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KAPITEL 1/ CHAPTER 1.
ENSURING OF AN ECOLOGICAL SAFETY OF EUTROPHIC WATER
BODIES VIA THE IMPLEMENTATION OF PRIORITY WATER DISPOSAL

TECHNOLOGIES IN SETTLEMENTS

3ABE3ITEYEHHA EKOJIOTTYHOI BE3IIEKH EBTPO®OBAHHX BOJIHHUX OB’EKTIB ILIAXOM
BITPOBA/IKEHHA ITPIOPHTETHHX TEXHOJIOI'TH BOJOBIIBEJEHHA B
HACEJIEHUX IIYHKTAX

DOI: 10.30890/2709-2313.2021-04-04-014

Beryn

3abe3neueHHs exoyoriyHoi Oe3neku eBTpodoBanux BogHux 00’ekTiB (EBO) Ta
CTAJIOTO PO3BUTKY HACENIEHUX IYyHKTIB, sIke O rapaHTyBaJl0 HAJIEKHUH PiBEHb YMOB
KUTTENSUIBHOCTI HACENEHHS, MOXXe OyTH peai30BaHO NUIIXOM PO3B’SI3aHHS
€KOJIOTIYHUX Ta COLIaIbHO-€KOHOMIYHHUX MPOOJieM, IKE TapaHTy€e HAJIECKHUU PIBEHb
PO3BUTKY Ta YMOBU IKUTTEAISUIBHOCTI MEIIKAaHIIB HaceneHux mnyHkTiB (HI),
BIJIKpUBA€E HOBI MOXJIMBOCTI.

3axUCcT 1 BIJTHOBJIEHHS ILIUIICHOCTI BOJHUX E€KOCHUCTEM € OJHICIO 3 0a30BUX
CKJIQJIOBUX CTaJIOTO PO3BUTKY YKpaiHU Ta HaOyBa€ MPIOPUTETHOTO 3HAYCHHS MJIS
MOJAJIBIIOr0 PO3BUTKY YKpaiHU Ha 3acajax CTAJIOr0 PO3BUTKY. Y IMOJAJIBIIOMY L€
CIPHUATUME 3aXUCTY ii HAIlIOHAJILHUX 1HTEPECIB.

IchHyrounit piBeHb 3a0pynHEHHS 1 BTpara OI1OJIOTIYHOTO PO3MAITTS BOJHUX
00’€KTiB, CKOpOYy€ iX 37aTHICTh JO caMOBigHOBJIeHHsA. Ha choromHi, ogHuUM 3
TOJIOBHUX YMHHHKIB, SIKUM HEraTUBHO BIUIMBAE Ha AKICTh BoJgHOTO 00’ekTy (BO), €
aHTPOIIOTeHHE eBTpOdyBaHHSA Ta «IBITIHHSI» CHHbO-3eJeHuX Bojopocteit (C3B),
SIKUM Ha ChOTOJ[HI OXOIJICHO BOJIHI 00’ €KTH OaraTh0X KpaiH CBITY.

HeoOxignicTe migBuilleHHs ekoJioriyHoi Oe3sneku EBO — mxkepen mutTHOTrO
BOJIONIOCTAYaHHsI Ta pekpeauiiHoro BukopuctanHa B HII o0ymoBmoerbes
HEOOXITHICTIO 3a0€3M1€YEHHS HAJIEKHOIO PIBHS YMOB XKUTTEAISUIBHOCTI HACETICHHS.

AKTyallpHICTh  JIaHOTO HANpsIMy BHU3HAYAETHCS BAXJIMBICTIO IPOOJIEMU
IIBUIIEHHS €KOJIOTidHOi Oe3meku moBepxHeBux BomHMX 00’ekTiB ([IBO) Ykpainm
BHACJIIOK X 1HTEHCHMBHOTO aHTPOIIOTEHHOTO €BTPOQYyBaHHS, HACTIIKOM SIKOTO €
(IIKIJIMBE T[BITIHHS IiaHOOAKTEpii» (CHHBO-3eNeHnX Boaopoctei). Ha crorommi
HUM OXOTUICHO BOJIHI 00’ €KTH (TIPICHOBOAHI Ta MPUOEPEkHI MOPCHKI) Oararbox KpaiHn
CBITY. AHTPONOr€HHOMY €BTPO(YBAHHIO IMOBEPXHEBUX BOJHUX OO €KTIB, a camMme
JDKepesl MUTHOTO BOJIONOCTAaYyaHHs Ta pekpeariiiHoro Bukopuctands B HII cnpuse
NOTPAIUISTHHS TOCIOAAPCHKO-TOOYTOBUX CTIYHUX BOJ MPU aBapiiHUX CUTyaIlsX Ha
KaHaI3aI[liHUX Mepexax Ta HEAOCTATHbO OYHUIICHUX 1 HEOUHIIEHUX MOBEPXHEBUX
Ta APEHAKHUX CTIYHUX BOJ.

3abe3neueHns exosoriyHoi 0e3nekn EBO, sike 6 rapanTyBano HaleKHUMN PiBEHb
YMOB KHUTT€IISUTBHOCTI HACEICHHS, MOXe OYTH peai30BaHO MUIIXOM BIIPOBAKCHHS
TEXHOJIOTIM  eKojoriyHo  Oesmeunoro BomoBinBeneHHs (EbBB) y  mpomec
GyHKIIOHYBaHHS ICHYIOUMX CHCTEM BOJOBiABeneHHs. [lig ekomoriyHo Oe3meuyHuM
BOJOBIIBEICHHSAM Oy/IeMO pO3yMITH KOMIUIEKC OpTraHi3allifiHUX Ta TEXHOJIOTIYHUX
3ax0/1iB, IO 3a0e3MmeuytoTh 301p, BiIBEICHHS Ta OUMIICHHS YCiX BUIIB CTIYHUX BOJ,
SIK1 CKHJIAIOThCS Y BOJIHI 00’ €KTH, 3 METOIO 30epeKeHHs Ta mokpaiieHHs crany [1BO.
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3abe3reueHHs] eKOJIor1uyHOo1 Oe3reku eBTpodOBaHUX BOJHUX O0’€KTIB YKpaiHH
[UIIXOM OOIPYHTOBAaHOTO METOAY BHOOpPY Ui BOPOBAHKEHHA MPIOPUTETHUX
TEXHOJIOT1M eKOJIOTITYHO O€3MeYHOr0 BOJOBIABEICHHS B HACEJICHUX IIYHKTAaX €
aKTyaJIbHUM HampsIMOM JUIsl TOAAJIbLIIOTO PO3BUTKY Ha IUISAXY KOXHOI JEp>KaBU B
HaIpsIMy CTIHKOTO PO3BUTKY.

1.1. Exosoriuna 0e3nexa HaceJIeHUX IIyHKTIB, PO3TAllIOBAHUX HA
eBTpOo(oBaHMX BOAHUX 00’ €KTAX, y HAPUHI 3acCa/l CTAJI0I0 PO3BUTKY

Cranuii po3BUTOK HAcCeIEHUX MYHKTIB — 30alaHCOBaHUN €KOJOTO—COIllaJbHUM
PO3BUTOK CIPSIMOBAaHMN Ha CTBOPEHHS E€KOHOMIYHOI'O MOTEHIlially, MOBHOLIHHUX
YMOB KUTTEIISUIBHOCTI JIJIE Cy4aCHOTO Ta HACTyIMHUX TIOKOJiHb Ha OCHOBI
paIllOHAIBHOTO BUKOPUCTaHHS pPECYpCiB (MPUPOJIHUX, TPYIAOBUX, BUPOOHUYMX,
HAayKOBO-TEXHIUHUX, 1HTEJCKTYaJbHUX TOIIO0). BIpoBaKeHHs MOJI0KEHb CTajoro
PO3BUTKY TPU3BOAWTH JIO TMOJIMIIEHHS YMOB TMPOXXUBAHHS, BIAMOYMHKY Ta
037I0POBJICHHS HACEJICHHS IUIIXOM MOKPAIICHHS IKOCT1 MMUTHOT BOAM, 30€pEKEHHS Ta
30arayeHHsl O10JIOTIYHOTO PI3HOMAHITTS Ta KyJbTYPHOI CHAIIIMHU ypOaHi130BaHUX
Teputopii [1-4].

301/IbIIIEHHS AHTPOTIOTEHHOTO €BTPO(YBAHHS € OCOOJIMBO AKTYAJIbHUM MUTAHHSIM
ChbOrofieHHs. He3aloBUIbHUI CTaH CUCTEM BOJOBIJBEICHHS HACEICHUX IyHKTIB,
po3tamoBanux Ha EBO cnpusie HaIXOKEHHIO Y 111 BOJHI 00’ €KTH 3HAYHOI KILJIBKICTI
OpPraHIYHHX Ta OlOr€HHUX PEYOBHH, NATOI€HHOI MIKPO(IOPH, 0 HEraTUBHO BILTUBAE
Ha X piBEHb €BTPO(YyBaHHS.

[ness 3axucty 1 BIIHOBJIEHHS IIJTICHOCTI BOJIHUX E€KOCHCTEM Ta TJIOOAIbHOT
CTpaterii 3a0e3MeYeHHs CTalor0 PO3BUTKY CYCHUIbCTBA, TO3BOIUTH Y KpaiHi TOCSATTH
00’€KTUBHOCTI B OIIIHIIl CTaHy BOJHHUX €KOCHCTEM, IO € OCOOJIMBO BAKIUBUM MPU
MNPUIHATTI YHPABIIHCHKUX PIMICHb Yy Tally3l €KOJIOTIYHOI Oe3NeKu eBTPOPOBaAHUX
MOBEPXHEBUX BOAHMX OO’€KTIB — JDKEpPEJ MUTHOTO BOJOMNOCTAYaHHS Ta
pekpeartiiinoro Bukopucranas B HII.

VY BIAMOBIIHOCTI /10 €BPOIEWCHKOI MPAKTHUKKA BOJHA TMOJITHUKA JIEPKaBU Mae
OTIMPaTHUCS Ha TaKl OCHOBHI MojoxkeHHs [1, 2, 5]:

— BHCOKHH PiBEHb OXOPOHHU BOJAHOTO CEPEIOBHIIA;

—  COUIBHHUHU MAXIJ JO TOYKOBHUX 1 pO3MOPOIICHUX 3a0pyAHEHB;

— 3aCTOCYBaHHS IOCTYIHHUX TEXHIYHHUX 1 HAYKOBUX 3HAHB;

— BHUKOPHUCTAHHS «HAWKpamoi JOCTyHMHOI TEXHIKM Ta TMPaKTUKW» IS
0OMEKEHHS TOYKOBUX BUKH/IIB Ta OOMEKCHHS TEPUTOPIATbHIX 3a0pyTHECHD.

ComianbHa ckiagoBa cTiiikocTi po3BuTky HII posramoBanoro na EBO,
CIpsIMOBaHA Ha 3MEHIIICHHS BIUIMBY €BTPO(YBaHHS HA KUTTEMISUTBHICTh HACEIICHHS,
B TOMY YHMCJI HEOE3MEeKH WOro BUKOPUCTAHHS SK JKEPEsia MUTHOTO TOCTaYaHHS Ta
IpU peKpeariitHoMy BUKOPUCTaHHI.

ExoHomiuHMiI miAXiZ 10 KOHIEMINI CTIHKOTO PO3BUTKY CKJIAA€ThCA 3
ypaxyBaHHSM MOJIMBOCTEH MICIIEBOI I'POMaJIM KOHIIEHTPYBAaTH (h1HAHCOBI PECYpPCH 3
pi3HUX JpKepen (iHaHCYBaHHS (AEp)KaBHOTO, PEriOHAJIBHOTO Ta MICIIEBOTO) JIJIs
MOJTIMIIIEHHS CTaHy cucTeM BojoBiBeneHHs B HII, edhekTHBHOrO BUTpayaHHS KOIITIB
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Ha 11 nun. [Ipu 1mpomMy HEOOXITHO OKpECIIOBaTH TNEPIIOYEpProBi 3aaadi 3
ypaxyBaHHSIM OOMEKEHOCT1 pECypCiB B JaHUU Yac.

1.2. BIuIuB iCHYI0YHMX CHCTEM BOJOBIABE/ICHHSA 3 TEPUTOPii HaceJeHUX
IYHKTIiB HAa CTaH eBTPO(POBAHMX BOAHHUX 00’ €KTIB

CucreMr TCHTPATi30BaHOTO BOJIOBIABEICHHS — II€¢ KOMIUICKC MEpexX Ta
IHKEHEPHUX CIOPYJ JUisl 30MpaHHS Ta OYMILEHHS CTIYHHUX BOJ, NEpepoOSIeHHS
BIIXOZIB 3 LIUX CIOPYA Ta BiJABEJEHHS Y BOAHI 00’€KTH OYMIIEHUX Boj [6, 7].
[lenTpanizoBaHUM BOJIOBIIBEACHHSM 3T1IHO 3 JaHUMHU HarioHanbHOI JOMOBIAI MPO
SAKICTh MUTHOI BOJIM Ta CTaH MUTHOIO BoJomocTadyaHHs B Ykpaini y 2015 p. [7]
3a0e3neueno 385 mict, 397 cenuiy mickkoro Tumy Ta 530 CUIBCBKUX HaceIeHUX
MyHKTIB.

3 ypaxyBaHHSIM TIOCTIMHOTO 3POCTaHHS HABaHTAXXCHHS TEXHOTCHHOTO
XapakTepy Ha TOBEpXHEBI BOJHI OO ’€KTH, OCHOBHI JpKepesla MUTHOTO
BOJIOTIOCTAYaHHSI ~ Ta  pekpeariiHoro  BukopuctanHs B HII  Ykpaiawm
XapaKTEepU3yIThCA  HENOCTaTHhOIO  sKicTio [8]. Jlo OCHOBHMX  YHHHHKIB
TEXHOTEHHOTO HAaBaHTa)XCHHS BIJIHOCATH: BUCOKY aBapiiHICTh BOJOMPOBITHUX Ta
KaHAM3aIIHHUX MEpEeX, BHUIYCK Y BOJOMMH HEOYHMIICHHX ab0 HEeIOCTaTHBO
OYMIIIEHUX CTIYHUX BOJ [8].

VY nepeBaxH1i OUIBIIOCTI HACEIEHUX MYHKTIB YKpaiHu (YHKIIOHY€E pO3ALIbHA
cucTeMa BOJOBIZBENCHHSA. B maHiif cucTeMl Taki CTI4HI BOJU SK TOCHOAAPCHKO-
noOyTOBI Ta BUPOOHWYI 30HMpAIOTHCS, TPAHCHOPTYIOTHCA Ta OYUIIAIOTBCA Ha
010JIOTIYHUX OYMCHUX CHopyJax kaHamizaiii. [loBepxHeBl Ta JpeHaXH1 CTIUYHI BOAU
30UparOThCSl 1 TPAHCIOPTYIOTBCS OKPEMOI0 MEPEKEI0 BOJIOBIIBEICHHS JOIIOBOI
KaHamizarii. J{ns iX O4YMINIEeHHSI 3aCTOCOBYIOTH MPHUCTPOi MEXaHIYHOTO OYMIIECHHS,
Taki sIK, BIJCTIMHMKH, HA(TOBIIOBIIIOBAYl, TOIIO, aje JyXKE YacTO SKICTh OYMIICHHS
BOJ HE 3a/I0BOJIbHSIE HOPMATUBHUM BUMoraM. bisbliie Toro, nepeBakHa 4aCTHHA ITUX
BOJ CKHUJAEThCS Y BOJHI 00’ekTH 0e3 ouMineHHs. OcCOONMBO 1€ BAXKIWBO MPU
cuTyallli sika ckjiajach B YKpaiHi 3 CUCTEMaMH BOJIOBIJIBeICHHS — 110 2 % Bija oOcsry
rocrnoaapchbKO-MoOyTOBUX CTIYHUX BOJ B aBapiiiHuX cutyaiisx ctaiotb [ICB. Tomy
MOTPEOYIOTh O10JIOTTYHOTO OYHUIIEHHS. [[peHa)kHi CTIYHI BOJU TaKOX TpeOa YUCTUTH
6iosoriuno [9, 10].

B uyactuHi HaceneHUX TYHKTIB (YHKIIIOHYy€ HamiBpO3ALIbHA CHCTEMaA
BOJIOBIJIBEJICHHS, MPHU SKIH ICHY€ JIBI CAMOCTINHI BYJIWYHI Mepexi TpyOOmpoBOIIB
JUTSL  BIABEJEHHS TOCIOAAPCHKO-TIOOYTOBUX, BUPOOHWYUX 1 TOBEPXHEBUX Ta
APEHAXHUX CTIYHMX BOJ, IO 3 €IHYIOTBCA MK €000  creniaJbHUMH
PO3MOAUTFYUMHU KaMEpaMH, Yepe3 SKi HaJUIUIIKOBA KITBKICTh JOMIOBUX BOJI IiJT Yac
3JIUB CKUAAEThCA Y BOJIHI 00’ ekTH Oe3 ouunmeHHs [9, 10]. HamiBpo3aiipHa cuctema
BIIPI3HAETHCSA BiJ TOBHOI PO3AUIBHOI THUM, IO y 1l CKIaal mepeadadyeHo
oOJaIITYyBaHHS 3arajlbHOCIUIABHOTO TOJIOBHOTO KOJEKTOpa, SKUA 1 3abe3neuye
BIIBEJICHHS CTIYHUX BOJI YCIX BHUJIB — TOCIOJApPCHKO-NIOOYTOBUX, BUPOOHUYHUX 1
MOBEPXHEBUX Ta JAPEHAKHUX HA OYMCHI cropyAu. J[ns 3MeHIleHHs Jiamerpa Tpyo
TOJIOBHOTO KOJIEKTOpA 1 BIANOBIJHO MPOJYKTUBHOCTI OYUCHUX CIHOPYA B MICIISIX
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HIIKJIIOYEHHS JO0 HBOTO TPYyOOMNPOBOJIB JOIIOBOI KaHami3alii BIAIITOBYIOTh
pPO3MOAUIbHI KamMepu. 3a JOMOMOTOK IMX KaMmep mepuri mopiii HailOuIbII
3a0pyTHEHUX MOBEPXHEBUX CTIYHUX BOJI, Tajl BOJH, a TAaKOX 3a0pyIHEHA BOJA Bi
MUTTS BYJHI[b aBTOMATHYHO HAIMPABISETHCS B MEPEXI TOCHOIAPCHKO-TTOOYTOBOI
KaHaji3auii 1 1aji 3araibHOCIVIABHUM TOJIOBHUM KOJIEKTOPOM BiJIBOASTHCS HA OYHMCHI
cnopyau. [lepeBaroro HamiBpO3aiIbHOI CUCTEMH BOJOBIIBEICHHS HAJ[ PO3IIILHOIO €
3MEHIIICHHS] HETATUBHOTO BIUIMBY IMOBEPXHEBOTO CTOKY HA MOBEPXHEBI BOJIHI 00’ €KTH
3a CaHITapHUMHM MMOKa3HUKAMHU.

3 €KOJIOTIYHOI TOYKU 30py IiSI CUCTEMa BOJIOBIJBEJEHHS MEHI HeOe3rneyHa,
OCKIJTBKM TIIJ] 4Yac BEJIMKHUX aBapiil Ha 00’€KTax TOCHOJApIOBaHHS, TPAHCIIOPTI
TOKCHYHI PEYOBHMHH MOXYTh 4Yepe3 JONMIONpHUIMadl TOTPAIUIATA Y JOIIOBY
KaHaTi3aIiio 1 HaJAMIpHO 3a0pyJHCHI MMOBEPXHEBI CTIYHI BOAUM MOXYTh BHBECTH 3
Jaay O10JIOTIYHI OYMCHI CIIOPY/IH 1 3aBAATH KO BOJHUM 00’ €KTaM.

3aranpHOCIUTABHA ~ cHCTeMa  BojoBiABeAeHHs. [lpm  maHiih  cuctemi
BOJIOBIJIBEICHHS BC1 TPH BUAM CTIYHHUX BOJI BIABOASATHCS OJIHIEIO CITLIHHOIO MEPEKEIO
TpyO 1 KojekTopiB [9, 10]. OcoOnuBICTIO I1i€] CUCTEMH € HasSBHICTh HA TOJOBHUX
KOJIEKTOpaX 3JIMBOCITYCKIB, 4Yepe3 sKi YacTHMHA CYMIIIl TOCIMOAapChKO-I0OYTOBUX,
BUPOOHUYHUX 1 TOBEPXHEBUX Ta APCHAXKHUX CTIYHUX BOJ CKUJIAETHCS O€3 OUUIIICHHS Y
BOJHI 00’€KTH. 3aCOpPeHHS PENNTOK 1 MICKOYJOBIIOBAYIB CIPUUYUHSAETHCA MICIS
JOBTOTPUBAJIOL CyXOi1 MOTrOJu, MEPIIl MOPIi JOIMIOBUX BOJI MPUHOCSATH HA OYMCHI
CIIOPY/IM TaKy KIJIbKICTh MEXaHIYHUX JIOMIIIOK, [0 COPUYUHSIE 3aCMIYEHHS PEIIITOK 1
MICKOYJIOBIIIOBAYiB. B nepioz 1011iB MpU BEIUKUX T1IPABIIYHUX HABAHTAKEHHSIX Ma€e
MICLIE 3HAYHUUA BHUHOC OlOoMacu 13 BTOPUHHUX BIJICTIMHMKIB, @ B PE3yJbTari
MIJBUILEHOTO  BMICTY  MIHEPAJIbHUX  HEPO3YMHEHUX  PEUYOBUH  3HUKYETHCS
e(EeKTUBHICTh 30pOXKEeHHs ocaqy. TakuM YHWHOM, IMOBEPXHEBI CTIYHI BOAM NIPH
3arajbHOCIUIABHIN KaHaii3alli, 3 OJHIEI CTOPOHM MOTIPUIYIOTH POOOTY OYUCHUX
cropyA, a 3 Jpyroi — 3Ha4HO 3a0pyAHIOIOTH BOJIOMMY 3a paxyHOK CKHUIY
HaJIMIIKOBUX HEOYMIICHUX CTIYHUX Box [9, 11].

[Ipu 3aranbHOCIUIaBHIN CHUCTEMI BOJOBIABEJEHHS TaKOXX HE TapaHTY€EThCs
MocTiiHa e(ekTuBHA po0OTa OYHMCHHMX OIlOJIOTIYHUX crhopyd, OO0 BOHHM €
0e33aXMCHUMM Tiepe]l HaJAXO/KEHHSM Ha HHUX JyXe 3a0pyJAHEHHX BUPOOHUYUX
CTIYHUX BOJ, SIKI BHUBOJATH 13 Jaay OI10JOTIYHI JIaHKM cHopyd. B aBapiitHux
CUTYyaIlISIX ITOBEPXHEB1 Ta APEHaKH1 CTIUHI BOJIM, /IO CKJIAJly SKHX BXOJSITh MOOYTOBI 1
1HIN CTIYHI BOAM, 3a0pyAHIOIOTH 1 3aCMIYYIOTh BOJOTOKM 1 BOJOWMH B Mexkax
HAceJIeHUX TYHKTIB. BoIOBiIBENEHHS MO 3arajJibHOCIUIABHIA CHCTEMI € TaKOX
€KOJIOTIYHO HEOE3MEeYHHM MI0J0 BOAHHMX OO‘€KTIB. 3arajJibHOCIJIaBHA CHCTEMa
BOJIOBIIBEZICHHS B HACEJICHUX MMyHKTAaX YKpaiHW TOMUPEHHsS He HaOyna [9].

3mimana (KOMOiHOBaHA) CHCTEMa BOJIOBIABEACHHA HaOyna TOIIUPEHHA B
HACEJICHUX MyHKTax YKpaiHU BHACIIZOK 3a0yJOBH HOBUX PaiOHIB, PO3IIMPEHHS MEX
MICT, B SIKUX BOJIOBIJBEJICHHs 3IMCHIOBAIOCS OJIHIED MEPEX)OK TpyO 1 KaHaTiB
(icHyOUOI0 3araJibHOCIUIABHOIO CHCTEMOIO BOJIOBIJIBeACHH:). Uepes Te, 10 B CyXy
MIOT0JTy TOJIOBHI KOJEKTOPH 3arajibHOCIIJIABHOI KaHai3allli paifloHIB cTapoi 3a0y10BU
3aBaHTAKEH1 HEMOBHICTIO, TO J0 HUX MPHUEIHYBAIM MEPEXKi TOCIOIapChbKO-TI0O0YTOBOT
KaHami3amii B palioHIB HOBOI 3a0ymoBu. [l BiABeJEHHS TMOBEPXHEBUX Ta
IPEHAKHUX CTIYHMX BOJ, SIKI HE MOIJIM OyTH MNPUHHATI B ICHYIOYl KOJIEKTOPH,
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OyyBaJId CaMOCTIHHI MepeXi JOIIOBOI KaHai3allil Ui BIABEACHHS JOLIOBUX, TaTUX
CTIYHMX BOJ B HaWOIMX4i BOAHI 00°€KTH 31 CKUIOM ix 0e3 ouneHHs. KomOiHoBaHa
CHUCTEMa BOJIOBIBEJECHHS, MPH SKIH B OJHUX paloOHaX HACEICHOTO TYHKTY
30epirajocs BiJBEJEHHS YCIX KaTeropiil CTIYHUX BOJ OJIHIEI0 MEPEKEro
TpyOONIpOBOY (3arajibHOCIJIaBHA CHCTEMa BOJIOBIJIBEICHHSI), a B pailloHaxX HOBOI
3a0y/I0BM BOJOBIABEICHHS 3INCHIOETHCS JBOMAa MEpeXaMmH (pO3IUIbHA CHUCTEMa
BoJIoBiiBeAeHH) [9, 10].

KoMmOiHOBaHa cucTteMa BOJOBIABEIEHHS € TaKOX €EKOJIOTTYHO HeOe3IeYHOI0
BIJIHOCHO BOJHUX 00‘€KTiB, 00 ili mpUTamMaHHI BCl PUCH €KOJIOTTYHO HEOE3MeYHOTO
BOJIOBIJIBEICHHSI PO3JIUIBHOI 1 3arajibHOCIUIABHOI CUCTEM BIJIBEJICHHS CTIYHUX BOJ B
HaceJeHUX NyHKTaXx YKpaiHh. OuucHiI O10JOTIYHI copyau € O0e33aXMCHUMHU BIJ
HAJXO/DKEHHS Ha OYMUIICHHS HAaJIMIPHO 3a0pyIHEHHX BUPOOHUYMX 1 MOBEPXHEBUX
CTIYHUX BOJ, a BOJHI O0’€KTH HE3aXWUIICHUMHU BiJl 3a0pyAHEHHS 1 3aCMIYEHHS iX
MTOBEPXHEBUMH CTIYHUMH Bodamu [9, 10].

3 cucteM JOMIOBOI KaHami3allli 3a0yJ0BaHUX TEPUTOPIM HACENEHUX IYyHKTIB,
JIOpIT, TOBEPXHEBI CTIYHI Ta APEHAXKHI BOJU CKUJAIOTHCS Y BOJHI 00’ €KTU MPAKTUYHO
y TOBHOMY 00csi31 0e3 ouuileHHs. 3a0pyJaHEHHS, sIKI MPOXOJUTHh YEpe3 PEIIiTKU
JOIIONpUiMaYiB, IO HE MPHUCTOCOBaHI JO YJIOBIIOBAHHSA CMITTS, MOTPAIUISE€ B
TpyOONPOBOAM BiABEICHHS IOBEPXHEBHX CTIYHMX BOA 1 B BOJHI O00‘€KTH,
3aCMIYYIOUM OJIH1 1 JPYTi 1 COPUYUHSAE B HUX MPOIECH 3aMYJICHHS, 3aCMIYCHHS Ta
3axapamieHHs. 3aBHUCIl PEYOBMHU OCIAI0YM Yy BOJOCTOKAaX HAKOMUYYIOTHCS 1
3MEHIIYIOTh iX MEpepi3u Ta BIANOBIAHO MPOIYCKHY 3AaTHICTb. B pe3ynbrari 11bOro
MPOIyCKHA 3/IaTHICTh TPYOOINPOBOMIB BiJBEACHHS ITOBEPXHEBUX CTIYHUX BOJ
3MCHIIYETHCSA JI0 MIHIMQJIBHOI 1 HaBiTh 3a JIONIIB CEPeIHBOI IHTCHCHBHOCTI
MMOBEPXHEB] BOJIM CTIKAIOTh HACTIIHLKHA MOBIJIBHO, IO YaCTO 3aTOIUTIOIOTH ABTOIIISXH
1 TIOHW)KCHHS, 3yMOBIIIOIOYM 0arato HE3py4YHOCTEH. 3acCMIYeHHs OIIOBIABITHUX
TpyOONPOBOJIIB B HACENEHUWX IMyHKTaX € 3BUYaiHUM sBuiieMm. [lpaktuka
eKCIUTyaTallii MepeX BOJOBIABEACHHS TMOKa3ye, IO BITHOBJICHHS MPOIYCKHOI
3MIaTHOCTI ~ 3axapallleHuX, 3aKylMOpeHUX MepeX BOJOBIABEJACHHS €  JyXKe
TPYJIOMICTKOIO pOOOTOI0 1 MOTpedye i MPOMHUBAHHS BUKOPUCTAHHS MOTY>KHOI
TEXHIKM TPOTATOM TPHUBAJIOro uacy. Yepe3 BIACYTHICTb Yy JOLIONpHUIIMadax
YCTaTKyBaHHS [IJIsl YJIOBJIIOBAHHS CMITTS MPU3HAYEHOTO JIJIsi Ocaxy TpyOOIpPOBO/IIB
IIBUJIKO BITHOBJIIOETHCS.

Y HII 3 BIACYTHIM IEHTPAJIi30BaHUM BOJIOBIIBEICHHAM HACEJICHHS JIJIS
BIIBEICHHS CTIYHUX BOJ BHUKOPHCTOBYE CENTUKH a00 BUTpiOHI smu. Take
BUKOPHUCTAHHSA MOX€E CIPUYMHHUTHU MOTIPIICHHS €KOJIOTIYHOTO CTaHy BOJHUX 00'€KTIB
— JDKepesl BOJOMOCTadyaHHs, Ta 3a0pyJAHEHHA iX MMATOT€HHUMHU OakTepisiMH Ta
Bipycamu [9].

Takum ymHOM, B YKpaiHi Ha CbOTOAHI BOJOBIJIBEJCHHS B HACENEHUX MyHKTax
MO’KHa BU3HAUYUTH SIK €KOJIOTIYHO HeOesrneuHe no BiaHomeHHio a0 [1BO. Bunukae
3arpo3a €KOJIOTTYHUX YCKJIaJHEHb, 1110 MOXe OyTH 00YMOBJIEHA HEYNOPSIAKOBAHICTIO
cucteM BojoBiaBeneHHss B HII Ta HecBoewacHMM mpoBeneHHS poOIT 3 iX
PEKOHCTPYKIIi Ta BIAHOBJIEHHSA MEpPEX 1 crnopya abo ix BiAcyTHicTI0. OcoOJuBO
HEOe3MeyHo € TmpobjieMa CKHUJy B aBapiiHUX CHUTyallisiX HEOYUIICHHX Ta
HEJIOCTaTHBO OYHIIEHUX TOCMOAAPChKO-MMOOYTOBUX CTIYHHUX BOJ pa3oM 13
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[IOBEPXHEBUM CTOKOM, a TAKOX, IOBEPXHEBUX Ta APEHAXHUX CTIYHUX BOJ, LIO
YTBOPIOIOTBCSI TMiJ Yac TaciHHS TMOXKEX 1 MpU PI3HUX aBapisix 1 KaracTpodax
TexHoreHHoi npuponu. Ckunanus HeouumieHux [ICB 3 Tteputopiit HaceneHux
MYHKTIB SIK IO TPyOOIPOBO/AX, TaK 1 MOBEPXHEBUM CIIOCOOOM, MOXKE HECTH 3arpo3y
noripmenHs ctany [1BO.

Takum uynMHOM, OJHHMM 3 HamNpsAMIB BHUPIMICHHS MPOOJIEMH LIOJ0 3MEHILIEHHS
HEraTHBHOTO BIUIMBY ICHYIOUMX CHCTEM BOJAOBiABeAeHHS 3 Tteputopii HII Ha
€KOJIOTIYHUI CcTaH eBTPO(OBAHUX BOAHMX OO'€KTIB B YKpaiHI € BIPOBAIKECHHS
€BPOMEHUCHKOTO  JOCBIAYy, TOOTO  BOPOBAIXKEHHS  E€KOJOTIYHO  OE3MEeYHOro
BoJI0BiIBeicHHS B HII opranizoBaHoro y BiJMOBIIHOCTI 10 BUMOT CTAJIOI'O PO3BUTKY,
a came: 3a0e3MeueHHs] YMOB XKHUTTeAisIbHOCTI MemkadiiB HII, 30epexxenns Ta
MOKpallleHHs cTtany ekocucrem 11BO.

1.3. TexHoJ10Tii €K0JIOTIYHO 0€311€YHOT0 BOJAOBIABEICHHA AK IHCTPYMEHT
3HMKEHHSI eBTPO(PYBaHHA BOJHUX 00’ €KTIB

XapakTepucTHKa TEXHOJIOT1H eKOJIOTTYHO 0€3MEeYHOTO BOIOBIIBEICHHS TOBHHHA
0a3yBaTHCh Ha BIJIMOBIIHOCTI KPUTEPISIM Ta BHUMOTaM, SIKi CTaBJISITBCA IO HEl, sKl
BH3HAUYCHI y OCHOBHHX TOJIOKEHHSIX KOHIEMIIT CTaJIOro po3BUTKY Ta BuMmor €C [12]
III0JTI0 BMPOBAKCHHS «HAWKpaNIUX AOCTYIMHUX TEXHOJOTIH» B ICHYIOUYl CHCTEMH
BOJIOBI1ABEICHHSI HaceneHux NyHKTIB [9, 13]. OcuoBHi TexHozorii EBB cnpsmoBani
Ha YCyYHEHHS HETaTUBHUX HACTIJKIB BIUIUBY AaHTPONOTEHHUX Ta MPHUPOTHUX
YUHHUKIB Ha JKATTEAISUIBHICTD HACEJNECHHs, 30€peXEHHs Ta MOJIMIIEHHS CTaHy
BOJHUX OO’€KTIB — J0KEped MUTHOTO BOJOIOCTAYaHHS Ta peEKpealiitHoro
BUKOpUCTaHH4 |13, 14].

T1 OuuninieHHS TOBEPXHEBUX CTIYHUX BOJ Ha Ol01HXKEHEpHUX criopyaax. OHUM
3 IOCUTh €(DEKTUBHUX Ta BIJIHOCHO JEHICBUX BHJIIB CIOPY] 010J0TIYHOTO OYHIIICHHS
Ta A00YHINEeHHs BoJl € OioiHxkeHepHi copyau (BIC).

T2 OuumieHHss TOBEPXHEBUX CTIYHUX BOJI HAa KOMYHQJIbHHUX CIIOpYJax
6iosoriuHoi ounctku criunux Boa (BOC).

T3 byniBHunTBO ABOX akymymorouux eMHoctedt Ha BOC mns peryntoBaHHS
IICB 1 nepexorieHHs 3aJ0BUX CKUIIB CTIYHHUX BOJI.

T4 Ounmenns [ICB 3 okpemMux TEepUTOPIi, II0 MAIOTh CAMOCTIMHUN BHUITYCK y
BOJHUI 00’ €KT HA KOMITAKTHUX OYMCHHUX CIIOPYIaX.

TS5 3acrocyBanns pomonpuiiMayiB 3 MNOpUSIMKOM st ocaxy. JlocBin
eKCIUTyaTarlii JOMONMPUUMAIEHAX KOJIOs31B 0€3 MPUSMKIB U1 OCady MOKa3as, 1o 3a
YMOBH HAJXOKCHHS TOBEPXHEBHUX CTIYHUX BOJI 3 BMICTOM 3aBUCIIMX PEYOBHH ITOHAT
1000 mr/am3 cnoctepiraerbcs 30UIbIIEHHS aBapiiiHOI 3aKyHOpKU TPyOOMpOBOIIB
JIOIIIOBOT KaHalli3allli, 3aMyJIEHHsI Ta 3MEHIIEHHS MPOIYCKHOI 3JaTHOCTI BOJOCTOKIB
[9, 10].

T6 JlokansHa ouuctka IICB 3 TepuTopii aBTOCTOSHOK, 3alpaBHUX CTaHIIIM,
TOPTOBUX LIEHTPIB 3 MOJAIBIINM CKHJIOM B 3TMBOBY KaHamizallito HII.

T7 OpranizamiiHo-TeXHI4H1 3aX0JId II0JI0 3MEHIIEHHS KUIBKOCTI 3a0py/IHEHb
MOBEPXHEBOT0 CTOKY a00 MOJIIIIEHHS CAaHITAPHOTO CTaHy BOJ030IpPHUX TEPUTOPIH.
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3a0pyIHEHHsSI TIOBEPXHEBOIO CTOKY B 3HAuyHIM Mipl 3ajieXuTh BIJI Oararbox
MOKA3HUKIB, TAKUX SIK: KJIIMAaTU4YHI YMOBH, CaHITapHUN cTaH OaceliHy B0m03abopy 1
MIPU3EMHOI aTMOchepHu.

T8 30inpmenns mioin kananizyBanHs Teputopiit HII. Opranizanis BinBeaeHHsS
MOBEPXHEBOTO CTOKY.

T9 TlokpamieHHsI TEXHIYHOTO CTaHy MEpEX BOJOBIABEICHHs. 3a0e3neueHHs
cTabUTbHOI POOOTH KOMIUIEKCY MEPEeX BOJOBIABEJACHHS MOXKJIMBE 3a YMOBH
MIATPUMAaHHS perjaMeHTy iX eKCIulyaTallli, CBOEYACHOTO 1 SKICHOTO BHUKOHAHHS
HOPMAaTHBHUX OOCSTIB  IJIAHOBO-MOMNEPEIKYBAaJbHUX  PEMOHTIB, CBO€YACHOIO
BUSIBJICHHS 1 JIIKBIJALli aBapiif, a TaKOX BUKOHAHHS TEXHIYHUX Ta CaHITapHUX
3aX0liB MIOAO 3a0E3MEYEeHHsS HAJIEKHOTO CTaHy TEpPUTOpPii, OpraHi30BaHOTO
NpUIAMaHHS CTIYHUX BOJ Yy MEPEXi, OYMIIEHHS CTIYHMX BOJ 3 YpaxXyBaHHAM
HOPMAaTUBHUX BHMOT JI0 iX BHKOPHUCTaHHS a00 ) BHUIYCKY Y BOJHI 00 €KTH Ta 10
nepepoOJICHHsT BIIXO/IB KaHATI3AMIMHNX CIOPY/ JUIsl TMOJAIbIIol ix yTwm3aiii [9,
10].

OCHOBHI TEXHOJIOT1i, SIKI BIAMOBIIAIOTH KPUTEPISIM EKOJOTIYHO O€3MeYHOro
BOJIOBIIBEICHHS Ta CY4YaCHOMY PIBHIO JIOCATHEHB y Tajy3l 3aXUCTy BOJHUX 00’ €KTIB 1
BIIHOCATBCS JO KaTeropii «HaWKpammx JOCTYITHUX TEXHOJOTiH», B YacTHHI
KOMILUIEKCHOTO BHpIIIEHHA Tpo0ieMu 3a0e3MeyYeHHs] EKOJIOTIYHO Oe3MeYHOro
BOJIOBIJIBEZICHHSI B HACEJICHWX IYHKTAX, PO3TAllOBAHUX Ha €BTPO(OBAHUX BOJHUX
00’€eKTax.

1.4. IlporpaMHoO-aHAJITHYHUI MeTO BUOOPY NPIOPUTETHUX TEXHOJIOTIH
€KOJIOTiYHO 0e31eYHOr0 BOAOBIABEACHHSA B HACEJCHUX MYHKTAaX

OOrpyHTyBaHHSI ~ NPUWHATTS ~ YNPABIIHCBKUX  PIlIEHb, MO0  BUOOPY
npiopuTeTHUX (MEPIIOYEPTrOBUX) TEXHOJIOTIHN 13 JEB’SITH OCHOBHHMX 3 ypaXyBaHHSIM
CKJIaJIOBUX CTaJIOTO PO3BUTKY (EKOJIOT1YHOI, COIlaJIbHOI, €eKOHOMIKO-TEXHOJIOT1YHOT)
BUMAarae po3poOKH MPOrpaMHO-aHANITUYHOTO METOy BUOOpPY MPIOPUTETHUX
TEXHOJIOT1 BOJIOBIIBEJICHHA 3 TEpUTOpPi HaceneHux MyHKTIB. lle Bumarae
Bukopuctanusa cydacHux I[II1 MIIIIP Tta ekcneptHoro orinroBanHs. [T MIITIP,
0a3yloThCsS Ha YHUCICHHUX (akTopax Ta KpPHUTEPisAxX, OI[IHIOBaHHI KIHIIEBOTO
pe3yibTaTy, 10 MOBUHHO 3a0e3MeuyBaT NMPUHHATTS OOIPYHTOBAaHOTO pimeHHs. [Ipu
BUOOpP1 MJIi BMOPOBAPKCHHS NPIOPUTETHUX TEXHOJIOTIN BOJOBINBEICHHS, BOHH
JIOTIOMOKYTh TPOBECTH aHaNi3 albTEPHATUBHUX BapiaHTIB ab0 K BU3HAYUTH
e(eKTUBHICTh MIPOXOHKEHHS OKPEMHX €TalliB MpOLeCcy MPUHHATTS pimeHHs [15, 16,
17].

3 ypaxyBaHHAM CKJIQJOBHUX CTajOro pPO3BUTKY HACEJICHOTO MyHKTY
3apPONOHOBAHO MPOTrPaMHO-aHATITUYHUN METOJl JACKOMIO3MUIlli CKIaaHOT 3ajadi
OOTpyHTYBaHHSI 1 BUOOPY MPIOPUTETHUX TEXHOJIOTIA BOJOBIJIBEACHHS y BHUIJISIL
1€EpapXi4HOTO YSIBJCHHS 11 €JIEMEHTIB 3 MOJAIBIINM aHAJI30M MPIOPUTETIB, MIITXOM
3HaXO/KEHHsS BIJHOCHMH MIDK €JIeMEHTaMH uepe3 eKCIepPTHI CY/KCHHS, 10
BKJIFOYAIOTh MeToia aHamizy ilepapxii T. Caari, anmantoBaHud s IIijiei
JOCIIIKyBaHuX 3a1a4 [16-19].
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Merton ananizy iepapxiii (MAI) [18, 19], anrnomoBHa Ha3Ba — Analytic
Hierarchy Process 3anpononoBanuii mposinauM HaykoBieMm T. CaaTi (YHIBEpCUTET M
[Tittcoypr, CILLIA) B 70-x pp. XX cT. 1)1 MOAETIOBaHHA 0araToKpuTepiaabHUX 33124
NPUMHATTA pillieHb. [1ed MeToTy Mmosisirae B CTpYKTYpHU3allii 3a/1a4 NPUIHHATTS pilIeHb
HUIAXOM MOOYA0BU OaraTopiBHEBOI i€papxii, sika 00'€lHy€ KOMIIOHEHTH 3ajJadl 110
notpedye BHpILICHHS, SKI Jali MOPIBHIOIOTBCA MIDK CO0OI0 3a JIOMOMOIOIO
CHeLIaJIbHO PO3pO0JIEHUX ISl LbOro mpoueayp. B pesynbrari cTae MOXIMBUM
OTpUMAaHHS YUCEJIHLHUX OI[IHOK 1HTEHCHUBHOCTI B3a€MOBILUIMBY €JIE€MEHTIB i€papxii, Ha
OCHOBI SIKHX OI[IHIOIOTBCSI CTYIIEHEM NIEpPEeBark aibT€PHATUB BIIHOCHO TOJIOBHOI METH
[18, 19].

MALI, y BianosiaHocTi 3 [16-19], ckinamaeTbes 13 TphOX €TaIlIB:

[Tepmmii etan — po3poOKa i€papx14HOi MOJIEN MOPIBHAHHS €J1EMEHTIB (03HAK)
3amaul. GopMyBaHHS Tpynu ekcrnepTiB. I[Ipy BUKOHaHHI LOrO eTamy OyJayeTbCs
lepapxiyHa MOJIeNb, KUIbKICTh PIBHIB 1€papXiB y MOJIENI 3aJICKUTh BiJl YMOB 00’ €KTa
JIOCIIIKEHHS.

Hpyruii eran nonsrae y ¢opMyBaHHI HE0OX1HOT KUTBKOCTI MAaTPHUIlh TOTIAPHUX
MOPIBHSHb €JIEMEHTIB KOXHOTO PiBHS i€papxii. BusHaueHHS JOKaTbHUX BaroBUX
KOe(DIIiEHTIB KOKHOTO €JIEMEHTY PiBHSI.

Tperiit eram — po3paxyHOK TJIOOQJIBHUX BaroBUX KOE(DIIIEHTIB, I1HACKCY
y3TOJIPKEHOCTI Ta BIAMOBIIHO BUOIP HAMKPAIIOro BapiaHTy PIIICHHS.

Meron aHanmi3y iepapxii OKpiM HAOYHOCTI 1 MOXKJIMBOCTI 1HTEpHpeTalii Moaenei
[0 OTPUMYIOTHCS, @ TAKOK BIJJTHOCHOI IPOCTOTH OOYMCIIEHb, J1a€ 1HIII IMEpeBard,
cepejl HUX MOKHaA BiJJ3HAYUTH OCHOBHI [16-19]:

- 1mo0ynoBa iepapxii 1o0Ope y3roJKyeThCs 3 IPUHUIUIIAMUA CUCTEMHOTO MIIXO0TY
1 MOX€ HaJaTH ICTOTHY JAONOMOTrY (axiBII0 NpH aHajii3l 3aBJaHHS — 30Kpema,
lepapxizaiis gonomarae 3a0e3neYuTH BIACYTHICTh «IPOTAJUH» B MOJENI, a TaKOX
BUSIBUTH CHUTyallli, TOB'A3aHl 3 HAAMIPHICTIO 1i KOMIIOHEHTIB, MOXJIMBICTIO
nyOIOBaHHS pO3PaXyHKIB TOIIO;

- METOJ HaJa€ MpOIeypH OIIHKU 1 MOPIBHSAHHS albTEPHATUB MO HEBUMIPHUM,
Cy0'€KTUBHUMHU KPUTEPISIMU;

- METOJl CTIMKMA /0 HEBEIMKHUX IOPYIICHb Y3TOJKEHOCTI (TPaH3UTHUBHOCTI)
CYJI’)KE€Hb €KCIEePTIB.

MAI opieHTOBaHUW B Mepiry 4epry Ha noOyJaoBYy Mojeneid BUOOpY Ha
KiHIIEBOMY O€37i4i 3a37aieriap BiqoMux anbrepHatuB. [Ipu poOOTI 3 MarpuissMu
MOMApHUX MOPIBHIHL OCOOIUBY yBary HEOOXIAHO MPHUILISATH Y3TOMKEHOCTI OI[IHOK.
Henonikom xmacuunoro MAI € mopiBHAHO Malie YMCIO KPUTEpIliB Ta albTEpPHATHUB
(ae Oimpiie 7—10), mpu KX METO cTasio mpairroe [19].

1.5. Anpo0lanisi MPOrpaMHO-aHAJITHYHOI0 METOAY BHOOPY NMPIOPUTETHHX
TEXHOJIOTiH €KOJIOTIYHO 0e3IeYHOr0 BOAOBIABeIeHHSA

Po3pobnena  OaratokputTepiadpHa ~ OaraTopiBHeBa  iepapxis  BUOOpY
MPIOPUTETHUX TEXHOJOTIA EKOJIOTIYHO Oe3MeYHOro BOJOBIABEJEHHS Ta CKJIAJICHI
MaTpulll €KCHepTHUX CcymkeHb s micT Opeca 1 IlonraBa, a Takox IIpAT
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«ITonraBcekuit I'3K» Ta BUKOHaAHI BIAMOBIAHI po3paxyHKU. OIIHEHO JTOCTOBIPHICTh
OTPUMAHMUX PE3yIbTATIB 3a BEIMYMHAMH BITHOIICHHS 1HICKCIB Y3TOJKEHOCTI
CKIIQZICHUX MATPHIlh JI0 1HAEKCIB y3TOJKEHOCTI BHIAJKOBUX MATPHUIh TAKOTO K€
MOPSAIKY, K1 Jal0Th 3MOTY HE3Ba)KalOUW Ha JIOCTATHBO BEJIUKY PO3MIPHICTH MacHUBY
€JIEMEHTIB 0araToKpUTepialibHOI 1€papXiyHOI CTPYKTYpH BHOOpPY TEXHOJIOTIN
€KOJIOTTYHO O€3MeYHOr0 BOJOBIABEHHS, MIATBEPAUTH, IO IPOBEJACHO IONapHe
MOPIBHSHHS € KOPEKTHUM 3 JIOCSTHEHHSM 3a/1aHoro piBHA y3romkeHocTi (IY<10 %)
JUIsl yCiX OaceiHiB BOJIOBIIBEICHHS HACEJICHUX MYHKTIB, 110 JOCII1IKYBAIUCS.

[IpiopuTETHOIO TEXHOJOTIEK EKOJOTIYHO Oe3MeYHOro BOJOBIBACACHHS IS
M. Opneca BuzHaueHo: IliBaiunmii Oaceitn (T 3, mpiopurer 18,81%), IliBnennwmii
oaceitn (T 2, npioputer 18,96%) Ta paiion Koroscekoro (T 1, mpioputer 19,69%).
st m. Tonrasa (T 3 , npioputer 18,99%) st nepuioro OaceliHy Ta st Ipyroro
6aceiiny (T 1, npioputer 19,48 %). IIpAT «IlontaBcekuit I'3K» 3a xomriuiekcom
KputepiiB Bu3HadeHo T 6, npiopuret 13,33%.

B minomy, BU3HAYeHO, 10 JaHUHN MPOTrpaMHO-aHAIITUYHUN METOJ] BUOOpY A€
KOPEKTHE TOMapHe MOPIBHIHHS 3 TOCATHEHHSM 3a7aHOTO 1HJeKCY y3rokeHocTi (IY
<0,1) nns ycix 6aceitHiB BOJOBIIBEACHHS HACEICHUX ITyHKTIB, IO JIOCIIHKYBaIUCS,
JaHUN pe3yJbTaT CBIMYUTH TPO KOPEKTHICTh PIIICHHS 3a7adi Ta JOCTOBIPHICTH
OTPUMAHUX PE3YJIbTATIB.

3 BUKOPHUCTaHHSIM JaHUX anpoOailii BCTAHOBJIEHO, IO [JIs 3a0e3MeUeHHS
€KOJIOT1YHOI Oe3MeKr €BTPOPOBAHUX BOJAHUX 00’ €KTIB, HAHOUILII €(PEKTUBHUMH €
TaKl TEXHOJIOT1i €KOJIOTTYHO 0€3MEeYHOr0 BOJOBIABEAEHHS, 3 YPaXyBaHHSAM CKJIAIOBUX
CTaJOro PO3BUTKY (€KOJIOTIYHOI, COLIaJbHOI, E€KOHOMIKO-T€XHOJOTIYHO1), sKi
3a0e3MeuytoTh 301p, BIIBEACHHS Ta OYUIIEHHS YCiX BUIIB CTIYHUX Ta JIPEHAKHUX BOJI
Kl CKUJAIOThCS y BOJAHI OO0 €KTHM 3 METOK 30€pexeHHsS CTaHy €BTPO(OBAHOIO
BogHoro o0’ekty. Jnga nBox mict Opeca Tta IlonTaBa Ha OCHOBI PO3paxoOBaHOI
IPOTHO3HOT OIIHKM BapTOCTI peami3ailli NepeBNaliTyBaHHsS BOJOBIIBEICHHS, 3
BUKOPUCTAHHSM METOJMKH TPOTHO3HOI BapTOCTI peajizailii MepeBiIallTyBaHHs
BOJIOBIZIBEICHHS, BU3HAUCHO, 1m0 Juisl M. Oxeca 1g cyma cknamgatume 1778,11 moH.
rpH, a 11 M. [TonTaBa — 509,80 MJIH. TPH BIJIIOBIIHO.

BucnoBknu

B HaceneHux mnyHKTax YKpaiHM BHUCOKHI pIBEHb €KOJOTIYHOI HeOe3MeKu
eBTpOOBaHUX BOJHUX OO’ EKTIB BHACIHIIOK HEJOCKOHAIMX CHUCTEM BOJOBIIBEACHHS.
OO6rpyHTOBAaHO HEOOX1THICTH MIEPEBIIAMITYBAHHS HASBHUX CUCTEM BOJIOBIIBEICHHS.

3anponoHOBaHO MPIOPUTETHI TEXHOJIOTIT BOJOBIIBEACHHS, SKI BIJOKPEMJICHO Ha
JICB’ATh TEXHOJOTIYHUX 3aXOJiB I BIPOBAPKCHHS B HACENCHWX IMyHKTAaX
pO3TalioBaHUX Ha eBTPOo(oOBaHMX BOJHUX OO0’€kTax. BcTaHOBIEHO Ta J0OBENEHO
BIJIMOBIAHICTh TEXHOJOTIYHMUX 3aXOJIB BHMoOraM, IIIo cTaBiaTbcsi a0 EBB Ta
CIOPUSITUMYTh OOTPYHTYBAaHHIO YIPABIIHCHKMX pIlIEHb 1 JO3BOJISATH 3a0€3MEUnuTH
CTaJIMi colliaTbHO-eKoIoruHni po3BuTOK HII.

Po3pobniennii  mporpamMHO-aHATITUYHUM ~ METOJ,  BHOOpPY  MPIOPUTETHUX
(mepiroveproBux) TEXHOJOTIA 3 YpaxyBaHHSM CKJIAJOBUX CTaJIOTO PO3BUTKY, IO
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BKJTIFOUAE METOJI aHAMI3y 1€papXii, JJIs MIABUIICHHS SKOCTI OTPUMYBAaHUX PE3YJIbTaTIB
npu GopMyBaHHI MPOLECY MPUHHATTS PIllIEHb Yy 3a/adaX YHpaBIiHHSA €KOJOTI1YHOIO
0€3MeKOI0 HACENIEHOTO IMMyHKTY, PO3TAIlIOBAaHOTO Ha €BTPO(OBAHOMY BOJHOMY 00’ €KTI
(ITatent Ykpainu Ha kopucHy Mmozenb Ne 127470) anpoOGoBaHO Ha KOHKPETHHUX
HACEJICHUX NYHKTax. BU3HAHO, 10 AaHWN METOJA, H HE3BaKalouW Ha JOCTATHBO
BEJIMKY PO3MIPHICTh MAacCHBY €JIEMEHTIB OaraTOKpUTEP1asIbHOI 1EpapX14yHOi CTPYKTYpH
BUOOPY TPIOPUTETHUX TEXHOJOTIM, Ja€ KOPEKTHE TMOoMapHe TOPIBHSIHHSA 3
JOCSITHEHHSIM  33/IaHOTO  1HJAEKCY y3rojxkeHocTi (/Y <0,1) mns ycix OaceitHiB
BOJIOBIJIBEICHHSI HACEJEHUX IYHKTIB, IO JOCIIDKYBAJIKMCS, IO CBIIYUTH PO
KOPEKTHICTh PIIIEHHS 3aJ1ayl Ta JI0CTOBIPHICTH OTPUMAHUX PE3YJIbTaTIB.
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KAPITEL 2 / CHAPTER 2.
MODEL AND ALGORITHM DEVELOPMENT DESIGNING A LOCAL

NETWORK OF AN EDUCATIONAL ORGANIZATION

PA3PABOTKA MOJIEJIA U AJITOPUTMA ITIPOEKTUPOBAHMS JIOKAJIBHOM CETH
OBPA3OBATEJIbHOM OPTAHU3AIINN

DOI: 10.30890/2709-2313.2021-04-04-032

Introduction

The beginning of the 21st century was marked by the rapid quantitative and
qualitative growth of computer networks. This trend, which will obviously continue
in the coming decades, is well illustrated by the unprecedented growth of the Internet,
which has swept all countries of the world [1, 2].

Local computer networks, which are the basis for automating the activities of
individual enterprises and firms, and distributed networks covering cities, regions and
continents, have penetrated into all spheres of human activity, including economy,
science, culture, education, industry, etc.

Modern conditions for the development of information technologies dictate the
need for their accelerated application, as the most efficient way to control, manage
and exchange data, both within a separate unit and on the scale of an entire
production complex. Within the framework of this direction, the introduction of new
promising information technologies is required [3].

The growing importance of informatization problems is directly related to
changes, both technological and social. No modern enterprise or organization can be
imagined without information technology.

2.1. Development of a mathematical model

It is necessary to design a local network for a general education institution. This
building consists of 6 floors, the total number of classrooms is 71, the total number of
computers is 198.

Choosing a network management method:

Each organization formulates its own requirements for network configuration,
determined by the nature of the tasks to be solved. First of all, it is necessary to
determine how many people will work in the network. All subsequent stages of the
network creation will essentially depend on this decision [4].

The number of workstations directly depends on the expected number of
employees.

Another factor is the hierarchy of the company. For a firm with a horizontal
structure, where all employees must have access to each other's data, a simple peer-
to-peer network is the best solution [5].

A firm, built on the principle of a vertical structure, in which it is precisely
known which employee and to what information should have access, should focus on
the more expensive version of the network - with a dedicated server. Only in such a
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network is it possible to administer access rights [6].
Let's analyze each room, starting from the Ist floor. This floor consists of 8

classrooms (Fig.1):
ETnomans noMeedHa © TabaMia

KOg, aTaM AYAMTOpMA | nnowank ayam,
50
70
15
30
30
30
30
20

—  —a  —a - a3

[ ey R O TR R T
[ R i R e o

1
Figure 1 - 1st floor

On this floor there is a room reserved for a wardrobe and does not participate in
the calculation (value 0 is assigned), since installation of computers is not provided.

2nd floor (Fig.2):

ko ATAM AY AHTOPHA nnowane ayaH
+ g 2 1 20
+ 10 2 2 85
+ i 2 3 40
+ 12 2 4 25
+ 13 2 5 40
+ 14 2 B 40
+ 15 2 7 40
+ 16 2 g 15
+ 17 2 49 20

Figure 2 — 2nd floor

On this floor there are two rooms reserved for the gym and the library and are
not included in the calculation (value 0 is assigned), since installation of computers
is not provided. 3rd floor (Fig. 3):

IAonags NoMe e HHA & Tab g

KOg AT ayaMTopua  |nnowage ayaw,
+ 18 3 1 15
+ 19 3 2 20
+ 20 3 3 14
+ 21 3 4 15
+ 22 3 ] 20
+ 23 3 G 32
+ 24 3 7 32
+ 25 3 g 20
+ 26 3 4 20
+ 27 3 10 20
+ 20 3 i 20

Figure 3 — 3rd floor
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4th floor:

5th floor:

6th floor:

Ilnomaas noMe e HHA . Taban g

K04 ATAH AYAHMTORMA  |nnowane ayaM)
+ 29 4 1 32
+ 30 4 2 32
+ 31 4 3 20
+ 32 4 4 15
+ 33 4 ] 25
+ 34 4 4] 25
+ 35 4 7 20
+ 35 4 g 32
+ 37 4 9 32
+ 35 4 10 20
+ 39 4 " 20
+ 40 4 12 20
+ 41 4 13 20

Figure 4 — 4th floor

Ilnomaas noMe e HHA = TabaHLa

KO ITaw AYAMTORMA  |MNoWade ayau
+ 42 ] 1 12
+ 43 5 2 20
+ 44 ] 3 30
+ 45 5 4 20
+ 46 5 ] 20
+ 47 5 B 20
+ 43 5 7 20
+ 49 ] g 20
+ 50 5 9 20
+ a1 5 10 20
+ 52 5 11 20
+ 53 5 12 a0
+ 54 ] 13 20

Figure 5 — 3th floor

IfAomans noMemeHHA: TabaHLa

K04, aTaw ayaMTOpMA | NNowank aynu|
+ 55 4] 1 20
+ 56 4] 2 20
+ 57 4] 3 30
+ 55 4] 4 30
+ 58 B 5 30
+ ] 4] G 30
+ 61 4] 7 20
+ 52 4] g 20
+ B3 4] 9 30
+ B4 B 10 20
+ 65 4] 11 14
+ ata] 4] 12 14
+ &7 4] 13 20
+ ais] 4] 14 30
+ B2 B 15 30
+ 70 4] 16 20
+ 71 4] 17 20

Figure 6 — 6th floor
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After the analysis of each room has been carried out, in the future, it is necessary
to distribute computers by classrooms and find out their total number: in this case, the
organization needs to combine 71 workstations into a local network (Fig. 7).

i OMNBERTE P Td U TH LA

[Auli} ATAH EOMWMECTEDO EI'_-.-',EI,HTDF]HI:I KONMWSMECTED KOMMOEHIT
> 1 1 5 11
B 2 2 g 48
B 3 3 11 32
B 4 4 13 3
B 5 5 13 30
B B B 17 41

Figure 7 — The analysis of computers

From the analysis it follows that in this case, the installation of a server is
required, since we have a vertical structure of the enterprise, that is, delimited access
to information.

Choice of network architecture: any computer network is characterized by:

- topology (reflects the structure of links);

- protocols (they represent the rule of interaction of functioning elements in the
network);

- network technical means (various devices that ensure the integration of
computers into a single, local network);

- network software (control the operation of a computer network and provide an
appropriate interface with users).

The choice of topology is determined, in particular, by the layout of the room in
which the LAN is deployed. In addition, the cost of purchasing and installing
network equipment is of great importance, which is an important issue for an
organization [7, §].

The star topology is the most reliable and fastest of all computer network
topologies, since data transmission between computers passes through the server
(with good performance) on separate lines used only by these computers. The
frequency of requests for information transfer from one computer to another is low,
compared to the frequency observed in other topologies [9, 10].

2.2. Managing network resources

The next important aspect of network planning is the sharing of network
resources (printers, faxes, modems, and other devices).

The listed resources can be used both in peer-to-peer networks and in networks
with a dedicated server. However, in the case of a peer-to-peer network, its
shortcomings are immediately revealed. To work with the listed components, they
must be installed on a workstation or connected to peripheral devices. When this
station is turned off, all components and related services become unavailable for
collective use [11, 12].
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In networks with a server, such a computer exists by definition. The network
server almost never shuts down, except for short maintenance stops. Thus, round-
the-clock access of workstations to the network periphery is provided.

The organization has one printer in each room. Now you need to connect the
printer to the LAN. There are several ways to do this.

1. Connection to a workstation.

The printer connects to the closest workstation to the printer, making that
workstation the print server. The disadvantage of this connection is that the
performance of the workstation is temporarily degraded during the execution of print
jobs, which negatively affects the performance of applications with heavy printer use.
In addition, if the machine is shut down, the print server becomes unavailable to other
sites.

2. Direct connection to the server.

The printer is connected to the parallel port of the server using a special cable.
In this case, it is constantly available for all workstations. The disadvantage of this
solution 1s due to the limitation in the length of the printer cable, which ensures
correct data transfer. Although the cable can be extended for 10 meters or more, it
should be installed in ducts or ceilings, which will increase network costs.

3. Connection to the network through a dedicated network interface [13, 14].

The printer is equipped with a network interface and connects to the network
like a workstation. The interface card acts as a network adapter, and the printer
registers itself with the server as a LAN node. The server software sends print jobs
over the network directly to a connected network printer.

In networks with a bus topology, the network printer, like workstations, is
connected to the network cable using a T-connector, and when using a star, through a
hub.

The interface card can be installed in most printers, but the cost is quite high.

4. Connection to a dedicated print server.

An alternative to the third option is to use dedicated print servers. Such a server
1s a network interface assembled in a separate housing with one or more connectors
(ports) for connecting printers. However, in this case, using a print server is
impractical.

In this case, the third method of connecting the printer to the LAN is more
efficient.

After carrying out this analysis, it is necessary to calculate the cable length
required for the design of the network. We find the length of the cable by the
formula:

L =k*N; + lni*(Ni-l), L<L, (1)
where ki is a coefficient depending on S premises; (matrix of values, in the
database)

Ni is the total number of classrooms of a given area (see table);

Ini(Nj-1) - an expression that calculates the length between audiences (i.e.
corridor = 2m is included in the calculation);

In; - average cable length between classrooms (from 2 to 7m);

L, - the specified length value (taking into account 1m per one PC and the total
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S of the room),i=1 ... I.
For example
L=12*1+2*(1-1),L=12;

Here: (12 * 1) - only one room out of 71 with a given area;

2 - the width of the corridor;

(1-1) - since the distance from room to room can change, then we decrease by
1;

Next, we calculate the cable length for the corresponding area of the room - for a
room with an area of 15m?; 20m?, etc.

Find the cable length required for one room:

li,n = kj*kn,

where k;j 1s a coefficient depending on S premises; (matrix of values, in the
database)

k., - shows the number of such rooms; n - audience number;

Let's find the cable length for all classrooms located on the same floor:

Li = >i* L,

where [;, n is the total number of classrooms located on one floor.

Next, the cost of the cable is calculated:

The total number of computer classes in the building is 7, so we will use fiber
optic, and between classrooms - twisted pair.

In the future, it is required to calculate the total cost of the projected network,
which we will find by applying the approach of the multicriteria utility theory -
MAUT.

Let us present the stages of solving the problem with the MAUT approach:

- Develop a list of criteria;

- Build the utility functions for each of the criteria;

- Check some conditions that determine the form of the general utility function;

- Construct the relationship between the assessments of alternatives by criteria
and the overall quality of the alternative (multi-criteria utility function);

Evaluate all available alternatives and choose the best one [15, 16].

Knowing the range of variation of estimates for each of the criteria, we construct
a function that determines the utility for decision makers of each estimate from this
range. The maximum value of this function is set equal to one, and the minimum -
zero. Initially, two points of the utility function are known: U (120000) = 1, U
(100000) = 0. Typical lotteries are used to find intermediate points.

Table 1 — Characteristics of criteria

Criterion Worst value Best value
(C1) Cost of cable length 120000 100000
(C2) Cost of computers 3000000 2700000
(C3) Equipment cost 100000 80000
(C4) Total cost of the 3500000 2900000
network project

In lottery 1 in Fig. 8 (left), the decision maker is given the following task:
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"Determine the equivalent of certainty for a lottery that has, with equal probabilities
(p = 0.5), the best and worst value of the cost of the cable length." The decision
maker is presented with a number of values (for example, 110000, 110500, 115500,
etc.) and asked whether, in his opinion, the equivalent of certainty is above or below
this value. Suppose that the decision maker stopped at the value 1100000. Then it is
concluded that U = 0.5 corresponds to 1100000. Other values of the utility function
are determined similarly.

100300 110000

100000 100000

Lottery 1 Lottery 1

Figure 8 — Typical lotteries used to construct a utility function based on one
criterion

To determine the general utility function, it is necessary to check the conditions
of independence in utility and independence in preference. Verification of the utility
independence condition can be combined with the previous stage of constructing one-
criterion utility functions.

In fig. 3 shows the left lottery from Fig. 8. First, the decision-maker is told that
when finding the equivalent of certainty, he must take into account that the other
criteria have the best values (top right in Fig. 9). Then the decision maker is given
the same task, but under the assumption that the other criteria have the worst values
(bottom right in Fig. 9). If the equivalent of certainty in the two cases is the same,
then it is concluded that the criterion does not depend on the utility of other criteria.

C2=117000
C3=10000
C4=119300
110000
C2=119500
C3=350000
C4=120000

100000
1-p=0,3

Figure 9 — Verification of the utility independence condition
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For completeness of checking the condition of independence in terms of utility,
this check should be carried out for all lotteries (for example, for lottery 2 in Fig. 8).
However, approximate verification is often used - only for the first of the lotteries.

When checking the independence condition, according to preference, planes are
considered, where the values of two criteria are plotted along the axes. An example
of such a plane for criteria C1, C2 is shown in Fig. 10. First, it is assumed that
according to other criteria (in our case, according to the C3 criterion) there are the
best values (C3 = 10000).

Initially, the decision maker must determine his preference between the
alternatives [(C2) min; (C1) max] and [(C2) max; (C1) min]. In our case, the
decision maker compares the area of the premises to determine the cost of the cable
length with the estimates (119500; 100000) (117000; 120000) - two extreme points A
and B on the axes, provided that C3 = 10000. Suppose Option A is preferred. This
means that the criterion of the cost of the cable length is more important for the
decision maker than the criterion of the cost of computers. Further, such a point on
the C1 criterion scale is determined that options A and K are equally preferable for
decision makers. In other words, we are looking for such a cost C1, at which the
options (119500; 100000) and (117000; C1 *) are equally preferred. Then exactly
the same search for the point of indifference is carried out at C3 = 10000. If the
results coincide, then it is concluded that the pair of criteria C1, C2 does not depend
on the third criterion [17-19] by preference.To find the numerical value of the weight
of the Cl1 criterion (and, therefore, all criteria), the decision maker is proposed to
compare the two strategies shown in Fig. 10, and determine the probability p at which
both strategies are equivalent. The first strategy is an alternative that scores better on
the first criterion and worse on the other two. The second strategy is a lottery that
gives with probability p an alternative with all the best estimates and with probability
(1-p) - an alternative with all the worst estimates. Suppose that such p is found. Then
U(A)=U (B),orwl =p. Let wl =0.55. Then w2 =0.22; w3 = 0.33; w4 = 0.44.

Stratapw A Stratagv B
C1=100000 C1=1000400
C2=119300 C2=1170400
C3=30000 C3=10000
C4=120000 C4=112300
C1=1200400
CI=119300
C3=30000
l-p C4=120000

Figure 10 — Determination of the coefficient wl

After finding the criterion weights and constructing one-criterion utility
functions, we have all the necessary information. In accordance with the theoretical
results, it remains to establish the type of the utility function. In our case, the sum of
the criteria importance coefficients
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S, =11, (2)

Considering the obtained value close enough to one, we choose the additive
form of the utility function representation:

U)=Yw,U, ()

Knowing the estimates of alternatives (cost options), we can substitute them into
this formula, determine the usefulness of each alternative, compare the utility and
choose the alternative with the greatest utility.

Let four alternatives be given with the following estimates:

A(118000; 10000);

B(117000; 15000);

C(116000; 20000);

D(113000; 25000).

Substituting into the formulas for calculating the utility of alternatives the values
of the utility of the estimates and the weight of the criteria, we get:

U(A)=0.55*0.25+0.22*0.4+0.33*0.89=0.52;

U(B)=0.684; U(C)=0.66; U(D)=0.705;

U(D)>U(B)>U(C)>U(A).

So alternative D is the best.

Conclusion

This paper deals with the organization of a local computer network of a general
educational institution.

This topic is of great importance for the further development of the enterprise.
Today, the development and implementation of local information networks is one of
the most interesting and important tasks in the field of information technology. There
is a need to use the latest information transfer technologies. The intensive use of
information technologies is already the strongest argument in the competitive
struggle that has unfolded in the global market.

The tasks of choosing a network architecture, configuration of network
equipment were set and successfully solved, issues of management of network
resources and network users, network security issues, and also a calculation of the
costs of creating an enterprise network were made.
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KAPITEL 3/ CHAPTER 3.
MONITORING OF TECHNICAL CONDITION OF THE DC ELECTRIC

MOTOR
MOHITOPUHI TEXHIYHOI'O CTAHY EJEKTPOJABUI'YHA TOCTITHOI'O CTPYMY

DOI: 10.30890/2709-2313.2021-04-04-071

Beryn

HesikicHe ~ HanmarojkeHHs ~ KOMyTalii,  peryjspHi  IEepeBaHTaKEHHS
€JIEKTPOJIBUTYHA MOCTIMHOIO CTPyMy, @ TaKOK 3HOLIEHHSI LIITOK CYNPOBOKYIOTHCS
ICKpIHHSIM Ha MOTro KOJIEKTOpI, IO MPHU3BOJATH O MOTIPIICHHS TEXHIYHOTO CTaHy
I[ITKOBO-KOJIEKTOPHOT'O BY3Jla, EHEPreTUYHUX MOKA3HUKIB (DYHKIIIOHYBAaHHS, a 1HO/I
W 10 BUXOAY 3 JajJy caMoro JBUTyHa. /[ HamaromkeHHs Mpolecy KoMyTallii Ta
BU3HAYEHHS! Ta BU3HAYEHHS TEXHIYHOI'O CTAHY KOJIEKTOPHOTO JBHUIyHa HEOOXIJTHO
11eHTU(IKYBaTH PIBEHb ICKPIHHS B IEPEX1ITHOMY KOHTAKTI HIITKA-KOJEKTOP Ta PIBEHb
3HOIIIEHHS CAMHUX IIITOK.

B poGotax [1] Ta [2] 3aiiicHeHO aHai3 MPUYMH BUHUKHEHHS ICKPIHHS MiX
HIITKaMHU Ta KOJEKTOPOM B €JIEKTPUYHUX JBUTyHaX MOCTiiHOrO cTpymy. [lapamerpu,
SKI BIUTUBAIOTH Ha Il MPUYMHHU, JIOCTiKeHO B podotax [3] — [5]. Ilpuctpoi, mo
J03BOJISIFOTh JTIarHOCTYBAaTH IIITKOBO-KOJIEKTOPHUM BY30J1 €JIEKTPUYHOTO JIBUTYHA
MOCTIMHOTO CTPyMy, 3alponoHOBaHI B poOorax [6] — [9]. Ognak 3ampomnoHOBaHI
MPUCTPOI HE JO3BOJISIOTH BHUMIPIOBATH IHTEHCHUBHICTh Ta IIBUIKICTH 3HOIICHHS
LIITOK, a TAKOXK iX pecypc.

TakoXk TOUIIBHUM € MOHITOPUHT TEXHIYHOTO CTaHy BChOT'O €JIEKTPOABUTYHA.

3.1. BusHayeHHs1 mapaMeTpiB IIITKH Ta il pecypcy

HasBHICT, Ta IHTEHCHBHICTH ICKPIHHS Ha KOJIEKTOpP1I MOKHAa BHU3HAYMTH 3a
MOTYXHICTIO, SIKa BUIUTSIETHCS M1 IIITKOIO:

2
Lo g
2.t.-b,
. ’Z'K . W
ne L.— 1HAYKTUBHICTH CEKINii; iy— CTPyM, IO TPOTIKAE dYepe3 IIITKY; T —
KOJIEKTOPHE JIUJIEHHS; b,, — IIUPUHA UIITKU; F — KOJOBA MIBUAKICTh KOJIEKTOPA:
Kb -n
8 =—r—, (2)
60
ne K — 9ucio KOJeKTOPHUX TUIACTUH; b, — MUPUHA KOJEKTOPHOI MJIACTUHU; /1 —
HIBUKICTh OOEpTaHHS KOJIEKTOPA.

AP = (1)

BeHI/ILII/IHy 3HOLICHH H_IITKI/I MO>XHA BU3HAYUTHU 3 BI/Ipa3y:
_ 0,5
AR, =(Cyo Py +CruPY, +C,o AP)- AL, (3)

Py cp.uy
ne Cgp,— KoediieHT (GPUKLIHHOI CKIaJ0BOI 3HOIIYBaHHSA IMITKH; Py, —
CepeHE 3HAYEHHS TUCKY IIITKM Ha 4yacoBOMy MNpOMIKKY Af; Cr, — KOePIiIieHT
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CTPYMOBO1 CKJIaJIOBOi 3HOIIYBaHHS IITKH; C,, — KOEQIIEHT €po31HHOT CKIaA0BOI
3HOITYBaHHS MIITKU.
buTtTs xonekTopa BU3HAYAETHCS 3 BUPA3Y:

5=0,047- =, ()

ne D — niameTp KoJeKTopa.

H_[BI/I,Z[KiCTI) SHOIICHHA HIiTKI/I MO’XHa BU3HAYUTHU 3 BUpPaA3y:
AV, =nC,, P, +n" % C, P> +nC,,, AP, (5)

cp.wy ex.u” cp.uy ee.uy
€ Cecy — KOCPIUIEHT €NEKTPOKOPO3IMHOTO 3HOUIYBaHHS WHTKU; Coeyy —
KOe(IIIEHT eeKTPOEPO31MHOTO 3HOITYBAHHS IIITKH.

3aMIIKOBUI pecypc UIITKH MOYKHA BUSHAUYUTH 3 BUPA3y:

[ -1
_ w.oon

w
ne l,, — DOBXWHA IITKH; [y yon — MIHIMAIBHO JOMYCTUMA JOBKMHA IIITKH.

3.2. MOHITOPHHTI HIITKOBO-KOJIEKTOPHOI'0 BY3JI1a €JIEKTPOJABUIYHA
MOCTIAHOIO CTPYMY

3a pe3ynbTaTaMd JOCHIIKEHb CHHTE30BAHO CTPYKTYPY MPHUCTPOIO JIs
MOHITOPUHTY IIITKOBO-KOJEKTOPHOTO BYy3Jla EJEKTPOJBUTYHA IMOCTIHHOTO CTPyMY,
noaany Ha puc. 1. Ha puc. 1: 1 — ceHcop iMmyibciB; 2 — GopmyBad NPSIMOKYTHUX
IMITyJIbCIB; 3 — 1HBepTOp; 4, 5 — nepimii 1 Ipyruil ogHoBiOpaTopu; 6, 7, 9, 12, 13 —
MepIIMA-IT’ ATUN O710KM mam’siTi; 8, 78 — mepmmwmii Ta npyruii 6oku BigHiMaHHs;, 10,
11 — mepuuit Ta npyTUii 0JI0KK BUSHAUYCHHS CEPEIHHOTO KBAIPATUIHOTO BIAXUIICHHS;
14, 15 — mepmmii Ta apyruil OJIOKM BU3HAYEHHS CEPEIHBHOTO 3HAYEHHs; 16 — OG10K
NpUAHATTS pimeHHs; 17 — ceHcop monoxkeHHs; 18 — miumnbHUK; 19 — reHeparop
MPSMOKYTHUX 1MITyJbCiB; 20 — 610K (hopMyBaHHS 1HTEpBaly BUMipioBaHHS; 21, 38,
39, 40, 56, 63, 73, 80 — nmepmMii-BOCEMHUN 1HAUKATOPH; 22 — CEHCOP CTpyMmy; 23 —
CEHCOp MIBUAKOCTI; 24 — OJOK 3aJaHHs 1HAYKTHUBHOCTI CeKIlii; 25 — OJIOK 3aJaHHS
KOJIGKTOPHOTO JUICHHS; 26 — OJIOK 3aJaHHS IIMPUHMU WITKH; 27 — OJOK 3aJaHHS
IIMPUHU KOJICKTOPHOI TJIACTUHU; 28 — OJIOK 3aJlaHHsI YUCJa KOJEKTOPHUX TUIACTHH;
29 — Omox migHeceHHs n0 kBaapary; 30, 33, 34, 42, 59— nepmwmii-nn’sTuit
nigcumoBaul; 31, 44, 48, 51, 53, 68, 69, 71, 79 — nepumuii-BoCbMUN OJIOKHU
MHOXEHHSI; 32 — OJIOK 3aJaHHs MOTYyHocTi; 35, 36, 37, 55, 62, 75, 82 — nepuuii-
ceomuit komnaparopu; 41 — noriunuit enement AbO, 43 — ceHcop THCKY; 45 — OJI0K
3a1aHHs KOe(IleEHTY epo31iHOT CKIIaOBOI 3HOITYBaHHS HITKH; 46 — OJIOK 3aaHHS
KoedilieHTy (PPUKIIHHOI CKIAM0BOI 3HONIYBaHHS IMITKU; 47 — (QyHKIIIOHAIBHUN
nepeTBoproBay; 49, 66, 67 — nepmuii-rpeTiit 6;10ku migHeceHHs 0 crymnens 0,5; 50 —
OJIOK 3alaHHd KOe(]IIiEHTY CTPYMOBOI CKJIaJ0BOi 3HOUIYBaHHS WITKU; 52, 72 —
NEepIINiA Ta Ipyruid cyMmatopu; 54 — OJI0K 3aJlaHH MaKCUMAaJIbHOTO 3HOIIEHHS IIITKH;
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57 — 6JI0K BU3HAYEHHS JIlaMEeTPy KOJIEKTOpa; 58 — OJI0K mijiHeceHHs 10 cTyneHs 0,16;
60, 79 — mepmmii Ta npyruil 6J10KK AideHHS; 61 — OJOK 3a7aHHs OUTTA KOJIEKTOPA;
64 — 610K 3a1aHHS KOE(DIIMIEHTY €JIEKTPOKOPO31MHOTO 3HOIIYBAHHS IIITKH; 65 — OJIOK
migHeceHHs 1o cryneHs 3/4; 70 — Onok 3amaHHs KOe(DIEHTY eIeKTPOepO3iiHOro
3HOIITYBaHHS IMITKH, 74 — OJOK 3aJaHHS IIBUAKOCTI 3HOIIEHHS IMITOK, 76 — OJOK
BU3HAYCHHS JIOBXKUHU IITKHU; 77 — OJIOK 3aJlaHHs MIHIMAJIBHO JTOMYyCTHUMOI JOBXKHHH
mIiTkd, 81 — OJI0K 3a/IlaHHs pecypcy IIITOK.
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Cencop iMIybCiB 1 po3MINIyOTh OIS Kparo poOoYoi HITKH, IO 1CKPUTh, HA
KOJIEKTOPI.

[Ipu mosAB1 IMIYJIbCIB HANIPYTH ICKPOBUX PO3PSIIB, 110 BUMIPIOIOTHCS CEHCOPOM
IMIyJIbCiB 1, HA BUXO1 APYTroro oHOBIOpaTopa 5 GopMy€eThCs KEPYIOUUH IMITYJIBC B
MOMEHT IOYaTKy IMITYyJIbCY ICKPIHHS 404, @ HA BUXO/1 MEPIIOro OAHOBIOpaTtopa 4 —
KEepPYIOUU IMITYJIbC B MOMEHT 3aKIHYCHHSI IMIYJIbCY 1CKPIHHS fyjy,, SIK1 3AMHCYIOTHCA B
6s10kax mam’siTi 6 Ta 7.

Ha mouatky oOepTaHHI KOJEKTOpa, MOJOXKEHHS SKOTO (DIKCYEThCS CEHCOPOM
noyioxkeHHs1 17, 3 BpaxyBaHHSIM KOJy, 11O BIJAMOBIJA€ MOTOYHOMY Yacy Ha BHXOAI
JiyuiapHUKa 18, HA BUXOMl MepuIoro OJIOKy BigHIMaHHS 8 (OpPMYyEThCS 3HAYCHHS
TPUBAJIOCTI  IMITYJIbCIB  ICKPIHHS:  tickp = tiiw — tnou.  AHANOTIYHO  (POPMYETHCS
iH(opMalliss Mpo MOJAJBII IMIYJIbCH ICKPIHHS JO MOMEHTY IMPUXOAY JAPYroro
IMITYJIbCY BIJI C€Hcopa moJioxkeHHs 17. Jlami TpuBajoCTi IMITyJIbCIB ICKpPIHHS 4depes
Tperit Omok mam’sTi 9 mepepatothest o mepmoro 10 Ta apyroro 11 6okiB
BU3HAYCHHS CEPEIHHOTO KBAAPATUYHOTO BIIXMIJICHHS.

[Ipu HasiBHOCTI CUTHAJTy Ha BUXOJI CEHCOpa MOJIOKEHHs 17 B mepiomy Oori
BU3HAYCHHSI CEPEIHHOTO KBaApaTUIHOTO BiaxuiieHHs 10 BiOyBa€eThCsS PO3paxyHOK
3HAYEHHS CEPEIHHOTO KBAJIPATUIHOTO BIIXHMIICHHS TPUBAJIOCTI IMITYJIbCIB ICKPIHHS 32
KUTbKa 000poTiB sikops. Jlami Ha BHXOAl MEPHIOTO OJIOKY BU3HAYEHHS CEPEAHBOTO
3HaueHHS 14 (GopMyeTbcs cepeqHe 3HAYEHHS CEPEIHBOTO  KBAJAPATUYHOTO
BIJXHWJIEHHS TPUBAJIOCTI IMITYJIBCIB ICKPIHHS 110 KOJIEKTOPY Geep xor HA HOTO BUXO/I.

brox (opmyBanHs iHTepBanmy BuMipioBaHHS 20 BH3HA4Ya€ YaCOBUU MPOMIKOK
At, 3a KUl y ApyroMy OJIOIl BU3HAYEHHSI CEPEIHHOTO KBAIPATUIHOTO BiIXWICHHS
11 po3paxoByIOThCSl 3HAUEHHSI CEPEIHBOTO KBAJIPATUUYHOIO BIIXWJICHHS TPUBAJIOCTI
IMITYJIbCIB ICKPIHHS TIO KOXXHIHA OKpeMiil KOJIeKTOpHiN mactuHi. [lami Ha BUXOI
Ipyroro OJIOKY BHU3HAUEHHS CEPENHbOrO0 3HAYEHHA 15 BiOyBaeThbCs ycCepelHEHHS
3HAQYEHHSI CEPEIHhOr0 KBAAPATHUYHOTO BIJXUJICHHS TPUBAJIOCTI IMITYJIbCIB 1CKPIHHS
Gep. 11O BCIM KOJIEKTOPHUM IUIACTUHAM, IO 1CKPSTh, B Yaci.

3HAYEHHS CUTHAIIB Geep xor TA Oceps 3 BUXOAIB MepIoro 14 ta gpyroro 15 010kiB
BU3HAYEHHS CEPEIHbOTO 3HAYEHHS BIAMOBIJHO IMOCTYMAIOTh HAa BXOAM OJIOKY
NpuUHATTS pimeHHs 16. PesynpTar mojaerbcs Ha mepmuil iHaukatop 21 Ta Ha
nepiiuit BXiJ jgoriunoro eaementa AbO 41.

[Ipn mosiBI CTpyMy is, BHUMIPSIHOTO CEHCOPOM CTpyMy 22, Ta IIBHIKOCTI
oOepTaHHA KOJEKTOopa 7, BUMIPSHOIO CEHCOPOM HIBHAKOCTI 23, Ta BpaxyBaHHSIM
3HAaYeHb 1HIYKTUBHOCTI CEKIii L., KOJEKTOPHOTO AUICHHS Ty, IIMPUHU ILIITKUA D,
MIMPUHUA KOJEKTOPHOI TUIACTUHU b, Ta YUCIA KOJEKTOPHUX IUIacTUH K, 3alMCaHUX Y
Osiokax 24...28 BIANOBIHO, HA BUXOJ1 MEpIIOro 0JI0Ky MHOXEHHS 31 gopmyeTbes
curHai AP, 110 BIAMOBIAA€ MOTY>KHOCTI, SIKa BUAUISETHCS TT1]T IITKOO, BIJIMOBIIHO JI0
Bupasy (1).

VY 60111 3agaHHS MOTYKHOCTI 32 3amMcaHe 3HAYeHHS MIHIMAJIbHO JAOIYCTUMOTO
piBHS icKpiHHS APni,. Ha Buxomax apyroro 33 Tta Tperboro 34 miCHUITIOBAadiB
(GOpMyIOTBCSL CUTHAJIM, IO BIANOBIOAIOTh cepeaHboMy AP, Ta MaKCUMaJbHO
A0IyCTUMOMY APp,x piBHAM ickpiHHA. Kommnaparopu 35-37 mopiBHIOIOTh CHUTHAJIH
APpin 3 BUXOAY OJIOKY 3aaHHsl NOTYXHOCTI 32, AP, 3 BUXOAy miAcuitoBauya 33,
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APnmax 3 BUXOAY mificuiitoBaya 34 3 curHaioM AP BUXOy NEPIIOro 0J0KY MHOXKEHHS
31. HasBHICTb JIOT1YHOI OAMHMUIII HA BUXOJI MEPUIOTr0 KOMIaparopa 35 CBIIYUTHME,
0 Ha KOJIEKTOpl HasBHE ICKpIHHS Ha TMOYATKOBIM CTajii, Ha BUXOJl JAPYTroro
koMmmapaTopa 36 — cepedHe ICKpiHHS, a Ha BHXOJAl TPEThOro kommapartopa 37 —
IHTCGHCHBHE ICKpiHHA. 3HAYEHHS HATUCKY IITKU Ha KOJEKTOp BHUMIPIOETHCS
ceHcopoM THCKY 43. CepeaHe 3Ha4eHHS TUCKY P, LITKA PO3paxoOBYETHCA
(GyHKIIOHATFHUM TiepeTBOpioBadeM 47 3 BpaxXyBaHHSM 3HAY€HHS YacoOBOTO
IPOMIKKY Af 3 BUX01y 0JI0KY (pOopMyBaHHS 1HTEpBaTy BUMiptoBaHHs 20.

[Ticns matemaTH4yHUMX omeparii y Onokax 44...46, 48...53 3 BpaxyBaHHSIM
KOe(IIIeHTIB (PPUKLINHHOI CKJIaA0BOi 3HOLYBaHHS HUTKU Cg,, CTPYMOBOI CKJIA10BOT
3HOITyBaHHs HUITKU Cr,, Ta €pO31MHOI CKJI1a10BO1 3HOUTYBaHHS HITKU C, ), 3aITUCAHUX
y Omokax 46, 50 Ta 45, BianoBigHO 10 BUpa3y (3) Ha BUXOAl OJOKYy MHOXKEHHS 53
dbopmyeTbes 3HaUeHHS AR, BEIMYMHU 3HOUIEHHS UITKU. MaKCUMalIbHO JIOIMYCTHUME
3HAYeHHS 3HOLICHHS HNTKU AR, 4., 3amucaHe B OJOLI 3aJaHHS MaKCHUMaJbHOTO
3HOILIEHHS WITKU 54. Y Bumnaaky, akmo AR, > ARy, sn, Ha BUXOA1 KOMIIapaTopa 55
3’SIBISIETHCSA CHI'HAJ JIOTIYHOT OJMHUII, SKHH MOJA€ThCA HA BX1J JOTTYHOI0 €JeMEHTa
ABO 41. Kpim toro inaukatop 56 Oyae cUrHai3yBaTh MPO KPUTHUYHE 3HOIICHHS
TITKY.

MaxkcuManabHO JOMYCTUME 3HAUEHHS OUTTA KOJEKTOPA Omax 3aIHCaHE y Oori
3a1aHHs OUTTA KoyiekTopa 61. [ToTouHe 3HaueHHsI OUTTS KOJIEKTOpa O POPMYEThCS Ha
BUXOJl mepiioro Ojoky nimeHHs 60 BiAMOBIIHO A0 BHpady (4) 3 BpaxyBaHHSIM
aiameTpy Kosiektopa D, BUMIpsSiHE OJIOKOM BHU3HAuUEHHS JlaMeTpa KoJiekTopa 57, Ta
IIBUIKOCTI #n. Y BHUIAIKY, KOMH O Omax, HA BUXOIl TI'SITOTO Kommaparopa 62
3 ABJISIETHCS] CUTHAJT JIOT1YHOT OAMHUII, SIKUI MOJA€THCS HAa BX1J] JOTIYHOTO eJleMeHTa
ABO 41. Kpim Toro moctuii iHAMKATOp 63 OyJe CHUTrHalIi3yBaTU MNPO KPUTHUIHE
3HAYCHHS OUTTS KOJEKTOpA.

JlomycTrMe 3Ha4YeHHsI MIBUAKOCTI 3HOIICHHS HUTKU AV, 4., 3amucane y Oyor
3aJlaHHsI IIBUJIKOCTI 3HOILIEHHS HiTOK 74. IloTouHe 3HAYEHHS MIBUAKOCTI 3HOIICHHS
uitka AV, hopMyeTbcs Ha BUXOJ1 APYroro cymaropa 72 BiANOBiAHO 10 Bupaszy (5)
micas MaTeMaTUYHUX oOmepaliid, BUKOHAHMX B Ojokax 64...72, 3 BpaxyBaHHSIM
KOe(ilieHTIB (PUKLIHHOI CKJIaA0BOI 3HOIIYBaHHS UUTKH Cy .y, €IEKTPOKOPO3IHHOTO
3HOIIyBaHHS UUTKU Cecyy Ta  €IEKTPOEPO3IMHOTO 3HOIIYBAaHHSA UHHTKU  Ceey,
3anmucaHux y Omokax 46, 64, 70. SAxwmo AV, > AVoon, TO Ha BHUXOAl IIOCTOTO
KoMmmapaTopa 75 (QOpMyeThCsl CUTHAN JIOTIYHOI OJMHUII, IO MOJAEThCS Ha BXI1A
noriyHoro enxementa ABO 41.

