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XypHan npeactasneH Ha nnatdopme elibrary, Bcem ony6anKoBaHHbIM CTaTbaM nNpucsansatotca DOI, nsgaHne BxoanT B
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"Dear Authors!

This is the third volume of the new international scientific and technical journal "Modern innovations, systems and
technologies’, which has been published by the Siberian Scientific Center DNIT since 2021.

The volume includes articles of Russian authors from the Siberian Federal University, Krasnoyarsk State Agrarian
University, Reshetnev Siberian State University of Science and Technology, Regional State Budgetary Institution of
Culture "Yenisei Cinema" (Krasnoyarsk), Crimean Federal University named after V.I. Vernadsky (branch in Yalta), as well
as authors from Uzbekistan and the People's Republic of China. The articles are presented by the authors of the
Bukhara Engineering Technological Institute (Bukhara, Uzbekistan) and the Xian University of Science and Technology.
The topics of the presented articles are devoted to topical issues of transport development, applied problems of using
modern systems and technologies, problems of management and informatics, electronics, measuring technology,
radio engineering and communications, mechanical engineering and materials science. Articles are presented in both
Russian and English.

The scope of the scientific and technical journal is quite wide; the most relevant topics are informatics, physics,
transport, as well as applied aspects of the use of modern systems and technologies.

The journal is presented on the elibrary platform, DOIls are assigned to all published articles, the publication is
included in the Russian Science Citation Index (RSCI), the Crossref base."
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Review of approaches and methods to assess the comparative
efficiency of technological processes and production
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Abstract. The article provides an overview of approaches and methods to assess the comparative efficiency
of technological processes and production. It is known that the most common methods are those that assess
production based on the analysis of the states of control objects, as components of production, taken into
account in the automated control system, or analysis of the course of the technological process. It is shown
that efficiency is the most general, defining property of any purposeful activity, which from the cognitive point
of view is revealed through the category of the goal and is objectively expressed by the degree of goal
achievement, taking into account the cost of resources and time. Increasing the efficiency of the enterprise is
carried out using methods of analyzing the structures of enterprises, which allow, with the transparency of the
structure and organization of production, to carry out accurate and high-quality monitoring of the state of the
objects of the enterprise and their management. The analysis of comparative efficiency is an important
component of production processes. The results of the analysis allow you to debug the work of the enterprise
already at the initial stages of reducing the efficiency of its functioning. An important task is to find a
mathematical basis for analyzing the efficiency of enterprises. The paper discusses parametric and
nonparametric methods for assessing comparative efficiency. The main difference between parametric
methods is the econometric estimation of parametric functions in the study of the interaction of costs and
resources. The authors pay attention to the nonparametric DEA method, which, due to its characteristics, has
a number of advantages and features. The method allows you to obtain a comprehensive performance indicator
for each enterprise, and can also take into account multiple input and output variables. These features of the
DEA method make it possible to successfully apply it in determining the indicator of the comparative
efficiency of enterprises.

Key words: comparative efficiency, automated control system, enterprise, modeling, analysis
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O030p MOAX0/10B U METOJA0B K OLICHKE CPABHUTEJIbLHOM
3¢ PeKTHBHOCTH TEXHOJOTHYECKHUX MPOLECCOB U IPOU3BOICTB

. 1. Kopanes™", M.®. Kozaosa?, O.U. Onbmesckas®, T.II. Mancyposa*

! Kpacnospckuii rocy 1apcTBEeHHBIN arpapHbIi yHuBepcuTeT, Poccuiickas ®enepanus,
r. KpacHosipck

2 Cubupckuii TocyIapCTBEHHBI YHUBEPCUTET HAYKH M TEXHOJIOTHI HMEHH aKaJeMHUKa
M. @. Pemetnena, Poccuiickas @enepanus, r. KpacHosipck

3 Cubupckuii Gpenepanbublii yausepcutet, Poccuiickas ®enepanus, . KpacHospck
4OV «KKHuT», Poccuiickas ®exnepanus, r. Kpacuospck

*E-mail: kovalev.dw7@gmail.com

AHHoTanusi. B cratee maercs 0030p MOAXOJOB M METOAOB K OLIEHKE CPaBHUTENBHON 3(()EeKTUBHOCTH
TEXHOJIOTHYECKUX MPOLIECCOB M MPOU3BOACTB. 3BecTHO, uTO Hanbosee pacpoCTpaHeHbl METOIbI, KOTOPBIE
JIAf0T OILIEHKY MPOU3BOJCTB, UCXOJ U3 aHAN3a COCTOSIHUN OOBEKTOB yNpaBlCHHs, KAK COCTaBHBIX YacTed
npousBozcTBa yuutbiBaeMblx B ACYII mnm ananmza xoma TexHojoruueckoro mporecca. [lokazaHo, 4Tto
3¢ (heKkTUBHOCTH — 3TO HanboIee odIIee, ONpeIeNsIoIIee CBOMCTBO TIF000H IeTIeHaAPABICHHON eI TENbHOCTH,
KOTOpOE C M03HABATEIILHON TOUKHU 3PEHUS PACKPBIBACTCS Yepe3 KaTETOPHIO LIEJIH 1 OO BEKTHBHO BBIPAKACTCSI
CTETICHBIO JOCTHIKEHHMS 1IEIM C YUYETOM 3aTpar pecypcoB M BpeMeHH. [loBbiieHue 3G GeKTHBHOCTH paboThI
NPEONPHUATHS OCYIIECTBIISETCS IPU TOMOILM METOAOB aHAIN3a CTPYKTYP MPEANPHUITHIL, KOTOPBIE TO3BOJISIOT
IPU TPO3PAaYHOCTH CTPYKTYPBl W OpPraHU3aLMM IPOM3BOJACTBA OCYLIECTBIATH TOYHOE M KauyeCTBEHHOE
CIIe)KEHHE 32 COCTOSHMEM OOBEKTOB NPEANPHATHS U yMpaBleHHEe WMU. AHaIM3 CPaBHUTEIBHOU
3¢ GEKTUBHOCTH  SIBJIICTCSI BAXKHOM COCTABISIIOILEH mpoleccoB  (YHKIMOHHUPOBAHUS MPOM3BOACTBA.
PesynpraTthl aHangM3a MO3BONAIOT OTJIAXKHMBAaTh PabOTy NPEANPHUATHS YK€ Ha IE€PBOHAYAIBHBIX 3Tamax
caHmkenns: 3¢dexktuBHOCTH ero QyHKIMOHHpOBaHMA. BakHOW 3amayeil sSBISETCS MOWCK MaTeMaTHYeCKOH
OCHOBHI aHanmu3a S(QQGEeKTHBHOCTH mpeanpustTuid. B pabore paccmarpuBaloTcsi MapaMeTpUUECKHEe U
HemapaMeTpUYecKue METOAbl OICHKUM CcpaBHUTENBHOH 3¢ ¢ekTuBHOCTH. (OCHOBHBIM  OTJIMYHEM
MapaMeTpUuecKX METOJIOB SBISETCS DKOHOMETPUYECKAash OlEHKAa MapaMeTpUuecKuX QYHKIUN TIpH
WCCIIEIOBAHUY B3aMMOJIEHCTBHA 3aTpaT M PECypcoB. ABTOPHI YJEISIOT BHUMaHHE HEMapaMeTpHUEeCKOMY
Metony DEA, xoTopblii, B cHily CBOMX XapaKTEPHCTHK, 0OJafaeT psiioM HNPEHMYILECTB U OCOOEHHOCTEH.
MeToza n03BOJISIeT NOAy4aTh KOMIUIEKCHBIM MOKa3aTelb 3((GEKTUBHOCTHU I KQXKIO0T0 MPEAIPHUSITHS, a TAKKE
MOJKET YYHTHIBATH MHOKECTBCHHBIC BXOJHBIC M BBIXOJHBIC MEpeMeHHble. DTH ocobeHHocTn MeToga DEA
MO3BOJISIIOT YCIHEIIHO NPUMEHUTh €ro NPH ONPENEICHHMH IOKa3aTesisi CPaBHUTENBHOH 3(PQPEKTHBHOCTH
OpEANPUITHN.

KiroueBble ciioBa: cpaBauTensHas d3¢dextuBHocTs, ACYII, npeanpusitue, MoJIeIMpOBaHKE, aHATIN3

1. BBenenune
Pa3pabotka 3¢ ekTuBHO (GYHKIHMOHMPYIOMIUX aBTOMAaTHU3UPOBAHHBIX CHUCTEM YIPaBIICHUS
texHonornueckumu mponeccamu (ACY TII) u npousBoactBamu (ACVYII) Hembicauma 06e3
(dbopmanu3auy OCHOBHBIX 3TANlOB MPOEeKTUpOoBaHus. [Ipy 3TOM MOCTaHOBKM MaTeMaTHYECKUX 3a/1ad,

BO3HHUKAIOMUX IIPU OpTraHU3alU IMPOCKTUPOBAHHA U CPABHCHUH BapPUAHTOB ITPOCKTHBIX pemeHI/Iﬁ,
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TaK WIA HWHA4Ye CBS3aHBI C 3aJa4aMH MOJCIMPOBAHMs, ONTUMH3AIMU, BbIOOpa BapuantoB [1].
W3BecTHBIN MONBCKUHN CIEIUATHCT MO METOIOJIOTHUHA MPOEKTHO-KOHCTPYKTOPCKUX pa3paboTok B.
['acmapckuii [2] eme B mpoIuioM BeKe MUcail O TOM, YTO COBPEMEHHBIC METOJIOJIOTMU HAYKH B OTBET
Ha Bompoc: «UTo sBiIAETCS OCHOBOM NPOEKTUPOBAHMA?» OTBEYAIOT, YTO OCHOBOHM SBISIOTCA
KpUTEepUH >(PPEKTUBHOCTH, BBIBEIEHHBIC U3 YTBEP)KACHUN Teopuu ontuMmu3anuu. CTpemiieHue K
3G PEKTUBHBIM, a HE K JIOOBIM JOMYCTHMBIM PEIICHUSM TIyOOKO HPOHM3BIBAET COBPEMEHHOE
npoekTupoBanue. Mertoasl cpaBHHUTENbHOro aHamm3a dpdextuBHOcTH ACY TII m ACVYII
BBICTYNAIOT U KaK CPEACTBA OPraHU3allMd U MOJEIbHO-aJITOPUTMHUYECKOTr0 00ECHeueHHsl caMoro
nporecca NPOeKTUPOBAHMS, U KaK MHCTPYMEHTapUil 1oACUCTeMbl MOHUTOpHHra B cocrase ACVYII.
HemanoBakHyt0 pojiib B ONPEAEICHUU M MOCTPOCHUM IOJACUCTEMbl MOHHTOPUHIA WUIPAET BHIOOP
0a30BOI1 MOJIEITHHO-AJITOPUTMUYECKON KOHIENIIMA B BHIE METOJA OLEHKH 3((HEKTUBHOCTH, KaK
OCHOBBI ~CHUCTEMbl pEaruMpoBaHUsl Ha H3MEHEHHs J(PPEKTUBHOCTM B OpPraHU3aLMOHHO-
TEXHOJIOTMYECKOM KOMIUIEeKce npennpustus [3].

B pabGore [4] mnpuBencHbl Hambojice pacHpOCTpaHEHHBIE METOMbI, KOTOPBIE MOTYT
HCIIOJIb30BAThCA JJIsl OLIEHKHU ITPOM3BOJCTB, UCXO/S U3 aHAJIM3a COCTOSIHUM OOBEKTOB YIpaBiIeHUS,
KaK COCTaBHBIX YacTed MNpou3BOACTBA, yuuThiBaeMblx B ACVYII, wumm anamuza xozja
TEXHOJIOTHYECKOTo Mpouecca. Vcnoiap3yeMbIMU METOAAMU OLIEHKM W ONTHUMH3ALMU COCTOSIHUSA
O00bEKTa YIpaBlEHHs SBISAIOTCS. METOJ HAaWMEHbIIUX KBaJpaTOB, METOJ MAaKCHUMaJIbHOI'O
paBIoNIoI00usI, MeTo]] OaiflecoBbIX OlEHOK [5]. KauecTBo ympaBieHus 00bEKTOM MOKHO OLEHHTH
OIpe/ICIICHUEM MaTEMaTHYeCKOTO OXKHIAHUS YCIIOBHOM BEpOSITHOCTH [4].

Merton pamxupoBanus [4] ucmonb3yercs Ui OLEHKH COCTOSHHUS OOBEKTOB YINpaBlICHUS B
TOM clly4yae, Korjia Heo0X0AMMO KOHTPOJIMPOBATh MapaMeTphl, paHee U3MEPSBIINECsS KaueCTBEHHO.
VM npunuchiBalOT HEKOTOpbIE KOJMYECTBEHHBIE OLEHKH, TO €CTh BBOST pPaHXKUPOBAaHUE
napaMmerpoB. Jlomyckaemass Nmpu 3TOM MPOU3BOJUTENILHOCTh BBIOOpA KOJIMUYECTBEHHBIX OIICHOK,
3aTpyAHSET yIpaBieHHEe OOBEKTOM B aJaNTHBHBIX cHcTeMax. YToObl yHH(PHUUIMPOBATH IMpOLECC
PAH)KUPOBaHMS pa3IMUYHBIX KAUYeCTBEHHBIX MApaMEeTpoB, MOXKHO HCIIOJIB30BaTh IMPUHIIMII
HOPMHUPOBAHHOTO PaH)XKUPOBAHUS 110 KAKOMY-JTHOO allpUOPHO MPUHATOMY 3aKOHY [6].

[IpuBeneHHblE  METOABl  pacCMaTpUBAalOT B OCHOBHOM  ONTHUMAJbHOCTH  XOja
TEXHOJIOTHYECKOro mpoiecca. B pabore [3], B 4acTHOCTH, aHAIU3UPYIOTCS METOABI OLCHKH
3(p(GEKTUBHOCTH  CIOXKHBIX MPOM3BOJCTBEHHBIX CHUCTEM, TaKUX Kak [epepadaTbIBaroIiye
MIPOM3BO/JICTBA.

2. MopenupoBanue cTpykryp npeanpustuii B ACYII

C 1enpio ONTUMM3ALNY YTIPABIEHUS IPOU3BOJICTBOM U BO3MOYKHOT'O PEILICHHS psijia IpoOieM,

CBSI3aHHBIX C OXBAaTOM IPOW3BOJICTBEHHBIX CHUCTEM U IOBBIIIEHUEM YPOBHS MX YNpPaBISEMOCTH, B

cepenune 60-X TO0B AMEpUKAHCKOE O0IIECTBO yIpaBieHUs Mpou3BoacTBOM u 3amacamu (APICS)




Cospemennvle unnosayuu, cucmemsi u mexvonoeuu, 2021, 1(3)

chopMyIIMPOBATIO Psii MPHUHIIMIIOB, IO KOTOPHIM MpeAiarajioch CTPOUTh MOJENIU MPEeNNpHUsITHS U
OCHOBHBIX IPOHM3BOJICTBEHHBIX MPOLIECCOB B HUX. BriepBble 3TH MPUHLIMUIBI ObLTH MPUMEHEHBI IS
pelieHns 3ajad YNpaBieHUs MaTepUajbHBIMU 3amacaMH IPEANPUATHS U IOJY4YMIM Ha3BaHUE
konnenmun MRP (Material Requirements Planning - maHupoBaHne MaTepHAIBHBIX PECYpPCOB),
OCHOBHBIE I0JIOKEHUS KOTOPO MepeurcIeHbl HIKE:

® MOJENb IPOU3BOJICTBEHHOIO IIPOIECCA OIMCBHIBAETCA KaK IIOTOK B3aWMOCBS3aHHBIX

3aKa30B;

® IIpH BBIIIOJIHEHUH 3aKa30B YUUTHIBAIOTCS OTPAHUUYEHUS PECYPCOB;

e obecreynBaeTCsl MUHMMM3AIHS POU3BOICTBEHHBIX [IUKIIOB U 3aI1acoB;

® 3aKa3bl CHAOXKEeHHUS M MPOU3BOJCTBA (POPMHUPYIOTCS Ha OCHOBE 3aKa30B peajn3aluu U

MIPOU3BOJICTBEHHBIX TPAPUKOB;

e JIBIDKCHHE 3aKa30B yBSI3bIBACTCS C SKOHOMHUECKUMU MOKA3aTEISIMH;

e BBHINIOJIHEHHUE 3aKa3a 3aBEPIIAeTCs K TOMYy MOMEHTY, KOTJIa OH HE0OXO0IUM.

Hepapxuueckas ctpykrypa ACY TEXHOIOTHYECKOro mporiecca moapasymeBaert [7]:

® [IOTOK KOMaH/| HalpaBJIeH OT BEPXHETO YPOBHSI K HIDKHEMY;

® HIDKHHUI OTBEYAaeT BEPXHEMY I10 €r0 3ampocam.

Ha »srtame cuHTe3a Momenw B COCTaB €€ IapaMeTpoB M CTPYKTYp TpeOyeTcs BBOJIUTH
JIOTIOJTHUTENBHBIE 3JIEMEHTHI (M30BITOYHOCTH), KOTOPbIE MPU HEMOCPEICTBEHHOM HCIIOJIb30BAHUU
MO3BOJIIT  YIPABJIATH KAdyeCTBOM, CHH3AT YYBCTBUTEIBHOCTh MOJEIM U COOTBETCTBYIOLIMX
MOKa3aresel KauecTBa K M3BMEHEHHUSIM COCTaBa, CTPYKTYPhI U COJIEPKaHUS UCXOHBIX JTaHHBIX [8].

[Ipy wuccnenoBaHWM TakKUX CHUCTEM MpU pa3pabOTKe NPOEKTOB HX OpraHu3allMOHHO-
TEXHOJIOTHYECKOTO Pa3BUTHs HEOOXOAMMO YUYUTHIBATh UX MHOTOCTYIEHYAaTOCTh. MaTeMaTuiyeckue
MOJIEJIM MOTYT OBITh MCIIOJIB30BaHbl KakK Ul OLIEHKH (DYHKIIMOHMPOBAHUS OPraHU3alMOHHO-
TEXHOJIOTUYECKUX CHCTEM, TaK W JUIsl MPOTHO3HPOBAHMUS WX PAa3BUTHUS, YTO OCOOEHHO BAaXKHO B
YCIIOBUSIX OLIEHKH CTpaTernyeckoro ynpasienus [9].

Hanum monstue Moaenu U cucrteMbl. Cucmema TpPEACTaBIseT COOOW COBOKYIHOCTb
B3aMMOCBSI3aHHBIX U B3aUMOJECHUCTBYIOIIUX YACTEH, BBIMOIHSAIOLUINX HEKOTOPYIO MOJIE3HYI0 paboTy.
Yactamu (37€MEHTaMH) CUCTEMbI MOTYT OBITH JIF0Oble KOMOMHAIMU Pa3HOOOpPA3HBIX CYIIHOCTEMH,
BKJTIOYATOIIKE JIF0/IeH, MHGOPMAIIHIO, POTPaMMHOE OOecTieueHre, 000py1I0BaHUe, H3/IENHS, ChIPhE
WIM 3HEpruro (PHeproHocutenu). CucreMa — 3TO MHOXKECTBO JJIEMEHTOB, HAXOAIIMXCS B
OTHOLICHUSX M CBA3SX JAPYr C JPyrom, oOpa3yIOLIUX OIpPeNeNeHHYI0 LEIOCTHOCTb, €IWHCTBO.
Mooenb - UCKYCCTBEHHBIN 00BEKT, MpeACTaBIAOMUN co00il oToOpakeHue (o0pa3) CUCTEMBI U €€
KOMITOHEeHTOB. Cuntaercs, 4to M (Mozens) moaenupyet A (00beKT), eciii M oTBe4aeT Ha BOMPOCHI
OTHOCHUTENBHO A. Mozienb ONUCHIBAET TO, YTO IMPOUCXOANUT B CUCTEME, KaK €10 YIIPABIISIOT, UTO OHA

npeoOpasyer, Kakue CPeJICTBA HCIOJIB3YET JIIsl BBITOTHEHUST CBOMX (DyHKIHI 1 uTo mpou3Boaut [10].
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OnHOM W3 BO3MOXHOCTEH MOJACIMPOBAHUSA MPOU3BOACTBEHHOM CHUCTEMBI MPEANPUATHS
SIBIIICTCS JITOPUTMU3AIUS. ANTOPUTMH3AIUS TEXHOJOTHIECKUX TPOIIECCOB MPEICTABISIET COOOM
pa3paboTKy MaTeMaTHYECKOTO OMHMCAHUS MOBECHUS CUCTEMBL. B allropuTMax peanusamnui MOJIENN
mpouecca, Kak IpPaBWIO, BBLACNSAIOTCA MPOrpaMMHbIEe  OJIOKM — pealu3allud  OTIEIbHO
JETEPMUHUPOBAHHOW M CTOXacTHYeCKoW dactedt wmoxenu [4]. TlostomMy maTeMaTHYECKUM
o0OecrieueHrneM SIBIISIIOTCST BCE METOJIbI, TMPUEMBI, CTAHJAPTHBIC AITOPUTMBI, OOJErdarone u
yckopsitoiue jgorudyeckoe npoexkrupoBanue npeanpustus B ACVYII [8]. K takum meToiaMm MOXKHO
OTHECTH:

® METOJbl HCCJENOBAaHUS TOBEICHUS TEXHOJOTHYECKUX MPOLECCOB M IMOCTPOCHUS

MaTeMaTHYECKUX MO/IEINEI;

® [pPUEMBI CTPYKTYPHOI T€OPUU aITOPUTMOB;

e [porpaMMHOE oOecrieueHue Al aBTOMATHU3aluK TPOrPaMMHUPOBAHNS;

e CTaHJApTHOE MpOrpaMMHOE oOecliedeHne, HCIOJIb3yeMOe KaK COCTaBHAas 4YacTh

MporpamMM ympaBIICHHUS.

Bonee Toro, B myonukaimu B.B. Buniuenko [9] mpuBoauTCs MpeanonokeHne 0 TOM, 94TO BCe
MIPOU3BOJICTBEHHBIE CHCTEMBI (HOPMAaTBLHO MOI0OHBI MEX Ay cOO00M. DTO MOJ00ME OCHOBAHO HA TAKUX
BOKHEUIIMX aTpUOyTax CHUCTEM KakK: OpraHu3alus, yIpaBJICHHE, TEXHOJOTHUS, COIUAIBHO-
TICUXOJIOTHYECKUE OTHOIICHHUS, TPaBOBAsi PETYJISIIHS, SKOJOTUUECKHE TPEOOBAHUS U MHOTOE JIpYTOE.
[Tpou3BOICTBEHHBIE CHUCTEMBl OTIMYAIOTCS OJHA OT JAPYroil macmrTaboMm, a TakkKe BHIAMU
MPEeIMETOB, KOTOPBIE MOTPEOISIOTCS M U3TOTABIMBAIOTCS, SHEPTETUIECKIMHU U HHPOPMAITHOHHBIMH
pecypcami.

Bxoapr-31eMeHThI, KOTOPBIE TTOCTYIIAIOT B CHCTEMY, MOTYT pacCMaTpUBAThCS KaK PECYypCHI,
KOTOpBIe 00eCTIeYynBaIOT BHEIPEHUE B HEE MEPONPUATUI Pa3HBIX HAMpaBICHUH OpraHu3allMOHHO-
TEXHOJIOTHYECKOT0 pa3BUTHUA. Tak MPOIYKThI IPYTUX CHUCTEM, HAIPUMEP, ChIPbE, TEXHUKA, BUJbI
MPOAYKIIMH U IPyTHe 00YCIOBIUBAIOT 3JIEMEHTHI-BXOIbI APYTHUX NoacucTeM. Ha 3Toit ocCHOBE MOXKET
OBITH TOCTPOCHA HepapXUUecKas cucTemMa (pakTopoB — nmokasarenen 3pHeKTUBHOCTH UCIIOIH30BaAHUS

pPeCypCOB CUCTCMBI (CM. PUCYHOK 1), KOTOPBIC O6YCJ'IOBJ'II/IBaIOT YPOBCHBb €€ KOHCYHBIX PE3YJILTATOB

[9l.
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Pucynok 1. Uepapxuueckas cuctema (pakTopoB MpoU3BO/ICTBA.

Ha pucynke 1: p — 1nokasarenb, KOTOPBIM BbIpaXacT KOHEUHBIM pe3yibTar
(YHKIMOHMPOBAHUSI CHCTEMBI, 3TO MOXET OBITh 00BEM MEPEBO30K, POCT MPOU3BOAUTEIHLHOCTH
Tpyna, npuObUIb, PEHTA0CNBLHOCTh W Ipyrue; K — mokasaTenb S(PQPEKTUBHOCTH HUCIIOJIb30BAHUS
OCHOBHBIX (POHJIOB; @ — MOKa3aTenb APHEKTUBHOCTH UCIOIb30BaHUS MIPEIMETOB TpyJa (3amacHbIX

JacTe, MaTeprasoB u Apyrue); | — mokaszarens 3 (HheKTHBHOCTH MCIONIBb30BaHUS TPY/IA.

3. AHaan3 GQyHKIHOHMPOBAHUS NPeINPUATHII € LeJbI0O NOBBIIIIEHHUS €ro

3¢ dexTUBHOCTH

[Tpexne uem pa3zoOpath noHsATHE 3()(HEKTUBHOCTHU NMPEANPUATHUS, TO3HAKOMUMCS C TOHITHEM
«@dexktuBHOCTHY BOOOIIE. DPPEKTUBHOCTH — 3TO Hambosee oOlee, Ompenessionee CBOMCTBO
M000¥ 1IeeHanpaBIeHHON AeSITeIbHOCTH, KOTOPOE C MO3HABATEIHHOM TOUKU 3PEHUS PACKPHIBACTCS
yepe3 KaTeropHio LeNu U 0OBEKTUBHO BBIPAXKAETCS CTENEHBIO TOCTHKEHHUS LIETH C YYETOM 3aTpar
pecypcoB u Bpemenn [11, 12].

O} PexkTUBHOCTh MOXKET paccMaTpuBaThCcsl Kak (QYHKIUS OT 1eaud. O(PPeKTUBHOCTh —
KOMIUIEKCHAsI XapaKTePHCTUKA MOTEHIMAIbHBIX W (WJIN) PEANbHBIX PE3yJbTAaTOB HCIOJIh30BAHUS
CHCTEMBI C YUETOM CTETIEHU COOTBETCTBHS 3TUX PE3yJIbTATOB LEJNISIM, CTOSIILIUM Tepe]] cuctemMoit [8].
BricTynaer kak MHIUKATOP pa3BUTHS, €70 BAKHEUIINI CTUMYJI, CTAHOBUTCS 1€JIEBBIM OPUEHTUPOM
VIPaBICHYECKON JIESTEIFHOCTH, HAMpaBISIET 3Ty JESITeIbHOCTh B PYCI0 OOOCHOBAaHHOCTH,
HEOOXOIMMOCTH, OTIPABIAHHOCTH U TOCTATOYHOCTH.

O¢ddeKkTuBHOCTE  MpEeAnpUATUS  ONPEAENSIOT  COMOCTABICHHEM  pe3yJlbTaTOB  OT
(YHKIMOHMPOBAHUS TPENNpPUATUS U 3aTpaT BCEX BHUAOB PECYpPCOB, HEOOXOAMMBIX JUISL €ro
noJIep kaHust U pa3BuTHA. Kputepuii 2 GeKTHBHOCTH TPEATIPHATHS OTPEACISIFOT HAa MHOXKECTBE

(cucreme) mokazarenei, KakIblii M3 KOTOPHIX OIMHUCHIBAET OAHY M3 CTOPOH paccMaTpHUBaeMoOil
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CHCTEMBl. B 3aBUCHMMOCTH OT HCIOJIB3yEMOI0 MAaTEMAaTUYECKOIO annapara KpUTepuidl MoKeT ObITh
BBIPQ)XEH B BUJE LEJIEBON (PYHKUIUHU WM MOPAIKOBON MEphI, yCTAaHABIMBAIOMICH YIOPSI0YCHHYIO
[IOCJIEIOBATEIbHOCT ~ COYETAHUN  ITOKA3aTEIICH. IIpu omnpeneneHun  pe3ysbTaToOB  OT
¢byHKUMOHMpOBaHUs cucTeMsl ynpasieHus B ACYII 3aai0T yHUBEpCaIbHYIO CUCTEMY 0000IIEHHBIX
HoKa3aTesel, TAKUX, KaK OlepaTUBHOCTh (CBOEBPEMEHHOCTD), YCTOMUMBOCTh, KAYECTBO YIPABJICHUS
u gapyrue. Hcnonbp3dyemble IOKa3aTeNd JOJDKHBI OBITh  pPa3BEPHYTHl NPUMEHHTENIBHO K
xapaktepuctukaM KoHkpeTHoW ACVYII (Hanpumep: onepaTuBHOCTb — BEPOSTHOCTHO-BPEMEHHBIE
XapaKTEePUCTUKH 3JEMEHTOB IpOLEcCca YNpaBIEHUS; YCTOMUYMBOCTh — IIOKA3aTeNM HAJEKHOCTH,
ITOMEXO03alMICHHOCTH) [7].

LlenecooOpa3Hble BapuaHThI MIOCTPOCHUS MPEANIPUATHS BBIOMPAIOT IMyTeM OallaHCUPOBAHUS
nokazareneii mnpupamienus d¢dextuBHOCTH D, TOMy4YaeMoOll 3a CcyeT TOJJEpKaHUS B
paboTOCIIOCOOHOM COCTOSTHMM MJI COBEPILIEHCTBOBAHUS MPENIPUATHS, U 3aTpaT Q. Maremarnyecku
3Ty 3aa4y (GOPMHUPYIOT B BUJIE:

max 3 mpu Q = const;

WJIU B BUJIe 00paTHOM 3a1auu:

min Q opu D = const.

