOTO NOCTPOCHHS MapLIPyTOB

6. PeasmzoBaTh mpoTOTHII BeO-cepBHCAa C MPEUIOKEHHBIMUA  (DYHKIIMOHAIBHBIMU
BO3MOXHOCTSIMH.

B kadecTBe OCHOBHOrO WHCTpyMEHTa /JIsl aHalW3a H300paKEHUH M TEKCTOBBIX
onucanuii Obia BeiOpana mojaenb ruCLIP. Ona mo3BossieT mpeoOpa3oBbIBaTh BU3yaTbHbBIE U
TEKCTOBbIE JIaHHBIE B BEKTOpbI, 0oOecrneunBas MUHUMH3AIHMIO KOCHHYCHOTO PacCCTOSHHS
MEXy HUMHU. DTO MO3BOJISIET TOYHO CONOCTABIIATH M0JIb30BATENBCKUI 3alIPOC C IaHHBIMU U3
6a3pl gocTonpuMedarenbHocTeld. OHAaKO NepBOHAYANbHAS pealu3alys MOJEIH OKasajach
HEOCTaTOYHO 3(P(PEKTUBHOM: MpH KaXIOM 3alpoce IPOMCXOJWIa BEKTOpPH3alMs BCeX
00BEKTOB 0a3bl JaHHBIX, YTO MPUBOJMIIO K 3HAUUTEIFHBIM 33JIepKKaM — 00paboTka 3ampoca
3aHuUMaia a0 15 cekyHa, 4yTo B peanusx paboThl CEpBHCA OKA3bIBAJIOCh JOCTATOYHO OOJIBIINM
BpeMeHeM OXuJaHus. YToObl yCTpaHUTH 3Ty MpoOsieMy, ObUIO pelmeHO HpeaBapUTEeNbHO
BEKTOpU30BaTh Bce OOBEKTHI 0a3bl JaHHBIX. [loydeHHbIE BEKTOPHI COXpaHsIUCh B 0aze
JAHHBIX, YTO TO3BOJHJIO COKPAaTUTh BpeMs 00paboTKu 3ampocoB a0 150 MuITHMCEKyH.
Hecmotpst Ha »TO ynydmieHue, okoiao 140 MUIUIMCEKYHJ YXOAWIO Ha BEKTOPHU3ALIMIO
MOJIb30BATEIBCKOTO 3arpoca, 4To TpeOoBaso JajbHEWIIed onTUMu3auuu. B xone paboTsl
TaKXe OBbLIM BBISBJIEHBI IPOOJIEMBI, CBSI3aHHBIE C YCTAPEBIIMMH 3aBUCUMOCTSIMH M OIINOKaMU
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B HCIIOJBb3YeMbIX OnOnmorekax, Bkiatodas ruCLIP. OTo yBenmnuuBano pasmep npoekra g0 10
I'b u 3arpynssiio ero mojuepkky. [lng pemieHust 3Toi mpobiemsl KoJ OMOIMOTEK ObLT
nepepadoTaH, YTO TMO3BOJUJIO W30aBUTHCSA OT JIMIIHUX 3aBUCHMOCTEH, YMEHBIIHTH OO0BEM
IPOEKTa U OBBICUTH €T0 MPOU3BOAUTEIBHOCTb.

Jns  panpHEHIIero yCKOpeHHs O0Opa0OTKM 3ampoCOB W TOBBINIEHUS THOKOCTH
apxuTeKTypel Ob1  BeIOpaH (peiiMBopk ONNX. DTOoT craHmapT MNperoCTaBisieT
yHHUBEpCalIbHBIA (opmar st paboThl C MOJENSIMU HCKYCCTBEHHOIO WHTEJIEKTa, 4YTO
yhnpolnaeT ux MHTerpaunto U 3ameHny. McnonpzoBanue ONNX no3Bosniao COKpaTuTh BpeMs
00paboTku 3ampocoB 0 15 mummmcekyHa. Kpome Ttoro, (peliMBOpPK ympOCTHI 3aMEHY
Mojeneil B cucrteMe: A OOHOBJEHHs JOCTaTouHo 3aMeHuTh ONNX-daiin, He H3MeHss
OCHOBHOI1 koJI. Takas apXuUTEKTypa MOBBICHIIA a/IallTUBHOCTh CUCTEMBI U €€ YCTOMUMBOCTH K
U3MEHeHUAM. B paMkax mccienoBaHMs Takke ObLT MCIONBb30BaH MHCTpyMeHT Milvus s
paboThl ¢ 6a3amMu JAaHHBIX BEKTOPHBIX MpeacTaBieHnii. OH mo3BoImI 3P HEKTUBHO XPAHUTh U
00pabaTbIBaTh BEKTOPHBIC JaHHBIE, YTO CTAJIO KJIFOYEBHIM KOMIOHEHTOM CHCTEMBI.

Pesynbrarom paboThl cTad MpOTOTUN  BeO-cepBUCA, KOTOPBIM  MO3BOJISET
aBTOMaTHYECKH  (OPMHUPOBATH  NEPCOHAIM3MPOBAHHBIE  TYPUCTHYECKHE  MAapIIPYTHI.
Hcnonp3oBanne Takux TexHosnoruii, kak ONNX, o0ecreunsio BHICOKYIO MPOU3BOIUTEILHOCTh
CHCTEMBI, YCKOpPHUB 00paOOTKy 3alpoCcOB W MOBBICHB THOKOCTh apXHTEKTyphl. Cucrema
BKJIIOUYAET B ce0sl CIIETYIONINE KIIF0OUEBbIe KOMITOHEHTBHI.

1. AHanu3 monb30BaTenbCckux (oTtorpaduil Ui BBIIBICHUS NPEANOYTCHUN: MOAEIH
KOMIIBIOTEPHOI'O 3pEHHS MO3BOJISIOT TOYHO PAcClo3HaBaTh OOBEKTHl Ha M300paKEHUSX, 4YTO
JaeT BO3MOXKHOCTh BBIABIISITh HMHTEPECHl II0OJIb30BATeNsi HA OCHOBE €ro BHU3YaJbHBIX
MPEAOYTEHUN.

2. ComocraBneHne OOBEKTOB Ha M300paKEHHSX C JaHHBIMU M3 TYpPUCTHYECKOH Oa3bl:
KasKJIbIi 00BEKT, pacro3HaHHBINA Ha dboTorpadusx, COTIOCTABJISICTCSI c
JOCTONIPUMEYATEIbHOCTSMU, XPAHALMIMMUCS B 0a3e MaHHBIX, CoOJepXameil MmoapoOHbIe
ONMMCAHUA W KOOPAMHATHI MeECT. OJTO TO3BOJSET MPEJOCTaBIATh MOJB30BATENI0 TOYHbBIE
PEKOMEHAALNN Ha OCHOBE €0 3aIPOCOB M UHTEPECOB.

3agauya aBTOMATHYECKOTO Co3aaHusi MapmpytoB [1, 2] ¢ yderom wHHTEpecoB
NOJIb30BaTENCH: HA OCHOBE MOJYYEHHBIX JAHHBIX W MPEANOYTECHHH MOJb30BaTENsl CUCTEMa
aBTOMATUYECKU (OPMUPYET MapLIPYT, BKIIOYAIOIMINN HanOoJiee MHTEPECHBIE U PEIeBAaHTHbBIE
JOCTONIPUMEYATEIbHOCTH, TIOKA PELIeHA HE MOJIHOCTHIO.

OTOT MNPOEKT JAEMOHCTPUPYET BO3MOXKHOCTH HCIIOJNB30BAHHUS ~ COBPEMEHHBIX
TEXHOJIOTUH Ui CO3/1aHUsl MHHOBALMOHHBIX pemeHuil. OH OTKpPbIBAa€T MEPCHEKTHBBI IS
JAIbHENIIEro MPUMEHEHHsI NCKYCCTBEHHOTO MHTEIIJIEKTa B TypU3Me U JAPYTUX 00JIacTsX, T1e
BaXHbl NEpCOHANM3alMAg M aBTOMaTu3anusa. B Oyaymem IUiaHupyercs paciiupuTh
(GYHKIIMOHAJIBHOCTh CEpBHCA 3a CYET WMHTErpald JOMOJHUTENbHBIX MOJENed U METOJOB
aHanu3a JaHHBIX. [lepcrekTHBBl MpUMEHEHHs pa3paOOTaHHBIX PEIICHUI BBIXOAT 32 PAMKHU
Typuctuuecko  orpacid. CepBHUCHl, HCHOJB3YIOIMIME KOMIBIOTEPHOE  3peHHe U
NEpCOHANM3AIMI0O HAa OCHOBE AaHajlM3a BHU3yaJbHOIO KOHTEHTA, MOTYT OBITH MOJIE3HBI B
00pa3oBaHNM, MapKETHUHTE, ypOAHUCTUKE U Jpyrux cdepax, TrIe BaKHO YYHUTHIBATH
IPENOYTEHUS MOJIb30BaTeNeil 1 o0eceynBaTh TOUHYIO0 00pa0OTKY BU3yaIbHBIX JaHHBIX.

1. José, Carlos, Sancho, Nufiez., Juan, A., Gémez-Pulido., Rafael, Robina, Ramirez. (2024).
Machine learning applied to tourism: A systematic review. Wiley Interdisciplinary Reviews-Data
Mining and Knowledge Discovery, doi: 10.1002/widm.1549

2. Jianguo, Yan. (2024). Multi-objective Optimal Tourism Route Planning and Design Based on
Improved Particle Swarm Optimization Algorithm. 303-312. doi: 10.1007/978-981-97-1983-9 27
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JIUCIIETYEP HAYYHbBIX PABOUYMX ITPOIIECCOB®

M.JI. Bocko0Ooiiaukos, A.I'. ®eokTrCcTOB

WNHeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
mikev1988@mail.ru, agf65@yandex.ru

BBenenue. Ilpu pazpaboTke TPHIOKEHUW JUIsl PEIICHUS CIOXHBIX PECYPCOSMKHUX
HAayYHbIX U MPUKIAIHBIX 33/1a4 B T'€TEPOT€HHOM pachpeieNieHHON BBIYMCIHUTENIbHON cpesie
(I'PBC), kak mpaBuiio, MpuMeHseTcss MOIYJIbHBINA moaxon [1]. Cxema pemeHus Takux 3a1ad
3aUacTyl0 peanm3yercss B BUAe HaydHoro pabouero mporecca (HPIT). Tlpu stom HPII
MpeACTaBISIET cO00M MH(POPMAITMOHHO-BRIUYMUCIUTENBHYIO CTPYKTYPY, OTpaKaronlyro OusHec-
JIOTUKY TPEIMETHOW OOJNacTH B TMPUMEHEHHH MPEAMETHO-OPHUEHTHPOBAHHBIX JAaHHBIX U
MIPOrpaMMHOTO OOeCTieUeHUs IJIsl peIIeHUsT HayYHbIX 3a7a4 B 3TOW MpeIMeTHON obmacth [2].
B sTtom koHTekcre, HaumHas ¢ Havana 90-x TOIOB MPOILIOTO CTOJIETHS, HAOIIOmaeTcs
MOCTOSIHHOE Pa3BUTUE HAMpaBJICHHsS MCCIEIOBAaHUM, CBS3aHHOTO C pa3pabOTKOM cuctem
yrnpaBneHuss pabdounmu mpoueccamu (CYPII) [3]. B Hacrosiimee BpeMss BHHMaHUE
pa3pabOTUYMKOB HampaBlieHO Ha co3nanue u npumeHenrne CYPII, mognepxuBarmmx cepBuc-
opuentupoBanusie HPII [4]. K coxanenuto, mpobiaeMbl MpUMEHEHHs CTaHJapTU3UPOBAHHBIX
cepBuc-opueHtupoBanublx  HPII, mnonnepxuBatromux WPS-cepBuchl, wucnonb3oBaHue
KOTOPBIX BOCTPEOOBAHO MPHU PEIICHUU aKTyalbHBIX 3a/1a4 3KOJOTUYECKOT0 MOHUTOPHUHTA, U
ux BbinojgHeHus B ['PBC B u3BectHbix CYPII He pemieHsl B monaHOM mMepe. B 310l cBsA3M
pa3paboraH HOBBII HMHCTpyMeHTalnbHBIM Komiiekc FDE-SWFs [5], cpenctBa koToporo
HaIpaBJIeHbl Ha pEUICHHE YKa3aHHBIX BbIlIe mpolieM. B paboTte mpencrtaBieH aucrerdep
HPII nanHOr0o MHCTPYMEHTAIBHOIO KOMILIEKCA.

Metoablt u cpeacrBa. HcmomnutenpHoit mnoncucremor FDE-SWFs  sBasercs
mucneruep HPII. C ero noMoIupto KOHEUHBIHN N0Ib30BaTeNb Npuioxenus 3amnyckaetr HPII Ha
BBIIIOJTHEHUE W OTCJIEKHBAET MPOIECC BBIUMCICHUU. Jlucnmeryep B3aMMOJACHCTBYET C
METaIJIAHUPOBIIMKAMUA M CUCTEMaMHU YIPABICHUS 3aJlaHUSIMU B TIPOLIECCE paCIpeAesICHUS
BBEIYHCIUTENBHBIX pecypcoB ['PBC mns Bemosnenus: pabouero mporiecca. B wactHocTH, oH
TEHEpUPYET NACIopTa 3aJaHui 1o BbINONHEHUIO Moayierd HPII qis meraruiaHupOBIIMKOB U
CUCTEM YIpaBlieHUs 3aJlaHusAMU. J{ucreTyep TakxKe MpeoCTaBiIseT TOCTYI K 0a3e pacueTHBIX
MAaHHBIX ¥ 00ECIeYMBaeT BO3MOXKHOCTHh 3arpy3Kd U TIOCICAYIOIICH BH3yalu3aluu
pe3yNbTaToOB paHee MPOBEACHHBIX AKCIepuMeHTOB. Ha ocHoBe 3Toi MH(OpManuu MOMKHO
MOATOTOBUTh MCXOJAHBIC JAHHBIC AJIi HOBBIX HcclieqoBaHUU. [lo KaKqoMy 3KCIIEPUMEHTY B
0a3e XpaHIATCS MOCTAaHOBKA 3aJa4M, pabOUYUil Tpoliecc, UCXOIHBIE, 1eJIEBhIe M HEOOXOIUMbIE
MPOMEKYTOUHBIE TTAPAMETPHI 33J]a4l, a TAK)Ke CHCTeMHass MHPOPMAIUs O XOJI€ BBITIOTHEHUS
BBIUMCIIUTENHLHOTO Mpoliecca B BUE JIOT-(haiios.

B unrtepnperarop HPII BkitoueHb! onepaTtopsl BBIIOJTHEHUS ONEpaliid, peain3yeMbIX
CepBHCAMU. DTH OINEPATOPhl 00ECIIEYNBAIOT BHITIOJHEHUE BEO-CEPBUCOB, MPECTABICHHBIX Ha
si3pike WSDL 1 peanu3yromux BeIYUCIUTENBHBIC OTIEPAllUK U OTlepaIiui 00paboTKH JaHHBIX
B HPII. B wactHoctH, nmonaep:xusaercst padora ¢ WPS-cepBucamu anst coopa, 06paboTku u
aHaJIu3a TEONPOCTPAHCTBEHHBIX JaHHBIX. KOHCTPYKTOp  BBIYMCIMTEIBHOM  MOJEIH
KOHTPOJIMPYET CTPOroe COOTBETCTBUE IMApaMETPOB ONEpanuil COOOIIEHUSIM CEpBHUCOB IpPHU
OTpeeNIEHUH 3TUX 0OHEKTOB.

Pabounii mporecc MoOXeT ObITh pealn30BaH CIEAYIONIMMU CIIOCOOaMHU: Ha OCHOBE
kommo3uru WSDL-cepBrcoB, mpencTaBiaeHHON Ha s3bpIke MporpammupoBaHus Python; B

* PaboTa BhIIONHEHA B paMKax rpanta Ne 075-15-2024-533 MunucTepcTBa HayKH M BEICLIETO 00pa3zoBaHus PO
Ha BBITIOJIHEHHE KPYITHOTO HAyYHOT'O IPOEKTA 110 IPHOPUTETHBIM HAIPABICHUSIM Hay9HO-TEXHOJIOTHYECKOTO
pasBurus (npoekT «DyHaameHTanpHble nceae 0BaHus balikaibckoil NPUPOJHON TEPPUTOPUH Ha OCHOBE
CHCTEMBI B3aUMOCBSI3aHHBIX 0a30BBIX METOJIOB, MOJIeJiel, HEHPOHHBIX ceTel 1 U(pPoBo MIaThOpMbI
IKOJIOTHIECKOT0 MOHUTOPHHIA OKPYXKAIOIIEH cpebl», per. Ne 124052100088-3).
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Bujae otaenbHoro WPS-cepBuca, kotopeiii peanusyercs TpaauuuoHHbiM HPII Ha ocHoBe
UCTIOJIHSEMBIX MOAYJIEH W 3aJaHuil [ BHEIIHUX METAIUIaHUPOBIIMKOB M CHCTEM
ynpaBneHus 3amgaHusmMu, Takux kak Condor DAGMan u HTCondor; ¢ momormbio
CTaHIAPTU3UPOBAHHOIO JekiapatuBHoro sAspika BPEL. B nmocnennem cioydae, HPII moxer
ucrnonb3oBatbes Jr0ObiMu  BHemHUMH CVYPII, momnepkuBarormmumu BPEL. Ha puc. 1
npezcrasieHbl cxembl BeinoaHenus HPII nox ynpasnenuem FDE-SWFs.

Tlonb30Baremu TTone3oBarenn (@j

TIPHIIOKEHHUS. @j TIPUITOKEHUS. @J
Wnrepdeiic reomnoprana

Hnurepdeiic FDE-SWFs Hutepdeiic FDE-SWFs

INonb3oBaremu
T'eonoprana

|

DopmypoBka N ®opmynmpoBka _+ N v WPS-cepBuc mist
IOCTAHOBKH Mony e MOCTAHOBKH —= Moy TMapamerpsl | — B3aUMOICHC TBHS
sajaanna |y TLIaHUPOBAHMSL Jajaunma | TS TLIaHAPOBAHHS WPS-cepaca RL C WCTIeTIEpOM
BBIUHUCIIUTEJILHON BBIUUCIICHUU BBIYHCIATEIILHON BBIMUCIICHUUA HPII
MOJIEH MOJIeIH T
= Moy b
Monmyib MomyJb 3anpoc oT | oﬁpalég)TKH
BuyTtpennee 1peobpasoBaHms v npeobpasoBaHus U3 WPS- RL 3aIpOCOB
Tpe/iCTaBJIeHHE 43 BHYTPCHHETO BuyTtpennee =D BHYTPEHHETO cepBuca
TP ACTABJICHHUA Tpe/ICTaBIeHHe T} npejcrasnenns HPIT B
HPIT B BPEL HPIT ! criennpuKauu Moy b
] 3 IaHuil IS npeoOpasoBaHus U3
l METAIIAHMPOBIIMKOB — BHYTPEHHETO
N BuyTtpennee 7} npencrasnenust HPIT B
BPEL Monys npescTaBieHue | cnenuguKalymm
</> MHTCPIIPETALH Moy b BBILIOTHEHHS PIT 3a1aHuH 1151
N HPII ¢ METaIIaHUPOBILMKOB
HPII na Cretudukarmn | — HCIIOJIb30BAHUEM
BPEL l—‘ 3a/1aHuit {} CHCTEM YIIPaBJICHHUs
N 3aJaHASIMH 1 Moyt b BBIIOIHEHHS
Monys METaIUIaHUPOBIIMKOB HPII ¢
PacyeTHbIC BU3yanu3aul e HCIIOJIb30BaHHEM
IAHHBIC pacueTHBIX neund)uxgunn cHOTEM
AL g — YIPaBIICHUS
3aJ[AHASIMHA 1
AN Monyms METAIUTAHUPOBIIMKOB
PacueTHbIe BH3Y alIM3a LMK
@ XpaHumiue JIaHHBIE pacyueTHBIX l—l
JIAHHBIX JIAHHBIX
Moy s
Pacuetnsie Bmyanﬂy?;auun
XpaHumiie AaHHEIE PACUETHBIX
JTAHHBIX JAHHBIX
Xpanumiie

JaHHBIX

a) 6) B)
Puc. 1. Cxewmsl Bemmonnenus HPIT: Cxema 1 (a), Cxema 2 (6) u Cxema 3 (B)

B pamkax Cxemsl 1 (a) momp3oBarens ¢ mnomomisto uHTepdeiica FDE-SWFs
dopMynHUpyeT MOCTAaHOBKY 3a/layd Ha BBIYMCIUTEIbHYIO MOJAETH IpeaMeTHoil obmactu. Ilo
c(hOpMyJIMPOBAHHON TOCTAHOBKE 3aJaud MOJYJIb IUIAHUPOBAHMS BBHIYMCICHUI BBIMOJIHSAET
IIOCTpOEHHUE I1aHa pemeHue 3anayu B Bujae HPII Bo BHyTpeHHEM IPEICTaBICHUY CHUCTEMBI.
Monyns npeobpazoBanus npousBoauT korBeptamnuio HPIT na BPEL nns ucnonb3oBanus Bo
BHemtHUX CVYPII. [lanee Moaynp MHTEPIPETALNN OCYIIECTBISET ACUHXPOHHO MapaJlJIEIbHOE
BBINIOJIHEHHE TocieaoBaTenbHocTH oneparuii HPII, npencraBieHHbIX B BUJE KOMIIO3HMIIUU
WSDL-cepBucos. IlonyuenHnble B pe3ynbTaTe BBITOMHEHHS Kommo3uimu WSDL-cepBucos
pacueTHbIC TaHHBIE COXPAHSIOTCS B XpaHWIHIle AaHHbIX. [1o 3aBepiienuto BeimosHeHus HPIT
[I0JIb30BAaTENb MOXKET OCYILIECTBUTh BU3YaJIM3AallMI0 PACUETHBIX JAHHBIX C LENbI0 HX
NaJIbHEHIIEro aHaInu3a.

Cxema 2 (0) B ommume or Cxemsl | (a) mpenmomaraer, uro omepauun HPII
MpEACTaBICHbl TporpaMMHbIMU  MonyisiMu. I[lpomecc BemonHenus HPII cocroutr B
cienytomeM. CrienuaiucT mpeAMeTHOH o0jacTu (KOHEYHBIH MOJb30BaTeNb) (HOpMYIHPYET
MOCTaHOBKY 3aJlaud, MOJArOTaBIMBACT MCXOJHYI0 MH(GOPMAIUIO U UCHOJIHSIEMbIE MOIYIU C
nomotipio uHTepdeiica FDE-SWFs. 3arem BbpiOuMpaer HE0oOXOauMBIE pecypchl (pecypchbl
cynepkomnbioTepabix LIKII, o6maunbix miaropm, cOOCTBEHHBIX BBICOKOMPOU3BOAUTEIbHBIX
CEpBEPOB U JIp.) C YYETOM KBOT Ha UX HMCIOJIB30BAHUE U CIIOCOOBI AOCTyNa K HUM. JlucneTuep
aBromatuyecku crpout HPII u renepupyer cnenudukanyio BRUACIUTENBHBIX 3aJaHUNA Ha
ocHOoBe BHyTpeHHero npezacrtasiennun HPII. Iloxacucrema KOHTENMHEpU3aUUHU OCYIIECTBIISIET
BbIJIeJICHHE TpeOyeMbIX pecypcoB, IMOATOTOBKY OOpa30B B COOTBETCTBUU C KJlaccaMH
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pecypcoB u mpukiaaabiMu moayiasiMu HPIT ¢ mocnegyronum 3amyckoM KOHTEHHEPOB Ha
naHHbIx pecypcax (puc. 2). Ilo roroBHoctu pecypcoB st 3amycka HPII nepepaercs
coobmenue CYII3 (HTCondor nunu PBS Torque), koTopasi Takke UHTETPHUpPOBaHA B 00pa3bl.
Ilocne 3aBepmieHus BeimonaHeHus HPII MeranmnaHupOBIIMK OTHPABIISIET IIOJYYEHHBIE
pe3ynbTaTthl B pacueTHylo ©0a3y mJaHHbIX. [lonmp3oBarenb Takke MOXKET MPOU3BECTH
BU3yaJIM3AIUI0 PACUETHBIX JTAHHBIX.

Koneunrsie
/ MOIE30BaTEHN

- E . dopmupoBaHue
crienuQpuKaImi,
l noctpoenue HPII u
BBIOOp pecypcoB
BWPS
Cunres u = __ . PassepremBanue
MHTepIpeTaus e KOHTEHHEePH3MPOBAHHON

BBIYHCIUTEIbHOM cpeabl

IV 3amyck Monyne u
HTCOI’]dU r Sg 5!”"’]’! YIIPaBJICHUE BbIYNCIIEHUAMHU

/

CoxpaHeHHE pe3yJIbTaTOB BEIUHUCIICHUH U
0CBOOOJKICHIE PECypcoB

Puc. 2. Bemonnenue HPII B KoHTelHEpU3MPOBaHHON BBIYUCIUTENIBHOM cpene

Bo3moxuocts BeinosiHeHusa HPII ¢ momomisto WPS-cepBucoB peanusyercs Cxemont 3
(B). B atom ciiyaae HPII peructpupyrorcst kak WPS-cepsucel. FDE-SWFs aBromaTtusupyer
co3manue, peructpanuio W npumeHeHue WPS-cepsucoB. B uactnoctu, FDE-SWFs
aBTOMATUYECKU peructpupyer nporpammusie monyau u HPII B Bune acunxponusix WPS-
CEpPBHUCOB B COOTBETCTBYIOIIMX KaTajorax Ha reomoptaiie. HPII moryr BKi04aTh BBI3OBBI
npyrux WPS-cepBucoB, 4ro mo3Boisier paborate ¢ Habopamu cepBucoB. B FDE-SWFs
MOJJICPKUBACTCA BO3MOXKHOCTh OOMeHa daimamu Mexay WPS-cepBucamMu B KadecTBE UX
napaMeTpoB, B TOM YHclie 0OMEH JaHHBIMU C CUCTEMOW XPaHEHUS JaHHBIX Teoropraa.

3aximouenue. I[lpaktuyeckoe npumenenuwe aucnerdyepa HPII npu moaroroBke u
IPOBEICHUH 3KCIIEPUMEHTOB IO PEIICHUIO 33734 MCCIECIO0BAHUS PA3IUYHBIX KOH(PHUTyparui
MPUPOTHO-TEXHUYECKHX cucteM [6-11] mokazano ero rubkyio u 3¢hGdeKTHuBHYIO padoTy.
JlanpHelee HanmpaBlIeHUE Pa3BUTHS AMCIIETYEpPA CBA3AHO C MCCIEAOBAHUEM M pa3pabOTKOH
HOBBIX METOJOB MHTETpalldd U KOHTEHHEpH3alMU TMPUKIATHOTO M  CHCTEMHOTO
nporpammuoro obecrieuenus B [ PBC.

1. Khot T., Trivedi H., Finlayson M., Fu Y., Richardson K., Clark P., Sabharwal A. Decomposed
prompting: A modular approach for solving complex tasks. arXiv preprint. 2022.
arXiv:2210.02406.

2. YulJ, Buyya R. A taxonomy of workflow management systems for grid computing. Journal of
Grid Computing. 2005. Vol. 3, no. 3-4. P. 171-200.

3. Schél T. Workflow management systems for process organisations. Lecture Notes in Computer
Science. 1996. Vol. 1096. P. 208.
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[TOYEMY A 3AJJAY OIITUMAJIBHOI'O YIIPABJIEHUA
HJIOXO PABOTAIOT AJI'OPUTMbI, OCHOBAHHBIE
HA TEOPMM KOHEYHOMEPHOMU OIITUMU3ALINN

A.B. Tacuukos’, A.1O. FOpHOBZ
lYHI/IBepCHTeT NuHoOnonuc
ZI/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
gornov@icc.ru

JlvHamMuyHOE pa3BUTHME B MOCIEIHUE TOJABl METOAOB BBIIYKIOW ONTHUMHU3ALUU
MO3BOJIIET HAJAESTHCS Ha YCIENIHOE NPUMEHEHHE pPAa3BUBAEMBIX IOJIXOJO0B B OJIM3KUX
3aZla4ax, B TOM YHUCJIC B 3aJla4axX OITUMAJILHOT'O YIIPABJICHUS. O,Z[HaKO HamI HCpBBIfI OIIBIT
MPUMEHEHHUS CaMbIX HOBBIX aJTOPUTMOB (CM., Hamp., [1]) okazayics, K COXaJICHHIO, HE
CIIMIIKOM YAa4yHbIM. J[7Is MEepBBIX 3KCIEPHUMEHTOB HaMu Obla BBIOpaHA SKCTpeMalbHas
3agada u3 kaury [ 1], npumep 10.1.7, c. 147:

.X:1 = u,J'CZ = uz +x1,
x1(0) =x,(0)=0,t <[0,4],-1 <u(t) <1,

B KOTOPOW BBIMTYKJIOCTH IIEJIEBOTO (PYHKIIMOHAJA MPEACTABIISETCS OUYEBUIHOM.

JIJis 4MCIEHHOro HCCeIOBaHUSl MPUMEHSUIUCh aITOPUTMbI BBIMYKIIOW ONTHMHU3ALINU,
OMUpAIONINECS Ha BCTPOCHHBIE MEXAHU3Mbl OLEHKHM KOHCTaHThl Jlummmma [1].
[TapagokcanbHBIM 00pa3oM padboTa 3TUX MPOBEPEHHBIX U CTPOTO 0OOOCHOBAHHBIX aJTOPUTMOB
OKa3ajach COBEpPUIEHHO HEWTAaTHOM. MexaHu3M OUEHKM KOHCTaHThl Jlunmmuna,
HEOOXOIUMBIA JUIS HAaXOXJAECHUS pa3MEpoB IIaroB JBMXKEHUS IO aHTUTPAJAMEHTaM, J1aBaj
HEBEPOSTHO 3aBBINICHHBIC OICHKH, IOCTHTAIONINEe MHIJUTHOHHBIX 3Ha4eHWil. B pesymbrarte
AITOPUTMBI paboTalIK C YpE3MEPHO MAJIBIMU IIaraMi U HEKOHCTPYKTUBHO JIOJITO.

B noxmane oOcyxnmatorcss mpuuuHBI HabmogaeMoro Hamu apredakra (apredakt —
«HEJIOCTOBEPHBI pe3ylbTaT HAyYHOTO WCCIIENOBAaHUS, BO3HHUKAIOUIMM H3-3a JepEKTOB
MeTOola HCCIeoBaHMA WM OmMOOK sKcnepuMmeHtaropay // bonbmas Poccuiickas
Ouruknoneaus, 2005. T.2, c.283). OcHoBHOW Harielr pabo4el THIIOTE30H SBISCTCS
CJIETYIOINast: CBOMCTBA pelIaeMbIX AUCKPETU30BAHHBIX 33/1a4 HE COOTBETCTBYIOT CBOMCTBaM
UCXOJHBIX 337a4 OECKOHEYHOMEPHBIX. BBl paccMOTpeH HabOp anmpoKCUMATUBHBIX 3ajad C
pasmepHocTsiMu oT 10 no 3000, moTy4eHHBIX C NMPUMEHEHHUEM TPaIUIMOHHOIO crocoda
JUCKPETH3AIMK YIIPABJICHUS — CIUIAIfHOB MEpPBOTo Mopsaka (KyCOYHO-TMHEHHbIE (QYHKIUN).
Jliist Bcex 3THX 3a7a4 ¢ IPUMEHEHHUEM METOUK MPEeIONTHMH3AIIMOHHOTO aHalu3a (CM., HaIp.,
[3]) ObuTH TIOJTYYEHBI OIEHKH CTENEHU BBIMYKJIOCTH M KOHCTaHT pocrta (JIummmuia) crenenu
JI0 YETBEPTOU BKIFOUUTEIHHO.

Jlns BBIMYKJIBIX (YHKIUH OLIGHKH CTPOTO €AMHUYHBI MO MOCTPOCHHUIO; €CITU OLIEHKHU
XO0Ts ObI HEMHOTO OTIMYAIOTCS OT 1, 3TO O3HAYAET, YTO B OMYCTUMON 00IACTH CYIIECTBYIOT
TOUKH, TJe (YHKIUS HEBBINYKIIA U, CJIEJI0BaTENbHO, 3a/1a4a B LIEJIOM HE SIBJISIETCS BBITYKJION!
Pacu€rpl mokazanu, 4TO OLIEHKH CTEMEHH BBIMYKIOCTH JJIS BCEX PacCMaTpUBAEMBIX 3aiad
oueHb aayeku oT 1 — ot 0.49 nna 3amaun B 10 mepemennbix 10 0.024 mis 3000 nepeMeHHBIX
(cm. Tabn. 1, 2-it cronbern). bonee Toro, MOHOTOHHOE TIAJICHHUE Pa3MEPOB OLIEHOK COOOIIAET
HaM, 4YTO 4YeM OoJibllle TEepEeMEHHBIX, T.€. YeM JIydllle BBIMOJIHEHA AaNMpOKCUMAIIUs
HENPEPBIBHOW 3a/laud, TeM XYy)K€ CTaHOBHTCS IUCKpeTHU3oBaHHas 3amada! Kpome Toro,
ONTUMU3UpYyeMble (DYHKLIMOHAIBI UMEIOT OY€Hb OOJBbIINE KOHCTAHTHI POCTa, JOCTUTAIOIINE,
Hanpumep, MuwuTnoHoB it KL3 (cm. Tabn. 1, 5-i cronben) u mwmmuapaos ais KL4 (cwm.
Tabu. 1, 6-i1 cTonberr), 4To TaKkKe SIBHO HE CIIOCOOCTBYET YCTOMYMBOM pabOTE aJlrOPUTMOB.

[IpencraBnsercs, 4YTO NPUYUHON TNPOSBHUBLICHCS MPOOIEMBI SIBISIOTCS Pa3phIBBI
IPOU3BOJHOW B y3/ax anmpoKCUMAIlMU YOpPaBJIE€HUS, U, CJIEI0BaTEIbHO, pa3pbIBbI
MPOU3BOTHBIX BCEX MEPEMEHHBIX CUCTeMbl nuddepeHanbHbIX ypaBHeHu. KocBeHHO 3TO
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MOJATBEPXKIAeTCsl TeM (PaKTOM, YTO 4eM OOJbllle MIaroB AUCKPETHU3AIMH, TeM OOJbIIEe TOUYEK
paspbiBa, TE€M 3ajlaya, COIJIACHO BBIYMCJICHHBIM OIIEHKAM, «HAXOIUTCS JajblIe» OT
BBIITYKJIOM.

Ta6u. 1. Pe3ynbrarsl mpuMeHEHUS METOAMK MPEAONITUMHU3AIMOHHOTO aHAIM3a IS
Habopa anmpoKCUMATUBHBIX 3a/1a4 ¢ pazmepHocTsmu oT 10 1o 3000

1 2 3 4 5 6
N STV KL1 KL2 KL3 KL4
10 0.490 3.4e+00 5.3e+01 3.6e+04 8.8e+07
20 0.170 1.7e+00 1.3e+02 8.7e+04 2.9e+08
40 0.095 9.6e-01 4.7e+02 3.1e+05 9.9e+08
50 0.085 8.2e-01 6.7e+02 4.1e+05 1.2e+09
100 0.059 7.3e-01 9.0e+02 6.4e+05 1.7e+09
200 0.058 5.2e-01 9.4e+02 5.3e+05 1.2e+09
500 0.036 5.3e-01 9.4e+02 9.2e+05 2.4e+09
1000 0.033 8.8e-01 1.5e+03 9.3e+05 2.5e+09
2000 0.025 2.4e+00 5.9e+03 3.8e+06 9.0e+09
3000 0.024 2.4e+00 5.9e+03 3.2e+06 7.1e+09

1-# cTonber — YMCII0 TOYeK AMCKpeTu3aiuu; 2-i cronber; — STV, olleHKa CTEHEHU BBITYKIOCTH; 3-i
cronben — KL1 — orenka koHcTanThl Jlummuia mnepeoro nopszaka; 4-it cronden — KL2 — orenka
KOHCTaHTHI Jlummura Broporo nopsiaka; 5-if cronber; — KL3 — orieHka KoHCTaHTHI JIumnuia TpeThero
nopsnka; 6-it cronoer — KL4 — orieHKa KOHCTaHTHI JIMITIITHIIA Y€TBEPTOTO TIOPSIIKA.

[TpousBeneHHblE BBIUMCIUTENbHBIE KCIEPUMEHTHI MOJATBEPAUIN HWCTUHHOCTH Hallei
runore3bl. OOHApyKEHHBINH «IedeKT MeTona» CBs3aH C METOJAMKOW JHCKPETU3AlUU
YOpaBJICHUS HA OCHOBE KYCOYHO-JIMHEHHOW WHTeprnoisiuuu. [lolydeHHbIH HaMHU OTBET Ha
IIOCTABJIEHHBIM B 3aroJIOBKE BOIPOC TAaKOB: al2OpUmMMbl GbINYKIOU ONMUMUSAYUU NAOXO
pabomaiom 0N BLINYKALIX  3A0a4  ONMUMAIbHO20  YNPAGIEHUS  NOMOMY,  YMO
OUCKPEeMU3068aHHble  ANNPOKCUMAYUU  BbINVKILIX — 3A0a4  ONMUMANLHO20 — YNPABLEeHUs,
nocmpoeHHble MPAOUYUOHHBIM 00PA30M, eCb 3a0ayul He@bINYKIble.

1. Hecrepos IO.E. Anroputmudeckas Beimykiias ontumuzanus. M.: JJEHAH/L, 2024.

2. Anekcees B.M., I'aneeB 3.M., TuxomupoB B.M. COopHuk 3agad mo onTuMuzamuu. Teopus.
IIpumepsr. 3amagu. M.: DUSMATIINUT, 2005.

3. TopuoB A.}O. AIropuT™MBl NpEeJONTHMU3ALUOHHOIO aHajJH3a HEBBITYKJIOW (PYHKIMHM MHOTHX
nepeMeHHbIX. JlamyHoBckue ureHus». Upkytcek, 2015. C. 18-19.
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PA3PABOTKA HHOAXOAOB IO CbOPY U ObPABOTKE PASHOOOPMATHBIX
JAAHHBIX JUIS1 HTU®POBOI'O MOHUTOPUHI'A bAKAJIBCKOU ITPUPOTHOU
TEPPUTOPHN U O3EPA BAUKAJI

A.C. I'auenko
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
gachenko@icc.ru

B nacrosiee BpeMs NpoBOJUTCA KOMILJIEKCHAsE HAyYHO-HUCCIIE0BATENIbCKas paboTa 1o
pa3paboTke (yHIAMEHTAIbHBIX OCHOB, METOJOB U TEXHOJOTMH M KOMILJIEKCHOTO
9KOJIOTUYECKOTO MOHHMTOPUHIA U IPOTHO3MPOBAHUS C HCIOJIb30BAHUEM IM(PPOBBIX
wiatpopm. Llenbio sBAsSETCS CO3JAaHUE CHUCTEMBI, CIOCOOHOM coOuparh, XpaHUTH,
o0pabaTeiBaTh M aHAJIU3UPOBATH OOJBIIHE OO0BEMBI PA3HOPOIHBIX IPOCTPAHCTBEHHO-
BPEMEHHBIX  JIaHHBIX, a TakXke pa3padaTblBaTh KOMIUIEKC MaTeMaTHMYeCKUX U
WH()OPMAITMOHHBIX MOJIEICH, CEPBUCOB W METOJIOB MAIIMHHOTO OOYy4YeHHS. DTH pa3pabOTKH
anpoOupoBaHbl Ha npumepe baiikanbckoil mpupoaHON TeppuTOopur. B mpoekTe ydacTByIOT
Hay4HbI€ KOJUICKTHBBI M3 HECKOJIBKMX aKaJeMHMUYECKHMX HHCTUTYTOB IO Bceil cTpaHe. B
paMKax MpoeKTa MPOBOAATCS AHATUTHUECKUE MCCIEIOBAaHUS 1O cOOpY pasHO(POPMATHBIX
JAHHBIX M3 pa3jM4YHBIX HCTOYHMKOB, BKIIOYasl paclpe/ieieHHble amlapaTHble AAaTYUKH
pa3IMYHBIX HAyYHBIX HANpPaBICHUN U JAaHHBIX. DTH JaHHBIC MCIOJB3YIOTCS JUIS CO3aHUS U
HarnoHeHus: npukiagHoi nudposoi miardopmer (ITLIT), koropas pabGoraer Ha ypoBHE
OTJENBHBIX HaNpaBleHUH MOHHTOpWHTA. Ilmatdopma mnoanepKUBaeT aAITOPUTMUYECKUNA
OOMEH cepBHCAaMU MEXJy HE3aBUCHUMBIMM YYACTHUKAMH C HCIHOJIb30BAHUEM €IUHOU
UH(POPMALIMOHHOM cpeibl U MH(POPMAITMOHHO-TEXHOJIOTHUECKOW HHPPACTPYKTYpHI (puc. 1).

INT E.H;\‘\E T P l
< 10G Ethernet/ClFS/iSCSl

 ALe
’_% I'pa:tm YECKME CTAHLMMH

CeDBeDm MaWUHHOMD
ofyy EHMR

Cepsepel BURTYABHEX
MBWKH

CEPBM Cbl M reonopTanei

< 12G Fibre Channel

\ = ‘ ‘J

Puc 1. Cxema xpanenust 1 00pabOTKU JaHHBIX MPUKIaTHON IIU(PPOBOI mIaT(opmsl

Hanaxxen mporecc mo cOopy JaHHBIX CO CTAaHIUKA aBTOMATHYECKOTO MOHUTOPHHTA
norogubix AaHHBIX «CAM-1IB2» u Apyrux BaKHBIX HAay4YHBIX HAOOPOB C Pa3THMYHBIX
npruOOpOB MOHUTOPWHTA, KOTOpbIe TpEJHA3HAYCHBI JJs  YJAJICHHOW aBTOHOMHOUN
peructpauuu U cbopa AaHHbIX. Ilepemaya AaHHBIX OCYIIECTBISETCS C HCIOJIB30BAHUEM
kaHanoB GSM-CBsI3M U MPOBOJHBIX ceTel. J[aHHbIe MOCTYMAIOT Ha CepBep pa3padOTUNKOB B
b/I. lanee nmpoucxonuT mpeaBapuTeabHas oOpaboTka U HOpMaJIU3alusl IEPBUYHBIX JTAHHBIX
IpH MMOMOIIM CKPUNTOB Ha si3bike Python. [locre 3Toro maHHbIe PETIMIIUPYIOTCS HA CEPBEP
NIACTY CO PAH u xpanstcs B 6a3e nanabix CYBJ PostgreSQL.

Taxke Ha cepBep NOCTYMNAKT M JpPyrue BUIAbl HAYYHBIX JAHHBIX: IOXKaphl, TapH,
BBIpYOKHM, TPO30BBIE DPAa3psibl, 3arps3HSIONIME BeEIIeCTBA B aTrMocdepe, yYpOBHH BOJBI
otaenbHbIX pek BIIT um o3epa baiikan, wu3MepeHHs BEPTUKAIbHOIO paCIpPEeSICHUS
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TEMITEpaTyphl ¥ CKOPOCTEH TEUECHUN Ha TeIarndecKux OYHKOBBIX CTAHIMSAX B o3epe baiikail,
JenoBasi 0OCTaHOBKA H JIP.

Bce nannbple xpaHsTcs u  00pa0aThIBalOTCS B CHEUUAIM3UPOBAHHOM IIEHTpE
KOJUICKTUBHOTO osib3oBanus (LIKIT).

B pesynbrare mpoBeneHHON paboOThI OblIa CO3/jaHa UHTETPUPOBAHHAS CHUCTEMa cOopa,
XpaHEeHUsT W aHanu3a JaHHBIX, KOTOpas TO3BOJSET OMNEPATUBHO TOIy4YaTh AKTyaJlbHYIO
nH(OPMAIIHIO O COCTOSTHUN OKPYKAIOIIeH cpenbl Ha baitkambCckoil MpUPOAHONW TEPPUTOPHH.
Paspaborannas npuknaanas nudposas miatdopma (ITLIT) crana ocHOBOM A ganbHENIIETO
Pa3BUTHSI CUCTEMBI 3KOJIOTHYECKOTO MOHUTOPHUHTA, 0OecreynBasi BO3MOXKHOCTh UHTETpaliu
JMAHHBIX U3 PA3IMYHBIX HCTOYHUKOB U MX KOMIUICKCHOTO aHATH3a.

BaxxHOo OTMeTHUTh, YTO cO3[JaHHAs CHCTEMa HE TOJIbKO MOBbIIIAET 3(P(HEKTUBHOCTh
MOHHTOPHHTA, HO M CHOCOOCTBYeT OoJiee TOYHOMY IPOTHO3UPOBAHUIO SKOIOTHUECKUX
MPOLIECCOB, YTO UMEET BAXKHOE 3HAUEHHUE JJISl MPUHATUS CBOEBPEMEHHBIX YIIPaBICHUYECKUX
pemrenuii. Kpome Toro, pazpaboTaHHbIe METOJIBI M TEXHOJIOTHH MOTYT OBITh aJalTUPOBAHBI U
MPUMEHEHBI B JAPYTUX PErHoHax, rie HeoOXOAUM KOMILIEKCHBIM MOAX0A K IKOJIOTHUYECKOMY
MOHUTOPHUHTY.

TakuMm o0pa3oM, MpoBeACHHAsS HAyYHO-UCCIENOBaTeNbCKass paboTa OTKPHIBAET HOBBIE
BO3MOKHOCTH JJII Pa3BUTHUSL CUCTEM HKOJIOTMYECKOTO MOHUTOPHMHIAa M MPOrHO3UPOBAHMUS,
CIOCOOCTBYSl YIYYIICHHIO COCTOSIHUS OKpPY)KAIOIIeH Cpelbl U 0OECIeYeHUI0 yCTOMYMBOTO
pa3BUTUS TEPPUTOPUIL.
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AJI'OPUTM PEINEHMA KPAEBOI1 3AJIAYN
JUA HEJIMHEMHOU TIUHAMMWYECKOU CUCTEMBI

C.K. FonymKol’z, A.IO. FopHOB3, T.C. 3apo;[H101<3, A.C. AHHKHE’,
A.B. AMCJ‘II/IHaZ, JI.C. BpI)IH,I[I/IHZ, B.A. BCJ'ISIGBZ, AlT. FOpBIHI/IHl'Z
1HOBOCI/16HpCKI/II71 rOCYAapCTBEHHBIM YHUBEPCUTET
2CIDezLepaanmI7I MCCJIEI0BATEIbCKUH IIEHTP HH(POPMAIIMOHHBIX
Y BRIYUCINTENLHBIX TexHoIorui CO PAH
3I/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
gornov@icc.ru

HcTopuuecku CloXuinach TPpaaulMs UCIONb30BaHUs (popMannu3Ma KpaeBbIX 3adad s
MOJIETTUPOBAHUS MEXAHUKU PA3TMYHBIX KOMIIO3UTHBIX KOHCTPYKIUN — IUIaCTUH, 000J0YEK U
MHOTHX JIpyrux (cM., Hamp., [1]). Ha 3Tom myTH mosy4yeHsl cepbe3Hble HayYHbIE Pe3y/IbTaThl
U pemnieHo OOJBIN0e KOJMMYECTBO BXKHEHIIMX MPUKIAIHBIX 3a1ad (cMm., Hamp., [2]). OgHako
NpUMEHEHHE KPaeBbIX 3a/1a4 JJaKe /Uil MoJieNiel B BUJIe OOBIKHOBEHHBIX (] (epeHInanbHbIX
YpaBHEHUM, — HE CTOJIb MPOCTast 33/1a4a, KaKk MO>KHO ObUIO ObI 0KuAaTh. B oTinume ot 3a1aun
Komm rapanTupoBaTh CyIIECTBOBAaHHE pEIICHHS KpaeBOM 3afauyd B OOIIEM HETUHEHHOM
Clly4ae He IpeJCcTaBisieTcss BO3MOXHBIM. Kpome Toro, mpobiema moucka pemeHuss MOKET
OBITh TPAKTOBaHAa KaK HEBBIMYKJAs 3a/laya MapaMeTPHUECKOro ONTUMAJILHOTO YIPABICHHS,
O00BEKTHUBHYIO CII0)KHOCTh KOTOPOH CHEIHATMCThI OLIEHUBAIOT KaK JOCTaTOYHO BBICOKYIO.

B npokmage paccMarpuBaeTcs alIrOpuTM IIOMCKA pEIIEHUs KpaeBOW 3ajadd Ul
HIECTUMEPHONW CHCTEMbI HEIMHEWHBIX OOBIKHOBEHHBIX AU(QepeHInanbHbIX ypaBHEHUN Ha
¢uKcupoBaHHOM HHTEpBasie BpeMeHH. OOmas uaes MoaxoAa — PeAyLHpPOBATH HCXOIHYIO
3a/auyy K 3aJade JAMHAMUYECKOM ONTHMH3ALUU C TPEMs YIPaBICHUSMH-TIApAMETPaMU U
TpeMsI TEPMUHAIBHBIMU OTrpaHUueHUsAIMU. PopManbHas IOCTAHOBKA 3aJa4l, HE OTPaHUYUBas
o0OLIHOCTH, TpPENoiaraeT HaJIMYue TPEX YCIOBHM Yy MEPBBIX KOMIIOHEHT Ha JIEBOM KOHIIE
MHTEpBaAJIa U TPEeX YCIOBUHM y BTOPBIX TPeX KOMIIOHEHT Ha MpaBoM KoHIE. B obcyxnaemom
BapHaHTE aJIroOpuT™Ma [UIsl OICHKM 3HaueHus (YHKIMOHAJda HEBA30K HCIOJIb3YeTCs
KJIACCUYEeCKUN MeToJ MHTerpupoBaHus Pynre-KyTTel 4 mopsaka; mpu HEOOXOIMMOCTH OH
MOJKET OBITh JIETKO 3aMEHEH Ha APYroil MEeTO/1 WM CTaHJapTHYIO POrpamMmmy.

JUIs  TOCTpOEHHsT alropuTMa HCCIEOBaHUS (QOPMUPYEMBIX 3agad TpPeXMEpPHOMH
ONTUMM3AIMKM HCIONb30BaH O€3rpaJlueHTHBIA METOJ «CXKUMAMIIUX ceTok». llocie
IIOCTPOECHUS PAaBHOMEPHOW CETKM IO BCEM IMEPEMEHHBIM BO BCEX €€ Y3JIaX BBIYMCIAETCS
3HayeHWe 1ieieBoro (yHKIMOHala — BbIOMpaeTcs Majblii TpeXMEpHBIH HWHTEpBal,
CoJlepKalliii HauMEHbIlIEEe U3 HANJACHHBIX 3HAUYEHUMH, U MpOLEaypa MOKPHITUS MOBTOPSAETCS
uist Hero u T. 4. Jns ympaBineHust paboTol anropuTMma MpeayCMOTPEHbI HETOYHCICHHBIN
AITOPUTMHUYECKUN IapaMeTp, JUMUTHPYIOIIMM YUCIO UTEPALUNA CXKATUS, U BEIICCTBEHHBIN
napameTp, YyKa3bIBalONIMK TpeOyeMylo TOYHOCTh pelieHus KpaeBoi 3amaum. IIporecc
peleHus oTpaxaercs B (paiiyie mpoToKoJa pacyera, 1Mo COJAePKAHNI0 KOTOPOTO MOJIb30BaTeNh
MOJKET CYAUTh O CIIOCOOHOCTH aJTrOpUTMa JOCTHYb YKa3aHHOW TOYHOCTH, U, CJIEJI0BATENbHO,
0 pPa3pelIMMOCTH MOCTABJIEHHOW KPacBOM 3a1auH.

[IpensioxkeHHass mporpaMMHas TEXHOJIOTHS MpOIIIa TIIATEIIBHOE TECTUPOBAaHUE U
MOYET OBITh PEKOMEH/IOBAaHA JUIsl PEILICHHSI KPAeBBIX 3a/1a4 B HE)KECTKUX CUCTEMAaX.

1. Tonmymko C.K., Hemuposckuit HO.B. Ilpsmpie u oOpaTHBIE 3amadll MEXaHUKH YIPYTHX
KOMITO3UTHBIX TJIaCTUH U 000104ek Bpamenus. M.: ®DUIMATIINUT, 2008.

2. ConomonoB l0.C., I'eopruesckuii B.I1., Hen6ait A.f., Anaprommn B.A. Ilpuknagueie 3agaun
MEXaHUKH KOMITO3UTHBIX MUIUHAPpHIECKUX o0onodek. M.: DUSMATIINT, 2013.
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JUCBAJIAHC AJITOPUTMHNYECKHNX BO3M9)KHOCTEIZ KITACCUYECKUX
N NT'OJIBYATBIX BAPUAILIMUA VIIPABJIEHUA

A.JO. I'opHos
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gornov@icc.ru

OnHUM M3 CaMBIX TMOMYJSIPHBIX METOJOB HCCIICOBAHHUS B TEOPHHM ONTHUMAIILHOTO
yIpaBiIeHUS SBISIETCS, OUYEBUIHO, METOJI BapHalllii, C MPUMEHEHUEM KOTOPOTO BBIBOJSATCS
pa3nuyHble HEOOXOAMMBIE YCIOBHUS SKcTpeMyMma. Kiaccuueckue BapHaluy yIpaBlICHUS
(«Maspie CMEIIEHUs apTyMEHTay, «Bapyallluy 10 HaMpaBlICHUsIM», cM. [1], ¢. 63) — dyHKIUH
HENPEPBIBHOIO THUIIA — IOCIY)KMJIM OCHOBOM JUIsl YCIIEHIHOTO MCCIEAOBAHMUS MHOYKECTBA
MOCTAaHOBOK OJKCTpEMalbHBIX 3aJay, HAYMHAS CO CTAapUHHBIX 3aJa4 BapHAIlIOHHOTO
UCUMCIEHUS. ABTOPCTBO TaKMX KOHCTpyKuui npunucsiBaercs eme JK. Jlarpanxy [2]. bonee
CIIOKHBIC YMpaBIsieMble MOJENH, BKJIIOYAIOIINE pa3IUYHbIE OTrpaHUYEHUS-HEPaBEHCTBA,
NpPUBEIH K TOSBICHHUIO JPYroro THIAa MHCTPYMEHTa — HMrOJbYaThIX Bapualuil. MexaHusm
UTOJIbYaTOM BapHaluu («IpHpalieHre Ha 0ECKOHEUHO MajoM OTPE3Ke BPEMEHU)) MOCTYKUI
OCHOBOHM JUIsI TIOJYYEHHUs MOIIHBIX TEOPETHUECKUX PEe3yJIbTaTOB — IMPHUHIMIIA MaKCHUMyMa
[TonTpsirura [3] u ero 0606meHuii. MoXXHO, BIpoYeM, COCIaThCs Ha ONMyOJWKOBAHHYIO
TOJIbKO B MHTepHeTe KHUry BocnomuHanuii H.H. MouceeBa «Kak naneko a0 3aBTpalHEro
nus. 1917-1993»: «...uronmpuaTeie Bapwanuu npuayman emie Jlexanap B Havame XIX
BeKka...». OOmUM MHEHHMEM SBJSETCS TE3UC O TOM, YTO MIrojbuaThle BapHallMU AAlOT
CYIIECTBEHHO OOJIbIINE TEOPETUUECKHE BOZMOXKHOCTH, YEM BapHallUU KJIACCUUECKHE.

OpHako mpu KOHCTPYHUPOBAHMM YHCICHHBIX METOAOB OLIEHKU IOJIE3HOCTH BapuaIlHii
00CyXJJaeMbIX THUIIOB, Ha HAll B3IJIAJ, IPSIMO MPOTHUBOIOJIOXKHBI. MHOIOJETHHE MOIMBITKU
MHOTHX TPYII MOCTPOUTH 3()(PEeKTUBHBIE aNTOpUTMBI Ha OCHOBE NMPHUHLUIA MakcUMyma (H,
CJIEIOBATENIbHO, HMTOJIbYAaTOrO0 BapbUpPOBaHMS) MPUBEIU COOOIIECTBO «BBIYUCIUTENEH» K
MBICIH O TOM, YTO CYHIECTBYET HEKOTOpas «CTEHAa BO3MOKHOCTEH» TaKHUX alrOpUTMOB,
pEoAOJeHHE KOTOpPOH OOBIYHO TpedyeT CHelHaNbHBIX YCUJIUNH U  HUCHOJIb30BaHUS
cnenupuIeckux OocoOEHHOCTEW 3aJadyd B KaXIOM KOHKpPeTHOM ciydae. OOBIUHO 3TO
BbIpaXKaeTcsi, HapuMep, B PE3KOM 3aMeIJICHUH CXOAMUMOCTH aJIrOPUTMOB TaKOI'O THIA MPHU
NOaX0/€ K ONTUMalbHBIM ToukaM. Ho wucmonb3oBaHuME B alropuTMax KIIACCHYECKOTO
BapbUPOBAaHUS TPATUIIMOHHO HE BCTPEYAET HUKAKUX IMPEMSTCTBUA W MO3BOJIIET JETKO U
OBICTPO JOCTUraTh XOPOIIEH TOYHOCTH MOTyYaeMbIX ONITUMANIBHBIX YIPABICHUH.

Hama Bepcus ykasaHHOro aucOaiiaHca BO3MOXKHOCTEH alroOpuTMOB, OCHOBaHHBIX Ha
UTOJIbYaTOM U KJIACCHYECKOM BapbHPOBAHUU, cienyromas. OCHOBHbBIE THIBI ONTHMAaJIbHBIX
yIOpaBiIeHUl — HeNnpepbiBHbIE JTHOO pereiHble (QYHKIHMHM;, SK30TUYECKHUE BapUAHTHI C
0ECKOHEUHO CTYIIAIOIIMMUCS TOYKAaMH MEPEKII0YCHNUs, YaTTePUHT-3((EKTHI U T. A. OCTABUM
noka 3a mpezaenamu oOcyxaeHus. IlocTpoeHue kak peneiHbIX, TaKk U TJAJAKUX BapUaHTOB
yIpaBJIeHUS C TPUMEHEHUEM KJIacCHYeCKUX Bapuanuil ynaercs Jerko. Iloctpoenue
peNelHbIX BapUaHTOB YIPABJIEHUN C MPUMEHEHHWEM HUIOJbYaToOro BapbHUpPOBAHUS TaKkKe He
BBI3BIBACT 0OJbIIMX MpobieM. Ho monydenue kauecTBEHHOW ammpoOKCHUMAIIUN HEIpPEepbIBHON
(GYHKIIMHM C IPUMEHEHHEM UTOJIOK — OUEHb 3aTPYIHUTENIBHO.

[IpuBoasTCS pe3ynbTaThl BBIYUCIUTEIbHBIX SKCIICPUMEHTOB.

Lo

AnekceeB B.M., Tuxomupor B.M., ®omun C.B. OntumansHoe ympasierue. M.: Hayka, 1979.

2. Lagrange J. Essai sur une nouvelle methode pour determiner les maxima et minima des formules
integrales indefinies. Miscellanea Taurinensia Il, 1762. Pp. 173-195.

3. Iourpsrun JI.C., boarsuckuit B.I'., ['amkpenuaze P.B., Murienko E.®. MaremaTrueckas Teopus

ONTUMATBHBIX TIporieccoB. M.: Hayka, 1968.
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METO/I ITAPABOJIMYECKOM MHTEPHOJISILIUNA MIOJIJIEPA
JUIA 3ATAY BE3YCJIOBHOM MUHUMM3UILINNA

A.JO. I'opros
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gornov@icc.ru

Cpenu MouCKOBBIX METOJIOB CBOUMH MPOJBUHYTHIMH XapAaKTEPUCTUKAMU U YBAXKAEMbIM
BO3pacToM Bcernaa Boiaessuicss meton Ilaysmna (cm., Hamp., [1]), cmocoOHBIM obecnednTh
OBICTpYIO, B psiie CIIy4aeB KBaJpaTHUHYIO, CXOAMMOCTh K 3KcTpemymy. Meron Ilayssmia
MOJIYYMJI CYIIECTBEHHOE pa3BUTHE, B TOM YHCIIE U Il HEBBITYKJIBIX 334a4 (CM., Hamp., [2]).

Opnako HayyHas JereHnga (cM., Hamp., [3]) TmacuT, 4TO MEpPBBIM, KTO HCIOJB30Baj
pUeMbl 1MapaboIMUecKOl MHTEPHOSIUHN, OblT HEMEUKHM MaTeMaTHK U acTpoHoM Moranu
Miomnep (nceBnonuMm Permomontan, 1436-1476 rr.). IlpencraBnsieTcss BIOJIHE YMECTHBIM
Ha3BaTh aJIrOPUTMBI, IOCTPOCHHBIE HA OCHOBE ATOW MJEH, UMEHEM YKa3aHHOT'O YUYEHOTO.

B gokmame obOcyxnmaercs cnoco0 TOCTPOGHHS TOUCKOBBIX — aIlOPUTMOB  C
BO3MOXKHOCTBIO YCKOPEHHOW CXOIMMOCTH B OKPECTHOCTH IKCTpeMyMa Il YHUMOJAIbHBIX
3a1auy. OcHOBHasg uJesd 3aKJIIOYaeTCs B CO3JIaHUM HAJIKHOTO alIropuTMa s 3a/adu
MUHUMU3ALUU C JABYMSI NIEPEMEHHBIMH, KOTOPBII B JajbHEHIIeM BO3MOXXHO HCIOJIb30BaTh
JUTSI TIOCTPOCHMS IBYXKOOPIMHATHBIX CXEM ONTUMHU3AIMA MHOTOMEPHBIX (DYHKITUH.

ANTOPUTM JBYMEPHOW ONTHUMHU3AIMH. BOKpYr Tekyield TOYKH CTPOUTCS Opyc ¢
3alaHHBIMH pa3MepaMu; BO BCEX YIJIaX ATOro Opyca MpPOW3BOAMUTCS BBIYUCICHUE (DYHKIINH,
BBIOMPAETCSI MUHMMAJIbHOE 3HAYEHUE M3 ATUX 4eThipex npod. Ecim B kakon-To mpoOHOM
TOYKE HAWJEHO YJIYYLIEHHE PEKOPAA, TO BBIMOJHSIETCS MEPEXO] K CIEAYIOIIe urepauuu. B
OKPECTHOCTH HaWJIy4dllled M3 YrJIoBBIX TOYEK OpocaeTcsl elle OAHa, ciydaiiHas mpoOHas
touka. HakomenHnslii 6a3uc npod — 6 mTyk (TeKymias TO4Ka, YeThIpe YIIOBbIX U CIydaiiHast)
— TMO3BOJISIET MOCTPOUTH JBYMEPHBIM KBaJpaTHUHBIM MOJMHOM (mapaboyionna), B MUHUMYyMeE
KOTOpPOTO BBICTABISIETCS CJENyIoas MpoOHas Touyka. Ecnu ynydmieHne (QYHKIUU B
MUHUMYyME Tapabojoujia MONY4YUTh HE YAAJNOCh, W3 HMEIOIIerocss Oa3uca ypaanseTrcs
HAUXy/IIas TOYKa, HOBasi MPoOHasi TOYKA BHOCUTCS B 0Aa3UC, CHOBA CTPOUTCS KBAJAPATUIHBIN
NOJIMHOM U T. 1. TakuMm 00pa3zom, alropuT™M reHepupyeT TUHAMUYHO MEHSIoIIeecss 00J1aKko
TOYEK, UMEIOIIEE TEHJICHIIMI0O MUTPUPOBAThH 10 HAIIPaBJIIEHUIO K MUHUMYMY. B okpecTtHOCTH
ONTUMYMa, I7ie GYHKIUS CTAaHOBUTCS MOXO0XEH Ha KBaJpaTUYHYIO0, MOKHO PacCUMTHIBATh Ha
HBIOTOHOBCKYIO CKOpPOCTb CXOJIMMOCTH. IIpM BO3HMKHOBEHMM BCIIOMOTATENIbHBIX CHCTEM
JUHEHHBIX ypaBHEHHH, OJU3KUX K BBIPOXKJIEHHBIM, BO3MOXHO MPOCTO MEPEXOJUTh K HOBOU
uTepaluu.

ANTOPUTM MHOTOMEpPHOHN omTuUMu3anuu. Ha kaxmol urepanuu ciaydallHBIM 00pa3oM
ONpEACIAIOTCA JIBE IEPEMEHHBIE, 10 KOTOPHIM IPOMU3BOAUTCA CHYCK C HPUMEHEHUEM
aIropuT™Ma JIBYMEPHOM ONTHMU3ALIMU; OCTAJIbHbIE TIEPEMEHHbIE OCTAIOTCSA Ha UTepaluu 6e3
u3MeHeHus. [IpenokeHHbI alrOpUTM MHOTOMEPHOM ONTHUMHU3AIUMU TPOIIEN TIIATEIbHOE
TECTUPOBAHUE; AITOPUTM IMOKa3aJl MPEKPACHBIE BBIYUCIUTEIbHBIE XaPAKTEPUCTUKN U MOYKET
OBITh PEKOMEHJIOBAH K WCIIOIB30BAHHUIO B 3aJayaX ONTUMHU3ALUU C COTHSAMHU U ThICSYaMHU
MEPEMEHHBIX.

1. Xummenn6may .M. [Ipuknannoe HenuHEHHOE mporpaMMupoBanue. M.: Mup, 1975.

2. Topuos A.IO. Anroput™m noucka rio0ajbHOr0 SKCTpeMyMa, OCHOBaHHBIM Ha MeToje Ilayaina—
bpenra. Te3. Bcepoc. koH(. «MareMaTHdeckoe MOJCTUPOBAHNEC W  BBIYHUCIUTEIHHO-
WHPOPMALMOHHBIE TEXHOJIOTUH B MEXAMCUUIIMHAPHBIX HAYYHBIX HCCIEJOBaHUIX». MpKyTck.
2011. C. 43.

3. IMupymos Y.I'., I'mpacnos B.1O., HMeanos 1N.D., Ctpenbiior B.1O., ®opmanes B.®. Yucnennsie
METOABI: yueOHUK U npaktukyMm. M.: FOpaiit (MAN). 2014.
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MOAUPHUKALNA AJITOPUTMA OJTHOMEPHOI'O IIOUCKA BPEHTA JIJIA1
METOJOB I'PAAMEHTHOU OIITUMU3ALINN

A.1O. I'opHoB
WNHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH

gornov@icc.ru

3aaya OAHOMEPHOI'O MOMCKA, HECMOTPSI Ha CBOK IIPOCTOTY, O HACTOSILErO0 BPEMEHU
BBI3bIBAET MHOIO CIIOpPOB Cpelud HH(DOPMHUPOBAHHBIX CIELMAIUCTOB. ABTOPHI CaMbIX
COBPEMEHHBIX padOT BCAYECKH H30€raroT BKJIIOUEHHUS MoJ3a7ad OJHOMEPHOTO IIOHMCKa B
KOHCTPYKIIUU aJTOPUTMOB (CM., Hamp., [1], ¢. 229). OcHOBHas mpW4YMHA, HA HAIl B3TJIA,
OYEBHJIHA: JJI TAKUX 33]a4 HE yJ1aeTCs MPOU3BECTU MPUBBIYHBIC YK€ TEOPETUUECKUE OLIEHKHU
ylyclia olepaluii, TrapaHTUPYIOIIUX JOCTIKEHHUS OSKCTpeMyMma C 3apaHee YKa3aHHOU
TOYHOCTbIO. OJHAKO BBIYHCIUTENbHAsT MPAKTUKA JaeT OJHO3HAYHBIA  OTBET O
1eJIeCO00Pa3HOCTH NPUMEHEHHUs OJJHOMEPHOTO IMOMCKa B TPAJMEHTHBIX alTOPUTMHUYECKUX
KOHCTPYKIHUSAX.

Eme onHOW mNpuYMHOM MOMKHO Ha3BaTh OTCYTCTBME B HAy4dyHOW JUTEpaType H
JMOCTYIHBIX KOJUIEKIUSX aJITOPUTMOB CTAaHJAPTHON MPOTpaMmbl, CIIOCOOHON HaIEKHO
pemarh noA3ajgadyd OJHOMEPHOTO MOMCKAa B IpaJueHTHBIX cxeMax. Haubonee pa3BuTHIA, Ha
HAIIl B3TJISII, aJlTOPUTM JUIs TAKOW 3a7adu ObUT OoImyOJIMKOBaH OoJiee MoTyBeKa Ha3al B KHUTE
P. bpenra (cm., Hamp., [2]); cmemuanMCThl HA3BIBAIOT MPEACTABICHHBIA TaM aJTrOPUTM
«IIEEBPOM», B YEM C HHUMHU CIOXHO HE COTJacuThCa. AnroputM bpeHTa OCHOBaH Ha
XUTPOYMHOH KOMOMHAIIMKM METO/a 30JI0TOTO CEUYCHHsI C METOJIOM OOpaTHOM MmapadoInyecKon
MHTEPIOISIIMY; B IEPBOUCTOUYHUKE HMEIOTCS CTPOrO JIOKa3yeMble YTBEP)KIEHUS O €ro
cBoiicTBax. OJIHAKO MPUMEHUTEIBHO K TPAJAMEHTHBIM aJTOpPUTMaM B 3TOM MPOrpaMMHOMN
peanu3any He YYHUTHIBACTCS HECKOJIBKO «HMH(OPMAIIMOHHBIX OCOOEHHOCTEH», CIOCOOHBIX
CaMbIM CYILIECTBEHHBIM 00pa30M MOBIUATH Ha CyMMAapHYI0 3Q(GEKTUBHOCTh HCIIOIb30BaHUS B
MHOTOMEpHBIX 3a/1auax.

B JOKJIaze oOcyxaeTcst MpeIoKEeHHAs porpaMMHast peanuzanus
CHELHMATU3UPOBAHHOTO alTOpPUTMa OJHOMEPHOTrO IIOHMCKa, pa3paboTaHHash C yd4eToM
0COOEHHOCTEH 3a7a4 JIMHCWHOTO TMOMCKAa B TPAAUEHTHBIX MeTonax. JljmHa wHTepBama, Ha
KOTOpOM ClieyeT MCKaTh MUHUMYM, BO MHOTHX CIIydasXx HEU3BECTHA («UCKATh OT HYIS JI0
O6eckoHeyHOCTHY). I MpeoofieHusI 3TON MpoOJieMbl B aJrOPUTM BKJIIOUYEHBI MEXaHU3MBbI
BBISIBIICHUS («3axBaTa») WHTEpBaja, OCHOBAHHBIE HA KPATHOM YBEIWYCHHH €ro MpOOHOM
JUTMHBI C COITYTCTBYIOIIECH MPOBEPKON Upe3MepHOro pocta ¢pyHkmuu. Ha kaxmol urepanuu
uMmeercs: OecriaTHas HHGOpMaLKs O 3HAYEHUW (YHKLIUHU U €€ TpaJueHTa B HYJIEBOW TOUKE
UHTEpBajla, TMOJy4YeHHass B  pe3yJbTaTe BBIYMCIEHUS MHOTOMEPHOTO  TIpaJHeHTa.
C mpuMmeHeHHeM 3TOM HH(OpPMAIMK Ha TIEPBOM IIAre MOWCKAa CTPOUTCS «HECTaHAapTHas
napaboja», OCHOBaHHAas BCEr0 Ha OJHOW mnpoOe GyHkIuU. Peann3oBaHbl pa3IMYHbBIE
KPUTEPUU OCTAHOBKH aJTOPUTMA: B JIOMOJIHEHHE K MPUBBIYHOMN 3aJjau€ OJJHOMEPHOTO MOUCKa
MaJIOCTH JUIMHBI MHTEpBaja HEONPEIEeIEHHOCTH BKIIIOUYEHBI TaK)Ke€ KPUTEPUH OCTAHOBKHU
l'onmpacreliHa U KPUTEpUN «YIy4dLIEHUE IPU MAaKCUMaJIbHOM IIare». Bce BBINOJIHEHHBIE 110
pa3HBIM MEXaHH3MaM MPOOBI CKIATUPYIOTCS BO BHYTPEHHIOK 0a3y mpoOd U MOTYT OBITh
WCIIOJIb30BaHbI B JTATBHEHUIITUX ONEPALIUSAX allTOPUTMA.

[IporpammHuass  peanuzanus oOCYKJaeMoro ajiroputMa Mpoluia  TIIATEIbHOE
TECTUPOBAHUE U UCIIOJIb30BAaHA B COCTaBE HECKOJbKUX METOJOB I'PAJUEHTHON ONTUMU3ALUU
MIPH peIIeHUH OOJIBIIIOTO YKCIIA 33/1a4 U3 Pa3IMYHBIX 00JIacTeH.

1. Hecrepos lO.E. Anropurmuueckas soinykias ontumusanus. ®IIMU MOTU, 2024.
2. Brent R.P. Algorithms for minimization without derivatives. Prentice-Hall, Englewood Cliffs,
New Jersey, 1973.
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TPU ITPABUJIA YCIIEHIHOI'O AJI'OPUTMA
JUIA BATAYU OIITUMAJIBHOI'O YIIPABJIEHUA

A.JO. I'opros
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gornov@icc.ru

[Mon ycnemHpM anropuTMoM OyJaeM MOHHMATh aJTOPUTM, CIIOCOOHBIM Moyie3HO, Oe3
JOTIONTHUTEIBHBIX ~ yCUIUN  («aBTOMATHUYECKH»), paboTaTh B MPAKTHUYECKUX 3ajadax
JTUHAMHUYECKOW onTUMM3anuu. Takue 3agauu, B OTIWYUE OT T. H. «MOJCJIbHBIX» 3a7ad W3
y4eOHUKOB, Yallle BCEro MOSBIISIIOTCS U3 MPUIOKEHUM U CTaBITCS KOHKPETHBIM UYEIOBEKOM,
3aMHTEPECOBAHHBIM B WX CKOpPEHIeM pelIeHHH. ODTH 3aJa4yd B OOJBIIMHCTBE CIy4acB
BKJIIOYAIOT MapajuleJieNue/IHble OrPaHUYECHUS Ha YIIPaBJICHUs, a TaK)Ke TepPMUHAJIbHbIE WU
¢da3zoBbIe OrpaHUYCHHS] HA TPACKTOPHH, YTO BJICUET TUIOXYIO OOYCIOBIEHHOCTh MX IIEJIEBBIX
(GyHKIIMOHAJIOB BCJIEACTBUE MPUMEHEHHs MITpPadHBIX JUOO JarpaH:KeBbIX METOIUK «CHSTHS
OTPaHUYCHUIN».

NMmerommiics B HamleM  pacloOpsDKEHUM — BBIYMCIMTENBHBIA  OMBIT  [O3BOJISET
chopMyIIupoBaTh TPU KpUTEpUs («TPU TpPaBHIIA»), HAPYIICHHE IIOOOT0 W3 KOTOPBIX C
00JIBIION BEPOSTHOCTHIO CYIIECTBEHHO YXYAIIAET CBOMCTBA aIrOPUTMOB.

[IpaBuio 1. ANTopuTMBI JOKHBI BKJIIOYATh MEXaHU3MBl HAKOIICHUS HH(OpManuw,
MOJIyYEHHOM Ha Mpeaplaymux urepauusx. CaMbIM U3BECTHBIM MPUMEPOM TAKOT'O MEXaHU3Ma
MO>KHO yKa3aTb QJT'OPUTMbI KOHEYHOMEPHON ONTHUMHU3ALMU CO CBEPXJIUHEUHON CKOPOCTHIO
CXOIUMOCTU — CONPSDKEHHBIX TPAaTUEHTOB, KBa3MHbIOTOHOBCKUE. [lomoOHBIE mMpUMEpbI
QITOPUTMOB, OCHOBAaHHBIX HAa TEOPUHM ONTHUMAJIBHOIO VYIPABIECHMS, Mbl Ha3BaTh
3aTpyaHsIeMCS.

[IpaBumno 2. JIomkHBI ObITH BKJIIOYEHBI aJ€KBATHBIE MEXaHU3MBI O0OpAaOOTKH HPSMBIX
OTpaHMYEHUN Ha YOpaBJICHUA. TpaJuIMOHHBIE TOPOrOBBIE ATOPUTMBI «BBICAJKHU Ha
OTPaHUYEHUS», HAIPUMEP, LIUPOKO MPUMEHSEMbIE B KOHEUHOMEPHOM ONTHUMU3ALNHU, HOCST
TPaBMHUPYIOUIMI XapakTep i METoAa U MPHUBOIAT K MOSIBICHUIO «BBICOKOYACTOTHBIX
napa3suTHYECKUX BO30YXaeHU» (cM. [1]), HEM30EKHO 3aMEISIONIUX MPOILIECC CXOANUMOCTH.

[TpaBuiio 3. HauanbHble MpUOIMKEHHSI TOJKHBI COOTBETCTBOBATH MO TUITY OXKHAAEMbIM
ONTUMANBHBIM pemieHusM. Hampumep, GopmMupoBaHue «BBICOKOIHEPTUYHOTO» CTAPTOBOTO
npUOIMKEHUS JJIs 33/1a4M € TJIaIKUM pellieHueM MPUBOAUT MPUMEPHO K TEM ke mpoliemam
3aMeJJIEHHs CXOIMMOCTH, YTO U B NIPEABIAYIIEM CITy4ae.

[lo wnamemy aHanu3y, Opu pa3pabOTKe alroOpuTMOB, OCHOBAaHHBIX Ha TEOPUU
ONTUMAIBHOTO YIPABJICHUS, MPAKTUYECKH BO BCEX Cllydasx Hapymaercs mnpaBuio 1. C
IpYroll CTOpPOHBI, B MHOTOYHCJIEHHBIX paboTax MO CO3JaHHUIO AJTOPUTMOB IS
JUCKPETU30BAaHHBIX 3a7ad ONTHUMAJIBHOIO YIpPaBJICHUS, BEIyIIMECS CIEeUUATUCTaMU B
KOHEYHOMEPHOM  ONTUMM3AlMU, TMpaBwio 2 Bcerga wurdHopupyercs. OCHOBHBIMU
HapyILIUTEIIMU TpaBuia 3 SBJSIOTCS, HAa HAIl B3I, CO3JATENM HEJOKAJIbHBIX alrOPUTMOB
Ha OCHOBE THOPUIHBIX OMOMHCIUPUPOBAHHBIX (T. H. «MEMETHYECKUX») METOOB, B KOTOPHIX
CTapTOBBIC TPHOMMKEHUS JUIS JIOKAJIBHOTO CITyCKa HOCAT, KaK MPaBWIO, YPE3MEPHO
AK30TUYECKUN XapaKTep.

B kauecTBe mpumepa aaropuTMOB, HE HApPYIIAIOUIUX HU OAHOTO W3 BBINICYKa3aHHBIX
MpaBWJ, MOXKHO MPHUBECTH AJITOPUTMBI U3 [2], B T€UEHHE MHOTHX JIET JO0Ka3bIBAIOIIKE Ha
IPAaKTHUKE CBOIO BBHICOKYIO KOHKYPEHTOCIIOCOOHOCTb.

1. ®enopenxko P.I1. [IpubmmkenHoe pereHne 3a1ad ONTUMaIbHOTO yrpasiieaus. M.: Hayka, 1978.
2. TopunoB A.IO. [IByxmeToInHBIE BBIYHCIUTEIBHBIE CXEMBI, OCHOBaHHBIE Ha NpPeOOpa3OBaHUU
I'epuer—Banenraiina. JIsmyHosckue utenus, 2017. C. 12.

57


mailto:gornov@icc.ru

METOJIMKU YUCJIEHHONM OLIEHKY I'PAJIMEHTA
B 3AJTAYE OIITUMAIJIBHOI'O YIIPABJIEHU A

A.JO. I'opnos, T.C. 3apogHiok
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gornov@icc.ru

[IpoGnema BbUMCICHUS TpaJWeHTa B 3aJaue ONTUMAIBHOTO YIPABICHHUS CO
CBOOOJHBIM MPABBbIM KOHLIOM CUHTAETCS JaBHO PEIIEHHOM: MHTETPUPYEM IMPSAMYIO CHUCTEMY,
OepeM MPOW3BOAHBIE TEPMHUHANBHOW (YHKIIUU, WHTETPUPYEM COMPSHKEHHYIO CHCTEMY,
nmoyrydaeM TpaaueHT (QyHkruoHana (cM., Hamp., [1]). OmHako mr000i wuCCienOBaTENb,
KOTOPBI PEIIUTCS HAMKCATh MPOrpaMMy TPAJUEHTHOTO YUCICHHOTO METOoAa JUIsl 3aJauu
JUHAMHYECKON ONTHUMU3ALMU, CTOJIKHETCS C IEJIbIM PSAOM IpoOiieM, HEyIauyHOE pelleHue
KOTOPBIX MOKET MPUBE3TH K OTPULIATEITHHOMY PE3YIIbTATY.

B noxmane o0CyXaaroTcsi TeXHHUYECKHEe MpoOJIeMbl, KOTOpbIe BO3HUKAIOT IpPHU
YHUCIIEHHOW peann3aliiyl alropuTMOB, U U3BeCTHbIC HaM MeToauku (Tabum. 1) pemieHus THx
npoOJem.

Ta6u. 1. MeTtoauku nMpeoaoaeHUsI TPYAHOCTEH, BO3HUKAIOIIUX MTPH YHCICHHON
pcam3anu AJITOPUTMOB OLCHKHU I'PAAWUCHTOB B 3a/1a4C OIITUMAJIBHOI'O YIIPABJICHUSA

1 2 3 4 5) 6 7 8
Hazeanue Conpsocen-  HUnmepno-  Awanumu-  Bwuiuucau-  Oyenxa  Oyenxa Memoo
Hast JAYUSL yeckue menbHas MOw-  yoobcm-  unmezpu-
cucmema  YNpAeleHus npouseoo-  3ampam- — HOCMu 6a posanus
Hble HOCIb
0 «cmyoenueckan» + KJI + 2 0.1 0.5 Ditnep
1 «acnuparnmcxas + KJI + 2 0.2 0.5 PK
p (Pésnocimiibie - KJI - N/2N 04 10  moGoii
cxempl)
3 IHCO» + KJI - 2 0.8 1.0 PK
4 «Eemywenxo» + KJI — 2 0.7 1.0 PK
5 «OPTCON-90» + KJI - 2 0.6 1.0 Diinep-2
6 «OPTCON-12» + CII - 3 0.9 1.0 110001
7 «OPTCON-24» + CII - 3 1.0 1.0 T000#

3necey 1-i croabel; — Ha3BaHUE METOAUKH; 2-H CTONOEl — HeOOXOAUMOCTh HMCIIOJIb30BAHUS
COTIPSDKEHHOU CUCTEMBI; 3-i1 cTonber — criocod muaTepnosiuun yrnpasienus (KJI — kycouno-
muHennbd, CII — crnaitHoBeiii, PEJIE — peneitnbiii); 4-if cronber; — HE0OXOIUMOCTh
UCIIOJIb30BAaHUs HANKMCAHUS aHAIATHYCCKUX (OPMYIN IS TPOU3BOIHBIX; S5-M croyber —
3aTpaTHOCTh METOJUKH, CyMMapHOE 4Yucio HeoOxomuMmbix 3amad Komm (3mech N — dwmcio
y3JI0B B CETKE JUCKpETH3alun); 6-i cTonbder — OleHKa MOITHOCTH METOJIUKHU IO YCIIOBHOMH
mkane ot 0.0 mo 1.0; 7-it cronber — orieHKa y1o0CTBa HCIIOIB30BAHMSI 10 YCIOBHOM IIKajie OT
0.0 mo 1.0; 8-i1 cronber; — meTo bl HHTErpUpoBanus (Ditnep — meToabl Ditnepa, PK — meTobt
Pynre-KyrTsl, m1060# — 1100bI€ CTaHJapTHBIE IPOTPAMMBI).

1. Toutrpsrun JI.C., bonrsuckuit B.I'. 'amkpenumze P.B., Mumenko E.®. Marematudeckas Teopus
ONTUMAaINbHBIX MporeccoB. M., Hayka, 1969.

*

Pabora BbIMOJHEHA 3a cyeT cyOcuaum MuHoOpHayku Poccunm B pamkax mpoekta «Teopust ¥ MeTOIbI
UCCIIEIOBAHUS  3BOJIOLMOHHEIX YPaBHEHWH W YNPABIAEMBIX CHCTEM C HMX TpHIoKeHUsMU» (Ne° roc.
perucrparuu: 121041300060-4).
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METOJIMKA YUCJIEHHOI'O PELIEHUS HAYAJIBHO-KPAEBOM 3AJIAUU B
CUCTEME C PACIIPEJEJIEHHBIM 3AITA3/IbIBAHMEM

A.1O. T'opuos, T.C. 3apoautok, A.C. AHUKIH
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gornov@icc.ru

JuddepeHnmansHbie YpaBHEHHUS C paclpeieSieHHbIM 3ala3bIBAHHEM SBIISIFOTCS, T10-
BUJINMOMY, OJTHUM W3 CaMbIX CJIIOXHBIX U MaJOU3yYEHHBIX TUIIOB CUCTEM C OTKJIOHSIOIIUMCS
apryMeHTOM. 3a71aui TaKOTO TUIA OTHOCSTCS K Kiaccy (yHKIIMOHATBHO-TU(HEepeHIIHATHEHBIX
ypaBHeHUN (cM., Hamp., [1, 2]), KpoMe TOro, MOXXHO TakKXe KIacCH(PUIMPOBATH HX Kak
uHTETrpo-auddepeHnnanbHbie ypaBHEHHS (CM., HAmp., [3, 4]); 3a7a4n CUUTAIOTCS CIIOKHBIMU
KaK JUIl TEOPETHMYECKOro, TaK W Il YUCIEHHOro aHanu3a. OgHako MOJENIM Takoro THUIla
UMEIOT JIOBOJBHO OOMIMPHYIO cdepy MNPWIOKECHHH, BKIIOYAIOIIYI0 HCCICIOBAHUE
AJIEKTPUYECKUX 1IETe, MOJETUPOBAHUE B3aMMOACHCTBYIONIUX HEHPOHOB, MCCIIEIOBAaHUE
HEJIMHEWHBIX JUCIEPCUOHHBIX BOJH B THAPOJAMHAMHUKE, MOJICIUPOBAHUE JTUHAMUKHU
SNHUACMUN, pPAAUMAIMOHHBIA TEPEHOC, TMOWUCK YSI3BUMOCTEM METOJIMUK CTpaxoBaHUf,
¢unaHcoBas aHamuTHKa (cM., Hamp., [3—6]) u napyrue. IlpeacraBisercs, yTo mpobiema
CO3J]aHUsI HAJIEKHBIX YUCIECHHBIX METOJAOB I TAKOro Kjacca 3ajad MoKa €lle Jajeka OT
MOJTHOTO paspenieHus (cm., Hamp., [7, 8]).

B noknazne oOcyxxnaercs mpeanokeHHasi METOAMKA PellieHUs] HaualbHO-KPaeBbIX 3a/1a4
C TOYCYHBIMH W pACHpPEIEICHHBIMHU 3amnasfpiBaHusMu. Ha mepBoM stame ¢opmupyercs
pacIIUpEHHBI  BPEMEHHOW  HWHTEpBajJ, BKIIOYAIOIIMHA Kak OCHOBHOM  HWHTEpBal,
¢urypupyromuii B TOCTaHOBKE 3a/aud, TaK W CTAapTOBBIM (HayaJbHBIA) WHTEpPBAJ, Ha
KOTOpOM 3a/aeTcs HadaibHas (QyHKUusA. JlJ1g anmpoKCHMAalMK PEIIeHUs Ha PAaCUIMPEHHOM
WHTEpBAJie HCIIOJIb3yeTCS HEpaBHOMEpHass B OOMIEM clydae ceTKa JUCKPEeTH3alld |
KyOMuecKue CIIaiiHbl CTIeUaIbHOTO THUIIA, T.H. «YIPaBIiseMble CIUIalHbBI», KPaeBble YCIOBUS
KOTOPBIX HE 3aJal0TCs, a BapbUPYIOTCS B mpouecce pacuera. Onupasich Ha CIUIAitHOBYIO
anmnpoKCUMAllMI0O M HCXOJHBIE YypaBHEHHUS, (opMmupyeTcs O>KCTpeMaibHas 3ajada Io
MUHHUMH3ALUA HEBSI30K, BAapbUPYEMBIMH MapaMeTpaMd B HEW SABISIIOTCA 3HAYCHHS
TUCKPETHOW  (DYHKIIMH, ONpENeeHHOM B KaXJAoM y3ie ceTkd. Jlus  pemeHus
c(hOpMUPOBAHHON KOHEYHOMEPHOH 3a7aud ONTHMH3AIMHN HCIONB3YIOTCS TI00ATHU3YIONINE
anroputmsl Jlyyca—Sakonel n Ilaysnna, 4OMOIHEHHBIE JTOKAaIbHBIMU KBa3MHBIOTOHOBCKHUMH
aIrOpUTMaMHU.

B paGore [9] mnpoBemeHO KayeCTBEHHOE WCCIEAOBAaHUE JIMHEHHOTO YpaBHEHUS,
BKJIIOYAIOLIEr0 KaK TOYEYHOE, TaK M pachpe/ielieHHOe 3amnasjabiBaHue. Hamu BbionHeHa
npoBepka paboTOCIIOCOOHOCTH MPEAJIOKEHHOTO TOAXO0Ja IyTeM YHCJIEHHOTO pEeLIeHUs
BApUAHTOB pacCMaTpPUBAEMOU B YKa3aHHOM MCTOYHUKE 3a7auH.

Jlunamuka o0bEeKTa OMUCHIBAECTCS YpaBHEHUEM
t

d
E(y(t) + y(t — T)) =0.5y(t) + «a fy(s)ds,
t—1
3aeck t € [0,2], y(t) = cos(t),t € [-1,0], t =1, y(0) = 1. KoadhduuueHt a meHsiercst ot
0 mo 2.2. PacmmpeHHbBI MHTEpBajd BpeMEHM B 3TOH 3amade Obl paBeH [—1,2], uto
NIO3BOJIMJIO OXBAaTHTh BCIO HUCCIEAYEeMYIO NWHAMUKY. UHCIO Y3J0B JUCKpETH3aluu ObLIO
BBIOpaHO paBHBIM 90.

*

Pabora BbimosiHeHa 3a cyeT cyOcuauu MuHOOpHayku Poccun B pamkax mpoekta «Teopust ¥ METOIbI
MCCIICIOBAHUST JBOJIOLMOHHBIX YPABHCHUH W YNPABISIEMBIX CHCTEM C HX MpHIOKeHHsMu» (Ne® roc.
peructparuu: 121041300060-4).
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Puc. 1. Pe3ynbTaThl YMCIEHHOTO PELICHHS] pacCMaTpUBAEMOM 3aa4M IIPU Pa3HbBIX
3HayeHusax napamerpa @ = 0,0.2,0.4, ...,2.2

[IpoBeneHHBIE BBIUMCIUTEIBHBIE SKCIEPUMEHTH MOATBEPAUIN  pabOTOCIOCOOHOCTh

MPEIOKEHHOTO TI0IX0/1a.

1.

2.

o ks

Honruit FO.®., Cypkos IL.I'. Maremarnueckue MOJAEIN JUHAMUYECKUX CUCTEM C 3aMa3/IbIBAHUECM.
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ITPOBJIEMA NCCJIIEJOBAHUA CBOLI:/'ICTB
I'EHETUYECKOI'O AJI'OPUTMA HEITPEPBIBHOU OIITUMU3ALINN

A.IO. I'opnos, I1.C. CopoxoBukoB
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gornov@icc.ru

I'eneTnyeckuii MeTO/ MOSIBUJICS BIIEPBbIE B TUCKPETHON ONTHUMHU3ALUU U MOJb3YyeTCs B
9TOM 00JacTH OOJBINONW TMOMYJAPHOCTBIO M aBTOpUTETOM. OOBIYHO TPaKTOBKA €ro
YIUBUTEIEHO BBICOKOW 3()()EKTUBHOCTH OOBSACHIETCS CIIOCOOHOCTBIO HAXOIUTh U OBICTPO
TUPAKUPOBATh yJa4yHble JAMCKPETHbIE KOMOMHAIMM, IO3BOJIAIONINE JIETKO TEPEHOCUTH
OOHapyXeHHbIE «IOCTIDKCHHS» OJHHUX T[EPEeMEHHBIX Ha JPyrue YacTH IOUCKOBOTO
MHOkecTBa. CoBceM Jpyrasi, Ha Halll B3TJIS, CUTyalus B OOJacTH HENpPEpBIBHBIX 3a/1ay
ONITHUMM3AIINH, B KOTOPBIX BhINIEyKa3aHHBIN d()(EKT, 09eBUIHO, TPOCTO HEBO3ZMOXKEH.

[Ipexxne Bcero, HEMOHSATHO, YTO TaKO€ TEeHETHYecKuil wmetona. [lpum mepBoM ke
3HAKOMCTBE C METOJUKOM [1, 2] cTaHOBUTCSI OUEBUIHO, UTO UMEETCSI MHOKECTBO Pa3IMYHBIX
BAPUAHTOB AJITOPUTMOB, HO JJIsI BCEX MCIOJIB3YETCS OJWHAKOBBIA TepMHUH. HacToiumBbIi
MIOWCK B HAYYHOH JHTEpaType MO3BOJIMI COOpaTh HIDKECIEOYIoUii Habop Bepcuil MeTona,
OTJIMYAIOIINUXCS OCHOBHBIMU KOHCTPYKLIIMOHHBIMU MEXaHU3MaMH.

Mexanusm 1. Mannmanu3anus (cnoco0 reHepaluy CTapToBOM nmonyisinun). BapuanTer:
0 — ciyqaitHbie BEKTOPHI; 1 — U3 OONBIIOTO CydyalHOrO Habopa BHIOMPAIOTCS T€ BEKTOPHI, B
KOTOPBIX MEHbIIE 3HaueHHe (YHKUMHU; 2 — U3 HAbopa BBIOMPAIOTCS T€ BEKTOPHI, KOTOPHIC
JIeXkKaT KaK MOYKHO JIajiblle OT TEKYILEH PEKOPIHOU TOUKH.

Mexaam3m 2. PekoMOmHammst ~ poauTenbckux — ocobedr  («kpoccoBep»). 0 -—
MMOKOMITOHEHTHO CJIy4alHbIM 00pa3oMm; | — JIHMHEHHOW KOMOWHaIuen; 2 — ciaydaiiHOu
JTUHEHHON KOMOUHAIIEH.

Mexanusm 3. CkpemuBanue (BoIOOp «pomuteneit»). 0 — 2 ciydaiiHeie ocoOu
(«maaMuKcus»); 1 — ciydaitHas ocoOb W 0coOb Hemajaeko OT Hee («UMOpPUAMHIY); 2 —
cimy4aiiHast 0coOb 1 0CO0b MAaKCHMAJILHO JAJIEKO OT Hee («ayTOPUIUHTY).

Mexaamsm 4. Myranuu. 0 — u3MeHsieTcss onHa 0co0b; 1| — 2 ocobu; 2 — HECKOJIBKO
0co0eii.

Mexanusm 5. JlokanbHoe ynyumieHue. 0 — depe3 oAHY urepanuioo; 1 — uepes 2
UTEpalny; 2 — 4epe3 HECKOJIbKO UTEpAIUH.

Kpome Toro, B mporpamMme mNpeayCMOTPEHBI TaKKE aITOPUTMUYECKHUE MapamMeTphl:
pa3Mepsbl MOMYJISILINK, BEPOSITHOCTh M CHJIa MYTaIliH, IOPOT HCYE3HOBEHUSI OMOpa3HOOOpasusl.
[Toka 3a pamMKkaMu pacCMOTPEHHSI HAMH OCTaBJICHBI BAPUAHTHI OTOOpA — TYPHUPHAS CENEKIINS,
pyJieTKa, paHXKUpPOBaHUE U T.1.

Takum o0Opa3oM, B Halllell MPOrpaMMHON pealn3alluil YK€ 3aJI0K€HO Mo 3 BapuaHTa
IS 5 MEXaHH3MOB, T.C. 3% =243 BapuaHTa anroputrma. Eciam 106aBuTh crojia XoTs Obl OJHMH
BapUaTUBHBIA aJTOPUTMHUUYECKHI MapamMeTp, HampuMep, YUCIO O0coOell B MOy,
CTaHOBUTCS OYEBMJIHBIM, YTO NMPOTECTUPOBATH ITY «MHPOPMAIIMOHHYIO CYHITHOCTH)» OYEHb U
OUeHb HEMPOCTO. 3aMETUM, YTO HUKAKOW OOMICTIPU3HAHHOW METOIUKUA TECTUPOBAHUS IS
3TOM IPYIIbI METOJIOB HAM HAWTH TaK>Ke MOKa HE yIAJIOCh.

MoOXHO KOHCTAaTHpPOBaTh NApaJOKCAIbHYIO CUTYallMI0: Y HAac €CTb TI'E€HETUYECKUM
METO/I, HO KaKOBBI €r0 CBOWCTBA U XapaKTEPUCTUKH — MbI TIOKA HE 3HAEM.

1. Caiimon /JI. Anroputmel 3BosrorimoHHON onrtumu3arun. M.: JIMK Ilpecc, 2020.
2. Katoch S., Chauhan S.S., Kumar V. A review on genetic algorithm: Past, present, and
future. Multimed Tools Appl., 80. 2021. Pp. 8091-8126.
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BbIYUCJIIUTEJIBHAA TEXHOJIOI' WA UL 3AAAY AIIIIPOKCUMAILIMN
VYITIPABJIAEMOU CUCTEMBI C IIEPEMEHHBIM 3AITA3/1IbIBAHUEM

A.IO. I'opuos, A.W. Tatomkus, T.C. 3aponniok, A.C. Anukus, [1.C. CopokoBUKOB
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
gornov@icc.ru

HuddepeHnmanbHbie YpaBHEHHS C IEPEMEHHBIM 3ala3/IbIBAHUEM OTHOCSTCS K Kiaccy
byHKIIMOHATBHO-IU( G EepeHIINATBHBIX YpaBHEHUH. B oTiinuue ot ypaBHEHUH C MOCTOSITHHBIMU
OTKJIOHEHUSIMH ~ apTyMEHTa, I KOTOPhIX HWMEETCS  3HAYUTEIhbHOE  KOJIUYECTBO
paboTOCIOCOOHBIX METOAMK YHMCICHHOTO HCCIEIOBaHMSA, OCHOBAaHHBIX Ha «METOJE IIaroBy,
JUISL TAaKOTO KJlacca 3aaad pa3padoTka 3¢G(HEKTUBHOTO aJTOPUTMHUECKOT0 00eCIeueHus, 1Mo-
BUJIUMOMY, TOJIbKO HauuHaeTcs (cMm., Hamp., [1, 2]). C mpakTuueckol TOYKH 3pEHUs, IS
NPWIOKEHUH, CUCTEeMBbl C 3ama3fblBaHUEM Jal0T BO3MOXKHOCTb, 3a CUET IMOSBICHUS
3ara3/bIBaloOUIero BO3JCHUCTBUSA Ha JIWHAMUKY, MONYy4aTh «3()QEeKThl caMoperyispuszanum)
CHCTEMBI, YTO SPKO BBIPAKEHO B IOBBIIICHUU CTENEHH TJIAJKOCTU TPACKTOPHH MO Mepe
IBUKEHHUS «110 maram». Ho 3TOT MexaHu3M BO3JIEHCTBUSL XapaKTEepeH cKopee s
ABTOMATUYECKUX CIIOCOOOB YIPaBJICHHS; B Cllydae € HHTEIUICKTYAIbHOTO YIIPaBICHUS
HEH30€KHO MOSBISETCS HE0OX0IMMOCTh IIEPEMEHHOTO 3aI1a3/IbIBAIOIIETO BO3/ICHCTBUSI.

B noxnane oOcyxaaeTcst mpejioxKeHHasi TEXHOJIOTUS PEAYKLIUN YIIPABISIEMON CUCTEMBI
C NEPEMEHHBIM 3ama3[blBaHUEM K KOHEUYHOMEPHOM JSKCTpeMajbHOM 3amade. B kadectse
HOCUTEJSI TPACKTOPHM HCMOIB3YIOTCS KyOMueckue CIrlaiiH-QyHKIMM, OIpeneNseMble Ha
MEPEMEHHOI, BOOOIle TOBOPS, CETKE Y3JIOB MO BpeMeHU. HepaBHOMEPHOCTh CETKH MOXKET
oKa3aThcs HEOOXOAUMOM B cydae MPOSBICHUS HHTEPBAJIOB PE3KOT0 U3MEHEHHUS TPACKTOPHil,
HO TOYHOCTh CIIAH-aNIPOKCUMAIMA TPH OTOM cTpagaer (cM., Hamp., [3]), moaTomy
UCIIOJIb30BaHNE PABHOMEPHOW CETKH SIBISETCS MPEANOYTHTEIbHBIM. Ellle O/THUM HCTOYHUKOM
HOTPEIIHOCTH CIUIAH-aNMpPOKCUMAIIIH SIBJISIETCS HEJOONPEIEICHHOCTh KPAEBBIX YCIIOBHI,
TPaJMLMOHHO TMpeojojeBaeMasi JIOONpPEAEICHUEM HYJIEBBIX BTOPBIX MPOU3BOAHBIX (T.H.
«HATypaJbHBbIC CIUIAWHBI») JIUOO SKCTPAMOISIMOHHBIM MEXaHU3MOM OT COCEICTBYIOIIUX
y3510B. J1Ji IpeoJoJIeHUsI 3TOr0 HEraTUBHOTO BIMSHUS peajln30BaHa TEXHUKA «yIPaBIIIEMOTo
CIUTaliHa», KOTOpas TOJpa3yMeBaeT BKIIIOUEHHWE HEU3BECTHBIX IMApaMEeTPOB U BTOPBIX
MIPOM3BOIHBIX HA Kpasx HHTEPBAIAa B HA0OP ONTUMHUZHPYEMBIX TEPEMEHHBIX.

B ocHOBHOII cocTaB ONTHUMH3UPYEMBIX MEPEMEHHBIX BKJIIOUEHBI 3HAUYEHHUS CETOYHOMN
(GyHKUIMHU, ONpeNeNieHHOM B y3JlaX CeTKUM JMCKpeTH3allMM, Ha KOTOPOW U CTposTCA
anmnpoKCUMHUPYIOIIUE CIUTaiiHbI. B KauecTBe KpuUTepHs KauecTBa HCIOJIb3YETCS MHTErpai OT
pPacxXoXkIEHUs CIUIAHOBOIO MPUONMKEHHS, MOJCTABICHHOTO B MOJENb JAMHAMUYECKOU
CHCTEMBI; 3aJaua MOJy4eHHs MMPOU3BOAHBIX B JII000M TOUKE MHTEpBaJa MPU TAaKOM CIIOCOOe
anmnpoKCUMallii  OKa3bIBaeTcsl TpuBHaNbHOW. [lns pemenus ¢opMupyeMbix 3aaay
KOHEYHOMEPHOM ONTHMHU3ALMU HUCIONIb3YeTCs HabOp aJrOpuTMOB, BKIIOYAIOIIUX METOJIbI
COIPSDKEHHBIX T'pagueHTOB, HbIOTOHA, KBa3sMHBIOTOHOBCKHE; TIJIOOAIM3YIOIINE METOIbI
CITy4aitHOTO MyJIbTHCTApTA, «Basing Hoppingy, JlamkeBeHa, [Maysina;
OMOMHCTIMPUPOBAHHBIC AJIITOPUTMBI muddepeHInaIbHON IBOJIIOLINH, «forest»,
FapMOHMYECKOI0 M F€HETHYECKOIo MOMCKA, CBETJIIYKOB, POSl YACTHI, «YUUTEIb-YUCHUK» U

IpyTHe.

1. Bellen A, Zennaro M. Numerical Methods for Delay Differential Equations. UK: Oxford
University Press, 2003.

2. Fridman E. Introduction to time-delay systems: Analysis and control. Springer International
Publishing Switzerland, 2014.

3. De Boor C. A Practical Guide to Splines, Revised Edition. NY: Springer, 2003.

*

Pabora BbIMOJHEHA 3a cyeT cyOcuaum MuHoOpHayku Poccunm B pamkax mpoekta «Teopust ¥ MeTOIbI
UCCIIEIOBAHUS  3BOJIOLMOHHEIX YPaBHEHWH W YNPABISEMBIX CHCTEM C HMX NpHIOkKeHUIMU» (Ne° roc.
perucrparuu: 121041300060-4).
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JIBYXYPOBHEBA I MOJIEJIb ITIOCTABOK YT'OJIBHBIX PECYPCOB C 3AITACAMU

T. B. I'py3neBa, A.B. YiakoB
WMHCeTuTyT AMHAMMKY CHCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
gruzdeva@icc.ru, aushakov@icc.ru

B pabore mpennoskeHa MaTeMaTudeckas MOJAEIb B3aUMOJICHCTBUSI TPOU3BOJICTBEHHBIX
KOMIIAHUI-TIOCTaBIIMKOB Ha PBIHKE YTOJIBHBIX PECYpCOB B BHUJAE 33Jaud JBYXYPOBHEBOI
onrumm3anud. Lens oneparopa, MPUHUMAIOIIETO HA BEPXHEM YPOBHE PEIICHUE O 3aKyIKax 1
XpaHEHHUH YTJIs, YIOBIECTBOPUTH CIIPOC HA YroJib B KaXKAbli BpemeHHou nepuox t € {1, . . .,
T}, MUHUMH3UPYS U3EpiKeK Ha 3aKynKy u xpaneHue [1]. [TepeMeHHBIMM BEPXHETO YPOBHS
SIBJISIFOTCS 1IEHBI (), 00BEMBI YIJIs Ha CKIIagax (s) u pemieHue o 3akymnke yris (y € {0,1}) nmpu
HeoOxomumocTu. [lapamerpamu BEepXHETro ypOBHS SIBISIOTCS: h; — 3aTpaThl Ha XpaHECHHE,
d; - cupoc Ha yroie, D; = Z]T-zt d; - cyMMapHBIA CIIPOC Ha yIJb, HAYMHasA € mepuopa t 10
KOHIIa IepUo/a MiaHuposaHus T .

Ha HIXHEM ypOBHE Kakaas KoMmmaHus-rmocTaBmuk i € {1, 2, ..., I} MakcUMH3HpyeT
CBOIO TIPHOBLITH, BapUPYsI 00beMaMK TTPOU3BOACTBA YIJIA (X) B 3aBUCUMOCTHU OT 3aKYIOYHBIX
1eH Ha Hero. [lapameTpbl HIKHErO YPOBHS: Cir, (;¢ — KOIPOUIUMEHTHI KBAaIPATUIHBIX
GyHKINH, 3a0a0IIUX U3AEPKKH Ha MIPOM3BOJACTBO yrist (q;; > 0), X;; — MpeacnbHblii 00beM
MPOU3BOACTBA, [ € I, t € T.

C ydeToMm BBEICHHBIX 0003HAYEHUH, MOTy4aeM CIeAYIONIYI0 IBYXYPOBHEBYIO 3a/1auy (C
ONTHUMHUCTUYCCKUM PEIICHUEM):

T I
Z ptz Xit + hese| L min (D
. (.s.y)x
t=1 =1
I
St—1+zxit:dt+st (So=0), teT, (2)
i=1 .
I
Z Xit < Deyy, teT, 3
i=1
pr =20, 5,20,y €{0,1}, teT, 4)
x € ¥(p) (5)
rae W(p) 3amaeT MHOXKECTBO peIIeHU 3314 HUXKHETO YPOBHS:
I T
D D e = cuedxie— qexk] 1 max, ()
i=1t=1 x
0<xi; <x;;, LELtET. (7

[IpousBenena penykiusi AByXypoBHeBo# 3amaduu (1)-(7) Kk OZHOYpPOBHEBOHM 3amaye
HeBbinykioi (DC) ontumumzanuu. s ee pemieHus: pazpaboTaH MOJXOJ, OCHOBaHHBIM Ha
Teopun rnobansHoro moucka A.C. CTpekasoBCKOTO [2] M COCTOAIMNA M3 JBYX OCHOBHBIX
ATAIOB: JIOKAJIHHOTO IMOWCKA M TPOLEAYPHl BBIXOJAa M3 KPUTUYECKHX TOYEK, MOJYyYCHHBIX
METOJIOM JIOKaJbHOTO TIOMCKa, KOTOopas Oa3upyercs Ha YyCIOBHSX TIJI00anbHON
ONTUMAIIBHOCTH.

1. Pochet, Y., Wolsey, L.A.: Lot-size models with backlogging: Strong reformulations and cutting
planes. Mathematical Programming. 1988. V. 40. P. 317-335.

2. Strekalovsky A.S.: On Solving Optimization Problems with Hidden Nonconvex Structures.
Optimization in Science and Engineering. 2014. P. 465-502.

“ PaGora BhImOTHEHA pH (UHAHCOBOIT moaxepxkke Poccuiickoro Hayunoro ®oma, npoext Ne 24-41-03004.
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ONITUMU3AIIMOHHBIN MOJIXO K 3AJIAYAM MAIITMHHOT'O OBYUEHUS

C JUBEPI'EHIIAMU BPOI'MAHA
N YACTUYHBIM ITPUBJIEHEHWEM YUUTEJIA

T.B. I'py3nesa, A.B. Yuiakos
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
gruzdeva@icc.ru, aushakov@icc.ru

HccnenoBano o6o6menne 6a30BOi MOJENU KiIacTepH3alli, B KOTOPOM pPACCTOSHUS
MEXIy 33JaHHBIMH 3JEMEHTaMH M OMIKaWIIMMHU IIEHTPAaMH KJIaCTEPOB BBIYHCIISIOTCS C
UCIONb30BaHueM nuBepreHuuid bparmana [1, 2], a Takke BBEACHBI JIOMOJHUTEIbHbBIC
OTPaHMYCHUS, TIO3BOJISIONINE YUUTHIBATh SKCIIEPTHBIC 3HAHHUS O METKaX JaHHBIX WJIH 3apaHee
U3BECTHBIX CBOWMCTBax KiactepoB (semi-supervised clustering) [3]. OTo 0000meHue
OTHOCHUTCSI K MOJIETISIM KJIaCTepH3alii, OCHOBAaHHBIM Ha ITOMCKE IIEHTPOB KJIacTEpoB (center-
based clustering), ¢ orpaHHUEHUSIMU U MIPEICTABISAET COOO0H CIEAYIONIYI0 ONTUMHU3AMOHHYIO

3aaqy
k m
Z Z x;jDp(y',a’) | min, (D
i £ (xy)
i=1 j=1
k
le'jzl Vj=1,...,m; (2)
i=1
xl-jl—xi]-2=0 Vl=1,,k, V(jl,jz)EM; (3)
xij, +x, <1 Vi=1..,k V(sj)el; (4
m
in]'ZTi Vi=1,...,k; (5)
Jj=1
XUE{O,l} Vlzl,,k, V]=1,,m (6)

Ienesas pynkmus (1) 3amaercs nuBeprenuei bparmana
Dr(p, @) = F(p) — F(q) = (VF(q),p — q),

acCOI[MUPOBAHHON C HEKOTOPO#l BhImyKiIoW GyHKImeH F (), ¥ MHHAUMH3HPYET CyMMY
PaCcCTOSHUIT MeXKITy LIEHTPaMH ' KIIacTepOB U MPUKPEIUICHHBIM K HEM 2JIEMEHTAMH JIAHHBIX
a’ [4]. TlepeMeHHEIE X; j OTBEYAIOT 3a NPUHAJIEKHOCTh JIEMEHTA j K Kinactepy I x; = 1,
€CJIM DJIEMEHT JaHHBIX | Ha3Ha4deH Kiactepy i; x; = 0, B mpotuBHOM ciydae, i =1,..,k,
Jj =1, ...,m. Orpanuuenus (2) rapaHTUPYIOT, YTO KaXJbIii 3JIEMEHT JaHHbIX OyJeT Ha3HaueH
poBHO omHOMY Kiactepy. Orpanuuenus (3) u (4) obecreuynmBalOT HAa3HAUYCHHE DJIEMEHTOB
JAaHHBIX U3 MHOXXecTBa M omnHomy kiactepy (must-link constraints), a u3 muoxecrBa L —
pasusiM Kiactepam (cannot-link constraints), coorBerctBerHo. OrpaHuyeHHsS Ha pa3Mep
KJIacTepoB (5) OMpeAessioT HIKHIOI T'PaHMIly KOJIMYECTBA AJIEMEHTOB JAHHBIX B KaXKJIOM
KJ1acTepe.

[IIupoko W3BECTHBIMH M YaCTO HCIOJb3YeMbIMH B MAIIMHHOM OOY4YeHHUHU
TuBepreHusMu bparmana siBistroTCs:

1) KBagpaT EBKJIHMIOBOIO PpACCTOSIHHSI MEXIY JABYMs TOUYKaMH, OOpa30BaHHBIN

ynkuueit F(x) = ||x||2;

" MceneoBanue BBITOTHEHO IPH GUHAHCOBOI MOAepkKe MUHHCTEPCTBA 00PAa30BAHMS M HAYKH
Poccwuiickoii @enepanun Ne 121041300065-9.
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2) kBaapar paccrtosHus MaxanaHoOuca, TOPOXKICHHBIA BBIMYKJIOW KBaJpaTUIHOU

. 1
dopmoii F(x) = 5 (% Qx);

3) o6o6mmenHas [-nuBeprenius, odpazoBanHas (GyHKIHEH OTPULIATEILHONW SHTPOIUU
F(x) = Yx;ln x;.

3ameHa orpaHuveHui (6) Ha OrpaHUYCHUS BUIA
2 - -
xl-j—xl-jZO, OSxijSL Vl—l,...,k,]—l,...,m, (7)

JaeT  BO3MOXKHOCTh  C(OPMYJIHMPOBATH HCCIEAYEMYIO 3ajady KJacTepu3alld  Kak
HETIPEPHIBHYIO ONTHMHU3AIMOHHYIO 3a1ady. A BO3MOXKHOCTH TPEJICTABICHUS IICJIECBOU
GYHKIIMM ¥ HEBBIMYKJIBIX OrpaHudeHuid (7) MOCPEACTBOM PAa3HOCTH BBIMYKIBIX (DYHKITUI
(DC-byukumit) mo3Bosser paccMarpuBath 3amaqy (1)-(5), (7) xak 3agaay DC ontuMuzanuu

G(x) — H(x) { min,
h(x)) =0, i=1,..,k (DO)

x €ESNSy NS, c R>m,
k m
1 AN o
60 =30 Y (v + D e) . H@ =5 Y (< + DRG ),

K
i=1j=1 i=1 j=1

i p_ept_m.
h(x)=||x —E" —Z,l=1,...,k

rac
m

N =

-

—BBITYKJIbIE () YHKIIUH, h(x‘) MOJTy4eHbl CYMMHUPOBAaHUEM KBaJPATHYHBIX OrpaHudeHui B (7),
k m

S = xl-j S [0,1]:23(1'1' = 1, le'j = T, = 1,...,k, ] = 1,...,m ,
i=1 j=1
MHOXeCTBa Sy; U Sp, 3afaHHble orpaHudeHusIMU (3) U (4) COOTBETCTBEHHO, — BBIYKJIbIE
MHO>K€ECTBA.
Jlis perienns 3agaun (DC) pa3paboTaH MOJIX0/1, OCHOBaHHBIM Ha Teopuu riio0aibHOTO

noucka A.C. CtpekanoBcKoro [6]. AITOPUTM COCTOUT U3 JIByX OCHOBHBIX MOYJICH:

1) chneuManu3MpPOBAHHOTO JIOKAJBHOTO TIOMCKA, MCHOJIB3YIOIIETO CTPYKTYPY
HCCIIelyeMOH 3a1auH;

2) npoueaypsl BhIXOAA M3 KPUTUUECKHX TOYEK, MOJIYYCHHBIX Ha ATale JIOKAJIbHOIO
MOKCKa, KOTopas 0a3upyeTcsl Ha YCIOBUAX II100aIbHON ONTUMAIbHOCTH.

1. bBpoarman JI. M. PenakcaniuoHHBIA METOJI HAXOXICHHUS OOIIEH TOUKU BBIMTYKIIBIX MHOXECTB U €T0

IMPUMCHCHUC IJId PCIICHUSA 3aa4 BBIIIYKJIOTO IPOrpaMMHUPOBaHNA. K. BBIUMCH. MaTEM.M MaTEM.

¢wus. 1967. T. 7. C. 200-217.

Fischer, A., Levrard, C., Brecheteau, C.: Robust Bregman clustering. Annals of Statistics, 2020.

3. Gancarski, P., Dao, T.B.H., Cremilleux, B., Forestier, G., Lampert, T.: Constrained clustering:
Current and new trends. In: Marquis, P., Papini, O., Prade, H. (eds.) A Guided Tour of Artificial
Intelligence Research: VVolume 1I: Al Algorithms. P. 447-484. Springer, Cham, 2020.

4. Gruzdeva, T.V., Ushakov, A.V.: On a nonconvex distance-based clustering problem. Lecture
Notes in Computer Science. 2022, V. 13367. P. 139-152.

5. Gruzdeva T.V., Ushakov A.V.: Semi-supervised K-Means Clustering via DC Programming
Approach. Lecture Notes in Computer Science. 2023. V. 13930. P. 54-67.

6. Strekalovsky A.S.: On Solving Optimization Problems with Hidden Nonconvex Structures.
Optimization in Science and Engineering, 2014. P. 465-502.
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MATEMATHUYECKOE MOJEJIMPOBAHUE CETU HEPEJTAYU JAHHBIX MEX/Y
HEHTPOM VIIPABJIEHIS ITOJIETAMU 1 I'PYIITIIOU BILIA CO CTPATEI'MEN
PA3BEPTBIBAHMA BE3 B3AUMOJAENCTBUA

IT.A. Japenckuii, C.B. Ilaynb
HanmonaneHslil nccnenoBatenbekuii Tomckuii rocynapersensblil yausepcurer (HU TI'Y)
pashok.darenskii@gmail.com, paulsv82@mail.ru

Nmeercs Tpynma OecnuiIOTHBIX JieTaTenbHbIX anmapatoB (BIIJIA), BeimomHsIOMAs
3aJady B peXHMe pa3BepThiBaHus ceTu Oe3 B3ammoneiictBus. Kaxnapiii BIUVIA nanpsmyio
MOAKIIOYAETCS K LIEHTPY YIIPABJIEHUS, YTO MMO3BOJIAET OTCIEKUBATh UX CTATYC M OTIPABIISATH
KoMaHAbl. Takas crpaTervs MPeACTaBIsSeT cOOOW EAMHYIO BBIYUCIUTEIBLHYIO CHCTEMY, TIE
yOpaBICHUE H OOpaTHas CBS3b OCYIICCTBISIIOTCS Yepe3 OOMeH HH(POPMAIIMOHHBIMU
nakeramMu. B 3Toil cTpareruu pa3BepThIBaHMUS MUMEETCS ABYHAIpaBICHHAs JUHUS CBSI3U OT
kaxaoro BITJIA k HazemMHON cHCTeMe YIpaBlIeHUS, MO3BOJAIONIAS HAMPSIMYIO IepeaaBaTh
JTaHHBIE M KOMaH[bl YIPABJIEHUS, OTHOCSIIMECS K KOHKPETHOMY NpuiokeHuto. OCHOBHOE
OTpaHUYEHUE JTOW CTPATETMH — HA3€MHas CTAaHUHWs YIPABICHUS SIBISETCS €IMHCTBEHHOMN
TOYKOW OTKa3a, B KOTOPOM MOXKET MPOU30UTH OTKIIOUECHUE BCEU CETH BMECTE C 3aJepKKaAMU
nepeiayn.

[Ipennonaraercst uccienoBaTb BapUaHT CUCTEMBbl cBsi3u ¢ rpymnmoi BIIJIA kak
3aMKHYTYIO CHCTEMY MaccoBoro obciykubanus (CMO) [2, 3, 4].

PaccmoTpuM 3aMKHYTYIO cHCTeMy MaccoBoro obcmyxuBanus ¢ N HCTOYHHKaMU
TEHEpALMKU 3alpOCOB Ha COENMHEHHUE ¢ cepBepoM. Kaxkaplii HCTOYHMK F€HEpUpPYET 3ampoc ¢
MOCTOSTHHOM MHTEHCUBHOCTHIO A/N. VICTOYHHK, WHUIIMUPYIOIINIA CEaHC CBSI3H C CEPBEPOM B
BH/JIE 3aIIPOCA, HAXOJUTCS B PEKUME OKHUJIaHUS U HE JIeJIaeT HOBBIM 3aIIpocC 10 TEX IOp, MTOKa
TEeKylMii He oOpaboTaercs. 3ampoc Ha COEAMHEHHUE TepenaeTcsi Ha CBOOOIHBIN cepBep H
CEaHC CBS3M OCYILECTBIISIETCSI B T€UEHUE SKCIOHEHIMAIbHO PACHpPENEICHHOIO BPEMEHU C
napameTpoM u. Ecnu cepBep OKa3bIBaeTCs 3aHAT B MOMEHT WHHUIIMMPOBAHHUS 3ampoca Ha
CBA3b, TO NMPOUCXOIUT 3aJE€PXKKA NEPENadn B TEUECHUE SKCIHOHEHIUAIBHO PACIPEIECICHHOTO
BpeMeHu ¢ napamerpom of/N, Tociie 4ero MCTOYHUK BHOBb JICTIACT IMOMBITKY OCYIIECTBICHUS
3amnpoca.

(2
(—Lﬁ

=
<=0

z|a
—QO

z|a
0

Puc. 1. MaremaTtudeckasi MOI€NIb 3aMKHYTOM CHCTEMBI MAaCCOBOT'O OOCITYKUBAHHMS C
IMOBTOPHBIMHU BbI3OBAMU

Beenem crnenyronue obo3nauenus: i(t) — uucno 3asBok Ha opbute; K(t) - cocrosiHue
cepBepa, 0 — eciiu cepBep CBOOOICH U | — eclii cepBep 3aHsiT.

CraBuTcs 3a7aya HAxXOXICHHS CTAlMOHAPHOTO paclpeleiCHUs BEPOSTHOCTEH
{k(t), i(t)}. B pesympraTe wHcCiIeIOBaHUS HAWACHBI paclpeieieHue BEPOATHOCTEH dYHcia
3alPOCOB, OKUAAIOIIMX IMOBTOPHOTO OOCTY)KHBAHHS W pAaCIpele/ieHHe BEPOSTHOCTEH
cocrostauii mpubopa. O6o3uauum BepostHocTh P(K, i, t) = P{i(t) =i, k(t)=k} Toro, uto B
MOMECHT BpeMeHH t cepBep HAXOIUTCS B COCTOSIHUU K, 4HCIIO 3a/epikeK rmepeaadn — i 3asiBOK.
s pacnpenenenus Bepositnocter P(K, i, t) cocTosnuii paccmatpuBaemoii 3aMKHyTOH RQ-
CHCTEMBI COCTaBUM CHCTeMY auddepeHraabHbIx ypaBHeHnin Konmoroposa
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w=—(NT_i/lJr%ajP(O,i,t)+uP(1,i,t),k=O,i=0,...,(N—1),
w (NNl/‘t+yjP(1Ot)+/1P(0Ot)+—aP(01t)
ap(;’t"t)=—(N_£+l)/1+ujp(1,i,t)+
N N_i/lP(ll 1t)+'NilaP(o|+1t) k=1 i=1..,(N-2),
OP(LN-1L1) _ 1 1

PN -1t)+—AP(O,N-1t)+—AP(LN-2t). (1
o 1P )+ AP )+ AP ). (D)

[Tony4ynTh 4KCICHHOE penieHne cucTeMbl (1) B cTalioHapHOM peXuMe (QYHKIIMOHHUPOBAHHUS
CHUCTEMBI B I[OHpe,Z[GHBHOI\/'I CUTyallul BO3MOKHO ITyTEM pCain3alluid YUCJICHHOTO aJIrOpUuT™Ma.
['paduku pacnpeneneHuii BEpOsITHOCTEH Uncia 3asBOK Ha OPOUTE MpECTaBICHBI HA PUC. 2.

Pacnpe geneqwe P Pacnpegenenne P; Pacnpepenenue P;

04 ’ 0.07

025 0.06

03 < 020 £ 005

g g 0.04

- i

& § E

[ g g 003

X &
0.02

0,05 0.01

0.00
0 1 2 3 i 5 13 0 1 2 3 2 5 6 50 5 60 6 70 75 80
KonwsecTES Yagepme | KONMUecTBo 3amepxer i KoAWYecTeO 3anepmer |

Puc. 2. I'paduku nonpenenbHbIX pacipeaesiCHUd BEpOSTHOCTEH Ynciia 3asiBOK Ha

opoute mpu N =100; 41 =3,5; 1; 3,5, u = 1,25, 3,5; 7, 6 = 25; 25; 400 cOOTBETCTBEHHO
JInst osTyvIeHusl aHATUTHYIECKOTO PEIICHUsT CUCTEMbI (1) MPUMEHUM aCUMITOTHYECKUN
MCTO/ B IPCACIIBHOM YCJIOBUH PACTYILICTO YHCJIa UCTOYHUKOB I'CHCPALIUHA 3aIlIpOCOB, T.C. IIPpH
N — oo. Ot BepositHocteit P(K, i, t) mepeliaemM K 4aCTHYHBIM XapaKTEPUCTHUCCKUM (PYHKITUIM

N-1
Buna H(k,u,t)=> e"P(k,i,t), rae j=~/—1, cucremy (1) mepenuimeM B CTAIHOHAPHOM

Buze s pyakuui H(K, u)

MO+ jEA OO

ou
_1/1(ej“ —1)—;1} H@u)+

+(/1_O_e*ju)laH (O,U) _'_l(eju _1)laH (l,U) =O,
N odu N ou
2 H@LU) + o J HOU) , ;) HEY) @)
ou N odu
Teopema 1. Ilycts i(t) — gncmo 3assBok Ha opbuTe B 3amMKHyTOoH RQ-cmcteme, Torma
aCUMITOTHYECKass Xxapakrtepuctuueckas ¢yHkuums H(U) ducna 3asBok Ha opOuTe B
IPEICIBHOM YCIIOBHH PACTYIIETO YKMCIIa HCTOYHUKOB OTIPEIEISIETCS PAaBEHCTBOM

HIAY
H(u):exp{ju;clN +%K2N}’ 3)
TAC K1 OIPEACTIACTCA paBCHCTBOM

Ao =27 —,u0'+\/0'(412,u+0(,u—/1)2)
2/1(0—/1)

+uH(@,u)=0,

N

/IH(O,u)+(

N-1

: (4)

K, =

BCJIIMYHHA K OIIPEACTIACTCA PaBEHCTBOM
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o7clr0

K, =

()

31ech BepOSTHOCTH [y, K =0, 1 — crarronapHbie BEPOSATHOCTH COCTOSIHUIN MpHOOpa, KOTOpbIE
BBIYHUCIISIOTCS 110 pOpMysiaM

oK, + Oy +/1r1—/1(1—/<1)(p1 '

_ y7, . Al-x)+ox, (6)
M- +or,+u 1 Al—x)+or +u’

o

BeNIMYMHBI @y, k = 0, 1 onpenesneHbl paBeHCTBAMU

(c—A)r,
= L Py =~ 7
(pl i(l_Kl)‘f‘UKl +,Ll (pO (pl ( )

Teopema 1 mokaspIBaeT, 4TO aCHMIITOTHYECKAs XapaKTepUCTHUYecKas (QYHKIMs dHcia
3aJIepXKEeK Tepelaud 3alpoCcoB B PacCMATPUBACMON 3aMKHYTOW CHCTEME B MPEACIbHOM
YCIOBHHM pOCTa 4YHCIa HMCTOYHHUKOB, KOTOpPBIE T€HEPHPYIOT 3alpoChl Ha COCAUHCHHE C
CEpPBEPOM SIBJIICTCS TayCCOBCKOM ¢ MaTeMaTtniyeckuM oxxuaanueM k1N u qucriepcueit kN, uto
MIO3BOJISICT TSI IOTIPEAEIBHOTO paCpeaeICHUs MOCTPOUTH TOCTATOYHO TOYHYIO TUCKPETHYIO
anmpokcumanuio (Puc. 3).

—— P

.07 —— Pas
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BepoaTkocTa F;
e o 4
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o
F=1
)

o
o
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Puc. 3. CpaBHenune rpadukoB JoNpeIeIbHOTO paCTIPEeICHIS BEPOSITHOCTEH YUCia
3asBOK Ha OpOMTE U ACHMITOTHYECKOM aNMpOKCHUMAIIUH MPH 3a/laHHBIX apamerpax N =

100;A=35 u=1250=25

1. Nazarov A., Sztrik J., Kvach A. Asymptotic waiting time analysis of finite source M/GI/1 retrial
queueing systems with conflicts and unreliable server. Publicationes Mathematicae Debrecen.
2022. Vol. 101, Ne 3-4. P. 397419.

2. Nazarov A., Sztrik J., Kvach A., Toth A. Asymptotic Analysis of Finite-Source M/G /1 Retrial
Queueing Systems with Collisions and Server Subject to Breakdowns and Repairs. Methodology
and Computing in Applied Probability. 2022. Vol. 24, Ne 3. P. 1503—-1518.

3. Nazarov A., Sztrik J., Kvach A., Toth A. Asymptotic sojourn time analysis of finite-source
M/M/1 retrial queueing system with collisions and server subject to breakdowns and repairs.
Annals of Operations Research. 2020. VVol. 288. P. 417-434.
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CEVCMUYECKHE S®OEKTEI [TABOJIKOB HA P. KbIHI'APT'A (TYHKHMHCKA S
JIOJIMHA, BOCTOYHbII CASIH)"

AA. I[oGpLIHHHal’Z, B.A. CaHBKOBl'Z, C.A. Koponbl, H.B. KHquHHa3,
A.A. PriGueHKo’
1I/IHCTI/ITyT 3emHo# Kopsl CO PAH
2I/IHCTI/ITyT JTWHAMUKHU CUCTEM M TeopuH yrnpasieHus umenu B.M. Marpocosa CO PAH
3I/IHCTI/ITyT reorpa¢un uMm. B.b. Couasst CO PAH
dobrynina@crust.irk.ru

B mocnennue ronbl ¢ pazBuTHEM ITU(POBON CEHMCMOPETHCTPUPYIONICH ammaparypsl U
METO0B 00paboTKH Bce OOJbIlIe BHUMAHMS YACNSAETCS MOHUTOPHHIY MHUKPOCEHCMHUYECKUX
mymoB (MCII) B pernoHax ¢ mposIBJICHUSMHU OMIACHBIX AK30T€HHBIX MporieccoB. Hampumep, B
pabote [1] npu u3ydyeHuun ceiicMuueckux 3((PeKToB maBoaKa MOKa3aHO YBETUYEHUE YPOBHS
MCII B 300 pa3 OTHOCUTENHHO CIIOKOWHOTO ()OHA C MAKCUMYMOM B YaCTOTHOM JHara3oHe
2-15 T'm, a Takke W3MEHEHWE ToJiApu3anuu myma. B pabore [2] mokaszaHo, 4TO TpH
MPOXOXKIACHUU MTaBOJKOB HAa PACCTOSIHUAX 10 15 kM HabOmrogaercs nmoseimenue yposas MCIII
B yacToTHOM amama3oHe 1-20 I'm Gomee wem B 100 pa3 ¢ momnspusanueld B HampaBICHUH
MCTOYHHKA.

