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About the journal

The International Scientific Periodical Journal "Modern Technology and Innovative Technologies" has been published since 2017
and has gained considerable recognition among domestic and foreign researchers and scholars.

Periodicity of publication: Quarterly

The journal activity is driven by the following objectives:

e Broadcasting young researchers and scholars outcomes to wide scientific audience

e Fostering knowledge exchange in scientific community

e Promotion of the unification in scientific approach

e Creation of basis for innovation and new scientific approaches as well as discoveries in unknown domains
The journal purposefully acquaints the reader with the original research of authors in various fields of science, the best examples of
scientific journalism.
Publications of the journal are intended for a wide readership - all those who love science. The materials published in the journal
reflect current problems and affect the interests of the entire public.

Each article in the journal includes general information in English. The journal is registered in INDEXCOPERNICUS.
Sections of the Journal:

Library of Congress Classification Outline Sections
Subclass TJ/ TJ1-1570 Mechanical engineering and machinery
Subclass TK / TK1-9971 Electrical engineering.
Subclass TA /TA165 Engineering instruments, meters, etc. Industrial instrumentation
Subclass TK /TK5101-6720 Telecommunication
Subclass TK / TK1-9971 Electrical engineering. Electronics. Nuclear engineering
Subclass TN/ TN1-997 Mining engineering. Metallurgy
Subclass TS/ TS1950-1982, TS2120-2159 Animal products., Cereals and grain. Milling industry
Subclass TS/ TS1300-1865 Textile industries
Subclass TK / TK7800-8360 Electronics
Subclass T/ T55.4-60.8 Industrial engineering. Management engineering
Subclass T/ T351-385 Mechanical drawing. Engineering graphics
Subclass TA /TA1001-1280, Subclass TL / Transportation engineering, Motor vehicles. Cycles, Highway engineering. Roads
TL1-484, Subclass TE / TE1-450, Subclass TF / TF1-1620 and pavements, Railroad engineering and operation
Subclass TH / THI-9745 Building construction
Subclass T/ T55-55.3 Industrial safety. Industrial accident prevention

Innovative economics and management, Innovations in pedagogy, Innovative

Additional sections approaches in jurisprudence, Innovative philosophical views
R equirements for articles

Articles should correspond to the thematic profile of the journal, meet international standards of scientific publications and be
formalized in accordance with established rules. They should also be a presentation of the results of the original author's scientific
research, be inscribed in the context of domestic and foreign research on this topic, reflect the author's ability to freely navigate in the
existing bibliographic context on the problems involved and adequately apply the generally accepted methodology of setting and
solving scientific problems.

All texts should be written in literary language, edited and conform to the scientific style of speech. Incorrect selection and
unreliability of the facts, quotations, statistical and sociological data, names of own, geographical names and other information cited
by the authors can cause the rejection of the submitted material (including at the registration stage).

All tables and figures in the article should be numbered, have headings and links in the text. If the data is borrowed from another
source, a bibliographic reference should be given to it in the form of a note.

The title of the article, the full names of authors, educational institutions (except the main text language) should be presented in
English.

Articles should be accompanied by an annotation and key words in the language of the main text and must be in English. The abstract
should be made in the form of a short text that reveals the purpose and objectives of the work, its structure and main findings. The
abstract is an independent analytical text and should give an adequate idea of the research conducted without the need to refer to the
article. Abstract in English (Abstract) should be written in a competent academic language.

The presence of UDC, BBK

Acceptance of the material for consideration is not a guarantee of its publication. Registered articles are reviewed by the editorial
staff and, when formally and in substance, the requirements of the journal are sent to peer review, including through an open
discussion using the web resource www.sworld.education

Only previously unpublished materials can be posted in the journal.

R egulations on the ethics of publication of scientific data and its violations
The editors of the journal are aware of the fact that in the academic community there are quite widespread cases of violation of the
ethics of the publication of scientific research. As the most notable and egregious, one can single out plagiarism, the posting of
previously published materials, the misappropriation of the results of foreign scientific research, and falsification of data. We oppose
such practices.
The editors are convinced that violations of copyrights and moral norms are not only ethically unacceptable, but also serve as a
barrier to the development of scientific knowledge. Therefore, we believe that the fight against these phenomena should become the
goal and the result of joint efforts of our authors, editors, reviewers, readers and the entire academic community. We encourage all
stakeholders to cooperate and participate in the exchange of information in order to combat the violation of the ethics of publication
of scientific research.
For its part, the editors are ready to make every effort to identify and suppress such unacceptable practices. We promise to take
appropriate measures, as well as pay close attention to any information provided to us, which will indicate unethical behavior of one
or another author.
Detection of ethical violations entails refusal to publish. If it is revealed that the article contains outright slander, violates the law or
copyright rules, the editorial board considers itself obliged to remove it from the web resource and from the citation bases. Such
extreme measures can be applied only with maximum openness and publicity.
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AHHOIH(H{M}I. Cmamos nocesduweHa acnekmam u3mepeHuL7 ucxoos u3 napa()uzmm ux
ucmuHroOCmu 6 coomeemcmeuu ¢ CO6PEMEHHbIMU pekomendauu;mu ISO, Komopbsle, KaK npaeuno,
()emapupyiomaz uepes omedvecmeeHHnoe 3AKOHO0AmMeNbCmeo U Pealusyroncs I’lOCp@dCWl80M
nabopamoputi no Kaaubpoeke cpedcms u memooos usmeperuu. Ilpu smom ananuz meHOeHyull
hopmuposanusi 0CHOBHBIX NONONHCEHUL NO 0DECNEeUeHU) HAOEHCHOCIU U eOUHCEA UMepeHull npu
HenocpedcmeeHHOM ux 6H€0p€HMM yKaswvleaent Ha CJHO0MNCHOCMb e6ocnpusimus u Ol’lpe()eﬂeHHble
()ucnponopuuu 6 npouyecce skcniyamayuu cpe()cme usmepumeﬂbﬂoﬁ mexHuKu npu ucnolb306aHuU
NOHAMUA Heonpe()eﬂé'HHocmu M3M€p€HuIz. Hpe()ﬂoofceno ocywecmeiiiims peajiu306aHHble USMEPEHUA
C no3ub;uﬁ ux Heonpe()eﬂénnocmu I’lOCp@dCWl@OM OYEHKU  NOJIYYEHHbIX anocmepuopHsblx
Pe3VIbmamos npu 00513amenbHOM yyéme NONPAsoK 8 8UOe HEeKOMOpo20 OONYCIMUMO20 UHMEPBALd
onocpe()cmeoeaﬂﬂbzx U3MEHeHUl I’lOZp@WHOCWl@IZ, umo coomeemcmeyem pexdcumy 6blNnOJIHEeHU
3amped08aAHH020 ANPUOPHO20 (PAKMA HEONPeOeNEHHOCMU U3MePEeHUI.

Knroueesvie cnoea: cpe()cmea usmepumefzbnoﬁ MEeXHUKU, HAOEHCHOCMb U eOUHCMBO
USMEpeHUll, NOSPEeUHOCMb  USMEPEHUl, HeONpPeOdeléHHOCMb  USMEPEHUl, Mempoa0cuiecKast
ammecmayus cCpeocmes usmepeHull.

Beryniienne.

@®OopMHpPOBAaHUE COBPEMEHHBIX OCHOBHBIX TOJOXEHUI 10 00eCrneyeHHIo
HAaJKHOCTH U €JUHCTBA U3MEPEHUI JOJDKHO COOTBETCTBOBATh pekoMeHaauusaM ISO
[1,2] 1 3anexiaapupOBaHHBIM TOCYJApCTBEHHBIM 3aKOHOJATEIbHBIM TPEOOBAaHUSAM
IIpU CO3JaHMUHU JTAOOpaTOPUH MO KaIuOpOBKe CpelcTB U MeTo10B u3mepenuid (CMI)
g mocieAyomero ux (QyHKUuoHMpoBaHMs. [Ipm 3TOM  METpOJOTHYECKYIO
aTTeCTAllMI0 CPEJICTB M3MEPEHUH, BXOJSUIMX B COCTaB  HUCIBITATEIBHOIO
000pyIOBaHUS U HM3MEPUTENbHBIX KAHAJIOB CHUCTEM (KOMILIEKCOB), JIOMYCKajIOCh
COBMEUIaTh C aTTeCTalMed HCHBITATEIbHOTO OOOpYAOBaHUS U METPOJIOTMYECKOU
aTTeCTalluel W3MEPUTENbHBIX KaHaloB. lIpuuéMm wucnosb3dyemas nporpamMma Hu
MeToauka wmeTrpojiorndyeckor arrectanmu  (IIMA) cpenctB u3MepeHuit morja
BXOJIUTh COCTAaBHOWM 4YacThl0O Kak B NPOrpaMMy aTTeCTAllUd HCHBITATEIBLHOTO
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0o0Opy/10BaHus, TaK U B NPOTrPaMMy METPOJIOIMYECKON aTTeCTallud W3MEPUTENbHBIX
KaHaJI0B. Ecii HEBO3MOHO HCIIOJIb30BATh CTAHIaPTU30BAHHBIE METO/IBI U CPE/ICTBA,
TO NpeanpusAThe (OpraHus3anusi), NOPEACTaBIAIONIEE CPEICTBO H3MEPEHU Ha
METPOJIOTHYECKYIO0 aTrTecTtaiuio, Bkaodain B [IMA cnenuanbHble METOABI H
CpeICcTBa  HCCIENOBaHUS  METPOJOTMYECKHX  XapakTepuctuk. boisee  Toro,
JOIYCKAJIOCh NPUMEHEHHE PACYETHBIX M PACUETHO-3KCIEPUMEHTAIBHBIX METOOB
ONpENEICHUSI METPOJIOTMYECKUX XaPAKTEPUCTUK H3MEPUTENIBHBIX KaHAJIOB CHCTEM
(xommuiekcoB). Ilpu 3ToM, 110 TpOBEeAECHHS METPOJOTUYECKOW aTTecTaluu
KOHKpeTHbIX cpeAcTB u3aMepeHuir (CH), nmomyckanoch HCHOJIb30BAHME K HHUM
YCIOBHO-O000IIEHHOTO Ha3BaHUSI B BHUJAE «HE CTAHJIAPTU30BAHHBIX CPEJACTB
W3MEpPEHUI», a OCJIE YCIEIIHOW MEeTpoJornyeckoit arrectauuu takue CHU nonyvanu
CTaTyC CTaHJAapPTU30BaHHbIX cpeAcTB u3amepenuid (CCH).

B cnyuae ocBuaerenbcTBOBaHMS cpeAcTB usMeputenbHord TexHuku (CUT), e
NOANAJAIINAE T0J YETKUH aQJITOPUTM TOCYAAPCTBEHHOTO METPOJIOTHYECKOTrO
HAJ30pa U BEJOMCTBEHHOT'O KOHTPOJIS, HCIOJIB30BAIA CTaHAAPT «METponorunueckoe
oOecrnieueHue pa3pabOTKU, U3rOTOBJICHUS U SKCIUTyaTalldd HE CTaHAapTHU30BaHHbBIX
cpenctB  usMmepeHuit» [3]. dakTUYecKu, OCYIIECTBISUIM KakK ONpeAcseHue
METPOJIOTUYECKUX XAPAKTEPUCTUK HM3MEPUTEIIBHOM TEXHHUKH, TaK M YCTaHOBJICHHE
npurogHoctd 3TuX CHUT K IpPUMEHEHWIO 4Yepe3 ONpENECICHUE W YCTAaHOBJICHUE
COOTBETCTBHUSl JAHHBIX METPOJIOTMYECKUX XAPAKTEPUCTUK ATTECTYEMBIX CPEJICTB
U3MEpPUTENBHON TEXHUKM K TpeOoBaHUsIM TexHuyeckoro 3aaanuss (T3) Ha
pa3paboTKy, a TaKKe U JPYTUM HOpMaTUBHBIM JokymeHTaMm Ha 3Tu CUT, Britouas u
IPOBEPKY NPABWIBHOCTUA BBIOOpPA METOJIOB M CPEACTB MX IMOBEPKHU, NMPUBEIECHHBIX
(oTOOpaxkaeMbIX) B SKCILTyaTallAOHHBIX TOKYMEHTaX.

OCHOBHOM TEKCT.

HarnsaasIM noATBEPKIEHUEM BBILICU3I0KEHHOMY SIBIIIETCS METPOJIOTHYECKas
arrecrauuss CUT B Buae Oe3sxoBbix kamep (BOK), mmpoko npumeHsiemMblx npu
PaauodIEKTPOHHBIX M3MepeHusx [4,5]. Ha ux ocHOBE BO3MOXHA pean3aus MHOTUX
(3a4acTyro BeCbMa TPYAOEMKHUX) dJIEKTPOMArHUTHBIX U3MEPEHU, 00ecIIeunBaOLINX
BBISICHEHME KaKk AOMIMPUYECKOM  aJeKBaTHOCTH  MOJENEH, OTOOpaXkarouIux
KOHKPETHbIE YCTPOMCTBAa WM siBJIeHUS (Hampumep, [6-8]), Tak U camy OILICHKY
JOCTOBEPHOCTH H3MEPEHMM, OCYIIECTBISIEMBIX CPEACTBAMHU PaTUOIICKTPOHHOM
anmnapatypsbl [IPH UCIIOJIB30BAHUN PATUOPU3NIECKUX METO0B u3yueHus. [Ipu atom,
K&Kl pa3 mepea SKCIEpUMEHTANBbHBIMU HcciieqoBaHusiMu, BOK coBMecTHO ¢
CCH, BbIHyXJ€Ha IOABEPraTbCcsl MOBEPKH HA METPOJOTMYECKYIO JOCTOBEPHOCTH
MOATBEPAKACHUS COOTBETCTBUS U3MEpEHUii [9].

KoHuenuust mpuHOMNa JOCTOBEPHOCTH  IMOATBEPKIECHHUS  COOTBETCTBHS
IIOCTPOEHA Ha OCHOBE OLIEHKH MPUEMJIEMOr0 PUCKa M aHalu3a (PYHKIIMOHUPOBAHUS
KOMOMHMPOBAaHHOW  CHCTEMbl  IOATBEPXKACHUS COOTBETCTBUS B  YCIIOBHUSIX
Heonpenen€HHocTH.  Vcnonp30BaHWE  NPUHLMIIA  HEONPEAEIEHHOCTH  XOPOLIO
U3BECTHO B KBAHTOBOM (PM3MKE, PAIUOJIOKALIMU, HUHTPOCKOIUMN U JIPYIHMX OTpacisix,
IOJIBEP)KEHHBIX BEPOSTHOCTHBIM 3aKOHAaM IPOTEKAaHUS COOBITUH B HHUX U, B
HACTOSIIIIEE BPEMsl, JaHHBIM IPUHLNII BBEACH JUIA aKLIEHTUPOBAHUS BEPOSTHOCTHOIO
XapakTepa TMpU OLEHKE MPOBOAUMBIX HU3MepeHuil. B wyacTHocTH, Hamuuue
crnenuUUecKuX U3MEPEHUN IPU BO3MOKHOM OTKIIOHEHUU OT OXKUJAEMOTO COOBITHS
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WIM pe3yJibTaTa, Hampumep, MpU BBIUUCIECHWW OTHOILIEHHUs MpaBaomnonoous [5],
MPUBOIUT K HEOOXOIUMOCTH OLIEHKH JOCTOBEPHOCTH MOJTBEP)KICHUS COOTBETCTBHUS
MIPOBEAEHHBIX U3MEPEHUM, T.€. K ONPEACIICHUIO CTENEHU JOBEpHUS K MOJyYEHHOMY
pe3yibTaTy NpU 3aJaHHOM (JOMYCTHMOM) PHUCKE, - KPHUTEpUHU, ONPEIEIIEMOM
MOCPEACTBOM CTATUCTUYECKUX 3aKOHOMEPHOCTEH MCCIIEAYEMbIX COOBITHIA.

CrnenoBaTenbHO, B pe3yJIbTaTe pealn3aluy TaKUuX ONepauuid, MOXXHO CYIUTh O
HEKOM HWHTETPAJIIbHOM OLIEHKM KadeCTBa ITPOBOJUMBIX HCCIEAOBAaHUMN, HTOTOBBIC
pe3yabTaThl KOTOPBIX TPAJAUIIMOHHO BOCIPUHUMAIOTCS C TMO3UIMA JOCTOBEPHOCTH
U3MEPEHHUM, OTOXKIECTBIAEMBIX C HX allOCTEPUOPHOM MOrpemHocThio. IloaTtomy
MOHSITUE «IIOTPEIIHOCTU pe3yibTaTa W3MEPEHUI» KOPPEIUpPYeT C MOHATHEM
MCTUHHOTO 3HAYE€HMs, Yero MPUHUMIIMAILHO HEBO3MOXHO AOCTUYb. B pesynbrare
METPOJIOTUYECKUI KOHTPOJIb (aTTECTALIMIO) B YCIOBUSAX HEOMPEAEIEHHOCTH MIPUHSATO
OCYILIECTBIIATh MO MpaBujiaM, ycTaHoBIeHHbIMU B [[upektuBax MCO/MOK [10]. B
HUX COJEpXKaTcsi NPUHLUIIBI M METOJUYECKHEe YyKa3zaHus 10 pa3paboTke
HOPMATHBHBIX JIOKYMEHTOB, HAIlPaBJICHHBIX Ha peanu3aiuio (OCYIIECTBICHUE)
NEATENBHOCTH 1O OLEHKE COOTBETCTBUS IIPM MCIHBITAHUSAX B IPOIECCE
WHCIIEKITMIOHHOTO KOHTPOJIS U BBhIIAYW pa3iuuHbIX hopm ceprudukainmu. MToroBeim
pe3yJIbTaTOM TaKOM AESITENbHOCTU SIBISIETCS JIMOO MOJTBEP)KJIECHUE COOTBETCTBUS B
dbopMe IeKIIapupoOBaHMS, OTUYETOB, CEPTU(PHUKATOB, 3HAKOB COOTBETCTBHUSA, JHOO
BbIJIaUa pa3pelieHui U JMeH3un. [Ipu 3ToM, HEB3Upask HA MOHATUWHYIO CIIOXKHOCTD
BOCIIPUATUSL U METOJIMK OLICHUBAHUA, MCIOJB3YIOT MOHSTHS HEONpPEIeICHHOCTH
m3mepeHu [11]. @akTudeckn >MOUPUYECKH ONpenesieMas BEJIMYMHA, C MMO3ULUN
HEONPEJIEICHHOCTH W3MEPEHMs, JIOJDKHA OJHO3HAYHO SIBISTHCA BHYTPEHHE
COrJJaCOBAaHHOM, HE3aBUCUMO OT KOMIIOHEHTOB €€ COCTaBJISIOIIMX H UX
(KOMIIOHEHTOB) BO3MOKHOW TpYNIUPOBKU. Takke 00s3bIBAJIaCh peaanu3alus
HE0OXOAUMOCTH o0ecrniedeHus MIPEEMCTBEHHOCTH UCIIOJIb30BaHUS
HEONPEIEICHHOCTH U3MEPEHUS NIPU HENOCPEICTBEHHOW OLIEHKH OJIHOTO pe3yibTaTa
B TIPOLIECCE OLEHMBAHUM HEONMPEAECICHHOCTH JPYroro M3MEPEHUs, B KOTOPOM
MCIIOJIB30BAJICS MpEeApIAyui pe3yibrar. [103ToMy, B TEpPMUH «HEONPEAEIEHHOCTD
u3MepeHus», (HeB3upass Ha TO, YTO CaMO 3HAYEHHE CJIOBA «HEOIPEACICHHOCTH
MOXHO TpPaKTOBaTh KaK «COMHEHHE»), OOOCHOBAaHHO 3aJ0)KE€HAa CIOCOOHOCTH
OTOOpakaTb HEKUW pa3dpoc 3HAYECHHM, KOTOpPHIA HE TOJIBKO OJHO3HAYHO
MPUHAJICKUT HU3MEPSAEMOM BEIMYMHE, HO U TMIO3BOJISIET OLECHUBATh JIaHHbBIC
M3MEPEHUS C MO3UIUNA TJOCTOBEPHOCTU COOTBETCTBUS [9].

O4eBUHO, YTO HEMOCPEACTBEHHOE OLICHUBAHUE JIOCTOBEPHOCTU COOTBETCTBHUS
U3MEPEHUI M OINpEAENICHHs YPOBHS HEONPENEIEHHOCTH MNPOBOAUMBIX H3MEPEHHIA
TpeOyeT HaIMYUsl OTEUYECTBEHHBIX Ja00paToOpuil MO KATMOPOBKE U METPOJIOTUUYECKOM
IIPOCIIEKUBAEMOCTH PE3YNbTaTOB H3MepeHuil. Ilpu 3TOoM, HE roBOps yXke O He
CTaHJIaPTU30BAHHBIX CPEICTB HU3MEPEHHM, 3a4acTyl0 MOJAJeXaT o00sA3aTeIbHON
kanmu6poBku U Te CUT, TOYHOCTH U HEONIPEACIIEHHOCTh U3MEPEHHUI KOTOPBIX BIUSIOT
Ha JIOCTOBEPHOCTH MPEACTABISIEMBIX PE3YyIbTATOB W/MIM TPEOYIOT NOMOJHUTEILHOM
KAJIMOPOBKU U3MEPUTEIILHOTO 00OpPYAOBAHUS MPHU YCTAHOBIEHUHU METPOJIOTHYECKOM
MIPOCJIE)KMBAEMOCTH TPEICTABISIEMBIX IMIIMPUUYECKUX pe3ysbTaToB. Kak mpaBuio,
HE0OXoAMMasi MPOCIEKUBAEMOCTh PE3YyJbTAaTOB H3MEPEHHH K MexIyHapoHOM
cucreme  eaunun]  (CU)  ocymiecTBiseTcss  MOCPEACTBOM  KaJIHMOpPOBKH,
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IpEAOCTABISIEMON KOMIIETEHTHOM nabopaTopuen, c HCIIOJIb30BaHUEM
cepTU(PUIMPOBAHHBIX CTAHJAPTHBIX 00PA3IOB C CePTUDHUITUPOBAHHBIMY 3HAUYCHUSIMHU
KOMIIETEHTHOT'O IIPOU3BOAUTEISA c YKa3aHHOU METPOJIOTUYECKOMN

npociexuBaeMocTbio K CH 1 myTéM HenocpencTBeHHOW peanmzauuu eaunun CU,
MOJATBEPKACHHOW MPSIMBIMU MJIM KOCBEHHBIMU CIMYEHHUSIMH C HAIMOHAJIBHBIMU WJIA
MEKIyHApOJHBIMM dTaJlOHaMU. /[ He CTaHIapTU30BaHHBIX CPENCTB U3MEPEHHUM, C
MO3UIIUNA MCTIOJIb30BAHUSI TOHATUN HEOMPENASIEHHOCTH HM3MEPEHUH, MOTpeOyroTCs
COOTBETCTBYIOIIME pa3pabOTKU MO HCHOJIb30BAHUIO AaTTECTOBAHHBIX METOJUK
M3MEPEHUI W/WIIM METOJUK MPSAMbBIX U3MEPEHUH, BKIIIOUEHHBIX B SKCIUTyaTAllMOHHYIO
JOKYMEHTAIIMI0 CpPEICTB M3MEPEHUS YTBEPKIACHHOIO THUNA C IPUMEHEHUEM
IIOBEPEHHBIX  CPEACTB  M3MEPEHUs  YTBEPXKICHHONO TUHA B IpOLECCe
HEIMOCPE/ICTBEHHOW  peaiu3alMy  KaauOpaTopoB W CTaHAAPTHBIX  0OpasloB
YTBEPKJICHHOTO THUINA W/WIM HTAJOHOB, YIOBIETBOPAIOIIUX TOCYJIapCTBEHHBIM
IIOBEPOUYHBIM CXEMaM U cucteMme enuHul n3mepenus CH.

3akJ/il04eHue ¥ BHIBOJbI.

dakTUYeCKu MOXHO KOHCTAaTUPOBATh, YTO aHAIN3 TEHICHIUNA (HOPMHUPOBAHUS
OCHOBHBIX MOJIO)KEHUN MO 00ECHEeUEHUI0 HaJKHOCTH M €IMHCTBA M3MEPEHUN U UX
peanuzanui, cornacHo noxenaHuid ISO, yka3plBaeT Ha CIOXKHOCTb BOCIPHUSTHS U
ONPENECIICHHbIE  TUCIPONIOPLMU B  IPOLECCE BHEAPEHUSA TaKUX  CPEICTB
U3MEPUTEIBHON TEXHUKU IIPU  HUCIIOJIb30BAHUU IIOHATUS  HEOIPEACIEHHOCTH
m3mepeHnid. OQHaKo, ¢ LENbI0 OCYLIECTBICHHUS aJEKBAaTHOCTH M JTOCTOBEPHOCTH
COOTBETCTBUSI U3MEPEHHUN B pAMKAX HMCIOJIb30BAaHMS MPUHILIMIA HEONPEAEIEHHOCTH,
CJIEIyeT OTOXAECTBIATh, (MPU OLEHKE arOCTEPUOPHBIX PE3yJIbTATOB U3MEPEHUU C
UCIIOJIb30BAHUEM  HEOOXOJAMMBIX  BBIUMCIEHUH N0  HEOMNPEAENIEHHOCTH),
peann30BaHHbIE U3MEPEHUS U MX MOTPEUIHOCTH MPU 00A3aTEIBHOM YUETE MONPABOK
aIlOCTEPUOPHOTO PELICHUS 110 IPUIIACHIBAEMBIM MM BO3MOXHBIM HHTEpPBAIAM
M3MEHEHUH JaHHBIX MOTPEIIHOCTEN B BUJIE HEKUX A, UTO HEMOCPEJACTBEHHO U OyAeT
COOTBETCTBOBATh YCJIOBHUIO BBIITOJIHEHHS 3aTPEOOBAHHOTO (pakTa HEONpPEeIEHHOCTH
u3Mepenuit. Ilpu STOM TIOBTOp H3MEPUTENBHBIX IMKIOB C 00s3aTeIbHBIM
BBIYMCJIEHUEM KOJIMYECTBEHHON OLEHKHM HEONPEACIEHHOCTH HM3MEPEHUM KaXKJoro
[MKJIa TI03BOJISIET OOECIeUMBaTh AalpPUOPHO 3aJIaHHBIA YPOBEHb JOCTOBEPHOCTH
W3MEPEHUM.

Jlureparypa:

1. ISO 5725-1, Accuracy (trueness and precision) of measurement methods and
results. Part 1. General principles and definitions. (ISO 5725-1 TouHocCTh
(IpaBUIBHOCTD U MPEUU3UOHHOCTH) METOJOB U pe3yiabTaTOB u3MepeHuit - Yacts 1:
OO0111e MoJI0KEHUS U OTpeIeTICHHS)

2. ISO/IEC Guide 99:2007, International Vocabulary of Metrology (VIM)
(PykoBogactBo ISO/MEK 99 MexayHapoaHblii ClIOBapb IO METPOJIOTUA —
OcCHOBHBIE U O0IITME OHATHS U COOTBETCTBYIOIIUE TepMUHBI (VIM)).

3. Metposoruueckoe odecrieueHue pa3padOTKH, U3TOTOBJICHUS U IKCILTyaTalluK
HE cTaHApaTu3oBaHHbIX cpenactB uamepenuit [Tekcr]: 'OCT 8.326 — 78: Been. Ol.
07.79. —M: U3n-Bo crangapTos, 1984.

4. ToprosanoB, B. A. be3sxoBwsie kamepwl [Tekct] / B. A. Toproanos //

ISSN 2567-5273 9 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3

3apy0Oex. paanosnektponuka. 1974. Ne 12. — C. 20 — 46.

5. Tapacenko 10.C. ®i3uuni ocHoBu paaionokauii. ainpo: [Toporu, 2011. 487c

6. A.c. Nel095107 CCCP. Cmoco6 ompezneneHusi XapakKTepUCTHK MPUEMO-
nepenarorieit anteHHsl [ Tekct] / FO. C. Tapacenko, B. B. Typuun. (CCCP). — omy06:1.
30.05.84, bron. Ne 20.

7. A.c. Nel1141319 CCCP. Cnocob omnpeneneHuss KOHIIEHTPAIMU 3JIEKTPOHOB B
nonocdepuoit mwiazme [Tekcr] / HO.C. Tapacenko, B.B. Typuun (CCCP). —omy0a.
23.02.85, brom. Ne7.

8. A.c. Ne759002 CCCP. YCTpOoMCTBO 1Ji1 U3MEPEHUSI PACCEUBAIOIIUX CBOMCTB
PaIMoJIOKAIIMOHHON 1enu ¢ Tuia3MeHHo# oOosoukoit [Tekcr] / @.M. Konomoiines,
10.C. Tapacenxo, B.B. Typuun / (CCCP). — No759002 3asgi. 28.08.78.

9. ISO/MEK 17007:2009 «Ouenka cooTBETCTBUA. MeTonuueckre yka3zaHus 1o
pa3pabOTKe HOPMATUBHBIX JOKYMEHTOB, MPETHA3HAYEHHBIX IS MPUMEHEHHUS IPHU
orierke coorBercTBUs» (ISO/IEC 17007:2009 «Conformity assessment — Guidance
for drafting normative documents suitable for conformity assessment).

10. ISO/IEC Guide 98-1:2009, Uncertainty of measurement - Part 1:
Introduction to the expression of uncertainty in measurement, IDT.
Heonpenenennocts n3mepenus. Yacts 1. BBenenue B pykoBOJICTBA 1O BHIPAKEHUIO
HeonpeneneHHocTH u3meperus. M. Cranaaptundopm. 2017.

11, ISO/IEC 98-3, Uncertainty of measurement — Guide to the expression of
uncertainty in measurement. HeomnpenenenHocts wu3smepenuir — Yacte 3:
PykoBOACTBO MO BhIpakeHHIO HeomnpeaeneHHoctu u3mepennii (GUM:1995).

Abstract. The article is devoted to the aspects of measurements based on the paradigm of
their truth in accordance with modern ISO recommendations, which, as a rule, are declared
through domestic legislation and are implemented through laboratories for the calibration of
measuring instruments and methods. At the same time, the analysis of tendencies in the formation of
the main provisions for ensuring the reliability and uniformity of measurements during their direct
implementation indicates the complexity of perception and certain imbalances in the process of
operating such measuring instruments when using the concept of measurement uncertainty. It is
proposed to carry out the realized measurements from the standpoint of their uncertainty by
evaluating the obtained a posteriori results with the obligatory accounting of corrections in the
form of a certain permissible interval of indirect changes in errors, which corresponds to the mode
of performing the requested a priori fact of measurement uncertainty.
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Anmerkung: In jiingster Zeit wurden erhebliche Fortschritte bei der Entwicklung intensiver
Strahlungsquellen und neuer optischer Elemente fiir den Vakuum-Ultraviolett-Spektralbereich
(VUV) erzielt. Dieser Fortschritt diente als Grundlage fiir die Entwicklung vieler
vielversprechender  praktischer ~ Anwendungen: Mikroskopie, Rontgenholographie,
Rontgenlithographie, Mikroelektronik usw. Die Entwicklung dieser Bereiche, insbesondere die
Optimierung der Parameter von Quellen und die Wahl der Optik Elemente sind qualitative
quantitative (absolute) Messungen der Strahlungseigenschaften erforderlich. Die Durchfiihrung
solcher Messungen im VUV-Spektralbereich ist jedoch eine ziemlich schwierige Aufgabe.
Tatsache ist, dass in diesem Bereich des Spektrums alle Substanzen je nach Wellenldnge eine
grofie und stark variierende Absorption aufweisen. Daher erfordern alle Strahlungsdetektoren
eine unabhdngige Kalibrierung gegen eine Referenzquelle im gesamten Wellenlingenbereich, da
ihre Empfindlichkeit von den Eigenschaften und der Reinheit der absorbierenden Oberfliche
abhdngt. Die vorgestellte Arbeit zeigt eine Technik zur Photometrie monochromatischer Strahlung
im ultravioletten Bereich des Spektrums unter Verwendung von zwei Vorrichtungen: einer
kalibrierten thermischen Sdule und einer Photovervielfacherréhre, deren Fenster mit einer
diinnen Schicht Salicylsdure-Natrium bedeckt ist.

Stichworte: Fotovervielfacherréhre, Fotokathode, Photon, monochromatische Strahlung,
Lichtquantum, Wéirmesdule.

Einfithrung:

Die Spezifitit optischer und photoelektrischer Messungen stellt bestimmte
Anforderungen an Lichtquellen.

Erstens miissen sie iiber die gesamte Oberfliche der Strahlung des Lichtstroms
die gleiche Helligkeit haben.

Zweitens sollte der Strahlungsenergiefluss zeitlich stabil sein und so geringe
Schwankungen aufweisen, dass er im Rahmen experimenteller Fehler die
Ergebnisse des Experiments selbst nicht beeinflusst.

Drittens muss die Intensitdt des Lichtflusses, der durch die Oberfliche des
Eintrittsspaltes des Monochromators flieB3t, konstant sein.

AuBlerdem muss die Intensitdit des gesamten Spektrums der
monochromatischen Strahlung der Lichtquelle bekannt sein.

Das Ziel dieser Arbeit ist es, die Intensitidt der monochromatischen Strahlung
zu bestimmen, um die spektrale Verteilung der Quantenausbeute der Photoemission
von der Oberfldche von Festkorpern zu bestimmen.
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Analyse aktueller Forschungen und Veroffentlichungen.

Der  Hauptnachteil = sowohl  der  optischen als auch  der
Photoelektronenspektroskopie sind Lichtquellen, bei denen der
Strahlungsenergiefluss wie immer wéhrend der Experimente Instabilitit zeigt. In [1]
wird eine Beschreibung und ein Design einer Hochspannungswasserstofflampe als
Quelle fiir ultraviolette Strahlung im Energiebereich bis zu 11 eV angegeben, die in
der Photoelektronen- und optischen Spektroskopie verwendet wird. Die hohe
Qualitdit und Zuverlassigkeit dieser Wasserstofflampe als Lichtstrahlungsquelle
zeigt sich bei der Verwendung in der Photoelektronenspektroskopie.

Die Messung der Gesamtstrahlungsmenge, die auf das untersuchte System
(Photoemitter) trifft, wird als Aktinometrie bezeichnet. Bei der Untersuchung der
Photoemission muss die Gesamtmenge der vom Photoemitter empfangenen
monochromatischen Lichtenergie bekannt sein. Eine Art von Aktinometer ist eine
Thermosiule, bei der es sich um eine Gruppe von Thermoelementen handelt, deren
bestimmte Enden gegen eine schwarze Oberflidche gedriickt sind (mit Platinschwarz
bedeckt). Thermosdule - ein System von in Reihe geschalteten Thermoelementen,
das zur Verstirkung des thermoelektrischen Effekts dient. Bei der Messung
monochromatischer Strahlung wird die Wérmesédule hinter dem Austrittsspalt des
Monochromators platziert und die Intensitit der monochromatischen Strahlung
gemessen.

Erklirung des Hauptforschungsmaterials.

Um die Photoemission von einer festen Oberflache zu untersuchen, miissen zwei
Arten von Merkmalen experimentell untersucht werden: 1) spektrale Verteilung der
Quantenausbeute der Photoemission Y(4v); 2) die Energieverteilung der
Photoelektronen N(E). Da die Quantenausbeute der Photoemission bei einer
gegebenen Photonenenergie

hv=hc/\ (1)
wobei /1 — die Plancksche Konstante ist; ¢ — ist die Lichtgeschwindigkeit; v — ist die
Frequenz der Lichtwelle; 4 — Wellenldnge,
wird bestimmt durch das Verhaltnis der Gesamtzahl der Photoelektronen N, zur
Gesamtzahl der anregenden Photonen Ny, mit einer gegebenen Energie hv,

Y(hv) = Nei / Ny (2)
um die spektrale Verteilung der Quantenausbeute zu untersuchen, muss der gesamte
Photostrom vom Emitter gemessen werden.

1 el = Nel ‘e (3 )
wo e — die Elektronenladung ist; N — ist die Anzahl der von der untersuchten Probe
emittierten Elektronen.

Die Intensitit der vom Monochromator auf den Emitter einfallenden
elektromagnetischen Strahlung, d.h. Die Anzahl der einfallenden Photonen Ny, wie
aus Formel (2) folgt, muss bekannt sein, um die spektralen Eigenschaften der
Quantenausbeute aus dem Photoemitter zu bestimmen. Die Intensitit der
monochromatischen Strahlung wurde unter Verwendung eines Thermoelements mit
einer gegebenen Empfindlichkeit bestimmit.

Messungen der Intensitdt von monochromatischem Licht mit einer thermischen
Sdule konnen im sichtbaren Bereich des Spektrums durchgefiihrt werden, wo die
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Strahlung ausreichend intensiv ist. Die Verwendung einer thermischen Sdule im
ultravioletten Bereich des monochromatischen Spektrums wurde durch die geringen
Intensitéten einzelner Spektrallinien behindert.

Gegenwirtig werden hochempfindliche Strahlungsdetektoren verwendet, um die
Intensitdt von ultraviolettem Licht zu messen und ultraviolette Strahlung unter
Verwendung verschiedener lumineszierender Substanzen in sichtbare Strahlung
umzuwandeln, deren Lumineszenz dem Gesetz von S.I. Vavilov zum Beispiel
Salicylsdure Natrium NaC;HsOs. Salicylsdure-Natrium ist ein weilles kristallines
Pulver mit unangenehm stiflichem Geschmack, geruchlos. Lassen Sie uns in Wasser,
Alkohol, Glycerin auflésen.

Der Hauptvorteil dieses Verfahrens besteht darin, dass es keine Lichtquelle mit
einer bekannten spektralen Energieverteilung als Referenz fiir die Kalibrierung im
ultravioletten Bereich des Spektrums bendtigt.

In Substanzen wie Salicylsdure-Natrium NaC;HsO;, deren Lumineszenz bei
Bestrahlung mit ultraviolettem Licht dem Gesetz von S.. Vavilov, die
Lumineszenzlichtleistung Yyn ist proportional zur Wellenldnge der anregenden

ultravioletten Strahlung

Yo = - =a"h 4)

0
wo a — const ist; I — ist die Lumineszenzintensitit bei Absorption der Energie des
zufithrenden ultravioletten Lichtflusses /o.

Da die Energie des einfallenden monochromatischen ultravioletten Lichtflusses
Iy gleich dem Produkt der Energie eines Lichtquanten A4v durch die Anzahl der
Quanten N,y ist, d.h. also die Anzahl der Photonen

I=a -\, = Nyn*hva -, = achNy (5)
dabei ist ¢ — die Lichtgeschwindigkeit.

Daraus ist ersichtlich, dass man durch Messen der Intensitdt der Lumineszenz
die Anzahl der Photonen N, ultravioletter Strahlung erhalten kann, die diese
Lumineszenz anregen.

Die Lumineszenzintensitdt ist schwierig oder kann, wie in unserem Fall, nicht
mit einer thermischen Sdule gemessen werden, da diese Intensitit sehr gering ist. Die
Lumineszenzspektren vieler Leuchtstoffe, einschlieflich Salicylsdure-Natrium,
hingen jedoch nicht von der Photonenenergie des anregenden ultravioletten Lichts
ab. Dies ermoglicht es einem geeigneten Fotovervielfacher oder einer geeigneten
Fotozelle, die relative Lumineszenzintensitidt zu messen. Voraussetzung flir letzteres
ist eine hohe Empfindlichkeit im Emissionsbereich des Leuchtstoffs und eine lineare
Abhingigkeit des Photostroms des Photovervielfachers (Photozelle) von der Anzahl
der auf die Photokathode einfallenden Photonen. Mit Hilfe eines Leuchtstoffs und
eines Photovervielfachers ist es somit moglich, die relative Intensitit der
Lumineszenz und damit die relative Anzahl der Quanten anregender ultravioletter
Strahlung zu messen.

Der absolute Wert der Intensitit der monochromatischen ultravioletten
Strahlung kann durch Vergleichen des Stroms des Photovervielfachers, der zur
Messung der relativen Intensitit unter Verwendung eines Leuchtstoffs verwendet
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wurde, mit der EMK einer abgestuften thermischen Sdule flir einen beliebigen Teil
des Spektrums des Monochromators bestimmt werden Dies ist praktisch, um die
Strahlungsintensitit mit beiden Instrumenten zu messen.

In der vorliegenden Arbeit wurde Salicylsdure-Natrium als Leuchtstoff
verwendet, der bereits in [2] untersucht wurde. In dieser Arbeit wurde gezeigt, dass
die Quantenausbeute von NaC;HsO; iiber einen weiten Wellenldngenbereich von
3400A° bis 500A° konstant ist. Natriumsalicylsdure NaC;HsO; wurde in Alkohol
gelost und die Losung auf das Photovervielfacherfenster aufgetragen. Die Dicke der
Leuchtstoffschicht betragt etwa 30 Mikrometer [2], was der optimalen Dicke
entspricht.

