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SECTION 1. ARCHITECTURE AND CONSTRUCTION

1.1 Landscape imperative in the spatial organization of Ukrainian villiges

CydacHa HayKoOBa JIiTepaTypa JOCUTh BUIHHO OIMEPY€E TEPMIHOM «IaHAADT», TPH
bOMY CIIOBHUKOBI pO3’SCHEHHSI MOJAIOTh PI3HI, ajlé CXOXI 3a CBOEI CYTTIO
TIyMaueHHS I[bOTO CIIOBA. [lepuie TPAKTY€EThCA SIK — «3arajlbHUIN BUTJIS]] MiCIIEBOCTI,
nen3ax, MaIIOHOK; Opyee — MAIIIOHOK, KapTUHA 13 300pakKeHHSIM MEPEBAYKHO CLIILCHKOT
MICIIEBOCTI; mpeme — reorpadiuHuil TEpMiH — YaCTHHA 3€MHOI MOBEPXHI 3 MEBHUM
CIOJIYYCHHSIM penbedy, KIIMaTy, TIPYHTIB, POCIMHHOTO 1 TBapUHHOTO CBITY.
(Benukuit TiiymMauHuil CJIOBHUK Cy4acHOi yKpaiHChKoi MoBH, 2005, ¢. 605).

IcHye iHILIE TpaKTyBaHHS JaHIIIAPTY, IKE OXOIUIIOE 1€ i cydacHe OyTTs TFOJUHU
— IaHAmA(T — 11e OOIUYYsI TOBEPXHI 3eMJI1, SIK€ € CHHTE30M MIPUPOIHHUX €JIEMEHTIB 1
nismbHOCTI  JoauHu». (C. Murans, Metogosnoriyai  KoHIenuii JianamagTHOTro
JM3aiiHy Ta iX eBOJIOLIS B cydyacHuX yMoBax — 2013, c. 355).

CyuacHuii napamadT y OUIbIIiNA Mipl 0a3y€eThCs Ha TAKCOHOMIYHUX MPUHIIAMAX
IPUPOJIHOI, COIIANIHOI, TOCIIOAAPCHKO1, KYJIbTYPHOI CKJIa0BOi. [Ipy IbOMY CYTHICTB
TEPMIHY MICTUTh y €001 €IHICTh ICTOPUYHOT TEPUTOPIi 3 11 TOCIIOAAPCHKUM YKJIIATIOM,
7€ B3a€EMO3B’SI30K NPHUPOAHOrO JAHAMA(TY 13 AHTPONOTEHHUM PpO3TISAAETHCS B
TAJeKTUYHINA B3a€MOJIi — JIIOJUHU 1 MPUPOIU, B sAKiA 00MIIBA y4aCHUKA CBOEIO
TISUIBHICTIO 3aJ1€KaTh OJIHUH B1J OIHOTO.

[cTopuyHO yKpaiHChKe ceno (GopMyBaiocs MPOTITOM CTOJITH T BIUTUBOM
BJIACHUX €THOKYJBTYPHHUX TPAIUIIIN Ta COIIaTbHO-TTOOYTOBUX B3a€MOBILIUBIB 1HIITUX
HapoJiB, 110 SICKPAaBO B1A0Opa3mioch Ha 00pasi ykpaiHChKkoro cena. besymoBHO, 1ei
MpoIeC TPUBAIMN Ta OaratoBeKTOpHUM. Ta came ympoJIOBK OCTaHHIX JIE€CSTHIITH,
CydyacHE YKpaiHCbKE CeJI0 aKTHUBHO [OJIy4a€TbCsl 10 I[IHHOCTEH €BpONEHCHKOI
KyJbTYPH, @ Pa30M 13 IIUM MOCTYIIOBO BTPAaya€e CBOK CAMOOYTHICTb.

KynbsTypa Hapoly € OCHOBHUM YHHHUKOM €THOT€HE3Y, Y IKOMY Pi3H1 CyCIIbHO-
€KOHOMIUHI (opmarii TpuBanuii yac TOOYTyBaJiM Ha TepeHax YKpaiHu,

6e3mocepeIHbO BIUTMBAIN HA KUTTEBY aKTUBHICTH Hapoxay. L{i BIIuBu mposBHIUCS B
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ycix cdepax XKUTTEIISUIBHOCTI CYCHIJIBCTBA — €KOHOMIIl, MOOYTI, KyJbTypl TOILO.
Oco01MBO HAOYHO I1€ IPOSBHUIIOCS B apXITEKTYPI, IKa aKyMyJIIOBajia y c001 BC1 MPOSIBH
CYCHIJIBHOTO KUTTS, HACaMIIepe]l B apXITEKTYPHO-IIPOCTOPOBIH opraHizallli ClIbChbKUX
TEPUTOPI, TOYMHAIOYM BiA BHOOPY MICIS MiA 3aceleHHs 1 3aKiHYYIYd
OTIOPSI/HKEHHSIM CEepEeIOBUIIA Ta IHTEP €PIB CIOPY. 3 OJJHOTO OOKY, apXiTEKTypa ceJa,
gaKa GopMye CepellOBULIE, BPAXOBYIOUH MPHU LIOMY peajbHI MOTPEOU 1 MOKIUBOCTI,
BUKOPHCTaHHS PECYPCIB, 3B'SI30K 3 NPUPOJIHUM OTOYEHHSIM, a 3 1HIIOTO — BUPOOHUYO-
dbyHKIIOHANBPHE OYTTS 3 WOro apXiTeKTypHUMHU aHcamOisiMu. BiacHe Tomy
apXxITeKTypa, Yy CWJIY CBOro CHEHU(PIYHOTO TMOJOKEHHS MIDK MHCTELTBOM Ta
IH)KEHEpi€ro, ONMMHIIIACS B emilleHTpi auxoromii. Ili aBa miaxoaum y PO3BHUTKY
apXITEeKTypH cejla HalscKpaBillle Bi0Opa3WIKUCS B yCiX acleKTax ii OLlIHKH.
JlochipKeHHSIMH  HAyKOBOi CHAIIIMHA apXITEeKTYpH YyKpaiHCBKOTO cenla Ta
30€pEKEHOCTI HAIIOHAIBHUX TPATUIIN 3aBAIUyEMO MpaIsiM 0aratboX BITUM3HSHHUX
YUEHHX - IOCHIAHUKIB, 30KpeMa A. baiirepy, X. Bosky, B. BoiiroBuuy, O. Bopomnato,
3. 'ynuenxko, A. lanwmoky, B. Kapmaszin-Kakoscekomy, B. Hikonaenky, JI. I1pubesi,
B. Camoitnosuuy, P. Cinenskomy, B. Ciunncskomy, FO. Xoxoiy Ta iHmuM. Bizomumu
€ TIpalli 3 pO3IUIaHyBaHHS TEPUTOPIN CUTbChKUX moceneHb M. ['abpens, M. JIbomiHa,
€. Kinomanuenka, A. Konayxosa, I'. Jloika, Ta iH. OgHaK TEOpETHYHI 1 MPUKIIA]IHI
JOCIIKEHHS! ypOaHICTUYHUX TPaJULIid YKpaiHCBKOIO cejla B KOHTEKCTI Cy4acHUX
peaniii noTpeOyoTh NOAANBIINX AOCIIKEHb. BacHe Takuii HAyKOBO-TOCTIAHUIIbKUN
BEKTOp Y Il TeMaTHili, y CYKYIHOCTI 3 aKTyaJIbHHUMH CY4YaCHUMHU BUKIUKAMH,

BU3HAYUB Memy 00CAI0NHCeHHs, 3 CaMe: BUSBJICHHSI BIUIMBY IPUPOIHO-TaHAIIA(THIX

YUHHUKIB Ha (OPMYBaHHS PO3ILIAHYBAIBHOI CTPYKTYPH YKPATHCHKOTO cena.

Bigomo, mo HapoaHa apxiTeKTypa BpaxOBYyBaJia MPUPOIHI yMOBHU, PEIbED,
KJIIMaT, SKi BIUIMBAJIA Ha TOCIOJIAPCHKO-KYJIbTYpHE OCBOEHHS 3€MEIlb, TBOPYICTH
HapoJy, 3eMeJIbHI BIIHOCHHH, MOOYT HaceJeHHs, oKkpeMi (YHKIIi BUPOOHHUIITBA Y
BEJICHHI JOMAIIIHBOTO TOCIOIAPCTBA, TOMIO. [IpOTATOM CTONITH, 3 EKOHOMIYHHUX
NO3UIINA, (PYHKIIOHAIBHO-YTHIITAPHUX 1 ECTETUYHMX BUMOT CEHapyBaJMCh
HalocKoHai GopMu OyiBeIb Ta CIOpyA. Y Takiil camiid 3aJIe)KHOCTI PO3BUBAIH

IUTAHYBAHHS ClJI Ta 3a0yI0OBY CUIBCHKUX camu0, B Kl GhOpMYBAIMCA 3B A3KH 3
y YAOBY ) Yy

10
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HABKOJIMIIHIM TPOCTOPOBUM OTOYEHHSIM, 3 HOpUpoAHUM JanamadTom. Haponwi
MaNCTpPU TMparHyjyd pO3TAIIOBYBAaTH S>KHUTIOBI OYJIMHKM HEMOJATIK pidok. Take
pO3IUIaHyBaHHS Ma€ CBOIO (DYHKIIIOHAJIbHY JOIIJIBHICTh - BOJIA JKUTTEBO HEOOXIJIHA,
OKpIM IbOTO € BeJMKa MoTpeda Uil BEAEHHS CLIBCBKOMY TrocrnojapcTBa. Takox
HAsBHICTHb BOJIOMM CITPHUSJIO CTBOPEHHIO KOM(OPTHOTO MIKPOKIIIMATy Ta (hOPMYyBajo
€CTEeTUYHUM BUTIISA ocesieHHs. [lopsiy i3 uM, y 0araThboX BUIAJKaX, 32 30UTbIICHHS
KUIBKOCTI HACEJICHHSI B YMOBax Maj03eMeJlIs, IiJl CTBOPEHHSI MOCEJIeHh HaMaraiaucs
BUKOPUCTOBYBAaTH HEPOAIOYl 1 MAaJONpUIATHI, JJs  CUIbCBKOTOCIOJIaPCHKOIO
00poOITKy 3emiil. Y pe3ynbTari UbOro chopMyBajiucsi HaWpi3HOMaHITHIIT (opMHU
TPYIIOBOTO PO3CETICHHS Ta TUIIM TIOCENEHb 3a 00CATOM, (DYHKITIEIO Ta MIaHyBaJIbHOIO
CTpyKkTyporo. LleHTpoMm Takoi Tpymm dYacto Oyio celo, siKe 3aBISKH 3PyYHOMY
pO3TallyBaHHIO TOCTYNOBO HAMOBHIOBAJIOCA 3HAYHOIO COIIATbHO-KYJIBTYPHOIO
1HPpPaCTpyKTYpoIOo 1 3 JaBHIX YaciB NMPUB’SA3yBaJIO A0 cebe OararbMma >KUTTEBUMH
3B’sI3KaMU CYCIHI1 ceJia, 3aB/ISIKA YOMY 1HO/I1 OTPUMYBAJIO CTaTyC MICTEUKa 13 LEHTPOM
— punkoBoto miomniero (I'. Jloik, 2003, c. 348-359). Sk mpaBuno Ha BuOip popmu
reoMeTpii PUHKOBOI IUIONI BIUIMBANIM JaHAmAadT, penbed TEepUutopli, HASIBHICTH
ICHYIOUMX CPOPMOBAHMX IIISAXiB, 0OOOPOHHA CTpATETisl pO3BUTKY MOCEICHHS, JOCB1
1HXEHEPIB MPOEKTYBAILHUKIB, 3eMyieMipiB. Taki 1ol iCHYIOTb 1 10 boro yacy. Jlis
npukiany y cenax (konuch micteukax) binuit Kaminb, JIbBiBcbKOi 00macti, ['nunsiam,
Komapno, Illupens Ta 1HIMIMX YUCIECHHUX MOCEJICHHSAX. 30KpeMa OJHUM 13 TaKHUX
npukianiB ciayrye ceno Hasapis IlycromuTtiBebkoro paiiony JIbBIBChKOi 00acTi.
Ceno Hagapis posramoBaHe Bcboro B 4,5 KM /10 NOYATKy TEPUTOPIAIbHOI MEXi
JIsBoBa. Bimomo, mo Ha mouarky XVI-XVIII cr. cemo Oynmo micreukom Pycbkoro
BOEBOJICTBA, sikoMy 1578 poky Oyno HamaHo MarneOyp3bke MpaBo 1 MpUBLIET 3
JI03BOJIOM Ha TIPOBEJICHHS TOPTiBJIi, [0 MaJIO BEJIMKUH BIUIUB Ha PO3BUTOK CaMOTO
MiCTeuKa 1 HABKOJIMIITHIX ci (http://pustomyty-miskarada.gov.ua/selo-
navariya/istoriya-sela). BinmoBinHo A0 1poro cdopmyBanacsi HOro IjiaHyBajlbHa
CTPYKTypa 3 PpHHKOBOIO IUIOIICI0 B IEHTPI cela, 1CTOPUIHO-CPOPMOBAHOIO
LEHTPAJILHOIO BYJHUIIEIO, dKa 3 €qHye Hapapito 13 JIbBOBOM B OJIHOMY HampsMKy 1 3

mictom Ilycromutamu 1 Illupuem — y apyromy. ApXITEKTYpHO-PO3IUIAHYBAJIbHA

11



THEORETICAL ASPECTS OF MODERN ENGINEERING

CTPYKTypa cella TpymyBajiacs JOBKOJa pUHKOBOT TUIOII], SIKa PO3IUIaHOBAHA HA BUIILIN
TOUIIl penbedy MICIIEBOCTI 1 B30BXK I'OJIOBHOI apTepii — IIeHTpalbHOI By uIll. ['omoBHa
KOMYHIKalliiiHa apTepis NPOHU3YE CEPEeIUHY PHUHKOBOI 3a0ynoBH, sKa €
KOMITO3ULIIMHOI JIOMIHAHTOK Yy pO3IJIaHYBaJbHIA KOMIIO3WLII IOCENEHHS 13
YUCJIICHHUM Ha00OpOM TpOMAJIChKUX criopya. Burinne po3ramryBanus PuakoBoi o
Ha Y3BHUIIII pPeNbedy CHpUSE MaHOPAMHOMY OIJISIAY MICIIEBOCTI, MOEIHYIOUH 13
JOBKOJIMILIHIMU JIAHIIaQTaMu.

CBoro yacy MiCTE€YKO pO3BUBAJIOCH SIK TOPTOBEJILHO - puUlbHUYE. PibHUYA cripaBa
y MICT€UKY Oyja JOCTaTHbO PO3BUHEHA, OCKUIbKM BHUXOASYM 3 (YHKIIOHAJIBHOT
IPOrpaMH MiCTEUOK — TOCIIOIAPCHKHUX OCEPEIKIB, KOKHUMN IMOCEICHEIh OTPUMYBAB BiJl
BJIACHMKA MICTEYKa, OKPIM MICHKOI Maplesi, e ¥ TOPOJHIO MUISHKY Ta PULIIO.
PinbHMuYl yrigas posTamoByBadMcs 3a Mexamu Micteuka. llo3amicbka vacTuHa
OXOIUTIOBAJIa TaKOX VYriAAs JUisl CIUIBHOTO BHKOPUCTAHHS — TAacoBHINA, JiC,
Bogoumuina, gyku (Tonunko C, 2003). a1, y MUHYJIOMY KOJIMIIHI MICTE€UKa, B IKHX
BUpakeHa cuiibHima pemicanda ¢pyskiisa (binuit Kamine, Kanym, Marepis, Hemupis,
CaciB, CraniciaBuuk, SIHIB) MalOTh KOMMAKTHY IJIaHYBaJIbHY CTPYKTYpy. s HuX
XapaKkTepHI MpocTa TeoMeTpuyHa (opma IUIaHy, PErysipHa Mepeka BYIHIb 3
PUHKOBOIO IUIOIICIO TOCEPEANHI, PO3BHHEHA Kpamia 30epeKeHICTh OyaiBenbHOT
cyOcraHuli, MeHIl JedopMoBaHa IIaHyBaibHa cTpykrypa. Hampuknaa ceno Hose
Micro y CrapocamOipcekoMy paitoHi JIbBiBcbkoi 00nacTi y XIX cT. Oyno neHtpom
yciei okpyru. I3 XIV cT. po3BuBanocs sk peMiCHU40-TOPTOBEJIbHE MICTEUKO, sIKEe 0YJI0
HaJlJIeHe Marjae0yp3bkuM TMpaBoM. BignmoBinmHo 10 1poro cdopmyBaiacs HOro
IUTaHYBaJIbHA CTPYKTYpPa 3 PUHKOBOIO TUIOMIEIO i MEPEKEIO BYJIUIIb, SIK1 3a0€3MeUyI0Th
3B’SI30K 13 30BHINIHIM CEPEOBHUIIEM, PI3HUMU OO0 €KTaMH TOCIOJIaPChKOTO,
KyJbTYPHO-TIOOYTOBOTO 1 TyXOBHOTO OOCIyroByBaHHS. Po3MilieHHs WX 00’ €KTIB Yy
MICTEUKY (DYHKIIIOHAJILHO 1 Bi3yaJibHO OYJI0 MOB’S3aHE 3 HABKOJIMIITHIM CEPEIOBHIIEM,
Horo nmanamadTOM Ta IHIIUMH OCAJHUKAMH HAOJMKEHUX MOCENIeHb. AHAJIOTTYHO
I[bOMY MOJXHAa HABECTHU YHUCJICHHI MPUKIAIW, KOJHM TMEBHI 1CTOpUYHI, BUPOOHUYO-
rOCToOJIapChKi, 3€MEJIbHI BIJTHOCHHM 1 3aBXKIW HPUPOJHI YMHHHUKW BIUIMHYJIH Ha

dbopmyBanns wmictoOyniBaux cTpykryp (I. Jloik, 2003, ¢.348-359). Taxk,
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apXITEKTypHO-IUIaHyBajdbHa cTpyKTypa cena Hosa CkBapsiBa y JKoBKiBCbKOMY paiioHi
JIpBiBCHKOI 00MacTi icTopuuHO (popmyBaiacs MiJi BIUIMBOM >KUTTEBUX MOTPeO oro
MEIIKAHIIIB 1 JaHAma(THO - TPUPOJTHOTO YHHHUKA. Y CHOPMOBaHIN CTPYKTYpl cena
YITKO MPOCTEXKYETHCS HETOBTOPHUI MPOCTOPOBUI aHCAMOJIb MTOEHAHHS APXITEKTYPH
3 NPUPOJOI0. 3IUTTS MPOCTOPY JIICOBOTO MAacCHUBY OKPECIIOE MPOTSKHA T'OJOBHA
BYJIUIIS Cela, B3JOBXK SIKO1 TPyMy€eThCs cainOHa 3a0y/10Ba, sika iepepocTae y 3a0y/10By
rpoMazicbkoi GyHKIi. 3aBepurye aHcaMOIb BYJIMIl CIIOPY/ia LIEPKBU, SIKa JIOMIHYE Y
1IbOMY JIaHAIadTI ¥ Bi3yaabHO 00'€/IHY€ BeCh BUIHOKpAH yChOTO cela.

barato cin, mo chopmyBaiivca ICTOPUYHO y JIHIHHO-BYJMYHY Ta KBapTaJbHO-
MICTOOY/IIBHY CTPYKTYpH, BHHHUKJIM HE 32 TEBHUMH HAJIyMaHUMH T€OMETPUYHUMHU
KOMITO3ULIISIMU (OKpeMl 3 fKUX, SK HaM BiIOMO, OyJM IITY4YHO HaJayMaHl 1
BIIPOBA/KECH1 Yy IUIAHYBaJbHI PIIMIEHHS CLI), a SK TaKi, 110 MIAMOPSIKOBYBAIHUCS
nauamadTy, riagporpadii, peabedy, GYHKIIOHATEHUM OCOOIMBOCTSAM, YIIIILHCHHIM
3a0ynoBu Tomo. L{pomMy (pakTy MO’kHa HaBeCTH YHCIEHHI MPUKIAIN TaKUX PIIICHb,
KOJIM BUPOOHUYO-TOCIIOAAPCHKI ICTOPUYHI, TPUPOIHI YNHHUKH TICHO MEPETUTITAIOThCS
MDK cO0000 1 BIUIMBaIOTh Ha (POpMyBaHHS MICTOOYMIBHUX CTPYKTYp, 30KpeMa CeJio

Hagnui 'pe6inmi XKoBkiBcrkoro p-Hy JIpBiBcbKoi 06nacTi (Man.1).

Manwnox 1. I'ennnan, c. Haouui I pebinyi Koskiecbko2o p-Hy

JIvgiscokoi obnacmi (kKpecienHs aemopa)

[HIIIMM THUTIOM MiCTOOYIIBHOI CTPYKTYPH CIYTYIOThH cefia, Mo chOopMyBalIHcs Ha
0a3l OKpEeMHUX «IMOOJAMHOKHX camuO». Crepiny MIaHyBaHHS TAaKUX CUI BHIA€THCS

0€e3CMCTEeMHUMHM, ajieé HaclpaBlli BOHHM Bi1IOOPAXKAIOTh MOCHIOBHY €BOJIIOLIIO
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PO3BUTKY — BiJl OKpEMHUX TPYyM 3 «IIOOJWHOKUMHU-CAInOaMI» 0 CTBOPEHHS €IUHOT
IiicHOT Kommo3ulii moceneHHs. [Ipukinamom € ceno bpaxiBka Bycekoro paiiony
JIpBiBCBKOT 001aCTI, 110 CPOPMYBAIOCH SIK TTOCEICHHS JIICOPYO1B, SIKMX III€ HAa3UBaJIU
Opaxapamu (man. 2). Came LbOMY CIIpHsiIa HASBHICTh IPOTSHKHUX JIICIB TOBKOJIA Cela
(https://uk.wikipedia.org/wiki/). B ocHOBY milaHyBaJbHOTO BHUPIIICHHS IOTO CeEJia
NOKJIAaIEHO JOCUTh XapaKTepHY MICTOOYJIIBHY CTPYKTYpy, C(hOpMOBaHY SIK OKpeMi
PO3KH/IaH1 OJIHA B1Jl OJIHOI «IIOOIMHOKI-CaInON», CX0K1 Ha XyTIPChbKE PO3CEJIEHHS HaJ
piukoro IlokpoBoro. IlpupoaHo Tak ckianocsi, MO B LbOMY pa3l piuka CIyTye
CBOEPITHOIO KOMITO3UIIIHOIO BICCIO. AJIE 3 4ACOM 111 KOJIMIIHI «ITOOJUHOKI Caauony
(GyHKIIOHATBHO 00'€IHANUCS JOPOTaMH, CTEKKAMHU, OKPEMUMHU OYIIBISMU PI3HOTO
MPU3HAYEHHS, 1 TOCTYIOBO MEPETBOPWIMCS B €IMHY CHUCTEMY BYJIHIIb, MPOI3MIB 1
IIIyXUX KyTiB (Mad. 2).

Cxema dopMyBaH s

apxiTekTypHo-1anAmadTHOL

Cxema li)UpMyBaHHH CTPYKTYpH c. BpaxiBka_,_
JIOKalliH «[100/JHHOKHX ca/iu0»

— OKALD
MOO/MHOKKX Caib

Mantonok 2. Cxema popmyeanus apximekmypHo-1aHOUAdmMHOL cmpyKmypu
c. bpaxiexu. a) noxayii nooounoxux caoub, 6) cxema 2eHniany 3 GUOLIEHUMU
KOAUMWHIMU ToKayisamu «nooourokux caouoy(I. Jloixk, 2003. c.353, ooonpayvosato
aemopom cmammi)

VY ceni, B3IOBX JOPOTH, sIKa MPOHU3YE MOCETCHHS 1 €JHa€ MOro 3 CYCIJIHIMH,

c(hOpMOBaHO TPOMAJICEKUM LIEHTP, Y CKIIAJl SIKOTO € IepKBa, IIKO0JIa, HAPOJHUHN diM,
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®AII, wmarazuau. Otox, copMyBaBcs  apXITEKTYpHO-(PYHKIIOHATbHUMH,
0araToIuilaHOBHI TIPOCTIp, SKUH JOMOBHIOETBCA 1 00 €IHYETHCS TPHUPOIHO-
HAaHAma@THUM OTOYEHHSM, CTBOPIOIOYH MPHU IIbOMY JOCUTh TApMOHIWHE CEPEIOBHUIIIE.
BucHoBku. Y Haml yac, B YKpaiHi JOCUTh aKTUBHO OHOBJIIOIOTHCS, TEHIUIAHH CLII.
Ileit mporiec MIJIKOM JIOTIYHWN 1 3aKOHOMIPHHMH, OCKIJIBKM 3MIHUJIMCS COIIaJIbHO-
MOJITUYHI peaii )KUTTS JIIoJel 1 KpaiHu 3arajioM. AJie CbOTOJIHI, 1€ 3 PaISHCHKUX
JaciB, 3aMIIMWIACS CTPYKTypa 3aKOHOAABYOI 0a3u MPOEKTYBAHHSA, SKa HE BPaXOBYE
perioHajbHUX BIJIMIHHOCTEH TEPUTOPiN, KOHKPETHUX HACEJICHUX IYHKTIB, MICT
(00’€KTIB): 1ICTOPUYHUX, MPUPOJHUX, EKOJOTIYHUX, TPYAoBUX ToIIo. OTOX, Ieuio
YCYBA€ETHCS MUTAHHS OCOOMCTOT BIAMOBIAAIIBLHOCTI Cy0’ €KTIB MPOEKTHOI JiSTIbHOCTI.
HaiironoBuime, mo MoOXHa KOHCTaTyBaTH, 1€ Te, IO HE BiJIOyBa€ThCs
rymanizanii cepu npoexryBanus (Bagumos B, 2003), ne y nmpoekTHii mpoayKIlii, Ha
kKajdb, IIe HE 3 SBJISIOTHCS BpaxoBaHI (PaxiBISMU YHIKAJIbHICTh 1 HETOBTOPHICTH
KOX)KHOTO TPHPOJHOTO KOMIUIEKCY, HOro icropwmyHa croaammHa Ttomo. OTxe,
IPOIOHYIOYM HOBI PO3IUIaHYBalbHI BUPIIICHHS T€HIUIAHIB Cu, (axiBIsSIM HE BapTo
3a0yBaTd MpO ICTOPUYHY CKIAQJOBY Yy PpO3IUIAHYBaJbHUX PIMICHHAX MPOEKTHOI
MPOAYKIIli, aJ[ke B MUHYJIOMY 1 B CbOTOJIEHHI PUHKOBI TUIOI1, MaiiJIaHU Y TTOCEIEHHAX
3aBXKIM 3aliMalld JIOMIHYIOUY pOJib, SIK y PO3TallyBaHHI iX Yy TOCENEHHI, TaK 1
Oe3nocepelHbO y TpPOMAACBKOMY KHUTTI MemikaHiiB. Ce0To, BiJ MPOEKTaHTIB
BUMAaraeThCs JETAIbHO aHAII3yBAaTH CUTYallll TEPUTOPIM, BPAXOBYBAaTH 1HIUBIIyaJIbHI
0COOJIMBOCT1 KOKHOTO KOHKPETHOTO BUMA/Y 1 MICIIS, ISl TOIAIBIIOT0 PO3IIaHyBaHHS

ITOCCJICHB.
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1.2 The design of the filter for water treatment from underground horizons

Groundwater often contains high iron content (for drinking water, the standard
content is 0.2 mg / dm3 [8]). Excessive amount of iron in drinking water from
underground sources has a negative effect on human health, causes odor, turbidity,
water color, leads to overgrowth of water pipes [9, 10].