TynkuHckas nonuHa B baiikanbckodl pu(TOBON cHUCTeME OTHOCHUTCS K paiioHaM C
BBICOKOU CEJIEBOM W MaBOJKOBOM OIMACHOCTHIO — MOCJIEIHUNA KaTacTpOPUIECKUN Celb 37eCh
comwen B 2014 rony mo peke KblHrpara M IOKHBIM CKJIOHaM TyHKHHCKHMX TOJIBLIOB U
NpPEICTaBIsT COO0M BOJAOKAMEHHBIM IMOTOK IO PYCIY PEKHM U HECKOJBKO TPs3eKaMEHHBIX
noTOKOB [3. 4], KaXaplii Tox BO BpeMs MPOXOXKIACHUS OOMIBHBIX ITOXKICH 371eCh TaKKe
HaOmromatorcss maBoAku [3]. C 1enbio BBISBICHUS XapPaKTEPUCTUK MHUKPOCEHCMHUYECKUX
IIYMOB BO BpEMs NABOJAKOB M BBIJEIECHUSA BO3MOKHBIX KPUTEPHUEB €r0 Hayajaa B HACTOSLICH
pabore mpoBeaeH ananu3 Bapuanuii MCII, renepupyembix p. KbiHrapra B CIOKOWHOM
COCTOSIHUM W TIPU 3HAYUTENBHBIX MOABEMax BOAbl (maBoAku). B paboTe ucmonb3oBanuch
JTaHHBIE HEMPEPBHIBHON PETUCTPAIIMM KOPOTKOMEPHOIHOW CEMCMUYECKON CTAaHLMH «ApILIaH,
pacrionio)keHHOW Ha mpaBoM Oepery p. Kemrapra Ha paccrossuun 250 M OT pyciia pekw,
JaHHbIe U3MepeHui ypoBHs BoJbl B p. KeiHrapre n armocdepnsix ocankoB Ha [Iuke JIo6BwH,
npoBoauMbix MHcTUTyTOM reorpadun um. B.b. CouaBer CO PAH ¢ momoIsio COBpeMEHHBIX
cucreM MmoHutopunra CAM-TTIP, CAM-T'O (pa3pabotanbsl WHCTHUTYTOM MOHHTOpPUHTIA
KIuMaTtudeckux u skojorndeckux cucreM CO PAH, r. Tomck). PaccrosiHue ot ocamkomepa
Ha [Iuke JIto6Bu 110 runponocra p. Keiarapra — noc. Apman cocrasiuser 1.97 km. U3mepenus
KoJIeOaHU YpOBHS BOJBI MIPOBOJATCS ¢ yacToToi 1 pa3 B 30 MUHYT, aTMOC(HEPHBIX OCaJKOB
BBINIOJIHSIFOTCSL ¢ MHTEpBAJIOM | 4ac.

[To 3HaueHusIM Bapuanuii ypoBHS BOABI ObUTH BBIOPAHBI TPHU KPYIMHBIX MMaBOIAKOBBIX
cobpiTust — B urosie 2019 roga u B utone u asrycre 2020 roga, MeHee 3HAYMMBIC IO IbEMBI
YpOBHSL BOJABI HE paccMaTpuBaiuch. B paboTe mNpoBOAWIICS CpaBHUTENbHBIN aHaIU3
CHEKTPAIbHBIX U MOJSpU3alMOHHBIX xapakTepucTuk MCIII B ¢oHOBOM pexumMe U B EPUOJT
MIaBOJKOB.

Ananu3 Bapuanuiit MCIII, renepupyemsbix p. KbiHrapra B CHokOMHOM COCTOSIHUU U TIPU
3HAUYMUTENIbHBIX MObeMax BOJIbI (MaBOAKAX ) MMOKa3al CIeAyIolIee:

MukpocelicMuueckre KoJjieOaHus, 3aperuCTpUpPOBAaHHBIC Ha CTaHIMKM ApIiaH, He
CTaOMIIbHBI BO BPEMEHHU M UMEIOT 3HAYUTEIIbHBIC BApUAIMU, CBI3aHHBIE C CE30HOM. B Teruibie
NIEPUOIbI MPU TASTHUM JIEAOBOIO NOKPOBA M YBEJIMYEHHWHM YpPOBHSI BOABI B peke KbiHrapra
HaOIIOaeTCs yCUIIeHHe CeHCMUUIeCKUX Kosiebanuii B obmactu 9actot oT 4 1o 10 I,

* Pabora noanepsxana KpynHsiM mpoextoM MUHHCTEPCTBA HAYKH M BBICIIETO 00pa3zoBaHus PP Ha BHINOMHEHHE
KPYITHOTO HAyYHOT'O IIPOEKTA 10 NMPUOPUTETHBIM HAIPABJICHUSM HAYYHO-TEXHOJIOTHYECKOTO Pa3BUTHA (IIPOEKT
«DyHaaMeHTaNbHBle  HccieqoBaHus  balikambckod  NPUPONHOW  TEPPUTOPUM HA  OCHOBE  CHCTEMBI
B3aUMOCBSI3aHHBIX 0a30BBIX METOOB, MOJENEH, HEHPOHHBIX ceTeil M nHuppPoBOi MIaTHOPMBI IKOIOTHYECKOTO
MOHHUTOPHHI'a OKpYKatoIei cpeapl»), mpoekT 075-15-2024-533.
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Brimanenve OOWIBHBIX JKUIKUX aTMOC(EpHBIX OCAJAKOB U CIEAYIOUIMI 3a HHUM
3HAUUTENIBHBI MOJbEM BOABI B peke KbIHrapra nmpuBOASAT K U3MEHEHHIO aMILIUTYIHO-
yactoTHOro cocraBa MCII — ycuienuto konebanuii B yactoTHoM uanas3one ot 4 1o 20 ' ¢
MaKCUMyMOM H3JIy4eHHs B 00s1act 9acToT 6—10 ', J{mst pa3HBIX COOBITHII 3TO YBEIHMYCHHE
3HAUYUTENIbHO BAPbUPYETCS U 3aBUCUT OT KOJUYECTBA BOIAHBIX MACC, MPOXOJALIUX O PYCILY
PEKH B €IMHUILY BPEMEHH.

N3MeHeHne aMImnTyaHO-4acToTHOro coctaBa MCI B jeTHUI NEeprUOa OTHOCUTEIBHO
3UMHEr0, a TaKXe BO BpEeMs IMMABOJIKOB OTHOCHUTEIBHO MEXKEHHBIX YPOBHEH MPOUCXOIUT B
pe3ynbTare yBenudeHHs TypOyJIEeHTHOCTH MOTOKAa IMPH BO3PACTaHUU CKOPOCTH TEUYECHMS,
pacxoJi0B BOJbI U HAHOCOB.

JuarpaMMbl IBH>KEHHSI YacTHI[ B CPEJI€ B CHIOKOMHOM COCTOSIHUM U IPHU MaBOJKAX HE
MOKa3bIBAIOT KAKOW-IMOO JOMHHHPYIOUIEH OpHEHTAIlMU KOJeOaHWil, YTO CBS3aHO C
MPOTSKEHHOCTHIO UCTOYHUKA KOJIEOaHUH, MPEICTABISIONIETO COOO0H BCE PYCIIO PEKH.

AHanmM3 BpeMEHHBIX Bapualuid KoiudecTBa ocankoB Ha [Tuke JIroOBU, ypOBHS BOJIBI Ha
TUAPOJIOTUYECKOM TMocTy Ha peke KelHrapra, MHKpOCEMCMHUYECKMX IIYyMOB U
METEOpPOJIOTUYECKON 00CTaHOBKM B TYHKMHCKOM JOJNMHE TIOKa3al, YTO HMCTOYHHUKOM
yBenudeHus: MCIII moryt ObITh Kak mokau B TyHKWHCKOW JOJMHE, TaK W B 00JacTH
BojiocOopa peku KwiHrapra B TOpHOM oOpamiieHWH. Maible YacTOThl JUCKPETHU3AlUU
0CaJKOMEpPA U YPOBHEMEDPA IO CPABHEHUIO C CEMICMUYECKON CTAHLIMEN, a TAK)KE 3HAUYNTEIIbHAS
yaJe€HHOCTh U3MEPUTEIbHBIX MPUOOPOB APYT OT JApyra He MO3BOJISAIOT OLIEHUTh BPEMEHHYIO
3aIEPIKKy MEXKIY pasHbIMU TapameTpamu. s AOCTHXKEHHsI Oojiee TOYHBIX PEe3yIIbTaTOB
HEOOXOMMO pa3MEIICHHE BCEX MPUOOPOB B Mpejesiax OJHOT0 HAaOJI0IaTeIbHOTO MyHKTA, a
TaK)X€ YBEJIMYEHUE YACTOThI IUCKPETU3ALMN OCAIKOMEPA U YPOBHEMEPA.

Kak mokazano B pabore [2], n3MeHEHHE peXHMa MHKPOCEHCMUYECKHUX KOJeOaHui
BCJICZICTBHE TIABOJKOB MOXKET OBITh 3apErMCTPUPOBAHO HA pacCTOSHUAX A0 15 kM. B Hamem
clIy4ae, TaKk KaK MCTOYHUKOM BBICOKOYACTOTHBIX MHKPOCEHCMHUYECKUX KOJIeOaHUM SBISETCS
MPOTSHKEHHOE PYCIO PEKH, TO Ha JuarpaMMmax ABM)KCHHS YacTHUI[ B Cpelie HE HaOJIr0aeTcs
JOMUHUPYIOIIEH OpHEHTAIIMM KoJieOaHWH, YKa3bIBaIOIIEH HAa HMCTOYHUK u3nydeHws. [Ipu
pa3MelIeHU: JIOKaTbHOW CETH CTAaHIMKA BAOJB pycia mo obouMm Ooptam p. Kemarapra c
OJIHOBPEMEHHOH (huKcalueld KOJU4YecTBa OCAJAKOB M YPOBHS BOJbI B peke OyIeT BO3MOXKHO
TOYHO OIPEACNIUTh a3UMYT M PACCTOSIHUE 1O HCTOYHHUKOB T'€HEPALMHM BBICOKOYACTOTHBIX
CEeHCMUYECKHUX BOJIH, TOYHO OINPEACISITh Hayallo MaBOJIKa, a TAaKXKe J1aBaTh MIPOTHO3 O CKOPOM
noabeMe ypoBHA BoJbl. Ha OCHOBE MOJIy4eHHBIX NMPEABAPUTENBHBIX TaHHBIX MPEACTABIISIETCS
ONTHMANbHBIM B OyaylmieM pa3MecTHTh B paiioHe p. KbeiHrapra mNUIOTHYIO CeTh
CEHCMUYECKHX, METEOPOJOTHYECKUX U THUAPOJIIOTMUYECKUX CTAHIMM C LEIbl0 TOYHOTO
ONpeNIeTICHUs] BpEMEHN Hadalla MaBoJIKa Ha OCHOBE KOMIUIEKCA JAHHBIX M IMPERAYNPEXICHUS
HaceJIeHUsI.

1. Dietze M., Hoffmann T., Bell R., Schrott L., Hovius N. A seismic approach to flood detection
and characterization in upland catchments. Geophysical Research Letters. 2022. V. 49.
€2022GL100170.

2.  Chmiel M., Godano M., Piantini M., Brigode P., Gimbert F., Bakker M., Courboulex F.,
Ampuero J.-P., Rivet D., Sladen A., Ambrois D., Chapuis M. Brief communication:
Seismological analysis of flood dynamics and hydrologically triggered earthquake swarms
associated with Storm Alex. Nat. Hazards Earth Syst. Sci. 2022. V. 22. P. 1541 — 1558.

3. Makarov S., Cherkashina A., Atutova Zh., Bardash A., Voropai N., Kichigina N., Mutin B.,
Osipova O., Ukhova N. Debris Flows of the Tunkinsky Goltsy Mountains (Tunkinsky District,
Republic of Buryatia in Eastern Siberia). International Journal of Geohazards and Environment.
2016. V. 2(3). P. 166 — 179.

4. YeuensHunkuit B.B., Makapoe c.A., JloOpeinuHa A.A. IIpoxoxieHue KaTtacTpo(hUIecKOro
BOZIOKaMeHHOro censi Ha peke Keiarapra (PecmyOmmka Bypsitus) 27-29 wmrons 2014 r. mo
ceiicMuueckuM naHHbIM. Jloknaabl akagemuu Hayk. 2018. T. 481, Ne 6. C. 675-679.
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PA3PABOTKA I'EHEPATOPA TTPOI'PAMMHOI'O CPEJICTBA JIJISI ITIPOBEJEHUSA
AHKETUPOBAHUS B INIATPOPME JAICP HA OCHOBE IINIAT®OPMEHHO-
3ABUCUMOHM MOJEJIN

H.B. Jlonupo
HpkyTckuil HaMOHAJIBHBIN UCCIIEN0BATEIbCKUN TEXHUYECKUN YHUBEPCUTET

dopironikita@yandex.ru

HckyccTBEHHBI MHTEUIEKT YK€ MPOYHO BOILIEN B OOBIACHHYIO JKU3HH COBPEMEHHOTO
yenoBeka. OTHUM U3 CaMbIX MOMYJSPHBIX €ro MPUMEHEHUM CTalu BUPTYaIbHbIE TOMOIIHUKU
— CEpBHUCHI, KOTOPbIE B3aUMOJICHCTBYIOT C IOJIb30BATEJIEM B COOTBETCTBUHU C 3a/laHHBIMH
CIICHApHUSMU, BHIMONHISA pa3HooOpa3Hbie (PYHKIIMK U MPEJOCTaBIAS HYKHYI0 HHPOPMAIIHIO.

CeronHss BUPTyalbHbIE MOMOIIHUKH YK€ BCTPOCHbI B OOJBIIMHCTBO COBPEMEHHBIX
ycTpoiicTB. OHU CTIOCOOHBI OOBSCHATH CIIOKHBIE KOHIICTIIIUH, IEPEBOIUTh TEKCT U TIOMOTaTh
C U3yUEHUEM SI3bIKOB, 3aKa3bIBaTh TOBAPHI U YCIYTU U T. 1.

AKTYaJbHOCTh MPOBEICHUS HAYYHBIX UCCIICJIOBAHHUI B JAHHOW 00JacTh 00yCIOBIEHA
BO3PACTAIOIIMM HHTEPECOM K HCIOJIb30BAaHUIO BUPTYAIbHBIX MOMOIIHUKOB (TaKUX Kak
Yandex «Amuca», Apple «Siri», «Google Assistant») U pacIIUpeHHEM acCOPTHMEHTa
MPOrPaMMHBIX HHCTPYMEHTOB IS UX CO3JIaHUs. B KOMIaHMsIX U OpraHu3alusIX BUPTyalbHbIE
NOMOIIHUKM CTAJIM HEOThEMJIEMOW uacThio pabouero mporecca. OHH MOMOraroT
aBTOMATHU3UPOBaTh OOCITYXMBAaHUE KIUEHTOB, ONTHUMHU3UPOBATH paboyue MpoIecchl U
HOBBICUTD 3PPEKTUBHOCTH pabOTHI MOJIb30BATENEH.

Jannast pabota sBIsieTCS MPOAOHKEHUEM HCCIIENOBaHUS MPOEKTUPOBAHUS TeHepaTopa
MoJIeJiel BUPTYaIbHBIX TOMOIIHUKOB [1, 2]. DTa paboTra crmocoOCTBYET Pa3BUTHIO METOJIOB
aBTOMATHU3AIMU MpoIlecca pa3pabOTKH BUPTYaJbHBIX MTOMOIIHUKOB. AHAIOTUYHO padore [1],
JUISE co3laHus reHepatopa Oyaer npumeHeH MDA-moaxon ¢ HUCHONIb30BAaHUEM paHEe
paspabotanaeix MDA-moneneit u ux TpaHncpopMalnii, a Takke miaTGopMeHHO-3aBUCHMON
moaenu JAICP.

Jlnst co3nanHOM mIaTGOpMEHHO-3aBUCUMON MOJICNIH pa3paboTaH reHepaTop KOJOB IS
anketupoBanus. [log komamu moapa3zymeBaercs ClIEHapUid, HamMCaHHbIM Ha si3bike DSL, a
TaK)ke pa3rOBOPHBIN HHTEP(EHC BUPTYATbHOTO MIOMOIITHHUKA.

Jlis  reHepanMM KOJOB HCIONIb30Bajlach 0a3a JaHHBIX, B KOTOPOW XpaHSTCS
XapaKTepUCTHUKAa W CBOWCTBAa BHUPTYyaJbHOro mHoMomiHuka. CaM reHeparop MOAAEpKUBAET
CJeYIOIIKE PEKUMBI T€HEpaIuU CLEHAPUS JJI MPOBEACHUS aHKETUPOBAHUS.

1. C B1IOXXEHHBIMU COCTOSTHUSIMHU.

2. be3 BIIOXKEHHBIX COCTOSHUH, TJE€ TMEpPeXOoA MEXAYy HHUMH OCYIIECTBISETCS C

MTOMOMIBIO YCTIOBHBIX KOHCTPYKIMH C JOMOJHUTEIbHBIMU IEPEMEHHBIMH.

Takxe mpu TEeHepaluu CHEHApUs ISl KaKIOTO BOIPOCa JOOABISIFOTCS CIEAYIOLIUE
JIOTIOTHUTEJIbHBIE BAPUAHTHI OTBETOB.

1. «He 3Hato».

2. «He xouy oTBEUaTh.

3. «3aBepIuTh OMpocH.

4. OOparHas CBSI3b BUPTYaJbHOTO MTOMOLIHHUKA, IPEIYCMOTPEHHAs! I CIIy4aeB, KOTaa

COOOIIEHNE TOJIb30BaTENsl HE TIOJXOAUT HU MO OJTHO YCTAaHOBJICHHOE COCTOSIHHE, C
Y4€TOM KOHTEKCTA.

B cBoto ouepenn, oOpaTHasi CBsI3b BUPTYAIBHOTO TOMOIIHUKA BKJIIOYAET CIEAYIOLIUE
BapHAaHTHI PEAKIIUU.

1. TunoBoe nmoBeAeHUE B ClIydyae, €CJIM BUPTYaJTbHBIA MOMOIIHUK HE PACIIO3HA OTBET

MOJIb30BATES.
2. Oto0paxeHue MOACKa3Ku O MPEANOIaraeMoM OTBETE OT MOJIb30BATEIS.
3. TloBTopenwme Bompoca.
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4. Bo3BpaT K IpeaplIyleMy COCTOSHHUIO.

B xagectBe mpumepa ObUT pa3paboTaH 4ar-00T AN TMPOBEACHUS METUIIMHCKOTO
aHKeTupoBaHUA. Yar-00T BKIIIOYAET CJIEAYIOIIME COCTOSHHUSA: COCTOSHUE AJI OTOOpaKeHUS
BOIIPOCOB, COCTOSIHUSA JUIsl IIPUEMa OTBETOB OT II0JIb30BATENs, COCTOSHUE AJI OTIPAaBKU
pe3yNbTaTOB aHKETHPOBAHUS, a TaKXKe TaKWe CYIIHOCTH, KaK MECTO MpOXHUBaHUS, (aKT
KypeHHUsI, TI0J1, U CYIIIHOCTH JJIsl BAPUAHTOB OTBETOB.

CymHoCTH ¥ HaMepeHHsI ObUTM OINKCaHbl Ha OCHOBE OOIIEH MOJAETH Pa3rOBOPHOTO
untepdeiica [3]. CocTosHUS U TEepexoabl MEXIy HUMHU ONHCAaHbI B pa3pabaThiBaeMOil B
HAcTosIIee BpeMsl MPOOJIEMHO-OPUEHTHPOBAHHON Mojenu auanora. OCHOBHOW 3amadeit
reHepaTopa SIBISIETCA CO3JaHME KOAOB Ul IIPOBENCHUS AHKETHUPOBAHMS, BKJIIOYAIOILEIO
Pa3roBOPHBIA MHTEp(DEHC W YIpaBISIOMUNA KO I AWAJIOra, HAMMCAHHBIM HAa CIICHAPHOM
si3bike JAICP DSL.

Anroputm paboThl TeHEpaTOpa BKIIOYAET CJIECTYIOIINE ITAIbI.

1. OrmpaBka 3ampoca K 0a3e JaHHBIX JJIS MOJy4EHHUS TPeOyeMbIX NaHHBIX. DTHMHU
JTAHHBIMU SIBJISIIOTCS ONMCAHUE M XapaKTEPUCTUKU aHKETHI.

[Tonmy4yeHue 3anpoIIEHHBIX JaHHBIX.

AHanu3upoBaHuE TUIIOB BOIIPOCOB.

3anonHeHne 00beKTOB MHPOPMAITMOHHOK MoJienu (MHTepdelica reHepaTopa).

Jljig Ka’kqoro THIa BOIPOCOB 3alyCKarOTCs GYHKIUU MPOTPaMMHOTO CPEeACTBA IS
TeHEpUPOBaHUs KOJIa YIIpaBJIEHUs 1UaJIoroM B BUae cueHapus Ha s3pike JAICP DSL
1 SI3BIKOBOTO MHTEpdeiica Ha OCHOBE JaHHBIX U3 O0OBHEKTOB.

6. OObenuHEeHNE U aHATU3UPOBAHUE TTOTYUYEHHBIX PE3yIbTATOB FeHEPAIIHH.

7. Co3naHue .zip-apXuBa C TOTOBBIM ITPOECKTOM.

@parMeHTHl paboOTHI TeHEepaTopa KOJ0B MPECTABICHBI 1ajlee:

1. Pexxum renepauum Koja cueHapus DSL ¢ BIoXeHHBIMU
COCTOSIHUSIMU:

agrwn

state: q1
a: Eciiu Bel cTynieHT, NoACKaKUTe, MOKAITYHCTa, TAE
MPOKUBAETE B HACTOAIIECE BpEMs?
script:
$session.answers_ql = ['B o0mmiexuTHr', 'CHUMAIO
KBapTUPY', TIPOKUBAIO C POJUTEISAMH'|

state: al
intent: /choose_dom
script:
$session.var_dom = $parseTree._var_dom
go!: /g2

state: Finish_question_ql
intent: /FinishQuestion
go: /End

state: Do_not_answer_q1
intent: /DoNotAnswer
script:
$session.var_dom = null
go!: /g2

state: NoMatch
event: noMatch
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a: Bam orset: «{{$request.query}}».
a: Ho oxxmpaercs oTBET Cpenu CIEAYIOMUX €r0
BapuanToB: ««{{$session.answers_q1[0]}}»«,
««f{{$session.answers_ql[1]}}»}}»,
««{{$session.answers_q1[2]}}»«
a: [Toxkanyiicra, OTBETHTE OBTOPHO HA 3a1aHHBIN
BOIIPOC.
go!: /g1
2. Pexum renepanuu kona crieHapusi DSL 6e3 B0XKEHHBIX COCTOSIHHM:
state: q1
a: Ecnu Bel crynieHT, noackaxure, moxanyicra, rae
MPOKMUBAETE B HACTOAIIEE BpEMs?
script:
$session.answers_ql = ['B obwiexuTHr', 'CHUMAKO KBapTUpPYy',
'"IPOXKUBAIO C POAUTENISAMHU ']

state: al
intent: /choose_dom
script:
$session.var_dom = $parseTree._var_dom
go!: / TheResultOfTheql

state: Finish_question_ql
intent: / FinishQuestion
go!: /End

state: Do_not_answer_q1
intent: / DoNotAnswer
script:
$session.var_dom = null
go!: / TheResultOfTheql
state: TheResultOfTheql
script:
$session.check var_dom=
$session.answers_ql.indexOf($session.var_dom)
if: $session.check_var_dom !=-1||
$session.var_dom==null
go!: /g2
else:
go!: /NoMatch
state: NoMatch
event: noMatch
a: Bam otset: «{{$request.query}}».
a: Ho oxupaercs OTBET cpeau CIEAYIOIIUX €ro
BapuaHTOB: ««{{$session.answers_ql[0]}}»«,
««{{$session.answers_q1[1]}}»«,
««{{$session.answers_q1[2]}}»«
a: [Noxanyiicta, OTBEThTE MOBTOPHO HA 3aIaHHBIN BOIIPOC.
go!: /gl
B npuBegenHom ¢parmente koga DSL BupTyanbHBI TMOMOIIHHMK 33Ja€T BOMPOC
MMOJIB30BATCIII0O O MCCTC Cro HPOKUBAHUSA, OKHUAAsL TPHU BapUaHTa OTBCTA: «B 06H_IC)KI/ITI/II/I»,
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«CHHUMaIO KBapTUPY», IIPOKHUBAIO ¢ poautensiMu». [Ipu sTom Gnaronapst HCIONb30BAaHUIO B
JAICP cucremsl o6pabotku ectectBeHHOro sizbika CAILA, ¢aktuueckas ¢opma oTBera
M0JIb30BATENS. MOXKET OTJINYaThCs. B 3aBUCMMOCTH OT €ro OTBeTa, BUPTYaJbHbIA MOMOLTHUK
OPUHUMAET pEUIeHHE O NaIbHEHIIUX NOeHCTBHAX. DTOT aKT auanor ObUT CO3/aH B JIBYX
Pa3IUYHBIX PEKUMaxX T'eHEPaLUH.

Kak BuaHO M3 mpuMepa, CLEHAPHBIH KOJI B ATHX JABYX PEXHMaX OTIUYACTCS KakK IO
CTPYKType, Tak M IO CIEHapHOMY Koay. B mepBoM pexume BUPTyalbHBIA MOMOIIHUK,
OCHOBBIBASICh Ha OTBETE I1OJIb30BATENISA, IEPEXOIUT B ONPE/ICICHHBIEC BIOKECHHBIE COCTOSHUS
JUISL BBITIOJTHEHUS JajbHEUIINX JEHCTBHUI, MEpexoJ OCYIIECTBISETCS C HCIOJIb30BAaHUEM
HaMepeHuid. Bo BTOpOM ke pekuMme COCTOSIHMS HE SIBISIOTCS BJIOXEHHBIMU, M PELICHHUS
npuHuMaercss B mobOouHoM coctossHun «TheResultOfTheql» Omaromaps coxpaHEeHHBIM
OTBETaM M3 MPOLUIBIX COCTOSHHUM quajora.

B nanHo#l pabore OBLT MpOBENEH aHAIM3 M pa3pabOTKa TeHepaTopa MPOrpaMMHOTO
CpeAcTBa sl AHKETHPOBAaHUS, OCHOBAaHHOIO Ha IJIaT()OpPMEHHO-3aBUCUMOM MoOJAEIH U
texunosioruu JUST Al ¢ ucnonszoBannem minatdopmsl JAICP, peanm3oBanHo# uepe3 moaxon
Model-Driven Architecture (MDA). OcCHOBHOW II€JIbIO HCCIACIOBAHUS CTajlO CO3JIaHUC
3¢ (pekTUBHOrO MHCTPYMEHTa MJIsi aBTOMAaTH3alMu Ipolecca pa3pabdOTKH BHUPTYaJTbHBIX
TTOMOIITHUKOB ISl aHKETHPOBAHUSI.

beul mpencraBnen npumep paboThl TeHepaTopa, AEMOHCTPUPYIOMIMHA MpPaKTHUYECKOe
OpUMEHEHHE pa3pa0OTaHHBIX KOHIENUUH. ITOT mnpuMmep Mnokaszan 3(QeKTHuBHOCTE U
(GYHKIIMOHATBLHOCTH TeHEepaTopa B CO3AaHUHU BUPTYyaIbHBIX TOMOIIHUKOB Ha 0a3ze JUST Al ¢
ucnonb3oBanueM miargopmsl JAICP.

1. H.B. Hommpo. Pa3zpabGoTtka reHepaTtopa IaThOPMEHHO-3aBUCUMON MOIETH JUISI CHUCTEMBI
MPOEKTUPOBAHUSI BUPTYAIbHBIX MOMOIIHUKOB. Matepuansl VI MexayHapogHOro ceMuHapa 1o
MH(QOPMAIIMOHHBIM, BBIYHCIUTEIBHBIM M YNPABISIOMIMM CHCTEMaM JUIS PaclpeAeiCHHBIE Cpell
(ICCS-DE 2024), 1-5 uroms, 2024, Upkytck, Poccus. Upkyrck: U3a-so UACTY CO PAH, 2024.
C. 91-96.

2. Dorodnykh, N.O., Nikolaychuk, O.A., Yurin, A.Y., Stolbov A.B. Towards knowledge-based
virtual assistant development with the aid of ontology transformations. Proceedings of the 2022
IEEE International Multi-Conference on Engineering, Computer and Information Sciences
(SIBIRCON). 2022. P. 830-834.

3.  A.Bb. Cronb6os, H.O. Hoponusix, O.A. Hukonaituyk, A.}O. FOpun, H.B. lonupo. I'enepauus u
TpaHcopManus — CHCHHAIM3UPOBAHHBIX  MOJACICH Ui IPOOJEMHO-OPUEHTUPOBAHHOTO
UHTEJUICKTYILHOTO TMOMOIIHUKA. Marepuansl koHdepeniun «JlsmyHoBckue ureHus 2023».
Upkyrek: UCTY CO PAH, 2023. 184 c.
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PACYHETHBIE HAI'PY3OYHBIE TUAT PAMMBI TPOCOBBIX AMOPTHU3ATOPOB:
[NOCTPOEHUME HA BA3E OTPAHNMYEHHBIX ODKCITEPUMEHTAJIBHBIX JAHHBIX 1
OLEHKA ITOI'PEITHOCTH

C.B. lopouun, E.M. PeliaMyHT
denepanbHbIN UCCIIE0BATEIBCKUI HEHTP
WH(POPMAITMOHHBIX U BEIYUCIUTEIBHBIX TEXHOJIOTHI
sdoronin@ict.nsc.ru

CucreMbl aMOpTH3allMU, TOCTPOCHHBIE C HUCIIOJIB30BAHUEM TPOCOBBIX aMOPTHU3aTOPOB,
ABIAIOTCA A(PQPEKTUBHBIM pEUICHHEM Jisi BHOpOralieHHs M CHIDKEHUS JMHAMHUYECKHX
Harpy3ok. TpocoBBIi aMOpPTH3aTOp BHEIIHE INPEACTABIAETCS JOBOJBHO IMPOCTHIM
YCTPOMCTBOM, OCHOBHBIM YIIPYTUM U AEMII(PUPYIOIIUM 3JIEMEHTOM KOTOPOTO SBIISETCS TPOC,
C TIOMOUIBIO IJIAHOK yJEPKUBAEMbIH B 3aJaHHOH MPOCTPAHCTBEHHOMN KOH(UTYpaIUH.

XapakTepUCTUKOW HEJTUHEWMHOM JKECTKOCTH TPOCOBBIX aMOPTU3aTOPOB SABJISIOTCS
HArpy304YHBIC AHArpaMMBbl, BBIPAKAIOIINE B3aUMOCBS3b HArpy3Ku (CHIIbl) F, MpUIIoKeHHON K
OJIHOW W3 IUIAHOK, M NEPEMELIECHHs S 3TOM IUIAHKM B HAIIPABICHUU JACUCTBUS HArpy3Ku.
Harpy3ounble nuarpaMMbl TOJTYYarOTCS JKCHEPUMEHTalNbHO, Kak mpaBuio, mus 1-3
HalpaBJICHUN NEWUCTBHUS CHUJIBI B IUIOCKOCTSX, OMPENEISEMbIX T€OMETPHUUYECKON (QopMoit
amoprtusaropa. TakuMm o0pa3oM, SKCIEpUMEHTaJbHBIE Harpy3ouHsle auarpamMmel (DHJI)
MMEIOTCS I BECbMa OTPaHUYEHHOr'0 YHCIIa HAIIPaBJICHUHN AEUCTBUS CUJL.

Bo MHorux ciydasx BO3MOXHO BO3HMKHOBEHHME HArpy30K B IIPOM3BOJIBHOM II0
OTHONIIEHHIO K TeoMeTpuueckoi ¢opMe amopTuzaTopa HampaBieHud. OpraHuzanus
MOJTyYEHHUsI COOTBETCTBYIOIINX SKCIIEPUMEHTAIBHBIX JTaHHBIX OOBIYHO 3aTPYJHUTEIIbHA M3-32
BPEMEHHBIX OrPAHMYEHUM M OTCYTCTBHSl CHEUMAIbHOM OCHACTKM JJIs IPOBEACHUS
MEXaHUYECKUX HCIBITAHUN C BapbUPOBAHUEM YIJIa MPUIIOKEHUSI HAarpy3ku. B cBsi3u ¢ 3TuM
JUISL TIPOM3BOJIBHOIO HANPABJICHUS JEUCTBUSA CHIBl AaKTyaJbHO IOJIYYEHHE pPaCUETHBIX
Harpy3ounbslx auarpamm (PHJI) ¢ ydyerom mudopmarmu, comepskaiieiicss B OrpaHHYCHHOM
kommdectre DH/I.

PaccmatpuBaercs Tpu BapuaHTa 00bE€Ma JOCTYIHBIX JKCHEPUMEHTATBHBIX JTAHHBIX
(omna, nBe wim Tpu OHJI, ;mexammx B OJHON TIJIOCKOCTH) M JBE MOJIETH aMOPTH3aToOpa.
[lepBass U3 HMX TpeACTaBICHA JMHEAPU30BAHHOW YHCICHHOM (KOHEUHO-3JIeMEeHTHOH) 3D
MOJICIIBIO C H30TPOITHBIM KPUBBIM OpycoM-uMHUTaTOpoM Tpoca [1]. Jlpyrast uncieHHas MOeNb
peann3oBaHa B BUJE CUCTEMbI B3aUMHO MEPIEHIUKYISPHBIX MPYXUH ¢ UHAUBUIYaTbHBIMU U
HEJIMHEMHBIMU XapaKTEPUCTUKAMU >KECTKOCTU [2, 3]. YcraHOBJIEHHE B3aMMOCBS3U BHUJA
F=f(s) (moctpoerme PHJI) B pamkax HaCTOSINEr0 HCCIICIOBAHUS OCYIIECTBISLUIOCH C
WCIOJb30BAHUEM aHAJUTUYECKON W 4HCIeHHOW cynepno3uuun OHJI, nuHeliHOW U
HeNMMHeWHoN wuHTepnomsiuun OHJI m napaMeTpoB UHCIEHHBIX MOJENEH, IPOBEACHUS
MHOTOBapUaHTHBIX BBIYUCIUTEIBHBIX OSKCIIEPUMEHTOB. B 3aBucumoctu 0T o0bema
JOCTYITHBIX IKCIIEPUMEHTAIBHBIX JAaHHBIX (KoimudecTBa umeronmxcs DHJ) 1 mpuMeHseMbix
MOJICIIEll  aMOPTH3aTOpOB, W aJIrOPUTMOB YCTAHOBIICHHS B3aMMOCBs3d Buaa F=f(S)
OTIpeieNIeHbl CEMb BAPHAHTOB MOAX00B (cueHapueB) k nocrpoenuto PHJI (puc. 1).

[Ipn nanumuuu enuuctBeHHo OHJl — HemocpeacTBenHoe Bbruucienue PHJI myrem
MHOTOBAapMAaHTHON peaiu3aly JUHEeapU30BaHHOM uucieHHod 3D monenu, 3¢dexkTuBHBINA
Moayis FOHra kotopoii onpenesneH ¢ momonisto uMmeromieiics DH/I (ciienapuii 1).

Nmes nee DH]I, MOKHO UCIIOJIB30BATh OJIMH U3 CIEIYIOUIUX BO3MOKHBIX CIIECHAPHEB:

Berurciienne PHJI myrem ananutudeckoit cynepnosunmu 18yx DHJI (cuenapwuii 2);

UCIIOJIb30BaHUE JIMHEapu30BaHHOM uwuciaeHHo 3D momenu 1uisi  ycTaHOBJICHUS
spdextuBHOrOo Moaynas FOuHra mo xaxmor OHJI, ero nuHEWHONW WHTEPIONAIUN IS
BAPbUPYEMOr0  HAINpaBJEHUS  HArPpYyKEHHs C  TMOCIHEAYIOIIMM  HEMOCPEACTBEHHBIM
BeryrciienneM PHJI myrem MHOTrOBapHMaHTHOTO BBIYUCIUTEIBLHOTO AKCIIEPUMEHTA (CIieHAPHI
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3);

HenocpeacTBeHHoe Bblunciienne PH/[ myreM MHOrOBapMaHTHOrO YHMCIEHHOTO aHAJINA3a
CHUCTEMBI B3aMMHO TMEPIECHINKYISIPHBIX HEJTMHEHHBIX TIPYXKUH (CrieHapuii 4);

onpenenenue PHJI myreM cynepnosunuy pe3yiabTaToB, IOJYYEHHBIX C ITOMOILBIO
CHUCTEMBbl B3aMMHO TEPINEHAUKYJISAPHBIX NPYXKUH, HArpyKaeMblX 10 HAalpPaBICHUIM
uMmeromuxcsa DHJI (cuenapuii 5).

....................... y
JluneapuzoBaHHASA i
yHceaeHHas 3D Momens .
C H3OTPOITHEIM
KPHBEIM GpycoM-

e e m e e m e ——————————

HMHTATOPOM TPOCa
t |
1 Onpenenenue
Oz SHJ ;g‘bEKEHBHOFO MOy 14 HemocpeacTBeHHOE
Hra bpyca BEITHCIeHHe PH]T
T TN IyTeM
Bermicnenne PHT 7 f ]; \3 \3 MHOT'OBAPHAHTHOIO
gﬁ:{?: excrpermmon | 6 7 Hemuneitnaa JIuHeiinas BEMHCITHTEIBHOTO
p U'H N <«— Tpu DHJ] —» HHTEPIIOIAIHI HHTEPIIOIALIHA IKCILEpPHMEHTA
HeTHHeHHOH
I —— Moy IOHTa Moy IOHTa
SHN Brrmcnenne PHT
3 IyTeM YHCIIEHHOH
Brraucnenne PHJ| 5 cynepro3HiHa JH]T
myTeM 4
J— +— JIge OHJI -.-.-i‘-"' CHcTeMa B3aHMHO
cyneprozHus DH S HICPHICHEYIApHEX
ynep 2 \ TIPYKHH

Puc. 1. Bapuants! noctpoenust PHJI B cBsi3u ¢ noctynHeiM unciiom DH/I

C nomoeto Tpex OH/I Bo3MoOXkHa peanusanus CIeAyoIUX CLIEeHapHUEB:

Bbluncinenne PH/[ myreM HemocpencTBEHHOW HEIMHEHHOM MHTepnosauuu Tpex DH]|
(cuenapwii 6);

WCIIOJIB30BaHUE JIMHEApU30BaHHOW uwuciaeHHoW 3D Momenm st yCTaHOBJICHUS
sbdexkruBaoro Moxyns FOura mo kaxmoir DHJI, ero HenMHEHHOW WHTEPIONSIIAMA IS
BAPBUPYEMOr0  HAIpPaBJICHUS  HArPYyKEHHS C  MOCIHEAYIOIIMM  HEMOCPEACTBEHHBIM
BbrunciaenrneM PH/I myreM MHOroBapHaHTHOTO BBIYMCIIUTENBHOIO SKCIIEPUMEHTA (CLIeHapuil
7).

[Ipu peanuzanuu 3THX CIEHApHEB A yI0OCTBa BBIYUCICHHUH (BapbUpOBaHUSA OO
Harpy3ku, JHuOO  TMepeMelleHul) OJKCIEpUMEHTalIbHble  Harpy304Hble  JAHAarpaMMbl
IPEJCTaBISUINCh B OAHOM M3 BYX BapUaHTOB: KaK 3aBUCUMOCTH HAarpy3Ku OT IE€peMELEHUI
WIM Kak oOpaTHble (YHKIHH — 3aBUCUMOCTU IMepemenieHudl oT cuil. COOTBETCTBEHHO
KOJINYECTBEHHBIE OOBEKTUBHBIC OLEHKU IOTPEIIHOCTH ONPEACISIOTCS MO COOTHOIICHUIO
pacUeTHBIX U SKCIEPUMEHTAIbHBIX JTUOO CHII, TUOO MepeMeleHu .

Bce paccmoTpeHHBIE CLieHApUM, OYEBMJIHO, XapaKTEPU3YIOTCS HEKOTOPHIM YpPOBHEM
MOTPEIIHOCTH, KOTOPbIM oleHuBayicss myrtem cpaBHeHuss DHJ m PHJ[ nnga oamHakoBoro
HaIpaBJIeHUs AEUCTBUS HAarpy3ku. OTMETHM, YTO B HACTOALLEM MCCIEAOBAHUN Mbl UMEHN TPU
SKCHEPUMEHTAIbHBIE UarpaMMbl. B pa3HbIX ClEHapHsaX 4acTh U3 HUX HCIOJIb30BAIACH IS
NOJIyYEHHUsI PACUETHBIX PE3yJbTaTOB, pyras 4acTb — B KauecTBe 0a3bl Aisi cpaBHeHMs. [Ipu
ATOM B CiIy4dae WCIOib30BaHus it mocTpoenus PHJI Tpex (Bcero MHOKeCTBa AOCTYITHBIX)
OHJI oTcyTcTBYyeT SKcliepUMEHTalbHas 0a3a Uil CpaBHUTEIBHON OIIEHKM MOorpermHoctd. B
CBS3W C OTHM HAa OCHOBaHMHM aHanmm3a Ooisbmioro yucia OHJ[ aMmopTH3aTOpoB pasHBIX
POM3BOIUTENECH TpeNIoKeH KadeCTBEHHBIH M CYOBEKTHBHBIH IOAXOJ K IOCTPOCHHUIO
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IPENOoNaraéMblX Harpy304HbIX AMarpaMMm Kak 0a3bl Ui CPaBHUTEIBHOIO aHalu3a. JTO
00yCJIOBMIJIO KAueCTBEHHBIH M CYOBEKTHUBHBIM XapaKTep OLIEHOK MOTPEHIHOCTH I 6 u 7
cueHapueB. KauecTBeHHas OLICHKA MOTPEIIHOCTH B JAJIBHEHIIEM OCYIECTBIISAETCS BU3YaIBHO
Ha0JII01aeMOM CTETIEHBIO OTJIMYHS PACUETHBIX U MPEINoIaraeMpIX JUarpaMm

B kauecTBe MOZIENBHOTO 00BEKTA paccMaTpUBAJIaCh THIIOBAsi KOHCTPYKLUS TPOCOBOTO
aMopTU3aTopa, KOH(QUTYpaIisl U TeOMETPUUYECKHE pa3Mepbl KoToporo mpueseHsl B [1]. B
pe3ysibTaTe MHOTOBAPHMAHTHBIX PAacyeTOB B COOTBETCTBHMM C OIHMCAHHBIMHM CLEHAPHAMHU
IIOJIy4YEHbl KOJIMYECTBEHHBIE M KAUECTBEHHBIE OLEHKHM IOrpelHOCTH InocTpoeHHbIXx PH/L

(Tabm. 1).

Ta6muma 1. ITorpemmroctu PHJI npu peanuzaruu pa3HbIX ClieHapUEB

Ouenka norpemsocta PHJL
e | e A Hcxomnoe mua baza qma ABCOTIOTHEIH MAaKCHMYM
’ P P noctpoenns PHJ CpaBHEHHS XapaKTepHCTHKA | B IIepBOH IOJIOBHHE | BO BceM padodeM
pabogero mHama3zoHa JHAama3oHe
AF (s).
1 F=f(s) SHI H;i yraom SH'HOI;IO'HEEE;HMH KOJIHUEeCTBEHHAs, 52%
} H 0OBeKTHBHAS
As (F).
2 s=g(F) KOJHIeCTBEHHAS, 25%
0OBeKTHBHAA
AF (s),
3 F=f1(s) KOJTHYIeCTBeHHAS, 29%
DHI nox yraamu | DHJI nox yriom 0oOBEeKTHEHASL
0°m 90° 45°
4 52%
As (F),
s=g(F) KOJIHYIeCTBEHHAS,
5 oOBeKTHBHAA 250
6 AF He3HaUHTeIbHAd
F=7(s) DHJI nox yriaMH | TpedmnonaraeMele KaHECTBéHHaﬂ
CER R HI cyOBeKTHBHAA
7 upe3MepHas

MaxkcuManbHble 3HaU€HHUs TOTPEUTHOCTH KaK B MEPBOW MOJOBUHE paboyero auanazoHa
amopTtu3aTopa (kak Hanboyiee BEPOATHOMN), TaK M BO BCeM paboueMm nuama3zoHe. Kak BUIHO,
INpu HAJIMYUU TOJIBKO OI[HOI>'I BKCHepHMGHTaHBHOﬁ AuarpaMmbl HCT BO3MOXKHOCTH IOJIYYHUTH
PaCUETHYIO C IPUEMIIEMOM MOTPEIHOCTHIO. ECu ecTh JBE SKCIIEpUMEHTAIIbHBIE THATPAMMBI,
MOKHO TMOJYYUTh PACuETHYIO C MOTPEIIHOCThI0 A0 25% myreM Cynepno3uiuu JIudo
HEMOCPEACTBEHHO ATHX JUarpamm, Ju00 pe3yabTaTOB YUCICHHOTO MOJCIUPOBAHMS CUCTEMbI
NCPNCHAUKYJIAPHBIX IIPYXKHUH. HOI‘peH_IHOCTB AOBOJIBHO BCJIMKA, HO YK€ IO3BOJIACT
BBITOJHATL MPECABAPUTCIIBHBIC OLICHOYHBIC PACUCThI IIPU 3CKU3HOM IMMPOCKTUPOBAHUU CUCTCM
amMopTu3auMu. A B cllyyae JOCTYIIHOCTH TpeX OKCIEPUMEHTAIbHBIX JIUarpamm
HENOCPEACTBEHHAs MX HEJIMHEWHAas MHTEPHOJSALUs I03BOJSET TMOIYYUTh pPACUETHHIE
AuarpaMMsbl, IPUCMIICMBIC JJI IMTPAKTUYCCKOT0 MPUMCHCHHU.

IlepcrieKTUBHBIM HanpaBJIECHUEM JaJTbHEUIIEro pa3BUTHS HCCIIEIOBAHU I
MpeICTaBsieTcss  pa3paboTKa IMOJIHOMACIITAOHOW YHCICHHONM MOJAENTH aMOpTH3aTopa,
uAeHTU(UKAIMS ee TapaMeTpoB U BepuUKaLIUS M0 TaHHBIM SKCIIEPUMEHTAIFHOTO aHAJIN3a.

1. Hoponun C.B. JIuHeapu3zauusi KecTKOCTH TPEXMEPHOH MOAETH TPOCOBOTO BUOPOM3OIATOPA MPH
aHaIM3e JMHAMUYECKOTO TIOBEJCHUS CHCTEMBl aMOpTH3alMu. Matepuansl KoH(epeHIHH
«JIsamynoBckue utenust 2023» (r. Upkytck, 4-8 mekadbps 2023 r.). Upkyrcx: UACTY CO PAH,
2023. C. 28-30.

2. BubOpanus sHeprernyeckux mainvH. CrpaBounoe nmocooue. Ilox pen. n-pa TexH. Hayk npod. H.B.
I'puropsera. JI.: MammuoCcTpoeHue, 1974.

3. Hoponun C.B., Peitsmynt E.M. AHanu3 norpemrHocTy MOAEIN TPOCOBOTO aMOPTH3aToOpa B BHUJIE
CHUCTEMBl B3aWMHO TEPHEHIUKYISIPHBIX MPYXWH TIPH CTATHYECKOM HarpyxeHuH. H3Bectus
Tynl'Y. Texanueckue Hayku. 2024. Bem. 5. C. 547-551.
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METO/JbI HOCTPOEHM MATPULIBI ITEPCIIEKTHUBHOT'O IIPEOBPA3OBAHIA
JJ CIOHMBKHY U30BbPAXEHW

H.A. dymkuna, A.A. Tonctuxux
WNHCeTuTyT AMHAMMKY CHCTEM U TEOpHUHM yrnpasieHus umenu B.M. MatpocosaCO PAH
dushckina.nad@yandex.ru

[TomyueHue enuvHON MaHOpaMbl MM H300paKEHHS C BBICOKUM pa3pelIeHHEM U3
HECKOJIBKUX MEPEKPBIBAIOLINXCS U300pAKEHUI ABISETCS OJHOM U3 paclpoCTpaHEHHBIX 3a/1a4
00pabotku. [Ipu 3TOM M300pakeHuss MOTYT OBITH TIOJIYYECHBI B PA3HOE BPEMsI, C Pa3HBIX TOUYEK
3peHusT WM C Pa3HbIX JaTYMKOB. PerleHue NaHHOW 3ajayd CBOAUTCS K NPHUMEHEHUIO
TEXHOJIOTMM CIIMBaHUS M300paKeHM WM aBTOMAaTHUYECKOMY HaxOXXICHHIO o001acTu
NEPEeKPHITUSI U COBMEILICHHUIO OTACIbHBIX H300paxeHud. bospmioe 3HaveHue 3anada
CIIMBaHMS M300paXeHUH HMeeT B 00JIaCTH MEIMLMHCKON BHU3YyalH3alid, KOMIBIOTEPHOTO
3peHUsl, CTyTHUKOBBIX JIAHHBIX U aBTOMAaTHYECKOTO pACIIO3HABAHUSI BOCHHBIX IIEJIeH, a TakKe
BO3HHUKAET MpH a3pooTOChEMKE MM MUKPOCHEMKE JATUHHON neTtanu. JlanHas 3amada Oblia
IIOCTaBJIEHA U B paMKax ucnbliTaHui koMinekca TEMAR.

3amauy cmmMBaHUs W300paXKeHU MOKHO pa3fenuTh Ha 4 dTana [1]:

— Omnpenenenne KIIOYEBBIX TOYEK (OCYIIECTBISAETCS, HAPUMEP, IPU MOMOILU
anroputmoB ORB, SURF, SIFT u np.);

— [TocTpoenne MaTpulilbl NEPCIEKTUBHOIO IPEOOPA30BaAHUS;

— Hckaxxenne n300pakeHUi IPU TTOMOIIY MaTPHITLI MPeoOpa3oBaHUM;

— CwmemmBaHue N300pKEHUM (TTOTydeHUE TTAaHOPAMBI).

[Ipu 3TOM KauecTBO MOJYYECHHOTO U300pa’KEHHsI BO MHOTOM 3aBUCHT OT HAXOXICHUS U
IIOCTPOCHMsI MAaTpUIbl IEPCHEKTHBHOIO IpeoOpazoBaHus. B panHol pabore nnsa eé
IIOCTPOEHHUS CPABHUBAIOTCS CIECAYIOINE METO/BI:

— RANSAC (RANdom SAmple Consensus) [2] - kiacCHYeCKHil HIMPOKO
UCIIOJIb3YEMOTI0 B HACTOSIIEE BPEMs UTEPALMOHHBIA METOJ, NMPEIJIOKEHHBIN B
1981 rony ®@unuiepom u bosnecom.

— Merton naumenbmux kBajaparoB (MHK) — 06a30Bblif MeTOJ perpecCHOHHOIrO
aHaJIM3a JJIs OLICHKU HEU3BECTHBIX IApaMETPOB PETPECCHOHHBIX MOAENEH IO
BbIOOPOYHBIM JIaHHBIM.

— PoeBble  anropuTMBI  CTOXAaCTUYECKOW ONTHUMM3AlMM [3] — aJIrOpUTMBI,
CTPEMHTEIHHO HAOHpAIOIIMEe MOMYISIPHOCT B 3a/1a4axX ONTHMHU3AINH, TJIaBHBIM
IIPEUMYIIECTBOM  KOTOPBIX  SIBISIETCS.  BO3MOXKHOCTH  INapalIeIHU3aLiy
BBIYMCIICHH.

[Mockonbky MaTpuna npeoOpa3oBaHUsl SBISETCA  JCBATHUMEPHOH, BaKHEHIIUM
KpUTEpHEM AJis €€ moa0opa sBISIEeTCs TOYHOCTh IPU paboTe ¢ MHOIOMEPHBIMHU 3afayamu. B
TO JK€ BpeMs 3ajaya CHIMBHAsg M300paXCHHsT BHOCHT OTpaHWYeHHE IO BpeMeHH. B
IIPOBEICHHOM paHee HccieloBaHuNU [4] HaMu ObUIN OIIpeJIeNIEHBl JIUJIEPHI, YIOBIETBOPSIOIINE
JAHHBIM KPUTEPUSIM.

Kpurepuii cpaBHeHUS pe3yabTaTOB HACTOSIIETO UCCIEIOBAHMS:
n 12
Yicqllx — x|l ,
E = - min,
n

rae X; — i-ble KOOPIHMHATHI KJIFOUEBON TOYKHM Ha TEPBOM H300PaKCHHHU, X; — KOOPIHHATHI
MapHOW -0 KJIFOYEBOW TOYKM B MPOCTPAHCTBE KOOPAMHAT IEPBOTO HM300pKEHUS, N —
KOJIMYECTBO Map KIIOYEBBIX TOUECK.
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B pesynbraTe maHHOTO WCCIEAOBAaHMS OBUIM OIpPENENCHBl JOCTOMHCTBA KaXKIOTO
METOJIa B KOHTEKCTE PEIIaeMoii 3a7auu, a TaKKe IMPOBEJCHO UX CPABHEHUE C UCIIOJIb3yEeMbIM
0a30BBIM METO/IOM CIIMBaHUSI M300pakeHWH. Peanmm3anuy JaHHBIX alrOPUTMOB Ha SI3BIKE
Java Obutn oopmiteHBI B BUAE OMOMMOTEKH JUIsi yIOOCTBAa MCIONB30BaHUS B JNajbHEHIIEM
UCCIICIOBAHHH.

1. Tomncanec P., Byac P. Hudposas od6pabotka nuzobpaxkennti / ['oncanec P., Bync P. 3-e uznanue.
Mocksa: Texnocdepa, 2012. 1104 c.

2. Fischler M. A, Bolles R. C. Random Sample Consensus: A Paradigm for Model Fitting with
Applications to Image Analysis and Automated Cartography / Martin A. Fischler, Robert C.
Bolles. Commun. ACM. 1981. Ne 24(6). P. 381-395.

3. Kapmenko A. II., CoBpeMeHHBIE aJITrOPUTMBI IOUCKOBOM ONTHMH3ALMUA. AJTOPUTMEI,
BIOXHOBIIEHHBIE TIPHPOJOi: ydebHoe mocobme / Kaprmenko A. II. 2-e wm3manme. MockBsa:
WznatensctBo MITY um. H. D. baymana, 2017, 446 c.

4. Nymkuna H. A. CpaBHeHHE NOMYJSIIMOHHBIX alTOPUTMOB ONTHMHU3AIMH, BIOXHOBIIEHHBIX
xKuBoM mpupomoit / [ymkmna H. A. Marepuanbl Vv MeXIyHapoOAHOTO CEMUHapa IO
MH(QOPMAIIMOHHBIM, BBIYMCIUTEIBHBIM M YIPABISIOMUM CHUCTEMaM AJISl paclpelesieHHbIX cpef
(ICCS-DE 2023). Upkyrck: dDenepalibHOE TOCYJapCTBEHHOE OFOJDKETHOE YUPEKICHHUE HAYKH
WHCTATYT DUHAMUKH CHUCTEM W TEOpHWH YyrpaBieHus mMmeHH B.M. MatpocoBa Cubmpckoro
otnenenus Poccutickoit akagemun Hayk, 2023. C. 130-133.
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[MTO3UITMOHHBLIE YCUJIEHUA METOJA KPOTOBA
Caetuoit mamsiti mpoeccopa Bnanumupa Mocudosuua I'ypmana nocssiaercs

B.A. JlpixTa
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
dykhta@gmail.com

1. BBeaenme. Paznuunbsie Bapuantel Meroma Kporosa [1, 2]— 3T0 mroOuMBIHA
MaTeMaTH4ecKuil MHCTpyMeHT Bnagumupa MocudoBuya a1 uccnenoBaHus pasHOOOpa3HbIX
3ajla4y TEOPHH yIpaBJIeHUs u e€ mpuiokeHuii [1-5]. B naHHO# 3aMeTKe TpaAUIIMOHHBIA METO/
KporoBa o00o00maercss M CyIIECTBEHHO YCHJIMBAeTCSI IIyT€M MCIIOJIB30BaHUS MeEToJa
NO3UIIMOHHOTO CITyCKa OTHOCHTENBHO KpPOTOBCKOTO JIarpaHKHaHa 3aJadd Mo o0pasiry
MO3UIIMOHHOTO MPHUHIMIIA MUHUMYMA [6, 7].

Bynem paccMmarpuBaTh cieayromnyro 3anauy bosasua (Pg):

D.C = f(t, X, U.), x(tO) = xOJ (1)
u(t) €U, t €T = [ty t4], (2)
x(t) €C, ©)

t1

Jo1 = 1(x(t) + f F(t, (), u(t))dt — inf.
to
3aech yepes o obo3HaueHbl mapbl (yHKiwi (X, u) ¢ ynpaBneHusiMH u3 Kiacca U =
Lo(T,U), U- xommaktHOe MHOXecTBO B R™, Bektop-¢yukuuu f(t,x,u),F(t,x,u)
HENPEPBIBHBI, TJIQJKHE IO X, W YAOBIETBOPSIOT YCIOBUIO MOJIIMHEHHOro pocra, C —
3aMKHYTOE MHOKECTBO B R™.

Yepez ¥ 0003HAYMM MHOXKECTBO BCEX map o, yAosieTBopsrommx cucteme (1), (2), a
yepe3 D C ¥ — MHOKECTBO JOMYCTUMBIX map (mporieccoB) 3amauu (Pg).

2. O tpagunmonHom Mmetode Kporoa. Haunem c MomudumupoBaHHOH Bepcuu
Meroga KporoBa [2, 8], KoTopasg e€CTeCTBEHHa /Uil €ro NO3WIIMOHHOTO YCWICHUS U
UCTONB3yeT moaxozas!l padot [9, 10], mossimatonire ero 3¢ ¢pexTuBHOCTL. KpoMe TOTO, MBI
JeTaIbHO OCTAaHOBHMCSI Ha CBsi3u MeTojga KporoBa ¢ mpoBepoYHBIMU — (DYHKIUSMU
Kapareonopu [11-14], koTopast packpbiTa B yOIMKaIMIX ITOBEPXHOCTHO.

O603naunM uepe3 Py MHOKECTBO BCEX JIMIIIUIEBBIX, MMAAKUX MO X GyHKIMH ¢: T X
R™ — R, yIOBJIETBOPSIOIINX HEPABEHCTBY

Rlp](t,x,u) == @:(t,x) + o, (t,x) - f(t,x,u) + F(t,x,u) =0
V (t,x,u) ET XR"x U, 4)
WM SKBUBAJICHTHOMY HepaBeHCTBY | amuinbToHa- AKOOH
Plo](,x) = ¢,(£,) + minlp (£,2) - (£, x,u) + F(&,x,0)] 2 0
V (t,x) €T X R™ (5)
Beenennoe obo3nauenne @, CBA3aHO ¢ WHTEpHpeTanueil HepaBeHCTB (4), (5): ecnu
BBecTH QyHKimio 0 (t, x,y) = @(t,x) + Y ¥ pacHIMpeHHYIO YIPaBISEMYIO CHCTEMY
X = f(t, X, U.), y = F(t' X, 'U,), x(tO) = Xo, Y(to) = 0' U.(t) € U' (6)
TO GYHKIUS O OKaXEeTCs CHIILHO BO3pacTarolIell OTHOCUTENIBHO cUCTeMBI (6) (cM. [13, 14]);
WHBIMH CJIOBaMHU, OHA HE YOBIBA€T BIOJIb JTFOOON TPAGKTOPHH CUCTEMBI (6), M, B YaCTHOCTH,
(P(tl'x(tl)) + y(t1) — @ (to,x0) = 0. (7)

Iycts & = (X, %) € D — mapa QpyHKUMH, UCcCIeayeMas Ha ONTUMAIbHOCTh. DYHKIHIO
@ € ®y HA30BEM HOpManuzoseanuolu @yurkyuel Kpomosa ons napel ¢ [8], €cnu BBIIOTHEHBI
CIIETYIOIINE YCIOBUS:

A) R"’(t,f(t),ﬂ(t)) =0 mBHaT (8)
WJIH, YTO SKBUBAJICHTHO,
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P?(t,x(t)) =0 VtET;
snecb R¥, P? — ¢yHkumu, omnpesencHHbie paBeHcTBamu (4), (5), HO 0e3 omepaTopHOi
TPaKTOBKHU;
B) min{G?(x)|x € E¥} = G‘P(f(tl)) =0, 9
rae
G?(x) = l(x) — p(ty,x), E? ={x|x € C, p(ty,x) — p(ty,x0) = 0} (10)
3ameTuM, YTO HEPaBEHCTBO MOHOTOHHOCTH B OmNpeieieHur MHoxecTBa E¥ Hacnenyercs u3
(7).
OnumeM  KpaTKO  TPAKTHYECKYI0 CXeMy BbIxoja Ha ycioBusi  A), B),
MOU(PHUIMPOBAHHYIO MO OTHOIIEHUIO K OOBIYHOM.
[Tycte BbIOpana HekoTopas pyHkus ¢ € F, rae F — KJIacc JIUIMIIMIEBbIX, NIAAKUX 110
x Gynkamii. s 11000 Takol ¢ ycioBue A) Bcerja MOXHO 00ECIICUUTh MyTeM U3BECTHOTO
npuéma HopMmupoBkH [8; 10, pazgen 3]. s aToro cHayana pemiaercs 3agadya
R?(t,x,u) » min, (x,u) ER" XU npuVvt €T. (11)
OHa OTHIOZIb HE DJIEMEHTApHA B CHIIy HETIAMKOCTH MOcie mepexona K ¢yHkiuu PP myrem
B3iATHs MUHHMyMa 1o u € U. Ilpennaraemas nanee mo3uumoHHasi Bepcus merona Kporosa
IpeCcTaBisieTcss Hanbosee ecTeCTBEHHOM U 3¢ dexTuBHON g e€ pemeHus. Ho momycTtum,
4TO TaK WM MHaue, 3a1ada (11) perneHa u monydeHa HekoTopas mapa & = (X, 1) € X (3a eé
MPUHAUISKHOCTh K D «oTBewaeT» ycioBue B)). Ecim qyist ¢ BeImosiHEHO ycioBue A), T.e.
paBeHCTBO (8), TOo mepexoauM K ycioBuio B). Ho B o0miem ciiydae paBeHCTBO (8) okaxkercs

HapymernHsM. Torma, UCroabp3ys HOPMUPOBKY, TEPENIEM K QYHKIIMU
t1

P'(60) = 962+ | RO(5, 7). () ds,
t
YIOBIIETBOPSIONIECH PaBEHCTBY (8), Tak YTO MOXKHO 0OpaTUThCS K ycioBuio B). UToObl He
YCIIOKHATH 0003HaYEHH, MO)KHO CUHUTATh, UTO (¢ YIOBJIETBOPSIET YCIOBUIO A).

VYcnoBue B) siBisiercs, 1Mo CyIIeCTBY, MPOBEPOUHBIM IS YIKE TTONyICHHOH TOYKH X (t;):
€CJIM OHA OKa3ajach pelieHueM dKcTpeManbHou 3amauu (9), (10), naxxe 6e3 paBeHCTBA HYIIO
e€ 3HaveHus B (9), To 0 — rI00aTBHO ONTUMAJIBHBIN TIpoliecc. bomee Toro, eciu 3To 3HAUECHUE
0Ka3aJIOCh PaBHBIM HYJIO, TO MBI I10Jy4aeM HEPaBEHCTBO

1(x) — @(ty,x) = U(x(t) — ¢(t, %(t,)) =0 Vx € E?® (12)
1 JJAKOHUYHYIO GOpMYyITy
min(Pg) = ¢(to, xo). (13)
[Tocnenusist BeiTekaeT u3 (8), (12) u hopmyssl 11st 0600wenno20 nazpanxcuana Kpomosa

Ke[x(),u()] = Jlx(), u()] - §0(t,x(t))|z: + [ o(tx(®),u(®))dt =

= 1(x(t1)) = (ty, x(t1)) + [.R?(t, x(t), u(t))dt + p(to, xo). (14)
3neck @(t,x,u) — mpousBogHas GyHkumd @ B cuiay cucremsl (1), (2) (cpaBrute (14) ¢
neneBbIMU GyHKIMsIME 3a1a4 (9), (10) u (11)).

Ecin xe B 3amaue (9), (10) e€ 3nauenme m # 0, TO mepexoioM OT ¢ K
HopManu3oBaHHOH  QyHkumu  @%(t,x) = @(t,x) + m, mnonyuum ¢yskumio u3 Py,
YIIOBJICTBOPSIONLYIO YCiIoBUAM A), B), ananory ¢opmyinst (13) 1, KOHEUHO, rapaHTHPYIOLIECH
ONITUMAJIBHOCTG 0.

Ha sTom omucanue cxembl 3aKaHYMBACTCsI, HO OCTAJIOCh CKa3aTh, YTO €CJIH Ha mare B)
X(t;) He ABISAETCS TOYKOH MHHHMYyMa, TO 00 ONTHUMAILHOCTH 0 HUYETO CKa3aTh HENb3s U (0
He siBnsieTcs Gynkiuen KpoTosa nist 7.

[IpumeuaTenbHO, YTO B cllydyae IOJOKUTEIBHOIO 3aKIIOUYEHHS HOpMaIUu30BaHHAas
¢byakmus KporoBa «moutw» coBmamaeT ¢ mpoBepouHoi (yHkuumenr Kapareomopu (cwm.
onpenenenue B [13, 14], a dakt «moutn» coBmanenus — B [10]). [Toatomy, cnexyst Modde ¢
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TuxomupoBbM [15], MokHO Hcmonb30BaTh TepMUH «K-QyHKIHS» MPUMEHUTENIBHO KaK K
KpotoBy, Tak u Kapareonopu.

ONUTET «IIOYTHU» CBSI3aH C TpaHUYHBIMU ycnoBusiMu ans K-pyHkumit B Meromax

Kpotosa u Kapareogopu. B nannoii Bepcuu KporoBa 310 rpaHMYHOE yCIIOBUE

p(t;,x) <l(x) Vx€e€E?

cinenyet u3 (12), a B meTone Kapareomopu 3To HEpaBEHCTBO JOHKHO BBITIOJIHATHCS Ha OoJiee
mupokoM MHOXecTBe C D E? u, cinenoBarenbHo, sBisiercs: 6onee xéctkum. Kak crnenctaue,
anpuopHasi OolleHKa cHH3y ¢yHkuuoHana | Ha D B merome KporoBa Oonblie, HEXenH B
merone Kapareomopu (popmansro onm cosmanarot: inf (Pg) = @(ty, Xp), HO @ B MeTOHax
pasHbie). Bropoe HemanoBaxkHoe o0cTosiTenbcTBO — MeTon KapaTteomopu maér TONBKO
HIDKHIOIO OIIGHKY (yHKIMOHana, a Meroa KporoBa ykasbiBaeT KOHCTPYKTHUBHBIM CIOCOO
JIOCTHKCHHST COOTBETCTBYIOIIEH OIEHKH (€CIIM ATO BOOOIIIE BO3MOXKHO) Yepe3 IKCTPEeMalIbHbIC
3ajauu yciouii A), B).

Bo3HukaeT ectecTBeHHBIH BOIPOC: MPH KaKUX YCIOBUSAX Ha 3aj1ady W mpouecc o K-
¢ynkuus cymecrtsyer? Crnemytomas teopema 8.1 u3 o63opa [14] «iBisercs KylnbMUHAIMEH
MHOTOJIETHUX YCHJINH 110 000ocHOBaHmI0 MeToaa (Kapareomgopm)».

Teopema 1. J{jist ONTHMAIBLHOCTH IIpOIiECcca & B HOpMaJbHOI 3amaue (Pg) HEOOXOIMMO
U JIOCTaTOYHO CYIIECTBOBAHUE JIMIIIINIIEBON TpoBepouHoi ¢pyHkuuu Kapareomopu.

[TosicuuM, BO-TIEPBBIX, YTO 3/I€CH PeUb UJET O INI00aIbHONW ONTHUMAIbHOCTH, BO-BTOPBIX,
HOPMAJIBHOCTh 3aJla4d O3HAYAET, YTO 0 WU BCE ONTUMAJIbHBIE MPOLECCH 3a/layM SIBISIOTCS
HOpPMaJbHBIMH JKCTpeMaisiMu TpuHinuna makcumyma l[lontpsiruna. [locnennee cBOWMCTBO
O03HAYaeT, 4YTO B YCIOBHU OKCTPEMAIbHOCTH MHOXHWTENb Jlarpamka TpH IEIEBOM
dbyukuonane (Ay) ornudyen ot Hyns (cm. [17, §6.2; 16, §4.2]), a B IpOTUBHOM ciy4yae
KoTpaektopust Y(t) = 0 (310 cremyeT U3 yclnoBus HeTpHBHANbHOCTH Ay + |[Y(t)lc(r) > 0,
Ao € {0; 1}).

B cBsa3u ¢ komMeHTapuem o cBsizsu MeTonoB KporoBa m Kapareomopu, coBepiieHHO
HEOO0XO/MMO JIOTIOJIHUTh €ro B OTHOLIEHMHM BaxkHOW Teopembl 1. Ecmm merox Kpotosa
NPUMEHSTh B CTaHIAPTHOM BapuaHTe — B KOHIIEBO# 3ama4e (9), (10) o muaumyme G BMecTo
E? B3sth C, — TO Teopema 1 Oyner oTHOCHTBCS U K QyHKIMU KpoToBa (rpaHUYHBIC YCIOBUS
K-¢ynkumii coBmagator). Ho mms msnoxeHHodt moauduuupoBanHoit Bepcuu Kportosa (c
HEpaBEHCTBAMU MOHOTOHHOCTH B E?) Teopema | HeBepHa B YacTH HEOOXOIMMOCTH U
SIBJISIETCSL CJIMIITKOM Tpy0oil B actu gocratouHoctd (cM. manee npumep 1). Emie B 06mbieit
CTEMEeHH 3TO 3aKII0YEHNE OTHOCUTCS K MO3UIIMOHHOMY YCuiieHHIo Metoaa KpoTtosa.

3. Iosunuonublii meron KporoBa. B »TOM mnyHKTe OyayT HCHONIB30BATHCS
MIO3UIIMOHHBIC yripaBieHus V(t, X) CO 3HAUYCHUSIMU B HEKOTOPOM Komrakte u3 R™. B cBsi3u ¢
TuM s pemenuit cuctem (1), (2) (u (6)) ¢ TakuM yrpaBiIeHHEM OyIyT TPUMEHSATHCS My9IKH
newkennii Kpacosckoro-Cy66otuna [18-20] X' (v) (X' (v) B cucreme (6)) — paBHOMEPHBIE
npezieNbl COOTBETCTBYIOIIUX JJOMaHbIX Dijepa.

K 3amaue MUHUMH3aIUN KPOTOBCKOTO Jlarpamxuana K¢ (14) mpuMeHUM MO3UIIMOHHBIN
METOJI CITyCKa MO 00pa3ily MO3UIIMOHHOTO MpUHIMMA MUHHUMYyMa [6, 7]. Ias storo mpu
BBIOpaHHOU (PYHKINMU ¢ € F HaXOAUTCS -IKCTPEMATbHOE OTOOPAKEHHE

Uy, (t,x) = Argmin[e,(t,x) - f(t,x,u) + F(t,x,u)],
uev

KOTOpOE 3a/1aéT MHOKECTBO CBOUX cenekTopoB V,, — pymkuuii v(t,x) € U, (t,x) nput €T,
x € R™. O6o3naunm uepe3 X (v) (X'(v)) nyuok memxenuit Kpacosckoro-Cy60oTHHa mpu
v € V,,, IONOJIHEHHBIX peneHusiMu KapaTeo0pH, eClii TaKOBbIE CYIECTBYIOT.

B wuactHOCTH, ecnu BbIOpaH OopeneBCKHii cenekTop V(t,X), TO pacHIMpeHHAs
cucrema (6) umeer pemenue Kapareomopu (%(t), 7(t)) ¢ ynpasnennem u(t) = v(t, %(t))
kiacca U. CormacHo cxeme II. 2, MOXHO, HE yMmallsisi OOIIHOCTH, CUMTaTh, uyTO mapa (X, %)
yIOBJETBOPSET yciaoBuio A), T.e. paBeHCTBY (8). ITocne atoro tectupyem X(t;) cBOMCTBOM
B) ¢ BBIHOCHM 3aKJIFOUYEHHE B COOTBETCTBHH C II. 2.
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AHanornyHas mpoleaypa MpuMEHseTCs U B 00IeM ciaydae, korjga cenekropy v(t, x)
COOTBETCTBYET PEIICHHE OBBIMYKJICHHOW cucTeMbl (6), 3amaroliee CKONB3AIMUNA PEKUM —
nporecc OBbITYKIeHHOH 3amaun  (coPg). Ha geramsx »Toil cuTyanuu He Oyuem
OCTaHaBJINBATHCS.

Mpumep 1. [21] ¢ HapylIeHHEM YCIOBUS HOPMAABHOCTH. X; = U, X, = 2x,u,x(0) =
(0,0),x,(1) = 0,] = x,(1) - min.

[To yrBepkacHHMIO aBTOpa B 3TOM mpuMepe X = 0 — eIWHCTBEHHAs JOMYCTHMas H,
CJIEZIOBATENILHO, ONITUMATbHAS TPACKTOPHSL.

3nech TepMuHaNbHas GyHKuus Jlarpamka

[l =Agx1 + Ax,
¥ YCJIOBHSI PUHIIAIIA MAKCHMYMa.:
Y1 = —2u, Y1 (1) = o, P, = A€ R, (P1(t) + Axy)u > min.

Orcioga mns X = 0 momyuaem Agu — min, ciemoBatenbHo, A, = 0, Tak Kak Bce
MIOCTOSIHHBIC YIPABJICHUS T€HEPUPYIOT X. MiMeeM OecuMCIIEHHOE MHOXKECTBO aHOPMaJbHBIX
SKcTpeManei. 3aMeTuM, uTo (GYHKIMS W = X, — X2 — TepBbIi MHTErpan yHnpaBiaseMoit
CHCTEMBI H, clexoBareibHo, W(x) = 0 = W CHIbHO MOHOTOHHA B JIFOOOM CMBICIE, M MBI
Bo3bMeM @ = w. Torna:

R?(x,u) =w(x) =0 = eéminectbV (x(-),u(-)) €D,
G?(x) = x; — x, + x? umeeT min B Touke X; = 0
Ha MHOXecTBe E?: x, = 0, x, = x2.
CrnenoBarenbHo, Bce mapsl (X, u(+) € U) onTUMaIbHEIL.

Takum oOpa3oM, Iiafkas HEIMHEHHas @ = W OKa3ajach IJIOOAJbHO pa3perIaonei
¢dynkuueit Kpotoa 1715 Bcex yKa3aHHBIX map.

Wutepecro, uyto X = 0— HE CIUHCTBEHHAs ONTHMAaJbHAs TPACKTOPHUS, MPHUEM
yCTaHaBJIMBaeTCs 310 ¢ uHelnon K-pyukuumeit ¢ (t, x) = (Y(t), x).

JlefictBuTeNbHO, Bo3bMeM @ (t, x) = x; + Ax, ipu A, = 1. Toraa

|11T¢1|1<I} @t x,u) = —|1+ 2Ax,| (= P(x), CM. (5)).

Orta BOrHyTas (QYHKIUS [OOCTUTAaeT MHHMMyMa IO X; Ha TpaHHIE MHOXECTB

JOCTHXKUMOCTH | YIIPABIISIEMOCTH YPaBHEHUS
i =u  x(0)=0 x(1)=0 (T.K.mDin]= 01), |u<1,
T.e. Ha OTpe3KaX NpAMBIX X1 = t, x7 = 1 — t (x3 = 0 maér yxe HaiileHHbIE SKCTPEMATIH C X).

[lepeceuenue xi, x? oOpasyloT pomycTuMmyro Tpaektopuio x°(t) c¢ peneifHbiM
ynpasienuem u’(t) = )([0%) - )([%'1] (x4 — xapaxTepucthueckas (QYHKIUS MHOXeCTBa A).
IMapa (x°(t), u°(t)) rno6ansHa onTuMansHa, BMecTe ¢ 0 = —a .

3ameuanue. Mcnonp3oBanue Borayroct P(x) pamponansHo. Ho ero MOXXHO 3aMEHHUTh
UCIIOJIb30BaHUEM IKCTPEMAaTIbHOM CTPATEruu

v(x;) = —sign (1 + 24x;)
¢ moA00pOM MHOKHUTENS A u3 (uHaapHOrO yenosus x;(1) = 0. OkaseiBaercs, uro A = —1.

IIpumep 2 ¢ GecuncaeHHBIM MHOXKECTBOM dKcTpemaneit moctpoeH B.®. Kporoseim [1].
x=u,x(-1)=x(1) =0, [ul <1,]=— [ tx*dt > min.

3amanuMcst TMHEWHO-KBaAPATUIHON QyHKIIUEH

1
¢(6,x) = POx +355(Ox% P(),S() € AC,

u BeIOepeM S(t) U3 yclIoBHs He3aBUCMMOCTH NarpaHxkuana K ot x2. B pe3ysbTaTe moaydum
3agaqy

K [x(),u()] = f WOu) + SOX(Ou()dt - min,
T
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rae S(t) = ¢ —t%, ¢ € R — mapaMerp, a UHTErpaHT — 370 B TouHocTH @(t,x,u). Orciona
HaXOJUM
min ¢ (t,x,u) = —|yY(t) + (c — t*)x|.

|lul=1
OT10 BOrHyTas (QyHKIMS OT X, 3aJar0llas SKCTPEMAIbHYIO CTPATErHi0, U MUHUMYM KOTOpOH
[0 X JOCTUTaeTCsl Ha IPaHUIaX MHOXKECTBA JOCTH)KUMOCTHU M YIIPABIIEMOCTH CHCTEMBI
X =u, |u| <1 cuavanom B (7, 0) u kourom (1,0).
3nech T — mpaBblid KoHel oTpe3ka [—1,7] ¢ x = 0, ¢ KOTOpPOro HAYMHAIOTCS BCE AKCTPEMAIIU
(3TO cenyeT U3 MPUHIIMIIA MAKCUMyMa).

DTOT BBIBOJ 3a1aéT CTPYKTypy ONTHMaimbHoro mpomecca o® ¢ tpaekropueil x° B
BEpXHEH MOIyIIockocTH X = 0 u cuMMeTpHuHoe pemenue o ¢ x* = —x°. Dtu npouecchl
OTlpeNieNieHbl ¢ TOYHOCThIO JI0 KOHKpeTu3amuu mapamerpoB T € (—1,0), c €R wu3
BCIIOMOTATENbHON 3a7a4l MUHHMH3aUuU. OcTaimbHble (HE ONTHMANbHBIE) SKCTpPEMald
OTCEUBAIOTCS MTOJYYECHHBIM BBIBOJIOM.

IIpumep 3 c OGecurcCIEHHBIM MHOKECTBOM 3KcTpemaiel pazobpan B.W. ['ypmanom
B[2].x =u,x(0)=x(Bm) =0, |ul|<1,] = fT cos x(t) dt » min, T = [0, 3x].

TpaekTopuu 3KCTpeMaseil — JoMaHble, HaKaIIMBAIOIUECs BAOJIb OCH t — TPACKTOPHH
ocoboro pexuma. OCOOEHHOCTh INMpHMEpa — HAJIMYUE ABYX CHMMETPUYHBIX Marucrpanen

0

X = 7 ¢ MUHUMAaJIbHO BO3MOKHBIM 3HAaUYe€HHEM MHTerpanTa cos(+m) = —1.
IMonoxum @ (x) = cos(x). Toraa
¢(x,u) = —usinx, |m|ir%gb(x,u) = —|sinx| < 0,
u|s
1, sinx > 0,
Uy(x) = {v(x)}, v(x) =§ -1, sinx <0, (15)

[-1,1], sinx =0.

Paccmorpum aBrkenue ¢ v(x).

B moment t = 0 sinxy, = sin0 = 0 u MBI UMeeM MHOTO3HA4YHOCTh. BeiOepem (Hayran)
v(x) =18 0,(0). Torma x(t) =t u sint > 0 10 MOMeHTa T = T BBIXOJA Ha MarucTpajb
x = m. Jlerko ybemuthbesi, uto BeiOOp v(x) = +1 B O, (1) mpotuBopeunt crpareruu (15).
Octaercs TOJMBKO [BIWKEHHE MO MarucTpalu c ympaBieHueM U = 0 mOpu coXpaHEHUU
paBeHcTBa Sin x = sin = 0 1t QyHKIIUN TIEPEKITIOYCHUS.

Ho nBmkeHre mo MarucTpaii MpuaETest MPEKPaTuTh B MOMEHT T = 27T, YTOObI IPHUATH
B enb x(3m) = 0 mo tpaekropuu x(t) = 3w — t. Beibop T’ He ciydaeH: OH COOTBETCTBYET
MaKCHMaJlbHO BO3MOKHOMY BPEMEHH IBHKEHHsI MO Marucrpaiu. B uTore Mbl MoIydusn
TPEX3BEHHYIO JIOMAHyK0 X C peleiHbIM ympasieHueM U. I[lapa (X,%) onTuManbHa B
COOTBETCTBHUU C MO3UIIMOHHOI cxeMoil KporoBa. B cuity cummerpun npumepa ontuMaibHa U
mapa (x° u®) = —(&,%). IlpuBeneHHOE pelleHHE TpoLIe M KOpOYe TPAAMIMOHHOrO [2],
COCTOSIIETr0 U3 Tpex ATanoB Ha cTp. 92, 93, 130-132 ¢ mpuBnedeHneM ycioBus Tura SIkoou.

4. 3akiaovenue. B craThe mpeasioxkeH U 00OCHOBaH MO3HWIMOHHBIA MeTon Kportosa,
CYIIIECTBEHHO PACIIUPSIONINN 00JIacTh MPUMEHUMOCTH U A((HEKTUBHOCTH TPATUITMOHHOTO
dopmanuzmMa. ITOT METOJ MMEET MHTEpECHbIe (M HETPUBUAIbHBIE) 0000LIICHNS, HAIIPUMED,
HAa 337]a4d C OTpaHUYCHUSIMHU Ha 00a KOHIAa TPAEKTOPUU. DTOT CiIydail TpedyeT onepupoBaHus
ounosunuoHHbIMA  pyHKIHMsMu THIA JlsmyHoBa-KpotoBa V(t,x;ty, xg) u V(t, x;tq,x1).
Teopus I'amunbroHa-fkoOM 171 TakWX 3adad HE paboTaeT, a TMOHATHE TMO3UITMOHHOTO
yIpaBiieHus TpedyeT hopMaIn3aluy.
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HHPUMEHEHHE CTOXACTUYECKUX «'EHEPATOPOB IIOI'O/1bl» B
CTPYKTYPHO-TAPAMETPUYECKOMU OITTUMM3ALINN SHEPTETUYECKUX
KOMIUIEKCOB JIOKAJIbBHOI'O YPOBHAA

A.B. szenesl'z, J.H. KapaMOBZ'3, O.10. BamapHHa2’4, B.A. OFOpOI[HI/IKOB5,
H.A. KapFaHOJIOBaS, M.C. AkeHTbeBa’
! HNuctutyt cuctem suepreruku CO PAH
2 WHCcTuTyT AMHaMUKH CUCTEM M TeopuH ynpasieHuss umenu B.M. Marpocosa CO PAH
3 HpkyTckuii HaMOHAIBHBIA UCCIIET0BATEILCKIUN TEXHUUECKUN YHUBEPCUTET
YpanbCkuii rocyJapCTBEHHbIN 3KOHOMUYECKUN YHUBEPCUTET
> NHCTUTYT BBIYMCIUTENHLHON MaTeMaTHKN U MaTeMaTtnueckon reopusnku CO PAH
flower@isem.irk.ru, dmitriy.karamov@mail.ru, basharinaoclga@mail.ru,
ova@osmf.sscc.ru, nkargapolova@gmail.com, akenteva@sscc.ru

SlpkuM npuMepoM MPUPOIHO-TEXHUUECKUX CHCTEM, PACIOIOKEHHBIX Ha balikanbckoi
npupoanoit repputopun (BIIT), sABIASAIOTCS SHEPreTHUECKHE KOMIUIEKCHI JIOKAJILHOTO YPOBHS
(mukpocetn) [1]. B MukpoceTsix mW3-3a IKECTKMX OKOJOTHYECKUX OTPAaHUUYCHUH,
HaKJIaJAbIBAEMbIMH 3aKOHOAATENBCTBOM P® B oTHOmEeHnu BIIT, M0KHO MCTIOIB30BaTh TONBKO
BO300OHOBIsIeMble ucTOUHMKK dHeprun (BUD). Takue BUD, kak BeTpoleKTpuUecKue
ycranoBku (BJY) wu  ¢dorosnexkrpuueckue mpeobpazoBarenu (DPIII), sBasioTcs
HEYIpaBIsIeMbIMU HCTOYHHKaMH. HepaBHOMEpHOCTH BBIPAOOTKM HMMHU BJIEKTPOIHEPTUU
JOJKHA KOMIICHCHPOBATHCS aKKyMYJISATOpPHBIMU OaTapesmu (AB) u nuzenb-reHepaTopHbIMU
yctaHoBkamu (/{['Y), BkiItOUeHHE KOTOPHIX B MPOCKTUPYEMYIO MHUKPOCETh 3HAYUTEIIBHO
YBEJIMUMBAET KalIUTAJIbHBIE U SKCIIITyaTalluOHHbIE 3aTPATHI [2].

B nanHoil paboTe mpeanpuHsATa MOMBITKA Pa3pabOTKHM KOMIUIEKCHOTO MOAXO0/Aa K
CTPYKTYPHO-IIaPaMETPUUYECKON  ONTUMHU3ALUM MHUKPOCETE C  Y4ETOM  BO3JECHUCTBUSA
pa3In4YHbIX BOo3MylleHU. [IpeacTaBieHHas MHOrOypoOBHEBasl CXemMa ONTUMHU3ALAH IT03BOJISET
JULaM, TPUHUMAIONIMM PEIICHHs, 3a NPUEMIIEMOE BpeMsl TMOJYYUTh LEIbI CHEKTp
aNbTEPHATUBHBIX  TMEPCHEKTUBHBIX  KOHQUTYpalMil  MHUKpPOCETH,  OOECHeuHBaIOIINX
ycroiunBoe ©  OecmepeboiiHOe  DHEprocHaOKeHHWe  moTpeOuTeneld B 3aJaHHBIX
HEOIaronpusATHRIX YCIOBHUAX. CTOXaCTHYECKUE «TE€HEPATOPhl MOTOAL [3] B JaHHOW cXxeme
HEOOXOUMBI JIs1 (OPMUPOBAHUST MOJCIBHBIX BPEMEHHBIX PSIIOB MPUPOAHO-KITUMATHIECKUX
JTaHHBIX Pa3HOW JIMTENBHOCTH B 3aJaHHOM TIeorpauyeckoM TMOJOXKEHUH, OIM3KUX IO
CTATHCTUYECKUM CBOMCTBAM K pealdbHBIM JaHHBIM, MpH TpoBepke 3A(PHEKTHBHOCTU
IIPOMEKYTOUHBIX 1 OKOHUYATEIbHBIX PE3YJIbTATOB pacyETa.

1. Kapamos JI.H., Enene A.B., ®ecoktucrop A.I'. MoaenupoBaHue 3HEProCHa0XKEHUS O0OBEKTOB
oxpansieMolt baiikaabCKON TPUPOTHOW TEPPUTOPUN HA OCHOBE BO30OHOBIISIEMBIX HCTOYHUKOB
sHepruu. MexxayHapoIHbIH TeXHUKO-35KOHOMUYecKui KypHai. 2020. Ne 5. C. 7-24.
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model of joint spatio-temporal fields of weather parameters for the south part of the Baikal
natural territory. Russian journal of numerical analysis and mathematical modelling, 2022. Vol.
37, No.2. P.73-83.

“ PaGora BhIIOTHEHA B paMKax rparTa Ne 075-15-2024-533 MuHHCTEPCTBA HAYKH H BBICIIEro oGpazosamus Pd
Ha BBIMOJHEHHE KPYITHOTO HAYYHOTO MPOEKTA MO MPUOPUTETHBIM HAMPABICHUSIM HAYYHO-TEXHOJIOTHIECKOTO
pasBuTHs (poekT «DyHaaMeHTalbHbIC HCCeJ0BaHus balikanbCKoil IPUPOTHON TEPPUTOPUH HA OCHOBE
CHCTEMBI B3aMOCBSI3aHHBIX 0a30BBIX METOJIOB, MOJIENIeH, HEHPOHHBIX ceTeil U GPOBOH IIATHOPMBI
9KONIOTHIECKOT0 MOHUTOPHHIA OKPYXKAIOIIEH cpebl», per. Ne 124052100088-3).
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METOJIUKA OLHEHKW CBEPXCMEPTHOCTH B ITEPUO/] HAHAEMHWU
HA OCHOBE 5BOJJIIOIIMOHHBIX MOJIEJIEN

H.B. Edumosa’, T.C. 3apomuiok’, A.FO. F'opros?, I1.C. CopoKoBHKOB
1BOCT0qH0-CI/I6Hpc1<m71 WHCTUTYT MEAUKO-3KOJIOTUYECKUX MCCIIEI0BaHUM
ZI/IHCTI/ITyT JUHAMUKHU CUCTEM U Teopuu ympaienus umenu B.M. Matpocoa CO PAH
medecolab@inbox.ru, gornov@icc.ru

B noknazne oOcyxnaercst mpenioxKeHHasi METO/IMKA OLIEHKH CMEPTHOCTH HacelleHUs B
MEepUoJ KOPOHABUPYCHOM MaHIeMUU. MeETOoIrMKa COCTOMT M3 HECKOJBbKUX uTepauuil. Bo-
NEPBBIX, U3YyYEHBI MMOKA3aTENN CMEPTHOCTU B (DOHOBBIN MEPHOJ U MEPUOJ MaHIEMHH HOBOM
koponaBupycHoit undexnuu (ITHKW). B kadectBe (hOHOBOTO Ha OCHOBE MOTYyYEHHBIX paHee
COOCTBEHHBIX pe3yabTaToB [1] W maHHBIX psga ucciaegoBatenei [2, 3] BeiOpan 2017 rog.
N3BecTHO, 4TO MOKa3aTelb CMEPTHOCTU OT Ooje3Hel cuctembl kpoBooOpameHus (BCK) «B
MEPBOM MPUOIMKEHUN» 3aBUCUT OT Bo3pacTa [4]; SBOJIIOIMOHHBIE MOJENN OIMUCHIBAIOTCS
ypaBHEHHUSIMH DKCIOHEHIIMAIBHOTO TUma: y = f§ - e® | rae y — moBo3pacTHOM KO3 PHIIMEHT
CMEPTHOCTH, X — BO3pacT, [f — KOHCTaHTa TPEHJA, KOTOpas IOKa3bIBAET TEHICHITHIO
BO3pacTaHus ypoBHel Y npu u3meHenuu X. Koadduuuents! @, f HaXoQWImchr HaMH METOJIOM
HAUMEHBIINX KBAJPaTOB — MyTEM MHHHUMH3AIMN CYMMbI KBaJIpaTOB OTKJIIOHEHHHA PacueTHBIX
TaHHBIX OT QakTuueckux. [IporpaMmuas peanusaius alroputMa BbloJHEHa Ha si3bike C B
pamkax mporpammaoro komiuiekca OPTCON [5], OpHEHTHPOBaHHOTO Ha YHCICHHOE
HCCJIEIOBaHKE UIMPOKOTO Kjlacca 3a/a4 ONTUMHU3AIUH.

KauecTBo anmpokcumanuu OLEHUBAJIOCh MO KOIPPUIMEHTY HeTepMUHAINH (Rz),
omubke ammpokcuMmarmu (4) u  cpegHemy Koaddummenty amactuunoctu  (E),
MOKA3bIBAIOIIEMY, Ha CKOJIBKO MPOIICHTOB B CPETHEM TI0 COBOKYITHOCTH U3MEHHUTCS PE3yIbTAT
Y OT cBOed cpefHeil Benu4uHbI Mpu u3MeHeHHH (akTopa X Ha 1% OT cBoero cpemHero
3HAYCHUSI.

Ha BTOopoM »Tame mpoBeneH pacueT u30bITOuHOM cMmepTHOCcTH oT BCK B mepumon
NaHJeMHH B crapiueil BozpactHoW Tpynme (60 jer u crapiie), BO-IIEPBBIX, CBSI3aHHOH ¢
BIMSHUEM CyMMBbl  OOCyXkJaeMmblX  (akToOpoB, U, BO-BTOPBIX, OT  BO3JEHCTBUS
a’POTIOJUTIOTAHTOB, TPOMHBIX K CHCTeMe KpoBooOpamienus. Ha Ttepputopum bpatcka,
HalpUMep, OCYIIECTBISETCS MOHUTOPUHI TpPEX HWHITPEAUEHTOB, ISl KOTOPBIX JIOKa3aHO
HEraTUBHOE JIEHCTBUE HA cepledHo-cocyauctyio cucremy: PM10, CO, rumpokcubeH3on).
Pacuetsr mpoBeaensr cormacHo PykoBomctBy P 2.1.10-3968-23 «PykoBOACTBO 1O OIIEHKE
pHUCKa 3IOPOBBIO0 HACEIICHUS MPH BO3JCHCTBUU XUMUYECKUX BEIIECTB, 3aTPSA3HSIONINX CPEIy
oOUTaHUA», UCXOM U3 MPEJCTaBICHUS O OMHAPHOCTH SBJIEHUS CMEPTHOCTH IO YPaBHEHHIO
JIOTUCTHYECKON perpeccuu. BeposTHOCTH TOMONMHUTEIBHBIX CIydaeB CMEPTH, CBS3AHHBIX C
JKCIIO3ULIMEH, TpoBeIeHa o popmyrie BUa:

1 1

AP = T el T 1 g-altFRIC

rae a , B — koaddunuentsl, Cj — CPETHET0I0BOE COACPKAHUE I-TO BEIIECTBA B aTMOC(HEPHOM
Bo3ayxe, RfCj — pedepenTHast KOHIIEHTpALUS /I XPOHHYECKOTO WHTAISIIMOHHOIO ICHCTBHS
i-ro  BemiectBa. BemuumHbI @, 8 ONpPEAENCHBI IO PETPECCHOHHBIM  YPaBHEHHUSM,
OTMCHIBAIOLINM 3aBHCUMOCTh KO3()(PUIMEHTOB CMEPTHOCTH OT PACUETHBIX KOHIEHTpAIMH
PM10, 3a nepuoa 2000-2019 roasl. JJomoTHUTENBHOE KOJIUYECTBO YMEPIIUX OIMPEIETIECHO C
Y4E€TOM YHUCJIICHHOCTH HACEIIEHUs BO3PACTHOU IPYIIIBI pPUCKA

P; = A4p; - Pop,

rae POp — 4KciieHHOCTh SKCIIOHMPOBAHHOTO HACeIeHUsI B Bo3pacTe crapiue 60 jer.
B coorBercTBUHM C pe3yiabTaTaMH Pacue€TOB MAaKCUMAaJIbHBIM YPOBEHb CBEPXCMEPTHOCTH
ot BCK B manaemuio coctaBui B BO3pAaCTHBIX rpynmax: crapme 80 ner — 35,92 ciyuasa Ha
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1000 gemoBek manHoro Bo3pacta, 70-79 mer — 8,48 %o, B 60-69 — 1,03 %o. Mcxons u3
YUCJIEHHOCTH OT/AEJIbHBIX BO3PACTHBIX TPYNI B bpaTcke KOIMYECTBO JOMOJHUTEIBHBIX
CIIy4aeB CMEpPTU OLIEHUBAETCS COOTBETCTBEHHO cienyromuMu BennuuHamu: 305,7 (95%-i
noseputenbHblit naTepBai (A1) 305,3-306,1) cnyuaes; 114,8 (114,6-115); 27,7 27,6-27,8).
CyMMapHOEe 4YHCIIO JOMOJIHUTENBbHBIX ciydaeB cmeptu oT BCK cocraBuno 4482 (448,0-
448.,4).

B 2017 romy BepoATHOCTh CBEpPXCMEPTHOCTHM paccumTaHa miga PM10 u cocraBuna
0,003977. Ilpm >TOM 4YHMCIO [JONOJHUTENBHBIX ciydaeB cmeptHocTh 0T bBCK,
accoMMPOBaHHBIX ¢ BozaeiicTBueM PM10 B Bo3pacTHO# rpymme ctapiie 60 JieT olleHuBaeTcs
B 194,4 (193,6-195,1) umu 17,4% ot Bcex ciydaeB cmeptu mo npuunHe bCK. B 2021 rony
CPEIHErof0BOE COJIep>KaHHUE BEIECTB, 00IaaloNIuX HETaTUBHBIM JIEWCTBUEM Ha CEplIeyHO-
COCYAMCTYIO CUCTEMY 3HAUUTENbHO HUXKeE, ueM B 2017 rony. BeposTHOCTH cBEpXCMEPTHOCTH,
cBs3anHOM ¢ okcmozunuein PM10, cocraBuma 0,000273, rumpokcubensona — 0,000101.
CrnepnoBarenbHO, YACIIO JOMOIHUTENbHBIX ciiydaeB cmepTHOcTH 0T BCK B Bo3pacTHOi rpynne
crapie 60 ner onenuBaetcs B 18,4 (JIU 18,0-18,7).

[IpeumymiecTBa UCMOJIB30BAHHOM METOJMKH 3aKJIIOYAIOTCS, HA HAIl B3MVISA, B
NPUMEHEHUN HAJIeKHBIX MOJXO0J0B HEJIMHEHHOTO PErpecCHOHHOrO aHallu3a JJIsi BBISABICHUS
BapUaTUBHOCTH TEHICHUUH MOBO3PACTHONH CMEPTHOCTH B (POHOBBIM MEPHOA M BO BpeMs
NaHJAEMHUH Ha TEPPUTOPHH 3arpsi3HEHUs aTMOc(epHOro Bo3ayxa.
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CIHEHAPHOE MOJEJIMPOBAHUWE PA3BUTH A CEBEPOBAIZKAHBCKQFO
YYACTKA BAMA C YYETOM [TPUPOJJIOOXPAHHBIX TPEBOBAHI

M.JI. XKapkos, A.JI. Kazakos, A.A. Jlemnept
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
zharkm@mail.ru

B mHacrosimee Bpems HaOmOJaeTcs yBEIMUYEHHE CIpoca Ha IKEJIe3HOIOPOKHBIC
MEePEBO3KM W3 3amaJHbIX pailoHOB Poccuu B cTpaHbl A3UaTcKo-THX00KEaHCKOro peruona [1].
IIpu sTomM Tekymast 3arpy3ka TpaHccuba yxe NpuUOIM3MIACE K €ro MaKCUMaJIbHOM
MIPOITYCKHOM CIIOCOOHOCTH, M3-3a Yero 0co0oe BHHUMaHHE yaemseTcs pa3BuTuio bAMa.
CornacHo macmopTy MHpoekTa [2], MIaHupyeTcs IMOoJHAs AJIeKTpU(UKALUs MarucTpaiu U
CO3/IaHHME€ TMOJIHOIIEHHOTO JBYXIYTHOro cooOuieHus. OgHako peanu3anusi TaKUX IUIaHOB
noTpedyeT CyIIECTBEHHBIX (DMHAHCOBBIX 3aTpar, a TakXKe NpPUBEIACT K 3HAYUTEIHLHOMY
yiepOy i1t OKpysKaromiei cpenbl [3], B 4aCTHOCTH, K BRIpYOKE Jieca B MOJIOCE CTPOUTEIHCTBA
U pa3paboTKe HOBBIX KaphepoB JJs JOOBIYM MaTepuana MpH MOCTPOSHHHM HACHINECH IMox
JKEJIE3HOAOPOKHBIM ITOJIOTHOM.

B cBs3M C BbIIIECKAa3aHHBIM, aKTyaJIbHON MPOOJIEMO SBISIETCS TOUCK aJIbTEPHATUBHBIX
pelieHui, KOTOpble MOTYT IOBBICUTH MPOMYCKHYIO crocoOHocTh BAMa mpu MeHbiieM
HEraTUBHOM BJIMSIHUU Ha OKPYXXAIOIIYIO CPEAY: CO3/IaHUE JBYXITYTHOTO COOOIIEHUS TOJBKO
Ha TMpoOJEeMHBIX MEperoHax; HCMOJIb30BaHUE YAaCTUYHO MAKETHOTo rpaduka IBHKEHUS
noe3noB [4]. /i cpaBHUTENBHOIO aHalW3a THX BAapUAHTOB MOJEPHU3ALMM HCIOJB3YETCS
CLIEHapHOE MOJEIUPOBAHHUE.

MaremaTnueckasi MOJieNb PadOThI KeJIE3HOJOPOKHOTO ydacTKa CTPOUTCS B BUJE CETH
MaccoBoro obcnyxuBanus (CeMO), mnpencraBistome coboil Habop S <o cHCTEM
MaccoBOro 00cIy)HBaHUA (Y3JI0B), B KOTOPOU 3asiBKH MEPEXOAAT U3 OJHOTO y3ja B APYron B
COOTBETCTBUU C 3aJaHHBIM MapupytoMm [5]. s omucaHus BXOJAIIMX IMOE3J0MOTOKOB
ucnonb3yercs Batch Marked Markovian Arrival Process (BMMAP) — o6o0mienue
HeopanHapHOTO [lyaccOHOBCKOro mOTOKa, B KOTOPOM MPUCYTCTBYIOT pa3HbIE€ THUIIbI 3a8BOK, a
pa3Mepsl UX TPYyNI U MHTEHCUBHOCTH IOCTYIUIEHHS MOTYT MEHAThCA €O BpeMeHeM [6]. B
pe3ynbTare B MOJEINW MOTYT OBITh yYTEHBI HepapXxudecKas CTPYKTypa y4yacTKa, 4acTUYHO
NaKeTHHIN rpaduk IBUKEHUS MOE3JI0B, HANWYME HECKOJIbKHUX MapIIPYTOB, B TOM YHCIE U
KOJIbIIEBBIX, HEJIETEPMUHUPOBAHHOE BpEMSI CIIEJOBaHUS U 0OCITY>KUBAHUSA U T.II.

ObwexToM wuccaenoBanusi BbiOpaH CeepoOaiikanbckuii ydactok BAMa, KOTOpBIit
BKJIFOYAET CE€Mb CTAaHLUHUM, MMEET OJHONYTHYIO CHCTEMY JBH)XXEHUS M TpPU PA3IHYHBIX
MaplupyTa CJeJ0BaHUs NAaCCAKUPCKUX M TIpy30BbIX 1oe3710B. OH pacrnojoXeH Ha
baitkaibCkOW TPUPOJHOM TEPPUTOPHUM, BCIEICTBHUE YETO K MPOECKTaM €ro PEKOHCTPYKIUHU
IPEIbABISIOTCS CTPOTHE KOJIOTHYECKUE TPEOOBAHUSI.

B noknage OyayT mpeacTaBieHbl MaTeMaTU4yecKas MOJENb JBHXKEHHS IOE€3]I0B IO
CeBepob6alikaabCKOMY YYaCTKy M pe3yJbTaThl €€ YHCICHHOTO HUCCIE0BAaHuUs, HA OCHOBaHUU
KOTOPOTO YCTaHOBJIEHO ClieAyIolee. YUYacTOK ClocOOeH MPOMYCTUTh B IITATHOM PEXUME /10
27 map moe3noB B CyTKU. [IprMeHeHHe 4acTHYHO MaKeTHOro rpaduka sBISeTCs B JaHHOM
cllydae HelenecooOpa3HbIM, MOCKOJIbKY HE TO3BOJIUT YBEJIUYHUTH MPOIYCKHYIO CIIOCOOHOCTh
CKOJIb-HUOY/Ib CcymiecTBeHHO. Opranu3aiys IByXIyTHOTO COOOLICHHUS Ha TpeX MPOOJIEMHBIX
NEepEeroHax, HalpoOTUB, IeIecCO00pa3Ha U MO3BOJUT MPOMYCTUTH A0 32 map Mm./cyT., OJTHAKO
TaKO€ PELICHHE SIBISIETCS BPEMEHHBIM, NMOCKONIbKY B 2025 romy mpoIycKHas CIIOCOOHOCTb
CeBepo0alKaJIbCKOTO y9acTKa JTOJDKHA OBITh 3HAYMTENIBHO BBINIC W JOCTHYb 43 map I1./CyT.
Takum o00pa3oM, €IWHCTBEHHBIM 3()()EKTUBHBIM CHOCOOOM CYIIECTBEHHOTO YBEJIWYCHUS

“ PaGorTa BBIIOIHEHA PH TOAAEPKKe MUHECTEpCTBA HAYKH ¥ BBICIIEro 06pasoBanus Poccuiickoit dexepartin
B pamkax rpoekra Ne 121041300065-9
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npormyckHoi criocobHoctn  CeBepoOaiikaiibckoro ydactka bAMa sBisieTcss  co3maHue
MOJTHOLIEHHOTO JIBYXITyTHOTO COOOIICHHUSI.

Peanuzamusi JaHHOTO TMpOEKTa, Kak yYIOMHHAJIOCh paHee, HECEeT 3aMETHbIE
HKOJIOTHYECKUEe pHUCKU. [IoMMMO yKa3aHHBIX BBIIIE HETAaTUBHBIX (PAKTOPOB, YBEIUYCHHE
WHTCHCUBHOCTU JIBIDKEHHUS TI0€3[I0B YCKOpSET TMEpPeHOC arpecCUBHBIX HHBa3HUBHBIX
OpTraHu3MOB Ha HOBBIC TCPPUTOPHU: HACCKOMBLIX, PACTUTCIIBHBIX IIAPA3UTOB W IIATOI'CHOB.
Takum o0pa3om, TpeOyercsi pa3pabOTKa COOTBETCTBYIOIIMX MPUPOTOOXPAHHBIX MEp, B
YaCTHOCTH, YCTaHOBKa 6apbep0B, KOTOPBIC HE IIO3BOJIAT HMHBAa3MBHbBIM BUJaM
PacpoOCTPaHATHCA.

[IpemnoxenHas Mozelb INPUMEHMMA Ui BBIABICHUS Y3KMX MECT B CTPYKType
Pa3IUYHBIX JKEJEe3HOJAOPOXKHBIX YYacTKOB M aHanmu3a dG(EKTUBHOCTH Mep M0 uX
YCTPAaHCHHUIO. Taxxe HpGHHaFaCMBIﬁ noaxoJ MOo3BOJISICT OLCHUTH 3aJICPKKHU MMOC310B IIPHU UX
JBUKEHHUH 0 y4acTKaM U MOCTPOUTH JOJTOBPEMEHHBIH MPOTHO3 pabOThl TAKMX CHCTEM MpHU
HAJIMYUK HEOTIPENIENIEHHOCTEH B 00beMax TpPYy30IEepeBO30K M CTPYKTypE MOE3IOMOTOKOB B
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O ITIPUMEHEHUM CETE MACCOBOI'O OBCJIY)XXUBAHU ITPU
MOAEJIMPOBAHMUA YT'OJIBHOI'O ITEPEI'PY304YHOI'O KOMIUIEKCA

M.JI. XKapkos, A.A. Jlemnepr, A.B. CynpyHoBckuit
NHCTUTYT TMHAMUKW CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
zharkm@mail.ru, as.irgups@gmail.com, lempert@icc.ru

B nacrosmiee Bpemsi HabIIOAAETCS YCTOWYHMBBINA POCT 3KCIOpTa poccuiickoro yrig. K
2035 roay MIaHUPYETCsl YBEIHMYUTh OOBEMBI OTTPY3KU C TEKymux 213 MIIH. TOHH B TOJ J10
259-392 muH. ToHH. OCHOBHBIE TIOCTABKH OCYIIECTBIISIOTCS U3 YroJIbHBIX OacceiiHoB Cubupu
M0 JKEJIE3HOM JOopore, W jJajee — BOAHBIM NYyTEM B CTpaHbl A3MaTCKO-THXOOKEaHCKOTO
peruoHa, wu3-3a 4ero Mopckue TtepMuHaibl JlanbHero BocToka u CBsi3aHHBIE C HUMH
JKEJIE3HOJOPOKHBIE CTAHLIMM MCHBITBIBAIOT BBICOKYIO 3arpy3Ky M HYKJIAIOTCSl B YBEJIUUYEHUU
[EPErPy304YHBIX MOIIHOCTEH.

[lenpto nmaHHOW pabOTHI SIBISETCS MOCTPOSCHHWE MAaTEMAaTHYECKOW MOJENH, KOTopas
crioco0Ha onucaTh (PYHKIIMOHHUPOBAHUE IMOPTOBON WMHOPACTPYKTYPHI U CBSI3aHHOTO C HEH
HA3eMHOT0 TPAaHCIOPTa Kak elInHOl cuctemMbl. OOBEKTOM HCCIEAOBAHUS SBISETCS OJUH U3
KPYIHEHIINX U COBPEMEHHBIX JKCIOPTHBIX NEPEerpy30uHbIX KOMIUIEKCOB B Poccum,
BKJIIOYAIOIIMKA YTOJBHBIA TepMuHAN JalbTpaHCYyroiab W B3aUMOJCUCTBYIOIIYIO C HUM
COPTUPOBOYHYIO CTaHLHIO TOKH.

VYronpHbI MNEPEerpy30YHbId KOMIUIEKC — TOPTOBBIM TEXHOJIOTUYECKUHA KOMILIEKC,
MpeAHa3HAYEHHBIN 711 TEperpy3Ku yIiisl U UMEIOIIUNA CIEeUUaTU3UPOBAHHBIE CUCTEMBI IS
YMEHBIIEHUS BBIICJICHUS YTOJIbHOW NbLIK [ 1].

Mogenb paboOThl MEPErpy304YHOTO KOMIUIEKCAa CTPOMTCS B BHJE CETH MAacCOBOTO
obcnmyxxuBanus (CeMO), kotopas mpencTaBiseT OO0 COBOKYITHOCTh KOHEYHOTO 4Yhcia S
CUCTEM MaccoBOTO 00cmykuBaHus (y370B) [2]. 3asBKH MEXIy HUMH ABHXKYTCS COTJIACHO
3alaHHOMY MapLIpyTy, XpaHsALIEMycsl B MapmpyTHOHM wmatpune. DOyHKIHOHUPOBaHUE
CTPYKTYPHBIX 3JI€MEHTOB MOJETUPYETCS PAa3HBIMU y3JIaMH, 32 CUET YEro YYUTHIBAIOTCA UX
IPOIMYyCKHasi CIIOCOOHOCTh W pa3iMyHasi BMECTUMOCTb. JIJis oOmMcaHus MOCTYMAIOIIUX
BaroHONOTOKOB ¢ yriieM mnpumenserci BMMAP-notok — o0000meHne HeopIuHapHOTO
[TyacCOHOBCKOTO TOTOKA, OOBEAUHSIONIMA HECKOJBKO TOJAMOTOKOB, KAKIBIM M3 KOTOPBIX
MMEeT CBOM pacopeliefieHue pa3MepoB TMOCTYMAOMIMX TPYIIN 3asgBOK, HUX TUIO U
WHTEHCUBHOCTh TpuObITHA [3]. s ydera pa3iauvHBIX MapIIPyTOB Y TACCAXUPCKUX,
TPAH3UTHBIX T'PY30BBIX U YTOJBHBIX MOE3JI0B HCIOIb3YIOTCS PAa3HbIE TUIBI 3asiBOK, KaKIbIH
U3 KOTOPBIX UMEET OTACIbHYIO MapIIPyTHYIO MaTpully. Takum oO6pazom, MOJETb YUUTHIBAET
BIUSHUE CIydallHBIX ()aKTOPOB Ha MOCTYIJICHUE MOE3/I0B M OTIPABICHUE CYAOB C YIJeM H3
CHUCTEMBI, €€ CI0KHYIO HEPAPXUUECKYIO CTPYKTYPY, MAPLIPYTHI IBHKEHUS Pa3HbIX KaTErOpUil
MOE3/I0B, pa3MYHbIE IMMapaMeTpbl OOCTY)KMBaHUS M OCOOEHHOCTH pPabOTHl OTAETHHBIX
3JIEMEHTOB KOMILJIEKCA.

B noxnane Oyzer Oonee moapoOHO MpeICTaBiIeHa MaTreMaThdeckas MOJelb paboThl
paccMaTpuBaeMoro Komiuiekca. Takke OyAyT NpHUBEIEHBl pe3ylbTaThl €€ YHCIECHHOTO
UCCIICIOBaHMS, TIOJTYUYEHHAsI Ha MX OCHOBE OLIEHKA IMPOITYCKHON CIIOCOOHOCTH BBIOPAHHOTO
00BeKTa U pEeKOMEHAIINH T10 €€ YBEIUYEHUIO.

1. Kysneuos A.JL, Kynuos H.B., Kupuuenko A.B., Consxos O.B. Mopckue nepeBo3ku yris. M.:

Mopxknura, 2023. 228 c.

Weaunkuit B.A. Teopus cereit MmaccoBoro oociyxuBanus. M.: ®m3matiur, 2004. 772 c.

3. Kazakov A., Lempert A., Zharkov M. Modeling of a Coal Transshipment Complex Based on a
Queuing Network. Appl. Sci. 2024. Vol. 14. P. 6970.
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BOCCTAHOBJIEHUE TEKCTOBOI'O CJIOA PDF JOKYMEHTOB
CO CJIOXKHBIM ®OHOM

M.B. 3aropoiHukoB
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
mishazagorodnikov@mail.ru

B pabore mpemioxkeH Moaxo/ K u3BlIeueHUI0 TekcTa u3 PDF-10KyMEHTOB co ClI0XKHOM
CTPYKTYpO#, (DOHOBBIMHU 3JIEMEHTAMH M HEKOPPEKTHON KOJMPOBKOW, KOTOpas 3aTPYAHSIET
npuMeHeHne cranaapTHelx MerofoB OCR [1], Takux kak Tesseract [2]. OCHOBHON MeETOJ
3aKJII0YAETCs B MCIIOJIb30BaHUM JAHHBIX O HIpU(PTAX U CUMBOJIAX, XpaHsmuxcs B camoMm PDF-
nokymenrte. i pacmo3HaBaHUS TNMGOB MPUPTOB M BOCCTAHOBJICHUS TEKcTa Oblia
paspaboTana u o0yueHa cBéprounas HeliporHas ceTb (CNN) ¢ ncrnonap30BaHHeM OMOINOTEKH
Keras.

Jnst oOydyeHuss MoJieu MOATOTOBJICH HaOop naHHbIX, aHanoruyabsldi EMNIST [3], a
UMEHHO, grayscale m3oOpaxenus ¢opmarta 28x28 mukceneit. Jlatacer BKioyaeT B ceOs
CHUMBOJIBI PYCCKOTO M aHIJIMICKOro andaBUTOB, HU(PBI, 3HAKU MIPENUHAHUS U CIIELUAJIbHbIE
cuMBOJIBI — Bcero 160 kmaccoB, 43633 u3oOpaxenuid. JlaHHble ObUTM pa3OMTHI HA TpU
BeIOOpKH: train (manubie mas oOydenwus), val (manubie mis Banuganuu) u test (manubie 1Is
TECTUPOBAaHUS HEHPOHHON ceTH). JlaHHBIE OBLIM pa3feleHbl B BHIOOPKHM B CIEIYIOIIUX
nponopuusix 76:26:4

TectupoBanue 3¢ ¢dexkTuBHOCTH moaxona mnpoBoauiock Ha PDF-gokymenrax c
HEKOPPEKTHOM KOIMPOBKOM, TEKCT KOTOPBIX HPEABAPUTENBHO W3BJIEKAICS BPYYHYIO JUIs
CO3JaHUsl JTAJOHHBIX JaHHBIX — Bcero 14 nokymenTtoB, 12442 cumBomna. B xoxe
TECTUPOBAHUS MCII0JIb30BaJIach MeTpUKa ACCUracy, o pe3yjibTaTaM KOTOPOH MpeaoKEHHBbIH
METO]I IPOAEMOHCTPUPOBAI TOUHOCTh 95%. JlJi1 cCpaBHEHUs, TOYHOCTh U3BJIEUEHUS TEKCTA C
WCIIONIb30BaHueM [ esseract okasamack Ha 45% HWXKE, YTO MOATBEPKAACT MPEUMYIIICCTBO
pa3zpaboTaHHOTO MOAX0/IA.

B nanpHelimeM rmiaHupyercs pa3paboTaTh BeO-cepBUC IS U3BIeUeHUs TekcTa u3 PDF-
JIOKYMEHTOB CO CJIOKHOU CTPYKTYpPOH, (POHOBBIMH 3JIEMEHTAMU U HEKOPPEKTHON KOJIUPOBKOM
¢ ucnojb3oBaHneM crteka React.js m FastAPl, a Takke COBEpIIIEHCTBOBAaHHE METOJOB
nocTOOpabOTKM TEKCTa IMocie paboThl HEHMPOHHOM CeTH JUIsl YCTPaHEHHS OMOTIH(OB
PYCCKOT0 U aHIJIMHCKOTO SI3BIKA.

1. Mithe R, Indalkar S., Divekar N. Optical character recognition. International journal of recent
technology and engineering (IJRTE). 2013. T. 2, Ne. 1. C. 72-75.

2. Dome S., Sathe A. P. Optical charater recognition using tesseract and classification. 2021
International Conference on Emerging Smart Computing and Informatics (ESCI). IEEE. 2021. C.
153-158.

3.  EMNIST: Extending MNIST to handwritten letters / G. Cohen [u ap.]. 2017 International Joint
Conference on Neural Networks (IJCNN). IEEE. 2017. C. 2921-2926.
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BU3YAJIM3ALIVA 1 AHAJIN3 PAKTOPOB CHMXKEHIMA BUIOBOI'O
PA3HOOBPA3UA B 3AIIOBE/JHUKAX BAMKAJIbCKOI'O PETMOHA

K.M. 3sipsioBa, E.M. Tumodees, [1.A. Oxurosa
HpkyTckuil rocygapcTBEHHBIN YHUBEPCUTET, MpKyTCK

[IpoGnema yTpatrel OuopaszHooOpaszusi B balikalbcKOM peruoHe cTaja OJHOM U3
KJIIOUEBBIX 3KOJOTMYecKux TeMm. [l aHaiu3a CUTyaldd MCHOJIb30BAINCH JaHHbBIE
rOCyIapCTBEHHOr0 JOKJaga O cOoCTOsSiHMM o3epa balikan m Mepax mo ero oxpane [l], u
Hay4HbIe yOJIMKALMU O MECTHBIX OOMTATENSAX KUBOTHOTO Mupa [2, 3]. AHanu3 nmpoBoauiIcs
C NMPUMEHEHHEM COBPEMEHHBIX MHCTPYMEHTOB Bu3yanusanuu gaHHbix B Bl Tableau, uro
MO3BOJIUJIO BBISIBUTH B3aWMOCBSI3M U TPEICTaBUTh PE3yNbTaThl B BHAe HWHGOTpaduKu,
JIOCTYITHOM /ISl IIUPOKOM ayAUTOPHH.

I'paduky mokaszanm CyIIECTBEHHOE CHMKEHHE BHA0BOro pasHooOpaszus ¢ 2017 rona.
BoiiBuHyTasi rumorte3a CBS3BIBAET 3TOT CHaj C JecHbIMH Toxkapamu 2015 roma [1],
OXBATHUBIIMMHU OTPOMHBIE TEPPUTOPUU M MPUBEAIIMMU K pa3pyLICHUI0 IKOCHCTEM, 4YTO
HapyIIMJIO KOPMOBYIO 0a3zy M pEnpoAYKTUBHbIE IMKJIbI KUBOTHBIX. JlaHHas rumoresa
MOATBEPAUIIACH C MOMOIIBIO HATJSIHBIX BU3Yyaldu3alMil: JeTHe-oceHHHM ce3oH 2015 rona
CTaJl OIHUM U3 CaMbIX KaTacTpo(puueckux B UCTOPUHM ballkaabCKOTO permoHa m3-3a JIECHBIX
I10’KapOB, OXBATUBIIUX 3HAYUTEIILHBIE TEPPUTOPUHN B TEUEHUE TPEX MECALIEB.

bnaromapss Bu3yanu3aluu JaHHBIX Mbl OOHApPYXKWJIHM, 4YTO BTOPHIM (aKTOPOM,
YCUJIMBILUM 3KOJIOTUYECKUN KpU3HC, cTano oOMmeneHue baiikana, nabmonasmeecs B 2015—
2016 romax [1]. YpoBeHb BOABI B O3€pe B ATOT MEPUOJ OMYCKAJICSI HUKE MPEAETbHO
JIOITyCTUMON OTMETKH B 456 MeTpoB. [logo0HOE sSBIeHNE OKa3bIBAIO HETAaTHBHOE BIMSHUE HA
BOJIHYIO DKOCHCTEMY.

TpeTbM BaXHBIM (AKTOPOM CTAJI0 yBEIHMUYEHHE YHUCICHHOCTU OOJBIIOro OakiaHa
(Phalacrocoraxcarbo L.)[2, 3], uTo onsaTh ke He ObUTO ObI HACTOJIBKO OYEBUIHBIM, €CITH ObI
MBI HE UCIIOJIb30BAIM JUIsl aHAIM3a JaHHBIX Tpaduku. Ilocie MHOTOIETHErO OTCYTCTBUS 3TOT
BUJ BHOBb Hayall THE3OUThCS Ha TeppuTopuu balikana: BmepBble MX KOJOHUHM OBLIU
3auxcupoBansl B 2004 roxy Ha octpoBe OmyneBbiii Kamemek. Ognako yxe k 2015-2016
rojlaM YHWCJICHHOCTh THE3IIMMXCA OakyiaHoB yBenuumiack 10 3400-3590 map. bakmansl,
o0azast BHICOKOH MPOXKOPJIMBOCTBIO, CTAU MPEACTABIATh Yrpo3y Ui MOIMYJSALUN OMYJIS,
0COOEHHO B HEPECTOBBIN MEPUOS.

CHuxeHue BUAOBOTO pazHooOpasusi B 3amoBeJHHMKax baifkaabcKoro permoHa — 3TO
pe3yNbTaT CI0XKHOTO B3aWMOJEWUCTBUS HECKOJIBKHX (DAaKTOPOB: MACIITAOHBIX JIECHBIX
noxapoB, oOmeneHusi baiikana W pocta YHCICHHOCTH OakiIaHOB. DTU COOBITHS HAaHECIH
3HAYUTENbHBIN ymiep0 SKOCUCTEME M TOCTaBWIM TMOJA Yrpody €€ YCTOHYHMBOCTb.
IIpoBenéHnbpIil aHanM3, MAOMOJHEHHBIM CpPEICTBAMU BH3yalu3alMd, IIOMOT BBIIBUTH
KJIFOUEBBIE TEHJICHIIUU U MPEACTaBUTh UX B HATJIAAHOU Gopme. ITO MOoIUEPKUBAET BAXKHOCTh
BU3YaJIbHBIX METOJIOB B COBPEMEHHOM 3KOJOTMYECKOM HCCIEJOBAHMM U HX poOJIb B
(bOpMHUPOBaHUH IKOJIOTHUECKONW OTBETCTBEHHOCTH y OOIIIECTRA.

1. TocynapctBennsiit moxman «O coctosiHuM o3epa balikan n mepax mo ero oxpane B 2022 romy».
Hpkyrck: ®I'BYH UuctutyT reorpadun um. B.b. Couyasst CO PAH, 2023. 372 c.

2. YwucnenHocTth 0ojbmioro Oakmana B YuBbIpKyHckoM 3aiuBe (03. baiikan): pe3yinbraThl ydera
2021/2022 / Amnanmn A.A., Emaes D.H., Arpzanacea W.A. Dkonoro-Ouomorudyeckue u
reorpaduyecKkue UcciaeJ0BaHMs B PELICHUH PETHOHAIBHBIX pobiem, 2022. C. 73.

3. Hcropus rHe3moBaHMS W JUHAMKMKa 4YHCIIEHHOCTH Oojbinoro Oakiana (Phalacrocorax carbo L.
1758) B batikansckoii Cubupu / 3. H. Enaes, L. 3. Jlopxxues, A. A. AnanuH [u 1p.]. BectHuk
Bypsarckoro rocynapctBennoro yausepcureta. buonorus. ['eorpadus. 2021. Ne 3. C. 21-32.
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PA3SPABOTKA HPWJIOXEHWA JIS1 ABTOMATU3ALUN BU3Y AJIU3ALINN
JAHHBIX CEUCMUYECKOU AKTUBHOCTHU HA OCHOBE PYTHON

E.JI. UBanymkun
HNuctutyt 3emuoit kopet CO PAH
ivanushkinE1l@yandex.ru

B mHacrosimee Bpemsi CEHCMOJIOTM TOCTOSIHHO CTaJKMBAIOTCS € HEOOXOIUMOCTHIO
agamm3a OOJbIINX O0BEMOB JAaHHBIX O CEMCMHUYECKOH akTWUBHOCTH. Kiiaccrmyeckme METOIIbI
BU3yaJIM3allMl M aHalu3a JaHHBIX, peaju3yeMble BPYYHYIO, TPEeOyIOT 3HAYUTEIbHBIX
BPEMEHHBIX U TPYAOBBIX 3aTpaT, YTO 3aTPYIHSET aHAJIU3 U UHTEPIIPETALIMIO PE3YJIbTATOB.

CymiecTByeT MHOXECTBO Pa3IMYHBIX HMHCTPYMEHTOB [UIS BU3yaJH3allMM JAHHBIX O
3eMJICTPSICEHUSX, OJTHAKO MHOTHE M3 HUX JIMOO 001a/1af0T OTpaHUYCHHBIM HA00pOM (DYHKITHH,
a0o0 TpeOyroT TayOOKMX 3HAaHWM B mporpaMMupoBaHuu. IIpenmaraemoe B JaHHOM
UCCIIEIOBAaHUM peIlIeHue — pa3paboTKa MNPUIIOKEHUS, KOTOpPOE aBTOMATH3UPYET IMpolecc
BU3YaJIU3aIlUH JAHHBIX CEHCMUYECKON aKTUBHOCTH U MPEIOCTABIACT HHTYUTHUBHO MOHSITHBINA
uHTepdeiic 1 crnenuatucToB-TPEeAMETHUKOB.

[Ipunoxenne npunumaer Ha BxojJ Excel-¢ainbl (kaTamor), KOTOpBIH NpencTaBiseT
coboii crucok (TabyiMily) CEMCMHUYECKHX COOBITHH Ha OINPEICICHHYIO TEPPUTOPHIO 3a
HEKOTOpBI Tepuos BpemeHH. OH JOKEH COJAepKaTh CIEAYyIOUlyl0 HHGOpMAlUo O
3eMJICTPSICEHUSX: JaTa (JIeHb, MecsI, roxa), Bpems B odare UTC (uac, MuHyTa, CEKyHJa),
KOOpJAMHATHl SMUIleHTpa (IIMpoTa W JOJrOoTa B TIpagycax), SHEPreTUYeCKHid Kiacc
semusieTpsicenus. [lonp3oBarens MoOkeT BbeIOpaTh W3 6 TUMOB TpadukoB: rpadukm N/t
(komnuecTBO coObITUH BO BpeMeHH), rpa¢uku E/t (3HEeprus coObITUH BO BpEeMEHH),
kymyssiTuBHbIe Tpaduku N/t u E/t, rpaduxu InterEventTime (Bpemst Mexay COOBITUSAME) U
rpaduK, MOKa3bIBAIOIIMN paclpeselieHne SHEPreTUYeCKOro Kiacca BO BPEMEHH. DHEpPIHs
3eMJIETPSACEHUN PACCUUTHIBAETCS, UCXO/ U3 ONpelesieHus: sHepreTuueckoro kiacca K kax
necatuyHoro norapupma sHepruum B Jx. KommuectBo 3emiieTpsiceHHil B BBIOpaHHBIH
MHTEPBaJl BPEMEHU pPACCUUTHIBAETCS OTHOCHTEIHLHO BpPEMEHM BO3HUKHOBEHHMS 3a/1aHHOTO
NOJIb30BATEIEM 3EMIICTPSCEHHs, YTO IIO3BOJISIET, HAIpUMEp, OICHWBATh HMHTEHCHBHOCTH
aTepIIOKOBOTO Tpoliecca Mocie TJIaBHOro Toiyka. Ilpu aHanuze mperycMOTpeH BBIOOP
BPEMEHHOI'0 OKHa JJs TpaHKOB, a TaKKe B IIEJIOM BHIOOP BCEro HMCXOAHOTO Karajora
COOBITHI WJIM €r0 4YacTH, a TaKKe BO3MOXHOCTh 3KCIOPTa MaccHBa JAaHHBIX, [0 KOTOPOMY
cTpouJics rpaduk, B Bujae daiina.

[TpeumytiectBa pazpabOTaHHOTO MPUIIOKEHUS:

1) ABToMaTH3alus: 3HAYUTEIHFHO COKPAIIAET BPEMs M YCUIINS, [UIs aHAIHN3a JTaHHbIX.

2) T'mbOKOCTB: BO3MOXHOCTH BEIOOpA M TOCTPOCHUS HECKOJIBKHUX THUITOB rPpad)uKkoB

3) Dkcnopr JaHHBIX: TI03BOJISIET  WCIOJNB30BaTh  pe3ylbTaThl B JajbHEHIINX
UCCJIEIOBAHMSIX U MyOJIUKAIIHSIX.

4) HutyuTuBHBII nHTEpdEIC: MPOCTOM M YIOOHBIH IS TTOJIE30BATEIS.

PazpabarbiBaeMoe TPWIOKEHUE TPEACTABISICT COOOW TOJE3HBId WHCTPYMEHT st
CEHCMOJIOrOB, 3HAYUTEJIBHO YIPOLIAIOMUMNA UM YCKOPSIOIIMM aHAIU3 CEMCMHYECKOU
AKTUBHOCTH. BO3MOXHOCTH 3KCHOPTa JAaHHBIX IO3BOJISIET HCCIEAO0BATENSIM HMCIOIb30BaTh
pe3yabTaThl aHAJIM3a B CBOUX paboTax.