[ToporoBe 3HAYEHHS 3ATUIIKOBOIO PECYPCY WUTKHU 7y, ., 3amUCaHe y OJoIl
3agaHHs pecypcy miTok 81. [loTouHe 3HAUYEHHS 3aJIHMIIKOBOTO pecypcy LUTOK 7Ty,
dbopMyeTbes BIAMOBIAHO A0 BUpa3zy (7) Ha BUXOl Apyroro OJOKy AuIeHHS 79 micis
MaTeMaTHUYHUX omepalii B O0jgokax 78 ta 79 3 BpaxyBaHHSIM JOBXHHA HITKH [, 110
dbopmyeThCs OJIOKOM BH3HAYCHHS JIOBKUHH IUTKA 76, Ta MIHIMaIbHO JIOIYCTHMOI
JOBXKUHU HITKH [y yon, 3AIIMCAHOT B OJIOI 33JaHHSI MIHIMAJIBHO JIOITYCTUMOI TOBXHHH
mitku 77. Axmo Ty < Tyynop, TO HA BUXOJ1 CbOMOro Kommaparopa 82 ¢GopMyeThCs
CHUTHAJI JIOTTYHOI OJWHHUIIL, 1110 ITOJAETHCA Ha BX1J JioriyHoro eixeMenTa AbBO 41.
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3.3. MOHITOPHHT pecypcy eJeKTPOJABUIYHA MOCTIHHOIO CTPYyMY

3a pe3yiapTaTaMH JOCHIKEHb CHHTE30BAHO CTPYKTYpYy MPHUCTPOIO ISt
MOHITOPUHTY TEXHIYHOTO CTaHy €JIEKTPOJBUIYHa, Mojiany Ha puc. 2 [10].

Ha puc. 2: 1 — cencop ctpymy oOMoTku sikopsi; 2, 13, 32, 41, 55, 67, 68 —
nepuni-cCboMU aHaJIOTO-IIM(PPOBI nepeTBoproBayi; 3, 33, 42, 49, 50, 54 —nepumii-
moctuii (yHKIIOHAIBHI TepeTrBoproBaui; 4, 22, 34, 43, 79 — nepuumi-m’ siTuii
JIYUIBHUKY IMIYJBCIB; 5, 23, 26, 29, 35, 44, 72, 81, 82 — nepmuii-1eB’ATUIA JOT14H1
enementu AbBO; 6, 20, 37, 47, 64 — nepuuii-1’ ATU pO3NOIUIBHUKY TakTiB; 7, 21, 36,
45, 77, 78 — nepmmi-mocTui joriuHi enementy I; 8 — 610k ycraHoBKU HYIS; 9, 46,
63 — nepmui-TpeTid autbHUKM dYactoTw; 10, 24, 38, 76 — mnepiuii-ueTBepTHil
reHeparopu immnyineciB; 11— mneperBoproBau Hampyru; 12 — nudepeHuiaibHUMA
niacuiatoBay; 14 — perictp 3 iHBepCHMMHU BHUXoAamH; 15 — 3amaBau kony; 16, 18 —
nepimii 1 apyruii cymatopu; 17 — 3ajaBad MIBUIKOCTI 3MIHU Temriepatypu; 19, 58,
59, 62, 70, 71 — nepmwmii-mocTuit MUGpPOBI KoMmmaparopu; 25 — 3amaBad pecypcy
JBUTYHA; 27 — NBIMKOBUMN JIUUIBHUK pecypcy; 28 — noriunmii enement AbO-HI; 30,
60, 73 — nepmmii-TpeTii miacwiIoBavi curHany; 31 — cercop Bibpartii; 39, 65, 66 —
NepIIMA-TpeTiit ceHcopu TemrepaTypu; 40 — ceHcop CTpyMy OOMOTKU 30yKEHHS,
48 — OOk 3amaHHS OMOpYy OOMOTKM sKops; 51 — OJOK 3amaHHA OMopy OOMOTKH
30yKEeHHSI; 52 — CEHCOp HaIpyrd MEpexi; 53 — CeHCOop Hampyru SKipHOi 0OMOTKH
NBUTYHa; 56 — OJIOK 3aJlaHHd HUXXHBOI MEX1 JOMYCTUMOIO IHTEpBaly 3MIHU
MOTY>KHOCTI Ha Bajly JBUTyHa; 57 — OJOK 3aJaHHs BEPXHBOI MEXI JOIMYyCTUMOIO
1HTEepBaTy 3MIHHM MOTY>KHOCTI Ha Bally ABUTYHA; 61 — 3a1aBay MaKCUMaIbHOTO PIBHS
Bi1Opanii; 69 — 3anaBau Temrepatypu; 74 — kommaparop; 75 — OJ0K OIOPHOI HANPYTH;
80 — nemmdparop.

B 6moni 3amaBaya MIBUJKOCTI 3MIHM TeMIiepaTypu 17 3amucaHe MakCUMAaJbHO
JIOTyCTUME 3HAa4Y€HHs IIBUJKOCTI 3MIHM TeMmIeparypu, B OJoli 3ajaBaya pecypcy
25 — 3Ha4YeHHs poOOYOro pecypey €lIeKTPUYHOrO JBUTYHA, B OJIOLI 3a/laHHS ONOpY
0OMOTKH sKOpsi 48 — omip 06MOTKH sKops ABuryHa npu Temmeparypi 20°C, B 6moni
3aJJlaHHSl OMopy OOMOTKHU 30y keHHs 51 — omip OOMOTKHM 30y[KE€HHSI JABUTYHA MpPH
temmeparypi 20°C, B Giomui 56 3ajaHHsS HUKHBOI MEXi JOMYCTUMOIO IHTEpBAIY
3MIHM TIOTYXKHOCTI Ha Bally JBUTYHa, B Ojoui 57 3aJaHHS BEPXHBOI MExXi
JOIyCTUMOIO 1HTEpBaJly 3MIHM MOTYXXHOCTI Ha BajJdy JBUTYHa — iXHI BIJIMOBIAHI
3HadyeHHs (90% Big HOMIHAIBHOI — y 0ol 56, 110% Bix HOMiHaANBHOT — Yy 00111 57),
B 3ajlaBaul MaKCUMAaJbHOIO PIBHS BIOpallli — MaKCUMaJbHO JOMYCTUME 3HAUYCHHS
piBHs BiOparllii, B 3ajaBadi Temnepatypu 69 — MakCHUMaJIbHO JOMyCTUME 3HA4YCHHS
TEeMIIepaTypH MiJUITUITHUKOBUX BY3JIIB.

VY d4actuHi cxemu, WO MICTUTh OJOKH 1...10, 31MIACHIOETHCS BUMIPIOBAHHS
3HAYEHHS CTPYMY OOMOTKH SIKOpPSI €JIEKTPOABUTYHA 1 HOTO MEPEepaxyHOK y BUIIICHE
TEIUIO 3 MOJAJbIINM YPaxyBaHHSIM B 3MiHI 3JIMIIKOBOTO PECypCy JIBUTYHA.

Ctpym OOMOTKH SIKOPSI BUMIPIOETHCSI CEHCOPOM CTpyMYy 1.

[TocnimoBHICTh CHUTHAJIIB 3 BUXOJAY IIOCTOTO JOTIYHOrO enemeHta I 78 yepes
BocbMuii Jioriunuii enemeHT ABO 81 mojaeThcss Ha BXiA YNPaBIiHHA JAPYyTUM
TEeHEPATOPOM IMITYJIbCIB 24, BHACIHIOK YOTO MPUCTPOEM KOHTPOJIOETHCS TEIIOBE
CTapiHHS 13011111 €JEKTPOJABUTYHA 10 MOMEHTY HOT0 0X0J0 KeHHs. [locmimoBHICTh
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CUTHAJIB 3 BUXOJY IIOCTOrO JIOTIYHOTO enemeHTa | 78 depe3 neB’sITUN JTOTTYHHUI
eneMeHT ABO 82 monaeTscst Ha BXiJ YIPaBIiHHS TPETIM FeHEPaTOPOM IMIYJIbCIB 38,
BHACJIIOK YOT0 MPUCTPOEM KOHTPOJIIOETHCS BIOpallisl eIEKTPOJIBUTYHA JO MOMEHTY
HOT0 3yIIUHKH.

Ha Buxonmi mnepmoro ¢(yHKIIOHAJIBHOTO TiepeTBoproBaua 3  (popmyeThCs
nupoBUil KOJ, L0 BIANOBIAAE€ PIBHIO BIAMPALbOBAHOTO PECYpPCY ABUTYHOM 3a
CTPYMOM OOMOTKH SIKOpsi. Y JIBIMKOBOMY JIYIJIBHUKY pecypcy 27 BiJ 3aJIMIIKOBOTO
pecypcy JBUTYHA BIJHIMAEThCS BIANPAIbOBAHUN pecypc, OOyMOBJIEHUNM CTapiHHAM
13071511111 OOMOTKH SIKOPSI, BAKJIIMKAHOT'O CTPYMOM, IO B Hiil MPOTIKAE.

V wyactmHl cxemMu, o0 MicTuTh Ojgokm 11...24 Ta 39, 3mIHCHIOETHCS
BUMIPIOBAHHS 3HAYEHHSI TEMIIEpaTypu 1 MEPETBOPEHHS ii y BIAMNOBIJAHE 3HAYEHHS
BiJIIPAIIbOBAHOTO pECypcy [BUTYHOM. Temmeparypa OOMOTKHA SKOpsSl JIBUTYHa
BHUMIPIOETBCS CEHCOPOM TeMmrieparypu 39. MakcuMallbHO JOIyCTUMOTO 3HAYCHHS
IIBUIKOCTI 3MIHM TEMIIepaTypH 3amucade y MudpoBoMy KOl B 3a7aBadl MIBUIKOCTI
3MiHU Temmneparypu 17.

Ha Buxoni cymaTopa 18 dhopmyeThes mudpoBUid KO, 110 BiATIOBIA€ MIBUIKOCTI
3MIHU TeMmmeparypu. Y BHMAJAKy il MEPEBUINCHHS MaKCUMAaJIbHO JOMYCTUMOTO
3HAUEHHS, Ha BUXOJl HU(PpoBOro kommaparopa 19 3’4BISETbCS CUTHAN JIOTIYHOI
OJIMHUIIL, AKUM Yepe3 yeTBepTuit soriunuii enemeHtT ABO 29 1 miacwitoBay curHamy
30 momaeTbcs Ha BIAKJIIOYEHHS JABUTYHA BiJl Mepexi (B Kojio curHamizaimii). B
IBIMKOBOMY JIYWIBHUKY pecypcy 27 BIJl 3aJUIIKOBOIO pecypcy JBHUTyHa
BIJIHIMA€ETHCS BIANPALOBAHUIM peCypc, OOYMOBJIEHHIM CTapiHHAM 130J151L1i OOMOTKH
SKOPS TIEPEBUIIICHHSIM TeMIIEpaTypH.

VY uvactuHi cxemu, 10 MICTUTH Onoku 31...38, 31HCHIOETBCS BUMIPIOBAHHS
piBHs BiOpallii eNeKTpOJBUTyHa 1 HOro NEepepaxyHOK Y BIANOBIJIHE 3HAYEHHS
BIJIIPAIlbOBAHOTO pecypcy aBUTYHOM. Ha Buxomi npyroro ¢yHKI[IOHaJIbHOTO
nepetBoproBaya 33 dopmyerbcs 1M@pPOBUNA  KOA, IO  BIAMNOBIZAE PIBHIO
BIJINPAIbOBAHOTO PECYPCY €JIEKTPOABUTYHA 3a BIUIMBOM BiOpallii.

VY wyactuHi cxemu, 1m0 MICTUTh Onoku 40...47, 3A1HCHIOETECS BUMIPIOBAHHS
3HAUYEHHS CTPyMy OOMOTKHM 30YyJKEHHS €JIEKTPOABUTYHA 1 KWOro MEpepaxyHOK Y
BUJIIJICHE TEIUIO 3 MOJAJBIINM YpaxyBaHHSIM B 3MiHI 3JIMIIIKOBOTO PECYPCY JBUTYHA.
Ctpym B o00MOTII 30yJKEHHS BHUMIPIOEThCS ceHcopoMm ctpymy 40. Ha Buxomi
TpeThoro (GyHKIIOHATBHOTO MepeTBoproBada 42 QgopMyeThecsi MUGPOBUN KO, IO
BIJIMOBIZa€ PIBHIO BIANPAlbOBAHOTO PECYpPCY ABUTYHOM 3a CTPYMOM OOMOTKH
30ymKeHHS. Y BUNAAKY OOHYJIIHHS YETBEPTOrO JIUMIbHUKA IMITYJIbCIB 43, Ha BUXO/I
YEeTBEPTOTrO JIOTIYHOTO enemMeHTa | 45 3’ IBUThCSl CUTHAJ JIOTTYHOTO HYJIA.

VY 4yactuHi cxemu, IO MICTUTh Onoku 48...60, 3AIMCHIOETbCS KOHTPOIb
3aBaHTAXKEHOCTI BUTYHA. 3HAYCHHSI OMOPIB OOMOTOK SKOPS R, 20 Ta 30ymKeHHS R;, 20
neuryna npu temneparypi 20°C 3amarotees B Bimmosimaux Omokax 48 Tta 51. Ll
CUTHAJIIA Pa3oM 13 CHUTHAJIOM, IO BIANOBIZAE PIBHIO BHUMIPSHOI TeMIepaTrypu ¢
MepIIMM  CEHCOpOM Temreparypu 39 TMOCTymaroTh Y BIANOBIAHI YETBEPTHMA
dbyHKIiOHANBEHUN TiepeTBopioBad 49 Ta m’atuil GyHKUIOHAIBHUN niepeTBoproBad S50,
Ha BUXOJaX SKUX (OPMYIOTHCS CUTHAJH, IO BIAMOBIAAIOTH PIBHIM OMOPY OOMOTKH
akopst R, ; 1 oOMOTKHM 30ymkeHHS R, ABUTyHa MpH BUMIPSHINA Temmeparypi t 3a
bopmynamu
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R, = Rp (1+a(t=20)); R, =R,y -(1+a(r-20)), 8)

1e oL — TemrepatypHuit koedirieHT (s MigHux mpoBoaiB o = 0,004).

Hanpyra mepexi U,, BUMIPIOETBCSI CEHCOPOM HaIpyrH 52, a Hampyra sikops U, —
ceHcopom Hampyru 53. Ha Buxoai (¢yHKIIOHATRHOTO TMEepeTBOproBada 54
bopMyeTbCs cUTHAJI, 1110 BIAMOBIIA€ MOTY>KHOCTI P, Ha Bally IBUTYHA:

R,,—R U
t Aa,t . A . (9)

PeM = UM_U}I. >
R A,

Aa,t

Ha Buxomi m’storo aHamoro-mudpoBOro TNEPEeTBOPIOBaYa 55 OTPUMYEMO
3HAYEHHS I[i€] TMOTYXKHOCTI y HHUPPOBOMY KOAI. Y BHIAJKYy, SKIIO 3HAYCHHS
MOTYXHOCTI BUXOJMUTH 32 JIOMYCTUMHUH IHTEpBaJ, Ha BUXOJl OAHOrO 3 HHU(PPOBUX
koMmmnaparopiB 58 abo 59, B SKHMX aHaJIOr BOHO IOPIBHIOETHCS 3 JOMYCTUMHMHU
MeEXaMHM HOro 3MiHH, 3 SIBISIETHLCSI CUTHAJ JIOTTYHOI OQUHUII, SKUH IMOMAETHCS Ha
JIPYTUi MiICKIIIOBayY curHainy 60, a gaii — B KOJIO CUTHaJ13aIlli.

PiBenp BiOpawii BUMIpIOETbCST ceHCcopoM BiOpamii 31. MakcumanbHo
JOMYCTUMUN pIBEHb BiOpallii 3amMcaHuii B 3ajaBaul MaKCUMaJIbHOTO PIBHS BiOparlii
61. YV Bumagky TMEpeBUIIECHHS IIOTOYHOrO piBHA BiOpalii MaKCHUMalIbHO
JOIyCTUMOT0, Ha BHXOJI YeTBepToro mudpoBoro kommaparopa 62 ¢GopMyeThCs
CUTHAJ JIOTIYHO1 OAWHUII, SIKUM TOJAETHhCS Ha TPETIM BXiJ YETBEPTOTO JIOTTUHOTO
enementa AbO 29.

VY yactuHl cxeMu, 1O MICTUTh Onoku 63...73, 3AIMCHIOETHCS KOHTPOJb
TEXHIYHOTO CTaHy WIJIIMITHUKOBUX BY3JIB €JEKTPOJBUTYHA 3a TEMIIEpaTyporo.
Temneparypa MNIAMIMITHUKOBUX BY3MIB €JIEKTPOJABUTYHA BHUMIPIOETHCS CEHCOpAMU
temnepatyp 65 Ta 66. MakcumanbHO JOMYCTHUME 3HAYEHHS TeMIepaTypu
MIIIIMITHUKOBUX BY3JIIB 3allCaHe B 3aJaBadi Temmeparypu 69. Y Bunaaky
MEPEBUIIIEHHSI MMOTOYHOTO 3HAYCHHS TEMIIEpaTypu OyAb-sIKOTO 3 MiAINIMITHUKOBUX
BY3JIIB 3a JIONYCTUME 3HAYEHHS, Ha BUXO1 BIAMOBIIHOTO IIU(POBOro KOMIIapaTtopa
70 abo 71 3’SABASETHCSA CHUTHAN JIOT1YHOI OJUHUII, SIKUA Yepe3 CbOMHUU JIOTTYHMIMA
enemeHT ABO 72 Ta TpeTiil miICHI0Ba4 CUTHATY 73 MOAAETHCS B KOJIO CUTHATI3ALII].

BucHoBkn

MOHITOPUHT HITKOBO-KOJIEKTOPHOTO BY3Ja €JEKTPOJBUIyHA TMOCTIHHOTO
CTpyMy 3aIlpOIIOHOBAHO 3IMCHIOBAaTH 3 BpPaxXyBaHHSM CTPyMy, IIO MPOTIKAE yepes
KOHTaKT «IIITKa-KOJIEKTOPHA IUIACTHHA», IIBUJIKOCTI OOEpTaHHS KOJEKTOpa,
MOJIOKEHHSI KOJIEKTOpa, JIOBXKMHA UITKHA, IO JIO3BOJISIE BU3HAYUTH PO3MOJLT
TPUBAJIOCTI IMIYJBCIB ICKPIHHS IO KOJEKTOPY Ta B 4Yaci, aMIUITyay ICKpiHHS,
3HOIICHHS MIITKH, OUTTSA KOJEKTOpa, MOTYXKHICTh, SIKA BUIUISETHCA T HIITKOIO,
BEJIMYMHY Ta MIBUJAKICTh 3HOIIEHHS IIITKH, & TAKOX 11 3aJIMIIKOBUI pecype. Takuii
Ha0ip mapaMeTpiB 3a0e3Meduy€e JOCTOBIPHICTh BUMIPIOBAaHHS 1HTEHCUBHOCTI 1CKPIHHS
Ta BU3HAYEHHS MPUYUH WOTO BUHUKHEHHS, IO TPAIUISETHCS MPU HE3aJOBUIBHIN
KOMYTallii eIeKTPOABUTYHIB MOCTIMHOTO CTPyMY.
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MOHITOPUHI TEXHIYHOIO CTaHy CaMoOro eJIEeKTpOABUIyHa 3a00pOHOBAHO
3MIACHIOBATH 3 BPaxyBaHHIM CTPyMy OOMOTOK sIKOps Ta 30yJKEHHS, TeMIepaTypH,
BiOparlii, Hanpyru Mepexi i 00OMOTKHU sikops. [Ipu BUXO/1 BETMYMHMA MOTYKHOCTI Ha
BaJly JBHUTYHa 3a JOMYCTUMI 1HTEpBalu a00 MpH MEPEBUILEHH! MIBUIKOCTI 3MIHH
TeMIeparypu OOMOTKM SIKOPsSl 3a MAaKCHUMAaJIbHO JONYCTUME 3Ha4yeHHs, abo MpH
NEpeBUILEHH] PpiBHA BiOpamii MaKCMMalbHO JOMYCTHUMOTO piBHsS, abo0 mpu
BUUYEpPIAaHHI POOOYOTO pecypcy IBUTYHA, a00 MpU TEPEBUINCHHI TEMIEpaTypH
MiIIAITHAKOBUX BY3JIIB 32 MAaKCHMAaJbHO JOIMYCTUME 3HAUYCHHS TIOJAETHCSI CUTHAI Yy
KoJIO cur”Hamizamii. Takuil maxig A03BojIg€ 00°€KTHBHO OIHUTH TEXHIYHUM CTaH
€JIEKTPUYHOTO JBUTYHA HA JaHWA MOMEHT 4Yacy 1 CIpPOTHO3YyBaTH HMOTrO 3MiHY B
MaiOyTHHOMY.
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KAPITEL 4/ CHAPTER 4.
PROBLEMS IN THE DEVELOPMENT OF AUTOMATED

WORKSTATIONS
[IPOBJIEMbI PA3PABOTKH ABTOMATH3UPOBAHHBIX PABOYMX MECT
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Introduction

Currently, various organizations are actively introducing automated
workstations (AWPs). The functioning of AWPs can lead to the desired effects,
provided that the functions and loads will be correctly distributed among people and
information processing machines. In this case, computers are considered as the core.
In the course of the development and operation of the AWP, the formation of such a
"hybrid" intelligence can give tangible results only if the AWP becomes a means of
increasing not only labor productivity and management efficiency, but also the social
comfort of specialists [1, 2]. At the same time, people in such systems must remain
the lea

4.1. The main ideas of automated places

1. An automated workstation (AWP) is a place of a user - a specialist of a
particular profession, equipped with the means necessary to automate the
performance of certain functions. Typically, this is a PC, supplemented as necessary
with other auxiliary electronic devices, such as disk drives, printing devices, optical
or barcode readers, graphics devices, media interfacing with other workstations and
with local area networks, etc.

2.APM is a specialized system, a set of hardware and software, focused on a
specific specialist [3].

The most widely used workstations in the world are based on professional PCs
with the IBM PC architecture.

AWPs should be focused on a user who does not have special training in the use
of computer technology. The main purpose of the AWP is the decentralized
processing of information at workplaces, the use of the corresponding "own"
databases with the simultaneous possibility of entering the local networks of AWPs
and PCs, and sometimes into global computer networks, including powerful
computers [4].

At present, many enterprises are implementing the concept of distributed
systems for managing the national economy. They provide for local, fairly complete
and largely complete processing of information at various levels of the hierarchy. In
these systems, only that part of the information in which there is a need at the upper
levels is organized from the bottom up. At the same time, a significant part of the
results of information processing and initial data should be stored in local data banks.

To implement the idea of distributed control, it was necessary to create
automated workstations based on professional personal computers for each level of
management and each subject area. In the field of labor protection, such workstations
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can be used for planning, automated control, process optimization, decision-making
in various information systems and for various combinations of tasks. For each
control object, it is necessary to provide AWPs corresponding to their value.

General principles of creating an automated workplace [5]:

1. Systematicity. AWPs should be considered as systems, the structure of which
is determined by the functional purpose.

2. Flexibility. The system is adapted to possible restructuring, thanks to the
modular construction of all subsystems and the standardization of their elements.

3. Sustainability. The principle lies in the fact that the AWS system should
perform basic functions regardless of the impact on it of internal and external
disturbing factors. This means that malfunctions in some of its parts must be easily
eliminated, and the system's performance can be quickly restored.

4. Efficiency. An integral indicator of the level of implementation of the above
principles, referred to the costs of creating and operating the system.

The functioning of the AWP can give the desired effect, provided that the
functions and loads are correctly distributed between a person and machine tools for
processing information, the core of which is a computer. In the development and
operation of an automated workplace, the creation of such a "hybrid" intelligence can
yield tangible results only if the automated workplace becomes a means of increasing
not only labor productivity and management efficiency, but also the social comfort of
specialists [6].

At the same time, a person in this system must remain the leading link. At
industrial enterprises AWPs are an important structural component of ACS -
automated control systems as a personal means of planning, management, data
processing and decision making.

At the same time, a number of general requirements can be presented to the
AWS of any "profession", which must be ensured during its creation.

General requirements for an automated workstation:

1) direct availability of information processing facilities;

2) the ability to work in a dialog (interactive) mode;

3) fulfillment of the basic requirements of ergonomics: rational distribution of
functions between the operator, elements of the workstation complex and the
environment, creation of comfortable working conditions, convenience of
workstation designs, taking into account the psychological factors of the human
operator, attractiveness of the shapes and colors of the workstation elements, etc .;

4) sufficiently high performance and reliability of a PC operating in the AWS
system [7];

5) software adequate to the nature of the tasks being solved;

6) the maximum degree of automation of routine processes;

7) optimal conditions for self-service of specialists as AWP operators;

8) other factors that ensure maximum comfort and satisfaction of a specialist
with the use of the AWP as a working tool.

Workstation structure:

The AWS structure includes a set of subsystems - technical, informational,
software and organizational.
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The technical subsystem includes a PC, supplemented as necessary by other
auxiliary electronic devices, such as disk drives, printing devices, optical reading
devices or bar code readers, graphics devices, means of interfacing with other AWPs
and with local area networks, means of communication with others AWP operating
in the general network of the facility, as well as other means of communication
(telephone, telex, telefax).

Information subsystem is an array of information stored in local databases,
usually on disk drives. This also includes database management systems.

The software includes operating systems, service programs, standard user
programs and application packages, made according to a modular principle and
focused on solving a certain class of tasks due to the purpose of the AWP. Graphics
software packages are also included as required [8].

The organizational support of the AWP is aimed at organizing the functioning,
development, training, and administration. The latter includes: work planning,
accounting, control, analysis, regulation, documenting the rights and obligations of
AWP users.

A generalized AWS diagram is shown in Fig. 1.

AWP
|
[ I |

Technik Software Information

I
1 ]

GSW FPO

|
| |

Formation of SW

Resourse control

Figure 1. — Scheme of an automated workplace

General software (SW) ensures the functioning of computers, the development
and connection of new programs [9].

This includes operating systems, programming systems, and service programs.

The professional orientation of the automated workplace is determined by the
functional part of the software (FPO). It is here that the orientation towards a specific
specialist is laid, the solution of problems of certain subject areas is ensured.

When developing FPO, much attention is paid to the organization of the "man-
machine" interaction. It is interesting and exciting for the user to work on a computer
only when he feels that he is engaged in a useful, serious matter. A layman may feel
left out and even in some way disadvantaged only because he does not know some
"mystical" commands, a set of symbols, as a result of which he may have deep
annoyance with all software or "ministers of the computer cult."
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4.2. Language facilities of the automated workplace

If the AWP device is rather complicated, and the user does not have special
skills, it is possible to use special training tools that allow you to gradually introduce
the user into the environment of his main automated workplace. When implementing
the functions of an automated workplace (that is, its actual functioning), methods of
determining the goal of current activities, information needs, and various scenarios
for describing the processes of its implementation are required [10].

The AWP design methodology cannot but be related to the methodology of its
functioning, since the functioning of a developed AWS provides for the possibility of
its development by the users themselves. The language tools of the AWP are the
implementation of methodological tools from the point of view of the end user, and
the software tools implement the language tools of the user and enable the end user to
perform all the necessary actions.

The language tools of the AWP are necessary, first of all, for the unambiguous
semantic correspondence of the user's actions and the reaction of the PC. Without
them, the learning process, the organization of the dialogue, the detection and
correction of errors are impossible. The difficulty in developing such languages is
that they must be predominantly non-procedural. If the procedural language specifies
how the specified action is performed, the non-procedural language specifies what
needs to be done without detailing what actions are required for this. Since end users
do not know and do not need to know in detail the process of realizing information
needs, the higher the intelligence of the AWS, the more non-procedural capabilities
should be provided in its languages.

Workstation languages should be both user-oriented and professional-oriented.
This is due to differences in the classification of users, which are divided not only by
professional affiliation, but also by the hierarchy of official position, degree of
training, type of data consumed, etc. It should be noted that the use of a natural
language, despite the seeming simplicity of this.

This approach cannot provide any tangible advantages due to the need to
introduce bulky structures through the keyboard in order to obtain simple results [11].

The basis of the AWP languages should be pre-defined terms, as well as
descriptions of the ways by which new terms can be established, replacing or
supplementing existing ones. This leads to the need to classify the terminological
basis of the AWS in a certain way when designing an AWS, that is, to determine all
the main syntactic structures of the language and semantic relations - semantic
connections between terms and their collections.

Let us now consider two approaches to the development of an automated
workplace. The first approach is functional and represents the automation of the
most common functions.

Let's see how functional software (FPO) adapts to specific conditions of use.
Let us note the software tools that are basic for AWPs for various professions related
to the processing of business information and making management decisions.

The first software tools to automate the work of technical personnel appeared,
which is probably due to the large formalization of their functions. The most
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common example is text editors (processors). They allow you to quickly enter
information, edit it, search for errors themselves, and help prepare the text for
printing. The use of text editors will significantly increase the productivity of typists.

Specialists often have to work with large amounts of data in order to find the
information they need to prepare various documents. To facilitate this kind of work,
database management systems have been created (DBMS: DBASE, RBASE,
ORACLE, etc.).

DBMSs allow you to store large amounts of information, and, most importantly,
quickly find the data you need. So, for example, when working with a card index,
you constantly need to revise large data archives to find the necessary information,
especially if the cards are not sorted according to the necessary criteria. The DBMS
will cope with this task in a matter of seconds.

A large number of specialists are also associated with the processing of various
tables, since in most cases economic information is presented in the form of tabular
documents. CAT (Spreadsheet) helps you create such documents. They are very
convenient, since they themselves recalculate all the final and intermediate data when
changing the original. Therefore, they are widely used, for example, in forecasting
sales and revenue [1].

The AWP software is quite popular in institutions for monitoring and
coordinating the activities of an organization, where all management activities are
described as a set of processes, each of which has dates of start, end and responsible
executors. At the same time, the activities of each employee are linked to the rest.
Thus, a work schedule is created. The package can automatically form tasks for
executors when the deadline comes, remind about the deadline for the completion of
work and accumulate data on the performing activities of employees.

An important role in institutional activities is played by the operational data
exchange, which takes up to 95% of the manager's time and up to 53% of the
specialists' time. In this regard, software tools such as "electronic mail" have become
widespread. Their use allows you to send documents within the institution, send,
receive and process messages from various workplaces and even hold meetings of
specialists located at a considerable distance from each other. The problem of data
exchange is closely related to the organization of work of an automated workplace as
part of a computer network.

Currently, there is a tendency to create so-called integrated packages that
include the capabilities of text editors, tables, and graphic editors. The presence of a
large number of different programs for performing essentially the same operations -
creating and processing data - is due to the presence of three different basic types of
information: numerical, textual and graphic. To store information, DBMS are most
often used, which allow combining all these data types into a single whole. Now

there is a rapid development of two other types of information: audio and video
information. For them, their own editors have already been created and it is possible
that these types of information will soon become an integral part of most databases.

Although modern FPO meets almost all the requirements imposed on it by
workers in various professions, something is still always missing. Therefore, the
advantage of such software is the ability to modify and change it. As for the
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development of new software tools in the AWP, it is carried out in two directions: the
creation of new software for new professions and the specialization of software for
existing professions. Currently, there is a tendency towards the creation of a
professional workstation. It is expressed in the following:

- accounting of tasks to be solved,

-interaction with other employees,

- taking into account professional habits and inclinations,

- development of not only FPO, but also special technical means (mouse,
network, automatic dialing of telephone numbers, etc.).

Equipping specialists with such automated workstations makes it possible to
increase the labor productivity of office workers, reduce their number and at the same
time hang the speed of processing economic information and its reliability, which is
necessary for effective planning and management.

In this regard, there may be a need for the simplest classification of AWPs.

4.3. Classification of automated workplaces

Classification of AWPs according to the possibilities of presenting data in some
user-defined processing modes: numerical, textual, mixed.

In more complex cases, the classification of AWPs can be determined by the
organization of the databases. The capabilities of the language are also largely
determined by the list of rules by which the user can build formal structures that
correspond to the implementation of information needs.

For example, in some AWPs, all data and structures are recorded in tabular form
(tabular AWPs) or in the form of operators of a special type (functional AWSs).

User languages are also divided into AWPs according to the types of dialogue.
Dialogue support ultimately determines the language constructs that the user needs to
know. Analysis of dialogue systems from the point of view of the organization of this
dialogue showed that they can be divided (according to the principle of interaction
between the user and the machine):

-on systems with command language,

- "man in the world of objects",

-dialogue in the form of a "menu".

The use of the command language in applied systems is the transfer of ideas for
constructing command interpreters for mini- and microcomputers. Its main
advantage is simplicity of construction and implementation, and its disadvantage is
the continuation of their advantages: the need to memorize commands and their
parameters, repetition of erroneous input, differentiation of the availability of
commands at different levels, etc. Thus, in systems with a command language, the
user must learn the interaction language. The outwardly opposite approach "a person
in the world of objects" - there are no commands and a person in the process of work
"moves" along his object using cursor keys, special pointing devices (mouse, pen),
and functional key combinations. Dialogue in the form of a "menu" presents the user
with many alternative actions, from which he chooses the necessary. Currently, the
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most widespread user interface is the one that combines the properties of the latter
two. It contains the entire workspace, the screen is divided into three parts (objects).
The first (usually located at the top) is called the bar, or menu bar. With its help, the
user can use various menus that make up the "skeleton" of the program, with their
help, access to other objects (including controllers) is made. The second part (usually
located at the bottom or in small programs may be absent altogether) is called the
status bar. With its help, the most frequently used objects can be quickly called up or
any current information can be displayed [12].

The third part is called the work surface (table surface) - the largest. It displays
all those objects that are called from the menu or status bar. This form of organizing
a dialogue between man and machine is the most convenient (at least, nothing better
has been invented to date), and all modern programs use it to some extent. In any
case, it must comply with the IBM CUA (Common User Access) standard.

The design of one and the same AWS can provide not one, but several possible
types of dialogue, depending on the growth of the user's activity in the process of
training or work, as well as the need to develop the AWP by the user's means. Of the
existing dialogues in the development of an automated workplace, the most used are:
a dialogue initiated by a PC, a dialogue for filling out forms, a hybrid dialogue, a
dialogue of an untrained user and a dialogue using fixed frames of information.

With a dialogue initiated by a PC, the AWP user is freed almost completely
from studying mnemonics and language constructions.

One of the modifications of this method is the menu method, in which one or
more of the proposed PC options are selected. In the form filling dialog, which is
also initiated by the PC, the user fills out specially selected forms on the display with
their subsequent analysis and processing. The hybrid dialogue can be initiated by
both the user and the PC.During the dialogue of an untrained user, complete clarity of
the PC's answers must be ensured, which cannot leave the user in doubt as to what he
needs to do.In the case of a dialogue using fixed frames of information, the PC selects
a response from the list of available ones. In this case, the user only enters very short
answers, and the basic information is provided automatically.

The type of dialogue can also determine the classification of the AWP, for
example, the AWP with the interactive means of an untrained user. Classification of
automated workplaces on this basis is associated with classification according to the
professional orientation of the user. For example, an automated workplace with a
menu-based dialogue is hardly advisable for a user-economist who is at the same time
a manager's staff due to the large number of repetitive operations.

If we consider automated workstations [13, 14] from the point of view of
software tools that implement them, then the classification of automated workplaces
can be very extensive. They can be classified according to the programming
language, the ability to provide the user with procedural programming tools, the
possibility of completing the software system during operation, the presence of
database management systems, a translator or interpreter from user languages, error
detection and correction tools, etc. (PPP) used in the AWS can be parameterized to
ensure the binding of the system to a specific application. The generators of the RFP
themselves can be used.
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The AWS necessarily includes various software components that provide the
basic calculation functions and the organization of the dialogue, as well as a database
management system, translators, help systems, the actual database containing, for
example, basic data, dialogue scripts, instructions, control parameters, lists of errors
etc. The main components of the AWP determine its composition and provide the
possibility of classifying the AWP according to various criteria.

Conclusion
The paper analyzes the basic properties of automated workstations. Their

characteristics are shown. The principles on the basis of which automated
workstations are built are discussed.
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KAPITEL S/ CHAPTER 5.

THE PRINCIPLES OF OIL PUMPS DATABASES DEVELOPMENT
[PUHUMINA PO3POBKYU BA3 IAHUX HA®TOBUX HACOCIB
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Beenenue

VYkpanHa pacrmojiaraeéT MOIHOM CHCTEMOW TPAHCIOPTUPOBKKM HeDTU U
HedrenpoaykToB. B e€ coctaB BxoasaT Maructpanbhbie HedrenpoBoasl (MH) o6mieit
mHon 47674 kM, Mopckoil HedTsHOM TepmuHan  «lOxHbBI» W 28
HerenepexkaunBaromux crannuii  (HIIC) [1]. AKIuOHEpHBIM  OOIIECTBOM
«YKpTpaHcHadTa» MNPUHATO Psi CTpaTeruyeckux HanpasieHuil. OaHO U3
IIPUOPUTETHBIX — COJNEWCTBHE WHTErpallMil YKpauHbl B NPOeKT EBpasuiickoro
HEe(TEeTpaHCIOPTHOTO  KOPUAOpA,  KOTOPBIM  MOpPEnosaraeT  CTPOUTEIbCTBO
HedTenpooaa bpoasi-ILnoik.

[Tockonpky macimTaObl HEPTETPAHCIIOPTHOW CUCTEMBI YKpPAaWHbBI BEIHKH, TO U
KOJIMYECTBO TOTPEOISIEMOM €10 HSHEPruu TaKKe 3HAYUTENIbHO. DHEpPropecypchl
OTpaHMYEHbl M JIOpPOTH, TMO3TOMY BHeprocoepexxeHue Ha HedrernpoBogax
MpeCTaBIIIeTCS aKTyalbHOU 3amadeit. C 1enbio UcnojiHeHus 3aKoHa YKpauHbl «O0
HSHEProcOEPEeKEHUN» U TPEANUCAHUM JPYrUX HOPMATUBHBIX JIOKYMEHTOB [2]
IIPEAYCMATPUBAIOTCS OPraHU3alMOHHO-TEXHUYECKUE MEPONPUATHS 110 ONTUMU3ALNH
PEKHUMOB paboThI HeTEenpOBOIOB. s obecrnieyeHus Tpedyemoit
MPOU3BOAUTEIIBHOCTH HA HKCILUTyaTUPYEMBIX TPYyOONpPOBOAAX C YYETOM KPUTEPHUEB
SHEpProdPGEeKTUBHOCTH MPUMEHSIOT BapUaHTHbIC (ONTUMHU3AIMOHHBIE) PACUETHI.
Takue pacueTbl IPUHATO BBITOJHITH C HCIIOJIb30BAHUEM IPOTPAMMHBIX IPOITYKTOB.

XOTs B JUTEPATYPHBIX MCTOYHHMKAX HMEIOTCS YINOMUHAHHUS O TPUMEHEHUU
KOMITBIOTEPHBIX MMPOTpaMM JJI PEIICHHUS MHOXKECTBA 3a7a4 TPAHCIOPTA U XPaHECHUS
Hedtu [3-5], cBemeHuss 00 HMCHOJIB3YEMbIX HH(DOPMAIMOHHBIX TEXHOJIOTHSX MPH
pa3paboTKe 3THUX MPOTPaMM OTCYTCTBYIOT. Takye OTCYTCTBYIOT PEKOMEHAAIMH O
MOCTpOeHUU 0a3 MaHHBIX OO0OPYIOBaHUS, MPUMEHAEMOrO TMpPU TPAHCIOPTE U
xpanennn HedTH U HedTenpoaykToB. Hammuue 0a3bl JAHHBIX MPEIOCTABISET
BO3MOKHOCTh OpPraHU3allid €IMHOTO JOCTyIa K XapaKTepUCTHKaM O0OpYyIOBAHUS U
WX YIpaBJIEHUs, a TaKKe 00ecleurnBaeT BO3MOXKHOCTb MPUMEHEHHUS OOIIETPUHATHIX
11a0JIOHOB MTPOEKTUPOBAHUS MPOTPAMMHBIX MPOAYKTOB. 3HAUUTEIBHBI HMHTEpEC K
HAKOIUICHUIO U CTPYKTYpHUPOBAaHUIO HH(pOpMamMU O HEPTIHOM TEXHOJIOTUYECKOM
00Opy/IOBaHUU MOTYT MPOSIBISATH MPOU3BOJICTBEHHBIC NPEANPUATHS, MPOCKTHBIC
OpraHu3alii, Hay4YHble W ydeOHble YyupexJaeHus. BBumy HemocTaTOYHOU
OCBEILIEHHOCTH  BOINPOCOB, CBS3aHHBIX €  XpaHEHHEM  HHQOpMAIMH O
TEXHOJOTMYECKOM  O0OpYyNOBaHUM  HE(PTENpPOBOJOB, OMNHCAHWE  MPUHIUIIOB
NOCTPOCHHUS 0a3 JAHHBIX MPEICTABISETCS aKTyaJIbHON 3aJauei.
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5.1. O030p U3BeCTHBHIX PelIeHU B 00JIACTH XPAHEHUS TAHHBIX HEPTAHBIX
HACOCOB

BoNbIIMHCTBO CYHIECTBYIOIIMX MPOTrpaMM, MOCBSIICHHBIX PACUETy PEKUMOB
paboThl HEDTEMTPOBOIOB HEAOCTYITHBI WM 00X0asTCs Oe3 0a3 TaHHBIX.

Hanmpumep, mporpamma NS1 1o pacdyeTy MpoOImyCKHOH CIOCOOHOCTH
MPWJICTAIONIETO K TOJIOBHOM HACOCHOW CTaHIMM ydYacTka HedTenpooga [9]
npeajaraeT MoJib30BaTeNI0 BPYUYHYIO Yepe3 KOHCOJIb BBOJUTH JAHHBIE O HACOCAX U
TpyOonpoBoae. YToObl MOBTOPUTH pacyeT MPU M3MEHEHHON BEJIIMYMHE OJHOTO W3
BXOJHBIX TapaMeTpPOB, HEOOXOIUMO 3aHOBO BBOJHUTH OCTAJIbHBIC IMapaMETPhl, UTO
npeAcTaBiseTcs HeyaoOHbIM. BBOJ MaHHBIX MO HACOCHBIM arperaram M3 KHUT U
karanoroB [6, 7, 8] TpeOyeT 3HAUUTENbHBIX TPYIOBBIX 3aTpaT. CKOPOCTb UTEHHS
HU3Kasi, BOBMOKHBI OIIIHOKHU.

Ha s3pike BASIC pazpaborana mnporpamma RABT.BAS nns  pacuera
coBMmecTHOU pabdoTel HedTenporoga U HIIC [10]. IIporpamma pabotaer 0e3 6a3bi
naHHBIX. BBom  k03(PUIIMEHTOB THAPABIMYECKUX  XapAKTEPUCTHK HACOCOB
MIPOU3BOJIUTCS BPYUHYIO.

B paGote [11] mpuBeneH TEKCT MpOrpaMMbl MO pacueTy pekuMa padOThI
He(TenpoBoa C TMPUMEHEHHE MPOTUBOTYPOYJIEHTHBIX Mpucagok. JlaHHble 110
npucaakam cuuthiBatorcas ¢ TXT-daitnos. Koaddunuments XapakTepucTUKH
MOANOPHOIO W MAarucTpajbHOrO HACOCOB MPUCBAMBAIOTCA MEPEMEHHBIM HANPIMYIO.
ba3a 1aHHBIX HE UCITONB3YETCH.

Ha Pascal peann3oBana mporpamma Jjisi pacueTa HECTAIIMOHAPHBIX PEKHUMOB
MarucTpaibHbIX HepTenpoBoaoB [12]. B mporpamme oTCyTCTBYET KO/, OTBEUAIOITUI
3a coeAuHeHue ¢ 0a3oi JaHHBIX. J[aHHBIE IO HacocaM U TPyOONpPOBOMAY 3aJAK0TCA
BPYYHYIO ITyTEM MPUCBAaUBAHUS IEPEMEHHbBIM.

[Iporpamma «Tpan3ut» 1 pacueta pekuMoOB padboThl HedTenpoBoaa [13, 14]
MPEAOCTaBIsACT YAOOHBIM CMOCOO 3alaHusi OCHOBHBIX M TOAMOPHBIX HACOCOB.
[Iporpamma umeer uuTepdeiic (puc. 1). Bribop HacocoB ocymiecTBISETCS IPU
MTOMOIIY BBINAJAOIIETO CIUCKA.

[Iporpamma «Tpan3ut» mnatHas. EE€ wHCXOAHBIA KOJA HE JOCTyIleH. B
JUTEPATYPHBIX HCTOYHHKAX OTCYTCTBYIOT CBEACHHS O pPEalM3yeMOM CIoco0e
XpaHEHUsT JAHHBIX, YTO HCKJIIOYAeT BO3MOXKHOCTh HCIOJIb30BAHUS  OIIbITA
pa3pabOTYMKOB NporpamMMsbl « TpaH3uT» IpU NPOSKTUPOBAHUU HOBBIX 0a3 TAHHBIX.

B xone uccnenoBanuii mo pa3paboTKe U COBEPIICHCTBOBAHUIO MOJICIUPOBAHUS
u  moctpoeHus:  IPGEKTUBHBIX  aNTOPUTMOB  THUIAPABIMYECKOTO  pacuera
HEe(DTETPOBOAHBIX CHUCTEM CO37aH MPOMBIIUICHHBIA KOMIUIEKC TPOTrpamMM TI0
TUAPABINYECKOMY PaCUETy PEKHMOB padOThl MarucTpadbHbIX HedTenpoBoaoB [15].
[IporpaMmHBIil KOMILJIEKC CJIaH B MPOMBIIUIEHHYIO HKCIUIyaTaluio, OJHAKO B
CBOOOJHOM JIOCTYI€ €r0 HET M CBEJEHHUS O CIOCcO0E€ OpraHu3alld JAHHBIX TaKXKe
OTCYTCTBYIOT.

[[Iupokoe pacnpocTpaHeHHE MOJYYMISI CIOCOO XpaHeHHs WHGOpPMAIUU TpU
oMoy AeKkTpoHHbIX Tabmuin MS Excel. Hanpumep, B nporpamme [16] nanHbie o
HAaCOCHOM OOOpYJIOBaHUU OPTraHW30BAHBI B TAOJMUIIbI, B KOTOPOU Ka)JIOMYy CTOJIOILY
COOTBETCTBYET OMpeJIeJICHHAs! XapaKTepUCTUKa Hacoca. braromaps Hanuuuio
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PucyHnok 1 - UaTepeiic nporpammsel « Tpan3nm»

BCTPOCHHOW (DUIIBTpAllMU MporpamMma MO3BOJISIET OCYIIECTBUTh BBIOOp Hacoca cpeau
MHOKeCTBa Moaudukanuid. M3 HEZOCTaTKOB JJIEKTPOHHBIX TaOJMI] CIEIyeT
oTMeTHTh cieayromue: MS Excel siBisercs TuiaTHBIM MPOTPaMMHBIM TIPOTYKTOM,
MO3TOMY JOCTYINEH HE Be3[e; MHOTHE S3bIKH MPOrpaMMHUPOBAHUS HUMEIOT
oubnmuotexkn s pabotel ¢ dainamu Excel, ognako koa juisi BRIOOPKM JaHHBIX
MpeACTaBIsIeTCs] 00JIee TPOMO3IKUM U MEHEE HAIJISIIHBIM 110 CPABHEHMIO, HAIIPUMED,
¢ SQL-3anpocamMu K pessIIMOHHBIM 0a3aM JaHHBIX; MPU HAIMYUM 3HAYUTEIHHOTO
KOJIMYECTBA CTPOK CKOpOCTh 00paboTku daitnos Excel Huzkas [17-19].

5.2. Pazpa0orka apxuTeKTypbl 0a3bI JAHHBIX HEQPTAHBIX HACOCOB

Jlist ynoOGcTBa CTPYKTYPUPOBAHUS JTAaHHBIX Pa3/elMM XapaKTEPUCTUKHU Hacoca
Ha aTpuOyTHl U CBOMCTBA. ATpuOyTamMu OyJieM CUUTATh XapaKTEPUCTHUKU, KOTOPHIC
OTIPENENSAIOT pa3uyHble KOMOMHAIMU (Bapuanuu) Mapkd obOopyaoBanus. K
npumepy, y Hacoca HM 2500-230 MOXHO BBIACIUTH TaKhe aTpUOYThI, KAaK HOMEP
poTopa u auameTp pabouero kojeca JI2. OcraabHble XapaKTEPUCTUKH ONPEACIISIOTCS
Kak cBoiicTBa. Iyt mpumepa, kKoMOuHalusa aTpuOyToB «potop = 1» u «/2 = 440»
O0JHO3Ha4YHO onpexaenser ceoructBo HO = 281,5 m cT. *.

[Ipu co3manuu pensHOHHON 0a3bl TaHHBIX HACOCHBIX arperatoB OIMpeeCHbI
CJIEIYIOIME POAUTENIbCKUE CYIIHOCTH: «000pyIoBaHHE» (equipment), «KaTeropus
obopymoBaHus» (category), «CBOHCTBO oOopymoBanus» (feature) m «Ha3BaHHE
aTpubyTa» obopyaoBanus (attribute group).

JIns XpaHeHUs pa3IUYHBIX BapHalMii MapKu HAcoca, 3HAYCHUWA CBOMCTB U
aTpuOYTOB OMpeJIeNIeHbl TaKue MOYepHHE CYIIHOCTH: «KOMOWHamus» (combination),
«3HaueHue cpoucTBa» (feature value) m «3Hauenue atpuOyTta» (attribute). Ha puc. 2
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MpEACTaBJICHA (I)I/I?)I/I"ICCKa}I MOACIIb 0a3mI JAaHHBIX, KOTOpaA OIMUCBIBACT THUIIbI JaHHBIX
" CBsA3U MCK/Y CYITHOCTSMMU.

equipment feature_combination
~—+ PK |id_equipment INTEGER [~ FK |id_combination INTEGERP>—
marking TEXT FK |id_feature INTEGERE>Q
O< FK |id_feature_value INTEGER
category_eqipment
~O< FK |id_equipment INTEGER feature
~O< FK |id_category INTEGER PK |id_feature INTEGER <
feature_alias TEXT
( category )
- PK |id_category INTEGER feature_value
id_parent INTEGER 4 PK |id_feature value INTEGER
category_alias TEXT FK |id_feature INTEGERPO
feature_value _alias TEXT
attribute
PK |id_attribute INTEGER combination
FK |id_attribute_group | INTEGER PK |id_combination INTEGER+—
attribute_alias TEXT| | —< FKid_equipment INTEGER
attribute_group } \ combination_attribute
PK |id_attribute_group| INTEGER FK |id_attribute INTEGER
Lﬁ FK |id_combination INTEGER >—

group_alias TEXT

PucyHok 2 - ®uznyeckasi MoaeJ b PeIsIIMOHHOM 0a3bl JAHHBIX HACOCHBIX
arperaToB MarucTpaJbHbIX HE(PTENPOBO/I0B

Mexay CyIIHOCTAMH OIpPEICIICHbl THUIIBI CBA3CH M IIPaBUjIa CChUIOYHOMU
IIEJIOCTHOCTH TIPH YJAJICHUH WM OOHOBJICHWW JTaHHBIX POJUTEIHCKUX CYIIHOCTEH.
[TonpoOHee paccMOTpUM KaxayIo U3 TaOJIUII.

Tabnuma «obopyaoBaHHe» COIEPKUT Mapky Hacoca. Kak Oymer mokaszaHo
Jajee, caMy MapKy Hacoca yJOOHO XpaHHTh B OTIEIbHOW TabiuIe, coJepKaiieit
MePEBO/IbI Ha PA3JIMUHbBIC S3bIKU. Y HUKAJIBHOCTh KA 0 3amucy oOecrieunBaeTcs 3a
cyuer mnojsa 1d equipment ¢ mnepBuuHbIM KiIrodoM (PK) u 1menouncieHHbIMU
3HaueHusAMH. [lome marking mpwHMMaET TEKCTOBBIM THN MAHHBIX W CIYKUT JUIS
XpaHEeHUs MCeBJOHNMA MapKu 000pyA0BaHUS.

[Tpu TpaHCcIOPTHPOBKE HEPTH M HEPTEIPOIYKTOB MOTYT MPUMEHSITHCS HACOCHI
paznuHbIX TUIOB. MHGOpMaIIUIO 0 BOBMOXKHBIX THUIIAX HACOCOB YJI00OHO XPaHUTH B
tabnuie «category» (puc. 2). B mome id category ¢ NEpBUYHBIM KIHOUOM
COJICPKUTCS ~ YHUKAIBHBIM  IETOYUCICHHBIM  UJACHTU(HUKATOD  KATETOPHH.
[lemouncnennas 3amuck monst 1d parent yka3piBaeT Ha  UACHTHU(PHUKATOP
ponutensckori kareropuu 1d category. [Ilome category alias siBusiercs He
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oOs3aTenbHbIM. OHO co3/laHo it Oosiee MOHSATHOTO BHU3YaJIbHOTO BOCIPUATHUS
TaOJIMIBI U COJAEPKUT YHUKAJIbHBIE TMCEBIOHUMBI KaTerOpui, KOTOPHIE B JTaHHOM
CJIy4ae COOTBETCTBYIOT IIEPEBOIaM KaTETOPUM HA AHTJIMMCKUU A3bIK.

Csi3u  MeXJIy HacocaMM U KaTeropusMH ONpEeIeieHbl B  Taliuie
«category equipment» (puc. 2). E€ mone id equipment ¢ 1eI0YNCICHHBIMH
3HAYCHUSMH YKa3bIBaeT HA YHUKAJIbHBIA UJICHTU(PHUKATOp 000OpYAOBaHMS B TaOIHIIC
equipment. [lome id category yka3piBaeT Ha UASHTU(UKATOP KATETOPUU B TAOJIHUIIC
category. Takum oOpa3oM o/iHa CTpoka TaOJuIbI category equipment OJHO3HAYHO
yKa3blBaeT Ha MPHHAUICKHOCTh 00OpyaoBaHHsS Kareropuw. bmaromapst Ttabmuie
category equipment MEXIy CYIIHOCTSIMHU «HaCOCHOE 000PYAOBaHUE» M «KATETOPUN
CYIIIECTBYET CBSI3b «MHOTHE-KO-MHOTHUM.

AHanu3 CpaBOYHBIX JTaHHBIX HEPTIHOTO MAaruCTPaIbHOTO HACOCA TIOKA3bIBACT,
YTO YCTAaHOBHTHh OJHO3HAYHYIO CBSI3b MEXKAy MapKoil Hacoca U €ro
XapaKTEpUCTUKAMU HE TIPEACTABISICTCS BO3MOXKHBIM.  [IpuymHa B TOM, 4YTO
XapaKTepUCTUKH Hacoca MOTYT OIPEAENAThCS HE TOJBKO €ro MapKod, HO u
KOMOWHAIIMAMH JIPYTUX €ro XapakTepUCTHK, HalpuMep, poTopa U Jauamerpa
pabouero kozeca. J{s TOoro, 4ToObl ONPEIENIUTh CBSA3b MEXKIY MApKOH Hacoca U €ero
KOMOMHAITMAMH CO31aJuM Tabimuiy «combination». Taliuiia COCTOMT W3 JIBYX
nosieii. B mone 1d combination 3amuMcChIBalOTCS yHUKAJIbHBIE HWIAECHTU(MUKATOPHI
Bapuanuid. [lome id equipment Takke kak u 1d combination npUHHMAET
L[EJIOYMCIICHHBIN TUM AaHHBIX. [10J1F0 TPUCBOEH BHENIHUM KIIFOY, KOTOPBIA CChUIAETCA
Ha WAEHTHUPUKATOp oOopynoBaHus B Tabmuue equipment. IlockonbKy onHOM
CYIIHOCTH B Ta0iuIe «equipmenty MOXET COOTBETCTBOBATH OJHA U Oosee
CYIIHOCTEH B Tabiuue «combination», a OJJHOM CYIIHOCTH B TabyuLe «combinationy
MO’KET COOTBETCTBOBATh TOJBKO OJIHA CYIIHOCTHh B TaONHUIle «equipment», TO CBS3b
MEXIy HIMH MOYKHO OTIPEAETUTH KaK «OJUH-KO-MHOTHUM.

Hazpanust arpuOyTOB HAcoCcOB ONpEeAENUM Kak OTAEIbHbIE CYIIHOCTH U
MOMECTUM HUX B Tabmuily «attribute group» (puc. 2). Tabnuiia cOCTOUT U3 MOJEH
id_attribute group u  group alias ¢ tumamu panHeix INTERGER u TEXT
cooTBeTcTBeHHO. B moie id_attribute group ¢ mepBUYHBIM KIIOYOM 3aIUCHIBAIOTCA
uneHTudukatopel arpudyToB. [lose group alias comepX UT yHUKaJIbHOE Ha3BaHHE
aTpuoyTa.

Jns xpaHeHust 3HaYeHUM aTpuOyTOB IMpeAHAa3HAyYeHa OTAeNbHas Talauna
«attribute» (puc. 2). Kaxnoe 3HaueHue arpulOyTa HMEET CBOM YHUKaJIbHBIN
uaeHTu(PUKaTOp, KOTOPBIA 3amuchiBaeTcs B mosie id_attribute. Tabmuma attribute
Takke umeet nose id_attribute_group ¢ BHEIIHMM KIFOYOM, KOTOPBIM yKa3bIBaeT Ha
uneHTuduKaTop Ha3BaHus aTpubyTa id attribute group B TaGnwmiie attribute group. B
nosie attribute alias  3amuceiBatoTCs 3HaYeHHs aTpuOyTOB. ClelyeT OTMETHTbh, YTO
3anucu B moiiax id attribute _group u attribute alias He SBIAIOTCS yHHMKaJIbHBIMH,
OJIHAKO YHUKAJIbHBIMU JOJKHBI OBITh X KOMOUHAIIUU.

Mexay cymHOCTsIMHU «attribute» u «attribute group» CBs3b OmIpeaesieHa Kak
«OJIMH-KO-MHOTHMM», TIOCKOJBKY Ha3BaHUIO aTpuOyTa MOXKET COOTBETCTBOBATH
MHOKECTBO €T0 3HAaYEHUH, a 3HAUEHHIO aTprOyTa — TOJIBKO OJJHO Ha3BaHUE.

CBsi3p MKy 3HAUCHUSIMH aTpuOyTa M BapHallel Hacoca 3a/laHa MPHU MOMOIIU
Tabnuibl «combination attribute» (puc. 2). Tabnauna umeet ABa nojs id attribute u
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id_combination ¢ 1EJOYUCICHHBIMU JaHHBIMH, KOTOpbIC Oylarojapsi BHEIIHUM
KJII0YaM YKa3blBalOT Ha yHHUKAJIbHbIE HJIEHTU(PUKATOPHI aTpuOyTa U KOMOWHAIMH
cooTBeTCTBeHHO. bnaromapst Tabmuie «combination attribute» ycranaBiauBaeTcs
CBSI3b «MHOTHE-KO-MHOTUM» MEXIy CYIIHOCTSIMH B Tabnmumax «attribute» u
«combinationy». J/laHHas CBsS3b O3HAYAET CIEAYIONIEE: OJHOMY 3HAUCHUIO aTpuOyTa
MOKET COOTBETCTBOBaTh HECKOJIBKO HACOCOB, M HA0OOPOT OJHOW Bapualluu Hacoca
MO>KET COOTBETCTBOBATH Cpa3y HECKOJIbKO aTpHOYTOB.

XpaHeHrne CBOMCTB 00OPYIOBaHUSI OPTaHW30BAaHO MPHU TOMOIIM ABYX TaOIHUI] —
«feature» u «feature valuey» (puc. 2). Tabauna feature cocTouT U3 ABYX MoOjeH —
feature alias u id feature. Ilone feature alias siBisieTCS TEKCTOBBIM M CIIYXKHUT IS
XpaHEeHMs] Ha3BaHUM CBOWCTB oOopynoBaHus. lLlemouncneHHbIl uAEHTUPUKATOD
cBolcTBa 3anucbiBaercs B noje id_feature. O0a nmosis ABISAIOTCS YHUKAIbHBIMHU.

Jlns XpaHeHus 3HAYEHUWM CBOMCTB MpenHa3HaueHa Tabiuma feature value.
3HaueHusl 3aNuchIBalOTCS B TeKkcToBoe moje feature value alias. brnaromaps moio
id feature u ero BHeUIHEMY KJIIOYY KaXKJ0€ 3HAYCHHE CBOWCTBA CCHUIAETCS HA €ro
Ha3BaHue B Tabnuile «featurey.

Mexny tabmuiamu «feature» u «feature value» ycTaHoBlieHa CBSI3b «OJUH-KO-
MHOTHUM», TIOCKOJIbKY OJHOMY CBOMCTBY MOXET COOTBETCTBOBATh MHOKECTBO
3HAYECHUM.

CBsi3u MexXJy KOMOWHAIUSAMH, CBOMCTBAMH KOMOMHAIMM M HUX 3HAYEHUSIMU
3aiat0Tcsl nmpu  nomolnu  Tabnunbl  «feature combination» (puc. 2). Tabnuna
feature_combination cocTOUT U3 TpeX MOJIEH, KOTOPbIE IPUHUMAIOT LEJTOUNCIECHHBIE
3HaueHud. [lone i1d combination mpu MOMOIIM BHEMIHErO KIIOYa CChUIAETCS Ha
YHUKAJIbHBIN uAeHTU(UKATOp B Tabauue «combination», KOTOPBI B CBOIO OYepedb
CBsi3aH Cc uJaeHtugukatopom obopynoBanusi. Ilone id feature TaGmuib
«feature_combination» cceUTaeTCs HAa YHHUKAIbHBIA HICHTH(PHUKATOP CBOMCTBA B
tabnune «feature». Ilome 1d feature value TabGmumpbl «feature combinationy
YKa3bIBaCT Ha WJACHTU(UKATOP 3HAUYECHMSI CBOMCTBA, KOTOPOE XPAHHUTCS B TaOJMIE
«feature valuey. Kaxxgas ctpoka paccMaTpuBaeMOi TaOJIUIIBI SBIISAETCS YHUKAIBLHOM.
Tabmuna «feature combination» obecrieduBaeT CBs3b MEXKIY CYIIHOCTHbIO BapUaIlMU
Hacoca M CyUIHOCTBIO CBOMCTBA HAcoca MO THUIY «MHOTHE-KO-MHOTHUMY, TTOCKOJIbKY
OJIHOM BapHalli HAacoca MOTYT COOTBETCTBOBATh MHOKECTBO 3HAYEHUW CBOMCTB U
OJIHO CBOMCTBO MOET OBITh Y MHOKECTBA BapHUalllii HACOCOB.

BriBOaLI

AHanmu3 3amad TpyOOMpOBOAHOTO TpaHCHoOpTa HeDTH W HEPTEMPOIYKTOB U
COBPEMEHHBIX MPOTpaMM IO pPacyeTy PEKUMOB pabOThl HEPTENPOBOJOB IMOKA3aI
aKTyaJdbHOCTh CO3/laHWs 0a3 JaHHBIX HAcocHOro obopynoBanus. [lokazano, yTo
BBUJIy CJIOKHOM CTPYKTYpbl JTaHHBIX HACOCOB, MPEANOYTUTEIbHEE HCIOIb30BAThH
pelslMOHHbIe 0a3bl  JaHHBIX, YeM dJeKTpoHHble Tabmuiel Excel. Ilpu
MPOCKTUPOBAHUM (PU3NUECKOM Mojenu 0a3bl JAHHBIX BBIACIECHBI POAUTENIbCKUE U
JOYEpPHUE CYIIHOCTH TakuM 00pa3oM, YTOObI MOHO OBLJIO OTpPa3uTh BCIO
uH(OpMAIMI0O O HACOCHOM arperare: KOHCTPYKTHUBHbIE OCOOEHHOCTH, 00JaCTh
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NPUMEHEHHUS, XapaKTEePUCTUKH HACOCa B 3aBUCUMOCTH OT €TI0 BapUalfil 10 CMEHHBIM
poropam. B mporiecce MoaenupoBaHus OnpeaeeHbl MpaBuiia IeJIOCTHOCTH JTaHHBIX,
U YCTAaHOBJICHBI CBSI3U THUNA «OJUH-KO-MHOTUM» M «MHOTHE-KO-MHOTHUMY» MEXKIY
cylmHocTAMU (¢u3nueckoil mozaenu. PaspaGortanHas apxuTekTypa Oa3bl JaHHBIX
o0ecrieunBaeT  MOAMPUIMPYEMOCTh,  MacIITAOMPyeMOCTb,  MOJYJIBHOCTb U
3¢ (eKTUBHOE HCIONb30BAaHUE B MPOrpaMMax JJs pacdyera pPEeKUMOB padOTHI
He(TenpoBOOB.

O0630p pa3IMYHBIX CHOCOOOB OpPraHM3allMM MHOTOSI3BIYHOCTH B 0a3e JaHHBIX
MOKa3aj, 4yTo IS JOCTHIKEHUS 1IeSTH paboThl HanboJiee MPEAOUYTHTEIEHBIM SIBIISICTCS
WCIIOJIb30BaHUE CTPYKTYpPHI C ABYMs TaOMUIIaMH AJIs KaKIOW CYIIHOCTH, KOTJa B
OJTHOW TaONuIle XpaHATCS NaHHBIC, HE 3aBHUCAIIUME OT TMEPEBOJOB, a BO BTOPOU —
JaHHBIE C TIEPEBOIAMHU.
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KAPITEL 6 / CHAPTER 6.
USE OF NON-TRADITIONAL RAW MATERIALS IN THE COMPOSITION

OF DIETED CUT SEMI-FINISHED PRODUCTS
VICIIOJIb30BAHUE HETPAIMIIMOHHOT'O CHIPHSI B COCTABE TMETUYECKNX PBIBHBIX
IOJIY ®AEPUKOB

DOI: 10.30890/2709-2313.2021-04-04-026

Introduction

Physicians fixed last time the tendency of rising of incidences of celiac diseases
worldwide. The Global Gastroenterological Organization published the data on its
displaying in average at one of three hundred men. To attain the valuable physical
strength, ill pacients are forced to cease consumption of foodstuffs that contain
gluten: rice, buckwheat, millet, corn and such products unusual for Ukrainians as
amaranth, quinoa, sago, green foxtail and sorghum.

To help them to solve the problem of limiting of variety of products in ration,
Ukrainian scientists and technologists developed the number of gluten-free foods.
However their set include only small quantity of products, e.g. free of albumens
bread produced by standard of DSTU-P 4588:2006, free of gluten bread produced by
technical specifications of TU 8-22-61-88, corn, rice and buckwheat macaroni (TU
9149-001-17629737 and TU 9148-011-17629737), albumen-free macaroni (TU)
9149-006-17629737), corn-, rice-, buckwheat- and albumen—free mixes for use in
baking (TU 9195-002-17629737 and TU 9195-013-17629737), as well as cookies of
"Sugary", "Floral mix", "Harmony" and "Salty" (TU 9131-007-17629737) ones [1].

To increase the number of products for feeding of patients ill by celiacy, the
firms of "DR.SCHAR" (Italy), «BEZGLUTEN» (Poland), «3PAULY» (Germany),
produced in Ukraine foodstuffs specially certified for these purposes. However they
found here

Meantime, the one of the most actively developing branches of public economy
in Ukraine is the industry by producing of semi-finished meat and fish products. The
most known products of such category are cutlets, schnitzels, chops, stakes, zrazy,
meat and fish balls, klessy, koftas. The stimulus of such progress is fast increasing of
number of public enterprises of "quick nourishment", demand for foods for
alimentation of students and schoolchildren, and public interest to products that
permit to decrease duration of producing of foods household. At the same time, one
of critical problems in progress of such industry is rising of quality and nutritive
value of produced foods [2].

Therefore, the goal we set in our work was optimization of composition of
cutlets made of milled meat of freshwater fish by way of its mixing with vegetative
raw materials.
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6.1. The state of production of semi-finished and culinary products from
fish raw materials

Recently, the range of culinary fish products in the world has expanded
significantly. These trends are echoing among domestic producers. For example, the
production of canned food, salted fish, and smoked products has significantly
decreased due to rather inconspicuous undesirable product changes as a result of
strict sterilization regimes, high content of salty and spicy table salt products, and the
presence of harmful carcinogens in smoke products.

The growing importance of fish products and plant foods can lead to a
significant increase in the production of combined fish and plant products, and,
consequently, to expand the range of foods with a balanced balance.

Increasingly popular among consumers are quick-frozen semi-finished products
— fish cakes, meatballs, meatballs, meatballs and others, most often made from
minced fish, as well as a variety of ready meals, hot and cold snacks.

Increasing consumer demand for maximally prepared for consumption products
contributes to the development and expansion of domestic fish production. One of the
progressive directions of fish cooking, which has become widespread abroad, is the
preparation of quick-frozen both ready-to-eat dishes and semi-finished products. The
production of such products opens up great opportunities for supplying the population
with fish products of a high degree of readiness [1-4].

The solution to these problems may be the production of semi-finished products
with an improved composition of plant-based gluten-free breading’s. This will allow
you to produce products that best meet the requirements of a healthy diet and the
preferences of the modern consumer.

The range of fish culinary products, both ready-to-eat and semi-finished
products is very diverse and is largely determined by national traditions and tastes of
different countries. The main types of culinary fish products include: natural fish
products (fried, boiled, jellied and baked fish), culinary products from minced fish
(meatballs, puddings, cutlets, meatballs, sausages, sausages, stuffed fish, etc.), frozen
culinary products (first and second lunch dishes, dumplings, fish sticks, etc.), and
pasty products from fish fillets or caviar and others [4-6].

The oldest direction of processing of minced fish is the production of fish
sausages and products such as kamaboko, chikuva, and others. However, for the
preparation of these products, minced meat must meet fairly stringent requirements,
especially in terms of protein solubility, therefore, not every minced fish is suitable
for the production of such products. These requirements are most fully met by
washed raw minced meat of the surimi type and stabilized minced fish of medium fat
content, in which there is no significant reduction in the solubility of proteins during
storage in frozen form [7, 8-10].

The most rational use of raw materials of reduced marketable value and waste
from the dismantling of traditional fish is the production of fish sausages.

Thus, despite a fairly wide range and experience in the production of fish
products based on minced meat, their widespread production in our country remains
problematic. In modern conditions, additional scientific and informational
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information on the properties and functionality of the most common fish species, by-
products, the ability to create original, including combined and simulated products of
various technological forms that meet the requirements for healthy and functional
nutrition [11-15].

6.2. Object, subject matter and methods of research

Fish semi-finished products are one of the most common food products due to
the possibility of their rapid preparation, especially at a time when the pace of life of
modern man is accelerating. At the same time, the Ukrainian market is represented
mainly by meatballs. In this regard, it acquires scientific substantiation and
improvement of the technology of quick-frozen semi-finished products, namely the
development of the technology of quick-frozen semi-finished products based on
freshwater fish meat.

The object of research - combined semi-finished products from fish in inland
waters with the addition of various types of non-traditional raw materials (seaweed).

The subject of the study is the indicators of quality and safety of semi-finished
products from freshwater fish with the addition of non-traditional raw materials and
their changes during storage.

Research Methods. The experimental studies were carried out in the
laboratories of the Department of Meat, Fish and Seafood Technology of the National
University of Life and Environmental Sciences of Ukraine (Kyiv).

Determination of physicochemical indicators of raw materials, as well as at
different stages of the technological process and the finished product was carried out
experimentally using standard methods of research.

Determination of mass fraction of moisture by drying at 100...105 °C, mass
fraction of fat by extraction method in the apparatus of Soxhlet, mass fraction of
sodium chloride by the argentometric method according to GOST 7636-85 [16].

Mass fraction of protein in accordance with GOST 7636-85 - determination of
total nitrogen by the Kjeldahl method. Ashing of the samples was performed on Velp
Scientifica series DK6 (Italy) with a vacuum pump (JP). Distillation was performed
on a steam distillation apparatus Velp Scientifica UDK 129 (Italy) [17].

Mass fraction of amino acids - by ion exchange chromatography on an
automatic amino acid analyzer Biotronik LC 2000 (Germany), the share of
tryptophan - colorimetric method after alkaline hydrolysis of the studied samples
[18]. The content of fatty acids - chromatographic method on the chromatograph
Dome 55 (Russia). The content of heavy metals (lead, cadmium, arsenic, mercury,
copper, zinc) was determined by atomic absorption spectrometry in accordance with
GOST 11885-96 [19].
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6.3. Development of freshwater semi-finished formulations and technology,
evaluation of their quality

It was suggested to harmonize flavor properties and mineral composition of
freshwater fish using seaweed — focus and kelp.
Studied formulations samples are given in Table 1.

Table 1
Samples of improvement of studied formulations
Order Ingredient Quantity
No. Sample No. 2 | Sample No. 3
l. Silver carp fillet 64.95 64.95
2. Gluten-free bread 3 3
3. Powder milk 5 5
4. Chicken eggs 5 5
5. Black pepper powder 0.05 0.05
6. Onion 3 3
7. Cooking salt 1 1
8. Water 5 5
9. Dried bread crumbs 3 3
10. Fucus 10 -
11. Kelp - 10
Total 100 100

The study of general chemical composition of the samples (Table 2) showed that
moisture content in the samples under the study is somewhat higher than in the
control one. Lipids content in the studied samples somewhat decreases after adding of
seaweed which can be explained by decrease of the share of the fish flash raw
material, protein content in minced meat decreases compared to the control sample
but not significantly.

Table 2
Chemical composition of studied samples
Studied sample | Moisture content, % | Protein content, % | Fat content, % | Ash content, %
Quick-frozen semi-finished food
Sample 1 (control) 46.20+0.37 18.10+0.18 6.30+0.24 1.05+0.05
Sample 2 39.40+0.30 19.30+0.10 7.20+0.30 1.11+0.04
Sample 3 52.80+0.45 18.70+0.20 6.50+0.26 1.08+0.06
Finished products
Sample 1 (control) 42.08+0.20 17.80+0.20 14.00+0.10 1.05+0.05
Sample 2 38.60+0.20 18.40+0.19 14.10+0.23 1.3140.04
Sample 3 48.90+0.20 18.10+0.20 13.90+0.10 1.28+0.06

The energy value of the semi-finished products and the degree of filling daily
energy need for the adult population of the II group of work intensity at the age of 18-
29 years are calculated. The results of calculations are presented in Table 3.

It can be seen from the data in Table 3 that the sample of recipe No. 1, 2 is
characterized by poverty energy value than the sample of recipe No. 2, which is due
to the high protein content of the developed products. When consuming 100 g of
product recipe No. 1 degree of meeting the daily energy needs for men of the II group
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Table 3
The energy value of finished products and the degree of filling daily need of the
adult population in energy

Studied sample | Energy Daily energy need, kcal | Degree of filling daily energy need, %
value, kcal men women men women
sample 1 197.2 7.04 8.96
sample 2 200.5 2800 2200 7.16 9.11
sample 3 197.5 7.05 8.98

of labor intensity at the age of 18 to 29 years is 7.04 %, recipe No. 2 - 7.16 and recipe
No. 3 - 7.05 %. For women of the II group, the intensity of labor at the age of 18 to
29 years is 8.96 % with consumption of 100 g of the product of recipe No. 1, recipe
No. 2 -9.11 % and recipe No. 3 - 8.98 %.

It is established in the process of the studies of minced meat rheological
properties that the studied sample with kelp, when hydrated in the ratio 1:4, attains
increased shearing stress at the seaweed weight fraction — 10 %, in comparison to the
control sample (Fig. 1) and attests to formation of elastic structure of minced fish
flash for rissoles. It is conditioned by increase of firmly bound moisture content and
solid consistency of modeling minced fish flash.

In the process of study of boundary shearing stress in the samples it was noted
that adding kelp to formulation composition of the rissoles has a significant influence
on the structure of minced fish flash which becomes more heavy, elastic compared to
the control sample and attests to practicability of using focus and kelp in the
technology due to their hydration ability. The functional connection y=f(x) is as
follows: control sample - y = 2,8571x? - 59,143x + 1022, semi-finished products with
fucus - y = -30x + 1186 and semi-finished products with kelp - y = 4,2857x* -
79,714x + 1268.

1400 .
& 1200 Z\__y=-30x+1186
2 1000
§ & 800 \ X
5 A y =4.2857x2-79.714x+ 1268 \ 3
o 600 : . "
] = 2_ +
g 00 {7 2.8571x2- 59.143x+ 1022
B 200
0

7 14 21 28 . 35
Storage duration, days

Fig. 1. Boundary shearing stress of semi-finished minced fish flash: 1 — control, 2
— with fucus, 3 — with kelp

For provision of a rationale for structural and mechanical properties and
studying their changes after heating minced fish flash, penetration was studied and
boundary shearing stress of the finished product was calculated.

Increase in penetration level was established in the finished products with
addition of seaweed compared to control sample (Fig. 2).
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Fig. 2. Functional connection of boundary shearing stress of fish rissoles: 1 —
control, 2 — with fucus, 3 — with kelp

It was found out that boundary shearing stress decreases when seaweed content
level increases in the finished minced fish flesh. The decrease of boundary shearing
stress after adding focus and kelp to the minced fish flesh could be explained by
increase of moisture retention ability and water-binding power which makes the
finished product fabricable that is tenderer, more succulent.

The research of physical and chemical properties of the studied samples
determined that pH-value of the studied samples is at the level of the control sample
(Fig. 3).

pH 5.9

5.7

5.6
5.5 Control
Fucus

5. Kelp
5.3

5.2

5.1

] T 14 21 28 35

Term of storage, days
Fig. 3. Active acidity in the studied samples with focus and kelp compared to the
control sample

&

In the process of heating decrease of water-binding power of fish flash occurs
which affects its hardness and yield. That is why they are main parameters of the
quality of semi-finished products and establish technological properties of the
products. The influence of hydrated focus and kelp on these functional and
technological properties of model compositions of minced fish flesh has been studied.

The degree of oxidative and hydrolytic changes of lipid substances in frozen
semi-finished products in the process of storage was evaluated according to acid-
degree value and peroxide index (Fig. 4 and 5).

Based on the data given in Figure 5 it is established that changes in the peroxide
number of lipids of semi-finished products during storage have a linear tendency to
increase, which indicates the accumulation of primary oxidation products - peroxides.
In the control samples of rissoles, the accumulation of products of fat hydrolysis
occurred more intensively than in the experimental samples.
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Fig. 4. Dynamics of changes of fat acid-degree value in the process of storage of
semi-finished products: 1 — control, 2 — with fucus, 3 — with kelp
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Fig. 5. Dynamics of changes of fat peroxide index in the process of storage of semi-
finished products: 1 — control, 2 — with fucus, 3 — with kelp

In the experimental samples, the accumulation of primary oxidation products
occurred less slowly than in the control ones. This is due to the fact that the control
samples of the cutlets contain more fat than the experimental ones due to the high
content of the fish raw material in the recipe and are characterized by a more
intensive flow of lipid oxidation and hydrolysis processes than the product with less
content (improved formulations), which is safe and suitable for consumption.

Conclusion

The proposed formulations of fish-based semi-finished products would permit to
spread the assortment of dietetic products. The second positive effect of application
of vegetative raw materials in minced fish masses is finding of one more method of
reprocessing of freshwater fish. The R&D work we performed would be continued
and should include the stage of development and optimization of technologies of
producing of fish products modified by vegetative raw.

It was shown experimentally that adding of vegetative raw materials in the mix
permits to increase its nutritional value. Absence of negative effects followed after
adding of vegetative raw into the minced fish mass permits us to recommend it for
consumption as the product of dietetic destination.
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KAPITEL 7/ CHAPTER 7.

FIRE AND EXPLOSION HAZARD OF BIOFUEL PLANTS
IO’KE’KOBUBYXOHEBE3IEKA IMUIITPUEMCTB 3 BAPOBHUIITBA BIOIIAJIMBA

DOI: 10.30890/2709-2313.2021-04-04-004

Beryn

brmuszpko 90 % cBITOBOrO CHOXKMBaHHA OlonanuBa MPUIAAAE CHOTOJHI Ha
6ioeTanou 1 6ioau3enb. CBITOBUMHM JliJIepaMH Yy Tally3l BUPOOHMIITBA O10ETAaHOIY €
CHIA, Bbpaszunis Ta €Bponeiicbkuii Coro3, B AIKUX BiH BUKOPUCTOBYETHCA B SKOCTI
OlomanuBa [JI1 aBTOMOOUIBHOrO TpaHcmopty. s BupoOHuUITBa OloeTaHOITY
BUKOPHUCTOBYIOTHCS PI3HOMAaHITHI BUAM CHPOBHHH, CUTBCHKOTOCTIONAPCHKI BiAXOIM,
IIyKPOBMICHI 1 KPOXMaJbOBMICHI KyJbTypH (TIIICHUIIS, IIYKPOBI OypsKH, KYKypy/3a,
IYKpOBH OypsiK, TOMHaAMOYp Ta iH.).

o 2030 poky B 3aJIeKHOCTI BiA TeorpadiuHOro poO3TallyBaHHS KpaiH
6ionanuBo mMoxe 3aiHATH BiA 10 10 30% CyKyNmHOTO €HEepPreTUYHOIO CIIOKUBAHHSL.
CyTT€eBOIO TIEpeBarol0 BHPOOHUIITBA 010€TAaHOIY € BUKOPHCTAHHS TOHOBIIOBAHUX
JoKepen eHeprii. 3rijgHo 10 3akoHOompoekTy Ne 3356 BepxoBHnoi Pamu, 3 aunus 2021
pOKy OeH3WH, BUPOOJICHHN B YKpaiHi, MOBUHEH Ha 5% ckiamatvcs 3 0ioeTaHoIy 3
MOANIBITUM HOTO 301IbIIeHHSM 10 6% B 2022 porti Ta 10 7% B 2023 pomi [1].

3arajpHa MOTY)XHICTh BHPOOHMIITBA Ol0€TaHONMY B YKpaiHl CKJIaJa€ HABKOJO
280 TuHc. T/pik [8]. BupoOHHMIITBA 3HAXOIATHCS TEPEBAKHO HA IIyYKPOBUX
H1TPUEMCTBAX.

3rinno 3 JlupextuBoro  2009/28/EC  OGioeraHon 1 Oloausenb, SIKH
BUKOPHUCTOBYIOTBHCSI Ha TPAHCHOPTHHX 3ac00ax B YMCTOMY BHUIUISAI ab0o B Cymilii,
MOBUHHI BIAMOBIJATH CTaHAAPTaM SKOCTI, BCTAHOBJICHUM Il 3a0e3MeUeHHS
ONTUMAJILHOI eKCIUTyaTtarlii gsuryHa [11].

3arBepmkenuit mocraHoBoro KabGinery MinictpiB Ykpainu Big 01.09.2013 p.
Ne 927 «TexHiuHmii periaamMeHT MO0 BUMOT JO AaBTOMOOILTRHUX OCH3UHIB,
JM3EJIbHOTO, CYJHOBUX Ta KOTeabHUX mnanuB» Ta Bumorn JCTY 7687:2015
JI03BOJISIIOTh BUKOPUCTaHHSI 00’ €MHOI 4acTku OioetaHosry 10 5% mpu BUPOOHHUIITBI
TpaauIiiHUX OeH3MHIB aBTOMOOUTBEHUX [5]. [locBig miampueMcTB KpaiH CBITY IIO
BUPOOHMIITBY OiOMajanMBa CBIAYUTH MPO JIOCTATHHRO BUCOKWU PIBEHb HAJI3BUYANHUX
CUTyallll y 3B’SI3Ky 3 MOXEXOo- 1 BHUOyxoOe3neyHIicTI0 mianpuemcTB. besneka
OTpUMaHHsI 010€TaHOJIy — aKTyallbHa ITpolsiemMa Npyu BUPOOHUIITBI OO OloMnaivBa.

7.1. Ilpu4yunu aBapii Ha OlONAJTUBHMX HMIANPHEMCTBAX

Uepe3 Tpu OECSATWIITTA MICIS HOBATOPCHKOI PO3pOOKH €TaHOJy 3 IIYKpOBOI
TpocTuHU B bpaswiii 3'sSBUBCS CBITOBHII OyM B raixy3i aBTOMOOIIBHOT O10MaIMBHOI
IPOMUCIIOBOCTI [14].

[Ipu HaA3BUUAWHUX CUTYAIlisIX Ha YCTAaHOBKAX 3 010MajgIMBOM MOKIIUBI aBapii 3
BOXKUMH HacliJIkamMu (pyidHyBaHHS MaiiHa, oOJajHaHHsS, 3a0pyJHEHHS JOBKLIUIA,
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TpaBMHU BUPOOHUYOTO NIEPCOHANTY Ta 1H.).

BcranoBneno, 1o mokexka € HAWOUIbII TOIIMPEHUM THUIIOM aBapii Ha
BUPOOHUIITBAX 010€TaHONIy, MEXaHIYHE MOIIKOKEHHSI OOJaJHaHHS € OCHOBHOIO
MPUYMHOIO aBapii. 3 METOI0 BHSIBICHHS PHU3UKIB KOHTPOJIOIOTHCS MPOIECH
BUpOOHUIITBA  OlomanmuBa Ha  CTaAli  MPOEKTyBaHHA Ta  EKCIUTyaTarlii,
BJIOCKOHAJIIOIOTHCA 3aX0/11 O€3MEeKH Ta HaBUYaHHS MEPCOHANY B 11l ray3i.

AmHani3 myOmiKaiiidi OCTaHHIX POKIB 3a OE3MEeKO TEXHOJIOTI BHPOOHUIITBA
0loeTaHOJTy JT03BOJISIE BCTAHOBUTH MOTEHIIIMHI pu3nuku moxexi [9, 10, 13]:

- CaMOHAarpiBaHHs CHUPOBUHHU a00 MOXITHUX TMOAPIOHEHUX MPOIYKTIB (T vac
3aTHpaHHS, HAIIPUKJIAA, KyKypya3u);

- CTBOpEHHs BHOyXxoHeOe3neuHoi atmocdepu (mapu abo NWIy) Ta PHUBHKY
BUOYXY B pe3epByapax;

- pU3UK TIOKEXKi, CIPUYMHCHUH HAJIMIpHOIO TEpeaadueto Teria J0 IPOIYKTIiB
Yyepe3 HEeCHpaBHICTh IKTU (mpu oOpoOIlll CHpOBHUHU) a0o0 cymapku (MpH CYIIIiHHI
3epHA);

- BUKOPUCTaHHS Ta 30epiraHHs pi3HUX JIETKO3aWMHUCTUX MPOYKTIB;

- BUKOPUCTAaHHS 1HIITMX HEOE3MEeUYHUX PEUOBUH (KUCTIOT, JTYTiB);

- 30epiranns razy (CO;) mija THCKOM;

- BIZICYTHICTh 3a3€MJICHHS, CKJICIOBAaHHS IS YHUKHCHHS EJCKTPOCTATUYHUX
HeOe3IeK;

- IOIIKO/KCHHSI MaTepialiB 4epe3 HECHPUSATIMBI HACHIAKA IOTOJHUX YMOB
(HampukJiaj, 30epiraHHsi CAPOBUHU Ha BIIKPUTUX MaljaHYHKaX).

Kpim Toro, HeoOXiJHO BpaXxOBYBaTH BJIACTUBOCTI BUX1AHOI CHPOBUHU (XIMIYHHUI
CKJIaJl, BOJIOTICTh, YMOBHU 30epiraHHsi Ta 1iH.), BiJ SKHX 3aJ€KHUThb MOXIIMBICTb
3aiiMaHHs 00 caMo3aiiMaHHS.

MoxnuBi aBapii 3 BUKHUJIAMH JIETKO3aHMHUCTUX PEUYOBUH, TOKCUYHUX Ta IIKUX
PEYOBHH, 10 MOXKE OYTH pe3yJbTaTOM Py MPUYUHH, TIOB'I3aHUX 3 TEXHOJIOTTYHUM
oOnagHaHHSAM, MAIIMHAMH, €KCIUTyaTalll€l0 KOHTPOJIbHO-BUMIPIOBATBHUX TPHUIIAJIIB.
Hampuknan, He3amoBibHA CHCTEMa KOHTPOJIO (YHpaBiIiHHS pPIBHEM, THCKOM,
TEeMIIepaTypoI0) MPU3BOIUTH 0 BIIXUJICHHS IIUX MMOKa3HUKIB Bl HOpMH [7].

Jlo HeGe3Mnek, MoB'sI3aHuX 3 ePEePOOKOI0 CUPOBUHU, BITHOCATRCS [15, 17]:

-BUCOKa poOoua TemriepaTypa abo Temmeparypa 30epiraHHs (THCKY), IO
MPU3BOIUTSH 0 MPOIIECY BTEUI;

- IEPETIOBHEHHS pe3epByapa, MOCyIUHH, peakTopa abo TaHKepa;

- HeMpaBUJIbHUM BUOIp 00JIaHAHHSI, TEXHIKU JIJISI IbOTO MPOLIECY;

- HE3aJ0BUIbHUI MOHTAX, OTJISi] TA TEXHIYHE OOCITYTrOBYBaHHS;

- BUKOPHUCTaHHs HECTaHAAPTHOTO 00JagHaHHs y BUOyXxoHeOe3neuHi armocdepi

Kpim TOro, HeoOX1JHO BUBYEHHSI JOCBIAY I1HIIMX BUPOOHULTB Ta BUSIBICHHS
HaOUIbIII BIpOTIAHUX 3aXOJiB Oe3rmeku ajisg yHukHeHHs aBapiit [13]. Jlo ocHOBHMX
dakTopiB 3aiiMaHHS Ha MIANPUEMCTBAX BUPOOHUIITBA O10€TAHOMY BIJIHOCSATHCA:
BIJIKpUTE TOJIyM's, OJIMCKaBKa, rapsiyi IMOBEpPXHI, NMPOMEHUCTE TEIUIo, KypiHHS,
pi3aHHs Ta 3BapIOBaHHs, caMo3aiiMaHHs 010€TaHOJy, CTATUYHA €JIEKTPUKA.
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7.2. MeTroau ynpasJiiHHSI pU3MKAMM IPY BUPOOHUUTRBI OlonajnBa

[Iporpamu ynpasmiaas O6e3nexoro mporeciB (PSM) BpoBapkyeThes B 6ararbox
XIMIYHHX, MEepepoOHUX raimy3sx 1 kommnaHiii y BcboMy cBiTi [12]. [Iporpama PSM
JI03BOJIsI€ BJOCKOHAJIUTH YIPABIIHHSA PU3MKAMH B MpOIeci BUPOOHUIITBA OionannBa
Ta CBIOYHUTH, IO CTAJIOTO0 BUPOOHHUIITBA OloMaJiiBa HEMOXJIMBO JOCATTH 0€3
HaJIS)KHOTO BpaxyBaHHS Oe3meku mporecy. Ha mpuxmami mpoueciB JTUCTUIIAINT Ta
3HEBOJHEHHSI €TaHOJIy Yy IporpaMi BHUKOPHMCTaHHI JOCHIKEHHS HeOe3MeKku Ta
npane3aatHocTi (HAZOP). Ananiz ne6esnexku (PHA), HeOe3neka Ta JOCHTIKEHHS
npanesgatHocti (HAZOP) Bnepiie BHUKOpUCTaHI Yy BHUPOOHUIITBI OlomanuBa.
[Iporpama 103BOJIsIE BUSBUTH HACHIJAKKA TOPYIICHHS — BHUMOTI O€3MeKH Ha
OlomepepoOHUX 3aBOIAX.

Ananiz HAZOP nepenbauae, mo HeOE3MEKU BUHUKAIOTh HA TEXHOJOTTYHIN
YCTAHOBIIl Yepe3 BIAXUIICHHS BiJl MPOCKTY a00 BiJ] TEXHOJIOTIYHOTO PETIaMEHTY.

Komanna pusaiiHepiB Ta omepaTopiB CHCTEMATUYHO BHSBISE€ MPUYUHU Ta
HETaTHBHI HACTIIKW JUIS BCIX MOXJIHMBUX BIIXHJICHb BiJl HOPMajbHOI POOOTH, SKI
MOXYTh BHHHKHYTH Y KOXHOMY BIIJUJICHHI MIANPUEMCTBA. 3aBISKH aHAII3Y
HAZOP, xomanga exkcneptiB HAZOP 3ampononye pekomeHaarii BUPOOHHKY
€TaHOJTy JIJISl X BUKOHAHHSI.