K OCHOBHBIM YacTHBIM MOKAa3aTeNsIM, XapaKTEPU3YIOLUIUM SKOHOMHUYECKYIO0 3((HEKTUBHOCTh
npeanpustuii [7,13], oTHOCAT:

® T0JI0OBYIO 3KOHOMHUIO (T0/10BOI MPUPOCT NPUOBLIN);

® CHIKEHHE H3JIEPKEK MPOM3BOACTBEHHO-XO3AWCTBEHHON JEATENbHOCTH Ha OOBEKTax

yTpaBJIeHUS;

® T[IOBBIIIEHUE MPOU3BOAUTEIBLHOCTU TPYAQ;

® OSKOHOMMIO 110 BUJIaM PECYpCOB;

® BBICBOOOXKJEHHME PAOOTAIOIIETO IEPCOHANA;

® [IOBBIIIIEHUE KAYECTBA BHITYCKAEMOM MPOTYKIIHH.

[ToaTomy 3¢ (heKTUBHOCTD TPEATPUITUIA MOKHO OBBICUTD!

® COBEpPLICHCTBOBAHHEM CTPYKTYPbI TEXHOJOTHYECKUX IIPOLECCOB C LIEJBIO MOBBICUTH MX

yIpaBJIIEMOCTh M Ka4eCTBO;
® YMEHBIICHUEM BIMSIHUS BEPOATHOCTHBIX H3MEHEHUI MPOMEXYTOUHBIX TEXHOJIOIMYECKUX
MPOLIECCOB HAa M3MEHEHHE BBIXOIHBIX TapamMeTpoB [4];

e yBenMYEHHEM O00beMOB oOpabaTbiBaeMOil HWHGpOpPMAMM C LENbI0 YMEHBIIUTh
HEYNOPST0YEHHOCTh TEXHOJIOTUYECKUX ITPOLIECCOB.

[Tonstne TtexHmueckoil 3¢pdexkTuBHOCTH Oazupyercs Ha KIACCHYECKOM PacCMOTPEHUH

HpOHSBOI{CTBGHHOfI CUCTEMBbI KaK «YCPHOI'O AIIHUKa», HeﬁCTBHH KOTOpPOro HalpaBJICHbI Ha
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ONITUMAITLHOE JTOCTH)KCHUE CBOMX Iesiel. B kadyecTBE MCTOYHHMKOB TEXHHYECKOH A((HEKTHBHOCTH
paccMaTpuBaeTCs BECh KOMIUIEKC BHYTPEHHHUX (DaKTOpOB, mpuueM 0co00e BHUMAHHE YACTSIETCS
COBEPILIEHCTBY CUCTEMBI YIIPABIICHHS, a TAKXKE PACIIPEICIICHUIO HArPy3KH HA 3JIEMEHThI aBTOMATUKH.

PaccMOTpuM OCHOBHBIC TPUIHHBI HEIDHEKTUBHOCTH JCATEILHOCTH TpeanpusaTus [14]:

1. HeadhekTuBHOCT,  BCIEACTBHE  HEONTHMAJIBHOrO  Macmraba  pa3BEepHYTOCTH
MPOU3BOJICTBA C M30BITKOM PE3EPBHBIX JJIEMEHTOB WIM HUX HEYNOPAJOYHOCTHIO
(He3(HEeKTUBHOCTH 1O MacIITa0y).

2. HeapdpekTHBHOCTh BHYTPEHHUX TEXHOJIOTMYECKUX MPOLIECCOB U OOBEKTOB MPEIIPUSTHSL.

3. HeappekTHBHOCTh BCJIECACTBHE HEPAIMOHAIBHOTO pPACHpEIeNeHHs] MOTPeOIsIeMbIX
PEeCypcoB U HECOOTBETCTBHS KauecTBa (KOJUYECTBA) MPOAYKLIUH U CIIPOCY Ha Hee.

4. He>pdekTUBHOCTH  BCIEACTBHE  HEJAOCTATOYHO  MPOJYMAaHHOTO  MEXaHH3Ma
yIpaBJICHYECKUX PEIICHUH, HE TIOJIHOM peau3aliy MOTCHIMAla IIePCOHANIa U CPEIICTB
ACY.

[ToBwimenue 3 GeKTHBHOCTH PAOOTHI MPEINPUSITHS OCYIIICCTBIISICTCS TPU MTOMOIIH METO/I0B
aHaJlM3a CTPYKTYp TPEANPUATHH, KOTOPHIE TO3BOJIAIOT TIPH TPO3PAYHOCTH CTPYKTYphl U
OpraHu3aly MPOU3BOJICTBA OCYIIECTBISTh TOYHOEC M KAYECTBCHHOE CJICKEHHE 32 COCTOSIHUEM
O00BEKTOB MPEANIPHUATHS U YIIPABICHHE UMH. PacCMOTpHM HEKOTOPBIC M3 METOJIOB aHAJIM3a CTPYKTYP

npeanpustuii B ACYIIL.

4, [IapameTpuyeckne U HemapaMeTpHUYeCKUe MeTO/IbI OIleHKU CPABHUTEIbLHOI

3¢ dexTUBHOCTH

[TapameTpudeckre 1 HeMapaMeTPHIESCKHE METO Bl OBUTH B3SITHl HAMH M3 IKOHOMETPHUECKUX
MOAXOJMOB  aHamm3a A(Q(EKTHBHOCTH  OpPraHM3alMi, HO  TMO3BOJISIIOT  WCCIEAOBaTh U
MIPOU3BOJICTBEHHBIEC CHCTEMBI, TAK KaK pACCMATPUBAIOT PECYPCHI U BBITYCK MPOAYKIUH. [lomyueHHbIC
JaHHBIE MO TToKa3aTeNsIM 2P PEKTUBHOCTH MPOU3BOACTB MO3BOJIAT IPUHUMAThH B3BEIICHHBIE PEIICHUS
Y TIPOBOJIUTH TUTAHOMEPHYIO TTOJIUTUKY MTOBBIICHUS Y ()EKTUBHOCTH PaOOTHI TPEATPUSITHIHA.

[Ipoananu3upyem MeToabl, oTMeueHHble B [14-17]. Jlns Hayana paccMOTpuM
HenmapaMeTpHUuecKre METO/IbI:

e Mmeton DEA;

e MeTOj CBOOOJHOTO pacmoiokeHus ooonouku (FDH);

e uHJEKCH npousBoauTesbHOCTH (Pl).
4.1. Meroa DEA (Data Envelopment Analysis)

Meton DEA ocHOBaH Ha MOCTPOEHHHM TIpaHHIbl 3((EKTUBHOCTH, KOTOpas SBISETCS

aHaJI0TroOM HpOH3B0,[[CTBCHH01>i (I)yHI(LII/II/I AJId CcJiy4das, KOrJa BBIITYCK HEC CKaﬂﬂpHBIﬁ, a BGKTOpHBIﬁ.
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['pannna sddexkruBHOCTH HMMeeT (GOopMy BBIMYKIOW OOOJOYKM WJIM BBITYKJIOTO KOHYCa B
MIPOCTPAHCTBE BXOIHBIX U BBIXOJAHBIX MIEPEMEHHBIX. | paHHIIa HCIIONB3YeTCs B KAUECTBE dTATOHA IS
MOJyYeHHUS YHCICHHOTO 3HaueHHs 3((EKTUBHOCTH KaKJOTO U3 OLIEHUBACMBIX HPEIANPHUSTHHA.
Onmnako wmeronm DEA wumeer ciedyromiy0o OCOOCHHOCTB: OH IIO3BOJIIET OILICGHUBATh TOJIBKO
OTHOCUTENIbHYIO 3()()EeKTUBHOCTD TPEANPUATHIA, TO eCTh 3(P(PEKTHUBHOCTH MO CPABHEHHUIO JPYT C
apyrom.  CreneHb 3(QQEKTUBHOCTH NPEANPUATAN OINpPEACTSeTCS UX OJM30CTHI0O K TpPaHUIE
3(¢(HEeKTHBHOCTH B MHOTOMEPHOM IPOCTPAHCTBE BXOJOB U BBIXOAOB. CrocoOOM TOCTpOCHUs
rpaHunbl  3QQPEKTHBHOCTH  SBISETCS  MHOTOKpAaTHOE  pEUICHWE  3aJadyd  JIMHEHHOTO
nporpaMMupoBaHus. ['paHuna GopMupyeTcss Kak KyCOYHO-JIMHEHHAss KpUBasi, KOTOpasi COCIUHSICT
Hanbonee 3(p(PEeKTUBHBIC TOUKU, TEM CaMbIM, (HOPMUPYS BBIMTYKIYIO KPUBYIO IPOH3BOJICTBEHHBIX

BO3MOXKHOCTei# [16,18,19].
4.2. MeToa cBOOOTHOTO PACIIOIOKEHUSA 000T09KH

MeTon cBOOOIHOTO pacmoyiokeHUsi OOOJIOUKH TaKKe HA3bIBAIOT «aHAJIM30M O00JOYKU
JaHHBIX €O cBOOOAHBIM pasmemneHuem» (Free Disposable Hull Analysis). [lanHblii moaxo,
npeiokeHHsid lenpuacom, Cumapom u Tynkencom (Deprins, Simar, Tulkens [20, 21]) B 1984
rofy, MpeAcTaBisieT co0oi yacTHbIN cayyail Mmetoga DEA, xorja TOUKY Ha JUHUSX, COSTUHSIONIUX
HaubOosee 3(pQeKTUBHBIC 3HAUEHUs MOKa3aTesel, He BKIIOYAIOTCS B rpaHully 3(PGEKTUBHOCTH.
Takum oOpa3oM, HU OJHO U3 MPEANPUATUN HE MOXKET AOCTUTHYTH COCTOSIHHSI MaKCHUMAalIbHON
spdextuBHOCTH. OCcHOBHBIM oTinMureM Mmerona FDH sBusercst crienuduka mocTpoeHus: rpaHuIlbl
s dextuBroctu. B ocHoBe MeTona DEA nexuT BO3MOXXHOCTh JIMHEWHBIX KOMOWHAIMK HAOOPOB
BXOJIHBIX U BBIXOJHBIX IEPEMEHHBIX, YTO MPEAINoaraeT B3auM0o3aMeHsIeMOCTh pecypcoB. B meroze
FDH, Hao00poT, B3aMMO3aMEHSIEMOCTb OTCYTCTBYET, NMPUMEHSETCS NMPOU3BOACTBEHHAs (YHKLHUS
Jleonmvesckozo tuna. B pesynbTrare yero rpanuna 3pQexKTUBHOCTH UMEET cTyneH4arbiil Bua. OHa
oOpa3yercs MyTeM IE€peCceUYeHUs BEPTUKAIbHBIX M TOPU3OHTAJIBHBIX JIMHUN Uil KaKIOW U3

paccMaTpuBaeMbIX KOMOMHAIIMI BXOI0B U BbIX010B [16, 20].
4.3. Metoa unaexkcoB npousBoauteabHocTu (Productivity indexes)

WNHnekc — 3TO OTHOCHTENbHAs BEJIMYHMHA, TOKA3bIBAIOIIAs, BO CKOJBKO pa3 UYHCICHHOE
BBIPAXKCHUC YPOBHA H3YHACMOI'O SABJICHUA B JAHHBIX YCIOBHAX OTIMYACTCA OT YPOBHSA TOI'0 KE
SBJICHUS B JPYTUX yCJOBUAX. Pasnuuue ycioBuil MOXeT MpOSIBISATHCS BO BPEMEHH (TOTIa TOBOPAT
00 MHAEKCaxX AMHAMHUKH), B IPOCTPAHCTBE (TEPPUTOPUAIbHBIE HHJIEKCHI), BRIOOpE B KauecTBe 0a3bl
CpaBHEHHSI KAKOTO-THO0 YCIIOBHOTO YPOBHSI, HAIIPUMED ITAHOBOTO MTOKA3aTeNsl, YPOBHS JJOTOBOPHBIX
0053aTeIbCTB U TOMY 10100HOe. OHU MPEICTABIAIOT CO0O0M MPOCTEHIIYIO OLEHKY CPaBHUTEIBHOM
NPOM3BOAMTENILHOCTH MEXIy IByMs oObekTamu. HMpes muzaekcoB npowmsBoautenbHocTtu (Pl)

OCHOBaHa Ha 061_[16171 TCOpPHUHU HHIACKCOB. HNupexcel MPOU3BOAUTCIILHOCTU HNPCACTABIIAIOT coboit

( 1
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OTHOIIICHHE CYMMBI B3BCIICHHBIX BBIXOJHBIX MEPEMEHHBIX K CYMME B3BEIICHHBIX BXOJHBIX
nepeMeHHbIX. [IpuMepaMu HWHAEKCOB MPOU3BOAUTENHFHOCTH B  aHaiu3e d3((EKTHUBHOCTH
MIPOU3BOJICTBEHHBIX O0BEKTOB BBICTYHarOT mHAEKC ManmkBucta (Malmquist Productivity Index),
ucronb3yemeiii B mape ¢ merogoMm DEA; umnnekc Topukeucrta (Tornqvist Productivity Index) u
nnaekc Gumepa (Fisher Productivity Index).

WHpeKchbl, KOTOpbIe PACCYUTHIBAIOTCS MO THITY HHICKCOB (PU3NYECKOTO 00beMa, IPUMEHHMBbI
pU U3y4eHUH HAaOOPOB, COCTOAIINX KaK M3 Pa3HBIX 0OBEKTOB, TAK M U3 0OBEKTOB OAHOTO U TOTO K
tuna. Ecnu cOBOKYIMHOCTh HEOIHOPOAHA (HAIpHMEp, COBOKYITHOCTh MPOU3BOJUMBIX MPOJIYKTOB
Pa3IMYHOTO BHJA), TO MHIEKC (pU3MUecKoro oobeMa — eIMHCTBEHHBIN CIOCO0 MOKa3aTh JUHAMHKY
TAaKOM Macchl pPa3IMYHBIX TMPEIMETOB, BbIpaXKas €€ 4epe3 B3BEIIMBAIONIMNA MHOXXHUTEINb
(cebecToMMOCTh, TPYIMOEMKOCTh). ECIIM COBOKYITHOCTH COCTOMT W3 OOBEKTOB OIHOTO THUIIA, TO
JMHAMHUKY 3TOW MacChl MOXKHO ITOKa3aTh HEMOCPEACTBEHHO, CPaBHUBAs 00IEe KOJIMUYECTBO TAKHX

[PEJMETOB B OTYCTHOM TEPHOJIE C AHAJIOTUYHOM BeIMYNHON B GasrcHoOM [17].
4.4. IlapameTpryeckne MeTO/IbI OlleHKHU I(PPeKTUBHOCTH

[TapameTpuveckne MeETOABI OLEHKH A(PPEKTHBHOCTH OMUPAIOTCS HA H3BECTHYIO
crienu(pUKaU0 TPOU3BOJACTBEHHON (DYyHKIMH, BKIIOYAIOT B ce0s METOJ CTOXaCTUYECKUX TPaHUL,
MmetoA 0e3 cnenuduKanuu pacupeaeaeHus U METOA I'ycToi rpaHuibl. [Ipu MCIONB30BaHUM ITUX
METOJIOB HeJb3sl 000HTHCh 0€3 BBIYMCIEHHS OCHOBHBIX IapaMeTpoOB pacHpeneneHus (CpegHux
BEJIMYMH, AUCIIEPCHIl), IOITOMY OHHU MOJIYyUYUJIU Ha3BaHUE MAPAMETPUUYECKUX METO/IOB.

PaccMoTpuM napamerpuueckre METOIbI:

® METOJl CTOXaCTUYECKON TPaHUIIBL;

e MeToA Oe3 crienupuKauy pacipeieIeHus;

® METOJ I'yCTOM TPaHULIBI.
4.5. Croxacruueckas ¢ppoHTupHasi Mmoaesib (Stochastic Frontier Analysis, SFA)

SFA-monens BnepBbeie Obuta npejctaBieHa Aigner, Lovell, Schmidt [22,23] u Meeusen, van
den Broeck [22] 8 1977 roxy. B ocHOBe MeTO/1a CTOXaCTUYECKOM MPAHUIIBI  JISKUT MIPEANOTI0KCHUE
0 TOoM, uTO 3(}(}HEeKTUBHOCTH paclpelelieHa HEeCUMMETPUYHO, TOrjJa Kak ciydaiiHas ommOka
MOTYMHSCTCS] CAMMETPUIHOMY pactipenesnieHuto. Kak mpaBmiio, B KauecTBe 3aKOHA paclpeieeHuUs
MPUHUMAETCSI CTaHAapTHOE HOpMalibHOe pactpenenenne. OcodeHHoCcTIMU SFA-Moenn sSBIsroTCS
MOCTPOCHHE I'PaHUIIbl IPPEKTUBHOCTH HAa OCHOBE 33/laHHON crenudukanuu ee ¢yHKIMOHAIBHON

(I)OpMLI 1 HCTTIOCPCACTBCHHOC BKIIFOYCHHUEC B MOACIIb CJ'Iy‘IElfIHOFO KOMIIOHCHTA.
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Pucynok 2. Croxactuyeckasi IpOU3BOICTBEHHAS (DYHKITHS.
SFA-monens Obuta mapamerpusoBana [24] B ¢popme npousBoacTBeHHON pyHkmmu Koboa—

Hyrnaca:
In(y®) = x®p + v® —y®, ;=12 .,N, 1)

riae N — KOJIM4ecTBO paccMaTpPUBAEMBIX OOBEKTOB; ln(y(l)) - HaTypaJbHBIA JIoTapu(M YUCITIOBOTO

3HAueHMs BHITycKa | — ro oObekra; x() - Bextop pasmeprocthio (K+1), ueil mepBbIil d1eMeHT
paBHsieTcst 1, a Bce MOCIEAYIONIUE 3JIEMEHTHI SBIAIOTCS HaTypalbHBIMU JOrapupmMaMy 3HauYCHHUH
KOJIMYECTBA UCIOJIb3yeMbIX | — M 00bekToM K pecypcos; B = (Bo, Bi,..., Pk) — BEKTOp HEU3BECTHBIX
napameTpos, moiexamux onenke; v - ciyuaiinas ommbka, NpeIHA3HAYEHHAS JUIS M3MEPEHHS
3HAYEHUs] BO3JCICTBHUS Ha 3HAYEHHME IMEPEMEHHOM BBIMYCKa TAKUX CIy4dallHBIX (aKTOpOB, Kak
noroja, 3a0acToBKH, y/1aya ¥ TOMY MOA0OHOE, a Takke 00IIero BO3AeHCTBUS HEYUTECHHBIX PECYPCOB
TIepeMEHHBIX TIPOM3BOCTBeHHOM pynkiuy; uD - yMeromas MONoKHUTENFHOE 3HAYCHNE CTydJaiiHasT
NepEeMEHHas, CBA3aHHAs ¢ TEXHUYECKON Hea(h(HEKTUBHOCTHIO TPOU3BOJICTB B KOHKPETHOM OTPaciIu.
Otirnep, Jloenmnm w [Muar [22] NOpeArmonoXWIA, dTO v gBnsioTCs  He3aBUCHMBIMH
CIIy4ailHBIMH NE€PEMEHHBIMH C OJMHAKOBBIM HOPMAJIBHBIM PACIpeelIeHUEM C HYJIEBBIM CPEIHUM
3HAYEHHEM M TMOCTOSHHON Bapuamueil. Onu HesaBucumbl oT UY, koTopwle mpenmomaramuch Kax
HE3aBHCHUMBIE CIIy4dalHbIE IEPEMEHHBIE C OAMHAKOBBIM OSKCIIOHEHIIMAIBHBIM WM YCEYEHHBIM
HOpMaJIbHBIM pacrnpezesneHneM. B Takoit Moienu 3HaueHHs! BbIITYCKa OrpaHUYEeHbl CTOXaCTHUECKON

nepemennoii  exp(X"p+ vW). TIpu stom cnyuaitmas ommbka V0 MoxeT npUHMMAThE Kak
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MOJIOKUTEIIbHBIE, TAK U OTpPHULIATENIbHbIE 3HaueHUs. TakuMm oOpa3oM, IpaHHIla IPOU3BOICTBEHHBIX
Bo3MoxkHocTel (I'TIB) oka3biBaeTCsl HE JETEPMUHUPOBAHHOM, a cToxacTudeckoi. [Ipuuem 3HaueHus
BBIIYCKOB IIPOIyKLIUU BAPbUPYIOTCS BOKPYT JETEPMUHUPOBAHHOM 4aCTH paccMaTpUBacMON MOJEIIN:
exp(x“p).

OcHOBHBIE OCOOGHHOCTH MOJENM OIEeHKHM croxactuueckux [TIB  moryr ObITh
MPOMLTIOCTPUPOBAHBI Ha JIByXMEPHOM rpaduke pucyHOK 2. JleTepMUHUpPOBAHHAS COCTABIISAIOIIAsS
MOJIENIN M300pakeHa, UCXOAsl U3 MPEANOIOKEHUsT 00 YMEHbIIatomencss oraade ot Macmrada. Ha
rpaduKe MpeICTaBICHbl UCIOJIb3YyEMbIE PECYPChl M BBINYCK Ui JBYX OpPraHM3aLUM, MMEIOLIUX
OJMHAKOBBIE TEXHOJOTMM mpom3BoicTBa [25]. Oprammsamus 1 ucnomesyer XU pecypcos mms
semycka YU mpomyknmm.  YkasaHHOe 3HaueHHE OTMEUEHO TOuKoif Pi1.  3HaueHme BHITyCKa,
COOTBETCTBYIOIIIEE CTOXACTHUECKOW TpaHUIle, OTMEYEHO TOYKOoW Si. OHO HAXOTUTCA BBIIIE
TIPOM3BOICTBEHHOM (hyHKIIMH, TAK KaK CTydaiinas omubka V) nmeer monoxurensHoe 3Hauenue. [
(bupMsbI 2 Takas TOYKa HAXOAUTCS HUXKE MMPOU3BOACTBEHHON (DYHKLUU 110 IPUYKUHE OTPULIATETLHOIO
3HAUeHHs cIydaitHoil onmOky V), OueBHIHO, UTO 3HAUEHHS BBITYCKA, JTEXKAIINE HA CTOXACTHIECKOI
I'TIB, He HAGMIOAEMBI, TAK KaK He HabII0aeMbl COOTBETCTBYIOIIME MM ClydaitHbie omu6ku, V) n
v®. Tem He MeHee, IeTepMUHUPOBAHHAS COCTABIIAIONIAA PACCMATPUBAEMOM MOJIEIHN JIEKUT HMEHHO
MEXJy 3TUMHU 3Ha4eHUsMH Bblmycka. Habmrogaemoe 3HaueHue BbITycka (pUPMBI MOXKET ObITH U
BBIIIIE JIETEPMUHUPOBAHHON COCTaBIIAIONIEH, eciiu ciryyaiiHas omuOka (V) MpeBblIaeT 10Ka3aTellb
HeapdexruBHocTr st 3Tol pupmber (U) [22]. Tlokaszarenem HeI(HEKTUBHOCTH MPUHAMACTCS
YCIIOBHAsI CPEHSS WIM MOJIa paclpeiesiCHusl.

Meron SFA cHauana paspaOateiBasics B KoHue 1970-x rr. kak aOcTpakTHas
HKOHOMETPHUECKasi MOJIeJIb, HOCALIast yHUBEpcanbHbIi Xapaktep [15]. CtoxacTuyeckas ppoHTUpHAs
MOJIeTIb BKJIIOYaeT B ceOs JBa KOMIIOHEHTa CIy4yallHOM MepeMeHHOM — CHMMETPHUYHBIH,
OTpaXAIOIIUN BIMSHUE CIy4YallHBIX (PAKTOPOB, U CTPOrO HEMOJOXKHUTENIbHBIN, OTpa)karolui
3G GEeKTUBHOCTh pabOThl MPOU3BOJACTBA. 3aKOH paCHpeieieHUs CIIyd4allHOro KOMIIOHEHTa
3¢ GEeKTUBHOCTH BBIOMpaeTCs UccieoBaTeaeM U 3a1aercs npu cnenrdukanuu moaenu. OnHuM u3
0a30BBIX MPEANOIOKEHUI CTOXACTUYECKOM (PPOHTUPHOM MOJAENU SBISETCS Haluyue oOIen
MIPOM3BOJICTBEHHOW TpaHMIIbl Ui BCeX OOBEKTOB BBIOOpKH. B ciyuyae HapylleHHs JaHHOTO
NPENoiIoKeHnss popMa U MOJOKEHUE TPaHUIbl (2 Kak CIeICTBHE M 3HaYeHUs 3(PQeKTHuBHOCTEN
paboThI BceX 00BEKTOB BEIOOPKH) MOTYT OBITh OTIpe IeNIeHbl HEMPaBUIbHO. [103TOMY [t KOppEeKTHOM

crenuduKanui MOJENIH HEOOXOUM MPEIBAPUTEIBHBIN aHAIN3 BBHIOOPKH HA HAJIMYME BBHIOPOCOB

[14,26].
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4.6. Meton 0e3 cneunpurkanun pacnpeneaenus (distribution free approach, DFA)

DFA-MeTon mpearnoiaracT HalW4Yhe HEKOTOpOH cpemaHei d()PEeKTUBHOCTH IS KaKIOTO
NPEINpUATHS 32 ONpeNesIeHHbIH nepuol BpeMeHnu. Jlanublii MeToa ObuT mpeiokeH beprepom B
1993 roay [27]. B nienom, metox DFA noBTopsier meton SFA, 0JiHaKo ero 0COOEHHOCTD 3aKITI0YaeTCs
B TOM, 4TO OlIeHKa 3({(HEKTUBHOCTH HE MOKET OBbITh OT/AENIeHa OT CIy4yalHOU OIMOKHU, OTAeIeHUe
3¢ (HEKTHBHOCTH OT CITy4alHOW KOMITIOHEHTHI MPOU3BOIUTCS HHBIM criocobom. [Ipenmonaraercs, 4To
HEd(PPEKTUBHOCTD TOCTOSIHHA BO BPEMEHH, a CPEIHSS BEJIMUYMHA CIIy4allHOW OMIMOKHM 3a Iepuoj
CTpeMUTCs K HyJto. [laHHas cTaTucTUYeCcKas MOJIeNb TaK)Ke OCHOBaHA HAa BEPOSTHOCTHOM IMOJXOJIE
K ONpPENEeNCHUIO TpaHullbl M TpedyeT crnenu@ukanuy (QYHKIHMOHAIBHOTO BHUIA TPaHUIIbI
s dexkTUBHOCTH. B OTIMYME OT CTOXAacTHYECKOro (PPOHTUPHOTO aHANM3a, JAHHBIM IMOIXOJA HE
TpeOyeT CTPOruX MPEANONIOKCHUN O 3akoHe pacrpenencHus dpdextuBHocTeld. Takum obpasom,
JaHHasi MOJIENIb CTPOUTCS Ha OCHOBE MAHENBHBIX JAHHBIX U ABISETCS MoAU(UKAIMEH MOJIenu co

ciny4yaiHeiMU 3G dexTamu [14].
4.7. MeTon rycroii rpaHuIbI

Eme omHMM mapaMeTpudeckKuM METOJIOM, PEAKO HCIIOJIB3YEMBIM B aHAJM3€ MPOU3BOCTB,
ABIAEeTCS MeTon ryctod (ruoTHoW, mmpokoil) rpanunbl (Thick Frontier Approach, TFA),
paspaboranubiii A. beprepom u JI. Xambpu B 1991 roay [27]. Meton TFA ocHOBaH Ha BBIACICHUH
U3 BCeil BBIOOPKH JBYX KBapTHIIEH - ¢ HauOojee BBICOKUMHU U HauOoliee HU3KUMH MOKa3aTEIsIMU
s dexTuBHOCTH. B pamkax Merona onpenensercs GyHKIHOHATbHAs (opMa 3aBHCUMOCTH H3JIEPIKEK
¥ IpUOBUTH OT BXOJHBIX MapaMeTpoB. [Ipearmonaraercs, 9To OTKIOHEHUS B TPOTHO3HBIX 3HAUCHHSIX
MEXJy HAWBBICIIUM M CaMbIM HHU3KUM KBapTWISIMH TPEJCTaBIsieT COOOW TMOKa3aTenb
spdextuBHocTH. Metoq TFA He mnpeaHasHadeH Uil OLEHKH 3(P(EKTUBHOCTH OTIEIBHOIO
MpEeNNpUATHS, a HAlleJIeH Ha aHalu3 o01iero ypoBHs 3¢ dexTuBHOCTH B BbIOOpKE. CTOXacTHyeckas
MOJIENIb Ha OCHOBE HIMPOKON T'PAHUIIBI MCIIOJB3YET TOJBKO MPEATNONIOKEHHE O (DYHKIIMOHAIEHON
dbopMe TpaHUIBI, HE HaKJaAbIBas JOMOJHUTEIBHBIX OTPaHMYEHUH Ha pachpeaencHus

3¢ (HeKTUBHOCTEHN U CTy4yailHOW KOMIIOHEHTHI.
5. CpaBHUTEJbHBIH aHAJIU3 U 000CHOBAHHE BBIOOpAa MeTO/Aa

Jlnist 060CHOBaHUS MOAXOAIIET0 METOJIa MOJIETbHO-aNropuTMudeckoit ocHoBsl ACYII st
oleHKH 53((PEeKTUBHOCTH TPEeANpUITUH, CPaBHUM OCOOCHHOCTH PAaCCMOTPEHHBIX METOAOB. B
tabiuue 1 TOpuBeneM CpPaBHUTEIbHYIO XapaKTEPUCTHKY IO  BBIJCJIEHHBIM  KpPUTEPHUSIM

MapaMeTpUUecKUX METOOB.
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Taoauna 1. CpaBHUTEIbHAA XapaKTEPUCTHUKA TAPAMETPUUECKUX METOOB.

