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KOMBHUHHUPOBAHHAS CUCTEMA KOHTPOJISAA KAK ®AKTOP YBEJIMYEHU A
PABOTOCIHOCOBHOCTHU MPOKATHBIX BAJIKOB

Kocmpuxosa A. A.
ToMmckuii rocy1apCTBEHHBIM YHUBEPCUTET
nastya_kostrikova@mail.ru

Mertannyprusi — oJJHa U3 OTpaciieH, TJe TPaTUIIMOHHO BOIIPOCH aBTOMATH3AIUK 1 KOHTPOJIS ObLIH
Ba)XHEBI, KOTJa peyb 1u1a 00 3 (HEKTUBHOCTH U Ka4eCTBE.

OCHOBHBIM HWHCTPYMEHTOM TIPOKATHOTO CTaHKa SBJSICTCS BAJOK, W €ro JOJTOBEYHOCTh U
MPOU3BOJUTEIBHOCTh UMEIOT BAXKHOE 3HAYCHHUE ISl TEXHUYECKUX M SKOHOMHUYECKUX MMOKa3aTeield BCero
MMPOKATHOTO TPOU3BOACTBA. TakuM 00pa3oM, BaKHEHIEH 3amadeil siBisgeTcs oOecriedeHue TpeOyeMbIX
HOPMHUPYEMBIX TIOKa3aTelicii KavyeCcTBa BaJKOB, B YaCTHOCTM HH3Kas aBApPUMHOCTh IPHU BBICOKOM
MMPOU3BOAUTCIIBHOCTH. BI)IBOI[ IMPOKATHLIX BAJIKOB M3 3KCIITyaTallluX 110 aBaprIHbIM IMpuirHaM INpuBOAUT
K OYCHb OOJIBIIMM 3aTparaM, TakMM Kak OpaKOBaHHBIM KOHEYHBIM TPOJYKT, OCTAHOBKA CTaHa Ha
MPOIOJKUTEILHOE BPEMSI, TOBPEIKICHHE OCHOBHOTO M BCIIOMOTaTeIbHOTO 000pynoBanus [1].

JKu3HEHHBIA MK BajJKOB COCTOMT W3: PabOThI B KIETSAX MPOKATHOI'O CTaHA, MEPEILIU(OBOK,
NeGEeKTOCKOTUY U B KOHEYHOM HTOTe OTOPAaKOBKE M YTHIIU3AIMK IyTEM MEPEIUIaBKU B KOMIPOBOM IIEXe.
IMocae paboThl B KIETSX BaJKH HAMPABISIOTCS HAa MEpelrIu(OBKY, TIe NUTA(POBIIMK MPOBOHUT
BHU3YaJIbHBI OCMOTp BaJika. Bayiku, «om03pUTENbHBIC», UMEIONIHEe HEeOOoJbIHe ae(eKThl (TPEIIUHBI,
CeTKa pasrapa) HampaBJIsAIOTCS Ha MPOBEpKYy nedekrockornoM. [Ipu oOHapyKEHUH MOBEPXHOCTHBIX
nedektoB Banok nepenaéres Ha HK, rae mocie KOHTPOIS BaJlKW BO3BPAIAIOTCS HA MEPElITH(OBKY, HO
BaJIKH, BHIpaOOTaBIINE PECYpC U UMEIOIINE TsDKENIbIe MOBPEKACHUS, YXOIAT Ha OTOpaKoBKy. Takke u3-3a
YacThIX Nepenuin(OBOK BaJIKa, OH OBICTPO MPHUXOUT B HETOJHOE COCTOsIHUE. M B nayibHEHIIIeM TOICKUT
TOJBKO yTHIIN3AIIHH.

VY GopLUIMHCTBA NPEANIPUATHH OTCYTCTBYET KOMOMHUPOBAHHAS CUCTEMa KOHTPOJIS, U UCTIONb3YeTCs
TOJIBKO YJIBTPa3BYKOBOM KOHTPOJb PYYHOTO THIIA, OH OCYIIECTBIAETCS MO TpeM ocsaM (puc.l). Pabotsr
MOYHO TIPOBOJIMTH TOJIBKO IPH YCJIOBUH YCTAaHOBKH BaJIKa Ha BaJbLENUIM(OBAIBHEINA cTaHOK. [Ipn aTOM
JIBE TPETH ITOBEPXHOCTH OOYKM BajKa CTAaHOBSTCS HEIOCTYNHBIMH JUIsi oOcienoBaHus. BosHukaer
HEOOXOAMMOCTE pasJielieHust 00paboTKK 0HOTO Basika Ha TpH Gasel (1, 2 u 3), ¢ moBopoTom Banka Ha 120°.

®a3a 2 120° 120° ®aza 1

®a3a 3
120°

puc.1. Texuuxa KoHmpoas no mpem ociam

Taxkas cucrema KOHTPOJIA HEC UACaJIbHAS, TaK KaK U3YUCHHUC BaJIKa MIPOXOAUT TOJIBKO IO TPEM OCAM,
HO HE ITO3BOJIACT 06Hap}I)KI/IBaTL BC€ CKPBITBIC )Ie(i)eKTBI. Ho 06oiiee 3HaunMBIM MMPEUMYUICCTBOM ABJIACTCA
TO, YTO MO3BOJIACT COKpATUTh BPEMsI, 3aTPAYCHHOC Ha )Ie(beKTOCKOHI/IIO OJHOT'O BaJIKa. B nacajc Cucrema
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KOHTPOJI IPOKATHOI'O BaJIKa JOJDKHA COCTOATH U3 paCuUCpUYNBaHUA 30H 110 BAJIKY, U KDYTOBOMY KOHTPOJIIO
KaXa0ro MUuUIMMETpa.

[omBoas wrtorm 2021 roma, Oblla TPOBEACHA CTATUCTHKA II0 OKCIUTyaTallud BaJIKOB, Ha
MIPEeNIPHUSITAN, TJIe OTCYTCTBYeT KOMOWHUpPOBAaHHAs CHCTEMa KOHTPOIS, TZle OBLIO BBIIETIEHO CKOJBKO
BaJIKOB ITOCIIE TepenyTi(oBKH ObLTA TPU3HAHBI TOAHBIMH, TIOTIAJIA HAa TIOBTOPHYIO TPOBEPKY, OTOPAKOBAHO
o uroram Y 3K, Beinutn u3 cros B 1-2 3aBanky nocie nepeoro Y3K, Gonee neTaibHO ¢ JaHHBIMA MOYKHO
O03HAKOMHTCS B TaOJIHIIC.

ITonanu Ha Bpium u3 ctposi B 1-2
IIpoBepeno | Ilpu3HaHBl | MOBTOPHYIO OTt6pakoBaHO 3aBaJIKy MOCJIE IEPBOTO
Enuzm BCETO TOJTHBIMU MIPOBEPKY o utoram Y3K V3K
T 182 171 19 11 6
% 100 94,0 10,4 6,04 3,30

Mo>kHO CACJIaTh BBIBO/, YTO YaCThb BaJIKOB ITOCJIC MPOXOKACHUA V3K Bce PaBHO BBIXOIAT U3 CTOs.
W mosToMy ecTb HE0OX0AMMOCTh TPHOOPETEHNSI KOMOMHUPOBAHHON CHCTEMBI KOHTPOJISI HITH Y)KECTOYCHHS
Y3K. Vxecrouenus Y3K Oynmer BimoudaTh B ceOs: Ooiee MeTalbHOE CKaHHUPOBAHHE, TO €CTh IO BCEM
MpaBUIIaM KOHTPOJISI.

[IpenmyiecTBa KOMOMHUPOBAHHAS CHCTEMa MO3BOJISIET OOHAPYKUBATH TTOBEPXHOCTHBIE Je(EKThI
MOCPEJICTBOM BUXPEBBIX TOKOB, Ha IIyOMHAaX OO 5 MM, Ie(eKThl KaK TPELIHHBI, yCalOYHbIE PHIXIOTHI
BBISIBIISICTCS. A HAJIM4ME BHYTPEHHUX Je(PeKTOB, Kak Je(eKThl KOMIIO3UIIMOHHOTO MaTepraia U Ae()eKTOB
JIUTBHS BBISBISIIOTCS C TIOMOUIBIO YIIBTpa3ByKa Ha TiyOomHax or 5 MM g0 1700 mm. ['myOuHa BhIsIBICHHS
nedexra OyneT ompenensiTbecs YaCTOTOM H3Iy4aeMOr0 CHTHala M BXOAHBIM YIJIOM NpeoOpa3oBaTelis
W3ITy4EeHHUSL.

JUIs KOHTpONSI KayecTBa BAIKOB HAa BalbLENUIM(OBAILHOM CTaHKe pa3padOTaHa CreluaibHas
UCIIBITATENbHASl CEHCOpPHAS! TOJIOBKA, OCHALICHHAs YJIBTPa3BYKOBBIM M BHXPETOKOBBIM JATYUKOM.
MexaHnueckasi CHCTEMa yCTaHABIIMBACTCS HETIOCPEICTBEHHO HA KApeTKy cTaHKa. [ [03MIIMOHNpOBaHIE TOJIOBKH
OCYILECTBIIIETCSI C IIOMOIIBK) CHUCTEMbl CKOJBKEHUsI, OCHAILCHHOM 3JIEKTpPOJBUTATENIEeM U CHCTEMOU
ABTOMATHYECKOro IMO3UIMOHMpoBanus. [lozunmonnposanue obecriedrBaeTcsi TOBOPOTHBIM MEXaHU3MOM H
JaTYMKaM{ Havyasla u KOHIA BaJKa. JTa CHCTEMa MO3ULIMOHUPYET IOJIOBKY Ha OIHOM JIMHUM CO NUTH(OBATEHBIM
KPYroM, 4ToObl UCKITIOUUTH KOHTAKT CO CTAHKOM, a TIPOrpaMMHOE 00eCTIeUeHHe YCTaHABINBACT ONTHUMAabHbIC
YCIIOBHSI KOHTPOJISI M aBTOMATHUYECKH TIePeMEIaeT TOJI0BKY K KOHTPOJIHMpyeMOMy BaKy (puc.2). JlaTauku B
TOJIOBKE PACTIOIOKEHBI TAKKMM 00pa3oM, YTO KOHTPOJIb OCYIIECTBIISIETCS] 0e3 KOHTAKTA C TIOBEPXHOCTBIO BaJIKa

[2].

puc.Z. HOS’MHMUHMPOSGHMG 20J106KU KOM6MHup08aHHOuv cucmemsl Ha edjike
[porecc akcruTyaTanu yCTPOWCTBA HACTOIBKO MPOCT, YTO JOCTYICH JIsl Ae(eKTOCKOnrCTa U He
TpeOyeT 3HaHHW U KBAUTM(HKAINK CIEIHATUCTOB 110 Hepa3pyllarolieMy KOHTPOI. B 3aBHCUMOCTH OT
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MOJIEJIA CPOK OKYMAeMOCTH aBTOMATU3UPOBAHHOM CHCTEMBI KOHTPOJIS MPOKATHBIX BAIKOB COCTABJISET OT
6 1o 18 mecsiies.

Cnmcok myOuKanmit:

[1] Cameoos A FO. Ocobennocmu HK npoxamusix éanxos // B mupe HK. Mapm, 2011. Ne 1 (51). C. 30-31.

[2] Kocmpukosa A.A. // Hepaspywaiowuii KOHMpoib 8 npou3eo0CmEeHHOM Npoyecce NO020MOEKY NPOKAMHBIX
8a1k08 cmaros niockozo npokama // HHHOBATUKA-2022 coopruk mamepuanos XVIII MescoyHapoOoHoii wikovl-
KOH@hepeHyuu cmyoenmos, dcnupanmos u Monoowix yuenwvix. — Tomck, 2022. C. 288-291



CEMAHTHUYECKHWI AHAJIA3 TEKCTA C IOMOIIBIO TEXHOJIOTMA DEEP
LEARNING

Tane Kan Maxc Xabub
HanmoHaneHbIM UcciienoBaTenbCKkuii TOMCKUM TOCY 1apCTBEHHBIN

YHUBEPCUTET
Jeanmax.habib@mail.ru

Cerojiast TpYTHO TIPEICTABUTH ceOe A (EKTUBHYIO pabOTy C TEKCTOBBIMHU JaHHBIMH, HE IprOeras K
KOMITBIOTEpHOH 00paboTke. OmHUM M3 HaMOOJee aKTyalIbHbIX M TOCTOSHHO Pa3BUBAIONIMXCS BUJIOB
00pabOTKU TEKCTa SIBISCTCS CEMAaHTUYCCKWUI aHanmu3. B 3aBUCHMOCTH OT KpUTEpHEB, 3aJlaHHBIX B
ABTOMATU3UPOBAHHOW CHCTEME, MOXKET OBITh BBIOpaH HaAWOOJIee MOAXOJANIMN BHI CEMaHTUYECKOTO
aHanu3a. Hampumep, B cilydae MOUCKOBOTO ayUTa CaiiTa KPUTSPUSIMH BhIOOpa METO/Ia CEMaHTUYCCKOTO
aHanmM3a SBISFOTCA CKOPOCTh 00pabOTKM M MHHHUMAIbHBIA 00BbeM cloBaps. B ciydae nocioBHOTrO
MPOU3BENICHHSI CO CIIOKHBIMH 000pOTAMH PEYH OCHOBHBIM KPHUTEPHEM BBHIOOpA METOJA CEMAHTHUECKOTO
aHaJM3a SBJISIeTCs] KadyecTBO 00paboTKu. [103TOMY anroputM ceMaHTHYECKOTO pa3dopa JOKEeH JOCTUTATh
pe3yabTATOB, MAKCUMATBHO MPHOIMKCHHBIX K €CTECTBEHHBIM YEJIOBEUYCCKUM, TAK UYTO TAKHE MapaMeTphl,
KaK CKOPOCTh M Pa3Mep CJIOBapsi, HE SBISIOTCS KPUTUIHBIMHU.

Knaccudukanms TeKCTOB — 3TO Mpoliece KaTeropH3alul TEKCTOB (HalpUMep, TUTOB, HOBOCTHBIX
cTareil, OT3bIBOB KJIMEHTOB) MO0 OPraHM30BaHHBIM TpynnaM. TunwuHele 3agauu TC BKIIOYAOT aHAIHU3
HACTPOEHMH, KaTeropu3alnio HOBOCTEeH U Kiaccudukanuto TeM. HenaBHo uccnenoBaresn noxasaiy, YTo
MHOTHE 33J]a4H 110 TOHUMaHUIO ecTecTBeHHOro s13bika (NLU) (Hanmpumep, OTBET Ha BOIIPOC C U3BJICUEHUEM,
BBIBOJ] Ha €CTECTBEHHOM S3bIKE) F(P(EKTHUBHO BBIONHATH B KauecTBe TC, MO3BOMISIS Kiaccu(UKaTOpaM
TEKCTa Ha OCHOBE JaHHBIX IPUHUMATH APy TEKCTOB B KAUECTBE BXOAHBIX JaHHbIX (Hampumep, [1-3 ]).

Deep learning oTHOCHTCS K KJIacCy aJTOPUTMOB MAITHHHOTO OOYYEHHS, B OCHOBHOM OCHOBaHHBIX
ua artificial neural networks (ANNS), B KOTOpBIX CETh HMEET MHOTO CITOEB, UTOOBI IOCTENICHHO M3BJIEKATh
BBICOKOYPOBHEBbIC (DYHKIIMM M3 OJJHOTO CIIOS B JPYroll Ha OCHOBE BXOJHBIX JIAaHHBIX. B Kimaccumueckom
METOJIe pacro3HaBaHUsg OOBEKTOB BBIYHCISETCS HAOOp MpenonpeAeiEHHBIX MPHU3HAKOB. JTH (PYHKIIHA
OTIPEJIEIISIOTCS pa3pabOTYMKOM Ha OCHOBE €ro 3HaHHWW O JaHHBIX M MX CBOWCTBax. 3aTeM OTOMPAIOTCS
HAWTy4IlIne TPU3HAKY 7151 GOPMHUPOBAHMSI BXOJTHBIX IAHHBIX KilaccupukaTopa. Takum oO6pazoM, TIy0oKoe
o0ydeHue OTIMYaeTCs OT KJIACCHYECKOro MeTofa TeM, YTO NpPHU3HAKH W KiacCH(UKaTop 00ydaroTcs
BMECTe, YTO 03HAUYAET, YTO pa3paboTUHKy KiaccupukaTropa TIyOOKOro o0ydeHUs] He HYXKHO YKa3bIBaTh,
KaKue MPU3HAKH JI0JDKHBI ObITh BEIYKMCIICHBI IS paciio3HaBanus 00bekToB. Deep learning mpumensiercs Bo
MHOTUX MPUIOKEHUSIX [4].

B 10 Bpems kak monmenu DL mocturimm MHOTOOOEMIAOIINX PE3YNIbTATOB B CIIOKHBIX TECTOBBIX
YCIIOBHSIX, OOJBIMMHCTBO M3 dTUX MOJENEH HE MOAMAI0TCS WHTepnperanud. Hampumep, moueMy Mojeins
MIPEBOCXOIUT JPYTYIO MOJICNIb B OJIHOM HaOOpe IaHHBIX, HO YCTyIAeT B IPyrux HaObopax naHHbIX? Uemy
MMEHHO Hay4Yriiuch Mozenu DL? UTto Takoe MHHUMAaIbHAS apXUTEKTYpa HEMPOHHOM CETH, KOTOPAast MOXKET
JIOCTHYb OTpEeACIEHHON TOYHOCTH B JaHHOM Habope maHHBIX? XOTS MEXaHW3MBI BHUMAHUA |
CaMOKOHTPOJISI Tal0T HEKOTOPOEe TpelncTaBiieHne 00 OTBETaX Ha OTH BOMPOCHI, JCTATLHOE H3YUCHHE
JIEXKAIIEr0 B OCHOBE MOBEJICHUA U AUHAMUKHU 3THX MOJEJEH Bce emé oTCyTCTBYyeT. Jlyuriee moHuMaHue
TEOPETUYECKHUX aCIEKTOB ATHUX MOJIENIed MOXET IOMOYb B pa3paboTke 0oJiee COBEPIICHHBIX MOJICIEH,
aJIalITUPOBAHHBIX K PA3JIMYHBIM CLIEHAPUSIM aHan3a TEKCTa.

B 3TOM 3KCniepuMeHTe MBI BHIIOJIHWIM Pealn3aluio npepiokeHHoil Hamu mogenn GRU Ha aByx
¢dparmentax Google u TectoBhIXx HaOopax maHHbix TREC c¢ onpenenéHHbiMu mapamerpamu. Mbl
WCTIOJIB30BANIN IS OLEHKH TPOU3BOAMUTENLHOCTH TipeioxkenHon moaenn GRU Tpu xoporio nzBecTHbie
TPaJMIIMOHHBIC PEKYPPEHTHBIC HEWPOHHBIC CETH, BKIIIOYAIOIINE PEKypCHBHYIO HeipoHHyo ceTh (RNN),
PEKYpPCHBHYIO  MaTpHUYHO-BEeKTOpHyI0  HedponHyro cetb (MV-RNN) u  nmoarospemenHyio
KpaTtkoBpeMeHHy1o namath (LSTM) Ha o6oux Habopax maHHbIX. OOyueHne MoJeny ObIIO 3aBEepILEHO O
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CTOXaCTHYECKOMY T'PAJMEHTHOMY CIYCKY C IMOMOIIBIO IEPETACOBAHHBIX MHHHU-TIAKETOB. MBI TaKxke
3aMETHIIM, YTO TOJJICPKAHUE Pa3MEPOB BCTPAMBAHUS, SKBHBAJICHTHBIX KOJUYECTBY 3aKPBITHIX CIUHMII,
paboTaet JrydIie, 4eM CeTH, COACPIKAIIUE SAUHUI] HAMHOTO OOJIBIIIE, UeM pa3Mephbl BCTpauBaHUS CJIOB. B
Hame paboTe MbI HCIOJIb30BAIM MPEeaBAPUTEILHO 00yueHHbI MeTonx GloVe B cioe BcTpanBaHust Ha
YPOBHE CIIOB JUTS TIOCIICIOBATEIBHOTO TMEPEHOCa KaXKIOT0 CIIOBa B TEKCTaX JUIS BHIYHACICHUSI BEKTOPHOTO
MPENICTABICHUS CJIOBA B pEAJbHOM 3HAUYCHUU. B 3TOM HKCIEPUMEHTE MbI OICHIIU PE3yJIbTaThI
Kinaccu(UKalMyi, OCHOBAaHHbIC HA  CTAHJApPTHBIX  OICHOYHBIX  IOKA3aTeisiX  TOYHOCTH, U
cpennekBaapatuunbie ommmbOkun (MSE) ObulM HCIONB30BaHbl JJIsI CPaBHEHUSA TPEX COBPEMEHHBIX
cymectBytonux mojeneid RNNs, a umenno RNN, MV-RNN u LSTM. /Insg nepBoro Habopa AaHHBIX
Google snippets cpaBHeHHE TPOM3BOAMTEILHOCTH MEXKAY TPEMS MOJCIAMH BBITJISAUT CICAYIOIIAM
obpazom

Dataset EconBiz F; scores PubMed F; scores
Method Full Text | 11 T2 T4 TS T || Full-Text | 11 T2 T4 T8 Tatt
Base-MLP 0.441 0.391 | 0.419 | 0.442 | 0.451 0472 0.526 0.479 | 0.478 | 0.475 0.465 0.485
MLP 0.457 0.357 0.396 0.432 | 0.453 | 0.500 0.530 0.449 0.456 0.464 0.465 0.504
CNN 0.387 0.364 0.382 0.400 0.407 0.426 0.483 0.438 0.437 0.431 0.419 0.440
ILSTM 0.363 0.360 0.392 0.417 0.435 0.466 0.524 0.465 0470 | 0.477 | 0.481 | 0.515
2 Base-MLP o Hase-MLe

a525 as2
L a S

* NN
05001 e ISTM a500

0475

2
3 0450

Factor

(a) (b)

puc.l Ha pucynxax nokazana npouzsooumenbHOCmy Kaxic0020 KAACCUGUKamopa no 3a20108KAM 8 3a6UCUMOCTNU O
pasmepa 6bl00PKU NO OMHOWEHUIO K KOIUYEeCMS)Y NOTHOMEKCMOBbIX MeKcmog cniowHou aunuell Ha EconBiz (a) u
PubMed (b). IIyrkmupHbie copuzonmanbrble TUHUU NPEOCMAGIIOM RPOU3E0OUMENLHOCHTb COOMBEMCMEYIOUe20
Kaaccuguxamopa 6 noIHOMeKCmo8om gopmame.

B 370l cTaThe MBI POBEJIU CPABHUTEILHBINA 0030p CYIIECTBYIOIINX MOJIEICH ITy0OKOro 00ydeHusl.
MBI IPHULITY K BBIBOJY, YTO MOJEIH IITyOOKOro 00y4YeHHs MIPUTOAHBI AJIs PELIEHUs] MHOTUX mpobiieM. B
39TOM HCCIEIOBAaHUN CPaBHUBAJINCH HEKOTOPhIE K3 Hawmboyiee IIUPOKO WCHOIB3YyEeMbIX TIyOOKHX
HEHPOHHBIX CeTel /I Kiaaccudukauy TeKcTa. B 3ToM nccneqoBanuy Mbl 00HApY KuiH, 4o TUIbl RNN -
cerd GRU u LSTM - xopomio cpaBisitoTcs ¢ 3aja4aMy 1OCIIeI0BaTeIbHOT0 00y4YeHHsI U IPEO0IEeBa0T
mpoOJeMbl MCUE3HOBEHHUS I'PaJAMeHTa M B3pbiBa B TpaguuUOHHBIX RNN mpu u3ydeHHH IOATOCPOYHBIX
3aBucuMocTel. KpoMe Toro, CKpbIThIA pasMep U pa3Mep MapTUM MO3BOJISAIOT co3AaBarh monend RNN c
CIJIBHO M3MEHSIOIIEHCS MPOU3BOAUTENBHOCTBIO. JTO TOBOPUT O TOM, YTO ONTHUMH3ALHA ITHX JBYX
rapaMeTpoB HEOOXOAMMA JJIsi TIOBBIIMICHUS TPOU3BOIUTENLHOCTA BeeX Tpex moxaeneit DBNs, CNNs u
RNNSs. "C OBICTpBIM pa3BUTHEM amIapaTHBIX PECYPCOB M BBIYMCIUTEIBHBIX TEXHOJIOTHI MBI HaJleeMcs,
YTO TIyOOKWM HEHPOHHBIM CETSM OYyIeT yAenaThcsi OOJbIlleé BHUMAHUS W OHHM HAWAyT OoJyiee HIMPOKOE
MIpUMEHEHHUE B OyayIIeM.
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CPABHUTEJIbHBIN AHAJIN3 METOJ0OB KOMIIPECCHUU, TIPUMEHSIOINXCA
B PABOTE AJITOPUTMA PEHTTEHOBCKOI'O MUKPOTOMOI'PA®A.

Jleskesuu B. U., Knecmoe C. A.

ToMmckuii rocy1apCTBEHHBIM YHUBEPCUTET
645105@bk.ru

CymecTByeT HEOOXOOMMOCTb H3Y4YeHHS BHYTPEHHEH CTPYKTYyphl OOBEKTOB, HENPO3pauHbIX B
BUAMMOM J[WAaNa30HE »3JICKTPOMAarHUTHOTO M3JIy4EHHs, OCOOCHHO OHOJOIMYECKHX, C MHKPOHHBIM
paspemienneM. Pa3BuTHE METOJOB PEHTTCHOBCKOH MHKPOCKONHMH IO3BOJMJIO 3aryIIHYTh BHYTpPb
HENPO3PavyHbIX OOBEKTOB C PAa3pPEIICHHEM, MPEBHIIAIOIINM BO3MOXHOCTH ONTHYECKONH MHKPOCKOIIHH.
CeromHs KOMIBIOTEPHAsT MHKPOTOMOTpa(usi — 3TO OCHOBHOW METOJ BHU3YalIH3aLUH TPEXMEPHOU
BHYTPEHHEH MHKDPOCTPYKTYPbl OpPTaHHMYECKMX W HEOPraHMYecKHMX OOBEKTOB C HCIIOJIIB30BaHHEM
PEHTICHOBCKOTO U3Ty4EHUsI, KOTOPBI aHaIOTHYeH MEIUIIMHCKOM ToMorpaduu, Ho 001aaeT 3HAUUTEEHO
0oJiee BBICOKMM MIPOCTPAHCTBEHHBIM pasperieHuem [1].

OpnHa u3 mpobieM, BO3HUKAIOLIAs pu paboTe ¢ PeHTTeHOBCKHM MHKPOTOMOTPadoM, COCTOUT B
TOM, 4TO B Mpolecce paboThl HEOOXOJMMO XPaHUTh U 00padaThIBaTh OOJBIIOE KOIUYECTBO IpadUuecKon
nHpopMaruu. D10 TpeOyeT OT CHUCTEMBI OONBIINX OOBEMOB MaMSTH. YMEHBIIHTH JTH TpPeOOBaHUS
crocoOHbI MeToAbl Kommpeccun. Ho cienyer yuecTs, 4T0 BRIOpaHHBIC METOABI KOMIIPECCUH HE JTOJKHBI
HCKaXaTh UCXOAHYIO HHPOPMAIHIO.

Ha naHHBIE MOMEHT CYIIECTBYET HECKOJbKO OCHOBHBIX HAampaBiICHHNA KOMIIPECCHH TIpadudecKon
WHPOPMAITUH:

- anroput™m RLE;

- anroput™m LZW;

- anroput™ Xahdmana,

- JBIG;

- Lossless JPEG u apyrue [2].

Kpome 00paOOTKH TEHEBBIX MPOCKLMHA KaK OTAENbHBIX H300paKEHWH, CIedyeT MPHUMEHSTh
METO/IbI, PadOoTaroIINe OJHOBPEMEHHO C IPYIIIOH N300paKeHUH.

HentpansHoi yacTbio 00paOOTKM TEHEBBIX MPOEKIMH SBISETCS CIEAYIONIas Waes — IPYIIy TEHEBBIX
n300paKeHUH, TONMYYEHHBIX IMOJ OMU3KMMH YTIaMH, MOXKHO CYHTaTh KaJpaMd BUICOM300paKeHHS,
CHSTBIMH JIBIXKYLIEICS KAMEPOH.

Takum o6pa30M, IJid TpyHIbl TEHEBBLIX HpOGKI_[I/II\/'I MOXXHO HCIIOJIb30BaTh aJIrOPUTMbI W MCETOABI,
paSpa6OTaHHLI€ IJIs C)KaTus BUACOpAaa.

MeTtopl cxatus (aiyioB MO OTIACIBHOCTH XapaKTEPU3YIOTCS CIASAYIONIMMHU MapaMeTpaMu:

- XYALWUH, cpeaHuil u nydmmid Ko3GUIUEHTHl cxatus. To ecTb, BO CKOJBKO Pa3 M3MEHHUTCS 00beM
WHpOpMAILIUN U300paXxeHus. Xy MUK ISl HAUXY/IIAX UCXOJHBIX JAHHBIX; CPETHUN KOIDDUIMEHT JUIst
TOro Kiacca M300paKEHWH, Ha KOTOPBIM OpPMEHTHUPOBAH AITOPUTM; Jy4IIUd KodpduuueHt - mpu
HaWTYYIIUX UCXOJHBIX JaHHBIX;

- KJIacc M300pakeHUit, Ha KOTOPBIA OPUEHTUPOBAH AITOPUTM - COBOKYITHOCTh M300pasKeHHH, PUMEHEHNE
K KOTOPBIM JITOpPUTMa apXHBALMH JaeT KAYeCTBEHHO OJIMHAKOBBIE PE3YJILTATEI;

- CHUMMETPUYHOCTb - OTHOIICHHWE XapaKTePUCTHKH aJrOpUTMa KOJHWPOBAaHUS K aHAJIOTMYHOU
XapaKTepPUCTUKE TPU EKOAMPOBAHHU. XapaKTEPHU3YET PECYypPCOEMKOCTh MPOIIECCOB KOTUPOBAHUS U
nexonupoBaHus. HambOoree BakKHOU SBISETCS CUMMETPHYHOCTh MO BPEMEHH: OTHOIIEHHE BPEMEHHU
KOJMPOBaHUS KO BPEMEHH IEKOANPOBAHMUS,
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- HAJIMYUC IMMOTCPb KauCCTBA.

UwuceHHbIe 3HAYCHUS THX TapaMeTPOB IpeIcTaBIeHBI B Tadmie 1 [3].

Tab6umnuna 1 - CpaBHeHHe aITOPUTMOB CKATHS N300paKeHHI M0 OTAeJIbHOCTH.

Jwnanazon
Asroputy CpEeIHero Cummerpuunocth | Ha uto Motepyu
koo durmenTa | Mo BpeMeHU OpPUEHTUPOBAH
CHKaTUsA
RLE 2 1 3,4-x OUTHBIE OTCYTCTBYIOT
LZW 4 12-3 1-8 ObutHBIC OTCYTCTBYIOT
Xaddmana 15 1-15 8 OuTHBIC OTCYTCTBYIOT
CCITT-3 ) 1 1-OutHbIE OTCYTCTBYIOT
JBIG 2-30 1 1-OutHbIC OTCYTCTBYIOT
Lossless JPEG | 2 1 24-GuHrIc, OTCYTCTBYIOT
cepsle
24-0uTHbIE,
JPEG 2-20 1 cephie peryinupyemsl
PexypcusHoe 2 - 200 15 24-6uTHBIE, peryHpyeMbI
cHKaThe cepsle
. 24-0uTHbIE,
OpakTanbHbII 2-2000 1000-10000 cephic pETyJINpYyEMBI

CpaBHEHHE aJITOPUTMOB IPYIIIOBOM 00PabOTKU H300paKEHUIA.

Hcxons U3 JaHHbIX, IPUBEACHHBIX B TaOIUIIE 1, MOYKHO ClIeNaTh BBIBOJI, YTO HAUOOJIEE TOIXOISITUMHU IS
peleHus 3aa49u B iepBoM cityuae sisiisitotest Metoibl JBIG, JPEG, Lossless JPEG, metoa pekypcuBHOTO
cKkatus M QpakTanbHbii MeToa. [Ipy MCHONB30BaHMM MOCIEAHUX TPEX METOAOB, HEOOXOAMMO BECTH
KOHTPOJIIb ITOTEPH KaueCTBa H300paKeHHS.

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo nayunoeo gponoa
MNe 22-19-00389, https://rscf.ru/project/22-19-00389/

Criucok myOKanuii:
[1] Syryamkin V.1., Klestov S.A., Suntsov S.B. DIGITAL X-RAY TOMOGRAPHY. — Red Square Scientific, Ltd.,
2020. - 200 c.
[2] G.K.Wallace “The JPEG still picture compression standard” // Communication of ACM. Volume 34. Number 4
April 1991.
[3]1 Bamonun J., Pamywnsx A., Cmupros M., FOxun B. Memoout coicamus dannvix. Ycempoticmeo apxueamopos,
corcamue uzoopaicenui u uoeo. - M.: JUAJIOT-MUDU, 2002. - 384 c.
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JTOCTOMHCTBA U HEJIOCTATKHA METO/IOB AHAJIN3A N30BPAKEHUN 1
IHOUCKA JE®EKTOB

Jleskesuu B. U., Knecmoe C. A.
ToMmckuii rocy1apCTBEHHBIM YHUBEPCUTET
645105@bk.ru

CoBpeMEeHHOW HayKe MIOCTYHNHbI METOIbl aHajdu3a BHYTPEHHEH MUKPOCTPYKTYphl OOBEKTa
pasnuuHbIMU criocobamu. OJHUM K3 JyUIIUX METOJO0B Hepaspyllarolleil BU3yaan3alud SBISIETCS METO
PEHTICHOBCKOH MHUKpOTOMOrpaduu. PeHTreHoBckas MHKpoTOMOTpadus IaeT BO3MOXKHOCTH IOJTydYaTb
n300pakeHHe BHYTPEHHEHW CTPYKTYpbl HENPO3payHbIX OOBEKTOB B TPEXMEPHOM BHIE C BBICOKHM
IIPOCTPAHCTBEHHBIM Pa3pPEIICHUEM.

OTOT MeToX UCCIEe0BaHUS MPOCTPAHCTBEHHON MUKPOCTPYKTYPHI U MOP(OMETPUN MaTepUaNoB,
KHUBBIX OOBEKTOB MJIM TKaHEH He TpeOyeT MOATOTOBKM OOpasloB W H3TOTOBJEHUS TOHKHX CPE30B C
MoCeayIomKM coBMelieHrneM. CKkaHMpOBaHHE OOBEKTOB HCCIEIOBAHUS MO3BOJISICT IMOJMYYHUTh IOJHBIE
CBEJIEHHsI O BHYTPEHHEH MPOCTPAHCTBEHHOW MUKPOCTPYKTYpe 00pasiia ¢ MUKPOHHBIM M CyOMHKPOHHBIM
HPOCTPAHCTBEHHBIM Pa3peIICHUEM COXpaHssi CTPYKTypy obpasua [1].

Orcioga creayeT, YTO BaXXHO HE TOJIBKO WMETh BO3MOXKHOCTh HPOCKaHHPOBATh U
pexoHcTpynpoBath 3D Monens ruccnexyemMoro o0bekTa, Ho 1 HaX0uTh AepekThl. CymecTByeT MHOKECTBO
M3BECTHBIX aJITOPUTMOB M KaK/IbIi M3 HUX pa3paboTaH JJst onpeaeeHHoi nemu [2].

Ecnu HeoOX0AUMO ONpeAeNaTh XapaKTePUCTHKU Ae(EKTa, TO C ITUM MIPEKPACHO CIIPABUTCS METOJ
TPaJMCHTHOTO0 aHanu3a. VICXOJAHBIMH JaHHBIMH JJIs JaHHOTO METOJA SIBISETCS MACCUB 3HAYCHUN
IUIOTHOCTEH B KaXI0# Touke oOpa3na. Ha ocHOBe 3THX maHHBIX onpeaesseTcss GQYHKIUS pacipeaeIcHus
IUIOTHOCTU MaTepuana p(x,Yy,Z), MOCiIe Yero CTPOUTCS TpaJueHTHOe moiyie oOpasma. Jledektsr OymyT

OIPEAENATHCS HEOTHOPOJHOCTSMH 3TOTO TOJISI, TO €CTh HATMYMEM IPaJHCHTOB IJIOTHOCTH
Vo(x,y,2) = (3—52—53—’; :
ITo 00BEMHOMY pACHOIOKEHHUIO 3THX TPAJUEHTOB MOXHO OINpPEACIHTh pa3Mepbl W XapakTep
nehEeKTOB.
[MpenMyIiiecTBa JaHHOTO METO/IA:
- BO3MOKHOCTb OIPE/IC/ICHNs TUITA 1e(eKTa;
- BO3MOKHOCTB OMPE/Ie/ICHUS JTOKAIN3aInH JeeKTa;

B Tom cirydae, Korza oT anropuTMa HyXHa JIM00 TOYHOCTB, JIN00 OBICTPOICICTBHE, TO HCIIOIB3YETCS
ITOPUTM KOPPEISIMOHHOTO aHamn3a. CyTh METO/Ia COCTOHMT B TOM, UTO Hcclieayemoe nzoopaxenune (M)
CpaBHHUBAETCSI C ATAJIOHHOW HaeanbHON kapTuHoit (ON) [3].

[Tpu ncronp30BaHUM MOIU(UIIMPOBAHHOTO KOPPEISIIMOHHOTO AITOPUTMa MIPU3HAKOM HaXOXKJICHUS
(¢parMeHTa STATOHHOTO W300paKeHHs B O00JAcTH TIOMCKAa SIBISAETCS MaKCUMyM Koddduimenrta

KOppeIALUH:
n n
ZZ(YI,(Ja (b + i) — ml)(Y 2,(J 4 ) +0)— mz)
K —_ 1010 1)
@ n n n n !
ZZ(YL(Ja b+ i) — ml)ZZ(Y 2.+ ) +i)— mz)
j=0 i=0 j=0i=0

e | — HOMep CTPOKHU;

| — HOMep MHUKcela B CTPOKE;

Y1, Y2 — 3HaUCHUS APKOCTEH IMUKCEIIOB;

n — pasmep ¢pparmeHra;

M1, My — MaTEMATHYECKUE OKUIAHUS.

CKaHUPOBAHUE TIPOBOJUTCS IOCTPOYHO C HHTEPBAIIOM B OJIMH ITHKCEIT.
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B pasHOCTHOM ajropuT™Me MPH3HAKOM HAXOXICHHUS (DparMeHTa DTAJOHHOIO HM300paKeHHs B
00JIaCTH MMOUCKA ABJIAETCA MUHUMYM (DYHKIIUH:
n n 3
ZZ|Y1(33 + DB+ =Y 20+ U+ D) |

S e . 2)
nxn

[Ipu ucnonbp30BaHUM PA3HOCTHOTO OBICTPOTO AITOPUTMA NPU3HAKOM HAXOXJICHUS (PparmMeHra
STAIIOHHOTO U300payKEHMS B 0OJIACTH MTOMCKA SIBIIAETCS MUHUMYM (DyHKINH:
n

n
ZZ|Y1(J3+]')(13+1')—Y2(J+j)(l+i)|

F— j=01i=0 . ( 3)

nxn
BriOop ompenensercs tpeGoBaHUSIMM, MpPEObSBIsieMbIMH K cucTreme. Hampumep, npumeHeHue
MEepBOr0  anropuTMa oOecreyrBaeT BBICOKHE TOYHOCTHBIE XapakTEPUCTUKH (P  HEBBICOKOM
OBICTPOACHCTBIM) 32 CUET YIYUIICHHUS TAPAaMETPOB KOPPENISHOHHOHN QyHKIMHU. Mcnoiap3oBaHre BTOPOTO
JIrOpUTMa ITOBBIIAET OBICTPOACHCTBHE 32 CUET 3HAUNTEIILHOTO COKPALICHNS BEIYUCIUTEIbHBIX ONEPALHH.

J11s1 moncKa U JTOKAIN3aiH 1e(eKTOB TaK)Ke MOTYT UCTIONb30BaThesl HeHpoHHbIe ceTH. CyIIecTByeT
MHOKECTBO MOJIeJIel MTOCTPOCHUSI HEHMPOHHBIX CeTel, 00y4aeMOCTh M CIOCOOHOCTHh K PacIiO3HABaHUIO
00BEKTOB PA3IMYHON CTPYKTYPHI, KOTOPBIX TOCTATOYHO BBICOKH [4].

Ha sTanoHHBIX M300pakKeHUSIX MPOUCXOTUT O0YYCHHE HEHPOHHOW CETH BBISBICHUIO Pa3IHMYHBIX
nedextoB. s yBenWYeHUS TOYHOCTH W CKOPOCTH PabOThl MOXKHO pPAacHpeAeNuTh 3aJadd MEXIY
HECKOJBKUMHU 0OoJiee NPOCTHIMH HEHPOHHBIMH ceTsMH. Hampumep, s moucka Kaxaoro zaedekra
UCTIONB3YETCA COOTBETCTBYIOIIAS TOJIBKO €My HEHPOHHAsS CETb.

OCHOBHBIMU JOCTOMHCTBAMHU JAaHHOTO METOJa ABJISICTCA OO0CTATOYHO BBICOKAsA TOYHOCTh H
CIOCOOHOCTD K OOYUEHUIO, & 3HAYUT, K JAaTbHEHILIEMY TOBBILICHUIO TOYHOCTH PaOOTHI.

K HemocTaTkam IaHHOTO METOAAa OTHOCHUTCS BBICOKAs! MPOJODKUTEIBLHOCTh BpEMEHH O0yueHHs U
PECYPCOEMKOCTh IIPOrPaMMHOI0 00€CIIEUeHHUs], UCIIOIb3YIOLIEr0 HEHPOCETEBbIE METO L.

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo nayunozo ghonoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/
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1055.
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TOMOI'PAOUYECKHUE CPEACTBA TUAT'HOCTHUKU ITEYATHBIX IIJIAT

Munuxaee P. P., Knecmos C. A.
HammonaneHbiil nccnenoBarenbckuii TOMCKHI TOCYJapCTBEHHBIN YHUBEPCUTET, I'. TOMCK
minikaev.ruslan@mail.ru

Joknan mocBsieH KOHTPOIIIO Ka4yecTBa PaAHOdJIeKTPOHHOHN anmapaTypsl MyTeM Hepa3pyLIarolero
KOHTPOJIsI Ha OCHOBE PEHTICHOBCKOM TOMorpaduu. B noknmame oTpaxkeH MeETO PEHTTEHOBCKOU
ToMorpaduy pamuodJIEKTPOHHON amnmapaTypsl, Onmaromapss KOTOpOMYy nOe(eKTbl OIpenelsioTCs H
Kiaccu(uUUpyIOTcsl 0e3 HapylIeHWH CTPYKTYpPBl HCCIEAYEMBIX OPraHHYeCKHX W HEOPraHUYeCKUX
00pasIos..

Kontponps Tomonorumn newarssix miat (IIII) sABisiercs CIOXKHBIM M TPYIOEMKHUM IIPOLIECCOM
aBTOMAaTH3alH KOTOPOTO yaensiercs: Oombiioe BHUMaHue. Co3naHue TeXHOJIOTHYECKOTo 000py10BaHuUs
st aproMatm3auumu  kKoHTponsi [l Tpebyer pemenus cruenyommx 3amad: 1) paspaboTku
BBICOKOTIPOM3BOIUTEIBHBIX TEXHOJOIMYECKHX YCTAHOBOK Ui aBTOMAaTHUYECKOHW HICHTU(HUKALUU
nedeKTOoB; 2) CO3IaHNEe TEXHHUECKUX CPENICTB IS aBTOMATH3AINY MapKUPOBAHUS 1€(PEKTOB yUaCTKOB; 3)
CO3JIaHHS TEXHOJIOTHYECKUX YCTAHOBOK JJIsl aBTOMAaTHYECKOT0 yeTpaHeHus 1epekToB yuacTkoB. B nneane
AOCTAaTOYHO PCIIMTH NEPBYIO U TPCTHIO 3a1a4H.

IlepBas 3amaua pemiaercss myTeM pa3pabOTKM HAyKOEMKOTO, NOPOTOCTOSILEr0 00OPYIOBaHMSL
Pemenue BTopoii 3anaun HEOOXOOMMO B TOM Cllydyae, €Clii AajbHEHIIee X yCTPaHEHHE OCYILECTBISETCS
4yenmoBeKoM. TpeThbs 3amada pemraercss MyTeM Lesieco0Opa3sHOCTH HCIOJIb30BAaHMS YK€ H3BECTHBIX
TEXHUYECKUX pelIeHui (Hampumep, TouHas (pe3epoBka MecT NeeKTOB WIH YIJIWHEHHE Je()EeKTHBIX
YYacCTKOB C MIOMOIIBIO TEXHOJIOTHYECKOTO J1a3epa).

Baxnoii npoGiieMoii pyu MPOU3BOJICTBE PaAMOICKTPOHHOTO 000pYJOBaHUS SIBIISIETCS KOHTPOIb
KaueCTBa NN€YATHBIX IJIAT Ha PAa3JIMYHBIX TCXHOJOTHYCCKHX 3TallaX, TaK BBICOKAs IJIOTHOCTb IPOBOJHUKOB
U MUHHMaJbHO JOIYCTHMBIE OTKJIOHEHHUS B IPOU3BOJCTBE BBICOKOTEXHOJOTHYHBIX MNEYATHBIX ILIAT
MPEIbSBISIOT BHICOKHE TpeOOBaHMS K KadecTBY u3fenuil. JlepekToM mpu OCyIIecTBICHWH KOHTPOJIS
SIBJIICTCSl OTKJIOHCHUE DJIEMEHTOB TOTMOJIOTMHM Ha 00BbEeKTe (M300paXkeHHE WM (POTOIIAOJOH MeYaTHOM
IUTaThl) OT IIPOEKTHOH IOKYMEHTAllMM BCJEICTBHE IOTPELIHOCTEH HpU HPOM3BOACTBE, TAKHX Kak
HECOOTBETCTBHE TEMIIEPATypPHBIX U BPEMEHHBIX PEKMMOB Npon3BoacTBa [1; 3].

Cucrema KOHTPOJIA TOIIOJIOTHMHU I€YATHLIX IIAT MO3BOJIACT HAXOAUTH U KJ'IaCCI/I(i)I/IHI/IpOBaTB JIC(I)GKTBI
pa3nu4HbIX 00bEKTOB. [y moncka nedeKToB meyaTHBIX IIaT HCIOJb3YIOTCS Pa3IMYHbIe METOIbl, HAUMHAS
OT IIPOCTOI NPOBEPKH pabOTOCIIOCOOHOCTH PUOOPa 3aKaHIMBAsI IPOBEPKOIT Hepa3pyILArOIEero KOHTPOJIS,
KOTOPBIC ABJIAIOTCSA HaI/I6OHee AKTyaJIbHbIMH B HACTOALIEC BPEMI.

I[J'IS[ JAUAarHOCTUKU  TICYATHBIX IIJIAaT IMPUMCHAIOT GCCKOHTaKTHBIﬁ METO peHTI‘eHOBCKOﬁ
MHUKpOTOMOTrpadH KOHTPOJISI C MCIOJIb30BAaHUEM COBPEMEHHBIX NPOrPaAaMMHO-TEXHHUYECKHX KOMIUIEKCOB
00paboTKH N300paKeHHsI Ha OCHOBE TEXHOJIOTHI MAIIMHHOTO 3peHusl. JlaHHAsS METOIKa HMEET BBICOKYIO
TOYHOCTbD, @ TAKXKE Ka4ECTBO AUATHOCTUPOBAHUS [TPY MUHUMAJIBHBIX TPYIOBBIX pecypcax. JlaHHbIH METO
JlaeT BO3MOXKHOCTh I10JIy4aTh H300paKeHNEe BHYTPEHHEH CTPYKTYPbI Pa3InUHbIX OOBEKTOB B TPEXMEPHOM
BUJIE C BHICOKHUM pa3pelIeHUEM.

HCHOHBSy’I ZIaHHBIﬁ METOJ MOXHO IMPOBOAWUTH HCCICAOBAHUA KaK OPraHUYCCKUX, TaK U
HEOPraHMYECKUX OOBEKTOB, BBISBIISSA CTATHUCTHYECKHE OCOOCHHOCTH COCTAaBA U CTPYKTYPBI UCCIIEAYEMbIX
00BeKTOB [2].

HccnenoBanue mnpoBOJAUTCS 1O ClEnyromed MeTroauke. BxitodyaemM HMHTEIUIEKTYaJIbHBINA
pentrenoBckuii mukporomorpad (MPMT) u Beramcnurensubiii cepsep 1K, 3amyckaem mporpammuoe
o6ecnieuenue (I10) UPMT u pentrenoBckyto TpyOky Ha mporpes. Ilocne 3toro otkpeiB kpeiiky UPMT,
ycTaHaBiuBaeM oOpasell Ha cToiuK (ympasisiemas pabouas 3oHa) UPMT u 3akpeiBaeM KpBILIKY U
3arycKaeM Ha CKaHupoBaHue ooOpasiia ¢ momornsto [10. [Tocne cheMkn nzodpaxenus odpasiia B UIPMT ¢
nomosio [10 orckanupoBanHsle GoTorpaduu codupaeM B 0AHY PEKOHCTPYKLHIO.

B crarpe onucaH OpUrHHANBHBIA MHTEJUIEKTYalIbHBIH pEHTreHOBCKMH MukporoMorpad (MPMT),
KOTOpBIN paboTaeT cieayronmmM odpasom (puc. 1).

17



TONESUIMINND > Bropoa [T
MO TDOMOMMNOCRDD warepdedc 22 |
| oliacrewerms 21 ‘ —
. — ——— \ . — -
‘ | Bnoe [ | 510« mewpaceToROd
Anaremid Snox | - y Bnos { Nogens |
| MWJZ pa-n--o.cmro » Ofsany | » ‘”Z"jm_) ‘ *uﬂ ‘. ‘ f -rpomrmoa’o-n ‘l L
T3 t 1 t 4 S
| }. = e =
‘ Bnox vw‘w | 6nce s3mpeman | Bropon | T - !
Bnos —. | levmwo' — AUNS | | ——Rg A1
poryneposams | poun"-o-cm nﬁoutlm ‘ - > a8m 7 | [ |
| | Tesmneparypu lJ °'° PATEEA | ! ‘
\ L | wSpmgm 11 | -vm-s | . —— , ‘
< ! TN ' i - TTART 1
, | ooy [ |
v v ¥ |5-"°"""»' L o [ ——— J
’ qum\cu:* ' : s Il T |
[Yrpsarntund M
L | WCTOu — . | e vy
Derrivenn 23 | Lot amtiatat 9 | Erox Ease ‘
‘ v < —— — 1p;u-m: % AQeacr- Hl
v — m— —d | Cxown 15 ‘
Ha Gnosn 1.22 | moSpaweweid 16 | K |
| ‘ .
TS —— — -~ |
Ly v v
Conitn.  wly (VT . — noC
Mowrop ‘ SOPMIRDOSIH AN 1 Brox canaw ©
o C A—— " DT X NCARIO Auropmercu 16
> - pOTERCSCERS (ONTenecEne) _mofipamaved 17 | eyt
Commnd)  « YOONOSWO 'y
Ha repwat

puc. 1 Cmpyxmypunas cxema ycmpoucmea

bnok pentrenoBckoro uzinyuenus (bPU) o6aydaeT 00beKT, KOTOPHI pa3MeniaeTcs Ha yIpaBisieMon
paboueii 3oHe (YP3). Pentrenockue syun BPU, mpormkas depe3 0OBEKT, MOCTYMalOT Ha OJOK
JETEKTOPOB, BOCIPHUHHUMAIOIINI IO3IEMEHTHO IOJHBIA KaAp H300pa)XeHUS BHYTPEHHEH CTPYKTYpHI
00BeKTa.

AHAaIOTOBBIH cUTHAN OT 0J10Ka AeTeKTopoB onndposbiBactcs AL u moctymaer Ha 9BM, Ha BTOpoii
BXOJI KOTOpOW MpUXOmuT ImdpoBoit curHanm oT BToporo AL, mpeobpasyromuii curaan ot Oioka
W3MEpPEHUs] PHEPreTHYECKOTO CIeKTpa peHTreHoBckoro manydeHus (BMDCPU). Dror Gnok m3Mepsier
COCTABIISIIONINE CIIEKTpa CUTHAJIa, CHUIMaeMOro ¢ 06Jioka neTekTopoB. CUUThIBaHHE U300paKEeHUST OJIOKOM
JETEKTOPOB OCYIIECTBIISIETCS] P BPALLIEHUU 00BEKTa BOKPYI' BEPTUKAIBHOW OCH M CMEIICHUH O00bEKTa
BJOJIb BEPTHUKAJIBbHOM, TOPU3OHTANBHOW U TMonepedHol oceil. Takue MaHUIYJISILIUH ¢ 0OBEKTOM OJIOKOM
ANIEKTPOMEXAHUKH Yepe3 yIpapisieMylo pabouyio 30HYy, Ky/a yCTaHaBIHBaeTcs 00beKT. KoppekTupoBka
nepemenieHnidt YP3 ocymecTsisercs 6JI0KOM aIaiTHBHOTO CTPYKTYPHO-TIEPECTPAUBAEMOTO YIIPABJICHHS.
Hudpossie curnansl ot nepsoro u Broporo ALl nmocrynator Ha 9BM, kotopas npeobpasyeT CUrHaJIbI B
IUQPPOBOH MacCHB, 0TOOPaKAIOLINH KaJp SHEPreTHIECKOTO CIIEKTPa PEHTTEHOBCKOTO N300paKeHUSI.

B nporniecce chemkn 00bekT nmoBopaunBaercs Ha 180 min 360 rpaaycoB ¢ PUKCUPOBAHHBIM IIATOM.
Jnst KaXIoro MUKpOBpaIleHus (UKCHPYETCsl TEHEeBOe (TPaHCMHCCHOHHOE) H300paskeHHe oOpasia.
CuctemMa coxpaHsieT BCce 9TH IPOEKINH Kak 16-OuTHsble tiff-¢aiinsl. MaccuB naHHBIX TOCIIE CKAHUPOBAHUS
npejcTaBisieT co0ol HabOp HOPMAILHBIX TPAHCMHCCHOHHBIX PEHTICHOBCKMX CHUMKOB. KommdecTBo
(aiinoB B MaccuBe 3aBHCUT OT pa3Mepa IIara U BeIMUYMHBI BHIOPAHHOTO MOJHOTO yIila HOBOPOTA.

[ocne 3aBepieHust cheMKH 00pasua cieayeT peKOHCTPYKIHUs ero u3odpaxenus. [lonyuennsie 16-
OutHbIe TeHeBbIe tiff-M300pakeHUs MCIIONIB3YIOTCS ISl PEKOHCTPYKIIMU BUPTYAJIbHBIX CEYCHHH 00BEKTa.
Jaiee ¢ ICTIONBb30BaHNEM ANTOPUTMA PEKOHCTPYKIIUH, TeHEPHPYETCS TIPEABAPUTENHHBI MAaCCUB CEUEHUIA.
OTH [aHHbBIE elle He SIBISIIOTCS H300paKEHUSIMH, a SBISIOTCS MAaTpHUIEH, coxepiamedl 3HadeHus
MIOTJIOUICHNS B PEKOHCTPYHUPYEMOM CEUEHHH.

Pasmep marpuiel mogo0eH KOMUYECTBY MUKCeNed BHyTpu cedeHust wid jmHuu [13C-mMarpuiist
(mpuOop ¢ 3apsaA0BOH CBA3BI0). Tenepb MOKHO COXPaHUTh PEKOHCTPYHUPOBAHHOE CEUCHHE KaK MATPHILY C
IJIaBArOIIEH TOYKOM, COAEpKAIly 0 3HAaUE€HUS BEJIMYMH 3aTyXaHUs M0CJIe PEKOHCTPYKLINH.
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[To 3aBeprennn hopMUPOBaHUS IPEABAPUTEIHHOTO MACCHBA CEUCHNUI Ha €r0 OCHOBE co3aaercs 3D-
n3obpakeHue ucciegyemoro oopasma. C nmoMomibio 0710Ka BOCCTAHOBIECHUS TPEXMEPHBIX M300pakeHui
(BBTH) BoccTanaBimBaeTcsi TpeXMEpHOE H300pakeHHE BHYTPEHHEH CTPYKTYPBI 00BEKTa IO €ro TEHEBBIM
npoekusiM. [locie 3Toro 6:10k0M J1epeKTOCKOITNH OTIPEASIISIOTCS HECIUIONIHOCTH (TPEIIHHbL, e(eKTH 1
T.0). 3areM OJIOK (opMHUpOBaHUS NBETHBIX MceBaon3oopaxenuit (BOIIII), wucmons3zyst BBTU,
Ipe/CTaBIsIeT HAa SKPAaHE MOHHUTOpa ICEBJOLBETHOE H3o0pakeHHe. Pe3ynbraTel paboThl yCTpoiicTBa
nepeaatorcs ot onoka aedexrockormu u BOILII B cucremy MHTepHET uepe3 G0k cBsA3u ¢ MHTepHETOM.
AnropuTMuYeckoe obecriedeHre 0J0Kka 1e(EeKTOCKOMI OCHOBAHO Ha I'PaJMEHTHOM, KOPPEISIIMOHHOM,
(dpakTanbHOM METO/aX, BeHBIeT- U (hyphe aHanu3ax [4].

MeTox peHTreHOBCKOH ToMorpaguu MPOCTPAHCTBEHHOW MHUKPOCTPYKTYpHl U MopdomeTpun
MaTepuagoB M JKMBBIX MaTEPHAJIOB, )KUBBIX O0OBEKTOB MM TKaHEH HE TpeOyeT MOATOTOBKH 00pas3loB U
U3rOTOBJICHUS] TOHKUX CPE30B € MOCIEIYIOIIUM COBMELIEHUEM.

CkaHupoBaHue OOBEKTOB HCCIIEOBAaHMsI IO3BOJISACT MOMYYUTD TIOJNHBIE CBEJCHHS O BHYTPEHHEH U
MIPOCTPAHCTBEHHOM MMKPOCTPYKType o0pa3lia C MHKPOHHBIM CYOMHKPOHHBIM HPOCTPAHCTBEHHBIM
paspelIeHneM, COXpaHssi CTPYKTypy 00pa3slia WK )KU3Hb OJONBITHOMY KUBOTHOMY. MIHTEIIEKTya IbHbIH
PEHTTEHOBCKHUI MUKpOTOMOTpad MpeCTaBiIeH Ha pucyHKe 2 [5-6].

1 Py

puc. 2 UumeniexmyanvHviil peHmeeH0BCKULL MUKPOMOMOZpaQ

Xapaxrepuctuku MPMT:

* Pa3IMYMMOCTB JIeTaliell uccleayemMoro oobekTa 1-13 MrMm;

* BBICOKOYACTOTHAs CUCTEMa MO3ULMOHUPOBAHUS HCCIIEAYEMOr0 00bEKTa ¢ TOYHOCTHIO 1 MKM;

* pazMmep GOKaIBHOTO MATHA HICTOYHUKA PEHTTEHOBCKOTO U3ITYUYEeHHUS <5 MKM;

* pazMep uccieyeMoro oobekTa 25%25%25 Mm;

* BpeMs BOCCTaHOBJIEHHs TPEXMEPHBIX M300paxkenuit — 10 (Mun/cmd);

* BpeMsi aHAJIM3a TPEXMEPHBIX n300paxkeHuit — 60 (Mun/cm®).

beuto ycranoeneno, uto paspaboranHblii Ha 06aze Tomckoro ['ocynmapcTBeHHOro YHHBEpcHTETa
PEHTICHOBCKHMI  MHKpOTOMOTpad MPEeBOCXOJWT AaHaJOTMYHBIE yCTpOicTBA 1O MOOWIJIBHOCTH,
KOMITAKTHOCTH, BO3MOXHOCTH JHAarHOCTUPOBATh MaTepuanbl (OpraHHYecKhe, HEOpraHu4ecKue) u
3JIEMEHTHI PAJHO3JICKTPOHHON ammapaTypbl, a TakkKe padoTaTh B KOMIUIEKTE C IPYTUM 000pYyIOBaHUEM,
OuYeHb HU3KOM IIeHe NPU KaueCcTBax, He YCTYMAIONINX KOHKYPEHTaM.
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TEJEBU3NOHHBIE CUCTEMbI TEXHUYECKOI'O 3PEHUA KOHTPOJIA
INEYATHBIX IIVIAT

Munuxaees P. P.

HannoHaneHbI HcciieqoBaTenbCKU TOMCKHUM TOCYy 1apCTBEHHBIN YHUBEPCUTET, I'. TOMCK
minikaev.ruslan@mail.ru

[Ipu m3roToBNEeHUN PagUOINEKTPOHHOMN ammapaTypsl (PDA) HEBO3MOXXHO H30€XaTh MOSBICHUS
TEXHOJIOTHYECKUX EPEKTOB, KOTOPBIE IMTOIPA3ICISIOTCS Ha SIBHBIC M CKPBITHIC. SIBHBIC 1e(hEeKThI PUBOJISIT
K HEMEIJICHHOMY OTKa3y uzjenus. CKphIThIE JeQEeKThI HE MPUBOIAT K HEMEUICHHOMY OTKa3y, HO CHU)KAIOT
WX HaJICKHOCTh U Ka4€CTBO.

st 5 (EeKTUBHOTO BBISBICHUS TEXHOJIOTHYCCKUX Ne(DEKTOB HEOOXOIUMO MPOU3BOANTH KOHTPOIh
1 quarHoctupoBanre POA Ha BceX dTamnax mpou3BOICTBRA.

Amnanu3s Beimycka nedatHsix miaat (I111) yka3eiBaeT Ha HEOOXOAMMOCTH MOBBILIEHUS UX HAIEKHOCTH
U KayecTBa 3a CUET BBEACHUS aKTUBHOTO KOHTPOJIS TEXHOJIOTHUYECKUX MporeccoB u3rotosnenus. Ha 30-
40% kauectBo PDA ompepensercss nHanmmuumeMm aedexto [II1, mpuunHa BO3HMKHOBEHHS KOTOPBIX
3aKII0YaeTCsl B HECOONIIOJICHUM TEXHOJOTHMYECKHX TpeOOBaHWH TOCYyNapCTBEHHBIM CTaHAapTaM H
TEXHUYECKUM YCIOBUSAM. JIsI meuyaTHBIX IJIaT — 3TO TPELIMHbI B NPOBOAHUKAX, MEPEMBIYKH MEXIY
MeYaTHBIMU [TPOBOJHHUKAMH, OTCYTCTBUE METAIN3ALIMHU B IEPEXOAHBIX KOHTAKTHBIX OTBEPCTHIX [1].

Ha srane wnsroroBnenust I1I1 k cKpbITBIM AedeKTaM OTHOCSATCS BBICTYNBI M CYKCHHS, Pa3phIBBI
[I€YaTHBIX IIPOBOJHUKOB, BKPAIUICHUS METAUIM3ALUN HA IIOBEPXHOCTH JUAIIEKTpUYecKOoi OcHOBBI 11T u
PaKOBHHBI B [I€YaTHBIX [IPOBOJHUKAX.

HauGonee »ddekTuBHBIME METONaMU BBISABICHUS JePeKTOB PDA  ABISAIOTCS  METOMBI
HEPa3pyIIAIONIETO BHU3YAIBHOTO (ONTHYECKOr0) KOHTPOJIS, OCHOBAaHHBIC HAa CUCTEMax TEXHUYECKOTO
3peHwusl.

TexHuueckoe 3peHHe — 3TO cepa NpUMEHEHHS TEICBU3HOHHBIX CHUCTEM B IPOM3BOACTBE U
npoMblieHHOCTH. 1o TeXHUYeCKUM 3peHreM MOHUMAIOT MTPOIECC BOCIPUATHS POOOTOM OKPY KArOITUX
00BEKTOB C MOMOIIBIO JATYHKOB ONTHYECKOM MH(OpMALKH, OLEHKH MECTOIMOJIOKEHHS OOBEKTOB M MX
pacro3HaBaHUS Ha OCHOBE MOJy4deHHOH BuaeounHpopmauuu. Cucremsl TexHuueckoro 3penus (CT3)
COCTOSIT U3 AATYUKOB ONTUYECKOH WHPOPMAITUK U CPEJCTB 00paOOTKH 1 aHAIN3a H300paKEHUS, U JPYTUX
ycTpoiicTB. [IpuMeHeHne TEXHUUECKOT0 3peHHsI IOMOTaeT 00JIETYNTh, a TAK)KE 3aMEHUTh JII0/IeH, OLIeHUBas
Ka4yecTBO BBIMOJHEHHBIX padoT mpu npousBoacTBe. Kpome Toro, mpenmmymiectBo ucnosb3oBanus CT3
3aKJII0YaeTCs B OTCYTCTBHH UY€JIOBEUECKOro (hakTopa, nmpusojsimue k nedexkram. Cpeacrsa o0paboTku u
aHaJ3a n300pakeHust peann3ytorcst Ha MEKpoIBM nim mukponpoueccopax. Pazpadorku CT3 npugaercs
OoJBIIOE 3HAYCHNE BO BCEX PA3BUTHIX CTPaHaX MUPA.