Ananiz HAZOP — tpynomictkuii miporiec. [Ijisi 3MEHIIICHHS HAaBaHTAXEHHS Ha
komanay HAZOP nocnigHunbkoro Tpymnoro yHiBepcutery llinxya po3poOiieHo
po3ymHe mnporpamHe 3abesneueHHs PSMSuite® — 3pyyna nporpamHa miatdopma
JUIsl YOpaBIIHHA 3HAHHSAMU, OpraHizamii JaHuX, MEeperyisiay 3amuciB IicTopli Ta
re”epaiii 3BiTy. Lle mporpamue 3a0e3nedyeHHs MOXKe€ €(PEKTUBHO BIOCKOHAIIOBATH
podotn mix uyac HAZOP mnporpamHoro 3abesnedyeHHs. BcranoBineno 56 %
HECHIPUSATIMBUX CUTyallldi BUHUKHEHHS TMOXeX Ta BuOyxiB. Kpim ToOroO,
nociikeHHsMu HAZOP Buznaueno 22 % crieHapiiB BUpOOHHYMX BTPAT CUPOBUHU
Ta MPOJYKTIB, K1 HE BIJMOBIIAIOTH CEPTUDIKATY.

Jlo HecnpusTIMBUX CUTyallli HaJleXaThb BIIXOAW, BTpaTa MPOMIKHUX
MPOJYKTIB, Jerpajaiis MNPOAYKTYy Ta TMOIIKO/HKEHHST OOJaJHaHHS 4Yd MpUIany.
BusznayeHo, 1o pocianHa CUpOBMHA JJiE BUPOOHMIITBA O10€TAHOJIYy MOBHHA MPOUTH
perenbHe oOcTexkeHHs MeTojioM HAZOP. Ilporpama PSM n03BoJisi€ BAOCKOHATUTH
yIIpaBJIIHHS pU3UKaMU B Mpolieci BUPOOHMIITBA OlomaauBa.

7.3. Bu3HaYeHHs OCHOBHUX KPUTEPIIB 32 BHOYXOMOKEKHOIO TA MOMKEKHOI0
He0e3MeKo10 y BUPOOHUIITBI OioeTaHO. Ty

bioeraHon 3a cTymeHeMm BIUIMBY Ha OpraHi3Mm JIOAMHHM BITHOCUTHCA A0 4-TO
kiacy HeOesneku BignmoBigHo g0 ['OCT 12.1.007. TI'pannuHO jgomycThMa
koHnentpaiisa (['JIK) mapiB OioetaHony B MOBITpI poOOYOi 30HM BUPOOHUUUX
HIPUMIILEHB 110 eTUIIoBOMY cripty — 1000 mr/m® Bigmosigro mo TOCT 12.1.005.

bioeranon mae HapKOTHYHY J110, MA€ 37aTHICTh MPOHUKATH YEPE3 MOIIKOKEHY
wkipy [2, 3]. Bioetanon — nerkosaiiMucra piguna, Temmeparypa saiimanas — 13 °C;
Temreparypa camosaiiMmands — 404 °C. Temneparypni Mexi BUOYXOBOCTI HapiB B
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noBitpi: HuxkHINA — 11 °C. Bepxniit — 41 °C. KonuenTpanuiiini Mexxi BUOYX0BOCTI Ipu
101.3 kI1a (760 MM pT. cT.) — 3.6% 006. — 19.0% 00. [4].

[ToxkexxHa HeOe3MeKa TEXHOJIOTTYHOTO MPOLECY OLIHIOBAETHCS PO3PaXyHKOBUM
a00 eKCIepUMEHTAIIbHUM ILUISIXOM, IIPU SIKOMY BHU3HAYalOThCS HAJUIMIIKOBUN THUCK
BUOYXy JUIsl MapiB JIETKO3aWMUCTHX Ta TOPIOYUX PIAMH B NPUMILIEHHI a00 po3Mip
30H, OOMEXEHUX HIKHBOT KOHIIEHTPAIIIHOT MEXer0 MOLINPEHHS MOIyM'sl apiB.

[Topsanok po3paxyHKy 3HaY€Hb KPUTEPIiB 32 BUOYXOMOKEKHOIO Ta MOXKEKHOIO
HeOe3nekoro npeactasiaeHo y JJCTY b B.1.1-36:2016 [6].

HapnumkoBuit Thck BUOyXy 11 mapiB Jierkozamuctux (JI3P) ta roproumx
piauH (I'P) Bu3Ha4aeTbes 3a GopMyIioL0:

APmax :(Pmax_PO)'V mZIC,OO K (1)
BLIbH 'pn. em n

ne P — MaKCUMaNbHUN THCK BUOYXY CTEX10METPUYHOI MAapOMOBITPSIHOT
cyMmill y 3aMKHyTOMY 00’ eMi, kl1a.
MaxkcumanbHUI TUCK BUOYXY BU3HAUAETHCA:
_ Y b Ty (2)
max X - TO

7€ ¥ — KUIbKICTh MOJICH PEUOBHHU TIICIIA BUOYXY (BU3HAYAETHCS 3 PIBHSIHHS

MOBHOTO OKWCJICHHS OJTHOTO MOJISl TOPIOYO1 PiIMHK);

T’ — Temmiepatypa BUOyXy, Ju1sl OUTBIIOCTI peuoBUH 0au3bko 1500 K

X — KUTBKICTh MOJIEH PEYOBHH J0 BUOYXY, (BUBHAYAETHCS 3 PIBHSIHHS ITOBHOTO
OKHCJICHHSI OJTHOTO MOJISl TOPIOUO0T pEYOBHHN);

T) — movaTkoBa Temmeparypa, K;

Py — armocdepnuii tuck, klla (P,=101,3 klla);

m — Maca mapiB O0l0€TaHONy, IO MOTPANMIN B PE3yJbTaTi pO3PaxXyHKOBOI
aBapii 10 00’ eMy NPUMIIIEHHS, Ky BU3HAYAIOTh JJIs apiB 3a GOPMYJIIOL0:

m = WyFqt, 3)

ne W — IHTeHCHBHICTh BUIIAPOBYBAHHS, KI*C™ M2

Fé — nnoma BUnapoByBaHHS;

T, — TPUBAJIICTh BUIIAPOBYBaHHA OioeTaHoiy, npuiiMaeTbest 3600 c;

Z — xoediuient yuacti napiB JI3P y Bubyxy (s 61oetanony Z = 0,3);

Veinon — BiIbHEEA 00° €M nipumitieHHs (0,8 Vipmy ), M*;

p. — ryctuda mapis JI3P 3a po3paxyHKOBOi Temmeparypu t,, (Kr M>), mio
BU3HAYAETHCS 32 POPMYJIOFO:
_ M 4
¥, - (1+0,00367¢,)

Py

ne M — monsipHa Maca eTaHomy, 46 KI/KMOJIb;

Vy — MonbHul 06'em, 1m0 gopiBHIOE 22,413 M>/KMOJIB;

t, — pO3paxyHKOBa TEMIIEpaTypa.

[aTencuBHicTh BunapoByBaHHs JI3P Bu3HauaeThes 3a GopMyIior0

W, =10"°-P, /M (5)
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ne P,— THCK HaCUYEeHMX MapiB
M — monsipHa Maca eTaHomy, 46 KI/KMOJIb
Tuck HacuueHuX MapiB 010€TAHOIY MPU PO3PAXYHKOBIM TeMIIepaTypi:
(2] g
P, =0133-100 "

ne A, B, C4 — KOHCTaHTH AHTyaHa, IO 3aJieXaTh BiJl BIACTUBOCTEU PiTUHM,
NPUPMaIOTHCS 32 TOBITHUKOM;
t, — pO3paxyHKOBa TeMIepaTypa.
Con — CTEXIOMETpPHYHA KOHIIGHTpaAIliss mapiB ertaHomy, % (00.), 1m0
BU3HAYAETHCS 32 (HOPMYJIOIO:
_ 100 (7
" 1+484- B

1e [/ — cTeX10MeTpUYHUM KOe(IIIEHT KUCHIO B PEaKIlli TOpIHHS:
o —n (8)
f=nc+—"———~
4 2
1€ N, Ny, Ny, Ny — aricio aTomiB C, H, O Ta ranoreniB y moneky:i mapis JI3P
(mms 6ioeranomny n.=2; n,=6; n,=1);
Kn — xoedimieHT, 110 BpaxoBy€ HETEPMETUYHICTh MPUMIIICHHS (MIPUHMAETHCS
Ku=3).

3a po3paxoBaHHWM 3HAYCHHSIM HAJIMIIKOBOTO TUCKY BHOYXy mapiB 0i0€TaHOIY
3a ¢opmynow (1) BU3HAYAIOTH MOKJIMBI HETaTUBHI HACHIIKK BUOYXY s
00CITyrOBYIOUOTO MEPCOHANY, a TAKOX CTYIIHb PyWHYBaHHS OyiBii, KOPUCTYIOUHCH
JTOBIIKOBUMH JTAHUMH.

Bu3sHaueHHsT HAJJIUIIKOBOTO THUCKY BHOYXY Ja€ MOXIUBICTh CBOEYACHO
BHKOHATH OpraHi3alliiHO-TeXHIYHI 3aXO0JU JJISA TOINEPEHKCHHS Ba)XKKHUX HACIIJIKIB
JUI TIepCOHAIy, a TaKOX OyiBelb, CHOPY/ 1 00IaJHaHHS.

[Tpu poboTi 3 6i0€TaHOIOM MMOBUHHI OyTH BUKOHAHI BUMOTH 3a TEMIIEPATypOIO B
npuMinieHHi 1 BmictoM mapiB. [lpumimenHs mnoBuHHO OyTH oOJagHaHE
3araJbHOOOMIHHOIO  TMPUIIMBHO-BUTSKHOIO ~ BEHTWJIAIIEI0 3 MEXAHIYHUM
CIIOHYKAHHSIM. OO60B‘s13K0Ba repMeTu3aItis BUPOOHUYUX MPOIIECIB.
BubyxoneOe3neuni KOHIIEHTpallli B MPHUMINICHHSIX BU3HAYAIOTh 32 JOIMOMOTOIO
ABTOMATUYHUX CTAL[IOHAPHUX CUTHaNII3aTOpiB. EleKkTpooOnagHaHHS MOBUHHO OYyTH
BUKOHAHO y BUOYXOHEOE3[1€YHOMY BUKOHAHHI.

BucHoBKH

Ha ocHOBI aHANITUYHOTO OTJISAY BHUKOPUCTAHUX JIKEPET BCTAHOBIICHO, IO
MOKeKa € HAMOUIbII MOIIMPEHUM THUIIOM aBapii Ha BHUPOOHMIITBAX Ol10€TaHOIY.
MexaHiyHe TOIIKOJKEHHSI O0JIaJIHaHHS € OCHOBHOIO MPUYMHOIO aBapiil. 3 METO
BUSIBJICHHSI PU3HMKIB KOHTPOJIIOIOTHCS MPOLIECH BUPOOHMIITBA OlomajivBa Ha CTajii
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IPOEKTYBaHHS Ta €KCILTyaTaLli.

[Iporpama PSM no3Bosisie BAOCKOHAIWTH YIPABIIHHA PU3HKAMU B IPOLEC]
BUpPOOHUITBA OlomajuBa Ta CBIQYUTH, WLIO0 CTaJOro BUPOOHMIITBA OlomayivBa
HEMOJKJIMBO JOCATTH 0€3 HaJIe)KHOTO BpaxyBaHHs Oe3MeKu MpoIiecy.

Bu3HaueHHsT HAJJIUIIKOBOIO THUCKY BHOYXY Ja€ MOXIIMBICTh CBOEYACHO
BUKOHATH OpTaHI3alliifHO-TEeXHIYHI 3aXO[ [Js TOMEPEeIKEHHS BaXXKUX HACIIIKIB
JUI TIEpCOHAITy, a TaKOX Oy/1iBelb, CIOPY/[, 00JIaJHAaHHS Ta JOBKIJIIS.

[Ipumimenuss  BUpoOHMITBA  Ol0€TaHONY TOBUHHO OyTH  oOJsagHaHE
3araJbHOOOMIHHOIO  TMPUIJIMBHO-BUTSKHOKO ~ BEHTWJISILIEID 3 MEXaHIYHUM
CTIOHYKaHHSIM Ta aBTOMAaTUYHUMH CTalllOHAPHUMHU CUTHAJI3aTOpaMu i BU3HAUYCHHS
BUOYyXOHEOE3MeuyHnX KOHLEHTpaliid. EnexkrpooOnanHaHHsS TOBUHHO OyTH Y
BUOYXOHEOE3eYHOMY BUKOHAHHI.
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KAPITEL 8/ CHAPTER 8.
DESIGNING CLASSES AND SUBCLASSES ONTOLOGY BUSINESS

ARCHITECTURE DIGITAL AGRICULTURAL ENTERPRISES
NPOEKTUPOBAHUE KJIACCOB U TTOJIKJIACCOB OHTOJIOT MM BUSHEC-APXUTEKTYPbI
A ®POBBIX CEJIbCKOXO3SIICTBEHHBIX ITPEUTPUATHIA

DOI: 10.30890/2709-2313.2021-04-04-041

Beenenue

CtpemutenbHOE pa3BUTHE MUGPPOBBHIX TEXHOJIOTUN M BHICOKAS KOHKYPEHIIUS Ha
pPBIHKaX TOBAapOB M YCIYr 3aCTaBIIAIOT arponpombinuieHHbld Komiuieke (AITK)
UCIIOJIb30BaTh HEOCHOpPUMBIE MPEUMYINECTBA JTHUX TEXHOJIOTHM, MEHAThCA H
NOJICTpauBaThbCsl MOJA WH(MOPMAIMOHHO HACBIIIEHHYIO Cpely, HapaliuBas CBOU
KOHKYpEHTHbIE TIpeuMyliecTBa. Tak, TexHosioruss uHTepHeTa Bemied (IoT) B
pe3yibTaTe aHali3a TOYHBIX M CBOEBPEMEHHBIX JaHHBIX CO3Ja€T HOBBIE
BO3MOXHOCTH JIJISl IPEANPUATUN [0 PACIIUPEHUIO CIIEKTPa CBOUX YCIYT, CONMKEHUIO
CO CBOMMH KJIMEHTaMH, YJIy4ylleHUI0 OusHec-mpoueccoB u auddepeHunanuu ux
MPEIOKCHU Ha pBhIHKE, OOecrednBas MPU 3TOM PEKHUM PEaTbHOTO BO3BpaTa
MHBECTULIUA U OKynaeMocThb [1].

PemaromumM ycinoBHeM TMOJTy4YeHHS BBICOKOTO pe3yibrara B 1U(PPOBOI
YKOHOMUKE SIBJISFOTCSI HE CTOJBKO CaMu IU(POBBIC TEXHOJIOTHH, CKOJHKO HOBBIC
MOJIEIM YIPABICHUS. DTO MPEANOoiaraeT peain3aluio Ha NPaKTUKE MPEUMYIIeCcTBa
HOBBIX 3HAHWN W WJEW HaJ OCHOBHBIMU (OHJAMH, BBICTPAMBAHUEC AJANTUBHBIX
OM3HEC-IIPOLIECCOB, MOOWMJIBHOCTh  UCIIOJIb30BAaHUS ~ PECYpPCOB,  HAIEIEHHOCTh
nudpoBoit  TpaHchopmamuu  OU3HEC-TIPOIECCOB  HA  peai3alliil0  HOBBIX
SKOHOMMYECKUX MOJICJICH W MPUHIUIIMAIBHO HOBBIX CHCTEM YIPABJICHUS, KOTOPHIE
CTaJIM BO3MOKHBI TIOCJI€ BHEIPEHUS IU(POBBIX TEXHOJOTUH [2].

Buenpenue mudpossix Texnonoruit B AIIK tpebyer co3ganusi npuHUIMIIAAIBEHO
HOBOM OHM3HEC-apXUTEKTYpbl LHUQPPOBBIX CEIbCKOXO3SUCTBEHHBIX MPEANPUSITHIM.
OnHako HE TOJIBKO MPEACTABUTEIMN CEIbCKOXO3IMCTBEHHBIX KOMILIEKCOB, HO JaXKe
npeacrasutenn UT oTpaciu He MOryT CXOAy OINPENENIUTb, K KaKUM pe3ysibTaTaM
MPUBENET BHEIPEHUE TONW WM HWHOW TEXHOJOTMM YMHOIO 3eMJIENENusl, Kakoe
yCTpOMCTBO  Hambojee  IelecooOpa3HO  IPUMEHHTh B OIPEASICHHOM
CEIHCKOXO3SIMCTBEHHOM NIPEANPHATHN U KaK CBA3aTh B A (PEKTHBHYIO CeTh OM3HEC-
00BeKTHI U «Benwm» n3 Muteprera Bemieit [3]. [lpuunHO# 3TOTO SIBIASETCS OTCYTCTBHE
pedepeHCHBIX  MOJENEeH  apXUTEKTyphl  HU(PPOBBIX  CEITBCKOXO3SMCTBEHHBIX
NPEeANpUATUNA, 4TO OOBSCHSAETCSA, B CBOIO OY€pelb, OTCYTCTBHUEM OOIICTPUHSATHIX U
OOILIENMPU3HAHHBIX MOJIENel B3aUMOJEHCTBUS U  (PYHKIIMOHMPOBAHUS;, OOIIEH
apXUTEKTYphl HMHTEpPHETA BELIEH; NPUHIMIIOB XpaHEHUs Nepenadyd u o0paboTKu
JAHHBIX; MPUHIIMIIOB TOCTPOEHUS MPHUIIOKEHUU, KOTOpbIe Obl MO3BOJUIM OTHECTH
CUCTEMY K KJlaccy cucteMm MHTepHeTa Belei.

[IpoBeneHHBIN aHAIU3 CYIIECTBYIOIIMX HCCIENOBAHUM B 00JIaCTU WHTEpPHETA
BEIIE B CEIbCKOXO3SMCTBEHHBIX MNPEANPUSATUAX JOKa3al aKTyaJbHOCTh U
HE0OXO0AMMOCTh (hOpMaNTH3aIMU JAHHBIX MPEAMETHON 00JIACTH M CO3/IaHUE TUTIOBOM
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OM3HEC-apXUTEKTYphl U(GPOBOTO CEIbCKOXO3SIMCTBEHHOTO mpeanpustus [4, 5].
Pemute 3Ty mpobieMy MOKHA OHTOJIOTHYECKAsh MOJENb apXUTEKTYPhl MU(PPOBBIX
CEJIbCKOXO3SIMCTBEHHBIX NPEANPUATUN U €€ BAXKHEWINAsT COCTABIISIIONIAS — MOJIEIIb
OM3HEC-apXUTEKTYPHI.

[IpoexTupoBaHue OU3HEC-aPXUTEKTYPhl MPEANPUATUS MOKET paccMaTpUBATHCS
KaK CBOEro poOJa aKKyMyJISIIUS 3HAHUMW U JAHHBIX O MpPEAMETHOM o00JacTu u
peanu3anuu ux oduieil mojaenu. Mojenb 3HaHUl - 3TO MOJEIb LieJIEHANIPaBICHHOTO
nporecca MPUMEHEHUs LEJOCTHOTO JIMYHOCTHOTO WM KOJUIEKTUBHOIO 3HAHUS H
IIEJIOCTHOTO TPEAMETHOTO 3HAHWsI, HAMPABICHHBIX Ha OOBEKTHI ISl TIONyYCHUS
TpeOyemMoro pesyibraTa MPOU3BOACTBEHHON JAedarenbHOCTH. OHTOJIOrHYecKast
MOJIeTIb 3HAHUW — 3TO MPEACTaBICHHUE HEKOTOPOM 00JacTH 3HAHHUM C MOMOIIBIO
KOHIIETITyaTbHOU cxeMbl. OOBIYHO Takas CXeMa COCTOMT M3 CTPYKTYphl JTaHHBIX,
coJieprKalleil Bce peleBaHTHbIE KJIacChl OOBEKTOB, UX CBSA3H U MpaBuUiia (TEOPEMBI,
OTPaHUYECHMUS ), MPUHSTHIE B 3TOM o0nactu [6].

I[Io cpaBHEHWIO C TpPAAWMIUMOHHBIMM METOJAMHU TJIABHOM OTJIWYUTEIbHOU
OCOOEHHOCTBIO OHTOJIOTMYECKOTO IMMOAXO0Aa, MOJYYMBIIETr0 B TIOCIETHEE BpeMs
IMPOKOE PACHPOCTPAHEHUE, SIBISECTCS BO3MOYKHOCTD MPEJICTABICHUS ONPEACICHHOM
(a He moapazymeBaeMoil), GopMaNibHOW W TOAIEPKUBAEMON KOMIBIOTEPOM
CEMAHTUKH TMOHATUA MOJENM 3HAHUM, TO €CTh JeTajlbHOW (QopMamu3aluu
OTIPE/ICICHHOM 001aCTH 3HAHUA.

OHTOJNIOrMYECKU TMOAX0J, B CBOIO Oudepeib, 00JIaJaeT psAIOM MPEUMYIIECTB,
TaKUX KaK: YHHUBEPCATbHOCTh W CIIOCOOHOCTh OMNMUCAaTh Pa3IMYHBIE ACHEKTHI
APXUTEKTYPhl MPEANPUATHS; JErKask aJallTUPYEMOCTh U JOIMOIHAEMOCTb, IPU 3TOM
rIIyOMHa MPOPA0OTKU OTACIBHBIX ACHEKTOB OMPEACISIeTCs] HEOOXOAMMOCThIO U HE
pPErJIaMEHTUPOBAHA METOJIOJOTUEN; HMHTETPAlMEN TOHATUS PA3JUYHBIX aACIEKTOB
APXUTEKTYPhI NPEANPUATHS U CHCTEMATU3ALMEN NOHATHIHOTO anmapara.

Kpome Toro, ontosornueckass MOAEAb JOCTyNHA JJisi IIOHMMAaHHUS U
KOPPEKTUPOBKK  Om3Hec-apxutektopam u  UT-cmenmanucram,  mpemiaraet
BepOaJIbHOE MpPEACTaBICHUE KAaTeropuil MmpeaMeTHoll obnactu opranuzanuu. [lpu
ATOM OTJIEJbHBbIE ACHEKThl APXUTEKTYPhl MPEINPUSATHUS MOTYT OBbITh ONMUCAHBI Ha
OPYTUX S3bIKaX MOJEIUPOBAHUSA, C HCIOJb30BAHUEM IIOHSATUN, BBEICHHBIX B
OHTOJIOTUYECKOW MOJIEIH.

Kommuiekc OHTONOrMYeCKUX MOJENEN IO3BOJIAET BBICTPAMBATH B3aWMOCBS3HU
CEpPBUCOB U MPUJIOKEHUN HAa Pa3HBIX YPOBHAX apXUTEKTYpbl. BaxkHO, YTO OHTOJIOTHH
MIPUTOJIHBI JIJIS TPAHCIISILIMKM B MPOYMUE SA3BIKKA OMUCAHUS, IPUHATHIEC MPU pa3paboTKe
pasnuyHBIX WHGOPMANMOHHBIX cucteM, Hampumep, UML wmu XML. Iloatomy
OHTOJIOTUYECKUNM TOAXO0M OBLI TPHU3HAH IIEIeCO00pa3HbIM I TPOCKTHPOBAHUS
OM3HEeC-apXUTEKTYPhI IUPPOBHIX CEITHCKOXO3IUCTBEHHBIX MPEITPUITHH.

AKTyaldbHOCTh  HCCJIENOBaHUS  OOyCIOBJI€Ha HEOOXOJMMOCTHIO  TOMCKA
3G(EeKTUBHBIX METOAOB  (POPMAIM30BAHHOTO MPEICTABICHUS APXUTEKTYPHBIX
MoOJeNiel Tpu BHEAPEHUU IUPPOBBIX TEXHOJIOTHM B CEIBCKOXO3SIMCTBEHHBIX
OpraHu3alMsIX B CUJIY CIOXHOCTH, MHOTOMEPHOCTH M PAa3HOPOAHOCTU OOIIMX CXEM
APXUTEKTYPBI MPEANPUATHS.
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8.1. ITogxoapl K OHTOJIOTMYECKOMY NPOEKTUPOBAHUIO

JIist  TocTpoeHWsT  OHTOJIOTMM — WCIIOJh30BaJIaCh  KOHIIETIHS  OBICTPOTO
nporotunupoBanus. [Ipy 3TOM mIaHUpOBaHWE BBHIMOTHACTCS 10 Hadaja pa3pabOoTKH,
KOHTPOJIb U TAPaHTUU KayecTBa OCYIIECTBISIIOTCS B IpOIEcce pa3paboTKU, ONepaliuu
[0 HAKOIUICHUIO 3HAHUW BBIMOJTHSAIOTCS HA CTaAUM KOHIICTITYaTU3allMH, YTOOBI
n30exath omuboK Ha ¢aze peanuzanuu. OCHOBON OHTOJOTUU SBIISCTCS TOJIC 3HAHHIM
— 93TO HEKOTOpPO€ HArjJsgHOE YCIOBHOE, YacTo ciadbo-(hopMain3zoBaHHOE
npejacraBieHre. BxiatoyaeT B ceOsi OCHOBHBIE OOBEKTHI (KOHIIENTHI), MPEAMETHOM
o0JlaCTH U CBS3M MEXIy HUMHU. SIBIsieTcs OIHUM U3 CHOCOOOB HArJISAHOIO
MPEJCTaBIICHUs] 3HAHUM, HEOOXOAMMOro sl Jiydiiero noHumanus. [lone 3HaHui
dhopMupyeTCsl PpU CTPYKTYPUPOBAHUU Pa3pO3HEHHBIX (pparMeHTOB 3HaHUN. OOBIYHO
ero (GopMHpoBaHME HAYMHAETCA C BBIABICHUS KOHIICOTYAJIBHOM CTPYKTYPHI
MIpeaIMETHOM 00JIacTH.

B ocHOBe NpPOEKTUPOBAHUS JIEKUT META-OHTOJOTHS, KOTOpAsl OIKCHIBAET
HanOoJiee 001IMe MOHATHS OpraHnu3aIi. MeTa-OHTOJIOTHS — 3TO €IUHAsT OHTOJIOTHS
pazziensieMoil KOHLENTyalu3aluyd MpeaIMeTHON obsactu opranuzauuu. Mera-
OHTOJIOTUS JETaIU3UPYeTCs TMpU TMOMOIIM OHTOJIOTMM MNPEIMETHON 00JacTH,
KOJIMYECTBO KOTOPBIX OTPAaHUYMBAETCS JIMIIL II€J€CO00PA3HOCThIO TITyOUHBI
JIEKOMITO3ULIMM. B KayecTBe MPUKIATHOW OHTOJOTMM HaMU OblIa CO3/1aHa MOJENb
OM3HEC-IIPOLIECCOB U MH(POPMALIMOHHBIX OOBEKTOB TUIIOBOTO Npeanpusatus. Jlannas
MOJIENb JACTAIM3UPYET YacTh IOHSITHUI METa-OHTOJIOTMHU, OTHOCAIIMXCS K CJIOIO
OM3HEC-TIPOIIECCOB APXUTEKTYPhI MPEITTPUSITH.

B  onTONOrMEM  mOpeanpusTHS ~ OPAKTUYECKH  OTCYTCTBYIOT  OINHCAHHS
TEXHOJOTUYECKOTO YPOBHS, YPOBHSI UHTEPHETA BEIEH, OJHAKO MMPU MPOESKTUPOBAHUU
APXUTEKTYPHI IUGPPOBBIX CETHCKOXO3SHUCTBEHHBIX MPEINPUATUHN CIEAYET YIUTHIBATh
U 9TOT YPOBEHb, SIBIISIOMIMICS 0a30BBIM 7l OOECIEYCHHUS] MHTEPOTNEPaOeTbHOCTH
IPOU3BOJICTBEHHBIX KHOephu3myeckux cucteMm. lcnonb3oBanue pacmmpeHHOM
OHTOJIOTHHU TMPEANPUATUS O00ECIEYUT MEKOPraHU3AIMOHHOE B3aWMOJIEHCTBHUE, a
TaK)X€ TMOBBICUT MH(DOPMAIIMOHHYIO TTPO3PAYHOCTh B YaCTH MPEACTABICHUS TaHHBIX,
HEOOXOJMMBIX B MPOLIECCE MPUHATHUS PEHICHUN O CO3MaHUU U (PYHKIIMOHUPOBAHUU
CTPYKTYpbI HHTEPHETA BELIEH.

JUnst  pacmiMpeHHsi OHTOJIOTMHM MpPEAJIaraeTcsl HCIOJb30BaTh pedepeHCHbIe
MOJIENIM U apXUTEKTYypbl UHTEpHETA Bellel. PedepencHas Moaens m000H CUCTEMBI,
dakTHUeCcKH, TPENCTaBiIsIeT CO0OM TPEIMETHYIO OHTOJOTHIO, BKIIOYAIOIIYIO
B3aMMOCBSI3aHHBIA HAOOp TMOHATHM, UX omnpeneineHuid. PedepencHsie Mozenu
WHTEpHETa BEIIe OMUChIBAIOT Kak aOcTpakTHyio loT-cuctemy (apXuTekTypy,
AMEMEHThl M (PYHKIIMM TAaKOW CHUCTEMBI), TaK W OOIIME MPUHIUIBI MPOOJIEMHOM
oOnmacTu wHTepHeTa Bemied. Mcmonb3oBaHue pedepeHCHBIX MOJENe HHTepHETa
BEILIECH ISl pacClIMPEHUs OHTOJOTHM MPEAIPUATHS MPEACTABISAECTCS BO3MOXKHBIM 10
CICAYIOUIMM MPUYMHAM: MOJEIH  CO3HAIOTCS  JKCIEpTaMH, YYEHBIMH H
MPEJACTABUTEISIMA ~ UHIYCTPUU  (MEXKIAYHAPOJHBIMU  OpraHW3alUsIMU WU
MIPOMBIIUICHHBIMA KOHCOPLIMYMAaMH) U OTPa)karoT 00Ilee MOHUMaHUE MPOOIEMHOM
00JIaCTH; MOJEIM UMEIT JOCTaTOYHO BBICOKMIA YpOBEHb aOCTpaKIMH, OMHCAHHE
WHTEpHETa Belled mpeAcTaBiseTcss Oe30THOCHTEIBHO CIOCOO0B peamn3alui,
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TEXHOJIOTUH U CYIIECTBYIOUINX MPOTOKOJIOB.

Tax, apxutektypHbili KOMuTeT Becemupnoro ¢opyma no Murtepuery Bemiei [7]
IPEJCTaBUI CIEAYIOUIYI0 peepEeHCHYI0 MOJEIb MHTEPHETA BELICH, COCTOAIIYIO U3
cemu ypoBHeill. Ha mepBoMm, camMOM HIKHEM YPOBHE pacroyiaratroTcsi (pusnueckue
YCTpOMCTBA M KOHTPOJIJIEPhl (0OBEKTHl MHTEPHETA BElEeii); Ha BTOPOM YPOBHE —
KOMMYHHUKAIIMOHHO-BBIYUCIUTENbHBIE OnokM. Ha  TpeTheM ypoBHe HaxomsTcs
rpaHUYHbIC BBIYMCICHUS Ul aHAJIM3a U TpaHCPOPMALMU JAHHBIX; Ha YETBEPTOM
YPOBHE — XpaHWIUIIA, B KOTOpbIE MPOUCXOAUT HAKOIUIEHWE IAHHBIX, Ha IISATOM
YpOBHE — arperanusi JaHHbIX; Ha IIECTOM YpOBHE pAacloiaraloTcs MPUIOKCHHUS
(oT4eThl, aHAIMTUKA, MAHHBIE KOHTpoJis). M HakoHel, Ha TOCIETHEM, CEIbMOM
yYpPOBHE — COBMECTHasi paboTa 1 OU3HEC-TTPOIECCHI.

8.2. [IpoekTHpoOBaHNe KJIACCOB H HEPAPXUH MOKIACCOB OHTOJIOTMYECKOM
MoIeJ TN

OnHYMM U3 HaYalbHBIX 3TANOB IOCTPOEHUS OHTOJOTHYECKON MOJEIU SBISETCA
BBIJICJICHHE KJIACCOB MPEIMETHOM 00JIaCTH M OpraHU3alks UepapXUU UX MOAKIACCOB
[8]. PaccMOTpeB OCHOBHBIE COCTABIISIIOUIME CJIOS OW3HEC-ApXUTEKTYpPbl, OBLIN
BBIJICJICHBl  cleAyromue moHsATus: 3arpartel, Kananel mnpogax, KimeHTsl,
[TocraBmuku, IIpogyktsl, Pecypcwl, Cornamenus. OTH TOHATHS U OyIyT
NpEJCTaBIsATh KJIACChl OHTOJOTMYEcKOM wmojenu. ['pad kimacca «ApXHUTEKTypa
NpEeAnpuATUs», pa3pabOTaHHBI B MporpaMMHON cpene Protege, oToOpakeH Ha
pucyHke 1.

Tenepr mnoapoOHee pa3zdbepeM HEpapXUUECKYI0 CTPYKTYpy KJIacCOB H
IIOJIKJIACCOB OHTOJIOTMYECKON MOJENH.

Knacc «3aTpaThi» OTpaXkaet OCHOBHBIE MIPOU3BOJCTBEHHbIEC "
HEIMPOU3BOACTBEHHBIE U3ACPKKH MPEITPUITHSL.

as subclassf
CornmawedHmAa

as subclass |
[‘Apxm-rer:wpa

___.__———-——_’_—_?ra_s—.subclass
NEeLnPranda L

has subclass |=::"E'—'-F:'E'—'—I:'I ]
mw%

Ezﬁ"ﬁs—sujg_c__l_a b2 {-P imele N J
Pt ey
as_g__libcla [=1

[' FarHanel Nnpon as ]

i

Pucynok 1 — IToakiaccel kiacca «KApXUTEKTYPa NpeanpusTHS)
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OH He BKIIIOYAeT COOCTBEHHBIX IOJIKJIACCOB, HO MMEET SK3eMIUIAPhI Kiacca
«BcromoratenbHbple  MaTepuanb», «3apIuiaTa  MPOU3BOJACTBEHHBIX  PabOuuXy,
«OcHoBHbIE Matrepuaib» H «ChIpbe», UMEIUME COOCTBEHHBIE CJIOTHI, TO €CTb
coiicTBa. ['pad sx3eMIIsipoB Kkiiacca «3aTpaThDy 0TOOPAKEH HA PUCYHKE 2.

MaTepanbl

Bonomora TeneHbie ‘

JapnnaTa
NPoKM3EOJ, CTEE HHBIX pab odix

”]?ms instance

“has instance |'DcHoBHb|e & TERME Nbl ‘
- I - o . _
S — has instance
has instance e |'C blpbE |

PucyHok 2 — Dx3eMILIApbI KJIacca «3aTpaTb»

Kimacc «Kananel mpogaxk» oTpaxaeT CHoCOObl B3aUMOICHCTBHS KIHMEHTOB C
KOMITAHUEN U TIOAPA3JENSETCs HA J1Ba MOJKIACCA — AKTUBHBIE U MACCUBHBIC KAHAJIBI
MPOJAK.

[Tonknacc «AKTUBHBIE KaHAJIBI ITPOAAXK» ONKCBHIBAET CUTyallMd B CIydae, Koraa
MPEINPUITUE SIBIIEMCS UHULIMATOPOM KOHKPETHOT'O B3aUMOJICMCTBUS C KOHKPETHBIM
KJIMEHTOM M MMEET CJICAYIOIINE dK3eMIUIIphL: « TeneMapkeTunr», «Kananbl mpsambix
npoaax» u «llapTHEpCKHUE KaHATBI MPOIAXK.

ITonknacc «llaccuBHbIE KaHambl MPOJAX» OMMUCBIBAET Cllyyad, Korja
NPEANPUITUE TPEANPUHUMAET KaKUEe-TO OMNPEACICHHbIC JIEUCTBHUS IO PACKPYTKE
NPOAYKTA WM YCIYTH, HO JAJbHEHIIMM WHHUIMATOPOM B3aWMOJCHCTBUS SIBIISIETCA
caM KJIMEHT. J[aHHBIA MOAKIACC HMMEET CIEIyIoIMe 3K3eMILBIpbl: «Pekmamay,
«OT3bIBBI KJIMEHTOBY».I'pad), NEeMOHCTPUPYIOMUNA TOAKIACCH M UX JK3EMIUIIPHI, B
pamkax kyacca «KaHaasl Mpogak» 0TOOpaKEeH Ha PUCYHKE 3.

[‘Tenemapl{eer ]

———""has instance

" AETH BHBIE KaHa Nbl
Mo, a4

T +
'» has instancg F-eHan N Aaven |
-— npog,aH

—
“has subclass \\L\h“srsqiq_s‘._'thance
-

*MNapTH&pcKi
KaHan npo gaxs

* OTabIBbl KNWMEHTO B
e,
as subclass

o

_—%as instance

MacoK BHEIE KaH ansl

npog, S }‘————.l_‘::.-__ __ _|*Pernama
has instan

Pucynok 3 — Iloakiaccesl 1 3K3eMILIAPBI Kiacca « KaHaJabl mpoaax»
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Knacc «KnMeHTb» OnuChIBaeT KIMEHTCKYIO 0Oa3y MpEeANpHUsTHS U HMEET JBa
nonkinacca — «lOpunuueckue nmuna» u «Pusnyeckue nuna». B kmacce He ObLIH
BBIJICJIEHBI K3EMIUIIPHI, TaK KaK JaHHAs MOJEIb SBJISIETCS TUIIOBOM M HE OTpakaeT
OCOOCHHOCTH KOHKPETHOIO MpeanpusaTHs. B yacTHOM e ciydae 3K3eMIUIIpaMu
KJjlacca OyayT MHIMBUIYaJIbHBIC €AUHUIIBI IOPUINYECKUX U (u3nueckux ui. ['pad,
OTpakaroIIUK NOJIKJIAacChl Kiacca « KimeHTh» 0ToOpaXkeH Ha pUcyHKe 4.

\mmﬂ'-mmamuemme niua |

J'Dpup,w—ec:{ue n1ua ‘

" KnreH Tei

Pucynok 4 — Ctpykrypa kiaacca «KiineHTbI»

Knacc «IlocTaBmukm» OnuchIBaeT NOCTABLUIMKOB PECYPCOB, HEOOXOAUMBIX IS
peayin3anuyd OU3HEC-TIPOLIECCOB MPEANPUATUS M IMOAPA3JAEISIETCd Ha CIEAYIOLIUE
ITO/IKJIACCHL: «IlocraBmukn  mnatdopm»,  «llocTaBIIMKK  MPUIOKEHUN»,
«lTocraBmuku cBsa3u», «llocraBmuku ycrpoucTB». Kaxapli moakiacc HMeEeT
COOCTBEHHBIE SK3EMIUIAPHl IOCTABIIMKOB, HMEIOIINX COOCTBEHHBIE CBOICTBA.
Crpykrypa kiacca «llocTaBIMKmn» oTpakeHa Ha pUCYHKE 5.
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PucyHnok 5 — Crpykrypa kiaacca «IlocraBmmkmn»
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Knace «IIpogykT» ommchIBaeT TOBapbl WIH YCIyI'M HPEANPUATHS, KOTOPHIE
MOTYT TMPEACTaBIATh HMHTEpEC MoKymnaTensM. JlaHHBII Kiacc 1enecooOpa3Ho
pa3nenuTh Ha TpU Tojkiaacca «MarepuanbHble NPOAYKThI», «MH(pOopManmoHHbIe
IIPOAYKTED U «Y CIIyTI».

[lonkmacc «MarepualibHble NPOAYKTBD) ONUCHIBAET (PU3UUECKHE OOBEKTHI,
KOTOpBIE MOTYT OBITh «BOCIIPHUHSTBHI Ha OUIYIb», MOCKOJIBKY B Ka4€CTBE THUIIOBOTO
NPEANPUATHS, B MOJEIN PacCCMATPUBAETCS CEIbCKOXO35MCTBEHHOE MPEIIPHUSITHUE.
[Tonknacc «HpOpMaMOHHBIE NPOAYKTHD» OMNMCHIBAET pPa3JIMUYHbIE COBOKYITHOCTH
JAHHBIX, C(OPMHUPOBAHHBIE MPENNPUATHEM AJISI €€ PACHPOCTPAHEHHS B MAaTEPUAIBbHOM
WM B HEMATEpUaJIbHON (popMme.

[locnenHuii moakiacC — «YCIyrW» OIUCBIBAET HEMAaTEPUAIBHBIE IPOIYKTHI
npeanpuaTus. Bo Bcex monkiaccax BBIICIEHBI DK3EMIUIIPBI, MMEIOIIME OTIENIBHBIC
ciotel. I'pad, nemoHcTpupyrommii cTpykTypbl kiacca «lIpogykr» wn3o0pakeH Ha
pHUCYHKE 6.
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Pucynok 6 — Ctpykrypa kiaacca «IIpoxykr»

" M opsaa LoHHbI
_NPoAYETH

Knacc «Pecypc» umeer Hambomee yriayOJeHHYIO JEKOMIIO3WMILMIO B paMKax
OHTOJIOTMYECKON MOJIETH, U MOJpa3AesisieTcsl Ha MIECTh MOJKIACCOB, HEKOTOPHIE U3
KOTOPBIX, B CBOIO OuY€pellb, MOJPa3AeNAl0TCS Ha CBOM COOCTBEHHBIEC IMOAKIACCHI U
AK3EMIUISIPHIL.

[Monknmace «IT-cepBuc» omuceiBaeT yciyru B cdepe HHGPOPMAIIMOHHBIX
TEXHOJIOTUH, KOTOpble  KOMIIaHUS, OCyllecTBisAomas  oOmyxuBanue UT
MHQPACTPYKTYpbl, HJIM BHYTPEHHEE  CHEUHAIM3HUPOBAHHOE  IOApa3JesieHHE
NPeAOCTABIAET MPEANPHUATHIO ISl TOANEPKKUA ero OusHec-mporeccoB. CTpyKTypa
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noakiacca «IT-cepBuc» oTpaxeHa Ha pUCYHKE 7.

Knacc «busnec-mpoueccbl» CcOIEpXXUT JaHHBIE O (PYHKUHIX, KOTOpPbHIE
IIPOTEKAOT BHYTPU IPEANPHUATHs, KJIacC pasfeneH Ha JBa nojkiacca. [loxkmace
«O0ecneunBatorue [oT», omuchiBarouuii OM3HEC-POLECCH, HANpaBJICHHbIE HA
oOecrieueHre W MOAjAepKaHHe pPabOTOCMOCOOHOCTM HMHTEpPHETa BeIeH, COIJIaCHO
uccienoBanusiMm  kommanuu  Cisco, BKJIIOYAET  CJIECAYIOIIME  IIPOLIECCHI,
o0OecrieuMBalOIINe HWHTEPHET Belleil: «AOCTpakuus JaHHBIX», «AKKyMYJSLUs
NaHHBIX», «[ paHMYHOE BBIUUCICHUE) U «CBA3b 1 KOMMYHUKAIUN.
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Pucynok 7 — Crpykrypa kiaacca «IT-cepBuc»

[Monknacc «TpaauiMOHHBIE» OMMCHIBAET CTaHIAPTHBIE OM3HEC-IPOIECCHI
TUIIOBOTO NIpeanpuATus (puc.8)

Knacc «AOGcTpakiys JaHHBIX» OTpa)kaeT MPOIECCHl, MPU3BAHHBIE 00ECTIEUYUTh
JOCTYM K IaHHBIM M UX arperupoBaHHe, UMEET JIBa MoJkjacca: «JlocTyn K JaHHBIMY
U «ArperupoBaHUe JaHHBIX», KXl MOJKIACC UMEET COOCTBEHHbIE 3K3EMILISIPHI
OM3HEC-TIPOIIECCOB, TEPEeUeHb KOTOPBIX MPHUBEACH HIDKE. «JlocTym K JaHHBIMY:
WHICKCUPOBAHUE NaHHBIX AJisi OOECTIeUeHHUs OMEPATHBHOTO JOCTYTMA; PEIUTUKAIIHS
JaHHBIX; OOECIeYeHWe JOoCTynma K MHOXKECTBEHHBIM XpaHWIHIAM  dYepes
BUPTYaJIM3alMI0 JaHHBIX;, 3allUTa JAaHHBIX TOIXOJAIICH ayTeHTH(HUKAIMEH W
apropuzanueit; ELT Extract Load Transform; ETL Extract Transform Load.

«ArperupoBaHre JaHHBIX»: OOEcleYeHHe TOCIeI0BATEIbHON CEMaHTHUKH;
HOJTBEPKJCHNE TOTOBHOCTU JIAHHBIX JJIsI MPUJIOKEHUH BBICIIMX YPOBHEH; co3gaHue
CXEM U MPOYUX MpeACcTaBIeHUN HHPOPMAIIMU B BUJIaX HEOOXOAUMBIX MPUIIOKEHHSIM.
['pad, oTpakaromuil CTPyKTypy MOAKIACCOB U 3K3EMIUISIPOB Kilacca «AOCTpakuus
JTAHHBIX» U300paKEH Ha PUCYHKE 9.
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Pucynok 8 — Ctpykrypa kiacca «buzHec-nmpoueccb»

Knacc « AKKyMyJSIus TaHHBIX» XapaKTepU3yeT MPOIEeCChl OpPTraHU3aluy JaHHBIX
[UPKYJIMPYIOMIUX B CHCTEME MHTEPHETA BEUICH M COACPIKUT CIESAYIONINE TIOKIACCHI:
«I'pamoTHas opraHuWzanus JaHHBIX» W «OnpenereHHe HEOOXOAUMOCTH B
MOCIIAYIOMEM XpaHeHUW». Kaxaplii W3 KJIacCOB BKIIOYACT B Ce0S OTICNIbHBIC
DK3EMIUIIPhI  OM3HEC-TIPOIIECCOB, TPOTEKAIOIMUX B pamMKax (PYHKIIMOHAJIBHBIX
oTBeTBIIeHUH. [lepeueHn IK3eMITISIPOB Ki1acca « AKKYMYJISIIIHSI TaHHBIX» TPE/ICTaBICH
Ha puc.10.
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Pucynok 9 — Ctpykrypa kiacca «AdCTpakuus

JAHHBIX»
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Pucynok 10 — CtpykTypa Ki1acca «KAKKyMYJISIHUASL JAHHBIX»

Knacc «CBsi3p ¥ KOMMYHHKAIIMM» OTPaKaeT MPOIECCHl, HEOOXOIUMBbIC st
oOecrnieueHns U OIS KaHus CBSI3U MKy YCTpOHWCTBaMU MHTEpHeTa Bemeil. Kiace
HE UMEET COOCTBEHHBIX MOJIKIACCOB U COJACPKUT CEMb IK3eMILIAPOB (puc.11).

Knacc «TpamuiimonHple  OW3HEC-TIPOLIECCHD»  OMUCHIBAET  COBOKYIMHOCTH
B3aMMOCBSI3aHHBIX ~MEPONPHUATHA WK paboT, HANmpaBIEHHBIX HAa CO3JaHHE
OTpeAENEHHOTO MPOIYKTa WIH YCIyTH. BBIJeNeHHbIe MOAKIACCH U MX IK3EMILIAPHI

MpeACTaBJICHbl HA pUc.12.
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Pucynok 11 — Ctpykrypa kiacca «CBsI3b 1 KOMMYHHKAIIMID)

Knacc «Wcnonaurenu» oTpakaeT BCE CTPYKTYPHBIE €IMHMIIBI apXUTEKTYPbI
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OpEeaIpUsITHS, KOTOpPbIE MOIYT BBICTyHaThb B KAauyeCTBE HCIIOJHUTEIEH WIH
MEXaHM3MOB JJIsl peaju3anuu OusHec-mpoieccoB. s KiaccupuKauu JaHHBIX
€IMHULl OBLIIM BBIJENIEHBI cleaytoue noakiaccsl: «Kubephusznueckue cucteMbn» u
«Cotpynuukn». Cxema cTpykTyphl kinacca «Vcnomaurenny nzo0pakeHa Ha PUCYHKE
13.

Opnum u3 nojakiaccoB kinacca «Kubepdusnueckne cUCTEMbD) SBISETCS KIACC
«IIporpamMHBIii TIPOAYKT», KOTOPBIA, B CBOK OYEPEAb, HMEET S5 JIOYEPHUX

MO/IKJIACCOB, KIACCU(PUIIUPOBAHHBIX MO (PYHKIIMOHATILHON 00JaCTH UX MPUMEHEHUS.
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Pucynok 12 — Ctpykrypa kiaacca « TpagunuonHbie OM3Hec-pouecchbh)
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Pucynok 13 — Ctpykrypa kiaacca «AcnosHuTtenm»

IlepedeHb BBIIETEHHBIX TOJKIACCOB U UX 3K3EMIUISIPOB IPUBEIEH HUXKE.
«Ilpunoxenuss  ansa  OusHec-ympaBieHuss W aHaimm3a»:  «Neaktory;
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«Pyrusy;«Teambridge»; «Worksection»; «Wrike»; «AnBantay; «HTanes24y;
«Meramnan». «[Ipunoxenust nns kouTpossi»: «ClickClienty; «SCIMy; «Zohow;
«butpukc24». «llpunoxkenuss ans cocrtaBieHuss oTueToB»: «GoogleKeepy;
«GrossBee»; «OpenBravoy. «IIpunoxeHus A yrnpaBiaeHUs KPUTHYECKU-BaKHBIMU
3agauamMu  Om3Hecay: «QlikSensew;«Roistaty; «Seeneco»; «Tria». «Cucrema
YIPaBJICHUS U KOHTPOJIS LIEHTpa NpUIoKeHU»: «A2b»; « AnBanTtay; «Merarany.

I'pad, nzo6paxkarommuii CTpykTypy Kiacca «IIporpaMmmMHBII TPOIYKT» TPUBEICH
Ha puc.l4.
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Pucynok 14 — Ctpykrypa kiaacca «IIporpaMmMHBIil IPOAYKD?

Knacc «®usnueckue ycTpoMCTBa» COAEPKUT HHMOPMALUIO O pa3IMUHBIX
YyCTPOMCTBAX, KOTOpPbIE yYacTBYIOT B BBIIIOJIHEHUU OW3HeEc-mpoueccoB. B kiacce
BBIICJIEHO 6 nonknaccoB: «CeHcopbl», «CeTu CBsI3n», «beCIUI0OTHBIE TPAHCTIOPTHBIE
cpeactBa»y, «becnmnoTHble — JleraTenbHbBIE  anmapartel»,  «KoHTposepes»  n
«MexaHu3MbD», OOJBUIMHCTBO TMOJKIACCOB JIEKOMIIO3UPOBAHBI Ha COOCTBEHHBIE
YHUKaJIbHbIE  3K3eMIULIpbl. ['pad, JOEMOHCTpHUpYIOLIUMH  CTPYKTYypy  Kjacca
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«Pu3nYeCcKre yCTpOrMCTBa» MPUBEJECH Ha pUCYHKE 15.

«O0opynoBaHue» SBISIETCS  KJIACCOM, OIMUCHIBAIOUIUM  JOMOJHUTEIbHBIC
MEXaHU3MBbI, HE BXOJIAIINE B KIACCHl (PU3NIECKUX YCTPOICTB, HAITPUMED, IPHUIICITHBIC
YCTPOMCTBA U CaMOXOJIHbIE yCTpoucTBa. Brinenensl nBa moakiacca: «lIpunenneie
ycTporcTBay u «CaMOXOJHBIE YCTPONCTBA», KOTOPHIE IEKOMIIO3UPOBAaHEI Ha OoJee
yriyosieHHble (YHKIMOHATIBHBIC €WHUIIBI, MPEICTABICHHBIE B BUAC YK3EMILIIPOB.
I'pad cTpykTyps! knacca «O00pyI0BaHUE) MPEACTABICH HA pUCYHKE 16.
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Pucynok 15 — Ctpykrypa kiacca «®@u3ndeckue yCTPpOMcTBa»

Knacc «HemarepuanbHble aKTHBBDY OIUCHIBACT HACHTU(PHUIIUPYEMbIC AKTHUBBI
OpeAnpusaTas, He wumerlue Quindeckoi ¢Gopmbl, TaKue KakK JUIEH3Ud Ha
MHTEJJICKTYalIbHYl0 COOCTBEHHOCTb, HOYy-Xay, IaTeHThl M TOBapHbIC 3HAKHU.
Crpykrypa kiacca «HemarepuaibHble aKTUBBD) PUBE/IEHA HA PUCYHKE 17.

Kimacc «®uHaHCOBBIE aKTHUBBD»  ONHCHIBAeT  crenududeckue  (HOopMbI
COOCTBEHHOCTH, IIPEAIIONAraroIre IoJIydeHne a0Xxoja. B jgaHHOM Kiacce OBLIN
BBIJICTICHBI 5 moJKimaccoB: «VHBecTuIMM, oOpalmiaronmecs Ha pbIHKe», «/{onroBeie
o0s3aTenbCTBA», «JleOuTopckas 3aJ0KEHHOCTh», «3aMbl» U «JIeHEKHbIE
CpeICTBa, C JIOXOJOM B BHJE MPOIEHTOB». ['pad, oTpakarmommii CTPYKTypy Kiacca
«DuHAHCOBBIC aKTHBBDY, N300paKeH Ha pUCYHKe 18.
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Pucynok 16 — Ctpykrypa kiaacca «O6opynoBanue»
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Pucynok 17 — Ctpykrypa ki1acca «HematepuajibHble aKTUBBD)

Kmacc «CormamnieHus) OIMCHIBAET OCHOBHBIE

JOKYMEHTBI, PEryJMpyoIue

MpOILIECChl, MpOTEKatoIIre Ha npeanpusTui. Kak u B ciydae, ¢ HEKOTOPBIMU APYTHUMHU

aCIeKTaMH apXUTEKTyphl, Kiacc «CornameHus,

1o OOJIBIIIEN YacTH, HOCHUT

YaCTHBI XapakTep M €ro conaepkaHue OyJeT BapbUpOBAaTbCA B Pa3IMYHBIX
OpeanpusiTUaX, HO HauOolsiee OOIIME AJIEMEHTbl ObUIM BBIACIEHBI B JK3EMILIAPHI
kiacca. Ctpykrypa kiacca «CorameHus» npeicTaBlIeHa Ha pUCYHKe 19.

Kpome Toro,

JJIA O3HAKOMIJICHHA IIOJBb30BATCIA CO CprKTypOﬁ CJIOCB

aApPXUTEKTYPBhl TPEANPUATHS, OBLT CHPOEKTUPOBaH Kiacc «CIOM apXUTEKTYpPhD»,

KOTOPBIN OIUCHIBAET

CTPYKTYpHBIE

OTBCTBJICHU A

APXUTEKTYPBHI,

KJIacCU(DUITMPOBAHHBIE TI0 TaKUM TpU3HAKaM Kak (DyHKIIMOHANbHAs poJib U dopma
CyIlleCTBOBaHMs 3JieMeHTOB. ['pad kiacca «Ciaou apXHTEKTyphl» H300pakeH Ha

pucyHke 20.
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Pucynok 18 — CTpykrypa kiacca «®@PUHAHCOBbIE AKTUBbD)
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Pucynok 19 — Ctpykrypa kiaacca «CorJiameHus»

Takum 00pa3oM, ObUTH BBIACICHBI 8 KJIACCOB M 75 MOJKIACCOB OHTOJOTHYECKOM
MOJIETU. DTO MO3BOJIUT CTPOUTH CTPYKTYPHBIE MOJEIN C Pa3IUYHBIMU YPOBHSIMU
TJIyOMHBI JIEKOMITO3HMIINK, TEM HE MEHEE, 9TOTO HEJOCTaTOYHO, YTOOBI TOJYYHTh
MOAPOOHOE TPEACTABICHUE O CTPYKTYPHBIX DJJIEMEHTaX MOJEIN M HX CBS3fX,
MOATOMY CJICTIYIOIUM ATAroM B IPOSKTHPOBAHUU MOJIEH OyIET BBIJICIICHUE CBOMCTB
M DIK3eMIUIAPOB KiaccoB. JlJis TOro dYTOOBI JETANM3UPOBATH OHTOJOTUYECKYIO
MOJIEIb, HEOOXOAUMO BBIJACIUTh CPEAU IOAKIACCOB OSK3EMIUIIPBI, TO €CTh
WHJUBUYAIbHBIE CTPYKTYpPHBIE E€IWHUIIBI, KOTOpbIE TMPEJCTABISIIOT  CcOOOM
MaKCHUMAaJIbHBIA YPOBEHD ITYOUHBI JJEKOMIIO3HUIIUH.

Kpome Toro, kiaccaMm HEOOXOIMMO NpHUAATh CBOMCTBA, TaK Ha3bIBacMbIC
«CJIOTBI», KOTOpBIE XapaKTEPU3YIOT CTPYKTYpPHBIE EIUHUIIBI 110 KaKOW-TH0o
(YyHKUIMOHATBHOM OCOOEHHOCTH. 3aBEpIIAIOUIUM K€ 3TAaloM B JI€TaIu3alud MOJEIN
OyJleT 3anoJIHEHUE 3HAUCHUHN Pa3IMYHBIX CIIOTOB ISl KaXKI0TO SK3EMILISIpA.
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Pucynok 20 — Ctpykrypa kiaacca «CJjioM apXUTEKTYpPbD»

Pa3paboTanHas OHTOJIOrMYECKAasE MOJENb COAEPKUT 171 3K3eMIUIAp KIIaccoB U
24 cnota sk3emiuiapoB. Ilocie Toro, kak ObUIM BBIJIEICHBI KIACCHI, MOJAKIACCH U
SK3EMIUISPBI, & TAKXKE 3aII0JIHEHBl 3HAYEHHS CIOTOB JK3EMIUISIPOB, MOYKHO HAdaTh
CO3JJaHUE 3alPOCOB OHTOJOTMYECKOW MOJEIMU. 3alpochl B NPOTPAMMHOM Cpene
Protégé npencrapisitor coO0i BBIOOPKU JTaHHBIX U3 OMOIMOTEKU MO OINpeeIeHHBIM
KpUTEPUSIM aTpuOYTOB CIIOTOB. 3ampoChl MOXXHO (POPMHUPOBATh Kak B peaIbHOM
BPEMEHH, TaK U C MOMOIIbIO 3apaHee CO3/IaHHbIX 11a0JI0HOB. Pa3paboTka 111a0J0HOB
3aMpOCOB OHTOJIOTMYECKOM MOJENHM OMHCaHbl B MyOJUKALMIX aBTOpa, KOTOPHIE B
HACTOSIIIIEE BpEeMsI HAXO/SATCS B II€YaTH.

BoiBOABI

OCHOBBIBasICb Ha MCCJIEOBAHUSAX MO M3YUYEHUIO OHTOJOTMYECKUX MOJEIEH U
OM3HEC-apXUTEKTYPhl MPEANPUSATHS, OBLIM BBIACICHB KIACCHI I TMOCTPOCHUS
OCHOBBI OHTOJIOTHYECKON MOJENH. BriocieacTBrN onpeneneHbl CIOThl U 3K3EMILISPBI
KJIACCOB OHTOJIOTMYECKOW MOJENM M 3alOoJHEHbl 3HAYEHUs aTpuOyTOB CIOTOB, a
TaK)K€ CO37aHbl IIA0JOHBI 3ampocoB. Pa3paboTaHHass OHTOJIOTMYECKash MOJENb
COAEPKUT § KIIACCOB, 75 moakiaccoB, 171 sk3emiuisap, 24 cnora 3K3eMILISIPOB, 26
11a0JIOHOB 3aITPOCOB.

[IpakTHueckass 3HAYMMOCTh MPEMJIOKEHHOTO OHTOJIOTMYECKOro IMOoAXoAa K
OMHCAHUIO OM3HEC-apXUTEKTYPHI U poBBIX AKCIIEPUMEHTATBLHBIX
CEJIbCKOXO03SIMCTBEHHBIX MPEANPUATAN COCTOUT B CJIEIYIOLIEM:

1. O0001IeHHOE  WMHCTPYMEHTAJIBHOE  PEIICHHE  TMO3BOJISIET  00ECHeYHTh
BCECTOPOHHEE OMMCAHWE aBTOMATU3UPYEMOM OPraHU3ALMHU [TOCPEACTBOM BBISIBIICHUS
CKPBITBIX B3aMMOCBSI3€i M B3aMMO3aBUCUMOCTEH B MOJEISAX MPEIMETHON 00JacTH,
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YTO OOJIETYUT HABUTAIIMIO 1O CJIOKHBIM apXUTEKTYPHBIM CXeMaM OpPTaHW3allld U €€
MH(GOPMALIMOHHON CUCTEMBI.

2. [IpumeHeHNEe METO/1a OHTOJIOTHYECKOTO MHKUHUPUHTA [TO3BOJISIET BBHITIOJIHATh
MHTETPAIMI0 PAa3HOPOJHBIX NPEACTABICHUNA OTIEIBHBIX AaCIEKTOB MPEIMETHOM
oOjacTd, coOBMeIass MOJEIM Ha pPa3IMYHBIX S3bIKaX OPraHU3alUOHHOIO
MOJIETTUPOBAHUS U MPOCKTUPOBAHUS NHPOPMAIIMOHHBIX CUCTEM OpPTraHU3aLIUU.

3. l[Ipennoxxennpie B pabOTE OHTOJIOTMUECKHE MOJCIU U pa3padoTaHHAS
METOJIMKA MO0 CHCTEMHOMY MPOCKTHPOBAHUIO U apXUTEKTYpHOU paboTe Ha OCHOBE
KOMIUIEKCa OHTOJIOTHYECKUX MOJIEJICH MOTYT CIY>KUTh OCHOBOMW AJis1 (DOPMUPOBAHHUS
COOCTBEHHBIX apXUTEKTYPHBIX MOJIeNIel KOHKPETHBIX MPEATPUITHIA.
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KAPITEL 9/ CHAPTER 9.

DEVELOPMENT OF A REMOTE MANIPULATOR CONTROL METHOD
PA3PABOTKA METOJIA JNCTAHIIMOHHOI'O YIIPABJIEHUSI MAHUITYJISITOPOM

DOI: 10.30890/2709-2313.2021-04-04-023

BBenenue

Pa3BuTHe HOBBIX TEXHOJIOTMUA JAa€T BO3MOKHOCTh IPUMEHECHUSI MAHUITYJISITOPOB
(M) pmna paboT B DIKCTpeMalbHBIX [UJIsl 4eJoBeKa YycinoBusix. Hampumep,
UCTIONB30BaHHE M W  MOOWIBHBIX pPOOOTOB JUIsl JIMKBUAAIIMU TIOCJIECIACTBUM
DKOJIOTMYECKUX U TEXHOTEHHBIX KaracTpod, HIKCIUTyaTalus AUCTAHIIMOHHO
yrpaBisieMbix M i1 paboThl C paJluOAKTUBHBIMU BEIIECTBAMHU, IPUMEHEHUE M 1115t
cOOpPKHU KOHCTPYKIIMI B KOCMOCE WJIM HA MOPCKOM JIHE.

B Vkpaumne, Hapanmy C «KIACCHYECKMMH» ITOCTAHOBKAMH 3aJaudl  JJIs
pOOOTOTEXHUKH, CYIIeCTByeT cBos crenuduka. Cepbe3HbIM BBI30BOM IS
YKPAUHCKUX CIICLUAIUCTOB SBJSETCS Pa3MUHHUPOBAHUE TeppUTOpUil B JlOHENKOU U
Jlyranckoi o0yacTsX ¥ MPeoAoJIeHUE TOCIECTBUN MOAPHIBA CKIAA0B OOCIPUIIACOB
B HosoOorganoske, Jlo3oBoii, CBaroBo, bamakien, KammnoBke wu Hune.
Ucnionbs3oBanue ajis 3ToM 1emu po6oToB 1 M MO3BONMIIO OBl COXPAHUTH KU3HBb U
3I0POBbE BOCHHOCIYXAIIUX M TrpaxaaHckoro HaceneHus. CyllecTByroUue
Moaudukamuu poodoros-canepon («T 7», « SAHAR», «Ypan — 6», «kKoopa — 1600» u
T.I1.) IPUMEHSIETCS ISl TIPOBEJICHUSI BU3YAJIbHOW pa3BENIKU, MOUCKA M MEPBUYHOIO
JIMarHOCTUPOBAHUS B3PBIBOOMACHBIX MPEJIMETOB, 3BaKyallMd W 00€3BpPEKUBAHUE
MOJIPBIBHBIX YCTPOWMCTB.

CeromHsi BBI3OBOM [UJISl YEJIOBEYECTBA SIBISAETCS NPEOJOJIEHUE IOCIENCTBUN
nangemun COVID 19. HauGonee pacmpocTpaHeHHBIE MOJIETH POOOTOB-MEICECTEp
Moxi (CIIIA), Robear (Amonus), Hospi (Anonwmst), «Arrem» (Poccus) u np. «PoboT-
Mencectpa» npeaHa3HadyeH Uil OKa3aHUs MEAULUMHCKOW NMOMOLIY IPU HEPBUYHOU
JUAarHOCTUKE,  aBTOMATU3UPOBAHHOM  KOHTPOJE  3a  JKU3HEIEATEIbHOCTHIO
NOCTPaJaBUIEro, BBEACHUU IMPENapaToB MO 33JaHHOMY QJITrOPUTMY, CHSITUU U
pacippoBKe 3IEKTPOKAPAUOTPAMMbI, U3MEPEHUM MApaMETPOB IbIXaHUS U T. ]I.
[Ipumenenue «pabora-meacecTpbl» yMmeHblaeT Ha 50 % OPOIOBKUTETBHOCTD
B3aUMOJICUCTBUSI MEIUIIMHCKOTO TepcoHana ¢ WHGUIMPOBAHHBIMHU, NPEMSITCTBYET
3apaKEHUI0 MEIMKOB U PACIIPOCTPAHEHUIO MaHAEMUH.

Jliss  paboT B IKCTpEeMalbHBIX YCIOBHSIX, KaK TPaBWIO, MPUMEHSIIOTCS
JTUCTAHITMOHHO yIIpaBisieMble poOoThl 1 M. Bo MHOrMX ciiydasx MUCTaHIIMOHHO
yrpasisieMble M yCTaHaBIMBAIOTCA HA MOJBHXKHBIX OCHOBAHUSAX. DTO PACIIUPSIET UX
CEpPBUCHBIC XapaKTEPUCTHUKW, HO HAKJIAJbIBaeT Oojiee J>KECTKMe TpeOOBaHUS Ha
YCTPOWCTBA CUCTEM YIPABJICHHS ¥ HAOTIOICHUS.

[IpuHIUTIBI TUCTAHIIMOHHOTO YIpaBICHUS pPoOOTamMu (CYNEepBU3OPHBIN U
JIUAJOTOBBIA) MPEANOojaraloT AaBTOMAaTHYECKHME PEXHUMBbI JEHCTBUN  poOOTa,
MMOMEIIIEHHOT0 B omacHo# 30He. DyHKIMOHUpOBaHUEM poboTa ympasiseT IBM 1o
3aJaHHOM WM AaJalTUBHO U3MEHsAIOLIEHCS TmporpamMme. Ilpu 3ToM omeparop,
Ha0Ir0Aas 3a X0JI0M TEXHOJIOTMYECKOM ornepaluy ¢ NOMOILbIO TeiaeBuaeHus wi 3D
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MOJIENI, MOKET JUCTAHIIMOHHO KOHTPOJIUPOBATh U KOPPEKTUPOBATH AeHCTBUA M.

Peanu3anus AQUCTaHIIMOHHOrO YINpaBieHUs M OCyHIeCTBISIETCS MO ABYM
KaHayiaM: WHOOPMAITMOHHOMY (K YEJIOBEKY) M ympaBisitoniemy (ot denoBeka). [lpu
IIPOEKTUPOBAHUM TAKOW CHCTEMBI YNPABIECHUS CIEAYET PALMOHAIBHO PACIPEIEIHUTD
GyHKIIUN MEXIy 4YeloBeKoM U MamunHoi. Heo6xoaumo obecnieunts ABMkeHUs M ¢
3aJJaHHBIM OBICTPOJICHCTBUEM, MPOU3BOAUTEILHOCTbIO, TOYHOCTHIO TMO3UIIMOHU-
pOBaHMUs, yCUJIMEM 3axBara U T. 1. OnepaTop AOIKEH B PEKUME PEATbHOTO BPEMEHU
noJiyyaTh MNOJHYH0 HHGOpMalMioo o paboueld 30HE, BHEUIHUX BO3JACUCTBUSX H
rnapaMeTpax B3auMozehcTBUS M ¢ 00bEKTOM JIsl KOHTPOJIA JAeicTBuil poboTa. Ecnu
HEOIPEIEIICHHOCTh YCIOBUN B pabodeil 30HE CIWIIKOM BEJIMKAa M aBTOMAaTU4yecKas
aganTaius poboTa TPYIHO peaan3yema, TO YEJIOBEK-OMepaTop B 3TOM Cliydae IO
JUCTAHIIMOHHOMY HAOJIOACHUI0 MOXXET OLEHUBATh OOCTAHOBKY W NPUHUMATh
peueHust s ynpasiaeHus aectBusiMu M. IIpu 3ToM TexHUYecKash 4acTh CUCTEMBbI
yHOpaBieHUs YNpolaeTcss U 0ojiee CyILIECTBEHHas POjib B IPOLECCE YNpaBICHUS
MPUAAETCS YEIIOBEKY.

B skcrpemanbHOM POOOTOTEXHUKE YACTO HCIOJIB3YIOTCA aHTPONOMOpP(HbIE
Konupyomue M ¢ JUCTaHIIMOHHBIM CYNEPBU3OPHBIM yropaBieHueM. CXOACTBO
KMHEMATUYECKUX CXEM YCTpPOMCTBA, 3aJal0lIero TPACKTOPUIO [BHXKEHUsA, ¢ M
yOpoIaeT mpouenypy (popMupoBaHUs yOPABISIONIMX KOMaHI Uil  KaXKIOTro
UCIIOJHUTENIBLHOIO MpHBOAa B KuHematudyeckux mnapax M [1]. IlpeumyiuectBo
OPUMEHEHUSI HMEHHO aHTpornoMopdubix M 0O0yCIOBIE€HO TEeM, 4YTO TaKOM
JUCTAaHIMOHHO YIPABJISIEMBIM pOOOT MOKET B3aUMOJECHCTBOBATh C MHCTPYMEHTaMH,
OCHACTKOM W O0OpyJOBaHHEM KOTOPOE MPEIHA3HAYECHO [JISl HCIIOIb30BaHUS
yesnoBeKoM. HemocTtaTkoM KOMHUPYIOUIEro AUCTAHIIMOHHOIO YIIPABJIEHUS SIBIISAETCS
TO, YTO OINEPATOp JIMILIEH TAaKTUJIbHBIX OLIYIIEHWH, HE YyBCTBYET PaOdOUYUX YCHIIMMA
npu JAedcTBUsX M U He UMeeT OOpaTHOW CBSI3M MO KOHTAKTHBIM YCHJIMSIM MEXKIY
CXBaTOM U OOBEKTOM MAaHUIYJIUpPOBaHUsA. BcreactBue 53TOro, a Takke u3-3a
HEO0OXOMMOCTH Tepeadn YIpaBiIsIolUuX BO3ACHCTBUN Yepe3 ABUKEHUE 3a/1a0IIET0
YCTPOMCTBA CYIIECTBEHHO 3aMeISIETCS] BECh XOJ] paboyero mpoiiecca.

AKTyanbHOCTh pPa0OThl 3aKIIOYaeTCs B HEOOXOJIMMOCTH CO3JaHUsl MeEToja
JTUCTAaHIIMOHHOTO KOMHUPYIOIIEro YIpaBieHUsi aHTponoMoppHbIM M ¢ oOpaTHoi
CBSA3BIO MO YCWJIMSIM. DTO MO3BOJIUT MPOBOJUTH CHHTE3 ONTHUMAJIBHON TPAECKTOPHH,
YCHEIIHO BBIMOJHATh TEXHOJOTUYECKHE ONEpai U COXPaHUTh (YHKIIMOHATBLHOCTD
po0oTa, HECMOTPSI HAa ANPHUOPHYIO HEONPEAECICHHOCTh U 3KCTPEMAJIBHBIE YCIOBHS
pabouero MpoCcTpaHCTBA.

9.1. AHAIM3 JIMTEPAaTYPHBIX JAHHBIX M MOCTAHOBKA MP00JIeMbl

st 3¢ dexTUBHON peanu3anuu TUCTAHIMOHHOTO yhpaBieHuss M Heo0XoaumMo
pa3paboTaTh KWHEMATUYECKYI0 CXEMY C CHCTEMOM HCIHOJIHUTEIbHBIX IPUBOIOB,
QITOPUTMBbl YMPABICHUS W TPOrpaMMHOE OOECredYeHHE, TEXHOJOTHUIO TMepeaadu
VIPaBIAIONIUX BO3JCUCTBUM M OOpAaTHOM CBSA3M C OINEPATOPOM, KOHCTPYKIIHIO
3aJ1a10IIETO YCTPOMCTBA.

B crartbe [2] npeacTaBieHa KOHCTPYKIMS MEXaHMYECKUX TIepeiad U TPUBOJIOB B
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KMHEMaTHYECKUX Mapax Juisi 0OecrieueHus] paBHOBECHS PYKH, MPEIJIeubsl U 3aXBaTa
JUCTAaHUMOHHO ympaBisieMoro M Tuma «BeAylui-Benombli». B cratee [3]
UCCIIETyeTCd MPOU3BOJUTEIBHOCTh W YCTOMYMBOCTh KHHEMATHYECKOW CHUCTEMBbI
MaHMIYJIATOpAa  «BEAYIIMU-BeAOMBbIW». [IpencraBieHHble  DKCIEPUMEHTAIBHbBIC
pe3yJIbTaThl TOKA3bIBAIOT, UTO UCIOJb30BaHuEe peunieHus [lumepa B anroputme
oOpaTHOM 3a7a4i KUHEMATUKH TO3BOJIICT 0TOOPa3uTh ABMKEHUS M ¢ J0CTaTOYHON
TOYHOCTHIO. OJTHAKO, aBTOPHI [2, 3] HE YKa3bIBAIOT OBICTPOICUCTBHE MPEITOKCHHBIX
KMHEMaTUYECKUX CUCTEM.

B [4] pa3paborana cucreMa AUCTAaHIIMOHHOIO yOpaBieHuss M ¢ 1ATbIO
CTENEHSIMUA CBOOO/IbI, YCTAHOBJICHHOTO HA MOABUKHOE IACCH, U MPUMEHSIEMOT0 Kak
yAAJIEHHBIN cracatenbHbli poboTa. Onepatop JIHUCTaHUMOHHO yropaBasui M ¢
NOMOILBIO  MHTEPAKTUBHOIO  MHTEpdeiica MNepCOHAIBHOIO  KOMIIBIOTEpa, C
M300paKeHUEM JIBKEHUN U OTOOPaKEHHEM TEKYIIHUX 3HAYEHUN XapaKTepucTUK M.
Kontpoanep FPGA ympasnsan cepBonpuBogamMu M U OOMEHHBAJICS JTaHHBIMH C
KOMITBIOTEpPA dYepe3 MOAyJb OecrnpoBOAHONW CBs3W. braromapss BCTPOEHHOM
nporpamme Nios II u sapy IP (Intellectual Property), renepupytomemy Boaast PWM
B FPGA, cucrema Morma OBICTpO W THOKO YNPABISATH HECKOJbKUMU
cepBonpuBogamu. [ obecrieueHrs TUCTAHIIMOHHOTO YIpaBieHUsS M B peasbHOM
BpEMEHH, OBLI CO3MaH WHTEPAKTUBHBIA HWHTEpPEHC MmyTeM CMENIaHHOTO
nporpammupoBanuss VC u MATLAB. /[laHHadg cuctema He HOpeaycMaTpUBAET
oOpaTHOM cBs3u OoT M K omepatopy UM HE MOXET ObITh NpPUMEHEHa IS
MaHUIYJUPOBAHUS XPYIIKUMU UJIU B3PBIBOOIIACHBIMU MPEIMETAMMU.

B [5] npencraBnen Hegoporoit M Ha ocHoBe koHpurypanuu RRT:R ¢ mectsio
CTEMECHSIMU TMOJBWXHOCTH. TeneynpaBiaeHue M oOCylIeCTBISETCA C IMOMOLIBIO
CIIeMATU3UPOBAHHOTO MOOMIBLHOTO TIpuiokeHus: Ha ocHoBe MIT APP INVENTOR
2. C noMomuibo 3TOro po00Ta MOXKHO aBTOMATHU3UPOBATH IMPOILIECC PACIIO3HABAHMS,
COPTHUPOBKH M pa3MenieHus o0bekToB. [IpemsiokeHHbI cmoco0 MUCTaHIIMOHHOTO
YIpaBJICHUS HE MpeaycMaTpuBaeT oOpaTHOM CBs3M OT M K ormepaTopy W HE MOXKET
ObITh TMPUMEHEH MJisg paboThl TPU aANPUOPHON HEONPENEIECHHOCTH U B
HKCTPEMATIbHBIX YCIOBHIX pab0odero mpoCcTpaHCTBA.

B [6] mnpencraBieHbl pe3yidbTaTbl BHEAPEHUS LEHTpAa JAUCTAHLIIMOHHOTO
ympasieaus (Remote Control Center — RCC) nist muiaHupoBaHUS W peasd3aIiuu
orepalii MOPCKUX aBTOHOMHBIX HAaJBOJIHBIX Kopabneit (Maritime Autonomous
Surface Ships — MASS). bonbmmHCTBO 3a/1a4 ynpaBjieHUs CyJaMy BO BpeMs pelica
aBTOMATU3UPOBAaHbI, YacThb  3aJa4  pemaercs Npu  MNOAAEPXKKE  LEHTpa
OUCTaHIIMOHHOrO  ynpasieHus. CrnenoBaTrenbHO, B LUEHTPE JIUCTAHIMOHHOTO
YIPaBJICHUSI MOXKET HaXOAUTHCA MEHbIIAass KOMAaHAA CIEUUAIIUCTOB JJIsI KOHTPOJIS U
KOPPEKIMU Kypca. DTa KOMaH/Ja MPUHUMAET Ha ce0s1 OTBETCTBEHHOCTH 3a MPOOJIEMBI
U TIOCJIEACTBUS HEYNAad WM MPU3HAHUE TPU YCIEIIHOM BBINOJHEHUHU ONEPALUH.
Onnako, aBTOp [6] HE YyKa3piBaeT OBICTPOJEUCTBHE MPEAJIOKEHHOTO Crocoba
TUCTAHITMOHHOTO YMpaBIEHUS ©  pa3deliecHne (QYHKIUH  yOpaBiCHHUS TIPH
BO3HUKHOBEHHH YPE3BbIYANHBIX CUTYaLIUH.

B crateax [7, 8] mpemsioxkeH MeETOJ TeNEeyNpaBieHUsT KOocMUYeCcKMM M mpu
OONBIIMX 3ama3[bIBAaHUSAX B TIEpenadue YMpaBIAIONIMX CUTHAIOB ¢ 3emun. Merton
MpeanoiaraeT MCHOJb30BAaHUE B HA3€MHOM LIEHTPE YIPABICHUS  MOJEIU
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KOCMHYECKOT0 poOoTa U ero pabouei cpe/ibl, C BOCCO3JaHUEM YCIOBHUI IpaBUTAIIUH,
KOTOpBIE UMEIOT MECTO B 30HE (yHKIHOHUpOoBaHUS M. B 31Ol «MonmensHOI» cpene
YEJIOBEK YITPABIISIET MOJIEIIBEO KOCMUYECKOTO M B KOIMUPYIOLIEM PEKUME C ITOMOIIBIO
IIECTUMEPHON 3aJaI0MIeH PYKOSATKH, CIIOCOOHOM «OTpakaThy» CHITY B3aUMOJICHCTBUS
Mojaean pabodero HMHCTpyMeHTa M ¢ MoAeiasIMH OOBCKTOB BHEIIHEH CpPEJbl.
TpaekTopusi mepeMelIeHUsT 3aIA0MIEN PYKOATKA M 3aKOH U3MEHEHHS BO BPEMEHU
BEKTOpa «OTPAXECHHON» CHJIbl B3aUMOJICUCTBUSL SBJISIIOTCS NPOTrPaAaMMHBIMH TS
JOKAJIbBHOW  CUCTEeMbl ympaBieHuss kocmuueckuM M. Ilocme  nosydeHus
OPOrpaMMHBIX BEJIMYMH C HA3€MHOTO IIEHTpa YIMPaBIEHUS OHMU JOJKHBI OBITh
«otpaboTtanbl» M. Bo3MoxHble omuOouHBIE JACHCTBUS M, MOPOXKICHHBIE
HETOYHOCTBHIO MOJENH BHEIIHEH CpENibl, KOMIIEHCUPYIOTCS 3a CUET IMPEIJI0KEHHOTO
croco0a KOppeKIuu IMporpaMMHoi Tpaekropuu. OaHako, aBTop [7] HE yKa3bIBaeT
TOYHOCTb MO3UIIMOHUPOBAHUA CXBaTa M Mpu peanu3aluu MpeioxKEHHOTo crnocoda
JYCTAHIIMOHHOTO YTIPABJICHUSI.

B [8] momguepkuBaetcs, 9To co3maércs mokojaeHue M, paboTarommX COBMECTHO
C acTpoHaBTaMM M BMeCTO HuUX. JlJIsi JNUCTAaHIMOHHOIO yIpaBi€HUs Takumu M
omepaTop HWCHOJB3yeT TexHojoruwo telerobotics. IlpakTudeckoit peanmuzammeit
telerobotics ~ siBiseTcs  KONUPYIOUIMM  pPEeXUM  yNpaBieHHs, MpPHU  KOTOPOM
YIPABJISIONNE CUTHAIIBI IPUBOJIaM (DOPMUPYIOTCS DHKOAEPaMHU, yCTAHOBJIICHHBIMU Ha
3a/Ial0lIeM YCTpOMCTBE, HajeBaeMoM Ha omeparopa. [Ipu 3Tom obecmeunBaeTcs
OJIHOBpEMEHHOE (POPMHUpPOBAHUE CHUTHAJIOB YIPABJICHUS 1O BCEM CTEIEHSIM
MOJABWKHOCTU MAHMMYJIATOPA, HO ONTUMAJIbHOCTh CHHTE3UPOBAHHOW TPAeKTOPUU
JIBIDKEHUS 3BEHBEB 3aBUCUT OT MPOo(deccCHoHaIbHON MOATOTOBKH OmepaTopa.

B crarbe [9] momuepkuBaeTcs, 4TO JaJbHEWILIEE PA3BUTHE TEJICYIIPABIICHUS
KOCMHUYECKMM  poOOTOM  HalleJI€HO Ha  YMEHBIIEHHWE  OrpaHUYEHUU B
TPAHCIAPEHTHOCTH MPHU BBITTOJIHEHUH YCIOBUNA YCTOMYMBOCTH MPOLIECCA YIIPABICHUS.
ABTOp TIOJTYEPKUBAET, YTO TPH BBIMOJHEHUU COOPOUYHBIX OMNEpAIMii HEOOXOIUMO
UCIIOJIb30BaTh OOpaTHBIC CBSI3M IO CHJIAM U MOMEHTaM pPEeakIMi MEXaHUYECKUX
CBsI3€M, NEUCTBYIOIINX HA CXBAaT M CO CTOPOHBI 3aXBAaYEHHBIX U NEPEMENIAEMbBIX UM
«CBSI3aHHBIX» 00BEKTOB. B [9] ykazaHO, 4TO OAWH M3 MEPCIEKTUBHBIX M AKTUBHO
M3y4aeMbIX BapUaHTOB IWCTAHIMOHHOIO YIMPABJICHUS MPEANOIAracT MNPUMEHEHUE
CIICLIMAJIbHOW OYYBCTBIICHHOM MEpPUYaTKU. Takas nepyaTka HaJIeBaeTCs HA KUCTh PYKHU
YeJIOBEKa, M ONEpaTop B «MOJIEIBHON» CpEAE BBIMNOIHSACT JIBUKEHUSA, KOTOPHIC
KOMUPYET cxBaT kKocmuueckoro M. HemoctaTkom mpeaiio:KEeHHOro MOAX01a SIBJISIETCS
OTCYTCTBHUE 33JAOIINX BO3JCUCTBUN OT MEPUYATKU K MUCIOJHUTEIbHBIM MPUBOJAM B
KMHEMAaTUYECKUX Mapax «JIOKTI» U «Iuieda» M.

B [10] mnpencraBieHO YCTpPOMCTBO yHOpaBlI€HUS B BUIE PYKOATKH C
TaKTUJIbHBIMU JTaTYUKAMH, KOTOPAsl BOCIPUHUMAET PYKOBOIAIINUE ABUKEHUS PYKHU
yesoBeka-onepaTopa. CoriiacHO MOCTABJICHHOIO 3a/laHus MepeMelleHne 00bEeKTOB
BBINIOJIHSAETCS MEXAaHWYECKMM cXBaToM M ¢ JAUCTAaHIIMOHHOW mepenayei
YIPABISIONIMX CUTHAJIOB TMpPHU TMOMOIIM paauocBs3u. HepgocraTkom aaHHOrO
YCTPOWCTBA SIBISIETCS OTCYTCTBHE JAaTYUKOB OOpATHOW CBSI3M B PYKOATKE U
HEBO3MOKHOCTh TIOJIyYEHHUSI ONEPATOPOM CUTHAJIA OOPATHOW CBSI3U MO KOHTAKTHBIM
YCUJTUAM MEXAY CXBAaTOM U OOBEKTOM MAHUITYJTUPOBAHUSI.

KoHCTpyKIMs M npvHIUIT AEMCTBHS 3aJAI0LIET0 YCTPOMCTBA JUCTAHIIMOHHOTO
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yIpaBjieHus M ¢ UCIIOJIb30BAaHUEM IK30CKEJIeTOHA MpuBeneHbI B [11]. Dx30cKkeneToH
BOCIIPUHUMAET PYKOBOJSIIME IBUKEHUSI PYKH YEIOBEKA-OlepaTropa U C MOMOIIbIO
JIOKEMEHTa CBs3aH C omnepartopom. llepemaua ynpaBiasomux CcurHaioB k M
OCYIIECTBISIETCS AUCTAHIIMOHHO C TIOMOIIbI0 paauocBsizu. OOparHas CBs3b
obecrieyeHa BJIEMEHTOM, KOTOPbIA CpPAaBHUBAET OTHOCUTEIBHBIE YTJIbI BpAIICHUS
3BE€HbEB YCTPOMCTBA YIPABJICHUS C COOTBETCTBYIOIIUMHU OTHOCHUTEIbHBIMHU YTJIaMU
HCTIOTHUTENbHON cxeMbl M. Ecnmu BenmmunHbl 0003HAYEHHBIX YTJIOB HE COBMAIAIOT,
TO DJIEMEHT OJIOKHpYET JajibHelllee ABUKEHHE 3BEHBEB DJK30CKEJIETOHA, YTO
CBHUJIETEIIBCTBYET ONEPATOPY O HAIMYMM NPENSATCTBUSA IBHKeHUIO M. Hemocratkom
JAHHOTO YCTPOMCTBA SIBJISIETCS OTCYTCTBHUE YIIPABICHHS MNalbllaMHU, TO €CTh
NOJIBIXKHBIMU AJIEMEHTaMHu cxBaTa M. DTO 0OCTOSITENHCTBO CTABUT IOJ COMHEHHE
IPOU3BOJICTBEHHYIO TMOJIE3HOCTh MOJIENN, IOCKOJbKY M, KOTOpBI KONHUPYET
IBW)KEHUSI PYKH Y€JIOBEKa-Oleparopa, MpeJIHa3HayeH 1 HAJEKHOIO yCTOMYHBOTO
JTUCTAHITMOHHO YIPABISIEMOTO TEPEeMEIIeHUsI OOBEKTOB TPH OTCYTCTBHH MPSIMOM
BUJIMMOCTH ONIEPATOPOM AEUCTBUM M.

B cylmiecTByrOmMX KOHCTPYKLMSX 33JAIOIIMX YCTPOMCTB HMEET MECTO
PACXOXKIEHUE MEXIY YIVIAMH IIOBOPOTA €ro 3BEHA W IUIEYEBOI0 CyCTaBa OIepaTopa.
OT0  OOYCIOBJICHO HECOBMAJCHHEM WX  MPOCTPAHCTBEHHOTO  MOJIOKECHHUS.
KoppekTupoBka BeIMYUHBI HECOBIANIEHUS OOECIIEUMBACTCS 3a CUET 3PUTEIHHOTO
KOHTpOJISl oleparopa 3a ABWKECHUSMU MaHUNyJsiTopa. MCKIIOUUTH UMeEromieecs
paccoriacoBaHue MO3BOJIAET MOJICPHU3UPOBAHHBIM BapUAHT 33/1al0LIEr0 YCTPOMCTBA
npencraBieHusii B [11].  KoHCTpykimga MOJEpHH3MPOBAHHOIO  33JAKONIETO
YCTpPOMCTBAa TpeAHA3HAuYeHa [JIs YNPABJICHUS JABHXKEHHEM aHTPONOMOPGHOIO
MaHHUIYJIITOpa B KomupyroueM pexume. opMUpOBaHHE YNPABISIONIUX CUTHAJIOB
JUIL  TIPUBOJIOB  AHTPONMOMOP(PHOTr0 MAHUMYJISITOpa TPOBOJUTCS HA OCHOBE
ONpEeNEeeHUs] YIJIOB OTHOCUTEIBHOTO MOBOPOTa PYKH oOlepaTopa B IIJICYEBOM
cycraBe. J[aHHOE yCTpOWCTBO HE peanmn3yeT OOpaTHYIO CBs3b IO YCHUJIIUSM U HE
MOET OBITh HCIOJB30BAHO JUISI TMEPEeMENIEHUs XPYNKUX WM B3PHIBOOIMACHBIX
OOBEKTOB.

Hnst  obecnieuenuss »d@dexra NPUCYTCTBUS oOlepaTopa B paboueld 30HE
JUCTAHIIMOHHO yTpaBisieMoro M HCHonb3ytoTcs: mudpoBbie Moaenu. ABTOpsI [12]
CUMTAIOT, YTO PA3BUTHUE KOMIBIOTEPHBIX TEXHOJOTUA W BBIYUCIHUTEIBHBIX CPEJICTB
MO3BOJISIET  CO3/1aBaTh HMMUTALMOHHO-TPEHAXEPHBIE KOMIUIEKCHI, B KOTOPBIX
OCYILIECTBIISIETCA  MojenupoBanue poboroB u M. Ilockonbky wMHoOrue M
YIPaBIAIOTCA AUCTAHIIMOHHO C MOMOIIBIO 33Ja0IINX YCTPOWCTB, HAJIEBAEMbIX Ha
TEJO0 U PYKU YEJOBEKa, BO3HUKAET HEOOXOJUMOCTh OOYyYHUTh 4esIOBEKa-orepaTopa
HaBbIKaM yrpaBlieHus poootoMm. B [12] moauepkuBaeTcs, 4TO B HACTOSIIEE BpEeMs
CyLIECTBYET HECKOJIBKO MIPOrPaMMHBIX KOMIIJIEKCOB (cUMyJISITOPOB),
npenHa3HadyeHHBIX sl MoaenupoBanus M, B wactHocth USARSim [13], Gazebo
[14], V-REP [15] u Webots [16]. AHanu3 3TUX CHUCTEM IMOKa3bIBACT, YTO, HECMOTPS
HAa HaJIUMYME€ B HUX MIMPOKUX BO3MOKHOCTEH, aKTyalbHBIM OCTa€TCS CO3JIaHUE
ynooHoro uHTepdeiica s ynpasieHus podotamu U M. B paccMmarpuBaeMbix
CUMYJIITOpax ympaBlieHHE POOOTOM OCYIIECTBISIETCS COIMVIACHO TMPOrpaMMme,
HanucanHo# Ha si3bike C/CH+ win Ha si3bIKe clieHapueB. Takke CTOUT OTMETUTh, YTO
peanu30BaHHbIE B OTUX CHUCTEMaX JaTYUKU CHJI HMEIT OrPAHUYEHHYIO
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¢dbyukimonansHocTh. Hampumep, B cumynarope V-REP natuuk cuibl BeIYuciseT
CUJIy TOJIbKO B COUYJIEHEHUH POOOTa, B TO BpeMs Kak B peajbHbIX M MOIyT OBITH
MCIOJIb30BaHbI IATYMKHU, KOTOPBIE BHIYUCIIIOT CUIIBI © MOMEHTHI Ha paboyeM opraHe
poborTa.