Zur Messung kleiner Lichtstrome werden Fotovervielfacherrohren (FEV)
verwendet. Sowohl Fotozellen als auch Fotovervielfacher sind die
Hauptstrahlungsdetektoren bei der Arbeit mit Monochromatoren. Die vom
Austrittsspalt des Monochromators emittierte Strahlung wird auf das Eingangsfenster
des Photovervielfachers gerichtet, in unserem Fall mit einer Leuchtstoffschicht
bedeckt.

Das Lumineszenzspektrum von Natriumsalicylsdure hat eine maximale
Intensitdt im Wellenldngenbereich von 4500A°. Daher wurde ein FEV-19M-
Fotovervielfacher als Lumineszenzstrahlungsdetektor verwendet, bei dem die
Fotokathode die hochste Emissionsquantenausbeute im Wellenldngenbereich von
4200A° aufweist. Daher kann angenommen werden, dass ultraviolettes Licht
vollstindig von der Leuchtstoffschicht absorbiert wird (auBlerdem wird das
umgewandelte Licht nur unwesentlich absorbiert). dass der FEV-19M-Strom
proportional zur Anzahl der einfallenden ultravioletten Strahlungsquanten ist.

Um absolute Messungen im VUV-Spektralbereich (10 + 100 nm)
durchzufiihren, wurde ein dhnlicher einfacher Lumineszenzdetektor [3] verwendet,
dessen absolute Kalibrierung im Gegensatz zu unserem Fall mit einem UV-
Excimerlaser durchgefiihrt wurde. Der Detektor war ein Fotovervielfacher, vor dem
sich eine Siebplatte mit einer Leuchtstoffschicht befindet, Beobachtungen wurden im
Durchlicht durchgefiihrt. Als Leuchtstoff wurde Salicylsdure-Natrium-NaC;HsO;
verwendet.

Monochromatische Strahlung vom Monochromator, die durch die Linse ging,
fiel auf das FEV-19M-Fenster mit einem darauf abgelagerten Leuchtstoff mit einer
Dicke von ~ 30 Mikrometern. Die FEV-19M-Messwerte ergaben die relative Anzahl
der Quanten der ultravioletten Spektrallinien. Um die absolute Anzahl von
Lichtquanten zu erhalten, wurden die Messwerte der FEV-19M bei A = 2650A° mit
der EMK der thermischen Sédule bei derselben Wellenldinge A = 2650A° verglichen
(die Empfindlichkeit der thermischen Saule in diesem Spektralbereich betragt
ausreichend, um die Intensitit der Spektrallinie dieser Wellenldnge zu messen). Die
absolute Intensitit bei A = 2650A° wurde verwendet, um die Anzahl der Quanten fiir
diese Linie und damit die Anzahl der Quanten fiir andere Linien zu bestimmen. Die
auf diese Weise erhaltenen Photonenzahlen N,, fiir verschiedene Linien des
Spektrums der Wasserstofflampe [1] wurden von uns bei der Untersuchung der
spektralen Verteilung der Quantenausbeute in [5, 6, 7] verwendet.
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Ergebnisse:

Alle Strahlungsdetektoren erfordern eine unabhéngige Kalibrierung gegen eine
Referenzquelle iiber den gesamten Wellenldangenbereich, da ihre Empfindlichkeit von
den Eigenschaften und der Reinheit der absorbierenden Oberfliche abhidngt. Die
vorgestellte Arbeit zeigt eine Technik zur Photometrie monochromatischer Strahlung
im ultravioletten Bereich des Spektrums unter Verwendung von zwei Vorrichtungen:
einer kalibrierten thermischen Saule und einer Photovervielfacherrohre, deren Fenster
mit einer diinnen Schicht Salicylsdure-Natrium bedeckt ist.
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Abstract: Recently, significant progress has been made in the development of intense radiation
sources and new optical elements for the vacuum ultraviolet spectrum (VUV). This progress served
as the basis for the development of many promising practical applications: X-ray lithography, X-
ray holography, microscopy, etc. To develop these areas, in particular, to optimize the parameters
of sources and the choice of optical elements, qualitative quantitative (absolute) measurements of
radiation characteristics are required. However, carrying out such measurements in the VUV
spectral range is a rather difficult task. The fact is that in this range of the spectrum, all substances
have a large and strongly varying absorption depending on the wavelength. Therefore, all radiation
detectors require independent calibration against a reference source in the entire wavelength
range, since their sensitivity depends on the properties and purity of the absorbing surface. When
studying photoemission, it is necessary to know the total amount of monochromatic light energy
received by the photoemitter. One of the types of actinometer is a thermo-column, which is a group
of thermocouples with certain ends pressed against a black surface. When measuring
monochromatic radiation, the thermal column is placed behind the exit slit of the monochromator
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and the intensity of the output radiation is measured. The luminescence intensity is difficult or, as in
our case, cannot be measured with a thermal column, since this intensity is very low. However, the
luminescence spectra of many phosphors, including salicylic acid sodium, do not depend on the
photon energy of the exciting ultraviolet light. This enables a suitable photomultiplier or photocell
to measure the relative intensity of the luminescence. The requirement for the latter will be a high
sensitivity in the emission region of the phosphor and a linear dependence of the photomultiplier
photocurrent on the number of photons incident on the photocathode. Thus, with the help of a
phosphor and a photomultiplier, it is possible to measure the relative intensity of the luminescence
and, consequently, the relative number of quanta of exciting ultraviolet radiation. The absolute
intensity of monochromatic ultraviolet radiation can be determined by comparing the current of the
photomultiplier, which was used to measure the relative intensity using a phosphor, with the emf of
a graduated thermal column for any part of the spectrum of the monochromator, convenient for
measuring the radiation intensity with both devices. The presented work shows a technique for
photometry of monochromatic radiation in the ultraviolet region of the spectrum using two devices:
a calibrated thermal column and a photomultiplier tube, the window of which is covered with a thin
layer of salicylic acid sodium.

Key words.: photomultiplier tube, photocathode, photon, monochromatic radiation, quantum

of light, thermal column.
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XapxkiscoKkuil HAYIOHANbHUL MEeXHIYHULL YHIBepCUmem CilbCbK020 20CN00apCcmed
imeni [lempa Bacunenxa, Xapkie, eyn. Anuescokux, 44, 61002

Anomayia. B cmami pozensanHyma akmyanibHiCmb 3ACMOCY8AHHA NPUNAOY BUHAYEHHS
KOJbOPY WePCMHO20 NOKPUBY MEAPUH Y CYUACHOMY CIIbCbKOMY 20CNO0ApCmsi, 1020 CKIa008i
yacmunu i npuHyun Oii, @ MaKod’c HABeOeHT YImKi Kopenayii Midc 8IOMIHKAMU 8068HU | 3HAYEHHIM
NOCIUHAHHA ONMUYHO20 BUNPOMIHIOBAHHS, NPOBEOEHI, eKCNePUMEHMANbHUM WLISIXOM, 00CTI0NCEHHS
no  BUMIDIOBAHHIO ~CNEKMPATbHUX —3aNedCHOCmel  Koeiyienmie oughyznoco iobumms 3
BUKOPUCMAHHAM cnekmpomempa. Po3pobnenutl npucmpiii nokpawye ma po3uuproe Mo#caugocmi
IHCMPYMEHMANbHOI Ma HEIHBA3UEHOT 01a2HOCIUKU UEePCMHO20 NOKPUSY Ma WKIPU MEAPUH, a to20
KOMNAKMHICMb | MOOLIbHICMb HAOAIOMb MONCIUBICIb WUPOKO20 3ACMOCYB8AHHS BUMIPIOBAYA 8
YMOBAX CibCLKO2OCNOOAPCHKO20 BUPOOHUYMEA.

Kniouosi cnosa: wepcmuuii nokpus, 606Ha, onmuiHe 8UNPOMIHIOBAHHS, JA3epU, MEeIaHIHO8A
niemenmayis, ougysne 8i0oumms QizuKo-0i0102IUHUX XAPAKMEPUCUK WUePCNHOZO.

Beryn.

BukopucroByroun CBiif 3HaYHUNA MOTEHINIAN CIJIbCbKE TOCHOIAPCTBO YKpaiHU B
OCTaHHI POKHU JIEMOHCTPY€ CTaO1IbHY MMO3UTUBHY JAMHAMIKY 1 BCE OLIbIIE HApOIIye
BUPOOHUIITBO CLILCHKOTOCIOAAPCHKOI MpoayKiii. [loganpmmii po3BUTOK Taity3i, 110
€ OJHIEI0 3 HaWBWKJIMBIIIMX B EKOHOMII KpaiHM, MNOTpedye HAyKOBOIO
OOTpYHTYBaHHS Ta Cy4acHUX TEXHIYHUX pillieHb [1].

XapakTepHOI PUCOI0 Tally3l TBAPUHHHUIITBA € T€, IO BOHA (PYHKILIOHYE Y
BEIIMKOMY Jiana3oHl — BiJ TPOMHKCIOBOTO J0 HATYpPaJIbHOTO BUPOOHUIITBA. PUHOK
MPOJIYKIIii BCIX BUAIB XapaKTepU3y€eThCs HE30AIaHCOBAHICTIO TIOTHUTY 1 TIPOTIO3HIIIT Ta
HEPIBHOMIPHICTIO BHYTPIITHBOTO CIOXUBaHHA. OCOOJMBICTIO € 3MEHIIICHHST 00CSITIB
BHYTPIIIHROTO CHOXXMBaHHS. 30Kpema, 3a ocTtaHHi 20 pOKIB BIBUApPCTBO
mepeTBopuiiocss 'y ApiOHOTOBapHe, TOOTO 74 % TOrONIB’Sl Yy TPHBATHUX
rocrofapcTBax Hacenenns. Tak, y 2017 p. Bupobseno 6mmspko 2000 m HEMUTOI
BOBHM, 110 MeHIe mopiBHAHO 3 2018 p. maibke Ha 10 %, mo € HacIiAKOM
BIJICYTHOCTI 1H(PACTPYKTYpH 3aroTiBEJIbHUX 1 MEPEPOOHUX MIANPUEMCTB MPOAYKIIii
BIBYAPCTBA, IO YHEMOXJIMBIIOE (HOpMYBaHHS HEOOXITHUX ISl CyYaCHOTO PUHKY
napTid NPOAYKII JIJIst peaizailii Ta miAroToBKy A0 cepTudikariii.

PiBeHp BupOOHHMIITBa OapaHWHM Ha Jylly HaceleHHs cTaHoBUTH 30 % Bifg
HopMmu MO3, notpeda y BOBHI 3a10BOJIbHAETHCSA Jinie Ha 10 %, 110 IpU3BOAUTH 110
30UTKOBOCTI raiy3l B OCTaHHI pOKU csArae — 72-73 %, a 3aranbHuit Aedinut 6apaHuHU
ctaHoBUTh 35,1 muc.m, BoBuu — 41,1 muc.m. [2].

ISSN 2567-5273 17 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3 éw

AHaJIi3 OCTAHHIX JOCTIIKeHb i myOJTiKaIriii.

B nmiteparypi ocTaHHiM YacoMm 3’SIBHJIMCH MyOJikaiii, sKi BKa3ylOTb, IO
BU3HAUEHHS CTyHeHs MenaHiHoBOi mirmMenTaii (MII) mepcTHOro moxkpuBy Ta HMIKIpH
TBApUH € HEOOXITHUM TMOKAa3HUKOM SIKOCTI JUIsl TIOJAJIBINOI peastizallii mpoayKIlii Ta
MIPOBEJICHHS YCIIIIHOI CeleKIii TBapuH [3].

B cywacHOMy CUIbCBKOTOCTIOAAPCHKOMY BUPOOHHMITBI JaHUNA TMOKa3HHUK
BU3HAUA€ThCsl CyO’€KTMBHO, a icHyroul TexHiuHi 3acobu  (Pocis), 1o
BUKOPUCTOBYIOThCA Uisi BUMiptoBaHHs MII Ta piBHS BUpaKEHHSI €pUTEMHU IIKIPH
JIOJIEN, 3aCTOCOBYIOTh HEMOHOXPOMATHMYHE BHUIIPOMIHIOBAHHS  CBITJIOJIOIB.
Hanpuxknan, cuni ceitnomioau cepii XP-C Color (CREE, Inc., USA) BUnpomMiHo0OTh
y miana3oHi 465-485 um, a yepBoni XP-E Color — 620-630 nm, 1mo oO0ymoBIiIIO€
BIJIMOBIJIHY MOXUOKY BUMIPIOBaHb [5].

JlazepHe BHUMIPOMIHIOBaHHS, SIKE€ BHUPOOJSETHCS BIAMOBITHUMH JKEPEIaMH,
MOCWJIFOETHCS, MAHIMYJTIOETHCS 1 JOCTaBISETHCA IO TYHKTY 3aCTOCYBaHHS 1
BIIPOBAKYETHCS SIK 3aci0 Tepamii ab0 BUMIpIOBaHb, I'PA€ BAXIUBY POJb B JKUTTI
POCIIMH, TBapUH 1 JIIOJIMHU, KEPYIOUU O10XIMIYHUMU MEXaHI3MaMHM 1 MpoIecaMu ax
no ekcnpecii reniB [6]. Himenpkuit Buennit E. Hering B cBoiit po6oti "®doTonika"
(2005) cBimuuTh Tpo Te, MmO 21 CTOMTTA CTaHE «CTOMITTAM (OTOHIBY, a
BUKOPUCTAHHS JIA3€PHUX TEXHOJOTIH € HEOOXITHUM KPOKOM IS YIOCKOHAJICHHS
TEXHOJIOTTYHUX MPOIECIB Y BCIX cdepax MisIIbHOCTI HAIIOTO CyCHiabcTBa [7].

Cnig 3a3HauMTH, 10 3aCTOCYBaHHS JIA3€PHOTO BHUIIPOMIHIOBAHHS 3YMOBIIIOE
BUKOPUCTAaHHS TPAJUUIAHOT TE€OMETPUYHOI ONTHUKMA 3 CYYaCHHUMH HEIIHIMHUMU
ONTUYHUMU CUCTEMaMH ISl JIarHOCTUKM 1 Teparii. J[iarHOCTHKA € 1HCTPYMEHTOM
JUTSL TOCJIIJIKEHHSI HAHOCBITY, MOJIEKYJI, MIKPOCKOIIIYHHUX 32 PO3MIpaMu LETIOJIAPHUX
CTPYKTYp, MAaKpOCKONIYHOI OIIHKM MaTepiamiB 1 opradiB. Ilpm mpomy, 3
BUKOPHCTAHHSAM CBITJa SK HOCiA 1H(OpMalii CTa€ MOXIJIHUBUM CIIOCTEPEKCHHS
MaTepiany Juisl BU3HAYeHHS MOAU(PIKOBAHUX CTPYKTYp 1 QyHKIIN. JlilarHOCTUUHOMY
Ta TepareBTUYHOMY 3aCTOCYBAHHIO CBITJIA CIIPHUSIE€ PO3BUTOK JIA3EPHUX TEXHOJOTIN. 3
BUOOPOM JOBXKHWHM XBUWJI, BiJl yIbTpadioneToBoi 10 iH(pauepBOHOI Ta €KCIO3MIIII,
CTa€ MOXKJIUBUM JIOCATHEHHS PI3HUX MEXaHI3MiB [ii, sIKI JO3BOJSIOThH 3/1HCHIOBATH
CEJICKTMBHY 110 Ha IIbOBI CTpYKTypHu [5,7,8]. OnHuM 3 HaWOUIbII aKTyadbHUX
HAMpsIMKIB B ONTUYHUX TEXHOJOTISX CHOTOJHINIHBOIO Yacy CTalM JOCITIIKEHHS
J1arHOCTUYHUX BJIACTUBOCTEH 1 O10JIOTIYHOI Jii JIa3epHOTO BHUIIPOMIHIOBAHHS, HE
JTUBJISTYNCH HA TE, IO TEPII JOCTiau Oyl po3moyaTi mie B CEpearHI MICTASCATUX
POKIB MHMHYJIOTO CTOJITTS, TOOTO BiJpa3y MIC/sI MOSBH MEPIIUX CEPIMHUX MOJETEH
nazepiB [9]. Tak, B monorpadii C. daitna i E. Kneitna (Fine S., Kleine E., 1965)
PO3TIISIHYTI €PEeKTH, OB'sI3aH1 3 YpaKEHHAM TKaHUH 1 OpraHiB JIOAUHU 1HTCHCUBHUM
na3zepHUM BunpomiHtoBaHHsM [12,13]. laii, Ha psay 3 TepaneBTUIHUM 1 1HBA3UBHUM
BUKOPHUCTAHHSM Jla3epiB B clibcbkoMy rocroaapctsi [10,11] Ta menununi [12] Bce
O1IBIIOT aKTyaJIbHOCTI HaOyBae TMpelu3iiiHa JlarHOCTHKA O10JIOTIYHUX O0'€KTIB 1
nporieciB. BumipioBaHHS NOPOMYyCKaHHS, BIJIOWUTTS, pPO3CIIOBaHHS, aBTO- 1
dbayopecueHIlii OpeACTaBiIsIOTh OCHOBY JUISI  TPOBEACHHS  JIarHOCTUKH 3
BUKOPHUCTaHHSAM JiazepHoro BumnpomiHioBanHs [11]. CkiagHicTe 0610J0TTYHUX
00'eKTIB, 3HayHa PI3HOMAHITHICTb B XapakTepl IiX B3ae€MOAII 3 KOTE€PEHTHUM
BUIIPOMIHIOBAaHHSIM ~ 3HAYHOIO  MIPOI0  3YMOBIIIOE  30UIBILIEHHS  METO[IB
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J1arHOCTYBaHHsI, sIK1 OyJIM pO3BUHEH1 IPOTATroM ocTaHHiX 40 pokiB [14].

Bigomo, mo meroau 3 BUKOPUCTAHHAM JIa3epHOTO BUTIPOMIHIOBAHHS YCITIIITHO
3aCTOCOBYIOTBCSA JIs BUSHAUEHHS! PO3MIpiB, KOHueHTpauu a TakoX (hOPMH ONITUYHO-
HEOJHOPITHUX PO3CIIOBAYiB Yy CEPENOBHUINl OIOJOTIYHUX PIAUH, TKaHWUH 1
PO3BUBAIOTHCA B TAaKUX HAmpsMKax: — Jla3epHa Mospu3aliiHa HedeaoMeTpis, Aka
0a3yeTbcsl HA aHaJi31 MOBHOI MaTpPHIIl PO3CIIOBAHHS JAJIi BUBYEHHS MaKpPOCTPYKTYpHU
Olosoriunux 00'ekTiB; — Toyorpadiss Ta iHTepdepoMeTpiss IS OTPUMAHHS
TPUBUMIPHUX 300pakeHb 01000'€KTIB; — JIa3epHa MOJAPUMETPIs IS MOJISAPU3ALIAHOT
cesekIlii iHpopmallii npo CTpyKTypHy Oya0BYy O10TKaHUH a00 OTpUMAaHHS 300paKEeHb
ONTUYHO-aHI30TPOITHUX CAaMOMOAI0HMX MaKpOHEOJHOPOHOCTEN O10TKaHuH [15,16].

Tak, BUKOPUCTaHHS METOJY Ja3epHOi I1(ppakTOMEeTpii J03BOJUIO BU3HAUUTH
paHHI TPOSBH EHIOTEHHOI 1HTOKCHKAIi XBOPHX 3 JECTPYKTUBHHUM IaHKPEATUTOM
[17]. TlosBa ToxcuHomponykuii y wmramiB C.diphtherapiae miciid BIUTUBY HHU3BKO
IHTEHCHUBHOTO JIa3€PHOTO BHUIIPOMIHIOBAHHS € TEPCHEKTUBHUM ISl TOJIMIICHHS
JIarHOCTUKY Ta JiKyBaHHS nudTepiitHoi iHdexii [ 18].

Kpim Toro, neBHi NpoaykTu MeTad0J1i3My MOXKYTh OyTH BUJIIJIEH] 32 JOTIOMOTOIO
(bayopeciieHTHOI JIa3epHOi JIarHOCTHKKA HE TUIBKM KUIBKICHO, ajieé W 3a CBOEIO
¢dynkiiero. ToOTo, MOXIMBO po3mi3HaBaTH Je(EeKTH B MITOXOHAPIATLHOMY
TUXAJIbHOMY JIAHITI031 KePYIOYUCh 3MIHOIO (DITyOPECHEHTHOTO CUTHANY, MOB'SI3aHOTO
31 3MIHOIO PeAOKCaIbLHOrO cTaHy [19].

BnpoBamxeHHsl J1a3epHUX TEXHOJOTIA CHPUSIO pOo3poOIl HOBHX METO/IB
CTOMATOJIOTIYHOI JiarHOCTUKU. Hampukian, MoKHA BiI3HAYUTH HAYyKOBY pOOOTY
HIMEI[bKMX BYEHUX IO PO3poO0Iili ONTHUYHOrO JETEKTOpa JJisi BUSIBJICHHS B 3yOHIH
eMaJsl XBOpoOIMBUX OakTepii 11e A0 MoYaTKy po3BUTKY Kapiecy [14]. Kondokanbna
Ja3epHa CKaHyr4a MIKPOCKOMIS HaOyJia 3HA4YeHHS CHOJYYHOI JaHKH MIXK
JIEPMATOCKOITIEIO 1 TICTOJIOTIEI0, SIKA IO3BOJISIE OTPUMYBATH TOPU3OHTANIbHI PO3Pi3U in
vivo 4epe3 IUIaCTU emiJIepMiCy 3 BHUCOKHMM KBa3iriCTOJOTIYHUM PO3AUTBHUM
3HAUYCHHSAM 1 BHCOKMM KoHTpacToM [20]. Edexktn KOrepeHTHOi JOIIepOBCKOT
boymeTpii yCHIIITHO BUKOPHUCTOBYIOTHCS MPYU BU3HAUCHHI IIBUIKOCTI IMOTOKY KpPOBI
B CyJMHax sICEH B 3aJIe)KHOCTI BiJ Pi3HUX (DAKTOPiB BIUIMBY, TaKUX SK >KYBaJIbHUU
TUCK, Xojoa abo Ttero [21]. Meroau nasepHoOi crekTpoiHTepdepoMerpii s
BUMIPIOBaHHS 3CYBiB, AedopMalriii, BiOpalliif, Bu3Ha4eHHs (GOPMH 1 IKOCTI TU(PY3HUX
00'€KTIB BUKOPUCTOBYIOTHCS JIJIsI BUPIIICHHS 3aBJaHb MEIUYHOI JIarHOCTUKHU CTaHy
oprasismy 1o 6iocrexsiam mkipu [22]. YV O1IbIIOCTI, 3 BUIIE IEPePaxOBaHUX METO/IIB
J1arHOCTHKU BUKOPUCTOBYBaBCs He-Ne na3ep, sk HAMOLIbII AOCTYITHUNA THCTPYMEHT
aocaikenHss B momnepeani 30 pokiB. OmgHak, 31 CTPIMKUM PO3BUTKOM B 00JacTi
HAIIBIIPOBIIHUKOBUX TEXHOJIOTIA 1 CTBOPEHHSM Ja3epHUX Ai0AiB, Hi-Ne — nazepu
BTpa4yarOTh, Ha HANly JIyMKYy, CBOI TIO3WIlii, TMOCTYHNAlOYUCh KOMIAKTHICTIO,
MOTYKHICTIO, HAJINHICTIO, CTIO)KUBAHHIM CTPYMY 1, HAWBAXKJIUBIIIE, BAPTICTIO.

Mera.

[limBUIIEHHSA TOYHOCTI BHUMIPIOBAaHHA TEXHIYHUMH 3acobamu  (i3HKO-
010JIOTTYHUX XapaKTEPUCTUK IMIEPCTHOTO MOKPUBY Ta IIKIPH TBAPUH.

Marepiayu i MeTOaH TOCJIIIKEeHHS.

Posrnsnemo ¢i3uuHi1 siBUIA, SKI BIIOYBalOThCA MPHU BiIOMBAHHI ONTHYHOTO
MPOMEHIO BiJ TIOBEpPXHI BOBHU. [IOBEpXHIO BOBHM MOJXKHA pO3IJISIATH  SIK
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CEpElIOBHUILE, SIKE PO3CII0E 3 BEIUKOI KOHIIEHTPALIE€I0 LIEHTPU PO3CIIOBAHHSL.
[HlepmaBy MOBEPXHIO MOXHA XapaKTepU3yBaTH B 3aJ€KHOCTI BiJ CIiBBIIHOIICHHS
KUIBKOCT1 CBITJIa, IO BIAOMBAETHCS Ta MOTIMHAETHCS. Edextn mromiHecueHiii, B
HAIIOMY BHUIMAJIKY, Oy/IeMO BBaKaTH B1ICYTHIMH.

TexHidHO SAKICTh BOBHM MOJJIMBO OIIIHUTH TUIBKM 1O  BiAOUTOMY
BUIIpOMiHIOBaHHIO. [IpoGnema € B TOMy, IO BIACYTHIM MpOCTUI 3B'I30K MIX
XapaKTEPUCTHUKAMU TTOBEPXHI, IO TOCTIKYETHCS Ta TapaMeTpaMH BUTTPOMIHIOBAHHS
y pas3i JOBITBHOTO HOTO MOTJIMHAHHS. Y3arajllbHeHa MOJENb BIIOWTTA ONTUYHOTO
BUMPOMIHIOBaHHS MMOKa3aHa Ha (PUCYHOK 1).

ITagaroum BiaowuTi
NPOMEHI MPOMEHI

A b B I

Pucynox 1 — Moaesab B3a€Moii ONTHYHOT0 BUIIPOMiHIOBAHHSA 3 BOBHOIO

AJlekBaTHa MOJENb J03BOJUTH CHOPMYBaTH BUMOTM JO TEXHIYHUX 3acO0IB,
nepi 3a Bce 10 (OTOJNATUMKIB, Kl MPU3HAYEH1 I 3a0e3neueHHs] €(hEeKTUBHOTO
300py BIIOMTOTO BUIPOMIHIOBAHHS.

[Tyyox magarounx mapajnenbHuX poMeHiB cBiTia (A,b,B,I") npu BinOuBaHH1 Bij
MOBEPXH1 BOBHU ()OPMYETHCS JBOMA CKJIaJJOBUMU:

— JI3epKajbHO BIIOUTUMH MPOMEHSIMHU Bij MOBEPXHI BOBHU,

— TPOMEHSIMH, 10 (POPMYIOTHCSA B pe3yJibTaTl PO3CIIOBAHHS Ta BIIOUTTS BiJ

BHYTPILIHIX CTPYKTYp BOBHHU.

binpmia yactuHa eHeprii Mmanarydoro CBITJIIOBOTO TOTOKY IIOTJIMHAETHCS Ta
MOIIUPIOETHCS B TIMOOKI MIapu BOBHH. J[3epKajabHO BiIOMTI Bij MOBEPXHI MPOMEHI
PO3MOBCIO/IKYIOTHCS BiJl MOBEPXHI BOBHU M1l KyTOM piBHUM KyTy naaiHHs. Judys3na
CKJIaJIOBa BIJOMTOTO MPOMEHIO Ma€ MaiyKe KPyroBy jiarpaMmy CpsMOBAaHOCTI.

Jlns peamizariii JUCTaHIIMHOT TEXHOJIOTII BUPIIICHHS 3a/a4l BU3HAYEHHS SKOCTI
BOBHM ONTHYHUM METOJOM HEOOXIJHO MaTH BIJIOMOCTI MPO CIHEKTpaibHI abo
KOJIODUMETPUYHI XapaKTePUCTUKHU BIiIOUTOTO BIJ MOBEPXHI BOBHU CBITIOBOIO
MOTOKY. B pa3l HasBHOCTI 3B’SI3Ky CHEKTPAJbHUX XapaKTEPHUCTUK BIJIOUTOrO
BUIIPOMIHIOBaHHS 3 AKICTIO (KOJIHOPOM) BOBHH 3ajjaya MOXKe OyTH BHUpILIEHA.

OcBITJICHHSI TIOBEpXHI BOBHM mepeadadaeTbcsi 31MCHIOBATH JKEpesiaMU
MOHOXPOMAaTHUYHOI'O BUIPOMIHIOBAHHS. 3HAIOYM T'€OMETPII0 MOLIMPEHHS CBITIOBUX
MIPOMEHIB, BIIOWTUX BiJ TOBEPXHI BOBHU Ta I1HAMKATPUCH PO3CIIOBaHHS, MOXXHA
OTPUMATHU JOCTOBIPHY 1H(GOPMAIIIIO ITPO XapaKTEP MOBEPXHI.
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3agady BHU3HAYEHHS BIJIOUTOrO B TIOBEPXHI BHUIIPOMIHIOBAHHS MOJKHA
po3rasAaTH SIK  3aJady OTPUMAaHHSA XapaKTEpUCTUK IIapiB  PO3CIIOBAHHS IIO
IUQpy3HOMY BiIOOpaXEHHIO MPU YMOBI, IO BHYTPIIIHI HEOJAHOPIAHOCTI Habararo
OLTBIII TOBKMHU XBHJII M1aJJal0U0TO BUMIPOMiHIOBaHHS [23].

Posrnsnemo 6uibi eTanbHO mpoiiec GopMyBaHHS IHIUKATPUCH PO3CIIOBAaHHS
ciTia. [Ipouec BinOUTTS OyAeMO pO3risiAaTé HAa MIKPO Ta MAaKpo PIBHSAX (PUCYHOK
2). Ha pucyHky 2 npuiHATI HACTYNHI MO3HAYEHHS: @9 — KYT MaiHHA; @; — KYT
BIIOUTA; @; — KyT pEECTpailiioBaHa CKjaaoBa BIAOUTTS; f;, fr. — KyTH TaIIHHS 1
BIIOUTTS JyUIsi Mikpomoaeni; Z=Asin(2nx/f) = Asin(gx) — kpuBa Ipodiao MOBEPXHI
BIIOUTTS; { — OBXKWHA XBUJII HEPIBHOCTEH IMOBEPXHI, A — aMILIITyJa HEpIBHOCTEN
MTOBEPXHI.

7=1(x) dsS

a) 6)
PucyHnok 2 — Mogeui BifOUTTS CBiTIA:
a — Kymu nadinua ma ei00umms mMaxKpoCKoniuHomy pieHi;
0 — 6i0Oumms ceimaa Ha MIKpOCKONIYHOMY PiGHI

Sk 3a3HaveHO BHUIIE, BIAOUTHN IOTIK CBITJIA CKJIAHAECTHLCSI 3 OBOX CKJIAJOBUX.
[Ipoananizyemo BKJaa KOXKHOI 3 HuX. [loTyXHICTH BIIOMTOrO BIiJ TMOBEPXHI
CBITJIOBOT'O MOTOKY JIOPiBHIOE [24]:

F(‘pz) = _E-_. _ﬂg IDE(A@D}T( np)ds"iir! (1)

ne: Iy — ITHTeHCUBHICTB CBITJIOBOTO ITPOMEHIO, 110 TAIA€ ITiJT KYTOM @ g,
K(® 9) — ONMHUYHUI BEKTOP y HANPSMKY I13]Iaf040I0 TPOMEHIO;
r(By) — peHeniBCcbkuil KOePIlieHT BIAOUTTS TOBEPXHI;
dS — eneMeHT MOBEpPXHi BIIOUTTS;

S, y — o0GnacTi IHTETpyBaHHS MO MOBEPXHI 1 MO KyTax.
[Tpu 3amini 3MiHHUX B (1):

pi= @i + p/2, K(p;) = z cos ¢h; - xsin ¢,.
[HTerpan no nmoBepxHi MOXHa 3aMIHUTH Ha JIIHIMHUNA 1O X 1 TOMHOKEHUHN Ha L,

(mpodiib MOBEPXHI HE 3AJICKUTH Bif ), QYHKIIIO 7(Y9) MOKHA BBAXKaTH MOCTIHHOIO 1
P1BHOIO 7(p), IO CIIPABEAJIMBO JJII MAJIOTO KyTa 300PY (sio6 , TOA1 MOKHA 3aIUCATH:

F(@,) = ILL,N.(9,) [ *[cos ¢, + Ag sin g, cos(gx)]dx, )

ne N=2L.g/2rx — 4ucio Bii0MBaIOUnx 00J1acTei Ha TOBXKUHI Lj.
Mexi IHTETpyBaHHS X;, X2 BU3HAYAIOTHCS YMOBaMU, IIPU SKUX B1JIOUTI MPOMEHI
OyIyTh MOTPAIUIATH y TPHUiIMay 3a MepioJ] OCIUIIAIINA TOBEPXHI:
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Tg(¥%/,) = Agcos(gx) (3)
[Tpu manux 3HaYCHHIX A
xX=r(2g+Ax), X,=13/2g+/x,

ne Ax=A4 ¢./(24g°).

Mexi iHTerpyBaHHs JyIs TJajakoi moBepxHi (Ag <<1) Oyayts Bim 0 g0 w/g, a
3apeecTpoBaHa IMpUKMadeM IMOTY>KHICTh BIJIOBIIA€ CIIBBIIHONICHHIO IS TJIaJKO1
MTOBEPXH:

F!:(Pz) = LDL:KL_'L’T((PE') CoOsQ; = PDT!:(PE')J (4)

BoBHa Mae Bkpaii He TaaKy noBepxHio (Ag >> [). B Takomy Bumaaky piBHSIHHS
(2) MOXHa MPEACTaBUTH y BUTJISI/L:

F((Pz} = LDL_'L-'P"FF(QE'}Z&X CoOs@; = LDL_'L-'P"FI'(@;’)% = Pﬂr(ﬁpz’} = ' Q)

-
g Zmdg

ne Po=IhL,N cos@;.

TakuM YMHOM, CUTHAJ, 1110 PEECTPYETHCS (HOTONMPUNMAYEM 32 PaXyHOK BIIOUTTS
BiJI MOBEPXHI BOBHHM, 3aJIeKUTh BIJl aMIUNTYIU HPOCTOPOBOI YACTOTH OCIMJISIIIMN
MOBEpPXHI, TOOTO, BIJ IIEPIIABOCTI MoBepxHi. KpiM Toro, mi mapaMeTpu MOXYTb
3QJIeKATH TaKOXK BIJI BIJCTaHI Ta 4Yacy BUMIPIOBAHHS, II0 MOXKE HPUBOIUTH J10
JI0JTATKOBHX arapaTypHUX MOXUOOK BUMIPIOBAHHS SIKOCTI MTOBEPXHI BOBHHU.

Texniuna peaJiizamis.

[TocTtaBrneHa MeTa JOCSTAa€ThCSl THUM, IO B CXEMY IPUCTPOIO ISl BUMIPIOBaHHS
(h13UK0-010JIOTIYHUX XAPAKTEPUCTUK IIKIPH Ta BOJOCSHOTO TOKPUBY BKIIIOYEHI
Ja3epHi MOAYJl YOTUPHOX THIIIB, SIKI BUIPOMIHIOIOTH CUHE CBITIIO (405 Hm), 3eneHe
(532 Hm), uepBoHe (650 Hm) Ta OmmwkHe iHGpadepBoHe (780 HM) 3 MONKIMBHUM
BIIXWJICHHSAM JOBXXWHHU XBWI =1 1.

Po3poOsiennii BUMIpIOBaY MICTUTh IMITYJbCHE JDKEPETO JKUBIICHHS, OJIOK
KOMYyTallli dKUBJIEHHS JIa3€pHUX J10/1B, JIa3epHI MOYJI Ta (oTompuiiMay BiIOUTOrO
BOJIOCSIHUM MOKPUBOM Ta IMIKIPOI BHUIPOMIHIOBAHHS, KOHCTPYKTHBHO PO3MIiIIEHI
BCEpPEUHI ONTUYHOI T'OJOBKH, MPUTHCKYIOUY MpPY>KHUHY, OJIOK OOpOOKHM NaHHUX Ta
1HIUKATOP BUMIPIOBAHUX BEJIMYUH (PUCYHOK 3).

[IpucTpiii mnpanoe HACTyIHUM YHMHOM: IMIyJbCHAa Hampyra 3 JpKepena
KUBJICHHSI TIOCTYIIa€ HAa KOMYTAllIMHHWM TPUCTPI, KUK 3abe3reduye MOCHTiI0BHE
IMITYyJIbCHE BBIMKHEHHSI YOTUPHOX JIA3€PHUX JIKEPEN BUPOMIHIOBaHHS [25].

B nonansimomy iX BUIIPOMIHIOBAHHSI HaIpaBIIE€THCSA 3@ JOMOMOTOK ONTHYHOT
TOJOBKM TMOYEProBO Ha JOCHIIKyBaHy JUISIHKY. ortompuiiMay 3abe3neuye
BUMIPIOBAHHA 1HTEHCHUBHOCTI BIIOMTOTO OO0 ’€KTaMW BUIIPOMIHIOBaHHS Ha BCIX
JTOBXHHAX XBUJIb. BUMIpSHI BEIMUUHU 3amaM’ ITOBYIOTHCS 1 00pOOIISIFOTRCS B 010111
00poOKM aHUX, MICIS YOT0 BU3HA4YEH1 BeNU4UHH cTyneHss MII mepcTHOro nokpuBy
a00 piBHS BUPaXEHHS €pUTEMH MIKIpU BiTOOpaKkatoThCs Ha THAUKATOPI1 [26].

Kpim Toro, cnekrp audy3HOro BiZOUTTS LIEPCTI JIO3BOJISE BU3HAYMTH il
CHEKTpaTbHUM CKJIaa e(EeKTUBHOI ONTHYHOI TYCTHHH — TApaMeTpa, SKUi € TKepeaoM
KUTbKICHOT 1H(OpMallii PO MOTIMHAIOYI BIACTHBOCTI IepcTUHH. Bimomo, o nagaro-
YUl TPOMIHb CBITJIa YaCTKOBO BI1JIOMBA€THCS, @ YACTKOBO MOTIMHAETHCS, MPUUOMY,

ISSN 2567-5273 o) www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3 éw

B11I0UTE CBITJIO HAOyBae Mudy3HOro Xapakrepy. Tak, Mpy NOTPAIUITHHI MPOMEHIO Ha
OKpeMy BOJIOCHUHY, sIKa CBOEID CTPYKTYpPOIO Haraaye CBITIOBOM, BiAOyBa€ThCs
yacTKoBa pe(IeKIlisi Ha MOBEPXHI BOJIOCHHHU 3 TOJAIBIIUM MPOXOKEHHAM IIPOMEHIO
BCEpEUHYy, € BIJOYBA€ThCSI YACTKOBE IMIOTJIMHAHHS, a TakoxX pedrekimis Ha
BHYTPILIHIX CTiHKaX, Jajdl MPOMiHb BUXOAMTHh Ha 3BOPOTHINA CTOPOHI BOJIOCHMHH —
TpPaHCMICisl.

O0’exT

N

[IIepcTHUI TOKPUB
. I
[kipa {

Pucynok 3 — Ilpucrpiii ajs1i BUMiproBaHHs Qi3HK0-0i010TiYHUX XapAKTEPUCTHK
LIEPCTHOI0 MOKPHUBY Ta WKIPH [asmopcoka pospobral

Takum uymHOM, 1O AMQY3HIN YacTUHI BIJOMTOTO MPOMEHS MOXXHA 3pPOOUTH
BUCHOBOK IIPO BHYTPIIIHIO CTPYKTYPY, TOOTO MPO KOJIIP HIEPCTI.

CxeMa KepyBaHHsSI MPUCTPOEM (PUCYHOK 4) Tpalltoe HaCTymHUM 4YuHOM. [lepen
MMOYaTKOM COPTYBaHHsI BIBIIIB IO KOJIbOPY MIEPCTI JJIs MOJAJIBIIOTO CTPUKEHHS a00
yTpUMaHHS €JIEKTPOTEXHIYHE OOJaJHAHHS MIJKII0YAITh 0 Mepexi uepe3 OJok
KUBJIEHHS — 1, KWW MEepeTBOPIOE HANMPYTy B HeoOXiaHe 3HaueHHs. [Ipu HasBHOCTI
TBAPWUHU B IYHKTI J1arHOCTUKH MPOBOJUTHCS BU3HAYCHHS KOJBOPY MIEPCTI 3aBISKU
po0oTi Os1oKy nazepHoi miarHocTuku — 2. [loTiM KoHTpONEp — 3 popMye aBa Kepyrodi
CUTHAJIA: OJIMH HA EJICKTPONpPHUBOA — 4 pyXoMoi miaThopmu, sSiKa MOBEPTAETHCS
HABMPOTH BIMOBITHOTO MPOXOTY 0 OOKCIB B 3aJI€KHOCTI BiJI BA3HAYEHOTO KOJIHOPY;
JIPYTUI Ha €IEKTPONPUBOJ — 5 BOPIT PyXOMOi TIaTGopMu, 1 TBAPUHU TTOTPATIISIOTH
y BianmoBinHui Ookc. [Hdopmarliis mpo mporec COpTyBaHHS BIBIIIB BUBOJMUTHCS Ha
0JI0K Bi3yaumi3allii — 6, SIKO0 KOPUCTYEThCS oniepaTop mpu poOoTi [27].