Cucrema TEXHUYECKOTO 3pCHUA NOJKHA o0ecreunBaTh:

1) BOCIIpHATHE (PETHCTPAINIO) IEPBUYHON HH(OPMAIIMK HCXOAHOTO H300paKeHNS;

2) (hopMHUpOBaHUE MOJETH CUTYyallMd Ha OCHOBE MEPBUYHON 3pUTENbHON MH(pOpMAMU JUIS
nocienyoueid 00padoTkH (aHaIoroBast KapTUHHAS MOJEIb, LU(PPOBas MOJEIE);

3) MTOUCK 0OBEKTOB;

4) KIacCu(UKAIMIO 00BEKTOB,;

5) orpeesieHe MECTOHAXXKACHUSI 00BEKTOB B pabouel 30He;

6) oTpe/ielieHHe OPUEHTAINU OO BEKTOB B MPOCTPAHCTBE HIIM HA MJIOCKOCTH;

7) M3MEpEeHHNE XapaKTepHBIX MapaMeTpoB OOBEKTOB WM COBOKYITHOCTH OOBEKTOB (YHCiIa

00BEKTOB, TEOMETPHUYECKHUX Pa3MEPOB, IUIOIAH, [IBETA H T.II.).

CucreMa TEXHUYECKOTO 3peHHs KIacCUPUIMPYIOTCS CIEAYIOMNUM 00pa3oM: 1) mpuHIMN 1eHCTBHS,
2) (yHKIMOHANBHOE Ha3HAYeHHE, 3) aBTOHOMHOCTh, 4) NAILHOCTh NIEHCTBHUS, 5) METOJ TONy4YEeHHUS
nHpopMaluy, 6) KOJIUISCTBO BUACOIATUMKOB, 7) BUJ paboueii nHbopMmaluu, 8) crocod pasmelneHus, 9)
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MeTon o0paboTku curHanma, 10) amamm3 mBeTa. B COOTBETCTBHMH C NPHWHIMIIAMH JEHCTBUS CHCTEMBI
TEXHUUYECKOro 3peHus noapasnersitorcss Ha CT3 Ha OCHOBE JBYXIMO3WUIIMOHHBIX (JIOTHYECKHX) CHUCTEM,
KOOPJAWHATOPBI, 0030PHO-CPABHUTEIHHBIC CUCTEMBI OMOCTPYKTYPHI.

CucreMbl TEXHHYECKOTO 3pEHHS B OCHOBHOM CTpPOSITCSI Ha OCHOBE TMEpefarolinXx TPYyOOK
MTHOBEHHOTO JeHcTBHS THma auccekTop. Mcmomedyemsix B CT3 mpowmsBoibHas BBIOOPKAa CHUTHAJIOB
MO3BOJICT NMPUMEHATHh B QJaNTUBHBIX MUCCEKTOpHBIX CT3 mo0ble peain3oBaHHBIE MPOTPAMMHO HIIH
anmnapaTHO AJITOPUTMBI CUUTHIBAHUS HHPOPMAIIMH, U3MEHICMbIE B IIPOIIECCE pa0OTHI CUCTEMEI.

Tak, mampumep, B CT3 MOryT mpuMeEHSATHCS MOWCK O0BEKTa B IIMPOKOM YTJ€ 3PEHHS OONBITNM
pacTpoM M M3MEPEHHUs XapaKTepUCTUK OOHAPYKEHHOro 00beKkTa OoJjiee TOYHBIM MajlbIM pacTpoM, LEHTP
KOTOPOTO COBMEILAETCS C LEHTPOM OOBEKTa, W3MEHEHHE pa3pellarolieil CIOCOOHOCTH CHUCTEMBI
MaciTabupOBaHUEM PACTPOB MPOMIOPIIMOHAIBHO TIONI0 3PEHHS H pazMepaM 00bEKTOB, CICKEHUE MalTbIM
pacTpoMm 3a LEHTPOM MOJBMKHOTO 00BEKTA, a TAKKE MO0 KOHTYPY N300paxeHus: 00BEKTa U IPYTUe PEKUMBI
PpaboThI cIOCOOBI CYUTHIBAHHS HH()OPMAITHH.

AHANOTHYHBIE aNTOPUTMbl CUYHMTHIBAHUS WHGPOPMAIUM HCIONB3YIOTCS B 3PCHUU  YEJIOBEKa.
[Ipou3BOaUTCS CIEKEHHE TIA30M 32 TOABHXKHBIM OOBEKTOM, BBINENSIOTCS KOHTYPBI M TPAHHUIBI
n300pakeHnit 00bekTOB. CHavaa MPOU3BOAUTCS Ipydoe 0OHapy)KeHHE 00BEKTa B MOJIC 3PCHHUS, a 3aTeM
n300paKeHne 00BEKTA MITH €r0 YaCTH, KOTOPYI0 HEOOXOIMMO MPOaHAIH3HUPOBATh U PACCMOTPETH Oosee
MOJIPOOHO, HAMPABISETCS HA IIEHTPANbHOE YIIyOJICeHHE CUETUMKA, IJIe OCTPOTA 3PSHHS M pa3peliaronias
CIOCOOHOCTh MAaKCHMAINBHBL.

CucreMa TEXHHUUYECKOTO 3pPEHHUSI COINEPXKHT cieaylouue OJOKH: OJOK TPyOKH, mpeoOpa3yrouuii
ONTHYECKOE M300paKEeHNEe OOBEKTa B DICKTPUICCKHUI CUTHAT, 00pabOTKHM BUAEOCUTHANA, BBIIEISIOIINN
MIOJIE3HBIN CUTHAJ U3 IIyMOB M TIOMEX OKpY>Karomero poHa u npeoOpa3yronuii BUCOCUTHAI B OMHAPHBII;
OOHapyXeHHUsI U U3MEPEHHUST KOOPIUHAT 00BbEKTOB; MU(PPOBBIX Pa3BEPTOK, (HOPMHUPYIOUINX HAMPSHKEHHUS U
TOKH JUIS OTKJIOHSIOIIMX KaTyIIEK JNCCEKTOPOB; 00paboTKM MH(OpMAINH; YIpaBICHHS, 3aJarouiei
PEXKUMBI pa6OTLI CHUCTEMBI; BELICOKOBOJIbTHOT'O 1 HU3KOBOJIbTHOT'O HAIPSAKCHUA MATAHUA.

Bnok 00paboTKH BUIEOCUTHAIOB COEPIKUT (DPMITBTP C Y3KOH MOJIOCOH MPOIYCKaHUs, ONTHMAIBHON
U1t 0OHApYKEHHS BUJIEOCUTHAIIA, BBIXOIHOE PEIIAOIee YCTPOUCTBO U cXeMy (popMUpPOBaHHUS TOPOTOBOTO
ypoBHsI 0OHapyxuTens curHaioB. Ha 610k 00paboTku ¢ BhIXoAa 0I0Ka TPYOKH MOCTYTAaeT BUACOCUTHA,
aMIUINTy/la KOTOPOrO HPOHNOPLHOHAJIbHA OCBEIICHHOCTH OO0BEKTa M OKpY)KAaloUmero ero Qoxa.
Buaeocurnan ycuiuBaetcsi, HMHTETpHpPYETCS Ha BpeMsl JUIMTENLHOCTH CUTHaNa, QUIBTPYETCs U
CpaBHHUBAETCS B PEHIAIOIIEM YCTPOHCTBE C MOPOTOBBIM YPOBHEM.

Cxema ¢opMHPOBaHMS TOPOTOBOTO YPOBHS IIOCTPOEHA 110 MPUHLMITY IPe0O0pa30BaHUs aMILIUTY IbI
BHUJICOCHTHAJIA B MOCTOSHHOE HANpPsSHKEHHE 4YacTb KOTOPOTo, HAlpUMep, paBHAs MOJOBHUHE aMILTUTYIBI
BUJICOCUTHAJIA, HCIIONB3YETCs] B KAYECTBE HOPOTOBOrO YPOBHS. 3allOMHUHAHUE YPOBHSI NPOM3BOIUTCSA B
pexxume oOyuenus win kanuOpoBke CT3. Ecnn BHIeocHrHanm MNpPEBBIIAET YPOBEHb IOPOTOBOTO
YyCTPOHCTBA, TO OH mpeoOpa3yeTcss B IUPPOBOH OWMHAPHBIM CUTHAI W TNPHHUMAETCS pelleHne 00
oOHapyxeHuu o0bekTa [2].

Cucrema agantuBHoro potora (AP) c rtenesmsmonnoit CT3, mpeaHa3sHaueHHOW s KOHTPOJIS
tomostoruw 111 cocrout m3 CT3 (reneBmusmonuoit kamepsl (TK), mepenmporpaMMmupyemMoe MOCTOSITHHOE
3anomuHamomee yctpoictBo (IMI13Y), smextponusii mauck (3/]), Momymns ympaBieHHS I[BETHBIM
MonutopoM (MYLIM), OBM, mexanusma ckanupoBanust (MC); cucteMsl yrpaBiieHus1, 0J0Ka yrpaBieHHs
(BY), matumka oOpartnoit cBszu ([JOC)); O610ka MOACBETKH — IMEPBOE M BTOPOE YCTPOMCTBA CBS3U C
ocgetutersivu YCO1, YCO2, perynupyeMbIX HCTOYHHKOB CBETa B HIKHEH M BEPXHEW ITOJCBETOK
(PUCHII, PUCBII), neproro u Broporo uctounnkos ceera (UC1, NC2); nepudepuitnoro 060py10BaHMs
— TepBOr0o M BTOPOrO BUACOKOHTpONBHBIX ycTpoictB (BKY1, BKVY2), andasutHO-unpposoro
nevatatorero ycrpoiictea (ALITY), rpadomnoctpourens (I'TI). Bce BbuUMcICHHBIE OmEpanmuu u
CHUHXpOHHM3aLus padoTel AP nmpon3sBosaTcs Ha ynpasistoniein MUKpoOBM «Onektponnka 60%.
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Crioco6 o0yueHHss HaYMHAETCS C YCTAHOBJICHHS HEOOXOAMMOHN TOICBETKH (HM)KHEW MOJICBETKH,
obecnieunBaemoit YCO1, PUCHIL, UC1 u ucnionbs3yeMoid Uit KOHTPOJIsl OTBEPCTHH, M BEpXHEH MOJCBETKH,
obecnieunBatomieid YCOY 2, PUCBII, NC 2 u ucnonb3yemMoit aj1st KOHTpoJIs mpoBosiero pucynka) I111,
pa3Memnaemoii Ha aByxkoopauHaTHOM ctoje MC. HipkHeH TOACBETKOW MPOM3BOAMTCS CKBO3HOE
npocBeunBanne oteepctuit [1I1, a BepxHeit — ocBemenne nmpoposmero pucynka I1I1. O6a kanama 610ka
MOJICBETKH BBITOJIHEHBI aHATOTUYHO U 00ECTIeYHBAIOT YIPABICHUE OCBEIIEHHEM CIEAYIOMIUM 00pazoM.
Uepes YCO1, YCO2 npousogutcst cooTBeTcTBeHHO cBsi3b IBM ¢ PUCHIIL, PUCBII, mpeobpazyromnmm
r(pOBBIE CUTHAIBI B @aHAIIOTOBBIE M YCTAaHABIMBAIOIINMH 33/IaHHBIH YPOBEHb cuTHAI0B yrpasieHus UC1,
HC2, mo xotopsiM pukcupyetcs Tpedyemoe ocBerienue I1I1. [Tpu 3Tom 610K MOACBETKH MOXKET COZIEPKATh
MOKET CofepKaThb pasnuiyHoe uyucio cBeTwnbHHKOB WC1, MC2, odepenHOCTh BKIIOUCHHS U 4acToTa
paboTel KoTOphIX ympasisitorcs ot DBM; CT3 ompenensier mpaBunbpHOCTh monokenus 11 u Beimaet
CUTHAJIBL, 110 KOTOpsIM CY yCTaHABIMBAET CMELIAEMYIO YaCTh IBYXKOOPIUHATHOTO CTOJIAa TAKUM 00pa3oM,
YTOOBI IEPBEII CYNTHIBAEMBIN YUaCTOK HAXOAMJICS B TIOJIE 3PSHUS TEICBU3HOHHON KaMephI.

Nzobpaxenne, BoCIpHHUMaeMoe TellekaMepol, cuuThiBaercss B b3Y, ocymecTsisromee
3allOMHUHAHUE OJHOTO Kajpa H300pakeHUs pa3MepHOCThI0 256x256 M MHIeCTHAAIATHIO TpaalusIMA
spKocTH. 3areM JTanoHHas wuHGpopmanus nepenuchiBaeTcs B Ol (emxocthio 2000 Kowmr),
o0ecrnednBaronuii 3alIOMUHaHIE BOCHMHE KaJIpOB N300pakeHUSI.

[Iporpamma o6padoTku nzo0pakenus xpaaurcs B [1113Y, odnamatomuit ooremom 32 Koaiit. 3atem
nByxkoopauHaTtHeId cron MC mpousBogutr mnepemenieHue IIII B mosokeHHe, COOTBETCTBYIOIIEE
cunthiBanuio TK BTOporo kampa. Drtanonnas uH(opmanms 3aHocutcs B DJ1. [locie sTama oOyueHus
BBIJIAE€TCS COOOIIEHHE O TOTOBHOCTH cucTeMbl K pabore. Ha MC momaercss konTpommpyemas I1I1;
MOJIyYECHHBIE B Pe3yJIbTaTe 00paOOTKH JaHHbIE CPABHUBAIOTCA C 3TATOHHBIMHU Napamerpamu yuyactka I111,
1 IPUHUMAETCS PELICHUE O €r0 COOTBETCTBUU HOPME.

Padora CT3 xontpomupyetrcs BuszyanpHO ¢ momompbio BKY1 m BKVY2. BKY1 mnosBomser
VHAWIAPOBATh HAa CBOEM JKpaHE YepHO-Oenmoe m3o0pakeHWe, cumtbiBaemoe TK, mimm m3o0pakeHue,
oOpabotannoe Ha OBM. Ces3p BKY 1 ocymiecteisiercs uepe3 b3Y na BKY2 yepe3 MYLIM nipousBoautcs
[IBETHOE KOHTpacTHpOBaHUE H300pakeHue, oOpaboranHoe Ha OBM. Iy pacnedaTtku mporpamm,
MPOTOKOJIa KOHTpOIIs ¥ Mecta HeucnpaBHocTH [T coyxar ALITY u I'T1L.

B AP Ttaxxke mpumeHsieTcs IBYXKOHTYpHas CHCTeMa aBTOMAaTHYECKOIro yIpaBieHHs. BHemHuit
KOHTYD yIIpaBjieHus coctosiuii u3 nemu — 9BM, YCM, BY, MC, 1111, TK, B3V, ucnons3yer B KadecTBe
JaTyrkKa OObeKTa KOHTPOJIS TeleKaMepy M IO pesyibraTaM aHaim3a nonoxenus I1I1 Ha mexanusme
ckaHupoBaHus BbiaeT B OBM uepe3 BY HeoOxoanmyro nHpopmaiuio, Kotopas ucnonssyercs O9BM mns
00paboOTKH yNpaBIsOMUX cUrHaioB, mocrymnatomux yepe3 YC u CY Ha MC. BHyTpeHHMI KOHTYp
yrpasieHus, cocrosmuii u3 nenu — 9BM, YCM, BY, MC, JOC, bY, ucnons3yer JOC B kauecTBe
natunka nonoxenus [I1. Curnansr ¢ JOC npeobpasyrorcs B BY B curnansl ynpasnenuss MC. B3V,
MVYIM, MI13Y, 31, 610k moaceetku (6e3 UC1, MC2) u 6510k ynpaBiieHUst KOHCTPYKTHBHO BBITTOTHEHEI B
cTangapTe MUKpoOBM 1 3aHMMAIOT YEThIpE €€ MOJIHBIX IUIAaThI (KPOME LIEHTPAITBHOTO MPOLIECcopa).

[IporpammHuoe obecnieuenne AP, paspaboranHoe Ha s3blkax Kseidicuk u AccemOiep, MO3BOJSET
ynpasiate MC u BeimonHATh cienytonme GpyHkunu CT3: m3mepsts radaputs! [111; onpenensts pazmepsl
pasbemubix coeauHenuil IIII; oneHuBaTh pasmepbl OTBEPCTUH; H3MEPATh PA3MEPBl KOHTAKTHBIX
IUIOIIAA0K; ONPEACIATh KOOPAWHATH HEHTPOB OTBEPCTUII OTHOCHTENHHO 0a30BOM NMpHUBS3KU (06a30BOTO
pasMmepa); OLIEHHBATh HEJOMYCTHMBbIC COJMMKEHMS (3aMBbIKaHWs) MPOBOAHMKOB (IUIOILA/I0K); OLIEHUBATH
Pa3pbIBBI MPOBOAHHUKOB.

Ha mepBom »tane ¢yakmmonupoBanus CT3 Mpow3BOAWTCS BBIICICHUE TPAHUI] M300paKEHUS,
OCYIIECTBISEMOE C IENBI0 YCTPaHEHUS MEIIAONINX 3JIEMEHTOB (ITOMEX) M300paKEHUS WM CO3aHUS
KBaJIPATHOTO KaJipa H300paKEHMsI.
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Ha BTOpOoM »Tame ocymecTBisieTcs cieayromas oo0padoTka n3odpaxkeHus; GuibTpanus (Hampumep,
METOJIOM HEPEKPYCHBHOTO (UIBTpa), OMHAPHU3AIIHS, BbIIEJICHHE KOHTYPOB.

CT3 Ha TpeTbeM HTame pabOTHl JIOKAIN3YeT HEHCIPAaBHOCTh, HCIONB3YS CTPYKTYPHBIC WIIH
KOPPEISIIIHOHHBIE aNTOpUTMBL. [Ipu HCIONB30BaHUY CTPYKTYPHBIX alTOPUTMOB TpeOyeMas mH(OopMaus
M3BIIEKAETCS HA OCHOBE OLIEHKH TaKHWX MapaMEeTPOB OOBEKTOB M300paXKeHHA, KaK TEpUMETp, JTHHEHHBIC
pa3Mepbl, OTHOIICHHS JTMHEWHBIX pa3MepoB, KOA(PPHUIIMEHT KOMITAKTHOCTH U T.II.

CT3 nmeert ciemyromye XapakKTepPUCTUKA: pa3pemnaronas crmocoOHOCTs — 50 MK; TOYHOCTD OI[EHKH
JTMHEHHBIX Pa3MEpPOB U CHCTEMAaTHUYECKasi coCTaBisttomas omuoky mmepenus — 0,1% ot pasmepa kampa
M300paKeHUS TPU pasMepe KOHTponupyeMoro uzobpaxkenus [II1 25x25 MM; MakcHUManbHBIA pa3Mmep
KoHTposnupyeMoil miatel — 185x220 mm; Bpems koHTpois orBepctus 0,1-1,0 ¢ m BpeMsa KoHTpousd
npoBostero pucynka 10-15 ¢ Ha kaap u3006pakeHus B 3aBUCUMOCTH OT (POPMBI OTBEPCTHS U CIIOKHOCTH
pucynka III1.

Cucrema TexHMUYECKOro 3peHust ansi KoHTpons [II1 moker OBITH peann3oBaHa B BHIE
CIEUUAIN3UPOBAHHBIX BblUMCIUTENbHBIX ycTpoiicTB. CT3 comepxxutr TK, pacnonmaraemyro Hax
KOHTPOJIUPYEMOH TIOBEPXHOCTHIO, BBIYUCIUTENBHBIA ONOK, oOpabarpBatommii monydaemble TK
n300paKeHUsI U BUICOKOHTPOJBHOE YCTPOUCTBO, HCIIOIh3yeMOE B OCHOBHOM IIPH HACTPOWKE CHUCTEMBI.
Kontposnp Il BeIMONHSETCA MyTeM MEXaHHMYECKOTO CKAaHUPOBAHHS KOHTPOIMPYEMOH MOBEPXHOCTH U
aHajuM3a  MOJIy4YaeMbIX  u300paxeHud. I  CKaHMPOBAaHUS  WCHONB3YeTCd  aBTOMATHYECKH
nepemernaronuiicss KC, Ha KOTOpOM yKpeIuisieTcss KOHTpoJIMpyeMasi JeTajlb. JTallOHAMHU MPH KOHTPOJIE
MOJKET CIIy>KUTb [IPOBEPEHHBIC BPYUHYIO I1€YaTHBIC IIJIATHI.

ITocne aBTOoMaTmyeckoro mnpocMoTpa KoHTponupyemor netranu CT3  Beimaer omepaTopy
UHGOPMALIUIO O HEAOIYCTUMOCTH M OTKJIOHEHHSX. AHAIN3UPYS CIHMCOK Ie(eKTOB, ONEpaTOp NPHHUMAET
pelieHne 0 TOMHOCTH KOHTPOJIUpYeMoit aetanu [3-4].

Hccnedosanue svinonneno 3a cuem epanma Poccutickoz2o HayuHo2o ¢poroa
Me 22-19-00389, https://rscf.ru/project/22-19-00389/

Criucok myOuKanuii:

[1] Copsimrun B.H., Tumos B.C. // Cnpagounux. Cucmemor Texnuueckozo 3penusi. Tomex: MI'TI « PACKO» 1993. C
223

[2] FOpxos, H. K. Texnonozus paouosrekmponnwvlx cpeocms: yueonux / H. K. IOpxos. — Ilensa: U30-60 IIT'Y, 2012.
- 640 c

[3] A.H. Iucapesckuii, A.@. Yepusaeckuil, I'.K. Agpanacves // Cucmemvl mexnuueckoeo 3penus. Mawunocmpoenue,
1988. 424 ¢

[4] A. Ierw; Ilep. ¢ awen. [J.@. Muponosa;, noo peo. I'Il. Kamvica // Texuuueckoe 3penue pob6omos.
Mawunocmpoenue 1987. 320 c.

24



«[IAD®POBBIE IBOMHUKW» 4-Oi U 5-Oi1 IPOMBILIJIEHHBIX PEBOJIIOLIUIA

Coipamxun B. U.
Hammonaneubiil nuccnenoBarenbckuii TOMCKHiT TOCYJapCTBEHHBIN YHUBEPCUTET
svi_tsu@mail.ru

PaccmarpuBaioTcsi XapaKTEpPUCTHKH TEXHOJIOTMYecKuX YKiIagoB (TY) W MpOMBIIIIEHHBIX
pesomonuii (ITP) mupoBoii 3xoHoMuKH. OO00CHOBBIBaeTCs npuMeHeHrne «l{upoBbIX ABOWHUKOBY MpH
peammzanuu TY U I1P. Ilpn dunrancosoit nognepxke PHD.

Texnomornyeckue yknaasl. [IpoMbIIIeHHbIE PEBOTIOLNN.

KoHKypeHTOCOCOOHOCTh JII000T0 TocynapcTBa OMPEACNseTcsl TOJIBKO Pa3BUTHEM SKOHOMHKH,
HayKd, 00pa30BaHusl, MEJULIHHBI, IPOMBIIUIEHHOCTH U 0€30I1aCHOCTH IOCYIapCTBa; HO BCE-TaKH IJIaBHOE
— 3TO HAy4YHO-TEXHOJIOTMUYECKOe (IPOMBILIUIEHHOE) pa3BUTHE I'OCYJapCTBa, KOTOPOE XapaKTEPU3yeTCs
TexHojoruueckumMu yrknagamu (TY). Bee pa3BuTre MUPOBOI SKOHOMUKHU COAEPKUT 1iecTh TY [1], npuyem
ocHOBHBIe — TiATHIA M mectoit TY. Ilarenit TY (1985-2035) ommpaeTrcs Ha mOCTIXeHHS B obOnactd
3JEKTPOHUKH M MHUKPO3JIEKTPOHUKH, aTOMHON SHEPTeTHKH, BHICOKOTEXHOJIOTUYHONW HOOBIYM MOJIE3HBIX
HCKOTMaeMbIX, HMH(MOPMALMOHHBIX TEXHOJOTWH, TEHHOH WH)XCHEpUH, HaHO- ¥ OHMOTEXHOJIOTH,
KOCMOHABTHKH, UHTEPHETA, CITyTHUKOBOH CBSA3U, BHICOKOTEXHOJIOTHYHOTO KOHTPOJIS KayecTBa MPOTYKITUH.
[ecroit TY (2010 — 2050 1. 11.) oOycnaBaMBaeTcs pa3BUTHEM HAHO-H OMOTEXHOJIOTHIA, HAHOPHEPTETHKH,
MOJIEKYJISIDHOW, KIETOYHOH W SAEPHOU TEXHOJNOTHH, POOOTOTEXHHWKH, MCKYCCTBEHHOTO HWHTEIUIEKT U
KOTHUTHBHBIX TEXHOJOTHH, OTXOJA OT YIJIEBOJAOPOJOB, HOBas MEOWIMHA, YMHas OBITOBas TEXHHKA,
MIPOMBIIIJICHHBI HHTEPHET, U «UHU(POBBIC IBOMHUKI.

BrIcokopa3BUTEIE CTPaHBI HAXOAATCA «HA ITyTW» OT MATOro 1o mecroro TY.

MupoBasi 3KOHOMHKa OIpeieNsieT peau3auto nsaToro TY kak 4-as mpoMBIIIEHHAs! pEBOJIIOLNS,
a peanuzanuio mectoro TY kak 5-as nmpoMslluieHHas peBostonusa. OJHaKO Takhe XapaKTepPUCTUKU 5-oi
SIBIIAIOTCA YCIOBHBIMHU.

Crnemyer OTMETHTBH, YTO peanu3amusi HAToro u mectoro TY (4-of m 5-0if MPOMBINIICHHBIX
PEBOTIOIHI ) HEBO3MOXKHO Oe3 nmpumMeHeHus «L{[udpoBsix ABOHUKOBY [2-6].

«IIndpoBoii ITBOWHUK» ¢ MaKCHUMaJbHOH TOYHOCTBIO NpeAcTaBisieT B nuppoBoM (opmare (B
BUPTYaJbHOM BHJAE) KOH(PUIYpaluio, COCTOSHUS OOBEKTa, MpPOAYyKTa, Ipolecca, akTHBa H.T.J Ha
MPOTSHKEHUH €ro IOJIHOTO JKU3HEHHOTO IMKJIA: TPOEKTHPOBAHME, IMPOU3BOJCTBO, BHEJIPEHHE WU
00paboTKa, TECTUPOBAHKE, peaju3auus M dKCIuTyaTauus. B 11000 MOMEHT BpeMeHH HACHTH(UKATOD
(POBOTO TBOMHUKA KOPPEIUPYET ¢ HHU3UIESCKUM OpUTHHAIOM [2-6].

HanmonanpHbeiil nccnenoBarensckuii ToMckmii rocynapetsernsiii yausepcutetr (HU TI'Y) umeer
XOpoIIKe pe3ysbTaThl B cuHTe3e U aHammu3e «L[udpoBbIX ABOMHUKOBY MIMPOKOro mpumeHenus [7 - 11].
OcHoBHbIE TPUHIHUITE B pazpaboTke «LludpoBbIX IBOWHUKOBY»: MOIHAS HU(PPOBU3ALNS CHHTE3UPYEMOTO
00beKTa, MPHMEHEHHWE JATYUKOB OOpaTHOM CB3M C (PU3MYECKMM OPUTHHAIOM, HCIIOJIb30BaHUE
HCKYCCTBEHHOTO MHTEJUIEKTa, 0a3 OOJIbIINX JaHHBIX, CHCTEM aBTOMAaTH3MPOBAHHOTO MPOEKTUPOBAHUS U
XapaKTePUCTUK YCTPOUCTB U OJIOKOB CUHTE3UPYEMOTO OOBEKTA.

B noknaze moapoOHO paccMaTpUBAIOTCS COBPEMEHHOE COCTOSHHE M TNPHHLUI CHHTE3a
«InppoBBIX TBOHHUKOBY.

Hccnedosanue evinonneno 3a cuem epanma Poccutickozo Hayynozo ¢ponoa

MNe 22-19-00389, https://rscf.ru/project/22-19-00389/
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[UPPOBBIE IBOMHUKN HA OCHOBE HEHPO — HEUETKHWE TEXHOJIOT Ui

Coipamkun B.H*., Knecmos C.A*., Coipamxuna M.M?., Mapeues I1.5°,
'HanmoHansHBIN MCCIeI0BaTeNbCKH TOMCKHI roCcy 1apCTBEHHBINA YHUBEPCUTET
?Cpennss mkosna «IlepcrektuBay ropoaa Tomcka

$TOMCKHiT TECOTEXHUUECKUN TEXHUKYM
svi_tsu@mail.ru

PaccmarpuBarorcsi Helipo — HeueTHble INIyOOKHE alrOpUTMBI, Ha KOTOPBIX CHHTE3UPOBAHBI
«Iudposrie nBoitHUKW». llpuMeHsieMble B CO3JaHWHM WMCKYCCTBEHHOTO WHTEIUIEKTa TEXHUYECKOU
JUarHOCTHKH, MEJULIMHE U (OPMHUPOBAaHHUH JaHAmadTa.

CoBpeMeHHBIE M BBICOKOTEXHOJIOIMYHbIE IPUOOPHI, 3EN1s U IPOMBIIUICHHbIE IPOU3BOJCTBA
TpeOyIOT NPUMEHEHHE «UM(POBBIX IBOMHUKOB» Ha BCEX ATallaX NPOECKTUPOBAHMS, M3TOTOBJICHHUS U
SKcIuTyaTaruu.[1]

OpurnHaneHOe HanpasiieHne co3aanus « L{uppoBhIX TBOMHUKOBY - 3TO UX UX CHHTE3 Ha OCHOBE
THOPUIHOTO HEWpPO — HEYETKOTO BEIYHCIHTENS, KOTOPHI COCTOMT U3 TpeX YpOBHeH: 1 ypoBeHb —
(dhopmupoBaHHe CoAepKaTEILHON MO 00BEKTa, 2 YPOBEHB — aJaTUBHAS MHOTOKpUTEpHATIbHAS HEWPO
— HeYeTKka MOJeNb, 3 YpOBeHb — Helpocodckas korHuTuBHas wmozenb [2]. [lpomecc cuHTE3a
(mpoexTtupoBanus) «LludpoBoro nBoitHWKa» OOBEKTa BHIMONHAETCS B BHIE OOIIETO HTEPAIIOHHOTO
mporecca 1 TpEX YaCTHBIX UTEPALMOHHBIX IPOLIECCOB KAXKI0TO YPOBHS,

v |

Vi —— V2 —— V1

t ks |

roe Y1, V2, V3, ypoBuu npouecca cuntesa L1,
B noknage monmpoOHO paccMaTpuBaroTcs MpUHIUNGBI cozfanus «LludpoBbIX ABOHHHMKOBY» Ha
OCHOBE TUOPHTHOTO HEMPO — HEUETKOT'O BEIYMCIUTEIS, KaK IPUMEp TITyOOKHX HEMPOCETEBBIX AITOPUTMOB.

Hccnedosanue svinonneno 3a cuem epanma Poccutickoz2o nayunoeo ¢ponoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/

Criucok myOnuKanmii:
[1] Ceipsamxun B.U. «Jughpoguie 0sotinukuy 4-otl u 5-oti npomviuinennvix pegomoyuti. B mamepuanax nacmoswei

KoHghepenyuu 2022e.
[2] Copsmxun B.U. u op. ['ubpuouwiii neupo — newemxutl ebivuciumens «L{ugposoeo dsotinukay obvexma. B newamu
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CPABHUTEJIbHBIN AHAJIN3 HEUPOCETEBBIX Y CILTAMH METO/IOB ITPH
PEINEHUUA 3AJTAY TPEJOBPABOTKHU DKCIIEPUMEHTAJIBHBIX TAHHBIX ITPHU
IHOCTPOEHMHU OBYYAIOIIUX BBIBOPOK

Heanenxo b. 11.
HanmonanbsHbiil uccnenoBarenbckuii TOMCKHI Tocy1apCcTBEHHBIN YHUBEpcUTET, Poccus,

634050, Tomck np. Jlenuna 36
ivanenko_boris@mail.ru

Od4eBuIHO, YTO TIPOCTEHTIIAs TTPeao0pPadOTKa TaHHBIX MOXKET OBITh OCHOBaHAa Ha CTATHCTHYICCKOM
00paboTKe MAHHBIX, T.€. B HAKOIUICHWH IAHHBIX, pacueTe CPeIHEro M AWUCIEPCHH, YTO MO3BOJIAET
YMEHBIINTh TOTPEITHOCTh U3MepeHnil. OJHAKO 3TO YCIOXKHSIET MPOBEACHUE W3MEPEHHH U MPUBOIUT K
JUIIHUM 3aTpaTaM PECypcoB M3MEPHUTENbHON ammaparypsl. Tak jk€ MO)KHO HCIOJB30BaTh AITOPUTMBI
BOCCTAQHOBJICHUSI AOMIUPHUYECKUX (QYHKLUMH, MHCHONB3Ys MeToA peryispuzauuu TuxoHoBa u
crarperyngpuzanuio[1]. B mnpmiokeHnn K HeMpOceTeBBIM MOJAESAM, PETYIAPU3UPYIOLINE METO IbI
CBOJATCS K ONTUMU3ALUK (DYHKIIMOHATA OIIHOKH (B MPOCTEHIIIEM CIy4ae - CyMMBI KBaJpaTOB YKIOHCHHN
MOJIETH OT SKCIIEPUMEHTAIBHBIX 3HAUEHUH) C aTUTHBHON JOOABKO, MCUE3aIOIIel 110 Mepe YITydIIeHHS
TNIAAKOCTH (QYHKIINH:

z

3

E[c]=> (G(x*) -y ) + 1¢[G]

o

’L

31ech @ - peryJsIpU3upyOIui GYHKIHOHAT, A - TTapaMeTp peryispusanun [2,3]. Emle oqHuM u BecbMa
s dexkTBHOM crnocobe mpemoOpaboTKH MaHHBIX, MOXKET OBITh, IPH, MOXET OBITh, MOCTPOCHHE
WHTEPIOJSIUOHHOTO WM CIIIKUBAIOIIETO CiiiaiHa GyHKIMH N mepeMeHHBIX Ha Xa0THYECKHX CETKax B
00JIacTsIX MPOW3BOJIBFHONH KOH(Urypaluu, OCHOBAHHBIH Ha TPEACTAaBICHHM CIUIaliHA 4epe3 (QYHKIUIO
I'puHa u AP0 HEKOTOPOro 3HEpreTUUecKoro oneparopa [4]. B mpocrelimem IByMepHOM ciiyyae, KOoraa
CIUTAH-(YHKIIUS YAOBJIECTBOPSIET YCIOBHIO MUHIUMYMa (DYHKIIMOHAJIA SHEPTHH BUJIA!

I [02 xx +20xy+ Gzy,y] dQ = minQ

CIUTAH- QYHKIUS JBYX MIEPEMEHHBIX onpeaeisieTcs: popMyon:

o (XY)=1/2 Yhi[(xx)2+(y-Vyi)?] In[(x-%i )2+ (y-VYi)?]+voo + Vio X - VoY, aKo>()PUIUEHTEI
Ai ¥ Wi saeistorcs pemienuem CJIAY Bupa:

0 a2 .. an 1 x1y1 At ri
a1 O . @m 1 X2 ¥y A2 ri
ani a2 ... O 1 Xn Yn An = ri
1 1 1 000 A 0o ri
X1 X2 .. Xn 00O A 10 ri
Yi Y2 .. Y |0 00 ri

Ao
ai = G2(0)=0,a= Pi'Pj||2|n ||Pi'Pj||-

28



1.300

1.100

0.900

0.700 -

0.500

0.300

0.100

-0.100

x(mkm)
-27.778
-24.445
-21.111
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25.555
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Puc. 1. I'paduueckast WILTIOCTpAIHsE CIOCOOHOCTH CETH
K 0000IICHUIO

B nannom ciydae pyHKIust Gms(X,p) ¢ TOYHOCTBIO JI0 IOCTOSTHHOTO ITOJIOKUTEIBHOTO MHOMKHTEIS
coBmaaaet ¢ pynkimeit I'puna a7 moaurapMoHudeckoro oneparopa, (-1)TA™ =(D™)* D™, Pij— y3asl
HUHTEPIONSAIUH, I i - 3HaYeHUs] (PYHKINH, a TIPHU MEPEeXo/e K PSKUMY CIUIAKHBAHUS K JTHATOHATHHBIM
3JIEMEHTaM MaTPHIIbI T0OABISIOTCS 3HAYCHUS - ¢, > () mapaMeTpa CriiakKMBaHUs.

Kak u3BeCTHO, OJTHOM M3 CIIOXKHBIX 3a1a4 MMPH HUCIOIb30BAHUU HEHPOCETEBBIX METOJOB SBIISCTCS
ONPEACIICHUE PALMOHATIBHON CTPYKTYpPbl HEMPOCETEBOM MOJIENN, B TOM YUCJIIE - YUCJa CIOEB U HEUPOHOB.
[MpounnrocTpupyeM 3TO Ha KOHKPETHOM MpPUMEpEe, MPOBOJS aHAJIOTHI0 MEXKIY [OJMHOMHUAIBHON
anmnpoKcUManuel 1 HeMpOCeThIO.

Ha puc. 1 xpuBas S(X) — TOUHbIE 3HaYEHHs CUTHAJIA, CUTHANA OJAydYeHHBIe ¢ ToMorpada [5], Sd(X)
— 3amyMJyeHHbIe 3HaueHus, S1(X) - BocCTaHOBJIEHHBIC HEHPOCETHIO 3HAYCHHUS, KOT/Ia MBI MCITOJIB30BAIIH
CITUIIIKOM OOJIBIIIOE KOJMYECTBO HEWPOHOB (CTEMEHb MMOJMHOMA 3aBbilicHa);, S2(X) - mHpaBHIbHOE
KOJIMYECTBO HEHUPOHOB (CTEMEHb MOJMHOMA, MoJA00paHa, BepHO); S3(X)) CIHMIIKOM Majoe KOJIHYECTBO
HEHPOHOB (CTENeHb NOJTMHOMA 3aHIDKEHA — JIMHEHHAs alllpOKCUMAITHS) .

1.200

1.000
0.800

S(x)
—o—Ssp(x)

0.600

0.400 —~— Sns(x)

0.200 35

0.000

24,445
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47.778
-14.445
41.111
7.778
-4.445
1.111
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8.889
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18.888
22.222
25.555
28.888

Puc. 2. CpaBHHUTENBHBIH aHAJIHU3 CIUIAWH U HEHPOCETEBBIX
METOJI0B BOCCTAHOBJIEHUS CUTHAJIOB.

Jlanee B paMKax YUCIIEHHOTO 3KCIIEPUMEHTA MTPOBEJIEM CPaBHUTEIbHBIN aHAIN3 HEHPOCETEBBIX U
CIUIaiiH MeToAOB 00paboTKH NaHHbIX. Ha puc.2. mpeacraBieHbl pe3ysbTaTbl BOCCTAHOBJICHUS CHIIBHO
3amrymieHHoro curHana (cm. Pumc.l.). 3mece S(X) -—TouHble 3HaueHus curHama, Ssp(X) -—
perysipu3upOBaHHbBIC CUTHAIIBI, TIOYYEHHBIC HCIIOIb30BaHUEM CILIAIHOB HEYETHOMN CTENICHN Ha OTPE3Ke,
Sns(X) perynsipu3upoBaHHbIE CHUTHAJIBI, BOCCTAHOBIICHHBIC HEWpOCeTho. [Ipe/icTaBiIseT onpeieieHHbIN
WHTEpPEC CPaBHUTh METOABI ABYXMEPHOHM CIUIaiflH MHTEpHOJSIUIMM W HelpocereBble. B kauecTBe
mpocTelliero mnpuMepa 3aaaauM Ha enuHudHOM kBazapare [0,1]*[0,1] aHanuTHYeckyro (QYHKIHIO
F(X,y)=100+3x2+sin(5y+x)+4(y-x)cos(3x+2y). C ucronb30BaHueM JaTYNKA CIyYaiHbIX YUCE] HAHECEM Ha
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3TOT KBaJpaT HEPETYISIPHO PACIOIOKECHHBIE MHTEPIOJISIIMOHHBIC Y3/l M PACCUUTAEM B HUX 3HAUCHHS
HUCKOMOH (hyHKIHH.

002 0203 03 0404 [0l 066 0707 08 0809 0.9

Puc.3. Tloctpoenne kapT W30IMHHIA

[MoaroroBum 00yuarolryro BEIOOPKY, BXOAaMH KOTOPOU OYAyT Y3116l HHTEPIOJIALUH, a TapaMeTpoM
oOy4yeHus1 3HaueHHs (YHKIHH. ITocTpouM mpoCTEHIIyI0 JBYXCIOMHYIO HEHPOHHYK CETh —
MHOTOCIIOMHBIN TepcenTpoH W 00ydnM CeTh Ha HEPETYISAPHOW CETKe, a 3aTeM JUIsl TIOCTPOESHHS KapT
M30JIMHUHN Ha BXOJ ITOJaINM KOOPAHHATHI Y3JI0B, PACCUNTAHHBIX Ha PETyIIpHOM ceTke pazmepom 11%11.
AHanornyHsle pacyeTsl MPOBEIEM C UCIIOIB30BAHUEM METOOB CIIAH-UHTEPIIONIALUHN U TOCTPOUM KapThl
n3onuHui. Ha puc.3. mpuBeneHsl pe3ybTaThl paCYETOB.

Ha paHHOM pHUCYHKE TOYKAMH HAHECEHBI Y3JIbl WHTEPIOJSLUM, CIUIOLIHBIE TOJICTHIC JIUHUU
MOJIy4€HBl MPU MOMOIIM METOJOB CIUTalH- MHTEPHOJSIIMM, a TOHKHE JMHUM MOCTPOEHBl Ha OCHOBE
HeHpoceTeBbIX pacueToB. JIErko 3aMeTUTh, UTO PE3yJIbTaThl PACUETOB MPAKTUYECKH COBIIAIH, YTO CIIYKHUT
XOpOIIHMM aPTYMEHTOM B IOJIb3y HEUPOCETEBBIX METOJIOB. AHAIOTUYHBIE PE3YJIbTAaThl MOXKHO MOIYYUTh U
MpU pEUICHUH TPEXMEPHOW 3aiauyn. AHaIM3UpYs NPEACTABICHHBIA BhIIIC Tpa@UuecKuii Marepuan,
OTMETHUM, YTO TPOBEACHHBI CPAaBHUTEIbHBIA aHAIN3 METOJO0B BOCCTAHOBJIEHHS CHUJIIBHO 3alllyMJIEHHBIX
SMIIUPUYECKUX JAHHBIX C UCIIOJIb30BAHUEM PETYISIPU3UPYIOLIUX CIUIAWHOB U HEMPOHHBIX CETEH MO3BOJISET
CeNaTh BBIBOJ 00 MX BBICOKOH 3(h(heKTHBHOCTH.

B mpeseHtranmu kK JOKJIany NpPUBENEHBI PE3yJbTaThl YHCICHHOTO MOJEIMPOBAHMSA Ha IMpHUMeEpe
00pabOTKM peallbHBIX TaHHBIX H MOJICTHHBIX CHTHAJIOB.

Hceneoosanue svinonneno 3a cuem epanma Poccuiickozo nayunozo ¢onoa
MNe 22-19-00389, https://rscf.ru/project/22-19-00389/Hayunoe ynpasnenue
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HENPOCETEBOE UMUTALIMOHHOE MOJIEJIMPOBAHUE IIPU PEILIEHUM
3AJIAY PEHTTEHOBCKOM JE®EKTOCKOIIUU PAJUODJIEKTPOHHBIX
YCTPOICTB

Heanenxo b. 11.
HanmonanbsHbiil uccnenoBarenbckuii TOMCKHI Tocy1apCcTBEHHBIN YHUBEpcUTET, Poccus,

634050, Tomck np. Jlenuna 36
ivanenko_boris@mail.ru

U3zBecTHO, 4TO MF000€ MOJENINPOBAHNE OCHOBHIBAETCS HA AaHAJIOTHH (CXOJICTBE) HECKOJIBKHX CHCTEM
(o0wekToB). IIpm 3TOM BCe MHOr00Opa3me METOMOB MOJICIHPOBAHUS MOXKHO YCIOBHO Pa3fciiUTh Ha
4yeThlpe Kilacca: (U3MYECKOe, aHaJIoroBOe, MaTeMaTHUecKoe M HH(popmauuoHHoe. MHpopmannoHHOe
MOJIETTPOBaHIE OCHOBAHO Ha XOPOIIO W3BECTHOM METOJIE «I€PHOT0 AIINKAY, IIpeioxkeHHoro Hopbeprom
Bunepom B Teopunm uaeHTH(mkamuu cucteM [1]. B ocHOBe WHGOPMANMOHHOTO KHOEPHETHICCKOTO
MO/IX0/1a JISKUT CO3/jaHie MO/JIesiel He Ha OCHOBE aHajM3a, & Ha OCHOBE CHHTe3a KOMIOHEHT. [Ipu aToM
MOZACIIUPYCTCA BHCIIHEES q)YHKHI/IOHI/IPOBaHI/Ie CHUCTEMBI, KOTOPOC OIMUCHIBACTCA YHUCTO I/IH(i)OpMa[II/IOHHO Ha
OCHOBE JaHHBIX SKCIICPHMEHTA WIIM HAOJFONCHUHA Hal peallbHON crcTeMoil. MICKycCTBEeHHBIC HEHPOHHBIC
cetu (MHC) sBnsitoTcst ymoOHBIM M €CTECTBEHHBIM 0a3MCOM JJISl MPENCTaBICHUS HHOOPMAIIMOHHBIX
Mozened. HelipoceTb MOXET OBITH OCTaTO4HO (HOpMaTbHO OIpeesieHa, KaK COBOKYMHOCTH MPOCTHIX
MIPOIIECCOPHBIX IIIEMEHTOB - HEUPOHOB 0O0JAAIONINX IOJHOCTHIO JIOKATBHBIM (PYHKIIMOHUPOBAHHUEM, U
00BETMHEHHBIX OJTHOHAIIPABIICHHBIMH CBSI35IMH cCHaricaMu. CeTh MPUHIMAET HEKOTOPHIN BXOTHOW CHTHAIT
W3 BHEIIHETO MHpa, U MPOIYCKAeT €ro CKBO3b cedsl ¢ MpeoOpa3oBaHUSIMU B KaXXIOM IPOILECCOPHOM
anemeHTe. TakuMm o0pazoMm, B TpoIiecce MPOXOXKICHHS CUTHAla MO CBS3SIM CETH IPOUCXOIUT €ro
00paboTKa, PE3yIbTaTOM KOTOPOH SBIIAECTCA OMPEACICHHBIM BBIXOAHOW CHTHANI. B yKpyIHEHHOM BHE
HMHC BeinonHAeT (QYHKIMOHAIBLHOEC COOTBETCTBHE MEXIY BXOJIOM W BBIXOJAOM, W MOXET CIIYXKHTb
nHpopmanmoHHoi Monenbto G cucremsl F. Bo3aMokHOCTE MpeicTaBiIeHus 000 cucteMHol GpyHkmu F
C Hamepej 3a/JIaHHOW TOYHOCTBIO OIIpeNeisieT HeHpOCeTh, KaK KOMIIBIOTEP 00wec0 HasHauyeHus. ITOT
KOMITBIOTEP MIMEET MPHHIMIHAIBLHO JPYTOW CIIOCOO OpraHW3allié BBIYMUCIHUTEIBHOTO Ipollecca - OH He
npozpammupyemcsi ¢ UCTOIb30BaHUEM SABHBIX MTPABHUI M KOJIOB B COOTBETCTBHUH C 33JaHHBIM aJITOPUTMOM,
a obyyaemcs TIOCPEINCTBOM IIEJEBOW ajanTalliii CHHANTHYECKUX CBs3ei (M, pexke, MX CTPYKTYpPHOU
Momudukanued W W3MEHEHHEM TMepeXOMHBIX (QYHKIWN HEHpOHOB) sl TpEACTaBIeHUS Tpedyemon
¢ynkiuy. Ha JaHHBIE MOMEHT CYIIECTBYET HECKOJIBKO JIECSITKOB KOMMEPUYECKHX M CBOOOIHO
pacnpocTpaHIeMbIX MPOrPaMMHBIX HEWPOMMHUTATOPOB. B OCHOBHOM, 3TO 3aKOHUYEHHBIE HE3aBUCHUMBIE
MpOrpaMMHBIE MTPOIYKTHI, MPEAHA3HAUSHHBIE I PelIeHus IMUPOKOro Kiacca 3afad. OpHako clemyer
OTMCTUTH, YTO TAKHEC ITaKCThI HEC OGJ’IaZ[aIOT paaoM BO3MOXKHOCTEH JJIsL q)YHKHI/IOHI/IpOBaHI/IH B COCTaBE
CIIO)KHBIX MH(POPMAIMOHHBIX CHUCTEM. B cBsi3u, 4eM B HacTosiee BpeMs CyIIeCTBYeT MOTPEOHOCTh B
pa3paboTKe CHenuaTn3UpOBAHHBIX HEHPOMMMUTATOPOB, TpPEAHA3HAYEHHBIX IS peIIeHHus 3anad
PEHTTEHOBCKOW Ie()eKTOCKOIIMU PaIMO3JIEKTPOHHBIX YCTPONCTB, pabOTAlOMUX B aBTOMATHYECKOM
pexumMe, MO0 MPU MUHUMAJIFHOM yYacTHH OIlepaTopa.

Hainee nmpuBoauTcs onucanue paspadateiBaemoro HeiipocereBoro [1IK «NNety, npennasnaueHHOTO
JUTSL PEIIeHUs 3a/1a4 PEIIeHUs 3a7a4 PEHTICHOBCKOUW JNeeKTOCKOMU. B oTiIn4re OT, ONMMCAaHHBIX BBHIIIC
cepuiinbix 1K, oH moimkeH 00/1a1aTh CIEAYIOMUMH CBONCTBAMM:

e HajekHoe (yHKIMOHMpOBaHWE B cocTaBe HHPoOpManuoHHON cuctembl (MC) wim cuctemsl
YIIPaBJICHUS;

e  BCTpamMBaHHE HelpoceTeBbIX MoAysel B C mim cucTeMbl ypaBiIeHNs WIN CIIENHATH3HPOBAHHOE
porpaMMHOe 00ecIieueHHE;

®  aBTOMATHU3MPOBaHHAs 00pPabOTKa MAaHHBIX C MUHUMAILHBIM YYaCTHEM ITOJIb30BATENS;

e  uHTepdelicHas YacTh HEMPOCETEBOrO MOAYJS JIOJKHA OBITh PacCUMTaHA Ha IIOJIb30BATEINs, HE
HMMEIOIIET0 CHEHMAIBHYIO TOATOTOBKY;

®  aBTOMAaTH3AlUs MOCTPOCHUS, 00YUCHUS U TOA00pa apXUTEKTYPhl HEUPOHHOM CETH;
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e  aBTOMATH3alMs M3BJICUCHHUS 3HAHWHA M3 0a3 JaHHBIX, OTYETOB, XPAHHWJIMIL SKCHEPUMEHTATBLHON
nHpOpMaInm;
e  mepuoaMyeckoe Joo0yueHHe HeHPOCETEeBOW MOJEIHN U KOPPEKTUPOBKA aPXUTEKTYPHI CETH;
e  TeHepauus pe3yibTaToB B (popMmaTax, NMPUIOAHBIX IS OOOOIIEHMSA M aHaIW3a CTAHAAPTHBIMHU
CPEICTBaMH, UCTIOIB3YIOIMMUCS B pEHTTEHOCTPYKTYPHOM aHAJIN3E.
PaspabateiBaeMble HelipoceTeBble kKoMmoHeHTh! HelipoceTeBoro ITK «NNet», cormacho [3,4]
MO3BOJISAIOT PELIaTh CIEeIyIOIINE 3aauu.

o CoszmaBare MHC crnoucToii apXuTeKTyphl 0e3 OOpaTHBIX CBs3CH C JIFOOBIM KOJUYECTBOM CIIOEB
mo00it pa3MEpHOCTH.

e Bribupars QyHKIMIO aKTUBALMU ISl KaXKIOTO CJI0S U3 HIDKEIEPEUNCIICHHbIX: JIMHEeHas QyHKIus,
¢yskuus depMu, paroHaNbHAs CUTMOHIA, THIIEPOOIMYECKHUI TAHT€HC.

e [IpocMarpuBaTh 1 BECOBBIE MAaTPHIIbI KaXKIOTO CJIOS U PEAaKTUPOBATh BECOBBIC KOI(MUIIMEHTHI.

e CoznaBarh BBIOOPKM JaHHBIX JIIO0OW Pa3MEPHOCTH, BBIAEISATH B HUX ydueOHOE, MPOBEpOYHOE U
TECTOBOE MHOKECTBA.

e PepmaktupoBaTh oOywarome BBIOOPKH, HWMIIOPTHPOBATh JaHHbIE K3 JPYTUX TPHIOKCHUN
MOCPEICTBOM CTaHIAPTHBIX MEXaHU3MOB OOMEHa JaHHBIMU.
HopmupoBath gaHHBIE B THANa30H, IPUTOAHBII K HCIIOIb30BAHHIO B HEUPOHHBIX ceTsx (-1;1).
O6yuarp MHC o anroputmMy 00paTHOTO pacpOCTpaHEHUS OITUOKHU M €ro MOTUPUKAIUIM [2]:

HCIOJIb30BaHHE MOMEHTA O0Y4EHUS;
napameTrp oOydeHus (mar 00ydeHus ) MEeHseTCs CITydaifHbIM 00pa3oM Ha KaKJOU 1T0Xe 00YICHHUS;

® [0 OKOHYAaHMHM OOyYEHHsI BO3MOKHO BOCCTAHOBUTH 3HAUCHMS BECOBBIX KOI(PHLUEHTOB, NPHU
KOTOPBIX OblIa TOCTUTHYTa MUHUMAJIbHAS OIINOKA 00yUeHHSI.

e 3ajaBaTh KPUTEPHIl OCTAHOBKH OOYUYEHHS MO KOJUYECTBY SIIOX HIIM MO JAOCTIKCHHUIO 3aJaHHOMN
OIMOKYU O0YUCHHSL.

o J[00aByIATH HEMPOHEKI B MpoOLIECCe 00YUCHHS B JTIFOOO0H Ciol (KpoMe BBIXOTHOTO).

e [lonyuyars 3HaU€HUS C BBIXOJAa HEHPOHHOM CETH, KaK MpHU Mojadye Ha €€ BXOJbl OJTHOTO BXOJIHOTO
BEKTOpa, TaK M BEIOOPKH U3 BXOAHBIX BEKTOPOB, COXpaHEHHBIX B (aiine.
HmmopTupoBath JaHHble cieayomiero gpopmara: nudpossie n3odpaxenus (.png, .tiff) u rexcrobbie
¢aiinbr onucanust (.txt, .json);

[Ipexne yem nepelTH K cofeprkaTeIbHOM YacTy HAIIOMHUM, YTO, HEHpOceTeBas IOCTaHOBKA

3aJauy, KaK [IPaBUIIO, COCTOUT U3 HECKOJIBKHX STAllOB:

e  [lepsblii aTan — pu3HUecKas IOCTAHOBKA 33/1a4H C LIEJIbIO MOCTPOCHHUS 00YYaIOIINX BEIOOPOK.
Bropoii 3tan — npeno0paboTKa HCXOIHBIX JaHHBIX;
Tperwuii 3Tarm - nocTpoeHue 00yyaromux BEIOOPOK;
YeTrBepThIii 3Tal BEIOOP apXUTEKTYPhI CETH U aITOPUTMA €€ 00yUeHuS;
ITaTBIi 3Tan NoIy4eHHE U aHAIN3 PE3YIbTaToB.

PaccmoTpum Oonee petanbHO MEPBBIA 3Tan Ha npuMepe JedekTockonuu nedarHeix iat. (I1IT).
[Ipu ux mpousBoAcTBE, HAUMHASL OT M3TOTOBJICHUS IUIEKTPUUECKOIO OCHOBAHHUS U 3aKaHYMBas Mailkou
KOMIIOHEHTOB, MOTYT IIPOSIBUTHCS PA3IMYHOTO pofa Ae(eKThl, KOTOpbIe HEraTUBHBIM 00pa3oM BIUSIOT HA
KadecTBO ToToBOTr0 M3aenus cornacHo 'OCT P 55490-2013. Tlpumepom Takux 1e(heKTOB MOTYT CITYKHUTb:
MepeMbIUKa; paKOBUHA; 32y KEHHE; BBICTYII;, TPELIMHA; pa3pblB IPOBOJAHNKOB; PACIIMPEHHUE; BHIPHIB U T. 1.

OueBuaHO, YTO A OOHApyXeHUs W KoiauuecTBeHHOW oueHku zaedexros III1 HeoOxommmo
OTIPENIeNINTh, K KakoMy THUIy OHH OTHOCSTCS, T.e. PEIIUTh 3ajady kiaccudukamuu. Kiaccuueckas
ITIOCTAaHOBKA 3a/la4¥l DPACIO3HaBaHWs OOPa30B C TMOMOIIBIO HEHPOHHOW CETH BBITJISAUT CIERYIOMINM
00pa3oM: /aHO MHOXECTBO OOBEKTOB. [IpoBommTcs kiaccuUKanuss OTHOCHTENBHO 3THUX OOBEKTOB.
MHOXeCTBO COCTOUT M3 MOJAMHOXKECTB, KOTOPBIE MMEHYIOT KilaccaMM. 3a/laHbl: HHPOpMaLus o Kiaccax,
OIIMCAaHUE BCCIroO MHOXECTBA H OIIMCAHHC I/IH(i)OpMaIH/II/I 00 O6T)eKTe, MMPUHAMJIC)KHOCTE KOTOPOro K
OTIpelIeIECHHOMY KJlaccy Hew3BecTHa. TpeOyeTcst mo uMmeromeicss nHpopManumu o Kiaccax M OIMUCAaHUU

32



00BEKTa YCTAHOBHUTh — K KAKOMY KJIACCY OTHOCHTCS 3TOT 00BEKT. VICXOMHBIMH JaHHBIMU I O0YYCHUS
HEHpOHHOW CETH B JAaHHOM ciyd4ae SIBISIIOTCA HM300paykeHHs Je(eKTOB MPOBOMSIICTO CIOS TEYaTHOW
TUTIAaThl, HA OCHOBE KOTOPBIX M OyJeT 00yuaThCsl HEHPOHHASI CETh 1JIsI IIOCIEAYIOIIETO BBISIBICHUS 1e(EKTOB.
PesynbTHpyronyMy TaHHBIMHE SBIISETCS HHpopManus o Haamunu Aedekra Ha 111

Crenyer OTMETHUTb, YTO KAKHX-IUOO CIEIHATBHBIX HEHPOCETEBBIX ApPXUTEKTYp JUIs pPEIICHUs
KiaccuuKauy He cyniecTByeT. OObIYHO UCTIONB3YIOTCS MHOTOCIOWHBIE MTEPCENTPOHBI.

B mpe3eHTanuu K TOKIAay U3JI0XKEHBI OCHOBBHI HH()OPMAIIMOHHOTO MOJICITUPOBAHUS B HEHPOCETEBOM
6asuce u B crangapre |DEFO npeacrapnena nomHast amarpaMmma B3anMOAEHCTBUS MPOTPAMMHBIX MOTYJIEH
pazpabateiBaemoro HeripoumutaTtopa «NNet» [3,4].

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo HayuHo2o ¢poHoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/

Criucok myOnuKanmii;
[1] Bunep.H. Kubepnemuxa, unu ynpasienue u cés3b 6 scusomuom u mawune: Ilep. ¢ anen. 2-e uzo. — M.: 1968.
[2] Topbans A.H. Bvicmpoe oughghepenyuposanue, 080UCMEeHHOCMb U 00pamHoe pacnpocmpanerue ouuoky /
Heipounpopmamurxa Hosocubupck: Hayka, Cubupckas uzoamenvckas pupma PAH, 1998.
[3] Hsanenxo B.I1,Knecmog C.A., Coipsimxun B.U. Hetipocemegoti npoeno3 npupooHnuvix pecypcos. Ha npumepe
PeanvhblxX HeQhmAHbIX MeCmOpPOAICOeHUl, NOAU20HO08 3axopoHenus PO, npocnoze nagodkosvix 600. M3z0amenbcmeo
LAP LAMBERT, 2019 200, 190 c.
[4] Digital X-RAY tomography Bureev A.Sh., Klestov S.A., Kutsov M.S., Osipov A.V., Osipov Yu.M., Syryamkin V.1,
Suntsov S.B. Edited by V.I. Syryamkin. London, 2015.
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UPPOBON IBOMHUK KOMIIBIOTEPHOI'O TOMOI'PA®A

ITnaxa P. P., Knecmoe C. A.

HammonaneHblil ncciienoBatenbckuii TOMCKUI ToCy1apCTBEHHBIN YHUBEPCUTET, I'. TOMCK
plaka_reshat@mail.ru

Hcnonp3oBanne METOJOB MaTeMaTH4E€CKOIO MOJAEIUPOBAHMS M MPEIUKTUBHOW aHATUTHKH
MO3BOJISIET CO37aBaTh LU(POBbIE NBOWHUKH MPOU3BOJICTBEHHBIX aKTHBOB M MPOLECCOB. BUpTyanbHbIe
MOJEIN TPUMEHAIOTCA B  PA3NIMYHBIX  OTPACIAX: KOCMHYECKOW, TOIUIMBHOM, TpPAaHCIOPTHOM
MPOMBIIIJICHHOCTH,  JJIEKTPO’HEPreTHKe,  MEAWIUHE, CTPOUTENBCTBE,  METaliooOpadoTke U
MaIIMHOCTPOEHHUH.

Tepmun «undpoBoit nBoitHuk» Obu1 BBenméH B 2002 romy mpodeccopoM MUYUTAHCKOTO
yHuBepcuteTa Maiikiom ['puB30oM B X0z€ ero goKkinaga o0 ynpasiieHUH >KU3HEHHBIM [IMKJIOM IPOIYKTa. 3a
MOYTH TPUALATHICTHIOW HCTOPUIO KOHIEMIUS MOHATUS HE pa3 TpaHcpopMupoBaliach 3a CUET HOBBIX
JIOCTHKEHHUU B chepe BUPTyaIbHOTO MojaenupoBanus. Ceroast MuGpoBO ABOWHUK SBISIETCS OJHUM U3
SIPKUX TPEHIOB Pa3BUTHUS PsAaa IKOHOMUYECKUX OTpaciiei v MpeaIMeToM OO0JIbIIOro KoIudecTBa criopos [1].

HudpoBoii IBOMHUK — 3TO BUPTyalibHast KOTIHS, MOJIEb 00BEKTa, TPyNITbl 00BEKTOB HIIH MIpoliecca,
coJiepkaiiiasi HHPOPMALIUIO O TEXHUYECKUX XapaKTepHCTHKaX OpUruHana. BriodaeT B cebs MCXOAHBIC
JaHHBIE OT W3TOTOBUTEJNSA, HCTOPHUIO IMOJIOMOK, IIAHOBBIX M BHEIUIAHOBBIX PEMOHTOB. C IOMOIIBIO
CHELUAIBHBIX JaTYUKOB OCYLIECTBIAET cOOp U 00pabOTKy CBEACHUI HA MPOTSLKEHUH BCErO )KU3HEHHOTO
LUKJIa CBOETO MpoToTuna [2].

Pentrenosckas komnbtorepHas Tomorpadus (KT) Beicokoro pasperieHust — 3T0 HOBasi TEXHOJIOTHS,
UAcaIbHO MOAXOIAIIAs JUIsl IIMPOKOTO Kpyra TeOJOIMYeCKHX MWCCIIEAOBaHUNA. ITO OBICTPBIA U
Hepa3pyLIaloNIAid METOJ] CO3/IaHus N300paKEHNH, KOTOPhIe TOYHO COOTBETCTBYIOT CEPUHHBIM CEUCHHSIM
oobekrta. IlocnenoBaTenbHbIe, CMEKHBIE W300paXKEHUS KOMIMIMPYIOTCS JAJS CO3[JaHMsT TPEXMEPHBIX
MPECTaBICHUI, KOTOPBIMUA MOXXHO MaHHUITYJIMPOBAaTh B HUPPOBOM BHE I 3PGEKTUBHOTO BBINOJIHCHHS
00JIBIIIOTO KOJUYECTRA 3a/1a4 M3MEPEHUs ¥ BU3yanu3amuu [3].