Water is deironed by reagent, non-reagent, cation exchange and biochemical
methods. The first two methods involve the oxidation of ferrous iron by oxidants
chlorine and oxygen. The method of cation exchange is the exchange of iron cations
for sodium and hydrogen cations due to special filter loads. The biochemical method
involves the settlement on a suitable carrier of special iron bacteria with subsequent
filtration on special filters [11].

The filtration purification mechanism is the most important characteristic of the
filter's ability to retain water impurities.

One of the best ways to iron groundwater is to install a polystyrene foam filter.
Styrofoam filters are containers in which the retaining grid in the submerged state holds

a floating polystyrene backfill.

The filtration rate of water in the filter is determined:

_ 336'qs
Vi = 7o (1)

ne ¢, — consumption of source water, dm3 / s;

/. — area of the filter column, m2.
The intensity of washing is determined by:

q
=", @

ne g, — flushing water consumption, dm3 /s.
Pressure loss (%, ) in the filter backfill during the filter cycle:
hf.b. =P -P,, (3)

when P,, P, —respectively, the readings of piezometers Nel and Ne2.
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Determination of the concentration of soluble oxygen is carried out by the
method of Winkler, according to which the oxygen concentration in water, mgO?2 / 1,
1s determined:

8-V, -n-1000
0, =—-1
2 Vl _ V2 s (4)

ne V, — volume of sodium thiosulfate used for titration, ml;

n —normality of sodium thiosulfate solution, » = 0,05;

Vi — oxygen cup volume, ml;

V, — volume of reagents introduced into the water for oxygen precipitation, ml.

Experimental studies of the deironing process were conducted in the laboratory

of the Department of Water Supply, Sewerage and Drilling at the installation for
deironing water.

Figure 1. Experimental installation for the study of hydraulic properties of

expanded polystyrene

The laboratory installation works as follows: tap water through the pipeline 1 is
fed into the tank of constant level 2, from which flows through the pipeline 3 into the

mixing funnel 9. On the pipeline 3 there is a valve to control the filtration rate on the
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installation. Also in the mixing funnel 9 is fed through the pipeline 5 a solution of lime
milk from the tank 4 and a solution of iron sulfate from the tank 6, which is dispensed
through the dispenser 7 through the pipe 8. The mixing funnel 9 is a device that
provides uniform mixing of water and solutions of sulfuric acid. . The solution of
uniform consistency after the funnel 9 enters the regulator of the filtration rate 10. In
the regulator of the filtration rate (air separators) is a disk-shaped element that provides
aeration of water and additional oxygen saturation. Aerated water through the pipeline
12 1s fed to the lower part of the filter column 13. The source water passes through the
expanded polystyrene backfill 16, held by the grid 17 in the tank to collect the filtrate
14.

Through the discharge line 15, the removal of iron-free water after purification.
Two piezometric tubes 18, connected under the layer of expanded polystyrene backfill
and above the retaining lattice 17, are used to control the level of calcination of the
expanded polystyrene backfill. In the lower part of the column is arranged flushing
pipe 20, when opening the valve on which the regeneration of the backfill by its
expansion and friction of the grains against each other. To control the amount of
backfill expansion during flushing, a rail 21 with a scale is attached.

At filtration speeds less than 4 m / h there is a slight change in pressure loss during
filtration, and at speeds of 8 and 9 m / h the quality of the filtrate did not meet regulatory
requirements, so the studies adopted a range of filtration speeds in the range of 4-7 m
/ h.

Studies of pressure loss changes were performed for the speed range from 4 to 7
m / h at iron concentrations in the source water — 1 ... 2 mg / dm3.

The functional dependence of the effect of water purification has the form of

changing the pressure loss with complete flushing of the filter backfill # = f(C,, Vf,Tf)

The regression equation for determining the pressure loss in the filtering expanded

polystyrene backfill when it is completely washed will look like:

H =0.034+1.572C, +0.852V, —0.0197, - 0.133C -V, +0.087V - T, (5)

C, —concentration of iron in water at the inlet of the filter, mg / 1;
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V,— water velocity at the inlet to the filter, m / h;
T, — filtration duration, h.

The dependence of the change in pressure loss in the filter backfill on the duration
of filtration 1in the filter backfill in the range of filtration rates 4-7m / h at an iron
concentration in the source water over 2.0 mg / dm3 with complete flushing of the

backfill is shown in Figure 2.

B V=imh — —V=im/hteor A V=im/h — —V=im/hteor
* V=6mh — — V=6 m/hteor ® V=Tmh — —V=Tm/teor

Figure 2. The dependence of the change in pressure loss on the duration of
filtration at a speed of 4-7 m / h and the concentration of iron in water 2.0 mg / dm3.

For a filter cycle lasting 8 h, the pressure loss in the filter backfill with its complete
washing at the concentration of iron in the source water Cs = 2.0 mg / dm3 for a speed
of 4 m / h increased from 6.0 to 7.8 cm and was for the filter cycle — 1.8 cm, for 5 m /
h — from 7.3 to 9.2 cm and was 1.9 cm, for a speed of 6 m / h increased from 8.4 to
10.6 cm and amounted to 2.2 cm, for 7 m / h — from 9.3 to 11.7 cm and for the entire
filter cycle was respectively 2.4 cm.

The head loss and iron content in the filtrate were removed at the initial time and
after 0.5 hours. For the filter cycle, 17 values were removed and a confidence interval
with a probability of 5% was constructed. At the end of each filter cycle, the expanded
polystyrene backfill was completely washed for 2.5-3.0 minutes.

The dependence of the filtrate quality on the filtration duration in the speed range
4-7 m / h and the iron concentration in the source water of 2.0 mg / dm3 with complete

backfill flushing is shown in Figure 3.

19



THEORETICAL ASPECTS OF MODERN ENGINEERING

0.4 :‘é
035 \;
03 \
A )
om0,
ERa N\
=
E 02 - -
= "N—-ﬁ ~ o L
I - L ‘\z N * —o
- e A
S ST S—"— I~
0.1
0.05
0
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0
T, hours
s V=4 m/h weagean V=5 m/h - V=6 m'h —f= V=7 m'h = Normative value

Figure 3. The dependence of the quality of the filtrate on the duration of filtration
at a rate of 4-7 m / h dm3 concentration of iron in water 2.0 mg / dm3

The studies were performed when the pH value in the source water was 7.45-7.6.
In the filtrate, the hydrogen index was pH = 7.45-7.75.
At an iron concentration in the source water of 2.0 mg / dm3, the compliance of
normative values for filtration rates of 4—7 m / h was observed. For the range of
filtration rates of 4—7 m / h at the 8th hour of the filter cycle, the quality of the filtrate
is in the range of 0.17-0.11 mg / dm3. The effect of iron removal was 90-91%. After
the filter cycle, the filter backfill was washed. The washing intensity was 16—17 dm2 /

s * m2, the duration was 120-140 s.
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1.3 Methods for assessing the thermal capacity of buildings

[TuTanHs €(heKTUBHOIO BUKOPUCTAHHS NaJIMBHO-eHepreTuuHux pecypcis (I1EP)
OCTaHHIM YacoM CTa€ JeAalll aKTYaJbHIIIUM [Isi 3a0e3MeUeHHS EHEepreTUYHOI
He3alexxHocTl YKpainu. 3a qanumu [12], mopoky Haia jepkaBa iMIOpTye OJIU3bKO
50 % IIEP Bim 3arampHOr0 0OCSTY iX CIIOKHMBAaHHS, IO B CBOIO YEPry 3YMOBIIIOE
BaroMy 3aJIeXHICTh Bia KpaiH-ekcnoptepiB. [Ipu oMy, mporHo30BaHl 3HAYEHHS
MOTEHITIATY €Hepro30epexeHHs sl YKpaiHu caratoTh 42-48 % Big CyMapHOTO 00CATY
crioxxuBanux [1EP.

ByniBni HaBYaJIbHUX 3aKJIAJ1B, )KUTIOBUNA (OHA YKpaiHU SBISETHCA OJHHUM 13
OCHOBHHX CIIO)KMBauiB eHepropecypciB B Ykpaini. OCKUIbKH, BiK OLIBIIOI YaCTHHH
xuTioBoro pouny Ykpainu nepesuinye 50 pokiB, To, Outbine HiX 60% OyIUHKIB
noTpeOyr0Th MOJIEpHi3allii Ta/ado KamTaabHOTO peMOHTY [12]. OkpiM 11bOTO, MaiiKe
90% OyniBens HUHI HE BIAMOBIIAIOTH CYYaCHUM BUMOTraM eHeproeextuBHocTi [13],
«13 3araJibHOro OOCSTY CIOXXMBAHOI €HEeprii, 10 CTaHOBUTh Onu3bk0o 43 %
BHUpOOIIOBaHOI TeroBoi eHeprii, 90 % Butpavaerbcst Ha onaneHHs» [14]. OcobnuBo
aKTyaJIbHOIO I mpoOjeMa IMOCTae MPH MPOEKTYBaHHI Ta BIPOBAKEHHI HOBITHIX
CUCTEM ONaJCHHS 3 BHUKOPUCTAHHSM albTEPHATUBHUX JDKEPENl EHEepTii: COHSYHOI
eHeprii (COHSYHI ENEeKTPOCTAaHIi Ta KOJIEKTOPHW); HU3bKOMOTEHIIMHOI TEeII0BOi
€Heprii HaBKOJIMIIHBOTO cepeloBulIa (TEMJIOBI HACOCH), SIKI B OCHOBI CBOIO
TE€XHOJIOTTYHOTO MPOLIECY BUKOPUCTOBYIOTH e€JleKTpoeHeprito. Ilpu mpoexTyBaHHI
3aBX/IM MEPLIUM IOCTA€E 3aMUTAHHS: « SIKOI MaKCHUMaJIbHO1 TEIJIOBOi MOTYXHOCTI €
NpUeIHAHE TEIJIOBE HABaHTAXEHHS CHoXuBadiB? Ym € BOHO JOCTAaTHBO
obrpynroBanuM?» 2017 poky BepxoBHa Paga VYkpainu mnpwuiiHsia 3aKOHOTPOEKT
Ne4941 «IIpo enepreruuny edekTUBHICTh OymiBenb» [15]. BimmoBimHo mo #oro
M0JI0’KE€Hb BBOJAUTHCSI 00OB’A3KOBA €HEpreTUYHA cepTU(iKallis Ta BA3HAYECHHS KJIacCiB
eHeproe(peKTUBHOCTI Oy 1iBeIb. 30KpeMa, 00’ €KTH Oy IIBHHUIITBA, IO 3HAXOAATHCS Ha
CTaall MpPOEKTyBaHHS Ta BXe NoOyAoBaHl OyJiBII MOBUHHI OyIyTh MpPOUTH

cepTudikaililto €HepreTHyHoi e(MEKTUBHOCTI 3 METOK BH3HAYCHHS (AaKTUYHUX i
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MOKAa3HUKIB Ta TMPOBEJICHHS OI[IHKK BIJAMOBIJTHOCTI 3a3HAYEHUX I[MOKA3HUKIB
BCTAHOBJICHUM MIHIMaJbHUM BUMOTaM JI0 €HEPTreTUYHOI e(PEKTUBHOCTI Oy 1iBEIb.

3ayis  TpaMOTHOTO  BUPIIIEHHS  IIOCTaBJICHOTO  3aBJIaHHS  HEOOXITHO
BUKOPUCTOBYBATH BIANOBIIHI METOJUKH PO3PaxXyHKY TEIUIOBOI OTYHOCTI Oy/11BEb.
VY 3B’SI3Ky 3 BEJIMKOIO iX PI3HOMaHITHICTIO, BAYKJIMBUM € BU3HAUCHHS OHI€T HAWOLIBII
JIOCTOBIPHO1, KOPEKTHOI Ta MPOCTO1 y peaizallii.

Mertoro n1aHoi poOOTH € OLIHKA ICHYFOUMX HOPMAaTHBHHUX JAOKYMEHTIB Yy cdepi
E€Hepro30epeKeHHs Il PO3PaxyHKy TEIJIOBOI MOTYXKHOCTI OyJiBesb. 3ajjisl 1bOTO
3aCTOCOBAaHO PO3PaXyHKOBI METOJM BU3HAYEHHS TEIUIOBOI MMOTYXHOCTI OymiBil
BiAmoBigHO A0 Metomauk: [16], [17], [18], [19], [20] Ta [21] Ta mopiBHAIBLHMIA aHaI3
3HAY€Hb, 10 OYJIM OTPUMAaH1 y pe3yJIbTaTl PO3PaXyHKIB 3 JIHCHUMH MOKa3HUKAMHU IS
3aJ1aHOTO 00’ €KTY.

Kiacudikartiist METOI1B OIIIHKHU TEIJIOBOT MOTY>KHOCTI Oy 1B

IcHytoui MeTonM BHU3HAYEHHS TEIJIOBOI TMOTYKHOCTI OyAiBelb € JIOCUTh
pO3rally’KEHUMHU Ta MalOTh TMEBHI OCOOJIUBOCTI, 10 OOYMOBJIEHI KOHCTPYKTUBHUM
BUKOHAHHSM 1 TpPH3HAYCHHSIM ILMX oOuucieHb. [Ipu mNpoBeneHHI pPO3paxyHKIB
peanbHUil 00’ €KT AOLUIBHO PO3IJSAATH Y BUIISIAL MOJENI, THM CAMHM BPAaXOBYIOUYHU
Y1 HEXTYIOUM IEBHUMH (DaKTOpaMH.

BianosigHo o iHdopmariii, mo HaBeAeHa y [22], MOJEIUIIO Ha3UBAKOTh «00’ €KT-
3aMIHHUK, CTBOPCHHI 3 METOIO BIITBOPCHHS 3a IEBHUX YMOB CYTTEBUX BIACTHBOCTEH
00’ekTa-opurinainy». OCHOBHOIO 33/1a4€H0 MOJICIIFOBAHHS € CTBOPEHHS TaKOT'O OIHUCY
3a/1aHoro 00’€KTa, M0 3MIr OM y MOBHIM Mipi BiIOOPAa3UTH OpUTiHAI, BIAMOBIIHO 10
3aaHoi Metn MozemtoBaHHs [22]. Ilpu BuOOpi po3paxyHKOBOI Mojelll HEOOXITHO

BU3HAYUTHUCS 3 OCHOBHUMH KPUTEPISIMU (IUB. PUCYHOK 1).
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Cragig JKITTEBOI0 MHKIY 00’ eKTa:

' I}
IIpoeKTyBaHHA ExcnmyaTanisa
! l
PO3paxyHKOBa MOJehb PO3paxyHKOBa MOJIETb,

CRCIICPHMEHTAIEHA MOIEIIb

3MiHa cTaHy 00’ €KTa B Hacl
(po3paxyHKOBMII Iepio):

i ! l
Pix Ce30H. Mica1lb T'omirHA
0 l 0 - l " l’
cTalliloHapHA MOJElb KBazicTallioHapHAa MOJelNb IIMHaMigHa MOJIeNk

BizomocTi Ipo 00'€KT:

«White Box» «Grey Box» «Black Box»
iMiTamiiiga MoIens KOMOIHOBaHAa MOJIENb AHATITIIYHA MOJIETh

MeTto;1 VBIeHHS:

! !

DI3IIHITT CTaTHCTITUHIIT

Pucynok 1. Knacudixkarist METOiB OLIIHKH TETJIOBOI MOTYKHOCTI Oy B

PosrisiHemMo OUTbII JeTadbHO KOXKHY 3 MPUBEACHUX MOJICIICH.

1) 3anexxHo BiA CTaail KUTTEBOTO IUKIY 3MIHIOIOTHCS 1 METOJIUKH OOpPaXxyHKY
TEIJIOBOI MOTY>KHOCTI. Ha eTami mpoekTyBaHHS i BU3HAYAOTh IS MPOTHO3YBAHHS
eHepronotTpeOu OyAiBii Ta mepeadadeHHsT 0OCATIB CITOKUBAHHS €HEPTIi — IS IIbOTO
BUKOPHUCTOBYIOTh pO3paxyHKoBi Mozeni. Ha cranii excriyaraiiii, TETUIOBY MOTYKHICTh
OyniBil 3HAXOAATh, MEPEBAXKHO, 3 METOK MOJANBIIOT MOJEpHI3allii CUCTEM IS
3MEHIIEHHSI  OOCATIB  €HEProClOXWBaHHA — JJISI  [OTO  KOPUCTYIOThCS
pPO3pPaxXyHKOBUMH Ta €KCIIEPUMEHTAIbHUMHU MoOAeNIMH. Po3paxyHKoOBI Mojeni

0a3yl0ThCA Ha OCHOBI IMPOEKTHUX Ta CTATUCTUYHUX BIJOMOCTEW, TOMY B TIOPIBHSIHHI 3
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eKCIIEPUMEHTAIBLHIUMHU, 10 0a3yIOThCS HA TaHUX, OTPUMAHUX y XOJi eKCIIEPUMEHTY,
MOJKYTh JIaBaTH OLIbIITY TOXHUOKY, ajieé BUMAaraloTh MEHIIIMX 3aTpaT yacy Ta Ipaili Ha iX
peaizariito.

2) 3anexHO BIJl MOCTABJIEHOI METH, PO3PaxXyHOK TEIJIOBOI MOTYXHOCTI MOXHA
IPOBOJUTH 3a JOTIOMOTOI0 CTalllOHAPHUX, KBa3ICTAllIOHAPHUX YH JUHAMIYHUX
mozened. HallOutpbloro mommpeHHs Ha Teputopii YKpaiHu 3700yJid CTalliOHAapHI
METOJU PO3paxyHKy. JlaHy METOINKY, epeBakHO, BUKOPUCTOBYIOTH JJII OTPUMaHHS
OpIEHTOBHUX 3HAYEHb €HEPTOCIIOKUBAHHS ICHYIOUNX Oy/11BElb, OCKUILKH PO3PaXyHKH
BEIyThCS, 3MIe0iIBIIOrO0, 3a HOPMATHBHUMH Ta CTAaTUCTUYHUMH  JIaHUMH.
Po3paxyHkoBuii mepioj] 1aHOTO METOJTY CKJIa/Ia€ OJIUH PiK Ta HE BPAXOBYE THEPIIITHUX
ocobnmuBocTei OyniBmi. JlaHa mojnenb 0a3yeThbCs Ha OCHOBI TaKUX HOPMATUBHUX
NoKyMmeHTIB, sk [16] Ta [20]. KBa3zicramioHapHi METOJAMKHA BUKOPUCTOBYIOTH IpPH
pO3paxyHKax Jyisl OUIBIIT TPUBAJIOTO 1HTEPBATY Yacy (3a3BHYail OJIUH MICSIb Y ILITAN
CE30H) Ta BPAxOBYIOTh JMHAMIYHI 3MIHM CTaHy OYJIBJI 3a PaXxyHOK €MIIIPUYHUX
KOoe(iIlliEHTIB BUKOPUCTAHHS TEIUIOHAAXO/KEHb Ta TEIUIOBTpaT. JlaHa Meroauka
poskputay [17] ta [18]. AuHamMiuH1 METOIMKH JJII MOJICTFOBAHHS €HEPTOCIIOKUBAHHS
B YKpaiHi BHUKOPUCTOBYIOTbCS HaWpiamie, 1, 3Ae0UIBIIOTO, ISl PO3PAXYHKY
IIOrOI03aJICKHNX cucTeM. lled meron A03BOJISIE TPOBOAUTH PO3PAXYHKH IS
KOPOTKOTPUBAJIUX YACOBUX IHTEPBAIIB (OJHA rOAMHA) Ta BPaXOBYE 0OCAT Teria, 1o
AKyMYJIFOETbCSI B, 200 BUBLIBHSAETHCA Bl MacuBy OyauHky. IIpuBegenuit cnoci®
po3paxyHKy 0a3yeTbcs Ha cranaapti [17].

Haii611b11y TOYHICTH pe3ysbTaTiB nepeadavyae JTMHAMIYHUN METOA PO3PaAXYHKY,
ajie JiyIs Horo o0YMCiIeHHs HeoOX1/THA 3HaYHA KiIbKICTh BXIJHUX JTAHUX Ta TPHUBAIHM
gyac Ha 1X 0O0poOky. [lns migBUINEHHS TOYHOCTI OTPUMAHUX pe3yibTaTiB 3a
CTalllOHAPHUM METOJIOM HEOOXIJIHE CBO€YACHE OHOBJICHHS 1 MOIMOBHEHHS BXI1JHUX
JaHUX.

3) 3ajie)XHO BiJl BIIOMOCTEH TMPO B3a€EMO3B’S30K MK MapamMeTpaMyd CUCTEMHU
PO3IIIAIAOTHCS TPU TUIHU Mojenel: meTto] dopHoro smuky ("black-box"), Gimoro
samuky ("white-box") Ta cipi moaeni ("'grey-box"), B OCHOBI SIKUX JIe)KaTh aHATITUYUH,

iMiTamiifHA Ta KOMOIHOBAaHHI CIOCOOW MOJIETIOBaHHS, BiAMOBiAHO. ABTOp [22],
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MOSICHIOE 1€ TaK: «... IJIs aHAITUYHUX MoJienel (analytical models) BnactuBo te, 110
nporiecd  (DYHKIIOHYBaHHS 00’€KTa TMOJAIOThCA Yy  BUIIIAAI  aHATITHIHUX
MaTEMaTUYHUX 3aJeKHOCTEW: anreOpaiuHux, audepeHIlialbHuX, I1HTErpalbHUX
piBHsHb a00 iX CHCTeM, JIOTIYHUX YMOB. ImiTariiine monenroBanHHs (simulation)
nependavyae MoJAaHH MOJIEI Y BUTIIAII AJITOPUTMY Ta KOMIT FOTEPHOI IPOTpaMH, siKa
J03BOJISIE BIITBOPUTHU TOBEIIHKY 00’€KkTa. IMiTalliifHi MoJeni po3TIsIaloThes K
EKCIIEPUMEHTH, IO MPOBOATHCS HA KOMIT I0TEPaX 3 MATEMATUYHUMH MOJICISIMH, SIK1
IMITYIOTh IOBEIIHKY peaibHUX 00'e€KTiB. [Ipu IbOMY IMITYIOThCS €JIEMEHTApPHI SBUIIIA,
IO CKJIAJal0Th MpPOLEC, 31 30€pexKEHHSAM iX JIOT1UHOI CTPYKTYPH Ta MOCIHIIOBHOCTI Y
4aci, 110 J03BOJIIE€ OTPUMATH BIIOMOCTI IIPO CTaH CUCTEMU y TIEBHUN MOMEHT 4Hacy Ta
OLIIHUTH XapaKTEPUCTUKU CUCTEMHU. IMiTamiiiHI Mojenl AO03BOJISIIOTH BUPILIYBAaTH
OUThII CKJITAmHI 3a7avi, HDK aHATITHYHI. [HKOJMM 3aCTOCOBYETHCS KOMOIHOBaHE
(aHAMITUKO-IMITAIlIAHE) MOJICNIIOBAHHs, SKE TOoJsrae B TOMYy, 10 00’ €KT
T epeHI0eThCS Ha OKpeMI miicucTeMu. i TUX miICUCTeM, IS SIKUX 11€ MOKJIUBO,
BUKOPUCTOBYIOTHCS aHANITUYHI MOJEN, a JUIsl 1HIIMX PO3POOJSIOTHCS IMITaIlliHI
MOJIENI. . . ).

4) 3amexHO BiJ METOAIB aHai3y OyAiBedb BHUIUISIOTH JBA BHIA MOJIEICH:
¢i13uuni Ta cratuctuyHi. P13UYHI MOJIENI BUKOPUCTOBYIOTH JUIsI OTIHCY CHCTEM, IO
H1UISITal0Th MOSICHEHHIO 3 (P13MYHOT TOYKHM 30py. s popMyBaHHS Takux Mopenen
BXIJHUMH JIAaHHUMH € NapaMeTpu pealbHUX NpOLEeciB. K0 HHUX 3aKOHOMIPHOCTEH
HEBIJIOMO, TO PO3PaXyHKH MPOBOSATH HA OCHOBI CTATUCTUYHUX JIAHUX , MOJIEJb SIBIISIE
co0010 al0CcTpakTHY CXeMy BIJIHOIIEHb MIXK MapaMeTpamu, L0 XapaKTepU3yloTb
BJIACTUBOCTI JiicHOTO TIporiecy [23].

[Ipu BHUOOP1 BIAMOBIIHOI METOAUKH JIJII PO3PAXyHKY TEIUIOBOi MOTYXKHOCTI
OyZaiBenb HEOOX1AHO BPaXOBYBATH METY MPOBEACHHS PO3PaXyHKIB Ta iX MpU3HAYEHHS,
a TaK0’X KOHCTPYKTHBHI 0COOIMBOCTI 00’ €KTY Ta HOTO TeT10()i3UUHI XapaKTEPUCTUKH.

2. Onuc iICHYIOUMX METO/1IB BU3HAYEHHS TEIJIOBOI MOTYKHOCTI Oy I1BJI1

Jlyist MozientoBaHHS TETJIOBOTO CTaHy Oy/iBelIb BUKOPUCTOBYIOTh METOJUKH, 1110

633}/IOTI>CH Ha HOPMATHBHUX daKTaX, AOIOBHCHb JO HUX Ta piBHOMaHiTHI/IX IMporpaMHux
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npoayKTiB. Hailb11b110ro nommpeHHs cepesl iCHyr0UuX MeTouK 3100ymu [16], [17],
[18], [19], [20] Ta [21].