JUist OTpUMaHHSA KOpEJsUId MiIXK CTYNEHEM IrMeHTamii (KOJIbopy) ILepcTi 1
CIIEKTpOM JU(]Y3HOTO PO3CIIOBAHHS, a TaKOXX OOIPYHTYBaHHS JOLIJIBHOCTI
BUKOPUCTAHHS  3a3HAYEHHUX  METOAYy 1  MpUCTporo, Oyid  MpOBEAEHI,
EKCIIEPUMEHTAIbHIUM IIJITXOM, JOCTI/PKEHHS 10 BHMIPIOBAHHIO CIEKTPaTbHUX
3aJIeKHOCTEN KOoe(ilieHTIB TU(]y3HOro BIIOUTTSA 3 BUKOPHUCTAHHSIM CIIEKTpOMETpa
QE65000 (Ocean Optics), 3 KCEHOHOBOIO IMIYJIbCHOIO Jiamrioro PX-2, B sgxocTi
JpKepena 30y KeHHs. [ boro mociKyBaHi 3pa3ku (PUCYHOK 5) pO3MIITYBaTHCS
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B TpUMaui KIOBETY, Ha SIKy 110 ONTHYHUM BOJIOKHAM IepeaeThCsl BUIPOMiHIOBAHHS, a
3BOPOTHE BUIIPOMIHIOBAHHS B JIBOMIPHHI JETEKTOP CIEKTPOMETPA.
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Pucynok 4 — Cxema KepyBaHHA IPUCTPOEM [asmopcoka po3pobral

PucyHnok 5 — JlocaigxyBaHi 3pa3ku epcTi:
1 — céimna; 2 — cepednvo-cipa; 3 — memno-cipa [asmopcvika pozpobral

Pe3yabTaTu gocaigxeHHs: Ta iX 00roBopeHHs.

3 rpadiky (pUCYHOK 6) YITKO BHJHO KOPEJAIII MIX CTYINEHEeM MirMeHTarlil
TIJASHKA IOKIpU 3 IIEPCTI0O 1 1HTEHCHUBHICTIO Ai(y3HO-BIAOMTOTO ONTHYHOTO
BUMNPOMIHIOBaHHS, OTPUMaHI TIOKa3HUKH MOXYTh OYTH BHUKOPHCTaHI JJIsi
00’€KTUBHOTO BHM3HAYEHHS (PEHOTHUIY IIKIpM Ta WIEPCTI TBAPUH MIISAXOM
BUKOPHUCTAHHS TaHUX IMOKA3HUKIB B CTAHJIaPTHIN Mojiell opMyBaHHS KOJIBOPY.

BucHoBoK.

Ha ocHOBI TeOpeTHYHNX Ta €KCIIEPUMEHTAILHUX JTOCHIKEHb OyII0 po3po0IeHo
NPUCTPIA, SIKAWA TMOKpAIlye Ta PO3IIUPIOE MOXKIUBOCTI I1HCTPYMEHTAJIbHOI Ta
HEIHBA3WBHOI JIarHOCTUKHM IMEPCTHOTO TOKPUBY Ta WIKIpU TBapuH, a MOro
KOMIAKTHICTh 1 MOOUIBHICTh HAJalOTh MOXJIMBICTH HIMPOKOTO 3aCTOCYBAHHS
BUMIpIOBa4ya B YMOBAaX CLIILCHKOTOCTIOAPCHKOTO BUPOOHUIITBA.
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Pucynok 6 — BumipioBaHHsI ClIEKTPAJbHUX 3aJIe:KHOCTel KoedilieHTiB
audy3HOro BiiOMTTA MIKIPH 30BHIIIHLOT0 MOKPUBY BiBII 32 CTyIIEHEM
nirMeHTauii (KOJbOPY) WEPCTI [asmopcora pospobka]
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Abstract. It is considered the relevance of the device for determining the color of the coat of
animals in modern agriculture, its components and the principle of operation, as well as clear
correlations between shades of wool and the value of optical radiation absorption, conducted
experimentally, studies using a spectrometer. The developed device improves and expands the
possibilities of instrumental and non-invasive diagnostics of fur and animal skin, and its
compactness and mobility allow the wide application of the meter in agricultural production.
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Abstract. The main goal of article is to propose and illustrate results of work of sum absolute
differences algorithm with usage of characteristic points. During the study, calculation of sum of
absolute differences in results received from usage of classical SAD and offered algorithm were
calculated. Calculation was conducted on two sets of data, for 1920x1080 frame resolution -
generated through usage of random values and real video data. Relative differences of results
obtained with proposed algorithm and results of classical algorithm was calculated. A number of
proposals for the implementation of the proposed algorithm in the method of motion compensation
were formed.

Key words: SAD, YUV 4:2:0, motion compensation, image differences, video compressing.

Introduction.

Addressing video compression has been a priority since the advent of digital
video, and has become even more important as a result of the global promotion of the
Internet, namely online cinemas and online conferences, for which video size plays a
major role. One of the main algorithms used in the compression and processing of
video data is the motion compensation algorithm. The algorithm uses the similarity of
neighboring frames in the video sequence and finds the motion vectors of individual
parts of the image (usually macroblocks of 16 x 16 or 8 x 8 pixels). The use of
motion compensation allows you to significantly reduce the size of the output file by
removing redundancy in the form of matching parts of frames. The algorithm is used
both for compression and for filtering and changing the frame rate of the video
sequence. Despite the widespread use of motion compensation, the algorithm has 2
main implementation problems, the improvement of which can significantly reduce
the size of the output file and encoding / decoding time, which is especially important
for real-time video transmission. This article focuses on one of these areas, namely
the algorithm for estimating the similarity of macroblocks.

Literature analysis

After analyzing recent studies, it was found that the most commonly used metric
for comparing two images is the sum of absolute differences (SAD). SAD is an
extremely fast indicator due to its simplicity. In essence, this is the simplest of the
possible metrics, which raises each pixel in a block and is calculated by taking the
absolute difference between each pixel in the input macroblock and the
corresponding pixel in the block used for comparison. These differences are summed
to create a simple block similarity metric. Also, it is very effective for a wide search
for motion vectors across many blocks. Another advantage of SAD is its relatively
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easy parallelization, as it analyzes each pixel separately, which makes it possible to
implement the algorithm with instructions such as ARM NEON or x86 SSE2. For
example, the SSE has an internal absolute difference sum (PSADBW) instruction
specifically for this purpose. However, for all its simplicity, the number of operations
for video with a frame size of 1920x1080 pixels can reach 10: 8 degrees, for each unit
and usually takes from 40 to 80% of the total coding time of the video flood. The
accuracy of the GARDEN algorithm is usually not sufficient to form the correct
motion vectors and in most cases after finding the candidate blocks, the final
refinement of the motion estimation process is often performed using other, slower
but more accurate metrics that better take into account human perception.

The purpose of this article is to evaluate the performance of modifications of
the SAD method, which will increase the speed of finding candidate blocks in the
process of motion compensation.

Main text.

In the vast majority of video sequences, the pixels of the frames are presented in
RGB (red green blue) - 8bit color format - the values of the color components vary in
the range of 0-255. It should be noted that when compressing the video stream, the
initial video stream is converted to YUV 4:2:0(where Y is the brightness component,
UV is the color saturation component), the implementation of which is possible due
to the specifics of human perception of color (human eye is more sensitive to
brightness color changes, as well as little sensitive to change B image components).
Also, the frame weight of the video stream should be a multiple of 16 (in the study
we will focus on the frame size for Full HD (1920x1080). To determine the SAD for
the two frames A and B, we can write the following formula:

SAD(A,B) = i‘ai —~b,| (1)

where 4={q,,..a,} and B=1{b,,.b, - sets of pixel data of the corresponding frames.

When compressing the video stream, the absolute difference is calculated for
macroblocks of 16x16 pixels. Thus for comparison of two blocks 256 operations of
subtraction and as many operations of addition are carried out. In order to reduce the
number of operations, we proposed to supplement the SAD algorithm by searching
by characteristic points, namely to use a chess grid of pixel busting (Figure 1).

Figure 1. Pixels that used in SAD calculation.

Thus the number of operations for one block and as a result the total search time

of candidate blocks will be reduced by 2. For convenience, the proposed algorithm
will be called half SAD - HSAD.
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For estimation of proposed algorithm results relatively to classical SAD
algorithm, assessment was performed for two data sets. The first set is matrix with
size corresponding to the extension of the selected frame size - 1920x1080, with cells
values created by randomizing in the range from 0 to 125. After calculating the
absolute difference of sums, the difference between these values for the classical
algorithm and the proposed the value of the HSAD result relative to the classical
algorithm was calculated and presented on Figure 2.
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Figure 2. Distribution of the relative difference of values of classical and
proposed algorithms.

As can be seen from the graph, the maximum deviation was 17% of the value of
SAD obtained by the classical algorithm. In this case, 97% of the values did not
exceed the mark of 10% of the value of SAD obtained by the classical algorithm. For
real data, these values will be significantly lower, because of lower distribution of
pixel components values for same objects especially for areas of 16x16 pixels. As
result the absolute difference of pixels and pixels deviation of values will be
significantly lower.

The second set of data was video recorded without compression using OBS-
Studio, divided into frames in .png format, with a frame size of 1920x1080 and YUV
color format 4: 2: 0 (12 bits per pixel) (Figure 3).

Figure 3. Input images for and HSAD algorithms.

For these frames, the absolute difference between the images was estimated
using the work of the classical SAD and HSAD supplemented by the algorithm of
optimization of noise-distortion (RDO), as a result the figure thaw shows difference
between the frames of the sequence was obtained (Figure 4).
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Figure 4. Input images for SAD and HSAD algorithms.

The difference between the pictures obtained by the classic SAD and HSAD was
then estimated (Figure 5).

Figure 5. Input images for SAD and HSAD algorithms.

It is noticeable that the difference in the frame is barely visible and is manifested
in the form of a slight change in color and the appearance of artifacts on the borders
of objects. The maximum deviation in the absolute difference of the sums for the
classical and the proposed algorithms was 2.13%. At the same time, the execution
time of the calculation of the absolute difference of the amounts was halved.

Conclusions.

The proposed approach significantly reduces the time of calculation of the sum
of absolute difference, while video compressing process with usage of motion
compensation, which will result in a reduction of the total coding time of the video
stream by 20-40%. The maximum relative deviation of the sum of absolute difference
calculated by the proposed method does not exceed 20% for randomized data and
2.13% for real video sequence, which is significantly compensated by the usage of
the optimization of noise-distortion algorithm when choosing the final macroblock
from the candidate blocks. The disadvantage of this method is the change of colors
and the appearance of artifacts on the edges of objects, which can be eliminated by
one of the methods of determining the edges of the object such as gradient alignment,
which is performed by translating images into shades of gray.
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IRRADIATION OF ITS ROOT SYSTEM BASED ON FUZZY MAMDANI

ALGORITHM
IMITAIIIMHE MOJIEJTIOBAHHS ITPOIIECY BU3SHAYEHHS SIKOCTI KBACOJII
B 3AJIEXKHOCTI BIJI IAPAMETPIB JIASEPHOI'O OITPOMIHEHHSI ii KOPEHEBOI
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Kharkiv Petro Vasylenko National Technical University of Agriculture,
Kharkiv, str. Alchevskih, 44, 61002
Xapkiecbkuil HAYIOHATLHUL MEXHIYHUL YHIgepCUmem CillbCbK020 20CNO0aApCcmad
imeni Ilempa Bacunenxa, Xapxie, eyn. Anuescvkux, 44, 61002

Anomauia. Cmamms npuceésayeHa WXy poO38A3KYy 00H020 3 NpOoOIeMHUX NUMAHb,
N08’A3aH020 13 3ACMOCYBAHHAM Memody 1a3epHoi 00pOOKU CilbCbKO2OCNOOAPCLKUX KYIbMyp,
BUPOWYBAHUX DIZHUMU CHOCOOAMU HA GiOKpumomy 1 3axuujenomy Ipywmi. Bomo cmocyemocsa
BU3HAYEHHA  HEOOXIOHUX Nnapamempié  HU3bKOEHep2eMmuyHo20 Jld3ePHO20  GUNPOMIHIOBAHHS

(nomyarcricmo eunpominiosanns Py, Bm i doexcunu xeuni nazepa ﬂﬂ , HM) 014 3a6e3neuents

aKkmusayitiHo2o egexmy 6i0 1020 GNIUBY Y U0l OMPUMAHHS BUCOKOI KilbKOCMI [ sKOCmI
BUPOWEHUX pOCIUH. B OaHiii pobomi, BUCBIMIIOEMbCS NpPOYec BUIHAYEHHs SKOCMI K8acoJi
supowjeroi 2iopononnum cnocobom (za 10 6arbHol0 WKAIOKW HA KOPEHesy CUCmeMy SKOI

8I00YBAEMbCL  6NIUE  PIZHUMU  3HAYEHHAMU NAPAMEMPIE HU3bKOEHEePSeMUUHO20 1aA3ePHO20
BUNPOMIHIOBAHHS, AKUMU € NOMYICHICMb GUNPOMIHIOBAHHA, WO HALEHCUMb MAKOMY YUCTO80MY
NPOMIDICKY PﬂB €[0;50] Bm, i 0oeaxcuna xeuni 3 danum npomisxckom /IﬂB €[0;960] u.

Memoro pobomu € 3acmocysants Hevimkozo ancopummy Mamoani ma npogedenHi Ha 1020
OCHOGI IMIMAYilHO20 MOOENI08AHHS Npoyecy usHauenns skocmi keaconi () 6 3anexucHocmi 6i0

3HAYeHb PﬂB i Ayp 6 Komn tomepHiil npoepami MatLab 3 euxopucmanusam oioniomexu Fuzzy Logic

Toolbox. B pesynemami moOeno8anus ompumana 2pagivna yHKYiOHAIbHA 3A1eHCHICMb AKOCMI
BUPOWEHOI KBACONI 8I0 naApamempie UNPOMIHIOBAHHS 1a3epa Q = f (PﬂB,/l ﬂB), odianazonu 3MiHU

axux npueedeni suwje. Tax, natieuwe 3nauenns sxocmi keaconi, Q) =8 6banis, popmysamumemocsi
npu P, =30+50), Bn i A,;, =550, um. B kinyesomy euensoi, peanizayis meuimkozo
aneopummy Mamoani, wo cnupaemoscsi Ha OAHi eKCNEPMHUX OYIHOK 3 O0AHO20 NUMAHHSA |
NpOBEOEeHHsT HA U020 OCHO8I IMIMAYIUHO20 MOOEN08AHHs, MAE 2apHi NepeodymMo8U, Wo
3a0e3neyyroms 3MeHUleHHs CKIAOHOCMI | Yacy HA 3ACMOCY8AHHS | O0ArOMb YIMKiui 3HAYEHHs
napamempis 1azepHoi 06poOKU HA BIOMIHY 8I0 THULUX MAMEMAMUYHUX MoOdeTell | Memoois.

Knwwuosi cnosa: 1nasep, cintbCbk020cnooapcvka Kyibmypd, KOPIHb POCIUHU, CUcCmema
HeuimKo20 J02IYHO20 BUBEOEHHS, ANOPUMM, SAKICMb, MAMeMamuyHa Mooelb, napamemp,
2I0PONOHIKA.

Beryn. Ha pganumit yac cuIbChbKe TOCHOJAPCTBO € OJHIEID 3 MPIOPUTETHHUX
rayseii ekoHoMiku Ykpainu. Ii po3Butox popmyBaTiMe 361IbLICHHS MAaTEPialbHOIO
n00po0yTy HaceJeHHs, YKPIIJIEHHI0 €KOHOMIYHOI 1 MPOJA0BOJIbUOI O€3IeKH KpaiHu,
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M1JBUIIEHHIO KIJTLKOCT1 €KCITOPTHOT ITpoayKiii [1].

[IpoBiHOIO Tally3310 CLIBCHKOTO TOCHOJAAPCTBA BUCTYIAE POCIMHHMIITBO, IO
3a0e3nedye KpaiHy pi3HUMHU MPOAYKTAMH XapyyBaHHS, TBAPUHHUIITBO — KOPMaMH
BHUCOKOI SIKOCTI, MepepoOHI MIANPUEMCTBA AarpolpOMHCIOBOTO KOMIUIEKCY —
noTpiOHOI0 cHupoBUHOIO [2]. OCHOBHUM 3aBJaHHSAM JAaHOI Taixy3l € BHUPOOHHUIITBO
PI3HUX BUAIB IPOAYKIIi pOCIMHHUITBA B HEOOX1AHOMY 00’ €Mi, JOCTYMHIH BapTOCTI 1
BHCOKIH SIKOCTI JJ1s 33I0BOJICHHS TOTpeO criokuBadiB. BupoiyBanHs TUX ab0 1HITHX
POCIIMH MOX€ BIJIOYBaTUCS HA BIAKPUTOMY 1 3aXUIIEHOMY I'PYHTI 3 BUKOPUCTAHHIM
IPYHTOBOTO (KJIACHYHOI0) 1 TIAPONOHHOro crnocoOy. Bci BOHM MarOTh CBOi MEBHI
nepeBard Ta HEAOJIKH. B 3B’S3Ky 3 BENMKOI KUIBKICTIO YMHHUKIB (PO3LIMPEHHS
nepiofy Bererailii, 3a0e3medyeHHs OBOYAMH IIJIMH pIK, 3axXUIIEHHS HACiHHSA Ta
pO3cajiy BiJl 30BHIINIHIX (PaKTOPIB, 3aXUILEHHS BiJI MIKITHUKIB 1 KOMaX, 3aXUCT CXO1B
1 po3caau BiJ NTHUILl, MOKIIMBICTh BUPOILYBAaHHS POCIHMH B KOHTEHHEpax ado B IPYHTI
Ta €KOHOMISl KOIITIB Ha CaMUX POCIMHAX), MaOyTHI MEPCIEKTUBU BIJIKPUBAIOTHCS
JUISL CTIOPYJT 3aXHUIIEHOTO IPYHTY 1 T1IPOTIOHHOTO CIOCOOY, SIKUM TEX JIEMOHCTPYE
3HAYH1 TO3UTHBHI CTOPOHH.

Jlo HUX BIIHOCSATH: JIOTIYHE BUKOPHUCTAHHS 3EMEJIbHUX JIUISHOK, CIIPHUSTIUBIIII
YMOBH KOPEHEBOTO >KHMBJICHHS 1 BOJHO-TIOBITPSIHOTO PEXHUMY, BEJIHMKI MOMJIHBOCTI
MexaHi3aiii 1 aBToMaru3allli BUpOOHUYMX MPOIECiB, 0COOIMBO €dEeKTUBHI B MICTax
0e3 po/IoU0i 3eMJli, BUCOKY IIBUIKICTh POCTY BUPOILILYBAaHUX POCIHH 1 301UIBIICHHS 1X
BpOXKAMHOCTI, BIJICYTHICTh Oararbox mpoOJieM 3 TIPYHTOBUMHM IIKIJTHUKAMH Ta
XBOpoOaMH, BIJICYTHICTh MOTPpeOM Yy BHKOPUCTAHHI XIMIKaTiB, BIJICYTHICTh
IIKIJJIMBUAX JUISL 3I0POB’Sl JIIOJMHU PEYOBHH, IO HEMHUHYY€ MPUCYTHI y TPYHTI,
3MEHIIEHHS] BUTPAT BOJHU, KOHTPOJIb 1 YIPABIIHHS >KUBUJIBHUM PO3UYMHOM POCIIHH,
HOpPMaJbHUNA PICT 1 pO3BUTOK pociauH [3, 4, 5]. OaHak, 3a0e3nedeHHs] MOCTIHHO
3pOCTaloyuX NOTPed B KUIBKOCTI 1 SKOCTI POCIMHHOI MPOAYKIIil, CTBOPIOE IPOOIEMHE
MUTaHHSA JJI PIICHHS SKOTO, TOTpiOHE (JOPMYBaHHS HOBUX CITIOCOOIB BUPOIITYBAaHHSI
a00 BUKOPHUCTaHHS CTapuX B Mapi 3 ICHYIOUMMH (I3UYHUMH METOAAMH aKTHBAIli
(G1310JIOTIYHUX TIPOIECIB POCIMH. TOMy, TPOBEIEHHS MNOCTKEHh B JaHOMY
HaIpPSIMKY € aKTyaJIbHUM.

AHaJi3 ocTaHHiX aochailkeHb i myoOJikamii. ITpoBiBmM aHami3 Cy4yacHHX,
BITUM3HSHUX, HAYKOBUX JIITEPATyPHUX JDKEPEN 1 CTaTeil MOXKHA BCTAHOBUTH, IO B
poOoTi [6] HaBOgUTHCS 1HGOpPMAIS MPO MOXKIUBICTH 3aCTOCYBaHHS Ja3epHOTO
ONMPOMIHEHHS B POCIMHHMIITBI, K€ MPU3BOJUTH 10 30UIbIIEHHS Bpokaro Bij 15...20
%, B mxepedni [7], mpuBeaeH1 BIAOMOCTI PO aKTUBAL[IHHUI BIUIMB JIA3€PHOI OOPOOKH
Ha pICT 1 PO3BUTOK POCIMH BHPOIIYBAHHUX TIIPOINOHHUM CIOCOOOM, a B JITEparypi
[8], MIPEJICTaBIICHE €KCIIEpUMEHTAIIbHE JOCJTIIPKCHHS o BILUIUBY
HU3BKOCHEPTeTUYHOTO JIa3€pPHOTO BHUIPOMIHIOBAHHS 3 TEBHUMH TapaMeTpaMH Ha
(1310JI0T1YHI MPOLIECH KBACOJl B TIAPOMNOHII 3 MO3UTUBHUM PE3YyJbTaTOM IO
MPUPOCTY (P1310JOTTYHUX MOKAZHUKIB.

OTpumaHni JaHi, CBiI4aTh NMPO MEPCIEKTUBHICTh 3aCTOCYBAHHS METOJTY Ja3epHOL
00poOKM B KOMOIHAIl 3 TIIPONIOHHUM CIOCOOOM, ajieé BU3HAYEHHsI aKTUBAIIMHUX
rapameTpiB BUIIPOMIHIOBAHHSA € JOCUTh CKJIAJHUMHU 1 TIOB’sI3aHUM 3 MaTeMaTUYHUMHU
po3paxyHKaMmH, fKi 3aliMarOTh BEJIMKY KUIbKICTh Yacy Ta BCTAHOBIIOIOTh HE
KOHKPETHI 3HAYEeHHS a 1X Jl1ara30Hu 3MiHA. Tomy, po3po0ka MaTeMaTUYHUX MOJENIeH
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Ta METO/IIB, 1110 PO3B’SKYTh ICHYIOU1 CKJIATHOII € IPIOPUTETHUM 3aBIaHHSM.

Merta crarTi. CTBOpEHHSI HEUITKOT MaTeMaTHYHOT MOJIENI MPOLIECy BU3HAYCHHS
SKOCTI KBacoJjl B 3aJIe)KHOCTI BiJ] TapaMeTpiB JIa3epHOTO ONPOMIHEHHS i1 KOpEHEeBO1
CHUCTEMH Ha OCHOBI HEUITKOTO alroputMy MamjaHi Ta IpoOBEACHH i1 iMITaI[lIiHOTO
MozetoBaHHs B mporpami MatLab 3 Buxopuctanusm 0i0mioreku Fuzzy Logic
Toolbox.

OcHoBHi Mmarepianu  pociigxenHsa. [loOygoBa  Oyab-sikoi — HEUITKOI
MaTeMaTHYHOI MOJIEJl CKJIaJacTbesl 3 TaKUX €TaliB: BBEIEHHS HEYITKOCTI
(ba3zudikariisi), HEUITKMNA BUCHOBOK, KOMIIO3UIlISI 1 MPUBEISHHS 10 YITKOCTI abo
nedazudikamis. Ilepmuit etan ¢azudikaiiii, mOYHEMO 3 OMKUCY BXIJHUX 1 BUXIJHOI
3MIHHUX. X, — meplmia BXigHa 3MiHHa Mae Ha3By «lloTyxHicTh ma3epHOro
BUIIPOMIHIOBaHHS». 1i TEpM-MHOKHHA, TOOTO MHOKHHA 3HAY€Hb, O3HAYATHMEThCS

nmn nn

sk P, ={"Hus3pka","npomixHa","Benuka"}, abo B CHMBOJBHOMY IIO3HAYCHHI TaK
P ={P P, ,P,} 3 byHKIiIMH HaTeXKHOCTI TepMiB 300paKeHUX Ha (PUCYHKY 1).

Membership function plots 1et

T T T T T T T
Huspka Mpowmixna Benuka

L = L
‘vin put variable "ﬂ‘D"I’V)KH\C‘Thiﬂ B" -
Pucynok 1 — I'pagiku pyHKUiil HATEKHOCTI TepMiB nmepuoi BXiaHOL
JIHrBiCTHYHOI 3MiHHOT

X, — Jpyra BXigHa 3MIHHa Ma€ Ha3By «JloBKHMHAa XBWJI J1a3epHOrO
BUTIPOMIHIOBAHHSI». Ii TEPM-MHOKHHA, MIO3HAYaTUMEThCSI K
A, ={"npurHiuenHs","HU3bKa akTHBI3awLisA","BUCOKA aKTuBI3amisa'}, abo B

CHUMBOJIbHOMY TO3Ha4eHHI Tak A, ={A,,4,,,4;,} 3 QYHKUIiIMH HaleXHOCTi TEepMiB
300pakeHux Ha (PUCYHKY 2).

181
Membership function plots

T T T T T T T T
MpurdivesHa Husbka__akTuBizauis Bucoka__akTueizauin

I = | |

mp_u;:rarwable',quaxn;;;_xauni_ﬂﬂ' -
Pucynok 2 — I'pagiku pyHKUii HATEKHOCTI TepMiB APYroi BXiHOI
JIHrBiCTHYHOI 3MiHHOT
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Y — BuxigHa 3MiHHA Ma€ Ha3BY «SKIiCTh KBacoJi» (B JaHii poOOTI BUXiHA 3MiHHA €
IHTErpaJIbHUM TMOKAa3HUKOM, III0 BPaXOBYE PIBEHb OPraHOJENTUYHUX, XIMIYHUX Ta
(izionoriyHMX ~ MOKA3HMKIB  BUPOIIEHOI  KBacojdi). i TepM-MHOXKHHA,
nozHauatumerbess O = {"uu3pka',"cepenusa","Bucoka"}, abo0 B CHMBOJBHOMY

no3HavueHHi Tak 0 =1{Q,,Q,,Q,} 3 QyHKIiIMH HaJIEKHOCTI TePMiB 300paKEHNX Ha
(pucyHKy 3).

181
Membership function plots

T T T T T
Huspka CepegHa Budoka

[ b |

-Uutput wariable "ﬁﬁicTu_d]acum" -
Pucynok 3 — I'pagiku pyHKUii HATEKHOCTI TePMiB I BUXIIHOI JIHTBiCTUYHOI
3MIHHOI

@OyHKIII HaJIEXKHOCTI TEPMIB BXIJHUX Ta BHUXIIHOI 3MIHHOI, OTpUMaHi 3
OJTHOOCIOHOT €KCTIEPTHOI OIIIHKU MPOIIeCy, 10 pO3MIIAIaeThest B poOoTi. HacTynHum
eTarnoM € nodyaoBa 6a3u MpOAYKIIHUX npaBui. B Hamomy 3aBaanHi ix Oyzae 9, siki
MaTHUMYyTh HaCTYITHUM BUTIISA;

IF X, IS P, AND X, IS A4, THENY IS Q,

IF X, IS P, AND X, IS 4,, THEN Y IS Q,

IF X, IS P,, AND X, IS A,, THEN Y IS Q,

IF X, IS P,, AND X, IS 4, THEN Y IS Q,

IF X, IS P, AND X, IS A4,, THEN Y IS Q,

IF X, IS P,, AND X, IS 4,, THEN Y IS Q,

IF X, IS P, AND X, IS 4,, THENY IS Q,

IF X, IS P, AND X, IS A4,, THEN Y IS Q,

IF X, IS P, AND X, IS 4, THEN Y IS Q,
CdopmoBaHi mpaBuiIa, TaKOXK BUXOMIATh 3 HAJaHHS EKCIEPTHOI OIIHKHA TIO
BH3HAYEHHIO SIKOCTI KBacoili B 3ajexHocti Bim P, i A, nasepHoro

BUTIPOMiHIOBaHHS [9].

Jlani, mpucTynaeMo 70 €Taly 3aCTOCyBaHHs anroputMy Mawmpaani. BigmiHHICTE
[[OTO ANTOPUTMY (MOJEN) BiJ 1HIIMX, MOJIATa€ B KOHCEKBEHTaX (MpaBiii YacCTHHI)
MPaBUJI JIOTTYHOTO BUCHOBKY, IO MICTSATh HEUITKI 3HaYeHHs (DYHKLII HAJIEXKHOCTI. Y
HAIIOMY BUMAAKY 1€ (YHKIIT HaJEKHOCTI TEPMiB, 300pakeHUX Ha (PUCYHKY 3). Y
Mojeinl MamzaaHl KOXKHE NPaBUJIO Ma€ CTYINIHb CBOTO BUKOHAHHA @;, SIKUH

O0OUYHUCIIOETHCA HACTYITHUM YHOM (1):
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m
@, =(X,%,),..%,)= AN (X)), Jj=l.n (1)

i=1
e A — HediTKa omepamis KOH IOHKII, 10 BiamoBigae omepatopy «AND» B

MpaBWJIax, sIka MOXKE 3a/1aBaTHUCS yepe3 pi3H1 t-HOPMH, Taki K MiHIMyM, JOOYyTOK Ta
1HIIIL;

m — KUTBKICTh BXOJIIB (B JIaHil 3a1aul ix m=2);

#;(x ;) — QYHKIIS HATIEKHOCTI Ha 1-My BXOJI B @HTCLE/ICHTI |-I'O IPAaBUIIA;

1 — KUIbKICTh NIpaBuJI (B JaHOMY BUMNAAKY n=9).

[Ticnst Toro, sik 0OUMCIIeH] CTyIIeHI BUKOHAHHS TIPaBUJI, EPEXOIUMO JI0 1HIIIOTO
eTarry 1 3a JomoMororw iMmroiikamii, (B cuctemax MamaaHi, 3a3BU4Yai,
BUKOPUCTOBYEThCA ~ OMeEpallis MIHIMyMYy), OOUYHCIIOIOTHCS HEYITKI 3HA4YCHHS
KOHCEKBEHTIB MpaBui [9].

[ToTiM, 3a gomomMorow omepaiii arperamii (B cucreMax MamjaHi 3a3BUYait
BUKOPUCTOBYETHCS OTEpallisi MAKCUMyMY) OOUHCITIOETHCA HEUITKE 3HAYCHHS BUXOY
3 (pynkuiero npuHanexHocTi (y) YOUT p BianoBigHO 10 BUpasy (2):

n

#, (= vV (0,(X,0X, ) A p, (Y)) (2)
i=1
7€ VvV — omeparlis arperarii, mo BiAmoBigae 00’ €qHAHHIO HEUITKHX IMPaBWI, IO B
cucteMi MaM/1aH1 eKBIBaJCHTHO JW3 FOHKIIT;
A — Omepartis iIMITTiKarii, mo B cucteMi MaMm/iaHi eKBiBaJeHTHA KOH FOHKIIIT;
Hy, (¥) — byHKIIISI HAIEKHOCTI KOHCEKBEHTY j-TO TIpaBuUiIa.

[Ipy BUKOpHCTaHHI MAaKCUMyMy B SIKOCTI orepaTopa arperaimii i MiHIMyMy B
SKOCTI olepaTopa IMILUIIKAIii, Mpoleaypa OTPUMaHHS HEYITKOTO 3HAYEHHS BHUXOJY
Ha3UBAETHCS KOMITO3MIIEI0 max-min. Ilicas Toro, sk BXoau mpaBmwil 0O0poOsIeH1
ONMCAaHMM BHULIC AITOPUTMOM 1 OTPUMAHHUM HEWITKHM BUXIX w,(y), HEOOXIZHO 3a

nonoMorox aedasudikanii 3HAWTH BiANOBIAHE HOMY UiTKe 3Ha4eHHS y .OCHOBHUMH

Metoaamu nedasudikaiii €: MeTo NEHTPY TSKIHHSA, IICHTPY CyM a00 yCepeaTHEHOTO
MakcumyMmy. B maniit po6oti, nedasudikoBanuil Buxia, OyAeMo po3paxoByBaTH 3a
METOJIOM LIEHTPY TSOKIHHS, IO MPECTaBICHUHN BUpa3zoMm (3):

" Ny Ny
y =21,y 21, (y;) (3)
p=1 p=l1
Jie 3HAXO/KCHHS CyMHU (1HTErpyBaHHS) BUKOHYEThCS Ha JUCKPETHUX 3HAUYCHHSX Y,

00J1acTi BUBHAYEHHS BUXO/TY, 1110 € PO3AUICHOT Ha N, To4ok [9].

[Ticns mpeacTaBiaeHHS AaHAJTITUYHOTO OIKCY IPOIMOHOBAHOTO aJITOPUTMY,
MpOBEJIEMO MPOIEC IMITALIMHOTO MOJIEIIOBAaHHA HEYITKOrO BUBEACHHSA 3
BUKOpHUCTaHHSIM mporpamu MatlLab Ta ii 616miotexku Fuzzy Logic Toolbox, B skii
peanizoBaHl JACCATKM (PYHKIIM HEUYITKOT JIOTIKM 1 HEYITKOrO BHWBEJCHHS, IO €
HaMOUIBII TPOCTUM 3aCO00M JIJIs1 TPOBEJIEHHS HEUITKOT'O MOJICTIOBAHHS.
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[Iporiec, mo mMaTA€TbCS MOMAETIOBAHHIO, MPEICTaBIsE COOOI0 BHU3HAYCHHS
SKOCT1 KBacoJii () BHPOINIYBAHOI T1IPOTIOHHUM CIIOCOOOM Ha KOPEHEBY CHCTEMY SIKO1
BiTOYBa€ThCS BITMB HU3bKOCHEPTETUYHOTO JTa3€PHOTO BUIIPOMIHIOBAHHS 3 Pi3HUMHU
3HAYEHHSIMHU TapaMeTpiB, SKUMU € TMOTYXHICTh BUIIPOMIHIOBAHHS, IO HAJICKHUTH
TAKOMYy 4HCIOBOMY mpoMikky P, €[0;50] Br, i nmomkuHa XBWII 3 JaHUM
npoMiKKOM A, €[0;960] uM mo 10 OanpHii mKadl OIHKKM AAHOTO SKICHOTO
poIIecy.

Ha nouatky, B mporpami MatLab, 3agaemo yHiBepcasibHi MHOKHHH TSI KOXKHOT
BX1JIHOI JIIHI'BICTUYHOI 3MIHHOI X, X, 1 JIHIBICTUYHOI 3MIHHOI Buxoay Y. Bonu
HactynHi: X, €[0;50], X, €[0;960] ta Y €[0;10]. Ilicns 1poro, Ha OCHOBI
OJTHOOCIOHOT €KCTIEPTHOI OI[IHKH, 3a7aeMOCs (PYHKIISIMU HAJIEKHOCTI TEPMIB Oa30BUX
TEPM-MHOXHH KOXKHOI 3MIHHOT, rpa(bum SKUX, TPEJICTaBICHI Ha pucyHkaxl, 2, 3.
[Ipomec iXx BBeAeHHS MO0 TMpOrpaMu 1 OOpaHHS aNTOPUTMY HEUITKOTO BUBEICHHS
MpeJICTaBICHU I Ha (PUCYHKY 4).

FIS Editor: Fuzzy_modeling - X
Fie Edit View

Fuzzy_modeing

mamdani)
; ; ; ; Swicre_gaconi

FIS Name: Fuzzy_modeing FIS Type: mamdani

And method Current Variable

Or method

Impication

Range 109501
Aggregation max i

Defuzzification

Updating Hembership Function Edior

Pucynok 4 — Peanizanisi erany ¢gasudikaunii B MatLab

Hactynmaum € mnoOGymoBa 0a3u NPOAYKIIHHUX MpaBUi i 3a0€3MeUeHHS
HEYITKOTO JIOT1TYHOT'O BUCHOBKY. B Hamomy BUMajky, KUIbKICTh IpaBui n=9. Jlana
0a3a, TaKOXX OTpPMMaHa Ha OCHOBI €KCIIEPTHOI OIIHKK MPOILIECY, 110 MOJCIIOETHCS 1
BI/IMOBIJIa€ BCTAaHOBJICHUM BUMoOTraM 10 Hei. BikHo 3 manumu npaswiamu B MatlLab
MpeJICTaBlIeHe Ha (PUCYHKY 5).

Ilepexoaumo 10 BHKOHAHHS IMITAIITHOTO MOJetoBaHHA. JlaHe BIKHO, siKe
npencraBieHe Ha (pUCYHKY 6), MICTUTh y €001 BCl MpOMYKIINHHI mpaBuia 3 0a3u
3HaHb, MPEJICTABICHUX y BUTJISI Tpad)ikiB KOHKPETHUX TEPMIB, 110 PO3MIIITYIOTHCS Y
BIJIMOBIIHOMY TMpaBwWwii. 3MiHA 3HA4Y€Hb BXIJHUX 3MIHHUX BUKOHYETHCS PYXOM
MOB3yHKIB Yy JaHOMY BIKHI a00 uepe3 Ioje BBEICHHS iX YHCIOBUX 3HAYCHb.
BcTraHoBUBINM KOHKPETHI 3HaYEHHS BXIJHUX 3MIHHHUX, IPOrpaMa BUKOHYE HEUITKHM
BUBI MampaHi, a came peali30By€: arperyBaHHS, aKTHBI3aIlilo, aKyMyJISIilo 1
IpoBOAUTH Aedasu(ikalio y BUNNISI OTPUMAHOTO YiTKOrO 3HAYEHHS BUXOLY ) .

B kiHI HEWITKOTO MOMCIIOBAaHHS CTBOpEHUW Tpadik, MO BimoOpaxae
¢dynkmionaneny 3anexHicts QO = f(P,;,4,,), npeacrasnennii Ha (pucyHky 7) [10].
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Pucynok 5 — BikHo 3axanns npoaykuiiinux npasu B MatLab

Rule Viewer: Fuzzy_modeling - X
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Ready
Heb Cose.

PucyHok 6 — BikHo npoBegeHHs iMiTalliHHOT0 MOJE/JIIOBAHHSA MPOLIECY
BH3HA4YCHHSA SIKOCTI BUPOLIEHOI KBacoai O B 3a/1€:KHOCTI Big mapamerpu P, i

A, HI3bKOEHePreTHYHOTI0 JIa3epHOro BunpominioBanus MatLab

Surface Viewer: Fuzzy_modeling - x
File Edit View Options

Potpons ‘ ‘

Pucynok 7 — TpuBumipauii rpadik 3a/1e;KHOCTI AKOCTI KBacoJai O B 3aJ1€KHOCTI
Bi1 mapamerpiB P, i 4,, n1a3epHoi 00pokH ii KopeHeBOi cHCTEMH B riiponoHini
OTPUMAHMH HEYITKUM AJTOPUTMOM
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BucHoBkun. Ha  oCHOBI  MNpOBEAEGHOrO0  IMITAllIMHOTO  MOJEJIFOBAHHS
TOCIIKYBAaHOTO TPOIECY MOXKHA 3pPOOMTH HACTYIHI BHCHOBKH, AaHATI3YHOYH
rpadiuny 3anexnicte Q= f(P,,A,;) MOXHa cKa3aTH, IO HalBHUIIE 3HAYCHHS

SKOCTI KBacomi, (=8 OamiB, crBoptoBatmMeThcs mnpu P, =(30+50), Br i
Az =550, HM. B kiHIIEBOMY BHCHOBKY, pealtizallisi He4iTKOro anropurMy Mampadi,

10 CIIUPAETHCS Ha J1aHI EKCIIEPTHHUX OIIHOK 3 IAaHOTO MUTAHHSA 1 TPOBEIEHHS Ha HOTro
OCHOBI IMITAIlIHHOTO MOJICJIFOBaHHS, Ma€ TapHI NEPeAyMOBH, IO 3a0€3MeuyroTh
3MEHIIEHHS CKJIaIHOCTI 1 Yacy Ha 3aCTOCYBaHHS 1 J1al0Th Ha0araTo YiTKIilll 3HAYCHHS
rapaMeTpiB Jia3epHOi OOpOOKHM Ha BIAMIHY Bij 1HIIUX MaTEMaTHUYHHX MoOJeied 1
METO/IIB.
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Abstract. The main task of the crop industry is to provide the population with plant products
of the required quantity and high quality, livestock - high quality feed, processing plants related to
agriculture - raw materials. However, meeting the needs of the population in crop products with a
constant increase in requirements for it in quantity and quality, creates a problematic situation. To
solve it, use a modern method of growing plants in buildings protected by soil, such as hydroponics.
But even the hydroponic method of cultivation does not allow to ignore this problem in general.
Therefore, after analyzing modern literature sources on this issue, you can see information about
the combined use of hydroponics and the method of physical exposure, which is laser radiation. The
application of this method is associated with complex mathematical models and calculations that
take considerable time and do not give a clear answer to the parameters of low-energy laser
radiation, which should be used to activate physiological processes in plants. Therefore, the search
for other mathematical models and methods that will reduce time and reduce the complexity of
implementation and give clear values of parameters is an urgent task. The paper presents a fuzzy
mathematical model based on the Mamdani algorithm, the process of determining the quality of
beans grown in hydroponics, the root system of which is affected by low-energy laser radiation with
a certain power and wavelength. Based on it, the MatLab program for the use of the Fuzzy Logic
Toolbox library simulates the process under consideration. The result is a graphical functional
dependence of bean quality on radiation parameters. As a result of this simulation, it was found
that the highest value of the quality of 8 points grown beans will have at a power that varies from
(30-50) W and a wavelength of 550 nm. Thus, the use of a fuzzy model based on the Mamdani
algorithm gives clearer values of radiation parameters and reduces time and reduces the
complexity of application.
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Anomauin. B cmammi 3a3naueno, wo 3a ocmanui 20 pokie pigeHb 3aCMOCYBAHHS
KoMn romepis y mMeouyuti oyxce ni0BUWUBCS, [ MU 8ICE HE MOIICEMO YABUMU HAULY MeOuyuHy Oe3
PO3YMHUX nomiyHukie. llepepaxo8ano OCHOBHI HANPAMU 3ACMOCYBAHHS CYYACHUX THDOPMAYIIHUX
MeXHONo2I: MeduuHa IHgopmayitina cucmema, menemeOuyura, MeoudHa OiaeHOCMUKA;
momozcpagis,; excnepmua cucmema, MeOudHi anapamHo-KoMn 10mepHi cucmemu, pooomomexHika,
IHHOBAYIIIHI MEXHONO02IT 6 NIIKYBAIbHOMY NPOYeci, HAYKOB8I 00CHI0NCeHHS V MeouyuHi. Budineno pso
POOOMIB-NOMIYHUKIB, AKI HAYKOBYI GUHALWIU 011 donomoau nikapam: pooom ARES; RoboEarth,
pooom Da Vinci; Robotic Glove; pooom AMIGO. Aémopamu eudineno npoexmu 3 UKOPUCMAHHS
WMYYHO20 THMeNeKmy 3a KOpOOHOM Md 8 HAWI KPAiHti.