[IpocrefimiimMu  OOIUMH  dJIEMEHTAMU PEHTTEHOBCKOW paauorpaguu  SBISIOTCS HCTOYHHK
PEHTI€HOBCKOT'0 U3JIy4eHHs, O0BEKT Ul BU3yalM3allH, Yepe3 KOTOPbIM MPOXOAST PEHTTEHOBCKHUE JIyUH,
U PA IETEKTOPOB, N3MEPSIOLINX CTEIEHb 0CIa0JIEHHs PEHTI€HOBCKOTO CUTHANA 33 CUET PEHTIC€HOBCKOTO
u3nyueHus. 00bekT (puc. 1).

@DyHraMeHTaIbHBINA IPUHIMI KOMITBIOTEPHON TOMOTpaduu 3aKIIH04aeTCs B TOJYyYEHUH HECKOIBKUX
HabopoB M300pakeHWH OOBEKTa B OMAna3oHE YIJIOBBIX OpHeHTauuil. bmaromaps sTomy momywaroTcs
JIOTIOJTHUTENIbHBIE JIaHHBIE O pa3Mepax IO CPaBHEHHWIO ¢ OOBIYHOH peHTreHorpaduei, mpu KOTOpOU
HMMeETCs TOJIBKO OJTUH BH/I.

puc. 1. Cxemamuueckas unnocmpayusa ceomempuu penmeenosckoeo KT pasueix noxonenuii [4].
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CrjiomHble CTPENKH YKa3bIBalOT ABIKEHHS BO BpeMsa cOOpa JAaHHBIX, NMyHKTHPHBIE CTPEIKH
YKa3bIBAIOT JBIKEHHUS MEXIY MOCIEAOBATEIbHOCTAMHU cOopa NaHHbIX. CIUIOIIHBIE JTHUHUH, UIYIIHE OT
HUCTOYHUKOB K JETEKTOpaM, NPEACTaBIAIOT cO00W MyTH JIyueil, 1 KaXIblii HAOOp CIUIOMIHBIX JHHUH C
OJTHOM YTJIOBOM OpHeHTaNHeH MpeacTaBiseT co0oi Biua. Ha 3THX mnTFoCTpaisx moka3aHo, Kak HCTOYHUK
1 IETEKTOPHI TIEPEMEIAIOTCSI BOKPYT HEMTOIBIKHOTO 00BEKTa, KaK B CIIydae C MEAUIIMHCKAMHU CKaHEPaMH.

Bo Bcex ciydasix Ocblo BpallleHHs SIBISAETCS LEHTP OKPYKHOCTH. (A) F€OMETpHsI OCTPOYTOIBHOTO
Jyda MEpBOTO MOKOJIEHHS C TOCTYMAaTeNbHBIM U BpamaTelbHbIM JBIKeHneM; (B) reomerpus BeepHOTO
Jyda BTOPOTO IIOKOJIEHHS C TMOCTyMaTelbHO-BpamaTtenbHbiM aBrkerneM; (C) reoMeTpusi TpPEeThero
MOKOJICHUS], MpeAHa3HaueHHass TOJbKO ajsl Bpamenus; (D) reomerpust oceTHOro pexxuma TPeThEro
MoKoJieHus [5].

B pesynpraTe pa3paborku «LludpoBoro qBoiiHNKa» PEHTTEHOBCKOTO KOMIBIOTEPHOTO TOMOrpada
H®PT (puc.2) npencraBuM B 00111eM BHJIE OTIEPATOPHYIO JEHTOUYHYIO cxeMy anroputma LIOPT u 3anumem
B CJIEIyIOIIEM BUJE:

Hll + KlZ N 0l3a,6 N Mcl4 N I/H/IlS 7 YHlG N
N B3 2

3meck BepxHHE NU(GPHI W CTPENKHA ONEPATOPOB O3HAYAIOT HOMEp OIepaTropa, a HIKHHE —
HaIlpaBJCHUE U U HOMEP ONEepaTopa sl B3aUMOJCHCTBUSL.

Tl8 N pl9

6 7

bnox uckyccrBeHHOrO
MHTEIJIEKTa Ha OCHOBE
OMOMIOTO-3EeKTPIIECKOH
MOJIENI YEJI0OBEYECKOTO MO3Ta

VHUBEPCATBHBIN THOPHIHBII
AQHAIM3aTOP MHOTOMEPHBIX
JJaHHBIX HA OCHOBE HEHpo-

HEYETKHX METO/I0B IIIy0 OKOTO

00yueHus
VH BD
'Y y

( > 3a 5
1 2 c ( M CKyCCTBEHHBIH MH TEJLIEKT,
TPYKTypa (3IEKTPOHHASL
PYKTYP p ' le— anHanu3 60JIb KX JAaHHBIX,
Kauectso mpogykuuu || mporpammno-anmaparHast)
| | |  aNropuTMBI PACIO3HAHHUS
TexHu4yeckoe 3aaHue (moTpeOurenbckie Tomorpada 06308
CBOMCTBA, 6€30MACHOCTB) P
nmn
H K 0
7y 7y
Y Y \
36 4 8
CATIP (Cucrema » CoBpeMeHHbIE METOJUKH >
ABTOMATH3MPOBAHHOTO ¥ CpesicTBa TecToBoe mporpaMmMHOE
HPOCKTHPOBAH Hsi) < KOHTPO/IbHBIX < obecreueHne
Tomorpada U3MEpeHHU it
0 MC T
9
Pesynbrar
P

puc. 2 — «[{ughposoii 080UNHUKY peHMeeH0BCKO20 KOMNbIOMEPHO20 momocpada
1. Oneparop «H» o3znauaet Hauano padotsl LIOPKT: y3mbl u GJI0KM MOArOTaBIMBAIOTCS K padoTe
(BO3BpaT B UCXOJHOE COCTOSIHHE, OUMCTKA MaMSITH, TIOATOTOBKA K MIPUHATHIO OUYEPEIHOTO 3aKa3a (3asBKN)
Y T.1.) ¥ BBIpa0aThIBaeTCsI KOMaHAa I CHHXPOHU3AIIMN paboThI U yrpasieHus yctpoiictBamu LIOPT.
2. Oneparop «K» oneHuBaeT Tpebyemoe KavuecTBO KOHTPOJIMPYEMOU MPOAYKIMH H TpeOyeMmbie
XapaKTePUCTUKN PEHTTCHOBCKOI'O KOMIIBIOTEPHOTO ToMorpada (TOYHOCTb, HaJeKHOCTb, BEPOSTHOCTH
MPaBUIBHOM pabOTHI, OBICTpOCHCTBIE 1 JIP.)
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3. Omeparop «O» ompenenseT CTPYKTypy (3MEKTPOHHYIO, TPOrpaMMHO-aNNapaTHy0) ToMorpada u
CAIIP.

4. Oneparop «MC» dopMupyeT COBpeMEHHbIE METOJUKH W CPEJACTBA KOHTPOJIS H3MEPEHUH
omeparopa «O».

5. Oneparop «HM» BKiIFOYAET MCKYCCTBEHHBIH MHTEIUICKT, aHAIN3 OOJNBIINX JAHHBIX, AITOPHTMBI
pacno3HaBaHus 00pa3oB. 3/1eCh BO3MOXHBI YCIIOBHS: HWCIOJB3YeTCS YHUBEPCAIbHBIA THOPUIHBII
aHaJM3aTOp MHOTOMEPHBIX JIAHHBIX Ha OCHOBE HEWpPO-HEYETKUX METOJOB IiTybokoro oOyuenus YH wmm
OJIOK MCKYCCTBEHHOTO MHTEJIICKTA HA OCHOBE OMOJIOr0-3JIEKTPHUECKON MOJIEH YeJI0BevYeckoro Mo3ra b3

).

6. Oneparop «T» dopMmupyeT TeCTOBBIE MPOTpaMMHOE OOecriedeHre Al KOHTPOIs (aTTecTalum)
HDPKT.

7. Oneparop «P» popmupyer pe3yiabpTaT NpOBEpKH KOMIBIOTEPHOT'O PEHTITEHOBCKOTO KOMITBIOTEpPA
B BU/JIE DJIEKTPOHHON MOJIENU U TBEPIOH KOINH.

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo nayunozo ghonoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/

Cnmcok myOuKanmit:

[1] Michael W. Grieves Digital Twin: Manufacturing Excellence through Virtual Factory Replication LLC, 2014, 7
p.

[2] Glaessgen E., Stargel D. The digital twin paradigm for future NASA and US Air Force vehicles //53rd
AIAA/ASME/ASCE/AHS/ASC Structures, Structural Dynamics and Materials Conference 20th AIAA/ASME/AHS
Adaptive Structures Conference 14th AIAA. — 2012. — C. 1818.

[3] Amos, C.L., Sutherland, T.F., Radzijewski, B., Doucette, M., A rapid technique to determine bulk density of
finegrained sediments by X-ray computed tomography. Journal of Sedimentary Research. 1996. 1023-1024 pp.

[4] Bauer, R.L., Ketcham, R.A., Denison, C., Carlson, W.D., X-ray computed tomography (CT) imaging of spiral
inclusion trails and the external morphology of garnet porphyroblasts. 1998. 357 p.
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METPOJIOTMYECKOE OBECHEYEHUE KOMITBIOTEPHO TOMOI' PA®UA

ITnaxa P. P., Knecmoe C. A.

HammonaneHblil ncciienoBatenbckuii TOMCKUI ToCy1apCTBEHHBIN YHUBEPCUTET, I'. TOMCK
plaka_reshat@mail.ru

B coBpemeHHOM 0011ecTBE METPOJIOTHS KaK HayKa 1 00JIaCTh MPAKTUIECKON ACATEILHOCTH UTPAIOT
OONBLIYIO POJIb. DTO CBA3aHO C TEM, UYTO MPAKTHUECKH HET HU OJHOM Cephl UeTOBEUECKON e TeTbHOCTH,
rze Obl He HCII0Ib30BATIMCh PE3yIbTaThl U3MEPEHUI- B Halel cTpane exeIHeBHO UCTIONHAeTCA cBblie 20
MWUIHAPIOB Pa3IHYHbIX W3MepeHHid. V3aMepeHus SBISIOTCS HEOTHEMJIEMOH YacThio OOJBIIMHCTBA
TPYAOBBIX MPOIECCOB. 3aTpaThl HAa OOECIeYCHNE U MPOBEACHUE W3MEPEHHH COCTaBISIOT okoio 20 % ot
o0mux 3aTpar Ha MPOU3BOJICTBO MPOAYKIIHH.

Ha ocHoBe n3mMepenuii noiay4aroT MHGOPMALUIO O COCTOSIHUN IPOU3BOJICTBEHHBIX, SKOHOMUYECKUX
W COLMANBHBIX TpoleccoB. M3MepurensHas nHGOpMaIHs CIY>KUT OCHOBOW JJISI MIPUHSTHS PEIICHUHA O
Ka4yecTBe MPOAYKLUUH IPU BHEIPEHUH CHUCTEM KauyecTBA, B HAYYHBIX JKCIEpUMEHTaxX U T.A. M Toibko
JOCTOBEPHOCTh M COOTBETCTBYIOIIAS TOYHOCTH PE3yJbTaTOB M3MEPEHHUI OOecleunBaeT NMPaBHIbLHOCTH
MPUHUMAEMBIX PEUICHWH Ha BCEX YpOBHSX ympaslieHus. [lomydeHne HeNOCTOBEpHOU HH(OpMauu
MPUBOAUT K HEBCPHBIM PCUHICHUAM, CHUXKCHHUIO Ka4€CTBA MMPOAYKINHU, BO3MOXXHBIM aBapHsiaM.

Mertposorudeckoe oOecredeHue — CO3J4aHHe U MOAJEpP)KAaHHE YCIOBUIM Uil TOJNyYeHHS
M3MEPUTENHHON WH(OPMAIIH, COOTBETCTBYIOIIEH YCTAHOBICHHBIM/3a1aHHBIM TpeOoBaHMsAM. OObeKTaMH
MCTPOJIOTHYCCKOI0 06€CHC‘-ICHI/I$I SABJIIAIOTCA U3MEPCHUS.

OOBEKTBI U3MEPEHUH — 3TO M3JENIUs, IPOLUECCH (B TOM YHCIIEe, KOHTPOJb U UCHIBITAHUS), SIBICHHUS,
MPOLEAYPHl, TEXHOJOIMUECKHE OIEPAllH, BEIECTBA M MaTepUalbl, KOJMYECTBEHHbIC XapaKTEPUCTHKU
KOTOPBIX MOJJIEKAT M3MEPEeHUI0. [IpeMeT MeTpoIoTHUECKOro O0OecTeYeHus] — yCIOBUS U3MEpeHH B
IIMPOKOM  TIOHUMaHWUM  (IOKyYMEHTAIWs, T[IOMEUICHUs, O0OpyAOBaHHME, CpPEACTBA H3MEPEHHIA,
OpTaHU3allMOHHBIE CTPYKTYPBI, IEPCOHANT U IPYTHUE PECYPCHI).

PaboTel mo MeTponorndeckoMy obdecrieueHmto (1anee MQO) ocylecTBISIOTCS: B OBITY, Ha padOYHX
MECTax, B MOApa3ACICHUAX, Ha NPCANPUATUAX U B OpraHu3aluiax, B IPpOU3BOACTBCHHBIX O6'Be):[I/IHeHI/I$IX,
Ha ypPOBHE OTpAaciel/BeOMCTB, U Ha FOCYJapCTBEHHOM YPOBHE.

besotHOoCcUTENEHO K crenuduKe pasiIndHBIX CcQep AEATENBHOCTH, B KOTOPBHIX BBIMOJIHSIIOTCS
W3MEpPEHUs], Pa3IMuMI0 OPTraHU3AIMOHHBIX CTPYKTYp XO3SHCTBYIOIIMX CYOBEKTOB, M OCOOEHHOCTEH
00BEKTOB H3MepeHuil, B MO MOXHO BBIIENUTH CIEIYIOLIHE OCHOBHBIE POLIECCHI:

— MOCTaHOBKA 3a/1a4H;

— HHPOPMAITMOHHOE 0OecTieueHune;

— opraHu3aus pabort;

— IJIAaHUPOBAHUC,

— (hMHAHCUpPOBaHUE;

— pa3paboTKa METOANYECKUX MaTEPHAaJIOB;

— MPOEKTHPOBAHHE;

— MaTepHaIbHO-TEXHUIECKOE CHA0XKEHHE;

— YYET U XpaHEHUE CPEACTB U3MEPEHUIL;

— TEXHUYECKOE 00CTYKMBAHUE U PEMOHT;

— cOOJI0ZIeHNE TIPABOBBIX HOPM;

— yIpaBlieHHE Ka/IpaMu;

— BBINIOJIHEHNE KOHTPOJIBHBIX (QyHKIui [1].

Mertposorudyeckue XapakTepUCTUKU auarHoctudeckoil cucrtembl (C) — 3TO XapaKTepUCTHKH
coricte JIC, BKIIOYasi WX anrOpUTMHUYECKOE, almaparypHOe W MporpaMMHoe oOecriedeHue, KOTOphie
BIIMSIOT HA PE3YJIBTATHI M IOTPELIHOCTH U3MepeHuH. IlorperHocT n3MepeHus — OTKIIOHEHHE Pe3yIbTaTOB
HU3MEpeHUi (3HaUYeHNe BEJTMYMHbI, HAJCHHOE IIyTeEM €€ U3MEPEHHsI) OT HCTHHHOI'O 3HAYCHUSI H3MEPEHHON
BCJINYHHBI.
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K ocHoBHBIM MeTposoruyeckuM xapakrepuctukam JIC cieayeTr oTHeCTH:

1) xapakTepUCTUKH, ONpPENCISIOMNe Pe3yibTaThl W3MepeHuid: (QyHKIHUS MpeoOpa3oBaHusi, LeHa
JIEJIEHNUs, BUJT BBIXOIHOTO KOJia U Jp.;

2) TogHOCTHEIC XapakTepucTuku JIC;

3) xapakrepuctuku gyBcTBuUTenbHOCTH JIC K BHemHMM (akTtopam, BiIHsIOmnM Ha padory [C:
3NEKTPUYECKHE TIOMEXH, HEPaBHOMEPHOCTh OCBELIEHHOCTH TeKyiero nzobpaxenus (TH) B paboueii 30He,
BHOpAaIuu u 1Ip.;

4) TMHaAMHWYECKHE XapaKTEPUCTHKH;

5) XapaKTEepUCTUKHU, OTPaKAIOIINE UX CIIOCOOHOCTH BIMSTH HA HHCTPYMEHTAIBHYIO COCTABIISIONIYIO
MOTPEIIHOCTH U3MepeHuH Beenctaue BzaumoaercTeus JC ¢ 100bIM U3 MOIKIIOUEHHBIX K MX BXOLY WIIH
BBIXOJy KOMIIOHEHTOB (HampuMep, IOACBETKa pabodel 30HBI, y3/bl, MMEIOIINME OTPAHWYEHHUS IO
TOYHOCTH);

6) HenHpOpMaTUBHBIE WM HH()OPMATHBHBIE CUTHAJIBI BXOJTHOTO MU BbhIxoaHoro curaaia J{C [2].

BaxupIMH mepeMEHHBIMH, KOTOpPbIE OIPEACISIIOT, HACKOIbKO 3()()EeKTUBHBIM OyAET HCTOUHHUK
PEHTICHOBCKOTO M3Jy4YeHHUS Ul KOHKPETHOM 3amaud, SIBIASIOTCS pa3Mep (OKaJbHOIO MATHA, CIEKTP
TeHEpUPYEMBIX PEHTT€HOBCKMX OJHEPruii M HHTEHCHBHOCTh PEHTIEHOBCKOIO H3MyueHus. Pasmep
(hOKaNBbHOTO MATHA YACTHYHO OMpEeseT MOTEHINANbHOE MTPOCTPAaHCTBEHHOE paspeleHue cucteMsl KT,
oTIpenesisisi KOJIUIECTBO BO3MOXKHBIX IyTeH MCTOYHHUK-IETEKTOP, KOTOPBIE MOTYT IEpeceKaTh 3alaHHYIO
TOUKY CKaHUpyeMoro o0ObekTa. Uem OoJjbllie TakuX MyTEH HCTOYHHUK-ICTEKTOP, TeM OoJblie Oyaer
pa3MbITHE IPU3HAKOB. JHEPTeTHUECKUH CTIEKTpP ONpeAesieT IPOHUKAOIYI0 CIIOCOOHOCTH PEHTTEHOBCKUX
Jdy4yel, a TaKkkKe HX OXKHAAEMOE OTHOCUTEIbHOE 3aTyXaHWE IpPU NPOXOXKICHUU 4Yepe3 MaTepHasbl
Pa3IMYHON MJIOTHOCTU. PEHTTreHOBCKUE Myuu Ooyiee BHICOKUX DHEPTU NMPOHHUKAIOT Oosee 3pGheKTHBHO,
YeM HH3KOIHEPreTHUYECKHE, HO MEHEee YyBCTBUTENBHbBI K U3MEHEHHUSIM IUTOTHOCTH M COCTaBa MaTepuaa.
VIHTEeHCHBHOCTD PEHTTCHOBCKOTO M3JIyYeHHS HANpsSAMyl0 BIMSET HA OTHOIICHHE CHTHAI/IIYM H,
CJIEOBATEIbHO, HAa YETKOCTb M300pakeHus. bosiee BBICOKME HMHTEHCHUBHOCTH YIIYyUIIAIOT OCHOBHYIO
CTaTHCTHUKY IMOJCYETa, HO YacTO TPeOyrOT OoJbIero (POKyCHOro msTHa [3].

MHorue 00bIYHBIE PEHTICHOBCKHE TPYOKH MMEIOT ABOMHYIO HUTh HaKasa, KOTopas obecreunBaeT
IBa pa3Mepa POoKyCHOro maTHa, IPU 3TOM MEHBIINH pa3Mep ISTHA O3BOJISIET OIyYaTh Oojiee moApoOHbIe
n300paKeHUsI 3a CUET MHTEHCUBHOCTH. MeTUIIMHCKUE KOMITBIOTEPHBIE TOMOTpa(dbl, Kak MPaBHIIO0, HMEIOT
pa3Mep IsITHAa pEeHTTeHOBCKOT0 n3nyueHus ot 0,5 1o 2 mm. B cucteme BBICOKOTO pa3pelieHus Ha yCTaHOBKe
KOMIIbIOTepHOM ToMorpaduu UT ncnonb3yeTcs JBYXTOUEUHBIA HCTOYHUK PEHTIEHOBCKOr0 n3nyueHus 420
kB (Pantak HF420) ¢ pasmepamu msitia 0,8 1 1,8 MM. MajieHbKOE MSATHO HMEET MAaKCHMAITbHYIO HArPy3Ky
800 BT (1. e. 2 MA nipu 400 kB), Torna kak 0onbLIOe MATHO HMEET MaKCHUMalbHYI0 Harpysky 2000 BrT.
perynmupyeMoe (hOKYCHOE TISITHO ¢ MUHUMAIBHBIM pa3mMepom 510 MM nipu oOmelt Harpyske 8 B, HO nipu
Oosiee BBICOKMX Harpys3kax pasMep IISITHA aBTOMAaTHYECKH YBEIWYHMBAETCS, YTOOBI NPEAOTBPATHTh
TEIUIOBOE  MOBpeXIeHWEe Ilend. B OONBUIMHCTBE CIIy4aeB MOXKHO  MCIIOJIb30BaTh  CIETKa
«pacokycupoBaHHbliD» JTy4 (OONBIIMEI pa3mep MATHA) Ui YJIYYIICHHS CTaTHCTHKH TOJCYeTa C
HeOOJIBIIMMHU  3aTpaTaMM Ha paspeumieHne. (O0a HCTOYHHMKA MMEIOT BOJb(PAMOBBIE MHILECHH.
['eHepupyeMbIii  SHEPreTUYECKUA CIEKTP OOBIYHO OMNMCHIBACTCS B TEPMHUHAX IHUKOBOH 3HEPTUU
peHTreHoBckoro m3nydeHus (k3B mimm MaB), HO Ha caMOM Jiene OH COCTOUT M3 KOHTHHYyMa, B KOTOPOM
YPOBEHb C MAKCUMAIBHON HMHTEHCUBHOCTHIO OOBIYHO MEHBIIIE TIOJIOBHHEI uKa (puc. 1) [4].

O6mmii «3¢hGEeKTUBHBIN» CHEKTP ONpeAessieTcs psaoM (pakTopoB, HIOMHUMO SHEProBKiIaga caMoro
WCTOYHUKA PEHTTCHOBCKOTO M3JTYYEHUs, BKIFOUasi aBTOPUIBTPALIMIO KaK 3a CUET MOTJIOMICHUsT (POTOHOB,
TeHEPHUPYEMBIX T10JI TIOBEPXHOCTHIO TolicTol MuineHn (CuibBep, 1994), Tak 1 3a c4eT aBTOQUIBTPAIUH.
MIPOXOJIOM 4Yepe3 BBIXOAHOE OTBEPCTHE TPyOKHW; BBeIAEeHA JApyras (QuibTpauus jyda AJsi CEIEKTUBHOTO
yAaneHus] HI3KOPHEPTETHIECKOI0 PEHTI€HOBCKOTO U3TYUYCHHS; YCHUIICHHE JIy4a B CKAHUPYEMOM OOBEKTE;
W OTHOCHTENbHAs 3(PQPEKTHBHOCTh JETEKTOPOB Uil pa3indHbIX SHepruil. Kak oOcyxmaercs HHXe,
W3MEHEHUS! B CIIEKTPE PEHTICHOBCKOTO M3JyYEHHs, BBHI3BAHHBIE NMPOXOXKICHHEM uepe3 OOBEKT, MOTYT
MPUBECTH K MHOXECTBY apTe()akTOB CKaHUPOBAHUS, €CIM He OyIyT NpPEeANpPHHATH yCWIHMA IS HX
KOMIIEHCAIIHH.
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Puc. 1. Teopemuueckue suepeemuyeckue cneKmpbl 011 UCTOYHUKA PeHM2eH08CcKo20 usnyyerus 420 kB ¢
801b(PPAMOBOIL MULUEHBIO, PACCYUMANHbLE ¢ 00beOUHeHUeM UHMepP8anos 5 kI B.

CrieKTphl COCTOSAT U3 HEMPEPHIBHOTO TOPMO3HOI'O M3ITyUEHHUsS U XapaKTepHbIX MuKoB K-cepun npu
57-59 u 67-69 x3B. BepxHuii crieKTp MOJUPHUIMPOBAH TOJIBKO COOCTBEHHON (QUIIbTpaluei mydka 3 Mm
ATIOMUHHA Ha BbIXoje u3 TpyOku. CpemHsisi 3JHEPTUs PEHTTEHOBCKOTO M3NMy4deHHs cocTaBisgeT 114 xaB.
Hwxnsist kpuBas mnpenctaBiseT coOOW CIEKTp, KOTOPBIM Takke TMpomien 4Yepe3 5 CM  Keaplia.
[IpeumyiiecTBeHHOE 3aTyXaHHE HHU3KO3HEPT€TUYECKOIO PEHTICHOBCKOTO M3JIyYEHHS BbI3bIBACT
MIOBBIIIIEHHE cpenHel sHeprun 10 178 k3B [5].

OcHOBHOI1 3a7adell peHTreHOBCKOW KoMmbloTepHOH Tomorpaduu (KT) sBisieTcs peKOHCTPYKITHS
BHYTPEHHEH CTPYKTYpbl OOBEKTOB UCCIECOBAHUS ITyTEM 30HAMPOBAHUS MTPOHUKAIONUM H3TydeHuem. C
MaTeMaTHYECKOW TOYKM 3pPEHHsl 3Ty 3aJauy MOXKHO paccMaTpuBaTh KakK 3afady BOCCTAHOBJICHHS
HEKOTOPOH (PYHKIMHU B ABYMEPHOM WJIN TPEXMEPHOM IIPOCTPAHCTBE 110 U3BECTHBIM 3HAYEHHUSIM HHTETPAJIOB
M0 ONpeAe]eHHbIM JHHUSAM wiM 1iockoctasM. B KT wuckomoii (yHKIMEH sBiseTcst JTWHEWHBINH
KOd(QQHIMEHT 3aTyXaHWs, a MPOCKIMOHHBIMU JaHHBIMH SBIISIOTCS M3BECTHBIC 3HAYEHUS MHTETPAJIOB.
CBs3p MEXIy NPOCKIMOHHBIMU JaHHBIMH U MCKOMOW (YHKLHEH JMHEHHOTro Kod(ppHUIMEHTa 3aTyXaHus
OIMChIBaeTCs peodpa3oBaHueM PajjoHa, KOTOpoe B IBYMEPHOM clly4ae MpeCTaBisieT cO00# IMHEHHBIN
uHTerpa)l (DYHKIUM BAOJb JUHHMM. llpencraBieHue QyHKnMM dYepe3 ee npeoOpasoanue Pajona
HazbIBaeTCs (HopMyItoit oOparieHus.

Ecmu mpsimast L: (€, x) = | 3amana B HopMmansHOM Qopme, nHTerpant ot GyHKImH f(X) mo mpsimoit L
paBeH:

P, = fj;of (cos@ — x5 sin6,1sin 0 + x5 cos 0)dx;, (1)

rae X, — och Y Toce IoBopoTa Ha yroi 6.

@dopmyra B 3TOM cirydae OyAeT UMETh BH/I:

1 +o 2 1 aP(O,1" ,

fO) == [0 1 o+ S dedl, @

rae I — xpuBas, Ipoxoasias yepes OnpeAeIeHHy 0 TOUKY (X1, X,).

Taxum 00pa3oM, OCHOBHYIO MaTeMaTHYECKYIO 3a/1a4y PEHTI€HOBCKOI KOMIIBIOTEPHOW TOMOTpaduu
MO>KHO CBECTH K MHTETPAILHOMY YPaBHEHHUIO BUJA:

T, = fL(w),u(x,y)dl = P(L,0). (3)

Ypasuenue (3), rme 7— omepaTop mpeodpa3oBaHUs, MOKHO UCCIIEI0BATh METOIJaMU HHTETPATEHOMN
reomerpun Pamona. Omnako metonsl PamoHa MO3BONSIOT TOMYYUTh TOYHOE PEIICHHWE OCHOBHOTO
ypaBHenust KT npu ycinoBruu TOYHOTO 33/1aHUS HAYaIbHBIX JaHHEIX P (1, ). Ho Ha mpakTHKe MPOEKTUBHBIC
nanueie P (I, 6) coxepxar pa3HOro poja OMIMOKH U HE SBJSIOTCSA TOYHBIMH. TOYHO BOCCTAHOBHTH
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n3o0paxkenue 1mo npoeknusiM P (I, ) HeBo3mMoxHO. Ha mpakTike MpUMEHSIOTCS METOIBI PEeTyIIsIpU3aiy
ypaBHeHus (3).

Bce MHOr000pasue MeTo10B, MCIIONIB3YEMBIX J1s1 BOCCTAHOBIICHHSI H300paskeHH, MOYKHO pa3eIUTh
Ha JIBE OCHOBHBIE TPYIIIbI: aHATUTHICCKUE U UTCPAIIMOHHBIC METOIBI.

Peanu3zanus mo00ro ajaroputMa peKOHCTPYKIIMU 3aBUCHT OT CXEMBbl I'€HEPAllUM PEHTTEHOBCKOTO
W3IYy4eHUs, peann3oBaHHOW B Tomorpade. PasmuuaioT 3 OCHOBHBIE CXEMBbI: MapajieNbHas, BeepHas,
KOHycHas [6].

Hccredosanue svinonneno 3a cuem epanma Poccutickozo nayunoco ghonoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/
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OB30P METPOJTOI'HYECKHX NPOCJIEXKUBAEMOCTH CPEJCTB W3MEPEHU
EJUMHUIBI OTHOCUTEJIBHOU BJIAKHOCTH

JKymazanu A. K.}, FOpuenko A. B.?
'HanmouaneHelil nccaenoBaTebekuii TOMCKHIA MOTUTEXHUICCKHI YHuBepcurer

HanmoHabHbIH HcceqoBaTebCKiii TOMCKHIA rOCyJIapCTBEHHBIN Y HUBEPCUTET
wap.aseke.kz@mail.ru

BnaxHocTh aTMOC(hEPHOTO BO3/IyXa, TEXHOJIOTMYSCKUX U TMPUPOIHBIX Ta30B SIBISECTCS OJHUM W3
BOKHEHIIUX TapaMeTPOB, OIMPEACISIOMIUX KauyeCTBO HCXOJHBIX M KOHEUYHBIX MPOJYKTOB BO MHOTHX
OTpaciisiX TMPOMBIIUIEHHOCTH. HaydHblii mporpecc u pa3paboTKa HOBBIX TEXHOJOTHH TpeOyIOT
BBICOKOTOUYHBIX M3MEPEHUH BIQYKHOCTH I'a30B B IIUPOKOM JHAITa30HE pa0OYUX TEMIIepaTyp U JaBICHUM.

I[Hﬂ KOJIMYCCTBCHHOI'O OIMMCAaHHA BJIAXHBIX I'a30B MOKHO HCIIOJIB30BaTh OKOJIO ABYX ACCATKOB
BEMMYMH. TpU OCHOBHBIX KOJMYECTBA B MPAKTHYCCKOW THTPOMETPHU HCIONB3YIOTCS Pa3InvHbIC
(dusnveckue XapakTepUCTUKU: TeMIIepaTypa TOUYKU POChl/HHes, 00beMHAas JI0JsI BJIard U OTHOCHTEIbHAS
BJIaXKHOCTbD. HapaMCprI BJIQAXKHOCTH TIa30B B3aMMOCBs3aHbl, HO HX B3aHMMHOC MaCH_[Ta6I/Ip0BaHI/IC
OCJIOXKHSIETCSI HEOOXOIUMOCTBIO yUueTa HEHJCaTbHOCTH PEANbHBIX T'a30B U HEJAOCTATOYHON TOYHOCTHIO
IMIUPUIECKUX 3aBUCUMOCTeH [1].

PazpaboTka cuctembl Uil MOJACPKKU €AWHCTBA M3MEPEHUI B OOJIACTH THUTPOMETPHU TpeOyeT
BOCIPOM3BEACHUS U HM3MEPEHUS JIIO00ro MapaMeTpa BIAKHOCTU Ta30B C BBICOYAMINEH TOYHOCTBIO B
COOTBETCTBHHU C €T0 onpeesicHreM. UToObI pelmTh 3Ty MpodiieMy, HEOOXOAMMO CO3aTh ITAJIOH, KOTOPHIE
MOKHO HCIIOJIB30BaTh IJIs1 BOCHpOI/I?)BCI[CHI/IH 158 I/ISMCpeHI/IH Ka)KI[Oﬁ BCJIIMYHUHBI C IOMOLIBIO HpHMI)IX
a0COIOTHBIX METOJIOB.

Hwmwxe pucynke 1 mnpeactaBieH uepapxusi METPOIOTMYECKOH NPOCIEKHUBAEMOCTH €IUHULBI
OTHOCHUTEJILHOH BJI)KHOCTH B 3aBUCHMOCTH OT METOJA M IPUHLIUIIA H3MEPEHHUS.

I'paBumeTprueckuii
TUTPOMETP
[lepBUyHBIt
3TAIOH I'enepatop BaxHOro BO3yXa NpEeLU3HOHHBIN | ['eHepaTop BIIQ)KHOTO BO3AYyXa
Ha METOZE JBYX TEMIIEPATYP NPENM3NOHHBII Ha  METONE  JBYX
JIaBJICHUHI
Bropuunslil | /IByXnoTOYHBII T'urpomerp Temneparypsl | HaceleHHbIE COIH
9TaJIOH reHepaTop TOYKA POCHI
Paboune [Tcuxpometp | Pe3ucTuBHBIN [TonumepHsIit Mexanndeckuii runporpad
cpencTBa TUTPOMETP JATYHK
WU3MEPEHMUS

puc.1. IIpocrexcusaemocmo

I'paBuMeTpryeckue THrpOMETPH HM3MEPSIOT CTENEHb CcMelmMBaHWs Tra3a [2]. Macca Bofbl,
HOMJIOIIEHHOM OCyIIUTeNeM, AEIUTCSA Ha Maccy CyXoro Bo3ayxa. Macca cyxoro Bo3ayxa pacCcuuThIBaeTCs
110 00BEMY CyXOI'0 BO3/lyXa, JaBJICHUIO U TEMIIepaType.

Macca, Temneparypa, AaBlieHHE U 00bEM — BCE 3TO MOXKET OBITh U3MEPEHO C BHICOKOM TOYHOCTEIO.
[TosToMy 3Ta cucteMa ObIIa pacCMOTPEHA B KAUECTBE OCHOBHOTO CTaHIapTa H3MEPEHHS BIAKHOCTH [3].

['maBHBIM HEIOCTaTKOM J3TOW CHCTEMBI SBISIETCS TO, YTO €€ JKCIUTyaTalus OTHUMAaeT MHOTO
BpeMeHH. 1103ToMy 3TO HENmpakTHUYHO I 00CTyXKMBaHUs KanuOpoBKH. OH MCHONB3YeTCS B HECKOIBKHX
nabopaTopusix AJisl IPOBEPKH PabOTHI TEHEPATOPOB NMEPBUYHOM BIasKHOCTH [4].
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[Mpunmun paboThl reHepaTopa ¢ ABYMS JaBICHHUSAMH 3aKITI0OYACTCS B TOM, YTO BO3/yX HACHIIACTCS
mpu 0oJiee BBICOKOM JaBJICHHM, a 3aTeM paciIupsieTcs 10 0ojee HHU3KOro IaBJICHUS IPH TOW JKe
temmeparype [5].

B nByxTemmepaTypHBIX I'€HEpaTOpax BO3AYX HACHIIAETCS OTHOCHTEIBHO IJIOCKOW MOBEPXHOCTH
YUCTOM BOABI W NEPEKAUMBAECTCS B HM3MEPUTENBHBIA cocyd. TemiepaTypa H3MEpPHUTEIBHOIO cocyna
MOJIIEP)KUBACTCST BBINIE, YeM TeMIleparypa caryparopa. JlaBieHuss B caTypaTope M H3MEPHTENBLHOM COCY.Ie
TTOIAEP>KUBAIOTCS TIOYTH OJMHAKOBBIMH [6].

B 1ByXIIOTOYHOM TeHepaTope BIAKHOCTH CXKATHIM BO3IYyX CMEIIMBACTCS C BIAKHBIM BO3AyXoM [7]. MoxHO
HU3MEHSTh CKOPOCTH IMOTOKA CXATOro M BIAXKHOTO BO3AyXa Ul CO3IAHUS PA3JIMUHOM BJIAXHOCTH B U3MEPUTEIHLHOM
cocyze. VicxonHoe 3HaueHHE OTHOCHTEIBHOM BIaXXHOCTH MOXET OBITh PACCUMTAHO MO M3MEPEHHBIM pacxojaM U
TeMIIepaTypaM TOYKH POCHI/MHES C)KATOTr0 U HACBIIIEHHOTO BO3yXa.

[TpuHIMT pabOTHI OXJIAKAEHHOTO 36PKAIBFHOI0 THIPOMETPA TOUKU POCHI 3aKII0YAETCS B OXJIAKICHUH 3epKaJia
Jo Tex TOop, NMOKa Ha HEeM He oOpasyercsl cloi pockl WM HHes. Temmeparypa 3epkana H3MepseTcs TOUHBIM
TEPMOMETPOM, BCTPOCHHBIM B 3epKajo. Takum oOpazom, mpubop m3mepsieT 100 TeMneparypy TOYKH pOCHI, THO0
TEMIIEpaTypy TOYKH 3aMep3aHHs rasza. J[ONMOTHWUTETBHO MOXKHO HM3MEPUTH TEMIIEpaTypy BO3AyXa C IMOMOIIBIO
OTAENbHOrO TepMomerpa. Mcrmonp3ys 3T fABa mapaMeTpa, MOXKHO DPACCUUTATh OTHOCHUTEIBHYIO BIIA’KHOCTB.
Temmneparypa 3epkana peryJupyercs aBTOMAaTHYECKH, a TOJIIMHA CJIOS BOIBI KOHTPOJIUPYETCS € MOMOIIBIO
OTPaXEHHOT'O CBETOBOTO JIy4a, 0OTydaromero AeTeKTop ceta [8].

OdeHb MPOCTHIMH M ACUICBHIMHU 3TAaJOHAMH, KOTOPBIE MOXKHO HCIIONB30BATH IS KAIHOPOBKH BIAXKHOCTH,
SIBIISIFOTCSL HACBHIMICHHBIC PacTBOPBI cojiei. [lpu o000l TemiepaType KOHIICHTpAIMs HACHIINIEHHOTO pacTBOpa
IIOCTOSIHHA U HE Hy)KJaeTcsd B ONpeAeTIeHUH. DTH COJIEBBIE PACTBOPHI CO3/IAIOT CPely C M3BECTHON OTHOCUTENBbHOU
BJIAXKHOCTBIO B HEOOJBIINX 3aMKHYTHIX 00beMax [9].

[MpuHIMT paboOTHI CHXPOMETPA OCHOBAH Ha MCHAPUTENLHOM OXJAXICHUH TEPMOMETpPa C BIAXKHOW KOJIOOit
10 OTHOLICHUIO K TEPMOMETPY € CyX0i Koi00i. CKOpOCTh UCTIAPUTEIBHOTO OXJIAXK/ICHHUS 3aBUCHUT OT OTHOCHTEIBLHON
BJIQYKHOCTH BO31lyXa. Ero Takyke Ha3bIBalOT TUTPOMETPOM C BIKHOHN U CyXOW KOJIOOM, MOTOMY YTO OH COCTOUT M3
JBYX MAPHBIX TepMOMETPOB. OIIH TEPMOMETP 3aKIFOUCH BO BIAKHBIN (PUTHIIB, a APYTOH OCTACTCS CyXUM. 3HAUCHUS
TeMIepaTyphl, yKa3aHHbIE ABYMS TEPMOMETpPaMH, MOTYT OBITh HWCIHOJB30BAHBI IS IIONyYeHUsS 3HAYCHUH
OTHOCHTEIIFHOW BJI@XXHOCTH C WCIOJB30BaHUEM TaOIHIBI TICHXPOMETpPAa WM COOTBETCTBYIOIIECH (QOPMYIIEI
ncuxpomerpa [3].

I'urpomeTpsl UMIegaHca MIMPOKO UCIONB3YIOTCS B MPOMBIIIIEHHOCTU. FIX MOKHO pa3fenuTh Ha EMKOCTHBIE
1 pe3uCTUBHBIE TUTPoMeTpHI [10]. DT rUrpoMeTpsl H3TOTOBICHBI U3 MOJIUMEPHOIO MaTepuala ¢ FTHTPOCKOTTNYHBIM
TURJIEKTPUKOM M TpeAHa3HA4YeHBl JJI 00ecreueHHs H3MEHEHHUS JNIEKTPUYECKOW €MKOCTH WM CONPOTHBIICHUS,
COOTBETCTBYIOIIETO OTHOCUTEIBHOM BIAKHOCTH BO3AyXa. TOHKOIUIEHOYHBIH IOJIMMEp THOTJIONIaeT BOASHOM Map Mpu
MOBBILIEHUH OTHOCHTENILHOM BJIa)KHOCTH OKPYIKAIOIIEro BO3/AyXa U JIECOPOMPYET BOASHOW map NP MOHMKEHUU
OTHOCUTEJILHOH BJIAYKHOCTHU.

B pblHKE WIMPOKO IMPOJAETCS M TPHUMEHSETCS BTOPUYHBIC JTAJIOHBI JUIS MOBEPKU/KAIMOPOBKU pabovmx
rurpoMeTpoB. COOTBETCTBEHHO ISl KaJIMOPOBKM BTOPHYHBIX O3TAJOHOB TPeOyeTCs NMEpBUYHBIE ATAJIOHBI, UYTO
SBISIETCST OCHOBHBIM  3ajadeii HayuHo-Merponormueckux VHCTHTYTOB CTpaH B HelIAX  oOecredeHHs
TIPOCIIEXMBACMOCTH €JMHUIIEI OTHOCHTEIFHOH BIa)KHOCTH M CO3J[aHUSI CUCTEMBI KaTMOPOBKH.

Hccreoosanue svinoaneno 3a cuem epanma Poccutickoeo nayunozo ¢onoa Ne 22-19-00389,
https://rscf.ru/project/22-19-00389/
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AJITOPUTM ®OPMHUPOBAHUS HAIIMOHAJIbHOM IKAJIBI BPEMEHHU UTC(KZ)
HA OCHOBE TACCHUBHBIX BOAOPOIHBIX CTAHIAPTOB YACTOTbBI U
BPEMEHHM

Cmaeynos C. Bl FOpuenxo A. B2
HanmonaneHbIi HccaenoBaTebCKuii TOMCKHI MOJIHTEXHUIECKHI YHUBEPCUTET

'HanmonansHelii nccnenosarensckuii TOMCKHIA TOCYIapCTBEHHbIH YHUBEPCHTET
s.smagulov@ksm.kz

Ousnueckas peanm3arus UTC (BceMupHOE KOOPIHHHPOBAHHOE BPEMST) CHCTEMOI OCHOBHBIX JacOB
B maboparopun Bpemenu HazpiBaeTcs UTC (k). st Toro, uro6s! cnenats oTkiaonenne UTC(k) ot UTC kak
MO>KHO MEHBIIIE, & TAKXKE MMOJIJICPKUBATH BBICOKYIO KPaTKOCPOUHYIO M JIOJTOBPEMEHHYIO HECTAOMILHOCTh
YaCTOTBI, IPEJIAracTCs HOBBIM aNrOPUTM yIIpaBlieHs [3 ], ¥ OJAPOOHBIH arOPUTM BBITJISIIUT CIETYOIIAM
o0Opa3oM:

Bo-nepBbIx, BBOIUTCS cTabMiIbHAS 1IKajIa 3TaloHHOTo BpeMeHH (TA) st MOHUTOPHHTA B peaTbHOM
Bpemenn UTC(KZ). AnroputM mikansl BpeMeHHM il TeHepauuu TA, KOTOpBI paccuMTHIBaeTCS Kak
CPEIHEB3BELICHHOE 3HAa4YeHHE TPEX AaTOMHBIX YacoB, pPa0OTAIOIMX B aBTOHOMHOM pEXUME B
locynapcTBeHHOM MEpBHUYHOM 3TalOHE BpeMeHH U 4acToThl Pecybnuku Kazaxcran (KZ), ocHoBan Ha
JaHHOM aJroputMe. A mpoleaypa B3BEUIMBaHUS MpeJHa3HAuYeHa ISl ONTUMHU3AIUMN KPaTKOBpEMEHHON
YaCTOTHOH HECTAOMIBFHOCTH BECOB. BO-BTOPBIX, BBIUUCISAETCS cMelieHrne 4JacToThl. (1) Beraumcmsercs
4acToTa IJaBHBIX YacOB B CIIEIYIOLIEM BPEMEHHOM MHTEpBae; (2) BEIUUTACTCS pa3HOCTh Qa3 mexny TA
n UTC(KZ); (3) OkoHuaTenbHOE CMEIIeHHe YaCTOThl T€HEPUPYETCsl Ha OCHOBE BBILIEYKAa3aHHBIX IIIAroB.
[IporpamMHOe obecrieueHre KOMIOMIHPYETCS MO 3TOMY alropuTMy. Pe3ynbTarbl, paccuMTaHHBIE C
MOMOILBI0 IPOTPAMMHOTO OOECHEUCHHS, aBTOMATUUECKH OTIPABIISIOTCS HAa MHUKpPO(A3HbIM IIaroBbIHA
reHepaTop. HakoHel, sKkcreprMeHTaIbHBIA pe3yJbTaT MOKa3bIBaeT, YTO HOBAasi CTPATETHs YNpaBICHUS
TJIABHBIM TAKTOBBIM F€HEPATOPOM MOKET KOHTPOJIUPOBATH CABHT (ha3bl B TIpeeiax £3,5 HC, B TO JKE BpeMs
OHa MOXKET TaKXKe yIyUIlIUTh €ro KpaTKOCPOUHYIO U JIOJTOBPEMEHHYIO HECTAOMIBLHOCTb.

C Hos0pss 2008 roma mo nexaOpp 2018 roma pasHocTh (a3 HAMOHAIBHOW IIKANbl BPEMEHU
UTC(KZ), rerepupyemoro ['ocynapcTBeHHBIM MEPBUYHBIM 3TAJIOHOM BPEMEHHM W YacCTOTHI PecmyOmuku
Kazaxcran (I'DBY-2007), ot BcemupHoro koopauHupoBaHHoro BpemeHn UTC kxoHTposmpoBaics B
mpenenax +2500 He. B yka3aHHbIH iepro B coctaB ancamOitst gacos 1yt Beaeans UTC(KZ) Bxonumm Tpu
KOMMEPUYECKUX [E3UEBBIX CTaHJIAPTOB 4acTOTHI M BpeMeHH Symmetricom 5071A ¢ omumeit 001 «high-
performance» u reneparop $ha3oBbIx caABUrOB Bbicokoro paspemienus HROG-5 (puc. 1,a).

B mepuon ¢ 4 uronst mo 31 gexabps 2021 roga nans BeIeHWS HAIMOHAIBHOMN INKAIBI BPEMEHHU
UTC(KZ) ucrionp30oBajicsi TOIBKO OJIMH BOJOPOIHBIN cTaHaapT maccuBHoro tumna Y1-1007, mponsBoacTsa
3A0 «Bpewms-U», Poccust (I'DBY-2020). Ha (puc.1,6) npencrasneno cmemenne UTC(KZ) or UTC.
Bonbmas pasauna a3z cBUAETENBCTBYET O HEBO3MOXKHOCTH BEICHHS HAMOHAIBHOW IIKajbl BPEMEHU
IaHHBIM oOpa3oM. B sHBape 2022 roja 3aBepHIIMCh PabOTHI MO MOJepHHU3aIui0 ['ocynapcTBEHHOTO
MIEPBUYHOTO 3TajoHa BpeMeHH! 1 yacToThl (1DBY-2021) u Ha ceroHsAIHAN IEHb B COCTAaB aHCAMOJIS 4acOB
BXOJIMT JIBa BOJOPOAHBIX cTaHAapToB nmaccuBHoro tuna VCH-1008 u onuH Bogopoanbid ctangapt Y1-
1007, ycranoBnennsiii B 2020 rogy. B cocrtaBe stanona Tak xe mmeercss (popMHpOBaTENb STATOHHBIX
gactor VCH-317, koTopslii B CBOIO 04epellb MO3BOJISIET BHEAPHUTH Oojiee S EKTHUBHBINH aNrOPUTM BEJICHUS
ITKaJIBI BpeMEHHU ¢ moMotbio aBTonoacTpoiiku. Pasauiy mexay UTC u UTC(KZ) MOXHO TTONMYIUTh U3
Hupxkynspa T [2], koTopslit mpeaocTaBigeTcss MexayHapoaHbIM 0iopo mep U Becos (BIPM).
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puc. 1. Paznuya 6o epemenu mescoy UTC(KZ) u UTC
a) 6 nepuoo ¢ 4 noaops 2008 2oda no 12 oexabps 2018 2o0a (I'BY-2007)
6) 6 nepuoo c 4 uons no 31 oexabps 2021 200a (F'9BY-2020)

Benenne n ¢usnyeckas peanuzanysi OIKaJl aTOMHOT'O BPEMEHH, MaKCHUMAJILHO MPHONIMKEHHBIX K
MEeXAYyHapOJHOW 1iKajme KoopauHupoBaHHoro BpemeHn UTC, Ha HalMOHANbHBIX 3TajoOHaX
MIPENICTABISIETCST BAKHOW 3a/ayeil, pemieHrne KOTOpOW HEeoOXOoAMMO il oOOecredeHHus eIMHCTBa
m3mepeHwit. [l peammzanuu  QU3MYECKON IIKANBl BpEeMEHH, Kak MPaBHJIO, HCIIONB3YIOTCS
BcriomorarenbHble reHeparopel (AOG, HROG, U7-317), cTaOmiM3HpOBaHHBIC MO YacTOTE CHUTHAJIOM
aTOMHBIX 4aCOB M IMO3BOJIAIOLINE BBOAUTH MOMNPABKH MO (a3e W 4acTOTe OTHOCHUTENIBHO 3TOTO CHUTHAIA.
Peann3zoBars ynpasisieMyro IIKaly BpEMEHH MOKHO H C TIOMOIIBIO TOJBKO OAHHMX aTOMHBIX 4acOB: AJIS
MOJICTPOUKHU (ha3bl M YACTOTHI IOCTATOYHO KOPPEKIMH KOJid BCTPOSHHOTO CHHTE3aTopa 4acToThl. OJTHAKO
B 3TOM CJIy4ae M3-3a BO3MYLICHHS B pe3yJbTaTe YIpPaBIAIOLIEr0 BO3ACHCTBUS YCIIOXKHUTCS Mpoleaypa
OLICHKH HECTAOMIFHOCTH YaCTOTHI M APYTHX XapaKTEPUCTUK aTOMHBIX 4acoB [1].

CylIIecTBYIOT OTKJIOHCHHUE M IPEi() 4aCTOThI aTOMHBIX YaCOB, HO JIJISl IOJZICPKAHUS CTAOMILHOCTH
ATOMHBIX 4YaCOB HX 06BI‘IHO MoAACPKUBAIOT B COCTOAHUUN CBO6OI[HOFO xXozaa. Ero usmenenue 4acToThI
peanu3yercst MyTeM BBOJIA PETYJIMPOBKH YaCTOTHI Ye€Pe3 BHEIIHUI MUKPO(A3HbIi IaroBelii reHeparop (B
HAIIleM ciaydae 3T0 (hopMHUpOBaTENh 3TaNOHHBIX yacToT VCH-317).

[Ipu perynmupoBaHHM 4acTOTHl HEOOXOJMMO HE TOJIBKO YUHTHIBATH OTKIOHEHHE (a3bl BHIXOJIHOTO
curHana BpemeHn UTC(KZ) or UTC, HO u oOpamaTb BHUMaHHE Ha CTaOMJIBHOCTH YacTOTHI
UTC(KZ). [IpuHIMO ynpaBieHns YaCTOTOM 3aKIIF0YACTCS B BBIYUCICHHN OTKIOHSHHS MEX/Yy TAIOHHOM
HIKAJIOW BpEMEHH U (PU3MYECKHM CHTHAJIOM B pEalbHOM BPEMEHH, U OJHOBPEMEHHO 3TO OTKIOHEHHE
OTIPEJIENIIETCS COOTBETCTBYIONIMM ANTOPHUTMOM ISl (POPMHUPOBAHHS YIPABIISIONICH BEJIMYUHBI, KOTOpas
BBOJIMTCSI OJIMH pa3 B HEACTIO B (POPMHUPOBATEINH ITATOHHBIX YacTOT.

puc.2. Cpasuenue UTC(KZ) ¢ aywwumu pearuzayusmu UTC edywux nabopamopuu epemenu 8 mupe

IMo pesympratam exemecsuHoW mnyOnwmkanuu Jenapramenta Bpemenn BIPM (Circular T) nHa
CETOTHAIIHUI TeHb oBeacHMs HanroHanbHoH mikaiasl UTC(KZ) otHocurensno UTC cocraBiset +3,5 HC
(puc.2), uro sBNAETCS OMHMM W3 BBICHIMX Moka3arened u3 80 jgaboparopuu MHpa, Yy4acTBYIOUIHX B
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MEKIyHApOIHbBIX KiroueBbix ciuuenunii mo teme «CCTF-K001.UTC Calculation of the reference time scale
UTC».
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puc.3. Hecmabunvnocms wacmomor UTC(KZ) nocie 6sedenusi amonoocmpouiKu wikaivl

Beenennsiii ¢ ssHBaps 2022 roga anropuTM BEACHHS HAMOHANBHOW IIKANbl BPEMEHU MO3BOJIUI
CBOCBPEMEHHO pearupoBaTh U KOHTPOJIMPOBATH MIKATY JUIS JOCTHKECHHS HAMTY4IINX MoKaszatenei (puc.3).
PazpaboTaHHBI anropuT™M TakKe MO3BOJMI BeAeHHWE HanuoHanbHOW mkanbl BpemeHn UTC(k) Ha
MACCUBHBIX BOJOPOIHBIX CTaHAApPTaX YaCTOThl U BPEMEHH, UTO OCYIIECTBISETCS BIIEPBBIE B MUpE.

Hccneoosanue svinonneno 3a cuem epauma Poccutickozo nayunoeo gponoa Ne 22-19-00389,
https://rscf.ru/project/22-19-00389/
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Chinese Astronomy and Astrophysics 39 (2015) 118-128.

46


https://www.researchgate.net/scientific-contributions/Zhao-Shu-hong-2132479925
https://www.researchgate.net/scientific-contributions/Wang-Zheng-Ming-2127826575
https://www.researchgate.net/scientific-contributions/Yin-Dong-Shan-2069153824

PABPABOTKA CUCTEMBI 3D INIO3UIIUOHUPOBAHUA IJIA IIPOBEJTEHUA
3KCHEPUMEHTAJIBHBIX HCCJEJTOBAHUM

FOpuenxo E. A}, Buukanosa U. A2
'HanmonanbHerii nccnenosarenbckuit TOMCKHMIA rOCYIapCTBEHHBINH YHHBEPCUTET OPraHU3aIUuU
’HaroHanpHBIH HccaenoBaTeabekuii TOMCKUI TOTUTEX HUUECKHIA YHUBEPCUTET
kattifi@mail.ru

[Ipu TpaBMaTHuUECKHUX MOBPEKICHHUAX TOJOBHOTO MO3ra OYEHb BAXXHO OINEPAaTUBHO BBIIBUTH
HINYAE M XapaKTEPUCTUKH BHYTPHUUEPEHHBIX I'€MaToM, IJI OKa3aHUs HE0OXOIMMON METUIIMHCKON
nomomny. Ha 1aHHbBIM MOMEHT OCHOBHBIMHM TOYHBIMH MHCTPYMEHTAJIbHBIMU METOJIAMH BBISIBICHUS TAKHX
TpaBM BCE €lIe SBIAIOTCS MarHUTHO-PE30HAHCHAs U KOMIBIOTEpPHAs TOMOTrpaduu, HO HE BCETAa eCTh
BO3MOXHOCTb IIPOBEJCHNUS 00CIeJ0BaHMs TALIMEHTA Cpa3y I0CIIe TPABMBI, UTO HE AAET OLICHKU COCTOSIHUS
YeJIOBEKa B PEKUME PEaJbHOrO BpeMeHU. Takxke CTOUT H00aBUTh, YTO U3BECTHBIC NIEPEUNCIICHHbIE BBIILIE
METOABI MMEIOT psifi orpaHnveHuil. TakuMm oOpa3oM, co3gaHue MpuOOpa A SKCIpPEcC-IUarHOCTHKU
BHYTPUYEPEMHBIX FeMaTOM MO3ra BO BHE CTAI[MOHAPHBIX YCIOBHSX SBJSETCA aKkTyalbHOH. Perenuem
TaKoOH 3a71a4n MOKeT ObITh MeTon OmmwkHed MK-crniekrpockonuu[l]. B manHoi paboTe 1enbio sSBIsIeTCS
co3iaHue cucreMbl 3D TMO3MLIMOHMPOBAHMA JUIA AaBTOMATHU3ALMU IPOIEcca HCCIENOBAHHUA METOIUKU
ommxneir MK-cnexktpockonmuu remaroM Mosra. C MOMOIIBIO JaHHOH YCTaHOBKH IPEAIOJIaraeTcs
BO3MOXXHOCTh aBTOMATH3allM{ Ipoliecca MEpPEeMEIleHHs aHajIoroB IeMaTOM B IPOCTPAHCTBE IO TPEM
KOOpAWHATaM BHYTpH (paHTOMa YeOBEKa.

Ha ceromusiamii 1eHb, Ha peIHKE cymiecTByeT mpudop Infrascanner model 2000 (pa3zpaGoTanHbIi
kommanueir InfraScan). JlaHHOE YCTPONCTBO NpEACTABISIONMMIA COOOW TEPEHOCHOW IETeKTOp s
OTIpe/ieTIeHrsI BHYTPUUEPETHBIX TeMaToM, paboTarommii B OmmkHeM WK-muamazone (808 HM). CormacHo
MPUBEACHHBIM DKCIEPUMEHTAIBHBIM HCCICAOBAHHUSM, NPUOOP HMEET BBICOKYIO THUArHOCTHYECKYIO
YyBCTBHUTENBHOCTD. [IpecTaBIeHbI Pe3ybTaThl, YTO BEPOSTHOCTD BISBICHUS HAJTMUYHS BHYTPHUYEPEITHBIX
rematoM coctasisieT 90% (mpu ycIoBHH, YTO 3aJIETaHUM FeMaToOMbl He Oosiee 2,5 cM OT KOpBI MO3ra U
pasmepom Gonee 3,5 cm®) [2]. OmHako, 9T0 YCTPOHCTBO HE MO3BOJISET ONPENEIUTL MAPAMETPhI CaMOii
reMaToMBI (pa3Mep, JIOKaJIH3allus, INIOTHOCTD), KOTOPbIe OYeHb BAXKHBI 715l IPOBEACHUS pEaHUMAIIMOHHO-
peabunurtannoHHbIX aercTBuil. [lpuaiun padoter npubopa Infrascanner model 2000 — 3To BBISIBIEHUE
BHYTPHYEPEIHBIX T€MaTOM IIyTEM CPaBHEHUsI ONTUYECKUX CBOMCTB CHMMETPHYHBIX yYaCTKOB Pa3IMYHbIX
MOy IIAPHA B TOYHO 33JJaHHBIX TOUKax. [10 3Toi npuurHe, ocTaeTcsi BRICOKast BEPOSTHOCTH HE 00HAPYKHUTh
HeOoJIbIINe WK TITyOOKO 3aJIeraroliie TeMaToMbl BHE 3TUX 30H. OCHOBBIBAsICh HA JIaHHBIX HEJAOCTATKAX,
MOHSATHO, YTO HEOOXOAMMO JaJibHEeHIIee COBEPIICHCTBOBAHME METOAA U YCTPOWCTBA Ui MOJIYUYEHUS HE
TOJILKO KaYECTBEHHBIX, HO M YUCIIEHHBIX JIaHHBIX O TapaMeTpax JUarHOCTHPYEMOH reMaTOMBI

[IpencraBnena koHCTpyKIHs cucteMbl 3D nmosurpionupoBanus (puc. 1.). JABmwxkymasics nojacraska (4)
MepeABUraeTCcsl B TpeX KOOPJAMHATAX 3a CUET IIaroBbIx Asurarenei (2) u mmuiek (1). s 6onee TouHoro
MO3ULIMOHUPOBAHMUSA B KOHCTPYKIMHM HNPUCYTCTBYIOT Hampasisitomue (5). Ilpm  nposenenun
9KCIEPUMEHTAITFHBIX MCCIIeJOBaHUI POOUPKa ¢ KPOBBIO 3aKpEILIIETCS] Ha KperwieHnH (3) mpH oMOoIIH
METaJUINYeCKO Jieckd. JlaHHas KOHCTPYKIHMS IO3BOJISIET NMEpeMelarb Koily B JII0OOM HalpaBleHUH
OTHOCHUTEIBHO ONITUYECKON YacCTH.
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5

puc.1. Cucmema 3D nosuyuonuposanus. 1 —wnuneka,; 2—waeogwie ogueamenu, 3—kpenienue 0iisl nepemewenus
nPoOUPKU € KPOBbIO, 4—08udicywuecs noocmaska, S—Hanpasgaawoujue.

Jisi IpOeKTUPOBaHHUS OCHOBHBIX JIeTajel SKCIEPUMEHTAIFHON YCTAaHOBKM ObLIA WCIIOJB30BaHA
nporpamma CAIIP KOMITIAC — 3D. [Ing peanu3zauuu nepeMenieHuss KOHCTPYKIMH BHIOPaHbI IarOBbIN
neurarens 1 7HS4401 u npaiiep A4988 [3].

Jdnst MexaHWM4YecKOH 4YacTh OKCHEPUMEHTANBbHONH YCTAHOBKH OBUTM peau30BaHbl  MOJIENb
JBIKYILSHCS TOICTABKH (puc. 2) M KPEIUICHHs TS HANPaBISIOMUX (puc. 3).

puc.2. [lemanv 0151 Kpenienus HanpasIsAIoOWux.

puc.2. Jlsudxcywascs noocmaska.

B I[aHHOﬁ CTaTbC MNPCACTABJICHBI PE3YyJIbTAThI pa3pa60TKH MOACPHU3HUPOBAHHOI'O MakKeTa IJIA
MMPOBEACHUSA SKCIICPUMCHTAIIbHBIX I/ICCJIe,ZIOBaHI/Iﬁ BO3MOXHOCTHU JUAIrHOCTUKU BHYTPUUYCPEITHBIX r€MaTOM
METOAOM OmKHEH I/IK-CHCK’I’pOCKOHI/II/I. ﬂaHHBIﬁ MAKET MO3BOJIACT OCYIICCTBUTH NICPEMCIICHUC aHAJIora
réeMaToMbl BHYTpPU (baHTOMa TOJIOBBI B TpEX KOOpAWHATAX. B I[aJ'IBHeﬁH.ICM IJIAHUPYCTCA
YCOBEPIICHCTBOBAHNE CUCTEMBI C ITIOMOIIBIO €€ aBTOMAaTHU3allH.

Hccreoosanue svinoaneno 3a cuem epanma Poccutickoeo Hayunozo ¢ponoa Ne 22-19-00389,
https://rscf.ru/project/22-19-00389/
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CHUHTE3 HUPPOBOI'O IBOMHUKA TI'Y

Leuneep B. A., Coipamxun B. U.

Hammonaneubiil nuccnenoBarenbckuii TOMCKHiT TOCYJapCTBEHHBIN YHUBEPCUTET
Valeri.tsvinger@gmail.com

OpHoli u3 Haumbosiee NPOCICKUBACMBIX TEHJACHIIMH B COBPEMEHHOM MHUpE, SIBIIICTCS POCT
nugppoBuzanuu [1]. UIMEHHO TOATOMY COBPEMEHHBIH TEXHOJIOTHMUSCKUN YKIIAJ] TOPOXAaeT OOJBIIOe
KOJTMICCTBO JUHAMUYHBIX CBSI3€H, UTO B CBOIO OYepEIh MPUBOAUT K OONBITNM 00BEMaM JaHHBIX, KOTOPHIE
HEOOXOJUMO TPUHATH BO BHUMAHHE IS TOTO, YTOOBI NMPUHMMATH 3(PQPEKTHUBHBIC YITPABICHYCCKUE
peuienus. Takum o0Opa3oM, HaM HEOOXOAMMa CHCTEMa aKKyMYJISIUH, OOpaOOTKM M aHalM3a OOJBIIUX
00béMOB maHHBIX. M B KadecTBe TaKOW CHUCTEMBI, MOYKHO HCITIOJE30BATh TEXHOJOTHIO «ITH(POBOM
IBOMHHUK.