1. Celso Reyes URL.: https://github.com/CelsoReyes/zmap7
2. Anthony Lomax URL: http://alomax.free.fr/seisgram/ver70/SeisGram2K _install.html
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CO3IAHHME I'MBKOI'O @PEIZMBOPKA JJ1 OPTAHU3ALIMA HAYYHBIX
MEPOITPUATHUN HA BA3E LARAVEL

N.H. UrnaTtses
WMHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
ignatievanyaya@mail.ru

Coznanue ¢peiimBopka Ha 0Oasze Laravel, MySQL wu npyrux coBpeMEHHBIX BeO-
TEXHOJIOTHI [Jii OpraHu3aly Hay4YHBIX MEPONPUSTUN TO3BOJSET PEHIMTh KIIOYEBbIE
POOJIEMBI, KOTOPBIE OCTAIOTCS HEPEIIEHHBIMU CYIIECTBYIOIIUMHU PENICHUSIMHA. BOTBIIMHCTBO
CYIIECTBYIOIMX TUIATPOPM HE 00JaTaf0T THOKOCTHIO, HEOOXOJMMOW IS ajamnTallid K
cneuuuyeckuM TpPeOOBAaHUAM HAy4YHBIX KOH(epeHIMi u Meponpusatuii. CraHmapTHbIe
pelIeHHs YacTO OrPaHHYMBAIOT BO3MOXHOCTHM HACTPOMKH, YTO YCIOXKHSET HHTETPaLUIo
MOJyJIel AJIs yIpaBJICHHUS PErucTpaIeil Y4acTHUKOB, cOOpa W PEICH3UPOBAHUS HAyUHBIX
MaTepualioB, a TaKKe BEIACHUS Yy4d€Ta B3aMMOACHCTBUH ¢ Tmojb3oBareasiMu. Co3naHue
CHEIMAIM3UPOBAaHHON BeO-UH(GPACTPYKTYPHl — HAWIYUIIMA BapHaHT AJsi aBTOMAaTH3aIlUU
HAyYHO-OPraHM3aIMOHHOM aesTeapHoCTH [1].

PazpabaTpiBaeMblii  ()peiMBOpK  TO3BOJISIET  CO3JaTh  BHICOKOAIANTHBHYIO U
MacmTabupyeMyro TaThopMy C BO3MOXKHOCTBIO pacIIupeHus (QyHKIMOHada 3a CU€T
MOJIYJILHOTO TMOAXO0/a ¥ HUCIOJIb30BAHUS BCTPOSHHBIX MEXaHU3MOB O€30MaCHOCTH, TAaKUX KaK
Banuaanus AaHHeiXx M 3ammra o CSRF-arak [2]. Bmaromapst apxutekrype Model-View-
Controller, Laravel ynpomiaer pa3paOoTKy JIOTUKH 00paOOTKHU MOJIb30BATENLCKUX JAHHBIX, a
uHTerpamus ¢ MySQL obecrneunBaeTr BBICOKYIO TPOU3BOJIUTEIBLHOCTh MpU paboTe C
OonpIIMMH O00BEMAMH JAHHBIX, YTO BAXKHO JUISI MACIITa0HBIX MEPOIPHUSTHH, PETyIsIpPHO
MPOBOJSIIMXCS HAy4YHbIM HMHCTUTYTOM. OpeliMBOpK Takke oOecreunBaeT ynoOHbIE
uHTepdeiichl Ay paboThl C PELUEH3UPOBAHUEM U OIICHKOW HAYYHBIX MATEPUAIOB, IMO3BOJISSL
OpraHM3aTOpaM JIETKO YIPABIATH MPOILIECCAMU PENAKTOPCKOW M PELeH3EHTCKOW paboThl, a
TaK)kKe HACTPOHWTh CHCTEMY TaK, YTOOBl aBTOMATHYECKH coOMpaTh WHGOPMAIMIO O BCEX
NPUHSTHIX JOKJIagax U chopMoBaTh mporpaMMy KOH(EPEHIIUU C PACIHUCAHUEM H CIHUCKOM
OCMKUKOB, a TakKe CO3/1aThb aBTOMATUYECKYI0 TEHEepaluio CcepTU(UKATOB IOCie
3aBEpPUICHUS] MEPOIPUSATHUSI, OCHOBBIBASCh HA JAHHBIX O MOJAHHBIX JOKIAaX W YYacTHH,
3HAYMTEIBHO YCKOPSS OpraHu3aIlMOHHbBIC POIecCH [3].

Pa3paboTka MO3BOTUT YHOPOCTUTH MPOIECC Y4acTHsl B HAYYHBIX MEPONPUSTHUSX U
KOH(EPEHIMIX IS BCeX Kareropuii mojb3osareneii [4]. OCHOBHOM uieel SBISIETCS TO, YTO
YYaCTHUKH PETUCTPUPYIOTCS B CHCTEME TOJIBKO OJWH pa3, BBOAS CBOM JIMYHBIE U
npodeccuoHaNnbHbIE JaHHbIE, KOTOpbIe OyIyT COXPaHSTHCS M HCIOJB30BAaTHCS IMPH BCEX
MOCIEAYIONUX PETUCTPALUIX. DTO TO3BOJUT YYaCTHUKAM OBICTPO TMOJABaTh 3asBKH Ha
y4acTue B MEPONPUATHUSIX, HE TPaTs BpeMsl Ha MOBTOPHBII BBOJ HHGOPMAIUH.

1. T.P. BapranoBa. ABTOMAaTH3aIUs IPOIIECCOB Pa3paOdOTKU U MOICPKKU BEO-TIOPTAIOB C TIOMOIILIO

CUCTeM  ynpaBieHuss KOHTEeHTOM. COOpHHMK  TPYIOB  MEXKIYHApPOAHOH  KOH(EpPEHINH

HHOBaIMOHHBIC TIOMXONBI K PEIICHUI0 TEXHUKO-3KOHOMUYECKHX mpobmeMm, 2020, M.,

HanuonaneHblii  MccienoBaTeNbCKUl  yYHUBEPCUTET «MOCKOBCKUN HMHCTUTYT 3JIEKTPOHHOMU

texuukm». C. 220-225.

Laravel — The PHP Framework for Web Artisans. URL: https://laravel.com/

3. U.H. UWrnateeB. ABToMaru3aiiusi BeO-MOAJACPKKH TIOATOTOBKM M TPOBEICHHUS HAy4YHO-
OpraHM3alMOHHBIX Meponpustuid. MHpOopMalMOHHBIE, BBIYUCIUTENIbHBIE U  YIPAaBISIONINE
CUCTEMBI Ui paclpefeNieHHble cpel: npakTtuka u onblT. Mpkyrek: M3p-so UJCTY CO PAH,
2024. C. 30-33

4. I.N. Ignatev, M. Abdollahzadeh. Framework for developing web portals to support scientific and
organizational activities, in: Current Trends in Multidisciplinary Research: Materials of IV
International Student Scientific and Practical Conference, April, 25 2024, Irkutsk, Russia, Irkutsk,
Irkutsk National Research Technical University, 2024. P. 135-140.

N
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TIME-OPTIMAL CONTROL OF A HARMONIC OSCILLATOR WITH VARIABLE
FREQUENCY

V.P. llyutko, D.V. Kamzolkin, VV.V. Ternovski
Shenzhen MSU-BIT University and Lomonosov Moscow State University
ilyutko@smbu.edu.cn, kamzolkin@smbu.edu.cn, ternovski@smbu.edu.cn

We investigate the time-optimal control of a harmonic oscillator described by the

second-order differential equation:

x" () + w?(t)x(t) =0,
where x(t) represents the system’s position, and control function w(t) is the time-varying
frequency constrained by 0 < wy, < w(t) < 1. The objective is to determine the minimal
time T > 0 for transitioning the system from an initial state x(0) = x,, x(0) = v, to a final
state x(T) = xg, x(T) = vy, while satisfying boundary conditions and ensuring continuity of
the solution.

An analytical solution for this problem, if attainable, would provide immense insight
into the optimal strategy for w(t). Such a solution would require:

* Closed-form expressions for optimal time T as a function of the initial and final states
(%o, Vo, X1, V7).

* Explicit criteria for the timing and form of variations in w(t), minimizing reliance on
numerical optimization (this mathematical problem is not well-posed). Achieving an
analytical solution would not only reduce computational overhead but also reveal deeper
structures in the interplay between oscillatory dynamics and control constraints. However, the
bilinear optimal problem and the discontinuous nature of w(t) make this a formidable
challenge.

This problem has broad applications across various domains, including:

* Mechanical systems: time-optimal control of vibrations and damping systems, where
rapid state transitions are crucial for performance and stability.

« Signal processing: designing systems that require swift transitions between states to
maintain signal integrity or adapt to changing input conditions.

* Robotics and aerospace engineering: trajectory optimization under strict control
constraints, enabling precise and efficient movements in robotic arms, drones, and spacecraft.

» Energy-efficient systems: minimizing energy expenditure during transitions while
maintaining adherence to dynamic constraints.

By addressing the interplay between frequency constraints and system dynamics, the
insights gained from our research could influence the design of more efficient and responsive
systems in these fields.

The study of time-optimal control for harmonic oscillators with bounded frequency is a
rich area of research [1, 2]. The time optimal control problem was solved and the following
results were obtained: the theorem of the existance of an optimal solution was proven, the
solution itself was obtained (see Fig. 1) and various cases were investigated. While numerical
methods provide practical solutions, the pursuit of analytical methods remains an exciting and
challenging goal, promising deeper insights and more efficient strategies.
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X(t) (coordinate)

Figure 1. Optimal time T as a function of the final state (x;, vy) for fixed initial point
(%0, Vo)

Ternovski, V.; llyutko, V. Control the Coefficient of a Differential Equation as an Inverse
Problem in Time. Mathematics 2024, 12, 329. https://doi.org/10.3390/math12020329.

Kamzolkin, D.; Ternovski, V. Time-Optimal Motions of a Mechanical System with Viscous
Friction. Mathematics 2024, 12, 1485. https://doi.org/10.3390/math12101485.
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O HEKOTOPBIX PE3YJIbTATAX KAYHECTBEHHOI'O AHAJIM3A
YPABHEHHNH JABIDKEHI ITAPA C MHOT'OCBA3HOM TTIOJIOCTBIO,
3AIIOJIHEHHOU UJEAJIBHOUN XXUAKOCTBIO

B.JI. Upteros, T.H. Tutopenko
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
irteg@icc.ru, titor@icc.ru

B nokname mpepcraBieHbl pe3yibTaThl Ka4eCTBEHHOTO aHaim3a AUddepeHIHaTbHBIX
YpaBHEHMI, OMUCHIBAIOUIMX JABM)KEHHE O€3 CKOJBXKEHHS IIapa IO HEMOJBHKHOM
TOPU30HTAIBHOW IUIOCKOCTH MOJ IEUCTBUEM CHIIBI TsKECTH. Llap cOAepKUT MHOTOCBSI3HYIO
MOJIOCTh, IIEJMKOM 3alOJHEHHYI0 OJHOPOAHON HIICAIbHON HEC)KMMAEMOUW KHUIKOCTBIO,
coBeplIarolel 6e3BUXpeBOE IBUKECHUE. Y PAaBHEHUS IBUKCHHS CUCTEMbI UMEIOT BUJ [1]:

Agan + (Ag — Ay) 0,05 + AQ 0, — A,Q,0, = 1,0,

. . . . (1)
V=5, — 0,y {1 23}, (0, = oy, + @,), + W5)5).

3necy A, =Al(Mmp®)+1, Q, =k /(A +mp®) (i=123), M — cymma Macc TBEpPJOTO
Tema W OKUIKOCTH, p — paguyc mapa, A (i=12,3) — MOMEHT wuHepIHMH IIapa,
o = (w,,,,m;)— BEKTOp yIrIOBOW cKopocTd Tena, Y =(7,,%,,/;)— COMHUYHBIA BEKTOP,

HamnpaBieHHBIH 10 Beprukamu BeepX, K =(K,K,,k;)— Bekrop MomeHTa KOMMYecTBa

UKIMYECKOTO JABMKEHUS KUIKOCTH.
Cuctema (1) normyckaer cieyroniue nepBble HHTETrPajIbl:

E=A, a)f + Aza)zz + A3w§ —Enz =const, (o, = oy, + 0,7, + @7;)
V. =[Aq(e +Q1)_0_)n71]2 +[A, (o, +Qz)_a_)n72]2 +[A; (o, +Qs)_a_)n73]2 = const,
V, = Aj(o,+ Q) y + Ag (@, +Q,) 7, + Ay (03 + Q) v, — @, = const, 'V, :7/12 +722 +7§ =1

U SIBJIIETCS BIIOJIHE UHTETPUPYEMOM.

Meronom Payca-JIsnmyHoBa [2] HaxonsTcsl CTallMOHAPHBIE WHBAPUAHTHBIE MHOXECTBA
ypaBHeHuid (1), maeTcs WX MEXaHWYECKash UHTEPIPETAIUs U UCCIENyeTCs] YCTOMUYUBOCTH IO
JlanyHOBy. VYKa3aHHBIM METOJAOM HAWJEHBI CEMEHCTBAa CTAllMOHAPHBIX PELICHHI,
COOTBETCTBYIOIIME IOJIOKEHUSAM PaBHOBECHS W MEPMAHEHTHBIM BpAIICHUSM HCCIEIyeMOM
CUCTEMBI, a TaK)K€ CTallMOHAapHbIE WHBAapHMAHTHBIE MHOT00Opa3usi, KOTOPHIM A3TH PELIEHUS
npuHajuiexkar. Jns psna pemeHuid MOJydeHbl JOCTATOYHBIE YCJIOBHUS YCTOMYMBOCTH U
COIIOCTABJIEHBI C HEOOXOIUMBIMH.

PaccMoTtpen ciydait, korjaa MeExaHH4YecKasi CHCTEMA HaXOAUTCA MOJ1 BO3AEHCTBUEM JBYX
MOTEHIIMAJIBHBIX CUJIOBBIX mojel. [lokazaHo, yTo gobaBieHue emie 0JHOr0 NOTEHIUATbHOIO
CHJIOBOTO TTOJISI IIPUBOAUT K MOSIBJICHUIO MasSTHUKOBBIX KOJIEOAHUN CUCTEMBI.

1. MapkeeB A. [I. OO0 uHTErpupyeMoCTH 3aJaud O Kau€HUH IIapa ¢ MHOTOCBSI3HOW IOJIOCTHIO,
3aII0THEHHOM MaeansHo sxuakocteio. M38. AH CCCP. MTT. 1986. T. 21, Ne 1. C. 64-65.

2. JlamynoB A. M. O NOCTOSHHBIX BHHTOBBIX IBIDKCHHSX TBEPJOro Tesa B KuakocTH. Cob. cod.
1954. T.1. C. 276-319.
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TEOPEMA CYIIECTBOBAHUS, TOYHBIE W IIPUBJIMDKEHHBIE PEHIEHIS C
HYJIEBBIMU ®POHTAMMU JUUTA BBIPOXIAIOILENCA ITAPABOJIMYECKOU
CUCTEMbBI «XHNITHUK-)KEPTBA»

AL KasaKosl, JI.®. Crieak?
lI/IHCTI/ITyT JUHAMHMKHU CUCTEM U TEOpPHUH ynpasiieHus umenu B.M. Matpocosa CO PAH
ZI/IHCTI/ITYT MamrHoBeaeHuss umenu J.C. ['opkynosa YpO PAH
kazakov@icc.ru

BBenenune u mocraHoBka 3aaaul. PaccMatpuBaeTcs HeNMMHEWHas (KBa3WIIMHEHHAs)
napaboyimyeckasi CHCTeMa BTOPOTo MOopsiaKa

u, =ou, +p,(uv, +uyv,)+Fu,v), v, =a,v, —pB,(vu,+uyv,)+G(u,v). (1)
3meck U(t, X),V(t,X) — uckomsle GpyHKuuM; t, X — He3aBUCHUMBIC IEPEMEHHBIE; O ,0,,B,,B, —

xoucranTel; F,G — u3BecTHBIE 10CTATOYHO rankue (yHKIMU CBOMX apryMEHTOB, IIPUYEM
F(0,0)=G(0,0)=0. JlamHoe ycioBHe, B YacTHOCTH, obOecmeunBaeT Hammuwe y (1)

TPUBUAIBHOTO pemieHus. MOKHO BUAETD, YTO, €CJIM OJHA M3 UCKOMBIX (DyHKIMN oOpariaercs
B HYJIb, TO 3aHYJISICTCS TAKXKE OJMH U3 MHOXKHUTEJCH Iepes] ctapiiei (BTOpoi) MpOu3BOIHOM,
YTO MPUBOJTUT K BBIPOKICHHIO CHCTEMBI.

W3BecTHO, YTO AJIsi HEIMHEHHBIX MapaboIMuecKUX YpaBHEHHUH U CUCTEM C MOJ0OHBIMU
CBOMCTBaMH CYIIECTBYET CHEIHATBHBIX KJIacC PelICHUH, KOTOPBIC OMUCHIBAIOT BO3MYIICHUH,
pacrpoCTpaHsIOIIMecs Mo ToKosemMycsi (HylneBoMy) (OHY C KOHEYHOW CKOPOCTHIO, W, B
3aBUCUMOCTH  OT  (PU3MUECKOW  MHTEpIpeTald, HMEHYIOTCS  TeruioBeiMH  [1],
bunsTparmonasiMi [2] unu auddy3unoHHbIME [3] BOTHAMH.

Cucrema (1) mpemnmokeHa B Kiaccuueckoil Monorpadum [4] B KadecTBe
HOMYJISIIIHOHHOW MOJETN «XHIMHUK-)KepTBa» (predator-prey) u sBisieTcs 0000mICHHEM
W3BECTHOTO TONyMUWHEHHOro mapabonmueckoro ypaBHeHusi Kommoroposa—IleTpoBckoro—
[TuckynoBa [5]. [Ipobnema moctpoenust mis (1) pemennii, uMeromux Bux AU Y3MOHHBIX
BOJIH, paHee OblIa pacCMOTpeHa B paborax [6] (B 0JHOM KOHKpPETHOM ciydae) u [7] (B Oonee
oOmieil mocraHoBke). B yacTHOCTH, ynanoch J[d0Ka3aTb TEOPEMBbI CYIIECTBOBAHUS U
€IMHCTBEHHOCTH HETPUBUAIBHBIX aHATUTUYECKUX perieHui (1) ¢ rpaHuYHBIMU yCTIOBUSIMU

Ulay=0, Vlay=0, (2)
rae a(t) — mocraTouHo riiaakas GyHKIHUS, KOTOPask OMPECISIeT HYIe6ol Gporm Ui 00enx
UCKOMBIX (QyHKIuH. HecMOTpss Ha HECOMHEHHYIO 3HAUMMOCTh JTAHHOTO pe3yibTara JUis
teopun auddepeHMaTbHbIX ypaBHEHUH, HCCIEOBAaHNE CBOMCTB IOMYYCHHBIX pEIICHHN
[I0Ka3aJl0, YTO OHU HE MOTYT OBbITh PACCMOTPEHBI KaK COCTaBHbIE YacTH IU(PPY3MOHHBIX
BOJIH, TIOCKOJIBKY MCKOMbIE ()YHKIHMU U W V B BBIKOJIOTOM OKPECTHOCTH HYJIEBOTO (pOHTA
UMEIOT Pa3Hble 3HaKW. B 3TOH CBA3M aKTyalbHOCTH IpuoOpeTaeT mpoliieMa HaXOXKICHUS
peleHui, yI0BIETBOPSIOIUN YCIOBUIO

ulx:a(t):O’ le:b(t):O’ 3)
rae Gyakuun  a(t),b(t) ompenesnstor pasnuuHble HyJAeBbie (POHTHI A IBYX HCKOMBIX
¢yHKUMH, KOTOpbIE B MPOMEKYTKE MEXAY (poHTAaMH OJHOBPEMEHHO NPUHUMAIOT
HOJIOXKUTENbHbIE 3HaYeHus. [Ipn 3TOM HyneBble GPOHTHI MOTYT OBITh KaK M3BECTHBIMH, TaK U
noJuIeXxarh omnpeneneHuo. B mocneaHeM ciaydyae HamOosee MOHSATHAA M E€CTECTBEHHAs
IIOCTaHOBKA I'PAaHWYHBIX YCJIOBUH MMEET CIIETyIONIHIA BUI:

u |x=O: f(t), v Ix:O: g(t) : (4)

*

HccnenoBanus BBIIOJIHEHBI B paMKax roczananus MuHoOpHayku Poccun 1o npoekram « AHaIMTHYECKUE U
YHCJICHHBIE METOIbI MaTeMaTH4ecKol GpHU3MKHU B 3a7a4ax ToMorpad iy, KBAHTOBOW TEOPHH TI0JIS1 U MEXaHUKE
JKHUJKOCTH U ra3a», Ne roc. perucrpanuu: 121041300058-1
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Torma momyvaem (1), (4) — 3amauy 00 wHUIMHPOBAHWUU TU(PPY3HOHHOW BOJHBI 33aHHBIM
KPaeBbIM PEXHUMOM (IJI1 OTICIBHBIX YpPaBHEHHWU COOTBETCTBYIONIETO BHJA €€ HWHOTIA
Ha3bIBaroOT 3a1aveii A.J[. CaxapoBa 00 HHUIIMMPOBAHUHU TETIJIOBOM BOJIHEI [2,8]).

PesyabTaTel. OTMETHM, TpeaBapsisi KpaTKOEe OIMHMCAHWE PE3yIbTAaTOB, YTO HAIHYUE
ocobenHnoctu B 3amayax (1), (3) u (1), (4) HEe MO3BOIAET MPUMEHSTH JUISI UX HCCIICAOBAHUS
CTaHJapTHBIC METOJIBI U TPeOyeT pa3padOTKH CIIeNUATBHBIX MTOIXO0I0B.

Nrak, monydeHo 5 rpyni pe3yjabTaToB.

1. Teopema cyIiecTBOBaHUS W €IUHCTBEHHOCTH HETPUBHAIBLHOTO HEOTPHIATEIHLHOTO
pemenus 3amaun (1), (4), yZOBIETBOpAIOIIETO YyCIOBHIO (3), B KJIacce aHAIUTHYECKHUX
dbyHknuii. PemeHue cTpouTcs B BHIE KPATHBIX PSAIOB C PEKYPPEHTHO BBIYUCIISIEMBIMHU
KodpuUIMeHTaMH, KOTOpbIE OIpEeAeNsSioTCs HMHAYKIUEH 1[0 CyMMapHOMY HOPSIKY
T epeHMpoBaHns TPHU PEIICHUH CHCTEM JIMHEHHBIX anreOpandyeckux ypaBHEHUH.
CX0auMOCTh PSIIOB JIOKA3bIBAETCS METOAOM MakopaHT [9]. HyneBbie hpoHTHI onpenenstoTcs
OJTHOBPEMEHHO C TIOCTPOCHUEM pEIICHHs 3a/ladi. AHAIOTHYHOE YTBEPXKIACHHE paHee ObLIO
JIOKa3aHO JIJIs1 KBa3WJIMHEHHOM mapadomueckoil cucteMbl OoJiee mpoctoro Buaa [10].

2. Tounsie pemenus (1), Meronue BUJ TOJTMHOMOB IO CTEIMIEHSM MPOCTPAHCTBEHHOMN
MepeMeHHOM X ¢ K03 dUIIMEHTaMH, 3aBUCAIIIMMH OT BpeMeHHU t

u:iAk(t)xk, v=in(t)xk. (5)

Jloka3bIBaeTCs, 9TO TMOAOOHBIE MPEICTABICHUS BO3MOMHBI TOTJa M TOJBKO TOT/AA, KOT/a
n=2, a ¢pyakuun F(u,v),G(u,v) sBusrorcs nuHeiHbIMH. B Takom cimywae A,,B, — at0

koHcTauThl, a GQynkuun A(t), B,(t), A(t),B,(t) omnpenensrorcs mnpu HHTErPUPOBAHUH

JUHEWHOW HEOIHOPOJHOM CHCTEMBl OOBIKHOBEHHBIX JH(QepeHIMaTIbHbIX YpaBHEHHIH
nepBoro nopsiaka. [Ipu 3Tom 3a cuer BbIOOpa KOHCTAaHT CTAaHOBUTCS BO3MOKHBIM IOJTYYUTh
peuienus Buna (5), ynosierBopsitoiue ycinoBusam (3) u (4).

3. TouHble pelieHusi, KOTOPbIE CTPOSITCS C UCIIOJIb30BAaHUEM O00OOILIEHHOTO pa3/IeleHUs
NMepeMeHHbIX. B nmreparype MmomoOHBIA TOIXOJ HMHOT/A HA3bIBAIOT IPSMBIM METOJIOM
Knapkcona-Kpackanna» [11]. Kak uW npu KiIacCHYeCKOM pa3feieHUH TEPEMEHHBIX,
MPOMEKYTOUYHBIM HTOTOM MPEOOPA30BAHUM SBISICTCS PEAYKIMS HCXOMHOTO YpPaBHEHUS K
cucteMe  OOBIKHOBEHHBIX  AuddepeHIManbHbIX  ypaBHEHWH, TMpPU  OTOM  BMECTO
MIPOCTPAHCTBEHHOI IEepeMEHHOM HCMOJb3yeTcs aH3all chenuanbHoro Buaa Z = &(t,X),
KOTOPBIA TOA0UpaeTCsl TaKUMU 00pa3oMm, 4ToObl HyseBbie (POHTHI (3) MPUHUMAIU BHU]
Z=const.

4. TlpuOmmKeHHBI aNTOPUTM IMOCTpOoeHUs pemieHWi 3amaun (1), (4) Ha 3amaHHOM
KOHEYHOM MPOMEXYTKE BpeMeHHU. B 0CHOBE aliropuTMa JIEKUT AUCKPETU3ALUSI IO BpEMEHU C
pasHocTHOH anmpokcumanuei. Ha kaxaom mare no Bpemenu t =1, dopmynupyercs 3anaua,

COCTOAIIAsl B ONpPEAEIEHHH HMCKOMBIX (YHKIMI u(tk,x), V(tk,X) A TOJIOKCHUS HYIEBbIX

(bpoHTOB a(tk), b(tk). 3amaua COCTOMT U3 CHCTeMbl JBYX ypaBHeHHil IlyaccoHa,

COOTBEeTCTBYIOIMX (1), ¥ TpaHUUYHBIX YCIOBHH, cienyomux u3 (3), (4). Pemenue crpoutcs
UTEpPAllMOHHO METOJOM KOJUIOKAlMi C NPUMEHEHUEM pAa3JI0KEeHUM M0 paauajibHbIM
6aszucHpiM (pyHkrusaM [12]. [Tockonbky MeETOJ SBISETCS IMIUPHUYECKUM, Kak, BIIPOYEM, U
MPAKTUYECKH BCE UHWCICHHBIE METOABl pEIICHUS HETMHEWHBIX Ju(depeHIHaTEHBIX
YpaBHEHUI B YaCTHBIX MTPOU3BOJIHBIX C OCOOEHHOCTSIMH, BeprUUKaLIUs PE3yTbTaTOB PACUETOB
BBITIOJIHSIETCSI C TOMOIIBIO TOYHBIX pEUIEHUH, HAWJEHHbIX B XOJE IPOBEICHHBIX
UCCJIETOBaHMM, U OTPE3KOB MOCTPOCHHBIX PSIOB.

5. KoMIuIeKCHBIN BBIUMCIUTEIbHBIA SKCIIEPUMEHT.

Bo-nepBbiX, mpoBOAUTCS HCCIeIOBaHUE MOBEACHUS aHAIMTUYECKOTO pPEIIeHUs BOIU3U
Ha4yaJIbHOTO MOMEHTa BpeMeHU. MIMeHHO, Ha mpumepax YHUCICHHO OLICHHBAIOTCS HEBSI3KU
ypaBHeHUU cuctembl (1) mpH MOACTaHOBKE B HHMX OTPE3KOB KPATHBIX CTEMEHHBIX PSAOB,
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MOCTPOEHHBIX B XOJI€ JIOKA3aTeIhCTBA TEOPEMBL. B pesymbTaTe OmpenemnstoTcsi MOMEHTHI
BPEMEHH, KOTJa HAOJIOIAETCsl CXOJUMOCTh PSIOB, a TaKKE MOMEHTHI BPEMEHH, B KOTOpPHIE
PAIBI, OYEBUTHO, PACXOIATCS.

Bo-BTOpBIX, C OMOIIBIO MPEIOKEHHOTO AITOPUTMA CTPOATCS YUCICHHBIE PEILICHUS,
KOPPEKTHOCTh KOTOPBIX IIPOBEPSAETCS CpaBHEHHWEM C OTpPe3KaMu psAJOB B  00JacTH
CXOJIUMOCTU  MOCHeAHUX. JIeMOHCTpUpyeTCss CXOAMMOCTb  YHCIEHHOTO  ajaropuTMa
OTHOCHTEJIBHO II1ara 1o BpeMeHH.

B-TpeTbux, OIICHHBAIOTCS HEBSA3KM YypaBHEHWU cucTteMbl (1) mpw TOJICTAaHOBKE
YUCJICHHBIX PEIICHUI BHE 00JaCTH CXOJMMOCTH PSIOB, T1I€ TaKKe HAOIIOAACTCS CXOIUMOCTh
OTHOCHUTEJIbHO 1l1ara 1o BpeMeHHU.

Taxke BBIOJIHSIOTCS HWUTFOCTPUPYIONTUE YHUCICHHBIE PACUEThI, JEMOHCTPHUPYIOIINE
COJIEp)KATENbHBIE C TOYKH 3PEHHUS MPEIMETHOW OO0JIACTH MPUMEPHl TOYHBIX PEIICHHIA,
omucaHHbIX B mm. 2, 3. Jlmsg pemeHus cUCTeMbl OOBIKHOBEHHBIX U] EpeHITHATBHBIX
ypaBHEHUM, BO3HHUKAIOUIEH TMpU NOCTPOEHUHM aH3aua npsMbiM MetofoMm Kitapkcona-
Kpackanna, npemsiaraercsi UTEpallMOHHBIN AJITOPUTM, OCHOBAaHHBIA Ha METOJE KOJUIOKAIMA 1
Pa3I0KEHUH 110 PaJAUATbHBIM 0a3UCHBIM (PYHKITUSIM.
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ITPOLIECC CO3JAHUS AHAJIMTUYECKMX UCTOPUIM HA OCHOBE
BU3VYAJIIM3ALINN JAHHBIX O 3AIIOBEJIHBIX TEPPUTOPUAX

A.A. Kenpuna, M.U. Caxaposa, [1.0. Cepebpennukona, E.A. Typycuna
HpxyTckuii rocy1apCTBEHHbI YHUBEPCUTET
nkedrina@list.ru , evilunicorn669@gmail.com, smy_mail@mail.ru, turusinak@gmail.com

Co3naHue aHAIMTUYECKUX MCTOPUN Ha OCHOBE BU3YalM3allMM JAHHBIX O 3alOBEIHBIX
TEPPUTOPUSAX BKIIOYAET B CceOs HECKOJBKO KIIOYEBBIX ITAllOB, HAYMHAS C ONPEACICHUS
eneii, BBIOOPOM METOA0B BU3YaTU3allui M O()OPMIIEHHUEM TOIYYEHHBIX PE3ylbTaToB. JTOT
nporiecc  Mo3BodsieT  3()(YEKTUBHO  MPEACTABIATH  CIOXKHBIE  JAHHBIC,  BBISBIATH
3aKOHOMEPHOCTH U MOAJEPKHUBATH IPUHATHE PELLICHUM.

B xone BbImosiHEeHUs mpoekTa Obula MOCTABJIEHA 3a/laya BU3YaJIbHOI'O IPEICTABICHUS
UHPOpPMALIUK U3 JIaTAaCeTOB O JiecaX M JKMBOTHBIX. [IpoekT ObLI HampaBieH HAa CO3JaHHE
IUIaKAaTOB, KOTOpBIE MO3BOJHMIM ObI OTOOPAa3HTh OCOOEHHOCTH 3aNOBEIHBIX TEPPUTOPHIA
Baitkaibckoro peruona.

JUIs  aHaIUTUYECKUX MCTOPUM HUCHOJIb30BAJIMCh JIaHHBIE O JKUBOTHOM MHpe
3arOBEIHUKOB M HAIMOHAIBHBIX IApKOB, O BBUIOBE PbIOBI, 00 OXOTHHYBMX pecypcax, O
BBIpYOKE JIECOB M IUIOIAASX MOXapoB. VICTOYHMKOM CTAaTUCTUYECKHX JAaHHBIX CTald
Matepuanbsl Cubupckoro ¢umuania GI'YHIIIT «Pocreondonmy. Dtan 0o4MCTKH COOpPaHHBIX
JAHHBIX MO3BOJWJI YAAIUTh AaHOMAaJbHBIC BBIOPOCHI M OWIMOKM JUIS TOCJIEAYIOLIErO
npeoOpa3oBanus HH(GOpMAIMK B yIOOHBIN A7 aHaIM3a U BU3yaTu3aluu (hopMmart.

s HaubGonee 3¢ ¢dekTUBHOrO 0TOOpakeHus: nHbopManuu ObLT BHIOpPAaH psii METOJIOB
BU3YyaJIU3alliH, KOTOPbIE TOMOITIM OOBEINHUTh aHAJIN3 Pa3HbIX TAOIUI U TaHHBIX B UCTOPHUU
¢ obmuMm oopmieHueM. B ananuTrueckue UCTOpUU OblIa BKIIOUEHA T€OMPOCTPAHCTBEHHAS
BU3yalu3alys, paboTra ¢ KOTOPOIl IMpeamnojaraia HCIOJIb30BaHUE KapT A OTOOpa)KeHUs
reorpadguueckoil MH(OpMAIMK O HAIMOHAJIBHBIX MAapKaX M 3aloBEAHUKAX, TPAHUIAX HX
TEPPUTOPUIN, CETMEHTUPOBAHUM 1O BUAAM KUBOTHBIX. CoO3/aHME pa3IM4YHBIX AUArpamMM H
rpadMKOB MO3BOJMJIO TOKa3aTh BPEMEHHbIE M3MEHEHHUS YMCIEHHOCTH BHUJOB M JAMHAMHUKY
OXOTHUYbETO TPOMBICIIA HA JIMHEHHBIX TpaduKax, J0JIEBOEC MPEICTaBICHHE BUIOB — Ha
KPYTOBBIX JMarpaMMax, CpaBHEHUE KOJMUECTBEHHBIX MOKa3aTeleld — Ha THCTOrpaMMax.

[Tocne co3ganusa Bu3yanu3auuid Oblla IpOBEJEHA HMHTEPIpEeTalus IOJyYeHHbIX
pe3yabTaToOB, KOTOpas MO3BOJIMJIA CHENaTh BBIBOJBI 1O MpojenaHHoN pabore. KomuuectBo
KUBOTHBIX BHJIOB, OXpAaHJIEMbIX Ha 3allOBEIHBIX TEPPUTOPHUAX, YBEIHMUMUBACTCS, OOBEMBI
IIPOMBICIIOBOM OXOTHI B baliKkaabCKOM PErMOHE PAacTyT, IOKApbI Yalle BCErO0 CTAHOBATCS
CJIEZICTBUEM HE3aKOHHOW BBIPYOKH JIECOB.

Htorosoe oopmiieHne BU3yalbHBIX MaTEpHAIOB B OJIHY MCTOPHUIO CTAJIO IOCIETHUM
sTanoM paboThl HaJg MpoekToM. B co3manHOM odopmiileHMH Oblla ydTeHa 3CTETHKA IS
NpUBJICUCHUS] BHUMAHUS M COOTBETCTBHS TEME TIPOEKTa, SICHOCTh IPEACTaBICHHON
UH(pOPMALIUU AJIS JIETKOTO BOCHPHSATHSA, CTENIEHb JETaIN3allii 3THUYECKUMH 3JIEMEHTaMU U
WITIOCTPALMSIMUA JUIs1 O0ObEIUHEHNs BHU3yalu3alUid B UCTOPUU. JIONOJHUTENBHO B NPOEKT
Obuta 100aBIeHa MYJIBTUMEAUWHOCTD C MMOMOIIBI0O HHCTPYMEHTOB CO3JJaHUsI MHTEPAKTHBHBIX
rpapukoB M WX aHUManuH. JlMHAMHUYECKME [aHHbIE, AHNMHUPOBAHHBIE B IpOrpamme
TouchDesigner, HauOoJsiee MONTHO TMOKa3aau MpoOjeMy OXOThl Ha baifkane W IMO3BOJWIN
IIPOM3BECTH PKOE BU3YAJIbHOE BIICUATIICHUE.

dopMHUpOBaHUE MAaTEpPHaJIOB HAa OCHOBE METOJOB HMH(Orpapuku U BU3yaTU3ALUH
JAHHBIX MTO3BOJIWJIO MPUMEHUTH KOMIBIOTEPHBIE TEXHOJIOTHU IS CO3IaHUsl aHAIUTHYECKUX
HCTOPHIA O IPUPOJIE, )KUBOTHOM MHUPE M BaXKHBIX ITpodiemMax balikambckoro pernona.

1. OrmeHka COCTOSIHHS M HCIIONB30BaHMUs JiecoB baitkansckoi nmpupomnaoii Tepputopuu B 2006 romy
[DnexTponnstii pecypce]. Pexxum moctyma: URL:
http://www.geol.irk.ru/baikal/baikal/bulletins/forest_06/public/public.htm (gara oOparenus
22.08.2024)

2. O cocrosHuu o3epa baiikan u Mepax ero oxpansl B 2015 roay [DnekTpoHHbI#H pecypc]. Pexum
moctyma: URL: http://www.geol.irk.ru/baikal/baikal/rep 2015/pdf/baikal2015 pl1-2-4.pdf (mara
oOpamenus 22.08.2024)
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UCCJIEJJOBAHUE TEXHOJIOT'MYECKOI'O ITPOLIECCA PEMOHTA JIETAJIEN
JJIOKOMOTHUBA JIA TIOCTPOEHMA OBYYAIOUIEI'O YHAT-BOTA

T.K. Kupumnosa, XK. Hanarnopx
HpkyTckuii rocy1apCTBEHHBIN YHUBEPCUTET IMMyTEH COOOIIECHNUS
Kirillova_tk@irgups.ru, natsagdorj.j9999@gmail.com

[ToBeimenne 06beMOB rpy3omnepeBo3ok B 2024 r. TpaH3uToM uepe3 YnaH-baTopckyro
JKEJIE3HYI0 JIOpPOTry TpeOyeT yBEIMuYeHHUs €€ MPOMYCKHOH crnocoOHOCcTU. COOTBETCTBEHHO
BHEJ[peHre ITU(POBBIX CEPBUCOB, BKIIIOYAsl MpeiaraeMoe pelieHre B BUIE 00yJaroero ar-
0ota, OyzmeTr cmocoOCTBOBAaTh YMEHBIIECHUIO BPEMEHHU IMPOBEACHHUS TEXHHUYECKOTO OCMOTPA,
MOBBIIICHUIO Ka4ecTBa 00CTY)KUBaHUS U 0€30MaCHOCTH NP BHEIITATHBIX CUTYAIIHSIX.

B pabore mnpoaHanu3uMpoBaH MpoIllecC MNPOBEACHHUS TEXHHUYECKOIO0 OCMOTpa.
[IpoaemoHcTpUpOBaHa MOTEHIIMATBHAS TIOIB3a IS OOCITYKUBAHUS TTOJBUKHOTO COCTaBa OT
BBEJICHHs oOyuaromiero 4ar-6ota. OCHOBHBIC MPEMMYIECTBA BHEIPEHUSI OOydYarOIIEero 4aT-
6ora «PeMOHT neTaneil TOKOMOTUBAY:

— HE TpaTUTCS [OMOJHUTEIbHOE BpEMs Ha MOUCK I[E€YaTHOTO TEXHOJIOIMYECKOTO
pexumMa, BCce 3TO JOCTYITHO OHJIAMH;

— pabodrie CMOTYT OHJIAlH MOJYYUTh OTBETHI HA BOIMPOCHI [0 TEXHHYECKOMY OCMOTPY
JIOKOMOTHBA;

— HHXXEHEpbI-CTaXepbl OYyIyT CaMOCTOATEIbHO 00y4aThCsl BCEMY, HE3aBUCHUMO OT
YpOBHSI 3HAHWM, M3y4aTh HE3HAKOMBIC TEXHOJIOTUYECKHE PEKUMBI, HE OECIOKOS IPYTHX
CHEINAIMCTOB;

— KOJIMYECTBO HECOOTBETCTBHM, BO3HUKAIOIIMX H3-32 HEJOCTaTKa 3HAHWH, OyneT
3HAUUTENHHO COKPAIICHO;

— B OyayiieM MOXHO OyJneT roTOBUTh M IepelaBaTh TEXHOJIOTMYECKUE PEXUMBI B
BUJeo(opmare B BUJie KOPOTKUX BHIEOPOIHUKOB.

[IpoBenenne TexHUYECKUX pabOT periaMeHTHUPYEeTCS HHCTPYKIHMSIMH M BEICHUEM
)kypHaioB TVY-152, TVY-28. TexHONOTMYECKUH WHXKEHEP pPErNIAMEHTUPYET TNEepeUYeHb
MPOBOAMMBIX PabOT TpPHU MPOBENECHUU TEXHUYECKOTO OCMOTpA. DTambl €ro MpPOBEIACHHS
MoKa3aHbl Ha puc. 1.

Mposepexne pabot MpoBepxa
nocne nocTaHoBKM BCTIOMOrarenbHoro
Tennosoaa Ha TO-2 o6opyaoBaHuA

Mpoeepexue pabot go
noctaxoBky Ha TO-2

Nposepka | Mposepka akunaxHo#H
anexTpooGopyaoBaHua YacTyu W Ky3oBsa

Puc. 1. [IpoBeneHns TEXHUYECKOTO OCMOTpa

[To pe3ynbraTam mpoBeneHHs persiaMeHTHbIX padot o TO-2 npoBoauTcs AambHeHmas
JuarHoctuka JokoMotuBa TO-3 wmnum, B cilydae BBISBICHHS IIOJOMOK, OCYIIECTBIISIOTCS
pemonTHBIE padoTs! TP-1.

B umensx obecrneueHuss mnokapHOW O€30MaCHOCTH NPUHHUMAIONIAS JIOKOMOTHBHAs
Opurana obs3aHa:

— IPOKOHTPOJMPOBATh HAIWYME M MCHPABHOCTb CPEACTB  MOXKAPOTYLIEHUS,
ABTOMATUYECKOW MOKAPHOW CUTHAIM3ALINY;

— BHU3YalIbHO YOEIUTHCS B OTCYTCTBUM IPU3HAKOB HAPYIICHUS DSJIEKTPUUECKUX
KOHTaKTOB, OTCOEIMHEHHBIX, HE3aU30JIMPOBAHHBIX M HE3aKPEIUIEHHBIX IIPOBOAOB HWIIHU
MPOBOJIOB C OOTOpEBINEH WM TOBPEXKIACHHOW HW30JSAIMEH, HETHIOBBIX IUIABKUX
npenoXpaHuTeneil ()KyJyKkoB);

— IPOBEPUTH COCTOSHHE IOKAPOOMACHBIX MECT, OYHCTUB MX OT CKOIUIEHHS Macia,
TPSIOK, BETOIIN, OOTHPOYHOTO MaTepuaa U Ipyrux roproYux BEIIECTB.

B cnyuae, korja npu npreMKe JJOKOMOTHBA B PEMOHTHOM JIOKOMOTHUBHOM Jiemno, JICO
wii [ITO nokomoTuBHON Opuranoii oOHapyKUBAETCSI HEUCIPABHOCTh, KOTOpPask HE MOXKET
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OBITH yCTpaHEHa 3a BpeMs, IPEAYCMOTPEHHOE Ha NMPUEMKY JIOKOMOTUBA, MAIIUMHUCT JTOJIKEH
IHOCTaBUTH 06 9TOM B HM3BCCTHOCTH ACKYPHOI'O IIO 3KCIUTYAaTAllUOHHOMY JIOKOMOTHBHOMY
JIET0, TTPOM3BECTH 3aMKMCh HEHCIPABHOCTH B xypHaie Gopmer TY-152. [To pacnopspkeHuHIo
ACKYPHOro0 IO OSKCIUIyaTallMOHHOMY JIOKOMOTHUBHOMY [ACIO, MPOU3BOAHUTCA 3aMCHaA

HEHUCITPABHOI'O JIOKOMOTHBA.

CMeHHBIH MacTep :

OTMEeTKa BPeMs TOCTAHOBKH;
OTMETKA CepUH 1 HOMEp
TEIUIOBO3a;

mpoBepATh 3amevanuu B TY-152;
J1aBaTh UHCTPYKLIMU.

OcMmotp:
oOHapyXeHHe
HEHCIIPAaBHOCT

aa

BrinonHenne TeXHHYECKOTO
00CITy)KHBaHHS

}

CMeHHBII MacTep :

- TpOBEpKa yCTPaHCHUs
HEHUCIIPaBHOCTH;

- NPOBEPKA BBINOJHEHHS
TEXHHYECKOTO 00CITy KHBAHHS;

- OTMeTKH B KypHaie TY-152;

- OTMETKa BpeMs OKOHYaHHUA. l

VYcrpanenue
BBISBIICHHBIX
HEHUCTIPaBHOCTH

CMeHHBII MacTep coodImaer
JIe)KYPHOM PabOTHHKAM [IEIO0 BCEX
00HapyKUBAEMbIX HEHCIIPABHOCTSX
TOJBIDKHOTO COCTaBa.

(10-1 53ram) l ‘ HEIUIAHOBbIil PEMOHT

Craga TOKOMOTHBA:

JlelaeT OTMETKY, CTAaBUT LITAMII, Y0CTOBEPSIeT
3aIIMCH B JKypHaJIe B KOMHATE [I€KyPHOTO
PpabOTHHKH JeTo.

Puc. 2. Anroput™m pabotst TO-2 B I[ITO

JlexXypHBIH 110 SKCITyaTalliOHHOMY JIOKOMOTHUBHOMY JIeNIO 00s13aH MPOU3BECTHU 3aIUCh
0 HEUCHPABHOCTH, B PE3yJIbTaTe KOTOPOH OBLJI OTCTABIICH JIOKOMOTHB, B HACTOJIBHBIHN JKypHaII
nexypHoro mo geno ¢opmel TY-1 B pazgen o mocTaHOBKE JIOKOMOTHBA Ha HETUTAHOBBIN
peMoHT. HauanbHHMK 53KCIUIyaTallMOHHOTO JIOKOMOTMBHOrO Jeno, HadanbHUK JICO wunm
HAa4aJIbHUK PEMOHTHOTO JIOKOMOTHMBHOTO JI€TIO0 W HUX 3aMECTUTENM JIOJKHBI ITPOU3BOIUTH
JETAIbHBIN aHAJIN3 MPUYUH KaXKIO0r0 MOBTOPHOIO PEMOHTA JOKOMOTHBOB C NPUHATHEM MEp
0 MPEAYNPENKACHHUIO CITy4aeB 3aMEHbI IOKOMOTHBA IIPU MPUEMKE JIOKOMOTUBHOM OpUTaioi.

Buenpenne uu@poBbIX CEpBHUCOB IMO3BOJIAIOT 3HAYUTEIHHO MOBBICHTH KayecTBO H
OBICTPO/ICCTBHE BCEX 3TaroB paboT. Pa3paboTka u BHEApEHHE MpejjiaraeMoro 4ar-0ora
«PeMOHT JeTasell JIOKOMOTHBa», Kak JIONOJHUTEIBHOIO IIOMOIIHUKA B IPOBEICHUHU
TEXHHUYECKOI0 OCMOTpa Ha YinaH-baTtopckod mopore B JOJTOCPOYHOM TEPCIIEKTHUBE B
3HAYUTEIBHON CTENEeHU TIOBBICUT JIOSUIBHOCTh PA0OTHHUKOB, YIPOCTUT B3aUMOJCHCTBUE,
MTO3BOJIUT BBICTPAUBAaTh HOBBIE MOJIEIM IO OLEHKE TEXHUYECKOTO COCTOSIHUS JIOKOMOTHBOB.
PeMOHTHBIN TIEPCOHAN, MAIIMHWUCTBI, MHCTPYKTOPHI CMOI'YT B DPEXKHUME «OHJIANH» IaTh
PEKOMEHJALMK 10 YCTPAHEHUI0 HEUCHPABHOCTU B MyTH cienoBaHus. Yar-00T Oyxer
MHTETPUPOBaH ¢ 0a3aMu JAaHHBIX aBTOMAaTH3MpoBaHHBIX cucteM OAO «YB3/]» Takumu Kak
ACY T, ACY ITPUI', AC OI1 MBIIC, ACYT HBl u T. 1.

1. TIlepcmnextuBHble mpoekTsl B Monrommu. AO «Uznatensckuid goM «['ymok». [DneKTpoHHBIH
pecypc]. Pexumm mocryma: https://1520international.com/content/2024/avgust-2024/a-key-
transport-artery/(nara oopamenus: 18.10.2024).
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TexHonornvyeckass MHCTPYKIMs. TexHHUYecKoe OOCIy)KMBaHUE 3JIEKTPOBO30B U TEIUIOBO30B B
aKcITyaTanuu. YTBepxkaeHa Pacnopsbkenuem OAO «PXK /Iy ot 01 anpens 2014 1. Ne 814 p.
IlepdounseBa E.B., MenexoBa A.Jl., bnaropazymoBa O.B., IloasepOnsrii B.A. Ilporpamma
«Qnerus» AN NPUHATHS pELIeHUs B ycIoBUAX pucka. DyHAaMeHTalbHblE M IPUKIIAIHbIC
UCCIICIOBAHUS B  YCJIOBUSAX TeOIUIMTHYECKOW  HectaOmimbHOCTH. Marepuansr  XXIII
Bcepoccuiickoit HaydHO-TIpakTHUecKol KoH(peperiuu. Pocros-na-/lony, 2023. C. 11-14.
[IporpamMma TexHmueckoit momepuusanuu u pa3utusi AO «YBX]» ma mepuon 2014 — 2020
roasl / OAO «MI9PT», UTINU «UpkyTcokennopnpoekt» — ¢punmuan OAO «Pocxkennopnpoext,
2013. 5 stan. Tom 2. I13. Yacts 1. 263 c.

Bypau-Utran I'. [loBeimenne 3¢ ¢eKTHBHOCTH HCIONb30BaHUS aBTOHOMHBIX JIOKOMOTHBOB IS
TPy30MEpPEBO30K Ha KEJe3HbIX noporax MoHromuu [TekcT] aumc. ... KaHA. TeXH. Hayk: 2.4.2
/T'antymyp Bypan-Utran MockoBckwuii suepreT. uHctuTyT M. 2022. 131 C.

Mynryuxysar ., KupumioBa T.K. IlpoekTnpoBaHre MOOWIBHOTO TPUIIOKEHHS MOHUTOPWHTA
TEXHUYECKOTO COCTOSHUS JJOKOMOTHBA U peMOHTHBIX padot TO-2 Ha Ynan-batopckoii xene3Hoit
nmopore. Mononas Hayka Cubupu. 2023. Ne 3 (21). C. 123-129.

bamxkup Mynxmanrp OpraHuzaius U pa3BUTHE TPY30BBIX NEPEBO30OK Ha ceTd MOHIOJIBCKOU
JKEJIe3HOM TOpOTHU: AMC. ... KaHA. TexH. HayK. M.: MI'VIIC (MUUT), 2015. 129 ¢
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KJIACCUDHKALMSA TTOJIb3OBATEJIEN HA OCHOBE IIPUMEHEHWS CEPBUCOB”

M.C. Knumonos
NHCTUTYT ITMHAMUKHU CUCTEM U Teopuu ynpasieHus umenu B.M. Marpocosa CO PAH
mihail.klimonov@gmail.com

Onnoit u3 oTamumTeNnbHBIX ocooeHHocTel reonoprana UICTY CO PAH [1] sBasercs
BO3MOXXHOCTh JIOCTyNa U pabOThl C YHUKAIHHBIMUA T€OMPOCTPAHCTBEHHBIMU NAaHHBIMH IS
ux 00paboTku u oToOpaxeHus: (¢ BeO-cepucamu cranmapra OGC WPS). Ha reomoprane
cymectByeT yxe Oosee 200 cepBHCOB, KOTOpBIE NpEIHA3HAYCHBI KaK ISl peau3aliuu
(YHKIMOHATBHOCTH 711 KOHKPETHBIX MPUKIAIHBIX oOsacTeil (0oTaHMKa, METEOPOJIOTHS U
Ip.), TaK U JJs BBINOJHEHHUS YHUBEpPCAIbHBIX 3aj]ad, TaKMX KakK 3arpy3ka JaHHBIX U UX
otoOpaxenre. OCHOBHBIMHU TOJIb30BATEIISIMHU T€OMOPTAJIA SBJISIFOTCS YIEHBIC, KOTOPBIM ISt
paboTel HEOOXOAMMO BBI3BATH KaK OTACIBHBIE CEPBUCHI, TaK U UX TOCIEIOBATEIHHOCTH.
Yacro yyeHble HE 3HAIOT O TOM, KaKue CEPBHUCHI pa3padaThIBAIOT U UCIIONB3YIOT UX KOJUIETH.
Jns pemieHust 3Toil mpoOsieMbl ObUIO NPHUHATO pelieHHe O pa3paboTKe W BHEAPCHUU
CUCTEMBI ISl PEKOMEHJIAIIMU PEJIEBAHTHBIX JJISl UX MpeIMEeTHOW o0iacTu BeO-CEpBHCOB.
bt mpoBeieH 0630p OCHOBHBIX BUJIOB PEKOMEHAATEIbHBIX CHCTEM.

B xauecTBe OCHOBHOM TexHOJIOrHM ObliIa BEIOpaHa KojutabopaTtuBHas GuiIbTparms, eé
CyTh 3aKJIIOYaeTcsi B TOM, YTO OHAa aHaJM3HpPYyeT B3aUMOJACHCTBHE IOJIb30BaTEIeH U
CEpBHCOB Ui  CO3JaHHS  pPEKOMEHJAIMA dYepe3  HCCIEeNOBaHUE  MPEATOYTCHHIA
nonb3oBareneit. I[lpeamonaraercs, 4ro HAOOpP MCHOIB3YEeMBIX CEPBHCOB 3aBUCUT OT
MPEANOYTEHUH W TPEeIMETHON 00JacTH TMojb30oBaress. B pe3ynbprare 4Yero BO3HHKAET
noJ13a/1a4ya onpeAeNeHus MpeAMeTHON obmacTu (00JIACTH UCCIIeIOBaHUS ) TIOJL30BATENICH 110
aHaJIM3Y UX BBI30BOB CEPBUCOB. B kauecTBe OCHOBHOI'O METO/A ISl OTIPEACTICHUS CXOXKECTH
MOBEJICHUS TTOJIh30BaTENCH (MPEAOYTCHHI ) ObLT TPUMEHEH METO/1 OJMKANIIINX COCEICH.

Tak, B pEKOMEHAATEIbHOW CHCTEME KaXKIOTO II0JIH30BATENs MOXKHO OMHCATh C
MOMOIIbI0 BEKTOPa YacTOT BBI3OBOB KaXKIOro cepBuca. HopManu3yem 3HaueHus JaHHOTO
BEKTOpa, YTOOBI OHHM Jiexkanu Ha oTpeske [0,1]:

C..
_ i
q. = —

ij m
E Cik
k=0

rac Cij — KOJIMYECTBO BI)ISOBOBj CCpBHUCA [ IMOJIB30BATECIIEM, M — KOJIUYCCTBO CEPBHUCOB HaA

reonopraie. Takum oOpa3oM, KaKJ0TO MOJIH30BATENSI MOKHO OITUCATh BEKTOPOM
q; = {4q;; » 4y} - Hanee nosnp3oBareny reonopraia, 4bu MPEIAMETHBIE O0IACTH HU3BECTHBI,

Obuti pazMedeHbl. C MOMOIIBI0O METOJIa KPOCC-BAIHMIAIUU IOTYYCHHBIE JTaHHBIC OBLIH
pa3OuTHl Ha TPOW3BOJIbHBIE HAOOPHI TPEHUPOBOUHBIX M TECTOBBIX JaHHBIX. Jlamee c
MOMOIIbI0 OMOIMOTEYHOr0 METO/Ia KIacCu(PUKAIIMU Ha OCHOBE METO/1a OJIMKANIINX coceei
JUTSL KaKIoro Habopa OblIa MpoBeeHa OIeHKa OMMOKHU KITaCCU(PUKAIIMK C UCIIOIh30BAaHHEM
BCTPOCHHBIX METOJIOB.

B pesymprare mpoBeneHHOW paboOTBl  OBLIO  yYCTAHOBJIEHO, YTO TOYHOCTH
Kiaccuukanuu, onpenesacHus MPeAMETHOM 00JIACTH MCCIICIOBAHMM YYEHOTO TIO0 BEKTOPY
4acToT BbI30BOB, coctaBisier 100%. Takum o0pa3oM, MOXKHO cZenaTh BBIBOJ O TOM, YTO
MOJIB30BaTEIN M3 OJHOU MPEAMETHOW 001acTH 00Jamar0T CXOXKHMU WHTEpPECaMH B YacCTH
WCITOJIb30BaHUSI CEPBUCOB HA TeOTOopTale.

1. ®énopos P.K., Beruko W.B., lllymmnos A.C., PyxuukoB I'M. CucreMa IIaHUPOBaHHS MU

BEITIOJTHCHUSI KOMIIO3HITHI BEO-CEPBUCOB B TETEPOTCHHOW TUHAMUYECKOHN cpene. BeramcanTenpHbIe
texdosorud. 2016. T. 21, Ne 6. C. 18 — 35.

“ PaGoTa BBIIONHEHA B paMKax rpanta Muno6puayku Poccuu Ne 075-15-2024-533 Ha BBINONHEHHE KPYITHOTO
HaydHOro npoekTta «®DyHnamMeHTalbHBIE HCccieqoBaHMsl baiikanbckoil NMpHUpOAHON TEpPUTOPHM Ha OCHOBE
CHCTEMBI B3aMMOCBSI3aHHBIX 0a30BBIX METOJOB, MOeNeH, HEHpPOHHBIX ceTeil M HUPPOBOH IIATPOPMBI
9KOJIOTMYECKOT0 MOHUTOPUHIA OKPY’KAIOIEH CPeIbI».
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JMHAMMYECKUI TTOJIBOP OT'PAHUYEHUI, OCJIABJISIOIINX TPY JHBIE
ITPUMEPHI 3AZTAYU ITPOBEPKU SKBUBAJIEHTHOCTU BYJIEBBIX CXEM

B.C. Kongpartbses
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
vikseko@gmail.com

BricTpoe pa3BuTHE COBpPEMEHHBIX MOIYHPOBOJHUKOBBIX TEXHOJIOTUH CTUMYIHUPYET
pOCT aKTyaJbHOCTH TakoW oO0JacTH, Kak aBTOMATHU3alMs MPOEKTUPOBAHMS AJIEKTPOHHBIX
cucreM (EDA) u, xak ciencTBue, alrOpuTMOB, UCTIONB3YEMBIX /i Bepupukanuu OyneBbIX
cxeM [1, 2]. OgHolt u3 BaxkHeWmwmx 3agad B pamkax EDA saBnsiercs 3agadya NpoBEpKHU
noruyeckor skBuBaieHTHocTu (LEC) [3, 4], xoTopas 3akiio4aeTrcsi B OTBETE€ Ha BOMPOC,
peanu3yioT JH JBE JIOTHUYECKUE CXeMBbI S1 U S, OJIHY U TY K€ (PYHKIIHIO:

fl: {0’1}11 - {0,1}771, fZ: {0,1}71 - {Ofl}m fl = fZ'

Jna pewenus LEC-3amau  ucnonbp3yroTcss JABa OCHOBHBIX METOJA: JIBOMYHBIE
JIMarpaMMbl pemeHuit [S] u cBeneHue k 3amade o OyneBoit BeimomHUMOCTH (SAT). CBenenue
LEC k SAT ocymectBisiercs 3 exkTuBHO 3a cuet nmpeoOpa3oBanuii Llelituna [6], mocne yero
K TIOJIYYCHHOM KOHBIOHKTHBHON HOopMmanbHOU ¢dopme (KH®) mpumensercss momnsiii SAT-
pematens. CXeMbl ABISIOTCS SKBUBAJICHTHBIMU TOT/Ia M TOJBKO TOTJA, KOT/IAa IMOCTPOCHHAsS
KH® wneBbimonnuma. Ha mnpaktuke coBpemenHble SAT-pemiarend, OCHOBaHHbIE Ha
anroputmMe CDCL [7], yacTo CTaJKMBAarOTCS C TPYAHOCTSIMHM IIPU PELICHHWU TAaKUX 3ajad.
Oco0eHHO CIIOKHBIMU OKa3bIBAaIOTCS 3ajaud, CBSI3aHHBIE C IPOBEPKOM 3KBHUBAJIECHTHOCTH
pa3IMYHBIX AITOPUTMOB YMHOXKEHHUs. B CBA3M C 3TUM BO3HHKAeT HEOOXOIUMOCTh
yiydmerus 3¢ dexrtuBaocta anroputma CDCL s 3TOr0 Kitacca 3aiad.

OnHuUM M3 CcHOCOOOB pELICHHs MOAOOHBIX KpaifHe CIIOKHBIX SK3eMIUIIpoB SAT,
ABIISIETCS JEKOMIIO3MIMS MCXOIHOW 3ahaud Ha Oojee mpocThle moazafgaud. CyliecTByer
HECKOJIbKO CIIOCOOOB TIOCTPOEHHS IOA00HBIX JIEKOMIO3uIMiA, K mpumepy, Cube-and-
Conquer [8] wnam MeTOon TICEBAOOYJEBBIX HWHTEPBAIOB, HCIOJIB3YIOMIMICI B 3TOM
uccleoBaHuU. JIeKOMIO3HUIMA TaHHOTO THIa Oblia BIepBble npeiokena CeMEHOBBIM ALA.
n Yyxapespim K.M., Obuta ommcaHa WMH B JIMYHOW IIEPEMUCKE C aBTOPOM JaHHOTO
UCCIICIOBaHMs, a €€ KpaTKoe OIMCaHWe MPUBOAUTCS B 3ToW pabore ¢ mx cornacus. Ha
JTaHHBIA MOMEHT MOJTrOTOBJIEHA KYPHAJIbHAS CTaThs, cOAepkKallas JeTalbHOE MPECTaBICHNE
3TOr0 MeToaa. MaeiHo MaHHBIM METOJ| JEKOMITO3UIIMU CXO0XK C METOJIOM, ONKMCAaHHBIM B [9].
Meton  mceBmoOy/neBBIX ~ HMHTEPBAJIOB  3aJaeT  OrPaHUYEHHs] HaJ  MEepEeMEHHBIMU,
KOAMPYIOIIMMHU BXOJI CXEMBbI, OMUCAHHBIM Jajiee 00pa3oM.

[Tycte ecth cxema S, moctpoeHHas no Heir KH® C wu {xy,x,,..,x,} — Oynessl
NepEeMEHHbIE, KOJUPYIOIINE BXO/ CXeMbl. MHOKECTBO BCEX TAKHUX LIEJBIX HEOTPUIATEIbHBIX
YHCEIl 7', YTO UMEET MECTO

0<a<r<b<g22", (1)

OyzeM Ha3bIBaTh MHTEPBAIOM M 0003HadaTh 4epes3 [a, b). HecnoxxHo BUAETH, YTO YUCIO T

NPUHAIISKAT UHTEpBaNy [a,b) TOrna M TOJNBKO TOrna, Korjaa Ko3(pQuuueHTH IBOMYHOTO
NPECTaBICHUS ATOTO YUCIIA YAOBICTBOPSIOT CIEAYIOLIEMY I1CEBI0-0yIeBOMY HEPABEHCTBY:

a< x; +2%x, +..+2" 1 xx, <b. (2)

JlanHOe HEpaBeHCTBO MOXKeT ObITh 3(ddexktuBHO 3akomaupoBano B KHO® 3a cuer

UCTIOJIb30BAaHUSl CTAHIAPTHOM TEXHHKH KOAMPOBAHUS ICeBHO-OyneBbIx orpanudeHuit [10].

TakuM 00pa3oM, CTAaHOBHUTCS BO3MOXKHBIM JE€KOMIIO3MpPOBaTh 3alady Ha Oosiee MpoCTbie

noj3azayd, 3a7aBas TpPaHULBl HMHTEPBAJOB TaK, YTOOBl OHH HE TMEPECEKAINCh U

*

HccnenoBanue BBINOJHEHO B paMmKax rocsazanusi MunoOpHayku Poccum mo mpoekty «Teoperuyeckne
OCHOBBI, METO/BI U BBICOKONIPOU3BOAUTENIbHBIE AITOPUTMBI HETPEPHIBHON U AUCKPETHOH ONTHUMM3ALUU s
HOIEP)KKN MEXITUCLIUILIMHAPHBIX HAYYHBIX HccienoBaHui» moaaepxkke 121041300065-9.
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ynosierBopsui (1). Tlockonbky moboe uymcno u3 [0,2™) npuHAUICKUT OJHOMY U3
MOCTPOCHHBIX MHTEPBAJIOB, TO PEIIEHHE BCEX MO0/3a/ay U3 MOCTPOECHHOW TaKUM CHOCOOOM
JEKOMIIO3UILINM JAET PEIICHUE NCXOJHON 3aJauH:

1) ecmu Bce KH® B 1eKOMIO3MIIMN OKa3aJUCh HEBBIMOJIHUMBIMHU, TO B ucxoaHas KHO
HEBBITIOJIHMMA;

2) ecld TPU PpEUIEHHH OJHOM M3 Moja3agad JAEKOMIIO3WIMU ObLI IOJydeH Habop
3HaYeHUH TEepPEeMEHHBIX, oOpamaromuii ¢opmyiny B 1, To 3TOT HabOp 3HAYCHUI
aKTyaJleH U JIJIsl ICXOJHOM 3aJauu.

OnucaHHBI METOJA €CTECTBEHHBIM 00pa3oM IMOAXOIUT JUIS MapaUIeNbHOTO PEIICHHS
noj3azady M3 JACKOMIIO3ULKU. BakHO OTMETHUTH, YTO HMpPU YMEHBUICHHH pa3Mepa KaxkIoro
WHTEpBaja, Kak IMPaBUIIO, MOJA33Jaud CTAHOBSTCS MEHee CIOXKHbIMU. OJIHaKo Bpems,
HE0OXO0IUMOE JJIsl pelIeHUs KaXA0H MoA3aJauu, 3apaHee HEU3BECTHO U MOXKET 3HAYUTEIIbHO
BapbUPOBATHCS OT OJHOM Moj3afauu K Ipyroil. Takum oOpa3oM, aKTyaJlbHbIM CTaHOBHUTCS
BOIIPOC BHIOOpA YMCIIa MHTEPBAJIOB, HA KOTOPBIE OYIET pa30MBaThCs MCXOJMHASA 3a1ava. ITo
00yCJIOBJICHO HEOOXOAMMOCTBIO pPAaBHOMEPHOH 3arpy3Kd pecypcoB M IKEJTaHHEM
MOJIB30BATENSl OTCIEKUBATH MTpOTrpece penieHus. Hanpumep, 1eKOMITO3UIUS KpaHE CIIOAKHON
3ala4i Ha Majoe 4YMCIIO MOA33Jad HE JacT BO3MOXKHOCTH YBUAETH IPOIPECC PELIEHUS, TaK
KaK MM0/33Jayd He OyAyT pelIeHbl 3a pa3yMHOEe BpeMs. J[eKoMmo3uius ke Ha CIHIIKOM
0OJIBIIIOE YHUCIIO TOJ337ay MPHUBEAET K TOMY, YTO I0/3a/laud CTaHYT HEeIecooOpa3Ho
OPOCTBIMU U «HAKJIAJHBIE pacxoAbl» (IIOCTPOCHHE OTpaHUYEHUN, NEepechblUIKa 3aJayu
IpoIeccopy, 3amycK pemaress) OyayT 3aHUMAaTh 3HAYUTEIbHYIO YaCTh BPEMEHU PEIICHUSI.

B pamkax naHHOTro mccienoBaHUs MPeaaoKeHa IBPUCTHKA TUHAMUYECKOTO U3MEHEHUS
Yrcia MHTEPBAJIOB B IpoIlecce pemieHus i (OPMHUPOBAHUS IOA3a11a4, 10 CIOXKHOCTH He
MPEBBIIIAIONINX 3aJJaHHBIA TOJB30BaTEIeM YpOBEHb (HalpuMep, B BUIEC OTpaHUYEHUS Ha
MaKCHMaJbHOE BpeMs pelIeHUs ). DBPUCTUKA 3aKJII0YAETCs B TOM, YTO TOJb30BaTENb 3a/1a€T
MCXOJJHOE YMCJIO UHTEPBAIOB k, BEPXHIOIO TPaHMIly BPEMEHU pEIIeHUs Kaxa0H rnoazafayu t
u nenutenb d. AnroputMm monydaer Ha Bxog KH® C, moctpoeHHyto mo OyneBoil cxeme,
CTPOUT NEPBOHAYAIIBHYIO IEKOMITO3UIHIO U3 k moxzanau Cy, Cy, ..., C, U GopMHupyeT ouepenb
U3 MoJ3aiay JUisl JalbHEUILEro peuieHus B MapajUIeIbHOM pexuMe npu nomommu SAT-
pemarens. Pemarens 3anyckaercsa Ha noazanadye C; ¢ OrpaHUYEHUEM 110 BPEMEHU pelleHus t,
B ClIy4ae JOCTHXKEHHUS KOTOPOIO PELIEHUE M0J3aJaul OCTaHABIMBAETCS, a 3aKOJANPOBAHHBIN
MHTEpBAJI PaBHOMEPHO JENUTCS Ha d HOBBIX MHTEpBalioB, Gopmupys HoBbie KH®. HoBbie
noj3anayn qo0aBiSAIOTCS B ouepenb pemieHus. Kak yxe ObI0 OTMEUEHO, PELICHHE BCEX
noja3azad M3 JAEKOMIIO3ULMU JAeT PEIIEHHWE HCXOAHOM 3ajaud. JTO CIpaBEMJIMBO M IS
Cllydasi, KOT/ia CYIIECTBYIOIIAs 3ajaya, JUisl KOTOPOW pelaTeNb JTOCTUT 3aJJaHHOTO Mpefena,
JEKOMIIO3UPYETCS C UCIIOJIb30BAHUEM MHTEPBAJIOB MEHBIIETO pa3Mepa.

B kadecTBe TecTOBBIX 3aJauy ObUTM BBIOpaHbl 3a7aud, KOJUPYIOIIME MOMAPHYIO
OKBUBAJICHTHOCTh YETHIPEX aJIrOPUTMOB YMHOXKEHHUS: YMHOXCHHE CTOJIOMKOM, aJITOPUTM
Kapany6sr [11], ymuoxutens Hanna [12] u nepeBo Yomreca [13]. Bce cxeMbl anropurmon
KOJMPOBAIM YMHOXeHUEe JByX 16-OutHbix wumcen. LEC-3amaum  KOHCTpyHpOBAIHMCH
cleAyomuM o0pa3oMm: 1o OyneBbIM cxemMaMm S, U Sp s NPOU3BOJIBHBIX aJTOPUTMOB
YMHOXKEHHS A U B cTpoumnach T.H. «MalUTep-CXeMa» Syqp, B KOTOPOM OJHOMMEHHBIE BXO/bI
UCXOJHBIX CXeM OOBEJAMHEHBbI, a OJHOMMEHHBIE BBIXOJbI ATUX CXEM COEIMHEHBI MONapHO
gepe3 pynkuuio XOR. Cxema Syqp xoauposanack B KH® Cyqp 1 nonosnHsmace ycioBueMm,
yTo X0Ts Ol omuH U3 XOR’0B Haj BhIXOJAMU JOJKEH OBITh MCTUHHBIM. Takas dopmyia
OKa3bIBA€TCSI HEBBINOJIHUMOM TOT/a W TOJBKO TOTrAAa, KOTJa CXEMbl SKBUBAJICHTHHL. B
MPOTUBHOM ciy4ae, HalifieTcs HaOOop 3HaUYEeHUMN MEepEMEHHBIX, KOJUPYIOIINX BXOJ CXeM, MPU
KOTOPOM aJITOPUTMBI JIal0T pa3HbI€ PE3YNIbTATHI.

CootBerctBeHHO, ObutM monydeHbl miecth KH®: C-J] (Ctonbuk W yMHOXHUTEIH
Hanna), C-K (Cronbuk u anroputm Kapaiyosr), C-Y (Ctonbuk u nepeBo Yomeca), JI-K
(ymuoxwutenb [lagna u anroputm KapaityOsr), JI-Y (ymuoxwutens lanna u gepeBo Yoieca)

108



u K-V (anropurm KapaiyOsr u nepeBo Yoieca). Bece paccmaTpuBaeMble 3aa4u SIBIASIOTCS
KpaiiHe TPYJHBIMU M UX PEIICHUE MPU TMOMOIIH OJHOTOTOYHOTO PEIIaTesi MOKET 3aHUMATh
necarku nHel. Kaxmas w3 KH® mnonpaBanmack Ha BXOJ MNapaljieIbHOMY aJITOPUTMY,
ucrnonb3ytonieMy B kadectBe SAT-pemarens cadical_1.9.51, C pa3nuYHBIMH 3HAYEHUSAMHU
HAYaJbHOTO YHCIIa UHTEPBAJIOB, BEpPXHEHl I'PaHUIBI BPEMEHH PEIICHUs OJHOW MOoJ3aaauud U
napamerpa d. BpluucnurenbHble SKCIEPUMEHTHI MPOBOAMIMCH Ha OJHOM Y3je KiacTtepa
«Axagemuk B.M. Marpocos» UJCTY CO PAH [14], ocHamenHoM aBymsi 18-s1epHBIMU
nporneccopamu Intel Xeon E5-2695 v4 u 128 I'b oneparuBHO#l mamsatu. Pe3ynabTaThi
BBIUMCIIUTENHHBIX IKCIIEPUMEHTOB MPUBEEHBI B Tabmuie 1.

Ta6muma 1. Pe3ynbTaThl MOJHOTO pEIICHUS JTEKOMITO3UIUH, MTOCTPOCHHBIX MO METOIY
NCeBAOOYIEBbIX HMHTEPBAJIOB C PAa3IMYHBIMH BXOJHBIMH IapamMeTpamMH MapaieIbHOTO
anroputma. lMcnonb3oBanack 3BpUCTHKA JUHAMUYECKOTO M3MEHEHHMS YKCIIa HHTEPBAJIOB.
Bpewms ykazaHo B cekyHIax

Oo6mee yncno| CymmapHoe PeanbHoe
3agaua k t d PelIeHHBIX | BpeMsl pelieHus | Bpemsi padoThl
3ama4 noazajaay aJIropuT™Ma

1000 | 5000 | 100 1000 2411709 69944

C-I 1000 100 100 100600 783965 42939
35 100 35 43995 907864 26394

1000 | 5000 | 100 4700 4139034 119055

C-K 1000 100 100 101000 1442684 51079
35 100 35 44135 1468058 42299

1000 | 5000 | 100 45400 4280736 123164

cC-y 1000 100 100 100700 969986 44766
35 100 35 43960 1151879 33726

1000 | 5000 | 100 11100 4434628 126988

J-K 1000 100 100 101000 1621835 53739
35 100 35 44135 1722140 49549

1000 | 5000 | 100 53100 4741728 136697

-y 1000 100 100 100900 1082658 45925
35 100 35 44065 1321811 38106

1000 | 5000 | 100 87100 6337451 184732

K-y 1000 100 100 101000 1698786 55273
35 100 35 44135 1830872 52662

Kpatko onmmem Tabmuny 1. B mepBoM cronbue yka3zaHa mapa ajJrOpUTMOB
ymHoxkenusi, LEC koropsix 3akomupoBana B KH®. Bo Bropom cTosdiie mpuBeIeHO YUCIIO

! https://github.com/arminbiere/cadical
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MHTEPBAJIOB B HaudaJlbHOW JeKoMIO3UIMH. B Tperhem cronllie — orpaHudeHHe BpeMEHU
pelleHns OJHOW NOoJ33aJaud M3 [EKOMIIO3UMIMH. B ueTBepTOM — YuCIIO HMHTEPBAJIOB, Ha
KOTOpo€ pa30uBaeTcs Moja3ajaaya, /Ui KOTOPOM peliarenb HE CMOT MOIYYHTh OTBET IMPHU
3aJaHHOM OrpPaHMYEHMH 10 BpeMeHH. B msarom crondie yka3aHo oOImiee 4YHCIo
00paboTaHHBIX TOJ33a/1a4, BKIIOYas T€, PEIICHHE KOTOPBIX OBUIO TpepBaHo. B miectom
cTONOIE yKa3aHO CyMMapHOE€ BpeMs pelieHHs BCceX MOJ33a4ad U3 JEKOMIIO3UIIMH, BKIIOYas
npepBaHHble. B cenbMoM cTONOIE MPHUBEACHO pealbHOE BpeMs paboThl MapalljieIbHOTO
QITOPUTMA, HUCHOJB3YyIOWEro 35 sjuep AN BBIUMCICHUH W OHO SApO JUId pabOThI
YIPaBIISIOLIETO MpoIiecca, 332 KOTOPOEe COOTBETCTBYIONIAS NCXOIHAs 3a7jauya Oblia pelieHa.

[To pesynpTaTaM SKCIEPUMEHTOB MOXKHO CJIENaTh BBIBOJ OO0 aKTyalbHOCTH JTAHHOTO
nonxona. IIpogeMoHCTpUpOBaHO CYIIECTBEHHOE BIHMSHHE BbIOOpa HAaYaJIbHBIX MapaMETPOB
QITOPUTMA KaK Ha CyMMapHOE BpeMsl pellIeHHs Mo3a7ay, TaK U Ha pealbHOoe BpeMs padOThI
anroputMma. Vcnonb3zoBanue pa3padoTaHHON SBPUCTUKH MO3BOJISIET PEIIaTh BCE MOA3a1a4H U3
JEKOMIIO3ULIMM  ONMHMCAaHHOTO THUMIA OTHOCUTEIBHO pPaccMOTpeHHBIX kiaccoB KH®,
3(h(PEeKTUBHO UCTIOIIB3YS AOCTYIHbBIE BHIYUCINUTEIbHBIE PECYPCHI.
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OBYYAIOIIASA UT'PA «TUIIbI TUAI'PAMM» C UCIIOJIb3OBAHVUEM
TEXHOJIOI'M AOITIOJIHEHHOU PEAJIBHOCTU

E.C. Konosa, A.I'. banaxuu
HpkyTckuil rocygapCTBEHHBIN YHUBEPCUTET

CoBpeMeHHbIE TEXHOJIOTUHM OTKPBIBAIOT HOBBIE YBIIEKATeNbHbIE CIIOCOOBI O0Yy4YeHMs,
BKJIIOYAas UTPOBBIE METOMbI, KOTOpBIE JIeNaloT Tmpolecc Oosnee JUHAMUYHBIM U
yBJIEKATeNbHbBIM, TIOBBIIIAsi MOTUBALIMIO YYAaCTHUKOB. Bu3yanbHOe mpescTaBieHre y4eOHBIX
MaTepHajoB B BHJE MWIPbl CIIOCOOCTBYET JIydllIeMYy YCBOCHHMIO MaTepuayia, I03TOMY
pa3paboTka oOpa3oBaTeNbHBIX UTP CTAHOBUTCS aKTyaJbHOM 3a/1a4eil.

Co3naHue BH3yalbHBIX Y4YEOHBIX MaTEpUAIIOB CETOJHS AaKTHUBHO HCIIOJIb3YeT
TEXHOJIOTHH JIONMOJIHEHHOU peasibHOCTH (AR). MHOrHe yueOHbIe 3aBefieHUs TpuMeHsoT AR u
VR nys oboramieHns ypoKkoB, YTO MOBBIIIAET HHTEPEC K TEMaM U CIIOCOOCTBYET ObICTpOMY
ycBoeHH0. Takxke MOMyssipHa BU3yalu3alUs [aHHBIX HAa UWHTEPAKTUBHBIX CaWTax,
o0ecreynBalOIUX HArMAAHOCTb. C  yBeJIWYEHHEM TPUMEHEHHS WH(POPMAIMOHHBIX
TEXHOJIOTHII UTPOBON MOAXOJ K OOYYEHHIO CTal MpOIle B peanusaliu, pemias npoOdaemMbl
3aMHTEPECOBAHHOCTH W YACp)KaHUS BHHMMAHHUS YydYalIMXcs. OTO pemiaer mpoodsiemy
3aMHTEPECOBAHHOCTH OOYYAIOIIMXCS U IOMOTaeT yAepKUBAaTh MX BHUMaHUE Ha MaTepHare.

Mgl pa3paboTanu A MKOJIHUKOB U CTYACHTOB 00YYaIOIIyI0 KapTOUHYIO Urpy «THIIbI
quarpamMm», KOTOpasi IOMOTaeT 3allOMHHUTbh OCHOBHBIE THIIBI AMArpaMM M HAYYUThCS HX
CTPOUTH C TIOMOIIBIO CIEUUANBHBIX OuOIMoTek. Mrpa coCTOMT U3 KapTO4YeK C BOMPOCAMU U
3aJaHUSIMU, TP HABEJCHUHM Ha KOTOpbIE MOJIb30BaTeNlb MOJyYyaeT MpaBUJIbHbIE OTBETHI U
JOCTYIl K DJEKTPOHHOMY CHpPaBOYHUKY C MarepuajamMu [0 JAuarpamMmmaMm. Mbel
MPOAHAIU3UPOBAIH MOAXOIAIINE TPOTPAMMHBIE CPEACTBA Ui Pa3pabOTKU UTPhI U BHIOpAIU
BU3yalbHBIN penakTop Figma mis nuzaiina xkaprouek. [t coznanus caiita ¢ He0OOXOAUMBIMU
MaTepuaiaMM Mbl HCIIOJIb30BallM sA3BIK JavaScript, Tak Kak OH MPOCT B HCIOJIb30BAaHUU U
MOMYJISIpEH cpenu BeO-pa3pabOTUMKOB, a TaKKe MMEET MHOXKECTBO IMOJIE3HBIX OMOIMOTEK U
(bpeiMBOPKOB /JIsl CO3/1aHUS HHTEPAKTUBHOTO KOHTEHTA.

Urpa cocrour u3 KapTOdeK C JuarpaMMaMH W 3a/JlaHUSIMH, HAIlpaBJICHHBIMH Ha
M3y4eHUE TUTIOB AUArpaMM, UX 0COOCHHOCTEH 1 0(hOpMIICHHS. YYaCTHUKH B3aUMOJICUCTBYIOT
C KapTOYKOW-TUCTOIPaMMOH, MOJHUMASCh BBEPX 3a MPABUIIbHBIC OTBETHl M CITYCKasCh 3a
HeBepHble. J[Js TpOBEepKHM OTBETOB HY)KHO HABECTH KaMmepy TeledoHa Ha KapTOUKy C
BOIIPOCOM, IIOCJIE YETO HAa JKpaHE IMOSABISAETCS OTBET ¢ MosicHeHUusMU. Urpoku mo ouepenu
BBIOMpAIOT KapTOYKH, OTKIaAblBasg HCHoOJb30BaHHbIe. [loOexmaer TOT, KTO HeEpBHIM
JOCTUTHET BEPUIMHBI, HaOpaB HEOOXOAMMOE KOJIMYECTBO OUYKOB. ECIM HHM OIMH WUIPOK He
JIOCTUT BEPUIMHBI, BBIUTPHIBAET TOT, KTO OBLJI HA BBICIIEM YPOBHE TMCTOTPAMMBI.

1. DataYoga. Hoctymuo mo cceuike: https:/datayoga.ru/vizcards (mata oOpamenusi: 15 HosOps
2024).

2. PolicyViz. TI'paduyeckas HENpPEephIBHOCTh: HACTOJbHAas Bepcus. JIOCTYMHO IO CCBLIKE:
https://policyviz.com/2014/11/11/graphic-continuum-desktop-version/ (mata oOpamenus: 15
HOs0ps 2024).

111



BOCCTAHOBJIEHUE TTAPAMETPA COCTABHOM CUCTEMBI .
T'UITEPBOJIMYECKUX N OBBIKHOBEHHBIX JIUOGDOEPEHIIMAJIBHBIX YPABHEHNU
METOJAMMU OIITUMAIJIBHOI'O VIIPABJIEHU S

J.E. Konp1ioB
HpkyTckuii rocy1apCTBEHHbI YHUBEPCUTET

it-daniil@yandex.ru

MonenupoBaHue IpOLECCOB, KOTOPHIE COCTOSAT OAHOBPEMEHHO U3 AU dhepeHIIHaTbHBIX
YPaBHEHHI B YacTHBIX MPOM3BOIHBIX M OOBIKHOBEHHBIX U (EepeHINATbHBIX YpaBHEHUIH
(O1Y), sBnseTcst BOCTpeOOBaHHOM, HO CIIOKHOU 3amadeil. COCTaBHBIE CHCTEMbI BO3ZHHKAIOT
Opd  MOJICTUPOBAHUM PEKTU(PUKAIMOHHBIX KOJOHH [1], Takke MOXXHO BBIIEIHUTH
MOJIEJTUPOBAaHUE BOJHBIX KaHAJIOB, TPAHCIOPTHHIX MOTOKOB, AMHAMUKH Monyiasuuu. B
NEPEUYHCICHHBIX 00JIACTSIX BO3HHMKAIOT MOJICNH, KOTOPhIE MOXHO 3amUcaTh KaK COCTaBHYIO
cucrteMy rumnepOonuuecknx ypaBHeHud u OIY [2]. Ilpum MonenupoBaHUM MOTYT OBITH
HEU3BECTHBI HEKOTOPBIE NTapaMeTPhl, HO IIPU 3TOM €CTh BO3MOXHOCTb IIPOBECTH 3KCIIEPUMEHT
HaJl pealbHbIM 00BEKTOM WM 110 HEMY UMEIOTCS HaKOIUJICHHbIE JaHHble. Kak mpaBuio, Takue
napaMeTphl JIeXKaT Ha TpaHuULe.

Pemnth 3amady BOCCTAaHOBIIGHHS MMapamMeTpa MOXHO Kak 3a7adyy ONTHUMAalIbHOTO
ynpasiaenuss (OY). BoccranaBiuBaeMblil mapaMeTp B pPOJM YIPABJIECHHS, a B KauecTBE
¢byHKIIMOHAMa BBICTYHAeT KBaApaT OTKJIOHEHUS COCTOSHUS YIPABIIEMON CHCTEMBI OT
3a/1aHHOTO:

160 = [ G0 = x (502 ds + [ 0G5, =y ()7 ds > i
S S

0x 0x dy dy
ETA - = 3 = By1x + B,y + by, — T +Ccy— 9s = By1x + By, y + by;

d , d ,
% 91 (y(sl’ t) = x(sy, t)) 3’(50 t) (X(So, t) — y(So, t))

x(s,t0) = x°(s),¥(s,to) = ¥°(5), (5, 0) E S XT,S =[sg,51], T = [to, t1]-
3nech x,y — HemsBecTHbIe GyHKINH, B;;j = B;;(s,t),b; = b;(s,t), g1 = g1(t), ¢; — 3anannbIe
¢ynkuun u mapamerpsl, x°(s)y°(s),x1(s),y*(s) — cocrosHme cucTeMbl B HayalbHBIA U
KOHEYHBI MOMEHT BpeMeHH, U = u(t) € U — ympasienue. PelieHne 3aqadul yCIOKHSIETCS
CIICAYIOIIMMU O0CTOSTENbCTBAMU: 1) (YHKIMOHAN KBaApaTHYHBIA; 2) CMELIMBaHHE
cocrostauii B O/1Y.

Jlnst manHOM mocTtaHoBKM 3amaurt OY ObUIO amanTHpPOBAHO [1Ba KJIACCHUYECKHX
anroput™a [3] (MeToa JMMHEapU30BaHHOTO MPUHIIMIIA MAaKCUMYyMa, UTEPAIllMOHHBIN METOl Ha
OCHOBE NMpUHIUIA MaKCUMyMa). AJNTOPUTM ObUI peau30BaH Ha sI3bIKE MPOrPaMMHUPOBAHUS
Python. Bpu1 npoBeneH 4YMCIIEHHBIH SKCIIEPUMEHT, CPAaBHUBAIOMIMKA TOJXOJbI, PEIIAIOIINe
3agaay OJlY, ¢ pemeHueM 3agayd  MOpPOCTO  Kak  3aJa4d  MaTeMaTHYECKOro
IIPOrpaMMHUPOBAHUA.

1. Demidenko N. Optimal control of thermalengineering processes in tube furnace. Chem. Petrol.
Eng. 2006. Val. 142. P. 128-130.

2. Arguchintsev A., Poplevko V. An Optimal Control Problem by a Hybrid System of Hyperbolic
and Ordinary Differential Equations. Games. 2021. Vol. 12. No. 23. DOI: 10.3390/g12010023.

3. BacumseB O.B. Jleknuu no merogam ontumusannu. Upkytck: NM3n-so Upkyt. yH-Ta. 1994, 344 c.

" HccrnenoBanue mpoBeIeHO NPy (PHHAHCOBOIT MOIEpIKKe TpaHTa MPKYTCKOro TOCYAapCTBEHHOTO
YHHBEpPCUTETA I MOJIOABIX YueHBIX Ne 091-24-301 «Pa3paboTka METOIOB peLICHHS 3a1a
ONITUMAJILHOTO YIPABJICHHUS COCTABHBIMHA CUCTEMAaMHU TUTICPOOINIECKUX U OOBIKHOBEHHBIX

UG hepeHIINANTBHBIX YPaBHCHHIA.
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CPABHEHUE METOJIOB PEIHIEHUA 3AJJAY OIITUMAJIBHOI'O YIIPABJIEHHW A U3
BUBJIMOTEK A3bIKA PYTHON C METO/JIOM YCJIOBHOI'O I'PAAMEHTA

JI.E. Konsinos, M.A. Kapnenkos, M.B. Illypux
HpkyTtckuil rocygapCTBEHHBIN YHUBEPCUTET
it-daniil@yandex.ru, karpenkov.2004@mail.ru, marriiamnii@gmail.com

B nanHOM mccnenoBaHMM NMPOBOIUTCA aHANU3 OMOMMOTEK S3bIKa MPOTPaMMUPOBAHUS
Python ¢ Touku 3peHuss X NPUMEHEHHUS Ul PelIeHUs 3aa4 ONTHUMAaJIbHOrO ynpasieHus. B
npenbiaymein padore [1] aBTopel paccMoTpenu Tpu OMONMOTEKM M TPOBEITH UX
CpaBHUTEIBHBIN aHanu3. B HacTosieil paboTe mpeacTaBieH aJrOpUTM YHUCICHHOTO PEIICHUS
3a/la4yd ONTHUMAJIbHOIO YIPABJIEHUS, OCHOBAaHHBIM HAa METOJAE YCJIOBHOTO IpaiueHTta [2], u
BBIMIOJITHEHO €ro CpaBHEHHE C MHCTPYMEHTaMU OWUOIMOTEK, HCIONb3YIOMUX METO/bI
HEJIMHEHHOTO MPOrpaMMHUPOBAHMS U CHEIMAIM3MPOBAHHBIE pemateian (B JaHHOM cilydae

IPOPT).

PaspaboTtannslii anroputm (Spec) cocTouT U3 nmpuMepHo 70 CTPOK MPOrpaMMHOTO KoJa
u 10 cTpok ayisi HaCTpoUKK mapameTpoB 3aaaud. [lokazaHo, 4TO OH pemiaeT pacCMOTPEHHBIE
3amaun He MeHee 3(PPEeKTUBHO, YeM aJTOPUTMBI, PEaTH30BAaHHBIC B CICIUATU3UPOBAHHBIX
OuOMoTeKax. DTU aNTOPUTMBI B CPEIHEM HCIONB3YyIOT 40 CTpOK KoAa I HACTPOUKH
napaMeTpoB. 3HAYUMOCTh WH(POpPMAIMU O KOJUYECTBE CTPOK KoJa OOyCIIOBJIIEHA TEM, YTO
OMOJMOTEKH TpEIHAa3HAYCHBI MJIsi OOCECIeYeHHs] OBICTPOTO M yJOOHOTO MCIOJIb30BAHUS.
OpnHako, UIT HEKOTOPBIX 3a7a4d ONTUMAIBHOTO YIIPABICHHUS BO3MOXKHA pa3pabOTKa MPOCTHIX
1 3G (HEKTUBHBIX peanu3anuii 0e3 o0paIeHust K CIICIUaTN3UPOBAHHBIM OHOIHOTEKaM.

B pemiensl ABe 3agaud W3 o0iacTé OMONOrWM, omucaHHbie B [3]. DT 3amaum
WUTFOCTPUPYIOT TPWIOKEHHE TEOPUHM ONTHUMAIBHOTO YIPABJICHHUS K MOJICIMPOBAHUIO
OMOJIOTUYECKHX TPOIECCOB.

IlepBas 3anaya: J) = f02[3u(t) + u?(t) — 2x(t)]dt - min;
x =x(t) + u(t),x(0) =5;
0 <u(t) <2, teT =10,2].
Bropas 3anauqa: Jw) = —x(4) + f: u?(t)dt - min;
x =x(t) + u(t),x(0) = 0;
0 <u(t) <5, teT =1[04]
Jlnist 3a1a4 M3BECTHO aHAIMTHYECKOE pemicHue [3].

B PaMKax BBIYUCIIUTCIBHOI'O SKCIICPUMCHTA IMOJIYUCHBI PC3YyJIbTAThI, IPCACTABIICHHBLIC B
tabn. 1. OTmMeTuM, 4YTO TIPU pealu3alUd BCEX PACCMOTPECHHBIX aJTOPUTMOB HAWICHBI
perieHus, OJIM3KKe K aHATUTHYeCKoMYy. Perienus npeacrasieHsl Ha puc. 1.

[Ipy  pemleHnm  mepBOM  3aaauu Hanbosiee  A(QeKTUBHBIM  OKazajcs
CHEIUAM3UPOBaHHBIA  MeTon (Spec), KOTOpBHI MPOJAEMOHCTPUPOBANl  3HAYUTEIBHOE
IPEUMYIIECTBO B CKOPOCTH MO CPABHEHUIO C JPYTUMH ITOIXOJAMH.

Bropas 3amaua Obuta ycnemiHee perieHa MeTofamMu M3 OMOIMOTEK. 3aMeTuM, 4To B
OuOMoTeKax MpuMeHseTcs aBToauddepeHIMpoBaHNe, a P peaTu3aui METO/Ia YCIOBHOTO
rpagueHTa (Spec) ObLT wHCMONB30BaH MeTon Oiepa. B manpHeiimieM miaHupyercs
HCIIOJIb30BATh APYTUe€ METO/IbI YUCIEHHOTO perieHus quddepeHanbHbIX YpaBHEHUH.

Emé omHO# 0COOCHHOCTHIO JAHHOTO UCCIICOBAHMUS SIBJISIETCS TO, YTO MeTOI (Spec) Obut
peanu3oBaH Ha s3bIKe IporpamMmupoBanus Python, a He Ha HU3KOYPOBHEBOM $I3bIKE, KaK 3TO
cienaHo B OmbOnmorekax. B mpeacTaBieHHOW peanu3amMu 3TOT METOJ SIBJISETCS OOJbIie
y4EOHBIM QJITOPUTMOM. JlJIsl €ro NpakTHYECKOro MPUMEHEHHUs IUIaHUPYETCs peaau3ariys
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AJIropyuT™Ma Ha HU3KOYPOBHEBOM A3BIKE U MO,I[I/I(l)I/IKaI_[I/IH YHUCJICHHBIX CXEM IJId praBJ'ISIeMOI\/'I
CHUCTCMBI 3aJ1a4.

An.peu Gekko [4] Control [5] CasADi [6] Spec
3agaua 3
Bpems J Bpewms J Bpewms J Bpewms J
3anaya 1 -68.193 2.325 -71.139 2.681 -67.422 40.469 -69.185 0.147 -68.194
3anaua 2 -192.924 1.986 -215.655 | 79.396 -192.976 | 50.826 -180.820 | 48.708 -173.661

Ta6u. 1. Pe3ynprarsl paboThI MOIX0I0B

3afjava l 3apaya 2
5_ '_'+'_H+' '

—_—an »

2.0 1

— an
=%~ spec
gekko
-¥- casadi
-+~ control

=®= spec 4

gekko
-¥- casadi
=+= caontrol

1.5
Z1.071
=}

0.5 1

0.0 1

0.00 0.25 050 095 1.00 125 150 175 200 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0

a0 — an 250
—-®= Spec

30 4 gekko
- casadi
201 =+- control

— an
2004 =w- spec
gekko
-¥- casadi
1001 -+- control

50

1504

x(t)
I

-
x(t)

10

t 0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
t

Puc. 1. I'paduku ynpasneHust (BEpXHHUE) U COCTOSHUS (HIDKHHE)

B pesymbratre TNpoOBEeAEHHOTO HCCIENOBAHUS MOXHO C/AENaTh BBIBOX, HYTO
UCIIOJIb30BaHUE S3bIKa NIporpaMMupoBanus Python ans pemenus 3amad OnTUMaIbHOTO
YIIPaBJICHUS SIBISETCS TEPCHEKTHBHBIM ITOJIXOMOM. B OONBIIMHCTBE CilIy4yacB NpPUMEHEHHE
OMOIMOTEYHBIX METOJIOB MOXeT oOecneuuTh 3(PQPEeKTHBHOE pelIeHHue THUIIOBBIX 3a/ad.
Omnako mua cnenu@UUecknx 3aad MOXET IMOTpeOOBaThCs pa3pabOTKa COOCTBEHHBIX
METOZI0OB M AaJTOPUTMOB, YYMTHIBAIOIIMX OCOOEHHOCTH 3amad. Python Mmoxxer ciyxuth
HOAXO/SIIIIM HHCTPYMEHTOM JUIS CO3/[aHUS TAKUX METOJIOB.

1. Konsutos J.E., KapnenkoB M.A., Ulypuk M.B. O630p 6ubnnotek s3pika Python ans pemenus

3aa4 ONTUMAJIbHOI'O YIIPABJICHU. HI/IHaMI/I‘lCCKI/Ie CHUCTCMbI U KOMIIBIOTCPHBIC HAYKU: TCOPUA U

npwioxkenus (DYSC 2024): marepuansl 6-if MexayHapoaHoi koHbepeniuu, Mpkyrck, 18-23

centssops 2024 roma. Upkyrek: Msm-so UT'Y, 2024. C. 117-120. DOI: 10.26516/978-5-9624-

2309-8.2024.1-224.

Bacwiper O.B. Jlekmuu mo metonam ontumuzanun. Upkytek: Uzn-so UT'Y, 1994. 344 c. u.

3. Lenhart S.M., Workman J. T. Optimal Control Applied to Biological Models. Boca Raton, FL:
Chapman & Hall/CRC, 2007. 261 p. DOI: 10.1201/9781420011418

4. Beal L.D.R., Hill D., Martin R.A., Hedengren J.D. GEKKO Optimization Suite. Processes. 2018.
Vol. 6. No. 8. DOI: 10.3390/pr6080106.

5. Fuller S., Greiner B., Moore J., Murray R. , van Paassen R. Yorke R. The Python Control
Systems Library (python-control). CDC. 2021. DOI: 10.1109/CDC45484.2021.9683368.

6. Andersson J., Akesson J., Diehl M. CasADi — A symbolic package for automatic differentiation
and optimal control. Recent Advances in Algorithmic Differentiation . 2012. P. 297-307. DOI:
10.1007/978-3-642-30023-3_27.
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I'PA®OBBIE HEMPOHHBIE CETU B 3AJAUE
BOCCTAHOBJIEHUA MAKETA IOKYMEHTOB

J.E. Konpios, A.A. MuxauiioB
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
it-daniil@yandex.ru, mikhailov@icc.ru

I'padoBeie Heiiponnbie cetn (GNN) ucnonb3yroTcs Ais 3anad, TpeOYyIIUX ydera
CTPYKTYpPBhl OOBEKTa MCCIICIOBaHMsI, MpeACTaBIeHHON B Bujae rpada [1]. Takyro cTpykTypy
MO>XHO TOJIYYHTh U JUIsl CTpaHullbl JokymeHTa [2-4]. GNN xapaktepusyercs CIeayIOLIUM:
CTPYKTYypo# rpada, ¢ KOTOpoi OHa paboTaeT; CTPYKTYpOH, KOTOpas MOJy4aeTcsl Ha BBIXO/C;
Kak J00as HelpoHHas ceTb, CBOEH apXHUTEKTypoil. HemarmoBaXHBIM BOIPOCOM SIBISETCS
poriecc 00y4YeHus, B YaCTHOCTH, BRIOOP (PYHKITUU TTOTEPb.

GNN paboTtaer HEMOCPeACTBEHHO C rpadami, 3alMCaHHBIMU B BUAE MaTpuubl. ['pad
xapakrepusyercs napoit (V,E), rne V — mHOXxecTBO y310B, E — MHOXecTBO pebep. B
Ka4yeCcTBE Y3JI0B BBICTYMAlOT BEKTOphl V; € R™,i = 1,2,..n. DTu BEKTOpbl MOTYT OBITH
NOJy4YEeHbl M3 YYacTKOB JIOKYMEHTa, B YaCTHOCTH, PETHOHOB, CTPOK, cloB. PeOpa mexmy
y3JaMd 4acTO MPEICTaBIAIOT B BHAE Jamiachana L € Z™™ u marpuilbl CBOMCTB pebep
X € R*¥L Jlpyroif pacnpocTpaHEHHBIIi BapHaHT — HCHONL30BaTh MaTpuiy A; € R™™,
HEHYJIEBBIE 3JIEMEHTHI KOTOPOH XapaKTEPHU3YIOT CBSI3b, @ UX 3HAYEHUE — CBOMCTBO 3TOU CBA3HU
(MMeeT MeCTO MCIOJIb30BaHME TEH30pOoB [A; Aj,...,A;] 11d mepepaun BeKTOpa CBOMCTB
pebep). Takue maTpuibl, Kak MpPaBUIIO, PA3PEKEHHBIE U XPAHATCA B KOMIAKTHOM BHUJE
(MaccHB TPOEK U3 ABYX WHAECKCOB M 3HAYCHHUS).

Jlns 3agaud  BOCCTAHOBJIEHUSI MaKeTa JIOKYMEHTOB €CTh pa3jU4Hble CHOCOObI
noctpoerus rpada. CaMbIMH pPacIpOCTPAaHEHHBIMU SBIAIOTCA K-Ommkalmmx coceneil u
tpuanrynsuus Jlenone. Jlns 3agaun kiaaccupuKaly B JaHHON paboTe HCTONb3YeTCs METO
K-Onmkaiimmx cocenelt ¢ mapamerpom k=4 (pu 3TOM CTPOro KOHTPOJIUPYETCS HAIIPaBICHUE
IIOMCKA KaXJOro M3 COCeleil), B KaueCTBE PACCTOSIHUS BBOJUTCS PACCTOSHHUE MEXKIY
0Jiokamu, a He UX IeHTpoM. B manHoOM paboTte rpadnl CTPOSITCS HA OCHOBE CTpaHUIl U3 Habopa
nanHbix PubLayNet [5], xotopslii mpenoOpadarbiBaeTcsi (BBLACISAIOTCS CIOBA) C MOMOIIBIO
OCR Tesseract.

Ecnu na Bxon B GNN Bcerna noaaetcst rpag, To BBIX0J OyJeT 3aBUCETh OT peIIaeMoin
3amaun. Beigenstor Tpu Buma GNN B 3aBucHMOCTH ypoBHS aOcTpakiuu. [lepBas 3amava Ha
ypoBHe rpacda (graph-level), Ha BbIXO/ie TIOTydaeTCsi BEIMUMHA, KOTOpAsk XapakTepu3yeT rpad
nenukoM. Takas 3aj1aua pemiaercs B paboTe, Korjaa Kiaccu(GuuupyroTcs peruoHbl JOKYMEHTA.
Paborate MoxHO Ha ypoBHE pebdep (edges-level) mnmu naxe y3noB (nodes-level). Takas 3agada
peliaercss MpH BBIACICHUU OJIOKOB: ylajeHHe CBs3ed MeXAy CIIOBaMU WM CTPOKaMH,
IPYIIIMPOBKA CJIOB B CTPOKHU U CTPOK B PETHOHBI.

B pabore pemraercs 3agada cerMeHTaIllid PETMOHOB TeKCTa U uX Kiaccudukamnus. O6e
3aJa4d paccMaTPUBAIOTCS OTAENbHO. OT CerMEHTAlUMU CTPAHUIBI JIOKYMEHTa Tpedyercs
yIaJduTh pedpa MOCTPOEHHOro rpada, KOTOPhIe COSAMHSIOT Y3JIbl U3 pa3HbIX PerHoHOB. OT
KJIaccupukanuu TpedyeTcs KaXXKJAOMY PETHOHY IOCTaBHTh B COOTBETCTBHE Kiacc (TEKCT,
3aroJIOBOK, CITMCOK, TaOJIUIa, PUCYHOK).

C touku 3penus apxurektypbl GNN 111 3ajaul BOCCTAaHOBJIEHUSI MAKETa JOKyMEHTa
HCITOJIB3YIOTCSI CBEPTOYHBIC CJIoU [6]. MaTremMaTndecku CJION MPeICTaBIIsIeT COO0M

1 1
H; = 0;( D"2(A + )D"2H;_,W}).

“PaGoTa BBITIOIHEHA B PAMKAX TOCYAAPCTBEHHOTO 3a1aHns MUHHUCTEPCTBA HAYKH H BBICIIETO
obpasosanus Poccuiickoit ®eneparun (Tema Ne 1023110300006-9)
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3necb H — marpuna cmexHocteil, D - nuaroHalbHass MaTpulia ¢ 3JEMEHTAMH, PaBHBIMHU
4KCITy BEpPUIMH, UCXOAAIMX U3 y3n1a, W, — maTpuiia o0ydaeMbIX BecoB Ha j-M cioe, Hy = V.
®yHKuMsg 0; 00€CIeYMBAET HENMHEHHOCTh. Kak mNpaBuilo, YMCIO CBEPTOYHBIX CIIOEB B
3a/layaxX, CBS3aHHBIX C JOKYMEHTaMH, HEOOJBIIOE, TOCKOIbKY HMeeT MecTo 3dhdexT
pa3mMbITus. Ha mpakTuke 3apeKOMEeHI0OBAIH Ce0sI apXUTEKTYPBI C 2-Ms WA 3-MS CIOSIMHU.

Hpyrum BaxkHsiM cioeM B Mozensix GNN sBisiercss BBIXOAHOUW cioil. IMEHHO OH U
OyZer B KOHEYHOM HTOTe OTBEYaTh 3a ypoBeHb abcTpakuuu. Ha BeIxoge w3 Mojaenu
MOJIyYalOTCsl arperipoBaHHbIC BETMUYMHBI, B KaYeCTBE arperupyromux GyHKIUN UCTOIb3YIOT
CpenHee, MaKCHMallbHOC W MUHUMAIbHOE 3HaueHHe. Ha mpakTuke 3apeKoMeHIoBan ceds
BbIOOP MaKCUMAaJIbHOTO 3HAUYEHUSI.

[Iporiecc oOyueHHs] HEHPOHHOM CETH CBsI3aH ¢ MHUHMMH3aLUUEH (QYHKIUU TMOTEPb.
Oynaknus nmoreps 11t GNN, paboTaronux Ha ypoBHE Tpada, SIBISIOTCS CTaHIAPTHBIMH, B
OTIIMYHE OT TeX, YTO PabOTAIOT Ha ypoBHE y310B H pedep. Ha ypoBHe y310B u pedep, Kak
MpaBUJIO, BBHIOMPAIOT arperupoBaHHYI0 (YHKIUIO TOTEPh JUIsl BCETO MHOXKECTBa pebdep
y3510B. Takoii arperupoBanHON (yHKIKEH OOBIYHO BBHICTYIAET CPEIHEE.

[TonBons wror: GNN Hamwii TPUMEHEHUE NPU PEIICHUH 3aJad CErMEHTaluu U
KJaccu(uKanuy 6J10KOB TOKYMEHTOB. OHHM YUUTBHIBAIOT CTPYKTYpY, KOTOpast IBHbIM 00pa3oM
MPOCIIEKUBAETCS B IOKYMEHTaX.

1. Zhou J, Cui G., Hu S,, Zhang Z., Yang C., Liu Z, Wang L., Li C., Sun M. Graph neural
networks: A review of methods and applications. Al Open. 2020. Vol. 29. P. 57-81. DOI:
10.1016/j.aiopen.2021.01.001.
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6. Kips T.N., Welling M. Semi-Supervised Classification With Graph Convolutional Networks.
ICML. 2017. DOI: 10.48550/arXiv.1609.02907.

116


https://doi.org/10.48550/arXiv.2208.10970
https://doi.org/10.1007/978-3-031-70533-5_14
https://doi.org/10.48550/arXiv.1609.02907

PEKOHOUI'YPALIA JTMHAMMWYECKUX PEI'YJIATOPOB ITP1 HEITOJITHOM
N3MEPEHUUN BEKTOPA COCTOAHUA U BOSMOXHBIMU OTKA3AMU 1
BOCCTAHOBJIEHUAMUN JATUMKOB

A.A. Kocos
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
kosov_idstu@mail.ru

B noknane paccmarpuBaeTcs JUHEHAs yIpaBisiemMasi CucTema
Xx=Ax + bu. (1)
y=TTx
)
3meck x € R™ — BekTOp cocTostHUsA, ¥ € RY, [ < n — BEKTOp M3MepseMbIX MEPEMEHHEIX,
A — mocrosiHHas Matpuia pasmepoM n X n, I' — mocrosHHas MmaTpuua pasmMepoMm n X[,
b € R™ — mnocrosiHHbBII BekTop. CKansipHOE yIpaBieHHUE U (OPMUPYETCS KaK BBIXOIHAS
BEJINYMHA JTUHAMHUYECKOTO PETYIIATOpa

D(p)u = Xk=1 C (@)Y, 3)
rne D(p) =p™ +d,p™t++dip+dy u C(p) = c,(,’lepm"1 + .+ c§k)p + cék) -

d
TMOJMHOMBI  OT omeparopa p = — i QepeHIIMPOBaHUs O BPEMEHU C MOCTOSHHBIMU

kod(ddurmentamu. 3amavya crabunm3anuu cucteMbl (1) ¢ HemogHbBIM u3MepeHueM (2) c
MOMOIIBIO JIMHAMHMYECKOTO perynsirtopa (3) cocTOMT B TOM, 4YTOOBI BBIOpaTh MOPSIOK
perymsitopa m > 0 u ko3hdunuenTs! moaunaoMoB D (p), €y (p) Tak, 4TOOBI HylIEBOE PELICHHE
3aMKHYTOU cucTteMsbl (1)-(3) ObIII0O ACMMITOTHYECKH YCTOMYHBO.

Teopema 1. Eciu napa (A,b) nonnocmvio ynpasnsema, a napa (AT,T) nornocmuio
nabmodaema, mo npu m = n xkosg@uyuenmor noaunomos D(p), C,(p) moocno evibpame
mak, umobwvl nynesoe peutenue samknymou cucmemwvt (1)-(3) 6wvL10 acumnmomuuecku
YCMOUYUB0 U XAPAKMEPUCMUIecKoe YpasHeHue umeno ool Haneped 3a0aHHbli Habop
KOpHel, m.e. MOJNCHO 0becneuums 3a0aHHYI0 CKOPOCMb 3AMYXAHUSL NEPEXOOHBIX NPOYECCOS.
Ecnu oice xoms 0vl 00HOo u3 ycnosuil meopemvl Hapyuiaemcsi, mo cucmema (1), (2) moocem
ovimb He cmabunuzupyema pezyasmopom (3) wmu npu xakom m > 0. Heobxooumvie u
00CmMamoyHvle YCa08usi CMadUIUUPYeMOCmuy COCMOSM 6 MOM, YUMo Heynpasisiemdas 4acmo
cucmembl U HeHaOIOOAeMAst YACMb CUCIEMbL SGNAIOMCA ACUMNMOMUYECKU YCMOUYUGLIMU.

PaccMoTpuM Temepb TOT cCilydaif, Korga B Tmporecce ()YHKIMOHHPOBAHHUS JaTUUKH
MOT'YT OTKa3bIBaTh U BOCCTAHABIUBATHCS, TAK YTO B JUCKPETHBIC MOMEHTBI BPEMEHH BEKTOP
U3MEPCHUI MOYKET CKAYKOM U3MEHSTHCS U BMECTO (2) ypaBHEHHE U3MEPCHUS IIPHHUMAET BH/T

y(B®) = (TB©)) %, () € {, ..., w} (2a)

rae Gyakuus B (t) KyCOYHO-ITOCTOSIHHA, MPABOCTOPOHHE HEMPEPHIBHA W UMEET Ha KaXKIOM
KOHEYHOM OTpe3Ke KOHEYHOE YHCII0 TOUEK pa3phiBa.

Teopema 2. Eciu napa (A, b) noanocmeio ynpaeisema, a 6ce napvi (AT,F (ﬁ)), p €
{a, ..., w} nonnocmvio Habmodaemvl, mo npu m = n kospduyuenmer noauromos DE (p),
C,Eﬁ )(p) 0151 Qunamuyeckux pezyismopos muna (3) ModcHo évibpams mak, umoobvl Hylegoe

pewenue zamxnymott cucmemnl (1), (2a) 6vi10 acumnmomuuecku ycmouuu6o npu n06bIX
nepexnouenusx usmepumeneil B(t) € {a, ..., w}.
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O TOUHbIX PEIHEHMNAX MHOI'OMEPHOI'O
OBOBIIEHHOI'O YPABHEHNA MOHXXA-AMIIEPA

A.A. Kocos, D.11. CemeHoB
NHCTUTYT TMHAMUKK CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
kosov_idstu@mail.ru, edwseiz@gmail.com

B nmokmane paccmarpuBaercs 0000mieHHOE ypaBHeHHe MomHka-Amiiepa sl ciydas

N > 2 NpOCTPaHCTBEHHBIX MEPEMEHHBIX CIICAYIONICTO BH/IA:
detH (u) = f(x,u, Vu, Au). 1)
3mech u = u(X) — uckomas (GYHKIUS OT BEKTOpa MPOCTPAHCTBEHHBIX MEPEMEHHBIX
X € R™, Vu — oneparop rpaauenta u Au — oneparop Jlamraca no X € R", f(x,u, Vu, Au) —
HekoTopasi QyHKIMs cBouX aprymentos, H(u) — marpuna I'ecce U3 BTOPBIX POM3BOJHBIX OT
9%u(x)
0x;0x;

uckomoit  pyukiun, H(u) = VYpaBuenuss Tuna (1) HCHONB3YIOTCS B

i,j=1n
nuddepeHIaIbHON TE€OMETPUH, Ta30BOM JUHAMHUKE, TeoPU3nKe W APYrux OOJACTAX IMpHU
MPOBEJICHNH KaK TCOPETHUYECKUX, TaK U MPUKIAAHBIX HcchenoBanuid. [loatomy moctpoeHue
TOYHBIX PEIICHUN YpaBHEHHUI TaKOTO TUIA MPEJACTABIISIET HECOMHEHHBIN MHTEpEC.

Teopema 1. Ecmu npu wnexomopom o #0 pynkyus F(&E) yoosremeopsiem
00bIKHOBEHHOMY OUGhhepenyuanbHOMy YPABHEHUIO

6 @) [F+aem] =7 (erd)

20e pynxyus f (f, Z:: Z EZ) nopooicoaemcst npasou yacmoio ypasuerust (1) no popmyne

F(erti)=r(6nos () 2o+ 25,

mo ypasnenue (1) umeem mounoe pewenue u(x) = F(§),&(x) = % IIx]]2.

B ciygae, korma mpaBast yacte ypaBHeHUs (1) He 3aBHCHT OT MPOW3BOJHBIX MCKOMOU
¢ynkuuu, ypaBaenue (1) npuHUMaeT BUI

detH(u) = f(x,u). (2)

Teopema 2. Ypasuenue (2) umeer Tounoe pemenne u(x) = F(§),&(x) = i(x, AX), rne

A - TpoW3BOJIBHAS CHMMETPUYHAS HEBBIPOXICHHAs MaTpuna, a GyHkuus F(&) sBisercs
perieHneM 0OBIKHOBEHHOTO TU( depeHITNaTbHOTO YPAaBHCHHS
n=1rar
detd (S5)" £+ 26 LL] = £ (&, P).

B nokmane mpuBOIUTCS psA MPUMEPOB TOYHBIX pemieHui ypaBHeHuil (1) m (2) mis
Pa3TUYHBIX CTyYaeB 3aJaHHsI CTOSIIUX B MPABOM YaCTH (PYHKIIHIA.

PaccmarpuBaercst Takke 3ajada MOCTPOCHHUST TOUYHBIX PEUICHUH U HEeCTAIlMOHAPHBIX
aHasoroB 0000IIEHHOT0 ypaBHEeHHsI MoHka-AMiepa.
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JIMHEWHBIE SIUJIEMUYECKHUE 3AJAUYM HA
[IPUMEPE PACITPOCTPAHEHU ST MAJISIPUIA™

H.O. KocbsiHoB
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
kosyanov.nik@gmail.com

Kak w3BecTHO, /i1 ONUCaHUS PACIPOCTPAHECHUS 3a00JIEBaHUM, TEPENAIOIINXCS
YEJIOBEKY OT JKMBOTHBIX M HACEKOMBIX, MOTYT IPUMEHATHCS MOJAEIHW C JMHEHHOH IO
COCTOSIHMIO CHUCTEMOW ympaBiieHHs. 37eCh pacCMAaTPUBAETCS OJHA U3 BO3MOXKHBIX MOJIEeH
pacrpoCTpaHEeHUs] MajsipuH, IMOJY4YeHbl OLIEHKU JUIs MAapaMeTpOB MOJENH Ha OCHOBAaHWUHU
naHHbix Beemupnoit Opranuzanuu 3apaBooxpanenus (BO3), a Takxe npeasioxkeH METoI st
IIOMCKAa ONTHMAJIBHOTO YIPABICHHUS B 3a/Jade ONTHMAJIBHOIO YIPAaBIEHUSA C JIMHEHHON
CHUCTEMOM.

PaccmoTrpum  nuHeliHyto  ogHOBUpYycHYto  moxaenb  SIRD  (BocnpummuuBbIi,
3apaxkeHnHslii, BoizgoposeBimii, Ymepmuii) u o6osnaunm 3a S(t),I(t), R(t), D(t) — momu
BOCIIPUUMYMBBIX, MHQUIMPOBAHHBIX U BBI3JOPOBEBIIMX B Momymsuuu. B Tkom ciydae
U3MEHEHHE COCTOSHUI cucteMbl SIRD, Ha HEKOTOPOM BpeMeHHOM uHTepBaie T = [to, t;],
MOYKHO OIHCATh CIEAYIOLEH cucTeMoil muddepeHnaTbHbIX YPaBHECHHINA:

I (%0 = a®x,(0) = (B + ¥ (D)1 () — u(®),
{J'C(t) = A®)x(t) + B(u(t),t), _S X,(t) = —a(t)x,(t),
x(to) = xo. R x3(t) = Bx (t) +u(t),
b l %, (1) = yx,(8),

(1)

rae x(ty) = xo, u(t) € U, a(t) — napamMeTp WHTEHCHBHOCTH PACIPOCTpaHEHUs Bupyca V,
y(t) — mapaMeTp CMEpPTHOCTH, 8 — MapaMeTp YacTOThl CaMOCTOSITEIILHOTO BBI3IOPOBICHHS
3a0oneBmux (6€3 MEAMIIMHCKOTO BMeENIaTenbcTBa). COrIacHO CTAaTUCTHYECKHM JAHHBIM [2]
3aMeueH TPEHJ Ha CHIXKeHHe mapaMeTpoB a(t) u y(t), a B MOXKHO CUHATATh MMOCTOSHHBIM.
s onenku mapamerpoB a(t), y(t) u [ ObUI IPUMEHEH METOJ HAUMEHBIIMX KBaIPaTOB
(MHK) ans nansbix 3a nepuon ¢ 1995 roga mo 2023 (cm. ta6a. 1).

[eneBoii GyHKIIMOHA 33]]a91 UMEET CIEAYIONUN BU:

JGut) = f Icm(t) F () — cxs®|de +eaxa(t). (@)
T f(x1(0),x2(0)) g(x3(0) o(x4(t1))

3neck koadhdunuentsl ¢; = 0, i = 1,n paccMaTpuBarOTCs Kak 3aTpaThl (WIH, B CIy4ae C
c3, OOHYC), CBsi3aHHBIE C KaXAoW u3 rpynn rpaxnad. KoapduuueHTsl 1eneBoro

dyHKLIMOHAMA JUIA 33]]a4d PAaCIPOCTPAHEHUS MAJISIPUU MpEICTaBIeHbI B Ta0. 1.

Tabmuua 1. OueHky napaMeTpoB MHIEMHYECKON MOJICNIN PAaCIPOCTPAHEHUS MATIIPUN

ITapameTp | Onenka Onucanue
a(t) 10~*(7t MHTCHCHBHOCTD 3apa)KCHUS TPaKIaH MasIpHei
+ 763)
B 10~*(2t + 67) | yactora cMepTeii 3a00JIEBUIMX IPAKIAH
y(t) 0,015 YacTOTa BI3IOPOBJICHHU 3a00I€BIIMX IPaKIaH
C1 2750 CTOUMOCTbH COZIepaHMs 3a00JIEBIINX TPakIaH

“ PaGora BBIIOTHEHA pH (HHAHCOBOIT oAKepKKe Poccuiickoro Hayunoro ponza, npoext Ne 24-41-03004.
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Cy 100 CTOMMOCTh O0ecnedyeHnuss Oe30MacHOCTH BOCIHPUUMYMBBIX
rpaxkJIaH

C3 300 JI0OXOZ OT MCIIOJB30BaHUS HEBOCIIPUHMMYUBBIX K BUPYCY
rpaxJaH

Cy 10 000 3aTPAaThl, CBA3aHHBIE CO CMEPTHIO IPAKIAH

IMon ynpasnenwem B 3amade (1), (2) momumaercs u(-) € U = {u(-) € L, | u(t) € U},

o
Vt € T. Torna pemieHueM COOTBETCTBYIONIEH AMTUIEMUYECKON 3aa4M SIBJISIECTCS
u* = argmax{/(x,u,t) | u(:) € U}. (3)

[Tockonpky snuaeMHYEcKas 3ajJaya PaclpOCTPaHEHHs] MaJIPUU OTHOCHUTCSI K KIIacCy
3a7a4 ONTHUMAJILHOTO YIPaBICHUS ¢ JIMHEHHON cucremoi yrpasieHus (1), (2) u BBITYKIBIM
¢ynkunonagom bonbla, TO MOMCK €€ pemeHHs MPOBOJAMICS C MOMOIIBIO METoJa
UTOJIbYATOTO BapbupoBaHus [3, 4, 5], ocHoBaHHOTO Ha pUHITUIIE MakcumyMa [loHTpsTHHA.

1. Brauer F., Castillo-Chavez C. Mathematical Models in Population Biology and Epidemiology.

Texts in Applied Mathematics. Springer. 2010. P. 345-393.

World malaria report 2023. Geneva: World Health Organization. 2023. P. 6-28.

3. JhoOymmu A. A., YepHoycbko @. JI. Meton mocnenoBaTeNbHBIX MPUOMWKEHUNA Ui pacdera
ontuManbHoro ymnpaeienus. M3s. AH CCCP. Texn. kubeprneruka. 1983. Ne 2. C. 147-159.

4, Bacwiees O.B. Jlekmum 10 MeTOomaM pemieHWs 3adad  ONTUMM3AIuH. VpKyTCKui
rocyaapcTBeHHbIH yHUBepcuTeT. UpkyTck, 1994,

5. Bacuise @.II. UwucneHHble METOIbI pEIICHUS JKCTpeMaibHbIX 3amad. M.: Hayka, 1980.
C. 410-460.

N
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OB OJTHOM KPAEBO# 3AJJAUE C BbIPOXEHUEM
JUTS TIAPABOJIMYECKOI CUCTEMBI «XUIIHUK-KEPTBA»

IT.A. Ky3nenon
NHCTUTYT ITMHAMHUKU CUCTEM U Teopuu yrpasiienus umenu B.M. Martpocosa CO PAH
kuznetsov@icc.ru

B noknaze paccMarpuBaercs AByMEpHas CUCTEMA JBYX KBA3UJIMHEHHBIX
napaboIUIECKUX YpaBHEHUM

ue = V[(o; + B1VVv) u] + f(u,v), v, =V[(a, — B,Vu) - v] + g(v,u). ®
3nech u = u(t,x,y), v=v(tXx,y) — Heu3BecTHble QyHKIUH, f, § — U3BECTHBIC JOCTATOYHO
rnagkue QyHKIMU; O, — JBYMEPHBIE BEKTOPbI C IIOJIOXKUTENbHBIMH BEIECTBEHHBIMU

KoopauHatamu, 31, # 0 — BellecTBEHHbIE KOHCTaHTHL. byneM Taxke Mpeanosiararb, 4To
f(0,0) = g(0,0) = 0.

B omHoMepHOM ciy4yae JaHHas CHCTeMa MpeACTaBicHa B MoHorpadum [1] kak
CUCTEMa THUIA «XHIIHUK-KepTBa». COrIaCHO paccCMaTpUBaeMO MOJENH, U U V 0TOOpakKaroT
TUIOTHOCTD TIOMYJISIIIANA KEPTB U XUITHUKOB, COOTBETCTBEHHO. Toraa coaepKaTenbHbIA KI1ace
pemieHnii cuctembl (1) COCTaBNISAIOT pelICHUS ¢ HYJIEBBIMH (DPOHTAMH, MpPEANOJararoline
HAJIMYUE JOCTATOYHO TNaAkuX JuHHHA X = a(t,y), X = b(t,y) (rpanunsr apeansoB oOUTaHUS
TOITYJISIIIAI ) TAKUX, YTO

Uy=a(ty) = Vx=b(ty) = 0- (2)

OtMerum, yto 3amada (1), (2) OTHOCHTCS K KJIacCy BBIPOXKIAIONIMXCS, TaK Kak Ha
bpoHTax X =a, X =b BBIpOXKTACTCSI MAPAOOTUYECKUA THUII CHUCTEMBI. BBIpOXKIECHUIM
MOXO0XKEW MPUPOIBI, TOPOKIAIONINM PEIICHUS C HYJIEBBIMU (DpOHTaMHU (2 UMEHHO, TETIOBBIE,
bunpTparionasie W AUQPQGY3UOHHBIE BOJIHBI), YAEIAIOCH 0CO00€ BHHMaHHE B paboTax
akagemukoB S.b. 3enpmoBuua [2], A.A. Camapckoro [3], A.®. Cumoposa [4]. ITpu sTOoM
npeo0Jaa cirydail OTHOTO ypaBHEHHS.

B pa6ore [5] 3amaua (1), (2) uccienoBana B omHoMepHoM ciaydae mpu a(t) = b(t) B
KJIacce aHATMTHYECKUX (QyHKIUW. B mokmname mpuBoauTcsi 0000IIEHNE MONTYYSHHBIX paHee
pe3yabpraToB. IlocTpoeHbl penieHuss B BuAE pAnoB Teisiopa, MOJy4eHBI PEKYPPEHTHBIE
dbopmyssl K03hGHUITUEHTOB.

1. Murray J.D. Mathematical Biology II: Spatial Models and Biomedical Applications.
Interdisciplinary Applied Mathematics. Vol. 18. New York: Springer, 2003.

2. 3Bempmouu .Bb., Paiizep HO.II. ®usuka yaapHbIX BOJH K BBICOKOTEMIIEPATYPHBIX THIPO-
JUHAMUYECKUX siBIeHMH. M.: ®usmatiaut, 1966.

3. Camapckuii A.A., l'anaktuonos B.A., Kypatomos C.I1., Muxaitnor A.I1. Pexxumel ¢ 000cTpeHHEM

B 3aj1aYax JJIs KBa3WJIMHEHHBIX Mapaboiuueckux ypaBHeHuil. M.: Hayka, 1987.

CunopoB A.®. 13bpannsie Tpyasl: Matematnka. Mexanuka. M.: ®uzmatnut, 2001.

KazakoB A.JI., Ky3nenos I1.A. AHanuTHueckue pemieHus ¢ HyJIeBBIM (PPOHTOM ISl HEIMHEHHON

BRIpOXIatonieiics mapadonnueckoit cucremsl. Auddepennmansupie ypaBuenus. 2022, T. 58. No

11. C. 1461-1470.
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3AIIUATA OT ATAK C UCIIOJIb30BAHUEM OMOTIJIM®OB HA MOJIEJIA NLP”

A.A. Ky3nenos, A.A. Muxaiinos
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
viirtualkuz@yandex.ru, mikhailov@icc.ru

B pabore paccmarpuBaercs mpoOieMa aTak Ha CHCTEMbl 0OpabOTKH €CTeCTBEHHOTO
s3pika (NLP) ¢ ucronp3oBaHreM BU3yalIbHO MOXOKHUX CHMBOJIOB — oMoOTTIH(oB. OMornuds
IPENCTaBISIIOT co00il rpaduyecku WACHTHYHBIE WM MOX0XHE CUMBOJIBI, UMEIOIINE pa3HOe
3HayeHue. BO3MOXXHOCTb M3MEHHTh TEKCT, HE HW3MEHSS €ro BU3YaJbHO, MOXET OBbITh
UCIIOJIb30BaHA MHOTHMHU 3JIOYMBIIUIEHHUKaMU JUIsi 00XoJa MEeXaHM3MOB (UIbTpaluu
KOHTEHTa, HEKOPPEKTHOIO MAIIMHHOIO IE€pEBOJA, YXYIUIEHMs KadecTBa 3alpocoB U
WHJCKCAIIMM TOHMCKOBBIX cucteM. CormacHo crathe [l] MHOrME cHCTeMBI 00pabOTKH
€CTECTBEHHOI'O sI3bIKa HE 0OpalllaloT BHUMAHUS Ha BO3MOXKHBIE MPOOJEMBI: OT CHUKEHUS
IPOM3BOIUTENFHOCTH 0 HEKOPPEKTHOM paboThl. IIpemiaraercst HOBBIM MOAXOM 3alIUTHI OT
aTak C KCIOJIb30BaHMEM oMoriM¢oB Ha ocHoBe Mozenu TS5. Moamenp TS — text to text
transfer transformer [2], nmpeacTaBiseT coboit mpenoOydeHHyro koMmanaoi SberDevices [3]
Mojens (sage-tS), koropasi crocoOHa KOpPPEKTHpOBaTh opdorpaduyeckue OIUOKH Ha
aHrnuickoM s3bike. s reHepanuu  oOydarollero KOpIyca HCHOJb3YETCsl allfOPUTM
ciiyyaifHOH 3aMeHbl cuMBosia Ha ero omoriud. CocTaBleHHBIH CJIOBapb OMOTJIH(OB
paccuuTaH Ha 3aMEHY JIATHHCKUX CHUMBOJIOB. B cpemnem mo 5 omornmdoB Ha KaxKIbIid
cuMBOJI. Paszmep oOyuaroniero Kopmyca mpeBaIaeT 2 MITH. 3JIEMEHTOB (QITOPUTM CITy4aiHOMN
3aMeHbl). [IpoMeXyTOUHBI pe3yabTaT MOCie MOCIETHUX MOMBITOK OOYY4EHHUS COCTaBIIseT
99% (Accuracy) Ha CreHepUpOBaHHBIX JAHHBIX, a TAK)KE€ MOJEIb Oblla MPOTECTUPOBAHA Ha
MPUKIATHBIX 3a7a49ax (cM. Tabm. 1):

Tabnuia 1. Pe3ynpTaThl TECTHPOBAHUS B IPUKIIATHBIX 3a1a4aX

3amgauga Mertpuku OpurnHabHBIC 3amura ATakoBaHHBIE 3ammura ¢
TaHHBIE 0e3 aTak TaHHEIE aTaKkou
Text Precision 0.79 0.79 0.68 0.79
classification | Recall 0.78 0.78 0.64 0.78
(Toxic) F1 0.78 0.78 0.61 0.78
Q&A Exact 0.86 0.83 0.42 0.82
Match
F1 0.93 0.92 0.49 0.91

Takum oOpa3oM, NPEmJIOKCHHBIM TMOAXO0J Ha OCHOBE Mojenun TS5 sBisercs
NEPCIEKTUBHBIM HAIpaBlIeHUEM IJIsl pa3paboTKu 3()(HEKTUBHBIX METOIOB 3aIUTHI OT aTakK ¢
UCIob30BanueM oMoriudoB. JlanpHeiee pa3BUTHE MTPOCKTA TTO3BOIUT PACIITUPHUTH 001aCTh
MPUMEHEHUS TPEIJIOKECHHOTO METOAa W TOBBICUTH YPOBEHb O€30MaCHOCTH CHCTEM
00pabOTKH €CTECTBEHHOTO S3bIKA.