KTM-204 Vkpaina 244-94 [16] npuzHaueHU# 1J14 IJIaHYBaHHS OTPeO B TEIJIOTI
Ta MaJIMB1 HA OMAJICHHS, BEHTWIALIIO Ta Tapsiuoro Bogonoctadanus (I'BIT) sxkutmoBux
Ta TPOMAJICBKUX CIOpPYJ, a TaKOXX Ha TOCIOJapChKO-MOOyTOBI MmoTpeOu. Butparu
TETUIOTH Ha TOTPEOU OTajIeHHS BUZHAYAIOTHCS K BEIHMUNHA JUIS TOKPUTTS TEIUIOBTPAT
Kpi3b OYIMHKOBI OrOpOPKEHHs, IO BHUKJIMKaHI 1HQUIbTpauiero. Po3paxyHku
0a3yr0ThCS Ha OCHOBI YKPYIHEHUX MUTOMHUX ONATIOBAJIBHUX XapaKTEPUCTHKAX Ta
CTaTUCTUYHMX JIaHUX, 3aJIEXKHO B1Jl MPU3HAYECHHS OYJiBI, pOKy 3a0yI0BU Ta Bif ii
rabapuTHUX po3MmipiB. JlaHa MeToAMKa € TPHUKIAJAOM CTalllOHAPHOTO METOIY
PO3paxyHKy €HEPronoTpeOu Ha onajeHHsT OyIiBeb, 1110 €KCILUTYaTy0ThCs. AHAJIOTOM
[16] € Mixrany3eBi HOpmH [24].

3rigHo 31 crangaptoM [20] TeIJIOBY MOTYXKHICTh OY/IBJII BU3HAYAETHCS SIK
PI3HMIIS MK TEIUIOBTpAaTaMU Ta TEIJIOHAAXOKEeHHAMU. Ha BiaMiHy Bij nomnepenHix
METOJUK, M0 0a3yloThCS HAa PO3PAXyHKOBI 3a YKPYHHEHHMMM [OKa3HHUKAMH,
BUKOPUCTOBYETHCSI METOJI PO3pPaxyHKy Ha OCHOBI Tpaayco-Ii0 OMajtoBalbHOTO
ce30Hy. Takok 1aHa METO/IMKa I03BOJISIE BPAXOBYBATH HAMOLIBIITY KUTBKICTh (JaKTOPIB
BIUTUBY CEpeJll IHIIUX CTalllOHAPHUX METOJUK PO3PaxyHKy, THM CaMUM BOHa €
HaKWOIIBII KOPEKTHOIO cepeji HAHOIIbII PO3HOBCIOIKEHNX HA Teputopii Ykpainu. [i
BUKOPHUCTOBYIOTH JJIs1 PO3POOJICHHS Ta CKJIaJaHHs €eHEPreTUYHOro MacnopTa Oy 1iBelb
PI3HOrO0 TpPHU3HAYEHHS 3 IMapaMeTpaMu MIKPOKJIiMaTy, 110 HOPMYIOThCA, MiJ dYac
IPOEKTYBaHHS HOBOTO OyIIBHUITBA, PEKOHCTPYKIl, KamTaJbHOIO PEMOHTY
(TepMoMoOIepHi3allii) Ta MPOBEICHHS CHEPTETUYHOTO OOCTEKCHHS Oy 11BEIIb.

Bianosigno g0 crangapty €C B Ykpaini OyB CTBOpEHHH HOro MOBHUN aHAJIOT
JCTY b EN ISO 13790 [17]. Jauuii cranaapt Hajae qJBa OCHOBHUX BHJM METOJIUK
pO3paxyHKy: KBa3iCTAI[lOHAPHUNA Ta JUHAMIYHUN METOAH. Y IUHAMIYHUX METOJIax
MUTTEBUN HAJUIMILOK TEIJIa MPOTATOM OMNATIOBAIBHOIO IMepiogy Mae e(dekT, mpu
SKOMY BHYTPIIIIHA TeMIepaTypa MepEeBUIIy€E 3aJlaHy, B PE3yJIbTaTi 4YOro BUIATICHHS
HAJUIMIIKY TeIja BiAOYBA€TbCS Yepe3 JO0JATKOBY TPAHCMICIKO, BEHTHIIAIIID Ta

AKyMYJISILIIO, SIKIIO BIJICYTHE MEXaHIYHE OXOJIOJKEHHA. J[aHWil MeToa MOAEINIoe
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TeIJionepeaadyy TPAHCMICIE0, TEIJIOBUM TMOTIK 3a PaxXyHOK  BEHTWJIALII,
aKyMYJIFOBaHHS TeTlJIa Ta BHYTPIIIIHI 1 COHSYHI TEIJIOB1 HAJXOKEHHS /IO 30HU Oy T1BIIi.
VY KkBazicramioHapHUX MeToAaxX JAWHAMIYHI e(EeKTH NPUUHATI 0 yBaru depes
BIIPOBAKCHHSI  KOpeJsMiHuX  KoedimieHnTiB. Jlng  onameHHs  KoedimieHT
BUKOPUCTAHHS BHYTPIIIHIX Ta COHSIYHUX TEIJIOBUX HAJIXOJKEHb OEPETHCS 10 yBaru
K (akT, M0 TUIPKM YacTHMHA BHYTPIIIHIX Ta COHAYHUX TEIJIOBUX HAIXOKECHb
BUKOPHCTaHA JJIsl 3MEHIIICHHS €HEePronoTpeOn A onajeHHs. 3aJuIIOK MPU3BOANTD
0 HebaXaHOTo 3pOCTaHHS BHYTPIIIHBOI TEMIEpaTypu IOHAJ 3aJaHe 3HAYCHHS.
JCTY b EN ISO 13790 [17] oxoruitoe Tpu pi3Hi TUIIM METOAY: TOBHICTIO BUSHAYECHUM
MICSAYHUN KBa3iCTalllOHAPHUI PO3paXyHKOBHI METOJ (CE30HHMI METOJ), TTOBHICTIO
BU3HAYEHUN CITPOICHUIN TUHAMIYHUN OTOAMHHUN PO3PaXyHKOBUN METO/I, METOIUKH
PO3paxyHKy JJis JeTalbHUX (MOTOJMHHKX ) AMHAMIYHUX METOIB MOJICTIOBaHHS, IKUN
po3risgae Mojelb — m'sATh onopiB, ojgHa eMHICTh (SR1C). Jlanuit meTon He HaOyB
IMIMPOKOI'0 BXKUTKY B YKpaiHM 1 mOTpedye MPOBENEHHS aHali3y, HAKONMUYEHHs 0a3
JAaHUX Ta JOCBIy BUKOPUCTAHHSI.

Cruparounch Ha KBa3iCTalllOHAPHUN METOJl PO3paxyHKy cranmapty [17] Oymo
ctBopero JICTY b A.2.2-12:2015 [18]. Lle#t cTanAapT BCTAHOBIIIOE PO3PaXyHKOBHIA
METO/I OIIIHKK PIYHOT'O €HEPrOCIIOKUBAHHS IIPU OTAJICHH1, 0XOJI0/PKCHH1, BEHTHJIALLII,
OCBITJIEHHI Ta rapsyoMy BOJOIOCTa4aHH1 OyJiBeNb *HUTJIOBOI'O Ta TI'POMAJCHKOIO
OpU3HAYEHHS, 10 MPOEKTYIOThCSA ab0 eKCIUTyaTyloThes. Js pexumy omaneHHs Len
CTaHJApT BHU3HAYa€ KBA3ICTAllIOHAPHUI METOJ, 3a SKUM TEIUIOBUM OaslaHc
PO3paxoBYyIOTh JJIsl TIEPIOAY B OJIUH MICAIlb, IO JO3BOJISIE B3SITH JI0 yBaru JUHAMIYHI
e(heKTH 32 eMITIPUYHO BU3HAYCHUM KOC(IIIEHTOM BUKOPUCTAHHS HAJIXO/KCHB Ta/a0o0
BTpaT. 3a MM CTaHAApPTOM, OYAIBIS PO3MOAUIIETHCA Ha OKpPEeMi TEIUIOBI 30HH.
Eneprernunuii (TeruoBuit) 6ananc piBHA 30HH OY[iBJI1 BKJIIOYA€ HACTYMHI CKIIAJ0BI:
TPaHCMICIHY Teronepeaadyy MK KOHJUIIIOHOBAaHUM 00'éeMOM Ta 30BHIIIHIM
HABKOJIMIIHIM CEpeIOBUIIEM; BEHTWISALIAHY Temonepenadyy (Bil MNPUPOAHOI
BEHTWJIAIIT 200 CHUCTEMH MEXaHIYHOT BEHTHJIALI); BHYTPIIIHI TEIMJIOHAIXOKEHHS
(BKJIFOUAIOYHW BiA'€MHI HAJXOPKCHHS BiJ TEIJIOBIBOJY), BIJ JIFOJICH, YCTaTKyBaHHSI,

OCBITJICHHSA Ta TCIJ1I0TA, IO BI/II[iJ'IeHa abo MOorJiIMHyTa 3 CHCTCM OIIaJICHHA,
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oxonopkeHHs, ['BII, BeHTHIIALIT TOIIO; COHAYHI TEIIOHAAXOMKEHHS; aKyMyJIbOBaHY
TEIJIOTY B Oy 1iBjI1 a00 BUBUIBHEHUH 3aI1ac TEIJIOTH 3 MAaCUBY OY/IIBIIi; eHEPronoTpedy
JUTSI OTIAJICHHSI: SIKIIIO 30HA OMAIIIOETHCS, TA EHEPronoTpeOdy sl OXOJOKEHHS: SKILO
30Ha OXO0JIOJIKY€EThes [ 18].

3. ABTOPCHKI METOJIUKHU

VY 3B’SA3Ky 3 4YacTOK BIJACYTHICTIO HOPMATHMBHUX 3HAUY€Hb IOKAa3HUKIB, iX
HEBIJIMOBIJHICTIO pE€aJIbHUM YMOBAM UYH 3aCTAPLIICTIO, HA0YJIM NOIIHUPEHHS aBTOPChKI
METOJIMKU BU3HAUYEHHS PO3PaXyHKOBOI'0 3HAUEHHS TEIJIOBO1 OTYHOCT1 Oy 1BJIi.

«ABTOPCHKHUMUI» MAIOTh MPABO HA3UBATHUCS BCl ICHYIOY1 METOJIM PO3PaXyHKY, 3a
OCHOBY SIKMX B3S5ITI HOPMAaTUBHI JJOKYMEHTH YH TIOHSTTS TIPO (Pi3WYH1 SBUIIA Ta 3a3HAIIN
NIEBHUX 3MiH, YOCKOHAJICHb UM JIOTTOBHEHb.

OpnHuM 3 TAaKUX METOJIB € PO3paxyHOoK 3a [21]. [lana MmeToauka €, IeBHUM YHHOM,
yAOCKOHaJIeHHsAM Tiei, mo HaBeaeHa y KTM-204 Vkpaina 244-94 [16] 1 oTpumana
Ha3By — «Meroa 30UIbIIEHMX MOKAa3HUKIB». 3aMICTh BUKOPHCTAHHS HOPMATHUBHUX
3HAUYE€Hb MUTOMHUX OMNAJTIOBAILHUX XapPaKTEPUCTUK, JTaHUW METOJ IMPOIOHYE
3AJIEKHICT JUIs X PO3PAaxXyHKy. Floro BUKOPHCTOBYIOTH, 3/1€0iIBIIOr0, K OL[iHOYHHIA,
3 NPUYMHH HEMOXJIMBOCTI B TaKUl CIOCIO BU3HAYUTH OCHOBHI UYWHHHKH, IO
BITMBAIOTH HA MOPYIIEHHS BUMOT JI0 TEMJIOBOJIOTICHOTO Oanancy Oy/IiBIIi.

Meroauka, siky HaBeaeHo y [19], po3poOneno Bukiagayamu CyMCBKOTO
JIEp’)KaBHOTO yHIBepcUTETy. BoHa € y3araapbHEHHSM ICHYIOUMX HOPMATHBHUX
JIOKYMEHTIB Ta CHeEliali30BaHOi JITepaTypH, Kl PO3KPUBAIOTh MUTAHHS BU3HAUYCHHS
TEIJIOBUX OallaHCIB Ta CHUCTEM OMAJICHHS, KOHIUIIOHYBAHHS 1 BEHTHJISLIL JjIst
OynmiBedb PI3HOTO TPH3HAYCHHS, IO 3HAXOMATHCSA Yy EKCIUTyartaiii, TaKk 3BaHUI
«xoMOiHOBaHMI MeToa». Came 3aBASKU IIbOMY, JAHUW CIOCIO O3BOJISIE BpaxyBaTH
HAOUIbIY KUIBKICTh HEOOXIJHUX NapaMeTpiB Ta BU3HAYUTU OCHOBHI YMHHUKHU
HEraTMBHOTO BIUIMBY HA TEIJIOBOJIOTICHUH CTaH OyAHHKY.

4 TlporpaMHi NPOAYKTH

[cHyrOo4i METOAMKHM pPO3paxyHKY TEIUIOBOi TOTYKHOCTI OYIIBEllb € JOCHTh
IPOMI3IKHMHU Ta BUMAararoTh NEBHUX 3aTpaT 4yacy Ha ix oOpoOieHHs. Y 3B’S3Ky 3i

CTPIMKHM DPO3BUTKOM TEXHOJIOTIH BEJIMKOTO MOMIMPEHHS 3400yiM pPi3HOMAaHITHI
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OpOrpaMHi MPOIYKTU NIl BU3HAYEHHS TEIJIOBOI MOTYXKHOCTI OYJIBElb, 110 y CBOIO
Yyepry J03BOJIMIIO 3MEHIITUTH 3aTPaTh Yacy Ha 00poOIeHHS pe3yIbTaTiB Ta MiABUIIUTH
TOYHICTh OTPUMaHUX pe3yibTariB. HallOineim BimoMumu cepea Hux €: SolidWorks
Flow Simulation, ANSYS, EnergyPlus Ta ENSI EAB Software.

SolidWorks mae cranmaptauii 3po3yminuii rpadidauii iHTepdeic i epeKTUBHO
B3aeMoie 3 TakuMu Windows-nonarkamu, sk Excel, Word ta in. Komiiekc 3aBiasb,
NOB'I3aHUX 3 MUTAHHAMM TIApPOJMHAMIKK 1 TerooOMiny, B SolidWorks Flow
Simulation BupIIIy€eThCS 3a JTOMOMOIOK CHUCTEMHU AU(EpEHIIAIbHUX PIBHSIHB PYXY,
HEPO3PUBHOCTI, €HEPrii, TEIUIOMPOBITHOCTI CTIHOK KaHaiy. Came 1€ poOUTH Iiei
IPOrpaMHUI MPOIYKT 3PO3YMUIMM JJII KOPHCTyBaua. AJle cepe]] HEeOJIKIB TaHOTO
IPOIYKTY MOYKHA BUJLITUTH OOMEXEHICTh 010J110TEYHUX €JIEMEHTIB. [25, 26].

Mopeni, mo po3pobieHi Ha 06a3i mporpamaoro komimiekcy ANSYS CFX
J03BOJISIFOTH OLIIHUTH MapaMeTpu MOro TEIIOBOIO CTaHy 00’€KTy, a caMme: OTpUMaTH
pPO3MOALT TEMIIEPAaTypHHUX IOdIB, MOJIB IIBUAKOCTEH pPyXy MOBITPS; BU3HAYUTH
3HAUEHHS TEIJIOBUX IMOTOKIB HAa MOBEPXHSAX KOHCTPYKIIM; BCTAHOBUTH HASBHICTH
3aCTIMHMX 30H Ta 30H BUXPOYTBOPEHHS B MPOLIECI MPOrpiBaHHS MNPUMIIICHHS 3
ypaxyBaHHSAM pPeaIbHOTO PO3TallyBaHHS TEXHOJIOT1YHOTO 0OnagHaHHs [27].

[Iporpamuauii  nmpoaykt EnergyPlus 3acTtocoByeTbest Uit  MOJIETIOBAHHS
€HEProcroKUBaHHs Oy/1IBEJb Ta OLIHKHU TEIJIOBUX OaJlaHCIB 1 BPAXOBYE TaKi aCleKTH,
AK: XapaKTePUCTHUKU OTOPOJKYBAJIbHUX KOHCTPYKIIIH; MapaMeTpu poOOTH CHUCTEM
OMAJICHHS, BEHTWIAIIS Ta KOHAMIIIOHYBAHHS; JOJATKOBI TEIJIOHAIXOKEHHS;
€JIEKTPOTIOCTAYaHHS;, OCBITJCHHS Ta OOJagHaHHS; albTEPHATHBHI JIKepenia TOIIO.
[Iporpama Mae mumpoky 6a3y 1mabIOHIB THUIMOBUX 1H)XEHEPHUX CHUCTEM, a METOJUKH
PO3paxyHKIB 3JIIMCHIOIOTHCS BIAMOBIIHO O €BPOIMEHCHKUX cTaHAapTiB. Hemomikom
JAaHOTO TPOTPAMHOTO TPOAYKTY € BIACYTHICTH rpadiuHoro inrepdeiicy, o
YCKJIAJAHIOE POOOTY 3 HEIO, aje ICHYE MOKJIMBICTh BHECEHHS JaHUX Yepe3 CTOPOHHI
nporpamu (Hanpukian Google Sketch Up, DesignBuilder ta in.). Pesynbratn
po3paxyHkiB BuUBOAATHCS y (aitni HTML Ta cTpykTypoBaHi B TaOIM4YHHX (opMax.
HasiBHicTh MOJien1 eHeprocmnokuBaHHs Oynaiii B nporpami EnergyPlus no3Bossie B

NEPCHEKTUBI TMPUUHATH ONTUMIZALINHI PIMICHHS LUISIXOM JIOCTIJKEHHS 3MIHU
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€HEPreTUYHUX XapakTepUCTUK OyniBIl MpU 3MiHI TEXHIYHUX XapaKTEPUCTHUK
oOnagHaHHs, OTOPOKYBAIBHUX KOHCTPYKIIIHM, peKUMIB POOOTH 1HKEHEPHUX CUCTEM
torio. Y EnergyPlus Bukopucrano metoanku DOE2, no sxux HaOIu)KeH1 €BPONEHCHKI
CTaHJApPTH, 10 POOUTH ii MPUBaOIMBOIO AJis 3acTocyBaHHs [ 13, 28].

[Tporpama ENSI EAB Software nmpusnauena /st IpoBeICHHS €HEProayIuTiB Ta
pPO3paxyHKy TOKa3HUKIB €Heproe()eKTUBHOCTI HOBOOYJOB Ta ICHYIOUMX OyIiBEIb.
KBazicrarionapauii po3paxyHOK €HEproCIOKMBAHHS MPOBOJIUTHCS 32 HACTYMHHUMH
CTaTTSIMU: ONAJEHHS, BEHTWIALIS, Tapsgde BOJONOCTAYAHHSA, OXOJIO/KEHHS,
BEHTWISITOPU Ta HACOCH; OCBITJIEHHS Ta 1HIIE OOJaAHaHHS 3 YypaxyBaHHSIM
e(eKTUBHOCTI CHCTEM pO3MOJAUTy Ta TeHepalii cucteM. I[HTepdelic mnporpamu
nependavae BBEACHHS KOPHCTYBAadeM TOMEPEIHbO PO3PAXOBAHUX TEIUTO(IZUIHUX
napaMeTpiB 000J0HKHM OyaiBii. MoJenoBaHHs Ta CKIaJaHHA OallaHCy BinOyBaeTbCs
o (aKTUYHOMY PIBHIO CIOKMBaHHs, 0a30BOMY PIBHIO Ta IO CIHOKHBAHHIO IMiCJIS
3aX0/MIB 3 EHeproeeKkTUBHOCTI. BaX/IMBOIO OCOONMBICTIO € ypaXyBaHHS
B3a€MOBILINUBY 3aX0/]11B 3 eHeProe(heKTUBHOCTI Ta IHKEHEPHUX CUCTEM. Y TIporpami He
nepen0adyeHo MOXJIMBOCTI BHBOJUTH TOBHOI[IHHUK 3BIT MPO EHEPreTHYHE
oOcTexeHHs OyaAiBal Ta aBTOMAaTU3YBAaTH MPOLEC BHU3HAYEHHS TEIIOTEXHIYHUX
nokasHukiB, mpore ENSI EAB no3Bossie orpuMatyi: moka3HUKY MOTEHITIATY €KOHOMIT
€Heprii KOKHOro 3axoAay; (pakTuyHe, 0a30Be pO3paXyHKOBE €HEProCIOKUBAHHS MICIIS
BIIPOBA/PKCHHSI  3aXOJiB;  3aJIEKHICTh  €HEPrOCIOXKUBAHHS  BIJl  30BHINIHBOT
temrneparypu (ET-kpusa). [29].

BukopuCTaHHS MPOTrpamMHUX MPOIYKTIB ISl TMPOEKTYBaHHs, MOJCIIOBAaHHS Ta
PO3paxyHKy EHEpreTUUYHUX CHUCTEM JO3BOJISE MiJBUIIUTH TOYHICTh OTPHUMAaHUX
pe3yJbTaTIB Ta 3MEHIIUTH Yac Ha 00pOoOKy AaHUX. AJie OCHOBHHM HEIOJIIKOM 1 J10CI
30CTa€ThCA BIIHOCHA CKIIAAHICTH iHTEpdeiicy Ta oOMexxeHa 6a3a 1aHuX.

5. Anami3z OTpUMaHHMX pe3yJbTaTIB 1 MOPIBHAHHS PO3PAXyHKOBUX 3HAYEHD
TEIJIOBO1 MOTY>KHOCT1 OY/T1BEJIb

Haiibinpmoro momupeHHss B YKpaiHi 3100yJIM METOJIWKH, IO IOKJIAJCHI B
OCHOBY TaKMX HOPMAaTHBHHMX JOKYMEHTIB Ta JornoBHeHb 10 Hux: KTM-204 Vkpaina

244-94 [12], ACTY b EN ISO 13790 [13], ACTY b A.2.2-12:2015 [14], ACTY-H b
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A.2.2.5:2007 [15] Ta Tak 3BaHi aBTOPChKI METOJIUKH «KOMOIHOBaHMI MeTo» [16] Ta
«MeTto 301bIIeHUX TOKa3HUKIB» [17]. Yci BOHU pi3HATHCA 3a criocobamMu 3aJIaHHS
BUXIJIHUX JaHUX, CIoco0aMu OOYMCIEHHS 1 3alieKaTh B METH IPOBEICHHS
po3paxyHky [18].

Jlist mpoBeACHHS SIKICHOTO aHali3y 3alpolOHOBAHUX METOJIB PO3PAXYHKY
TEIJIOBOI MOTY>KHOCTI Oy/AiBelb Ta OTPUMAHHSA SIKICHOI iX OLIHKH, JOLIIBHUM € He
JMIIE BHBYEHHS OCOOJMBOCTENM KOXHOTO 3 CTaHAApTIB, aje ¢ IOPIBHAHHS
PO3paxyHKOBHUX 3HAYEHb OTPUMAHHUX OMAIIOBAIBHUX XaPAKTEPUCTHUK 13 (DaKTUUHUMHU
JAHUMH 110JI0 OOCSTIB CIIOKUBAaHHS TEIJIOBOI €HEprii Ha MOTpeOu OmajeHHS.
Po3paxyHku 3a maHuM# cTaHAapTaMHU MPOBOIMINCS HAa OCHOBI OJIHOTO pPEaIbHOTO
00’exty y M. Cymu. Po301KHICTB Y pe3yJibTaTax po3paxyHKOBHX Ta (PAKTUYHUX JaHUX
€ JOCUTD 3HAYHOI0. Tak, HAMOIMKIUMH 10 TIWCHUX 3HAYCHD € 3HAYEHHS, 1110 OTPUMaHi
3a metoaukamu [12], [13], [14] (nuB. puc. 2).

Pe3ynbTaTi mpoBeAEHOTO aHali3y, MOKa3aiu, 0 JKOIHA 3 IPUBEIECHUX METOIUK
He BigoOpaxkae, y TIOBHIM Mipi, pEAJIbHOI TMOBEIIHKH CHCTEMH OIaJICHHS
o0cTexyBaHOTO 3aKiany. s poro € psijy NOSICHEHb:

— MoOpajbHa 3acTapuIiCTh ICHYIOUMX HOPMATUBHUX JIOKYMEHTIB Ta HeE

a/JIaNTOBAHICTh MIKHAPOJHUX CTAaHJAPTIB 0 HalllOHAJIbHUX;

Al Al

O\ ) W

EP@O'BT)&XVHKOBi 3HaueHHd B @akTuuH1 00CATH CIIOKUBAHHSI

Pucynox 2. [TopiBHSHHS po3paXyHKOBHUX 3HaU€Hb TEILJIOBOI MOTY>KHOCTI

6ynisens: [12] KTM-204 Vikpaina 244-94, [13] ICTY B EN ISO 13790, [14] ACTY
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b A.2.2-12:2015, [15] ACTY-H b A.2.2.5:2007, [ 16] aBTOPCbKI METOJIUKHU
«KOMOIHOBaHUI MeTOa, [17] «MeTox 301IBIICHUX ITOKA3HUKIBY
— IS TOTOJWHHHUX  PO3PaxyHKIB MPAaKTHYHO TOBHA  BIJICYTHICTh
HOPMaTUBHOI 0a3u JJIs 1X MPOBEICHHS;
— TICBHA HEBIJMOBIAHICTH 30BHINIHIX YMOB Ta TeMrepaTypHux rpadikis, 3a
SKUMU TPALIOIOTh HaJlaBaul MOCHYT 13 3a0€3MeUeHHs TeTIOBOIO €HEPTI€l0;

— HEBU3HAYEHICTb MOPSIKY Ta yMOB (PYHKLIOHYBAaHHS 3aKIaay.

Otxe, mpu BUOOPI METOAWKH JUIsl aHANI3y TEIUIOBOTO CTaHy OO0 €KTYy CHij
KepyBaTHUCS TAKUMH KPUTEPISIMH: METa IIPOBEICHHS PO3PaxXyHKY, HAsIBHICTh BUX1THUX
JaHUX Ta OakaHa TOYHICTh PE3yJIbTATIB.

BucHoBkH

BcranoBneHo, 1o 1 po3paxyHKY TEII0OBO1 MMOTY>KHOCTI Ta €HEPronopTeOn Jis
OyIUHKIB BUKOPHUCTOBYIOTh DPI3HOMAHITHI METOAMKH, SKi 0a3yrOThCS Ha TEBHHUX
HOPMATHBHUX JOKYMCHTaX 4YH JIONMOBHEHHSAX JI0 HHUX. YCi BOHHM pI3HATHCA 3a
crnoco0aMHu 3aJjaHHs BUXIIHUX JaHUX, clocoO0aMH OOYMCICHHS 1 3aJIeKaTh BIJI METH
IIPOBEJICHHS.