LudppoBoli IBOWHMK C MaKCUMAJIBHON TOYHOCTHIO MpejacTaBiser B 1UppoBoM (opmare
KOH(UTYypauuio, COCTOSIHUE IPOAYKTA, IPoLecca, aKTUBA U T.J. Ha IPOTSHKEHUE €ro MOJHOT0 KU3HEHHOTO
LUKJIA: [IPOEKTUPOBAaHUE, MPOU3BOACTBO, BHEAPEHUE HIM 00paboTKa, TECTUPOBAHUE, pealu3alus WIH
sKcIuTyatanus. B 11000l MOMEHT BpeMEHM HACHTH(QHKATOp LU(GPOBOrO IBOWHUKA KOPPEIHPYET C
(u3NIECKUM OpuUTHHAIIOM [2].

BapuanTtsl wncnosnp3oBaHus 1HUGPOBOro JABOHHMKA B paMmMkax HH(pacTpyKTypsl Tomckoro
rOCyJapCTBEHHOI'O YHUBEPCUTETA YKa3aHbI HIDKE:

1. Co3nanue UHAUBHYATbHONH 00pa30BaTENbHON TPACKTOPHH.

2. Cuctema MOHUTOPHHIA U YAAJICHHOTO YIIPABICHUS TEPPUTOPUEH.

3. bepexnuBoe pacxoJ0BaHUE PECYPCOB.

4. ABTOoMaTHueCcKasi TeHEPAIHsI PACTTUCAHUS.

5. KpyrmnocyTounslif 7oCTyT K 1a00paTOpUsIM.

B oGmem Buze, 6510k-cxema ungposoro asoitauka HU TI'Y ykazana Ha pucyHke 1.

Har 1(1.1, 1.2 Ha cxeme): OTpakaeT UCTOYHUKH HH(OPMAIIUH, TIPH TTOTyUYSHUN JaHHBIX, U3 KOTOPBIX
nUQppPOBOH NBOMHMK HauHeT paboTy. [lonbp30BaTenb BBIIONHWI JCHCTBUS HA CaliTe, COTPYAHUK MPOMIEN
4yepe3 TYpPHUKET WM BOWIEN B KaOWHeT, MHOpMaius, HeoOXoxumasi Al HPUHATUS MapKETHHIOBBIX
peuieHui.

Hlar 2 (2.1, 2.2, 2.3): noka3pIBaeT UCIOIb3yeMble IIH(QPOBLIM JABOHHUKOM KaHAIBI HHPOPMAITUH.

[ar 3: orpaxaeT HaKOIUICHWE, COPTUPOBKY HuH(popManuu Ha cepsepe. Ilpu mnomyuenun
orpenesieHHOH nHpopMaLun, cepeep GOPMHUPYET 3aKa3 Ha MIPUHATHE PELLICHHUS.

[ar 4: ucKycCTBEHHBIH MHTEIUIEKT (MJIM YEJIOBEK ), TIOJIydaeT coOpaHHyo Ha mare 1 nadopmarmto,
CBEJICHUSI O HEOOXOJMMOCTH TPUHSTHS pElIeHHs, a Takke nuppoBod nBorHWUK TI'Y u cTpouT mim
KOPPEKTHPYET CTpaTeruio M3MeHeHUs o0BbekTa. B cymiHOCTh, pa3palaThIBalOLIyIO pelIeHHE, 3apaHee
BKJIQ/IBIBACTCS CHCTEMA IPHUHATHS PELICHUM, LIEJIU IPOLIECCOB, HA KOTOPBIE CYIIHOCTh BO3JIEHCTBYET,
HOpPMAaTHBHBIE aKThl, KOTOPBIE PETIAMEHTHPYIOT [EATEIbHOCTh O00pa30BaTENBHOTO YUPEKICHUS,
NOTPeOHOCTH YHUBEPCHUTETA, MPOYHE NMPHOPUTETHI, KOTOPbIE HEOOXOOUMO YUUTHIBATH NPU MPHUHSATHU
peuieHus.

ar 5: mukn pa3pabOTKM pelieHus] BKIOYAaeT B ceOs TpU dTama: pa3padoTKa pelieHHs,
WCKYCCTBEHHBIN HMHTEJUIEKT WJIM YEIOBEK pPAacCMaTpUBACT BO3MOXKHBIE PELICHMs IS NOMy4YUBIIEHCS
CUTYyallluH, MIOMCK HEOOXOAMMBIX PECYPCOB, CUCTEMa OLICHHMBAET, C MOMOIIbIO Yero M KakoW LEHOH OHa
MOJKET TMOBJIMATH HA CUTYAINIO, IPOBEPKA PEIICHHUsI, CUCTEMAa BBOJUT PEIICHNE U 3aTpadyeHHBIE PECYPCHI,
nocje d4ero, MU(pPOBOH JBOMHHUK MOAEIHPYET BO3MOXKHBIE KCXOZBI 3TOTO PEHICHUS. OTH 3Tambl
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MOBTOPSIOTCS HECKOJBKO pa3, IOCIE Yero BBIOMpaeTcs camoe onTuManbHoe pemnreHue. [locie BbiOopa
ONTHMAJILHOTO PEIICHHUS, OHO IPUMEHSIETCS B (PH3UYECKON MOJICITH YHUBEPCUTETA.

Iar 6: OTHPABJIAIOTCA NPHUKA3bl HA MCPEPACTIPEACTICHUE PECYPCOB JIA obecreueHus pcannsann

peLeHus.

[ar7: pemenne npuMeHseTcs, IHGPOBas MOJEb YUpExKICHHS 0OHOBIsIeTCs, pru3nveckas MOJEb,
naét oOpaTHYIO CBS3b B OKPYXKAWOIIYI0 Cpeay, JU0O TONb30BaTeli0, B3aUMOACUCTBYIOIIEMY C

nHTepercoMm.
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NCIIOJIB30BAHUE CRM - CUCTEM JJIs1 BUBHEC-ITPOLHECCA OPI'"AHU3ALIIUU
KOMAHINPOBOK COTPY/HUKOB

Iecmynos U. A., [lozyoa A. A.
Haunonansno MccnenoBarensckuii ToMCKui rocy1apCTBEHHBIN

YHUBEPCUTET
igr.pestunov@gmail.com

JokyMeHTHpOBaHHasi WH(OPMAIMsl COCTaBISET OCHOBY YIpaBieHHUs, ero 3((eKTUBHOCTH B
3HAUUTENILHOW cTeneHn Oa3upyeTcss Ha TPOU3BOJACTBE W CKOpocTH o0paboTrku wuHpopmammu. Ha
COBPEMEHHOM TPEINPHIATHH CKOPOCTh OOpPaOOTKM WHGOPMAIMU SBISACTCS BaKHBIM 3JIEMEHTOM
yIpaBlieHHs ¥ TIOBBILICHUS Ka4yecTBa MPOM3BOJACTBA. B COBpeMEHHBIX YCIOBHSX AJIs HOBBIILICHHS KAUuecTBa
MPOM3BOACTBA, OyIb TO BELICCTBEHHBIM WJIM HHTEIUIEKTYaJbHBI MPOAYKT, HEOOXOOUMO YACIATH
JOCTaTOYHOE BHIMAaHNE COBEPILICHCTBOBAHUIO PAOOTHI ¢ TOKyMEHTAMH, TaK KaK YIPaBICHYECKOE pEeLIeHIe
Bcerya Oasupyercs Ha HH(POPMAIMU, HOCHTENIEM KOTOPOI! SBIISETCS TOKYMEHT Ha Pa3IMYHBIX OCHOBAX.

KomaHaupoBouHbIe pacxolbl 3aHUMAIOT BTOPYIO 1O BEIMYMHE OO0 B 3aTparax OONBIIMHCTBA
KoMmaHui. J[1o0ol YHUBEpCUTET He ABISAETCS UCKITIOUEHNEM, a 3HAYUAT TpeOyeTcs KOMIDIEKCHOE PelieHue,
KOTOPOE TIO3BOJIUT COKPATHTh KOMaHAMPOBOYHBIC PACXObI, IaBasi COTPYAHUKAM ITPOCTON HHCTPYMEHT JUIS
yIpaBlIeHHs ICTOBBIMU MOE3KaMH, OTHOBPEMEHHO MO3BOJISIOIINI SKOHOMUTH ACHBIY U BpeMsl. B nanHoi
paboTe paccMaTpUBAIOTCS BapUAHTHI PEIICHHUS KOMaHANPOBAHHS COTPYIHUKOB.

JInst Hayana HEOOXOAMMO PAacCMOTPETh ATAlbl KOMAaHIMPOBAHMS COTPYIHHUKOB. [ MOAroToBKM
KOMaHIUPOBKH HEOOXOJMMBI CIIeIyIOIIne Tanbl: [1]

® [OArOTOBKA CIY)KEOHOTO 3aJaHMig W TPHKa3a Ha KOMAaHAMPOBKY C IIOCIEIYIOIINUM
YTBEPXKICHHEM;

e  OpoHHpOBaHUE OMIIETOB, FTOCTHHUI] U IPOYMX HEOOXOAUMBIX OIIIMH MO MMOE3IKE;

®  Bbljaya aBaHCa KOMaHJIWPOBAHHOMY COTPY/IHHKY;

® COCTaBJICHHE M YTBEPKICHHE aBAHCOBOI'O OTYETa MO KOMAaHIMPOBKE C IMOCIEAYyIOUICH
BBITIJIATONW KOMITCHCAIINH (110 HEOOXOAMMOCTH).

Ecnm MBI paccmaTpuBaeM KpyIHOE NPEANPUsITHE, JOMYCTUM YHHBEPCUTET, TO B IAHHOM Iporecce
MOET OBITh 3aJIEHCTBOBAHO YETHIPE CTOPOHBI COTPYAHHK, MEHEIKEp, OyXraiarep W TYpPHUCTHYECKOE
areHTcTBO. JlaHHBIE JHIIAa COBEPLIAIOT MACCy JACHCTBHI BHYTPH IPOIECCa, OCTOSIHHO B3aHMOJCHCTBYS
MEXTy COOOH.

CoTpynHUK JomkeH 3anoaHuTh
JIOKYMEHTBI, KOHTPOJIHPOBATh
ITOITBEPIKIAIOIIIHE
JIOKYMEHTBI,
CUCTEMATU3NPOBATh U
YIIAKOBATh 3TO BCE B €IUHYIO
ManKy

Memnemxep Kontponupyet He
MPEBBICUII JIU COTPYIHUK
OIOKET Ha KOMaHIUPOBKY
CYIIIECTBYIOIIETO JTUMUTA,
COOJTIOICHBI JTH BCE TTOJIUTHKH
KOMITAHUH

Byxranrep [IposepsieT Bcro
JIOKYMEHTALIHIO,
epenpoBepsieT
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JOKYMEHTALHIO TIPU
BBISIBJICHUH OLIMOOK U
IIOBTOPHOM Caue, a TAKXKe
BBIIUIATUTH B CPOK aBAHC U
KOMITEHCAILHIO
Typucrruyeckoe areHTCTBO bponupyer onmuun
o BBITOHBIM Tapudam. He
BCE OPraHH3ALNN
HCIOJIB3YIOT YCIIYTH
TyPUCTHUYECKOIO arcHTCTBaA,
3a4aCTyIO COTPYIHHUK
BBIMOJIHACT 3TH 00513aHHOCTU
CaMOCTOSTEIBHO.

Bonbiioe xoianyecTBO 3BEHHEB B JAHHOW IEMOYKE MOATOTOBKM KOMAHIMPOBKU M JAJIbHEHIIETO
oT4eTa MO HEHW YBEIMYMBAET PHUCK 3aJEPXKEK, MPOCTOEB M MOTEPU BAKHBIX JOKYMEHTOB. Camblil
3G GEKTHBHBIN CIOCO0 MUHUMHU3UPOBATh (PMHAHCOBBIE M BpPEMEHHBIC IMOTEpU — aBTOMaruzanus. B
pe3yabTaTe aBTOMATH3AaLMM Mbl IOJYYUM KOMIUIEKCHBIH MPOEKT Uil OpPraHu3aluH, OTIaXCHHBIA M0
MeJoder On3Hec-TIpolecc, paboTaIUi KaKk 9acOBOM MeXaHu3M, 0e3 cO0eB, ToTepr pabodero BpeMeHH U
MPOCTOS COTPYIHHUKOB.

B aBTOMaTH3anmu Ou3HEC-Tpolecca OpraHU3aliy AEJIOBBIX MMOE3/I0K HaM MOMOTYT COBPEMEHHEIE
UT-pemenns, ynoOHble MHCTPYMEHTHI, KOTOPbIE AaKTUBHO CIIOCOOCTBYIOT AMKUTAIM3aLMU Ou3Heca,
MOMOTAIOT TEPEHOCUTHh CJIOXKHBIE NPOIECChl B IMPOCTOE D3JEKTPOHHOE TIoNIe, YAOOHBI Kak JJist
pYKOBOIUTENEH, TaK U Al (GUHAHCOBBIX cnenuannucToB. Ha peiike UT-pemennii nMmeeTcss MHOKECTBO
FOTOBBIX PEIICHUM.

Hamilton KomaumupoBku.

B npunoxennn Hamilton KomannupoBku Bce ydacTHHKH OM3Hec-Tpoliecca paboTaroT OHJIAMH.
CoTpyHHK 3aIOJHSET 3asBKY Ha KOMaHAMPOBKY C JHOOOT0 yCTpolicTBa. MeHeIkep yTBEpKAaeT 3asBKY
Ha KOMaHJIMPOBKY COTPYIHHKA U OIODKET 10 HEH B OJJMH KJIMK, €CIIU JIUMUTBI 10 OI0JKETY MPEBBIICHBI —
MPWIOKEHUE [AacT 3HaTh, U MEHEIKEP CMOXET BEpHYTh 3asABKY JUISI BHECEHUS H3MeHEeHUH. [1]
Byxrantepy ocraercst nHMIIb TPOCMOTPETh JTOKYMEHTHI M OTIIPABUTh BHIMJIATY, TaK Kak MPUIIOKCHHE
UCKJIIOYaeT OIIMOKM B JOKYMEHTAllMM COTPYAHHKA, CAMOCTOSTENbHO (opMupyeT OyXraiarepckue
MIPOBOJKHM M aBTOMAaTHYECKU CBEPSIET CUET COTPYAHMKA C YTBEP)KACHHBIM Ha OI0JDKET Ha KOMaHAUPOBKY.

EnuncTBeHHOE uTO He MOkeT npwioxeHue Hamilton KomanmupoBku — momuepikka mpu (opce-
MaXkopax.

PROF-IT KomananupoBKH.

PROF-IT KoMaHaupoBKH HOMOTaeT B OOECICUMBAHUM IIPOIIECCAX TOJOBOIO U €IKEMECSIUHOTO
TUTAHUPOBAHUS, COTJIACOBAHME 3asBOK HA KOMAHAWPOBKU W IMOATOTOBKY OTYETOB IO MTOraMm pabouux
MOE3110K, COOp M XpaHEHHE aHAIUTHYECKONH OTYETHOCTH. MIMeeTcs moanep)kka MHTErpalul ¢ CHCTEMaMHU
KaapoBoro u Oyxranrepckoro ydera («1C byxrantepus», «1C: 3apmiata u YpaBieHHE IEPCOHATIOMY).
MoJyiab OTYETHOCTH TIO3BOJISIET AHAM3UPOBATH 3aTpaThl B pa3pe3e TPaHCIOPTHBIX KOMITAHHIA,
aBUAKOMIIAHWH, OTeNeH, YTO IOMOraeT B TIONYYEHHH BBITOAHBIX KOMMEPUYECKHMX YCIOBHH OT
NOAPSIYUKOB[2].

OnHako Bce 9TH PEIICHUs SIBISIOTCS OTHCIBHBIM TPOJYKTOM, HO €CIM B OpTraHU3allMU YKe
HacTpoeHa enHas HH)OpMaLMOHHAs cpelia, K mpuMepy Kak B TomckoM 'ocyjapcTBeHHOM YHUBEPCUTET
Ha butpukc24, To MoxxHO HacTpouTh Ou3Hec-mponece npsim B CRM-cucreme.

B butpukc24 MOXXHO peaM30BaTh aBTOMATH3AINI0 KOMaHAWPOBAHHS COTPYIHUKOB Yepe3 cMapT-
nporteccsl butpukc24 co cragusimu Tu00 Yepe3 TUITOBOM OM3HEC-TIpoLiecC «3asiBIeHNE HA KOMaHIUPOBKY.
[3]

HecoMHEHHBIM IUTIOCOM JIaHHOTO PELIeHUS SBISETCS THOKOCTh — Yepe3 PeIakTop MPOIECCOB MOKHO
W3MEHHUTH OM3HEC-TIPOIIECC U HACTPOUTH €T0 M0JT HeOOXO0AUMOCTH KOHKPETHOH KOMIIAHUH.
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Tak xe B burpukc24 M0xXHO y10OHO HACTPOUTH TOKYMEHTOOOOPOT, B OTJIMYMH OT aHAJIOTHYHBIX
pelieHui, OH mpo3padyeH u yjao0eH. MMmeercs HECKOJIBKO MHTEp(EWCOB AJis yIpPaBICHHS JBHXECHHEM
JIOKyMEHTOB. [3]

TakuM 0OpazoM MBI CpaBHWIHM 3 CHCTEMBI OPTaHM3aIMH KOMaHIMPOBOK COTPYIHHKOB, BBISBHIU
MPENMYIIECTBA M HEIOCTAaTKH Kaxaod cucreMmbl. J[ns manpHeimeidl paboTsl MBI BBISBHIIM Hambolee
MOAXOJIANIYI0 cucTeMy — butpukc24. [IpeuMylniecTBO NaHHOW CHUCTEMBI 3aKJIFOYACTCSI B BO3MOXKHOCTHU
WHTETPAINH B YK€ HACTPOSHHYI0 MH()OPMANMOHHYIO CPEly, IBa BapHaHTa pealiu3alliil KOMaHIUPOBKH
COTPYIHHKA, BOBMOKHOCTh HACTPOUKH OHM3HEC-TIPOIIECCOB M HACTPOWKa HOKyMeHTa obopoTa. Mcxons us
3TOTO B AaJIbHEH paboTe MBI OyIeM B3aUMOJIEHCTBOBATh C cUcTeMol butpukc24.

Cnmcok myOuKanmit:

[11 Buswec-npoyecc:  xomanouposxka.  [Onexkmponnwiii  pecypc] — —https://hamiltonapps.ru/biznes-protsess-
komandirovka/ (0ama obpawenus 15.10.2022)

[2] Komnanus PROF-IT GROUP gwinycmuna pewenue ons ynpasienusi KoMmanoupogkamu. [Onekmponnsiil pecypc]
—https:/lwww.prnews.ru/topic/kompania-prof-it-group-vypustila-resenie-dla-upravlenia-komandirovkami (0ama
obpawenus 18.10.2022)

[3] Asmomamusayus npoyecca cocnacosanus u opopmieHUss KOMAHOUPOBKU C NOMOWBIO CMAPM-NPOYECCO8 8
bumpuxc24. [Onexmpounwiti pecypc] - https://www.info-expert.ru/portfolio/vnedrenie-bitrix24/avtomatizatsiya-
protsessa-soglasovaniya-i-oformleniya-komandirovki-s-pomoshchyu-smart-protsessov-v-b/  (dama  obpawenus
23.10.2022)
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KJIACCUDUKAIIUA JEPEKTOB PAIMOSJIEKTPOHHOM AIIIAPATYPBI

Knecmos C. A.
Hammonaneubiil nuccnenoBarenbckuii TOMCKHiT TOCYJapCTBEHHBIN YHUBEPCUTET
klestov_simon@mail.ru

AKTyaJbHBIM BONPOCOM SIBISETCS Mpolecc JoKamuzauus nedexToB. Ha ceromHsmHuid AeHb
CYLIECTBYET HECKOJIBKO OCHOBHBIX MPUHIIMIIOB CO3JIaHHS CHCTEM BBISBICHHS Ne(EKTOB MEUATHBIX IJIarT.
OTH TPUHINUIBI MOXHO TIOAPA3NeNuTh Ha [BE TPYIIBL: KOHTAKTHBIE W OECKOHTAKTHBIE METOIBI
oOHapyxeHus AepeKToB. DPPEKTUBHOCTH MOUCKA Ae(DEKTOB HAa CETONHSIIHUMI JICHb CBsI3aHa C Pa3BUTHEM
ABTOMAaTH3MPOBAHHBIX CHCTEM KOHTPOJIS Ka4eCTBa NMevyaTHbIX 1iar. [1,2].

Knaccudukamuss nmedexToB 1Mo mpH3HAKAM YCKOPSET OmpeesieHHe HEHWCIPaBHOCTH U
COOTBETCTBEHHO COKpAIIIAeT BpeMsl, 3aTpadnBaeMoe Ha PeMOHT. J{edeKThl MOKHO KIACCU(PHUIIMPOBATH 110
OCHOBHBIM IPU3HAKaM B COOTBETCTBHUHU CO CXEMO Ha prcyHKe 1.

Jedexrsl 60pToBOii

POA
|
N BosmMoxHOCTE SIBHBIC KoHcTpyKropexe
OOHapy KeHus :: HesBHbIC(IaTCHTHBIC) TIpIaHHET
Texuomornyeckue BO3HUKHOBEHUS
»> Kpurnueckue DKCIUTyaTallIOHHbIE
-bl 3HAYUMOCTH l > 3HayuTeIbHbIE
> Malo3Ha9IMbIe VYcTpanumble :]_ Bosmoxnoctu N
o Heycrpanumsle YCTpaHEHUS
>
» JU
N TpynoemkocTs ’;‘IE?[I(/)IB:IL;C
00HapyKEeHUS g Buenmue
»> Hertumossie MecroHaxoxIeHue
BuyTpenHnue
> IIpocTeie OnuHOYHbIE ::’_l KolnniecTso |‘_
N CIIO)KHOCTD | | > Hecnoxusle Tpynmossie
00HAPYKESHUSI > CloKHBIC
>
> OyeHb CIOKHBIE [EP——
CreneHb CBI3aHHOCTU
[E— KoppenupoBanusie
Dl CKOpOCTb MOSIBICHUS |—|
[IpocTpaHCTBeHHBIC
INocrosHHO
,| OTCYTCTBHE KaKHX-THG0 IIPOSBIIIOIIHECS *
IapameTpoB HenocrosiHHbIe |
HecootBercraue
_,l BHelHNe TPOSBICHHS I N, [posiBienue B mporecce . OcobenHocrn n
apaMeTpa HOpMe porpesa MPOSBIICHUS
IMosBenue Ha BEIXOE TIposiBTIeHNE IpH
»> HeXeNaTelbHbIX MEXaHHUCCKUX l—
CHI'HAJIOB BO3JICHCTBUSIX
00y CIOBICHIOCTS c _ CamoycTpaHsonmecs: [¢—
|:: JlyJanHbIe
> a3 IMYHBIMHU <
p JleTepMUHUPOBAHHBIE Berixon us ctpost 3P I
axropamu Pesucropa 1 Hctounux |<-
KonnieHncaropa ura. [«

Puc. 1 — Knaccughuxayus oegpexmoe POA

Bonee moapoOHO ocTaHOBHMCSI Ha ONMMCAHUM NPU3HAKOB JAHHOM Kinaccudukanuu. PasneneHue
TEXHOJIOTHYECKUX Ae(EKTOB MO BO3MOXKHOCTH OOHAPYKEHMS Ha SIBHBIE U CKPBITbIE (JIATEHTHBIE) UMEET
BAKHOE 3HAUEHUE MPU aHAIM3E KaYyeCTBA NPOAYKLIUHU U YCTPAHEHUH IPUYMH HEUCIIPABHOCTEM.

Paznenenne nedekToB MO 3HAYMMOCTH Ha KPUTHYECKHE, 3HAYMTENbHBIE M MaJIO3HAYUTEIbHBIC
MPUHATO B OOJIBIIMHCTBE CTpaH Mupa. OHO UMeeT 0oJIbLIoe 3HaYeHUE PU 0OOCHOBAHUH IIAHOB, METOI0OB
U CPENCTB KOHTPOJIA.

Henenne nedekToB MO BO3MOKHOCTH YCTPAaHEHHMS Ha YCTPaHWMBIE M HEYyCTPaHMMbIE HMEET
CYLIECTBEHHOE 3Ha4eHHE NMpH 0OOCHOBAHMH JIOMYCKOB HAa M3TOTOBJICHHWE MPOJIYKIHH M NPH pa3paboTKe
TEXHOJIOTHYECKUX TPOIIECCOB. Y CTPAHUMBIM Ha3bIBaeTCsl Ae(EKT, YCTAHOBICHHE KOTOPOrO TEXHUYECKU
BO3MOXHO U 9KOHOMUYECKH 11€71€CO000pa3HO.
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Jlenenne nedekToB Mo NpPUYMHAM BO3HUKHOBEHHS HAa KOHCTPYKTOPCKHUE, TEXHOJOTHUYECKHE U
9KCIUTyaTallHOHHbIE UMEET CYIIECTBEHHOE 3HAUCHHE NMPU aHalu3e MPUYUH BOSHUKHOBEHUS AE(EKTOB U
NPUHATHHA MEp MO YCTPAHCHUIO IPUYHH.

Taroke neheKThl MOXKHO KIacCU(UIIMPOBATH IO MECTY WX HAXOXKICHHUS HAa BHEITHUE ¥ BHYTPCHHUE.

JHanee kimaccH(UKAIMIO MOXKHO pacIIUpUTh, MPOBOIS JelNeHHEe JePEeKTOB MO CIEAYIONIHM
MPU3HAKaM: TPYJOEMKOCTH OOHApY)KEHUS; CIOXKHOCTH; KOJIMYECTBY; CTEIEHH CBA3aHHOCTH; CKOPOCTHU
MPOSIBJICHUS, OCOOCHHOCTH TIPOSIBIICHHS; MECTy HAXOXICHUS JedeKTa B OJHOM U3 TOJCHUCTEM
paauoanextponHoro cpeacrsa (POC); BHemTHeMY MPOSBICHHUIO; ICTOYHUKY HEHCIPABHOCTH; MPHIUHAM
BO3HUKHOBEHHS; 3HAYMMOCTH. DTO pa3/ielieHue YCIOBHOE, TAK KaK CaMH MPU3HAKH HE MOTYT UMETh YETKHX
rpanun. Hampumep, omHa W Ta ke HEHCHPABHOCTb MOXET MMETh cpa3y HECKOJbKO Mpu3HakoB. [lo
TPYAOEMKOCTH OOHAPYKEHHS Pa3indaroT Je(eKThl: OUeBUIHbIC, HA TIOUCK KOTOPBIX 3aTPAuyUBACTCS MAJIO
BpPEMEHH; THIIOBBIE, HMEIOIINE OJTHO3HAYHYIO CBSI3b C UX BHEIIHWUM TPOSIBICHUEM; HETUIIOBEIE, HA TTOUCK
KOTOPBIX 3aTpaunBaeTcs OOJbIIe BPEMEHH.

ITo crnokHOCTH OOHAPYKEHUS Pa3IUYaloT JePEeKThI: MPOCThIe, Korma AeeKT OYCBHCH M JIETKO
YCTPaHHUM; HECIIOXKHbBIC, KOrJia Je(EeKT JIErKO OTHICKMBACTCS, OJHAKO YCTPAaHCHHUE €ro 3aTpyAHEHO;
CJIOKHBIC, KOT' 1a I[e(l)CKT HEMPOCTO OTBICKATh, HO JICTKO YCTPAHUTDH, MUKPOIICPEMBIYKHU Ha IeYaTHOH IaTe
W3-3a JACUCTBHS arpeCCHUBHOM CPEJlbl; OYEHB CIIOKHBIE, KOT/a Ae(eKT TpyAHO OTBICKATh M YCTPaHHTh. 1o
KOJIMYECTBY pa3in4aloT Ae()eKThl OJWHOYHBIC W TPYIMIOBBIC, KOTJa HECKOJIbKO HEUCIpPaBHOCTEH
MMPOABJIAAIOTCA OAHOBPEMEHHO. Ilo creneHu CBA3aHHOCTHU I[e(beKTI)I PasacAlOT Ha HCE3aBHCUMBIC H
KOppCIUPOBAHHEBIC, IIPUYCM KOPPCIALUA MOXKET 6I)ITL BbI3BaHa IMPpUYMHAMU HCUCIIPABHOCTH KaK CaMOTI'O
M3JICTUS], TAK M YCJIOBUSMH DKCILTyaTallHH.

ITo ckopoctn mposiBIeHUs Je(eKThbl ObIBAIOT BHE3AIHbIC M IMOCTEHECHHBbIC. [10 0COOCHHOCTAM
MMPOABJICHUSA pa3indaroT I[e(bCKTI)IZ IMOCTOAHHO MPOABJIAIOIMIUECA; HCIIOCTOAHHBIC, ITPOSABIAIOIMIUECA BPEMSI
OT BpeMeHH Oe3 SIBHBIX MNPHYUH, MPOSBISAIONIAECS WIM TMPONANaloliie B TPOIECce MpPOrpesa;
MPOSIBIISIONINECS WITH MPOTAJAIONIUE TPU MEXAaHMICSCKUX BO3ICHCTBHSX; CAMOYCTPAHSIOIINECS.

JIroboii nmedext, nposBisiromuiics B POC, Hapymaer ee HopMabHYIO padoTy. OmHako aedexTsl
HEPaBHOIIEHHBI, MTOTOMY I€1ecO00pa3HO YCTAHOBHUTH MOCIENOBATEIFHOCTh WX TMOWCKA W yCTpaHCHHS
MCXO/ISI U3 MX 3HAYUMOCTH [3].

Hccnedosanue svinonneno 3a cuem epanma Poccutickoz2o nayunoeo ¢pornoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/

Criucok myOGnuKanuii:

[1] Hdanunosa E. A. Knaccugpurxayus Jepexmos neuammuvix naam //Tpyovl MedxcOynapoono2o cumnosuyma
«Haoeoxcnocmo u kauecmeoy. —2013. —T. 1. — C. 325-328.

[2] Syryamkin, V. I. Digital X-ray Tomography / V. I. Syryamkin, S. A. Klestov, S. B. Suntsov ; Tomsk State University.
— 2nd edition. — London: Red Square Scientific, Ltd., 2020. — 200 p. — ISBN 978-0-9928299-9-5.

[3] I'pucopves A. B., Jqanunosa E. A., Hpoceseyxuii A. JI. Knaccuguxayus deppexmos 6opmosoti POA //Tpyowi
Mesicoyrapoornoeo cumnosuyma «Haoexcnocms u kauecmeoy. —2013. - T. 1. — C. 328-331.

56



JIMATHOCTHPOBAHUE AJIBIIT'EMMEPA ITPU IIOMOILM ITPOCTON MOJIEJIHN
CJIYYAMHOI' O JIECA
HA OCHOBAHHWMU JJAHHBIX 99T

Xoiimos M. C., lywapuna H. H.
'Bantuiickuit Ilentp Heiiporexnonornii n MckycctBeHHoro MHTEIEKTa,

’Banruiickuii ®enepanbublii Yuusepcurer um.W.Kanra, r.Kamuaunrpasn, Poccus
matthewkhoimov@gmail.com

bonesnbp AunbireiimMepa sIBISIETCA OJHOW M3 CaMBIX paclpOCTPAaHEHHBIX MPUYUH CHIDKEHUSA
KOTHHTUBHBIX criocoOHocTel. OOBIYHO, NaHHas 00JIe3Hb MPOSBISECTCS B BO3pacTe 65 JIET U MOBPEKIACT
Takue O00JaCTH YMCTBCHHOH JEATENBHOCTH, Kak: OOIEHUE, MaMATh, IIOHUMaHHE, BHUMAaHHUE H
paccyxnaenue. Ha cerogusmamii 1eHs HaM HEe W3BECTHBI BCE IPUUYMHBI Pa3BUTHSA AJIbIreiiMepa, OJHON U3
MPUYMH Pa3BUTHS OOJIE3HM CUUTAETCS POCT KOJMYECTBA CKOIUICHUH OeTa-aMUION[a, YTO MPUBOAMT K
ru0e HeHPOHHBIX KJIETOK FOJIOBHOTO Mo3ra [1].

Ha pannbrii MoMeHT AmnbIreliMep MUArHOCTHPYIOT IIPH TOMOIIM HAONIOJCHHEM 32 TAIEHTOM:
CIIEAST 32 KOTHUTUBHBIMH WU (YHKUHOHAIBbHBIMU HM3MCHEHHMSIMHU YEIOBEKAa, a TAaKKE PacCMaTpUBaIOT
ucTopuu Oone3Hel ero poaHbIX [2]. JlaHHBINA MOAXOA SIBASETCS TPYAOEMKIM, TaK KaK HY)KHO MPOBOAHTH
pa3nuYHbIC TECTHI U HOATBEPKACHUS AUarHo3a. s CHIKeHHUS Harpy3Kd Ha MEAULUHCKUX PaOOTHUKOB
MOKHO IONMpoOOBaTh NPUMEHUTh METOAbl MALIMHHOTO OOYy4YeHMs Uil aBTOMAaTHU3alUM Ipolecca
oOHapy»XeHHUsl KOTHUTHBHBIX HapyleHnH npu nomMomu DO manuenTa, 5Ta ujes 1 cTana Helblo TaHHOH
paboTEHL.

[Ipu mowcke aHANOTHYHBIX PabOT OBUTO OOHAPYXKEHO, YTO B OONBIIUHCTBE CIY4YaeB JUIS PEIICHUS
MOCTABJICHHOW MPOOJIEMbI MCCIICA0BATEIIN UCIIONB3YIOT TiIyOokoe oOyueHue [3, 4]. [loatomy B nmaHHOU
paboTe ObLIO MPHHATO PEIICHUE PEIIUThH MOCTABJICHHYIO 3a/1a4y 0€3 MCIOJb30BaHUS HEHPOHHBIX CETEH.
OmHUM U3 CaMBbIX MPOCTHIX METOAOB MalmnHHOTO 00ydeHus sBisercs Coydaitaerii Jlec. JlaHHbII MeTo
OTHOCHTCS K KaTeropuu 00y4eHHe C YUUTENeM U Kilaccu(puuupyeT 00beKThl Ha OCHOBAHUH HX IPHU3HAKOB
3a CYE€T yMEHbIIEHUS SHTPONHUK. 1)1 MorcKa ONTHUMAIbHOIO COUCTAHMS THIIepIapaMeTpOB JJIsi MOJCIN
obuT ipuMenén Meto GridSearch.

Tak kak pasMmep HCIONB3yeMOW 0a3bl NAHHBIX Majl, a JUIsi OOy4YeHHS W TPOBEPKH MOIENH
HEO00XO0IMMO Pa3AeisaTh JaHHbIe HA O0YYaIOIIyI0 M TECTOBYIO BHIOOPKH, pa3yMHEE BCErO UCIOJIb30BATh
Kkpocc-Bamuaanuo. [Ipu o0yueHun mMojeneil uemoap30Baiach MITHKPAaTHAsT Kpocc-Banumanus. KadectBo
PpaboThI MOJIENH OIIEHWBAJIOCH IPY TIOMOINK MeTpuku F1 score:

TP

recision = 1
p TP+FP (1)
TP
recall = —— 2)
TP+FN
2xprecision*recall
F1score = =2 3)

precision+recall
rIe TP — konMuecTBO NPaBUILHO ONPEICIEHHBIX AI[MEHTOB ¢ 00JIE3HBIO;
FP — xonn4ecTBO 370pOBBIX JIFO/ICH, TOMEUYEHHBIX KaK OOJIbHBIX;

FN — xonuuecTBO 60J'H>HI>IX, IMOMCYCHHBIX KaK 310POBbIX.

Jyis 00y4eHus MOJIesIei METOI0OB MAIIMHHOTO 00y4YeHHUs HeoOX0AuMbI AaHHble. ba3a manHbix 2T
ObLTa B3SITa U3 OTKPBITOTO JAOCTyTa BceMHUpHOW cetn uHTepHeT [3]. 3anmcp D31 Benach ¢ 19 kanasnoB ¢
yacToTol auckperm3arnuu 128 ['m, nnmutenbHOCTh 3anucu — 8 ceKyHIl. Becero 0a3a maHHBIX conepkuT 24
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3aIyCH MAIEeHTOB ¢ 00Ie3HBI0 AnbIreiiMepa u 24 3amucu 310poBbIX JTroaei. CpeTHri BO3pacT MalUeHTOB
— 72 rogna.

[lepen oOyuyenunem mopeneit nanueie DI ycpeaHsUMCh IO BceM KaHaiaM. [lociie yero u3 3amucu
YAANSIACh BONHEI ¢ 9acToToi Oompmie 40 ', Crauana anms o0ydeHHs] MOAETH HCIIOIb30BAJINCh ChIPBIC
manaeie OOl Jlanee, mamnpie D01 mpomum 00paOOTKy MpH TOMOINM HEMPEPHIBHOTO BEWBIET-
npeoOpaszoBanust (CWT), pe3ynbTaThl KOTOPOTO TAKKE YCPETHSUIUCH TI0 BCEM YaCTOTaM.

B xone moncka ONTUMAIBHOTO COYeTaHus runepnapamerpos st Ciydaitnoro Jleca npu momorn
meroma GridSearch 6but0 00y4eHo 1944 Momenu, CIIMCOK 3HAYCHHIA JJIsl THIICPIIAPAMETPOB MPUBEAEH B
TabmIe:

Tun JaHHBIX criterion max_depth min_samples n_estimators
Crpipble 1aHHBIE entropy 5 2 90
CWT entropy 5 2 70

Hanee, 0pu1 00ydeHBI MOJENIN C OTOOPaHHBIMHU THIlEpHIapaMeTpaMu MOCPEICTBOM ISTUKPATHON
KpOcCc-BaJlJJalluy C YCPeIHEHUEM pe3ysbTaToB. CTonOuaTele JUarpaMMbl XOpOIIO AEMOHCTPUPYIOT, YTO
MoJienb, o0ydeHHas Ha CWT maHHBIX, JTydlie cripaBisieTcs ¢ 3a1aueii knaccudukanuu (puc. 1.).

12
Biag maeeiux
o
10 e Faw EEG 096 095
0.5%0
087

aa

a6

F1 scor Precicn Rocat
By serpand

puc. 1. 3asucumocmy 3nauenuii mempux F1 score, Precision u Recall om munoe obyuarowux dannwix

Tarxoke naJs1 yCTAaHOBJIEHWS HAWIYYIIEro pHTMa MO3TOBOM aKTWBHOCTH Ha JaHHeix CWT
COOTBETCTBYIOIIUX KaXXIOMy PUTMY 4acTOT ObLITH 00yUYeHBI TOMOTHUTENbHBIE MOeH (puc. 2.)

1.0

F1 score 0.89 0.82
. 0.8

Precision 0.89 [O.75
Recall JlGES 0. . 092 092 086

delta theta alpha beta gamma

puc. 2. 3agucumocmy 3uauenuii mempux F1 score, Precision u Recall om pummos mozeosoti akmusnocmu

Oo0yuennbie mozenu CiydaitHoro Jleca mokaszajiv Xopoliue pe3yJibTaThl Kiaccudukanuu. Moes,
oOydeHHass Ha JaHHBIX, IOJIYYCHHBIX B XOJI¢ HEMPEPHIBHOTO BEHBIET-TIpeoOpa3oBaHMs, ITydlle
CIpaBISIETCS C 3a/lavyeil JUArHOCTUPOBaHUs O0Jie3HH AnblreiiMepa, 9eM MoJieNb, 00ydeHHas Ha ChIPHIX
nmauaeix D01, ucxomst 3 3Hauenmii F1 score (0.90 u 0.81, cooTBeTcTBeHHO). TaKkKe CTOUT 3aMETUTH, YTO
HanOoJIee KaYeCTBEHHO AJIbIIIeiiMep MarHOCTHPYETCS Ha OCHOBaHuHK beta putMoB rosoBHoro mosra (0.89
mpotuB 0.82, 0.81, 0.76 u 0.57).
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Takue BBICOKHE pe3yIbTaThl MOTJIN TOJNyYHThCS OJarofapss XOpPOIINM HCIIOIb30BAHHBIM TaHHBIM,
MO3TOMY TOJTyYeHHBIEC PE3YbTaThl HEJb3sl CUNTaTh KOHEYHBIMH, IOATOMY Ha JaHHOM JTarle MPUMEHEHHE
MoJieJied B MeAWIUHE HEBO3MOXHO. [y Oonee OOBEKTHBHOW OIIGHKH PacCMOTPEHHOTO MOJXO0Ja
HE00X0MMO POBEPUTH METOT MamnHHOTO 00y4ueHus Ciydaiineiii Jlec Ha npyrux manHsIx 3anuceid D01
Taxoxe B Oymymieit paboTe MOKHO pacCMOTPETh U IPYTHE METO/II MAIIMHHOTO O0YYEeHHSI.
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HEPA3PYIIAIOIIN KOHTPOJIb CBAPHBIX COEJJMHEHU HA OCHOBE
TEIIJIOBOT'O ITPOLHECCA CBAPKHA
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maéa70@gmail.com

B Hacrosmiee Bpemsl SBISETCS aKTyalbHOW 3a/laueii KOHTPOJIb Pa3HOTO pojia KOHCTPYKITMOHHBIX
MaTepHaloB W 3JIEMEHTOB PATHOAIICKTPOHHOW anmaparypbl. [10CKONBKY € pa3BHTHEM IMPOMBIIIICHHO-
HAYYHOTO KOMIUIEKCA CTaBUTCS 3a/1a4a 3(PPEKTUBHOTO U OBICTPOrO KOHTPOJISI MaTepHalIOB Ha BBISIBICHHE
Hamuns  JedektoB. CBapHble COCJIMHEHHS HCIONB3YIOTCS Ha JTalmax CoO3/IaHusl  3JEMEHTOB
MPOMBIIIJICHHBIX KOHCTPYKIUH. [T0CKONBKY TpOIecC CBapKU MPOUCXOMUT MPH OONBINUX TEMIIEpPaTypax
IUTaBJICHUSl C TIOCIEAYIOIIMM OCTBIBAHUEM M YacTO MPHUMEHSETCS Ui Pa3sHOPOIHBIX METAIJIOB, TO
KOHEUHBIN pe3yNbTaT CBapKH MOXKET UMETh Opak B BHJIE TIOpP, TPEUIMH, HempoBapa u Ap. Takum obpazom
MPHU TPOMBINUICHHOM TPOU3BOJICTBE HEOOXOANMO HCIOJB30BaTh METOMbI HEPa3pYIIAIONIET0 KOHTPOJIS
MaTepUajoB C IIEJbI0 HCKJIIOYCHHS OpaKOBaHHBIX wu3Neiuid. B kadecTBe 3(QPEKTUBHOTO METOAA
Hepa3pylIaloniero KOHTPOJII MaTepHajioB BBICTYIIAET METOJA PaJUallMOHHOTO KOHTPOJS, a HMEHHO
HEpa3pyIIAIONil KOHTPOJIb C MPHMEHEHHEM pPEeHTTeHOBCKOW ToMmorpadum. IlpenmymecTBa meroma
3aKITIOYAIOTCSl B MOJYYCHUM BHYTPEHHEH CTPYKTYpPhI HCCIICAYEMOro Marepuayia Ha MHKPOYpOBHE 0e3
HapyIIEeHHs [eJIOCTHOCTH Matepuana [1-3].

puc.1. a - Obpazey ceapnozo wiea, 6 — peKOHCMpPYKYus 00pa3ya c8apHo2o weda

[TomuMo 3TOrO, JUIS TPOTHO3MPOBAHUS IMOSIBJICHUS Ie(PEKTOB CBAPHBIX LIBOB BAXXHO H3YYHTh
¢busnyeckuii mporecc MpoTeKkaHus mporecca cBapku. [I0CKOIBbKY B X0/1e CBAPKH MIPOUCXOIUT ILIABICHHE
Mareprana ¢ (a30BBIM IIEPEX0I0M B )KUJKOE COCTOSIIHE C OOJIBIINM BBIJICTIEHHEM TEIUIA, TO JUISl TAKOTO
mporecca  BO3MOXKHO — IOJNYYHTh  YHCJICHHOE  PEIICHHE, KOTOPOE MOXKHO  COIOCTaBHTh  C
JKCIIEPUMEHTAIBHBIME JaHHBIMU oOpasna [5]. CocTaBnsercss MaTeMaTHyecKasi MOJIeb, OCHOBaHHAs Ha
YpaBHEHHH TEIUIONPOBOIHOCTH C TPAHUYHBIMHU YCIOBHUSMH KOHBEKIIMH U JBHXXYIIUMCS HCTOYHHKOM
TeIUIa, KOTOpasi peraeTcs MeTOA0M KOHEUHBIX dneMeHToB ¢ momonibio ANSYS Workbench [6-7].
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1369 Max
1302,2
1235,5
11638
1102
1035,3
968,59
901,36
835,13
768,4 Min

puc.2. Mamemamuueckas Mooenb 0AHHO20 C8APHO20 ULBA

B xone pabotbl Obla monmydyeHa MaTeMaTH4yecKas MOJENb, C MOMOMIBI0 MPOrPaMMHOTO MaKeTa
ANSY'S Workbench mosydeno pacrnpeneneHue Teria B MpoIecce CBapku B CEYEHHH CThIKA IBYX IUIACTHH,
U TaK K€ Ha HIKHEH M BEpXHEH IMOBEPXHOCTHM MOJAy4YEeHHOH 1uactuHbl. Kpome Toro, Ha
9KCIEPUMEHTATBHOM 00pa3iie ObUI IPOBEECH aHAIN3 Je()eKTOB JAHHOTO LIBA C IOMOIIIBIO PEHTTEHOBCKOTO
MUKpoTomorpada.

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo nayunozo ¢honoa
Mo 22-19-00389, https://rscf.ru/project/22-19-00389/
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KIIACCUOUKAIUA JEPEKTOB CBAPHOI'O HIBA CIIVTABA AJIIOMUWHMWA,
MHOJYYEHHOI'O METOJOM TIG-CBAPKH C IOMOLIBIO PEHTTEHOBCKOI'O
3D MUKPOTOMOTI'PA®A

Xunvyyk M. /., Knecmos C. A.

HammonaneHbliil nccnenoBarenbckuii TOMCKHI TOCY1apCTBEHHBINA YHUBEPCUTET
ma6a70@gmail.com

Metoxn TIG cBapku MHMPOKO MPUMEHSIETCS I CBAPKU CIUIABOB aJIOMHHUS IMOCKOJIBKY CBapHOM
IIIOB MMEET BBICOKOE KauecTBO IO CPaBHEHMIO C APYTrUMH MeTojgamu cBapku. TIG-cBapka B OCHOBHOM
UCIIONb3YeTCs AJISl CBAPKHU BHICOKOJIETHPOBAHHBIX HEPXKABEIOLINX, )KAPOCTOMKUX U )KapOIPOUYHBIX CTAJIEH,
a TaKXKe JJIs1 CBApKH LIBETHBIX METAJIJIOB, TAKUX KaK aJIOMUHHEBBIE, MEIHbIE U HUKEJEBBIE CIUIaBHI [ 1, 2].
OpHako mpH HECOONIOAEHHM TOATOTOBKH, COOPKH M TEXHOJIOTHH CBapKH B CBapHOM IIBE MOTYT
BO3HHUKHYTb Ae(eKTbI, IpUBOAILINE K OpaKy. OCHOBHbIE BHBI 1e(eKTOB peAcTaBieHs! Ha puc. 1. K gacto
BCTpEYAIOLINMCS 1e()eKTaM B CBAPHBIX COCIMHEHUSAX OTHOCATCS Takue Ae(EeKThl KaK TPELINMHbI U MOPHL.
TpemuHbl NpencTaBiasioT U3 ceds HECIUIOMIHOCTh CBApHOTO IBa, KOTOpass MOXKET OBITh BBbI3BaHA B
pe3yibTaTe OXJIaKACHUS WM HAarpy30K. TpeIuHbl Tak e JeNIATCS Ha TOPSYNe U XOJIOIHBIE, 110 IPHYUHE
BO3HHKHOBEHHS COOTBETCTBEHHO BO BpeMsI KPHCTAJUIM3AaLMM METajla U cpas3y IMOCJe OCThIBAHUS IIBA.
[opsl mpencTaBnsroT U3 cedsi MOJIOCTH BHYTPH CBAapHOTO IIBA, 3allOJHEHHBIC ra3aMy, BO3HUKAIOT B
XKHUJIKOM METaJlle, €CJIM HE BCE Ia30BbIE Iy3bIPH YCIIEBAIOT BBIINTH Hapyxy [3].

Meranmnst
(cBapHBIE LIBBI)

|
v v v v v v

TBepaple Hapymenue IIpoune Hecmmapnenus
[onoctn
BKITFOUCHUS (dhopmbI mBa

TpenmHbl

I[e(beKTBI 1 HaIlJIbIBbI

puc.l. Tabauya oeghexmos ceapHwix coeOuHeHull

[ToMuMO TpemuH U MOp YCTaHOBJIEHO MHOXECTBO APYTMX Ne(EeKTOB CBAapHbIX coeanHeHud. K
TBEP/BIM BKJIIOYCHUSM OTHOCHTCS NUIAK, 00pa3yIOMIMICs NPy MJIaBICHHN 3JICKTPOJHOTO MOKPBITUS WIIN
¢moca. Ilpu cBapke B 3aIIMTHBIX TIa3ax IUIAKOBBIE BKJIIOUEHHs BcTpedarorcsi peaxo. lllmakosble
BKJIFOUEHUS] MOTYT UMETh Pa3Mep IO HECKOJIBKUX JECATKOB MWIIMMETPOB M TMOATOMY SIBJISIOTCS OYEHb
ormacHbIMA. OHHM yMEHBIIAIOT CEYEHHWE IBa W MPHUBOJAT K KOHIIEHTPALMU HAIPSDKEHUH B HEM.
Hecnnasnenust 00pa3yrorcst u3-3a TOT0, 4TO JIyra He PaciiaBUIIa YacTh KPOMKH CThIKa U He C(OpMHPOBaa
1I0B ¢ €€ yyacTueM. K HeCIIaBiIeHHIO Tak e OTHOCHTCSI HEMPOBap 10 BCEH AJIMHE IIBA MM Ha y4YacTKe,
BO3HUKAOIIUI BCIIEJCTBUE HECTIOCOOHOCTH PACIUIABICHHOTO METaJllIa IPOHUKHYTh B KOPEHb COSIMHEHHS
WM MECTHOE HapyIIeHHWE CIUIABIIEHUS MEXIY CBApHUBACMBIMHU JJIEMEHTAMH, MEXJy METaJIOM IIBa U
OCHOBHBIM METAJIJIOM MJIM MEX/y OTAEIbHBIMY CIOSIMU IIBA IPU MHOTOCIIONHOM cBapke. JledexTs! hopmbl
U pa3MEpOB CBAPHBIX IIBOB CHIKAIOT MPOYHOCTH M YXYAIIAIOT BHEIIHAN BH/I I1IBA, TAaK XK€ OHU KOCBEHHO
YKa3bIBalOT Ha BO3MOXKHOCTh 00pa30BaHUs BHYTPEHHUX J1e(DEKTOB B IIBE.

J1is BBISIBIICHVSI BHYTPEHHUX JIe()EKTOB CBapPHBIX IIBOB, KOTOPhIE HE MOTYT OBITH OOHAPYKEHBI C
MOMOILBI0 METOJIOB BU3YaJbHOH Je(EeKTOCKONMH MPUMEHSIOTCS METOABl HEepa3pyLIAIOUIer0 KOHTPOJIS.
OnauM u3 cambIX 3Q(PEeKTUBHBIX METOIOB HEPA3PYyIIAIONIETO KOHTPOJIS KOHCTPYKIIMOHHBIX MaTEpHAIIOB
SBJSIETCS  PaJIMAllMOHHBIA  KOHTPOJb. V300pakeHHs, TIOJNydYeHHbIE C TIOMOIIBIO PEHTTEHOBCKOTO
ToMorpada, Mmo3BOJISIIOT BBISIBUTH Ie(EKThI HA MUKPOYpOBHE [4-6].
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puc.2. Cpe3 usobpasicenusn c6apHo2o wied, NOIYUEHHO20 MOMOSPAPOM

B nanHoii paboTe Ha MOJATOTOBICHHOM 00pa3iie CBapHOIO MiBa, noryueHHoro TIG-cBapkoit Obun
HCCIIeIOBaHbl BHYTPEHHHUE Je(eKThl cBapHOTO IBa. C MOMOIIBI0 KOMIBIOTEpHOTO TomMorpada SKySkan
1172 na pexume 120 kB, 10 Bt BoIsiBIeHO Hanmmuue Ne)eKTOB, yCTAHOBICHO UX PACIIONIOKEHUE BHYTPH
IIBa ¥ MPOBeJIeHa Kiaccudukaiys (puc. 2).

Hccnedosanue svinonneno 3a cuem epanma Poccutickoz2o nayunozo ghonoa
Me 22-19-00389, https://rscf.ru/project/22-19-00389/
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IMPUMEHEHHWE KOMIIBIOTEPHOI'O 3PEHUA JJISI JETEKTUPOBAHUSA
JE®EKTOB IIPU PEHTTEHOCTPYKTYPHOM AHAJIU3E

O30ues A. X.
HanmonaneHuslii ncciienoBarenbckuil Tomckuit ['ocyjapCcTBEHHBIN Y HUBEPCUTET
MesxnyHapoaHas 1a00paTopusi CHCTEM TEXHUUYECKOTO 3pEHUs
doorbreaking@yandex.ru

Krnaccuueckre MeTosbl peHTT€HOCTPYKTYPHOTO aHajIi3a B Ka4ecTBE Pe3yIbTaTOB CKAHUPOBAHUS
MPEJOCTaBIseT PEKOHCTPYHUPOBAaHHBIE H300pakeHMs, coiepkamue nedextsl [1]. Jlannsie aedexTs
CIELIUAIUCTHI 0 Ae(PEKTOCKONMH OOBIYHO aHAIU3UPYIOT U JETEKTUPYIOT BU3YyalbHO. UTO MOXKET BIUATH
Ha Ka4yecTBO Bcell npouenypsl. s ycTpaHeHus JaHHOM 3aBUCUMOCTH NIPUMEHSIOTCS pa3iIMyHble METObI
aBTOMATHU3UPOBAHHOTO JACTEKTHPOBaHUs AeeKToB. MBI MpesiaraeM NpUMEHSATh KOMITBIOTEPHOE 3peHHE,
pe3yabTaThl Yero HpUBENEHbl B JAaHHOM pabote. [ns mpoBepku pabOTOCHOCOOHOCTH MpeIaraeMoro
noaxona ObUIM MPOBENEHBI SKCIEPUMEHTAIBHBIE M3MEPEHUS, LeJIb KOTOPBIX 3aKI0Yanach B IOHUCKE
ne(eKTOB B CBAPHOM COCAMHEHHH, IPEJICTABIICHHOM Ha PHCYHKE 1.

Pucynox 1 — Obpasey ceaproeo coedunenust
bruto mpown3BeneHO pPEHTreHOBCKOe ckaHupoBaHue ImiBa [2]. [lomydeHHBIE NpoeKUMU IOCIie
MpeBapuTeNbHON 00pa0OTKM WMENW BHJ, IPEICTABICHHBI Ha pucyHke 2. Wrak, B pe3ynbrare
TOMOTpadUIecKOi PEKOHCTPYKIIMK OblIIa IMOTy4YeHa TPEXMEPHAs BU3yalTU3alisl UCCIIeyeMOTro CBapHOTO
COCJIMHCHHMS C BO3MOYKHOCTBIO TIOIIIArOBO aHaju3a ero ceueHuu [3].

Tpyda

CapHo¥ 1110B

. IS

Pucynok 2 — [Ipumep npoexyuu, noiy4eHHoU 8 pe3yibmame CKAHUPOBAHUSL

BusyanbHblii aHanu3 pPEKOHCTPYHPOBAHHBIX CEYEHMM IOKa3aj, 4YTO METOJ IO3BOJIET
oOHapyxuBaTh JedekTsl BU3yanbHo. Ho Ha OobIIoM 00beMe JaHHBIX BCE €llIe €CTh PHUCK MPOIYCTHUTh
nedekTsl mpu “pydyHoM” moucke. IIpumeHnM nerekTupoBaHue AeEKTOB MPU MOMOIIM KOMIIBIOTEPHOTO
3peHusl Ul ToucKa Ae(eKTOB Ha PEeKOHCTPYMPOBAaHHOM cioe oObekra. Ha pucynke 3 mpezncraBieH
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MpoIIecC TMOUCKa Ae()EeKTOB B CBApPHOM COEIWHEHHH HCCIIETyeMOro o0bekTa B 3 sramax: a — obmacTh
CKOJIB3SIIIETO OKHa, b — Macka, ¢ — ICTEeKTUPOBaHHBIC AC(DEKTHI.

Pucynox 3 — [Jemexmuposanue deghexmos npu nomMowu npeoioNceHHo20 Memooa Ha ocHose KOMIIBIOTEPHOTO
3peHus
Huns  xmaccupukanmm ydacTka TpyObl OblTa IOCTPOCHA apXWUTEKTypa HEHpOHHOH ceTw,
Oasupylomiascs Ha TpeABApUTEIbLHO o00ydeHHOW cetd InceptionV3. JlaHHas MoAEnb XOPOIIO
3apeKOMEHIIOBaJIa ce0s B 3ajavyaxX KIACCU(HUKAIMM CIIOKHBIX 00bekToB [4]. Hus oOydeHus
MIPEICTaBICHHOW MO/IEH OBLITH MCIIOJIb30BaHBI CIIEMYIOIINE apamMeTps (Tabmuma 1):
Tabnuua 1 — [TapameTpsl 00y4yeHHst HEHPOHHOH ceTH

HanmenoBanue 3HaueHue

Optimizer Adam

Learning rate 0.0002

Epochs 300

Batch size 512

Loss function Binary cross entropy
Metrics Accuracy, Precision, Recall

JIst IPUHSITHSL KOHEYHOTO pe3yJibTaTa paboThl CETH 33aHO MOPOTroBOe 3HaueHue, paBHoe 0.42.
JlaHHOE 3HaYEHHE MOA00PAHO SMIMPHUUECKUM IyTEM B XOJI€ aHaIu3a TECTOBOM BEIOOpKH. KauecTBEeHHBIE
MOKa3aTex MOJyuYeHHbIC Ha TECTOBOM BhIOOpKe: Precision = 0.983, Recall = 0.992. B pabote npemioxex
METOJ JICTCKTUPOBAHUS e(EKTOB HA PEKOHCTPYHUPOBAHHBIX U300PaKECHUSIX HA OCHOBE KOMITBIOTEPHOTO
3peHHs ¢ IPUMEHEHHEM CKOJB3AIIero okHa. HelipoHHas ceTh NeTeKTUpYyeT Ae(eKThl B KaXIOM OKHE U
cerMeHTHpyeT IedeKT u3 TeX o0yacTeil, riae CTerneHb JOCTOBEPHOCTH 00HAPYKEHHsT HAn00JIee BHICOKASL.

Hcceneoosanue gvinonneno sa cuem epanma Poccutickozo nayynozo gponoa Ne 22-19-00389,
https://rscf.ru/project/22-19-00389
Criucok myOuKanuii:
[1] J. Hiller, M. Maisl, and L. M. Reindl, Measurement Science and Technology 23, 085404 (2012).
[2] G. Zhao and S. Qin, Sensors (Switzerland) 18 (2018), 10.3390/518082524.

[3] M. Sperrin and J. Winder, in Scienti ¢ Basis of the Royal College of Radiologists Fellowship, 2053-2563 (IOP
Publishing, 2014) pp. 2{1 to 2{50.

[4]JURL: https://ieeexplore.ieee.org/abstract/document/7984661
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COIIMOT'YMAHUMTAPHBIE TEXHOJIOI'MK KAK METATEXHOJIOI'HU B
KOI'HUTUBHOM MEHE/UKMEHTE

Cupsamkuna E.T.

HanunonanbsHbiil uccnenoBareabckuii TOMCKHIT TOCYJapCTBEHHBIN YHUBEPCUTET
syryamkinaeg@mail.ru

HNudopmarmonHoe oOIMIECTBO — ATO OOIIECTBO, OCHOBAaHHOE HAa 3HAHWW B BHAE WHGOPMAIMH, U
COBpPEMEHHBIN YelnoBeK (opMHUpYeTca B Mpolecce MHTEHCHBHOTO MH(POPMALMOHHOTO 00OMEHa, TIOITOMY
BaXHOE 3HAYCHHE TMPHOOpeTaeT CHocOOHOCTh WHIWBHAA K OCO3HAHHOMY BBEIOOpY WH(pOpMAIuH,
COIIPOTHUBIISIEMOCTh MAaHMITYJISITUBHBIM HMH(QOPMALMOHHBIM BO3AeicTBUsIM. EctecTBeHHO, 3TO Tpelyer
HOBOH mMapaJgurmMbl 0Opa3oBaHUs, B OCHOBAaHHUHM KOTOPOH JIEKHUT BHIOOP, MOUCK, CAMOCTOSTEIBHOCTD,
MpaKkTU4ecKass OpPUEHTUPOBAHHOCTh. B Takoll 00pa3oBaTenbHON NapaaurMe akTyalu3upyeTcs H
cneuupuIUpyeTcs CUcTeMa KOTHUTHBHOTO MCHEIKMEHTA.

CknansiBaeTcss HOBBIM 00pa3 Tmemarora: 3TO HCCIENOBaTeNb, BOCHHUTATENb, KOHCYJIBTAHT,
PYKOBOJUTENb MPOCKTOB, THIOTOP. KOTHUTHBHEBIE TEXHOIOTUM SIBISIOTCS OCHOBHBIMU B IIECTOM YKJIaJe,
MIO3TOMY «BBICOKOE 0Opa3oBaHME)» CTAHOBUTCS OIHOM W3 BEAyIIMX OTpacield AeATeNbHOCTH B
nHGOPMALMOHHOM OOIIECTBE, TAE PE3KO BO3PACTAET LIEHHOCTh CIOXHO OPraHW30BaHHOM JHMYHOCTH,
MO3TOMY B TIOATOTOBKE KaJJpOB HEOOXOAUMO CIIBUTATh AKIICHT HA PAa3BUTHE CAMOCTOSTEILHOTO ABHKCHUS
cyObekTa B OOpa30BaHUHU C IKCHAHCHUEH Ha KPEaTHUBHYIO NPAKTHKY. Takoe paaukaabHOE OOHOBIICHHE
00pa3oBaHMs MPEAMNOJIAraeT He TOIBKO COBPEMEHHbIE OIIEpallii CO 3HAaHUEM U pa3HooOpa3Hble HOpMYIIbI
WX TpaHCISALUKM, HO TJIABHBIM YyNOp JeNaeTcss Ha CHHEpPruiHOe pa3BUTHE CaMOWM JHMYHOCTH, KOT/a
BaKHEHIINM JIe(UIUTHBIM PECYPCOM CTAaHOBUTCS YETIOBEK.

[losTOoMy emie OOHMM Ba)KHEWIIMM OTJIMYMEM HOBOM MOJAEIHM 00pa30BaHUs SBISIETCS MPAKTHYECKOE
MPU3HAHUE TPHHLUIA MEPUTOKPATMYHOCTH W BBICOKOW LEHHOCTH TajlaHTa. MOTHBaLus, HHTEpec,
CKJIOHHOCTH OOYydaloIIUXCSA paccMaTpUBAIOTCA KakK KIIIOYeBOM W Hauwbosee JOporoil pecypc
pe3ynpTaTUBHOCTH  oOpazoBaHusi [Poccuiickoe obpazoBanme 2020, 2008: 13-14]. B Takoit
00pa3oBaTelIbHON MNapagurMe akTyalusupyerca M chnenu(uuupyercss CHUCTeMa KOTHUTHBHOIO
MeHe/DKMeHTa. Eciii B TpaIMIIMOHHOM crcTeMe 00pa30oBaHWsi KOTHUTHBHBIM MEHEPKMEHT HalpaBJIeH Ha
SHIMKJIONENYECKOE TPHUCBOCHHE U HapalulMBaHWe 3HAHUM  OTJENBbHON  JHYHOCTBIO, TO
KOMIIETEHTHOCTHBIH TOAX0J B HOBOM 00Opa3oBaHMM IIECTOr0 yKiajga TpeOyeT YNpaBleHHS CaMHUM
MPOIIECCOM TMO3HAHMUSI, CIIOCO0AMH CO3JIaHUsl, TOPOXKICHHUS M3 WHPOPMAIUH MPUCBOSHHOTO CYOBEKTOM
3HaHUsI, (OPMUPOBAHUS, TAK HA3BIBAEMOTO, IMPOKOTO 00pa30BaHUs, KOTOPOE MO-aHIIIMHCKU 3BYYUT KaK
soft power («rubkash» win «ymHas» cuia) [High-hume & high-ed: Beicokne rymanuTapHbie TEXHOJIOTHH U
BbIcOKOe oOpazoBanue 2014] — 3To MHTEJIEKTyallbHAs CHJIa U KyJbTYPHBIA UMIIEpAaTHB. 3HAHbEBAS JKE
gacTh OyneT Bce OOJIBINE JENIErHpOBAThCA TEXHUYECKUM HOCHUTENSM, CIMBAsCh C WHHOBAIIMOHHBIMU
METOAaMH BOCHHUTaHUs U Pa3BUTHs, ¢ GOpPMaMHU COLMAIBHOM M AyXOBHOH akTuBHOCTH. OOpasoBaHHe
CTaHOBHTCS peduieKcHe u crrocodoM TBOPUECKOT0, MOAN(UIMPOBAHHOTO HCIIOIB30BAHMUS STUX 3HAHUN B
MEHSIOIIEICS U YCIOXKHSIONENCS MPAKTUKE.