Knrwowuosi cnoea: ingopmayitini mexnonoeii 6 meouuniu cgepi; wmyuHull iHmenexkm,
menemMeouyura; MeouyHa OiacHOCMUKA, POOOMOMEXHIKA 6 MeOUYUHI, HAYKOBI 00CIA0NCEHHS 8
MeOuyuHi, meouuno-inghopmayitina cucmema, 3-D npunmepu 6 MeOUyuHi.

Berym.

CyuacHuii mepiol pO3BUTKY JIFOJICTBA XapaKTEPU3YEThCS CUIBHUM BIJIMBOM Ha
HbOT'O HOBITHIX 1H(OpPMaLIMHUX TeXHOJIOT1H. BOHM MIBHAKO TEpPEeTBOPUIUCH Ha
KUTTEBO BAXJIMBUUA CTHUMYJI PO3BUTKY BCIX cep >XUTTS JOAWHHU. Y JaHUN Yac
(hakTUYHO B yCl Taly3l OXOPOHH 370POB’Sl BIPOBAKEHI 1HGOPMAIlIMHI TEXHOJIOTIT
(IT). 3aBasgku 1pOMY MeauIIMHA HalyJa ChOrojaHi abcoaoTHO HOBHX puc. lleit
MIPOIEC CYMPOBOKYEThCS CYTTEBUMHU 3MIHAMH B MEAMYHIN Teopii Ta MpakTHII,
OB’ SI3aHUMHU 3 BHECEHHSIM KOPEKTHUB JI0 MIJAITOTOBKA MEAUYHUX MPAIiBHUKIB. [1].

Oco0nmBOi yBarm 3aciIyroBy€ BHKOPHCTAHHS IITYYHOTO IHTENEKTY JJIst
JTKYBaJIbHOI Ta JIarHOCTUYHOI crpaBu. 3a octaHHi 20 POKIB piBeHb 3aCTOCYBAHHS
KOMIT'IOTEPIB Y MEIUIUHI Ty>Ke MiJBUIIUBCS, TOMY IMPAaKTHUYHA MEIUIIMHA CTAa€ BCE
oinbm aBTomaTu3oBanoro [4]. Llryunwit intenext (I1II) — me nowiTHI IT-TexHOMOTI]
31 CTBOPEHHSI I1HTEJNEKTyaJIbHMX MAIIMH, KOMII IOTEPHUX TporpaMm, 3JaTHUX
BUKOHYBaTH 0cOONMMBI QyHKIIIT [2].

BukJiax ocHOBHOTO MaTepiaJy.

OcCHOBHI HampsiMM 3aCTOCYBAaHHS Cy4acHMX 1H(OpMAI[IHHUX TEXHOJIOT1H
HactynHi [1], [3]:

e Menuuna iHdopmaliiHa cuctemMa — I11e 1H(POPMaIHO-OBIAKOBI CHCTEMH,
CJICKTPOHHI MEIWYHI KapTKH, arnapaTHO-KOMITI IOTEPHI CHCTEMH, aBTOMAaTH30BaHI
poboui wmicug (axiBIiB, TMPU3HAYEHI [JIsI aABTOMATHU3aIlli BCHOTO JIKYBAaJIbHO-
JTIarHOCTUYHOTO Tpollecy Ta 3a0e3nedeHHs 1HGOpMAIliiHOT MIATPUMKA MPUUHSTTS
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JiKapeM J1arHOCTHYHMX 1 TaKTUYHUX (JTIKYBaJIbHUX, OpPTaHI3alliiHUX Ta 1H.) PillIEHb,
MepexeBi 010TI0TEeKH.

e TenemenuIHa — HATPSIMOK MEIUITUHU, JJI1 HAAAHHS MEIWYHOI JOTIOMOTH B
MICIIi HEOOXITHOCTI 3a JOMOMOTOI0 CYyYaCHHMX TEJICKOMYHIKAI y TUX BHUMNAJKaX,
KOJIU BIJICTAHb 1 9YaC € KpUTUYHUMU (DAaKTOPaAMHU.

e Menuuna pgiarHoctuka. Jlo TakuxX — JOCHIIPKEHh MOJXKHA  BIJHECTH
KOMIT' FOTepHY TOMOTrpadito, MarHiTOPE30HAHCHY ToMorpadito, yiabTpacoHorpadiro,
JOCJTIIDKEHHS 13 3aCTOCYBAaHHSM 130TOITIB.

e Tomorpadis - 11e METOJ BUBUEHHS CTaHy OpraHi3My JIIOJWHHU, MPH SKOMY
OTPUMYETHCS 300paKEHHS OKPEMUX TOHKHUX IIapiB (TIEepepis3iB) JIOACHKOTO OpraHi3My
1 Ha X OCHOBI KOHCTPYIOEThCS TOBHE 00’eMHE 300paxkeHHs. B ocTtanHi poku
CTBOPEHI HOBI KOMIT' FOTEPHI MPOrpaMu, 10 JTO3BOJSIOTh OTPUMYBATU J1arHOCTHYHI
300pakeHHsI B TPUBUMIPHIiH rpadiili Ta B pexuMi aHIMAIIii.

e EKcrnepTHI cUCTEMHU € OJHUM 3 HAWIMOMIMPEHINIMX THUIIB CUCTEM IITY4YHOIO
IHTEJIEKTy. 3aCTOCYBAHHS E€KCIEPTHUX CUCTEM y MEIUIMHI HaledeKTUBHILIEC NpH
BUPILIEHH] 3aJlay J1arHOCTUKH, IHTEpIpeTalli JaHuX, MPOTHO3YBaHHI Mepediry
3aXBOPIOBaHb 1 YCKJIQJHEHb, MOHITOPHHIY IMepediry 3aXBOpIOBaHb 1 IUIAHYBAHHS
JTIKYBaJIbHO-IIarHOCTUYHOTO TPOIIECY.

e MenuyHi amapaTHO-KOMIT IOTEPHI CHUCTEMHU BUIUISIOTH SK OKPEMHH BUJ
eKcrepTHUX cucteM. lle MemuyHi cHUCTeMH MOHITOPUHTY 3a CTAaHOM XBOPHUX Ha
OCHOB1 JIOBTOTPHBAJIOIO0 1 HEMEPEPBHOTO aHali3y BEIUKOro OO0CATY MaHMX, IO
XapaKTepHU3yoTh cTaH ¢i3ionoriunux cuctem opranizmy (EKI, Tuck xposi, yactota
JUXaHHs, TeMIEepaTypHa KpUBa, BMICT ra3iB Y KpOBI Ta B MOBITPI, 110 BUIUXAETHCH,
Toro) [2].

e PolGotorexnika. Cepes MEIUYHUX amapaTHO-KOMIT IOTEPHUX CUCTEM OKPEMOi
yBaru 3aciiyroBye€ poOoToTexHika. PoOoTu-maHekeHu, poOOTU-KYyp €pu, poOOTH-
CaHiTapy — II€ BXK€ PEabHICTh. 3’ sIBUJIACS BEJIUKA KIJTBKICTh POOOTIB, SIKI BUKOHYIOTh
HaJ3BUYaHO cKiIaaHl MaHimyssamii. Hampukman, camos0ipauii po6or ARES s
MIPOBENICHHS omepalliii 6e3 po3pidy WMIKIpHUX TOKPHUBIB. [IpOKOBTHYTI maIii€eHTOM
OKpeMi (PYHKIIOHAIbHI OJOKM BCEpEIWHI OpraHizMy 30MparOThCS B KEPOBAHMIA
MOJYJIb, 33 JOTIOMOTOIO SIKOTO MIPOBOJUTHCS XIpypriuHe BTPYUaHHS.

['onoBua imess mpoekty RoboEarth — cTBOpuTH yHIBepcanbHy CHCTEMY
YOPaBITIHHS 3 BUKOPUCTAHHSM IHTEPHET-TEXHOJOTIA 1 JIOKAILHUX KOMIT FOTEPHUX
MEpEexK, o0 3poOUTH 11 3HAYHO JOCTYIHINIOK 711 KOpUCTyBadiB [3].

Xipypriunuii po6otr Da Vinci no3Bosisie yepe3 HEBENIMKI OTBOPH B MIKIpi
BUKOHYBaTH HaWCKIAIHINI  omepamii Ha BHYTpIIIHIX opraHax. YyTiuusi
MaHIITyJISITOPH TOYHO BIATBOPIOIOTH PYXH PYK Xipypra, SKUH CHUIAUTH 3a MYJILTOM,
npu oMY (QUIBTPYIOYH TPEMTIHHS a00 BUMAAKOBI Pi3Ki pyXH.

Menuunoro cencartiero € Robotic Glove. e pykaBuuka, ocHallieHa JaTYMKaMH,
K1 MOXYTh BHUSIBUTH BiOpaIllii, 3ByK 1 TemrepaTypy, BOHa Ma€ akceIepoMeTp 1
3BYKOBY CHCTEMY, fIKa CUTHAJII3y€ MPO OPraHH, L0 BUMAararoTh HEraiiHoi yBarwu.
PykaBuuka 30upae 1 nepeaae Bcro iHdopmaliiro Ha koM rorep [3].

Menuunuii po6or AMIGO 3’sBuBcst B 2010 porti y Benukoopuranii. OcHOBHa
criemiamasaiiss podboTa — omepallli Mo JIKyBaHHIO apuTMii cepiisd. Bin momomarae
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BBOJIUTH Y€pe3 apTePito KaTeTep A0 MOUIKOIKEHUX AUISTHOK CEpLIeBOro M 43a.

e [HHOBaII/HI TEXHOJIOTII y JiKyBajgbHOMY mporieci. Biitky 2012 poky (bipMa
Philips MpenCcTaBuia CHCTEMy EchoNaV1gator 0 BUKOPHUCTOBYE peBon}oumHy
TEXHOJIOTII0 3 1HTEPBEHIIIIHOI Blsyam:;auu a came o0O’€lIHye pEHTreH 1
exokapjiorpadiro, J03BOJISIOYM B PEKHUMI PEATBHOTO 4Yacy MOEMIHATH TOKA3aHHS
MEIUYHUX TOpwiaaiB 13 300paxkenHsMm. Kapaioxipypru orpumanu  OuIbId
IHTEpaKTUBHHM 1 I1HTYITUBHO 3pO3yMUIMH CHOCIO TMPOBEACHHS MaJOiHBA3HBHUX
MpoIEAYyp MPH JIKYBaHHI CTPYKTYPHUX 3aXBOPIOBaHb cepiist [3].

e HayxkoBi gociimkeHHs y MenuuuHi. HoBuMm MeTooM y MeauIMHI, SKUH TOKH
3HaXOAUTHCS HAa paHHIX eTamax po3BUTKY € 3D — OlonmpuHTHUHT, a00 TPUBHMIPHHIA
IpYK SKMBUX TKaHWH. BueHl 3 amepukaHChKOro I[HCTHTYTy pereHepaTHBHOI
Meauiay B 2012 porti ctBopuiu Ti0puanuii 3D-ipunHTEp, SKMiA B 3M031 BUPOOIISITH
KUTTE3ATHI XPSAIIOBI IMIUIAHTAHTH JJIs TAIlI€HTIB, MO iX MOTPeOyroTh. [Ipobaemy
MIITHOCT1 HAJIPyKOBAHUX KOHCTPYKIIIH BUPIIIMIIM MUISXOM MOETHAHHS IS TTOO0YI0BH
KapKacy TKaHWHH JKUBHUX KJIITUH 1 CHHTETUYHOTO ToJiiMepy [3].

3a kopmoHom BukopuctanHs III nocsrio BuUCOKOro piBHA, OyJIO YCIIIIHO
peanizoBaHo 0€37114 MPOEKTIB, cepell AKuX [2]:

1. Cuctema MOHITOPUHTY MaIlieHTIB BiJ Qventus 103BOJISE BIACTEKYBATH KOKEH
KpOK Malll€HTa B1Jl 3aMCY B PEECTPATYP1 10 BUIIUCKH 13 CTALlIOHAPY;

2. MoxnuBICTh BUOOPY 1HAMBIIYaIbHOTO JIIKYBaHHS, PEali30BAHO KOMIAHIELO 3
Smonii Fronteo Healthcared B cuctemi KIBIT;

3. Enextponnuii acucteHT Biag Bright.md momomarae mBHIKO 3HAWTU pI3HY
1H(MOpMaIIito JJIs JIIKaps Ta MEIUYHOTO TIEPCOHAY MPO MAIliEHTIB;

4. Kapmannuii kapaionor Big AliveCor. MoOUTbHHMI JT0AaTOK, SKUM MOXKE
00poONATH JaHi JaT4uKa ISl 3HATTA Kapaiorpam B Oyab-skux ymoBax. [III
po3mMpoBy€e NaHi MalieHTa, B pas3l HeOe3neku 1H(apKTy - 3aBYACHO MPUXOIUTH
CIIOBIIIEHHS TIPO T€, IO HEOOXI1THO 3BEPHYTHCS 0 JIIKapS.

5. I3painecekuit craprann MedyMatch Technology mpoaeMoHCTpyBaB cuctemy
Ha 6a31 LI, meroro AKkoi € BHSIBICHHS TOYHOTO AiarHo3y iHCyabTy. Cucrema B
pPEXKUMI PEaTbHOTO Yacy MOPIBHIOE 3HIMOK MO3KY IaIliEHTa 3 COTHSAMH I1HIIMX, SKi
3HAXOAATHCS B XMapPHOMY CXOBHIII].

IT-koMnanii YkpaiHu JOEMOHCTPYIOTh NPUKIAIN BUKOPHUCTAHHSA ILITYYHOTO
IHTEJIEKTY 3 1HTENEKTyalbHUMH PIIICHHSIMH IJI JIIKApeHb Ta 3aKJIajiB OXOPOHHU
310poB 1 [2]:

1. SoftServe — ctBOpmiin cucremy healthcare, sika HampaBieHa Ha 3aXHCT
3I0pPOB sl Ta MOJIMIIEHHS MEUYHOTIO 00CITyTOBYBaHHS;

2. EBepect — KoMmaHis, siKka CTBOpUJIa CEPBIC BipTyasizallli JaHUX JJIs KIHIKH
«J1o6poOyT»;

3. Ciklum — Bioma BIpoOBaPKEHHSAM Kap11IOMOHITOpA JIJIsl OCHAIIICHHS TUTSYO0TO0
Kap/110JIOTTYHOTO IIEHTPY, PO3POOKH KOMITaHii BiJ3HAUEHI MPECTHKHOIO MPEMIEI0 B
CBITI;

4. GlobalLogic — 3aiiMa€eThCcsi pO3pOOKOI0 MEAMYHOTO OCHAIECHHS 1 MPOTPAMHUX
IPOAYKTIB HA OCHOBI Cy4aCHUX 1HHOBAILIN B cepi IITYYHOTO 1HTEICKTY;

5. DataArt - BpoBaamia eIeKTPOHHI MEIUYHI KapPTKU Ta CUCTEMY KOHTPOJIIO 3a
poboToro Tabopatopiii.

ISSN 2567-5273 46 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3 (N§

BucnoBku.

CyuacHi iH(opmaliifHi TexHOJorii Bce OUIbIIE BUKOPUCTOBYIOTHCS B Tailys3l
OXOpPOHHU 3JI0POB’s, MO OyBa€ HEOOXIMHUM JJIi BUACHOTO 30€pEeXKEHHS JOJCHKOTO
KUTTS. 3aBIASKA LbOMY MeIMIMHA HaOyBa€ ChOTOAHI HOBUX pHC. Y 0aratbox
MEIUYHUX MaHIMYJSAIIAX, ONEpalisxX Ta JOCTIIKEHHAX MPOCTO HEMOKIIUBO O0IUTHUCH
0e3 KOMIT'I0Tepa, MEIUYHUX POOOTIB Ta CHEIIaJbHOTO MPOTrPAMHOIO 3a0e3MeUeHHs
no Hux. Lleit mponec cynpoBOKY€EThCS CYTTEBUMHU 3MIHAMHU B MEIUYHIM CHCTEMI 1
B1JI0YBA€THCS 1€ Oarato B 4OMY 3aBJISIKM PO3BUTKY 1H(OPMAIIHHUX TEXHOJIOTIH.

[IpencraBneni po3poOku 3 BukopuctanHs TexHosorii Il  no3BossOTH
3a0e3neuyBaTH SIKICHO HOBUH piBeHb MeAUIUMHU. CydacHUN CepBIC 3HAYHO 301MIbIIIYE
TaKOX PIBEHb MEAMYHOIO OOCITYroByBaHHS JtoJel. Po3poOka cydacHUX MpOrpaMHUX
MPOJYKTIB TMOJErmye poOoTy JiKapiB 1 MEIUYHOrO IMEpPCOHANly, IEpeKIIaae
MOHOTOHHY PYTHHHY pOOOTY MO O0JIIKY Ta MOHITOPUHTY Ha HOBITHIO KOMII IOTEpHY
TexHIKY [2].
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Abstract. The article states that the level of computer use in medicine has greatly increased
over the last 20 years, and we can no longer imagine our medicine without smart assistants. The
main directions of application of modern information technologies are listed: medical information
system, telemedicine; medical diagnostics, tomography, expert system; medical hardware and
computer systems, robotics; innovative technologies in the treatment process, scientific research in
medicine. There are a number of helper robots that scientists have invented to help doctors: the
ARES robot; RoboEarth; the Da Vinci robot; Robotic Glove;, AMIGO robot. The authors selected
projects on the use of artificial intelligence abroad and in our country.
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Abstract. This article describes the use of 3D scanners to detect body fat. Analized the main
methods and techniques of measurement using body scanners. Identified the advantages and
disadvantages of this method. Given the formulas for calculating the fat part by measuring the body
scanner.

Key words: body scanner, 3D scanning, fat composition, body scan, measuring.

Introduction.

Today, the use of 3D technologies is an important part of life [1]. Such
technologies help to better perceive the world. In particular, this applies to the
measurement of quantities. 3D scanners are widely used in medicine. In particular,
they can be used to measure and track the condition of the human body. To improve
the process of self-care during fitness, it is possible to perform body measurements to
calculate fat mass. such data can greatly simplify the training load program.

The main text

The constant development in the field of three-dimensional scanning has led to
the emergence of 3-dimensional measurement of the human figure. Three-
dimensional body scanners with an unusually short scanning process in a few seconds
provide high-precision measurement. Contactless automatic registration of a set of
necessary anthropometric data and display of a figure of the person is carried out. The
optical scanning method is safe for vision and human health in general.
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Two-dimensional photography cannot give completely correct results. One of
the main factors is shadows and light, which change color. Using the wrong angle
and tilt the camera also has a strong effect. Two-dimensional photos are exposed to
lighting problems that can mask the shapes or even make them look different than
they really are. 3D It's stern, raw and real, and the best way to actually see the result.

The quality of the obtained data objectively corresponds to the scientific
standards of human spatial scanning. Immediately after scanning, you can get all the
results digitally.

Depending on the scope, there are different options for work:

3D-printing: A color 3D-image of people or animals in the form of miniature
models is processed by a 3D printer.

Ergonomics: development of car interiors, design of workplaces for individual
needs of each user.

Tailoring: men's and women's clothing to order.

Medicine, orthopedics and sports: posture analysis, detection of spinal line,
control of therapy results, anthropometric studies, diagnosis of performance, control
of the training process, determination of physique.

Virtual reality: digital animation of the human body, digital transformation of art
objects.Body composition is important when determining health status. 3D-scanners
can capture an individual’s volume and thus calculate percent body fat. 3D-scanning
and editing took place in the 3D-scanner’s respective software, then scans were
exported to some software to calculate the volume. Participants were form-fitting
clothing and stood in a standard position during scanning.

3D body scanning technology to measure waist circumference (WC), hip
circumference (HC) and waist to hip ratio (WHR) precisely in an effort to improve
the current health assessment for abdominal obesity.

Some “overweight” people are healthy, while others with “normal weight” are
unhealthy. However, body fat percentage tells you what your weight is comprised of.
Specifically, it tells you the percent of your total body weight that is fat. The lower
your body fat percentage, the higher percentage of lean muscle mass you have on
your frame.

The principle of 3-dimensional measurement (triangulation) is the method of
light profiling [2], the profile is measured along the height along the projected light
line, most often laser. The laser projects a light line on the measured object. The
camera is aimed at the line at an angle and captures the projection of the line on the
object as a longitudinal profile. When the light line is shifted, a three-dimensional
image is formed on the object.

It is impossible to reduce the fat content in the body to zero - it threatens serious
problems. Excessive thinness is dangerous: it leads to skin problems, heart failure,
kidney failure and infertility in women. You need to gain weight if your fat
percentage is very low and do not forget that fat is normally useful and necessary for
the proper functioning of the body: fat contains energy reserves; fat maintains body
temperature; protects internal organs from concussions and injuries.

With age, the amount of fat increases and muscle decreases. Therefore, everyone
needs to be able to calculate the percentage of fat and control weight. By losing
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weight properly with excess fat (losing mostly fat), you can avoid many problems:
weakness, shortness of breath, fatigue, decreased immunity, hair loss, anemia.

Body mass index (BMI) is a measure of obesity. Body mass index is the ratio of
height and weight of a person.

In order to calculate your BMI you need to measure your height and convert it
into meters and square the resulting value [3]. For example, the height is 180
centimeters or 1.8 meters, which squared will be 1.8 * 1.8 = 3.24. Next you need to
divide your weight by this result. For example, at a weight of 90 kg, height is 180 cm.
Accordingly, BMI =90/ (1.8 x 1.8) =27.7.

Waist-to-Height Ratio - a waist-to-height ratio of 0.5 or greater indicates an
increased amount of abdominal fat for both men and women. Abdominal fat increases
the risk of cardiovascular disease.

The resulting number is body mass index [4]. There are 6 groups of body mass
index: low weight - up to 18; normal weight - from 18 to 25; overweight (before
obesity) - from 25 to 30; Ist degree obesity - from 30 to 35; 2nd degree obesity -
from 35 to 40; obesity 3 degrees - from 40 and above.

Formulas are used to determine BMI, and specialized calculators can also be
used, but such measurement data will not be accurate enough. To obtain highly
accurate information about the condition of your body, use a 3D fitness body scan.

Using a fitness scan provides the following benefits: exact dimensions of the
human body; percentage of fat in the body; dry body weight; rate of basal
metabolism; the ratio of waist to hips; body shape rating; the ratio of torso to legs;
posture and balance.

This technology is very useful for those who train and for coaches.

Waist-to-Height Ratio - a waist-to-height ratio of 0.5 or greater indicates an
increased amount of abdominal fat for both men and women. Abdominal fat increases
the risk of cardiovascular disease.

3D-scaners can calculate using formulas for body circumference method
developed by Hodgdon and Beckett [4]. Men and women require different
measurement methods because men tend to store belly fat (apple figures) and women
accumulate belly and hips fat (pear figures).

Formula for men:

495

(1,0324 — 0,19077)(log(Waist — Neck)) + 0,15456 (log (Height)) =0

Fat =

Formula for women:

495

(1,29579 — 0,35004) (log(Waist + Hips — Neck)) + 0,221 (log (Height)) — 450

Fat =

The scanner instantly provides complete information about the parameters of the
current person. Based on the information received, the training plan is built as
efficiently as possible. And for the athlete himself, this is a wonderful, vivid
illustration of the condition in which he came to the gym, and the result he achieved.
The technology allows you to track all the parameters of your body. You can learn
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everything that is important to you to work on a specific area and understand the
general condition of the body.

3D-body scanners use infrared sensors to get a detailed look at the shape of your
body, as shown on the image 1 [5]. The sensors generate a 3D-model of your body.
For some devices, you stand on a rotating platform for several minutes while the
sensors detect your body shape. Other devices use sensors that rotate around your
body. The scanner’s equations then estimate your body fat percentage based on your
body shape. In this way, 3D-body scanners are similar to circumference
measurements. However, a greater amount of information is provided by a 3D-

scanncr.

Image 1. — 3D scanning and measuring

Advantages: A 3D-body scan is relatively quick and easy. Disadvantages: 3D-
body scanners are not commonly available but gaining popularity. Availability:
Several consumer-grade devices are available, but they’re not as affordable as simple
circumference-measurement methods like skinfold calipers. Accuracy: Limited
information is available, but some 3D-scanners may be fairly accurate with errors of
around 4% body fat [6].

3D-scanning is perfectly safe for health. It does not use an x-ray or MRI. It is
simply a camera of smartphone that reads the surface of body to create an image
based on the images it takes. It is non-invasive. In fact, no part of the equipment even
touches body, save for the rotating disc that person stand while the scanning is taking
place. It is fast, easy, and poses no health risks whatsoever.

That way, you make a starting point of the body. It makes possible to watch
progress and see what you achieve have done.

The use of 3D-body scan privides number of incredible benefits. Some will be
very personal to just one, but some of the more common benefits include: 3D model
of body; measures body fat percentage, BMI, body volume; assesses your waist to hip
ratio to help determine certain health risks; measurements at more than 20 points all
over the body; appropriate for all fitness levels; assesses posture; track your fitness
level.
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Once the 3D model of body is made, special program software in feature
recognition to identify specific base point such as waist, hips, and bust of the body. It
helps to analyze the information to create measurements including volume,
circumferences, and surface areas so that you get a more accurate, detailed picture of
the size and shape body are — not the distorted, usually larger version that our minds
often trick us into believing.

Conclusion.

The issue of using 3D-scanners to perform measurements of the human body
was considered. in particular, the advantages of this method were analyzed.
Possibilities for application in practice are given. That is, applications in the field of
medicine and fitness. Formulas for calculating the relative mass of body fat are also
given. There are ways to apply different scanning approaches.

Information was obtained on how to calculate body fat. The scope of 3D
scanning 1s listed. Formulas for calculation based on 3D-model data are also
provided.
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Anomayia. B pobomi posensdaiomecs npobnemu, 3 AKUMU CMUKAEMbCA Oi3HeC 8 YMO8axX
MEXHONI02IUHOI 3ANeHCHOCMI; WO MONCHA 3podoumu 051 3a0e3nedenHs: HAOIUHO20 3aXUCmy OaHUX,
Wob HAUKpawum YUHOM O0OCIY208Y8aMU CLIbCLKO2OCNOOAPCHKI nionpuemcmea i AxK ¢hepmepu
MOJHCYMBb 3axucmumu cede 8i0 Cy4acHux Kibepzacpos.

Kniouoegi cnosa: xibepbesnexa, cintbcokococnoodapcvka 2anyss, [nmepnem peueil.

Beryn.

[Tanpemis COVID-19 icTOTHO BIUIMHYJIA Ha TIOBCSKICHHE JXUTTS JIIOJEH Yy
BChOMY CBITI. 3aXOJId II0JI0 CTPUMYBaHHS BIPYCy, Taki SIK coOIliajJbHA JWCTAHIIIS Ta
KapaHTUHYBaHHS BJIOMa, 3MYCWJIM OaraTo MIANPUEMCTB OLIbIIE TMOKJIAAaTUCA Ha
TEXHOJIOT1i, HIDXK 3BUYailHO, 100 HE BTpaTUTH CBiA Oi3Hec Ta e(EKTUBHO
¢ynkuionyBatu. Ilpu 30uUTbIIEHH] IUGPOBOI 3aJIEKHOCTI 30UIBIIYETHCS PUUK
MOXJIUBUX TIOPYIIEHb 1 BTPAaTH BAXJIMBUX JaHUX. Bce OUIBII JOCKOHAM Ta
npodeciiiHi  KiOep3J0YMHII 3BEpTalOTh CBOIO YyBary Ha Tally3b CUIbCBKOTO
rOCIOIapCTBa, 1 0araTo JroJel TOCUTh HE HAJIallITOBaHI 3aXUINATH ceOe 1 CBii Oi3HEC
B1Jl cyyacHUX 3arpo3. KiOep3mounHHICTh € CEPHO3HOI0 TPOOIEMOI0 SISl BCIX raly3ei
Ta CEKTOPIB, ajie Ha ChOTOJIHI JIeAKl Kpale MmAroToByieHi, HiX iHiml. Komu mudposa
TpaHchopMaIlisi OXOIUTIOE CLILCHKOTOCTIOAPChKY Taly3b, 0OaraTto MiAIPUEMCTB
3QJIMIIAIOTHCS BIAKPUTUMU JJIsl PU3UKIB, SIKI BOHM HE MOBHICTIO pO3yMitoTh. Lle €
TOJIOBHOIO MTPOOJIEMOI0, OCKUIBKY KiOEpP3JIOUHMHII MOCTIMHO IIYKAalOTh OpraHizalii, sKi
IIe HE CTBOPUJIM HAJIEKHOI CUCTEMH 3aXHCTY. 3 1i€i NPUUYUHU arpoOi3HEC BUTJISIAE
OJIHUM 3 HalOUIbIII MOTEHIIHHO TOTOBUM JIJIs KiOepaTak.

OCHOBHHUI1 TEKCT.

CekTop CUIBCBKOTO TOCHOJAPCTBA € OCHOBOK BAXKJIMBOI  I100aIbHOL
iHppacTpykTypu. SK 1 OUIBIIICTh TaJTy3€H, 10 TEXHOJOTIYHOI XBUJII MPUETHYETHCS 1
CiHBCBKO—OpiEHTOBaHi komradii. [{i kommnaHii B 3Ha4HIN Mipi MOKJIAJAI0THCS Ha JIaHi,
CHUCTEMHU Ta TEePEeIOBlI TEXHOJOTII JJIs 31MCHEHHS CBOIX OIepalliid. 3arajJoM TOYHE
3eMJIEpOOCTBO  BHUKOPHCTOBYE  PI3HOMAHITHI B6yI[0BaH1 TEXHOJIOT1H,  SIKI
MOKJIQAl0TECA HA  JIUCTAHIIMHE 30HIYBaHHS 3€MJI, TJIOOQJIbHI  CHCTEMH
nosnuloHyBaHH;[ 1 CUCTeMH 3B'SI3KY JISI CTBOPEHHS BEJIMKUX JAHWX, aHA3Y TaKuUX
JaHUX 1 MamuWHHOTO HaB4YaHHSA. LI TexHoyoOrii M03BOMNSAIOTH OUIBIT TOYHE
3aCTOCYBaHHS BBEJCHHS CUIBCHKOTO TOCIIOJApPCTBA Ta TBAPWHHHMIITBA, TAKUX SK
noOpuBa, HACiHHSA Ta TMECTUIHIM, IO TNPU3BOAWTH 10 3HWKCHHS BHUTpAT Ta
NnoKpalieHHs BpoxaiHocTi. i ckiagHi udpoBi aKTUBU BIIKPUBAIOThH Tally3b MEpea
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HOBHUM CBITOM Ki0ep3arpo3, sKi HEOOXIJHO 3amoOIirTd JJjisi 30€peKeHHS pPIBHS
KibepOe3neKu B CiIIbChKOMY TocroaapcTsi [6], [10].

CinbCcbKe TOCTIOAPCTBO (C.-T.) MIAMAETHCSA MOMIOHUM 3arpo3aMm, 3 SIKUMH
ChOT'OJIHI CTUKAETHCS OUTBIIICTD raly3€ei, 1€ 3arpo3H, sIK1 OB’ s3aH1 3 BUTOKOM JTaHUX
Ta HECAHKIIOHOBaHMM jocTynoM. CydacHi KoMmMmaHii MaroTh Oe€3nliu JaHuX Mpo
CHIBPOOITHUKIB Ta KJIEHTIB, a TaKoX KOHQIIEHIIIHY i1HpOpMaIio, sKa MOXe
3aBAaTH 0araTo MIKOAM B YYXKMX pykax. Taka iHdopwmallisi MOBUHHA OyTH HAIIHHO
3axuileHa Bij kioep3arpo3. KpiM mepcoHalbHUX JaHUX, ICHYIOTh TaKOX J0JIaTKOBI
3arpo3u ISl JACAKUX YHIKadIbHUX TMPHUCTPOIB y MboMy cekTopi. Hampukmnan,
HECAHKI[IOHOBAaHUN JOCTYyn A0 O€3MUIOTHUX JITaJbHUX CHCTEM, SKI MOXHA
BUKOPUCTOBYBAaTU [Isl PO3MOJLTY HACiHHSA, JOOpUB, MECTULMJIB € NPHUKIaAAMU
KiOEppHU3UKY, KUl MPUBHOCUTH MPOCYHYTA TEXHOJOTIS.

BrimB Ha HUTICHICTE Ta TOYHICTh CLIBCHKOTOCIOJAPCHKUX CHUCTEM IIISXOM
BBEJICHHS HEIOCTOBIpHOI 1HGOpMaIi B CMapT-CEHCOPHI MEpPEkKi TaKO0XK MOXKE
3aBJaTH IIKOAM YPOXKasiM 4M cTagaMm. Hampukiaz, SKIIO XTOCh 3JJaTHUM B1IIaJICHO
MaHIIyJIIOBaTH CHUCTEMOIO OMAaJCHHS, BEHTHWIAIII 1 KOHAMIIIOBAaHHS TMOBITPS 1
3MIHUTH TEMIIEpATypy IO PiBHS, SKUW TBApUHU a00 POCIMHU HE BUTPUMYIOThH, II€
MO€ 3aKIHUUTUCS BTPATOI0 JOMAIIHBOI XynoO0u uu pociuH. OCTaHHIA TPUKIaA
CTOCYETBCS YCYHEHHS BIJKPUTOCTI Mepex 3B'Si3Ky. CUIbChKOTOCHOIapChKi
HIANPUEMCTBA, SK IMPaBWIO, MPALOIOTh B JAyXKE PO3MNOAUICHUX CEpeloBUIIAX, a
KOMYHIKAI[IiHI MEpPEeK1 MaloTh BUpIIIAIbHE 3HAYECHHS JUIs MIATPUMaHHSA poOOTH Ta
3B'3Ky. 3 TOUYKH 30py KIOEpHpoCTOpy, SAKIIO XTOCh MOXE YCHIIIHO 3HU3UTHU
JOCTYIHICTh 200 BHJIAJUTH JIOCTYN O LIMX KaHAJIB 3B'SI3KYy, 1I€ MOKE BIUIMHYTH 1
MOTEHLIHO 3yMUHUTU rocnoaapcebki onepaii [1], [2], [3], [4], [5], [8], [9], [10].

CyuacHi KiOep3/I04YHMHII PO3yMIIOTh, MO APiOHI TOCMOAAPCTBA, SIK MPABHIIO,
Majo 3BAXKAIOTh HAa MOXJIMBI KiOeparaku. TakuM 4YMHOM, 3JIOBMUCHUKHA MOXKYTb
HAJCWJIATA TIUPOKUM CIEKTP (IIIMHTOBUX E€JIEKTPOHHUX JIUCTIB 13 3aXOILTIOIOYUMHU
TeMaMH, 11100 3MYyCUTH KEPTB HATUCKATH HA NMOCHJIAHHS, SIKI MOXKYTh 3aBaHTaKyBaTH
HMIKIJUIMBUN BMICT Ha iX mpuctpoi. Lle Moke mpuszBecTd 10 BCHOTO, MOYMHAIOUU 3
aKTHBAaIlll IPOrpaMHOIo 3a0e3rnedyeHHs, 10 3aMHuKae (paiiinu opraHizaiii B oOMiH Ha
IPOIIOBI, JO BUTOKY JaHUX, 0 MOXE€ PO3KPUTH KOH(DIAEHIIHHY i1H(OpMaIlio
KoMmaHii. TakoX BOHM JEMOHCTPYIOTH O€314 3HaHb IIPO POOOTY CLIBCHKOTO
rOCTO0IapCTBa 1 MOXKJIMBICTh aTaKyBaTH B Ti1 YacH, KOJIM (hepMepU OTPUMYIOTh 3HAYHI
JI0XOJTM, HAPUKJIIA/1, KOJIM BOHU OTPUMYIOTh OCHOBHI Tu1aTexi. Bonu 3HatoTh Oi3HecC i
BUOMPAIOTh YacH, KOJM iX LI MOXYTh OyTH 3aifHATi, TOMY BTpPaTH T'OCIOJAPCTB
MOKYTh BUSIBUTHUCS KaTaCTPODIIHUMH.

CrporomHi ¢epMepu CTUKAIOTHCS 3 KUThbKOMa OCHOBHHUMH BHJIAMU IIAXPANCTB,
30kpema [8], [9]:

1. HinoBa enekrponHa momTa. @depmep MoOXe JOBIPUTHCS IIAXpasiM,
HaAMaralOyuch HAJICIaTH KOMAaHAU JJisi EJIEKTPOHHUX pPaxXyHKIB, 3J1HCHUTU
TEPMIHOBUH IIJIATIXK a00 3MIHUTH JiaH1 CBOT'O PaxXyHKY.

2. TekcroBi Ta TenmedponHi adepu. DIMMHT-I3BIHKK Ta  TEKCTH
BUKOPHUCTOBYIOTBCS 1100 OOMaHyTH CBOI Il IUISIXOM OMNPHIFOAHEHHS 0COOMCTOT
iHdopmanii abo s BUOOpa MOCHIIAHHS, SIKE 3aBAHTAXKYE UIKIJIJIUBE MPOrPaMHE
3a0€3MeUeHHs.
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3. OImUHTOBI €JNEeKTPOHH] JUCTH. DIMMHT-TUCT NPU3HAYEHUN ISl TOTO, 1100
BUTJIAJIATH PEAbHUM 1 TOTIOMOTTH OTPUMATH JaHl Balloro OOJIIKOBOTO 3amucy abo
3aBAHTAXXUTH IIKIAJIMBE MporpaMHe 3abe3meueHHs. baraTo 1ux JKCTIB BIAHOCHO
JIETKO TIOMITHUTH, ajié OCTAaHHIM YacOM Ilaxpai HaBUMJIUCS MEPEKOHIMBO HACIITyBaTH
OpeHAMHT Ta BMICT BIIOMUX Oprasizaliii, 1o o3Hauae, o Oararo Jjojei OyayTh iM
TIOBIPSITH.

Bunnkae muTaHHSA, YOMYy OCTaHHIM YacoM Imaxpai OpIEHTYIOThCA CaMe Ha
arpapHuil cektop? Binnosinp nossirae y 3poctarodiil olu@poBili CEKTopy c.-T. 5K 1 B
0araThbOX Tady3sIX MPOMHUCIOBOCTI, CITbChKE TOCTIOJAPCTBO TMEpEKHUBAE HUDPOBY
PEBOJIONII0, KA 3aCHOBaHAa HAa BENMKUX AaHuX. KpiM Toro, mudpoBi TEXHOJOTI
MIPOHUKAIOTH B CLIBCHKE FOCIIOJAPCTBO CKPi3b, A€ MUT OAUUMO: KOMIT'IOTEPH, pOOOTH,
CEHCOPH Ta aHaJITHKAa BEIMKUX JaHUX CHPHIIOTh MPUUHATTIO PIlIEHb y MOIIyKax
OUIbII BHCOKHMX 1 CTIMKMX BpoKaiB. ['ocnogapcTBa OpIEHTYIOTHCS Ha KOHIIEMIIIIO
TOYHOTO 3eMJIEpOOCTBAa Ta METOJIOJIOTII0 ONMTHUMI3allli BUPOOHUIITBA POCITMHHUIITBA.
OCHOBHI HamNpSMKH BKJIIOYAIOTHh BIAOIp MPOO TIPYHTY, MOHITOPUHT BpPOXKAHHOCTI,
GPS-cucremu HaBeleHHS, CYMyTHUKOBI 3HIMKM Ta aBTOMATHYHE YIMPAaBIIHHS
TexHikoro [10].