Jlnst migBuieHHsT e(QEeKTUBHOCTI MPOBEICHHS EHEPreTUYHUX OOCTEeKEHb Ta
JOCSITHEHHSI Oa)XKaHOTO pPIBHS €HEepProe(eKTUBHOCTI, HEOOXITHO MiaiOpaTH TaKy
YHIBEpCAJIbHY METOIUKY OOUMCIICHHs, 10 Oyje 3a0e3nedyBaTH HAHOUIbITy TOYHICTh
OTPUMAaHHUX PE3yJIbTaTiB Ta JO3BOJIUTH MpPOAHATI3yBaTH SKHAWKpAIIEe CTaH POOOTH
00CTEe)KYBaHUX CUCTEM.

3 1I€I0 METOI0, € CEHC MPOBEJACHHS KPUTUYHOTO aHaJi3y ICHYIOUMX METO/IIB
oOpaxyHKy. BiH 703BosIE HE TUTHPKM BHOKPEMHTH HaMKpamiuii croci0, ajne BUSBIIE
OCHOBHI HEJOJIIKM HAWMOIIMPEHIMUX METOJAUK Ta JO03BOJSE 3alpONOHYBATH
KOPEKTUBH JI0 HUX.

Mamepianu niocomosneHo 6 npoyeci BUKOHAHHA — O0epHCOI00NCEMHOI  memu

0118U003583 (0ozo6ip Ne 53.17.01-01.18/20.311).
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1.4 Architecture of children's preschool institutions in the context of modern
trends in the educational process

B ocranHi pok# y BITYM3HSIHIN MIKUIBHIH 1 JOIIKUTEHINA OCBITI BiIOyBa€eThCs 3MiHA
NPIOPUTETIB HABUAJIBLHOIO TMpoOIecy, SKa, 3 OMIBIAY Ha 1i TICHMM 3B’A30K 13
(GYHKITIOHATFHIMH TIPOIECAMH Y HaBUAJIbHHUX 3aKJa/laX, MOXE CyTTE€BO BIUIMHYTH Ha
iXHE apXITeKTypHE PIllICHHS.

[To-nepmie, 3rigHO 13 OararbMa JEp>KaBHUMH 1 PETIOHAJBHUMHU IIpOrpaMamH,
OCBITHIM mpo1iec Mae OyTH IHKJIIO3UBHUM, TOOTO nepeadayaTi yMOBHU JOCTYITHOCTI IS
TiTel 3 0OMEKCHUMHU MOXKIMBOCTSAMH Ta 0coO0uBuMH niotpedamu [30, 31].

[To-apyre, OCBITHS AISUTBHICTH BCE OLIbIIE CIPSMOBYETHCS HE Ha O€3MOCEPEIHE
OTPUMAaHHS TUTUHOIO TIEBHOTO KOHTEHTY 3HaHb, @ HA OBOJIOIIHHS YMIHHSIM OTPUMATH
HEOOX1/TH1 3HaHHS 13aCTOCYBATH 1X Ha MpakTuUIll. Taka MeToAMKa Mae BOJHOYAC OaraTo
MO3UTUBHUX 1 HETATUBHUX ACIEKTIB, ajie iXHIM aHaji3 HaJEXKUTh OUIBIIOK MIPOIO J0
cdepu nenarorivyHoi, a He apxiTeKTypHOi HayKu. be3zanepeuynuM npu 1IbOMY € JIHIIIE
TOM (Qakr, MO 30UIBIICHHS «CaMOCTIMHOCTI» CIIOHYKAa€ AUTUHY 10 TBOPYOTO
KPEaTUBHOI'O MUCJIEHHS, JIs1 PO3BUTKY SIKOIO HEOOXI1JHI CHOPHUSTINBI YMOBHU, Y TOMY
YUCIl ¥ BIAMOBIAHUM YHHOM OPTaHi30BaHE apXITEKTYypHE CEPEIOBHIIIE.

Omxe, migyac po3poOKH MPOEKTIB HOBUX 1 PEKOHCTPYKIIT ICHYIOUMX 3aKJIaJiB
OCBITH, TIEpell apXiTEeKTOPOM TIOCTa€ JOCUTh CKJIaJHa 3a7ada: (OpMyBaHHS
ToCTynmHOro (6e30ap’€pHOro) cepeoBUIlla, 31aTHOrO 3a0e3redyBaTH BHUMOTHU
IHKJIFO3MBHOI'O HABYaJIBHOIO MPOLECY 1 PO3BUBATH PO3YMOBI Ta TBOPYl 3A10HOCTI
niteil. OcOOJIMBO 1€ CTOCY€ETHCS APXITEKTYPHOTO CEPEOBUILA JIJIsl HANMEHIINX, TOOTO
3aKJ1a/1B JOLIKIJILHOI OCBITH.

[HKITI03MBHUI HABYAJIBHUI TPOLIEC — 1€ CUCTEMA OCBITHIX OCIIYT, FapaHTOBAHUX
JEp’KaBol0, 10 0Oa3yeTbCcd Ha MPUHIUIAX HEIUCKpUMIHAII, BpaxXyBaHHS
0araToMaHITHOCT1 JIOJUHHU, €(EKTUBHOIO 3aJyUY€HHS Ta BKJIIOYEHHS JI0 OCBITHBHOIO
IpoIeCy BCiX HOro ydJacHHKIB. IHIIMMHM clOBaMH, JITH 3 OCOOJUBHMH OCBITHIMH

notpebaMu MOBUHHI MaTH JOCTYN O HABYaHHS Y 3BMYAaHUX OCBITHIX ycTaHOBax. B
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CBOIO Uepry, IIKOJHU, AUTSIYl CAJKW Ta 1HII 3aKJIaJu OCBITH 3000B’si3aHI CTBOPUTH
YMOBH HaBYaHHS, 1110 3a0€3MeUyI0Th MOTPeOU TUTHHHU.

OCHOBOIO 1HKJIIO311 € «3ay4eHHs» — aKTUBHA y4acTh AITeH y IOJACHHUX BUIAX
TISIBHOCTI, NependadyeHuX TUMU YM 1HIIUMHU nOporpamamu. lle moHATTS TiCHO
OB’ s13aHE 3 HABYAHHSM 1 B3aEMOJIIEI0 MK TUTUHOIO 1 CEPETOBUIIICM.

[HKITI03MBHE OCBITHE CepeoBUIIE Iependadae, 10 BHYTPIMIHIA 1 30BHIMIHIN
IPOCTOPU 3aKjajy IOUIKUIBHOI OCBITH HE MarOTh MICTUTH KOJHHUX HEOE3MEUHUX
IPEAMETIB, SIKI MOXKYTh 3aIIKOAUTH JUTHHI MI4ac IPH, TOCTIKEHHs, mi3HanHs [30].

Po3pi3HsI0TE TpU B3a€MONOB’sI3aHI KOMIIOHEHTH OCBITHBOT'O CEpEIOBUIIA
JTUTSYMX JOIIKUIBHUX 3aKjajiB: (pi3MUHE cepefoBHINE, COLIAIbHE CEPEIOBHINE Ta
CTpYKTypHe cepenoBuie. Jlo chepu apXiTEKTypHOI AiSUTBHOCTI 3 IILOTO MEPENiKy
HaAJIEXKUTh Oprauizailis (i3ugHOTO (MIPEAMETHO-IIPOCTOPOBOI0) CEPEIOBHUIIIA.

Y naHoMy KOHTEKCTI (pi3MUHE CepepoBHIINE — 1€ CYKYIHICTh YCiX €JIEMEHTIB
IPEIMETHO-IIPOCTOPOBOIO OTOYEHHS (apXITEKTYPHO-KOHCTPYKTUBHMX, 1H)KEHEPHO-
TEXHIYHUX, HABYAIbHO-METOJMYHUX TOIIO0), 3 SKUMH KOHTAaKTy€ JUTHHA B IMPOIIECi
OCBITHBOI 1 PO3BXKAIBHOI JISUIBHOCTI. ['0JIOBHOIO BUMOT'OFO 10 OpraHi3aiiii pi3suaHOoro
CEpelOBUILIA AUTIYMX JOLIKUIBHUX 3aKjiaJiB € MHOro BIAMOBILAHICTH (I3UYHHUM 1
PO3YMOBHM 310HOCTSM JiTeit [32].

Jlnst  3a0e3neyeHHs  BIANOBIAHMX BUMOr 70  (i3uyHOro  (IpeaMeTHO-
IIPOCTOPOBOT0) CEPEIOBHUIIA 3aKIIA IB JOMIKIIHPHOI OCBITH BOHO Ma€ MIPOCKTYBATHCS: -
€pProHOMIYHMM; - YHIBEPCAIBHUM; - PO3BUBAIHLHUM.

EproHomiuHicTh NpeaMeTHO-MPOCTOPOBOTO CEPEIOBUIIA TIepe10adaE:

- HasIBHICTh MEOJIiB Ta 00JIaIHAHHSA, SIK1 BIIMOBIAAIOTH BIKY JIITCH;

- apxXiTEeKTypHI KOHCTPYKIIi, MeOal Ta oOnagHaHHA, 3/1aTHI 10 TpaHchopmarlii
[33].

VYHiBepcaabHICTh IUTIYHMX 3aKJIaJI1B 3a0€3MeUye 111J1a HU3Ka CKIIaJOBUX:

- apXITEeKTypHO-TUIAHYBaJIbHI PIIICHHS], K1 3aJ0BOJIBHSIOTH YMOBHU BIJIBHOTO
MEepPeCyBaHHSI y NPEAMETHO-TIPOCTOPOBOMY CEPEAOBHUIIl JITCH 3 OOMEKESHUMH
MOMJIMBOCTSIMH UM OCOOJTMBUMU MOTpeOaMHM, a TAKOXK JOTJISA]T 32 HUMH (B1AIOBIIHICTh

F€OMETPUYHUX NapaMeTpiB MPUMILIEHb MOTpedaM AITeH-1HBaIIAIB: BIACYTHICTb
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MOpOriB 1 MepenajiB BUCOT MIJJOTH, MiCIe Uil PO3BOPOTY 1HBAJIIHOTO BI3Ka,
30UTBIIIEHA IIIUPUHA ABEPEH TOIIO);

- BKJIFOYEHHS 70 CKJIaay OyAiBil 1HXXEHEPHO-TEXHIYHUX 3aC00IB, MPU3HAYCHUX
JUTsl 3a0€3TMEeYeHHST YMOB JOCTYIMHOCTI (TAHAyCH, MiIHOMHUKH, CUCTEMHU 3B SI3KY,
Crieliali3oBaHe CAaHTEXHIYHE 00JIaJHaAHHS);

- 3aCTOCYBaHHsS 3aco01B Bi3yaJIbHOI KOMYHIKalii (3arajibHOro CHEKTpYy Ta
creniagi30BaHuX MIKTOrpaM, IHPopMaliiHUX TabJI0, TAKTUIBHUX €JIEMEHTIB TOIIO).

Po3BuBanpHe  (QizuuHe (MPEIMETHO-NPOCTOPOBE)  CEPEAOBUINE  3aKIAJIiB
JOLIKUIBHOI OCBITH 1 MOYAaTKOBOI IIKOJU 3a0€3MEeUy€EThCS CUHTE30M apXiTEKTYpHO-
KOMITO3UIIIMHUX Ta HABYAIBHO-TIEJaTOT1YHUX CKIIAJIOBUX.

ApPXITEKTYypHO-KOMITO3HUILIIHA CKJIa/10Ba:

- oprasizaiisi 1 Au3ailH rpymnoBOi KIMHATH, IO OXOIUIIOE€ IEHTPU IrPOBOi Ta
HaBYAJIBLHOI ISJIBHOCTI,

- aKTUBHE 3aCTOCYBaHHSA KOJbOPY, GAKTypH 1 TEKCTYpH;

- MOXJIMBICTb MOJIEIOBaHHS KOHGIrypamii 1 TmapaMeTpiB OTOYYHHYOTO
IPEIMETHO-ITPOCTOPOBOIO CEPEAOBHINA CAMUMH JIIThbMH — 3aCTOCYBaHHS MOOUIBHUX
650K1B un MeOmiB-Tpanchopmepis [34].

HaBuanpHO-mIe1aroriyHa CKiagoBa:

- HasBHICTh HABYAJbHUX MATEplajiB Ta IrpalloK, SKI BIANOBIIAIOTH BIKY,
1HTEepecam Ta (PI3UYHUM 1 PO3YMOBHM 3A10HOCTAM JITEH;

- 3aCTOCYBaHHS MEJIaTeXHOJIOTIH Ta IHTPEPAaKTUBHUX 3ac0o0iB aKTHBI3AIlli
HABYaJIbHOT'O MPOLECY.

JloTpuMaHHS yCiX BHUINE 3raJlaHUX YMOB JO3BOJIUTH (DOPMYBATH IHKJIFO3UBHE
OCBITHE CEPEIOBUIIE AUTSIUUX AOIIKUTBHUX 3aKJIaJlIB.

Jlpyra BaxkyinBa TeHIEHIST POPMYBaHHS apXITEKTypPHOTO CEpPEeIOBHUIIA 3aKIaIiB
JOIIKUIBHOI OCBITU — BKIIFOUEHHS JI0 X CTPYKTYPU KOMYHIKaTUBHOTO MPOCTOPY.

VY 1bOMy KOHTEKCTI CJIiJl BpaXxOBYBaTH Te, IO OJHUMH 13 BaXJIMBUX 3ac001B
oTpuMaHHs 1H(Mopmalii Ta HAOYTTd NEBHUX HABUYOK JITbMHU JIOMIKITBHOTO 1
MOJIOAIIOTO IIKUIBHOTO BIKY € CHUIKYBaHHS Ta rpa. ToMy 0OOB’S3KOBHUM, a MOXeE

HaBITh 1 TOJIOBHUM, (PYHKI1OHAJIbHO-IJIAHYBAJIBHUM €JIEMEHTOM IUTSYOro cajaka 1
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MOJIOAIIOI IIKOJIM Ma€ OyTH KOMYHIKaTUBHUM mpocTip. [IOHATTS «KOMYHIKaTUBHUN
IPOCTIP» OCTaHHIM YacoM aKTHUBHO BXXHMBAEThCS Yy pI3HUX cdepax IHOJICHKOI
TISITBHOCTI 1, 37€0UTBIIOT0, OB’ I3Y€EThCS 13 collializalliero, iHhopMaliiitHUM T0JIeM,
Bi3yaJIbHUMH KOMYHIKaIisiMu To1o. [Ipote y Bunaaky GopMmyBaHHS apXiTEeKTYpHOTO
CepelloBHUINA ISl JIITe KOMYHIKAaTUBHUM MPOCTIp OTPUMYE IEHIO 1HII 3HAYCHHS,
CTPYKTYpY 1 3aBIAaHHS.

JuTaunii KOMyHIKQTUBHUHN MPOCTIP — 1€ MPUMIILEHHS B CTPYKTYpPl IPYIOBOTO
OCEpPEe/IKy YW CHIJIbHE Ha KUJIbKa rpyn (KJIaciB MOJIOJIIOT IIKOJIM), PU3HAYCHE IS
aKTUBHMX IFOp Ta OCBITHBO-II3HABAJIBHOI  JISUIBHOCTI 13  3aCTOCYBaHHAM
IHTepaKTUBHHX 3aC001B aKTHBI3aIlli HABYAIBHOTO MPOIIECY.

OTxe, AUTSYMM KOMYHIKATUBHUM MPOCTIP BIANOBIJA€ PO3BUBAIBHINA (PYHKIII
¢izuyHOTO (IPEIMETHO-ITPOCTOPOBOTO) CEPEIOBHUINA 3aKIIaTy JOIMIKIITEHOI OCBITH.

[Ipy nmnpoekTyBaHHI KOMYHIKATUBHOI'O TMPOCTOPY JUIS JITeH  JOIIBHO
3aCTOCOBYBATH TaKl apXiTEKTYpHO-AU3aHHEPChKI NPpUIOMU (OPMYBaHHS IPEIMETHO-
IPOCTOPOBOIO CEPEAOBUILA:

- O YHKIIIOHAIBHICTh TTPOCTOPY (MOKJIUBICTh MOCIIIOBHOTO BHUKOPUCTAHHS
MPUMIILICHHS JJI1 HAaBYaHHS, TP, CIUIKYBaHHS, TPOBEJACHHS MaCOBUX 3aXO01B);

- TpaHC(POPMATHUBHICTH TPOCTOPY B IIJIOMY 1 HOTO OKpPEMHUX CKIIAJOBUX
eJeMeHTIB (MOOUIbHI MEePEeropoKu A 00’ €JHaHHS / PO3AUICHHS KOMYHIKaTUBHOIO
IPOCTOPY MIXK JABOMAa CYMI)KHUMH I'PYIIOBUMH OCEPENKaMH, MeOII-TpaHCchOopMepH );

- apXiTeKTypa SK CKJIaJioBa IrpoOBOi 1 Mi3HABAIBHOI MISUIBHOCTI (BUKOPUCTAHHS
OrOpoOJKYBAJIBHUX KOHCTPYKIIM Ta IXHIX €JIEMEHTIB — Hilll, OTBOPIB, CXO/IB TOIIO —
JUTSI TPH Ta CTIUTKYBaHHS);

- MEPETBOPEHHSI CUCTEMM T'OPU3OHTAJIBHUX 1 BEPTUKAIBHUX KOMYHIKalii (3a
BUHATKOM IISIX1B €BaKyallli) Ha KOMYHIKaTUBHUI NPOCTIp 3arajlbHOr0 BUKOPUCTAHHS;

- MaTeplajbHICTh CEPEIOBUINA SIK AaKTUBHUN €JIEMEHT IMi3HABAIBHOI JiSJILHOCTI
(moBepxHI 3 PI3HOIO0 TEKCTYPOIO, IrpOB1 OJIOKH PI3HUX F€OMETPUUYHUX (POpPM Ta Barm);

- IepeBaYKaHHA IJIABHUX KPUBOIIHIHHUX OOPHUCIB Y POPMOTBOPEHHI MPEIMETHO-

IMPpOCTOPOBOI'O CCPpCAOBUIIIA,
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- aKTUBHE BUKOPHUCTAHHSI KOJIbOPY Ta CUCTEMH OCBITJIICHHS JJIsI MOJETIOBAHHS
PEIMETHO-TTPOCTOPOBOTO CEPEIOBUIIIA;

- BUJIUICHHS «30H TBOPYOCTI Ta MCUXOKOPEKII» (MOBEPXHI CTIH YW MiJJIOTH, JIe
JTITA MOXYTh BUIBHO MAaJIOBaTH, a00 YaCTUHU MPUMINICHHSA, A€ ITH MOXYTh
MOJIETIIOBATH MPOCTIp Ha BIacHu po3cyn) [33, 34].

KoMmiekcHe pillleHHsT TUTaHb BIAMOBIIHOCTI apXITEKTYpHOTO CEpeaOoBHIIA
3aKJaJiB JOLIKUILHOT OCBITM BHMOraM 1HKJIFO3UBHOTO OCBITHBOTO TIPOIECY Ta
BKJIFOUEHHS JI0 iX CTPYKTYpH KOMYHIKaTHUBHUX IPOCTOPIB J03BOJIMTH (hOPMYBATH IIi
00’€KTH Ha SIKICHO HOBOMY DIBHI, 3 ypaxyBaHHSIM MPOBIJHUX TEHAEHIIA CBITOBOI

IeJIarorivHoi HayKH.
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1.5 Komno3uuiiiHi 3aco0u npoexkryBanus napkis tuny «KAKBAJIEH/I»

Buxknanaerbcest cucTeMHUH Miaxia 10 mpoekTyBaHHs napkiB Tuimy « AKBAJIEH»
Ha OCHOBI TapMOHI3aIlil 3 HaBKOJUIITHBOIO MPUPOJIOI0 , TEXHOTEHHUM 1 COIllaJbHUM
CEepeIOBHILIEM.

[TpoexTyBaHHS Mepexki BOJHO-03/I0POBUUX 1 PO3BAXKATIBHUX KOMIUJIEKCIB y MiCTaX
VYkpainu Mae Ha M€TI CTBOPEHHS HOBOi CUCTEMHU « LEHTP aKTHUBHOI'O BIJIMOYHHKY -
JIOJIUH - HABKOJIUIITHE CEPEIOBUINE» 1 HOBUX (YHKIIN, 3B'SI3KIB 'y HABKOJIMIIIHIM
CEpEelIOBUIIl, & MUCTELTBO MPOEKTYBaHHS B OCTATOUYHOMY MIACYMKY 3BOIUTHLCS IO
MOKJIMBOI'O ITOBHOTO OOJIKY BCIX THX (akTOpiB 1 BIUIMBIB, $IKi BUHUKHYTbH Y
pe3ynbTaTi OyIBHUIITBA i €KCIUTyaTaIlli.

[ToninmeHHs KOM(POPTHOCTI MICBKOIO CEpeOBHIA 3B’SA3aHO, HacaMIiiepen, 3
HOJIIMIIEHHAM 11 €KOJOrIYHUX 1 €eCTeTUMYHUX XapaKTepUCTUK. EKcruryartauiiHi
XapaKTePUCTUKN BUMAraroTh CTBOPEHHS O1j1bllle KOM(POPTHUX 1 PI3HOMAHITHUX YMOB
JUTSL OpraHi3anii BIAMOYUHKY HAaceJIeHHs B MiCbKOMY cepeioBuii. Hix noBHime BuGip
peKpearniiHoi JiJIbHOCTI, TUM BHIIE COIMIaIbHUN, a MMOCEPEAKOBAHO U €KOHOMIYHUI
eekT — OaratorpaHHUN PO3BUTOK OCOOMCTOCTI, (Hi3WYHE 370POB’s, 3MIITHCHHS
CIMEMHUX 1 COLllaIbHUX 3B’ SI3KIB.

Ha xanp, B VYkpaiHi NpUIUISETHCS HEAOCTATHS yBara 10 (OpMyBaHHS
peKpeariiHoro cepeoBuIlla B MiCTax y 3B 3Ky 3 HOBUMH COI1aJIbHO-€KOHOMIYHUMU
ymMoBamMu. GaKTUYHO HE Pa3 pO3pOOIISIOTHCS IHBECTHUIIHHI MPOTPaMu 1O OPMYBaHHIO
pekpeariinux o0’ €KTIB y MiCbKOMY cepefoBulil. HeqoctaTHs yBara 1mid mpoOsiemi
OPUAUIAETHCA 'y HAYKOBH po3poOkax (2-4).

YceninHe ¢GyHKIIOHATBHO-TITIAHYBAIbHE 30HYBAHHS, IO € CKIAJOBOi HOBOI
IPUPOTHO-TEXHIYHOT CUCTEMH «IIEHTP aKTUBHOTO BIAMIOYMHKY- JIOAMH- HABKOJIHUIITHE
cepeloBUIlE 3a0e3MeuyeTbes, SKII0 CUCTEMA TapMOHIMHO BXOAWTh B 1CHYHOUI
NPUPOJIHI, TEXHOTEHHY M COIIAJIbHY Cepe/loBHINA. 3 OOJIKOM IhOTO MOXHA
chopMyIOBaTH HACTyMHA BUMOTa 0 npoekTy napkis tuny “AKBAJIEH/[”: y npoekTi
noBuHHE OyTH 3a0e3nedeHe PyHKI[IOHYBaHHS MPUPOTHO - TEXHIYHOT CUCTEMH “TICHTP

AKTHUBHOT'O BIJIMOYMHKY- JIFOJJMH HABKOJIMIIIHE CEPEJOBUIIE”; BpaxoBaH1 coIlliajbHa

38



THEORETICAL ASPECTS OF MODERN ENGINEERING

3HAYUMICTh, €KOHOMIYHA €(PEKTHBHICTh, ICTETUUYECKOE JTOCKOHAIICTh, €KOJIOT1YHa
NPUIHATHICTH 1 TEXHIUHA Oe3MeKa .

Tun napky “AKBAJIEH/I” ,3BeneHuii 3 ypaxyBaHHSIM 3a3HAUYEHUX BHUMOT,
J03BOJISIE CTBOPUTH LIUIICHY M TapMOHIYHY KomMmno3uuiroo. Ilapk Takoro tumy sBisie
co00K0  CTPYKTYypy OO'€NHYIHOYl  KOMIIO3MIIHHI ~ €JIEMEHTH  TapKiB  THITY

“MUCHEMJIEHT” i “AKBAITAPK” (Puc. 1).

COIIIAJIBHA EKOHOMUYHA
3HAUYILICTh SODOEKTIBHICTh
EKOJIOTUYHA TAPMOHIYHICTbD ECTETUYHA

[IPUMHATHICTh
HAJIIMHCTh BE3IIEKA ABAPHUITHA
HEBE3ITEKA

Puc. 1. CtpykTypa rapMOHIHOCTI CHCTEMH «JIIOJIUHA - 00'€EKT - CEPEIOBHUIIIEH.

["apMOHIiHICT — 1HTErpajbHa BJIACTUBICTb CHUCTEMH « LEHTP AKTHBHOIO
BIJIMOYMHKY -JIIOAMH -HABKOJMIIHE CEPEJOBUILE», W0 3a0e3neuye COoIlliaibHy
3HAYUMICTh €KOHOMIYHY €(EKTUBHICTh, ICTETUYECKOE JTOCKOHAIICTh, C€KOJOTIYHY
NPUIHATHICTD 1 TEXHIYHY O€3IeKy.

ComiaibHa 3HAYMMICTh — BIJIACTHBICTh CHUCTEMH OyTH BOCTpeOOBATEIHHOM
CYCIIJTBCTBOM 1 HEOOXimHOI ansi Horo egeKTUBHOTO pO3BUTKY. [Ipukiamamu
CIIOPY/IPKEHb BHCOKOI COIIaJIbHOI 3HAYMMOCTI € peKpealliifHi KOMIIJIEKCH JJIsS TITeH 1
MOJIOJII  THUITY “IMUCHEMJIEHT”, “AKBAITIAPKN”. OmiHkamMu COIiaJbHOI
3HAYUMOCTI TaKUX CHOPYDKCHb €, HAPHUKJIAA: KUIBKICTh BIABITyBaviB , pO3MaiTICTh

aTPaKIIOHIB, KyJbTYPHO- PO3BaXXAIBHUX 30H (Kade, pecTopan) .
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ExoHoMiuHa e(pEeKTUBHICTh O3HAYA€ BIAMOBIAHICTH €KOHOMIYHUM MPHUHIUIIAM
PO3BUTKY cycriyibcTBa. OIIHKaMHU €KOHOMIYHO1 €()EeKTUBHOCTI LIEHTPa BiJIMOYHHKY €:
BapTICTh OYIBHHUIITBA TAKOTO THUITY CIOPY/KEHHS , CTPOK MOT'0 OKYIMHOCT1 , MUTOMI
KalTAJIOBKJIAJIEHHA, COOIBapTICTh MNPOMYKLII (KUIOBAaT -FOAMHHU €JIEKTPOEHEPTii,
OJIHOTO KyOI4YHOTO METpa BOJH)i 1H.