Poccwuiickoe oOpa3oBaHne MOKa OTCTAET [0 MUPOBBIM TPEHIAM: IO MOOMIIBHOCTH CTYIEHTOB (2% oT
00IIIero yuciaa MHOCTPAHHBIX CTYAEHTOB); MO MPEACTABICHHOCTH B CUCTEME 00pa30BaHUs 3JIEKTPOHHOIO
JTUCTAaHIIMOHHOTO oOpa3oBaHus (Ha 3amane 90% BY30B HCIIONB3YIOT JIEKTPOHHYIO (hopMmy oOydeHus, B
Poccuu enie HAYMHAIOT peanbHO OCBaWBaTh); pA3BUTHE HHCTHUTYTA JUCITYTa K METOJl 00y4EHUsI JeCTBHEM
TOJIBKO CTAHOBSITCS U HE CTAJIM MAaCCOBBIM SIBJICHUEM.

B miectoM TeXHOJIOTMYECKOM YyKIIaae 00pa3oBaHUE BOOOIIE pacCMaTPUBAETCS KAaK KPUTEPUH OLEHKH
MOTEHIIMANA CTPaHBI C TOUYKH 3pEeHUs pa3BUTHUs denoBedeckoro kanutana. CHIA mo3unmonupyer ceds Kak
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MHUpPOBOM 00pa3oBaTelbHBIH LEHTP, B Poccuu akTMBHO HIET MPOLECC CYIIECTBEHHOIO OOHOBIEHHS
00pa3oBaTeIbHBIX CUCTEM, 00CYKIAIOTCS MPOOIEMBI KCIIOPTa POCCHIUCKOTO 00pa30BaHusl.

B mocnegnee BpemMss B MHpPE aKTyalM3UpYeTCs TEHICHLIMA pPAa3BUTHS TpaHCHALMOHAJIBHOTO
IIPENOJABaTENbCKOTO U CTYACHYECKOTO COOOIIECTBA B TPAHCIPAaHUYHOM cpefie, KOTopble (POPMHUPYIOT HE
TOJIKO HOBBbIE 00pa3oBaTeNbHBIE TEXHOJOTMH, HO M Cpely COLMOKYJIbTYpPHOH mepepabOTKH HOBOM
TPaHCHALIMOHAIBHOW 3JUTHL. YHUBEPCUTETCKUM KaMIyC Kak o0pa3 >KM3HH, TAe BakHa aTMmocdepa,
COLIMAJIbHBIN KAaIITal, XapakTep OTHOLICHUI MEXAY CTYACHTaMH, IPENOoAaBaTes MU, IPYTUMH I'PYIIIIaMH,
sIBIISieTCsl IU1aTOPMOM, Ha KOTOPOl MOHTHUPYIOTCSI OCTaJIbHBIE 3JIEMEHTHI 00pa30BaTENLHOTO IIpolecca.
KamnycoBas ctpykTypa — 3T0 oOpa3oBaTenbHAas, BOCIIMTATENbHAS MOJENb, KOTOpas THPKUPYETCS B
rno0aIbHOM MaciuTabe Kak Mojenb otHomeHus: kK mupy [High-hume & high-ed: Beicokue rymanutapHbie
TEXHOJIOTHH H BBICOKOE 00pa3oBanue 2014].

[IproputeTHbie HaNpaBICHUs Pa3BUTHSI O0PA30BaHMUs, XapaKTEpHBIE JJIS IIECTOTO YKIaa, MO3BOJISIFOT
HaM TpeACTaBUTh Pa3BUTHE KOTHUTUBHBIX CTpaTeruil B cebMoM ykiane. Kak Mbl BUuguM, yxe B Helpax
LIECTOr0 YKJIaga MIET IOMCK HOBBIX MHPOBO33PEHUECKUX OpPUEHTALUH, OTJIMYHBIX OT MHJEajoB
TEXHOTCHHOW LMBUIIN3ALNH. AKCHOJIOTHYEeCKast MPOOIeMaTHKA CTAHOBUTCS YPE3BbIYAHO aKTYaJIbHOU JIst
nporpecca yenoBedecTBa. OCHOBHOM LEHHOCTHIO CTAHOBUTCS YEJIOBEK M COXpaHeHue nuBuiau3anuu. He
CIIy4allHO ceJbMOM YKJIaJl Ha3bIBAIOT YKJIAJOM COLIMOTYMaHUTApHBIX TeXHoJoruil. Eciu KOrHUTHUBHBIE
TEXHOJIOTMH ILIECTOr0 YKJIaJa OPUEHTHPOBAHBI YMCTO Ha IO3HABATEJbHBIE MPOLIECCHl M OTHOCSTCA K
00JIACTH TICUXOJIOTUH, TIEJATOTHKH U COOCTBEHHO 3HAHUSI, TO COLIMOTYMaHUTAPHBIE TEXHOJIOTHH OTHOCSITCS
K YeJIOBeKYy, K MpaKTHKe, K OOIIeCTBY, MOpalli, HPaBCTBEHHOCTH, LICHHOCTSIM, K KyIbType. VIMEeHHO B
CeIbMOM YyKJIaie TMOSBISETCA CyOBEKTHOCTh CpeAbl, CYOBEKTHOCTb KYyJBTYPBI, CIIEHHAIbHO
OpPTraHM30BaHHBIE M  Pe(ICKCUBHO-aKTUBHBIE Cpelbl, KOTOpble (OpPMUPYIOT HOBbIE  (hOpMBI
KU3HEACITEIHHOCTH Ha Tu1aHeTe. ColMoryMaHUTapHble TEXHOJIOTUH BBICTYIIAIOT KaK METaTEXHOJIOTHH 10
OTHOULICHUIO K IIECTOMY YKJIaay B LI€JIOM, B TOM YHCJIE€ U KOTHUTUBHBIM TEXHOJOTHSM, 1 OPUEHTHPOBAHbI
Ha COXpaHEHWE U JaK€ BBHIPAIMBAHME pPA3IWYHBIX COLMOKYJIbTYPHBIX O00pa3oBaHUM B Mupe:
({yTypOTONHCHI, MapKH, MOJUTOHEI [ AlbTepHaTHBHAS TITo0anu3anus: 7-i TexHonornueckuit yknaza 2014].

HanpaBieHHOCTh pOCCUIICKON MCTOPUM, POCCUHCKON KYJbTYphl JAET OCHOBaHME Poccuu mombITaThCs
BBIMTHU B C€ABMOM YKJIaJ OOHOW U3 MEPBBIX.

Kpome Toro, Poccus reonoiauTryecky pacioiokeHa Ha 3amajie U Ha BOCTOKE, TIO3TOMY pOCCHICKast
MEHTaJIbHOCTh MMEET KaK COOCTBEHHBIC HAIIMOHAIILHBIC MEHTAILHBIE YePTHI (CKIIOHHOCTh K PeQIEKCHH,
TEpIICHHUE, BEICOKAsi SMOLIMOHAIBHOCTD, JIBTPYH3M, TOJIEPAHTHOCTh, OOIIMHHOCTD), TAK M BKJIIOYAET YEPTHI
3alaJHOM MEHTAJIbHOCTH (TparMaTus3M, pPaLUOHAIBHOCTb) M BOCTOYHOW (CeMEHHBIE NPUOPHUTETBHI,
HepapXUUecKUe CBSI3M), YTO TO3BOJSIET €W MPeTeHI0BAaTh Ha OOBEIAMHSIONIYI0 W BEAYIIYID pPOJb B
(hopMHPOBaHUH TEXHOJIOIMH MUPOYCTPOICTBA B CEABMOM YKIIAZIE.
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ONITUMM3ALNS PEKUMOB Y3-CBAPKH CJIOUCTBIX KOMIIO3UTOB II39K-YB
METOAOM HEUPOCETEBOI'O MOJEJINPOBAHUA

Ilanun C. B., Cmenanos /J. FO.X, Anexcenro B. O.%, bycnosuu /1. 'Y, Bakos A. B.Y, Manun K. C.2, Tan
Igan’

'Mucruryt dusuku npounoctu u Marepuanosenenns CO PAH
?HanuoHansHeli nccnenoparenbekuit Tomckuii [TonuTeXHUYeCKHil YHUBEPCUTET
SHanmoHaIBHbIH MCCIIEI0BATEbCKHIIA siaepHbIid yHuBepcuter MUOU
svp@ispms.ru

VYnerpazBykoBas (Y3) cBapka SBISETCS OJHUM W3 PAaclpOCTPaHEHHBIX CIOCOOOB POPMUPOBAHMUS
HEPa3bEMHBIX COCTMHEHHNH TEPMOILUTACTUYHBIX MaTEpPHUAIOB U KOMIO3UTOB Ha ux ocHose (113, I1I1, ITA u
Ip.), TIPEKIE BCETo A KOHCTPYKLIMOHHBIX MPUIOKEHHH. DTa TEXHOJIOTHsI, pABHO KaKk U 000pyAOBaHHE
JULs €€ peau3aluy, XOPOLIO Pa3BUTHI U IIUPOKO UCIIONB3YIOTCS B IpoMbliuieHHOCTH. [Iponecc ¥V 3-cBapku
BKJIIOYAET TPU OCHOBHBIX 3Tamna. 1) [lepBoHavanbHO MyTeM MOCTENIEHHOTO YBEIUYEHUS! IPUKIIAAIBAEMOTO
JaBJICHUS MEXIY CBAPHMBAEMBIMH JIETATSIMU JOCTUTAaETCs Tpedyemoe ycunue nprxkuMa. Ha nanaom stame
V3-konebanust He mnpuknaneiBatorcs. II) Jlamee, mpu BBIACPKUBAHUM TOCTOSHHOTO YpPOBHS YCHIIHS
MIPIDKAMa HAYWHAIOTCS TpWiIokeHns Y 3-KoneOaHui 3aJaHHOM YacTOTHl M aMIDIATY AL [Ipu 3ToM 3a cuer
B3aMMHOTI'0 MIEPEMEILCHNS JPYT OTHOCUTEIBHO Jpyra CBapUBaeMbIX JeTanell MPOUCXOANT (YPUKLIMOHHBIN
HarpeB M IUJIaBJIEHME UX TIOBEPXHOCTHBIX CJIOeB. Pa3BHBaloTCAd TMPOLECCHl IepeMelInBaHus,
MaccolepeHoca, B3auMHOI0 MpOHUKHOBeHMs nonuMepHbIx nenei. I11I) Ha tpetbelt ctaaun npoucxoaut
KpUCTaIM3auys (3aTBepAeBaHue) paciyIaBIeHHOr0 MaTeprana. 3aJaHHOE Ha ABYX MPENbIIyLINX dTarax
yCUJIME TPYKaTHsI He m3MeHsieTcs. Y 3-KoyieOaHusl yKe He IPUKIIaIbIBAlOTCSI.

Od4eBUHO, YTO BHINICHA3BAHHBIE TEXHOJOTUYECKHE IMapaMeTphl Y3-CBapkH (CHJIa MPWKUMA,
BpeMeHa NPUIIOKEeHHUS Y 3-KOJIeOaHUH W BBIIEPIKKHU IO/ JaBICHUEM TI0CJe BHIKIIIOUeHUs Y 3-KoneOaHuil)
MOTYT OKa3blBaTh IIPOTHUBONOJOXKHOE (KOHKYpUpPYIOINlee) BIMSHHE Ha pa3BUTHE MPOIECCOB
CTpyKTypooOpa3zoBanus. OJHOBPEMEHHO HEOOXOAMMO YYHUTHIBATH KOHCTAHTBI MOJMMEpa, TaKUe Kak
TEMIEepaTypbl CTEKIIOBaHWS M IUIABIIEHUS, €r0 MOJICKYJSPHOE CTpOoeHHe (MOIIEKYJsIpHas Macca H
MOJIIPHOCTH 3BEHBEB) U Tp. VI3BECTHO, UTO BCIIENCTBUE NIPUIOKEHMSI JaBICHUS HA TpaHUIE pa3iena Y3-
COCIUHSCMBIX JIeTalIeH, TOHKHO TPOUCXOIUTh MU (HYy3HNOHHOE PEOIOrHUSCKOE B3aUMOICHCTBHE MOJICKYIT
¢ hopMUPOBaHUEM CTPYKTYpHOTo nepexoza. [1ogo0HOe B3aUMHOE NMPOHUKHOBCHHE Peallu3yeTcs, KOraa
MTOJIMMEPHI HAXOMATCS B BA3KO-TEKYYEM COCTOSHHUH, a MOJICKYJIBI UMEIOT MAaKCUMAIIbHYO TIOABHKHOCTD H
MHHHUMAJIbHYIO TUIOTHOCTh YITAaKOBKH [ 1, 2].

B nocnennee Bpems Metos; Y3-CBapKy Hallenl MPUMEHEHUE B BHICOKOTEXHOJOTHYECKUX OTpacisiX
MPOMBIIIJICHHOCTH JUIS 3aJa4 COEAMHEHHs HEeNpepbIBHO-apMUPOBAHHBIX MOJMMEPHBIX KOMIIO3HUTOB Ha
ocHoBe High-Performance Polymers — HPP. B paGore [3] mokaszaHo, uTo mist Y3-CBapKH MEXIy
COCIMHSIEMBIMH JICTAIISIMU HEOOXOIMMO pa3MeliaTh aare3noHHyto mieHky (Energy Director - ED). 3a cuer
riaBnenust ED MokHO ocTHdb (OpMUpPOBaHMUS HAJICKHOTO HepazbeMHOro coeauHenus. [1pu aTom eciu
MPOYHOCTh Ha CABHT MOCJIEAHErO COMOCTABUMa C MPOYHOCTHIO MaTepuala MOJMMEPHOTO CBS3YIOLIETO,
napameTpbl ¥Y3-CBapKH MOXKHO CUHTATh ONTHUMalbHBIMHU. [IpemMeTroM uccienoBaHMi B TaKMX paboTax
SIBJISIFOTCSL TIOJI00pP ONTUMAJILHOTO pekuMa Y 3-CBapKH, KOTOPBI B TOM YHCIIE 3aBUCHT OT MaTepHhaia W
cTpykTypsl (ctpoenus) Energy Director [4].

B nurepatype akTUBHO 00CYKIAIOTCA U MCIIONIB3YIOTCS Pa3IMYHbIE METObI BEIOOPA ONTUMAaJILHBIX
3HAYEHUI TEXHOJOTHMYECKHX IMapaMeTpoB, B TOM YHCIE MPOTHBOpedaIuX JApyr Apyry. Ilpu OGombiiom
KOJIMYECTBE «YyNPABISIOMIMX» MapaMeTPOB HCIOJNB3YIOTCS METOIbl IUIAHUPOBAHUS MHOTO(aKTOPHBIX
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JKCIIEPUMEHTOB, B YaCTHOCTH XOPOIIIO 3apeKoMeHaoBan cedst meroa Taryuu [5]. [locnemuuii mo3Bosnser
PaH)KHPOBATh TEXHOJOIMYECKUE MapaMeTphl MO CTENeHW BiusHUA. [lasiee BBHIOMPAIOTCS HAMITydIlIHe
3HAaUYCHUsI U3 HAOOpa MPOBEICHHBIX U3MEPEHUM, KOTOPHIC MOTYT SBJISIThCS ONTHMAIbHBIMU WA Hauboee
Omm3kuMu K HUM. OCHOBHAs TTpo0sieMa oJOOHBIX HCCISAOBAHMM 3aKII0YacTCs B OOIBIINX 3aTpaTax (Kak
BPEMEHHBIX, TaK ¥ PMHAHCOBBIX ) HAa IIPOBEICHNE HATYPHBIX SKCIIEPIMEHTOB, BCIEJICTBHIE Y€Tr0 KOJIMIECTBO
MTPOBEICHHBIX 3KCIIEPUMEHTOB, KaK IMPaBUIIO, HE BEJIMKO. B yCIIOBUAX Majoro o0beMa SKCIIEpUMEHTATLHOM
BBEIOOPKH, CYIIECTBYET BEpOSATHOCTH BBHIOOpa MapaMeTpOB SKCIIEPHIMEHTOB 3a TpeAenamMu o0iactu
ONTUMANBHBIX 3Ha4eHuH. [103TOMy, COBMECTHO C METO/IaMH IIJIAHHPOBAHHUS AKCIIEPUMEHTa HEOOXOAMMO
WCIOJIb30BaTh MATEMAaTUYECKHE METOJbI MOJICIIMPOBAaHUS WCCICIYEMOro MpoIlecca U MPOrHO3UPOBATH
CBOMCTBA CIIOMCTHIX KOMIIO3UTOB, KOTOPHIE MOTYT OBITH MOJYYCHBI MPH MPOH3BOJBHBIX 3HAYCHUSIX
napameTpoB Y 3-cBapku. st 3Toro TpedyeTcs mpuBIeYeHe COBPEMEHHBIX ITOIX0/I0B, K YHCITY KOTOPBIX
CJICIyeT OTHECTH aKTUBHO Pa3BUBAIOIIUECS B ITOCIICIHEE BPEMS METO bl MAIIIMHHOTO 00y4eHus [6].

Lenpto paboThl sBISETCS OOOCHOBAHHME BO3MOXKHOCTU TPUMEHEHHUS WM HCCIICIOBAaHHE METOJIIOB
MalIMHHOTO OOyYeHHUs UIsi Moa00pa ONTHMAIBHOTO COYETaHHS TEXHOIOTWYECKHX IapamMeTpoB MpH
oTpaboTke MeTona (OPMHUPOBAHUS CIIOMCTOrO Komnosuta. llocnemHuit comepikan /1Ba BHEUTHHX CIIOS
199K, cpenneil cnoii U3 npenpera OJHOHANPABIECHHBIX YIJIEPOAHBIX BOJIOKOH, a TaK)Ke pa3MellaeMble
MeX 1y HUMU JIBe MieHKH Energy Director.

B pabore cdopmymupoBaHa Maremarmyeckas 3aJada IIOMCKAa ONTHMAIBHOTO COYETAHUS
TEXHOJIOTHUECKHUX MapaMeTpoB Y 3-CBapKu CIOUCTHIX KOMIO3UTOB «[I9DK — npemnper Y B-Bomokon».

[Ipennoxkena MeTOAMKA TPOBEACHUS HCCIENOBAaHUN JeOpMaIOHHO-TIPOYHOCTHBIX CBOMCTB
CIIOUCTBIX KOMTMO3UTOB Ha ocHOBe [ID0K m yriaepomHsIx BONOKOH, CHOPMHUPOBAHHBIX Y 3-CBApKOW, Ha
OCHOBE HEMPOCETEBOT0 MOJECITUPOBAHUS.

HpOBC}Z[CHI)I HaTypHBIC SKCIICPUMCHTEI, BI)I6paHLI IOPOIr'OBLIC 3HAYCHUA yCJ'IOBI/Iﬁ OIITUMAJIBHOCTHU
nmapameTpoB Y 3-CBapKH, ¥ Ha UX OCHOBE OCYIIIECTBICHO HEHPOCETEBOE MOACITUPOBAHIE U MTOVCK 00IacTen
ONTUMAJILHOCTH IapaMeTpPOB.

[Tokazano, uto coriacHO MeToAy Taryyum HawiIydIIUMH MapaMeTrpaMu Y 3-CBapKH CIOHCTOTO
komnosuta «[IO0K-YB-npenper» mnpu yuere aeQOpManOHHO-TIPOYHOCTHBIX M CTPYKTYPHBIX
XapaKTEePUCTHUK SABIsIeTCs pexkuM ¢ napamerpamu P = 3.0 atm / t = 1200 mc. OtHaKo mpu 3TOM peXUME B
npouecce Y3-cBapku HaOJIOAAETCsl MHTEHCUBHOE IUIABJIEHUE IIpelpera u paspyuieHue YB-Bookow,
MI03TOMY TaKoOW PeKUM HeJb3 CUUTATh ONTUMAIIbHBIM.

OmnpeneneHo, 4To BepUUKALMIO PE3YJIbTAaTOB MOJEIMPOBAHHMS B YCIOBHSIX MajoOd BBIOOPKU
BO3MOYHO IPOBECTH TOJIBKO IyTEM aHaIn3a (U3NUECKON JOCTOBEPHOCTH MOTYUYEHHBIX pe3ynbTaToB. s
MONy4eHUs] (OPMAaNBbHBIX KPUTEPHUEB OIICHKH JIOCTOBEPHOCTH MOJYYEHHBIX Mojeneil Heo0X0oIuMo
MIPOBEJCHHE JOMTOJHUTENBHBIX UCCIET0BAHUIM.

[IpoBeneH aHanM3 ONTUMAJIBHOIO COUYETAHUS NAPaMeTpOB Y3-CBapKH, NPEAJIOKCHHBIA Ha
OCHOBAHMM HEWPOCETEBOro MozenpoBaHus. Ha nmpumepe NByX HCIOJIB30BAHHBIX PEXUMOB C ITIOMOIIBIO
JIOTIOJTHUTENIHOTO aHalln3a onTudeckux u POM-¢pororpaduii mx 30HBI CIUIABICHUS ITOKA3aHO, YTO
pa3paboTaHHOE YCIOBHE OINTHMAaJIbHOCTH HEIOCTATOYHO M TpeOyeT KOPPEKUMH C YYETOM JpPyTuX
3HAYUMBIX CTPYKTYPHBIX XapaKTEPUCTHK ITOJYy9aeMBIX CIOMCTHIX KOMIO3uTOB. OmHAKO, HEWpOceTeBoe
MOJIETTMPOBAHUE TTO3BOJIMJIO BBIJEIHUTS €Ille OHY 00JIaCTh ITApaMeTPOB, paHee HE pacCMaTPUBAEMYIO MPH
IUTAHUPOBAHUH SKCIIEPUMEHTa, Kak onTuManbHas. [IpoBepka naHHOM 001aCcTH HATYPHBIM SKCIIEPUMEHTOM
npu mapametpax ¥Y3-cBapku P = 1.5 atm, t = 800 mc u t = 1500 mMc moaTBepAmIa KOPPEKTHOCTH aHAIIH3A
MPUHATBIX MOJEINEH NCKYCCTBEHHBIX HEHPOHHBIX CETEH.
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CUCTEMA TEXHUYECKOTI'O 3PEHUSA JJA IONCKA CBOBOJIHbIX
ITAPKOBOYHbIX MECT

O30ues A. X.
HannonanbHbI uccinegoBaTeabckuid ToMckuii ['ocy1apcTBeHHBIH Y HUBEPCUTET

MesxnyHapoaHas 1a60paTopusi CHCTEM TEXHUYECKOTO 3pEHUs
doorbreaking@yandex.ru

B mepBoM mpuONMIKeHNH 3a1ady HAIOXKEHUS PACIIO3HAHHBIX aBTOMOOWJICH Ha MPOCTPAHCTBO
MApKOBKM MOXKHO OTHECTH K KJacCy IPOCTBIX 33/1a4, pElIeHHe KOTOPBIX He TpedyeT pa3paboTku
CTHEeLHUAIN3UPOBAHHBIX TIOJXO/I0B, 8 HY>KAaeTCs JIUIIb B IPUMEHEHNE CTAHIapTHOTO HA0Opa HHCTPYMEHTOB
uudpoBoit 00paboTku n3o0pakeHnid. OQHAKO, P MOAPOOHOM aHAIU3E 3aJa4d BO3HMKAET MHOXKECTBO
YCIIOBHI U ITapaMeTpoB, KOTOPHIE JAENAI0T IPUMEHEHNE CTAaHAAPTHBIX HHCTPYMEHTOB Hed(dekTHBHBIM. B
JaCTHOCTH, eciau Obl cuctema SpotParking Obula paccumTaHa TONBKO Ha pPaboOTy € CHCTEMaMM
BUICOHAONIOICHNS, KAMEPbI KOTOPBIX PACIIONIOKEHBI Ha BBICOTE XOTs Obl 27-30 MeTpoB (7-9 aTtaxwu), TO
QITOPUTM HAJIOKEHUS CBOAWICS Obl K HpocTeiiieMy HarTepH M3TUMHTY (pattern matching), To ectsb
COIOCTaBJIEHHIO KOOPAMHAT MAacKH PacO3HAHHOTO aBTOMOOMIIS ¢ KOOpANHATAMU KOHKPETHOTO MecTa Ha
TUTaHe MTapKOBKH.

B peansHocTH *)e SpotParking npoektupyercs u ctpoutcs TakuM 00pa3oM, YTOOBI BO3ZMOKHOCTb
a¢hdhexkTrBHON MHTETrpanuy ObllIa HE TOJIHKO C KaMepaMH, pacloli0KeHHBIMU BBICOKO. Pa3zpabaTriBaeMbie
ITOPUTMBI MTO3BOJIAIOT MOJKIIOYATh K CUCTEME KaMephl, HaXosIIuecs Ha BBICOTe 2 3Taxa (PUCYHOK 1),
YTO 3HAYUTENHBHO YMEHBIIAET 0030p M HE IMO3BOJISIET MPOCTHIMH METOAAMHU Pa3lndaTh PACIOJIOKEHHE
MPUITAPKOBAaHHBIX aBTOMOOHIICH.

Pucynok 1 — Ilpumep uzobpasicenus c kamepbl, pacnoioHCeHHOU Ha 8bICONEe 8MOPO20 IMAHXCA

Takum 00pazom, s pelIeHus 3a/1a4u HAJIOKEHUS PACTIO3HAHHBIX aBTOMOOMIICH Ha MPOCTPAHCTBO
MApKOBKU HCIOJNB3YyeTCs pa3pabOTaHHBIA anropuTM. Ha BXoJl TaHHOTO alrOpUTMa TOAAeTCsl pa3MeTKa
MapKOBOYHBIX MECT Ha HM300pakKeHHH, MOJYYEHHOTO C Kamephl, B BHJIE HA0OPOB TOYEK B CHUCTEME
KOOpJIMHAT caMoro u3o0paxenwus. M3 Takol pa3MeTKu M3BIIEKAETCs BCS HEOOXoAumast HHpOpMAIUs s
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paboThl aNrOopUTMa: KOOPAHMHATHI IEHTpa IAPKOBOYHOIO MeCTa Ha HM300paXEHHUH, YTON ITOBOPOT
OTHOCHUTEIBHO TPUHATOrO Hayajsa KOOPAMHAT M T.I. biaromaps monydyeHHON uH(OpManuu, KOTopas
MPEIBAPUTEILHO JTOJDKHA OBITh CTaHIAPTHU3UPOBaHA, TaK KaK pa3pelICeHUE W COOTHOUICHHE pPa3MEpOB
M300paKeHHUS MOTYT OBITh PA3HBIMH, CO3/Ial0TCS TPYIIITHI TAPKOBOYHBIX MECT C YUETOM MX PACIIONIOKEHHUS
OTHOCHTEJHHO JIpyT Apyra. J{ist atoro npumensercs anroputm kiactepmsanun DBSCAN. Kiractepuzanus
— 3TO OJ[HA W3 CaMbIX BKHBIX 3a/1a4 MHTEIUICKTyallbHOTO aHayim3a AaHHbIX. Anroputm DBSCAN — ato
IDIOTHOCTHBIA alNTOPUTM JUIS KJIACTEPHU3AIMH MPOCTPAHCTBEHHBIX JAHHBIX C MPUCYTCTBHEM IIyma, ObLT
npemoxed Maptuaom Octep, ['ancom-ITutepom Kpurens n nx xomieramu B 1996 rogy kak perienne
npoOJsieMbl pa3OueHus (M3HAYaIbHO MPOCTPAHCTBEHHBIX) JAHHBIX Ha KJIACTEPHI MPOU3BOJIBHON (DOPMBI.
Wnes, monoxxeHHasi B OCHOBY aJITOPUTMA, 3aKJIFOUACTCS B TOM, YTO BHYTPH KaXKJIOTO KJIacTepa IJIOTHOCTh
To4eK (0OBEKTOB) 3aMETHO BHIIIE, YeM TUIOTHOCTh CHAPYXKH KIIacTepa, a TakKe IUIOTHOCTh B 00JacTax ¢
IITYMOM HIDKE IJIOTHOCTH JTF000TO U3 KIIacTepoB. Elle TOUHEe, U1 KaXK101 TOYKH KJIACTEpa €€ OKPECTHOCTh
B JMamna3oHe 3aJaHHOTO paguyca ODKHA COAepKaTh HE MEHEE HEKOTOPOro 4YHCiIa TOYeK, KOTOpoe
3aJIaeTCsl MOPOTOBBIM 3HAYCHHEM.

P

1.

Pucynox 2 — Ilpumepul knacmepos npouszeonvhoil hopmsi, pacnosuanuvix DBSCAN

3Has pacrlooKEHHE TPYI MapKOBOYHBIX MECT OTHOCHUTENBHO JPYr ApYyra, CTPOUTCS KapTa
MapKOBKMA B YK€ B OTHOCHTEJIBHBIX KOOpAMHATAaX. Tak Kak B NMPHMEHSIEMBIX HAMH METO/aX Helb3sl
MPOM3BECTU TOJIHOLEHHBIH IEpeHeC M3 TPEXMEPHOro NPOCTpaHCTBa (M300paKeHWE € Kamepsl) B
IBYMEPHOE MPOCTPAHCTBO (KapTa MAapKOBKM) H3-32 TOTO, YTO HEW3BECTHA TPEThs KOOpAMHATA
MPOCTPAHCTBA, B AITOPHTME TAaKKE IMPEIYyCMOTPEHbl HHCTPYMEHTBHI, KOTOPBIE MO3BOJIAIOT TMPOBECTU
no00p ONTUMAIBHOM TPETheH KOOPAMHATHI OJlaroapsi BapHaluuy napaMeTpoB epeHoca.

[anee mpoucxXoguT MEPeHOC MOIYYEHHBIX OTHOCHUTENBHBIX KOOPAMHAT MapKOBOYHBIX MECT Ha
KapTy C ONTHUMAIbHBIM K03(h(GUIIEHTOM MaciTabupoBaHus (B 3aBUCHMOCTH OT paspaborunkos ['MC). B
WUTOTE HaJIOXKEHHWE KOOPJAWHAT PACIO3HAHHBIX aBTOMOOWJIEH Ha MPOCTPAHCTBO MAPKOBKH CBOIUTCS K
COIIOCTABJICHUIO KOOPAMHAT MAacOK M IapKOBOYHBIX MECT B OTHOCHUTENIBHBIX KOOpPIAMHATAX YyKe
HernocpeactseHHo B 'UC.

W3 uHCTpyMEeHTOB ¥ (pEeHMBOPKOB, HCIIONB3yEeMBIX ISl pEIleHWsS JaHHOW 3a/ladyd, MOXKHO
BBIJICJIUTH SI3BIK IporpaMmmupoBanust Python, cienyromme cneunanuzupoBannsie 6ndauorexu: OpenCV —
111 paboTHI C N300pAKEHUAMH U Pa3METKON MapKOBOYHBIX MecT; NumPy — 11 BBIITOJTHEHUS! MATPUYHBIX
orrepartuit. Pandas - fy1st aHasw3a moy4eHHON nHGOpMaIMK B BH/IE TaOIMYHBIX JaHHBIX; Scikit-learn — mis
WCTIONB30BaHUs  anroputMma kmactepusanmi  DBSCAN wu  uwHCTpyMeHTa [UIsl  CTaHAApTH3AIHU
StandartScaler; ctangaptaas OubnuoTteka python.math - 11 npuMeHeHUsI aIropUTMa anmnpoOKCUMAauu
MOJIMTOHOM N-OM CTENeHH, a TaKXKe CO3/JaHusl alTOpPUTMa paclo3HABaHUS MOBOPOTa IMOJUIOHA B
npoctpaHcTBe. Pe3ymbraT paboThl  aBTOMAaTH3MPOBAHHOTO alrOPUTMa pa3METKH MapKOBOYHBIX
MIPOCTPAHCTB M UX NIEPEHOCa Ha KapTy MPeICTaBJIeH Ha PUCYHKe 3.
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HNOBBIIIEHUE NPOU3BOJUTEJBbHOCTU KJIACCUPUKALIUU TPEXMEPHBIX
OBJIAKOB TOYEK 3A CUET YBEJIUYEHUS JAHHBIX

Mcannam M., Coipsamrxun B. U.

Haumonaneubiii Ucciienoparensckuii Tomckuit ['ocyqapCcTBEHHBIN Y HUBEPCUTET
majdi.f.msallam@gmail.com

Krnaccupukanns o01akoB TOUeK SBISIETCS OIHOW M3 OCHOBHBIX 3aJad B CHCTEME TEXHHYECKOTO
3peHusl, 9TO 3a/1aue B MOCIIEHEE BpeMs yIensieTcsi O0IbIIoe BHUMAaHUE B OOJBIIOM KOJIWYECTBE PadoT,
e MPEII0KESHO MHOKECTBO METOJIOB U MOJICIICH C IIENIBIO TTOYYCHUS HAWITY YISl POU3BOAUTEILHOCTH.
B namreit npensiaymeil pabote Mbl MPEATIOKMIN METOJ CO3JaHUS HOBBIX CHHTE3MPOBAHHBIX BBHIOOPOK
TaHHBIX, MPEICTABICHHBIX B BUJIE TPEXMEPHBIX OOJAKOB TOYEK. B 3TOM mokiiame MBI paccMaTpHBaeM
npoOJieMy YBEIUUCHHUS JAHHBIX KaK METOJa MOBBIINICHHS MPOWU3BOJMTEIBLHOCTH Kiaccuukamuu. s
HAIIIETO AKCIICPUMEHTA MBI HUCIOJB30BaIM OOIIeIOCTYyTHBIN Habop maHHbIX ModelNet40, u3 kotoporo
BBIOpAJIM TTOJMHOXKECTBO JUUIsI CO3JAHUS HOBBIX BBIOOpOK HaHHBIX. CoOdYeTaHWe HUCXOAHBIX U
CTCHEPUPOBAHHBIX JAHHBIX 3aTEM HCIOJB3YETCs sl 00ydeHus kiaccudukaTopa rimyObokoro o0ydyeHus,
VoxNet, ¥ NPOM3BOAUTEIBHOCTh CPaBHUBACTCS CO CIydaeM, Korja kiaccudukatop oOydaercs ¢
UCTIONIb30BAaHWEM  TOJNBKO HCXOJHBIX JaHHBIX. Pe3ynpTaThl CHMYJSIMH  TIOKa3bIBAIOT, 4TO
CTeHEepPHUPOBAHHBIEC JAHHBIC 3HAYNTEIBHO MOBBIIIAIOT IIPOU3BOAUTEILHOCT, HECMOTPS Ha MCIIOJIb30BAaHHE
KJIACCHYECKUX METOJOB YBEIMYCHHUS JaHHBIX MpH OOy4YeHHH KiaccH]HKaTopa, TaKMX Kak MOBOPOT,
MaciTabupoBaHue u ap.

B [1-2] MBI OpeasioXuId METOOUKY CO3IAaHHMsS HOBBIX BBIOOPOK [AHHBIX M3 IOJHBIX MEIIOB.
Metoarka BKIIO4aeT B ceOsl ABa OCHOBHBIX JTallOB, 2 UMEHHO YJaJiCHHE CKPBITBHIX MOBEPXHOCTEH U
ClTydaifHy10 BEIOOPKY TOUEK M3 BUJUMBIX TIOBEPXHOCTEH.

B sToM moKiaze MbI MPEACTAaBIsIeM pPe3yJIbTaThl SKCIIEPUMEHTA, KOTOPBIA MbI MPOBEIH, YTOOBI
MOKa3aTh  CIIOCOOHOCTh  CTCHEPUPOBAHHBIX HAMH  JIAHHBIX  IOBBIIIATH  [POM3BOAUTEILHOCTD
KJIACCU(PHUKATOPOB TIIyOoKoro oOyueHusi. Kpome TOro, HOBbIE Cr€HEPHPOBAHHBIC JAHHBIC IO3BOJISIOT
MPOTHO3UPOBATH MTPOM3BOIUTEILHOCTD KJIaCCH()UKATOPOB B PEAIbHBIX MPHIOKEHHSX. B 3aKiIF0ueHHe MBI
MpEeJI0CTaBMM HEKOTOPhIE PEKOMEHIAIMU O TOM, KaK BeIOpaTh HabOp 0OydeHHs KiacCH(pHUKATOpa IS
TMOBBIICHUA €TI0 ITPOU3BOJUTCIILHOCTH.

Mpbi BbIOpasid OJMH M3 OOIIEIAOCTYIHBIX HAOOPOB JAHHBIX, KOTOPBIH MIMPOKO HUCIOJB3YEeTCS B
mureparype, ModelNet40 [3] Otot Habop comepxut 12311 Bo1Oopok naHHBIX 40 KJIACCOB, U3 KOTOPBIX MBI
BBIOpaJIM TOJBKO 8 JJIst HaIero sKcnepuMenTa. M3 kaxaoro kiacca oToMparoTcs 75 00bEKTOB, KOTOPHIC
nensarcs Ha: 40 s oOydenus, 10 mns Baaupanuu u 25 1s TecTUpoBanus. Mrak, o0lnee KOJIMUECTBO
BEIOpaHHBIX 00BeKkTOB paBHO 600. M3 kKaxmoro BXOAHOTO OOBEKTa MBI CO3Jal 25 HOBBIX OOBEKTOB,
KKIBIH U3 KOTOPBIX COOTBETCTBYET Pa3HOMY MECTOIIOIOKEHUIO KaMepbl. Mbl BeIOpanu 3HaueHus {+80,
+40, 0} B rpamycax AJsi yria BO3BBINIEHHs Kamepbl W 3HaueHus {0, 72, 144, 216, 288} ans ero yria
azuMyTta. Mbl okaspiBaeM B Tabmmiie | XapakTepUCTUKY CTEHEPUPOBAHHOTO HA0Opa TaHHBIX.

Tabnuna 1. XapakTepucTHKH CO3aHHOr0 Habopa JTaHHBIX.

Merton #00beKTOB B Obuiee Pasmep Ha xEcTKOM IHCKe
#KJaccoB
[IpencraBnenus KJIacce #00BEKTOB (I'b)
O061aK0 TO4eK 8 1875 15000 2.57

Mgl ucnionb3yeMm JiBa Habopa TaHHBIX (MCXOHBIA M CTeHEPUPOBAHHBIN) B Pa3HBIX KOHPUTYpaIusIX
Ui o0ydeHust Kkiaccudukaropa riryookoro ooydenus VoxNet [4]. DTH KOHPUTypaluu TMOKa3aHBl B
Tabmune 2. B HaGope 2 ncxoanpie 00beKTHI Ipeodpa3ytoTcs B 001aKa TOUYEK IMyTEM CIy4YailHON BBIOOPKH
KOKIOW WX DJJIEMEHTApHOW IMOBEPXHOCTH C DPAaBHOMEPHBIM pacmpeneneHueM. Bo BpeMsa oO0ydeHHS
HCIOJIB3YIOTCSI HEKOTOpPBbIE KJIACCUYECKHE METOJAbl YBEIMYEHHUS JAHHBIX, TaKHE Kak IOBOPOT,
MacIITaOUPOBAHUE U APOKAHHUE.
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B pesynbrare mpomecca oOydeHHs MBI MONTydaeM TpH Kiaccu(rUKaTopa, UMEIOMINX OIMHAKOBYIO
cTpykTypy (VoxNet), HO 0OyYCHHBIX Ha pa3HBIX HaOoOpaxX. MBI MPOTECTUPYEM 3TU KIACCUPUKATOPHI
HCIIONB3YS KaK UCXOJIHBIE, TAK U CTCHEPUPOBAHHBIC TAHHBIE.

Tabmuma 2. [logpoOHas nHopManys o BEIOpaHHBIX 00ydaronmx Habopax.
OO0yuarommmii Tlanmsie #0OBEKTOB IS #0OBEKTOB IS
Habop o0y4eHus BaIMJALNU
Habop 1 CreHepupoBaHHbIC 8000 2000
Habop 2 Hcxonnsie 320 80
Ha6op 3 O6’[>CI[I/IHCHI/II/IZ Hab6opos 1 8320 2080

OOyuennble KiIaccH(UKATOPHI HCTIONB3YIOTCA JUISl PAcIlO3HABaHUS MABYX pa3HBIX HaOOpOB
TECTUpOBaHMs, Toka3aHHbIX B Tabmume 3. B Tecre 1 MBI OllcHMBacM MPOU3BOJAUTEIBHOCTD
KIaccu(UKATOPOB TIPU PACTIO3HABAHUU HMCXOJHBIX 00BEKTOB. Ilenb 3TOro Tecra — BBISICHUTH BIIUSHHE
YBENMYCHUS] HA0Opa JaHHBIX Ha MPOU3BOJUTEIBHOCTE. B Tecte 2 Mbl OlleHHBaEcM MPOU3BOIUTEIHHOCTh
KHaCCH(bHKaTOpOB, HCIIOJIB3Ys TOJIBKO TCCTOBBIC O6’I)CKTI)I H3 CIrCHCPUPOBAHHBIX NAaHHBIX. L[CJ'II)}O 3TOTI'0
TecTa SABJSCTCS MPOTHO3UPOBAHKUE MPOM3BOIUTEILHOCTH KJIACCU(PUKATOPOB B PEATbHBIX MPUIOKCHUAX,
WCXOM W3 MPEIIONOKEHHS, YTO CTCHEPHPOBAHHBIC JaHHBIC AHAJOTMYHBI PEAbHBIM, MOCKOJIBKY OHU
3akymnopensl (aHri. occluded) Takum xe oopasom. B Tabnuiie 4 Mbl moKa3biBacM OOIIYI TOYHOCTH TPEX
KJ1acCU(UKATOPOB C UCTIOJIF30BAHUEM JIBYX HAOOPOB TECTUPOBAHHS.

Tabmuna 3. [logpoOHas nHpOpManys 0 BEIOpaHHBIX HA0OPAX TECTUPOBAHUSL.

Habop TectupoBanmst JlaHHbIe #00BekToB B Kitacce | O0mee #00beKTOB
Tect 1 Hcxonansie 25 200
Tect 2 CreHepupoBaHHbIC 625 5000

Tabnmuma 4. OOmas TOYHOCTh KIACCH(HMKATOPOB C HCIOJIB30BaHHEM JABYX pPa3HBIX HaOOpOB
TECTUPOBAHUA.

O06m1ast TO4HOCTE %

OO0yuarolue JaHHbIC Tecr 1 Tecr 2
Knaccuguxkatop 1 CreHepupoBaHHbIE 81.0 76.3
Knaccudukarop 2 Hcxonnnie 82.0 45.9
Knaccudukarop 3 | McxoaHble + creHepupoBaHHbIC 87.5 79.7

B Tecte 1 nposiBisiercst 3pPeKT yBeTHMICHUS NCXOIHBIX JaHHBIX CTEHEPHPOBAHHBIMH JIAHHBIMH, TJIC
MBI 3aMeuaeM yJydlleHue npousBoauTensHocTH ¢ 82,0% npu ucnonb3oBanuu Kiaccudukaropa 2 no
87,5% mnpu ucnonb3oBannu Knaccuduxaropa 3. Pesymbrar Knaccudukaropa 1 Taxke HacTOIBKO
WHTEPECEH, YTO MOKAa3hIBacT, YTO 00yUeHHe Kiaccu(puKaTopa ¢ UCTIONBb30BaHHEM TOJBKO 3aKyIOPEHHBIX
00BEKTOB TO3BOJISIET €My Paclo3HaBaTh MOJIHbIE 0OBEKTHI C XOpolIel npousBoauTensHOCTHI0. B Tecte 2
npousBoAuTenbHOCTH Kitaccudukaropos 1 u 3 xopomasi, a y Kitaccudukaropa 2 moxas. Takum o0pazom,
oxkugaercs, yto Kimaccupukaropsr 1 u 3 Oyayt paborath jaydire, yeM Knaccudukarop 2 B peayibHbIX
npwiokeHusix. KoHeuHo, HE0OX0JAUMO TECTUPOBATH KJIACCH(DHUKATOPHI HA pEabHBIX JaHHBIX, YTOOBI
MIPOBEPUTH CIIPABEIMBOCTH 3TOTO BBIBOJA.

Mpl 3amedaem, uto Kiaccudukarop 2 xopomio paboTaeT TONBKO NPU Paclo3HABAHHMU TMOJTHBIX
00BEKTOB, HO IUIOXO PabOTaeT C 3aKyNOPEHHBIMU 00beKTaMHU. [103TOMy He peKOMeHIyeTCs UCIIOIb30BaTh
TOJIBKO IOJIHBIE 00BEKTHI U1 00yueHus kiaccupukatopa. Kimaccuduxarop 3 naét Hammydime pe3yabTaThl
kak B Tecre 1, Tak u B Tecte 2. Takum 00pa3zoM, MOKHO cKa3ath, 4to Kiaccuduxarop 3 sBisieTcs Ty qIInM
BapHAHTOM [JIsl pEANIbHBIX MPUIIOKESHUH.

B sToMm JAOKJIaJlC NPCACTABIICHBI PE3YyJIbTATBI 3KCIICPUMCHTA, HpOBe,Z[éHHOFO HaMU Ui TIPOBEPKU
3(1)(1)€KTI/IBHOCTI/I YBCIUYCHUA NAHHBIX IJIS MOBBIMICHUA IMPOU3BOJUTCIIBHOCTU K.]'IaCCI/I(bI/IKaLII/II/I 001aK0B
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TOYCK. DKCIIEpUMEHT BKJIIOUaeT B ceOs BEIOOp MOIMHOKeCTBa M3 Habopa maHHBIX ModelNet40, a 3aTtem
CO3J/IaHME HOBBIX BBIOOPOK JIaHHBIX, MPEACTABICHHBIX B BUJIC 00JAKOB TOYCK, C HCIIOJIb30BAHUEM HAIIIEro
Merona. Ilocnme Toro, Obu1 00yueH knaccupukarop VoxNet, HCIONB3ys pa3inyHbIe KOMOWHAIIMU
WCXOJIHBIX M CTEHEPUPOBAHHBIX JIAHHBIX, IIOTOM OBbLIH MPOTECTHPOBAHBI MOTYYCHHBIE KIACCH(PHKATOPHI
KaK Ha MCXOJHBIX, TAK ¥ HA CTCHEPUPOBAHHBIX JAHHBIX. Pe3ynbTaThl TOKA3hIBAIOT, YTO CTEHEPUPOBAHHBIC
JAHHBIC TIO3BOJISIIOT 3HAYMTENIBHO YJYYIIUTh NPOU3BOJIUTEIBHOCTh Kiaccudukanuu. Kpome Toro,
CXOJICTBO MEXJy CTCHEPHPOBAHHBIMH JIAHHBIMA W PEabHBIMHU JIAHHBIMH IO3BOJISIET MPOTHO3HPOBATH
MPOU3BOUTEIBHOCTD KJIACCH(DUKATOPOB B PEATBHBIX PUIIOKEHUSIX. Pe3yIbTaThl TaKXKe MOKA3BIBAIOT, YTO
MPEAMOYTUTEIHLHO, YTOOBI HAOOP TECTUPOBAHUS BKIIIOYAT B Ce0s1 KOMOWHAIIMIO TIOJTHBIX M 3aKyTIOPSHHBIX
00BEKTOB.
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UHTEJIEKTYAJBHBIA AHAJIN3 PE3YJIbTATOB KOHTPOJISA
TEILIO®HU3NYECKHAX XAPAKTEPUCTHUK BOPTOBOM PIA IIPU UMHUTALIIA
YCJIOBU OTKPBITOIO KOCMHUYECKOT'O ITIPOCTPAHCTBA

Xeanvro A. A., Cynyos C. b.
AkmmoHepHoe o6mecTBo «MHpopMaIMoOHHbIe CITyTHUKOBBIE CUCTEMbD UMEHH aKaJIeMHKa

M. @. Pemetuénay
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Obecrieyenre TOBHIIIIEHUSI CPOKA aKTUBHOTO CYIIECTBOBaHMA KocMHuUeckux ammapatos (KA), mpu
BO3ACHCTBUHU TEIJIOBBIX (PaKTOPOB, TPEOYET COBEPIIEHCTBOBAHMUS IIOAX0J0B HA3€MHBIX TEPMOBAKYYMHbIX
UCTIBITAaHUH OOpPTOBOM panmodnekTpoHHOH anmapatypsl (PDA). Ilpumensiemas B HacTosiiiee Bpems
METOAMKA TMPEeLyCMaTpUBAET OCYIIECTBICHWE KOHTPOJIA TEMIIepaTypbl C IIOMOILBIO JaTYMKOB,
YCTaHOBJICHHBIX B HETOCPEACTBEHHOH Onm3ocTH OT anekrpopaauomsaenuii (OPU). CroxxHOCTh Takoro
MeToAa OOYCIIOBIIEHa HEOOXOJMMOCTHIO HM3MEpPEeHUsl Temrmeparyp Oomnbimoro konudectBa OPU B
3aBUCUMOCTHU OT BPEMCHU U PEIKUMaA pa6OTI)I, HCO6XOI[I/IMOCTI)}O aHaJIn3a pe3yJIbTaTOB U IIPOTrHO3MPOBAHUA
Ha/eKHOCTHU U pecypca.

CYIHGCTBY}OT OCHOBHBIC IOAXOJbI K TCPMUUYCCKOMY TCCTHPOBAHUIO O60pyZ[OBaHI/I$1 KOCMHYECKOTO
anmaparta [1, 2, 3], o1HaKO, UCMIOJB3YEMbIC B HUX aJITOPUTMbI KIMEIOT OOIIUH HETOCTATOK — OHU TPEOYIOT
WHTEHCUBHOH PabOTHI 3KCIIEPTOB. DKCHEPTHI 3aJaf0T HA0Op MpPaBWI, KOHCTPYHUPYIOT MaTeMaTHYECKYIO
MOJI€JIb, YCTAHABIMBAIOT [OMYCTUMBIC Npenenbl 3HadeHud mapamerpoB. Ilpu yclaoKHEHHMHM CHUCTEMBI
BO3PAcTaeT KOJIWYECTBO JAHHBIX, YTO MPUBOAMUT K PE3KOMY YBEIHMUEHHIO pabOTHI, KOTOPYIO HEOOX0IUMO
BBIMOJIHUTD IKCIIEPTaM MPEKIE, YEM CHUCTEMa MOHUTOPUHTA CMOXKET padoTaTh.

[oBwimenwne 3¢pPeKTHBHOCTH aHATTN3a PE3YIFTATOB HCITBITAaHNH O0pTOBOI POA 1 aBTOMaTHIECKOTO
BBISIBJICHUA aHOMaﬂHﬁ, YKa3bIBarOnMxX Ha HaJIWU4YHUEC BO3MOXKHBIX I[e(beKTOB, BO3MOKHO C IIOMOIIbIO
HCIIOJIb30BaHMUSI METOJIOB MHTENJIEKTYaJbHOTO aHajlu3a JaHHBIX. MeToabl MHTEIEKTyaJbHOTO aHalln3a
MO3BOJISIIOT YCTaHABIMBATH M OTCIIEKHBATH B3aMMOCBSI3b MEXKIy OOJNBLIMM KOJMYECTBOM IAapPaMETPOB,
Jaf0T BO3MOXXHOCTh aBTOMAaTH4ECKU 00pabaThIBaTh apXUBbl HAKOIUICHHBIX AaHHBIX U M3BJEKATh U3 HUX
ITOJIE3HY IO I/IH(l)OpMaHI/IIO, TMMO3BOJIAIOT YYHUTBIBATH HOBBIC JAHHBIC O HOPMAJIbHOM MOBEACHUUN CUCTCMbI U
OOHOBJIATH paHee MOCTPOCHHYIO MOJIEIb €€ TIOBEACHUS.

B pabote npencraBieHsl pe3ysbTaThl pa3pabOTKK U IPUMEHEHHS CHCTEMBI TIOUCKA HEUCIIPAaBHOCTEH
B 60pTOBOI1 POA 1 npuumH BEIX0/1a €€ U3 CTPOSI HA OCHOBE aHAJIN3a CKPBITHIX 3aKOHOMEPHOCTEN C yUeTOM
WMEFOIIUXCS JAHHBIX O HOPMaIbHOM (DYHKIIMOHMPOBaHHH arnmaparypbl. OCHOBHBIE 331241 pa3padoTaHHOM
CHCTEMBIL:

—0OHapyKeHHE HEUCHIPABHOCTEH M CKPBITHIX Je(EKTOB Ha paHHEH CTaJuM HUCIbITaHUH, YTO
o0ecrieurBaeT yMEeHbIICHUE TOBTOPOB UCTIBITAHUIA;

—IOBBIILICHHE TOYHOCTH M IOCTOBEPHOCTU OOHAPYKEHHS Je(PEKTOB, UTO 00ECIIEYUBAET COKpAILEHHE
3aTpar Ha UX yCTpaHEHUE;

—yBEeNMUEHHE HAJEKHOCTH W pecypca pabOThl PaJUOdIEKTPOHHOW ammapaTypbl 3a CYeT
oOHapyXeHus 1e(EeKTOB, MPUBOAALINX K JIETPaJalliy IapaMeTpOB.

MOXHO BBIIEIUTh HECKOJBKO OCHOBHBIX HANpaBICHWH MPUMEHEHUS JaHHOW CHCTEMBI.
ABTOMaTH3aN¥sl BBIICICHHUS W aHAIM3a HanOoJiee BAXKHBIX YYACTKOB TEPMOTPAMM ITOBEPXHOCTH OJOKa
MO3BOJISIET YCKOPUTHh M YBEJIWYHUTH TOYHOCTh M3MepeHus: temnepatyp OPU, nnTepecyromux oOnactei
KOHCTPYKUMH OJIOKa W TJIaThl. Vcronb30BaHWE Pe3yNbTaTOB BBIYMCIUTEIFHOIO MOJACIMPOBAHHS IS
TEIUIOBOTO aHanm3a OoproBoii PDA wm Beibopa Touek KOHTponsi. CoIMOCTaBIeHHE pPacUETHBIX
XapaKTCpUCTUK armnaparypbl € H3MCEPCHHBIMHW 3HAUCHUAMHU B XOA€ HUCIIBITAHUI IIPOBOJUTECA C
MPUMEHEHUEM HMHTEJUIEKTYaIbHOTO aHajiu3a JaHHBIX. MeToIbl HHTEIEKTYaIbHOTO aHalIn3a MO3BOJISIOT
HCIIOJIBE30BaTh aJI'OPUTMBI BBIABJICHUS TCIJIOBBIX aHOMaHI/Iﬁ, OCHOBaHHBIC HE€ Ha XCCTKUX paMKax A
3HAYEHUS KQXKIOT0 M3MEPIEMOTO0 TTapaMeTpa, a UCTIONb3YIONINE COBOKYTHOE OTKIIOHEHNE XapaKTEPUCTUK
OT HEKOTOpOro “HOPMajJbHOro” cpeaHero 3HaueHus. Kpome Toro, aHanu3 AaHHBIX MPUMEHSETCS AJIS
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BBISIBJIICHHA OTKJIOHEHUH B TEINIOBU3HOHHBIX CHUMKAX, YTO JA€T BO3MOKHOCTB IOABEPraTh IPOBEPKE BCe
3JIEMEHTHI 0JIOKa U aBTOMATHYECKH BBISBIATH OTKJIOHEHUS, yKa3bIBaIOIINE Ha Ae()EeKThl B MOHTAXE WIIN
¢ynkunonupoBanuu DPU.
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THoeyoa A. A., Ilozyoa A. A.

Tomckuii rocy1apCTBEHHBI YHUBEPCUTET
E-mail an5364@mail.ru

Pabota mocBsmieHa cymecTByoliel cucteMe MOAr0OTOBKH B3POCIIOT0 HAcEIeHHUs B 0071aCTH IPaIaHCKON
00OPOHBI M 3aIIUTHl OT YPE3BBIYAHHBIX CUTyallMid B AYMHCKOM (HiHaje KpaeBOro rocyAapCTBEHHOTO
Ka36HHOIO OO0pa30BATENbHOTO YUPEXKICHHA JOIONHUTENBHOIO MNpOQECCHOHANBHOrO 00pa3oBaHMsA
«MHCTHTYT pernoHanbHOM Oe3omacHocTm». [lociae mpoBeAEHHOrO HAaMU psa HCCIEAOBAHMNA U
MIOJIyYE€HHBIX PE3yJbTaTOB, BBIIBICHBI HEAOCTATKH B OPraHU3alluH MOJTOTOBKH B3pOCIBIX CIylIaTenei B
o0JyacTy TpakIaHCKOW OOOPOHBI M 3aIIUTHI OT Ype3BBIYANHBIX CHUTyalnii. B pabore maHbl peIoKeHus
[0 YJIyYIIEHWIO M COBEPIICHCTBOBAHHMIO OOYYEHHUS Pa3sHOBO3PACTHOM Kareropuu oOydaembix. Llens
HCCIIEOBAHMS: TIOBBICUTEH KaUECTBO MOJATOTOBKH B3pOCHBIX ciynareneit Ha 40%.

B xoze mpoBeneHust HACTOAIIETO UCCIICAOBAHNS U HAITMCAHUH CTaThU OBUIN HCIONb30BaHbl TAKUE METOJIBL,
KaK aHallu3 SMIUPHYECKUX JaHHBIX, METOAbl aHKETHOTO OIpOca, IIMPOKO HCIIOJIB30BAICS aHAIU3
JIOKYMEHTOB, METOJ| TECTHpPOBaHMA U T.[. MeTOoHonornyeckuii ammapar HCCIelOBaHUS IPeICTaBIsIeT
co0OH CHHTE3 TaKhX IMOJXO0I0B, KOTOPHIE MO3BOJIIOT PACCMOTPETh 00ECTIEYeHNE TPaXKIAHCKON 3alUThI
HACEJICHHS €ro MOATOTOBKY U 00y4eHHE KaK ONPEACIEHHYIO U AUHYIO CUCTEMY, B ACATEIILHOCTH KOTOPOH
Y4acTBYIOT KaK TOCYJapCTBEHHBIEC OPTaHbl, TaK U OpraHbl MECTHOTO CAMOYIIPABIICHUS.

PesynbTarthl ucciaenoBaHUs TpPEACTABICHBl B BHAE HOBBIX OHM3HEC-TIPOLIECCOB, KOTOPBIC MPEICTABSAT
BO3MOXXHOCTb TIOBBICUTbH IPOLIEHT YCIIEBAEMOCTH cilymaresieid. BHeapenue B 00pa3zoBaTesbHBIN ITpoLiece
BXOJITHOTO TECTUPOBAHU:, MHHOBAIMOHHOIO AUKTAHTA C BKIFOYEHUEM BOIPOCOB BXOJHOTO TECTHPOBAHUS
Y TPOWIEHHOr0 Marepuaja, AUAarHOCTHYECKOTO M HUTOTOBOT'O TECTUPOBAHUS, MMEET SBHBIE YCIEXU U
BO3MOXHOCTH TIOBBIIICHUSI KadecTBa MOJATOTOBKM ciymaTeneil. [loBwlmmaeTcs aduumanus B3pOCIbIX
CJIyIIaTesel, YTo B KOHEYHOM CYeTe MPUBOIUT K Pe3yJbTaTUBHOCTH MOATOTOBKHU CIIyIIaTeel B 001acTu
IpaX/IaHCKON 0OOPOHBI U 3AIIUTHI OT YPE3BBIYAHBIX CUTYAIHIA.

Cunraem, YTO CyNIECTBEHHBIM OTIMYMEM HOBBIX OW3HEC-TIPOIECCOB (PHCYHOK 1), OT TpaaWIIMOHHBIX
METOJIOB MOATOTOBKH B3POCIBIX CIIyIIATENEH, SABISAETCA TO, YTO OHHU JAKOT BO3MOXHOCTBH OIPENEIHTH
YpPOBEHb 3HAHWH Ha NMEPBOHAYAIBHOM 3Tare 0OydeHHsl B 00JIaCTH IPasKAAHCKOM OOOPOHBI M 3aLIUTHI OT
UC, craBAT Becex cirymaTeneil B paBHbIe YCI0BHA. TecThl HCIIONMB3yeTCs KaK N3MEPUTEIbHBI HHCTPYMEHT,
JAaf0T BO3MOXHOCTH OIPENEJICHUs] YPOBHsSI YCBOEHHMS OCHOBHBIX MOHATHH. OOyueHHe ciymaTenei c
HCTIOJIb30BaHUEM TECTOB U UX Pa300pOB JaeT BO3MOXKHOCTh OXBAaTa HECKOJIBKUX TEM U pa3iesioB yueOHOH
MIporpaMMBbl OJHOBpPEMEHHO. /lanbHelilee paciiupeHne CeKTpa NPUMEHIEMbIX HHCTPYMEHTOB OLIEHKH U
oOecriedeHus] KayecTBa OOY4YEeHHUs B paMKax JIIEKTPOHHOW HH(OPMAIMOHHO-00Pa30BaTEIbHOU CpEbI,
MO3BOJISIET OPTaHM30BaTh OTHOCUTEIBHO 0€300I€3HEHHBIH ISl OTIAIEHHBIX TOPOIOB M PAfOHOB NEPexo.
Ha yJaJeHHBIH GopMaT 0OyueHHs C UCIIOIb30BaHUEM JAUCTAHIIUOHHBIX 00pa30BaTeIbHBIX TEXHOJIOTHIA.
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Pucynok 2 — Busnec-npoyecc nociie Hedpenust Memooa

IToaroroBka rpaxaaH K JSHCTBUSM IPU YyIpo3€ BOZHUKHOBEHHSI ONACHOCTEW, NPUCYLINX YpE3BhIYANHOMN
CUTyallld W BOCHHBIM KOH(QIIMKTaMm, SBISETCS OJHUM M3 MPUOPUTETHBIX  HAIpPaBICHUN
obmerocynapcTBeHHoi nomutuku [1][2][3]. B pabdore paccmaTtprBaem mpobiaemMy MOATOTOBKH, a TAKKe
IIyTH PELICHUS NOBBIILIEHNS Ka4eCTBA HOATOTOBKH 1OJDKHOCTHBIX JIUL] OPraHOB MECTHOTI'O CaMOYTIPAaBIICHHUS
W OpraHu3alyii B JaHHOW o0xacTu. B cTartbe peub maeT 00 MCIONB30BaHUH METOJIOB, KOTOPEIE paHee He
HCTIOJIB30BAIMCH B 00JIACTH TPAKAAHCKOW 00OPOHBI MTPpU 00YUYEHNUHU B3POCIBIX cliymiareneii. B HacTosiee
BpeMs 3HAUMMOCTb I'PaKIaHCKOM 000OPOHBI IIOCTOSIHHO BO3PACTAET U TPEOYET MOBBIICHUS €€ TOCTOSIHHON
rotoBHocTH. Ocoboe BHHMaHHME HCCIEAOBaTeICH MPHUBIEKACT TIOATOTOBKA TpaXIaH B JaHHOM
HaTpaBJICHUH U HECMOTPS Ha TO, YTO CUCTEMa ITOATOTOBKH B 3TOM 00J1aCTH COBEPILIEHCTBYETCS, HO TOPOH
MPaBUIBHOCTH BHIOPAHHOT'O HANPaBJIEHHS BBI3BIBACT POTHBOPEUNE, HECOTIIACHE U 00CYKICHHE.