3ajaroniee yCTpOMCTBO B BUAE NEPUYATKH, UMEIOLIEH TAKTWIbHBIE NAaTYUKUA U
BOCITPUHUMAIOILIEH JBMKEHUS JAJOHU U MaJbLEB YE€JIOBEKa, IpeacTaBieHo B [17].
Cursanbl NepefarTcsi ¢ MOMOIIBIO MPOBOJHOW CBA3M K KOMIIBIOTEPY, Ha 3KpaHe
KOTOPOT'O BOCIPOM3BOJIUTCS HM300paKE€HUE COOTBETCTBYIOUIMX MABMXKEHUH. M s
KOIHUPOBAHUS JBH)KCHUN PYKH YEIIOBEKA-ONEpaTopa MPHU 3TOM HE HCIOJb3YETCS.
[Ipennaraercss Ha mnpennocienHux (¢ajgaHrax MajgbleB MEPYATKH OCHACTUTH
TaKTUJIBHBIMU JJEMEHTAMHM I IepeJayd OLIYUIEHWHA TeIla W XOJoAa, WU
BUOPAIIMOHHBIMU AJIEMEHTaMHM Il BOCIPOW3BEACHUS TAKTUJIBHBIX OIIYIICHH.
Henocratkom  pa3pa®oTku  sIBASIETCS TO, YTO MPEIJIOKEHHOE YCTPONCTBO
BOCIIPUHUMAET JABMKECHMS TOJBKO JAJOHU W IMAJBLEB YEJIOBEKA M MCIIOJIB3YIOTCS B
KOMIIBIOTEPHBIX UI'PaX, TO €CTh HE UMEET NPOU3BOJACTBEHHOTO ITIPUMEHEHUS.

PaspaboTtka  MeTroga  JAMCTAHIMOHHOTO  KOIMHUPYIOLIErO  yIpaBlICHUS
aHTponoMop@HbIM M ¢ 00paTHOMN CBA3BIO MO YCHIIMSAM AACT BOZMOKHOCTH!

— TIOBBICUTH OBICTPOACHCTBHE M CHU3UTH MOTPEIIHOCTH MO3UIIMOHUPOBaHUS M
IIPY NEPEMELIEHNH 110 3aJaHHOM TPAEKTOPHUM HAJIEKHO 3aXBAYEHHOI'O XPYNKOIO WIIU
B3pPBIBOONACHOTO 00BEKTa MPU OTCYTCTBHM BHU3YaJbHOTO KOHTPOJISI OMEPATOPOM 3a
JNBU)KCHUSIMU CXBaTa,

— YMEHBIIUTH BpeMsi O0y4eHHsI OllepaTopa,

— YOPOCTUTh KOHCTPYKIIMIO 3a/1a0IET0 YCTPOMCTBA,

— pealiu30BaTh YMpPaBIEHHUE C OOpPATHOW CBS3bIO IO KOHTAKTHBIM YCUIIMSIM
MEXAY CXBATOM U 0OBEKTOM MaHUITYJIUPOBAHUSA,

— OCYILIECTBJISITh MEXaHWYECKHUE OIEepaluu IO CJIOKHOCTH NPHUOIMKEHHBIE K
(GYHKIIMOHATBHBIM BO3MOKHOCTSIM PYKH YEJIOBEKA.

AHanu3 nMTepaTypbl TO3BOJIIET YTBEpPXKAaTh, 4YTO pa3padoTKa METoja
JAUCTAHLIMOHHOTO KOIHUPYIOIIEro ympaBieHUs aHTponoMopdueiM M ¢ oOpatHoii
CBA3BI0 110 YCWJIMSAM SIBISIETCS AKTYaJIbHOW HAY4YHO-IIPUKIIAJHOW  3aJadyei.
Breapenue »TOro Merojga IO3BOJIAT YCIIEIIHO BBINOJIHATH TEXHOJOTHYECKHUE
omepaly W COXpPaHUTh (PYHKIMOHAIBHOCTH M, HECMOTps Ha ampHOPHYIO
HEOIPEICIEHHOCTDh U KCTpEeMajbHbIE YCIOBHUS paboyero NpoCTpaHCTBa.

9.2. Ileapb ¥ 3a1a49M UCCJIEIOBAHUSA

Ilenpto wumccnenoBaHUs —SIBISETCS  pa3padoTka MeToJa JAMCTAHLMOHHOIO
KOIMPYIOLIETO YNpPaBICHUS aHTPONOMOPPHBIM M ¢ 0OpaTHOI CBA3BIO M0 yCHIUSAM
IpU  anpHOPHOM HEOMPEIEICHHOCTH WM 3KCTPEMAalbHBIX YCIOBUSAX pabodero
IIPOCTPAHCTBA.

OT0 JacT BO3MOXHOCTh TMOBBICUTH IMPOU3BOAUTENBHOCTH M KAa4ECTBO
TEXHOJIOTMYECKOIo Mpoliecca ¢ yyactueM M, obOecneunTh 0€30MacHOCTh YeIOBEKa-
ormepatopa M YIy4yliuTh OS()PEKTUBHOCTh U IKUBYUECTh MaAHUMYJISIIUOHHBIX
MOOUIIBHBIX POOOTOB MPH IKCILTyaTAlIUH UX B SKCTPEMAJIbHBIX YCIOBUSX.
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Jlnst mocTrKeHus 1eny ObUTH TIOCTaBJICHBI CIIEIYIONIUE 3a/1aUH:

— CKOHCTPYHPOBATH 3a/1al0IIIee YCTPOHCTBO,

— pazpaboTaTth CHCTEMY JHWCTAaHIIMOHHOTO  KOIHMPYIOMIETO  YIPaBJICHUS
aHTponoMOpPHBIM M,

— peann30BaTh OOPATHYIO CBA3b [0 YCUIIHSIM.

9.3. MaTepuaJjibl 1 MeTOAbI MCCIEOBAHUS JUCTAHIIMOHHOIO KONMUPYIOIIEro
ylpaBJjieHUs] MAHUITYJISITOPOM

9.3.1. Koncmpykuyusa manunynamopa

VYHuBepcajgbHbIi  aHTPONOMOP(HBIM POOOT-MAHUITYJISTOP —  YIPOILIEHHOE
KMHEMaTHYEeCKOe T0J100ue uenoBeYecKoM pyku. KOHCTpyKIusi yHUBEpPCAIbHOIO
MaHHUIYJIATOpa HMEET HE MeHee 4 yIpaBisieMbIX CTEIEHEW MNOJBUXHOCTH U
3aKaHUYMBaeTCA (QIaHIEeM JJIs1 KPEIUICHUS TEXHOJOTHMYECKOTO HMHCTpyMeHTa [1].
HcxoaHpIiMu JaHHBIMU JIs1 TPOCKTUPOBAHUS MAHUITYJIsITOpa sABIsioTCs [ 18, 19]:

— KMHEMAaTH4YECKasi CXeMa MaHUIyJISITOpa,

— F€OMETPUYECKHUE pa3MEPhl 3BEHbEB MAHUITYJISITOPA,

— JIOMYCTUMBIE 3aKOHBI H3MEHEHUSI 000OIIEHHBIX KOOPIMHAT MAaHUITYJISTOPA,

— HayaJbHOE MOJIOKEHHUE 3BEHBEB,

— KOHCTPYKTUBHBIEC OTPAaHUYECHUSI B KHHEMAaTHUECKUX Mapax MaHUITYJISATOpa,

— uH(popmanus o HarpyskKe.

[TockoJbKy, ITaHUPYETCSI MOHTaX M Ha MOJBUXKHOE 1IACCH, TO JJISl YIIPOILICHUS
KOHCTPYKIIMM M TIOBBIIICHUS HAJCKHOCTH BBIOpAIM KOHCTPYKIHIO M ¢ Tpems
POTAIlMOHHBIMU KWHEMAaTHYECKUMH MapamMu 5-ro kiacca. KuHemaTuyeckas cxema
MaHUITYJISITOpa IPEICTAaBICHA Ha PUCYHKE 1.
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Pucynok 1 - KunemaTn4ieckasi cxeMa MAHHUILYJISITOPA € TPeM4

POTAIMOHHBIMA KHHEMATUYCCKUMHA IIapaMHu 5-ro kiacca.
Asemopckas paspabomxa

[Ipeanonoxunu, 4TO0 Maccod KUHEMATHYECKUMX Map MOXKHO NpeHeOpeub, a
3BEHbSl MAHUIYJISITOpa aOCOIIOTHO TBEPJbBIE KECTKHE CTPENKHU C PABHOMEPHBIM
pacrnpeiesieHueM MaccChl.
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9.3.2. Teopemuueckue memoont

JUIsi KHHEMATUYECKOr0 U JTMHAMUYECKOTO aHaju3a MaHUITYJISITOpa MPUMEHUIIN
metoabl JlenHaBurta-Xaptenoepra u Jlarpamka [1, 18, 19].

Jiis  pa3pabOTKU CUCTEMBbl JIUCTAHIIMOHHOTO YIPABIEHUS HCIOJIb30BAIU
YCOBEpIICHCTBOBAHHBIM METOJ] OWiIaTepalibHOTO YIpPaBICHUS B HamlpaBlICHUU
npeooeH s mpoOaemMbl 3anasapiBanus [7-9, 20].

Jliis obecriedeHrs: KOHTPOJIS 3a MepeMeIleHUus MU M, N1l yMEHbIICHUS OIIUOKU
MO3UILIMOHUPOBAHUSI U TIOBBILIEHUS CKOPOCTU pEAKIMHM OIeparopa Ha BHEIIHHE
BO3/AecTBUS puMeHun nudpoByto 3D Moaens padodero npoctpaHcTsa [12].

Jnst peanuzaumu 0oOpaTHOM CBSI3M MO YCHUJIMSM BOCIIOJIB30BAIUCh METOJ0M
YIIPaBJICHHS IO CUTHAILy paccoriiacoBanus [8, 9, 20].

KoncTpykiusa 3agaromero ycTpoicTBa g JAUCTAHIMOHHOTO ymnpaBiieHus M B
BHJIE OUYBCTBIICHHOM MEPYATKH IpeioxkeHa B [20].

9.4. Pe3yabTaThl HCCIEAOBAHUNA TUCTAHIMOHHOT0 KONMPYIOLIEr0
ylpaBJieHUs AHTPONOMOP(PHBLIM MAHUIYJISITOPOM

9.4.1. Onpeodenenue KOHCMPYKUUU 3A0aA0U4€20 yCMpoiicmea

[IpennoxkeHHass KOHCTPYKLHMSI 3aJaloller0 YCTPOMCTBA JAUCTAHIIMOHHOTO
ynpasieHuss M [20] umeeT BU 3JIaCTUYHOW MEPYATKU JJIMHON OT KOHUYUKOB MAJIBLIEB
70 TUIEYEBOTIO CcycTaBa (pPUCYHOK 2). 3ajaroliee yCTPOHCTBO KPEMUTCA Ha pPYyKe
oreparopa ¢ MOMOIIbI0 (PUKCATOPOB-IUIMYUYEK Ha MaNIbLIAX, 3aMSCThE, JIOKTE U ILJICYE.
Ha ¢ukcaropax-nmunydkax pacrnojiOK€Hbl JaT4YUKaMH yria (aKCeJIepoOMETpbl H
rupockonsl, sHAKomepbl uiau IMU cencopsl). Takol ke QukcaTop-aunydka
3aKpeIICH Ha KOpITyce YeI0BEKa-omeparopa.

Ha pucynke 2 npuBeaeHbl BapyUaHThl KOHCTPYKIIMU YCTPOMCTBA YNpaBJICHUSI B
BUJIC DJACTHYHOM TIEpYaTKUu. B 3aBUCUMOCTH OT CJIOKHOCTH (GOpMBI 00BEKTa
MaHHUITYJIUPOBAHUS AIEKTPOMEXaHUYECKUI 3axBaT YHUBEPCATBHOTO
aHTPONIOMOP(HOTO MAHUMYJIATOpa, a, CIEIOBATEIbHO, W 3aJalolas «IepuaTKay
MOKET OBITh C IBYMSI, TPEMS WIIM MATHIO NANbLIaMU (PUCYHOK 2).

9.4.2 Pazpabomka cucmemvl OUCMAHUYUOHHOZ0 KORUPYIOULE20 YRPABICHUA
AHMPONOMOPPHBIM MAHURYIAMOPOM

VYropaBiaeHue  CXBaTOM  MAaHUIYJISITOpa  OCYIIECTBISIETCS  ONEpaTopoM
JUCTAaHIIMOHHO C MOMOUIBIO 33/Ial0OIIEr0 YCTpOMCTBA «Iepuarkay. lIpemycmorpeno
TpY KaHaja Tepefadyd JaHHBIX (ONTOBOJOKOHHBIM mpoBoa, Wi-fi u 3ammineHHas
paaunocBs3b). KoppektupoBanue ABUKEHUI U KOHTPOJb PE3YJIbTATOB JIEATEIbHOCTH
M ocCymiecTBasSETCS ¢ TOMOIIBI0 CHCTEMBI BUICOHAOITIOICHHUS.

Ha pucynke 3 mnpuBeneHa cxeMa CHCTEMbI JHCTAHIIMOHHOTO YIIPAaBICHUS
aaTporiomopasiM M, Ha KoTOpoil mpuHATHEI obOo3Hauenus: [IK — ycrpoiicTBO
yopasieausi, AM — aHTpomoMopdHBI  Manumysnstop, OM —  00beKT
manumnynupoBanus, CK — cucrema ynpasnennsi, CB — cuctema BumeoHaOmoaeHUS,
[10O — nmporpammuoe obecnieuenue. [{ludppamu Ha puc.3 o6o3HaUeHBI: | — MaIBIBL, 2 —
3aIsICThe, 3 — MpeaIieube, 4 — miedo, S — GuKcaTop-IuIydka, 6 — KHHEMaTUYeCKHe
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PucyHnok 2 - KoHCTpyKIus 3a1a10111eTr0 YCTPOICTBA: @ — C ABYMS
NaJbIAMM; 6 — ¢ TPeMS NAJTbUAMHU; 6 — C MATHIO NAJbIIAMH.
Aemopckas pazpabomka

napbl aHTPONOMOP(HOTO MAHUITYJISATOpPA C HCIOIHUTENIbHBIMU MpPUBOAAMU, 7 —
CUJIOMOMEHTHBIE JAaT4YUKH, 8 — BJIEMEHThl CUCTEMbl TEXHUYECKOIO 3pPEHHS WM
BUJICOKaMephl. 3a/1al0liee yCTPOMCTBO YIPABIEHUSI COCTOUT U3 (PUCYHOK3) MajbleB
(1), 3amsictee (2), npenmieube (3) u mieya (4). DnacTuyHas repyaTrka ocHaIlleHa Ha
najnbliax, 3amsicThbe, JOKTE, IJIeYe U KOpIyce oneparopa (GpukcaTopaMu-IuinydyKkamu ¢
natuukamMu  yrima  (5), moxm  QuKcaTopaMH-TUIyYKaMU  pacCIOJIOKEHHBIE
YyBCTBUTEIBHBIC SJIEMEHTHI JIJIs1 00ecIieueHus 00paTHOM CBSI3H MO yCHIIHSIM.

YcrpolicTBO  ympaBlieHWs ~— Tiepuarka  MO3BOJSIET  aHTPONOMOP(GHOMY
Manunysstopy (AM) konupoBath ABUkeHUs nanbleB (1), 3amsicTes (2), npeanieybs
(3) 1 nneya (4) yenoBeka-omneparopa. s 3TOro 3macTUYHas IepyaTka OCHaIlleHa Ha
najblax, 3amicThe, JOKTE, MIeYe U KOPIyce oneparopa (PUKcaTOpaMH-TUITyIKaMH C
natyukamu yriaa (5). Curnan ot gatuukoB yria (5) cuctemoirt ympasieHus (CK)
YCUJIMBAETCS, TPEOOPA30OBHIBAETCS B YMIPABISIONIYI0 KOMaHAY W Tepemaércs K
UCIIOJIHUTENbHBIM ~ TPUBOJIaM KUHEMaTudyeckux map (6) aHTponomopdHOro
MaHnumnyJatopa (AM).

Konctpykuus antponomoppHoro manumysstopa (AM) ocHaieHa aaTyvKamMu
CUCTEMBbI TEXHUYECKOIO 3pEHMs WK BUAeoKamepamHu (8), uHPopMalus OT KOTOPbIX
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o KaHally paauocBs3u nepenaerca k cucteme ymnpasieHus (CK). B cucreme
yopasieaus (CK) ¢ momompio mporpammuoro obecrieuenust (I10) renepupyertcs
TpEXMEpHass MOJelNb pabodero MPOCTPAHCTBA, B KOTOPOM aHTPONMOMOP(HBIN
MaHumyasTop (AM) B3auMoelicTByeT ¢ 00beKTOM MaHutympoBanus (OM).

10 11

L I13

CK

- [

Pucynok 3 - Cxema cucTteMbl IMCTAHIMOHHOTO YNIPABJIEHUSI KONMUPYHOIIUM

AaHTPONOMOP(HBIM MAHUITYJISTOPOM (aBTOpPCKasi pa3paboTKa)
Aemopckas pazpabomxka

Ha monutope cuctemsl Buneonadmoaenus (CB) Bocpon3Boautcs TpéXxMepHas
MoJIeb pabodero MpOCTPaHCTBA ¢ UMEIOIIMMHUCS MPETSITCTBUSMHA U OTPAaHUYCHUSMU
JUIS BU3YaJlbHOTO BOCIPHUATHS YEIOBEKOM-ONIEPAaTOpoM. OTO HaET BO3MOXKHOCTH
orepaTopy KOPPEKTHPOBAaTh W KOHTPOJIUPOBATH JBWKEHHUS aHTPONOMOP(HOTO
MaHunyJaropa (AM) nipu B3auMOJEHCTBUU ¢ 00beKTOM MaHumynupoBaHus (OM) B
npeenax pabouero mpoCTpaHCTBa.

9.4.3. Peanuzauusn o0pamuoii cea3u no yCuiuiam

Ha 3Benbsx antpomomopdroro wmanummynsitopa (AM) pacmoiaoKeHHbBIE
CUJIOMOMEHTHBIE JaTduku (7), KOTOpPBhIE H3MEPSIOT (HaKTHUYECKOE YIPABIISIONICE
BO3JICHICTBHE HAa WCIOJHUTEIBHBIE MPUBOJLI AHTPONOMOPGHOTO MAHUITYJISTOPA.
Pa3nuna mMexay pacdeTHBIM KOMAaHAHBIM M (DAKTUYECKUM H3MEPEHHBIM 3HAYCHHEM
oOycoBIieHa MEXaHUYECKUM COMPOTUBJICHUEM NepeMEICHUIO 3BEHa
KMHEMAaTHYECKOW CXEMbl aHTPOIMOMOP(PHOTr0 MAHUIYJSATOpPA BCIEACTBUE BHEIIHETO
BJIMSIHUS WJIM HaJIW4YUs TPEnsSTCTBUU B pabouel 30HE MaHHUIYJISTOpa. DTa pa3HUIa
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dbopmupyeT curHan oOpaTHOM CBSA3HM, KOTOPBIN IMOCJE YCUIIEHUS M MpeoOpa3oBaHus
cucremor  ynpaBiaeHus (CK) mnomaércs B YyBCTBUTENIbHBIE  AJIEMEHTHI,
pacrmoJioKeHHbIE TOof (UKCATOpaMU-JIAITYIKaMu. [IpomopIrmoHaIbHO BETUYNHE
BHEIITHETO BIIMSIHUS Ha 3BEHBS aHTponomMopdHoro Manumyistopa (AM), To ecTb
MPOTIOPITMOHAIBHO CUTHAITy OOpaTHOW CBS3M, YyBCTBHUTEIBHBIE JIEMEHTHI CO3/Ial0T
JOTIOJIHUTENIbHOE ~ JAaBJIECHUE BO3JyXxa B  sSYEHKaX DJIACTUYHOM  MEpYaTKH,
pacmojoXeHHbIX Moj ¢ukcaropaMu. YenoBeK OmepaTrop OILIyIIAeT 3TO JAABJICHUE U
MHTYUTUBHO 3aMEUISIET WJIM OCTAaHABIMBAET [IBUKEHHUS MaJbLAMH, 3aIsICThEM,
nokTeM uiu 1iedoM. COOTBETCTBYIOIIMN MaTyuk yria (5) (uKcupyeT M3MEeHEeHue
IpUpPALICHUS YIIIOBOW KOOPAMUHATHI, CUTHAJ OT 3TOr0 IaTYUKA CUCTEMOW YIIPABIICHUS
(CK) ycunuBaercs, npeoOpa3oBbIBA€TCA B YNPABIAIONIYIO KOMaHAY U MepeaaeTcs K
COOTBETCTBYIOIIEMY  HMCHOJIHUTEIbHOMY  mpuBoay (6)  anTponomopdHOro
MaHumyssitopa (AM). DTOT NpuUBOJI KOPPEKTUPYET MPUPAIICHHE COOTBETCTBYIOIIEH
0000IIIEHHON KOOPAMHATHl KMHEMATHYECKOM CXEeMbl MaHWMyJsTOpa. Bcemencteue
4ero aHTpornoMopgHblii MaHUNYJIATOp (AM) KOMHMpyeT MBUKEHHS PYKH ueJIoBeKa-
orneparopa.

B [20] npenycMOTpeHbl KOHCTPYKIIMU, B KOTOPBIX YYBCTBUTEJIbHBIE AJIEMEHTHI
MIPOTIOPITMOHAIEHO CUTHAITY 00paTHOM CBSI3M MO (GUKCATOPAMU-JIHITYYKaMH CO3/Ial0T
BUOpaIuu, W3MEHEHHE TEMIIEpaTyphl WM DSJIEKTPUYECKHA pa3psa B Mpeaenax
3aJIaHHOTO JUana3oHa.

9.5. O0cy:kaeHne pe3yjibTaTOB UCCAEI0BAHUSA METOAa TUCTAHIIMOHHOIO
KONMHUPYIONIEro yipaBjieHUusi MAHUITYJISITOPOM

[IpencraBieHHass  KOHCTPYKLMS — 3aJAOIIETO  YCTPOMCTBA  IO3BOJSET
OCYHIIECTBUTh MPOCTO€ W HWHTYUTUBHOE JHUCTAHIIMOHHOE YympaBiieHus M.
KonupoBanue nBukKEHHS PyKH YEJIOBEKa-ONEpaTOpa PEaIn30BAHO 33 CUET CXOACTBA
aHTPONTOMOP(HOTO MAHHWMYJATOpA KUHEMAaTHYECKOM CXeMe pYKH delOBeKa.
YCTpOWCTBO yIpaBiCHUS «IEpUaTkay J1aeT BO3MOXKHOCTh OBICTPO TPOBECTH
oOydeHre omepaTopa M OCYIIECTBISITh MEXaHUYECKHE OMEPAIMH IO CIIOXKHOCTH
MpUOJIMIKEHHBIE K (PYHKIIMOHATLHBIM BO3MOXKHOCTSIM PYKH YEJIOBEKa.

Pa3zpaboTanHbiii METO TUCTAHIIMOHHOTO YIIPaBICHUS 00ECIIEYNBACT JABMKCHUS
M ¢ 3agaHHbIM  OBICTPOJEWUCTBHEM, MPOU3BOAUTEIBHOCTBbIO, TOYHOCTBHIO
NO3UIIMOHUPOBAHMS U ycuiineM 3axBara. Oneparop KOHTPOJIMPYET ACHCTBUS poOoTa
U B PEKUME PEAIbHOIO BPEMEHHU MOIy4aeT MOJHY0 MHpopmanuio o paboyeil 30He,
BHEIIHUX BO3JICUCTBUAX U YCWIMAX B3auMoAecTBUS M ¢ 00BbEeKTOM.

[Ipy BHeENIHUX BO3IEUCTBUAX WM HAJIWYUU MPEMSITCTBUA B paboueld 30HE
CUCTEMa JUCTAHIIMOHHOTO KOIUPYIOUIETO YNpaBlI€HUS aHTponoMoppHbM M
MpeaycMaTpuBaeT OOpaTHYIO CBSI3b IO yCWiIusM. Peanmzanust oOpaTHOW CBSI3H
MO3BOJISIET  YYECTh  MEXAaHUYECKOE€  CONPOTUBICHUE  NEPEMEUIEHHUI0  3BEHA
KHHEMATHYECKOW CXEeMbl aHTPOTIOMOPGHOTO MAHHUITYJISTOPA BCICICTBUE BHEITHETO
BIIMSIHUSI WJIM HAJIMYUS TPEMSTCTBHMA B paboueii 30He. Benmnunna curnana oOpaTHOM
CBSI3U MPOIMOPLUUOHAIbHA PA3HUIE JIBUKCHUMN YIPABISIOIIETO U UCIIOJHUTEIBHOTO
YCTPOMCTBA.
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HenocraTkoM TpeIoKEHHOTO METOJa, SBJSIETCST TO, YTO ONTHMAaTbHOCTh
CUHTE3MPOBAHHON  TPaeKTOpWHM  JABWKEHUS  3BEHheB M  3aBHUCHT  OT
npodecCHoHaNbHOM MOATOTOBKH ONEPaTopa.

Hanmuume oOpaTHOW CBS3M W CHCTEMBl BHJICOHAOIIOACHUS OOYCIOBIMBACT
11e1€CO00Pa3HOCTh  HCIMONB30BAHUS MPEVIOKEHHOTO METoJa  JUCTAHIIMOHHOTO
yrpasiaeHus ais M, KOTopble pabOTarOT BO BPEIHBIX WM OMACHBIX IS YEIOBEKa
YCIIOBHSIX.

BriBOALI

1. BriepBble CKOHCTPYMPOBAHO 3aJaOUIEE YCTPOMCTBO, B BHJE JIACTUYHOU
NepyUaTKy, peaju3yrollee KaHajl yrpaBieHUsl U KaHal oOpaTHOM CBSI3U MO YCHIIUSM.
dopMUpOBaHUE YIPABISIONMX CUTHAIOB IS TPHUBOJOB aHTPOMOMOP(HOTO
MAHUIIYJIATOPA TPOBOJMUTCA HA OCHOBE OIPEACIICHUS YIJOB OTHOCHTEIBHOIO
MOBOpPOTa PyKU Oleparopa B KaxaoM cycTaBe. Macca u rabapuThl 3aJaroIIero
YCTPOMCTBA HE OrPAHWYMBAIOT IIOJBWXKHOCTH CYCTaBOB omeparopa. Mexay
JBWKEHUSIMA PYKH OIEpaToOpa W 3aJAIOLIEr0 YCTPOWCTBA HET 3alla3fblBaHUs, YTO
noBeImaer OvicTponeiictBue M. IlepyaTka MO3BOJIIET AWCTAHIIMOHHO TMPOBOIWTH
TEXHOJIOTHYECKHUE OIEepaIiy C WCIOJIb30BAHHEM HHCTPYMEHTA, MPUCIIOCOOIEHUN U
OCHAaCTKM  MpPEIHA3HAYECHHBIX JUIsI  B3aUMOJAECHCTBHS C  PYKOM  YeJOBEKa.
IIpencraBieHHass KOHCTPYKLMS 3aJarOlIEr0 YCTPOWCTBA IO3BOJIIET PEaju30BaTh
UHTYUTHBHOE yIIpaBjieHue M 1 yMEHbIIUTh BpeMs 00yUYeHus orneparopa.

2. Pazpaborana cucrema JAMCTAHIIMOHHOTO  KOMHUPYIOLIETO  YIpaBIEHUs
anTporioMop@HbIM M, TIO3BOJSIONIAST BBINOJHATH CIOXXKHBIE TEXHOJOTUYECKUE
omepalud. W COXPaHUTh (PYHKIIMOHATLHOCT, M, HECMOTpS Ha aNpUOPHYIO
HEONPENIETICHHOCTh W JKCTPEMalbHBIE YCIOBUSA pabodero mpocTpaHcTBa. s
obecrieuenus > @dexTa MPUCYTCTBUSA omeparopa B paboyeill 30HE MUCTAHIIMOHHO
yopasisieMoro M ucnosnb3dyercss mudpoBas mozaenb. I[lpu 3ToM  omepatop
KOHTPOJIUPYET NCUCTBUS POOOTa U B PEKUME PEaJTbHOTO BPEMEHHU MOTYUYaeT MOTHYIO
uHpopmaruio o pabodeil 30He, BHEITHUX BO3JECHCTBUSX M YCHIIUSX B3aHUMOICHCTBUS
M c oObekTom. [Ipu BHENMTHMX BO3MEHCTBUSIX WM OOHAPYKCHUH TMPEMATCTBHIA B
paboueM TPOCTPAHCTBE OMEpaTOp MTHOBEHHO pearupyer W  IpPUHUMAET
yIpasieHueckoe penieHrne. ONTHUMalbHOCTh TPACKTOPUM CXBaTa M PEaju3yeMbIX
KOH(MUTypalMii MaHUIYJISITOpa 3aBUCUT OT MNPO(PECCHOHATBHON MOJArOTOBKH
omneparopa.

3. Peanu3oBana oOpatHas cBs3b Mo ycwiusM. Hainuume 4YyBCTBUTENBHBIX
AJIEMEHTOB TOJ (PUKCATOPAMH-TUITYYKAMU OOECHEeUYUBAET TAKTUJIbHBIC OIILYIIECHUS
oreparopy, KOTOPbIM YyBCTBYET pabourie U KOHTAKTHBIC YCUIIMS MpU ACHCTBUAX M.
DOTO  TO3BOJUT  TOBBICUTH  OBICTPOJAEHCTBUE W  CHH3UTh  IOTPEUTHOCTH
MO3UI[MOHUPOBAHUS, TPU MAHUMYJSIIUAX HAACKHO 3aXBAYEHHBIM XPYNKUM WIIU
B3PBIBOOTIACHBIM OOBEKTOM, TIPH OTCYTCTBHH MPSMOTO BU3YaJIbHOTO KOHTPOJISI CO
CTOpPOHBI OTIEpaToOpa 3a JBIKEHHWEM cxBaTa. Peanmsarus oOpaTHOM CBSI3U TIO3BOJISIET
Y4ECTh MEXAHWYECKOE CONPOTUBIICHUE MEPEMEIICHUIO 3BEHA KHHEMATHYECKOU
CXeMBbl AHTPONMOMOP(HHOTO MAHUMYJIATOPA, BCICACTBUE BHEIIHETO BIUSHUS WIH
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HaJu4usl TPENATCTBUM B pabouedd 30He. BenmumHa curHaia oOpaTHOW CBS3U
MPONOPLUAOHAIBHA PA3HULE JBUKCHUM YHOPABISIOMIETO MW UCIOJHHUTEIBHOTO
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KAPITEL 10/ CHAPTER 10.
FORMALIZATION OF ALGORITHM AND DEVELOPMENT OF DIGITAL
ELECTRONIC SCHEME OF CONTROL SYSTEM OF PRODUCTION

EQUIPMENT ON THE BASIS OF SEQUENCE OF EVENTS
®OPMAJIMBALUS AJITOPUTMA U PA3SPABOTKA [IU®POBOW JIEKTPOHHON CXEMBI
CUCTEMBI YIIPABJIEHHS ITPOU3BOJCTBEHHBIM OBOPYJIOBAHUEM HA OCHOBE
HOCJIEJTOBATEJIbHOCTU COBBITHI

DOI: 10.30890/2709-2313.2021-04-04-065

Introduction

To develop a control system with a minimum number of elements, it is
necessary to describe the law of its operation in a formal language, which allows you
to move from a verbal description of the control algorithm to its structural or
functional scheme. Most often it 1s a mathematical form. Therefore, formalization 1s a
transition from a verbal description of a control algorithm to a mathematical one. The
mathematical form of the description allows to pass to the structural (functional)
scheme of control system and if necessary to develop the block diagram of control
algorithms [1-5].

To formalize the algorithm for controlling the mechanisms of the technological
line, it is possible to use two methods.

The first of them, more universal, is based on the presented mathematical model
of control of the mechanism in the form of RS - the trigger in which the signal on the
S-input includes the trigger (mechanism), and the signal on the R-input - excludes it
[3]. Each equation determines the signal at the S - or R - input of the trigger. These
are Boolean equations whose values can be equal to one, then the mechanism will be
included. If equal to one R - equation, the mechanism will be excluded. If these
equations are zero, then the state of the mechanism does not change. The logic of the
mechanisms provides a condition when the combination S = R =1 is impossible. The
distribution of the conditions of inclusion and exclusion of the mechanism simplifies
the process of compiling such equations.

The second method of formalizing the control algorithm is to compile a logical
scheme of algorithms (LSA) [4, 6-8].

Operating conditions of the mechanisms include the position of the
technological material, the position of the working bodies of the mechanisms and the
state of the mechanisms (on/off). Such variables form a conjunction and are
combined in the block diagram with the elements "AND". The control equation may
include additional triggers that remember the state of the mechanisms in previous
moments. Such triggers play the role of sensors, the installation of which is
impossible or undesirable. They can be called mathematical sensors. The positions of
the process material or the working bodies of the mechanisms are determined by the
appropriate position sensors. The state of the mechanism can be determined by the
state of its starting device, which often have a special contact (block contact).

Different mechanisms can be used in technological lines. From a management
point of view, this diversity can be reduced to three types: mechanisms of continuous
movement; step mechanisms; shuttle mechanisms.
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Continuous movement mechanisms do not have position sensors, so external
commands for on and off are required to control them.

Stepper mechanisms move their working bodies by a step, the value of which is
set by the sensor (sensors), and the number of steps in one direction is unlimited. The
step size can be constant or variable, depending on the design of the sensor.

Stepper mechanisms are activated by an external command, and stop under the
action of its step sensor. The peculiarity of these mechanisms is that the beginning
and end of their movement occurs at the same state of the sensor. Therefore, at the
beginning of the movement it is necessary to neutralize the action of the sensor,
which is best done with an additional trigger.

Shuttle mechanisms are reversible mechanisms which, having performed
movement in one direction, should return to the initial position. The extreme
positions of the mechanism are determined by two sensors (sometimes one, of a
special design, which switches in the extreme positions of the mechanism).

The basic equations of control of all types of mechanisms are given. In these
equations it is necessary to substitute specific variables for the set technological site.
In the automatic control mode, these are the signals of the position sensors of the
process material, the position sensors of the mechanisms, the state of the mechanisms
(state of the control triggers) and the state of the additional triggers. For manual
control, these equations may include the “START” and “STOP” buttons and possibly
control keys that define manual or automatic control modes.

10.1. Control of production equipment based on a sequence of events

Let it be necessary to develop a management system for the technological area
for knocking out molds. The mnemonic of the technological area is shown in Fig. 1.1.

Molds with cast parts are moved by a conveyor that operates continuously, and
therefore it is not part of the control system. When the form is in the range of the
reversing mechanism M1-2 (X1 = 1), the latter must move it to the intermediate table
Nel and return to the starting position. When the form is on the intermediate table,
and the mechanism M1-2 returns to its original position, the reversible mechanism
M3-4 must move it to the vibrating table and return to its original position. On the
vibrating table, the mold is released from vibration and poured out of the mold.
Along with the mixture, the cast part falls out.

The next form will be moved to the intermediate table Nel. The mechanism
M3-4, moving the next form on the vibrating table, will move the previous one to the
intermediate table Ne2. After that, the reversing mechanism M5-6 must move the
empty form on the conveyor.

Simultaneous operation of M1-2 and M5-6 mechanisms is allowed. The other
mechanisms cannot work at the same time.

Sensor X1 determines the position of the form. The remaining sensors determine
the position of the mechanisms.
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Fig. 1.1. Technological area knockouts of molds

According to current standards, reversible mechanisms are denoted by two
digits. Reversible mechanisms are mechanisms that can move (rotate) in two
directions. To do this, they must have two triggers, one of which includes a
mechanism for moving in one direction, the other - in the other. From the point of
view of management, such mechanisms are considered as two irreversible. Therefore,
when compiling control equations, each reversible mechanism "splits" into two. For
example, the mechanism M1-2 is considered as the mechanism M1 and M2.

In appearance, the reversible mechanism may be no different from the non-
reversible. For example, the direction of rotation of an electric three-phase motor
with a short-circuited rotor depends on how its stator windings are connected to the
mains. If you put two contactors, each of which connects the windings to the network
in different ways, you can control the direction of movement of the mechanism. In
electric motors, the simultaneous switching on of both contactors is not permitted.
The motor rotor will not rotate, and therefore the inductive resistance of the windings
is very small. In this mode, a very large current passes through the windings and they
burn out.

Hydraulic and pneumatic mechanisms are not afraid of this mode. Simultaneous
supply of oil (air) in both cavities of the mechanism (left and right of the piston) will
not allow the piston to move, but will not disable it.
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10.2. Formalization of the control algorithm

The method of formalizing the control algorithm is to compile a logical scheme
of algorithms (LSA) [4, 6, 9]. This method can be used when the mechanisms work
in a certain sequence and when the mechanisms do not work simultaneously. This is
possible in small technological areas. In large technological lines, the mechanisms
can work simultaneously. In this case, it is impractical to use LSA.

LSA is a kind of recording of the program of mechanisms (the program is
written in pseudo codes). It consists of executing commands on/off mechanisms and
checking the position of mechanisms or technological material. All LSA operators
are written in a line from left to right, in the order of their execution. If a logical
operator (sensor status check) is recorded in the LSA, then an arrow is placed to the
right of it, the tip of which is directed upwards. This arrow must have an arbitrary,
but specific, number. To the right of the logical operator (Xj) is written the next
operator, which is executed when X; = 1. If X; = 0, the control is transferred to
another operator LSA, which is preceded by an arrow, the tip of which is directed
downwards and which has the same number as arrow.

To compile the LSA, it is necessary to mark all commands for switching the
mechanisms on and off in capital Latin letters, or in one letter with an index. This
notation can be arbitrary, but it is best when the notation in the LSA coincides with
the notation of mechanisms on the mnemonic. It is also advisable to indicate
commands to enable Mi mechanisms, and commands to exclude - M;".

Sensors are similarly affected. It is only necessary to indicate under which
conditions X; = 1, and under which - X; = 0.

If the task is clear, then compiling the LSA is not a difficult task. It must be
written in such a way that the specified algorithm of all mechanisms is executed.

As a rule, with this approach, there are "extra" operators in LSA. Therefore,
LSA needs to be simplified. This simplification is performed in the following
sequence:

1) in LSA those commands which are written down together in all LSA are
united and replaced by one (one command can include or exclude several
mechanisms);

2) reducing the number of teams due to the so-called waiting teams. Pending
commands are commands such as:

Vo MX, T M, (2.1)

In this part of the LSA, the command is executed only when Xy becomes equal
to one, ie when M; has performed its action. In this case, the M;" command can be
removed from the LSA, provided that the M; command will not be remembered. For
microprocessor-based control systems, this reduction in LSA is unacceptable because
the output ports of the microprocessor have triggers and therefore the M; command is
remembered.

Further reduction of LSA is possible due to the elimination of repetitions of the
same operators. This procedure requires the use of transition formulas and is detailed
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in [4, 6, 9].

In the simplified LSA, operators are grouped into microinstructions. This
operation is performed only when the control system is developed on the basis of a
firmware. In this case, this section consists of two sections: the compilation of LSA
and the formation of micro-teams.

Here is an example of the development of LSA and the formation of
microcommands for the area for knocking out molds, which is shown in Fig. 1.1.
Let's make a meaningful description of the operators: M; - command to turn on the M;
mechanism; M;" - command to exclude the i-th mechanism; X; = 1 - the i-th
mechanism is in the controlled point; X; = 0 - the i-th mechanism is not in the
controlled point.

LSA control process has the form:

U=A, 4, X1T, MI-x2T> M1 |, M2-X37T° M2”
L, M3-X4T* M3" L, M4-X5T° M4”
L M5-X6TO M5 4, M6-X7T" M6 01! (2.2)

This LSA has pending type operators. It is known that in such structures it is
possible to delete provided that the M; command will not be remembered.
The new LSA has the form:

U=A,y, x1T{, M1-x2 T3], M2-x31°J, M3-X, T*
LoM4- X510, M5-X6T°4, M6-X7T7 01! (2.3)

Further reduction of LSA is impossible. Let's move on to the formation of
microcommands. To do this, determine the compatibility of operators. Compatibility
of functional operators (commands to enable and disable mechanisms) is shown in
Fig. 2.1.

M2 [X
M3 [X [ X
M4 [V [V [X

M5 |V Vv Vv A%
M6 |V Y% A% Y% X

MI M2 M3 M4 M5

Fig. 2.1. Compatibility of functional operators:

X - to include at the same time mechanismes is forbidden;
V - mechanisms can be included at the same time

This table is completed as follows: mechanisms M1 and M2 are part of the same
reversible mechanism M1-2. Their simultaneous inclusion is not allowed, and
therefore at the intersection of column M1 and row M2 there is a sign "X" - the
prohibition of simultaneous inclusion. The same can be said about the M3 and M4,
M35 and M6 mechanisms.
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Mechanisms M1 and M3 cannot be switched on at the same time, because their
trajectories intersect. The same can be said about the M2 and M3 mechanisms.

Functional and logical operators are incompatible when the latter changes its
state under the action of the former: M1 - (X1, X2, X3); M2 - (X2, X3); M3 - (X4,
X5); M4 - (X4, X5); M5 - (X6, X7); M6 - (X6, X7).

Determine the compatibility of functional and logical operators:

Pending operators are always incompatible. But if we swap the functional and
logical operators, they become compatible.

Let's build the first microcommand (Fig. 5.3).

[Mi]
Ki= lX 1
1 1

Fig. 2.2. The first microcommand

This command is constructed as follows: LSA (2.3) the first operator is the
operator X1 (AO - not taken into account). The K1 team starts with him. Since it is a
logical operator, we draw two arrows from it: the upper corresponds to X1 = 1, the
lower X1 = 0. When X1 = 0, the tip of the arrow 1, in the LSA again leads to X1, ie
no action occurs. When X1 = 1, the operator M1 must be included. But M1 and X1
are incompatible. Therefore, this branch ends. Closing M1 in parentheses means that
the M1 operator is not part of the K1 command. The new K2 command must start
with the M1 operator. But operators M1 and X2 are waiting. They can be swapped,
but the branch X2 = 0 ends with the operator M1. After X2 = 1, the operator M2 must
be executed, followed by the operator - X3. This pair of operators is also a waiting
pair, so we also change places. Further construction of the K2 team is similar.

Let's build the second microcommand (Fig. 2.3). As a result, we have two
commands that include all logical and functional LSA operators. The question of how
to build a block diagram of the control system on these microcommands will be
considered below.

X5
Xs —> M6
M3

"

X4|:: M4

X3 |:: M3

K =Xo E M2
M1

Fig. 2.3. The second microcommand

There is a significant difference between the operation of mechanisms by LSA
(2.3). When controlling by equations (hardware or software), the control system
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constantly determines the state of the sensors and produces appropriate control
signals to the mechanisms. At the same time simultaneous work of mechanisms is
allowed (if this restriction is not put in algorithm). This is how the M1-2 and M5-6
mechanisms can work at the same time. The time of the full control cycle consists of
the time of movement of the mechanisms M1, M2, M3 and M4, ie equal to 4T (where
T is the time of movement of one mechanism).

When operating the system on LSA control mechanisms are performed
sequentially over time. The control system, having included the mechanism, waits for
switching of the corresponding sensor and only then passes to control of the
following mechanism. In this case, the time of the entire control cycle is 6T. In
principle, when working on the equations, it is possible to increase the feed rate of the
forms by increasing the speed of the conveyor. Whether this can really be done

10.3. Development of a digital electronic control system

If the control system must be implemented on the basis of RS-trigger model,
discrete elements, then its block diagram is based on a system of equations of
inclusion and exclusion of line mechanisms.

The basis of the scheme are control triggers, the number of which is equal to the
number of starting devices, because the reversing mechanisms have two such devices
to control the movement of the mechanism in one and in the opposite direction. If
there are additional triggers in the equations, they are also depicted in the diagram,
but the outputs of these triggers are used only to control the main ones.

Each on or off equation is a conjunction of a number of variables that are joined
by an "AND" element. The output of this element is fed to the S- or R-inputs of the
corresponding trigger.

If the mechanism has several modes of inclusion (exclusion), then we will have
several corresponding equations, which are combined by the element "OR".

The block diagram shows the sensors, the outputs of which are fed to the input
of the elements through signal converters. When implementing the system, these
transducers may be absent if the sensors emit signals with which the corresponding
elements can work. The outputs of the triggers are fed to the starting devices of the
mechanisms through amplifiers, which are also depicted in the block diagram.

For the control system, which is described by equations (2.1 — 2.3), the block
diagram has the form shown in Fig. 3.1. The output signals of sensors X1 - X7 must
have a level determined by the type of selected elements. Therefore, it may be
necessary to have converters of these Pi signals.

The output signals of the triggers have low power and cannot turn on the starting
devices of the mechanisms. Therefore, it is necessary to have signal amplifiers Aj, the
gain of which is determined by the ratio of the current SD; to the output current of the
triggers.

Scheme of Fig. 3.1 is a block diagram of the control system. To move to the
schematic, you must first select specific triggers. If these triggers are controlled by
zero signals (for example, TTL-series), then the resulting equations should be
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reworked according to the laws of mathematical logic.

If the control system is developed on the basis of a firmware, then the basis for
the block diagram is a system of microinstructions.

It is known [4, 6, 9] that the block diagram of the firmware consists of a register
of commands (RC), decoder (DC), the output unit, the unit for checking the logical
conditions and the program unit.

X1 HC1 Fl 5|7 +—AT =501
2 l-Jc2 R m‘,L——-
— & —1s T 53@
X3 b C3l— | | —
R M2 ¢
X4 (= Ca}-
1 & 5 T
X5 = Co R
1 FHT‘}—
Iz '
X6 (~C6
= = 5| T A3 (=503
Xt -—Ql:i RIMy P—
&
i 5| T A4 -3
RM#-?‘“—‘

5| T A5 ({305
RME‘(’_‘

S — A -sod
—R[MB

Fig. 3.1. Block diagram of the control system:
Xi - sensors; C; — convertors of signals; A; — amplifiers of signals;
SD; — starting devices of mechanisms

Each microcommand is assigned one decoder output. In addition, it is necessary
to provide another additional output of the decoder, which is not connected to other
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elements and which is necessary to turn off the machine.
The number of decoder outputs determines the number of its inputs:
A =log,(N +1), 3.1

where A is the number of decoder inputs; N is the number of microcommands.

The decoder inputs are the outputs of the command register. It is recommended
to implement the register of commands on asynchronous RS - triggers, which are
controlled by the memory block. The output unit contains triggers that memorize the
appropriate commands and the outputs of which through the amplifiers are fed to the
starting devices of the mechanisms. If you do not need to remember the commands,
the trigger is missing and the command goes directly to the amplifier.

The unit for checking the logical conditions consists of elements "I", two
elements per sensor. These elements are depicted in microcommands and transferred
to the block diagram without changes. To these must be added signal converters,
which can stand at the output of the sensor.

The memory block is developed as a combinational type. This scheme has a
certain number of inputs, which is determined by the structure of microinstructions.
The inputs of the memory unit also include the "START" and "STOP" buttons, which
are performed with normally closed contacts. One pin output is connected to a
memory unit and the other is grounded. The number of outputs of the memory block
1s equal to the sum of R - and S - inputs of the register triggers.

According to the principle of operation of the firmware, a single signal can
appear only on one of the inputs of the memory unit at the time when you need to
change the firmware. Accordingly, a code appears at the output of the memory block,
which switches the triggers of the register and, accordingly, the outputs of the
decoder. The block of memory on the block diagram is depicted as a "black box" and
its internal structure is determined during the development of the schematic diagram
[9, 10].

An example of the development of the block diagram of a firmware is shown in
Fig. 3.2. LSA (2.3) is reduced to two microcommands (Fig. 2.2) and (Fig. 2.3). The
decoder of the firmware should have three outputs and two inputs. This means that
the command register will have two outputs. The output unit will not have triggers
because the M; commands are not remembered.

The output signals of sensors X1 - X7 must have a level determined by the type
of selected elements. Therefore, it may be necessary to have converters of these C;
signals. The output signals of the elements have low power and cannot include the
starting devices of the mechanisms. Therefore, it is necessary to have signal
amplifiers A, the gain of which is determined by the ratio of the current SD; to the
output current of the elements. The diagram in Fig. 3.2 is a block diagram of the
control system. To move to the schematic, you must first select specific elements.
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Fig. 3.2. Block diagram of firmware the machine:
RC - register of commands; DC - decoder; MB - memory block;
ST - "START" button; SP - "STOP" button

10.4. Implementation of a control system based on microprocessors and
microcontrollers

If the control system is implemented on the basis of a microprocessor, then its
block diagram 1is similar to any microprocessor system. It consists of a
microprocessor and two ports: input and output. The input port receives signals from
sensors (possibly through converters). From the output port come signals to turn on
the mechanisms and which are fed through the amplifiers to the starting devices of
the mechanisms. Triggers for memorizing commands are not required because they
are in the output ports of the microprocessor system [11-14].

Block diagram of the control system on the microprocessor for the technological
area in Fig. 1.1 shown in Fig. 4.1. The number of input ports on it is determined by
the number of sensors, and the number of output - the number of mechanisms. This
diagram does not show the transducers of the output signals of the sensors and the
amplifiers of the output signals of the microprocessor.

For microprocessor systems it is necessary to develop a block diagram of control
algorithms. Its structure depends on how the control algorithm was formalized.

If the control algorithm is obtained on the basis of a system of equations of
inclusion and exclusion of mechanisms, the block diagram of the algorithm is a
continuous cycle of solving these equations. This cycle after initialization of the
microprocessor begins with determining the status of the "START" button.
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Microprocessor

{ v

Input port Output port
X1 X2 X3 X4 X5 X6 X7 M1 M2 M3 M4 M5 M6

Fig. 4.1. Block diagram of a microprocessor systems

Solving the system of equations begins when this button is closed. At the end of
the cycle it is necessary to check the status of the "STOP" button. If it is closed, the
microprocessor enters the mode of checking the status of the "START" button. If not
- the microprocessor continues to solve control equations. With this algorithm, the
control system can be stopped when the complete control cycle is completed.

The solution of control equations for each mechanism should begin with
determining the state of this mechanism. If it is excluded, then there is no need to
solve the equation of its exclusion, because they cannot change the state of the
mechanism. If the mechanism is enabled, then only the exclusion equations are
solved. This technique does not reduce the length of the program, but significantly
reduces the time for its execution.

The role of triggers in this case is performed by RAM cells. If equal to one at
least one equation of inclusion of the mechanism, in this cell write down unit and
transfer to an output port of the microprocessor. If at least one equation of exclusion
of the mechanism is equal to one, in this cell write down zero, excluding the
mechanism. If all the control equations of this mechanism are zero, then the state of
the memory cell does not change, and the microprocessor proceeds to solve the
control equations of the next mechanism. The equations of switching on and off the
mechanism cannot be equal to one at the same time, otherwise they are composed
incorrectly.

Conclusions

If the control law is given in the form of LSA, the development of a block
diagram of algorithms for it is not a difficult task. Each functional operator in the
LSA has a command to enable or disable the mechanism, which must be passed to
the output port of the microprocessor. Each logical operator in the LSA is a reference
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to the appropriate input port to determine the status of a sensor. Depending on this,
the microprocessor decides on the next command according to the LSA. In contrast to
the other schemes, when working on the LSA, the microprocessor waits for the
mechanism to perform a particular operation and only then proceeds to control
another mechanism.

In such a block diagram, the microprocessor does not wait for the mechanism to
perform its operation, but constantly monitors the status of the sensors and issues the
necessary commands. Given the high speed of the microprocessor, we can assume
that control over the operation of the mechanisms will be reliable.
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Introduction

Statistical models are an important class of models that mathematics offers the
researcher. With the help of these models, phenomena are described in which there
are statistical factors that do not allow explaining the phenomenon in purely
deterministic terms. Typical examples of this kind of models are time series in
economics, marketing, industry, finance, management, which have a trend-cyclical
component and a random component. Whether he wants it or not, a researcher
cannot exclude a random component and must draw his conclusions, taking into
account its presence.

Forecasting, finding hidden periodicities in data, analyzing dependencies,
assessing risks when making decisions, and many other tasks are solved within the
framework of statistical models.

In the course of their development, probability theory and statistics have
developed a powerful apparatus for the study of random phenomena, which is very
partially and practically at an elementary level used in this book. The modern game
on the stock exchange is nothing more than a transformation in the new conditions of
games with a toss of a coin or dice. It was from the study of these games in the 17th
century. and the theory of probability appeared.

A flexible language for describing forecasting is the language of conditional
mathematical expectations about the flow of sigma algebras. In this case, the optimal
forecast in terms of the mean square error is determined by the formula E (X (t + 1) |
F (t)), where F (t) is the flow of sigma algebras, in other words, a set of snapshots of
history. We deliberately go for some simplification and present the theory in a
language understandable to a wide range of readers. The term "forecasting" (from the
Greek. Gnosis - knowledge) means knowledge ahead, foresight, prediction. English
version: forecasting, prediction.

11.1. Forecasting

Forecasting as a specific type of scientific analysis has found more or less wide
application in the field of natural phenomena (weather forecast, floods, crop yields,
etc.), now it has covered a wide variety of areas of human activity: politics,
international relations, economics, scientific and technological progress
demographic and social processes, education, etc. A new scientific direction is being
formed - forecasting, in which, on the basis of a synthesis of methods borrowed from
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philosophy, sociology, statistics, mathematics, and their own methods, prospective
assessments of the development of social processes and phenomena are developed.

The problems that can be solved using the methods of probability theory and
mathematical statistics are very diverse. During our research, the most typical tasks
were considered. So, in one of the tasks, the achievement of the level of accuracy of
the obtained statistical data or the confidence limits for the true probability of events
is determined on the basis of the frequencies of these events obtained in the course of
observations. In the second task, statistically significant patterns are revealed when
comparing the frequencies of homogeneous events.

The task of forecasting is to determine the values at the following moments from
the values of observations collected at a given moment in time. Usually observations
are made at regular intervals: a day, half an hour, etc. The stock price, for example,
can be registered at the close of the exchange, and then the task is to predict the stock
price for the next day. However, there are also longer intervals, for example, month,
quarter, year. In trade, for example, purchases are planned for a month or a week. In
all these situations, it is important to have an informed understanding of what will
happen next, i.e. in future.

Statistical methods are based on a probabilistic model, which allows us to
understand the nature of the observed data, to highlight the main factors, seasonal
factors, the cyclical component, to rationally build a forecast.

The generally accepted standard in which forecasting in economic applications
1s made are autoregressive and integrated moving average models, abbreviated as
ARIMA, or ARIMA.

11.2. Information technology (IT) in medical diagnosis

The most time-consuming tasks of medicine include making a diagnosis and
choosing a course of treatment. Traditionally, doctors have solved these problems,
relying only on their own intuition and experience.

The most time-consuming tasks of medicine include making a diagnosis and
choosing a course of treatment. Traditionally, doctors have solved these problems,
relying only on their own intuition and experience. Today, their arsenal increasingly
includes methods based on high technologies and allowing to process large flows of
information.

Today IT is used in medicine in three areas:

- use of equipment for surgical treatment, observation of the patient in the
preoperative and postoperative periods, etc .;

- maintaining document flow and financial and accounting reporting;

- predicting the state of the body, diagnosing diseases, tracking the stages of
relapse, prescribing the necessary course of treatment using intelligent decision-
making systems.

Let's try to analyze the state of affairs in the third, most science-intensive
direction. Expert systems and artificial intelligence systems created in our country
and abroad, designed for diagnostics, allow solving a variety of problems. These
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tasks can be very narrow (for example, scheduling the effective intake of certain
medications for a specific patient), and more global, associated with predicting the
patient's condition, issuing recommendations for surgical intervention and analyzing
the patient's possible condition in the postoperative period. Depending on the
purpose, such systems are based on different methods; among them:

- statistical methods of data processing (SMOD);

- artificial neural networks (ANN);

- nonlinear regression methods (NRM).

11.3. Using multivariate analysis methods to generate predictive
information

The approaches to obtaining predictive information can differ significantly both
in the set of analyzed information and in the method of obtaining the final
information. They can be organized in the form of tables, questionnaires, simple or
complex computer programs. Most of the common indexes try to target a wide range
of consumers, which may include patients as well as doctors.

A common variant of constructing a prognostic indicator is a table or text that
includes the correspondence of a set of qualitatively described properties with a
certain quantitative value - an example of such prognostic values can be the index of
the patient's physical condition - the Karnofsky index, an assessment of the same
property based on the ECOG classification.

In recent years, the patient's quality of life and economic issues related to
treatment have become as important as life expectancy and are considered additional
clinical criteria in the treatment of cancer. Currently, there are very complex
methodological and statistical problems of comparing the data obtained and assessing
their predictive value. capacities made on the basis of currently used methods of
measuring quality of life (QoL) for various patient populations. Unresolved issues
are the interpretation of the "value" recorded on different scales and the statistical
significance of the recorded differences. The high subjectivity of assessing the
patient's condition by questionnaires leads to low reliability of the results obtained. A
study by the National Cancer Institute of Canada compares the assessment of the
functional state of patients on the basis of various scales (Physical functioning item of
the subjective significance scale and the physical functioning scale of the QLQ-C30).
The obtained correlation coefficient between them had a value of 0.23 and was
completely unsatisfactory. The results presented illustrate the existing problem of
information objectivity when using questionnaire (or tabular) methodologies for
obtaining quantitative estimates.

The solution of similar problems in other areas of medicine (assessment of the
general condition of the patient and the prognosis of the disease) is achieved using
several different approaches. Although the final estimates are also obtained on the
basis of tabular data, the baseline information includes significantly more indicators
based on a large number of functional and laboratory studies. Such prognosis indices
are widely used, for example, in the medicine of non-acute conditions (APACHI,

MONOGRAPH 111 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021

TISS, ASA, CRIB). In this case, the indices can be focused on a specific type of
injury (for example, craniocerebral). These indices have a high degree of predictive
power. For example, APACHE allows predicting the outcome of an injury with a
probability of over 95%.

Returning to the methods of assessing the physical state of an oncological
patient based on the Karnovsky or ECOG (and other similar) indices, it should be
emphasized that, despite their simplicity, they continue to remain an adequate tool in
the hands of a doctor. In a large number of works devoted to the prognostic
significance of various signs in cancer patients, they remain one of the most
informative. Thus, indices based on simple mathematical principles occupy an
important practical place in clinical practice and, at the same time, having
methodological problems in their determination, set the task of increasing the
objectification of the methods of their registration. Some authors point to the
promise of using simply organized integral blood indicators. They used two options
for such an assessment: the leukocyte index of intoxication Kalf-Kalif and the
indicator named by the authors - the entropy of the leukocyte formula. Both
indicators turned out to be informative in assessing the prognosis of the development
of the pathological process. The authors conclude that the use of integral blood
parameters in diagnostic monitoring allows to increase the information content of
traditional diagnostic tests, improve the assessment of the effectiveness of therapy,
outline ways to predict the outcome and individualize treatment. The use of integral
blood indices is promising for the computer assessment of laboratory research results
and the development of expert diagnostic systems.

Another, the most common way of obtaining predictive information can be
illustrated by the example of the program proposed. Some authors propose a
classification system - SMDC - standardized Multiparameter Data Classification.
The CLASSIF1 classifier program using standardized instrumental and laboratory
data of cytometry and other multivariate data, including clinical chemistry and
biomedical and clinical data, is open for use via the Internet via the TELNET
protocol. Anyone can use their data to find a solution to their problem. In the
author's version, the program is used to solve such problems as: assessment of the
risk of myocardial infarction based on the expression data of platelet activation
antigens (data used for the classification of CD62, CD63, thrombospondin,
immunoglobulin G); assessment of the risk of overtraining for professional cyclists
based on the level of lymphocytic antigens; prognosis of survival in patients with
melanoma (discrimination is made into two classes up to 10 years and more than 10
years) based on clinical data. The principle of the algorithm is based on calculating a
pair of percentiles 5/95%, 10/90%, 15/85% based on the distribution curve of values
in the training sample. (Which pair of percentiles to use is decided in practice.)
Further, specific values are replaced by: 0 - if it is within the selected interval, (+) -
for a value greater than and (-) - for a value less than the selected percentiles.
Further, on the basis of already known clinical data, a matrix is formed - how many
combinations of signs correspond to which pathology.
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Table 1 — Illustration of data

Wedge. Data \ laboratory classif. Total | N R D
Norm , N 17 100 [5.9 |0
Risk of heart attack , R 97 2.1 1969 3.1
Tuberculosis , D 14 57.117.1 [42.9

The cells show the percentage of patients who fall into this category for the
selected percentile level. Classification optimization process - increasing the sum of
the values of the diagonal component of the matrix - 100% classification for each
class. Further, single columns (features) or their combinations are excluded and the
classification result is determined. If it does not degrade, this data is not included in
the final algorithm.

This grading system is more dependent on within laboratory accuracy than on
interlaboratory accuracy. Instrumental accuracy can be corrected (instrumental error
can be excluded) by normalizing the percentiles to the mean value of reference
samples (which can be donor blood samples). In addition, the biochemical properties
of many cellular systems during the course of a disease can be immediately compared
when classifiers are standardized for common, available cells such as peripheral
blood cells.

A similar ideology for obtaining diagnostic information was used by domestic
authors of the creation of "information technology for the analysis of medical data".
Their approach is also based on creating intervals for each of the studied clinical and
laboratory data, however, not standard statistical intervals are used, but their values
are selected in such a way that the frequencies of hits of objects qualitatively
distinguished by an expert differ as much as possible. Thus, interval estimates are
formed with the corresponding probabilities of objects falling into certain intervals.
If we now go to two features, then a set of rectangles is formed - with sides
corresponding to the division intervals for each feature. A set of such rectangles,
together with an estimate of the probability of falling into the appropriate intervals,
were called "binary" structures by the authors. An important feature of the proposed
method of data analysis, emphasized by the authors, is the ability to "identify the
diagnostic and prognostic value for values that are within the normal range." It also
allows the discovery of new intervals that were not previously considered in clinical
practice as not carrying information. This is a very important property that the
authors have drawn attention to. Very often, the use of "generally accepted" norms
does not allow extracting important diagnostic information from the obtained
experimental and clinical data. The very concept of "norm" and "laboratory norm" is
extremely difficult and requires careful handling in the sense that the analysis of data
in any kind of research, apparently, must begin excluding interval "normal"
limitations and conduct statistical analysis in specific, studied groups. The results
obtained can then be compared qualitatively with the available normal intervals. (If
necessary). An important feature of the proposed analysis is the ability to study the
dependence of features, which essentially coincides with the method of analysis of
contingency matrices. The information obtained in this way allowed the authors to
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solve a number of interesting diagnostic problems. We studied the features of
hematopoiesis and metabolism in patients with lymphogranulomatosis, and also
showed the fundamental possibility of differential diagnosis between
lymphogranulomatosis and other lymphoproliferative diseases based on laboratory
blood parameters. Further, in terms of frequency of use, there are options for cluster
and discriminant analysis. For example, some authors present results on the use of a
diagnostic function of the form N = S ki*x; {x; = 0.1} for differential diagnosis of
tuberculosis - pneumonia - lung cancer. Coefficients were found for three functions -
respectively, three pairs of diseases and threshold values for these pairs. 15
indicators were used, including 5 blood indicators. The calculation was made on the
basis of the analysis of data from 300 case histories, and the control study for 50 and
the coincidence of diagnoses was shown in 84% of cases. This approach can be
thought of as a vulgarization of the discriminant method. The diagnostic function has
the form of a simplified discriminant function, in which the discrete value of the
feature is used instead of the parameter value (1 - if the feature is greater than a
certain level or 0 if the feature is absent). The authors recommend using the method
at the outpatient level to make a preliminary diagnosis and decide on the patient's
referral to a specialized clinic. The discriminant approach in the analysis of
multiparametric blood parameters for diagnosis in oncology is actively used by a
group of researchers from the N.N. Aleksandrov Belarusian Oncological Institute.
The use of discriminant analysis of a complex of biochemical and physicochemical
characteristics of blood allows, according to the authors, to assess such important
characteristics in the treatment of cancer patients as prognosis and monitoring of the
effectiveness of treatment for prostate cancer, prognosis of complications when using
multicomponent chemotherapy in children, assessment of the level of endogenous
intoxication in lymphogranulomatosis. The effectiveness of using discriminant
analysis of clinical and laboratory data in solving differential diagnostic problems is
indicated in some papers. One of the areas where the method of discriminant
functions is actively used is radiology. The use of this method of classifying
formalized radiographic data allows for standardization of the diagnoses obtained
and, in some cases, for an increase in diagnostic efficiency as compared to the expert
one. Along with discriminant analysis, the possibility of the practical use of various
variants of cluster analysis for solving medical problems is being actively explored.
For example, some papers consider the application of the cluster analysis method for
solving forecasting problems in medicine. The main difficulties in using the method
are indicated: a low level of formalization of the subject area, as well as the fact that a
high level of costs may be required to obtain the required amount of information.
These reasons, according to the authors, orient the researcher when choosing methods
of analysis towards classification methods based on methods of pattern recognition.
The advantages of these methods are their focus on the result of making, rather than
analyzing the process and mechanism of decision making. In many cases, this
approach simplifies the search for a solution to the problem. The classification
system proposed by the authors based on hematological blood test offers new
approaches to the application of the pattern recognition method for classification
problems. The authors' conclusion about the possibility of reducing the number of
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objects in the training sample is also interesting. As already mentioned, this indicator
seems to be the most critical in most systems and methods that solve classification
problems. This limitation should be taken into account when planning studies,
because in practice, it can be difficult to organize the recruitment of the required
number of patients who, among other things, have the same quality of diagnostic
information.

A variant of cluster analysis - classification trees (a type of decision making of
the graph method) is often used in areas where information is qualitative in nature
and can be converted into ordinal variables. These are, for example, such disciplines
as cytology, histology, psychology. Classification of objects (in the case of cytology
or histology, this is a diagnosis) is made on the basis of consistent decision-making
when registering a certain level of signs. For example, some authors use a
classification tree approach to assess the grade based on histological features for
tongue cancer. The authors note that the assessment method must be reproducible to
be used effectively. This is not the case for routine histological methods, for which
interlaboratory testing gives a large amount of discrepancy. The use of mathematical
methods for classifying information obtained using image analysis methods allowed
the authors to find new properties of histological architecture that have a high
correlation coefficient with survival. Thus, the introduction of the technology of
automatic registration of parameters and their mathematical analysis, increased the
accuracy of assessing the degree of malignancy for this type of cancer.

I would also like to mention a group of methods that use the principle of
obtaining information about an object (in this case, a patient) by examining the
dynamics of changes in any indicator. For example, evaluating certain parameters
before and after exposure (treatment), one can study both the parameters of the object
itself (in vivo) and model systems (for example, the reaction of blood to irradiation in
vitro, the reaction of tumor cells to chemotherapy drugs in culture, etc.) ... This
approach is very common in experimental biology, because allows you to explore
the properties of an object in more depth These methods can be conventionally
called "relaxation". Those. the system is taken out of equilibrium in some way and
the processes of its return to equilibrium are investigated, we obtain information
about the system. For example, some authors point out that the introduction of
new laboratory parameters into clinical practice expands the range of biomarkers,
dynamic studies of which (an example is given of the MCV indicator) against the
background of the use of pharmaceuticals can be a source of important information
for predicting complications and correcting the program. treatment. It is the
mathematical analysis of the dynamics of changes at the stage of testing a new drug
that makes it possible to draw adequate conclusions about the onset of unwanted
complications. In some papers it was shown that it is the monitoring of the leukocyte
count during the treatment of IL-2 in patients with kidney cancer that is an
independent prognosis factor both for overall survival and for assessing the response
to therapy. Thus, the use of dynamic studies against the background of the test (an
example is "provocative tests") or therapeutic effects can provide significantly more
valuable information for building predictive models, and such approaches should be
more intensively introduced into clinical practice.
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11.4. Using regression models in medical practice

The need and importance of an adequate prognosis of life expectancy for an
oncological patient is due to a number of reasons. Firstly, it is necessary for an
adequate choice of a treatment program (especially in terms of possible side effects
associated with the use of highly toxic treatment regimens), secondly, it can allow the
correct allocation of financial resources, directing them more efficiently, and thirdly,
a correct assessment can help the patient and his family to carry out adequate
planning for this period. In addition, in a number of countries, special financial and
social programs are provided for patients with a predicted imminent death.

It is possible to try to describe the construction of a forecast (development of the
disease, various outcomes) (the occurrence of an event at a specific point in time)
based on the currently known data. The solution of such problems is carried out
within the framework of various regression models. The most studied is the linear
regression model, but its use to describe the majority of clinically important
indicators (life expectancy and other events) is inapplicable due to the nonlinear
nature of the studied phenomena. Dissatisfaction with linear methods for building
predictive models has led to the development of alternative approaches. For
example, some authors shown that the combination of linear models significantly
reduces the estimation error. Because life expectancy is the most important metric
when comparing different treatment regimens, how it is described and compared
plays a fundamental role. The most important are the following families of
distributions, which are used to describe the life expectancy: exponential (including
linear exponential) distribution, Weibull distribution of extreme values, and
Gompertz distribution. In principle, standard parametric and non-parametric methods
could be used to describe the average lifetimes and compare the new treatment with
the old ones. It should be said that, The simplest way to describe survival in a sample
is to construct life tables. The life table technique is one of the oldest methods of
analyzing survival data. Such a table can be viewed as an "extended" frequency
table. The construction of life tables, the estimation of the survival function using the
Kaplan-Meier procedure are descriptive methods for examining censored data.

Conclusion

It can be concluded that information technologies are widely used in modern
medicine, since they are necessary for the delivery of the most accurate diagnoses for
further effective treatment of the disease. Information technologies are also used to
predict diseases and other aspects in medicine.
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Introduction

Path tracing is one of the special cases of ray tracing and is the most physically
accurate rendering method [1-4]. Using direct modeling of light propagation to
calculate illumination, this algorithm allows you to get very realistic scenes with
minimal effort, which would take a large amount of calculations to render in the
traditional way.

For the path tracing algorithm, the input data is the primary ray passing from the
camera through the screen pixel. For this ray, we determine the nearest intersection
with the scene primitive. If there are no intersections, the ray disappears into the void.
Otherwise, if the beam reaches the light source, the light path between the source and
the camera is found. If we find something else, we perform reflection and recursion,
hoping that the reflected beam will still find the light source. This process resembles
the return path of a photon reflected from the scene surfaces [5-9].

GPUs are designed to perform this task in multithreaded mode. At first glance, it
may seem that ray tracing is perfect for this. Use OpenCL or CUDA to create a
stream for a pixel. Each thread executes an algorithm that works as intended, and is
quite fast in the form of ray tracing on the GPU. However, this algorithm has a
problem. The primary beam can find the light source immediately, or after one
random reflection, or after fifty reflections. For the CPU — this is a potential stack
overflow. For the GPU, this is an occupation problem. The problem is caused by
conditional tail recursion: the path can end at the light source or continue. Let's move
this to a set of threads: some threads will stop, and the other part will continue to
work. After a few reflections, we will have a few threads that need to continue
computing, and most threads will wait for these last threads to finish. The concept of
"busy" is a measure of the part of the GPU threads that perform useful work.

The busy issue also applies to the SIMT execution model of GPU devices. In
order to manage multiple running threads, multiprocessors use an architecture called
SIMT (single instruction, multiple-thread). All actions on threads are performed in
groups of thirty-two threads. Such groups are called "warps". However, each thread is
associated with a single scalar computing core and is executed with an independent
instruction address space and register state. Threads from the same warp execute one
common command at the same time. Therefore, the greatest efficiency is achieved
when all thirty-two threads follow the same branch path. In the case where part of the
flow going the other way branching, will be performed both ways. In addition, the
necessary part of the threads will be blocked. SIMT architecture is very similar to
SIMD (single instruction, multiple data). In the case of SIMD, the developer and
compiler need to spend a lot of effort to fill in the vectors. Moreover, in SIMT,
instructions define the behavior of a single thread.
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This paper presents a method for modeling light sources, mirror and glass
surfaces, as well as diffuse materials. The method is characterized by the simplicity
of the path tracer. The main algorithm is implemented in a fragment GLSL

12.1. Built-in GLSL variables

Shaders are self-sufficient, if you need data from any other source, you will have
to pass it to the shader. This can be done using vertex attributes, uniforms, and
samplers. However, there are still a few variables defined in GLSL with the gl
prefix, which gives additional options for reading and / or writing data. For example,
these are the resulting vectors: gl Position of the vertex shader and gl FragCoord of
the fragment shader. The gl Position variable is the output vector of the vertex
shader, which specifies the position vector in the clipping space. Setting the
gl Position value is a prerequisite for displaying something on the screen.

One of the processed primitives that can be selected is GL _POINTS. In this
case, each vertex is a primitive and is treated as a point. You can also set the size of
the processed points using the glPointSize function. You can also change this value
via the shader. In the output float variable gl PointSize, declared in GLSL, you could
set the height and width of the points in pixels. By describing the point size in the
vertex shader, you can influence this value for each vertex. By default, changing the
point size in the vertex shader is disabled, but you can set the OpenGL flag
GL PROGRAM POINT SIZE. For example, resizing a point is setting the point
size to the value of the z component of the clipping space, which in turn is equal to
the distance from the vertex to the observer. The point size will increase the further
the observer is from the vertex. As a result, the further away the observer is from the
points, the larger they are displayed.

The gl Position and gl PointSize variables are output variables, because their
values are read as the output of the fragment shader stage, and they can be influenced
by writing. The vertex shader also provides an input variable, gl VertexID, which is
read-only. The integer variable gl VertexID contains the ID of the vertex to draw.
During index rendering (using glDrawElements), this variable contains the current
index of the vertex being rendered. During rendering without indexes (via
glDrawArrays), the variable contains the number of processed vertices now since the
render call.

12.2. Fragment Shader variables

Inside the fragment shader, you have access to some variables. GLSL provides
two input variables gl FragCoord and gl FrontFacing. The gl FragCoord variable is
used when checking the depth. Since the z-component of the gl FragCoord vector is
equal to the depth value of a particular fragment. However, you can also use the x
and y components for some effects. The x and y components of the gl FragCoord
variable are the fragment coordinates in the window coordinate system, originating

MONOGRAPH 118 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021

from the lower-left corner of the window. You can specify the window size 800x600
using glViewport, so the fragment coordinates in the window coordinate system will
be between 0-800 in the x coordinate and the range 0-600 in the y coordinate. Using a
fragment shader, you can calculate different color values based on the fragment's
screen coordinates. A common use of the gl FragCoord variable is to compare the
visible result of calculations of different fragments. For example, you can divide the
screen into two parts, displaying one part on the left half of the screen and the other
part on the right half of the screen.

Another variable in the fragment shader is gl FrontFacing. OpenGL can
determine whether a face is a face in the order of traversing the vertices. If face
clipping is used (the GL FACE CULL flag is activated), then the gl FrontFacing
variable determines whether the current fragment is a face or a non-face part. You
can calculate different colors for the front part, for example.

The Boolean variable gl _FrontFacing is set to true if the fragment is on the front
face, otherwise it is false. For example, you can create a cube with different textures
inside and outside.

The gl FragCoord variable is an input that allows you to read the coordinates in
the window coordinate system and get the depth value of the current fragment, but
this variable is read-only. You cannot change the fragment coordinates in the window
coordinate system, but you can set the fragment depth value. GLSL provides an
output variable-gl FragDepth, which can be used to set the depth of the fragment
inside the shader. To set the depth value, write the float value from 0.0 to 1.0 to the
gl _FragDepth variable. If the shader does not write a value to gl FragDepth, then the
value for this variable will be automatically taken from gl FragCoord. z. However,
setting the depth value yourself has a significant drawback, since OpenGL disables
all early depth checks (as discussed in Depth test) as soon as an entry in
gl FragDepth appears in the fragment shader. This is because OpenGL cannot know
what the depth value of the fragment will be before the fragment shader starts, since
the fragment shader could completely change this value. When writing to
gl FragDepth, you should think about a possible performance drop. However,
starting with OpenGL 4.2, you can find a compromise by re-declaring the
gl FragDepth variable at the beginning of the fragment shader with the depth
condition. By specifying greater or less as the depth condition, OpenGL can assume
that only values greater or less than the fragment depth values will be written. Under
this condition, OpenGL can still perform an early depth value test if the value is less
than the fragment depth value.

12.3. Interface blocks

To pass data from the vertex shader to the fragment shader, several
corresponding input/output variables are declared. This method is the simplest way to
transfer data from one shader to another. With the increasing complexity of
applications, it may be necessary to pass more than a few variables, which may
include arrays and / or structures. To help organize variables, GLSL provides a
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feature as interface blocks that allows you to group variables together. The
announcement of these interface blocks is largely similar to the Declaration of the
structure, with the exception of the use of the in and out keywords based on the use of
the block (input or output).

There are several inconveniences when using OpenGL. For example, when more
than one shader is constantly used, you have to set uniform variables, while most of
them are the same in each shader. OpenGL provides a tool called a uniform buffer
that allows you to declare a set of global uniform variables that remain the same in
each shader. When using a uniform buffer, you need to set the required uniform
variables only once. Nevertheless, you need to take care of the unique variables for a
particular shader. However, it is not so easy to configure a uniform buffer object.
Since a uniform buffer is a buffer like any other buffer, you can create it through the
glGenBuffers function, then bind it to the GL UNIFORMS BUFFER target, and put
all the necessary data of the uniform variables there. There are certain rules for
putting data in a uniform buffer. First, we put the projection and view matrices in the
so-called uniform block in the vertex shader.

We set the projection and view matrices in each rendering iteration for each
shader used. This is an example to demonstrate the usefulness of the uniform buffer,
since now you only need to set the shaders once. We have declared and named a
uniform block-Matrices, which stores two 4x4 matrices. Variables in a block can be
accessed directly without specifying a block prefix. Then we put the values of these
matrices in a buffer in the code. Each shader declaring this uniform block has access
to the matrices.

The contents of the uniform block are stored in a buffer object, which is
essentially nothing more than a reserved area of memory. Since this section of
memory does not contain information about what type of data it stores, you need to
tell OpenGL, which section of memory corresponds to each of the uniform variables
in the shader.

12.4. Path tracing

As with most classical ray tracing algorithms, when tracing paths, we emit rays
from the camera position to the scene, and look at what each of them collides with
objects. We "trace the path" of the photon that passed from the light source to the
observer's eye, but only do it in the opposite direction, starting from the observer's
position. Since it makes no sense to calculate the light that will not eventually reach
the observer's eye. One of the first questions that can be asked when considering this
algorithm: and up to what point do you need to model the movement of the beam?
From the point of view of physics, almost every object that surrounds us reflects at
least some light. Accordingly, the natural way to model the path of a photon is to
calculate the path of motion until the amount of reflected light from the object
becomes so small that it can be ignored. This method certainly takes place, but it is
extremely unproductive. Therefore, in any ray-tracing algorithm, you still have to
sacrifice the physical reliability of the image for the sake of obtaining an image in at
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least some acceptable time. Most often, the choice of the number of beam reflections
depends on the scene. Rough diffuse surfaces require much less iteration than mirror
or metallic surfaces. The classic example is with two mirrors-the light in them is
reflected a huge number of times, creating the effect of an endless tunnel, and we
must be able to simulate this.

Another question that arises is what objects can be in the scene, and what
properties they have. In addition, here not everything is so obvious and most often
depends on the specific implementation of the tracer. For example, in classical
physically correct rendering, pre-prepared materials with varying parameters are used
to describe objects: albedo (diffuse reflectivity of the material), roughness (a
parameter that approximates surface irregularities at the micro-level) and metallicity
(a parameter that sets the reflectivity of the material). Sometimes other properties are
added to them, such as transparency and refractive index.

In this method, we conditionally select the following parameters for the object
material:

1. Reflectance - how much and what wave of light reflects each object.

2. Surface roughness - how strongly the rays are scattered when they collide
with an object.

3. Energy emission (emittance) - the amount and wavelength of light that an
object emits.

4. Transparency (opacity) - the ratio of the light passed through the object to the
reflected light.

These parameters are sufficient to simulate light sources, mirror and glass
surfaces, and diffuse materials. Let's focus on them and keep the resulting tracer
simple.

The main algorithm will be implemented in a fragment GLSL shader. The code
is much the same as the C language: we have functions and structures at our disposal,
the ability to write conditional constructs and loops, and everything else is added to
the ability to use built-in primitives for mathematical calculations-vec2, vec3, mat3, etc.

First, let's define the primitives and the structure of the material. The functional
assignment of objects allows us to solve the problem of granularity [10]. Let's
consider setting objects in the form of a quadric with perturbations. Such objects will
be called free forms. Thus, we propose an approach for defining an object that is
different from the polygonal method. It is necessary to choose a basic form and select
a set of perturbations defined in the form of quadrics. This approach allows you to
reduce the cost of memory. The amount of memory required for setting one polygon
is slightly less than for setting one quadric. However, in order to approximate an
object from a single quadric with an acceptable level of detail, thousands of polygons
are required. It should be clarified that it is not proposed to replace the traditional
polygonal method of setting for all objects. Although any object can be represented
as a free form. Nevertheless, not for all objects, this will be appropriate.

Objects and operations can be of the following types: functionally defined
object; geometric operation; basic types of quadrics: ‘ell’, ‘seat’, ‘ellpar’, ‘unihyp’,
‘duahyp’, ‘cone’, ‘cylinder’, "layer’, ’plane’, ’clin’, ’parabola’, "hyperbola’.

Example of a scene consisting of two primitives:
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ell

{
}

cone

Complex objects are also added to the standard library: Torus (defined by the keyword
'torus’); Cube (defined by the keyword' cube’);

Example:

//x.scene

cube

torus

/ly.scn

object x

The Object class encapsulates all the basic properties of objects in a geometric model, such as
the ability to undergo transformations, have optical characteristics, and so on.

SCENE = OBJ

OBJ =( QUARDC | OPERATOR | MAP | OBJECT ) [ OBJ BODY |

QUADRC = "ellips'|'seat'|'ellpar'|'unihyp'|'duahyp’|'cone'|'cylinder’| layer'| plane'|’clin’|

"parabola’|’hyperbola’

OBJ BODY="{" *( OPERATION PARAM | OBJ | TEXTURE ) '}'

OPERATOR= (‘'union' | 'intersection') OBJ] BODY

OPERATION= ‘color’ | ‘self’ | ‘factor’ | ‘phong’ | ‘diffuse’ | ‘specular’ | ‘move’ | ‘rotate’ |
‘scale’ | ‘skewx’ | ‘skewx’ | ‘skewy’ | ‘skewz’ | ‘weight’

PARAM= EXPR *(, EXPR)

MAP= ‘map’ ‘( STR *,” MAPMODE ’y’

OBJECT= ‘object’ ‘( STR )’

TEXTURE= ‘texture’ ‘{* OBJ ‘}’

STR =["] {letter} ["]

MAPMODE= ‘plane’ | ‘cylinder’ | ‘ellipse’

EXPR =SIMP_EXPR [ (<'|">'|'<="|">="|"==""!=") SIMP_EXPR ]

SIMP_EXPR = ['+'-] SUMABLE { ("+'|'-'I'||') SUMABLE }

SUMABLE = MULABLE { ("*'|'/'| &&') MULABLE }

MULABLE = ['sin'|'cos'|'tan’['sqrt'| pow'|'!'] (" EXPR *)' | *(" EXPR *?' EXPR "' EXPR )|
FLT | 'pi'| ‘e’ | ‘time’

FLT = {DIGIT} [ ".' {DIGIT} [ Ce''E") ['+'-"] {DIGIT} ]]

DIGIT = ('0''1"'2''3"'4"'5"|'6"'7"|'8"'9")

For primitives, we implement ray intersection checks. We will take the origin of
the ray and its direction, and return the distance to the nearest intersection point and
the normal of the object at this point, if, of course, such an intersection occurred.

We will store all objects in regular arrays. Because GLSL also allows you to
create them. The scene for functionally defined objects is small, so we do not
implement any optimizations when searching for intersections. Just go through all the
objects and calculate the nearest distance to the intersection point.

This function allows you to find the point of collision of the beam with the
surface. This works, but we only get information about direct lighting. We also want
to take into account indirect lighting. Therefore, it is necessary to take into account
how the light flow changes when colliding with objects in the scene.

In our implementation, each object can emit light, reflect light, and absorb (the
case of refraction is omitted for now). In this case, the formula for calculating the
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reflected light from the surface can be set as follows: L' = E + f*L, where E is the
light emitted by the object (emittance), f is the light reflected by the object
(reflectance), L is the light that fell on the object, and L' is what the object eventually
emits. In deducing this dependence, we rely solely on our logic regarding the
behavior of light. However, if you are interested in the mathematical correctness of
the above expression, look at the rendering equation, although it looks much more
complicated, but in fact, it contains the same calculations that we give.

If we were writing code in conditional C++, we could directly get L as the result
of the recursively called CastRay function. However, GLSL does not allow recursive
function calls in any form, so you have to deploy the algorithm so that it works
iteratively. With each reflection, we reduce the coefficient by which the light emitted
or reflected by the object is multiplied, and thus repeat the formula described above.
In our implementation, each object can potentially emit a certain amount of light, so
emittance is taken into account for each collision. If the beam does not collide with
anything, we believe that no light has reached us. In principle, for such cases, you can
add a selection from the environment map or set "daylight". Nevertheless, after
experimenting with this, we made the current implementation, - with a void around the
scene.

Now let's solve the following question: what is the principle of the ray reflected
from the object? Obviously, in our path-tracer, this will depend on the normal at the
point of incidence and the micro-terrain of the surface. If we turn to the real world,
we will see that for smooth materials (such as polished metal, glass, water), the
reflection will be very clear, since all the rays falling on the object at the same angle
will be reflected at about the same angle. Moreover, for rough, uneven surfaces, we
observe very blurry reflections, most often diffuse. Since the rays propagate along the
hemisphere relative to the normal of the object. It is this pattern that we will use,
setting the final direction of the reflected beam as D = normalize(a * R + (1 - a) * T),
where a is the surface roughness/smoothness coefficient, R is the perfectly reflected
beam, and T is the beam reflected in a random direction in the hemisphere relative to
the normal. It i1s obvious that with the coefficient a = 1 in this formula, we will always
get a perfect reflection of the beam, and with a = 0, on the contrary, evenly
distributed over the hemisphere. With the roughness coefficient lying in the range
from O to 1, the output will have a certain distribution of rays oriented by the angle of
reflection, which is quite correct and just typical for glossy surfaces.

Let's write an implementation of a function that would return us a random ray in
the hemisphere relative to the normal. To do this, we first take some set of randomly
distributed numbers, and generate a ray from them that lies on the boundary of a
hemisphere of unit radius, taking into account the cosine-weighted distribution, and
then trivially project it into the same hemisphere where the object's normal is located.

Although the generated ray lies in the same hemisphere as the normal, the set of
such random rays is still not oriented at the right angle. To fix this, we project them
into the normal space. Let's set another random vector, then find the third one through
the vector product, and connect them all to the transformation matrix. Random D
generates random numbers in the range from 0 to 1. There are different ways to do
this in the GLSL shader. We use a function that generates random noise without
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explicit patterns. In combination with parameters such as the current pixel coordinate,
the application running time, and other independent variables, you can generate quite
a lot of pseudo-random numbers. That is, you need to pass an array of random
numbers to the shader.

Let us also consider such an important effect as the refraction of light. It is
known, for example, that a straw in a glass appears to be broken at the point where it
intersects with water. This effect occurs because light, passing between two media
with different properties, changes its wave velocity. Recall that if the light falls at an
angle a, then the angle of refraction b can be calculated using the following simple
formula (Snellius ' law): b = arcsin(sin (a) * nl / n2), where nl is the refractive index
of the medium from which the ray came, and n2 is the refractive index of the medium
into which the ray entered. Note that the refractive indices have already been
calculated for the media of interest. It is also worth noting the following interesting
fact: sin (a) takes values from O to 1 for sharp corners. The relative refractive index
nl / n2 can be anything, including greater than 1. Then it turns out that the argument
sin(a) * nl / n2 is not always in the domain of the definition of the arcsin function.
What happens to the angle of refraction? Why does our formula not work for such a
case, although from a physical point of view the situation is quite possible? However,
in the real world, under such conditions, the light beam simply will not be refracted,
but will be reflected! This effect is logical, if we remember that now of collision of
the beam with the interface of two media, it is essentially "divided into two", and
only part of the light is refracted, while the rest is reflected. In addition, as the angle
at which this ray falls increases, more and lighter will be reflected until it reaches that
degenerate, critical moment. This phenomenon in physics is called internal reflection.
In addition, its special case, when all the light is reflected from the interface of the
media, is called total internal reflection. Moreover, this fact must be taken into
account in the implementation of our path tracer.

How much light will eventually be reflected from the surface, and how much
will pass through it? To answer this question, we need to refer to the Fresnel
formulas, which are just used to calculate the reflection and transmission coefficients.
Nevertheless, in our tracer, we will not paint these cumbersome expressions. We will
use Christophe Schlick's simpler approximation formula, the Schlick approximation.
It 1s quite simple to implement and gives acceptable visual results, so it is added to
our code. We implement a function that would return the refracted beam taking into
account the total internal reflection, and check whether we are inside the object. If the
answer is yes, then we will consider this when calculating the media and the direction
of the beam. In the case of full internal reflection, refract will return us 0.0.

To take into account the Fresnel effect, we will simply generate a random
number, and on its basis decide whether the beam will be refracted or reflected. Also,
do not forget that our objects have a density parameter, which is also responsible for
the ratio of refracted light to reflected light. You can connect both of these conditions
in different ways. Next, we can glue everything together: add logic to our TracePath
function that would calculate the refraction of light and at the same time take into
account the roughness of the object, it should also be taken into account for
translucent bodies. For the refractive coefficients N IN and N OUT, two very close
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numbers are taken. This is not quite physically correct, but it creates the desired
effect that the surfaces are made of glass. You can change them and see how the
angle of refraction of the rays passing through the object changes.

Next, you need to initialize the scene at the beginning of the shader, pass all the
camera parameters inside, and launch the rays in the direction of view. Let's start with
the camera: we will need several parameters from it: direction - the direction of view
in three-dimensional space. Up -the "up" direction relative to the view (needed to set
the translation matrix to the world space), as well as fov - the camera's viewing angle.
We will also pass purely utilitarian things for the calculation - the screen position of
the processed pixel (from 0 to 1 in x and y) and the window size for calculating the
aspect ratio.

The laws by which the rays are reflected have some randomness, and one
sample per pixel will not be enough for us. In addition, even 16 samples per pixel is
not enough. It is necessary to find a compromise: we will count each frame from 4 to
16 rays, but at the same time accumulate the results of the frames into a single
texture. As a result, we do not do so much work every frame, we can fly around our
scene and with a static image, and the quality of the render will gradually increase
until the accuracy of the float is established. The advantages of this approach are great.

We run several rays and calculate the average of the TracePath result. Along
with multisampling, antialiasing is implemented. At the same time as eliminating
noise, we smooth out the boundaries of objects. To do this, we mix a random offset of
+0.5 pixels with the texcoord values. To display the results of the tracer, RGB32F (a
format that supports single-precision floating-point numbers) is used. Thus, we
accumulate a sufficiently large number of frames before we reach the limit due to the
loss of computational accuracy. Since we accumulate frames in a single texture, the
classic version with the RGB format (one byte per channel) it does not suit us.

Figure 1 shows the result of modeling the presented method.

/4

Fig. 1. Path trécing

Conclusion

A shader is implemented that accepts an accumulating texture and calculates the
average of a set of frames. Applied tonal image correction and gamma correction. In
the code, we used the simplest version of tone mapping, although we could have
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taken something more complicated, for example, the Reinhard curve.

Next, we made the rendering implementation in the context of the GPU API on
which this tracer is written, but this information is rather optional. It will not be
difficult to write linking code on the framework or graphical API that is most
convenient to work with.

MONOGRAPH 126 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021 Part 4 E ff{*

KAPITEL 13/ CHAPTER 135.