OcoOenHoctu
MeTox! CrnyvaitHas ommOka Onpenenenue rpaHUlLlbl 3aKoH pacnpeeeHus
pacnpeeneHus
s dexTuBHOCTH
Crnyuaiinas ommoOka O dexTuBHOCTD CrannaptHoe
MOTYUHSIETCS pacnpeneneHa HOpMaJIbHOE
CUMMETPUIHOMY HECUMMETPUYHO, 3aKOH pacnpezeneHue
pacrpeeNeHUIo pacnpeseneHus
SFA CIIy4allHOTO KOMIIOHEHTa
s dexTuBHOCTH
BbIOMpaeTcst
uccienoBaTesieM u
3a/1aeTcs npu
cnenupuKaluu MOJIEIH
Cpennsis BelMunuHa Onenka 3¢ GeKTHBHOCTH Tpebyer cTporux
CIIy4aifHOM OIIMOKH 32 HE MOKET OBbITh OT/AeNieHa  MPEANOIOKEHUI O
MEPUOJI CTPEMUTCS K HYJII0  OT CIIy4ailHOM OIIUOKH, 3aKOHE paclpeieICHUs
OTJIeTICHUE 3 PEKTUBHOCTEH.
DEA HGBQ)(P’GKT‘I‘/IBHOCTI/I oT Crpourcs Ha OCHOBE
CIIy4aifiHON KOMITOHEHTBI MaHEJIbHBIX JaHHBIX U
MIPOU3BOJIUTCS] HHBIM SIBJISICTCS
cnocoOooM MoaudUKaIMel MoIeTn
CO CIIy4YalHbIMHU
s dexramu
OTKIJIOHEHUS OT OTkIIOHEHUS B [Ipennonoxenue o
MPOTHO3HBIX 3HAUCHUN MIPOTHO3HBIX 3HAUCHUSAX (yHKIIMOHATEHOM
BHYTPHY HAMBBICIIECTO H MEX/Ty HAaNBBICIITUM H (hopMe TrpaHUIBI
TEA CaMoro HU3KOTOo CaMbIM HU3KUM

KBapTHJICH MTPEACTABIISIET
co0oii ciryyaiiHyto
OIINOKY

KBAapTUJIIAMU MTPCACTABIACT

co00i#1 moka3zareib
s dexTuBHOCTH

N3 ommcanus mapaMEeTpUiICCKUX MCTOAOB M HX CpaBHI/ITeJ'II)HOI\/JI XapaKTCPUCTUKHU MOIKHO

CICJIaTb BBIBOAbI:

e Meron ¢poHTHpHOIH

IIOCTOSIHHOM

3HA4YCHUU

IrpaHHIbI

3¢ peKTUBHOCTH BO

TpedyeT

OJIHUM TIOTPEOIIIEMBIM PECYPCOM.
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pacrmpeiesieHdst ClIydyalHOM cocTaBismomiel 3()pPEeKTUBHOCTH W COOTBETCTBEHHO HE
MOKET OBITh ONpEJIENIeH HABEpPHSKA, a TOJBKO C OINpPENEICHHOM 0Jeil BEpOSTHOCTH,
MI0TOMY BBIOPOCHI B TOKa3aTeNsIX HE yAaeTcsl MOJIHOCThbIO MCKMOoYUTh. Meton SFA

Xopomo npopa60TaH TOJIBKO JIA CJIIYy4aceB C OAHHUM BBITYCKACMBIM IMPOAYKTOM WA

Meron 0e3 crnenuduKkamuy pacnpeneneHuss TpeOyeT 0a30BOro MPEeanoIOKEHUs O

Ha mpakruke

MNPCANOJIOXKCHUC HApyIIacTCA MOaXEe MpU YCIOBHU COXpPAHCHUA OpPTraHU3allMOHHBIX
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MPUHLIMIIOB pabOThl MPEANPHUATHS U3-3a BIUSHUA HAyYHO-TEXHHYECKOTO Iporpecca,
W3MEHEHUN 3aKOHOJATEIbHON 0a3bl M SKOHOMHUYECKUX IHUKIIOB. A TakkKe 00s3aTenbHOe
TpeOOBaHME K HAIMYUIO TMAHEIBHBIX JAHHBIX (11 CHMMETPUYHOCTU BIUSHUS
CIIy4aifHOrO KOMIIOHEHTa HeoOXO[uMma IOCTAaTOYHO JJIMHHAS TaHedb 3a JJIUTENbHbIN

IIPOMEIKYTOK BpeMeHu) [14].
MeTon TycTOH TpaHHIBI HE MOXET TMPEAOCTaBUTh WHIUBUAYaIbHBIC 3HAYCHUS
3 (HEeKTHBHOCTU IJII KKIOW OpraHU3allid, TOJIHKO BO3MOXKHOCTH pacdera CpeaHei

3(PEeKTUBHOCTHU 110 BEIOOPKE.

[TpeumymecrBamu napamerpudeckux (SFA, DFA, TFA) MeTo10B SBJISIFOTCSA:

B Meromax yuTeHa BO3MOXKHOCTH CIIy4alHBIX OIIMOOK, HAlpHMeEp, H3-3a OIMINOOK
IIOCTPOCHUA TI'paHULbl WA HeBepHOfI OTYCTHOCTH. HeraBI/IJII)HOG HU3MCPCHUC
3G GEeKTUBHOCTH pabOTHl OJTHOTO MPEANPHUSATH HE BIEUET 3a COOOH CMEIICHHE OICHOK

ocranbHbIX [15].

VYUYUTBIBAIOT TaKyK XapaKTEPUCTHUKY KaK CTOXAaCTHYHOCTh, BCE OHHM JAIOT OICHKY
3¢ GEKTUBHOCTH, a HE €€ CTPOTrOE BBHIUMCIICHUE.

He tpebyercst mpuMeHeHUE TOMOTHUTEIBHBIX METOJMK (Hampumep, bootstrap [28]) mis
TECTUPOBAHUS THUIOTE3 O 3HAYMMOCTH IMOJYYCHHBIX OIEHOK M BIMSHUH Pa3IHYHBIX

(hakTOpOB.

YMeHBIIICHHE BIUSHUS OTACIbHBIX HA0JIFOICHUH (BBIOPOCOB).

[TpeumymectBa Henapamerpuueckux (DEA, FDH, PI) meTonoB nepes mapameTpuyecKuMu:

OTcyTcTBHE H3HAYATIBHBIX MPEATIONIOKEHHH 0 popme rpaHullbl 3¢ (HEeKTUBHOCTH, TPaHULIA

MMpEACTABIACTCA B BUJIC HpOH3BOJ’H:»HOI>i JIOMaHOM.

OTtcyTcTBUE MPEANOI0KEHUN 0 pacnpeaeseHuu 3pGeKTHBHOCTH pabOThl OpraHu3alni.
Wckmouenne  coctaBisieT  00s13aTENbHOCTh — CYHIECTBOBAHUS — NPEANPUSATUH  CO

CTOIPOLIEHTHOM 3(h(hEKTUBHOCTHIO, KOTOPBIE U ONPEAEISIOT BEPIINHBI IOMAHOM.

Hpe,[[OCTaBJ'IHIOT TOYHOC BBIYHCIICHHUC I10Ka3aTclisd 3(1)(1)6KTI/IBHOCTI/I L KaXXa0ro

00BEeKTa.

Bo03MOXHOCTE BEIUNCIIEHNS [TOKa3aTeleil 00bEKTOB I OOJIBIIOr0 KOJINYECTBA BXOIOB U

BeIx0710B (DEA).

HpI/IBC,Z[CM B Ta6J'II/II_[C 2 CPaBHHUTCIILHBIC XaPAKTCPUCTHUKU HCTIAPpAMETPHUICCKUX MCTOIOB.
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Taoauna 2. CpaBHUTEIbHAS XapaKTEPUCTHKA HEMApaMETPUIECKUX METO/IOB.

OcobeHHOCTH
Metonabt IToctpoenue B3anmozameHsieMocTh Bua npoun3BoacTBEHHOM
MIPOM3BOACTBEHHOM I'PAHHUIIBI  BXOJOB U BHIXOJIOB TPaHHUIIBI
CrpouTcs 1Mo MaTpuiie [Ipennonaraet I'panuma popmupyercs
BXOJIOB U BBIXOJIOB MEPECTAaHOBKY BXOJOB U KaK KyCOYHO-JIMHEeHHAs
DEA BEIXOJIOB KpHBasi, KOTopas
CoenuHsEeT Hanboee
3((heKTUBHBIC TOUKH
I'panuna s3¢phpekTuBHOCTH B3aumozamensemocTtb I'panuna popmupyercs B
FDH MMeET CTyIeHYaThIH BUJI BXOJIOB M BBIXO/IOB BH/JIE CTyIeHIATON
OTCYTCTBYET JIOMaHHOU
Jluneitnas rpanuia, kotopas B3aumozaMeHseMOCTh IToka3zpiBaeT OTHOIICHUS
p| CTPOUTCS IO JTAHHBIM BO3MOJKHA MEXKTY JBYMS JIByX OOBEKTOB B Pa3HbBIE
HECKOJIbKIX BPEMEHHBIX oOBeKTaMu BPEMEHHBIE TIPOMEXYTKH
MIEPUOJIOB

Kax CJICACTBUC, HCMMapaMCTPHUICCKUC METOAbI OCHOBBIBAIOTCA Ha CICAYIOIUX
npeanonoxenusx [14]:
® OTCYTCTBHE CIyYailHBIX ()aKTOPOB, KOTOPBIC MOT'YT BIHATH Ha 3((HEKTUBHOCTH pabOTHI
IPEATNPUATHS;
® OTCYTCTBHE OLIMOOK IPU MOCTPOCHHUHU TPAHHUIIBI;

® COBCPUHICHCTBO OTYCTHOCTH, OHpGZIGJI?IGMOfI TCXHUYCCKUMHU CPCACTBAMMU.

3 IMPUBCACHHBIX OITMCAaHUN 1 CPaBHUTCJIbHBIX XapPaKTCPUCTUK, MOKHO CACIIATh CIICAYIOIINC

BBIBOJbI:

® Meton obOonouku ganHeix (DEA) mnpemocraBnsier u3MepeHuWe — TOKazaTels
3¢ (HEeKTUBHOCTH TpPHU BEKTOPHOM BXOAE M BBIXOJIE, YTO MO3BOJIAET MOJCYUTHIBATH
nokasarenn 3(pPEeKTUBHOCTH, YUYUTHIBaS MHOXKECTBEHHbIE (AKTOPBl U CpaBHHUBAS

OOJIBIIIOE KOJTMYECTBO OOHEKTOB.

® Meton cBoOGoanoro pacnonoxenus (FDH) obGonmouku He mpeamnosaraet HaJIUUUS
MPEeANpPUATHI ¢ MakCUMalTbHOU 3()()EKTUBHOCTHIO M OLIEHWBAET OOBEKTHI, UCXOJS W3
HEBO3MO>KHOCTH 3aMEHBI OJTHUX PECYPCOB IPYTHMH, YTO CY>KUBAET MPUMEHEHUE MOJIEIN

IIpH OLIEHKE O0OBEKTOB B PACIIMPEHHOW COBOKYITHOCTH.

® Meroa uHAEKCOB Mpou3BoauTeIbHOCTH (Pl) HCIOIB3yeTCcst B OCHOBHOM TS OTIPEICICHIUS
CpPaBHHUTEIBHBIX TOKa3aTenel S()pPEeKTUBHOCTH TPEANPUSNTHI, paccCMaTPUBAEMBIX B
ONpeIeICHHBIN MPOMEKYTOK BPEMEHH.
HeobxoammMocTh NMpUMEHEHHsI HEMapaMeTPUYECKUX METOJOB, 00JIaaloMuX CBOMCTBAMHU
aHaJM3a CiIy4ailHOM owmuOKM U ompeneneHus pacrpeaeneHuss 3¢(EeKTUBHOCTH MO 00BEKTaM
BBIOOPKH, oTnamaer. Tak kak Mbl paboTaeM ¢ U3MEPUTENBbHON HH(pOpPMAIMEH, Ha OCHOBE KOTOPOH

CTPOATCA IMOKa3aJIi BXOJOB W BBIXOIOB HpeﬂHpHHTHﬁ, U KOTOpas onpeAciIdCTCsa TCXHUYCCKUMU
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CpPEACTBAMHU C JOCTAaTOYHO BBICOKOM J0J€H TOYHOCTH. [IOrpemHOCTM B TOYHOCTH MOJy4aeMOM
nH(OPMAIINY JIOKATCS Ha OOCITYKUBAIOIINI 3TH CPEACTBA MIEPCOHA.

Cpenu HemapaMeTpUYECKUX METOAOB BbIAeIUM MeToa DEA m oTMeTuM HEOOXOIMMOCTH
MPUMEHEHUST €ro Uil MOJIENbHO-AITOPUTMUYECKOTO0 O0eCTeyeHus] MOJICUCTEM OIEepaTUBHOTO
mouutopunra B ACVII [29]. 3nauenust mokaszarens MOTYyT KosiebaTbes B muTepBasie ot 0 1o 100%,
MPUYEM CTONPOIEHTHYIO A(P(HEKTHBHOCTh HMMEIOT MPEINPHUATHS, HAXOMISIIUECs Ha TpPaHUIE
spdexkruBHOCTH. K mpemmymiecTtBaM  JaHHOTO TMOAXOJA OTHOCATCS OOBEKTUBHOCTH U
BOCIPOU3BOJAUMOCTh  pe3yibTatoB. llocTpoenue rpanunbl  3(PPEKTUBHOCTH U pacyer
MHIUBUAYATbHBIX 3HAYCHUH 2P PEeKTUBHOCTENH 00BEKTOB MPOU3BOJUTCS C UCHOIB30BAHUEM YETKUX
MaTeMaTHYECKUX Mojieneil. Bo3MOXHO BKIIFOUEHHE B MOJIEIh OJJHOBPEMEHHO JIFO0OT0 KOJIUYECTBA
(hakToOpOB, BIUAIOMNX HA 3PPEKTUBHOCTD, U OMPEICICHUE 3HAYMMOCTH TOTO HIIM HHOTO (akTopa. B
pe3ysbTaTe UMEEeTCsl BO3MOKHOCTh CPaBHEHHUS MPEANPUSATUI HA OCHOBE PACCUMTAHHBIX 3HAYCHHIMA

s dextuBHOCTEMH [14, 28, 29].
6. 3aka0ueHne

B paboTe npuBOINUTCS MOHATHE ABTOMATU3UPOBAHHON CUCTEMBI YIIPABJICHHUSI IPEATIPUSATHEM,
a TaKKe CTPYKTypa, HEKOTOphle OCOOECHHOCTH MOJEIMPOBAaHUS U TOHATHE 3(P(HEKTUBHOCTH
MIPEINPUATH, KaK OJHOM U3 LIeJIei ero MoJenupoBanus. B pe3yabpTare BblieiIeHbl OCHOBHBIC 3aaU
U (QYHKIIUU CHCTEMBI, 3aKJIIOYaromuecs B oOecrnedyeHUH 3(PQPEKTUBHOTO (PYHKIIMOHUPOBAHUS
MIPOU3BOJICTBA U MOICP)KAHUN PAOOTOCIIOCOOHOCTH COCTABIISIFOIINX €TI0 MOyJICH M 0OBEKTOB.

Cy1iecTByIOLIME METOIbI aHANIN3a CTPYKTYP U (QYHKIMOHUPOBAHUS MPENpUITUNA 00Ta1at0T
PSAIOM CBOMCTB, MO3BOJIIOIIUX MOBBICUTH 3(()EKTUBHOCTh (YHKIIMOHUPOBAHUS TPENNPHUATHIA 3a
CUeT aHalM3a U CHUHTe3a UX CTPyKTyphl. M3BectHas wmetomonorus «IDEFO», xak nauboinee
MPUOMKEHHAS K OIICHKE TIPEANPUITHAN, TTO3BOJIICT aHAJTM3UPOBATh KaK CTPYKTYPY, TaK U CIIOCOOBI
B3aMMOJICHCTBUS 00BEKTOB, BXOJSIINX B MPOU3BOACTBEHHYIO cucTeMy. OTENbHO CTOUT BBIACIUTH
METOJIbI, OCHOBaHHBIe Ha TexHoJorusix «BMS» u «CASEy», koTopbie COYETalT ympaBlIeHHE C
MPOU3BOJICTBEHHBIMA W OPTraHU3allMOHHBIMU TPOIECCAMH, YYHTHIBAsS JOKYMEHTOOOOpPOT B
yOpaBleHUW  npeanpustaeM. IlocTpoeHne  yHHUPUIMPOBAHHBIX  CTPYKTYPHBIX  MOJIEICH
TEXHOJIOTHYECKHX omepainuii o «MeToly aHainu3a Mpolecca Mo3BOJISAET MOBLICUTH yIPaBIsSEMOCTh
OTJENBHBIX 0OBEKTOB 32 CUET MPO3PAYHOCTH M YHU(DUKALIUN TTPOU3BOICTBA.

AHanuTHYecKuit 0030p BHEITHUX W BHYTpEeHHUX (pakTopoB mo meroxay «SWOT-ananmmza» u
0030p JTAJOHHBIX MPEANPUATHH TO MeTony «beHuMmapkwHTa» CTposAT Oojiee TMOJNHYK KapTHHY
paboTel mpomsBoacTBAa. B mormueckoit ocHoBe MeTon0B «Taryrtm» U «DyHKIHMOHAIBHO-
CTOMMOCTHOT'O aHAJIH3a» JIEKUT ONTUMH3AIUS IPOU3BOJICTBA U MPOIIECCOB, MPOTEKAIOIINX B HEM, C

IEJIBIO IIOBBIIICHHS Ka4dyeCTBa BBIHYCKaeMOﬁ NpoaAyYKIHWU W OTJIAaAKH CBsI3eH MCKIY 00BbEeKTaMH
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yIpaBJIeHHs B IpeanpusaTHu. JJonoiHsoT anHbie Metoabl « Value stream mapping» u «lnarpammsr
WmmkaBe», MO3BOJISIONINE OLICHUBATH CTPYKTYPY, HAXOAUTh IPUYHHBI CHIDKEHUS 3P PEKTUBHOCTH
IIPOU3BOJICTB, U ONITUMU3UPOBATh IPOLIECC CO3/1aHUS IPOMBIIIIEHHBIX IPOAYKTOB 110 BpEMEHU WU
obecrieunTh O0Jiee ONepaTUBHBIA OTKIIMK MPOU3BOACTBA HA U3MEHSIOLINECS BHEIIHUE YCIOBHSL.

MogenupoBaHnue (PyHKIMOHAIBHBIX CBSI3€H W CTPYKTYp NPEANPHATHH COBMECTHO C HUX
CHCTEMaMH YOpPAaBICHHUS TIO3BOJIIET IOCTPOUTHh TNOACHCTEMY aHanmu3a d(PQPeKTHBHOCTH
TEXHOJIOTHYECKUX MPOLIECCOB U MTpou3BoAcTB B ACY npeanpustieM JUisi HOBBIIIEHHS IPO3PAaYHOCTH
paloThI U YNpPaBIAEMOCTH IPOU3BOJCTBA. DTO MPHUBOAMUT K IOBBIIIEHUIO ONEPATUBHOCTH PAOOTHI
ACVYII. AHanu3 cpaBHUTEIHHOW 3(P(HEKTUBHOCTH SIBIISACTCS JOCTATOYHO BA)XKHOM COCTaBIIAIOIICH
nporeccoB  (QyHKIIMOHUPOBAHUS MPOM3BOJACTBA, Oo0Jiee TOro, OH JOJDKEH OCYIIECTBISATHCS
OTEPAaTUBHO. DTO MO3BOJHUT OTJIAXHBATH pabOTy HpeAnpusiTHs OyKBaJIbHO Ha IMEPBOHAYAIBHBIX
JTanax CHUXEHUs 3P(PEeKTUBHOCTH ero QpyHKiuoHupoBaHus. [1o3TroMy BakHOH 3anaueil sBiseTcs
MIOUCK MaTeMaTH4ECKOM OCHOBBI aHau3a 3(pPEeKTUBHOCTH NPEATPUATHH.

B pamkax nanHoro o630opa ImpoaHaJIM3UPOBaHbI MApaMETPUUYECKUE U HENapaMeTpUuecKHe
METOABl OLEHKH d((HEKTUBHOCTH TPOM3BOJICTBEHHBIX OOBEKTOB. (OCHOBHBIMH OTJIMYHSIMU
apaMeTPUUECKUX METO/0B SBISETCS SKOHOMETPUUYECKas OLIEHKA MapaMeTpuyeckux (GpyHKIui npu
UCCIICIOBAaHUM  B3aMMOJEHUCTBUS 3aTpaT U pecypcoB. CyllleCTBEHHOE BHHMAHUE YJEJIEHO
HenapameTpuueckoMy Metoy DEA, KOTOpbIii B CHIIy CBOMX XapaKTEpUCTHK, 00JaJaeT psaoM
MPeUMYyIIeCTB ¥ 0coOeHHOCTer. [103BOMISeT MOoMyYaTh KOMIUIEKCHBIN ToKa3aTellb () PEeKTHBHOCTH
JUIS  KaXKIOro MpeanpHsITHs W MPEeAnojiaraeT Bblady pPEKOMEHJAIMil 10 TOBBILIEHUI0 UX
3G PEKTUBHOCTH, a TAKXKe MOXKET YUUTHIBATh MHOXKECTBEHHBIE BXOJHbIE U BBIXOHbBIC IEPEMEHHBIE.
O1H 0ocobeHHocTH MeToia DEA M03BOJISIIOT yCIEIHO TPUMEHHUTD €ro IpHU ONpeAeTIeHUN T0Ka3aTels
CpaBHUTEIbHOU 3((HEKTUBHOCTH MPEATPUATUH.

[TpoBeneHHbIE HCCIEAOBAHUS HAMETHJIM HEOOXOAMMOCTh PEUICHMs CIEAYIOLUIMX Hay4dHO-
MIPAKTUYECKUX 3a]a4:

e JjanbHeliiee pazButue Metoga DEA u paspaboTka ero mMoau¢pukanuil ¢ 1eiablo ydera
JONOJTHUTENBHBIX ~ (DAKTOPOB  MPU  OCYLIECTBICHMM  OIEHKM  CPaBHUTEJIBHOM
3¢ (HeKTUBHOCTH pabOThI MPEANPUATUHN PA3IUYHOTO THIIA,

® Ha OCHOBE pPAaCCMOTPEHHBIX METOJIOB OLEHKM (DYHKIMOHUPOBAHUS MPENNPHUATHIH,
peain30BaTh Cocod aHaan3a CTPYKTYPhI IPEANPHUSITHI;

e pazpaboTaTh METOJIMYECKOE U AITOPUTMUYECKOE OOECIieueHUe ONEPATUBHBIX MOJICUCTEM
MOHHUTOPUHIa CpPaBHUTEIbHOW S(P(EKTUBHOCTH TEXHOJIOTMYECKUX TPOILIECCOB U

MIPOU3BO/JICTB.
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Abstract. The development of foreign and Russian tourist information centers is characterized. The extensive
expansion of the network of Russian centers, the diversity of their activities, the accumulation of a number of
unresolved problems are noted. A vector of transformations of domestic tourist information centers is proposed
based on the formulation of three hypotheses: a further increase in the tourist mobility of the population;
structural shifts in the tourist flow: a decrease in the share of organized tourists and an increase in the share of
amateur tourists; expansion of the information capabilities of the centers. The development of the system of
tourist information centers, both on the territory of the Russian Federation and in the world, is considered. This
is an urgent problem from the point of view of forming a positive image of the regions in the field of
international and domestic tourism. In the presence of a developed network of tourist companies engaged in
the organization of regional tourism, the number of tourist information centers is small, and their development
needs systematic coordination. A systematic approach to building a network of tourist information centers in
Russian regions will help solve the main task of regional policy - creating conditions for more effective and
harmonious development of regions and ensuring the growth of the welfare of the country's population. the
article describes the conceptual foundations and economic and organizational principles of the creation and
development of tourist information centers. The foreign and domestic experience in this field is summarized.
Various approaches to the organization and evaluation of the effectiveness of the formed system of tourist
information centers are identified. Conclusions are drawn about the need to improve the current system of
tourist information centers and assess the prospects for its use in Russian practice in modern conditions.

Keywords: information technologies, tourism, development, internet, strategy
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PazButre nHGPOPMAIMOHHBIX TEXHOJIOIMH B TYPUCTHYECKOMN

cepe

I1.1. Kapuaun

I'ymanuTapHO-iegaroruyeckas akageMus (¢puiman) geaeparbHOro aBTOHOMHOTO
00pa3oBaTeIbHOTO yUpexIeHHs Beiciiero oopazoBanus «Kpeimckuii denepanbHbiit
VYuusepcurer umenu B.W. BepHaackoroy, yn. Xanrypuna, 14, r. fAnra, 298600,
Poccuiickas ®enepanus

E-mail: pkartsan@mail.ru

AHHoTauusi. B cratbe mpencraBieHbl OCHOBHBIE XapaKTEPUCTHKH PA3BUTHUS 3apyOEKHBIX U POCCHHCKHX
TYPUCTCKHUX HMH(POPMALMOHHBIX LEHTPOB. OTMeYaeTcsi 3KCTEHCHBHOE HApallMBaHHE CETH POCCHUICKHX
LIEHTPOB, Pa3HOOOpa3ue UxX AeATEeIbHOCTH, HAKOIUICHUE psja HepeleHHbIX npobiem. [Ipeanaraercs BekTop
npeoOpa3oBaHMii OTEYECTBEHHBIX TYPUCTCKUX HH()OPMAIIMOHHBIX [IEHTPOB HA OCHOBE (POPMYJIMPOBAHHUS TPEX
TUIIOTE3: JAIBHEHIIEro YBEJINYEHHUS] TYPUCTCKONW MOJBMKHOCTH HACEJICHUS; CTPYKTYPHBIX CIBHIOB B
TYPUCTCKOM TIOTOKE: CHIDKEHHE JONHM OPraHM30BAaHHBIX TYPHUCTOB M YBEIMYEHHUE JOJIHM CAMOJAEATEIbHBIX
TYpHUCTOB; paciiipeHue MH(OPMAIMOHHBIX BO3MOXKHOCTEH LEHTpOB. PaccmarpuBaeTcs pa3BUTHE CHCTEMBI
TYPUCTHYECKUX HH()OPMAITMOHHBIX IIEHTPOB Kak Ha Tepputopun Poccuiickoit deneparnu, Tak ¥ B MUpeE. ITO
SIBIISIETCSL AKTYaIbHOM MPpOoOIeMOil ¢ TOUKHU 3peHus: GOPMUPOBAHMS TO3UTUBHOI'O UMHKa PETHOHOB B cdepe
MEXyHapOIHOT'O U BHYTPEHHETO TypHu3Ma. [Ipyu Hamuunu pa3BUTON CETH TYPUCTCKHUX (DUPM, 3aHUMAIOIIIXCS
OpraHu3alyeil peruoHAIBHOTO TYPU3Ma, KOINYECTBO MH(POPMALIMOHHBIX TYPUCTCKUX LIEHTPOB HEOOJBILIOE, a
UX Pa3BUTHE HYXJAETCSA B CUCTEMHON KoopAHHAMU. CHCTEMHBIN MOAXO0/ K MOCTPOEHUIO CETH TYPHCTCKUX
WHPOPMAITMOHHBIX IIEHTPOB B POCCHUHCKHX PETHOHAX TMOMOXET PEIIUTh IIaBHYIO 3a/ady PerHoHaIbHOM
MOJIUTUKY - (OPMHUpPOBAHUE YCIOBUH Ui Oonee 3PQPEKTHBHOTO W TAPMOHUYHOTO PAa3BUTHS PETHOHOB U
obecriedeHus pocTa 0671arocoCTOSIHUS HACETICHUS CTPAHBL. IIPEICTABICHO ONMCAHNE KOHIENTYIbHBIX OCHOB U
H9KOHOMHKO-OPTaHU3allUOHHBIX TPUHIIAIIOB CO3JIaHHUS M Pa3BUTHUSI TYPUCTCKUX WH(POPMAIMOHHBIX IIEHTPOB.
O060011eH 3apyOeXHBIl U OTEYECTBEHHBIN ONBIT B JaHHOW oOiacTH. BBISIBIEHBI pa3muyHble TOAXOIBI K
OpraHu3anyu 1 oueHke 3(hHeKTUBHOCTH (HOPMHUPYEMON CHCTEMBI TYPUCTCKUX WH(POPMALMOHHBIX LIEHTPOB.
Caenan BbIBOABI O HEOOXOAMMOCTH COBEPIICHCTBOBAaHMSA JCHUCTBYIOLIEH CHCTEMBl TYPUCTCKHX
WHPOPMALMOHHBIX IICHTPOB W OIICHKH TIEPCIIEKTUB €ro HCIOJIb30BaHUS B POCCHUICKOH MpPAaKTHKE B
COBPEMEHHBIX YCIOBHUSX.

KuroueBble cjioBa: nH()OpPMALIMOHHBIE TEXHOIOTUH, TYPU3M, Pa3BUTHE, UHTEPHET, CTPATET sl

1. BBenenue

Cdepa MupoBoro Typusma Mo CBOMM SKOHOMHUYECKHM IOKAa3aTeNsIM SIBISETCS OJHOM U3
cambIX IPUOBUIBHBIX cep B 3KOHOMHUYECKOW cucTteMe OOoJbIIMHCTBA cTpaH. Ob0iacTh TypusMma,

XapaKTCpU3ysACb CBOUMH BbIJAIONIMMHUCA YCII€EXaMU W MHOTIOYHCJICHHLBIMU CIICHUAIN3alHUAMU,
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OKa3blBaeT CWJIBHOE BO3ACHCTBHE HA CUCTEMY TpPAHCHOPTA (ABTOTPAHCIOPT, ABUATPAHCIIOPT,
a’pOTPAHCIIOPT) U HA YPOBEHb TOPIOBIIM MEX/Y Pa3IUYHBIMU CTPAHAMMU.