VYV nonosimi Goldman Sachs 3a3HadaeThcs, III0 HOBI TEXHOJOTII JI03BOJISATH
30UTBIIUTH BPOXKAWHICTh HA ICHYIOUMX CLILCHKOTOCTIOAApChKuxX 3eMisix Ha 70%, 1o
MOK€ 3HAYHO 3MIHUTH CTPYKTYPY PUHKY, Jlonmomararouu ¢epmepam JOCATTH OiIbII
cTiikoro BupoOHuiTBa. Ile came TI pIILIEHHS, $Kl IIyKaloTh YypsaAu Ta
CUIBCHKOIOCTIOAAPChKa Traidy3b 1 SIKI MOXKYTh IOKPALIUTH €KOJIOTIYHI MOKAa3HUKH,
30epiraroun  ab0 HaBITh TMOKpAIIYIOUM EKOHOMIYHI TOKa3HUKU [7]. Aue
aBTOMATH3aIllsl TPOLECIB - IIe, TO-MepIle, BUBEIEHHS IIOJCHKOTO eleMeHTa 13
pobouoro mporecy 1 TO-Apyre, TEHEpyBaHHS BEIMYE3HOI KUIBKOCTI JIaHHUX.
Hanpuxman, obcsirn aBTOMAaTHYHOTO AOIHHSA IIBHAKO 3pPOCTAlOTh, 1, 32 OIIIHKAMH,
om3pko 20% xopiB y €Bpomi MoxkHa Oyjae aBTomMatndHo A0ith 10 2050 poky.
ABTOMAaTH30BaHl1 JOibHI amapaTtd TeHEPYIOTh BEIMYE3HY KUIBKICTh 3MIHHHUX JUIS
KOXKHOI KOPOBH, YCI Il JIaHI MOXYTb CIPHUSTH MOJAJbIIIN PO3YMIHHIO CHUTYyaIlli Ta
JIOTIOMOTTH hepMepaM ONTUMI3yBAaTH CBOIO JISUIBHICTb.

BaxxnuBuM pakTopom y BCTaHOBJICHHI PiBHS O€3MEKH B C.-T. MIANPUEMCTBAX [8],
[9] Ha croromHi BucTymae TexHoioria IHrepHery peueit (IoT), ska Ge3nmocepeHbO
cripusie B3aeMoli 00'€KTIB Ta MPHUCTPOIB B arpapHoMmy cektopi. Bi Intelligence
3a3Hauae, 1o KubKicTh npuiaaiB loT Ha ¢pepmax 3poctae mopiuno Ha 20% 1 KocsirHe
75 winbiioniB B 2020 poui. Tak 1HTeNeKTyaJdbHHM MOHITOPUHT KJIIMaTy
BUKOPHCTOBYE JTaTUHMKH, SIKI MOKYTh OYTH pO3MillleH] HABKOJIO (epMH, JIaHl 3 AKUX
NOTIM BIANpaBIsAlOTECA B xmapy. Lli nmaHi MoxyTe OyTH BHUKOpUCTaHI s
KapTorpadyBaHHs MOTOJAHHUX YMOB Ta BHOOpPY BIAMOBIAHMX KyJbTyp. BoHu Takox
MOXXYTh MICTUTH ICTOpPUYHI JaHi, IO JO3BOJISIOTH (pepMepaM EKCTParoIIOBaTH
TEHJICHIII1 Ta BIJMOBIIHO KOpPUTYBaTU cTparerii 3poctanHs. [Ipu BuKopucTaHHI B
TEIUTUIAX JaTYUKHM MOXYTh PEryJiloBaTH KIIMAaTU4YHI YMOBHU [UIsl 3a0€3MEe4EHHS
ONTUMAJIBHOTO POCTY POCIMH, TOMI AK JATYMKHU YIPABIIHHSA MOCIBAMH MOXYThb
BIJICJIIIKOBYBaTU TEMIIEPATypy, ONaau Ta 1HII 3MiHHI. [le MOokHa BUKOpHUCTOBYBaTH
JUTSL €eKCTPanoJisiLlii TeH IeHII, MOHITOPUHTY POCTY BpO>Kato Ta rianyBaHHs [8], [9].

Po3yMHI TaTYMKU CUIBCHKOTO TOCMOAAPCTBA TaKOX MOXKYTh OyTH NMPHUKPIIUICHI
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10 XyJ100U, BOHM MOKYTh BUMIPATU CTaH 3/10pPOB'Sl, XapuyBaHHA Ta aKTUBHICTb, 11100
HaJaBaTH JaHi B PeKUMI1 peajJbHOro Yacy Ipo CTaH 310POB'S KOXKHOI KOPOBH.
depMepn TakoX 3BepTalOThecst 10 TexHonorii GPS nns BiacTexkeHHS pyxy
TPAaHCIIOPTHUX 3ac0o0iB Ta xyao6u. CucreMd MIAKIIOYAIOTHCS JO XMapHOI
miatdopmu [10], sxa Moxke B Oynb-akuii 4yac gaBaTu (epMepaMm ySBIEHHS MPO
MiCIIe3HAXO/KEHHs iXHbOI Xy/00M B PeXHMi peanbHOro 4acy. IXHi mepemilieHHs
MOKHA BIJICTIKOBYBaTH 1 30epiratu SK ICTOPWUYHI JaHl JIJIi MOHITOPUHTY 3MiH y
MOBE/IIHII, BU/Ia4l CIIOBIIIEHb PO HASIBHICTH MPOOJIEM 1 BHOPSIKYBaHHSI MPOIIECIB.

PoGoTu Ta BukopucTaHHs eneMeHTiB mTydHoro iHTenekty (II) Takox craroTh
BCE OUIbII BIJTUBOBUMHU. OUIKYETHCS, 10 CBITOBUI PUHOK CLIbCHKOTOCIOAAPCHKUX
poboTiB 3pocte n0 Maibke 20 mupa. goi. OCHOBHE 3aCTOCYBaHHsS 3apa3 - I
oOrpuckyBaHHs, 60poThOa 3 Oyp’sdHaMHM Ta aBTOMAaTHU30BaHUW 301p BpOXkKaro, ajie B
MIpY PO3BHUTKY IIi€1 TEXHOJIOT1] BOHA BUKOPUCTOBYETHCA ISl aBTOHOMHHX IPOLIECIB,
TaKHX SIK IMOCIB 1 aBTOMAaTHYHA HaBIrallisi TPAaHCIIOPTHUX 3aCO01B B MOJILOBUX YMOBAX.

Bci mi iHHOBaIii € Ayke BUTIIHHUM, aje B TOW € 4Yac CXHJIbHI JI0 PHU3HKIB.
Arpo6i3Hec crtae Bce Ounbmn 3anesxkHuM Bifg [T-cuctem [10], okpemi opranizaiii
CWJIBHO 3aJIeKaTh BIiJ] KOMIT IOTEPHUX MEPEXK, 10 POOUTH HAJI3BUYANHO BaXKKUM
yopaBiiHHS pusukamu. Bcee 1e crae me BaxiwuBime y cBiTi GDPR (3aranpauit
pEerJaMeHT PO 3aXUCT JAaHUX), KOJM KOHTPOJIb HaJ JaHUMH MOXKe OyTH HepeaaHuil
TpeTiM ocolaM, ajie BIANOBIAAIBHICT 3a HOro Oe3NeKy 3ajJUIIA€ThCS 32 BIACHHUKOM
naHuxX. TakuM YMHOM, y BUNAAKY BUTOKY JaHMX $IKI HaJeKajdu KIIE€HTaM 4Yepes
pobJieMy 3 TPEThOK CTOPOHOIO, BU BCE OJTHO MOYKETE TTOHECTH BIMOBIAATBHICTD.

CrorogHi KiOep3J04MHIII BCE OUIbIIE AMBIATHCS HA CLIBCHKOTOCIOJIAPCHKY
rajgy3b, OCKUIbBKM OaraTo oOprafizamiii € OJIHO3HAYHO Bpa3luBUMHU. Benuki
arpoXOJIIMHTU, MOKJIMBO, BXKE peaizyBaii €()EeKTHUBHI 3aCO0M 3aXUCTy, ajie MEHIII
KOMITaHii Ta (hepMepchKi TOCMOAAPCTBA MOXKYTh BIIUYyBaTH Opak yacy, pecypciB, iX
Oro/pKeTH oOMexeH1, 1 KioepOe3neKy BOHU PO3TISAIAI0Th SK HETEPMIHOBI BUTpaTH.
Kpim Toro, BoHM MOXYTh HE MaTh ()IHAHCOBUX PECYPCiB, MO0 TEPIITH MPOCTOI, 110
pOOUTH X 0COOJIMBO BPa3IMBUMHU JI0 aTaK TUITY «BIIMOBA B 0OCITyTOBYBaHHI.

Takum 4YMHOM, Tay3b € OUIBII BPAa3JIMBOIO, HIK OUIBIIICTH Tamy3eH, s
Harajy, aje Cy4acHl TEXHOJIOT1i OOIISI0Th, 0 KOPUCTh Oyje MepeBakaTu PU3UKH 1
Tl OpraHizaiiii, aKi He CIIPUUMAIOTh TEXHOJOT1i, pU3UKYIOTh 3AJTHIIUTUCS 033y THX,
XTO UM IIUJIECTIPSMOBAHO 3aliMa€ThCsl. 3 IHIIOTO OOKY, 3aHYpeHHS B IHMQPOBI
1HHOBaIlli ~ MOX€  TOCTaBUTHM  HOBMM  Oi3HEC ~Ha  4oJi  BCe  OULIBII
KOHKYPEHTOCTIPOMOXKHOTO PHHKY. Takum 4HHOM, OopraHizailii OTpUMYIOTh CTHUMYJIH
JUISL TOTO, 110 HOBI TEXHOJIOT1i MOXYTh 3pOOUTH ISl HUX, a TAKOX 1 CTPaxoM TOro,
o 1€ MOKe OyTH 3po0ieHe s 1X KOHKYypeHTIB. OTxke, €quHui BUOIp - YBIUTH Y
CBIT OoLM(ppPYyBaHHS 13 YITKOIO cTpaTeriero kidep3axucty. llos'sizanmii xapaxrep
1M(POBUX TEXHOJOTIN B arpapHiil raiy3i 03Havae, 10 ICHye 0araTto pi3HUX KIHIIEBUX
TOYOK g miakiarodeHHs. KinmeBa Touka - 1e Oyap-sSKuil OpUCTPId, AKUH
nigkmodaetbess a0 IT-cucrem, Oyap TO HOyTOyK, IUtaHmieT abo MiAKIIOYEHE
oOnanHaHHA. SIKIIO BCe 1€ HE3axMILEHE, BOHO IMOTEHILIMHO MOXE CIyryBaTu
BIIKDUTUM BXOJOM JO CHCTEeMH. YCi BHUKOPUCTOBYBAaHI MPUCTPOI MOTPIOHO
KOHTPOJIIOBaTH, 1100 TMEpEeKOHATUCS, 110 BOHU TOBHICTIO 3axuiieHl. Komu
MpaIiBHUKU BUKOPUCTOBYIOTh BJIACHI HE3aXHUIIEHI CMapTPOHM YW TUIAHIIETH IS
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BXOJAY B IIEHTpajbHI CHUCTEMH, BOHH CTBOPIOIOTH MOTEHIIINHY CIA0KICTh y HIUPIIii
Mmepexi. He3Baxkaroun Ha MiABUIIEHY MOIH(GOPMOBAHICTh MPO KIOEP3IOYMHHICTH Ta
MOKpAIlleHy 3aXHUCHY CHIIy, CHIBPOOITHHKH 3aJMIIAIOTBCS OCHOBHOIO 3arpo30i0
Oe3rmerl JaHux, a00 CBOIMHU 3JJOBMUCHUMH JisIMHM, a00 CBOIMH IToMHJIKaMH. Bcee, 110
XTOCh TOBMHEH 3pOOHMTH, 1I€ HATHUCHYTH Ha 3apakeHE NMOCHUJIaHHS, 00 MOPYILIUTH
O6esnexy. Omxke, HaiiOUIbIIa 3arpo3a OUIBIIOCTI MIANPHUEMCTB - 3CEPEIUHMU.
[linmpuemMcTBa MOBUHHI rapaHTYBaTH, 1[0 BCI MPAIIBHUKH BCiX PIBHIB 3HAIOTH PO
3arpo3u Ta Te, 10 BiJI HUX OYIKy€eThCs B IUIaH1 kiOepOe3neku. KoxkeH mpalliBHUK,
MO’K€ CTAaHOBHUTH 3arpo3y Oesmielli, K0 He TOTPUMYEThCS PO3pOOICHUX TIPABHII Ta
BKa3iBOK. KiOGep3710YMHHICTh MOCTIHHO PO3BUBAETHCS [8], TOMY BaXKJIMBO TaKOXK
PETYJISIPHO TIEPeryisiaTh Ta KOHTPOJIOBATH CTPATETiI0 KOXKHOTO migmpueMcTsa. Lle
OlnbIe, HDK opraHizaiiiHe nutaHHsA. CUIbChbKE TOCIOJAAPCTBO - 1€ TI00ATbHUIN
O13HEC 1 CKJIaJIa€ThCs 3 MOB'I3aHOT MEpeXki TJI00aTbHUX TPABIIIB, SIKI TOCUTH CUIIBHO
PO3IOJIITIEHI TEPUTOPIaIbHO 1 KOXKHA 3 IIUX TEPHUTOPIH Mae CBOI MIIXOJH Ta
indpactpykrypy [9], [10].

3BUYAIHO arponpoa0BOJIbYl MPOIECH, HE MO3HAYAIOTHCS SIK YKHUTTEBO BaKJIUBI,
BOHU OIIHIOIOTHCS SIK 3aHAATO PO3APOOJICHI 1 TOMY HE 3/IaTHI MOPYUIUTH CYCIIBCTBO
Yl €KOHOMIKY. AJie HACKUIBKHU 1€ Ma€ BIUIMB, KOJH IMPOIECH 3a0€3MEUYeHHS SKOCTI
MPOJIYKTIB XapuyBaHHS Ta BUPOOHUIITBA %K1 CTAIOTh BPA3JIMBUMU 0 Kibep3arpos?
Uwu 3MIHIOETHCS 111 OIIHKA 31 MIBUJKOIO OLM(PPOBKOI BCHOTO XaPYOBOTO JIAHIIOTA?
Konu BusiBisieTbecst AediuuT ypoxkaro ad0 HEHaJlliHA SIKICTh HNPOAYKTIB, BUHUKAIOTh
CyCHUIbHI 3aBOPYIIEHHS. AJie KOJIM BpPA3JIMBOCTI Ta BIJKIIIOUYEHHS Oe3nepepBHUX
MIOCTAaBOK CTAIOTh PEAJbHICTIO, MPOLECH BUPOOHUITBA XAPYOBUX NPOIYKTIB Ta
reorpayHuil poO3NOAIA MNPOAYKTIB BUSBISTH BUCOKUU PIBEHb CTIMKOCTI 3aBISKH
BEJIMKIA MEpeXl JIaHIIora MOCTavyaHHs MPOAOBOJIbCTBA. JKO/HA Taimy3hb Xap4yoBOTO
JaHIora He Oyne Mmiag 3arpo30l0 BHACHIOK BIJKJIIOYEHb B OCHOBHUX MICIISIX
BUPOOHUIITBA MPOJOBOJIbCTBA. bibllie TOro, Kojn 3amacu IpoAOBOJIbCTBA BIAHOCHO
HE3HAuHI, TO MPOAYKTH MOXHA 3aMIHUTH aHAJIOTTYHUMH a0 allbTepHATUBHUMHU
npoaykraMu, mo6 30amancyBatu aedimut. Och YoMy MpOIECH BUPOOHUIITBA Ta
PO3MOBCIOJKEHHSI Xap4YOBHUX MPOAYKTIB HE KBATI(IKYEThCS SIK «KUTTEBO BAXJIMBA
iHppacTpykTypa». Ale BpazMBICTh (IM(POBOIro) JaHIOra IPOJIOBOJILCTBA BCE
OlbIe 1 OLIBINE 3aJCKHUTh BIJ 1HIIMX TOBApIB Ta IMOCIYT, SKI MO3HAYAIOTHCS SIK
"YKUTTEBO BAXIIMBI", cepel] AKX HalBaXKJIMBIIII - MUTHA BOJIA, EHEPT1sl Ta TPAHCIIOPT.
Kpim Oe3nepepBHOCTI Ta OGe3MekH MOCTaBOK MPOJOBOJIBCTBA, Oe3MeKa Ta KOHTPOJIb
SIKOCTI € )KUTTEBO BAKJIIMBUMHU OCHOBAMH Xap4doBoro OizHecy [8], [9].

HeratuBHUM MOMEHTOM € Te€, [0 JESIKI arpomnpoJ0BOJIRYI TMIANPUEMCTBA
OOpIOTHCS 3 3ax0/aMu KiOepOe3nekn, Xxo4a BOHM BiIMIYalOTh HE TUTBKH TEXHOJOTI]
K OCHOBHHUHM pYIIiH, ajie W sIK 3pOCTarouy MOTpedy y BIACTEKEHHI Ta 3pOCTarodi
noTpebu MOKYMNIIB Ta CIOXHBadiB y 1HQOpMAIl Npo CTIHKICTh Ta MOJANbIIY
rno0ajizaiilo  BCIX JIAHIIOTIB  TPOJIOBOJILYMX ToBapiB. Jlani depmepchkux
TOCIOJAPCTB PO3TISAJAIOTECA K HOBUM MPOAYKT (epMepiB mopsa 13 IXHIMHU
KyJbTypaMH 1 TBapuUHAMHU, TOOTO TakKi 110 MOTPEOYIOTh HaJleKHO1 Oe3neku. UyTiuBi
JlaHI B arpoIpoJOBOJIbYUOMY CEKTOpI OCOOJIMBO CTOCYIOThCS JaHUX Mpo Ol3HeC,
OCKIJIBKM € I[IHHOIO 1H(OpMAIli€r0 sl pUHKY Ta HMoro KOHKypeHTiB. Hampukian,
pelenTH XapuoBUX MPOAYKTIB, alie TAKOX TUIAHW MO0 iX MPUAOAHHS BBAKAKOTHCS
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JOCUTh YYyTJIMBUMHU JAHUMH, SIK1 3aliexaTh BiJl PUHKY. | 111 KOXKHOTO JaHIfora
MPOJOBOJIBCTBA (MOJOYHI MPOIYKTH, M'SICO, OBOYl TOIIO) B arponpoiOBOJIHUYOMY
CEKTOpl PU3UKH Ta BPA3IUBOCTI OyAyTh pi3HUMHU. POCIOBCIOKEHI OCTaHHIM YacoM
Ki0epaTaky 3 METOIO MOIIKO/HKEHHS penyTallii KOMITaHii MOBUHHI BXK€ PO3TIISAaTHCS
K MocHJIeHa 3arpo3a. Takox Oyso 3adikcoBaHO 3pOCTaHHSI BUMaraHb, B IKOMY JaHi
o MiANPUEMCTBAM O€pyTh y 3apy4HUKH. YCKJIAJHIOIUUM (PaKTOpOM € Te, IIO
0arato Mepex arpornpoJIOBOJIbYMX TOBApIB MPAMIOIOTH Yy MIKXHAPOTHOMY
Cepe0OBUII, IEPETUHAOYM KOPJIOHHU Ta JIIFOYM B paMKaX PI3HUX 3aKOHOJ/IABCTB.

BucHoBkwu.

CisibecbKe TOCMOAAPCTBO OXOIUTIOE MIMPOKUM CIIEKTP OpraHi3alliiHuX THUIMIB, SKi
4acTO MalTh CHOpPaBy 3 NPOAYKTaMH, IO CIOXHUBAIOTHCSA IIOJbMH, TOMY CIif
JOTPUMYBATUCA KJIIOYOBUX HOPM Ta peKOMEHAalii, mob 3ade3neynT Oe3neky Jis
CIIO’KHMBAYIB, onepauiifHuX MPOLIECIB Ta pe3ynbTaTiB TISTTBHOCTI
CUTBCHKOTOCTIOIAPCHKUX TIAMPUEMCTB. 3arajJoM MOKEMO BHJUTUTH HACTYIHI KPOKH
IIBHUIICHHS PiBHS KiOepOe3NneKu s C.-T. MiAMPUEMCTB:

1. IIpoBeneHHST pEryaspHUX MEPEBIPOK, IO JAO3BOJUTH OyTH BIEBHEHUM, IO
MIITPUEMCTBO OXOILUTIOETE BC1 OCHOBHI HaNpsIMKU Ki0epoOesmneku. Po3pobka crparerti,
AKa 30cepeKeHa Ha TOASIX, nporecax Ta TEXHOJIOT15IX.
BnpoBamxkenHs/ekcrutyaTailis CUCTEM 3aXWIIEHUX AaHTUBIPYCHHUMH MPOTPAMHUM
3abe3neueHHsM. [IpoBeieHHs iHBeHTapu3allii aKTUBIB Ta KOHTPOJIb 1X BUKOPUCTAHHS,
a TaKOX PETYJISIPHE CTBOPEHHS PE3EPBHUX KOl TaHUX.

2. BinokpemieHHs oOIepaliiHUX TEXHOJIOTIl BiJ O13HEC-TEXHOJIOT1H, TOOTO
Oi3HEC-pillIeHHs, Takl SK €JIEeKTPOHHA I[IOUITa, OpOorpamMHe 3a0€3Me4eHHs I
€JIEKTPOHHUX TaOJIMLb Ta 1HINE, MOBUHHI OyTH BIJOKPEMJIEH1 BIJ KPUTUYHUX
omnepalifHux pilieHsb, A€ 1€ MOKIUBO, 00 MAKCUMAJIbHO 3MEHIITUTH PU3HKHU.

3. IlpoBecTn aHami3 Bpa3iMBOCTEH, MOB'I3aHUX 13 TEXHOJOTIEID AUCTAHIIMHOL
[IEH3ypHY, MAIIMHHUM HaBYaHHSIM Ta IHIIUMH HOBUMHM NE€PEIOBUMHU TEXHOJIOTISIMHU Y
CLIIbCBKOMY TOCIIO/IAPCTBI.

4. HeoOximHa HasBHICTH pecypcy 3 KibepOesmeku abo diTkuil (¢Gokyc Ha
KibepOe3neKky Ha C.-T. HiAIPUEMCTBI a00 TTPU BUPOOHUIITBI MPOAYKTIB XapuyBaHHS,
BCE II€ BAXKJIUBO JIJIsi POPMyBaHHS CUCTEMU O€3MEKU JJIs CIOKMBAUIB T4 BUKUBAHHS
Oi3HeCYy.

CeiT notpelye cTabLIbHOI POOOTH CUIBCHKOTO TOCIOJAPCTBA IS BUKOHAHHS
BXJIMBHUX (DYHKIIIH, [0 MATPUMYIOTh 30€pEkKEHHS JIIOACHKOTr0 XKUTTS. CeKTopH, 110
MiJIaI0ThCsl  BIUTUBY KibepaTak, MOXYTh 3arpoKyBaTH 3AaTHOCTI OpraHizaiii
3aJI0BOJIFHUTH I[I0 JKUTTEBO BAXKIUBY MOTpeOy, SKIIO 11 HE 3aXUCTUTH HAJICKHHUM
9YuHOM. BaxnmBo, MO0 MU TMOCTIHHO PO3yMUTH, SIK PO3CTaBIATH TPIOPUTETH Ta
BUPIIIYyBaJl MpoOaeMu KiIOEppU3UKIB Y CLIBCHBKOMY TOCIIOAaPCTBI.
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Abstract. The paper considers the problems faced by business in terms of technological
dependence; what can be done to ensure reliable data protection, to best serve agricultural
enterprises and how farmers can protect themselves from modern cyber threats.
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Abstract. The introduction of high-speed passenger trains is possible in the following options:
construction of new lines; reconstruction of existing lines, including changes in the geometric
parameters of the line (plan and longitudinal profile), which will require significant capital
investments, the introduction of an improved rolling stock with the possibility of realizing the
uncanceled lateral acceleration of aua = 0.9 m / s° with the unconditional provision of the level of
passenger comfort. In Belarus, the issue of increasing the speeds on existing lines can be solved in
two ways: reconstruction of the geometry of the line plan or the use of improved rolling stock.

Keywords: reconstruction; high-speed,; uncanceled acceleration.

Introduction

Introduction Belarus has an exceptionally advantageous geographical position in
the trans-European system and is the connecting and shortest route between the East
and the West, North and South.

The territory of the republic is crossed by two trans-European transport
corridors, identified by international classification under number 2 (West - East) and
under number 9 (North-South) (Figure 1). Transport corridor No. 9 connects Finland,
Lithuania, Russia, Belarus, Ukraine, Moldova, Romania, Bulgaria and Greece,
crosses the territory of the republic from north to south and bypasses the major
industrial centers of Belarus - Vitebsk, Mogilev, Gomel. The length of the railway
lines of transport corridor No. 9 is: direction Teryuha - Gomel - Vitebsk - Ezerishche
(489 km); direction Gudogai - Molodechno - Minsk - Zhlobin.

Figure 1. Transport corridors, passing through the territory of
the Republic of Belarus
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Methods of introducing high-speed railways

2.1 Options for the implementation of high-speed traffic.

The introduction of high-speed movement of passenger trains is possible in the
following options: - construction of new lines; - reconstruction of existing lines,
including changes in the geometric parameters of the line (plan and longitudinal
profile), which will require significant capital investments; - the introduction of
improved rolling stock with the possibility of realizing outstanding lateral
acceleration a,, = 0.9 m/s2 while unconditionally ensuring the level of ride comfort of
passengers.

2.2 Features of the introduction of high-speed train traffic in the Republic of
Belarus.

Currently, there is almost no high-speed traffic in the Republic of Belarus. There
is one small section on which the speed of 160 km / h is realized - Lesnaya —
Domanovo; in all other sections and directions, the route speeds are small.

Having analyzed the working conditions of railway transport in the Republic of
Belarus, some features of the introduction of high-speed traffic can be highlighted.
Among the main features:

- the introduction of high-speed traffic on existing lines for mixed freight and

passenger transportation;

- the need for electrification of a number of areas;

- small distances between settlements, as well as the capital and regional

centers and, as a result, relatively short routes of high-speed trains.

The disadvantages of the existing railway lines of the Republic of Belarus
include a complex plan of lines and a high degree of infrastructure development.
Basically, all railways pass through cities and towns.

In Belarus, the issue of increasing speeds on existing lines can be resolved in 2
ways: reconstruction of the geometry of the line plan or the use of improved rolling
stock (Figure 2).

Increased travel
speeds

o Changing the
Application of geometry of the line

special rolling plan (increasing the
stock radii of the curves)

Purchase of
Talzo rolling Production of own

. rolling stock capable of
stock (unique and selling a,, = 09m / s
expensive)

Figure 2. Methods of implementing high-speed traffic in Belarus

Changing the geometry of the line plan mainly refers to increasing the radii of
the curves. At the same time, large capital investments are required in reconstruction
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in the conditions of developed infrastructure around the existing railway lines (station
building, contact network supports, etc.).

An alternative reconstruction is the application of an improved rolling stock
capable of realizing higher speeds on existing curves.

As one of the main criteria for determining the speed of movement in the curves
is the outstanding acceleration - a,,, m / s* [1]. For passenger trains a,, is assumed to
be 0.7 m / s*. This criterion is a characteristic of smoothness and a condition for ride
comfort. You can increase the speed in curves in the following ways:

- increasing the elevation of the outer rail;

- increasing the existing radius of the curves;

- increasing the rate of outstanding acceleration, etc.

The first and second options require lengthening the transition curves and re-
laying the path, which is expensive and not always possible. In particular, it is
difficult to do on lines with heavy freight traffic [2].

The third of the proposed solutions to the problem can be implemented using
special rolling stock, which, in admission to operation, will have permission to
operate with outstanding acceleration greater than 0.7 m / s*. To date, the ES2G
«Lastochka» rolling stock (ay, = 0.9 m / s?) and the EP20 «Talgo» (a,, = 1,0 m / s?),
running on the territory of the Russian Federation, have this permission.

2.3 The Choice of the optimal type of rolling stock.

This rolling stock (Swallow or Talgo), by increasing the allowed outstanding
acceleration of 0.9 m / s? and up to 1.4 m / s?, respectively, can reduce passengers
travel time by an average of 15-20%. As shown by the studies of VNIIZHT JSC, the
prolonged and repeated exposure to outstanding centrifugal acceleration up to 0.9 m /
s? inclusively, most people tolerate satisfactorily. The outstanding centrifugal
acceleration equal to 1 m / s? is tolerated satisfactorily for repeated and short-term
impacts [3].

Rolling stock «Talgo» (ex. Patentes Talgo S. L., Spain) and «Swallow» (Russian
Federation) can be purchased. However, often the high cost does not allow this.

This task of acquiring an improved rolling stock capable of realizing higher
speeds in curves due to an increased rate of outstanding acceleration can be
implemented in Belarus, since a representative office of the company Stadler, which
is engaged in the production of rolling stock for the Belarusian Railway, is based on
the territory of the republic. Having set a task for them, one can count on the
production of a cheaper version of improved rolling stock.

Findings.

Thus, the travel time of passengers using rolling stock with an allowed
outstanding acceleration of 0.9 m / s2 is reduced by 8% compared to conventional
rolling stock, and in some sections by up to 15%.
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Abstract. To combat winter slipperiness, various deicing agents are used. They are applied
depending on weather and climatic conditions as well as the type of winter road pavement
maintenance. The development of the recommended seasonal strategy for the use of deicing agents
is carried out taking into account the following factors: weather and climatic characteristics
contributing to the occurrence of road slipperiness in winter and the patterns of its appearance. To
determine the optimal size of deicing material procurement, their maximum stockpiling level,
procurement frequency and the minimum costs, we used a stock management model with
production.

Keywords: winter slipperiness, deicing agents, stock management model with production.

Introduction

Road network expansion caused by the constant growth of motor vehicle
population and an increase in the volume of cargo turnover and passenger traffic are
placing ever higher demands on road and street maintenance as well as traffic safety
support. Particularly unfavorable conditions for car traffic occur in winter when snow
and ice accumulations form on the road pavement.

The main task of winter road maintenance is to take a set of measures to ensure
uninterrupted and safe road traffic on highways and streets including snow removal
from roads and winter slipperiness reduction. Winter road slipperiness is a result of
all the types of meteorological influences: packed snow, freezing of water on the road
pavement (ice crust, glazed frost), black ice. Despite the fact that these are
heterogeneous formations, they typically form an ice glaze with a glass-like structure.

Winter slipperiness has an adverse effect on road maintenance in winter. On
slippery roads, driving speed and hauling capacity decrease with increasing
transportation costs and the number of road accidents. The most severe slipperiness
occurs when an ice glaze forms on the roadway, there are a chemical solution or
snow-ice formations. In this case, the strain energy of rubber practically disappears

ISSN 2567-5273 65 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3

and the braking distance of a car increases. It depends on driving speed and adhesion
coefficient value reflecting the safety of traffic flow [1, 2].

To improve winter road maintenance efficiency, an urgent task is to prevent and
eliminate winter slipperiness through the rational use of deicing agents.

Statement of basic materials

The improvement of the condition of roads and streets with respect to use for
traffic in winter is achieved by two methods: pre- treatment of roads with anti-icing
agents for the prevention of snow-ice accumulations, and the enhancement of the
adhesion qualities of snow-ice accumulations formed on the roadway by creating a
rough surface with deicing agents.

In winter road maintenance, the following methods are used to combat winter
slipperiness [3]:

— friction method — sand, fine gravel and other abrasives with a particle size of
about 6 mm are scattered over the snow-ice layer surface. On relatively safe road
sections, the mixture application volume is 0.3-0.4 m® per 1000 m? of the road
pavement. On slopes, intersections and short radius curves, the deicing material
application rate is doubled. However, deicing materials do not stay on the roadway
for a long time and are carried away by air masses generated by passing vehicles, are
scattered by wheels and blown away by the wind. Frequent application is required to
restore adhesion.

— chemical method implies the use of solid or liquid chemicals to melt snow and
ice. The use of such substances melts and removes accumulations; the roadway area
becomes wet and then dries. Melting ice with chemical agents is a physicochemical
process that lies in ice melting and the formation of a water-salt solution, the freezing
point of which is significantly lower than the water-ice transition temperature. With a
decrease in air temperature, the melting ability of chlorides decreases causing their
application rate to go up. In addition, when ice melts, solutions are formed. They can
freeze resulting in new roadway area icing;

— combined chemical-friction method consists in the fact that friction materials
mixed with NaCl, KCI, MgCl,, CaCl; solid chlorides are scattered over the pavement
surface. The advantage of sand-salt mixtures is that they do not freeze and do not
slump. On relatively safe road sections, the mixture application rate is 0.1 - 0.2 m’
per 1000 m? of the road pavement, on accident black spots, this rate is 0.3 - 0.4 m>.

The frequency of road scattering, the sodium chloride distribution rate as well as
the need for deicing agents are evaluated and calculated based on winter slipperiness
occurrence, its duration, air temperature and the thickness of snow-ice accumulations.

The application of a stock management model with production in deicing
material procurement

For the procurement and rational use of deicing agents, let us consider a stock
management model with production [4, 5].

Setting up a problem.

To ensure safe winter road maintenance, a road construction department
prosecutes deicing material procurement. During the winter period of T days, p tons
of deicing agents are stockpiled daily. The deicing material application rate on road
sections is d tons per day. Unused materials build up a stock. Its storage expenses are
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h monetary units a day per 1 ton. Technological equipment operating costs connected
with preparatory operations for the provision of deicing agents are K monetary units.
What are the optimal size of deicing material procurement and its frequency? We
need to determine the total minimum costs, the maximum stockpiling level, the
procurement size during the winter period and material procurement duration.

Prerequisites for using the optimal order quantity planning model — a model with
production:

— a road construction department produces deicing agents independently,

stores and uses them at a constant pace;

— if the deicing material production rate is higher than the quantity demanded,

then the surplus accumulates in a warehouse;

— when the quantity of deicing agents (stock level I) reaches its maximum

value, production is terminated and deicing agents in stock are used;

— when the deicing material stock reaches its renewal point, the production is

restarted.

Suppose Q is the size of deicing material procurement; 7 is the planning period
duration (winter period); P is the production rate for the planning period; p is the
production rate per unit of time; D is the quantity of demand for the planning period;
d 1s the rate of deicing material consumption per unit of time; K is the fixed costs of
production restart; H is relative storage costs for the period; /4 is relative storage costs
per unit of time; S is a stock for the period; L is the time required to restart the
production.

The optimal solution to the problem will be such a deicing material procurement
size Q *, whereby the total costs for the period are minimized and are equal to the
sum of storage costs and the costs of a deicing material production restart.

The optimal size of deicing material procurement

o [[2aK [0k
- d) D) - (1)
h(l - pj H(l - P]

Knowing the optimal deicing material procurement size, other optimal
parameters of the system can be calculated:
— the costs of the deicing material production restart

D
G :EK ; (2)
— deicing material storage costs
T
C,==—H|1-—|:
=S| 1= 3)

— the total minimal costs including storage costs and the costs of the deicing
material production restart

Cmin:C1+C2:£*K+Q—H(1—2j- )
0 2 P)

— the maximum deicing material stockpiling level
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reof-Sfa(-2)

— the renewal point — the deicing material stockpiling level at which the
production is restarted

R=dL (6)
— the optimal size of deicing material procurement in winter
D
N = iy 7
o Q
— the time interval between deicing material procurements
o
= (8)

— deicing material production and consumption time

S
T=—2"__.
prt ©)
— deicing material consumption time and storage duration
=2 10
= (10)

The dynamics of changes in the deicing material quantity is shown in Figure 1.
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Fig. 1. Graph of the cycles of changes in the deicing material stock
Source: [5]

To solve the formulated problem, let us determine the optimal characteristics of
the stock management model with production (1) — (10) for the procurement and
rational use of deicing agents. In this case, 7= 90 days, p = 150 tons, d = 50 tons, & =
2.7 monetary units a day per 1 ton, K = 300 monetary units.

Figure 2 shows an example of calculations in the Mathcad computer algebra
system.
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Fig. 2. Calculation of the characteristics of the stock management model with

production
Authors " development

The cost curves for the deicing material production restart and storage as well as
the total costs of stock management with production are shown in Figure 3.

000 -

o=vtT |
0 S0 100 130 200 250 300

Fig. 3. Graph of the costs of stock management with production
Authors " development

Conclusions.

For deicing procurement and rational use, the considered model of stock
management with production makes it possible to determine the optimal deicing
material procurement size, the time interval between procurements, the cost of ant-
icing material production restart and storage, the total minimum costs, the maximum
stockpiling level, procurement frequency during the winter period, procurement
duration and the deicing material stockpiling level at which its production restarts.
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Anomauia. OcHo8HUM 3A80AHHAM 3UMOB020 YMPUMAHHS A8MOMOOIILHUX O0pie € NPOBEOEHH:s.
KOMNIIEKCY 3ax00i8 wo0o 3abe3neuents OeznepediliHoco i 0e3neyH020 00POACHLO2O PYXY Ha
asmomoOiNbHUX 00poeax i BYIUYAX, BKIOUAIOYU OYUWEeHHs O0opie 6i0 cHicy ma bopomvdy i3
3UM06010  causbkKicmio. [na  6opomvoOu i3 3UMOBOK  CIUZLKICMIO BUKOPUCMOBYIOMb  DI3HI
NPOMUOINCeNeOHi Mamepianu, AKi NPUHA4arms 8 3aNeHCHOCMI 810 NO20OHO-KIIMAMUYHUX YMO8 |
8UOY 3UMOBO20 YMPUMAHHS OOPOHCHIX NOKPUMMIG.

Busnauennss pexomenoosanoi ce3omHoi cmpameeii  BUKOPUCMAHHS — NPOMUONCETCOHUX
mamepianie 30IUCHIOEMbCS 3 YPAXYBAHHAM HACMYNHUX —(DAKMOPIE: NO20OHO-KIIMAMUYHUX
Xapakxmepucmux, wo CApUsOmMb BUHUKHEHHIO 3UMOB0I CIUZLKOCMI HA ABMOMOOINbHIU 00pOo3i, i
3AKOHOMIPpHOCME X NOABU.

s susHaueHHsT ONMUMAIbHO20 00CA2Y 3A20MiGNE NPOMUONCENCOHUX MAMepIianie, nepiooy
uacy Migc 3a20moeKamu, UmMpam Ha 6iOHOBNEHHs GUPOOHUYMBA i 30epicaHHsl NPOMUONCENEOHUX
mamepianie, 3a2anbHUX MIHIMATbHUX UMPAm, MAKCUMAIbHO20 DIGHA 3aNAci8, YUCAA 3A20MOE0K
npoms2coM  3UMOB020 Nepiody, MPUBALOCMI  3A20MO6KU Mamepianie 1 piGHs  3anacie
NPOMUOIICeNeOHUX mamepianie, npu sAKOMy 6I00y8acmvbcsi BGIOHOBIEHHS iX BUPOOHUYMEA,
BUKOPUCMOBYBANIACST MOOeNb YAPABNIHHA 3anacamu 3 6upobHuymeom. [na aemomamuzayii
PO3DAXYHKIE [ nob6Y00sU 3alexcHOCmel eumpam YNpaeniHHA 3anacamu 3 UPOOHUYMBOM
BUKOPUCIOBYBANIACS cucmeMa Komn tomepHoi aneeopu Matcad.

Knrwuoei cnosa: 3umosa ciusvbKicmv, npoOmuodceneOHux Mamepianu, Mooelb YNPAGIiHHSL
3anacamu 3 6UPOOHUYMBOM.

Article submitted: 06.02.2021
© Kravchenya [.M., Lebid I.H., Luzhanska N.O.
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APPROACH TO CALCULATING THE REFERENCE MTBF FOR A

SPECIFIC BRAND OF VEHICLE FLEET OF A BORDER DETACHMENT
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National Academy of the State Border Guard Service of Ukraine,

Khmelnytskyi, Shevchenko 46, 29000

Hayionanvua axkaoemis Jlepoicasroi npukopdouroi ciyscou Yrpainu,

Xmenvrnuyokuii, eyn.lllesuenxo 46, 29000

Anomauin. Pospobneno nioxio wooo SUHAYeHHs 3a0aAH020 HANPAYO8AHHS HA 8i0MO8Y Ol
KOJMCHOI OKpeMoi mapku mpancnopmuoco 3acody. Ha ocnosi icnytouoi 3anesxcnocmi  mioic
Koeiyienmom 20mo8HOCMI | HANPAYIBAHHAM ABMOMODLIL 8U8E0EHA 3ANeHCHICIb HANPAYIOBAHHSL
Ha 6i0M08y 8i0 Koegiyiecuma comoenocmi mexHiku. Ilpeocmasnena 3anexcHicmo 003601UNA
ompumamu Moo0eib NPOcHO3Y 3A0aH020 HANPAYN8AHHS HA 6i0MO8Y HA OCHOGI npobicy ma
Koeghiyienma 20moBHOCMI MeXHIKU, XapaxkmepuHozo O 0arHo2o npobdicy. Ompumane 3a0aue
3HAYEHHS HANPAYIOBAHHS HA GIOMO8Y O00360JA€ WIIAXOM NOPIGHAHHA GU3HAYAMU GIOXUNEHHS.
BeUYUHU HAOIUHOCMI MAPKU MEeXHIKU ma 6 NOOANbWOMY WYKAMu NPUYUHU, WO Npu3eeiu 0o
0aH020 GiOXUNEHH.