EVOLUTION OF VIDEO CARD ARCHITECTURES DEVELOPMENT
EBOJIIOLIIS PO3BUTKY APXITEKTYP BLIEOKAPT

DOI: 10.30890/2709-2313.2021-04-04-070

Beryn

Komm’rorepHa rpadika IMHAMIYHO DPO3BHBAETBHCS Y HAIPSMKY Bi3yai3amil
TPUBUMIPHUX 300paKeHb Yy PEXUMi pealbHOro uacy. li 3aco0M J0HNOMAraroTh
BHUpINTyBaTH  IMHPOKE  KOJIO  3aBJaHb  IHTEPAKTHBHOTO  TPOCKTYBAaHHS,
ABTOMATU30BAHOI'0 HABYAHHS, KOHTPOJIIO TEXHOJOTTYHUX MapaMeTPiB, TEOPETUUHHX 1
MPUKIAHUX JociipkeHb. CbhoroHi st GopMyBaHHs 300pakeHb BUKOPHUCTOBYIOTh
BijicokapTu [1-14], skl cTamu OJHHUM 13 KJIIFOYOBHUX KOMIIOHEHTIB OOUYMCIIIOBAILHUX
cucteM. TeHJeHIIs 10 MOJAIBIIOTO YCKJIQAHEHHS TpadiyHUX CIIEH, 30UIbIICHHS
piBHS JeTaji3ailii MOBEPXOHb JUIsl KOPEKTHOI ampoKcuMalii 00'€KTiB peasbHOro
CBITY, BUKOPUCTaHHS OUIBII CKJIAJHUX MOJIEeJeH OCBITICHHS Ta 3adapOoBYyBaHHS
BUMarae 30UIBIICHHS MPOAYKTUBHOCTI TpadiyHUX mporiecopiB. Pi3HI BUMOTH [0
IMIBUJKOCTI  poOOTHM  rpadigyHOrO  mpolecopa  3alieKHO  BiJl BUKOHYBaHUX
OOYHCITIOBAILHOIO  CHCTEMOIO  3a7a4  CTHUMYJIIOIOTh  BUPOOHMKIB  BiJICOKapT
po3polIIsITH TrpadivHi MPOIECOPH Ta BiCOoaAanNTEpPH 3 PI3SHUMHU CrenudikaIisMu Ta
XapaKTEPUCTUKAMU JJISI MAKCUMAJILHOTO 33JI0BOJICHHS TOTPEO MPeaMETHOT raysi.

Mera ctatTi - mpoaHajizyBaTH 0COOJUBOCTI apXITEKTyp MOOYIOBU BiJI€OKApT.

AHaJIi3 PO3BUTKY apXiTeKTYP BigeokapTt

llepwi apximexmypu sideokapm. MDA (Monochrome Display Adapter) [1] —
mpaioBaja TUIbKK B TEKCTOBOMY PEXKUMI Ta MiATPUMYBasIa M'STh aTpUOyTIB TEKCTY:
3BUYAWHUM, SCKpaBUM, 1IHBEPCHUH, MiAKpecaeHuil 1 murotauBuil. Hisgkoi xomipHOT
abo rpadiuHoi iH(popMallli BOHA MepeaaBaTH HE MOTIJIA, 1 Te, IKOro KOJIbopy OyIyTh
JITEPH, BU3HAYAIOCA MOJCIUTI0O MOHITOpA. APXITEKTypa HE MIATPUMYBaia poOOTy i3
OKpEeMUMH MIKCeISIMH Ta CKIajanacs 3 sapa BiJeoajanTepa, SKUM CIY>KUB Wil
Motorola MC6845, o6car mam'sti craHoBuB 4 Koait. MakcumanabHa po3aiTbHA
3matHicTh cranoBuia 720x350 mikcenis.

[Tepmoro kompopoBoro Bimeokaptoro crama CGA (Color Graphics Adapter),
BUMyIIeHAa KomrmaHielo IBM, ska cTajia OCHOBOIO JUIsi TONAJBIIAX CTaHAAPTIB
BijieokapT. BoHa Morna mpairoBati abo B TEKCTOBOMY peXuMi, a0 B rpadiyHOMY
(puc.1). [2, 4] Apxitektypa CGA, Ha BiaminHO Bix MDA, niaTpuMyBaia poooTy 13
OKPEMHMH MIKCEIISIMUA Ta CKIIajaiacs 3 sijapa Bileoanantepa, SKUM CIIy>KHB BCE TOU
xe uin Motorola MC6845, ane o6c¢csr mam'sati OyB OUIbIIIE B YOTUPH pa3u , ToOTO 16
Ko6aitit. ¥V pexumi poOOTH 3 KOJbOPOBOI Tpadikor0 MaKCUMaJbHHKM J03BLI
craHoBmwio 320x200 mikcenmiB, 3 MoHOXpoMHUM - 640x200 mikceniB. ['nmbuna
KOJIbOPiB afanTepa craHoBmia 4 Oita. lle 703BOJISAII0 BHKOPUCTOBYBATH HATIITPY 3 16
KOJILOPIB.
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Puc.1 -I'padiunuii pexxnm Bineokaptu CGA

Jloriyaum mipomoBxkeHHsM MDA 1 CGA crano tex pimenns IBM min Ha3Boro
EGA (Enhanced Graphics Adapter), npeacrabiene y BepecHi 1984 poky. 3a cBo€ro
CYTTIO HOBWH Bifeoamantep[2] cTaB mepHIUM y CBOEMY POl PIIICHHSM, 3IaTHUM
BIITBOPIOBATH HOpPMAaJIbHE KOJIHOpOBe 300paxkeHHs. Tak camo sk 1 CGA, EGA
HiATPUMYBaB TEKCTOBHH 1 rpapiuHuil peKUMHU, TIPU LIBOMY MAKCUMAJIbHUN JO3BLI
ctaHoBUB 640x350 mikceniB NPy BUKOPUCTaHHI 16 KOIBOPIB 3 64 MOXKIIUBUX.

Ha apxitextypHomy piBHi EGA OyB cXx0Xuil 31 CBOIMHM MONEpPEIHUKAMH: BiH
TaKko)XX BHUKOPHUCTOBYBaB BHJICOKOHTposuiep Motorola MC6845, ocHairyBaBcs
30uIbIIeHUM 00'emMoM maM'sTi, piBHUM 256 KoOait. Jlng mnepemadui  JaHUX
3acTocoByBajiacs muHa ISA. Bes nmam'ate noausuiace Ha 4 cermeHTH. ['padiunuii
npouecop [2] OyB CIPOMOKHUN 3aMOBHIOBAaTH CETrMEHTH MapayiesibHO, II0 3HAYHO
NOiBULIMIO  IIBUAKICTh  3allOBHEHHS  Kajapy. Takoxk, ajantep J0JaTKOBO
ocHamryBaBcs 16 KGait mam'sti ayis posmupenHs rpadiuyaux ¢ynkmiin BIOS 1 mas
npoMixkaui Oydep.

Y nmogansmomy ¢ipma IBM pospoduna VGA [1] (Video Graphics Array) 3
posmmmpenasiMm  EGA. Ile daxtuunuit ctanmapt Bigeoamantepa, SSKHid yOCOOIIOBAB
yBeCch pO3BUTOK BijmeokapT 80-x pokiB. OcobmupicTio VGA cramo postamryBaHHS
OCHOBHUX TMIJICHCTEM Ha OJHIA MIKpocXeMi, IO POOHJIO BiACOKAPTY OLIbII
KOMIMakTHOW. ApxiTekTtypa VGA [2] cTBOpHIa CIPaBXKHIO PEBOJIIOIIIO Y PO3BUTKY
BijieokapT. BoHa ckitamanacs 13 rpadiuHOro KOHTpoJiepa, sskui 3abe3reuyBaB oOMiH
nanumu Mk LI 1 Bineonam'sTTio ; Oya Bepiie BKIOYEHA CIelialbHa MiKpocXxema
- RAMDAC (Random Access Memory Digital-to-Analog Converter - 1mudpo-
aHajoroBuii neperpoproBau - [IAII - manux, mo 30epiratotecst B O3Y) ; cekBeHcopa,
SIKUW TIEpEeTBOPIOBAB JIaHI BiJICOKAPTH Yy MOTIK OITIB, SIKMM MMOJaBaBCA HAa KOHTPOJIED,
Je BiIOyBaJIoCsS TEPETBOPEHHsS IMX OITIB Ha KOJILOPH; CHUHXPOHI3aTOpa, SKUN
KEepyBaB 4YaCOBHUMHU MapaMeTpaMu Ta 3a0e3medyBaB BUCOKY IIBUIKO/II0; KOHTpoJepa
EIIT, mo reHepyBaB CHTHAJIM CHHXPOHI3amii JIsg auciuies. BiamoBigHO KOJIbOPIB
cTaynio Oinmpine 1 Oylo CTBOpEHO HOBI rpadiyHi PEKUMHU, TaK 3BaH1 «X-peKUMU» HA
256 K0nBbOPIB, 13 301TBIICHOIO PO3LUTHHOO 3aTHICTIO.

Otxe, y 80-x pokax BiICOKAPTH TUIBKU MOYAIH 3apOJKyBaTUCA. Po3poOHUKH
pPO3BUBAIM iXHI apXITEKTypu Ta 30UIBIIYBAIM MOXKJIMBOCTI BifeokapT. [lodamm
BUKOpHUCTOBYBatucsi HOBI TexHousorii (LIAII, xoHTponep) Ta 30iIbIIMIACH
(YHKIIIOHATBHICTh BIJICOKApPT, a caMe€ BUKOPUCTAHHS aJamnTepiB sl TeHEepyBaHHS
KOJILOPOBUX 300paKE€Hb. 3arajJbHUM BUTJIST apXITEKTYpH BifieokapT KiHI 80-X poKiB
HaBEJIEHO Ha PUCYHKY 2.

Bioeoxapmu 90-x pokis. I'padiunuii KOpUCTYyBaJbHUIILKUN 1HTEpdENc, 1110
3'SIBUBCS B 0araTh0oX ONEpariiHuX CHCTeMax, CTUMYJIFOBAB HOBUH €Tall PO3BUTKY
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Puc.2 — Apxirekrtypa. Bizeokapt 80-x pokis

BiJieoananTepiB. 3'IBIAETbCS MOHATTS «rpadiuHuil  TpUCKoproBauy  (graphics
accelerator) [1, 4]. Lle cneuianizoBaHi NpUCTPOI, sIKI BUPOOJIAIOTH BUKOHAHHS IESIKUX
rpadiuaux (GyHKIIM Ha amapaTHoMmy piBHI. Jlo yucna nux QyHKUIA HajaexarTh,
NEepEeMIlIeHHS] BEJIUKUX OJIOKIB 300pa)K€HHS 3 OJHIETI NUISHKU €KpaHa B I1HIIWMH,
3aJIMBaHHS JUISHOK 300pakKeHHs, MaJIOBaHHS JIHIN, Oyr, WpPUQTIB, MiATPUMKA
amapatHoro Kypcopy 1 T. 1. IIpsMUM MOMITOBXOM O PO3BUTKY HACTIIBKA
CHEIIaTi30BaHOTO TPUCTPOIO CTAIO T, MO0 TpaiyHuil KOPUCTYBATBHHUIIBKUAN
iHTepdeiic 0e3CyMHIBHO 3pydYHMA, aje WOro BHKOPHUCTAHHS BUMAra€ Bij
[IEHTPAJIBHOTO TPOIECOpa YWUMAIUX OOYHCIIOBAIBHUX PECypciB, 1 Cy4YacHHM
rpadiYHUA TPUCKOPIOBAY SIKpa3 1 MOKIWKAHWM 3HATH 3 HHOTO YacTKy OOYHCIICHB 3
OCTAaTOYHOTO BUCHOBKY 300payK€HHS Ha €KpaH.

VY 1991 poxky 3'sBunocst nousarts SVGA [2] (Super VGA) - posmmpennst VGA 3
JOJIaBaHHSIM  OUIBIII BHCOKHX PEXHUMIB 1 JOJIAaTKOBOTO CEPBICY, HaIPHUKIIA]
MOXJIMBOCTI ~ MOCTaBUTH  JIOBUIBHY  4YacTOTy KaapiB. UYucio  ogHOYACHO
B1JIOOpakaloThCsl 301IbIITyEThCA 10 24 0OiTa, 3'BISIOTHCS JIOJATKOBI TEKCTOBI
pexumMu. 3 cepBiCHMX (yHKIIN 3'saBiserbcss miATpuMka posimpeHHs BIOS
crangapty VESA. 3 #oro momomMororw mporpaMmicTd MOTJIM BU3HAYaTH crerudidHi
BIJIMOBIIHOCTI Ta BUKOPUCTOBYBATH iX B mojajibinomy. Ilpu mpomy ans pobotu 3
Oynb-sikuM SVGA-TIpUCTPOEM BUKOPUCTOBYBABCS €IMHUN JpaniBep.

Bigminnoro pucoro pimeras SVGA [2] craB BOynoBanuii [7] akceneparop, mosBa
skoro OyJa MoB's3aHa 3 HEOOXITHICTIO SIKICHOT 0OpOOKM rpadiuHOi CKIaI0BOI HOBHX
OC. Ane poro Bce 11e He OYyJI0 JOCTAaTHBO, AK€ aKTUBHO PO3BUBAIACS TPUBUMIPHA
rpadika, ska mnorpeOyBasa 3HAYHO OUIBIIOTO (YHKIIOHATY B amapaTHOTO
3abe3neueHHs(GPU). [Iponec yrBopeHHs 300pakKeHHs ITOKa3aHO Ha PUCYHKY 3.

MeperBopeHHA |—| YcraHoBka |—| Pacrepusauia [— Pacrposi —| KapgpoBun

BepLUUH npUMITUBIB Ta iHTepnonsauia onepauit 6ydep
“— N~ -
N TN~
LlenTpaubHuin npouecop Mpadiunmnin npouecop

Puc. 3 — 3D koHBe€p nmepmoro moKOJIiHHS
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[Tepmuii Bnanuii 3D-akcenepatop [4] 11 macoBoro puHky, Voodoo Graphics
(1996 pik), 6y aBouinoBuM pimeHHsIM. Omuna i, TexelFX, sBiasB coboro oauH
MPOCTUA TEKCTYpPHUI OJOK, M0 3aBaHTaXXyBaB YOTHUPU TEKCENl 1 BHUKOHYBaB
OUTIHIIHY THTEPIOJAIII0 MIXK HUMU 3a OJuH TakT. [Hmui gin, PixelFX, OyB mpoctum
ookom pactepu3amnii (ROP), 1o BUBOIUTE OJHMH MIKCEIb 32 TaKT. TakoX 3’ SBUBCS
nporpamuauii iHTepdeiic Glide, skuii OyB cTBOpeHHMI Ha CKOopodeHI i Oi0ioTerr
OpenGL 1 BukopucroByBaBcsi y Voodool Ta 3abesmedyBaB poOOTy JuIie 3
TphoxBUMipHOIO Tpadikoro [13]. TIporec yrBopeHHs 3D 300pa’keHHsI TOKa3aHO Ha
PHUCYHKY 3.

MeperBopeHHn |—| VYctaHoBka |—| Pactepusauia |— PacTtposi —| KagpoBwuin
BEpLUMH npUMiTUBIB Ta iHTepnonsAyin onepauif oydep

~ I
———

MpadpiuHmin npouecop

Puc.4 — 3D xoHBe€p APYroro noOKOJIiHHSA

Y Voodoo 2 i 3 OyB [4] nomaHO Apyruil TEKCTypHUU OJIOK, IO JO3BOJIMJIO
3aCTOCOBYBATH KUJIbKa OUIBII CKJIATHUX €(EeKTiB, HAKJIAJaluu 0 JBOX TEKCTyp Ha
MmiKCeIb 3a TaKT a00 BUKOHYBaTH TpUIiHIAHY (inbTpariito. Takox Oyno nmogaHo 2D
SApo 11l 0OUMCIIeHHsT ABOBUMIpHUX omepailiii. [Iporiec popmyBanns 3D 300paxkeHHs
nokazaHo Ha pUCYHKY 4. Jlig 1HmUX omepaiiii KOHBEEPY BHUKOPHUCTOBYBABCS
HEHTpaJbHUM nporecop. B poii iHTepdeticy Buctynanu Direct3D ta OpenGL.

Nvidia Riva TNT — [2] BignoBine xkommanii Nvidia Ha Voodoo. Ilokparmiena
apxiTeKTypa 103BOJIsIa 3/1MCHIOBATH y JBa pa3u OLibIIe omepariil 1 004ucieHb,
OyJ0 TmMOKpalleHa SIKICTh 300pa)KeHHS Ta MIBUAKICTE OOpaXyHKYy Ta CTBOPEHHS
TPHOXBUMIPHHUX CIIEH, BIPOBAPKEHO HOBY TEXHOJIOTiIO (pinbTpamii Tekctyp. HoBuit
yin [2], skuit Mae koJoBy Ha3By NV4, OyB BUTOTOBIEHUH 10 350-HM TEXHOJIIOTTYHOMY
poIIecy, MICTUB 7 MUTBHOHIB TPAH3UCTOPIB, a oro yactoTa ckiana 90 MI'm. Sk vin
nam'sitTi BUKopuctoByBanucs moayii SDRAM, ix cymapHuii oOcsr ctaHoBuB 16
Moaiit. Yactora mam'sti nopiBHtoBaia 110 M1, a mmpuna mvHu nam'sati - 128 Oir.
RIVA TNT nigrpumyBana Outbiie GyHKUINA: HAOpUKIad, 32-01THUN KOJIIP 1 TEKCTYpH
3 no3BosioM 1024x1024 touok. Takox BieokapTa oTpUMala MIATPUMKY TEXHOJOTIT
Twin-Texel, sika 103BOJsIa HaKIaJaTh JBI TEKCTYpU Ha OJUH TMIKCEIb 32 TaKT B
PEKHUMI MYJIbTUTEKCTYPYBaHHS.

Omxe, 1990-1 mopoauiu BENUKY KUTBKICTh KOMIaHiH, 10 BUPOOISIOTH JUCKPETHI
BijleokapT. OCHOBHOIO 1HHOBAIIIEIO apXITEKTYp BineokapT 90-x cTajia MOKIIMBICTb
BukoHaHHa Twin-Texel o6unciaens Ha GPU. Kpim Toro, BaxXJIMBUM HOBOBBEJICHHSIM
CTajia MosiBa MYJIbTUTEKCTYpPYBaHHS, 110 JaJI0 MOXKJIMBICTh HAKJIaJaHHS B peaTbHOMY
4aci KapT BUCOT, KapT OCBITJICHHA Ta 1HIIUX. TakoX CTaqo MOKJIMBUM BUKOPUCTAHHS
2 anep (3D Ta 2D), siKi 103BOIMIIM IEPEHECTH OCHOBHY Macy OOYHMCIIeHb Ipadiku Ha
B1JICOKapTY.

Bioeokapmu 2 mucauonimmsa. NVIDIA GeForce 7800 [3] — cnpaBxHs
PEBOJIIOLIIS Y apXITEKTypl BIICOKAPT, a came mepexisi A0 yHi(hIKOBAaHMX MOTOKOBUX
BEPIIMHHUX Ta MIEHACPHUX TPOIIECOPIB.

VY Bigeokapti GeForce 7800 peanizoBaHo rpadiunuii kKoHBeep 13 [3, 9]
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BUKOPHCTAHHSAM BEPIIMHHMX 1 MKCETHUX (IeiaepHux) mpouecopiB. Bineokapra mMae
24 mikcenHux mnporiecopu PS, mo omHOMY TeKcTypHOMY OJomi Ha KOHBEeEp, 8
BEPIIMHHUX TporiecopiB 1 16 6mokiB pactpoBux omepariiiii (ROP) (puc. 6). Ilikcemni
Ipoliecopy 3rpymnoBano 1o 4 mis o0pobku kBafiB. [Ipomecop PS mae nBa BekTopHi
AJIII, 31aTH1 BUKOHYBAaTU 2 pi3HI omepanii Haa 4 KOMIIOHEHTaMH Ta jaBa MiHi-AJIIT
(naipocTimn ckamsapHi AJIII s BukoHaHHS mpocTux omepaiiii). KoxHuii
MiKCeTbHUN 670K MOXeE BUKOHYBaTH THCTPYKIII1 TUILY MADD
(maoxenHs/gonaBanns). AJIII 3 BUKOpPUCTOBYIOTH Il (DOpMYBaHHS ONTHYHUX
edektiB. AJIIT 1 3a ouH TakT MokHA a00 BUOpATH OJJHE 3HAUECHHS TEKCTYpHU U 3315 TH
npyruit AJIIT 2 nns oxgHiei abo n1BoX onepaiiiil, abo Bukopuctatu obuasa AJIII, sikiio
HE BHOMPAETHCS TEKCTypa. 3a OJUH TaKT BEPUIMHHHMA MTPOLIECOP MOKE BUKOHATH OJTHY
BEKTOPHY OIepallito, OJHY CKaJspHy oOmepalio ¥ 3AIMCHUTU OJUH JOCTYI JI0
TEKCTYPH.

IT
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Puc.5 — Apxirekrypa Bigzeokapt 90-x

VY Bigeokapti GeForce 8800 [3] Bmepine BHKOpPUCTAHO YHI(IKOBaHY IICHAECpHY
apXiTEKTYypy PEHJIEPUHTY, TOTOKOBE 00poOeHHs iH(opMallii Ta HOBUM BUJI ek iepa
— reoMerpuuHuil. Yin (puc. 7) ckinamaerbcs 3 8 YHIBEpPCAIBHHUX MPOLECOPIB, SIKI
BkimovaroTh 128 ALU 1 32 TMU. I'panynsipHicTh BUKOHAHHS cKjianae 8 OJIOKIB,
KOXXHUM 3 SKUX MOXE€ BHUKOHYBATH (DYHKII BEpPIIMHHOTO, MIKCEIBHOT0, abo
reOMETPHUYHOTO IIeiiepa Hax G1oKkoM i3 32 mikcemiB. Moro HasMBarOTh mICHIEpPHIM
nporecopom. Koxxuuit Takuii [9] mporecop Mae kemn mepuioro piBas L1, y skomy
30epiratloTbcsl TEKCTYpU W JaHl, SIKI MOXYTb OYTH BHUKOPHUCTaHI IIEHIEpHUM
npoiiecopoMm. bioku ROP Buznauate (akt BugumocTi, 3amuc y Oydep kaapy i
MYJIbTHCEMIUTIHT. BOHM 3rpyroBaHi 3 KOHTpoJiepaMu IMam'siTi, 4Yepramu 3amucy Ta
kemem Jnpyroro piBHs L2. Ilotokomi [8] mpomecopu SP € yHipikoBaHUMH
CKISIPHUMHU TIPOIIECOPAMH 13 IJIaBAIOUOIO0 KOMOIO, 10 0OPOOJISIOTH HE TIILKU
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Puc.6 — ApxiTeKkTypa paHHixX BiIeOKapT APyroro THCAYOIITTS

rpadiuni, ame ¥ iHm gani. OO0'eqHanHa SP y kmactepu 103BoJiss€ €(EKTUBHO
BUKOPHUCTOBYBATH arapaTHi pecypcH BifeokapTu. KoxHuii moTOKOBHM [6] mporiecop
Ha OCHOBI MEXaHI3MIB KEpyBaHHS 3JaTHUN JMHAMIYHO Mepenpu3HavyBaTUCS IS
BUKOHAHHS KOHBeepHUX rpadiuyHux abdo iHmmx omepauiil. Thread Processor kepye
3aBaHTaXEHHSIM NOTOKOBHMX mpouecopiB. Kpim meitnepuux Oiokis 1 ROP [12] y
GeForce 8800 € nHabip kepyBasibHuX OJoKiB: Input Assembler mpuitmae BUXiIHI TaHi
3 mam'sTi cucreMu abo sokanpHOI mam'sti; Setup/Raster/ZCull — 6mox [3], mo
BUKOHY€ BCTAHOBIICHHS, paCTEpPHU3allil0 TPUKYTHUKA Ha OJI0KHM 110 32 mikcenu; 0JI0KH,
0 3allyCKAalOTh Ha BUKOHAHHA NPOrpaMH JaHUX PI3HUX (OpMaTiB: BEpIIMHHI
(Vertex Thread Issue), reomerpuuni (Geometry Thread Issue) i mikcenbni (Pixel

Thread ISSUG) .
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Puc.7 — Apxirekrypa GeForce 8800

OTxe, XapaKTEpHUMH OCOOJIMBOCTSIMHU apXiTekTyp BimeokapT 2000-X pokiB €
mepexill Ha BEpIIMHHI Ta WICHACpHI NPOIECOpH, 3 TOAAIBIIAM YTBOPEHHSIM
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T€OMETPUYHUX TMPOIECOPIB, 301IBIICHHS KIIBKOCTI Ta IIBUIKOCTI OOYHCIICHBb Ta
MOKPAIIEHHS SKOCTI KAPTUHKH Ha BUXO/I].

Cyuacni apximexmypu eioeokapm. Apxitektypa CUDA 3 KOJ0BOIO HAa3BOIO
«Fermi» [3] (puc. 8) — e ogHa 3 HaWKpalIMX apXiTEKTyp MUHYJOTO JAECATUIITTS.
binbmie Tprox MubsapaiB Tpanzuctopis 1 512 spep CUDA (nmoegHaHHs BEpIIMHHUX
Ta MIEHJAEPHUX TMPOIECOPIB Yy OJHE SAPO) JMO3BOJSIOTH apxiTekTypi Fermi
3a0e3neyyBaTy CynepoOYUCIICHHS 1 BUCOKY MPOTyKTUBHICTb.

NVIDIA GFI100 (GT300) [5] — 40-am rpadiunmii nponecop (GPU),
po3pobusiennii kopropaitiero NVIDIA, nepmumii npeacraBuuk JiHiliku GeForce 400.
Jlo HOBOBBeJIeHb 4Yimna BITHOCSATHCS 110 3a cxemor Multiple Instructions. Perictpu
AJIII, Multiple Data, mintpumka ECC, mnepexigx Ha 64-po3psiHi peEricTpu
Bijiconam'sTi, miaTpuMka TexHosoriid DirectCompute, OpenCL, 1m0 J103BOJSIOTH
npoBoauTu obunciienHd Ha GPU, tomy NVIDIA Fermi MokHa BIJTHECTH IO pO3PALY
General-Purpose Graphics Processing Unit. Yim NVIDIA GFI100 wmae 512
cynepckaisipHoi meiaepaumu nporecopamu (ado sapamu CUDA, sk Ha3zuBae ix
NVIDIA) 1 3 minespaamu TpansuctopiB. 3a orinkamu NVIDIA 4in [5] mokasye
400% mpupiCT TPOTYKTUBHOCTI B OOYUCICHHSX 3 TOJIBIHHOIO TOYHICTIO B IMTOPIBHSIHHI
3 MOMEePEHIM MOKOJIIHHSIM MPOAYKIIiT KOMITaHii.

Instruction Cache
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Puc.8 — Apxitekrypa Fermi

OTxe, mepexij 10 Cy4acHHUX BIJIEOKApT CTaB MOXJIMBHI 13 mosiBoto simep CUDA,
K1 KOHTPOJIIOBAJIM MPOLECH TEKCTypu3allii, Ta MOTOKOBUX MYJBTUIIPOLIECOPIB SM,
10 JO3BOJIMIN 301IBIIUTH TPOAYKTUBHICTb, SIKICTh T4 3MEHIIUTH €HEPro3aTPaTHICTb.

Hogi Bigeokaptu NVIDIA Ha [2] apxiTtekTypi Turing HE mpOCTO NMPUBHOCSITH
YeproBe IiJIBUIICHHS MPOIYKTHUBHOCTI, BOHM HECYTh B COO1 P TEXHOJIOTIYHUX
IHHOBAIlI 1 € TEepPIIMMU ITPOBUMH PIMICHHSMH, SKI HIATPUMYIOTh TpacyBaHHS
IPOMEHIB B pEIbHOMY 4aci.

HoBi 4inu BUKOPUCTOBYIOTh KJIACTEpHY CTPYKTYpPY, MPHU I[bOMY KOKEH TaKWi
kinactep GPC (Graphics Processing Cluster) mictuth 1mo 8 abo 12 moTokoBUX
mynbTUnporiecopiB SM. Kpim tpaguniiiaux sjuep CUDA 6yiio BBeI€HO HOBI 2 THMa
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anep: RT-sapa ans po3paxyHKy TpacyBaHHS IPOMEHIB B pealbHOMY 4Yaci 1 TEH30PHI
anpa Ui 3aaad, MoB's3aHux 31 mTydyHuMm iHTenekToM. NVIDIA mnepepobuna
apXITeKTYpy MOTOKOBHX MYJBTHIPOIIECOPIB (streaming multiprocessors, abo SM), i
ternep koxkeH SM cknagaetnes 3 64 snep CUDA, utroc 10 HUX ToAaHl 8§ TEH30pHUX
anep 1 onne RT-sapo .

B ocHoBi HOBOi apxitektypu nexuth 12-nanomerpoBuir uin FFN [2]. Bin
nepmwuM oTpuMaB miATpuMKy mnam’siti GDDR6 (HaitOinpn 1mBHUIAKICHOT B CBITI
nam’Ati), 3 256- ta 384- po3psAHUMU IITMHAMHU.

3MeHIIeHHs] TOYHOCTI HEHPOHHOI cucTeMu Ipu BukopucTtadHi INT4 mo3Bonuiio
0araTokpaTHO MPUIIBUIIIUTH OOYUCIICHHS, 1110 € HAI3BUYAHHO BaXXJIMBUM, OCOOJIMBO
B IIpollecax BU3HAUCHHS JIOTTYHMX BUCHOBKIB MPH peaiizailii MTyYHOTO 1HTEIEKTY.
Apxitektypa Turing [8] ocHallleHa TEH30pHUMH SApaMH, K1 MOXKYTh 3a0€3MEeUUTH
BUIILY NPOAYKTUBHICTh OOUHUCIEHb IITYYHOTO THTEIEKTY.

OcHOBHUM HOBOBBEJICHHSIM B apXiTeKTypi Turing € amapaTHa Opi€HTOBaHICTh Ha
TpacyBaHHSI TIPOMEHIB, SIKa € peajizoBaHa B HOBUX RT-sapax mns tpacyBanHs. Lli
MIPOIIECOPHI OJIOKM TPHUCKOPIOIOTH MEPEBIPKY MEPETUHY MPOMEHIB, TPUKYTHUKIB 1
MaHIMyJAIMIA 3 1€papxisiMud OOMEXyBaJbHUX O00’€MIB, IO € IIMPOKOBKHUBAHOIO
CTPYKTYpOIO JaHUX JJisi 30epiraHHsi 00’€KTIB Mpu TpacyBaHHI mpomeHiB. RT-sapa
MIPUCKOPIOIOTH PO3pPaxXyHKH PyXy CBITJIA Ta 3ByKy B 3D-cepenoBuri.

BaxxnuBi 3MiHKM BimOynMcs Ha PiBHI MYJbTHUIPOIECOPHUX ONOKIB SM, 110
MalTh CTaHAApPTHY CTPYKTypy B ycix Bapiantax GPU Turing Ta 103BOJSIOTH
oOumucmoBatd 16 MiH. omepaliii B cekyHay. Bcei oOuucntoBanbHi OJI0KM BCEpennHi
SM 3rpynoBaHo B YOTMPU MacuBU OOpOOKM JaHUX 13 JIOTIKOK YIpaBIiHHS, IO
BKJIFOYA€E PETICTPH, | MUIaHyBAJIbHUK HA KOXHI 16 siaep 1 OAMH MOPT AUCIETYEpa HA
koxH1 16 snep. [Ipu upomy B oqHOMYy SM HasiBHI 64 TOTOKOBUX MPOLIECOPH.

binbmr  nockoHanoro € apxitektypa [11] Ampare. 3aBasku MOKpalieHUM
teHzopuuM Ta RT sapam apyroro mokojdiHHA, SM  MyJIbTUNpOIECOpaM Ta
30UTBIICHOI0 MPOMYCKHOI 3JaTHICTIO IIMHU JIaHWUX, IIPOBI PpIIIEHHS HOBOI
apXiTeKTypu MNpUOIM3HO B IIBTOpa pasd IIBU/IIE aHajoriyHux Turing B
TpaAuIIMHUX 3aBJaHHSAX pacTepu3allii 1 10 JABOX pa3iB IIBUJIIE MPU TpacyBaHHI
IIPOMEHIB.

BuchoBok
[IpoBenenuii aHami3 MOKa3aB, IO APXITEKTYpPH BIIEOKAPT 3MIHIOBAJIUCS IIiJ

BIUTMBOM HAayKOBHMX IHHOBAIl. [XHI{ PO3BUTOK BIUIMHYB HE TUIBKH Ha apXiTEKTypy
KOMIT IOTEpa, a i Ha PO3BUTOK HOBUX 1HIYCTPii, TEXHOJOTIH.
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KAPITEL 14/ CHAPTER 14.
MEDICAL DATA PROCESSING USING GEOGRAPHIC INFORMATION

SYSTEMS
OBPABOTKA MEJUIIMHCKUX JAHHBIX C UCIIOJIb3OBAHUEM 'EOMH®OPMAIMOHHBIX
CUCTEM

DOI: 10.30890/2709-2313.2021-04-04-033

Introduction

According to classical concepts, medical geography is the science of the
regularities of the geographical spread of human diseases and the factors that cause
these diseases [1, 2]. The focus of any medical-geographic problem is always the
environment-health relationship.

The structure of medical geography as a research area that integrates data from
many sciences to solve the complex problem of anthropoecological assessment of the
quality of the environment in connection with its impact on public health.

An important reason for the development of many diseases, including infectious
ones, are unfavorable environmental factors. To obtain reliable data on this issue, it
is necessary to organize ecological and analytical monitoring, which is an integral
part of the general monitoring of the state of the natural environment. The quality of
its implementation largely depends on the effectiveness of the information
technology used for this purpose, which allows manipulating an extensive
information base. An important circumstance influencing the choice of information
technologies corresponding to the goals and objectives of the population study is the
exceptional significance of the space-time characteristics for the analysis of various
data on the environment and population health. Assessment of medical and
environmental factors in space and time should be carried out using standard
procedures that allow them to be compared with a variety of data on the terrain, the
state of the environment and public health. For this purpose, geographic information
systems (GIS) can be successfully applied, which today are actually accepted as a
standard software tool in the analysis of spatially distributed data, and which are best
suited for collecting and processing information materials both for medical and
environmental assessments and for purposes monitoring [3, 4].

The use of GIS technologies in medicine allows specialists of various profiles to
obtain valuable data on the mutual influence of various components of these spatial
databases. The speed of processing database arrays, the convenience of concentrating
all the information layer by layer at one workplace, the clarity of the image of the
studied process in dynamics, the reliability due to the use of modern mathematical
and statistical apparatus, as well as the ability to predict the process in the presence of
a given condition make GIS technologies indispensable, especially sections of
epidemiology and hygiene.
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14.1. Medical-geographical modeling and environmental quality assessment

New possibilities of using various methods of mathematical and mathematical-
cartographic modeling, which are now increasingly used in the practice of medical
and geographical research [5, 6], have recently been illustrated by the example of one
of the large regional units of the Central Black Earth Region - the Voronezh Region.
With the use of factor analysis, the medical-geographical zoning of the region for
pulmonary diseases was carried out: pulmonary infarction, pleurisy, pneumonia,
pneumosclerosis, lung cancer, tuberculosis. Areas in the form of squares with an area
of 900 km? (30 x 30 km) were selected as operational territorial units. The small size
of such a square is determined by the required study detailing, statistical
representativeness and practical feasibility, since such an area of the territory is most
acceptable, for example, for carrying out preventive measures against tuberculosis
and other diseases [7, 8].

The typification of territories according to the risk of contracting lung diseases
allows health authorities to plan preventive measures in specific focal areas.

Among other promising areas of medical and geographical research, the
assessment of the comfort of living conditions of the population is of paramount
importance [9, 10]. The comfort of the environment is understood as the degree of its
favorableness for the population in places of permanent or short-term residence. The
general scheme of such studies is usually reduced to the selection of the leading
parameters characterizing the state of the environment, the levels of anthropogenic
load on the environment, the medical and demographic situation, as well as their
analysis and calculation of integral evaluation criteria.

For the Voronezh region, located in the zone of intense anthropogeogenesis, the
task of assessing and modeling the medico-geographical situation is quite relevant.
In terms of the sectoral structure of the economy, demographic and socio-ecological
infrastructure, the region is typical of the Central Black Earth Region and the center
of European Russia. It includes several industrial and agrarian-industrial centers
(Voronezh, Borisoglebsky, Liskinsky, Semiluksky, Rossoshansky industrial centers),
and about 70% of the territory is plowed up.

Over the past five years, about 78-107 thousand tons of harmful substances from
stationary sources and about 280-430 thousand tons from vehicles have been annually
entering the region's atmosphere. The volume of contaminated wastewater inflow into
open water bodies is about 130-240 million m® annually, and this figure has a clear
tendency to increase.

The deterioration of the health status of the region's population was noted:
pulmonary diseases, a significant increase in congenital pathology, infant,
oncological causes of mortality. According to the main indicators of the state of the
environment and health of the population in the districts of the region, the situation is
highly differentiated [11, 12].

The contrasting situation in some geoecological parameters has become the
main prerequisite for ranking the regions of the region according to the comfort of
living conditions. On the basis of the automatic ranking of the region's districts
according to the favorableness of the medical-geographical situation, three gradations
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have been identified: 1) unfavorable, 2) satisfactory, 3) relatively favorable situation.

The mathematical-cartographic model reveals the regular distribution of areas
with different levels of well-being of the medical and geographical situation. The
most tense zone in this respect is located in the northwestern sector of the region and
includes Semiluksky, Ostrogozhsky, Khokholsky districts along the right bank of the
Don. This result is consistent with the unfavorable nature of the main geoecological
parameters.

For example, in the last two years in the Semiluksky district, the maximum and
close to them levels of anthropogenic load on the atmosphere (about 20-23 tons of
emissions from stationary sources per year per 1000 inhabitants), cancer incidence
(353-380 cases per 100 thousand inhabitants with a similar regional average of about
266-278 cases),

In recent years, the level of chemicalization has decreased to the average
regional indicators, becoming slightly lower, in parallel, the oncological situation has
also stabilized [13, 14]. However, due to the inertia of the effects of chemicalization
on the population, mortality from malignant neoplasms is still at the maximum level
among other districts of the region, exceeding the regional average by 1.6 times.
Apparently, this area should be considered as an ecological crisis.

The most prosperous situation is observed in areas gravitating to the
southeastern outskirts of the region, primarily in the Petropavlovsk, Verkhnemamon
and especially in the Bogucharsk districts, which generally have low indicators of
anthropogenic pressures on the environment and low or minimal levels of general,
oncological morbidity of the population and infant mortality.

The ranking of the regions of the region according to the comfort of living
conditions will require for the corresponding territories the development of a
differentiated program for stabilizing the ecological situation with limiting the levels
of anthropogenic loads on the environment and the development of the social sphere
in areas with unfavorable conditions. Consideration of modern problems of medical
geography shows that the rapid pace of development of this science is associated with
the effectiveness of an interdisciplinary approach in the study of systems of habitat -
public health at the intersection of medicine, ecology and geography.

14.2. Research on the effectiveness of using GIS

Modern geographic information systems (GIS) in epidemiology are completely
new computer technologies that provide comprehensive automation of the collection,
storage, processing and analysis of epidemiological information with its visualization
on electronic maps. As you know, GIS has been developing over the past 30 years,
but only recently, in the last 2-3 years, they have become affordable both in price and
in the possibilities of their application by ordinary epidemiologists and health
professionals. Modern GIS offers all the expanding functionality for solving applied
problems related to operational analysis and forecasting of epidemics and epizootics.
Epidemiologists today have something to choose from numerous GIS tools that are
adapted to summarize the results and procedures of epidemiological analysis of
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specific situations, especially in terms of visualizing the analysis results on
geographical maps [9,10].

The effectiveness of the use of GIS in epidemiology (including economic)
largely depends on a correctly drawn up research plan, on the use of well-established
rules for working with GIS, which are compiled in advance in accordance with the
specifics of epidemiological or epizootic tasks. Applied GIS stores information about
the development of an epidemic (epizootic) situation in a specific territory in the form
of a set of thematic layers (population, animals, fauna, roads, rivers, healthcare
institutions, sanitary-epidemiological, veterinary services, infrastructure, housing
construction, etc.), combined between themselves based on their geographic
location. This simple yet highly flexible data integration approach has proven its
worth in epidemiology. For example, when tracking the processes of movement of
infectious diseases across the territory of the country, according to the movement of
"streams" of migrants from the countries-centers of these infections, or according to
the movement of "streams" of domestic animals and associated infectious pathology
[15, 16].

The use of GIS is especially effective for a detailed display of the current or
future picture of the development of an epidemic (epizootic) situation, the impact on
it of measures taken by specialists to counteract pathogens, to predict the spread of
pathogens at the regional or global level. Epidemic or other service information in a
GIS can contain a lot of information about the spatial position of sources of infection,
the distribution of epidemic or epizootic forces across the territory with reference to
geographic or other coordinates on the map of the territory. GIS can work with two
significantly different types of data - vector and raster.

To represent the terrain and other communications, an electronic topographic
base is used on the basis of plans of the required scales.

The ability to selectively transfer layers to other users is provided.

Graphic layers are available to all users in viewing mode, and in input and
correction mode - only to input operators.

14.3. Modeling an epidemic of lung disease

Prerequisites for modeling. Pulmonary disease is transmitted by airborne
droplets and is extremely contagious. The spread of the virus usually does not exceed
2-3 meters. An infected area with a maximum concentration of fine aerosol particles
is formed directly around the patient. Particles with a size of 100 microns and more
(coarse phase) quickly settle. In direct contact with the source of infection in the
infected area, viral particles are aspirated and retained on the epithelium of the
respiratory tract of the susceptible organism. The incubation period of the disease (E)
averages 2 days, the infectious (febrile) period (Y) lasts 2-4 days, and the disease
ends within 8-10 days (Figure 1).
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X(t) Y(t)

disease agent

Figure 1 — Scheme of stages-states of development of the epidemic of lung
diseases in the region.

P is the population of the territory; S - susceptible; E - in incubation; I -
infectious patients; R - have had pulmonary disease; F - died from complications,

MP is an airborne mechanism of transmission of infection. In the course of
studying the epidemics of pulmonary diseases of the XXI century, the dependence of
the incidence rate of the population with pulmonary diseases on its number was
revealed. The highest epidemic morbidity is observed in cities with a population of 1
million people or more, which is 11.3% of all cases of pulmonary diseases in the
Voronezh region. In cities with a population of 500 thousand to 1 million people, this
figure is 10.9%, and with a population of less than 500 thousand - already 9.7%.

Mathematical model of pulmonary diseases. The model reflects the dynamics of
the development of the epidemic among the population of the city with continuous
infection of persons due to the airborne mechanism. The relations of this model
represent a system of nonlinear integro-differential equations.

14.4. Description of the incidence forecast information system

The information system consists of graphical and attributive databases.

The system presents data sections. The data of the sections are combined into
titles, which, in turn, are networked taking into account the topological connection
[17-19]. The graphical presentation includes a geographic information system that
combines an electronic map and precise trails. As the scale increases, plans appear.

Each object on the map has a description in the attribute database. This
description can be quickly obtained by indicating the object on the map. The graphs
reflect the process of cases of pulmonary diseases in the districts of the Voronezh
region. Obviously, it is advisable to display such an epidemic on a map of the
Voronezh region and, with its help, solve the problem of countering the epidemic by
means of quarantine measures. Respiratory diseases are one of the most common
groups of diseases. In the total morbidity, their share in different years ranges from
53 to 41%. In recent years, the incidence of respiratory diseases has been decreasing.

The ability to predict the process in the presence of a given condition makes GIS
technologies indispensable, especially in the sections of epidemiology and hygiene in
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various territories. The created map of the Voronezh region, on which you can see
data in the form of histograms about the incidence statistics. Also, by changing the
data in the database with the statistics of lung diseases, you can see the changes on
the map in histograms and in a separate general histogram.

1. Number of susceptible persons X (t) among the city population::

dX(t)/dt = —U(0,8) = —2/P(£) * U vz, r)dr]  X(0)

with the initial condition: X(t0)=(1-a) P(t0).
2. The number of persons in the incubation period of pulmonary diseases:
SU(Iij+ﬂU(Lf) () = U(r.t
= —1¥IT) * -IE_.
ot at ! (@0

with the initial condition:
X(t0)=(1—a)*P(t0)

where:
U(7,t0) - prehistory of the epidemic at its beginning.
3. The number of new cases of lung disease:

Wi(t) = H’}f(r) «J(T,t)dt

4 The number of people with various clinical forms of pulmonary diseases:

ov(r,t) (T _
5t = Y@ UG D - 8@ Y (1)

with the inﬂitial condition:
Y(t0) = ] V(r, t0)dr

where: Y(t,t0) - prehistory of the epidemic at its beginning.
5. Number of refractory persons or persons with pulmonary diseases Zr(t):

dZ;'f(f) =g * l &(r)+Y(r, t)dr

with the initial condition: Zr(t0)=Zr0=P(t0).
6. The number of people who died from complications Zf(t):

dzgf) —(1—e)~ [ 5(2) = Y (z,t)dt

with the initial condition: Z£(t0)=0.
7. Boundary conditions of the epidemic (infection process):

U(0,t) = A/P(t) = U v, f)dr];

¥Y(0,t) = 0.
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Conclusion

Modern GIS offers expanding functionality for solving applied problems of
epidemiology and epizootology at a relatively low cost. When conducting an
epidemiological analysis of the spread of infectious diseases using GIS tools,
specialists already have a lot to choose from, especially in terms of visualizing
research results on geographical maps. In this case, it is advisable to add
mathematical and computer modeling of epidemics or epizootics to GIS, which opens
up new possibilities in organizing effective measures to counter emergent infections,
especially lung diseases, SARS, bird flu, smallpox, anthrax, hemorrhagic fevers.
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KAPITEL 15/ CHAPTER 15.
IMPROVING THE EFFICIENCY OF THE CUSTOMS SYSTEM OF
CONTROL AND SECURITY WITH THE HELP OF RADIOELECTRONIC

MODERNIZATION
NIABUIIEHHSA EOEKTUBHOCTI MUTHOI CUCTEMH KOHTPOJIIO TA BE3IIEKH 3A
JOINIOMOI'OIO PAJIOEJEKTPOHOW MOJIEPHI3AILII.

DOI: 10.30890/2709-2313.2021-04-04-024

Beryn

B ymoBax cywacHOi COIIabHO-€KOHOMIYHOT pEeaJbHOCTI MpPH BUPIMICHH]
HayKOBO-MPAKTUYHUX 3aBJaHb CYCIIJIBHOTO OOJIAIITYBaHHS TMOTPIOHO (Ha BCIX
PIBHSIX JIIOJICBKOTO OYyTTSI) KOHKPETHE OCMUCIEHHS JIMHAMIKA PO3BHUTKY 1
BJIOCKOHAJICHHSI MPUHLIMITIB peaizallii Aitounx (3a npodeciiHuM iX 03HAKOI) CUCTEM
rajxy3eBoi 0e3meku 1 KOHTpoJto. Po3risa Takoi O€3leKku B acleKkTl OKPEeMHUX BHIIB
3aXMIINEHOCT] BiJ] CATyaTUBHMX OOCTaBUH (BKJIIOYAIOYM 1 KOHKPETHOCTI MOJITUYHOT
O0OCTaHOBKHM) JOAATKOBO BHMMAara€ CTBOPEHHS BIJMOBIIHOT CHUCTEMH NPAKTUYHUX
3aXO0JIB 3 BUPOOJICHHS 1 3a0e3medYeHHs KOHTP3aXo/(iB, CIIPSIMOBAHUX Ha JIKBIJIAIIIO
OyIb-SIKMX 3arpo3 HalllOHAJIBHIA Ta 0COOMCTOI O€3MeKH B Cy4YaCHOMY CYCILIBCTBI.
30kpeMa, y HEMPOCTHX YMOBaX TJOOATICTUKH Ta (HOpPMYBaHHS MIKHAPOIHUX
E€KOHOMIYHMX BITHOCHH, OYIb-iKifi JepikaBl HEMOXJIMBO 0OiMTHCS 0e3 mo0pe
HaJjaro/pKeHoi jaepkaBHOi MUTHOI ciyx6u (MC), ska crnpsMoBaHa Ha 3aXUCT il
€KOHOMIYHOTO CYBEpPEHITETY Ta O€3MeKHU.

VY BIANOBIZHOCTI 10 MUTHOI MOJITHKKA 1 cTpaterii MutHoi Oe3neku €C y
KOHTEKCTI CHUIbHOT €Bpomeiicbkoi momiTuku Oe3neku [1] HeoOXiTHOW YMOBOKO
€()EeKTUBHOCTI MHUTHOI CITy>)KOU OyJb-SKMIl JepxkaBuU € 3a0€3MEeUEHHs JOTPUMAHHS
mutHoro Konekcy (MK) nei nepkaBu 13 3aIy4eHHSIM CYy4acHUX TEXHIYHUX 3aco0iB
MutHOro KoHTpoJito (T3MK). MK BuU3Hauae CyKymHICTh 3aXO/liB, IO 31HCHIOIOTHCS
3 METOK 3a0e3neyeHHs JojepkaHHsS HopM Lboro Konaekcy, 3aKkOHIB Ta IHIIUX
HOPMATHBHO-TIPABOBUX aKTIB 3 MATaHh MUTHOI CIPAaBH Ta MIXKHAPOJHHUX JOTOBODIB,
YKJIaJCHUX Yy BCTAHOBJIEHOMY 3aKOHOM MoOpsAKy. Hanpukiaa, 0a30BUil IpUHIUIM
MUTHOTO KOHTPOJIO, — MPHUHIMI BUOIPKOBOCTI, O3Ha4yae, IO MPU TPOBEJIECHHI
TexHiyHOro KOHTpoJito (TK) MuTHI opraHu OOMEXYIOThCS JUIle THUMH (dopMaMu
MUTHOTO KOHTpPOJItO, Kl € JOCTAaTHIMH JJisi 3a0e3Me4YeHHs] AOTPUMAHHS MHUTHOIO
3aKOHOJIaBCTBA KpaiHu. IcTroTHUM npuHnmnoM mpu peanizaimii TK € Takox nmpuHImm
HEMPUITYCTUMOCTI 3aMoisiHHA HEMPaBOMIPHOTO IIKOAU MPU MPOBEIAECHHI MHUTHOIO
KOHTPOJTIO.

15.1. Cy4yacHuii cTaH MUTHOT'O KOHTPOJIIO
Pi3HOMaHITTS KJIaCMYHUX (POPM MHUTHOTO KOHTPOJIIO, IX MOJAEpHi3alis Ta

BIIPOBAPKCHHS 1HHOBAIIMHUX (HOPM JT03BOJISIIOTH 3a0e3MeuyBaTh Ol €PEeKTUBHY
poootry T3MK. Ilpu nbomy OaratokputepiaabHul pesyibTar goctoBipHocTi TK, B
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OCHOBI SIKOT'O BUKOPHUCTOBYIOTh MPUHIIMI BUOIPKOBOCTI, Oarato B YoMy 3aJIe’KUTh BiJT
MEHEKMEHTY pHU3UKIB [2] 1 aie3gaTHOCTI 1H(GOpMaLIHHUX CHCTEM, TEXHOJIOTIH Ta
3ac00iB iX 3a0e3meueHHs, KOTpi, SIK MPAaBHIIO, 00'€THYIOTHCS Yy BUIJIAIl CHUCTEMH
yopasiiaas pusukamu (CYP). Posutok CYP B cydacHOMy CBITI NPUHHATO
pO3MIISIIaTh  SIK OJWH 3 KIIOYOBHUX E€JEMEHTIB TEXHOJOTIYHOI Moz[epHisaui'l'
HaIPUKJIAJ, B MTUTAHHSIX MUTHOTO O(I)OpMJ'IeHHSI 3T17HO NPUHIAITY «ETUHOTO BIKHAY.

VY cyuacuii MC, 3 Meroro onTumizaimii €peKTHBHHX 1 HaAIMHUX CIOCOOIB
(CyXOITyTHOTO, BOJHOTO, TIOBITPSTHOTO) TIOCTaBKH 1 IEPEMIIIEHHS TOBapiB HAPOIHOTO
CHOKMBAHHS 4Yepe3 JepXKaBHI KOPJOHM CBOIX KpaiH, BIPOBAKYIOTHCS HOBI 1
yAOCKOHAIIOIOTHCS KJIACUYHI METO/M 1 aITOPUTMHU MUTHOTO KOHTpouto Ta T3MK, siki
CIIPSIMOBaH1 Ha MiABUIIEHHS MUTHOI Oe3neku cBoel nepxkabu. T3MK — 1ie komrIuiekc
CHellaJbHUX TEXHIYHUX 3ac001iB, IO 3aCTOCOBYIOTbCSI MUTHUMHU OpraHaMu
0e3nocepelHbO B MPOIECT ONMEPATUBHOTO MUTHOTO KOHTPOJIKO YCiX BHUJIIB O0'€KTIB,
AK1 MEpEeMIILyIOThCS 4epe3 JAepkKaBHUM KOPIOH 3 METOI0 BHUSBJICHHS CEepell HUX
MpEeAMETIB, MarepiaigiB 1 PeUYOBHUH, 3a00POHEHUX J0 BBE3CHHS 1 BUBE3€HHA, a00
HEBIJIMOBIIHOCTI JCKJIApPOBAHOMY 3MICTy. 3 iX JOMOMOTOI0 peaji3yloTh MHUTHHM
orisii (OMJIsiA Ta TEpPeorJisil) TOBapiB, TPAHCHOPTHUX 3aCO0IB  KOMEPIIMHOTO
MPU3HAYEHHS, OTJISA] Ta MEPEorJisii PyYHOI MOKJIaxi Ta Oaraxy, OCOOMCTHI OTJIsia
rpomajsH. [Ipu nbomy oueBHIHO, IO MPOLEAYpa OISy Ta NEPEOTIs Ly, HalpUKIIa,
BEITMKOrabapuTHUX O0'€KTIB 13 ONTHYHO HEMPO3OPUMHU MaTepiajaMu JIyKe CKIIaaHa 1
HEMOKJIMBA 0€3 TEXHIYHUX 3aC001B MUTHOT'O KOHTPOJIIO, K1 MOBUHHI OyTH 3T1IHUMH
notpedbam MC.

15.2. AHaJj1i3 ocTaHHIX A0C/IIKeHb I mMyOaiKaniii MUTHOTO OTJISIAY

JIOCSITHEHHSIM ~ METH  TMPOBEJEHHS  MHUTHOTO  OIJISiAY €  OTpUMAaHHS
MIITBEPKCHHS BIAMOBIIHOCTI BIJJOMOCTEH MpO XapakTep, MOXOMKEHHS, CTaH 1
KUIBKICTh TOBApy, 110 3HAXOAUTHCS M1J] MUTHUM KOHTPOJIEM, a TAKOX PO HASBHICTb
Ha TOBapi, TPAHCIOPTHOMY 3ac001 1 HOTO BaHTAXKHHUX MPUMIIICHHSIX MUTHUX IIOMO,
MeYaToK Ta IHIIUX HaKJaJeHUX 3aco0iB imeHTHdIKalii. B pe3ynpTaTi MHUTHOTO
nepeorysiAy, K 0co0nmuBoi GOpMH MUTHOTO KOHTPOJIO, MOXKYTh 31MCHIOBATHCS il
aX /10 PO3THHY SIK yHNaKOBKM TOBapy, TaK 1 peajbHUX 1 MOMXKJIUBUX MICIb HOTO
nepeOyBaHHs, TOPYIIYIOUM IUTICHICTh OOCTEXKYBAaHOTO TPAHCIIOPTHOTO 3aco0y i
3a[IeKJIapOBAHOTO TOBapy 3 METOI0 3HAXO/KEHHS KOHTpPaOaHAHOI MPOMYKIII].
[Ipyuomy puU3HK OTpUMaHHS HETaTUBHOTO PE3yJbTaTy, SIKMH BioOpa)ka€ CTYIIHb
WMOBIPHOCTI BHUHHKHEHHS CHUTyalliil OO MOPYIIEHHS MHUTHOTO 3aKOHOJABCTBA,
BUSBIICHOTO TMPH CHUILHOMY BUKOPUCTAHHI SIK CUCTEMH YMPABIiHHS PU3UKAMH, TaK 1
T3MK, mnoBuHeHn OyTu MiHIMI30BaHMM y BIAMOBIIHOCTI 31 CTpATETi€l0 CIIIBHOI
€porneiickkoi momtuku Oe3neku [1]. Bcei cymythi BumiptoBanHsa npu TK 3
BUKOPHUCTAHHSAM CYYaCHMX TEXHIYHHMX 3aCO0IB MUTHOI'O KOHTPOJIIO MOBUHHI OyTH
aJIeKBaTHI HOPMATUBHUM IIPUHIIUIIAM HEBU3HAYEHOCTI BUMIpIOBaHb [3] 1 peanizoBaHi
BUIMOBITHO 10  NpuUHOUNY  (TpoIeAypU)  JOCTOBIPHOCTI  MiATBEPKCHHS
BiAMOBIAHOCTI [4].

[Ipoemypa  miATBEpKEHHS  BIAMOBITHOCTI  BiacTMBa BCIM  cdepam
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BUPOOHMIITBA, CIOKMBAaHHSA Ta HaJaHHS OyJb-SKOro BUAY MOCIYTr, ad0 MIpOCTIiIIe
KaXXy4dHd, OpoAyKuii Joacekoro OyTTs. [IpuHiun noctoBipHOCTI chopMyIHOBAHMI 3
MO3UIlIi OIIHKK PU3UKY [2,4], KMl B CBOIO 4YEpPry BU3HAYAETHCSA SK IOETHAHHS
WMOBIpHOCTI monli Ta il HacHiAKIB 3 METOI MPOrHO3YBaHHSA MOXIIMBOCTI iX
HEraTUBHUX BIUIMBIB a00 BIIXWJICHb BiJ OUIKYBAHOTO pE3yJbTaTy MOAIl. Y Takux
yMOBax 3 MeTo10 3abe3neyeHHs eekTUBHOCTI MC BUKOPHUCTOBYIOTh O€3KOHTAKTHHI
OTJISi/T, SIKUI 3a0€3MeUy€EThCSI TEXHOJIOTIE€I0 PEHTTEHOCKOIIYHOTO JOCII/HKeHHS 1 €, Ha
ChOT'OJIHIIIIHIN JIEHb, OCHOBOIO TEXHOJIOT1i BUSIBIICHHS KOHTpaOaHIH.

15.3. Mera goc/iiizkeHHsI MUTHOI CHCTEMH KOHTPOJIIO Ta 0e3lmeKn

B poznuti po3misiHyTi fesiki MoxkiIuBOCTI MozAepHizaiii T3MK (iHcnekIiiHo-
norasoBux komruiekciB - [JIK) 3 mo3urnii peanizariii eJeKTpOMarHiTHOI IHTPOCKOMIT
ONTHYHO HEMPO30pUX OO0'€KTIB NUIAXOM 3aCTOCOBYBaHHS OJIIDKHIA Ta Tif
MOBEPXHEBOI  pajlioyioKarlii, 3TigHO JOCBIAY (I3MKKH Ta PaiOCICeKTPOHIKH,
CIUPAIOYKNCh HA CBITOBHM JOCBiJ 3 yNPABIIHHSI MUTHUMU PU3MKAMU Ta Ha 3JI0KEHI
Buile 6a30B1 mpuHIunu TK.

15.4. MuTHHI KOHTPOJIb 32 J0IIOMOI'0I0 PalioeIeKTPOHHOI MOAepHi3amil

[IpuitHsaTo BBaxkaTH, 10 OyAb-IKE OCHAILIEHHS CY4YaCHUX, Ta 1 TEXHIYHUX
3aco0iB, IO MOTEHILIMHO PO3POOJSIIOTHCS, 3alieKaTh TUIBKKM Bia MpodeciitHOro
Binoopy T3MK Tta piBHS (iHaHCyBaHHS, TOOTO 3 TOYKH 30py OINTHUMI3AIl
CIIBBIJTHOIIIEHHS IiHa / SIKICTh. BeabMH HAOYHUM TMIATBEP/KCHHSIM HABEICHOTO
TBEP/KEHHS € YCIIXH MIOOHHOI paaiorpadii [5]. MiooHH - 11e mpupoHi BTOPHHHI
YacTKH (JIENTOHU JAPYroro TMOKOJIHHS), IO HapOJKYIOThCS NpU MPOXOHKEHHI
KOCMIYHHMX MpOMEHIB uepe3 armocdepy 3emii. Bonu marote mMacy B 207 pa3siB
Outplie HIX X TOOpaTUMHU EIEeKTPOHU (JIENTOHHM TMepIioro mokomiHHsS). [loTik
MIOOHIB Ha MoBepXxHI 3emiii cTaHOBUTH OJu3bko 10000 yacTok Ha KBaJpaTHUIA METP
3a XxBWIMHY. Lleit moTik, Mpoxoasiun yepe3 PEeuOBHHY 1 BTpayaloud CBOIO €HEPTiio B
OCHOBHOMY Ha 10HI3aIli{0 aTOMIB I1i€1 pEYOBHHH, MA€ BUCOKY MPOHUKAIOUY 31aTHICTb.
MakcuMalibHa 3apeecTpoBaHa TNIMOMHA MPOHUKHEHHS MIOOHIB CTaHOBHUTH OJIU3BKO
8600 M B mepekiajil Ha 3araJbHONPUNUHATANA BOAHWI EKBIBAJIECHT, IO MPHUOIU3HO
BIIMOBIJIa€ 2 KM CKeJlbHOro IpyHTy. CamMe 1l BJIACTHBOCTI TOTOKIB MIOOHIB
BUKOPUCTOBYIOTh B 1iHTpockomii. IIponec MiooHHOT pagiorpadii aHaIOTTYHUIMA
pEHTreHiBCchbKoi ToMorpadii B MeAuIMHI, a caMe (popMyBaHHS «300pakKeHHS Ha
MIPOCBIT» PEECTPYETHCS HE HA PEHTTEHIBCHKY IUIIBKY, @ Ha €MYJIbCITHUN TPEKOBUIA
a00 eJIEKTPOHHHI JIETEKTOP.

Brnepmie meton xocmiuHoi mpoMeHeBoi pagiorpadii (Muon tomography) Oys
3aCTOCOBAHMU JMJI1 TOLIYKYy IyCTOT B €rUMNETChKUX mipamizax B 1969 pomi
amepukancbkuM (izukom Jlyicom AnbapecoMm [6]. CydacHi TECTOBI €KCIIEPUMEHTH
MIOOHHOi paziorpadii Ha OCHOBI €MYJbCIHHUX TPEKOBUX JIE€TEKTOPIB JIyXKe
MEePEKOHJIMBO JOBOJSATh JKUTTE3MATHICTh Takoi 1HTpockomii [7]. OueBumHi ii
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nepeBaru: BUCOKA NMPOHHUKAroya 37aTHICTh, BIJACYTHICTh JOAATKOBOTO IPOMEHEBOTO
HABAaHTa)XCHHS Ha IEpPCOHAaJ], Ha 00'€KTH MOCHIKEeHHS 1 iX oToueHHs. HaBiTh €
3alaTeHTOBaHl CIIOCOOM MIOOHHOTO paaiorpadiqyHOro KOHTPOJIIO, B TOMY YHCIHI 1
BenMKorabapuTHUX BaHTaxiB [8-10].

OTxe, mpu HasABHOCTI (pIHAHCOBHUX MOXJIMBOCTEH 1 BIACYTHICTh TUMYACOBHX
OoOMeXeHb 3aBXIU ICHY€ peajbHa MOXJIIUBICTh BHUSBICHHS (PAKTUYHO OYyAb-IKOTO
¢i3uyHOrO0 00'€KTa 3 MiHIMAJIHHUM PIBHEM HEBHU3HAYECHOCTI BuUMiptoBaHHS [3]. Ha
kKajb, ICHY€E 1 3BOPOTHMM OiKk MIOOHHOI paniorpadii. Ha panuii yac Hemae
reHepaTopiB (IITYYHUX JKEPENT) MIOOHHOTO BUIIPOMIHIOBAHHS, Ta 4YacC €KCIO3MIIIi
MPOBEJICHUX 111 iX JOCHIPKEHb 32 MipKaMU MHUTHOI MPAKTUKU HACTUIbKU TIEPEBUIIYE
pErjiaMeHTOBaHUM, IO HIAKI MPUCTPOI MIOOHHOI pazgiorpadii, 40 TUX Mip MOKU HE
3'SBIATHCA aJ€KBATHI O TUMYACOBUX BUMOTaM MHUTHOTO KOHTPOIIIO JETEKTOPH, HE
3natHl 3aMmiHUTH icHyrounid napk T3MK [11,12]. Ilpu ubomy 70% ckaHyrouux
MIPUCTPOIB OMEPATUBHOTO HEPYHHIBHOTO MUTHOTO KOHTPOJIIO B CBITI, 3aCHOBaHI Ha
BUKOPUCTAHHI PEHTTE€HIBCHKOTO BHUIIPOMIHIOBAHHS, OCHOBHOIO METOI0 SIKHX €
1HTpOCKoOIs 00'ekTa JoCHiKeHHs. To0TO, MPU OTJsiAl BaHTAXIB, IO MEPEBO3ATHCS,
3MICHIOIOTh ~ CKaHyBaHHS  00'€eKTa  JOCHIDKEHHS, BHUKOPUCTOBYIOUHM  a0o0
rOCTPOCHPSIMOBAHE  BUCOKOECHEPT€TUYHE BUIIPOMIHIOBaHHS (DOTOHHOTO  THILY,
CTBOPIOBAHE 3a PaxyHOK IPHUCKOpIOBAaya €JEKTPOHIB, ad0 3aCTOCOBYIOUM BJAacHE
raMMa-BUIIPOMIHIOBAHHS Pall0OaKTUBHUX 130TOMIB K0OansTy ado me3ito (Kobdanst 60,
Le3iit 137). B ocHOBI Wil 1HTPOCKOIMIT JIEXKUTh MPUHIIUI, 110 1 BUIIE ONUCAHUN TIPU
MIOOHIM  pagiorpadii: Maroyd OUIBII HU3BKOK  IMPOHHUKAIOYOI  3/IaTHICTIO
PEHTIeHIBChKE 1 TaMMa BHIIPOMIHIOBAHHS, B 3aJ€XKHOCTI Bl IIUIBHOCTI 1 aTOMHOI1
CTPYKTYpH OIPOMIHIOIOYOTO MaTepiaiy, IUISIXOM CBOTO TOIIMPEHHS, sIKa YaCTKOBO
PO3CIIOEThCSI, TOTJIMHAETHCS, aje OcJiadJieHe, MPOXOIUTh Kpi3b ONPOMIHIOBAHMIA
00'€KT, TOTpAIUISIIOYM HA  JETEKTOPHY CHCTeMYy, sKa T[EpeTBOPIOE  IIe
BUNPOMIHIOBaHHS B €JIEKTPUYHUNA CUTHAJ, MPOMOPLUIMHUN BEIUYHHI €HEPreTUYHOTO
P1BHSI BUX1JHOTO BUIIPOMIHIOBAHHS 3 00'€KTa OOCTEXKEHHS. Y TOM K€ 4ac B Cy4aCHUX
nyoumikamisx mo MK nmpakTHdHO BiJICYTHI BIJIOMOCTI ITPO BUKOPHUCTAHHS JOCSATHEHD 3
obnacti cydacHoi pamionokamii B MC. Ilepm 3a Bce 11e BIIHOCUTBCS 10 3acOOIB
OJIM>KHBOT 1 T1IITOBEPXHEBOI pajIiooKaIlii.

[ToBeprarounch 10 peanbHOi, HA CHOTOMHIIIHIA JI€Hh MHUTHOI JIWCHOCTI, IIIO
3a0e3nedye HaJaHHS MUTHHUX TIOCIYT MHUTHHUMH OpraHamMd 3 akKIEHTOM Ha
MIHIMI3aIlil0 MPUYMH Ta YMOB BHUHHMKHEHHS PW3HKIB BIIMOBITHO 0 MIKHAPOIHUX
CTaHJapTiB, B ToMy uucii 1 cragaapty [SO 31010: 2009, po3ymiemo, 1o ampiopi
HEOOX1IHO He TUIbKM 3acTtocyBaHHA cydacHux T3MK, ane 1 moBuHeH OyTH,
3a0e3neyeHnii Ha BUCOKOMY NMpOQeciiiHOMY piBHI, AKICHUI BiAOip 0OCIyrOBYyIOYOTO
MEPCOHANTy, BPAaXOBYIOUH TMPHU IbOMY OaraTOKpUTEPHAIBHICTH CHUCTEMHU OI[IHKH
e(eKTUBHOCTI MUTHOI CIIy’KOU B IIIJIOMY.

3 TOYKM  30py  TEXHIYHOI  OCHAIEHOCTI  MPOMYCKHUX  IYHKTIB
BEJIMKOTA0ApPUTHUX OO'€EKTIB MHUTHOTO KOHTPOJIIO, IO BIJPIZHSAIOTHCA 3HAYHUMU
po3Mipamu, Barorw, CKJIagoM KOHCTPYKIIIHHHUX MaTepiaiiB, MiJIBUIICHOIO IIIJIbHICTIO
3aBAaHTAKCHHS PI3HUMH BHUJAMM IEPEBE3CHUX B HHUX TOBapIB, TO TakKl MPOITYCKHI
NyHKTA B YyChOMY CBITI, SIK TpaBWJIO, OCHAIIEHI 1HCHEKUIHHO-AOIIISIIOBUMHU
KOMIUIEKCAMH 31 CTeIiajbHOI0 €JICKTPOHHOMO anaparypoto [13,14]. [lepi 3a Bce Taku
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T3MK 3000B's3aHi BIAMOBIZATH JKOPCTKMM BHMOTaM pajialliiHoi Oe3MeKu 1
MPUHIIMITY JOCTOBIPHOCTI MiATBEPAKEHHS BIAMOBITHOCTI TEXHIYHMM MapaMeTpam
oOjaZHaHHS 3 TOYKY 30py MDKHApOJHUX CTaHAApTiB. B sKocTi ampTepHaTHBU
pentreHiBebkux [JIK no1ibHO BUKOPHUCTOBYBATH pall0IOKaLIiHI 3ac00M OIMKHBOT 1
mianoBepxHeBoi pamionokaitii [15,16]. OcobmuBoO 11e aKTyalbHO ISl 3aTI3HUYHUX
MepPEBE3CeHb, SKI BUKOPUCTOBYIOTH MIBBATOHU 3 CHUITYYHMH ONTHYHO HEMPO30PUMHU
Marepiaizamu (ByTuULIs, MICOK, py/ia TOIIO), Ha IeMAaCKyr04oMy (DOHI SIKUX HECKJIaJTHO
peaizyBaTd MPUXOBYBAaHHS HE 3aJCKIAPOBAHMX TOBApiB HAPOIHOTO CIIOKHBAHHS.
Kpim TOrO0, MpH TaKMX BaHTAKOMEPEBE3CHHSIX Y BUTJISA/II BEJIMKOTa0apUTHUX O0'€KTIB
3aBXKIU ICHYE€ JIOJaTKOBAa MOXJIMBICTh TIepeBe3eHHsI O00'€KTIB HApPKOTUYHOTO,
BUOYXOBOi 1 HaBITh BIMCHKOBOI'O MPU3HAYEHHS. Y TaKUX BHUIMAJAKaX, ONTUMI3YIOUH
THMYacoOBl Ta EHEPreTUYHl PECypCh MHUTHHUX CIYy>KO, OY€BHUJIHA JOLUIBHICTH 1
po3yMHa (QiabTpalis MOTOKY BEIMKOrabapUTHOTO TPAHCIOPTY B BUIJISAII HOTO
MOTIEPEIHBOTO CENEKTUBHOTO BIOOPY SIK 3a TUIIOM TPAHCIOPTHUX 3acO01B, Tak 1 3a
BUJIOM BaHTaXy, 10 NMEPETHUHAIOTH JEP>KaBHUM KOPJIOH KpaiHW, - TOOTO MOIIIBHO
3MIMCHIOBATA METOJU IMOMEPENIHBbOr0 (10 IMTaTHOro BUKOpucTaHHS 3aco0iB /1K)
HACKpI3HOTO MHUTHOTO OTJIAly, BUKOPHUCTOBYIOYHM ampoOoOBaHi crocoOu OIMKHBOTO
paionoKalifHOro 30HayBaHHS [15] abo MOXKIMBOCTI pajapiB IiATOBEPXHEBOTO
30HAyBaHHs (TeopajapiB) 3 BUKOPUCTAHHSM HAIIMPOKOCMYTOBUX CHUTHAIIB,
3IaTHUX TIOIIMPIOBATUCSA B CEPEAOBUINAX 3 SICKPABO BUPAKEHUM 3aracaHHsIM 1
nucnepciero [16]. B ocraHHbOMy BHUIAAKy €(pEKTUBHO BHKOPHUCTOBYBATH, 3a
JIOTIOMOTOI0  TIPOTPAMHO-KOMI'TOTEPHOT OOpOOKH, MPOCTOPOBO-YACOBY CTPYKTYPY
BTOpUHHOTO enekTpomarHiTHoro HBY mosist ¢ MeToro CTBOpEeHHS! rojiorpaduyHOTO
MOPTPETY 00'€EKTY TOCHIIKEHHS.

B ocHOBI OamkHBOT pajioyioKalli JIeKUTh BUSIBJICHHS BTOPUHHOTO
BunpomiHtoBanHs (BB) Bim HeomHOpimHOCTEH, JOKadi30BaHUX B OJMDKHIN 30HI
OMPOMIHIOBAEMO] (MIEPBUHHO Majarwyoi) enekrpomardiTHoi xBuii HBY gianasony, i
ioro (BB) nonaneIoi ontuManbHOT 00pOOKM 3 METOIO BUPIIICHHS 3aB/IaHb J103BOJTY,
BUMIpIOBaHHs, a00 HaBITh pO3Mi3HABaHHSA. Y HAWUOPOCTIIIOMY BHIIAJKYy MJIs
3HAXO/XKCHHSI MPUXOBAHUX 00'€KTIB IOCUTH PIIICHHS TUIbKH 3a71a4l BUSBIICHHS.

VY TakoMy BUIIQJKy, HaBITb HE JOIIBHO BHKOPUCTOBYBATHU aJ[KE PEKUM
CKaHyBaHHsI €JEKTPOMArHITHOIO BHUIIPOMIHIOBAHHS y BUIJISAI SKOICh KOHKPETHOI
JiarpaMu CIpsIMOBAHOCTI (SIK MPABUJIO, TOTYACTOI0), TAM CAMHUM 3CIICBIIOI0YU CaM
TEeXHIYHUN TPUCTPIi.

Tonai, 3acTOCOBYIOUM TEXHOJIOTII0 HACKPI3HOTO KOHTPOJIO MPU HEPyXOMid
aQHTEHHIA CHUCTEMI B TIPOIECI peaTbHOTO dYacy IMepecyBaHHSI 3ali3HUYHOTO
TPAHCIOPTY, MO BIAMIHHOCTI (METPOJIOTIUHIA HEBIAMOBIAHOCTI) BTOPUHHOTO
BUIIPOMIHIOBaHHS BiJ MPOXIIHUX MIBBArOHIB 3 ONTHYHO HEMPO30PHUM BAHTAKEM,
HECKJIAJIHO BUSIBUTHU PEaJibH1 HEOHOPITHOCTI CUITyunX BaHTaxiB. L{1 HeoHOpiqHOCTI
CIIPOBOKYIOTh aBTOMATUYHY 1HJWKAIlIIO B aHAJIOTOBIM, B IU(PPOBUH, B 3BYKOBUM 200
y BByaIbHIH (¢Gopmi CcuTHalTy TpUBOTM. PiBeHb JOCTOBIPHOCTI TPHBOTH,
BUKOPHUCTOBYIOUH ONTUMAJIbHY (PiIbTpallito, JOIIJILHO BUOMPATH IO anmpiopi 3aaHii
BEJIMYMHI HMOBIPHOCTI TPABUIBHOTO BHSBICHHS a00 MHNMOBIPHOCTI MOMMJIKOBOT
TpuBOTU. BuOip OCTaHHIX pErIaMEHTYIOTh B TMPOLECI IMyCKO-HANIAroKyBaJlbHUX
BUNMPOOYBAHb TEXHIYHOTO MPHUCTPOIO 3a KOHTPOJBHUMH OO0'€KTaMU Yy BHUIJISAL
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KaJ1iOpoBaHMX IIUJICH, HAMPUKIAA Y BUTJSAAI chepu, KyTOBUX BiOMBaUiB, METAJICBUX
MOBEPXOHb PI3HOI reomeTpii 1 T. m. [15]. SIkmo Taky mMoaepHi3aiiio 3MiiCHIOBATH B
pamkax [JIK, po3mimyBanux y 3aKpUTUX MPHUMIIIEHb THITy aHrapy, To 0akaHo BCi
BUSBIICHI TPU ITyCKO-HAJaroJKyBaJbHUX pOOOTaxX TakK 3BaHl «OJHCKYYl TOUYKH»
HIBEJIIOBATH IUJISIXOM BUKOPUCTAHHSA Pa/llONOTIMHAIOUNX MaTepiaiB.

BucHoBku

VY npencrapneHiit po6OTI BUKOPUCTOBYBABCS CUCTEMHUN MIiAX1A A0 MiBUILICHHS
€(EeKTUBHOCTI MHUTHOI CHCTEMH KOHTPOJIO Ta O€3leKu 3a JOMOMOTIOI0
pamioenekTponHoi MozepHizamii T3MK 3 moswmiii peanizaiii eIeKTpOMarHiTHOI
IHTPOCKOIII1 ONITUYHO HEMPO30pUX 00'€KTIB IUIIXOM 3aCTOCOBYBaHHS ONMKHIN Ta mij
MOBEPXHEBOI  pajlioyioOKallii, 3TifHO JOCBIAY (I3MKH Ta PaIiOCICKTPOHIKH,
CIUPAIOYMCh HA CBITOBHUM JOCBIA 3 yIPaBIiHHI MUTHUMH PU3HMKAMH Ta Ha 3JI0KEHI
Buiie 0a3oBi npuniunu TK. [Ipu nboMy, mosiBa CUrHaiy TPUBOTU HA MOMEPETHBOMY
HACKPI3HOMY OTJIA/II TIPU PyCl BAaHTAKHOTO MO13/1a, K MiHIMYM, OyJe CBIIYUTH PO
MOJIUBY HAasBHICTb KOHTpaOaHIIHOT MPOAYKIIi, IO JO3BOJIUTh PEKOMEHIYBATH
BUSBJICHUH 3aJII3HUYHUN BaroH A0 OUIBII PETEIbHOr0 MUTHOIrO orysiny. OnucaHuii
BapianT peamzamii T3MK y Burnsaai mamorabapuTHOTO, HECKJIAIHOTO 1 MOPIBHSHO
JEMIEBOr0  PaJlOTEXHIYHOIO  MPHUCTPOI0  MOMEPEAHBOrO0  EKCIpECc-aHalli3y
(xamOpyBaHHs) BEIMKOTa0apUTHUX O0'€KTIB 13 ONTUYHO HEMPO3OPUMHU MaTepiaiami,
MOKe OyTHM PEKOMEHJOBAHHUI B SKOCTI MOJANbBIIOI MOJAEPHI3alli BKE CTBOPEHUX 1
BukopuctoByBanux [JIK, eHeprernuna 0a3a Ta KOHCTPYKTUBHI OCOOJIMBOCTI SIKUX B
JAHOMY BHIIQJIKy HE MOTPEOYIOTh CEPHO3HUX MOIU(DIKAIIINA.

Ilepesiik yYMOBHUX CKOPOY€Hb:

€C — eBpOMENCHKUI COIO3

MC - mutHa ciyx0a

MK — MuTHUI KOJIEKC

T3MK - TexH14H1 3aC00M MUTHOTO KOHTPOJIIO
TK — TexHIYHUN KOHTPOJIb

CVYP - cucteMu yrpaBJiiHHS pU3UKaMU

[JIK - iHCIeKIIHO-TOTISIIOBUI KOMILICKC
HBY — HafBHCOKOYAaCTOTHE BUIIPOMIHIOBAHHS
BB - BroprHHE BUTTPOMIHIOBAHHS
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KAPITEL 16 / CHAPTER 16.
THE ROLE OF SAFETY CULTURE IN THE FORMATION OF A
PRECAUTIONARY ATTITUDE TO THE THREATS AND RISKS OF THE

TRANSPORT PROCESS
POJIb KYJIBTYPU BE3IIEKH B ®OPMYBAHHI TONIEPE/’)KYBAJIBHOT'O CTABJIEHHS J1O 3ATPO3 I
PU3UKIB TPAHCIIOPTHOI'O ITIPOLECY

DOI: 10.30890/2709-2313.2021-04-04-022

BBenenns

TpancnopT — 11e BIAKpHUTa, CKJIaJHA 1 IUIECHIPSIMOBaHA CHUCTEMa, SKa CIPUSIE
HEYXWJIbHOMY 3pOCTaHHIO 1 BJIOCKOHAJICHHIO BUPOOHUITBA, CHCTEMATHYHOMY
MiBUIICHHIO J100po0yTy. KynbTypa Oesnexku HaOyBae Bce OUIBIIOTO 3HAYEHHS Y
3B'SI3KYy 3 peani3all€l0 CTpaTeriyHuX LUIeH TPaHCIOPTY, MOB'SI3aHUX 3 POCTOM
BAHTAXKONEPEBE3EHb B KpaiHl, a TaKOX 3 MIABULIEHHSM TPAaHCIOPTHOI JAOCTYIHOCTI
PI3HOMAaHITHUX TEPUTOPIN Il HacedeHHs. Ponb KynbTypu Oe3neku B 3a0e3NedeHHi
0e3IeKu TPaHCIOPTY IpH peaiizallii cTpaTerii CTajloro po3BUTKY € BUPIIAIBHOIO.
Pimenns npo6iemu 3abe3nedeHHs 6€3MeKu TPAHCIIOPTY — II€ MPOIIEC, 110 3a0e3neuye
nepexiJi Bijl ICHYI04oro ii cTaHy a0 «OaxkaHoro ctany» [1-3], Tomy ¢opMyBaHHS
MOTIEPEKYBATHLHOTO CTaBJICHHS JI0 3arpo3 1 pU3UKIB MPU TPAHCTIOPTYBAaHH1 BAHTAXKIB
1 TaCaXXUPIB € aKTYaJTbHOIO MPOOIEMOIO.

16.1. AHaJjii3 OCTaHHIX AOC/IIIKeHb 1 MyOaiKamiin

Pusuk mnposiBnsieTbess 'y BCIX cdepax AISUIBHOCTI JIIOJMHU, HA BCIX eTanax
(YyHKLIOHYBaHHA 1 PO3BUTKY 00’€KTa, IXHBbOI B3a€EMOMII 3 HABKOJHUIIHIM
cepeloBUIIEM 1 BcepeauHi cebe. TpaHcmopTHa Tally3b HE € BUHSITKOM. BUBUEHHIO
ABUIA «PU3UK» MPUCBATUIM CBOI poboTH Oarato BueHux, cepen Hux Choi T.-M.,
[.O. Tkauenko, M. Myprtonen Tomo. B VYkpaini 3’sBisierbcss Bce Oinblie pooit,
IOPUCBSIUEHUX aHai3y ¥ ouiHkM pu3uky. Cepel HUX MOXXHAa BHUIUIMTH POOOTH
JI. Maxaneusp, A. Bonsgauka, O. Kpyxuiiko, Tonio.

Taki  maykosmi, sk  B. Kampkuc, O.B.Psa6ymenko, 1.0O. Tkauenko,
1O. KonoBanienko Ta H.I'. [laHueHko mompu 30cCepeKeHHI Ha  MeToJax
HOTEPEIPKEHHSI TPAHCIOPTHUX PU3HUKIB, BCE TaKU HE MPOINOHYIOTH aHali3 CHUCTEMHU
YOPABIiHHSA PHU3UKOM 13 BIJOKPEMJICHHSM ii KOMIIOHEHTIB, L0 YHEMOKJIHMBIIIOE
OJIHO3HAYHE TPAKTYBAHHA CYTHOCTI (PaKTOpiB 1 JKEpesl TPaHCIOPTHUX PHU3HUKIB.
ABTOpHU MPUKIAIHUX Tpailb y cdepi nepese3enb — H. Tpoinbka Ta A. [Mankid — xod 1
pPO3TISAAIOTh TEpPEeBE3eHHS 3 MNPUTAMAHHMMHM 1M pU3MKaMH, OJHAK He
30CEPEIKYIOThCS Ha CHCTEMI yIPaBIiHHS TPAHCHOPTHUM PU3UKOM Ta iIeHTH(IKALIi
PU3UKY 30KpeMma.

Knacuunoro 3 moswmii rpamamii 3HA4ymocTi (akTOpiB PHU3UKY JTOPOKHBO-
tpancnioptHux npuroj (ATII) e matpuis Xeqnona, B ki BuauieHo tpu ¢gaszu TII
(mo 1i BUHMKHEHHS, B TMpoleci W micias) 1 Tpu Tpynu ¢HakTopiB: OCOOHUCTICHI
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0COOJIMBOCTI JIFOJUHU (y4aCHUKA PYXY), XapaKTEPUCTUKH TPAHCIOPTHOTO 3aco0y Ta
0COOJIMBOCTI HABKOJIMITHBOTO CEpeIOBUIIIA (TIEpeyCciM, CTaH JIOPIr).

PesynapTatu moCHiKEHHS MPO YNpaBIiHHSA O€3MEeKOI0 Ha aBTOMOOLITLHOMY
TPAHCIIOPTI Ta OOCIYyrOBYBaHHS BaHTaXIBOK OITyOJIiKOBaHI B poOoTi A. SIGIOHCHKI,
M. S16510HCHKI, BIUIMB HETATUBHUX (PAKTOPIB 1 pU3HKIB HA OE3MEKY TOPOKHBOTO PYXY
posrasaatoTh [lomimyxk B. I1., JannoJ. 1 Koppel O. ocHoBHY yBary npuiiisioTh
aHaI3y PI3HUX THUIB PU3UKIB B JIAHIIO31 TPAHCTIOPTYBAHHS HEOE3MEYHNX BAHTAXKIB,
MOB'SI3aHUX 3 KOHKPETHUM YYaCHHKOM, a aHaji3 0e3MeKn Ta pU3UK TIOPOKHBOTO PYXY
HapeneHo y mpail Caliendo C. 1 Genovese G. KynbTypi 6e3neku, CIIKyBaHHIO Ta
KEPIBHUIITBY MPUIIISETHCS HAWOUIbIA yBara 3 OOKy JOCHTIAHUKIB, TOJ1 SIK BUBUCHHS
BUIAJIKIB, CUCTEMU HaBYaHHS Ta 3MIHHa po0OOTa MaloTh HaWMEHINY KIJIbKICTb
TOCHTIKEHb [4].

Crni 3a3Ha4YUTH, 110 OpraHi3allisg MEepPeBE3eHHs K BaHTaXIB, TaK 1 MaCaKUPIB,
MMOYMHAETHCS 3 TONIYKY MEepCOHANY JUIsl 31MCHEHHS MEepeBe3eHb y pa3l HasBHOCTI
BJIACHOTO aBTOMNApKy, a00 3a MOro BIJACYTHICTIO — 3 TIONIYKY ayTCOPCHUHTOBHUX
napTHepiB. Ha chorogHi Ay’ke BaKIMBUM € MOMJIMBICTH MOHITOPUHTY MOIEPEIHBOT
poOOTH HaliMaHUX TPAIIBHUKIB 200 KOMMAaHI! 3 METOI0 aHali3y eEeKTUBHOCTI IXHBOT
po0OOTH Ta MoTepeKeHHS] BHHUKHEHHS PU3HKIB, JKEPEJIaMU SIKOTO MOXKYTh OyTH:

— OprasizauiifHa CTpyKTypa MiJIpUEMCTBA;

— HaAIMHICTH 1 Npo(eCiiHICTh HalMaHUX MEPEBI3HUKIB Ta BOJIIIB;

— 0COOJIMBOCTI  TPOLEAYypU TONMIYKY MIAPAJHUKIB Ta PIBEHb iXHBOI
B1IIIOB11AJIHHOCTI.

Ocp YoMy aKTyaJIbHUM € pO3IJIsiJ MUTAaHHS KyJbTypu O€3MeKd SK COLIaIbHOI
YCTaHOBKH, LI0 (POpMye NOINEpeaKyBalbHE CTaBIEHHS A0 3arpo3 1 PU3MKIB MpPH
TPAaHCIIOPTYBAaHHA BaHTaXIB 1 macaxupiB. lle Bkpail BaXJIMBO IS BEIMKUX
MIPOMHUCIIOBUX MICT, JI€ OKPIM MICBKOTO 1 MariCTpaJIbHOrO TPAHCIOPTY 3HAYHA JIOJIS
NepeBe3eHb BUKOHYETHCA TPAHCIOPTOM MPOMHUCIOBUX TMIATNPUEMCTB, HA SIKUX
bopmyeTbest 90 % BCbOro BaHTAXKOMOTOKY KpaiHH.

16.2. ®yHKIIOHATBbHO-OPIEHTOBAHA 1eKOMIIO3M LI TPAHCIOPTY

MacoBa aBToMOO1TI3a1lis KpaiHK MOTpeOye BUPIIICHHS KOMIUICKCY CyNmyTHIX Tit
3aBJlaHb, 0€3 KX HE MOKe OyTH 3abe3leueHuil OakaHWi EKOHOMIYHMH e(ekT 1
MO3UTHBHUM BIUIMB TPAHCIOPTY HA COIIaJbHUA PO3BUTOK CYCHUIbLCTBA. YmMcIo
aBTOMOOLJTIB Ha JIOporax B yChOMY CBITI 3pocTae 3 KOXHUM pokom. IlIBuake
30UIBIIICHHS! YUCEHOCTI aBTOMOOUIHLHOTO TApPKYy CYINPOBOKYETHCS 3POCTAHHIM
qrclia MOCTPaXIauX BiJl JOPOKHBO-TPAHCIIOPTHUX MPHUToA. BigHocHa HeOesmneka
aBTOMOOLUIA MEPEBUILYy€E BITHOCHY HEOE3MEKy MOBITPSHOTO TPAHCIOPTY OLIBII HIXK B
TPH pa3H, a 3aJi3HUYHOTO — B JeCATh pa3iB. Ha oguH Miibsapa nmacaxupo-KiIoMeTpiB
Ha aBTOMOOUTEHOMY TPAHCHOPTI MPUXOIUTHCS IBAIIATH 3aTU0INX, HA TIOBITPIHOMY
— WIICTh, HA 3aI3HUYHOMY — JIBa. Y MOPIBHSHHI 3 KpaiHAMH, SIK1 3aiiMarOTh MPOBITHE
MICII€ B CBITOBI €KOHOMIIll, B YKpaiHi KUIbKICTh JOPOKHBO-TPAHCIIOPTHUX TIPHUTOJ
Ha THUCSYy TpaHCHOPTHUX 3aco0iB B 7-10 pasie Bume, Hixk B CIHIA, Anonii,
Himeuunnu, ®panmii, Oiansuaii ta iH. Ha mopsamok Buie, HiX B TEpepaxoBaHUX

MONOGRAPH 149 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021 Part 4 E ﬁf{

KpaiHax, 1 Takui Moka3HUK TspKKocTi HacmiakiB JTTI, sk uucno 3aru6aux Ha 100
noctpaxnanux. Peamizamisa B CILIA 3 1968 poxky 1 Anonii 3 1970 poky 3akoniB «IIpo
0e3neKy JOpOXKHBOIO PyXy» 1 MPUUHATUX HaA IX OCHOBI HAIlOHAJIBHHUX MPOrpam
CKOpPOYEHHS aBapiHOCTI J03BOJMJIA 3HAYHO CKOPOTUTH YHUCIO TOPAaHEHHX 1
3aru0JIMX MpH TPUBAIOUOMY 301IbIIEHHI aBTONApKy. B naHuil yac HajaHHS MOCIYT 3
NEepeBe3eHHs] BaHTaXIB 1 TNacaxkupiB Ha Oe3MeYyHOMY pIiBHI, OpraHizaiis
BHYTPIIIHPOBUPOOHUYMX CHUCTEM, W0 3a0e3meuyroTh HaAliHy 1 Oe3neuHy
eKCIUTyaTallll0 aBTOTPAHCHOPTHUX 3aco0iB, ONTUMI3Allisl CTPYKTYPH CHCTEMH
yOpaBIiHHSA B Tamy3l 3a0e3medeHHs Oe3MeKku ITOPOKHBOTO pyXy, OpraHizaiis
JOPOKHBOTO PYyXy 1 TEXHIYHOTO PETYIIOBaHHS, pO3poOKa METOHiB 1 cmocoliB

KOHTPOJIIO 3a poOOTOI0 aBTOMOOIIBHOTO TPAHCHOPTY — TOJOBHI HAaMpPsIMKH
JISTBHOCTI, 110 3a0€311eYyI0Th O€3MeKy JOPOKHBOTO PyXY.
Tpancropt — 1€ cucTemMa, IO BOJIOJIE€ BIACTUBICTIO camMoOOpraHizai i

CKJIAJIa€ThCA 3 JOCUTHh BEIMKOIO YHCJa €JIEMEHTIB: YAaCTHH, THUIIB YaCTHUH, BXOJIB 1
BUXO/11B, BUKOHYBaHMX (YHKIIIH, 1 KpIM TOTO CHCTEMA, sIKa € 3aCO00M JOCSTHEHHS
METH.