Kommiekc MHQOPMAMOHHBIX TEXHOJOTHHA, NPUMEHSIEMBIX Ha COBPEMEHHBIX JTarax
nporpecca cdepbl Typu3Ma, IO CBOEH CTPYKType M OCOOCHHOCTSIM COCTOMT U3 HECKOJBbKHX
JJIEMEHTOB: aBTOMATHYECKasl CHCTEMa PE3EPBUPOBAHUS, HACTPOMKU BHUICOCUCTEM, KOOPAHMHALUN
MH(POPMAIMOHHBIMHA TIOTOKaMH W 0OIIas cucTeMa 3JEKTPOHHOM TpaHCAKIMU JEHEeT W T. .
Heinemnne nHOpMaIMOHHBIE TEXHOJIOTHH SBIISIOTCS BaYKHON COCTAaBHOW YacThIO TYPUCTHUECKOU
cdeppl, KOTOpble 00yCIOBIMBAIOT €€ CKOphIH Imporpecc. PekiiaMHble KOMIAHUU TYpPUCTHYECKHX
(bupM 4acTo pa3MEIaAOTCs B UHTEPHETE Ha pa3IMUYHbIX caiiTax, TeM CaMbIM IpUBJeKas Bc€ Ooibliee
BHUMaHHE ayAUTOpHH. ODPQPEKTHBHAS NEATEIBHOCTh CalTa TYpUCTHYECKHX (UPM SBIsETCA
OCHOBHOM 0a30BOM COCTABJISIFOIIEH JIFOOOTO0 TYPUCTHYECKOTO areHTCTBA. JlesTenbHOCTh caiiTa He
MOJKET OCYLIECTBIIAThCA 0e3 moMouy pekiaMbl. [lepcoHanbHbI KOMIIBIOTED U UHTEPHET, Oyaydu
OOIIEOCTYTHBIMU COBPEMEHHBIMH TEXHOJIOTUSIMH, SBISIIOTCA TeM crneuuduyeckuMm (akTopoM, B
pe3yabTaTe KOTOPOro BCE HOBBIE M HOBBIE HH()OPMAIIMOHHBIE TEXHOJIOTHH BHEIPSIOTCS BO BCe cephl
TypusMa. Typuctuyeckue (UPMBI M pa3IM4yHbIE TYpPareHTCTBA HCHOJB3YIOT a0CONIOTHO BECH
UMEIOIIMICS MOTeHUual HHGOPMALlMOHHOTO pecypca HUHTEpHeTa, uToObl eme Oonee
MOJIEPHU3HUPOBaTh CHCTEMY pe3epBupoBaHus. Hampumep, oHnaiiH 3aka3bl ObLIM IHOHEpaMH B
00JIaCTH 3JIEKTPOHHOI'O PE3EPBUPOBAHMS TYPUCTUUECKUX MOE3/I0K, KOTOPbIE BMECTE C Pa3BUTHUEM
MHTEPHETa MPEBPATUINCh B MOIIHBINA (haKTOp, O0OYCIIaBIMBAIOIINI pa3BUTHE TypHU3Ma B pPaMKax

COBPCMCHHBIX KOMMYHUKAlITUOHHBIX TEXHOJIOTHH.
2. IIpo0sieMbl ¥ MepCHEeKTUBHI Pa3BUTHA HHGOPMAILIMOHHBIX TEXHOJIOT Uil

NHupopMallnoHHBI pecypc NpPEACTaBiIsieT CcO00W OOBEKTUBHYI0 U CBOEBPEMEHHYIO
nH(popMalnoo, HEOOXOJUMYIO JUIsl BEAEHUS TYPUCTCKOro OM3HEca, B TOM 4YMCJIe MH(OpPMAIHIO O
TYPUCTCKOM pPBIHKE, KJIMEHTax, CIpoce, NMPEAIOKEHNN U T.[. Hainume nosHoOW M JAOCTOBEpHOU
uHpOpMalUU ABISETCS HEOOXOAUMBIM YCIOBUEM BEIEHUS NMPEANPUHUMATENILCKOM 1EATEIbHOCTH B
Typusme. llpeanpusatuss TypUCTCKOM MHAYCTPUH, CHOCOOHBIE MPOAYKTHBHO HCIIOJIb30BATh
MH(OPMALIMOHHO-KOMMYHHKAIIMOHHBIN pecypc, CTaHOBSATCA JUIEpaMu pbIHKA M O0OECIEeunBaIoOT
YCKOPSIIOILIEECS pa3BUTHE Typu3Ma. Te NpennpusaTis TypUHILYyCTPUH, KOTOPbIE aKTUBHO BHEAPSIOT U
UCMOJB3YIOT COBpPEMEHHbIE HMH(OPMAIIMOHHBIE TEXHOJOTHH, B CBOIO OUYEpeIb CTUMYIHMPYIOT HX
pa3BUTHE.

PazButre mHGOPMAIIMOHHONW Cpeabl CTAHOBHUTCS BAXKHEUIIUM (DaKTOPOM pOCTa TypH3Ma.
CoBpeMeHHBIII ~ ypOBEeHb  pa3BUTHS  HMH(POPMAIIMOHHO-KOMMYHHUKAIIMOHHBIX  TEXHOJIOTHH
CYIIECTBEHHO BJIHSIET HA BCE aCIEKThl OpraHU3ally TypUCTCKOro Ou3Heca. B yacTHOCTH, € TOMOLIBIO

HHTCPHCT- TEXHOIOTHI ITOSBMIIACh BO3MOKHOCTD YOpaBJiiATh B p€albHOM BPEMCHU 00BbEeKTaMH
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TYPUCTCKON HWHIYCTPHUH, PACIIOJIOKEHHBIMU B JIFOOOM TOYKE 3E€MHOIrO Imapa. JTO TO3BOJISIET
co3/laBaTh MPUHLIUIIUAIGHO HOBBIE THUIIBI OpraHM3aludii B cdepe TypusMma - MPOCTPAHCTBEHHO-
pacripesielieHHbIe CEeTEBbIe CTPYKTYpBl, BUPTYyaJbHBIE TypuUCTHUECKHE (GUpMBI U T.n. MIMeHHO
MH(OPMALIMOHHO-KOMMYHHKAIIMOHHAS HHQPPACTPYKTypa COJAEPKUT OrPOMHBIA MOTEHIUAN IS
pa3BHUTHS TypHCTHYECKOro OusHeca [1].

Brenpenne CcOBpeMEHHBIX HMH(POPMAIIMOHHBIX TEXHOJOTHH JODKHO OOECTeunBaTh
BEITIOJTHEHHE Psifia TpeOOBaHU, B TOM YHCIIe HATMYKME yJA00HOTO U JAPYKECTBEHHOTO MHTEpdeiica,
oOecrnieueHre 6e30MaCHOCTH C MMOMOIIBIO PA3IMYHbIX METOJIOB KOHTPOJIS U pa3rpaHudeHHsl 1OCTyna
K uHGOPMAIMOHHBIM pecypcaM, TMOJACPKKY paclpeaeneHHol o0padoTku uHbOpManuu,
HCIIOJIb3OBAHUC APXUTCKTYpPbl KIIMCHT-CCPBCD, MOI[y.HBHBIfI MNPUHIUIT TIOCTPOCHHUA CHUCTEM,

MOJIICPXKKY TEXHOJIOTHII UHTEPHET U T.1. [2-4].
3. Konuenuusi pasBuTus HHPOPMAHOHHOI0 TYPH3MA

HupopmalinoHHOE TPOCTPAHCTBO BBIMOIHSET CIEAYIONINE OCHOBHBIE (DYHKIIUU:

1) HUurerpupyiomasi, B paMmKax KOTOPOH HPOUCXOIUT OObEAMHEHHE HHGOPMAIHOHHOTO
IIPOCTPAHCTBA U PA3JIMYHBIX BUJOB YEJIOBEUECKOM JEATENIbHOCTH, B TOM YHCIE Kak
OTJIENbHBIX JIIOJIEH, TaK U LETBIX TOCYAapCTB, HAPOJOB U MEXKIYHAPOIHBIX KOATHIIMA,
TPaHCHAIIMOHAJIBHBIX KOPIOpAlHid B €IUHYI MPOCTPAHCTBEHHO-KOMMYHHKATUBHYIO H
COIMOKYJIBTYPHYIO cpeny [5-7];

2) KoMMyHUKaTHBHAs - MO3BOJSIET OCYIIECTBISATh MH(OPMAIIMOHHBIA OOMEH B pamKax
CO3JIaHHOM 0c000M cpeapl 3a CYeT TPAHCTPAHWYHOM, MHTEPAKTUBHOW M MOOMIIBHOMN
KOMMYHHUKAIMH Pa3IHYHbIX CyOBEKTOB AesTenbHOCTH [3];

3) Axrtyamusupyiomias. CyObeKTbl JCSITEIBHOCTH IMOCPEACTBOM peallu3alliid  HMHU
MH(OPMALIMOHHON MOJMTUKH OCYIIECTBIISAIOT aKTyalll3alMi0 CBOUX UHTEPECOB;

4) Teonomutuyeckas - (GOpMHPOBAHHE COOCTBEHHBIX PECYPCOB H3MEHSET 3HAYMMOCTH
TPaJMLIMOHHBIX PECYPCOB, CO3AaBas HOBYIO CpPELy TE€ONOJUTHYECKHX OTHOUIEHWH H
KOHKYPEHIIUY;

5) CormanbHast - MPOUCXOANUT TpaHCHOPMAITUA COCTaBa 00IIEeCTBA, H3MEHEHHE XapaKTepa u
COJIepKaHUs COLIMATBbHO-TIOJINTHYECKUX (0OIIECTBEHHBIX) OTHOIIEHUH BO Beex cdepax -
MOJIUTHKE, KYJIbTYPE, HAyKe, PEJIUTHH U Ipyrux [2-4].

PazBuBas chepy Typu3Ma B COBPEMEHHOM MHpE, HEOOXOIMMO YUUTHIBATH OCHOBHBIE

HarpaBJieHus (popMupoBaHus HHOOPMAITMOHHOTO OOIIECTBA, K KOTOPHIM MOKHO OTHECTH:
® JIOCTYH K TYPUCTHYECKOH HH(pOpMAIINH;

® pa3BUTHE YEJIOBEUECKOIo MOTEHIIMa1a HH(POPMAIIMOHHOTO 00IECTBA;

® CO3JaHMe 3JEKTPOHHBIX MPUIIOKEHUN HHPPACTPYKTYpPbI TYpHU3Ma;
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® Da3BUTHE KYJIBTYPHOTO pPa3HOOOpa3us, KyJIbTYPHOM CaMOOBITHOCTHM U S3BIKOBOIO

pazHOOOpa3us;

® Da3BUTHE CHELMAIM3UPOBAHHBIX JJIEKTPOHHBIX CPEACTB MAacCOBOM HMH(pOpMaLuu

TYPUCTUYECKOW HAIIPABJIEHHOCTH.

PaccmarpuBast ponb MH(MOPMAIMOHHBIX TEXHOJOTHH B cepe PEerHoHAIBHOTO TYpU3Ma,
CIIeAyeT IOMHUTB, YTO MpPENoiIaraeMble pa3paboTKU U TJIAHBI PA3BUTHUS TypU3Ma JOJDKHBI 1aBaTh
OTBETHI HA CJIEYIOLINE BOIIPOCHI:

1) Kak cneayer OUCHUTH COCTOSHHE TYPUCTCKOH C(epbl W OCHOBHBIC IMPOOJIEMBI e

pa3BUTHA.

2) Kakue OCHOBHBIC HAIpaBJICHUs TypH3Ma 0oJiee BCErO0 OTBEYAIOT MHTEpEcCaM pPErHoHa,

KyJa 1 BO 4TO 3(pPeKTUBHEE BCETO BKJIAIBIBATh JICHBIH.

3) Kak yaydiuTh UMUK U YBEIUYUTh PUBICKATEILHOCTh PETHOHA ISl TYPHUCTOB.

4) Kak 3a cuer pa3BUTHs TypuU3Ma CTHMYJIHPOBATh COLMATbHO-3KOHOMHUYECKOE Pa3BHTHE

pervoHa.

5) Cuha0xeHue MyTCIICCTBCHHUKA JCTATBHON M aKTyalIbHOM MH(pOpMAIMEl OTHOCUTEIBHO

LIMPOYANIIETO CIIEKTPA TEM.

6) IlpenocraBieHue HEOONBIIMM TYPUCTCKHUM OPTraHHU3aIMsIM BO3MOXKHOCTH HEIOPOro U

3¢ HEKTUBHO POJBUTATH HA PHIHOK CBOM YCIIYTH H MPEIOKEHUSI.

7) OoOecneunTh HEAOPOTOH CIOCOO JIFOOBIM OPraHU3AIUAM PACIPOCTPAHITH HHHOPMALIUIO

4yepes3 IEKTPOHHBIE CETH.

8) IlpeanoxkeHue ambTEPHATUBHOW CHCTEMbl MAPKETHHIa W KAHAIOB PAaCHpPOCTPAHCHHUS

nH(pOpMaLINH.

9) Co3naHue OTKPBITOH YKOHOMHUYECKOW CHUCTEMBI JUISl MPOAAXH B DIICKTPOHHOH (opme

TYPUCTCKHX YCIYT.

BonbmMHCTBO TypucTHUECKHX (DUPM YK€ OCHAIIEHbl KOMIIBIOTEpaMH, pabOTAIOMUMH, KaK
MIPaBUJIO B ABTOHOMHOM pexuMe. [Ipr mo3TanmHOM NOCTPOCHUM €AUHOM PETHOHAIbHOU
MH(OPMALIMOHHON CETU B TYpU3ME, OHUM M3 IPOMEKYTOUHBIX I11ar0B MOKET CTAaTh OCYILECTBICHNE
MOJIEMHOM CBSI3M MEXIy pa3JIMYHbIM YYacCTHMKaMH IPOEKTa. AHalIM3 POCCUICKOTO pPBIHKA
MH(GOPMALIMOHHBIX TEXHOJIOTUH B HMHIYCTPUM TypU3Ma IIOKa3bIBaeT, YTO B HACTOAIIEE BpeMs
CYILIECTBYIOT BO3MOKHOCTH HE TOJBKO aBTOMAaTH3al[MM PA3JIMYHBIX aCHEKTOB BHYTPUOQUCHBIX
orepaiuii, HO ¥ CO3JaHUS JIOKAJIbHBIX BBIUUCIUTENBHBIX CETeM U CHUCTEM YIAJIEHHOTO
pe3epBupoBanus [8, 9].

[IpuMeHeHHE SIIEKTPOHHBIX CETe MOXKET NPHUOIU3UTH IMOTPEOUTEN K MPeI0KEHUIO,
oOecrnieurBasi OBICTPBIN JIEIIEBBIA, OPraHW30BAHHBIN, ABYCTOPOHHHM, MpPSIMONW M HE3aBHUCHMBII

nH(OPMALMOHHBIA KaHal. PaccMOTpeHHBIE BbIIIE MPUMEPHl JAEMOHCTPUPYIOT BO3MOXKHOCTHU
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MEXYHapOoAHOH ceTu VIHTepHeT npH IIIaHUPOBAHUU ITyTellecTBUs. B HacTosiee BpeMs OosbIuas
4acTh TYPUCTCKOW MH(OPMALINH, TOCTABISIEMOI B JIEKTPOHHBIC CETH, SIBIIsIETCS cTaTudeckou. [1o
9TOW MPUYMHE, TYPUCTCKHE KOMIIAaHUH, UCNONb3yolmue HTepHET B cBoeM On3HeEce, TOKa HE MOTYT
U3BJICYb MPUOBLIb U3 CYLIECTBYIOIUX NMPEUMYILECTB 3JIEKTPOHHbIX ceTeil. [loaTromy Heobxonumo
ClIeNaTh aKLEHT Ha TO, YTO B MEPHUOJ 10 IMPUHATHS pEIEeHUs, IMHAMUUYEeCcKasl 4acTh HHPOpMaLUU O

MECCTC Hpel[HOJIaI‘aeMOI‘O oTAbIXa IJIsd HyTGIJ_IeCTBeHHI/IKa HaAMHOI'O BA>XXHCC.
4. 3akjouenune

Typucrckue opraHu3ali MPOU3BOJIAT, B OCHOBHOM, MH()OpMAalMOHHBIE YCIYT'H, a BCS
OTpaciip  sBISeTCS HMH(GOPMAMOHHO-HACHIIEHHOH. [loaToMy mpHMEHEHHEe KOMITBIOTEPHBIX
TEXHOJIOTUH CTAHOBHUTCS HEOTHEMIIEMBIM yCIOBHEM IMOBBIIICHUSI KOHKYPEHTOCIIOCOOHOCTH JIF00O0TO
TYPUCTCKOTO TPEATIPHSITHS.

BMmecrte ¢ enuHBIMH TMOTPEOHOCTSAMH BCE TYpPHCTHYECKOW OTpacid B INPUMEHEHHUU
UH()OPMAIIMOHHO-KOMITBIOTEPHBIX TEXHOJIOTHI JUISI POU3BOCTBA U MTPOAAXK TYPIPOAYKTA, KaXKIbIi
BUJ TypH3Ma HYKIaeTCsl B CrieUpUIecKoM HHPOPMaTMOHHOM obecriedeHnu. OHaKo, HECMOTPS Ha
pa3HooOpa3ue crpoca Ha HH(GOPMAIIMOHHbIE YCIIYTH, IS UX PEean3aliy 1eJIeco00pa3Ho co31aBaTh
eIMHbIC HHTETPUPOBaHHBIC HHPOPMAIIMOHHBIE CTPYKTYPBI, B KOTOPBIX OJTHH H T€ € YHHBEPCAIbHBIC
CPEIICTBA UCIIONIB3YIOTCS ISl Mepeaadyn, o0paboTKH M OTOOpaXKeHUsl pa3iInYHOW MH(pOpManuu B
MHTEpECcax Pa3JIMYHBIX IOJIb30BaTeNeil. Bmecte ¢ TeM eawHas MONMTHKA W €IMHBIC CTaHIApPTHI
MOCTPOCHHsST MH(POPMALMOHHOTO OOECTeYeHHsT B TYPUHIYCTPUU CErOAHS OTCYTCTBYIOT, XOTS
COBpeMeHHas MH(opMaTH3alUs Typu3Ma pealbHO CTAHOBUTCS MPOLIECCOM €r0 MHTErpalvy, IpuieM
MPOUCXOIUT UH(POPMALIMOHHOE 00bEMHEHHUE NTEPCOHANIA U KJIMEHTOB TypU3Ma.

['maBHBIM HEOCTATKOM CO3JIAHHSI M ACATEIBHOCTH TyPUCTCKUX WH(POPMAIMOHHBIX IEHTPOB
SBIISIETCS OTCYTCTBHE CHUCTEMHOCTH M KOHCTPYKTHBHOTO IOAXO0Ja K TpoOieMe HCCIeOBaHUS
CTPYKTYPbI U 0COOEHHOCTEH COBPEMEHHOT0 HH()OPMAIIMOHHOTO TYPHUCTCKOIO IPOCTPAHCTBA.

OCHOBHBIMU LIETSIMH CO3/1aHUS TYPUCTCKUX HH(POPMALIMOHHBIX LIEHTPOB SBIISIOTCA:
® COJCHCTBHE PETMOHAIBHBIM AJIMUHUCTPAIMSIM B Pa3padOTKe M pean3allid CTPaTeTuu
MPOABMKEHHS PETUOHOB Ha MEKAYHAPOIHBIA U BHYTPEHHHUM PHIHKU TYPUCTCKUX YCIYT;
® TIOBBIIIEHUE NH()OPMAIIMOHHOH JIOCTYITHOCTH PETHOHOB;

® CO3/1aHWE WHBECTHIIMOHHOW MPHUBIIEKATEIFHOCTH TyPUCTCKO-PEKPEATMOHHOM chepsr;

® [pUBJICUEHHE BHEOIOKETHBIX CPEICTB B Pa3BUTHE TYPUCTCKON Cephl peruoHa;

e (opmupoBaHue COBPEMEHHOM CHCTEMBI WH(POPMAIIMOHHBIX  TEXHOJIOTHH,

obecnieunBaronieil 3¢ppekTrBHOE B3aMMOAEHUCTBHE PA3JIMYHBIX CYOBEKTOB TYPHCTCKOM

ACATCIIBHOCTH.
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OCHOBHBIM OXKHNJACMBIM  PE3YJIBTATOM pCalu3aliid CTPATCrud pa3BUTUA CUCTEMBIL

TYPUCTCKHX HMH()OPMAIIMOHHBIX LIEHTPOB Ha Teppuropuu Poccuiickoit denepanmu sBisieTcs

CO3JIaHHE YCIIOBHH JUISA YAOBJIETBOPEHHS MOTPEOHOCTH POCCHUICKMX M MHOCTPAHHBIX I'PAXKAaH B

I/IH(bOpMaI_[I/II/I O TYPUCTCKHUX YyCIIyrax, a Tak’K€ B aKTHUBU3allMUM BHYTPCHHCT'O 1 BHE3/JTHOI'O TypHU3Ma.
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Abstract. The technology of deep ion-plasma nitriding has been developed in this article and its practical
implementation for disc saws made of U8G steel has been carried out. The technology of deep ion-plasma
nitriding was implemented on the STANKIN-APP-1 installation. A circular saw made of U8G steel and
witness samples of the same steel were selected as the object of research for subsequent measurement of
microhardness and phase analysis. In order to avoid deformation of the saw blade, a tooling was developed,
since the thickness of the saw blade is 0.95 mm. The results of resistance tests have shown the feasibility of

using this technology for disc saws. The total resistance of the teeth of disc circular saw made of U8G steel
increased by 4 times compared to a circular saw without nitriding.

Keywords: ion-plasma nitriding, disc saw, U8G steel, fiber-extracting machine
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HonHo-n1a3MmeHHoe A30THPOBAHUC TUCKOBBLIX IUJI
BOJIOKHOOTI{GJIHTGJIBHOﬁ MalIuHbI
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Byxapckuit mH)KeHEepHO-TEXHOIOTHYECKUI HHCTUTYT, byxapa, Y30ekucran
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AHHoTanus. B nanHoii cTaThe pazpaboTaHa TEXHOJIOTHUS TITyOOKOTO0 MOHHO-TIA3MEHHOTO a30THPOBAHHS U
MPOU3BEIICHA €€ MPaKTHUYECKash peanu3amusl A JUCKOBBIX mui u3 cranu Y8I'. Peammsaius TeXHOIOTHUH
rIyOOKOTO HOHHO-TINIA3MEHHOTO a30THpoBaHus BhinonHeHa Ha ycraHoBke "CTAHKWH-AIIII-1". B xagectBe
00beKTa HccieoBaHus Oblla BEIOpaHa IuckoBas muia u3 ctand Y8 u oOpasubl-cBUACTENN TOH ke CTalH
JUISL TIOCJICAYIOUIETO HM3MEPEHUsT MHKPOTBEPIOCTH W (ha3oBoro aHanmmza. Bo usbexxanue aedopmanuu
TUCKOBOW MWJBI ObIIa pa3paboTaHa OCHACTKA, TaK KaK TOJIIWHA JUCKOBOW mwibl coctaBiseT 0,95 mw.
Pe3ynpTaThl CTOMKOCTHBIX MCHBITAHUI MOKAa3aJId LEIECO00Pa3HOCTh MPUMEHEHUS TaHHOM TE€XHOJIOTHU AJIS
TUCKOBBIX Tiil. CyMMapHasi CTOHKOCTh 3yObeB MUCKOBOW muibl u3 cranu Y8 yBennuminack B 4 pasa 1o
CPaBHEHHIO C TUCKOBOM MUITBI 6€3 a30THPOBAHHS.

KiroueBble ¢j10Ba: HOHHO-IIJIA3MEHHOE a30TUPOBaHUEC, NTMCKOBas IMuJja, CTajlb Y8F, BOJIOKHOOTACIUTCIIbHASA
MalinHa

1. BBenenme

3amaya MOBBILEHUS J(PQPEKTUBHOCTH JIUCKOBOM MUJBI y371a MWIBHOIO LWIMHIpA
BOJIOKHOOT/IEJIUTENILHONW MAIlIMHbI IyTE€M YBEIUYEHHUS CTOMKOCTH 3y0a MOXKET OBITh pellieHa 3a CUeT
IIPUMEHEHHsT HOHHO-IUIA3MEHHOTO a30THUPOBAaHUSA. OTa TEXHOJIOTHS TO3BOJSAET 3HAUYUTEIBHO
YCKOPHUTH MPOIIECC HACHIIIEHNS TOBEPXHOCTH 3y0a a30TOM 110 CPAaBHEHUIO € TPAJAUIIMOHHBIM IEYHBIM
azotupoBaHueM. Tak T@pu a30TUPOBAHMM JUCKOBOM IHJBI  y3JIa MHJIBHOIO LMJIMHIpPA
BOJIOKHOOT/IEIMTEIbHON MAaIIWHBI yriiepoauctord cramu Y8IT, 6517 B 1uiasme ABYXCTYNEHYAaTOIro
BaKyyMHO-AyroBoro paspsana ([IB/IP) B Teuenue omHoro yaca obpasyercs cioi ¢ 3¢hdekTuBHON
tommuaon 10 100 mMxm u tBepmocteio mo 11,8 I'Tla [1]. CroiikocTe 3y0a MUCKOBOWM TMHJIBI,
MIPOIIIEIIETO TaKyto o0paboTKy, Bo3pactaeT B 1,5—2,5 pa3a 1mo cpaBHEHHUIO C HEA30TUPOBAHHBIM
JMCKOBO# muitoit [2].

Opnaxo, TOJIIMHA OTYYaeMOI0 a30THPOBAHHOIO CJIOSI HE IO3BOJISIET TOBBICUTH CYMMapHYO
CTOMKOCTh JIMCKOBOM IWJIBI, TaK KaK IIOCJIE IEPBOM K€ NEPETOUYKH YNANAETCA YNPOYHEHHBIN
a30TUPOBaHHBIA coi. [ToayunTh TIIyOOKHI a30THPOBAHHBIA CJIOM BO3MOXKHO 3a CYET YBEIUUYCHUS

BPpEMCHHU a30TUPOBAHHA OO0 HCCKOJIBKUX JCCATKOB 4YaCOB, HO IpU IATCIBHOM TCIUIOBOM
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BO3JICHICTBUHU MPOUCXOAUT Pa3yNpOUYHEHUE TUCKOBOM MUiIbl. TakuM 00pazom, ModydeHHe riIyOoKuX
a30THPOBAHHBIX CIIOEB (0oJiee ~2 MM) Ha TOTOBOW JUCKOBOW IMHJIE, UCIIONB3YsI TOIHKO TEXHOJIOTHIO

JABJIP, HEBO3MOXKHO.
2. Meton

OmHuM W3 pelnieHU JaHHOW 3aJladyd MOXKET OBITh NMPUMEHEHHE TEXHOJOTHH TIyOOKOTO
a30TUPOBaHUsA, CyTh KOTOPOM 3aKJIH0YAETCS B TOM, YTO HOHHO-TIJIA3MEHHOE a30TUPOBAHKE 110 METOLY
JIBJIP BBITIOJIHSIETCS IO OKOHYATEIIBLHON TepMUYEeCKOi 00paboTKH.

[IpensioxkeHHasi TEXHOJIOTHSI BBITOJHO OTJIMYACTCS OT JPYTUX H3BECTHBIX TEXHOJIOTUM
AQ30TUPOBAHUS JHUCKOBOM THWJIBI TEM, YTO B CTaJd CO3/JAa€TCS OTHOCHTEIBHO TIyOOKHiA
i y3nOHHBIN CITOH C BRICOKOHM KOHIIGHTpaIue a3ora. B xo/e nmpoBeaeHus MOCIeayomen 3aKalKu
JTUCKOBOM MHIIBI a30T nupyHaupyeT BriyOb M3MeHs, TOBBIIMIAs TBEPIOCTh M TEIIOCTOHKOCTH
CTaJIM Ha rTyOuHe 10 2—2,5 MM.

Metoa MOHHO-IIIIa3MEHHOr0 a30TUpoBaHus 1o Merony JIBJ/IP mo3BoiisieT 3a cuer BBICOKOM
HMUCCHOHHOI CTIOCOOHOCTH TJ1a3Mbl 00ECIIEUUTh OYUCTKY, HArPEB M BHICOKYIO CKOPOCTh nuddy3un
a3ora BriIyOb MeTayuia [3]. biiarogapst Takomy pemieHuto 3a KopoTkoe Bpems (0,5—2 daca) B TOHKOM
(10 200 MKM) MMOBEPXHOCTHOM CJIO€ YJAETCsl JOCTUYb BHICOKOW KOHIIEHTPAIIMU a30Ta. DTO SBIACTCA
HEOOXOJUMBIM YCIIOBHEM IOJyYeHUS TTyOOKHUX a30TUPOBAHHBIX CIIOEB B CTalH IOCIE TOTO, Kak
JIMICKOBAs MTUJIA MPOMJIET OKOHYATENbHYIO TEPMUUECKYIO0 00pabOoTKy, CTAaHAAPTHYIO JJIsi BHIOpAHHOM

MapKH CTaJju.
3. MeToaunka 3KcrniepuMeHTa

Peanu3zanust TEXHONOTHUU NTyOOKOTO MOHHO-TJIA3MEHHOTO a30TUPOBaHMS OCYILECTBIISUIM Ha
ycranoBke "CTAHKUH-AIIII-1". B xadyecTBe oObekTa HcciaenoBaHus Oblia BblOpaHa JAMCKOBAs
muia u3 cranu Y8 u oOpasupl-CBUAETENNM TOM K€ CTamu Ui IOCIEIYIOIIEro H3MEpEeHHUs
MHUKPOTBEpJOCTH U (a3zoBoro aHaiusa. Bo wm3bexanue pedopmanuu AUCKOBOW MuiIbl ObLIa
pa3paboTaHa OCHACTKa, TaK KaK TOJIIWHA AMCKOBOM muitbl cocTaBisieT 0,95 MM (pucyHok 1).