1. N. Boucher, I. Shumailov, R. Anderson, N. Papernot, Bad characters: Imperceptible nlp attacks,
in: 2022 IEEE Symposium on Security and Privacy (SP). IEEE. 2022, P. 1987-2004.

2. M. Guo, J. Ainslie, D. Uthus, S. Ontanon, J. Ni, Y.H. Sung, Y. Yang. Longt5: Effcient text-totext
transformer for long sequences. 2020. URL.: https://doi.org/10.48550/arXiv.2010.11934.

3. N. Martynov, M. Baushenko, A. Kozlova, K. Kolomeytseva, A. Abramov, A. Fenogenova, A
methodology for generative spelling correction via natural spelling errors emulation across
multiple domains and languages, in: Y. Graham, M. Purver (Eds.), Findings of the Association for
Computational Linguistics: EACL 2024, Association for Computational Linguistics. St. Julian’s,
Malta. 2024. P. 138-155. URL.: https://aclanthology.org/2024.fndings-eacl.10.

" PaGoTa BBINOTHEHA B PAaMKaX TOCYJIApPCTBEHHOTO 3aiaHMs MHHHCTEPCTBA HAYKHM M BBICIIETO
obpaszoBanus Poccuiickoit @eneparyu (Tema Ne 1023110300006-9).
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CO3JAHHUE MATEMATI/{‘IECKOI\/’I MOJIEJIN
JJ OEHKU KIIMHNMYECKO NTHOOPMATHBHOCTHU
OUTOJIOTUYECKUX METOAMK LHEPBUKAJIBHOI'O CKPUHWHI'A

E.T. K}ISBMGHKol, A.IO. FOpHOBZ, B.B. KysteHKo3
1I/IpI<YTCKI/II71 00JIaCTHON KIMHUYECKUN KOHCYIbTaTUBHO-TUATHOCTUYECKUN IICHTP
ZI/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
SUT'MAIIO - ¢unmman ®I'BOY 10 PMAHIIO Munzapasa Poccun
ekuzmenko@list.ru, gornov@icc.ru, kw7@mail.ru

Pa3zBuTre nabopaTOpHON AMArHOCTUKM TMPENoJaraeT IOBbIIIEHHE €€ KadecTBa U
WH(OPMATUBHOCTH IIyTEM HCIONB30BAHUS METOJOB, OOJNAMAIOIINUX TPEUMYIIEeCTBAMH,
TaKUMH Kak 0oJyiee TOUHas WIAECHTU(HUKAISA OMOJOTUUECKHX 00BEKTOB, YETKOE M300paKeHNE
KJIIETOYHBIX CTPYKTYpP, JOCTYIHOCTh, YCKOpPEHHAas IIOCTaHOBKAa, HHU3Kas CTOUMOCTb,
BO3MOXXHOCTh aBTOMAaTHU3allUU HccieloBaHus. B yactHocTH, /Ui Gojiee paHHETO BBISBICHUS
LEPBUKAJIBHOW HWHTPAdIUTEINAIbHON HEOIUIa3UM B XOJAE CKPUHUHIA Paka LIEHKH MAaTKU C
LENbI0 PAHHETO BBISIBICHUS M MPOPUIAKTHKU ATOro 3a00JeBaHHUS PEKOMEHJOBAH METOJ
KUAKOCTHOM LUTOJIOTMU ¢ okpackod no Ilananukosnay [1]. IIpu 3Tom Ha 3Tane nepexoja Ha
HOBYIO METOJHMKY HEOOX0JMMO, B COOTBETCTBHMU ¢ pekomeHmarusmu ['OCT, obecnednth
MIPEEMCTBEHHOCTh PE3YJIbTATOB UCCIIEAOBAHUMN, BBIMOTHEHHBIX Pa3HBIMH cIioco0amiu [2].

B noknane o6cyxmaroTcs pe3yiabTaThl HAYYHOTO COTPYAHWYECTBA, HadaToro Oojee 15
net Hazaj (cM., Hamp., [3]). Llenpro Tekymiero stana uccieaoBaHus ObLTIO CPAaBHEHUE YaCTOTHI
BBISIBJICHHWS  TATOJIOTMM TNPU  NPOBENCHHM  LEPBUKAIBHOIO  CKPUHUHIA  KEHIIWH,
o0cieI0BaHHBIX Pa3HBIMHU METOAaMH B JabopaTropun MPpKyTCKOTro AMarHOCTUYECKOTO IIEHTPa
— PpYTHHHBIM METOJOM LHMTOJOTMYECKOrO0 MCCIEIOBAaHUA C OKpPacKoM Mas3KOB IO
PomanoBckomy-I'mM3e M METOAOM JKMIKOCTHOM LIMTOJIOTMU C OKpPAaCKOM Mas3KOB II0
[Tamanukonay [1]. B xoae Banumgauuu CpaBHHMBAETCS «CTapblii» W «HOBBIM» METOMbI, HUX
BO3MOXKHOCTH,  OTpaHUYEHUs, JOCTOMHCTBA, HEJOCTATKH,  YYBCTBUTECIBHOCTb U
Crenu(pUIHOCTS.

OOyuatomiast BbiOOpka Obula cpopMHUpOBaHA HAa OCHOBE PE3yJIbTATOB OOCIIEHOBAHHIMA
MalMeHTOB, HAKOMUBIIMXCS 3a JUIATENbHBIN mepuon. OOciemyeMble >keHIIUHBI (6986
YeloBeK) OBLIM pa3feNieHbl HAa 2 TPyOmbl, B OAHOW H3 KOTOPBIX IUTOJOTHYECKOE
HCCIIEIOBAHUE MTPOBOJAUIIOCH METOJIOM C KJIACCHYECKOW MOJATOTOBKOM M OKPAacKOM Ma3KoOB, a
BO BTOPOM — METOJOM >KMJIKOCTHON LIUTOJIOTMH C OKpacko 1o Ilananukonay. B xaxnon u3
3TUX Tpynn ObLIO BBIAENEHO 5 MOATPYNI B 3aBUCMMOCTH OT Bo3pacTta oOcienyembix. Y
KEHIIMH mnoxuiaoro Bospacra (61-80 ner) 405 u3 1 rpynnel u 471 u3 2 rpynnsl npu
UTOJIOTUYECKOM  MCCIEOBAaHMUM HE ObUI0O OOHApYyXKEHO  BIEpPBbIE  BBISBICHHBIX
MHTPA’IUTEINAIBHBIX MOPAKEHUM MIEMKW MaTKU. BOJBIIMHCTBO M3 ATHX KEHIIUH UMEIU
COCTOSTHUSI TIOCTMEHOMay3aJIbHOTO aTpO(pUUECKOr0 BarHHUTA U BYJIbBOBarnHMTA, B TOM YHCIIE
U TIOCJIE JICYEHUs] JUCIUJIa3UM U paka IIeWKW MaTKU B aHaMHe3e. JTa BO3paCTHas rpymma He
YUYHUTHIBAJIACH B TaJIbHEHUIIEM CPABHUTEIBHOM aHAJIA3E.

CoBepIIEHCTBOBAHUE METOJIOB  LIMTOJOTUYECKOIO HCCIIEOBAHUSA IIEPBUKAIBLHOTO
SMUTENNA HeOOXOIUMO ISl TIOBBIIICHUS BEPOSITHOCTH BBISIBIICHUS JUCIUIA3UH LIEHKU MaTKU C
BBICOKOH  JIOCTOBEPHOCTHIO HAa  MaKCHMaldbHO  paHHUX  CTaausAx  3a00JieBaHUS.
[{uTonornyecknii MeTOJ BBICOKO JOCTOBEPEH, TaK Kak IOKa3aTelb PaHHEH JUArHOCTHUKHU
npeapaka U paHHUX CTaauil paka melku Matku paBeH npumepHo 70-80%. OgHako ommOKu
MeToJa MOTyT cocTaBisATh OT 5% 1o 40%, oxBarbiBas Kak OOBIYHYIO BUPYCHYIO
nponudepanuio, TaKk 1 NOATMHHBIC IIPEIBECTHUKY paka [ 1, 4-6].

B pabore Opla mocTaBieHa 3ajadya CpPaBHEHHUS IO 3HAYUMBIM KIMHUYECKUM
XapaKTEPUCTUKAM JABYX METOJIUK — «HOBOM», PEKOMEHIYeMOl KOHCEHCYCOM IAaToJOroB K
pPETYJISIPHOMY KMCIOJIb30BAaHUIO, U «CTApOM» — JTAaBHO MPOBEPEHHOM, MPUBBIYHON, HO MEHEE
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nH(pOpPMATUBHON M HE MOJyICKAIIEH aBTOMAaTH3anuu. /[ JOCTHIKEHUS MOCTaBICHHON 1ETH
CO3/]aHa MaTeMaThyeckas MOJelb, aHAJIU3 KOTOPOH IMO3BOJISIET OLEHUBATh XaPAKTEPUCTUKH,
3HaYUMBbIE ISl BBISIBJIICHUS TUCIUIa3UM (MPEAPAKOBBIX COCTOSHUMN) y JIMI[ Pa3HOTO BO3pacTa.
OObexkToM wM3ydeHHs OblJa 4YacTOTa BCTPEYaeMOCTH B  oOciemayemMoil  BbIOOpKe
MHTPASUTENNATIBHBIX OPAKEHUN pa3HON CTENEHH TSXKECTH.

[Ipy cpaBHEHMM YacTOThl HOPMAJIbHBIX UM TMATOJOTHYECKUX  I[UTOJIOTMUYECKUX
3aKJTIOYEHUN — HHTPAIUTENINATBHBIX TIOpaXeHUu HU3KoM 1 Beicokoi crenenu (LSIL, HSIL),
MOJIYYEHHBIX Pa3HbIMU LIUTOJIOTUYECKUMHU METOJAMHU, CTATUCTUYECKU 3HAUMMBIX Pa3Iuyuil
HaMH He OOHapyXeHO, B TOM 4MHCIle, U A pa3HbIX BO3pAacTHBIX Tpymni. Tem He MeHee,
AHOMAJNbHBIC IIUTOJOTHYECKHE W3MEHEHUH KIETOK IIeHKH, KiIaccu(puImMpyeMble Kak
aTUTIMYHBIE  KJIETKH  ITUIOCKOTO  JMHTENus  HescHoro  mpoucxoxaeHuss (ASCUS),
OoOHapyXMBIHCh TOYTH B 2 pa3za damle y S>KEHIIMH MEepBOWM Tpymmbl (OKpacka o
PomanoBckomy—I ' mm3e), dem y JuIl, OOCJIEIOBAHHBIX C HCIOJB30BAHUEM IKHUIKOCTHOMN
uuronoruu (1,1 % u 0,62 %, coorBerctBeHHO, P< 0.05). bonblryto 4acToTy BCTpe4aeMOCTH
AQHOMAJIPHBIX LUTOJOTHYECKMX W3MEHEHMH B KJIETKax TMpH KIACCHUYECKOM METOJe
MPUTOTOBIICHUS M OKPACKHA MA3KOB MOXHO OOBSCHUTH OIIMOKAMH MPU MPOCMOTPE TOJICTOTO
MHOTOCJIOIHOT0 Ma3Kka, 0oJiee YaCcThIM MOBPEXKICHUEM KJIETOK M3-3a IUI0XO0H (hUKcaluu 3TUX
Ma3KOB, HEMIPABUIILHBIM BEIOOPOM (PHKCATOpPa, HETOCTATOYHBIM BpeMeHEeM (hUKcaluu JTubo ee
OTCYTCTBHEM KaK TaKOBOU ((puKcamms BEICYIITUBAHUEM ).

[Ipemnoxena Mozenb, KOTOpas MO3BOJWIA CPAaBHUTH IO 3HAYUMBIM C TOUKH 3PEHHUS
Bpaua-KJIMHUIMCTa XapaKTEPUCTUKAM JIBE LIUTOJIOTUYECKHUE METOJUKH, HUCIOJIb3yeMble IS
BBISIBJICHUS IUCIUIa3UH MIPU LEPBUKAIBHOM CKPUHUHTE MIPEIPAKOBBIX MOPAXKEHUN Y HKEHIITUH.
YacroTa BBISBIEHUS MMATOJOTUU B XOJI€ ATOrO0 CKPUHUHIA MPAKTUYECKH HE 3aBHCENa OT
UCIIOJIE3YEMOTO IUTOJIOTHYeCKoro Merona. [IpoBeneHHbIe HAOMIOACHHUS CBUICTEIHCTBYIOT O
TOM, YTO METOJl HUAKOCTHOM IMTOJOTHM ¢ OKpackoil mo IlamaHukonay mpuroTtoBieHUs U
OKpacKH Ma3KOB HE YCTYIIAET [10 OCHOBHBIM XapaKTEPUCTUKAM paHEe IPUMEHSIEMOMY.

1. PykoBoactBo BO3 110 CKpUHHMHIY U JIEUCHUIO LIEPBUKAIBHBIX NIPEIPAKOBBIX MTOPAXKEHUH B LEIAX
nmpoQIakTUKA  paka Ieidkm MaTkh. Bropoe wm3ganme. BceemmpHas — opraHmzanys
3apaBooxpaneHus. 2023. 122 c.

2. TOCT P HUCO 15189. Jlabopatopun MeauuuHckue. YacTHele TpeOoBaHMS K KadecTBy H
komreTeHTHocTd. M., Cranmaptundopm. 2015. 52 c.

3. TopuoB A.IO., Kysemenko E.T., Auumkun A.C., 3apoantok T.C. IIpuMeHeHHe anropuTMOB
ANIpOKCUMAIMM DKCIEPUMEHTABHBIX JIAHHBIX B 3aJa4€ BBISBJICHUS 3HAUYUMBIX MEIUKO-
corabHBIX (hakTopoB. CoBpemeHHBIe TexHONOTMH. CHUCTEMHBIM aHaimm3. MoJeaupoBaHHUe.
2008. T. 20, Ne 4. C. 92-96.

4. Axcens E.M., Bunorpanosa H.H. Cratuctuka 31m0KadecTBEHHBIX HOBOOOPA30BaHMI >KEHCKHX
penpoayKTUBHBIX opraHoB. OHkoruHekonorust. 2018. Ne 3. C. 64-69.

5. TycakoB K.M., Hazapoa H.M., Ilpunenckas B.I1., Crapomy6nesa H.JI., ®pankesnu B.E.
[lepcniexkTuBbl NpPO(UIAKTUKU pPaka, ACCOLMHUPOBAHHOTO C BHUPYCOM MAalMJUIOMBI YEJIOBEKA.
AxymepctBo u rurekosorus. 2019. Ne 8. C 37-42.

6. Kononora W.H., bammakoBa H.B., I'aeea O.3., KpectbssaunoBa T.B. PermonanbHBII OIBIT
BUPYCOJIOTUYECKOTO IEPBUKAIBHOTO CKpHUHWUHTa B CBEpJIOBCKON 00NacT. AKYIIEPCTBO H
ruHekonorus. 2019. Ne 8. C. 24-28.

124



MOJIEJIN 1 METO1bI UHTEPITOJIATINN HQHEPI ATMOC®EPHOI'O
3ATPASHEHWA TEPPUTOPUN I'OPOJIA

P.A. KyBLMI/IHblxl, T.B. HpocnaBU;eBal‘ 2 B.O. PanyTal, A.A. JlexeHns
1I/IHCTI/ITyT BBIYUCIIUTEIILHOW MaTeMaTUKH U MaTeMaTudeckoi reodpusuku CO PAH
2HOBOCI/I6I/IpCKI/II71 MHCTUTYT Turuensl Pocriorpedbnanzopa
ruslana215w@mail.ru

Omnpenenenre ypoBHEH MHOTOKOMIIOHEHTHOTO 3arps3HeHHsi atMocdepbl B ropojaax
SABIISICTCS aKTyalbHOW mpoOnemoil. Hapsny ¢ HazeMHBIMH MeTOJaMHM  HAOIIOJCHUH,
UCIIOJIb30BaHUE JAaHHBIX JUCTAHIMOHHOIO 30HIAMPOBAHUS CHEXXHOIO MOKPOBA ropoja JaeT
BO3MOKHOCTh JETAIN3UPOBATH NMPOCTPAHCTBEHHYIO KAPTUHY IMOJEH KOHLUEHTPAUN BPEIHBIX
IIpUMeceH.

B noknazne o6cyxnaercsa npobdiema UHTEPIIONIALNUN JaHHBIX MOHUTOPHUHTA 3arps3HEHUS
atMocdepsl ropojia C PeIKol ceThio MocToB HaOmoaeHui. [ r. Upkyrcka ObuT ipoBeaéH
KOPPENSIIMOHHBIA aHaAU3 CpeJHEeMECSYHbIX KOoHIeHTpauui Oens(a)mupena (BIT), koTopsiit
MO3BOJIUJI BBISIBUTh HAJIMYHME CBA3CH MEXAY NaHHBIMH W3MEpPEHUI B MyHKTaX HaO0JIeHUMN
[1]. Ha ocHOBe 3TuX CBSi3el C UCHOJIB30BAHUEM CIYTHUKOBOI'O CHHMKA CHEKHOTO ITOKPOBA
ropojia ¥ JaHHBIX MOHUTOPHHTA Ha moctax Pocruapomera ObUI0 MPOMHTEPIOIMPOBAHO TOJIE
cpenneronoBoil konrenrparuu bI1. Ha puc. 1 npencraBiens! pe3yinbTaTbl HHTEPIIOISIHH.

- 3.4
- 3.0
2.6

-2.2

-1.8

114
Puc. 1. UucneHHO BOCCTAaHOBJIEHHOE IOJIE CPEAHETOJI0BOM KOHIIEHTPALIMHT

Oen3(a)mupeHa (HF/M3) B 2019 r. gyis r. Upkytcka

Ananu3 puc. 1 moOKa3aa KaueCTBEHHOE COIJIaCHe TOHAJIBHOCTH IMPOCTPAHCTBEHHOTO
U3MEHEHHUs 3arpsA3HEHUs CHEXHOTO0 TIOKpOBA U YHCJIEHHO BOCCTAaHOBJIEHHOTO TOJIS
koHIeHTpanui bI1. 30Ha MakcHUMaTbHBIX KOHIICHTPAIUI PacIlOIOKEeHA B IIEHTPAILHON YacTu
ropojia, 4TO COBMAJaeT C O00JAacTbI0 HaWBBICHIEH 3aTEMHEHHOCTH CHEKHOI'O MOKpPOBa Ha
CIYTHUKOBOM cHUMKe. [lo Mepe mpuOmmkeHuss K OKpauHaMm ropoja MPOUCXOIUT IUIaBHOE
yYMEHbIIIEHNE YPOBHA 3arpsi3HeHus BII, 9To Takke coriacyercst Co CHUKEHHEM TOHATBbHOCTU
CHEXXHOT'O TIOKpOBa Ha nepudepuu roposa.

1. Pamyra B.®., Jlexennn A.A. AHanu3 JIaHHBIX MOHHTOPWHTA JUTUTEIHLHOTO 3arps3HCHUS
Oen3(a)mupenom atmocdepsl . Upkyrcka. Ontrka at™. u okeana. 2024. T. 37, Ne 6. C. 512-518.

“ PaGoTa BBIMONHEHA pu moiep ke MUHNCTEPCTBA HAYKU U BBICIIET0 00pa3oBanus, TpanT Ne 075-
15-2024-533.
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I'PAGUYECKUI ITOJIb3OBATEJILCKMI UHTEP®ENC JIJ1 3AJAUYM AHAJIM3A
JAHHBIX XOJTEPOBCKOI'O MOHUTOPNPOBAHUMA

CrI. KyK.HI/IHl, A.C. AHI/IKI/IHZ, A1O. FopHOB2
1I/IpKYTCKa5[ rocyAapcTBEHHAs: MEAUIIMHCKAs aKaJeMHUs MOCIEIUINIOMHOTO 00pa30BaHus —
¢unmman ®I'BOY 110 PMAHIIO Munzapasa Poccun,
ZI/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
gornov@icc.ru

CepleuHblii pUTM SBISETCS, MO-BUAMMOMY, OJHHM H3 CaMBIX CIIOKHBIX OOBEKTOB,
HaxoJAIIMXCA B AKTMBHOM M3y4eHMH. [loMMMO CJIOXKHOCTM C€aMOro HMCTOYHHKA
AIIEKTPUUYECKUX HMMITYJBCOB B Cepjlle (CHHYCOBBIN y3ei), KOTOPBIH (pOpMUpPYET cepieuHbIN
PUTM (MHTEpBAJIBI MEXAY CEpPACYHBIMU COKpPAIEHUSIMHU), UMEETCSl TaKKe MHOMXECTBO
BHEIIHUX I10 OTHOIIEHHIO K HEMYy (paKTOPOB — HM3MEHEHHE PEXUMOB ()YHKIIMOHHPOBAHUS
JPYrUX CHUCTEM OpraHu3Ma, Yepe3 KOTOpbIE pEealu3yeTcsi KOMIUIEKC BO3ACHCTBUI
OKpy’Karomen cpefpl (Mcuxo(u3ndeckux, reImoreou3nyecknx, MPOMBIIUIEHHBIX U T. I.),
OKa3bIBAIOLIMX CaMO€ HEMOCPEeICTBEHHOE BIMsSHUE Ha KojebarenbHbIN mporecc. Hecmorps
Ha MHOXXECTBO HCCIICJIOBaHUN B CTpaHe M 3a pyOexoM, mpobiieMa MepCOHANIU3HPOBAHHON
OLICHKH TMHAMHUKH YTIPABIICHUSI CEPACYHBIM PUTMOM JAJIeKa OT Pa3pEILCHHUS.

Ha TekymeM »sranme HCCIENOBAHMM MWCIOIB3YIOT BHU3YaJIbHBIM, CTATUCTUYECKUN H
YACTOTHBIN (B T. Y. CIIEKTPAJIbHBIN) aHAJIN3 BPEMEHHOTO psijia KapJAHMOUHTEPBAJIOB, KOTOPHIH
NOJIy4aloT B pe3yJbTaTe€ HEMPEphIBHOM 3almUCH B TEYEHHE CYTOK (MOHHUTOPHPOBAHHE IO
Xounrepy). [lonydaemble BpeMeHHBIE PSJIbI MOTYT COJIEPXKATh OKOJIO CTa ThICSIY U3MEPEHUI B
CYTKH, 4YTO TMPEJACTABIISAETCS BIOJHE JOCTAaTOYHOM CTapTOBOW HH(POPMALMOHHON 0a30ii.
XapakTepUCTUKHA TOJIYYCHHON JHMHAMUYECKOW CHUCTEMBbI HE3proAudHbl. I Hepa3BUTOCTH
QITOPUTMOB  00pabOTKM HMH(POPMALMU TAKOrO THIMA JaHHBIX, OCOOEHHO MEPEeXOAHbIX
MPOLIECCOB, TMPOJOJDKAET OCTaBaThCA OIHOW M3 CEPbE3HBIX MPOOJIeM B COBPEMEHHBIX
KapJIMOJIOTHYECKUX HccaeqoBanusaX. OMHON U3 OCHOBHBIX MpOOJIeM MOXKHO Ha3BaTh 3a7auy
MOJICIUPOBAHUS MEXaHU3MOB OOpaTHON CBSI3U («PETYIATOPOBY»), CIOCOOHBIX OBICTPO
BOCCTAHABIIMBATh COCTOSHUE YEJIOBEKA Mociie PU3NYECKO Harpy3ku (cm., Hamp., [1, 2]). Ha
NpeabIIymuX dTanax padbotsl (cMm. [3, 4]) HaMu OBLIM peaTM30BaHbl MPOCTEUININE BEPCUHU
JIMAJIOTOBBIX PEKUMOB, HAlpaBJIEHHBIC Ha MPEIBAPUTEIbHYIO JEKOMIIO3HUILIMIO HAOII01aeMOro
UCXOJHOTO BPEMEHHOIO psAJa HAa CErMEHTHI, HMEIOUIYI0 MEIUKO-OHMOIIOrHYECKYIO
MHTEPIpETalnio, C HCIOJb30BaHUEM KOTHUTHBHOW rpaduku. B nokmame oOcyxkmarorcs
BO3MOXXHOCTH PEaJM30BaHHOTO HaMH HOBOIO BapuaHTa Trpaduyeckoro wuHTepdeiica,
OPUEHTUPOBAHHOI'O Ha AETAJIbHYIO AEKOMIIO3MIMIO «OT MHTEpBaja K MHTEpBaIy» Ipolecca
nepeperynupoBanusi. PaboTocnocoOHOCTh peamTu30BaHHOTO HWHCTPYMEHTapusi IMpOBEpeHa
AKCIEPTAMU-MEANKAMU HA JaHHBIX XOJITEPOBCKOTO MOHUTOPUPOBAHUS MALlUEHTOB.

1. Hsanoma O.A., Kykimua C.I'. CKOpOCTb BOCCTAaHOBJICHHS CEPICIHOTO PUTMA TIOCJIC HATPY3KH IPH
¢u3nueckoil peabunuTanMy KapAHOJIOTHUECKUX MalueHToB. KapawoBacKymsapHas Tepamus H
npodunakTuka, 17(2), 2008. C. 95-100.

2. lvanova O., Kuklin S., Titova A. Prognosis of long-term physical exercises efficacy in hypertonic
patients. Journal of Hypertension. V. 35, e-Suppl. 2, September 2017. P. 215.

3. Kyxmua C.I., T'opnoB A.FO. HoBas Bepcusi mporpaMMHOrO KOMIUIEKCa aHaJIM3a JaHHBIX
XOJITEPOBCKOTO MOHUTOpHpOoBaHus. JissmynoBckue urenus, 2022. C. 88.

4, Kykmua C.UI., Auumkua A.C. VHTepakTWBHAsS TEXHOJIOTHS aHAIW3a JAHHBIX XOJTEPOBCKOTO
MOHMTOpHpOBaHus. JIsamyHoBckue urenus, 2023. C. 53.
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IMPOIT'PAMMHOE COITPOBOXJAEHUE OHEHKM TPAHCITIOPTHOI'O CITPOCA C
NCIIOJIbB3OBAHUMEM A3BIKA ITPOTPAMMUPOBAHNA PYTHON

N.M. Kynakoga, O.A. JIe6enesa, E.B. Epodeen
AHTapCKuil rocy1apCTBEHHBIN TEXHUYECKUH YHUBEPCUTET
iyelkina@mail.ru, kravhome@mail.ru, ermak080@mail.ru

C pocrtoM HaceneHHss B TOpOJAaX TECHO CBS3aHBI IPOLIECCH YNPaBICHUS H
IUTAHUPOBAHMS,  MMEIOIIME  KJIIOYEBYI0O  poiib B O0ECIEYeHHH  yCTONYMBOCTH
GYHKIIMOHUPOBAHMSI ~ TPAHCIIOPTHOM  ceTh.  ['eHepamms  MAcCaXMPCKUX  MATPHI
KOPPECIIOHJICHIIMN  ABJISETCA HWHCTPYMEHTOM IUIAHUPOBAHHUS TOPOJCKOW 3aCTpOMKU U
TPAHCHOPTHOTO IMPOTHO3UPOBAHMS B IIEJIOM. DTOT WHCTPYMEHT HCHOJIB3YETCS BO MHOTHX
AQHAIUTUYECKUX 33/1a4ax, B TOM YHCIe JJisi: HHOOPMUPOBAHUS JIUL, TPUHUMAIOLIUX PEIICHHUS,
O TOCHEICTBHSAX WM IPEUMYIIECTBaX 3aCTPOMKM TOCPEJICTBOM  BO3JCHCTBHA Ha
OKPYKAIOIIYI0 Cpelly; OINpeAeNeHUs] WJIM OLIEHKH IMOCIeI0BaTeNbHbIX WM JIOJTOCPOYHBIX
WHBECTHUIINI; OLIEHKH TPAHCIOPTHBIX 3aTOPOB M TPeOyeMBIX Mep MO YMEHBIICHHUIO 3THUX
MOCIIEACTBHI; aHaJIN3a TPAHCIOPTHOTO CIIpoca.

COop MaHHBIX O MACCAXUPOIIOTOKAX IPOBOAUTCS C HCIOJIB30BAHUEM JETEKTOPOB
BXOJIa/BbIXO/Ia, PACIOJOKEHHBIX B TMOABM)KHOM COCTaBe. OTH JIaHHBIE [O3BOJISIIOT
TeHepUPOBATh TOYHBIE U MHOTOMEPHBIE MaTPHIIBI «OTIpaBlieHne-HazHaueHue» (OD), To ecTh
MaTpHUILIbl, KOTOPbIE MPEICTABISIIOT COCTOSHUE CETH OOIIECTBEHHOI'O TPAHCHOPTa C TOYKHU
3peHHsI KOJIMYECTBA ACCAXKHPOB.

Peanuzamust Moienu OLEHKM TPAaHCIOPTHOTO CIpPOCa OCHOBBIBAETCS Ha MOJAETHU
TpaBUTALlMU, SIBISIOMICHCS  BEAYIIMM  METOJOM CpPEAM CHHTETUYECKUX  MOJene
pacnpeneneHrs B TPaHCIOPTHOM IUIaHUpoBaHWU. OHA OTpakaeT KOHLEMIUIO TPaBUTALIUU B
¢u3uKe, rae NOTOK MOE3A0K B 30HBI M U3 HUX 3aBUCHT OT YPOBHS UX aKTUBHOCTH (IT0JI0OOHO
Macce) M PacCTOSHUS MEXKAY HUMHU (OTPAKAIOMIETO PacxXoAbl Ha IMOE3JKY). ITOT IMOIXO
0COOCHHO IIEHEH, MMOCKOJILKY OH MOXKET T€HEPUPOBATh MATPHUIIBI «OTIPABUTEIb-HA3HAUCHUE)
0e3 mpeaBapUTENbHBIX JAaHHBIX. MITepaTUBHBIN Mpoliecc rapaHTUPYET, YTO TPaBUTALIMOHHAS
MOJIENIb TOYHO OTpPaXaeT IWHAMMKY paCIpeseieHUs MOe3J0K, YTO JeNaeT €€ MOIIHBIM
MHCTPYMEHTOM IUTAHUPOBAHMSI TOPOJACKOro TpaHcnopTa. Ee cmocoOHOCTh aganThupoBaThCs K
pa3IUYHBIM  BapuaHTaM, OCOOCHHO TP OTCYTCTBHHM JKCIEPUMEHTAIBHBIX JIaHHBIX,
MOYEPKHUBAET €€ BAXKHOCTH B pa3paboTke 3 PEKTUBHBIX TPAHCTIOPTHBIX CHCTEM.

3amaya OIEHKH TPAaHCIOPTHOTO CIPOCa B HACTOSIIEE BpEMs CTPagaeT OT OTCYTCTBHUS
obmeld Mozenu I TPEABAPUTEIBHOW O0O0paOOTKM [aHHBIX O TEPEMEIICHHUSIX, YTO
OTPAaHWYMBAET  BOCIPOU3BOJMMOCTh UM  COMOCTAaBUMOCTh  HAyYHBIX  HCCIEIOBAaHUMU.
CymectBytoniye 6MOIMOTEKH COCPEIOTOUCHBI Ha aHAN3€ JAaHHBIX, OCTaBIISAS MOJIb30BATEIIO,
Ka3ajoch Obl, MPOCThIE INATW TNPEABAPUTEIBHONH OOpabOTKH, XOTS OSTH MIard MOTYT
CYIIIECTBEHHO MOBJIUATh HAa Pe3yJbTaTHI [1].

Peanu3zanus ocymiecTBisuIach ¢ MOMOIIBIO si3bIKa MporpammupoBaHus Python, uro
MO3BOJIUJIO 3HAYUTEIBHO YINPOCTUTH COBMECTHBIM aHalM3 HECKOJBKUX HAOOPOB JIaHHBIX O
NepeMeNIeHUsIX ¢ pa3IMYHBIMH  CBOHCTBaMH. B mccrmenoBaHuMu — mpenjiaraeTcs
METOJI0JIOTUYECKasi OCHOBA OLEHKU MaTpULl KOPPECTIOHACHIINN ¢ MPUMEHEHHUEM OMOINOTEKU
NumPy s3bpika mporpammupoBanusi Python ¢ OTKpBITBIM HCXOAHBIM KOJOM JJIsl aHaIM3a
MACCAXUPCKOTO  TpaHCHOpTHOro cmpoca. [lpm  MoaenupoBaHHM — MacCaXUpPOMOTOKA
npuMeHsicss SciPy — makeT NpUKIaAHBIX MaTeMaTHYEeCKUX IMPOLEAyp, OCHOBAHHBIM Ha
pactmmupernn  NumPy. OG6paGoTka MaHHBIX TPaHCIIOPTHOTO CIpOoca peajii30BaHa Yepes
MoIUHUKAIHIO sTUeiKU ¢ moMonsio nHCTpyMeHTa Python Excel (xIwt/xlrd) [2].

Pa3paboranHoe mporpamMmMHOE OOECHEYeHHE TMPEaOCTaBIsIeT  (DYHKIIMOHAIBHBIC
BO3MOXKHOCTH JUIsI TIOJTHOTO IIMKJIA aHAIM3a JAHHBIX 0 MOOMIIBHOCTH HACENICHUS Ha TIPUMEpe
BHYTPU3OHAIBHBIX MAaCCAKUPCKUX MEPEBO30K: MMIIOPT U IKCHOPT JAaHHBIX, COOPAHHBIX C
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MOMOIIIBIO JIETEKTOPOB BXOJa/BbIXOJIa, MpeABapUTEIbHAs 00padoTKa, OIEHKa KavecTBa
JaHHBIX, a TaK¥XKC BI/I3yaJII/IBaI_[I/I$I JAaHHBIX " pe3yJ’IBTaTOB. BOCCTaHOBHeHI/Ie ManI/II_H:I
KOPPECIOHJICHITMH HAa OCHOBE TPABUTAIMOHHONH MOJCNIM W MHHHMH3AIMS OIIMOOK
pacmpeneeHusl.

1. JlebemeBa, O.A. CpaBHHUTCIBHBI aHAJIN3 METOJOB OICHKH MEKOCTAHOBOYHOM MATPHIIBI
koppecnonacuuuii/ Jlebenera O.A., Muxaiinos A.JO. CoBpeMenHble TexHOIOrHU. CHUCTEMHBIH
ananu3. MozaenupoBanue. 2013. Ne 4 (40). C. 85-88.

2. Python. Pabortaem c xls uepe3 xlwt/xlrd u python-uno https://adwOrd.com/2012/02/28/python-
excel-xlwt-xIrd-xlutils-and-python-uno/ (mata o6pamenus 16.09.2024).
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OLIEHKA ITAPAMETPOB HOI[LEMA JIBIMOBBIX IIIJIEM®OB TAI IO
CIIYTHUKOBOU MTHOOPMAILIMN

A.A. Jlexenun, B.®. Panyra, P.A. Ky3pMuHBIX
NHCTUTYT BRIUMCTUTENHHON MaTeMaTHKH U MaTeMaTtnueckoi reopusuku CO PAH
lezhenin@ommfao.sscc.ru

HaGmromenuss co CHyTHHKOB JBIMOBBIX BbIOpocoB TOILI cosmaroT ompenenéHHbIC
BO3MOXXHOCTH JIJIsl OIICHUBAHWS IMapaMeTpoB UX moabéma. Ecim BBecTH MO (U3HYECKUM
COO00OpaKeHUsIM MacIITal JIMHBI, CBSI3aHHBIA C TOTOKOM IIJIaByYECTH U CKOPOCTHIO BETpPa, TO
yepe3 HEero yCTaHABIMBAETCS CBS3b BBICOTHI MOABbEMA IIeiida C ero CMENeHHEeM B IOJe
BeTpa. Ha puc. 1 npuBeaéH ¢pparMeHT CIiyTHUKOBOTO CHUMKA OKpecTHOCTeH ['ycuH003€EpCcKoit
I'POC u paccunrannsie o me3omacmtabHoi moaenn WRF mons Berpa Ha BbicoTax 300 u
500 m.

106° 254078

0 3

N \\\\f/

S _

e —

S1"TorC

Puc. 1. ®parment cnyraukoBoro caumka I'ycunoosépckoit 'POC ¢ UC3 «Konomyc-B» Ne 3
ot 20.12.2018 r. 03:40 UTC. Paccuuranusie nons Berpa B oosnactu 100X100 kM Ha BeICOTaX
300 1 500 M OT MOBEPXHOCTH 3€MJIU

JInst  9uCIeHHOro MOJACIUPOBAHUA aTMOC(PEPHBIX UHUPKYISAIUNA HaA PPUTOPHEH
Baiikanbckoll mpupogHON TeppuTOpuu Obuta mpuMeHeHa wmozaenb WREF [1]. Pacuérsr
MOKa3aj, YTO KOHGUTypalus MoJied BeTpa CI0XHO CTPYKTYpHUPOBAaHA M CKOPOCTH UMEIOT
OOJBIIYI0O W3MEHYMBOCTH IO BhIcoTe. CoriacHo puc. 1 Ha BBICOTax pacHpoCTpaHEHHUs
nuieiioB OoTMedaeTcst TpaBblii TOBOpOT BeTpa. C  HCMONB30BAHMEM CIyTHHUKOBOM
uH(popmanuu (puc. 1) onpeneneHsl JONOTHUTEIBLHBIE BBICOTHI MOAbEMA THIMOBBIX HIIEH(OB
ot Tpy0 I'ycmnooszépckoit I'POC. B pamkax ¢yHmameHTaTpHOTO «3aKoHA 2/3» YHUCIEHHO
BOCCTAHOBJICHBI TPACKTOPUU MNUICH(OB M BHIMOTHEHBI OIEHKA BEPTUKAIBHBIX CKOPOCTEH
noxbéMa JBIMOBBIX cMecell. [lonmydyeHHBIE pe3ysiabTaTbl MOTYT OBITH HCIOJIB30BaHbI IS
BHEIITHETO KOHTPOJIS U ONTHMHU3AIUU TapaMeTPOB BHIOPOCOB MPHU IKCILTyaTallUHd JABIMOBBIX
TpYyO TEIJIOBBIX CTAaHLIUH.

1. Weather Research and Forecasting (WRF) Model. URL: https://www.mmm.ucar.edu/weather-
research-and-forecasting-model

“ Pa6GoTa BBINONHEHA IPU O IepKKe MUHHUCTEPCTBA HAYKHU U BhICIIEro oopazosanus, rpant Ne 075-
15-2024-533.
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O ITIOCTPOEHMN MUHUMAJIBHOI'O OCTOBHOI'O IEPEBA
B YCJIOBUAX ITMHAMMWYECKOMU CPE/IbI

A.A. Jlemnept, U.A. Manaes
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
lempert@icc.ru, eliassamotny@mail.ru

3agaya 0 MOCTPOEHUH MUHUMAIBHOTO octoBHOro jaepesa rpada G(A,E) ornocures

YHCIy KJIACCHMYECKUX IMPOOJIeM BBIYUCIUTENbHOU reomerpuu. OHa 3aKiIIOYaeTcsi B IMOMCKE
Habopa MUHUMAJBHBIX IO Becy péOep, 00pa3yroIuMX aluKIAYHBIN moarpad Ajis BEpIIUH
A={A(x,y:)}i1=1..,n. B nanHoii paboTe OHa paccMaTPHBACTCS B HEKIACCHYECKOIl

TOCTaHOBKE, KOT/la Bec pebpa A A, OmMpesenseTcsl Kak MUHUMATBHOE BPEMs MepeMeIeHHs
Mexay Bepmmnamu A u A [1].
ITycts 3amana ¢ynxums f(t,X,Y), KycouHo-HenpephIBHAs 110 CBOMM IEPEMEHHBIM,

3aJ1a1011asi MTHOBEHHYIO CKOPOCTb JABMIXKCHHUS B TOUKE (X, y) B MOMEHT BpemeHu t. Toraa Bec
pebpa A A, HaXOAWTCs U3 PEHICHUS 33/1a4H

dG

Wi = GGQ/TAJ)E[ m .

rae G(A, A;) - MHOXKECTBO HCLIPEPBIBHBIX KPHUBBIX, COCIUHSIIOIINX BEPIIMHB A U A, .

HeoGxomuMo HaiiTh MHOXECTBO péOep MHUHHMAJIBHOIO OCTOBHOTO JepeBa
L, :{<A,Aj,wij>},| # .

Pemienue 3a1aun npoucXoauT B JiBa dTarna:

1. Pacuér BecoB Bcex péoep;

2. Br16op pebep mis hopmMupoBaHUS MUHUMAJIBHOTO OCTOBHOTO JIepeBa.

Ha nepBomM 3tane npuMeHsieTcs ONTHUKO-TEOMETPUUECKUN NOAX0[ [2], OCHOBaHHBIN Ha
aHAJIOTUM MEXJy paclpoCTpaHEHHEM CBETa B OINTHYECKH HEOAHOPOJHOM cpene u
MUHHMH3aLKEH HHTerpaibHoro ¢pyHkunonana (1).

Jnst hopMupoBaHus OCTOBHOTO AepeBa Ucmoib3yeTcs anroputM Kpyckana [3]. Criucok

pebép copTupyeTcs MO BO3pacTaHMIo, 3areM otoupatorcs N—1 Bepummn ¢ Havana crucka,
KOTOpBIE ITPH J00aBIEHUH HE OyIyT JeNaTh JePeBO LIUKIUYHBIM.

OTtmeruMm, 4TO B paccMaTpUBaeMOW 3ajadye Bec peldep CYIECTBEHHO 3aBUCHT OT
BpPEMEHH, MO3TOMY KIIIOYEBBHIM BOIPOCOM SBISICTCS BHIOOp BEpIIMHBI Tpada, U3 KOTOpOU
CTapTyeT MOCTPOEHHUE OCTOBHOTO JIEPEBA.

B noknane OyayT mpeacTaBieHbl IE€TalbHOE ONMHMCAaHUE pa3padOTaHHBIX aIrOPUTMOB U
PE3yJIbTaThl BBIYUCIUTEIBHOTO SKCIIEPUMEHTA.

1. Kazako A.JL, Jlemneptr A.A. O mNOCTpOCHMH MAapHIPYTOB B JUHAMHYECKOW cpene ¢
UCIIOJIb30BAaHUEM pCIICHUN ypaBHEHUs OdiikoHana. WM3Bectuss MHcTuTyTa MaTreMaTuKu U
uHGOPMATHKH Y IMYPTCKOr0 IrocynapcTBeHHOro yHupepeutera. 2021, T. 58. C. 59-72.

2. Kazakor A.JL, Jlemmepr A.A. OO0 OmHOM TMOAXONE K PCIICHUIO 3a7ad ONTUMHU3AIUH,
BO3HUKAIOIUX B TPAHCIIOPTHOH JIOTUCTUKE. ABTOMaTHKa 1 TeneMexanuka. 2011, Ne 7. C. 50-57.

3. Kruskal J. B. On the Shortest Spanning Subtree of a Graph and the Traveling Salesman Problem.
Proc. AMS. 1956. Vol 7, No. 1. P. 48-50.
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O HAXOXIEHNH OIITUMAJIBHOI'O MAPIIPYTA IBMDKEHMS CYZIOB B
AKBATOPHU ITOPTA C YYETOM BO3MOXKHBIX TTPEITSITCTBUIA

AA. HeMnepTl, H.A. MaﬂaeBl, T.B. Yan®
1I/IHCTI/ITYT JTMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
ZI/IpKyTCKI/Iﬁ HalMOHAJIbHBIA UCCIIEA0BATEIIbCKUM TEXHUYECKUA YHUBEPCUTET
lempert@icc.ru, eliassamotny@mail.ru, ttviet@ictu.edu.vn

B pabote paccmarpuBaercsi 3ajadya MOCTPOCHUS MapIIPYTOB JBMXKEHUS CYIOB Ha
OTPAHUYEHHON TEpPPUTOPUH MOPCKOTO mopTa. OTIMYUTETHHBIM CBOWCTBOM BOJHOIO
TpPaHCIIOPTa SABJISETCS TO, YTO CYTHO JOJKHO ONpPEAENSATh CBOW MapLIPyT CAMOCTOSATEIBHO C
y4eTOM HeOIaronpusTHEIX (PaKTOPOB: TEYEHHUs, CHIBHOTO BETpa W BOJIH, Pa3IMYHBIX
NPEMSITCTBUNA, TAKUX KaK MEIKOBOAbE WU JIPYrHe Cya, KOTOPbIE OKUIAIOT OCBOOOKICHUS
npuyana. B TakuxX CcHTyalusX TIOMCK ONTHMAalIbHOTO MapiipyTa TpeOyeT BBEICHUS
CHenuaibHON (QYHKIUU MPOXOJUMOCTH, @ PACCTOSHUE MEXAY IBYMsI TOUYKAMU aKBATOPUU
HEJb3sl CYUTATh €BKIMAOBBIM. [Ipu 3TOM MOCTpOeHHE MapuIpyTa OCIOXKHSIETCS HAIUYUEM B
aKBaTOPUU JIPYTHX CYJIOB, KOTOPbIE PAaCCMaTPHUBAIOTCS KaK MOJBUHBIE MPETSITCTBUS, KaK C
3a/IaHHBIMU, TaK U C 3apaHEE HEU3BECTHBIMU TPACKTOPHUSIMU JABUKCHUSI.

[Iycte 3amaHbl orpaHmdueHHas obmacth X € R®  u  HempepbiBHAs — (yHKIHS
0< f(t,x,y) <P, ompenensiomas MrHOBEHHYK) CKOPOCTb IBIJKEHUS B KAXKIOM TOUKE

(X,y) € X . MunumanbHoe BpeMsi mepemerneHuss Mexay toukamu A(X,,Yy,) 1 B(X,,Y,)
ONIPEIENIACTCH U3 PELIEHUS 3a/1auu:

dr
AB)= min |——,
PIAB) rerp(lﬂs)r f(t,x,y)

rae G(A B) — MHOXKeCTBO BCEX HENPEPHIBHBIX KPUBBIX, JEXKAIMMX B X M COEIUHSAIOLINX
Toukd A u B.
ITycts Takxe mMeercss Habop 00bekToB Vi,i=1,...,N, ¢ 3aJaHHBIMH CTapTOBBIMH S, H

neneBbIMU Toukamu F, . J{ns kaxaoro o0bekTa HEOOXOAUMO HAMTH MapIIPYT, HO3BOJISIOMINI

n30exKaTh CTOJNKHOBEHUH C JAPYrUMH OOBEKTaMH, M IBUKCHHE IO KOTOpOMY TpeOyeT
HAaWMEHBIIIETO BPEMEHH. J[OTOJHUTETFHO MOXKET OBITh HAJO)KEHO OTPAaHWYCHUE Ha Panuyc
KPUBU3HBI MapIIpyTa, €CIM HE JOMYCKAIOTCS PE3KHUE TOBOPOTHI.

Jns pemieHus yka3aHHOM 3amaud  pa3paOOTaHbl BBIYUCIWUTEIBHBIC AJITOPUTMBL,
OCHOBaHHBIE Ha ONTHKO-TeoMeTpuueckoM mnoxaxone [l, 2], KOTopblii, B CBOIO ouepeib,
0a3upyeTcsl Ha BapUAIMOHHBIX MPUHIIAIIAX MEXAHUKH M TO3BOJISIET 3aMEHUTh KJIACCHYECKOE
paccTosiHAe MEXIy JBYMS TOYKaMH BPEMEHEM €ro MPEoAOJeHHS IO ObICTperIemMy
MapupyTy.

B noxnanme OymyT mpencTaBlieHBI ETATBHOE OMHUCAHUE Pa3paOOTaHHBIX aITOPUTMOB U
pe3yabTaThl BEIYUCIUTEIHHOTO SKCIIEPUMEHTA.

1. Kazako A.JL, Jlemneptr A.A. O mNOCTpOCHMH MAapIIPYTOB B JUHAMHYECKOW cpene ¢
WCTIONb30BAaHWEM pEIICHUM YypaBHeHUsi »dHKoHana. HM3Bectuss HMHCTUTYyTa MaTeMaTWKd U
uHGOPMATHKH Y IMYPTCKOr0 rocyaapcTBeHHOro yHupepeutera. 2021, T. 58. C. 59-72.

2. Kazakor A.JL, Jlemmepr A.A. OO0 OmHOM TMOAXONE K PCIICHUIO 3a7ad OINTUMHU3AIUH,
BO3ZHHKAIOIINX B TPAHCIIOPTHOM JIOTHCTHKE. ABTOMAaTHKa U TeneMexanuka. 2011. Ne 7. C. 50-57.

“ MccnenoBaHue BBIIIONHEHO 3a cueT rpanTa Poccniickoro Hay4roro dhomna Ne 24-21-00264,
https://rscf.ru/project/24-21-00264/
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ACHUMIITOTUYECKHUI AHAJIN3 RQ-CUCTEMBI C PASHOTUITHBIMU
BBI3bIBAEMBIMMU 3ASIBKAMU U [TPOM3BOJIBHBIM PACIIPEIEJIEHUEM
BPEMEHMU OBCJIY>XXNBAHUWA

O.[. JIuztopa
HaunonanbeHbIN UccnenoBaTeabckuil TOMCKUI TOCYy1apCTBEHHBIN YHUBEPCUTET

oliztsu@mail.ru

PaccmaTpuBaercs cucremMa MaccoBOrO OOCITYKMBaHHUSI C MOBTOPHBIMH OOpALICHUSMU
(ot anru. retrial queue, RQ-cucrema), Ha BXOJ KOTOPOH MOCTYMACT MPOCTEHINIA BXOASIIAN
MOTOK C TapaMeTpoM A. 3asBKa, KOTOpas B MOMEHT IIOCTYIUIEHMsI 3acTaia mpudop
CBOOOJHBIM, Cpa3zy XK€ HauyuHaeT oOciyXuBaHue. JIUTEIBHOCTH OOCITYXHBAaHHS €CThb
CllydaifHas BeJIMYMHA C TPOU3BOJIBHBIM  paclpeesieHueM, 3alaHHbIM  (yHKIuel
pacnipenenenus Bi(x). Ecnu npubop 3aHAT B MOMEHT MOCTYIUICHUS, 3asBKa OTIPABIISCTCS HA
opOuTYy, OTKyJa TOBTOPHO oOpamiaercs K Npubopy ¢ MHTEHCHBHOCTBIO ©. Takxke, Koraa
npubop cBOOOJIEH, OH BBHI3BIBAET 3asBKM M3BHE. PaccMarpuBaeTcsi CUCTEMa ¢ HECKOJIBKHUMU
TUTIAaMU BBI3BIBAEMBIX 3asBOK, KOTOpBIE JUIsl yI00CTBa HCCIEI0BAaHUS MPOHYMEPOBAHBI OT 2
1o N. 3asBku THA N TPUOOP BBHI3BIBAET C MHTEHCUBHOCTBIO O, U OOCITYKHMBAET CIIydaiiHOE
BpeMs ¢ pyuknuei pacnpenenenus By(X).

Uccnenyercs cnydaiinbiii mpouecc i(t) — uncio 3asBok Ha OpOUTE B MOMEHT BPEMEHH t.
Jlns HaxoXKAeHWs] pacHpelesieHHs BEpOATHOCTEM STOro mpoiecca MPUMEHSETCS METON
ACHMIITOTUYECKOTO aHAJIM3a B JIBYX NPEAEIbHBIX YCIOBHAX: OOJBIION 3alEp>KKU 3asiBOK Ha
opoute (6 — 0) M COIrIaCOBaHHO BBHICOKONW WHTEHCHUBHOCTH BBI3BIBAHUS 3asBOK (O — )
PaccmarpuBaercs ciydaif, Korga BC€ Op — BEIMYUHBI OJHOTO IMOpSAKA, A 3TOTO
MPEJICTaBIsIEM UX B BUAE Op = Olyp, TJE 0L — 90, @ Y — KOHCTAHTBHI.

Jnis Takoil CHUCTeMbl MOKa3aHO, YTO MpPEJeNbHOE paclpelesieHue 4uciia 3asBOK Ha
opOUTE SABISETCS TayCCOBCKMM B 000MX MpeAeNbHBIX yciaoBUAX. [lomydeHbl ¢hopMynbl s
napaMeTpoB pacrpenesieHus: BepostHocTedl B Tabnuue 1. Hecmorpst Ha To, 4To cucrema
paccmaTtpuBaeTcsi B MpeAebHOM  YCIOBMM, METOJ  AaCHUMIITOTHYECKOTO  aHalu3a,
MPEJICTAaBICHHBI B pabore [1], MO3BOISET MOCTPOWTH ANIMPOKCHMAIIMIO JIOTPEICIIEHOTO
pacnpeeneHns Yucia 3asiBOK Ha opOUTe COXpaHUB 3aBUCHMOCTH OT MapaMETPOB G U O TyTEM
JUCKPETU3aIlMM T'ayCCOBCKOTO pacmpesiesieHus ¢ mapamerpamu u3 Tabmuisl 1. ToyHOCTH
TaKUX ammnpoKcUMaluii OyldeT pacTu eciu ¢ OyneT YMEHbBIIATbCA, a 0 YBEIMYMBATHCA,
COOTBETCTBEHHO MPEACIHHOMY YCIOBUIO.

Tabmuua 1 — IlapaMeTpbl aCUMNITOTHYECKHX paclpeieleHuii BEpOATHOCTEH dYHcia
3as1BOK Ha OpOUTE

[IpenensHoe Maremarudeckoe Hucnepcus
yCIIOBHUE OKHUJIaHHUE
Bomnbimoit Azbl + AVl ” AZ((A + Kl)b:EZ) + VZ)
3aJIePIKKU Ky =——F— Ky, = — +
6 —0 o(1—4by) o 20(1 — Aby)
CorracoBanH
I(/)IHTCHCI/IBH]ZB(::“I(/)IKOH K = —/11/1 A (aaklbf) + Vz)
1= K, = aKk{ +
BBI3bIBAaHUS o(1—Aby) 2 ! 20(1 —1by)
Oy — 0
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3nech

N N
— — ()
Vv, = Zanbn,vz = Zanbn ,
n=2 n=2
b, — MaremaTHuecKHe OXXHUJAHUS CIy4alHbIX BEJIMYMH, 3aJaHHBIX (QYHKIHUIMU

pacrnpenenenus BepositHocTel B, (X), a b,(lz) — UX BTOpBIC HaYaJIbHbIE MOMEHTBHI.

RQ-cucreMa ¢ mpou3BOIBHBIM paclpeeieHUEM BpeMEeH! 00CTyKUBAHUS 3aBOK TAKKe
paccmaTpuBaliach B cTaThe [2], TZ€ HCCIENOBAHUE MPOBOAWIOCH C TMOMOIIBIO METOHA
T Py3MOHHOTO aHAJIH3A.

1. HazapoB A. A.,, Momuceepa C. [I. Merox acHMNTOTHYECKOTO aHAJM3a B TEOPHH MAaCCOBOTO
obcayxuBanus. Tomck: Usmatenscteo HTJI, 2006. 109 c.

2. Nazarov A., Phung-Duc T., Paul S., Lizura O. Asymptotic-Diffusion Analysis for Retrial Queue
with Batch Poisson Input and Multiple Types of Outgoing Calls. Lecture Notes in Computer
Science. V. 11965. P. 207-222.
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ABTOMATHYECKOE IIJTAHUPOBAHUE B 3AJAYAX ITIPUHATHA PELLIEHUIA

A.B. JIunsaBckuii
WNHCeTuTyT AMHAMMKY CHUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
supcm@mail.ru

Jns 3agaun OpUHATHS PELUICHUH KakK OJHOM W3 BaXHEWIIMX MOJ3aJa4 YIpaBJICHUS
MOOUIBHBIMA POOOTAMH MOTYT OBITH HCIIONH30BAHBl HHTEIUICKTYAIBHBIC TJIAHUPOBIIHKU
(aurm. Al planners) [1-5]. IlnmaHupoBIIMKH MPUHAMAIOT HAa BXOJ HA0OpP BO3MOXKHBIX
NEHCTBUH, HAYallbHOE W KOHEYHOE COCTOSHUS, (OPMUPYS HA BBIXOJE MOCIEAOBATEIHLHOCTh
JIEHCTBHM, 00ECIeUNBAIOIIYI0 AOCTIKEHHE KOHEYHOoro coctosHus (puc. 1). IToctpoeHHbIH
IUTAaH MOXKET HE OBITh ONTHUMANIbHBIM, OJHAKO €ro BBIMOJHUMOCTh TapaHThpoBaHa. Jlis
BbIOOpA ONTUMAJILHOTO IJIaHA TUIAHUPOBILIUK MMO3BOJISIET IPUMEHHUTH Pa3iIMYHbIE aJTOPUTMbI
ONTUMU3AIMH, TaKHE KaK INOUCK Kparyaifero mytu Ha rpade [5-7] Win BBIYHCICHHE
KOCHHYCHOT'O CXOJICTBAa BEKTOPOB COCTOSIHMIA [8].

MeiicTsus

/N

Ha'lL —>  KOH.
coct coet

Tlnan

PucyHOK I. Cxema nocmpoeHusl niand 6 KiladCCu4eCKux nianuposuuKkax

[11aHUPOBIIMKK MOXXHO  KJIACCU(HUIMPOBATH MO CHOCOOy TIOCTPOCHHUS IUIaHA!
Kjaaccuyeckue, 1mo gactsm (auri. partial-order planners) u nepapxudeckue, a TakKe 10 THITY
paccMaTprBaeMbIX (DaKTOPOB: KIACCUYECKHE, BEPOSITHOCTHBIC, BDEMEHHBIE H UePapXUUECKUe
[4, 5]. B noknane paccmaTpuBaeTcs KiacCH(PUKAIKS TUTAHHPOBIIUKOB TOJBKO IO CIIOCO0Y
NOCTPOCHMS ITUIAHA, IMOCKOJBbKY THII YYUTHIBAEMBIX (DAaKTOpPOB HE BIMAET Ha TOJXOA K
IUTAHUPOBAHMUIO.

1. Knaccuueckue naanuposwuxu. Knaccnyeckuii IUIAHUPOBIIMK CBOJUT 3ajady
MIPUHSATHS PEIICHH K 3a7a4de MoucKa myTH Ha rpade [3, 6], y3maMu KOTOPOTO SBIISIOTCS TaK
Ha3bIBaeMbIe Oeticmaus. JIeCcTBUS MOXKHO MPEACTaBUTH [3, 4, 5, 7] B BUIE CTPYKTYpPHI

mpebosanus — npoyecc — pesyabmamal.

e TpeooBanusi neiicrBusi (anri. CONAItiONS) ONKMCHIBAIOT COCTOSIHME (MM HAOOp
COCTOSIHMI1), KOTOpBIE HYKHBI JUUISl 3aIlycKa Ipoliecca AeUCTBHUS.

e IlIpouecc aeiicrBus (anri. action) - HEMOCPEACTBEHHO caMmo JAEHUCTBHE, HAIIPUMED,
JBUKEHUE BIPABO, ABUKEHUE BIIEPE U T.1I.

e PesyabtaThl aeiictBusi (anrn. effects) - cocrosHue wnm HAOOp COCTOSHMIA,
JIOCTUTAEMOE TIOCJIE BBIMOJIHEHUs Tporecca AeicTBus. Takas CTpykTypa AEHCTBUI
MO3BOJISIET COCNUHATH PE3YNbTAaThl MPEABIAYIIETO JCUCTBUS C TpeOOBaHUSIMU
CJIEIYIOIIEro, TOJ00HO KOCTOYKaM JOMHMHO, 00pa3ysi TeM caMbIM Tiepexof (puc. 2).
Bo3MOXHO Takke BBECTH BeC Il JAECHUCTBUM, YTO MO3BOJIUT CO3/1aTh B3BEIICHHBIN
rpad IS MPUMEHEHHUS TAaKUX aJTOPUTMOB, Kak aaroput™ Jlewkcrpel miam A* [5-7].
3amMeTuM, 4YTO pe3yJabTaThl JACUCTBUS  ABISIIOTCA JIUIIb  MPEANOJIaraéMbIMU
MOCJEICTBUSIMU IIpollecca JEHCTBHUS, M HE BCErJa COBHAJAIOT C HCTUHHBIM
pesynbratom. OOpaboTka OTIMYUI HUCTUHHOTO M MPEANOIaraeMoro pe3yiabTaTra
BBIHOCUTCS, KaK MPaBUJIO, B OTACIBHYIO MOACHUCTEMY, MOCKOJIBKY (PAaKT MX OTIMYUS
MOJKHO TIOJY4YHUTh YKe rmociie (POpMUPOBAHHUS IJIaHA U HAaYalla €r0 UCIIOTHEHHUS.
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‘IpedoBarna Tpebopauus

Peaynwrare Pesyavrarsi

Pucynox 2. Cxema nociedosamenvHocmu 0eticmaeutl

Krnaccuueckuiil mnaHupoBIIMK o0ecrieunBaeT aBTOHOMUIO pOOOTOB, HO HE MTO3BOJIIET UM
MOCTPOUTH CIOKHBIE IIENOYKH JICUCTBUH.

2. Ilnanuposwux no uyacmsm BBHIIEIAET HECKOJIBKO OCHOBHBIX COCTOSHHH MEXIy
HAaYaJIbHbIM COCTOSTHUEM U KOHEYHBIM, W OJHOBPEMEHHO CO3/1a€éT HE3aBUCHMbIC ILJIAHbI
MEX1y TPOMEKYTOUHBIMU COCTOSIHUSIMH, MIPU ITOM KaXKJblii OTJENbHBIN IUIaH cO3/1aéTCs KaK
B KJIACCMUECKOM IUTIaHUpoBIIMKE (puc. 3). IIlpumMeHeHue Takoro MjiaHUPOBIIMKA MO3BOJSET
MOCTPOUTH O0Jiee CIOXKHBIE MIJIaHbI C MOBTOPSIOIIUMUCS AEHUCTBUIMH, UTO ObUIO HEBO3MOXKHO
IpU KJIACCHUYECKOM TUIAHHWPOBIIUKE, & YPOBEHb aBTOHOMHUU POOOTOB CPAaBHUM C YPOBHEM,
o0ecreunBaeMOM KJIaCCUUYECKUM IJIaHUPOBIIMKOM.

TTpoMEKYTOMHOE COCTOAHE

1 F
Hau. Inan 1 51 Ilnan 2 82 Ilnan 3 Sn [lnann KOH.
cocT coeT

Pucynok 3. Cxema niana, cocmasieniozo nianuposuuxom no vacmsam. Kascowiii i-u nian
cocmasgisiemcs ne3agucumo om opyeux niarnog. Cocmasnenue npoucxooum mexrcoy i-m u i+1-u
COCMOSHUAMU

3. B uepapxuueckom nianuposwuxe [2] 1eicTBUS COCTOAT U3 3a/1a4, pa30MBAIOIIUXCS
Ha M0/13a71a491, KOTOPBIE, B CBOIO OYepe/lb, MOTYT Tak)Ke pa30MBaThCs Ha 1moj3anaquu (puc. 4).

d
1

d
nad.  —>> Action Action Actlon Action —>  xom.
) / / / -

Action —> Action —> Action Action — Action |

NN NSO

wau.  —>= Action —> Action —> Action —> Action —>= Action —> Action —> Action —>  won.
coeT coer

Pucynox 4. Cxema naana, cocmagnennozo uepapxuyeckum nIaHuposuuxkom. eticmeus,
nomeuenHvle Oykeoul d, mocym 6vims dexomnosuposamvl. B umocosulii nian 6xo0sam moibko
deticmeiist, KOMopbie HeBO3MONCHO OEKOMNOIUPOBAMb Oalee

[lepBas wureparus TJIaHUPOBAHHUS COCTaBISAECT OOIIMNA TIIaH, COCTOSIIIMEM M3 3ajad,
NPUBOASIIMX HAuaJbHOE COCTOSIHME K KOHEUHOMY. BTopas urTepamus yTOYHSET KaXKIYIo
3a/1ady BHYTPU IUJIaHA: MPOW3BOAUT JCKOMIIO3UIIMIO 3a7ad 0 IOCJIEA0BaTeIbHOCTH
noJ13a/1a4, MPUBOISAIINX TpeOoBaHMs 3a1a4uu K €€ pe3ynbTaTaMm. U Tak 10 Tex mop, moka Bce
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3aJlaul CTAaHET HEBO3MOXKHO Jajee JeKOMIIo3upoBaTh. llocienoBaTenbHOCTh JEHCTBUHN
(mom3amav), COCTOAIIAs TOJNBKO W3  JICHCTBUM, KOTOpBIE  Jajiceé  HEBO3MOXHO
JICKOMITO3UPOBATh, SIBISACTCS TUIAHOM. JICKOMIIO3HUIIHS 3aa4l MOXKET OBITh KakK ONpeeicHa
3apaHee, TaK M COCTAaBIATHCA HAa XOAYy TMPH IOMONIM TOTO K€ HEPapXUIeCKOro
IUIAHUPOBIIHKA.

Hepapxuyeckuii TUIAHHPOBIIUK TO3BOJIAET CO3/aBaTh TIopa3go Oosiee  CIOXKHBIE,
KOMIUIEKCHBIC TUIAaHBI B CPABHEHHH C KJIACCHYECKUM ITaHUPOBIIHKOM. KpoMe Toro, B ciydae
OIIMOKHU BBIMOJHEHUS TUIaHA MOKHO 3aHOBO TCHEPHUPOBATh HE BECh IUIAH ICTUKOM, a TOJIBKO
€ro KOHKPETHYIO ICKOMIO3HUIUIO. [IpMMeHEeHNEe TaKOro IUIAHUPOBIIMKA MOXET MPHUBECTH K
HanOOJIbIIIeH aBTOHOMHUH POOOTOB CPEIM PACCMOTPEHHBIX TUIAHUPOBIIUKOB.

[InaHupoBaHHE MOXKHO TaKXe KJIACCU(HUIMPOBATh IO €ro HAMpaBICHUIO: MPSIMOE H
obparnoe [3-5]. B npsimom turanupoBanuu (anri. forward chaining) mmas cocraBiseTcst OT
HAYaJIbHOTO COCTOSIHUSL K KOHEUHOMY. J[JIsl HCKJTFOUSHHMS MTOJTHOTO epedopa BeeX MOCTYITHBIX
JICUCTBHI [T BBIOOpA CIIEAYIONMIETO MPHUMEHSIIOT Pa3IMYHbIE ONTHMHU3AIIMOHHBIE MTOIXO0/IbI, B
TOM YHCIIe YKa3aHHbIC Bhiiie. [IpsMoe mIaHupOBaHKE MTO3BOJISECT MIPUCTYIUTH K BBITIOIHEHHIO
IUTIaHa, He J0KUIasiCh OKOHYAHUS TeHEPAI[MH BCETO TUIaHA.

B oOparnom muranupoBanmu (anria. backward chaining) rturan cocramisiercst OT
KOHEYHOTO COCTOSIHMS K HavdajdbHOMY. I[l0M0OHBIA MOAXOJ TO3BOJISET YMCHBIIHUTH
KOJIMYECTBO MEpeOUpaeMbIX NCHCTBHIA, HO TPEOyeT MOJHOTO OKOHYAHHS TUIAHUPOBAHUS IS
TOT0, YTOOBI MPUCTYIUTH K MCIIOJHCHUIO 33JaHHBIX ICHCTBHUI. Bce OonmTHMHU3aIMK MPSIMOTO
IUTAHUPOBAHMS aKTyalbHBI U i1 oOpaTHOro. O/HAKO, B Cilydyae 0OpaTHOrO IUIAHHPOBAHHMS,
HEOOXOMMO J0KIAThCS TTOJIHON TeHEepaIny IJIaHa, YTO MOYKET 3aMETUTh PEAKIHI0 pOOOTOB
Ha MIPOMCXO/ISAIINE B OKPYKAIOIIEM MUPE COOBITHSI.

ITpoBeacHHBIN aHAIN3 MOKA3bIBAET, YTO YIS 3a/1a4 NPUHATHS PEIICHUH aBTOHOMHBIMHU
MOOHJIBHBIMU pOOOTaMHU CJIEIYET MCIOIb30BaTh HEPAPXUICCKUH TTAHUPOBIIMK C OOpATHBIM
IUTAHMPOBAHKUEM, ITOCKOJIbKY OH 00€CIICUnBAET HANOOIIBIITYIO aBTOHOMHUIO pOOOTOB.
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of Game Al Professionals: in 3 1. / pex. S. Rabin. Boca Raton, Fla.: A K Peters/CRC Press,

3. Leopotam, Al GOAP - manupoBimk 1eneopucHTrpopannoro MU, 7 uroisa 2023 rompa // URL:
https://leopotam.ru/33/

4. GeeksForGeeks, Classical Planning in Al, 21 mas 2024 roxa // URL:
https://www.geeksforgeeks.org/classical-planning-in-ai/

5.  GeeksForGeeks, Automated Planning in Al, 27 mas 2024 rona // URL:
https://www.geeksforgeeks.org/automated-planning-in-ai/

6. Neufeld, S. Mostaghim, D. L. Sancho-Pradel and S. Brand. Building a Planner: A Survey of
Planning Systems Used in Commercial Video Games. in IEEE Transactions on Games, vol. 11,
no. 2, pp. 91-108, June 2019, doi: 10.1109/TG.2017.2782846

7. Uludagli, M.C., Oguz, K. Non-player character decision-making in computer games. Artif Intell
Rev 56, 14159-14191 (2023). https://doi.org/10.1007/s10462-023-10491-7

8. Tan, P.-N. Introduction to Data Mining, (First Edition) / P.-N. Tan, M. Steinbach, V. Kumar —
USA: Addison-Wesley Longman Publishing Co., Inc., 2005. c.— ISBN 978-0-321-32136-7.

136


https://aiplanning-tutorial.github.io/
https://aiplanning-tutorial.github.io/
https://leopotam.ru/33/
https://www.geeksforgeeks.org/classical-planning-in-ai/
https://www.geeksforgeeks.org/automated-planning-in-ai/
https://doi.org/10.1007/s10462-023-10491-7

O BEKTOPE ITOJIAAPU3ALIMM ®EPMHWOHOB BO BHEHIHEM I1OJIE

B.II. JIomos
WMHCeTuTyT AMHAMMKY CHUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
lomov.vi@icc.ru

Jlnst moHOTO OmMMcaHUs ABWXKEHUS (epMHOHA, OyIb TO CBOOOJHOE MM BO BHEIITHEM
noJie, HE0OXO0JMMO 3HATh HE TOJIHKO BOJHOBYIO (DYHKITUIO HITM MPOIIAraTop YacTHUIIbI, HO U €€
MOJISIPU3AITHIO.

OcHOBHEIE CBOMCTBA BEKTOpA MOJIAPU3ALUH Z, B TOM, 4TO (CM., Harpumep, [1])

1 R
z,zt =—-1, z,p* =0, [y°24F]=0, A*= 5(1 i% ,a=auyt 1)

B pabotax [2, 3] ObUIO MMOKa3aHO, KaK BBECTU BEKTOP MOJSIpU3aluU Uis (hepMUOHa BO
BHEIIHEM I10JI€ U JJI1 CUCTEMBI (PePMUOHOB, B3aUMOJICHCTBYIONINX C HApYLICHHUEM YETHOCTH.

TpyAHOCTH COCTOMT B TOM, 4YTO MpPH MABMKCHUHM BO BHEIIHEM IIOJIE WU MPHU
PacCMOTPEHUHM CHCTEMbl B3aUMOJACUCTBYIONIMX (EPMUOHOB, OMNEpaTOp MPOEKIHH Ha
sHepreTuueckoe cocrosHue A* mperepmesaer u3MeHenme [4], uTO oOTpakaeTcs Ha
BBIPQXCHUH TSI BEKTOPA OIS PU3AITHH.

Tak, B pabore [2] mis pepMHuOHa, IBIKYIIETO BO BHEUTHEM IMOCTOSHHOM MarHUTHOM
0JIe BEKTOP MOJIIPU3AIUU BBOJUTCS KaK

Zu = beuwlpFMpp; ()

rae kodddumment b ompenensercs u3 neporo ycious (1), a BTopoe CBOHCTBO ciemyer
HENOCPEACTBEHHO.

JI71st MOCTOSIHHOTO MAarHUTHOTO MOJISl TCH30P HAMPSHKEHHOCTEH Fy,, BBIPAXKAETCS TOJIBKO

YCpe3 MArHuTHOC I10JIC U 34€Ch HC BO3ZHUKACT HUKAKHX BOIIPOCOB K IMOCTPOCHUIO BEKTOPA le'

Onnako, Takas CHUTyamusl JIMIIb YacTHBIM Clydaid, B OOIIEM MOXET TOJy4aThCs
MPOTUBOPEUMBOE BhIpAKEeHHE. Tak, B HEKOTOPHIX paboTax paccCMaTpUBAIOT BApPUAHT HATUYUS
Yy HEUTPUHO MarHUTHOTO MOMEHTA. J[J1s1 ero BBeICHUS UCIIOJIB3YETC s JIarpaH)KuaH BUIA

1

— U—
L=90ad—-—m)p— El/)O'm,l/)Flw, Ouy = >

[V Wl

rae U — MarHuTHbli MOMEHT. Eciam paccMarpuBaTh MAarHUTHOE TOJIE C HETPUBUAIBHOU
IPOCTPAHCTBEHHOU CTPYKTYpOii (CM., Hanpumep, [5]) hopmyna (2) 1aét BEKTOp MONSApH3ALUU
Zy, ¢ TAKUM HOPMHUPOBOYHBIM MHOKHUTEIIEM
1 3
- ®)
Jp2B% + p2E% — (pB)? — (PE)2

Hanuume 3nece B BEKTOpe MNOIAPU3ALMM HEUTPAIbHOM YaCTUILI JJIEKTPUYECKOrO IIOJISA
Ka)XEeTCsl CTPAHHBIM, HO 3TO CIIeAyeT u3 onpeaenenunii (1) u (2).

Mgl cuuTaeM, 4yTo, HECMOTPSI Ha OTYACTU MapaJOKCAbHBINA pe3ynabTar (3) /Ui BeKTopa
HOJISIpU3alMi HEUTPUHO BO BHELIHEM I0Jie, COOTHOWEHUs (1) sBIIAIOTCA KIHOYEBBIMU IS
BEKTOpa IMOJSPU3AIMUA BO BCEX CIyYasx: JUIs CBOOOJHOTO JIBUIKEHHS YACTHIIBI WM BO
BHEIIHUX MoyisiX. HeoObluHbIE pe3ynpTaThl A BEKTOpa MOMSIpU3alMU  TpeOyroT
AKCIIEPUMEHTAILHOU ITPOBEPKH.
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OLEHKA ITAPAMETPOB COCTOAHIMA IOBEPXHOCTHOI'O CJIOA
AKBATOPUU O3EPA BAUKAIJI 110 JAHHbBIM
CIIYTHHUKOBOI'O IUCTAHIIMOHHOI'O 30HAMPOBAHNA

E.A. Mamam, 1.A. [lectyHoB
®enepanbHbI UCCIIEIOBATENBCKUI LEHTP
WH(POPMAITMOHHBIX U BEIYMCIUTEIBHBIX TEXHOJIOTHI
pestunov@ict.nsc.ru

B nocnenHue roael A8 OLEHKM COCTOSIHUSL U H3Y4YEHMs] BHYTPUKOHTHHEHTAJIbHBIX
BOJOEMOB B PA3JINYHBIX PETHOHAX 3€MHOTO IIapa CTajId BCE aKTUBHEE NPUMEHATHCS METOMbI
CIYTHHUKOBOTO JUCTAaHIMOHHOTO 30HIupoBaHus [1-12]. DTo 00ycioBieHO TeM, YTO
TPaJULMOHHBIE METOABl  ONpPENENEHUs T'MJIPOIOTMYECKHX, T'MIPOOMOJIOTHYECKUX U
TEMIEPATYPHBIX XapaKTEPUCTUK IIOBEPXHOCTHOTO CJIOS] BHYTPUKOHTUHEHTAIBHBIX BOJIOEMOB,
OCHOBaHHbBIC Ha M3MEpEHMsIX IN SitU, HOCAT TOYEUHBII XapaKTep W YacTo He 0OECIeUYUBAIOT
MOJIyYEHUE PENpPE3CHTATUBHBIX JAHHBIX JUIS TaKUX CJIOKHBIX M JUHAMUYECKHX JKOCHCTEM,
KaK, Hanmpumep, o3epa. Kpome Toro, 3Tm MeToApl MMEIOT JOTMCTHYECKHE OIPaHUYCHHS U
TpeOYIOT CYIIeCTBEHHBIX (DUHAHCOBBIX M BPEMEHHBIX PECYPCOB JJIsl IPUMEHEHUSI.

CnyTHMKOBOE€ JMCTAHLIMOHHOE 30HAMPOBAHME B HACTOSALICE BpeMs  SBISCTCA
IIPAKTUYECKH HE3aMEHUMBIM MHCTPYMEHTOM B M3YYEHHUH KPYIIHBIX BHYTPEHHHUX BOJIOEMOB, K
KOTOPBIM OTHOCHTCS M 03epo baiikam ¢ muromansio akBaropuu B 31,7 Teic. kM2 [1, 13].
[IpumeHeHre NaHHBIX NUCTAHIMOHHOIO 30HIMPOBAHUS JTa€T BO3MOXKHOCTH OJHOBPEMEHHO
HaOJI01aTh 3a COCTOSIHMEM BCero o3epa baiikan um onepaTMBHO MOIy4aTh MPOCTPAHCTBEHHO-
BpPEMEHHYIO0 MH(POPMALIHIO O MPOUCXOIAIIMX B HEM Ipoleccax. Takue JTaHHbIE HEBO3MOXKHO
HOJYYHUTh C MUCIIOJIb30BAaHUEM TOJIBKO CYJOBBIX U CTAHI[MOHHBIX HAOIIOIECHUN.

OpnHa u3 Hanbosee CIOXKHBIX MPOOJIEM, CBA3aHHAS C AUCTAHIIMOHHBIM 30HAMPOBAHUEM
BOJIHBIX OOBEKTOB, 00YCIIOBJIEHA ONTUYECKOHN CI0KHOCTBIO U M3MEHYHMBOCTBIO UCCIIENYEMbIX
BOJIHBIX MaccC, U MO3TOMY JOCTOBEPHOCTh 3HAYEHUI MapaMETPOB, MOJYUYEHHBIX C IOMOIIbIO
METOJ0B JUCTAaHIIMOHHOTO 30HJUPOBAHUS, BCETJAa BBI3BIBACT COMHEHMs. 11 IpOBENCHUS
TaKuX HCCIeoBaHUN TpeOyroTcsi Ooibinne 00BEeMBbI MOJEBBIX HAOMIOAEHUH U MOJIPOOHBIE
3HaHUS O OMO- M XHMMHKO-ONTHYECKMX CBOMCTBaX H3y4yaeMbIX aKBAaTOpPHUI, OIHAKO Takas
uHpOpMaLs, KaK IPaBUIIO, JOCTYITHA JIUIIb B OTPaHUYEHHBIX 00beMax.

B Hacrosimee Bpemsl OTCYTCTBYIOT HAJEKHbIE M BepU(DULIUPOBAHHBIE METOABI H
TEXHOJIOTUM OLEHKU MapaMeTPOB NOBEPXHOCTHOIO BHYTPUKOHTHHEHTAIBHBIX BOJAOEMOB I10
CIYTHUKOBBIM JaHHBIM DPAa3HOrO MPOCTPAHCTBEHHOIo paspeuieHus. [loatomy paspaborka
TaKUX METOJOB U CO3/JaHHE COOTBETCTBYIOIMX CEPBUCOB, IO3BOJSIOLUIMX IPOBOAUTH
KOMIUIEKCHBII TPOCTPAaHCTBEHHO-BPEMEHHOM AaHAJIU3 IapaMETPOB ITOBEPXHOCTHOTO CIIOS
TaKUX BOJIOEMOB, SIBIISICTCS aKTyaJIbHON M BOCTPEOOBAaHHOM 3a/1a4eH.

B pokmaze paccMaTpuBarOTCS U3BECTHBIE METOIBI OLCHKH IapaMETPOB COCTOSIHMS
BHYTPUKOHTUHEHTAJIBHBIX ~ BOJOEMOB, OCHOBAaHHBIE  HA  HCIOJB30BaHUU  JITAHHBIX
JUCTAaHIIMOHHOTO  30HAMpoBaHusA.  [IpuBomATcs  pe3ynbTaTbl  JKCIEPUMEHTAIBHBIX
MCCJIEJOBAHUM 10 OLICHKE MPUTOAHOCTH CIYTHUKOBBIX JaHHBIX Pa3HOrO IIPOCTPAHCTBEHHOTO
paspelieHuss 1 METOAOB MX OOpabOTKH Ul OLEHKM TeMIepaTypbl MOBEPXHOCTHOIO CIOS
akBaTopuu o3epa baiikan u comep:kanust B HeM xyopoduiuia «a». Kpome 3Toro, npuBoasTcs
TaK)K€ PEe3yJIbTaThl IPOCTPAHCTBEHHO-BPEMEHHOIO aHAJIN3a PACHpPENEICHHs TEMIIEpaTypsl B
IIOBEPXHOCTHOM cJI0€ akBatopuu 03. batikan 3a 2000-2023 rr.

1. Dyba K., Ermida S., Ptak M. et al. Evaluation of methods for estimating lake surface water

temperature using Landsat 8. Remote Sensing. 2022. Vol. 14. P. 3839. DOI:10.3390/rs141538309.

" PaGota noazeprana rpantom Muno6paayku Poccuu Ne 075-15-2024-533.
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OJHOJIMHEMHASI CMO BUJIA M /(M1 M,)/1(N1, N2) C ABCOJIIOTHBIM
[TPUOPUTETOM W HETEPITEJIUBLIMU 3A IBKAMU

E.A. Manyiinosa, C.I1. Mouceesa
ToMcKkuii rocy1apCTBEHHbBI YHUBEPCUTET
katusham0912@gmail.com, smoiseeva@mail.ru

Cucrembr maccoBoro obOcuyxuBanust (CMO) ¢ aOCONIOTHBIM MPUOPUTETOM U
HETEePIEINBBIMU 3asiBKAMU IPEJICTABISIIOT cOO0M 0COOBIN KJlacC CHUCTEM, Ie KaKJas 3asBKa
UMEET CBOMCTBO NMPUOPHUTETA U MOXKET ObITh XapaKTEpHU30BaHA CTENEHBIO HETEPHUMOCTH K
oxkumanuio obcmykuBaHus [1]. AOGCONIOTHBIM MPUOPHUTET O3HAYAET, YTO 3asBKU C Oojee
BBICOKUM TIPHOPUTETOM HUMEIOT MPEHMYIIECTBO Tiepea 3asBKamMH ¢ 0Ooiee HHU3KUM
IPUOPUTETOM U JIOJKHBI ObITh 00paboTaHbl B NEpBYIO0 ouyepens. OqHOKaHATbHbBIE CHCTEMbI
MaccoBOT0 OOCITY>KHBaHUS C a0COMIOTHBIM IPUOPUTETOM M HETEPIEIMBBIMU 3aBKAMU UMEIOT
BBICOKYIO aKTYaJIbHOCTh B Pa3JIUYHBIX 00JIaCTAX, IJI€ BAXKHO yIpaBiIeHHE MOTOKaMH 3allpOCOB
Wi oOcCIy)KuBaHHe KIMEHTOB [2]. M3yueHWe Takux CHUCTEM IO3BOJSET pa3padaThiBaTh
ONTHUMAJIbHBIE CTPATETHH YIpPaBJIEHUs 00CTy>KMBaHUEM, MUHUMHU3UPOBATh BpEMS OKUJaHUS
JUI BCEX KaTeropuil 3asBOK M OOECledYMBaTh BBICOKUMN YpPOBEHb OOCITY>KMBAHHS JaXe B
YCIIOBUSIX MOBBIIIEHHOM 3arpy3Ku WK U3MEHSIIOIINXCS YCIOBUH.

B pabore paccmarpuBaeTcsi MaTeMaTHdeckas MOJETb OJHOJIMHEHHONH CHUCTEMBI
MaccoBOI0 00CITYKUBaHUS C IBYMSI IOTOKaMHU Pa3HONPUOPUTETHON HHGOpMAIUH.

Ha Bxox cucremsl nmoctynaer ABa MPOCTEUIINX NMOTOKA 3asiBOK, [P ATOM KaxKJbIi THUII
3aBOK MMEET CBOIO COOCTBEHHYIO MHTEHCHBHOCTb: A4 JUIsl IPUOPUTETHBIX 3asBOK U A, JUIS
HENPUOPHUTETHBIX. Bpemst o0ciaykuBaHUs 3asBOK SBJSIETCS CIydyailHOW BEJIMYMHOM ¢
SKCIIOHEHIMAILHBIM paclpeesieHueM BepOsSTHOCTEH, e |11 U [y IPEACTaBISAIOT MapaMeTphbl
COOTBETCTBYIOIIUX SKCIOHEHIMAIBHBIX PACIPEICIEHII BEPOATHOCTEH.

BpeMs oxupmanus B ouepena TakKe MPEACTABISET cCOOON CaydyallHYIO BEJIMYHUHY C
SKCIIOHEHIIMAILHBIM ~ paclpelefieHueM BEpOsITHOCTEH ¢ mapaMeTrpaMu O3 MU 0O,
COOTBETCTBEHHO.

Cuctema o0Jajae€T OTpaHUYEHHBIMU IO 00BbeMy OyHKEpaMM, KaXAbli M3 KOTOPBIX
npeHa3HaueH Ui ONPEEeICHHOTO TUIa 3aiBOK, rae N1 —eMKOCTb IepBoro OyHkepa, a Ny —
€MKOCTh BTOpOro OyHKepa. YBenwdeHHE oObeMa OyHKEpa CHHKACT BEPOATHOCTH YTPAThI
3agBoK. Eciau mpubop cBOOOHBIN, TO ioOas mMocTymaromas 3asBKa OyAeT NpuHATa K
obcnmyxxuBanuto. Ecam mpubop 3aHAT O0O0CIHy)KMBaHUEM TPUOPUTETHOM 3asiBKH, a B
COOTBETCTBYIOIIEM OYHKEpE €CTh CBOOOHOE MECTO, TO MOCTYIHBIIAS 3asBKa 3aHUMAET €To U
xaet obciayxkuBanus. Eciu mpubop 3aHAT 00CTyKUBaHUEM HETIPUOPUTETHON 3asiBKU, a HOBas
NOCTYNUBIIAsA 3asBKa SBISETCS TNPHOPUTETHOM, TO TPUOPUTETHAs 3asiBKAa BBITCCHSET
TEKYIIyI0 00pabOTKy HENPUOPHUTETHON 3asiBKH, W BCTaeT Ha mpubop. Ecinu mecta B OyHKEpe
3aI0JIHEHBI, TO JII00ast MOCTyNUBIIAs 3asBKa Tepsiercsa. OIHaKo, KaK TOJIBKO MPHUOOp 3aKOHUUT
0o0cIy>)KMBaHUE — B OYEPEIH OCBOOOIUTCS MECTO.

Kpome Toro, B HacTosmiell cuUCTeMe BBOAMUTCS OTPaHWYCHUE Ha BpPEMS OXKUAAHUS,
CJIeIOBAaTENbHO, J00aBIsIeTCd M NapaMeTp, OTBEYAIONIMI 3a 3TO yCIOBUE, a UMEHHO O —
MHTCHCUBHOCTh BBIXOJAa 3asJBOK IIEPBOrO0 TUIA M3 OyHKEpa MpH MOTepe AaKTYaIbHOCTH
nepesaBaeMblX UMHU COOOIIEHUH, O — HWHTEHCHUBHOCTh BBIXOJla 3asBOK BTOPOTO THIIA W3
OyHkepa. O4eBHIHO, YTO BeTUYMHA 1/0j IMEET CMBICI CPEAHEr0 CPoKa >KM3HH MH(OpMAIUH,
KOTOPYIO «HECYT» MOCTYMAOIINE 3asBKH.

[Myctp i1(t) — yncno MPUOPHUTETHBIX 3asBOK B OyHKepe B MOMEHT BpeMenH f, ix(t) —
YHCJIO HETIPUOPUTETHBIX 3a5BOK B OYHKEpPE B MOMEHT BPEMEHH t.

Cocrosinue nmpubopa B MOMEHT BpeMeHu t 0603Haunm kak k(t), rae:
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0, npubop ceobooen,
k(t) =41, npubop sansm orociyxcusanuem npuopumemnol 3aseKi,
2, npubop 3aHAM 0KCIYHCUBAHUEM HENPUOPUMEMHOU 3AS6KU

Takum 00pa3oMm, TMONYyYUM TpPEXMEPHBI MAapKOBCKMM CIydalHBIH TIpolecc
{i1(1), i2(t),k(t)}, mis cranmmoHapHOTO pachpeesiecHue BEPOSITHOCTEH KOTOPOTO COCTAaBJICHBI
ypaBHeHus1 Konmoroposa:
st i =0,i, =0
—(4, +2,)7,(0,0) + 14,7, (0,0) + 1,7, (0,0) = 0,
—(4 + 4, + ) 7,(0,0) + 4,72, (0,0) + (14 + ;) 7, (1,0) + 2,7, (0,1) = 0,

—(4 + 4, + 14,)7,(0,0) + 2,7, (0,0) + (1, + ;) 7,(0,1) + 4,7, (0,1) =0,

anst b, =S,i, =0, 0<S <N,

-4+ A4+ +Sa)7 (S,0)+ 47, (S-1,0)+ a, 7, (S, 1) + (24, + (S +Dexy) 7, (S +1,0) =0,

ans i, =0,i, =S, 0<S <N,

-4+ A4, + 1 +0,)7(0,S)+ 4,7, (0,S =) + (g4 + )7, (L,S) + 4,7,(0,S =) + (S +Dex, 7, (0,S +1) =0,
-4+ A4, +u,+Sa,)m,(0,S)+ 4,7,(0,S —1) + 47, (0,S +1) + (14, + (S +D ez, )7,(0,S +1) =0,

st i, =N, i, =0

—(4, + 14 + Na) (N,0) + 4,7, (N, -1,0) + e, 7, (N,,1) =0,

anst i, =11, =] 0<i<N,0< j<N,,

(A + A+ + jo, + )7 (1)) + Az (L j-D+ A (-1 ) + (g + ( + D)7, (1 +1, )+ (j+ De,m, (i, j+1) =0,
s i, =0,i, =N,

—(4 + 1+ Nyay) 7, (O,N,) + 24,7, (0,N, =1) + (14 + )1 (LN,) + 47, (0N, =1) + 47, (0,N,) =0,
—(4 + 4, + Nyay) 7, (0,N,) + 4,7,(0,N, -1) =0,

st =N i, = ]

_(ﬂ’z + jaz + Nlal +/”1)7T1(N1’ J) +Az7z'1(N1’ J _1) 4'2172'1(N1 _11 J) + (J +1)0{27Z'1(N1, J +1) =0.
OueBUAHO, YTO JJISI UCKOMBIX BEPOSITHOCTEM JOJIKHO BBIMOJHATHCS YCJIOBHUE HOPMUPOBKH

2 Np Ny
2 2 2 m(iip)=1.

k=0i, =0iy =0
PazMepHOCTh ATON CHCTEMBI HEJIMHEWHO BO3PACTACT MPU YBEJIMYECHUW YHUCIIA MECT B
Oynkepe. VIMEHHO naHHBI STam SBISETCS Haubosee TPYAOEMKUM IIpH HCCIEIOBaHUU
CHCTEMbI BPYYHYIO, BE/Ib IIPH YBEIHMUCHUN KOJIMYECTBA MECT B OJJHOM WM APYroM OyHKepe
BCEr0 Ha €IUHMILY HAOJIOJAeTCsl pe3Koe YBEJIWYCHHE YMClIa YPaBHEHUH M, KaK CIE/ICTBUE,
pasMEpPHOCTH MAaTpUIBl KO(PPHUINEHTOB, 4YTO 3aTPyJHSIET PAcCMOTPEHHE CHCTEMBI C
JOCTaTo4HO OoybIMM  00BEMOM  OYyHKEpOB BpyuHyto. IloaTomMy Ui HaxXOXIEHHS
pacmpeneneHus] BEpOSITHOCTEH CHCTEMBl TPEXMEpPHOTO Mpomecca Uil CHCTEMBI C
IIPOM3BOJILHBIM 00BEMOM OYHKEpOB pa3paboTaH M peann3oBaH Ha s3bike Python anropurm
AaBTOMATHYECKOTO TIOCTPOEHHS MAaTpHIl KOod(PQUIMEHTOB CHCTEMBI JMHEHHBIX ypaBHEHH.

Pe3ynbpraToM paboThl QJIrOpPUTMA SBISIETCS BBIBOJ PACHPEAEIECHUS BEPOSATHOCTEN 1y (il,iz)

1O BCEM BO3MOKHBIM COCTOAHUAM CHCTCMBI.

1. Jxeiicyon H.K. Ouepemu ¢ mnpuopureramu/ Ilep. c¢ anri./Ilep. M.C. Hedenosoit u B.C.
Manycesu4a. [lon pen. B.B. Kamamaukosa. M.: Mup, 1973. 279 c.

2. bponmreiin O.U. Moaenu npuopuTeTHOrO 00CITY>KUBaHUS B WHPOPMALMOHHO-BBIYHCITUTELHBIX
cucremax/ O.W. bponmrreitn, .M. dyxoBnsrii. M.: Hayka, 1976. 220 c.
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'AMUJIPTOHOB ®OPMAJIU3M VIS MATKUX 1 J)KECTKUX BO3BYXXEHUI
HEABEJIEBOU TIVTIA3MBI. ITAPA®EPMU-CTATUCTUKA TTOPA/IKA 2

IO0.A. Mapkos, M.A. MapkoBa
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
markov@icc.ru, markova@icc.ru

B noxmame mpencTaBieHBl Pe3yNbTAaThl MO TOCTPOCHHUIO (TICEBIO)KIACCHUYECKOTO
raMmIbTOHOBa (hopMain3Ma JijIsi CaMOCOIJIaCOBAaHHOTO ONMCAHUS HEJIWHEHHBIX MPOLIECCOB
paccesiHusi, TpaHchOpMalMd MATKUX KOJUIGKTHBHBIX BO30YXJIEHUI Kak O030HHOTO, TaK U
(epMHUOHHOTO THIIOB B BBICOKOTEMIIEpaTypHOl KBapk-rimrooHHOW Tmasme (KITI) ¢
MOCIEAYIOMUM 0000IIIeHuEM Ha TIPOIECCHl PACCESTHHSI MSATKUX MOJ KOJICOaHHMI Ha JKeCTKUX
gactunax KI'TI [3, 5, 7-11]. Cratbs [3] mocBsiIeHa pacCMOTPEHUIO YUCTO OO30HHOTO CEKTOpa
MSTKAX  KOJJIEKTUBHBIX  BO3OyxkmeHudt  KITI, mocTpoeHHI0O  COOTBETCTBYIOLIETO
KMHETUYECKOTO YPAaBHEHHMsI, ONMCHIBAIOIIEIO MPOLECC YIPYroro paccesiHusl MIa3MOHOB APYT
Ha japyre. B pabotax [5, 7] mano o6oOuieHne Ha (EPMUOHHBIA CEKTOpP KOJUIEKTHBHBIX MOJ
Kosie0aHuil HeabeneBoil MIa3Mbl, ¢ UCIOIB30BAaHUEM (YHKIIMM, MPUHUMAIOUIMX 3HAYEHUS B
anredpe ['paccmana. B craresax [8-11] mpencraBieHo nanbHelIee pa3BUTHE TAMHILTOHOBA
MoAXO0Ja Ha Ciy4yall ydeTa MpSMOTro B3auMOACHCTBUA MATKHX 003e-Bo30yxaeHuit KI'TI c
KECTKUMHU I[BETO3aPsHKEHHBIMA YaCcTUIIAMHA — TEPMAIbHBIMH WM BHEIIHUMHU KBapKaMU,
aHTUKBapkaMu U riarooHaMu. [lomydeH sBHBIA BuA 3(PPEKTUBHOTO TaMUIBTOHHAHA
YETBEPTOTO TMOPSAIKA, OMUCHIBAIOIIETO TMPOIECC YIPYroro paccesHus IUIa3MOHA Ha
BBICOKOPHEPTHUYHOW I[BETO3APSKEHHOM 4YacTUlle, U HaWJIeHa CaMOCOIJIaCOBAaHHAs CHUCTEMa
KMHETUYECKUX ypaBHEHUN OOJBIIMAHOBCKOTO THIIA, YYUTHIBAIOIIAS BPEMEHHYIO SBOJIIOIHIO
CpeHEro 3HA4YeHUs IBETHOTO 3apsla >XeCcTKoW dYacTuibl. Ha OCHOBE 3TUX ypaBHEHUH
paccMoTpeHa MoOeNbHas 3a/ada B3aUMOJCUCTBUS JBYX OECKOHEYHO Y3KHUX BOJHOBBIX
MaKETOB.

B pabotax [1, 2] ycraHOBIeHa cBA3b MeXAy AepopmupoBanHoi anredpoit [Ixdduna-
Kemmepa-Ilethe u  pacmmpeHHOHW — cUCTeMOM — mapadepMUOHHBIX  TPHIIMHEHHBIX
KOMMYTAIIMOHHBIX COOTHOIIICHUH JIJISi ONIEPATOPOB POKICHUS M YHHUTOKEHHUS M HEKOTOPOTO
JOTIOTHUTEILHOTO OTEepaTopa, MOAYNHSAIOINXCS MapacTaTUCTUKH MOpAIKa 2, OCHOBAaHHON Ha
anmrebpe Jlu So(2M + 2). BsemeHna coOOTBETCTBYyMOIIAs cUCTeMa MapadepMHOHHBIX
KOT€pEHTHBIX COCTOSIHUM KaK (PYHKIIUS MaparpaccMaHoBbIX yucell. [lomyueHno npeacrapneHue
JUISL  TOTIOJTHUTETILHOTO oOfepaTopa B TEPMHHAX TE€HEPATOPOB OPTOTOHAIBLHOW TPYIIIBI
SO(2M), npaBUIBLHO BOCIIPOM3BOISAINEE ACHCTBUE 3TOTO OMEpPaTropa Ha BEKTOPHI COCTOSHHIA
KOHEYHOMEpHOTro mpocTpancTtBa @Doka. B anrebpe maparpaccMaHOBBIX YHCENT BBEACHO
HEKOMMYTAaTUBHOE acCOIMaTUBHOE IMPOU3BEACHUE 3Be370uka (mpousBeneHue Moiina) kak
npsiMmoe 0000IIeHre Mpou3BeAcHHs 3Be304ka B anredpe ['paccmana. IlokazaHo, 4To mpu
BBIUMCJICHUM MATPUYHBIX DJIEMEHTOB Pa3IMYHBIX OINEPATOPHBIX BBIPAKEHUNH HEOOXOIUMO
OPUHMMATh BO BHHMAaHHME, 4YTO BMECTO CTaHAAPTHOTO TIPOCTPAHCTBA COCTOSHUUN
(mpoctpanctBo @Poka) MbI paboTaeM B Tak Ha3bIBa€MOM OOOOIIEHHOM MPOCTPAHCTBE
cocrosanii Ohnuki m Kamefuchi, BEeKTOpbI COCTOSHHI KOTOPOrO BKIIOYAIOT B CBOE
orpeziesieHue naparpaccMaHoOBbI YHCIIA.

B crarbe [4] paccmoTpena anrebpa maparpacCMaHOBBIX YHCEN, UMEIOLIasi MOPSA0K P =
2 W HaxojsimIascsi B WHBOMIONMUA. B maHHON anreOpe Ha OCHOBe mapadepMHOHHBIX
KOTEPEHTHBIX COCTOSHUN BBEICHO HEKOMMYTATUBHOE, aCCOIMAaTUBHOE MPOU3BEICHUE
3B€370uka. PaccmoTpena Takke anreOpa OMepaTopoB POXACHUS U YHUUYTOXKEHUS,
MOMYUHSIONINXCS TapadepMU-CTaTUCTHKE MOpsiAKa P = 2. DTH OmepaTophl yIOBICTBOPSIIOT
CHCTEME TPUIIMHEHWHBIX COOTHOIICHHUH napadepmu-anredpa. B yacTHoM cirydae, KOrjia 4ucio
oOpasytormx N paBHO JBYM, T0OKa3aHO CIIEAYIOIIEe
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YTBepaxnenue. Anredpa oneparopoB POXKACHHUS U YHUUYTOKEHUS, MOTUUHSIOIIUXCS
napadepMu-cTaTuCTUKE TopsiAaka P = 2, W anredpa maparpacCMaHOBBIX YHCEN TOTO IKe
nopsiJKa, cHaOxEHHas MIPOU3BEACHUEM Moiina, SIBJIIOTCS M30MOP(HBIMHU.
[Ipoananu3upoBaHa BO3MOKHOCTh OOOOIICHHSI TOJIYYCHHOTO pe3ybTaTa Ha cirydaid, korna N,
YHUCJI0 00pa3yronux aredpy, paBHO 3 W/WIM KOTAa maparpaccMaHoBa U mapadepmu anreOpbl
UMEIOT TOPSIOK P = 3.

B cratee [6] B pamkxax ¢Qopmanmzma  babGa-ManxaBapao — mpeioxkeH
CaMOCOTJIACOBAHHBIN TMOAXOA K TONYyYEHHIO CHCTEMbl BOJHOBBIX YypaBHEHHUN YETBEPTOTO
MopsiIKa Il ONMUCAHUS MACCUBHBIX YacTHI[ cO crmuHOM 3/2. Jlns ATO# 1ienu BBEICH B
paccMOTpeHHe HOBBI HaOOp MaTpHUIl BMECTO MCXOAHBIX MaTpull anreopsl baba-Maxasapao.
[IpoBeneHO cOOTBETCTByIONIEE OOOOIIEHHE TOJYYEHHBIX pe3yJbTaTOB Ha  ciydail
B3aMMOJICHCTBHSI C BHEIIHUM DJJIEKTPOMAarHUTHBIM IIOJIEM, BBEJIEHHBIM IOCPEICTBOM
MUHUMAJIbHON TOACTAaHOBKU. PacCMOTpPEHO COOTBETCTBYIOLIEE MPHIOKEHHUE MOTYyYEHHBIX
pe3yNbTaTOB K 3a/Jade TIOCTPOCHHUS TMPEACTaBICHHS WHTErpaja ITI0 TPACKTOPUSM B
napacyrneprpocTpaHCTBe JUIsl ITporararopa MacCUBHOMW YaCTHUIIBI CO CITMHOM 3/2 BO BHEIIHEM
KaJTMOpPOBOYHOM TOJIE.
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KIIACCUYECKAS MATPULA PACCEAHMA JUIA XKECTKUX 1 MAT'KUX
BO3BYXXJIEHMU B BBICOKOTEMIIEPATYPHOU KBAPK-I'JTFOOHHOU TUVTASME

I0.A. MapKOBl, M.A. MapKOBal’Z, H.IO. MapKOBl'2
1I/IHCTI/ITYT JMHAMUKHU CUCTEM M TeopuH yrpasieHus umenu B.M. Matpocosa CO PAH
2 Hpkyrckuii rocy1apCTBEHHbI YHUBEPCUTET
markov@icc.ru, markova@icc.ru, NYumarkov@gmail.com

B paGote monydeH sIBHBI BUJ KJIACCHUECKOW MATPHUIIBI PacCesTHUs IS TUIa3MbI C
HeabeneBbIM TUIIOM B3aWMOJICUCTBUA. JlaHHAs MaTpwia A CHCTEM C pachpelleICHHBIMU
napameTpaMu BIepBbIie Oblta mpesoxkeHa B padorax B.E. 3axapora u E.W. lllynsmana [1,2].

B kayecTBe MCXOIHON CHUCTEMBI PAacCMAaTPUBACTCS CIENYIOLAs CHUCTEMa YPaBHEHUU
I"amunbeToHa, npennoxenHas B [3,4]:

acl? i(sg{int an _ ag{int fabCQC (1)
ot Sc;®’ dt  agP '

3nech - HEKOTOpPBI TraMHIBTOHMAH B3auMojeiicTBus, f%P¢ - aHTHCHMMETpUUHBIE
CTPYKTypHbIe KOHCTaHThl anreOpsl JIu su(N.). Caenys paccyxaenusm [1,2], B mepeitnem
PAcCMOTPEHHIO CHCTEMBI C B3aMMOJICHCTBUEM, KOTOpasi ainabaTHYECKH «BBIKIIOUACTCSA» MPH
t > too,T. €.

= —i(w} —v-k)cf —

H =Hy+ Hipe e, €>0.
Pemenue cucrempl ypaBHeHHMH (1) MpU ATOM ACHMIITOTHYECKH TIEPEXOJUT B PEIICHUE
ypaBHEHHI CBOOOIHOTO TOJIS:

cR(t) > (1) = citemi@ivior ga(r) 5 gta,
e B NMPaBOM YacTU BEJTMYUHBI C,Jfa u Q%% me 3aBucaT or BpeMmeHu. s manbHeniiero
aHaJIM3a MeperieM K Tak Ha3bIBaEMOMY “‘TIPEJCTaBICHUIO B3aUMOJEHCTBUS
C,‘:(t) — E,?(t)e_i(w;f_v'k)t, C;a(t) — E;a(t) e—i(w;{—v-k)t_
B HOBBIX mepemeHHBIX ypaBHEHUs (1) SKBUBaJEHTHBI MHTErPaJbHBIM YpPABHEHUSIM,
ONPEACIISAIONINM 3BOIOLMIO BO BPEMEHU pPacCMaTPUBAEMOUN CUCTEMBI
t

Ea(t) = ci® _t dfﬂe—elfl 2)
k k2 8é:%(1) ’
t ~
1 6~7{in -
0°(t) = 07 +5 [ dr gt porege(yel,

rae ffmt— raMUJIBTOHHAH B3aUMOJICHCTBUSI, BHIPAXKCHHBI B HOBBIX NMEPEMEHHBIX Cp # €.
Pemienust JaHHBIX UHTETPATBHBIX YPABHEHUH MOXHO (POPMATIbHO MPEJCTABUTH B CIICAYIOIIEM
BUJIE!
(0 = S (=, 0[cg% (" 971, 9°(1) = S (o0, D% (" 97 (3)
[Ipy KOHEYHOM MapaMeTpe € U JIOCTaTOYHO MANbIX aMIUIUTYAaX € % U Q™% WHTerpaibHbIi
omeparop S.(—o,t) MOXeT ObITh MOJYYEH B BHJE CXOIIETOCS pPsla IIYyTEM HTEpaIuu
IIPUBEJCHHBIX BBILIE NHTETPATIbHBIX YPABHEHUM.
Janee, nepexos K npeneny npu t — +o0o, HaxonuM u3 (3)
“=Seler® (e, 271,97 = Sele®, (", 277, (4)
rae S = S (—o0, +00). CoorBercTBYIONMMII penen npu € — +0
S = lim S,(—o0,+)
. €-+0
IIOJIYYWJI Ha3BAHUE KIACCUUECKOU MAMPUYbL PACCEAHUA.
OmpenenuM B SBHOM BHJAE CTPYKTYpPY KJIAaCCHYECKOM MAaTpHIbl pacCesHUs B
npocTeiiiieM ciiydae KBaJpaTHIHOTO IO MOJEBBIM MEPEMEHHBIM C H €* U JTMHEHHOTO 110
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[BETHOMY 3apsnay Q¢ raMuibTOHMAaHa B3aUMOACUCTBUS Hjp;, KaK OH ONpeAesseTCs
BbIpaXKeHuem |[3, 4]:
— ifaiaza (ZA) *a1 Az ~a
Hipe = 1f 11929 f dk,dk; T, (v) Ck, Cr, 9.

B npencraBiennn B3auMoIeHCTBUSI HHTETpalibHbIE YpaBHEHUS (2) IPUHUMAIOT BU]T
t

1
E,‘(l(t) = C,:a _l_E fdrfdkl (Z)baa1 T (‘L’)Q (T)elAwkklr e|1| (5)

t
Qa(t) — Q—a +%fabc jdrj dkldkz (Z)ba1az ~*a1 (T) C (T) Q (T) elAa)klsz E|T| (6)

rie “pe3oHaHCHas Pa3HOCTh YACTOT” AWy i, B OKA3ATENE IKCIIOHEHTHI ONPEIENIeHa KaK
— 1 l )
Aa)k'kl = wkl - a)kz - V (kl - kz).
Jlnst HamuxX 1iesiet TOCTaTOYHO HAWTH MTEPAIHMIO TIEPBOTO TMOopsaKa 1t ypaBHeHHH (5) u (6),
T.€. B IPaBOil YaCTH MPOCTO caenath 3ameny: Gy (7) = ¢, % u Q%(1) » Q™% B wacrtHoCTH,
JUIsl ypaBHEHUA (5) noydaem

1 .
~(1)a - A - 2)baa; —a; -
C,(() () =¢* +§f dk, fdr AWk T€lT] 7;c(k)1 L Ck, 197, (D)
[IpenenbHOE BRIpOKEHHE JIJIsI HHTETpajia B KPYTIIbIX CKOOKaX UMEET CIASAYIOIINI BU/I:
t

tl—i>I-Eloo el—iH-lo dr elAwk,k1T_e|T| - 27T5(Awk.k1)'
—00

Taxum o0Opasom, B npeﬂene npu € > +0 u t - +oo, Haxoaum u3 (7)
+a _ (2)baa1 oM —-b — -a —a\* n-a

Ck = Ck + - fdkl k1 Q 27‘[5(Awk‘k1) = S[Ck , (Ck ) ,Q ] (8)
JlanHO€  BBIpa)XEHME onpez[emieT KJIACCHUYECKYI0 MaTpHIly paccesHus B  ¢opme
MHTETPAIILHOTO OIllepaTopa B IEPBOM HETPUBHAIBHOM MPUOITMKEHUH.

Bynem uckarh KJIaCCHYECKYIO S -MaTPHUIly B BUJI€ SKCIIOHCHIIMAIBHON (DYHKITH
S =e7,

rae I - HekoTopas BeulecTBeHHas (azoBast pyHkuus. [IpaByio yacTb mepBOro COOTHOLICHUS
B (4) B ipenene npu € = +0 MOKHO q)opMaano IIPEJICTaBUTh KaK

. i3

it = o + 3 (e T) 4o {{c T3, T} + 5{{{% 73,7}, T} +..., 9
rae (¢urypHsle CKOOKM 0003HAYaroT CK06Ky JIn-IlyaccoHa, KaK oHa ObUTa ompexeseHa B [3,
4]. BpinuiieM e€ B HOBBIX aCHMITOTHYECKUX NepeMeHHbIX ¢ &, (¢ )" u Q™%

(F.G) fdk’ oG 6F  6G N 0F 646G fabegc

Yo 5(6;,6) 5(C,:,C) SC;/C 6Q¢ 5Q_b
Bynem wuckate HemsBecTHylo ¢yHkiuio I B Buie Haubosiee OOIIErO pas3ioXeHus 0
CTETICHSIM HOPMAJIbHBIX IOJEBBIX MEepeMeHHbIX Cf %, (€)' *)* M acCHMITOTHYECKOTO [BETHOTO

3apsima Q%
T = FaQ_a-Fjdkl ['g2101:1al +g;:1( fdkl [fkalb —a; +fk*a1b(ck1 ) ]Q b 4
MDa,a,; - — (2)a,a *(Da,a — —
[ dk,dk, 9, ,i chlalckzaz +9k1,k22(ck1a1) Ckz . +gk1,k2 Z(Chal) ( az) ] + (10)
(1)aab_ _ (2a,azb( — _ «(Da,azb{ —a,\* [ - _
fdkldk2 [G 172 klal a2+ Gk,,izz (cklal) ckza2 +le’k21 2 (cklal) (ckzz) ]Q by ..

B pamkax Hamero mpuOIMKeHUs JOCTATOYHO PACCMOTPETh TOJBKO BTOPOW WIEH B MpaBOU
gactu (9)
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5T
(8T} = ——==g" +fi®"Q7" +

6( ®)

HonyquHoe BbIpaXXCHHE HCO6XOI[I/IMO MOJICTaBUTH B (9) U CPaBHUTH €T0 C ACUMITOTUYECKUM
cooTHomeHueM (8). B wmTore ompenenuM mepByr0 OTIMYHYIO OT HYJS KOI(PQUIIMEHTHYIO
dbynakuuro B ipeacrasieHnu (10)
(Z)aalb 1 (2) baqa,
Gk, =5kl 200(AW ki ky )
Y II03TOMY BMECTO (10) MBI MOXEM 3aIUCaATh

fdkldkz Gala2 (c,;al) o270+

1. 3axapos B.E., lllyneman E.M. O matpuue paccesHUs 1 HHTETPUPYEMOCTH BOJHOBBIX CHCTEM,
o0naaronux JOMOJHUTEIFHBIM HHTETpalioM aBmkeHus. Jloknanst Akanemuu vHayk CCCP. 1985.
T. 283, Ne 6. C. 1325-1328.

2. Zakharov V.E., Schulman E.l. On additional motion invariants of classical Hamiltonian wave
systems. Physica D. 1988. V. 29. P. 283-320.

3. Mapkos 10.A., Mapkosa M.A., Mapkos H.}O. 'aMuiibToHOB (hopMajIu3M sl )KECTKUX M MATKUX
BO30YXICHUH B IJa3Me ¢ HeaOeJieBbIM B3auMo/eiictBueM. itorn Hayku u TexH. CoBpeM. Mart. U
ee npwi. Temar. 003. 2024. T. 234. C. 143-158.

4, Markov Yu.A., Markova M.A., Markov N.Yu. Hamiltonian formalism for Bose excitations in a
plasma with a non-Abelian interaction I: Plasmon - hard particle scattering. Nuclear Physics A.
2024. V. 1048. P. 122903(38).
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[TOTEPU DHEPT'UU BBICTPOU LIBETHOM YACTULIbI B KBAPK-TJTOOHHOI
[UIABME

I0.A. MapKosl, M.A. MapKOBal’z, H.IO. Map1<0131'2
1I/IHCTI/ITyT JUHAMHMKHU CUCTEM U TEOpPHUH ynpasiieHus umenu B.M. Matpocosa CO PAH
2 NpKkyTckuii rocy1apCTBEHHBIM YHUBEPCUTET
markov@icc.ru, markova@icc.ru, NYumarkov@gmail.com

B kauectBe mnpuiokeHHs OOLIEH TEOpUH TOCTPOCHHUS KIACCHUYECKOM MAaTpHIIbI
paccesiHUsl Ui BOJHOBBIX CHCTEM C pacOpenesieHHbIMU mapameTpamu [l1], B pamkax
raMujIbTOHOBA  TOJXOJla  PAacCMOTPEHa  3ajadya  BBIYMCICHUS  T[OTEPh  DHEPrUu
BBICOKOPHEPIreTUUECKON I[BETO3APSKEHHOM YaCTHUIIbI, MPOXOAIICH 4Yepe3 ropsiuyr0 KBapK-
MIIOOHHYIO M1a3my. [Ipu peleHny JaHHOM 3aaud UCIIONB3YETCs KIACCUYECKOE BBIPAXKEHUE
JUISL TIOT€Ph DHEPTUW YaCTHIl HAa EIUHUILY JUIMHBI B OOBIYHOW IIa3me [2] ¢ MUHUMAJIbHBIM
000011IeHEM Ha IIBETOBYIO CTENIEHb CBOOOIBI:

dE 1 (2m)*

- mrhi?o . fdkdw fdQO(Jga(k,w)-Eg(k,w»- €Y)

3nece v - ckopocth sHepruuHoif uactuiel; Eg(k,w) u Jg(k,w) - ®Pyppe-obpas
XPOMODJIEKTPUYECKOr0 Mmojst ¥ S((PEKTHBHONO TOKa, COOTBETCTBeHHO. K mporenype
YCPEAHEHUS 110 aHcaMOIIio B ypaBHeHUH (1) MbI 100aBUIIM HHTErPUPOBAHKE 110 HAYATLHOMY
3HAUYCHHUIO BETHOTO 3apsiaa QF ¢ mepoii [3]

dQo = 134, dQ§ 5(QEQE — q2) (d™*°QEQLQE — q5), dy = N2 —1,

IJIe MOCTOSIHHBIE 5 U q3 GUKCHPYIOT 3HaYeHus nHBapuanToB Kasumupa anre6psr Jin su(N,).

Jlist omipeiesieHusl OTeph YHEPTUU HEOOXOAMMO 3HaHWUE HEKOTOpOoro 3¢h(eKTUBHOTO
TOKa ECTKOH IIBETO3apsKCHHOM YacTHUIlbl, OOYCIOBIEHHOTO €€ B3auMOJCHCTBHEM C
OKpyxaromieit cpesoit. [To aHaIOruu ¢ KBAHTOBOI Teopuel most [4] ompenenum CBsi3b MEKIY
KJIACCUYECKOW MaTpuiie paccessHus S U 3PQPEKTUBHBIM TOKOM >KECTKOM I[BETO3aPSKEHHOMN
YaCTHUILbI C IOMOIIBIO CIEAYIOIIETO BBIPAXKEHUSA:

58
Jot(x,t) = —is

-
SAZ(x) @
Kiaccuueckyro -Marpuily B CBOK OdYepelb MOXKHO MpPEACTaBUTH B  BHIC
IKCMOHEHIIUATBHON (QYHKIIUH
S=e", 3)
Iockonbky acumnToTHYecKue (mpu t — oo) kanuOpoBounele mons A, %(x) u
Ay *(x) yNOBIETBOPAIOT ypaBHEHUAM CBOOOJIHOTO IIOJISA, OHM MOTYT OBITh Pa3IOKEHHI HA

HOJIOKHUTENPHYI0O M OTPHUIIATEIBHYIO YAacTOTHBIE YacTH WHBAapUAHTHBIM 00pa3oM. Takum
00pa3oM, MO>KHO HamucaTtb, HAIPUMeED,

7 (k) 1/2
A (x) = f dk(zl l ) (el emioierivx 1 il () () etont=tkx ] (4)
Wk

rae ¢ u (c*)" — acHMITOTHYECKHE iNn-aMILUTHTY/ABI, a Eﬁ(k) = (et (k),€'(k)) — BexTop
TIONAPH3AIHMH TIPOJOIBHOI MOMIBI B Ao- Kamubposke. B cucreme nmokost miasmsl €4(k) = 0 u
(e'(k))*=1.

OGpammast (4), MOXHO BbIpasuTh Cp* W (cx*)* B TepMHHAX QYHKIMH OIS B
KOODPIMHATHOM IpecTaBIeHn” A; *(x) u ee mpoussoaHoit A; (x). B pesynbrate moayunm
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—a_]‘ Zw;c v dy La)ktl a a
@ =3lzam) [ameetdwlaro.o-gaoo] o

CrnenyomuMm 1miarom, ¢ Y4eToM IpeicTaBieHus (3), HepenuiieM IpaByld YacTh
HCXOJIHOTO BhIpakeHus 1711 3¢ (hekTuBHOrO TOKa (2) B BUJE:

_ f e ) 6T beg a7 5(cig")
SAT () ) |60 BAT () T 8(c ) BAT (%)

C yuerom mpezactaBieHus (5) co 3HaueHueM t = 0 B mpaBOi 4acTH, JIETKO HaXOJIUM
BapHAallMOHHYIO POU3BOIHYIO

Jg'(x,t) = (6)

1/2

5CI:1“1 _ saas 1 201),1(1 il gl (g §(t ;
sAA 0 2@ \Ziky) ¢ Gl o®- ()

Ucnionb3yst  siBHBIA  Bua s (a3oBol  (QYHKIIMM B TIEPBOM  HEHCUE3AIOIIEM

2)ajazb , —a —az A—
npubmwkennn: T = | dkldeGlgl) (e, ey, 70 Dy BapualMOHHYIO POU3BOIHYIO
(7), Haxoaum u3 (6) uckoMblid 3(h(PEKTUBHBINA TOK B KOOPJAMHATHOM TMPEACTABICHUU:

J5(x,t) = f dic, dic, {0 Fyy el (kp)e R x(cp ™) +
+ GO Ry ey e % %1 5(6)Q .

31ech A KpaTKOCTH 0003HAYEHUH IMoIaracmM

F o= 1 2w}, 1/2 )
SEFICORVAC) ®)

CooTBeTCTBYIOIIHI TOK B Dyphe-TIpeACTaBICHUNA HMEET BU/I:
Jo(k,w) = f dt dxJ5(x,t) plwt—ikx )

= (2m)* [ dky G4 F_ el (k) (c,;fl) Q"+ (21)* [ e, Gpe ™" Fuel () (c ‘a2) Q".
BepHeMmcst Teneps K BeIpaXeHUI0 11 ToTepb dHepruu (1). Xpomosnekrpudeckoe moie B (1),
nopoxkaaemMoe 3QQPeKTUBHBIM TOKOM (9), omperensercss ypaBHECHHEM TOJs BO BPEMEHHOM
KaTnOpOBKe
E§'(k, w) = —iw*DY (k)Jy (k, w),
r7ie “oJeThlil” TeIUIOBBIMHU MONIPaBKaMH TIIOOHHBIN MPOMaraTop B J1aHHON KadHuOpOBKE UMeEET
CIIEYIOIIYIO TPEXMEPHYIO CTPYKTYPY:
5 k*\ k'kI g KR
() = (w—> () A0 + (67 = =) "A (). (10)
Hac wuHTepecyer 3aech muIllb MEpPBBIM 4YJIE€H B TMPaBOM 4YacTH, CBSI3aHHBIA C
IPOJIOJIBHBIMU  BO3OYXKICHUSIMHU (TJITa3MOHAaMH) KBAapK-TIIOOHHOW Tu1a3Mbl. [loncraBisis
BBIPAXEHHUE ISl TIPOAOJIBHON YaCTU XPOMOIJIEKTPUUECKOTO MO Egi(k) B ypaBHeHue (1), c
Y4ETOM COOTBETCTBYIOLIEH CTpyKTyphl npomararopa (10), Bmecro (1) momyyaem dopmymy

JUTSI TIOTEPb SHEPTUU

e 1 (2m)*
— = ——lim

= im0 ko [ do- k- g5 DB IMCale), D

rae Mmepa HHTerpHpOBaHH;I no usery dQ~ onpez[eneHa IUIE ACUMIITOTUYECKOTO 3HAYEHUs
nBetHoro 3apsga Q~¢. Mcmonk3ys siBHOE BeIpaxeHue st Dypbe-o0pasza 3pHEeKTHBHOTO TOKA
J5(k, w) (9), koppenauuonHyio QYHKIMIO B IOAMHTErpaIbHOM BbipaxkeHuu (11) mpuBogum
K CJICIYIOLIEMY BHIY:
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(I(k- gk, w))|?) = (12)

_ (Zn)G{FEk % f dkldklG(Z)a,iabG;fziiab']vk_lala%(kl —K)

2)aa x(2)aayb’ , ~—aba —b b’
+F,§k2fdk2dk2 Gpnaab g2t a2 25(k’2—k2)}Q Qb
2 2
31ech B MPaBOM YacTU OCTAaBJICHBI TOJBKO YJIEHBI C HETPUBUAIBHBIMH KOPPEISLUOHHBIMU
GbyHKIUAMH, a A1 MaTpULBl IUIOTHOCTH 4YHCJA IUIa3MOHOB HCHOJIb3YyEM CIEAYIOUIYIO
LBETOBYIO JIEKOMITO3HUIIHIO [5]
—aa' _ gaa' p-1 cyaa' n—cyy—1
Ny =0 N+ (T)** QW . (13)
[Ipoananu3upyem cHayana BKIaJ OT OECIIBETHON YacTH aCHMITOTUYECKOW TUIOTHOCTH YHCIIa
IUTA3MOHOB, T.€. BKJIA4J, NPONOPLHMOHAIBHBIN CKAJIAPHOW INIOTHOCTH N L. C osroit LEILIO
BBIITOJIHUM MHTETPHUPOBAHKE 110 aCHMIITOTHYECKOMY 3apsaay Q¢ B Beipaxkenun (12). Takum
obpazom, BMecTo (12) MOKHO 3amucaTh

JaQ (k- J5k w))|?) =
= (27'[)6%{}7_2]( szdlelgi)fliab G;EZ)Chakal + Fk szdle]?Zib *(2) aa1ka1} .

(2)aiazb
IlopcraBnsis B 9TO BBIDOKCHHE sABHBIH BHA KOIQULHCHTHOH QyHKuMKH Gy ') =
(2)ba1a2 (2)ba1a2
217;(1 ks 216 (Awyk, ), TIE Teiks — nosiHas 3¢dexTuBHas ammauryaa [5], a 3aTeMm B

(11), mpuxoaum K

dE 1 (27'[)10 P k? 2 2) 2 ar—1 * Al
- —m > Nf | dk dkidw = Fy |:7;c,k1| Ny, 2m)6 (Awpg i, )Im (A (k)). (14)

[lTocnenHuM maroM B TOAMHTETPAIHPHOM BBIPAXEHWW B TMPaBOW dYacTH ypaBHEHHS (14)
noJyiaraeM

Im(*Al(k)) = —n sign(w)d(Re *A~1 (k) =

= —7 sign(w) ( Zlc(u )> [6(w — wi) + 8(w + wp)]-
k

[ToncraBuM mocnenHee npeacraBieHue B (14) v BBIMOJHUM HHTETPUPOBAHUE IO YACTOTE
w. Bciomunas onpenenenue ¢yukiuu Fy, (8), HaxomuM HUCKOMOE BBIpaKEHHE JJIsI MOTEPh
SHEPTHH, CBI3aHHOE ¢ OECIIBETHOM YaCThIO TUIOTHOCTHIO YKCIIa mia3MoHoB (13)

4E _ L @M% e [ ke ar, ( T2 N s L ve(k — k

“dx v 8 f 1 Tk ) Nigy 8 (@i — @iy — v+ (k = kq)).

Bxnang ot nBeTHOM YacTu H.HOTHOCTI/I yrcna mia3MoHoB (13), mponopruoHambHBIN
CKajspHOM IiotHOocTH Wi !, paBeH HymO B CHIy TOr0, 4TO 3HECh ILIBETOBOH (AKTOD
tr(TeTCT*DC), rne T* u D* — marpullbl B OPUCOCIMHEHHOM MPEICTABICHUH, B TOYHOCTH
oOparmaercsi B HOJIb.

1. 3axapor B.E., lllymeman E.M. O maTpuie paccessHUS M HHTETPHUPYEMOCTH BOJHOBBIX CHCTEM,

o0namaronmx JONOTHUTEIbHBIM HHTerpaioM newxkenus. JJAH CCCP. 1985. T. 283. C. 1325-

1328.

Axwuesep A.U., Axuezep U.A., [Tonosun P.B. u ap. Dnekrpoaunamuka mia3mel. M: Hayka, 1974,

3. Kelly P., Liu Q., Lucchesi C., Manuel C. Classical transport theory and hard thermal loops in the
quark-gluon plasma. Physical Review D. 1994. T. 50. C. 4209-4218.

4. boromo6o H. H., JlorynoB A.A., TomopoB WN.T. OCHOBBHI aKCHOMaTHYECKOTO TOIXOJa B
KBaHTOBOM Teopuu mosst. M: Hayka, 1969.

5. Markov Yu.A., Markova M.A., Markov N.Yu. Hamiltonian formalism for Bose excitations in a
plasma with a non-Abelian interaction I: Plasmon - hard particle scattering. Nuclear Physics A.
2024.V.1048. C. 122903(38).
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MOJAEJIN 1 METOIbI COHU®UKALIMU JJAHHBIX

E.B. MexoBa, A.I'. bamaxun
HpxyTckuii rocy1apCTBEHHbI YHUBEPCUTET

ekmezhova@gmail.com

Conudukanus [OaHHBIX — 3TO THpolecc MpeoOpa3oBaHUs JaHHBIX B  3BYK,
NO3BOJISIOMINN  OCYIIECTBIATh 3BYKOBOE TPEACTABICHHE M aHAIW3 HHPOpPMaUUU. DTOT
MHHOBAIIMOHHBIA MOJXO0/ MOJIYYHJ IIMPOKOE PaclpOCTpaHEHHE B Pa3IMYHBbIX 00JIacTAX, B
YaCTHOCTH JUISI TIOBBIIIEHUS TOCTYITHOCTHU JIJIsl JIFO/ICH C HApYIICHUSMU 3PEHUS U MOTyYCHHS
HOBBIX HJIed B HAY4YHBIX HCCJIEIOBAaHUSAX M aHanuze JaHHbIX. CoHudUKaLMs JaHHBIX
YCTpaHSAET Pa3phIB MEXK/1Y CIIYXOBBIM BOCIIPHITHEM U BU3yaJIH3alMel JaHHBIX, YTO JIENaeT e¢
BaXHBIM HHCTPYMEHTOM Il IOHUMAaHHUSI CJIO’KHBIX 3aKOHOMEPHOCTEN U TeHACHUUN, KOTOPbIE
MOTYT OBITh HE cpa3y 3aMETHBI B TPAJAULIMOHHBIX rpaduyeckux popmarax.

OcHOBHBIE MOJENH U METOJbl 00paOOTKH [aHHBIX 3BYKOM MOXHO pPa3eliuTh MSATh
OCHOBHBIX THUIIOB: ayAu(UKanus, 3BYKOBbIE MKOHKH, 3BYKOBBIE€ MapKepbl, COHH(pHUKAIUI C
COTIOCTaBJICHHEM MapaMeTPOB U COHU(UKALIMS HA OCHOBE MOJEIEH.