Exonoriyna npuitHATHICTh — BIACTUBICTh CUCTEMH, [0 XapAKTEPU3YE €KOJIOTTUHI
HACNIJIKU BIPOBAPKCHHS CIOPY/DKCHHS B HABKOJMIIHE TPHUPOJHE W COIlaIbHE
CEepe/IOBUIIE W MPUUHATTA HOro LIMM cepefoBHUIEM . EkonoriyHa mpUAHSATHICTH
XapaKTepU3y€eThCs CYKYMHICTIO TTO3UTUBHUX 1 HETaTUBHUX BIUIMBIB €KCILITyaTOBaHOTO
CIIOPY/IPKEHHSI Ha T€OJIOTTYHE cepeloBuIle i rigpocdepy , atmochepy i 6iochepy, y
TOMY YHCJI ¥ Ha JIFOJUHY .

Ecretnuna mnpuBaOIMBICTb — BJIACTUBICTb CHCTEMH BIANOBIIATH 17€aiaMm
IPEKPacHOr0 ¥ TapMOHIYHOIO, HI0 € HEOOXIJHOI yMOBOKO J/JIi HOPMaJIbHOIO
(YHKLIOHYBaHHS LIEHTPAa aKTUBHOTO BIAMOYMHKY M MIATPUMKH HOrO COLIAIbHOI
3HAUYUMOCTI. PallioHanbHICTh 1 JOCKOHANICTh (JOPM ITPOBOTO BCTATKYBAHHS, BOJHUX
po3Bar, pI3HOMAHITHUX AaTPaKIOHIB, I1X OCTETHYECKas  BHUPA3HICTb, KOJIIpHA
TFapMOHIWHICTb 13 MPUPOIHUM JIAHAAPTOM , 3aXOILIIOK0Y1 IPUTOJH B MAPKY CBITOBOTO
PiBHSL.

TexniuHa Oe3neka — BJIACTUBICTh CUCTEMU BUKOHYBaTH HEOOXITHI (QYHKIIi B
3a/laHuX PEKHUMAaxX 1 yMOBaX €KCIUTyartalli i TEXHIYHOro OOCIYrOBYBaHHS , @ TAKOXK
iATPUMYBATH HOPMATUBHUI PiBEHb MONEPEHKEHb aBapiid IIISIXOM KOHTPOJIIO CTaHy
aTpaKIIOHIB, IFPOBOr0 BCTaTKyBaHHA. [lil 30HOI0 BIUIMBY Mae€ThbCcsl Ha yBas3l Ta
YacTHHA HaBKOJMIIHBOTO CEPEAOBHUINA , IO BIUIMBAE HA CIIOPYIXKEHHS.

TexniuHa Oe3neKka Takoro THUIY CIIOPYJKEHHS CKJIAIA€ThCs 3 eKCIUTyaTalliiHo1
HaJIIMHOCTI ¥ aBapiiiHOI HeOe3MeKH.

Excrutyaraiiiina HagilHICTh — BJIACTHBICTH CIIOPY/DKEHHS 30epiraTé B 4aci i
YCTAaHOBJICHUX MeEXaX 3Ha4yeHHs BCIX MapaMeTpiB, a TaKOX MIATPUMYBaTH
HOpPMAaTUBHHUI pIBEHb TMOMNEpPEeKeHHs aBapii. Excmnmyartariiina HagidHICT

aTPaKIIOHIB 1 TIAPOTEXHIYHUX CHOPYHKEHBb 3a0€3MeUy€eThCsl HE TUIBKH HAIMHICTIO
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aje ¥ cUCTeMOI0 eKcrulyaTauii ( MpaliBHUKH CIYy>KOU Oe3NeKH, sKi MOKaXyTbhb SK
KOPHUCTYBATHCS I'POBUM yCTaTKyBaHHSM ), Y TIPOII€C TPUBAJIOT €KCILTyaTallii.
bynp-sxe came HajiliHE CIOPY/KCHHS TOTEHIIIHHO HEOE3NMEeYHO W Ha HhOMY
MOJKe BiIOyTHCS aBapist. Miporo 1miei HeOe3neku € aBapiiiHa HeOe3eKa K BIaCTUBICTh
CUCTEMHU “TICHTP AaKTUBHOTO BIAMOYMHKY - JIIOAWH- HABKOJUIIHE CepeAOBHINE”
30epiraTi y BCTAHOBJIEHUX MeEXaxX 3HAYEHHS NapaMeTpiB, IO XapaKTEepU3YIOTh
MO>KJIMBICTh BUHUKHEHHSI aBapiil 00'€KTa Mo pi3HUX CLIEHAPIAX 1 IXHBOIO HACIIJIKY.
TpyHo11i TPOEKTYBaHHS CKJIAJIHUX CBOEPITHUX LEHTPIB aKTUBHOTO BiJIMOYUHKY
JUISL JUTEW 1 JOPOCIHUX TMOJIArae B HEOOX1MHOCTI OOJIIKY BEJIMKOr0 4Hcjia HayKOBO-
TEXHIYHHX, COI[IAIbHUX, €KOJOTIYHUX, EKOHOMIYHUX 1 1H. (aKTOPiB,a MPOEKTYBAHHSI
K crneuu(piyHUN BUA TBOPYOiI AISUIBHOCTI JIIOAMHU BHUMAra€e CIOJIYYEHHS HayKH,
TEXHIKM W wmucrteurBa. BuszHaueHo, mo (GOpMyBaHHS MNPOCTOPY pPEKpealiitHOro
cepe/IoBUINA JIA JITeH MOBUHHE BIAPI3HATUCS 1HIWUBIAYAIBHICTIO 3 MEPEBAKEHHAM
OPUPOAHUX E€JIEMEHTIB CEPEAOBUILA 1 BOJIOITH ICKPABUM XYI0KHIM 00pa3oM.
HaiikpariM BUpIIIIEHHSM JJAHOTO 3aBJIaHHS € CTBOPEHHS CUCTEMU PEeKpealliitHux
TEeMAaTHYHUX MOJYJIB, 00’ €HAHUX B PEKpealliifHi KOMIUIEKCH a00 LEHTPU JO3BULISA
JUISL JIITeW Ta IHINI TUMK peKpeaniiHoro cepefoBuina. PexpeauniiiHuii TemMmaTuyHUN
MOAYJIb € BimocobaeHuM npoctopom miomero Bix 900 mo 2500kB. M, chopMoBaHuM 3
BUKOPUCTAaHHSAM yCiX 3aco0iB JaHAIAPTHOrO AW3ailHy — PpOCIHH, TI'€OIUIACTUKH,
BOJAHUX TMPHUCTPOIB, MaUX apXITeKTYpHUX (GOpM, JIEKOPATHBHOTO TOKPHTTSI,
NPU3HAYCHUX JJIs1 OJHIE€T a00 ABOX BIKOBUX Tpynl AiTeH, SKi BOJOMIIOTH SCKPAaBHUM
XYJIO)KHIM 00pa3oM 1 PI3HOMAaHITHICTIO PEKpEealliHOi MIsUIbHOCTI. 3aleXHO Bij
3aiiMaHoOi TIIONI TeMaTH4HI MOIydi nudepeHiiroThes Ha Taki Tunu: Mani — 900
KB.M.; cepenti — 1200kB.M.; Benuki — 2500kB.M. Pekpeariiinuii TeMaTUIHUN MOTYJIb
MO>K€ BKJIIOYATH 1-2 TEeMaTHYHUX 30HU 1 2-3 aTTapaKTUBHUX €JIEMEHTU CEPEIOBHILA.
[IpocTopoBe cepeioBuIle TEMATUYHUX MOJYJIIB BKIIOYAE TUIOMIMHHI MiICTaBH —
MOBEPXHSI 3€MJIl, €JIEeMEHTH penbedy, BOJHI MPUCTPOI 1 O0’€MU — POCIUHHI
yIpyIyBaHHS, peKpeaiiiiHe oOJaJHaHHSI,Malll apXITEKTypHI (OPMHU, CKYIBITYDPY,
Bi3yasibH1 KOMYHIKaIlii. B3aeM03B’s130k MPOCTOpPY, IUIOMIMHU 1 00’ €My BU3HAYAETHCS

00’€MHO — TPOCTOPOBOIO KOMITO3HUIIIEIO.
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[Tpu BUpiIEHHI KOMIO3UIIHHUX 3aBIaHb Y (POPMyBaHHI TEMATUYHUX MOYJIIB
BPaxoOBYIOThCSI T€OMETPHUYHMM BHA (OpMHU, BEIMUYMHA, Macca, (QakTypa, KoJip,
OCBITJICHHICTh, TIOJIO)KEHHsI y mpoctopi. Pekpeariiini Moayii MOXYTbh OyTH
BIIKPUTOTO ¥ 3akpuTOoro Tumy. HailOouIboro mommpeHHs MOBUHHI HA0yTH MOJYJII
BIJIKpUTOTO THUITY. BOHU MOXYTh OyTH NMpU3HAUYEH1 JJI ACKITLKOX BHJIIB peKpealiifHoi
TUSIIBHOCTL AiTel. JIjist BUSIBIEGHHS 1X XYJI0KHBOT'O 00pasy CliiJl CTBOPIOBATH MOAYJII 3
TEMaTUYHOIO CTWIICTUKOI. BoHa mNOBMHHA OyTH JOCTaTHBO PI3HOMAHITHOIO 1
BIUIMBATH Ha XapakTep iX MPOCTOPOBOT OpraHizailii.

Po3po6iieHi BapiaHTH KOMIO3UIIINHUX CTPYKTYP PEKpealiifHoro cepeoBuia 3
TEMAaTUYHUMU MOJYJIAMH 3 JIIHIHHOIO, TPUKYTHOIO, KOMITAKTHOIO, PO30CEPEHKEHOIO
dbopmoto miany. Po3pol6iieH1 excriepuMeHTalbHI TPOSKTH PEeKpeaIiiHIX KOMILUICKCIB
1 IUTSYMX UEHTPIB, SIKI MEpII 3a BCE CJIIJI PO3MIILYBATH B 30HI BIUIUBY JUTSYUX
3aJ113HUIIb. 3aIIPOTIOHOBaHA MOJIENIb PO3MIIIEHHS 00’ €KTIB BIAMOYMHKY JJis AITEH B

MICBKOMY CEpEeIOBUIII, (Ha MPUKIIaIl M.XapKOBa).
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1.6 Practical experience of using microalgae chlorella vulgaris in wastewater
treatment processes

CriyHl BOAM BIJ HACEJEHUX IMYHKTIB MICTATh 3Ha4YHY KUIBKICTH OPraHIYHUX 1
Ol10TEeHHUX PEYOBUH. BUIBIIICTh KaHAI3aIlIMHUX OYHUCHHUX CIOPYA B YKpaiHi He
3abe3reuye BUaIeHHs O10T€HHUX €JIEMEHTIB 31 CTIuHMX BOJ. HemocTaTtHho OUMIIeHH1
CTIYHI BOJAM, 110 HAIXOIATh Y MIOBEPXHEBI BOJIOMMHU, IPU3BOIATH 110 X eBTpodikailii,
Jerpajaaiii BOAHUX €KOCUCTEM, TOTIPIIEHHSI SIKOCTI BOJM Ta MOTEHIIIHOT HeOe3MeKn
JUISL 3I0POB'SL TIOIVHU.

OuwnieHHsT CTIYHUX BOJ 3 BHUKOPUCTaHHSIM MIKPOBOJOPOCTEH € HOBUM
€KOJIOTIYHO YHUCTUM O10T€XHOJOriYHUM MeToaoM. CTiuHI BOJaU 3a0€3IeuyIoTh
MIKpOBOJOPOCTI HEOOX1THUMH MOKUBHUMH PEUOBHHAMHU, 30KpEMa BYTJIEIEM, a30TOM
Ta pocopoM, sKi aCUMUTIOIOThCS y IiHHIN 6iomaci [39—41].

[TopiBHAHO 3 IHIIMUMHM METOJIAMH OYHIIEHHS CTIYHHUX BOJ BIiJl O1OT€HHHUX
€JIEMEHTIB 3aCTOCYBAaHHS MIKPOBOJIOPOCTEN Ma€ 3HauH1 iepeBaru. A came: eheKTUBHE
Ta OJHOYACHE BHJAJEHHSA a30Ty Ta ¢ocdhopy, BIACYTHICTb HEOOXITHOCTI B
peareHTHOMY TOCHOJApCTBl, yTBOpPeHHs KucHIO. [lim wyac IKUTTEAISIBHOCTI
MIKPOBOJIOPOCTI MOTJIMHAIOTH BYTJICKUCIWM Ta3. ToMy IHTerpallisi IpoIeCciB OUUILICHHS
CTIYHMX BOJ Ta Olodikcalii BYIJIEKUCIOr0 rasy — LI€ OJHa IepeBara
MIKpOBOJOPOCTEH, 0COOIUBO Y MMPOMUCIIOBO PO3BUHEHUX perioHax [42].

AHaJ3 JIOCHIKEHb CBIIYWTh, 110 BUKOPUCTAHHS MIKPOBOJOPOCTEH BUIY
Chlorella vulgaris nae 3Mory nocsirHyTH e(peKTy OYHIIEeHHS NOOYTOBUX CTIYHUX BOJ
BiJl CTIOJNYK a30Ty Ta ¢ocdopy Ha monan 95 % [43]. loBeneHa Bucoka epeKTUBHICTD
BukopuctanHsa Chlorella vulgaris nns BuganeHHss OIOr€HHUX €JIEMEHTIB 13
BUPOOHHUYMX CTIYHHUX SIK B a€pOOHUX, TaKk 1 B aHaepoOHUX yMoBax [44 |. JloBeneHa
edextuBHicTh BuKopuctanHs Chlorella vulgaris nams  ouunieHHs GUIBTpPaTIB
CMITTE3BAJIUII 3 BACOKMMH KOHIIEHTpaIisiMUA aMoHiitHOTO a3oty Ta XCK [45].

3aBasiku  QOTOCHMHTE3y  MIKPOBOJOPOCTI  BUIUISIOTH  KUCEHb,  SIKHUM
BUKOPHUCTOBYETHCSI AKTUBHUM MYJIOM JJIsi PO3KIAaHHS OPTaHIYHUX PEUYOBHH Y
nporecax OlOJIOTIYHOTO OYHINEHHS CTiYHUX BoA. lle mae 3mory 3MeHIIHTH
CHEPTrOBUTPATH Ha TPAAUIIINHY aeparlito CTIYHUX Bo1 [44].
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3acTocyBaHHS MIKPOBOJOPOCTEM € CmocoOOM yTuii3alii MIHHUX JIOMIIIOK
CTIYHUX BOJI. 310pany 6ioMacy BUKOPUCTOBYIOTh K KOPM JJi TBapuH, 010100pHBO, a
TaKOXX [IJII OTPUMaHHs O10JIOTIYHO AaKTUBHUX PEUOBMH Yy (apmaieBTUUHIN Ta
KOCMETHYHIN npomucioBocTi [39, 40]. MikpoBOJOPOCTI OTpUMAaJIA BEIUYE3HY yBary
3 OOKY CBITOBOT'O HAYKOBOTO CITIBTOBAPUCTBA, CTABIIIM CUPOBUHOIO ISl BUPOOHUIITBA
010M3€110, BUTIHIIION MOPIBHAHO 3 IHIIUMU JpKepenamu Olonanusa [41, 42].

CriuHl BOOM € 0araTOKOMIIOHEHTHOIO CHCTEMOIO, CKJaJl $SKOI IOCTIHHO
3MIHIOEThCA. Pa3oM 31 3HAYHUMHU KJIIMAaTUYHUMH 3MiHaM, SIKI OCTaHHIM YacoMm
CIIOCTEPITaloThCs y CBITI, 1€ B1IOOpakaeThCs W Ha poOOTI KaHATI3AIIHHUX OYMCHUX
cnopya. Cepen iCHYHOYHMX JOCHIPKEHb OYHIIECHHS CTIYHMX BOJ 3a JOMOMOTOIO
MIKpOBOAOpOCTE Opakye 1H(popMalii 3a OCHOBHUMH HapaMeTpaMu MpPOLECY.
30Kpema, 11010 BIUIMBY Ha II€i IpOoLeC TEMIEPAaTypH CTIYHUX BOJ. TOMY 1OCHTIIKEHHS
e(eKTUBHOCTI 3acTocyBaHHs MikpoBojopocteit Bumy Chlorella vulgaris y mporecax
OUHWIIEHHS CTIYHUX BOJI HA JIIOYMX OYMCHUX CIIOPYyJaxX HACEICHUX IIYHKTIB €
HAJA3BUYANHO aKTyaIbHUMH.

Mertoro TOoCiKEHHS € aHal3 poOOTH KaHATI3aIHHUX OYMCHUX CIIOPYJ] MICTa B
3axigHiil ~ obmacti  YkpaiHM,  BU3HAa4YeHHS  €(PEKTUBHOCTI  3aCTOCYBAaHHSA
mikpoBogopocteir Buay Chlorella vulgaris y mporecax o4uIiieHHs CTIYHUX BOJ, a
TaKOXX EKCIIEPUMEHTAJIbHE JNOCIIKEHHS 3MIHM €(PEKTy OUMINCHHS CTIYHUX BoA (i3
3acrocyBanHaAM Chlorella vulgaris) 3anexHo Bif iX Temmeparypu 3a MOKa3HUKAMU
BbCKs ta XCK.

[lin wyac JoCHiKEHb OOCTEKEHO CTaH Ta MPOAHANI30BaHO POOOTY
KaHAM3aliMHUX OYHMCHHUX CIIOPYJ MicTa 3 HaceJdeHHSIM Om3bko 20 THC. MEIIKaHIIIB,
PO3TaIlIOBAHOTO B 3axXiJiHIM oOjacTi Ykpainu. [IpoayKTUBHICTE OUYHUCHHUX CIIOPYd —
3400 ™m*/mo6y. CucremMoro KaHami3alliiHMX KOJEKTOPIB CTiuHi BOAM Bix MicTa
TPAHCIIOPTYIOTHCS 0 MPUHMAILHOTO pe3epByapy I'OJIOBHOI KaHai3alllifHOT HACOCHOT
CTaHLi. 3 NpUIIMaIBHOrO pe3epByapa HaCOC 3aHYPEHOI0 TUITY MEePEKaYy€e CTIYHI BOAU
B MpUHAMaIbHy KaMepy OUYMCHHUX CHOpyld. PyxX CTIUHMX BOJ MO cCHopyJaax —
CaMOTUIMBHUM. 3BOPOTHI BOAM CKHUIAIOThCS y p. Ciyd, 10 € BOAHUM 00’ €KTOM

puborocrnoapcbkoro mpusHaueHHs. IcHyrodi o4yHMcHI cnopynu moOynoBani B 70-x
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pOKax MHUHYJIOro CTONITTS. Pe3ynpTaT iX OOCTEXKEHHSA CBIgYaTh, 11O CIOPYIU
BUYEPIAIIU CBIM pecypc 1 HUHI 3HaXOAAThCS y HE3aJ0BUIBHOMY CTaHI.

3navyenHss bCKs ta XCK y cTiyHuX Bojax, 110 HaAXOJATh HA OYKMCHI CIIOPYIH
CTaHOBMIM Bianmosigno 314,85 ta 440,75 mrO»/nm>. 3HaueHHS BKa3aHUX MOKA3HUKIB y
3BOPOTHHX BoAax 10 3actocyBanHs Chlorella vulgaris cranosuau Biamosigno 18,80 Ta
119,98 wmrO»/mm®, mo mnepesumye HopmatuBHI 3HaueHHS. Otxe, y p. Ciyd
CKUIAIOTHCI HENOCTATHLO OUYMILIEH] CTIYHI BOIH.

ExcniepumeHnTanbHi TOCTIHKEHHS, TPOBEACHI Y BECHSHO-TITHIN niepion 2019 p.,
MOJIATAMM 'y JOJABaHHI JO BHUXIIHHMX CTIYHUX BOJ| KOHIIGHTpATy J>KHBOTO IITaMy
mikpoBogocteit Buy Chlorella vulgaris y kinbkocTi 24 1.

EdexT ouniienns, 3a BKazaHUMH Noka3HUKamu (/) Bu3Ha4yau 3a GopMyor
E=100(11 sx- 11 sux)/ 11 o
ne I, Il ¢ — 3HaUEHHS IMMOKAa3HUKIB SKOCTI CTIYHOI BOAM Ha BXOJl Ta HAa BUXOI
OUMCHUX CIIOPYJ, BIAMOBIAHO. 3MIHY €(EeKTy OUHUIIEHHS CTIYHUX BOJ 3a IOKa3-
Hukamu bCK;s ta XCK 3aiiexxHo BiJ] TEeMIEpaTypy BOJM HABEJECHO HA PUCYHKY.

VY Mmexax Jiana3oHy TeMIepaTypH JOCHIIKYyBaHUX cTiuHUX Box Bix 10,5 °C no
20 °C edexr ix ounmenns 3MiHoBaBcs: 3a BCKs — Bix 92,77 % no 95,67 %; a 3a XCK
— Big 73,25 % no 83,73 %. 3a 10moMoOrorw KOMIT IOTEPHUX MporpaM MNpOBEACHO
JTHIAHY anmpOKCUMAIIII0 OTPUMAHUX PE3yJIbTATIB:

Esck=0,031 t+93,886,
Exck=0,254 t+74,932,
ne Esck, Exck — €DEKTUBHICTh OYHUIIICHHS CTIYHUX BOJ 3a MOKAa3HWKAMHU BIIAIOBITHO

BCKs ta XCK, %; t - Temneparypa ctiunux BoJ, °C.
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Pucynok. 3mina edexty ounienns ctiuaux Boj 3a BCKs (a) Ta XCK(0)
3aJIe’KHO B1J] TEMIIEpaTypH BOJIU
PesynpTaT oOCTeXEHHS Ta aHam3y poOOTH AiF0YOT KaHai3aIllMHOI OYMCHOT
CTaHLli MiCTa CBiYaTh MPO HEAOCTATHIM CTYHIHb OYMILEHHS CTIYHUX BOJ.
ExcriepuMeHTanbHO JOBEACHO €(hEKTHBHICTH 3aCTOCYBaHHS MIKPOBOJIOPOCTEH BHUILY
Chlorella vulgaris y mpomeci o4uiieHHs CTiuHMX Boja. OTpuUMaHO MaTE€MaTH4HI
3aJIKHOCTI ePeKTy ounilieHHs cTiuHuX BOJI (13 3actocyBanHsiM Chlorella vulgaris) Bin
ix temneparypu 3a mnokasHukamu bBCKs ta XCK. IlpeacraBieHi Ha pHCYHKY
3aJIEKHOCT1 OMUCYIOTHCS JIIHIMHOIO (DYHKIIIEIO, SIKa XapaKTepU3ye 3arajibHy MOBEAIHKY

OTPUMAHUX JJdHHUX.
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1.7 OcobuauBocti ¢GopmMyBaHHS apXiTeKTypHM CyY4YacHUX Oi3Hec—LIEHTPIB Yy
MiCbKOMY cepea0oBHILe

B namomy cyuacHoMy JKHUTTiI OCOOJIMBOTO 3HAYCHHS] HAOyBa€ MUTAHHS PO3BUTKY
HOBITHIX JUIOBUX BIIHOCHMH. Haa3BuuailHO akTyaldbHUM CTa€ NUTaHHS IIPO
(dopMyBaHHS HOBUX THIIB 00'€KTIB O6araTonpodiibHOT ALTOBOI CIIPSIMOBAHOCTI — a
camMe cydacHi OI3HEC-IIEHTPM B CTPYKTypl BEIMKHUX MICT. EBOIIOINIS IITOBUX
KOHTAaKTIB, SIK OJIHIEI 3 OCHOB KOMYHIKaTMBHOCTI 1 Jdlajiory KYyJbTYp, AHKTYE
HEOOXIJTHICTh MOSIBU AIMCHO HOBOTO, BIAMOBIAHOIO KOMYHIKAI[IHHOTO MPOCTOPY B
CyYaCHUX apXITEKTYpHUX 00’€KTax [IIJIOBOrO CHpAMYBaHHS. TOMYy CbOTOJIHI
noJiipyHKIIOHAIbHUM AUIOBUM KOMIUIEKC UM KPYNMHHUIM O13HEC-LEeHTp (popMyeThCs B
HOBITHIX SIKOCTSIX YHIBEpPCaJIbHOCTI, TPAHC(OPMOBAHOCTI 1 0araTonpodiabHOCTI, IO €
XapaKTePHUM JIsl BCIX THITIB JUIOBHX BIJIHOCHH, 1 € HAHOLIBII 3aTpeOyBaHUM THUIIOM
IrPOMaJICHKOI Oy 1B,

AKTyanpHICTh JaHOTO JIOCHI/DKCHHS TIOB'I3aHA 3 IHUPOKUM PO3MaXOM
OyIIBHMIITBA [IJOBUX ULEHTPIB, Yy BCIX HaWOLIBIIMX MICTaX CBITY, BKJIIOYHO 3
BEJIMKUMH MICTaMU YKpaiHu, 1€ MOCTIHHO BHMHHMKAa€e MpoOjemMa pearyBaHHS Ha
COITlaJIbHO-€KOHOMIYHI 3MiHU. TakoX, aKkTyaJdbHICTh PO3BUTKY apXITEKTypPH TaKUX
00’exTiB 0OymoBieHa OaratbMa (akTopaMu A0 SIKUX CIiJ BIJHECTH HPHUPOIHO-
KJIIMaTU9HI, COIiaTbHO-CKOHOMIYHI, MiCTOOYIIBHI, €KOJOTIUHI Ta 1HIN crerudiai
XapaKTepUCTHKH, IO BIUIMBAIOTh HA PO3BUTOK (DOPMYBaHHS Cy4aCHOTO MiCHKOTO
cepefoBuiia Ta (POPMYIOTH HOBITHI YMOBHM [Jii PO3BUTKY HOBITHBOI J1JIOBOT
TsITbHOCTI. BakmuBO MiAKpecIuTH, MO0 ChOTOAHI TaKi BEJHMKI JIJIOBI KOMIUIEKCH €
MICLIEM TIPOBEJICHHS PI3HOMAHITHUX JUJIOBUX 3yCTpiuel, Oi3HEC-IeperoBopis,
npodeciiiHuM MiclieM YKJIaJIeHHS YToJi, KOHTPAKTIB Ta MPOBEACHHSIM KOH(EPEHIIii,
CUMITI031yMiB, 013HEC-TPEHIHTB TOIIO. b1kl TOro, came KOMyHIKaTHBHI I1JIOB1 3aX011
bopMyIOTh OCHOBHUN (DYHKI[IOHATBHUN MPOILIEC TAKUX apXITEKTYpHHUX OO €KTIB, a
1HII CymyTHI QYHKIIIT € TOTMOMIXXHUMHU caMe JJisi TIOCSATHEHHS HeoOXiTHOTO Oi3Hec-
edexty. BaxnuBo, TakoXk, BIAMITUTH, IO HOBI METOAM BKJIOYAIOTH HOBITHI
TEXHOJIOTIYHI CHUCTEMHU MPOEKTYBaHHA MJUIOBHX KOMIUIEKCIB 3a iX OCHOBHHUMH

GyHKITIOHATPHUMHU, TUTIOJIOTIYHUMH Ta TJIAaHYBAIBHUMHU O3HAKaMU; HOB1 MPUHITUIIH 1
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OpUMOMH TPOEKTYBaHHS TaKUX OO0’€KTIB Ta I1HHOBAIIHI KOHUENTYaJlbHI MOJEII
apXITEKTYPHO-TIPOCTOPOBOT OpraHizallii KpymHux O613HEC-IIEHTPIB.