JuckoBas mwiia M o0pas3ibl MOCIE MEXaHH4eCKOH 0oOpaboTKH OTOMOKEHHOW CTaJIbHOMN
3aroTOBKM IOMEIIAINCh B BakyyMHyro kamepy ycraHoBku "CTAHKHWH-AIIII-1". 3atewm,
ocymecTBisiim HarpeB A0 650 °C B cpene aprona npu gasiennu 0,4 [1a ¢ omHOBpeMEHHOW MOHHOM
OUMCTKOM TMoBepxHOCTU. MOHHO-TIa3MEeHHOE a30THpoBaHue mpoBoauiochk mpu 650 °C B cpene
yUCTOro a3zoTa B TeueHue | 4 mpu Toke ayru In = 80 A u Toke nononHuTenbHoro anona lna =75 A,

IIPHM 3TOM Ha CTOJI C JISTAIBIO MoaBaIoch Hanpspkerue cMenienns U = —700 B.
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Pucynok 1. JluckoBas nuiia ¢ OCHacTKOM, MOMEIICHHAs B BaKyyMHYIO KaMepy YCTaHOBKH

"CTAHKUWH-AIIII-1".

[Tocne a3zoTMpoBaHUs AMCKOBas MuiIa U 00paslbl MEUIEHHO OXJIaXJAJUCh B KaMmepe 110
KOMHATHOW TeMriepaTypsl. Ha 3akiounTenhbHOM dTare MPOBOAWIM CTAHAAPTHYIO TEPMUYECKYIO
00paboTKy:

® 3aKaJKy C HarpeBOM B COJIIHOM BaHHE B TeueHue 4 muH npu temneparype 1220 °C u

OXJIaXJIEHUEM B Maclie;

e TpexkparHbIi oTmyck npu 560°C o 1 u.

JUis m3MepeHuss MUKPOTBEPJIOCTH M YCTaHOBJEHHs (Da30BOro cocraBa H3rOTaBIMBAIN
MUKpoluudsl Ha 06opynoBanuu ¢pupmsl "Struers” (anus).

MUuUKpOTBEpIOCTh U3MEPSUTH ¢ TTOMOIIBIO mpucTaBku "Micro-duromat 4000" Kk MUKpOCKOITY
"Polyvar-Met" (Asctpus) npu Harpyske 0,294 H u Bpemenu ucnbitanus 10 cex. OTmeyaTku Ha
MOBEPXHOCTh MUKpOLLIM(a HAHOCHIIM B BUJIE "TOPOXKKU" OT Kpas K LeHTpy ¢ mmarom ot 10 mo 200
MKM (B 3aBHCHMOCTH OT TBEPAOCTH U PACCTOSHHUS OT MOBEPXHOCTH oOpasua). IIpu 3Tom umcio

OTIICYAaTKOB Ha Kﬂ)KIlOfI FJIY6I/IHC BapbUPOBAJIOCHE OT TPEX 10 BOCBMH B 3aBUCHUMOCTHU OT BCIIMYMWHBI
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pa3bpoca 3HadeHnid. OTHOCHUTEIIbHAS OMIMOKA CPETHETO 3HAUCHHSI MUKPOTBEPAOCTH C BEPOSITHOCTHIO
0,95 ne npesbiana 4 %.

PentrenoBckuii  ¢azoBeiii aHanmus (PDA) mpoBomwnmm Ha audpakromerpe PANalytical
Empyrean (I'omnannus) ¢ ucnonb3oBanuem CuKo-u3nydenusi. CheMKy OCYIIECTBIISUIA B YCIOBUSX
CUMMETPUYHOHN (POKYCHPOBKH 110 bparry-bpenrano, ¢ npumeHneHreM Oeta-puibTpa.

[TepeTouky BBHITIOTHSUIA HA 3aTOYHOM CTaHKE C MPUMEHEHHEM KOPYHIOBBIX KpyToB. [ myOuHa

HEePeTOUYKH 10 NepeaHe u 3aaHeil moBepxHocTsam cocrapuia 0,8 1 0,2 MM, COOTBETCTBEHHO.
4. Pe3yabTaThl IKCIIEPUMEHTAa H UX 00CYK/AeHHe

Pe3y.TIBTaTLI HU3MCPCHHA MUKPOTBEPAOCTH IIOCJIIC HOHHO-INUIA3SMCHHOI'O a30THUPOBAHHA
IMPUBCACHBI HA PUCYHOK 2 ¥ IO3BOJISIIOT KOCBEHHO CyauThb O BBICOKOH KOHICHTPAUX a30Ta B TOHKOM

IMOBEPXHOCTHOM CJIOC.

HVO0,03, ITla

12 o

10

0 20 40 60 80 100 120
PaccToAHWe OT NOBEPXHOCTU, MKM

Pucynok 2. Pacnipenenenue MUKpOTBEPOCTH 10 TiyOuHe B ctanu Y 8L, nporenmie

MOHHO-TNIa3MeHHOoE azoTupoBanue mpu 650 °C ¢ Bbyaepkkoi 1 4.

OO0 sToM CBUIACTCIILCTBYCT BBICOKASA MUKPOTBCPAOCTH ITOBECPXHOCTHOTO CJIOSA: Ha Fle6I/IHe J0

60 MM MukporBepnocTh coctaBiseT oT 10 mo 12 I'Tla. Bricokas TBepaocTh 00ycioBiIeHa
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MIPUCYTCTBUEM B CTPYKTYPE CTAJIM CIOKHBIX HUTPHUJIOB XKeJjle3a U JIETUPYIOUINX KOMIIOHEHTOB THIIa
Me4N, koTopblie coaepxar 10 6 % a3oTa o macce, B TO BpeMsl Kak coJiepKaHue a3oTta B peppure
cymectBeHHo Hmke (ripu 590°C ne 601ee 0,12 %) [4, 5]. Co3aanHas BbICOKasi KOHIIGHTpAIUS a30Ta
B TOHKOM IIPUIIOBEPXHOCTHOM CJIO€ He0OXo1uMa sl AanbHeimen auddys3un a3ora BriayOb cTaiu B
MIPOLIECCE MOCIEIYIONICH 3aKaIKu.

[Tpu nHarpee cranu Y 8I' B consinoii BanHe moj 3akanky (1220 °C) Gonpiiast yacTh HUTPUIOB
pacTBOPSIIOTCS B ayCTEHUTE, A, CIEIOBATENIBHO, IIOCIIE 3aKaJIKHU [10JIy4aeTCcsl a30TUCTBI MapTEHCHT,
KOTOPBIA 00J1a/IaeT MOBBIIICHHOW TBEPAOCTHIO M TEIUIOCTOMKOCTHIO [6]. Pe3ynbrarhl m3mepeHwus
MUKpOTBepocTH cTanu Y 81 mocie 3akajiku U TPeXKpPaTHOTO OTITyCKa IMOKa3alld, YTO Ha TIyOuHe OT
0,3 10 2 MM HaOIIOaeTCs TBEPAOCTh, 3HAYCHHUSI KOTOPOH BBIIIE, YEM Y OCHOBBI CTaIH (PUCYHOK 3).

Benuunna TBepaoCcTH Ha ykazaHHOH rimyoune nocturaet 9,5 I'Tla nmpu 1Bepaoctu ocHoBsl 8,9 I'Tla.

HVO0,03, ITla

LS Ny
9.4 3 |
@ ® ®
@
TBep,D,OCTb OCHOBDbDI
8,9-—— - e E s s e o e e e e e S S S e e . -

8,4

7,9

0 200 1000 1500 2000
PaccTtosHue oT NoBepXHOCTW, MKM

Pucynoxk 3. Pacripenenenne MUKpOTBEpPAOCTH 1O TiyOuHe B ctanu Y &I, mpouienneil HOHHO-
maa3MeHHoe azotupoBanue mpu 650 °C ¢ BbiaepKKOW 1 4 ¥ MOCIHEAYIONIYIO CTaHIAPTHYIO

TEPMHUUECKYI0 00paboTKy: 3akanky 1220 °C (macno) u TpexkpatHblif otryck npu 560 °C mo 1 4.

38

—
| —



Modern Innovations, Systems and Technologies, 2021, 1(3)

Huddy3nonHbIN CII0H TITyOUHOM 10 2 MM, TIO-BHIMMOMY, 00pa3yeTcs B X0/I€¢ MApTEHCUTHOTO
MpEeBpalleHus, a HE MpU TEIUIOBOM BbIIEpKKE, Tak Kak 3a 4 muH npu 1220 °C a30T HE MOXKET
npoaudyHaupoBaTh B aycTeHUTe Ha riryouny 6onee 0,2 MM, coriacHo 3akony Duka.

Bricokne TBep0CTh U TEIJIOCTOMKOCTD cTainu Y 81" mocie npoBeieHHOH 00paboTKH, a TakKe
0oJIbIIas TITyOUHA YIIPOUYHEHHOTO €10 00YCIIaBIMBaIOT MOBBIIIEHHYIO CTOMKOCTh 3yObeB AUCKOBOM
nuwibl. Tak, Hampumep, CTOMKOCTb 3yObeB IOCiE TIIyOOKOro a30THPOBaHUS B 2 pas3a BbIIIE IIO

CPaBHEHUIO C HEa30TUPOBaHHBIMHU [7].
5. 3akiar0ouenne

B cratbe mnpexacraBieHa pa3paboTaHHas TEXHOJIOTHS INIyOOKOro HMOHHO-TUIA3MEHHOI'O
a30TUPOBAHUS U €€ IPAKTUUECKAsl peayin3anust JUisl IUCKOBBIX Ui U3 ctamu Y8l

[TokazaHo, YTO TEXHOJOIMsI TIIyOOKOrO a30THPOBAHUS IIO3BOJIAET MOIYYUTh TIIyOUHY
TP PY3MOHHOTO CJIOSl 10 2 MM C MOBBILIEHHOM TBEPAOCTHIO M TEIIOCTOMKOCTBIO, IIPU 3TOM CaM
IIPOLIECC HACHIIIEHUS a30TOM He IIpeBbIlIaet | u.

Pe3ynbpTaThl CTOMKOCTHBIX UCIIBITAHUI OKA3bIBAIOT 11€JIECO00PA3HOCTh NPUMEHEHMSI JAaHHON
TEXHOJIOTUU ISl AUCKOBbIX Nui. CyMMapHasi CTOMKOCTb 3yObeB AMCKOBOM IWiibl U3 ctanu Y8l

YBEJIMYUIACH B 4 pa3a [0 CPAaBHEHHIO CO CTOMKOCTBIO 3yObEB TMCKOBOM MBI 6€3 a30TUPOBAHMSI.
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Abstract. This article discusses the features of storage, humidification and operation of film in Central Siberian
conditions. A number of features and a certain factology are revealed that affect the organization of systemic
moistening (humidification) and maintenance of film materials on analog media for long-term storage and
operation of film. The main factors included in the description of this article, which affect the dynamics of
maintaining the working surface of 35 mm and 16 mm film: the specifics of the composition of the film; the
impact of a temporary, natural and technological nature on the "light pictures”; sophisticated technology for
servicing analog film projectors, rewinding devices and film checking facilities; the specifics of the sequence
of manipulations of equipment and chemical compositions for stable operation without gusts, drying and
burnout of film materials. The article shows the content of work on the stages of film moistening, taking into
account the specifics of their application. This specificity manifests itself most significantly when working
with especially fragile film materials that are of cultural value and have an actual shelf life of at least 60 years.
In the step-by-step process of moistening, after the end of each stage, the main results obtained are assessed
by visual comparison of the image projections, followed by the digitization of the image and the correction of
the result obtained in graphic editors. If the "light picture” is of interest and needs additional adjustments to
eliminate artifacts, scratches and other elements of entropy, then neural network approaches are used to work
with film material. The article presents an analysis that allows you to determine the permissible option for the
implementation of film moistening in the given conditions of film testing for subsequent projection on film
equipment.

Keywords: motion picture materials, physical and technical methods, film moistening, film residual liquid,
isopropyl alcohol, acetone, glycerin
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AOcTpakT. B nmaHHOW cTaThe paccMaTpUBAIOTCS OCOOCHHOCTH XPAaHEHWS, YBIAKHEHHS W IKCIDTyaTallHH
KUHOIUIEHKH B CPEAHECUOMPCKUX YCIOBUSIX. BhIsiBIIsieTcs: psii 0cOOCHHOCTEH U onpenenéHHas GaKToiorus,
BIIUSIONIAs] HA OpPraHU3alMI0 CHCTEMHOIO YBIQXHEHUS W TOJAEp)KaHHsS KMHOMAaTepHaJoB Ha aHAJIOTOBBIX
HOCUTENSAX Ul [UIMTEIBHOTO XPaHEHHUs M SKCIUTyaTalud KMHOMIEHKH. OCHOBHBIC (haKTOPbI, BOLICALINE B
OIMCaHNe JAaHHOW CTAThH, KOTOPBIE BIMAIOT HA TUHAMHUKY COXpaHeHUs padodeli moBepxHocTH 35 MM 1 16 MM
TUIEHKU: crenr(puKa cOCTaBa KUHOIUIEHKW; BO3ACHCTBUS BPEMEHHOTO, MPHPOJHOTO M TEXHOJIOTHYECKOTO
XapakTepa Ha «CBETOBBbIE KapTHUHBDY; CIIOKHAsi TEXHOJIOTHSI OOCITYKMBAHUSI AHAJIOTOBBIX KHHOIIPOEKTOPOB,
MEPEMOTOYHBIX YCTPOMCTB M CpeAcTB (HIBMONPOBEPKH; CIIEHU(PHUKA MOCIECIOBATEILHOCTH MaHUIMYJISIIUN
000pYZIOBaHHS U XUMHUYECKHX COCTABOB JUISl CTA0MIBLHOM paboThl O3 MOPHIBOB, BEICYIINBAHHS U BHITOPAHHH
KMHOMaTepualioB. B crarbe mokasaHo cozmepaHue padOT MO 3TanaM yBIOKHEHUS KUHOIUIEHKH, C yUYETOM
cneunuky ux npumenenus. JanHas cnenudurka Haubosee CyIeCTBEHHO NPOSBISieTcsl Ipu paboTe ¢ 0co00
XPYNKHMHU KHHOMaTepHaiaMu, KOTOPbIE MPEJICTABISIOT KyJIbTYPHYIO IEHHOCTh U HMEIOT (PaKTHIECKUH CPOK
xpaHeHus He MmeHee 60 user. IIpu mostanmHOM IpolLecce YBJIQXKHEHHs I10CIIE OKOHYaHMs KaKAOoro 3Tama
BBITIOJHSAETCA OLIEHKA OCHOBHBIX IIONYYEHHBIX PE3YyJIbTAaTOB ITyTEM BU3YallbHOTO CPaBHEHUS IPOEKINH
n300pakeHus1, Janee cleayeT Oouu(poBKa H300paKeHUs U KOPPEKTHPOBKA MOIYyYEHHOTO pe3yibTaTa B
rpaduuecKkux penakropax. Ecnm «cBeToBas KapTHHa» TNPEACTaBIsIET WHTEPEC H HYXKIAeTCs B
JOTIOJTHUTEJIBHBIX KOPPEKTHUPOBKAX, 10 YCTPAHEHUIO apTe(hakToB, apalyH U NPOYUX JIEMEHTOB 3HTPOINH,
TO TIPUMEHSIOTCA YK€ HeHpOoceTeBble MOAXOAbl Al paboThl ¢ KMHOMaTepualioM. B craThe mpezacraBieH
aHaJIn3, KOTOPBI MO3BOJIIET OMPECNNUTh JOMYCTUMBIN BapHaHT peau3alliil yBIAXHEHHUS KUHOIUIEHKU B
3aJJaHHBIX YCIOBHAX (DUIBMONPOBEPKH IS TIOCIIEAYIONIEH MPOSKIMH Ha KHHOOOOPY/IOBaHUH.

KaroueBbie ciaoBa: KHHOpOTOMATEPHATBI, (PU3UKO-TEXHUYECKHE METOBI, YBIAXHEHHE KHUHOIUICHKH,
(UIBMOCTATHAS KUJIKOCTh, H30IPOIMIOBBINA CIIUPT, allETOH, TJUICPUH

1. BBenenue

OtHocAmmecs K MCTOPUKO-KYJIBTYPHBIM LEHHOCTSIM, OXpaHsIEMbIE TOCYyJapCTBOM Kak
ucTopuieckue apredakTbl 1 00bEKThI KYJIbTYPHOIO Hacienus, KHHO(OTOMaTepuabl, Kak U Ipyrue

AOKYMCEHTBI I'OCYJApCTBEHHBIX ApPXUBOB, IMOAJIC)KAT BEYHOMY XPAaHCHUIO, KOTOPOC obecreynBaecTCs
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nepeBogoM ux B nudpoBoit dopmar. B pabore [1-3] aBTOpHI mpemiararoT HCHOJb30BaTh MPH
MOJIrOTOBKE MaTepHajoB Ha 3(PHUPOLEIUIIONO3HOW OCHOBE K OIM(POBKE M MOCIEIYIOIIEro
JI0JITOCPOYHOTO XPaHECHHUS TIOJMMEPHbIE JIaku. JlaHHbBIH cr1oco0 [2] M03BOJISET CYIIECTBEHHO CHU3HUTh
TPYAOEMKOCTh KOPPEKTUPOBKH CKaHUPOBAHHBIX M300paKCHUH NpPU HX TEPEBOJE U3 aHAIOTOBOTO

dbopmara B IupOBOA.
2. AcTopuyeckne acmeKThl HCCJIeI0BAHUSA

Kwuno B ropoa Kpacnosipck Enuceiickoii rydepHun npuiiio OyKBajabHO Yepes mapy JIET Mociie
3HamMeHuTOro nokasa B [lapmwke Ha Boulevard des Capucines. I1epBbrit 0011eCTBEeHHBIN KHHOCEAHC B
Enucetickoii ryoepaunn mpomen 9 mapta 1897 roga. DToT moka3 cocrosuicsi B ropone KpacHosipcke
Onmaronapss KOMMHUBOSDKEPY MOpKEeIKOMy M MpPHUBE3EHHOMY aHUMorpady JIOHIOHCKOTO ONTHKa-
Mmexanuka Ilosst, koTopsiii oH coOpan mo 3akazy «CeBepo-AMepUKaHCKON KoMIaHu# GoHOTpadoB»
[4]. Ho rnaBHeIM mepBompoxoaem kunemarorpada B KpacHosipcke cran Bacuimii AnexceeBry
IToJy1AKOB — HAaYMHAJ OH racTpOJIEPOM C KMHOAnnaparom. YyTb O3HeEE, C TIOBCEMECTHBIM IPUXOJOM
«BONMEOHBIX (poHapeil», MOKA3bIBABIINX «CBETOBBIC KAPTHHBD, CTAIM OPTaHU30BBIBATHCS CKIIAJIBI C
(GUIBMOKONIUSAMHU HA TEppUTOpUU EHHMCEWCKOl TyOepHUHU, KOTOPhIE MEPUONYECKH YHUUITOXKAIHUChH
1okapaMu, Tak Kak KHHOIIJIEHKA B Hayasle BeKa Obl1a HA HAITPOOCHOBE U SABJISUIACH I10KAPOOIACHBIM
npoaykroM. B nBaamarteie roael XX-ro CTOJNETUS Pa3pO3HEHHbIE YacTHbIE CKJIAbl Hayalld
o0beuHATh, U K 1935 ronay B KpacHosipcke yxe pabortan KunoTpect, 3aHMMAaBIIUICS TTPOKATOM
KHHOQHUIBMOB Ha TeppuTopun KpacHosipckoro kpasi.

Ounemoponn KI'BYK «Enuceit kuHO» mNepuoandeckd MNOMONHSAETCS (UIBMOKOMUAMH,
KOTOpbIE OPOH MOMaJatoT U3 caMbIX pa3HbIXx MecT: Kpaesoii my3seit, KWL (6b1BImit My3seit Jlenuna,
a HeiHe MI] «Ilmomanes Mupay»), Kanckuit ¢unnan KI'BYK «Enuceit xunHo», MuHyCHHCKUH,
AunHCKUH, HECKOJbKO (uimpMokonuid npuiuio u3 «/loma Hayku u texnuku». He Tak naBHO B
Kpacnosipck u3 Hopuibcka 1o HaBUTallMOHHBIM IyTsM HpuObul CeBepHBIH apXHB, 4YacTo
KUHOIUJIEHKM TPHUHOCAT JKUTEIM TOpOAa WIM OTPaBISAIOT Ha OLMU(POBKY C TEeppUTOpUI
KpacHosipckoro kpas. KunHomiéHka BcTpewaercs camasi pasHas, M IBeTHas, U 4y€pHo-Oenas, U
MOBpEXAEHHAsL, ¥ BbIBeTIIAasA. U 11t TOrO, 4T00B! PHUIBMOKOIHIIO MOXKHO OBUIO MPaBUIILHO XPAHUTh
U B JaJbHEMILIEM JKCITyaTHPOBATh, HAJO ONPENEIUTh, UTO K€ KOHKPETHO U B KAKOM COCTOSIHMH
nornajaer B GUIbMOXpaHUIIUIIIE.

Ecnu ¢ "y3koit" 16-MM KHHOMIIEHKOM paboTaTh JOCTATOYHO MPOCTO U 0€3 BUIUMOI SHTPOIHH
(TpmarnieTat uau auanerat coperckoro mpoussoacTa min ORWO npowussozactsa I'JIP ot «Filmfabrik
Wolfen» u3 ropona Bonbdena nox burrepdensaom, nnn AGFA eBporneiickoif KOMITaHUU U3 TOPOAA

Moprtcen, benbrus), To ¢ mIEHKOH 35 MM BO3MOXKHBI CEpPbE3HBIE TPYTHOCTH TPU 00paboTKe (CM.
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Harpumep, ['OCT 20904-82. Kunornenka 16-mMM. pasmepsl u metobl KoHTpodiss u TOCT 4896-80.
Kunonuenka 35-MM. pa3mepbl U METOJIbl KOHTPOJISA).

CoBpemMeHHasi KMHOIUIEHKA Ha JIaBCAHOBOM OCHOBE BCTPEYAETCSI U C CHUHEH LIMAaHOBOU
(dhoHOTPAaMMOH, U C KpaCHO-KOPHUYHEBOM (pOHOTpaMMoid, u ¢ mypnypHoi. [TogoOHas ¢goHorpamma,
KCTaTu, Iledaranach BIUIOTh JO CEPEIUHbl HYJIEBBIX M IMPEKPACHO BOCHPOM3BOIUTCS KakK Ha
COBETCKOI KMHOAMIapaType, TaK U Ha KWHOIPOEKTOPax HHOCTPaHHOTO MPOU3BOACTBA [5-7].

Coserckas KMHOIUIEHKA IIPOU3BOJACTBEHHOI O 00beTMHEeHNU S "Csema"
(CBerouyBcTBUTEIbHBIE MaTepualibl [LIOCTKHHCKMHCKOTO XUMUYECKOTo KoMOnHara), min "Tacma"
(Tarapckue cBeTouyBCTBUTENbHbIE MaTepuanbl Kazanckoro xumszaBon um. KyiiOblmeBa) Ha
TpUALIETaTHOM OCHOBE, Kak IIPaBWJIO, BECbMa KpAacHOBaTa, BIPOYEM, Ipajallil KpacHOTO,
HACBIIIEHHOCTh ¥ TOH 3aBUCSAT OT T'O/Ia BBITycKa (MeHee mypIrypHas u oarpsiHas - uiénka 1985-1989

roZIoB, a camas ajas — Hadana u cepeaunbl 1990-x romos).

Pucynok 1. Kunomniénka npousBoiIcTBEHHOT0 00bequHeHus "Cema'.

Ecin xonuro npocMaTpuBaiy U IPOCBEYUBAIA B OCHOBHOM Ha NPOEKTOpPax ¢ KCEHOHOBBIMU
JamMIiaMu, To (GUIBMOKOIHUS, OOBIYHO, HAMHOTO KpacHee, 4eM, €CIid, CKaxxeM, €€ CMOTpeld Ha
anmapaTtype ¢ JaMmIaMM HakanuBaHus (Hampumep, kunoycranosku KH15, KH15-3, KH16, KH17,
KH17M, KH19I1, KH20I1, KH20, KH20A u np.) [6].

Taxoke TpuareraTHas IUIEHKa OYEHb OBICTPO MOXKET IepechIXaTh, CTAHOBSCH NPU 3TOM U
JIOMKOM, ¥ HECTaOWIbHON Ha crubax u nepgopanusx, Mo3TOMy UMEHHO TpHalleTaTHasi KHHOJIEHTA

TpedyeT 0CcOOBIX YCIIOBHM XpaHEHHMs: TeMiiepaTypa He Bhime +20, BiraxHOCTh He MeHee 60 %. B
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yCIOBHSIX (MIBMO-CKJIa/la CO3/1aTh MOJOOHBIE YCIOBHS XPAHEHUs JOCTaTOYHO CJI0XKHO, TaK Kak
OCHOBHAsI CUCTE€Ma OTOIUICHHsI MOHTHpoBajach B 80-¢ ronpl, M03TOMY TpHalleTaTHass KMHOIUIEHKA
XpaHHUTCS B HAHOOJIee MPOXJIATHOM U XOTS Obl OTHOCHTEIBHO CYXOM U ITPOBETPHUBAEMOM ITOMELICHUN
(B 3aKpBITHIX YaCTEBBIX OaHKaX MOA 35 MM, 4TOOBI IUICHKA HE Mepechixaja, i He HaXOoIuiach HU Ha
COJIHIIC, HU PSIIOM C KOHBEKTOPAMH).

[Ipy ci10KHBIX YCIOBHUAX XPAaHEHMS C BBICOKOW TEMIIEpaTypOM, HU3KOHN BIIAKHOCTBIO, IIPH
XpaHEHUH KUHOIUIEHKH Oe3 JKEeCTSHBIX KOpOoOOK, MO0 He B sAydax WM 4YacTEBKAX KHHOJICHTA
[IEPECHIXAET, CTAHOBUTCA XPYIKOMH, Jerko pBETCS u aedopmupyercs. Tak xe u3-3a ycaJku IUIEHKH,
JIEHTa B JICHTOIIPOTSDKHOM MEXaHM3Me IIPOEKTOopa MepecTaéT HOPMalbHO JBUraThCs, B CIEICTBUU
4Yero, M3-3a yMEHbLICHHA Imara nepdopamud BO3HUKAIOT NpoOJIeMbl C  3alleljeHHe

TPAHCHOPTHPYIOIUMH 3yOUaTBIMH JIETATSIMH, TPEH(PEPHBIM WM MATbTHIHCKUM MEXaHU3MOM.

Pucynok 2. XpaHeHue TpualeTaTHOM MJICHKU 8 MM.

Oco0eHHO 3TO OTHOCUTCS K 8§ MM IUIEHKE, UMEIOIIEN Kpas ¢ nepdopanueit 8 MM umm «8
Cymniepy» (momans kaapa «8 Cymep» yBenudeHa 3a CU€T YMEHBIICHHUS pa3MepoB mepdopaiu u
yBenu4eHHs mara kazapa 1o 4,23 mm). Tpebosanus npencrasienst B TOCT 8761-75. Kunornenka
8-MM. pa3Mmepbl, Meronbl KoHTpois. Ilepdopaunonnsie otBepctust pasmepom 0,92x1,14 mm
pacmosoKeHbl JIIMHHON CTOPOHOM BJI0JIb KMHOIUIEHKH, a HE MONEpEK, KaK B CTaHIapTHOM (opmare
8 MM, ¥ OHM OYEHP YaCTO MOBPEKIAIOTCS U PBYTCSL.

Jlanee paccMOTPUM BOIIPOCHI XPaHEHUS W TOBPEXKICHHI 35 MM KHHOIUIEHKHU (PUCYHOK 3).
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Pucynok 3. Xpanenue 35 MM KUHOIIEHKH.

Bo Bpems xpaHeHHs KHHOILICHOK, B TOM 4YHWCIE€ W OOpaOOTaHHBIX, HAYMHACTCS YyCaJKa,
IIPUYEM Ha BEJIMYMHY YCAJKU CHJIBHO BIMSIOT XapaKTep YNAaKOBKH PYJOHOB, INIOTHOCTh HAMOTKH,
TeMIepaTypa U BIaKHOCTh B IOMeEIIeHUH. MHOrAa MpOUCXOAUT Y/UIMHEHHUE MTPOOIbHBIX Pa3MepOB
KUHOIUJICHKH, HAalIpUMep, NP pacTsHKeHUU BO BpeMst 00pabOTKH B IPOSIBOYHBIX MaIlIMHAX.

[Ton BpeMeHHBIMU U3MEHEHUSIMHU Pa3MEPOB KHHOIUICHOK TIOHUMAIOT YCAKy WM YAJTUHEHNE
BCJICJICTBHE BIIMSHUS BIQXHOCTH OKPY’KAIOLIETO BO3AyXa. M3MeHeHue BIaKHOCTH Bo3ayxa Ha 1%
BbI3bIBAET IOYTHU BJIBOE€ OOJIbIlIee H3MEHEHHME pPa3MEpOB I10 CPAaBHEHHIO C KOJEOAaHUSMH I10
temneparype Ha 1°C, oqHaKo 3TH Ipo1iecchl 00paTUMBI.

ITo T'OCTy 19-62—76 KxHHOIUIEHKH JOKHBI XPAHUTHCS TIPH TeMIIepaType Bo3ayxa 50 £5° u
oTHOcUTeNbHOM BiaxkHoctn 60 +10%—no 15 cyrok; mpu Temneparype 20 + 2—5°C un
oTHocuTeNbHOW BiaxHocTw 60 + 5—10% —Jlo oaHoro roja; mpu Temmeparype 15 +£5° u
otHocuTenbHOW BiaxkHocTH 50 + 15—10%—no Tpex ner; ¢ Ttemmeparypoir 10+ +5°C wu
OTHOCUTENBHOM BiaxkHOCTH 50+10% —CBBIIIE TPEX JET.