Aymudukanus — 310 Haubosee mpocras popma 0O6paboTku 3Byka. OHa BKIIIOYAET B
cebst mpsiMmoe mpeoOpa3oBaHHWE TIOTOKOB JaHHBIX B 3BYK IYyTEM MAaHMITYJIHPOBAHUS
3HAYEHUSAMU JaHHBIX ISl TOMYYSHUS CIBIIIMMBIX YacTOT. DTOT METOJI YaCTO MCIIOJB3YETCs B
HAy4YHBIX OOJACTSX, TaKUX KaK CEHCMOJIOTHs, IJIe MCCIelOBaTeId MOTYT MpPOCIYUIMBATh
ceificMU4ecKkne JaHHbIe, YTOOBI MOJYYUTh MPEACTaBICHHUE O 3emieTpsaceHusx. Hampumep,
HACA wucnons3oBasio ayauduKamuio s MpeoOpa3oBaHUs aCTPOHOMHYECKUX TaHHBIX B
3BYK, UTO ITO3BOJISICT YUEHBIM «CIIBIIIATHY HEOCCHBIE SIBICHUSL.

3BYKOBbIE MKOHKH — 3TO METOJ, Pa3paOOTaHHBIM JUIsi HaBUTAlUM U OPUEHTALUU
NOJIb30BaTENe B CTPYKTypax HaHHBIX, TaKMX Kak JepeBbs KaTasoroB. OHU COCTOAT U3
IPOCTHIX TOHAJbHBIX KOMOMHALMH WM AaKyCTUYECKUX MAaTTEPHOB, 3HAYEHUS KOTOPBIX
N0JIb30BaTENb JOJDKEH YCBOHTH. XOTSI 3BYKOBBIE MKOHKM MOTYT 3((eKkTHBHO mnepenaBarh
CJIOKHBIE HEeBepOaJIbHBIE COOOIICHUS, OHU TPEOYIOT ONPEACTIEHHOTO0 YPOBHS 3HAKOMCTBA C
HUMH, YTO MOXKET OIpaHMYUBATh UX IPUMEHEHHE B HEKOTOPBIX KOHTEKCTAX.

B oTnnume oT 3BYKOBBIX MKOHOK, 3BYKOBBIE MapKephl HCIOIb3YIOT 3BYKH, KOTOPbHIE
BBI3BIBAIOT MeTahopudecKHe accolualMM, 4YTO JelaeT UuX Oojee TMOHATHBIMU JUIs
MoJIb30BaTeNeil. DTO MPOCThie TOHAJIbHbIE KOMOWHAIMU WM MPOU3BOJIbHBIE aKyCTUUYECKUE
MOJIENIY, 3HaYeHUE KOTOPBIX JIOJHKHO OBITh U3YYEHO IOJIb30BaTENIeM, U KOTOPBIE MOTYT OBITh
00BbeIMHEHBI, YTOOBI CO37aBaTh HEBEpPOAIbHBIC COOOIICHUS O0Jiee BBICOKOTO YPOBHS.
Hanpumep, 3Byk HanuBaromeicsi B OyThUIKY BOJIbI MOXET 0003Ha4YaTh MPOLECC HAMOJIHEHUS,
YTO MOMOTaeT MOJIb30BATENSAM JIETKO TMOHATH MPEICTaBlIIeMble JaHHbIE 0€3 IJIUTEIbHOIO
o0y4yeHHs. DTOT METOJ COKpamiaeT Bpems oOydeHHus, HeoOXOAMMOe JUIs WHTEepIpeTaluu
CIIyXOBOM WH(MOpMAIUH, U yIydlIaeT B3aMMOJICUCTBHE C Toyb3oBaTeiaeM. OqHAKO MapKephbl
JIOJDKHBI OBITH XOPOIIO CIPOEKTUPOBAHBI, a IOJIB30BATENIN JIOJDKHBI OBITH OOYYEHBI HX
MCIIOJIb30BAaHMIO, IO KpaiHEN Mepe, B HEKOTOPOU CTETIEHHU.

Conudukanus C COMOCTABICHUEM IapaMETPOB CIYKUT IMPOMEKYTOUHBIM 3BEHOM
Mexny ayaudukanued W TOIXOJaMH, OCHOBAaHHBIMH Ha MoOJeniax. B 3ToM metone
OTIpeIeIEHHBIM MapaMeTpaM 3ByKa, TAKMM KaK BBICOTA 3ByKa, TPOMKOCTb, JUIUTEILHOCTh WIIN
TeMOp, MPHUCBAMBAIOTCS pa3IMYHbIE 3HAUYCHHUA B HAOOpe MaHHBIX. DTOT MOJXOJA XOPOIIO
HOJIXOAUT JIJIs1 OTOOPAKEHUSI MHOTOMEPHBIX JTAHHBIX, HO YCIIOKHSETCS M3-32 MPUCYIICH eMy
3aIyTaHHOCTH TTapaMeTPOB CHHTE3a M 00pabOTKH 3BYKA.

Conudukanus Ha OCHOBE Mojelnell — 3TO Oojiee CIOXKHBIA METOA, KOTOPBIA
UCIIONIb3YET MaTeMaTH4YeCcKHe MOJENW MJisi TeHepaluu 3ByKa Ha OCHOBE XapaKTEPUCTHK
JaHHbIX. B 3TOM moaxone naHHBIE MpeoOpa3yloTcs B JUHAMUYECKHE MOJENU (WM
MPOLIECChl), @ HE HEMOCPEACTBEHHO B 3BYK. [loib3oBarento ocTtaeTcs akTUBUPOBATH 3TU
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MOJIETH, YTOOBI MCCIENOBaTh CTPYKTYPHI JAaHHBIX C MOMOUIbIO aKyCTUYeCKOW oOpaTHOM
CBSI3H, yZAEJssl 0c000€ BHUMAHUE B3aMMOACHCTBHIO. DTOT METOJ CaMblil TPYAOEMKHIl, HO OH
obecrieunBaeT 0oJiee HACHIIICHHBIN CIIYXOBOW OTBIT M MOXKET TepeiaBaTh 0oJjiee MOAPOOHYIO
UH(POPMALIMIO 0 MHOTOMEPHBIX Ha0Opax AaHHBIX 0€3 UYpe3MEPHOTr0 UX YIPOLICHHUS.

KoHKpeTHBIN nU3aiiH WM DK3eMIUSIpP, TIOJYUYEHHBIN ¢ TTIOMOIIBIO METOa COHU(DHUKAITIN
Ha OCHOBE MOJIEJIH, Ha3bIBaeTCs MoOJenbio coHudukammu. [Iporenypa ans npoeKTHpOBaHUS
Mojiele COHM(UKAIMKN 3aKJII0YaeTCsl B TOLIArOBOM OINPEIEIEHUU IIECTH KOMIIOHEHTOB:
HACTPOWKHM, JAWHAMHKA, BO30YXIEHHUS, HAYaJbHOTO COCTOSIHUS, IEPEMEHHBIX CBS3€H H
XapaKTEPUCTHUK CITyILIATEs.

Bouin  BBIZENCHBI KIIIOYEBBIC 3Talbl, KOTOpPBIE MOTYT IIOMOYb CIELHAINCTaM
3¢ pexTUBHO MPeoOpa30BBIBATH JAHHBIC B 3BYK: BHIOOP JAaHHBIX, COTIOCTABIICHHE TTAPaMETPOB,
HOpMaJTU3aIsl JaHHBIX U BBIBOJI 3BYKa.

Ha ocHoBe »Tux »TanoB ObUla TOJy4YeHa, B KauyecTBE IMpUMEpa, 3aMUCh YAapOB
acTepouoB, KOTOpble 00pa3oBaiu KpaTephl Ha moBepxHocTu JlyHel. Bospact kparepos
COTIOCTABJISICSL CO BpPEMEHEM NpsSMbIM crnocoO6oM. UYToObl peryiaupoBaTh BBICOTY HOTHI,
UCITIOJIB30BATMCh JIaHHBIE auaMeTpoB. OHU TakkKe MPUMEHSUIMCh, YTOOBI PEryIHpOBaTh
CKOPOCTb 3By4aHUs HOTBHI.

BousiBnensl  o0mmme 3aKOHOMEPHOCTH U KPUTHYECKHE TMPOOJIEMBI, C KOTOPBIMHU
CTAJIKUBAIOTCSI MCCIEAOBATENIM, YTO B KOHEYHOM HTOTe OyAET CIoCOOCTBOBATH pa3padOTKe
Ha/I&KHBIX PEKOMEH/IAINH 10 MPOEKTUPOBAHMIO [T OyAYIIUX paboT 1Mo coHu(puKanuu.

1. Hermann T. The sonification handbook / T. Hermann, A. Hunt, J. G. Neuhoff. Berlin: Logos
Verlag, 2011. T. 1.

2. New NASA Black Hole Sonifications with a Remix // NASA: [caiit]. 2022. URL:
https://www.nasa.gov/universe/new-nasa-black-hole-sonifications-with-a-remix/ (mata
obpamienns: 20.11.2024).

3. Cooke J. Exploring data sonification to enable, enhance, and accelerate the analysis of big, noisy,
and multi-dimensional data / J. Cooke, W. Diaz-Merced, G. Foran, J. Hannam, B. Garcia.
Proceedings of the International Astronomical Union. 2019. T. 14. Ne S339. C. 251-256.

4. Kramer G. Sonification report: Status of the field and research agenda / G. Kramer, B. Walker, T.
Bonebright, P. Cook [u ap.]. International Community for Auditory Display. 1999.

5. Mazrouei S. Earth and Moon impact flux increased at the end of the Paleozoic / S. Mazrouei., R.
R. Ghent, W. F. Bottke, A. H. Parker, T. M.Gernon // Science. 2019. T. 363. Ne. 6424. C. 253-
257.
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MOJIEJIb B3AUMOJENCTBUS HECKOJIBKUX CTPAH HA PBHIHKE YTJISA
KAK 3AJJAUYA ITOMCKA OBOBIIEHHOI'O PABHOBECHU S 11O HAIITY

.M. Munapuenko®, C. BarGumor?
1I/IHCTI/ITYT JTMHAMUKHU CUCTEM M TeOopuH yrpasieHus umenu B.M. Matpocosa CO PAH
*MOHIOJTbCKHIA rOCYJapCTBEHHBIM YHUBEPCUTET
minar@isem.irk.ru, batbileg@seas.num.edu.mn

Kutait sBrisercss KpymHBIM TOTPEOUTENEM YroJabHOW MPOIYKIIMUA, B CBA3HM C UYEM
UCCIEeYyeTCs BO3MOXKHOCTh BBO3a yriisi B Kurtaih U3 apyrux crpaH. B kauecTBe OCHOBHBIX
CTpaH-3KCIOpTEPOB paccMarpuBaroTcsi Monronus u Poccusd. [Ipu 3ToM ocTanbHbIE CTpaHbI-
AKCTIOPTEPHI pACCMATPUBAIOTCS B arpeTUPOBAHHOM BHUJIE.

ChopmynupyeM TEOPETHKO-UTPOBYIO MOJENb 3KCmoprTa yris B Kurail criemyronum
obpazom. Kaxmplii urpok B Mopenu siBisieTcss crpaHoi-skcroptépom. Ilycre [ = {1, 2,3}
0003HaYaeT MHOXECTBO HTPOKOB, rae 1 — Monromus, 2 — Poccusi, 3 — octanbHbIe CTpaHbI.
s xaxpgoro [ € I BBenéM ciieqyromue 0003HaueHUs: X; — SKCIOPT YrOJIbHOW MPOAYKIIUU
ctpanbl i B Kwrait; m;(*) — ynkums npubbuta crpasbl i; ¢;(1) — QYHKIUS H3ACPKEK
IPOM3BOJICTBA YIJIA CTpaHsl i; P;(+) — QyHKIMS 1eHbl, o KoTopoil Kurail mokymnaer yroib B
ctpane i; x™" u x%* — COOTBETCTBEHHO MHHMMATBHBI M MAKCHMANbHBIA SKCIOPT YISt
crpanbl i B Kuraii. EcrectBenHo momarath, uto X" > 0, i € I. Hakonen, Q 0603HauaeT
HEOOXOAUMBIM CyMMapHBIi uMIopT yris Kuraem, npu sTom

X1 +x; +x3 < Q.
Bynem momarate, uto x1°% 4+ x7'** + xI*%* > Q. MHOXKECTBO JOMYCTHMBIX CHTYyal[Hii B
MOJIEIH MPUMET CIAEAYIOLIUIN BUA:

X={x€R® x™" < x; <x"™,i € L,x, +x, +x3 < Q}.
[Tpenmonaraercs, yTo GYHKIUU LEeH U GYHKIIMH U3EPKEK 3aBUCAT TOJIBKO OT COOCTBEHHOTO
o0béma moctraBok yris B Kurail. IlpuObuih Kakaoro Wrpoka CKJIQABIBAETCS U3 JI0XOA,
MOJIy4YEHHOTO OT Mpojaaxu yrig Kuraro, 3a BBIYeTOM U3epKEK Ha €ro MPOU3BOICTBO:

i () = pi(x)x; — ¢i(xp), LEL
Takum  oOpa3oM, UHMeeM CJEIYIONIYyI0 HUIPOBYIO TIOCTAHOBKY, COCTOSIIYIO U3
ONTUMU3ALMOHHBIX 337a4 TPEX UTPOKOB:

m;(x;) - max, x; € X;(x_), i €1, 1)

4

rae

Xi(xo) =4{x; €R: x™ < x; <x™, x;, <Q— ) xp,i €I
JEN{}

B urpe (1) MHOXkeCTBO CTpaTeruii Ka’xoro Urpoka 3aBUCUT OT 3HAYEHUN NEPEMEHHBIX
Ipyrux ydacTHUKOB [1]. B Ttakoit wrpe curyammss x* € X Ha3piBaeTcs 000OMEHHBIM
paBHoBecueM 1o Hamry B urpe (1), eciu

ni(xf) > ni(xl-),xl- € Xi(Xii),l. el
Curyanust X € X HaszpiBaeTcs ontuMainbHo 1o [Tapeto [2, 3] B urpe (1), eciiu He CylIecTByeT
TAaKOM CUTyaluH X € X, 4TO
ni(xl-) = T[l'(.?/C\l'),l' €l
IIPY ATOM XOTs1 ObI OZTHO HEPABEHCTBO BBIMOJIHSACTCS KaK CTPOroe.

IIpensoxenne 1. Jlrobas curyarus, ontuManbHas mo [lapero B urpe (1), sBmsercs
0000mEnHBIM paBHOBecueM 1o Hamry B urpe (1).

Taxke MOkeT ObITh TOKa3aHO, uTo urpa (1) sBiusercs 000OMEHHON MOTEHIIMAIBHON
urpoi [4, 5], npu 3TOM noTeHuanbHas QYHKIUS UMEEeT CIeTyIOIUN B

“ PaGora BBIIOTHEHA pH (HHAHCOBOIT oAKepKKe Poccuiickoro Hayunoro ponza, npoext Ne 24-41-03004.
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P(x) = m(x) + mp(x) + m3(x).
Ipensoxenne 2. Jlroboe pemenue 3anadu
P(x) » max,x € X,
X

ABJISICTCSI 0000MEHHBIM paBHOBecHeM 1o Hamry B urpe (1).

Takum oOpa3om, paBHoBecue B (1) MoxkeT ObITh HalAEHO MyTEM pEIICHUS 3aJa4d

MaKCUMM3alUY MMOTeHIUaIbHOW QyHKUMU P Ha MHOXectBe X. Ilpu sToM nanHas 3amaya B
3aBHCHUMOCTH OT BBIOOPA BUAA (DYHKIIHMI [IEH U U3ECPIKEK MOXKET OKa3aThCsl HEBBITYKJIION.

1.

2.
3.

Facchinei F., Kanzow C. Generalized Nash Equilibrium Problems. Ann. Oper. Res. 2010.
Vol. 175. P. 177-211.

Crpexkanosckuii A.C. Beenenue B Teoputo urp: yuebnoe nmocooue. Upkyrck: Upkyr. yH-T, 2005.
I'epmeiiep H0.b. BBenenue B Teopuio ucciaeaoBanus onepaiuii. M.: Hayka, 1971.

Monderer D., Shapley L.S. Potential Games. Games and Economic Behavior. 1996. Vol. 14.
P. 124-143.

Facchinei F., Piccialli V., Sciandrone M. Decomposition algorithms for generalized potential
games. Comput. Optim. Appl. 2011. Vol. 50. P. 237-262.
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MOJIEJT MHOT OMOJIAJILHOM ITEPEJAUM MTHOOPMAITN

C.I1. Mouceesa
ToMCKHI rOCYJapCTBEHHBIN YHUBEPCUTET
smoiseeva@mail.ru

OmHUM W3 pemnieHuid oOecredeHus] KadecTBa Iepelayd MHOTOMOJAIBHBIX JIaHHBIX
SIBIIICTCS. PACHpe/IC/ICHHE JaHHBIX MPHUJIOXKCHHUN IOJIb30BaTENsi Ha HECKOJIBKO CYOITOTOKOB
nepefayn JaHHBIX, OpPraHu3ys MYJIbTHUIOTOKOBYIO Tepeiady MaHHBIX C HCIIOJIb30BaHHEM
HECKOJIbKUX JOCTYMHBIX HHTepdeiicoB cBs3u [1]. B OompmmHcTBE CcBOEM pPabOTHI,
MIOCBSAIIICHHBIE TIPOOJIeMaTHKE MYJIbTUIIOTOKOBOH TMepeaddl JaHHbBIX, IIOCTPOCHBI Ha aHAIIN3e
napaMeTpoB KadecTBa Iepelavyd JaHHBIX Ha HWMHTAIMOHHBIX MOJENISIX M HE BCEraa
YUUTHIBAIOT CIyYaiHBII XapaKkTep MOMEHTOB MOCTYIUICHHUS 3aIIPOCOB.

B pabote mpemiaraercs Mojeib MHOTOMOJAAJIBHON Tepenadn WHOOpMAIMK B BHIE
MHOTOITOTOYHON OECKOHEYHOJIMHEHHON CHCTEMBI MacCOBOTO OOCIYXHMBaHMs C KaHAJIaMH
pa3IMYHON MHTEHCHUBHOCTH. MIHTEHCHMBHOCTH MOCTYIMAIOIIMX MTOTOKOB 3aBUCHT OT COCTOSHUS
CIIy4allHOM cpejbl, KOTOpasi ONpenensercs Lenbio MapkoBa ¢ HENPEPBHIBHBIM BPEMEHEM C
KOHEUHBbIM uuciioM coctostHuit K(t)=1,2,...,K , 3amanHOl Marpuiieli MHUHUTE3MMATbHBIX
xapakrepuctuk Q =[q;] (i,j=1,...,K). Takum oOpa3oM, MOXHO TOBOPHUTH O TOM, 4YTO
BXOJISIIIIAE MMOTOKU SIBJISIFOTCS. MAPKOBCKH MOJYJUPOBAHHHBIMH TYaCCOHOBCKMMHU TOTOKAMHU
(Markov Modulated Poisson Process) [2], KOTOpble MMEIOT OOIIMI YIPaBISEMBIH MPOIECC
k(t) u ompememsroTCs M AMATOHANBHBIME MATPULAMH YCIOBHBIX HHTEGHCHBHOCTeH A
(1=1,...,N) ¢ snemenTamu Xk' Ha TJaBHOW auaroHanw. [locrymaromiee TpeOOBaHHE BCeraa
3acTaéT CBOOOMHBIN MPUOOP M MOMEHTAIbHO 3aHHMMAET €ro JUIsi OOCTYKWBAaHUS B TEUCHUE
CIIy4aifHOTO BpPEMEHH, PACIPEEICHHOTO 110 SKCIIOHCHIIMAIBHOMY 3aKOHY € TTapaMeTpamMH ||
(1=1,..,N), coorBercTBeHHO. l/3MeHEHHE COCTOSHHUS CpeIbl HE MEHSCT 3aKOoHa
MIPOIOJDKUTEILHOCTH 00CITY)KUBaHUSI.

Takum o00pa3omM, B CHCTEME HAaXOIATCS TpPeOOBAaHUS pPA3HOIO THUIA W Pa3HBIX
napameTpoB oOciyxuBaHus. CraBuTCs 3ajada uccienoBaHusi N-MepHOrO HEMapKOBCKOTO
CIy4aliHOTO mporecca {il(t),i2 (t),...0y (t)}, OMNHUCKIBAIOIIECTO YMCIO 3aABOK Ka)KJIOr0 THUIA B

COOTBETCTBYIOIIEM OJIoke oOCHyx)uBaHUS. J[Is HAXOXKIEHUS YHCIOBBIX XapaKTEPUCTHK
(MaTeMaTH4ecKoe  OXXHMJaHWEe, MaTpula  KOBapHalMil)  HUCIOJB3YIOTCS  CBOMCTBa
XapakTepucTuiecknx ¢GyHKIui. JokazaHo, YTO KOMIIOHEHTH MHOTOMEPHOTO TMpoIiiecca
ABJIAIOTCS JIMHEHHO 3aBUCHMBIMH U UCCIIEIOBAHO BIUSHUE TTapaMeTPOB CUCTEMbI Ha 3HAUECHUE
K03 pHLIMEHTa KOPPEIAILUH.

HccrnenoBanne MHOIOMEPHOTO TMpollecca B Pa3IUYHBIX MPEAENbHBIX YCIOBUSX
MOKa3ajo, YTO MpPH YCJIOBHUM BBICOKOM HMHTEHCUBHOCTH BXOSIIMX TOTOKOB M YacTo
M3MEHSIIOIIEHUCS CITy4YailHOM Cpelie MHOTOMEPHOE paclpeiesIiEHHE BEPOSITHOCTEN YnClia 3aBOK
pPa3JIMYHOTO THUIA MOXKHO anlpOKCUMHUPOBATh MHOTOMEPHBIM TayCCOBCKUM. AHAJIOTHYHBIC
pe3yNbTaThl MOJYYEHBI JIJISl YCIOBHUS SKBUBAJIEHTHO PACTYILIEro BpeMEHU OOCTYKUBaHUS Ha
npubopax.

HNHTepecHbIl pe3yabTaT MOJAYYEeH Uil YCIOBUS TPEAEIbHO PEIKUX HW3MEHEHUH
cocTosHMi ciywaitHoil cpenbl [3]. IlokazaHo, 4YTO acUMOTOTHYECKass MHOTOMEpHas
XapakTepucThuueckasi (yHKLUS COBMECTHOTO pacHpe/elieHUs BEpPOSTHOCTEN UYMCiIa 3aHATBHIX
nprOOPOB KAXKAOTO THUIIA UMEET BUJT

- - K N D
h(u,...,uy)=M {e‘”l'1 o...elini } =Y r(k)exps > ——E" -1;.
k=0

=1 By

“ HccnemoBaHue BBIMONHEHO 3a cdueT rpaHTa Poccmiickoro Haydsoro (omma Ne 24-21-00454,
https://rscf.ru/project/24-21-00454/
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CrnenoBarenbHO, MapruHAJBHBIC PACHPENEICHUS BEPOSATHOCTEH 4YHMCIA  3aHATHIX
nprOOPOB KaXI0T0 TUTA SBIISIOTCS B3BEIIEHHONW CyMMOM ITyaCCOHOBCKHX pacrpeieIeHUN’:
(®) )‘s
(pk 7Pk(s

R ) ) _y
M(i,) = Y r(k)=———e ™" tae p, ¥ =2, usd
k=1 s*

Ha mnpakTtuke OOBIMHO MPENOCTABISEMBIE JUISI HCIOIB30BAaHUS PE3EPBHI PECYPCOB
OTpaHHYEHBI, TO3TOMY JOMYIIEHUE, YTO KOJIMUYECTBO KaHAJIOB HEOIPAaHUYEHHOE, IOCTATOYHO
CWJIBHOE, TaK KaK B 9TOM CJIy4ae B pacCMaTpUBaeMOW cHcTeMe HeT moTtepb. Ho monydeHHbIe
pe3ynbTaThl, a HUMEHHO, AaCHUMITOTHYECKOE paclpeesieHue BEpOSTHOCTEH, MO3BOJISAIOT
OIICHUTH ONTUMAIBHO HEOOXOJMMOE KOJHMYECTBO PECYPCOB KaXIOTO OJOKa AJIi CHCTEMBI C
OTpaHUYEHHBIM PECYPCOM, OOECTICUNBAIOILYIO 3aJaHHYIO BEPOSITHOCTh TIOTEPb.

1. bBacos O.0. Meronsl mepenaun nonumogansHoi uHpopmanuu / O.0. bacos, M.A. Cautos.
Hay4Ho-TexHMYeCKuii BECTHUK WH()OPMAITMOHHBIX TEXHOJOTHH, MeXaHUKH U ontuku. 2015, T.
15, Ne 2. C. 293-299.

2. HazapoB A.A., Mouceesa C.II. MeTonsl acHMOTOTHYECKOTO aHajM3a B TEOPUU MAaCCOBOTO
obcmyxxkuBanus. Tomck: M3a-Bo HTJIL. 2006. 112 c.

3. Hesenuenko E.A. ACHMNTOTHYECKUH aHAIW3 MHOIOIIOTOYHON HEOAHOPOIAHOH CMO B YCJIOBHHU
NpeaeNbHO PEAKUX M3MEHEHUH COCTOSHMH CilyyaiiHOM MapkoBckoil cpensl / E.A. HeBenuenko,
C.C. Illenmmnos, C.II. Mouceea. WHpOpManmoHHBIE TEXHOJOTHH H MaTEMaTHYECKOE
monenupoBanne (MTMM-2024): matepuansr XXII Mexnynapoanoii kondepeniun nmern A.D.
TepryroBa, Tomck, 20-26 oktaopst 2024 roma. Tomck: HanmoHanmpHBIH HUCCIEHOBATEIBCKUN
Tomckuii rocygapcTBeHHbIN yHHBepcuTeT, 2024. C. 126-132.
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YUCJIEHHOE MHTEI'PUPOBAHUE I'PABUTALIMOHHOM 3AJTAUM N TEJI C
COXPAHEHUMEM SHEPTMU 1 YI'JIOBOI'O MOMEHTA

H.B. Mopo3zos, O.A. 30510TOB
Wucturyt marematuku u pynnamentanbHoil ungpopmarukn COY

tappmeist.718@gmail.com, ozolot_@mail.ru

I'paBuTanmonHas 3amada JBYX Tl SBIACTCA NPOCTEHIEH 3amadeid HeOEeCHOU
MEXaHUKU U acTpopu3uku. B oTHOCHUTENBHON cHcTeMe OTcyeTa B HEHl CYIIeCTBYeT CEeMb

COXpaHSIEMbIX BEJIMYMUH: MOJHAS HEPrusi E, TpU KOMIIOHEHTBI (Lx, Ly, LZ) BEKTOpa YIJIOBOTO

MOMeHTa L, 1 Tpu KOMIIOHEHTHI (Px, P, PZ) BekTopa Jlamiaca P. [lepeuncineHHble BETUUYUHBI
TECHO CBSI3aHBl C dJIeMEHTaMu oOpOUTHL. Tak, sHeprus ompenenser OOJBIIYI0 IOJIYOCh,
MonyJb BekTopa Jlammaca — 3KCLIEHTPUCHUTET, a KOMIIOHEHTHI BEKTOpa YIJIOBOIO MOMEHTA
MO3BOJIAIOT HAWTHU apryMeHT MEPULEHTPa U JOITOTY BOCXOASIIEro y3ia. TakuMm oOpasom,
cOONIIO/IEcHHE 3aKOHOB COXPAaHEHHWs Ha TPOTSHKEHHMHM BCEro IPOLEcca YUCIEHHOTO
MHTErPUPOBAHHUS 33a41 [TO3BOJISET CYIIECTBEHHO YIYUYIIUTh TOUHOCTh PE3YyJIbTATA.

Opnako Hambonee pacHpOCTpaHEHHOW 3amadeidl B 00JacTH  BBIYHCIUTEIBHON
acTpodu3UKHN SBJISETCS TpaBUTalMOHHAs 3amada N Ten. Berpewaroress cimydaum, Korja
NPUXOJUTCS MHTErpUpoBaTh Oosbinue 3Be3anble ckomeHus (N = 200,000). B rakoii 3anaue
coOIOZICHHE 3aKOHOB COXpaHEHMs SIBISIETCS HEOOXOIMMBIM YCIOBHEM, HHAaue pelIeHUE
MOJKET OKa3aThCsl HEIOCTOBEPHBIM.

Kiaccnueckne MeToibl HHTETPUPOBAHMS HE COXPAHSIOT MHBAapHUAHTHI JBHKEHHUS. Tak,
HaIpuMep, IPU UHTETPUPOBAHUM KOHCEPBATUBHOM CHCTEMBI T sIBHOW cxeMol PyHre-KyTThl
MPOUCXOAUT He(PU3NYECKOEe MOHOTOHHOE BO3pacTaHWE MOJHOM sHeprur. [1o 3Toit mpuymHe
Opd  pemIeHuH  3a7ad  HEeOECHOM  MEXaHHMKM  paclpoCTPaHEHO  HCIOJIb30BaHHE
CUMILJIEKTUYECKUX METOJOB YMCIIEHHOIO HWHTETPUPOBAHUS, COXPAHSIOIUX CTPYKTYpY
($a30BOro MPOCTPaHCTBA CUCTEMBI. AJITOPUTMBI JAHHOTO KJacca SIBIAIOTCA YCTONYMBBIMU U
3aCTaBJISIOT SHEPTUI0 OCIHWIIUPOBATh, TEM CaMbIM OTPaHUYMBAsl OUIMOKY BBIYMCIICHUS.
OpHako, CTOUT 3aMETUTh, YTO JAHHOE IIOBEJACHHME HE O3HAYaeT CTPOrO€ COXPAaHEHUE
WHTErpajla dHEPrMM C TEOPETHYECKOW TOYKH 3pEHHUs, U B HEKOTOPBIX 3aJadax MOXKET
IIPUBECTU K HEBEPHBIM pe3ysbTaraM. [103ToMy MMEET CMBICII TOBOPUTH O BBEJIEHUU TIONIPABOK
K YK€ CYIIECTBYIOIIMM METOJIaM YHMCIEHHOIO WHTErPUPOBAHHUS, KOTOPHIE MO3BOJISAT CTPOTO
COXpaHATh UHBAPUAHTHI ABUKCHUSI.

UucneHHOE WHTETPUPOBAHUE 3aJaud IPEANOIaraeT IUCKPETH3ALUI0 110 BPEMEHH.
O6o3naunM E;, Ly COOTBETCTBEHHO TIOMHYIO JHEPTHIO U YIJIOBOM MOMEHT CHUCTEMBI B
HayadbHBI MoMeHT BpeMmenu. Jlms 3amammeix (r*®~1,p*~1) mar wmmterpupoBamms maer
(r¥,p*). Tlonmmas smeprus E(r*,p¥) wm yrmoeoit moment L(r¥,p*) mnpum stom mHe
coxpaustores, T.e. E(r¥,p*) # Eyu L(r¥,p*) # Ly. K xaxaomy mmary HHTerpupoBaHHs
OymeM wucKaTh MacmrTabupyromme mompaBku Buga (1'%, p’*) - (Br¥, ap®), xoropsre
YIOBJIETBOPSIIOT YCIOBHIO

C nomorkio MeToa MHOXHTENEH Jlarpanka BBeeM ()yHKIIHOHAI
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U CBEJIEM 33J1auy K PELICHUIO CIIEAYIOLIEN CUCTEMBI YPAaBHEHMUIA!

(20 -t DY@t T2 1) =0

E, fE  E, AE

K, 10, 0 L
(0a g+ Nap 2 =0

KOTOPYIO MOXHO pa3aenuTh Ha aBa ciaydast (1) u (2):

: K1Y 1.0
E, E, 1)
e 0L
af = TL§=0
L7 L

B nepBoM ciydae mojiyduM mapy peIIeHUH, HE MO3BOJAIONIMX CHUCTEME BBINTH 3a
IpeJiebl OTPAaHUYEHHOTO 3aKOHAMHU CoXpaHeHus (pa3oBoro oobvema:

_ru g KE, _;L__J
a_EEO K(l\/l A2 —-0), B= 2E0(1+14

3 Mnapsel IOIIPAaBOK BBIGepeM TC, KOTOPLIC OKa3bIBAlOT MHWHUMAJILHOC BJIMAHUC Ha
TPAaEKTOPHUIO U CKOPOCTH Tela, T. €.

(@ —=1)?+(B-1)*—min.

2
LLy\% KE,
B ciyuae, xorga (L_Z) oz =
pemath cuctemy (2). M3 Hee moiyduM ypaBHEHHE WIECTOM CTEMEHW Ha «Q, YUCICHHOE

pelieHre KOTOpOro TpeOyeT 3HAUMTENbHBIX BBIYMCIUTENbHBIX 3aTpar. llosTomy ObLIO

1
— » Y CHCTEMBI (1) pemeHust HET, MO3TOMY HYXHO

1 .
NPUHATO PEUIeHHE AONMYCTHTh allpOKCUMALUIO f = 5 > © YHCTOM KOTOPOIi H3 CHCTEMBI (2)

IOJIY4YHUM BBIPAXKCHUEC IJIA (.

+—(1 ii) ——( )2 =0, l:—2052K
22K 2 2K Y/ u

3aMeTHM, YTO y JAHHOTO ypaBHEHMs OyJeT TpH pelIeHus, M0 KpaiHel mepe OJHO U3
KOTOPBIX BCETJIa SIBJISETCS BEIECTBEHHBIM. Ha mpakTuke HaM HE BCTPEYalloCh CIIy4aes, KOTraa
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BEIIECTBEHHBI Bce TpU. B ciryuae BOZHUKHOBEHHUS MPOOIeMbl BEIOOpaA MOAXOIAIIETO PEIICHUS
OyJZieM HCIIONIh30BaTh YCIOBUE U3 MPEABIAYIIEro Caydas, HO C Y4eTOM anmpOKCUMAIUH:

(a—1)%+ (%—1)2 —min.

OOparuM BHUMaHHE Ha TO, YTO MOMPABKU BTOPOTO THIIA JOMYCKAIOT KPATKOBPEMEHHBIIH
BBIXOJ] 3HAUEHUH pauyc-BEKTOPOB U UMITYJIbCOB CUCTEMBI 3a Mpeesbl (ha30Boro oobema,

1
KaK CJIEJICTBHE IPUMEHEHUS MPUOIIMKEHUs f ~ Iy [IpoBencHHBIE HAMU YUCIICHHBIE

9KCIIEPUMEHTHI MIOKa3aJIM, OJTHAKO, YTO B IMOAABIIAIONIEM OOJIBIIMHCTBE CIIY4aeB 3TOT BBIXOJ]
3aHUMaeT He OoJiee, YeM HEeCKOJIBKO MIaroB.

Takum  oOpa3oM,  MpEMIOKEHHBII ~ METOA  YHCICHHOIO  MHTETPUPOBAHUS
TPaBUTALMOHHOM 3a1auu N Tell MO3BOJSET COXPAHUTh MOJHYK SHEPIUI0 U YIJIIOBOM MOMEHT
Ha BPEMEHHBIX HHTEpBaJiaX JI000W JUIUHBI, IPH JIIOOOM LIare o BpeMeHH.

1. Aarseth S.J., Aarseth S.J. Gravitational N-body simulations: tools and algorithms. Cambridge
University Press, 2003.

Press W.H. et al. Numerical recipes. Cambridge University Press, London, England, 1988.

3. Zolotov O.A., Zalizniak V.E. Accurate energy conservation in molecular dynamics simulation.
Hanocucremsr: ¢pusnka, xumus, matematuka. 2013. T. 4, Ne 5. C. 657-669.

AsmromieB B. A. u mip. Uncnennoe MoaenupoBanre opouT HebecHbIX Ten. 2015.

Baumgardt H. N-body modeling of globular clusters. Memorie della Societa Astronomica
Italiana. 2016. T. 87. C. 622.
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CUCTEMA MOJJEPXKH [TPUHATUSA PELLIEHNIM BbIBOPA TYPUCTUUYECKUX
YCJIVI' HA OCHOBE OTKPBITBIX TAHHBIX

O.A. Huxomaitayk®, 10.B. TTecrosa’, JI.E. Kocoropos®
1I/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
2dI'BOY BO «MpKyTCKull rOCYAapCTBEHHBIM YHUBEPCUTET)
nikoly@icc.ru, yupest@icc.ru, dmitriy.kosogorov@yandex.ru

[Tpu BBIOOpPE MecTa OTAbIXa TYPUCTHI 3a4acTYyIO CTAJIKUBAIOTCA C MPOOJIEMON MoMcKa
aJeKBaTHOW WHQOpPMAIIMK O MeCTaX pa3MEMIeHUs, TOCTONPUMEYATEILHOCTSIX, TOYKaX
NUTaHMS, YCIyrax U cepBucax. MHpopmamuo NpuxoauTcs UCKaTh MO Pa3IMYHbIM OTKPBITHIM
BeO-pecypcam, UYTO 3aTpy[dHSET CpaBHGHHWE W aHallM3 MpH BBIOOpE MecTa oOTabixa. B
pe3ynbTare MOBBIMIAETCS PUCK TOTO, YTO TYPUCTHI MOTYT YINYCTUTh HOBBIE HHTEPECHBIE
HATPABIICHUS, & PETHOHBI MOTYT MOTEPSATH MOTCHIIUATHHBIX MTOCETUTEIEH.

B nHacrosimiee Bpemsi pa3pabaThIBalOTCS pa3inyHble PEKOMEHAATEIbHbIE CUCTEMBI IS
TYpUCTOB, HAIIPUMEP, PEKOMEHIAIIMU MECT JIJIs TmocelieHus B bapcenoHne Ha OCHOBE aHamu3a
OT3bIBOB B collMaibHOM ceTw Twitter [1], nam mepcoHanM3upOBaHHBIE PEKOMEHIAIUH 10
Typu3my B Kutae Ha ocHOBe rpada 3HaHuH [2].

B nanHoi#i paboTe mpeAcTaBiIseTcsl MPOEKT CO3AaHus cepBuca o cOopy mHpopManuu o
TYpPUCTUYECKOM Mpoduiie TEPPUTOPUHU, OOECIEUMBAIOIIETO aHAIN3 W BHU3YAITH3AIUIO
coOpanHON WHGOpPMANHMK, a TaKXe TMOJACPKKY TPHHATHS PEIICHUH TpH BBIOOpE MecTa
otabixa. B xauecTBe Tepputopun BeiOpan OnbxoHckui paiton UpkyTckoit o0macTi.

[lepBbiM ATamoM ObUT cOOp AAHHBIX W3 psAAa OTKPBITBIX HCTOYHUKOB, TAaKMX Kak
OpenTripMap, OpesStreetMap, Ostrovok.ru, 101 Hotels. Beuin coOpanbl kak naHHBIE 00
00beKkTax (pacrojoKeHHE, CPEIHSsI CTOMMOCTh, KaTeropusi MecTa W JApyrHue), TaKk |
1u(pOBBIE CIIEABI TIOIB30BATENCH: OIICHKA M KOMMEHTAPHH.

Touku Ha KapTe pa3dMBaIOTCS Ha TPU KJlacca: CPEACTBA Pa3MEIICHHUS, MPEANPUSTHS
OOIIECTBEHHOTO MUTAHUS, JOCTONPHUMEUYaTeIbHOCTH. Kakaelii kimacc o00namgaer CBOUM
HAaO0OPOM XapaKTEPUCTHK, IMO3BOJISIONIMM OCYUIECTBISATh MHOTOMEPHBII BHIOOP M OLIEHUBATh
O0O0BEKTHI C Pa3HBIX CTOPOH.

[Touck nmoaxoasimux 0ObEKTOB MPOU3BOAUTCS MyTEM IOMCKA ONMKANIIEro aHauora Imo
BBEJICHHBIM JaHHBIM. VICTIONB3YIOTCSI METOMBI ONIKAUIIETO coceNa, NePEBbs PEIICHUN U Jp.
CepBuc oneHuBaeT OJM30CTh KaXIOrO0 OOBEKTa B MPOCTPAHCTBE XapaKTEPUCTHK K
BBEJICHHBIM TIOJb30BATEIEM 3HAYCHUSM W COPTHPYET pe3yiabTaThl 10  yOBIBAaHHIO
HOPMaJM30BaHHOTO PACCTOAHUS C TMOMOIIbI0 JomoJiHEHHOHM wmeTpuku JKypasieBa |[3].
I'eorpaduueckoe paccTosHHE 0 TOYCK OIICHUBAETCS 4depe3 K-MepHoe JepeBO Ha MEPBOM
JTamne W yepe3 JJIMHY MapuipyTa Ha BTOpPOM. BIM30CTh OT3BIBOB M MOXKEIAHUN TYPHUCTOB
OIICHUBAIOTCS HA OCHOBE CEMAaHTUYECKOW OJM30CTH W TOHATBHOCTUA BBICKA3BIBAHUU C
HCIIOJIb30BAaHHEM MHOTOSI3IKOBOM MOJIEU Ha ocHOBe Heiipocetn BERT.

1. Orama, J.A.; Borras, J.; Moreno, A. Combining Cluster-Based Profiling Based on Social Media
Features and Association Rule Mining for Personalised Recommendations of Touristic Activities.
Appl. Sci. 2021. V. 11. 6512.

2. SuX., Hel, RenlJ., Peng J. Personalized Chinese Tourism Recommendation Algorithm Based
on Knowledge Graph. Appl. Sci. 2022. V. 12. 10226.

3. Kypasnes }0.U. Pacrio3snaBanue, knaccudukaims, nporao3. MaremMaTHueCKUe METOIBI M UX
npumenenue. M.: Hayka, 1989, 302 c.

* (v
PaboTa BBIIONHSIETCS NTPH TOAEPIKKe poekTa Poccuiickoro Hayynoro ¢onzxa Ne 23-28-00844 «MoHUTOPHHT
cepbl perMoHaIbHOTO TYpU3Ma Ha OCHOBE aHAJIN3a JJAHHBIX U3 OTKPBITHIX HCTOYHHUKOBY.
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CEPBUC MOHUTOPHUHI'A COEPBI PETMOHAJIBHOI'O TYPU3MA HA OCHOBE
AHAJIM3A JIAHHBIX U3 OTKPBLITBIX MICTOYHHUKOB”

O.A. HHKonaﬁqul, 10.B. HGCTOBal, I.E. KOCOI‘OpOBl’ 2, A.N. asnos?,
H.A. Ho/:my6HLH711
lI/IHCTI/ITyT JUHAMHMKU CUCTEM U TEOpHUH ynpasiieHus umenu B.M. Matpocosa CO PAH
2I/Ip1<yTCI<I/II71 rOCYJIapCTBEHHBI YHUBEPCUTET
nikoly@icc.ru

Pa3zButue ycToiH4MBOrO TypusMa TEPpUTOPHH TPeOyeT OCYLIECTBICHHS MOHHUTOPHHTA
BCEX Pa3HOPOJHBIX ACHEKTOB c(epbl TypU3Ma U CO3JaHHE MH()OPMAIMOHHBIX TEXHOJIOTHUH,
obecrieunBaromux cOop, aHanmu3, 0OpabOTKYy ¥ BHU3yaJIHM3alMIO COOTBETCTBYIOIICH
uHpopmauuu. llenpto paboThI sBIsSETCS CO3AaHUE MPOTOTHIIA CEPBHCA MOHUTOPHHIA MU
NOJJICP)KKH TIPUHSATHS pelIeHUH B cepe pernoHanbHOTO TypusMma Ha npumepe MpkyTtckoit
obnacTH.

Co3znanue cepBuca [1] Bximouaer pa3paboTKy M MPOTrpaMMHYIO pEalIn3alUi0 METOJIOB
coopa, 00pabOTKH, BHU3yalIHM3allUd [AaHHBIX, MOJJACPKKH TPUHATHS pEIICHUN, a TaKKe
o0ecrieyeHne WCHOIb30BaHUS (DYHKIIMOHAIBHBIX BO3MOXHOCTEH OCHOBHBIX IIPOLIECCOB
00paboTkn WMH(OpPMAIMK CYIIECTBYIONIMX OOJavHbIX TutaTrdopM. Metoasl cOopa ITaHHBIX
OCHOBaHbl Ha TexHoyorusx wucnonb3oBanust APl m Web-scraping, meromsl 00paboTKH
BKJIIOYAIOT CTaTHUCTUYECKHE METOAbl M METOJbl HCKYCCTBEHHOI'O HHTeuIeKTa (Oosbline
S3BIKOBBIE MoJenu, Sentiment analysis, Aspect based Sentiment Analysis, Prompt-
engineering U 1p.), MOJEPKKA MPUHATHS PEUICHUNA OCHOBaHA Ha TPEIEACHTHOM IOIXOJE
(Case-based reasoning), Busyanu3aius — Ha TexHomoruu Bl-cucrem. CuctemMa MOHUTOpPHHTA
BKJIIOYAET pa3/IeJibl, ONMUCHIBAIOLIUE TOMYIIPHOCTh MECT OTAbIXa, KOM(POPTHOCTH MOCEIIEHUS,
JOCTONIPUMEYATEIbHOCTH, CPEICTBA pa3MEIIeHUsl, OOBEKTbl NHTAHUs, TYPUCTHYECKHE
MapuUIpyThl, aHAJIU3 MHEHMH TYpPHCTOB, PE3yJbTAaThl PAallOHHUPOBAHUSA TEPPUTOPUH, a TaKXKe
METO/BbI MOAEPKKU MPUHATHUS perieHuil. /g peanuzanuy moaaepKKH NPUHITUS PEeLIeHUN
ONpeNieIeHbl MOJENN TPELEeIeHTOB, alroOpuTM HUX MOHCKa U Hu3BIedeHus. Mogjenn
IPELEJCHTOB  BKJIIOYAIOT  ONHCAHHWE  CBOMCTB  JOCTONPHUMEYATENIbHOCTEH, CpEeACTB
pa3MmelleHus, OOBEKTOB MUTaHUA M YyCIyr. Pe3ynbraTel pallOHUPOBaHHUS MO3BOJISIOT
OTIpeNIeNIUTh MpeodIafaoue BUAbl TypU3Ma B MYHHIMIIAIbHBIX OOpa30BaHMSX, PEUTHHT
MYHUIMNAIBHBIX 00pa30BaHUN IO 3aJaHHOMY BHUJIY TYypH3Ma, IJIOTHOCTh PAaCHOJIOKEHUS
JOCTOIIPUMEYATEIbHOCTEN 3aJaHHOTO BU/IA, UX MOMYISPHOCTD U JIp.

OCHOBHBIMU ~ pe3yiabTaTaMu  paOOThl  SABJISIOTCS  ONMCAaHUE  UH(POPMALUOHHOM
TEXHOJIOTUM aHali3a W BHU3YAIM3allMU JaHHBIX, PAOHHPOBAHUS TEPPUTOPUHU, MOIICPKKH
IOPUHATHS PELICHUH, peanu3anus NPOTOTHIA CEepBUCA U JIEMOHCTpAlUs pe3yibTaToB,
NOJYyYEHHBIX B XO0ze HccienoBaHus. HoBu3Hy uccienoBaHus o0yciaBiauBaeT oOecreyeHue
BO3MOXXHOCTH aHaiu3a WHGOpPMAMM O TEPPUTOPUU HA OCHOBE OTKPHITHIX HCTOYHHKOB
JaHHbIX. B McciaenoBaHMM  HCHOJB30BAHBI  OTKPBITBIE HMCTOYHMKM HMH(POpPMALUU O
bajikanbckoil NpuUpOIHON TEPPUTOPHH.

1. Hukonaituyk O.A., IlectoBa 1O.B., IlaBmoB A.M., KocoropoB JI.E. Konmenmus cepsuca
MOHHUTOpPUHTA cpepbl TypHU3Ma TEPPUTOPHH Ha OCHOBE aHAIN3a BeO-pecypcoB. BerumcnuTenbpHbIe
texaosorud. 2023. T. 28, Ne 6. C. 118-134.

" Pa6ora noanepxana PH®, npoekt 23-28-00844.

161



REGTAB ONLINE: BEB-IIPUJIOXKEHUE JIJI1 U3BJIEYEHUA TAHHBIX
N3 MAILIMHOYUTAEMBIX TABJIMIL C ITPOU3BOJIBHOU CTPYKTYPOU
HA OCHOBE RTL-ITATTEPHOB

W.IL. Orops, U.C. Scenosckuii, A.O. lllurapos
WNHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH

ivanogor23@gmail.com, ilyasenovskeyO@mail.ru, shigarov@icc.ru

B pabGore paccmarpuBaeTcsi pa3pabotaHHoe aBTOopamMu BeO-mpriioxeHue «RegTab
Online»' 11 neMoHCTpauuu BO3MOKHOCTEHf W3BICUCHHS pPEISLMOHHBIX JAHHBIX U3
MalTMHOYUTAEMBIX TaOJMI] C TPOU3BOIBHOW CTPYKTypoil mocpenactBoM RTL-marrepHOB.
W3Bnedenue BBIMONHIETCS C MOMOINBIO HMHCTpYMEHTaJdbHOro cpeactBa «RegTab API»?,
paspabotannoro B UJICTY CO PAH. JlanHO€ MHCTPYMEHTAIBLHOE CPEJICTBO MPEAOCTABIISCT
«Unrepnperupyemyto Mogens Tabmuus»y (MUMT), obecnieunBaroniyto aBTOMAaTHYECKUN
BBIBOJI HAOOPOB 3amucedl M3 TaOJMIl ¢ TPOU3BOJIBHOM CTPYKTYpOH, a Takke MpoOIeMHO-
OpPUEHTHPOBaHHBIN s3bIK maTTepHOB «Regular Table Language» (RTL), mo3Bonstommii
¢dbopManbHO OMHUCHIBATH 3aKOHOMEPHOCTH pa3MEUICHUs] KOMIIOHEHTOB 3aIIUCe U CXEM BHYTPH
TabJIUIl C TPOM3BOJIBHOM CTpyKTypoil. Mcxonmnas Ttabiuna, mNpeacTaBieHHAas B BUJC
sk3emiuisipa MUMT, wmoxer OwiTh comoctaBieHa ¢ noaxomsmmM RTL-marrepaom. B
pesysibTate Takoro comnocraBieHus dk3eMmpip HMMT  pgonosHsiercs  ceMaHTHKOM,
OTCYTCTBYIOIIEH B HCXOJIHOM IPEICTABICHNUN, & UMEHHO B3aMMOCBSI3aHHBIMH KOMIIOHEHTaMH
3anucel u cxem. [laHHas cemanTuka nenaer 3k3emiurip MMT nmoctynHeIM miid BbIBOJA
COOTBETCTBYIOIIETO €My Habopa 3ammcedl B ¢GopMme TUIOCKOW TaOmuiel (aitioBoi Oa3bl
JAHHBIX.

Be6-nipunoxenue «RegTab Online» MPEAOCTABIISCT WHTEPAKTUBHBINA
MOJIb30BATEIbCKUN  HMHTEpdeiic, o0ecreunBamIUi  CIEAYIONYI0 (QYHKIHOHAIBHOCTH:
3arpy3Ky U BU3YaJIM3allMI0 MCXOJIHBIX Tabmull; peaaktupoBanue RTL-marrepHOB, BKIIOYas
ABTOMATUYECKOE JIOTIOJTHEHHE, MMOICBETKY CHHTAKCHUCA, a TAK)KE BHIBOJ[ OIIMOOK KOMITHIISIINY;
3alycK comocTaBiieHus: ucxonubeix Tabmun ¢ RTL-marrepHamu; BBITPY3KY UM BU3yaJIU3alUIO
HAOOpOB 3ammcel, U3BIEKAEMBIX B pPE3yJdbTaTe COIMOCTABICHUS 3arpy>KCHHBIX TaOIHUIl C
nosb3oBareinbckumMu RTL-marrepHamu; HOCTYNm K HCTOPUM TMOJIb30BAaTENbCKUX 3allyCKOB
W3BIICUCHHS JTAaHHBIX W3BIICUCHHsI JNaHHBIX W3 Tabmui. PaspaboranHoe BeO-TpUIIOKEHUE
UMEeT  KJIMEHT-CEPBEpHYI0  apXuTekTypy.  KimeHntckas  4YacTh  IpeNOCTaBIIseT
MOJIb30BaTEIbCKUN  BeO-uHTEpdeiic (peamuzoBaH C moMOImbI QpeliMBopka Vue.js).
CepBepHasi 4yacThb BKJIIOYAeT TpPU B3aMMOCBA3aHHBIX BEO-CEpBHCA: CEPBUC YIPABICHUS
3alycKaMM M3BJICYCHUS JaHHBIX U3 Tabmun c nomoibio «RegTab API» (peamuzoBan c
nmoMoInbio (GpeimMBopka BeO-TipuiiokeHuid «Spring Booty»); cepBuc yrnpaBieHUsS AOCTYIIOM
nosib30Bareieil (peadw3oBaH C TIOMOIIBIO CHUCTEMBI YNpaBICHHUS HISHTU(UKALIEH
«Keycloak»); cepBHUC XpaHEHHS TOJH30BATEILCKUX JIAHHBIX (peaju30BaH C ITOMOIIBIO
CHCTEMBI yripaBiieHus 0azamu naHHbIX «PostgreSQLY).

«RegTab Online» muanupyercsi UCMOIB30BATh AJISl U3BJICUCHUS PENSLIUOHHBIX JTaHHBIX
U3 TaOJWIl, TPEICTABICHHBIX B Pa3UYHBIX OTKPBITBIX pecypcax IO 3KOJIOTUIECKOMY
MoHUTOpUHTY baiikansckoit nmpupoanort tepputopun (BIIT) u o3epa baiikam, B ToM uucie,
rOCyJapCTBEHHBIX JIOKJIAAax, OTYETaX HaydyHO-HCCIEeNoBaTelIbCcKuX pabor u np. Cremyer

“ Pabora BbIIONHEHA B pamkax rpata Ne 075-15-2024-533 MuHHCTEPCTBA HAYKH W BBICIIETO
obpaszoBanus P® Ha BBHIMOJHCHHUE KPYMHOTO HAYYHOTO MPOCKTA MO MPHOPUTETHBIM HAMPABICHUSAM
HAYYHO-TEXHOJOTMYECKOro pasBuths (mpoekT «DyHaaMeHTanbHbIe HCCIeIoBaHus balkambckoit
NPUPOJHOW TEPPUTOPHM HAa OCHOBE CHCTEMBI B3aMMOCBS3aHHBIX Oa30BBIX METOJIOB, MOJEIICH,
HEHPOHHBIX ceTel U MUPPOBOIl MIATHOPMBI IKOJIOTHIESCKOTO MOHUTOPUHTA OKPYXKAOIICH CPEIBI»).

! https://regtab.icc.ru

2 https://github.com/regtab/regtab
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OTMETUTh, YTO Takue TaOIUIBl OOBIYHO MMEIOT MPOU3BOJBHYIO CTPYKTYPY, IMOITOMY
ABTOMATH3AIMS WHTETPALMU TPEJICTABICHHBIX B HHUX JAHHBIX HYXIAETCS B MPUMEHEHUU
CIIENUATM3UPOBAHHOTO TpOrpaMMHOro obecreuenus, Takoro kak «RegTab Onliney.
Oxupaercsi, 4TO B pe3yiabTare €ro mnpuMeHeHHus Oyner chopmupoBaHa enuHas 0Oaza
OTKPBITHIX TAHHBIX O 3KoJorndeckomy MoHuTOpuHry BIIT u o3epa baitka.
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O PEHIEHMUA 3ATAYN I[BYXYPOBHEBOprHTHMHI%AHHH
HA SJIEKTPOOHEPT'ETUYECKOU CETU
C CUCTEMHBIM OITEPATOPOM HA BEPXHEM YPOBHE

A.B. Opnos, .M. Munapuenko, T.B. I'py3aeBa
WHCeTuTyT AMHAMMKY CHUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
anor@icc.ru, minar@isem.irk.ru, gruzdeva@icc.ru

B pabore HcCcIeyeTcs 3aga4a JIByXYpPOBHEBOM ONTUMHU3AINN Ha
AIIEKTPOIHEPTETUYECKON CETH, OIMUCHIBAIOIIAS B3aUMOJACHCTBHE CHCTEMHOTO OIlepaTopa
(BepXHMI ypOBEHb) C KOMIAHUSMHU, OCYIICCTBIISIONIMMHA TEHEPAIMIO 3JIEKTPOIHEPTUU (HA
HIOKHEM ypoBHE) [1, 2]. DnekTposHepreTuyeckas ceTb COCTOMT M3 Y3JI0B, B KaXJIOM U3
KOTOPBIX pAacHoOJIO’)K€HAa OJHAa WM HECKOJBKO JJIEKTPOCTAHLUHN, OCYIIECTBIISIOMINX
TeHepaIuIo, U/WIIN arperipOBaHHbIN MOTPEOUTENh, a TAKXKe JTUHHUHA AJIEKTporepeaad, Kaxias
U3 KOTOpBIX coequHseT nBa y3na. [lpenmosaraercsi, 4To 3JIEKTPOCTAHLUUU B OJIHOM Y3JI€
MPUHAJICIKAT, BOOOIIIE TOBOPSI, pPA3HBIM T€HEPUPYIOIINM KOMITAHUSIM U HE CYIIIECTBYET Ooliee
OIHOM JIMHUM Ha KaxIylo Tmapy y3ioB. llenbio cucTeMHOro omneparopa sBIsSETCS
pacmpenelneHne SIEKTPOSHEpPTruu (I YAOBIETBOPEHUS CIpOoca B KaXKIAOM y3le) H
MUHUMU3ALUA U3EPKEK CUCTeMbl. llepeMeHHBIMH BEpXHEro ypOBHS SIBISIOTCSA Y3JIOBbBIE
IIEHBI (p) U MEPETOKH AIEKTPOIHEPTUH (V) MEXIY y3l1aMu ceTdu. Ha HuKHEM ypoBHE Kakaas
reHepupylomasi KOMIIaHUS MAaKCUMU3UPYET CBOIO NpUOBLUIb, BaphbUpPys IMPOU3BOJCTBO
3JIEKTPOIHEPTHUH (X — IEPEMEHHAsI HUYKHETO YPOBHS).

[TycTh 3agaHBl MHOKECTBO reHepupyromux kommanuii [ = {1, 2, ..., M}, MHOeCTBO
y3imoB J = {1, 2, . . ., N}, MHOXXECTBO pacCMaTpUBaEMbIX MEPUOJIOB BPEeMEHH (HArpuMep,
yacoB win mecsieB) QO = {1, ..., T}. [lapamerpamMu BEpXHETO YPOBHS SIBIISIOTCS:

Yji — TPOIyCKHas CIIOCOOHOCTh JIMHMH 3MeKTponepesnadn, j € /, | € J;

@j; — DJIEMEHT MATPHIbI CMEXHOCTH (a;; = 1, ecnm cBA3b cymecTByeT, aj; =0 B

POTHBHOM ciy4ae), j € J, | € J;
8;; — xo3QdHUIMEnT MOTeph HA IMHUAX dIeKTponepenad, 0 < 6 < 1;

djz — cnpoc Ha 3JIeKTpodHepruIo, j € J, t € T.

[TapameTppl HMXKHETO YPOBHA: Cjj, ¢;j — KOOD(QUIMEHTHI KBaAPATUYHBIX (QYHKIUM
(q;j > 0), 3ana0mMX HM3IEPXKKH HA MPOM3BOJCTBO JJIEKTPOSHEPTHH, X;; — MaKCHMabHas
MOIIHOCTb reHepauuu, L € I, j € J.

C yuyeToM BBEJEHHBIX 0003HAYEHHI, MOTy4aeM CIEAYIOUIYIO ABYXYPOBHEBYIO 3a/Jauy
OIITUMHU3AIINU B OIITUMUCTHYCCKOU ITOCTAHOBKE:

M N T
. Pje Xije 1 (S,’y“,lx' M
i=1 j=1t=1
0<Yyue =Y Viellelteq, (3)
M N
Z Xije + Z ap[(1=8y)yje —yje]l = e VjEJLEQ, )
i=1 =1
x € ¥Y(p), (5)

rae W(p) 3amaer MHOXKECTBO pEIICHUH 33/1a4H ONTUMHU3AIMH HUKHETO YPOBHSI:

“ PaGora BhIIOTHEHA pH (HHAHCOBOIT oAKepKKe Poccuiickoro Hayunoro Gonza, npoext Ne 24-41-03004.
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T

M N
Z Z Z[(pjt — Cij)Xijt — qijxizjt] T mfch, (6)

i=1 j=1t=1
0<xi: < Xx;5 Vviel,je] te. (7

C noMoIpl0 M3BECTHOIO IOJAXOJAa K PELICHHIO ABYXYPOBHEBBIX 3anad [3, 4] myrem
3aMEHBI 3a7a4u HIKHEero ypoBHs (6)-(7) ee ycloBHSAME ONTUMAIBHOCTH U JOTOJHUTEILHON
PeNyKIMHM 3aJa4d C TOMOIIBI0O TEOPHUH TOYHOrO mITpada, MOJydaeM CJIEIYIONIYIO
napamMeTpUYecKyro 3ajlady MaTeMaTHYeCKOW ONTUMHU3AIMK C OWIMHEWHOW IIeJIeBOM
GyHKIIMEH ¥  BBIIYKIBIM  JOMYCTUMBIM  MHOXECTBOM, JKBHUBAJICHTHYIO HCXOJHON
nByXypoBHEBOI (1)-(5) ¢ TOUKH 3peHHst OTBICKAHHS TTT00ANIBHOTO pemeHus [3, 4]:

M N T
1 —_— 0 .
.. [pje Xije + oWl (xije — X5 ) — vijexije)] o Nin .y, x) €S, (8)
i=1 j=1t=1
v 20, v =20 VieljeJteQ, (9)
cl-j—p]-t+2qi]-xl-jt+ U}jt—viojt=0 ViEI,jE],tE.Q, (10)

rae o > 0 — mrpadHoii mapamerp, MHOKeCTBO S 3a1aHo orpanudenuamu (2)-(4), (7), v° u vt
— MHOXuUTenu Jlarpanska, COOTBETCTBYIOLUE OIpaHUUYEHUSM (7).

brnaronmapsi BO3MOXHOCTH TpeJCTaBIeHUs Jt000N OunuHEHHOW GYHKIUM B BHJIC
pa3HOCTH BBIMYKIBbIX (yHKIMH, 3amada (8)-(10) okaspiBaercs 3amadeit DC muHHME3aAIM.
Jns ee pemeHus pa3paboTaH TMOIXOJ, OCHOBaHHBIM Ha Teopuu TI00aTBLHOTO TIOHWCKA
A.C. CrpekanoBckoro [5] u cocTosuil U3 IBYX OCHOBHBIX 3TaloOB: CHELUAIN3UPOBAHHOIO
JIOKQJIbHOTO MOUCKA U MPOLEAYPHI BHIXOJA U3 KPUTHUECKUX TOYEK, MOJYYEHHBIX JIOKaJIbHBIM
MIOKUCKOM, KOTOpast 6a3upyeTcsi Ha yCIOBUAX II100aJbHON ONTUMAIBHOCTH.

JInst HaXOKIeHUST KpUTUYECKUX TOYEK B 3a1aue (8)-(10) cTpoutcs criennaibHBIA METO,
KOTOPBIM 3aKII0YaeTcsi B TOOYEPEAHOM pELICHHH BCIOMOTATEIbHBIX 33734 JMHEHHOTO
IPOrpaMMHUPOBAHUS 1O JABYM TpylIaM MEepEeMEHHBbIX. JTOT METOJ YXKe JIeMOHCTPUPOBAJ
cBOIO 3(p(heKTUBHOCTD B 3a/1a4ax ¢ OMIIMHEWHOW CTPYKTYpoii [3, 4].

B anroputme rio0anbHOro moucka HapsiAy cO CTaHAAPTHBIMU MOIYJSMHU (TIOCTpOEHUE
anMpPOKCUMAIIUK TOBEPXHOCTH YPOBHS BBITYKIIOW (PYHKIIMH U PEIICHUE JTHHEAPU30BAHHOM 110
0a30BOI HEBBIMYKJIOCTH 33/1a4d) MPOW3BOAMTCS BapbHUpPOBaHHME IMTPAGHOTO HapameTpa it
IIOJIy4EHUS JOIYCTUMOM TOYKH B UCCIIENYEMOM 3aa4e.

1. TloaxoBamsuukoB, C.B., Xamwmco, O.B. HecoBepieHHBIE DIEKTPOIHEPTETUICCKAE PHIHKH:
MOJEIIMPOBAHNE U MCCIEJOBAHUE Pa3BUTHsI T€HEPUPYIOMINX MoIIHOcTed. M3Bectus Akamemun
Hayk. OHepretuka. 2011. T. 2. C. 57-76.

2. Gabriel S.A., Conejo A.J., Fuller J.D., Hobbs B.F., Ruiz C. Complementarity Modeling in Energy
Markets. New York: Springer-Verlag, 2013.

3. Crpekanosckuii A.C., OpnoB A.B. JIuHeiiHbIe U KBaApaTUUHO-THHEHHBIE 3aa4l JBYXYPOBHEBOI
ontumu3zanuu. HoBocubupck: nzn-so CO PAH, 2019.

4. Orlov AV. The Global Search Theory Approach to the Bilevel Pricing Problem in
Telecommunication Networks Computational Aspects and Applications in Large Scale Networks.
NET 2016 / Ed. by V.A. Kalyagin et. al. Cham: Springer, 2018. P. 57-73.

5.  Crpexanockuii A.C. MUHHUMI3UPYIOIMIKE MOCIEA0BaTEeIbHOCTH B 3aade DC omrumm3auu ¢
orpannueHusIMH. Tpynbl MHcTuTyTa MareMatuku M mexanuku YpO PAH. 2023. T. 29, Ne 3.
C. 185-2009.
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CO3JJAHUE MOJIEJIEM U [TIPOTPAMMHOI'O CPEJICTBA JUJIS
ABTOMATHUYECKOI'O OBHAPYXXEHUM 3AT'OJIOBKOB TABJINL]

.. Oxotun
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
ilia.ohotin@yandex.ru

Ha ceropnsamHamii g1eHb TaOMUIBI IUPOKO MUCTOIB3YIOTCS B UCCIEAOBAHUAX U OU3HECE.
OpHako TpPYAHOCTH, KOTOphIE HEM30EKHO BO3HUKAIOT MPH H3BICUEHHM U HHTErpaluu
TaOJMYHBIX JAHHBIX, YaCTO 3aTPYIHIIOT MX MHTEHCHBHOE HCIIOJIb30BAaHHE, OCOOCHHO KOTJa
TaOJIMLBI TPUCYTCTBYIOT B 3JIEKTPOHHBIX NOKYMEHTax B BHUAE H300paxkeHuil. OnHoOM u3
OCHOBHBIX MPOOJIEM HW3BICYCHHSI TAOIMYHBIX MAHHBIX W3 HM300pKEHUU SBISIETCS TOYHOE
pacro3HaBaHUE CTPYKTYp TaOJIMI, OCOOEHHO [UIsl CJIOXKHBIX TaOIHI] C TEPEKPECTHBIMH
CTpoKaMu u ctojibuamu [1].

B nanHoii paGoTe mpeAcTaBIE€HO pelIeHHE Uil aBTOMATHYECKOr'O BBISBICHUS
3aroJIOBKOB TaOJMII, SIBISIOIIEECS YacThIO 33/Ja4M 0 PACIO3HABAHUIO CTPYKTYPHI TAOIHIL.
ABTOMAaTHUYECKOE pACIO3HABAaHHWE 3aroJIOBKOB TaOJMIl SIBISACTCS CJIOKHOW 3ajadue,
MOCKOJIBKY TaOJIMIBI MOTYT OBITh CIIOKHBIMH IO CTPYKTYpe M O(QOPMIICHHIO, COIEpXKaTb
BJIO’)KCHHBIC 3ar0JIOBKH, CTPOKH M CTOJIOIBI C Pa3HBIMU yPOBHAMH uepapxuu [2]. OHu Takxke
MOTYT BKJIIOYATh ITyCTble SYEHKH, OOBbeIMHEHHBIE CTPOKM MM cTonOmbl. Ilpemmaraemoe
pelIeHre OCHOBAHO Ha KJIACCMYECKHX METO0/1aX MAIIMHHOTO OOyYeHUs U MPeICTaBiIseT co0oi
COBOKYITHOCTb MoJieneil B Buzae ciyyaiiHoro neca (Random Forest), rpaguentHoro Oycrunra
(XGBoost) u meToma onopHbIX BeKTOpoB (Support Vector Machine). B kauecTBe nCX0IHBIX
TaOJIMYHBIX JIAHHBIX PAcCMATPUBAIOTCS BEPTHKAIbHBIC, TOPU3OHTAIbHBIE W MaTpUYHBIC
tabnuiel B popmare CSV (Comma-Separated Values). st HCXOTHBIX JaHHBIX UCIIOIB3YETCS
BPYUHYIO COCTaBJICHHas pa3MeTKa, mpejcraBieHHas B ¢opmare CSV, KOTOpHIA MO3BOJISET
YIOPOCTUTH OOpabOTKY M JIETKO MpeoOpa3oBaTh JIIOObIe TaOmuibl. [ Kakaoil CTpOKH U
IIEpBOT0 CTOJNIOA JOKYMEHTA co3/jaeTcsl Habop MPU3HAKOB (num_cells — KoJIMuecTBo sueek B
ctpoke; avg cell length — cpennsst nnuHa comepkuMoro sdeek; num chars — ooOmiee
KOJINYECTBO CUMBOJIOB (0e3 ydera mpoOesoB); pct numeric — J0JI1 YUCIOBBIX CUMBOJIOB OT
obmero 4ymcia CUMBOJNOB U aApyrue [3]), 3amuceiBaembiii B oTaenbHbii CSV-(aitn, «
KOTOpOMY J00aBiIsieTcs 3apaHee MOAroTOBIeHHAs pazmeTka. O0ydeHne Moaeneii mpoBOaUTCS
Ha ATOM Habope MPHU3HAKOB C y4€TOM pa3MeTKH. [ mcrmonap3oBaHUS 00yUEHHBIX MoOAenei
pa3paboTaHo CrenuantbHOEe MPOTPAMMHOE CPEICTBO, KOTOPOE OCYIIECTBISIET MPeaoOpaboTKy
BxoaHBbIX CSV-Tabmuil u mepenaer MaHHbIE B MOJeib. B pesynbrare pabOTHl MPOTpaMMBbI
dopmupyercs CSV-aiin ¢ MeTkamu npeackazaHuii Mojenu, rae «1» o0o3HavaeT 3arojioBoK,
a «0» — He 3arosioBoK. TecTHpoBaHME HA NAaHHBIX AHAJIOTMYHOrO (opMaTa, pa3MEUECHHBIX
BPYUHYIO, TOKa3zajio 3(PQEKTUBHOCTh MOAXOJA JUIsl pEIIeHUs NpaKTHYeCKuX 3axad. B
JaNbHEWIEM IUIAHUPYETCS BECTU HCCIIEOBaHUS B OOJIACTH PACIO3HABaHUS CTPYKTYpPBI
Tabmunpsl (table structure recognition). Hauats pa3pa®oTKy HmporpaMMHOIO MpPOAYKTa Ha
OCHOBE OOJBIIMX S3BIKOBBIX Mozenel (LLM).

1. ChenlL. JinL. SunJ., Wang W., Yan C., Zhang S., Xu L. TableVLM: Multi-modal Pre-training
for Table Structure Recognition. Proceedings of the Annual Meeting of the Association for
Computational Linguistics. 2023.

2. Fang J., Karargyris A., Lange T. Table Header Detection and Classification. Proceedings of the
AAAI Conference on Artificial Intelligence. 2012.

3. Hulsebos M., Baart F., van den Bosch A., Thomee M., Milewski J. Sherlock: A Deep Learning
Approach to Semantic Data Type Detection. Proceedings of the 25th ACM SIGKDD
International Conference on Knowledge Discovery & Data Mining. 2019.
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MATEMATHUYECKA A MOJEJIb MHOI' OMOJAJIBHOI'O
ITOTOKA INOCTVYIUIEHMA THOOPMALIM

C.B. Ilaynp
HannonansHbIi riccnenoBaTenbckuii ToMckuit rocynapctBennbiid yausepcuteT (HU TTY)
paulsv82@mail.ru

B pabote mpencraBieH pe3yabTaT aHadM3a MOJCIHA KOPPEIMPOBAHHOTO TIOTOKA
MOCTYIIJIEHUST MHOTOMOJIaJIbHOM MH(OpMAIMU B BHJIE TBYMEPHOTO MapkupoBaHHoro MMPP
[1,2]. Pemaercs 3amaua HaxOXJICHHUS pacCHpElCICHHUS BEPOATHOCTEH YMCla COOBITHH,
HaCTYyNHUBLIMX B IIOTOKE 3a ONPEAECIICHHOE BpEMSI.

PaccMoTpuM maremarnueckyro Mozenb MmapkupoBaHHoro MMPP ¢ nBymst Tunamm
COCTOSIHUHM, KOTOpBI 3aman Matpuier Q =[Qym], ompemenstomeii HWHTEHCHBHOCTH
BEPOSITHOCTEH IMEPeXoJI0B ympamisooimeii motokom 1enu Mapkosa m(t) =0, 1,....,M ¢
HEIPEPBIBHBIM BPEMEHEM; JUArOHAJbHBIMU MaTpHUIIAMHU A® u A® yurencusnocreit A9 n
A% HacrynsieHust coOBITHH B M-OM COCTOSHUM JBYMEPHOTO MapKUpoBanHOro MMPP s
IIEPBOTO U BTOPOTO THITA COOOIEHHUH MOTOKA COOTBETCTBEHHO. [TycTh mporecch Ny(t) u Ny(t)
— YHUCIIO COOBITUI MEpPBOr0 M BTOPOI'O THUIIOB, HACTYMMBIIUX B MapkupoBaHHOM MMPP 3a
Bpems t. O603HaYUM pactpeesiceHue BEpOsITHOCTEH

Pm(N1, N2, t) = P{n1(t) = ng, n2(t) = nz, m(t) =m}, m=0,M . 1)

TpexmepHblit ciyuaitabiii npouecc  {Ni(t), na(t), m(t)} sBusercs MapkOBCKUM, 4YTO
MO3BOJIICT JJIs pacmperaeneHus BepositHocTedl (1) 3ammcarh cucteMy AuddepeHInaIbHbIX
ypaBHeHui Koimoroposa

6Pm (nl' nZ’t)
ot

M
+ﬂ’r$11) I:)m (nl _1' nZ't) + ﬂ’r;Z) IDm (nl’ r]2 _1’ t) + Z IDv (nl’ n2’t)qvm ' (2)

v=0

=—(A2 + 22 )P,(n,n, 1)+

st pemenus cuctemsl (1) BBeieM YaCTUYHBIC XapaKTepUCTHUECKUE (PYHKITUN

H, (U, U, 1) =D el > el™P (n,n,t), j=y-1 m=0,M.
n =0 n,=0
Cuctemy (2) nepenuiiem B BUJIE
oH,, (u,u,,t i i d
bl A th ALY (aﬁ[ 2t _ [;trf}’ (€™ —1)+ 2 (e —1)} Ho (U Uy 1)+ H, (U Uy )G . (3)
v=0
0O0603Ha4NM BEKTOP-CTPOKU
H(U1, Uz, t) = {H1(ug, Uz, 1), Ha(ug, Uz, 1),..., Hu(ug, Uz, )},
OH(u,,u,,t) {GHl(ul,uz,t) oH, (u,,u,,t)  oH,, (ul,uz,t)}

ot ot ot ot
TOrJa CUCTEMY YpaBHEHMH (3) mepenuiuemM B MaTpUIHOM BUJE
OH(u;,Up 1) _ i O, (o @
8t _H(u1’u2’t){Q+(e _l)A +(e _1)A } (4)
O0603HaunB
H(@0,0,t) =r, (5)

rae ' — BEKTOpP-CTPOKa CTAl[MOHAPHOTO pacIpe/ieleHHs] BEpOSTHOCTEW 3HAUYEHUN LIenu
Mapkosa m(t), u3 (4) mpu U; = 0 u Uy = 0 MOJTyYUM CHCTEMY YPABHEHHI, KOTOPasi COBMECTHO
C YCJIOBHEM HOPMHPOBKHU OJJHO3HAYHO OIpPENESET BEKTOp I

“ HccnemoBaHue BBIMONHEHO 3a cdueT rpaHTa Poccmiickoro Haydsoro domma Ne 24-21-00454,
https://rscf.ru/project/24-21-00454/

167


mailto:paulsv82@mail.ru
https://rscf.ru/project/24-21-00454/

rQ =0, re=1. (6)
31ech e — eAMHUYHBINA BEKTOP- -croJioerr. 3amnuieM 3aaauy Komwm B Buge

oH(u,,u,,t) ity @ (it @)
e H(Uy,U,,1) {Q+(e™ ~1)A® + (e ~1) AP
H(0,0,t) =r. (7)
Jannas cucrema OyJeT OCHOBHOM B JaJbHEHIIHMX HCCIeAOBaHUAX. J[OKakeM CIIEeTyIONTyIO

TEOpEeMYy.
Teopema. Maprunansusie pacnpezeincHuss BepostHoctedr P(ng, t) m P(ny, t) umcia
CO6BITHI>'I IEPBOro U BTOPOTO THIIOB COOTBECTCTBCHHO 3aIllUIICM B BU/IC

P(n,0,t ——je ot (A(l) Q—jal)lA(l))nl (A(”—Q—jal)’leda, (8)

P(0,n, t ——je ot (A(Z’ Q—jaI)lA(z))nz (A? -Q—jal) "edar.  (9)

Joxka3aTejbCcTBO. 3an1z1meM npeobpazoBanne Oypne

]

(p(ul,uz,a)=Ie"‘“H(ul,uz,t)dt
0
BEKTOP- (byHKuHH H(uy, Uz, t). OHO yIOBIETBOPSET YPABHEHUIO

MaH(Wﬁbi) _w jat juy @ ju, (2)
! et e ‘!e' H(u, U, ) dt(Q+ (e ~1) A® +(e* ~1)A®).
JIeByro 4acTh MOCJIEIHET0 YPABHEHUS TPOUHTETPUPYEM 10 YACTSIM, TTOJTYIUM PABECHCTBO

—H(u,,u,,0)— jae(u,u, a)= (p(ul,uz,a)(Q+(ej”1 1) A 4 (e _1)A(2>).

OKOHYATEIBHO 3AIUILIEM

(p(ul,uz,oc)((l—ejul)A(l) +(1-e")A® -Q- jocI) =r. (10)
3aech | — equamunas matpuia. M3 pasencrsa (10) Beipasum ¢yHkmmo @(U, Uy, o)
(p(ul,uz,oc) = r((l—ejul )A(l) +(1—ejuz )A(Z) -Q- jocI)_l. (11)

JUis  monydeHUsT MapruHaIbHOIO paclpesieleHus Yucia COObITMH IepBOro  THIIA,
HACTYNMBIIUX B MapkupoBaHHOM MMPP 3a Bpewms t monoxum B nociensHem paseHcTse (11)
cHavaia U, = 0, 3amuiieM

(P(Ul,O,a) = r((l_ejul)A(l) _Q- jal)il

B cuity HecnoXHbIX IpeoOpa3oBaHUi, TOTYyIUM

¢(u,0,0)= ri(e“’lm ((A(l) -Q- jal)fl AW )mj(A“’ -Q- jal)fl
m=0

Oo6parnoe npeodpazoanne Oypobe or cramsgpHoi Gpyuakuuun @(Uy, 0, a)e mo aprymeHnty
U1 UMEET BU]I,

#(n,0,2) :i ]i e g (u,0,a)edu, .
Torma nmeem
$(n,0,a)=— j e J“l“er(e'“lm ((A(l) Q- jaI)_lA(l’)mj(A(” ~Q- jod)‘l edu, =
= rZ% ]Z ej”1(m_”1)du1((A(l) -Q- jocl)_l A(l))m (A(l) -Q- jaI)_le.
m=0 gl

Taxk xak
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i ]T. eju1(m—n1)du _ 1, eciImm= nl
27 10, ecm m % n

3alluiIemM
#(n,0,a)= r((A(l) -Q- J'aI)lA(l))nl (AY -Q~ ja1) e.

Pacnipenenennie BeposTHOCTEW uYunciaa COOBITHH TIEPBOTO THIA, HACTYNMHUBIIUX B
MapKupoBaHHOM JaBymMepHOM MMPP 3a Bpems t, umeer Buja oOpaTHOro npeodOpa3zoBaHUs
Dypbe 0 NEPEMEHHOM

(n,0,t) ——J'e “$(n,0,a)da =

—J(())()
7[—7[

yro coBnazaer ¢ (8). IlpoBens aHajmoruuyHble NIeHCTBHs, MOJO0XKHB B paBeHcTBe (11)
nepemMeHHyo U = 0, moyYruM MapruHadbHOE pacipeesieHne BEPOSTHOCTEH Yrciia COOBITHI
BTOPOT0 THIIA, HACTYIIUBIIUX B MapKUpOBaHHOM aByMepHOM MMPP 3a Bpewms t B Buze

P(0,n, t ——je ot ( (A® - Q—jaI)lA(z))nz (A? -Q- jal) "eda,

4yTO coBmajaer ¢ (9).
Taxkum 006pa3zom, Ui TOro, YTOOBI HAWTH MaprHHAIbHbBIE PACTIPEICICHUS BEPOSTHOCTEH
P(ny, 0, t) u P(0, ny, t), mocTtaTouHO 3a1aTh MaTPHUIy MHOUHATE3UMAILHBIX XapaKTepUCTHK Q,

JUArOHAJIHBIE MaTPULbI AD  A® ycnousix unTencusHoctei AP uw A® mactynnenns

COOBITHI B M-OM COCTOSIHUHM JBYMEPHOTO MapkupoBaHHOoro MMPP, equnnunyro marpuny |,
BEKTOP-CTPOKY CTAIL[MOHAPHOI'O paCIHpeleTeHUs] COCTOAHUM uenu MapkoBa I, €IMHUYHBIA
BEKTOP-CTOJIOCI] €; ¥ MPUMEHUTH GopMyibl (8) u (9) mis 3a7aHHOTO 3HAYEHUST BpeMeHH | 1
Habopa 3HaueHuit N =0, 1, 2,... Teopema noka3zana.

1. Dudin A.N., Dudin S.A., Dudina O.S. Randomized Threshold Strategy for Providing Flexible
Priority in Multi-Server Queueing System with a Marked Markov Arrival Process and Phase-
Type Distribution of Service Time. Mathematics. 2023. Ne 11. P. 2669.

He Q.M. Queues with marked customers. Adv. Appl. Probab. 1996. Ne 28. P. 567-587.

3. Ilayns C.B., HazapoB A.A., Jlanatun WU.JI., By X.A. O6nacts NpUMEHUMOCTH aCHMITOTHYECKHX
pe3yabTaTOB MpH HccienoBaHun MapkupoBanHoro MMPP. MHdopmaunoHHBIE TEXHOJIOTHH H
matemarnyeckoe MmoxaenupoBanne (MTMM-2024): wmarepuanst XXII  MexayHapomHoit
koH(peperuuu umeHu A. @. Tepmyrosa. Kapum, 20 oxTs10pst — 26 oktsa0ps 2024 1. Tomck, 2024.
C. 171-177.
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TEXHOJIOT' U1 ®OPMUPOBAHMS BEIYUCIIUTEJIBHOM MUHO®PACTPYKTYPbI JIJI
KAYECTBEHHOI'O AHAJIM3A IBOMYHBIX TUHAMUYECKNX CUCTEM HA
OCHOBE METOJIA BYJIEBBIX OI'PAHMYEHNUA

A.A. Ilammunun, I'.A. Onapun, B.I'. bornanosa
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
apcrol@gmail.com, prn51@icc.ru, bvg@icc.ru

Meron OyneBblx orpaHudeHuid [l1] sBIAEeTCA OOCTATOYHO OOIIMM  METOJIOM
KaueCTBEHHOT'O aHAJIM3a U CTPYKTYPHO-TIAPAMETPUIECKOT0 CHHTE3a Pa3HOOOPA3HBIX KJIACCOB
nBonyHbIX AuHamudeckux cuctem (IJC): AJIC aBTomaTHOro THa ¢ GYHKIMEH MEPEX0I0B,
3a/IaHHOM B SIBHOM BHUJIE, YTO MO3BOJISIET OJTHO3HAYHO OMPEAEIUTh CIEIYIOIEe COCTOSHUE JTIst
a00oro Tekymero cocrosHus; cuHryiaspueix JJIC, matematuueckas MoJienb KOTOPBIX
Hapsily C YPaBHCHHSIMH JUHAMHKA aBTOMATHOTO THIIA BKIIOYACT YypPaBHEHUS CTaTHUKH,
OTPAaHUYMBAIOIINE MHOKECTBO COCTOSIHUM W MepexooB Mexay Humu; HeaBHbiX [JIC ¢
GyHKIMEH Mepexoa0B, OMPEIeICHHONW HESBHBIM OyJIEeBBIM YpPaBHEHHEM OTHOCHUTEIHHO
BEKTOpa MEPEMEHHBIX TEKYIIEro COCTOSIHUSI U BEKTOPOB TMEPEMEHHBIX IOCIEIYIOIMNUX
cocrosHui; acuHXpoHHbIX JI/IC ¢ ynpaBieHnem cxeMoil 0OHOBIICHHS MEPEMEHHBIX BEKTOPa
COCTOSIHUS; IBYJOJIBHBIX U nepecTaHOBOYHBIX JIJIC. CyTh 3TOro MeToaa COCTOUT B CBEICHUU
3amad kadectBeHHOro uccienoBanus JIC, QyHKIHMOHUPYIONMX HA KOHEYHOM MPOMEKYTKE
BpeMeHu, k pemeHuto SAT wnmu QSAT 3amad myrem mocTpoeHHs OyJeBOW MOIEIH
JTUHAMHUYECKOTO CBOMCTBA C MOCIEAYIONIeH TPOBEPKOI €€ BEIMOTHUMOCTHU ¢ ToMOIbio SAT u
QSAT pemareneii.

[IporpamMmMHas peanu3aiusi METO/Ia BKIIOYAET CPECTBA MOCTPOCHUS OYJIEBBIX MOJETEH
TUHAMHYECKUX CBOWCTB, MPOBEPKH HX BBIIOJHUMOCTH M IMOCTOOPAOOTKH IMOJY4YE€HHBIX
pe3yapTaToB. B pamMkax mNpeqioKEHHONM TEXHOJIOTMHM JTH NPOrpaMMHBIE CpEeACTBa
peanu30BaHbl B BHUAE MaKeTa MPUKIAJAHBIX MHUKPOCEPBHCOB [2], 3amyCKOM KOTOPBIX
VIPaBISIOT BHIYUCIUTENBHBIE areHTHl. B MOKaNbHBIX 0a3ax 3HAHHWHA 3TUX areHTOB XPAaHATCS
(dbparMeHThl OTHOILIEHUH, OTpa)KaloL[Ue B3aUMOCBS3b MHKPOCEPBHUCOB C MapaMeTpaMu IO
BXOJly U BBIXOAY. ATEHTH CO3JAIOTCS HAa OCHOBE MHCTPYMEHTAIBHOW TUTaT(HOPMBI
HPCSOMAS-MSC [2] u ycTaHaBIMBAIOTCS Ha Y3JIaXx MHUKPOCEPBUCHOW BBIYMCIMTEIBHON
uHppacTpykTypsl. [Ipoliecc BBIYMCIEHUN YIpaBIsSETCS areHTaMHU-MEHEIKepamu, B 0a3ax
3HaHUW KOTOPBIX XPaHATCS CJIOBapb MapaMeTpoB MpeIMeTHOW oOjactu, HMHPOpMAIUs O
BBIYHCIIUTENbHBIX areHTax, MHUKpPOCEpBHCAaX, KOMIO3ULHUSIX MHUKPOCEPBHCOB, MOCTAHOBKAX
3aJa4 W pe3ynbTarax pemieHus. [loctaHoBka 3ajmaun BBIMOJHSETCS B MHTepdeiice areHrta
noJsib3oBarens. B mokiane mpuBOAUTCS TEXHOJIOTHS (OPMUPOBAHUS TAKOW BBIYHCIUTEIBHON
uHppacTpykTypsl. OCHOBHBIMM 3TamamMH 3TOW  TEXHOJIOTMM  SIBJISIIOTCS  CO3JIaHUE
MUKPOCEPBUCOB U AareHTOB, IMOATOTOBKA BBIYUCIUTENIBHBIX Y3J0B, pa3BEpPThIBAaHUE
MUKpPOCEPBUCOB W areHTOB Ha BBIUMCIUTEIbHYIO CETh, 3allOJIHEHUWE 0a3 3HaHuil u
KOH(UTYpPHpPOBAHUE areHTOB. PaccMaTpuBarOTCs TOTIOTHUTENBHBIE KOMIIOHEHTHI TUTaT(HOPMBI
HPCSOMAS-MSC, aBroMartm3upymoIue dSTH JdTanbl. [IpakTudeckas 3HAYUMOCTH
pa3zpaboTaHHOTO WHCTpyMeHTapus oOycioBieHa mupokuM npumeneHuem J[JIC B xadectBe
JMBOMYHBIX MoJesied OObEKTOB B Pa3HOOOPA3HBIX MPEIMETHBIX O0O0JACTSIX M COCTOMT B
NOBBIIICHUH S()()EKTUBHOCTH WCCIEAOBAHUS ITHX MOJENEH MyTeM aBTOMATH3AIlMH BCEX
3TaroB €ro MPOBEICHUS.

1. Oparin G.A., Bogdanova V.G., Pashinin A.A. Qualitative analysis of autonomous binary dynamic
systems. Mathematics in Engineering, Science and Aerospace, 2019. V. 10(3). P. 407-419.

2. Oparin G.A., Bogdanova V.G., Pashinin A.A., Gorsky S.A. Microservice-oriented Approach to
Automation of Distributed Scientific Computations. IEEE: Proc. 42nd Intern. Convention on
Information and Communication Technology, Electronics and Microelectronics (MIPRO).
Opatija, Croatia, 2019. P. 236-241.
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UCCIIENOBAHUE AJI'OPUTMA YCBOEHMA JAHHBIX MOHUTOPUHI A HA
OCHOBE OIIEPATOPA HYBCTBUTEJIBHOCTH JIS1 TPEXMEPHOU
MOJEJIN ITEPEHOCA U TPAHCOOPMALIMU ITPUMECEN

A.B. HeHeHKol, A.B. FO‘IaKOBZ'l, I1.H. AHTOXI/IHS, B.B. Ilenenko!
lI/IHCTI/ITyT BBIUMCIINTENIEHOM MaTeMaTHKU 1 MaTeMaTtuieckoit reopuzuku CO PAH
2C1/161/Ip01<1/1171 pETHOHANIbHBIA HAYYHO-UCCIE0BATEIILCKUI THAPOMETEOPOTIOTUYECKUIA
UHCTUTYT
3I/IHCTI/ITyT ontuku armochepsl umeru B. E. 3yesa CO PAH
aleks@ommgp.sscc.ru

B pabote u3yuaercss 3¢(eKTUBHOCTh ANTOPUTMA YCBOEHUS JAHHBIX U3MEPEHUH A
TPEXMEpPHON MOJIENH MepeHoca U TpaHchopMali npumeceil B atMmocdepe ¢ HeM3BECTHBIMU
UCTOYHMKaMU  BbIOpOCOB.  3ajaya  YCBOGHHsI  JAHHBIX  paccMaTpuBaeTcs  Kak
MOCNIEOBATENbHOCTh  CBSI3aHHBIX ~ OOpaTHBIX  33dad  HAa  MOCIEA0BaTEIbHOCTH
HEINEPECEKAIOINXCSl  BPEMEHHBIX  MHTEPBAJOB, HA3bIBAEMbIX OKHAMHU YCBOEHHMS C
COOTBETCTBYIOIIMMH UCKOMBIMH BEIMUMHAMH ((QYHKIMSAMU HEONPEAEIEHHOCTH) U HabopaMu
JaHHbIX U3Mepenui [1]. s pemienus 3aqad uIeHTU(PHUKAIIMA UICTOYHUKOB B OKHAX YCBOCHHS
UCIIONIB3YETCSl MOJIXO0JI Ha OCHOBE OINEPATOPOB UYBCTBUTEIBHOCTH U aHcaMOiel pemeHuit
COIPSDKEHHBIX YpaBHEHUH, pealn30BaHHBINA B cucteme obpaTHoro monenuposanusi IMDAF
JUTSL BBIYUCITUTEIILHBIX KOMIUIEKCOB C pacipeaeiéHHON maMsThio [2, 3].

ANTOPUTM TECTHPYETCS Ha CLEHApUSAX OICHKHM HMCTOYHUKOB BBIOPOCOB M (YHKLIUHU
cocrossaus s baiikanmbckoro perwona. M3ydaercs 3¢G(EKTHBHOCTh alroputMa TIpH
pa3nuyHOM O0beMe amnpuopHOM uWHGpOpMAIMM O HEM3BECTHOM HCTOYHMKE, IIpU
UCIIOJIb30BAaHUHU DPA3JIMYHBIX THUIIOB JaHHBIX M3MEPEHUM, BKIIOYAs TOYEUHbIE KOHTAKTHbHIE
U3MEpPEHUS] U UHTETpPAJIbHbIE M3MEPEHMs] 10 BEPTHKAIM, MOJACIUPYIOLIUE JAHHbBIE
JTUCTAaHIIMOHHOTO 30HIUpOBaHus. Tak Kak peanbHbIe JAHHBIE U3MEPEHUI OOBIYHO COJIEpKaT
HNOTPEIIHOCTH U3MEPEHHUM, TO IPOBOAATCS HCCIEIOBaHMUS 10 OLEHKE YYBCTBUTEIBHOCTH
QITOPUTMOB YCBOEHUS K BO3MYIICHHUSIM U3MEPEHUNH. AJTOPUTM UACHTHU(PHUKAIIUU UCTOYHHUKOB
pa3paboTaH C UCHOJB30BAHUEM METOAOB pPEryIspHU3allUid PEIIeHUs KBa3MIMHEWHBIX
onepaTopHbIX YypaBHeHuil. Ha puc.] mnokazaH mnpumep KaueCTBEHHOIO HCCIEIOBAHUS
TOYHOCTH HUACHTHU(HUKAIMA HMCTOYHHKA B PEKHUME YCBOCHHS JAHHBIX B 3aBHCHUMOCTU OT
YpOBHSL IIyMa B JAaHHBIX HHTETPaJbHBIX KOHILIEHTpalMsX mnpumeceil mo BepTukaiu. C
YMEHBILIEHUEM YPOBHSI LIyMa TOYHOCTb BOCCTAHOBJICHHWS MCTOYHHMKA yBenuuumBaercs. s
aIropuT™Ma HJIEHTUGUKALUKA HCTOYHMKOB Ba)KHO aJE€KBAaTHO yKa3aTh YPOBEHb LIyMa B
naHHbIX. Ha puc.2 mpuBoguTcs npumep UCCIIENOBAaHMsS, KOIra JIJs pa3HbIX ypOBHEH HIyMa
CpaBHHMBAeTCS OTHOCHUTENbHAsl OIIMOKa BOCCTAHOBJICHMS AMHAMMKH IOJIEH KOHLIEHTpalUid B
cirydae, Korjaa uHGopMalius 00 ypoBHE IIyMa B JaHHBIX YYHTBIBACTCS M UTHOpHpyeTcs (NS).
B mocnennem ciydae ommoOKa OIEHKH MOJIeH KOHIICHTPAIMK CYIIIECTBEHHO BO3PACTAET.

" PaGora BhIMONHEHAa B pamkax rpanta Ne 075-15-2024-533 MuHHCTEpCTBA HAYKHM M BBICIIETO
oOpa3zoBanusg P® Ha BIMOTHEHHE KPYMHOTO HAYYHOTO MPOEKTA MO MPHOPUTETHHIM HAMPAaBICHUSM
HayYHO-TEXHOJIOTHYECCKOTO pa3BUTHS (TIpoeKT «DyHIaMEeHTaIbHBIE HCCIenoBaHus baitkambckoi
HPUPOJHON TEPPUTOPHM Ha OCHOBE CHCTEMbI B3aMMOCBS3AaHHBIX 0a30BBIX METOAOB, MOJEINeEi,
HEHPOHHBIX ceTel 1 HU(POBOil MI1aT(HOPMBI IKOIOTHIECKOTO MOHUTOPUHTA OKPYKAIOLIEH CPEabD»).
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Puc.2. OTHOCHTEIBHAS OIIMOKA OICHKH KOHIICHTPAIMH JIJIs pa3IMIHBIX YPOBHEH Iryma &,
KOT/JIa OHHM YYUTBIBAIOTCS B aJITOPUTME, M KOT/1a HTHOPUPYIOTCs (NS)

1. TIlenenko A.B., I'ouakoB A.B., Antoxwn I[L.H. Anroputm ycBOEHHUS JaHHBIX Ha OCHOBE
orneparopa 4yBCTBUTCIBHOCTU IJIA T‘pCXMepHOﬁ MOZACIN IEPEHOCA U TpaHC(bopMaI_II/II/I HpHMCCCﬁ
B atMocepe. Onruka armocdeps! u okeana. 2024. Ne 09 (37). C. 719-728.

2. Penenko A. et al. Sensitivity Operator Framework for Analyzing Heterogeneous Air Quality
Monitoring Systems. Atmosphere. MDPI AG. 2021. Vol. 12, Ne 12. P. 16971. doi:
10.3390/atm0s12121697

3. Penenko A., Rusin E. Parallel Implementation of a Sensitivity Operator-Based Source
Identification Algorithm for Distributed Memory Computers. Mathematics. MDPI AG. 2022.
Vol. 10, Ne 23. P. 45221. doi: 10.3390/math10234522.
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AHAJIN3 TAPEN U JUHAMUKU ITOCTIIMPOI' EHHOI'O BOCCTAHOBJIEHN S
PACTUTEJIBHOCTHU HA OCHOBE JJAHHBIX TUCTAHIIMOHHOI'O
3O0HJUPOBAHUS 3EMJIN

10.B. Ilectora, O.A. Hukonaiuyk, A.1O. FOpun, H.O. Jopoaubix
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH

yupest@icc.ru

JlecHble moxapbl OKa3bIBAIOT 3HAUUTEIHHOE BO3CHCTBHE HA 3KOCUCTEMBI, OCOOCHHO B
pEeruoHax ¢ IIOTHBIM JIECHBIM TIOKPOBOM, TaKuX Kak MpKyTckast 00acTh. 3a OCIEAHHUE TOIBI
Ha TEPPUTOPUM pPETHOHA HAONIONAIOTCS YCTOWYMBBIE SKOJOTUYECKHE U HKOHOMUYECKHE
MIOTEPHU, CBSI3aHHBIC C MHTCHCUBHBIM FOpPCHUEM JiecoB [1]. AHaIM3 AaHHBIX TUCTAHIMOHHOTO
soHaupoBanus 3emun (JI33) mo3BosisieT onpenensTh TpaHUIBI Tapei, OlEHWBATh ymIEepo
OTCIIC)KUBATh BOCCTAHOBJIICHHE PACTUTEIHHOCTH, YTO BAXKHO IS pa3pabdOTKH CTPATETHil 1Mo
CMSITYCHHIO MOCIIEACTBHUI MOYKAPOB U BOCCTAHOBJICHHIO SKOCUCTEM [2].

Ha ocHoBe metonoB ananm3a maHHBIX J[33 Obin pa3zpaboTaH MoIX0] UASCHTH(PHUKAIUU
IPaHUILl Tapeil U OLEHKU AUHAMHUKH MMOCTIHPOTEHHOTO BOCCTAHOBIEHUS PACTUTEIBLHOCTH AJIS
TEPPUTOPUI OTAETBHBIX JIECHUUECTB MIpKyTCKO# 001acTH.

C wucnonszoBannem 1iatgopmel  Google Earth Engine Owputn  paccumTansl
CIEKTpalibHble MHAEKCHI cocTosiHus pactutenbHoctd (NDVI) u manmmadra (NBR), uro
MO3BOJIUJIO BBIIBUTh HW3MEHEHUS PACTUTEIBHOIO TOKpoBa mocie mnoxapoB. OrleHka
MOCTIEACTBHIA TOKAapOB BBIPAXKAECTCS B KOJWYECTBEHHBIX XapaKTEPUCTHUKAX: IUIOIIAIU
BBDKKEHHOW TEPPUTOPHM, paclpeAesieHud IUIomaAed IO COCTOSHHUIO PaCTUTEIbHOTO
MIOKPOBA U BPEMEHHBIX PSAIOB C U3MeHeHHeM cpeaHero 3Hauenust NDVI.

Ha ocHOBe moJIy4eHHBIX JaHHBIX U Pa3MEUEHHON oOywaromiel BhIOOpKH pa3paboTaHa
MOJIelh KIacCH(UKAIMM HAa OCHOBE METOJIOB MAIIMHHOTO OOydYeHUs ISl ONpeaelcHUs
TPaHMI] Tape JJIs JIECHOUW TeppuTOpHuH. TeppuTOopus JIECOB ObLIa MOTydyeHa Ha OCHOBE KapThl
nokpoBa 3emnu, cozmannoit B MJICTY CO PAH [3], B 4acTHOCTH, BBIJCIEHBI 30HBI:
CMEIIaHHBIN JIeC, peIKoJIeche, BRIPYOKH, XBOWHBIH Jiec, KYCTApHUKH U JINCTBEHHBIH JIeC.

Hrorom paboThl CTalio CO3JAaHHME MPOTOTUNA BEO-TIPWIIOKECHHUS C HHTEPAKTUBHBIM
uHTEp(deiicom, KOTOpoe MPEeIOCTaBISAET MOJIb30BaTENSIM PE3yNIbTaThl aHAIM3a B BUAE KapT U
rpadukoB. B kayecTBe cTeka TEXHOJIOTHI HCob3yeTcs PppeiimBopk Dash mans co3nanus Beo-
MPWIOKEHUHN ¢ MOJACPKKON CO3/1aHns HHPOPMAIIMOHHBIX MMaHesel BU3yalu3auu JaHHBIX U
dpeiimBopk  Google Earth Engine anms oOpabotrka mannbix J[33. IlporoTwm mo3BomsieT
MOJIb30BATENIO BHIOPAThH UCCIIEYEMYIO TEPPUTOPUIO JIECHUYECTBA, IUAINa30H JaT U MOJYyYUTh
kapty u3 3 cnoes: 3HaueHus uHjaexkca NDVI, NBR, rpanunsl rapeii Ha OCHOBE MOAEIU
knaccuukanumu, a Takke rpaduKd IS ONEHKH yiiepda TEeppUTOPUU U JTUHAMHUKH
BOCCTaHOBJICHUS PACTUTEIBHOCTH IO HACTOSILETO BPEMEHH.

ToyHOCTP MpEAOKEHHOM MOJIENIN OLICHUBAETCS CPAaBHEHUEM C II100aNbHBIMU JAHHBIMU
o rapsax GlobFire [4]. Pe3ynpraTel paboThl MOMOTYT NOJYYUTh aKTyajbHbIC IaHHBIE O
MaciiTtadax TOCIEACTBUNA TOXKapOoB M MOTYT OBITh HCIOJNb30BaHbl IS MOHUTOPHHTA
COCTOSIHUS DKOCUCTEM U MPUHATUS PELICHUN TI0 MX BOCCTAHOBJICHHUIO.

1. [Hpozmosa T.U., CopokoBukoBa E.B. Ananu3 necHbIX moxapoB B Mpkyrckoit o6mactu 3a 2010-
2019 rr. XXI Bek. Texnochepnas 6e3omacHocts. 2021. T. 6, Ne 1. C. 29-41.

2. llorenoBa H., Captun C. IllpuMeHeHHWE AWCTAHIIMOHHOTO 30HIUPOBAHUS 3EMIH JUIA
ompeeNeHNs TUTOMIAAN JISCHBIX M0XKAapOB, CTEIICHN TOPEHUS U BOCCTAHOBICHUS TOCIE MOXKapa.
Engineering Journal of Satbayev University. 2023. T. 145, Ne 3. C. 31-39.

3. Bychkov I. V. et al. On classification of Sentinel-2 satellite images by a neural network ResNet-
50. Computer Optics. 2023. V. 47, Ne 3. P. 474-481.

4. Artés, T., Oom, D., de Rigo, D. et al. A global wildfire dataset for the analysis of fire regimes and
fire behavior. Sci Data. 2019. V. 6, Ne 296.

173


mailto:yupest@icc.ru

O POBACTHOM VIIPABJISIEMOCTH .
ANPOEPEHIIUAJIBHO-AJITEBPAUMYECKNX YPABHEHNH
C ITAPAMETPUYECKOU HEOIIPEAEJIEHHOCTDBIO

I1.C. Ilerpenko
WHCeTuTyT AMHAMMKY CHCTEM U TEOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
petrenko_p@mail.ru

PaccmarpuBaercsi HecTanMoHapHas CHCTeMa OOBIKHOBEHHBIX Ju(depeHITnaTbHBIX
YpaBHEHUU
A)x'() + B®)x(t) +U()u(t) =0,t €T = [0, +x), 1)

rae A(t),B(t),U(t) — 3amaHHBIC BEUICCTBEHHBIC MATPHIIBI COOTBETCTBYIOIIMX Pa3MEpOB,
npu stom det A = 0; x(t) € C*(T) — n -MepHast uckoMasi (GYHKIHSI COCTOSIHHS CHCTEMBI,
u(t) — l-mepHas QyHKIMS yIpaBIsSIONIETO BO3ACHCTBUA. Takue CHCTEMBI TPUHSATO HA3hIBATh
nuddepernuanbHo-anredopandeckuMu ypasaeHusmu (JAY). Baxkueiielr xapakTepucTUKOn
JTAY sBrsieTcs HHIAEKC HEPA3PELUIEHHOCTH, OTPAYKAIOLIUI CII0)KHOCTh BHYTPEHHEN CTPYKTYpBI
cucteMbl. UeM BBIIIE MHIEKC, TEM CIIOKHEE TOJIaeTCsl MCCIESIOBAaHHIO paccMaTprBaeMast
cuctema JIAY.
PaccMoTpuM BO3MyIlIEeHHOE YpaBHEHUE

AWDx'() + B®) + XL, aiBi + B)x(t) + (U®) + X, auU; + Du(t) =0, (2)

re a; — HeompeseNeHHble mapamerpsl, B; m U; — 3aJaHHbIC BEIIECTBEHHbIE MATPHIIbI,
0603HavAIONINE THHEHHO 3aBUCHMYIO0 HH()OPMAIIHIO O HEONpeIeIeHHbIX TTapaMeTpax a;; B u
U — Heomnpe ieieHHbIE MATPHIIBL, T.4. ||§|| < ﬁ1,| l7|| < B.

ITyctes JAY (1) obnamatoT cBoiicTBOM yripaBisieMocTH (MONHOH, R-ympaBnsemoctd u
JIp.) Ha HEKOTOPOM MHTEpBaje. 3amada podacTHou ympasisiemoctu JAY (1) 3akmodaercs B
HaXOXJECHUU YCIOBUHM, NpU KOTOPHIX BO3MYIIEHHas cucrema (2), (3) ocraHercs mo-
MPEXKHEMY YIIPaBIIEMO Ha ’TOM UHTEpBae [1].

AHann3 OCHOBBIBAETCS Ha MpeoOpa3oBaHUM ypaBHEHHS (2) K CTPYKTypHO# dopme ¢
pasneneHHbIMU AU depeHITnaTBLHON U alreOpandecKon moacucTeMamu [2]

(0, OED)+(F B )+ (Paw=0 @

rne Ji,Jo, U, U, — HEKOTOpblE MaTpPHIEI COOTBETCTBYIOIIMX pa3MepoB, (Xq(t),x,(t)) =
Q x(t), u(t) = (u(t),u'(t),...,u™(t)),Q — MaTpuia NEpecCTAHOBOK, T — MHIECKC
HepaspemeHHocTH. [Ipu 3ToMm MHOXKecTBa penieHuit cuctem (2) u (3) coBmaaroT.

[Tomyyens! nocraToyHble ycnoBUs poOacTHOM monHoM u R-ympaBmsemoctu HAY (1)
uHIekca | u 2 ¢ napamMeTpuyecKol HeOPeaeIeHHOCTHIO.

1. TIlerpenko II.C. PobactHas ympaBisieMOCTb JHHEHHBIX An(¢epeHIHaTbHO-aNre0pandecKux
YpaBHEHUH  C  HECTPYKTYPUPOBAHHOW  HEOMNPENIENIEHHOCTHIO. Cubupckuii  KypHaI
uHaycTpuanbHoi Matematuku. 2018. T. 21, Ne 3. C. 104-115.

2. lernosa A.A. K Bompocy 0 cBepXyCcTOHYMBOCTH MHTEPBAIBHOTO CeMENCTBa TU(PepeHInaIBEHO-
anreOpanvyeckux ypaBHeHUH. ABToMaTuka 1 Tenemexanuka. 2021. Ne 2. C. 55-70.
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IMIPUMEHEHUE HEMPOCETEBBIX TEXHOJIOI M JJ14
ABTOMATHU3MPOBAHHOI'O CO3AAHMA U PEJAKTUPOBHU A
BUJEOKOHTEHTA

H.C. ITunumuyk, A T'. banaxuu
HpkyTckuii rocy1apCTBEHHbI YHUBEPCUTET

C y4eToM CTPEMUTEIHHOTO YBEIMYEHUS OOBEMOB BHUICOJAHHBIX, BO3HHUKAIONINX B
pe3ynbTare MOBCEMECTHOTO pacHpoCTpaHeHuss IUGPOBBIX YCTPOWCTB W IUIaTopMm Juis
oOmeHa MH(OpMaIUeil, BO3HUKAeT HEOOXOAMMOCTh B pa3paboTke 3((HEKTUBHBIX METOJOB
aHaiau3a U o0pabOTKM BHACOKOHTEHTA. [[prMeHEeHHe HEHMpOCeTeBBIX TEXHOJIOTHUH 00J1amaeT
MOTEHIIMAIOM ISl YIYUYIISHHs TPoIecca CO3/IaHUs BUACOKOHTEHTA 3a CUYET HCIOIh30BAHUS
METOJIOB HEHPOCETEBBIX TEXHOJIOTUN, MOCKOJIBKY TPAaIUIMOHHBIE METOIbl CO3JaHUS U
pPEAaKTUPOBAHUS BHICOKOHTEHTA TPEOYIOT 3HAUUTEIBHBIX BPEMEHHBIX 3aTPaT, YeIOBEYECKUX
pecypcoB u mpodeccroHadbHbIX HaBBIKOB [1]. HelipoceTeBbie TEXHOJIOTHH OTKPBHIBAIOT
HOBBIC TOPU3OHTHI ISl aBTOMATH3AIMH 33a/ad, CBS3aHHBIX C PACIO3HABAHUEM OOBEKTOB,
AQHAJIM30M CIIEH, CerMEHTalued H300pakKeHUH U MHOTHUMH APYTUMHU aclleKTaMHU padoOThI C
BUJICO. OTH TEXHOJOTUU TO3BOJIAIOT 3HAYUTEIHHO TMOBBICHTH TOYHOCTH U CKOPOCTh
00pabOTKM JaHHBIX, 4YTO JejlaeT WX He3aMeHUMBIMH. (OCOOEHHO aKTyaJbHBI TaKHe
TEXHOJIOTUH ISl UHIAYCTPHA MapKETHHTa, peKJIaMbl, KHHOMHIYCTPUU M COIHMAIBHBIX CEeTel
[2]. ABTOMaTM3amusi 3TUX MPOIECCOB IO3BOJISET HE TOJIBKO COKPAaTUTh HW3AECPKKUA Ha
MPOU3BOJICTBO KOHTEHTA, HO M YIYUIIUTh €0 Ka4eCTBO 3a CUET MCIIOJIb30BAHUS aITOPUTMOB
MAaIIMHHOTO 00y4YeHus AJis 60jee TOUHOTO aHalu3a JaHHbIX.

Pabora mocBsmieHa pa3pabOTKe MPUIOKEHHS ISl aBTOMATU3UPOBAHHOTO CO3/IaHUS U
pElaKTUPOBAHMSI BUACOKOHTEHTA C NMPUMEHEHUEM HEHUpOCEeTeH Il COLMAIbHBIX CETEH U
BUJICOXOCTUHTOB. [IpuioskeHne o01anaeT cleayromuMu QyHKIUSIMU:

® CerMEHTAallUs OJHOr0 JUIMHHOTO BHJEOPOJIMKA Ha HECKOJIbKO KOPOTKHX JUIS
KJunoB/shorts Buaeo ¢ 3MEHEHUEM pa3pelieHusl U3 TOPU30HTAILHOTO Ha BEPTUKAIbHOE IS
MOOUJIBHBIX ~ YCTPOWCTB, C J00aBICHHMEM aBTOMATUYECKOW TEHEpaluu CyOTUTpPOB,
HaJIO)KEHHEM TEKCTOBOT'O 3aroJIoBKa IMOBEPX BUJIEO U 3aCTaBKH B Hayalle/KOHLIE;

® reHEepaIrio BUICOKOHTEHTA HA OCHOBE U300paKEHUH C 03BYUYKOM TEKCTA;

B xome paboTbl ObUIM MpOAHATU3UPOBAHBI M ONPOOOBAHBI PA3JIUYHBIC THUIIBI
IPOrPaMMHBIX CPEICTB C HCIOJIb30BAaHUEM HEUPOCETEBBIX TEXHOJIOTUW, MOAXOASIINE s
ABTOMATU3UPOBAHHOTO CO3/IaHUS U PEIAKTUPOBAHUS BHJICOKOHTEHTA. McXOas u3 ATOro ObLI
BBIOpaH BapuaHT pa3pabOTKH C UCIOIB30BaH s3bIKa porpaMMupoBanus Python, 6ubmunorek
U MOJENIell C OTKPBHITBIM HMCXOJHBIM KOAOM. JlaHHBI BapuaHT pa3pabOTKH MO3BOJSET
MOJIHOCTBhIO KOHTPOJIUPOBAThH MPUJIOKEHUE HA BCEX dTamax, HE PUCKYIO MOTEPSTh TOCTYH I10
peleHuo mpaBoo0agaTens, Kak 3TO MOXKET ObITh TPH HCIOJIb30BAHWU TOTOBBIX Web-
MIPUJIOKEHUH, WM CEPBUCOB, KOTOPBIE MpeaocTaBisaioT APl pazpaboTku.

Python 6ubnroTeKH 1 MOJIETTH, UCTIOIB30BAHHBIC TIPU Pa3pabOTKe:

eOpen Al Whisper ¢ moxmensto «Medium» - mpeoOpazoBaHHe Trojioca B TEKCT,
reHeparnus CyOTUTPOB;

¢ G4F ¢ mogensio «GPT-40» - cermeHTanus CyOTUTPOB Ha (PparMeHTHI 110 CMBICTTY;

e Open CV ¢ mozenpio «Haarcascade Frontalface» - mouck it Ha Bueo;

eEdge TTS — cunres peun;

e MoviePy — monTax, m1o6aBineHue 3G GEKTOB U peHIEp.

Paz0epem onHY M3 BO3MOXKHOCTEH NMPHIIOKEHHUS] — 3TO CETMEHTALMIO 110 CMBICITY U3
OJIHOTO TOPU30HTAILHOTO BHUJIEO B HECKOJIBKO BEPTUKAIBHBIX C M00aBIEHUEM CYOTHUTpPOB,
3arojioBKa u 3acTaBku. Cxema, onuchiBarolas padoTy npejcTaBiieHa Ha puc. 1.
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Puc. 1. Cxema paGoTsl QyHKIIMU TPHIIOKEHUS

Ha BXox mocrtymaer BUI€0, H3 KOTOPOTO M3BJICKACTCS ayAHOAOPOXKKA M mepenaéres B
mozenb «Mediumy 6ubmmorexn Whisper, rae renepupyercst Gaiiin ¢ cyoTUTpamMH, KOTOPBIA
nepempaéress B apyryio Mozaenb «GPT-40», kotopas NMpu MOMOIIM TPOMTa, B KOTOPOM
YKa3bIBACTCS «Pa3ACNUTh CYOTUTPHI Ha (PPAarMEHTHI 1O CMBICITY», BO3BpAIlae€T MACCUB, TIE
KaXbIii 2JI€MEHT COACP)KUT JAaHHBIE MO KOHKPETHOMY ¢parmeHty. Jlamee B IHKIE s
KaXJIOT0 3JIEMEHTAa MAacCHBa IPOUCXOAUT OOpe3Ka MO JUINTEIbHOCTH, OCHOBBIBAsCh Ha
JAHHBIX (pparMeHTa, MOWCK JMIa Ha BHUICO IMPH TOMOIIM OHOIMOTEKH KOMITBIOTEPHOTO
3penust Open CV, u oOpe3ka BHIIEO MO Pa3peUICHUIO TaK, YTOO0 KOOPAWHATHI HAWICHHOTO
nuna Oputd B meHTpe. Korma ¢gparMeHT oTdopmMaTHpOBaH B HY)KHOE paspelieHue, MOBEPX
HETO HAaKIIaJbIBACTCs 3ar0JIOBOK, KOTOPBIN Tak)Ke B3ST U3 JAHHBIX O parMeHTe, CYOTHTPHI U
3acTaBKa.

[IpakTuyeckass 3HAYUMOCTH PabOTHI OOYCIOBJIEHA BO3MOXKHOCTBIO HCIIOJIBb30BAHUS
TOTOBOTO MpUJIOKeHHS B padore «Jlabopatopuu Mynstumenua» ®BKUM UI'M u camoro
YHusepcurera.

1. KaGanosa B.B. IlpuMmeHeHHEe HCKYCCTBEHHOTO HHTEIUICKTAa NMPU padoTe ¢ MYJIbTHUMEIUHHOMN
undopmarnueii / B. B. Kabanosa, O. C. Jlorynosa. BectHuk YepenoBenkoro rocyaapcTBeHHOTO
yauBepeuteta. 2022. Ne 6(111). C. 23-41.

2. Cunopenkosa C.A. BHenpenne cucTeMbl HCKyCCTBEHHOTO MHTEIUIEKTa B cepe KMHO, My3BIKU 1
Bugeo / C. A. CumopeHkoBa. HMH(opMmalHMOHHBIE TEXHOJOTHH W CHCTEMBI: YIpPaBICHHE,
SKOHOMHMKA, TpaHcHopT, mpaso. 2023. T. 1, Ne S2. C. 143-148.
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PA3PALOTKA T'EHEPATOPA HABBIKA JIUIS ITPOBEJIEHU A AHKETUPOBAHUA
HA INIAT®OPME «IHAEKC-ANAJIOI N»

KA. HI/IquKl, B.B. HaHIKOBal, A.B. Cron6os?

lI/IpKyTCKI/Iﬁ HalMOHAJIbHBIA UCCIIEA0BATEIIbCKUM TEXHUYECKUA YHUBEPCUTET
2I/IHCTI/ITyT JWHAMUKHU CUCTEM M TeopuH yrnpasieHusa umenu B.M. Marpocosa CO PAH
zoom.kirill.relax@gmail.com, valeriapashkoval3@gmail.com, stolboff@icc.ru

AKTyanbHOCTh pa3pabOTKH BHUPTYaIbHBIX AaCCHCTEHTOB B  HACTOSIIEE BpeMs
00ycJI0BJI€HAa UX HMIMPOKUM NPUMEHEHHEM B PA3IUYHBIX cepax, TaKUX Kak 00CIyKHBaHHE
KJIMEHTOB, O00pa3oBaHME, 3]paBOOXpaHeHMEe W OusHec. BupTyanbHble aCCHUCTEHTHI
3HAYUTENIBHO MOBBINAOT 3((HEKTUBHOCTh B3aMMOJEHCTBHSI C MOJIB30BAaTEIIMU, 0OecnednBas
OBICTPBIA JOCTYH K HH(pOpMalM{, aBTOMATH3alMIO IPOILECCOB M YIYYIICHHE KayecTBa
oOcnyxuBanus. C pa3BUTHEM TEXHOJIIOTUH MCKYCCTBEHHOIO MHTEIJIEKTa U 00pabOoTKH
€CTECTBEHHOTO S3bIKa CTENEHb BHEIPEHUS BUPTYaJIbHBIX ACCUCTECHTOB B IOBCEIHEBHYIO
IPaKTUKY 3a MOCJIEAHNE HECKOJIBKO JIET 3HAYUTENBbHO yBeJIn4ach. B cBs3u ¢ 3TUM BoO3pocia
NOoTpeOHOCTP U B HMHCTPYMEHTAIBHBIX CpEACTBAX, KOTOpble MOIJIM Obl IMOAJEPKHUBATH
pa3pabOTKy TaKUX CHUCTEM, OOecTiedrBas ya00CTBO U THOKOCTh X CO3JaHUSI.

B pamkax 3TOro axkTyajdbHOTO HampaBiICHUs pa3padaTbIBaeTCs WHCTPYyMEHTAbHAs
maTdopma MOANECPKKUA CO3JaHUsT BUPTYaTbHBIX acCUCTEHTOB [1]. Dta mumardopma gomxHa
o0ecreynBaTh BCE OCHOBHBIE 3TaIlbl MPOLIECCa MPOSKTUPOBAHUS BUPTYAJILHOTO aCCUCTEHTA U
UCIOJIBb30BaTh Ul MX peau3aliy CYIIECTBYIOIME MPUKIAAHbIE IUIATPOPMBI pa3pabOTKU
JIMAJIOTOBOTO TOJIb30BaTeNbckoro uHTepdeiica (amampumep, Google Dialogflow, Snaexc
Huanoru uim Just Al).

B nanHoli paboTe paccMaTpUBAIOTCS pPE3YNbTaThl, CBSI3aHHBIE C pa3pabOTKOM
IPOTOTHIA MOAYJS IUIaTGOPMBI Ui ABTOMAaTHU3UPOBAaHHON TIEHEpalM aHKET, KOTOPBIH
dopmupyer  cnenMduKanMioO  pasroBOpHOro  MHTepdeiica,  cneuupuKaAUo I
CHELMATU3UPOBAHHOrO OJI0Ka YIpaBJIEHUs] aHKETHUPOBAHUEM M HMHCTPYKIMIO 110 BHECEHUIO
MU3MEHEHMUH B HaBBIK. JTO YIPOIIAET U YCKOPSIET MPOIIECC CO3/IaHUS TOJIOCOBBIX TTOMOITHUKOB
JUI aHKETUPOBAHUS, MUHUMU3HUPYsI BEPOATHOCTh OIINOOK.

B xoze aHanu3a pa3nu4HbIX MWIATGOPM AJIsl CO3/1aHUS TOJIOCOBBIX TTOMOITHUKOB, TAKHX
kak COep u Jast Al, Obutn BeIOpansr SAnaexc./luanoru [2] kak ocHOBa JJI MPOTOTHUIIA. DTOT
BBIOOp OOYCIIOBIIEH INMPOKMM OXBAaTOM AayAMTOPUHM W BO3MOXKHOCTBIO MHTETpaluu ¢
3KOCcHUCTEMOH AHIekca.

Co3naHue TOJIOCOBOTO TOMOIIHUKA JJs aHKETUPOBaHHMS Ha TuiaTdopme SHIEKC.
Jluanoru BKIJIIOYaeT HECKOJBKO ITANOB: MPOEKTUPOBAHUE, HACTPONKA aKTUBALIMOHHBIX (pa3,
CO3/laHME CXEMBlI JAMAJOroB, ONpeAeieHHe (peidMoB, HalUCaHWE Kojxa UIs 00pabOTKU
3aMmpoCcoOB, HACTpOWKa BEOXYKOB, TECTUpPOBaHHE W Mojeparus. JlaHHBIM mporecc TpeOyeT
3HAYUTEIbHBIX BPEMEHHBIX U TPYJIOBBIX 3aTpaT, a TaKXKe MOJBEP)KEH OIIMOKaM, YTO MOXKET
3aTPYAHSTH pa3paboTKy.

Jns pemenust 3Toil mpobiembl Obuta paszpaboraHa cucrema «SIHKeTa», KoTopas
aBTOMAaTU3UPYET CO3/aHUE TOJIOCOBBIX IOMOIIHMKOB. EE mnpuMeHeHue mO3BOJSET
pa3paboTyrKaM COCPETOTOYUTHCS Ha (YHKIMOHAIBHOM JIOTUKE, CHU3UTh PYTHHHBIC 3a]1a4d U
CTaHJAPTU3UPOBATH MIPOLECC CO3/1aHUS TOMOLTHHUKOB.

Lenbro nccienoBaHus SBISCTCS:

1. Co3nanue yHUBEpPCAJIBHOIO CpPEACTBA Ui CO3AAHUS I'OJOCOBOIO MOMOIIHUKA JUIs
aHKeTHpoBaHUs Ha miardopme SAnnekc./lnanoru, cnocoOHOro aBToMaTuyecku (GOpMHUPOBATH
BOIPOCHI HA OCHOBE BXOSIIIUX CTPYKTYD.

2. Pa3paboTka apXUTEKTYpbl TEHEpaTOpa, BBIMOJHSIIOMIETO ClEAYIomHe (QYyHKIHH:
NOJIy4EeHUE CTPYKTYphl aHKEThI; FeHepanus Tekcra cnenudukanun it Suaexc./luanoros Ha
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OCHOBE JlaHHOM Mojenu; (GOpPMUPOBAHUE T[ApaMETPOB Ui KOMIIOHEHTA YIpaBICHUS
JUAJIOTOM TIO CTPYKTYpe aHKEThl W Pa3rOBOPHON MOJenu (aFOPUTM aKTHUBAI[UU BOIPOCOB
AQHKETUPOBAHUS, CBSI3b BOIPOCOB C HAMEPEHUSIMU, TeHEpallHsl KII04Yel A KaXKIoro BOIpoca,
BbIJIa4a JIBYX KIIFOUEBBIX CTPYKTYP Ha BBIXOJE).

3. Pa3zpaborka mporpamMMHOTO cpeicTBa (OJOKa yNpaBIICHWs aHKETHPOBAHUEM) IS
npoBeJeHUST  aHKeTHpoBaHws Ha 1wuiarpopme  Snrmekc./lwamorn ¢ CIEAYIOUIUMHU
XapaKTepUCTUKaMU: 00paboTKa OTBETOB MOJIb30BaTENs U YIPABIECHUE COCTOSHUSAMU JUAJIOTa;
MOJJIEPKKA CTAaTUYECKUX M YCJIOBHBIX TNEPEXOoJ0B; 00pabOTka HaMepeHWil, COXpaHEHUE
pe3yNbTaToB OIpoca U Mepeaaya ux Ha cepsep 0o coxpaHeHue Ha SAnnekc.Jluck.

4. TectupoBaHWe HA WUTIOCTPATUBHOM IMpPUMEpE TMPU PeaTu3allii aHKETUPOBAHUS JIJIS
dbopmupoBanus TPODUIIS 3M0POBHS CTYICHTOB.

I'eneparop cucremsl «SlHKeTa» oOpabarbiBaeT BXOJHbIE MaHHbIE B (opmare JSON,
coJlepiKallie CTPYKTYpy aHKEeThl U MOJENb pa3roBOopHOro umurepdeiica. Ha ux ocHose oH
CO3MaéT JABE KITFOYEBHIC BHIXOJHBIE CTPYKTYPBHI:

1. PasroBopusIii uaTEpdeiic s Anmekc./[namoroB ¢ TekctamMmu BOIPOCOB, (Pppeiimamu
U CIIOTaMH.

2. Jloruky mepexo0B MEXIy BOIMpPOCaMHU (CTaTHYECKHUE W YCIOBHBIE), YCIOBHS
oTtoOpakeHust 1 00pabOTKU OTBETOB.

Anroput™m paboThl TeHepaTtopa BKIodaeT: 3arpy3ky JSON-daitnoB, COpTHPOBKY
BOIIPOCOB TI0 MPHOPUTETY, CO3JaHME 3aluceil A KaxIoro Bompoca (TEKCTa, THUIIA,
BO3MOJKHBIX OTBETOB), 00pabOTKY mepexo/10B, GOpMHUPOBAHUE KOHEUHBIX CTPYKTYP U BO3BpaT
TOTOBBIX JAHHBIX. JTO MO3BOJSAET Y (PEKTUBHO aBTOMATH3UPOBATH JIOTHKY aHKETUPOBAHMUS.

['enepaTop coCTOUT U3 NATH OJIOKOB:

1. 3arpy3ka JaHHBIX — YTEHUE CTPYKTYPBI aHKETHI H Pa3rOBOPHOTO HHTEpdeiica.

2. O6paboTKa BOPOCOB — COPTHUPOBKA M aHAJIU3 JTAHHBIX.

3. O6paboTka nepexoJ0B — HACTPOUKA MEPEXOA0B MEKIAY COCTOSHUSIMH.

4. OnTEMU3anys JaHHBIX — yJIaJeHUE JIUITHEH HHPOPMALIUH.

5. Tenepanust naHHBIX — (OPMUPOBAHUE WTOTOBBIX CTPYKTYp MUl JHAIOTOB U
YIPaBIICHUSI.

Bbnok ynpaBnenus aHKeTUpOBaHHEM OOECIIEYMBACT PEATHU3ALNI0 UAJIOTOBOM JIOTUKHA U
B3aMMOJIeICTBHE ¢ MoJib30BaTeneM. ETo kitoueBbie KOMIOHEHTHI:

1. 3arpy3ka JaHHBIX — HHUIMATIU3AIHS BOIPOCOB, COCTOSIHUM U (peiiMOB.

2. O6paboTKa ceccuil — yIpaBJICHUE CECCUSIMHU U UX COCTOSTHUSMH.

3. YrpaBieHue COCTOSIHUSAMHU — OIpPE/EICHUE CIEAYIONEro IIara Auajgora Ha OCHOBE
YCIIOBUHM M OTBETOB MOJIb30BATES.

4. O6paboTKa OTBETOB — NMPOBEPKa KOPPEKTHOCTU OTBETOB, BAIMIALNA U TOBTOPHBIE
3aMpoCkl MPU HEOOXOAMMOCTH.

5. B3aumoneiicTBue ¢ moip30BaTeNeM — OTIPaBKa BOMPOCOB, MOIYYEHHUE OTBETOB H
yIpaBieHUe TUITaMU BOIIPOCOB.

6. CoxpaHeHHe JaHHBIX — COXpAaHEHHE PE3yJIbTAaTOB aHKeTHpoBaHUs B popmate JSON
U Tiepeiaya uX B XpaHUJIHILE.

I'eneparop BOMpPOCOB Ui TOJIOCOBOTO IOMOUIHMKA 0OOpadaTbiBaeT pa3iuyHbIe
KaTeropuu BOIIPOCOB:

1. TIpocTsie BOIIPOCHI ¢ PUKCHPOBAHHBIMU BapUaHTaMU OTBETOB.

2. IIpoBepoyHBIC BOMPOCHI.

3. YcnoBHbIE BOIPOCHI.

MeTtoauka pa3MemieHusi Ha miaatdopme. [ ucnons30BaHUsS CHUCTEMBI «STHKeTa»
pa3paboTINKy HEOOXOIUMO:

1. 3apeructpupoBatbcs B SHnekc./[namorax.

2. IloaroToBUTH CTPYKTYpY aHKeThl B popmate JSON.

3. 3amycTuTh reHepaTop U MOJYUYUTh CHeU(PUKALUYU ISl TOJIOCOBOTO MOMOIIHUKA.
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4. HactpouTb 00saunyro GyHKIHIO Ha miaTdopme SHaeKkca 1 MHTErpUpOBaTh JaHHEIE.