[Ipu BChbOMY PI3HOMAHITTI peajbHUX YMOB 1 TOTpeO (POpMyBaHHS APXITEKTYpPH
Oi3HEC-IIEHTPIB TOJOBHA THUIIOJIOTIYHA BIAMIHHICTh TaKUX OO0 €KTIB 3HAXOJIUTHCS B
YHIKQJIbHOCT1 BJIACHOT COINIAJIbHO-TEXHOJIOTIYHOT CTPYKTYpH, B I1HAMBIAYaTbHOMY
BUSIBJICHHI KJIIOUOBHMX (HAI[IOHAJIBHUX Ta pEriOHaJbHUX) COLIAJILHUX MUTaHb Ta
IHTEpECIB HACENIEHHs, B crHeniangizamii 1 0CoOJMBOCTAX NPOEKTYBaHHS IPOBIIHUX
(GyHKIIIOHATBHO-MIPOCTOPOBUX  OJIOKIB. Jl0 HaWOUIbII aKTyaJdbHUX COLIAJIBHUX
nporpam, L0 HaJa€ 3MOry 1HTErpyBaTh HECKIHUEHHE PI3HOMAHITTS PI3HUX CTOPIH
CYCIUIBHOTO JIUJIOBOTO HUTTS 1 IHTEPECIB PI3HUX COLIAIBHUX TPYI HACEJIEHHS, CIIJ
BITHECTU: - CAMOBPSIIYBaHHS, JE€MOKPATH3alll0 BCIX CPep CYCHUIBHOTO KUTTS; -
KyJbTYypy BUPOOHUIITBA, MOOYTY 1 AO3BLLIS; - €KOJOTIYHI YMOBU PETiOHY; - 3110POB's
HaIlli Ta PO3BUTOK CYCIJIBCTBA; - FOCIOJAPCHKY T'PAMOTHICTh Ta MiANPUEMHHUIITBO.

BuaiieHHss nux mporpam J103BOJISIE, 3 OJHOTO OOKY, ONepyBaTh OOMEKEHUM
Ha0OPOM TPOBITHUX (QYHKITIOHATBHO-TIPOCTOPOBUX OJIOKIB, BiMOBITHUX aKTYaJIbHHM
COIliaJIbHUM ITporpaMam 1 3JaTHUX IMOBHOIIIHHO 1ICHYBATH, 3 1HIIIOTO OOKY, IIi MPOTpaMH
JO3BOJISIFOTH B paMKaX KOXKHOT'O OJIOK-LIEHTPY BChOT'O J1JI0BOTO MTPOCTOPY BUPIIIYBATH
SIK KJIFOUOBI, TaK 1 IMOB'SI3aHI 3 HUMH COIliaJIbHO-CKOHOMIYHI ITUTAHHS B CAMHX Pi3HHUX
013Hec-KOMO1HaLISIX.

B xoa1 aHami3y TeopeTUHYHOro A40CBiAy (POpMyBaHHS AUIOBUX 00’ €KTIB Cy4acHOIrO
MICTa BU3HAYEHO, 110 aMIHICTPATHUBHO-A1IOBA AISUILHICTD SIK MiChKa (DYHKI[IOHATBHO
chopMoBaHa TpaauIlis CHOBHEHA CEHCY TIJILKH B TOMY BHIIAAKY, KOJIM BOHA TOB'sI3aHA
3 MIEBHUM MicCIeM 1 3a0apBJieHa XapaKTepOM IILOTO MICIIS.

bararodyHkI1ioHaIbHHM A1JIOBHI KOMITJIEKC 00 BETMKUM MICBKUIN O13HEC-TIICHTP
— TIe KOHIENT-ifes, mpuHoun (GopMyBaHHS, aje HE 3aBXKau TNeBHa (opma, ioro
BHYTPIIIHIA TPOCTIp, SK YacCTHHA MICBKOTO CEpEeOBHUINA, Ma€ BHUPINIyBaTHUCS 3a
OPUHIMIOM 0araToyHKI1OHAIBHOCTI CAMOT'O MICHKOTO IIPOCTOPY.

[Tpu popmyBaHH1 BHYTPIITHBOTO MPOCTOPY 1 Pi3UYHO 1 METAPOPUIHO HATAIOTHCS
BJIACTUBOCTI JIBOX OCHOBHHUX SIKOCTEH MICTa: SIKICTh IIJISAXY KIIIEHTIB (J1JI0Ba aKTHBHA

BYJIMIIA) 1 AKICTh Micld (AUTOBHI ocepesok, 0¢icHI MpuUMIIIeHHs, OaHKIBCHKHM 3a1).
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s nBoicticTh BigoOpaxkae MpPUPOAY AIIOBOrO LEHTPY, K OyAb-SIKOIO BEJIHUKOTO
CYCHIJIbHOTO OyJIMHKY, - BOHO YaCTKOBO HAJICKUTh MICBKOMY PIBHIO, aJIe B TOM e Jac
1 piBHIO OYJIMHKY, TaK sK 3a0e3Meuye JIOANHI TIeBHUN KOMQOPT IIJIOBUX CTOCYHKIB.

CydJacHuii eTarn po3BUTKY AUTIOBUX BIAHOCHH MPU3BOJIUTH O HOBUX MPHUHITUIIIB
NPOEKTYBaHHS OQICHUX TMPOCTOPIB, IO XaPAKTEPUIYETHCS HE3PIBHSIHHO BHIIUM
npodeciiiHuM 1 3araJIbHOKYJIBTYPHUX PIBHEM.

Ilepwuii 3 HUX TOB'A3aHUM 3 CHCTEMOIO PEABHUX MPOCTOPOBUX PO3MIPIB, fAKI
ocsirae JIOUHA, MOTPAIUISIIOYN B IIEHTPAJIbHUN MPOCTIP - KPUTUHN O13HEC-LIEHTP.

/Jpyeuti - 1CTOPUYHMI: BiJ KyJbTYpPHO-ICTOPHYHUX OOpa3iB /0 Cy4acHOl
1HyCTplajJbHOI €CTETHUKH.

Tpemiti TpUHITUII 3aCHOBAHUM HaA PAJIl €IEMEHTIB eKCTep'epy B iHTEP'eEPI.

Tunu takux OaratoyHKIIOHATBFHUX IIOBUX OyiBeNb 1 0(ICHUX KOMILUIEKCIB
(bopMYIOTHCS MiJ] BILTMBOM HACTYITHUX TCHACHITIN:

- Oe3mepepBHE PO3UIMPEHHS BHUPOOHUIITBA TOBAPiB CIOKMBAaHHS Ta PO3BUTOK
BEJIMKOI IJIOBOT 1HAYCTPII,

- YKpYIIHEHHS TOPIrOBHX MIJNPUEMCTB Ta JILJIOBA AKTHUBHICTH BEJIMKUX
Kopropatliid Ta 6i3HeC-CTPYKTYP;

- PpO3BHTOK HOBHX TEXHIYHMX 1 oOpraHizamiiuux ¢opMm odicHOro Ta
aJMIHICTPATUBHO-A1JIOBOT0 0OCITyTrOBYBaHHS HACEICHHS;

- CKOPOUYCHHSI BUTPAT CIIOKUBAHHS TA EKOHOMIYHICTB;

- CKOpPOYEHHsI 4acy 0OCITyrOBYBaHHS Ta ONTUMI3AIllS ILJIOBUX BIJIHOCHH.

B xoai getanbHOro aHaiizy HNPAakTUYHOTO AOCBiAY (POpMyBaHHS apXITEKTypH
CcydacHHUX Oi3HEC-IIeHTPIB OYJI0 BUABJICHO, IO 3a CKJIAJIOM Ta 3MICTOM JIJIOBUX 3aX0/I1B
BCl PO3MVISTHYTI KOMIUJIEKCH MOJKHA PO3AUIMTH Ha TPYMH: - KOMIUIEKCH, JI€ A1IOBI
3aX0/M MPECTABIEH] IEPEroBOpamMu 1 KOHCYJIbTalisiMu (1-a rpyna); - KOMIUIEKCH, €
JJIOBI 3aXOJU TIPEACTAaBJICHI TEPEroBOpaMH, KOHCYJbTAIlIIMH, CEMiHApaMHU Ta
MaiicTep-KiacamMu, KyJIbTYPHHMH Ta pPO3BOKAIBHUMH 3axoaamu (2-a rpyma); -
KOMIUJIEKCH, MPOTPaMU SIKUX BKJIIOYAIOTh BCl BUIM JIJOBHX 3aXOJlIB: MEPETOBOPH,
KOHCYJIbTallll, CeMiHapHu, MalCTep-KJIacH, LEPEMOHIAIbHI 1 PEKJIaMHO-PO3BaKAIbHI

3ax0/M, KPYyriai ctonu Ta KoHdepeHiii (3-TS rpyma); OKpeMo CIiJl BUIUIATH Taki
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3axonu (moy, pAeduie, OrAaM, IMOKa3W W Take 1HIIE), [0 MPOBOASATHCA 3a
IHIUBITyaJIbHAM CIIeHapieM Ta Mae crenudiky ix mpoBeneHHs. [ijoBi meperoBopw,
odicHI KOHCYJbTallll, TpodeciiiHl MalicTep-KiIacH, (paxoBi CEMIHAPU, «KPYTJIl CTOJIN
Ta OKpeMi TeMaTH4Hi KOH(EepeHIi BIIPI3HAIOTHCA BiJ IHIIUX [IJIOBHX 3aXOJlIB
CIPSIMOBAHICTIO Ha MpodeciiiHi 0OTOBOPEHHS Ta JOCATHEHHS €KOHOMIYHOTO e(PeKTy,
TaKOX, 1 KIJIbKICTIO YYaCHUKIB

BaxxnuBo BIAMITUTH, IO ChOTOJHI AKTHUBHO OYIYIOTBCS YHMCIIEHHI TOPIrOB1
IIEHTPH, YPSAI0BI MIHICTEPCTBA, MOCOILCTBA, 0(iCHI OY11BJI1 1 TOPrOBO-PO3BAXKAIBHI Ta
KUTJIOBI, 110 aKTUBHO (DOPMYIOTH cydyacHe MiCbke cepefoBuile. Tak, Harmpukiaj,
Bynanemrcrkuii eHTp MicTa - HAHOUIBIIMK HEHTpadbHUM AinoBuil paiton (CBD) i
HanOUbIMK (iHaHcoBUM wHeHTp B YropmwmHi 1 Llentpansnoi €Bponu. Y Kanani
«UEHTpAIbHUHN TI0OBUIA pallOH» HE BUKOPHUCTOBYETHCS B SAKOCTI O(QILIHHOTO TEPMIHY
StatsCan. 3aMiCTh IIbOTO TEPMIHU KIIEHTP MiCTa» ad0 «B IIEHTP1» BUKOPUCTaH1, O1IBIII-
MeHII cUHOHIMIYHO. Haii01unpe micto kpainu, TopoHTo, 0(iliitHO Mae LUIUX YOTUPH
JIIOBHX paioHU, SIK1 € eHTpaibHUM. B OTTaB1 «lleHTpaNbHUM N1T0BUH paiion» 11e 31
MICBKUM KBapTall, 10 MICTUTh O(ICHI LIEHTPU, JILJIOBI KOMIUIEKCH, OAHKH Ta 1HIII
IPOMAJIChK] YCTaHOBHU.

ToprosenbHa manata B Ykpaidi po3pobuiia crangapTHy kiacudikaiiiro opicHUX
npumilieHb 1 Ha kapty KueBa Oynu HaHeceHi KOpJIOoHM lleHTpanbHOro A1710BOIO
paiiony. Excneptu puHKy 0G¢icHOI HEPYXOMOCTI 3allpONOHYBAaIU PO3MIUPUTH
IEHTpaIbHUM AiToBUH paiion KrueBa Ta mo-HoBoMy Kiacu(ikyBaTH yKpaiHChKi Oi3HeC-
HEHTPU Ta JIJIOBI KOMIUIEKCH SIK MICIS JJIsI MPOBEICHHS PI3HOMAHITHUX JIJIOBUX
3aX0/iB, CHUMIIO31yMiB, CEeMiHapiB Ta KOH(MEpEeHIi, a TaKOX MPUMIIMICHHS IS
BOPKIIOMIB TaKUX XYyJOXKHIX TIPAKTUK, SIK TeaTp, My3uKa, oOpa3oTBOpuUe Ta
CKYJBITYpPHE MUCTEIITBO.

VY cyyacHUX BEJIMKUX KOMIIAHISIX Ta CBITOBUX KOPIIOpAIlisiX, OPIEHTOBAHUX Ha
CTIHKICTh, YCIIX MallOyTHHOTO Oi3HECY 3alleKUTh, TAKOXK, BIJl BXJIMBUX IHUTaHb
30epeKeHHsT €KOJIOTii Ta PO3BUTKY €HEProeeKTUBHOCTI, OLIBII TOTO, Il MUTAHHSI

BKJTFOUYAIOTHCS B 3arajibHY 1ICOJIOTTYHY CTPATETIIO0 IIUX KOMITaHi.
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Peanizamito koHuenuii eHeproeekTUBHOCTI 3a0e3MeuyloTh apXiTEeKTypHO-
IUTAaHYBaJIbHI 0COOMMBOCTI (hOpMYBaHHS JIJIOBUX KOMIUIEKCIB (popMa, 00OJOHKA 1
BHYTPIIIHSA CTPYKTypa OyiBelb), 1HXKEHEPHO-TEXHIYHI ¥ KOHCTPYKTHBHI PIIICHHS
(pereHepairisi pecypciB, €KOHOMISI €Heprii) Ta 03100F0BaIbHI MaTepia.

B cTpykTypi BeIUKOro mMicTa JiIoBl KOMILIEKCH Ta O13HEC-IIEHTPH 3HAXOATHCS B
LHEHTPl I'POMAJCHKOrO YMPAaBIIHHSI MajluM Ta cepeaHiM Oi3HecoM. TyT Ba)IJIMBO
BU3HAYUTH BECh KOMILUIEKC MOP(OJOriyHUX, (YHKIIOHAIBHUX, €CTETUYHUX 1
KOIO31I[IHHUX €JIEMEHTIB (POPMYBaHHS apXITEKTYPH J1IJTOBUX KOMIUIEKCIB. Taki BEIUKI
0araro(yHKILI1OHAJIbHI JIIJIOBI LIEHTPU € BEJIMKUMHU IPOMAJCHKUMHU KOMILIEKCAMH 3
IHTErpali€l0 pi3HUX CYNyTHIX (YHKIIA TPOMAaICHKOTO OOCIYroBYBaHHS, IO
BIJI0OpaXka€ Ccy4acHi TEHJEHI] AUIOBOTO 1 KYyJIbTYpPHOTO >KUTTSA CYyCHUIbCTBA. A
cyyacHi OI3HEC-IIEHTPU CBOTOJHI € TPOBIAHMMH (PaXOBUMHU OpraHizallisiMH, M0
CIeliali3yEeThCS Ha MIATPUMII MaJoro Ta CEPEAHBOTO O13HECY Ha MOYATKOBUX eTamax
JI0OI0 CTaHOBJICHHS.

ApPXITEeKTypHa KOMITO3HIIISI BETUKUX O13HEC-IICHTPIB 1 MIJIOBUX KOMILUIEKCIB Ma€
PN IHIIMX XapaKTepPHUX OCOOJMBOCTEW, MOB'SA3aHUX 3 OOCIYrOBYBaHHSIM TPbOX
KaTeropid BIJBiAyBayiB: IMIIIOXOAIB, MacaXHpPIB TI'POMAJICHKOr0 TPAHCHOPTY 1
BJIACHUKIB 1HAWBIyaJbHUX aBTOMOOLTIB. 3BiJIcM HAOIMKEHHS IUIOBUX IICHTPIB 0
TPAHCHOPTHUX JOPOT 1 3yIIMHOK 1 pa30M 3 TUM CTBOPEHHS B HUX MIIIOXITHUX 30H, 110
B I[JIOMY BIJIIIOB1/Ia€ Cy4acH1i MICTOOY IIBHIM KOHIEIIIIT - «OYy1BJISl cEpell MPOCTOPY»,
110 MPUMIIITIA HA 3MIHY CTapii - «IpOCTIp cepesl Oy 1IBEbY.

Takux OaraToyHKI[IOHAIBHUX AUIOBUX KOMIUJIEKCIB CTa€ BCE OUIbIE, 1 BOHU
MalOTh TEHJICHIIII0 PO3BUBATUCh Ta TpaHCPOPMYBAaTUCh Ha PI3HUX eTamax
dbopMyBaHHS apXITEKTypH MICHKOTO cepefoBuia. HaiOinpimr po3BUHEHI JEpKaBU
MalOTh OPTraHi30BaHi JUTOBI pailoHU a00 perioHH, OO0 11 € OHOIO 3 OCHOBOIOJIOKHUX
KpUTEPIiB PO3BUHEHOCTI A1JIOBOTO aCHEKTY KpaiHH.

CporoaHi BeJIMKI MiCTa PO3BHUBAIOTHCS TAaKUM UYHMHOM aOW 3aJ0BUILHUTH BCi
noTpedu MOro MENIKaHIlIB, Ta 3POOUTH iX JKUTTA MAKCHUMAJIbHO KOMGMOPTHHM.
HaiikpymnHimn MicTa, CTOJUIN TPOBIIHUX KPaiH CBITY € PO3BUHEHUMH, OCKIIBKA BOHU

npuBaOIIOI0Th HAHOUTBITY KUTBKICT PI3HOMAHITHUX )KUTTEAISUIBHUX MPOIIECIB.
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[lentpanbuuii autoBuil paiion (3 anri. CBD — central business district) — 1e
KOMEpILIMHUN Ta AUIOBUH LEHTp MicTa. Y BEIHMKHUX MICTaX YacTO CHHOHIMOM €
"pinancoBuii paion". I'eorpadiuHo nUIOBHM palioH 4yacTo 30iraerhcs 3 "LEHTPOM
MicTa", ane Il HOHATTS € Pi3HUMHU: y 0araTb0X MICTax LEHTPAJbHUN AUIOBUNA pailoH
PO3TaIIOBaHM 1aJIeKO BiJl TOPTOBOTO, KYJBTYPHOTO LIEHTPY MiCTa.

BaxxnuBo BigMITUTH, 110 6aratoyHKIIOHAJIbHI A1IOBI KOMIUIEKCH OpPIEHTOBaH1
Ha aKTHBHY B3a€MO/IIIO 13 30BHIIIHIM MICBKHM CEPEJIOBUIIIEM, iX OCHOBHA CYCHIbHA
pOJIb — CTBOPEHHS LIEHTPIB COLIAJIbHOI AaKTUBHOCTI, CHPHUSIOTH COLIAJBHUX
KOMYHIKaIllil Ta KyJIbTypHOMY 30aradyeHHIO MICBHKOI >KUTTSI, TOMY TOPIOBa CKJa/0Ba
(TOBapu MacoBOTO CHOKMBAaHHS) TPOMAJICBKOI YaCTWHU HE TMOBWHHA JOMIHYBATH.
Ha0ip eneMeHTIB rpoMaZChKOi YaCTHHHU 1 X B3a€MHE CITIBBITHOIIEHHS BU3HAYAIOTHCS
BUXOJISTYM 3 KOMIUIEKCHOTO aHAITI3y COIIaJbHO-MICTOOYIBHOTO KOHTEKCTY.

TakuM dYWUHOM, I[IHHOCTI AaKTUBHOTO CYYacCHOTO CYCIUIbCTBA pPOOJIATH
IPIOPUTETHUM PO3POOKY CaMOPETYJIIOIOUMX JUIOBUX KOMYHIKAUIWHUX CTPYKTYp. B
JAHOMY KOHTEKCTI OJHHUM 3 HaWOUIbII TMEPCHNEeKTUBHUX HAMPIMKIB PO3BHUTKY
(GyHKITIOHATBHO-TIPOCTOPOBOT OpraHizailii AUIOBHX OI3HEC-CTPYKTYp CTa€ MOJCIb
CaMOpPETyJIbOBAaHOT CHCTEMHU 3 THYYKOIO (YHKI[IOHAJIBHOI MPOTrpamoro, siKa T03BOJIE
JTUHAMIYHE KOPUTYBAHHS CIIBBITHOIICHHS CYyCHUIBHOI 1 M1JI0BOi (DYHKIIIHM 1 BOJIOAIE

MOTEHII1aJIOM JIs BIJIMOBIAHOCTI BUMOTaM MailOyTHBOTO.
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1.8 CyuacHi TenaeHuil pOpMYBaAHHSI €KOOPIEHTOBAHMX OyAiBeJb i cCIOPya

Y TpeTbOMy THUCSYONITTI 0arato eKOOpIEHTOBAHHUX OyIiBenb 1 CHOPYI
bopMyIOTBCSI K B MICBKOMY CEpEJOBHIII, TaK 1 3a HOTo MeXaMu B CTPYKTYpi
npupojgHoro ga"amadty. OcoONMBOCTI BUIIIALY NPUPOAHOro JaHamadTy, IO
BIJIHOCHUTBCS JIO PI3HUX MPUPOAHUX 30H, BU3HAYAIOTHCSA CHEIU(]IKOI0 1 MOETHAHHM
dopM penbedy, BOTHUX MTOBEPXOHb 1 POCIUHHOCTI.

Haii6inpm Bupa3sHuMH JUISHKaAMH TSI PO3MIIIEHHS €KOOPIEHTOBAHUX OyiBelb 1
CIIOPY/JT € KPOMKH CXWJIIB, 3aIlJIABHUX Tepac 1 OeperiB BOJIOMM, a Tak caMO aKICHTHI
dbopmu penbedy — maropobu, ckeni, ypBUIlla, aKkBaTOPii MOps, PiYOK, 03€p, CTaBKIB,
POCIMHHICTD (Tal, TPynu JepeB, 3aIUIaBHI JIyKH). BUSBICHHS TakuX AakKIEHTHUX
€JIEMEHTIB 1 BKIIOYEHHS B iX CTPYKTYpYy €KOOPIEHTOBAHUX OYJIBEIb CIPUSIE
CTBOPEHHIO JIUISHOK 3 SICKPaBUM I1HJUBIAyaJIbHUM BUTISA0M [49]. 3anexHO Bif
naHamadTy eIeMEeHTH €KOOPIEHTOBAaHMX OyiBeNb 1 CIOPYJ MarOTh HE OJHAKOBE
3HAQYEHHS — BIJ JOMIHYIOUOTO HaJ BEJIUKUMHU TEPUTOPISIMU 1O MIAJIETIOro, 3
00MEKEHUMH 3B'SI3KaMU 3 OTOUYCHHSM. 3 YpaxyBaHHSIM CHEIU(IKU KOHKPETHOTO THUITY
naHAmadTy CTBOPIOETHCS IHTETpOBaHA CHUCTEMa IHTEP'€PHUX 1 EKCTep'€pHUX
IPOCTOPIB €KOOPIEHTOBAHUX OyaiBeNb 1 cropyld. JOCHiIKeHHS Cy4acHOro JOCBIITY
MPOEKTYBAHHS BU3HAYWIO PI3HI MPUHOMH BKIIIOYEHHS €KOOPIEHTOBAHMX OyAiBElb 1
CHOPY/l B CTPYKTYPY MPUPOTHOTO JaHIIA]TY:

a) MOMiHyBaHHsS OyZiBIi B MpHUpOAHOMY JaHmmadTti 3acodamMu 0COOIMBOCTEM
dbopmu, Macu, KOIbOpy, PakTypu TOIIO;

0) HelTpaJibHE CIIBBIIHOIICHHS OyAiBiIl 1 IPUPOAHOIO JaHAIAPTY;

B) OpraHiyHe BKJIIOUCHHS apXiTEKTYpHOTo 00'eMy OYIiBIIl B CTPYKTYPY pelbedy
13 MANOPSAKYBAHHIM IPUPOTHOMY JaHIadTy.

Y XXI cromitri Bce OUIBIIOrO MOLIMpEHHs HaOyBae mpuiloM ¢GopMyBaHHS
€KOOpPIEHTOBAaHUX OyJiBeNb 3 BUKOPUCTAHHAM penbedy. Lle oOyMoBiIeHO MOsSBOIO
HOBUX TEXHOJIOTIH, 3aCTOCYBaHHSIM HETPAAMIIIHHUX KOHCTPYKTHUBHHUX PIMICHb TEIJIO
30epirarounx Oy/iBeNb, a TAKOXX MOTPEOOI0 OLIBIN OPraHIYHOTO MOETHAHHS 00’ €My

OyIiBJIl 1 HaBKOJUIIHBOTO JaHAmMA(Ty NUIIXOM HOro iHTerpamii B TPUPOJHE
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CepeZIOBUIIE 3 BUKOPHUCTaHHSAM 3ac00iB reormiacTuku. CydacHa TEXHIKA J03BOJISE
CTBOPUTH MPAKTUYHO OyAb-sIKUK penbed. B sSKoCTI OCHOBHUX 3ac00iB (popMyBaHHS
I'COTUIACTUKUA pelibe(y BUKOPHUCTOBYIOTh YKOCH, MIJIMIPHI CTIHKH, CXOJH, MaHIYyCH,
3eMJISIHI HACHUIIH, Taropou.