[lepen mepemaueit Ha ckjaj Ha XpaHEHHWE KUHOIUJICHKHM HaMaThIBalOT Ha CTaHJapTHHIE
«6albIKM» (GoTorpauyeckuM CIIOEM HapyXy M YKJIaJIbIBalOT B METAJUIMYECKHE WIM Jpyrue
crelMabHble KOPOOKHU. XpaHAT UX Ha CTeJUTaXKaX MM B METAJUIMYECKHX HIKadaX B TOPU30HTATIBHOM
MOJIOKEHUH (PUCYHOK 4).

TemnepaTypHO-BIaKHOCTHBIM PEKUM XPAHEHUS KUHOIIEHOK KOHTPOJIUPYETCS C MOMOIIBIO
IICUXPOMETPOB HE PEXKE OJHOTO pa3a B CyTKHU.

B pabGotre [8] BbemonHeH anHanu3 3alemiieHus 3yObeB OapabaHa ¢ mnepdoparmeit
(Metoaunueckoe nocodue no KuHonokasy). [lokazano 3anerienue 3yobeB 6apadbana u nepdopauuii y

HOpPMaJIbHOW KHHOIUIEHKH. B »3TOM cnmydae Bce mepdopamuu CTabUiIbHO pabOTar0T, YCHIIHE
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pacnpenensercs paBHOMEpPHO. Takke MNPENCTaBICHO 3alEIUICHUE IEepecOXIIEd KUHOIUIEHKH C
MOBBIIIEHHOW ycaakoi. [IpomeMoHCTpUpOBaHO, YTO B 3TOM ciydae pabOTaeT TOJNBKO HYKHSS
nepdopaiusi, OCTalbHBIC NPOCKATB3BIBAIOT WM TOYHEE IPOIMYCKAIOTCS MEXaHHU3MOM H, Kak

CJIEJICTBUE, MOBBIIIAETCS U3HOC KUHOILJIEHKH, pa3phIBbl epdopainii U 4acTble CKICHKH JICHTHI.
3. MeToabl paGoThl €O «CBETOBBIMH KAPTHHAMMI»

[To xakuM mpu3HaKaM MOXKHO OINPEJEIUTh, YTO KHHOIUIEHKY MOpa YBIaXHATh? Kak y3HATH,
YTO Ta WIK UHask GUIBMOKONUS TPeOyeT MOBBIIIEHHOTO BHUMAHUS U ONpPeAeTIEHHBIX MAaHUITY SN
110 BOCCTAHOBJICHUIO?

OTBeThl Ha 3TU BOMNPOCHI MOKHO IOJYYUTh YK€ IOCJIE€ MPOCTOrO BU3YyaJIbHOIO OCMOTPA
gacTéBKU. MHOTAa TPUMEHSETCs OTOJHUTEILHOE 00OpyJOBaHWE, KaK HAmpHUMep, CelUualbHAs
KUHOJIYTIA C ONITUYECKOW JBOMHOM JIMH30M ISl YBEIUYEHUA Kaapa.

OcHOBHBIE IIPU3HAKHU TOTO, UTO MJICHKY YK€ «I10pa YBJIAXKHATE) CICAYIOIIHUC:

Pucynok 4. XpaseHue
IUIGHKH B METaNIMYEeCKUX
WIM JPYTUX CIEeHUATBHBIX
KOpOOKax.

e [InéHKa OYCHDb JIOMKasl, MOXET JIETKO MOPBATHCS Jake OT HEOOJBIIOTO YCUIIHS, PYJIOH
JacTEBKH HE KPYTJIbI, @ BBIBEPHYT MHOTOYTOJIBHUKOM C MTOYTH PaBHBIMU TPAHIMHU (CM.
pHCYHOK 4);

e ®OuibM HeCTaOMJIBHO CKOJB3WT B IPOEKTOPE, 3aMETHBI TOPHU3OHTAIBHBIE CKAYKH M
NPBDKKA M300pakeHHs Ha KUHODKPAHE, TOSBIISAETCS MOBBIMIEHHBINA IIyM W SHTPOIHS B
BHU/JIE TIOJIOC ¥ IE()EKTOB MPH MPOEKIIUH, CITyYaeTCsI, YTO TUIEHKA COCKAKUBAET C 3y0UaThix
0apabaHoB U MPUXOUTCS 3aPSHKATh €€ MOBTOPHO B MIPOCKTOP;

e B nporiecce ckiIenBaHus IUIEHKY TPYAHO OETh Ha 3yObst pecca. Vn 9acTo mpu MombITKE
clleNiaTh CKJIEHKY MOBPEIKIAIOTCS KPOMKH OJIETBIX Ha 3yObst mepdoparuii.

VBiaKHEHHE CYIIECTBEHHO MOMOTaeT BOCCTAHOBUTH KaYeCTBO KMHOIUIEHKH. [lepecoxInyio

KHHOJICHTY HNPAaKTHYCCKH BCEra MOXHO ITOIBITATHCA CHACIATh pa60qel71 C MOMOMIBIO YBJIAXXHCHHA
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CIEIICOCTaBOM, OJIHAKO HCIOPYEHHYIO HEMpPaBWJIbHBIM YBIQKHEHHEM IUIEHKY CHAcTH yxke Oyaer
BEChbMa 3aTPYJHUTEIHHO, IIOATOMY HAJ0 TIIATEIHHO COONIOIATh PErJaMeHT IpoIecca YBIaKHEHHS.
OdeBHIHO, UYTO YBIAXKHEHHE, ITO BCET/Ia PUCK, HO ONPaBIAHHBIN PHUCK, €CIIU UCIIOIB30BaTh PabOTHI

BBIIMOJIHAKOTCA OIIBITHBIMHU (bHJ'IBMOHpOBepH_[I/IKaMI/I .

Pucynok S. Kunorenka B
CIIELMAJIbHON
YBIQXKHUTEIBHOU Kamepe.

|

Jlist yBIa)KHEHUsT KMHOIUICHOK WX IOMEIIAIOT B CIICIUAIBHBIC YBIAKHUTCIBHBIC KaMEphI
(ruapoctaThl) WM 0COObIE IIKA(BI-YBIAKHUTEIH (PUCYHOK 5). DTa omeparus NPOBOAUTCS MPU
temnepatrype 15-20°C 1 OTHOCUTENBHOM BIaKHOCTH ~75-85%. YBiaxkHsI€Mble KUHOIIJIEHKH J10JKHBI
UMETh CIa0yr0 HaMOTKy (oTorpaduueckum ciaoeM Hapyxky. [nsi yBIaXHEHHS TPHUMCHSIOT
HACBIIIECHHBIC PACTBOPHI XJIOPHCTOTO HATpUS WIU OpOMHUCTOro Kamus. [IpogomKuTensHOCTh
yBIOKHEHUS 2-6 CYyTOK B 3aBHUCHMOCTH OT TOJIIUHBI (DOTOrpaduueckoro ciosi U CTENeHH

NepecyBaHusl.

4. CniocoObl U pe3yJbTAThI YBJIAKHEHUS] KUHOIJIEHKHU

Jna ysnaxHenust kuHomu€Hku B KIBYK «Enwuceit kuno» QuibMonpoBepiinkamMu
HCIIOJIB3YETCSl HECKOJIBKO COCTABOB. HA OCHOBE INIMIIEPUHA U AllETOHA U INIMIIEPUHA ¢ IPUMEHEHUEM
U30IIPOIUIOBOTO CIIUPTA.

[TporieHTHOE COOTHOIIEHUE YBIAXKHSIOMIEH ((huabMocTaTHON) skuakocTH No 1:

Ximrirgeckas popmyia: 25% TIMIEPUHA
C3Hs03, HOCH2-CH(OH)-CH20H
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Xunnyeckan popmyna: 15% anerona

O

PN

H;C CHs
CsHsO, CHz:-C(O)-CHs

Xunuueckas gopmyna: 60%

HZO JIUCTUILTMPOBAHHOM
BOJIBI
O\ g‘l

Pucynok 6. Xumnueckuii coctas Ne 1.

[TpouieHTHOE COOTHOIIEHUE YBIAXKHSIOMIEH ((UIbMOCTATHON) KUIKOCTH No 2:

Ximvrgeckast popMyra:
C3H303, HOCH2-CH(OH)-CH20H
T
H—C—C—C—H
TR L ©C

OH OH OH

40% rauuepruHa

Xumuyeckan gopmyna: 13% u30mpONUIOBOTO CIUPTA,

O

PN

HsC” “CHs
C3sHsO, CH3-C(O)-CHs
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Xunuueckas dopmyna: 47% IUCTUILTUPOBAHHOM BOBI.

H20
Pucynok 7. Xumuueckuii coctaB No 2.

HpO,I[OJ'I)KI/ITeJ'H:HOCTB YBJIQXHECHUA — 10 IBYX CYTOK.

Pucynok 8. Kunorienka B yacTéBoii OaHKe 15l yBIIaXKHEHHUSI.

BHyTpb 00bIYHOM YacTEBOM OAHKM 3aKJIQABIBACTCS YBIIAKHSIOMUI 3JIEMEHT — OOBIYHO 3TO
MPOKJIaJIKa U3 MOPUCTOr0 MaTepuaa, HapuMep: CyKHO, BOMIIOK, XJIOM4aToOyMaXkHasi TKaHb, KApTOH

n Hp.), KOTOpas CMa4uBacTCs q)HHBMOCTaTHOﬁ KUIKOCTBIO.

PucyHnok 9. PactBop priIbMOCTaTHOM KUAKOCTH.
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Cepxy Kianércsi allOMMHHMEBBIA JUCK C OTBEPCTUSMU-TIEpGOpALUSIMU TUAMETPOM 7 MM.

(cM. pucynok 10).

Pucynok 10. AifoMHHHEBBIN IUCK C OTBEPCTUAMU-TIEP(OpALIUSIMH.

3areM cBepxy KIAIETCs pyJIOH KUHOIIEHKM. KuHOmnEHKa He JOJDKHA CONPUKACATHCS
HaIPSIMYIO C YBJIAKHSIOLEH )KUIKOCTBIO U IIPOKIIAAKOM, TO €CTh Ha IJIEHKY HE JOJDKHA I10NIACTh HU
0JTHa Karutst GHIIBMOCTATHOM KHUIKOCTH. Pe3ynbpTar mogo06HOro COnpuKOCHOBEHUS — 3TO CKIICHBAaHHE
pyJIOHA KMHOIUIEHKH M TaKylo JICHTYy HYXHO OyJeT, CKOpee BCEro, YTHIU3UpoBaTh. IIpexne dem
YKJIa/IbIBaTh KMHOIUIEHKY, QIFOMHUHHUEBBIA JUCK JKEIATE€IbHO HEMHOIO NMPHUAABUTH K IPOKIAAKE, U
MIOCMOTPETD - HE BBICTYIIUT JIM Yepe3 OTBEPCTHsl PHIIbMOCTaTHAs KUAKOCTh. [lpu ycnoBun BeIxOAa

YBIIQKHSIOIIETO COCTaBa Yepe3 nephopannu, IUIIHION KUIKOCTh yIAISIOT, @ TUCK IPOTHPAIOT.

PﬂcyHOK 11.P A3MCIICHNUEC KUHOIIJICHKU IJIA YBJIAXKHCHUS.
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[Io pexkoMeHIanusAM CHENUAIMCTOB PYJIOHBl KWHOIUIEHKM TOJIE3HO YIIAKOBBIBaTh B
MOJMATUIICHOBBIE TaKeTh! TomuHOM 0,12 MM 1 6osiee, Tak Kak TOHKUH TOJIMITUIICH THTPOCKOTINYECH.
PazMepsl makeToB JOKHBI OBITH TAKUMH, YTOOBI MTOYTH HE OCTABAIOCh CBOOOJHOTO MECTa IOCIe
IIOMENIEHUS B HUX PYJOHOB. He MeHee 0JHOro pa3a B roJl CJIeyeT MEHSATh YIIaKOBKY KMHOILIEHKH,
MEepPEKIIaJbIBasl €€ B HOBBIC MAKEThl B YCIOBMAX, MCKIIOYAKOMIMX KOHAEHCauuwo Biaru. Muorna
KMHOIUIEHKM DPEKOMEHAYIOT IIOMEINATh B BAKYyM, B HHEPTHBIE a3kl HJIM CO34aBaTb IPYyrue
cnienuanbHbie ycnoBus. OHAKO HA MPAKTUKE JOCTATOYHO IMOMECTUTH IJIEHKY B JKECTSHYIO OaHKY
4acCTEBOK.

Ecnu nnénka necaTuiaeTus My XpaHUiach B CIMIIKOM CHIPOM ITOMEIIEHUH, TO Ha HEH 4acTo
NOSIBIISIETCS TIeceHb. Toraa oOpabaTeiBaTh MIEHKY CIEAYeT yKe (YHTHIMIHBIMUA PAcTBOpaMH Ha
CHelUaabHbIX MamuHax. /UIsi BOCCTaHOBIEHUs yTPAYEHHBIX CBOMCTB ITOBPEXK/ICHHBIX HETATHUBOB,
KOHTPATUIIOB, IPOMEXYTOYHBIX TO3UTUBOB U JJI1 UX OYUCTKU U IMPUBEACHUS K IEPBOHAYATIBHOMY
(nnu GM3KOMY K TIEpBOHAYAIBLHOMY BHIY) MPUMCHSIOT YK€ PEeCTaBpalMoOHHYI0 00paboTky. B
4acTHOCTH, cpeau H3KcrnoHatoB «Myses kuHOo» B KIBYK «Enucelr kuHO» mnpencrasieHa
dbunpMopectaBpanmonnas mammuaa RT-3 npousBoactsa ['/IP, npenna3sHadeHHas s yCTpaHEHUS
MEXaHUYECKUX MOBPEXIeHUH (LIapanuH ¥ MOTEPTOCTEH) HA MOI0KKE KUHOTUIEHKH, BOSHUKAIOIINX
P MHOTOKPATHBIX JAeMOHCTparusx ¢uiabMa. OCHOBHbBIE Y3JIbI MAIIWHBI: JIEHTONPOTSXKHBIN
MEXaHM3M, CTEKJISTHHBIA WJIM MeTaJUTMueckuil 6apabaH W cymmibHas kamepa. s ycTpaHeHus
MOBPEXKICHUN 00padaTbiBaeMasi KMHOIUIEHKA ¢ 00€MX CTOPOH YMCTUTCS C TOMOIIBIO, HAIpUMED,
YETBIPEXXJIOPUCTOIO YIJIEPOJa, IMPOMBIBACTCS, 3aTEM IIOJIMPYETCS 3aMILUEBBIMH JUCKAMM ITOJ

BOOSHBIM ):[ymeM n HOCTyrIaeT B CYIJ_II/IJ'IBHYI-O KaMepy, rac u y,HaJ'IHIOTCH OCTATKH BJi1aru.
5. 3akjrouenue

B nmopeBomrononHble BpeMeHa KMHO(MWIBMBI M KHHOIUIEHKY B HAIlllel CTpaHe Ha3bIBAJU
«CBETOBBIMM KapTHHaMI». A KMHOIPOEKTOPHI U 000py/10BaHKE, TO3BOJISABIIEE MOKA3bIBAaTh KHHO —
«BONMEOHBIMU (oHapAMm». OUeBUIHO, YTO 0e3 YBIaKHEHHs CHEIPAacTBOPAMHU 3THU KUHOIUIEHKU
(cBeTOBBIE KapTWUHBI) HE COXPAHWIHCH OBl JI0 HACTOALIETO BpeMeHH. Ha ceromHsimmHuil neHb Ha
¢unbmobaze KI'BYK «Enuceit kuno» xpanurcs 6osaee 5000 ¢puabMoKoNnui Kak XyA0XKECTBEHHOTO
coJiepKaHusl, TaKk U JOKyMeHTalnbHOro. [lo KMHOKapTHHAM, HaXOASIUMCS B (PUIBMOXpaHUIIHUILE,
MO>KHO M3y4aThb HE TOJIBKO XPOHOJOIHIO M UCTOPUIO Hameil PouHBI 1 Mupa B 11€70M, HO TaKkKe U
TEXHOJIOTUH, ¥ METOJIOJIOTHH, HMCIIOJIB30BABIINECS B KM3HH UEIOBEYECTBA HAa TPOTHKEHHH, KaK
MHHUMYM, nociaeaaux 120 mer.

Cy1ecTBytomiye crnoco0bl YBIaKHEHUS KUHOIUIEHKH, MpE/ICTaBlIeHHbIE B JaHHOM padore,
MO3BOJISIOT COXPAaHUTh MaTepuall B COCTOSHUM, KOT/1a K HEMY MOXHO MPUMEHHUTh HOBBIE MTOIXO/IbI,

pa3BUBAOIIMECS] Ha OCHOBE HHU(POBBIX TEXHOJOTWH. Ha ceromHsmmHuii JeHb Ba)KHO, C y4E€TOM
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pPa3BUTUS TEXHOJOTMH, TNPHMEHEHUS METOJOB HCKYCCTBEHHOTO WHTEJUICKTa, HEWPOCETEBBIX
MOJIXOJIOB IpH 00paboTKe n300paxeHui MPOBLIMHU U KBaHTOBBIME MeToaMu [9-11] He pacTepsTh
OTIBIT, TMPHOOPETEHHBINA 3a JOJTUE JECATUIICTUS PaboThl B (DUIBMONPOBEPOYHOM HAIPABICHHH.
HmeHHO 3T HAapaOOTKU M YCTOSBIIMECS PadO4YHMe METOIBI M0 «YXa)XHBAHUIO» 32 aHAIOTOBBIMU
HOCHUTEJISIMU 00ECIIEYHBAIOT CETOTHS BO3MOXKHOCTh 3 (PEKTUBHOTO CKAHUPOBAHUS U IU(PPOBU3ALIUH

HUCTOPUYCCKOT'O HACICAUA, JOCTABIICTOCA HAM OT NPCAbLAYIITHUX MMOKOJICHHUIA.
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To the question for formation of a block-modular structure of the
control system for unmanned aerial vehicles
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Abstract: The article discusses an approach to the formation of the basic structure of the control system for
unmanned aerial vehicles, based on existing system solutions, typical specifications of the developer's boards.
The characteristics of an unmanned aerial vehicle of both air and space class are given. General requirements
for hardware and peripheral devices of unmanned aerial vehicles have been formed in accordance with their
basic operating modes. Based on the obtained and generalized information about the developer's boards, the
block-modular structure of the control system for unmanned aerial vehicles is presented. It includes all the
main elements of the system and can be expanded by connecting additional boards. The advantage of this
structure for debugging purposes is the presence of an FPGA on the development board.

Keywords: unmanned aerial vehicle, control system, peripherals
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K Bomnpocy ¢popmupoBanusi 0,104HO-MOAYJIbHON CTPYKTYPHI
CUCTEMbI YIIPaBJIeHHUS 0CCMMUIOTHBIX JIETATEJIbHbIX 00bEKTOB

N.B. Kopanes'?, B.B. Jloces>", M.B. Capamya’?, A.O. Kaaunun?,
A.C. JIndapn?

! Cubupcknii penepanbubiii yausepeurer, Kpacnospek, Poccust
2Cu6l'Y um. M.®. Pemetnena, Kpacnospck, Poccust
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AunHoTauus: Beratbe paccmarpuBaeTcs MOAXOA K - (OPMUPOBaHHIO 0a30BOH CTPYKTYPhl CHCTEMBI
YHpaBJICHUA 6CCHI/IJ'IOTHI>IMI/I JICTAaTCJIIbHBIMHU O6’I)CKT3MI/I, OCHOBaHHBLIA Ha CYHICCTBYIOIIINX CHCTEMHBIX
pELICHNUAX, THUIOBBIX cHenIU(UKAMIX IaT paspaboTuuka. [laHa XapakrepucTuka OeCIUIOTHOMY
JIeTaTeIbHOMY OOBEKTY KaK BO3AYIIHOTO, TaK M KocMudeckoro kinacca. ChopmupoBansl oOmme TpeOoBaHUS
K almapaTHOro oOeCICUeHHI0 U NepU(EePUMHBIM YCTPOHCTBaM OECHMIIOTHBIX JIETATCIBHBIX OOBEKTOB
COTJIaCHO WX 0a30BBIM pekrMaM padoThl. Ha ocHOBaHMM moTydeHHON 1 00001IIeHHOH HH(OPMAIINH O TIaTax
pa3paboTuuka NpeACTaBlicHa OJIOUHO-MOAYNbHAs CTPYKTypa CHUCTEMBbl YIpPaBIEHHUS OECIMIOTHBIX
neTaTeNbHbIX 00BeKTOB. OHa BKIIIOUACT B ce0sS BCe OCHOBHBIC DJIEMEHTBI CUCTEMBI U MOXKET PACIIUPATHCS 32
CYET MTOAKIIOYECHUS JOIIOJHUTENBHBIX II1aT. [IpeuMyInecTBOM JaHHON CTPYKTYPBI U1 LieJIeH OTIaJAKu MOXKET
ciyxutb Hanmmune [IJIMC na mare paspaboTdmka.

KiroueBble c1oBa: OeCIMIOTHEIH JeTaTeNbHBIN 00BEKT, CHCTEMA YIIPAaBIICHUS, TeprudepuitHble yCTPOHCTBa

1. BBeaenue

BbecniunoTtHsIil neratenbHbIN 00beKT (Hasee - BJIO) — 3To 00beKT, CHocOOHBIH MepeMeniaThes
WJIA KOPPEKTUPOBATh CBOE TIO3MIIMOHUPOBAHUE B IPOCTPAHCTBE HA OCHOBAaHUM HEKOTOPOTO Habopa
BXOJIHBIX JIaHHBIX (M300pa)keHHE ¢ KamMep, CKaHUPYIOIIUX JINJAPOB, TIOKa3aHUs TATYNKOB, 3apaHee
3aJJaHHbIM MapuIPYT ¢ NPUBS3KOW K MECTHOCTH) M CHOCOOHBIN MO0 BBIMOJHATH MAHUMYJISALMU C
OKpY’KalOIIMMU O0BEKTaMH, JIMOO coOMpaTh/OTHpaBiATh JaHHbIE [1]. ¥ momoOHBIX OOBEKTOB
OIIIMOHAIBHO UMEETCS BO3MOXXHOCTH TIepeXBarTa YIpaBlIeHHsI BPYYHYIO, 110 KaHAIY CBSI3H, OJTHAKO
9TO HE Bceraa yaoOHO, TUOO BOBCE HE peanm3yemMo (Hampumep, pabora B cpene, B KOTOPOM
HEBO3MOXKHO MPOXOXKJIEHHE PAJMOCUTHAIOB U 00ECreyeHne MHBIX CIIOCOOOB peaan3aliy KaHajia
cBs3u). Onpezenstomas XapakTepUCTUKA - CHOCOOHOCTh IMOJIHOCTHIO aBTOHOMHOW paboThl, 0e3
yYacTHsI OTIepaTopa WM TOCTYIUICHUST MHBIX KOMaH]] H3BHE.

Ycenosuo BJIO MoXHO pa3aenuTh Ha CIETYIONINE KIACCHI:
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Boszoywmnvie. K 3ToMy Ki1accy OTHOCATCS KaK KJIACCUUYECKHE KPbUIaThle OECITUIOTHUKH U
paKkeTHas TEXHMKA, TaK U HaOMparoliue MOIMYJIAPHOCTb MYJIbTHUPOTOPHBIE CHCTEMBI.
OtcyTcTBHE NUIOTA MO3BOJIAET KapIUHAJIBHO CHHU3UTh BEC M YMEHBIIUTh TabapHUThI
JIETATEJIBbHOrO armapara, COOTBETCTBEHHO CHUKAKOTCS M 3aTpaThl HAa MPOU3BOJCTBO U
caMH TIOJIEThl, B OOJBIIMHCTBE CIy4yaeB OTINAZAaeT HEOOXOAMMOCTb B TOIUTUBHBIX
IBUraTeNsiX, JOCTAaTOYHO 3JIEKTPOMOTOPOB, pPAOOTAIOIIMX OT  aKKyMYJISTOPOB.
HeGoubmne rabapuThl U OTCYTCTBHE TOIJIMBHBIX JBUraTeNlel - HCTOYHUKOB OOJIBLIOTO
KOJINYECTBA TEIUIA CYIIECTBEHHO YCIOXHIIOT OOHApy>KEHHE MOIOOHBIX JIETaTeIbHBIX
cpeactB. OCHOBHBIM HEJIOCTAaTKOM OECHHJIOTHBIX JeraTenbHbIX ammapatoB (BITJIA)
CUMTAETCs YSA3BMMOCTb PaJMOKaHaJIa CBSI3M Ul YJAJCHHOI'O YIPaBJICHUs, aBTOHOMHBII
PEKUM pelaeT 3Ty HnpodieMy, NMOCKOJIbKY Jake MOJIHas MOTepsl KaHala He BBIBOJUT
anmapar U3 CTpOsi, OH IPOJIOJIKAET BBIIOJIHATH 3a1ady. OTCYTCTBUE paJuOKaHaIa TaKKe
SBIISICTCS CYIIECTBEHHBIM MPEUMYIIECTBOM B IUIaHE CIOKHOCTH OOHApy)KeHUs! 00BEKTA.
Ha nannblii mMomeHT Bo3aymHble bBJIO HaxonmaT Bce Oofblliee NpUMEHEHHE B
KOMMEpPYECKOM HCII0JIb30BaHUM, B CEIBCKOM WU JIECHOM XO3iHCTBE, B T€0/AE3UU U
KapTorpaguu, NPAaKTUKYEeTCs JOCTaBKa IMOTPEOUTENLCKUX TOBAPOB C TOMOIIBIO
ABTOHOMHBIX OECIHJIOTHBIX MYJIbTUPOTOPHBIX CHCTEM,

Kocmuueckue. K panHHOMYy Kiaccy OTHOCSTCS Kak pELIEHUs Uil ITOCTOSIHHOTO
HAXOXJICHHS B OTKPBITOM KOcMoce (CITyTHUKH Ha OKOJIO3EMHOM OpOUTE), TaK U aIllaparhbl,
3aIlyCKaeMble Ha JApyrue KOCMHYECKHE TeNa, IPeIHAa3HAYCHHbIE AJI NEPEIBUKECHUS 110
HUM U aKTUBHBIX JEHCTBUI — cOOp M aHaIM3 00pa3loB MOBEPXHOCTH, aTMOCchepsl, GoTo,
BUJIEOCbEMKA C JajbHEHIIEH OTIPAaBKOW pe3ylabTaTOB Ha 3eMiro. Peanusanus
pasvoKaHasa CBSI3U JJIs YIIPaBJICHUs MOJOOHBIMU 00bEKTAMU KpaliHe 3aTpyAHUTEIIbHA,
IIOCKOJIBKY Ha KOCMHMYECKMX pPACCTOSHUSAX HAYMHACT HMETh 3HAYEHHE CKOPOCTh
pasvoCUTHaja, BHOCS CYIIECTBEHHBIE 3a/IEPKKH KaK B CTOPOHY IIEpeaul yIPaBIISIOLINX
KOMaH/I, TaK ¥ B CTOPOHY OTIIPAaBKH BHUJI€0 WM HHOTO CUTHAJIA C YIIPABISAEMOr0o 0ObEKTA.
Hanpumep, BbI mbITaeTech ynpaBisiTh OOBEKTOM B TPEX CBETOBBIX MUHYTaxX OT 3€MIIH,
KOTOPBIM MTOCTOSIHHO TPaHCIUPYET KapTUHKY C KaMepbl. B 1aHHBII MOMEHT BBl BUAUTE
KApTUHKY HE B pE€aJIbHOM BPEMEHH, a C 33JEP)KKON HE MEHEE TPEX MUHYT; OTIIPABIISIETE
YIPAaBIISAONIME KOMaH/Ibl, KOTOPbIE TAK)XKE JOUIYT 10 0ObEKTa TOJIBKO CITyCTS 3 MUHYTHI,
OH UX BBINIOJIHUT, @ BUACOCUTHAJ MpoIlecca BHIMOIHEHUS JOWJET 10 BaC TOJIBKO CIIyCTs 6
MHUHYT IIOCJI€ BallMX KOMAaHJ Ha 3emje. OTOT (PaKTOp CYIIECTBEHHO YCIOXKHSET
yJlaJIeHHOE yINpaBJIeHUE, JaXe MpHU HaIMYUM CTAaOMIBLHOIO KaHalla CBSI3U, K TOMY-XKe
pacxoayeT JIMIIHIOI JHEPrHi0 Ha ammapare JUisi THOJIJepXKaHUS IOCTOSHHOM

JBYCTOPOHHEH CBSI3M HAa TakOM paccTossHUU. [lo3TOMy KOocMHMYecKue armaparsl
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pa3padaTbIBafOTCS aBTOHOMHBIMH C BO3MOXXHOCTHIO PYYHOTO VYIPABJICHUS BO
BHEIUIAHOBBIX cHuTyaiusx [2]. Ha ceropHsumiHuii JIeHb JalbHUE KOCMHUYECKHE TOJIETHI
OCYIIECTBUMBI TOJIBKO OECITMIIOTHBIMH armapaTaMy, OCKOJIbKY OTIPAaBUTh YEIOBEKa Ha
paccTosiHHE HECKOJBKMX CBETOBBIX JIET W BEPHYTh €r0 Ha3aJ NpPaKTUYCCKH
HEOCYIIECTBUMO Ha JaHHOM JTalle pa3BUTHs TexXHoJorui. Hamwmume dvenmoBeka mist
MoJTIOOHBIX MHCCUH He TpeOyercsi, a ero OTCYTCTBHE MO3BOJIIET CAETIaTh KOCMHUYECKUI
anmapar CyIIeCTBEHHO Jierde, KOMIIAaKTHEE U MPOLIE, YTO OYSHb BAXKHO JUII KOCMUYECKHUX
3aITyCKOB. biarojgapss MUHHATIOPH3AIMU AJICKTPOHHBIX KOMIIOHEHTOB CTaJM BO3MOKHBI
TaKHe MPOEKTHI, Kak kyocart (anri. CubeSat) u mokercar (anrii. PocketSat), uto gaer manc

Ha peasbHBIN 3aIyCK B KOCMOC CTYJICHUECKUX MAJIbIX CITyTHHKOB.
Taxum 06pa3om, B OCHOBY (hOpMHUPOBaHHS HEOOXOAMMOTO (DYHKIIOHAJIA AT pa3paboTynka
nosioxkuM bJIO Bo3ayiHOro M KOCMUYECKOTo Kiacca, Kak Hanbosee TpeboBaTeIbHbIE K HAJC)KHOCTH

1 rabapuTam.