Knrwwuosi cnoea: HnanpayrosanHs Ha 6i0MO8Y, Koe@iyicHm 20mOo8HOCMI, HAOIUHICMY,
MPAHCROPMHULL 3aCiD.

Beryn

CBO€YaCHICTh pearyBaHHS Ha 3MiHU B OOCTAHOBIIl Ha AUISHII TPUKOPAOHHOTO
3arOHYy TapaHTYEThCA 3a PAXyHOK 3a0e3MeueHHs MIIPO3ILIIB TPaHCIOPTHUMU
3aco0amMu 13 3aJjaHUM piBHEM O€3BIJIMOBHOCTI. 3abe3reueHHs] HEOoOXITHOTO PIBHS
0€3B1IMOBHOCTI BiI[GYBaGTI)CSI 3a paxyHOK e(eKTHMBHOrO  (PYHKIIOHYyBaHH:
PEMOHTHOTO P03 LTy NPUKOP/IOHHOTO  3aroHy. E(I)GI(TI/IBHICTB PEMOHTHOTO
MIIPO3AUTY BU3HAYAETHCS HOTO  37aTHICTIO HlI[TpI/IMyBaTI/I 1 BIJHOBJIIOBATU
BJIACTUBOCTI TEXHIKM 1 3abe3medyyBaTH 3aJaHUi  piBEHb  0E€3BIMOBHOCTI
TPAHCTIOPTHUX 3ac00iB (HampaIoBaHHs Ha BiAMOBY). JlJis BU3HAYEHHS 3a7aHOTO
piBHS 0€3BIAMOBHOCTI (HAmpaifOBaHHsS Ha BIJIMOBY) TPaHCHOPTHUX 3aco0iB
HEOOXITHO MaTH  BIAMOBIAHUN  1HCTpyMmeHTapii [1]. HasBHicTh  Takoro
IHCTPYMEHTApII0  JI03BOJIUTH OLIHIOBAaTH €(EKTUBHICTb POOOTH PEMOHTHOIO
MIIPO3AUTY MPUKOPIOHHOTO 3aroHy Ta MIATPUMYBATH TEXHIUYHY TOTOBHICTh MapKy
TEXHIKW Ha HEOOX1THOMY PiBHI.

1. AHaxi3 ocCTaHHIX JOCHiIKeHb i myOJikamid, B SIKHX 3alI0YATKOBAHO
BHUPILICHHS JAHOI NPO0JIeMH TA HA SIKi ONIMPAETHCH aBTOP.

KinbkicTe myOusikamiid, B AKUX MOPOBOAMIMCS MOCHIIKEHHS MIAXOAIB IIOJ0
OITIHKHM 0€3B1IMOBHOCTI TPAHCIIOPTHUX 3aC0O01B JIOCTaTHHO BEJIMKA. TOMY, CBIIOMO HE
MPETEHIYI0UX Ha MOBHOTY aHaJi3y, PO3TIITHEMO JesiKi 3 HUX [2-4]. ¥V mepepaxoBaHuX
poboTax JOCIIKYBAIUCH MIAXOAU IIOAO OIIHKK PiBHS O€3BIIMOBHOCTI Ha OCHOBI
CTaTUCTUKUA BIJIMOB TPAHCIOPTHHUX 3ac00iB, 00poOKa SKUX TOTpeOye BEIMKUX
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YacOBUX BUTpAT Ta Ma€ 3HAYHY TPYJAOMICTKICTh. [IpoTe miaxoaiB, siki O J03BOJISIN
OTepaTHUBHO BHM3HAYATH 3a/IaHE HAMPAIIOBAHHSA TPAHCIIOPTHUX 3aCO01B HA BIIMOBY 3
MIHIMaJbHOIO BUTPATOIO0 4Yacy Ta pecypcy Hemae. TomMy BUHHKa€e HEOOXIAHICTH Y
MIPOBEICHHI TOJaTKOBUX JTOCIIKEHbD.

Meroto cTarTi € po3poOKa MiaXxoay MO0 BUSHAUYCHHS 33JJaHOTO HaIpaI[IOBaHHS
Ha BIAMOBY OKpeMOi MapKd TpPAaHCHOPTHUX 3ac00IB aBTOMOOLIBHOTO MapKy
MPUKOPIOHHOTO 3aroHy, sika O J03BOJIsLIa HA OCHOBI (DAKTUYHOTO 3HAYCHHS MPOOIry
TPAHCIIOPTHOTO 3acO0Y BU3HAYATH BIJMOBIIHE 10 JAHOTO MPOOITY 3ajaHe 3HAYCHHS
HApPAILOBaHHS HA BiIMOBY.

2. Onmc nmpouecy po3paxyHKy 3a/IaHOT0 HATIPALIOBAHHS.

TexHiyHA TOTOBHICTH TPAHCHOPTHUX 3acO0IB MOXKE XapaKTepU3yBaTHCH
KOMIUICKCHUM  TMOKa3HUKOM HaAiMHOCTI — Koe(imieHToM TroToBHOCTI (K g)-

Bignosiguo no JACTY [1] koedilieHT rOTOBHOCTI — 11€ IMOBIPHICTh TOTO, 1110 00'€KT
BUSBUTHCS Mpalle3qaTHUM Y JOBUIBHUM MOMEHT 4Yacy, KpiM 3arjlaHOBaHUX MEpioiB,
IPOTATOM SIKMX BUKOPUCTaHHS 00'€KTa 3a MpU3HAYEHHSIM He nependadyeHo. B Toif ke
gac 3rigHo gochimxkeHb Kysueroa €.C. [2] WMOBIpHICTH 0€3BiAMOBHOI POOOTH
TPAHCIIOPTHUX 3aCO0IB  MIAMOPSIIKOBYETHCS TMOKA30BOMY (€KCIOHEHITIAIbHOMY)
3aKOHY po3moaury. Y3spmm 10 yBaru mnojioxkenHs JCTY [1] Tta mochimkeHHS
Ky3uenosa €.C. [2], 3HaueHHA Koe(illieHTa TOTOBHOCTI TPAHCIOPTHUX 3aco0iB
MOKHA pO3PaXxOBYBAaTH 32 HACTYITHUM BHPA30M:

kg(t)=P(t)=c", (1)
1€ e — MaTeMaTH4Ha KOHCTaHTa, yucio Eiinepa; A — IHTEHCHBHICTH BiIMOB Ha
iHTepBai npoliry, kM™'; ¢ — iHTepBa HAPALOBAHHS aBTOMOOIIBHOIO IapKy, KM.

IDicepeno: [2]

I'padiuno 3anexuicts (1) npencrarieHa Ha puc.l. OckiIbKH KOXXKHA i-Ta MapkKa
aBTOMOOUIBHOTO MapKy B YMOBaX KOXXHOTO OKPEMOTO MPHUKOPIOHHOTO 3aroHy Oyje
MaTH CBO€, XapaKTepHE TUIbKU JUIs HEi 3Ha4YeHHs 1HTEHCHMBHOCTI BiAMOB, dopma
EKCIIOHECHI[1aJIbHOT KPUBOT MOYKE 3MIHIOBATHUCH.

k A
1 -
0.8 -
kr50000
0.6 kr100000
150000
04 4 ke
kr200000
0.2
LS 0000 L 100000 L 150000 LZ 00000
0 : : . . . : : . >

ral

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 t, Ky
Pucynok 1 — I'padik 3anesxkHocTi koedilliecHTa rOTOBHOCTI Bi/l HANPALIOBAHHS

HA BiAMOBY TeXHIiKHM i-I MADKH aBTOMOOIJILHOI0 NAPKY
IDicepeno: [2]
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OTpuMaHHS CTAaTUCTUYHOI 3aJ€KHOCTI MDK KOE(IIIEHTOM TOTOBHOCTI Ta
npoOiroM 03BOJIMTH B MOJANBIIOMY BH3HAYaTH Ha KOXKHOMY eTami poOoTu
aBTOMOOUIS 3HAYEHHsI 3aJaHOTO I IIbOTO €Taly >KUTTEBOTO IUKIY KOe]illieHTa

roToBHOCTI ( K gg d).

Axmo mnposjorapipmyBatu JIiBYy Ta TpaBy dacTuHy piBHsSHHS (1), a
IHTEHCHBHICTh TOTOKY BIIMOB (A ) BHUpa3uTH uepe3 3aJaHe HampalfoBaHHA Ha

BiTMOBY (Tozad) BUpa3oM A = /T o> TO 3a/laHe HANpALIOBAHHS Ha BiIMOBY
o

MOJKHA pO3paxOBYBATHU HA OCHOBI 3aJICKHOCTI:

/ t
34/JadHC __ —
T = = @
Ink*" —Ink”
t

Aemopcovka po3pobka

OTpuMaBIIM  €KCHEPUMEHTANBHUM ILUISXOM TIpadik 3alekHOCTI 3HAYEHb
Koe(dilieHTa TOTOBHOCTI BiJl MPOOIry TpaHCIIOPTHOTO 3aco0y (puc. 1), € MOKIIUBICTD,
BUKOPUCTOBYIOUH TPEACTABJICHY 3aJICKHICTh PO3PAXYHKY 33JJaHOTO HaIlpallfOBaHHS,
OTPUMYBATH €TaJOHHI XapaKTEPUCTUKU HaIpallOBaHb JJisi KOXHOI OKpPEMOi MapKu
TEeXHIKH. B CBOIO Uepry e HalacTb MOXJIMBICTh 3A1MCHIOBATH KOHTPOJb 32 PIBHEM
TOTOBHOCTI KOKHOI OKPEMO1 OJTMHUII TEXHIKH Ta MapK TEXHIKU B IIIIOMY.

BucHoBku.

Takum ymHOM, y pe3yabTaTi MPOBEIECHOTO AOCTIHKEHHS OyB PO3pOOJICHMIA
MiIX11, 10 J03BOJSE HA OCHOBI 3HA4YEHHS (PAKTUYHOTO MPOOITy TPAHCTOPTHOTO
3aco0y i-i Mapku (f) BU3HAYaTH JUId LBOTO MPOOITY BEIUYUHY 3aJaHOTO
HaIpaIlOBaHHS HA BIJIMOBY TPAaHCIIOPTHOTO 3aCO0y OKPEMOi MapKu aBTOMOO1THHOTO
napKy MpUKOPAOHHOTO 3aroHy. llpenctaBneHuii miAXiJ [103BOJISIE BU3HAYATH
HOPMAaTHBH IOJI0 PiBHS O€3BIAMOBHOCTI (BEJIWYMHU HAMpaIfOBaHHSA Ha BIJMOBY)
MapoK TpPAaHCIOPTHUX 3ac0o0iB Ta B MOJAJBIIOMY OI[IHIOBATU HA OCHOBI IIHOTO
e(EeKTUBHICTh POOOTH PEMOHTHOIO MIAPO3ALTY MIPUKOPJIOHHOTO 3aroHy, KOpEryBaTH
pIBEHb TEXHIYHOI TOTOBHOCTI TPAHCHOPTHUX 3ac00IB MNPHUKOPJOHHOTO 3aroHy.
OTpumaHi pe3ynbTaTd MPU3HAYEHI JJIS MOAAJIBIIOTO BUKOPUCTAHHS y MIpOLEIypi
OLIIHKKA €(EeKTUBHOCTI (DYHKIIIOHYBAHHS CHCTEMH TEXHIYHOTO OOCIyrOBYBaHHS Ta
PEMOHTY TPAHCHIOPTHUX 3aC001B MPUKOPIOHHOTO 3arOHY .

Jlnst  mepeBipKM  aJ€KBAaTHOCTI 3alpPOTIOHOBAHOTO TIAXOJY MPOMOHYETHCS
3aCTOCYBAaTH B YMOBaxX KOHKPETHOTO NMPUKOPJIOHHOTO 3aroHy. Y MNOJaibIIOMY IS
aBTOMAaTHU3allli PO3paxyHKIB 1ICHYe HEOOXITHICTh Yy pPO3pOOIl MPOrpaMHOIO
3a0e3MeyeHHs] METOAUKHU
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Abstract.

Introduction. The efficiency of the repair unit is determined by its ability to maintain and
restore the properties of equipment and ensure a given level of reliability of vehicles (failure time).
To determine the specified level of reliability (failure time) of vehicles, it is necessary to have the
appropriate tools.

Analysis of recent research. The number of publications that have studied the approaches to
assessing the reliability of vehicles is quite large. However, there are no approaches that would
allow you to quickly determine the specified operating time of vehicles for failure with minimal time
and resources. Therefore, there is a need for additional research.

Description of the process of calculating a given operating time. Technical readiness of
vehicles can be characterized by a complex indicator of reliability - the coefficient of readiness. At
the same time, according to research, the probability of failure-free operation of vehicles is subject
to the indicative (exponential) law of distribution. Based on this, an approach has been developed
to determine the specified failure time for each individual vehicle brand. On the basis of the existing
dependence between the coefficient of readiness and operating time of the car the dependence of
operating time on refusal of the coefficient of readiness of equipment is deduced. The presented
dependence allowed to receive the model of the forecast of the set operating time on failure on the
basis of run and the coefficient of readiness of equipment characteristic of the given run.

Conclusions. The obtained set value of the failure time allows by comparison to determine
the deviation of the value of the reliability of the brand of equipment and further to look for the
reasons that led to this deviation.

Key words: operating time to failure, readiness factor, reliability, vehicle.

ISSN 2567-5273 74 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3 (N§

http://www.moderntechno.de/index.php/meit/article/view/meit15-03-049
DOI: 10.30890/2567-5273.2021-15-03-049

V]IK 656.135
OPERATIONAL ANALYSIS METHOD FOR THE LIGHT-DUTY VEHICLES
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Abstract. Modern methods of choosing rolling stock do not allow to provide innovative and
technological energy saving and to assess and predict the suitability of a light-duty vehicle (LDV)
for energy-saving transport technologies. Buyers are faced with a choice among a wide variety of
new models and modifications of the LDVs with the different options of the structural and
parametric organization of the vehicle design, which, despite the high level of technical parameters,
do not meet the requirements of energy-resource-saving operation of the rolling stock.
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Introduction.

In the existing selection methods of the rolling stock for the certain operating
conditions, transport companies use such important factors as the structural and
parametric organization of the vehicle design (SPOVD), type and condition of the
road surface and technological procedures. Therefore, these methods do not allow to
ensure innovative and technological energy saving and to assess and predict the
suitability of a light-duty vehicle (LDV) for energy-efficient transport technologies.
In connection with the above, it becomes relevant to develop and use the LDV
operational analysis methodology taking into account the transportation conditions
according to the criterion of their energy efficiency, taking into account road
conditions, operational properties, design and technical parameters.

Main part.

The existing methods of the road transport organization and economics [1,2,3]
do not provide an increase in the energy-resource efficiency of transport during
operation according to the concept of technological energy-resource saving. They
solve only the problems of cost-effectiveness of transport, organizational and
commercial operation, failing to incorporate the machinery parameters. Therefore,
these techniques are non-technical, non-technological, energetic and non-resource. In
addition, in the theory of transport processes, motor vehicle is theoretically
considered as a one-parameter vehicle (that is, a simplified scheme), and not as a
complex carrier of technical resources, in fact the load-bearing body [4,5]. This
simplified diagram allows determining the motor vehicle performance indicators and
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the cost of motor transportation without taking into account their design and technical
parameters, and technological processes of energy conversion. Through a simplified
calculation scheme, the existing methods of technical, transport and economic
analysis of the LDV performance do not ensure the realization of the above-
mentioned concept of development and strategy of increasing the technical and
technological competitiveness of the road transport services. Information parity
between seller and buyer is also important and necessary, as the latter are interested
in improving transport energy efficiency.

Analysis of the new and promising LDV models shows that cars do not meet the
requirements for improving their level of energy efficiency.

Operational justification of the choice of the LDVs based on the criterion of
their energy efficiency is an important stage of the vehicle life cycle (VLC) in the
implementation of the energy saving concept during the LDV operation.

In the proposed methodology, the choice of LDVs and the assessment of their
energy resource efficiency is based on the indicators of energy efficiency, the
effectiveness of technological influences and consumer qualities for LDV various
brands and models.

In order to have a unified approach, the generic type automobile model is used,
taking into account the structural parameter organization of the automobile in the
form of 4 devices and 14 structural modules. This method allows analysing and
selecting the LDV from a set of proposals that best meet the requirements of energy
efficiency under certain operating conditions.

The purpose of the LDV operational analysis methodology is to assess and
select the vehicles, which characteristics will meet the requirements of energy and
resource saving operation, taking into account road conditions, operational
characteristics and structural and technical parameters of the LDV.

To develop the methodology, the following tasks were solved:

- analysis of the technical characteristics of the LDV;

- analysis of the characteristics of the LDV operating conditions;

- determination of the LDV functioning features during operation;

- refinement of the mathematical models for operational improvement of the

energy resource efficiency of the LDV;

- development of an algorithm for implementing the LDV operational analysis

methodology.

The mathematical formulation of the problem of the LDV operational
substantiation has the form:

Given data:

1) Type of the LDV for the intended purpose;

2) Competing SPOVD options;

3) Technical characteristics of the LDV;

4) Characteristics of the operating conditions (length of route; average

continuous distance of the vehicle; characteristics of the road)

5) The LVD energy efficiency requirements;

6) Performance and cost requirements.

Determine the SPOVD options that will meet the requirements of energy-

ISSN 2567-5273 76 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3 (NG

resource-saving operation.
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D — engine device; T — transmission; X — chassis, q — load capacity; G, — LDV gross weight;
Go — LDV weight; H— LDV overall height; B— LDV total width, Ry — wheel radius; N — minimum
idling RPM; 1.1 — city driving; 1.2 — highway driving; 1.3 — mixed driving regime; y; — road drag
coefficient; Il.. — LDV consumer quality index.
Fig. 1 — Algorithm for the LDV operational analysis taking into account the
transportation conditions by the criterion of their energy resource efficiency
Authors’ development
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The LDV operational analysis algorithm is presented in Figure 1. It presents the
sequence of procedures and the implementation of the decision-making methods to
increase the LDV energy efficiency. By the method of simulation parametric
modelling of the LDV functioning with different characteristics of the structural
modules and taking into account different characteristics of the routes and road
conditions, the functional dependences are obtained.

The functional dependencies of the energy efficiency measure /7., and energy
equivalent cost Syz on the design parameters, transportation conditions and road
characteristics (tables 1, 2) are established by regression methods:

y=k1x2+k2x+k3 (1)
where k;, ks, k; — equation coefficients;
x — variable parameter.
Table 1
Energy efficiency coefficients values dependence on the design parameters and
road characteristics

Dependences Equation Coefficients Correlation
k; k> k3 Coefficient R’
1. I1,, = £ (Nw) 0,0046 -0,0536 0,3414 0,99
2.1, =t (Uy) -0,0405 0,2455 -0,105 0,91
3.11,=1(r) -0,0988 0,3084 0,0294 1
4.1, =1t (V) -0,0155 0,055 0,2115 1
5.1, =1 (Lep) -0,0115 0,1088 0,0773 0,99
6. 11, = (for) -0,0075 0,0219 0,2365 0,99
Authors’ development
Table 2
The energy cost Swe coefficient value dependence on structural parameters
Dependences Equation Coefficients Correl.ation
ki ks ks Coefficient R’
1. Swe =1 (Up) -0,4258 2,4477 -1,1168 0,78
2. Swe =1 (Nw) 0,025 -0,241 2,065 0,99
3.8we =1(7) -0,396 1,364 0,536 1

Authors’ development

Conclusion.

The presented dependencies can be used to predict changes in the energy
efficiency indicators when changing the design and road characteristics. This will
make it possible to carry out the selection of the LDV, which will ensure
consideration of the structural-technical, road and traffic conditions complex and will
be in line with the concept of energy saving.
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Abstract. The enforcement with automated speed sensors is the most effective way to reduce
speed. The paper examines the impact of the installation of stationary and mobile speed sensors on
the number of accidents caused by violations of the speed limit. Two identical time periods are
considered - three years before the installation of speed sensors and three years after their
installation. The research is carried out with the help of the software package Statistica.

Key words: speed, speed sensors, accidents, accidents caused by speeding violations, the
quantitative analysis, the topographical analysis, speed limits, significance level.

Introduction.

Speed has a positive effect on mobility because it reduces transportation time,
but it plays a dramatically negative role in accidents, increasing both the likelihood of
an accident and the severity of the consequences. Speed also increases pollution and
noise, and adversely affects living conditions in urban areas. But it should not be
forgotten that speeding or inappropriate speed is the biggest traffic problem in most
countries [1].

Speeding depends on many factors such as age, driver gender, blood alcohol
content, aspects related to road layout and surface quality as well as power and
maximum speed of the vehicle.

The need to maintain optimum speed is governed by paragraph 87 of the Road
Regulations, which states: "When choosing the speed the driver must consider the
intensity of traffic, the characteristics and condition of the vehicle and its cargo, road
and meteorological conditions, in particular the visibility in the direction of travel."
[2].

There are a number of measures established by laws and regulations to limit
speed in cities.

Speed limits need to be enforced in order to be effective in their role. The
enforcement of speed limits takes different forms in different circumstances and may
involve a manual or automated approach.

Manual speed enforcement usually involves a fixed observation point equipped
with a speed measurement device, and the presence of another police unit at some
distance from it on the same road with the power to stop speeding vehicles and
impose fines on drivers.
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Stationary and mobile speed sensors, which can be either visible or hidden, are
used for automated speed control. There are about half a thousand of them installed in
the Republic of Belarus. [3] Stationary speed sensors are installed in a certain place,
usually they are mounted in a housing installed on a pole. Mobile speed sensors are
not tied to the place of installation, they are usually mounted on tripods, transported
to the place of installation by operational vehicles and operated by a specially trained
person.

This enforcement with automated speed sensors is the most effective way to
reduce speed.

Statement of basic materials.

To assess the impact of speed sensors on accidents due to violations of the
established speed limits using topographical analysis in the city of Gomel, Gomel
district and Gomel region we analyzed the accident rate for two conditional periods -
the period 1 - before the installation of speed sensors from 2012 to 2014 and the
period 2 — the period of application of speed sensors from 2015 to 2017.

The quantitative analysis showed that the most accidents occurred in the period
1 — from 2012 to 2014 (Table 1, 2, 3).

Table 1
Accidents from 2012-2014(1) to 2015-2017(2) in Gomel
Total number of accidents Accidents caused by speeding violations
Period ["Total number | Number of | Number of | Total number | Number of | Number of
of accidents victims fatalities of accidents victims fatalities
1 554 587 53 22 26 11
2 452 495 42 22 30 3
Author's development
Table 2
Traffic accidents in the periods 1 and 2 for Gomel district
Total number of accidents Accidents caused by speeding violations
Period ["Total number | Number of | Number of | Total number | Number of | Number of
of accidents victims fatalities of accidents victims fatalities
1 242 267 69 43 44 11
2 159 172 60 44 50 17
Author's development
Table 3
Traffic accidents in the periods 1 and 2 in Gomel region
Total number of accidents Accidents caused by speeding violations
Period ["Total number | Number of | Number of | Total number | Number of | Number of
of accidents victims fatalities of accidents victims fatalities
1 1617 2677 520 200 220 60
2 1077 1161 249 184 210 45

Author's development

The largest share of accidents (for all violations) accounted for accidents
involving pedestrians. In the case of analysis of accidents caused by speeding
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violations, the largest share of accidents is caused by hitting an obstacle in Gomel.

The qualitative analysis showed that the most common type of traffic rules
violation that caused the accident was crosswalk violation (this violation accounted
for 29% of all accidents from 2012-2014 and also 29% for 2015-2017, respectively).

For the topographical analysis, we used an accident map, which included all
accidents that occurred during the period under study. The highest concentration of
traffic accidents in Gomel is observed in the following areas: the intersection of
Barykin Street, Bogdan Khmelnitsky Street and Rechitsky Avenue; the intersection
of Sovetskaya Street with Telman Street; the intersection of Proletarskaya Street with
Gagarin Street; the stopping point "Electroapparatus Plant" st. Sovetskaya St.

In the process of linking the locations of installation of speed sensors to the
places where accidents occurred, it was revealed that 6 accidents due to violations of
speed limits occurred in the places where some sensors will subsequently be placed.
No accidents due to speeding violations were recorded at the locations where the
sensors were installed after the placement of the speed sensors.

Further, the Statistica software package was used to assess the impact of speed
sensors on accidents due to violations of the established speed limits.

Pearson's ¥ criterion was used for the analysis. Figures 1 and 2 show the study
of the significance of accidents with violations of speed limits in the total number of
accidents in Gomel for the periods 2012-2014 and 2015-2017.

Period Period

Figure 1 - Pie charts
Author's development

Summary Table: Expected Frequencies (Spreadsheet1)
Marked cells have counts > 5
Pearson Chi-square: ,461081, df=1, p=,497121

Function Period Row

2012-2014

2015-2017

Totals

1

527,8088

432,1912

960,000

2

24,1912

19,8088

44,000

All Grps

552,0000

452,0000

1004,000

Figure 2 - Table of expected frequencies
Author's development

Figure 2 shows that the significance level is p=0.497, therefore, accidents due to
speeding violations are insignificant in the total number of accidents.
Using Wilcoxon criterion and Student's T-criterion, possible differences in the

ISSN 2567-5273 82 www.moderntechno.de



Modern engineering and innovative technologies Issue 15 / Part 3 (\§

number of accidents due to violations of speed limits near the places where mobile
speed sensors were installed before and after installation of sensors were established.
The studies were conducted separately for mobile and stationary speed sensors.
Since the normality test of the distribution (Figure 3a) of the Kolmogorov-
Smirnov function showed that p < 0.2 and p >0.05, therefore, the function is normal.
For further research, Student's t-criterion was used.

Histogram: Pazuuya: =vi-v2
K-5 d=37745, p< 20, Liliefors p<,01
Shapiro-Wilk W=,68305, p=,00188

Histogram: Pasnuya: =v1-v2
K-S d=,53025, p<,01, Lilliefors p<,01
Shapiro-Wilk W=,32693, p=,00000

No. of obs

.

a b
Figure 3 - Frequency histograms (a - stationary speed sensors, b - mobile speed

Sensors)
Author's development

Figure 4 shows that the significance level p <0.05 , therefore, the differences in
the number of accidents due to violations of speed limits before and after the
installation of stationary sensors are significant.

T-test for Dependent Samples (Wilcoxon stationary)
Marked differences are significant at p<,05000
Mean Std.Dv. N Diff. Std.Dv. t df p
Variable Dif.
Before 0,625000 0,916125
After 0,000000 0,000000 | 8| 0,525000 0,916125 1,929612 7 0,094976

Figure 4 - T-test of dependent paired variables
Author's development

Since Kolmogorov-Smirnov distribution normality test showed that p < 0.01 and
p > 0.05, therefore, the function is non-normal (Figure 3b). For further research we
will use Wilcoxon criterion.

Wilcoxon Matched Pairs Test (Spreadsheet9)
Marked tests are significant at p<,05000

Valid T Z | p-level

N

Pair of Variables
Before& After the installation 12

0,00

Figure 5 - Test of Dependent Paired Variables

Author's development

Figure 5 shows that the level of significance p <0,05 , therefore, the differences
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in the number of accidents due to violations of the speed limit before and after the
installation of mobile sensors are significant.

Conducting an analysis using Wilcoxon criterion we can conclude that the
installation of speed sensors has a significant effect in reducing the number of
accidents. At the same time after the installation of speed sensors no accidents due to
violations of speed limits at the locations of the sensors have been recorded.

Similar studies were conducted for similar periods for Gomel district and Gomel
region. The researches were also conducted separately for mobile and stationary
speed sensors.

We can conclude that the accidents caused by speeding violations in Gomel
district are significant in the total number of accidents. The differences in the number
of accidents caused by speed violations before and after the installation of both
stationary and mobile speed sensors are significant. Conducting an analysis using
Wilcoxon criterion, we can conclude that the installation of speed sensors has a
significant effect in reducing the number of accidents in the areas where they are
installed. At the same time after the installation of speed sensors no accidents due to
violations of speed limits in the areas where sensors are installed, in most cases, have
been recorded. However, based on studies we can observe that in the case of
stationary sensors, accidents were not recorded near all five sensor locations before
their installation, while in the case of mobile sensors, accidents were recorded only in
one location out of ten.

We can conclude that accidents due to violations of speed limits in Gomel
region without the city of Gomel and Gomel district are significant in the total
number of accidents. The differences in the number of accidents before and after the
installation of speed sensors are insignificant.

Conclusions.

Thus, conducting research on the significance of accidents due to speeding
violations in the total number of accidents, we can conclude that accidents in Gomel,

Gomel district and Gomel region are significant in the total number of accidents
for the periods under consideration 2012-2014 and 2015-2017, that is, before the
installation of speed sensors and after it. The differences in the number of accidents
due to speeding violations before and after the installation of both stationary and
mobile speed sensors in Gomel and Gomel region are significant, and in Gomel
district - not significant. At the same time after the installation of speed sensors no
accidents of this type were registered in the places where the sensors were installed.
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Abstract. Haubonee 3¢hghexmuenvim cnocobom CHUNMCEHUS CKOPOCMU AGNAEMC NPUMEHeHUe
aemomamuieckux 0amuyuko8 ckopocmu. B pabome paccmampueaemcs enusHue YCmMAaHo8KU
CMAYUOHAPHLIX U MOOUILHLIX OAMYUKO8 KOHMPOSL CKOPOCMHO20 DeHCUMa HA KOIUYecmeo
COBEPULEHHBIX OOPOAHCHO-MPAHCNOPMHBIX NPOUCUECEULL NO NPUYUHE HAPYULEHUS YCMAHOBTIEHHO20
cKopocmHoz20 pedcuma. Paccmampusaromes 06a 00uHaxkosvix 8pemMeHHbIX nepuooa — mpu 200a 00
MOMEHMA YCMAHOBKU OAMYUKO8 KOHMPONA CKOPOCMU U MpU 200a NOCAe YCHMAHOBKU.
Hccneoosanus npooosames 6 nomowbio npocpammuozo nakema Statistica.

Key words: cxopocms, damuuku cxkopocmu, /TII, evizéanHvle npesviulenuem CKOPOCMU,
KOJIUYECMBEHHbIU AHANU3, MONo2paguyecKuli anHaius, npeoeivl CKOpoCmu, ypo8eHsb 3HAUUMOCTIU.
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Anomauin. Bcmanoeéneno, wo icHyoui po3paxyHkosi cxemu meopii mpaHcnopmuux npoyecis
He MoJxcymb Oymu 6UKOpUCMAaHMi Onsl eupiulenHs 3aoad odrpynmyeanHs AMB 3 mouku 30py
00820CMPOK0BOI Memu nepesizHuKka-nokynys Hogozo AMB, a came - ¢opmyeanns eumoz 00
maubymuix npoexmie AMB, mak AK 6OHU He Ypaxo8ylmMv KOHCMPYKMUBHO-MEXHIUHI,
MPAHCNOPMHO-EKCRILYAMAYitHi  ma OOpPOd*CHI (hakmopu, wo 6niuearoms Ha eeKmueHicms
dyuxyionysanusa AT3. Jlana npobrema modice Oymu gupiuiena 3a 00NOMO20H0 Memo0i6 3ACHOBAHUX
Ha meopii eHepaopecypcHoi eghekmusHocmi agmomo0iisl y3a2aibHeH020 MUny.

Knrwuoei cnosa: asmomobini manoi 8aHmax)coniouomMHocmi, CmpyKmypHo-napamempuita

opeawnizayis — KOHCMPYKYii  agmomoois, IHOBAYILIHO-MEXHON02IUHe  eHep2o3DepedicenHsl,
MPAHCNOPMHI MEXHOI021l, NOKA3HUK eHepeemUyHOl eqheKmusHoCmi
Berym.

Ha cywyacHoMy eTami TexHIYHA MOJITHKA CBITOBMX BUpOoOHUKIB AMB Taka, mo
OyBae CKJIaJHO OLIHUTH TOPIBHSUIBHI Ie€peBarM TOTO YW 1HIIOTO BapiaHTa
KOHCTPYKLII 3a JOMOMOTOK METOMAIB Teopii aBTomMoOuIs. B nawniit Teopii He
BUKOPHUCTOBYIOTHCSI METOJIU TEXHIKO-€KOHOMIYHOTO OOTpyHTYyBaHHS HOBUX AT3, a
METOJIY, IO ICHYIOTh HE BPAaXOBYIOTh NPUHIUNKM €(EKTUBHOI €KOHOMIi eHeprii 1
pecypciB Ta MPOTrPECUBHOCTI KOHCTPYKIII aBTOMOOUIA. AJie Iepe/ IIMMHA METOIaMHU 1
HE CTaBWJach 3a/Jaya aHallidy KOHCTpYKIiM mnpoekTHux AT3 3 ypaxyBaHHIM
BUTIHOCTI 1 BUTPATHOCTI BapiaHTIB KOHCTPYKIII /ISl CIIOKMBAYa.

3BakalouyM Ha 1€, 3aIPOIIOHOBAHO HOBY METOJMKY SKa Ha BIAMIHY B1J] ICHYIOUO1
3aCHOBaHa Ha BUKOPHUCTAaHI TEXHIKO-€KOHOMIYHOTO MiAXOJy OOIPYHTYBaHHS HOBUX
AMB 1 nae 3M0ry HayKOBO-OOTPYHTOBAHO BHPIITyBaTH 3aa4i TEXHOJIOTTYHO-IKICHOT
excrutyatarii AT3 gk HOCIS TEXHIYHUX pecypciB TpaHcmopTy. OcoONMBICTIO JaHOT
METOJIMKM € BHUKOPUCTaHHS MAaT€MaTUYHOIO amapary Teopii eHepropecypcHoi
e(eKTUBHOCTI aBTOMOOUISI y3araJibHEHOTO TUITY PO3pO0JIeHO0 Mpod. XaOyTHiIHOBUM
P. A.[1].

UyTnuBicTh MaTeMaTUYHUX Mojienielt  eHepretnuHoi edextuBHocTi AT3
J03BOJISIE BUPIIIUTHU 33Jlauy sKa IMOCTae nepen crnoxuBadem npu Budopi AMB. Ilpu
IbOMY OOIPYHTOBYETHCS BXKJIMBHUI Ui ekciuryartarii PC acmekT — BIJIMB 3MiHH
KOHCTPYKTUBHHUX MapaMeTpiB Ha EHEpProBiAjauy IMpOEeKTy IMepeBe3eHHs [2,3].
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[IpakTyHa 3ajava aHaiily BUHUKAE TIPU BUOOP1 aBTOMOOLIS 3 JIEKIJTLKOX BapiaHTIB
OJTHOTUITHUX KOHCTPYKIIIN, SIKI BIJIPI3HSFOTHCSA OJIHA BiJl OJHOI 3HAYECHHSIM TIUTBKH
ONIHIET iX XapaKTEpUCTUKU CTPYKTypu abo mapamerpoMm. [lpu mapamerpuunomy
aHaJi31 MOXKE PO3MIIAJIATUCh Ipyla aBTOMOOUIIB OJAHOTO THUITY, SIKI BIAPI3HSAIOTHCA
3HaYEHHSIMU TUIBKHM OJIHOTO ITapaMeTpa MpH 1HIIHUX PIBHUX YMOBAX.

OcHOBHA yacTHHA.

Ha mnouatkoBOMy erarmi, 3TiIHO TPUHIMUIY CIOXWUBYOI OPIEHTOBAHOCTI,
(GopMyIOTbCSI BUMOTM Ha SKICTh TEPBUHHOTO TIOMHUTY — PIBEHb EHEepro- 1
pecypco3oepiratouy sAkicTh aBToMoOUTbHHX mnociayr (EPAAIL) [4,5]. Ilotim
dopmyeThecst OakaHUi HanpsM (TUIaH) PO3BUTKY TPAHCHOPTHOTO (HAKTOPY, 13 SIKOTO
BUTHKAIOTh BUMOTH JI0 TEXHIYHOT JOCTATHOCTI ()aKTOPy CTPYKTYPHO-TIapaMeTPUIHOT
opranizamii koHcTpykuii A. Jlami, 3 ypaxyBaHHSM (akTUYHOro piBHA (Qakropa
CIIOKA 1 eKkOHOMIYHHUX OOMEXEHb (POPMYIOTHCS PIBHI TPAHCHOPTHOTO, TPYIOBOTO 1
ekoHoMmiuHOro (aktopiB BiaTBopeHHs All. Ilpum awnamizi BapiaHTIB PO3BUTKY
¢dakTopiB BUOMpPAIOTH Ti PIMICHHS, SKI 3a0€3MeUylOTh KyMYJIATHUBHE 30€peKeHHS
eHeprii 1 pecypciB, TOOTO HAKOIMMYECHHS €KOHOMIi B KIHIICBOMY PE3yJIbTaTl MPOIECy
BinTBOpeHHS All.

B ymoBax pHHKOBOI €KOHOMIKM PpO3BUTOK AaBTOTPAHCIIOPTHOI CHUCTEMHU
BU3HAYAETHCS B3aeMojieto monuTy Ta mpomnosuiiit Ha EPSAIL 1 pecypcHoro toBapy
(aBTomOO11s1). [Ipuyomy ctamii po3poOKH, CTBOpPEHHS 1 Mpojaaxy-kymiBiai AMB e
eTanaMu (pOpMyBaHHSI KOHCTPYKTHBHO-TEXHIYHOIO (PAKTOPY MPOILECY BIATBOPEHHS
aBroTpancnoptHux mnocayr (All). Jlna peanizauii KymyJISTUBHOTO 30€peKEHHS
eHeprii Ta pecypciB HEOOXiJIHO BUKOHATH 1Bl yMoBH. I[lo-mepmie, momutr Ha
aBTOMOO11 TTIOBUHEH (POPMYBATHCSI HAa OCHOBI OI[IHKM MOKYIIEM PIBHSI MOKAa3HUKA
Horo cnoxuB4oi eHepro- i pecypcoszoepirarouoi skocti (CEPSA). Ilo-gpyre, Ha
cTamii excruryaTalrii HeoOXiAHO TakMM YHWHOM KOOPAWMHYBATH TPAHCHIOPTHHIM,
TPYJOBUN Ta €KOHOMIYHUN (DAKTOpH, 1100 MAKCHMI3yBaTH KOPUCHICTh aBTOMOOUIS
Majoi BaHTAXKOMIAMOMHOCTI IIISXOM TOBHOTO BUKOPUCTaHHS 3aKJIaJeHOTO B
koHCTpyKIli A noreniany CEPSA [6].

Meroto metoauku € popmyBanHs ekcrutyatauiiaux Bumor 10 CIIOKA HoBux
AMB, 10 OCHOBHUX TEXHIYHUX IMapaMeTPiB 3 ypaxyBaHHSAM 3allIAHOBAHUX YMOB
MaiOyTHBOI eKCILTyaTarlii (TpaHCIIOPTHUX, IOPOKHIX).

Jlns po3poOKM METOIUKH IMICISIEKCIUTyaTallifHOTO OOIPyHTYBaHHS BHOOPY
AMB Oynu BupilieHi HaCTYIHI 3aj1a4i:

- aHaji3 CIOXKUBYOI OPIEHTOBAHOCTI Ha MpoekTH AMB;

- aHaji3 BUMOT Ha SIKICTh EPBUHHOTO MOMUTY Il mpoekTy AMB;

- aHaii3 TeXHIYHUX XapakTepucTuk AMB;

- aHami3 yMoB ekcrutyaranii AMB;

- YTOYHEHHS  MAaTeMaTUYHMX  MoOJEJed  [UIsi  MiCIAEKCIUTyaTaliiHOTO

o0rpyHTyBaHHs1 AMB;

- pO3po0Ka alropuTMy Ta METOJUKHU MICISACKCILTyaTalllHHOTO OOIpyHTYBaHHS

BuOopy AMB.

MaremaTuyHa rocraHoBka 3agadi ¢popmyBanHs Bumor 10 CITOKA nosux AMB
(bopMy€eThCS HACTYITHUM YUHOM:

3amani:
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1) cnoxxuBYa opieHTOBaHICTh Ha AMB;

2) 6a3oBa mozenbr AMB;

3) BuMorm a0 texHiuHoi qoctatHocTi CIIOKA AMB;

4) eKOHOMIYHI OOMEXKEHHS;

5) piBHI TPaHCIOPTHOTO, TPYAOBOTO 1 EKOHOMIYHOTO (pakTOpiB BigTBOpeHHS All.
Cdopmysaru:

1) excruryatariiini Bumoru 10 CIIOKA noBux AMB.