Ha ocHoBanuu nposenénnoro ananuza B KI'KOY IO «MHCTUTYT pernoHanbHON 6€3011acHOCTHY TOPos
KpacHosipck u ero ¢uimmanax Haxoismuxcsi B roponax AuuHck, Kanck, Munycunck, Jlecocubupck B
«MHucTutyTe pazsutst MUC PO» ropon Xumku, B Kepuenckom knacce @eonocuiickoro otnenenus ' bOO
AIIO «YML o I'O u YC PecniyOimku KpbiM», MBI IPUIUIH K BBIBOJLY YTO TPAIULHMOHHYIO CHCTEMY
noarotroBku B cucteme JII1O B obmactu rpakaanckoi 000poHbl U 3amuThl 0T UC HE0OX0UMO MEHSTh.
PaccmarpuBasi BOIpOCHI COBEpIICHCTBOBAaHMSI CHCTEMBI 00pa3oBaHHS, MPUMEHEHUS WHHOBAIIMOHHBIX
TEXHOJIOTHH Ha 3aHATHAX, HEOOXOOMMO YYECTh M BONPOCH KayecTBAa IOBBILICHUS KBAIH(UKALMH
nejarorndeckux pabotHukos. Ha ocHoBaHMM poBeAEHHOTO aHAJIM3a, B3sIB 3a OCHOBY HccienoBanus 10.0.
Jlmxamepctroii [4], M.T. I'pomkoBoii [5], C.1. 3meesa [6], [1.U. Tpersskoa [8] ObuT IpoBeEH OMPOC
CpeAM TMeNarornyeckux paOOTHHUKOB, TJe OBUIO YCTaHOBIEHO uTO TOJbKO 30% menarormyecKux
pabOTHUKOB CUUTAIOT CBOW NMPO(ECCHOHAIBHBIH YPOBEHb IMOJHOCTBHIO JOCTATOYHBIM JUISl peau3aluu
WHHOBAIIMOHHBIX TEXHOJIOTHIH OOYYEeHHs B3POCIOrO HACEJICHHs] B OOJIACTH TPa)<JIaHCKOW OOOpPOHBI U
sanuThl 0T YC, 15% mnenarornyeckux paOOTHUKOB OTHAIOT MPEANOYTCHHE TPAJIMIIMOHHBIM IOIX0JaM.
CrenoBatelibHO, HA OCHOBaHMH M3yYEHHs HAYUYHBIX padoT, aHaJIn3a, OMpoca MeIarornieckux paboTHUKOB
HEOOXOJMMO HCKaTh METOMbI, TOCPEACTBOM KOTOPbIX OOydYeHHE M TOATOTOBKA B3pOCHBIX Oynaer
OCYIIECTBIATHCS KaK C HCMOJIb30BaHINEM WHHOBAIIMOHHBIX TEXHOJIOTHH, TaK 1 KOMMYHHUKaTHBHO.

[lepBas BoiHa MccienoBaHus Oblia mpoBeneHa ¢ siHBaps mo aekabpbp 2021 roga. B ompoce mpunsum
ydacTHE CIylIaTead pa3HOBO3pacTHOM kareropuu oT 20 mo 60 yer u3 ropojga AumHcka, borotona,
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Hazaposo, IllapsimoBo, Yxypa u mectu paitoHoB. CoBoKymHOCTs cocTaBmia 700 oOydarommxcs, cpenu
KOTOpBIX 36 % MyxuuH U 64 % xeHimuH. B kauecTBe McmbITaHuil, MpoO, MPOBEPOK B CBOCH pabote
WCIIOJIb30BAIM METOJ] TECTOB, 3TO IPYIIOBbIE, MHANBUIYAJIbHBIE, TECTHl CKOPOCTH U PE3YJIbTaTUBHOCTH,
KOMIIBIOTEPHBIE, CHUTYallMOHHO-TIOBEACHYECKHE, BXOIHOE TectupoBaHue. Oco0oe BHHUMaHHE YIIEJIECHO
JOCTOMHCTBY METOJAa OHO 3aKJIIOYacTCs B HX OINEPATHBHOCTH M 3KOHOMHYHOCTH, HAAEKHOCTH H
CIPaBEIMBOCTH, BO3MOKHOCTh TECTUPOBATh Cpa3y BCIO IPYIILy MUCHBITYeMbIX. BXxoqHOE TecTUpoBaHUe
MO3BOJISIET ONpPENENUTh YPOBEHb 3HAHWW CiyllaTened cpa3dy Ha MEpPBOHAYAIBHOM JTane OOydueHHS.
[Ipenynaraemple HaMH TECTHI AT B3POCIIBIX OXBATHIBAIOT OCHOBHBIE Pa3/ieNbl yueOHOW IPOrpaMMBbl, CTaBST
BCEX UCTIBITYEMBIX B paBHBIC YCIIOBUS, T/I€ Cpa3y BBISABISIOTCS MPOOEIbl 3HAHUH.

Hame yTBepxaeHne mo BHEAPEHHIO HOBBIX OHM3HEC-TIPOLIECCOB B 00pa30BaHME B3POCIHBIX CIIyIIATENEH,
0a3upyeTcst Ha JOCTaTOYHO 3HAYUTEIHLHOM KOJMUYECTBE JOBOJIOB, OCHOBHbIE U3 KOTOPBIX MBI IIPUBOJIUM B
cratbe BAK «llytn pemenus oOydeHHs B3pOCIOrO HAacelieHHsS B O0JAcTH TpakJaHCKOH OOOpOHBI M
3alIUTHI OT YPE3BBIYAHHBIX CUTYAUN KypHAI Mup HAyKH, KyJIbTYpPbl, 00pa30BaHusI.

MBI cunTaeMm, 4TO BaXKHBIM OTIMYHEM TECTOB, OT TPAJUIUOHHBIX METOIOB IMOATOTOBKH B3pPOCIBIX
ciymrareneit B AunackoMm ¢rumane KI'KOY «MHCTHTYT pernoHansHOM 0e301macHOCTY, IBISETCS TO, YTO
OHM Oollee MSTKUI MHCTPYMEHT, TaK KaK CTaBAT BCEX CIyIIaTeliell B OAMHAKOBHIC YCIOBHUS, NAIOT
BO3MOXHOCTb ONPEACIUTh YPOBEHb 3HAHUI Ha TIEPBOHAYAIBHOM 3Tare 00y4eHus! B 001aCTH IpaskIaHCKON
oboponsl u 3amuTel OoT YC, TecTl Oojee coaepKaTeldbHbIM HHCTPYMEHT, IIOKa3aTeld TECTOB
OpPUEHTHPOBAHbl HAa YCTAHOBJIEHHE CTENEHH YpPOBHS YCBOCHHMS OCHOBHBIX IOHATHHA, TEM U pa3JeloB
nporpammsl. J[aHHBI METOJA KAaK W3MEPUTEIbHBIM MHCTPYMEHT NPUMEHSIOTCS BO MHOTMX CTpaHax. Mx
pa3paboTKa M HCHOJIb30BaHKME Oa3upyeTcsi Ha MOLIHOW TEOPUH M MOATBEP)KICHO MHOIOYHCIICHHBIMU
SMIIUPUIECKUMH UCCIIEOBAHUSIMHU.

Xouercss MOTYEPKHYTh 3HAYUMOCTH ATOrO METOJa JAIoLIEr0 BO3MOXHOCTh COIOCTaBIATH IpoIiecc
ITOATOTOBKHU B3POCIBIX CIIyIIaTeNel, TMKBUANPOBATh HEJOUYETH U BUAETh JadbHEHUIINE EPCIEKTUBBI €0
COBEPIICHCTBOBAHMS.

OduiranbHO-T0KYMEHTAIbHBIC W3TaHUsL:
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yueb. 3aged. / I[1.U. Tpemvsxos, C.H. Mumun, H.H. boapunyesa, noo peo. ILHU. Tpemvaxosa. M.: Axaoemus, 2003.-
368 c.

81



OIIEHKA KAYECTBA HHHOBAIIMOHHOM ITPOAYKIIUA HA CTAJIUA
ITPOEKTUPOBAHUA

Yepuema C. I.

HanmoHanbeHbIN UCCIIE10BAaTEIbCKUM TOMCKUI TOCY IAPCTBEHHBIN YHUBEPCUTET
sgcherneta@yandex.ru

OpHolt W3 3a7a4 Hay4IHO-TEXHOJOrmueckoro pazsutusa PO, cdopmymupoBannoit B «Crparerun
Hay4YHO-TeXHONorn4yeckoro passutus PO no 2030 roga» [1] sBisercs co3manue OIaronpusTHRIX YCIOBHN
JUIs. TIPOBEICHUSI MCCIIENOBaHMA M pa3paboTOK. YCIOBHS AJS ACSTENbHOCTH MalbIX MHHOBAIIMOHHBIX
npennpusatuii (MUII) co3maer wHHOBanMOHHAS WHGPACTPYKTypa MOINAEPKKH (OM3HEC-WHKYOaTOpHI,
LEHTPHl TpaHCc(epa TEXHOJIOTHH, TEXHOJIOTWYECKHE HWHKYOaTopsl W Hp.). 3ajgada 3TUX CTPYKTYp —
o0ecreunTh OIaronpusTHBIC YCIOBUS pa3BuTus ctapranoB 1 MUII Ha HayaidbHOW CTaguM pa3BUTHS C
LeNbl0 O0ecTeueHusl WX JKU3HECIOCOOHOCTH M KOHKYpPEHTOCTOCOOHOCTH. OIHON M3 BakHEHIINX
COCTAaBIISIFOIINX KOHKYPEHTOCIIOCOOHOCTH TIPEATIPUATHS SBISETCS Ka4eCTBO BBIITYCKaeMOH WMU
WHHOBAaLIMOHHON mpoaykuuu. KauecTBo Oyayuied mNpomyKUWH —3akjiajblBaeTcs Ha JTame ee
MPOSKTUPOBAHHA. AHANN3 JINTEPATYPHBIX UCTOYHHUKOB MO TEME Pa3BUTHSI MH(PPACTPYKTYpPHI MOIAEPKKA
MUII B Poccum u B pernonax [2-4] mokasam, 94To B HacTosAmIee BpeMst HHPpacTpykTypa mogaepxkun MUILT
HE OCYIIECTBIISIET TIOMOIIh B OOJIACTH MPUMEHEHHUST METOJJOB MEHEDKMEHTA KaueCTBa, HAIPABICHHBIX Ha
yUeT BcexX MoKazaTesiel kauecTBa OymyIei NpoayKIUH [IPH €€ MTPOSKTUPOBAHHH.

[MockonbKy OpraHu3aiisi U OCYIIECTBIECHHE 3TOrO Ipolecca TpeOyeT (pMHAHCOBBIX, BPEMEHHBIX H
KBATM(UITUPOBAHHBIX UYEIOBEUYECKUX PECYPCOB, PYKOBOIUTENSIM WHHOBAIIMOHHONH WH(PACTPYKTYPHI
HEOOXOIMMO TIOHMMATh HACKOJIBKO BIIOKCHHBIE WHBECTHUIIMM B OPraHU3alyIO0 3TOTO mpormecca OymyT
spdexruBHbIMU. [lanee mox OusHec-uHKyOaropom OymeT TIOHHMAaTbcs Jro0as — OpraHu3alus
WHHOBaIIMOHHON HH(PpacTpyKTyphl moxaepxku MUIL.

llenpto nmaHHOW pPaOOTHI SBISETCS CO3JAaHWE METOAWKH OIEHHMBAHHUA KadecTBA WHHOBAI[MOHHOM
nponykiun MUII Ha cTaguu MpoeKTHPOBaHHS, KOTOPas MIO3BOJIHUT MPOBECTH OIEHKY Pe3yIbTaTUBHOCTH U
3¢ (EeKTUBHOCTH Tpoliecca «yIMpaBlIeHus1 KauecTBoM mponykiuu MMUID», opraHnzoBaHHOrO B OH3HEC-
nHKyOaTope. s TOCTIKEHNS TOCTaBICHHON e He0OXOANMO PEIINTh CICAYIONTNE 3a/1auu:

1. Onpenenutsh nokazareiau KadecTBa Oymyiied NpOMYKIMH, MOUICKAIIUE W3MEPEHHUIO, MO0 KOTOPHIM
MOXHO ompenenuTh 3PpPeKTHBHOCT Tpoliecca «ymnpaBieHus kadecTBoM npoaykiuun MUII» B GusHec-
WHKyOaTope.

2. Ormpenenuth B HPOIECCE MPOCKTUPOBAHUS MHHOBAIIMOHHOW mpoaykuuu MUII atambl, Ha KOTOPBIX
ClIeyeT MPOU3BECTH U3MEPEHUS MTapaMETPOB €€ KayecTRna.

3. Pa3zpaborarp MeTomuKy oOIlleHWBaHUs TMoKazaTeneil kadectBa (MOK) Oymymieit WHHOBaIIMOHHON
nponykuuu MUIL

4. Jlath peKOMEHJAIMHU IO IpUMEHEHUI0 pe3yasratoB MOK.

B pamkax pemieHus nepBOd 3amadd, ¢ YYETOM TpPyHOB [5,6], aBTOpamMu mpeasaraeTcsi U3MEpsiTh
KOMIDIEKCHBIN TOKa3areih KauyecTBa MPOAYKIWH K W TIOKa3aTellb TOTOBHOCTH P TMOTEHIMabHOTO
norpeduTeNs MpruoOpPecTH HHHOBAIIMOHHBIHN MPOMyKT. [10CKOIBKY pedb uaeT 00 N3MEepeHH KauecTBa eIe
HE TOTOBOW MPOAYKIHMH, a TOJBKO MPOEKTa WHHOBAIMOHHON MPOMYKIMH, TOKAa3aTeNd Mpeasiaraercs
OLIEHMBAaTh 110 YHPOLICHHOW METOIMKM OLIEHWBaHUS [7], KOTOpas MpeamojiaraeT MaKCUMalbHO
JIOMTYCTUMYIO BEIMYHMHY TMOTPEIIHOCTH U MUHHMAJIBHO JONMYCTHMYIO BEJIIMYUHY HaJIe)KHOCTH HUTOTOBBIX
pe3yIBTaTOB.

[IpoBoaANTE U3MEpEHUS MapaMeTPOB KauecTBa OyayIeil MpoIyKIMu HeOOX0AUMO MUHUMYM JIBAXK/IbL:
®  TIEpBBIM pa3 — Mepe] 3TaNoM IUIAHHUPOBAHUS MPOSKTUPOBAHUS MPOAYKIWH. [To cyTH, 3TO POIyKIUs
Ha YpOBHE aBTOPCKOH HJEH, TPEXMEPHOW KOMIIBIOTEPHON MOJIEH ¢ HAOOPOM CBOWCTB IO MPEICTABICHUIO
KOMaH/IbI TIPOEKTA.

e  BTOpPOH pa3 — MOCie NMPHUMEHEHWS METOJOB IMPOEKTHPOBAHWS KAadeCcTBa Ha dTale OIpeeNeHus
BXOJHBIX JaHHBIX, HO TIepe]] YTBEP)KICHUEM T3 Ha IPOEKTHBIE PaOOTHI.
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OTO MO3BOJNIUT NMPOU3BECTH 3aMEphl MIApaMETPOB KayecTBa A0 M IOCJE MPUMEHEHHUS KOHKPETHOTO
MeTola MEHemKMeHTa kauectBa — QFD, HO mepen Tem, Kak HayHyT (PMHAHCHUPOBAThCA PaObOTHI MO
MPOEKTHUPOBAHHIO MTPOLYKIINH.

B cootBercTBHM ¢ pexomeHmanusmMu B jmreparype [7,10,11] mpemmaraeTcs cienyromas METOTUKA
orieHkH kadectBa (MOK):

1. Omnpenenenue cuTyauuu oneHuBaHus. Ha 3Tom 3tame coOupaercss HeEoOXoauMasi W OCTaTOuHas
nHGOpMaIMs O CBOMCTBaX IMPOLYKIMH, MOAJEKAIINX BKIIOYEHUIO B JIEPEBO CBOICTB; ONPEAEISIFOTCS
WCXOJHBIE YCIIOBHS, TTIOIOKkeHHBIE B 0cHOBY MOK, cobrpaercs nadopmaliis 06 0COOEHHOCTAX U YCIOBHIX
MPUMEHEHHUS] POAYKLINH; KaKuM 00pa3oM OyAeT MpOHM3BOIUTHCS OICHKA KauecTBa (METOM, MOKa3aTelb,
IIKaJia, CPOKH).

2.  ®opMupoBaHKE TPYII OEHUBAHUS — TPYIIT HOTEHIMAIBHBIX OTPEOUTENEH, NMEIOIINX OTHOIICHHE
K THUIYy HOBOH MPOIYKIIMU M TOTOBBIX K MPHOOPETEHUIO H MOJIH30BAHHUIO TEXHOJIOTMYECKMMU HOBUHKAMH.
Ha »sTom stane nenecooOpaszHo mpuBIeus K paboTe crnenuanucra no MapketuHry ot BU. CormacHo
PEKOMEHAALIMSIM IO TPOBEICHHIO (POKYC-TPYII, KOJMYECTBO YYACTHUKOB MOXKET BapbUPOBATHCA OT 8 10 12
YeJIOBEK.

3. Tloctpoenue aepeBa CBOWCTB MHHOBALMOHHOW MPOAYKLUWH BaphHaHTa A, OCHOBAaHHOC Ha MHEHUHU
ABTOPOB UJICH.

B nepeBe cBOWCTB AOMKHBI OBITH OTPAKEHBI:

d) TmapamMeTpbl TEXHMYECKOr0 KauecTBa: CBOWCTBa HA3HAYCHUS, MapaMeTpbl KiIacCH(UKALUH,
SPrOHOMHYECKHE, ICTETHYECCKHIE, HOPMATUBHBIE TAPAMETPHL;

b) mapameTpsl CTOMMOCTH MHHOBAIIMOHHOW MPOAYKLIUH: NPUOIM3UTENbHAS MaKCHMalbHas LEHa JUIs
MOKynaresiei, puOan3uTeNbHAs MUHIMaJIbHAs OTIIYCKHAsI LIEHA AJIS1 N3TOTOBUTEIIS,

C) BpeMeHHBIC MapamMeTpsl (PHOTU3UTEIBHBIC): BPEMsl, HCOOXOAUMOE /ISl CO3IaHUsI IPOAYKIMHU, BPEMS,
HEOOX0OMMOE Ul OpraHu3aliy MPOU3BOACTBA, BPEMsl BBIXOAA MPOAYKIHMH HA PHIHOK, CPOK MOPAIBHOTO
ycTapeBaHusl IPOLYKIIHH.

B pesyarrare 31010 3Tana pabot GopMyIupyeTcs MPoayKT BapuaHTta A ¢ Habopom cBoiicTB N (A(N)).
4. TlpoBenenue ompoca TPyNIbl MOTCHIMATBHBIX MoTpeduTenell (chopMUpOBaHHYIO Ha BTOPOM 3Tare
paboT) Ha MpeIMeT ONpeIeIeHHs BAXKHOCTH OTPEOUTEThCKUX CBOMCTB MPOAYKTa BapraHTa A(N), babHOM
OLICHKM 3HAYCHHH ITHX MOKa3aTelieii, IoKa3aresisi TOTOBHOCTH P mproOpecty npoaykT BapuaHta A(N).

OO6paboTKy NaHHBIX MO OMpPEEeNICHHIO BaXXHOCTH CBOWMCTB MPOIAYKIMH HEOOXOAWMO IMPOBOAUTH C
MOMOIIBI0 KBAJIMMETPUUYECKUX METOIOB, B PE3YyJNbTaTe Yero JODKHBI OBITh TOJIyY€HBbl 3HAYCHHUS
HOPMHPOBAHHBIX SIPYCHBIX KOA((PHUINEHTOB ISl TPYMIIBl CBOWCTB MPOAYKIMHU. Pesynbrarom sToro srama
paboT sBIsSETCS pacueT MoKaszaTelsi MHTErPAIbHOTO KayecTBa MPOMYKIWW BapuaHTa Ka M Tokazarens
rotoBHOCTH PA iproOpectu npoaykt Bapuanta A(N).

5. llpumeHeHne BBIOpaHHBIX METOIOB MEHEIKMEHTA KadecTBa K Oyaylied NpOXyKIHMH B Ipolecce
OTIpe/IeNICHHST BXOHBIX JaHHBIX JUIS €€ MPOSKTUPOBAHUS - TIpeiaraeTcs MeTo ]l GyHKIMH Pa3BepPTHIBAHUS
kauectBa QFD.

6. l3ydyeHue MHEHMH M NMOXEITaHUI MOTEHIHAJIBHBIX NOTPEOUTENICH OTHOCUTEIBHO MOTPEOUTEIBCKUX
CBOMCTB MpONYKIMHA W (OPMYJIHpPOBaHHE MPOMyKTa BapuaHTa b — Tmocie NpUMEHEHUs METOIOB
MEHE/PKMEHTA KauecTBa MPH MMPOSKTUPOBAHNH MIPOYKIIHH.

Ilo cytu, 3TO0 3Tam MOCTPOEHUs] HOBOTO JEpeBa CBOMCTB Oynyiied MHHOBALMOHHON IMPOXYKIHMU
BapuaHTa b, BEIOOp MOTPEOUTEILCKUX CBOWCTB, ONPEACICHUE TOKa3aTeneld uX KauecTBa M 3HAUYCHHM, B
pe3ynbTare 4ero OymeT c(hopMyarpoBaH MPOAYKT BapuanTa b ¢ Habopom ceoiicts m (b(m)).

7. TlpoBeneHue ompoca Tpymdnbl TOTEHIMANBHBIX TOTpeOHWTENe Ha  IMpeAMeT BaKHOCTH
MOTPEeOUTENIbCKUX CBOWCTB NpOAYKTa BapuaHTa b(M) M uX 3HAaYeHMH M ONpeAeieHUs IoKa3arels
rotoBHOCTH Py mpuobpectn npoaykt Bapuanta b(m). Pedymbrarom storo stama paboT SBISETCS pacyeT
MoKa3arelisi HHTErpajibHOTO KauecTBa MPOAYKIWHU BaprianTa Kg M miokazarenst roroBHOCTH Py nprobpectn
NpOAYKT BapuaHta b(m).

8. OOpaboTka NOJyYEHHBIX MAaHHBIX KBaJUMETPUYECKMMU Merogamu [8,9] W pacuer 3HaueHHI
nokazareneit AK u AP.
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ITokazarens BiustaIs npuMereHHoro MMK, BeipaxeHHOTO B BUAe (QyHKINH Fnvmi) MOXKHO 3ammcaTh
cienyrommmM obpazom: Foumi) ={AK;AP}. [lonoxurensHble okazarenu AKy B 0amiax u AP B mporieHTax
OyIyT CBUICTEILCTBOBATH O MOJIOKUTEILHOM PE3yabTaTUBHOCTH Ipoliecca « YrpanieHue kauecrsom HTP»
B bU. IloBeimieHne KOMIUIEKCHOTO TIOKa3aTeNs KadecTBa M TOTOBHOCTH TOTPEOHTENs NpHOOpecTH
MHHOBAIIMOHHEIH MMPOAYKT B CBOIO OYEPE/Th BIUAIOT Ha YBEITMYCHNE PACUETHBIX 3HAUCHUH MOTEHIINATBHBIX
00bEMOB TPONAX W NPHOBLIM WHHOBAIIMOHHOTO TMPOCKTA, YTO YBEIMYUBACT €T0 HHBECTHIIMOHHYIO
MIPUBIIEKATETEHOCTD.

Meronuka paszpaboTana B IIeNsSX OIEHKH BIIOKCHHBIX WHBECTHUIIMI B pacIIMpeHHE CIEKTpa
OKa3bIBaEMBIX YCIyTI OM3HEC-MHKY0AaTOPOM B YaCTH YIPABIICHUS KadeCTBOM Oymymieli npoxykuun MUII,
YTO B KOHEYHOM UTOTE TIO3BOJIUT 00CCIICYUTh CO3/IaHNE OJIAarONPUSATHBIX YCIOBUM JUIS pA3BUTHUS CTAPTAIIOB.
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B HacTosimiee BpeMst pu peleHny 3afad Hepaspyatomero koutpoust (HK) mexanndeckux cBoiicTs
MaTepUajIoB U3JENUN U MX COCTaBHBIX yacTed Ha 3Tamax MPOU3BOACTBA, MCIBITAHUN M AKCIUTyaTalluu
LIMPOKOE TNPHMEHEHHE HaxOIAT 0e300pa3loBble METOABI, pPeaau3yeMble MOPTATHBHBIMU NPHOOpaMH.
OnHuUM W3 MEPCHEKTHBHBIX METOAOB 0€300pa3loBOrO KOHTPOJS MEXaHHYECKHX CBOWCTB MAaTepHanoB
U3JICNUH SIBIISICTCS METOA AMHaMU4YecKkoro naaeHTupoBanus (). JlanHslii MEeTOA MO3BOJISAET MPOBOAUTH
0e300pa3L0BbIii KOHTPOJb HE TOJBKO TBEPLOCTH MaTepuana, HO U JPYTUX €ro CBOMCTB (IPOYHOCTS,
ympyrocts u np.). Ilpu atom npoBenenne HK ¢ ncnonszoBanmem /I BO3MOXKHO, Kak METaNIOB, TaK H
HU3KOMOJYJIBHBIX TOJIMMEPOB W KOMIIO3UIIMOHHBIX MaTepuanoB. OcHoBa peammszanuu meromga U
3aKJII0YAeTCsl B PErUCTPaLlK IapaMeTPOB ABMKCHHS MHACHTOPA B IMPOLIECCE €ro KOHTAKTHOTO yIapHOTO
B3ammozeiicteus (KYB) ¢ ucmeityembim marepumanom. Ilpuvenenme meroma AU permameHTHpyeTcs
crangaptoM ['OCT P 56474-2015. B npouecce KYB ynapHUK MpoXoauT yepe3 KaTylky HHAYKTHBHOCTH,
YTO BBI3BIBACT M3MCHEHWE MAarHUTHOTO TIIOTOKAa U, Kak CleJCTBHE, (OPMHPOBAHHE CHUTHANA
anekrponBmxymeit cuiabl (B3C), TPOMOPIMOHANEHOTO CKOPOCTH MABIDKEHUS HHIEHTOpPa Ha BCEM
BpemeHHOM uHTepBajie KVYB [1]. Tunuunelii rpaduk 3aBUCIMOCTH CKOPOCTH JBHKEHHUSI MHJICHTOpA OT
BpemeHH V(t) mpezacTasieH Ha puc. 1.
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puc. 1. Tunuunviii epaghux 3asucumocmu 3/[C epemenu npu KYB

B mHacrosmiee Bpemsl Ais perucTpalud HapamMeTpoB ABIKEHHMSA YAAPHHUKA HCIOJb3YETCs
MarHUTOMHIYKIMOHHBIA METOJ, KOTOPBI OCHOBaH Ha BO30YXACHHUH KaTYIIKH WHIYKTHBHOCTH C
MTOMONIBIO JIBHXKYyIIerocss Marauta. CyliecTBYIOIasi Ha CETOMHSAIIHANA J€Hb KOHCTPYKIHS MEPBHYHOTO
npeoOpa3zoBaTens MpeAycMaTpUBaeT OJHY KaTyIIKy WHIYKTHBHOCTH, YTO HECeT B cebe OIpejelieHHbIC
HEIOCTaTKH, BIUSIOMINE Ha QOpMy M XapakTep MOJy4aeMOro MCXOAHOro curHana. OJHUM U3 Takux
HEJOCTaTKOB SBJSIETCS TO, YTO KOJWYECTBO JMHHUM MOTOKA, MEPECEKAIoIUX KaTyIIKy, MEHSETCS B
3aBUCUMOCTH OT TIOJIOKEHHSI MHICHTOPA, a BBIXOJHOE HANPSHKCHUE SBIsieTCsl (DYHKIUEH, KaK CKOPOCTH,
TaKk W TIOJOXEHHWsS HWHAEHTOpa. Jlpyroil HeIOCTaTOK MpOSBIAETCS, KOIrZJa HHJISHTOP C MarHuTOM
LEHTPUPOBAH OTHOCUTENHHO KATYIIKH HHIYKTUBHOCTH — IMHUHU ITOTOKA, 00YCIIOBJICHHBIE OTPULATENbHBIM
MOJIFOCOM, TIPH 3TOM TakXXe MOTYT WHAYIUPOBaTh HANpsKEHHE B KaTylIKe TMPOTHBOMIOIONKHON
MTOJIIPHOCTH.

Taxoke cneyeT OTMETUTb, YTO 3HAUEHHS TapaMeTPOB MIEPBUYHOTO IPeo0pa3oBaTeis U yCTPOHCTBa
ero pasrona B [OCT P 56474-2015 ne nHopmupoBansl [2-4]. BeimeykazanHble TpeOOBaHUS B HACTOSIIIICE

85


mailto:kolganoff2014@yandex.ru

BpeMS JIOCTHTAeTCsI KOHCTPYKTHBHBIMH OCOOCHHOCTSMH CHCTEMBI PETHCTPaldd, B TOM HYHCIE
AJIEKTPUUECCKUMH MapaMeTpaMu KaTyIIKH HHIYKTUBHOCTH.

Jns ycTpaHeHHs] OMMCAHHBIX HEIOCTATKOB MpEUIOKEHa pean3alisl MAarHUTOMHIYKIIMOHHOTO
MEeTOJla C WCIOJB30BaHWEM [BYX IU(QEpeHIInaIbHO BKIIOYEHHBIX Karymek. [Ipum Takod cxeme
perucTpanvy IBWKCHHS YAApHUKA KaTyllka WHIYKTHBHOCTH OKPY’KaeT yJapHUK, B COCTaB KOTOPOTO
BXOJIUT MarHUT COSAMHEHHBIN C MHICHTOPOM, BO BpeMs ero mnepemeiieHus. B padoyem nuanazone KYB
00a KOHIIa MarHWTa HaXOJATCS BHYTPH KaTyIIKH, KOTOpas pa3JelieHa Ha JBe ceKnnuu. B kaxmoi cexunn
KaTYIIKH PACIIONOKEH CBOH MOIOC MarHUTA. DTH KAaTYIIKH 3aTEM COSAMHSIIOTCS TOCIEI0BATEIFHO, YTOOBI
MOJIYYUTh BBIXOJHOE HAIPSDKEHUE MOCTOSHHOTO TOKA, MPOMOPIHMOHANIBHOE CKOPOCTH Maruura [5,6].

Pa3paboran mpoTOTHIT NaT4YMKa AMHAMUYECKOTO HHICHTHUPOBAHHS WCIOJB3Ys NPEUIOKCHHYIO
CXeMy TIepBHYHOTO TIpeoOpaszoBaTesii Ha OCHOBe mudepeHnHnambHO BKIIOYEHHBIX —KaTyIIEK
WHIYyKTUBHOCTHU. BHENIHMI BUA MOJEIN NPOTOTUIIA TaTYMKA TPUBEICH HA pUC.2.

? '
g

puc. 2. 3D moodenv paspabomanno2o npomomuna oamuuka J{HU
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|

i

Hcnonp3ys pa3paboTaHHBIA IPOTOTUN JaTYMKA JUHAMHUYECKOTO HHACHTUPOBAHUS, ObUT IPOBEAEH
JKCIIEPUMEHT M TMoiy4eHa 3aBUcuMOCTh u3MeHeHHs OJ[C OoT BpeMeHHM Npu KOHTAKTHO-YIapHOM
B3auMmoeiictBun. [lomyuennass ¢opma curHama SBIsSETCS CHMMETPUYHOW W WMEET MUHHMAJbHBIC
mrymoBble coctasisitomne. CpaBauB 3aBucuMocTs DJ{C (0T BpeMEHH) KCIIEPUMEHTAIBHO MTOJYyYEHHOTO
CUTHaJla C aHAJIMTUYECKON 3aBUCHMOCTBIO, MOKHO CJIEJIaTh BBIBOJ, YTO MO ()OpME M BpEMEHHOMY BEKTOPY
CUTHAJIBI COBIA/IAIOT, a pa3HUIA 3HAYSHHUH aMILTUTY bl 00YCIIOBJIEHA TEXHOJIOTHEN peann3anuy (HaMOTKH)
KaTyIIKH HHAYKTUBHOCTH. [IpoBeieHa KOppesiuy MacCUBOB JaHHBIX, TOJIyYEHHBIX IIPH MOAETUPOBAHUH,
C 33/1aHHON CHHYCOMJIAJIBbHON (yHKUHEH MpOBeAEeM KOPPESLMOHHBIA aHATU3 IpU HOMOIIM JTMHEHHOTO
kodddunmenta xoppensun [Tupcona.
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KOHTPOJISI KAYECTBA NIOKPHITUMA U3AEJIUN CJI0OKHOM
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Ha nanHHBII MOMEHT OTpaciu, CBSI3aHHBIE C U3TOTOBJICHUEM BBICOKOTEXHOJIOTMUHBIX arperaros,
HaIleJICHBI Ha pa3BUTHE B Hamiei crpane. Oco0oe BHUMAaHME HAIPABICHO HAa CTOPOHBI, CBS3aHHBIC C
MOBBIIIEHHEM 0€30TKa3HOCTH, JOJITOBEYHOCTH CI0KHBIX TEXHUYECKNX cucTeM. Hanbosee BakHOM YacThIO
BBICOKOTEXHOJIOTHYHOI'O arperara siBseTcs CI0KHAsg TeXHUYECKasl CUCTeMa, HalpaBlICHHAd Ha CO3JaHue
CWIBI TATH, pa3paboTKa KOTOPOW TpeOyeT KOJOCCaIbHBIX BPEMEHHBIX 3aTpar U pecypcos. [loaromy
pelIeHre 3a/1a4, CBA3aHHBIX C TIOBBIIIEHUEM JJOJITOBEYHOCTH M 0€30TKa3HOCTH aKTYallbHO U CBOEBPEMEHHO
Ha JaHHBIM MOMCHT.

[Ipon3BOACTBO JTaHHBIX CHCTEM OCYIIECTBISETCS B COOTBETCTBUU C TPEIbABISIEMBIMU
TEXHUYECKUMH TpeboBaHMsAMH. JlaHHOE W3Ienne NpEeACTaBIsSeT Ta30BBIH KaHal, 0co00ro mpoduis,
HUMEIOIIUI CyXKEeHHE Ul U3MEHEHHsI CKOPOCTH, IPOXOSIIETO 0 HeMy MoToKa rasa (puc.l). OCHOBHBIM
3TarioM B TEXHOJOTWYECKOW LIEMOYKEe HW3TOTOBJIEHUS SBISETCS HAHECEHHE METaUIMYecKoro u
HEMETAJUTMYECKOr0 MOKPHITHS, OCHOBHAS 3a/1aya KOTOPOTO 3aK/II0YaeTCs B MOBBIILIEHHE TEPMOCTONKOCTH
BHYTPEHHUX OTHEBBIX CTEHOK. Ha 0e30TKa3HOCTh M [OJTrOBEYHOCTHh BJIMAIOT TAaKHE IapaMeTphl, Kak
TOJIIMHA MMOKPHITHS, TOBEPXHOCTHEIE U TIOAIIOBEPXHOCTHEIE JIeeKThl OTHEBOM cTeHKH (puc.1).

puc. 1. Buewnuil 8u0 0ehekmos HUKeNe8020 U XPOM-HUKENE8020 NOKPLLUNUSL DJIEMEHMOEG CJLONCHO NPOPUILHBIX
uzoenui

OTKIJIOHEHHE MapaMeTpoOB OT JOMYCTUMBIX 3HAYEHUH MOXKET MPHUBOJUTH K MPEXKIECBPEMEHHOMY
BBIXOJTy W3 CTPOS, UTO SIBJSIETCS HEMOMYCTUMBIM TPHU JKCIUTyaTaruu. 1103TOMy KOHTPOJIH OCHOBHBIX
MapaMeTpoB SIBIIIETCS HEOOXOAMMOHN 3amadeil. Ha maHHBII MOMEHT CYIIECTBYET PSJl TEXHOJOTHH
Hepazpymatomero kontponst (HK) OoCHOBHBIX mapamMeTpoB HHKEIb-XPOMOBOTO ITOKPBITHS, KOTOPHIC
HaxOJAT MPUMEHEHUS Ha TMPEIIPUATUIX, H3TOTABINBAIONINX M3CIIHAS CJIOKHON TeOMETPHUIEeCKON (DOPMBEL
Hamnpumep, MCIonb3yl0TCsI TEXHOJIOTHH PYYHOTO HEPa3pyIIAONIEro KOHTPOJIS C TTOMOIIBI0 MarHUTHBIX
TOJIIMHOMEPOB TOJCTOCIOMHOrO HuKeneBoro mokpeiTuss MTHII-IM u XpoMOBOTO MOKpBHITHS Ha
nukeneBoM moxpcimoe MTII-XHI1. Peamnsyembie B maHHBIX mpuOOpax TOHAEPOMOTOPHBIA U
MarHMTOJAMHAMUYECKHIA METOJbI KOHTPOJISI, MO3BOJMIM OOECIEYUTh UX MOPTATUBHOCTH, BO3MOXKHOCTD
KOHTPOJIS HOKPHITUN Ha KPUBOJIMHEUHBIX MOBEPXHOCTSIX U B TPYAHOAOCTYIIHBIX MECTaX U3/ACIUN CIIOKHON
reoMerpuyeckoii popmbl. Kak mokaspiBaeT mpaktuka npuMmeHeHus texHonoruii HK, cymectByer psin

88



mpo0JieM, BIHSIOIIMX HAa KadeCcTBO KOHTPOJsS. Bo-mepBHIX, MpeobiagaeT pydHON KOHTPOIb, COTJIACHO
KOTOPOMY, U3MEPEHUS BBIITOIHSIOTCS B COOTBETCTBYIOLIUX TOYKAaX KOHKPETHBIX ceueHui. Clie1oBaTeNbHO,
BO3HHUKAET MPOo0JIeMa HaX0XICHUS TOJIIIMHBI HUKEICBOI'0, HUKEIb-XPOMOBOTO TIOKPBITUS B JIOIYCTUMOM
JMara3oHe M0 BCEH MOBEPXHOCTH CIOKHO-TIPO(PIIFHOTO M3fenus. s perenns JaHHO#M mpoOieMbl Ha
MPEeNNPUSITAAX BHEAPSIOTCA aBTOMaTuU3WpoBaHHBIe Komruiekchl HK, HO wm3-3a cyImiecTBEeHHOTO
Pa3HO00pa3usi KOHCTPYKTUBHBIX UCTIOTHEHHI H3/ICTHH CII0KHOUM )OPMBI, aBTOMATU3UPOBAHHBIN KOHTPOJIb
HE TIPOBOJUTCS JUISI BCEX CYIIECTBYIOIIWX KOHCTPYKIWH. BO-BTOPBIX, OTCYTCTBYET KOMILIEKCHOE
npumeHeHue TexHonoruii HK B pamkax oOHOM aBTOMAaTH3UpPOBAaHHON YyCTaHOBKH. IIpumeHeHue
ABTOMAaTU3UPOBAHHOTO KoMIUIekcHOro HK mo3BOMUT BRISABIATH HATMYKE AS(PEKTOB U AUAINIa30HBI TOJIIUH
KOHKPETHOH 00JIACTH CKaHUPOBAHUSL.

Ha namabnii MoMeHT OBUT TIPOBEIEH aHAIM3 COoBpeMeHHOro coctosHusa HK Ha mpeanpusarwsx,
MTPOU3BOISAINUX CIOXKHO-TIPOGUIBHEIC u3enust. Onpe/elieHbl OCHOBHBIC TTPOOJieMbl. Takke yCTaHOBIICHBI
OCHOBHBIC TapaMeTphl CI0XKHO-POPUIBHBIX H3JICIUNA, TaKue KaK TeOMETPHS, TOJIIUHBI MOKPBITHIHA,
obnactn HaHeceHHs. [IpoaHaNM3MPOBAHO COBPEMEHHOE COCTOSIHME aBTOMATH3MPOBAHHBIX KOMIDIEKCOB
HK, BpIsiBIeHBI WX OCHOBHBIE HemocTaTku. llo pe3ympTaram aHamm3a, CIEIaHBI BHIBOJBI O CXO0XKECTH
CIIO)KHO-TIPOMIBHBIX M3ACIHHA W aBTOMATH3WPOBAHHBIX YCTAHOBOK, pa3pabOTaHHBIX IO/ KOHKPETHOE
U3JIeNue.
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BHEJPEHUE TEXHOJIOI' M «YMHBII I'OPO/I» B PECIIYBJIUKE Y3BEKUCTAH

Aboycanomos A60yaszus I'oghyp yenu

Tomckuii rocy1apCTBEHHBI YHUBEPCUTET
abduaziz01@bk.ru

Ha ceromusimiauii eHb Y30€KUCTaH HAXOIUTCS HA HAYaJIbHOM 3Tarle BHEJPCHUS HHHOBAIIMOHHBIX
TEXHOJOTHH «YMHBIM TOpoj». Beaercs miaHupoBaHue W HadaTa pealii3alvs MUIOTHBIX MPOEKTOB IO
BHEJPEHUIO TEXHOJIOTUN «YMHBIN ropo» B ropoje TaiikeHTe 1o HampaBieHUsIM «be3omacHbIii Topoy,
«YMHBIC CUETUYUKHY», Y MHBIA TPAHCIIOPTY, «Y MHas MeauIHA». OCYIIeCTBIACTCS KOMIDICKCHAs paboTa
M0 BHEJIPCHHUIO COBPEMEHHOW TOpOJICKON HH(pacTpykTypsl B ropoje Hypadimone, ocymiectBisercs
CTPOHUTENHCTBO HOBBIX MH(PACTPYKTYp B pamkax mpoekToB « Tashkent City» u «Delta City».

[Ipu >TOM OAHMMH M3 OCHOBHBIX MPOOJIEM, MPEMATCTBYIOMUX 3(h(HEKTHBHOMY BHEAPEHUIO
TEXHOJOTMH «YMHBIH Tropom», SBISIOTCA  Hepa3BuTas  HMH(PpacTpykTypa  HH(DOpPMAIMOHHO-
KOMMYHUKAIIUOHHBIX TE€XHOJOTMA W 3HAUYUTEIbHBIA HM3HOC U MOpAJbHAs YCTapeloCTb TOPOACKUX
nHppacTpyktyp. Bce 2310 TpeOyer mpoBeneHHS ~MEpPONPHUATHH 10 MOAEPHHU3AIMH  CceTel
TEJIEeKOMMYHHUKAIMM, TOUCKY 3HAUYMUTENbHBIX KalHUTAJIOBIOKEHUH Ha PEKOHCTPYKIHUIO TOPOJACKUX

HHPPACTPYKTYP.

Hcxons w3 sroro, BakKHOM 3ajadell sBISETCS MPOBEICHHWE TIyOOKOro aHamm3a Hawnboiee
palMOHAJBHBIX PEIICHUH 10 IAaHHOMY BOINPOCY, PEaM30BaHHBIX B 3apyOEKHBIX CTpaHax, M HUX
MMpaKTHU4YCCKas anpo6au1/151 B na6opaTopHI>1x 1 INOJIMTOHHBIX UCCJIICAOBAHUAX U B paMKaX COOTBETCTBYIOIIUX
MWIOTHBIX IPOEKTOB, a TaKXE IIOMCK BO3MOXHBIX MMEIOIIMXCS BApHAHTOB M TEHEpPals HOBBIX
NPEVIOKCHUH 10 THOKUM OWM3HEC-MOAETISIM M TPHUBJICKATEIbHBIM [UIS HHBECTOPOB CXEMaM
HWHBECTUPOBAHUSA, IPUMCHUMBIM B JaAHHBIX YyCJIOBHUAX.

Crioco0 pemieHWsl JaHHBIX 3aJad BBIpa0OTaH B MHPOBOH MpakTHKE U MpeaycMaTphBaeT
MPUBJICYCHHUE YaCTHOTIO OM3HECA K PELICHUIO COLMATBLHO 3HAYMMBIX 33/1a4, HAJIAXKUBAHUE rOCY1apCTBEHHO-
YaCTHOI'O MAPTHEPCTBA.

BHeapeHnne TeXHOIOTHH «yMHOTO» TOpoJia OBbIIIAET 3P PEKTUBHOCTH TOPOJCKOTO YIIPABIICHHUS 32
cueT (GHOpMHUpPOBaHUS €AUHOW LHM(POBOM Cpeabl, KOTOpasi MO3BOJISAET YIPABJIATh FOPOAOM KaK €IUHBIM
LEJIBIM.

B aTo0#i cBs3M ¢ ydeToM 0co00i 3HAYMMOCTH BBIIIEYKa3aHHBIX 33ja4 pa3paborana Konmenmms
BHEJIPEHUSI TEXHOJIOTUH «YMHBIA TOpo» B PecrmyOnuke VY3b0ekucran (manee — Konmemnus),
NpeAyCMaTPUBAIOLIAsl KIIOUEBBIE IPUOPUTETH U OCHOBHBIC HANPABIECHUS T'OCYAapCTBEHHOMN MOIUTUKU B
JTAHHOM HarpaBIICHUU.

OcHoBHoOII 1enpio JaHHON KoHnenuuu sBisieTcs peain3alus KOMIUIEKCa Mep, HallpaBIEHHBIX Ha
CO3JIJaHHE COBPEMEHHBIX MHKEHEPHO-KOMMYHHUKAIIMOHHBIX HHPPACTPYKTYP B ropoJax MyTeM BHEAPEHUS
TEXHOJIOTUI «YMHBII ropos», B YACTHOCTH:

- o0ecriedeHue YCTOWYMBOIO pOCTa KadecTBa >KM3HU M (OpPMHpPOBaHHE KOMGOPTHOM
TOPOJICKOM cpenbl AJisl JKUTENed M TOCTeH, OIaronmpHUATHBIX YCIOBHH BEASHHS MPEANPHHIMATEIHCKON
JeATeIbHOCTH;

- noBeIeHne A(PQGEKTUBHOCTH TOCYIAPCTBEHHBIX pAcXO0JlOB, B TOM YHCJIE 3a CUET
BHEJIPEHUS TOCYNAPCTBEHHO-YaCTHOI'O IAPTHEPCTBA,;

- IUIAHOMEPHOE BHEAPEHHE BCEX TEXHOJIOTUH «YMHBIH TOpPOI», COOTBETCTBYIOIIUX
3apyOCIKHBIM aHAJIOTaM;

- noBeIeHne A(H(GEeKTUBHOCTH PabOThI TOPOJCKHX CIY'KO W JIOPOKHO-TPAHCIIOPTHOM
UHPPACTPYKTYPHI IyTEM BHEAPEHUSI HHHOBALIMOHHBIX PELICHUH.
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OcHOBHBIMH 3a7a4yaMy KOHIIENIINY SBISIOTCS:

- co3nanne 3(PpPEeKTHBHBIX U NEHCTBEHHBIX HOPMATHBHO-TIPABOBBIX, OPTaHU3AI[MOHHBIX H
WHCTUTYIIUOHAIBHBIX OCHOB BHEJPCHUS TEXHOJOTMA «YMHBIH TOpOa», B TOM uucie mudpoBon

UHPPACTPYKTYPHL;

- CO3JaHUC MECXaHNU3MOB CTUMYJIMPOBAHUA CITPOCA HA CMAapPT-CEPBUCHI;

- (hopMHUPOBaHHE CUCTEMBI TOCYAAPCTBEHHOMN MOAICPKKH Pa3pabOTKH U BHEIPEHHUS CMapT-
CEpPBHUCOB;

- TMOBBIIICHUC KaYCCTBA CEPBUCOB U YPOBHA KU3HU HACCIICHUS,

- pelnieHre npooieM, CBsI3aHHBIX ¢ MHKCHEPHO-KOMMYHHKAIIMOHHBIM COCTOSTHUEM TOPOJIOB,
¥ OOHOBIIEHUE M3HOIIEHHOW W MOPAJIBHO YCTapEeBIIeH TOPOACKOW HHPPACTPYKTYPHI;

- (dopMupoBaHHEe  ONArONMpHUATHBIX  YCJIOBWH, oOecmednBalomux HHPPACTPYKTYPY
I/IH(bOpMaHI/IOHHO'KOMMyHI/IKaHI/IOHHBIX TeXHOHOFI/II‘/'I, a TAKXKC MOBBIIICHHUE CKOPOCTU M HOCTYIIHOCTHU
HNHurephera;

- co3/1aHue TWIaThOPMbI « Y MHBINM TOPO», 00SCIICUUBAIOIICH 00PATHYIO CBA3b C XKUTEIISIMH,
KOTOPBIC CMOTYT OILICHHBATh TOPOJCKHE CEPBUCHI M JICIUTHCS OMBITOM B JIIOOBIX c(hepax ropojcKoro
Pa3BHUTHS;

- pa3BUTHE HABUTALIMU 110 TOPOAY C MCIOIb30BAaHHEM LIM(POBBIX TEXHOJIOTHI, B TOM YHCIIE
MPEOCTaBICHUE OTKPBITHIX MHQOPMAIIMOHHBIX JAaHHBIX TYypHCTaM, YCKOPEHUE JOpPaOOTKU M BHEAPCHHE
cucTeMbl IM(POBBIX TEXHOJIOTHIA;

BBINOJIHEHHE PAa0OT 110 IUIAHMPOBAHUIO MaKCUMAaJIbHOTO OXBaTa BHEAPSEMbIMH HanboJee
BOCTPEOOBAHHBIMHU TEXHOJIOTHAMH « Y MHBIH TOPO» BCEX TOPOJIOB PECIYOJIMKY.
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MNOI'PEHHTHOCTU PEHTTEHOBCKOI'O 3D MUKPOTOMOI'PA®A
Knecmos C. A.
HammonaneHbliil nccnenoBarenbckuii TOMCKHI TOCY1apCTBEHHBIN YHUBEPCUTET

Klestov_simon@mail.ru

Pentrenosckuit 3D mukporomorpad (PMT) cocrout u3 cienyromux QyHKINOHATHHBIX OJIOKOB!

1) HCTOYHUK PEHTT€HOBCKOTO U3ITYUYECHMUS;
2) MIPUEMHUK PEHTI€HOBCKOTO U3JIy4YEHUS;
3) cucTeMa MO3ULMOHUPOBAHHUS.

Jiis kaxxoro u3 (hyHKIIMOHAIBHBIX OJIOKOB CJIEIyeT pACCUUTATh TapaMEeTPhl U XapaKTSPUCTUKH, IS
4ero HeoOXO0AMMO PACCMOTPETh BO3MOXHBIE TIOTPEITHOCTH B Pab0OTe U pe3yibTaTax nusmepenuii [1-3].

st Beraucienus norpemrHoctet PMT ucnonb3yeTces cineyromas cTpykTypHas cxema (puc.1):

TTorpenmmHocTH PMT
TTorpemmHOCTH CHCTEMET IorpemBocTs HCTOYHAKA [Morpemsocta
IIOIHUHOHHPORAHHSA HITYIeHAR TIPHEMHHKA H3TVIeHHA
To9HOCTS NOIHUHORHPOEAHHA TTorpemuocTH peXTTeRoECKoit TorpemmocTi 6:10Ka
H NCPEMCICHEH ITOJEFIRHBIX =
BRI s e TpYORH le—] PeTHCTPAITHE

HCTOYHHEA H IPHENMHHEA BXOTb
TOPH3OHTATEHOH OCH

Hoxpemuocm ERIXOAHOIO
TOYHOCTS NO2HUMORHPOBAHEY :
HaNpEKeHHd G0k MHTaHHg

padoHero cToga mo [
ESPTHRATEEOR OcH Z

CTa0RIBHOCTH CKOPOCTH
BPATICHAR BOEPYT BCPTHRATBHOR
ocuZ

puc. 1. a - cxema noepewnocmeii PMT.

CyMMapHas OrpeliHOCTh 00YCIIOBJICHA IONPEITHOCTSIMHE B cieayrommx 01okax PMT.

1. 'enepatop BBICOKOTO HAIPSKEHUS.

HeoOxogumpiM ycmoBHEM 1T JOCTHKEHUS BBICOKOW TOYHOCTH HW3MEPECHUN WHTEHCHUBHOCTEH
PEHTTEHOBCKOTO HM3JIYYCHUS M TOYHOCTH TOJY4YaeMbBIX PE3yJbTATOB SIBJISETCS CTAOMIBLHOCTH THTAHUS
pEeHTreHOBCKOH TpyOkH. CTaOMILHOCTh BBICOKOTO HAINPSDKEHHS, CO37aBaéMOTO  BBICOKOBOJIBTHBIM
reaepaTopoM, noanepxuBaerca Ha ypoBHe 0,01%-0,5% mpornenta [1]. [IpumepHO Ha 3TOM Xe ypOBHE
CTaOMIM3UPYETCS aHOIHBIA TOK TPYOKH.

2. CucreMa Mo3UIMOHUPOBAHHSI.

HeoOxomumo o0OecriednTh TOYHOCTh TO3HWIIMOHMPOBAHUS TPU TEPEMEIICHUN TTOJABIIKHBIX
WMCTOYHHUKA W TTPUEMHHUKA BJIOJIb TOPU30OHTAIBHON OCH, pab0UYero CToja Mo BEepTUKAILHON OCH Z, a TaKKe
CTa0MIILHOCTh CKOPOCTH BpAILICHHS BOKPYT BEPTHKAIBHOM ocH Z.
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To4yHOCTh W3MEpEHHH HMHTCHCUBHOCTH PEHTTEHOBCKOTO M3JIyYeHHS BO MHOTOM 3aBHUCHT OT
MPaBHJIBHOCTH YCTAHOBKM 00Opa3na B Toyie OOJydeHHWs] MyYKOM pPEHTTeHOBCKOW TpyOku. ITostomy k
crcTeMe MO3UIMOHNPOBAHUS MPEIBSIBISIOTCS JOCTATOYHO JKECTKHE TPeOOBaHHSI.

3. JIeTeKTOp peHTT€HOBCKOTO U3Ty4YCHHUS.

B penTrenocnexTpaabHOM anmaparype B HaCTOSIIIEe BPeMsI HCIOIB3YIOTCS IETEKTOPEI, TSI KOTOPBIX
CpeAHss aMIUTUTYJa 3JIEKTPUUYECKUX UMITYJIECOB MPONOPIMOHATIbHA SHEPTHH KBAHTOB PETHCTPUPYEMOTO
M3IydeHusl. DTO B TEPBYIO IOIYNPOBOIHHUKOBBIE NETEKTOPHL. VIX mpuHIMI neiicTBust Gasupyercs Ha
CIIOCOOHOCTH PEHTI€HOBCKOTO H3JIyYCHHS HOHMU3UPOBATH aTOMBI BEIleCTBA. AMIUINTYAHAs CENEKIUSI
HUMITYJIbCOB, COOTBETCTBYIOLIMX TOMABIIUM B IETEKTOP KBaHTaM, MO3BOJACT HOAABUTH BBICOKHE MOPSIKU
I(parupoBaBIIEro HA KPHCTAJUIE PEHTTCHOBCKOTO M3IYYEHUS U MOBBICUTH TEM CaMbIM KOHTPACTHOCTB
BBIJICJIIEMOTO CUTHAJIA.

4) brok peructpanuy 1 00padOTKA IIEKTPUUECKAX UMITYITHCOB.

DNeKTpUYECKHE HMITYJIbCHl C JETeKTOpa MOcie yCHWICHHS W (OpMHPOBaHUS B TIPEIyCHIHMTENE
[IOCTYNAIOT B aMIUIUTYAHBINA aHAIU3ATOP.

OCHOBHBIMH METPOJIOTHYECKUMH ~ XapaKTEPUCTHKAMH METOJHMK aHaliW3a MPHHATO CYUTATh
BOCIIPOU3BOIMMOCTb, IPABUIILHOCTh, TIPEAET OOHAPYKEHHS, AUATIa30H ONPEACIIeMbIX SJIEMEHTOB.

Bocnpon3BoMMOCTh — 3TO METPOJIOTHYECKHi TapaMeTp, XapaKTepU3yoLui pa30poc pe3yIbTaToB
aHaJIM3a OTHOCHUTEIHLHO CPEIHET0 3HaYeHHs. Bocnpon3BouMOoCTh OnpeensieTcs Cay4aifHbIMU OIINOKaMH,
00YCJIOBJIICGHHBIMH JISHICTBUEM MHOTHX HEKOHTPOJIHPYEMBIX (hakTopoB. UHCIEHHO BOCIPOU3BOAUMOCTH
XapakTepu3yercss JuO0 BBHIOOPOYHOH Amcriepcued, uOO0 CTaHAAPTHBIM  OTKIOHEHHWEM, JIH0O

n

1 ) 2

= me(xi—x) .
=1

Bribopounas aucnepcust MOKET ObITh paccuuTaHa o GpopmyJie:

n
5= 12 )2
= |n. (x; — %)%,
=1

OTHOCHUTCJILHBIM CTaHAAPTHBIM OTKJIOHCHUCM!

2
rae & “ — mucnepcnus,
X; — i-ii oneMeHT BBIOOPKHY;
1 — 00BEM BBIOOPKY;

X — cpenHee apupMETHUECKOE BEIOOPKH.

Bocnpou3BoaumocTs paziavyHa B pa3HbIX JHalla30Hax oOIpeAeisieMblx coiepkaHuil. 1loatomy B
psae caydyaeB paliOHAIBHO HCITOJIb30BaTh OTHOCUTEIILHOE CTAHIAPTHOE OTKIOHEHHE.

[IpaBUIBHOCTL XapakTepU3yeT OTKIOHEHHE CPEIHEr0 pe3ylibTara OT YCTAHOBJICHHOTO 3HAYCHHUS.
[IpaBunbHOCT, — 3TO KaueCTBO aHANM3a, OTpaxaroniee OMM30CTh K HYJIIO CHCTEMAaTHYECKUX
rorpemrHocTel. PacripocTpaHeHsl Cieyromue croco0b! ONpeIeeHs MPABHUILHOCTH aHaIN3a:

1) OTICHKA PE3yJIbTaTOB M3MEPEHUH B HAOOpE CTaHIAPTHBIX 00Pa3IOB (3TAJIOHOB);
2) CpPaBHEHUE C pe3yJIbTaTaMUA U3MEPEHUM, BBITTOJIHEHHBIX JIPYTHMH KOHTPOIbHBIMU
METOJIaMU;
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3) BBEJICHHE KOHTPOJBHBIX 100aBOK (100aBJIeHNE STAIOHOB).
3HAYUMOCTh PACXOXKICHUH IIPOBEPSCTCS CTAaTUCTHUECKMMH KpuTepusiMu CThIONEHTA,
Oumepa, Koxpena u ap.

Kpurepuit CTpiofieHTa IMPOKO UCTIONH3YETCS B CTATUCTHKE MAaJIBIX BHIOOPOK.
[Ipu paBeHCTBE YKCia K3MEPEHUI €r0 MOKHO PaCCUUTHIBATH 110 (hopMyJie:

(abs(C; = C1) X5
= S f

rac

(€ =T+ (G = 6))
B 2% (n—1) '

Ecnu paccunrannoe 3HaueHue T 0osiblie TaOIMYHOTO, TO 3HAYCHUS ABYX BBIOOpPOK Ciu Co 3HAYMMO

SZ

pa3IuyaloTCs MEXAy COo0O0H, M pe3ynbTaThl ONpENeNICHHs MMEIOT CHUCTeMaTHYecKyro omuoky. B
HNPOTHBHOM CITy4ae 3TH Pa3Inyusi HOCAT CIIydailHbIi xapakTep [1].

Ecnmu HeoOxoauMo CpaBHUTH HECKOJBKO BHIOOPOYHBIX AWCIEPCHIA, TO MPOBEPKY TUIOTE3bI 00 UX
MPUHAIISKHOCTH K OJTHOM IeHepabHOM COBOKYITHOCTH IPOBOIAT MO Kputepusim Koxpena.

[Ipu ogHAKOBOM 0OBEME BHIOOPOK:

SZ
G — max .
(SE+SZ+S5+-)

3HamMeHaTeIb BBIPAXKCHUA COIACPKUT BCE BI:I6OpOLIHI>I€ AUCIEPCHUH, BKIIHOYass U MaKCUMaJIbHYIO.

Ecnu paccunTaHHOE 3HAYCHUE OKAKETCSl MEHBIIIE TA0JIMYHOTO, TO TUIIOTE3a 00 OJHOPOAHOCTH MOXKET OBITh
MPUHSATA.

Hccnedosanue svinonneno 3a cuem epanma Poccutickozo Hayuno2o ¢horoa
Me 22-19-00389, https://rscf.ru/project/22-19-00389/

Criucok myOuKanmii:
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MPOIECCHBIN IMTOJIX0J KAK METO/ IOBBIIIIEHUS YIIPABJIEHUSI
KAYECTBOM IIPEAIIPUATUA

3apuna A. B., Cemeniox A. E.
HanmoHaneHbI HcciieoBaTenbCkuii TOMCKUI TOCy 1apCTBEHHBIA YHUBEPCUTET
nastmi9@gmail.com

Tema cTaTby HampaBiieHa Ha U3YUYEHHE BIHSHUS MPOIECCHOTO MOAX0/1a Ha ONTHMH3AINI0 OM3HEC-
MPOIIECCOB. AKTYallbHOCTh TE€MBI MAHHON CTAaTbU OOBSCHSETCS TEM, YTO NPHUMEHEHHE IPOIECCHOTO
MOIX0J1a B pab0Te MPEANPHUATHS AJIs1 ONTUMH3AIUH OU3HEC-TTPOIIECCOB SBISACTCS JIOBOJIBHO dPPEKTUBHBIM
WHCTPYMEHTOM JUIsl YIPABIECHUS U onTUMHU3ali. Ho ero Haxonat 10BOJNBHO TPYJOEMKHUM U JOCTATOYHO
JOITHM TI0 BPEMEHH peasTu3alliil MPOIecCOM, K KOTOPOMY OOJIBITMHCTBO (hHPM M OpPTaHU3aINi TOMPOCTY
OKa3bIBAOTCSI HE TOTOBBL. D(h(HEKTHBHOE YIIPaBICHUE OpPraHU3aIlUeil ¢ MUHUMYMOM IOTEPh — 3TO TO, K
YeMy CTPEMHUTCS Kax bl pykoBoauTelb. [IponieccHbIN MOAX0/1 TOMOTAEeT JOCTUYb TECHBIX CBA3EH MEXKIY
NOApa3AeICHUSIMHU, ONIEPATUBHOIO BMELIATENbCTBA IPU U3MEHEHUSIX BHEIIHEN cpenbl Ay komnanuu. Ho,
ecyu OU3HEC-TPOIIECChl (PUPMBI HE BRICTPOSHBI TPAMOTHO, TOCTUYh MAKCUMAIIbHO 3P (PEKTUBHO BHITOHOTO
pe3yibrata He MoayduTcs. [1oCTOSHHOE yCOBEPIICHCTBOBAHWUE M ONTHMM3AIMS OW3HEC-TIPOLIECCOB B
pamKax MpUMEHEHUS MMPOILIECCHOT0 TOAX0/1a K YIIPABIEHHUIO MIO3BOJIUT YBEIHIUTH 3(h(HEKTUBHOCTH PabOTHI
OpPTraHM3alli{ W TIOBBICHTH €€ KOHKYPEHTOCHOCOOHOCTh. TakuM oOpa3oM, MOXXHO TOBOPHTH O TOM, YTO
TeMa, 3aTPOHYTas B JAHHOW CTaThe, SIBISETCS aKTyalbHOM.

[IporeccHsIit TOAX0A — 3TO HOBas M COBPEMEHHAsl KOHIIETILNS YIIPaBIeHUs, KOTOpas Mpenoaaraet
JESITeNbHOCTh Pa3sHbIX OPraHM3alMi KaK COBOKYIHOCTh OM3HEC-POLIECCOB M INpenjaracT pa3jindHbIe
WHCTPYMEHTHI U METOJIBI JJIS MX AajbHEHIIeH ONTUMU3AIHH.

HpOHCCCHBII\/'I nmoaxoa K yIpaBJICHUIO NPCACTABIACT OPraHu3alvio B BUJAC MHOKCCTBA CBA3aHHBIX
MeXIy co00i OM3HEC-TIPOIIECCOB, @ HE COBOKYMHOCTH Pa3HbIX (YYHKIUH y KaXKI0To moapasaena. Kaxmpii
OM3Hec-TIpoLiecC MPEJICTABISIET COOO0M MOCIE0BATENBHOCTE ONepaluii U AEHCTBHI, KOTOPbIE HAllEJIEHbI Ha
MONyYeHUE IIEHHOTO pe3yibTara JUIs OpraHu3alud. B oTnuume OoT (QyHKIMOHAJIBHOTO MOJX0/Aa K
YIPaBJICHUIO, IPOLIECCHBIN IMOAXO0] 1eJIaeT KOMIIAHUIO OPUEHTHUPOBAHHON Ha pe3ynbTaT. busHec-npouecce
—3TO OCHOBHOM M HEOTHEMJIEMBIH 3JIEMEHT IPOLIECCHOTO MOAX0/1a.