Ha Bupimenns npobiemu 3abe3neyeHHs: O0€3MeKu TPaHCTIOPTY, B TOMY YHCIHI B
VYkpaiHi, BIJIUBAIOTh TMEpPEAyCiM BHYTPIIIHI OOMEXKEHHS, $KI CTOCYIOThCS
¢1HaHCOBUX, TPYIOBUX 1 TPHUPOJHUX PECYPCIB, I[IHHOCTEH KOPHMOPATUBHOI
COIlaIbHOI OpraHizailii, mMaTepiaJibHOi 1 AyXOBHOI KyiubTypu [5]. o 30BHImIHIX
0oOMEXEeHb B MEPIILY Yepry BIJHOCHTHCS IMIIEpAaTUBHE OOMEXEHHs, sIke 3000B's3y€
30epiratu Oiocepy mmiaHeTd. OCHOBHI 30BHIIIHI OOMEXEHHsS TIOB'A3aHl 3
CUCTEMHUMH CTIOXKuBadaMu (TOKymnIsiMu). CIOAu BXOATH MPAIliBHUKA TPAHCIIOPTY,
Jiep’KaBa, a TaKOK OpraHizailii 1 MPUBAaTHI OCOOM — CIOKMBAyl MOCIYT TPAHCIOPTY,
110 (OpMYIOTH TONMUT HA BUJIU 1 OOCSITH MEPEBE3CHb BaHTaXIB 1 macaxkupiB. Cucrema
BiIOOpaxkae  peaJibHUM CTaH  COLIAJIbHO-€KOHOMIYHOT ~ aKTUBHOCTI  JIIOJEH,
MaTepiaﬂLHO'i 1 JTyXOBHOTO KyJITypH CyCHiJIBCTBa 3aK0H0TBopqo'1' 0a3u nepxaBu,

Sk 3a3HaueHO BHILE, TPAHCHOPT PO3MIANAETHCA SIK BIAKPUTA, CKJIaaHA 1
[IJIECOIPSIMOBaHa CUCTEMA, IO € 3aCO00M JIOCATHEHHS METH, SKa Ma€ BIIACTUBICTD
caMooprasizaiii 1 CKJIaJIa€TbCs 3 JIOCUTh BEJIMKOIO YUCIA €JIEMEHTIB: YaCTHUH, TUIIIB
YacTHH, BXOJIB 1 BHUXOIB, BUKOHYBaHUX (yHKIIH. Kepyrouncs (QyHKIIOHAIBHO-
OPIEHTOBAHUM ITIIXOJIOM J0 JICKOMITO3HUIIIT CHCTEMH, MOKHA BUJILJIUTH BCl MPOIIECH,
IO al0Th il MOKJIMBICThH 1CHYBaTH BIAMOBIAHO 10 MeTH. Ha mMakpopiBHi npu omnuci
IPOIECiB MOKHA HAa3BAaTH HACTYIHI (DYHKIIOHAJIBHO BIOKPEMJICHI €JIEMEHTH: BXIiJ,
MPOLIECOp, BUXIJ 1 0OMEXEHHS (PUCYHOK 1).

OyHKII€I0 BXOAY € 3a0€3MEUYeHHS CUCTEMH PEeCypcaMM 1 «UIHHOCTSIMHY, SKi
HAJXOJSTh B MPOIECOp, SKI HEOOXiaHI I peanizaiii mporecy B cucteMi. OyHKITIS
mporecopa — peajizarisi Mporecy, SKUW MepeBOAWTHh BXiJ y BUXIA 3TIAHO METH
icHyBaHHsl cuctemu. Ilpomecop sBisie co00K IEHTpaidbHy, (YHKI[IOHAILHO
BIJIOKpEMJIEHY CYTHICTh cucTeMu. CaM mpoiiecop MOKHA MOAUIUTH Ha:

— Kepyrwuy CHCTeMY, III0 BHKOHY€ coIli€TadbHy (yHKII0 (COIlaJbHO-
oprasizaiiifHa cdepa AisJIbHOCTI);

— CHCTeMYy 3B'sI3Ky, 110 BUKOHYE 1H(Dopmartiiiiny dyHkiito (chepa 3adbe3nedeHHs
1H(pOpMaILli€l0 TPOLIECIB YIPABIIHHS pecypcaMu, ONEPaTUBHOTO YIPABIiHHS,
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Pucynok 1 — @®yHKIiOHAJIbHO-OPi€HTOBAHA IEKOMIIO3UILisl TPAHCIOPTY

(byHKIIIOHYBaHHS PUPOTHO-TEXHIYHOI CUCTEMH 1 BU3HAUCHHS CTPATErTYHUX IIUICH);

— KEpOBaHy CHUCTEMY, [0 BUKOHYE €KOJOoT1uHy (QyHKIiI0 (cdepa 3abe3nedeHHs
(YHKI[IOHYBaHHS IPUPOTHO-TEXHIYHOT CUCTEMU ).

DYHKITIE€I0 BUXONIY € TOCATHEHHS METH, CTBOPEHHS IIIHHOCTEHW KOPIOPATUBHOI 1
MartepiaiabHOi KyJIbTypH, BUKOHAHHS TOCIYT 3 TIEPEBE3CHHS IMAaCaKUPIB 1 BAaHTAXIB,
TaKk SK BHUXIJ € pe3yibTaT mpoiiecy. DYHKIE0 OOMEXKEHHS BBaXKA€ThCS BILIUB
CHUCTEMHOTO CIIOKMBada Ha BXiJ 1 Tpolecop cucTteMu. HaBKonwiiHE cepenoBUIIe
HaJa€ TEBHUU BIUIMB Ha BCl MIJCUCTEMHU TpaHCHopTy. BumaineHi (yHKIIOHAIBHO
BIJIOKPEMJIEH] €JIEMEHTHU TPAHCHOPTY (PI3UYHO HEPO3/AUIbHI 1 00'€JHAHI MOTOKAMHU
OpsMOTO 1 3BOPOTHOTO 3B'SI3KY  (TpyAoBHX, iH(OpMaliiiHuX, (IHAHCOBHUX,
MarepialbHO-€HEPreTUUHUX Ta 1HIIUX PECYPCIB) B €AMHE 11iJie (PUCYHOK 1).

[Topanpiry qekoMIo3uIlii0 (PyHKIIIOHAIBEHO BIIOKPEMIICHHUX €JIEMEHTIB CUCTEMHU
JIOIIUIBHO TPOBOJMTH Ha OCHOBI 00'€KTHO-Opi€eHTOBaHOTO miaxoxy. Kepyroouy —
«COLIAIHO-OPTaHi3alliifiHy CHUCTEMY» TPaHCIOPTY MOXXHA TMOJUIMTH Ha OO0'€KTH
(macuctemmn):

— KOPIOPATUBHOI OpraHizaiii sk O0e3iul CoLiaJbHO-MPO(ECitHUX CHIIBHOT
JO/IeH, MiJACUCTEM EKOHOMIYHUX, aJMIHICTPATUBHUX 1 COLIAJIBHUX BIJJHOCHUH MIX
HUMU,

— KOPIIOPaTUBHOI KYJbTYpH K CHCTEMHM, IO BKIIOYaEe B cebe MiJCUCTEMU
rajiy3eBoi Hayku, MpoQeciiHOl OCBITH, KOPIIOPATUBHOT MOpaJi 1 €TUKH.

KepoBany — «mpupOJHO-TEXHIYHY CHUCTEMY» TPAHCIOPTY, B CBOIO 4Yepry,
JOIIILHO TIOAUTUTH Ha 00'€KTH (TTACUCTEMH ):

— MaTreplalibHOI  KyJbTYpU  SIK  TEXHIYHOI Ta  COLIaJIbHO-MOOYTOBOT
1HGpacTPyKTYpH, chepr TEXHOJIOTIH 1 TEXHIYHUX 3aC001B;

— MPUPOAHOTO CEPENOBUINA, IO CKIAAAETHCA 3 MPUPOAHO-AaHTPOIIOTCHHUX 1

MONOGRAPH 151 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021 Part 4 E ff{*

HIPUPOAHUX EKOCUCTEM.

Bei BupineHi MakpOCKOMIYHI MiACHUCTEMHU TPAHCHOPTY HE MAlOTh YITKHUX
KOPJIOHIB. AJle MalOTh 00JacTh B3a€EMHOTO IMEPETHHY, B SIKi Moke OyTH BUIiICHA
JIOAMHA, sIKa MPEICTaBISE €AMHY COLIAIbHO-TyX0BHY 1 010(pi3u4Hy 1CTOTY, ii MOXKHa
MPEICTaBUTH y BUTJISA1 6a30BOr0O piBHA 1€papXii MO BIIHOLICHHIO A0 JOCIIIKYBaHUX
M1JICUCTEM.

16.3. YupaBiaiHHAM 32JIMIIKOBUM PU3HKOM

Opranizaniiiii  (pakTopyu BBaKAIOTHCS YACTUHOI IIMPIIOI CPepH JIHOICHKUX
(bakTopiB, sIKa MOB'SI3y€ TPU aCHEKTU TPAHCIOPTHUX MIANPUEMCTB, a came: poOoTy,
JIOIUHY Ta OpraHi3alild Ta Te, SK BOHU BIUIMBAIOTh Ha 370pOB'st Ta Oe3meKy
mpaliBHUKIB. bkl mmpoka 061acTh JTIOACKKUX (PAKTOPIB y KOHTEKCTI COIIAIbHO-
TEXHIYHUX CHUCTEM 3allydymyia OaraTo JOCHTI/PKeHb 3a OCTaHHI TPU JECATHIITTS.
IIpoMucmoBuii JOCBi Ta HAyKOB1 JOCTIKEHHS IIOKa3alid, IO OpraHizamiiiHi
(hakTOpH B CKJIQJIHUX COIIaJIbHO-TEXHIYHUX CHCTEMax MOKHA PO3IIIUTH Ha KiJbKa
aTpuOyTiB, [0 MAlOTh BAXKJIWBE 3HAYCHHS JJIA KEPIBHUIITBA OE3MEKOI0 Ta
OpraHizaliifHOr0 HaBYaHHS 3 TMOJAJBIIUM YIPABIIHHAM 3aJUIIKOBUM PHU3UKOM
(pucyHoK 2).

Kynberypa Ge3nexu

3B'A30K KriMar Ge3nekn

JlizepcTBO Omnepaniiige KepiBHAITBO

[TpouenypH i cTaHAapTH
P HU atAap TTopymIeHHs Mponexyp

CrpHHHATTA PH3HKY ; 3aanmKoBHi
i it Pu3uKoBaHA MOBETIHKA

VIpaBTiHCEKI PillIeHHd Ta HATIIA] PH3HK

[ . -

VIpaBTiHHEA PeCypcaMH Ta iX po3Moil 3060B's3aHHA 1 HOMHIKH

OprasizaniifHe HaBYaHHT BHBYCHHS MIHYTHX 1HIHICHTIB

HapuaHHT | KOMIIETEHTHICTE IToMmTKH, TIOB'13aHI 3 HABHIKAMH

PexuMu 3MiHHOT pOGOTH

PucyHnok 2 — B3aeM0o3B's130Kk Mixk opratizaniiHumMu (pakropamMu ta
YIPaBJIiHHAM 3aJMIIKOBUM PU3HKOM

3anuIKOBUM a00 YMCTUW PU3UMK BHU3HAYAETHCS SK PIBEHb PU3UKY, KU
OPUCYTHIN 13 yciMa BH3HAYEHUMH 3aXO0JaMH KOHTPOJIIO 3a PU3HKOM. 3HA4Ha
KUIbKICTh HEIIaCHUX BUIMAAKIB Ha TPAHCIOPTI € HACIIIKOM 3aJUIIKOBOIO PU3HKY
MOPIBHSIHO 3 BJIACTUBUM pPHU3MKOM. TOMy HaJA3BMYAHO Ba)JIMBHUM € BHUBYCHHS
MPUYMHHO-HACTIIKOBUX 3B S3KIB Y KOHTEKCTI YIPABIiHHS 3aJIUIIKOBUM PHU3UKOM.

3aranbHa MeTa cTparerii po3BUTKY TPAaHCIOPTY MOJISAra€ B HAJAaHHI Ipolecam
3pOCTaHHSl CTIMKOCTI, CTAaOUIBHOCTI B MiHIMI3aIli BHUTpPAT PECypCiB, OTPUMAHHS
MaKCUMaJIbHO MOXJIMBOI KIJIBKOCTI BUPOOJIEHUX IIHHOCTEH 1 MOCIYT 3 NEPEeBE3CHHS
nacaxupiB 1 BaHTaxiB. [IpudomMy cTanuii po3BUTOK Ma€ peayii3oBYBaTHCS TaKUM
YUHOM, III00 eKOHOMIYHA e()EKTHUBHICTb, COIllaJIbHA CIPABEJIMBICTh 1 O€3MeKy OyJu
00'eTHaH] B TPUEIUHUMN MPOIIEC HA MAPUTETHUX 3acafax 1 3a0e3neuye 3aJ0BOJICHHS
noTpeO y MEepeBEe3EHHAX SIK HHUHINIHBOIO, TaK 1 HACTYNHUX MOKOJIHb KpaiHM HpH
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30€epeKEeHH1 HAaBKOJIMIIHLOTO cepenoBuina [6, 7]. IleBHe moeaHaHHS BHYTPIIIHIX 1
30BHINIHIX HECMPUSTIMBUX OOMEXKEeHb — (DaKTOpiB (3arpo3) MOXKE TPHUBECTH HE
TIJIbKA 0 BUHUKHEHHSI HEOE3MEeKN HEJAOCATHEHHS CTPATETiuHOT METH, a W TIOPOJAUTH
MPOLIECH CTarHailii, Jerpajaaiii, HaBiTh po3Magy CUCTEMH. Y KIAaCHYHOMY PO3yMiHHI
HeOesneka (3arpo3a) — 1€ 37aTHICTh 3amofiloBaTH SKy-HEOyIh IIKOMY, 3arposa
KUTTIO 1 3[I0POB'TO JIFOAWHU, 1HIIIUM HOTO IIHHOCTSIM.

3arpo3a 00'ekTy — sBuIIe ab0 MPOIEC, M0 XapaKTePU3Y€EThCS TEBHUMH
yMOBaMH BHUHUKHCHHS 1 TapaMeTpaMd BIUIMBY, 37aTHUH 3a YMOBaMH IPOSBY i
CTyneHs HeOe3MeKu 3aBaaTh IIKOAM O0'€KTy. 3araJbHONPUHUHATHM MIAXIA [0
BHU3HAUYEHHsI 0€3IEeKHU 3a3BUYail BUXOAUTH 3 KOHIIEIIII, 1110 0a3y€eThCsl Ha TBEP/IPKEHHI:
«be3nexka — cTaH 3axUIIEHOCTI >KUTTEBO BAXJIMBUX I1HTEPECIB OCOOMCTOCTI,
CyCHUIbCTBA 1 JIEp>KaBU BiJl BHYTPIIIHIX 1 30BHIIIHIX 3arpo3». [Ipu Takomy miaxomi
70 BU3HA4YEHHs O€3MEKH TPAHCHOPTY MpHU peajizaiii cTpaTerii CTaloro pO3BUTKY
BUXOJUTh, IO MAalOTh MICIIE JIBA CAMOCTIHHHUX, BIJOKPEMJIEHHUX OJUH BiJ OJHOTO
BUNy JISJIBHOCTI — OCHOBHa (3a0e3medeHHs (YHKIIIOHYBaHHS Ta PO3BUTKY
TpPaHCHIOPTY) 1 1oAaTKoBa (3a0e3medeHHs Oe3neku TpaHcnopty). Tum yacom Oesrneka
TPaHCHIOPTY TMOBHHHA 3a0€3MedyBaTHCs HE TUIBKH 3a JIOMOMOTOIO 3aXHUCTy, aje 1 3
ypaxyBaHHAM TEHJCHIII I1HHOBAI[IHHOTO PO3BHUTKY, IO Mae OyTH MPOIECOM
CaMOMIATPUMKH, IO 3MEHIIy€ 1ICHYIOUl 3arpo3H 1 He MOpokye HOBI [§]. B 1mpomy
BUIMAJIKYy CTaJMd PO3BUTOK TPAHCIOPTY OPTraHIYHO TMO€AHAE B €001 3aBIaHHS
3a0e3nevyeHHs] O€3MeKu, a HasBHICTh O€3MeKHW TPAHCIOPTY CIPUATUME CTAIOMY
PO3BHTKY.

16.4. KyiabTypa 0e31eKd K COLIaJIbHA YCTAHOBKA HEO0XiAHOTO
NOIepPeKyBAJIbHOI0 CTABJIEHHS /10 3a0e3neueHHs Oe3neKn

Takum uuHOM, 3a0e3medyeHHs O€3MeKH o00'€eKkTa — TEXHOJOTIYHUM TIPOoIIeC
(cucTeMa 3axoJiB) 3 METOK OOMEKEHHs a00 YCYHEHHS ICHYIOUMX Ta 3aroOiraHHS
NOTEHIIHHUX 3arpo3, IO € OPraHiYHOI YaCTUHOK 3arajbHOro MPOIECY
(GyHKITIOHYBaHHS 1 PO3BUTKY 00'€KTa, IO peai3yeThCs BIAMOBIIHO JI0 MPUHHATOT
raixy3eBoi cTpareriero. DyHKIliOHaIbHA Oe3meka 00'€KTa — TEXHOJOTTYHHM IMpoIec
(cucteMa 3axofiB), CHpsSMOBAHWUNM Ha OOMEXeHHS a00 YCYHEHHS ICHYIOUHMX Ta
3arno0iranHs MOTEHIIIMHUX 3arpo3, skl MOPOKYIOTh MOXKJIMBICTh HEBUKOHAHHA a00
HeeeKTUBHOTO BHKOHAHHA 3agaHoi (yHKuii. [Ipm TakoMy BH3HA4Y€HHI CHUCTEMa
0e3neKky MOBHUHHA MPOHU3YBATH BCl cepu AiSUTBHOCTI TpaHCHOPTY ((YHKIIIOHATBEHO
BiJIOKPEMJICHI €JIEMEHTH ) Ta BC1 00'€KTHO-BHPAXKEH1 eJIeMeHTH (00'€KTH).

Cucrema 0Oe3nekd TPaHCIOPTY B LIJIOMY MAae€ l€papXiuyHy CTPYKTypy. Bumumit
piBeHb iepapxii mnpeacTaBieHUl (YHKLUIOHAIBHOIO (PECYpPCHOIO, COLIETAIBHOIO,
1H(popMaIliiiHOI0, EKOJIOTTYHOIO Ta CTPATETIUHOK) 0€3MEeKO0 TPAHCIOPTY, a HUKIUI
piBeHb — (PYHKIIIOHAJIBHOKW (PECypCHOI0, COIialbHO-AYXOBHOIO, 1H(OpMaIiiiHOIO,
010 13UYHOI0 1 CTpaATEriyHOK) OE3MEeKoI0 JTIAUHU. Ha MpOMDKHMX PIBHAX i€papXii,
3T1IHO 3 MPUHIIMIIOM CaMOIIOIIOHOCTI JJis CKJIAIHUX CHUCTEM [9], TaKOK MOBUHHA
noMiHyBaTH (yHKIIOHaNIbHA (pecypcHa, collieTalibHa, 1HGOpMaIliiiHa, €KOJIOTIYHa,
cTpateriyna) Oesrneka o0'ekta. Tomi 3a0e3nedyeHHs OE3MEKU MOXKHA PO3TJISIATU K
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JUSIIBHICTh CYO'€KTIB yHpaBJIiHHS 1100 OOMEXeHHs a00 yCyHEHHS ICHYIOUYHX Ta
3armoOiraHHs  MOTEHIIWHUX  3arpo3  00'€KTy, BBaXaTh BUKOHAHHS  TaKoi
BIJIMOBIAANIBHOI MICIT OpPraHiYHOK YAaCTUHOIO 3arajbHOrO IMPOLECY YIPaBIiHHA
(GYHKIIOHYBaHHSM 1 PO3BUTKOM TpaHCHOpPTHOI cucteMu. [lpu 1bpOMy KOXKEH
iepapxquHﬁ pPIBEHb CHCTEMHU nepez[6aqae opraHiBaui}o BIJIMOBITHO /10 METOMIB 1
nigxoaiB Jewminra [10], konu B SIKOCTI Cy0'€KTiB ynpaBiIiHHSA BUCTYNAalOTh KEPIBHUKH
PI3HOTO pIBHS 1 MpAaliBHUKKA TPaHCIOPTY, SIKI OepyTh O€3MOCEpeNHI0 y4acTh Y
¢dbyHkuionyBanHi o6'ekta. LlinecnpsmoBanuii, oOepexHUN 1 BIAMOBIAHUIN MpoOIEeMI
Oe3MeKky BIUIMB JIIOAMHU Ha OO0'€KT YMpaBliHHS O€3MOCEepEeIHBO 3aJCKUTh Bij
COLIIAJIbHOI YCTAHOBKH, CXUJIBHOCTI Cy0'€KTa COpHMaTH 1CHYIOUy 3arpo3y NEBHUM
YUHOM 1 JIATA HaiiOe3nmeyHimuM crmocoOoM 1mromo oO0'ekra. Takui migxig a0
3a0e3nedeHHs] 0e3MeKH 1ACHTU(PIKYEThCS CYYaCHOI HAYKOIO 3 MOHSTTIM «KYJbTypa
oe3mekm» [11-13].

OOH B cBoii1 momoBial 3 Haroau BcecBITHROTO JTHS MaM'siTi KEPTB TOPOKHBO-
TPAHCIIOPTHUX TMPUTOJI ONPUIIOJHUB JaHl MPO Te, IO IIOPIYHO B pe3yJbTaTi
JIOPOKHBO-TPAHCIIOPTHUX MPUTO] THHE 01M3bKO0 1,35 MinbiioHa 4osoBik. Taki aBapii
€ OCHOBHOIO MTPUYHHOIO CMEPTI JITEH 1 MOJIOAUX JIF0JIeH Yy BiIll Bif 5 10 29 pOKiB.

[TonoBuna Bcix BumaakiB cMmepti B pesynbrari ATl npumnagae Ha mimoxomis,
MOTOIMKIIICTIB 1 BemocuneauctiB. ['enepanbauii cekperap OOH Antoniy ['yreppiin
3aKJIMKaB HE 3a0yBaTH Mpo Il 1UdpH 1, BIIHOBIIOIOYM €KOHOMIKY MICTS MaHAEMIl,
BXKUTH HEOOXIJTHUX 3aXO/I1B, 1100 3a0e3nmeyuTr Oe3NneKy AOPOKHBOro pyXy. 3a oro
CJIOBaMH, TUTbKM TaKUM YMHOM MOKHA OyJi€ TOMOTTHCS BUKOHAaHHS MOCTaBIECHOTO
3aBJIaHHS CKOPOTUTH HAIMOJIOBUHY IMMOKa3HUKH CMEPTHOCTI 1 TpaBMaTU3My Ha JJOpOTax
10 2030 poky.

«KirouoBe 3HaueHHS AN HAJAHHS JTOTIOMOTH KpaiHaM B YCYHEHHI OCHOBHHX
NpUYMH aBapiii Ha noporax MaroTh KonBenmii Opranizamii O0'ennannx Hamiid 3
NUTaHb 0E3MEeKU TIOPOKHBOTO PyXy», - 3a3HauuB ri1aBa OOH. Bin npuBiTaB pimieHHs
['enepanbHoi Acambiiei mporosiocutu npyre JecsaTwmitra Al mo 3a0e3neueHHIo
Oesneku NOpokHBOTO pyxy (2021-2030 pokm), a TakoX 3aKIMKaB IMMATPUMATH
3ycuiuist oro CrieniaabHOTo MOCIaHHUKA 3 0€3MEeKH TOPOKHBOTO PYXY Ta JISUIbHICTD
BianoBigHOoro @oHy OOH.

Takum umnom, OOH mnocTtaBuB nJisi JIOJACTBA 3aBIaHHS MEPEOCMUCIICHHS
Croco01B MepecyBaHHs B YChOMY CBITI 1 3poOUTH TaK, 11100 BOHU OyJiM OC3MEUHUMH,
HEJIOPOTHMH, TOCTYITHUMH 1 €KOJIOTTYHUMH JIJIS1 BCIX JKUTEIIB 3eMIIi.

Kynbrypa Ge3mnekn sk coliaibHa yCTaHOBKA HEOOX1AHOTO MOTMEPEaKyBaIbHOTO
CTaBJICHHS 10 3a0e3rneueHHsi Oe3neku sBiisie€ CO00I0 €IHICTh TPHOX TPATUIIHHUX
KOMITOHEHTIB: €MOIIHHOT0, KOTHITUBHOTO 1 moBeaiHKoBOro. Cy0'ekTamu KyJIbTypH
0e3neKu € BCl yYaCHUKU TMEepPEeBI3HOTO nporecy, IpaliBHUKU TPAHCIIOPTY 1 KiHIIEeB1
KOpHCTYyBaul MOro mociyr, B ToMy 4ucii 1 macaxkupu. DopMyBaHHS 1 PO3BHUTOK
KyJIbTypHU O€3MeKHd MOBUHHI 3a0€3MeuyBaTUCS CUCTEMOIO YIIPABIIHHS, OpPraHi3oBaHOi
BianoBigHo g0 1ukiny Jleminra PDCA (Plan—Do—Check—Act). Ileit 1uki MiCTUTH
MOCTIJIOBHICTh «IIJIAHYBAaHHS — JIisl — MIepEBIpKa — KOPUTYBAHHS», a TaAKOXX BPaXxOBY€
pearnizaii€ero MPUHIUITY MPIOPUTETHOCTI OE3MEKH Ha BCIX PIBHSAX YIIPaBIIHHS Ta
MPUXWIBHICTh LIHHOCTAM KyJbTypH Oe3nekd. EMOLIHUI KOMIOHEHT KYJIbTYypH
Oe3neku BigoOpakae KpUTHYHE, HACTOPOXKEHE CTaBJIEHHS 11 Cy0'e€KTa 10 BUKOHAHHS
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npodeciiHuX Ta IHIIUX 3aBAaHb, MOYYTTS «3I0POBOTO CTPaxy», IHCTUHKTHUBHE
BITUYTTS MOTEHIIIMHOT HEOE3MEeKH .

Otxe, KynpTypa O€3meKH — 1€ CHUIbHI BIAHOIIEHHS, IIHHOCTI, TOTJISAN Ta
MOBEJIIHKA CTOCOBHO O€3MEKU Ta PI3HOMAHITHUX 3arpo3.

Koxen cniBpoOGITHUK poOUTH CBiif BHECOK B KyJbTypy O€3IleKku oprasisailii, a
edeKTHBHA CHCTeMa yIPaBIIHHSA 0€3MEeKOI0 BKItOUa€E B ce0e SIK yJacTh KepPIBHUIITBA,
Tak 1 mepcoHany. ®imocodis cucTeMu ympaBiiHHS O€3MEKO0 BUMAarae, mod y
CTPYKTYPI1 YIIpaBJIiHHS MiANPUEMCTBA 30epirajacs BiAMOBIAAIBHICTD 1 MIJA3BITHICTH 3
nutaHb Oe3neku. BpemrTi-pemT, caMe BHUIIE KEPIBHULUTBO HECE OCTAaTOYHY
BIIMOBIAIBHICTh 3a O€3MeKy Ta 1HII acCHeKTH AisUIbHOCTI migmpuemctBa. Iliaxin
CUCTEeMH YIpPaBIiHHSA O€3MEKOI0 TapaHTye Te, M0 TOBHOBAXECHHS 3aBXKIU
nepeadavyaroTh BiJMOBIIAIbHICTD.

Ha Benukux mpoMHCIOBUX HIANPUEMCTBAX, OCOOIMBO B METAIYPriiHIN ramysi,
MIIIPUEMCTBA SIKOT MarOTh 3HAYHUW MapK TPaHCHOPTHUX 3aco0iB (Omm3bko 450
OJIUHUIIb, CEPEIHS BIJICTAHb MEPEBE3CHD 110 TEPUTOPIT MIAMPUEMCTBA CTAHOBUTH — 3
KM, 32 MeXaMmu mianpueMcta — 10 300 kM), AiSUIBHICT 3 YNpaBIiHHA O€3MEKOI0 B
JESAKUX BiJJIIJIaX OLIBII ITOMITHA, HIXK B 1HIIIKX, ajJ¢ CHCTeMa Ma€ OyTH IHTETpOBaHA B
«peanpbHUM CTaH crpaB» yciel ycTaHoBH. Lle gocsraeTbcs MUIsIXOM BIPOBAKEHHS 1
MOCTIMHOI MIATPUMKH TIOCTIAOBHOI TIOJNITHKHA O€3MeKu 1, BIAMOBIAHO, 100pe
po3pobiierux nporeayp. [lorsarrs, ske xerimc Pizon [14] Bu3HaYae SK po3yMiHHS
HaJIeXKHO1 KYJbTYpH O€3MEKH, BUJIUISE 1’ ATh BAXJIMBUX ACIIEKTIB:

1) kynpTypa mNOIHPOPMOBAHOCTI — oOpradizaimiss 30upae iH(opMalio Mpo
HEIllaCHI BUMAJKK Ta IHIMACHTH, a TaKOX 3JIMCHIOE aKTHUBHI 3aXOAHW MPOTHU.IT,
MPOBOASYM TIEPEBIPKM CTaHy O€3MEKW 1 OMISAu 3arajJbHUX YMOB JOTPUMAHHS
Oe3IICKH;

2) KyJbTypa 3BITYBaHHS — BCl CIIBPOOITHUKU MOBIIOMIISIFOTH IPO CBO1 MOMMIIKH
Ta 3arpo3fuBI CHUTYyallli, a TakoX OepyTh ydacTb B OMUTYBAHHSIX NPO KYJIbTYpY
Oe3IeKHU TOIIIO;

3) KylabTypa CHpaBEIJMBOCTI — OpraHizallis MiATpUMYy€e arMmocdepy HdOBiIpH,
3a0X0YYHOYM CBOI X CHIBPOOITHUKIB JI0 HaJaHHSA 1HQoOpMarlii Mpo IMOMHUIKH Ta
IHIMJICHTH, Ta MEPEKOHYIOUH i X Y CBOEMY CIPABEJIMBOMY CTaBJICHHI 100 Oyab-
AKUX BUMHEHUX HUMU [TOMUJIOK;

4) KyJapTypa THYYKOCT1 — OpraHi3allisi Ma€ MOXJIMBICTh 3MIHIOBaTH CBOi METOIH;

5) KynbTypa HaBYaHHS — Oprasi3ailis poOUTh BHCHOBKH 3 IOBIJOMJIEHH PO
IHIIUJEHTH, Ay IUTIB O€3MEeKH, 0 TPU3BOAUTH A0 MIIBUIIECHHS PiBHS O€3MEKH.

B sikocTi mpukiagy MOXIMBO HaBECTH CUTYyallii, SKi TPAMUIUCh Ha OJHOMY 3
METaNypridHuX MIAOpUEMCTB Micta Mapiynons. 3iTKHEHHS  MaHEBPOBOTO
JIOKOMOTHBY 3 BaHTa)XIBKOIO, BHACIIJOK TOTO L0 BOJIM BaHTaXIBKU HE JOTPUMYBAB
MIBUAKICHUN PEXHMM 1 HE 3pearyBaB Ha NeEpei3Hy CHUTHami3allilo, B pe3yJbTaTi
BUCKOYMB Ha 3ali3HUYHY KOJIIO, MO SIKIH pyXaBcsi MaHEBPOBUM JIOKOMOTHUB
(pe3epBoM). 3aBAsSKM peakilii MallldHICTa JIOKOMOTHUBY, Ta TOMY MO JIOKOMOTHUB
pyxaBcsa 0e3 BaroHiB 1 JOBKMHA TaJbMOBOIO NIIAXY OyJjia HE BEIMKOI, TPaBM Ha
Micii aBapii He Tpamwioch. llle oaHa cuTyallis BIOPOJOBXK TOTO X MEpioay
CIIOCTEPEKEHb TPAIMIIACh TAKOXK B 3B 3Ky 3 HEIOTPUMAHHAM MIBUIKICHOTO PEXUMY,
KOJIM BOAINM aBTOMOOUIS «Volvo» s mepeBe3eHHs OETOHY, HE BpaxyBaBIIH
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0COOJIMBOCTI BaHTaxy (PIAKUM LIEMEHT) JIOMYCTUB TMEPEKHU ] TPAHCIIOPTHOIO 3acoly
Ta BIWIWB BaHTaxy. L{i mpukiagu 1eMOHCTPYIOTh MOPYIIEHHS B JIAHIII «IisD) JIAHITIOTY
PDCA.

Takuit KOMIOHEHT sk Oe3neka, HUIECIPSIMOBAHO (GOPMYETHCS 1 MIATPUMYETHCS
3a paXyHOK CYyKYITHOCT1 30BHIIIHIX 3aC00iB 1 CIIOCO0IB (TEXHIYHUX, OpraHi3aIliiHuX,
€pPrOHOMIYHHX, IEAATOTTYHHX, TICUXOJOTIYHUX ), ITUPOKOTO BUKOPUCTAHHS TIPUHITUITY
00epeKXHOCTI, BUIEPEHKAIOYOTO TPUUHATTA €(PEKTUBHUX 3aXOJiB B MHUTAHHIX
Oe3neKku, TMOMepe/HKEHHS HaA3BHUYAMHUX  CHUTyallid, OCOOJMBO  €KOJIOTIYHUX
KaTacTpod.

BucuHoBknu

Kynbrypa Oe3mneku sik coliajibHa yCTaHOBKA HaJICKHOTO MOTIEPE/IKYBATLHOTO
BIIHOIIICHHS 70 3a0e3rnedcHHs Oe3INeKu SBIIE COO0I0 €IHICTh TPHOX TPAAMIIIHHUX
KOMIIOHEHTIB: €MOLIHHOr0, KOTHITUBHOTO 1 KOHATUBHOTIO (TIOBEIIHKOBOTO).
Cy0'ekTamu KyJbTypu O€3MEKH € BCl yYaCHUKH MEpPEBI3HOrO MPOLECY, MpalliBHUKU
TPaHCIOPTY 1 KIHLEBI KOPUCTyBaul HOro MOCIAYr, B TOMY YHCII 1 MacaXXupu.
®opmyBaHHS 1 PO3BUTOK KyJIbTYpH O€3MEKM NMOBHHHI 3a0€3MeuyBaTUCS CHUCTEMOIO
VIpaBIiHHS, OPraHi30BaHOi BIAMOBIAHO 10 IUKIY JlemiHTa, a TakoX peasizalli€ro
MPUHIUIY MPIOPUTETHOCTI O€3MEeKM Ha BCIX PIBHSX YNPABIIHHSA, NPUXUIBHICTIO
LIHHOCTSIM KYJIbTYypU O€3MEKH.

BaxxnuBo HampaBUTH HACTYIHI AOCTIKEHHS PUYUH aBapiil B TPAHCIIOPTHOMY
CEKTOp1 B OIK yINpaBIiHHS 3IMIIKOBUMH PU3UKAMHU, OCKUIBKH 1€ MOKE MOJIMIIUTH
3arajibHy KyJbTypy O€3MeKH MiANPUEMCTB 1 KOMIIaHIM, 110 MPU3BEAEC 10 MEHIIO1
KUIBKOCT1 PU3HMKIB Ha TPAHCIIOPTI.
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KAPITEL 17/ CHAPTER 17.
PROBLEMS AND PERSPECTIVES OF DEVELOPMENT IN TRANSPORT

SECTOR OF UKRAINE
[IPOBJIEMbBI M IEPCIEKTHBBI PA3BUTHSI TPAHCIIOPTHOW OTPACJIA YKPANHBI

DOI: 10.30890/2709-2313.2021-04-04-067

Introduction

Ukraine is situated in important geographical location, which makes it a key
transportation hub between Europe, Asia and the Middle East. Thus, numerous
international transport corridors run through the territory of Ukraine. Pan-European
transport corridors link Ukrainian ports in Odessa region with Germany and connect
Russia and Finland, Estonia, Latvia and Lithuania with Greece. Baltic — Black Sea
Transport Corridor connects the port cities of Gdansk in Poland and Odessa region
ports Chornomorsk and Yuzhniy in Ukraine. Black Sea Transport Circle connects all
the Black Sea Region Countries by the land. TRACECA Corridor or Trans-Caspian
Corridor connects Ukraine with one of six trade routes of the Chinese “One Road
One Belt” economic initiative, also known as the New Silk Route.

In November 2017, Ukraine joined the European transport network TEN-T
which means that the transport infrastructure of Ukraine should become a part of EU
infrastructure. And as a result - speed, quality, safety of multimodal transportation
should be carried out according to European standards.

PanEuropean Transit Corridor Ne 7 following the Danube River is linked to
Ukraine through the Ukrainian ports of Izmail and Reni. At present, the length of
national rail transit corridors of Ukraine is 3162 km. Moreover, transport along with
the international transit TRACECA (Transport Corridor Europe-Caucasus Asia)
corridor continues further development.

17.1. Role of the transport in economy of the Ukraine

The transport sector is an important part of Ukrainian economy. The transport
sector of Ukraine accounts for 6.4% of the country’s GDP and 7% of total
employment. GDP generated by transport in 2019 increased by 16.5% to 7.2 billion
USD. The cargo turnover has increased on all types of cargo transportation,
indicating the revival of the economy and the active use of logistical capabilities of
the country. In 2019, freight turnover increased by 5.8% up to 343057.1 million ton-
km. In absolute terms, the total volume of freight carried in 2018 amounted to 635.9
million tons, which is by 1.8% more than in 2018.

Ukrainian ports are responsible for more than 40% of export and import
operations of foreign trade. The use of waterways for the delivery of cargo has many
advantages, since it is more environmentally friendly and more economically
efficient than other modes of transportation.
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Fig. 1. Total cargo turnover in the seaports of Ukraine

Ukraine has an advantageous geographical position and located at the
intersection of transit corridors. As a result of the changes of geopolitical and geo-
economic situation, reorientation of cargo flows, changes in cargo-mix, the Seaports
Development Strategy until 2038 was updated. The strategy is aimed at improving
service in seaports, balancing development of terminal and basic infrastructure,
creating conditions for attracting private investments, and transiting to the landlord-
port management model. In particular, the number of projects to be implemented by
investors in seaports until 2038 is about 44, their total capacity is expected at 143
million tons and 1.4 million TEUs, while the total cost of projects is almost 1.4
billion USD. Implementation of the Strategy will lead to creation of up to 5 thousand
jobs in the port sector.

Ukrainian ports are planning to reach 184 million tons per year or even 246
million tons — according to optimistic scenario. Moreover, four concession projects
have been announced for stevedoring company «Olvia», Kherson Commercial Sea
Port, railway-ferry complex of Chornomorsk Commercial Sea Port, and also Yuzhny
Commercial Sea Port.

Ukraine possesses port potential of 13 merchant seaports in Black and Azov
Seas: Reni, Izmail, Ust-Dunaisk, BelgorodDnestrovskiy, Chornomorsk, Odessa,
Yuzhniy, Mykolayiv, Olvia, Kherson, Skadovsk, Berdyansk and Mariupol with 263
berths (over 40 km length). The total handling capacity is 149 million tons of mixed
and bulk cargoes, 42 million tons of liquid cargoes, 40 million tons of container
cargoes (3.5 million twenty-foot equivalent units), and 1 million passengers.

The largest ports among them are Odessa, Chornomorsk and Yuzhniy. These
three ports alone totally account for 63% of the entire cargo turnover in Ukrainian
merchant seaports. These ports offer the best approach ways (drafts of vessels
accommodated are 11.5 — 19.0 m). The other ports in Ukraine can accommodate
ships with considerably less draft. The major container terminals in Ukraine are also
located in the ports of Odessa, Chornomorsk and Yuzhniy.
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Fig. 4. Structure of bulk cargo handling in seaports of Ukraine

At the mouths of the largest Ukrainian rivers, the Dnipro and Yuzhniy Bug,
there is another cluster of merchant seaports, namely Mykolayiv, Kherson, Olvia,
which handle both bulk and general cargoes.

17.2 Current state of Ukrainian ports

The main problems of Ukrainian river and seaports - outdated technologies and
poor condition of port infrastructure. But nevertheless, the situation is slowly
changing. As a result of the maritime industry reform, in 2013 The Ukrainian Sea
Ports Administration (USPA) was found in order to perform effective management of
the state property in the river and seaports, create mechanisms to attract investments
in the port infrastructure for its further development. There are other tasks of the
USPA, like maintenance of the passport depths of the ports’ water area and ensuring
safety of navigation. In 2018 USPA invested 4.3 billion UAH for the reconstruction
of critical seaport infrastructure, mostly dredging and berths repairing.

According to European Bank for Reconstruction and Development (EBRD), the
port sector of Ukraine looks promising in terms of using concession contracts, it is
developing dynamically, and there is a considerable interest from the private sector.

Port charges make up on average 20-50 % of the total port costs for key
Ukraine’s commodities. Regardless of the 20% reduction of the port charges started
from January 1st, 2018, Ukraine’s logistics is at this moment much more expensive
and complicated by international standards. Among other things, the costs of moving
grain from Ukrainian farms to the Black Sea ports are approximately 40% higher than
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costs for comparable logistics in France and Germany, and 30% higher than costs in
the United States. Port costs seem to be especially high in Ukraine compared to its
competitors. Grain traders, for example, incur significantly higher costs at ports
compared to their competitors in the EU and US.

There is a large body of evidence that Ukraine’s port tariffs systems and price
differ from comparable ports elsewhere in the world. According to the main container
shipping lines information, Ukrainian port authority tariffs are very high by
international standards. An example of port costs based on a typical container ship’s
itinerary in the region concludes that Ukraine’s tariffs are over 2.5 times as high as
the average for six other ports in the region.

Hard to solve problems due to
the transport sector specifics
(inability to accumulate and
store transport products, etc)

PROBLEMS IN
DEVELOPMENT Infrastructural
' bl 1
Tochicalrovems | OF TRANSPORT et
wal'ierway SECTOR OF insufficient leve,l of
maintenance) UKRAINE containerization)

Other problems (region’s economy,
regional transport, state’s and
international legislation, etc.)

Fig. 5. Focus problems

Cargo handling expenditures are market based in Ukraine and the government
has little leverage to influence them in the short run. Grain port terminal capacities
increased from 32 million tons to nearly 52 million tons over the last 5 years and
cargo handling prices decreased from 17-18 USD/t two years ago to 11-13 USD/t
today. Port charges, on the contrary to cargo handling prices, are established and
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regulated by the Ministry of Infrastructure of Ukraine and this is where the
government can improve export/import logistics costs via revising of its port charges
and making them competitive with the ports elsewhere in the region and in competing
destinations.

17.3 Ukrainian inner waterways

Ukraine also possesses high potential navigable rivers - over 4 000 km, but less
than 10% of its rive freight transport capacity is actually used, with inland waterways
accounting for less than 1% of total freight traffic, compared to an average of 7% in
the EU.

Two main rivers are Dnipro, 1205 km (Waterway E40 according to UNECE
classification) and Danube, 160 km (Waterway E80, E 80-09 according to UNECE
classification), are among TOP-5 biggest inland waterways in Europe. However,
since 1991, length of river waterways decreased almost twice, while the density of
river shipping routes reduced 1.75 times; intensity of freight transport - in 4.3 times,
and passenger transportation - 7.5 times.

Thus, at this moment the total length of Ukrainian navigable inner waterway
equaled to 1563 km. Key IWW arteries that are operated now include Dnipro river
(Kyiv and Kaniv sections for cabotage and Zaporizhzhia/Dnipro-Kherson section for
river-sea transport), Yuzhniy Bug river (Mykolayiv-Nova Odessa section) and
Danube river.

The capacity of IWW is limited by the capacity of the navigable water along key
river arteries. For Dnipro river the controlling depth indicator varies from 1.9 m to
3.5 m and for Yuzhniy Bug river — up to 2.2 m.

From almost 60 miln tons of river transshipment in 1990, the share of
transportation by inland waterways in Ukraine nowadays is less than 1% of the total
transportation volume, while the average rate in the EU countries is 7% (Germany —
12.6%, Romania — 20.7%, Hungary — 4.2%). Key cargo is grain and other agro
products, metals and chemicals.

River ports and terminals capacity can potentially provide for transporting and
processing of up to 50 million tons of cargo. Major port infrastructure belongs to
private companies (Ukrrichflot, Nibulon and Germes-Traiding).

Conclusion

As the result of the analysis, conclusions can be drawn as presented in the
figures and below in the text.

The main problems Ukrainian transport sector are:

1) Serious lack of regular water and land communications with other European
countries.

2) The loss of transit from Russian Federation and the lack of a full-fledged
replacement over the past 7 years has led to an unsatisfactory state of the ports,
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primarily from the point of view of the technical base. In fact, ports are using less
portion of their potential.

3) Outdated transport infrastructure and lack of innovations leads to insufficient
level of containerization and as a result — inability to attract more potential cargo
flows to river and seaports in order to participate in international intermodal cargo
carriages on sufficient level.

4) Insufficient and ineffective infrastructure and waterways maintenance
decrease existing transport potential.

5) Economical problems, tense political state, unjustified port tariffs system
create even less favorable environment to solve abovementioned problems.

All these problems do not allow Ukraine to fully benefit from the participation
in international transport corridors, that run through it’s territory.

However, these problems have solutions and within the cooperation between
Ukraine and Europe may be eliminated in future.

This is why a comprehensive analysis of Ukrainian transport capabilities is
required. This will include thorough monitoring of numerous factors, which have an
influence on the transport sector of Ukraine. Detailed decomposition of this process
in presented at fig. 6.

Ukraine has the necessary cargo base (export and transit) in order to ensure
supplies to the countries within the international corridors.

Export for this purposes includes grain, metal, mineral fertilizers. Transit -
cargoes of New Silk Road (in containers).

Availability of repaired Odessa-Reni highway provides an opportunity for
uninterrupted delivery of goods by road from the ports of Odessa, Chornomorsk,
Yuzhny. Thus, there are all conditions for the movement of goods from Southeast
Asia, Israel, Turkey, which come to the indicated ports, to the ports of Izmail, Reni
and further along the Danube.

In addition, the authorities of the Odessa region are considering a project for the
construction of a new route Odessa-Reni, which will expand the volume of cargo
transportation in this direction and reduce their time.

There is also another proposal that is aimed at eliminating the problems with the
cargo base of the ports of Reni, Izmail - the creation of industrial parks in the
territories of these ports or territories adjacent to them. This will create an additional
impulse for the development of these ports and cargo flows directed to/from Western
Europe.
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KAPITEL 18/ CHAPTER 18.
COMPREHENSIVE RECONSTRUCTION OF THE CITY AS A FORM OF

ITS EXISTENCE
KOMIIJIEKCHA PEKOHCTPYKIIISI MICTA SIK ®OPMA OI'O ICHYBAHHSI

DOI: 10.30890/2709-2313.2021-04-04-016

BBenenns

[IpoGemi peanizaiiii peKOHCTPYKTHUBHOI JISJIBHOCTI B YMOBaX PO3BUTKY MiCBHKO1
CUCTEMHU MPUILIIEHO JOCTaTHHO Oararo yBaru B JiTepaTypl MHUHYJIUX POKIB 3
MICTOOYJlyBaHHSI Ta apXITEKTypH, aje, sK TMpaBWIO, B OLIBIIOCTI BUMAIKIB,
pPO3IUISIIANIUCA  OKpEeMi acleKkTH npolieMu — ICTOpHKO-apxiTekTtypHi [l, 2],
OyniBeabHO-TEXHIYHI [3, 4], iHKeHepHoro 3abe3neueHHs [5, 6], ekoHoMiuHi [7, 8],
IJIaHyBaHHS 1 3a0y10BU OKPEMUX CTPYKTYPHO-IIaHYBaJIbHUX yTBOpEHSH [9, 10, 11].

Po3ymiHHS pEKOHCTPYKIIi SK KOMILUIEKCY 3axO0/iB I[0J0 MICTOOYIBHOTO
NIEPETBOPEHHA, a, TUM OuIbIlIe, sIK OOOB'S3KOBOT YMOBU TOCTYMAJIbHOTO PO3BUTKY
MICTa 1 BIOCKOHAJIGHHS CTPYKTYpH ¥ (yHKIIOHAIBHUX SIKOCTEH OOMEXyBasiacs, B
OUTBIIOCTI CBOiM, BY3bKONPAKTUYHUMH AaCTEKTaMHU Ili€l TMpoOsemMu. 3 MO3MINI XK
TEOPETUYHOTO OCMHCIICHHS IIUICH, 3aBAaHb 1 METO/IB PEKOHCTPYKIIIi SIK SBHINA, SKE
MIIOPAIKOBY€ETHCA  3arajlbHUM 3aKOHOMIPHOCTAM  (PYHKIIIOHYBaHHSI  CKJIQJTHUX
CUCTEM, III0 PO3BUBAIOTHCS, 1 MpobieMa MijJiaraiga po3rsiay B AyxKe 0OMeKEeHOMY
qyucii poOiT, HEAOCTATHIX 1J1 PopMyBaHHs 0a3UCy pO3POOKH KOMIUIEKCHUX MTporpam
1 TPOEKTIB pEeKOHCTpyKii wicta. IIpM KOMIJIEKCHIM PEKOHCTPYKUii poOOTH
3arajqbHOTO HAMNpsSMKY MOXKHA pO3IIIAJATH K IEBHY TEOPETUYHY OCHOBY IMpH
B3a€EMHO YB’A3L1 pilIeHb psiay crneuu@iuaux mnpodsem micta. OIHAK, 1€ CTBOPIOE
NEBHI TPYJIHOILI ITPU MPAKTUYHOMY 3aCTOCYBaHHI, OCKIJIbKH, SIK IPaBUIIO, IPOOIEMH
PEKOHCTPYKIIIT Ta X BUPIMICHHS PO3TIISIIAIOTHCSA B paMKax BY3bKHUX TEMAaTHK.

B cyuacHiii npakTuill peKOHCTPYKIIIS HE pO3MJIsiaiacs K 3aKOHOMIpHA YaCTHHA
eTamiB PO3BUTKY MICTa B Tii UM 1HIIH (a3, a AK JOKAIbHUM 3aXij (BIATYK) HA TOW YU
IHIIMA  BUKIUK (KOH(JIIKT), SKUA BUHUK Yy Tmpolieci (QYHKIIOHyBaHHS abo
eKCIUTyaTarii MiChKHX IiJICHCTEM, BKJIFOYAIOUX U COlllalIbHY cdepy.

e poOuTh HEOOXIAHMUM MPOBEIAEHHS AOCTIIKEHb, MOKIUKAHUX PO3IMIUPUTH
TEOPETUKO-METOIOJIOTIUHY 0a3y PEKOHCTPYKTHBHOI MISJIBHOCTI Ta CIHIBBIJHECTH
1HTEpECH TUIaHYBAJIBHOTO PO3BUTKY MICTa 3 YSBJICHHSIM PO PEKOHCTPYKIIIIO MICHKUX
CHCTEM 1 MiCTa B IIUIOMY 3 YpaxXyBaHHSIM KOMIUIEKCY TIEPEIyMOB HOTO PO3BUTKY.

Bizomo Bu3HaueHHS MicTa SIK CKJIQAHOI COILIOTEXHIYHOI CHUCTEMU. BOHO
BUIUIMBAE HE TUIbKH 3 PakTy (HopMyBaHHS MICHKOI CHCTEMHU SIK CYKYMHOCTI BEJIMKOI
KUTBKOCTI PI3HUX (PYHKIIOHAIBHHUX migcucTeM. OcoOMUBICTIO II€T cuCcTeMU € (aKT
B3a€MO3B’A3KY IIJICUCTEM, KOXKHA 3 IKUX HE MOX€E 3a0€3MeunTH CTaOlIbHE ICHYBaHHS
MicTa B HEOOX1IHHUX MmapameTpax 0e3 yuacTi iHmumx. He Tinbku cTabiabHE iICHYBaHHS,
a W pPO3BUTOK MiCTa TaKOX BHU3HAYAETHCA CaMe€ B3AEMOJIEI0 MIJICUCTEM, KOJIH
JMHAMIKa KOXKHOT 3 HUX 3aJIKUTh BiJl YHKIIIOHAIBHO CIIOJIYYEHHUX 3 HEHO 1HIIUX.

PosrnssHeMO JiesKi acrieKTH B3a€MOJIi1 PEeKOHCTPYKIlli # HOBOTO Oy/IIBHHUIITBA SIK
PI3HOBHU/IIB MICTOOY1IBHOT AISTTLHOCTI HA PI3HUX €Tarax PO3BUTKY MIChKOT CUCTEMH.
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18.1. ®a3u po3BUTKY MicTa

[Tocenenns, BUHMKAIOYH B IIEBHUM MEP10]1 1 B IEBH1M TOYI[l IPOCTOPY, IPOTITOM
yacy B MpOIECi CBOrO ICTOPUYHOIO ICHYBaHHS MOCTYHNOBO IE€PETBOPIOETHCS 3
HEeBEJIMKOi rpynu OyniBelb Ha Benuke MicTo. dDopMmyBaHHS YMOB NpPOKMBAHHS B
MOCEJICHH] SIK CBOEpPiHE BIAOWUTTSA Ta HACHIJOK IOCTYIIOBOTO PO3BUTKY MICHKOI
MaTepiaTbHO-PEYOBUHHOI 1HPPACTPYKTYPH, HE 3aBKAN BIOYBAETHCS PIBHOMIPHUMH
TEMITAMH, 3a3Hal04u 200 CTPIMKOTO 3pOCTaHHA, 200 TPUBAJIOrO YIOBUIbHEHHS.

MokHa BHUAUIMTA KUIbKAa XapaKTepHUX TMEpIOJiB ICHYBaHHS MiCTa, IO
CTBOPIOIOTh MOTO <GKUTTEBMM LMK BiJl BUHUKHEHHS (TIepion A), yepe3 TpHUBaIHi
nepion icHyBaHHs (niepioq b.) 1 10, MOXKJIMBOTO B OKpEMHUX BUMAAKaX, (piHATY CBOrO
ICHyBaHHSI — 3HUKHEHHs a0o 3arubeni (nepiog B) B cucteMi HaceneHUX Miclpb (IUB.
Pucynoxk 1) [12, 13]:

Bech KUTTEBUE 1MWK MicTa BIIOYBA€ThCS TIiJ] BIUIMBOM 30BHINIHIX Ta
BHYTPIIIHIX (DAKTOpPIB 1 YMOB, Ta CYNPOBOJKYETHCS, a TOYHIIIE, 3a0€3MeUyeThes
MICTOOYIBHOIO MiSUTBHICTIO, SIKa MA€ JIBI OCHOBHI CKJIQOBI — HOBE OYJIBHHUIITBO 1
PEKOHCTPYKI[I0 a00 OHOBJICHHSI paHille CTBOPEHUX OCHOBHUX (OHMIB y BUTJIISII
OyaiBenb 1 CHOOpYyH, Mepexi BYIHIlb, IOPIr 1 I1HKEHEPHUX KOMYHIKAIiil Ta,
BIIMMOBIAHO, BCIX (YHKIIOHAJIBHUX TIJCHCTEM MaTrepiajJbHOi Ta COIlaJdbHOl
1HMpaCTPYKTYpH, 110 3a0€3MeUyI0Th HAICKHUN PIBEHb KUTTEMISIIBHOCTI HACEICHHS.
Mosga iie mpo ajanTallilo MicTa K CKJIaJIHOI COLIIOTEXHIYHOI CUCTEMHU (B CydacHI!
TEPMIHOJIOTIT) A0 YMOB WHOrO ICHYBAaHHS, IO ICTOPHUYHO 3MIHIOIOTBCS, HOIrO
caMooprasi3zaiiii.

SOBHIWHI PAKTOPU TA YMOBMW

A. B. ICHYBAHHA B.

* HOBE HOBE EYAIBHULTEO,
PEKOHCTPYKLIA

BYOIBHULUTBO ||
PO3BUTOK

BIOPOOXEHHA ]

F 3 \ / r 3
I/ [ECTPYKLIS
| CTAIHAUIA |

BHYTPIWHI ®AKTOPU TA YMOBMU

|| CTAHOBIEHHSA I{ || CTABINI3ALIA

3ATMBENb

BUHUKHEHHSA

Pucynok 1 — PeKOHCTPYKTHBHA AiVILHICTH B KOHTEKCTI (pa3 MiCbKOT0 PpO3BUTKY

A. BunHukHenHs TIOCEJICHHA MOXe€ OyTH OOYMOBJIEHE pPI3HOTO POIYy
MIPUYMHAMH, BiJl MUMOBUTHHHX (CIIOHTAHHUX) J0 NECKJIAPATUBHUX, K BOJICBHUSBIICHHS
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TOTO YH 1HIIIOTO MPABUTENS, YPSAILY 3 UITKO BU3HAYEHOIO METOIO.

B mpamaBHi yacum HaldyacTilie TIOCEJCHHS BHHHMKAIW $K (opmoctu s
3aKpIMJICHHS BIHCHKOBOI MPHUCYTHOCTI B MPOIIEC] MOCTIIOBHOTO OCBOEHHS IPOCTOPY
abo sAK «Micsg TOpriBiai» Ha ToproBenbHUX muisixax [13]. Ilicias BUHUKHEHHA
MOCENIEHHS SIK SiApa MOJANbIIOTO MICTOYTBOPEHHSI IMOYMHAETHCS CKIAIHUN, HE
3aBXKIU JIIHIMHUNA, TPOLEC CTAHOBJEHHS MicTa 1 HOTro MaTepiajbHO-peuyOBUHHOI
1H(MPaCTPYKTYpH.

b. Icnysanna micma — HaiOIbII TPUBAJIUI 1 aKTUBHUM MEPIOJA KUTTEBOTO
UKy MicTa. BiH BKIIO4ae exinabka ¢as.

1. Cmanoenenna — GopMyBaHHs MEPBUHHUX CTPYKTYPHUX €IIEMEHTIB MICHKOTO
cepenoBuma. Il ¢aza xapakTepuszyeTbCs OCBOEHHSIM TEpPUTOPIT 3  (pIKCaIlI€ro
NEPBUHHUX JOMOTOCTIOJAPCTB Ta 3E€MJICBOJIO/IHb, CTAHOBJIICHHSM TEPBUHHOI
IJIaHYBaJIBHOI CTPYKTYpPH TOCEJEHHS Ta OyJIBHUIITBOM MEpPIIMX OYJIBENb 1 CHOPYA
JKUTIIOBOT'O Ta TPOMAJICHKOTO Npru3HadeHHsA. CaMe HOBE OY/IIBHUIITBO € JIOMIHAHTHUM
Ha I[bOMYy eTari. BinOyBaeThcsi (popMyBaHHS MOCTIHHOTO HACEJICHHS SIK TPOMAIH 3
MIEBHOIO MIPOI0 aIMIHICTPATUBHUX O3HAK ((PyHKIIIH) B CUCTEMI MOCEICHb JEePKaBH.
YucenbHICTh HACEIIEHHS 3POCTAE TOCUTH MOBLIBHO.

Hactynnuit  eram icHyBaHHS MicTa MOXE BIigOyBaTHCS 3a TpbOoMa
MPUHITUTIOBUMU CIIEHAPISIMHU.

2. Po3eéumox. YKpIIUIGHHS Ta PO3IMIMPEHHS IsJbHICHUX (YHKIIM Ha OCHOBI
NEeBHUX (PAKTOPIB Ta YMOB, IO CTUMYJIIOIOTH CTPIMKE HapOIIlyBaHHS OOCATIB Ta
SIKOCTI MaTepiaJbHUX OO0 €KTIB Ta PiBHSI KOMQOPTY MICBKOTO CEpEIOBHIIA,
JUHAMIYHUAN TPHUPICT HacesleHHs, (OpMyBaHHS 30HM aKTUBHOTO BIUIMBY Ha MPUIIETITY
TEPUTOPII0 B  aJMIHICTPATUBHOMY, TOPIOBEJIBHOMY, KYyJIbTYpPHOMY CE€HCI 3
IPUCBOEHHSIM MICTY BIAMOBIAHOIO CTaTycy. 3pOCTae 3HAYyLI[ICTh MicTa, MHOro
colliagbHa Ta IHBECTUIIHHA MPUBAOTHBICTb.

MicToOyaiBHa AiSIBHICT TT0 CTBOPEHHIO OCHOBHMX (POH/IIB 3 OCBOEHHSIM HOBUX
TEPUTOPIA XapaKTepU3YEThCA aKTUBHOW (ha3oro. B ii ckiaal peKOHCTPYKTHBHA
TISITBHICTB 3aiiMae 0TI MEHIT OOMEXEHY POJIb.

3. ®aza cmabinizayii, Sx TpPaBUIIO, € HACTYNMHOK 3a (Ha30l0 aKTUBHOIO
po3BUTKYy. BinOyBaeTbcsi 3aBepiieHHs (GOPMYBaHHS CTPYKTYpPHOI'O —COIlaJIbHO-
€KOHOMIYHOTO KOMIUIEKCY MicTa, HOTo CTilike (PyHKIIIOHYBaHHS B CHCTEMI PEriOHYy
JepKaBU, CTaOLIbHUM TIOMIPHUM TPUPICT UYHMCEIBHOCTI HACEJICHHS, IOCHJICHHS
TSTEHOCTI Y cepi OCBITH, HAYKH, KYJIBTYPH, CIIOPTY.

[IponoBxyeThcsi HOBE OYIIBHUIITBO Ta MOCHIIIOETHCA POJb PEKOHCTPYKTUBHOI
TSTTFHOCTI TIO OHOBJICHHIO Ta 3aMiHI OCHOBHUX (DOHJIIB, MEPEOCBOEHHIO MIiCHKUX
TEPUTOPIi, MIJBUIICHHIO EKOHOMIYHOI Ta (yHKIIOHAIBbHOT e(QEeKTUBHOCTI IX
BUKOPHCTAHHS,  PO3BUTKY  IHXEHEPHO-TPAHCHOPTHOI  1HQPACTPYKTYpH  Ta
0J1aroyCTpoOIO MicTa.

4. IlecumiCTUYHUM CIIeHapieEM ICHYBaHHS Micta € da3a cmazcnayii. Bona
HACTyIlla€ Yy BUIQJKy TPUIUHEHHS i TMO3UTUBHUX 30BHINIHIX (akTopiB Ta
BUYUEPIIAaHHS BHYTPIIIHIX PECypCiB Uil MIATPUMAHHS >KUTTE3ATHOCTI MiCTa.
Crarnariiss xapakTepuU3y€eThCsl MOCTYIOBOIO BTPATO AeMOTpadiyHOTO MOTEHIIATY
(IemomyJsi€ro), 3ropTaHHsIM €KOHOMIYHOT TIsUTBHOCTI, B T.4. Oy/IBEJIbHOT, Ta 1H.

HoBe OyAiBHUIITBO MPaKTUYHO MPUTATbMOBYETHCS, @ PEKOHCTPYKTHUBHI 3aX01
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MaloTh oOMexeHuil xapakrtep. CrarHamiss 3BOAMTH MICTO B HOro 3arajbHHUX
napaMmeTrpax A0 PIBHS, IPHU SKOMY BHYTPIIIHI pecypcH Ta 30BHIIIHI (aKTOpu HE
MOKYTh 3a0€3MeYUTH HOro (MicTa) ICHYBaHHSA SIK TAaKOTO. B iHIIOMY BHMaJKy, MICTO
nepecTae iCHyBaTH, YoMy 1CTOPIsS MICT Ma€ 0arato NpUKIIaIiB.

[Ipote, ¢aza crarnamii He € omHO3HAYHO (arampHOIO A micta. [lo-mepie,
yBIAIIOBIIM B 10 (ha3y MICTO, BTPATUBIIM YaCTUHY CBOiX (DyHKLIN 1 MOCIaOUBIIH
pelTy, MOXe 3yNMMHUTUCH Ha JIEIKOMY PIBHI «IaJiHHI» 1 cTabl1i3yBaTUCh B IbOMY
CTaHi, NEPEUIIOBIIN 3 OAHOTO CTATYCHOTO (SIKICHO 1 KUIbKICHO) aIMIHICTPaTUBHOTO,
€KOHOMIYHOT0 a00 KyJbTYpPHOTO piBHS Ha HIK4YMM. (IcTopis 3Hae Oe3i14 MpUKIIaIiB
moAI0HOTO POy, SIKI 3aCIIyTOBYIOTh OKPEMOT'O BUCBITICHHS).

VY3aranpHeHe BiJIOOpa)K€HHs CLEHapliB PO3BUTKY MiCTa Ha eTami #oro
iCHYBaHHSI MPeICTaBlIeHO Ha PUCYHKy 2.

c 1 1 — MICTO aKTUBHOIO PO3BUTKY
2 — MicTo cTabinbLHOro po3BUTKY
3 —wMmicTo, Wo 3aHenagae

T - nepiog po3BUTKY MicTa

C - piBeHb AKOCTi YMOB NpOXUBaHHA B MICTi
(y3aranbHO04Ya coulianbHo-eKOHOMIYHA
KaTeropis, Aka iHTerpye B cobi piBeHb
CNOXWBaHHA MaTepianbHUX 6nar,
3a[10BOJIEHHA OYXOBHUX NOTpeD,
3[10pOB’A, TpMBaNicTb Ta Oe3neka XUTTA,
€eKoJIoriyHa fIKiCTb MiCbKOro cepejoBULLA,
piBeHb GnaroycTpoto ToLo)

AKICTb XXUTTHA B MicTa

nepiog po3BUTKY

PucyHnok 2 — Tunu guHamMiky MiCbKOT0 pO3BUTKY

5. lpyruii BapiaHT Tmiependadyae 6iopoorHceHHa 1HOTO MiICTa B Pe3yJbTari
MTOHOBJICHHSI BCbOT'O KOMIUIEKCY MEPEAYMOB 1 YUHHUKIB PO3BUTKY a00 BUHUKHEHHS
HOBHX, B TIEPIIy YEPTy, PECYPCHO-CKOHOMIUYHUX MEPEAYMOB (HAMPUKIIAM, BIIKPHTTS
POJIOBUII] KOPHCHUX KOMAjJWH B MHUHYJl CTOJITTS ab0 CTBOPEHHS HOBITHIX
TEXHOJIOTIYHUX OO0 ’€KTIB B Hallll Yach), EKOHOMIKO-TeorpadiyHux (HampuKIa,
MPOKJIAIaHHs 4Yepe3 MICTO 3HA4YHOI TPAHCIOPTHOI MaricTpaii, pPO3MIIICHHS
aeporopTiB), TOJITUYHUX YU  BIMCHKOBO-TIONITUYHUX  (CTBOPEHHS  HOBHX
aJMIHICTPaTUBHUX IICHTPIB) TOIIO.

B pesynbTaTi 11500 MicTO MepexoauTh (abo moBepTaeThes) y dhazy po3sumky i
BKJIFOYAETHCS B MICTOOYAIBHUM ITUKJI, OTIICAHUI BUIIIE.

B.1, mapemTi, sIK BXX€ 3raJlyBajioch, B OKPEMHX, JIy>K€ PIJIKICHUX BHUIAIKAX
BHACIIJIOK BIMICBKOBHX [1ii 200 B pe3yJbTaTi BAHUKHEHHS HaJA3BUYAaHHUX MPUPOTHUX
Yl TEXHOT€HHUX CHUTyalld (KaTtacTpod), MOKIMBO MPAKTUYHO MOBHE 3HUILECHHS
MicTa, Horo 3azubdens. lleil BapiaHT € HaAMOUIBII NECUMICTUYHUM, MPOTE, HABITH Y
BUMAJKy TMOBHOIO 3HUIIEHHS MaTepiajbHOI 1H(PACTPYKTYypHU MICTa ICTOpIsSl 3HAE
YuMaao NOPHUKIaAIB, KOJM MICTO BIAPOMXKYETHCA HAa TOMY 3K CaMOMy MicCIl B
MPUHIIUIIOBO 1HIIIH SKOCTI.

VY3aranpHeHHS AWHAMIKA MICBKOTO PO3BUTKY B OCSDKHIN 1CTOPHYHIM TIMOWHI
JIO3BOJIIE CTBEP/KYBAaTH, IO JKUTTEBUM IIMKJI MICTa OXOIUIOE JeKiabka (a3
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PO3BHUTKY: BiJl BAHMKHEHHS 1 J0, MOXKJIMBOTO, B OKPEMHX BHIIaJKaX, (piHaIy CBOTO
ICHYBaHHSI — 3HMKHEHHS B CHCTEMI HACeJIeHHMX MiICIb — B pe3yJbTaTi Ol psamxy
¢dakropi. Ilepexim 3 onmHOro cTaHy, OnHIET (a3 B I1HILY CYHOPOBOIKYETHCS
MO3UTUBHUMH a00 HEraTUBHMMH SIKICHO-KUIBKICHUMH 3MIHaMHU B CTPYKTYpl MicTa 3
PI3HOIO TMHAMIKOIO (TeMIaMu i MaciTabaMu) IUX 3MiH.

18.2. ITOHATTH «KOMILIEKCHOI PEKOHCTPYKUisA MicTa». Buau
PEKOHCTPYKTHBHOI IilJIbHOCTI

B nporieci po3BUTKY MicTa MarOTh MICII€ 1Bl TEHEHIIII:

1) akTuBizalliss Hogo2o OydiéHUymea BIANOBIAHO JI0 3POCTAHHS YHCEIBHOCTI
HACEJICHHS, PO3BUTKY €KOHOMIKH Ta COIiaJIbHUX 3alUTIB;

2) po3ropTaHHs TPOIECIB  peKoHCMpPyKyii BHACTIIOK CTapiHHS  paHIIIe
CTBOPEHHX OCHOBHUX (DOH/IIB K KUTIIOBUX, TaK 1 HEXKUTIOBUX.

B npomy mipotieci, mopsia 3 peKOHCTPYKIIEI OKpEeMUX OyAMHKIB, BAXKJIUBE MICIIE
3aiiMalOTh TAKOXK 1 PEKOHCTPYKIIS 3a0yJI0BH OKPEMHUX CTPYKTYPHO-TUIAHYBaJIbHUX
YTBOPEHb Ta PEKOHCTPYKIisl (MIEPEOCBOEHHS) TEPUTOPIN Tia HOBI PyHKIi. Takum
YUHOM, BCE PO3MAITTSI PEKOHCTPYKTUBHOT JAISTTBHOCTI B MICTI MOK€ OyTH 3rpyIIOBaHO
y TP OCHOBHUX BH/JIU:

— PEKOHCTpYKUIA OyaiBeNb 1 CIIOPY/I;

— PEKOHCTPYKIIis 3a0y0BH; Ta

— PEKOHCTPYKIIisSl TEPUTOPIM.

MicToOyaiBHHI 3MICT CHCTEMHOI ajamnTallii MicTa B MpoOIeCl HOro PO3BUTKY
MOJIATAE B KOMNJIEKCHIU PEKOHCMPYKMUBHIU OisibHOCMI, KA CIPSIMOBaHA Ha 3MIHY
napamMeTpiB  MaTepialibHO-pEUOBOl  1HGPACTPYKTYpH MicTa 1 (PYHKIIOHATBHUX
XapakTepUCTUK 11 CKIAQJOBHUX, @ TAaKOXX HA BIOCKOHAJEHHS WOro IPOCTOPOBOI
opranizamii  ((QyHKI[IOHaTPHOTO  BUKOPHUCTAHHS  TEPUTOpii,  parfioHamizarii
CHOXKMBAHHSI PECYpPCIB MICBKOTO PO3BUTKY 1 (DYHKIIOHYBAaHHS, YIOCKOHAJIECHHS
apXITEeKTYpHOTO 00pa3y MicTa) 3 METOI 3a0e3MEUYEeHHsS] BUMOT MiChKOTO HACEJICHHSI
70 YMOB JKHUTTS, IO TOCTIHHO 3pOCTalOTh, Ta ONTHUMAIBHOTO (DYHKIIOHYBAHHS
BUPOOHUYUX 1 COIIATLHUX CTPYKTYP.

[Hakme Kaxkydu, KOMIUIEKCHAa PEKOHCTPYKIlisg Oe3nocepeiHp0 3ade3neuye
PO3BUTOK MICTa B PE3yjIbTaTl HUJIECIPSIMOBAHOT MICTOOYAIBHOI JISUIBHOCTI.

Komnnexcna pekoncmpykuyia micma — ye CYKYNHICMb YINeCHPAMOBAHUX
HOCNIO0BHUX DEKOHCMPYKMUBHUX OIll 3 Memolo 3abe3neueHHs cmano2o pOo36UMK)
micma 8i0n0GIOHO 00 COYIANbHO-eKOHOMIUHUX CMAHOAPMIE CYCHLIbCMBd, WO
HOCMILUHO 3DOCMAOMb.

[IOHATTS «KomMn1eKCHa peKOHCMmPYKWia Mmicma» Ma€ CKIAIHUN CMHUCIOBUM
3MICT 1 MOK€ OyTH TPAKTOBAHE B IEKIJIBKOX aCTIEKTaXx.

[To-mepiie, ik MpoIieC KOHKPETHOT AISUIBHOCTI Cy0’ €KTIB MI1CTOOYyBaHHS, ILITIO
SIKOI SIBJIIETHCS 3M1HA MapaMeTpPiB MICTa CTOCOBHO /10 BUMOT.

[To-npyre, MOHATTS PEKOHCTPYKLIS MICTUTh LUILOBY KOHIIEMIIO (MeTy) 1
3aBJlaHHs, IOCTaBIIEHI IEpe] KEPIBHUIITBOM MicTa. BOHM BHUIUIMBAIOTH 3 OLIHKH
MICTa SK CEpEOBUINA MPOXKHUBAHHSI 1 KUTTEMISUIBHOCTI, MOTO BIAMOBITHOCTI
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COLIIAIBHUM CTaHAapTaM, TEXHIYHUM SKOCTSIM 1 €CTETUYHUM BUMOTaM, PO3yMIHHS
KEpIBHULITBOM 1 CYCHUIBCTBOM HOTO POJIi i MICIISI B CUCTEMI PO3CENEHHS.

Posrnsgatoun peKOHCTPYKTUBHY JiSUIBHICTD B IIIJIOMY SIK HEBIAIUIbHY CKIIAZIOBY
MicTOOYAIBHOI MisITBHOCTI, MOYKHA BU3HAUUTH, 110 PEKOHCTPYKTUBHA JiSILHICTH Ma€
3a MeTy 3a0e3MedYeHHs KUTTECTIMKOCTI Ta MOCIIJOBHOTO PO3BUTKY MICT BiJITOBITHO
70 3pOCTAIOUUX COLIATbHO-€KOHOMIYHUX CTaHAApTIB CYCIIJIbCTBA HAa OCHOBI
CUCTEMAaTUYHOTO OHOBJICHHS SKOCTI Ta CKJIaJay OCHOBHUX (OHIIB MICTa,
YAOCKOHAJIEHHsT MOro IJaHyBaJdbHOI CTPYKTYpH, MIJBUIIEHHA €(EeKTUBHOCTI
BUKOPUCTAaHHSI PECYpPCIB MICBKOIO PO3BHUTKY, 30arayeHHsi apXiTEeKTypHOTro 00pasy
MiCTa Ta 30epeKeHHs HOro KyJIbTYPHOI CIaIIIUHH.

Po3pizHsitoTe mpu  6udu pexoHcmpyKmueHoi OisIbHOCMI: PEKOHCTPYKIIISA
Oy[iBeJb, PEKOHCTPYKIIis 320y 1I0BU Ta PEKOHCTPYKIIiSI TEPUTOPII.

Pexoncmpykuia 0ydieeb MOXe pO3TISIATUCH IK aBTOHOMHUN 00’€KT abo sK
€JIEMEHT y CKJIaJl MPOEKTY PEKOHCTPYKIIii 3a0ya0BH. PEKOHCTPYKIIisl IIbOTO BUIY €
NEPEeBaKHO  apXITEKTypPHO-KOHCTPYKTHBHOIO  3a3Jauel0  Npu  JOTPUMaHHI
MICTOOY/IIBHOI perjiaMeHTallii B paiioH1 PO3MIIIIEHHS Oy TiBIIL.

Pexoncmpyxyis 6yodieni — nepeOyaoBa MPUIHATOTO B €KCIUTyaTaIlll0 1ICHYIOUOTO
o0’exta, 10 Tepeadavae 3MiHYy HOTO TEOMETPUYHHMX PO3MIpIB  Ta/abo
(GYHKIIOHATBLHOTO MPU3HAYEHHS, BHACHIJIOK YOrO BiOYBAa€TbCsl 3MiHA OCHOBHHX
TEXHIKO-CKOHOMIYHMX TOKa3HUKIB, 3a0€3Medy€eThCs YAOCKOHAJIEHHS IMOKa3HUKIB
(yHKL10HYBaHHS, OJIMILIEHHS YMOB €KCIUTyaTalii Ta skocTi nociyr [15].

Pexonctpykuisi mnepenadadae moBHe abo0 YacTKOBE 30€pEKEHHS EJIEMEHTIB
HECY4YMX KOHCTPYKLIA Ta MPHU3YyNUHEHHS Ha 4Yac BUKOHAHHS pOOIT eKCIUTyaTamii
00'exTa B 11JIOMY a00 MOoro 4acTuH (32 yMOBH iX aBTOHOMHOCTI) [15].

Pexkoncmpykuia 3a6y0oéu — CTBOpEHHSI HA OCHOBI ICHYIOUOT'O PO3IIJIAaHYBaHHS
Ta apXITEeKTYpHUX OCOOJMBOCTEW 3a0yl0BHM Cy4yacHOTO KOM(OPTHOTO MiCHKOTO
CepeloBMIla 31 3MIHOK TEXHIKO-€KOHOMIUYHMX IOKa3HUKIB 3a0yloBU Ta
MBUILIEHHSM €(DEKTUBHOCTI BUKOPUCTAHHS TEPUTOPIi 00'€KTY PEKOHCTPYKIIII.

06’exkmom pexkoHcmpykyii 3a06y0o6u € CYKyIHICTh OyJiBelb 1 CHOpYA,
pO3TalIOBaHUX HA JIOKANI30BaHIN TEpUTOPIi, SIKA PO3IIISAAETHCS SIK IUIaHyBajbHA
IUTICHICT, 3  (DIKCOBAaHMMH  MEXKaMH Ta  BHU3HAYCHUM  (PYHKIIOHAJIBHUM
BUKOPUCTAaHHSAM (KUTJIOBA caauOHa, >KUTIOBa OaraTOKBapTUpHA, T'POMAJIChKa,
npoMucioBa  3a0yJoBa  TOIIO), a  TaKkoX  1HXKEHEPHO-TPAHCHOPTHOIO
1H(paCTPYKTYpoOIO, 110 3a0e3neuye GyHKIIOHYBaHHS 00’ €KTY PEKOHCTPYKIIIi..

MeTor0 peKOHCTPYKIIi SBISE€THCS CTBOPEHHS, HA OCHOBI ICHYIOYOi 3a0y10BH,
Cy4acHOTO TapMOHIWHOTO J>KHUTIIOBOTO CEPEIOBHINA, 3 HEOOXITHUM KOMILUIEKCOM
noOyTOBOTO, 1H)KEHEPHO-TPAHCIIOPTHOTO OOCIYyTOBYBaHHS Ta 0J1aroycTporo.

Pekoucmpylau'}z mepumopii‘ — TpchqnopMaum paHile OCBOEHUX MICBKHUX
TEPUTOPIN BIJMOBIHO 0 BHYTPIIIHIX YMOB 1 BUKJIMKIB Ta 30BHINIHIX BIUIMBIB Ha
pO3BUTOK MicTa. [laHuW BUJ PEKOHCTPYKTUBHOI JISJIBHOCTI PEaNi3y€e€ThbCs y JBOX
IPUHIIMIIOBUX BapiaHTaX:

1. 3amiHa icHyr0UYOro (PYHKIIOHAJIBHOTO BHUKOPHUCTAHHS TEPUTOPIi IHIIHUM
(GyHKITIOHAIBHUM THUIIOM 3 YaCTKOBOIO a00 MOBHOIO JIKBIJAII€I0 1CHYIOUUX (POHIIIB 1
CTBOPEHHSIM HOBHUX JKUTJIOBUX 1 HEXHUTIOBUX (oHAIB abo TpaHchopMaliiero
(PEKOHCTPYKIIIEI0) OKPEMHUX ICHYIOUYMX OYIWHKIB MiJ HOBY (YHKIIO, TOOTO —

MONOGRAPH 170 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021

pyHKyioHanbHe nepeoceocHHs Mepumopii.

2.3MiHa KOHTYpIB IUIAHYBaJbHUX YTBOpPEHb (KBapTaliB, MIKpOpaioOHiB,
TpacyBaHHS BYJHIb TOIIO) Npu 30epekeHHi cHopMOBaHOTO (YHKIIOHATIBHOTO
BUKOPHUCTAHHA TEPUTOPIi Ta PEKOHCTPYKIIEK ICHYIOUMX W OyIIBHUIITBOM HOBHUX
OyziBenb 3 METOI0 (hOpMyBaHHS NepIoro GpoHTY 3a0yJOBU BYJIHIIb.

18.3. Buau pekoHcTpyKuii

Bce pi3HOMaHITTS NPOSBIB PEKOHCTPYKTUBHOI JISTIBHOCTI, SIKa PEali3yeThCs B
MICTI Ta OXOIUTIOE MICbKI CUCTEMHU W MIJCUCTEMHU PI3HOTO (PYHKIIOHAIBHOIO THUITY,
MOKe OyTH 3rpyNoOBaHO B KIJIbKA BUJIIB 3AJIEKHO B1Jl TEPUTOPIaATbHO-IIJIAHYBAIbHOTO
piBHS 00’ €KTIB, IO MiJISITAIOTh PEKOHCTPYKIII.

[lepmmii (HWKHINM) piBeHb iHTerparii 00’€KTIB MOXke OyTH mpejcTaBICHUI
HACTYITHUM TIEPEITIKOM 8UJI8 PEKOHCMPYKYITL:

— pexoncmpykuia ycumnoeoi 3aoyooeu (PXX3), ocHOBHUM 3aBIaHHSIM SIKOi €
BIIOPSIKYBAaHHSA BHYTPIITHBOMICHKOI CHCTEMU PO3CEJCHHS Ha OCHOBI ypaxXyBaHHS
noTped HacelneHHS Ta JOBEJCHHS XapaKTEPUCTHUK BHUKOPUCTAHHS 1 3a0ya0BH
YKUTJIOBUX TEPUTOPIN 10 ONTUMAILHUX; MOJIMIICHHS Ta O3J0POBJICHHS >KUTIOBOTO
cepenoBuia. Hanpuxmnan, «IIporpama KoMmieKCHOT peKOHCTPYKITli KBapTaJIiB;

— pexoncmpykuyia cucmemu cpomaocokux yenmpie (PCI'Ll) — ynockoHaneHHs
CUCTEMU  TIpPOMAJICBKOTO  OOCIyrOBYBaHHSI ~ HACEJNE€HHsS  MICTa,  PO3BUTOK
3arajibHOMICBKOTO IIEHTPY Ta CHUCTEMH MICHEBUX 1 CIeIiadi30BaHUuX IIEHTPIB,
3a0€3Me4eHHs FapaHTOBAHOI'O IOCTYMY J0 c(hepH MOCIYT YCIX TPyl HACEJICHHS;

— pexoncmpykuyia npomucnosux mepumopin (PIIT) — pectpykrypu3zariiis
MIPOMUCTIOBO-BUPOOHUYOr0 KOMIUJIEKCY MiICTa BIAMOBIIHO JO HOBUX TEXHIKO-
TEXHOJIOTTYHUX MOJIMBOCTEH, 3MIH €KOHOMIYHUX YMOB CYCHIJIbCTBA Ta CTPYKTYPH
3aMHATOCTI HACENEHHs, BIPOBAXKEHHS HOBHX (HOpM oOprasizaiii eKOHOMIYHOI
TUSITBHOCTI (TeXHOMAPKH, TEXHOIIOIICH, 1THAyCTpiaiabH1 TapKH, IHHOBALIMHI IEHTPH );

— peKoncmpykuia cucmemu micyv npuxiadanna npauyi (PCMIIID) -
npuBeneHHss cuctemu MIII y BIAMOBIAHICT, JO ICHYKOUOI Ta MNEPCHEKTUBHOT
CUCTEMHU PO3CEJICHHS 3 ypaxyBaHHSM CY4acHOi OCBITHBO-NIPO(ECIiHOI CTPYKTypH
HaceJeHHsI 3 MeTOK (OpMyBaHHS TPY/1030a7aHCOBAaHUX IUIAHYBAJIBHUX EJIEMEHTIB
MICBKOI CTPYKTYpH;

— icmopuko-apximekmypna  pexoncmpykuyia  (IAP) —  BiaTBOpeHHS,
30epeKEHHSI Ta AKTHBHE BKJIIOYCHHS B JKUTTEMISUIBHICTH MiCTa IIHHOI 1CTOPUKO-
apXITEKTYpHOI Ta KyJIbTYPHOI CHaAIIUHHY;

— aanowagmua pexkoncmpykuyia (JIP) — pO3BUTOK CHUCTEMH 3€JIEHHUX
HACa/PKEHb 3arajibHOr0 KOPHUCTYBaHHS, PEKpealliiHuX 1 KypOpPTHHX 30H MICTa Ha
OCHOBI 30€pEKECHHS Ta BIIHOBJICHHS 1CTOPUYHOTO JIAHAMA(PTY MICTa;

— PEKOHCMPYKUIA  8YIUUHO-00pOX CHbOT  mepexci micma (PBIIM) -
YIOCKOHAJIEHHSI ~ CUCTEMM  TPAHCHOPTHUX Ta  MIMIOXIAHUX  3B’S3KIB  MIDK
IJIAHYBAJIbBHUMU €JIEMEHTAMH MICTa 3 METOI0 3a0e3MeUeHHsT MiHIMI3allli BUTpAT yacy
Ha niepecyBaHHs, KOM(GOPTHOCTI 1 Oe3MEKH pyXy;

— PEKOHCmPYKUWia cucmemu 2pomMaodcbKoz0 mpancnopmy (306HiWIHbO20 ma
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micbko20) (PCT) — ynopsiIkyBaHHSI CUCTEM 30BHIIIHBOTO Ta MICHBKOTO IPOMAJICHKOTO
TPAHCIIOPTY Ta 3a0e3MeueHHs] 3pYyYHUX TMEpPEcaJKOBUX BY3JIIB 1 TPAHCIOPTHUX
3B’A3KIB IJIAHYBAJIbHUX €JEMEHTIB MicTa MK CO0OI0 Ta MicTa 1 3 HABKOJHUIIHBOIO
CUCTEMOIO PO3CEJICHHS;

— peKkoncmpykuia cucmemu inxcenepuux mepexc (PCIM) — pekoHCTpyKIIis 1
MoOJIepHi3alis 1H)KEHEpHOT 1H(pacTpyKTypHu (terwno-, BOJIO-, ra3o-,
€JIEKTPOTIOCTAaYaHHA, KaHali3allll TOII0) 3 ypaxXyBaHHSIM IMEPCHEKTUBHOTO PO3BUTKY
MIPOCTOPOBOI CTPYKTYPH MiCTa Ta BUMOT II[0JI0 €EKOHOMii €HEpropecypciB;

BinHecenHs nepepaxoBaHUX BHILE BUJIIB PEKOHCTPYKIIT 10 MEPUIOro (HUKYOTO)
PIBHSI IHTErpallii BU3HAYAETHCS TUM, 1110 KOKEH 3 HUX MICTUTh (IHTETpy€) OLIbIIE YU
MEHIIIE YHCIIO MaTepiadbHO-PEUOBUX 00 €KTIB (OAWHUIIB), Kl 3a3HAIOTH JIOKAIBHOT
PEKOHCTPYKIIii Ti€r0 Miporo U y Til popMi, sSIKi BUILIMBAIOTH 13 3arajibHOTO 3aBJaHHs
JOCSITHEHHSI arperoBaHoro ()yHKLIOHAJIBLHOTO pe3yJbTaTy MPOBEACHHS 3aXO[IIB IO
JaHOMY BHUJly PEKOHCTPYKLII].

B 3anmexxHocTi  Big  TepUTOpiadbHO-IUIAHYBaJbHOTO  pIBHA  MicTa —
3araJbHOMICHKHM (Makpo-), palloHHMI (M€30-) Ta JOKaJIbHUM (MIKpOPIBEHb) MOXKHA
BUJIJTUTH KOHKPETHI KaTeropii 00’€KTIB PEKOHCTPYKIi B paMKax KOXXHOTO BHUIY
PEKOHCTPYKITIi.

B 3aranpbHOMY BHMNaAKy BCl BUAM Ta BIAMOBIAHI 00’€KTH PEKOHCTPYKIIII
pO3/UIeHI Ha JBl KaTteropii — TepuTopiaibHi a00 TIUIONMIMHHI Ta MeEpexeBi ado
nokanbH1 (nauB. Tabmuito 1.).
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Taoauus 1 — O0’€kTH KOMILIEKCHOI PEKOHCTPYKILI MiCTa
B MaxkpopiBeHb Me3opiBeHb MikpopiBeHb
PEeKOHCTPYKILi
1 2 3 4
TepuTopiajabHi (II0IIMHHI) 00’ €KTH
PXK3 Cucrtema poscenenns |CenbOunHui paiioH, |JKutinoBuit OyIuHOK,
MicTa YKUTIIOBUWA KBapTaj MpUOYyIMHKOBA
(MiKpopaiioH), TTSTHKA
YKATJIIOBUM KOMILJIEKC
PCI'l 3aragbHOMICHKA Hentpu piznoro Tuny |bynunku it cnopynu
cUcCTeMa IIEHTPIB (amMiHICTpATUBHO- IrPOMAaJICBKOTO,
TPOMaJICHKOTO MOJIITUYHI, MICBKI, KyJIbTYPHO-BH/IOBHIII-
00CITyTrOByBaHHS paroHHI, HOTO Ta IHIIIOTO
creniagizoBaHi) MIPU3HAYEHHS
PIIT [TpomucnoBo- [TpomucnoBuii paiion, |Kopmyc, nex, Oyaisis,
BUPOOHUYNI IIPOMHUCIIOBUM BY30J1, |CIIOpYyZAa TOLIO
KOMILJIEKC MiCTa TEXHONApK,
TEXHOMOJIIC
PCMIIII 3arajpHOMICHKA Cucrema MicIb Cucrema Miciib
cucremMa MicClib NPUKJIAJaHHS Mpalll  |pUKIaJaHHs Opalii
NPUKIIAAHHS Mpalli  |OKPEeMUX IUTaHyBalb- |TIEPBUHTHUX IJIaHYBa-
HUX €JICMCHTIB JHHUX €JIEMCHTIB
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IAP [cTopuuni apeanu, [cTopuko-apxiTektypHi|Oxpemi OyaiBii i
30HHU PI3HOI ICTOPUKO- |KOMILUIEKCH, TaM ATKH |CTIOPYIU — 00’ €EKTH
apXITeKTYpHOT MICTOOY Ty BaHHS KYJIbTYPHOI CHAAIIMHA
LIIHHOCTI

JIP CucremMa 3eleHux JlangmadTHi, [Tapku, ckBepu,
Haca/HPKCHb 3aralib- pekpeartiini OynbBapH, OKpeMi
HOTO KOPUCTYBaHHS;, |KOMILIEKCH, 00 €KTH  |peKpealliiiHi 00’ €KTH
nanamadTHI | MIPUPOTHO-

peKpearriitii TepuTopii |3amoBiTHOTO GOoHTY

Mepe:kesi (JiHiiiHI) 00’ €ekTH

PBIM Bynu4no-10poxHS Oxkpemi Byuill, nepe- |insHKHU ByTUILb,

Mepexa MicTa THUHU B PI3HUX PIBHSAX, |IEpeXpecTs, Mi3eMHI
TPAHCIIOPTHI BY3JIH MIIIOX1TH1 TEPEX0In
PCT Cucrema 30BHIIIHLOrO |{CHCTEMH JIIHIHN, Boxksan, craHiiis, neno,

TPaHCHIOPTY, CUCTEMHU |00’ €KTIB 1 CIOPY MapK TOIIO, epeca-
MICBKOTO TpOMa/I- OKpEeMUX BU/IIB KOBHUH BY30J1
CHKOT'O TPAHCHOPTY  |TPaHCIOPTY

PCIM Cucremu Cucremu minBinHux  |[mxeHepHi 00’ €KTH,
MaricTpagbHUX IHKEHEPHUX MEPEX  |BY3JIH, JUISTHKA
1HKEHEPHUX MEPEK THKEHEPHUX MEPEXK

Kputepii gocsrHeHHs LUIEH 32 IMMHU BHJIAaMH HOCSITH NMEPEBAKHO KUIbKICHHM
XapakTep. ATETIOTh BOHH HaWYaCTIIIE 10 YNHHUX HOPMATUBIB a00 10 MOXITHUX 3
HUX HOPMATHBHO-OPIEHTOBHUX NMOKA3HUKIB.