2) excrutyaTaniiai Bumoru 10 CITOKA s HoBuX npoekTiB nepeBe3enb AMB.

Taoaunga 1
IToka3HMKHM TPAHCMOPTHO-TEXHOJIOTIYHOI i OpraHizaninHoi eeKTUBHOCTI
Mapka JI1s BaHTaX1B TIpU Y o =1
aBTOMOOLIS | Csy, rpu/T | Cnoc, rpu/TOR | Sywess TPH/TKM | Spcwe, TPH/TKM | Ks
I'A3 2705 3,30 15,59 6,04 9,64 1,6
Renaylt 2,94 15,59 7,45 7,84 1,05
Citroen 3,19 15,59 8,45 11,17 1,32
Peugeot 3,19 15,59 12,5 21,69 1,73
Fiat 3,07 15,59 8,75 10,27 1,17
M-Benz 3,31 15,59 17,92 26,57 1,48
Hyundai 2,97 15,59 7,1 10,3 1,45
Opel 2,83 15,59 11,44 16,77 1,47
Asmopcovka po3pobka
TPH/KM
30,00
26,57
25,00
21,69
20,00
15,00
11,17
9,64
10,00 :
’ 7.34 45
04
5,00
0,00
1 2 3 4 5 6 7 8

B ExeproeksiBaneHTHa cobiBapTictTh M Co6iBapTicTh 1kM
Pucynok 1 — 3mina cobiBapTocTi 3 BpaXyBaHHAM 3HAYEHHS €HEPreTUHYHOr 0
KoedinieHTy codiBapTocTi
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ITouaToxk

2

AHai3 CrIOXWBYO1 OPIEHTOBAHOCTI Ha MpoekTHHH AMB

v

Buxiani madHi 411 BU3HAYEHHSA
0aszosoro AMB

BBenenns TexHiYHUX XapakTepucTHK 6azoBoro CIIOKA AMB

H1

TakK

Buxigni nanHi s GopMyBaHHS
ekcrutyaTariianx sumor 10 CIIOKA
HOBHX AMB

. v
BBeneHHs TEXHIYHUX
xapakrepuctuk CIIOKA AMB
(3MiHHI)

BBeieHHS XapaKTEPUCTHK YMOB
ekcrutyaTarii AMB (He 3MiHHI)

Hep =f{x)—>Mmax;
xe(xmin; xmax)

K¢—min
v

S =S . K
vV

dopmyBanHs ekcrutyarariiaux sumor 10 CIIOKA nosux AMB

v

Kinens

PucyHok 2 — AsIiropuTM micjsieKCIUIyaTaliiiHOro o0rpyHTyBanust Buoopy AMB

3a IX eHeproe)eKTUBHICTIO
Asmopcovka po3pobka

[IpoBiBmu anani3 i3 paxy AMB B 3alaHOMy CErMEHTI PUHKY 3a MOKa3HUKAMU
TPAHCIIOPTHO-TEXHOJIOTIYHOI 1 oOpraHizauiiHoi edekTuBHOCTI (Tabm. 1) Oyio
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BU3HAYEHO OLIBII eKCIulyaTaliiHo-npuaaTHuil T3 1uisi BUKOPUCTAHHS MPU 3aJaHUX
napameTpax, SKAid B MOJAJbIIOMY MOKHA 3ampornoHyBatu sk Oa3zoBuii AT3 Ha
OCHOBI SIKOTO TIPOBECTH MapaMETPUIHO MaTEMaTUYHE IMIiTaIlliHe MOACITIOBAHHS JIsI
dbopMyBaHHS BUMOT 110 HOBoro AMB, mio Oyne ekcIuryaTyBaTHCS B KOHKPETHO
BU3HAYCHAX YMOBAX.

AnTOpUTM TiCIsIeKCIUTyaTaIlitHOTO 06rpyHTyBaHH$I AMB npencraBieHuii Ha
pucyHky 2. B HboMy mpejacTaBiieHa JIorika 1 mpouenypu nepepoOku iHdopmarii i
MPUAHATTS PIIICHHS.

TakuM 4YMHOM, BUKOHAHHS MPOLEAYp Ta METOMIB HABEICHUX Y OJOK-cXemi
AIrOpUTMYy MO (POPMYBAaHHIO EKCIUTyaTalllMHUX BUMOT 10 HOBUX AMB n03BOJIUTH
BUPIIIUTH MOCTABJIEHI 3a/1a4l Ta JIOCATTA METH.

BucnoBku. Po3po0ieHO METOAMKY MiCIAEKCIUTyaTaliiHOrOo OOIpyHTYBAaHHS
BUOOpPY aBTOMOOLIIB MaJioi BaHTaXXOIMIIHOMHOCTI 3a iX €Heproe(eKTUBHICTIO, SKa
JI03BOJISIE HA OCHOBI aHaNli3y eKCIUTyaTal[liHUX CIIOCTEPEKEHb 1 CIOXUBYUX
npedepeHIiii chopMmyBatu OakaHH HAIPsSM PO3BUTKY TPAHCIOPTHOTO (hakTopy, 3
SKOTO, B CBOIO 4epry, (GOPMYIOThCS BUMOTH JI0 TEXHIUHOI gocTtatHOCTI AMB.
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Anomauia: pozenadaromvcs 00 €KMUBHI 3aKOHOMIPHOCMI PO3BUMK) ABIAYIHOI MeXHIKU ma
be3nexu nepenvbomieé 3 6pAXYBAHHAM JHOOCLKO20 (QAKMOPY AK HAUBANCIUBIWOI MeXHIYHOoi ma
coyianvHoi npobnemu cyyacnocmi. Ilposedeno ananiz sakocmi 6e3neku NOAbOMIE i3 YPAXy8AHHAM
NCUXONO2TYHUX OCOONUBOCIEL MEXHIUHO20 NEPCOHATY MA NOKA3AHA 8ANCIUBICIG POJIi THHCEHEPHO-
asiayitiHoi ciyscou 6 NUMAHHAX YOOCKOHANEHH Memooie MexHiuHoi ekxcniyamayii, 3a0e3nevuenHi
HaoditHocmi cucmem NOGIMPAHUX CYOeH. Buzaueno, wo B 0cHO8I HOBUX nidxo0ie mae Oymu
3aKnadeHull NpuHyun npiopumemy iHmepecié JOOUHU NOPAO0 3 EKOHOMIYHOW  U200010
ABIaKOMNAHIL, WO € 3aNOPYKOI0 il cmabdiibH020 YYHKYIOHYBAHHSL.

Kniouosi cnosa: asiayitina mexwika, iHICEHEPHO-MEXHIUHA CLYHcOA, excniayamayiuna ma
PeMOHmMHA CAyxHcha, A00CbKUll (hakxmop, Hebesneka, Nnosimpsine CyOHO, NCUXONO2IYHUL (paxmop,
npoghecivinuil pigens, pusuK, mexHiune 00CIY208Y68aHHs, MEXHOIOIYHUL npoyec.

Beryn.

JlochiKeHHsIM  KaTeropii «JIoAChKUi (hakTop» 3aliMaiucs Takl BITYM3HSHI
BueHi gk FO. [laBimiu, M. JIo6poTBopchkmii, B. 3inuenko, €. Kym, B. Myninos, /I.
[TonkparoBTaiHmi, fKi B CBOIX MpalsiX PO3IJISAAIOTh MOHATTS «JIOACHKUN (haKTop
BUKJTFOYHO SIK B3A€EMOJIIIO JIIOJIMHU 3 TEXHIKOIO Ta OTOYYIOUHMM CepeloBUIlieM; A.
boukoBcrkuit, O. HerpeOcbkuil miaXoAsTh A0 BU3HAUYEHHS IIbOTO MOHATTS OLIBII
y3arajlbHeHO, JOCHIKYIOUM MOro mo3a MeKaMH CHUCTEeMH «IIOJIMHAa — TEeXHIKa —
cepenoBuile». BapTo Bia3HAuMTH 3apyOlKHMX BYeHHMX, Takux sk Jl. Mak-I'perop,
KOTpUI mMepluii 3BEpHYB yBary Ha BaXJIMBICTb BHUTICHEHHS 3 YIMPaBIIHHS
MepCcoHaJOM JernepcoHam3oBanux BigHocuH. Taki BueHi sk ['. Kynrmm Tta C.
O’lonnen, [x. Puzon Ta JI. ®DiHYOgHMMHM 3 NEpIIMX 3BEpHYJIM YyBary Ha
€(EeKTUBHICTh METOJIIB YIPABIIHHS [EPCOHAIOM, B OCHOBI SIKUX JI€XkKaTh MOTpeOU
npaiiBHUKIB. YuMmanuii 1opoOOK B JOCHIIKEHHS AaHOTO nuTaHHs BHIC I'. CanBeHi,
AKUA B paMKax aBiallii JOCHIIKYBaB TCUXOJIOTIYHUN acCHEeKT MISSIbHOCTI JIFOJUHHU.
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Bignaroun HanexxHe HayKOBUM 3700yTKaM BHUIIE3a3HAYEHUX HAYKOBIIIB Ta
BpPaxoOBYIOUH BaXJIMBICTh JIIOJICBKOTO (PAKTOPy B CHUCTEM1 YHPaBIiHHSA OE€3MEKOI0
COIIAIPHO-EKOHOMIYHUX CHUCTEM, MH BBaXXAEMO 3a JIONIIbHE TPOJOBXKHUTH
JOCTIKEHHSI TaHOTO MUTAHHS B YAaCTHHI HOTr0 KOHKPETH3allil 3 METOI YHUKHEHHS
HEOJIHO3HAYHOCTI TJIyMaueHb, sIK1 ICHYIOTh B HAyKOBIH JiTEpaTypi.

IlocranoBka npoodJemu.

JIuBnsT9rch HA MIXKHAPOHY aBlalliiHy MPAaKTUKY MOKHA 3pOOUTH BUCHOBKH TIPO
Te, 10 OaraTo OCOOMMBUX CHUTyalld MijJ 4Yac MEePeNbOTy TPAIUIAIOTHCS BHACIIAOK
HESKICHOTO TEXHIYHOTo OOCIyroByBaHHs. BpaxyBaHHs JIOACBKOTO (paKkTopy
NOB’sI3aHE 13 ONTHUMI3ALI€I0 JISJIBHOCTI JIIOJUHUA 4Yepe3 BUKOPUCTAHHS HAyKOBUX
3HaHb MOPO i1 MPAKTUYHY isIIbHICTH. JlOCHIKEHHS JIIOACBKOro (hakTtopa JOCUTH
0araro0i4Hi Ta OPIEHTOBAHI HA PO3B’A3aHHS IPAKTUYHUX 3aBJaHb.

OcHOBHUM 3MICTOM (DYHKIIIH 1H)XEHEPHO-TEXHIYHOTO CKJIQay ITUBUIBHOI aBiallii
€ TIPOBECHHS 3aXO/(IB IIOJI0 OpraHi3allii Ta IiIaHyBaHHS POOIT 3 TEXHIYHOTO OTJISTY
aBiamiitHoi TexHiku. Jly’ke Ba)JIMBO BPaxoOBYBaTH, 110 B 00CITyrOByBaHHI aBialliitHO1
TEXHIKA 3aifHATa BEJIMKA KIJIBKICTh JIIOJEH PI3HUX CIEHIaIbHOCTEN 1 PI3HUX DPIBHIB
KBaTi(hikartii.

B apiamii mronuHa - HAWBAKIMBIIIMK €IEMEHT CHCTEMH, aje MPU IbOMY
HAWOUIBII ypa3IMBUM 3 TOYKM 30pY HETaTMBHOTO BIUIMBY HA 11 JiSUIBHICTb.
Po3yMminHs mroachkoro (akropa ayke BaKIMBE, TOMY 110 75% aBialiifHUX MOAIN €
HACIIKOM MTOMUJIOK, SIKMX MPHUITYCKAIOTHCS LIJIKOM 30pOBI Ta KBaJII(PIKOBaHI JIOAH.
OCHOBOIO BHMHHUKHEHHS IIOMIJIOK € JIIOACHKA IISUIBHICTE Ta MEX1 JIFOACHKHUX
MOYJIUBOCTEN.

MeTta [OOCHiIAKEeHHSI: JOCHIDKCHHS MPUYUH TMOMMJIOK TiJ 4ac TEXHIYHOTO
00CITyroByBaHHS Ta KOHKpeTH3al1s (PaKkTopiB, 110 COPHUSIIOTh BAHUKHEHHIO TPAariYHUX
BUITIQKIB B aBlaIlii.

BuxkJiiag 0oCHOBHOT0 MaTepiaJy.

JIroncekuii pakTop —11e MPOIeCH, BIACTUBOCTI OCOOUCTOCTI, 1i PO3BUTOK, 3MIHU
MICUXOJIOTIYHOTO Ta (PI3MYHOrO0 CTaHy IIiJi 4ac BHUKOHAHHS CBOEI POOOTH, CBOIX
000B’s13kiB. Ilpu gocnipkeHH] JTIOACBKKOro (akTopy HEOOXIJHO 3BEPHYTH yBary Ha
MICUXOJIOTIYHI acCMeKTH JIIOJChKOI TMOBEIIHKH, a TaKOXX BpPaxoBYyBaTH IpodeciiiHe
BUTOpaHHs Ta MCUXIYHUKN CTaH JIOAUHU[3].

KepiBHuITBO aBiariifHOi raiy31 3aHEMOKOEHE 3POCTAIOYOI0 POJUTKO TEXHIYHOTO
CKJaay B 3a0e3medeHHi 0e3MeKH MepenboTiB, HEOOXITHOCTI MATPUMYBATH BHCOKUN
NICUXOJIOTTYHUN PIBEHb TEXHIYHHUX MpPAliBHUKIB, MIJBUIIYBATH iX MalCTEpPHICTH Ta
muciutoriny. [loBUHHO BpaxoByBaTH, M0 BHMOTH JIO €KCIUTyaTallliiHOl SIKOCTI
NOBHHHI OyTH HACTIIbKHU K MPIOPUTETHUMHU, HACKUIBKU  BUMOTH J0 JIbOTHOI SIKOCTI
[7].

TexniuHe 0OCITYroBYBaHHSI CKIAIAEThCS 3 OO0 E€KTIB EKCIUTyararlii, 3acoOiB
TEXHOJIOTITYHOTO OCHAIIEHHS Ta WOro BUKOHABIIB. Bes 1s cuctema siBisie coO0ro
CKJIaJIHy OpraHi3aliifHO-TeXHIUHy Iporeaypy. Koiu Mu roBopuMo npo 3anodiraHHs
pI3HUX TOAIN B aBialliiHINA ramdy3i, MU BpPaXxOBYEMO pi3HI OOCTaBUHHM Ta MOMUJIKH,
SAKUX JIIOJIMHA TPUITYCKAEThCS MPH OOCTYyTOBYBaHHI IMOBITPSHOTO CyJHA. YMOBHO
Ha3BEeMO iX: TEXHIYHI MOMUJIKH Ta nicuxoJioriyni ¢pakropu (Pucynoxk 1)[13 ].
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Ak MOKa3zyeNOCHDKEHHS ~ BITUYM3HSAHOI Ta  3apyOiKHOI  JIITepaTypw,
JOHAWYACTIIINX HEJOMIKIB TEXHIYHOTO OOCITYTOBYBAaHHS BiTHOCSTHCS:

- 3aJUIICHHS Ha MOBITPSIHOMY Cy/HI CTOPOHHIX IIPEIMETIB;

- HeMpaBWIbHE CKJIQJaHH KOMIIOHEHTIB Ta iX 3’ €IHaHHS;

- Tpo0JieMH 3 JOTJISIIOM 3a I1aci mepe]l BUIbOTOM.

Konu BuBYarOThH aBiarfiiiHi moii, MpUYMHOIO SKUX OyJia TMOMUJIKA JIFOAWUHH T
yac TEXHIYHOro OOCIYroBYBaHHS TMOBITPSHOTO CyAHAa, HE BPAXOBYEThCS Ta
o0OcTaBHHA, 1110 BIJIMOBIIAJIBHICTh MOKJIAJAETHCS HA KEPIBHUKIB 1 OpraHizaTopiB pooiT
3 TEXHIYHOTO 0OCITyrOBYBaHHSI.

IHuuaeHTH Yepe3 HeM0IiKM TEXHIYHOT0 00CIyTOBYBaHHA JiTaKiB

Hpuyunu
HenucuururiHoBaHICTh Hwuzpkwnit mpodecitinuit Henonikn
creiaigicTiB PiBEHb CHCHIATICTIB TEXHIYHOT )
N . . .y . . Tammi (14,5%)
aBI1aIIMHO-TEXHIYHO1 aBI1aIIMHO-TEXHIYHO1 JOKyMEHTAL]
0a3u (57,6%) 6a3u (25,9%) (2,0%)
Henonep:xanus HesixicHe BUKOHAaHHS Henockonanictb [opywmenns
TeXHOHOFiLIHO.l. p06iT 3 3aMIiHU TeXHOHOFi‘l’ || BUMOT
AUCIIMILIIHI arperatis (63,0%) TCXHIMHOTO iHCTpYKUil,
(57.0%) 00CIVTOBYBaHHS .
RKARTIROK
Henbane HesikicHe BUKOHAHHS P
KepyBaHHs O3XOJUKCHH B Bukopuctauus
pysinmsm (13,8%) peryananLan KEP1BHIN | nemapxosanoro
poOGiT (10,9) JOKYMEHTALI iHCTDYMEHTY
HesixicHe
BUKOHAHHA Bpax npodeciiiamx TpynsOmIi B PoGota
KPHITUIEHAX PoOiT 3HaHb (21.8%) 3aIl0BHEHI - crierjanicrie |
(15,8%)
JIOKYMEHTAIIi1 6e3 gomycky
IoTpamnsHus
CTOPOHHIX
HPEIMETIB y
Bupo6u (11,9%)

Pucynok 1. OCHOBHI NPUYMHHU BiZIMOB 3 BUHM iHKEHEPHO-aBialIiiHOI CJIyKOU

HeoO0xigHO 3BEepHYTH yBary Ha Te, IO Y AISUIBHOCTI JIFOJWHH, K4 00CIyroBye€
aBlalliiHy TEXHIKY, MOXJIMBI BKpail CKJIaJiH1, EKCTpEMaJIbHI YMOBH, SIKI MOXYTh OyTH
BUKJIMKaHI JediuToM yacy abo ctaHoM HepBoBoi cuctemu[11,12].

HaiiGinpmr  HeOe3nmeyHUMHU — TMepenikogaMu €  BIBOJIKAHHS B CBO€EQ
Oe3mocepeHboi poOOTH, 3HAYHI HEPBOBI HaBaHTaKeHHA. l{e Moxe OyTH TPUYIMHOIO
MPUMYIIEHHS MOMUJIKA a00 HEempaBWJIBLHOI Aii.3pocTarodya CKIaJAHICTh MOBITPSHOTO
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CyJlHa Ta iX aBTOMAaTu3allisl 3MEHIIY€ HABAHTAXKEHHSI Ha JIbOTHUN €KIMax, aje 3Ha4YHO
MIIBUIILY€ BUMOTH JI0 aBlallIiHUX CTCIIANICTIB, sIKI 00CIyTOBYIOTh TOBITPSHI CYy/IHA.
[le mpu3BOAUTH 70 MEPEPO3NOALTY MOMUIIOK BiJl OJHIET KaTeropii MpariBHUKIB 10
iHImoi [4].

Konu BHBYarOThH aBiarfiiiHi moii, MpUYMHOIO SKUX OyJia TMOMUJIKA JIFOJAWMHH T
yac TEXHIYHOro OOCIYrOBYBaHHS, HallyacTillle HE BPaXxOBYeTbCA Ta 0OCTaBHHA, IIO
MOMMJIKA TIPUITYCKAETHCSI B OpraHizaliiHuX ymoBax. Hampukian: He 3a0e3nedeHHs
BUKOHAHHSI 3aTBEPPKCHHUX MTPOTrpaM TEXHIYHOTO 00CITyrOByBaHHS MOBITPSHOTO CYy/THA
y TOBHOMY 00cs3i; HemnependadyyBaHe BUKOHAHHS;HEee(EKTHUBHICTh peaizalii
TEXHOJIOTTYHUX MPOLECIB 0OCIYrOBYBaHHS aBlallliHOTO TpaHcHopTy [1].

Ha cporoanimHiii JgeHb HE BH3HAYEHO pEAJIbHUX TPYAHOLIIB BUKOHAHHS
TE€XHOJIOTTYHUX IMPOIIECIB Ta OCOOJMBOCTEN BUKOHAHHS TEXHIYHOTO OOCITyTOBYBAaHHS
KOHKPETHHUX THWIIIB MOBITPSAHOTO cyaHa. Lleit Qakrop yckianHIOE TPOBENCHHS
pPO3paxyHKIB pHU3UKY BHKOHAHHS TEXHIYHOTO OOCIYroByBaHHS 1, BIAMOBIIHO,
YIPABIIHHS SKICTIO pOOIT aBlallliiHUX CHEIaiCTIB.

OnHier0 3 MPUYMH 3HAYHOI KIIBKOCTI TOMHJIOK IIiJT dYac TEXHIYHOIO
00CITyroByBaHHS MOBITPSHOTO CyHA € T€, IO PIBEHb MIATOTOBKH TEXHIYHOTO CKIIATY
BIJICTa€ BiJ PIBHSI PO3BUTKY aBiamii. ToMy KIJIBKICTh HESKICHO JEMOHTOBAHO1
aBiaiiitHoi TexHiku gocsrae 42%, npu 1boMy BUTpadaeThes 10 32% pobOodoro yacy
aBlallMHUX criemiamicTis [15].

JlocnipkeHHsT HAayKOBHX JAHUX CBiIYaTh MPO Te, IO 3a0e3MedYeHHs BHCOKOT
SIKOCT1 TEXHIYHOT'O 0OCIIYTOBYBaHHS 3QJICKUTh B1Jl HACTYNHUX (pakTopiB[2]:

- HAJAIMHICTh pOOOTH 1HKEHEPHO-TEXHIYHOI CITy>KOU;

- Oprasi3zarnisi TEXHIYHOr0 0OCIyTrOBYBaHHS MOBITPSHOTO CYJIHA;
- BJJACTUBOCTI MOBITPSIHOTO CY/HA;

- TEXHOJIOT1YH1 IPOLECH TEXHIYHOTO 00CIyTrOBYBaHHS;

- YMOBH TIpaIll 1HXEHEPHO-TEXHIYHOI CITY>KOH.

TexHONOr1YH1 MPOIEeCH TEXHIYHOTO OOCIYrOBYBaHHS 1 KOHTPOJb SIKOCTI poOIT
MalTh JIIOAWHO-MAlIMHHUKM — XapakTep, 10 3abesnedye HEOOXITHUM piBEHBb
HAJIHHOCTI CUCTEM IOBITPSHOTO CyJHA Ta € HAWBa)XJIUBIIIOK IIJILOBOIO (DYHKITIEIO
KOKHO1 OpraHi3allii TeXHIYHOTr0 00CITyrOBYBaHHS.

AxicTe (YHKIIOHYBaHHS aBIaIlIfHOI CHUCTEMH 3aJIe)KUTh BiJ MPaBUIBLHOCTI
IJIaHyBaHHS TEXHIYHOTO OOCIYyTOBYBaHHS M 3a0€3ME€UEHOCTI MPOIECiB HEOOX1THUMHU
pecypcamMu, TMPOAYKTHBHOCTI Ta 3IaTHOCTI CHUCTeMH 30epiraTé  CTIWKICTh
3aIIaHOBAHOTO TIporiecy (GyHKIIIOHYBaHHS [5].

Kommekc po0iT, Skuii BUKOHYETHCS HA TMOBITPSIHOMY CYJAHI 3 METOIO
MOIATPUMKH MOTO B CIPAaBHOMY CTaHI, CKIAAA€TbCAd 3 YOTHPHOX OCHOBHUX BHIB
poOIT[9]: TEXHONOTIYHOTO OOCIYroByBaHHS, MNPOQPIIAKTHYHUX POOIT, KOHTPOIIO
TeXHIYHOI cuctemu 1 BimHOBIeHHs (Pucynox 2). Byap-sika opranizarmiiina dopma
CHUCTEMH TEXHIYHOT'O OOCIyrOBYBaHHS MICTUTh Y TOMU YH 1HIIOMY 0OCS31 KOKHHH 13
3a3HAYCHUX BUJIIB POOIT 1 3aJ€XHO Bia (OPMHU CIIBBITHOIIEHHS OOCATY IUX POOIT
MOXE CYTT€BO 3MiHIOBatucs. Ilpu 1boMy SKICTh CHCTEMH TEXHIYHOIO
00CIIyrOBYBaHHSI 3aJICKUTh BiJl TOT0, HACKIJILKM KOHCTPYKIIIS 00’ €KTa MPUCTOCOBaHa
710 BUKOHAHHS Ha Hii pOOIT 3 TEXHIYHOTO 00CIyrOBYBAaHHS.
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Kommniieke po0it 3 TeXHIYHOT0 00CJIyrOByBaHHS

Texnomoriuge KoHTpoJib TeXHIYHOTO Bignosnenns
00CITyroByBaHHs CTaHy npare3aaTHoOCTi
Ta pecypcy
|
|
Texniune Pemont Ha
06CJ'Iy1"OByBaHHH B aBiapeMOHTHOMy
apialiifHOMY MiATPUEMCTBI
TEXHIYHOMY LICHTD1

Pucynox 2. OcHOBHI BU# POOIT 3 TEXHIYHOT0 00CIyrOBYBaHHA, SIKI
BH3HAYAIOTh PiBeHb eKCIIyaTaliilHOI TAa PEeMOHTHOI po0oTH

3abe3reueHHsT O€3MEeKH TepPebOTIB IMOIIUPIOETHCS HA BEJIHMKY KUIBKICTh
opraHizalliii: Jep>kaBHI IIOBHOB&)XHI OpraHW peryJiloBaHHS IMBLIBHOI aBiallii,
BJIACHUKIB Ta BUPOOHMKIB MOBITPSIHUX CYJACH, MOCTa4aJbHUKIB acpOHaBITalllifHOTO
00CIIyroByBaHHsI, aBiallliiHl HaBYaJIbHI 3aKJIaJid ¥ HEHTPH MpodeciiiHOl MiArOTOBKU
Tomo. EdeKkTuBHICT noAep aHHS HOPMATUBHUX BHUMOI B YIpPaBIiHHI O€3MEKOI0
MOJIBOTY BIAIrpae Iija HU3Ka eIeMeHTIB[6]:

- iH(opMarliitHe 3a0e3meueHHs OE3MeKH MOIbOTIB;

- 3aCTOCYBaHHS HAYKOBO OOTPYHTOBAaHUX METOJIIB yIpaBIiHHS haKTOpaMu

PUBHKY;
- BUSBJICHHS Ta OIlIHKA 3arpo3u O€3MeKH, HAIBHICTh PECYPCiB, HEOOX1THUX
JUTSL 3JIIACHEHHS KOHTPOJTIO (PaKTOPIB PU3UKY;

- KBamdiKoBaHE PO3CIiTyBaHHS aBlaliiHUX MOJIN Ta CEPHO3HUX 1HIMJICHTIB;

- 3a0e3MeyeHHs] KOMIUIEKCHOI MIATOTOBKH €KCIUTyaTallifHOTO MepCoHaly B

00J1acTi 0€3MeKH MOJBOTIB 3 YPAXyBaHHAM JIIOJICBKOTO (hakTopy;

- BUKOPHCTAHHS TEXHIYHUX JIOCATHEHB Yy MPOIIECi MPOEKTYBaHHS 00JIaTHAHHS

1T.1.

ABilaniiiHa Tany3b IIOJHS CTHUKA€ThCA 3 PI3BHOMAHITHUMHM BHJIAMU PHU3HUKY,
0araro 3 SIKMX 3/aTHI MOCTABUTH 1]l 3arpo3y JIIOJACHKI KUTTSA. ToMy Tak HEOOX1THO
KOHTPOJIFOBaTH (haKTOPU PHU3WKY: BUSBIISATH, aHAJI3yBaTH Ta YCyBaTd Ti HEOE3MEUHI
dakTopu, [K1 3arpoXyrOTh KUTTe3AaTHOCTI. Llel mporec gomomarae JOCSTHYTH
OaylaHCy MIXK OI[IHEHUMH PIBHSMU PU3HUKY Ta MPAKTHUYHO BKUTUMHU 3aXO0JaMH IIOJ0
rioro 3menmeHHs [10].

[Ticns Bu3HaueHHS Ti€i YW 1HIIOI MOl HEOOXITHO OIIHUTH XapakTep
HECTIPUSATIMBUX HACIIJIKIB Y pa3i iX BUHUKHEHHs. [loTeHITiliHI HACTIIKK BU3HAYAIOTh
MIpy TEpMIHOBOCTI HEOOXIMHMX i y cdepi rapaHTyBaHHs Oe3meku. SAKIIo icHye
3HaYHUN PpU3HK KaTacTpo(IyHMX HACHIAKIB 1 € HebOe3meka mns JroAed abo
HaBKOJIUIITHROTO CEPEIOBHUIIA, TO HEOOXITHO BXKUTH HETAWHI Jii 010 BUIPABICHHS
cutyartii [14].
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Hocmipkyroun epeKTUBHICTh KEpyBaHHS OE3MEKOI0 B MPOLECi TEXHIYHOTO
oOcIyroByBaHHsT OyJ0 BHUSIBICHO, II0 MNPUAUIATH OCOOJIMBY YyBary Tpebda
HAaCTYIMHUMIIUTAHHM [8]:

- BIAMOBIAHICTH TOKYMEHTAIIIi 3 TEXHIYHOTO OOCITyrOBYBaHHS BUMOTaM;

- Mipa yBaru, uio NpualIsS€ETbCS €KOJOTIYHUM (pakTopam, sKi BIUIMBAIOTh HA
npare3 aTHICTh JTIOINHY;

- AKICTh IPOdeCiitHOT MATOTOBKU NIEPCOHATY;

- 1H(QOpPMYBaHHS MPO JOMYIIECHI MOMUIKH U aHaJi3y TEHACHIIIN 3 METOIO
BUSIBJICHHS] CUCTEMHUX HeOe3MeYHnX (DaKTOpIB;

- 3acoOu BNPOBAHKEHHS 3MiH, K1 HAIIJIEH] HA YCYHEHHS BUSIBICHHUX
HEJIOMIKIB Y cpepl rapaHTyBaHHs O€3MEKH.

AHaJi3 JiTepaTypHUX JUKEpesn IoKa3ye I0, OCHOBHUMM NpPUYMHAMHU, SIKi
CIIPUYUHSIOTH TIOMUJIKH TI1]] 4aC TEXHIYHOTO OOCIyTOBYBaHHS, €:

1. bpak yacy uepe3 IHTEHCUBHICTh pOOOTH, HECTa4a PEeCypCiB i1 BUKOHAHHS
3aBJIaHHS.

2. HeoOximHiCTh M0A€pKAaHHS BCTAHOBIICHUX CTPOKIB OOCITYTOBYBaHHS
MOBITPSTHOTO CY/THA.

3. Twuck 3 00Ky KoOJIer, SIKHil CIIPSIMOBAHHUM HA BUKOPUCTAHHS 3aBEJICHUX Y
KOJIEKTHUB1 HEOE3MEeYHUX Cr1oco0iB, IrHOPYBaHHs 1HGOpMAIIii.

4. ®i3uyHMM cTaH, XBOPOOH ab0 TpaBMHU, JIKH,SIKI BXKUBAIOTHCS,
37OBXKMBAHHS HAPKOTHKAMH a00 alTKOTOJIEM.

5. VYToma BHacC/iI0K HACHYEHOCTI 3aBJIaHHs, poO0Ye HaBaHTaXEHH:, Opak
4yacy Ha COH 1 (paKTOpU OCOOUCTOTO XapaKTepy.

6. Po3mipu Tina abo ¢i3udHa cuia, siki He MiAXO0AATh Jis POOiT, 110
BUKOHYIOTHCSI B 0OMEXEHOMY ITPOCTOPI.

7. HeraTuBHI oaii 0cOOMCTOro Xapakrepy (CIMEWHI Herapasu,
HECTaOUTbHUM (PIHAHCOBUM CTaH).

8. ®daxTopu, 10 BIAPUBAIOTH BiJ pOOOTH (MIEPEIIKOIN B YMOBaX poOOTH, SIKi
MOCTIHO 3MIHIOIOTHCS).

9. Hagskomnumne cepenoBuiie (yMoBH poOOTH): (paKkTOpH, K1 MOXKYTh
CTOCYBaTHUCSIKOM(OPTHOIO CTaHy CIeIialicTa 3 TEXHIYHOTO
00CIIyroByBaHHsI, BUKJIMKATH MPOOJIEMH 3 OOKY 3I0pOB’sl Ta OC3IEKHU.

Came norpuMaHHs e(hEeKTUBHUX YMOB O€3MEKHU Ta YHUKHEHHS MOMUJIOK ITiJI 4ac
TEXHIYHOTO OOCIYrOBYBAaHHS JO3BOJUTH CYTTEBO MiJABHIIUTH O€3MEKy MOJBOTIB 3
BpaxyBaHHSM JIIOJCHKOTO (pakTopy.

Bucnosku.

BpaxoByroun CcTpiMKi 3MIHH B  COIIiaIbHO-€KOHOMIYHOMY CEpPEIOBHII,
CIPUYMHEH] HAyKOBO-TEXHIYHUM MPOTPECOM, AKi 3MIHWIN PIBEHb PO3BUTKY JIFOJAMHU
1 ii craBmeHHs 70 ce0e Ta OTOYYIOUOTO CBITY, HEOOXITHO MOCTIHHO 3MIHIOBATU
niaxoau 10 (opMyBaHHS CHUCTEMHU YIpPaBJIiHHS aBia-TEXHIYHUM TMepcoHaioM. B
OCHOBI HOBHMX TIJIXOJIB Ma€ OyTH 3aKIaJeHUN MPUHIMI TPIOPUTETY I1HTEPECIB
JIOJWHU TIOPSi[ 3 EKOHOMIYHOIO BHIOJIOK aBlaKOMITaHii, IO € 3alopykKorw ii
ctabinpHOro (yHKIIOHYBaHHS. [IpoBeneHe MOCHIKEHHS TOHSTTSA <JIFOACHKUI
¢dakTop», B CBOIO UEPry TAKOXX CTBOPIOE MEPEAYMOBH ISl TIEPETIIALY MapagurMu
yIpaBJIiHHS TIEPCOHAJIOM B cucTeMi aBiarii. HoBi migxoau A0 ynpaBiiHHS KaapaMu
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MOBHHHI BPaxOBYBAaTH BaXKJIMBICTh IIOJCHKOI MPUPOAM B cucTeMi (opmyBaHHs
mpoTuii 3arpo3aM Oesmeri JhOTHOTO TPAHCIOPTY Ta MepeadayaTd METOAU
YOPaBIiHHSA JIIOJACHKUM (DAKTOPOM, SIKUW TPAKTYETHCS HE JIMILIE SIK ACCTPYKTHUBHHIA
BILUTUB, a 1 IK KOHCTPYKTUBHUN. OCKUIBKU B MPOIIECI peatizallii JIIAChKOTro (GakTopy,
BIJIMIYAETHCS JIOMIHYBaHHS JIOJICBKOL IPUPOIU HaJ YUHHUKAMH
CepeIOBUILA,IIPUPOTHUX YMOB Ta MCUXOJIOTTYHUMHU (HPaKTOPAMHU.
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Abstract. The objective laws of the development of aviation technology and flight safety are
considered, taking into account the human factor as the most important technical and social
problem of our time. In consideration of the psychological characteristics of technical personnel
the analysis of the quality of flight safety is carried out, the importance of the aviation engineering
service role in improving the methods of technical operation, ensuring the reliability of aircraft
systems is shown. It is agreed that the new approaches should be based on the principle of priority
of human interests along with the economic benefits of the airline, which is the key to its stable
operation.

Key words: aviation technology, engineering and technical service, operational and repair
service, human factor, danger, aircraft, psychological factor, professional level, risk management,
maintenance process, technological process.
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Anomauin. B cmammi po3zensanymo OCHOBHI IHMEPAKMUBHI MEXHON02li HA 3aNi3HUYHOMY
mpauncnopmi, AKi N08 ’s13aHi 3 CynepueuUOKicmio. 3asHaueHo, wo Kpainamu-iioepamu, oe 88edeHi
HO8ImHI cnocobu nepemiwenns € Kumaii ma Anownis, Ilisoenna Kopes. [lepepaxosano HOGImHI
MexHON02Il nepemiujenHss SAKi e BUKOPUCMOBYVIOMbCA (MEXHON02isl MAcHIMHOI nesimayii) ma
MEeXHON02Ii MatlOymHb020 (MEXHON02II0 BUCOKOMEMNEPAMYPHUX HAONPOGIOHUKIE, MEXHON02II0
MPAHCNOPMYBAHH NO 6aAKYYMHIUL mpy6i). 3azunaveno, wo Kumaii nobyoysae y cebe naubinbui
PO3BUHEHY Y C8Imi Mepexncy WBUOKICHUX 3ani3Huysb. Budineno pso nedonikie, siki nocmaroms HA
WLTISIXY PO3BUMK) CYNEPUBUOKICHUX NOJsA2I8: 8UCOKA cobisapmicmb 0yOiHUYMEA, BUCOKA YIHA
npoi30y ma 6naus Ha 300p0o8’s Nodel CYynepusuoko20 mpancnopmy. Aemopamu 8udileHo pso
HeOO0NiKIB, SIKI He 00360510Mb 88eCMU CYNePULBUOKT NOMs2U 8 HAWIL KPAiHi: 3HOWEHULl CMAH KOl
ma mum, wo OLIbWicms asmoMoOibHUX nepei3dié He 001a0HaHT wnazoaymamu ma MOCmamu OJis
HAIeJHCHOT be3neKu pyxy.

Knrwowuoei cnoea: inmepaxmugHni mexuono2ii 6 3ani3HUYHOMY MPAHCHOPMI, MEXHON02Is
BUCOKOMEMNEPAMYPHUX — HAONPOGIOHUKIE,  8aKkyymHuu mpancnopm, Hyperloop, maenimua
nesimayisi (maenes);, Hyundai.

Beryn.

Y Ham1 yac HOHYJ'IHpHiCTL IIOTAT1B IMBHUAKO 3MCHIIYETLCA, aIKC JIFOANU 0aXxaroThb
MOJIOPOXKYBAaTH Ha JOBIII BIJICTaHI Ta JOCATATH IMYHKTY IMPU3HAYECHHS BCE IIBU/IIIIE,
TOMY HaJaloTh IepeBary apialiiiHoMy TpaHcropTy. IIpoTe, TexHoOris MarHiTHOi
JIeBITAIlli Jla€ IIaHC 3aJ113HUII Ha TOBEPHEHHS CO01 KOJHUIIHBOI MOMYISPHOCTI.

[HTEepaKTUBHI TEXHOJIOTIT B 3aJI3HUYHOMY TPAHCHOPTI B OCHOBHOMY I1OB’s3aHi 3
PO3BUTKOM BHCOKOIIBUAKICHOTO TpaHCHIOPTy. B OCHOBHOMY 1€ TOB’Si3aHO 3
BUKOPHCTAHHSAM HOBITHIX TEXHOJIOTIN Ta KpaiH, J€ 11 TEXHOJIOT1] BUKOPUCTOBYIOTHCS
JUTSI TIEpEBE3EHHSI MacakKMpiB Ta BaHTAXIB Ha BeNUKY BiactaHb. Cepen KpaiH, e
BBEJICHI HOBITHI crtiocoom niepeminienns € Kuraii ta Anonis, IliBagenna Kopes.

BukJsiax ocHOBHOro MmarepiaJy.

Hame maitOyTHe — 1€ CynepuIBHIKICHI TIEPEBE3CHHS. Y KHTAMCHKOMY MICTI
Uenay npe3eHTyBald MPOTOTHI IIBHUAKICHOTO IOi3/1a Ha Mar”iTHIA moxymmi. J{is
HOro CTBOpPEHHS 1HXKEHEPU BHUKOPHUCTAIM TEXHOJOTII0 BHCOKOTEMIIEpaTypHHUX
HaanposiauukiB (BTHII). [IpoexkTHa MBUAKICTE MOTSATa CTAHOBUTH 620 KM/TO.

Takuit moi3 B mpolieci pyxy He TOpPKaeTbCsl MOBEpXHi peliku. Hapasi BiamoBiiHI
MOTATH JOCSTAIN MIBUIKOCTI TIIbKM 603 KkM/To/1 Ha BUNIpoOyBaHHsIX. Y UeHay Takox
3anycTuian 165-MeTpoBy JiHIKO JUisl TECTyBaHHS HOBOi TexHosorii. Ha mepemonii
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npeAcTaBuId U 2 1-MeTpoBuit J0KOMOTHUB. BiH MOBUIBHO KOB3aB 10 peiikax [2].