[IpumMeneHne mMpOIECCHOTO MOAX0/1a TIO3BOJIUT pacCMaTPUBATh HE TOJIBKO CaMH IIPOIECCHI, HO U
B3aMMOJICHCTBUE MKy HUMH, YTO B CBOIO OY€PE/ib, IO3BOIUT OOHAPYKHUTh Y3KHE MECTa, 3aBSI3aHHbBIC HA
CBSI3SIX MPOIIECCOB. DTO MO3BOIUT PEIINUTH MPOOJIEMY C YIETOM JKEIaHWUH U IelIel BCeX CTEHKXOIAEPOB, TO
€CTh TAKUM 00Pa30M, YTO HE BO3HUKHET HOBBIX MPOOJIEM B IPYT'OM, CBS3aHHBIM C 3TUM MTPOIIECCOM MECTOM.
Kpome Toro, mporeccHblii MOAXOM IO3BOJIUT U30EKATh OIIMOOK, KOTOPBIE CICIYIOT M3 HEYUYTCHHBIX
CBSIZEN.

Konuenmus npoueccHoro nojaxoaa He OTTOPraeT MMEIOLIYIOCS CUCTEMY YIIPABIICHHUS, a ONIPeessieT
IyTH €€ COBEPILIEHCTBOBAHMS U MIOCTENIEHHOTO NIepexoia K MPOoLecCHON cucteme ynpasieHus. CoriacHo
KOHIIETIIIH TIEPBHIM IIArOM K YJIYYIIEHHIO CUCTEMBI YIPaBJICHUS NPENNpUATHEM 00s13aH OBITH Mpolecc
ONMCAHMS TEKYyIeH CTPYKTYpbl (DUPMBI, BBISIBIEHHE OCHOBHBIX OH3HEC-TIPOLECCOB, HMIACHTU(HUKALNS
nporieccoB. [Too0Has KOHIIENIHS MOXKET ITOMOYb OOHAPYKUTh y3KHUE MECTa B CYIIECTBYIOIIEM Ou3Hec-
nporiecce, W30BITOYHOCTh M JyOJIMpOBaHUE (YHKIMA Ha YpPOBHE OCHOBHBIX IPOIIECCOB, OOHAPYKHTH
ne(eKThl NUMEIOLIecS MOJETIH.

Hcnonp3oBanue MpOIECCHOTO MOAXO0Aa MOMOTAeT TIIy0XKe PacCMOTPETh B3aMMOCHCTBHE MEXKITY
pPa3sHbIMHM TOAPA3JICIICHUAMH OpraHu3alliK, YCTPAaHUTh Oapbepbl W HEJAONOHUMAHUS, a TaKXKe
KOHTPOJIMPOBATh MPOIECC OT Hayala U A0 KoHLA. [losBisieTcss BOZMOXKHOCTh HAWTHU COTPYAHHUKA WIH
MPOILIECC, HA KOTOPOM «3aBHCAET) BCE MPOU3BOACTBO U OTPETYJIUPOBATH ITOT MOMEHT JI0 PE3yIbTATUBHOTO
rcxona. [IporeccHsIi T0IX0T TaeT OPraHU3aIlUH MPEBOCXO/ICTBO MMOCPEICTBOM MO3HAHUS W OIITHMU3AITAN
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BCCH IICTIOYKH JCHCTBHUI, HEOOXOJUMBIX ISl JOCTH)KEHHS pe3yjibTara M yBeluueHus 3(H(HEKTUBHOCTH
paboTHLI.

Kpowme yBennuenust 3pQpeKTHBHOCTH MPOLECCHBIN MOIXOA MO3BOJISIET MepeaaTh npeodianaHue Ha
CTOPOHY OT/AEJIOB, JEMCTBYIOMINX HAMPSAMYIO C 3aKa3YHKOM, TaK KaK TOJIbKO OHA TOHUMAIOT OTPeOHOCTh
moTpeduTeNnst W 3aWHTEPECOBAHBI B TPAHCIAIMH €ro TpeOOBaHWI BOBHYTPh OpTraHU3aIlUM s
COOTBETCTBYIOIIEH Moaudukanuu OusHec-miporieccoB. OpHeHTanuss Ha TOTPEOUTENs 3a4acTyio
YCTaHABIIMBAETCS MEPBOCTENEHHOH 3a/1a4eii MPU BBEICHUH MPOIIECCHOTO MOIX01a.

[IpormeccHBIN MOAXO TO3BOJISIET BHEAPUTD PSIT TPUHITUIIOB, TIOJIE3HBIX IS IMPOTIECcCca ONMTHMH3AITHH:

— 000 BUJ ACATCIBHOCTU PpAaCCMATPUBACTCA KaK IMPOLECC, TO €CTb COBOKYIMHOCTH CBA3aHHBIX
BUIOOB ACATCIBHOCTH, Hp606p33y}OHII/IX BXOJbI B BBIXObI,

—HAaIIeJICHHOCTDb Ha Pe3yJbTaT;

—Halu4yue UKo, Harpumep, PDCA;

—CBSI3aHHOCTH T10 BXOJ/IaM, BEIXOJIaM, pecypcam;
—paccMOTpeHHe OpPraHu3aIui, KaK eIHHOTO EN0T0;
—HEMPEePBIBHOCTH MTPOILIECCOB U HETIPEPHIBHOCTH YIYUIIIEHUS HX.

IIpuMeHeHne DpPOLECCHOro0 MOAXOAA IPU ONTHMHU3ALMM IIPOLECCA IO3BOJIMUT IONYYUTh Psf
IIPEUMYILECTB, & UMEHHO:

—IO3BOJIUT CO3JaTh ONMCAHUE AEATEIBHOCTH, HA OCHOBE KOTOPOro, MOXHO IO#0o0paTh Haubosee
s¢dexTHBHBIC U Oe30macHble (He HaBpeAAT IPYTHM MPoleccaM) HHCTPYMEHTHI ONITUMH3ALINHY;

—HaXOKACHUE B3aMMOCBSI3eH MEXy MpoIieccaMy, TO3BOJIUT MpoLIe U OBICTpee HAXOIUTh MECTa, B
KOTOPBIX MOKHO COKPATHTh BpeMs Ou3Hec-IpoLecca;

—II03BOJIUT W30€XaTh H3/CPIKEK, CIEAYIONMX W3 HEYYTEHHBIX CBA3€H MEXKIy KOMITIOHEHTaMHU
CHUCTEMBI;

—HEMPEePBIBHO OCYIIECTBISATh ONTHMH3AIMIO, TaK KaK HEMPEPHIBHOCTH JIKUT B OCHOBE 00X
TEXHOJIOTHH.

Taxkum oOpa3om, ObUIH ONpeECNCHbl HE TOJBKO BO3MOXKHOCTh, HO M IOJIE3HO-3()(PEKTHUBHOE
MPUMEHEHHUE MPOIECCHOTO MOX0/a MPU ONTUMHU3AIMK OU3HEC-TIPOIECCOB. DTO aKTyaabHO JUIs JIFOOOH
OpTraHMU3alUY Ha CETOHSIIIHUN JIEHb.
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CPABHUTEJILHBIN AHAJIN3 UCIIOJIb30BAHUS TPEYT OJIbHbIX U
TPAIHEHENIAJIBHBIX YUCEJ B CUCTEMAX HEYETKOU JIOI'MKHU

Canpynos C. O., Exnakos 10. I1., [locyoa A. A.
HannoHanpHBI MCCiIe10BaTENbCKUM TOMCKUI IOCY 1apCTBEHHBIN YHUBEPCUTET,

ToMCKUI YHUBEPCUTET CUCTEM YIPABJICHUS U PAIUOITIECKTPOHUKHU
Saprunov3@mail.ru

C momenTa myOmmkanmu B 1965 romy pa6otet JILA. 3ane [ 1], HeueTKrie MHOXKECTBA HAIILUTH IIUPOKOE
MIPUMEHEHHUE KaK MPH PEIICHUH MPaKTHUECKUX 3ajjad KaK B MIPOM3BOICTBEHHO-TEXHOJIOTHYECKUX TaK U B
COLMANIBHO — SKOHOMHYECKHX crucTeMax. Kaxkas HedeTkas cucreMa o0s3aTeNIbHO BKIIOUaeT B ce0sl OANH
WM HECKOJIBKO YHUBEPCYMOB: HEUETKUX NEPEMEHHbIX U X (PYHKIMH IPUHAIIISKHOCTH HA YHUBEPCYME, a
TaKXKe CHCTEMY HEYeTKHX IpaBWi BBOJa-BbIBoAa. [Ipobimema BbIOOpa KOHKPETHOTO BUAa (QYHKIHMH
MPUHAAJICKHOCTH B CUCTEMaX HEUETKOH JIOTHKH JI0 CHX TOp HE OCTaBIIsieM PaBHOIYITHBIM Pa3pabOoTYMKOB
o BceMy Mupy. Ilo 3ToMy BoIpocy CyIIECTBYIOT pa3iIHUYHbIE MHEHHS, OCHOBAHHBIE KaK HA JIOTHYECKON
apryMeHTalH, TaK U Ha OLIEHKE OCOOEHHOCTE! MPUMEHEHNS B KOHKPETHBIX CUTyauusix. B nanHoi pabore
aBTOPBI CTaBST LENBIO MPOBECTH CPAaBHUTEIBbHBIM aHAIH3 TPEYTOJbHOH M TpamneueuaanbHOW (yHKIUH
MPUHAAJICKHOCTH, KaK Hauboiee 4YacTo WCIONB3yeMbIX MpPHU PEIICHHH MPaKTUYeCKUX 3a/ad.
HccnenoBanusa npoBOIMINCE Ha MIPUMEPE PEIIEHUS TOBOJIBHO M3BECTHOM 3aladyll ONpEAEICHUs pa3Mepa
YaeBbIX O(UIIMAHTY, KOTOpasi CBOAUTCS K TOMY, YTO, UMesl BXOJHBIC TIapaMeTphl «ypOBEHb CEPBHCA» U
«Ka4uecTBO ebl», HEOOX0AUMO OIPEeTUTh BEIXOAHOM MapaMeTp <ypOBEHb YaeBbIX> B AuanazoHe ot 0 10
25% [2].

Heuerkas mepemenHas omwmchiBaeTcst Habopom (o, ¥, A), TOe o - Ha3BaHHE NEpEeMEHHOH, Y -
YHHBEpPCAIbHOE MHOKECTBO (001acTh (), A-HEUETKHE MHOXKECTBA Ha X, OMUCHIBAIOIINE OrpaHUYeHHE (
Ma(X) Ha 3HaueHHE HEYETKOW TMepeMeHHOW ). M QyHKIMHM MPUHAIISKHOCTH ONPEICISIOTCS TPOUKOM
yucen (,0,C) 1 X 3HAUCHHUS B TOUKE X BHIYUCISICTCS COrIACHO BhipakeHusM (1) u (2).

21.]'[5[ TPEYTrOJIbHBIX YHUCEIT I[J]SI TpancuenuaajabHbIX YUCCIT

b—x b-x
1-——,a<x<b 1-——,a<x<b
b-a b-a
X—b Lb<x<c
MF(x) ={1-=—— b<x<c(l) MF(x) = G (2)
c—b* 1- ,c<x<d
0 d-x
0 *
*B ocTampHBIX cITydasx
Bbaza HeueTKMX npaBHI BBOa-BBIBO/IA MIPEICTABIICHA B TAOJIUIIE HIKE.
YpOoBEHB YaeBbIX YpoBeHsb cepBuca
Huzknii Cpennuit Bobicokmnii IIpeBocxomubIit
KauecTtBO Huskoe Huskne yaeBrle | Huskue uaeBbie Cpemnuue gaesble | CpegHue yaeBbie
€Il
Cpennee Huskue yaeBbie | Cpennue uaeBbie | Cpeanue yaeBbie | Beicokue
JaeBbIE
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Bricoxoe Cpennue Cpennue daeBsie | Boicokne Bricokme

YaeBbIe YaeBbIe YaeBbIC
IIpeBocxoanoe | Cpennue Bricokue Bricokue Bricokue
JaeBbIe JaeBbIe JaeBbIe JaeBble

YHUBEpCYMBI U TEPMBI BXOJTHOW TIEPEMEHHON «)POBEHb CePEUCA», I BEIXOIHOW «JaeBbIe)» MPEICTaBIEHBI
COOTBETCTBEHHO Ha PUCYHKax [a-2a 0.4 TpaneueuaalbHbIX Yucel U /6-26 a7l TpeyrodbHbIX Ynced.

puc.la. Bxoonas nepemennas cepguc puc. 16. Bxoonas nepemennas cepsuc

Yoot

meln

— hon oo

puc.2a. Bvixoonas nepemennas uaesvie puc.26. Boixoonas nepemennas uaegule

HccrenoBanne mpoBOAMIOCH ¢ oMoribio 6ubmmoreku SCiKit Fuzzy s sizeika Python[3]. 3anaBas
JUIS KaKIO0M (DYHKIUM TPUHAIICKHOCTH 3HAYEHUS BXOIHBIX ITIEPEMEHHBIX «YPOBEHb CEPBHUCA» W
«KAueCTBO €IbI» IyTEM HX HMKIMYHOro nepebopa B auamnazone [0..10], u ucmonb3ys 06asy mpaBuil
HEYETKOTr0 BBIBOJIA MOJIYYHMM IOJIHBIM HA0Op 3HAYEHHI JIJIS BBIXOJHOM MEPEMEHHOM <00bEM YaeBBIX™>

(puc. 3).
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puc.3. Ipaguk usmenenus 3nauerus 8bIXOOHOU NEPEMEHHOU «0ObeM UAesbiX» U 6PEMEHU GLINOJIHEHUS NPOSPAMM

B PE3YIbTAaTC NMPOBCACHHOI'O0 SKCICPUMEHTA MOXKXHO OTMETUTD, YTO TpalCUCHUAAIIBbHBIC U TPCYTOJIbHBIC
yucijia UMCIOT AOCTAaTOYHO 6J'H/I3KI/IC BBIXOJAHBIC 3HAYCHUA, OAHAKO BPCMsA BBIIIOJIHCHHUSA HNPOIpaMMBI C
WCTIONIb30BAaHUEM TpanenenJalbHbeIxX yrcen ommke Kk 90-100 pe3ynpTaTy U3MepeHni CTAaHOBUTCSI MEHBIIIS
Ha 20%. B cBs3u ¢ yeM uX HCIOIB30BaHKE TO3BOJISIET IPUPOCT B CKOPOCTH BHITIOJTHEHHUS BHIYUCIUTEIHHOTO
0JI0Ka MPOrpaMMbI B COIIOCTAaBUMOM pa3Mmepe 0e3 yiiep0a pe3ynbTaraM BhIYUCICHHUM.
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KAPTA KJIMKOB KAK DJIEMEHT OBHAPYKEHUS BPEJIOHOCHOM
AKTUBHOCTH B CETHU

Yeprawun H. C., I[loeyoa A. A.
ToMmckuii rocy1apCTBEHHBIM YHUBEPCUTET
Nikitos0628@gmail.com

HaHHaH CTaThs MMOCBALLICHA aHAJIN3Yy KapThbl KJIMKOB B KAY€CTBE METOAA 06H&py>¥(eHI/IH HETHUITHIHOMN
" IIOTCHIHUAJIBbHO BpC,Z[OHOCHOﬁ aKTHUBHOCTH B CeTH. B maHHOW cTaThe paccMaTpuBa€TCA aAKTYyaJIbHOCTDH
HCIOJIb30BaHUA OAHHOI0 METOAA, MPOBOAUTCA aHAJIM3 MPUMCHUMOCTHU W BO3MOKHOCTH pCajiv3alliuv, a
TaKK€ ICMOHCTPUPYCTCA OIMMCAHUE U TIPUIIOKEHUE METOA.

Opraam3aiys MOHITOPUHTa aKTHBHOCTH TI0JTE30BaTENICH SIBISICTCS KpaifHe BOCTPeOOBaHHOM TeMO
JUIs TIOCTpoeHus KoprnopatuBHO# cetu. Ilo cratuctuke MB/, 3a cemp mecsnes 2021 roaa npou3omiio
nouTH Ha 16% OoubliIe MpecTyIuIeHui B chepe nHPOPMALMOHHBIX TEXHOJIOTHIA U TEIIEKOMMYHHUKAIUH, YeM
3a ToT e mepuox B 2020 roxy. 3a Hemomsbld 2022 ropa, kaxzaoe 4-¢ HapylIEHUE 3aKOHA TaKkKe
knaccupumpyeTcs Kak kuoepnpecryrieHue [1]. B cBsi3u ¢ 3THM Bompoc 3aIUThl KOPIOPATUBHBIX CETEH
OT aTaKk HaOHMpaeT aKTyalbHOCTh C KaxIbIM rojoM. CorjacHO aHaJ M3y YCIICUIHO MPOBEIEHHBIX aTak, Ha
OCHOBE JAHHBIX M3 OTKPBITBIX MCTOYHHMKOB. Kak MUHUMYM 30% W3 HUX HPOUCXOIWJIA BHYTPU CHCTEMBI
JIOABMHU, HMMEIOIIMMH JOMYCKH K 00XO0qy KOHTYpoB Oe3zomacHocTH. JlaHHBI THUI aTak BO3MOKHO
MPEeJOTBPATUTh IMyTEM NPUMEHEHHsI aJrOpUTMOB M METOIUK, KOTOpbIe OyAyT SBISATHCS MapKepamu
AHOMAJBHOTO TMOBEJEHHUS TMOJb30BaTeNs CeTH. B KauecTBe OJHOrO M3 TaKUX AaJTOPUTMOB aBTOPHI
paccMaTpuBalOT IOCTPOEHHE KapThI KIHKOB.

Jyis paboThl alropuTMa HEOOXOJUMO MPOBECTH CcOOp AaKTHMBHOCTHM TOJb30BaTeis. BXogHBIMU
JAHHBIMH OYJIET SIBISITHCS «KapTa KIMKOBY, OTPAKAIOIIAsl HAXKATUSI KHOTIKU MBIIIH TIOJIb30BATENs Ha BCE
AKTUBHBIE JIEMEHTHI CTPAHUIIBI MM BEO-TIPUIIOKEHNS, TAaKNe KaK KHOTIKH, CTPOKH IS BBOJIA TEKCTA WA
CCBUIKH [2].

3anucaHHbIe JaHHBIC aKTUBHOCTH, HY>KHO IMOABEPIrHYTh IIPOBECTU JUCKPETU3ALUHA C OIIPEACIICHHBIM
BPEMEHHBIM MPOMEXYTKOM. DTO HEOOXOAMMO ajsi Ooyiee TOYHOTO CONOCTABJICHHS AaHAIM3HPYEMbIX
JaHHBIX C JaHHBIMH, OTPAKAIOUIMMH TUIIHYHBIA MAaTTEPH MOBEACHHS MOJIb30BATENS CUCTEMBI. Tak Kak
XapaKTEp NOBECACHHA Pa3HbIX HOHBSOBaTeHeﬁ, a TaK¥XE TUIIbI AKTUBHOCTH BHYTPH CUCTEMbI HCOAHOPOAHBI,
HEOOXOJIUMBII  BpPEMEHHOW MNPOMEXYTOK ONpeAeNsercsl TNPHUHAIJICKHOCTBIO  TONB30BaTeNs K
OIpEAETICHHOM IPyIIE B CHCTEME, a TaK)Ke THUIIOM aKTUBHOCTH, MoABepraeMoi aHanu3y. [Ipeanonaraercs,
YTO ONTHUMAILHBIN OTPE3K JIsA aHalIn3a aKTUBHOCTU HAXOAWUTCA B MHTCPBAJIC OT 7 0 10 MHUHYT B paMKax
OJIHOM CECCUI NPUJIOKEHUS BHYTPEHHEN CETH.

I[anee, AAHHBIC, MOABCPIrHYTBHIC AWCKPCTU3ALWUU NOMIC)KAT CPABHUTCIIBHOMY aHAJIU3Y. I[aHHBIfI
AaHAJIM3 NPOBOAUTCA B [IBa 3Tallad. HepBHﬁ 9Tall — CPaBHCHUC IOJYUYCHHBIX AAHHBIX C MPCAbIAYHIMMU
C€aHCaMHM AaKTHUBHOCTH JaHHOI'O IIOJIb30BaTCIIA. B cIydya€ OTCYTCTBHMA HOaHHBIX O MPCAbIAYHINX
AHAJIOTUYHBIX WJIM CXOXHUX IO MATTCPHY CCAHCOB AKTUBHOCTHU, AJITOPUTM IMPEAIIOIaract UCIojJab30BaHUC
CJICAYIOIICTO 3Tala aHajin3a — CPaBHCHHUC C 00€3TMYECHHBIMH JaHHBIMHA II0JIB30BaTEICH CXOMXKEH I PYNIBL U
nmoaxoaAmuMu COCHApHUAMHN HCIIOJIb30BaHHUA CHUCTCMBI. ﬂaHHBIfI oTall ABJIACTCA OCHOBHBIM, TOI'Ja KakK
aHaJIn3 Hpe)lbmymeﬁ AKTUBHOCTHU OJTHOT'O IOJIL30BATEIIA — YTOYHAOIIM.

Kpurepuem noctaTo4HON «HETUIMMYHOCTHY) aKTUBHOCTH sBJsieTcst 50% (M BbIIE) OTKIOHEHHE OT
CTAH/IapPTHOTO IMATTepHA, COTIACHO KapTe KIMKOB. B ciydae oOHapyKeHHs Takoro poja OTKIOHEHUS —
nH(popMaIus TepeaaeTcs CUCTEMHOMY aJMHHHCTparopy. [laHHBIN 3Tam SBIsieTCs KOHEYHOH TOYKON
anropurMa.
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puc. 1. Cxema pabomul aneopumma anaiusa pe0OHOCHOU AKMUSHOCIMU NPU NOMOWU KAPMblL KIUKOG

Takum 00pa3om, alropuT™ CIIOCOOCH BBHISBIATH AHOMAJIBHYIO aKTUBHOCTh BHYTPH KOPIIOPATHBHOM
cetn. Crour OTMETHUTH, YTO IlaHHI)II\/'I METOJA HE ABIACTCA 3TAJIOHHBIM MW BBIXOJHBIC JaHHBIC HEIIb35
OJHO3HAYHO TPaKTOBAaTh KaK «BPENOHOCHYIO AaKTUBHOCTBH», Hambonbiieli 3¢dexkTuBHOCTH MOMXKHO
JIOCTUTHYTh, WCIIONB3Yys ITOPUTM KaK 4YacTh KOMIUIEKCHON CHCTEMBI OE30IaCHOCTH C IPHMEHEHHEM
ITOPUTMOB MAITMHHOTO 00YYeHHs AJsl cOOpa U aHaIIM3a TaHHbIX [3].

Criucok myOnuKanmii:

[1] Kpamkas xapaxmepucmuxa cocmosnus npecmynnocmu ¢ Poccuiickoti @edepayuu 3a anéaps - cenmsops 2022
200a. // https://meo.pgh/reports/item/33388812/

[2] Weizhi Meng, Fei Fei, Lijun Jiang, Zhe Liu, Chunhua Su & Jinguang Han. // ICT Systems Security and Privacy
Protection

33rd IFIP TC 11 International Conference, SEC 2018). C. 18-32.

[3] Liu H., Lang B. Machine learning and deep learning methods for intrusion detection systems: A survey // Applied
Sciences.2019. 7. 9. A2 20. C. 4396
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MOBWJIBHBIE TEXHOJIOT UM JIJISI JMATHOCTUKU I'TA3HBIX BOJIE3HEN

Bynembaes T. JI., FOpuenxo A. B.2
HanmonaneHbIi HccaenoBaTebCKuii TOMCKHI MOJIUTEXHUIECKHI YHUBEPCUTET,
ToBapuiecTBO orpaHuyeHHON 0TBeTCTBEHHOCTHIO « HHOBanmonHsblii neHTp ARTSCIENCE»

HanmoHabHbIH HcceqoBaTebCKiii TOMCKHIA rOCyJIapCTBEHHBIN Y HUBEPCUTET
2019315@mail.ru

3a mocneaHne HECKOJBKO JIET MPOHM3OLLIM OFPOMHBIE YCIIEXH B 00JAaCTH COTOBBIX Telne(OHOB U
JOpyruX MOOHMIBHBIX TEXHOJOTMYECKUX YCTPOMCTB. Bpaun He JOJDKHBI OCTaThCsl B CTOPOHE B 3TOM
TEXHOJIOTHYECKOM IIPOPBIBE, U B HAIIM JTHU COTOBbIE TeIEe(OHBI HACTO ABJISIOTCS TAKOM K€ CTAHAAPTHOM
BEILBIO JUISl BCEX JIFOJICH, KaK IPaJyCHUK U TOHOMETP [uisi Bpauei. O TaapMoorus He uckimoueHune|5).

Ha 6a3ze cmapTdoHOB mpemiaraioT psij Tak Ha3bIBA€MbIX MEAMLIMHCKHX U OPTaIbMOJIOTHYECKUX
«TIPUIIOKEHUI», U UX UCTIONB30BaHUE OyAeT UCCIeJ0BaHO B 3TOM 0030pe. bbl mpoBeieH HHTEpHET-aHAIN3
IUISL BBISIBJICHUS TOCTYNHBIX MEAWLMHCKHUX «IPWIOKEHUI» W OLEHKH MX HCIOJIb30BaHMA. [lonckoBbIe
CHCTEMBI, BeO-CalThl pa3pab0TUYNKOB M HHTEPHET-Mara3uHbl CKAHUPOBAIUCH O KIIFOUYEBBIM CJIOBAM, TAKUM
KaK: «CMapTHOH», «METULNHCKUE TPUIOKEHHU» U IIPOBepKa 3peHus». «Ilpunoxenus» ObLIM OLEHEHBI
Ha IpeaMeT yAoOCTBa UCIOJIB30BaHUS M C COOTBETCTBYIOIIMMHM OITyOJIMKOBaHHBIMU OT3bIBaMH. Kpome
TOTO, B XOJ€ MEXIYHApOIHOT0 OMpoca O(TAIbLMOJIOIOB OBLIM 3aJlaHbl BOMPOCHI 00 HWCIOJIb30BaHUH
cMapTQoHa ¥ IPENOYTCHUSX B «IPUIIOKEHHUSIX». BBIUTH peANPHHSATHI IPSAMBIE 3aMIPOCH K pa3padoTUHKaM
mo wu30paHHBIM MHOTIOOOCINAIOIIMM HOBBIM «IPWIOKEHUsIM». bonee 70 wuneHTH(UIMPOBAHHBIX
HCCIIEIOBAHHBIX «TIPHJIOKECHUI OBLIM pa3fielieHbl Ha pa3inyHble KaTeropun: A) (GyHKIMs MpoBepkH, b)
¢doro- u Buaeozanucu, B) kabuner, I') o0yueHue namueHToB 1 MHGOPMHUPOBAHHOE corjiacue, a Takxke Jl)
(YHKIMHU JONOJTHUTEFHOTO MEAULIMHCKOrO 00pa30BaHMs M MOUCK JUTepaTypsl. ONpoc Ompenenn, 9To
iPhone siBsieTcs caMbIM MOMYJISIPHBIM CMapT(HOHOM CPEU ONPOIISHHBIX 0()TAIIEMOIIOTOB BO BCEM MHUPE.
MHorue nonyisipHble «IPHIOKEHHSD CTalld JOCTYIHBI TOJIBKO HENABHO U, CIIEOBATEIbHO, YaCTHYHO
CTpajialoT HEKOTOPBIMH NepBOHAYATIbHBIMU TEXHUYECKUMHU npobieMam. Hexortopsie
0(TanbMOJIOrMYECKHE «IIPUIIOKEHUSD) OUEHb IOJIE3HBI B OTJEJIEHUH HEOTJIOKHON TIOMOIIM WUIIM BO BpEMsI
KOHCYJIbTaIii. TOJIEKO HECKOIBKO IIPHIIOKEHUI» ObUTH 0J00pEHBI B KAU€CTBE MEAUIIMHCKHUX MTPOIYKTOB
Y MTOTOMY HE MOTYT 3aMEHHTB MOJTHOE O TaIbMOJIoOTHUECKOE oOcieioBaHme. PacTyiiee pacnpocTpaneHune
IPWIOKEHUI» Ui cMapTGOHOB B OQPTAIBMOJIOIUM MOXKET IOTEHLUHAIBbHO OOJEerduTh JIeUCHHE
MAIMEHTOB, YIIpaBJIeHNE JaHHBIMH 1 oOuieHue. /) oOyueHne naiueHToB 1 HHPOPMUPOBAHHOE COTJIACHE,
a Taxke E) pyHKIMM HENMpepbIBHOTO METUIIMHCKOTO 00pa30BaHMs U TOUCK TUTEPaTyphl. [2] B cnegyromem
nccinenopannii Jay Chhablani ¢ coaBT. [4] BeIAETIIN ClIEAYIONNE OCHOBHEIE HATIPABIICHUSI UCTIOIB3YEeMbIX
0(TanbMOJIOrMUECKUX MPOrpPaMM: TECTUPOBAHUE (KOMIUIEKC MHCTPYMEHTOB KIMHHUKO-(YHKINOHAIBHON
OLIEHKH), 00pa30BaHWE Bpauya M MalueHTa (CXeMbI, BHIEOMaTepHalbl, Pe3yIbTaThl paHIOMU3UPOBAHHBIX
WCCIIE/IOBAaHNH U T.11.), pabouyrie HHCTPYMEHTHI Bpaya (CTaHIApThI, KiacCU(DUKAIMY | T.I1.) U Pa3InvHbIC
KaJIbKYJISITOPHI.

CornacHo omnpocy, npoeneHHoMy American Society of Cataract and Refractive Surgery B 2014 r.,
83% odTanpMoNIOroB MCMONB3YIOT cMapTQOHBI WM BeO-coBMecTHMBbIe ycTpolcTtBa [3]. [lo maHHBIM
Manhattan Research [6] 6onee 20% MeIUKOB HHTETPUPOBATIH M IPUMEHSIIOT IIATGOPMBI JJ1s1 6€30MaCHOTO
oOMeHa COOOMIEHUSIMA C Lenblo oOmeHust co cBouMu OonbHBIMH. bonmee 20% Bpauel ynaneHHO
OTCJIC)KHMBAIOT COCTOSIHHE 3JI0POBbsI MAIIMEHTOB, IPH 3TOM B CPEJHEM B MECSI] OJIUH CIIEIHAIHCT TAKUM
CHOCO0OOM CJIEIUT 3a caMO4yBCTBHEM 22 oOparuBLIMXcs 3a nmomomsio. Mccnenosanue Taking the Pulse,
npoBeneHHoe B 2014 r., mokaspiBaer, uto 40% Bpaueil yBepeHbI, YTO HCIOJb30BaHUE LUPPOBBIX
TEXHOJIOTHH JIJISl OTCIICKUBAHUS COCTOSHHS 37I0POBBSI MAIIMEHTOB M KOMMYHHKAIIMU C HUMH TIPUBEIET K
VIIy4IIEHUIO MTOKa3aTelel 310pOBbs HaceleHus. [[puMepHO CTOJIBKO JKe ONPOIIEHHBIX TAKXKe 3asSBHIIIH, YTO
OHH HCIIOJIB3YIOT TAKHE YCTPOMCTBA I OOIEHHSI CO CBOUMH OOJBHBIMH.

103



30

25

10

- H e 2 I
o e

1 2 3 ' 5 6 7 8 9 10

puc. 1. Beposimnocms Uchoib306aHUsL REPCOHATILHO20 MOOUILHO20 npunodcenus no 10-6ainsnou wikaie [1]

Ilo pesynbraTam ompoca 89,3% Bpaueii sxenanu Obl UMETh MOOMIIBHOE MPHUIIOKEHHUE, TTO3BOJISIONIEE
KOHTPOJIMPOBATH MIPOLIECC TUATHOCTHYECKOI0 OCMOTPa U IIOCTaHOBKH AMArHo3a, 89,5% — ¢ uapopmarment
0 AaKTyalbHBIX 0Opa3oBaTeNbHBIX Hporpammax, 92,9% — c oOpasoBatenbHON wHHpOpManuen s
MaIueHToB, 84,9% — ¢ HabOPOM AMArHOCTUYECKUX TECTOB JJIs OIICHKHM COCTOSIHUS 3/I0OPOBBS MAllMECHTA 32
npenenamMu pabodero kaOuHera (IpH YCIOBHUHM, 4YTO OHM HPEAYCMOTPEHbI Ul CIEHUAIbHOCTH
pEeCIOH/IeHTA).

BI/I3yaJII>HI)Ie MPOABJICHUSA ABJIAIOTCA MEPBOCTCICHHBIMU B JUATHOCTUKES U MOHUTOPHUHIC I'Ia3HBIX
3a0osieBaHui, UX (OTO- W/MIM BUICOPETUCTPAIUS SBISCTCS MOIIHBIM JIOTIOJIHEHUEM K KIMHUYECKOU
JOKYMEHTAIMHU U [IPOA0JDKAET OCTABAThCs BaXKHBIM 3JIEMEHTOM KIMHUYECKOH 1 Hay4YHON 0()TaIbMOJIOTHH.
O[IHaKO IMOJTY4YCHUC KAYCCTBCHHBIX CHHMKOB 0e3 HCIOJIL30BaHMS JOIIOJTHUTCIIBHOI'O 060py11013aH1/1;1
MpEeroNaraeT BHICOKYIO BEPOATHOCTh MOJYYEHHUS MaTepuaja C HyJIeBOH WHPOpMaTHBHOCTHIO. [liist
MOJyYEeHUS! Ka4eCTBEHHBIX CHMMKOB C IIOMOIIBIO CMapT(oHa ClenyeT MMETh CIELHaIbHbIM agamnrtep,
KOTOPBIM CO3/a€T ONTHMAJIbHBIE YCIOBHUS ChEMKH — HCKIIIOYAeT IPOKaHUs PyK Mpu padoTe C LieneBon
JaMIioi, obecrieynBaeT JOMOIHUTENFHOE OCBEIICEHUE C BO3MOXKHOCTBHIO KPETUICHHS IUPOKOYTOIbHBIX
JIMH3 IS OCMOTpa TIIa3Horo JHa U ap. Ha ceroans paspabotano nopsaka 40 BUIOB aJanTepoB, KaxIbli
13 KOTOPBIX HUMEET CBOU NPEUMYILECTBA U SBHbIE HEIOCTATKH.

Mo ananuzy mmatdopmer AppStore u GooglePlay BrisBiIeHBI ClieTyONIHE TOMYIISPHBIE TIPHITOKEHS
JUTS TIPOBEPKH 3peHHMs, (OTO CHEMKH TJIa3a U JUArHOCTHKH 3a00JIeBaHMi:

Smart Optometry- Eye test
EyeCos EYE Selfie
IIposepka 3penus

Eye Handbook

iKymucr

Optometry eye

AHanM3  MHUPOBOW  JIUTEpaTyphl  JEMOHCTPHPYET  BBICOKMH  HMHTEpeC  3apyOeKHOro
0 TATELMOJIOTHYECKOTO COO0IeCTBa K MOOMIBHBIM TEXHOJIOTHSIM, CIIOCOOHBIM 3HAYUTENILHO PACIIUPHUTh
BO3MOXKHOCTH IPAKTHUECKOH JeATSIIbHOCTH Bpada-o(raabMosiora. Pe3ynbraTel MPOBEACHHBIX B paMKax
JAHHOW paboOTHl OMPOCOB JAEMOHCTPUPYIOT BBICOKHH HWHTEpEC K MOOWIBHBIM TEXHOJIOTHSIM |
NPEACTABUTENSIMU OTEYECTBEHHOW MEIULMHBI, YTO AaKTyaJU3UpPyeT AaKTUBHOE H3yUYECHHE JaHHOTO
HaIpaBlieHUs, pa3pabOTKy M COBEPIIEHCTBOBAHUE MPOTPAMMHOIO 00ECHEeYeHUs U KOMIUICKTYIONINX K
WCTIONB3YEMBIM MOOWJIBHBIM yCTPONCTBAM C IIENBIO YIYYIICHUS KadecTBa OKa3aHUS MEIUITMHCKOM
MIOMOIIIH.
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Hcceneoosanue svinonneno 3a cuem epanma Poccuiickoeo nayunozo gponoa Ne 22-19-00389,
https://rscf.ru/project/22-19-00389/
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ONTUYECKHUW METO/I U3MEPEHUSA KOHIIEHTPAIIMU I'TIOKO36I B
BUOJOI'MYECKUX KUIAKOCTAX

JKexcenbaes E. K.}, Opuenko A. B.?
'Hanuonaneusrii necnenobarensckuii TOMCKHI TONMHTEXHUYECKHH YHHBEPCUTET

HanmoHabHbIH HcceqoBaTebCKiii TOMCKHIA rOCyJIapCTBEHHBIN Y HUBEPCUTET
2774547 @mail.ru

CaxapHplii aua0eT BXOAWT B TPOHKYy 3aboneBaHMid, HamOoJiee YacTO MPUBOISAIIMX K
WHBaJIMIU3aIMU HaceleHUus U cMepTu. CrocoO6oM OOphObI C OOJIE3HBIO SABISCTCS COOJIOJCHUE CTPOrOn
JUETHl C MOCTOSIHHBIM CaMOCTOSITETIbHBIM KOHTPOJIEM YPOBHS IJIIOKO3bI B KpoBU. OHAKO, COBPEMEHHBIE
WHBa3UBHBIE TJIIOKOMETPHl O0NaJaloT PSAOM HEAOCTATKOB, TAKMX Kak: OOJIE3HEHHOCTh MPOLENypHI
MpoKoJia Tajblla, OMAacHOCTh MOMaJaHvs WHPEKIMH NpU NPOBEIEHHH IMPOLEAyphl B HECTEPHIIBHBIX
YCIIOBHAX, a TAaKKE BBICOKAas CTOMMOCTb PAacXOJHBIX MaTepHajoB. Bce 3TH HEZOCTaTKU NpPUBENU K
HE00X0JMMOCTH pa3pabOTKH HOBOTO THIIA TIIFOKOMETPOB, KOTOPHIM He OyaeT TpeboBaThCs 0Opasel KpoBU
JUIL ONpeZAeICHUs YPOBHA TJIOKO3bl. JlaHHBIA THUN TPUOOPOB MONY4YMSI HAa3BaHUEC HEHMHBA3HWBHBIN
rimokomerp. Hanbonee n3BecTHHIMH HEMHBA3UBHBIMH METOJAMH M3MEPEHHUS! YPOBHS TJIIOKO3bl B KPOBU
SIBIISIIOTCS: PaMaHOBCKasl CIIEKTPOCKOIUS, HMMIICAAHCHAs CIIEKTPOCKONMs, ONMMxHsIA HH(paKpacHas
CHEKTPOCKOMHS, POTOAKYCTUIECKAS CIIEKTPOCKOIINS U Apyrue. PamaHnoBckas criekTpockonus [ 1] ocHoBaHa
HAa UW3MEPEHHH paccesHHOTO cBeTa. lIMmenaHcHas CIIEKTPOCKONHUS OCHOBAaHHAas Ha HM3MEpPEHHU
COIIPOTHBIICHUSI MPH W3MEHEHUH 4YacTOThl WM3TydeHus. s u3MepeHus: ypoBHs TIIIOKO3bI HEOOXOIMMO
HECKOJIbKUX JAaTYMKOB PACIIONIOKEHHBIX B 00JaCcTH BeH Ha pykax 4enoBeka [2]. buwkuss undpakpacHas
CIEKTPOCKOIIHSI OCHOBaHA Ha Mepeaaye OImKHEro HHPPaKpacHOTO H3ITyUSHHS Yepe3 COCYAUCTYIO 001acTh
Tena (manen, MOYkKa yxa M T. I.). Ilpm 3TOM KOHLIEHTpamus IJIIOKO3bl PACCUUTBHIBACTCA Ha OCHOBE
MIOJTy9eHHOW cieKTpanbHO nHpopMaruu [3]. Bce namepenns B OrkHeH HHOpaKpacHOHN CIEKTPOCKOIHN
OCHOBaHBI Ha TPOXOXKACHHUHM CBETOBOTO M3IyYSHHs UYepe3 MM BIyOb o0pasia M HM3MEPEHHUH
WHTEHCUBHOCTH (TIPOILIEALIET0 WM OTPaXeHHOro) jyda. CHekTpoMeTpsl Uil M3MEpPEeHUH B ONKHEn
WH(PAKPACHONW CHEKTPOCKONHUH MMEIOT MOJXOISIIMN MCTOYHHMK CBETa (TaKOW KaK BBICOKOCTAOMIIbHAS
KBapIleBO-BOJIb()paMoBasi J1aMIia), MOHOXpoOMaTop Wiu wuHTepdepomerp W JeTekTop. OOBIYHBIC
MOHOXPOMATOPHI IPEJICTABISIOT COO0H aKyCTOONTHYECKHE MTepecTpanBaeMbie PUILTPHI, AU(QPAKIIMOHHbIC
pemeTky uiau npusMbl. CHEKTPOCKONHS B cpelHel MH(paKpacHOW 001acTH OCHOBaHA Ha MOTJIOLICHUU
CBETa MOJICKYJIaMH TJIFOKO3bI [4].

Bru1o mpoBesieHo onpe/ieneHue MOrIONEHHsT pacTBOPA IIIOKO3bI B OMANCTHILIMPOBaHHOM Bojie 20
MMOJB/IUTP, 10 MMoab/uTp, 5 MMONb/muTp 1 0 MMoJb/nmuTp. KoHUEHTpanms pacTBOpOB BeIOHpaeTcs
TaKUM 00pa3oM, YTOOBI 3HAUEHHUE TNIOTHOCTH HAa MAKCUMYME TI0JIOCHI ITOMa1aJI0 B ONITUMAaJIbHBIN AUana3oH
(dotomeTpryeckux uamepenuii (0,3-1,5 onTuueckoi WIOTHOCTH). PacTBOpPhI TOTOBAT B MEPHBIX KOJI0aX B
COOTBETCTBMU C TOYHBIM BecoM oOpasua. s crammaptubix kroser (I = 1 cM) u 3Hauenwmit e=103-10*
OOBIYHBIE KOHIIEHTPAIME PACTBOPOB COCTABAT Topsiaka 1072 Moyb/i.

B pesynpTaTtax n3MepeHHs MOTy4YeHBI MOTJIOMIEHHS PACTBOPOB IIIOKO3BI B uana3onax ¢ 190 mo
1,000 M, ¢ 190 mo 450 umM u ¢ 600 mo 1,000 mm. Ilpum mpoBemeHUM cepur H3MEPEHUIl CIEKTPOB
MOTJIOIICHNUSI HA PAaCTBOPax TJIIOKO3bl BBISBICHA 3aBHCHMOCTb YPOBHS IOIJIOLICHUS Ha JUIMHE BOJIHBI
825.5uM (nmk 3) Ha BceX OCTalbHBIX MHMKax M3MEHEeHusl He oOHapykeHbl. Ha pucynke 1. mpencraBieHo
W3MEHEHUS CIIEKTpPa MOTJIOMICHHS TP M3MEHEHHSI KOHIIEHTPAIUH TIIOKO3bl. BUITHO 9TO ¢ yBeTHUeHHEM
KOHIIEHTPALMH TIFOKO3bI YBEJIIMUNBACTCSA YPOBEHD MOTJIOICHHS.
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Pucynox 1. Cnexmpul noenowenus pacmeopos ¢ KOHYeHmpayusamu 2uoko3svt ) Mmons/mump,

mmonv/mump, 10 mmonv/nump, 20 mmons/mump

B Tabnuue 1. mpencraBieHsl pe3ysibTaThl ONTHYECKUX U3MEPEHUI yPOBHS MOIJIOLICHHUS HA IIUKAX

rroK036! (3) 1 Bogel (1). BEISBIGHHBIH MUK MOTIOMICHHUS TIIOKO3BI MIO3BOJIAI MPOBECTH HCCIIETOBAHUS

YPOBHA HOTJIOIIECHUSA B pPaCTBOpAxX TIJIFOKO3bI TEX XKC KOH]_[CHTpa]_[I/Iﬁ nmpu 06Hy‘-ICHI/II/I MOHOXPOMHBIC

CBETOIUOJIOM C JUTHHOM BOJHBI 8§30 HM (4TO HEOOXOIUMO TS CO3JaH¥SI TOPTATUBHOTO H3MEPUTEIS YPOBHS

TJTFOKO36I).
IeHTpalws 0 5 10 20
[Tpubop
Jnna MMOJIB/JTUTP | MMOJIB/JIUTP | MMOJIB/JIUTP | MMOJIb/IUTP
BOJIHBI, HM
C
BelT/‘:H“‘”‘ 825,5 0,036 0,037 0,053 0,067
0
Crnextpo- 976 0,247 0,255 0,255 0,255
doromerp 825,5 0,033 0,035 0,039 0,052

Cnmcok myOnuKanmit:
[1] Forst T. et al. Impact of environmental temperature on skin thickness and microvascular blood flow in subjects
with and without diabetes //Diabetes Technology & Therapeutics. — 2006. — 7. 8. — M. 1. — C. 94-101.

[2] Caduff A. et al. First human experiments with a novel non-invasive, non-optical continuous glucose monitoring
system //Biosensors and Bioelectronics. — 2003. — 7. 19. — M. 3. — C. 209-217.
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Hccredosanue svinoaneno 3a cuem epanma Poccutickoeo nayunozo ¢onoa Ne 22-19-00389,
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[3] Khalil O. S. Spectroscopic and clinical aspects of honinvasive glucose measurements //Clinical chemistry. —1999.

—T 45 —Ne. 2. — C. 165-177.
[4] Roychoudhury P., Harvey L. M., McNeil B. At-line monitoring of ammonium, glucose, methyl oleate and biomass

in a complex antibiotic fermentation process using attenuated total reflectance-mid-infrared (ATR-MIR) spectroscopy
/[Analytica chimica acta. — 2006. — T. 561. — Ne. 1-2. — C. 218-224.

108



HNEPEMEINEHUE BECITMJIOTHOI'O JIETATEJIBHOTI'O AIIITAPATA K HEJIHX I10
ONTUMAJIbHON TPAEKTOPUHM B TPEXMEPHOM ITPOCTPAHCTBE

Tyyan B. A.

HannoHaneHbI HcciieoBaTenbCkuii TOMCKUI TOCY 1apCTBEHHbBIN YHUBEPCUTET
Vadya0994@mail.ru

CoBpeMeHHbIE MOOMIIBHBIE POOOTHI CIIOCOOHBI BHITIOHATH HE TOJIHKO KOMAaH/bI, TIOCTYTIAIOIINE U3
LIEHTpa yIPaBJICHUS, PETIIAMCHTUPYIOIINE MapaMeTPhl JBIKEHUS (a3UMYT, CKOPOCTh, YCKOPEHHUE), HO U
CaMOCTOSITEIHHO IJIAHUPOBATH TPASKTOPHUIO TIOCTUKCHHS 1CJIEBOTO COCTOSHYSI, YYUTHIBAst HEOOXOIUMOCTh
Take pemarh 3amaadn o0xoma mpermsaTcTBui. [Ipu 3ToM opueHTaIs B TMPOCTPAHCTBE OOECIICUHBACTCS
HaBUTAIMOHHOW cucteMoi, ucnonb3yromeid GPS/TJIOHACC, nomoiHEHHOH CpeACTBaAMH CHUCTEMBI
OPUCHTAIINU: TEXHUYECKOTO 3PCHHS, NATbHOMEPOM, HH(PpaKpacHBIMHU AaTyukamMu U T.1. COBOKYITHOCTh
3TUX CPENCTB 00eCreunBacT MOOMIBHBIA POOOT JOCTATOYHO OOBEKTUBHOW WHGOpPMAIHEH O TeKyIeM
MECTOHAXOX/IeHUH. J{oCTIKEeHHE [IENeBOT0 TIOJ0KEHHSI OCYIIECTBIISIETCS IO HEKOTOPOH TPAaeKTOPHH, IS
MPEIBAPUTEIHLHOIO TUIAHUPOBAHUS KOTOPOU Heo0XoauMa HH(GOPMAITU O BHEIITHEH Cpelie -IPOCTPaHCTBE,
B KOTOPOM OyJIET TPOU3BOAUTRCS IBIKEHHE. DTH CBEICHUS JOCTABISET KapTa MECTHOCTH, KOTOPasi MOXKET
OBITh TIONMy4YeHA W3 PA3IMYHBIX MCTOYHWKOB. OMHAKO Takas KapTa HE MOXKET YYWTHIBATH BO3MOJXKHEIE
M3MEHEHUs, 00YCJIOBJICHHBIC TMEPEeMEIICHUEM MOOWIIBHBIX YCTPOMCTB (TPaHCIIOPT, JIFOJN), MPUPOIHBIX
SIBJICHUH (OCa/IKK), aHTPOTIOI'€HHOTO BO3JICHCTBUS Ha JaHAMA(T, CE30HHBIX U3MEHEHHU MPHUPOJBLI H .
Tem He MeHee oOIee MpenCTaBICHWE O MECTHOCTH, JOCTaBISIEMOE KapTOW, BIIOJIHE ITOCTATOYHOE, IS
OCYIIECTBJIECHHS, 0000IIEHHOT O (IIpeIBapUTEIHHOI0) MIIaHUPOBAHUS TPAEKTOPUU ABMKEHUS.

J1ist IaHupOBaHMS TPACKTOPUH TOJIETa Ha OCHOBE MOJTyYSHHOW KapThl MECTHOCTH HPEATIONaracTcs
MIOCTPOCHNE TPEXMEPHOIO MacCHUBa Pa3MEPHOCTHIO N, 3anoiMHeHHOro 3HaueHusaMu 0 u 1, rae 0 - sBasercs
CcBOOOIHBIM IyTeM, 1 - mpensTcTBueM. Ha ocHOBE HOIy4eHHOrO MacCHBa BBIIOIHSAETCS BBIYNCIICHHUE
ONITUMAJILHOM TPaeKTOPUH MOJIETa, C yYETOM 00X0/1a MPENSTCTBUI U yUUTHIBAIOIIECH PU3NUECKIE pa3Mephl
JIETaTeNILHOTO anmapara JJisl PeooIeHUs] HanboJiee CIOKHBIX MpensSTcTBUH. Huke mpuBenen npumep
MOCTPOCHHOM TpaekTopuu [y peanusauny gJaHHOW 3a7auyl UCIIONb3yeTCs anroput™ A*. A* momaroso
MPOCMAaTPHUBAET BCE MyTH, BEAYIIIHNE OT Ha4YaJIbHOM BEPIIMHBI B KOHEUHYIO0, [TOKA HE HAUAET MUHUMAaJbHBIH.
B Hauane paboTBl MPOCMATPHUBAIOTCS Y3JIbI, CMEKHBIE C HAYAILHBIM; BHIOMPAETCS TOT U3 HHUX, KOTOPBIHA
nMeeT MUHHUMalIbHOE 3HaueHue f(X), mocje 4ero 3ToT y3en packpeiBaercs. Ha kaxzmom sTame anroputm
OTIEPUPYET C MHOXKECTBOM IMYyTEH M3 HAYAIbHOM TOUKU JO BCEX €I HE PACKPBITHIX (JIMCTOBBIX) BEPIIMH
rpaga — MHOXKECTBOM YaCTHBIX pEIIEHWH, — KOTOpOE pa3MellaeTcs B OYepeld C MPUOPHUTETOM.
[Mpuoputet myTH onpeenseTcs no 3HadeHuo f(x) = g(x) + h(x). AnmropuT™ npoaoKaeT CBO padboTy 10
TeX TOp, MoKa 3HaYeHue f(X) 1eneBoi BepIINHbI HE OKKETCS] MEHBILIUM, YeM JIF000€ 3HaUeHHE B 0Yepe.IH,
mbo moka BcE nepeBo He OymeT mpocMoTpeHo. M3 MHOkecTBa pelleHWi BhIOMpaeTcs pelieHue C
HauMeHbIIeH crouMocThio. Ha puc. 1 mpuBeneH mpumep pesysbTaTa MOAEIHPOBAaHUS MOCTPOCHHOU
TPAaeKTOPUHM OT TEKYLIEro TIOJIOKEHU OOBEKTa OO 3aJaHHOW LENH B TPEXMEPHOM IPOCTPAHCTBE
peann30oBaHHBIN B cpeae MatLab.
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Model A star by Gucal Vadim

0s X

puc. 1 IIpumep pesynomama mooeauposanuss NOCMpoenus mpaekmopuu

[Tocne pacuera KOOpAMHAT TOYEK, AJIS MPOXOXKACHUS ONTHUMAIBHOW TPAEKTOPHH MpPU TOMOIIU
JaHHBIX C THUPOCKOIHMYECKOrO JaT4MKa, KOTOPbIM HM3MepsSeT Yrojl IOBOPOTa YCTPOWCTBA,
HCTIOJHUTEIbHBIMA MEXaHU3MaMH JICTATEJILHOTO allapara BbIpabaThIBAIOTCS ONPEAETICHHBIC BO3ACHCTBHS
JUTSL TIPOXOXKIEHUS. KOOPIAMHAT TOUEK, U3 KOTOPBIX COCTOUT ONTHMAaJIbHAs TPACKTOPHSI MOJIETa.

Cro>XHOCTh JAaHHOM 3aJaud TPOSBIACTCA B TOM, YTO 3aJaHHAs IENb SIBJSICTCS JBIDKYIITUMCS
JIETAFOINUM O0BEKTOM, U JIJISl 3TOTO Heo0X0oauM 3 (HEeKTUBHO OBICTPBIN MIEpecdeT 3aJaHHONH ONITUMATBHOMN
TpaekTopu M 3(PQeKkTUBHO OBICTpasi peaklusi HUCIOJHUTEIbHBIX MEXaHHU3MOB [UIS TOCTOSIHHOTO
MPHUOJIVDKEHUS K JIBHKYIICHCS LIEIH.
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mexHonozuueckumu npoyeccamu. Aesmomempus. 2005. T. 41. Ne 4. C. 104-113.

[4] Lluonosckuii C.B., Cuipsamxun B.U., Illuonoeckuii B.C // Ilepecmpausaemvle svluuciumenvHvie cpeobl 6
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CO3JAHME INIEPECTPAUBAEMBIX BBIYUCJIUTEJIBHBIX CPEJ AJISA
MOBUWJIBHBIX POBOTOB B 2D, 3D CPEJIE

Hazyen Yane Xoane Txyu “?, IlTuonosckuii C. B.Y, Heyen Kvione Txe'?
'Hanmonanbuelii nccnenosarenbekuii TOMCKHIA TOCYIaPCTBEHHbIH YHHBEPCHTET

’BpeTHaMCKHil MOPCKO# YHUBepcuTeT, XaiidhoH, BeeTHam
E-mail: trangnht@vimaru.edu.vn

AnnoTauus: HaBuranmonsslii po6oT — 3T0 poOOT, HCTIONB3YIOMNI TEXHOIOTHIO AJIS1 yIIPaBIeHUS
JBIDKEHHEM U TUTaHUPOBAHUS PaOOTHl. DTa TEXHOJOTHS ONpeAessieT, KaKk JBUTraThCs, WACHTH(PHUINPOBATH
U IUTaHUpOBaTh paboTy poOoTa, ajanTUPYsACh K BHELIHEH Cpeae, M SBISETCS aBTOHOMHO -
WHTEJUIEKTYanbHBIM po00oTOM. KOHCTpyKIMS 3THX POOOTOB AOBOJBHO CIIOXKHA, TpeOys pacCMOTpPEHHMS
COOTBETCTBYIOIIMX METOJOB U TexHoinoruil. B obmem, mpu co3gaHuuM poOOTOB COCPENOTOYBTECH HA
0a30BO¥ 001aCcTH, 3aKITFOYAIOMIEICS B TOM, YTOOBI MPENJIOKUTh aJTOPUTMBI HITH CIIEHApUH pabOThI A
POOOTOB 1 MOAXOAAIINE MOJEIIH anlapaTHON apXUTEKTyphl U1t podoToB. HaBuranus po60oToB He sBisieTCA
HUCKIIFOYCHUEM, aJITOPUTM HaBUT'allUU IJIs pO6OTOB CUYUTAETCS OCHOBOM AJI TIOCTPOCHUA ABMKYIINUXCA KapT
s pobotoB B 2D um 3D mpocrtpanctse. [lapamrenpHo OyaeT ymomsiHyTa Tpejjiaraemas ammaparHas
cucTeMa, OCHOBAaHHAs Ha IEPECTPaNBACMbIX BBIYUCIHMTEIBHBIX apXUTEKTypax. JTa CTaThsl MOCBALICHA
CO3JIaHHIO TIEPECTPaNBAEMBIX BHIYHUCIICHHUH ISl TOCTPOCHUS KaPThI TOr0, Kak po0OoT mepemeriaetcs B 2D u
3D mpocTpaHcTBe.

[ToBeneHne HaBUTAIIMIOHHOTO POOOTA HACTPAUBAETCS B 3aBUCHMOCTH OT OKPYIKAIOIIEH CPeJIb, CBSI3b
MEXJIy CTPYKTYpaMU CIeIU(UUHA JUIS KaXKI0T0 MECTOIOJIOKEHUS U COOTBETCTRYIOIIEE IBHKCHUE poOOTa
SIBJIICTCSL JOCTATOYHO THOKMM, TPEOYIONUM THOKOrO ammapaTHOr0 MEXaHW3Ma YIpaBiICHUS PoOOTOM,
TOTJ]a BOBMOXKHBIM PEIIEHUEeM SBIISIETCS MepecTpanBacMoe BBIUUCIUTENbHOE MpuiiokeHue. C moaIxoaoM
WCTIONTF30BaHUS JIA3€PHON TEXHOJIOTHH B HABUTAIMU M MEPECTPAMBAEMON BBIYMCIUTEIFHOW MOJENH IS
yhpasieHust padoToi poboTta mporecc 00paboTku MHPOpMAMKU OYJIET OCYIIECTBIATECS B 7 OCHOBHBIX
3TamoB: CTPYKTYPUPOBaHHE pPAa0OTHI pPoOOTa MO JIOTUYECKHM (YHKIUSAM, IOCTPOEHUE (YHKIUH,
MIPENICTABIISIFOIIEH KOPPETSIINIO BBOJIA / BRIBO/IA, CTPYKTYPHPOBaHHUE (DYHKITHI 110 OCHOBHBIM JIOTHYECKAM
anementam U, WJIU, HET, co3manue mpocTpaHCTBAa aKTHUBHBIX COCTOSIHHM 17t poOOTa, CO3JaHue
nepecTpanBaeMoil BerauciInTensHON cpenpl — [IBC mist pobotoB. M mocneanuii mar — 3T0 MOCTPOCHUE
KapThI.

OOmas cpexga awkeHHus poOota o0bruHO mpexacraBieHa B 2D u 3D mpocrpanctee. B 2D
npoctpancTBe (koopauHatel OXy) (puc.l), podoT MOKET IBUTAThCS B 4 HANTPABJICHUSAX B 3aBUCUMOCTH OT
MOJIOKEHHUS IPETSTCTBUM BOKPYT Hero. Ciie10BaTelbHO, MOXKHO pa30HUTh 3TO MPOCTPAHCTBO Ha 2-MEpHBIE
MaTpHIb! (M X 1), TOrAa pa3Mep K101 ssueK B MaTpHile OyIeT COOTBETCTBOBATh pazmepy podora. [lpu
WCTIONIB30BAaHAM  METOJIa  CTPYKTYPHPOBaHHUS  KaKaas JBIXKYIIAscs TO3UIMA pobora  Oyzaer
cTpyKkTypupoBaHa jorudeckumu ¢yukmusmu (M, UJIW, HE) ¢ xoppensuueli BXOJHBIX M BBIXOJHBIX
JMaHHBIX (YHKIUH, 3aJaHHON TeKylleHd MOo3WIuedl W clenyromeil mo3umuei podora. PaccmarpuBas
BO3MOJKHBIE TOJIOKEHUS] U IBIKEHHSI po0OTa, yCTaHABIMBAeTCS HAOOp 3JIEMEHTApHBIX BBIYHCICHUH, C
MTOMOMIBI0 KOTOPBIX OYyJIET MOCTPOEHO MPOCTPAHCTBO COCTOAHWH poOorta. Co3naHue MepecTpanBaeMbIX
BBIUYUCICHUHA — 3TO MO CYTH, OOBEIMHEHHE AaBTOMAaTOB Ha (M3MYECKOM YPOBHE NPH PACCMOTPEHHU
KOPPEISIIMKA MEXAY BXOJIOM U BBIXOJOM Ka)KJ0Tr0 aBTOMAaTa U KOPPEISIIMHA MEXIy aBTOMaTaMH, Ka)k bl
W3 KOTOPBIX AEWCTBYEeT Kak 3JieMeHTapHoe BbruncieHue (OB) B mepecTpanBaeMBbIX BBIYMCICHUSIX.
WnTterpanus anroputma ymnpasieHHsS B anmnapaTHYIO CHCTEMY IO3BOJSIET poOOTy MMETh BO3MOKHOCTB
BOCIPOM3BOJIUTE MPOCTPAHCTBO CBOEro ABWKEHHA. OJHAKO pealn30BaTh IOJHOLEHHYIO CHCTEMY
(ammapaTtHOEe obecrieueHHe, MPOrpaMMHOE OOECIIEYeHUE) OUYEHb CIOKHO. ABTOpP COCPEJOTOYHICS Ha
MIOCTPOCHUN CHCTEMBI Ha JIOTHYECKOM YPOBHE ITyT€M MOJEIMPOBAHUS W MMHTAIMH, 9TOOBI IPOBEPHUTH
MPaBWJIBHOCTh QJITOPUTMA YTIPABICHUS, a TaKXKe IPEIJIOKEHHON IepecTpauBacMON BBIYMCIUTEIBLHON
Mozenu. OTTyAa cozfaiite IBMKYILeecs MPOCTPaHCTBO 11t podoTa Ha 2D u 3D kapTax.
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C 1enpio MOCTPOSHUS MOJEHH JJII UMHUTAIUH paboThl POOOTOB (aBTOMATOB M HACTPaWBAEMBIX
BBIYHCIUTEIBHBIX CpE) TMPEAJIOkKEHA MOJCNb BBICOKOIPOU3BOAUTEIBHON BBIYMCIMTEIBHON CPEIbl C
napajuieIbHONM KOHBEHEPHOH apXUTEKTypOoid. B TO jke BpeMs 3Ta MOJEIb JIOJKHA OBITh BCTPOEHA B OOIIYIO
cpeay MojeIupoBaHus (MPOCTPAHCTBEHHYIO) C TMOMJCPKKOH TAKHX KOMIIOHEHTOB, KaK OICpalliOHHAs
crcreMa po0OTa, UHCTPYMEHT MOJICIHPOBAHUS CPEbl M MOJIKIIOUEHHE K IPOrpaMMHOMY 00ECIIEYCHUIO
MonenupoBanus. Mmuranuonnas moaens pobora OyaeT ycraHoBieHa B cpeae Gazebo mpu monmepikke
omnepanuoHHOW cucteMbl ROS mims mpepocTaBieHHsT IapaMeTpOB KOOpPAMHAT po0OTa, a Takke
TEXHUYECKUX XapaKTEePUCTUK JATUYMKA. OITH TlapaMeTpbl MOXHO pPacCMaTpUBaTh Kak BXOJIHYIO
nHGOPMAITUIO Ui HACTPAaWBACMBIX BBIUUCIICHUH JIJII MOJENHMPOBaHUs B cpene Matlab, Tem cambiM
co3ziaBasi KapTy cpelibl Al po0oTa, a TakkKe JJ1sl Bceld poOOTU3HPOBAHHOM CUCTEMEI.
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Pucynox 1 Mooenuposanue poboma, osudxcywezcocs 8 2D-cpede, u nepecmpausaemas kapma
sviuucaumensrot cpeovi [IBC, nonyuaemas npu dsudicenuu poboma 6 2D-cpede

[lo ananoruu c BadensaBIM poboTOM Turtlebot 3 Oria co3gana cpema GECTMIOTHOTO JETATEIHHOTO
armapara Hector-Quadrotor. YToOb! yuecTs criennpuyeckyro B3auMOCBsI3b MeXay ciosimu B 3D-cpere,
cpena s podora Hector-Quadrotor (puc. 3) OyaeT nmocTpoeHa Ha MEHBIIICH TUIOIIA/U, @ UMEHHO "6 X 6 X
6". B coorBercTBUU ¢ 3TOW cpemoir Oynmer moctpoeHa cpega [IBC ¢ 216 DB u uHTErprpoBaHHBIM
COEIMHEHHEM MEXIY 6 CIIOSIMHU.

l? o .

e

Pucynox 2 Cpeda modenuposanus ons opona Hector-Quadrotor

Kak yxe ynoMuHaoCh, Uit CO3/1aHUs HAPABICHHOTO po00Ta HEOOXOAMMO CO3/IaTh JIBE OCHOBHBIE
YacTH: ajJrOPUTM HaBHUTallMM M allapaTHYK CHCTEMY JUIS OOCIY>KWBAHUS TOCTPOSHHUS MPOTPaMMEI.
Hauwnnas ¢ Texymero cocTostHus poOOTa M COOTBETCTBYIONIUX ACHCTBHM, YCTaHABIUBACTCS MPABUIIO, C
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MTOMOIIBIO KOTOPOTo OyIeT mocTpoeHa 6a3a JaHHBIX MpaBuII yipasieHus. OTTyaa mpocTpaHCcTBO pabodero
cocrosiHust podota popmupyercs B 2D u 3D cpenax. beiu pa3paboTaHbl aITOPUTMBI U BEIYUCITUTEIIEHBIC
MOJICNIN OKpy’Karomiero mnpoctpanctBa (mnsa ciaydas 2D u 3D), opueHTHpOBaHHBIE Ha ammapaTHOE
oOecrniedeHue, BEITIOIHSIONIEE BEIYUCICHHUS MapaiIebHOW HHTETPAii. AJITOPUTM ITO3BOJISIET BHITIOIHATH
paboTy B pexuMe pearbHOTO BPEMEHH B Cpefie, T/ie poOOTHI M OECHMIOTHBIE JIeTaTelbHbIE aIlapaThl
nepemeniarotcst oT OB k [1BC, paBHBIM pazMepy okpyxatoleit cpenbl. [IporpammHoe obecrnieueHue ObLIO
pa3paboTaHO AT MOIENUPOBAaHUS TMEPECTPANBAEMON MOIENH BBIYUCIHUTENBHON CpEbl, pearn3yIoei
BBIIIIEyKa3aHHBIE AITOPUTMEI, OBLIM TTPOBEACHBI BEIYHCITUTEIHHBIE SKCIIEPIMEHTHI IS OIIEHKH Ka4eCcTBa U
s¢dexktuBHOCTH. B X0me MopemupoBaHus Obiia mosydeHa kapta cpensl [IBC, momHOCTBIO
COOTBETCTBYIOIIAs cpesie poOoTa U OECHIIOTHOTO JIETATEILHOTO anmapara.