2. O0mue TpeGOBaHUS K aNMAPATHOMY 00ecredeHnI0 0eCUI0THBIX JeTaTeJbHbIX

00HLEKTOB

B npouecce uzydenus ¢yHkiuuoHanpHbIX y3710B BJIO HambGonee 3¢ (eKTUBHBIM MOIX0A0M
SIBJISIETCSI MCIIOJIB30BAHNUS OTJIAIOYHBIX IJIAT U IUIaT pa3padorymka. [Inara paspaborunka - cpecTBO
JUI TPOTOTUIIMPOBAHUS U anpoOaluy aBTOMAaTHMUECKHUX CUCTEM YIIPABJICHHUS U POOOTOTEXHUKH,
OpPMEHTUPOBAHHOE Ha IIMPOKUH Kpyr Mojb3oBaTeseld. AmmapaTHas 4yacTb HpPEJCTaBIseT coOOH
OJTHOIUIATHYIO CTPYKTYPYy € MHUHHUMAaJIbHO HEOOXOAMMBIM HAOOpOM “00BSI3KM” JUIsl HOPMAaJbHOMN
paboThl MHKPOKOHTpOJUIEpa (mporpammarop, CTaOWIM3aTOp MUTaHUS, KBapLEBbI pe3oHaTop,
Lenoyku copoca u T. 1.). Takke MMeeTCs BO3MOXHOCTh MOIKIIOYEHUS IIaT PACIIMpPEHUs IS
nononHeHus ee (yHkipoHana. C TOYKM 3peHus pazpaboTyuKa, IPOrpaMMHAsi YacTb COCTOMUT M3
nporpamMMmHoil o6onouku (IDE) ans HanucaHus nporpamm, MX KOMIOWISALUU U IPOrpaMMHUPOBAHUS
anmnapatypsl. Ilmara pa3paboTynka MOXET HCHOJB30BAaThCA Kak Ui CO3/1aHUS aBTOHOMHBIX
O0OBEKTOB, TaK M IMOJAKIIOUAThCA K JPYrMM CHUCTEMaM 4Yepe3 CTaHAapTHbIE IPOBOJHBIE U
OecrpoBOIHbIE HHTEP(ENCHI.

Cpenu cymiecTBYOIUX IUIAT pa3paboTyrka, ObUTH MPOaHAIU3UPOBAHBI I1J1aThl, OTBEYAOIIUE
TakUM TpeOOBaHUSAM, KaK: MaJo€ JHEpPronorpediieHue, OTKphITas creuudukanus, noapoOHast
JOKYMEHTaIus, TMOJAJIep)KKa paclpOCTPAHEHHBIX SI3BIKOB IMPOTPAMMUPOBAHMS, OQUIHATbHAS
npojaaxa Ha Tepputopun Poccuiickoit @enepanuu, HaTU4YHe BO3MOKHOCTH MOJIKITIOYESHUST BHEITHUX

MOI[yJ'ICfI pacIupCHud, HOAACPIKKA OHCpaHHOHHOﬁ CUCTCMBI p€aJIbHOTO BPCMCHU.
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3. AHA/IN3 THNIOBBIX Y3J10B IUIATHI pa3padoTyuKa

[IpoBenennas crenudukanys U CTPYKTYpHBINA aHanu3 miat pazpadorunka (IIpunoxenue 1,
Tabnuna 1), mo3BOJIAET BBIACIUTH OCHOBHBIE Y3JIbI CUCTEM (ILIAT), KOTOpbIe (opMHUPYIOT 0a30BYIO
(TunoByto) ammapatHyto miardopmy BJIO (kimacc Bo3aylnHBIE) M SBISIOTCS €€ HEOThEMIIEMOM
9acThI0 C BO3MOXKHOCTBIO Tmocienymomeid otnaaku [3,4]. VY3mel uMeroT 0000IeHHYIO

crie(HKAIUIO 10 HA3HAYCHUIO, IIPEJICTaBICHHYIO Ha pucyHke 1 [5].

¥Yn paBneHve anekTpoaBuraTenamm
* MUKPOKOHTpONNep
* TPaH3UCTOPbI
* gpaiBepbl

YnpaeneHue nonetom
* MUKPOKOHTpONNep
® uHTepdefcol

Ynpaenexue nutaHuem
* DCIDC
* NUHeliHbIe cTabunnIaTops!
* ynpaenex1e paboTon akkymynsTopos

KoopauHauus B npocTpaHcTEe
* MWKPOKOHTpONNEp
* QATYNKN OABNEHWA, NPUBNMKEeHKA

Hasuraumsa 3awmTa oT CTONKHOBEHUIA
* MMKPOKOHTpONNep * MMKPOKOHTPONNEP
* Haeurauna GPS/Galileo/Glonass/Beidou2/QZSS) * DaTYHKN NPHBNMKEHNA

Crabunusaums noneta CBA2b C onepaTopoMm
* MWUKPOKOHTpONNEp * MHKPOKHTpONNER

* QaT4MKN (aKCenepoMeTPELI, FMPOCKONkI, * pagMonpHEMONepeaaTINK PHcyHOK 1 . OCHOBHBIe y3HBI BHO

MarHMTOMeTPbI) * Bluetooth, cyGrurarepLesbie KaHaNbI W T.4.

(Kmacc BO3IyIIHBIC) 110 HA3HAYCHHUIO.

3.1. Muxpomnpoieccop

OCHOBHBIM Y3JIOM TUIIOBOT'O PEUICHHUS SIBIISIETCSI CaM MUKPOIIPOIIECCOP, BKITIOYAIOIIHIA B ceOst
OCHOBHYIO CXEMOTEXHUYECKYIO 4acTh. B kKauecTBe nmpuMepa TUIIOBOIO PELIEHUS MOXHO IPUBECTH
takue mporeccopbl kak ARM Cortex-A53, ATmegal 6U2, ARM Cortex™ A8, Atom T5700, Altera
Nios Il Gen2, MKE15Z256VLH?7.

3.2. IlamaTsb

BTopbiM M0 Ba)KHOCTHM KOMIIOHEHTOM SIBJSIeTCs OJIOK BHEUIHEW MaMsTH, MO3BOJISIOIIUI
o0OpabaTbIBaTh M XpaHUTh OOJbIIOE KOIMYECTBO MH(popmaumu. Muxpokontposmiepsl (MK) mns
cBOEro (PyHKIIMOHUPOBAHUS TPEOYIOT Hamnuns HeckobkuX BuoB mamsiti. FMC (Flexible Memory
Controller), uro ob6ecneunBaer mnapawienbhbiii goctyn k mamstd (NOR, PSRAM) 3a cuer
YBEJIMYEHUS KOJTMYECTBO UCMOIb30BAHHBIX JUIsl HHTEepdeiica MUHOB.

Jlnis oneparnuii, He TpeOyIOMKX BEICOKOM CKOPOCTH JJOCTYIIA K AMSITH, MO>KHO UCIIOJIb30BaTh
nocjeioBaTeIbHble HHTEP(HEHCHI:

e [lluna I2C, kak mpaBuno, 100 wim 400 k6but/c BHemHMM &-koHTakTHBIM EEPROM

(’HEproHe3aBUCHMas TTaMSITh);
o SPl-mmnua, o6bran0 10 MOuT ¢ ucnonb3oBaHueM 4 MPOBOJOB Ul HMOJKITIOUEHHUS K

EEPROM wunu Flash (NOR unn NAND);
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e SDIO mmna u QSPI 1, 2 wnu 4 (v 6osiee) IMHUK TIepeaadn JaHHBIX, YTOOBI YBETUIUTH
MPOIYCKHYIO CIIOCOOHOCTD JaHHBIX ¢ BHemHeH Flash.
SDIO, 12C, SPI — Bce oOpabaTbiBacTcs BCTPOCHHBIM MPOTPAMMHBIM O0ECIEUEHHEM B PEKUME

YTEeHHUS U 3aIHCH.
3.3. [lopThl BBOAA/BBIBO/IA

Hns mpororuna BJIO TpeTbuM MO BaXXHOCTU 3JIEMEHTOM SIBISIETCS HAJIMYME MOPTOB
BBOJa/BBIBOJIA JUISI AHAJIOTOBBIX MW [U(DPOBBIX CUTHAJIOB, HAIMYUE aHAJIOrO-IU(pPOBOTO
npeoOpazosarens (ALIl) u mudpo-anamoroBoro mpeodpazosarens (LIAIl) mns HuX, Haguume

MIUPOTHO-UMNTYJIbcHON Moay sinus (LLIMM) u T.71.

3.4. Yachl peajibHOT0 BpeMeHH

s 6ecriepeGOHOrO (yHKIMOHUPOBAHUS TakKe HEOOXOAMMO HalM4Ke 4acoB PeajbHOIo
BpeMeHH. J[aHHbII MOAy/Ib HEOOXOAMM JUI MPOTOKOJIIMPOBAHUS JAHHBIX CO LITAMIIOM BPEMEHH U
BOCCTAHOBJIEHHUSI 110CIIe cO0s1 B aBapuiiHOM pexume. K kaxkol 3anucu nokaszanuii Ha SD-kapTy wim
Ha yJIal€HHBIN cepBep BO3MOXKHO J100aBiieHue mramia BpemeHu. GPS-npuémMHuku MoryT yckopsTh
IpoIecC BKJIIOUEHMS, CPABHUBAsE BpeMsl B COOCTBEHHBIX 4acax peaJlbHOr0 BPEMEHHM CO BPEMEHEM
MIOCJIETHETO IMOJIyYeHHs] CUTHaja OT CIyTHHKA (€C/IM MpeAblayllee BKIYEHUE ObLJIO HECKOJIBbKO
4acoB Ha3al, TO paHee HalJJeHHbIE CIIyTHUKH BCE eIl€ MOTYyT ObITh UCIOJIb30BAHbI M ONpE/IeIeHUe
KOOpJAuHAT HauHeTcs ObicTpee). Kak mpaBmiio, JaHHbIE MOAYJIM 00ECIEUMBAIOTCS aBTOHOMHBIM

IIUTAaHUECM.
3.5. Talimepsbl

CymecTByeT HECKOJIBKO BHUIOB TaliMEpOB, IPHUMEHSIEMBIX B MHUKPOKOHTposuiepax. K
pUMepy, 8-MU pa3psAHbII TaliMep OOIIEero Ha3HAYEHUS COJACPKUT MPENIeIUTENb, KOTOPBIA BEIET
OoOpaTHBIN OTCYET OT CUCTEMHBIX YacoB. BBIXO/HOIN CUTHan mpeaieauTesns MOCTyNnaeT B CUETUHK,
KOTOpBIM OTCUMTHIBAET OT HETO COXpPaHEHHOE B HEM 3HauyeHue. Korma cdeTuuk omycromaercs,
ycTaHaBiuBaeTcs ¢uiar, U MOMKET BBINOJHATHCS HpepbiBaHue. CylIecCTBYIOT CHUCTEMBlI 3axBara
BXOJIHBIX JTaHHBIX M CHCTEMBI CPABHEHUS BBIXOJHBIX JaHHBIX, coaepxamnie 10 16 taiimepos [6]. B
MOJIETISIX BBICOKOIO KJjlacca CyIIECTBYeT OJIOK Mpolieccopa TaiiMepa, y KOTOPOTO BpeMs SBIISETCS
OCHOBHBIM onepaHgoM. OJHUM U3 3HAYUMBIX BUIOB TalMEPOB SIBISETCA CTOPOYKEBOH TaliMep
(WDT), KoTOpBIii BBI3BIBAET COPOC MUKPOKOHTPOIIEPA. ITO MO3BOJISIET BOCCTAHOBUTH HOPMAITBHYIO
paboTy MHUKpPOKOHTpOJIJIEpa BCIEACTBUE KPATKOBPEMEHHBIX COOEB, BBI3BAHHBIX IMEpPErpy3KoHu,

BIIUSTHUEM 3JIEKTPOMAarHUTHOTO UMITYJIbCA WJIM HEKOPPEKTHOU paboTON ynpaBIIstolIei MporpaMMal.
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3.6. ITocaenoBaTeLHBII BBOX / BHIBOJ

Ha cerogusmnmii 1eHb OTHOCUTENBHO HU3KOCKOPOCTHBIE ACHHXPOHHBIE [TOCIIEI0BATEIbHBIE
untepoeiicel (SCl) ucnonb3yrorcss Ui TEPMHUHAIBHBIX, MOJEMHBIX M CETEBBIX HHTEpP(EiCOB.
BbIcOKOCKOpOCTHBIE CMHXPOHHBIE TOCeqoBaTeNbHble KaHaibl (SPI) ucnons3yrores, B TOM 4ducie
U1l MEXKOMIIBIOTEPHBIX COCIUHEHUH, amnapatHoW mnepupepuiHOW CBSA3M U JAPYIMX THUIIOB
YCTPOUCTB, I/ie TpeOyeTCsi BBICOKOCKOPOCTHAS U O€301acHasi CBS3b.

OO6pbruno cuctembl SCI Moryr oOMeHMBATbCS JAaHHBIMA Ha JIOOOH M3 MOMYJISIPHBIX
ACMHXPOHHBIX II0CJIEI0BATENBHBIX CKOPOCTEH Nepeayu JaHHBIX. DTH CUCTEMBI UMEIOT BCTPOCHHBIE
IeHepaTopbl CKOPOCTH Nepeadn AaHHBIX, PETMCTPhI BBOAA M BbIBOAA C ABOMHON Oydepusauuei, a
TaKXKe BCE CpeACTBAa OOHApYXeHHs OMHNOOK, COOpaHHBIE HAa YHHUBEPCAIHHOH MHKpOCXEMe
acuHxponHoro npuemornepenatunka (UART). Otu yerpolicTBa BBO/1a-BbIBOJIa MOT'YT OIIPAILIMBATHCS
WIM YIPABIATHCS NPEPHIBAHUSMH KOMIIBIOTEPHON 4aCTbI0 MUKPOKOHTPOJLIEPA.

SPI mpenHa3HaueH U1l CBA3M HA BBICOKUX CKOPOCTSX € APYTMMH MUKPOKOHTPOJIIEPAMU WIIH,
BO3MOJKHO, C allapaTHBIMU YCTPOHCTBAMHU C CHHXPOHHBIM MOCJIEIOBATEIbHBIM HHTEP(EHCOM.
[TockonbKy 151 CHHXPOHHBIX CUCTEM TPEeOYIOTCSI CUCTEMHBIE Yachl, Kax bl SP1 MuUKpokoHTposepa
MOJKET JIeHiCTBOBaTh KaK BeAyIIUi Win BeaoMblil. CBA3b ¢ MUKPOKOHTpoJuIepoM U SPI MokeT ObITh

oIpanMBaeMoil (CHHXPOHHOM ) WM Yepe3 KOHTPOJLIEP IpephIBaHMii (aCHHXPOHHOI) [6].
3. [lepudepuiinbie ycrpoiicrea BJIO
3.1. UHepuuanbHble 1aTYMKU HA ocHOBe MOMC

CeroaHst JaTyuKu, OCHOBaHHble Ha TexHojoruu MOMC (MHUKPO3INIEKTpOMEXaHHUUECKHE
CHCTEMbl), MHOTOYMCIIEHHBI TI0 TUIIAM, YTO MPUBOAUT K MTOCTOSIHHOMY POCTY MX NPHUMEHEHUs. JTa
TEXHOJIOTHSl MCIOJB3YETCAd IPU pealu3allMd KPUTUYECKH BAXKHBIX HMHEPLUAIBHBIX JaTYUKOB.
Konuenmus BuOpannonHoro rupockona Kopuonuca sBiIseTCs OCHOBOM A3TOM TEXHOJOTHMH IPH
peanu3aluyi TMPOCKOIIOB, TAKXKE aKCEIEPOMETPhbl BCEX THUIIOB MOMINAAOT II0J 3TY TEXHOJIOTHIO.
Texymui peIBOK B HENOPOIOM MHTErPUPOBAHHON MHEPLUAIbHOW HAaBUTAllUU B a3POKOCMUYECKOU
0Tpaciiy, B IEPBYIO OUEPE/ib, CBSI3aH C HATMUMEM MUHUATIOPHBIX IpueMHUKOB GPS n nHeprmanbHbIx

cucteM Ha ocHoBe MOMC [7, 8].
3.2. DJIeKTpoABUT ATEIH

B MYJIBbTHPOTOPHBIX BITJIA cunoBas YCTaHOBKAa OCHOBAHA Ha CHCTCMC NPAMOTO IPUBOIA.
Kancnas[ CTOMKa HammpsaMyro HIDOAKIHOYACTCA K CO6CTBGHHOMy HCTOYHUKY HO}I’BGMHOﬁ CHJIIBI, B
OCHOBHOM 3TO 6CCHIGTO'-IHI)IG QJICKTPOABUTATCIIN. boapmmHCTBO COBPCMCHHBIX 6CCIHCTOqHLIX
SHCKTpO,[[BI/IFaTeHCﬁ I/II[eHTI/I(pI/ILII/IpyTOTCH N0 MIMPHUHE U BBICOTC KOpIIyCa ABUTATCIIA. EIJ_IC OJHa

XapaKTCPUCTHKA 6CCH_IeT0‘-IHBIX BHCKTpOﬂBHFaTCHCﬁ - HOMUHAJIBHOC HAIPSKCHUC B KHUJIOBOJIbTAX.
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OTO MO3BOJISET OMPEAEIUTh YUCIO 00OPOTOB JBUIaTelNsl HAa KaXKIbli BOJIBT 110/1aBa€MOI0 B HETO
JJIEKTpUYeCTBa. JJaHHOE U3MEPEHNE BBIIIOJIHACTCS IIPU HYJIEBOM HAarpy3Ke Ha JABUIaTellb, IOOTOMY B
JeCTBUTENILHOCTH, YaCTOTa BpalleH!us Oy1eT BapbUPOBATHCS B 3aBUCUMOCTHU OT TPEHHS U HATPY3KH.
AKKyMynsaTOp ¢ Oosiee BBICOKMM HamNpsHKEHMEM 3aCTaBUT JBHUraTelb Bpallatbes ObICTpee, HO

HOMHUHAJIBHOE HAINPSDKCHNE B KMJIOBOJIBTAX OCTAHETCS MPEKHUM.
3.3. Kanaja Trejaemerpuu

Jns obecrieuenusi nByctopoHHed cBsizu ¢ bBJIO HeoOxoamma opraHu3anus KaHaia
TEJIEMETPUU C YIPABISAEMbIM OOBEKTOM IyTeM (HOPMUPOBAHMS CHELMAIBHON JBYCTOPOHHEH
panuocss3u. Kanan tenemerpun GepeT cepuio U3MEPEHUH C YIIPaBIsSeMOro 0ObeKTa U OTIPABIISIET
ux 00paTHO Ha 3eMJIIO, I/Ie OHU MOTYT OBITh OTOOPaXKEHBI B IPOTPAMMHOM 00€CTieYeHIH Ha3eMHOT0
yIpaBieHus. B kadecTBe IapaMeTpoB KaHaja TEJIEMETPUHM MOTYT BBICTYNATh: IIyTEBbIE TOYKH,
aBTOHOMHBIE MoJ1eThl, KoH(purypauuu bJIO, a Takxke mmpora, 10Arora, Beicota, nojoxenue bJI10,
TeKyllee HanpsbkeHue 6arapeu, kype bJIO, ckopocTs, Ipo10KUTENBHOCTD 110JIeTa 1 MHOTO€ APYToe
[9].

Ha ceromnsmnuii  1eHp  a’pooTo-, BHUAECOCHEMKA  SBIAETCA  IEPBOOYEPENHOM
BocTpeOoBaHHOM 3amaueid nmpumeHenus bIIUJIA. K npumepy, HaunOosee yacTo HCHOJIb3yeMble
JATYMKHU Ha ceNIbcKoX03sicTBEHHBIX BIIJIA - 3T0 KpacHbIii, 3€71€HbII U CUHUI B IIOJIOCE IPOITYCKAHUS
n300pakeHust B OJIMKHEM M HH(PAKPACHOM JMaNa30Hax.

KOHCTpYKTUBHO, aTYMKHU JOJKHBI OBITH MPOCTBIMU B YCTaHOBKE M OTCOequHEHUH. OHU
JIOJKHBI OBITH JOCTATOYHO MMUHHUATIOPHBIMU, YTOOBI BMECTUTH IOJIE3HYIO HArpy3Ky U 3aHITh MECTO
Ha HeOosbuIoM JpoHe. COBpeMEHHbIE TEHJEHIIMM 3aKII0OYalOTCsl B UCHOJIb30BAHUU HEOONBIINX U
OBICTPBIX JJPOHOB JIJISI ITOyYEHHsI a9pOPOTOCHUMKOB U cOopa U(POBBIX NaHHBIX. Hu3KkoneTsmue n
napsiiuue BIUJIA npennoututenbHee, ecau TpeOYyIOTCS CHUMKHM KpyHHBIM IUIaHOM C Oosee

OIpOOHO# AeTanu3anueil 00beKToB wiu MectHOCTH [10].
3.4. IlTo3unHOHMPOBAHNE U HABUT AU

OTnuuuTeNnbHONM OCOOEHHOCTHIO MEXKIY IPOHOM M MOJEIBHBIM CaMOJIETOM SIBISIETCS
CIIOCOOHOCTh TepBOTO paborath ¢ wucnojb3oBanueM GPS. JloGaBnenue »5Toi TEXHOJIOTUH
CIyTHUKOBOW HaBUTAIMM O0OECIIEUMBAECT YPOBEHb KOHTPOJIA, KOTOPBIA paHbIIe OBUT MPOCTO
HEBO3MOXKEH. DTOT JOMOTHUTEIbHBIN KOHTPOIb MO3BOIHI KOHCTPYKTOPaM JIPOHOB pa3padaThiBaTh
PEXHUMBI TIOJIETa JUIsl KOHKPETHBIX THIIOB MOJIETOB.

Pesxxum «Jlotitep» (LOoiter) — mo3BossieT yaep»KUBaTh APOH B OMPEAEICHHOM MecTe (IIMpOTa,
noiaroTa W BbicoTa). [Ipm 3TOM HaXOmsICh B YIEp)KaHWHM TOJOXKEHHUS IPOH CaM HCIPABUT CBOE

MCCTOPACIIOJIOKCHUC, €CIIU OHO 6y,Z[CT HN3MCHCHO KaKUMH-TO BHCIIIHUMHU BO3MYIICHUSAMU.
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Pexxum «Bospar momoit» (RTH). DToT pekum TO3BOJSET JIETaTEILHOMY ammapary
OIIPEAEIATH I0MAIlHEE MECTOIIOJIOKEHNE, OOBIYHO MCXOJHOE MECTO B3JIETA, U BO3BpAILAThCA TyJa
IIPU OIpEIENICHHBIX YCIOBUAX Oe30Tka3Hoi pabotel. Iloteps pamgmocssizu ¢ BIIJIA — onuH u3
pacrpocTpaHeHHbIX (aKTOPOB, BHI3BIBAIOIINX BO3BPAT JOMOM.

Pexum «HaBuranums mo myTeBbIM TOYKam». OTO PEKHUM ABTOHOMHOM HAaBHTalMM 110
3alporpaMMHPOBAHHBIM IIYTEBBIM TOYKaM. lIporpamMmHoe obecrieueHue Ha3eMHOTO YIpaBICHHUS
3arpy»aeT CIMCOK MHCTPYKLMHI 10 HAaBUTALIUK B MOJIETHBIM KOHTPOJUIEP, KOTOPBIA BBIIOIHAET UX
miar 3a I[IaroM, Kak TIOJHYKH MHCCHIO. OTOT METOJ OCOOEHHO II0J€3€H B MHIYCTPUHU
KapTorpagpupoBaHus, rJje He0OOX0AUMO CHOBA U CHOBA JIETATh 110 OIIPEICIEHHBIM CXeMaM IOJIeTa.

Pexxum «Crnenyii 3a MHOI». DTOT PEXUM IO3BOJISET I0OJIH30BATENI0 OTIPABIISITH HA JIPOH
MOTOK JIaHHBIX O MECTOMOJIOKEHUH MOJIH30BATENSI B PEATBHOM BPEMEHH C IMIOMOIIBI0 MOOMIIBHOTO
NPUIIOKEHUS. 3aTeM JPOH MCIOJIb3YeT JaHHble O MECTONOJIOXEHHWH C Ballero MOOMIBLHOIO

tenedoHa, 9ToObI CIIE0BATh 33 BAMH C 3aJaHHON BBICOTOM K paccTosHueMm [9].
4. BiouHO-MOay/IbHASI CTPYKTYPHBI cucTeMbl ynpapienust BJIO

Ha ocHOBaHWYM TOJlydeHHOW W 0OOOIICHHON WHQOpMAIMK O IUTaTax pa3padoTdyrka ObLIa
cocTaBjieHa OJIOYHO-MOJyJIbHAs CTPYKTYpa, Mpe/icTaBlIeHHast Ha pucyHke 2. OHa BKIIOYaeT B ce0s
BCE OCHOBHBIE AJIEMEHTBI CUCTEMBI U MOYKET PACIIMPATHCS 33 CUET MOAKIIOUYEHUS TOTOJHUTEIbHBIX
maT. JlomoTHUTEIbHBIM MPEUMYIIIECTBOM IS 1IEJIeH OTiaaku MoKeT ciyxuth Hanuuue [IJIMC na

Iare pa3paboTyrKa, HO ATOT y3€J1 HE SBJISCTCS KPUTHUECKH HE0OX0auMbIM [ 11].

' i
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PucyHnok 2. biiouHo-MoayIbHas CTPYKTYpa arnmapaTHOW mi1aTopMel
BJIO (kmacc Bo3myIHbIe).

5. 3akiaouyenue

Bornbioe 4mMciao MHUKpOIPOLECCOPOB, oONajgas pa3sHON apXUTEKTypoil u nepudepuei,

MOJXOAAT MO BCeM C(HOPMHUPOBAHHBIM TPEOOBAHHUSM U MOTYT IMPOSBIATH CBOIO 3()()EKTUBHOCTH B

PA3JIMUIHBIX CUTyallUAX HCIIOJIb30BaHUA B.HO, 4TO IIPUBOAUT K HCO6XOI[I/IMOCTI/I Ha OTallc

dbopmupoBanus TpeOOBaHM K HWHTErpUpOBaHHON cpeae pa3padoTku (IDE) BrmrouuTh B Hee

HOJJIEPXKKY KpocciuiatrpopmenHocTH [12], T.e. HOAIep KKy OOJBLIOr0 YHCIIa MUKPOKOHTPOJLICPOB,

NpaiiBepOB 3JIEKTPOABUTATENEH, JaTUNKOB U APYTUX 3JIEMEHTOB annaparHoil yactu bJIO.
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Abstract. In the article results of studying specific structurally-mechanical properties new developed sizing
compositions on the basis of corn starch and water-soluble synthetic polymeric preparations such as K-4 and
uniflock made in Company "Navoiazot" are given. It is established that, introduction in starch pastes acrylates
leads to increase coefficient of thixotropic restoration, i.e. to increase of speed relaxation processes.

Keywords: size, starch, adhesion, thixotropic, rheology, yarn, fluidity limit, paste, retrogradation, structuring

1. Introduction

Structural-mechanical or rheological properties for fluid systems means the behavior of
polymer systems upon deformation. They determine the dependences linking stresses at different
temperatures and modes of deformation and deformation of polymer systems, and provide valuable
information about their properties, structure, and structural transformations. They are of great
importance not only from the point of view of the study of the systems themselves and the study of
changes occurring in them, but also from the point of view of the problems associated with the use of
such systems in technological processes [1,2].

In the processes of sizing textile materials, the used sizing compositions undergo various
mechanical influences, which change the rheological properties of sizing systems based on starch and
water-soluble acrylates [3]. It can be expected that due to the complexation reaction of starch and
acrylic polymers, the rheological properties of the systems undergo significant changes.

The advantage of polyacrylate compositions as a sizing preparation lies in its high adhesive
property. In addition, polyacrylates can be obtained of homopolymer and copolymer character, with

various derivatives of acrylic and methacrylic acids, which allows combining different ratios of
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monomers in a polymer molecule and obtaining a wide range of physical and chemical properties in

the synthesized material [4].
2. Materials and methods

On the basis of these studies, we have developed a new dressing composition based on corn
starch obtained from secondary raw materials, as well as synthetic water-soluble polymer
preparations such as K-4 and uniflock produced at Navoiazot OJSC. The introduction of acrylic
polymers into the composition of the shrinking agents leads to a change in the structural and
mechanical properties.

Polymer solutions, including starches, are not structureless. The structure of solutions is
understood as the mutual arrangement of the solvent and polymer molecules, the conformation of
macromolecules, and the interaction between polymer macromolecules [5]. The stability of the
structure can be judged by the values of the degree of thixotropic reduction given in Table 1.
Thixotropy - the ability of structures after their destruction as a result of some mechanical action is
spontaneously restored in time, that is, thixotropy is the ability to reversible isothermal transformation
of a sol into a gel. Table 1 shows that starch pastes containing K-4 and unifloc are characterized by

higher values of the degree of thixotropic reduction.

Table 1. Yield point and degree of thixotropic reduction of starch solutions
with different contents of K-4 and unifloc.