5. Hactpouts mapamerpsl uaTepdeiica (ronoc, XpaHUIUIIE JAHHBIX, BEOXYK).

6. 3amonHUTH JaHHBIE B OJSAX MIATGOPMBI U Pa3BEPHYTh MOMOIIIHUKA.

Cucrema <«SlHKeTa» 3HAYUTEIHHO VYIPOINAET TWPOIECC CO3JAaHUS TOJIOCOBOTO
MOMOIIHHUKA, TO03BOJAS 3(PQPEKTUBHO aBTOMATU3UPOBATh AHKETUPOBAHME W CHU3UTh
BPEMEHHBIE 3aTPaThl HAa Pa3paboTKy.

[TpakThueckasi peanusanysi CHUCTEMbl MPOMLIIOCTPUPOBaHA Ha MpHUMeEpe pa3padOTKu
r0JI0COBOTO IIOMOIITHHKA «udposoii MEAULIMHCKUI ITOMOLTHUK» (IMIT),
IpeIHa3HaYeHHOro NIl cOOpa JaHHBIX O COCTOSHUHU 3/I0pPOBbS CTYIEHTOB. DKCIIEPTOM W3
«MIpKyTCKO# TOCYapCTBEHHOW MEIUIIMHCKON aKaJeMHH MOCIEANILIOMHOTO OOpa30BaHUs»
ObLIa TIpe/icTaBiIeHa aHkeTa. B xoae paboThl JaHHas aHKeTa Obla yCIenHo mpeoOpa3oBaHa B
dopmar JSON, 3zarpyxena B cuctemMy <«SIHKeTa» ¥ UCHOIB30BaHA [UIsl TEHEpAIuU
pasroBopHoro uHTepdeiica u JOTuKU auainora. PazpaboTaHHBIN HAaBBIK OBUT MPOTECTUPOBAH
CTyaeHTamMu VIpKyTCKOTO HAIlMOHATBHOTO UCCIIEIOBATEILCKOTO TEXHUUECKOTO YHUBEPCUTETA,
YTO MOATBEPAMIO PAOOTOCTIOCOOHOCTh M 3(PPEKTUBHOCTH MPEIOKEHHOTO MOAXO0/A.

Takum 00pa3zom, Obljla JOCTUTHYTA MOCTABJICHHAS 11€Jb: pa3paboTaHO YHUBEPCAIBHOE
CPEICTBO  JUIi  aBTOMATHU3MPOBAHHOTO  CO3JAHUSl  TOJOCOBBIX  TOMOIIHHUKOB ISt
AHKETUPOBAHUS. [TomyueHHbie  pe3yNbTATHI JEMOHCTPHPYIOT MEPCIIEKTUBHOCTh
MCIIOJIb30BAaHUsl aBTOMATHU3AIMK B 00JIACTH CO3/IaHUS TOJIOCOBBIX HUHTEP(EICOB.

1. Dorodnykh N.O., Nikolaychuk O.A., Yurin A.Y., Stolbov A.B. Towards knowledge-based virtual
assistant development with the aid of ontology transformations. Proceedings of the 2022 IEEE
International Multi-Conference on Engineering, Computer and Information Sciences
(SIBIRCON). P. 830-834 (2022). https://doi.org/10.1109/SIBIRCON56155.2022.1001691

2. Supexc./luanorn [Dnextponnsiii pecypc]. URL: https://yandex.ru/dialogs (lata oOparueHus:
13.11.2024)
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METO/I TIOTPYKEHUSA U «CYIIEP-JIBOMCTBEHHOCTb»
B 3ATAYAX OIITUMAJIBHOI'O YIIPABJIEHUA

H.N. Tlorogaes, M.B. Crapunsia
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
nickpogo@gmail.com; starmax@icc.ru

Jlokiian mOCBAIEH OOCYXAEGHHIO OJHOTO TMOJIXO0Ja K HCCIEAOBAaHUIO — 3a/1ady
ONTUMAIBHOTO  YIPABJICHUS KJIACCUUECKUMHU U  PACIPENCICHHBIMU  JUHAMUYECKUMU
cucremamu. [logxod coCTOUT B TOTPY)KEHUHM HEJIMHEHHOW JUHAMUYECKOW CHCTEMBI
(meicTByroIIEH, BOOOIIE TOBOPSI, HA METPUYECKOM MPOCTPAHCTBE) B KIIACC TMHEHHBIX CUCTEM
«B pacmpeleneHusX» (ONpPEIeNICeHHbIX YK€ Ha JHUHEHMHOM — conpscenHom OaHaXOBOM —
IIPOCTPAHCTBE) C IOMOLIBI0 KAaHOHMYECKOIO JAMPAKOBCKOrO BIOXEHHS. B pesynprate
HEeJIMHEHHas 3a7a4a yIpaBJIeHUs MpeoOpa3yeTcs K HEKOTOPOH «cyrep-3aaade», JUHEHHOH 110
COCTOSIHHUIO.

OTOT mar BOCHPOM3BOAUT Ty K€ HICK «IMHEAPU3AUUU», 4YTO JIEKUT B OCHOBE
XpoHooruyeckoro ucurcienus [1] u reopun oneparopo Kynmana [2], onHako oTinyaeTcs
OT HMX IO peanu3anuu. VMMeHHO Takas peanuszanus IO3BOJISET HCIIONb30BATH aIIapar
TEOPUH  JBOMCTBEHHOCTH: JIMHEMHOM  «CyIlep-CUCTeMe» OTBe4yaeT (JIMHEHOe Ke)
08olicmeenHoe YPaBHEHHE Ha npeo-conpsdiceHHom OaHaXOBOM IPOCTPAHCTBE, PELICHUS
KOTOPOT'O COZIepKaT MH(POPMAIHIO O KO-MpaeKmopusax UCXOJHON CUCTEMBI BCEX MOPSIIKOB.

OO6cyxnaeMblil MOAXOA OKa3bIBAETCSl OCOOEHHO IMOJIE3HBIM B KOHTEKCTE ONTHUMH3AIUU:
JUHEWHAas MO COCTOSHHMIO CTPYKTypa MOTPYKEHHOM 3a7aud IMO3BOJISIET IMOJy4aTh TOYHbBIC
dbopMyIbl mpHpalieHus 1eneBoro GyHKIHOHANA U, KaK CJIEICTBUE, HEOOXOIUMBIE YCIOBUS
ONTUMAJIBHOCTH, — KOTOPBIE 3aT€M TPAHCIUPYIOTCS B TEPMHUHBI HUCXOJHOM HEIUHEHHON
MTOCTAHOBKH.

1. A. Agrachev and Y.L. Sachkov. Control Theory from the Geometric Viewpoint. Springer, Berlin,
Heidelberg, 2004.

2. Mauroy I. Mezic and Y. Susuki. The Koopman Operator in Systems and Control: Concepts,
Methodologies, and Applications. Lecture Notes in Control and Information Sciences. Springer,
2020.

“ UccnemoBanue BHIIOTHEHO 3a cuet rpanta PH® Ne 23-21-00161, https:/rscf.ru/project/23-21-00161/
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BOITPOCHO-OTBETHbBIE CUCTEMbBI HA OCHOBE TABJIMLI:
OB30P OBJIACTHU 1 KOHLEITLMA PEINEHN A

N.A. Tlogny6HbIit
NHCTUTYT nTMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
poddubnyyiv@yandex.ru

BupryanpHbie MOMOUTHUKYA aKTUBHO BHEAPSIOTCS B OM3HEC W MOBCEAHEBHYIO YKU3Hb,
UCIIONIB3YSl TEKCTOBYI0 HH(pOpManuio W3 0a3 3HaHUH UM JOKYMEHTOB [Jsi OTBETOB
nonb3oBarensiM.  OmHako — 3HAUMTENbHBIE  O0BEMBI  MHpOpPMAIMHM  XpaHATCS B
CTPYKTYpUPOBAaHHOM TaOiauM4HOM BuAe. Bo3MOXHOCTP pabOTBl C O3TUMU JAaHHBIMU
3HAUUTENBHO YIy4IInia Obl BAPTYAIbHBIX TOMOITHUKOB.

Tabmuipl CymIeCTBEHHO OTIWYAIOTCS OT OOBIYHOTO TEKCTa, M 00paboTKa BOMPOCOB IO
HuM (Table Question Answering, TQA) crama ornenpHOi obnacteio B NLP. HecmoTps Ha
BaXXHOCTBH PalbOTHI ¢ Tabnumamu, o61actb TQA aKTHBHO pa3BUBANIACh JIMILB MOCTIE MOSBICHUS
apxXuTeKTyp TpaHchopMepoB. B Hacrosimiee Bpemsi MPOU3BOAUTEIHHOCTH COBPEMEHHBIX
peueHuii o BOIpocaM, He OrPAHUYEHHBIX Y3KOM TeMoH, He npesbimaer 70% Ha JaHHBIX U3
Bukuneanu [1]. CymecTByromume METoAbl MOKHO Pa3JIeUTh Ha JIBE KaTErOpPHH: JOOOYydYeHUE
Mojeneld ¥ MpoMnT WHXXUHUPUHT [1]. B manHO# paboTe mpearaeTcs KOHIETIUS PEIICHUS
Ha OCHOBE JIBYX yCIIEHIHBIX paboT mo goodydenuto: Partial Exec [1] 1 OmniTab [2]. PaGoTsl
BBIOpaHBI 32 WX BBICOKYIO 3(G()EKTUBHOCTh M HCIOJIB30BAaHHE OJHOW W TOH ke 0a30BOM
moaenu Tapex [3]. OmniTab ¢opmupyeT HOMOTHUTENBHBI CHHTETUYECKUN HAOOp JAaHHBIX,
yiydinasi MTOHMMaHUsI €CTECTBEHHOro si3bika, a Partial Exec mcmonbp3yeT BBIMHCIUTENBHBIN
rpad s 6onee TOUHBIX OTBETOB. lIpenmonaraercs, 4To UX KOMOWHAIUS TIO3BOJIUT JIOCTHYb
Jy4lield Mporu3BOIUTEIBHOCTH.

1. Mouravieff R., Piwowarski B., Lamprier S. Learning Relational Decomposition of Queries for
Question Answering from Tables. Proceedings of the 62nd Annual Meeting of the Association for
Computational Linguistics (Volume 1: Long Papers). — Association for Computational
Linguistics, 2024. P. 10471-10485.

2. Liu Q., Chen B., Guo J., Ziyadi M., Lin Z., Chen W., Lou J.-G. TAPEX: Table Pre-training via
Learning a Neural SQL Executor. International Conference on Learning Representations, 2022.
URL.: https://openreview.net/forum?id=050443AsCP.

3. Jiang Z., Mao Y., He P., Neubig G., Chen W. OmniTab: Pretraining with Natural and Synthetic
Data for Few-shot Table-based Question Answering. Proceedings of the 2022 Conference of the
North American Chapter of the Association for Computational Linguistics: Human Language
Technologies. Seattle, United States: Association for Computational Linguistics, 2022. P. 932-
942. DOI: 10.18653/v1/2022.naacl-main.68. URL.: https://aclanthology.org/2022.naacl-main.68.

" PaGoTa BBINOTHEHA B PAaMKaX TOCYJIApPCTBEHHOTO 3aiaHMs MHHHCTEPCTBA HAYKHM M BBICIIETO
obpaszoBanus Poccuiickoit @eneparyu (Tema Ne 1023110300006-9).
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BJIMSIHUE JOIOJHUTEIBHBIX JJAHHBIX HA TOYUHOCTD CITY THUKOBOM
KITACCUOUKALINN JIECOB METOJAMU MAIITNMHHOI'O OBYYEHU A

A K. TlonoBa
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
chudnenko@icc.ru

YcToitunBoe ymnpaBieHHE JIECHBIMH pecypcamMu TpeOyeT TOYHOM HH(pOpMAMU O
pacmpenelieHnd W COCTaBe JEPEeBbEB, C YKa3aHMEM HX IOPOJbl, BO3pAcTa, COCTOSIHHMSL.
MOHUTOPHHT JIECOB, HEOOXOIUMBIN Ui pelIeHHs 3ahay OLEHKU I0XKapHOH OIacHOCTH,
MHBEHTapHU3allMi U OLIEHKH 3allacoB YIJIEpPOJa, YaCTO OCJOMKHSETCS HEXBATKOM aKTyaJbHBIX
naHHbIX. OJHUM #3 COBPEMEHHBIX MCTOYHHUKOB JIaHHBIX O COCTaBE JIECOB SIBISIOTCS
CIyTHUKOBBIE CHUMKH, KOTOpble 00pabaThIBalOT pa3jiMYHbIMH QJITOPUTMaMH, BKIIOYAs
METO/IbI MAIITMTHHOTO O0YYEHHUS, JJII COCTABIICHUS KIacCH(PUKAIIUU 3eMHOM MTOBEPXHOCTH.

OpHako TOJNBKO ONTHYECKUX JAHHBIX HE Bcerga JOCTaTOYHO MJis TOJy4YeHHs
KJIaCCHU(UKALIMN HYKHOW CTENEHU TOYHOCTHU, TOCKOJBKY pa3HbIE APEBECHBIC MOPOIBI MOTYT
UMETh CXOJIHbI€ CIEKTpaJIbHbIEe XapaKTepUCTHKU. [loATOMYy JUIsi MOBBILIEHUS TOYHOCTH
UCTIIONIB3YIOT ~ JIOTIONHUTENbHBIE ~ JaHHBbIC,  BKJIIOYAas  BETCTAIMOHHBIE  WHJEKCHI,
Tornorpaduyeckre XxapakTepUCTUKH, TaHHBIE O IMOYBAX U KIMMATE.

B kadectBe 0a30BBIX JAaHHBIX B paboTe UCIONB30BATNCH CHUMKH CIyTHHKa Sentinel-2.
HaGop BcmomoraTenbHBIX MaHHBIX OBLT COCTaBJICH W3 HamOoliee paclpOCTPaHCHHBIX
BEreTAlIMOHHBIX WHICKCOB, TTOYBEHHBIX, KIIMMATHUECKUX U TOMOrpapUUecKUX MEePEeMEHHBIX,
BBICOTHI TToJIOTa Jieca. CIMCOK BEreTalMOHHBIX HHACKCOB conepkuT 13 nepemenHbix — NDVI,
RVI, NDWI, RI, EVI, GNDVI, IRECI, Bl, GCVI, MNDWI, NDVI2, SAVI, VARI.
Tonorpaduyeckue NpuU3HAKU — YKIOH B Tpajycax, OpPUEHTalUsl CKJIOHA, BBHICOTA, 3aTEHEHUE
penbeda. Knmnmarnyeckue — cpeiHre MakCUMallbHas U MUHUMAJIbHAs TEMIIepaTyphl BO31yXa,
CyMMa OCaJKOB, OMOKIMMAaTHYECKHE MapaMeTphl TeMIepaTyphl U OCAJIKOB (CpeAHEro10Basl,
CPEeIHECYTOYHBIN JHMAmma3oH, CTaHAAPTHOE OTKIOHEHHE), MapaMeTpbl BETETAIIHOHHOTO
nepuofa (MepBbIi W MOCIEIHUN JI€Hb, MPOJOJIKUTEIBHOCTb), COJIHEYHAs paaualus,
JUIMTETTLHOCTh CHEKHOTO TOKpoBa). [louBeHHBIE — HACHIMHAS IUIOTHOCTh, €MKOCTh
KaTHOHHOTO OOMeHa, oObeMHas J0Jis KPYIHBIX (pakmuii, coaepkanue a3zora, PH, momm
TJIMHUCTBIX, IECYAHBIX U WJIOBBIX YACTHUII, TPHYEM 3HAUCHUE KXKIOTO IMapamMeTpa 3a/1aHo s
IIECTH WHTEPBaJIOB I1yOnHBI MoYBEl OT 0 10 200 cM. Bcero cobpano 90 momOTHUTENBHBIX
NPU3HAKOB, BMecTe ¢ 11 onTHUecknMu KaHajgaMu MoJHbINA Habop coctaBuia 101 npuzHak.

Knaccudukaruss mpoBoauiIack METOAOM MalmmHHOro oOydenus Random  forests.
Cuumku Sentinel-2 cravana Obutm oOpabotansl anroputmoB Sen2Cor s armocgepHOR
KOppeKIUU U ynaneHus o0jgakoB. JloMoNHUTENbHBIE JaHHBIE MPEICTABIEHbI B PacTPOBOM
dbopMmaTe, Bce OHU MPHUBEACHBI K OJTHOMY Pa3pelieHHI0, BEIPOBHEHBI MO sSYCHKaM. 3HAYCHHUS
BCEX MAaCCHMBOB HOpMaiu3oBaHbl K auama3zoHy (0, 1). Bo Bpems oOydeHuss mojenu
ucronb3oBaiack Kpocc-panupaiuss meromom K-fold ma 10 mraroB. Ha kaxkmom miare
BBICUMTHIBAJIACh BAXHOCTh BCEX NMEPEMEHHBIX, B KAUECTBE pe3ysIbTaTa ObLIU B3SITHl CPEIHUE
3HAUEHUsl 3a BCce HTepanuu. g OIEHKH MPOU3BOIUTEIBHOCTH MOJIENH HCIOIh30BAIN
nokazareju o0IIel TOYHOCTH, MONHOTHI, f1-Mepbl, pruyeM TecToBas BHIOOpA OblIa OTAEIBLHO
pa3MedyeHa Ha CHUMKE, YTO JIal0 €€ MPOCTPAHCTBEHHYIO HE3aBHCHUMOCTH OT OOyYarolInx
JTAHHBIX U YECTHBIE OLIEHKU MOJIEIIH.

s mpumepa mipoBeieHa kinaccudukarus reppuropun CIIOISTHCKOTO JIECHUYECTBA 110
IATH TOpOoJaM — COCHa, Kep, JUCTBEHHUIA, nuxta u Oepe3a. OOmEas TOYHOCTh
KJIAaCCHU(UKALIUU TOJIKO IO CIEKTPAIbHBIX KaHaaM coctaBmia 42,67% c momnotoi 0,42 u
f1-mepoii 0,46. JloOaBeHHE BCEX AOMOJHUTEIBHBIX TaHHBIX MOBBICHIO OOIIYI0 TOYHOCTD JI0
65,56% c nonuotoit 0,66 u fl-mepoii 0,67. Haunbonee BaxxHpiMu B Habope u3 101 npusHaka
OKa3aJINCh: 00ObeMHas oy KpynmHbIX (pakmuii Ha riyounax 100-200 u 15-30 cm, xaHaIbI
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B8, B5 u Bl1, romoBoe KOJIMYECTBO OCAAKOB, OPUEHTALMS CKIOHOB, EMKOCTh KaTUOHHOTO
oomena Ha 0-5 m 60-100 cM, mepBbIi J€Hb BETETALIMOHHOTO INepHoia. HammeHbIIyio
BaXHOCTh MOJIYUYMJIM BCE HMHTEPBAJIbl HACBHITHOM IMJIOTHOCTH, COJIEpP)KaHHWE OPTaHHMYECKOTo
yraepoaa Ha 0-5 u 100-200 cM, cpeqHeronoBas Temieparypa Bo3ayxa, IPOJOKUTEIbHOCTh
BEreTallOHHOTO MepHo/a.

[IpoBenenHoe wuccieOBaHUE II0KA3ajd0 3HAYUTEIBHOE BIUSHHE JIOMOJHUTEIBHBIX
JTAaHHBIX HAa TOYHOCTb KJACCHU(HUKALMU CIYTHUKOBBIX CHUMKOB. [lomydeHHBIN pe3ynbTar
MIO3BOJISIET ONPENEIUTh pa3Mephbl U paclpesiesieHHe JepeBbEB Pa3HBIX MOPOJ HA TEPPUTOPHUU
necHudecTBa. st ynydmeHust TpeOyeTcsl paciiupsaTh 00YyJaron[yr0 BEIOOPKY, YTO TTIOMOKET
MOBBICUTH TOYHOCTH MOJIENb.
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KITACTEPU3ALIA TEOXUMHNYECKHUX ITAPAMETPOB ITOYB B 30HE
I'ABOKOHJIEHCATHOTI'O MECTOPOXIEHW A

[IepxbsnoB .M., Capanynosa I'.1
NpKkyTckuil HalMOHAIBHBINA UCCIIEIOBATEILCKUI TEXHUYECKUH YHUBEPCUTET
664074, r. Upkytck, yn JlepmonToBa, 83
e-mail: dan555inx@gmail.com

TexHonornueckue MPOIECCH], CBSI3aHHBIE C JIOOBIYEH YTIEBOJOPOAOB, MPUBOIAT K
3HAUUTENBHBIM HM3MEHEHUSIM B JKOCHUCTEMAaX Ha TEPPUTOPHUAX, I'I€ OCYLIECTBISAETCS 3Ta
nesTenbHOCTh.  OOHAKO — MCCIEIOBAaHUS — DKOJIOTMYECKUX  aClleKTOB  Ha  ra3oBBIX
MECTOPOXKACHUSIX B CEBEPHBIX PETHOHAX C YYBCTBUTEIBHBIMU SKOCUCTEMAMU OCTAIOTCS
HEJI0OCTaTOYHO pa3paOOTaHHBIMU U TPEOYIOT MajdbHEUIEro u3y4deHus. BakHbIM 00BEKTOM
aHanmu3a SBISAIOTCS TOYBBI, KOTOPHIE BBICTYMAIOT B POJM HAKOMUTENEH 3arps3HSIONINX
BEIIECTB, MOCTYMNAIONINX OT O0OBEKTOB JOOBIYM M MOATOTOBKM raza. HecmoTps Ha Hanmuuue
IOPUPOJOOXPAHHBIX  MEpOIPHUIATUH TpU  OOYCTPOHCTBE MECTOPOXKIEHHUH, IOJHOCTBIO
UCKJIIOYUTHh HETaTUBHOE BO3/ICIICTBIE HAa MOYBBI HEBO3MOXKHO.

B pabGore mpencraBieHbl pe3yabTaThl TEOIKOJIOTMYECKOH OLIEHKU IPHUPOTHO-
TEXHOTCHHOM CHCTEMbl B 30HE Ta30KOHJEHCATHOTO MECTOPOXKIEHHS C HCIOJIb30BAHUEM
FEOXMMHUYECKHUX NapaMeTpoB NouB U 3D MoaenupoBaHus ¢ UCHOIb30BaHUEM IIPOIPAMMHOIO
obecrieucnnss STATISTICA 10. IMoxyuenst 3aBucumoctu Cu, As, Ni, Mn, KkoTopbie BBIIBUIN
UX Pa3HYI0 YyBCTBUTEJIBHOCTb K COAEP)KAaHUIO OPraHMYECKOW KOMIIOHEHTHI mouBbl Copr u
pH. Ananu3 MoJgy4eHHBIX 3aBUCUMOCTEN BBIIBMJI OO0pa30BaHHE I'€OXHMMHUYECKHUX KJIacTEepOB
OTHOCHUTEJIBHO BAJOBBIX COJEPXKAaHMM TSDKEIBIX METANIOB M MBIIIbsAKa B MouBe. Tak,
HampuMep, JUIsl MBIIIbIKa OOHAapyXKEHO aHOMAJbHOE paclpeiesieHue ero CcoAep>KaHus B
3aBHCHUMOCTH OT OCHOBHBIX Oy(epHBIX KOMIOHEHT 1ouBHI (puc.l u puc.2).

15 15
N S oo O
= ~ * - . ( ’
F10 £10 A4
% * 3 L 2
<> * * <‘f 5 0, ¢ °
e's Sy,
0 1 0 T 1
3 4 5 6 7 8 pH 9 0 10 Copr 20
Puc. 1. 3aBucHMOCTL BaJI0BOTO Puc. 2. 3aBuCHMOCTL BaJI0BOTO
conepxanust As ot pH conepxanus As ot Copr

DOTO0 MOXET OOBICHAThCA TpaHcpopManue BajloBBIX (OPM ¢ TOBBIICHUEM
BBIJICJICHUS] TIOJBMKHBIX (DOPM 3JIEMEHTOB B TMOYBAaX. JTO HEOOXOJUMO YUYUTHIBATH MpHU
T'CODKOJIOTHUECKOW OIEHKE TEPPUTOPHH, a TakXKe IPU MPOBEACHUU DKOJOTHYECKOTO
KOHTPOJISI TIOYB U IPU MPUHATHH MPUPOJOOXPAHHBIX MEP MO 0OECHEUCHHUIO IKOJIOTHYECKON
0€30ITaCHOCTH TEPPUTOPUH B 30HE Ta30BOTO MECTOPOKICHHSI.

1. Onep JI.B., ®unumonosa U. B., Hemos B. 10., IIpoeopnas 1. B. Oco0eHHOCTH COBPEMEHHOTO
pa3BUTHs ra30B0i poMbinuieHHOCTH. JK. ['a3oBas mpombinuieHHOCTh. 2014, Ne 4. Ctp.8-14.

2. Galchenko Yu. P., Eremenko V. A. Model representation of anthropogenically modified
subsoil as a new object in lithosphere. 2020. Eurasian mining. Ne 1. Ctp. 30-36.
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MOJIEJIMPOBAHME ITPOITATATOPA KBAPKA C KOH®AMHMEHTOM™

A.E. PamxaboB
WMHCeTuTyT AMHAMMKY CHCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH

aradzh@icc.ru

Onnoit 13 mpobiem moctpoeHust dH(HEKTUBHBIX MOJENEH CHIIBHBIX B3aWMOICHCTBUIN
NPUMEHUMBIX B OOJIaCTH HHM3KMX D3HEpruil sBusercs To, 4ro Jlarpamxuan KsantoBoi
XPOMOJIMHAMUKH COJIEP’KUT IOJIsI KBAapKOB M TJIIOOHOB, B TO BpeMs KaK B IKCIEPUMEHTE
HAOIOTAI0TCSL TOJIBKO MX OECIIBETHBIE KOMOMHAIIMK — aapoHbI. Takoe sBIEHHE HA3BIBACTCS
KOH(aHMEHTOM: TO €CTh «yIEepXKaHUEM» KBApKOB U TJIIOOHOB «BHYTPU» aJPOHOB BBUIY
CUJIBHOTO B3aMMOJEHCTBH. BO BHEIIHEW sIEpHOM cpele, TakoH, Kakas BO3HUKACT B
CTOJKHOBEHUSIX TSDKEJBIX HWOHOB WM HEUTPOHHBIX 3BE3/JaX BO3MOXKHO  SIBIICHUE
NeKoH(alfHMEeHTa — OABICHHE CBOOOTHBIX KBAPKOB.

st MogenupoBanust KoH(paitHMeHTa TpeOyeTcs, YTOObI BHIYMCIICHHBIC HAOI0aeMbIe
BEJIMYMHBI, CBSI3aHHBIE C aJpOHAMHU, HE WUMEIH KaKUX-JIHOO KUHEMATHUeCKUx 3(P(HEKTOB,
COOTBETCTBYIOIIMX TIOSIBIIGHUIO KBapkoB B CBOOOAHOM cocrosiHuM. Eciu 3HameHarenb
nponaratopa ksapka k% + m2(k?) = 0, uMeer pemeHus s BellecTBeHHBIX k% = —M?2, 510
NpUBENET K TOSBJICHUI0O MHUMOW YacTH y MOJISIPU3AINMOHHBIX ONEPAaTOPOB aJpOHOB. [l
ME30HOB MHHMMas YacTh BO3HUKHET npu P2 = —4MZ?. B ciyuyae TOJBKO KOMILIEKCHBIX
MIOJIIOCOB B MPOIIAraTope KBapka BO3MOXKHO ITOCTPOEHHE MOJISIPU3ALMOHHBIX OIepaTopoB 0e3
MHUMON dacTH [1]. OmHako peanbHas 4acTh MOJSPU3AMMOHHOTO OTEpaTropa Me30Ha OyaeT
UMETh U3JI0M, KOTOPBI MOYKHO HHTEPIPETUPOBAThH KaK MPOSIBIICHUE CBOOOHBIX KBAPKOB.

B nurteparype npeaiaraiich mpornaraTopbl KBapkoB B BUJE LEIbIX (PYHKLINNA, KOTOpbIE
HE HMEI0 OCOOCHHOCTEH Ha KOMIUJIEKCHOM IUIOCKOCTH, 3a MCKIIOYEHHEM OEeCKOHEUHO
ynaneHHord Touku [2,3]. Hemocrarkom momoOHOTO poja Mmoaxoja SBISETCS TO, YTO TaKWe
(GyHKUIMU OAOHPAIOTCS UCXOMAA M3 KAKHX-TO COOOpakeHWi, a He cienyroT u3 mojenu [3].
JlpyruM HeOOCTaTKOM MOAOOHOTO TMOAXO0Aa SIBJISETCS HEBO3MOXKHOCTH MOJETUPOBAHUS
¢azoBoro nepexona KoHpaiMeHT—eKoH(aiMeHT [2].

Jlns  MonenupoBaHuUs Mporaratopa KBapka ¢ KoH(paiWMeHTOM mpejjaraercs
Moau(UIIMPOBaTh OpPUTHMHA KBApKOBOTO TMpormaraTopa B mnpeoOpa3oBanuu Jlammaca

crenyonM  oopazom  Dyp(a) = D(a)6 (% — a). IToxoxkass MeTOOMKAa MOXET OBITh

Cc
NpUMEHEHa Ul MOJICIMPOBaHUs (a30BOro nepexoaa KoHpaiMeHT-1eKOHpaiMeHT, TPH 3TOM

TpeOyeTcsl ABHO BBIACIUTHh W3 IPONaraTopa KBapKa IMOIIOC COOTBETCTBYIOIIUN CBOOOIHBIM
KBapKaM U MOJIU(HUIIMPOBATH OCTABIIYIOCS YacTh [4].

Lo

M. Bhagwat, M. A. Pichowsky, and P. C. Tandy// Phys. Rev. D. 2003. V.67. P.054019.

2. G.V.Efimovand M. A. Ivanov, The Quark confinement model of hadrons // IOP. Bristol, UK
1993. P.177.

3. C.J.Burden, C. D. Roberts, and M. J. Thomson// Phys. Lett. B 1996. V. 371 P.163.

4. A E. Radzhabov, X. L. Shang, Confining modeling of quark propagator // arXiv:2407.21718

*

PesynbraThl mojry4yeHsl B paMkax roc3aganus MunoOpuayku Poccnu o npoekry "AHaauTHUECKHE U
YHCJIEHHbIE METO/Ibl MaTEMAaTHYECKOH (DM3HUKH B 3a/lauax TOMOTpaduy, KBAHTOBOH TEOPUH MO M MEXaHUKU
xuakoctu u raza" (Ne roc perucrpanuu: 121041300058-1).
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ONTUMMU3ALUA UNCJIEHHBIX PACUETOB ITPU ITOMOILY [TPOTPAMMBI
CUMBOJIbHBIX BEIUUCJIEHUI FORM

A.E. PamxaboB
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
aradzh@icc.ru

IIpy mpoBeneHUM BBIYMCICHMM B paMKaX KBapKOBBIX MOJENIEH OKa3bIBAa€TCs, 4TO
BBIpaXEHUS JIsl HEKOTOPBIX AuarpamMMm deilHMaHa MOTYT OBITh JOCTATOYHO TPoMO3JKH. Tak
JUISL BBIYMCIICHUS MONPABKU B MArHUTHBIA MOMEHT MIOOHA 32 CUET CUJIbHBIX B3aWMOJICUCTBUN
TpeOyeTcs BBIMOJIHUTH YHUCICHHOE HWHTETPUPOBAHME BBIPAXKEHUS, TJE€ MOJABIHTErpalibHas
(GyHKIUS TmpeacTaBiseT co00i MOTMHOM IO CTENEHSM HMMITyJbca U yriaMm U oOliee 4ucio
YIEHOB B TIOJIMHOME MOJKET ObITh OYEHb OOJIBIIUM.

[IpencraBnsiercss KpailHE BaXXHbIM AHAJUTUYECKU YIOPOCTUTH BBIPAKEHUS  JIS
MOJIMHOMA, TIOCKOJIbKY J1a)K€ €CJIM KOMITHIIATOP C SI3bIKa BHICOKOTO YPOBHSI, HAPUMED, SI3bIKA
Fortran, BBIMOJMHSET ONTUMMU3ALUIO BBIUUCIECHUWA JJI1 YUCICHHBIX pAcCyeToOB, €ro
BO3MOXXHOCTH ONTHUMM3AIMN BBIPAKEHUH [1OCTaTOYHO orpaHudeHbl. C Jpyroil CTOpOHBI,
BpEMsI KOMITHIISALIUN TOKE MOKET OBITh 3HAYUTEIbHBIM, KAK 1 HEOOXOAUMBII TPU 3TOM 00BeM
omnepatuBHOW mamsaTu. [IporpaMmbl CUMBOJIBHBIX BhIuncieHnid Mathematica u Maple mioxo
CHPABIISIIOTCA C IaHHOMU 3ajaueii: Tpedyercst JOMOIHUTEIbHOE pa30UeHue MOJIMHOMA Ha YacTh
U YIIPOLIEHUE KaXKI0M U3 HUX IO OTEIbHOCTH.

Oxa3spIBaercsi, YTO paJuKaIbHOE YIYYLICHHE YHUCICHHBIX pacu€éTOB MOXKET OBITh
JIOCTUTHYTO C IOMOILIBK MPOTpaMMbl CHUMBOJBHBIX BbruuciaeHud Form [1]. Ilommmo
UCXOJHBIX (hailioB mpenocTaBisroTcs OnHapHbie (daitnmel s macOS u Linux, a B cpene
Windows mnporpamma wmoxker paborate uyepes WSL. Form He wumeer rpadudeckoro
uHTEepdeiica M HHTEPAaKTUBHOIO peXuMa, paboTaeT M3 KOMAHAHOW CTPOKM U BBIJAET
pe3yabTaThl pacdyéToB Ha OCHOBE wHcxomHoro (aitma. C apyroil CTOpOHBI, IMporpamMma
CHUMBOJBHBIX BBIYMCICHHH FOrm cnocoOHa o0OpabaThiBaTh J1OCTATOYHO  OoJbIIMe
MaTeMaTUYeCKUEe BBIPAKEHUS 3a MpuemiieMoe BpeMs. Tak Mpu MpaKTHUYECKUX BBIYUCICHUAX
onHoW u3 nuarpamMm @DeifHMaHa TpeOOBAJIOCh YMPOCTHTH IS JNAIbHEHIINX YHCICHHBIX
pacyeToB MOJWHOM C 47 TEepeMEHHBIMH M OOIIUM YHCIOM WieHOB mopsaka 200 ThIcsd.
OOmiee KONMMYECTBO MAaTEMATUYECKHX OIEpaldil Ui BBIYMCIEHUS JNAaHHOTO ITOJMHOMA
omeHUBaNOCh B 2.5 MuH. B ciyuae Hambombiredi ontumusarmu Form (O4) komuuecTBO
HEOOXOJMMBIX MaTeMaTHYECKUX OMepaIfii UIsi BBIYMCICHUS MOJIMHOMA COKPATHIIOCh 110 52
TBICSTY ¥ BpeMs cuéra mporpaMmbl FOrm mpu sTom coctaBisuio 750 cekyna. B mocnemyromem
BpeMsi KOMITHJISILIUKM MPOrpaMMBbl Ha si3blke Fortran Takye 3HaYUTEIbHO YMEHBIIUIIOCH.

1. https://github.com/vermaseren/form

*

PesynbraThl mosyueHsl B paMKax roc3aganus MunoOpnaykn Poccnu 1o npoekry "AHajauTHUECKHE U
YHCJICHHbIE METOIbl MaTeMaTH4ecKol GpHU3MKN B 3a7a4ax ToMorpad iy, KBAHTOBOW TEOPHH TI0JIS1 U MEXaHUKHU
xuakoctH U raza" (Ne roc peructparuun: 121041300058-1).
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M3BJIEYEHUE NTHOOPMAILIUHU 13 NU30BPAXXEHUI JOKYMEHTOB C
NCIIOJIB3OBAHMWEM I'MBKOI'O IITABJIOHA

A K. Pazmanos, A.A. Muxaiinos
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
razmark@mail.ru, mikhailov@icc.ru

HckyccTBEeHHBIM MHTENIEKT JOKYMEHTOB, TakKe M3BECTHBIM kak Document Al
MpeACTaBIsIeT cOO0M HOBYIO 00JIaCTh MCCIIEIOBAHHM, 3aHUMAIOITYIOCS pPa3pabOTKON METO0B
JUIST aBTOMATUYECKOTO YTCHHs, HWHTEPIOpETallid W aHalu3a JENOBOM JOKYMEHTAIIUU.
JIoKyMeHTBI MOTYT OBITh KaK IU(POBBIMH, TaK M OyMaKHBIMH, MOTYT BKJIIOYaTh B ceOs
BaXXHYI0 WH(POPMAIIUIO O NEATETHbHOCTH KOoMIaHui. [IpruMepsl TaKuX JOKYMEHTOB BKIIOUYAIOT
B ce0si cuera-QakTypbl, GUHAHCOBBIE OTYETHI, JIEKTPOHHBIE MUChMA, KOHTPAKTHl 1 MHOTHE
Jpyrue, KOTOpbIe SIBISIIOTCA KIIOUEBBIMU sl 3(pQPEeKTUBHOCTH OuzHeca. DopMaTrhl 3THX
JIOKYMEHTOB MOTYT CHJIBHO pa3inyarbCs, OT MPOCTOr0 TEKCTa A0 CIOKHBIX MHOTOCIOBHBIX
MakeToB ¢ Tabnuuamu u rpadukamu. M3-3a 3Toro pazHooOpasus, a Takke H3-3a HHU3KOTO
KayecTBa CKAHMPOBAHHUS W CIOKHOCTH I1a0JOHOB, MOHMMAaHHME JAENOBBIX JOKYMEHTOB
CTaHOBUTCS CIIOKHOM 3ajmadeid. CoBpeMeHHble MNoaxoAsl K co3ganuio MM nokymMeHTOB
OOBIYHO CTPOATCS Ha OCHOBE INTyOOKHWE HEMPOHHBIE CETU C TOUKH 3PEHUSI KOMIIBIOTEPHOTO
3peHus, 00pabOTKU €CTECTBEHHOTO SI3bIKA MJIM UX KOMOWHAIIHH.

B pamkax manHou pa0boThI MBI cniofib3yeMm LayoutLM [1] — MeToa npenBapuTeIsHOTO
o0y4yeHHsI, OCHOBaHHbIM Ha apxuTekrype Transformer, KOTOpbIii 00BEIUHAET TEKCT U MaKET
JUIS  yAyYIIeHWs TIOHMMaHHUs JOKYMEHTOB C wu300paxkeHusmu. Mogmens LayoutLM
npenBaputenbHo oOyueHa Ha komtekuuu [IT-CDIP [2]. [lns Toro 4toObl MCHOIB30BaTh
uHpOpMAIIMIO O MaKeTe KaXJoro JOKyMEHTa, Mbl oOpabaThiBaeM OTCKaHMPOBAHHBIE
U300pakeHUs] JOKYMEHTOB U TIOJy4aeM HEOOXOIMMYI0 HH(OPMAIMIO O pacloJIOKEHUH,
npumensis OCR (Optical Character Recognition). OCHOBBIBasiCh Ha TNPHUHIIMIIAX MOJIETH
BERT [3], LayoutLM BHocHT HOBIIEeCTBa, MOOaBJsIs JBa THIIA BIOXKEHUI: JBYMEpHOE
MO3UIIMOHHOE BIJIOKEHUE, KOTOPOE OTpa)kaeT MOJIOKEHUE CJIOBA B JOKYMEHTE, U BJIOKEHUE
M300paXeHUS ISl BU3YaJbHBIX XapaKTePUCTUK CKAHUPOBAHHBIX JOKYMEHTOB. JTH BIOKEHUS
MOMOTal0T MOJENN YJIaBIMBaTh B3aUMOCBSI3U MEXKIY AJIEMEHTAaMU JTOKYMEHTa U BU3YyaJIbHbIE
0COOEHHOCTH, TaKHe€ KaK OpUEHTaluus TeKcTa, IpuPT u I1BeT. Takxke NpUMEHsSeTCs
MHOTr03a7lauHoe 00y4yeHue, BKIII0Yash MaCKUPOBaHHE BU3YaJIbHOTO SI3bIKAa U KiaccU(UKAIIIO
JIOKYMEHTOB 110 METKaM, YTO YCUJIMBAET COBMECTHOE 00yUYEHHUE TEKCTa U MAKeTa.

B pamkax paHHOW paboOTHl B MalbHEWUIEM IUTAHUPYETCS JOOOYYUTh MOJETh Ha
OoJbIIEM KOJMYECTBE MJAaHHBIX, Oyarofaps uYeMy 5Ta MOJeNb TNPEAJIOKHUT emie Oonee
3 exTUBHBIA METOJ MpeoOpa3oBaHUs MAaHHBIX W3 H300pakeHW B IUdpoBOM ¢opmar,
KOTOPBIii, B CBOIO OYEpe/Ib, HAWAECT IPUMEHEHNE B PA3IMYHBIX OTPACIISX.

1. Xu Y. et al. Layoutlm: Pre-training of text and layout for document image understanding.
Proceedings of the 26th ACM SIGKDD international conference on knowledge discovery & data
mining. 2020. C. 1192-1200.

2. D. Lewis, G. Agam, S. Argamon, O. Frieder, D. Grossman, and J. Heard. 2006. Building a Test
Collection for Complex Document Information Processing. In Proceedings of the 29th Annual
International ACM SIGIR Conference on Research and Development in Information Retrieval
(Seattle, Washington, USA) (SIGIR ’06). ACM, New York, NY, USA, 665-666.
https://doi.org/10.1145/1148170.1148307

3. Devlin J. et al. Bert: Pre-training of deep bidirectional transformers for language understanding
/larXiv preprint arXiv:1810.04805. 2018.
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UYUCJIEHHBIA AHAJIN3 JIAHHBIX MOHUTOPUHI A JJIMTEJIBHOI'O
SATPABHEHUA ATMOC®EPEI 'OPOZIOB

B.®. Panyra, A.A. Jlexenun
WHCTUTYT BEIYUCTUTENFHOW MaTEeMaTHKU U MaTeMaTindeckoi reopusuku CO PAH
raputa@sscc.ru

[Ipn opraHuzanuu ceTH MOHUTOPMHIA B TOPOJAaX PEKOMEHAOBAHO YCTAHABIMBATH B
PaBHHHHOM MECTHOCTH OJMH mocT Habmomenus Ha 10 — 20 KMZ, a B IEpPEeCeUYEHHOI
MECTHOCTH — OJMH TocT Ha 5 — 10 km® [1], uTo TpeOyeT CYIIECTBEHHBIX MaTepHAIbHBIX U
TPYAOBBIX 3aTpaT M peanus3alus TaKoro IoJAXoJa BechbMa 3aTpyaHUTENbHa. OgHUM U3
BBIXOJIOB B CIIOKUBIIEHCS CUTYyallud SBISETCA OCPEJHEHHME KOHLIEHTpaluil 3a Oosblive
nepuonsl BpeMeHH. YeM OoJjbllle HEpUoJl OCpelHEHHs, TeM O0ojee OIHOPOJHO TOoJe
KOHLeHTpauuu npumecu. Ciaenyer Takke OTMETHTb, YTO JJII MHOTMX TFOPOJOB XapaKTEpHO
HaJIn4ue OOJBIIOrO KOJIMYECTBA MEJIKUX MCTOYHUKOB, PACIpe/ieeHHbIX 110 UX TEPPUTOPUH,
YTO MO3BOJIAET MCIIOJIB30BaTh OOIIME 3aKOHOMEPHOCTH aTMoc(epHor auddy3un npumecu u
IIPOU3BECTH CYIECTBEHHBIC YIPOIIEHUS B ONIMCAHNN PACIIPEAEICHUS MOJIEH KOHIEHTPALINH.

Jns cnydast N MICTOYHUKOB, PACHOJIOXKEHHBIX B 001actu D, cyMMapHas KOHIIEHTpPAIUs
B CHJIY IPUHLUIIA CYNIEPIO3UIIMH OIMCBIBAETCS BBIPAXKEHUEM

Ct,y,2) =3, [ dt [, q:(t, %y, 2)P(w)dw, (1)
rie P(w) — cOBMeCTHas IUIOTHOCTh PACIpEICIeHNsT KOMIUIEKCa METEOPOIIOTHIECKUX
napamMeTpoB @ € G, OTHOCSINAsCS K NPOMEXyTKy BpemeHu T. KoHueHTpamus npumecu
qi(t,x,y,z), i =1, ..., N HaxouTCs U3 pelICHHs YpaBHEeHHs niepeHoca u auddysuu [2].
Hcxons W3 NBOWCTBEHHOCTH TMpEACTaBICHUS (YHKIHMOHAJIOB OT  KOHIIGHTpAIuH,
cooTHomeHue (1) mpeacrasisercs yepes pereHne ConpsHpkEHHOM 3a1auu B BUE [2]

N T .
Couy,n) = ) [ de | M- gy Plo)do, @
i=190 G

rae (x;,v;,h;) € D,i =1,...,N — NOJ0KEHHUs HCTOYHUKOB IIPUMECH, M; — KX DMHCCHSL.
CootHomieHue (2) M03BOJIET IPOBOJUTH SKOHOMHUUHBIE pacy€Thl 3HAUEHUN KOHLIEHTPALUN B
onpenenéHHbIX Touykax oOmactu D. Ilpum Manblx BbICOTaX BBIOpOCAa HpHUMECE B CHITY
dbopmyner  Telymopa wWMeeT MeCTO NPUOMIKEHHOE COOTHOIICHUE IS TMPU3EMHOU
KOHLIEHTpaluu

N T
Cou) = [ P@)da- Y [ M-y, 0)dt 3

G i=190 .
KOTOpOE€ YKa3bIBAa€T, YTO B 3TOM Cilyyae €€ 3aBUCHUMOCTb OT METEOINapaMEeTPOB SBIISIETCS
c1aboi M KOHIIEHTpAIUSl OMPENEIIAeTCs JIUITbh SMUCCHEH M PacloJIOKEHHEM MCTOYHHKOB. B
YCIIOBHSIX KBa3WCTALIMOHAPHOCTH MCTOYHUKOB U3 (3) creayeT Takke BO3MOXKHOCTh
MOSIBJICHUSI YCTOMYMBBIX KOPPENSLMOHHBIX CBA3EH MEXIY KOHLIEHTPALUUSIMH B Pa3IUUHBIX
TOYKax ropoxaa. Micxoss u3 3Toro, mpoBea€H MOUCK 3aKOHOMEPHOCTEH (OPMUPOBAHUS TIOJICH
JUIMTETILHOTO  3arpsi3HEHUsT TEPPUTOPUM KpymHBIX TopojgoB Cubupu. OOcyxmarorcs
pe3yNbTaThl HUCCIENOBaHUS BIUSHUS METEOPOJIOTHYEeCKHX (AKTOPOB Ha BO3HHUKHOBEHHE
BBICOKMX KOHLIEHTPAIIUN BPEIHBIX TPUMECEH.

1. besyrmas 3O.JO. MOHUTOpDUHT COCTOSHHS 3arpsi3HeHHs aTMmocdepsl B ropomax. JL:
luppomereouspar, 1986.

2. Mapuyk ['.11. Marematnueckoe MoJeJMpoBaHKe B IpoOieMe OKpykarouiei cpeasl. M.: Hayxka,
1982.

“ PaboTa BBIIOIHEHA IIpH TToAiep kke MUHHUCTEPCTBA HAYKH U BBICIIETO 00pa3oBanwms, TpaHT Ne 075-
15-2024-533.
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HEOBXOJUMBIE YCJIOBHMA OIITUMAJIBHOCTHU UMITYJIBCHBIX ITPOLIECCOB

O.H. Camconrok
WNHCeTuTyT AMHAMMKY CUCTEM U TeOpHUHM yrnpasieHus umenu B.M. Matpocosa CO PAH
olga.samsonyuk@icc.ru

PaccmarpuBaroTcst HEOOXOMMBIE YCIIOBHS ONTHMAIBHOCTH HEPBOTO Mopsiaka B Gopme
BapUalMOHHOr0 MpuHIUNa Makcumyma (BIIM) s 3agaud ONTUMAaabHOTO HMITYJIBCHOTO
YIIPaBJICHUSI C TPACKTOPHSIMU OTPaHWYEHHOH Bapuanuu. YTpapisemas cHCTeMa B 3aj1ade
onuceiBaeTcs TudpepeHnaIbHbIM YPaBHEHUEM C MEPOi

dx(t) = f (L, x(), u()dt + G(t, x(©) w(dt),  x(t,-) = X, O

IIPY OTPAHUYCHHSX Ha YIPaBICHUS
ut)eU teT, dw(E)eK VEE€B,.
Bmece T =[t,,t,] — duxcupoBaunsi orpe3ok Bpemenu, U() € L”(T,R") — oObranoe
ynpasienue, X(-) € BV(T,R"), dw — mepa JleGera-Cruntheca (MMIYJIbCHOE YIIPABICHHUE),
MOpOJKIICHHasT HempepbiBHOM crpaBa Ha (t,,t] dyskumeir w(-) e BV(T,R™) (w(t,—) =0),

U - xoMmnakTHOe MHOKecTBO B R', K — BBIMyKibIi 3aMkHyTHI KoHyc B R™. IToHsTne
pemenue cuctemsl (1), COOTBETCTBYIOIIEE 331aHHBIM YIIPABJICHUSAM U HA4aJIbHOMY YCIIOBHIO,
omucaHo B padote [3].

HeoGxoaumMble ycroBHs ONTHUMAIbHOCTH HMMITYJbCHBIX —TIPOLIECCOB B  (opme
BapUAIMOHHOTO TPHUHIIMIIA MAaKCMMyMa BHepBble ObutH ToJydeHsl B [1, 2] s 3amay

ONTUMAILHOTO UMITYJILCHOTO yrpasieHus ¢ Tpaekropusmu u3 L (T,R"). PaccmarpuBanich

3a/1a4u, B KOTOPBIX: &) OTCYTCTBYIOT OTPaHMYEHHs HA UMITyJIbCHOE yrpaBiaenue, K = R™; 6)
BBITIOJIHAIOTCS ycaoBuss PpobeHnyca Uit MaTpUIbl KO3(QQHUIUEHTOB IMPH HMITYJIECHOM
yIIpaBJICHUU:

Gy, (t, X)G, (t.X) ~ Gy, (t, )G, (t, X) = O,

rae G;, G, — cron6usr Mmatpuisl G, i,k =1,m; B) uMmynecHOE ynpaBieHUE NPEICTaBUMO

B BHJIE PACIPEJEIICHHUS EPBOT0 NOpsiAKa CUHTYJISIpHOCTH. JI1s Takux 3aaa4 ObUIO 3aMEY€eHO,
YTO pacuM(poBKa NPUHIUIIA MAaKCUMyMa B PEIYLUPOBAaHHON 3ajauye, MOIYYEHHOU IpH
IIOMOILIM HeJMHEHHOro npeodOpasoBanus ['oxa, mpuBOAUT K Oosee CUIbHBIM HEOOXOIUMBIM
YCIIOBHUSM ONTHMAJIBHOCTH NIEPBOTO MOPSAIKA, YeM 0000IIeHHBIN npuHIHI MakcumyMa (ITM).
Otu ycioBus ObUIM Ha3BaHbl BAapHALMOHHBIM INPUHIMIIOM MAaKCHUMyMa, OHHM COJEpKar
JIOTIOJIHUTEIIbHOE BAapUALlMOHHOE YCIOBUE — JKCTPEMAIbHOE YCIOBUE HAa MHOXECTBE
BCIIOMOTATeNbHBIX (PYHKIIUH, BBITONHAONIEECS MOYTH Beroay 1o t. CoorercTByronuii BIIM
TUI JIOKAJIBHOTO MHHMMYyMa ObUI Ha3BaH HMITYJIbCHO-IIOHTPATMHCKUM. [l  3amauu
ONITUMAJIFHOTO MMITYJIbCHOTO YIPaBJIECHHUS C OrpaHUYEHHUEM Ha 00pa3 yIpaBisiolield Mephl
BapuanT BIIM 0Obu1 osyden B [4].

B noxmage Oynyr mpencraBieHbl HEOOXOIMMBIE YCIOBUS ONTUMAIBHOCTH HEPBOTO
nopsiika B (OopMe BapHUAlMOHHOIO INPUHIMIA MAaKCUMyMa JAJs 3aJa4d ONTHUMAJIbHOIO
UMITYJIbCHOT'O YIIPABJIEHUs C TPACKTOPUSAMM OrpaHUM4eHHOU Bapuauuu. BIIM coorBeTcTBYET
UMITyJIbCHO-IIOHTPATMHCKOMY THITy JIOKAJBHOTO MHHUMYyMa. 3aMe€THUM, 4YTO 3ajadam
ONTUMAJIBHOIO UMITYJIbCHOTO YIIPABJICHUS C TPACKTOPUSAMU OTPAHUYECHHON BapHalUiy MOYKHO
COINOCTaBUTh JKBUBAJICHTHYIO BCIIOMOTATENIBHYIO 3a7ady ¢ MU3MEPUMBIMH OIPaHUYECHHBIMHU
ynpaBieHUsIMH. VIMIyJIbCHO-IOHTPSATUHCKUH MUHUMYM pacIIUpsieT MOHATHE OO0OIIEHHOTO
HNOHTPSTMHCKOIO MUHMMyMa (@Hajora MOHTPSATMHCKOTO MHMHHMYyMa BO BCIOMOTaTeIbHOM
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3a/laue) IyTeM 3aMEHbl CJIa0bIX BapHalliid JUCKPETHOM COCTABJSIONMICH HWMITYJIBCHOTO
YIpaBJICHUA Ha CUJIBHBIC.
Hst popmymnupoBku BIIM crarmapTHbiM oOpa3zoMm BBoauTces GyHkius [TonTpsirnaa

H(t, X, w,u,v) = (y, f(t,x,u)+G(t,x)v) = Ho(t, X,y u) +(H, (t, X,¥),V)
U conpspkeHHble QyHKIUH w(-), Y, () — pemIeHNS COOTBETCTBYIOUIUX CONPSKEHHBIX

UMITYJIBCHBIX CHCTEM i uccieayemoro mporecca € = (X(-),u(), #). BIIM Bxitouaer Bce

ycioBusi 00600menHoro [IM [3] u, MOMOJHUTENBHO, AKCTPEMaIbHOE YCIOBUE, HMEIOIIEE
BapUALMOHHBIN XapakTep:
Jlnst mouty Beex t € (t,,t;)

max  (H,(t 2(L;c),q(l;c),u) + g, (1;6)) = Ho(t, X(t),w (1), u(t)) +yy (t) = const,
ueU,ce RT

rne  ¢yskuun 7 — z(r;¢), ©—>q(r;¢), 7—>0Q,(r;C)  ABIAIOTCA  PEIICHUSIMHU
nudepeHIATbHBIX YpaBHCHUH

dz(zic) _ G(t, z(r;c))c, z(0;c) = X(t),
dr

w =—H,, (t, z(z;c),q(z;c))c, q(0;c) = w(t),

T

44:(r;c) d(“‘” = —Hy (6. 2(z;0),a(550)c, a(0;0) =y (1), 7 <[01]
-

B ycnoBusx ONTHMMAaIbHOCTM MPUCYTCTBYET CHELMAIBHOTO BHAA (PYHKLIHMOHAI,
HapaMeTpUUecKy 3aBUCSIIUHA OT BpeMeHU t U 3aJaHHBI HA MHOXeCTBe QYHKUMH Z,(,0;,

XapaKTEePU3YIOLIUX JOMYyCTUMBIE CKauKd TpaeKTOpuH. BapualnMoOHHOE YCIOBUE COCTOUT B
TOM, YTO TIOYTH BCIOAY JaHHBIM (DYHKIMOHAJ IOJDKEH JOCTHraTh CBOErO0 MakCHMyma Ha
(GYHKLHUAX, TOPOKACHHBIX ONTUMAIBHBIM ITPOILIECCOM.

PesynpTaThl monydeHbl B pamKax Toc3amanus MwuHoOpHayku Poccum mo mpoekty
((TGOpI/I}I U METOAbI HUCCICAOBAHHUA SBOJIOINMOHHBIX ypaBHeHI/Iﬁ H YIpaBJIACMBIX CHUCTCEM C
NpUIOKEHUAMI» (HOMep roc. peructpanuu 121041300060-4).

1. Jeixta B.A. BaprauuoHHBIH NPUHOUI MakCUMyMa M KBaJpaTUYHBIC YCJIOBHS ONTUMAaIbHOCTH
UMITYJIBCHBIX U 0co0bIX pexkumoB. Upk. B CO AH CCCP. Ilpenpunt 7, 1991.

2. [lpixta B.A. BapuanuoHHBI NpUHIMI MaKCUMyMa M KBaJpaTHYHBIE YCIOBUS ONTHMATbHOCTH
MMITYJBCHBIX NpoueccoB. Mpkytck: n3n-so MDA, 1994.

3. [Heixta B.A., Camconok O.H. OnTuManbHOE WMIYJIBCHOE YIPABICHHE C MPHIOKCHUSAMH. 2-€
n3g. M.: dusmartiaur, 2003.

4. Camconrok O.H. BapuanuoHHbIH OpUHIMII MAKCUMYMa B 3a7jady€ ONTUMAJIBHOTO HMILYJICHOI'O
VIpaBJICHHUS C OTpaHUYCHHEM Ha 00pa3 ymparisionieii Mepsl. OOOOIEHHBIC TOCTAHOBKH M
pereHust 3a7ad ympaBlieHUs: COOPHUK TPYIAOB MEXKIyHApOJHOTO cummo3uyma. M.: AHO
«M3natenbCcTBO (PU3MKO-MaTeMaTHUECKOM auTepaTypb». 2014, C. 148-152.
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KOMBUHHPOBAHHBIN AJITOPUTM HEJIOKAJIBHOM OIITUMM3ALIMU
HA OCHOBE METOZIOB BUOT'EOI'PA®UU U L-BFGS

I1.C. CopokoBuKOB
WNHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
pavel@sorokovikov.ru

3amavya moucka riao0allbHOTO IKCTpeMyMa MYJIBTHUMOAAIBHOW IIeNIeBOM (DYHKIIUU SIBISETCS
OJIHOM W3 caMbIX CJOXHBIX WU aKTyaJbHBIX MPOOJEM B BBIYUCIUTEIHHOW ONTHMHU3ALIUU.
D¢ deKTUBHbBIE METOIbl HEJIOKAIHHOTO TIOMCKAa YacTO OCHOBaHbI Ha OallaHCe MEXIy
I00ANbHBIM  CKAHMPOBAHHEM IMOMCKOBOTO MPOCTPAHCTBA U JIOKAJTHHBIM yTOYHEHHEM
HaWJEHHBIX TPUOKEHUN («OKCIuTyaTanuei»). Takum o0pazoM, TpH KOHCTPYHPOBAHHH
QITOPUTMOB HEJIOKATFHOW ONTUMU3AIMU CIENyeT Ha KaxJIOH WTEpallid BBITIONHATh Kak
rJ100aNbHOE HCCIIeI0BaHUE B JAOMYCTUMOM MHOXECTBE, TaK M «IKCIUTyaTallI0O» C MOMOUIBIO
TPaIUEHTHBIX METO/IOB JIOKAJILHOTO MTOUCKA.

[TpennoxeHHbld B paboTe MOAXOJ K PELICHHIO 3aJad IMOMCKa TI00alIbHOTO IKCTpeMyMma
MHOTO’KCTPEMAJIBHBIX  IIEJICBBIX  (PYHKIUH 0O0beAUHSET TI00aTM3UPOBAaHHBIA  METOX
ouoreorpadun (Biogeography-Based Optimization, BBO) [1] u kBa3MHBIOTOHOBCKHUIA METOJ]
JIOKaJIbHON ONTHMHU3AIUU ¢ orpaHudeHHoi mamsateio L-BFGS (Limited-memory Broyden—
Fletcher—Goldfarb—Shanno) [2]. Merox Owuoreorpadpuu Obur mpemmokeH B 2008 romy
J1. CaiiMOHOM U OCHOBAH Ha JBOJIOLMOHHBIX NMPHHIUIIAX OCTPOBHOU Ouoreorpaduu. Metox
BBO wucnonp3yercst s T7100aIbHOTO CKaHUPOBAaHMSI MPOCTpaHCTBa moucka, a L-BFGS
MPUMEHSIETCS [l JIOKATbHOTO YTOUHEHUS HAalICHHBIX MpUOIKeHnil. Ha ocHOBe yka3aHHBIX
METOMOB mpemaoxken W peanusoBan Ha s3pike C (GCC \ MIinGW) kxoMOWHMpOBaHHBIM
QITOPUTM HeNOKaldbHOH ontummzanuu BBO (v.2). IIpoBeneHo 4YHCIeHHOE HCCIEIOBaHHE
3 dexTUBHOCTH pa3pabOTAaHHOTO aJrOpUTMa B CPAaBHEHHWHM KakK C 0a30BBIMH METOJaMHU
ouoreorpadpuu BBO (v.1), nuddepennmansuoii spomitoruu DE (v.1), pos wactur PSO (v.1),
Tak ¥ ¢ MoauduiupoBanubiMu BapuantamMu DE (v.2), PSO (v.2) Ha ocHOBE THOpHIM3AIMK C
L-BFGS.

PaccmaTtpuBaercs cineayromas 3aj1adya HeMpepbIBHOW HEJOKAIbHON ONTUMH3ALINM:

f (x) — min, x € B, B:{x|x:(xl,x2,...,xn), a, < X S/?i,izl,_n}.

Beruucnurensusie JKCIIEPUMEHTBI IIPOU3BOAWIIACH Ha pa3HooOpa3HbIX
MHOTO9KCTPEMAIIbHBIX TECTOBBIX 33/1a4aX, 4acTh U3 KOTOPBIX MMPE/ICTABICHA HIXKE.
1. ®ynxmus Pactpuruna (Rastrigin):

f(x)=10-n+Y"(x’ -10-cos(27x)), B=[-5.12,5.12]", x; =0, f"=0.
i=1

2. @Oynknus Salomon:

f(x)=1-cos| 27 /fo +0.1 /fo, B =[-100, 100]", x" =0, f" =0.
i=1 i=1

3. @ynxkuus Schwefel:
f(x)=418.9829-n + Z(—xi -sin(y[x| ) B =[xz, ", x’ =420.9687, f* =0.
i=1
4. Oyunknus Stretched V Sine Wave (SVSW):

*

PabGora BbIMOJHEHA 3a cyeT cyOcuaun MuHoOpHayku Poccuu B pamkax mpoekra «Teopust ¥ MeTOIbI
UCCIIEIOBAHUS  DBOJIIOIIMOHHBIX yPaBHEHWH W YIPABIAEMBIX CHCTEM C HX MNpuiokenusmm» (Ne roc.
perucrparuu: 121041300060-4).
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n-1
f(x) =D (0, + %)% [sin2 {B0(X7; +X7)**} + 0.1], B=[-10,10]", x'=0, f"=0.
i=1

PasmepHoCTh TecTOBBIX 3amau coctaBisuia 100 mepemenubix. Anroputmel BBO (v.1),
DE (v.1), PSO (v.1), BBO (v.2), DE (v.2), PSO (v.2) 3anyckanuch 50 pa3 U3 OJHHX U TEX XK€
CTapTOBBIX MOIMYJISIIHA, PABHOMEPHO PACHpPEEICHHBIX B 00MacTU ompereneHus (QyHKIUU.
Pasmep momymsimuu paBen 10. YcnoBuem mpekpaimieHus paOOThl aJTOPUTMOB SIBIISIIOCH

npessirenne 10° BBI30BOB opakyima HymeBoro mopsaka. Ha puc. | mpHBeneHBI pe3yIbTaThl
YHCJICHHOTO CPaBHEHUs AJITOPUTMOB B BHJE KopoOuaTelx auarpamm. Ilo ocu opaunat
OTJIOKEHBI YCpeTHEHHbIe 3HaueHUs! QYHKIUHU M0 Bcel momynsauuu. B tabn. 1 npencrasneHa
CTaTUCTHKA I10 3aIlyCKaM: cpe/lHee 3HaUYCHHE 11eNIeBON ()YHKIIMU U CTaHAAPTHOE OTKJIOHEHHE.

Ta6muma 1. O6001IeHHBIE Pe3yIbTaThl YUCICHHOTO CPAaBHEHUS aJITOPUTMOB
Rastrigin Salomon Schwefel SVSW
Cp. OTKI. Cp. OTKI. Cp. OTKI. Cp. OTKJI.
BBO (v.1) | 937.15 | 76.528 |14.7048| 0.98941 | 20091.3 | 1201.3 | 50.3957 | 4.50981
BBO (v.2) | 215.03 | 8.9858 |0.44356| 0.11878 | 3341.13 | 200.06 | 11.2597 | 1.71784
DE (v.1) |191.98 | 18.622 |17.0430| 1.26023 | 5126.49 | 544.45 | 29.1522 | 1.79104
DE (v.2) | 0.0089 | 0.0055 |1.93540| 0.49481 | 808.215 | 91.187 | 9.77455 | 1.66707
PSO (v.1) | 937.38 | 53.785 [19.0111| 1.44150 | 35812.4 | 1218.7 | 78.5637 | 5.73470
PSO (v.2) | 269.85 | 6.2304 [4.95799| 0.50153 | 8948.39 | 304.70 | 24.5470 | 1.91425

AJTropuT™M

Rastrigin Schwefel
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Puc. 1. IlnarpaMMbl YUCJIEHHOTO CPaBHEHUS aJITOPUTMOB
Pazpaborannsiii anroputm BBO (v.2), CKOMOMHHPOBAHHBIA C METOAOM JIOKAJILHOTO
noucka L-BFGS, mokazan 3HaunTeNbHBIC YIYUIICHHUS IO CPABHEHUIO ¢ 0230BBIM aJITOPUTMOM
ouoreorpapuu  BBO (v.1). PesynbraTbl NpOBEAEHHOTO TECTHPOBAHUS MMOITBEPHKAAIOT
paboTOCTIOCOOHOCTh PEAIM30BAHHOTO AITOPUTMA JUISl 3a/1a4 HEJTOKAIbHON ONTHMHU3ALINH.

1. Simon D. Evolutionary optimization algorithms. Hoboken: John Wiley & Sons, 2013. 742 p.

2. Mokhtari A., Ribeiro A. Global convergence of online limited memory BFGS. The Journal of
Machine Learning Research. 2015. Vol. 16, No. 1. P. 3151-3181.
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Ob OAHOM CITIOCOBE I'MbPUIU3ALINN
METO/OB TEHETUYECKOI'O TIOUCKA 1 POSI YACTHIL]

I1.C. CopokoBuKOB
WNHCeTuTyT AMHAMMKY CUCTEM U TEOpHUHM yrnpasieHus umenu B.M. Matpocosa CO PAH
pavel@sorokovikov.ru

B pabore mpeniokeH THOPUIHBIN aarOPUTM HEBBITYKJIONW ONTHUMH3AIlMA HAa OCHOBE
METO/I0B I'€HETUYECKOT0 TIOMCKA U posi yacTull. Pa3paboTaHHbIM METOA MpeCcTaBiseT coOon
moauduKaluio reaerndeckoro anroputma (Genetic Algorithm, GA [1]) ¢ no6aBineHreM B
HEero HOBOT'O OIleparopa, ujaes KOTOpOro Mo3amMCTBOBaHa y Meroxaa posi udactui (Particle
Swarm Optimization, PSO [2]). B rubpuarom anroputme (GA-PSO), kak u B MeToze pos
YaCTHII, KaXIbI areHT XpPaHUT KOOPAHMHATHI JTYYIIET0 W3 HAWJACHHBIX UM MPUOIKESHUH U
HaWIy4lllee W3 pPELICHUM, MOJyYeHHBIX BCEMU areHTaMu, UMEET CBOIl BEKTOpP CKOPOCTH
nepeMenieHus. PaccMarpuBaeTcs ciaeayromas 3ajada HeJIOKaJabHOTO ITOMCKA!

f (x)— min, xe X, X :{x|x:(x1,x2,...,xn), a <X, S,Bi,izl,_n}.

[Mpenoxkennsiii anroputM GA-PSO peanuzoBan Ha s3eike C (GCC \ MIinGW) u
ucclieIoBaH Ha Habope TecToBBIX 3amad mpu n=100. TectupoBanue anroputma GA-PSO
BBITIONHSUIOCH B cpaBHeHMH ¢ anroputmMamu GA, PSO u ¢ merogom nuddepenimanbHoi
spomortuu  (Differential Evolution, DE). B cuiy cTOXaCTHYHOCTH aJrOPUTMOB, OHH
3amyckanuch 100 pa3 u3 paBHOMEpPHO pacrpeaenaeHHbIX nomymsauuit u3 10 ocobeii. Kputepmii

OCTAaHOBKM anroputMoB — mpessimenne 10° Be3oBoB meneoit dymkimm. B tabm. 1
NPUBEICHBl ONHMCAaHWE TECTOBBIX (YHKIMI M O0OOOLICHHBIC pE3YyNbTaThl TECTUPOBAHUS
QITOPUTMOB B BHJIE CTaTHCTUK IO 3allyckaM (MUHUMAalbHOE, MaKCHUMalbHOE, CpeIHee
3HAUCHMS, CTaHIApTHOE OTKIoHeHne). Ha puc. 1 B Bume rpaduKoB CXOIUMOCTH
IPEJICTaBJICHbl YCPETHEHHBIE PE3YNbTaThl 3aIyCKOB anropuTt™MoB. 1o ocu abcmuce 0TI0KEeHO
YHCIIO0 BEI30BOB OPaKyJia, [0 OCH OPJUHAT — YCPEIHEHHOE MO NOMYIALUH 3HaYeHNe (QyHKIINH.
Ha ykazanubix TecToBbIX 3amayax anroputM GA-PSO mponemoHcTpupoBas 60see BBICOKYIO
a¢pdextuBHOCT B cpaBHeHun ¢ GA, PSO u DE. IlpoBeaeHHBIC SKCHIEpUMEHTAIBHBIC
UCCIICIOBAaHUS CBUJCTEIBCTBYIOT O MEPCIEKTUBHOCTH pa3pabOTaHHOIO alropuT™Ma IJis
pelIeHns 3a/1a4 HEBBITYKJION ONTUMH3AIIIH.
Tabnuna 1. O6001IeHHBIE pe3yIbTaThl YUCIEHHOTO CPAaBHEHHS AJITOPUTMOB

TecroBas 3amaua (n =100) Meron MuH. Makc. Cp. OTkit.

1. ®ynxuus Pacrpurusa (Rastrigin) FC);SAC; 127.352 | 205.7386 | 162.8864 | 16.11248

f(x)=10-n+> (% ~10-cos(2zx)), | GA | 157.962 | 234.456 | 198.2812 | 16.7402

S . PSO [827.0293 | 1147.472 | 965.9948 | 62.71931

X =1-512,5.12], % =00, 1 =00 ™" Re 1505869 | 355.641 | 290.9179 | 28.55039

2. ®ynxuus Canomona (Salomon) | GA- | 9.822386 | 15.0883 | 11.9566 | 1.049965
" " PSO

f(X)=1—COS(2ﬂ,/ZX5J+0-1,/ZX?, GA | 14.29995 | 20.70039 | 17.34569 | 1.292973

s PSO | 21.20047 | 29.92195 | 25.23108 | 1.821383

X =[-100,100]", x =00, f =0.0 DE [ 11.01763 | 16.84062 | 12.92484 | 1.08163

3. ®ynkuus ['pusanka (Griewank) GA- | 5.334219 | 17.47176 | 8.82176 | 1.884436
PSO

GA | 24.0112 | 54.3471 | 39.2072 | 6.010382

*
PaGora BbimonHeHa 3a cueT cyocuamu MuHOOpHayku Poccum B pamkax npoekta «Teopust u MeTonbl
UCCIIEIOBAaHUS HBOJIOLMOHHBIX YpPaBHEHMH U YIOpPaBISeMBIX CHUCTeM C MX HOpmioxeHusMu» (Ne roc.

perucrparuu: 121041300060-4).
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TecroBas 3amaua (n =100) Meron MuH. Makec. Cp. OTkit.
0 x?2 n X, PSO | 356.0443 | 795.485 | 523.8285 | 75.13192
fo)=1+2 —[Tcos| |, DE | 8.29377 | 85.9536 | 25.27138 | 12.65583
i=1 4000 i=1 \/l_
X =[-600, 600]", x" =0.0, f"=0.0
4. @ynkuus Pozenbpoxa GA- | 254.8842 | 705.5444 | 453.4915 | 90.69995
(Rosenbrock) PSO
nt GA 511.555 | 1024.33 | 731.9892 | 96.86319
_ . 22 2
P00 =2,000- (s =X+ (1) SO [ 2530.426 | 7275.745 | 4334.306 | 978.9711
X =[-2.048, 2.048]", x' =1.0, " =0.0 DE 320.519 | 885.369 | 575.2177 | 102.3638
Rastrigin Salomon
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Puc. 1. Ycpennennsle pe3ynbTaThl 3aIyCKOB aJITOPUTMOB
1. Dey N. Applied genetic algorithm and its variants. Berlin: Springer Nature, 2023. 256 p.

2. Fang J. et al. A survey of algorithms, applications and trends for particle swarm optimization.
International Journal of Network Dynamics and Intelligence. 2023. P. 24-50.

194



YHCJEHHOE NCCJIEJOBAHUE CBOVCTB AJITOPUTMA
BETOYHOTI'O OIIBIJIEHMA JUTA PELTEHUA
MHOI'OOKCTPEMAJIBHBIX 3AIAY OIITUMU3ALINN

I1.C. CopokoBUKOB
WNHCeTuTyT AMHAMMKY CHUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
pavel@sorokovikov.ru

[Ipo6bnema mowucka T1700aJTbHOTO ONTHMYMa HEBBITYKJIOW MHOTOIKCTPEMaTbHON
(GYHKIIUHU MPOJIOIDKAET OCTABAThCS OJIHOM M3 CaMbIX TPYAHBIX B TEOPHH ONTHMH3AINHA U B
NpakTUYECKUX NpwiokeHusx. HMccnegoBaHuss MO  CO3JAaHUIO YHUCIEHHBIX  METOJOB
HEJIOKAJbHOW ONTHUMH3AIMKU BEAYTCSl IOCTATOYHO aKTUBHO B MOCJEIHUE ToAbl. B Hamum gHU
CHEUUATUCTAMU  TPEUIOKEHO CYIIECTBEHHOE KOJIMYECTBO IMOMCKOBBIX  QJITOPUTMOB
paznuyHOro THna [1], Kaxaplii U3 KOTOPHIX UMEET CBOU BBIYMCIUTEIBHBIE XapaKTEPUCTUKH.
OaHUMH U3 TaKUX aJTOPUTMOB SBIISIOTCS METAdBPUCTUKHU, «MHCIIUPUPOBAHHBIE MPUPOIOIN»
(cM., Hamp., [2—4]), pocT NOMyAIPHOCTH KOTOPHIX CBS3aH C YBEJIMYCHHEM MOIIHOCTEH
BBIUMCIUTENFHON TEXHUKU W HEOOXOIMMOCTBIO PEUICHHS ONTHMHU3AIMOHHBIX MpobdiieM
00JBIION Pa3MEPHOCTH.

Anroputm nBerounoro omnbsutieHus (Flower Pollination Algorithm, FPA) mist pemenus
3a/au HeJIoKabHOU ontuMu3anuu npemtoxkeH X.S. Yang B 2012 r. [5] B KemOpumkckom
yHuBepcurere (BenukoOputanus), mpeicTaBisieT COOOH aNroOpuT™M, «HMHCIHPUPOBAHHBIN
JKUBOW TPUPOJION» M OMEPUPYIONINI MHOKECTBOM MOMCKOBBIX areHToB. PaboTa mocssieHa
YHCIIEHHOMY MCCJIEJOBaHUIO CBOICTB anroputma FPA myreM mpoBeneHNs MHOTOBaprUaHTHBIX
BBIUHCIUTENHHBIX IKCIIEPUMEHTOB Ha HA0OpE TECTOBBIX MYJIbTUMOIATHHBIX 3a/1a4.

PaccmarpuBaercs nmpobieMa moucka riao0aaTbHOr0 MUHUMYMa HEBBITYKIIONW (QYHKIIUH C
napajuielenuneHbIMI OrPAHUYCHUSIMU:

f (x) — min, x € B, B:{x|x:(x1,x2,...,xn), o <X <f, i :1,_n}.

B KkadecTBe TECTOBBIX MPUMEPOB PACCMOTPEHBI MHOTOIKCTPEMANIbHBIE 3aJadyH, 4YacTo
UCTIOJIb3yeMbIE TIPU  YHUCJIICHHOM HCCIICIOBAHUM CBOMCTB  aJrOPUTMOB  TJI00AIbHOU
ontumu3zaiy. HeKoTopsie W3 TECTOBBIX ONTUMHU3AIIMOHHBIX 3a/a4 IPHUBEICHBI HUXKE.

1. @ynkiusa Ackley:

-0,2: %-ixiz i-i’cos(Zﬂ'xi) .
f(x)=20+e-20-¢e et , B=[-30,30]", n=100, x; =0, f =0.
2. ®Oynknus Salomon:

f(x)=1-cos| 27 /fo +0.1 /fo, B =[-100, 100]", n =100, X" =0, f" =0.
i=1 i=1

3. @ynknus Wavy:
f(x)=1-=> cos(10x)e 2, B=[-z, #]", =100, x; =0, " =0.
Nz
YucnenHoe wuccienoBanue anroputmMa FPA  mpow3Boauiaoch B CpaBHEHUH C
MeTadBpHUCTHUCCKUMU anropuTMamu post dactuir (Particle Swarm Optimization, PSO) [6],
rapmonndeckoro morcka (Harmony Search, HS) [7], onTumu3anuy mo IpUHIMITY <ydUTEIb—
yuenuk» (Teaching—Learning-Based Optimization, TLBO) [8]. Yka3aHHbIe arOpuTMbI OBLIH
peamuzoBanbl Ha s3pike C (GCC \ MIinGW) ¢ mnpuMeHEHHEM €IUHBIX IPOTPaMMHBIX
CTaH/1apTOB.

*

Pabora BbIMOJHEHA 3a cyeT cyOcuaum MuHoOpHayku Poccunm B pamkax mpoekta «Teopust ¥ MeTOIbI
UCCIIEIOBAHUS  3BOJIOLMOHHEIX YPaBHEHWH W YNPABISEMBIX CHCTEM C HMX NpHIOkKeHUIMU» (Ne° roc.
perucrparuu: 121041300060-4).
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W neHTuyHble yCIOBUSI TECTUPOBAHUS ObUIM 0OECIIEYEeHbI AJIs aIrOPUTMOB, KaXIbIi U3
KOTOpbIX 3amyckaica 50 pa3 W3 OOHUX U TeX K€ HaYaJIbHBIX MONYJISLWA, PaBHOMEPHO
pacmpenieNieHHbIX B o0iacTu ompeneneHus (yHKUMA. Pa3MepHOCTh TECTOBBIX 33134
coctaBisuia 100 mepeMeHHBIX. UMCIO TOMCKOBBIX areHTOB paBHIOCh 10. EauHbiM

KPUTEpUEM OCTAaHOBKU aJrOPUTMOB SBJISIJIOCH IIPEBLIIICHUE 10° oOpalieHuil K Opaxyiy
HYJIEBOTO MOPsIIKA.

Ha puc. 1 npuBeneHsl pe3yibTaTbl YHUCIEHHOTO CpaBHEHHUS alrOPUTMOB B BHUJE
auarpaMm pasMaxa. [1o BepTHKanbHOM OCH OTJIOKEHBI YCpEAHEHHBIC 3HAUCHHs (PYHKIUH IO
Bcel momynsnuu. B Tabn. 1 mpeacraBieHa CTaTHCTHKA IO 3allycKam: MUHHUMAIBHOE,
MaKCUMaJIbHOE U CpeHEe 3HaUYEHUs1, CTAHJAPTHOE OTKJIOHEHHUE.

BrinoanenHbie BBIYUCIIUTCIIBHBIC SKCIICPUMCHTBI NpOACMOHCTPHUPOBAIA
KOHKYpPEHTOCTIOCOOHOCTh anroput™ma FPA, mo kpaifHeit Mmepe, 1)1 BBIIIEOTTMCAHHBIX YCIIOBUM.

Tabmuua 1. O600IIeHHBIE Pe3yNIbTaThl TECTUPOBAHMS AJITOPUTMOB
MuHUMaIBHOE 3HAYEHHE MakcumanbHOE 3HaYEHUE
Ackley | Salomon | Wavy Ackley | Salomon | Wavy
FPA 5.1269 15.7101 | 0.7253 16.1793 | 23.9032 | 0.8643
PSO 14.0553 | 15.5999 | 0.7402 16.2889 | 22.0999 | 0.8935

AJIropuT™

HS 14.8396 | 17.9706 | 0.3767 | 15.8857 | 23.3859 | 0.4718
TLBO 19.5214 | 15.5558 | 0.8552 | 20.0787 | 23.9375 | 0.9034
Cpennee 3HaueHHE CraHapTHOE OTKIOHEHUE

Anroputm

Ackley | Salomon | Wavy Ackley | Salomon | Wavy
FPA 12.9104 | 18.8252 | 0.8214 2.4243 1.6271 | 0.0302
PSO 15.2011 | 19.0001 | 0.8328 0.5299 1.4415 | 0.0291

HS 15.4964 | 21.1284 | 0.4256 0.2507 1.1287 | 0.0176

TLBO 19.9383 | 20.4398 | 0.8886 0.0814 1.6732 | 0.0081

Ackley Salomon Wavy
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O ITPOEKTHPOBAHMU CLIEHAPUEB U1 AHAJIM3A CJIOXKHBIX OB BEKTOB
C UCIIOJIB3OBAHUMEM ITOAXOJA KOMIIOHEHTHO-OPUEHTMPOBAHHOI'O
MOJAEJIMPOBAHUA

Cron6oB A.b.
WHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
stolboff@icc.ru

KoMnoHeHTHBIN N0aX0/] K MOCTPOSHUIO MaTEMaTHUYEeCKUX MOJIENEl CI0XKHBIX 00BEKTOB
MpenoyiaraeT JACKOMITIO3HUIIMIO HCXOTHOW 3amaud U (POPMHUPOBAHHE COOTBETCTBYIOIIETO
MHOXECTBA  MOJIETICH-KOMIIOHEHTOB,  CO3/JaBa€MbIX  pACHpeNeiNEHHBIMU  TpYNIaMHU
pa3paboOTUMKOB B KOHTEKCTE OOLIEHPHUHSTHIX CTaHJAPTOB, KOTOpPbIE HEOOXOAMMBI JUIS
o0ecreyeHnss COBMECTUMOCTH MoJIeNIel JApyr ¢ ApyroM. Takoi moaxoJ B MOCIEIHEe BpeMs
obperaeT BCE OOJNBIIYIO MOMYISIPHOCTh U TPEOYET Pa3BUTHS COOTBETCTBYIOIIUX METOJIOB M
IPOrpaMMHBIX CpPEICTB I MOMIEPKKH Ipolecca IPOCKTUPOBAHUS U peanu3aluu
KOMIUIEKCHBIX MOJIENICH CIIOKHBIX OOBEKTOB.

[lonx MOAENBIO-KOMIIOHEHTOM ITOHUMAETCs MPOrpaMMHBIA  MOJAYNIb  aJrOpuTMa
BBIYMCIICHUM 110 MOJEIM, PEaJU30BAHHBIA B OIPEIEICHHOM Kapkace MozenupoBaHusd. [Ipu
9TOM  B@XHOH  OTJIMYUTENBHOH  OCOOEHHOCTHIO  HWCIOJB30BaHUS  KOMIIOHEHTHO-
OPHUEHTHPOBAHHOI'O MOJXO0/A SIBISAETCS BO3MOXHOCTh OCYIIECTBUTH MHTETPALIMIO HE TOJIBKO
Mo JaHHBIM (pe3yJabTaTaM BBIUYMCICHHA OTIENBHBIX MOJICICH-KOMIIOHEHTOB), HO U
HEIOCPEICTBEHHO B MpOIlecce BBIYMCICHUM. TakuMm 00pa3oM, KaKIblii KOMITOHEHT JOJIKEH
IIPEAOCTaBUTh HE TOJIBKO METO/bI, CBA3aHHBIE C HACTPOMKOW M 3allyCKOM BBIYMCIUTEIBHOTO
HKCIIEPUMEHTA, HO TAaKXE CPEACTBA, PEAIM3YIOIIUE BO3MOXKHOCTH MOJKIIIOUEHHS] BHEIIHUX
MOJIeJIe-KOMIIOHEHTOB Ha JTarne BhIMoiaHeHus. C yué€TroMm 3TOro ocolyi 3HAYMMOCTh
npuoOpeTaeT mpoOIEeMbl CEMAHTHUECKHA 3HAYUMBIX OMUCAHUN MOJIENEH-KOMIOHEHTOB M UX
KOPPEKTHOTO CBsI3bIBaHus [1].

3amady CBA3bIBAaHUSA MOYKHO pacCMaTpHBaTh HA TPEX IOCIENOBATEIbHBIX YpoBHAX. Ha
MEPBOM aHAIM3UPYETCS MPUHIMITHATBHAS BO3MOXXHOCTh OPTaHU30BATh BBIUMCIICHHS: CIIOCO0
oOMEH JaHHBIMH MEXIy MOJENSIMH UM BapUaHThl HCIIOJIHEHUS MOJEeJe Ha pa3HBIX
BBIUMCIIUTENBHBIX ~ yCTpoWcTBax. Ha creayrommx ypoBHAX IUIaH BBIYHCIEHUW IO
KOMILJIEKCHOM MOJIEJIM U3y4YaeTCs C COACPKATEIHHON TOUKH 3PEHHUS.

Ha BTOpOM ypOBHE CBSI3BIBaHHSI PACCMATPUBAIOTCS COCAUMHEHUS MEXKIYy MOJEISMU —
COTJIACOBAHHOCTh BXOJIOB M BBIXOJOB OTHOCUTEJIBHO €IUHOTO MOHSITHUITHOTO MPOCTPAHCTBA.
Ha stom ypoBHe HE00XOaUMO, YTOOBI MOJCTU-KOMIOHEHTHI OB OMUCAHBI B TEPMHHAX
HEKOTOPOW KOHIENTYaIbHOW MOJENIH, C UCTIOIB30BAHUEM JJIEMEHTOB KOTOPOH (popMupyercs
0a3a 3HaHMIA, 00eCTIeunBaloNIas MOMCK HECOOTBETCTBUI B TUTAX U €IUHHIIAX n3MepeHus. Ha
TPETHEM YPOBHE MOHATUIHO MPABUIBHO CKOMIIOHOBAHHAS LIEMIOYKA MOJEJIEH aHaIU3UPYETCs
c yu€ToM OCOOCHHOCTEH METOJOB MojenupoBaHus. Ha 3ToM ypoBHe paccMmarpHuBaroTCs
npo0JIeMbl TIPOCTPAHCTBEHHOTO, BPEMEHHOTO W OPTaHU3AIMOHHOTO MACIITa0UPOBaHUS.
3nech TaKke JJi1 aBTOMAaTUYECKOTO aHajln3a HEOOXOAMMO HCIOIb30BaTh CIEUANIbHbIE 0a3bl
3HaHUM.

Pemenne 3amaum CBsA3BIBaHUST HA BCEX YPOBHSIX OCHOBBIBAETCS HA aBTOPCKOM
KOHLIENITYaJIbHOM MOJIE€NM KOMITOHEHTHO-OPUEHTUPOBAHHOIO CLEHAPHOTO MOJEIUPOBAHMS
(KM KOCM), koropasi ONMHCHIBAET 3HAHUS O MOJCIAX-KOMIIOHEHTOB C TOYKHU 3PCHUS:
MNOJNJEPKUBAEMBIX ~ MPOTPAMMHBIX ~ MHTEp(ENCOB; HCHOJIB3YEMOr0  MaTeMaTHYeCKOIo
anmnapara; IpeIMETHON MHTEPIPETALlMY ypaBHEHUH, TepeMeHHbIX, apamerpos. KM KOCM
TaK)Ke COACPNKUT MHPOpPMAIHMIO O Pa3padOTYMKaX M AHATOTHYHBIX MPOEKTaX; CCHUIKH Ha
onucanusi, pykoBoactBa W npuMepbl. @aktmyecku KM KOCM - 3T0 MHOrocionHas
pacupsiemasi OHTOJIOTUSI, UHTETPUPYIOLIAsl JaHHbIE U 3HAHUS U3 Pa3IUYHBbIX UCTOUYHUKOB, B
T. 4. ¥ APYTUX OHTOJIOTUH.
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B kadectBe OCHOBHOW (DOPMBI 711 TIPEICTABIICHUS CBS3EH 3JIEMEHTOB MTPOCKTUPYEMOM
KOMILUIEKCHOM MOJICJIM HUCIOJIB3yeTcsl MOTOK pabdor (workflow), rme y3mamu sIBASIOTCS
METOJIbI MOJIETT! KOMITOHEHTA, & CBS3SIMHU — HAIPaBIICHUS TOTOKOB IaHHBIX U yIpaBiieHus [2].

[Ipennaraercsa crneayromuil TPUHIUIHAIBHBINA aITOPUTM MPOCKTUPOBAHUS CIEHAPUEB
JUIST  aHaJM3a CJIOXHBIX OOBEKTOB C  HCIOJIB30BAaHHMEM MOJXOAa KOMIIOHEHTHO-
OpPUEHTUPOBAHHOTO MOJCITUPOBAHUS:

1. Omnucanme curyanuu B TepmuHax KM KOCM depe3 co3maHme SK3EMIUISPOB
CYIIECTBYIOIIUX TPEIMETHBIX MOHSATHH U, TPU HEOOXOIMMOCTH, CO3[aHUE HOBBIX
JTOTIOTHUTEIBHBIX MPOU3BOJIHBIX MOHSATHIA.

2. ®opmupoBanue nesiei uccnenoBanus B TepMuHax KM KOCM.

3. Perucrpanusi u ceMaHTHYECKOE aHHOTUPOBAHUE DJIEMEHTOB MOJEITU-KOMIIOHEHTA B
tepmuHnax KM KOCM, c¢ yderoM o0cCOOEHHOCTEHl paboThl C OTKPBITHIMU
CTaHJapTaMH MOJCITUPOBAHUS.

4. Peructpanus U ceMaHTHYECKOE aHHOTHPOBAHME HMCTOYHUKOB JaHHBIX. [Ipu 3Tom
MCTOYHUKHU JaHHBIX PACCMATPUBAIOTCS KaK CIEUaIbHBINA BUJ] KOMIIOHEHTA.

5. ®opmupoBaHue 0a3bl 3HAHUU aHaIHM3a TUIAHA BRIYUCICHUN MO Mozaenu. McxoaHas
0a3za 3HaHWN, C KOTOPOW HAYMHAET paboOTaTh IOJIL30BATENb, pa3padaThIBACTCS
COBMECTHBIMHU YCHIIMSIMH CIICLIUATMCTOB U3 Pa3HBIX 00JIacTel: CUCTEeMHBIN aHaIu3,
MaTEeMaTHYeCKOE MOJCIMPOBAHME, TPEIMETHBIE JIUCIUIUIMHBI, pa3paboTka
nporpamMmmHoro obecnieueHusi, DevOps, nH)XKeHepUs 3HaHHWMA. 3a/1aueii MoaIp30BaTems
SIBJISICTCSL:

a. Bp10op mpaBuI U3 MHOXKECTBA.
b. Tlpu HEOOXOAMMOCTH, CO3JAaHWE HOBBIX MM 3aMCHa CYIIECTBYIOIIUX
MIPaBHUIL

6. dopmupoBanue crenuuKanuy IMJIaHA BBHIYUCICHHH B TEPMHHAX IOTOKa pabOT B
CHEIMAIM3UPOBAaHHOM BeO-peaaKTope.

7. Anamu3 crenmu@uUKaluyd TUTAHA BBIYHUCICHWH C HWCIIOJNIb30BaHHEM 0a3bl 3HAHHM,
dbopMHupOBaHUE PEKOMEH AN

8. IloBTOpeHue maroB 6-7 a0 MOJTYYECHHS KOMIUIEKCHOW MOJENH, COTJIACOBAHHOM C
0a30ii 3HAaHU.

9. dopmMupoBaHHE MHOKECTBO CIICHAPUEB B COOTBETCTBUU C 023011 1M1a0JI0HOB.

10. [IpoBeneHne BRIYUCIUTEIBHBIX YKCIEPUMEHTOB C MOJIETIBIO.

PaccmaTpuBaeMble WILTIOCTpaTUBHBIE MNPHUMEPHI CBSI3aHBI C 3aJayell  CIEHapHOTO
MOJICTTPOBAHUS HA OCHOBE MO/IEICH-KOMIIOHEHTOB, OMMMCHIBAIONINX YKOJIOT0-I9KOHOMUYECKUE
MPOIECCH, M3YYaeMbIX B paMKax HAyYHO-TPAKTUYECKOTO HAMPABICHHUS — KOMILIEKCHOTO
MojenupoBaHus okpyxaromiei cpenbl (Integrated Environmental Modeling). B nacrosiee
BpeMsl B paMKaxX 3TOTO HalpaBIEHHUS aBTOPOM paszpadarbiBacTcsi MHGOPMAIIMOHHAS CHCTEMaA
KOMIUIEKCHOTO MOJICIIMPOBAHUSA OKpYyXarolel cpenbl i balkanbCKoil OpUpOIHON
tepputopun (MC KMOC BIIP) Ha OCHOBE OTKPBITBIX CTaHAAPTOB [UIsl OpTraHU3AlUN
cBsi3bIBaHUA [3].

1. Cronbo A.b., Jlemmeptr A.A., IlaBnoB A.M. Peammzanus KOMITOHEHTHO-OPHEHTHPOBAHHOTO
MOJIENIMPOBAaHMUS B IUIaTGOpPMeE CO3/AaHUsI CHCTEM, OCHOBAHHBIX Ha 3HaHUX. MHopManoHHbe 1
MaTeMaTHYeCKHe TEXHOJIOTUH B Hayke U ynpasneHun. 2021. Ne 4. C. 21-30.

2. Cronboe A.b., [Tapmos A.U., Jlemnept A.A. O NpOCKTUPOBAaHUM IMOTOKA PabOT B miaTdopme
CO3/laHMsl CHCTEM, OCHOBAHHBIX Ha 3HaHMAX. Matepuansl V. MexXIyHapoIHOIO CeMHHapa II0
MH(QOPMALMOHHBIM, BBIYUCIUTEIBHBIM U YNPABISIOMIMM CHCTEMaM JUIS PaclpeAesieHHBbIE Cpel
(ICCS-DE 2023), 3-7 uromst, 2023, Upkytck, Poccus. Upkyrek: M3a-so MACTY CO PAH, 2023.
C. 82-87.

3. Cronbo A.b. Pazpaborka WHPOPMAIMOHHONH CHCTEMBI O MaTeMaTHYECKUX MOJACIIX
OKpY>KaroIllel Cpelibl, NOJAEP)KUBAIOIINX OTKPHITHIE CTAHAAPTHI MOAenupoBanus. Matepuans! VI
MexnyHapoIHOTO ceMHUHapa M0 WH(OPMAIMOHHBIM, BBIUHMCIUTEIBHBIM M  YIPABISIOUIIM
cucremam ans pacnpenenceunsie cpen (ICCS-DE 2024), 1-5 wurons, 2024, Upkyrtck, Poccus.
Upkyrek: Uzn-so UJCTY CO PAH, 2024. C. 34-38.
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YNCJIEHHOE UCCJIEJIOBAHUE ITPEJEJILHBIX BOSMOXHOCTEN
«BEJIOCUIIEJTHOIM» MOJIEJIM ABTOMOBUJISA

A.H. CTpeJIBHPIKOBl, AIO. FOpHOBZ
1I/IpKyTCKI/II71 HallMOHAJIbHBIM MCCIIEA0BATENbCKUM TEXHUYECKUN YHUBEPCUTET,
ZI/IHCTI/ITYT JMHAMUKHU CUCTEM M TeopuH yrpasieHus umenu B.M. Matpocosa CO PAH
strelnikovO77@rambler.ru, gornov@icc.ru

3amaua CO3aHUS CHCTEM YIpaBJICHHUS aBTOMOOMIIEM, CIIOCOOHBIX (DYHKIIMOHUPOBATH
NpakTUYeCKH 0e3 ydacTHs YeJOBEKa, B HACTOSIIEE BpeMs, OCCCIIOPHO, SIBJISIETCS OJHOW U3
CaMbIX aKTyaJbHBIX TEXHHYECKHX MpoOsieM. B kadecTBe OCHOBHOTO MaTEeMaTHYECKOTO
amnmapara JijIsl pacdeToB TPACKTOPHH JABWKCHHS MPAKTUKYIOIIMMHA WHXXCHEPaAMH OIPE]ICIICHBI
«3a/1a4u  YIpPaBIEHUS C MPOTHOZUPYIOUIUMHU MojaensiMuy». Cpenu OONBIIOr0 MHOMKECTBA
MPEVIOKCHHBIX B Pa3IMYHBIX paboTax MojeNeld IWHAMUKH aBTOMOOWJISI 0co00e MecCTo
3aHMMAIOT, Ha Ham B3sLA, wmojenu Jlyownca, Pupaca-lllenma w Tak HaspiBaeMas
(MCTOPUYECKHN) «BETOCUTICTHAS» MOACHb (CM., Hamp., [1, 2]). [IpocTie Moienu MEpBHIX IBYX
TUIIOB MBI HCCIENOBal paHee (cM., Hamp., [3]). B mokmame oGcyxnmarorcsi pe3yibTaThl
HCCJIEIOBAHMSI «BEJIOCUTICAHON» MOJENN Ha MPEAMET OIIEHKH €€ MPeAETbHBIX BO3MOKHOCTEH.

B ocHOBe «BenocumneaHOW» MOJENH JIeKAT TPU KITFOUYEBBIX MPEATOIOKESHUS: a) BCSA
JUHAMHUKa YKJIaJbIBa€TCSI B OJHY IJIOCKOCTh 0€3 BO3MOXKHOCTH HU3MEHUTh BBICOTY MAlIUHbL;
0) mepegHWe W 3aJHUE KoOJieca COCIMHEHBI >KeCTKoW Oankoil; B) o0a mepemHux Koseca
JBUKYTCS CUHXPOHHO, YTO MO3BOJISIET OXBATUTh UX OJHUM MOJEIbHBIM KOMIIOHEHTOM. [Ipu
TaKUX TPEANOJIOKEHUSX TUHAMHKA aBTOMOOWIS CTaHOBUTCS BO MHOTOM IIOXOXEH Ha
TUHAMUKY BEJIOCHUIIEa, YTO U TMOPOXKIAAET HECKOJIbKO HMPOHUYHO-TUHTBUCTUYECKOE HAa3BaHUE
Bcero 3toro noaxona. Cuuraercs (cM., Hamp., [4, 5]), 4To Takas MOJEIbh HETUIOXO paboTaeT B
ClIydasiX, KOTJa MOXHO IpeHeOpeub MPOOYKCOBBIBAHMEM — XapaKTEPUCTHKHU CIETUICHUS
MPaBBIX M JIEBBIX KOJIEC OJTHOW OCH 3aMETHO HE Pa3uJaroTCsl.

BxonamMu Monenu SBISIOTCS MIHOBEHHAsh CKOPOCTh — JIMHEWHass W yIJoBas;
MTHOBEHHOE YCKOPEHHE; MPOCTPAHCTBEHHOE IOJIOKCHHE B OJHOW M3 CHCTEM KOOpPJIWHAT
(kapTa Wiu TII00AJIbHAS); YTJIOBOE TIOJIOKCHHE B OJTHOM M3 CHUCTEM KOOpIMHAT (KapTa WM
riobanpHast); yroJ TMOBOpPOTa IMepeaHux KoJEc. BBIXOABl MOAENH: jKelaeMoe YCKOpEHUe
aBTOMOOWJII, KOTOpoe OyaeT oTpadaThIBaThCs BCTPOCHHBIM B aBTOMOOWIL KOHTYPOM
yIIpaBJICHUS; J)KEIaeMBbIi YyToJl MOBOPOTA KOJIEC MO0 PYIIEBOTO KoJjeca.

JluHamuKa crucTeMbl 331a€TCs yPaBHEHUSIMU

3'c=v-cost9,y=v-sin9,9=%-tgy,

v=a,y =ki(u(t) —y), a=ky(uy(t) —a.
OrpaHnyeHys Ha yIpaBIeHUs
—0.5 < uy(t) < 0.5, —2.8 < u,y(t) < 2.8, t € [to, t4].

HauaneHbiit BexkTop Oynmem BbIOMpath cienyromum: (7.0, —220.0, -1.5, 0.8, —-0.025, 0.0);
3HaueHus kodddurmentoB monenm —b = 2.0, k; =4.2, k, =5.1.

[MpuHnMNHankHass BO3MOXHOCTh OLEHUTh PEATUCTUYHOCTh KAaKOTO-TMOO MaHeBpa
aBTOMOOWJI OTKpBIBAE€TCA MpH HAJIWYUM aJleKBaTHOM MOJEIM M METOAMK (ha30BOTro
OIICHUBaHMs. 3a/laya anmnpoKCUMAaIlii MHOXKECTBA JOCTHKUMOCTH, OJJHA U3 KJIIOYEBBIX 3a]1a4
Teopuu (ha30BOTO OLIEHWBAHUS, MOKET ObITh TPUOIMKEHHO pEelIeHa JUIsl HETMHEHHBIX CUCTEM
C JINHEWHBIM BXOXKJICHUEM YIPABIISIIONINX BO3JCHCTBUN; K CUACTHIO, pacCMaTpyuBaeMas HaMu
cucteMa o00OJlamaeT 3THUM CBOMCTBOM. J[JiT TMOCTpOCHMS amnmpoKCHMAaIliii  MHOXECTBa
JTOCTHKUMOCTHU OBLT UCIIOJBF30BaH aJTOPUTM KBAa3MPABHOMEPHOTO 3aIlOJIHCHUS, OTTMCAHHBIN B
pabore [6]. IlocTpoeHa cepusi MHOXECTB JIOCTHXKUMOCTH C YBEIMYCHHEM BpPEMCHH,
BBIJIaBA€MOTO Ha MaHeBp — t; oT 1 1o 3.5 ¢ marom 0.5 (puc. 1).

199


mailto:strelnikov077@rambler.ru
mailto:gornov@icc.ru

216 =
-2'18-
-220—-
-222—-

-224

232 ] 5¢-235 T x-240 — 7T &
0 4 8 12 16 5 0 5 10 15 20 -10 0 10 20 30
Puc. 1. [Ipoekumun MHOKECTBA JOCTHKUMOCTH Ha TIOCKOCTH (X, YY) C pacTyLIMM HHTEPBAJIOM BPEMEHH:

a) t € [to,t;] = [0,1.0], 6) [0, 1.5], B) [0, 2.0], 1) [0, 2.5], 1) [0, 3.0], €) [0, 3.5]

Ha pucyHke oTpakeHbI MPOEKIIMU MHOKECTBA Ha IUIOCKOCTH (X, Y) TEOMETPUYCCKHUX
NEPEMEHHBIX MpPH Pa3jIMYHOM BpeMeHHU. J[MHaMuKa MHOKECTBAa JOCTH)KMMOCTH XOPOILIO
OTpaxxact pocCT BO3MOXKHOCTEH aBTOMOGI/I.HH C YBCIIMYCHUCM BPCMCHH, BbIAABACMOI'O Ha
MaHeBp. [Ipu HemocTaTke BpEeMEHM MHOTHE TOYKH B OJIDKalIIeld OKPECTHOCTH TEKYIIETO
COCTOSAHUA HCAOCTYIIHEI. Ho 3arem 3anojHeHHOCTH PacTeT, U, B KOHCYHOM HUTOI'C, OCTAIOTCA
TOJIbKO HEOOJbIINE OCTPOBKU HEIOCTYIMHOCTH, KOTOpPbIE TOXE B KOHIIE KOHIIOB HCUE€3aIOT.
HpOBe,ZleHHBIC BBIYUCIIUTCIIBHBIC OKCIICPUMCHTBI MNOATBCPANIIN MNPpUHIUITHAIBHYTO
paboTOCIOCOOHOCTD MPEMTIOKEHHOTO TI0IX0/1a.

1. bypmakop C.®., Mupommuk W.B., CrenpmakoB P.D. Cucremsl ymnpaBieHUS IBIKCHHEM
KoJieCHBIX poboTtoB. Crb.: Hayka, 2001. 227 c.

2. Meijaard J.P., Schwab A.L. Linearized equations for an extended bicycle model. Proc. of Il
European Conf. on Comp. Mechanics Problems in Engineering. Lisbon, 2006. 18 p.

3. CrpensuukoB A.H., TopuoB A.}0. CpaBHUTCIbHOE HCCIICOBAHHE  BO3MOXKHOCTECH
aBTOMOOMIBHBIX Moxeneit Jlyomnca u Pupca-lllenma. Matep. 39-i MexayHap. KoH.
«JIsmynoBckue urenus 2023» (1. Upkytck, 4 — 8 nexkadps 2023 r.). 2023. C. 105.

4. TIlaBnoB M.C. MatemaTudeckoe MOICIHPOBAHUE MPOCTPAHCTBEHHOTO IBMXKCHHUS ABTOMOOWIIS.
Jluccepranys Ha COWCKAaHWE YYEHOW CTEeleHW KaHauaara (QU3UKO-MaTeMaTHYecKHX HaykK. M.:
1998. 188 c.

5. CmupaoB HM.A. MaremMaTtndeckoe MOJICIHPOBaHNE 3aHOca aBToMoOWis. Jlucceprarmus Ha
COWCKAaHME YYEHOH CTelmeHn KaHaugata QU3HKO-MaTeMaTHYecKux Hayk. MockBa, MIY
M. M.B. Jlomonocosa, 2011. 167 c.

6. ®unkensiireiin E.A., T'opHoB A.JO. AnroputM KBa3WpaBHOMEPHOTO 3arOJIHEHUS MHOXKECTBa
TOCTIDKMMOCTH HETTWHEHHOUW ympaBiseMol cuctembl. M3Bectusi Mpkyrckoro roc. yH-ta. Cep.
Marematuka. 2017. T. 19. C. 217-223.
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ACHUMIITOTUYECKUU AHAJIN3 TETEPOI'EHHOM BECKOHE‘IHOJII/IHUEPIHOPI
CMO C [TAPAMETPAMU, 3ABUCSIIIUMU OT COCTOSIHUS CIIVUYANHON CPE/IbI

A.B. Tapacenko, C.I1. Mouceesa, E.I1. [Tonun
ToMckuii rocy1apCTBEHHbBI YHUBEPCUTET
Lsa328@yandex.ru, smoiseeva@mail.ru, polin_evgeny@mail.ru

Cucrema maccoBoro obOciyxuBanusi M/M/wo sBhsieTcs OqHONW W3 CaMBIX MPOCTHIX
MojieNield B TEOPUHU Ouepeneid, 9To O00yCIOBIECHO TeM (aKTOM, YTO MPOCTEHIITNI BXOISAIIHI
MOTOK O0JIAJaeT CBOMCTBOM OTCYTCTBHUS TOCJEICHCTBUSA, 2 HEOTPAHUICHHOE YHCIIO CEPBEPOB
MO3BOJIAIOT 3asiBKaM BecTU ceOs He3aBUCHMO Apyr oT apyra. Ho, HecMoTps Ha cBOO
poCTOTy, cucteMa M/M/oo 4acTo HCHONB3yeTcsl ISl MOACTHPOBAHUS CUCTEM C YHUCTOU
3aJIep>KKOM, TaKUX KaK aBTOMAarucTpajid, CIyTHUKOBBIC JTMHUM CBS3M WIM JJIUHHBIE KaOemu
CBSI3U, WIM JUIsl allpOKCHUMAallMu MOBEACHUS MHOTOCEPBEPHBIX cucTeM. Korja Takue THIIbI
CHUCTEM IIOJBEPralOTCS BHEIIHMM BO3JECHUCTBHUSAM, KOTOpPBIE BIUAKT Ha CKOpPOCTh
0o0CTyXKMBaHUST W WMHTCHCUBHOCTh BXOJSIIMX IIOTOKOB, TIOJE3HO PACCMOTPETh Oolee
aJIecKBaTHbIE MOJIENH, TaKH€ KaK MpeUIoKeHHas B 3ToW paboTe, YTOOBI MpOaHAIU3UPOBATh
WJIM TpeJicKa3aTh Ux noseaeHue [1].

B 1981 r. M.F. Neuts npemtoxmn QpyHIaMEHTAIbHBINH MOAX0A K MpoljemMe aHain3a
CMO B cnyuaiiHoil MapkoBckoi cpezne [2]. OH cBen 3a1ady pacuera XapaKTEpUCTHK TaKON
CHUCTEMBI K pEHICHUI0O MaTPUYHOrO ypaBHEHHUs. Takol MOAXOJ IO3BOJWI HCCIEAOBAaTh
XapaKTePUCTUKU CHUCTEM MAacCOBOTO OOCTY)KUBaHUs, MapaMeTpbl KOTOPHIX 3aBUCST OT
COCTOSIHMSI HEKOTOPOTO CIy4alHOTO IpoIiecca, MPeACTaBisomero coooi mens MapkoBa ¢
KOHCUHBIM  MHOXKecTBoM  coctosiuuii.  T.Takine u  B.Sengupta  paccmotpenu
OECKOHEYHOJIMHENHYI0O CHUCTeMY, KOTJa TOJBKO BXOISIIMNA TOTOK OBUT TOABEPKEH
MapKOBCKOW Moaysiuuu [3, 4].

Hacrosimas paboTa mpoomkaeT uccieoBaHus [S], riae mpoBOIUIICS aCUMITTOTHIECKUN
AQHAIU3 TETEPOTreHHBIX OCCKOHEUHOIWHEHHBIX CHCTEM MAaCCOBOTO OOCIYXHBAHHS C
napaMeTpamMu SKCHOHEHIUAIbHOTO OOCIY)KMBAHUS, 3aBUCSAIIMMHU OT COCTOSIHUS BHEILIHEH
Cpelbl, B YCIOBUU SKBHBAJIIEHTHO PACTYIIETO BPEMEHU OOCTY)KMBaHUS Ha T€TEPOTECHHBIX
cepBepax. B nanHoi paGoTe B KayecTBe MPEAETHLHOTO YCIOBHUSI pacCMaTPHUBAETCS BBICOKAs
MHTEHCUBHOCTh BXOJILIErO0 MOTOKA U MPEAEIBHO YaCTOE MU3MEHEHUE COCTOSHUM CIy4ailHOM
Cpenbl.

PaccmaTpuBaercs ~ rereporeHHas ~— CHCTeMa  MaccoBOrOo  OOCHY)KMBaHUS  C
HEOTPAaHWYEHHBIM YHCJIOM MPUOOpPOB, (QYHKIMOHHMpYOIIas B ciydaitHoi cpeme. Ilpomecc
U3MCHEHHsI COCTOSIHUM BHEUIHEH Cpelbl — HENpephIBHBIA MapkoBckuid mporecc S(f) ¢
KOHEYHBIM  YHCJIOM  cocTossHMM S =1,..,S, KOTOpbIli  ompeaensercs  MaTpHICH
nHGUHNTE3UMATBHBIX XapakTepucTuk Q =[], 1,j =1,...,S. CocTostHUEe cpenbl ompenenser
MHTEHCUBHOCTh BXOJSILEr0 MOTOKa Kak Ag >0, s=1,..S, To ecTp BXomdmuii B cHCTEMY

MOTOK sBJIsIETCI MAapKOBCKMM MOJYJIMPOBAaHHBIM IyaCCOHOBCKMM TOTOKOM — MMPP.
I[I/ICLII/IH.HI/IHa OGCHy)KI/IBaHI/IH NOCTyHnaromux 3asABOK OIPCACIIACTCA COCTOAHUCM CpPCIAbl B
MOMEHT MOCTyIuIeHus1 TpeboBanus. Eciu cpemna Haxoaurtes B coctosuuu, S(f)=n, n=1,...,S
TO 3asBKAa OOCTY)KMBAeTCsl CIIydallHOE BpEMs, PACIpENeNICHHOE MO SKCIIOHEHIHAILHOMY
3akoHy F,(X) =1-e™™, x>0, He MeHsIOLIeeCs PH U3MCHEHNH COCTOSTHUSI cpe/bl. Takum
o0pa3oM, B cHUCTEME OJHOBPEMEHHO OOCIYKHUBAIOTCSI 3asBKH C pa3HbIMU IapamMeTpamu
O6CJIy)I(I/IBaHI/I}I, MMO3TOMY TaAKUC CUCTCMBbI 6YI[€M Ha3bIBATh I'CTCPOIrCHHBIMU.

HccnemoBanne BBIMONHEHO 3a c4eT TIpaHTa Poccuiickoro HayuHoro ¢ouma Ne.24-21-00454,
https://rscf.ru/project/24-21-00454/
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Hnst CTallMOHAPHOTO pacnpeneneHus BEPOATHOCTEMN
P(i,n,t) = P(iy,iz,...,is,n,t) = P{i1(t) = i, i2(t) = ip,..., Is(t) = is, S(t) =n} cucrema ypaBHEHUM
Koamoroposa mis N =1,2,...,S umeer Bun

[k +Zu,|) (i,n)+1,P(i-¢e,,n) +ZH| (i, +DP(i +e,n)+ > q,P(i,v)=0.

3neck e, =[1,0,...,0], ... ,en=[0,0,...1] — BekTOp-cTpOKHU pazmepHOCTH 1xS. Torma mis
YAaCTUYHBIX XapaKTEPUCTUICCKUX (YHKIMI BHIA

H(U, Uy, Ug,n) = H(u,n) =Y el Y el S els P(i,n),

Y UCIIOJIb3YsI 0003HAYCHUS

h(U=[H(U.D, H(U,2), HUS)], uu) = [ -1, -1),.us €7 -1,

[ oH (u,1) oH(u,S) |
ouy ouy

oh(u) _

. A(u) = diag[r, (€™ -1),..., 05 (!5 —1)].
ou

oH (u,1) oH(u,S)
ous  oug

UMEEM CIIEAYIOIIYIO CUCTEMY YPaBHEHHIA B MATPUYHOM BHJIE
oh(u
() ) ‘ ) _hu)(A) + Q).

Bynem uckath pemieHnsi JaHHOW CUCTEMBI B YCJIOBHU BBICOKOMHTEHCHBHOT'O BXO/ISIIETO
IOTOKAa M 4YacTOW CMeHBI cocTosHuil cpensl, T0 ecth A =NA', Q=NQ', N 5w. C
WCITOJIb30BAaHUEM METOJa aCUMITOTHYECKOro aHanu3a [6] B maHHOW paboTe MOKa3aHO, YTO
ACUMITOTUYECKOE MPUOIIKEHNE TIEPBOTO MOPSIKA UMEET BH/T

. A
H(ug,...,Ug) = exp j[l’lu1£+...+ rsUs —Sj :
My Hs

TakuMm 00pa3om, MOTYy4EHO, YTO ACHMIITOTHIECKOE CPETHEE YUCIO 3aHSATHIX TPUOOPOB
COBIAMACT C TOYHBIM [7]. BrTopoil »3Tam wuccineqoBaHUsI COCTOMT B HAXO0XKIACHUU
aCHMHTOTquCKOﬁ ;[chepcpm, qTo IIO3BOJIUT 60.]166 TOYHO OLICHUTH IIOBCACHUC
HCCJIeTyEMOTO MHOTOMEPHOTO TIpoIiecca.

1. D’Auria B. M/M/oo queues in semi-Markovian random environment. Queueing Syst. 2008. Ne 58.
P. 221-237.

2. Neuts M.F. Matrix-geometric solutions in stochastic models. Baltimore and London: The John
Hopkins University Press. 1981. 352 pp.

3. Takine N., Sengupta B. A Single Server Queue with Service Interruptions. Queueing Syst. 1997.
Ne 26. P. 285-300.

4. Sengupta B. A Queue with Service Interruptions in an Alternating Random Environment.
Operations Research. Ne 38. P. 308-318.

5. Tomun E.I1., Mouceesa C.I1., Poxkosa C.B. AcuMnToTndecKknii aHaIu3 HEOTHOPOTHON CHCTEMBI
MaccoBoro obciykuanusi M/M/co B MapkoBCcKo# ciy4aiiHoii cpesie. BectHuk ToMckoro roc. yH-
Ta. YpaBieHue, BBIYUCIUTENbHA TeXHUKa 1 nHpopmaTuka. 2019. Ne 47. C. 75-83.

6. HazapoB A.A., MouceeBa C.II. MeToapl acCHMITOTHYECKOIO aHAIN3a B TEOPHUH MAacCOBOTO
obcmyxkuBanus. Tomck: M3a-Bo HTJIL. 2006. 112 c.

7. Tomun E.Il.,, Mouceea C.I1. UccnenoBanue cucremsr MMPP(n)[M(n)|coc MeTOIOM MOMEHTOB.
MaremaTryeckoe W NpOrpaMMHOE oOecrieueHHMEe HH()OPMAIMOHHBIX, TEXHUYECKHX U
IKOHOMHYECKHX cHcTeM: MaTepuaisl VI MexayHapoTHOH MOJIOAEKHOH HaydHOH KOH(EPEHITUH.
Tomck, 24-26 mas 2018 1. Tomck, 2018. T. 302. C. 306-311.
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MOJEJIMPOBAHUE PUCKOB IIOPAJXKEHI BEPXUX OTJAEJIOB .
PECIIMPATOPHOI'O TPAKTA KAK OCJIOJKHEHUN 'ACTPO330®AI'EAJIBHOU
PE®JIIOKCHOU BOJIE3HHA

1.B. Temuukosa’, A.1O. FOpHOBZ
'Knunnueckas oonpaUNA «PX]-Meaumnunay, r. UpkyTck
ZI/IHCTI/ITYT JMHAMUKHU CUCTEM M Te€OopuH yrpasieHus umenu B.M. Matpocosa CO PAH
gornov@icc.ru

lacrpoazodareanvuas pedurokcHas 6one3nb (['DPB) nomuHMpyeT cpenu 3aboneBaHuit
opraHoB nuiieBapeHusi. PacnpoctpanenHocte ['DOPb B crpanax 3amagnHoit EBpomnbl u
CeBepHoii AMepukn yxe nocruraer 25,9-27,8 %, Bocrounoit Asuu — 7,8 %; B HepaBHUX
KPYIHBIX TOMYJSIMOHHBIX HCCIEIOBAaHUSAX OOHapykeH ee pocT B 3amagHoi EBpome u
CeepHoil AMepuke Ha 4 % B rox; B A3uu 3a ACCATUIETHUM NEPHOJ] YacTOTa 3PO3UBHOMN
dbopmbl pedIroKCHOM 00JIE3HU yBEeNWUYWIach B Heckoibko pas [1]. [Tomumo mporpeccuBHO
paACTYIIMX PaCHPOCTPAHCHHOCTH W TSHKECTH MATOJOTHH, aKTyallbHOCTh mpoOiembl ['DOPb
00yCIIOBJIEHa BHEMUIIEBOJHBIMUA KIMHUYECKUMH MPOSBICHUSMHU, KOTOPbIE IS JUArHOCTUKHU
TpeOYIOT TPUMEHEHHUs IIMPOKOTO CIEKTpa JIA0OPATOPHBIX, HHCTPYMEHTATBHBIX METO/OB
oOcrmeoBaHUSI W COBMECTHOM pabOThl Bpaueld pa3HBIX CHCIUATBHOCTEH, a TIpH
HEOOXOUMOCTH Bepu(UKAMKM AUArHO3a — BIHSIOT Ha MPOJOJDKUTEILHOCTh U CTPYKTYPY
neucHus [2].

B nokmage oOcyxnmarorcs mpoOieMbl OLEHKH PHCKOB YTpaThl KadecTBa KH3HU
NAlMEHTOB, CTPAJAIOLIUX XPOHWYECKUMHU  3a00JIEBaHUSIMU  JBIXATEIBHOTO  TPAaKTa,
aCCOIMMPOBAHHBIMHU TIOCIIEACTBUSIMHU pedIFOKCHON O0ie3HH (CM., Hamp., [3]).

OOyuarorass BeIOOpPKa Ui MOJETMPOBaHHS cocTaBlieHa W3 132 mociemoBaTelbHBIX
CTAallMOHAPHBIX MAI[MEHTOB TaCTPOIHTEPOJOTMUECKOTO U  OTOPUHOIAPUHTOJIOTHYECKOTO
otaenenuii JlopoxHoit knmHWYEeCKOW OonpHUILI PXK]I, moamucaBmmx uHGOPMHUPOBAHHOE
corjacue Ha uccienoBanue. sl KaxkJIoro maipeHTa WMEIOTCS JIaHHbIE 10 OCHOBHBIM 60
KJIMHUYECKUM U JIabOpaTOPHBIM IMOKa3aTesiM. DKCIEPTHBIM IyTeM Obutd chopmupoBaHsbl 3
rpynmsl: 1-s Tpynna — NalyueHThl ¢ BHENUIEBOAHBIMU cuHapoMamu [ OPb (41 den., mequana
Bo3pacta 43,8 7neT); 2-1 — MalUeHThl C MUIIEeBOAHBIMU cuHApoMaMu ['OPb ¢ oTcyrcTBHEM
TO0BIX BHEMUIIEBOAHBIX TposiBneHui (50 uen., meamana 41,5 ner); 3-1 — marUeHTHl C
MOPKEHUEM BEPXHHUX OTJICJIOB PeCUpaToOpHOro Tpakra B orcyrctBuu ['OPb (41 uen., 40
ner). JInst Kaxaoi U3 TPYII ¢ UCTIOIB30BaHUEM PErPECCHOHHBIX METOJ0B OBLIO BBHITIOJHEHO
MoieTMpoBaHue prcka ooHapyxenus ['DPb-acconnnpoBanHO# MaTOIOTUHM BEPXHETrO OT/AEIa
pecniupaTopHoro  TpakTta. Pacuerbl BBINONHSIMCH € NPUMEHEHUEM  HEJIOKAJTbHBIX
OC3rpalMeHTHBIX  METOOB, pEAIM30BAaHHBIX B COCTaBe OHOJMOTEKH  aJITOPUTMOB
nporpammuoro kommuiekca OPTCON, Bapuant 2024 .

[ToryueHHble pe3yabTaThl CPABHUTENBHBIX PACUETOB MOJYUWIH COJIEPKATEIHHYIO
TPAKTOBKY CIELMAIMCTOB-MEANKOB.

1. Onuchina E., Subbotina M., Temnikova I., Vasyutin A.V., Tsukanov V.V. The microflora
spectrum of the nasal cavity associated with GERD in patients with chronic rhinosinusitis.
Gastroenterology. 2016. Vol. 150, N. 4, Suppl. 1. P. 266—267.

2. TemuukoBa M.B., Cy66oruna M.B., Onyunna E. B. Kinunuko-gaGopaTtopHble 0COOCHHOCTH
XPOHHYECKOTO PHUHOCHHYCHUTA, AaCCOLMHPOBAHHOTO C TracTpod3odareanbHoi  pedIIroKkCHON
Oone3nplo. Poccuiickuii )KypHai racTpOIHTEPOIOTHH, TeaTONOruy, Kojonpokronoruu. 2015. T.
25, Ne 5, mpunoxxenwne. C.13.

3. Temnuxosa N.B., Cy66otrnna M.B., Onyunna E. B. KadecTBo >KU3HM NMAIMEHTOB C XPOHUYECKAM
PHHOCHHYCUTOM, aCCOLMUPOBAaHHBIM C TacTpod3odareanbHol pedurokcHOM 6omne3Hpto. Cubupckuii
MeAULIUHCKHMN xypHai. Upkytck, 2015. Ne 8. C. 33-36.
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HAIUCAHME ITPOI'PAMMHOI'O OBECHEYEHMA IS ITIPMBOPA,
[NOJIYYAIOIIEI'O 1 OBPAFATBIBAIOIIEI'O CBETOBOU CIIEKTP

E.M. Tumodeen
HpkyTckuil rocygapCTBEHHBIN YHUBEPCUTET
geka.timof@mail.ru

B HpkyrckoM HWHCTUTYyT€ OHWOIIOTUM 3aHUMAIOTCS MOHHTOPHHITOM COCTOSIHHS
J)KUBOTHBIX B baiikasne, B wacTtHocTH, balikanbckoro rammapyca. ['ammapycaM BXKUBJISIOT
OMOJIOTUYECKHI MapKep, KOTOPhIi B 3aBUCHMOCTH OT COCTOSIHHSI OpTaHM3Ma MEHSET
U3ITy4aeMbIi CIIEKTp, MOJYYUB KOTOPBIA, MOXHO MOHATH, B KAKOM COCTOSIHUM HaXOJUTCS
OpTaHH3M.

Jlns  momydyeHuss HEOOXOAMMBIX JUIsl MCCIEIOBaHUS JaHHBIX HYXHBI JaHHbBIE
CIIEKTPOMETPOMETPA, OIKIFOUEHHOTO K MUKpOcKony. TyT 1 BO3HUKaeT mpobiema.

IIpodaema: B pacnopsik€eHUM MHCTUTYTA €CTh U MUKPOCKOT, M CIIEKTPOMETP, OJTHAKO Y
ATHX YCTPOMCTB €CTh HECKOIbKO MpodsieM — HeT [10 k crieKTpoMeTpy, TOJIBKO IEMO CKPHIIT,
MO3BOJISIIONINM Pa30BO BBITPY3UTh JTAHHBIE B KOMAHIHYIO CTpPOKy, Takoe [1O HeBO3MOXKHO
UCIIONIb30BAaTh B HCCIENOBaHMH. Takke HET o00pabOTKM W BH3yalu3alldid JTaHHBIX
CIEKTPOMETPA, HET BO3MOXKHOCTH TOHKOI HACTPONKHU MHUKPOCKONA, YUEHBIE JOJIKHBI pyKaMHu
Ha TJa3 HACTpaWBaTh OOOPYJOBAHHWE, YTO HE IMO3BOJSIET JIOCTHYh HEOOXOIUMOW st
UCCIIEIOBAHMSI TOYHOCTH, a OJTO KpailHe BaXHO JJS TOJY4YEHUS JACHCTBUTEIbHBIX
pe3ynbraroB. UM, HakoHEIN, OTCYTCTBYET OOOPYIOBaHUS IS MONYYCHHS] M BU3YaIH3AIHH
M300pakeHHSI C MUKPOCKOTIA.

B Tekymmux ycClIOBHSIX HMHCTUTYT HE MOXET HCIONB30BaTh 3TO O0OpPYAOBaHUE, YTO
naryOHO BIIMSET Ha TpoBelAeHWEe wuccienoBanuii. [loatomMy B cBoelt paboTe s pemud,
00BbeTMHUB UMeEroIeecs: 000pyIoBaHue, cOOpaTh NMPUOOP MOAXOIAMINN I 33124 yUEHBIX, a
Takke Hamucath mpaktudHoe [10, maromee HeoOXoauMbIA (YHKIMOHAT MU oOJagaromiee
NOHSATHBIM HHTEp]ercoM.

Jlns peanuzanuy CBOETO MPOEKTa, MHOW Obula cOpMYyNIHMpPOBaHA TeMa U BBISIBICHO
HECKOJIbKO KJIFOUEBBIX ATAIOB peaan3aluu (3aaad).

Hean padorsi: CoOpaTh MONMHOLECHHBIA NMPUOOp W pean30BaTh HATHBHO IOHSTHO
porpaMMHOE OOecTieueHre ¢ YA0OHBIM BU3YalIbHBIM WHTEp(]EicoM, A ero UCTOIb30BAHUS
YU4EHBIMH B paMKax HCCIIE0BaTENbCKOT0 HHCTUTYTA.

3amauu.

1. Tonxmouenne CrieKTpoMeTpa U co3/laHue 06J10Ka MPOrpaMMHOTO KOJa ISl BBITPY3KH U
BU3YaIH3aIUH TAHHBIX.

2. TlonkiroueHue MmaroBoro ABUraTessi K MUKPOCKOIY U CO3/aHKe 0JI0Ka MPOrpaMMHOTO KoJia st
TOYHOU HACTPOMKHU BBICOTHI U (hOKyca U300paKeHUsI.

3. INonximroueHnne KaMmepbl K MUKPOCKOITY M cO3/jaHHe 0J10Ka MPOrpaMMHOTI0 KO/ i MOJIy4eHus
U300paskeHUsL.

4. Coznmanue 6;10Ka MPOrpaMMHOTO KOJIa JUTsl CTIKHMHTA H300pakeHNH (yaydIeHnus KayecTBa
M300paxeHus MyTEM 00bEeIMHEHUSI HECKOJILKIX CHUMKOB C Pa3HBIM (JOKYCOM).

5. Co3ganue moJIb30BaTEIbCKOTO HHTEpderica Ha OCHOBE HEOOXOIMMOTO JUTsl YIEHBIX
dyHKIMOHANTA.

Taxke MHOW OBIJIO MPOBEIECHO HMCCIIECIOBAHHUE MOTPEOHOCTEH YUEHBIX M MX JKETaHUU
KacaTeNnbHO Oymymiero mHTepdeiica MpoaykTa MyTEM OMpoca, a TAKKe aHaM3a TEKYIIUX
MHCTPYMEHTOB, HaXOSIIUXCS B PaCOPSIKEHUN UHCTUTYTA.

CBoli IPOEKT s peaTu30BbIBat0 Ha s3bIke Python, Tak kak OH JOBOJIBHO XOPOIIO YMEET
paborarh ¢ rpadukaMu, TUHAMHUYECKUMH Tpadukamu, (HOTO, a TaKkKe TOBOJHHO MPOCT B
obpamenuu. [Tomumo Python, MHOW OBLT KCIONB30BaH neMO CKpUNT Ha s3bike C, mms
BBITPY3KHU JAHHBIX CO CIIEKTPOMETPA.
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OduinanbHas ~ JOKyMEHTalMss o  OuOnWoTekaM s s3blka  puthon. URL:
https://docs.python.org/3/library/ (mata o6pamienus: 29.10.2024).

Odunmanbras nokymeHrtanus no s3eiky C. https://metanit.com/c/tutorial/ (mata oOpamenus:
03.11.2024).