Cning 3a3HayuTH, OO0 TPU BUPINIEHHI 00'€MHO-TIPOCTOPOBOI 1 IJIaHYBAJIBHOI
CTPYKTYPH €KOOPIEHTOBAHUX OY/IBEJIb, ApXITEKTOPU AKTUBHO BUKOPUCTOBYIOTH Pi3HI
OPOMDKHI peKpealliiHi MPOCTOPHU: pPEeJIaKCaliiHO-0310pOBYl MPUMILIEHHS, IO
bopMyIOTh Pi3HI PeNaKC-IPOCTOPU (CHPHUAIOTH O3J0POBJICHHIO, BIJIHOBJICHHIO 1
€MOI[ITHOMY PO3BAHTAXKEHHIO JIOJCHKOIO OPraHi3My), peKpeawiiHi TpUMILIeHHS IS
o0'eqnanHss a00 po3MexyBaHHS (YHKIIOHATBLHUX 30H, 3a0€3ME4YeHHS PEe3epBY
po3BUTKY. OCHOBHI NpUMIIIEHHSI — 0aJKOH, BepaH/a, JIOJXK1i, 3uMoBul caj. Tepacu,
caJy Ha Jaxax, JBOPUKHU MaTio BIAIITOBYIOTHCS 3 METOIO PO3IIUPEHHS 0OMEXEHOTO
npocTtopy OyJiBIII 1 opraHi3allii MaHOpaMHHUX BHJIIB Ha JIaHAIMA(THI Ta apXITEKTypHI
KoMIo3ullii (Bomoimu, nmaropou, MA®) [50].

[lepcnextuBHI TeHAEHII ¢GOpMyBaHHS 00'€MHO-IPOCTOPOBOI  CTPYKTYpPH
€KOOpieHTOBaHMX OyI1BEJIb CIPSIMOBaH1 Ha CTBOPEHHS 1 PO3BUTOK 1X OaraToriaHoBOro
MIPOCTOPY 3a JOMOMOT0I0 HACTYMHUX NPUHOMIB KOMIO3UIIIITHOTO 00'€ THAHHS:

— BUSIBJICHHS JJOMIHYIOHOTO MPOCTOPY (IIEHTpajbHE PO3TallyBaHHSs, 301bIIICHHS
BUCOTH, PUCTPIN CBITIOBUX JIIXTapiB, AKUEHTYBAaHHS OCHOBHOTO €JIEMEHTA);

— MOCWJIEHHSI BI3yaJIbHOI OCI MPOCTOPY (B BEPTUKAIBHOMY 1 TOPHU30HTAIILHOMY
PIBHI — CBITJIOM, KOJILOPOM, ITPHUETHAHHIM BIIKPUTHX 1 3aCKJICHUX MPOCTOPIB);

— HAasIBHICTh 3arajJlbHUX MEXYIOUHX €JIEMEHTIB MpocTopy (Hepyxomi 1
TpaHchOPMOBaHI €KPaHYI0Ul KOHCTPYKIIii, THYYKl OTOPOKi, BEpTUKAIbHE 03€JICHCHHS
1U1s1 YHKITIOHATIBHOTO 1 30pOBOT0 00'€ THAHHS, 130JISIIIiT TPUMIIIICHB);

— HAsIBHICTh IPOHUKAKOYUX CTPYKTYPHUX €JIEMEHTIB IPOCTOPY (MIPUMILLEHHS a00
dbyHKITIOHATBHA 30HA K CTPYKTYPHHM €JIEMEHT, 37aTHI BUIBHO «IIEpPETIKaTH» B 1HIII
JUIsl CTBOpPEHHS 0araToyHKI[IOHATBLHOTO MIPOCTOPY);

— TapMoHi3alis B OQOpMIIEHHI IHTEP'€PHOTO Ta EKCTEeP'€PHOr0 MPOCTOPY
(B110OpaKeHHST 30BHIIIHBOTO BUTJISAY OYIiBIII B MOro iHTEp'epi — BHUKOPUCTAHHS

€IMHOTO CTUJIIO 1 MaTepiaiiB, KOJIPHOTO 1 CBITJIOBOTO PIillIEHHS, JEKOPY).
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BukopucTaHHS NaHUX TPUHOMIB Ja€ MOMJIMBICTh KOMIUIEKCHO IOEJIHYBATH B
00'eMHO-TUTaHYBaJIbHIM CTPYKTYPl €KOOPIEHTOBAHUX OYiBENb Cy4acHICTh, KOM(DOPT,
IHIUBIAYAJIBbHICTh I (PYHKIIOHAJIBHOTO 1 €CTETHYHOTO 30aradyeHHs, a TaKOXK
1HTerpauli 1IHTep'€pHUX 1 eKCTep'epHUX MpOoCTOopiB [S1].

dopMyBaHHS apXiTEKTypHO-JAHAMA(THOTO CEpPEIOBHINA EKOOPIEHTOBAHUX
OyniBesb MOBUHHO 3/11ICHIOBATUCS 3 BUKOPUCTAHHIM PETYJISIPHOI, IAaHAIMAPTHOI Ta
3MIIIAHOI JIAaHYBAJIBHOT CTPYKTYPH 1 3 BUKOPUCTAHHIM MPHUPOJHUX (POCIUHHICT,
reorIacTUKa, BOJHI MpUCTPOi) 1 anTponoreHHux (MA®, ckynbnrypa, 1eKOpaTUBHE
MOKPUTTS) 3aC001B JaHAIIA(THOTO TU3AMHY.

Po3mimenHs ekoopieHTOBaHUX Oy/iBedb B ypOaHI30BaHOMY a00 MPUPOTHOMY
CEepEelOBUINlY BH3HAYa€ JBa MPOTHIEKHI MIAXOAW [0 oOpradizamii OymiBimi 1
nanamadty. SkicHa iX BIAMIHHICTh BU3HAYA€ThHCS KUIBKICHUM CIIBBIJHOLICHHSM
napameTpiB Gpopmu OyIiBIIi, IO CTBOPIOE KOPAOHH, 1 HABKOJIUIITHBOTO MPOCTOPY:

— ypOanizoBane cepenouine — He3naudi (0,1-0,3 ra) a6o cepeani (0,4-0,6 ra)
KUTBKICHI IMTOKa3HUKH JIaHAMA(PTHOTO cepeaoBHINa 011 Oy TiBIIi;

— MpUPOJHE cepeaoBuIle — BUCOKI (1-3 ra i1 Ounblne) KidbKICHI MOKa3HUKHU
TaHAMAaPTHOTO cepeoBuIa 011 Oy IiBIi.

B ypb6anizoBanoMy cepenoBHIII 3 MO3UIllI €KOHOMIKM HEOOX1THE CTBOPEHHS
MaKCHMaJIbHO 3allOBHEHOIO Macol KOMMAKTHOI ¢opMu OyAiBil 3 MiHIMAaJIbHOIO
nJIonier0 3a0ya0BHU, sika 3a0e3leuye 3B'130K 3 NPUPOJHUM CEPEAOBUILEM LIIAXOM
CTBOPEHHSI BEpaH]l, Tepac, O3€JECHEHUX CTIH 1 MOBEPXOHb. 3 MLI€l TOYKU 30Dy
HaO1IbIII TOIIBHI Takl KOMIAKTHI opMH, K KyO, cepa, miBchepa.

KomnakTHuii cuMmeTpudHuil 00'eM KyOooOpa3zHOi ¢dopMu — II€ XapaKTepHE
pillieHHsT TpaauiiiHoi OyxaiBii. SICKpaBO BHpa)keHa BICh CHUMETpIi, IEHTpajbHE
pO3TaITyBaHHs TOJIOBHOTO BXOY 1 IBYXCBITIIOBOTO XOJIy POOJISATH IJIAaHYBAIBHY CXEMY
OyHmiBiIl JOCHTh KOPCTKOI. Y CHMETPUYHUX KOMIIO3MINAX OyAiBIl TNPUHIIMI
J3epKaIbHOCTI BCHOI'0 00’ €MY 11010 IIEHTPAIbHOT OC1 YAaCTO MIAAAETHCS IIEHTPUUHIN
oprasizairii iHTep'epy TOJIOBHOTO IPOCTOPY. Y KOMMIAKTHUN 00’€M MOXKYTh aKTHUBHO
BIIPOBAPKYBATHCS BIKPUTI TPOCTOpHU (JIOKIT 1 Tepacu, BepaH 1y, OaIKOHH, MaJll caiau

Ha TUTacKid TOKpiBii). BoHm 3abe3medyroTh 3B'S30K apXITEKTYpHUX OO0’€MIB 3
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IPUPOAHUM CEPEAOBHINEM 1 JO3BOJSIOTH TIOM'SIKITUTH JEAKY JKOPCTKICTh 1X
CUMETPUYHOIO CXEMH.

KoMmnakTHUil acUMETpUYHUNA OOCST JO3BOJISIE OUIBII THYYKO PO3MIITyBaTH
IUTAaHYBaJIbHI €eMeHTH Oyaisil. Lle Moxke OyTu He TUIbKM KyO, a U IuIacTHHA, 1HOA1
IiHATA HAJT PIBHEM 3€MITI.

[TpoTsxHU 00’€M BUTATHYTHI Y3/10BXK OJIHI€I, SIK MPABUJIO, BYJIMYHOI oci. Bin
JI03BOJISIE PO3KPUTH BECh TTPOCTIpP, 30pOBO 30UTHIIMBINM HOTO TIMONHY. JloBkuHaA cTae
JIOMIHYIOUOI0 1 BU3Hauae (HopMy, IUIAHYBAIBHY CTPYKTYPY 1 (PYHKIIIFO TPUMIIICHbD.
Takuii oOcsr 103BOJISIE PO3JIUIATH iX B IJIaH1 HA KUIbKA OKPEMHUX, ajie TIOB'A3aHUX MIXK
co0010 MPOCTOPIB.

Y nOpupogHOMY CEpENlOBMINY CJIiJI CTBOPIOBAaTH BUIbHI (OpPMHU, BHUpaKEHI
MIHIMQJIBHOIO KUIBKICTIO Mach OyIiBJII 3 YMOBOK 3HAYHOTO IEpEeBaKaHHS
JaHmmadTHOrO  CepeloBUINA. Y  TOPIBHAHHI 3  KOMIAKTHUMU 00’ e€MaMu
€KOOPIEHTOBAHUX OYJIBEJIb B MICBKOMY CEPEAOBHILI TAKUM OYyHIBJISIM IpUTaAMaHH1
OUIBIII CKJIQJHI TPOCTOPOBI 3B'SI3KH MIXK iX KOMITO3UILIIMHIMH €JIIEMEHTAMH.

[Ipu nepetuHi 06’eMiB (TaBUIBOHHE T€OMETPUYHE TIJIAHYBAHHS) CTBOPIOIOTHCS
BUIII NPUMILIEHHA. BOHM OpraHi3oByIOThCS Ha MEPETHHI O00’€MIB 1 MOXYTh MaTH
no/iBiiiHy BUCOTYy. Ha gaxy Takux JOMiHYIOUHUX 00’ €MiIB JOIIBHO POOUTH O3€ICHEH1
pekpeaniiiii IpOCTOPH 3 OIJISIOBUMH MaiijaHuukaMu. Ekctep'epHi MpocTOpH MOBUHHI
BUPINITYBATUCS MUIIXOM 1HTETPOBAaHOTO 00'eqHaHHS 00’emy OyxaiBmi i1 manmmadry.
Cnin 3a3Ha4yuTH, 10 JIiHIAHI 00’€MHM €KOOpIEHTOBAHMX OyJiBellb € 0COOJUBO
BHUPA3HUMHU B MOEHAHHI 3 KPUBOJIHIMHUMH.

ExoopientoBani OyiBii BUIbHOT KOH(DIryparii — mpuitom, XapakTEpPHHUI CKOPIIIe
JUTS O1TBII M'SIKOTO KJTIMATY, KOJIM BEJIMKUM TTEPUMETP 30BHIIIHIX CTiH HE € HEJIOJIIKOM.
CkiagHi KpUBOJIiHINAHI 00’ €MH XapaKTepU3yIOTHCS HASBHICTIO JUHAMIYHO 1 Bi3yallbHO
AKTUBHUX BUKPUBJIEHHUX CTIH. YBITHYTI YacTUHM BHUKPHUBJICHOTO 00’ €My
KOHIICHTPYIOTh MPOCTIP B IIEHTPI1, a OMYKJI1 YACTUHU BUOKPEMITIOIOThH MOT0 3CEPEIUHMU.
BaxnuBum akineHToM mpu poOOTI 3 KpPUBOMIHIMHUM 00'eMOM Oy[iBIl BUIBHOT
KOH(]irypamii € HasgBHICTh AKTHBHOI'O I1HTEIPOBAHOTO 3B'SI3KYy 3 MPUPOTHUM

OTOYEHHSAM. BiH JocAraeThcsi MUISIXOM CTBOPEHHsSI BOyAOBaHUX a0o0 MpHOYAOBaHUX
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3UMOBMX CaJiB; OpraHizailii 0JHOro a0 CUCTEMHU BHYTPILIHIX JTBOPUKIB; BKIOUYEHHS
Tepac, JOJKINA, COJAPIiB; 3aydeHHsI B OYIIBII MPUPOJHUX JaHAMA(TIB SK PI3HUX
peKpealiiHuX MpPOCTOPIB, EKCIUTyaTOBAHMX CajiB Ha Jaxax, BEpPTUKAIbHOIO
O3CJICHEHHS Ta 1H.

TakuMm 4YMHOM, €KOOpi€EHTOBaHI OyAiBIlI MOXYTh MaTh PI3HOMAHITHY (Qopmy
00’eMy «0OOJOHKW» — KyO, mapaienemines, cepa, miBchepa, BUIbHE MOETHAHHS
pizHOMaHITHHX 00’€MiB 1 iH. BOHM MOXyTh NMPOEKTYBATHUCA TAaKUMH, LIO CTOSThH
oKkpeMo (y TPUPOJHOMY CepeloBHII) ab0 B CTPYKTypi 3a0yJAOBaHUX MICBHKUX
TEPUTOPIA, MaTU OJMH ab0 KigbKa piBHIB. (DYHKIIOHAJIbHA OpraHi3alis TaKuX
€KOOpIEHTOBaHUX Oy/iBeNh MOBMHHA 3HAWTH CBOE BiOOpa’keHHS IMpU (OpMyBaHHI
eKCTep'epHOro MpocTopy mopsan 3 Oyaieiero. Opranizaiis TrpaMOTHOI MPSIMOi
3aNIeKHOCTI MK  pIIEHHSAM  00'€MHO-IUIAaHYBaJdbHOI  CTPYKTYpH OyamiBmi 1
nanama@THUM O0(QOPMIICHHSIM TPUJIETIIOT 10 HEl MIISHKU JO3BOJIUTH MAKCUMAJIbHO
30epertd MPHUPOAHI EIIEMEHTH CepeloBUINAa 1 3a0e3MeYuTH KOHTAKT JIOJUHHU 3

IPHUPOJIOTO.
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SECTION 2. CHEMICAL TECHNOLOGY

2.1 Ukrainian prospects for landfill gas production at landfills

Increasing the level of fuel and energy independence is one of the priority goals
of the state energy policy of Ukraine. At the same time, there are some negative trends
that are observed in the system of traditional energy, which for a number of reasons are
related to the problem of providing hydrocarbon fuel and energy resources of the state.
This created the preconditions for the need to develop certain segments of alternative
energy.

In this situation, the issue of extraction and use of renewable energy sources, one
of which is landfill gas (LG), is extremely important for Ukraine. The energy obtained
from LG is renewable because it comes from an organic renewable substrate, which
attaches even greater importance to gas production in biogas plants.

Consumption of the benefits of civilization is constantly growing, and with it the
amount of waste. Colourful packaging, disposable products and much more that is
made for general use, invariably turns into scrap. No matter how much you manage to
compact the garbage can — you still have to take out the garbage. This means that there
is an urgent need to invent new ways of recycling waste.

Municipal solid waste (MSW), which in contrast to solid industrial waste [52-57],
1s a mixture of organic substances of different origins, is a high-calorie fuel that is not
inferior in energy to traditional brown coal [58]. Receiving energy from garbage
simultaneously solves the problem of solid waste disposal.

Fuel derived from conventional solid waste is: 1) gaseous (LG, which contains
methane); 2) solid; 3) liquid.

At present, waste processing plants are being set up in different countries,
equipped with special storage facilities equipped for the proper storage of solid waste
in order to obtain LG from them. However, low-calorie gaseous fuels are difficult to
transport, and therefore they are usually used directly at the place of extraction for the

production of electricity and heat.
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Solid fuel from solid waste [59] is a high-calorie fraction consisting of household
waste. This type of fuel is widely used as a cheap substitute for combustible minerals
and can replace resources such as brown coal, coal, petroleum products, wood.

Liquid fuel is a synthetic diesel fuel that can be used in internal combustion
engines. It differs favorably from diesel fuel obtained from oil refining, because it does
not contain sulfur, which clogs the engines, which in turn has a negative impact on
their durability.

One of the main ways to remove solid waste around the world is to bury it in the
surface geological environment. Under these conditions, the waste is subjected to
intensive biochemical decomposition with the formation of LG [60-65]. The main
components of LG include not only greenhouse gases (methane and carbon dioxide),
but also such toxic compounds as carbon monoxide, nitrogen oxides, hydrogen sulfide,
sulfur dioxide [66, 67]. Physico-chemical properties of landfill gas are given in table.
1.

In the process of thermal exposure and ignition of waste, carcinogenic compounds
are released — benzene, benzopyrene. Emissions of landfill gases entering the
environment have negative effects of both local and global geoecological nature.

As aresult of anaerobic (in the complete absence of oxygen) decomposition of the
organic fraction of solid waste from the total amount of methane that enters the
atmosphere annually, 40 ... 70% 1s formed as a result of anthropogenic activity, and
20% of them are landfills. It is estimated that about 200 m? of LG is formed from one
ton of solid waste. Thus the first 15 ... 20 years at decomposition of one ton of MSW
up to 7,5 m® of LG a year are allocated. In the future, the intensity of LG secretion
decreases sharply.

Depending on the methane content, LG has a specific heat of combustion in the
range from 15 to 25 MJ / m? (3600 ... 4800 kcal / m?), which corresponds to 1/2 of the
heat of combustion of natural gas. The average heat of combustion of LNG is 4200
kcal / m3. The heat of combustion of 1 m® of LG is equivalent to: 0.8 m? of natural gas,

0.7 kg of fuel oil or 1.5 kg of firewood.
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Table 1.

Physico-chemical properties of landfill gas [66, 67]

Quantitative Quantitative
Characteristic o Characteristic o
indicator indicator
Chemical composition, %: Volumetric heat of
18...23
- methane CHy 55.1...72.6 COl’l’lbLlStiOIl, MJ/m3
- carbon dioxide CO» 10.1...22.2 Energy consumption,
- H>0 water (at 40°C) 512 | ewh )/ 65
- hydrocarbons 0.09...1.2
_ o Explosive concentration in
- nitrogen dioxide 0.6...0.71 6...12
) air,%

- ammonia NH3 0.33...0.35
- toluene 0.08...0.1 .

Ignition temperature, © C 650...750
- propane 0.06...0.08
- sulfur dioxide 0.04...0.06 .

Critical pressure, MPa 7.5
- chloroethane 0.04...0.06
- dichloroethane 0.04...0.06

_ Critical temperature, ° C -2.5

- total chlorine 0.01...0.06
- ichlorodifluoromethane | 0.02...0.03

Normal density, kg / m? 1.2
- dean 0.02...0.03
- isopropylbenzene 0.01 Density relative to air 0.83

Statistics on the extraction and potential of LG in different countries are given in

table. 2 [68]. In fig. 1 shows the prevalence of LG extraction methods in different

countries. As can be seen from Fig. 1, the most common method of LG utilization is

electricity generation.

LG is one of the causes of the outbreak of solid waste in landfills and dumps.

When the content in the air is 5... 15 methane and 12% oxygen, an explosive mixture

is formed. The concentration of methane and other components of LG can be controlled

using a gas analyzer, which is considered in detail and described in [69, 70].
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Table 2.
Statistics on the extraction and potential of LG in different countries [68]
= > 3
o o — 1
= = - 5 =3 E
22, | 8o | B2 | E 2 5
« & S 5 O z S 5 =
© L o s = 5 « L a8 - s O
Country o EX | 5 9 g s & 2~ 8 5 5
g 3 o3 2 g = o= > 55
298 | § 3% 5 S 2 E 3=
> 8 o = = = g 9 =
= 2 QO g a,
- o n
USA 500 1.723 13000 44.79 3.85
Germany 400 4.872 2050 24.97 19.51
UK 200 3.317 2520 41.80 7.94
Netherlands 50 3.058 560 34.25 8.93
France 40 0.637 874 13.91 4.58
Italy 35 0.583 1040 17.31 3.37
Denmark 5 0.917 105 19.27 4.76

LG also has a negative effect on vegetation, suppressing vegetation in areas

adjacent to MSW (the mechanism of action is associated with the saturation of LG in

the pore space of the soil and the displacement of oxygen from it).

LG is one of the gases that create a "greenhouse effect" and affect climate change

in the Earth as a whole. The United Nations Framework Convention on Climate

Change [71] obliges member states to minimize emissions of greenhouse gases such

as methane and carbon dioxide (emissions of 1 m® of methane are detrimental to

climate change equivalent to emissions into the atmosphere about 25 m*® of carbon

dioxide). In this regard, the reduction of GHG emissions into the atmosphere not only

improves the environmental situation around landfills, but also contributes to Ukraine’s

fulfillment of its international obligations.
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Figure 1. Prevalence of methods of LG extraction in different countries

The need to reduce environmental pollution and save energy makes it more
rational to use traditional energy resources, look for other, preferably inexpensive and
renewable energy sources, which recently increasingly include solid waste generated
in large quantities, and usually do not find application and pollute the environment, are
renewable secondary energy resources. Currently, two main areas of energy utilization
of solid waste, their incineration and disposal with the production of GHG are
intensively developing.

Solid waste incineration requires expensive treatment systems, so landfill is more
common worldwide [72]. The main advantage of burial technology is simplicity,
relatively low capital and operating costs, and relative safety.

For the energy of developed countries, the use of LGs is not crucial, but this source
should not be neglected for both environmental and economic reasons, as evidenced
by the experience of many countries. The EU has adopted a directive requiring the
collection and disposal of LG from all landfills where biodegradable solid waste has

been disposed of in order to minimize harmful effects on the environment and human
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health. LG generated in landfills since the early 80's is intensively mined in many
countries. Today, the total amount of LG used is approximately 1.2 billion m* / year,
which is equivalent to 429 thousand tons of methane, or 1% of its global emissions.

Currently, about 60 types of biogas technologies are used or developed in the
world. The average service life of one well is 15 years, the estimated payback period
of the project is from 4 to 5 years.

Let us consider in more detail the process of LG formation and its features. LG
occurs due to the decomposition of organic matter by bacteria [73-75]. Different groups
of bacteria decompose organic substrates, consisting mainly of water, protein, fat,
carbohydrates and minerals into their primary components — carbon dioxide, minerals
and water. As a product of metabolism, a mixture of gases is formed, which is called
LG. Combustible methane (CH4) is from 5% to 85% and is the main component of LG,
and therefore the main energy-intensive component.

This natural decomposition process is possible only under anaerobic conditions
in special biogas plants. The energy released due to the anaerobic process is not lost
and due to the activity of methane bacteria it is converted into methane molecules.

The essence of the process of obtaining LG is the decomposition of biomass under
the influence of three types of bacteria: hydrolysis, acid-forming, methane-forming.

The formation of LG can be divided into four phases:

1. Hydrolysis phase, during which as a result of bacterial activity, stable
substances (proteins, fats and carbohydrates) decompose into simple components
(amino acids, glucose, fatty acids).

2. Acid-forming phase. The components obtained during the hydrolysis phase are
decomposed by acid-forming bacteria into other organic substances (acetic, propionic
acids, alcohols and aldehydes) and inorganic substances Hz, CO2, N2, H2S. This process
occurs until the development of bacteria is slowed down by the formed acids.

3. Acetogenic phase, during which acetic acid 1s produced from the formed acids

under the influence of acetogenic bacteria.
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4. Methanogenesis, as a result of which acetic acid decomposes into methane,
carbon dioxide and water. Hydrogen and carbon dioxide are converted to methane and
water.

All the described reactions take place simultaneously, and methane-forming
bacteria make much higher demands on the conditions of their existence than acid-
forming ones.

All this complex of transformations is carried out by a large number of
microorganisms — up to several hundred species. Of these, hydrolytic, fermentation,
syntrophic and methane groups are predominant. The qualitative and quantitative
composition of microorganisms strongly depends on the composition of fermenting
organic substances and the conditions created in the environment.

The composition of LG depends on the content of hydrogen sulfide and other
gases, the parameters of the process.

The energy consumption of LG directly depends on the concentration of methane
in it, which is a colorless, non-toxic gas that is lighter than air and odorless. Methane
combustion produces carbon dioxide and water vapor. With a methane content of more
than 60%, LG is considered a very valuable fuel [76].

Thus, the technology of solid waste processing at landfills has the greatest
prospects for obtaining and further use of landfill gas because it can be achieved:
improving the environmental condition, additional energy benefits, increasing fuel and

energy potential and energy independence of Ukraine.
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2.2 Thin composite films based on carbon-graphite materials for protection
against electromagnetic radiation

Introduction

Progress trends of the electronic equipment market dictate the technology
development needs to design new effective technical solutions for shielding the
electromagnetic field. Now, all manufacturers follow the way of minimizing and
optimizing the dimensions of the equipment. This, therefore, poses a task for world
scientists to create efficient and easy to work with shielding material.

In the general case, shielding means protection of devices from influence of
external fields and radiation localization of any means, that interfering with
manifestation of these radiations in environment. In any case, the shielding efficiency
is the degree of attenuation of the field components (electric, magnetic), which is
defined as the ratio of the current values of field strength in a given point in space in
the absence and presence of the screen.

The most common materials used for protection against electromagnetic
radiation are metals in the form of grids or plates, which generally successfully cope
with the task. The main disadvantage of them is the increase in the cost and structural
complexity, because it is necessary to take into account significant mass and
dimensional changes when designing equipment, ensure "continuity" of the screen,
adapt to structural features of devices, provide additional protection (corrosion,
grounding), etc.

Despite of the variety of conditions that must be met for high-quality shielding,
the main factors remains the radio physical properties of materials and design features.