«¥Y Teopii Bce 1ie BUTTISIAE YyI0BO, aJie PaHIIIE JTIOA CTABHIIMCS 10 TEXHOJIOT11
BTHII na wmarHiTHIA noaymiii sK 0 J1abOpaTOpHOI Irpamiké, SKy HE MOXKHA
BUIIPOOYBaTH B peajlbHUX yMOBax», — 3a3HAuYMB 3aCTYIHUK OYUIbHUKA
nocaigauiibkoro meHTpy npu «l[3soryn» Jlen [[3uran. OOcsar iHBecTHII B IeH
IPOEKT cTaHOBUTH 9,3 MiH momapis. Moro pospoGumu  IliBneHHO-3aximHuit
yHiBepcuteT «l[3s0Tyn» pasom 3 kopmoparisimu «KuTalicbki 3ami3Hi Joporm» 1
CRRC Corporation Limited [2].

Kurait moOynyBaB y cebe HailOUIbII PO3BUHEHY Y CBITI MEPEXKY IIBUAKICHUX
3a1i3HMIb. IXHA 3aradbHa OpOTskHiCT, y IlimHeOecHil craHoBUTH 12 THCAY
KUIOMETPIB, 1110 BABIY1 OUIbIIe, HIXK Yy €Bpomni Ta AnoHii pazom y3sTux [3].

B Hamiii kpaini 3a113HUYHI TEXHOJIOTIi 32 OCTaHHI I€CATUIITTS 3MIHUIUCS MaJo.
3akyruieHi Ykp3anizHuuero mBuakicHi excrpecu HRCS2 Bupobnuntea Hyundai
3maTHi posraHsaTucsa a0 176 km/rox. lle HeHabarato MeHIe, HDK IpUIOAHUN
Hemo/laBHO bputaniero B AmnoHii HOBiTHIN cynepekcrpec BupoOHmITBa Hitachi,
SIKUHA PO3BUBAE MBHUAKICTH J10 225 km/ro. Lle 3yMOBIeHO 3HOIIEHUM CTaHOM KOJIii Ta
TAM, 110 OUIBIIICTh, AaBTOMOOUIBHHMX TIepei3/IiB He oOJjagHaHl IurarbaymamM Ta
MOCTaMU JJIs1 HAJIEKHOI O€3MEKH pyXy.

[Tpu oMy moAiOHI mBHAKOCTI Oyiu 3BUYHUM siBuieM 1ie 30-40 pokiB ToMy.
[Monynapuuit B Aurmi ekcrpec InterCity 125 me B 70-X mepeBO3UB MacakupiB 3i
mBuakicTio 125 km/rog. A ¢panny3pkuii TGV Tta icnanceka AVE, siKi ICHYIOTb
JEKUIbKa IECSITUIITh, PO3BUBAIOTH MIBUAKICTH MoHaA 190 km/rox [2].

Bakyymuunii Tpancniopt. O4ikyBaTy, M0 KOJIUCh MO 3BUYANHOMY 3aJi3HUYHOMY
MOJOTHY OyayTh OYKBaJIbHO JITAaTU TOTATH 31 IIBUJKICTIO OJU3BKO THUCAYL
KUJIOMETPIB Ha IrOJIMHY, HE BapTo. L{[poMy 3aBa)kar0Th (p13M4HI 3aKOHU HAIIOrO CBITY, 1
TOMY JJIsl CYNIEPIIBUIKICHUX TOTSATIB MOTPiOH1 MPUHIIMTIOBO HOBI pimenHsa. Y Kwurai
Ta 1HIIMX KpaiHax Beiauki Haail mokiagaroTbes Ha ETT, Tak 3BaHy «TEXHOJIOTiIO
TPaHCIIOPTYBAHHS M0 BaKyyMHIH TpyOi» [2].

TepTss — rosIoOBHMII BOpOT MIBHAKOCTI, 1 BOHO 3pOCTa€e 1mo ekcrnoHeHTi. lle
O3Haya€, IO MeXa MIBUAKOCTI 3BUYAWHOTO 3alI3HUYHOTO TMOTATY CTAHOBUTH
npuomu3Ho 400 xkm/rox. SIKIo >k MOMICTHTH MOi3[ y TpyOy Ta BigkadaTtu 3 Hel
MOBITPS, & TAKOXK MPUOpaATH KoJieca, TO1 Takl MOI3/Ih 3MOXKYTh PO3BUBATH IIBUIKICTh
uiite 1000 km/Toz.

OmHuM 3 MPOEKTIB, SKI OMUPAIOTHCA HA MOMIOHY TEXHOJIOTIIO, € PO3poOKa
Hyperloop xommaniii Tesla Motors 1 SpaceX. Imero Takoro HaIIIBUAKOTO
TpaHcnopty npuaymaB lnoH Mack. TexHONOris rinepneriii Mojsrae B TOMY, IIO
KalcyJia Ha MAarHiTHI TOIyIILI PyXaeTbCsl MO TOPOXKHUCTIM TpyOi, 1€ MITYy4YHO
CTBOPIOETHCS BaKyyM, SIKHH JO3BOJISIE BaroHy IJisl MAacakUpiB JETITH 0e3 TepTs,
HEMOB KyJisl y TOBiTpl. Takuil TpaHCHOPT MaWOyTHBOTO 3a JIEKUIbKa POKIB MOXE
cTaTu peanbHicTIO [4]. BunpoOyBaHHs MPOTOTHUINIB MPU3HAYEHI HA HACTYIHHM DIK,
ane Kuraii y>xe BUnepekae i po3pookH.

Hoxtop Jlen I[3uram 13 JlabGoparopii HAIIPOBITHOCTI KUTAMCHKOTO
YHIBEPCUTETY TpaHcopTy lI[3s0TyH yxke moOyayBaB Taky cucteMy. BiH CTBOpHUB
BaKyyMHUH TyHeJb JiaMeTpoM 6 MeTpiB 1 mouyaB Horo BumnpoOyBaHHs. Peamizairis
I[bOTO KHUTAWCHKOTO MPOEKTY 1€ TUIBKW IMOYHUHAETHCSI. Y TpyOl BUIPOOOBYIOTh
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HEBEIMKI MOI3AU, AKI MOKH IO AOCIIVIM IIBUJKOCTI jJuile B 25 km/rona, 1 Oararto
CKETITUKIB BHCIIOBIIOIOTh CEPHO3HI CYMHIBU B TOMY, IO W iAes KOJIU-HEOYyHb
BTUTUTHCA B XUTTS [3]. Ha Hamy mymKy, oJiHE 3 BaXJIMBUX IMUTAHb - SIK JIOU OYTyTh
BUTPUMYBAaTH  CYNEPIIBUAKOCTI, aJK€ TPOMAJsSHU PI3HOTO BIKYy OyIyTh
KOPHUCTYBATHUCh ITUM TPAHCTIOPTOM Y MallOyTHHOMY.

Excniept Opurtancekoro IHctuTyTy imkeHepHHX TexHosorid J[xepemi Exnem
3rOJIEH 3 THM, 1110 MOE€JHAHHS BaKYyMHHUX TE€XHOJIOT1M 1 MarHiTHOI MOIYIIKHA 3pOOUTH
MePEeBE3CHHS HA/I3BUYANHO JOpOruMu. «Mu TOBHHHI 3amuTatu cede, CKUIbKH MU
rOTOBI IJIATUTH 332 BUCOKY HIBUIKICTh, — KaXe BiH. — JJOMOTTHCS BaKyyMy Ha BEJUKIM
JMCTaHIIIT — 11€ CKJIaJHEe 1H)KeHEepHE 3aBIaHHsm [3] .

CborojiHi MOTSATM Ha MAarHITHIA NOAYIILI ICHYIOTh, 1 OUIETM Ha TaKHUi
3QII3HUYHUM  TPAHCHOPT KOWITYIOTh JIOPOXKYE, HDK Ha KOMICHUM. TexHoJoris
«MarneB» gopora uepes Te, 0 CUCTeMa PYLIIHHUX €JIEKTPOMArHITIB BUTPAYA€E TyKe
OaraTo eHeprii, a 3ai3HUYHE MMOJIOTHO JJIs TOi3AiB «MarieB» HabaraTo CKJIagHIIIE,
HDK 3BUYAHI pEUKH 1 IITIAJH.

Kpim Toro, BuHHMKa€e 037114 eKCIUTyaTalliiHUX MUTaHb, OB’ A3aHUX 13 0€3MEKOIO.
Hamnpuknag, sik Oy1yTh €BaKyHOBaTH MACAKHUPIB, SKIIO BAKYyMHUH MOTST 3yITUHUTHCS
B Tpy0i? Sk 10 HBOTO NOOEPYTHCS PEMOHTHI Opuraau 1 pATyBadbHUKU? J[0 TOTO XK
0araThbOoM Mmacakupam MOKE HE CITOJ00aTHCs TOJOPOKYBaTH B IMOi3/1 6€3 BIKOH, IO
pyxaetbcs 1o Tpyoi [3].

MarniTHa neBitauis (MarjieB) — MPOTPECUMBHA TEXHOJOTIA NEpPEeCcyBaHHS, fKa,
3BICHO K, Oyna BHHaijeHa Ta peanizoBaHa noTyxkHUMU STEMiBusmu. O6’ekT
MepeCyBa€ThCSl B MOBITPI 3a JOMOMOIOK MArHITHOI JIEBITallll, HE TOPKAIOYUCH
noBepxHi. Ha mepmmii morysan, Take AIMCTBO TPOXHM CXO0KE€ HAa MAril0 4d Ha IIOCh
HepeanbHe. HacmpaBzi, Bce BiIOyBa€ThCS 3aBASKH BIJIITOBXYBAaHHIO OJIHAKOBUX
MOJIIOCIB MarHiTiB [4].

[ToTar Ha MarHiTHIM TOAYIIII MOXKE PO3BHHYTH MIBUAKICTH ToHAT 500 KM/TOA
Ta BBXKAETHCSA HAMIMIBUAIIUM HA3€MHUM TPAHCIOPTOM Yy cBiTi. CBOTO yacy MmoTsT Ha
MarHiTHii nmomymin ¢yHkiionyBas B Himeuunni ta Benukiit bputanii, aine npoektu
3aKpUIJIA Yepe3 HAATO BEJMKI BUTPATH HA 0OCIyrOBYBaHHS Kouii [4].

SInoHis cTana ofHIEIO 3 MEPIIUX JAepXkKaB, K1 TOYaId MACOBO OCBOIOBATH MOI3U
0e3 KOJIC Ha Mar”iTHIA moaymil. Y JKOBTHI i1 YMHOBHUKH CXBAJIMJIHA TPOEKT
CTBOPEHHS HaAWOIIBII IIBUJKICHOI 3aTi3HMYHOI JiHIT y CBITI. 3TigHO 3 IUIaHAMH,
cynepiBHakicHuM o137 3 Tokio B Haroro monecerbes 31 mBuakictio S00 kM/ro.

ByaiBHunTBO mepimioi y CBiTI MaricTpaii Ha MarHiTHIM moaymii o6iiaeTscs
OubI HixK y 50 MIpa A0apiB, ajie, SKILIO e MPOeKT Oy/ie YCHIITHUM, TOA0POK MK
IMMA JBOMa MicTtamu Oyne 3aiimatu He | romuny 40 XBWIMH, SK 3apa3, a BChOTO
nuuie 40 XBUIIHH.

VY Kurai Takox yke € CBOs 3ajJi3HMYHA JIIHIA HAa MarHiTHIM HOIyIIi, IO
3’ennye Illanxai 3 aeponoproM I[IynoHr. Ane el mMpoOeKT 4acTO HABOJATH HE SIK
SICKpaBY 1HHOBAIII10, a SIK BTUICHHS 1711 0€3 ypaxyBaHHsI peaJibHOI CUTYaIIii.

HanmBuakicHuil 1oi3a HacmpaB/i JIOBO3UThH IMAaCAKHUPIB 3 a€pONOpPTy B MICTO
HaJ[3BUYANHO MIBUAKO. AJie mpobiemMa B TOMY, IO BOK3al JIJIsl HbOTO MOOYTyBajiu B
HaWOIBII HEBIAMOBITHOMY MICI, 3BIAKA Macakupam JOBOJAMUTHCA IIE€ JOBIO
T0OUpaTUCsT MaricTpasuiio 0 HeHTpy micta [3]. Tenep, Koy B aepornopT e moizz
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MeTpo, 0araro XTO BiJJIa€ MepeBary IbOMY Hexall 1 He HaJIIIBHJIKICHOMY, aje
HaJ1IHOMY, IEMIEBOMY 1 3py4HOMY TpaHCcHopTy [3].

BucHoBku.

[Toku MU YekaeMO Ha HOBI JHUBOBIDKHI TMOI3M HAa MArHITHIM MOAYIII, Ham
JIOBOJIUTHCS 3aJ0BOJILHATHCS 3BHUaHUMH TIOI31aMH, SIKI X0 1 HE JIETITh KyJelo, aje
pPO3BUBAIOTh MPUCTOMHY IWIBUAKICTh. Kwurtaif, sk nmigep y il TeXHOJOrii, cTae
Oa)kaHMM TapTHEpPOM i Oaratbox KpaiH. Y OSKOAHIA 1HIIN KpaiHl CBITY
IPOMAJICBKHI TPAaHCIIOPT HE PO3BUBAETHCS Tak CTpiMKO, ak y IligHeOecHiil. Y
HAaCTyNHI I’ATh pokiB KwuTail muaHye MOABOITH MPOTSHKHICTH CBOIX 3alI3HUILb.
HemonaBHo kuTaiicbka Biiajia MiATBEpAWSIa CBOI IJIaHW TOOYIyBaTH HIBUJIIKICHY
Marictpaib 10 MoCKBH BapTiCTIO 242 Miabsipau goJapis [3].

[Ipo 3acTocyBaHHSI HOBITHIX TEXHOJIOTIHA Yy 3aJi3HUYHOMY TPAHCHIOPTI SICKPaBO
MOKa3yloTh HaM Kpainu CxigHoro CBiTy. 3apa3 y CBITI NpalOOTh TPU AKTHUBHUX
MapmipyTu mariieBy — B Kurai, Anonii Ta IliBgenniit Kopei. [lo peui, manxaicbkuii
MarjeB BBa)KA€ThCS €JIMHUM Y CBITI KOMEPIIHMHUM IMOTATOM HAa Mar”iTHIA MMOJTYIIII,
SIKUW IOACHHO TIEPEBO3HUTH MAaCaXHUpiB [4].

STEMIiBchbKi TOJIOBU TOCTIMHO T€HEPYIOTh BCE HOBI Ta Iie OUIbII (DaHTACTUUHI
TEXHOJIOT1i, $KI JI03BOJISIIOTH TMEPECYBaTHCh III¢ IBHUANIE Ta Oe3meunime. J[o
npukiany, Hyperloop (rimeprietsisi) — 1e pi3HOBUJ BaKyyMHOTO TPaHCIIOPTY, SIKHA
MOX€e PyXaTHuch 31 MBUAKICTIO moHaa 1000 kM/roa, TOOTO BABIYI IIBUIIIE, HIXK IMTOTAT
Ha MardiTHid noxymiy [4]. 3BuyaiiHo, iHBecTHIli Oi3HECYy Ta 3alliKaBJICHICThb
3aMOKHUX JIIOJIEW CHPHUSAIOTh HOBOBBEIECHHSM Yy 3alli3HUYHMIA TpaHcnopT. Hama
KpaiHa B I[bOMY CEHCl, MOKHM W10, Mace 3aJHiX, ajJje MU MaeMO HaJil0 Ha Kpamie i
CIIOJIIBAEMOCH Ha TTOKPAIICHHS HAIINX MTePEBE3eHh B MAaHOYTHHOMY .
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Abstract. The article discusses the main interactive technologies in railway transport, which
are associated with superspeed. It is noted that the leading countries where the latest ways of
moving are introduced are China and Japan, South Korea. The newest technologies of movement
which are already used (technology of magnetic levitation) and technologies of the future
(technology of high-temperature superconductors, technology of transportation on a vacuum pipe)
are listed. It is noted that China has built the world's most developed network of high-speed
railways. There are a number of shortcomings that arise in the development of super-high-speed
facilities: high construction costs, high fares and the impact on human health of super-high-speed
transport. The authors point out a number of shortcomings that do not allow the introduction of
super-fast trains in our country: the worn condition of the track and the fact that most road
crossings are not equipped with barriers and bridges for proper traffic safety.
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ASSESSMENTS IN REAL TIME
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Anomayia. B cmammi HaseoeHi pe3yibmamu aHauizy ma meopemuyHo20 Y3a2dlbHeHHs.
HAYKOBUX Npayb, 6 AKUX po32140aiomvcs npodnemu  GopmyeaHHs OYIHOK  NOKA3HUKIG
@yHryionanvHoi Oe3neku THOOPMAYIUHO-KEPYIOUUX CUCmeEM HA 3ANI3HUYHOMY MPAHCHOPMI 6
pexcumi peanvHoeo yacy. s nposedeHHs O0CHiONCeHHs Oyaa po3pobieHa MoOoelb KOMAHO
OYIHIOBAHHS NOKA3HUKIG HAOIIHOCMI MA (YHKYIOHAILHOL be3neKu, po3paxyHoK sKUX 30IUCHeHUl 3d
odonomozor komn tomeproi npoepamu TopEvent FTA.

Kniouogi cnosa: ananiz naditinocmi, ynxyii 6esnexu, mexHiuHuil cmaw, iHGOpmayiliHo-
Kepyroui cucmemu, 3a1i3HU4YHA a8MmoMamuKa.

Beryn

Bci cuctemu kepyBaHHS 00’€KTaMH KPUTHYHOI 1HPPACTPYKTYPH TOTPEOYIOTh
MpOLEAYp OLIHIOBAaHHS MOKAa3HUKIB (DYHKLIOHAIBHOTO MpU3HAYEHHS. Y TepeBaKHIM
O1IBIIOCTI cHCTEMa OIIHOK (OopMyeThCs Ha CTajlii pPO3pOOJICHHS Ta MPOLEIYp
ceprudikamii. Ha 3ami3anynomMy TpaHcnopTi perymorounmu gokymeHTamu [JICTVY]
BU3HAUEHUN TMOPAJOK Ta IIOKAa3HHWKM OLIHIOBaHHS. 30Kpema 1€ IOKa3HUKU
(GyHKIIIOHATBHOT O€3MEeYHOCTI, AKI € HAHOUIbII BaXJIMBUMU ISl CUCTEM KepyBaHHS
PYXOM MOi3/1B.

VY nopanblioMy Ha eTamni TeXHIYHOTO BUKOPUCTAHHS TaKl PO3PaXyHKU MOXKYTb
MPOBOAMTHUCSA K TIPABUIIO, IPH PO3IJISII MUTAaHb MOIOBKEHHS TEPMiHY €KCILTyaTallli.
[Tomibui mochipkeHHS OUTBII XapaKTepHI JUIsi CUCTEMU KEPyBaHHS SIACPHUM
ycTaTKyBaHHSAM. Ha 3amizHMYHOMY TpaHCHOpTi mporeaypu ¢dopmyBaHHS on-line
OI[IHOK  TMOKa3HUKIB  (YHKIIOHATBHOI  O€3MeKh  OOMEXKYIOTbCS — MOKH-IIO
NEepIOJUYHUMHU OTJISIIaMU 3 BU3HAYEHHSIM TEXHIYHOTO CTaHy LUIIXOM €KCIIEPTHOTrO
oIliHIOBaHHs. Takuii cTaH MUTaHHS 00YMOBIICHUI €JIEKTPOMEXaHIYHOIO €JIEMEHTHOIO
0a3010 CUCTEM KEpyBaHHS, fKa YHEMOXIIMBIIOE 3aCTOCYBaHHsS MOHITOPUHTY Ta
OMEpPAaTUBHOIO JIIarHOCTYBAHHS CTaHy TEXHIYHUX 3acO0IB.

BnpoBamxeHHsT  MIKpPONPOIIECOPHUX  CUCTEM  3HIMA€ ICHYIOUl  paHile
OOMEKEHHs, aje HEeJOCTaTHS HayKoBa MIATPUMKA MpoOJEeM ONEepaTUBHOIO
OLIIHIOBAHHS TOKA3HUKIB  (PYHKIIOHYBaHHS TEXHIYHUX 3aco0IB  3aJII3HUYHOI
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aBTOMATUKHU JICIIO ranbmye 1ieil mpoiec. Tomy mpobiiema ¢popMyBaHHS METOMAIB Ta
MOJIeTIel OMepaTHUBHOTO OIIHIOBAHHS TMOKAa3HUKIB (YHKI[IOHYBAaHHS 3alli3HUYHUX
CHUCTEM KEpyBaHHS KPUTHYHOTO TNPHU3HAYCHHS € aKTyaJdbHOI Ta MPAKTUIHO
HEOOX1THOIO.

Po3srimgueMo Meroau Ta MOIEN OIIHIOBAHHSA IIOKAa3HHKIB HAMIMHOCTI Ta
¢bysukmionaneHoi Oe3meku. OHUM 3 MepUIMX 1 HAWUOUIBII MOMIMPEHUM €
rpadoaHaTiTHYHUN METO/, SIKUH BUKOPUCTOBYE MaTeMaTUYHUH arapat Teopii rpadis
cTaHiB Ta nepexoiB [1]. 3a mogemtto rpadis cTaHiB GpopMyeTbes cUCTEMa PiBHSHb
Kocmoropoga 1 3a i JOMOMOTror0 BU3HAYAIOTHCSI IMOBIPHOCTI 1 3HAXOKEHHSI CUCTEMU
KepyBaHHS y TOMY, a00 iHIIOMY cTaHax. MaTeMaTUYHHM amapar IbOT0 METOIY €
JOCUTh CKJIQJIHUM 1 TPOMI3JIKUM, TOTpeOye crenudiyHuX MOXIAHUX MaHUX s
PO3paxyHKy Yy BUIJISIII IHTEHCUBHOCTEH Mepexo/1iB. AJie TOJOBHUM HEJIOIIKOM I[bOTO
METOJIy € HOT0 HEMPUCTOCOBAHICTH JIJIS aHAII3y TPUYUH Ta HACTIIKIB MOIIKOKEHb.

binbir npuBaOIMBUM € amapar JOTiKO-IMOBIPHOCHUX METOJIIB Ta MOJCINIEH, SKUM
3’aBuBca y 60-x pokax 20 cropiuus [4]. MeTtoau Ta Mozeli CTPYKTYPHO-JOTIYHUX
CXEeM Ta JIepeB PIIICHb 1 MOIIKO/KEHb, SIKI JJOCTATHHO MOBHO OMHCAaHI Y HAYKOBUX
npaisx [13, 14].

B Hux momaHa TEXHOJIOTIS HAMIMHICHOIO MOJEIIOBAHHSA CKJIAJHUX CHUCTEM Ha
OCHOBI 3arajbHOTO JIOT1KO-MMOBIPHICHOTO METOAY Ta PO3TJIIHYTO 3ajadl aHami3y iX
HAJIIWHOCTI, O€3MEKH 1 PU3UKY, sKa € Ty’Ke MEePCINEeKTUBHOIO Ha TenepiiHii yac. Bona
3a0e3Meuye MOXKJIMBICTh aHaJi3y MPUYUH Ta HACIIAKIB MOILIKOKEHb 1 KIJIbKICHOTO
OLIIHIOBAHHS MOKa3HUKIB (pyHKIIOHYBaHH. [IlupokoMy 3aranmy HayKOBLIB JOCTYITHA
KOMIT FOTEpHA Mporpama Juisi aBTOMaTHYHOTO PO3PAXYHKY J€pPEB MOMIKOMIKEHB [15].
Crnin 3a3HaUWTH, MO CTPYKTYPHO-JOTIYHI MOJENl 1 MOJENi JepeB IOIIKOIKCHb
JAI0Th KOPEKTHI pe3yjbTaTH TPU CTalliOHAPHOMY XapakKTepi IHTEHCHBHOCTI
NEPBUHHMUX MOJ1H, KPIM TOTO BOHH y CYKYITHOCTI MOBUHHI OyTH HE3aJICKHUMH.

binpm amanToBaHWM M MEXaHI3MH OMNEPATUBHOI'O OIIHIOBAHHS ITOKA3HUKIB
(YHKIIOHYBaHHS JIIOJUHO-MAIIMHHUX CHUCTEM € MaTeMaTUYHUM amapar Teopii
katactpod [12]. BiH 103Bojsi€ BiACTIAKOBYBATH MOBEAIHKY CUCTEMHU M 3a3/1ajieriahb
BU3HAYATH KPUTHYHI MOMEHTH y (YHKIIIOHYBaHHI CHUCTEMH. | OJJOBHUM HEIOJIKOM
[[bOI'O0 METOJy MOJICTIOBaHHS HEOE3NeK € MPUB’s3Ka 0 0O0paHOTO BHJY IMOBEPXHI
katactpodu. JlocmipKeHHST aBTOpIB IMOKa3ald CKJIAIHICTh BUOOPY MOBEPXHI, sKa
JIOCTaTHBO AJICKBATHO OMUCYE MOBEIHKY 3aJII3HUYHUX CUCTEM KEPYBaHHSI, SIK1 MAIOTh
IIUPOKUN CIEKTp JAecTabunizyrounx (akTopiB, MpUpoAa SKUX HE 3aBXKIU J00pe
nociimkena [16].

OCHOBHHU TEKCT

Mertoto cTaTTi € po3poOJIeHHS METOAY Ta MOJEJIeH ONEPaTUBHOTO OLIIHIOBAHHS
(GyHKII1OHATBHOT O€3MEeKH MIKPOIPOLIECOPHUX CUCTEM KPUTHYHOIO MPU3HAYCHHS AJIs
oTped 3aT13HUYHOTO TPAHCIIOPTY B PEKUMI PEaIbHOTO Yacy.

Sk Oyno moka3aHo paHilile, BCl ICHYI04l METOAH 1 Mojieni (opMyBaHHSI CUCTEMHU
OLIIHIOBaHHS (YHKIIOHAJIFHOI O€3MEeKH CHCTEM 3aJII3HUYHOI aBTOMATUKH 0a3yIOThCs
Ha KOHIIEMIIIi 0HOTO BUMIPY. SIK MpaBUiIO 1€ 3MIMCHIOETHCS Ha €Tari Po3pOoOJICHHS
Ta BIPOBAHKCHHS CHUCTEeMH. KpiM TOro OIIIHIOEThCS poOOTa BCi€l CHCTEMH B
KoMIUiekci. Ha mpakTuiii KopucTyBadyaM JOIUIBHO MaTH 1H(POpPMAIII0 PO
0€3MeYHICTh KOHKPETHOTO MAapIIpyTy 1 KOHKpPETHO1 1ii, 1 OakaHO B pPEXUMI
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peanbHOrO 4Yacy. Ile mo3BonuTh 00paTu Okl Oe3meyHruid MapuipyT, abo 3aB4acHO
3amo0IrTH PO3BUTKY HeOesneuHoi curyarii. [ 00’ekTy mocmimKeHHS 00upaemMo
CTaHIIIIHI CUCTEMHU KEepPYBAHHS PyXOM IOi3/1B, alTOPUTMU (PYHKIIIOHYBAHHS SIKUX €
HAWOUIbII CKJIAQAHUMH. 3HAYHOIO MIPOI0 II€ TMOSICHIOETHCS HASBHICTIO y KOJI
KEepyBaHHsI JIIOJJUHU-0IIEPATOPA.

Ha nymKxy aBTOpiB A1 MOAAIBIINX JOCHTIKEHb AOLUIBHO 00paTH METOJ, KU
OpPIEHTOBAaHWU HA TEXHOJIOTII0 (YHKIIIOHYBaHHS 00’€KTa IOCIHIKEHHS, a camMme
ctanuii. Jyig uboro oOMpaeMo OCHOBHY (DYHKIII}O CTAHLIMHUX CHUCTEM — 3aBJIaHHS
MapuIpyTiB JUIsl pyXy Noi3ja.

byneMo BBakaTu, 110 Ha CTaHIli MOXXE ICHYBaTH m MapuIpyTiB (MOi3HUX 1
MaHeBpOBHUX). Jl0 KOXKHOrO MapuipyTy MOKE BXOAMTH JesKa KIHIEBA KUIbKICTb
00’€KTIB KepyBaHHA Ta KOHTpoJi0. [Ipuyomy y pi3HUX MapuipyTax MOXYTb OyTU
BKJIIOYEH1 OJIHI 1 T1 K 00 €KTH.

Koxxna wikpompoliecopHa cuctemMa Belie aBTOKOHTPOJb CTaHIB 00’ €KTIB
KepyBaHHS Ta KOHTPOJIO 3 (hIKCaIli€l0 TOMIKO/KeHb. KpiM TOro y mepeBakHii
OUTBIIIOCTI CHCTEM MIKPOIPOIIECOPHOT IEHTpali3aiii KOHTPOIIOEThCS poOOTa
JOAMHU-0IIEPATOPA.

Hakonuuyroun TMOMIKOKEHHS TEXHIYHMX 3aco0iB, 300iB IpOrpaMHOro
3a0€3Me4eHHs] Ta TOMHJIOK TEPCOHATy MOXKIJIMBO MiAPaxyBaTH iX 1HTEHCHUBHOCTI 1
BIJIMOB1HO IMOBIPHICTH BIIMOBH, IMMOPYIICHHS a00 0€3B1IMOBHOT (YCITIIITHOT) pOOOTH.

Mopgeni nepeB ycnimHOro (pyHKIIIOHYBaHHS Ta BIJIMOBU HaBEEHI HAa PUCYHKY |
ta 2. BoHum mnoOynoBaHl 3a MapUIPYTHOIO O3HAKON. IMOBIPHICTH YCHINIHOTO
(Oe3neunoro) (yHKIIOHYBAaHHS CTAaHLIMHOI CHCTEMH BU3HAYa€TbCA 3MIHHOKO Xij.
Bona xapakrtepusye cTaH 1-TOro o0’€kra y j-ToMy MapiipyTi. TakuM 4vHOM ISl m
MapuIpyTiB MaTUMEMO BIJMIOBIIHY KIJIbKICTh IPOXITHUX CITIBIA IHb.

Jlns nepeBa ycninHoro (pyHKIIOHYBaHHS OTPUMAEMO m-HaOOpiB

X Xy oo X4p) 14 Habip;
Xy Xy oos Xy0) _ ) Habip;
Xots Xozs s Xk i i,

Biamosinnao g0 [11] BiporigHicTh 6€3meuH0l pOOOTH MaTHUME BUTJIISL;
P =1-TTI1-T]%;
()

Jlasi aHaJor14HO IMOBIPHICTH 30010 (PYHKIIIOHYBaHHS MOKe OyTH MpEACTaBIICHA

AK Y3 TaKOIO X KUIbKICTIO MIHIMAJIbHUX CH1BIIAA1Hb

()_(11’ )_(12’ e Xln)— 1 HaOIp;
O_(zl: Xzz’ e XZC) —2'ﬁ Ha6ip;
(X1 Xz oo Xpp) m™ HaGip
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ImoBipHiCT ycmimHoro
(byHKIiOHyBaH H

ABO

Mapmpyr1 |« e o o 0 . . Mapmpyt m

5.d &

Pucynok 1 — /IepeBo ycnimHoro GyHKiioHyBaHHsS CTAHIII

ae *i— IMOBIPHICTh YCHIIIHOTO (DYHKI[IOHYBaHHS 00’ €KTIB KEpyBaHHS.

‘ ImoBipHicTb 36010 B poboTi ‘

Mapmpyr 1~ |« e e e . . Mapupyt m

PucyHok 2 — /lepeBo BiAMOBM CHCTEeMH KePYBAHHS PYyXOM HA CTAHILII

ne ~ — IMOBIPHICTb 30010 (DYHKIIIOHYBAHHS 00’ €KTIB KEPYBAHHSI.

3 imMoBipHicTIO HeGe3neunoro dyHkuionyBanHs Px(X)
m nj _
rx =[] 1-TTa-x,
2)
Moneni nepeB Ha puc. 1 ta 2 € gemo "By3bKUMU" 32 MPU3HAYEHHSIM, KPIM TOTO
ICHy€ 1€ TOCUTh 0araTto KoMmaHj 0e3MocepelHbO HE IMOB’S3aHUX 3 BCTAHOBJICHHSM
MapmipyTy. KpiM TOro mMojens Ha OCHOBI JIEpeB MapIUIPYTiB, HaBITh JJIi HEBEJIHMKOI
CTaHIIi 3 KIJIBKICTIO KOMiH 10 7, MaTUME Ay»Ke BEJIUKY PO3MIPHICTb.
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VY 1poMy CeHCl NPUHIMI MOJEIIOBAaHHS 3a O3HaKOI "KomaHja" Ha IYyMKY
aBTOpIB € OUIBII yHIBEpPCATLHUM Ta 3HAYHO MPOCTIMNM y peanizaiii. KpiMm toro uei
TIX11 T03BOJISIE BPaxXyBaTh MOMUJIKHY JTIOAUHU-OIIEPATOPa, PUCYHKY 3.

IMoBipHicTB 36010 B poGOTI ‘

Besneunicts
TEXHITHUX
3aco6iB KOMaHIH

Besneunicts
JIFOTMHH~
oneparopa

Tomuixu
eKcruTyaTamiinoro
mraty

TTomuku
TEXHIYHOTO
mraTty

BO

ABO

ABO

3MiHHi, 110 XaPaKTEPU3YIOTE PiBEHI
Geanexu TexHiuHUX 3ac06iB

peanizanii KoMaHx

EKCIUTyaTaliHOro mTaTy

T T T T T T
3MinHi, 10 BU3HAUAIOTH Ge3neKy  3MiHHi, IO BU3HAYAIOTH Ge3neuHicTs
BUKOHAHHS POGIT 3 TEXHIMHOrO

oBctyroByBanHs

Pucynok 3 — /lepeBo 0e3neku KOMAaH/I KePyBaHHS

Bbynemo BBakaTu 3a mepBUHHI MOJI1 XapaKTEPUCTUKHU 3MIHHUX, 10 BU3HAYAIOTh
Oe3MeKy TEeXHIYHUX 3aco0lB CHCTEMHU: a1,az,...d,; OE3MEeKy peasizaiiii KoMmaH]
KepyBaHHS eKCIUTyaTalliiHUM IITatoM bi,by,...byn; Ta 0Oe3medHy MOBENIHKY
TEXHIYHOTO IITATy MPU BUKOHAHHI POOIT 3 TEXHIYHOTO OOCIYTOBYBAaHHSA Ci,Co,...Ck.
[le moMuIKK MPU BUKOHAHHI pPErJIaMEHTHUX pOOIT, HOPYIIEHHS TEPMiHIB BUKOHAHHS,
Tomo. TakoX y MOKa3HHKax b; Ta ¢ CIiJ BpaxoBYBaTH PE3yJIbTaTH OIJIAIIB Ta
peBi3opchKkuX TmepeBipok. lle Tema oxpemoro MOCHKEHHS 1 B JaHid poOOTi
MexaHi3M (GOopMyBaHHS TAKUX OLIIHOK HE PO3TJISIA€ThHCS.

CrpykrypHa QpyHKLIs 6€31eKr MO/IeNl Ha pUCYHKY 3 MaTUM€ BUTJISL:

IMOBIpHICTS 26010 &
posori

©=530881E-14
w=1.06176E-12

Pucynok 4 — CrpykrypHa ¢pyHKUisi Oe3meKkn MOAeJIi, 0 JOCTiKYEThCS

Ha pucynky 5 mpencraBnenmii Tpadix 3aeKHOCTI IMOBIPHOCTI Oe€3MmeuHOl
poOOTH TEXHIYHUX 3ac00IB KEpyBaHHA pPYXOM TOi3/iB, EKCIUIyaTallliHOTO Ta
TEXHIYHOTO IIITaTy.
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I3

Prexn(t) 0.61

Pexc(t)

Pex(t) i)

0 1x107 107 310’

Pucynok 5 — I'padik 3aiexnocti Pui(t), Prexu(t), Pexc(t)

JUiss  mpoBeleHHS  JOCHIPKEHHS  MOJENl KOMaHJ  BUKOPHUCTOBYBAlach
koMIr totepHa nporpama TopEvent FTA.

[Ipu uboMy BBe/I€HI TaKi MPUITYLICHHS Ta 0OMEKEHHS:

— BBaXKA€ETHCSI, 110 MOTIK MOIT € HE3aJEKHUMHU Y CYKYITHOCTI;

— OymeMo BBaKaTH, MO TIOBEIIHKA TEPBUHHHUX TOJINA JepeBa OMHUCYETHCS
O1HApHOIO JIOTIKOIO 3a cxeMoro (Xi=1 — mopisa BimOyBaeThes; x;=0 — momist He
B1I0YBa€THCH).

Busnauumo mopito A, SK Taky, IO XapaKTepU3y€ OJHOYACHY TMOSBY BCIX
CKJIaJIOBUX Y 1-TOMY aBapiifHOMY HaOopi, TOJI KiHIeBa moais S , Oyje ICHyBaTH 3a
YMOBHU:

Na
T ©)
ne N, — 3arajpHa KUIbKICTh MIHIMAJbHUX aBapiiiHUX HAOOPIB MOJIN, TOJI 3HAYCHHS
KO€(IIIEHTY MPOCTOI CUCTEMHU:

K,(0=PUA)=[XP(A) -3 D P(A N A

i=1 j=2
8 7 8
'[ZP(Ai)_ZZP(Ai mAj)]
i=7 i=7 j=8
Pesynbraty po3paxyHKiB MOKa3HUKIB HAIIHHOCTI Ta (DYHKITIOHATLHOI O€3MeKH,
Ipu TOSBl BIAMOBH TEXHIYHOrO 3aco0y Ta/ab0 TOMMIKK €KCIUTyaTaliifHoro,
TEXHIYHOTO IITAaTy HaBeJIeHO B Tabmuii 1.

Taoannga 1
IMOBipHICTH HACTAHHS KiHIIEBOI MOJii MPH BiAMOBax
Xapakrep NOMIKOIKEHHS IMOBipHiCTH HACTAHHS KiHLIEBOI
noii
BiamoBa 3ac00iB eeKTpUYHOT IIeHTpasTi3aIlii 2.77-107
BigmoBa 3ac006iB aBTOOJIOKYBaHHS 2.77-107
Binmosa pee 2.77-107
[TonkoIKEHHSI CTPUIKU 2.77-107
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BinmoBsa ciTnodopa 2.77-107
BigmoBa pelKoBOro Koiua 2.77-107
ITommnxka JICIT 2.77-107
[Momunka [ITH 2.77-107
OnnovacHa nomuika IIIH ta JICII 3.83-107
BinmoBa texHiuHoro 3aco0y ta nommiika JICII 1
BingmoBa TexHiuHOT0 3ac00y Ta momruika IITH 1
BucHoBku.

3anporoHOBaHUN aBTOpaMu TMiaXiag 0a3yeThbcsi HA CHUCTEMHOMY IMIIXOJI [0
OIIHIOBAHHS CTaHy Ta PECypCy CHCTEMH, a00 OKPEMOT0 KOMIIOHEHTA MPHU SIKOMY JJISI
KOKHOTO (PYyHKIIIOHAJIBHOTO BY3Jla, a00 €JIeMeHTa CHUCTEMH CHHTE3YEThCS OKpema
MOJIeIb MOT0 TOBEIIHKU, U (POPMYETHCS CTAaTUCTUKA BIJIMOB Ha OCHOBI 00’ €KTMBHUX
JTAaHUX YOPHOI CKPUHBKHU Ta Cy0’€KTUBHHX OIIIHOK €KCIEepTiB. I 0JIOBHMM 3aBIaHHSIM
MOJAJIBIIIOTO  JAOCTIDKCHHS € po3poOJieHHS MaTeMaTHYHOTO amapary  Jyis
dbopMyBaHHS CTaTUCTUK Ta BUPILIEHHS NpoOJeMH 1HTerpauii pe3yJbTaTiB
CIIOCTEPEKEHB TT0 KO)KHOMY KOMIIOHCHTY B 3arajibHy OIIIHKY.
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Abstract. The article presents the results of the analysis and theoretical generalization of
scientific works, in which the problems of forming assessments of indicators of the functional safety
of information management systems in railway transport in real time are considered. To conduct
the study, a model of teams for assessing reliability and functional safety indicators was developed,
the calculation of which was carried out using the TopEvent FTA computer program.

All critical infrastructure facility management systems will require performance assessment
procedures. In the overwhelming majority, the assessment system is formed at the stage of
development and certification procedures. In railway transport, the regulatory documents define
the procedure and indicators of assessment. In particular, these are indicators of functional safety,
which are most important for train control systems.

Further, at the stage of technical use, such calculations can be carried out, as a rule, when
considering the issues of extending the service life. Such studies are more typical for the control
system of nuclear equipment. In railway transport, the procedures for forming on-line assessments
of functional safety indicators are so far limited to periodic inspections with the determination of
the technical condition by means of an expert assessment.

This state of affairs is due to the electromechanical element base of control systems, which
makes it impossible to use monitoring and operational diagnostics of the state of technical means.

The introduction of microprocessor systems removes the previously existing limitations, but
insufficient scientific support for the problems of the operational assessment of the performance
indicators of the technical means of railway automation somewhat slows down this process.
Therefore, the problem of forming methods and models for the operational assessment of indicators
of the functioning of critical railway control systems is urgent and practically necessary.

Key words: reliability analysis, safety assurance, technical condition, information and control
systems, railway automation.
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