OdunpanpHas CalT KOMIIAHWH, TPOM3BOIsAIIEH crexkTpomerpsl. https://optosky.com/ (mara
oOparmenus: 20.10.2024).
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METO/JIbIl KOHTPACTHOI'O OBYYEHMA B 3AJIAYAX CEMAHTHYECKOI'O
AHHOTHUPOBAHUNA TABJIMYHOU NTHOOPMAILINN

K.B. To6omna
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
kirilltobola@icc.ru

B nannoit pabote paccmoTrpena npobieMa CyIIECTBYIOIUX PEIICHUH CEMaHTHYEeCKOTO
AHHOTUPOBAHMS TAaOIMYHOW WH(OpPMAIMH, CBSI3aHHAs C AMCOATAHCOM KJIacCOB B Habopax
JAHHBIX, WCMOJb3yeMBbIX Al OOyueHHs] CHCTEM, DPELIAloIIUX IOCTaBICHHYIO 3amady [1].
Taxoxe cyliecTByroIUe CUCTEMBbI HYK/IAl0TCSL B OOJIBIIOM KOJIMYECTBE Pa3MEUEHHBIX JaHHBIX,
YTO B CBOIO OYepe]lb TpeOyeT OONBIIOro KOJUYECTBA PECYPCOB. DTH MPOOIEMbI MOTYT OBITH
pelieHsl TpH TOMOINM TEXHHK KOHTPAacTHOTO oOyueHus. B pabore mpuBeneH 0030p
CYIIECTBYIOILIETO peIIeHUss [2], HUCHONB3YIOUIET0 JaHHYI0 TEXHHKY M OO0y4eHus
KOJMPOBLIMKA Ha TaOJWYHbIX JaHHbIX. KoOAMpOBHIMK HCHONb3yeTcsl A IOJIYy4eHUs
BEKTOPHBIX TPEJICTaBICHUI CTONOLOB TaONIWI, KOTOphIE B CBOIO OuYepelb Janee
IPUMEHSIOTCS B LEJIOM pAJE 3a7ad CEMaHTUYECKOM MHTepHpeTaluy Tabiaul. DTO pelieHHe
OCHOBAHO Ha paboTe U3 00JIACTH KOMITBIOTEPHOTO 3peHus [3] M JoCTUTAeT JTyUIINX 3HAYCHUN
II0 HECKOJIbKUM OLIEHKaM B CPaBHEHUU C MEpEeNOBBIMH Noaxoaamu. B manHoi paGote Obuin
YUYTEHBI MCCJIEIOBaHUS O MOIM(UKALUAX MOIXOM0B KOHTpacTHOro oOyueHus [4], a Takxe
IPEJIOKEH HOBBIM METOJ] KOHTPACTHOIO 0OydeHHs Ha TaOJUYHBIX JaHHBIX. [IpennokeHHbIH
METOJ MOKET OBITh MCIIOJIb30BaH B Psjie 3a7ady CEMAaHTHUYECKOW MHTEPIPETALUU TaOINIHBIX
JTAHHBIX.

1. Kirill V. Tobola and Nikita O. Dorodnykh. Semantic Annotation of Russian-Language Tables
Based on a Pre-Trained Language Model. In: 2024 Ivannikov Memorial Workshop (IVMEM).
2024. P. 62-68. doi: 10.1109/1VMEM63006.2024.106597009.

2. Zhengjie Miao and Jin Wang. “Watchog: A Light-weight Contrastive Learning based Framework
for Column Annotation”. In: Proc. ACM Manag. Data 1.4 (Dec. 2023). doi: 10.1145/3626766.
url: https://doi.org/10.1145/3626766.

3. Ting Chen et al. A simple framework for contrastive learning of visual representations. In:
Proceedings of the 37th International Conference on Machine Learning. ICML’20. JMLR.org,
2020.

4. Ashish Jaiswal et al. A survey on contrastive self-supervised learning. In: Technologies 9.1. 2020.
P.2.

* PaGoTa BbINIONHEHA B paMKax rocyJapcTBEHHOIO 3aiaHnsi MUHUCTEPCTBA HAYKH U BBICIIETO
obpaszoBanus Poccuiickoit @eneparu (Tema Ne 1023110300006-9).
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OPIAHMBALINA NIBKEHUA MOBUJIBHBIX POBOTOB B CPEJIE C
IMPEITATCTBUAMU HA OCHOBE METOZIA ITIOBEJIEHYECKOUM CTPYKTVYPEBI

A.A. Tonctuxun, H.H. MakcumMkuH
NHCTUTYT ITMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
madstayler93@gmail.com

MeTton UCKYyCCTBEHHBIX MOTeHIMaNbHbIX (yHkumii (MI1D) [1] B Hacrosiee Bpems
IIMPOKO UCIIONIB3YETCA Ul OPraHU3alUU KaK MHAWBUIYAIBHBIX, TaK U IPYNIIOBBIX CTPATErUi
ylpaBiieHUs. MOOWIBHBIMH poboTamu. Ero cyrb, B KiIaccHueckoil (HopMyIHpOBKE,
3aKJIIOYAETCSl B PELICHUM YpPaBHEHMs JBHXKCHMS, 3aBUCALIETO OT JBYX «CHJI»: CHIIbI
IOPUTSDKEHUS K LEIM W CWIbl OTTAJKUBaHUS OT npenarcTBUid. OJHAKO INpU pELIEHUU
OPaKTUYECKMX  337ady  MOXET  BO3HUKHYTh  HEOOXOAMMOCTb  J00aBICHMsS  psja
JIOTIOJTHUTENBHBIX ~«CHJI», OIHUCHIBAIONIMX B3aMMOJACHCTBUS POOOTOB BHYTPU TPYIIIHI,
napajjielIbHO pelllaeMble MOJ3aJjauyd WM BHEIIHWE BO3JIEHCTBHS Cpefbl. Takoe pa3BUTHE
uaei merona UI1® yacTo Ha3bIBalOT METOIOM MTOBEAEHUECKON CTPYKTYpHI [2].

JlanHas paboTa TMOCBSIEHAa BHEAPEHHIO MEXaHM3Ma o00XoJa TNpensTCTBUH B
CErPErMpOBAHHYIO CTPATErvio ynpapiieHUs [3] mpu mapaieIbHOM PELICHUM 3a/1ad IOMCKa
aHOMaJINH TMOJIsI KOHIIEHTPALUU U BOCCTAHOBJICHUSI 3a/JaHHBIX JIMHUN YPOBHSI.

[IpennoxxenHas cuina 00Xoa MPEnsITCTBUI UMEET CIEAYIOUIHA BUI:

=qul'1' ln(”qij” dmm)"’” U” dmm . dmax ”qu”
Jen

rie N — MHOXECTBO TOYEK Ha TpaHMLE NpPEMATCTBHHA, BHUIUMBIX poboty; y, k —
ycunuBaomue KodpQuuuenTsl; d;j'" — JMCTaHIMA TapaHTHpPOBaHHOTO obxoma; dif™ —

JUCTaHIMS peakiiy Ha npensrcTBue. JlanHas QyHKuus o0agaer cleayouMU CBOHCTBAMHU:

1) crpemuTCs MO MOAYIIIO K OECKOHEYHOCTH MPH MPUOIMKEHUH POOOTa K MPEMATCTBHIO

HA JUCTAHIIMIO TapaHTUPOBAHHOTO 00Xxo0/Ia W oOpamiaeTcs B HOMb MPU TUCTAHIIHH
OoubIEel TUOO PaBHOIA dm“x )

2) ecTeCTBEHHBIM 00pa30M pealin3yeT MaHEBPhI «00XO0JI MPEISATCTBHS CIIPaBay U «00X0x
HPETSITCTBHS CIIEBAY;

3) ympamieHue mapamMeTpoM Y oOecreyrBacT BHIOOp MaHEBpa 00XOJa B YCIOBHSX
paBHOBECHS aJTbTEPHATHB;

4) mnpu UCTIOIH30BAHMH MAHOPAMHOTO JIMApa CHJia HE MPOTHBOACHCTBYET IPOXOKICHHIO
POOOTOB Yepe3 NPEMSITCTBUS KOPUAOPHOTO TUIIA.

B xonme TectupoBaHHs MOAXO0JAa B paMKax CHEIMAIbHON MPOTrpaMMHON cpeasl Oblia
IPOJEMOHCTPUPOBAaHA €ro0 IPUMEHMMOCTh B PEUICHWHM IIOCTABJICHHOW 3alayu IIpU
HE3HAYUTENIFHOM IMaJeHUH CKOPOCTH M TOYHOCTH ee perieHus. [IpoBenena kiaccuduxanms
BO3MOXKHBIX B3aUMHBIX PAaCHOJIOKCHHM aHOMAJIWW IOJII KOHLEHTPAMM W TPaHUI]
NPEMSATCTBUMA, a TaKK€ BBISIBIECHBI T€ KIACChl, A KOTOPBIX pELIEHHE 3a]ad IOMCKa
AHOMAJIMM, OKOHTYPHUBAHMS JUHUM YPOBHS WJIM MX COBOKYIHOCTH HE TapaHTHUPYETCS H3-3a
Nomnajanus poOOTOB B MOTEHUUAIbHBIEC JOBYIIKU. B HacTosiee Bpems BeneTcs pa3zpaboTka
croco0a HACHTHU(PUKAIMK TIOJOOHBIX CHUTYyallMi, a TaKXe CIOCOOOB BBIXOJIa W3 HUX,
BKJIIOUAIOIME KaK IIPUMEHEHHUE JOIOJIHUTENBHBIX «CHI» B METOAE IOBEACHUYECKOMN
CTPYKTYpbI, TaK ¥ MCIIOJb30BaHHE JUCKPETHO-COOBITUMHOM CHUCTEMBI JUIsl MEPEKIIOYEHUs
CTpaTeruil ympasieHus. B 4acTHOCTH, UCTIONb30BaHUE CTPATETHI TapaHTUPOBAHHOTO 00X0a
IPEMATCTBHS € MOCIEAYIOIUM BO3BPATOM K PEIIEHUIO OCHOBHOM 3a1a4u.
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KIIACCUOUKALMA BJIOKOB IOKYMEHTOB .
C UCIIOJIb30OBAHUEM I'PA®OBBIX HEMPOHHBIX CETEM ™

P.U. Tpudonos
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M Marpocosa CO PAH
trifonov.roman@yandex.ru

B pabore mnpemnoxen Meton kiaccudukanuu OJOKOB JOKYMEHTOB Ha rpage c
ucronb3oBanueM rpadoBeix HehWpoHHBIX cetedl (GNN) [1]. Ilenp xmaccudukamum —
aBTOMAaTHYECKOE ONpeAeNICHHE KJIACCOB OJIOKa (3aroyioBOK, TEKCT, TalOiMIa, CIHCOK WX
M300pakeHHE), YTO OOJIerdyaeT MOCIEeAYIONyl0 00pabOTKy, MOUCK U aHadu3 JOKYMEHTOB.
[Momumo GNN, ans kinaccuukanuyu MOTYT HCIIOJIB30BaThCSl CBEPTOUHBIE HEHPOHHBIE CETH
(CNN), xmaccudukanmuss BekTopa TpadoBOro mpeacTaBieHus [2] WM KakKue-Tuoo
IBPUCTUYECKUE TTOIXOBI.

Jns oOyuenust momenu wucmnoib3oBasics gataceT PubLayNet [3], comepkammii
U300pakeHHs] CTPAHUI] M AaHHOTAIMM TEKCTOBBIX OyIokoB. I[IpenBapuTenbHO NMPOBOAMIACH
npenoOpaboTka JaHHBIX, KoOTopas 3akimodanach B npumeHeHun OCR  Tesseract mis
BeIienieHnst bounding boxes (bbox) kaxmoro crmoBa Ha m3o0paxkeHnuu. LleHTphl 31X bbox
UCIIOJIb30BAINCH JJIsi MOCTPOCHUs rpada AOKYMEHTa, € y3JIbl COOTBETCTBYIOT CIIOBaM, a
pebpa coequHSIOT OimKallIMe MO pPACHOJOXKEHHIO CloBa (IO YEThIpe B  KaXIOM
HaIpaBJICHUN).

Ha ocHOBe H3BJIE€UEHHBIX NaHHBIX COCTABJISIIOTCS MATPULIBI CMEKHOCTH M BEKTOPBI
npu3HakoB. [Ipu3Haky y3710B BEIOMpAIOTCS TakK, YTOOBI OTpa)kaTh CTPYKTYPY U B3aHMMOCBS3b
TEKCTOBBIX 3JIEMEHTOB. M3-3a Oonbmioro o0beMa MaHHBIX HCIONB3YETCS Pa3peKEHHOE
npelacTaBieHue MaTtpull. ['pad nokyMeHTa cerMeHTupyeTcsi Ha moarpadbl, Iie Kaxablil
noarpad COoTBETCTBYET OTAeIbHOMY OoKy. Ha Bxon Moaens kiaccu(uKauy moayqaeT 3Tu
noarpadsl.

Jns xknaccupukanuu 610k0B ucnonb3yercs GNN, KoTopas yYUTHIBAET B3aUMMOCBSI3U
MEXy y3JIaMU U UX XapaKTePUCTHUKU. ITO OCOOCHHO Ba)KHO ISl aHAJIN3a CTPYKTYPHI TEKCTa,
TaK Kak MMo3BoJisieT 00001maTs HH(POPMAIIHIO, YIUTHIBAasE HE TOJIBKO MPU3HAKU Y3JI0B, HO U UX
CBSI3H.

B kauectBe apxutekrypsl GNN Obiia BeiOpaHa cBeprounas rpagoas cetb (GCN),
KOTOpasi arperupyer NpU3HAKK Y3JIOB U UX coceleil, o0ydasch Ha CBS3SIX MEXIY HUMHU.
Cseprounslii cioii GCN onuckIBaeTCs CIEAYIOINUM YPaBHEHHUEM:

HU+D — 0(5(_1/2)(14 + 1)5(_1/2)H(1)W(D),
rme HY — wmatpuna npusmaxoB ysmos Ha (I)—Tom cimoe, A — paspekeHHas MaTpHLa
cMexHOCTH rpada, | — eMHNYHAS MaTpula, D — IHaroHadbHAsS MaTpuna (KakIbli >JIeMEHT
— 3TO CyMMa COOTBETCTBYIOIIEH CTPOKH MaTpHIbl A), wo . oOyJaemasi MaTpuIla BECOB, O -
¢ynkuus aktuBanuu (ReLU).

Apxutektypa cetu BkIoudaeT aa ciosi GCN. Takoe moctpoenue 3)pPeKTUBHO IS
3a1a4 Kiaccu(UKaluu, TOCKOJIBKY YBEIMUCHHE KOJMYECTBA CJIOEB MOMKET NPUBECTH K
nepeoOyuenuto moaenu [4]. Tlocme mpoxokIeHHUs CIIOEB CETh YCPEAHSET MPHU3HAKH Y3JIOB,
dopmupys mpenctaBieHHe OJOKa B BHAE OJHOTO BEKTOpa, YTO YIPOLIAeT 3aaady
KJIacCU(PUKAIIHAH.

B Oynymem pa3BuTHE CUCTEMBI IPENOIaraeT pelieHue HECKOIbKUX KITIOUEBBIX 3aj1ad,
HAIPaBJIEHHBIX Ha YIy4YllIEHUE TOYHOCTU U YHUBEPCAIbHOCTU Mozenu. OJHON U3 HUX CTaHET
uHTerpanus napcepa PDF-mokymeHTOB 11t 00paOOTKM AaHHBIX. DTOT TOIXOM IO3BOJIUT
paboTaTh HE TOJNBKO C M300pa)KEHUSMH, HO M U3BJIEKaTh U3 PDF-TOKYMEHTOB TEKCTOBYIO

" PaboTa BBIMOJIHEHA B PAMKAX TOCYIAPCTBEHHOTO 3a/[aHisi MUHUCTEPCTBA HAYKH M BBICIIETO
obpaszoBanus Poccuiickoit @eneparyu (Tema Ne 1023110300006-9).

209


mailto:tr1fonov.roman@yandex.ru

nH(]pOpMAIHIO BMECTE ¢ XapaKTEPUCTUKaMU MPUQPTOB (X Ha3BaHHUE, pa3Mep M HauepTaHUE).
DTO JacT BO3MOXKHOCTh PAaCCUUTHIBATh XapaKTEPUCTUKU TEKCTa ¢ OOJIbIIeH TOYHOCTHIO, YTO
o0ecreynT HaJeKHOE IOCTpOeHHe rpada JOKyMEeHTa U, B KOHEYHOM HUTOre, YJIYUIIUT
Ka4eCcTBO KJIaCCH(PHUKAIIUU OJIOKOB.

BaxxHoli 3amaueld ¢ TOYKHM 3peHHsS PabOThl C W300PAKCHHSIMU CTAHET BHEIpPEHUE
pacriozHaBanust 1mpu@ToB. Ecam HayunThcs u3BIeKaTh HH(opManumio o mpudrax wu3
N300pakeHNH JOKYMEHTa (MX HaKJIOH, JKUPHOCTb U CTHJIb), TO 3TO MO3BOJMUT HUCIOJIb30BAThH
JIOTIOJTHUTEIbHBIE TPU3HAKH, YTO TPUBEAET K Oojee KaueCTBEHHBIM pe3yjibTaTaM IpH
KJIacCU(PUKAITHAH.

Hapsany ¢ pacmmpenneM (QpyHKIIMOHAIBHOCTH CUCTEMbI OYAET MpoaoibKeHa paboTa Haj
camoii Mozenbro. HecMoTpsi Ha BBIOpaHHYIO apXUTEKTYpy rpadoBbIX HEHPOHHBIX CETEH,
BAKHOM 3ajadell ocraercs e€ HacTpoMka M ontumusanus. Ilmanupyercs cepus
9KCHEPUMEHTOB C IMOAOOPOM THIEPIAapaMeTpOB, B YACTHOCTH, OyJeT yJeIeHO BHHUMaHHE
BBIXOJTHOMY CIJIOI0 MOJIEJIH, TaK KakK BBHIOOP €ro KOH(GUrypaluuu BIUSET Ha MHTEPIPETALUIO
UTOTOBBIX MPU3HAKOB U, CIEI0BATEIbHO, HA KAYECTBO KJIacCU(UKauu OJIOKOB.

1. Zhou J. Cui G., Hu S,, Zhang Z., Yang C., Liu Z,, Wang L., Li C., Sun M. Graph neural
networks: A review of methods and applications. Al Open. 2020. Vol. 29. P.
57-81. DOI: 10.1016/j.aiopen.2021.01.001.
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UOPOBBLIE ITOPTPETBI: BU3YAJIM3ALNA MHOI'O®AKTOPHBIX JJAHHBIX
TP ITOMOIIU ITUKTOI'PAD®KOB

E.A. Typycuna, A.I'. banaxuu
HpkyTtckuil rocygapCTBEHHBIN YHUBEPCUTET
turusinak@gmail.com

IMukTorpaduku — 3TO METOJ BU3yaIH3alUU JaHHBIX, B KOTOPOM KaK10€ HAOJII0ICHHE
IPEJICTABISCTCS B BUE TpaduvecKoro 00beKTa, mapaMeTphl WIH XapaKTEPUCTHKA KOTOPOTO
COOTBETCTBYIOT 3HAUCHHSM IEPEMEHHBIX. VI3MeHeHNe KOH(DUTYpaAIlMK 3HAYCHUH TIEPEMEHHBIX
OTpa)kaeTcss B M3MEHCHHU BHEIIHErO BHJAa OOBEKTA, YTO MO3BOJSET BU3YaJbHO BBISBIIATH
YHUKAJIbHBIE OCOOECHHOCTH, 3aBUCHMOCTH W B3aUMOCBSI3H MEKAY NEpeMEHHBIMH. | aBHas
ujes TaKkOro METO/a aHalli3a OCHOBAHA HA YEJIOBEYECKOH CIMOCOOHOCTH «aBTOMATHYCCKHY
(UKCHPOBATh CIIOKHBIC CBSA3M MEKIY MHOTHMH TIEPEMEHHBIMH, €CJIM OHU TPOSIBISIOTCS B
MIOCJICIOBATEILHOCTH 3JIeMEHTOB. [TukTOrpaduku HaXoAsT MPUMEHEHUE B MApKETHHIE IS
aHaJIM3a IeJIeBOM ayINTOPHUH, B 00Pa30BaHUH I BU3YATHM3AlMH XapaKTEPUCTHUK CTYJICHTOB,
B JKYPHQJIMCTHUKE JUIsl CO3JaHUs JaHHBIX-WumrocTpanuii, B HR s amanmza npodwuneit
COTPYIHHMKOB, ¥ B MEIHWIIMHE JUTS MPEICTABICHUsS MHIMBUAYAIbHBIX TaHHBIX MMAlHEHTOB. B
9KOJIOTMYECKOM AacIeKTe IH(POBbIC MOPTPETHI HCIOIB3YIOTCS ISl MOHHUTOPUHTA TOTOJIBI,
aHaJM3a YPOBHS 3arpPsA3HCHUS, MPEACTABICHHS JaHHBIX 00 YHEPromnoTPeOJCHUN WM BOJHBIX
pecypcax. Hampumep, B mpoekTax, CBSI3aHHBIX C YCTOWYHMBBIM pa3BUTHEM, MOXKHO
BU3YaIM3UPOBATh W3MCHEHHs KJIMMaTa, MOTPEOIeHHEe SHEPTUU WM BBIOPOCHI YIIIEKHUCIOTO
rasa, Jiesiasi 3TH JaHHBIC TOCTYIMHBIMH U MOHATHBIMHE IS ITUPOKOH ayAUTOPHH.

I{ugpoBbie TOPTPETHI, BBHIMOJIHEHHbBIE C UCIOIB30BAHUEM MTUKTOrPa(GUKOB, CTAHOBSITCS
KPEaTHBHBIM CIIOCOOOM BHU3yanu3anuu. st CO3MaHMs TaKUX MOPTPETOB HCIOJIb3YIOTCS
CHMBOJIBI WJIM 3HAYKH, KOTOPBIC OJIMIIETBOPSIOT pasiuyHble (axkropsl. Hampumep, mnBet
MOXET MpPEACTaBIATh IMOJ WM BO3PACTHYIO KaTeropuio, (opma MOXeT 0TOOpaxkaTh
npodeccuio WM pOoJ 3aHATHH, a pa3Mep — BAXKHOCTb WM HWHTEHCHBHOCTH Iapamerpa
(HampuMep, AOXO WK KOJTMYECTBO JIET OIBITA).

I{udpoBbie MOPTPETHI HAXOAAT pPa3sHOOOpa3sHOE TNPHUMEHEHHWE B CaMbIX Pa3HbIX
obmactax. ITpoext Capturing People Through Data (https://clck.ru/3Eiwhq) npeacrasmisier
co00#f MOpTpEeThl YYaCTHUKOB XakKaTOHA, TJC 3aKOAMPOBAHBI HMX HMMEHA, HHTEPECHl B
pasnuuHBIX chepax U MoBeAeHYeckwe maHHble. B pamkxax Flowers and Numbers
(https://clck.ru/3EiwmW) Obutu co3aaHbI TOPTPETHI, OTPAKAIOIINE YPOBEHb HABBIKOB YJICHOB
coobmiectBa. B mpoekte TED Data Portraits (https://clck.ru/3EiwpC) BusyamusupoBaHbl
HOPTPETHl YUYACTHUKOB KOH()EPEHIIMH HAa OCHOBE MX IMOBEJCHYECKHX TaHHBIX. MHTEpECHBIN
noaxon aemoncrpupyer Self Portrait: My Life in 99 Songs (https://clck.ru/3Eiww4), rue
HOPTPETHI CO3MAIOTCS Ha OCHOBE 99 mMeceH, Kakaas U3 KOTOPBIX OTPaKaeT KaHp, SMOIUH,
MBICIH M AedictBus  aBropa. IIpoekt  Weather Portraits 2014 US  Cities
(https://clck.ru/3Eix4B) Busyanu3upyer morojmHble AaHHble KpymnHedmux ropomoB CIIA,
co3maBasl yYHHMKalbHBIE TMOPTPETHI s Kaxkmoro ropoga. B A Good Life for All
(https://clck.ru/3Eix7w) mpeacraBieHbl MOPTPETHI CTPaH, KOTOPBIE MOKA3bIBAIOT, Kak
HAIMOHAIbHBIC COLMAIBHBIC I[EM BIMSIOT HA HWCIOJIBb30BAaHUE MPHUPOIHBIX PECYPCOB
wianetel. Haxowen, Drinking Water Quality (https://clck.ru/3EixDW) wmiroctpupyer
Ka4yeCTBO MUTHEBOM BOJbBI, CpPaBHHBAs JOMYCTUMbBIC HOPMBI COJCPIKAHUS PA3TUIHBIX
3JIEMEHTOB C pEalbHBIMHM JAHHBIMH, YTO TO3BOJIIET CO3/aTh HATISAHBIA MOPTPET BOIBI B
KaXJI0M ciydae. Takue MpOeKThl AEMOHCTPHPYIOT, KaK MOXHO 3()()EKTHBHO HCIIOJIB30BAThH
JAHHBIC JUTS CO3[aHMs BU3yAIM3allHii, KOTOPBIC HE TOJBKO HH(POPMHUPYIOT, HO M BOBIICKAIOT
sputens. Takxe oqHUM U3 TPUMEPOB MUKTOrpaGuKOB sBIAIOTCS «Jlua YepHoBa», KOTOpbIE
HAIlUTH IPUMEHEHHME B MEAMIIMHCKOM cdepe. Kaxmoe MeauIIHHCKOE HAOI0IEHHE PUCYETCS B
BHUJIC OT/ICIBHOTO JIIA, T/ TAHHbIC COMOCTABISIOTCSA C YACTSAMH 3TOTO JIHIA. DTOT MOIXO.
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MCIIOJIb30BAJICS ISl OTCJIEKMBAHUS M3MEHEHUN (U3HOJIOrMUYECKUX MapaMeTpoB B OTBET Ha
NCUXO(HU3HOIOTUYECKOE BO3ACUCTBHE C  Y4YETOM  IICHXOJOTHMYECKHX OCOOCHHOCTEH
MAIMEeHTOB, CTPAIAIOIINX OPOHXUATBHOW aCTMOM.

WNucTtpymenTamu Ui co3naHus HU(POBBIX MOPTPETOB MOTYT SIBISATHCS Pa3TUIHBIC
s3pIk  porpamMupoBanust (Python, Java Script, R), rpadwuueckue pemaxtopsr (Adobe
Photoshop, Adobe Illustrator, Figma), Bl-cucremsr (Tableau, Power BI), a Takxe
cnenuanusupoBanHoe [10 (NodeBox3). B pamkax HaydHO-HCCIIE0BATENHCKON PaOOTHI OBLITH
co3maHbl U(POBBIE MOPTPETHl YIACTHUKOB JICTHEH IIKOJBI M0 BU3YyaTW3allUU JAHHBIX, YTO
MO3BOJIUJIO CHUCTEMATH3UPOBATh U HAIJISIAHO MPEACTaBUTh WX KOMIIETEHLMH, HUHTEPECHl U
npennoureHusi. VicxoaHple JaHHBIC JUIS CO3/IaHUS MOPTPETOB BKIIIOYAIM OIICHKH HABBIKOB
YYaCTHUKOB B TaKUX KJIIOYEBBIX 00JacTsIX, KaK aHAJIW3 JAHHBIX, BU3yalau3anus uHpopmanuu,
NpOrpaMMUpPOBAaHUE, MAaTEeMaTHKa, WCKYCCTBEHHBIM WHTEIUIEKT, a TakKe CTeNeHb UX
BOBJICYEHHOCTH B IIPOEKTHI, CBS3aHHbIE C 03epoM baiikam. AHKeTa [JONOJHUTEIBHO
coJieprkaia BOMPOCHl O MPEANOUYTUTEILHBIX HAMPABICHUSAX MPOEKTHON pabOThl B KOMaHIaX,
YTO MO3BOJIUJIO IIy0Ke MOHATH LENH U OKUIaHHS YIaCTHUKOB.

Jis  co3maHuWsl HMHIWBUIYaTbHBIX IUPPOBBIX MOPTPETOB HUCIHOIB30BAICS  S3BIK
nporpammupoBanusi Python, oOecneunBaronuii TUOKOCTH B 00pabOTKE MaHHBIX |
Busyanu3aiuu. OOmmii moptper cooOmiecTBa ObUl  BU3YaJH3UPOBAaH C  MOMOILBIO
rpadgudeckoro uHCTpymMeHTa NodeBox, 4To MO3BONHMIIO OTpa3uTh B3aUMOCBSI3M U 0OIIWeE
TEHJCHIIMH CPEU YUYaCTHUKOB MIKOJIBL. Pa3paboranHbie 1TUGPOBBIE TOPTPETHI MPEACTABICHBI
B HECKOJBKHUX (opMax: pagualibHble Juarpammbl, guna YepHoBa, nupoBble N300paKeHUS
HA OCHOBE T'CHEPAaTHUBHON TrpaduKku, a TakkKe MOIh30BATENbCKUE (HOPMBI BH3yaTU3allUU.
OpHOM M3 KITIOYEBBIX MOJIb30BATEIBbCKUX (OPM CTalo HU300pa’keHHE IBETKAa C LIECThIO
JeTecCTKaMy, TIe KaxIblid JIeTeCTOK XapaKTepu30Bal OJHY M3 HCCIEeNyeMbIX oliactei
(HampuMmep, MaTeMaTUKy WJIW MpPOorpaMMHUpOBaHHUE), a rpaduyecKue >SJIEMEHTHl BHYTPHU
JIETIECTKOB (AYTH, OKPYKHOCTH, TOYKH) OTPAKAIH YPOBEHb HABBIKOB U 3aWHTEPECOBAHHOCTH
yyacTHUKAa B JaHHOM oOsactu. Kpome Ttoro, B uu@poBOM MOpPTpPETE HCIOIB30BAJIOCh
HU300paXeHre HaCEKOMOT0, KOTOPOE KOJAUPOBAIIO JOMOTHUTEIbHBIC CBEACHHS 00 yYaCTHHKE.
Hanpumep, 1BeT KpbUIbeB YKa3biBall Ha mojl. biiaronapst TakoMmy moaxony ObLTH CO3[aHbI HE
TOJIbKO WHAMBHUIYaAJIbHBIC MMOPTPETHl YIACTHUKOB, HO U TIOJHOLICGHHAS BU3yaJlU3alus OOIIEro
nopTpera coolIiecTBa. DTU JaHHBIE MOTYT OBITh MCIHOJB30BaHBI ISl aHAW3a CUJIBHBIX U
cJ1a0bIX CTOPOH YYaCTHUKOB, MOJ00pa 3(pPEeKTUBHBIX KOMaH/ AJsl pabOThl HAJl MPOEKTAMH, a
TaK)Ke JUIsl JOJTOCPOYHOrO IUIAaHHWPOBaHMS oOpa3oBaTeNbHBIX mporpamm. Taxoil ¢dopmar
MpEJICTaBICHUST HHPOPMAIIMK CTal HE TOJIHKO 3PPEKTUBHBIM MHCTPYMEHTOM aHallu3a, HO U
YHHUKAJIbHBIM TIPUMEPOM

HudpoBsie mOpTpeThl Ha OCHOBE MHKTOTPA(PUKOB — OTO MOIIHBIA WHCTPYMEHT
BU3YalIM3al[iU JAHHBIX, KOTOPBIA MO3BOJSIET OObEIUHUTH KPEATUBHOCTh M aHANUTHKY. WX
UCIIOJIb30BaHNE TIOMOTAaeT HE TOJIbKO MPEACTaBIATh JAHHBIE HATJSAHO, HO W JIENaTh WX
JTOCTYIHBIMU JUIsl IIUPOKOH ayautopuu. B snoxy undopmanuu Takue rpaduku CTaHOBATCS
Ba)XHBIM KOMIIOHCHTOM aHAJUTUKU U KOMMYHUKAIIHH.

1. Ocamuas U.A., BepectaeBa O.I'., Hemepor E.B. AHanmmu3 MHOTOMEPHBIX MEIUITMHCKHUX TAHHBIX C
nomMomisio nmukrorpadukos «JIuma YepHosa». Bromerens cubupckoit meaumunel. 2014, Ne 4.
[anekTponHbIi  pecypc]. Pexmm moctyma. URL:  https://cyberleninka.ru/article/n/analiz-
mnogomernyh-meditsinskih-dannyh-s-pomoschyu-piktografikov-litsa-chernova (mata
obpamenus 03.07.2024)

2. Sy H. HUckycctBo Busyanmmzauuu B OusHece. Kak mpeacTaBUTh CIIOXKHYIO HH(DOPMAIHIO
npoctbiMu oOpa3zamu. M.: ManH, BanoB u @epbep, 2004.
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PACYET HHAPAMETPOB ®YHKIIMOHNPOBAHWA FI/IBPI/II[IEOI\/’I
OHEPTETUYECKOU CUCTEMbBI HA OCHOBE MATEMATHUYECKOUN MOJEJIN
BECKOHEUYHOJIMHEMHOM CMO C IBYMS BJIOKAMU OBCJIYKUBAHU "

S.A. Tronenuna, E.A. ®énoposa
HanmonanbsHbiil uccnenoBarenbckuii TOMCKHIT TOCYAapCTBEHHBIN YHUBEPCUTET
y.a.tyulenina@stud.tsu.ru

B coBpemMeHHOM Mupe Ba)XKHBIM aclekTOM (YHKIMOHUPOBAHUS JHOOOW CHUCTEMBI
SIBIISIETCS €€ dHeprodGheKTUBHOCTh. Tak, HampuMep, B BEIYUCIUTEIBHBIX KIacTepax 3aTpaThl
Ha 3JIEKTPOIHEPTUIO COCTABIIAIOT OCHOBHYIO YaCTh PAacX010B MpoBaiiaepoB. ONTUMHU3UPOBATh
3aTpaTbl MOKHO IYTE€M HCIOJIb30BAHUS aJbTEPHATUBHBIX HCTOYHUKOB 3Hepruu. OmaHako,
HU3Kasg DHEProd(M(EKTUBHOCTE OOJBIIMHCTBA AJIbBTEPHATUBHBLIX TEXHOJOIMI IIOKa HE
MO3BOJIET MOJHOCTBIO OTKa3aThbCid OT TPAJAULMOHHOW sHepreTuku. [loaromy HEoOXoauMbl
THOPUIHBIC SHEPTOCHCTEMBI, COUETAOIIHE HECKOJILKO UCTOYHUKOB dHepruu [ 1, 2].

B pabore mnpemmaraercs MareMaTHuyecKash MOJAETb THOPHIHOW SHEPreTHYECKOn
CUCTEMBl ~ C  pa3/eJeHHeM  HCTOYHHUKOB  SHEpruu, TMpeACTaBleHHas B  BHUIE
0ECKOHEUHOIMHEWHOM CHCTEMBI MacCOBOTO OOCITYKUBaHH ¢ IByMs Oiiokamu mpubopos. Ha
BXOJl CHCTEMBI NOCTYNAaeT NPOCTEHIINK MOTOK 3asBOK (3allpOCOB Ha 3JIEKTPOIHEPIHUIO) C
MHTEHCUBHOCTHIO A. [Ipenmonaraem, uTo nepBbiil OJI0K MUTAETCS aJbTEPHATUBHBIM UCTOYHUK
SHEpPTrUu (HampUMep, COJHEYHBIMH TAHEISIMHM), a BTOPOM — HCIIOJIB3YET TOPOICKYIO
INEKTPUYECKYI0 ceTh. OuUeBHIHO, YTO MOUIIHOCTH MEpBOro OJoOKa OrpaHW4yeHa, T. €. B
tepmuHax TMO Oynem roBoputs, 4ro umeercss K npuOopoB, a MOIIIHOCTb BTOPOTo Ojl0Ka He
OTpaHHYEHA — WMeEEeTCS OeCKOHEeuHOe 4YHcio mpubopoB. OOCIyXHBArOIIME OIOKU MOTYT
paborath ogHOBpeMeHHO. [Ipu 3TOM BTOpOH OJI0K paboTaeT BCeraa, a MEPBBIM BKIFOYACTCS C
HEKOTOPOH MEPUOJUYHOCTBIO B 3aBUCUMOCTH OT IHOTrOAHBIX ycinoBui. IlycTe Bpems ero
paboThI pacipeneseHo Mo SKCIOHEHIMAIBHOMY 3aKOHY C TapaMEeTPOM Y1, @ B BBIKJIIFOUEHHOM
COCTOSIHUM — C TapaMeTpoM Y. PYyHKIMOHUPYET cucTteMa B TepmuHax TMO cienyrommum
0o0pa3oM: IpU MOCTYIUICHWU 3asBKH B CHUCTEMY, OHa HAa4MHAeT OOCIy)XMBaHHE Ha TEPBOM
0yioke, (ecmu OH BKJIFOYEH M HE TepernojiHeH). Ecim mepBwiii 00K 3aHAT WM BBIKJIIOYEH,
3asiBKa HaUYMHAET 0OCIy)KMBaHWE Ha BTOPOM Oiioke. Bpems oOcinyxuBaHuUs 3asiBKH B OJIOKax
pacrpeneneHo mo SKCIOHEHIIMATFHOMY 3aKOHY C ITapaMeTpoM [ Ha MepBoM OJIOKe U [, Ha
BTOpoM. B pamkax naHHO# paboThI MpearnoiaraeTcs, YTo Ipy BHIKIIOYEHUH MEpPBOro OJI0Ka,
3asBKH HE IEPEXOAT C OJHOTO OJIOKA HA APYrOM, a OCTAIOTCS 0KHUJIATh €r0 BKIIOUYEHUSI.

Jns onmucaHHOM Mojnenu Obula 3amucaHa cuctema ypaBHeHuid Kommoroposa B
CTAIlIOHAPHOM PEXHUME U C MOMOIIBI0 METOJJa MOMEHTOB MOJIy4eHbI (POPMYIIBI ISl CPEAHUX
3HAUEHUH M TUCIIEPCUI YHCIIa 3asBOK Ha KaXXI0M OJIOKE.

BbruncneHnss OCHOBHBIX XapaKTEPUCTUK (YHKUMOHHPOBAHUS CUCTEMBl ObLIN
peanu3oBanbl B Buiae aiaroputma B cpeae MathCad. UtoOsr omeHuts 3G (GEKTHBHOCTH
UCIIONIb30BaHUsl AIbTEPHATUBHON SHEPTUU MPU KOHKPETHBIX 3HAYCHHSIX IMapaMeTpOB, OBLI
npeiokeH BUA (DYHKIIMK 3aTpaT, YYMTHIBAIOIIMN JHEpromorpediieHne, Bpemsi padOThI
nepBoro 0J0Ka, CTOMMOCTb TOPOJICKOM 3JEKTPOSHEPTMM W 3aTparhl HA TOKYNKY U
oOciy>)kxuBaHue 00OpYyIOBaHUS albTEPHATUBHOM HSHEPreTUKH, BBIMOJIHEHO YHCIEHHOE
CpaBHEHHUE PACXO/IOB C TPAAUIIMOHHON CUCTEMOIA.

1. S.Varshney, C. Shekhar et al. Optimal management strategies of renewable energy systems with
hyperexponential service provisioning: an economic investigation. Frontiers. Energy Research.
2023. No. 11. C. 1-22.

2. MurpodanoB C.B., Ilepenenkun K.A. MatemaTnueckoe MOJEIMpOBaHUWE THMOPUAHON BETpPO-
COJIHCYHOM CTAaHITMH IJIs DJICKTPOCHAOKEHMsI COOCTBEHHBIX Hyxa. Bectauk HOYpIl'Y. Cepus
«Quepretukay. 2022. T. 22(3). C. 18-26.

*«MccnenoBanme BBITTOTHEHO 3a c4eT rpadTa Poccuiickoro Haydnoro donma Ne 24-71-
00022, https://rscf.ru/project/24-71-00022/«
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HEPBOE HPUMEHEHUE IIOI'PYKHOT'O CHEKTPO®JIIYOPUMETPA PHY COPROBE
JUA NUCCIIEJOBAHMA ®UTOIUIAHKTOHA B O3EPE BAUKAJI

W.H. TIOpHeBl, I'.11. HBIGGKMI/ITOB&Z, U.A. Aciamos’
JINH CO PAH, r. Upkyrcek,
2 AIPOK CO PAH, r. Yura
tyurnev@lin.irk.ru, gazhit@bk.ru, ilya_aslamov@bk.ru

HccnenoBanne ¢GuUTOIIAaHKTOHA MMeET (yHIAMEHTAJbHOE 3HAYeHHE AJIi MMOHUMaHUS
HKOJIOTHUECKUX IMPOIECCOB B JIIOOOH aKBaTOpPUM, TaK KakK (PUTOIIAHKTOH HAXOIUTCA B
OCHOBAaHWM MUIIEBOM CETHU BOAOEMA, M, COOTBETCTBEHHO, OTPAKAET €ro MPOJYKTUBHOCTH [1].
[Ipu 5TOM (PUTOIIAHKTOH YYBCTBUTEJIBHO pearupyer Ha W3MEHEHHs THAPOJMHAMUYECKUX,
TUAPOXUMUYECKUX M THIPOONTHYECKHUX YCIOBUN 0OHTaHUA, POPMHUPYS KaK BEpTUKAJIbHBIEC,
TaK U TOPU3OHTAIbHBIE HEOAHOPOJHOCTU IMPOCTPAHCTBEHHOTO pacmpereneHus. B cBs3u c
STUM BBISIBIIEHHE KOPPEISIMOHHBIX CBA3EH M 3aKOHOMEPHOCTEH MEXIy T'Hapodr3nuecKUMu
dakTopamMu cpenbl M CTPYKTYpOW TIJIAHKTOHHBIX COOOIIECTB SIBISETCS aKTyalbHOU
JKOJIOTUYECKOH 3aJauci.

ITo ycrosBmeiica B JINH CO PAH meronuke mpoObl Ha (PUTOIUIAHKTOH OTOMPAIOT
6atomerpamu ¢ ropu3oHToB 0, 5, 10, 15, 20 u 25 M, ¢ mocHeayONMM WX 00bETUHEHUEM B
OJIHY «MHTerpajbHylo mpoOy» [2]. 3aTtem mnpoObl (ukcupyroTcs (GopMaIMHOM M TOCIE
SKCIETUIMN B JIaDOpaTOPUH MOJ CBETOBBIM MUKPOCKOIOM TOJCUUTHIBACTCS YHCICHHOCTH
KJIETOK (PUTOIUIAHKTOHA M pacCYMTHIBaeTCs MX Ouomacca. Takoil aHanu3 AaeT MoApOOHYIO
“H(pOpPMAIIMI0O 0 TAKCOHOMHYECKOM Pa3HOOOpPa3Wy M KOJIMYECTBEHHOM COCTaBE COOOIIECTB,
HO SIBJIICTCSI OJHUM U3 CaMbIX TPYAOEMKHX KOJMYECTBEHHBIX METOJOB HCCIEIOBAHUS
aJbroneHo30B [3]. ANbTepHATHBOW ASTOM METOIUWKE MOXKET CIYXKHUTh OIleHKa OMOMacchl
(UTOIUIAaHKTOHa HAa OCHOBE OCHOBHOTO NHUTMEHTA 3€JIEHBIX pacTeHHil — XJjopodwumia a.
Xn0po@uiiT  COAEPKUTCS MPAKTUUYECKH BO BCEX LMAHOOAKTEPUSX M  OJHOKIIETOYHBIX
BOJIOPOCIISIX, TO3TOMY €r0 KOHIEHTPAIMIO MOYKHO C ONPECICHHBIMH JTOMYIIEHUSIMH CUUTATh
KpUTEpUEM KOJIMYECTBEHHOM OIEHKU o0Imel Ouomacchl (uroruiankToHa. [[nst BbleneHus
xjopopuiuia  oToOpaHHy0  TpoOy  BOABI  MPEABAPUTENBHO  (PUIBTPYIOT,  3aTeM
TOMOTEHU3UPYIOT M OSKCTPAarupyiOT MHUIMEHThl BOAHBIM AaIl€TOHOM C IOCJIEIYIOIIUM
HEHTPUPYTUPOBAHUEM U3 SKCTPAKTA CBETOpaccenBaroleil B3BecH. [lociae 3TOro KoaIu4ecTBo
xJopodusuia onpeaensercss CieKTpohoTOMETPUPOBAHUEM SKCTPAKTa MUTMEHTOB JI0 U IOCIIE
€ro MOJKHUCIIEHUS pAaCTBOPOM COJISIHOM KUCIOTHI [4].

CyliecTBEHHBIMM ~ HEJOCTaTKaMU  BBIIICONUCAHHBIX ~ METONUK  SBJISIIOTCS — UX
TPYZAOEMKOCTh, BPEMS3aTPaTHOCTh U Ipyboe paspelieHne Mo BEPTUKAIN, YTO HE MO3BOJISET
UX HCIIOJIb30BAaTh JUIsl JKCIPECC OIEHOK OuoMacchl WM MOJIPOOHOrO HCCIETOBaHUS
BEPTUKAJIBHOIO pacnpeneieHuss (UTOIUIAaHKTOHA. B HacTosiimee BpeMs pa3paboTaHbl U
MPOU3BOJIATCS MOTPYKHBIE CIIEKTPOGITYOPUMETPBI, KOTOPbIE UMEIOT BO3MOXHOCTh U3MEPSTh
¢roopeceHINI0 XJIOpo(HILIa B PeKUME PeaIbHOro BpeMeHH ¢ 6oprta cyaHa. OAuH U3 TaKux
npuOoOpoB ObT HamMH TpoTecTHpoBaH Ha baiikame B pamkax skcnemaunuu Ha HUC «.1O.
Bepemarun» B centsiope 2024 r. lnst 3Toro 66u1M MpoBeAeHbI moApoOHbIe n3Mepenus B 100-
METPOBOM cJI0€ TIIyOuH Ha pazpe3e «Maputyii-Comzan» B FOxHO# kKoTioBHHE 03epa. Paspes
o0mieit mpotspkeHHOCTHIO 30 kM ObLT pa3out Ha 11 crannwmii (puc. 1).

" PaGoTa BBINONHEHA B paMKaX rocyaapcTBeHHoro 3axanus JITH CO PAH Ne0279-2021-0004.
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Puc.1. Pazpes «Maputyii-Comzan» B FOxHOM KoTIIOBUHE 03. baiikan

Jns  uccnenoBaHHWs — NMPOCTPAHCTBEHHOTO — pacmpeneieHus  (UTOMIaHKTOHA
WCITOJIB30BAJICSI MHOTOKAHAJIBHBIM TOTpYyKkHOU crnekTpoduryopumerp PhycoProbe (bbe
Moldaenke GmbH, T'epmanus) ¢ ¢yHKuMel pasfeneHuss MUKPOBOJOPOCICH Ha TPYIIIBI
COTJIaCHO CIEeKTpaM uX (roopecieHnd. MakcumaibHas TIyOMHA TMOTPYXEHUs Mpuodopa
cocraBisier 100 M. B pabore ObuM HCIONB30BaHBI 3aBOJACKHME KanmuOpoBku. OOrmas
KOHIICHTpalusl XJOpOopHla & W OSKBHBAJCHTHBIE €r0 KOHIIGHTPALMH JUIS OCHOBHBIX
OpeJCTaBUTENIe  KaXIOoW Tpynmbel  (UTOIUIAHKTOHA  (IIMaHOOAKTEpUH, JIUATOMOBEIE,
KPUNTO(PHUTOBBIC M 3€JICHBIC BOJOPOCIHN) YUYUTHIBAIACH C TOMPABKOW Ha «OKEJITOE BEIIECTBOY
¥ PaCCYUTHIBAJIACH C TOMOMIBIO MMpOorpaMMHOro obecrieuenus: PhycoProbe.

s onpeneneHust THAPOPU3NIECKUX XAPAKTEPUCTHK HA pa3pe3e MCIOIB30BAJICS 30HI
kauectBa Boabl Rinko AAQ177 (JFE Advantech, SInonus), KOTOpbIi U3MEpSIET CIEAYIONTUE
(UBUKO-XUMHYECKUE MTapaMeTpPhl BOJBI: TEMIIEPaTypy, IEKTPOIPOBOTHOCTh, PACTBOPEHHBIN
KUCIOpoA (Mr/11), BOOOPOAHBIN MOKa3aTeb, OKUCINTEIbHO-BOCCTAHOBUTEIIBHBINA MMOTEHIIUAI
(MB), dorocunTeTnueckn aktuBHyrO pamuainus (PAR, mxmons M2 c'l), myTtHOCTh (FTU), a
Takke QIFOOPECIICHITNIO XJI0opodHILIa.

Tak kak w3MepeHHe XJIOpopHWiUTa B TOTPYKHBIX 30HAAX MPOUCXOAUT IyTeM
perucTpanuu ero GIroOpeceHIINd, TO CBETIOE BpeMsl CYTOK MOKET OKa3bIBaTh BIUSHHE Ha
NOKa3aHWs B BEPXHUX, OOJIYYCHHBIX CIIOSIX BOJBI, BCJICICTBHE TOTO, YTO MPHXOJSIIAS
COJIHEYHAsl pajJualys HachlIaeT (POTOpPEaKIMOHHBIE LEHTPHl MUKPOBOJOPOCICH, 3aHMKas
n3Mepsiemyro ¢uroopectieHnuio. [losromy, s ydera BIUSHHUS NPUXOMASINCH COJHEYHOMN
pazuaIyy HCIoIb30BaIach Cleayonas 3aBUCUMOCTS [5]:

Freal(z) = Fmeas(z) * (2 - e_O'OOZS*PAR(Z));
rie Freal(Z) — ckommencupoBanHas (GaroopecueHIus, Freas(z) — u3mMepernas diroopecieHims,
PAR(z) — BenmnunHa poxosieii GOTOCHHTETUYECKN aKTUBHOM paaualuy Ha TIyOrHe Z.

B pesynbraTe ¢ momompio PhycoProbe Obimu monydeHsl TaHHBIE O TPOCTPAHCTBEHHOM
pacrpenielieHud OCHOBHBIX Tpynn (QuromiankToHa Ha paspese «Maputyit-Con3an» Ha
BTOPYIO MOJIOBUHY CEHTAOPs1 2024 1. (puc. 2) ¥ IPOBEIEHO UX COMOCTaBIEHNE C OCHOBHBIMHU
rHIPO(U3NIECKUMU XapaKTEPUCTUKAMH, U3MEepeHHbIMU 30H10M Rinko AAQ177 (puc. 3).

[lomyyeHHbIE JaHHBIC BBIABWIM KaK TOPU3OHTAIBHYIO, TaK W BEPTHUKAIBHYIO
HEOJHOPOAHOCTD paclpeaesieH s XJI0popHLIa Mo pa3pesy co CISAYIOIUMU OCOOCHHOCTSIMHU:

- bompmas wacte xmopodmia ucciaegoBaHHOro  100-MeTpPOBOro  CIIOSL  BOJIBI
KOHIIGHTPUPYETCS OT TIOBEPXHOCTHU JI0 HIDKHEH rpaHuIlbl TepMOoKianHa (puc. 3r). [locneanuii
3aperuCcTPUPOBaH Ha rinyomHax 15-20 MeTpoB B IIEHTpe o3epa U 'y Maputysi, U gocturai 35
METpPOB B 30HE WHTCHCHU(UKAIUN KPYroOalKaibCKOIO TEUEHHUS Ha PACCTOSIHMU 5-7 KM OT
Oeperos (puc. 3a).

- OCHOBHBIMH MpPEJCTaBUTENISIMU (UTOIUIAHKTOHA BBIIIE TEPMOKJIMHA SBISIOTCS
JIMaTOMOBBIC BOAOPOCIM ¢ HAUOOJIBIIIMMHU KOHIICHTPALUSAMH XJIOpo(dUiIa B IEHTPE 03epa U 'y
Maputys, u ¢ HeOonbpIMUM cHIKeHneM K Conzany (puc. 2a).
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- BroppiMu 10 KOHIEHTpamuu XJOpoQwiula UAYT 3€JIEHbIE  BOJOPOCIH,
pacnpocTpaHEeHHbIE B OCHOBHOM HIDKE TPAaHHIBI TEPMOKIWHA C  HAWBBICIIMMHU
KOHIICHTPaMsIMHU B 00JIaCTAX €ro 3arinyoseHus (puc. 20).

- B ropasmo MeHbIIMX KOHIIGHTPALUIX MpeacTaBieHbl kpunrtoputoseie (Cryptophyta)
u nunanobaktepuu (Cyanobacteria), cocpeoToueHHbIE B OCHOBHOM B 30HE HEIOCPEACTBEHHO

TEPMOKIIMHA, KaK MIPAaBIIIO OJIKE K LIEHTPY o3epa (puc. 2B,T).
Diatoms fugAl 6) Green Algae jug/l]

a)

i
=
a

[

T T T T T T T T T = T T
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Section Distance [kmj Section Distance fkm]

Cryptophyta [ug/]

°

3

o

Depth [m]

' ’ N Section D:':ance [kmj " “ Section Distance fkm]
Puc.2. IlpocTpancTBeHHOE pacnpeeneHue KOHIEHTPAIIMU XJIOPO(HIIIa pa3HbIX TPYIIT
¢uTorutankToHa Ha pazpese «Mapuryii-Conzan» (pacCcTosHUE B KM € CeBepa Ha 0T OT CTaHIIMU
Mapuryii, YepHBIMU JIMHUSMHU TPUBEIEHBI H30TE€PMbI, BEpTUKAILHBIMU MYHKTUPHBIMU JINHUSMU
MOKa3aHbl CTAHIINH)

Temp. [°C]

Depth {m]

T T
10 15
Section Distance Jkm] Section Distance fkmj

DO [mg/j n Total Chl Jug/l}

Depth [m]

Section Distance [km] Section Distance fkmj

Puc.3. Pactipenenenne oCHOBHBIX THAPODU3NICCKUX XapaKTEPUCTHUK Ha pa3pese: a -
TeMIeparypa, 6 - MUHepaIu3aius, B - PACTBOPSHHBINA KUCIOPO/, T - OOIIUI XJIOPOQHILT
(paccTosiHHE B KM C CEBEpa Ha 10T OT CTaHIMKU MapuTyii, Y4epHbIMH JTUHUSMU MPUBEICHBI

M30TE€PMbI, BEPTUKATBHBIMU MYHKTUPHBIMU JTUHUSMHU IMOKa3aHbI CTAHIUH )

Wwmest nanHble O BEPTHKAIBHOM pacrpeneneHuu xijopodumia a B BepxHeM 100-
METPOBOM CJIO€, MOYKHO OIIGHHUTHh HACKOJIBKO HPEICTABUTENICH MHTErPaJbHBIA 1po0ooTOOp,
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ucnionp3ytonuiics B JIMH CO PAH. Mbl paccunTany, Kakyr JOII0 XJIOpODHIITIa MOMXKET
comepxkath cmoil Bombl 25-100 MeTpoB 1Mo cpaBHeHHIO ¢ 0oyiee  HACHIIICHHBIM
MOBEPXHOCTHBIM ciioeM 0-25 MeTpoB. Bbuto MoOKa3aHO, YTO JJIA CEHTSIOpS 3TO OTHOIICHUE
MOXeT BapbupoBatbes oT 30% B meHTpe o3epa A0 95% B 30HaX 3armyOseHus TEPMOKIIMHA,
YTO CBUJIETEIBCTBYET O BO3MOXKHOM 3HAUUTEIHHOW HEJOOIEHKH OMOMacchl (PUTOIJIAHKTOHA
npu 0TOOpE W aHANM3€ MHTETPAIBHBIX MPOO JUIIb B BEPXHUX 25 METpax OT MOBEPXHOCTH.
Kpome Toro, mpu riyOOKOM 3ajeraHud TEPMOKIMHA B MpOObl MOTYT HE MOMNacTh
NpEICTaBUTENM (PUTOIUIAHKTOHA, OOWTaIIMe Ha OoNbIIUX TIyOWHAX, B YCIOBHUSIX
HEJ0CTAaTOYHOT'O OCBEIIECHHUS.

Takum o0pazom, mepBoe ucrnonab3oBanue (piayopumerpa PhycoProbe Ha o3epe baiikan
MO0KA3aJI0 XOPOIIYIO MEPCHEKTUBY €0 MPUMEHEHHS 111 OPTaHU3aluU SKCIIPecC MOHUTOPHHTA
JUHAMHUKY (PUTOIUTAHKTOHA B YHUKAIILHON JKOcHcTeMe o3epa. BHenpenwe duryopumerpa
MO3BOJIUT MPOBOJUTH AaHAW3 MPOCTPAHCTBEHHOTO PpACIpe/eieHHs] OCHOBHBIX TPYII
MHUKPOBOJIOPOCTICH B PEKUME pPEATbHOIO BPEMEHH, YTO JacT BO3MOXKHOCTH OIEPaTUBHO
OTCIC)KHUBATh CIIOKHYIO JIMHAMUKY (UTOIUIAHKTOHHBIX COOOINECTB U  OLEHUBATh
HKOJIOTHYECKOE COCTOSIHUE PAa3HBIX pailoHOB o3epa. OpHa U3 OMMKAWIIMX 3a/1a4 COCTOUT B
MPOBEICHUN WHTEpKanuOpoBku PhycoProbe B maGopatopHbiX (Ha YHUCTBIX KYJIbTypax) H
HATYPHBIX YCJIOBHSIX C PYYHBIM MOJICYETOM KIIETOK BOJOPOCIEH Ha MUKpOcKore. OTIeNbHOTO
BHHUMaHUsl 3acily>KMBaeT BOMPOC O COJAEpPKaHUMU XJopoduuia B eJuHHUIlE OHnomacchl
(UTOIUIAHKTOHA B 3aBUCHUMOCTH OT BHJIOBOI'O M Pa3MEPHOTO COCTaBa albIOLIEHO30B 03epa
baitkan, coctossHus W BO3pacTa MOMYJSILMI, a TakkKe TEMIIEpaTypHOIro, CBETOBOIO U
OMOTEHHOTO PEKUMOB.

1. Jlenwsko O.A., Tuxonosa U.B., benbix O.U., Cniunieiaa T.I1. TpuHaaiatoe cuOupckoe coBeniaHmne
U IIKOJa MOJIOABIX YYEHBIX MO KIMMAaTO-3KOJIOIMYecKoMy MOHUTOpHUHTY. Tomck, 2019, C. 202-
203.

2. Firsova A., Galachyants Y., Bessudova A., Titova L., Sakirko M., Marchenkov A., Hilkhanova
D., Nalimova M., Buzevich V., Mikhailov 1., et al. Environmental Factors Affecting Distribution
and Diversity of Phytoplankton in the Irkutsk Reservoir Ecosystem in June. Diversity. 2023, T.
15, Ne 1070, https://doi.org/10.3390/d15101070

3. Muneesa HM., llyp JI.A. Conepkanue xjaopoduiia & B eAHMHULE OMOMacChl (UTOIIAHKTOHA
(0630p). Anwronorus. 2012, T. 22, Ne 4, C. 423-437.

4. TOCT 17.1.4.02-90. Metoauka CEKTpO(POTOMETPHUUECKOTO orpeaencHus xiopopmwuia a / 1O
AH CCCP. M., 1990. 12 c.

5. Moiseeva N.A., Efimova T.V., Churilova T.Ya., Makarov M.M., Gnatovsky R.Yu. Influence of
solar radiation on chlorophyll a concentration assessment using fluorescence measured by the
submersible sensor in Lake Baikal. Limnology and Freshwater Biology. 2019. Vol. 4. P. 281-285.
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AJII'OPUTMBI BTOPOI'O ITOPAIKA UL TIAPAMETPUYECKHU YIIPABJISIEMbBIX
JMHAMUWYECKNX CUCTEM

A.N. TATIOWKUH
NHCTUTYT ITMHAMUKU CUCTEM U Teopuu yrnpasieHus uM. B.M. Matpocosa CO PAH
tjat@icc.ru

B nokiane paccmaTpuBaioTCs alTOPUTMBI  BTOPOrO TMOPSAKA Il  ONTHMHU3ALUU
yIpaBiIsieMbIX AMHAMUYECKUX CHCTEM C MapameTpamMu. B 3amadax Oe3 orpaHuveHuid s
ONTUMU3ALMK YIPABIAIONINX MapaMEeTPOB MPUMEHSETCS METOJ COINPSIKEHHBIX T'PAaIUEHTOB
[1]. Jdns moctwkenust Oojiee TOYHOTO YHMCICHHOTO PEIICHHS B ATHUX 3aa4aX Ha OCHOBE
dbopMyIbl IpupamieHus GyHKIFOHATa BTOpOro nopsiaka [2] crpoutrcs meton Herotona. J{ms
MOJIy4eHHUS] YHUCJIEHHOIO PEIICHHsS KpPaeBOM 3aJadd C JIOCTATOYHO BBICOKOH TOYHOCTHIO
KOHCTPYUPYETCA AJITOPUTM, COCTOSILUMKA M3 WUTEpPALMN TPAAUEHTHOTO METONA U HUTEpALUU
METO/1a KBa3ujnHeapu3auuu [3].

MHorometrogHass cxeMa B JAaHHOM CJIy4dae COCTOMT W3 HUTEpaluil JBYX METOJIOB:
uTepanui rpaJueHTHOr0 METOAa, KOTOPbIE MPUBOASAT MPOLECC B OKPECTHOCTh CXOAUMOCTH
METO/Ia KBa3WIMHEapu3alluu, U HEMOCPEACTBEHHO HTEpaluid MeToAa KBa3WJIMHEApU3allu,
KOTOpbIE 00€CMEeYNBAIOT BBIUMCICHHE ONTHUMAIbHOTO PEUICHHS C 33JaHHOI TOYHOCTBIO.
3amMeTuM, 4TO HU OJJHUM U3 ITHUX METOJIOB MIPU €ro aBTOHOMHOM HCIIOJIb30BaHUM OT Havyajia u
JI0 KOHIIa HEBO3MOXXHO OBLJIO MOJYYUTh pEIICHHE KPaeBOW 3aJaud C yJOBIETBOPUTEIbHBIM
JUTS TIPAKTUKHA KauecTBOM. Metoa HbroTOHA MOXKET OBITh MCIIOJIB30BAaH JOMOJHUATEIBHO IS
«JIOBOJIKM PEIICHHUs» B ClIydae BHICOKMX TPeOOBaHHUM K TOYHOCTH pe3yJibTaTa.

[IporpamMmmHOe obOecrieueHue, pazpaboTaHHOE HA OCHOBE JaHHOTO TMOAXOAa U
peanu3yronee MHOTOMETOJHYIO TEXHOJOTHMIO pacyeTa ONTUMAJIbHOIO YIpPaBICHUS W
ONTUMAIBHBIX MAPAMETPOB, YCHEIIHO HCHOJb3YeTCS AJI PELICHUS CIOXKHBIX MPUKIAJIHBIX
3aJa4 ONTHUMAJIbHOTO YIPaBJICHUS U3 Pa3IMYHBIX OOJiacTeil Hayku U TeXHHUKU. [Ipumenenue
3 PEKTUBHON TEXHOJOTHH pacyeTa yIpaBICHUS OCOOCHHO AaKTyalbHO B YIPaBIsEMbIX
CHUCTEMax pEAbHOIO BpPEMEHM, HANpPUMEpP, B CHUCTEMax YIPABICHUS JIETaTEIbHBIMHU
anmaparamu, 00JIaJaroIMMK BBICOKOW MaHEBPEHHOCTEIO [4, 5.

O} PeKTUBHOCTD MPEATIOKEHHBIX MHOTOMETOJHBIX AJITOPUTMOB MOKa3aHa Ha PElIeHUU
OPUKIAJHBIX 3a4ad: 00 ONTUMaIbHOM pa3BopoTe camojera [6] U 00 ONTHUMaIbHOM
YOPaBJICHUHU TOJIOKEHHUEM aCUMMMETPHUYHOrO KOocMHuueckoro ammapara [7]. IlomyueHHble
pEIICHUs COBIAM C pacyeTaMH U3 YKa3aHHBIX PaOOT C BBICOKOW TOYHOCTHIO.

['unn @., Mioppeit V., Paiit M. IIpaktudeckas ontumuzanus. M.: Mup, 1985.

l'abacos P., Kupmmosa ®@.M. KadectBenHas Teopusi ONTUMaIBHBIX TporieccoB. M.: Hayka, 1971.

Bennman P., Kana6a P. KazunuHeapusauus 1 HellnHeWHbIEe KpaeBble 3a1a4n. M.: Mup, 1968.

Tartomkun A.W., ®enynos b.E. YucnenHoe uccnenoBanne CBOWCTB ONTUMAIBHOTO YIIPABIECHUS

B 0J1HO¥ 3amade mpecienoBanus. M3e. PAH, TuCV. 2005. Ne 3. C. 104-113.

5. Tarromkun A.W., ®enyno b.E. Bo3MoXXHOCTHM 3amuTBl OT aTakylOIIeH pakeTbl 3amHei
nosrycepsl camolieTa BepTHKaIbHBIM MaHeBpoM. M3B. PAH, TuCV. 2006. Ne 1. C. 111-125.

6. Esrtymenko IO.I'. Metoapl pemieHuss dKCTpeMalbHBIX 3aJ1ad M WX TNPHUMEHEHHE B CHCTEMax
ontumuzanuu. M.: Hayka, 1982.

7. Junkins J.l., TurnerJ.D. Optimal continuous torque attitude maneuvers. AIAA/ AAS

Astrodynamics conference. Palo Alto, Calif., 1978.

el .
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Pabora BbIMOJHEHA 3a cyeT cyOcuaum MuHoOpHayku Poccunm B pamkax mpoekta «Teopust ¥ MeTOIbI
UCCIIEIOBAHUS  DBOJIIOIIMOHHBIX yPaBHEHWH W YIPABIAEMBIX CHCTEM C HX MNpuiokenusmm» (Ne roc.
perucrparuu: 121041300060-4).
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WHTEJIIEKTY AJIBHBIE ACCUCTEHTHI B JIOIIOJTHEHHO! PEAJILHOCTU

S.A. Yropckas 1'2, A.T'. banaxumn 2, ILII. Tarkuna 2
lI/IHCTI/ITyT JUHAMHMKU CUCTEM U TEOpHUH ynpasiieHus umenu B.M. Matpocosa CO PAH

2I/IpKyTCKI/H?I I'ocynapcTBeHHBI YHUBEPCUTET
z_942011@mail.ru

WnTennekryanpHas — JONMOJHEHHAs  PEAIbHOCTb —  WHTErpalus  TEXHOJIOTUU
nornojiHeHHON peanbHOCTH (AR) u nckyccrennoro uHTemekra (Al). Coennnenne AR u Al
Jenaer mporecc oOMeHa HH(pOpManuell MexXIy BUPTyaJbHOW cCpelodl U OOBEKTHBHOM
peanbHOCTBIO OoJiee ecTecTBEHHBIM. OKUIaeTCs, UTO yAyUlIICHHBIN MMOIb30BATEIbCKUNA OIBIT
3a Ccu€T aJanTUBHOTO B3aWMOJICHCTBHSA, a TaKkKe BHUMAHUSA K IPOEKTUPOBAHHMIO,
OpPUEHTUPOBAHHOMY Ha TOJb30BATENs, CTAHYT [BWXKYIIEH CHJION ClEAYIONIEH BOJHBI
MHHOBAIMI, KOTOpbIe U3MEHAT JaHAMA(PT UMMEPCUBHBIX TEXHOJOTMH M MX NMPUMEHEHHUE B
MMOBCEIHEBHOM >KU3HU [ 1].

BHenpenne MCKyCCTBEHHOTO HMHTENJIEKTa B AR-TIpOEKTHI MO3BOJIUT cO3[aBaTh Oolee
CIIOKHBIE CIICHApUU, 32 CUET KOTOPBIX BO3MOXHO yiydlleHue kauecTBa AR He TOibKO co
CTOPOHBI TOTPEOIAEMOr0 MOJIb30BaTEIeM KOHTEHTAa, HO M DPACHO3HABAHUS PEaTbHOCTH,
MO3UI[MOHUPOBAHUS OBEpIIEs.

HoBbIM mepcrieKTUBHBIM HAIpaBlICHHEM B JaHHON OTpaciy CTaHOBUTCS pa3paboTka
KOMMYHHKAIIMOHHBIX Al-areHToB, KOTOpble MOTYT aJanTHPOBAThCS K IIMPOKOMY CIEKTPY
TpeOOBaHUM, HauMHAs OT NPO(PECCHOHATBHON chepbl M 3aKaHYMBas WHIMBHUIYaTbHBIMH
MpEeINoUYTEeHUsIMU ToJb30BaTeNd. COBpeMEHHbIE TEXHOJIOTMH HCKYCCTBEHHOTO WHTEJIEKTa
NO3BOJISIIOT TaKMM areHTaM He TOJbKO 3(PdexkTuBHO o0OpadaThiBaTh HH(OpMAIMIO, HO U
rIy0ke MOHMMAaTh KOHTEKCT Oecelibl, YTOUHEHHS M HIOAHChl €CTECTBEHHOIO f3bIKa. JTO
JieNiaeT B3aUMOJICHCTBHE C TOJIb30BaTENIeM 00Jiee TOUHBIM, COACPIKATEIBHBIM U YAOOHBIM.

OgHuM U3 KJIIOYEBBIX IMPEUMYILECTB aJanTUBHBIX Al-areHToB SBIsSETCS UX
CHOCOOHOCTh AHAJIM3MPOBATH OOJBIINE MACCHBBI JAHHBIX U NpeoOpa3oBbIBATh HUX B
KOHKpPETHBbIE M TIOJIE3HbIE OTBETHl. JTO OOecreurnBaeT BBICOKYIO HH()OPMATUBHOCTH U
CHIDKAeT BEpOSTHOCTh oOmMOOK. Kpome TOro, takue areHThl MOTYT paclo3HaBaTh U
nepesaBaTh SMOLMOHAIBHBIA OTTEHOK pedH, uTO co3aaeT 3(P(EeKT «0oueroBeUnBaHU
oOmieHusi. BakHOW 4YacThl0 MX pa3BUTUS CTajda WHTETPAlUsl TEXHOJOTUH JIOMOIHEHHOU
peanbHOCTH. braromapsi atum TexHoJorusM Al-areHTbl MOTYT MMETh BU3YaJbHBIA OOJHK,
rojoCc ¥ pPEAIMCTUYHYI0O MHMHUKY, CIIOCOOHYIO IepefaBaTb SMOIMHM U  CIeNaTh
B3aMMO/ieiicTBHE 0oJiee BhIpa3UTEIbHbIM. JIONOTHUTEIBHO OHU MOTYT HCIIOJIb30BATh KECThI U
NMBUXKECHHS, YTOOBI TMOAYEPKHYTHh  KIIOUEBBIE MOMEHTHI Oecelbl WM  J00aBUTh
UHAUBUAYAIbHOCTH. Mcronb3oBaHWe aJanTHBHBIX M pEANUCTUYHBIX Al-acCHCTEHTOB
OTKPBIBAET HOBBIE TOPU30HTHI B CO3JJAHUU BBHICOKO AMITATUYHBIX BUPTYaAJIbHBIX TOMOIIHUKOB.
Takue areHTHI HE TOJIBKO A(PPEKTHBHO peIIaroT 3a]adydl IMOJb30BaTelield, HO U CIOCOOHBI
BBI3BIBATh Yy HHUX JIOBEpHE, CONEPEeKMBAHME M  TOBBILATH  YJOBJICTBOPEHHOCTH
B3aMMOJICHCTBHEM 3a CUET €CTECTBEHHOT0 U KaUeCTBEHHOT0 OTKJIMKA Ha 3alpOCHI.

Lenbto paboThl sBISETCS MCCIEIOBAaHME BO3MOXHOCTH CO3/IaHUS BHPTYAIbHOTO
ACCHUCTEHTa B JOMOJHEHHON pEeaJbHOCTH Ha OCHOBE KOMMYHHMKalmoHHoro Al-arenta. Jlns
peanu3anuu rnpoekra Obljia BEIOpaHa TeMaTuka 00pa30BaTebHOTO MaTepHuala 1o aHaTOMUHU.
BupTyanbHblli  aCCHCTEHT NPENOCTaBIseT BHU3YaJU3alMI0 CUCTEM >KU3HEOoOecreueHUs
YeJI0BEYECKOro opraHuzMa u uHpopmanuoo o0 oTAenbHBIX opraHax. Iloiabp3oBarenb MOKET
3aJaBaTh BONPOCHl ACCUCTEHTY, KOTOpbIE BOCHPUHUMAIOTCS KaK MPOMIITHL, W MOJIydyaTh Ha
HUX pa3BepHyThIe 0TBETHL. [Ipu 3TOM accucteHT BoiAenseT B AR-aBaTape uenoBeka oprassl, O
KOTOPBIX HJAET pedb, U Mpeajaraer kKak oOuryro MHGOpMaluio, TaKk U KpaTKHE JaHHBIE,
OTBEYAIOIME HA YTOYHSIOIINE BOTIPOCHL.
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B nponiecce paboThl ObUTH OmpeniesieHbl OCHOBHBIC TpeOoBaHUs Kak K Al-accucTeHty,
TaKk ¥ K uHTepdelcy MONMOTHEHHOM peanbHOCTH. PaszpaboTraHa apXxuTekTypa MpOEKTa,
OIMCAaHbl TEXHUYECKHE XapaKTEPUCTHKH, a TAK)Ke BEIOpaHbl MHCTPYMEHTSHI JIJISl pealn3aliu.

Jl1g co3naHus BUPTYaJIbHOTO aCCUCTEHTA MCIOIb30BAINCH CIIEIYIOIINE TEXHOIOTHH:

» Botpress — mardopma i co3maHus M pa3BepTHbIBAHUS MPUIOKEHUM Ha OCHOBE
pa3rOBOPHOTO HMCKYCCTBEHHOTO WHTEIUIEKTa, TaKWX KaK dYar-00Tbl U BHUPTYyalbHbIC
ACCHCTEHTHI.

e« AR.JS — o910 JserkoBecHas Oubnuoreka Ha JavaScript, mnpeaHa3HaYCHHAs IS
MHTETPAIH TOTIOJTHEHHON pealbHOCTH B BEO-TIPHIIOKEHHUS.

o A-Frame — sto ¢peiiMBOpK A5t CO31aHUS BUPTYaIbHON pealbHOCTH U JOMOTHEHHON
peanbHOCcTH Ha ocHoBe HTML, koTOpBIi 1103BOISET co3aaBaTh 3D-CIIEHBl U B3aUMOJICHCTBUS
B BeO-mpuinoxeHusx. OH moctpoeH Ha ocHoBe WebGL u Three.js, uto oOecrneunBaer
BBICOKYIO ITPOU3BOIUTENBHOCTh U KPOCC-0pay3epHyI0 COBMECTUMOCTb.

e Blender — wuncTpyment s 3D-monmenupoBaHHs, KOTOPBIH HMCHOIB30BAIICS JUIS
CO3/1aHMsI BBICOKOKAUECTBEHHBIX MOJEJIed OpPraHOB M CHUCTEM YEJIOBEYECKOro Tena. JTU
MOJEIM UHTEerpupoBamuch B AR-aBarap, uYTO TO3BOJWIO JOCTHYb PEATMCTUYHOMN
BU3YyalIM3allMd W BBICOKOM cCTemeHu naeranu3anuu. Blender ceirpan kirodeBylo poiib B
CO3/IaHUM BHU3YaJbHOT'O KOHTEHTa, HEOOXOAMMOTO MJisi B3aUMOACWUCTBUS B JOMOJIHEHHOU
peanbHOCTH. Pa3zpabGoTaHHBIE B HEM MOJCIHM OOECICUYMSIA TOYHOE OTOOpaKCHHE OPraHOB H
CHCTEM, YTO JIeJaeT 00pa3oBaTeNbHBIN Mpoliecc 0oJiee HArMSAHBIM U IOHSATHBIM.

Ha srane cozmanusi mpoToTUna U IPOBEPKU €ro paboTOCIOCOOHOCTH CHHCOK CHUCTEM
KHU3HEOOecIeueHns1 4eaoBeKa ObLI OrpaHHuYEH J0 ISATH OPraHoB: JIETKUE, CEpAle, MO3T,
MIE€YEHb, KENyI0K, KHIIIEUHUK.

B pesynbrate peanmuzanuy npoekTa ObUIM PAacCMOTPEHBI: BO3MOXXHOCTH OTPaHUYEHUS
6a3bl 3HaHU Al-accucTteHTa, A M30€KaHUS BBIJIAYU JIO)KHOW MH(POPMAIMK U OTBJICUCHHS
OT TEMaTUKH pa3roBopa; METObl pasMeleHuss Al-accucteHTa B JONOJIHEHHON peanbHOCTH;
paspabotan Ul-unTepdeiic ais B3aUMOJCHCTBUS TOJIB30BATENsI ¢ OOTOM HECKOJIBKUMH
croco0amu: TOJIOCOBBIM MJIM TEKCTOBBIM; peali30BaHA BblJadya pa3jIMYHOIO THMA OTBETa OT
0oTa: roJIOCOBOE COOOIIECHHE, N300paKeHHUE, 31-MOJIeTh U TEKCT.

Bo3moxxHoctu mpumanus AR-aBaTapy 4eIOBEYHOCTH B YCJIOBUSAX BBIOPaHHOTO
TEXHOJIOTMYECKOI0 CTEKa U MPSIMOM 3aBUCUMOCTH OT CKOPOCTH MHTEPHETA U OTKIIMKA CepBepa
Ha 3arpochl BeO-TIPUIIOKEHUSI OBLIM PEaTM30BaHbl JIMIIb YaCTUYHO, @ MUMEHHO: YCJIOBHAs
peanu3ainys JUICUHTa (CHHXPOHHU3ALUs peyr ¢ MUMHUKOW PTa): BOCIIPOU3BEACHUE aHUMAIINH
pTa, KOTOpas He BCErja COOTBETCTBYET TI'OJOCOBOMY OTBETY 0OTa; B KauecTBE Meperaydd
XapakTepa JJig aBaTtapa ObLI CO3/1aH Ha0op Mpen3aJlaHHbIX IBMKEHHIM M 103 CMEHSIONINX
Jpyr Apyra B ONpPENEICHHOM IMOPSAKE IO MCTEUEHHUIO NPOMEKYTKa BPEMEHH M IOJYyYEHHUIO
3aMpoCoB OT I0JIb30BATES.

Brenpenne 11 B ONOIHEHHYIO PEANbHOCTD YJIy4INAeT B3aUMOACUCTBUE C PEAIBHBIM
MUPOM, J100aBliiE HWHTEUIEKTyallbHble (YHKIMHM, KOTOpbIE IIO3BOJIAIOT  CHUCTEMam
JIOTIOJIHEHHOM PEaIbHOCTH JIy4llle [IOHUMaTh OKPYXKAIOIIYI0 CpeAy U pearupoBarb Ha He€ [2].
OTa BO3MOXHOCTH IO3BOJISIET CO3/4aBaTh Oojee MHTYUTUBHO TIOHATHBIE M aJalTHBHbBIC
NOJIb30BaTENbCKHEe HHTepQeiichl, mockonbky MM MokeT aHanu3upoBaTh IOBEIECHUE U
MPEIOYTEeHUsI TOJb30BaTeNIel B PEKHMME pPEaJbHOTO BpPEMEHHU, YTO MPUBOAMUT K Oolee
NEPCOHAIN3UPOBAHHOMY B3aUMOAEHCTBUIO

1. Tiple B., Bulchandani C., Paliwal I., et al. Al based Augmented Reality Assistant. Intell Syst
Appl Eng Vol. 12, No. 13s. 2024. P. 505-516.

2. Zahraa Bassyouni, Imad H. Elhajj Imad. Augmented Reality Meets Artificial Intelligence in
Robotics: A Systematic Review. SYSTEMATIC REVIEW article Front. Robot. Al, Vol. 8, No.
22, 2021 Sec. Human-Robot Interaction.
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OLIEHKA CTEIIEHU CJIO’KHOCTH ITY3bIPBKOBOI'O AJI'OPUTMA COPTHMPOBKH

3. ¥3akoB
Kapmuackuit ¢punman TamkeHTckoro yHuBepcuTeTa HHPOPMAIIMOHHBIX TEXHOJIOTUI
nMeHu Myxammaza anb-Xopa3sMuid
zair90uzakov@gmail.com

B crarhe paccMmarpuBaeTcs BOMpOC 00 OICHKE CIOKHOCTH QJITOPUTMA MY3BIPHKOBOTO
MeTOJla YHOPSAOYEHHUS SJIEMEHTOB OJHOMEPHOIO0 MaccuBa IO Bo3pacTaHuio. B stom
QITOPUTME TPOILIECC YHMOPSIOUCHUSI SJIEMEHTOB BBINMONHICTCS MYTEM IMOCIEI0BATEILHOTO
CPaBHEHHMs JIBYX COCEJHHUX D3JEMEHTOB MAacCHBa, HadyMHas C IEPBOrO 3JEMEHTa, CJeBa
HAIPaBO, WM CHU3Y-BBEpX (MY3bIPHKOBBI METOJ), U OOMEHa MECT PACIOJIOXKEHUS JTHUX
9JIEMEHTOB, €CITM OHM PAcCMoOJIOKeHBI HEe 1Mo Bo3pacTaHuio [1-6]. BriBemena dopmyina,
BBIpaXKAroMiasi 3aBUCUMOCTh KOJHYECTBA JEHUCTBUN, KOTOpPbIE HEOOXOIMMO BBIMOJTHHUTH Ha
KOMIIBIOTEpPE JJIsl  YHOPSAJAOYEHHUS JJIIEMEHTOB OJHOMEPHOTO MAacCuBa, OT KOJMYECTBA
DJIEMEHTOB MaccuBa. BriBeneHHass Gopmyna MOATBEPKIACT KBAAPATUYHYIO 3aBHCHUMOCTH B
AITOPUTME MY3bIPHKOBOI'0 METO/1a KOJIMYECTBA IEUCTBUN OT KOJIMYECTBA 3JIEMEHTOB MaCcCHBA.

PaccMoTpuM BOmpoC O CTEMEHW CIOXKHOCTH QJITOPUTMA METOoJa IY3bIpbKa
YIOPSAOYEHHs] 3JIEMEHTOB OJIHOMEPHOTO MaccuBa [0 BO3PACTAHUIO NPUMEHUTEIBHO K
MacCCHBY

int A[n] ={a, as, as, ..., &, ..., an-1, an} 1)
B KOTOpOM a;>ax>asz>....>4j>...2an.1>qy, TO €CThb HCXOJHOE PpPAaCIOJIO0XKECHHE 3JJIEMCHTOB
MaccHBa, SBJSETCS HAUXYALIMM OTHOCHUTENBHO IOCTABIEHHOW 3a7aud yHOPSAOYCHHS
DJIEMEHTOB MaccuBa MO Bo3pacTtaHuio. CTEMeHb CIOXKHOCTH —alllTOPUTMa  PELICHUS
MOCTaBJICHHOW 3aJjaud NPUHATO OLEHHBAaTh Ha OCHOBE HAWMXY/IIET0 BapHaHTa BXOJHBIX
MaHHBIX 3aJa4d, TaK KakK OmpeAeNeéHHbIE pPEeCypchbl, HEOOXOIUMBIC JUIS BBITOJHEHUS
aIropuT™Ma IpU 3TOM BapUaHTE JAHHBIX, OyIyT TOCTATOYHBI JJISl BHIIOJHEHUS aJrOpUTMa B
mro0oM Apyrom BapuaHTe naHHbBIX [1-6]. IlepBbrii mpoxom mo smemeHTtam maccuBa (1) ¢
LENbI0 UX YIOPSAOYEHHs MO0 BO3PACTAHHUIO HAUMHAETCS C OINEpali CPaBHEHHs JIEMEHTOB
A[0] u A[1]. Tak Kak OHM pPacIoJIOKEHBI HE IO BO3PACTAHUIO, HAJ] HUMHU OYAYT BBITIOJTHEHBI
tpu oneparuu npucBamBanus: AV=A[0]; A[0]=A[1l]; A[1l]=AV mus oOmeHa MecT uX
pacnionoxxenusi, rne AV — BcroMoraTenbHas mNepeMeHHas. Bcero OyayT BbIIOJIHEHBI 4
onepauuu, 1 onepanusi CpaBHEHHS U 3 onepaiuu npucBauBanus. Jlagee nepBbId MPoOXo Mo
AJIEMEHTaM MacCHuBa IMPOJAOJDKAETCS € Olepaluyd CpaBHEHUsT HOBOro syieMeHta Afl] u
MpexHero sjnemMeHTa A[2]. DTHU AJIEMEHTBl TOXXKE PACIOJOKEHBI HE MO BO3PACTAHUIO, HAJ
HUMH OyIyT BBIIOJHEHBI Tpu onepanuu npucBauBanus AV=A[1]; A[1]=A[2]; A[2]=AV s
obmena Mect ux pacnosioxkeHus. M tak manee. IlepBbrii mpoxon mo 3JieMEHTaM MacCHUBa
IPOJOJDKAETCS ¢ ONEPAllUK CPaBHEHUS HOBOTO 3jeMeHTa A[2] u mpexHero aneMeHTa A[3].
[lpu mepBoM mpoxojae MO 3JIEMEHTaM MaccuBa OyaerT BbimonHeHo Bcero OKO=4%*(n-1)
(OKO=4%*(n-1)+0) omepamuii (OKO — o6miee komuyecTBO omepanuii). [locie mepBoro
npoxojaa MaccuB (1) mpuHUMaET BUT
int A[n]={ay, a3, a4, ..., &, ..., @n-1, an, A1}; (2).

Bropoit mpoxoa mo »3JIeMEHTaM MaccuBa, IPOXOA IO JJeMeHTaM MaccuBa (2),
HaunHaeTcss ¢ omepanuu cpaBHeHust sneMeHToB A[0]={a;} u A[l]={as}. Tak kak onu
pacmojyio’)KeHbl HE 10 BO3PACTAaHUIO, HaJl HUMH OyayT BBINOJIHEHBl TpPU OIEpalu
npucBauBanus: AV=A[0]; A[0]=A[1]; A[1]=AV mis oOMeHa MecT ux pacrnonoxenus. Jlanee
BTOPOIl MPOXOJ MO 3JIEMEHTAaM MacCHBa IMPOJOJDKAETCS C ONEpallud CPaBHEHUS HOBOTO
sanemenTa A[l] u npexnero snementa A[2]. U Tak panee. Bcero mpu BTOpoM Mpoxofe Mo
aremMeHTaM MaccuBa OyayT BoiotHeHBI OKO=4*(n-2)+1 onepanwii, riae BTopoe ciaraemoe 1
O3HauaeT OJHYy omepamnuio cpaBHeHus mnpeanociaennero A[n-2]={a,} u mnocneanero
anemenToB A[n-1]={a;} maccuBa (2) B KOHIIE BTOPOrO TPOXOJAA. ODTH DIECMEHTHI
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PacmoJIOKEHBI TI0 BO3PACTAaHUIO B Pe3yJIbTaTe MEePBOro MPOX0/a, HaJl HUMHU HE BBIOIHAIOTCS
orepanuu MPUCBAaWBaHUs i oOMeHa MecT uX pacronoxenus. [locie BTOoporo mpoxona
MaccuB (2) MpUHUMAET BUJT

int A[n]={as, a4, ,..., &, ..., @n-1, an, a2, A1}. 3

[Ipu TperbeM mpoxoje, MPOXOJa€ HaJ dJIeMeHTaMu MaccuBa (3), OyayT BBITIOJIHEHBI
OKO=4*(n-3)+2 omnepauuii, rae BTOpPOE claraeMoe 2 BBIPAXKACT KOJMWYECTBO OINeparui
cpaBuenwus 3aementoB A[N-3]={a,} u A[n-2]={a.}, A[n-2]={a;} u A[n-1]={a;} maccusa (3) B
KOHIIE TPETHETO MPOXO/a.

MaccuB npuHUMaeT BU

int A[n]={ay,..., &, ... , @1, @n, as, a2, A1}. 4

U Tak manee. [Ipu (n-1)-mpoxozae Oyaet BoimoaaeHo OKO=4*[n-(n-1)]+(n-2) oneparuii

¥ MacCHUB PUHUMAET BH/
int A[n]={ a,, an-1, an-2,..., @i, ..., as, a4, a3, a2, a1} (5)

[Tpu n-mpoxoxe, mpoxoae Haj dIeMeHTaMH MaccuBa (5), OyIyT BBITIOJHEHBI TOJIBKO
OKO= (n-1) omepamuii cpaBHeHus1 Haj (n-1) mapoil coceaHUX SJIEMEHTOB. ITOT MPOXOJ]
OyJIeT 3aKITIOYUTENbHBIM, TaK KaK K 3TOMY IIPOXO0Jy SJIEMEHTHI MACCUBA OYIyT YIOPSAOUYCHBI,
U 3TOT N-TMIPOXOJl TOATBEPKIAET YMOPSIOYEHHOCTh 3JEMEHTOB MaccuBa (5), TO ecTh B
pe3yabTaTe OIMCAHHBIX BBIIIE N MPOXOJOB 3JIEMEHTHl MaccuBa (1) pacmoyioKWINCH B
YIOPSA0YEHHOM 10 BO3PACTaHUIO TIOPSIKE.

O6mmee xonmuuecTBO AeiicTBUil N(n), BBIMOTHSAEMBIX HaJ dJIeMeHTaMu MaccuBa (1) mpu
UX YIOPSIIOYEHUH 110 BO3PACTAHUIO MY3bIPHKOBBIM aIrOPUTMOM, KaK CyMMa JAEUCTBUN MpHU n
MpoXoJax HaJ AJIEMEHTaMu MaccuBa, paBHO N(n)= [4*(n-1)+0 ]| (mepBsiii mpoxon) + [4*(n-
2)+1 ] (Bropoii mpoxoxn) + [4*(n-3)+2 ] (tpetuit mpoxon) + ... + {4*[n-(n-1)]+(n-2)} [(n-1) -
npoxon)] + (n-1) (n - mpoxon) =

= {4*(n-1) + 4*(n-2) +4*(n-3) + ...+ 4*1} + {1+2+...+ (n-2)+ (n-1) } = 4*{(n-1) + (n-
2) +(n-3) + ...+ 1} + {1+2+...+ (n-2)+ (n-1)=

=5*{1+2+...+(n-2)+(n-1)} = [Bocmonb3yemcst (hopMysI0ii BEIYUCICHUS CYMMBI MTEPBBIX
(n-1) HaTypanbHBIX "ncen]= 5*(n-1)*n/2= 5/2 * (n?-n). Takum 06pasom,

N(n)= 5*(n-1)*n/2=5/2 * (n*-n).  (6)

Orto Gopmyna sl onmpeneneHus o0Iero KoiudecTBa AeicTBUil N(n), BBITOTHIEMBIX
HajJ dSJeMeHTamMu MaccuBa (1) mpu WX YHNOPATOYEHHUH MO BO3PACTAHUIO IMY3BIPHKOBHIM
QITOPUTMOM, N — KOJIMYECTBO JIIEMEHTOB MAaCCHBA.

3amMeTuM, 4TO TpH JIIOOOM HartypasibHOM n>1 mpowusBenenue n*(n-1) B dopmyne (6)
Ja€T 4YEeTHOE YHUCIO, TaK KaK OJWH M3 MHOXKHUTEJIEH MPOU3BEICHUS €CTh YETHOE YHCIIO.
CnenoBatenbHo, N(n)= 5/2 *n*(n-1) Bcerma sBIsSE€TCS COOTBETCTBYIOIIUM HaTypaTbHBIM
YHCIIOM, OTPEACISIONIUM 00IIee KOJTUYECTBO ONEpaluid, KOTOpble HEOOXOIUMO BBITOJHHUTH
JUISL YIOPSOYEHHUS DJIIEMEHTOB OJIHOMEPHOTO MAacCHBa, COAEPIKAIIEr0 N AJIEMEHTOB, MpU
UCIIOJIb30BAaHUU QJIITOPUTMA METOJa My3bIphbka. HeTpyaHO moka3aTh, YTO MPAKTUYECKU IS
YIOPSIOYCHHST JJIEMEHTOB, Hampumep, maccuBa D[3]={19,8,5}; n=3, mo Bo3pacTranuio
HEOO0XO/MMO BBIMOJHUTH Bcero 15 omepauuid. 8 omepauuit mpu 1-mpoxone (mocie HEro
D[3]={8,5,19}; 5 omepanuii npu 2-mpoxoae (mocme nero D[3]={5,8,19}; 2 omnepanuu
cpaBHeHwus rpu 3-nipoxoze. Ilpu n=3 u3 Gpopmynsl (6) nomaydaercs Takoi xe pezynbraT N(3)=
15.

®opmyna (6), KOTOpPYI0 € TOYKHM 3pEHHUS OLIEHKHM AaCHUMIITOTHYECKON CII0KHOCTH
allTOPUTMa MOYXHO IpeACTaBuTh B Bue N(n)=n’ — N, MOKA3bIBACT, YTO ACHMIITOTHYCCKAs
CJI0’KHOCTB JITOPUTMA Iy3bIPhKOBOTO METOAA UMEET BUJ O(nz). DTO OLIEHKAa FTOBOPHUT O TOM,
YTO MpPU BO3PACTAHUU KOJMYECTBA JIEMEHTOB OJTHOMEPHOTO MacCHMBa B M pa3 KOJIUYECTBO
orepauii, HeoGXOXMMBIX JUIS YIOPSIOUCHHS SIEMEHTOB, BO3PACTAET B OKOJIO M pas.
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HHPOEKTHPOBAHUE [TUOPOBOI'O ACCUCTEHTA JUIA 3AJAY
MOHI'OJIbCKOMU XEJIE3HOU JIOPOT''

basp-Opnsus Ynsuiixyrar
HpkyTckuii rocy1apCTBEHHBI HHCTUTYT ITyTEH COOOIICHUSI.
happymaliw@gmail.com

Hudposoii accucrenr (LJA) — cucremMa aBTOMATHU3allMM B3aUMOACUCTBHUS C
noJjib30BareieM (KJIMEHTOM WM COTPYIHHUKOM KOMIIaHWH), pealn30BaHHAasi Ha OCHOBE
METOJIOB ¥ TEXHOJOTUH cKyccTBeHHOTO nHTeIiekTa (MN). Yacto LA pa3pabaTeiBaroTCs 1S
pabotrsl B guaioroBoMm ¢opmare. Hampumep, 4ar-00Th, HaBBIKA JUIsI TOJOCOBBIX
noMoITHUKOB. Takue [{A oCyIIECTBISIFOT TEKCTOBBIE M TOJIOCOBBIE KOHCYIbTAIIUH, 00padOTKY
3asBOK M MOJAJIEPKKY MO HAMPABJICHUSIM JIeATEIbHOCTH KoMnaHnuu. [Tonb30BaTens oTnpasiser
3arpoc B 4yaTte B CBOOOJHOM TEKCTOBOHM WIIM TOJIOCOBOW (opMme, a CUCTEMa MPEAOCTABISACT
ObIcTphiii moaxoasamuii otBeT. CoBpemeHHbie TexHomorun MU u 1A waxomar Bce Oosnee
MIMPOKOE MPUMEHEHHE B Pa3JIMYHBIX cpepax uesoBeuecKou aesTesnbHOCTH [1, 2], BKIOYas
TpaHCHOpTHYIO oTpacib [3, 4]. OgHUM W3 KIIIOYEBBIX HAMPABJICHUUA WX MCIIOJIb30BaHUA
SIBIISICTCSL JKEJIE3HOJIOPOKHBIN TpPaHCIOPT, TNI€ BHICOKHE TpPeOOBaHUS K OE30MACHOCTH H
3 PEeKTUBHOCTH JIeIAI0T BHEIPEHUE TAKUX TEXHOJOTUH OCOOCHHO aKTyaIbHBIM.

PaGora MammHHCTa JKEIE3HOMOPOKHOTO  TPAHCIOPTa CBS3aHA C  BBICOKOM
OTBETCTBEHHOCTbHIO, TPEOYIOLIEH MOCTOSHHOIO BHUMAHUS M OBICTPOrO MPHUHSTUS PEIIEHUN B
Pa3IUYHBIX CHUTYalHsX. YCTAJIOCTh, YEIOBEUECKUN (DAKTOP U CIIOKHBIC BHEUTHHE YCIOBHS
MOTYT OKa3blBaTh HEraTUBHOE BJMSHUE HA BBINOJHEHUE OOS3aHHOCTEW, 4YTO JeNaeT
UCIIONIb30BaHNE IU(PPOBBIX IMOMOITHUKOB BaXXKHBIM IIIATOM JUIsi MHHHMH3AIUH PHUCKOB.
[{udpoBble acCUCTEHTHI JUIsi MAalIMHUCTOB MO3BOJIIOT aBTOMAaTH3UPOBATh YaCTh PYTHHHBIX
3a/a4, TMPEJOCTABISATh PEKOMEHJIALUM B pPEAbHOM BPEMEHH, MpEeAynpexaarb o
MOTEHLUAIbHBIX HEUCHPABHOCTSIX M MOJJCPKUBATh BBICOKUN YpOBEHb 0€30MacHOCTH
IBUXKEHHS. TakWe CHCTEMBI HCIONB3YIOT TEXHOJOTUU OOpabOTKM OOJBIIUX JAaHHBIX,
MAaIIMHHOTO 00YyY€HHUs U UHTErpalii C COBPEMEHHBIMU CHCTEMaMH YIIPaBJICHUS MTOIBHKHBIM
COCTaBOM.

[lenpto maHHOW PabOTHI SBISIETCS M3YYCHHE TEXHOJOTHHA HMU(POBBIX aCCUCTEHTOB, MX
(YHKIIMOHATBHBIX BO3MOXKHOCTEH, TMEPCICKTHB BHEAPEHUsS W BIUSHUS Ha paboTry
MAaIIMHHUCTOB KEJIE3HOJOPOKHOTO TpaHCcIopTa. B paMmkax paboThl Takke MPOaHaIN3UPOBAHbI
OCHOBHBIC BBI3OBBI, CBSI3aHHBIE C aJaNTalled ATUX TEXHOJOTHMH, M HMX MOTCHIMAT IS
MOBBIICHHS 2P(HEKTUBHOCTH M 0€30MMaCHOCTH KEJIE3HOAOPOKHON OTpacau MoOHTOIHH.

B pabore paspaboTtanbl TpeOOBaHMS W BBIIOJHEHO NPOCKTUPOBAaHUE LH(POBOTO
ACCHUCTEHTA IJI1 aBTOMATH3alluyd MPOBEPKU JIOKOMOTHBOB. BHenpenuwe IIA s pemenus
TAHHOW 3a7a4d MOXKET 3HAYUTEIHHO MOBBICUTH d()(PEKTUBHOCTH, 0€30MACHOCTh M TOYHOCTh
npoBepok. Takoi acCHCTEHT JOJKEH HCIOJIb30BaTh COBPEMEHHBIE TEXHOJOTHH, TaKHe Kak
untepHet Benier (IoT), mammaHOE 00ydeHue (ML), 06paboTKy M300pakeHU U TOJIOCOBBIE
uHTepdeickl A BBIIOTHEHHs 3a7ad  [POBEPKU JIOKOMOTHBOB C MHHUMAJIbHBIM
BMEIIATEILCTBOM YEJIOBEKA.

Ha nepBom stane mpoektupoBanus L[A s aBrOMatu3auvu NpOBEPKH JTOKOMOTHBOB
OBLIH ONpEeIeNICHBI ClieAyonre GyHKIINH, KOTOPhIE TOJKEH BBIMTOIHATH [[A:

e [IpoBepka TEXHUYECKOTO COCTOSHUSI TIOKOMOTHBA.

e KoHTponb 3a HCHPAaBHOCTHIO  KIIOYEBBIX CHUCTeM (TOpMO3a, JBHUTaTelb,

AIEKTPUIECKOE 000PYIOBaHUE).

e COOp JaHHBIX O COCTOSIHMH JJOKOMOTHBA B PEKUME PEATHHOTO BPEMCHH.

e DBbrIABiICHUEC aHOMAIIUN U OTIIPABKA OTYETOB.

st Toro uToOBl acCUCTEHT MOT 3((EKTUBHO BBITIOJHATE CBOIO PaboTy, HEOOXOAMMO
WHTETPUPOBATH CUCTEMBI cOOpa JAHHBIX C JTOKOMOTHBA. DTH CUCTEMBI JOJKHBI BKIIIOYATh:
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e JlaTYMKMU COCTOSHMS: TEMIIEpPATyphl, NaBJIEHUS, BUOpAIMM, COCTOSHHUS TOPMO3HOH
CUCTEMBI U IPYI'MX KJIIOUEBBIX KOMIIOHEHTOB.

e Kamepsl ¥ CEHCOpHI: ISl BU3YalbHON MPOBEPKU BHEIIHETO COCTOSIHUS JJOKOMOTHBA,
BBISIBJICHMS IOBPEKICHUHN HA KOPITyce, KOJIeCcaX U APYTUX YacTsX.

e JlnarHocTu4yeckue CUCTEMBL: cOOpa HHPOPMALIUK O COCTOSIHUU ABUraTeNe U APyrux
cucreM uepe3 CAN-MIMHBI WK Apyrue nHTepdencsl.

Hcnonb3oBaHue MAIIMHHOTO OOY4YEHHs IO3BOJHUT ACCUCTEHTY HE TOJBKO COOMpaTth
JaHHble, HO M aHAIM3MpOBaTh HX. HeoO0XoanMo mNpeaycMOTpeTh aHajdu3 aHOMAaJbHBIX
COOBITUSI — CHCTEMa JIOJDKHA YYMTbCA Ha MCTOPUYECKHX [JaHHBIX, YTOOBI BBISABIIATH
NOTEHLMATIbHBIE MIOJIOMKH MJIM U3HOCHI KOMIIOHEHTOB. LIA noykeH nmpenckasplBaTh MOJOMKHU
— QHAJIM3UPOBATh TEHICHIMH WM IPEICKa3bIBaTh, KOIa U KaKWe KOMIIOHEHTHI HYKIAIOTCS B
00CITy’)KUBaHUHM WJIM 3aMEHE, B TOM 4YHcie Ha ocHOBe perijameHToB TO. Cucrema I0/KHA
BbIJIaBaTh PEKOMEHJAIMH 110 TEXHUYECKOMY OOCIYKMBAHHIO — HAa OCHOBE aHAIW3a JaHHbIX
ACCHCTEHT MOXXET MPEUIOKUTh MAIIMHUCTY WM TEXHHYECKOMY IEpCOHAITy HEoO0XOAHUMBIE
1Iary.

Jl11 IpoBepKU COCTOSIHUSA JIOKOMOTHBA C UCIIOJIB30BAHUEM KaMep U JaTYUKOB JOJKHBI
OBITH MCTIOJB30BaHbI CHCTEMBI 00Pa0O0TKHU N300pakeHN. [[aHHbIE CHCTEMBI ITO3BOJIAT peIlaTh
CIIEYIOIINE 3a/1a4H:

e Pacro3HaBaHu€ NOBPEKIACHUN. AJTOPUTMBI KOMIIBIOTEPHOTO 3pPEHUS MOTYT
OOHApyXUTh TPEIIMHBI, KOPPO3UI0 WIH JPYTrUe MEXaHUUYECKHE IOBPEXKICHUS Ha
KOpITyce JIOKOMOTHUBA.

e Onenka usHoca Kojec. KaMmepsl M [aT4MKHM MOTYT OLEHUTH CTEIIEHb H3HOCA
KOJIECHBIX I1ap, YTO IOMOTaeT MPEeIOTBPATUTH aBAPUH WU IIOBPEKICHUS.

e OnTUYECKUIl KOHTPOJIb COCTOSIHUS PEJIbCOB U KOHTAaKTHOM ceTH. CHCTeMa MOXKET
AQHAJIM3UPOBATh COCTOSHUE ITyTE€H U KOHTAKTHOW CETH I IPEJOTBPALLIECHUS aBapUA.

Jlns ynydiieHus B3auUMOJCHCTBUS ¢ MAIIMHUCTAMHU U 00CITYKMBAIOIUM [IEPCOHAIIOM B
L[A nomxeH OBITH MHTETPUPOBAH T'OJIOCOBOM HHTEpP(EiiC, KOTOPBII TOMKEH BHIITOJIHSATH:

e PcueBblc KOMaHAbl. MAaIIMHUCT MOXET JaBaThb KOMaHABI aCCHUCTEHTY TIOJOCOM,

Hanpumep, «IIpoBeps Topmo3a» min «OLEHH COCTOSHUE ABUTATENS.

e [omocoBble yBeIOMIIEHHS: AaCCUCTEHT JOJDKEH CooOmarh O HalJeHHBIX
HEHCIIPABHOCTSIX MM BAaXKHBIX MOMEHTaX, TaKUX KaKk HEOOXOIUMOCTh B
TEXHUYECKOM 00CITyKHUBaHHH.

[To 3aBepiieHNM MPOBEPKH LU(POBOM ACCHCTEHT JOKEH CO3/1aBaTh OTYETHI:

e OT4eT O COCTOSHUM JIOKOMOTHBA — JIOKYMEHT, BKJIIOUAIOIIMNA HMH(pOpPMALHIO O
TEKYIIEM TEXHUYECKOM COCTOSIHUHM, NPEIyNpeXAeHUs O MOTEHIHMaJIbHbIX
HEHCIPABHOCTSIX M PEKOMEHAALIUH 110 TEXHUYECKOMY 00CITY>KMBAHHUIO.

e AHanuTHKa U TPEH]Ibl — aHAJIU3 COCTOSIHUS JIOKOMOTHBA 3a ONIPEAEICHHBIN MIEPHOT,
YTOOBI YBU/IETh, KAKUE CUCTEMbI TPEOYIOT MOBBIIIEHHOTO BHUMAHUS.

e VBemomiieHHs Ul CIIyKObl HOJJEPKKH: B CIIydyae CEPbE3HBIX HEHCIIPAaBHOCTEH
ACCUCTEHT MOXET YBEIOMJIATh TEXHMUYECKHH IepcoHal O HEOOXOAUMOCTH
BMEIIATEIbCTBA.

WuTepdeiic cucteMsl 11 0epaTopoB U TEXHUYECKOTO NEepPCOHaNa TOJKEH BKIIIOYATh!

e DKpaH JIOKOMOTHBA, Ha KOTOPOM OTOOPaKalOTCsl JAaHHbIE O TEKYLIEM COCTOSHHUU
BCEX CHUCTEM.

e MoOwibHOE MPUIOKEHHE WIM IUIAHLIET Ul MepcoHana, oOecreyuBarolye
yJaJIeHHbII MOHUTOPHHT U (POPMUPOBAHUE OTYETOB.

e |IHTEpaKTUBHBIE YBENOMJIEHHS O COCTOSSHUM JIOKOMOTHBA, C BO3MOXHOCTBIO
OBICTPOTO pearupoBaHUsI.
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TexHn4yeckne KOMIIOHEHTHI CHCTEMBI.
AmnmapaTHoe obecrieueHue:

1.1. JlaTunky TemIiepaTyphbl, 1aBJICHUs, BUOpAIlMU, KaMepPhbl BBLICOKOTO Pa3peIieHuUs.

1.2. Monembl W JIpyrue YCTpOWCTBA JUId Tepeladd JaHHBIX B IIEHTPAIbHYIO

CUCTEMY.

1.3. [Tnardopma myis c6opa U 00pabOTKU TaHHBIX B PEaIbHOM BPEMEHH.
[IporpamMmmMHoe obecrieueHue:

2.1. Cuctema MamuHHOTO OOYYeHHMS W AaHAJUTUKU: U1 aHalu3a JaHHBIX U

Mpe/ICKa3aHusl HeHCIIPaBHOCTEH.

2.2. Anroputmbl  00pabOTKM HM300paXeHHMH: IS pAclO3HABaHUS W aHAIN3a

BU3YaJlbHBIX JIaHHBIX C Kamep.

2.3. ['onocoBoif  acCHCTEHT: MHTErpauus C TOJOCOBBIMH CHCTEMaMU IS

B3aMMOJICHCTBHS C MAILIMHUCTOM.

2.4. ITporpammHubie UHTEPDENCH AT B3aUMOJICHCTBUSA C PA3TUYHBIMU CUCTEMaMHU

nokomoTrBa (CAN-IITUHBI, CHCTEMBI THATHOCTHKH ).

2.5. XpaHeHHe 1 aHaTU3 JaHHBIX B 00J1aKe, 9TO TO3BOJISIET 00eCeunBaTh TOCTYI K

OTYeTaM U PEKOMEHIAIMSM B JIFOOOW TOUKE.

BoiBoabl. [{udpoBoii acCUCTEHT 111 aBTOMATH3aIllUd MPOBEPKH JIOKOMOTHBOB MOKET

3HAYUTEIBHO MOBBICUTH 0€30HMacHOCTh M APPEKTHBHOCTh PAOOTHI IKEIE3HOAOPOKHOTO
TPaHCIIOPTa, COKpamas BpeMs Ha HPOBEPKY COCTOSHUS JIOKOMOTHBOB, YIydllasi KaueCTBO
o0CITy’)KMBaHUS U TpeAOTBpalias NoJoMKU. B pabore mpeanokeHsl OCHOBHBIE TPEOOBaHHS K
[IA mpoBepkH JJOKOMOTHUBOB NEPE BBIXOJAOM U3 AeN0. BHeIpeHne TakKux CUCTEM — 3TO IIar B
CTOPOHY U(POBU3AIUHN U MOJICPHU3ALINY HKEJIE3HOAOPOKHOM OTPACiIM, KOTOPBIH MPUBEIET K
3HAYUTEIBHOMY YIIYUYIICHHIO OOCITYKMBAHUS ITOIBH)KHOTO COCTaBa.
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TpaHchopMalus TpaHCIopTa: MpoOieMbl W mepcrekTuBbl. Marepuansl 111 MexaynapoaHoi
Hay4YHO-IIPaKTU4YeCcKoil koHpepenunu. Mocksa, 2023. C. 97-101.
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IIOJICUCTEMA BBITTIOJIHEHWS WPS CEPBHCOB”

P.K. ®énopos
WNHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
fedorov@icc.ru

Kommo3swurust cepBrcoB [1] 9acto mpeacrtaBieHa CIOKHBIM rpadoM 3alaHuid. 3amaHus
MOTYT OBITh 3aBHCHMBI IO JAHHBIM JPYT OT JIpYra W BBHIOJTHSATHCS pa3jiMdHOE BpeMsl Ha
pa3HBIX BBIYHCIUTEIBHBIX Yy37ax. llocienoBarenbHOE BBIOJHEHHWE 3aJaHH KOMIO3HIIUH
CEPBHCOB MOXKET MPHUBECTH K HEI(DPEKTUBHOMY MCTIOTB30BAHUIO BEIYUCIUTEIBHBIX PECYPCOB.
[TosTomy CepBHC-OpHEHTUPOBaHHAS HH()OPMAIIMOHHO-aHAUTHYECKAsT Cpela KOMITO3UIHU
CEPBHCOB O00pa0OTKM TPOCTPAHCTBEHHBIX JaHHBIX JOJDKHA OOECIEeUUTh HAICKHOE U
3¢ (deKTUBHOE pacpeeTICHHE BEIYUCIUTEILHBIX PECYPCOB MPH BBITIOJTHEHUH CEPBHCOB.

Ouepenb Myni

HTTP cepsep | |

[ |

[ |

3apaHue ! !

[ |

| |

¥ i MoTok BuInonHeHus | |
|
|
3apaHue !
Mogyne :

NOCTPOEHMA NnaHa ! MoTok BLINONHEH KA
|
|
l 3apaHne !
|
i MoTok BEINONHEH WA

— =~ |
- - 3anaHne i
- - |

_________________

PostgreSQL

Puc. 1. Cxema meTona co3/1aHusi KOMIIO3UIIUN CEPBUCOB

B pamkax cpensl paszpaborana moacucrema BeimosnHeHHss WPS cepBucoB, koTopas
IPOM3BOIUT IUIAHUPOBAHUE, HENOCPEACTBEHHBI BBI30B U IOJIY4YEHHE DPE3YJIbTAaTOB
BBITNIOJIHEHUS cepBUCOB. CTPYKTypa IOJICUCTEMBI IIpEICTaBIeHa Ha puC. 1. B3anMonelictBue ¢
KaTaJloraMi CepBUCOB M JavaScript MHTEpIIpeTaTOpaMu MPOU3BOAUTCS C MOMOILBIO MOAYJIS
«HTTP cepBep», xotopeiii peamuszyer REST wuntepdeiic. Jlobanenue uepes REST
KOMITO3HITMH cepBUCOB B BUAe DAG mpuBOIUT K H00ABICHUIO 3aJaHUN B OYEpElb, OOIIYIO
JUIs pa3HbIX mosib3oBaTeneil. [Ipu 3ToM mpou3BoAUTCS 3ampoc K 6a3e JaHHBIX JUIS OJTydeHHS
XapaKTEPUCTHK BBIYUCIMTENBHBIX Y3JI0B, HA KOTOPBIX JaHHBIM CEPBUC MOXKET BBIINOJIHATHCS,
U BpeMEHH pabOoThI 3a/1aHUsL.

JInis HaxoX/IeHUs IU1aHa, TPUOJIMKEHHOrO0 K ONTUMAIbHOMY 110 BPEMEHU BBIIIOJIHEHNS,
UCTIONB3YeTCsT MOJU(UKAIMS CHHCKOBOTO AIBPUCTHYECKOTO aJTOPUTMA  COCTABJICHHUS
pacniucanust HEFT (Heterogeneous Earliest Finish Time) [3], peanu3yromero MeTo ] Moucka B
ryOuHy. OCOOCHHOCTSMU ~ QITOPUTMA, CIYKAIlUMU Ui YCKOPEHHS  HaXOXKICHHS
IPUEMJIEMOTO IUIaHA, SBISIOTCS COPTHPOBKa BepliMH DAG, BBIYMCIMTENBHBIX Y3JI0B U
OTCEUYEHHUE HEMEePCIEeKTUBHBIX BeTBEH rpada moucka penieHus, NCoab30BaHue nHpopMaIuu

* Pe3ynbTaThl MOTydeHbI B paMKax rocsafanns Munobprayku Poccnn o mpoexty "MeTo bl i TeXHOIOTHH
00J1a4HOH cepBUC-OPUEHTHPOBAHHOW IIM(POBOH MIaTPOopMbI cOOpa, XpaHEeHHUs 1 00pabOTKH OOIBIINX 00BEMOB
pa3sHo(pOpMaTHBIX MEXAUCLUIUIMHAPHBIX JIAHHBIX U 3HAHUH, OCHOBaHHbIE HA IPUMEHEHHH UCKYCCTBEHHOT'O
MHTEJUIEKTa, MOEIbHO-YIIPABIISIEMOT0 M0JX0/Ia U MAIIMHHOTO 00y4eHus" (HOMep roc. perncTpanum
121030500071-2).
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0 TEKYIIIEM COCTOSTHUM BBIYUCIUTEIBHOU CPEeIbI 7151 O0Jiee OBICTPOTO U TOYHOTO HAXOXKIACHUS
IJIaHAa.

[Ipy BBIIOJIHEHWHM OYEPEAM YYUTHIBAETCS W3MEHEHWE COCTOSIHUS BBIYMCIMTEIBHON
cpensl U Jo0aBiIeHE HOBBIX 3anaHuil. [lepecTpoeHue miaHa MpOU3BOIUTCS TIPH CICTYIOIINX
COOBITHSX:

— BKIIOUYEHHUE WIH OTKIIOYCHHE BBIYMCIUTEIBHOTO Y3712, MOJICPKUBAIOIIECTO BBIMIOTHCHHE
x0Ts Ob1 o1HOTO cepBuca u3 DAG;

— npobasnenne HoBOro 3amanus B DAG;

— ornauune (PaKTHIECKOTO BPEMEHHU BHITIOTHEHUS OHOTO U3 3ananuii DAG oT 0)kugaemMoro;

— 3aBEpIICHHE BHITIOJHEHUS 3aJaHUS C OIIUOKOMA.

['oTOBBIC K BBINIOJIHEHUIO 3aJaHUs OTMEYAIOTCS. BBIMOIHEHHE OTIACIBHOTO 3aJaHHs
MOKCT MPOU3BOJUTHCA MJOCTATOYHO IIUTCIBHOC BPEMA H3-3ad HGO6XOI[I/IMOCTI/I OXXnaaHusa
OTBETa CEepBEpa, PEaATM3YIONIETO CEPBUC. BBIMOIHEHNE CEPBUCOB M TMOIYYCHUE PE3YJIbTATOB
pPCaIM30BaAHO ITYJIOM (MHO)KGCTBOM) OTACJIIBHBIX IOTOKOB BBIIIOJIHCHUS. IloToKk BBIIIOJHEHUS
3aIlyCKaeT 3aJaHus, MPOBEPSET WX COCTOSHHUE, OTIPABISAA 3alpoc Ha moiydeHue (haiina
CTaTyCa BBIIIOJIHCHUS. IloTokH BBIIIOJTHEHUS IMpU 3aBCPUICHUHA paGOTBI KOMIIO3UIIUU CCPBUCOB
OTMPABIISIET pe3yJIbTaT BbI3bIBatoIeh cucreme uepe3 REST unTepdeiic.

1. Edmond D., ter Hofstede A. Service composition for electronic commerce. Proceedings of the
Pacific Asia Conference on Information Systems (PACIS-2000), Hong Kong, China, June 1-3,
2000. P. 20.

2. Kwok Y.-K., Ahmad I. Static scheduling algorithms for allocating directed task graphs to
multiprocessors. ACM Computing Surveys. 1999. Vol. 31, Ne 4. P. 406-471.

3. Topcuoglu H., Hariri S., Wu M. Performance-effective and low-complexity task scheduling for
heterogeneous computing. Parallel distributed systems. 2002. Vol. 13, Ne 3. P. 260-274.
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OYHKINOHAJIBHO-ANDPDEPEHIIUAJIbBHBIE YPABHEHMA C PA3P111BHOI71
[NPABOU YACTBIO: ITPOBJIEMbI U METO/1bI UCCJIEJOBAH1

N.A. ®unorenko
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
fin@icc.ru

Teopust 0OBIKHOBEHHBIX AU(PepeHINATbHBIX YPaBHEHUH C pa3pbIBHOM MPaBOW 4acThIO
B HacTofllee BpeMs Xopomo paszpaboraHa. OHa HaxXOAWT MPUMEHEHHE B TEOPUU
aBTOMATHYECKOTO  pEeryaupoBaHus  (Hampumep, A CHCTEM  C  peleHHBIMU
XapaKTepUCTHUKaMH), a TakKe /s CHUCTeM, B KOTOPBIX pa3pbIBHbIE HEJIWHEHHOCTU
00yci0oBJIeHbI (PU3MUECKUMH 3aKOHAMHU (HaIpuUMep, JUIsl CUCTEM C CyXMM TpeHuem). B To xe
BpeMsl BO BCEX ATHX CHCTEMaX MOTYT BOZHHMKATh BO3MYILEHUS, CBA3aHHbBIE C 3ara3ibIBaHUEM.
OyHKIMOHATbHAS PUPOAA CUCTEM C 3ala3/IbIBAHUEM XOPOIIO U3BECTHA U U3yUYeHa JUIs 3a7a4
TEOPHH YCTOMYMBOCTH C HCIOJb30BaHWEM (GyHKIHOHAIoB JlsmyHnoBa-Kpacosckoro. B
OTJIMYHUE OT MPSIMOro Merona JIsmyHoBa [Uisi ypaBHEHHH Oe3 3ama3/ibIBaHus 3/1€Ch BOSHUKAIOT
npoOemMbl (MO KpailHed mepe (OopMalibHO) C BBIYHCICHHEM NPOU3BOAHBIX (HYHKIIMOHAJIOB
JIsnyHoBa-KpacoBcKoro BoJIb pELIEHUH, T. K. AJI 3TOr0 HYXHO 3HaTh camM peleHus. [lpu
OTIMCAaHUU CKOJIB3SIINX PEXUMOB (PYHKIIMOHAIBHO-AU(G(PEpEeHIINATBHBIX YpaBHEHUH C
pa3pbIBHBIMU MPaBbIMHU YaCTSIMU BO3HUKAET TaKas ke mpoliema.

B noknage mpensaraercss MOAXoJ, OCHOBAaHHBIM Ha HCIIOJIb30BAHUU CHEHAIBHOTO
KJlacca MHBApUAHTHO TU(QepeHIUpyeMbIX (PYHKIIMOHAIOB U TEOPHH 1-TJaKOTO aHAIN3a U3
pabotsl [1] mns omucaHus MHOTOOOpa3Wid TOYEK pas3pbiBa MPaBbIX YacTed W ypaBHECHUM
CKOJIB3SIINX PEXKUMOB (PYHKINOHATBHO-TU((HEepeHIHATBHBIX YPaBHEHHUH BUIA

x = f(t,x:()), %, = 9o(),

rae f : R'xC, — R" — paspsiBHas pynkums, R” — N-MepHOE BEKTOPHOE MPOCTPAHCTBO C
Hopmoii |I-|l, C, — mpocTpaHCTBO BceX HeNpepbIBHBIX (QYHKIUH @(:), ONpeneeHHBIX Ha
otpeske [T, 0] co 3HaueHusmu B Ry ¢ 00bIuHOM sup-HOpMOid, Xi(+) € C..

[TosydeHb! OTBETHI Ha CIIEYIOIINE BOIIPOCHI.

1. s cucrteM 6e3 3ama3/iblBaHMs HaMOOJBIIMM KJIACCOM MHOXECTB TOUYEK pPa3pbiBa
SBIISIIOTCSI MHOYKECTBA C HYJEeBOM Mepoii Jlebera B KOHEUHOMEPHBIX MpocTpaHcTBax. Kakumu
CBOMCTBaMH B 00IIIEM clTydae JIOJDKHO 00J1a1aTh MHOKECTBO M Todek pasphiBa MpaBoil 4acTH
ypaBHeHus (1) ams TOro, 4TOOBI Ui HETO CTald BO3MOXXHBIMU IPOCTEHIIEE BBITYKIOE
JIOOTIpEe/IETICHNE U JIpYTHe MOAXOJIbl, CBA3aHHBIE C MCIIOJIB30BAaHUEM MPEAEIbHBIX 3HAUYECHUM
NPaBbIX YacTel ypaBHEHHUN U TEOPUHU PYHKIMOHATBHO-TUDDEpEHIINATBHBIX BKIIOUCHUN?

2. lna Toro 4ytoObl 3amucaTh ypaBHEHHE CKOJbB3SAIIErO peKUMa JUlsi KOHEYHOMEPHOTO
OLlY Ge3 3ama3apIBaHMs, TOCTATOYHO BOCIOJIB30BATHCS MOHITHEM IPaJHEHTA TaK, KaK 3TO
IPOMCXOOUT B HpsAMOM MeToie JIAmyHOBa Npu BBIYMCICHUHM TPOU3BOJHBIX B CHITY
uccienyemoil cucremsl. [l kakux MHOKeCTB M 1 KakuMu OynyT colepkaTelbHbIe YCIOBUS
CYIIECTBOBaHMS CKOJB3ALINX PEXKUMOB Ul ypaBHEHUs (1) ¢ KyCOUHO HENpepbIBHOW MpaBoH
yacTbto? Kak KOHCTPYKTHBHO 3alucaTh YpaBHEHHE TAKOI'O CKOJIB3SIIETO pexkuma’?

3. KakuM MOeT ObITh aHAJIOT METO/1a SKBUBAJICHTHBIX YIIPABJIECHUH JUIsl CUCTEMBI

X = f(t,x:(), uq, o, Uy)

" UccieioBaHme BHIIOIHEHO B pamkax roc3aganus MunoOprayku Poccun (mpoekt Ne
1210401300060-4).
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Y Kak IMOJY4YUTh YPABHEHUS Il ONPENEICHUS SKBUBAJIICHTHBIX YIPaBICHUHN JUIsl YPAaBHEHUS
(2) ¢ pyHkuHOHATBHBIM (Pa30BbIM MpOcTpaHCTBOM C,?

B utore o cyru npencrasieH crocod nepenecenus reopur OJ1Y ¢ pa3pbIBHOMN MpaBoi
YaCThI0O HA AHAJIOTMYHYIO U KOHCTpYKTUBHYI Teopuro DJ[Y. Takas Meromonorus panee
MpUMEHSJIACh K JPYyruM 3amadaM. Tak B [2] Ha HeaBTOHOMHBIE pa3pbiBHbIe DJ[Y Obu1
pacnpocTpaHeH MeTof npeaenbHbix OY.

Hpyrue BO3MOXHBIE 00JIaCTU TPUMEHEHHS HWHBApUAHTHO JUdPEepeHIHPYyEMbIX
¢yHKIMOHATIOB 00CYX1aauch B gokiazne [3].

1. Kim A.V. i-Smooth Analysis. A Wiley — Interscience Publication. Chichester. New York —
Brisbhan, 2014. 279 p.

2. Finogenko I.A. Method of Limiting Differential Inclusions for Nonautonomous Discontinuous
Systems with Delay. Proceedings of the Steklov Institute of Mathematics. 2019. Vol. 305, No. 1.
P. S65-S74.

3.  @unorenko U.A. O ckonp3smux pexuMax GyHKIHOHATbHO-IU(PepeHInanbHbIX YpaBHEHHH.
Marepuansl MexayHap. koHpepeHInH JJnHaMu4ecKrue CUCTEMBI: YCTOHYMBOCTD, YIPABICHUE,
muddepennmansabie urpsl. Ekarepundypr: UMM YpO PAH, OOO H3narenscteo YMI] YITN.
2024. C. 355-359.

230



JABYXVYPOBHEBOE MOJAEJIMPOBAHUE ITOBEJIEHN I HECKOJIBKHNX
YYACTHUKOB HA PHIHKE VTJIST"

O.B. XaMI/ICOBl, C. Bar6umr?
1I/IHCTI/ITYT JTMHAMUKHU CUCTEM M TeOopuH yrpasieHus umenu B.M. Matpocosa CO PAH
*MOHIOJTbCKHIA rOCYJapCTBEHHBIM YHUBEPCUTET
globopt@mail.ru, batbileg@seas.num.edu.mn

Mogenupyercs oBeIeHUE CIEAYIOLIEeH NBYXYPOBHEBOM crucTtembl. Ha mepBoM ypoBHE
HAXOJUTCS JUAEP, eI KOTOPOrO COCTOUT B 3aKPBITHH 3aJaHHOrO crpoca Q > 0, Ha yrois.
Jlunep MoxeT caM J100bIBaTh yrojib Yy B MpeAeiax CBOMX IMPOU3BOJCTBEHHBIX MOIIHOCTEH:
0 <y <y. Ero u3iepXKd OpU 3TOM ONPEACIAIOTCS KBampaTudnou ¢yukumeir c;(y) =
a,y?> + By +y,a,>0,6,>0,y,>0. Kpome TOro, nuaep MOXKET IONOJHUTEILHO
3aKylaTh NPOAYKLIHIO Y N yYaCTHUKOB BTOPOI'O YPOBHSA. YYaCTHUKH BTOPOTO YPOBHS MOTYT
MOCTABJIATH JIUJEPY Yroib B 00bEMaX Xx; Takke ¢ y4€TOM orpaHuueHui Ha 100buy 0 < x; <
X; u cBomx Gyukuuit msnepxek c;(x;) = a;x? + Bix; +yi, i = 1,...,n AHanusupyroTcs aBe
MOJIEJIM B3aUMOJIEHCTBUS JIMIEpa C yUaCTHUKAMU BTOPOT'O YPOBHSI.

B nepBoil Mozenu Jmaep Ha3HAYaeT 3aKyIOYHBIE LEHBI P; KAKIOMY YYaCTHUKY I
BTOPOT'O YPOBHs. YUYAaCTHHK [ ompenenseT o0bEM YIJis, MOCTABISIEMOrO JIMIEPY, UCXOII U3
MaKCHUMyMa MPpHOBLIH:

pix; — ¢;(x;) = maxy;,
0 <x; <x;.

[ToBenenue nuaepa B 3TOM Cllydae ONMpeAesIeTCs U3 PEIICHHs CICYIOICH 3a1auu:

n
CL(y) + Z pix; — min(y,pi)r
i=1

n
y+zxi:Ql

=1
0<y<y.

L

IAS

Bo Bropoil mMonenu nuaep ompeneseT eIMHYI0 3aKyIOYHYIO LIEHY B COOTBETCTBUU C
JTUHEHHON oOpaTHOM (yHKIMeln crpoca. [loBeneHne yd4acTHHMKOB BTOPOTO YPOBHS B 9TOM
clIlydae MOXKET ObITh MPEICTABICHO KaK CIEAYIONIN BapuanT Mozaenu Kypuo

px; — ¢i(x;) - MAX (x;

n
'p=b—a2xi.
i=1

JIluznep B 1aHHOM cilyyae penaeT CiIeayoLIylo 3a1auy
n

()0 0 My ey
i=1

“ PaboTa BBIIIONHEHA [IPH (HHAHCOBOIT moneprkke Poccuiickoro HayaHoro (ora, mpoekt Ne 24-41-
03004.
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0<y<y.

Ecniu B mepBodl Mojenu Juaep OMNpeAeNseT 3aKylmo4yHble LEHbl M, Mojiy4as B
COOTBETCTBUM C OTUMH LEHAMHM TIOCTaBKM YIis OT YYaCTHUKOB BTOPOrO YpPOBHS,
MUHHUMH3UPYET CyMMapHbIe U3AEP>KKH Ha 3aKpBITHE CIpOca, TO BO BTOPOM MOJIENHU JIUIEP
OTpefeNsieT CTPYKTYypy copoca, T. €. MapaMmeTpsl @ U b, eAWHas IeHa P OINpeaemnsieTcs
YYaCTHHUKaMHU BTOPOTO YPOBHSI, JHAEP K€ MO-MPEKHEMY MHUHUMHU3ZHPYEM CYMMAapHbIE
U3JIEPHKKH.

PesynpTaroM wuccienoBaHWi SBISETCS CPaBHUTENBHBIA aHAMM3 OOEUX MOJeleH,
OCHOBAaHHBIM Ha METOJOJIOTMH pELICHHsS 3a7ad ABYXYPOBHEBOIO MporpaMmupoBaHus [1],
MIPE/ICTABIICHBI PE3YNIbTAThl BHIYUCIUTEIBHBIX IKCIIEPUMEHTOB, B KOTOPBIX B KaU€CTBE JIUIepa
BbIcTynaer Kutaii, a B KauecTBe Y4aCTHUKOB BTOPOro ypoBHs — Monronus, Poccust u psan
cTpad A3uarcko-THXO0OKEaHCKOTrO PEruoHa.

1. Dempe S. Foundations of Bilevel Programming. Nonconvex Optimization and Its Applications,
Springer New York, NY, 2002.
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[TOCTPOEHUME LIUDPPOBLIX MOE[EHEIZ [IPUBPEXXHOI'O PEJIBE®A I10
KOHTYPAM BEPEI'OBBIX JIMHUUN CO CITYTHUKOBBIX U30bPAXXEHNI
SENTINIEL-2

A.E. XMenpHOB
WMHCeTuTyT AMHAMMKY CHCTEM U TEOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
hmelnov@icc.ru

Jlns pemienust 3afad THAPOJIOTUYECKOTO MOJECIUPOBAHMS BOJIHBIX OOBEKTOB, OIEHKU
NOCJIECACTBUI HABOJHEHUH M T. M. TpeOyeTcs IMOIYyYUTh COBMELIEHHYIO MOJEIb peibeda,
00BEeIMHAIONTYI0 MH(POPMAIIMI0 O HAa3eMHOM W MOABOAHOM penbede. [lpu sTom ciioxHee
BCEr0 HAMTH KaueCTBEHHYIO MH(OPMALUIO O MOJBOJHOM pelbede, M0ITOMY MPEeICTaBIISIOT
WHTEpEC JH00bIe CIOCOOBI XOTS OBl YaCTUYHOTO TMOMY4YeHUsl Takoi mHpopmaruu. B manHO#
paboTe paccmaTpuBaeTcs MOJIXOMA, OCHOBAHHBIM Ha BBIACICHUHM KOHTYPOB O€peroBbIX JIMHUMN
Ha CIYTHUKOBBIX CHUMKax Sentinel 2, chemaHHbIX 0OpU pa3HbIX YPOBHSIX BOJIBL, U
KOMOWHHUPOBAaHUN 3TOH MH(OpMAIUK JUIs MOJNyYSHHUs] MOJEIH MPHOPEXKHOro peibeda s
BCEro Juamna3oHa HaOJI0JIaeMbIX YpOBHEH. 3aMEeTUM, YTO AJII MHOTHMX MPAaKTUYECKUX 3a7ad
MMEHHO 3TOT JMANa30H BbICOT MPEJICTABIIsACT HAUOOIBIINI HHTEpEC.