Hpyruii piBeHb 1HTerpauii sBisie CcO0O0I0 TO€AHAHHA OKPEMHUX BHUJIB
PEKOHCTPYKIiT B MEBHI Pyl 3a MPHUHLMIIOM IX BIAMOBIJAIBHOCTI 3a JOCATHEHHS
IIJTICHOTO IUJIbOBOTO MICTOOYMIBHOTO pe3yibTaTy — 3a0e3neueHHs eGeKTHUBHOCTI
(GyHKIIOHYBaHHS MICTa SIK CKJIAJTHOT COlioTexXHIYHO1 cuctemu. Lleit piBeHs iHTETpaItii
MPEACTABICHUM HACTYITHUMU TPhOMa BHJAAMH PEKOHCTPYKIli: apXiTEeKTypHO-
MJIaHYBaJIbHOO, (PYHKITIOHAIBHO-TIJIAHYBAJIBHOIO Ta €KOJIOTO-TIAHYBaJILHOIO:

— ¢hynkuyionanvno-naanysanvna pexoncmpykyia (OIIP), B axiif BUPINIYIOThCS
poOJIeMHU pallioHAIbHOI (PYHKI[IOHAIBHO-TUIAHYBAJIBHOI OpraHi3alii TepuTopii MicTa
Ha OCHOB1 1 30HYBaHHS 3a BUJAMH ¥ I1HTEHCHUBHICTIO OCBOEHHS; MICTOOY/IIBHE
30HYBaHHS TEPUTOPIi HAa OCHOBI BCTAHOBJICHHS (DYHKIIOHATBHUX 3B’S3KIB MIXK
PI3HMMU 30HaMU, palilOHaMU Ta €JIEeMEHTaMH MICTa;

— apximekmypHo-naanyeaivha pexoucmpykuia (AIIP) — copsimoBaHa Ha
YIAOCKOHAJIGHHS ~ IUIAHYBaJbHOI CTPYKTYpH MICTa Ha OCHOBI  Opraizarfii
CaMOJIOCTaTHIX TUTAHYBAJIBHUX OJMHHIIL PI3HOTO PIBHSA, CHUCTEMU IIEHTPIB Ta
MariCTpaJiIbHUX BYJIMIb, SKI 3a0€3MeuyloTh BHCOKY COIIaIbHYy SIKICTh Ta
KOM(OPTHICT, CEpEeJIOBUINA IPOKUBAHHS HACEJCHHS, PO3BHUTOK KOMITO3HIII1
MICBKOTO TUIaHY Ta apXITEKTYPHOTO BUIJISIY MiCTa, 30€pEeKEHHS 1Or0 CBOEPITHOCTI
IIUISIXOM CIIaJKOEMHOTO PO3BUTKY;

— exonozo-naanysanvna  pekoucmpykuia  (EIIP), ska mnoB’s3aHa 3
MIJBUIICHHSAM SIKICHOTO CTaHy HaBKOJMIIHLOTO CEpPEIOBUINA, HOTO OXOpPOHOIO,
O37I0POBJICHHSAM 1 TEPETBOPECHHSIM; BUKIIOUEHHSM IIKIJIABOTO BIUIMBY IPOIYKTIB
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KUTTEIISUIBHOCT] JIIOJIMHM Ha JOBKULISA 1 3HUILEHHS WOTO TMPUPOJHHUX PECYPCIB;
3a0e3nedueHHs] KOM(OPTHUX YMOB JKUTTS HACEJICHHSI.

18.4. InTerpajbHa Moie/Ib KOMILIEKCHOI PEKOHCTPYKUII MicTa

Bci Bumm pexoHCTpyKINii, SK MPaBUIIO, € PE3yJIbTaTOM BIUIUBY BHYTPINTHIX
(bakTOpiB PO3BUTKY Ta MOKa3ylOThb IMAaHEHTHI 3aKOHOMIPHOCTI PO3BUTKY MICTa.
HaiiBuium piBHEM 1HTErpailii pi3HOIIAHOBUX BUIIB PEKOHCTPYKIIIT € — KOMNIEKCHA
PeKoncmpykuyia micma, sika 3a0e3reyye B3a€MO3B’SI30K YCIX BUIIB PEKOHCTPYKIIi
MEPIIOro 1 JAPYroro piBHs, IO YTBOPIOIOTH €IMHUNA KOMIUIEKC PEKOHCTPYKTHBHUX
3axoAiB 3 (OpMyBaHHS KOM(OPTHOrO MICBKOrO cepefoBHUIla Ta 30a1aHCOBAHOTO
pPO3BUTKY MicTa (quB. PucyHoxk 3).

TpeTin
piBeHb iHTerpauii KPM

Apyrui
piBeHb iHTerpauii AP

EMNP

\ 4
=4
=
L")

N

Mepumn

. . - PCry PBOM CMN PX3 PCT PCIM POT ne
piBeHb iHTerpauii

O6'eKTHUI
piBeHb amn mnm mnm mnm mnm

Pucynok 3 — CtpykrypHuii rpa¢ B3a€eMo3B’si3KiB piBHIB iHTerpauii

Pa3om 3 THM, CyTTe€Be 3Hau€HHs IJsl 3aBJaHb PEKOHCTPYKIi MiCTa MaroTh
MaKpOEKOHOMIYHI BHMOTH, CTaH HaBKOJIMIIHBOTO CEpeOBHUIA, I[03aMIChKI
TPAaHCIOPTHO-TUIAHYBaJIbHI 3B sA3KU. BrnacHe BOHM 1 3a0e3neuyioTh 3B 30K
KOHKPETHOTO HACEJIeHOr0 IMYHKTY SK CHUCTEMH 3 HACTYIMHUM BHUIIMM pIBHEM
cucteMHoi opranizaiii. [Ipy 1npoMy ciij BpaxoBYyBaTH SIK CTUMYJIIOBajbHI, TaK 1
CTpUMYBaJIbHI (PaKTOPHU PO3BUTKY MiCTa.

B3aemo3p’s30k 1 MeromonoriuyHa emHicth AIIP, ®IIP, EIIP wmictuthcs y
HACTyTHOMY:

1. Exonoro-miaHyBaJibHa PEKOHCTPYKINS € (DAKTUYHUM KOPEISATOM 1HIITUX
HaIpsIMiB PEKOHCTPYKITIT 1 KPUTEPIEM 1X SIKOCTI 32 HOPMATUBHUMU TTapaMeTPaAMH.

2. ®yHKIIOHAIBHO-TIJIAHYBAJIbHA PEKOHCTPYKIISI 00YMOBIIOETHCS B 6aratbox
BUMAJIKaX (aKTOpaMH HEMICIEBOTO  (PETiIOHANBFHOTO YH 3arajibHOJIEPKaBHOTO)
3HAYEHHS. BHYTpIIIHI YMHHUKM MOTHBALli MPOSIBISIIOTECA Y B3a€EMO3B S3KY 3
3aBAaHHSAMH apXiTeKTYPHO-TUIAHYBaJIbLHOT pEKOHCTPYKIITIi.
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3.  ApxiTeKTypHO-IUIaHyBaJbHA PEKOHCTPYKIlISI 0OYMOBJIIOE Ti M 1HIII, YaCTO
KapAUHAJIBHI 3MIHU y (PYHKI1IOHATHLHOMY BUKOPUCTaHHI TEPUTOPIT MiCTa.

[{uMm nanexo HE BUUEPIYETHCS MEPENiK 3B’ SA3KIB MPSIMOTO 1 3BOPOTHOTO BILIUBY
HANpPSIMKIB PEKOHCTPYKTUBHOI AISUIBHOCTI — BHJIIB PEKOHCTPYKLII JPYroro piBHA
iHTerpaii (a TakoXX 1 BUIIB PEKOHCTPYKIII MEpIIOro piBHSA) OAMH Ha OJIHOTO, IO
MalOTh CKJIAIHUI CHCTEMHUH XapakTep fK Y IUIOIMHI cyOopauHalli, Tak 1 B
TJIONIMHI KOOPIUHAI PEKOHCTPYKTUBHUX PIIICHb.

B3aeM03B's130K apXiTeKTYpHO-IUIAHYBaJIbHOI, (PYHKI[IOHAIBHO-TUIAHYBAJIBHOI Ta
€KOJIOrO-TIAaHYBaJIbHOI BUAIB PEKOHCTPYKIIII, IX CUCTEMHY €IHICTh, HEMOKIIUBICTb
porpamMyBaHHs 1 MPOBEJECHHS OJHI€T 3 HUX 0€3 1HIIOI, K 3a KPUTEpIsIMHU, TaK 1 3
MPaKTUYHUX PE3yibTaTiB, (POPMaIbHO JEMOHCTPYETHCA PI3ZHOBUIOM Jlarpamu
Benna. 3 mojneni moxoauTh, IO KOAHOMY 3 PO3IJIAHYTOTO TYT BU[IB (HANpSAMIB)
PEKOHCTPYKIIi HE MOXxe OyTH BiJIaHO METOOJIOTIYHY IepeBary IO BiJHOIICHHIO
OIUH 10 ojHOro. HaBesjeHi BuIlE BUIM PEKOHCTPYKIIi (HOPMYIOTH I1HTETpPATbHY
Moelb pekoHCTpyKIli micta (KPM), sika BUCTya€e B IKOCTI METOJOJIOTIYHOT OCHOBH
JUTSL PO3POOKU TIPOTpaM 1 MPOEKTIB K KOMIUIEKCHOI peKOHCTPYKIIIi MicTa, TaK 1 HOro
CHUCTEMHUX CKJIa0BUX (IMB. PucyHok 4.).

MaKpOEKOHOMIYHI BUMOTH

- Buaw pekoHCTpyKuil micTa nepLoro
piBHA iHTerpaui’

IIl - Buan pexoHcTPYKLiT MicTa gpyroro

piBHA iHTerpauii

- 3aransHOMICBKWMIA piBeHb iHTerpaui’

no3amicbKi
TpaHC NopTHO-
MNaHyBan bHi 3B"A3KK

HABKOMHLLHBOTO
CepenoBuLa

Pucynok 4 — CtpykrypHuii rpa¢ B3aeMo3B’si3KiB piBHIB iHTerpauii

Bupinrytoun nuTaHHs KOMIUIEKCHOT PEKOHCTPYKIIIT MiCTa CIIiJ] pO3yMITH, 110 BCl
BUJM PEKOHCTPYKIII TICHO MOB’s3aHi MK coOoro. Haitmepmmm 3aBnaHHsSM mepen
MPOEKTYBaJIbHUKOM MIOCTA€ MUTAHHS BHOOPY MPIOPUTETHOTO BUAY PEKOHCTPYKIIT HA
KO’KHOMY €Talll pO3BUTKY MiCTa

18.5. ®opmu peKOHCTPYKTHBHOI AislIbHOCTI

B Hosiit nporpami po3Butky Mict (New Urban Agenda), y3romxeniii Ha
koH(pepenuii Xaoditar-III y Kito, ExBagop, y xoBtHI 2016 poky [18], 3pobieHo
aKIIEHT Ha HEOOXiMHOCTI (OpMyBaHHS B3a€EMHO IIJICWIIOBAIBHUX 3B’ SI3KIB MIX
ypOaHizali€ro, 1m0 3pocTae, Ta 3a0€3MEYCHHSIM CTaJor0 PO3BUTKOM  MICT.
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PexoHCTpyKTHBHA AISTIBHICTE BIJIITPaEe BaXKJIUBY POJIb B IIbOMY MPOIIECI.

MicTo, K CKJIaJHA IWHAMIYHA CHUCTEMA, ITOCTIMHO 3HAXOIHWTHLCS IIij] BINIMBOM
KOMIUIEKCY PI3HOPIAHUX (DaKTOPIB 1 MEepeayMOB, IO CIPUUYUHIOIOTH HEOOXIAHICTDH
3aCTOCYBAaHHS TOTO YU IHIIOTO BUAY PEKOHCTPYKTUBHUX Aii. Micue i yuyacTh 3a
4acoM PEKOHCTPYKTHBHOI AIsIIBHOCTI B CUCTEMHIM ajamnTariii Micta B mpolieci ioro
PO3BUTKY Ha PI3HUX I1€papXIYHUX PIBHAX BHU3HAYAETHCA HACTYIHHUMHU TpboMa
dbopmamu abo monensimu (auB. PucyHoxk 5):

MAKPO PIBEHb Posp ma peanizauy: v saxodie wjodo

(Micmo, miceki l———— BUNEPEOQXYBAJIIBHA 3MIHU SKTCHUX | KITBRI ’ y. KPEMUX

CmpyKmypHi nidcucmemu) PEKOHCTPYKLUIA icBKiX COYHKU nide e ny
Hanpsamgax | Macwmabax

FeHepanbHuiA v
nnaH 5
micTa ME30
CYNPOBOMKYBAIIBHA
PIBEHb <———
(nnarysansHi PEKOHCTPYKUIA
YMEOoPeHHS Pi3HO20 =
maoy, MpocedeHHs komnnekcy saxodie i3
eneMeHmu dwyroyozo midl
CMpYyKmMypHUX hyHRi
nidcucmemu) ] abo naj J
MiCBKUX CIPYKMYP 3 YpaxyeaHHIM
/\ ixyearozo pocmy
—-=:::
MIKPO PIBEHb Ll
(keapmanu,
i {J i nj ] di¢ ikgidauit
apopatom, apent | || cpsosmosanca | el e et
PEKOHCTPYKUIA die abo Py I 1iti Ha 3MiHY
Ha Micbki mid ma

PucyHok 5 — ®opMu peKOHCTPYKTHBHOI AisNIBHOCTI.

1. «Bunepeodicysanvna» pexkoncmpykuyia. CyTHICTb ii oJIira€ B po3po0IieHH1 i
peaiizalii KOMIUIEKCY 3aXOJiB IOAO 3MiH SIKICHUX 1 KUIBKICHUX XapaKTE€PUCTHUK
(mapameTpiB) OKpeMHX MIChKHX (YHKIIOHAJIBHUX MIJICHCTEM B HampsMKax 1
MaciTadax, sSKi 3aJal0ThCsl MPOTHO3aMM 3POCTAHHS HABAaHTAXKEHb Ha BIAMOBIIHI
HasiBHI TIJCUCTEeMH B HaWOIMKYoMy MalOyTHbOMY BHACHIJOK OYIKYBaHHUX
KapJMHAJIbHUX 3MIH B MICTOOY1IBH1H, EKOHOMIYHIi a00 colLialIbHIN CUTYaIlli.

HaiiyacTiime peKOHCTPYKTMBHMM KOMIUIEKC Ii€l  Moneni Moxe OyTu
pO3pO0JICHUI SIK 1HCTPYMEHT 3a0e3MledeHHs peajizallii Mporo3ulliii reHepalbHOIro
IJIaHy 3 OCBOEHHS HOBUX (pE3€pBHUX) TEPUTOPIH, PO3MIIICHHIO 32 MEXaMU MIChKOI
MEX1 BEJMKUX MPOMHCIOBO-BUPOOHNYNX OO €KTIB TOIIO, NMEPEOCBOEHHIO HASBHUX
BEJIMKUX (DparMeHTIB MICBKOIO IUIaHy, @ TaKOX PEKOHCTPYKIIi BEIMKUX MacHUBIB
YKUTIIOBOI 3a0y/T0BH.

BunepemxyBanbHa MOEIb BITHOCHO HEBEIMKUX MACIITA01B PEKOHCTPYKII (Ha
JIOKaJIBHOMY PiBH1) HE 3aBXIM €KOHOMIYHO e(eKTHBHA 1 ()YHKIIIOHAJTFHO HEOOXi Ha,
ajie B OKpEeMHX BUIA/IKaX — MOXKIJIMBA.

2. «Cynpoeooicysanvna) abdo «niompumyeanvHa) pexoncmpykyis. O3Hayae
MPOBE/ICHHS KOMILJIEKCY 3aXOIB 13 IMOTOYHOIO MiATPUMAHHA (PYHKIIOHATBHUX
BJIACTUBOCTEN MiJCHCTEM a0o0 TMapaMeTpiB MICBKHX CTPYKTYp 3 ypaxXyBaHHSAM
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MO’KJIMBOTO OYIKYBAHOI'O 3pOCTaHHS HAaBAHTAXXEHb a00 3MIHM HOPMAaTUBHUX BHUMOT
70 iX SIKOCT1 0€3 KapAWHaJIbHUX 3MIH MICTOOYAIBHOI CUTYyaIIii.

Monenb «CynpoBOIKYBaIBHOD a00 «IiATPUMYBAIBHOD» PEKOHCTPYKIIII Y CBOIi
peanizalii Moxe OyTH po3/iJieHa Ha Bl YACTHHHU:

[lepma. Ha ocHOBI MOHITOPHHTY (PYHKIIIOHAJBHOTO CTaHy O0’€KTIB MICBKOI
CUCTEMHM NPHUMMAETHCSA PIMIEHHS MO0 HOT0 PEKOHCTPYKIIT s 3abe3medeHHs
HOPMaJbHOIO MOTOYHOTO (YHKIIOHYBaHHA. L[g dacTuHa MOXKE pO3IIIAIATHCH SK
€JIEMEHT HENEePEPBHOIO YIPABIIHHS MICTOM.

Hpyra. PimeHHs Ipo peKOHCTPYKIIIO 00’ €KTa MOXKE MPUUMATUCA 3a37ajeriab 3
ypaxyBaHHSM MiCTOOYAIBHUX PO3POOOK JIOKAIBHOTO PiBHS (ITPOEKT OKpeMoi Oy B,
KOMILJIEKCY, Tpynu Oy/iBesb) ad0 MPOEKTIB CTPYKTYPHO-IUIAHYBAJILHOTO YTBOPEHHS
(meranpHUW MJIAaH TEPUTOPii, MPOEKT 3a0yAOBH MIKpOpailoHy, MpoMBYy3ia abo
nianpueMcTna). Lg yactrna Moxke Oyt KBani(ikoBaHa, 3 IEBHUMH MPUIYIIEHHIMHU
gk crnerudiuHa GopMa «BHUMEPEIKYBAIBHODY PEKOHCTPYKINi, OJHAK, ii I HE
ABJISIETHCS. CAMOJIOCTATHBOIO, a CYNPOBOJKYBAJIbHOIO BITHOCHO JI0 MEPIIO].

3. «Bionosnweanvnay pexoncmpykuyia. Ii HeoOXiTHICTh BUHMKAE y BHMAIKAX,
KOJU B pe3yJbTaTl TPUBAJIOTO BIJICTABAHHS MIATPUMYBAJIBHHUX 3aXOfiB a0o
BIJICYTHOCTI KOHCTPYKTHBHUX pEakiliii Ha 3MIHYy €KOHOMIYHOI, COI[laJbHOI W
MICTOOY/IIBHOI CHTYyaIlii piCT HAaBAaHTAXKEHb Ha CUCTEMY (IIJICUCTEMY) IEPEBUIILYE
MOXJIUBOCTI CHUCTEMH, BiIOyBaeThCs TNIMOOKUNM (Pi3WyHUN 3HOC OO0 €KTIB, IO
CTBOPIOE aBapiiiHi a00 karacTpod1yHi CUTyaIlii.

Taka ¢opma pPEKOHCTPYKTUBHOI MAISTIBHOCTI TaKOXX BJIACTMBA y BHUIIAJIKY
HaKOTIMYEHHS COIIAJIbBHUX CYIMEepEeYyHOCTEN B CycnuIbCTBl. O4YeBUIHO, IO 1Sl MOJIEIb
BUHHKAE K HEOOXIJHICTh Y BUIAJKY HEIOCTATHOCTI 3aXOJlIB, 11O PEai3yIOThCs IO
JPYT1id MOJIETI.

BucHoBkn

B 3amexxnocti Big ¢a3sum poO3BUTKY MiCTa — BHHUKHEHHS MiCTa, ICHYBaHHS
(cTaHOBJIEHHS, PO3BUTOK, CTaOii3allis, CTarHaiis, BiAPOJUKEHHS) Ta 3arudenp —
PEKOHCTPYKTHUBHA JIISUTBHICTD, SIK 1 MICTOOYTyBaHHS B LIIJIOMY, Ma€ CBOi OCOOJIMBOCTI,
Il Ta 3aBAaHHSA. PO3BUTOK MiCTa HE MOXJIIMBO PO3TJISAATH SIK MEXaHICTUYHHM
mpoliec, Xo4ya MH W Ha3UBAEMO MICTO «CHUCTEMOIO, SIKa MAa€ TEHJICHLII0 [0
CaMOpPO3BUTKY». BimoMo, mo Taka cUCTEMa € €THICTIO TPhOX KOMITOHEHTIB:
HACEJICHHS, MaTePialibHO-PEUOBOI IHPPACTPYKTYPH i MPOTyKTUBHOI (PYHKITIOHATIBHOT
aistibHOCTI. HeoOxinHo, HacaMmnepe/l, BUOKPEMUTH HACEJICHHS K TOJIOBHUHM (haKTOp
caMOpOo3BUTKY MicTa. Came TTOBEAIHKA MICTSIH Y KOHTEKCTI JIeJiali BULTUX OCOOMCTHX
1 colialpbHUX TMOTpe0 BH3HAYAE XapakTep W IHTEHCUBHICTh PEKOHCTPYKTHBHOI
JISJIBHOCTI B MICTI.

BonHouac, peKOHCTPYKTHBHA AiSUTBHICTh MA€ 30BHINIHIO OPIE€HTALII0 B MEXax
periony ¥ aepskaBu, CIIPSIMOBaHYy Ha 3allyuy€HHS KaliTaly, IHTeJIEKTyalbHUX PECypCiB
Ta MiABUIIEHHS CTaTyCy MiCTa B €KOHOMiKO-TeorpadiyHoMy M aJMiHICTpaTHBHO-
KYJbTYPHOMY acIieKTax. 3 1HIIOro OOKY, caMe KOMIUIEKCHA PEKOHCTPYKIIIS MiCTa, K
IHTErpOBAaHUN BUJ PEKOHCTPYKTUBHOI JTISJILHOCTI, BHYTPIIIHBO OPIEHTOBaHA HA caMme
MICTO 3a]1J151 CTBOPEHHSI HAMKOM(pOPTHIIIKUX YMOB MPOKUBAHHS JJI1 HACEJICHHS.

MONOGRAPH 177 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021 Part 4 E ff{*

KAPITEL 19/ CHAPTER 19.
THE TECHNOLOGY OF USING AERATED CONCRETE AND FACTORS

THAT AFFECT THE INDOOR MICROCLIMATE

TEXHOJIOI'TSI BUKOPUCTAHHSA 'ASOBETOHY I ®AKTOPH, SAKI BININBAIOTH HA MIKPOKJIIMAT
B IPUMIINEHHAX

DOI: 10.30890/2709-2313.2021-04-04-002

Beryn

HizaproBatuii 6etoH (Ta300€TOH), MOMyJSIPHUNA 3apa3 Yy BCbOMY CBiTi, OyB
3anarenToBanuii y IlIBenii B 1922 pori BuHaxiiHUKOM EpikCOHOM, SIKOTO BBa)KalOTh
OCHOBOITIOJIO)KHUKOM CYYaCHOT'O aBTOKJIABHOT'O Tra300€TOHY, [0 3aCTOCOBYETHCSA B
OynmiBHULTBIL. BiH 3ampomoHyBaB CIydyyBaTH pyXJMBY CyMilll —BamHa 3
TOHKOMOAPIOHEHUMU KPEMHE3EMHCTUMH KOMIIOHEHTAMU 1 JOJIaBaHHSIM LIEMEHTY
(10%) npu B3aemonii amomidieBoro mnopoimky 1 Ca(OH),. IIpu mpomy B OCHOBY
TEeXHOJIOoT1i OyB MOKJIaJeHU crocid TerioBosoricHoi o0podku (TBO) B aBTOKIaBax
BaITHIHO-KPEMHE3EMHUCTUX KOMITO3MIIIH, 3amaTteHToBaHuii B 1880 p Mixaemicom.
Ane npooOpa3oM CydacHOTO aBTOKJIABHOI'O Tra300€TOHY MOKHAa BBaXKaTH IMOPHCTI
6etonu, orpumani B 1889 pormi I'opdmanom (Yexis). Bin gominryBaB 10 pyXoMux
IIEMEHTHUX 1 TIMCOBUX PO3YMHIB KHUCJIOTH 1 BYTJEKHCII ab0 XJIOPUCTI COJIi, IO
BUIIJISTM TIPY XIMIYHINA B3a€MOJii Ta3, SKWW CTBOPIOBAB IOPHUCTY CTPYKTYPY Vy
3arBepauux po3umHax. OnHak, mateHT [odpdmana HE OTpUMaB TPAKTUIHOTO
3aCTOCYBaHHS.

VY 30-x pokax XX CTOMITTA MOAAJIBLINI PO3BUTOK TEXHOJIOTIi aBTOKJIABHOTO
ra3o0eToHy pO3JUIMBCS Ha JBa HAIMpPSMKH. 3a MEpUIMM HanpsMkoM y 1929 pori B
MIBEACHKOMY MICTI IKCXyJNbT, po3MoYanoch BUPOOHUITBO TasocuiiikaTty "IToHr" Ha
i IPUEMCTBI TOTYKHicTIO 15 Trc. M Ha pik. Lle mopuctuii GETOH aBTOKIABHOIO
TBEPJHIHHSA, 110 CKJIAJAETHCS 3 CyMIllll BalHa 3 KPEMHE3EMUCTUMU JTOMIIIKAMH, ajie
0e3 1meMeHTty. 3a ApyruMm HampsiMkoMm y 1934 p. 3'iBUBCS Pi3HOBHJ Ta300€TOHY -
"Cumnopekc", SKWA BUTOTOBJISIOTH HA OCHOBI CyMillll TMOPTIAHALIEMEHTY 1
KPEMHE3EeMHUCTOr0 KOMIIOHEHTA, aie 0e3 AoaBanHs BanHa. [[pubnu3Ho B 11eil ke yac
MMOYMHAETHCSI OYAIBHUIITBO TEPIIUX KUTIOBUX OYIUHKIB 3 MOPHUCTOTO OETOHY, SIKi
710C1 B YMOBAaX MOJIIPHUX IMIAPOT CIIPABHO CIIY»KATh CBOIM BIIACHUKAM.

19.1. BuMoru moao sKocTeid KOHCTPYKTHBHHMX eJIeMEHTIB 3 0J10KiB
ABTOKJIABHOI'0 HIi3JAPIOBATOr0 0€TOHY

CtiHOBI OJIOKM aBTOKJIABHOTO HI3JPIOBATOr0 OETOHY BUTOTOBIISFOTHCS 3T1THO 3
JNCTY b B.2.7-137:2008 3 KOHCTPYKIIMHO-TEIUIO130JIAINHUX HI3IPIOBATUX OCTOHIB
aBTOKJIAaBHOTO TBepJHEHHs 3rigHo 3 BuMoramamu JICTY b B.2.7-45-2010. bioku
MarTh GopMy mapajienemnineaa 3 MIOCKUMU abo npodinboBaHUMH TpaHsMu. bioku
MOXXYTh MaTH KUIIEH1 (BUIMKH) JJIsl 3pDYYHOCT] 3aXOIUIEHHS iX MaJIbLISIMHU, & TaKOX
BUTOTOBJIATUCS 1HINOT (opMHU, TiependadeHoi poOOUYMMH KPECIECHHSIMH 1 B MexXax
TaKuX, 10 JOMYCKAIOThCS TEXHOJIOTIYHUM YCTaTKyBaHHSM. YMOBHE TMO3HAYCHHS
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BUpPOOIB TMOBUHHE CKJIAJaTUCS 3 HaliMeHyBaHHs BuUpPoOOy (0JI0K), TO3HAYCHHS
KaTeropii, po3MipiB JTOBXKWHHU, BUCOTH 1 TOBIIMHU B MIJTIMETpax, Mapku 32
CEPEeNHBOI0 TYCTUHOIO, KJIacy 3a MIIHICTIO Ha CTUCK, MapK{ 3a MOPO3OCTIHKICTIO 1
MMO3HAYEHHSI CIPAaBXHBOTO CTAHIAPTY, IO XapaKTepu3ye€ MHOro KOHCTPYKTHBHI
BractuBocTi (JICTY b B.2.7-137:2008).

Kpim Toro, 6;10KM MOAIISIOTHCS TUTIOJIOTTYHO — HAa HECYUl, TeTIO130IF00U1, JIJIS
dbopMyBaHHS TEPEMHYOK 1 3aXHMCHUX TOSCIB, s (opMyBaHHS TepekpuTTiB. Ha
PUCYHKY 1. HaBeJIEHO MPUKIIAIN OJIOKIB /IS KIICEBOT'O MyPYBaHHS.

a)

-2

PucyHnoxk 1. - BJIokM aBTOKJIABHOT0 HI3JAPIOBATOr0 0€TOHY JJISA KJIEEBOI0
MYpPYBaHHS.

3arajibHI BHUMOTH IIIOJI0 KOHCTPYIOBaHHsS Ta OyJIBHUIITBA OYJIWHKIB 3
HI3JIpIOBaTUX OETOHIB aBTOKJIABHOTO TBEPAIHHS:

-3arajJbHi  BUMOTH  PO3MOBCIOJKYIOTHCSI Ha  3aCTOCYBaHHS  CTIHOBHUX
HEapMOBaHUX OJIOKIB 3 KOHCTPYKUIHHOTO YW KOHCTPYKLIHHO-TEIIO0130MSAI1ITHOTO
AHB 1o ryctuni ve menme D300 y )KUTIOBHX 1 TPOMAICHKUX OYAIBIIAX;

- 6noku 3 AHB npusnadeHi juisi Kiaaky 30BHIMIHIX 1 BHYTPIMIHIX CTiH (Y T.4.
MEPETOPOJIOK) KUTIOBUX 1 TPOMAJICHKHUX Oy 1IBENb 3 BITHOCHOIO BOJIOTICTIO MOBITPS Y
MPUMIIICHHAX He OinbIne 75% B HearpeCUBHOMY CEpE/IOBHIIIL,

-3aCTOCYBaHHSl OJIOKIB 3 HI3JIPIOBATUX OCTOHIB IS KJIAAKU CTiH 3 BOJIOTUM
PEXKUMOM MPUMILIEHb 0€3 CHeialbHOr0 3aXUCTy HE JIONMYyCKaeThcs. BukopuctaHHs
OJIOKIB HI3APIOBATUX OETOHIB JJIsl KJIQJKU 30BHIIIHIX CTIH 3 MOKPHUM PEXHUMOM
MPUMIIIEHb Ta 30BHINIHIX CTIH MiJBaJIIB Ta [IOKOJIB HE JOMYCKAETHCS;

- IOMyCTUMY BHUCOTY (ITOBEPXOBICTbH) CTIH 3 OJIOKIB pEKOMEHIYEThCS BU3HAYATH
pPO3paxyHKOM HECydYoi 3JaTHOCTI 30BHILIHIX 1 BHYTPIIIHIX CTIH 3 ypaxyBaHHSM iX
CHLIBHOT po0OTH;

-Hecyul crian 3 OyiokiB AHB pexomeHayeThcs 3BOJWTH 3aBBUINKHU IO IT'SITH
MOBEPXiB BKIIIOYHO, ajie He Buiie 20 M;

-7 CaMOHECy4MX CTiH OyJiBeldb BHUCOTOK OlIbIIE TPbOX TOBEPXIB
PEKOMEHIYEThCSl MPUMATH KJIac OJIOKIB 3a MIIHICTIO HAa CTUCK — He Hux4e B2,5,
3aBBHUIIKH JI0 TPbOX MOBEPXIB — HE HIKYEe B2, 3aBBUIIKK 10 JBOX MOBEPXIB — HE
Hmwxue B1,5;

- MiIHIMaJgbHa JOMYCTMMa IIMPUHA NPOCTIHKIB 1 CTOBMIB, BUKOHAHHMX 3
ra300€TOHHUX OJIOKIB, BU3HAYAEThCS NUIAXOM po3paxyHky 3a JBH B.2.6-162:2010,
ane He MeHie 600 MM B HecyuHx cTiHax 1 He MeHie 300 MM B CaMOHECYYHX;
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- PO3paxXyHKOBI OMOPU CTUCKY KJIaAKW 3 OJIOKIB BHU3HAYAIOTHCS 3aJI€KHO BiJ
KJ1acy ra300€TOHY 1O MILIHOCT1 Ha CTUCK 1 MapKu Oy1iBEJIbHOTO PO3UHHY;

- SKIIO MIIHICTh KJIAJKM Ha 30CEPEIDKEHI HABAaHTAXCHHS HEIOCTaTHS, TO
MOXUIMBE i1 TigBUIieHHs (ayne He Oinbine HiK Ha 50%) OUISIXOM BIAIITYBaHHS
PO3MOAUIBHUX OETOHHUX IUTUT (TIOYIIOK), SIK1 IOBUHHI MaTH TOBIIMHY HE MeHIne 60
MM 1 KJIac OETOHY 10 MIIHOCTI Ha cTUCK He MeHlIe C12/15 3 HenpsAMUM apMyBaHHSIM
He MmeHie 0,3%. ['mubuna oOnupanHs 0aioK 1 IJIUT Ha CTIHU 3 Ta300€TOHHUX OJIOKIB
BU3HAYAETHCS PO3PAaXyHKOM 1 HEe TOBMHHA OyTH MeHIe 120 mwm;

- 3akjaZeHHs Oalok B Tra300€TOHHY KIAIKy 13 CHPUUHATTSAM OIOPHOTO
3TMHAI0Y0T0 MOMEHTY (3alleMJICHHS ) 3a00pOHSIETHCS,

- CIIpaHHs MEePEKPHUTTIB OE3MOCePEHbO Ha Ta300€TOHHY KKy JOMYCKA€ThCS
IpU BEJITUYMHI PO3MOALJIEHOr0 HaBaHTakeHHs He Ounbiie 0,3 kH Ha 1 nor.m. mmpunu
onopu. [lpu OUIBIIOMY HaBaHTAKEHHI MOTPIOHE BIAIITYBAHHS PO3MOAUIBHUX IUIMT
Yy MOSCIB TOBIIMHOIO He MeHiie 150 MM, apMOBaHHMX HENpsSMOI0 apMaTypolo B
kinpkocti 0,5 % Bix 00'eMy OeTOHY (HE MEHIIIE IBOX CITOK);

- TIpY KJIAAIl CTIH Ha KJICK0 CepeIHS TOBIIMHA TOPU3OHTAIBHUX 1 BEPTUKAIBHUX
MmBiB MOBUHHA OyTH 1-3 MM (y cepemHboMy 2 MM). Y 1IbOMY BUIAJKy apmarypa,
aHKepW 1 HAKJIQJKW TOBHHHI OyTH BTOIUICHI B HI3JAPIOBATOMY OETOHI ILISXOM
BUKOHAHHS Ma3iB (KaHABOK);

- IpY BUKOHAHHI KJAJKU 3 Ma30rpeOCHEBUX OJIOKIB BEPTUKAIBHUM IIOB MiX
0JI0OKaMU CJ11J] TOBHICTIO 3aMIOBHIOBATH KJIEEM, HE 3aJTUIIIAIOYN ITYCTO IIOBKH;

- TIOCWJIEHHS KJaJKU CTaJeBUMHU CITKaMU ab0 CTPHKHAMH (32113006 TOHHUMHU
MosicaMy) MOJKHAa TMPOBOJUTHU TUIBKA TMpPH  BIANOBIJHOMY PO3PAXYHKOBOMY
OOTpyHTYBaHHI.

19.2. Po3paxyHoOK CTiH 3 HEAaPMOBaHOI KJIAJIKH MPH il BEePTUKAJIbHUX
HABAHTaKeHb

Hageneni peKOMeHJalli 3 TMPOEKTYyBaHHS CTOCYIOThCS  PO3pPaxyHKIB
HeapMoBaHUX CTiH 3 050kiB AHB. ¥V KOHCTpyKIisiX CTIH MOKe OyTH MPOTHYCaIKOBA
abo 1HIIa apMmarypa, ajie IpHU PO3paxyHKaX BOHA HE BpPaxoBYeThCs. Po3paxyHku
IpyHTYIOTbCsl Ha mnojoxkeHHax JIBH B.2.6-162:2010 "Kaw'sui Tta apmokam'sHi
KOHCTpyKLii. OcHOBHI monoxeHHs". Po3paxyHku 3a TpaHUYHMM CTaHaM MepIIOi
rpynu (BTpaTa Hecydoi 3JaTHOCTI, BTpaTa CTIHKOCTI (opMu, BTpaTa CTIHKOCTI
MOJIO’KEHHS) BUKOHY€EThCS Ha TPAaHUYHI pO3paxyHKOBI HaBaHTakeHHs 3rigHo 3 JIBH
B.1.2-2:2006 "HaBantaxkenHs 1 BrumBH. Hopmu mpoekTyBaHHS" 3 ypaxyBaHHSM
nonoxkedb JIBH B.1.2-14:2009 "3aranpHi npuHIUNM 3a0€3MEUYeHHS HaIIAHOCTI Ta
KOHCTPYKTUBHOI Oe3mnexu OyaiBenb, Copy/l, OyAiBeIbHUX KOHCTPYKIIi Ta OCHOB".

Po3paxyHok Hecyuoi 31aTHOCTI CTiH 3 OJIOKIB HaBOAUTHCA JJIsi HECEHMCMIUYHUX
palioHiB Ykpainu. Po3paxyHkoBa BeJIMYMHA HECy4Oi 37aTHOCTI CTIHM TIpHU
BEPTUKAJLHOMY HaBaHTaXX€HH1 BHU3HadaeThcsi 3a dopmynow (1.1) JIBH B.2.6-
162:2010 B 3aeXHOCT1 BiJl MIITHOCTI KJIaJKU Ha CTUCK Ta Koe(dilli€eHTa 3MEHIICHHS
HECy4ol 3/IJaTHOCTI CTIHM y BIJMOBIJIHMX BHUMAJKaX B 3aJIEKHOCTI BiJ THYYKOCTI Ta
EKCIIEHTPUCHUTETY.
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NEd < NRd

Po3paxyHkoBa BeanmuMHa MIITHOCTI Kiaaku Ha cTuck NRd npu BepTukanibHOMY
HABAHTAKEHHI BU3HAYAETHCS 32 (DOPMYJIOHO:
NRd=dtfd (2)

Po3paxyHkoBa BeJlMYMHA MIITHOCTI KJIAJKA Ha CTUCK BHU3HAYaeThes 3a 1. 7.4.1
JHNBbH B.2.6-162:2010 nuisixom aAuIeHHS il XapaKTepUCTUYHOTO (HOPMATHUBHOTO)
3Ha4YEHHS Ha KOe(IIIEHT HAAIMHOCTI ym Il JaHOTO MaTtepiaiy. 3rijaHo 3 m.2 Ta6a.14
Honmatky "P" JIBH B.2.6-162:2010 xoedimieHT HamiHHOCTI ym s KIAgKd 13
KpYITHHX 1 IpiOHUX OJIOKIB 13 HI3APIOBATUX OETOHIB JIOPiBHIOE 2,25.

XapaktepucTuyHe (HOpPMATHBHE) 3HAYCHHS MIIHOCTI KK Ha CTHCK
BU3HaYaeThes 3rigHo 3 1.8.6.1 JIBH B.2.6-162:2010 mnsa xmanku 13 0imokiB AHB Ha
OyIiBeTbHOMY PO3YMHI 3arajbHOTO0 TPU3HAYCHHS 1 3aJIeKUTh B  KJacy
HI3IpIOBATOrO OETOHY 3a MIITHICTIO Ha CTUCK Ta MapKH OyiBETLHOTO PO3UHHY:

tk =K - (fb0,7 + fm0,3);

3a ¢opmysoro (3) JABH B.2.6-162:2010 nns xnaaku 13 OmokiB AHB Ha
TOHKOIIIAPOBOMY OyiBEJIbHOMY PO34MHI 3 TOBIIMHOIO MIBIB 0,5...3,0MM 1 3a7€KUTH
TIJIBKY BiJ] KJIacy HI3ApIOBATOro OETOHY 3a MIIHICTIO Ha CTUCK:

tk =K - fb0,85 3)

ne:

-K=0,55 nna xnagku 13 6sokiB AHb Ha OyniBenbHOMY pO34YMHI 3arajibHOTO
MIPU3HAYCHHS;

- K=0,8 nns xnaaku 13 610kiB AHB Ha TOHKOIIapoBOMY OY/1IBEJIBHOMY PO3UMHI;

- fb - HOpMaTHBHA cepe/iHs MILHICTh €JIEMEHTIB KJIaJKH HA CTUCK Yy HampsiMi JTiil
sycwiuis, H/m2;

- fm - mirHICTE HA CTUCK OyaiBebHOTO po3unHy, H/M2.

Tadoanus 1. — Po3paxyHKoOBI Tem10(i3nuHi XapaKTepUCTUKHA ABTOKJIABHOTO

razo0eTony
Terio- Poapaxysgosii TennonpoB1IHICT TF)B.H_II/IHa CTiHM § TIpU
o . B yMOBax MiHIMaJIbHO JJOITYCTUMOMY
Mapka [IPOBIIHICTH [BMICT BOJIOTH B :
5 b cyxomy  [yMosax eKCILTyaTarlii, BHAUEHHI O1opy
croHy sa X v B1/ lexcrmyaraii. % A, BT/(Mm* K) Terutonepeaayl

CepeTHBOI0 Z\Tqalié,) T yatatit, 7o Rgmin=2,8 M2-K/Bt
['yCTHHOIO A 5 A 5 A 5

0 wA  [wb DA \b 001 001
D300 0,08 4 6 0,09 0,10 0,252 0,280
D350 0,09 4 6 0,10 0,12 0,290 10,315
D400 0,10 4 6 0,117* 10,125* 10,297 0,317
D500 0,12 4 6 0,131* ]0,142* 10,328 0,355

Jani HaBeneHi1 1 po3paxoBani 3a npoektoMm [JCTY B.2.6. Konctpykuii Oy1nHKIB
1 cnopyn. KoncTpykuii 30BHIIIHIX CTiH 13 OJIOKIB 3 aBTOKJIABHOTO Ta300€TOHY.
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3arajibH1 TEXHIYHI YMOBH.

19.3. TexHoJI0TisI BAKOPHCTAHHS r2300€TOHY

3anexHO BiJ] KOHCTPYKTHBHOIO DIIIEHHS, 30BHIIIHI CTIHM MOAUIAIOTHCS Ha
olHOIIapoBl Ta OararomapoBi. bararomapoBi cTiHM OyBarOTh JABOLIAPOBI 1
TpUIapoBi. J[BollapoBi CTiHU: Ta300€TOHHA CTiHA 3 JOJATKOBUM YTEIUICHHSIM Y
BUTJISAJII TEIJI013011111 (JIeTka MOKpa IITyKaTypHa CHUCTEMa, IO «CKPIMIe», abo 3
HaBICHUM BEHTWJIbOBaHUM (acanom). Tpumaposi: 3 ynamTyBaHHAM JIOAATKOBOI
CUCTEMHU YTEIUIEHHS 1 JIMYKYBaHHSIM  KepaMIyHOK a00 CHJIIKATHOI IErJIOI0
BukoHaHHS KJ1aJK1 30BHIIIHIX OJTHOIIIAPOBUX CTiH 13 OJIOKIB aBTOKJIABHOTO OETOHY

OnHomapoBi CTIHM € EKOHOMIYHO HaWJOIIJIBHINIUMM 34 TMPUBEIACHUMHU
Butpatamu. CTiHM BUKOHYIOTHCS TOBIIIMHOIO B OJMH abo nBa Onoku. ['azo0eToHHI
OJIOKM TpHU3HA4YEHl JJii MYpPyBaHHS 30BHINIHIX CTIH XHTJIOBHX 1 TPOMAJICBKUX
OyaiBeNnb 3 BIJHOCHOIO BOJIOTICTIO TOBITpS MpuMilieHb He Outbiie 75%. Ilpu
3aCTOCYBaHHI OJIOKIB JJisi KJIAJIKM CTiH MPUMINIEHb 3 MIABUIICHOK BOJOTICTIO (110
90%), HEoOX1AHO TIepe10aYNTH BHYTPIIIHIN 3aXKUCT 30BHIINIHIX CTIH MarepiajJamMu i3
HU3BKOIO TapONPOHUKHICTIO. 3aCTOCYBaHHS ra300€TOHHUX OJIOKIB JJIsI KJIQJKW CTiH 3
MOKPUM PEXKHMOM TMPHUMIIIEHb Yy MICHSX, J€ MOXJIUBE 3BOJIOKEHHS OETOHY abo
HasIBHICTh arpECUBHOTO CEPEIOBUIIA, 0€3 CIEIIAIbHOTO 3aXUCTY HE Oy CKA€EThCS.

30BHIIIHI CTIHU 3 Ta300€TOHHUX OJIOKIB MOXYTh OyTH 3alpOEKTOBaHI $IK
oaHoiaposi 3aBTOBIIKK 400 MM, 375 MM 1 300 MM sik paBuIIO 3 OJIOKIB 3 CEPEIHBOIO
ryctuHoro 400-500 kr/m3. Ockinbku Ta300€TOHHI OJOKM MaroTh IIMPUHY, PIBHY
TOBUIMHI CTIHHU, CTIHM 3 HUX HE MalOTh MO3/J0BXKHIX MBIB. [IpodinboBana y BUrIsAL
3'€lHaHHA «Ma3-TpediHb» TOpLEBa MOBEPXHs OJIOKIB 1 BUCOKA TOYHICThH iX pO3MIpIB
JI03BOJIsIE BUKOHYBATH KJIAJIKY CTIH 3 HE3alIOBHEHUMH BEPTUKAILHUMHU IIBaMHU. SIKIIIO
y OJIOKIB TOBEpXHA IUIACKa, TOOTO BIJACYTHI «Ma3-rpeOiHb», TO BEPTHKAJILHI IIIBU
000B'SI3KOBO 3aMOBHIOIOTHCS KJIEHOBUM PO3YHUHOM.

OcoOmuBicTIO  Ta300€TOHHUX  OJIOKIB €  BHCOKA  MAapONPOHUKHICTB,
TITPOCKOMIYHICTh 1 BOJOMOTJIMHAHHS, BIJHOCHO HEBEJIMKa MIIHICTh 1 MOJIYJb
npy>kHocTi. Tomy mpoekTyBaHHsI (hacagHOTO JIEKOPATUBHO-3aXUCHOTO MOKPUTTS
HEOOXITHO BECTH 3 ypaxyBaHHAM ILHMX OCOOJIMBOCTEH. BOHO MOBHHHE 3aXUCTUTH
CTIHOBMIA MaTepiaj BiJl aTMOC(HEPHOI BOJIOTH, 3a0€3MEYNTH BITbHUI TPAH3UT MapH 13
CepeIuHN TMpHUMIlIeHHA Ha30BHI. [IpoekTyBaHHS 1HTEp’€pHOrO JIEKOPATUBHO-
037100JIIOBAJILHOTO  TIOKPUTTS HEOOXIAHO BECTH 3TAHO 3 PEKOMEHAALISIMU
apXITEKTOPIB, 3 ypaxyBaHHSM €KOJIOTIYHOI YUCTOTH MaTepialliB, YMOB €KCILTyaTarlii
MOKPUTTS, 0COOJIMBOCTEH TEXHOJIOTI] BIAIITYBaHHS.

[lepeBaroto ra300eTOHHUX OJIOKIB € T€, 10 Yepe3 Maly TEIJIONPOBIAHICTh, IPU
toBiuHI 0,3-0,4 M 3a0e3nedyeTbcsi HOpPMAaTUBHUN TEPMIYHUHN OIIp JJis1 OYyIb-IKOTO
periony Ykpainu. [Ipote, st 3HMKEHHS TEIJIOBOT HEOJHOPITHOCTI (32 HASBHICTIO
KOJJOH 1 MOHOJITHMX TIOSICIB) Ta JUI TOKpAIleHHS 3BYKOI30Js1lii, BapTo
3aCTOCOBYBATHU JI0JATKOBY TEIUIO130JIAIII0, SIKY 3aXHUIIAIOTh IAPOM JIUIbOBOI LIETJIH.
OcK1IbKM 30Ha KOHJICHCAIllT MOYKE 3HAXOJIUTHUCS Y TEIUIOI30JISIIIIHHOMY MaTepiai, TO
yepe3 IUIIJIbHE TMPUISTAaHHA OOJMITIOBAJIBHOTO IIapy MOXJIMBE MOTIPIICHHS
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BUCHXaHHs CTiHU. ToMy HEOOXiTHO MPOBECTU PO3PAXyHOK MAPOIMPOHUKOCTI 3aXHUCHOT
KOHCTPYKIIIi 1 piuHOTO OanaHcy BoJioroHakonmuueHHs. [Ipu po3paxyHKy TepMidHOTO
OMOpY CTIHM HEOOXIJHO BpaxyBaTH TEIJIOBY HEOJHOPIIHICTH KOHCTPYKINI depes
HasIBHICTh aHKepiB. He pekoMeHIyeThcs BHUKOPHCTOBYBAaTH CHIIIKATHY UETIy IS
OOJIMIIIOBaHHS Yepe3 11 Maly MapONpPOHUKHICTb.

19.4. ®akTopm, AKi BIVINBAIOTH HA MiKPOKJIIMAT B NPUMillleHHAX

Benukuii BHECOK y 310pOoBY atMoc(epy BHOCUTH MaTepiai, 3 SKOro mooy/10BaHi
CTIHH.

Crina 3 ra3o0eToHy, Ta30CHJIIKaTy Ma€ BCl BJIACTUBOCTI, HEOOXITHUMHU IS
3abesneueHHs kompopty (Puc.2.). BoHa «remna Ha JIOTHUK» - 1€ JOCSATAEThCS
HU3BKOIO TEIUIOMPOBIIHICTIO 1 BUCOKMM OMOPOM Terionepenayi. Bonosie HU3bKOI0O
MOBITPONIPOHUKHICTIO  (HEMPOAyBaeMOCT' 3a0e3MeuyeThCcsl IUTICHICTIO CTIHH 1
nocTiitHicTiIO i1 (opmu). Bomomie BHCOKOIO MAPONMPOHUKHICTIO, TaK 3BaHOIO
3MaTHICTIO «auxaTw». CTiHA JOCHTH TEIUIOTHEpIiiHA - MO0 NPHUMIIEHHS He
PO3KAPIOBATIOCS BiJIpa3y IICIS CXOMY COHI 1 HE BUMEp3aJIo MICIs 3axoay (SIK B
IIUTOBUX KapKaCHUX OyAMHOYKAX 3 JIETKUM yTeruiroBadem). Komdopt mpokuBaHHs B
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PucyHok 2. - KOHCTpYKTHBHI pilieHHsI 30BHIIIHIX CTiH
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OyIMHKY 3 ra3o0eToHy Maike Takuil ke, AK B JepeB'sHoMy OynuHKYy. Bucoka
MApPOMPOHUKHICTh 1 XOpOIlla TEINIOAKyMYJIIOr04a 37aTHICTh Ta300€TOHY CIPHUSIOTH
OIATPUMII CTaO1IbHOI KOM(OPTHOI TeMIlepaTypd 1 BOJOrOCTI B MPHUMIIICHHSX.
[TaponpoHUKHICTh Ta300€TOHHUX CTiH BHILE, HIK y CTIH 3 LEIIH, KEPaM3UTOOETOHY
a00 11IaK00JIOKY.

Minycu, Henomiku razo0eTony. bynb-skuii MaTepian BOJO1€ OCOOTMBOCTAMH,
K1 HEOOX1THO BPaXxOBYBaTH MpHU HOT0 3aCTOCYBaHHI.

Bukopucranus ra3o0eToHy B cTiHax Oy/iBesib MoTpeOye BpaxyBaHHS MOro
0COOIMBOCTEM.

["az06eToH - kpuxkuii Matepian. Ha kmaami cTiH 3 ra300€TOHHUX OJIOKIB JIETKO
3'SIBJISIFOTHCS TPIIIMHM 1] BILIMBOM HEPIBHOMIPHMX HaBaHTa)KEHb. SIKIIO PyHIaAMEHT
OyIMHKY poOJATh 301pHUM, 3 OJIOKIB, TO ra300€TOHHI CTIHU OOOB'SI3KOBO CIUPAIOTh
Ha MOHOJITHUHM 3a711300€TOHHUN TOSC, KWW BIAIITOBYIOTH MoBepX OJsokiB. Kpim
TOTO, BUKOHYIOTh TOPU30HTAJIbHE apMyBaHHsS KJIaJK{, a MOBEPX CTiHW, HA PIBHI
KOXKHOTO TIOBEPXY, SIK MPABWJIO, BJIAIITOBYIOTh MOHOJIITHHM 3a11300€TOHHUI TOSIC,
Ha SIKHA CHUPAIOTh IUIMTH TMEPeKpUTTsa. s KpituieHHS 10 Ta300€TOHHOM CTiHi
MOTPiOHO crieniaibHe KPIMICHHS. Y Ta300€TOHHY CTIHY IBSIXH JIETKO 3a0MBAIOTHCS, a
IIypyHu 3aKpy4dylOTbCS, aje TaKOX JIETKO 1 BHUCMUKYIOTBCS - HE TPUMAIOTh
HABAHTAKCHHS.

[Ma306eToH - BucOKomopucTUN MaTepiasl. ['a300€TOH JeTKO 3BOJIOKYETHCS, ajie
TaKOX JIETKO 1 BiJiae Bojory. ToMmy, ra300€TOHHI CTIHM B MICISX 1HTEHCHUBHOTIO 1
MOCTIMHOTO 3BOJIOXKEHHSI BUMAraloTh 3aXUCTY BiJl MOMaJaHHs BOJIOTH, K 30BHI, TaK 1
BCEpEAMHI BOJOTMX MpuMilleHb. Hanpukman 30BHI - 0OpH  BIAMITYBaHHI 3
ra300€TOHHUX OJIOKIB CTIH MiJBally a00 LOKOJbHIA uYacTuHi OyaiBmi. OnHak, y
OaraThox myOJIIKaIISIX HEraTUBHY [III0 BOJIOTM Ha CTiHUM 3 Ta300€TOHY CHJIBLHO
nepeOiIbleHa. Y CTiHAX BHUIIE HYJIHOBOI MO3HAYKHU BOJIOTOMNOTIMHAHHS ra300€TOHY,
K 1 OyJp-sSIKOTO IHIIOTO MaTepially, BU3HAYAETHCS HOTO 3JaTHICTIO ajcopOyBaTH
BOJIOTY 3 HaBKOJIMIIHBOTO cepepoBuina. [Ipu ekcruryaraili He3aXHWIIEHUX CTIH B
MOKpY IMOT0Jly BOJIOTOIIOTJIMHAHHS T'a300€TOHY CTaHOBHUTH He Ounbie 12% mo maci.
["a306eTon Mae GaraTo BIIKPUTUX TIOP, ajie KAMuIIpyU B HbOMY HEUHMCIICHHI 1 KOPOTKI.
3aBasKU Ii BJIACTUBOCTI, IHTCHCUBHE 3BOJIOKCHHS ITiJi 4Yac OMajaiB BiJI0OyBa€ThCs
JIOCUTh TIOBUIBHO 1 TIIBKA B BEPXHHOMY 30BHIIIHBROMY IlIapi Ha riauOuHY 2-3 CM.
[Ticyist 3BOIOKEHHS, HAMPUKJIA] KOCUM JIOIIEM, Ta300€TOH, Ha BIIMIHY BIJl ICPCBUHU
a0o 1ery, K1 BTATYIOTh BOJY MO Kamisipax, MBHIKO BHCHXA€E. Y 30BHIMIHIN CTiHI,
3aXHUINEHOT BiJ] BOJIOTH 0OpOOKO0 (hacamy, BCTAHOBIIOETHCS MOCTIfHA PiBHOBAKHA
BOJIOTICTh. 3a JaHMMHU YHCICHHHX JOCIHIKEHb, PIBHOBa)KHA BOJIOTICTH CTIH 3
ra300eTOHy 3HaXOAHUTHCS B MEKax 5-6% 3a Macoro. A TOH e MOKa3HUK CTiH 3 COCHH
1 STITMHU B yMOBAax BOJIOTOTO KJIIMaty - B 4 pasu Buie, A0 20%. [TopiBHIOEMO - cTiHa
3 MeTJM 3 MUIbHICTIO Kiaaaku 1600 kr / M3 mae piBHOBaKHY BOJIOTICTH OJIM3BKO 2%
1o Maci. Y cTidl 3 razo0etoHHux 00KiB miijibHICTIO 400 Kr / M3 MICTUTBHCS BOJIOTH
6% 1o maci. BusBagerbcs , mo B 1 M3 1erisgHoi CTIHM 3HAXOIUTHCI OlJIbIIE
KUIOrpamiB BOJIM, HIXK B Ta300€TOHHIM TaKOTo X 00cATy. SIKIIO CTiHY 3 Ta300€TOHHUX
0JIOKIB HaJOBTO 3aJIUIIAIOTh 03 037100JeHHs (acaay, TO KIaaKy OJ0KiB 000B'SI3KOBO
BUKOHYIOTh 3 PETEJIbHUM 3alIOBHEHHSIM PO3YMHOM BCIX IIBIB KJIAJIKK, B TOMY YHUCII 1
BepTUKaIbHUX. Yepe3 HembOamo 3amoBHEHI PO3YMHOM IIIBU B OyAWMHOK Oyje
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IPOHUKATH BOJIa, a TaKOXX 3OUIBIIUTHCS IPOJYBHICTh CTIHU. SKIIO CTiHY 3
ra300€TOHHUX OJIOKIB 3aJMIIUTH 0€3 30BHIMIHBOT 0OPOOKH, TO 3BaKEH1 B MOBITPI
NUIOBI YaCTUHKH OCSyTh HAa TOPHUCTIN TMOBEpXHI OJIOKIB, a MpsME TONaJaHHS
aTMoc(hepHHUX oma/liB MPU3BE/E 10 HAMOKAHHS 30BHIMIHIX mapiB. [1ui 1 momosa Boaa
MalOTh B OCHOBHOMY KHCJIOTHHM Xapaktep. TpuBasie 3HaXO)KEHHS B CIa0OKHCIOMY
CEPEIOBUIIl MPU3BEIEC JO HEPIBHOMIPHOTO MOTEMHIHHS MOBEPXHI OJOKIB 1 101aCTh
CTIHI HEOXAWHWI BUTIIAL.

Crina 3 ra300e€TOHy MOCEPEIHIN 3BYKOU3OJSATOP. 3BYKONOTJIMHAIbHA 3/]aTHICTh
Marepiany 3aJeXHUTh BiJl IIUIBHOCTI, MOPUCTOCTI 1 MOAYJSL MPYKHOCTI MaTepiaiy.
3BYKOI130JI0I04a 3[aTHICTh KOHCTPYKIIIi, 110 OOTOPOIKYE 3aleKUTh B HIIJIBHOCTI
Marepiainy, Horo KoedilieHTa BHYTPIIIHBOTO TEpPTSA, TOBIIMHU OrOPOXi 1
KOHCTPYKTUBHOI'O PIillIEHHS CTIHM (OJHOIIapoBa ab0 IIapyBaTa KOHCTPYKIIs),
3TUHAIIBHOT )KOPCTKOCTI, @ TAKOX B1Jl 3BYKOIIPOBIAHOCTI BY3JIIB CIIOJy4YE€Hb €JIEMEHTIB
KOHCTPYKIIi Mk co0oto. CTyIiHb 3BYKOI30JIALlli BUMIPIOEThCS B Jernuoenax (ab).
3BYKOI30JIAITIHiHI BJIACTUBOCTI CTIH OIIIHIOIOTHCS 1HACKCAMH 130JIAIil MOBITPSIHOTO
mymy Rw [1B], 3ByKo130JiA11iifHI BIACTUBOCTI MIEPEKPUTTS 1 MOKPUTTS, TOIATKOBO JI0
Rw, oOIlIHIOIOTBCA 1HJIEKCAMU TPHUBEACHOTO piBHSA ynapHoro mymy Lnw [ab].
3BYyKO130J1I0I04a 3/IaTHICTh OJHOIIAPOBOI CTIHU 3 KIJIAJOK MaTepiaiB B OCHOBHOMY
BU3HAYAETHCH 11 Macoro. Uum Oinbiine Bara 1 M2 cTiHM, TUM O1JIbIIIE €HEPTil 3BYKOBUX
XBUJIb BUTPAYAETHCA Ha BiOpallito MaTepiainy CTIHHM, TUM Kpallle CTIHA TaCUTh 3BYK.

["a300eToH, 3 yciX CTIHOBUX KJIaJ0K MarepiajiB, Ma€ HalMEHIIy U[UIbHICTb.
Otxe, cTiHa 3 ra300€TOHY Mae€ HaWripll MOKa3HUKU 3BYyKoizoisauii. Hampukian,
1HAEKC 3BYKOI30JIA11i MOBITPSHOTO IIyMYy O11s1 CTIHM 3 ra300€TOHHUX OJIOKIB MapKH
D400 ToBmuuow 40 cm. [lopiBHioe Rw = 55 ab. Taka » mo TOBIIMHI CTiHA 3 OUIbII
IIIJTFHOI0 TOPU30BAHOI KepaMiku MaTtume iHjaekc Rw Bxke Oim3bko 65 nb. ToBcTuit
map MTyKaTypKu Ha CTiHI a00 yTeruToBad Ha ¢acaii 301IbIIyIOTh Bary CTiHH, THM
CaMUM TOKPAIYIOTh MOKa3HUK 3BYKO130JIA1Iil CTIHM 3 ra300€TOHY. 3BYKOBI XBUJIl Ha
KOPJOHI PI3HUX MarepiaiiB MEepeOMIIIOIOTHECA 1 PO3CIIOIOTHCA, IO e OLIbIIe
30UIBIIIy€  3BYKOI30JIFOFOYl  BJIACTUBOCTI  CTiHM. TOBCTHMH MmIap TpaaMIiiiHOl
ITYKaTypKu 30UIbIIYE 1HAEKC 3BYKO130Js11ii cTink Ha 2-3 nb. Hackpi3Hi oTBOpH B
KJIaJIl1 Ta300€TOHHUX OJIOKIB CTBOPIOIOTH aKyCTHYHI MICTKH B CTiHI, 32 SIKUMH 3BYK
JIETKO TIpOoHWKAae B OyauHOK. HeoOxigHO peTelbHO Ha BCHO TOBIIUMHY CTIHHU
3allOBHIOBATH PO3YMHOM IBHM Kianku. [lpuw kmamgmi O5okiB 3 3'€fHaHHAM B
BEPTUKAJIGHUX IIIBaX THUITY na3-rpe6iHb CImi aKypaTHO MPUMUKATH OJIOKU OAHMH 0
OJTHOTO HE 3aJMILIAI0YU 3a30piB. Y OyAMHKY 3 30BHIIIHIMH CTIHAMU 3 ra306eT0Hy,
BHyTpuqu CTIHM 1 TIEpEeropoJKu 3a0e3’nedarbh Kparry 3BYK0130JI$IH1IO M1XK
MPUMIIIICHHSMH, SKIIO 1X KJIAJIKy BUKOHATH 3 MaTepialy 3 BUCOKOK MIIILHICTIO 200
3po0OUTH MEPEropoIKy OaraTomapoBUMHU.

["a300eToH moraHuii aKkyMyJsiTOp Teria. Bucoka Termoakymysorda 31aTHICTh
OTOPOJKYBAJIbBHUX KOHCTPYKIIIA B OYAMHKY CHpHUS€ CTaOLIBHOCTI TeMIIepaTypH
MOBITPS B MpUMIIICHHAX. YuM Oiibliie HIIJIBHICT MaTepially, 3 SIKOro 3po0seHa
CTiHA, TUM OUIBIIIA KUJTbKICTh TETUIOBOI €HEpTrii HE0OX1THO ISl HarpiBaHHS CTIHU, TUM
OlbIIIE aKyMYJIOEThCS B CTiHI Tersa. ['a300eTOH Mae HaWMEHINY UIIJIBHICTh, B
MOPIBHSIHHI 3 1HIIMMHU MarepiajlaMu JUIsl KJIaAkd CTiH. Tomy, 31aTHICTh
HaKOMMYYyBaTU Teruio Ol CTiH 3 razo0eToHy HeBenuka. Hampukian, B CTiHI 3
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MOBHOTLJIOT LIETJIN 3aracu Teria OyayTh NMPUOIU3HO B 3,5 pa3u OUIbIIE, HK IIPU TUX
K€ yMOBax 1 B Takhi ke 3a 0OCSAroM Kiajali 3 ra3o0eToHy. [HIIOIO BaXIHMBOIO
TEIJIOAKKYMYJIHPYIOMIEH XapaKTePUCTUKOIO € 9aC OXOJIO/DKEHHS KOHCTPYKIIT At [4].
Hampukinazn, 0xoloKeHHs CTIHU 3 TTIOBHOTLION 1ern BinOyBaeThes mBuamie B 1,37
pa3u, HDK Takui jKe€ MO TOBIIMHI CTIHM 3 ra300eTOHY. Y MOpPIBHAHHI 3 IHIIMMH
KJIQJIOYHI CTIHOBUMH MaTepiajamu, B CTIHI 3 Ta300€TOHY 3amacd Teria MEHIIE 1
BlJIac TEIUIO ra300€TOH IOBULIBbHIINIE. MajleHbpKl 3alach TeIria 1 BEJIWKa TEIUIOBa
1HEpIlisl CTIH 3 ra300€TOHY MaJlo CIPUSAIOTh 3HM)KEHHIO KOJMBAaHb TEMIEpaTypu B
OyIMHKY 3 ra3o0eToHy. 3a TEeIJIOaKKYMYJIIOIOUOI 37aTHICTIO Ta300€TOH MOXKHA
MOPIBHATH 3 AepeBoM. ['ipie ra3o0eToHy OyayTh TUIBKM KapKacH1 CTIHM a00 CTiHM 3
CHII nanenen.

3 MeTOo10 30UIbIICHHS CTA0UIBLHOCTI TEMIIEPATYPH B MPUMILICHHSIX, B OYAUHKY 3
30BHIIIHIMH CTIHAMU 3 ra300€TOHY PEKOMEHIYETHCSI BHYTPIIIHI CTIHHU 1 IEPETOPOJIKH
BUKOHYBAaTH 3 MarepiajiB 3 BEIUKOI MIUIBHICTIO, a TaKOX IO MOXJIMBOCTI
301JIBIITYBAaTH TOBITUHY OCTOHHOI CTSKKHU ITi/IJIOTH.

BucHoBkn

["a300eToH - 11e HaflitHMI, epeBIpeHuit yacoM Oy iBeIbHMI MaTepian. 3a CBOIO
O1IBIIT HI’K BOCBMHJICCATUIIITHIO 1ICTOP110, TA300€TOHH1 OJI0KM 3HANIIUIM 3aCTOCYBaHHS
y BCIX THIAaX KOHCTPYKTUBHUX €JIEMEHTIB Oy/IBENb 1 CIOPY PI3HOTO MPU3HAYCHHS.
Lleli yHiBepcalibHMII MaTepiajl BUKOPUCTOBYETbCS JUIsl 3BEACHHS HECYYUX 1 HE
HECYUYHX CTIH, JJII BUTOTOBJICHHS apMOBAHUX IUIUT MEPEKPUTTS 1 MOKPUTTSA Ta B
SIKOCTI TEIIO130J1A11ii. XapakTepHUMHU OCOOJHBOCTSIMHU HI3JPIOBATOTO OETOHY €
BIJMIHHA TEIUIOI30JIAIlIsI, MOKEKHA Oe3leKa, JOBIOBIYHICTh 1 €KOHOMIYHICTD, IO
poOJIATh HMOTO0 KOHKYPEHTOCIIPOMOXHUMH Ha CY4YaCHOMY PHHKY OyIiBEITbHUX
Matepiais.

IIpu cepenniii ryctuni 300-500 kr/m°, MinHicTs Ta300e€TOHHUX OJIOKiB
ctaHoBHTH 2,0-2,5 Mlla, mo 103Boss€ iX 3aCTOCOBYBATH ISl HECYUHX CTiH BHCOTOIO
3-5 moBepxiB, a TaKOX /I CAaMOHECYYMX CTIH KapKaCHUX OYIWHKIB OyIb-sSKOi
MOBEpXOBOCTI. TakuM YWHOM, Ta300€TOH MOYKHA 3aCTOCOBYBATH MPAKTUYHO y BCIX
Tunax OyAiBenb pi3HOro mpu3HaueHHs. Husbka rycTmHa Martepially J03BOJISIE
€KOHOMUTH, TMO-TIepIlle, Ha BapTOCTI TPAHCIOPTHUX TMOCIYr 3 JIOCTaBKM Ta
po3BaHTaXeHHA  npoxykuii. Ilo-gpyre, Hu3bKa TrycTMHa  Tra300€TOHY B
OrOpOJKYBAJIIbHUX KOHCTPYKIIISIX O3HAUYa€ MEHIIE HABAHTAXKEHHsSI Ha (yHAAMEHT 1
Kapkac OyJiBIi, 1110, B CBOIO 4UEpry, MPU3BOIUTH IO MEHIIOI BUTpPATH MaTepialiB i
MEHIIIOT BapTiCTi Oy IIBHUIITBA.

Hwusbka TermonpoBigHICTh MaTepially BiAMOBIIa€ HEOOXITHUM HOpPMAaTHUBaM IIO
TEIJIO3aXUCTy y Oynb SKOMy perioHi YKpaiHM Tpu TOBIIMHI 30BHINIHBOT
onuomapoBoi ctiau 300-375 mwm. [Ipu oMy M07aTKOBE YTEIUICHHS 30BHIIIHIX CTIH
He moTpiOHO. Taka BiIHOCHO HEBENMKAa TOBIIWHA CTIH JO3BOJISE 3MEHIITUTH TOBIILY
byHIaMEHTY.

Touna reometpist 6JIOKIB T03BOJISIE BUKOHYBATH KJIQJIKy Ha KJICHOBOMY PO3YMHI
3 TOBIMUHOIO 1mBa 2-3 MM. L[ TeXHOJOTIS T03BOJISE JOCITTA HHU3KY IEepeBar mnepen
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TPaIUIIHHOIO KJIAJKOI Ha PO34rHi 3 TOBIIMHOIO mBa 10-15 mm. [To-mepiue, B knammi
YCYBAIOTHCS "MICTKH XOJ01y", TIPH 1bOMY TEIJIO130JIAIIIs CTIH MiABUIIY€E€ThCs Ha 20-
30%. Ilo-mpyre, HOpMa BUTpaTH KJICKO y 5-6 pa3iB HIKYA BT HOPMH BUTPATH
PO34YMHY, IO JO3BOJISIE €KOHOMHUTH Ha BapTOCTI KJIAHO4HOTO po3unHy. [lo-Tpere,
piBHA TTOBEPXHsI OJIOKIB 1 TOHKHUI MIOB KJIAJKW 3a0€3Meuy0Th PiBHY MOBEPXHIO CTiH,
BHKJIIOYAI0YM HEOOXIAHICTh IX IOJAIBIIOr0 BHPIBHIOBAHHSA. Y CYKYITHOCTI Il Ja€
CYTTEBUN €KOHOMIYHUI €(EKT.

BaxnuBuM TO3UTHBHUM (AKTOPOM € TaKOXX BUCOKA IMBUIKICTh MOHTAXY
ra3o0eTOHHUX OJIOKIB, sIKa BU3HAYAE TPYJOBUTPATH MPU OYAIBHUIITBI. A came, OJI0KH
MarTh Benukui dopmar. OauH 00K 3amiHse Biapa3y Onu3bko 18 oamHapHUX
nernuH. TakoX, HasgBHICTh CHUCTeMH 'ma3-rpeliHp" 1 MOHTaXXHOTO 3axBary
MOJIETIIYIOTh TPOIIEC KIIAJIKU 1 MepeHeceHHs] BUpOoOiB. | 1e, KiIbKICTh YKIIaJIaHHS
PAMIIB KJIAJIKH HE OOMEXYIOThCS IIBUJKICTIO TBEPJIHHS KII€HO, Ha BIAMIHY BIJ
po3unHy. TepMiHU 3BEICHHS CTIH MPHU I[LOMY 1CTOTHO CKOPOYYIOTHCS.

I HapemTi - JIerkicTh y 00po011i BUpoOiB 3 razoberony. Ll 3pydyHa ocoOIuBICTh
J03BOJISIE  BTUTIOBATH B OJKWATTA HAWUCMINUBINII  apXITEKTypHI 3aayMH  3a
MIHIMQJIBHOIO KiJTBbKICTIO TEXHOJOTIYHUX TPOIIECIB, 3HMKYIOUN MATEPIaIOMICTKICTh y
OymiBHULTBI. 1[sg mepeBara BUTIAHO BHpI3HSE ra300€TOHHI OJIOKH, HAIPUKIAd, BiJ
KPYITHOTIOPI30BaHOI KepaMiku. 3aBASKH YHUCTI TMOBEpPXHI OJOKIB TOAJbIIe
OOIITyKaTypIOBaHHSA CTIH HE BUMAara€ J0JIaTKOBHX 3axOJliB Ha BIAMIHY  BIJ
MiHOOETOHY, a TMOpPHCTa IOBEPXHS 3a0e3rnedye XOpOoIly ajre3iro, Ha BIAMIHY BiJ
cuiikaTHOT 1erm. Husbka TenmonpoBiAHICTE Tra300eToHy 3a0e3ledyye BUCOKHMA
TEPMIYHHM OMIp OTOPO/KYBAIBHUX KOHCTPYKIIIH, Mayli TEIJIOBTpPaTH 1 BUTPATH
eHeprii Ha onayieHHs. CTIHM BOJIOJIIIOTH BEJMKOIO TEIJIOBOIO 1HEPIIIEI0, MIBUIAKICThH
TeIionepeadyi B HUX MEHINA, HDK Yy HEMNITHUX a00 KepaM3UTOOETOHHUX
KOHCTPYKIIiSX. BHCOKI TemmioakyMyJfoBajbHI BJIACTUBOCTI HI3PIOBATOIO OETOHY
3a0e3meuyoTh CTaOUTbHY TEMIEpaTypy BCEpeauHI MPUMIIICHHS TPH 3HAYHUX
nepenajgax Ha30BHI. B yMoOBax XOJIOHHOTO KIIIMATy II€ CIPHSE ITiIBUIICHHIO
po6odoro koMpopTy i EKOHOMHTh CHEPTil0 Ha OMaJICHHSI. B Termmx KiIiMaTHYHHX
yMOBax MacHBHI KOHCTPYKIIIi MEPENIKOMKAIOTh MPOHUKHEHHIO TEIjla Y BHYTPIITHI
MPUMIIICHHS, OCKUIBKM caMi HOro IOTJIMHAITh. HaBiTh SKIIO COHSYHI ITPOMEHI
CHUJIIBHO PO3KAPIOIOTH JaX, BHYTPIIIHS Temmeparypa OyiBil Jocirae CBOIX
MaKCUMaJIbHUX 3HAYCHb JIMIIE 3a CIM-BICIM TOAWH, aje 1 TOJl TIOBITPS HE
HarpiBa€ThbCs /10 3HAYCHb, TUIIOBUX JJIs1 OY/IIBENb 3 1HIIUX TPATUIIMHUX MaTepialliB.
Ie, BiAMOBITHO, 3HAYHO MI1ABUIIY€E POOOUUN KOMQOPT.
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KAPITEL 20/ CHAPTER 20.

ANALYSIS OF URBAN AIR POLLUTION
AHAJII3 3ABPYIHEHHSI IIOBITPSI MICT

DOI: 10.30890/2709-2313.2021-04-04-066

BBenenns

BcecBiTHs oprasizaiiisi 0XOpOHHU 3/I0pOB'st BU3HAE, 110 3a0pyJHEHHS TOBITPS €
OJIHIEIO 3 HAMBAKJIMBIIIMX MPOOJIEM Yy CBITI, SIKa BIUIMBAE HE TIJILKU HA SKICTh KUTTS
HaCeJIeHHs, aje 1 Ha OYiKyBaHy TPUBAJICTh XHUTTS, a TaKOXXK HAa CTaH 3J0pOB'S U
TIOITUPEHHS JIETEHEBOT XBOPOOH.

OpanM 3 xepen 3a0pyaHeHHs aTMoc]epH € aBTOTPAHCIIOPT, BiJl BAKOPUCTAHHS
SIKOTO € BEJIMYE3HUI BUKHU]T HAMPI3HOMAHITHIIIINX XIMIYHUX pe4oBUH. BuxiomnHi ra3u
aBTOMOOLTIB — II€ MOEIHAHHS JBOXCOT-TPHOXCOT XIMIYHUX CIOJYK, SIKI € JOCUTh
IIKIVIMBUMU JIJIs1 OpraHi3My JIrouHu. Halnommpeninn 3a0pyiHIOBadl — I1e 30j1a Ta
U PI3HOTO CKJIaay, OKCHAU KOJBbOPOBUX 1 YOPHUX METAJIiB, Pi3HI CIOIYKH CIPKH,
a3oTy, (ropy, XJOpy, paJloaKTUBHI ra3u, aepo3oii Ta iH. HailOinpine 3a0pynHeHHs
aTMOC(EpHOTO MOBITPS MPUITAIAE HA YACTKY OKCHIIB ByTJIeIto — 61m3pko 200 MiH. T
Ha piK, MUy — Omm3pko 250 MIH. T Ha piK, 30U — Onmu3bko 120 MJIH. T Ha PIK,
BYTJIEBOJIHIB — OJ1M3bK0 S0 MJIH. T Ha PIK.

20.1. 3a0pyaHIOBaAHHS MOBITPS MICT y CBITI

3a oIiHKaMHu eKCIEepTiB, Maibke 7 MIIH. JIFOAEH MOMUpAE MIOPIYHO Bij MPUYHH,
NOB'SI3aHUX 13 3a0pynHEeHHSM MoBITPs. binbme 90% 3abpyaHeHHS Npuragae Ha
KpaiHW 3 HU3bKUMHM 1 cepeaHiMu goxoaamu [1]. 3aebinbiioro e kpainu AQpuku i
Agii. bimmssko 3 mupa. moaei, adbo maibke 40% HacelneHHs MJIaHETH, K 1 paHile He
MarOTh JOCTYITYy IO YHCTHX MAJIUB, TPU3HAYCHUX JJISI IPUTOTYBAHHS 1K1, @ TAKOXK 10
YUCTUX TeXHoJIoTiH. Hampukman:

» Kaip (puc. 1.1a) — cronums €runty, Haibinbine Micto biuspkoro Cxonmy. 3a
nanuMu BcecBiTHBOI oprasizaliii OXOpOHHU 3J0POB'Sl, BUKUIAN B aTMOc(epy CTONHII
€runrty mioKCcHIy a30Ty, IO IPEACTaBIsI€e HAWOUIbIIy HEOE3IeKy s 3I0pPOB'S,
nocsirae Kaip pexopaHWX TO3HAYOK 1 HaBITh MOXe OyTu 3aHeceHuid B KHury
pekopaiB ['iHHecca;

» Jleni (puc. 1.16) — apyre 3a BenumunHOMO (miciss Mymo6ai) micto Iraii, mo mae
CTaTyC COIO3HOI TepuTopii. Sk 1 B 6araThboX IHIIUX BEIUKHX MicTax, ToBITps Jlemi
CTpakJae BiJ 3a0pynHeHHs. HalOinpmii BHECOK y 3a0pyaHeHHs, 67% Bij 3arajibHOi
KUIBKOCTI BUKHU/IIB, a00 3 THC. T B JIeHb, BHOCUTH TpaHcnopT. lle 25% BHOCATE 125
TUC. MPOMHUCIIOBUX MIANPUEMCTB 1 TPU BYTUIbHI TEIJIOCICKTPOCTAHIT MICTa;

» Ilexin (puc. 1.1B) — € MeramnoJsicom 3 OJHUM 3 HAMBHUIIUX PiBHIB 3a0pyTHCHHS
MOBITPSHOTO TIpocTopy. CMOT Oroprae MiCTo, SK MOKpHUBAIO 3 OpyaHOI BaTH, a
MICIIEB1 )KHUTEI HE BUXOISITH 3 JOMY 0€3 BaTHO-MapJICBHX TMOB'S30K;
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Pucynox 1. Micra cBity 3
HAOUIbII 3a0pyIHEHUM
noBiTpsim. a) Kaip;

0) leui; B) Ilekin;

r) Ctam0y.;

n) I'yanu:koy;

e) byenoc-Aiipec;

3) K) [Mapuax;

3) Jloc AHIKeJI€eC.

» I'yaruwxoy (puc. 1.1T) € momoM i 6Jin3bko 12 MJTH. 0Ci0, SIKi MEIIKAIOTh Y
BKpail HeOe3lmeyHuX yMoBax 3a0pyJHEHHs TMOBITpsA. B geski mepiogu piBHI
3a0pynHeHHs Bumie, HK y Ilekini. IIpomucioBiCTE B perioHi pO3BHUBAETHCA 3
BEJINYE3HOIO IIBUKICTIO, IKAa MUTTEBO 30UIBIIY€E KUJIBKICTb aBTOMOOITIB B MICTI Ta
MEIIKAHIIIB;

» Crtam0Oyn (puc. 1.1x) — HaliG1IBII TOCTPOIO € MpodIeMa 3a0pyIHEHHS BOAM Ta
MOBITPSI, BUKJIMKAHA MPOMHUCIOBUMH 1 TOOYTOBUMH Bijgxojaamu. [IpuunHOI0 TOMY €
BUKOPUCTAHHAM PIAKOTO Ta TBEPAOTO TMallMBa B JOMAIHIX TOCIOAAPCTBAX JIs
MPUTOTYBAHHA 1K1 Ta omnajeHHA. J[pyra mpobsiema MmoB'si3aHa 3 BEIMKOK KiIBKICTIO
aBTOMOO1TIB y MicTax TypedunHu;

» byenoc-Aiipec (puc. 1.le) — wmeramoisic 3ITKHYBCS 3 YHCICHHUMH
eKOJIOTIYHUMHU TipoOnemamu. Yepe3 TOPIBHSIHO BITPSIHY IMOTOAY CMOT HEIOBIO
3aTPUMYETBCS Yy MICTi, aj€ B PI3HUX pallOHaX MICTa CIOCTEPIracThCsl 3HAYHE
3a0pyIHEHHSI TIOBITPS B PE3yJIbTaTi MPOMHUCIOBUX 1 TPAHCIOPTHHUX BHUKHUMIIB. lle
MPU3BOIUTH 110 30UIBIICHHS KUIBKOCTI XBOpWUX Ha pak JereHiB. Cwuryamis i3
3a0pyIHEHHSIM TIOBITPS B MICTI MOCHUJTIOETHCS BHCOKOIO 1HTEHCHUBHICTIO BYJUYHOTO

PYyXy;
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» Ilapwxk (puc. 1.1>)x) — mpobOiiema 3a0pyJaHEHHS TOBITPSI JIOCHUTh TOCTpa, U
MOKAa3HUKU 3a0pyIHEHHS TOBITPSl PEryJIApHO MopymryioTh HopmatuBu €C. CunbHe
3a0pyIHEHHsI TIOBITPS y 3WUMOBHH TMeEpioj TMOB'S3aHE 31 3pOCTaHHAM OO0CATY
BUXJIONTHUX Ta3iB aBTOMAIIMH Ta MIYHOTO AMMY, a TaKOX 3 OE3BITPSHOIO MOTOOI0 1
BIJICYTHICTIO JIOIIIB;

» Jloc-Anmxenec (puc. 1.13) — 3a piBHeM 3a0pyJHEHOCTI IOBITPs 3aliMae
nepuie micue B Amepuni. 3riiHO ekcrepTam 166 MiaH. amepukasiiB, abo 52,1%
moaed, mo memkawTh y CIIA, npoxkuBaioTh B OKpyrax 3 BHCOKHMHU PIBHSIMHU
3a0pyaHeHHsT TOBiTpsi. Maibke 20 MiH. mroaedl MemkaiTh B 13 okpyrax, e
B1/10yBa€ThCS YaCTKOBE a00 KOPOTKOCTPOKOBE 3a0pyIHEHHS aTMOC(hepH.

20.2. Ouinka crany 3a0pyaHeHHs1 aTMOC(epPHOro NOBITPs B YKpaiHi

Oninka craHy 3a0pyAHEHHS aTMOoc(epHOro TMOBITPS B MicTax YKpaiHu
3MIIACHIOETHCS 32 JaHUMU criocTepekeHb y 39 mictax Ha 129 cramioHapHUX MOcCTax
Mepeki MOHITOPUHTY TiIPOMETEOPOJIOTIUHUX opraHizariil. B armocdepnomy moBiTpi
BU3HAYAETHCS BMICT 22-X 3a0pyIHIOBAJIBLHUX PEUOBUH, BKIIOYAIOUM BICIM BAXKKUX
MetaniB [2].

J1J1s1 OLIIHKY SIKOCTI MOBITPSI BAKOPUCTOBYETHCS 1HIIEKC 3a0pyIHEHHST aTMOCchepu
(I3A), saxuii po3paxoByeThcs ik cyma nojauiennx Ha ['JIK cepeaHix KOHIEHTpailiit
3a0pyIHIOBAJbHUX PEYOBHUH. 3a 1HAEKCOM 3a0pynHeHHs atmocdepu (I3A), sxuit
BpPaxoOBY€ CTYMiHb 3a0pyJHEHHSI aTMOC(HEPHOTO MOBITPA 3a I’ ATbMa MPIOPUTETHUMHU
3a0pyIHIOBaJbHUMHU  JOMIIIKAMHU, JyKE€  BUCOKMH  piB€Hb  3a0pyJHEHHA
crioctepiraeThes y Mapiynodi ta J{ainpi, Bucokuit — y Oneci, Kam’ssacekomy, Kuest,
Kpusomy Posi, Jlyneky, Mukonaesi, CnoB’siHcbky, Kpamaropceky, PyOixHOMY,
JIsBOBI, 3anopixkxki, Jlucuuanceky, Xepconi, Kpemenuyiii (pucyHox 2).

Mapiynonb:
AHinpo |
Opeca |
Kam'siHCbKe |
Kuis |
Kpuewuia Pir |
Jlyubk |
MukonaiB |
CnoB'AAHCEK |
KpamaTtopcbk |
PyGixHe |
JlbBiB |
3anopixoka |
NucunyaHcbk |
XepcoH |
KpemeHuyk

BA,
{ { { - - { { © ym.om.
0 2 4 6 8 10 12 14 16

PucyHnok 2. 3nauenns inaexcy 3a0pyanenns armocgepu (I3A) B Haii0inbI
3a0pyaHeHux mMictax Ykpainm y 2018 poui

MONOGRAPH 190 ISBN 978-3-949059-12-4



Wissenschaft fiir den modernen Menschen / Science for modern man ‘ 2021 Part 4 E ﬁf{

binbima KiIBKICTH MICT 3 JYy)K€ BHCOKMM Ta BHUCOKHM pPIBHEM 3a0pyIHEHHS
aTMoc(hepHOro TOBITPs 3HAXOAWThCA y JlHIMpomeTpoBChbKii obmacTi — 3 MmicTa, y
Jonenpkiit obmacti — 3, y Jlyrancekiii o0macti — 2 MicTta Ta OJHE MICTO — Y
[TonraBcekiit oOnacTi. [HmI wmicta — me NNCTh OOJACHUX IICHTPIB Ta CTOJIUIIS
Ykpainu.

B ocranHi poku Oyio 3a)ikCOBaHO TpH BHUIIQJKU BUCOKOro 3a0pyauenHs' (B3)
aTMocgepHOro moBiTps OKcuaom Byriemoo y M. OOyxiB (KuiBchka o6macts) y
JHOTOMY 3 MakcuMaibHOIO KoHueHTpauietro 8,8 'Ky, (mns nopiBHsHHS y 2017 p.
OyJio BiamideHe oauH Bunaaok B3 miokcuaom azory y Binnuii) [3]. Bucokuit piBeHb
3a0pyIHEHHSI aTMOC(HEPHOT0 MOBITPS BKa3aHUX MICT OyB 0OOYMOBJICHUM 3/1€01IBIIIOTO
M1JIBUIIICHUM BMICTOM CIlelM(IYHUX IIKIJIMBUX PEUYOBUH — (popMalibieriay, peHoy,
(GTOpPUCTOTO BOJHIO, aMiaKy, 3 OCHOBHHMX JOMIIIOK — 3aBUCIUX PEUOBUH, JIOKCHUIY
a30Ty, OKCUJy ByTJIelto (Tadmuis 1).

Taoaunus 1. [lepenik 3a0pyIHIOBAJILHUX PEYOBHH, BMICT SIKUX B aTMOCepHOMY
MOBITPi MiCT 3yMOBMB Haii0ijiblIe 32a0pyAHEeHHS 32 CePeIHbLOPIYHUMH i
MAaKCUMAJbHUMH KOHIleHTpauismMu (y kpatHocTi BignmoBignux I'J1K) [4].

3a cepeIHbOPIYHIM BMICTOM 3a MaKCHMaJbHO PA30BUM
PeuoBunu MicTo ITepeBuleH MicTo [TepeBuilieHH
HS S
)i 2 3 4 5
v I"opimHi
3aBici Kpusuii Pir 3,0 HJIIZLBHi 4.0
PeuoBunn | Kam'stHCBKe 2,5 Kpusuii Pir 4,0
Jlainpo 2,3 Kam'sHcbke 3.4
PyGixue 1,8 OO6yxiB 8,8
Oxcun Oneca 1,5 CIoB'sIHCBEK 4,6
BYTJICLIIO JIucuuancrk 1,3 Oneca 3,2
Kam'sHcbke 1,0 Kpuguii Pir 2.8
Kwuis 33 Kwuis 33
Jlaimpo 3,0 Yepkacu 3,3
XepcoH 2,8 Kutomup 2,9
Hiokcun azoty | bina Ilepksa 2,3 Binaums 2,6
Kuromup 2,3 XepcoH 2,4
Jlyubk 2,3 Kpemenuyk 2,3
YepHiris 2,3 Jlyupk 2,2
OKCHJL 30Ty KwuiB 1,3 JIyupk 1,5
XepcoH 1,2

Kam'sHcbke 0,006 mr/m° | Iuinpo 4,9
CipkoBozeis I[Hinpp 0,003 mr/m> | PiBHE 2.3
3anopixoKs 0,003 mr/m* | Kam'ssHcbKe 1,8
Omeca 0,003 mr/m® | Mapiymnons 1,1

' Tlin Bucokum 3a0pyaHeHHsAM atMocdepHoro mositpst (B3) mpuilHATO BMICT 3a0pyIHIOBANBHOI  JOMIIIKH, KU
MIEPEBUIITYE MAaKCUMAJIFHO Pa30By IpaHUIHO AomycTuMy KoHreHTpanio (IIKwm.p.) y 5 pasiB i Ginbmie.
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3a cepeIHbOPIYHIM BMICTOM 3a MaKCUMaJIbHO DA30BUM
PedoBunu MicTo HepelljzlmeH MicTo HepeB;HueHH
1 2 3 4 5
Kam'ssHCBKE 2,3 C0B'IHCBK 4,1
deHon Kpamaropcbk 2,3 XepcoH 4,0
CrnoB'stHCBK 2,3 Kpamaropcbk 3,4
Opneca 1,2 Opneca 2,0
Caxa Onexcanapis 1,0 XapkiB 2,0
®topuctuii | PiBHe 1,6 Biuaunsg 2.4
BOJICHD Oneca 1,4 Kpamaropcbk 2,3
XJtopucTui ITepeumiens I'JIK He UYepnisii 2,7
BOJICHD 3a(hiIKCOBAHO Kuis 2,0
AMiak Kam’stHCBKe 1,3 Uepkacu 2,2
Mapiynons 6,0 VYkropon 4,9
Juimpo 5,0 Kpusnii Pir 2,5
dopmanbaeria | Mukomnais 4,7 Mapiymoian 2,2
Opneca 4,7 JIynpk 2,1
Kpusuii Pir 3,7 Kpamaropchk 1,9

CepenHbpopiuHa KOHIIGHTpallis QopManpierinty y Mictrax YKpaiHu, e
MPOBOASATLCS  CIIOCTEPEKECHHS, Oyjaa Ha piBHI 2,3 TpaHUYHO JIOMyCTUMHX
konnentpamii (I'IK.;), miokcuay azory — 1,5 TI'IK.,, denonmy — 1,3 THK.,.
3araibHUI piBeHb 3a0pyHEHHs aTMocdepHOTo MoBITPsA B YkpaiHi 3a I3A cTtaHOBUB
7,6 1 omiHoBaBcs, Sk BHUcCOKuM. [lopiBHSHO 3 moOMEpeaHIM POKOM BIH JEIIO
migBUIIUBCs (0yIi0 — 7,2) 3a paXyHOK 3pOCTaHHS CePEIHHOPIYHOTO BMICTY (hEHOITY.