Cnmcok myOuKanmit:

[1] LLIuonoeckuii C. B. Asmomamuueckoe ynpasnenue. Ilepecmpausaemvie cmpykmypwr / C. B.  [Luonosckuii. —
Tomck : TI'Y, 2006. — 288 c.

[2]HIuonosckuui C. B. Asmomamuueckoe ynpagienue. Pexongueypupyemsie cucmemoi: yuebrnoe nocooue / C. B.
Huonosckuii. — Tomck: H30-60 Tom. yu-ma, 2010. — 168 c.

[3] Nguyen T., Shydlovsky.S. Situations in Construction of 3D Mapping for Slam [Electronic resource] / MATEC Web
of Conferences. — 2018. — Vol. 155 : 8th International Scientific and Practical Conference on Information and
Measuring Equipment and Technologies, IME and T 2017. Tomsk, Russian Federation, November 22-25, 2017. —
Article number 01055. - 6 p. - URL: https://www.matec-
conferences.org/articles/matecconf/pdf/2018/14/matecconf_imet2018_01055.pdf (access date: 23.09.2020).

113



BOCCTAHOBJIEHHUE BEPTUKAJIBHOI'O PACIIPEAEJIEHUSA O30HA: BJIUAHUE
CEYEHHWH NOTJIOIIEHUA

Hesszopos A.A.
nHCTUTYT ontuku atMocdepsl uM. B.E. 3yesa CO PAH
naa@iao.ru

B HMucrutyre ontuku atmochepst um. B.E. 3yeBa CO PAH na Cubupckoit mupapuoii craummu (CJIC)
MIPOJIOIDKAIOTCS MHOTOJIETHHE JIMJAPHBIE MCCIIENOBAHMS BEPTUKAIBLHOTO paclpenesieHus] KOHIICHTPAInn
o3oHa (BPO) B BepxHell Tpomocdepe — HmKHeW crpatocdepe U crpaTocdepe Ha mapax UIMH BOJH
3oHaupoBanmsd 299/341 um (~5-20 kM) 1 308/353 uam (~15-45 km) [1].

Jlumapusiit Mmeton nquddepenmansaoro noriomenns (ML) mpemycmarpruBaeT cpaBHEHNE IPUHSTHIX
9X0-CUTHAJIOB M3 aTMOC(epbl WM JTUAAPHBIX CUTHAIOB Ha JABYX ANMHAX BoiH — 299 wimm 308 HM
(mornomenue o30Ha), 341 wam 353 HM (omopHas JUIMHA BOJIHBI). AHAIN3 OTHOLICHHUS ABYX JIUIAAPHBIX
CUTHAJIOB Ha 30HIUPYIONINX JUTMHAX BOJH Ja€T BO3MOXXHOCTH OIIEHUTh KOHIICHTPAIIHIO 030HA B aTMOCdepe
U €ro npocTpaHcTBeHHOe pacnpeneneHue. M/I1 akTUBHO MCIONb3yeTCsl Ha BCEX JIMJAPHBIX CTAHIUAX
Mupa, rae u3mepstor BPO. B ero ocHoBe J1eXXUT nprUMeHEHHE YpaBHEHUsI U3 paboTHI [2]:

1 d N H
n(H) = X nL()]
2[kon (H,T) = kop (H, )]~ dH | Non (H)
roe n(H) — xonmentparms o3ona Ha BbicoTe H, Non(H) u No(H) — oTpakeHHbIE CHIHABI,

3apETUCTPUPOBAHHBIC HA JJTHHAX BOJH Aon (ON — Ha MTHKE JTMHUH MOTIIOMICHNS) U Aot (OFf — BHE muka murHun
nornorieHus ); Kon(H,T) 1 kotf(H, T) — cedenus nornomieHus 030Ha ¢ TeMIrepaTypHOil 3aBUCUMOCTBIO.

Ha pucynke 1 B rpaduyeckom BHIe TOKa3aHbl Pa3HOCTH CCUCHHI MOTJIOIMIEHHS CO 3HAYUTEIBHBIMU
OTKJIOHCHHMSIMHU JUT Tap JiuH BoH 299/341 um u 308/353 M u3 pabor Gorshelev et al [3,4], naHHbIC
SCIAMACHY [5], nauabie GOME [6] u nannsie Malicet et al [7]. 3ameTum, 4To Ju1st aphl J1MH BOH 308
# 353 HM BUAHBI OJIM3KHUE 3HAYEHUS ceueHui mortomenus, ocooenno ganasie SCIAMACHY u Gorshelev.
HMeroTes CyIIeCTBEHHbIC PACXOXKICHUS PA3HOCTH CEUSHHUHN TIOTJIONICHUH [T BTOPO# Maphl JJTUH BOJIH.
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noayuensl no yemvipem Habopam oanuvix. SCEIAMACHY, GOME, Malicet, Gorshelev.

ANTOPUTM BOCCTAHOBIJICHUS YUYUTHIBAET (PAKTUYECKYI) 3aBHCHMOCTH CEUYEHHS IOTJIONICHUS O30Ha OT
Temneparypel. B cBoeil pabdore [8] MbI mMpoaHATU3UPOBANH BIUSHHE CEYEHUsI IMOTJIONICHUS M3 padoT
Gorshelev et al, nanasie SCIAMACHY, nannsie GOME u nannsie Malicet et al mrst miia Boax 299 u 341
HM, 308 u 353 HM. AHAJIOTUYHBIM aHAJIU3 MBI ITPOBEJIM B paMKax UCCIECIOBAHUS BIUSHUSA TEMIIEPaTypHOI
KoppekIiuu [9].

Pesynprar ananm3a cpaBHeHWH mpoduieil o3oHa w3 paboTel [8] MO pa3sHBIM Habopam CedeHui
MOTJIONICHAST W WX CPEJHHUX OTKIOHEGHWH TIOKa3al, 4YTO IS JIMJAPHOTO MOHHUTOPHHIA IMPUEMIIEMO
WCIONIb30BaHUE JaHHBIX M3 Pabotbl Gorshelev ocobeHHo Ha TpomocdepHbIX BbicoTax. Dddekr or
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WCTIONTF30BaHMS Pa3HBIX NAaHHBIX Oojee 3aMEeTeH Ha TPOIMOC(EepHBIX BBICOTaX BOKPYT TPOMOMAy3bl Ha
JuHaxX BOJH 299/341 HM, rie UCMOJIb3yeMbIe HA0OPBI CCUCHHUM TOTJIOMIEHUS CHIIBHO Pa3IMYaroTCsl OT
OJTHOM TOYKU K Npyroil. TemmepaTypHasi 3aBUCHMOCTh CEYCHHI TIOTJIONICHUS OyIeT 3aMETHO BJIMSTH Ha
ToBeZIcHUE MpodHiIei 030Ha B Tporocdepe U cTpaTtocdepe mociie J00aBiIcHU paHee HEUCCIeIOBAaHHBIX
TEMITEPATyPHBIX BEIMYNH, YTO CYIIECTBEHHO MOBBICUT HAJIEKHOCTH BoccTaHoBNeHH BPO. [l mpumepa
Ha PUCYHKE 2 TPEICTABIICHBI HAJOKEHHBIC NIPYTr HAa Jpyra CpeAHHe NpOopWId 030HA C KOPUIOPAMH
OTKJIOHCHHWH TII0 JaHHBIM JHOapHBIX u3MepeHudt 3a 2021 rom B Tpomochepe u crtparocdepe,
BOCCTAHOBJICHHBIE C UCTIOJIb30BaHNEM Pa3HBIX HAOOPOB CEUEHUIl MOTIOMCHIIS.
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Puc. 2. JJunamuxa o30nocghepbl no OaHHbIM TUOAPHBIX USMEPEHULL C UCROIb306aHueM memeooanHvix MetOp

U3 pucynka 2 BuaHo, 4TO NpodMIM M KOPUAOP BApHUATHBHOCTH OdYeHb Oim3ku. JluHamuka
HW3MEHYUBOCTH TPonoc(epsl MPOCISKUBACTCS B ABYX BBICOTHBIX THana3oHax A0 14 KM U OcIe, TakKe 3TO
MOJKHO 3aMETHUTh Ha BBICOTax cTparocepbl 0Koio 22 kM. B Hammx m3MepeHusx npeodiagaoT 3uMHIE
JAHHBIX TI03TOMY CPEJHWI MpOQWIb MONYYHIICS XapaKTepHBIM sl 3Toro mnepuoja. OTMETHM, YTO
MpeaCcTaBIeHHbIE HA PUCYHKE 2 Mpodwin o4eHb OM3KH. B TO e Bpemsi IpUMEeHEHHE pa3HbIX Ha0OpOB
CeUCHH MOTJIOMIEHHUS MPH PACCMOTPEHHH MPOoQUIeH B yBETHMUYECHHOM MacliTabe, MOKa3bIBAeT, YTO
BEpTUKaJIbHBIC paclpelielieHis 030Ha, MOJyYeHHbIE C MCIIOIb30BAHUEM pPa3HBIX HAOOpOB, HAXOAATCS B
npeAenax MOrpelHOCTH BOcCTaHoOBIeHUd ~6—14 % pna Beicor 5-20 kM u B mpepenax 5 % s
CTpaToC(epHBIX BHICOT.

Pabota BeimonHena npu GpuHaHCOBOH moaepkke rocyaapcreenHoro 3ananus MOA CO PAH (B wactu
MOJTyYeHUs pe3yIbTaToB m3MepeHuil) u rpanta [Ipesunenta PO (MK-2040.2021.1.5) (B wactu 06paboTku
W aHayu3a pe3yibTaToB). PaboTa BhINOIIHEHA C MCIIONB30BaHUEM 000pyAoBaHus LleHTpa KOIJIEeKTHUBHOTO
MoJib30BaHus «ATMocdepay npu YacTHUHON prHaHcoBOH moaaep:xxke MuHoOpHayku Poccuu (moroBop Ne
075-15-2021-661).
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CHUHTE3 METOJ0B OBHAPYXEHUA U UAEHTUO®UKAIIUN OBPA3IIOB B
BUJAEOIIOTOKE

Hayen Kvione Txe'?, Coppamxun B. M.}, Hzyen Yane Xoane Txyu*?
'TomMcKknii rocy1apCTBEeHHBIH YHUBEPCHUTET,

2 BoeTHAMCKHIA MOPCKOH YHUBEPCHTET.
cuongntit@vimaru.edu.vn

Buneo - 310 daitnm B Buae n300paxkeHnil, KOTOPBIC IMOKA3BIBAIOTCS MTOCICIOBATEIBHO ¢ TCUCHUEM
BpPEMEHH, BBI3BIBAas BOCTIPUATHE ABIKYyIIerocs 3 ¢dexra n300pakeHusT YeI0BEYeCKIM ITa3oM. Tekyree
BHJICO MMEET YacTOTy KaapoB B cekyHy (anri. Frames Per Second - FPS), o6b14to 30 KaapoB B CEKYHIY
nin 6onee. O0HApY)KeHHE OOBEKTOB B BUAEO - TO, IO CYTH, OOHApYKeHHE 00BEKTOB B N300paKeHHUH, U
BpeMs 00pa0OTKH IOTKHO OBITH MEHBIIE, YeM YacTOTa KaApOB B CEKYHIY BHUICO.

ObnapyxeHne 00BEKTOB B BHIEOIIOTOKAX - 3TO 00MIas mpodiieMa, KOTOPYI0 MOXKHO Pa3/IeinTh Ha
mpoOJIeMbl, OCHOBAaHHBIE Ha TAKUX CBOMCTBaX 00BEKTa, KaK IBET, popMa U JABIKeHHE. {1 alIropuTMOB,
KOTOpBIE HEOOXOIUMO CHadaia 00yduTh, 3TO OyneT mpoOieMoil: 0OHapyKeHHe OOBIYHBIX OOBEKTOB HIIH
oOHapy’KeHHE U paclio3HaBaHUE YEITOBEYECKUX JIHIL.

Anroput™m coctout u3 nByx maros: Llar 1 - Omnpenensem uBeroBoit mopor obwekra. Illar 2 -
OO6HapyknuBaeM OOBEKT, IIBET KOTOPOTO OTHOCHUTCA K mopory Ha mare 1. Ha mare 1 mBeToBoi#l mopor
oTpesieNisieTcsl B COOTBETCTBUU C HIKHEH M BepxHell rpanunaMu nseroBod cuctemsl HSV (anrn. Hue,
Saturation, Value), mOCKOIBKY OH MMEET TPU Pa3HBIX HE3aBUCHUMBIX mapamerpa. Ha mmare 2: Ilar 2.1 -
OrnpenensieM CTpaHHbIE TPAaHU KaK MUKCEIY, OpUHaIeKalue BeToBoMy nopory. Ilar 2.2 - Ucnonb3zyem
orepatop "OTkpeIT" (anri. Open) mis yaaneHus uryma (siapo 5x5). Hlar 2.3 - Ml ucnoias3yem orepanuto
"3akpbiTh" (anri. Close), uroOb1 momyuuTs HCXoaHbIH pasmep (sapo 10x10). [ar 2.4 - Haxoaum rpanuily
(KoHTYp) BOKpYT 00BheKTa Ha N300paskeHuH cTparHoro nuta. lllar 2.5 - Pucyem nuaMIO BOKPYT 00BEKTA B
COOTBETCTBYIOIIEM ITOJIOKEHUH HUCXOIHOTO M300pakeHHss. CMoTpuTe Taroke [1]. ATropuT™ noaxoauT ist
oOHapyXeHHus1 0O0bEKTOB C CHHXPOHHBIMHU IIBeTaMu, Buaeo ¢ FPS pasHo 30.

Puc. 1. Pesynomam obuapysicenuss 00vexma no yeemogomy npusHaKy

Panee oOHapykeHne 00BEKTa OCHOBBIBAJIOCH HA aJITOPUTME BhIuMTaHus (oHa [2]. Hemocrarok sToro
ITOPUTMA 3aKJII0YAETCS] B TOM, YTO TPYIHO OTPENENINTh, KaKHe MUKCeNH sSBsitoTcst poHoM. [Tonmaraemest
Ha JABWXYIIMKCS OOBEKT B BUAEO, YTOOBI M3MEHUTH €T0 MOJIOKEHNE OTHOCUTEIHHO (OHA N300paKeHUs B
MoCJIe/IOBaTENbHBIX Kajipax. MTak, HaM MPOCTO HY>KHO BBIYUCIUTH A0CONIOTHYIO Pa3HHILy MEXIY JTBYMS
(nnn, BO3MOXKHO, 0oJiee) MmocieA0BaTeIbHBIMHA KaIpaMH, YTO MPHUBENET K U3MEHEHHUIO TPAHHUIBI BOKPYT
o0bekTa. Ecnu xonuuecTBO M3MEHEHMH MHKCcelIed NPEBBIIIAET ONPEACICHHBIA IMOPOT, 3HAYUT, OOBEKT
IBIKeTCs. [IpuMeHSI0TCS onepauy yMOIOAABICHUS U CrIaXUBaHU M300paxkeHus. CMOTpUTE TaKKe

[3]

117



Puc. 2. Pezynomamul 06Hapysicenuss 08udicyuyecocs oovexma

B noaxone mpumeneHus uckyccTBeHHoW HerpoHHO# cetn (anrin. CNN) [4] Obuio mpemnokeHo
MHOXECTBO MOJEJIEH, KOTOpbIE BO3BPAILAIOT BBICOKHE pPE3yjbTaThl ¢ HaOOpaMH TECTOBBIX [aHHBIX,
OITyONTMKOBAaHHBIX B crpaBoYHuKe [5]. UTOOBI amanTHpoBaThCs K peanbHOW 3amade, MacmTad KOTOPOH
MOAXOUT JIJIsl HEOOJIBIIIOHN TPYIITEI 00BEKTOB, CKOPPEKTUPOBAJIM CyIIeCcTBYOIIME ceTeBble Mojienn CNN,
YHACJIeIoBaB 00yUYCHHbBIC JaHHBIE B CBEPTOYHBIX CIOsX (aHri. convolution layers). HacrpauBaemcst u3
“momHOCTRIO CBsi3aHHBIX cioeB” (aHri. fully connected layers) u mpoekTHpyeM BBIXOIHOE KOIUYECTBO B
COOTBETCTBHU C KOJIUYECTBOM TPYII OOBEKTOB, KOTOPbIE HEOOXOJMMO OOHAPYKUTh. DKCIIEPUMEHTAJbHAS
Mozenb Ha Habope manHbIx MNIST [6] ¢ 3amaueil pacmo3HaBaHWs PYKONMUCHBIX HUGP H 3amadeit
pacno3HaBaHUs POCCHUICKUX OMIETOB [7], KOTOpas HacleAyeT oO0yJaromue JaHHBIE U3 "'CII0eB CBEpTKU'
moaemu VGG16 [8].
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Epoch 00849: val_accuracy did not improve from 6,98627
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Epoch 99858: val_accuracy did not improve from SRSEEET

(tf u) [anhpv@compute-8-1 moneyl$

Puc. 5. Pe3ynomam obyyenus nabopa oannwvix umeem mounocmo 0,98627 nocae 49-i snoxu.

OOHapysxeHre OOBEKTOB Ha H300paKeHHAX OBLIO NAHO MHOTMMH HCCIIEIOBATENSIMH, MHOTHE
mozaenun CNN TecTupyloTcsi ¢ OONBIIMMH HAaOOpaMH AAHHBIX, YTO TpeOyeT BBICOKOHACTPAMBAEMBIX
KOMIIBIOTEPOB JJIsl BBIIOJHEHHSI C OYCHb [UINTENBLHBIM BpeMeHeM 00paboTku oOyuenus. OpHako mpu
MPUMEHEHUH B peabHOM BpeMEHH mpobsieMa oOHapyKeHus 00bEeKTa B BHICOIIOTOKE BO3ZHHMKAET M3-3a
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KOHTPOJIIS BpEeMEHH 00paOOTKH, KKIBIA Kaap MTOJDKEH OBITh MeHbIre FPS. DToT (hakTop B 3HAUMTETHEHOM
CTCTICHU BJIMSET Ha TOYHOCTh M JCTATU3AIUI0 MPUMEHIEMBIX Mojenel. Ha camom nene, He cylnecTByer
ONTUMANBHON MOJenu st Bcex mpobOseMm. [loaTromy wccnemoBarensiM HEOOXOIUMO THIATEIHHO
MPOAHATIM3UPOBATh XaPAKTEPHUCTHKH 3a/1a4M, BXOJHbBIC JAHHBIE TpoIecca OOY4CHUs M CIPOCKTUPOBAThH
COOTBETCTBYIOIIYIO MOJIENb JUIsI OOHApY)KEHUsI 00BEKTOB B BHJICO B PEalbHOM BpeMeHH. [IprMeHeHne
TpaHC(EpPTHOrO0 OOYYCHHS K MPAKTHUYSCKUM 3aja4aM - 3TO TEHJCHIIMS, KOTOpas B HACTOSIIEE BPEeMsI
aKTUBHO K3yyaetcsi. CMoTpute Takxke [9].
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ARDUINO-BASED TEMPERATURE AND RELATIVE HUMIDITY SENSORS - AN
ESTIMATION OF THEIR SUITABILITY FOR INDOOR AIR QUALITY OF SOLAR
DRYER

Louay A. Rasheed®, Alexey V. Y.2
Tomsk polytechnic University

>Tomsk State University
niipp@inbox.ru

Sensors are now used in practically every aspect of life because to technological improvement and
size reduction. One of these industries where sensors are effectively applied to get multiple advantages is
agriculture. The choice of sensors and appropriate use of them to address the issues with drying agricultural
products Measurements of temperature and humidity are helpful in a variety of heat engineering
applications, including maintaining the indoor climate in buildings and public spaces and keeping an eye
on agricultural product drying systems. The possibility for improving the control and management of energy
efficiency and indoor environmental quality is presented by the industry's rising use of digital twins (IEQ).

Energy and HVAC have drawn a lot of interest from the scientific community from the
aforementioned disciplines of study. Beyond energy consumption sensors, indoor environmental quality
(IEQ) sensors are frequently utilized in this field [1,2]. IEQ is frequently evaluated by the measurement of
particular physical characteristics, such as air temperature (T), relative humidity (RH), and air velocity, as
well as chemical and microbiological factors.

The main objective is to assess how well various types of sensors work over the long term. It is
anticipated that in doing so, recommendations for test methods will be made for that review. The evaluation
examined five distinct humidity, relative temperature, and sensor types.

Selected sensors for comparison: -

The selection of the sensors for a monitoring campaign has to take into account many factors.
According to Silva, Coelho and Henrigues (2020) [3], the following aspects must be considered:
compatibility of the sensor with the ambient conditions; measuring range; resolution; accuracy; response
time; drift in time; compatibility with the data-logger and price.

The market has a wide variety of sensors for measuring relative humidity and temperature. It is
therefore difficult to choose the best equipment from such a large choice. The sensors used in this study
that were selected for comparison meet the requirements listed below:

v' Getting closer to the minimal accuracy standards for both temperature and relative
humidity,
v' Low-cost,
v Accessible online from at least one of the top five distributors of electronics components,
v' Connectable to the Arduino platform and open-source,
v' Easy programming,
No need for many other components for proper performance.

Five different sensors of the following parameters as shown in Figure. 1 were tested: temperature (T)
and relative humidity (RH). The T and RH tests comprise a combination of short-term and long-term
exposures over 24 months, ranging between 10 °C and 35 °C, and 50%-95%, respectively. The results
highlighted that some low-cost sensors, open-source and easily connectable to Arduino, showed an
excellent behavior and general compliance with applicable standards. SHT85 T/RH sensor, stood out in the
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Figure. 1. Five different sensors of the considered temperature & relative humidity: (a) SHT31, (b) SHT85,
(c) SHT75, (d) DHT11, (e) DHT22 or AM2302.

Temperature and Relative humidity: -
Table 1&Table 2 show the main characteristics declared by the manufacturers of the considered
temperature and relative humidity sensors.

Table 1
Main typical characteristics of temperature sensors (obtained from manufacturers).

Sensor Type of Range Accuracy Resolution Repeatability Response Power

sensor (°C) (°C) (°C) (°C) (s) consumption
(mw)

SHT31 Silicon -40t090 | +0.3 0.01 +0.08 >2 0.00561
bandgap

SHT85 Silicon —40to +0.1 0.01 +0.08 >2 0.00561
bandgap 105

SHT75 Thermistor —40 to +0.3 0.01 +0.1 510 30 0.0924

123.8

DHT11 Thermistor 0to 50 +5 1 +1 30 0.6

DHT22 or Thermistor -40t080 | +0.5 0.1 +1 2 6.25

AM2302

Table 2
Main typical characteristics of relative humidity sensors (obtained from manufacturers).

Sensor Type of Range (%) | Accuracy Resolution Repeatability Response Power

sensor (%) (%) (%) (%) consumption
(mW)

SHT31 Capacitive | 0to 100 +2 0.01 +0.15 8 0.00561

SHT85 Capacitive 0 to 100 +1.5 0.01 +0.15 8 0.00561

SHT75 Capacitive | 0to 100 +1.8 0.05 +0.1 8 0.0924

DHT11 Resistive 20to 90 +4 1 +1 2 0.6

DHT22 or Capacitive 0to 100 +2 0.1 +0.2 10 6.25

AM2302

The graphic of Figure. 2 shows the temperature and relative humidity of the model for evaluating the
robustness of sensors [4]. The experimental setup was based on the intercomparison of the selected
temperature and relative humidity sensors. With a logging interval of 1 min, the sensors were tested in
different combinations of temperature and relative humidity ambiences programmed in the climatic
chamber. The laboratory campaign was two months under climatic cycles.

{
\
msdity |

Figure. 2. First phase - Temperature and relative humidity of the cycle.
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DHT22 Temperature and Humidity sensor: -

The temperature is read using a DHT22 sensor, which is then utilized to regulate the fan speed. It
can also detect relative humidity. This sensor features a resistive-type humidity measuring component and
an NTC-type temperature measurement element built-in, as well as an 8-bit microprocessor with a rapid
response time, and is available in a 4-pin single-row device. The DHT22 module uses serial communication,
which is sometimes known as "single-wire communication." When compared to other sensors, this sensor
is very simple to use and has excellent accuracy. For a certain amount of time, this module delivers data in
the form of a pulse train.

Conclusions:

This work contributes to the scientific field of digital twins by analyzing the long-term performance of
different sensors applied in the measurement of temperature, relative humidity. These parameters are the
most frequently used in indoor environmental quality (IEQ) studies. However, the state of the art showed a
lack of comprehensive and current studies comparing low-cost sensors of these parameters that can be
easily used in an Arduino.

Hccreoosanue svinonneno 3a cuem eparnma Poccutickozo nayunoeo gpornoa Ne 22-19-00389,
https://rscf.ru/project/22-19-00389/
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Applying classical methods of machine learning to the study of quantum systems is the focus of an emergent
area of physics research. A basic example of this is quantum state tomography, where a quantum state is
learned from measurement.[1] Other examples include learning Hamiltonians,[2][3] learning quantum
phase transitions,[4][5] and automatically generating new gquantum experiments.[6][7][8][9] Classical
machine learning is effective at processing large amounts of experimental or calculated data in order to
characterize an unknown quantum system, making its application useful in contexts including quantum
information theory, quantum technologies development, and computational materials design. In this
context, it can be used for example as a tool to interpolate pre-calculated interatomic potentials [10] or
directly solving the Schrodinger equation with a variational method.[11]
Applications of machine learning to physics:
1. Noisy data

The ability to experimentally control and prepare increasingly complex quantum systems brings with it a
growing need to turn large and noisy data sets into meaningful information. This is a problem that has
already been studied extensively in the classical setting, and consequently, many existing machine learning
techniques can be naturally adapted to more efficiently address experimentally relevant problems. For
example, Bayesian methods and concepts of algorithmic learning can be fruitfully applied to tackle quantum
state classification,[12] Hamiltonian learning,[13] and the characterization of an unknown unitary
transformation.[14][15] Other problems that have been addressed with this approach are given in the
following list:
e Identifying an accurate model for the dynamics of a quantum system, through the
reconstruction of the Hamiltonian;[16][17][18]
e Extracting information on unknown states;[19][20][21][12][22][1]
e Learning unknown unitary transformations and measurements;[14][15]
e Engineering of quantum gates from qubit networks with pairwise interactions, using time
dependent [23] or independent [24] Hamiltonians.
e Improving the extraction accuracy of physical observables from absorption images of
ultracold atoms (degenerate Fermi gas), by the generation of an ideal reference frame.[25]

2. Calculated and noise-free data

Quantum machine learning can also be applied to dramatically accelerate the prediction of quantum
properties of molecules and materials.[26] This can be helpful for the computational design of new
molecules or materials. Some examples include

e Interpolating interatomic potentials;[27]

o Inferring molecular atomization energies throughout chemical compound space;[28]

e Accurate potential energy surfaces with restricted Boltzmann machines;[29]
Automatic generation of new quantum experiments;[6][7]
Solving the many-body, static and time-dependent Schrodinger equation;[11]
Identifying phase transitions from entanglement spectra;[30]
Generating adaptive feedback schemes for quantum metrology and quantum
tomography.[31][32]

3. Variational circuits
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Variational circuits are a family of algorithms which utilize training based on circuit parameters and an
objective function.[33] Variational circuits are generally composed of a classical device communicating
input parameters (random or pre-trained parameters) into a quantum device, along with a classical
Mathematical optimization function. These circuits are very heavily dependent on the architecture of the
proposed quantum device because parameter adjustments are adjusted based solely on the classical
components within the device.[34] Though the application is considerably infantile in the field of quantum
machine learning, it has incredibly high promise for more efficiently generating efficient optimization
functions.

4. Sign problem

Machine learning techniques can be used to find a better manifold of integration for path integrals in order
to avoid the sign problem.[35]
5. Fluid dynamics

Physics informed neural networks have been used to solve partial differential equations in both forward and
inverse problems in a data driven manner.[36] One example is the reconstructing fluid flow governed by
the Navier-Stokes equations. Using physics informed neural networks does not require the often-expensive
mesh generation that conventional CFD methods relies on.[37][38]

6. Physics discovery and prediction

A deep learning system was reported to learn intuitive physics from visual data (of virtual 3D environments)
based on an unpublished approach inspired by studies of visual cognition in infants.[40][39] Other
researchers have developed a machine learning algorithm that could discover sets of basic variables of
various physical systems and predict the systems' future dynamics from video recordings of their
behavior.[41][42] In the future, it may be possible that such can be used to automate the discovery of
physical laws of complex systems.[41] Beyond discovery and prediction, "blank slate"-type of learning of
fundamental aspects of the physical world may have further applications such as improving adaptive and
broad artificial general intelligence.[additional citation(s) needed] In specific, prior machine learning
models were "highly specialized and lack a general understanding of the world".[40]
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Natural-language understanding (NLU) or natural-language interpretation (NLI) [1] is a subtopic of natural-
language processing in artificial intelligence that deals with machine reading comprehension. Natural-
language understanding is considered an Al-hard problem.[2]

There is considerable commercial interest in the field because of its application to automated reasoning,[3]
machine translation,[4] question answering,[5] news-gathering, text categorization, voice-activation,
archiving, and large-scale content analysis.

The umbrella term "natural-language understanding” can be applied to a diverse set of computer
applications, ranging from small, relatively simple tasks such as short commands issued to robots, to highly
complex endeavors such as the full comprehension of newspaper articles or poetry passages. Many real-
world applications fall between the two extremes, for instance text classification for the automatic analysis
of emails and their routing to a suitable department in a corporation does not require an in-depth
understanding of the text,[6] but needs to deal with a much larger vocabulary and more diverse syntax than
the management of simple queries to database tables with fixed schemata.

Throughout the years various attempts at processing natural language or English-like sentences presented
to computers have taken place at varying degrees of complexity. Some attempts have not resulted in systems
with deep understanding, but have helped overall system usability. For example, Wayne Ratliff originally
developed the Vulcan program with an English-like syntax to mimic the English-speaking computer in Star
Trek. Vulcan later became the dBase system whose easy-to-use syntax effectively launched the personal
computer database industry.[7][8] Systems with an easy to use or English like syntax are, however, quite
distinct from systems that use a rich lexicon and include an internal representation (often as first order logic)
of the semantics of natural language sentences.

Hence the breadth and depth of "understanding" aimed at by a system determine both the complexity of the
system (and the implied challenges) and the types of applications it can deal with. The "breadth” of a system
is measured by the sizes of its vocabulary and grammar. The "depth" is measured by the degree to which
its understanding approximates that of a fluent native speaker. At the narrowest and shallowest, English-
like command interpreters require minimal complexity, but have a small range of applications. Narrow but
deep systems explore and model mechanisms of understanding,[9] but they still have limited application.
Systems that attempt to understand the contents of a document such as a news release beyond simple
keyword matching and to judge its suitability for a user are broader and require significant complexity,[10]
but they are still somewhat shallow. Systems that are both very broad and very deep are beyond the current
state of the art.

Regardless of the approach used, most natural-language-understanding systems share some common
components. The system needs a lexicon of the language and a parser and grammar rules to break sentences
into an internal representation. The construction of a rich lexicon with a suitable ontology requires
significant effort, e.g., the Wordnet lexicon required many person-years of effort.[11]

The system also needs theory from semantics to guide the comprehension. The interpretation capabilities
of a language-understanding system depend on the semantic theory it uses. Competing semantic theories of
language have specific trade-offs in their suitability as the basis of computer-automated semantic
interpretation.[12] These range from naive semantics or stochastic semantic analysis to the use of
pragmatics to derive meaning from context.[13][14][15] Semantic parsers convert natural-language texts
into formal meaning representations.[16]
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Advanced applications of natural-language understanding also attempt to incorporate logical inference
within their framework. This is generally achieved by mapping the derived meaning into a set of assertions
in predicate logic, then using logical deduction to arrive at conclusions. Therefore, systems based on
functional languages such as Lisp need to include a subsystem to represent logical assertions, while logic-
oriented systems such as those using the language Prolog generally rely on an extension of the built-in
logical representation framework.[17][18]

The management of context in natural-language understanding can present special challenges. A large
variety of examples and counter examples have resulted in multiple approaches to the formal modeling of
context, each with specific strengths and weaknesses.[19][20]
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Presently, various DL applications are widespread around the world. These applications include
healthcare, social network analysis, audio and speech processing (like recognition and enhancement), visual
data processing methods (such as multimedia data analysis and computer vision), and NLP (translation and
sentence classification), among others. These applications have been classified into five categories:
classification, localization, detection, segmentation, and registration. Although each of these tasks has its
own target, there is fundamental overlap in the pipeline implementation of these applications as shown in
Fig. 30. Classification is a concept that categorizes a set of data into classes. Detection is used to locate
interesting objects in an image with consideration given to the background. In detection, multiple objects,
which could be from dissimilar classes, are surrounded by bounding boxes. Localization is the concept used
to locate the object, which is surrounded by a single bounding box. In segmentation (semantic
segmentation), the target object edges are surrounded by outlines, which also label them; moreover, fitting
a single image (which could be 2D or 3D) onto another refers to registration. One of the most important
and wide-ranging DL applications are in healthcare This area of research is critical due to its relation to
human lives. Moreover, DL has shown tremendous performance in healthcare. Therefore, we take DL
applications in the medical image analysis field as an example to describe the DL applications.

Computer-Aided Diagnosis (CADX) is another title sometimes used for classification. Bharati et al.
used a chest X-ray dataset for detecting lung diseases based on a CNN. Another study attempted to read X-
ray images by employing CNN [232]. In this modality, the comparative accessibility of these images has
likely enhanced the progress of DL. used an improved pre-trained GoogLeNet CNN containing more than
150,000 images for training and testing processes. This dataset was augmented from 1850 chest X-rays.
The creators reorganized the image orientation into lateral and frontal views and achieved approximately
100% accuracy. This work of orientation classification has clinically limited use. As a part of an ultimately
fully automated diagnosis workflow, it obtained the data augmentation and pre-trained efficiency in
learning the metadata of relevant images. Chest infection, commonly referred to as pneumonia, is extremely
treatable, as it is a commonly occurring health problem worldwide. Conversely, Rajpurkar et al. [234]
utilized CheXNet, which is an improved version of DenseNet with 121 convolution layers, for classifying
fourteen types of disease. These authors used the CheXNet14 dataset, which comprises 112,000 images.
This network achieved an excellent performance in recognizing fourteen different diseases. In particular,
pneumonia classification accomplished a 0.7632 AUC score using receiver operating characteristics (ROC)
analysis. In addition, the network obtained better than or equal to the performance of both a three-radiologist
panel and four individual radiologists. Zuo et al. have adopted CNN for candidate classification in lung
nodule. Shen et al. employed both Random Forest (RF) and SVM classifiers with CNNs to classify lung
nodules. They employed two convolutional layers with each of the three parallel CNNs. The LIDC-IDRI
(Lung Image Database Consortium) dataset, which contained 1010-labeled CT lung scans, was used to
classify the two types of lung nodules (malignant and benign). Different scales of the image patches were
used by every CNN to extract features, while the output feature vector was constructed using the learned
features. Next, these vectors were classified into malignant or benign using either the RF classifier or SVM
with radial basis function (RBF) filter. The model was robust to various noisy input levels and achieved an
accuracy of 86% in nodule classification. Conversely, the model of interpolates the image data missing
between PET and MRI images using 3D CNNs. The Alzheimer Disease Neuroimaging Initiative (ADNI)
database, containing 830 PET and MRI patient scans, was utilized in their work. The PET and MRI images
are used to train the 3D CNNSs, first as input and then as output. Furthermore, for patients who have no PET
images, the 3D CNNs utilized the trained images to rebuild the PET images. These rebuilt images
approximately fitted the actual disease recognition outcomes. However, this approach did not address the
overfitting issues, which in turn restricted their technique in terms of its possible capacity for generalization.
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Diagnosing normal versus Alzheimer’s disease patients has been achieved by several CNN models.
Hosseini-Asl et al. attained 99% accuracy for up-to-date outcomes in diagnosing normal versus
Alzheimer’s disease patients. These authors applied an auto-encoder architecture using 3D CNNs. The
generic brain features were pre-trained on the CADDementia dataset. Subsequently, the outcomes of these
learned features became inputs to higher layers to differentiate between patient scans of Alzheimer’s
disease, mild cognitive impairment, or normal brains based on the ADNI dataset and using fine-tuned deep
supervision technigues. The architectures of VGGNet and RNNs, in that order, were the basis of both
VOXCNN and ResNet models developed by Korolev et al. They also discriminated between Alzheimer’s
disease and normal patients using the ADNI database. Accuracy was 79% for VVoxnet and 80% for ResNet.
Compared to Hosseini-Asl’s work, both models achieved lower accuracies. Conversely, the implementation
of the algorithms was simpler and did not require feature hand-crafting, as Korolev declared. In 2020,
Mehmood et al. trained a developed CNN-based network called “SCNN” with MRI images for the tasks
of classification of Alzheimer’s disease. They achieved state-of-the-art results by obtaining an accuracy of
99.05%.
Recently, CNN has taken some medical imaging classification tasks to different level from traditional
diagnosis to automated diagnosis with tremendous performance. Examples of these tasks are diabetic foot
ulcer (DFU) (as normal and abnormal (DFU) classes) sickle cells anemia (SCA) (as normal, abnormal
(SCA), and other blood components), breast cancer by classify hematoxylin—eosin-stained breast biopsy
images into four classes: invasive carcinoma, in-situ carcinoma, benign tumor and normal tissue, and multi-
class skin cancer classification.
In 2020, CNNs are playing a vital role in early diagnosis of the novel coronavirus (COVID-2019). CNN
has become the primary tool for automatic COVID-19 diagnosis in many hospitals around the world using
chest X-ray images. More details about the classification of medical imaging applications can be found.
Although applications in anatomy education could increase, the practicing clinician is more likely to
be interested in the localization of normal anatomy. Radiological images are independently examined and
described outside of human intervention, while localization could be applied in completely automatic end-
to-end applications. Zhao et al. introduced a new deep learning-based approach to localize pancreatic tumor
in projection X-ray images for image-guided radiation therapy without the need for fiducials. Roth et al.
constructed and trained a CNN using five convolutional layers to classify around 4000 transverse-axial CT
images. These authors used five categories for classification: legs, pelvis, liver, lung, and neck. After data
augmentation techniques were applied, they achieved an AUC score of 0.998 and the classification error
rate of the model was 5.9%. For detecting the positions of the spleen, kidney, heart, and liver, Shin et al.
employed stacked auto-encoders on 78 contrast-improved MRI scans of the stomach area containing the
kidneys or liver. Temporal and spatial domains were used to learn the hierarchal features. Based on the
organs, these approaches achieved detection accuracies of 62—-79%. Sirazitdinov et al. presented an
aggregate of two convolutional neural networks, namely RetinaNet and Mask R-CNN for pneumonia
detection and localization.

Computer-Aided Detection (CADe) is another method used for detection. For both the clinician and

the patient, overlooking a lesion on a scan may have dire consequences. Thus, detection is a field of study
requiring both accuracy and sensitivity. Chouhan et al. introduced an innovative deep learning framework
for the detection of pneumonia by adopting the idea of transfer learning. Their approach obtained an
accuracy of 96.4% with a recall of 99.62% on unseen data. In the area of COVID-19 and pulmonary disease,
several convolutional neural network approaches have been proposed for automatic detection from X-ray
images which showed an excellent performance.
In the area of skin cancer, there several applications were introduced for the detection task. Thurnhofer-
Hemsi et al. introduced a deep learning approach for skin cancer detection by fine-tuning five state-of-art
convolutional neural network models. They addressed the issue of a lack of training data by adopting the
ideas of transfer learning and data augmentation techniques. DenseNet201 network has shown superior
results compared to other models.
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Although MRI and CT image segmentation research includes different organs such as knee cartilage,
prostate, and liver, most research work has concentrated on brain segmentation, particularly tumors
[295,296,297,298,299,300]. This issue is highly significant in surgical preparation to obtain the precise
tumor limits for the shortest surgical resection. During surgery, excessive sacrificing of key brain regions
may lead to neurological shortfalls including cognitive damage, emotionlessness, and limb difficulty.
Conventionally, medical anatomical segmentation was done by hand; more specifically, the clinician draws
out lines within the complete stack of the CT or MRI volume slice by slice. Thus, it is perfect for
implementing a solution that computerizes this painstaking work. Wadhwa et al. [301] presented a brief
overview on brain tumor segmentation of MRI images. Akkus et al. [302] wrote a brilliant review of brain
MRI segmentation that addressed the different metrics and CNN architectures employed. Moreover, they
explain several competitions in detail, as well as their datasets, which included Ischemic Stroke Lesion
Segmentation (ISLES), Mild Traumatic brain injury Outcome Prediction (MTOP), and Brain Tumor
Segmentation (BRATS).

Recently, the Automatic segmentation of COVID-19 Lung Infection from CT Images helps to detect the
development of COVID-19 infection by employing several deep learning techniques.

1. Registration

Usually, given two input images, the four main stages of the canonical procedure of the image registration
task are:
e Target Selection: it illustrates the determined input image that the second counterpart input image
needs to remain accurately superimposed to.
e Feature Extraction: it computes the set of features extracted from each input image.
e Feature Matching: it allows finding similarities between the previously obtained features.
e Pose Optimization: it is aimed to minimize the distance between both input images.

Then, the result of the registration procedure is the suitable geometric transformation (e.g., translation,
rotation, scaling, etc.) that provides both input images within the same coordinate system in a way the
distance between them is minimal, i.e., their level of superimposition/overlapping is optimal. It is out of the
scope of this work to provide an extensive review of this topic
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In the study of user interfaces, there is a common formulation of interface adaptation as a multi-agent
reinforcement learning problem [1], which will allow us to overcome the problems of effective online
adaptations. The purpose of adaptation is to improve user support, improve the quality of the interface, and
also introduce the capabilities of automatically synthesized interfaces [2]. The key task is to select interface
state changes based on inference of human intent from user input.

The proposed multi-agent approach includes a user agent that models human interaction behavior
and an interface agent that supports the user agent in performing its task. The approach described in the
paper can be useful in all scenarios for using adaptive interfaces. For example, it can be used to adapt the
structure of GUI layouts, place icons on home screens of mobile devices, or reorganize application menus
[3].

The Decentralized Partially Observable Markov Decision Processes (Dec-POMDP) model belongs
to a family of discrete-time scheduling structures that are derived from a Markov Decision Process (MDP)
with one agent [4...8]. Such models define one or more agents inhabiting a certain environment, which is
considered at discrete time steps. The number of time steps during which agents will interact with their
environment is called the horizon of the decision problem and is denoted by h. A more detailed illustration
of the dynamics of a Dec-POMDP model in the multi-agent user interface is shown in Figure 1.
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fig.1. The dynamics of the Dec-POMDP model in the multi-agent user interface.

Figure 1 also illustrates the relationship of user interface adaptation to Dec-POMDP performance
dynamics. Depending on the application, the purpose of adaptation may vary and include: minimizing
selection time, increasing the importance of elements, reducing cognitive load, increasing user engagement,
or a combination of these goals. This approach can handle various types of adaptations (Figure 1), including
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the visual representation of graphic elements (position, size, color, etc.) or their behavior (number of
elements, animation, etc.).

The way that the environment changes and returns to watch agents is modeled by the transition and
watch functions. They define probabilities that represent the stochastic dynamics of the environment. In
addition, there are rewards that determine what kind of behavior is desirable. Therefore, the reward model
defines the goal or task of agents: agents must develop a plan that maximizes the expected long-term
cumulative reward [4].

The Dec-POMDP model can also be used for high-level formalization of tasks with multiple agents
- user interface elements. In this task, agents are located in the world of a grid - a graphical interface, and
agent-elements must cooperate in order to solve the user's task. In particular, there is an element that is
implemented by a single agent, or there are several different elements that are adapted by agents together,
which increases user satisfaction.

The model is programmed with special properties that the transition, observation, and reward
function can exhibit in order to compactly represent and efficiently solve Dec-POMDP problems. The basic
idea is to consider the states and functions of transition, observation, and reward not as atomic objects, but
as consisting of a number of factors and explicitly representing how different factors affect each other. For
example, a Dec-MDP factorized n-agent is said to be reward-independent if there exists a monotonically
non-decreasing function f such that [4]:

R(S,a)= f(Rl(Sl’al)i"'!Rn(sn'an))' (1)

In this case, the global reward is maximized by maximizing the local reward. For example, additional local
rewards are often used:

R(s,a)=Y_Ri(s;.a), )

ieD

The family of MDP-derived structures considered in decision theory planning fits very closely with
the definition of an agent, offering an action and observation interface for interacting with the environment
[5,6]. Ateach stage t=0,1,2,...,h-1, each agent under consideration performs an action, and the combination
of these actions affects the environment, causing a transition between states (Fig. 1). At the next time step,
each agent first receives an observation of the environment, after which it must take an action again.

Dec-POMDP refers to a family of discrete-time scheduling structures that are derived from a single-
agent Markov decision process. Such models define one or more agents living in a certain environment,
which is considered at discrete time stages, also called decision stages or epochs. The number of time steps
during which agents will interact with their environment is called the problem solution horizon [7,8].

The work was carried out as part of the research work PRIOR/SN/NU/22/SP2/1 of the Bauman
DeepAnalytics project of the «Priority 2030» program: https://da.bmstu.ru
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In the smart city concept, an important place is occupied by unmanned vehicles, which are considered
as agents of multi-agent systems. The main tasks in the management of unmanned vehicles are: avoiding
traffic accidents and traffic jams, as well as minimizing the time spent on moving around the city in
conditions of limited information available to a separate unmanned vehicle [1].

One of the most effective and advanced approaches to multi-agent learning under limited information
is reinforcement learning. Reinforcement learning requires reward function. The value of the reward
increases if the conformity of the agent's behavior with the desired behavior increases. The desired behavior
of the agent is consistent with the goal of managing the entire multi-agent system. However, in many cases,
the reward function is constructed axiomatically by an expert choice of one of the most widely used
functions based on a poor analysis of the subject area. For example, in article [2] the reward function is the
following expression:

—0,25t, ifthe agent has taken t steps
R =4-5, ifthe agent was involved in an accident . @
10, ifthe agent reachedthe goal

The reward function (1) does not take into account the complex situations that actually arise in traffic flows
in which agents interfere with each other without incident. In particular, if, in order to save time, agents
moving in a continuous chain do not give way to agents leaving a secondary road, then a certain number of
agents will not be able to move at all. Such situations are social dilemmas in which the question of the
priority of the short-term egoistic interests of an individual agent over the long-term interests of the entire
set of agents is decided.

A simplified approach to reward formation is due to cognitive difficulties that an expert has,
especially with a large number of interdependent arguments. At the same time, the reward function can be
represented as an aggregation operator since the range of valid values of any argument can be reduced to a
unit interval by an appropriate linear transformation. The input criteria for such an operator are certain
factors of the agent's behavior, as well as the results of the actions of all agents during the training period,
for example, the average speed of agents. The use of the Choquet integral as an aggregation operator makes
it possible to formalize the expert's knowledge of positive and negative correlations, as well as the
substitution of criteria. However, the poor intuitive understanding of the Choquet integral among
practitioners does not allow its wide application in practice. To overcome these difficulties, a balance model
[3] was proposed, on the basis of which a visualization of the Choquet integral of the 2nd order was
developed [4]. 2D visualization [4] has a drawback: images of weights that meet the criteria and interaction
indices can overlap each other. The transition to three-dimensional space when visualizing aggregation
operators allows the expert to observe the entire aggregation process in one three-dimensional image (Fig.
1). This figure shows a 3D balance model. It is an absolutely rigid plane, mounted on the support line ab,
fixed by springs with a unit stiffness coefficient. The plane can only rotate along the line of support and has
no other degrees of freedom. Its rotation is limited and the angle of deviation from the horizontal can vary
in the range [0,1] on the aggregation scale in the form of an arc in the lower left corner of Fig. 1. Weights
in the form of cylinders whose heights correspond to the relative importance of the criteria g[],..., g[H]

represent the weights of these criteria w;,..., wy, . The distances from the support line to these weights are
equal to the values of the corresponding criteria. Weights in the form of parallelepipeds located on the plane
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at distances I[1],..., I[K] from the support line correspond to the interaction indices of criteria, just as it is
done in 2D visualization [4]. The heights of these parallelepipeds correspond to the weights a,..., @ . The

distance I[k] from the k -th weight to the support line is given by an arbitrary defined function of the values
of the criteria and their weights:

1= fi (91 O[HL W1 W) @)
The value o, of the k -th auxiliary weight is given by an arbitrary function of the weights of the criteria:
o= 11 wh) - 3

Taking into account Newton's second law and assuming that the angle of deviation of the plane is
sufficiently small (cosx ~1), the value x (the result of aggregation) is calculated in accordance with the

expression:
H K
x=>"ypglhl+ > al[K]. (4)
h=1 k=1

With the help of the proposed visualization, it is possible to analyze the properties of given operators and
construct operators with the desired properties by arbitrarily setting functions (2) and (3).

fig.1. View of the 3D balance model

In particular, for reward shaping in reinforcement learning, a corresponding procedure has been
developed that includes the identification of a fuzzy measure x by the method of the variance minimizing

based on expert preferences. Through this procedure, the following reward function for training agents
(unmanned vehicles) of a smart city is obtained:

0, if g[5]=1
R= 1, if g[6]=1 |, (5)
C,(g[1].... 9g[4]) else
where the criterion g[1] corresponds to the average speed of the agent, g[2] corresponds to the average
speed of all agents, g[3] corresponds to the maximum speed of approach to other agents (the degree of risk
of collision), g[4] corresponds to obstruction of other agents, g[5] corresponds to participation in an
incident (collision) with other agents, g[6] corresponds to the full compliance of the agent’s behavior with
the desired behavior, C,(g[l],..., g[4]) is the Choquet integral with respect to the fuzzy measure u .
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Reinforcement learning was based on the algorithm [6]. The experiment showed that the use of the
synthesized reward function (5) increases the efficiency of training a multi-agent system. Further research
involves the synthesis of new types of reward functions based on the proposed 3D cognitive visualization.

The research was supported by the Russian Science Foundation No. 22-21-00711
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In this essay, we provide a quick review of the semantic segmentation of 3D point clouds, its
objective and role in vision systems. We clarify the difference between this task and other similar tasks.
We present the most widely used datasets and the best recent models that are proposed to solve the problem,
in addition to the metrics that are commonly used to evaluate its performance.

Point cloud is one of the most widely used methods recently to represent 3D data in vision systems.
Such data can often be obtained using a stereo camera or a LiDAR scanner. Many tasks can be performed
in a vision system using point clouds, such as 3D object classification, segmentation, detection and tracking
of 3D objects, 3D map construction, reconstruction of 3D objects, and prediction. Here, we address the
issue of point clouds semantic segmentation as one of the basic tasks in vision systems in many applications,
especially those concerned with the recognition of objects in the scene. In order for a system to be able to
perform recognition, objects of a certain class must be separated from the background and from the objects
of other classes. In some applications, it may be also necessary to separate the samples of each class from
each other.

Segmentation in general attempts to divide the scene into several parts without necessarily trying to
understand them. The resulted parts usually contain coherent data with common features. There are many
levels of details that can be detected by segmentation depending on the application. Semantic segmentation
tries to divide the scene into semantic parts, such as car, person, building etc., as it tries to classify each part
into one of some predefined classes, and this is achieved by giving a label to each point in the scene.

Semantic segmentation may be confused with some other similar tasks such as object detection,
instance segmentation, and part segmentation. These terms are similar in terms of the main goal they try to
achieve, which is to understand the scene by detecting and classifying its objects. However, there are some
differences between them. Object detection is concerned with the detection of instances of specific classes,
determining their locations and orientations, then building a bounding box around the detected objects, for
example human detection applications. Semantic segmentation can be used as a first stage before object
detection in order to eliminate background as much as possible and reduce complexity [1]. In instance
segmentation, objects that belong to the same class are separated, which is a lower level of segmentation
compared to semantic segmentation. While in part segmentation, even the parts of the same object are
separated from each other. So semantic segmentation is a high-level division of the scene in order to detect
the presence or absence of certain classes in it and determine their locations.

Semantic segmentation methods for point clouds are classified into four categories [1]: 1) Projection-
based methods, where a point cloud is initially transformed into another representation, such as multi-view
representation and spherical representation. 2) Discretization-based methods, where point clouds are
converted into discrete representations such as dense and sparse discretization representations. 3) Point-
based methods are the most widespread, they include pointwise multilayer perceptron (MLP) methods,
point convolution methods, RNN-based methods, and graph-based methods. 4) Hybrid methods.

One of the most important models proposed to solve the problem of point cloud segmentation is
PointNet [2], which was proposed in 2017, it is considered the first point-based method, as it accepts a point
cloud at its input without any transformation. PointNet is characterized by simplicity and good performance,
and is considered the basis for a large number of other models that were subsequently proposed. To name
some of the latest models that offer high performance: 2DPASS [3], AF2S3Net [4], and Cylinder3D [5]. In
order to compare the different models, they are usually tested on specific benchmark datasets, and some
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specific metrics are computed to evaluate their outputs. The most commonly used datasets in the literature
for semantic segmentation of point clouds are: SemanticKITTI [6], nuScenes [7], S3DIS [8], PartNet [9],
KITTI-360 [10], SemanticPOSS [11], STPLS3D [12], SensatUrban [13], RELLIS-3D [14], Paris-Lille-3D
[15], DALES [16].

To calculate the evaluating metrics of semantic segmentation, a comparison is made between the
output of a model and the ground truth available in the dataset. The most commonly used metrics are [1-2,
17-18]: overall accuracy (OA), mean class accuracy (mAcc), mean intersection over union (mloU). loU is
the most used metric, it is defined as the ratio between the number of points of the intersection between the
real object and the estimated one to the number of points of their union, it takes its values in the range [0,
1], the greater its value, the better the segmentation. Recently, other region-based and not pixel-based
metrics are proposed to increase the explainability of the performance [18].

In this essay, we provided a brief review of the semantic segmentation task of point clouds and its
function in vision systems. We presented the various methods and some of the most important models and
widely used datasets to solve this problem, we also presented the most commonly used metrics to evaluate
the performance of the different models.
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Banking is one of the industries that continues to grow, especially in the use of information and
communication technology (ICT). The use of information and communication technology (ICT) in banking
services is currently seen as an opportunity to improve not only the effectiveness, efficiency and quality of
services, transparency of economic activity and availability of information in real time, protecting customer
transaction data, ease of transaction, and security of transactions, but also to prevent crimes such as money
laundering which are rife. Technology has made banks more competitive. Advances in digital technology
are changing the nature of banking. Banks now distribute services through mobile technology [1].

The development of the era that is so fast requires the banking industry to create innovations both in
terms of technology, products and services that can answer customer needs so that business processes
continue. As explained by Fama (1980), banks are intermediaries. The Internet, however, changed the way
financial service providers perform their roles. This fundamentally changed the nature of banking. This in
turn changes the nature of banking services, and the way those services are delivered. Consequently, to
compete in a changing digital landscape, banks must adapt [1].

The first research question is how can the banking industry find out customer needs, trends or
business opportunities? This is important for decision makers to know, so they can make the right decisions
for the business going forward with all the challenges and competition. With the increasing number of
customers and their increasingly complex needs, the banking industry requires expertise and technology for
business intelligence (BI) in order to collect systematic performance information from historical data.
Business Intelligence (BI) is an umbrella term that refers to various software applications used to analyze
raw data of organizations for intelligent decision making for business success [2]. The application of
business intelligence (BI) in the banking industry can provide more personalized services to customers and
improve service quality.

The second research question is how does the banking industry understand the use of Business
Intelligence (BI) so that it can be applied optimally for business progress? The purpose of this article is to
provide an actual picture of the learning material, giving a better understanding of the meaning and
perspective of BI. It is important to translate this topic in a banking context.

The Theory of Banking

Banks have an important role in supporting the economy of a country as well as playing a major role
in national development. One of the real roles of banks is channeling funds to people who need business
capital through micro, small and medium enterprises. Therefore, it is important for us to obtain a theoretical
understanding of the bank.

Bank, an institution that deals in money and its substitutes and provides other money-related
services. In its role as a financial intermediary, a bank accepts deposits and makes loans. It derives
a profit from the difference between the costs (including interest payments) of attracting and servicing
deposits and the income it receives through interest charged to borrowers or earned through securities [4].
Explained by Fama (1980), banking provides an accounting system for transactions and a portfolio system
for the storage of assets. That will not change for the banks of the future. Fama (1980) explains that their
activities, in an unregulated state, fulfil the Modigliani—Miller (1959) theorem of the irrelevance of the
financing decision [1].
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To understand business intelligence in the context of banking, the first thing we must do is know the
meaning of business intelligence. Business intelligence being a set of methodologies to convert a raw data
set to meaningful and useful information for making decisions would help in quick computations, enhanced
communication and collaboration, increased productivity of teams, efficient use of volumes of data and
offers support anytime and anywhere [6]. Business intelligence is defined as a process of extracting,
transforming, managing, and analysing business data to support decision making process [8].

The architecture of business intelligence systems helps us to understand how business intelligence
works. Business intelligence system consists of 4 main components and metadata management module [8].
The general architecture of business intelligence system is shown in Figure 1.
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Figure 1: Bl System Architecture

The components in Figure 1 interact with each other to facilitate the fundamental functions of
business intelligence. In first component, the level of operational system, there is a process called data
collection, which collects data from a variety of different sources. This process uses online transaction
processing (OLTP) to support data needs from different data sources.

Level of data acquisitions; in this level, a component before the process is divided into three stages:
extraction, transformation, and loading (ETL) [8]. This process is often referred to as data integration where
large amounts of data from various sources are extracted, then transformed according to the transformation
rules and then loaded into the data warehouse.

Level of analytical; based on data warehouse, various types of analytical applications have been
developed. The system of business intelligence supports 2 basic types in analytical function: reporting and
online analytical processing (OLAP). OLAP is a model of multidimensional data known as star schema a
snowflake schema. Reports that have been made by business intelligence’s system typically have static
format and contain exact type of data [8].

Metadata management: metadata is a distinctive data concerning other data, such as data sources,
data warehouse saving, business regulations, access authorization, and how data is extracted and
transformed. Metadata is very important in producing accurate and consistent information and system
maintenance [8].

Areas Encompassed by Business Intelligence in Banks

Business intelligence is more optimal if we know which areas business intelligence can be applied
to or encompassed by business intelligence. Business intelligence covers many areas of banking business,
the most important being (Figure 2) [7]:
»=  Analytical Customer Relationship Management
= Bank Performance Management

143



= Enterprise Risk Management
= Asset & Liability Management

= Compliance
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Figure 2: Areas Encompassed by Bl in Banking

Business Intelligence System Architecture in Banking Industry
Business intelligence architecture (Figure 1) is a term used to describe standards and policies for
organizing data with the help of computer-based techniques and technologies that create business
intelligence systems used for online data visualization, reporting, and analysis. The same architecture can
be implemented in the banking industry with the aim of better understanding the working processes of
business intelligence in banking. The architecture of a bank’s business intelligence architecture is very
heterogeneous and comprises several layers (Figure 2) [7]:
= QOperational database and external data
= The data integration and transformation layers
= The data warehouse layer
= The data access layer (application, OLAP, data mining, etc.)

= The front end (layer for access to information)
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Figure 3: Bl System Architecture in Banking Industry

Same as general Bl system architecture, Operational (transactional) databases are created to meet the
needs of day-to-day operation. The bank’s transactional data processing system, i.e., OnLine Transaction
Processing (OLTP) is the bank’s basic information system. The data integration and transformation layer
include processes transforming data from operational and external sources into a form suitable for database
storage (ETL process). A data warehouse (DW) is an analytical database used as the basis for Bl systems,
designed for large amounts of data in a manner enabling simple and efficient data management for purposed
of creating information required in the decision-making process. The term OLAP refers to the category of
software technology enabling users (such as analysis, managers etc.) to gain insight into data in a quick,
consistent, and interactive. Data mining (DM) is the process of exploring and analyzing meaningful stacks
and rules. Data mining uses techniques and algorithms from the area of statistics and artificial intelligence
to find significant hidden stacks in large dataset [7].

Business Intelligence Application in Banking

After knowing areas encompassed by business intelligence and business intelligence system
architecture in banking industry, the next thing to do is to choose the right Bl application tools. Business
intelligence provides many tools that can be used by the banking industry to carry out analysis and reporting
according to the desired area of banking.

Business intelligence (BI) software tools enable companies to analyze events, trends, and market
changes to gain competitive advantage. These BI tools collect, manage, and interpret mountains of
structured and unstructured data. They construct models that deliver answers and insights through reports,
charts, graphics, and other data representation methods. Bl software is the foundation of digital
transformation.
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The banking industry is one of the industries that will always be needed from time to time. therefore,
it is important for the banking industry to improve itself and follow the progress of an era. The banking
industry needs business intelligence to develop and maintain the business by analyzing the areas covered
by business intelligence, implementing business intelligence system architecture in banking industry and
choosing the right business intelligence application tools to carry out analysis and reporting so that it can
assist decision makes in making decisions.
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Laser ranging sensors, commonly referred to as LIDAR, are ubiquitous in off-road autonomous
navigation because they provide a direct measurement of the geometry of the operating environment of the
robot [1]. One of the ongoing issues with LIDAR perception is the inability of the sensor to distinguish
between navigable obstacles like grass and non-navigable solid obstacles. This problem is stated clearly by
[2]. Failure to make the distinction leads to frustrating behaviors including unnecessary detours (of a timid
system) around benign vegetation or collisions (of an aggressive system) with rocks misclassified as
vegetation.

Machine learning techniques have accelerated the development of autonomous navigation algorithms
in recent years, especially algorithms for on-road autonomous navigation. However, off-road navigation in
unstructured environments continues to challenge autonomous ground vehicles. Many off-road navigation
systems rely on LIDAR to sense and classify the environment, but LIDAR sensors often fail to distinguish
navigable vegetation from non-navigable solid obstacles. While other areas of autonomy have benefited
from the use of simulation, there has not been a real-time LIDAR simulator that accounted for LIDAR-
vegetation interaction. In this work, we outline the development of a real-time, physics-based LIDAR
simulator for densely vegetated environments that can be used in the development of LIDAR processing
algorithms for off-road autonomous navigation. The results demonstrate the potential for using the
simulation in the development and testing of algorithms for autonomous off-road navigation.

Among the more pervasive and demanding requirements for operations in vegetation is the
discrimination of terrain from vegetation-of rocks from bushes. While there has been progress over the last
decade in addressing the perception issues associated with LIDAR [3,4], the mitigating techniques have
primarily been developed and refined experimentally. Recent advances in simulation for robotics have
demonstrated that autonomy algorithms can be developed and tested in simulation. However, up until now
simulations have either lacked the fidelity to realistically capture LIDAR-vegetation interaction or been
computationally slow and difficult to integrate with existing autonomy algorithms.

In this work, the development, validation, and demonstration of a realistic LIDAR simulator that can be
used to develop and test LIDAR processing algorithms for autonomous ground vehicles is presented. It
accurately captures the interaction between LIDAR and vegetation while still maintaining real-time
performance. Real-time performance is maintained by making some simplifying approximations and by
using Embree, an open-source ray-tracing engine from Intel, for ray-tracing calculations, making the
simulator useful for integration into “in-the-loop” simulations of autonomous systems.
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