CnyTHUKOBBIE JaHHBIEC SBISIOTCA LIEHHBIM HCTOYHMKOM HH(OpPMAIMH O COCTOSHUU
TEPPUTOPUH, HETIPEB3OMACHHBIM 110 YPOBHIO OXBaTa. M3 HUX CHUMKHU CPEIHEr0 pa3pelieHus
(ot 5 mo 15 M/muKcens) M, B YaCTHOCTH, CHUMKH CIYTHUKOB Sentinel 2 siBisitoTcss Hanbosee
BOCTPEOOBAHHBIMU, TIOCKOJIBKY OHH HMMEIOT TJIOOQIbHBIM OXBaT, ChEMKA BBIIOJIHICTCS
perynsipHo (TIepuoj TMOBTOPEHUS ChEMKH — HECKOJBKO JIHEH), HAKOIJIEHbl MHOTOJIETHHE
apxuBbl HAONIONEHUH W, YTO OYEHb HEMAJIOBAXXHO, 3THU JaHHBIE PACHPOCTPAHAIOTCS
OecrutatHo. Bc€ 3TO TO3BOMSIET peryssipHO HaOMIOAATh TOJOKEHHE OCEPETOBBIX JIMHHUI
KPYIHBIX BOJOEMOB.

Ha niepBbIii B3MIISIT MOXKET MOKA3aThCA, YTO MPU HEOOIBUINX KOJIEOAHUSIX YPOBHS BOJIbI
B Ipefienax €JUHMIl METPOB, TOUHOCTH CHUMKOB 10 M/NHKCeNb HE XBaTUT JUISl MOJTYYECHUS
MPaKTUYECKH IMOJIE3HBIX pe3ynbTaToB. Ha camoM jene, BblAelieHHE U30JIMHUN Ha PAaCTPOBBIX
U300pakKeHMIX JUII HOPMAJIM30BaHHOTO pa3HOCTHOro BojHoro uHaekca (NDWI = (Green -
NIR) / (Green + NIR)) mo3BoJsieT OLIEHUTH MMOJOKEHUE OEPETOBOM JIMHUM C CyOIUKCETHHOM
touHOoCcThIO. [locne oOHapyxeHus 3Toro ¢akra cpazy HOSBHUIACh HJEs, YTO U3 KOHTYPOB
OeperoBbIX JMHUM, KaK M3 W30JUHUU penbeda, MokHO cobparh [IMP, Ho €€ monro He
MOJIy4aJIoCh peain30BaTh, MOCKOJIBKY TPEOOBAIOCH pa3paboTaTh TEXHOJIOTHH, ITO3BOJISIONINE
KOMIIEHCHPOBATh OLIMOKH OIpeIelIeHHs] KOHTYPOB O€pEeroBbIX JIMHUMA.

B 3ToM roay ynanoch J0BeCTH 10 pabOuyero COCTOSIHUA J1Ba HEAOCTAIOIIUX aJlTOPUTMA!
ITOPUTM B3aUMHOM pETUCTpaIiii M300paXeHUN ¢ CYyONMMKCETbHON TOYHOCTHIO M aJTOPUTM
NOCTPOCHHS TPUAHTYISILIMU C OTPAHUYCHUSMHU I10 KOHTYpaMm, KOTOpbIE MOTYT COJEpXaTb
ommOku. B pe3ynprare, B KadecTBE IEMOHCTPAIMH PaOOTOCIIOCOOHOCTH MPEAJIOKEHHOTO
METO/1a, MOJIYYMUIOCh MOCTPOUTh MOJETbh MpUOpexkHOro penbeda mo cHUMKam Sentinel 2 ¢
2016 mo 2024 r. nns pparmenToB bparckoro BogOXpaHWINING, TONAAAIONTUX HA TEPPUTOPHUIO
tpaneunu 48UUE.

[Tocne BeigeneHUs ¢ CyOMUKCETbHOW TOUYHOCTHIO NMEPBBIX KOHTYPOB OEpEroBbIX JUHUMN
U COIIOCTABJICHUSI TAaKUX KOHTYPOB, MOJIYYEHHBIX 110 PAa3HBIM CIIYTHHKOBBIM H300paKCHHUSIM
OJIHOI TEPPUTOPHH, CTaJO 3aMETHO, YTO KOHTypa [UJIsl pa3HbIX H300paKeHUH OOBIYHO
CMEIEHBI OTHOCUTENFHO JAPYT ApYra, MpU4YEéM, 3Ta MOTPEUIHOCTD SBISETCS CUCTEMAaTHUECKOM,
T. €. HE€ 3aBUCUT OT KOOpJAUHAT TOYKW. JIJI1 HAaXOXKIEHUS STOrO0 CMELIECHHUS Mo mape
n300pakeHNi pa3paboTaH W pealu30BaH alrOPUTM B3aUMHON PErMCTPallMd PaCTPOBBIX
M300paKeHHH ¢ CYOTTMKCETbHON TOYHOCTBHIO0, OCHOBAaHHBIN HA CICAYIOIINX MPUHITUATIAX:
® UCHOJB3yeTCs OWIMHEHAS HHTEPIOISALMSA U1l CONOCTaBICHUS PYHKIIUU U300paKEeHUIO;
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e st 4-X BO3MOXKHBIX HampaBlieHHH BekTopa ciBura O (4-x KBaJpaHTOB C YYETOM 3HAKOB
no Oy u Oy) B CHMBOJBHOM BHJE MOTYT OBITh HaWIECHBI BBIpAKEHUS I (QyHKIHU
ou6ok E(0) - nHTerpana KkBaapaTa pa3HOCTH KYCOYHO-OMITMHEHHBIX (YHKIIHIA;

® 110 3TUM BBIPOKCHUSM B CUMBOJILHOM BHJIE BEIUUCISIOTCS TpagueHThl VE(D);

® METOJ] FPaJUEHTHOTO CITyCKa UCIOIB3YETCs ISl ToMcka MuHUMyMa E(0);

e [OWCK IpeKparaercs npu qoctimkenun |VE(S)| < € nian MakcuMaibHOTO YHCJIa I1aroB.

[Ipu mnakeTHON 0OpabOTKE CIYTHUKOBBIX H300paXCHWH OJHOW Tpameuuu (Taiina),
CICIIAaHHBIX B pa3HOE BpeMs, HEOOXOAMMO BBIOpaTh Cpelnu HHUX 0a30BOe H300paKeHHE —
Ka4eCTBEHHBI CHUMOK 0e3 00JaKoB M JIPYTHMX IMOMEX, HATH BEKTOpa CMEIEHUH A Bcex
OCTaJIbHBIX CHUMKOB OTHOCHUTEIHHO 0a30BOro HM300pa)Ke€HUs, U CIABUHYTh Ha 3TOT BEKTOP
COOTBETCTBYIOIIME KOHTYPa OEPEroBbIX JTMHHMA.

Kpowme toro, Heooxoanma nHpopmaiis 06 ypoBHE BOJILI HA MOMEHT CO3aHUS KaXKIOTO
M300pakeHUs, KOTopas M00aBISIETCSl K aTpuOyTaM OOBEKTOB, OMHCHIBAIONIUX BBIICICHHBIC
KOHTYpa OeperoBbIX JIMHUHN, B BUJIE BHIYUCIISIEMOTO TOJIS.

Jlaxxe mociie ciBura, KOMIEHCUPYIOIIETO OMMUOKY MPUBSI3KK M300pakeHuil Sentinel 2,
KOHTYypa JJsl pa3HbIX YPOBHEH MOTYT NEpeceKaThCsl H3-3a MOTPEIIHOCTH H3MEPEeHUil u
BJIMSTHUSI TAaKUX TIPUPOJIHBIX SBJIEHUH, KaK BOJHEHUE, 00JIaYHOCTh, U T. . [loaTOMy BO3HHKIIA
3aJa4a MOCTPOSHUs MOJENU penbeda Mo KOHTypaM OeperoBbIX JIMHUM, KOTOPhIE MOTJIH ObITH
MOJIyYEHBbl C OLIMOKaMU. AJNTOPUTM JUIsl PEUICHHs] ATOM 3a/ad JOJKEH YAOBJIETBOPSTH
CJICAYIOIIMM TPEeOOBaHUSM:

1) mpu OTCYTCTBMM OIIMOOK pe3yabTaT JOJDKEH COBMAJaTh C TPUAHTYJISIUCH,
MIOCTPOCHHOM 110 KOHTYpaM, KaK 10 U30JIMHUIM pelbeda;

2) HakoruieHue HWH(pOpMaruu (100aBiICHHE HOBBIX KOHTYPOB) JOJUKHO ITOCTEIICHHO
MOBBIIIATH TOYHOCTH TOJTy4aeMON MOJIEIH.

Takoil anropuT™m yaaiaoch pa3paboTaTh M peann3oBaTh B coctaBe 110 mist paGoTsl ¢
TPUAHTYJISALUSAMHI, OH OCHOBAH Ha CIICAYIOIINX MPUHIIUIIAX:

® CMONB3YIOTCA IUIOLIAJHbIE KOHTYpA, NPEACTABISIIOIIME 30HBI 3aTOIUICHUS IIpH
COOTBETCTBYIOLINX YPOBHSX BOJBI;

e CHayalla 10 HUM CTPOUTCSI BCIIOMOTaTeabHas TPUaHTYISIIKs J{eloHe ¢ orpaHuYeHUsIMU, B
KOTOPOM JTMHUH KOHTYPOB BBICTYMAIOT B Ka4eCTBE KECTKUX pEOEp;

e [0cie BKJIIOYEHHUS KOHTypa B TPHAHTYISLMIO BBIIOJHIETCS €ro 3ajuBKa, KOTOpas
COCTOUT B TOM, YTO B KaX/bIi TPEYroJbHUK BHYTPH KOHTYpa A00aBiseTCs] HHPOpMALUSI
0 TOM, YTO OH 3aTaIlUIMBAETCS STUM KOHTYPOM; B pe3yjbTare JUIsl KaXKA0ro TPeyrojbHUKa
TPUAHTYIIALUU POPMHUPYETCSI CIUCOK YPOBHEH, KOTOPBIE €ro 3aTaIlJIMBAaIOT;

® [IOCJE€ 3aBEpUICHHsS] BCIOMOTAaTEIbHOW TPHUAHTYISIUU KaXIAOMY TPEYroJbHUKY
COTIOCTABJISIETCS MCTUHHBIA YpOBEHb €ro 3aTOIUICHHS - TOT, KOTOPBIA JIydlle BCEro
COIJIACYeTCsl C €ro CIHCKOM 3aTaIUIMBAIONIMX YPOBHEH (€CIM M A 3TOr0 YPOBHS
MOJIy4aeTCsl MHOTO OIIMOOK, TO CYUUTAEM, YTO TPEYTOJIbHUK HE 3aTaIsIUBaETCs);

® [IOCKOJbKY IMOTPEUIHOCTH H3MEpPEHHs] KOHTYpOB HMMEET CIIy4ailHyl0 NpHpOIy, U OHHU
BBI3BIBAIOT OTKJIOHEHHSI B pPa3HbIE CTOPOHBI OT HCTHHHOTO IIOJIOKEHHSI KOHTYpa, C
no0aBJIeHHEM HOBBIX KOHTYpOB JIOJDKHA IOBBINIATHCS 4YacTOTa  PE3yJbTaTOB,
COOTBETCTBYIOIMX HCTHHHOMY TOJIOKEHUIO KOHTYPA, 4TO JAaET COOTBETCTBUE AJITOPUTMA
TpeOOBaHUIO 2;

e Janee B OCHOBHYIO TPHAHTYJISIHMIO U3 BCIIOMOTATENILHOW MEPEHOCATCS TOYKU KECTKUX
pEbep, pa3eNnomuX TPEYroJbHUKU pa3HbIX YPOBHEH, U caMu 3TH p&opa;

e BbICcOTa peOpa paBHa MUHUMAJIbHOMY U3 YPOBHEH paz/iensieMblX UM TPEYTrOJbHUKOB — 3TO
obecreurnBaeT COOTBETCTBUE aTOPUTMa MEPBOMY TpeOOBaHUIO (MMEHHO TaKHUE BBICOTHI
JIOJKHBI TOTYYUTHCS TIPU OTCYTCTBHH OIIMOOK BIOKEHHOCTH KOHTYPOB).
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Pucynok 1 ConocTaBieHre BCIOMOTaTeIbHOM (ClIeBa) U PEe3yJIbTHPYIONIEH TPHAHTYIISIITUH.
Ha BcmomorarensHOM TPHAHTYISAIMN OJTHAM I[BETOM OKPAIIEHBI TPEYTOJbHUKN, UMEIOIIHE
OJMHAKOBBIN PE3YIbTUPYIOIINN YPOBEHb 3aTOILJICHHUS.

B pesynpTaTe Obuta mONIydeHa MOJENb NMPUOpEkHOTO penbeda pparmenta bparckoro
Bogoxpanunuima B mpenenax tpanenun 48UUE. IlomyueHHas Mojaens penbeda Xoporno
cornmacyercsi ¢ riobansHbiMu LIMP (manpumep, Copernicus DEM) u cnyTHHKOBBIMH
CHUMKaMHU BBICOKOTO pa3pelieHus], onyOoIuKkoBaHHbIMU cepBucamu Web-kaptorpaduun. IIpu
ATOM OHa COJIEPXKUT WH(OPMAITHIO U O TOW YacTu penbeda, KoTopas Obl1a CKphITa MO BOAOK
Ha MOMEHT co3aanus 3Tux [IMP u BeIMOTHEHNSI CHUMKOB.

Pucynok 2 IIMP npu6bpexnoro penbeda bparckoro Bogoxpanwmmma s Tpaneruu 48UUE
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YAAJIEHUE PEBEP B TPAOAX TTEPEXO/IHbIX MHTEHCUBHOCTEN JIJIs
OTKPBITBIX CETEM MACCOBOI'O OBCJIY KMBAHUA

I'.1. Humuamsuim, M.A. OcumoBa
Nuctutyt npukinagnoi Marematuku JlansHeBoctouHoro otnenenus PAH
guram@iam.dvo.ru, maol975@list.ru

B nacrosmieil paboTe MccaenyoTCs YCIOBUS MPU KOTOPBIX U3MEHEHHE B3BEIICHHOTO
oprpada nepexoIHbIX HHTEHCUBHOCTEH, OMpeesomuX (yHKIIMOHUPOBAHUE OTKPBITON CeTH
MaccoBOr0 OOCTYXHBaHMS, HE MEHsSET CTAllMOHApHOTO paclpenesieHus B Hed. Marpuia
NEPEXO/IHbIX HMHTEHCUBHOCTEH ompenensitoT cucreMy auddepeHIHalbHbIX ypaBHEHUI
JUHAMUKHA BEPOSITHOCTHOTO DPACHpPEENCHUsI COCTOSHUNH B OTKPBITOM CETH MaccoBOTO
obcimyxuBanus. B pabote onpenenenne TpeOyeMbIX YCIOBHI OCHOBAHO Ha JIEKOMITO3HIIMHU B
MYJIbTUIIMKATUBHOM TeopeMe Ml OTKPBITBIX CETe MaccoBOro OOCHy)XMBaHUA. OTa
JEKOMIIO3UIIMS BbI3BaHA TEM, YTO rpad MepexoHbIX MHTEHCUBHOCTEW AJI OTKPBITON CEeTH
MaccoBOTO OOCTYKMBAaHHUS, YIOBIETBOPSIOIIUN MYJIbTUIUIMKATUBHOW TEOpEeMe, COCTOUT U3
NpPSIMOYTOJIBHBIX TmHpaMua. Kaxkmas nupamuaa ompenensercs 0a30BOM  BEPIIMHON, W3
KOTOPOH BBIXOJAT (B KOTOPYIO BXOAAT) pedpa mupaMubl. ITO MO3BOJISET ONPENEIUTh Habop
0a30BBIX BEPIIMH M COOTBETCTBYIOIIMX UM MHPaMU, KOTOPbIE MOXXHO YyIalIHTh, COXpaHsII
MHOXECTBO BepHIMH rpada. B pabore crposrcs mpuMepbl OTKPBITBIX CETEH MacoBOTO
00CTyXMBaHUSI C OTPAHMYCHHBIM YHCIOM 3afBOK B KaXIOM Yy3JIe WU C CyMMapHbIM
OTPaHUYEHHBIM YHUCIIOM 3afBOK. YYHTBHIBas, 4YTO Tpad MEepexOJHBIX HHTCHCUBHOCTOU
OTIpeIeTIsIeT MPOTOKOJ PabOThI OTKPBITON CETH OOCIY)XKMBaHUs, MPOIEAYypa yaajleHus pedep
U3 HEero MPUBOAMUT K YMEHBIICHUIO BO3MOXKHBIX IEPEX0I0B MEKAY COCTOSTHUSIMH CETH.

Ilycte otkpbiTas cerb JIkekcoHa G [1] nMeeT HMHTEHCHBHOCTH BXOAHOI'O
IIyaCCOHOBCKOT'O TOTOKa A H COCTOUT M3 M OJHOKAHAJIBHBIX CHUCTEM OOCIIY)KUBAaHHS C

MHTEHCUBHOCTAMH ~ oOcinyxuBanust 4, K =1,...,m. Tlepemeruenus 3asBOK 1O CETH
ONPEACIAIOTCS HEpa3lIoKUMONH MapLIpyTHOH MaTpuuen ®=‘| 49““?’1].:0. 3neck snement 6,
MaTpHIlBl ® O3HAYaeT BEPOSTHOCTH TEPexojia 3asiBKH, OOCIY)KEHHOU B y3J€ i, MOMacTh B
ovepenpb Ha OOCITy)KHBaHHE B y37e . Y3enm 0 sIBISETCS BHEIIHUM U M3 HETO BXOIST 3asIBKU
BXOJIHOTO TIOTOKA M B HETO BBIXOJSIT U3 CETH OOCITy)KeHHbIE 3asiBKU. Jlaee 6e3 orpaHnveHus
obmuoctn momaraem, uyro 6, =0,i=0,1,....m. Ecmu wmapupyrHas wMartpuia ©
HENPUBOAUMA, T. €. Ul IOObIX |, j: cymectByer nenouka uagekcos 0<i(1),...,i(1)<m
TaKUX, 9TO

iy > 0, Gy > 0., G iy > 0,6,y; > 0.

1
Torma npu 3amaHHOM A cymiecTByeT emuHcTBenHoe pemenne A = (4,4,4,,..,4,)

CUCTEeMbI OaNTaHCOBBIX ypaBHEHHN A = A®. [lanee Ham OyaeT yao0HO 3TO CUCTEMY BBINTUCATh
B CJICTYIOIIEM BU/IE:

A=Y X6, A= A0+ D A6, k=1,...,m.
i=1 1<izk<m

®dyukunMoHMpoBaHUe ceTd G omuchBaeTcs MapkoBckuM mpomeccom X () ¢

muoxectBoM coctosauii N ={n=(n,,...,n ), n. =0,...;1=1,...,m} (3mech €

- M -MepHbIA
BEKTOP, BCE KOMITOHCHTBI KOTOPOTO paBHBI HYJIO, KpPOME |-Oi KOMIIOHEHTBI, pPaBHOMN
eIMHUIIE) U TICPEXOTHBIMA WHTEHCUBHOCTSIMHU

y(n,n+e) =16y, y(n+e;,n) = (n+¢)0,,,

y(n+e,n+e;) = (n+e)d;,,1<i=j<m.

jH
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Bri6epem B kauectse pynkiuu f (N) mpomssenenne
fm)=T1o" o = 4. 3)
i=1

Janee OyaeM KOHCTPYHpOBaTh B3BEIICHHBIH CBs3HBIA oprpad [, ¢ momomsio
koHeuHoro muokectBa BepiinH N, € N u coBokymHOCTH pebep
R, =(n,n+¢),(n+¢,n), (n+¢,n+e;),ne Ny, 1<i= j<m.
WNupiMu cnoBamu, B3BemleHHbBIH oprpad I, oOpasyercs oObequHEHHEM KOHEYHOTO
uucia  nmpamug  [,(n),neN,  (tpeyrombHukoB mnpu m=2) ¢  peOpamu
(n,n+¢),(n+¢,n), (n+e,n+e;),1<i= j<m.

Le———3(

11610
Puc. 1. ITpumep oprpada I;(n) mpu n=0

Teopema 1. Ilycmo A, 1=1,...,m yoosremsopsiiom 6anrancosvim coomnowenusim (1).
Tozoa maprosckuii npoyecc X (1), onpeoensemviii cesaznoim roneunsim opepagom Ty u
pasencmeamu (2) A6IAEMC peoOUUecKUM U umeem npedeivroe pacnpeoenenue 7(N),
onpeoensemoe hopmynamu (1), (3).

Ompenenum MHOXeECTBO BepinH rpade [, paBencTBom

N(Ng) = Ny fn+e:neNy,i=1,.. m}

Cuencreue 1. IIpeononosicum, umo evinoausiomes cmpozoe eéxuoyenue Ny N, u
pasencmeo  N(N,)=N(N,). Toeoa uz meopemwvr 1 credyem, umo cmayuonapHoe
pacnpedenenue, onpedensemoe muodxcecmeom N,, coenadaem co CMAYUOHAPHBIM
pacnpeoenenuem, onpeoensemvim muodxcecmeom Ng. Takas npoyedypa usmenenus epagha

nepexoc)Hbzx UHMeEHCUBHOCMell O3HAYAem U3MeHeHue npomokoaa pa60mbz cemu maccoeoco
O5CJZy9fCu60Huﬂ u cokpawierue nepexodnblx UHMEHCUBHOCMEll 8 Hell.

[IpuBeieM NMPUMEPBI, KOTJ[@ BBINOJHSAETCS CTporoe BKmodeHue N, — N, W, 3HaumT,
cramuonapuele  pactpeneienuss  7(N) mpu N, = N, cosmamaror. IlepBbiii TpuMep
MOKA3bIBAET BO3MOKHOCTb YAAJIEHUS TPEYTOJIBHUKOB, CIEAYIOUIMX OAWH 3a JAPYTUM BIOJb
OCH N, IBYX YE€TBEPOK TPEYTOJBHHUKOB, MapajUIEIbHBIX OCH N, M Iapbl TPEYrOJbHUKOB,
napajieNbHbIX ocu N, (puc. 2).
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mn, n

Puc. 2. Y aanenue u3 rpada Ha puc. 2 1ByX NapajjelbHbIX YeTBEPOK TPEYT OJIbHUKOB,
NapauIeIbHBIX OCH N, ¥ Maphl TPEYrOJIbHUKOB MapajuIeNbHbIX OCH N,

n, n,

n, n,

Puc. 3. Ynanenue u3 rpada aAByx HaOOpOB TPEYTOJIHHUKOB, TAPAILIEITHHBIX THIIOTCHY3E
OCHOBHOTO TPEYTOJIbHUKA

1. Jackson J.R. Networks of Waiting Lines. Oper. Res., 1957. Vol. 5, No 4. P. 518-521.

2. Humumamsunm ['.111., OcunoBa M. A. HoBbie MyJIETUIUITMKATHBHBIE TEOPEMEI JIJIS CETEH MacCOBOTO
oOciyxxuBanus. [Ipo6iemsl nepenaun napopmannu. 2005. Beim. 41, Ne 2. C. 111-122.
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ABTOMATU3ALIA PASPABOTKU MVYJIbTUAT'EHTHBIX CUCTEM C
UCIOJIb30BAHUEM MEPAPXMYECKHX MAIIWH COCTOSHUIA®

M.A. Yekan
WMHCeTuTyT AMHAMMKY CUCTEM U TeOpHHM yrnpasieHus umenu B.M. Matpocosa CO PAH
chekoopa@mail.ru

MynbTHareHTHble Cpelabl SBISAIOTCA YIOOHBIM U 3(P(GEKTUBHBIM HHCTPYMEHTOM
MOJICJIMPOBAHUS CIIOKHBIX paclpeAesi€éHHbIX TpoleccoB [1]. DTo moareepxkaaeTcss UX
HIMPOKUM DPACTIpOCTPAHEHHEM B PA3JIMYHBIX NPEIMETHBIX 00JacTSX, B YaCTHOCTH, INpPHU
IPOCKTHUPOBAHUU M MOJICTTUPOBAHUH KHOEPPU3HUECKUX CUCTEM.

[Tapagurma MamivH COCTOSHUN TO3BOJISIET €CTECTBEHHO W HAIISIIHO OINMCHIBATh
MIOBEJICHUE CUCTEM, OCOOCHHO AaBTOHOMHBIX, B YHCJIO KOTOPBIX BXOASAT M AareHTHI.
Pacmpennbsle HepapXMdyeckKue MAIIMHBI COCTOSHUN JOMONHSIOT ATy MapaaurMy U
oOecrieynBarOT emé OOoJBIIYI0 THOKOCTh NMPOrpaMMHPYEMOM CHCTEeMBbl. JlaHHBINH cTaHmapT
YCIEIIHO TpPUMEHSeTCS B NPOrpaMMUPOBAHHMU, B TOM 4YHCIE pa3paboTke Mporpamm
JUIs MUKPOKOHTpoJutepoB [2]. Coueranue Bcex ATHX (PaKTOPOB OOOCHOBBIBAET Pa3pabOTKy
MHCTPYMEHTapusi, 00JIETYaIOIIEro CO3/1aHie MYJIbTUAreHTHBIX CPEJl C MOBEJACHUEM areHTOB
Ha OCHOBE MEPapXMUCCKUX MAIIUH COCTOSHHA.

B xadyecTBe OCHOBBI MYJIbTHATCHTHOU cUCcTeMBI BhIOpaH (perimBopk JADE [3] Ha s3bIke
Java. OH mpenocTaBisieT MHCTPYMEHTHI Al (POPMHUPOBAHUS areéHTHOM CpeNbl ¢ MOMOILBIO
KOHTCHHEPOB M HAOOp OMONHMOTEK UIsi KOHCTPYMPOBAHHUS areHTa, B3aMMOJICHCTBYIOIIETO
CO Cpelioil M JAPYrMMM areHTaMu IOCPEACTBOM YHHMBEPCAJIbHOIO HHTepdelica W mepenauu
coo0meHuit Ha cTanaapTu3oBanHoM si3bike FIPA-ACL.

[Ipennaraemass mporpaMMHasi HaJCTPOWKA COCTOUT M3 HECKOJIBKUX KOMITOHEHTOB.
B mepByto  ouepear, »T10 Moayiar HSMBehaviour, mnpegocraBnsionmuii MeXaHHU3M
JUTSL OTUCAHMS TIOBEJICHUSI areHTa B JIOTUKE MEPapXUUYECKUX MaluH coctosHuid. MaTepdetic
MOJIyJIsl COBMECTUM cO BCTpoeHHbIM FSMBehaviour, 4to mo3BosseT npuMeHsITh HAJACTPONKY
B CIICHApUAX OJIHOYPOBHEBBIX MAIIIMH COCTOSHUN. MOIynb peanu3oBaH C HYJS, TaKk Kak
CYIIIECTBYIOIIAs peaau3amus 3ToH QYHKIIMOHATILHOCTH [4] OTCYTCTBYET B OTKPBITOM JOCTYIIE.

s Gonee mpocToro u 3¢G(GEeKTUBHOTO COCTAaBICHUS rpada COCTOSHHUMA IpeaaraeTcs
UCIIONIB30BaTh BH3YyallbHYI0 cpeay paspabotku Lapki IDE [5]. Drta cpema ¢ OTKPBITBIM
UCXOJHBIM KOJIOM IMPEIOCTABISICT PEAAKTOP UEPAPXUUECKUX MAIIUH COCTOSHUN C yIOOHBIM
uHTEepdericoM U BO3MOKHOCTBIO 00Jiee THOKOTO OnUcaHus JJOTUKH. [Ipunoxenne ncnonp3yer
crienuanbHO paspaboranHbiii Gopmar ¢aiina CyberiadaML, conmepkamuii B OCHOBE SI3BIK
onucanust rpado GraphML, pacumpeHHbIi 1715 OMMCAHUS IOBEACHUS EJCBON CHCTEMBI.

JUis  wHTerpalMu  JABYX BBIIICTICPEYUCICHHBIX KOMIIOHEHTOB MPEJIOKEHBI JBa
pemenus. [lepBoe — ato moaysas CyberiadaHSMBehaviour, nacieayrommit HSMBehaviour u
PacCHIUPSIONINI €ro BO3MOKHOCTBIO 3arpykath CyberiadaML-daiin, Ha ocHOBE KOTOPOTO
HacTpauBaeTcsl Tpad cocTosHUM areHTa. M3 TEeKymMX OrpaHMYEHH CTOMT OTMETUTH, UTO
(GYHKIIMOHAJIBHOCTh areHTa OINpeeNseTcss TOJbKO Ha3BaHHWEM COCTOSIHUSA, KOTOpOe
OTIpesieNseT KJIacc-TOBEACHUE, UCTIONHIEMBI B 3TOM cOCTOSIHMH. Kpome 3Toro, mepexojsl
OTIPENICTISIOTCSI CUTHAJIAMHU, KOTOpbIE JTUOO0 (DOPMUPYIOTCS MO 3aBEPIICHUH TOBEIEHUS (Kak
B FSMBehaviour), niu6o nepenarorcst B Ki1acc Bpy4Hyo. BHyTpeHHUE nIepexo/Ibl U ACHCTBUS
B TEKYILIUA MOMEHT HE YYUTHIBAIOTCS.

HccnenoBaHue BBIIOJIHEHO IpU NOAJEpKKE MUHHMCTEpCTBAa HAayKM M BBICILIErO 00pa3oBaHUs
Poccuiickoit ®denepanuu, mpoekt Ne FWEW-2021-0005 «TexHojoruu pa3pabOTKH M aHajiu3a
IPEIMETHO-OPUEHTHPOBAHHBIX ~ MHTE/UIEKTYaJbHbIX  CHUCTEM  TpPYNIIOBOIO  yNpaBleHUS B
HEJICTEPMUHUPOBAHHBIX pacnpenenéHHbIX cpenax» (per. Ne 121032400051-9).
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Bropoe pemiecare — reneparop kapkaca arenra. Ha ocuose CyberiadaML-daiina on
dbopMupyeT KOoJ Ha sI3bIKe Java, pean3yIonuil KJIace ¢ OMMCAHHON CTPYKTYpPOH COCTOSTHUH U
ux nepexonoB. Kpome Toro, reHeparop co3naét (QpyHKUHUU-SYEHKH [JIs1 BCEX CETMEHTOB
CXEMBbl, MPEIyCMaTPUBAIOIIUX BBIMOJHEHUE KoJa (C BO3MOXKHOCTBIO  pa3MEIICHHS
COJIEP’)KMMOT0 KaK KOMMEHTapHUsi WJIM HEMOCPEJICTBEHHO TEKCTa IMporpaMmbl). B nanHom
pelIeHnH TpEeAyCMOTpPEHA pealu3alus Kapkaca B peKHMe Ha0opa KIIACCOB-TIOBEICHHIMA,
AQHAJOTUYHOM OIHCAHHOMY paHee.

Pa3paborannass ~ HajCTpoWKa  HCIONB3yeTCS B NIPOTPAMMHOM  KOMILJIEKCE
JUISL MOJIETTUPOBAHUSI MHUKPOCETEH, B3aMMOJECHCTBYIOIIUX C NMPUMEHEHHEM 3KOHOMHYECKOTO
MEXaHu3Ma peryjJupoBaHusi crpoca U npemioxeHuid [6]. I[lpumeHneHue HaICTPOUKHU
B COYETAHMM C BHU3YAJIbHBIM PENAKTOPOM MPU3BAHO CHU3UTHh HArpy3Ky Ha HpPEIMETHOTO
CIIELHATMCTA TPU ONKUCAHUM JIOTUKH areHTa.

B nanpHelmem mpennosiaraeTcs paciiMpeHHe Yucia TOAISPKHUBAEMbIX (PYHKITUN
JUTst co3naHusl Oosiee (YHKIIMOHATBHO HACBHIIEHHBIX MAIUH COCTOSIHMA. B dwacTtHOCTH,
IJIAaHUPYETCS pealn3alrs MEXaHn3Ma yCIOBUI U IICEBIOCOCTOSHUN ITepexo/a.

1. berukoB U.B., deoktuctoB A.I'., Uekam M.A. Mojenb MOBEACHUS areHTa MHUKPOCETH.
Brruncnurensasie Texnoaorun. 2023. T. 28, Ne 6. C. 108-117.

2. Samek M. Practical UML statecharts in C/C++: event-driven programming for embedded
systems. CRC Press. 2008.

3. Bellifemine, F. Jade — A Java Agent Development Framework. Multi-Agent Programming. 2005.
Vol. 15. P. 125-147.

4. Griss M., Fonseca S., Cowan D., Kessler R. SmartAgent: Extending the JADE agent behavior
model. Proceedings of SEMAS. 2002. P. 1-10.

5. Yekan M. Cpenma mnporpaMMHpOBaHHS KHOEPPUINUECKUX CHCTEM B TMapajurMe MailuH
cocrosiHuil. Matepuansl VI MexayHap. ceMuHapa 1o WH(OPMAIMOHHBIM, BBIYHCIUTENBHBIM U
yIpaBIsIOKUM cucteMam ais pacupezaenceHubix cpea (ICCS-DE 2024). Upkyrcek, 2024. C. 217-
2109.

6. Bychkov 1.V., Feoktistov A.G., Chekan M.A. Modeling Agent Behavior in Interacting
Microgrids. Proceedings of the 10th International Conference on Information Technology and
Nanotechnology (ITNT 2024). IEEE, 2024. P. 1-5.
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O CBOMCTBAX JIMHEMHbBIX UHTEI'PO-AJITEBPAMYECKUX YPABHEHUI
OPEJII'OJIBMA N BOJIBTEPPA U METOJAX X YNCJIEHHOI'O PEINEHW A

B.®. Yucrsakos, E.B. Uucrtsakopa
NHCTUTYT TMHAMUKK CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
chist@icc.ru, elena.chistyakova@icc.ru

B AOKJIAAC paCCMATPUBAIOTCA CUCTCMbI JIMHEWHBIX HHTCIPpAJIbHBIX ypaBHeHI/Iﬁ BUaa

(Ao + 20 )g:= AD)s(0) + 2 [F K(t,)5(s)ds = £ (D), )
(ho +2V)y: = AWy () + 2 [F K (¢, 9)y(s)ds = $(0), )

rnet € T = [a,B],A(t),K(t,s), K (t,s) — (m X n)-marpuibl onpeacacHubie B ooaactsax T u
T X T, cOOTBETCTBEHHO, A — CKaJIsPHBII mapamerp, ¢ = ¢(t),y = y(t) — uckombie u
f(t), p(t) — 3amannbie BekTOP-GyHKIMH. [Ipeanoaaraercs, 4To BEITOIHEHBI YCIOBHS

rankA(t) < min{m,n},vVtT,
A(t) € €A(T), 3)
K(t,s),K(t,s) € CA(T)(T x T).

HMuaue roBOps,, BCE DJIEMEHTHl YKAa3aHHBIX MaTpULl SBISIOTCSA BEIIECTBEHHO-
aHAJTUTHYECKUM (DYHKIMSIMM B CBOMX 0OJacTsX ompeneneHus. B ciaydae 3amkHyThix MAY
m = n ycnoBus (3) 5KBUBaJICHTHBI BHIITOJIHEHUIO PaBEHCTBA

detA(t) =0VteT.

Cuctemsl ypaBHenuii (1) u (2), ynosinerBopstonue yciaoBusM (3), IpUHATO HA3HIBATh B
HacTosIee BpeMs MHTerpo-anreOpandeckumu ypaBHeHusimu (MAY) @penronsma u
BonwsTeppa, coorBerctBenHo. B Bume HMAY (1) m (2), MOXHO 3ammcarh CHCTEMBI
B3aMMOCBSI3aHHBIX (XOTSs OBl 1O 4YacTH KOMIIOHEHT WCKOMBIX BEKTOP-(DyHKIHIA)
WHTETpaJIbHBIX ypaBHeHH Bonbreppa m @penronsma I u Il poma, a taxke anredpanyeckue
YpaBHEHHS.

B noxnage BBoamTcs monsTHe wuHAekca miua UAY (2) m mpemnaraercss croco0
onpeneneHus: uaaekca aia MAY (1), Ha OCHOBaHUMU YETO MOXHO MPOBECTU KAYECTBEHHBIE
UCCIIEIOBaHMs paccMaTpuBaeMbIX cucTeM. OOCYXKIaroTCsl BOMPOCHI YMCJIEHHOIO PELIEHUS
HNAY ®penronsma u BonbTeppa Ha OCHOBE MeTOJ1a HaMMEHbIINX KBaapaToB. st MAY (1) u
(2) craBsTCSI B COOTBETCTBHE 3a7aul MOMCKAa MUHUMYMa COOTBETCTBYIOMIMX (DYHKIIMOHAJIOB U
3a7aeTCs TPAJMEHTHBIN MTPOLECC X MUHUMU3aMKU. [JokazaHa Teopema cXoAMMOCTHU. /laHHbIE
Pe3yAbTaTHI SBISIIOTCS MPOJIOHKCHUEM MCCIIEIOBAaHNM, HaYaThIX B padborax [1], [2].

1. V.F. Chistyakov, E.V. Chistyakova. On some properties of the Fredholm-type integral algebraic
equations. Mathematical Methods in the Applied Sciences. 2020.

2. B.®. Yucrtako. O pa3peuIidMOCTH JIMHEHHBIX HHTETPO-ajireOpanuecKuXx YpaBHCHHH H
YHUCIICHHBIX MeToax ux pemrenus. Cud. matem. xxypH. 2013. T. 54, Ne 4, C. 932-946.
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REGTAB APIl: THCTPYMEHTAJIBHOE CPEJICTBO PA3SPABOTKU
[TPUKJIAJHOI'O [TPOI' PAMMHOI'O OBECITEUEHUS U151 U3BJIEYEHI
PEJISILIMOHHBIX JTAHHBIX 3 MAITMHOYNTAEMBIX TABJINILL C
[MPOU3BOJIBHOM CTPYKTYPOI HA OCHOBE ITATTEPHOB

A.O. Illurapos
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
shigarov@icc.ru

Bonpuioit 06beM, JOCTYIMTHOCTh U PENAIIMOHHAS MPHUPOJA TaHHBIX, MPEICTABICHHBIX B
BUJIC TIPOW3BOJIBHBIX TaOIHI] MAaIIMHOYUTAEMBIX (OpMaToB (pabouMX KHHUT, TEKCTOBBIX
MPOLIECCOPOB, THUMEPTEKCTOBOM pa3sMETKH M Jp.), JAeJlaeT HUX LEHHbIM HMCTOYHUKOM B
Pa3IUYHBIX NPUIOKEHUSIX TMOWCKA, aHaiu3a W cuHTe3a uHopmanuu. OnHako B 0O0IIeM
Clly4ae TakWe TaONHIBl HE COMPOBOXKAAIOTCS (OPMAIBHONH MOJEIBIO, TO3BOJISIOMICH
MHTEPIPETUPOBATh MPEJCTABIECHHYI0 B HUX HWH(OPMALMIO B COOTBETCTBHHM CO CMBICIIOM,
3aJI0)KEHHBIM aBTOPOM. 3ajada W3BJICUCHUS PEILIUOHHBIX JAHHBIX M3 HUX TOJAraer, 4To
UCXOHasi TaOauIa MpeACTaBseT MPOU3BOJIBHBIM O0pa3oM OJMH WM HECKOJIIbKO HaOOpOB
OJIHOTHITHBIX 3aMUCeH, KaXIbIi CO CBOEH CXEMOI; MpH 3TOM HEOOXOAMMO H3BJICYb ITH
HaOOpBl B BHJE IJIOCKUX (DaioBbIX 0a3 naHHBIX. CIO0KHOCTb 3TOM 3aJaydl ONpeAesseTcs
nByMsi  (akropamu: Oonblioe  pazHooOpazue  croco0oB  OQOpMIICHHS — TadIuIl |
OTPaHMYEHHOCTb (OpPMATOB HX TMpeAcTaBieHUS. TeM He MeHee MOXKHO 3aMeTUTh, 4YTO
pa3IUYHBIE MOACTPYKTYPHI TAOMUIBI (SYCUKH, MOACTPOKH, CTPOKH, MOATAOIUIII) MOTYT
MOBTOPATHCS, T. €. UMETh OOIIME CBONCTBA KOMIIOHOBKU, (POPMAaTUPOBAHUS U COJIEPKUMOTO.
Taxkast peryaspHOCTb TOJCTPYKTYP TaOIUIBI MOKET OBITH IIPECTABICHA B BUJIC MTATTEPHOB.

B pabore paccmarpuBactcs uHCTpyMeHTanbHOe cpeactBo (MC) «RegTab API»!,
npeIHa3HauYeHHOe I pa3padOTKH MPUKIAJHOTO MPOTPAMMHOIO 00ECIIeYeHHs HU3BJICUCHUS
PENSILIMOHHBIX JaHHBIX M3 MAIIMHOYUTAEMbIX TaOJHI] C MPOU3BOJIBHOW CTPYKTYpoH (T.e.
HEU3BECTHO TO KakKMM OOpa3oM TMPEICTaBICHHBIE TaM J[JAaHHBIE COCTABJISIOT 3aliCH U
atpudytsl). IC npenoctaBnseT nHTepnpeTupyeMyro Mmojens tadauisl (MMT) u npobiemHuo-
OpHEHTHPOBAHHEIA s3bIK marTepHoB «Regular Table Language»? (RTL). UMT pacmmpsier
BO3MOXXHOCTH TIPEJCTABJICHUS TPOU3BOJIBHBIX TaOuuil, obecreynBaeMble MOMYJISIPHBIMU
MaIlIMHOYUTAeMbIMH (hOopMaTaMu, 3a cuUeT [00aBIEHUS CEMaHTUKH, KOTOpas IO3BOJISET
ABTOMATHUYECKU BBIBOJIUTHh M3 HUX HAOOPHI OAHOTUIHBIX 3amuceil. RTL sBisercs cnmocobom
dbopManbHOTO BBIPAKECHHSI TATTEPHOB, MO3BOJSIONIMX  OIMKCHIBATH  3aKOHOMEPHOCTH
pa3MeINIeHns] KOMIIOHEHTOB 3alUCel M CXeM BHYTPH TaOJHUIl C MPOU3BOJBLHON CTPYKTYPOM.
[Ipenmonaraercs, 4To Kjacc TabIUI, pa3feNsIOMIUX OOIIMEe 3aKOHOMEPHOCTH, MOXET OBITh
cooTBeTcTBOBaTh ogHOMY RTL-marrepny. [Ipon3BonbpHas Tabnuia, MpeACTaBICHHAS B BUIC
ax3emiusipa IMT, conocrasnsercs ¢ RTL-narrepHoM, B pesynbrare yero sx3eMiuisip UMT
JOTIONHSIETCS CEMaHTUKOM, OTCYTCTBYIOLIEH B HCXOJHOM MPEACTABICHUH, a HUMEHHO
B3aMMOCBSI3aHHBIMH KOMIIOHEHTaMU 3amuceil u cxeM. J[aHHas ceMaHTHKa JIeJaeT dK3EMILIP
NUMT pocTynmHBIM 11 aBTOMATHYECKOTO BBIBOJA COOTBETCTBYIONIEIO €My Habopa
OJHOTHITHBIX 3aIIUCEH.

PaccmarpuBaemoe MC peannzoBaHo B Bue OMOIMOTEKH s MIATHOPMBI pa3pabOTKH
IpOTrpaMMHOTr0 obecrieueHus Java, uro 1mo3BosisieT BHeAPATh RTL-maTTepHbl B UCXOIHBINA KO
mporpamMm, KOMIOWIHPYeMbIX B Java Oait-koa. B Hacrosimee Bpems MC ucnonb3yercs uist
U3BIICUCHHS PEJISIIUOHHBIX JAHHBIX W3 TAOJHII, MPEICTABICHHBIX B PA3THMYHBIX OTKPBITHIX
pecypcax Mo 3KOJIOTHYeCKOMY MOHUTOpUHTY baiikansckon npupoaHoi Tepputopun (bIIT) u
o3epa baiikanm B pamkax KpymHOTO HAy4HOTO MPOEKTa MO MPUOPUTETHBIM HAIPABICHUSM

! https://github.com/regtab/regtab
2 https://github.com/regtab/regtab/blob/main/src/main/antlr4/RTL.g4
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Hay4YHO-TEXHOJIOTHYECKOr0 pa3BUTHsI — «DyHIamMeHTalbHbIE UCCIEN0BaHUs baiikanbCkon
IPUPOIHON TEPPUTOPUH HA OCHOBE CHCTEMBI B3aMMOCBSI3aHHBIX 0a30BBIX METOJIOB, MOJETICH,
HEHPOHHBIX ceTed W IUGPOBON TMIATHOPMBI IKOJOTHUUECKOTO MOHUTOPHHTA OKPYKAIOIICH
Cpedbl», BBIOTHSAEMOTO NpH (puHAHCOBOHM momaepkke MHUHHCTEPCTBA HAYKHM U BBICIIETO

obpazoBanust P® (rpant Ne 075-15-2024-533).
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O HEKOTOPBIX METOJAX AHAJIM3A NCXOJHOI'O KOJA C ITOMOIIBIO
ABCTPAKTHBIX CMUHTAKCHUYECKUX JIEPEBLEB

M.H. unuusiy, P.K. ®&énopos
NHCTUTYT TMHAMUKY CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
1markus243@gmail.com, fedorov@icc.ru

Ha ceromusmauii neHp pa3paboTKa MPOTPAMMHOTO OOECTICUEHUsS COMPOBOXKIIAET
NpakTUYeCKH Bce cdepsl IKU3HEAeATeTbHOCTH 4YenoBeka. C  yBemMYEHHEM OOBEMOB
CO3/1aBa€MOT0 KOJia COBEPIICHCTBYIOTCS U MHCTPYMEHTHI JUIsl €r0 aHanu3a. T paauiliOHHbBIE
MOJIXO/ABl K TIPOBEpKE KOJa, TaKMe KaK CTaTUYECKUH aHan3, NTUHAMHYCCKHHA aHalU3 U
TECTUPOBAHUE, JOTOIHSIOTCS HOBBIMUA METOJaMH, OCHOBAHHBIMHU Ha MallTMHHOM OOy4YEHUU U
WCKYCCTBEHHOM HHTEIUICKTE. OJTH TEXHOJOTWU TIO3BOJISIIOT aBTOMATH3UPOBATh MPOIECC
MOVCKA OMIMOOK, BRISIBIICHUS KIIFOUEBBIX OCOOCHHOCTEH U 9acTO MOBTOPSFOIIUXCS (PYHKITHIA.

XOTs MCXOTHBIA KOJ| MPEJCTABICH B BHJIE TEKCTA, OH MMEET CIOXHYIO BHYTPEHHIOIO
CTPYKTYpY, KOTOpas ONpEeNeNseT ero IMOBEeICHWE TPU BBIOJHEHUH. AOCTpaKTHOE
cuHTakcuieckoe gnepeBo (AST) wucxomHoro koma SBISIETCS OJHOM H3  Hambosee
pacIpOCTpaHEHHBIX CTPYKTYp JMAaHHBIX, TO3BOJSIONIEH YYUTHIBATH NOMHUMO CHHTAKCHCA
TaKXKe BJIOXCHHOCTb TOIMPOTPaMM, TMOPSAIOK BbI30Ba (DYHKIUH, BaXHYIO CEMaHTHKY
NPUMEHEHUS ONepaTopoB. MHOTHE aHanW3aTOphbl TakkKe peanu3yroT mapcepbl AST mns
peanu3anuu 0oJee TOYHBIX MTPABHII MITH BBIYHCIICHUSI METPHK KAa4eCTBa HCXOAHOTO KOJIa.

MeTtobl aHanM3a KOJja, OCHOBAHHBIE Ha MCIOIh30BAaHUH a0CTPAKTHBIX CHHTAKCHUECKUX
JICPEBBEB, BKIIOYAIOT B ce0sl pa3IMYHBIC AITOPHTMBI, TaKHEe KaKk OOXOJ JepeBa, IMOWCK
JOMHHATOpPA, BBIUMCICHHE pPACCTOSHUS pENaKTUpPOBaHUA U TmpeoOpazoBanue AST B
POMEKYTOYHOE TpeAcTaBieHue. [locieaHue WcciuenoBaHus B 00JacTH  CO3JaHUS
npencrasiaeanii AST, B uwactHoctH, mytu AST (AST paths) [1], omuchiBarOT MOJHYIO
MOCJICIOBATEILHOCTh  Y3JIOB  Mexay JaByms Jjmctamu  gepeBa AST. [lomyuenHbie
MOCIIEI0BATEIHLHOCTH, Onarogaps CYIIECTBYIOIIUM IrOpUTMaM, U3BIICKAFOTCS
aBTOMAaTHUYECKU. J[aHHBIE aNTOPUTMBI TAK)KE WMEIOT MOIIACPKKY BO MHOTHX MOIYJISPHBIX
SI3BIKaX MPOrPaMMHUPOBAHHUS, 33 CYET YHHUBEPCATHHOCTH MIPECTaBICHUs Koa B Buae AST.

B pabGoTe paccmaTpuBarOTCsi OCHOBHBIE OTPaHHUYEHUS W BOMPOCHI, BO3HUKAIOIINE MPH
ucnonp3oBaHun myTeit AST, a Takke IMOCTAaHOBKA 3aJayd MAIIUHHOTO OOYYeHUS C
ucnonp3oBanuem myreit AST B kadecTBe npusHakoB (features). Pemenre monyueHHo# 3a1aun
B JaJbHEHIIIEM IIAHUPYETCs] MCIOJIb30BaTh KaK YacTh PEAM30BBIBAEMOTO MPOTPAMMHOTO
KOMILJIEKCa aHAJIM3a UCXOIHOTO KoJ]a 00pabOTKH MPOCTPAHCTBEHHBIX JTAaHHBIX.

1. A General Path-Based Representation for Predicting Program Properties / U. Alon, M.
Zilberstein, O. Levy, E. Yahav. arXiv. 2018. URL: https://arxiv.org/abs/1803.09544
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EJMHCTBEHHOCTD U YCJIIOBHA YCTOPIHH]§OCTB PEILIEHUI
OBPATHBIX 3AIAY IJIST CEPMM MOJEJIEM IMUHAMUKH
CTPYKTYPUPOBAHHBLIX I10 BO3PACTY IIOITIYJIAILINN

A.1O. Hlernmal'z, II>Hb I_II/IHl’Z
! Yuusepcurer MI'Y-11I1U B IlI>HpuKIHE
2MI'Y umenn M.B. JlomoHocOBa
shcheg@cs.msu.ru

PaccmarpuBaercss cepuss MoOAENEH, ONMUCBHIBAIOIIUX C PA3IMYHON JeTalu3alueu
JUHAMUKY Pa3BUTHs HONYJSALUM OJHOPOJHBIX OPraHU3MOB, CTPYKTYPUPOBAaHHBIX IIO
Bo3pacty. s kaxaoi u3 mMozeneit popmMupyeTcst OJHOTHIHAs oOpaTHas Ko3(duuneHTHas
3ajjaya, CBsI3aHHAasg C BOCCTAHOBJICHMEM OJHOI0 M3 KO3(P(UIMEHTOB MOJEIU IO
JIOTIOJTHUTENIPHO 3aJaHHOM MH(GOpPMAIlMM O PEIIEHWH OCHOBHOTO YpaBHEHHUS 3aJauyd Ha
OTpe3Ke U3 00JIaCTH ONPENIEIEHNUs PEIICHUs YPABHEHUS.

JluneitHast 3amada OnM3Ka TIO CONEPKAaHUIO K U3BECTHOM 1o pabore [1]
«KBa3UCTAOMIIBHOW» MOJIEH MOMYJIALUH:

u(x, t) + uy(x,t) = — u(x)n®ulx, t),x € [0,1],t € [0,T],
l

1(0,6) = 2 j p(s)u(s,O)ds, te[0,T]

0

\ u(x,0) = p(x),x € [0,1],

rae u(x,t) — 4uciI0 OpraHM3MOB BO3pacta X B MOMEHT BpeMmeHH t, u(x)n(t) — mioTHOCTH
cMmepTtHOCTH, @(X) — HayalbHOE paclpelelieHHe OpraHu3MOB IO Bo3pactaMm, p(s) —
pacrpeielicHue POXKIaeMOCTH, CBSI3aHHOE C JICICHUEM KIIETKH.

Npyras  momens [2, p. 73] monyumna Ha3BaHHE «OTKPBITOM» H3-3a yuéTa
SMUTPAIMOHHOTO, ¢ HHTEHCUBHOCTHIO €(X), ¥ HMMHUTPAIHOHHOTO, ¢ HHTEHCUBHOCTHIO M (X),
IOTOKOB:

u(x,t) + u (x, t) + u(ulx, t) = m@)n(t) — e(x)ulx, t), x € [0,1], t €[0,T],
l

u(0,t) = f p(s)u(s,t)ds, te€|0,T],
k u(x,OO) = @(x),x € [0,1].

Emé onmna nHemuueiHas mopenb [2, p.153-155], [3, p.160] pa3BuTus mOMymsiuu
YUYUTBIBACT BJIUAHUC [ICPCHACCIICHUS:

(ut(x, t) + u,(x,t) + poOn®ulx, t) = — u ()P () ulx, t), x € [0,1], te[0,T],

1
{l u(0,t) = CD(S(t))f p(s)u(s,t)ds, t€[0,T]
0
1
lk u(x,0) = p(x),x €[0,1]; S)= f y(s)u(s,t)ds, te€][0,T].
0

3aece yHkuun Uo(x)n(t) u p;(x) XapakTepusylOT HHTCHCHBHOCTH CMEPTHOCTH
OpraHu3MOB BO3pacTa X B MOMEHT BpPEMEHH ¢, ECTECTBEHHOH M OT IepeHACENICHUS,

“ PaGora BBINONHEHA TIpH YacTHYHON momnepxke National Natural Science Foundation of China (No.
12171036) u Beijing Natural Science Foundation (Key Project No. Z210001).
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cooTBeTcTBeHHO; (GyHKIMH P(S) U Y(S) — IUIOTHOCTH POXKIAEMOCTH M aKTHBHOCTH B
HOTPeOJICHUU PECYpCOB momyssiiuu 1o Bo3pacty S; ¢yakmuun DP(S(t)) u W(S(t))
XapaKTePU3YIOT BIMSHUE YHCICHHOCTH BCEH MOMYISAIMHA HA POXKIAEMOCTh U CMEPTHOCTH
Yyepe3 MHTETPAIbHYIO XapaKTepUCTUKY S(t) o01eil YuCIeHHOCTH MOMYIISALUY.

B pamkax perineHuss oOpaTHBIX 3amad sl TPEACTABICHHBIX MoOJeiel aBe (QyHKIHH
n(t), u(x, t) Moryr GbITH BOCCTAHOBJIEHBI B BU/IC

n(t) € C[0,T], n(t) >0 vte[0,T], u(xt)eci(0,1]x][0,T],

npu 3amaHabix GyHknuax p(x), y(x), @ (x), ue(x), uy(x), ®(s), ¥(s), o IOMOIHUTETLHO
3agaHHbIM 3HaYeHuto a € (0, [] u pynkuuum g(t) Takou, 4To

gt) = u(a,t), t €[0,1].

JuddepeHunanbaple ypaBHEHHS W HMHTETpalibHbIE KpaeBble YCJIOBHUS, BXOJISAIIME B
oOpaTHble 33JauyM, PEIYLUPYIOTCS K CHUCTEMaM MHTErPAJIbHBIX YpaBHEHWH. AHamu3
NOJIy4aeMbIX CHUCTEM MHTEIPAJIbHBIX ypaBHEHHUH T103BoisieT cdopmupoBath (B (opme
JIOKa3bIBaEMBbIX TEOPEM) YCJIOBHS E€IMHCTBEHHOCTH pellIeHHs OOpaTHBIX 3ajady, MOCTPOHUTH
OLICHKA YCTOWYMBOCTH peEIICHHH OOpaTHBIX 3aJad B 3aBHCUMOCTH OT 3a/aBaeMoOi
JIOTIOJTHUTEIILHO TIPH ()OPMUPOBAHUU OOpaTHBIX 3a1a4 QyHKIUU g(t), a TaKKe MPEIIOKHUTh
UTEPALMOHHBIE AJITOPUTMBI UUCIIEHHOT'O PELIEHUs] OOpaTHBIX 3a/1ady.

1. Coale AJ. The growth and structure of human populations. Princeton: Princeton University Press,
1972.

2. lannelli M., Milner F. The basic approach to age-structured population dynamics. Berlin:
Springer, 2017.

3. Inaba H. Age-structured population dynamics in demography and epidemiology. N-Y.: Springer,
2017.
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CEPBUC-OPUEHTHUPOBAHHOE ITPUJIOXEHUE ITOJIYUEHU S, OBPABOTKHU U
AHAJIM3A METEOPOJIOTUYECKUX JAHHBIX

E. FOmanres™?, JI.H. KapaMOBl’3, M.JI. BockoGo#HIKOB',
A.T. ®eoKTHCTOB"
! WHceTuTyT AMHAMUKH cUCTEM U TeopuH ynpasieHus umenu B.M. Marpocosa CO PAH
2 HpkyTckuii rocy1apCTBEHHBIN YHUBEPCHUTET ITyTEH COOOIICHUS
s HpkyTckuil HallMOHAJIBHBIN UCCIIEN0BATEIbCKUN TEXHUUECKUN YHUBEPCUTET, balikanbCckuil
uactutytr bBPUKC
yumashevgeny@mail.ru, dmitriy.karamov@mail.ru, mikev1988@mail.ru, agf65@yandex.ru

BBenenne. MeTeoponoruueckue JaHHBIE WIPAIOT KIIOYEBYIO pOJIb B Pa3IMYHBIX
HAyYHBIX UCCIIEIOBAHMSIX, IPUKIATHBIX MPOEKTaX U MPUHSATHH PEHICHUH B TaKUX 00JacTsX,
KaK CEJIbCKOE XO35MCTBO, NOpPOJCKOE IUIaHMPOBAaHWE, PHEPreTMKa M MHOIMX Jpyrux [l].
[IpaBuiibHOE TOHMMAaHHE KIMMAaTUYECKUX YCIOBHM M WX H3MEHEHHUIl mo3BoiisgeT Ooiee
3GGhEeKTUBHO  YIpaBISATh pecypcaMd M MUHHUMH3HPOBATh PHUCKH, CBSI3aHHBIE C
SKCTPEMAJbHBIMK  TOTOJHBIMM  ABJEHUAMH [2, 3]. MeTreoposioruyeckue JaHHbIC
BOCTpEOOBaHbI B 3aJa4ax 3KoJOru4yeckoro MoHutopunra [4-6]. Ocoboe 3HaYCHHE UMEIOT
MOJIEIM THUIIOBOTO, ONTHUMHCTUYHOTO W TECCUMHCTUYHOTO METEOpPOJIOTHYECKOro Toja,
MIOCTPOCHHE KOTOPBIX Oa3zupyercs Ha HCIOJIb30BAaHUHM PETPOCIEKTUBHBIX JaHHBIX. OgHAKO
JOCTYIl K PETPOCIEKTHBHBIM METEOPOJIOTMUECKHM JaHHBIM 3a4acTyl0 3aTpyJHEH H3-3a
OONBIIMX BPEMEHHBIX 3aTpaT Ha UX cOOp U 00paboTKy. B 3TOM ciydyae BO3HHKaeT
HEOOXOAMMOCTh MCIOIB30BaHMS THOKHX W 3P(HEKTUBHBIX CPEACTB M3BJICUECHUS U 00paOOTKH
METEOPOJIOTHYECKUX PETPOCHEKTHUBHBIX JAaHHBIX W3 OTKPBITBIX HCTOYHUKOB. B manHOMU
paboTe MpeaCcCTaBICHO CEpPBHC-OPUEHTUPOBAHHOE MPUIIOKEHHE, MPEIOCTABIIAIONIEE CPEICTBA
NOJy4YeHus:, OOpabOTKM ¥  aHajdM3a METEOPOJIOTMYECKHX JaHHBbIX. [IpuimoxxeHue
noanepxuBaer cranaapt Web Processing Service (WPS) [7], uTo mo3BosisieT IpuMeHSITh €ro
CEpBUCHI M UX KOMITO3UIIMHU IJIs1 paOOTHI C T€OJJaHHBIMH.

Apxurtektypa mnpuiaoxenus. [lpunoxenue pa3paboTaHo ¢  HCHOJIb30BAaHUEM
UHCTpyMeHTaJabHOro Komruiekca Framework for Development and Execution of Scientific
WorkFlows (FDE-SWFs) [8]. ITo cpaBHeHuio ¢ aHajorudabiMu cuctemamu, FDE-SWFs
MO3BOJISIET pa3padaThiBaTh U BHIOJIHATH PECYPCOEMKHE CEPBHC-OPHEHTHPOBAHHBIE paboune
MPOLECChl C JUIMTEIbHBIM BPEMEHEM BBIUHMCICHUW B TETEPOTr€HHOW pachpeieieHHON
BBIYUCIUTENBHON cpezie U APPEKTUBHO 00pabaThiBaTh U aHAJIU3UPOBATh OOJBIINE MACCUBBI
IPOCTPAHCTBEHHO-PACIIPEICIIEHHBIX JTAaHHBIX. APXUTEKTypa MPHIIOKEHUS TpeACTaBlieHa Ha
puc. 1. ITonp3oBaTens MPUIOKEHUSI C MOMOIIBI0 BeO-GopMbl BRIOMpaeT pabouuii mporiecc,
peanu3yeMblii KOMITO3UIIMEH CEepBUCOB, BBOAWT 3HAYCHHS BXOJHBIX I[apaMeTpoOB H
OTIIPABISET 3alpOC Ha BBIOJHEHHE pabodero mpoiiecca BeO-cepBepy. Jlanee B pacueTHOH
6aze manubix (BJ]) co3maercs mamka ¢ YHUKaIbHBIM HACHTH(GUKATOPOM, B KOTOPYIO
coxpausieTcs cnenudukanus BXOAHBIX mapameTpoB B Buae JSON ¢aiina, a takxe (ailibl,
nepeJjaHHble B KauyecTBE BXOIHBIX MapaMeTpoB. 3aTeM BeO-cepBep (opMmHpyeT 3ampoc K
WPS-cepBepy, KOTOPBIII COACPKUT HUIACHTU(UKATOP BBI3BIBAEMOIO MPHUIIOKEHHUS M CIIUCOK
BXOJHBIX TapameTpoB. WPS-cepBep B oTBeT Ha 3ampoc oTmpanisieT XML-daiin, koTopsrit
COJICPKUT MH(POPMALIUIO O CTAaTyce MPHUHATOTO 3arpoca U 3alyCKaeT KOMIO3HIINIO CEPBUCOB
Ha BBITIOJIHEHHWE. JTa mH(popmanusa 3anuckiBacTcss B bJl BeO-cepBepa. 3aTtem BeO-cepmep
nepuoauvecku ompamuBaer WPS-cepBep 0 craTyce BBINOJIHEHHS CEPBHUCOB M OTOOpa)kaer

“ PaGora BhIIOTHEHA B paMKax rparTa Ne 075-15-2024-533 MuHHCTEPCTBA HAYKH H BBICIIEro oGpazosamus Pd
Ha BBITIOJIHEHHE KPYITHOTO HAyYHOT'O IPOEKTA 110 IPHOPUTETHBIM HAIPABICHUSIM Hay9HO-TEXHOJIOTHYECKOTO
pasBurus (poekT «DyHaaMmeHTanbHble nceae 0BaHus balikanbckoi TPUPOJHON TEPPUTOPUH Ha OCHOBE
CHCTEMBI B3aMMOCBSI3aHHBIX 0a30BBIX METOZIOB, MOJieJiel, HEHPOHHBIX ceTe 1 UdpoBo MIaThopMbl
9KONIOTHIECKOT0 MOHUTOPHHTA OKPYXKAIOIIeH cpebl», per. Ne 124052100088-3).

247


mailto:yumashevgeny@mail.ru
mailto:dmitriy.karamov@mail.ru
mailto:mikev1988@mail.ru

cTatyc B uHTep(elice monap3oBarens. B xone BbImoiaHeHHs] paboyero mpoiecca ero CepBUCHI
nepesaloT JaHHBIE MEXKIY co00i uepe3 pacueTHyro b/l u B3auMOIEHCTBYIOT ¢ BHEUTHUMH
cucreMaMu. [locne 3aBepmieHMsT BBIOJIHEHUS KOMIIO3HMIIMM CEPBUCOB IOJIb30BATENIO
JIOCTYIIHBI TIOJIYYEHHBIE BBIXOJHBIE ITAPAMETPHI.

BeG-cepBep S
R _o D *
ITonb3oBatenum i 0
BxoiHBIC TapaMerpbl !
BrIxomHBIe napaMeTphl
I
. : p
WPS-cepBep I
I
. ' h
IIpunoxenue '
4', CepBucsl

Buemnssa
cHCcTEMA
(MCTOYHUEK Pacqemasi
JTAHHBIX) B'H
N J
N J

Puc. 1. ApxuTekTypa NpuJIOKEHUS

[IpuinoxeHne BKIIIOYAET CIEAYIONINE CEPBUCHI:

— WPS-cepBuc nonydeHust 1 00pab0OTKH apXHUBOB PETPOCTIEKTUBHBIX METEOPOITOTUUECKHUX
JIAHHBIX ¢ OTKPBITOrO UCTOYHUKA IPS.ru [9] i HaceNeHHBIX MYHKTOB, 3aJaHHBIX 110 X
HA3BaHUAM WM reorpapuuecKuM KOOPIHHATAM (S, );

— WPS-cepBuc ananmza peTpOCHEeKTHBHBIX METEOPOJOTUYECKHX TAHHBIX W MOCTPOCHUS
Ha €ro OCHOBE MOJIEJIeH METEOPOIOTHYECKOro roja (S,);

— WPS-cepBuc mnporHo3upoBaHUs BBIPAOOTKH JIIEKTPOIHEPTHH COJIHEUHOW Oarapeeit
3aJJaHHON MOJIEJIM Ha OCHOBE MOJICNICH METEOPOIOTrHUECKOTro roja (S3);

— WPS-cepBuC TpOrHO3UpPOBaHHS BBIPAOOTKH DIIEKTPOIHEPTHUU BETPOTCHEPATOPOM
3aJIaHHON MOJICJIM Ha OCHOBE MOJIENICH METEOPOTIOrHIECKOTO To/1a (S,);

— WPS-cepBuc  ¢opmMupoBaHuss ~ MOJEIBHBIX  BPEMEHHBIX  PSJOB  IPHUPOJHO-
KIIMMATHYECKUX JAHHBIX Pa3HOU NJTUTEILHOCTH B 33JJaHHOW TeorpaduvecKoil JIOKaIuH,
OJIM3KHX 110 CTATUCTUYCCKUM CBOWCTBAM K PEalibHBIM JIaHHBIM (S5).

Bo3MmoxHBIE KOMTIO3UIINH CEPBUCOB MPUBEJCHBI HA pUC. 2.

(s)—()—()

(s)
@@ (5)—(s0)

Puc. 2. Bo3MOHbIE KOMIIO3UIIUU CEPBUCOB

AcnekTsl peanu3anmu. B HacTosmee BpeMs HET M3BECTHBIX HWHCTPYMEHTOB,
pemammx npobiaeMy aBTOMaTUYECKOTro MOJYYeHUS apXUBOB METEOPOJIOIMYECKUX JAHHBIX B
noigHoM Mmepe. CepBUC S; OpPHEHTHPOBAH Ha peUIeHHE JaHHOW mpobnemsl. [Ipu ero
pa3paboTKe UCIOIb30BaHbl MeTOAbI [10] moMydeHuss MaHHBIX C Ip5S.ru, a Takke 0O0paboTKH
Excel-daiinos (ynanenus HeHy)KHON MH(OPMALUK U 3aTIOJHEHHS TPOIYCKOB JAaHHBIX). JTH
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METO/Ibl pa3paboTaHbl C UCMONb30BaHueM Onbmmorek Requests, BS4, Haversine, OpenPyxl,
gzip u DateTime s3bika Python.

B Tekymieit Bepcun cepBUC S, CTPOUT MOJENIb TUMUYHOTO METEOPOJIOTHYECKOTO roja,
KOTOpasi BKIIIOYAET MOKa3aTeIu COJTHEYHOUM paauanuu (MpsSMyro, pacCesTHHYI0O U CYMMapHYIO
COJTHEYHYIO PAUAIINI0). AITOPUTMBI TOCTPOSHUS MOJICITH HCIIONIB3YIOT MOIUMUITUPOBAHHYIO
moaens Igbal-Kasten/Czeplak [11]. Dtu anroput™bl ObLIM H3HAYaIBHO pa3pabOTaHBI B
nporpammuoii cpene MATLAB. OcHoBHBIE TTPOOJIEMBI UX HMCIOJIH30BAHUS 3aKIIOYAIUCH B
HEyI0OCTBE BBIBOJA PE3YyJIbTATOB PAaCcUETOB, JJIUTEILHOM BpeMeHH uX BbimosHeHHS (30-40
MUHYT) U OTCYTCTBHHM NpPHUBSI3KH K MacCHBaM METEOPOJOTHYECKUX JAHHBIX KOHKPETHOMN
nokanuu. CepBUC S, YCHEIIHO CIPABISETCS C PEIICHUEM MEePEeUYHCIEHHBIX BBILIE MPOOJIEM.
Mogenb THUOUYHOTO METEOPOJIOTMYECKOTO TOfa CTPOUTCS HAa OCHOBE apXHMBOB JaHHBIX,
IIOJIy4aeMBbIX OT cepBuca Sq. I IpOBEIEHUs pacyeTOB [TOKA3aTENIEH COJTHEYHOM paualuy B
HEM HCHoJb3ytoTcs oubnmuoreku Numpy u SciPy s3sika Python.

CepBUCHI S3 U S, peaTn30BaH Ha s3bIKe MporpammupoBanusi Python. Urenne u 3anmuch
JAHHBIX BBITIOJTHSIOTCS C MOMOIIBI0 GyHKIM 6ubmmoteku Pandas. BxogasiMu mapameTpamu
cepBuca S3 SBIAIOTCS MOJENb TUIUYHOTO METEOPOJIOTMYECKOTO TOJa, a TaKkKe
reorpaduueckue KOOpPAWHATHI JIOKAIMKM COJHEYHOM Oarapen W €€ XapaKTEePHUCTUKH.
BripaboTka »SJ€KTpO’HEPTrUr COJIHEYHOM Oarapeeil pacCUMTHIBAETCS C TIOMOIIBIO ITaKeTa
Global Solar Energy Estimator [12]. BxoxHbIME napameTpamMu CEpBHUCA SIBISIOTCS MOJICIb
TUMIUYHOTO METEOPOJOTMYECKOro TojAa, a Takke reorpaduyeckue KOOPIWHATHI JIOKALUU
BETpPOreHEpaTopa U €ro XapaKTepHCTUKH. BhIpaOoTKa 3JIEKTPOIHEPTHU BETPOTEHEPATOPOM
paccuuThIBaeTCsl MO  3ampocy  BHEHIHEM  cHUCTeMOM  MOJAETUPOBAaHUS  BBIPAaOOTKH
aNieKTpodHepruu [12].

Benercs paspabotka cepBuca Ss ais (GOpMHUPOBAHHS MOJCIBHBIX BPEMEHHBIX PSIOB
MPUPOJHO-KIMMATUYECKUX TaHHBIX B 3alaHHOM reorpaduyeckoil jgokaruu, ONU3KUX I0
CTAaTHCTUYECKUM CBOMCTBAM K peaibHBIM JaHHBIM. Pa3paboTka JaHHOTO cepBUca 6a3upyeTcs
Ha UCMOJIb30BAHUHU CTOXACTUYECKHUX «T€HEPATOPOB MOTOaA6» [13].

IIpumepsl ncnoab3oBanus. Ha puc. 3 mokazansl pe3ynabTaThl pabOThI cepBHCa S; O
MOJTYYECHHIO apXUBa METEOPOJIOTHUECKUX TaHHBIX A1 ropoja Mpkyrcek 3a nepuoa ¢ 2018 mo
2023 romet B ¢opmate MS Excel. Ha puc. 4 mokasaHbl pe3yabTaTbl MOAEIHPOBAHUS
COJIHEUHOH pamuaruu 3a 10-JeTHHi pacdeTHBIA mepuoj Ijisi peruoHa 3amagHoi Cubupu c
2013 mo 2023 roxa. IlpumMeHeHre KOMIO3UIIMU CEPBUCOB S1 U S, B MPOLECCE PEIICHUS 3a1a4n
o0ecrieunio MpeJACTaBiICHHE I[OKazaTeled CONHEYHOM paguanuu B yaoOHOM  JUIs
MOJIb30BaTeNsl JopMaTe U COKpAIEHUE BPEMEHHU PEUICHHS 3a1a9u 10 2 MUHYT.

“ Apxne_norogsl B MpryTcre.xlsx

A B C v} E F G H I ] K ' M N (0] P (*]
1 0 15.07.2018 02:00 15,8 712 Berep, Ay 1 OBnakes + 0 1} ] 0 0 0125 0,125
2 3 15.07.2018 05:00 13,4 711,8 Berep, ayi 1 40%. Crouwcra-k O6nakos 1 2500 wnn | Buicokoky Mepueteie 0,125 0,125
3 6 15.07.2018 08:00 171 712,3 Berep, ay 170 - 80%. Crowcro-kxOBnakos 1 2500 wam | Bucokowy Mepucrwe 0,125 0,125
4 9 15.07.2018 11:00 22,9 712 Berep, gy 190 wnu Bc Cnoucro-x D6 rakos + 2500 uau | Bucokowy Mepucrwe 0,125 0,125
5 12 15.07.2018 14:00 26,2 711,2 Betep, oy 190 wnwm Gc Cnoncro-w OGnanos + 2500 wau | Bricokory NepucTeie 0,125 0,125
6 15 15.07.2018 17:00 26 7108 Betep, oy 1 100%. Cnowcro-k OGnakos + 2500 uam | Beicokoky Nepucro- 0,125 0,125
7 18 15.07.2018 20:00 20,8 7114 Betep, gyt 1 100%. Cnowcro-r40%., 600-1000 Bricokory [+] 0,125 0,125
B 21 15.07.2018 23:00 18,4 7121 Betep, gys 2 90 unu Be Cnowcro-x 70 — B0%. 600-1000 Bricokowy MNepucteie 0,125 0,125
9 24 16.07.2018 02:00 16,7 712 Berep, Ay 1 70— 80%. Cnowncro-wd0%. 2500 wnm | Buicokoky Mepuetoie 0,125 0,125
27 16.07.2018 05:00 154 7114 Betep, aye 2 90 wnw Be Hyveso-ac40%. 600-1000 Bwmcokory Mepuctoie 0,125 0,125 3 27 85

Puc. 3. ®parmeHT apxyuBa METEOPOJOTUYECKUX JaHHBIX 10 ropony Mpkyrcky

W W www W W W
-
>
.
-

1

(=]

3akaouyenue. B paGoTe mpeacTraBieHO CEpBUC-OPHUEHTUPOBAHHOE MPUIIOKEHHUE IS
NoJy4eHus, 00pabOTKH M aHaJIN3a PETPOCHEKTUBHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX JTaHHBIX
B Ipolecce pabdoThl € MOJENSIMU METEOPOJIOTHYECKOro roja B paMKax MPOBEICHUS
WCCJICTIOBAHHM, CBSI3aHHBIX C HKOJIOTMYECKUM MOHUTOpUHTOM. [IpuiiokeHue paspaboTaHo C
MCIIOJIb30BaHNEM UHCTpyMeHTanbHOro komiiekca FDE-SWFs. Ono ycnenHo nucnoiab30BaHo
IIpu pCIICHHUU PALa 3ada4, CBA3AHHBIX C UCCICAOBAHUCM COCTOAHHA U Pa3BUTHUA NPHUPOAHO-
TEeXHUYECKUX CHCTEM, paCIOJOXEHHbIX Ha balikanbCckoil mnpupoaHoil Tepputopun. B
OyaymeM IUIaHUPYeTCS  PACHIUPUTH  MOJEIH  METEOPOJOTHYECKOr0o ToJa  TaKUMU

249



napamMeTpami, Kak O0JIaYHOCTb, HAalpaBI€HUE M CKOPOCTb BETpa, JaBJIECHHUE, BIAXXHOCTb U
Jpyrue BaKHbIE aTMoc(epHbIe MOoKa3zaTeNu. DTO MO3BOJUT PACHIMPUTH CHEKTP HAYUHBIX H
IPUKJIAJHBIX 33/1a4, KOTOPbIE MOT'YT OBITh PEIIEHBI C UCIOIb30BAHUEM JIAHHOTO IIPUIIOKEHUS.

KBT*4/M2

10.

11.
12.
13.

I'IpﬂMaSI COnHeYyHan PaccenaHHan conHeyHan Cymmapuaﬂ conHeYyHasn
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Puc. 4. Pe3ynbraThl MOJETUpPOBaHMS COTHEUHOM paguanuu A 3anaanoin Cubupu
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PACUYET KOD®OUIIUEHTA UHTEPBAJIBHOU TOTOBHOCTH Y3JI0B
TETEPOTI'EHHOI PACITIPEJIEJIEHHON BbIUNCJIUTEJIBHOM CPE/bI"

J.C. SIxoBnes, A.I'. DeoKTHCTOB
NHCTUTYT TMHAMUKK CUCTEM U Teopuu ynpasieHus umenn B.M. Marpocosa CO PAH
dm1ltry.ydkovlev@yandex.ru, agf65@yandex.ru

HanexHoe BBINIOJIHEHWE BBIYUCICHUN B PACIPEIEICHHON CPEAE SBIAETCA aKTyaJlbHOU
3amaueit [1]. B pabore paccmaTpuBaeTcsi MOAX0a K pacueTy Kod(p(UIIMEHTa WHTEPBATbLHON
roroBHocTH (KUI') y310B rereporeHHoi pacnpeaeneHHo BeluucaurtenabHoi cpeast (I'PBC)
Ui Monenu [2] ompeneneHWs HaACKHOCTH Tpoliecca BBITIOJIHEHHS HAydyHOTO pabodero
npoliecca TUCIeT4epoM HHCTpyMeHTanbHoro kKomiuiekca FDE-SWFs [3].

B pamMmkax mnpemioKeHHOro NOAXOJa HCHOJIB3YeTCs NPOTrpaMMHBIN KOMIUIEKC [4],
npeHa3HauYeHHbIN U1t cOopa, oOpaboTku M XpaHeHus uHpopmammu o0 y3nax ['PBC u
BBIMOJHSAEMBIX HAa HHUX BBIYUCIUTENBHBIX Mpoleccax. ApXUTEKTypa MPOrpaMMHOIO
KOMIUIEKCa MpecTaBieHa Ha puc. 1.

Hucneruep [ API
FDE-SWFs Moy b yipasieHu s 4| Cuctema Prometheus |

_
4 Bba3za nqanHeix

| KonTponpHO-H3Mepr TeIbHBIE CHCTEMBI M 000y AOBaHHE |
' ' V3me1 TPBC

|:| KomnonenTsr moxymnst coopa nadopmariu 00 y3nax

|:| KoMmoneHTs! MOOYJI1 MOHUTOPHHTIA BBIYUCIUTCIIBHBIX ITPOLECCOB
Puc. 1. ApxuTekTypa nporpaMMHOT0 KOMILIEKCa

[IporpaMMHBIN KOMIUIEKC BKJIFOYA€T MOXYJb YIPABJICHMs, a TaKKe IBAa MOIYJ AJIs
coopa wumHpopmaruu 00 y3max ['PBC u MoHUTOpHHTa BBIYMCIHMTEIBHBIX TPOIECCOB.
B3aHMOH€ﬁCTBHC AUCICTYCpa € AAHHBIM HPOTPAMMHBIM KOMIIJICKCOM OCYIICCTBIIACTCA C
MOMOINBbIO  creruanu3upoBanHoro APl mis  paGoTsl ¢ KOHTPOJBHO-U3MEPUTEITHLHBIM
obopynosanuem ['PBC.

B paMkax maHHOTO POTPaMMHOTO KOMILIEKCA, pa3padoTaHbl HOBbIC (DYHKITMH Ha SI3bIKE
Python mys ompeneneHus: BEpOSITHOCTH TOTO, YTO I-bIi y3en mpopaboraeT 0e30TKa3HO B
TCYCHHUU HMHTCPBaJla BPCMCHU TJIMTCIBbHOCTBIO t, a TAK¥XKC pacycTa BCPOATHOCTH TOI'O, 4YTO
JIAHHBIN y3€] OKaXKeTCsl paboTOCTIOCOOHBIM B HEKOTOPBI MOMEHT BPEMEHH ¢}, M IpopadoTaet
0€30TKa3HO B TeUueHue 3a1aHHor0 nepuoja t (pacuer KUD).

Kpome TOro, Oblia BBeIeHAa HOBas METpPUKA, OTpakaromas pabdoTOCIIOCOOHOCTh
(mepabortocmnocobHoCTh) y31a. APl paspaboran ¢ momomipio dpeiimBopka FastAPl [5]. [lns
cOopa u xpaneHus nHOpPMAIIMK UCTIONB3yeTCst cuctema Prometheus [6].

* PaboTa BhIIONHEHA B paMKax rpanta Ne 075-15-2024-533 MunucTepcTBa HayKH M BEICLIETO 00pa3zoBaHus P
Ha BBIITOJHEHHE KPYITHOTO HAYYHOTO IIPOEKTA MO MPUOPUTETHBIM HAIIPABJICHUSAM HayYHO-TEXHOIOIHIECKOTO
pasBurus (npoekT «DyHaameHTanpHble nceae0BaHus balikaibckoil TPUPOJHON TEPPUTOPUH Ha OCHOBE
CHCTEMBI B3aUMOCBSI3aHHBIX 0a30BBIX METOZIOB, MOJIeJiel, HEHPOHHBIX ceTel 1 U(poBo MIaThopMbI
IKONIOTHIECKOT0 MOHUTOPHHIA OKPYXKAIOIIEH cpebl», per. Ne 124052100088-3).
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PA3PABOTKA ABTOMﬁTH3HPOBAHHOfI CUCTEMbBI AHAJIM3A TAHHBIX
C METEOCTAHIIMUA 1 ITIOCTOB KOHTPOJIAI KAUECTBA BO3IYVXA

T.A. HpocnaBueBal’z, M.IO. Fn06al, A.C. Banesa!
1I/IHCTI/ITYT BBIYUCIIUTEIILHOW MaTeMaTUKH U MaTeMaTudeckoi reodpusuku CO PAH
?HoBOCHOMPCKHIT HHCTHTYT THTHEHH! PocrioTpeGHam3opa
globamy@mer.ci.nsu.ru

[Ipy mnpoBeneHUM UCCIEIOBaHUI KauecTBa aTMOC(EPHOTrO BO3AyXa B Topojax
UCTIOJIB3YIOTCS O0JIbIINE 00BEMBI JAHHBIX MOHUTOPUHT'Aa MHOTOKOMITOHEHTHOT'O 3arpsi3HEHUS,
uHpoOpMallMsg O MPOTEKAIOUIMX METEOPOJIOTMUECKUX TMpoleccax U OCOOEHHOCTAX
pacroyio)keHus: W (QPYHKUMOHHUPOBAHHMS HCTOYHUKOB OSMHUCCHM mpumeceil. B nmoxmane
00CYXJalI0TCsl pe3ybTaThl pa3paboTKU CHUCTEMBI, TO3BOJISIIOIIECH B aBTOMAaTHYECKOM PEKUME
NoJy4yaTh W aHAJIM3UPOBATh HHQPOPMALHUIO C METEOPOJIOTMYECKUX CTAaHLUUMH M TIOCTOB
KOHTPOJISI Ka4yecTBa BO3yXa, MPOBOAUTh CTATUCTUYECKUN aHAIN3 JaHHBIX W3MepeHuil. bouio
co3naHo Tpu Moayiis cuctemsl: .dll GubaMoTeKa 7151 aBTOMATU3UPOBAHHOTO cOOpa apXMBHBIX
METEOPOJIOTUYECKUX JaHHBIX, MPUIOKEHHUE ISl aHaIn3a METeOMH(OpPMAaLUK U TIPUIIOKEHUE
JUI pacdeTa KOppessluid MEXAy XapaKTepUCTHKAaMH BETpa, TEMIepaTypbl, BIKHOCTU H
3HAYEHUSIMH  KOHLIEHTpPALIMM  3arps3HSIONIMX BEHIECTB B  aTMOC(epHOM  BO3IyXe.
WndopmanmonHas cucreMa peaiqn3oBaHa IPU IMOMOIIM si3blka nporpammupoBanus C# u
miatpopmel  NET. B kauecTBe TECTOBBIX JIaHHBIX  HCIOJB30BAIUCH  APXUBHI
meteonH(popmaluu pecypca «Iloroga u KIuMar» u pe3yabTaThl MOHUTOPUHTA OeH3(a)mupeHa
B BO3ayxe ropojoB baiikanbckoii mnpupomgHoit Tepputopun 3a  2020-2024 roapl,
npenoctasineHusie HI1O «Taitdyn».

C nomomieto makera HtmlAgilityPack 6uGmmoreka .dll monmydaer maHHbIe M3 apXxuBa
«[Torompt u knumata». IlapcMHr BO3MOXEH Kak Uil XapaKTEPUCTHUK MECTOIOJIOKECHHUS
METEOCTaHIMi 1o WX uHIAekcy BMO, Tak W /Uil METEONaHHBIX NPU yKAa3aHUM HHJIEKCa
TpeOyeMoii cTaHIIMK U BpeMeHHoro nepuoaa. [lomyyennas nndopmarus coxpansercs B 6ase
JMaHHBIX, B TaOimunax Station m WeatherData cootBeTcTBeHHO. brubmnoreka moaep:KuBact
paboty ¢ 6a3amu manHbIX Ha ocHoBe Microsoft SQL Server u SQLite. Taxke ¢ momoIpo
OMOTMOTEKH OCYIIECTBISIOTCA HEOOXOJUMbIE pacyeThl MPH MPOBEIECHUU aHaIN3a B JAPYTUX
HPUTIOKECHHUSX.

[TpunokeHne aHaIM3a METEOPOJIOTUYECKON HH(POPMAIINH SIBIISIETCA, B IEPBYIO OUYepeb,
BU3yaJIbHBIM MHTepdericoM amst paboTel ¢ Oubauorekoil. [loMmumo GpyHKIMOHATIA TTOTYYESHHUS
JTaHHBIX, TPUJIOKEHUE TIO3BOJIAET MPOBOAUTH pacyeThl W IMOJydaTh pe3ylbTaThl B
rpa¢puueckoM Buae. DYHKIMOHAT TMPHIOKEHHS BKIIOYAET: IOCTPOCHHE TaOIMIBI 10
3aJaHHBIM [apamMeTpaMm, IOJy4yeHHe TpapuKOB CpEeIHUX 3HAYCHUH MeTeornapaMeTpoB,
MIOCTPOCHHE PO3BI BETPOB U MOJIy4YeHUE HH(POPMALIUU O IITHWIAX U cladbIX BeTpax (1o 2 M/c).
Bce BhllenepedrciaeHHbIe pacueThl MOT'YT OCYIIECTBIATHCS JUIsl JIF000 METEOCTaHIINK U TS
T1000T0 TIeprUoAa IPU YCIOBHH HAIHYHUS HEOOX0oauMoi nHdopmanuu B 0aze maHHBIX. Takxke
pe3yNbTaThl BCEX PacyeToB, KPOME MOJIy4eHHUs HH(POPMALMK O IITUIISAX, MOXKHO COXPAaHUTH B
Buae kauru Excel.

[Tpunoxxenue sl aHaTM3a B3aWUMOCBSI3U MEXIY KOHIIGHTpauusMu OeH3(a)upeHa u
METEOPOJIOTHYECKUMHU JTaHHBIMH, B YAaCTHOCTH, IOBTOPSIEMOCTHIO UITHUJICH, MO3BOJISET
BBIUKCIATh KO3 duuuentsl koppemsiuuu. OHO MpefocTaBisieT BO3MOXXHOCTH BbIOOpa
pa3IMYHBIX BPEMEHHBIX WHTEPBAJIOB (HAapHUMEp, MECSALbl OJHOTO TroJa WM CE30HBI 3a
HECKOJIBKO JIET), YTO MO3BOJISICT BBISBISATH 3aKOHOMEPHOCTH, KaK JJIsi KPAaTKOCPOUYHBIX, TaK U
JUI TOJTOCPOYHBIX TEpPHOJOB BpeMeHH. Ha OCHOBE MpOBENEHHBIX PAcCUeTOB INPHIIOKEHHUE

“ PaboTa BBIMIONHCHA IpH HoAepKke MUHHUCTEPCTBA HAYKH | BBICIIETO 0Opa3oBaHus, TpaHT Ne 075-
15-2024-533.
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dopmupyeT TpaduK KOPPEISIHH, IEMOHCTPUPYIOIIUN CBA3b MEKIY KOHIECHTPAIMSIMA
OcH3(a)IMpeHa 1 MOBTOPSIEMOCTHIO MITHIIEH. TaKkke MPUITOKEHHE MTO3BOJSET IKCIIOPTUPOBATH
pe3yabTaThl pabOTHI B H300pakeHus pa3andHbIX popmaTtos (.pNng, .CSV).

PazpaboTanHas cucrtemMa ONTUMHU3UPYET NpOIECC TMONYYCHHS M aHalIW3a JaHHBIX
MeTeoposiorndeckux HaOmoaeHuii. OnHa mo3BojsieT Oonee 3(PGEeKTUBHO OCYIIECCTBIATH
YHUCIIEHHBIA aHaIN3 KadecTBa aTMOC(EpHOTO BO3ayXa B rOPOJIaX.
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Cexknusa «lOHbIe uccaexoBaTeJIn»

OBIIECTBEHHBIN DKOJIOI' MUYECKHII MOHUTOPUHI PEKM KY3bMIXA
n.1. BaKy.]'II/IHl’Z, E.A.3ei1eHKoB’
' MAOY Jluueii UT'Y r. UpkyTcka,
2MAOY HO r. Upkyrcka «/IBoper] TBopuecTBa»

Hayunwvie pyxosooumenu. 3enenxosa H.A., nedacoe dononnumenvuozo oopasosanusi MAOY
O 2. Hpxymcka «/leopey meopuecmeay, nzelenkova@bk.ru, Hxuenxo A.C., nedacoe
dononHumenvrozo oopazosanus MAOY J10 e. Upxkymcka «/{eopey meopuecmeay.

Hayunwii koncynomanm: XKyuenxo H. A., nayunvii compyonux JIMH CO PAH

B mHacrosiiiee BpeMsi COCTOSIHME MallbIX pEK, B pe3yJbTaTe pe3Ko BO3pociIei
AQHTPONIOTEHHOW HAarpy3KM Ha HHUX, OLIEHHMBAeTCs Kak KaTacTpoduueckoe. MOHUTOpPUHT 3a
COCTOSIHMEM MaJjblXx pek He mnpousBomutcs. Peka Ky3bmuxa ceiiyac HaxoauTcs B OYEHb
IUTAY€BHOM COCTOSIHUU. B Hameit paboTe Mbl ocTapanuch BBISIBUTH OCHOBHBIE €€ MPOOIEeMbI
U HAMETUTh MYTH HX pelieHus. Pabora mocBsieHa H3yYEHUIO DKOJOTUYECKUX IMPOoOsieM,
cBA3aHHBIX ¢ BompocoM: «llouemy B MpkyTcke CTposAT mpsMO B pyciax peK M Jaxe Haj
HUMHU?».

AKTYalbHOCTh HCCJIEJOBaHMSI 3aKIIOYaeTcs B HEOOXOAMMOCTH MOJY4YeHHUS TeKylel
uH(GOpPMAIIUU O PEATbHOM SKOJIOTUIECKOM COCTOSIHUU PEKH.

['maBHOM 11€NBIO palOTHI SBISACTCS OMNMpPEACICHHE M3MEHEHUN, KOTOPhIC MPOM3OILIN C
pekoit Ky3pmuxa, olieHKa aHTPOIIOI€HHOE BO3/AEUCTBHE HA THPOXUMHUUYECKUN COCTAaB BOABI.

3agaun UcclIenOBaHUA:

1) Ilo xapTam, TUTEpaTYPHBIM UCTOYHHUKAM, IMyOIMKAIMSIM, MaTepUaIaM U3 HHTCPHETA
BBISIBUTH IEPEMEHBI, KOTOPbIE MPOU30LLUIH ¢ pekor Ky3pmuxa.

2) UccnemoBath COCTOSIHUE PEKU HA CETOHSIIHUN JCHb.

3) W3yuuTh aHTPOIOTEHHOE BO3ECHCTBHE B BOocOOpHOM Oacceiine peku Kys3pmuxa.

4) BeiOpath KOHTPOJHpPYEMbIC TapaMETphl  AHTPOIOTEHHOI'O  BO3JCHCTBHS  Ha
TUAPOXUMHUYECKHAN COCTaB PEYHBIX BOJI.

5) HccnenoBath ruipoxuMuio peku Ky3bMuxa 1o KOHTPOJIUPYEMbIM MTOKA3aTEIISIM.

6) Pa3paboraTh peKOMEHIALMU IO MPOBEACHUIO MEPONPHATHH Ui 03I0POBICHUSI
peKu.

7) TlpuBneyb BHUMAHUE HACEICHUS K MPOOJIEME 3arpsI3HEHHUSI MAJIbIX PEK.

B pe3ynbrare moseBbIX HCCIeA0BaHUN OBIIH CAETaHBI CICTYIOINE 3aKII0YCHUS:

1. 3akiroueHue peku B KOJUIEKTOPBI HAapyIIaeT HEMPEPbIBHOCTh U LIEIIOCTHOCTD
BOJIOTOKA.

2. OOHapysxeHbl copockl cTouHbIX Boj ¢ A3C, 0TpabOTaHHBIX BOJI C aBTOMOEK.

Jnist IpoBeZieHNsl TUAPOJIOTMYECKUX U3MEPEHH HaMU Ha peke ObUT pa30UT BpEMEHHBIH
TUJIPOJIOTUYECKUH TTOCT.

[Ipu mnpoBeneHNH pPEKOTHOCHMPOBOYHBIX paOOT YCTAaHOBJIEHBI CIEAYIOIIME BHJIbI
AHTPOIIOTEHHOTO BO3JICHCTBUS B BOJIOCOOPHOM OacceitHe:

1. CennckoxossiictBenHoe Bo3nercTBue or CHT u MJKJI B uepte ropona Mpkyrcka n
p.ii. MapkoBa — BojocOopHbIii Oacceiin pek Kouymuxa u bonbmas Ky3smuxa.

2. Astotpancnopt, A3C, aBTOCTOSHKH, aBTOMOWKA, aBTOCEPBUC — BOAOCOOPHBIN
Oacceitn pexu Manas Ky3pmuxa, peku Ky3pmuxa.

Ot60p npod mpomsBoamics B utone 2023 roma u oktsadpe 2023 roma. beuio BeIOpaHo
TOYKH Ha pa3HbIX pekax. MccnenoBanus npoBoammmch B tadboparopuu JIMH CO PAH.
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N3 Tlpunoxenuss Ne 6 k CanlluH 2.1.3684-21 Hamm BBIOpaHBI KOHMpOIUpYeMble
napamempul 2UOPOXUMULECKO20 8030€UCBUsL

1. HedrenpoayKTsi.

2. CuHTeTHYecKue MOBEPXHOCTHO-aKTUBHEIC BemecTBa (CIIABBHI).

N3 Tabmumpr Ne 3.3 k CanlluH 1.2.3685-21 BbIMOTHEHBI W3MEPEHHS CICTYIOIINUX
HOpMUPYeMblX noKazamenel.

1. HedrenpoayKTsi.

2. CuHTeTHYecKHe MOBEPXHOCTHO-aKkTUBHBIE BelecTBa (aCIIABHI).

3. pH.

4. Xummueckoe notpednenue kucnopoa (XIIK).

5. YnenpHas SIEKTPONPOBOAMMOCTh BOABI KaK KOCBEHHBIM TOKa3zaTenab oOmen
MUHEpaTU3aLNH.

[TpoBens psn uccienoBaHMi, MBI MOXKEM CIIENIaTh BHIBOJIBI:

1. Conepxanue aCIIAB, pH u XIIK B wuccienyeMbix mpoOax pedHBIX BOJ HE
MPEBBIIIAET YCTAHOBICHHBIX HOPMATHBOB.

2. Ormeuaercs mpesbiieHue I1JIK mo nHedrempomyktam B paitone A3C BPK u
aBTocepBuca «Ky3pmuxa-CepBucy. bbito mpoBe1eHO KOMIUIEKCHOE HCCeJoBaHUE OacceitHa
peKu Ha HEPTEIPOAYKTHI C ONPEACIICHUEM KOJIMYECTBA B3BEIIICHHOTO BEIIECTBA.

JUis OleHKHM CTeNeHW BIMSHUS 3arps3HCHHUs peKd AHrapbl HePTempoayKTaMH,

conepkamumucs B peke Ky3pmuxa, ObUT MpoBeAEH P THUAPOIOTHUYECKUX U3MepeHui. J{is
OIICHKU OBUTH WCIOJB30BAHBl PE3YIbTATHl THUAPOJTHYECKHX H3MMEPEHHH Ha BPEMEHHOM
ruaposiornyeckoM mnocty Ha peke Kyspmuxa. IIpu OTKpHITHUHM THIPOJOTHYECKOrO MOCTa
BBITIOJTHEHBI CIIEAYIOIINE PabOThl: yCTAaHOBKA PEIEepOB, HUBEIMPOBAHUE OEPEroB U IIPOMEPHI
[NIyOMH, YCTaHOBJIEHA BOJOMEpHas peiika, MpOBEICHO HUBEIUPOBAHHE MOCTa (OCHOBHOTO U
KOHTPOJILHOTO PENepoB, BOJIOMEPHOM JINHEHKH), pa3OUT THIPOCTBOP.
CorocTaBuB JTaHHBIE O MAacCOBOHM KOHIIEHTPAIMK HEPTEHPOIYKTOB B MpoOe, O0TOOpaHHOM
OKOJIO THJIPOJIOTMYECKOTO II0CTa, C JaHHBIMH pacxoja BOJbI, MOXHO OIEHUTb CTOK
HedrenpoaykToB B AHrapy. Ilo maHHBIM Hamux W3MEpeHHi, B Touke 2 Ha peke Ky3pmuxa
cpennsisi koHuentpanuss HII cocrasmser 0,080 MI‘/,Z[Ma, mwim 0,080 /M. B 2023 roJly pacxon
BoAnl coctaBuia 0,42 v /c. B cyTku 310 36288 M3, a B rog — 13245120 M, Tak, cTokK
HePTENpoayKTOB 3a cyTKH coctasiser 2903 r/cyr., a B rog —1 059, 609 xr/rox wmm 1,06
T/TO.I.

[IpoBens psin uccneqoBaHUM, MBI MOYKEM CHEJIATh BHIBOIbI:

1) Conepxanne aCIIAB, pH u XIIK B wucciaeayeMbix mpobax pEYHBIX BOJ HE
MPEBBHIIACT YCTAHOBICHHBIX HOPMATHUBOB.

2) Tlokazareny XIIK oTpaskaeT Haqu4ue OPraHMYECKOTO BEIIECTBA, BEPOSATHEE BCETO,
CBSI3aHHOTI'O CO B3BECBIO.

3) Ormeuaercs npessimicane [1JIK mo neprenpoaykram B paitone A3C, aBTOCTOSHOK,
ABTOCEPBUCOB M CBAJIOK OBITOBOT'O MyCOpa.

4) Pacxox Boasl B peke bombimas Kyspmuxa 3a mociemaue 50 met ymensinuiacs B 10
pas.

5) Crok HedrenpoaykToB B roa B Aurapy cocrasisieT 1,06 T/ro.

6) Boma peku MOXKET UCIIOIb30BATHCS TOJIKO B PEKPEAIIMOHHBIX IIETISX.

B Ommkaiiimmx miaHax naiabHEHIei paboThI:

1. YcranoButs, ecthb Jn 3arpssHenue aClIABamu B BbIxoJ1aXx IpyHTOBBIX BOJI B JOJIMHE
pexn Manas Ky3pmuxa.

2. IlpenoctaBuTh MOJIyYEHHBIE JaHHBIE HUCCICAOBAaHUN B KOHTPOJUPYIOIIHE OPTaHbI
9KOJIOTHYECKOM 0€30M1acHOCTH.
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YPHBI, KOTOPGLIE ITPEAVYIIPEXXJIAIOT O ITEPEITOJIHEHHOCTH

A.P. JImutpuen
MBOY «JInnen Ne2y, r. bpatck
art.dmitriev.14@bk.ru

Wnest 0 co3mannu 3TON BBICOKOTEXHOJOTUYHOW YPHBI MPHUIILIA U3 JOMAITHEH OBITOBOM
cutyanuu. Tak Kak s camblii MJIA[IIMA B MOEH ceMbe, TO OJHA U3 MOMX OOs3aHHOCTEH —
BBIHOC OBITOBBIX OTXO/OB. B CBSI3U C HEBBINOJIHEHHEM [aHHOW OO0S3aHHOCTU MO NMPUYMHE
3a0bIBYMBOCTH, 2 MOJKET, MOBBLIIMICHHON 3aHSITOCTH, BO HM30€KaHWE BEYEPHETO CEMEWHOTO
KOH(JIMKTa CO BCEMHU BBITEKAIOMIMMHM IOCIEACTBUSMU ObUIO MPUHATO pEIICHHE HU300pecTu
KOHTEIHEp TOJT MyCOp ¢ MHOKECTBEHHBIMU (DYHKIIHSIMHU.

B mporiecce nmpoekTupoBaHus CBOETO N300pETEHHsI MHOM HEOCO3HAHHO OBLIIO 00paIeHo
BHUMaHUE Ha TNEPENOJHEHHOCTh MYCOPHBIX KOHTEHHEPOB Ha YJIMIAX MOETr0 Topojia U
MOHSII, YTO B HaIllE BpeMsi 3Ta nmpobiemMa cTaHOBUTCS Bc€ Oolee akTyanbHOM. Henocrarounoe
KOJIMYECTBO KOHTEHHEPOB M HEPETYISPHBIA BBIBO3 MycOpa MPUBOIAT K TOMY, YTO YJIHUIIbI
TOPOJIOB U TIOCEIKOB CTAaHOBSITCSI 3aCOPEHHBIMH, a MYCOpPHbIE KOHTEMHEPHI BBIMJISIAAT Kak
O60oM0a 3aMEIJICHHOTO JICHCTBUA, TOTOBAs B30PBAThCS OT IMEPENOTHEHUS B JIFOOOW MOMEHT.
Taxke panHas mpoOnema n00aBiIsIeT pabOTy Ciay)KOe HSMUACMCTAHIIMU TIO BBIBEJICHUIO
Pa3JIMYHBIX TPHI3YHOB U HACEKOMBIX, MOSBUBIINXCS B PE3YyJIbTaTe€ HECBOEBPEMEHHOTO BBHIBO3a
OTXO/IOB.

st pemieHus 3Toi pobOieMbl HEOOXOIMMO BHEIPEHHE WHHOBAIIMOHHBIX TEXHOJIOTHIA,
TaKUX KaK «yMHBIE» YPHBI, KOTOPbIE MOTYT MPEIyNpPekaaTh O CBOCH MEPENOTHEHHOCTH. DTO
MO3BOJIUT ONEPATUBHO PEArupoBaTh Ha CUTYALMIO U CBOEBPEMEHHO BBIBO3UTH MYCOp, YTO B
CBOIO O4Yepelb CIOCOOCTBYET COXPAaHEHHUIO 3KOJIOTHH, TOBBIIMICHUIO YPOBHSI TOPOJCKOI
YUCTOTHI U OOIIIECTBEHHOTO OJIArOMOJTYYHSI.

B nmanHOM mpoekTe MHOM Oblila TOCTaBJICHA IIEJIb - CO3JAaHUE YMHOW YpHBI, KOTOpas
OCHAII[EHa CEHCOPAaMHM, OIMPEIEISIONIMMEI YPOBEHb 3alOJHEHHOCTH €€ BHYTPEHHEro oObhema.
bnaromaps crenuanbHOMY MporpaMMHOMY 00€cledeHHIo, ypHa OyAeT OTIPaBIsATh CUTHAI Ha
CHeIUalbHYI0 TIaTGopMy, KOria ee HarmOJHEHHOCTh JOCTUTHET KPUTHYECKOTO YPOBHS, YTO
MO3BOJIUT CBOEBPEMEHHO OCYIIECTBIIATH BHIHOC MycOpa BO N30ekKaHHE MePETOTHEHHS.

Jis  cozmaHust ypHBI, KOTOpas MPEAymnpexaaeT O TepernolHeHUH, MHOW ObLIU
UCIIOJIb30BAaHbl CEHCOPBI, KOTOPbIE OMPENENSIOT paccTosHue A0 Mycopa. [Ipu moctuxkeHun
ONPENIETICHHOTO YPOBHSA CEHCOPBI OTHPABIISIIOT CUTHAJI HAa MHKPOKOHTPOJUIEP, KOTOPBIA B
CBOIO OuYepe/lb AaKTUBHUPYET CBETOBbIE HMHAMKATOPHl M OTIPABISIET YBEJOMJIEHHME Ha
CHEIMAIbHOE MOOMIIbHOE MPUIIOKCHHE.

MHoit Taxke 0bu1 ycTaHoBieH Bluetooth Moysb, 4ToOBI ypHA MOTIIA TTOAKITIOYUTECS K
MOOUIIFHOMY YCTPONCTBY U TiepenaTh HHPOPMAIMIO O CBOEM COCTOSIHUU. JTO MO3BOJISIET HE
TOJIBKO MPEAYNpPEkAaTh O MEPEHOJTHEHNH MYyCcOpa, HO U IUIAHUPOBATh €r0 BHIBO3 B HYXKHOE
BpeMs.

Jnst xoprryca ypHBI MHOM OBUT MCIIOJIB30BaH TMPOYHBIH M YCTOWYHMBBIM K BHEUTHUM
BO3/ICUCTBUSAM MaTepuall, KOTOPbIM JIETKO OYMIIAeTCs M IMojajaercs mepepadboTke. Takum
00pa3zoM, MOsl ypHa HE TOJIPKO (YHKIIMOHATIBHA, HO U 9KOJIOTHYECKH Oe30IacHa.

B panbheiimiem miaHupyeTcss M3MEHEHHUE KOHCTPYKIIMM YpPHBI, @ MMEHHO KOpIycC
(orcex) mis Arduino Oymer cmpoektupoBaH u HamedaraH Ha 3D-npuntepe. Takke B
OynyieMm ypHa Oyner mojkitoueHa Kk cetu 220B depes crienuanbHbBIN anamnTep.

Moii mpoeKT HalleJIeH Ha yJIy4IIeHUEe YKOJIOTHUYECKON CUTyallMd B TOPOAAX U CO3/IaHUE
KOM(OPTHOM TOPOACKOM Cpeasl AJs KHUTEIeH U TYpUCTOB. BHepeHre YMHBIX YpH ITOMOXKET
cAenaTh OKPYXAloIIYl0 Cpedy 4YHIle, U co3JacT Oojee KOMQOPTHBIE YCIOBUS JUIS
MIPOKUBAHUS BCEX JKUTENIEH U TOCETUTENIe ropoaa.
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Puc. 1. Cragus Puc. 2. Cragus BHeApeHUs
MPOSKTUPOBAHUS U AJNIEKTPOHHBIX KOMIIOHEHTOB

MIPEICTABIICHUS B KOPITyC
paboTOCIIOCOOHOCTH YPHBI

Vit Sy al -7 A P,
Puc. 4. BHyTpeHHOCTH ypHEI Puc. 5. Pabouee npmiioxeHue, KOTOPOe MOKET
M10JIy4aTh JTaHHBIE O COCTOSTHUM YPHBI

o DN

benskoB A.A., Kmumenko M.B., Hukynun I1.C. HccnemoBanme pa3sBUTHS W TEPCIEKTHBBI
NPUMEHEHUS YMHBIX YpH [3JE€KTpOHHBIM pecypc]. VYMHBIE YypHBL. Pexum poctyna:
https://www.elibrary.ru/item.asp?id=44722426

I'puropreB A.B. TexHOMOTMM ¥ WHHOBAIIMK B YNPAaBICHUH OTXOJAaMH [AJIEKTPOHHBINA pecypc].
VYupasnenue orxoaamu. Pexxum moctyma: https://cyberleninka.ru/article/n/tehnologii-i-innovatsii-
v-upravlenii-othodami

I'yceB N.C. YMHBIE TOpO/Ia: TEXHOJIOTHH U BO3MOXKHOCTH [3JIEKTPOHHEIHN pecypc]. Bo3moxHOCTH
YMHBIX TOpoJIoB. Pexxum noctyna: https://www.elibrary.ru/item.asp?id=37483669

KopuunoBa E.A. CoBpeMeHHBIE METOABI YIPABIEHUS OTXOJAaMHU [3JIEKTPOHHBIN pecypc].
TpancnopTUpoBKa 0TX00B. Pesxum focryna: https://www.elibrary.ru/item.asp?id=35326789
ITepoB A.Il.,, CmupnoBa E.M. MIHHOBallMOHHBIC PEIICHUS IJIs 3KOJOTHYECKOH 0€30IacHOCTH
[>nexTponnsrit pecypc]. Ilepepaborka orxomoB. Pexum mocryma: https://cyberleninka.ru/
article/n/innovatsionnye-resheniya-dlya-ekologicheskoy-bezopasnosti.
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MATEMATHUYECKOE MOJIEJIMPOBAHUE ITPOLIECCA PACITPOCTPAHEHUMA
NHOPEKIIMOHHOI'O 3ABOJIEBAHUA

N.E. Muinoukuna
MBOY «JIuueii No2y, r. bparck
irina.bratsk78@mail.ru

AKTYaJllbHOCTh HCCIIEIOBaHUsI OOYCIOBIIEHA HEOOXOIMMOCTBIO HU3YUCHHUS pPa3BUTHS
MH(EKIIMOHHBIX 3a00JIEBaHUM TSl JANIBHEHIIETr0 WX MpeAoTBpamieHus. Ha qaHHBI MOMEHT
CYIIECTBYET MHOXKECTBO MaTeMaTHYECKUX MOJEJIEeH paclpOCTPAHCHUS KOHKPETHBIX
WH(]EKIMHA, 1 BCE OHM PACCMaTPUBAIOT Pa3IMYHbIC (DAKTOPHI, BIUSIOMIME HA MPUPOCT YHCIIA
3apak€HHBIX. MaTeMaTHyecKkrue MOJIEN HYKHBI JJI1 IPOTHO3MPOBAHUS U aHAJIM3a Mporpecca
3a00JIeBaHus, a TAKXKE JJIs1 BBISIBJICHUS BEPOSITHOTO MCXOJa SMHUJICMHUH U BIUSIOIMIMX HA HETO
KITt04YeBBIX (hakTopoB. CollnanbHasi 3HAYMMOCTh MCCIICIOBAHMS 3aKIIF0OYAETCSI B OCHOBAHHOM
Ha TIOJYyYEHHBIX C TIOMOIIBIO MOJIETICH CIIEHapueB JayibHEHIIeM HWH(OOPMUPOBAHUHN
OOIIECTBEHHOTO 3/PAaBOOXPAHEHUsS ISl TPUHATHS HEOOXOJUWMBIX MEp MO YMEHBIICHHIO
CMEpTHOCTH. MoAenMpoBaHWE TIOMOTAeT pEIIuTh, KaKhe BMENIATEIbCTBA HEOOXOIUMO
IPOBECTH, a KAKHX CIIeAyeT n30eraTh B 3aBUCUMOCTHU OT MX 3P PEKTUBHOCTH.

[IpoGnema wuccrmenoBaHus: HEOOXOAMMOCTh BBISBICHUS KJIIOUEBBIX IapaMeTpPOB,
BIUSIONINX HA MPOTHO3UPOBAHHME PACIPOCTPAHEHHUS WHQPEKIMOHHOTO 3a00JieBaHUS C
ITOMOIIILI0 MaTEMaTHISCKHUX MOJIENIeH

OOBEeKT wucCleOBaHMs: MaTeMaTHUYeCKas MOJENb HEe MYTHUPYIOMIEro 3aboJeBaHMs,
pacnpoCTPaHSIONIETOCs HA OTPAaHUYEHHOU TEPPUTOPHH.

[Ipenmer wuccnegoBaHus: MapaMeTpbl MOJENH, BIHUAIONIME HA MPOTHO3UPOBAHUE
pacrpocTpaHeHHUsI TaHHOTO 3a00JIeBaHuUS.

Lenp wuccienoBaHus: UCHONb3YS MAaTEMAaTHYECKYyI0 MOJEIb PacHpOCTPaHEHUS
WH(EKITMOHHOTO 3a00JICBaHMs, BBIIBUTH KIIIOYEBBIC BIMSIONIME Ha HEro (axkTopel u
3¢ (HEeKTUBHOCTH BMEIIATEIHCTB.

3agaun UcclIenOBaHUA:

1. I3y4uTh UCTOPHIO MATEMATHYECKOTO MOJICTUPOBAHUS HHPEKIINOHHBIX 32a00JICBaHU.

2. [Ipoananu3npoBaTh HEKOTOPHIE MOIETTH NH(DEKITMOHHBIX 3a00ICBaHUH.

3. U3yuuth crieHapuu pa3BUTUSI HHPEKIIMOHHBIX 3200JICBaHU.

4. Cnenath BBIBOJI O BIMSHUY PA3IUYHBIX ()aKTOPOB HA MPE/ITOIaraeMbIil UCXO/I.

MeTonbl HcCeIOBaHUs: aHAIM3 M CHHTE3 Ha 0a3e MaTeMaTHYeCKOro MOJCIUPOBAHUS,
M3yYECHHUE U aHAJIN3 JIUTEPATYPhI, U3YYEHUE IOKYMEHTOB U PE3yJbTaTOB ACATEIbHOCTH.

I'mnote3a uccienoBaHus: MPEBEHTUBHBIE MEPOIPUATHS, MPOBOJUMBIE TOCYAapPCTBOM
JUIS  CIEPKMBAHUS PACTIPOCTpaHEHUs 3a00JIeBaHUS, WIrpalOT KIIOUYEBYIO pPOJb B €ro
MpeI0TBpPALICHUN.

B xome paGoThl TOBEPXHOCTHO M3YUYEHBI KJIACCUUECKHE MOJICIIH, UCTIOJIB3YIOITUECS NS
MPOTHO3UPOBAHUS SMUIAEMHUHU, a TAKXKE YIPOILIEHHAS IWHAMHYECKass MOJelNb. BBIsSBIEHBI
KJIFOYEBBIE MapamMeTpbl JAaHHBIX MOJIENICH, BIUAIONIME HAa PE3yJabTaT: CKOPOCTh Mepeaayu
UH(DEKINHU, CKOPOCTh BBI3IOPOBICHHUS W YpPOBEHb CMEPTHOCTH, 3aJalOIIHecs B BHUIE
KOHCTAHT.

beuta wm3ydeHa wucTOopus Ppa3BUTHS MaTEMaTHYECKOTO MOJENUpoBaHHS B cdepe
SIUIEMUOJIOTHH U BIIMSHUE, OKa3aHHOE UM Ha 3Ty 00y1acTh. M3ydeHbl mapamMeTpsl pa3aIudHbIX
MOJIeJIe U CAENaHbl BEIBOJBI O BIUSHUM Pa3UYHBIX (DAKTOPOB HA MPEINoaraeéMblil HCXO/I.
JlokazaHo, 4YTO TIJIOTHOCTh HACEJIIEHUSA, CKOPOCTh 3apAKEHUSI U  BBI3JIOPOBJICHUSA
MOJBEP)KEHHBIX WHIUBUIIOB, & TAaKXE€ MEpbl, KOTOPBIE T'OCYAAPCTBO MPEAIPUHUMAET IS
00pBOBI ¢ pactipocTpaHeHUEM UH(EKIINH, SIBIISTFOTCS CAMBIMHU BaKHBIMH TTapaMETPaMH.

HccnenoBanue, npoBe1EHHOE MHOM, JOKA3bIBAET, YTO MaTeMaTUKa UMEET TECHYIO CBS3b
co BceMHU c(epaMu KH3HU, B TOM YHCIIE U C AMUJIEMHUOJIOTHEH, T/Ie pa3InyHbIe )KM3HECHHbIE
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CIIEHApUU MOXHO NPEACTaBUTh B BUAEC (DYHKLMI, YTO MMEET MPAKTUYECKYIO MOJIb3Y IS
YUYEHHKOB, CTPEMSIIINXCS CBSI3aTh CBOIO )KM3Hb C MAaTEMAaTUKON HJIKM METULIUHOM.

1.

2.

AnmuHuCcTpanuss ropoga bparcka: odunmanbHbIA caWT. [DaeKkTpoHHBIH pecypc]. Pexum
mocryma: https://www.bratsk-city.ru/

Beenenue B Mmatematnueckoe moaenupoBanue [Tekcr] / B.H. Amuxvun [u ap.] mox pen. I1. B.
Tpycosa. M., 2004. C. 36-50.

KamenkoB, K. A. [lepBblii Hay4HBIH TPy [0 cCaHUTapHO-AeMorpaduueckoi cratucrtuke (K 300-
JIETUIO BBIXOAA B CBET CTaTUCTUYECKOH paboTel I'payHTa mo OroieTeHsM cMmepTHocTH), 1963
[Onextponnblit pecype]. Pexxum nocryna: https://cyberleninka.ru/article/n/pervyy-nauchnyy-trud-
po-sanitarno-demograficheskoy-statistike-k-300-letiyu-vyhoda-v-svet-statisticheskoy-raboty-
graunta-po/viewer

MaprtesHoBa A.E., Axmyxamenos .M. SEIRD-mozaens fuHaMHKU paclipoCTpaHEHUsS] BUPYCHBIX
uHQeKHid ¢ y4€TOM BO3HUKHOBEHHS HOBBIX IITamMMmoB, 2022 [DnekTpoHHBIH pecypc]. Pexum
JIOCTYyTa: https://cyberleninka.ru/article/n/seird-model-dinamiki-rasprostraneniya-virusnyh-
infektsiy-s-uchetom-vozniknoveniya-novyh-shtammov/viewer

Bacaér N., Bomemepr B.A., OgueB .M. KpaTkas uctopus MaTeMaTHYECKOW IUHAMHKH
macenenus, 2021 [Dnexrpomnsiii  pecypc]. Pexmm  moctyma:  https://hal.science/hal-
03328901/document

Farm H.J., van der Vegt S. A., Lambert B. SEIRD model [DnexrponHnsiii pecypc]. — Pexum
nmoctyma: https://como-dtc-collaboration.github.io/como-models/articles/SEIRD.html

Kermack, W.0O., McKendrick, A.G. A contribution to the Mathematical Theory of Epidemics
[Texcr] / O. W. Kermack, A. G. McKendrick — Proc. Roy. Soc. Lond., Ser. A. 1927. No. 115. p.
700-721.
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BE3OITACHOCTD UCITOJIb3OBAHMS CTOJIOBBIX ITPUBOPOB

A.M. CnuBko
MAOY «Anrapckuii nuneit Nel»
alyonaslivko@yandex.ru

B morone 3a 310pOBBIM MHUTAaHUEM MbI HE 33yMbIBAEMCS, YE€M YNOTpEOsieM MHUILY.
Marepwuai, U3 KOTOPOTO U3rOTaBIMBAIOTCS CTOJIOBBIE MPHUOOPHI, MOKET OBITH BPEJCH, a MBI U
He JorajpiBaeMcsi 00 3ToM. OcTpoe OTpaBiIeHHUE Bbl BPA[ JIU MOJIyYUTE, HO NP JUIUTEILHOM
UCIIOJIb30BAaHUHU HEKAYECTBEHHBIX CTOJIOBBIX TPUOOPOB O0sIe3HEN HEe N30eXKaTh.

AKTyalIbHOCTB: B coBpeMEHHOM Mupe JIto[ie peKo 3aJyMbIBAlOTCS HaJ TeM, OTKyZa
NOSABISETCA Ta WJIM MHAs Bellb, OOBIYHO OHM IMPOCTO HCIONB3YIOT MX U Bc€. Ho BOT uTO
MHTEPECHO, TaK JIU OECHEYHO MOYKHO OTHOCHUTBHCS K TOMY, 4TO TeOs okpyxkaer? Bospmém,
HarpuMep, CTaHIapTHBIE CTOJIOBBIE MPUOOPHI, MBI HE 3HAEM HM KTO UX CIeNall, HU U3 Yero
OHH, HA UX CPOKA F'OJTHOCTH.

Heab: y3HaTh XMMHUYECKUH COCTaB CTOJIOBBIX NMPHOOPOB M CPABHUTH MX C HOPMaMH
BbIITyCKa MPHUOOPOB, MPUTOJHBIX Ul UCIIOIb30BaHUS.

3agauM MCC/Ie0BATEIbCKOTO MPOEKTA:

1. BbIICHUTP HOPMBI M CTaHJAPThl BBIIYCKAa COBPEMEHHBIX CTOJIOBBIX IPHOOPOB,
NPUTOJHBIX JUISI MCIIOJIb30BaHUS B OBITY. M3yunTh mpUHIUN pabOThl 3IEKTPOHHOTO
MHUKPOCKOIIA.

2. TloHATH, 4TO KATErOPUYECKHU 3aIMPELICHO MPH MPOU3BOACTBE CTOJIOBBIX MPHOOPOB.

3. IIpoBectu nccienoBanusi, coOpaTe U CPaBHUTH PE3YJIbTAThI, CAEIATh BHIBOIBI

O0BeKT ucciIeJOBaHUs: CTOJIOBBIEC IPUOOPHI

IIpeamer ucciief0BaHUs: KAYECTBO CTOJIOBBIX IPUOOPOB

B npaxkTudeckoi 4acTu Mbl UCIIOJIb30BAIM!

1)2nexTponnsiit Mukpockorn ¢upmel Hitachi mapku TM 3000.
2) O6pa3isl (2 JT0KKH U 2 BUIIKH pa3HbIX (GUPM U COCTaBOB)
Pe3yabTaThl IEPBOro 00pa3ua:

MAG: 600x HV: 5kV WD 8 6

Element AN Series

Aluminium 13 K-series 83.16 73.60
Oxygen 8 K-series 9.57 14.28 (kuciaopon)
Carbon 6 K-series 5.22 10.38 (yruiepon)
Silicon 14 K-series 2.05 1.74 ( kpemHwMiA)
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Pe3yabTaThl BTOPOro 00pa3na:

-
-

i >z
Mapping
MAG: 600x HV: 5kV _WD: 8.6mm

Silver 47 L-series 98.32 87.98 (cepedpo)
Carbon 6 K-series 0.96 7.69 (yriepon)
Oxygen 8 K-series 0.72 4.33 (xucnopon)

Pe3yabTaThbl TPETHLET0 00pa3ia:

—

= P Sy y
Mapping 50 pm
MAG: 600x HV: 5kV WD: 8.1mm et

Iron 26 L-series 85.15 62.72 (;xene30)
Oxygen 8 K-series 7.73 19.87(xucmopo)
Carbon 6 K-series 3.68 12.62 (yrmepon)
Copper 29 L-series 1.71 1.11 ( menp)
Nitrogen 7 K-series 0.78 2.29 ( a3or)
Silicon 14 K-series 0.72 1.06 (kpemHwuii)

Aluminium 13 K-series 0.22 0.34 (amoMuHmii)

Pe3yabTaThbl 4eTBEPTOr0 00pa3na:
e A I o

% "\ i 1 g .,/"
- . e,
* \ \ 3 =
¥ /
Y L 3 A
i ’J L
\ ' L} s
H / .
- 7] (3 : s
o . = '/‘. ~° >
N o/ T <
'3
L ;
- w2 -
Mapping

MAG: 600x HV: 5kV WD: 8.7mm

WP IPRTS TPPTE PP FTI ST SUUT S
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Iron 26 L-series 80.42 52.29 (:kxene30)
Oxygen 8 K-series 13.16 29.88 (kuciopon)
Carbon 6 K-series 5.01 15.15 (yruepon)
Silicon 14 K-series 0.75 0.97 (kpemumuii)
Nitrogen 7 K-series 0.66 1.71 (a3or)

BriBoOa:

1. Bce oOpasmpl ucciaeaoBaHus ACHCTBUTEILHO MOTYT UCIIOIB30BAThCS B OBITY, TaK Kak
MPOLEHT COAEPKAHUSI XUMUYECKHUX DJIEMEHTOB COOTBETCTBYET JIOITYCTUMBIM Ha
OCHOBAHMH CIIJIABOB METAJIJIOB.

Kareropudecku 3ampenieHo UCrojb30BaTh CIUIABBI, MPEBBIMIAIONTAE MACCOBBIE JOJIHU.
3. OrtcyTcTBUE 3aMpenieHHbIX MaTepUaioB B 00pa3iiax CBUIETEIBCTBYET O TOM, UTO OHH
COOTBETCTBYIOT CTaHIapTaM 0€30MaCHOCTH.

N

Lo

O.C. I'abpunman. Xumust 9 xkinacc. CruraBsl METaJIIOB.

2. D.U. lenuncora., B.B Kapramios, B.P. Perukos. [IpuknagHoe MarepuaaoBeICHHE: METaUIbl H
crutaBel. YueOHoe mocooue. M3natenscTBo Ypansckoro yauBepcurera, 2018.
https://kedem.ru/tableware/stolovye-pribory/?ysclid=Ity3ib34qe231011970
https://ooopht.ru/nerzhaveyuschaya-stal-pischevaya/?ysclid=Ity3krxjy4229857003
http://best-guide.ru/?p=22652
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AnexkceeB A.E. OOyueHne mpeacTaBIeHU 3JIEKTPOHHBIX JOKYMEHTOB C
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bapkoBa M.B., CtpekanoBckuii A.C. I'100anbHBII MOUCK B HEBBITYKJIBIX 33/1a4ax
KBaJIpaTUYHON ONTUMH3ALNHU
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HEWPOHHOM ceTH (TIepBOe MPUOITHKECHHE)

bonntok M.E., Kapamos /I.H. Cucrema MOHUTOpPHHTa AJIs1 HOAAEPKKH UCCIIETOBaHU
PEXUMOB (DYHKIITMOHUPOBAHMSI SHETPETUYECKUX KOMIUIEKCOB C BO30OHOBIIsIEMOMN
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boposckuii A.B., lopomenko C.C. BbIBO BbIpaXK€HHUS IS iApa HHTErPAIbHOTO
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COVID-19

boposckuii A.B., PakoBckas E.E. [IpuMeHeHre BRIUUCIUTENBHBIX METOIOB B
JIEKCUKOCTATHCTUUYECKUX UCCIIEIOBAHUSX TONOHUMOB MpKyTCcKoit o0mactu
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bynax A.A. [TogroroBka Habopa TaHHBIX IS 3a/1a4U CEMAaHTUYECKOTO
AHHOTHPOBAHHUS PYCCKOS3BIYHBIX TaOJIHIL

Bacuuenko A.Il. Marematndeckoe MmozaenrpoBanue oecnmioTHruka B cpeae MATLAB
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MHTEHCUBHOCTEH I OTKPBITHIX CETEl MacCOBOTO 0OCTYKHBAHUS

Yekan M.A. ABromaTtu3zaius pa3paboTKi MyJIbTHATCHTHBIX CHCTEM C
HCIIOJIb30BAHUECM UCPAPXUYCCKUX MAIIUH COCTOSHHUU

YuctsikoB B.®., Yuctskosa E.B. O cBoiicTBax TMHEHHBIX HHTETPO-aITeOpanvdecKux
ypaBHEHMH (pperonbMa 1 BOIbTEPpa U METOAAX UX YUCIEHHOTO PELICHUs

HIurapos A.O. REGTAB API: uacTpyMeHTanbHOE CPEICTBO pa3paboTKH
HPUKIIAJHOTO IPOTPAMMHOTO 00ECTIeUEHUS ISl M3BJICUCHHS PEIALMOHHBIX JaHHBIX U3
MAaIIMHOYUTAEMBIX TaOJHUI] C TPOU3BOJIBLHON CTPYKTYpPOI HAa OCHOBE MAaTTEPHOB

[Munune M.H., ®énopos P.K. O HekoTOpBIX MeTOAAaX aHAIN3a UCXOIHOTO KOJIA C
IIOMOIIBIO A0CTPAKTHBIX CHHTAKCUYECKUX JEPEBHEB

[ernos A.YO., llI3up [lun EnuHCTBEHHOCTD U yCIIOBHAsI YCTOWYMBOCTD PEIICHUN
0o0OpaTHBIX 3a/1a4 I CEpUU MOAETIEH TUHAMUKN CTPYKTYPUPOBAaHHBIX 1O BO3PACTY
MOIYJISIUNA

FOmamues E., Kapamos /I.H., Bocko6oiinukoB M.JIL., ®eoktucro A.I'. CepBuc-
OPHEHTHPOBAHHOE MPUIIOKEHHE TTOTy4eHHUsI, 00PaOOTKU M aHAIH3a
METEOPOJIOTUYECKUX JTAHHBIX

Sxosnes [].C., ®eoktucroB A.I'. Pacuer koadurmenta nHTEpBATHHON TOTOBHOCTH
Y3JI0B T€TEPOT€HHOU pacIpeIeIEHHON BEIYUCIUTEILHON CPEIb
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SpocnaBuesa T.A., ['mo6a M.10., banera A.C. Pa3zpaboTka aBTOMaTH3upOBaHHOM
CHUCTEMBI aHAJIN3a JaHHBIX C MGTGOCTaHL[I/Iﬁ 1 TOCTOB KOHTPOJIA Ka4CCTBA BO3AyXa

Cexkuuns «OHbIe ucciienoBaTe I m»

bakymun W.[1., 3enenkoB E.A. OOmecTBEHHBIH IKOJIOTUYECKUH MOHUTOPUHT PEKU
Ky3pmuxa

HmvutpueB A.P. YpHbI, KOTOpbIE TPEAYNPEKIAIOT O NEPETOTHEHHOCTH

Munoukuna WU.E. MaTtemaTuyeckoe MOJIETMPOBAHUE TTPOIIECCA PACTIPOCTPAHEHUS
WH(DEKIIMOHHOTO 3200JIeBaHUS

CnuBko A.M. be3onacHOCTh UCTIONB30BaHUS CTOJIOBBIX TPUOOPOB
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