20.3. BB mKiIMBUX 3a0pyAHIOBaYiB HA 310POB'sl JIIOAMHHA

[TonoxeHHsT 3 BUXJIOMHUMHU Ta3aMU aBTOTPAHCIIOPTY MOCHUIIIOETHCS THM, IO Y
BCIX MicTax YKpaiHu MPaKTUYHO HE BEAETHCA KOHTPOJIb BUXJIOMHHUX Tra3iB Ha BMICT
CO. IMoctu TexHIYHOTO OOCIYTOBYBaHHS HE OCHAIEHI MPHJIaAaMH sl IPOBEICHHS
razoaHali3y Ta peryjarOoBaHHs JBUTYHIB aBTOMOO1TIB.

Haitgacrime BUXJIOMHUMU ra3aMy Ha3UBAIOTh BC1 BUKHIU B MiCbKY aTMocdepy,
a TaKOX KOTEJIeHb, 3aBOJIIB Ta IHIIMX MPOMHCIOBUX MiAnpueMcTB. HacmpaBai num
TEPMIHOM TMpPaBWJIBPHO HA3WMBAaTH TiJbKHA TPAHCIIOPTHI BHUKHUAM, SIKi 3'SABISIOTHCS B
pe3ysbTaTi nepepoOky nanuBa. Takoxk iX HA3UBaIOTh Ta3aMHu.

3a craTucTUkKoio [3], B CepeIHhOMY OIWH JICTKOBUM aBTOMOOLUIb BUKHJIAE B
aTMocdepy 3a JIeHb OJU3bKO OJHOTO KUTOTpaMa Pi3HUX TOKCUYHUX 1 KaHIIEPOTCHHUX
pedoBuH. J[0o TOro X MOAIOHI PEUYOBMHM 3aTHI aKyMYJIIOBATHUCS Ta MepeOyBaTH B
HABKOJIUIITHEOMY CEPEIOBUIIII 10 5 POKIB.

3TiIHO 31 CTATHCTHKOIO, BAHTA)XHI MAIIMHUA Ta aBTOOYCH BHPOOJISIOTH OLTbIIE
BHUXJIOITHHUX Ta3iB, HIK JIeTKOBI aBToMoOLi. [el dakT GesmocepenHpbo MoB'sI3aHul 3
PEXKUMOM poOOTH i 00'eMaMM JIBUTYHIB BHYTPIIITHBOT'O 3TOPSIHHS aBTOMOO1UTIB. Tak,
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HAIPUKJIAJ, JIETKOBE aBTO Aa€ 3a 100y 6mm3bko 220 Mr/mM® gamHoro rasy, aBTo0yc —
230 mr/m’, a HeBenuka BaHTaxiBka niumx 500 mr/m’. Jlerkose aBro nae 45 mr/m’
OKCHUIly a30Ty, aBTOOyc — 18 mr/m°, a HeBenuka BaHTaxiBka — 70 mr/m>. Takox
aBTOOYC, HA BIMIHY BiJ] JIETKOBOTO aBTO, TOCTIHO BUKU/IA€ B TIOBITPSI OKCUAM CIPKH,
BYTJICIIIO Ta CTIOJYKHU CBUHITIO.

HaiiGinpmmii oOcAT TOKCHMHIB MPUCYTHIA y BUXJIOIMHUX Ta3ax, KOJH JBUTYH
MpaIfioe Ha XOJOCTOMY XOJI Ta Ha 3HIKEHUX IMIBUIAKOCTAX. [Ipm Takmx pexmmax
B1I0YBa€ThCS TOTAHE BUTOPSIHHS TMajuBa 1 BIJAXiJ HE3ropuiMX €JIEMEHTIB IajuBa B
KUIBKOCTI OUIBII HDK Yy JECATh pa3iB NEPEBUIYE BHUXJIONU IPU CTAHIAPTHOMY
pexumi aBTomMoOUIsI. CKJlaJl BHUXJIOMHUX Ta3iB JIOCUTh PI3SHOMAHITHHM, 1 BEJIHMKa
JacTHHA KOMITOHEHTIB TOKCHYHA. 32 XIMIYHHUM CKJIAJIOM 1 BJIACTUBOCTSIMH, a TaKOX
XapaKTepoM BILTUBY Ha OpTaHi3M JIFOJUHU iX MOAUIAIOTH Ha TpynH [5,6].

1. HetokcuyHi pe4oBHHU (a30T, KHCEHb, BOACHD, BOJSHA Mapa, BYTJICKUCIHN Ta3
Ta 1HIIN OPUPOIHI KOMIIOHEHTH aTMOC(EPHOTo MOBITPS).

2. Oxcun Byraemo a6o yagamii raz (CO) — mpoayKT HEMOBHOTO 3TOPSIHHS
nanuBa. OKcua BYTJICII0O Ma€ HAPKOTHYHY IO, MOJPA3HIOE IIKIPYy Ta CIH30BY
000m0HKY. OKCHJI BYIJICII0O IPH BAMXaHHI IMOETHYETHCS 3 TEMOTJIOOIHOM KpPOBI,
BUTICHSIOYM 3 HEl KUCEHb, B PE3yIbTaTl YOTO HACTAE KHUCHEBE TOJIOTyBaHHS, fKE,
MepII 3a BCE BIUIMBAE HAa IEHTPAJIbHY HEPBOBY CHUCTEMY. BHCOKa KOHIICHTpAIlis
OKCHJy BYIJICIIO HABITh MPH KOPOTKOYACHOMY BIUIMBI MOKE BUKJIHMKATH CMEPTH;
HEBEJIMKI 703U BUKJIMKAIOTh 3allaMOPOYEHHS, TOJOBHUM Oi7b, BIAYYTTS BTOMH 1
CIOBUIbHEHY peakiiiro. OKCHJ BYTJICII0 — OJUH 3 (PaKTOpIB, 110 BUKIHUKAE XBOPOOY
cepls — CTEHOKap/Iit0, TOOTO 3MEHIIIEHHS TIEPEHECEHHS KIUCHIO 0 TKaHWH, OCOOJIMBO
3ryOHO I MioKapja (CepieBoro m'sza).

3.V 1 ckaam okcwau a3oty — NO 1 NO,. Buknukae cuibHe MoApa3sHEHHS
CIM30BUX OOOJIOHOK O4YeH, MPH BUCOKWX KOHIEHTPAIlIAX OKCHUIIB a30Ty (IOHA
0,004%) BUHMKAIOTh ACTMATHYHI MPOSIBU 1 HAOPSIK JICTEHIB.

4.V 1m0 Tpyny BXOIATH pi3Hi ByraeBoaHi (cnomyku tumy CiHy). ByrmeBomHi,
CXOXI1 3 TOKCHYHUMH BJIACTUBOCTSMH, MAIOTh TAKOX KaHIIEPOTeHHY Ait0. OcoOIMBOIO
KAHIICPOTCHHOIO aKTUBHICTIO BiApi3HseThes Oenzamiped (CyoHz), mo MicTUTBCS y
BIIMPAIbOBaHUX I'a3aX OCH3MHOBUX JABUTYHIB 1 JIU3EIIB.

5. o rpymy CKIaJar0Th OPTaHIYHI CHONYKH — albleriin. Y BiAIpanbOBaHUX
razax MICTATBCS B OCHOBHOMY (hopMmainbierif, akpoyiein i omroBuii ampaeria. Lli
CTIONYKH, TIOJPa3HIOIOTh OpPTaHd 30py, MUXalbHI [UISIXH, BPaXarOTh IEHTPAJIbHY
HEPBOBY CHUCTEMY, HUPKH, Ne4iHKY. DOTOXIMIYHHMIA CMOT BUKJIMKAE 3arajieHHs O4ei,
CJIM30BOi OOOJIOHKM HOCA 1 TOpJIa, BiJ3HAYAOTHCS CUMIITOMH 3aJlyXH, 3aTOCTPEHHS
JIETEHEBUX 1 HEPBOBUX 3aXBOPIOBaHb, OPOHXIAJIBHOI ACTMH.

6. KOMITOHEHTH I1i€1 Tpynu — caka Ta 1HIII JUCIEPCHI YaCTUHKU. AcopOyroun
Ha CBOiM MOBepXHiI O€H3amipeH, caka Hajae OUIbII HETaTUBHUW BIUIMB, HDK Yy
guctoMmy Burisiai. Caxa sik OyJb-sKUi NpIOHUN TWT i€ HA OpTaHW JUXaHHS, aje
rojloBHA HeOe3leKa TOJisArae B TOMY, IO HAa HIM aacopOyrOThCs KaHIIEPOTEHHI
PEUOBHHU, OTXKE, 3pOCTAE PU3MK 3aXBOPIOBaHb Ha pak [7,8].

7. o 1i€i rpynu  BIIHOCITH CIPYMCTI CHOAYKH — CIpYaHUN aHTIIPH,
CIPKOBOJICHB, SIKI MAIOTh MICII€ B BIANPAIIbOBAHUX Tra3ax, KOJIM BUKOPUCTOBYETHCS
MajJuBO 3 IMIABUIICHUM BMICTOM Cipku. CIpUuCTI CIOJYKH HAJAIOTh MOAPA3HIOIOUY
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Ji10 Ha CIU30B1 OOOJIOHKHM ropia, Hoca, oued JoauHU. CipyUMCTUH ra3 BUKIUKAE
OHKOJIOT14HI 3aXBOPIOBAaHHs. BauxaHHs BOJIOTOTO MOBITPS, IO MICTUTh OKCHJT CIPKH,
0co0NMMBO HEOE3MeYHWil I JIIOJAEH, SIKI CTPaXJaroTh Ha CEpIEeBO-CyIWHHI
3aXBOpIOBaHHSA. TpHBajie BAMXaHHS CIPYMCTOrO rasy ITiJIBHUINCHOI KOHIIEHTpAIi Ji€
Ha Opra”i3M OCOOJMBO TOKCHYHO, BUKJIMKAIOUH TMOPYIIECHHS MisUTBHOCTI HEPBOBOI
cuctemu [9].

8. 1o ckmaay 1€l rpynu BXOJATh CBHHEIb Ta WOro croayku. Ili KomMmoHeHTH
BUHUKAIOTh Yy BIANPAlbOBAHUX Ta3ax MPU BUKOPUCTAHHI €TUJIOBAHOTO OEH3UHY.
Cnonyku ceunyl BpaxalOTb OpraHd 1 TKAaHUHU OpraHi3My, HEPBOBY CHUCTEMY,
IUTYHKOBO-KUIIKOBUIM TPakT, MNOPYUIYIOTh OOMIHHI MpPOLIECH, MPHU3BOIAATH IO
3pOCTaHHSl OHKOJIOTTYHMX 3aXBOpIOBaHb. HeOesneka OTpyeHHs CIOIyKaMu CBUHIIIO
NOCHJIIOETbCSI TUM, IO BOHHU, SIK KaHUEPOT€HHI PEYOBUHHM HE BUIAISIOTHCA 3
OpraHiaMy, a HaKONHUYYyIOTbCS B HbOMY, TaK caMO SIK y IPYHTI Ta pociuHax. B
OpraHi3Mi JIFOJMHYU CBUHEIb YTPUMYETHCS O1TKAMU €PUTPOIIUTIB, MOTIM HAJAXOJUTH Y
1a3My KpOBI Ta JOCSTa€ HUPOK, MEYIHKA W IHIMUX OpraHiB. Y KICTKaX CBUHEIb
HaKOMMUYYETHCS TIOCTYIIOBO Ta HAJIOBIO JIUIIAETHCS B HUX.

YpakeHHs SCEH, pO3Jaj] KHUIICYHUKY, 3aXBOPIOBAHHA HHUPOK, CYIWH 1
IEHTPaJIBHOI HEPBOBOI CUCTEMH, MPUTHIYCHHSI CHHTE3Yy O11Ka, HETATUBHUN BILJIUB HA
TCHETUYHUIA amapar KIITHHA — pPe3yJbTaT OTPYEHHS CBUHIEM. SKIIO 3 BOAOHO
moauHa otpumye Oinbiie 0,1 Mr i0HIB CBHUHILIIO Ha 100y, TO 1€ MOYKE MPHUBECTH 10
M1JBUIIEHOI CTOMJIIOBAHOCTI, Jernpecii, mopynieHHO (YHKIIH HEPBOBOI CHUCTEMH,
aHeMli, HUPKOBOi HEIOCTaTHOCTi, CyJOM. [OHU CBUHIIO MO>KHa BUAAJIUTH 3 BOAM,
OCAQJMBIIY X y BUTJISIAL CYJIb(IIiB.

CBuHIIEBE OTPYEHHS HaBITh HAa PaHHIX CTAJIsAX BIUIMBA€ HA TOJIOBHHUI MO30K, B
pe3yJIbTaTl 4Oro y JiTed 3HUKYEThCS IHTEJICKT, MOPYIIYEThCS KOOPIWHALS PYXIiB,
MOTIPIIYETHCA CIYX 1 MaM'aTh [9]

3 1000 T 3a0pyIHIOIOUHMX PEYOBHH, IMOAHS MOTPAILISIOTH B IOBITPS 3 BUXJIOIIB
aBromoOumiB, 200 T wamHoro raszy, 800 T BYINIEBOAHIB Ta IHIIMX CIIOJIYK.
[IpiopuTeTHOIO MIKIATUBOIO JOMIMIKOI Y BIAMPAlbOBAHUX Ta3ax aBTOMOOLIIB, IO
mpaioTs Ha OeH3wHI, € okcun Byriemo (CO), yacTka SKOTO CTaHOBHTH B
cepeaapoMy 69% 3arabHOI KIJIBKOCTI BUKHIIB IIKIJIMBUX PEYOBHH. YaCTKH 1HIINX
JOMIIIOK PO3MOAUICHI HACTYITHUM 4uHOM: 17% mpumnanae Ha okcuan a3oty (NOy) i
14% — na cymapHi ByriaeBoaHi (CH).

Tomy sIK BHXJIONHI Ta3u CHPHUSIOTH 3HIKEHHIO KUIBKOCTI KHUCHIO B KpPOBI 1
3aBa)KalOTh HOPMaJbHOMY Ta3000MiHYy, CJiJi BHUBOJMTH OpraHi3M Ha KOPHUCHI
IPOTYJISHKM B mepeamicTs abo B BiAJAJEHUM BiJl JOPOTH Mapk, 100 OTpUMaTH
MOPIII0 CBIXKOTO TOBITPSI.

IIpy mocTiiiHOMY BIUIMBI BHUXJIOMIB BapTO YPI3HOMAHITHUTH CBOE MEHIO
AHTUOKCUJAHTAMHU, SIKI MICTATbCS B fArojiax, (PpyKTax, 3eJI€HUX OBOYAX 1 3€JIEHOMY
4ai, a TAKOXK y HACIHHI, Ta TUTU OUIBIIIE BOJU, TOMY SK BOHA CHPHUSIE IETOKCHUKAIIIL.
Takuii "mominr" momomarae oOpraHi3My CHOPAaBIATHCS 3 HACHIJAKaMU BIAWXaHHS
XIMIYHOTO KOKTEHJIIO Ta MATpUMY€E 370poB's. KoxkHa roarHa MOBHHHA 3ayMaTHCS
mpo Te, SKI CEepHO3HI HACHIIKK Hece arMocdepa, MPOCAKHYTa IIKIITUBAMH
XIMIYHUMU pedoBUHAMU. JKUTTS, JaHE HaM OJHOTO pa3y MPHUPOJOI HE MOBHUHHO
MOPYIITYBaTUCS MTYYHUMU YWHHUKAMU, SIKI HETATHUBHO IMMO3HAYAIOTHCS HA 3J0POB'T
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moauad. OgHaK BUKIIOYUTH 3 JKUTTSI HASBHICTh aBTOTPAHCIOPTY HEMOXIJIHBO a0o
MpoOJEeMaTUYHO, aje IUIKOM € MOXJIMBAM 1 HEOOXIHUM CKOPOTHUTH KUIBKICTh
HIKIJUIMBAX JOMIIIOK, IO MICTATECS B BHXJIOMHUX Ta3zax. OgHHM 13 IIISXIB
€KoJIoTi3aIlil aBTOMOOUTEHOTO TPAHCIIOPTY € IepepoOKa Moro Ha allbTepHATUBHI BUAH
najuBa.

OcTaHHIM 4YacoM BEIEThCS aKTUBHA pPO3pOoOKa OIOJOTIYHMX BHJIIB MAJUBa,
EJIEKTPOMOOUTIB 1 MOKIIMBUX MOJM(DIKAIINA TBUTYHA, 110 JO3BOJIHUTH BIIMOBUTHUCS Bij
BYIUVICBOJHEBOTO "KOpMy'" aBTOMOOWUIIB 1 CKOPOTUTh KUIBKICTh  IIKIIJIMBUX
BUXJIOMMHMX ra3iB. OJHAaK TOKW 1€ BCE MUTAaHHA CKOpillle MallOyTHHOro, a He
CHOTOJICHHS, TOMY 3apa3 Kpallle 3aXUINATUCS BiJA BUKUIIB. JlJIS 3aXUCTy JTOBKIILISA
JIOJIMHU, Ypsii TOBUHEH MPUHAMATH 3aKOHHU, K1 CIPUATUMYTH ONTUMIZAlli pyXy
MICBKOTO TpaHcnopTy. KpiM akieHTiB Ha BUPOOHUUTBI €KOJIOTIYHO YHCTOTO
TPAHCIIOPTY HEOOX1AHO MPOBOJIUTHU 3aXO0/AM 3 OUUIICHHS TOBITPSI MICT.

BucHoBkn

Takum yuHOM, Ha MIJCTaBl aHAJI3y CTaHy IMOBITPS MICT MOXKHA CTBEPJIKYBaTH,
11o:

® OCHOBHUM JDKEPEJIOM 3a0pyJAHEHHS MOBITPS B MICTaX € aBTOMOOUIbHMIA
TPAHCIIOPT;

® HE3BAKAIOYM HA aKTUBHY POOOTY (DaxiBIIIB MO0 3HUKEHHS 3a0pyIHIOIOUUX
PEUYOBHH Y BHUXJIONHUX Ta3ax aBTOMOOLIIB, MEPEXOy Ha «3€JeH» TEeXHOJOTIl
3arajJbHUN piBeHb 3a0pyAHEHHS MOBITPS B MICTaX 3pOCTAaE 3a paxyHOK ypOaHizaiii
pOCTOpY;

® HaBEJICHI JIaHl MMPO KUIbKICTh Ta SKICTh BUKU/IB Ha MariCTpaJbHUX Mepexkax
JIOpIT CBIAYATh MPO 3HAYHY LIKOIY 3A0POB'I0 JIOUHU;

e B JNTEpaTypl MNPAaKTUYHO BIJCYTHI VYSBJIECHHA 3 OYMILECHHS TOBITPS
crenlaJbHuM 00JIaHAHHAM, SIKE PO3MILLEHE HAa OCOOIMBO 3a0pyAHEHUX TEPUTOPISX;

® B MICTOOYJIBHMX JIOKYMEHTax BIJCYTHI PEKOMEHJAIll W TMOJOXKEHHS PO
00JIIK €KOJIOT1YHO1 CKJIaJ0BOI CTaHy MOBITPS.

3 orsaay Ha BHSABICHI MNpoOJIeMH aKTyalbHUM € po3poOKa 1HXXEHEpHO-
IUTAaHYBAJIBHUX PIIIEHb 3 OYMILECHHS TOBITPA, AK€ 3a0pYyJHIOETHCS BUKHIIAMH Bl
MaricTpajbHUX MEPEXK JOPIr.
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KAPITEL 21/ CHAPTER 21.
THE PRINCIPLES OF SACRED GEOMETRY IN THE FORMATION OF

THE ARCHITECTURAL IMAGE OF AN ORTHODOX CHURCH
NPUHUIMUIA CAKPAJIBHOI TEOMETPIi B ®OPMYBAHHI APXITEKTYPHOI'O OBPA3Y
[PABOCJTABHOI'O XPAMY

DOI: 10.30890/2709-2313.2021-04-04-015

Beryn

CakpanbHa reoMeTpiss — 1€ BUCHHsS Mpo TreoMeTpuyHi Gopmu Ta ix oOpaszHi
B3aEMUHHU 3 JIIOJICBKOT €BOJIIOIIEI0, BUCHHS ITPO €BOJIIOIIMHI 3MIHU PO3yMYy, €MOIIiH,
oyxy ¥ cBigomocTi. B pi3HI yacu cakpajgbHa T'€OMETpis BUKOPHCTOBYBaJacs B
CBITOBUX pEJNIrisX, B MY3HUlll, MHCTELTBI, XpaMOBIi apxiTeKTypi, iKoHOrpadii,
KUBOIUCY Ta THIIMX BUAAX MHCTelnTBa. J[0 cakpalibHOI reoMeTpii BIJHOCITh TaKOXK
niaropiiicbKy 1 HEOIUIATOHIBCbKY T€OMETPIi.

OCHOBHMMH CaKkpaJbHHUMH T€OMETPHUYHUMHU (GOpMaMu € KpyT, TPUKYTHHK,
KBaJpaT, I SITAKYTHUK Ta IIECTUKYTHUK. [IpMHUOMIM cakpanbHOI TEeOMEeTpii €
06a30BUMHU 1111 Yac OyAIBHUIITBA XPaMiB.

Bynp-sikuii xpam, 10 pO3MIISIIAETbCI B KOHTEKCTI MPOGECiiHOl IsITBHOCTI
apxiTeKTopa, € apXiTEKTypPHOIO CHOpPYyA010. B CTBOpeHHI Xyn0KHBOTO 00pa3y Takoi
CIIOPY/IM BXXJIMBE 3HAYCHHS MPUIIIAETHCS KOMITO3HIIII.

OCHOBHUMHU KPHUTEPISIMU apXITEKTYpHOI BUPA3HOCTI MPABOCIABHOTO Xpamy €:
CUMBOJIYHE BigoOpaxeHHss o0pa3y IllapctBa Hebecnoro; kpaca; moaep>kaHHs
TpaaMilii; BHi3HaBaHICTh (opM. BracTuBicTh Kpacu B XpaMOBIA apXITEKTypi
BUPAXAEThCS B MPONOPLIMHINA €IHOCTI BCIET CHOPYAM, il CHIBMIPHOCTI M rapMoOHil
OKpEMUX YaCTHUH Ta IIoro. JlexopaTuBHI 3acO0M 3adydarOThCsl BUKIIOYHO SIK
CYHyTHI, BigoOpaxarouu cMaku OyAIBEIbHUKIB, Kl B KOXKHY €MOXY BHOCWIH B
apXITEKTYpy XpaMiB CBOE€ YSIBJICHHS PO 17€albHy Kpacy.

OnHOO 3 OCHOBHHX CKJIQJ0BHX KoMmo3uuii € mpornopuis. Kommno3uminny
3HAUYUIICTh MAaKoTh CaMe€ MpOMNopuii, B SKUX PO3KPUBAIOTHCA BHYTPILIHI
3aKOHOMIPHOCTI 3B’SI3KY apXiTEeKTypHUX (HOPM.

21.1. ITIponopuii Ta cHiBBiAHOIIEHHSI

[Iponopiriero Ha3UBaOTh PIBHICTH JBOX CIIBBITHOIIEHB, 4 CAME:
a:b=c:d.

Unenu mnponopiiii B3aeMOMNOB’s3aHI MK c00010. Bynb-skuii wieH mpomnopiii
MO’KHA BU3HAYUTH 32 TPhOMA BiJJOMUMHU THIITHMHU.

[Tpomoprtist, mo moB’s3ye ABI (HOpMHU, BXOIUTH A0 CHCTEMH, sKa OOiiMae BCi
YACTHUHU apXITEKTYPHOI CIIOPY/IH.

[loemnanHs €QHOCTI Ta PIZHOMAHITTS € BHMOIOIO ICHYBaHHS TapMOHII.
[imicHIicTh 3a0e3meuye yMOBY 1CHYBaHHS KOMITO3HMIII1, a B TOM JK€ Yac pi3HOMAHITTS €
HEOOXIIHUM JJIs ii 3MiCTOBHOCTI [1].
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OCHOBHMMH BHJIaMH 3aKOHOMIPHOCTEH, SIKUMU TOB’SI3YETHCS MOCIITOBHUN Psifl
biryp, € apudmernyHa Ta TEOMETpUYHA mporpecii. Y BUMaAKy apuMeTHIHOi
nporpecii koxHa ¢irypa 3 psgy OuUIblIe 3a TONEPEIHI0 HA OAHY M Ty X camy
BEJIMYMHY.

Buxonsuu 3 mponopiiiHoi 3aKOHOMIPHOCT] YacTuH Ta 1ioro B VI cT. 1o H.e.
AaBHbOTpelbkuM MaTemaTukoM llidaropom Bmepmie Oyna BUBeJ€Ha MaTeMaTHYHA
3aKOHOMIPHICTh, IO B NOJajbIIOMYy Halyjla Ha3By «30J0TUH mepepiz». Taka
MPOTIOPIIS 3HAMIIA CBOE BIAOOpPaXKEHHS K y JaBHbOTPELBKIN apXiTeKTypi, TaK, 13
4acoMm, 1 B apXiTeKTypl IHIIKX [UBLII3aLi [2].

HenepepBHuii psin «3070TOro mnepepizy» BHUCIOBIIOE 17€10 MOALTY IIJIOTO Ha
CBOi MOAIOHOCTI TaKMM YHWHOM, IO BEJIWYHMHH, SIKI BHHHUKIH, JI0JAIOYHCh,
BIJITBOPIOIOTH MMOYATKOBUM po3Mip. Pl «3070TOro nepepisy» MOKHA B3SITH B SKOCTI
OCHOBH TTPOMOPIINHOCTI HECKIHYEHHO1 KIIBKOCTI BEJIMUUH.

3 iHImoro 00Ky, B3a€EMHO NMPOHUKHA CIHIBMIPHICTh BUHHKAE B IIBOMY PSAII MK
IBOMa BeEJIMYHHAMH: MEHIIIAa BIJHOCHUTBCI OO OUIBIIOI Tak caMoO, SIK OLIbIIA
BIJIHOCUTBCSA /10 iX CyMH. Y KUIBbKICHOMY BHUPQKEHHI PsiJi «30JI0TOTO Tepepizy»
MO>KHA IPEACTAaBUTH TaKUM YuHOM: ... 0,056; 0,090; 0,146; 0,236; 0,382.

[Tpomopirifini CHiBBIAHOIIEHHS, B TOMY YHCII «30JIOTUH TMepepi3», MOXKHa
no0auyuTd B TEOMETPUYHUX TOOyAOBaX 13 BHUKOPUCTAHHSIM LUJIOTO  PSIY
0ararokyTHUKIB. TakoMy CIHIBBIJHOIICHHIO BIAMOBIA€ BIJHOIICHHS CTOPOHH
npaBwibHOro 10-KyTHHMKa [0 pajalycy omucaHoro koja (puc. 1), mpaBuIbHUIN
I’ ITUKYTHUK a00 neHtarpama (puc. 2) [3].

Pucynok 1 — IlpaBuiabHuid Pucynok 2 — IIpaBuiabHuid
NeCATUKYTHUK I’ ATUKYTHUK

Ha ocHOBI CHiBBIIHOIIEHHS YacTUH BiJApi3kKa B MPOMOPIIAX «30J0TOTO
mepepizy» 3acHOBaHO TOOy[OBa TPSIMOKYTHHKA. 3a JOIMOMOTOK JIiaroHajieu
3IIACHIOETHCS PO3MO/LT Oro Ha CKJIa/I0Bl YACTHHHU, 3a IKUM YTBOPIOETbCS TMHAMIKA
OpOMOpUIMHUX  (iryp: KBajpara, NPSIMOKYTHHKA, a TaKOX HPSIMOKYTHOTO 1
piBHOOEIPEHOT0 TPUKYTHUKIB (puc. 3) [3].

BuxopucrtoBytoun — miaroHami, MOXKHA ~ OTPUMATH  TOCHITOBHUN P
MPSIMOKYTHUKIB, 110 301IbIIYIOTHCS, 3 CIIIBBIIHOIIEHHSM CTOPIH - 1: \ 2, 1: \/3, 1: \/4,
1: V5, siki € moximrmmu Bix kBampara (puc. 4) [3].
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1,618

0,618 0,382 0618

Pucynok 3 — Ilo0ynoBa «30/10T0r0 nepepisy»

V2. V3 V4 V5
1

Pucynok 4 — I[IpAMOKYTHHMK «30JI0TOT0 Iepepizy»

HaliBamuBimmM 1HCTPYMEHTOM TIiJi 4Yac MPOTIOPIIIOBAHHS € 3aCTOCYyBaHHS
OCHOBHUX TeOMeTpHYHUX (iryp: KBaapaTa, Koja W TPHUKYTHHKA SK HOCIIB
JOCKOHAJIOCTI, TIOPSAAKY Ta TapMOHIi, SKUM B CTAapOJaBHIX TpaKTaTaxX HaJaBajocs
CakpaJibHe 3HaYeHHsI YCTAaHOBH 3aKOHOMipHOCTeH o0y 10Bu BeecBiTy.

21.2. 3acTocyBaHHs Nponopuii y no0ya10Bu Xpamis

VY cepemHi BIKM TIPOMOPINSIM HajaBajocs MICTUYHE 3HadeHHs. CekpeTu
3HAXO/KEHHSI TPOMOPIIIA PETENhbHO OXOPOHSUIM CepeAHboBiUHI 30m4i. OTxe,
npodecop I'pim [4] y SKOCTI TpUKIaAy HABOJAWB BHITAJIOK, KOJU EMHCKON MICTa
VYTpexTa BTpaTUB JKUTTS 4Yepe3 Te€, 110 3yMiB BHIIYKAaTH CIHOCIO 3HAXOKEHHS
MIPOTIOPIIiN CIOPYAH XpaMmiB.

JUis 304X TE€OMETPUYHI METOJM BCTAHOBJIEHHS PO3MIPHOCTI €JIEMEHTIB
OyniBil Oy HEOOXITHOK YMOBOKO OyIIBHUIITBA XpaMiB. Po3Mmip KOKHOI 4aCTHHH
Oy[iBJIl BCTAHOBJIIOBABCS 32 JIONMOMOTOK CHIBBIIHOUIEHHS 3 PO3MIpaMH 1HIIUX
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yacTHH. Buxiguum OyB po3Mmip sSKOICh OJIHI€T YaCTHUHU, 1110 Majia 0COOJIMBE 3HAYCHHS
B CTPYKTypi cnopynu. HaiinpocTimmm BUMaaAKoOM OyJI0 TOBTOPEHHS TaKOT'O PO3MIPY
nmeBHe uymcio pas. lle mpocre KpaTHe CHIBBITHONMICHHs. B 1HmIUX BHMaakax
CHIBMIPHICTh BH3HAYaJlacs 3a JIOMOMOTOI0 TE€OMETPUYHHMX TMOOYA0B, BUXITHOIO
TOYKOIO B SIKMX OyJIM BETUYUHHU, 1110 TIOB's13aH1 3 TOYaTKOBUM PO3MIPOM.

[3 pO3BUTKOM CHCTEM CIIBBIHOIICHh HAKOMUYYBaBCS JOCBIA TIOIIYKiB
KOHCTPYKTHUBHO JIOIUTBHUX PO3MIPIB €leMeHTIiB. BcTaHOBIEHA MPOMOPIIHHICTD
YaCTHH TMEBHOIO MIPOI0 OyJia aJlbTEpPHATHBOIO PO3pPaxyHKy Ha MillHICTh. Hampukian,
3HalJIeHEe €KCIIEPUMEHTAILHUM IUISIXOM CITIBBIJIHOIIEHHSI MK TOBIIMHOIO CTIHM Ta
MPOJILOTOM 3BOJTY, III0 Ha HEl CUpaeThes, OyI0 BIIHECEHO A0 TPAIUIIIHOT CUCTEMU
CIIBMIPHOCTEH.

["apMOHINHICTP CHUCTEMH, J€ B3a€EMO3B'SI30K BEIMYMH HAOYHO PO3KPHBAB
BHYTpIIIHI ~ 3aKOHOMIPHOCTI ~ CTPYKTYpH, CTaBajJla BaXJIMBOIO  ECTETUYHOIO
BiacTuBICTIO. [IpekpacHe Oyn0 MOPOKEHHSM CTPYHKOCTI IIIJIOTO, €IHOCTI, IO
MEePEHHATO PI3HOMAHITTAM. TakMM YMHOM, yCl YaCTHHHM KOMITO3uIlii Oy MoB'si3aHi
MIDX c000t0, ane ¢hopmMu 3B'A3Ky OyJIM piI3HOMAHITHUMHU, SIK 1 CaMi YaCTHUHHU.

bararo TBOpiB CepelmHBOBIYHOTO MUCTEITBA, B TOMY YHCII W apXIiTEKTYpH,
noOyZI0BaHO 3 BUKOPUCTAHHSIM 3aKOHY «30JI0TOTO Tepepi3dy». Hampukinan, oqaum i3
HIeIeBPIB JaBHbOPYChbKOi apxiTekTypu cepeaunu XII cT. € VYcmeHcbka 1epkBa
€nenpkoro mMoHactups B YepHirosi (pucyHok 5 [5] 1 pucyHok 6 [6]) mae Taki
CIIBBigHOIIEHHS [7]:

MpHHA Xpamy (BcepeauHi) 16,24 M

— = = 0,613;
JIOBXKHHA XpaMmy (BcepeuHi) 26,57 M

OBXKHMHa fIpa XxpaMm 10,06 M
il Apa XpaMmy o — 0,619

HIMpPUHA XpaMy (BcepeauHi) 16,24 M
IMMPHHA NiJKyNOJbHOr 0 MIPAMOKYTHHKA 6,225 M

= 0,618;
JIOBXKUHA A/ipa XpaMy 10,06 m

BHcoTa Kynojay 10,06 m

= = 0,618;
mIUpUHa xpaMy 16,24 M

= 0,618;
BHCOTA KYIOJY 10,06 m
BUCOTA XOpIB 6,82 M
— = = 0,618;
BUCOTA CTIH 11,02 M
BUCOTA CTiH 6apabany  6,70M
= = 0,618

BUCOTA KyNoJy 10,85 M

Otrxe, B €neupbkoMy YCIEHCHKOMY MOHACTHUPl CIHIBBIAHOIICHHSM Mip
3’€IHAHO MIMPUHA XpaMy Ta HOTO BHUCOTa JIO CBITOBOTO KUIBIIS; BHCOTa CEPEIHBOTO
Hedy Ta BUcOoTa O0KOBUX He(iB; MIUPHUHA MIJIKYOILHOTO MIPIMOKYTHHKA Ta IITUPUHA
6oxoBux HediB. CHiBBITHOIIECHHSM «30J0TOr0 MEepepizy» MHUPUHA Xpamy 3’ €JIHaHa 3
MOBHOIO HOTO JOBXHHOI, Ta, OJHOYACHO, 3 JOBXHHOIO s/ipa i BHUCOTOIO KYIOJa

(pucynox 7) [2].
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Pucynoxk 5 — €aeubkuii Ycmencbkuii Pucynok 6 — 3axigumii  dacan
MoHacTup B UepHirosi Ycnencbkoro codoopy €senbkoro
MoOHacTups B UepHirosi

Pucynok 7 — I'eomeTpu4Hi MeTOAM BCTAHOBJICHHS CIIiIBMIpHOCTEH
YcneHcbkoro codopy €1enbKoro MOHACTUPA

Ha nymky LIII. [lleBeneBa, mpubnu3Ha cxemy po30MBKH IUIaHY XpaMy € TaKO¥O:

1. Ha miaroroBiieHOMY MaillaHYMKy BCTAHOBIIOIOTHCS MO CTOPOHAX CBITY OCI
XpaMy. IX mepexpecTs yTBOpIOE LEHTp MOOYIOBH, L0 MOXKE OYTH BUKOPMCTAHUIA y
SKOCTI BUXIJHUX PO3MIpIB.

2. CneniaJibHO BUTOTOBJICHUMH €TaJIOHAMH JIOBXXHHH, B 3B'I30K PO3MIPIB SKHUX
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3aKjajieHa OCHOBHA CITIBMIPHICTh CIIOPYAHM, PO3MIYAETHCS TOJOKEHHS 30BHIIIHIX
CTIH XpaMy, IPUYOMY 3axiJHa TUIKa OC1 XpaMy BCTAHOBIIOETHCS O1IBIT MPOTSIKHOT,
HIXK CX1JIHA.

3. BusHauawTbcsd NPSIMOKYTHHUK, IIO OKPECIIOE CTOBIH, TOBIIMHA CTOBIIB 1
MiAKYHOJbHUM NPSMOKYTHUK. Taka ormepailisi Mae BHUpIIIaJbHE 3HAUEHHS IS
KOMIO3UIIT BHYTPIIIHHOIO MPOCTOPY Xpamy: BOHA BCTAHOBIIIOE HMIMPUHY TOJIOBHOTO
Hea 1 TpaHcenTa, fKI MEPETUHAIOTHCS B IEHTPI W YTBOPIOIOTH (OpPMY XpecTa,
BHU3HAYAIOUM 1X B3a€EMO3B'SI30K 1 3B'SI30K B IIMPHHI MO3J0BXKHIX HE(IB (TOJIOBHOTO 3
O01yHuMu). OTHOYACHO 3 LIMM KPECIICHHS sJipa Ha 3eMJIl BU3HAya€ 3B'S30K jJlaMerpa
KyIoJia 3 po3MipaMH Xpamy B IUIaH1, B3SITUMU 110 CTIHAX YETBEPHKA.

[Ipy OymiBHMIITBI Cy4aCHUX XpamiB apXiTEKTOp BHU3HAYa€ PO3MIPH KOXKHOTO
€JIEMEHTAa CIOPYAM B 3aJIEKHOCTI BiJl HOTO NMPU3HAYECHHS, MaTepialy i KOHCTPYKIIIi.
ABTOp TPOEKTY BHUpa)Xa€ BEIMYUHHU EJIEMEHTIB XpaMy B aOCTpPakTHUX BUMIpax
METPUYHOI CUCTeMH Mip 1 (pikcye Ha KpeciieHH1. ByaiBeabHHUKHU, 3BOJSYH CHOPYIY,
MOPIBHIOIOTh BEJIUYMHU Ii €JIEMEHTIB 13 KPECJICHHAM 1 YMOBHOIO OJUHHUICIO —
MeTpoM. Takuil migxiJ HE BPAaxOBY€ CHIBBIIHOLIEHHS OJHOTO €JIEMEHTa XpaMy [0
inmoro. OTke, CHIBMIPHICTh BTpaTW/Ia CBO€ TPAKTUYHE 3HA4YeHHS. KMo B
MUHYJIOMY HEBIINOBIHA cropyaa Oyjla HEMOXJIMBA TEXHIYHO, TO CY4YacHH
OyIiBeNbHUN TIPOIEC HE KOHTPOJIOE TApMOHINMHICTH 4YacTuH cropyau. [loTpioHO
3ayBKUTH, IO JECITKOBA CUCTEMA YUCIICHHS Ta KPeCspchKi KocuHi B 45° u 60°
HAJal0Th KOXKHOMY KPECIEHHIO MEeBHY €HICTh MaciITady i mponopiiii.

OTpumanHsi OakaHUX CHIBBIIHOUIEHh MOKHAa OTPUMATH, 3aCTOCOBYIOYH
IPOTNOPLINHUN TUPKYJIb, BCTAHOBJICHUN B «30JI0TOMY MIEpepi3i», 1 0OMEKEeHe YnCIIo
MOJYJIbHUX PO3MipiB. 3aCTOCYBaHHS KOMITHOTEpIB y MNPOEKTYBaHHI M030aBUIIO
apXITEKTOPIB 1 I1€1 MOMXKIMBOCTI. 3BIJICH BUHHMKJA HEOOXIIHICTh MPUALUISITH BEIUKY
yBary rapMoHi3allii mpu po3po0ili apXiTEKTOPOM MPOEKTY cropyau [8].

21.3. 'eoMeTpUYHI aCIIEKTH B CYYACHiH XpaMoOBIiil apxiTeKTypi

ByaiBHunTBO siIK OyZIiBEdb MHUHYJHX CTOJITH, TaK 1 CyYaCHHX MPaBOCIaBHUX
XpaMiB HEMOXKIIMBO ySIBUTH 0€3 T€OMETPIi apXiTEeKTypHOI TapMOHIi.

ApxiTekTypHe (OPMOYTBOpPEHHSI 3a JOMOMOTOI0 TEOMETPUYHUX MOOYI0B
30epiraeTbcsi B ycix Bumagkax. Ll mpoOnema cTosuia mepea JAaBHbOTPEILKUMU
30/YMMH Ta HE 3HUKJIAa BOHA i CHOTOHI.

[Ipuitomn ¢GopMyBaHHS apxiTEKTYpHOro 00pa3y MpPaBOCIABHOTO Xpamy,
BCTAQHOBJICHHSI ONTHMAJIbHUX CIHIBBIJHOIIEHh YACTUH CIOPYAH BHPOOISIIHCS
MPOTArOM BIKOBOI Oy/iBEIbHO-apXITEKTYPHOI MPAKTUKU B PE3yIbTaTl MOBCAKACHHUX
BUMIpIOBaJIbHUX onepamid. Takuil migxig 10 moO0ynoBH apXiTEKTypHOI (opMmu
0a3yeThCsl HA 3HAHHIX MPHUKIATHOT TE€OMETPIi 1 MepeBIPSETHCA JTOCBIIOM Oaratbox
MTOKOJIIHb Oy/iBeJIbHUKIB [9].

CyyacHuil eTan XpaMOOyIIBHUIITBA TTOTPEOYE MOMIYKY apXITEKTypPHHUX PIIICHb,
Kl «IEepeKJIafatoThy CTPOrl KAaHOHU CAKPaJbHOTO 30/4€CTBA HAa MOBY CYy4YacHOI
apxiTekTypu. [Hakmie Ka)Kyud, OCHOBHOIO CKJIAQJIOBOIO IIIJl 4Yac 3BEJIECHHS Xpamy €
JOTPUMAHHSIM  TPAKTUKYIOUUMH  apXITEKTOpaMU  TOJIOBHOTO  MPUHLUITY
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PaBOCIIABHOIO  XpaMOOyIyBaHHS:  JOTPUMaHHS  KAHOHIYHOI  Tpaguuii  Ta
MiATOPSIKYBaHHS 0COOMCTOT TBOpYOCTI MocBiny llepkBu.

Coorogni ans QopmyBaHHS o00pa3y XpaMmy KOHYE HEOOXiJHO MPABHIBHO
3MIACHUTH BUOIp 3pa3KiB 13 OaraToi cmaaIMHKU LIEPKOBHOTO 30a4yecTBa. [lpu npomy
noTpIOHO MaTH Ha YyBa3l, W0 Taki 3pa3Kd B ICTOPUYHOMY PO3BUTKY 3aBXKIU
3aJUIIANIUCS KAHOHIYHUMHU Ta TPaJUUIHAHUMU 32 CBO€IO CYTTIO TMpH BCii
PI3HOMAHITHOCTI 3ac001B XYJOKHBOI BHUPA3HOCTI, 1110, OE€3yMOBHO, TOB'I3aHA 3
pErioHaIbBHUMH O0COOJIMBOCTAMHU 200 aAPXITEKTYPHUMH CTHJIIMH TOW YH 1HILIOI EMOXH.

3BepHEHHSI CYYacCHOTO apXiTeKTopa O TeMH XPaMOBOTO 304€CTBa TOBHHHO
B1IOyBaTUCA Ha MIJICTaBl TOro, IO cBoOOJa HOro apxiTeKTYypHOI TBOPYOCTI
3MIMCHIOETHCS B MeXax KaHOHY M Tpanuii. Ile 30BciM He o3Hauae, 10 NOTPiOHO
YITKO JIOTPUMYBATHUCS 3pa3kaM MMHYJIOTO, KOIIIOBAaTU iX 00'€eMHY KOMIIO3UIIIO ¢
apXxITeKTypHUl Aexop. Hosailli, 10 BBOJAATHCS B Cy4acHY XpaMOBY apXITEKTypy, HE
MMOBMHHI BCTYINATH B MPOTUPIYYS 3 TPATUIIAHUMU apXiTEKTyPHUMH PIIICHHSIMU, 5K
CTaJIM TaKUMHU Yepe3 MaKCHUMAaJIbHO MOJKJIMBY BIJIMOBIJHICTh MOBH apXITEKTypH Ta
BHYTPIIIHBOTO 3MICTY PEJIirii, Il JormaTam.

VY nmomykax apxiTeKTypHOro oOpa3dy Cy4yacHOro TPaBOCIaBHOIO Xpamy
MOTPiOHO OpIEHTYBAaTHUCS HE JIMINE HAa MOJEPHICTCHKI Teyli B apXITeKTypi, a ¥ Ha
KUBE BIIOOpKEHHS B apXITEKTypHHX (opmMax CEHCy Xpamy, IO CIIB3ByYHE
Cy4YacHUM JIIO/ISIM, Ha Kpacy yJamTyBaHHs cBity 1 Hebecnoro IlapcTBa, 110 3Hai1Io
SCKpaBe BUPAXCHHS B JaBHHOPYCHKUX XpaMax.

CydacHa apxiTeKTypa XpaMiB B CBOEMY PO3BUTKY IOKJIMKaHAa BpPaxOBYBaTH
MPUHIUIT TapMOHIMHOrO MO€AHAHHS HOBHX (OPM 1 CTHIIB 13 YX€ YCTaJ€HUMHU B
1CTOpIi TPAAUIISIMU 30 T4ECTBA.

SckpaBuMH TpUKIagaMi OEpEXKIMBOrO CTABJIEHHS CYYaCHUX apXITEKTOPIB M.
XapkoBa 10 TpaAMIIiid y KyJbTOBIM apXiTeKTypi € OyIIBHUILITBO ABOX XpamiB: Xpamy
Casroro cBsieHHOMyuYeHnKa Onekcanapa, apXienuckona XapKiBCbKoro (pUCyHOK 8
[10]), Ta Xpamy Casitoi biaroBipHoi mapuiii Tamapu (pucyHok 9 [11]).

Ines OynmiBHUIITBa B XapKoBI Xpamy Ha 4decTb CBSITOTO CBSIIIEHHOMYYEHHUKA
Onexkcanapa, apxienuckona XapKiBChbKOro, BuHuMkiIa B 90-x pokax. Y mucromani
2001 poky OyB BIIKpUTHH HIXKHIH XpaM IIEPKBH, OCBIUYCHHM Ha 4eCTh ApXicTpaTura
Muxaina. Bucora xpamy — 58 M, Oy#aiBis yBiHYaHa 6 KyIojaMd. XpaMOBUH
KOMILUIEKC CKJIaJaeTbcsl 3 HIKHBOTO Xpamy (400 kB.M.) 1 BepxHboro xpamy (800
KB.M.). ApXITEKTypHE PIIICHHS XpaMmy — MO€IHAHHS MI3HBOTO OAPOKO 1 TpaguIliiiHe
MICBbKe XpamoBe 30149ecTBO. 14 nmucrtonana 2004 porri 0yJio OCBSIYEHO 1 BEpXHIN Xpam
Ha iM's cBsilieHHOMYy4YeHnKa Onekcanapa, Apxienuckomna XapKiBChKOTO.

3aranpHa 1iomia xpamy Cesaroi bmarosipaoi mapuni Tamapu — 300 kB.M.
IlepxBa Ha Bicim A3BOHIB. Bucota xpamy — 39 M 10 OCHOBH XpecTa, I3BiHUII — 29 M.
XpaMm BU3HAHUH KPaIIOK KYJIBTOBOIO Criopyot0 Ykpainu B 2013 porti.

['eomeTpuyHi mponopilii BUILEONUCAHUX CHOPYA (BIAHOLIEHHS BUCOTH Xpamy
0 BUCOTH HUXKHBOTO SIPYCY, «30JIOTMM TPUKYTHHUK»: BIAHOILIEHHS BIJCTaHI BiJ
OCHOBH KYTMOJIy 10 XpecTa 10 JJiaMeTpy OCHOBH) OJM3bKI JI0 CITIBBIHOIICHHS
«30JI0TOTO TEPEPI3y».
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Pucynok 8 - Xpam Cearoro Pucynok 9 - Xpam  Csaroi
CBSAILIICHHOMYYEHUKA Ounexcanapa, buarosipHoi napuui Tamapu
apxienuckona XapKiBCbKOro

BucnoBku

VY pob6oTi mpoaHani30BaHO T'€OMETPUYHI MPUHUHUIKA NMOOYIAOBH MPABOCIABHUX
xpamiB. OkpeMa yBara Npuuisiiacs OCHOBHUM MPOMOPIIIIHUM 3aKOHOMIPHOCTSIM, B
TOMY YHUCJIl ¥ «30JI0TOMY Mepepi3dy». 3acTOCYBaHHS TaKUX CIIBBIJHOIIEHb Ta iX
BJIACTMBOCTEH HAJaJl0 MOKJIHUBICTh JETAJbHO BHUBYUTH CIIBMIPHOCTI KAaHOHIYHUX
MPaBOCIAaBHUX XpaMiB Ta IMPEACTaBUTU «TEOMETPIIO» K JaBHBOPYCHKOI LIEPKOBHOL
apXxiTEeKTypH, TaK 1 Cy4acHOro eTary XpaMmoOy1iBHUIITBA.
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KAPITEL 22 / CHAPTER 22.
FORMATION FEATURES OF THE STREET SPATIAL FRAME AS THE

BASIS OF THE KHARKOYV CITY TRANSPORT SYSTEM

OCOBJIMBOCTI ®OPMYBAHHS ITPOCTOPOBOI'O KAPKACY BYJIMIII AK OCHOBH
TPAHCIIOPTHOI CUCTEMI MICTA XAPKIB

DOI: 10.30890/2709-2313.2021-04-04-039

Beryn

MicTta MarOTh HETIOBTOPHUI 30BHIIIHIA BUIJISAI, BAHUKAIOUU 1 PO3BUBAIOYUCH B
CBOEPIHNX MPUPOTHUX YMOBAX i B Pi3HI iCTOPUYHI YacH. IX apXiTeKTypHHUii BUIIIAL
BIIOOpa)ka€ E€CTETUKO-KYJbTYpHI Ta €KOHOMIYHI TMOIJIAIM CYCHUIbCTBA, WIO
3HAXOAUTHCS HA NIEBHOMY €Tami po3BUTKY. MICTO CKIIaJla€ThCs 3 BYJIUIb, HAWOLIBIII
CTapOBHMHHI 3 SIKUX € iIcTOpuyHUMU. Taki ByJuill yTBOpeHi Gararo(yHKI[IOHAIbHUMHU
apXITEeKTYpHUMHU O0'€KTaMHM, L0 HAJEXKATh J0O PI3HUX CTWIBOBUX €MOX 1 MaloTh
KYJBTYPHO-ICTOPUYHY Ta apXITEKTYPHO-MICTOOY/IIBHY LIHHICTh. [IOHATTS «BYIUI»
pPO3yMIETHCS SIK: OYyJIMHKHU Ta CHOPYAM, IO CTOSTH JIULEM A0 JiHii pyXy (JIFOAMHH Ta
TpaHcnopTy). Bynuus — npocTip MiX IBOX NOPSAAKIB OYIUHKIB.

Po3yMinHs MexaHi3MIB 1 creluIYHUX XapaKTEPUCTUK CYCHUIBHOTO KHUTTS Y
B3a€EMO3B'SI3KYy 3 PYKOTBOPHUM TIPOCTOPOBHM CBITOM apXITEKTYPHHX OO0'€KTIB
J03BOJISIE  IIUIECTIPIMOBAHO  ()OpMYBaTH HaBKOJIMIIHE CEPEAOBULIEC  JIIOJWHHU,
30epiratouu ii IiHHI 1cTOpHYHI AKOCTi. Lle 0coOnMBO akTyaabHO B HAll 4yac, KOJH
1HBECTHUIIIIHA TPUBAOJIUBICTh 3€MJII B IIEHTpaxX MICT YKpaiHu (30kpema, XapKosa,
KueBa Ta iH.) € TOJOBHOIO IPUYMHOIO MICTOOY/IIBHUX MEPETBOPEHBb apXITEKTYPHOTO
CEpeIOBHUILA.

Oco0smBOCTI ByJHIb (KOMIIO3UIISl Ta CUITYET, aHCaMOJIiB Oy/liBEllb, YWICHYBAaHb
dacaniB, ceMaHTUYHAa Ta OOpa3HAa XapaKTEPUCTUKHU 1 T.A.) HAJAIOTh CBOEPITHICTDH
Mmicty. OJHaK MiJI Yac apXiTeKTypHO-OyAIBEIbHOI ISUIBHOCTI ICHY€ TIOCTiiHA
HeOe3neka BTpaTH I[IHHOI apxXiTeKTypHOi cmaaummHu. Po3poOka KOHIEMIIii
CHIBICHYBAaHHSI «CTapoOro» 1 «HOBOTO» B apXITEKTYpHOMY OOJHMYYl MICTa B LIJIOMY
MOXKJIUBAa Ha OCHOBI CHCTEMHOTO aHall3y Mporiecy (OpMyBaHHS BUTIISALY MHOTO
CTPYKTYPHUX €JIEMEHTIB, 30KpeMa TakuX, SK IicTtopuyHa Bymuisa. CbOrojHi
MICTOOYIBHA CTpaTerisi BU3HAHHS O€3yMOBHOI IIIHHOCTI ICTOPUYHOTO CepeoBHIIA
Ta 30epexeHHs ii sk 1HPOpPMAIIHHOI CHUCTEMH, BHUMAara€ IPOBEJACHHS B KUTTS
MOJITUKK OXOPOHU ICTOPUYHUX MICT 1 iX ILIEHTPIB, 3 3axoJaMH IIOJI0 3aXHUCTY,
KOHCepBallli, peKOHCTPYKIIii, peHOBaIlli, pecTaBpallli CraaIuHy, ajanTaiii #oro 1o
Cy4YaCHHUX YMOB.

22.1. T'ene3uc popMmyBaHHS TPAHCIIOPTHOI CHCTEMH BYJIHIb

Y 1aBHBOETHMETCHKOMY 1€pormidi «MICTO» 3aKJIageHl BCi OCHOBHI O3HAaKH
MaTepiaTbHO-IPOCTOPOBOI CTPYKTYPH MICBKOTO CEPEOBUINA: KOMYHIKATUBHICTD,
IEHTPUYHICTh, OpIEHTAlllsl IO CTOPOHAaX CBITY 1 MPOCTOPOBA EIHICTH axX JI0
3aMKHYTOCTI. TyT MNOpHCYTHI TEOMETPUYHI MOJEIl MICT: KOJIO, IO 1eaJbHO
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BIITBOPIOBAJIO YSIBJICHHS JIPEBHIX MpO IJIacky (GopMy IMCKy 3eMill, 1 KBajpar,
CTOPOHH $IKOTO BIJMOBIAAIOTH CTOpPOHAM CBITY. byab sike MICTO MOYMHANIOCH 3
HEBEJIMKOTO IOCEJIEHHS, YKPIIJICHOro Tabopy, LEHTPY TOPTriBiIi, HIO JIeKaTh Ha
nepexpecTi BOAHUX Ta CYXOMYTHUX IIISAXIB, & «XPECT» MEPETUHY TOJIOBHUX BYJIHUIIb
BH3HAuaB LIEHTP MicTa. JlOporu cTaroTh HarajbHOIO MOTPEOOI0 — 0€3 HUX HE MOXKYTh
OyTu peaizoBaHi HailBaxxJIuBIlI (GYHKIIOHAJBHI 3B'SI3KH BCEPEAMHI MICTa, 1110 POCTE.
Hanani po3BUTOK TpaHCTIOPTY CTHUMYJTIOBAJIO 3aXOIJICHHSI MICTOM HOBUX TEPHUTOPIH 1
CTBOPEHHSI MEPEX1 BYJIHIIb 1 JJOPIT PI3HUX THUIIIB 1 KaTeropiil. CyyacHe MICTO — By30J1
PO3Trally’KEHOI MEpPEeKl 3ali3HUYHUX 1 IIOCEHHUX MaricTpaliei, CTaBUIM OJHOTO pasy
NPUYMHOIO 3apPOJKEHHS MICTa, KOMYHIKAI[li TEpPeTBOPUIIUCA B MPIOPUTETHI
HaIpsIMKU PO3BUTKY 1 3aCi0 OOMiHY MaTepialbHUMH 1 JyXOBHUMU I[IHHOCTSIMH, MK
JI0JIbMU Ta MIiCTaMH 200 KpaiHaMH.

OCHOBHI TpaHCIIOPTHI KOMYHIKaIli MicTa (OpMYIOTh OT0 KapKac MaTepiajibHO-
HpOCTopOBo'l' CTPYKTYpH — T'OJIOBHI TPAHCIOPTHI Marictpaii, KOMyHIKaIiiH1 BY3JIH,
MOB'A3aHI 3 HUMH CHOPYAM MICBKOTO 3HA4YeHHS — TPOMAJICHKi, AUIOBI Ta 1HIIM
VHIKQJIbHI KOMIUIEKCH, $IKI 3ajlydai0oTh MAacoBl TIOTOKH BiJBiAyBauiB. [
KOMIIOHEHTH MICBKOTO TMPOCTOPY, (OPMYIOTh TKaHUHY (TiJI0) MPOCTOPOBOI
CTPYKTYpHU MiCTa — BEJIMKa YacCTUHA KUTJIOBUX TEPUTOpIH, 3a0yn0Ba BUPOOHUYMX 1
KOMYHAJIbHUX 30H, OO0'€KTH TMOBCSAKJIEHHOTO OOCIYyroBYBaHHsSI 1 I1HII €JIEMEHTH
PSAI0BOTO MICBKOTO CEPEOBHILIA.

OcHOBOIO Kapkaca € BYJUII MicTa. [CTOPUYHO, PO3KBIT JOPOKHBOI MEPEXI
3a3BUYal BIJIHOCATH 10 Yacy nocuiieHHs iMnepii. [loku imnepii Oyiu cuilbHI1, JOPOTH
MPOXOJMJIM 4Yepe3 BCIO TKaHMHY MicTa, B camMuil ioro meHtp. OcmiabneHHs abdo
pYyWHYBaHHsS IMIIEpli HEOJMIHHO BIAJANSAIO MICTO BIJ JOPOTH, a YacoM JIIOAU
MparHyjiv BIACYHYTH ii 3a MEXy YKpIIJIEHb — g OUIbIIOi Oe3neku. Y 1ei yac
3'ABHJIACS HOBA SIKICTh Y B3a€MUHAX JOPOTH 1 moceneHHd. Jlopora miaxoauna 1o
MICTa, ajie¢ pyX IO Hi HEOJMIHHO MaB 3YMUHUTHUCA: TYT MEPEBIpIIMCA MPOI3HI
rpaMoOTH Ta CIulayyBasiocsl B'i3He MuUTO. TyT, NPUPOJAHUM YMHOM, BUHUKAIMU IEPILl
CYCHIJIbHO-TOPrOBl IIEHTPU 3 OaraTuM HAOOPOM NIPHUMIIIEHb 1 CHOPYJ CEPBICHOTO
XapakTepy: CTaiiHl, MOCTOSJI JABOPH, TPAaKTHpH, XapueBHI. Tak Brepiie BUHHUKAIU
MIPOCTOPOB1 BY3JIM, HAcH4YeHl OO0'€KTaMH, SIKI HApOJWIMCS 1 ICHYBAJIM 3aBISKU
JoporaM. 3'sSBUSIUCS BOHU OUISI MICBKHUX CTIH 1, 3/1aBajiocs O, HE BXOJWJIN B Kapkac
camMoro MicTa, ajie 3 4acoM MICTO PO3pPOCTATIOCH 1 3alIy4asio I €IEMEHTH 10 CBOE€I
CTPYKTYpH.

CToNmTTAMU MIBUIKICT PyXy MO BYJMISX 1 AOpPOrax 3ajMilanacs HE3MiHHOIO,
30epiraBcsi 1 MPOCTOPOBHM KapKac MiICTa, aje 3aJi3HULA 3 11 JaJEKUM 1 TPUMICHKUM
PYXOM, 1 IIIJISIX, IO BEAE B MICTO, «PO3pi3aB» MOro TKAHUHY, YTBOPHUBIIH a0COIOTHO
HOBHI KapKac 1 HOBY CTPYKTypy Micta. OfHaK, CTBOPEHHS CHUCTEMH 3ali3HHUIb B
CTPYKTypl MicTa 1 OYIIBHHIITBO TOB'SI3aHUX 3 HHUMH BOK3aJiB, JCMO Ta IHIIUX
TEXHIYHUX CIOPYZ, IO MPUTATYIOTh 1O ce0€ BEJIMKI JIIOJACHKI MOTOKM, MOYKHa
HA3BaTH IIEPILNM BIIPOBAKEHHAM KOMYHIKAIlil B IJIaHyBaJIbHUN KapKac MICTa MICIIs
0araToBiKOBOi 3aMKHYTOCTI. B pe3ynbTaTi HE TUIBKH CYTTEBO 3MIiHUJIACS MPOCTOPOBA
CTPYKTypa MicTa, a W caMi BOHM HaOyBaJd aOCOJIOTHO HOBUM BUTJISAA. Tak, B
[Tapuxi, Bigni Ta iHIIMX eBponeichbkux ctoiuuax B XIX cT. cranacs niaHyBaldbHa
PEKOHCTPYKIIisl, KA, 3HUILMBILIN 1ICHYIOUY TKaHUHY MICTa, CTBOpUJIAa HOBUW KapKac,
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110 30€epircst CbOTOJTHI.

3 1MosBOIO aBTOMOOUISA SK MacoBOro 3aco0y TepecyBaHHS CHUTyallis
noripmuiacs. ABTOCTpaan OyKBaJIbHO BPUBAIUCS B MICTO, PO3Pi3al0Yl HOTO «TLIO»
Ha 130Jp0BaHi yacTMHU. OcCOOJMBOIO MPOOJIEMOIO CTaBaB TPAH3UTHUH pyX, TOX
CTPYKTypa BYJHIIb MICTa HEMHUHYy4YE 3MiHIOBaJacsi. Y THUX MICTaX, JI€ BITyCKAaTH
TPaH3UTHUM pyX aBTOTPAHCIOPTY CTAJI0 HEMOXJIMBHUM, CIOPYIKYBaIUCSI OOBIAHI
IyTy abo0 KUTbIA 3 0aratopsyTHUM pyxoM. Tak y micTax 3’SBISUTUCH HE TITBKH HOBI
KapKacu MPOCTOPOBOi CTPYKTYpH, a M I'PYHTOBHI 3MiHM icHyrouux. Hampuknan, B
IICHTPAJIbHUX paioHax OaraThbOX BEIMKWX aMEPUKAHCHKUX MICT BHHHKAJIH
aZAMIHICTPaTUBHI 1 TPOMAJACHKI LIEHTPU PI3HOTO THUIY 1 3HAYEHHS, K1 4acTo Oyiu
TEPUTOPIATBLHO PO3KHJIaHI, B pe3yJbTaTl YOr0 MI)X HUMHU BUHHUKAJIM CBOI MOTOKHU
pPYXy, KOTp1 ITHOPYBaJIM LIEHTP MICTa, 10 MPU3BOJIMIIO A0 3MIHM ICHYIOUOTO Kapkaca
— IIMPOKI aBTOCTPAA¥ MpOopi3aiM MICTO B YCIX HampsMKax, MiJHABIINCH Ha
0araTokuIOMETPOBI €CTaKaIu.

3MiHa ICHYIOUOTO YU CTBOPEHHSI HOBOTO KapKaca 3aBXIH MOB's3aHe 3 QI3UIHUM
3pocTaHHsIM MicTa. CroyaTky BiOYBA€ThCS TEPUTOpIaIbHE 3POCTAHHS MICTa, aje
HOBI TJIaHYBaJIbHI YTBOPEHHS MOKH HE 3a0€3MeUeHI «KKOMYHIKATUBHOIO MOTY>KHICTIO»
(HampuUKIIaJl, «CTalbHD MepeaMicTs BeIUKUX MicT). Komu TeputopianbHa eKcraHcis
MICTa Ha JEesSKHi 4Yac BUYeprye cebe, TOAl MOYMHAETHCS AaKTHBHA peopraHizallis
MaTepiabHO-MIPOCTOPOBOI CTPYKTYpU — CTBOPIOETHCS HOBHM Kapkac. BuHukae
pIBHOBara MiXK YAaCTHHAMHM MAaTeplalbHO-MIPOCTOPOBOI CTPYKTYPH — KapKacoM 1
TKaHuHOIO. [l piBHOBara 3abesrneuye CTIMKY OpIEHTAIII0 BCiX BHU/IB COIIAJIbHOI
AKTUBHOCTI 1 TOM OCOOJMBUNA, HACUUECHUN PUTM KUTTEIISUIBHOCTI, SKUA CTAaHOBUTH
BIIMIHHY PHCY MICBKOIO CIOCOOY KUTTS. 30UIbIICHHS (PI3UYHUX PO3MIPIB MICTa
CTBOPIOE (DYHKIIOHATIBHE 1 TPAHCIIOPTHE MEPEBAHTAXEHHS MOTO TOJOBHUX LIEHTPIB,
CTalOTh BIJUYTHI HE3PYYHOCTI B peaji3alii HarajdbHUX NoTped HaceneHHs. OaHak
KOJM TEMIIM 3pPOCTAHHS  CIOBUIBHIOIOTHCS — TIOYMHAETHCA HOBUM  eTarl
TEPUTOPIATHLHOI €KCMAHCIi MiCTa Ta HOBUM IIUKII HOTO PO3BUTKY.

B xinmi XX cromitra BiaOysnocs 3MIIIEHHS akKIEHTIB B apXiTEKTYpPHO-
OynmiBeIbHOI JISUIBHOCTI: B 1HTEHCHUBHOTO PO3BUTKY MICBKHX OKOJIHMIL JIO
€KCTEHCUBHOT'O MEPETBOPEHHSI MIChKUX 1EHTpIB. CydyacHi HaWOLIbII 1 BEIUKI MiCTa
CTajJu OCepeKOM IpolJieM, MOB'I3aHUX 31 30€pEeKCHHAM 1 peadiTiTallier0 1ICTOPUYHOT
3a0y/I0BU, 31 CTBOPEHHSIM IPaBWJI IMPOCKTyBaHHS 1 OyJIBHHMIITBA B 1CTOPUYHOMY
MicTi, 1 T. n. TakuM YMHOM, PO3BUTOK MiCTa MOJKHA TMPEACTABUTH y BHUIJISIIL
HUKITYHOTO, KOJUBAIBHOTO MPOIECY, B IKOMY MEPioJ TEPUTOPIAIBHOTO 3POCTAHHS
(HapocTaHHsI TKAHUHU) 3MIHIOETHCS TIEPI0JOM 3MIHU CTPYKTYpPH MiCTa — CTBOPEHHSIM
HOBOT'O (OHOBJIEHOI'0) KapKaca.

B pesynbrari KOJNMBAJIBHOTO PO3BUTKY MICBKOI CTPYKTYpPH BiIOYBAETHCS
MOCTYIIOBE IPOCTOPOBE PO30CEPEKEHHS Kapkaca . BoHo noB's3aHe 3 yCKIIaAHEHHAM
BHYTPIIIHBOI CTPYKTYpH Kapkaca, 3 HaOJMIKEHHSM MICIb KOHIIEHTpAIlli MICHKO1
aKTUBHOCTI JI0 paiiOHIB MPOXUBAHHS HACEJIEHHS, 31 CTBOPEHHSM HOBHUX IIEHTPIB.
LleHTp, sIK OCHOBHMI €JIEMEHT KapKaca, CKIIaJIa€ThCA 3 MPOCTOPIB 30CEPEIKECHHS
(GyHKITIOHATBHOT JISUIBHOCTI, MK ITMMHU IIPOCTOPAMHU 1 30BHIIIHIMU KOMYHIKAI[ISIMU
PO3TalIOBYIOTHCSl HAWBAXKIIMBIIII €JIEMEHTH KapKaca — BY3JI0B1 JUISTHKA BHYTPIIIHBOT
KOMYHIKaIItHOT Mepexi, 10 HECyTh Maile CaMOCTIMHHI XapakTep MpOCTOpy Ta
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CIIy’aThb TNPUKOPJOHHOIO 30HOK MDK JBOMa MPOCTOPOBUMH CEPEAOBUILIAMHU:
MOOUTPHMM Ta CTaTHYHHUM. [aK CTBOPIOETHCS AWMHAMIYHUH (IIBHAKICHUN) TIPOCTIp,
HEOOX1IHUN Cy4YaCHOMY MICTY BUKIIIOUHO ISl pyXy (B OCHOBHOMY TPaHCIOPTHOIO), a
pyTHHHI (TIOBCSKIIEHH1) MPOCTOPH, B SIKUX JIFOUHA KXUBE 1 MPAIIOE, PO3MIIIYIOTHCS
HaJ 3eMJICIO.

22.2. Cy4yacHa TPaHCIOPTHA cUcTeMa XapKoBa Ta 0CO0JIMBOCTI Ti MO0y 10BH

B yMmoBax cyuacHux micT (B ToMy umcii XapkoBa, KueBa, JIbBoBa Ta 1H.) 1i
MPUKOPIOHHI 30HU (DOPMYIOTHCS HA OCHOBI MOEIHAHHS ICTOPUYHOTO PaiadbHOTO
IJIAHYBaHHS 1 HOBOI JIHIMHO-PO30CEpPEHKEHOT ITUIaHYBaJIbHOI CTPYKTYpH, IO
PO3BUBAETHCS MO TOJOBHUM TPAHCHOPTHUM MarictpaisiM micta. OCBIYEH! TaKUM
YMHOM OCHOBHI BY3JIM KapKkaca TMOTpaIUIsIOTh Ha CEpPeAMHHY YAacTHHY MICTa,
yTBOpIOIOUM (DOKYCH Ha MEPETHHI OCHOBHUX HAIPSMKIB BHYTPIIIHBO 1 30BHIIIHBOT
TPAHCIIOPTHOI MEPEXK.

[HTEeHCMBHE OCBOEHHS HAWOIIBII BUTITHO PO3TANIOBAHUX JUISTHOK MICTa Ma€ HE
TUTBKY (DYHKIIIOHAJIbHE 3HAYEHHS, & W JI0JAaTKOBY 3arajbHOKYJIbTYPHY, CUMBOJIIYHY
IIHHICTh. |[HTEHCMBHO OCBO€HI, BUTITHO PO3TAIlIOBaHI JUISHKH MICBKHX TEPUTOPIN
CTalOTh HAWO1IBII CTINKMMU B 4aci, HE3MIHHUMU €JIEMEHTaMH MIChKOT1 CTPYKTypH. 3
1CTOpPii MPOCTOPOBOI €BOJIIOIII MICT BUAHO, IO OJAHOTO pa3y 30yIOBaHUN Kapkac
KUBE CTOJIITTAMM, MOKH B CYCHUIBCTBI HE BIIOYBAETHCS TEXHOJOTIYHOTO BUOYXY
(mosiBa 3ai3HUI, aBTOMOOWTIB 1 T.1.). Toal Mmij BILIMBOM HOBUX TE€XHOJIOTIA 3HOBY
BUOYZOBY€TbCS HOBUM Kapkac, IO Ha JOBIl POKM BHU3HAYAE MaTeplalibHO-
MPOCTOPOBY CTPYKTYPY MicCTa.

Crorozani BiiOyBaroThCsA KOPIHHI 3MiHU B MPOCTOPOBINA CTPYKTYpl HAMOLIBIINX
micT. Mickke cepenoBuiiie, ctBopeHe B kiHii XIX — nepriit monoBuHi XX CT., 3r1HO
3 HOBUMH BHMOTaMHU I1HAYCTPIaJIbHOTO TEPIONy, 3a3HA€ 3MiH. 3'SBISIOTHCS HOBI,
MIBUJKICHI 1 aJbTEPHATHMBHI BUIW TPAHCIOPTY, IIBUIKICHI Marictpaiali Ta
TPAHCIIOPTHI BY3JIM MICTa MEPETBOPIOIOTHCS 3 TEXHIYHUX €JIEMEHTIB B HaWBaKJIMBIIII
€JIEMEHTH IUIAHYBAJBHOTO 1 KOMIIO3UIIMHOIO Kapkaca Cy4acHOro  MicTa.
MarictpainbHi Tpacu 1 po3B'SI3KH, IEPETBOPIOIOTHCS B BUCOKOTEXHOJIOT1UHI 1HXXEHEPHI1
CIOPYAH, IO TI0O3BOJISIFOTH BCIM BUJIaM TPAHCTIOPTY PyXaTUCS Ha BUCOKIM IIBUAKOCTI.

Ha eram po3BuTKy, KOJIW MOJSIpU3aIlisl MPOCTOPOBOI CTPYKTYpPH MicTa Ha
«KapKac-TKaHWHA» MO3HAYAETHCS IIE PI3KilIe, 3aMICTh OKPEMHUX €JIEMEHTIB KapKacy
BUHHMKA€ KOMYHIKAI[IfHE TI0JIe, M0 TIOBHICTIO 3aBOMOBYE MICBKHI TPOCTIp.
[TounHaeThCs MpPOIIEC HAKOTIMYEHHS Ta HAPOILEHHS MOTEHILIay, IKH CTa€ TOYaTKOM
HOBHX ITPOCTOPOBUX (DOPM CydaCHOTO MICTa, BIIMIHHUX BiJ paHillle BIJOMHUX.

22.3. IIpoGyiemMu Ta 3aBJaHHS BUBYEHHS 0c00MBOCTEil GopMyBaHHS
NPOCTOPOBOr0 KAPKaCy Ta TPAHCIOPTHOI CHCTEMH MicTa

BuByennss  ocobmuBocTel  (OpMyBaHHS ~ BYJMIb ~ MiCTa,  BUSIBICHHS
MOP(QOJIOTIYHUX OCHOB 1 KOMITO3ULIMHO-IPOCTOPOBOI CTPYKTYpHU MiCTa BHUMAarae
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BUPIILIEHHS HACTYITHUX 3aBJaHb:

1. BusBnenus COI[aJbHO-€KOHOMIYHUX, MICTOOY/IIBHHUX, 00'eMHO-
IJIaHy BaJIbHUX, KOMIO3UIIITHO-XYA0KHIX 0CcO0JIMBOCTEH dbopMyBaHHs
apXITEKTypHOTO BUTJISAY BYJIHIb MICTA.

2. Po3poOka BHXITHUX TMOJOXEHb 1 TEOPETUKO-METOJOJIOTIYHUX AacClEKTIB
CUHTETUYHOI TeOpii €BOIOLIT apXITEKTYPHOTO BUTJISITY BYJIUIb.

3. Busnauennsi (akTopiB 1 MPUHIUIIB, SKi BIUIMBAIOTh HA PO3BUTOK BUTJISITY
BYJUIIb B KOHTEKCTI MOPQOJOrIYHOTO MIAXOTy B €IHOCTI THUIOJOTIYHOTO 1
KOMIO3HUIIIIHOTO aHaji3y 3a0y/10BH.

4. TIlpoBeneHHs aHamizy crneudPiuyHUX OCOOJUMBOCTEH MPOEKTYBaHHS 1
OyJIIBHUIITBA B ICTOPUYHOMY CEPEIOBHILII.

5. BupoOJieHHs METOIMYHUX KPUTEPIiB 1 TpaBui (POpMyBaHHS BUIIISILY BYJIMLb
K aHCaAMOJIEBOTO apXITEKTYPHO-MICTOOY IIBHOTO 00'€KTA.

[InanyBanbHa 1 apx1TeKTypH0 OPOCTOPOBAa CTPYKTypa MiCTa XapaKTepusye
JOUUIBHICTh, 3pY4YHICTb, BHUpPA3HICTh 1 TapMOHII0 MPOCTOPOBOI  OpraHizauii
CepelIOBUILA >KUTTEAISUIBHOCTI, B3a€EMOPO3MIIIEHHS 1 B3a€EMOJII0 ii HPUPOJIHUX,
KUTJIOBUX, TPOMAJICBKUX, BUPOOHHYUX Ta IHPPACTPYKTYPHHUX  CKIIQJIOBUX.
Opranizyto4or0 OCHOBOIO MICBKOTO TIPOCTOPY €: MPUPOAHO-ITAHAMA(THUNA Ta
ypOaHi30BaHU# KapKac TePUTOpIi MicTa.

[Tpupogno-nanamapTHUN KapKac YTBOPIOE MPUPOIOOXOPOHHY 1 peKpealiiftHo-
(yHKLIOHATIBHY MIACUCTEMY MiCTa, IO (POPMYETHCS CUCTEMOI PIYKOBUX JOJUH 1
3eJIeHUX MacuBiB. PO3BUTOK mNpupoaHO-IaHAMAapTHOTO Kapkaca nepeadayae
BIITBOPEHHS 1 (QOpPMyBaHHA HOBUX 3€JIEHMX NPOCTOPIB, $AKI BIJHOBIIOIOTH
HEMEPEPBHICTh  MPUPOAHO-TAHAIMIAPTHOI ~ CTPYKTypH  MicTa.  ApPXITEKTYpHO-
OpOCTOpPOBA  OpraHizaiis  HOpPUPOAHO-TAHAIIAQTHOrO  Kapkaca  mependayae
30epeKeHHs, BHSBICHHS, 30pPOBE PO3KPUTTS 1 aKIEHTYBaHHS XapaKTEPHUX
Ta”AWAaPTHUX TAHOPaM, CaJ0BO-NMaPKOBUX KOMIUIEKCIB 1 CHIIyEeTy MICTa.

22.4. OCHOBHI XapaKTepUCTUKH YPOAHI30BAHOI0 KapKacy MicTa sIK
CHCTEMH pillleHb MPo0dJieM ioro GgopMyBaHHS HA MPHUKJIALI CTPYKTYPH
MmicTta XapkiB

VYpOaHi3zoBaHU KapKac € OCHOBOIO CYCILUIbHOT, BAPOOHUYOT Ta (PYHKII1IOHAIBHOT
miicCUCTeM MicTa, BiH ()OPMYETHCS SAPOM ICTOPUYHOTO ILIEHTPY B MeXaX BYJIHIIb,
TPAHCTIOPTHUMHU MaricTpaisiMi, TOJIOBHUMH BYJHUISIMU 1, TUIOIIAMH, MICTOOY JIBHUMH
By3JaMH 1 MICTOOYAIBHUMHU KOMIUIEKCaMu. BinmoBimaneHy poiib y (opmyBaHHI
IIEHTPY MicTa Tpae 3a0yaoBa TEpHUTOPIl Y3O0BXK BYJHIlb, IO 3aJ0BOJLHSIOTH
ICTOpUYHUM HalpsIMKaMd, a TakKoXX Y3J0BX OeperiB piuok. lLlenTp wmicra 1
npuMaricTpajbHa TEPUTOPIS XapaKTepU3yKThCsl HAHO1IbIIT BUCOKOK 1HTEHCUBHICTIO
JISJIBHOCTI Ta BHUKOPUCTAaHHSIM TepuTopii. Po3BUTOK ypOaHi30BaHOro Kapkaca
nepeadoayvae:

* BJIOCKOHAQJICHHS MOTr0 1CTOPUYHO C(HOPMOBAHOI CTPYKTYpPHU, MOCHIICHHS PO
spa 1CTOPUYHOTO UEHTPY SIK HaIlllOHAJBHOTO, KYJIbTYPHOTO 1 TPOMAJICHKOTO
CHUMBOITY;
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* PO3BUTOK 3arajJbHOMICHKOIO IIEHTPY 34 PaxyHOK CTBOPEHHS LEHTPIB PI3HOIO
(GYHKIIIOHATBHOTO HANpPSMKY B CTPYKTypl HabepexHux pidok Jlomanp, XapkiB Ta
VY nu;

* AKIEHTYBAHHSA TOJIOBHUX TPAHCIOPTHHX 3B 'SI3KIB 1 By3JI1B CHCTEMOIO BUCOTHUX
CyCHlJ’IBHO AUIOBUX  LIEHTPIB 1  NPUMAriCTpajJbHUX  0araroyHKIIOHATBEHUX
KOMILJIEKCIB;

* popMyBaHHS HOBUX 1 3aBEpILIEHHS OyIBHUITBA ICHYIOUHX Jy0OJIEepiB TOJIOBHUX
Marictpajieid (HarpukiajJ TPAaHCHOPTHUX 3B'SI3KIB MK TOJIOBHUMH BYJIMISIMU MiCTa:
Cywmcrkor, Knoukierkoro, [1leBuenko, Akaaemika [1aBiosa).

ApXITEeKTypHO-IIPOCTOPOBA OpraHizailisi ypOaHI30BaHOrO Kapkaca mnepeadayae
30pOBE€ aKIIEHTYBaHHS MOT0 XapaKTEPHUX €JIEMEHTIB — aHCaMOJIiB IJION] Ta BEIUMKUX
MICTOOY/IIBHUX KOMILJIEKCIB, BACOTHUX JOMIHAHT, (POHTAIBHOI 320y I0BM T'OJOBHUX
IPOMaJICBKUX BYJIHIIb, KOHTPACTHOTO CUIYETYy MiCTa.

HaiiGinpm  pamukaibHl TEPETBOPEHHS IUIAHYBAJIBHOI 1  apXITEKTYpHO-
IIPOCTOPOBOI CTPYKTYpH MicTa XapKoBa IepeadavyaroTbCs B KOJUIITHIX MPOMHUCIOBUX
30HaX MICTa, IO BTPATHJIA CBO€ MPU3HAYEHHS, ajie PO3TallloBaHI B CTPYKTYpi
[EHTPAJIbHOI YaCTUHU MICTa, OCOOJIMBO B3/IOBXK HAOEPEKHUX PIUOK, HAMPHUKIA]
IBaHIBCHKOMY MPOMHUCIOBOMY pailoHi MiCTa.

VY nepudepiitHux paiioHax MicTa 3[1MCHIOETHCS MIaHYBaJIbHA Ta apXITEKTYpPHO-
IPOCTOPOBY CTPYKTypHU3allisi TEPUTOPII, MEPII 3a BCE BETUKUX JKUTIOBUX MACHUBIB —
(GOpMYIOTBCS CHUCTEMH IIEHTPiB, TPOMAJACHKUX 1 MIMIOXIAHUX 30H, O3EIECHEHHX
TEPUTOPIA JKUTIOBHX pailOHIB, MIKPOPaOHIB, J>XUTJIOBUX TPyl 1 KOMILIEKCIB;
VIIUTBHIOETHCS MEPEKa MICLIEBUX BYJIHIIb 1 KBapTaJliB; 3a0e3neuyeTbes (hopMyBaHHS
KUTIOBOTO CEPEJIOBUINA, MACIITAOHOTO, LIO0 JIFOAUHU, 110 TAPMOHIIHO B3aEMOJIE 3
MICBKMMU Ta NPUMICBKUMH MPUPOJIHUMH JaHAMA(PTaAMHU.

B ictopumuHOoMy meHTpi MicTa mependadaeTsCcsi: 30€pEKEHHS, BIATBOPEHHS 1
aKLEHTYBaHHsS ICHYIOYOi IUIAHYBaJbHOI 1 apXITEKTYpPHO-IIPOCTOPOBOi CTPYKTYypH
aHcaMOJIiB TOJIOBHMX BYJIMIIb, IUIOII, MapKiB, OyJibBapiB 1 CKBEpiB, CTPYKTYypH
BYJIMYHOI MEPEXi, MEPEK1 KBAPTAIIIB, CTPYKTYPH 1ICTOPUYHUX MOP(POTHUITIB 3a0yI0BH;
dbopMyBaHHS CHUCTEMM MINIOXITHUX 30H, BYJHIb 1 MapUIPYTIB; BIATBOPEHHS
BTPAYCHHUX €JIEMEHTIB ICTOPUYHOTO MIPUPOAHO-TAHAIA(PTHOrO KapKacy.

['o510BHOIO METOIO COIIAIBHO-EKOHOMIYHOTO PO3BUTKY MicTa XapKoBa y Mepio/y
110 2030 poKy € CTBOPEHHS CIIPUSATIMBUX YMOB MPOXKUBAHHS JUIsl BCIX KUTEIIB MICTa.
Tak, 3 MeTor0 3a0c3lcucHHS OC3MCKH HACEJICHHS, IOIIIICHHS EKOJIOTIYHOL
O0OCTaHOBKM 1 CTBOPEHHS CIPHUSATIMBUX YMOB JUJIsl TOJANBIIOTO TEPUTOPIaIbHOTO
PO3BUTKY MICTa, B UHCJII IEPIIOYEPTOBUX 3aB/IaHb 3AIUINAETHCS BUHOC 32 MEXI1 MiCTa
JEeSIKUX BUPOOHUUMX TMOTYKHOCTEeH (Hampukial, «Ximpeaktun» Ta «llipoTekcy, 1o
po3TarioBaHi B JaHAMadTHOMY OCEpEIKy MicTa Ta B O6e3mocepeiHiid OJM3bKOCTI Bijl
nanamagTHOro Komiuiekcy CapkuH sip Ta Michbkoro napky imedi M. I'opbkoro). He
MEHIII Ba)XJIUBE 3HAYCHHS Ma€ OYJIBHUIITBO JIiHII METPOIOJIITEHY, IO IOB'SI3ye
HEeHTpaabHI 1 mepudepiiHi palioHUW MicTa, Ta J03BOJUTH IPOJOBXKHUTH PO3BUTOK
nepudepiiiHuX paloHIB MiCTa 1 3HU3UTH HAaBaHTAXKEHHS Ha TPAHCIOPTHI Marictpai
MOr0 UEHTPAIIbHOT YaCTUHH.
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Bucnosku.

AHaJi3 ByJHIb XapKoBa JI03BOJIHMB BUSBUTHU COLIAIbHI Ta KyJIbTypPHO-ICTOPHYHI1
NepelyMOBH Ta IUIaHYBaJbHI OCOOJMBOCTI PO3BUTKY MicTa 1 HOro ByJHIb, a
TEOPETUUHUN aHaNi3 GOopMyBaHHS MPOCTOPOBOTO KapKaca CUCTEMH BYJIHUIIb I03BOJIHB
BUABUTU (DaKTOpH, IO BIUIMBAIOTh HA HOTO PO3BUTOK; BU3HAYUTH MOPQOIOTIUHI
OCHOBH 1 THIIOJIOT14HI OCOOJIMBOCTI BYJIMYHOI 320y 10BU;

1. XapakTepHUMHU OCOOTMBOCTSAMHM, IO BHU3HAYMIM CHCTEMY BYJIHUIb B
3QJIEKHOCT1 BIJ COIlaJbHO-€KOHOMIYHMX, MICTOOYIBHUX, O0'€MHO-IIJIaHYBaJbHUX,
MOP(OJIOTIUHUX 3aKOHOMIPHOCTEN PO3BUTKY MICTa B I[IJIOMY, €:

— €KOHOMIYHI1 po31IapyBaHHs CyCIMIJIbCTBA,

— 3MiHa PYHKUINA BYJIMIb Ta MPU3HAYECHHS Oy1BEIb;

— TEXHIYHHUNA MPOTPEC B TEXHOJOTIYHUX MPUKOMaX 3BEJICHHS OY/l11BEb;

— apXITeKTYpHO-OyAiBEIbHI perJaMeHTaIlli;

— 30epeKeHHS [IEHTPATLHOTO TJIaHYBAJIBHOTO sJIpa MICTa.

2. OcobmHMBOCTIIMHU MICTOOYAIBHOT CUCTEMH BYJIHIIb € iX:

— KoH(piryparii (TUIH MIaHyBaJIbHOI CTPYKTYPH);

— XapakTepHi MOPQOTUNH IUIAHYBAaHHS CHUCTEMH BYJIHIlb, BHSIBICHI B
3aJIEKHOCTI BiJI 3MIHM KapKaca apXiTeKTypHO-IJIaHYBaJIbHOI CUCTEMH (JIUCTIEPCHOTO,
OCBhOBOT'0, BY3JIOBOTO, MepexeBoro). O0'eMHO-MepeKeBUil BapiaHT IUIAHYBaHb (3
PO3IIMPEHHSIM BYJIUII BIJIMO ABOPIB, BUKOPUCTAHHSIM MIiA3€MHOTO 1 HAaJ3€MHOIO
IPOCTOPY, € MEPCIEKTUBHUM PO3BUTKOM BYJIHIIb 1 TITBKW MTOYMHAE CKIIATATHCS).

3. Ocob6iuBOCTAMH MOP(OJIOTTYHOI PO3BUTKY apXITEKTYPHOTO BUIJISILY BYJIHIb
€. YCKJQJHEHHS CWIYeTy BYJIHUIb 3a PpPaXyHOK TIJBUIICHHS TOBEPXOBOCTI
BHYTpIIIHBOKBAPTAIBHUX  OyJIBENIb, PEKOHCTPYKLIA Oy[iBelb 3a PpaxyHOK
BKJIIOUEHHSI 1X B HOBUH 00csr; HanOynoBa, MOCTYNOBE HApPOIIyBaHHSA OyiBenb;
crpoOu 0Opa3HOTO MOMOBHEHHS BTPAYCHHUX PaHIIIe JOMIHAHT B Cy4YacHUX OyIiBIISIX;
BUKOPUCTAHHS 1ICTOPUYHUX MOPQOTHUITIB OY/iBENH B Cy4acHii 320y 10BI.

4. Tlpu CTBOpPEHHI CHUCTEMM BYJHIb TOBHHHI BPaxOBYBAaTUCS MPHUHIIUIIU:
HACTYITHOCT1;, AH(EepeHIIMOBAaHOTO MMIAX0AY MPU BUAUICHHI B KOMIIO3UIIIT IIJIICHUX
apXITEKTYPHO-XYJO0XKHIX (PparMeHTiB, y3arajJbHEHOTO MIAXO0My — MPU HEOOX1AHOCTI
3arajbHOTO MOTJISAY Ha MPOOJEMHU 30BHINIHBOTO BUTJISY BYJIUIll; BU3HAYCHHS! HOBUX
GbyHKIIH OyAiBeNb BYJHIN, BIIPOIKCHHS 1 PO3BUTKY i1 TpaaMIAHUX (DYHKIIIH;
dbopMyBaHHSI 30BHIIIHBOTO BUTIISAAY BYIHIL 32 MOP(OTUIOIOTIYHOIO O3HAKOIO;
MPOTHO3YBAaHHS PO3BUTKY.

5. Oco6nMBOCTI MPOEKTYyBaHHS Ta OYyIIBHUIITBA B ICTOPHYHOMY CEPEIOBHIII
IPOSIBIISIIOTECA Yy BUTJIAL: 3MIHM, YUIUIBHEHHS CHUIyeTy 3a0yJ0BH (TI€pETBOPEHHS
JAUCIIEPCHOTO THUIy B OCHOBHM 3 BY3JIOBHM, Jajl B MEPEKEBMi, SK MPOrHO3 Ha
MalOyTHE pa3yuluibHeHHs (acaay BYJIHII, PO3KPUTTS i B KBAPTAJIbHUN MPOCTIP);
TpaHcopMmarliss Bi3yaJdbHUX 3B'S3KIB MDK apXiTEeKTYpHUMH OO'€KTaMu TpH
yIIIJIbHEHH] (acaay BYJIMIN; MiABUIIEHHS TOBEPXOBOCTI OyIiBelb;, CTBOPEHHSI HOBUX
BHUJIOBUX TOYOK; BIJHOBJICHHS BTPAYEHUX JOMIHAHT; 3MIHU IIJIICHOCTI, OJTHOP1THOCTI
(hparMeHTIB apXiTEeKTYpHOI'O CEpeJOBHINA; MParHeHHs 10 aHCaMOJeBOCTI 3a0y0BH,
10 € METOIO PO3BUTKY BYJIHIIb.

6. Metonuka (hopMyBaHHS BYJIHII BKJIIOUYA€E B ce0€ HACTYIHI aCIIEKTH:
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— aHaJi3 CTPYKTYpHU BYJIUII 3 ypaxyBaHHSAM MPUHIIMIIB ii PO3BUTKY;

— KOMIUICKCHUN aHam3 (opMyBaHHA BYJUII (CKIaJaeThCs 3 1CTOPUKO-
MicTOOYI1BHOTO, IUIaHY BaJIBHOTO, (GyHKIIIOHAIBHOTO, MOp(}OIOTiUHOTO,
TUIOJIOTIYHOTO, apXITEKTYPHO-XYI0KHBOT'O aHAII3Y).
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