Composition and content of components

in solution Yieldpoint ~ Degree of
- P thixotropic

Stal‘Ch, K'4, UnlfIOCk, ( a) recovery, %

% % %

6 - - 3,89 88,57

6 0.2 0.2 11.12 90.12

6 0.3 0.2 12.23 91.79

6 0.4 0.2 20.57 93.52

6 0.5 0.2 30.58 97.16

6 0.6 0.2 42.6 98.4

6 0.5 0.3 36.44 97.3

6 0.5 0.4 42.15 98.4

6 0.5 0.5 46.83 98.8

Such a gradual restoration of the structure and, consequently, an increase in its strength occurs
not only when the system is at rest, but also when the system flows at a rate lower than that which
caused the given degree of destruction of the original structure. However, with the reverse transition

from a steady flow with a high velocity to a flow with a lower velocity, some recovery of the structure

( 1
L 7 )
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occurs and, accordingly, the effective viscosity and strength of the structure increase, and the higher
the content of K-4 in the system, this effect is more pronounced.

Thus, the introduction of K-4 starch and uniflock into the paste leads to an increase in the
coefficient of thixotropic recovery, i.e., an increase in the rate of relaxation processes. Due to their
high adhesive properties, polyacrylate compositions are becoming increasingly important as a sizing

agent for sizing cotton fibers [6].
3. Results

A change in the chemical composition of these compounds allows a wide variation of their
properties, which is much more difficult to accomplish with polymers of other groups. Therefore, this
work presents the results of experimental substantiation of the influence of K-4 and uniflock, which
is part of the sizing compositions, on the structural and mechanical properties of starch solutions.

The study of the rheological properties of 6% glues based on corn starch with the addition of
small amounts (0.2-0.6%) of K-4 and uniflock showed that the rheological properties of the systems
change significantly when these preparations are introduced.

Table 2 shows the change in the viscosity of 6% starch pastes (at y = 27cm-1) from the content

of the introduced K-4 at different temperatures.

Table 2. Viscosity changes of 6% starch paste from content of K-4 in it at different

temperatures.

Temperature, K The viscosity of the dressing (Pa.s) at various concentrations of K-4,
%
0.2 0.3 0.4 0.5 0.6

298 0.35 0.67 1.15 1.48 1.93

313 0.26 0.58 1.03 1.22 1.60

323 0.20 0.50 0.91 1.13 1.45

333 0.15 0.41 0.83 1.05 1.32

343 0.12 0.35 0.77 0.93 1.24

353 0.07 0.30 0.74 0.84 1.18

From Table 2 it follows that the addition of K-4 to the starch system causes an increase in the
viscosity of the system. This fact indicates the reaction of complexation of K-4 with starch, since in
the polymer chain of starch (more precisely, its constituents - amylose and amylopectin), hydroxyl
groups are likely to be present in a position convenient for complexation (at a distance of 2.42 A at
an angle of 1090).

The formation of complexes is possible both within one polymer chain and between two
chains [7]. The formation of such knots can lead to a decrease in the mobility of the chains, i.e.
limiting their thermal movement, increasing the structuredness of the system and the formation of a

more rigid chain, and as a result of all this, to an increase in the viscosity of the system.
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From table 2 it also follows that for all systems with increasing temperature, the viscosity
decreases. This can be explained by the fact that as the temperature rises, the energy of the thermal
motion of the polymer units sharply increases and, at certain values, this energy increases the energy
of intra-intermolecular interaction.

Starch solutions that have stood for a long time are capable of aging due to retrogradation and
biodegradation phenomena. The ability to retrograde is extremely strongly manifested in solutions of
pure amylose, which aggregates over time and finally forms an insoluble microcrystalline precipitate
[8].

The figure 1 shows the data of the study of the aging process of 6% starch paste with K-4
(0.5%) uniflock (0.3%) and without it at a temperature of 293 K by changing the viscosity of the
system (at y = 27 s-1).

Viscosity, Pa s
BiaBen

¢ ' : : * Figure 1. Kinetics of the “Aging”
Aging time, dayst.  process of 6% starch paste with K-4
(1), uniflock (2), without it (3).

It follows from the figure 1 that for starch paste that does not contain K-4 (curve 1), the
dependence of the paste viscosity on the storage time passes through a maximum. The presence of a
maximum in this dependence can be explained by the occurrence of two processes: an increase in the
viscosity of the paste during the first day is a consequence of the process of retrogradation of the
paste, i.e., the aggregation of amylose macromolecules. In contrast to curve 3, curves 1 and 2, which
characterize the dependence of the viscosity of 6% starch paste, with K-4 and uniflock does not have
a maximum.

The viscosity of this paste increases monotonically within 5 days. The absence of a decrease
in the viscosity of the paste on the second day of storage is explained by the blocking of the process
of microbiological destruction of starch due to the antiseptic action of K-4 and uniflock. This can be

judged by the angle of inclination to the abscissa axis of the curves of viscosity versus storage
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duration. At the same time, we studied the periods during the first day when the process of
microbiological destruction does not leave its mark.

It follows from the figure 1 that the slope of curve 1 is much greater than the slope of curve
2, which indicates a slowdown in the process of retrograding of starch pastes in the presence of K-4
and uniflock, i.e., polyacrylates have a stabilizing effect on starch pastes, slowing down the processes

retrogradation of starch pastes and microbiological destruction of starch.

4, Conclusion

Thus, significant changes in the rheological properties of solutions of the polymer

composition based on corn starch, K-4 and uniflock indicate a good sizing ability of cotton yarn.
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Abstract. Blockchain technology is widely studied in these days and has vital role in the ITS and Vehicular
network. Intelligent Transport System (ITS) have resolved several issues of transportation like congestion,
electronic toll collection, traffic light cameras, traffic updates, and environment forecasting. The vehicular
network is the ever-increasing network it is not only facilitates us but also brings new challenges with it. The
mobile nature of vehicular networks it is very important to collect and broadcast information of traffic events
in real-time. A little delay to broadcast important information or deciding on this information can cause a
serious situation in the mobile vehicular network. Moreover, malicious vehicles in the network broadcasting
false information about these traffic events cause a disturbance in the network. In large-scale scenarios, the
transmission of malicious messages offers a lot of danger to the system. They can wrongly claim the roads and
provide false information about the incident. These traffic events can be life-threatening and cause unwanted
situations like accidents, wastage of time and other resources. Therefore, it is very much important to provide
real-time information on recent traffic events and real-time authentication of vehicles that broadcast
information in the network. Traditional studies are unable to solve these security issues and contain a single
point of failure issue. These studies are centralized and dependent on a single higher authority. Moreover, they
have serious security concerns that are harmful for vehicular network. Moreover, any vehicles are unwilling
to share their private information while broadcasting information about traffic events because they are
strangers to each other. And if a vehicle does not want to share its private information like name, id, etc. It is
not possible to authenticate this vehicle and manage trust in the network. It means that it is very crucial to
prevent vehicles to broadcast wrong information in the network while preserving their privacy at the same
time. Therefore, there is a need to authenticate vehicles and manage trust in the network while preserving their
privacy simultaneously. Blockchain can offer better solution to solve these issues due to its secure distributed
environment and features that ensure immutability about actions. The purpose of this report is to provide real-
time security and privacy in the network. It is also ensured that vehicles get real-time authenticated information
about traffic incidents from legitimate vehicles while simultaneously preserving their privacy. It means that
only authenticated and legitimate entities (vehicles) can participate in vehicular network and privacy of both
sender and receiver is secured in the network. Details of conducted experiments are given, and shreds of
evidence are provided to evaluate the performance of architectures for authentication and trust management.
The shreds of evidence show that these blockchain-based systems can solve security and trust issues more
effectively.

Keywords: Intelligent transport system, blockchain technology, real-time information, vehicular network
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1. Introduction

In recent years, considerable academic advancement, and business growth in Intelligent
Transport Systems (ITS) has been enabled through the exponential development of new sensing,
networking, research and computational technologies and tools. Intelligent Transportation System
(ITS) provides services to enhance traffic management and makes the use of the traffic network more
safely. Moreover, it increases the efficiency of road traffic and applied to all modes of transport [1].

In general, ITS services are namely:

1) intelligent transport, an efficient path can be selected in terms of economy and time by
intelligent routing preparation and navigation, preventing traffic jams, etc.

2) With the help of vehicles interconnectivity, barriers early warnings can be issued, or
internal or external system failures can be conveyed to the driver.

3) Driver or vehicle support services, such as fines for violation of road laws, automated repair
of vehicles.

4) Entertainment for onboard users, such as streaming media, etc.

5) providing statistical data about the surrounding areas, traffic, and environment, from
crowdsourcing method [2].

Blockchain is known as one of the most transformative technology of current time. A
distributed ledger system in form of blockchain, is new data storage and processing method. The
major characteristics of mutual honesty, anonymity, data confidentiality and transparency have a
great opportunity for resolving the challenges of the established ITS.

The goal of ITS is to gather, analyze and apply all transport-related data to monitor the flow
of vehicles in order to increase traffic quality and safety [3]. Researchers predict that blockchain
deployment in transport should primarily concentrate on the application of technology to minimize
or by third party cost elimination (i.e., shared mobility, fare increases, asset transfer and supply chain),
by minimizing a particular point of failures (i.e., the internet of services like wired and autonomous
vehicles) and improve efficiency (i.e., supply chain and transfer of assets) that show in figure 1[4].
ITS professionals commonly seek to create new tools (e.g., property, road) and intelligent

technologies (e.g., sensors, self-driving cars) [4].
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network.

The issues that ITS is facing now can be solved by Blockchain and the underlying architecture
can also be used for social dealing. Blockchain is a perfect solution to the key issues faced by ITSs,
and also a potential underlying architecture for dealing with the social [4]. Such intelligent systems
collect and process a variety of arriving vehicle details as input tables to produce optimized traffic
plans at each location that shows in figure 2. According to restricted computing capacity in real-time
processing and their central algorithms and data centers, they are vulnerable when the input table
involves malicious attacks vehicle information [5]. It is Difficult to detect malicious attacks.

New vehicles are becoming increasingly dependent on the on-board device and control
functions. Attacking the internal software or control functions of a vehicle (e.g., downloading on-line
malicious software) can cause severe safety problems for drivers and passengers [2-5]. Any of the
issues described above can be addressed by implementing new transport policies. In fact, the approach
aligns for extreme situations, but may not be suitable in insignificant circumstances. Another plan
adds more services by constructing new roads and/or upgrading existing facilities, such as bridge
widening [6]. However, Due to the ever-increasing volatility, variety, and sophistication of behaviors,
processes and techniques involved in this environment, ITS has now indicated a high degree of social
complication rather than intelligent forecasts for days, leaving some early issues unresolved or even
worse behind. Security threats posed by the emerging movement towards centralization of ITSs are
a primary issue. Fast-growing inventions, like 10T, made it easier for analyzing data and decisions
processing by the authorities to be used. A block chain based ITS system is proposed which describe
an ITS-based, seven-layer computational model for blockchain and to discuss core research concerns
in blockchain based ITS on this basis. Study found blockchain to be one of the stable and trustworthy

frameworks for the development of newly built parallel transport management systems [4].
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Brief introduction and overview of both emerging technologies blockchain and ITS are
described in below sections.
1.1. Blockchain Technology
It was first introduced in 1991 by two researchers, who was working for a digital timestamp
for documents which cannot be backdated or changed [6]. Satoshi Nakamoto implemented blockchain
technology first time in 2008 and introduced a cryptocurrency named as Bitcoin [8]. The dilemma of
centralized data storage and information management was solved in the Bitcoin white paper. This

section presents an overview of blockchain technology.

1.1.1 Components of Blockchain. There are set of basic components of blockchain which
include ledger, block, hashing, transaction, minor and consensus mechanism.[10].

The ledger is a data structure that is used to store different kinds of data. It is used to store all
transactions ever made on the network by all participating users. The ledger was also distributed
between the participating nodes, so each user has their own copy of the ledger.

Each block comprises a series of transactions and has been chained together by storing the
preceding block's unique hash value in the current block. Like a chain, this connection interlocks
together.

The hash function is essentially a mathematical problem that minors must crack to find a
block. It verifies the data integrity of the contents of each block.

The smallest process unit is a transaction, and a collection of transactions are combined in a
block and processed.

A certain transaction cannot be added to the block until permission is confirmed by most of
the participating nodes in the blockchain network. For minors, the size of a transaction is important
as small transactions require less power and are simpler to verify. Minors are computer/agents that
attempt mining to discover new block [10].

In the blockchain, different blocks are chronologically connected and make a chain. Each
block has a previous block hash in its header. Each block in chain contains previous block hash, data,
nonce and timestamp shown in figure 3. First bock of chain is called genesis. A nonce is a magical
number given by miners to complete hash according to the format of blockchain, timestamp describes
time and day at which the block is created [11].
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1.1.2 Layered Architecture of Blockchain.
namely, data layer, network layer, consensus layer, incentive layer, contract layer and application
layer as shown in figure 4. The data layer consists of the underlying data blocks and related techniques
like Merkle tree timestamp encryption etc.

The network layer encapsulates the mechanisms for distributed networking, data transmission
and data verification. The consensus layer mainly includes various consensus algorithms for network
nodes. Consensus layers have consensus algorithms like proof of work, and proof of storage.
Incentive layer defines distribution incentives for nodes and allocation of incentive to receiving
nodes. Contract layers provides rules and algorithms in scripting languages for node agreements.
Application layer defines the area of deploying the blockchain like, 10Ts, smart city, and market

security etc. [12].
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Figure 4. The Layered Architecture Of Blockchain System.

1.1.3 Blockchain Types. Types of blockchain Mainly blockchain is dividing into three types
[13]. Following are the main types:

. Public blockchain.
° Private blockchain.
° Consortium blockchain.

Following table is defining the properties of all these types of blockchain.

Table 1. Comparison of types of blockchains.

Blockchain Properties  Public type Private type blockchain  Consortium type
blockchain blockchain
Consensus by All entities Entities selected by Predefined nodes by
Organization administration
Data access Public Public or restricted Public or restricted
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Immutability Impossible to temper  Could be tempered Could be tempered
Mining efficiency Very low Very high Very high
Decentralized Yes No Partially decentralized
Consensus type Permission less Permissioned Selective permissioned

1.2. Intelligent Transport System ITS

Transportation is the movement of different things (goods) and people from one region to
another. As we come to know that ITS can be very helpful for traffic system management and road
safety. A lot of research has been done on ITS for improving the efficiency of ITS since a few years.
ITS is transportation system which processes and share information about congestion, traffic
management, environmental changes. ITS have wide range of communication ability between vehicle
to vehicle (V2V), vehicle to infrastructure (V2I). Also, ITS incorporates wireless and wire line
communication-based information. Commonly, V2V and V2l have wireless technology whereas
infrastructure to infrastructure have wire line communication. Internet of Things (IoTs) are used in
ITS for collection of data like, congestion detection, electronic toll collection, traffic light cameras,
traffic updates, and environment forecasting.

1.2.1. Working of ITS. ITS is controlled by a local authority with limited area. So, different
areas have different 1TSs [17]. Further these ITSs are also interconnected. In an ITS system have
following operation performed by authority:

e Data collection: loTs are fixed in all nodes of ITS to collect data from various sources.

Data collected by IoTs are delays, location, travel time, and surveillance etc.

e Data transmission: In ITS real time communication is primary concern of every node or
vehicle. Vehicle transmit collected data to nearby data center. After data analysis, data
send back to concern vehicles as an information. V2V communication is done by
dedicated short range communication (DSRC) whereas V21 is done by continuous air
interface long and medium range (CALM).

e Data analysis: After data receiving at nearest data center, the process of data cleaning,
error rectification, data synthesis, and further logical analysis. This analyzed data is used
for current situation and for future forecasting.

1.2.2. Component of ITS. Every ITS has different component based on its application [18].

We are describing the general component that is compulsory for every ITS as shown in figure 5.
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e Global positioning system (GPS): For the location purposes, this component is used and
ITS gather information of all vehicles from GPS.

e Cloud storage: ITS have large number of vehicles which send and receive large amount
of data. This data cannot be stored locally, so cloud server is used for this purpose.

e Roadside unit (RSU): Vehicles cannot communicate directly with long distance vehicles.
For this purpose, RSU are installed along with road. Vehicles communicate with nearest
RSU and RSU then convey his message to other vehicles or RSUs.

e Vehicles and other devices: Transportation system have different type of vehicles. All
have different 10T sensors and variety of communication channels. ITS have ability to

incorporate all the vehicles. Other devices have cell phones, laptops, and watches.
1.3. Blockchain and ITS

With the increasing of digitalization, transportation system also needs security, privacy, and
immutability. Whereas blockchain is a technology which can efficiently overcome such issues [19].
Traditional transportation system can only handle by physical presence whereas with blockchain
cross border vehicle management is possible. Further, there is trust issue on third party and cross
border entities, blockchain provides trust between both parties. Blockchain provides security during
making contract. In the carpooling services, blockchain provides anonymity and easy payment
method. In electric vehicle charging system, blockchain provides anonymity and charging payment
method more securely and easily. V2V communication require anonymity and reward for message

initiator, blockchain provides all the effective features that in V2V communication.
1.4. Scope

In Blockchain-based systems in transportation, the centralization is eliminated and all vehicles
in the network are equally responsible for making decisions. The architecture of the vehicular network

based on blockchain is shown in figure 6.
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Figure 6. The Architecture of

Vehicular Network based on
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Blockchain.

This architecture shows that vehicles are directly connected and with other entities like the
sensors and RSU without third party involvement. In this vehicular network, all vehicles and other
entities are continuously monitoring the actions of each other and each device authenticates to a pair
in the network as shown in figure 4. This blockchain-based vehicular architecture covers following

areas which are explained below.
2. Literature Review / Methodology

The data and knowledge for this report are collected by well-known research repositories
ScienceDirect, Google Scholar and IEEE Xplore. Few selective articles are included related to the
topic of blockchain based system and vehicular transportation. Main focused topics are security, trust
and privacy of data and process in ITS technology and vehicle network.

A mechanism proposed in [25] solves many issues regarding vehicular networks like offering
high bandwidth, quality of service and low latency. However, pervasive, secure, and reliable
communications are not provided by the 5G cellular network. They proposed a scheme to achieve the
scalability and security of Vehicular Ad-hoc Networks (VANETS). An SDN is used efficiently to
manage the ubiquitous system. A twofold blockchain-based security module is proposed. First, the
vehicles are registered in the network by providing their credential. When any vehicle is broadcast
any message or share data in the network then the legitimacy of the vehicle is checked by the
authentication module in the first instant. If the vehicle is registered, then its data is reached to other
entities in the network. Otherwise, the data is revoked, and such a vehicle is announced as a malicious
vehicle in the network. However, the control plane creates the single point of failure issue.

When a control plane is exploited by an attacker, the central control point is damaged and the
whole information flow of the system is disturbed. In [26], it is highlighted that it is very difficult to

86

—
| —



Modern Innovations, Systems and Technologies, 2021, 1(3)

spread information in a volatile vehicular network. The authors in [27] highlighted that message
should be broadcasted anonymously in the network since it contains the secret information. However,
it is difficult to expose the vehicle if the message is broadcasted anonymously. So, to overcome this
issue, the author in [28] proposed that the concept of conditional privacy that is achieved by a
registration authority. [29]and [30] provides a mechanism that overcomes traditional mechanisms
which are purely relied on centralized data centers. Mobile behavior of vehicles is the main issue in
the scheme which can lose their connectivity. Therefore, it is more difficult to authenticate moving
vehicles in real-time. However, the authors authenticate the vehicles directly from the blockchain.
The reason is that blockchain provides a distributed database that makes real-time authentication
possible.

In a vehicular network, wireless communication allows the vehicles to monitor the exchanged
data through the network. However, it results in breaching the privacy and safety of vehicles.
Malicious vehicles can be dangerous for the existing network by providing false information [31].
Any selfish node can provide fake information about roads to increase his traveling speed and hackers
can take over the central authority to spread fake information globally [32]. In VANETS, many
vehicles are unwilling to share their private information because they are strangers to each other. In
large-scale scenarios, the transmission of malicious messages offers a lot of danger to the system.
They can wrongly claim the roads and provide false information about the incident. While VANETS
require a secure loT environment for communication. In [21], Proof of Event can solve this problem
by setting the threshold of the correct data which is validated by different nodes. So that event will
never be triggered. If bogus messages are received from the other vehicle then miner nodes verify
and immediately report to the Law Enforcement Authority. In [27] and [32], the system requires
information from a legitimate vehicle so that message should be authentic, credible and immutable to
protect from attackers. In [27], the authors used a new framework of blockchain assisted with the
real-time cloud-based video reporting system, which carries the trust management and message of
the vehicle. The authority authenticates the legitimacy of the vehicle by issuing public and private
keys. Then these vehicles are allowed to transmit real-time videos and messages about the road
condition.

In [30], the author proposed a privacy-preserving trust model, which gives an unknown
reputation system to get rid of forged messages. Lexicographic Merkle Tree (LMT) is used for the
extension of blockchain for preserving privacy. The link-ability between real identity of vehicle and
its public key is eliminated from the blockchain. Certificate Authority (CA) is responsible for issuing
certificates to new vehicles and revoking certificates of malicious vehicles. All actions performed by
CA are monitored and stored in blockchain for transparency. The authors proposed the scheme for

blocking the forged messages, which gives the reputation system in which the algorithm calculates

87

—
| —



Cospemennvle unnosayuu, cucmemsi u mexvonoeuu, 2021, 1(3)

reputation. In [25] and [31], the authors proposed the scenario of Software Defined Network (SDN)
working with 5G to maintain the vehicular network. The proposed model is equipped with 5G and
SDN. The control plane and data plane are decoupled to maintain the network for ubiquitous
functionality, scalability; moreover, they are easy to manage. Open flow switches and routers act as
a controller while the base stations and access points are working under the data plane to take
command from the controller and proceed accordingly. These nodes usually are RSUs and there is
no consensus participation by sensing nodes. So, there is less chance of identity breaching or data
privacy. Besides, the security mechanism will faster as be compared to the traditional mechanism.
The authors in [28] proposed the Internet of vehicles-based networks working on the mechanism of
blockchain. The proposed system provided the V2I authentication mechanism, which leads toward
the dependability of CA. This model performs the accountability of malicious vehicles. The authors
also proposed the storage mechanism that reduces the storage load and provides the integrity of data
and privacy. They provide security analysis that performs efficiently as compared to other schemes
[30].

The regular consensus takes place by the Proof of Work (PoW) and PoS so that malicious
vehicles do not participate in the system. If any vehicle is detected as malicious then it will be banned
temporarily. Besides, to track back the malicious vehicle, the privacy of legitimate vehicles still be
hidden from the rest of the network [27]. Blockchain is introduced to overcome the issue that arises
in the centralized database system [21]. A consortium blockchain is proposed in which the pre-
selected node can participate in the consensus mechanism. Only their calculated solution will be
considered [31]. The authors implemented a new mechanism of consensus that is PoE. It allows the
vehicle to meet any threshold. If the PoE result confirms any incident, then the information will be
broadcasted by participated vehicles and stored on the blockchain publicly. POE mechanism also
confirms the selfishness and malicious behaviors of the vehicles [32].

3. Critical Discussion and Evaluation

One of the important operations in the vehicular network is to broadcast and receive important
information about traffic events in a very short time. It is very important to collect and broadcast
information of particular traffic events in real-time. A little delay to broadcast important information
or deciding on this information can cause a serious situation in the mobile vehicular network. This
information is only for a specific region of the vehicular network. Moreover, malicious vehicles in
the network broadcasting false information about these traffic events cause a disturbance in the
network. Therefore, it is very difficult to spread information in a volatile vehicular network when
there are trust issues and malicious nodes in the network. In [26], there is a blockchain-based

architecture for storing and broadcasting node information and the trust values of vehicles of the
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vehicular network. Here, trustworthiness and node information behave like a transaction in bitcoin.
This mechanism is scalable for large scale networks. When an unconfirmed event occurs, other

vehicles verify this event and update (store) it in the blockchain.

E#1e9...., E# ac3...E# da2.,, unconfirmed/ unordered
E# ab4..., E# dc8...., E# ab9.. event messages

Block generation by miners

Block # 3b2 Block # 4¢3 Block # 8cd
_________ Hash output of

previous block

Figure 7. Blockchain

E# dc8...
E# ab9...

E# ac3.... E# fe9....
E# da2... E# ab4...

Architecture for Messages

Verification.

The architecture of blockchain when an unconfirmed event occurs (vehicle broadcast
information in the network) is shown in figure 7 Blockchain Architecture For Messages Verification.
To evaluate the performance message and storage overhead is calculated. Each safety message in this
network has a size of 512 bytes10 and the header of the block has the size of 80 bytes. Therefore, one
block with single message consumes 600 bytes. The authors assume that 100s are required to generate
a block to prevent attacks. In this way, 36 blocks are generated in 60 minutes (1 hour). Hence in one

year, there is 180.45MB of storage overhead for a blockchain with a message explained below:
Storage overhead = 600bytes*36*24*365 = 180.45MB/year.

To evaluate the proposed mechanism in terms of message overhead, an assumption is made
that 2000 vehicles are traveling in a specific region (area). These vehicles broadcast messages in this
region for a specific period. The transaction of this message carrying important information can be
calculated as Tx*(B*t). Here, Tx is the number of messages per period, t is unit time and B is the

block size. Table 2 shows the size of the block generated in a specific time in the vehicular network.

Table 2. Evaluation of the growth VANET blockchain network.

Message Per Per minute  Per hour Per day Per year

transaction second

Tx Tx*(B*1) Tx*(B*60) Tx*(B*60*60) Tx*(B*60*60*24) Tx*(B*60*60*24*365)

200 117.18 6.87 MB 0.402 GB 9.66 GB 206.51 TB
KB

500 292.96 17.17 MB  1.006 GB 24.14 GB 516.27 TB
KB

1000 585.93 34.33MB 2.012GB 48.28 GB 1032.55 TB
KB

1500 878.91 51.49MB 3.017 GB 72.42 GB 1548.82 TB
KB
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Local blockchain is used due to which the size of the network can be controlled. However,
scalability is still an issue in the network [26]. What happens when the proposed mechanism is desired
to deploy in a large scale public vehicular network where the growth of vehicles cannot be controlled?
Moreover, the PoW consensus mechanism is used in the scheme, which consumes extra resources of
the network. Instead of PoW, edge computing should be used in the network to reduce the propagation
delay. This edge computing is also helpful for the mining process in the network which consumes a
huge amount of network resources. The use of edge computing is appropriate for resource constraint
vehicular network and also helpful for well time message availability in the network due to its fastest
mining power.

With the authentication of information of vehicular network events, it is important to
authenticate the sender and forwarder of this information. The authentication is more critical with
moving vehicles. As we know, the vehicular network is composed of different regions. Vehicles move
continuously across these regions and lost their connectivity with previously visited regions. Because
in every region another data-center is installed and there are fewer chances of registration of nodes
with this. So, it becomes more difficult for moving vehicles to authenticate in real-time [29]. The
authors proposed a system model in which volatile vehicles move from one data-center to another.
Each data center consists of a specific service manager which is responsible to manage the vehicular
fog service. The data of vehicular fog service is stored in fog and the hash of this data is stored in the
blockchain. The service managers are also responsible for storing ledger with which the vehicles are
authenticated. As the same ledger is present at each service manager database, the service manager
of the different regions is now able to authenticate the vehicle easily. This will prominently reduce
the time of authentication. Blockchain becomes the solution, which is more secure and trustable. The
protocol used in the scenario is 801.11p and the packet size of the massage is 24 bytes. Massage is
transmitted in the 2.137ms. Java run time environment is used for the measurement of the average
time of the authentication is 0.596 and 1.473. The Interaction between Different modules of

Architecture for authentication is shown in figure 8.
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4. Conclusions

Blockchain operates without the involvement of a third party. The seller and buyer are directly
connected without relying on any arbitrator. All the transactions are stored in the blockchain as proof.
Once these transactions are stored, these transactions cannot be removed or altered. The major
inferences that are drawn from this report are given below:

1. Blockchain is helpful to provide well time messages and sender authentication without

taking a lot of time. In vehicular networks, the vehicles are mobile and moving continuously,

therefore, they required rapid response for decision making. However, the task of
authentication of sender and message is a time-consuming task for individuals, but in the
vehicular network, it is not affordable to spend this amount of time for authentication. This
may result in unwanted situations like accidents, wastage of time, resources, etc. The solution
to this real-time response issue is provided by the blockchain. Blockchain uses built-in
algorithms for authentication whose response time is in milliseconds. Therefore, by using
blockchain technology in vehicular networks, the information and credentials of stakeholders

(sender, receiver and other entities) can be processed and authenticated in no time for clients

and stakeholders can focus on decision making without any uncertainty.

2. In the vehicular network, the cyber-attacks are common and due to which the privacy

of users and participants can be compromised. Blockchain is a hack-proof protocol and it is

one of the best security protocols than other protocols used in the industry. In this way,
blockchain restricts attackers from identity theft and provide a secure and privacy preserved
environment.

3. All the transactions are stored in the ledger which is accessible by each entity in the

network. In this way, blockchain provides transparency about transactions in the network.

Once the transaction is recorded in the public ledger, it cannot be removed or altered. In a

vehicular network, the broadcasted message is considered as a transaction and once any entity

spread or broadcast the message in the network. The message is verified by miners and its
result (true or false) is stored as proof in the blockchain. In this way, the vehicles avoid
broadcasting wrong information as it can be used against them in case of any dispute.

4. A little human error or uncertainty in a vehicular network can cause a lot of damage.

As we know, blockchain operates automatically without human involvement. Moreover, it

uses highly précised and calculated algorithms. Therefore, it eliminates errors and provides

very precise and accurate calculations. In this way, blockchain is suitable for the vehicular

environment in which vehicles are moving continuously.
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5. Blockchain provides a cost-effective solution for vehicular and other networks as no
third party is involved in the blockchain network. According to a study, the use of blockchain
technology can help in saving 20 billion dollars a year [24].
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