Therefore, the search for alternative materials is the most important, among them
special attention deserve carbon and graphite materials. They have a number of
advantages, such as electrical conductivity, low bulk density, variability in particle size

and shape, ease of processing, and others.
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Materials and methods

The experimental samples contained of carbon and graphite additives of various
shapes and origins. During the research the following carbon graphite materials were
compared: thermoexpanded graphite ABG 1010 (Superior Graphite Co. Chicago,
[llinois, USA), graphitized carbon black "PUREBLACK®" (Superior Graphite Co.
Chicago, Illinois, USA); technical carbon black PowCarbon 3200F (YongFeng
Chemicals Co., Ltd); experimental sample of fine grade graphite "Drill - 200 mesh"
(Focus Graphite Inc., Ottawa, Canada), domestic colloidal graphitic product brand C1
(Zavallivsky graphite, Ukraine) and American rod-shaped graphite brand DBX-010.

Composite mix were prepared by loading the ingredients (carbon and graphite
materials, polymer solution) in a mechanical stirrer and subjecting to long-term
stirring. The content of conductive filler was 40-60%. The process of mixing is one of
the most important stages, because its result plays an important role in the further
processing of the composite and the quality of the finished product. The main task in
this stage 1s deagglomeration of powder materials (polymer and fillers) to distribute
them evenly in the system and prevent their negative impact on the physical and
mechanical, electrodynamic properties of the films. The finished mixture was applied
by "doctor blade method" on the base and dried at a temperature of 50-60 °C during 90
minutes.

Formed films were characterized by uniform thickness, porosity and smooth
surface.
Results and discussion

Through comparing the measured values of the modules of the reflection
coefficient and the transmission coefficient was calculated the electromagnetic losses
during the passage of an electromagnetic wave through a sample of composite material,
which was embedded in the waveguide. Studies on the ability to attenuate
electromagnetic radiation were performed in the frequency range from 17 to 27 GHz.

Electromagnetic properties of composites with dispersed conductive fillers

depend not only on the concentration parameters, but also on the morphology and
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nature of the all components, layer thickness, porosity, surface roughness, etc. It is
important to note that for diamagnetic materials, which include carbon-containing
structures, absorption of electromagnetic waves is caused only by dielectric losses.
The produced samples had a flat shape and a thickness of 150-300 um.
Figure 1 shows the results of electromagnetic attenuation of samples based on

black carbons.
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Figure 1. The level of signal attenuation introduced by samples of technical (Carbon

3200F) and graphitized (PUREBLACK®) carbon black of different concentrations.

It is obvious that the graphitized carbon black has better electromagnetic losses
over technical carbon black with the same content, which is explained by its better
electrical conductivity.

A feature of graphitized carbon black is its structure [77], where graphitized
plates are "built up" around the "carbon core". Its increase the level of electrical
conductivity and create a multifaceted structure that promotes multiple reflections of
the electromagnetic wave in the material. These features make graphitized carbon black

the leader among this class of materials.
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Figure 2. Diagram of the partitioning of electromagnetic losses in the carbon black
composites, where 1 and 2 - composites with a content of Carbon 3200 40% and
60%, respectively, 3, 4 - composites with a content of Carbon Black 40% and 60%,

respectively.

During development of protective materials, and especially during protection of
information, one of the main conditions is to ensure minimal leakage of
electromagnetic waves [78]. Although technical carbon black with increasing
concentration retains the maximum rate of absorption (scattering) of EMR in the
thickness of the sample, its ability to "transmit" radiation is too much high (12-28%)
for quality protection. Graphitized carbon black at a content of 60% transmits only 2%
of EMR, and the attenuation of the signal is due to almost equivalent mechanisms of

absorption (scattering) and reflection with a slight advantage of the first.
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Figure 3. Comparison of electromagnetic losses introduced by graphite materials (a),
and their partitioning (b); materials and their concentration: 1 — KGP 40%, 2 — ABG
1010 40%, 3 — ABG 1010 60%, 4 — DBX-010 40%, DBX-010 60%.

Figures 3 (a), (b) show the results of signal attenuation and the partitioning of
losses caused by graphite materials. Thermoexpanded graphite ABG 1010 showed the
worst results, grew only to the level of -15 dB at a concentration of 60%. The
mechanism by which the losses were achieved changed from absorption / scattering
(Fig. 3b sample Neo2) to reflection (Fig. 3b sample Ne3). Increasing the concentration
of the rod-shape graphite DBX-010 did not contribute to radical changes in the
attenuated signals and the partioning of electromagnetic losses, which is very well
confirmed in the presented graphs (Fig. 3a, 3b). The most effective shielding -20... -
22 dB, mainly due to reflection, was demonstrated by a colloidal graphitic product,

with a coefficient of transmission of 0.8%.
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Figure 4. The attenuation level of the signal (a) made by composite samples and the
partitioning diagram of electromagnetic losses (b) containing carbon and graphite
materials, where are: 1 — KGP/Carbon 3200, 2 - KGP/DBX, 3 - KGP/ABG, 4 —
ABG/PB, 5 — DBX/PB, 6 —- DBX/ABG, 7 — KGP/PB.

An interesting task was to verify the existence of a synergistic effect [79] when

combining carbon and graphitic materials on the example of the ability to shield
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electromagnetic radiation. Taking into account the results of previos research of
individual components (Fig. 1, 3), it was decided to prepare a series of samples
containing graphitized carbon black, because it showed the best properties (Fig. 1) and

various graphite materials.

The data shown in Figure 4, it is seen that in all composites the synergistic effect
is positive, for example, previously a composite with a content of 40% of graphitized
carbon black caused losses of -8 dB, and a sample with a content of 40% of colloidal
graphite preparation caused losses of -20 dB. But, the composite, which contains a
colloidal graphite preparation and graphitized carbon black in a ratio of 3:1,
demonstrates the best shielding properties with a maximum loss peak of -27 dB at a
frequency of 20.9 GHz, which corresponds to a signal reduction of almost 1000 times.
Some interest attract composites DBX / PB and DBX / ABG, they caused losses from
-23 to -26 dB.

That's why, carbon materials prove to be quite promising materials in the field of

EMR shielding.
Conclusions:

¢ In the paper were investigated and compared the electromagnetic properties of
a number of carbon and graphite materials.

e Transmission, reflection and absorption coefficients of manufactured
composite samples, not exceeding 300 um, in the frequency range 17-27 GHz were
quantified.

e A positive synergistic effect with combining carbon and graphite materials was
proved and demonstrated by researcher team.

¢ Such composite materials can be successfully used as screens and as absorbent
coatings by changing the composition, concentration and types of carbon and graphite

materials in the composite.
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2.4 E¢exTuBHICTH, NMKJIYBaHHA HaHOpo3MmipHoro TiO2 B HaTpieBHX HkKepesax
CTPyMYy

Hiokcun tutany TiO; BIAHOCHUTBCS MO €IEKTPOJHMX MAaTepialiiB, IO aKTHUBHO
JTOCHIDKYIOTBCS B JITIM- 1 HATpIM-IOHHUX JDKEpelax CTpyMy, a TaKoX B
cynepkonaencatopax [80-82]. Cepen iCHyr0UuX CTPYKTYpHHX Moaudikamii (pyTui,
aHata3, OpykiT) TiO; 31 CTPYKTYpOIO aHaTa3y BBAXKAETHCS HAWOLIBII NEPCTICKTUBHUM
3aBJSKM BHUCOKIM TMPAKTUYHIM TUTOMIM €MHOCTI Ta 3JaTHOCTI JO 3BOPOTHOTO
uukinyBanus [ 80, 81].

[Tin gac onepkanus TiO, Benuka yBara HNpUAUBIETBCS MOJAW(]IKYyBaHHIO HOTO
CTPYKTYPHHUX Ta TIOBEPXHEBHX BJIACTUBOCTEH, a TaKOXK OTPHUMAaHHIO HAHOPO3MIpPHUX
3pa3kiB. 3MEHIIEHHST po3MipiB yacTHHOK Ti02 10 HAHOPIBHS CHPUSE ITiIBUIICHHIO
MUTOMOI €MHOCTI Ta MOKPAIIEHHIO IUKIIYHUX Ta MBUIKICHUX XapakTtepucTuk Ti0:
€JIEKTPOIB B MPOLIECi 3apsKEHHI-PO3psKeHHs [ 83-88].

B nmiteparypHux Kepenax po3TISAAcTbCs JIEKUIbKAa MOMKIWBHUX MEXaHI3MIB
3apsSHKCHHS-PO3PSKEHHS 3a ydacTtio TiO»> Ta katiomy Na', a came: 3BOpOTHa
THTEpKAJIAIISA/ ISIHTePKAJIALIS 10HIB HATPIIO 3 MiHIMaJILHUMHU 3MIHAMH B IMapaMeTpax
KpuctaimiuHoi rpatku [89, 90]; yTBOpeHHS mNpU TMEPIIOMY HATPIIOBaHHI
HeBIopsAKoBaHoi mapyBaToi ¢aszu Na,TiO> 3 mogampmmM 0O6OpPOTHIM (ha30BUM
nepexogom MiK amopdaum TiO> Ta Na,TiO, npu nukimyBanHi [91]; He3BOpoTHA
amopdizallis 1 moaaibiina 000poTHA peakilis nepeTBopeHHs TiO2 B MeTaniuyHui TUTaH
ta NaoO abo NaxCO; [87, 92]. Peanizaiiisi 0gHOTO 13 NpPEICTABICHUX MEXaHI3MiB
BU3HAYAE SIK TEPMOJAMHAMIYHI, TaK 1 KIHETUYHI XapakTepucTuku T102 B HATP1H-10HHUX
JDKepeax CTpyMy Ta 3ajJIeKHUTh SIK B1Jl TOBEPXHEBUX 1 po3MipHUX BiactuBoctet Ti0;,
TakK 1 BiJl CKJIaJly eleKTpomiTy [93].

Mera poboTu mojsirajia y BCTAaHOBJIEHHI BIUIMBY nUTOoMOi moBepxHi TiO2 Ta
CKJIAJy €JIEKTPOJIITY Ha €JIEKTPOXIMIUHI XapakrepucTtuku Ti0; B pxepenax cTpymy 3
HATPIEBUM aHOJIOM.

Jlnst uporo Oynu BukopucTaHi 3pa3ku TiO2, CMHTE30BaHI METOJOM JIyKHOTO
TIAPOJI3y BIAMOBIAHO 1O METOJUKHU, 3alpoONoHOBaHOI Yy poOoti [94]. Amnaimi3

MOBEPXHEBUX, CTPYKTYPHHUX Ta €IEKTPOXIMIYHUX XapAKTEPUCTUK OTPUMAHUX 3pPa3KiB
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B JITIEBUX JDKEpelax CTPyMy MpelcTaBieHud y poOoti [95]. Hns AociiiKeHb
EIEKTPOXIMIYHUX XapakTepucTtuk Ti0: y HaTpieBi cucTemi OyJld BHKOPHUCTaHI
3pa3KH, XapaKTEePUCTUKH SIKUX HaBeaAeH1 y Tabmuii 1.

Tabmuis 1.

Po3mipu kpucTamiTiB Ta BIaCTUBOCTI TOBEpXHi 3pa3kiB TiO:

3pa30K d(]()]), HM SHI/IT, MZ/F Vnop, CMS/F Rnop, HM
350°C —4 rox 7,0 174 0,264 2,2
470°C — 6 rox 9,8 80 0,152 2,75

EnexTpoxiMiuHl TOCHIPKEHHS MPOBOJWIM B JTUCKOBHX €JIEMEHTax rabapury
2016. Pobounii enexTpoa ckiagaBcs 3 AochikyBaHoro TiOz, eIeKTponpoBiTHOT
nomimku Super P (Timcal, [IBeinapist) Ta COOJy4YHHKA MOMIBIHUTIAEHAUPTOPUITY
(IIBAD) Solef 6020 (Solvay, benbris), B3ITHX Yy HOPOIEHTHOMY MAacCOBOMY
criBBigHOomeHH] 85:10:5. Maca TiO; cranoBuna 4,5-6,5 mr/cm?. ['anbBaHOCTATHYHI
JOCIIDKEHHST MpoBoAWIM Ha ycraHoBll Neware Battery Testing System (Kurait).
[{uknyBanHs Benu B gianaszonax Hanpyr 0,4-2,4 B ta 0,2-2,4 B BiganocHo Na/Na'.

BinnosinHo no mirepatypuux mxepen [90, 93] npouecu B3aeMoil 10HIB HATPIIO
3 Ti0O; 3anexarpb BiJl HOTO CTPYKTYPHUX Ta MOBEPXHEBHUX XaPAKTEPUCTHUK, J1aNa30Hy
HAIIPYTu PO3psly Ta CKIaAy enektpoiity. B HarpieBux mpkepenax crpymy TiO:
3a3BUYall HUKIYIOTh B IHTepBaii Hanpyru 0,1-2,7 B [86-88].

BrmuuB cknagy enexktposity Ha muToMy €MHICTh T102 B KOMipKax 3 HaTpiEBUM
aHoioM OyJI0 BU3HAYCHO 3a JJAaHWMH, OTPUMAHUMHU Ha MEPIIOMY Ta APYroMy IHKJIaX
po3psny-3apsany (tabmuis 2). [IpencrasieHi pe3yIbTaTi CBiAYaTh PO 3HAYHUI BILIUB
eneKkTpomiTy Ha 3matHicTh 1102 mo nukiayBaHHs. HaitOinein epexkTuBHUM sK 3a
UTOMOIO EMHICTIO, TaK 1 KyJOHIBCbKOIO eekTuBHICTIO (KE), € enekrpomnit 1M NaBF4
TG. B iHmux enexrpomiTax, HE JAUBISYUCH HA BITHOCHO BHCOKY ITUTOMY €MHICTB
PO3psAY Ha EPIIOMY LIUKJIl, IUTOMA EMHICTh Ha APYroMy LIUKIII OyJjia BKpail HU3bKOIO.
Husbky 3B0poTHY emMHIcTh T102 B enextpoiiti 1M NaClO4 EC:DMC:FEC aBtopu [93]
NOSICHIOIOTh ~ BIUIMBOM  TIPOLIECY  PO3KIAAy  €JNEKTpoNiTy Ta  (QopMyBaHHA

TBepaoenekTponiTHOI TiiBkH (TEIT) Ha moBepxHi eneKkTpoay.
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Ta0muis 2

BruiB ckitamy enexkTpoiTy Ha MUTOMY €MHICTB Ta KyJIOHIBChKY epexTuBHIcTh Ti0:

1 -1 uKoT 2-1 UAKIT
Ckiag 9 9 9 .
: po3p.» X B 3ap., o po3p.»
CHCKIPOIILLY MAron/r | Na,TiO2 | MAroa/r KE, % MAron/r | Na,TiOz

'EC:>°DMC:*FEC
(4:5:1) 1M NaClOs 200 0,6 23,1 11,55 36,1 0,1
‘DG 1M NaClOy 58,7 0,18 16,13 27,48 17,9 0,05
SPC: °TG (3:7)
IM NaClOs 103,14 0,31 31,87 30,89 25,5 0,07
TG 1M NaBF4 161,7 0,48 92,6 57,27 102,5 0,3
TAND:DG (1:1)
1M NaClOs 100,6 0,3 13,8 13,72 2,1 0,006
DG 1M NaBF4 35,7 0,1 5,93 16,6 5,6 0,02
PC:TG (3:7)
M NaBF. 126,52 0,38 38.9 30,75 39,8 0,12

'EC — erunenxap6onar, 2DMC — rumernnkap6onar, *FEC — ¢ropermnenkapbonar, ‘DG — aurmim, “PC —
nponinenkapbonar, ‘TG — TerpariiM, 'ADN — amunoniTpui. CHiBBiIHOIIEHHS PO3YMHHMKIB TOAaHI B
00’€MHIM YacTHHAX.

Tunosi 3apsa-po3psiiHI KpUB1, OTPUMaHI Ha MEPUIOMY LMKl Ta 3MIHa MUTOMOI
€MHOCTI B1Jl HOMepa ITUKIIy IpH [UKIyBaHHI B iHTepBaii Hanpyr 0,4-2,4 B, noka3ani Ha
puc. 1. IlomaHi KpuBI CYTT€BO BIAPIHSAIOTHCS BIJ aHAJIOTIYHUX 3aJICAKHOCTEH,
XapaKTepHUX NJIs aHaTta3dy B JDKEpeNax CTpyMmy 3 JiTieBUM aHoiom [95]. Jlna Hux
XapaKTepHa BIJICYTHICTh YITKOTO IJIATO PO3PSIAHOI Ta 3apsAaHo1 Hanpyru. OKpiM TOro,
JIOCTaTHhO HU3bKA HATIPYTa PO3PSTY MPU3BOIUTH IO YCKIATHEHHS OCHOBHOTO MPOIIECY
NOOIYHUMHU pEaKIisiMU, TOB’SI3aHUMH 3 PO3KIamaHHIM elekTpoiity. Came Tomy
OTpYMMaHa Ha MepPIIOMY LIMKJI KyJOHIBChbKAa €(EeKTUBHICTh He nepeBuiyBaia 43% 3a
3HauY€Hb MUTOMOI €MHOCTI po3psay 91 1 73 MAroa/r ansa 3paskiB 350-4 Tta 470-6
BianoBigHo. Y cronymi Na,TiO2 1ie BianoBigae 3naueHHsM x ~0,12 mist 3paszka 350-4
(~40 MmAron/T) 1~0,09 nys 3pazka 470-6 (~30 MAroa/T). binbir BUCOKa MUTOMA EMHICTb,
orpuMana s 3paska Ti0z 350-4, 30epiraerbes 1 MpU MOJANBIIOMY UKIYBaHHI (pHC.
1b). BignoBimHo no pesynbtatiB [93], y pasi po3psay TiO> mo nanpyru 0,5 B,

TeTparoHajabHa CTPYKTypa, npuramManHa Ti10; 31 CTpYKTypolo aHaTa3y, 30epiraerbcs, 1
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UTOMAa EMHICTb 3yMOBIIOETHCS hopmyBaHHsAM TEII Ta noriimHaHHSIM KaTIOHIB HATPIIO
MOBEpPXHEBUM MapoM 4acTUHOK Ti0;. Tomy MOXHa MPUITYCTUTH, IO B IHTEpBaJi
Hanpyru po3psany A0 0,4 B BenndynHa NUTOMOI €MHOCTI Oy/ie B OCHOBHOMY 3aJI€KaTh

B1J1 tuToMOi noBepxHi TiO2, 110 MOXke MOSICHIOBATH OTPUMaH1 BIIMIHHOCTI.
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Pucynox 1. Po3psan-3apsiaai KpuBi nmepiioro mukiay (A) Ta 3a1€KHOCTI TUTOMOL
eMHOCTI Bi HOMepa 1ukiy (b), orpumani 3a nukinyBanus TiO; B iHTepBaii HANpyTru

0,4-2,4 B ryctunoro ctpymy 8 MA/r. Enextpomit: 1M NaBF4 TG.

KpuBi po3psixeHHs-3apsKEHHS Ta KpUB1 JudepeHIHHOT EMHOCTI, OTPUMaHI1 Ha
I’ SITOMY LMKJII TIPY [MKIIyBaHHI B iHTepBam Hanpyr 0,2-2,4 B, nmokasani Ha puc. 2.
Bignosigno no [93], po3psan no Hanpyru 0,25 B Moxe OyTu moB'sI3aHU HE TIJIBKH 3
orpuMaHHaM Na,TiO2, a i1 3 ogHouacHo amop@izauiero TiOz yactuHOoK. CTyniHb
amopizamii 3anexutsh Bix ckiaaxy TEIL mo dopmyerbes Ha moOBepxHI €IEKTPOIIB,
BJIACTUBOCTI SIKOi CYTTEBO 3QJI€KATh B/l CKJIAly €JIEKTPOIITY.

Hageneni Ha puc. 3 pe3ynbTaTs MOKa3ylTh, 1110 TOBepXxHEB1 BacTuBOCTI T102 Ha
NEPIIMX UKIIAX 3/1aTHI BIUIUBATH Ha BEJIUYHHY MUTOMOI EMHOCTI, aJieé HE BIUIMBAIOTh
Ha AMHAMIKY ii 3MiHM 32 YMOB IMKJIyBaHHS, SKa Ui 000X 3pa3KiB € MOJIOHOIO.
Buxoasun 3 oTpuMaH#X 3aJ€KHOCTEH, MTUTOMA EMHICTB, sIKa pealli3y€e€ThCs B IHTEpBaTi
Hanpyru 0,2-2,4 B, cyTTeBO 3MIHIOEThCS BiJg HoMmepa Hukiay. Ha mepmomy numkm
po3psy BoHa ckiagae 172 ta 161 mAroa/r BianoBigHo ajs 3pa3kiB 350-26 1 470-6,
ajie yepe3 HU3bKY KYJOHIBCHKY €(EeKTHMBHICTh MEPIIOTO LHUKIY Ha APYroMy LHUKII

CIOCTEpIraeThCsl 3HayHe il 3HMKEHHSA. Ha HacTynmHux 4-5 nukiax muTOMa €MHICTb
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30ubIyeThest Bia 105 MAron/r no 164 MmAroa/r ms 3paska 350-26 ta 31 102 go 209
MAroa/r mis 3pazka 470-6. 30UIBIICHHS MUTOMOI €MHOCTI Ha MEPIINX IHMKJIaX B
pobotax [86, 96] MOsSCHIOETHCA HU3BKOIO a7COPOIIIE€I0 10HIB HATPIIO, SIKA ITOB’sI3aHA K
3 0COONMBOCTSAMU TOBEpXHEBUX BiactuBocted Ti0z, Tak 1 3 TUTOMOIO
EJIEKTPOIPOBIAHICTIO enekTpomity. [licms mocsArHEeHHS MaKCUMaldbHOI MUTOMOI
€MHOCTI1 CIIOCTEPIraeThCs MOCTYIOBE 1i 3HMKEHHS. AHali3 OTPUMAHUX pE3yJIbTaTiB
MOKAa3aB, 10 OJIHIEIO 13 TPUYUH TAKOT'O 3HIXKEHHS € 301IbIIIEHHSI BHYTPIITHEOTO OTIOPY
KOMIpOK sIKuii cTaHOBUTH ~500 OM Ha mepuiux 5 muKiax, ajae 3pocTae A0 OUIBIT HIXK

2000 Om Ha 20 1ukIIl.
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Pucynox 2. Po3psn-3apsani kpusi (A) 1 kpuBi nudepenniitaoi emuocTi (b) mmst 6-ro
uKITy 3paska 350-26 Ta 5-ro mukity 3paska 470-6 3a HUKITyBaHHS B IHTepBaJIi

Hanpyru 0,2-2.4 B ryctunoro ctpymy 8 MA/r. Enexrpomit — 1M NaBF; TG.
(A) (b)
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Pucynox 3. 3anexHicTh MUTOMOT EMHOCTI Ta KyJIOHIBChKO1 €)EKTUBHOCTI BiJl HOMEpPA
uukiy ais 3paska 350-26 (A) 1470-6 (b) 3a uukiyBaHHs B IHTEpBal HAPYTH

0,2-2,4 B ryctunoro ctpymy 8 MA/r. Enextponit — 1M NaBF4 TG.
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Takum yuHOM, Y pOoOOTI OyJIM TOCIHIIKEHI MUTOMI XapakTepucTuku 3pa3kiB Ti0;
B €JIEKTPOXIMIYHIM cucTeMi 3 HaTpieBUM aHoA0M. [loka3aHo, 1o mutoma emHicTh Ti02
€JEKTPOIB, 1 CTAOUIBHICTh MPH MUKIYBaHHI Ta KYJIOHIBChKA €PEKTUBHICTH MPOIECY
PO3PAIKCHHS-3apAKCHHSI CYTTEBO 3alie)aTh BiA CKIAAy €JIEKTPONITY, IO
00OyMOBJICHO PO3KJIaJIaHHSIM EJEKTPOJITY 3a HU3bKOI HAMpYyrd po3psay. XapakTep
OTPUMaHHUX TaTbBAHOCTATUYHHUX 3aJICKHOCTEH MO3BOJIAE€ TPUITYCTHTH, IO TMPOIIEC

3apsIKEHHSA-PO3PSAHKEHHS Bi10YBaeThCcsl 0€3 3HaYHUX (Ha30BUX NEPETBOPEHD.
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SECTION 3. COMPUTER SCIENCE

3.1 Software approach to creating a layout with dynamic interfaces

In the android application, user interface (UI) is everything that the user can see
and interact with. Android provides many pre-built Ul components, such as structured
layout objects and interface controls that allow you to create a graphical user interface
for the program. Android also provides other Ul modules for special interfaces such as
dialogs, alerts and menus [97, 100].

The half-dynamic layout inflation solves the problem of displaying data in most
cases. However, there can be difficult situations when you need to create layout
elements (widgets) during the program runtime. Any static (XML) layouts can’t solve
this problem.

Usually, when creating a layout for the Android application, an XML file is
created. These layouts are called static because you can not add / remove any of the
widgets in XML at a runtime. But this is possible in dynamic layouts, because all Ul
elements are created through the code without using the XML files [98].

Why do we need dynamic layouts?

Let's say we get some data from our server, and we want to create n the number
of fields / buttons / options in the layout. We can not do this using only XML . But we
can use Java / Kotlin to replicate the layout that would normally be created gy using an
XML file.

It can be used to create LinearLayout, ConstrainLayout, in which it is possible to
add TextView, EditText, RadioButtons, Checkbox, or any other widget in the future
[99].

What is the advantage of using dynamic layouts?

Suppose you want to display some layout elements that have been grouped
together (all items have the same ViewType).

There are some ways to show them in a layout:

1. Add static widgets in XML (if we know their exact number).

2. Using RecyclerView to boot elements in the layout.
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3. Create Dynamic Software Widgets.

But what if the exact number of elements is unknown, and the layout requires
different types of Ul elements (for example, 3 TextViews, 2 CheckBoxes, etc.)?

Possible solutions to this problem are [100]:

1. Adding static XML elements to the interface will not work because their exact
number is not known.

2. Using the Recycler View might work, but the same types of widgets should be
grouped together in the list. In this case, there is not enough flexibility.

3. However, it is in this case dynamic layouts will fit. They are flexible and they
can add several different types of screen types to our layout in any order.

User interface in android apps is usually built using XML markup language. But
there are some apps that are written fully without XML by creating views dynamically,
Telegram app is one of these apps.

Several tests were conducted to compare the speed of these two methods for
layout creation in our application and in the telegram.

During the tests Telegram app performed approximately 6-7 times faster than our
application with almost the same ui elements.

Some pre-conditions before the tests:

1. For both methods, only one MainActivity with a NoActionBar style will be
created.

2. Both methods (XML and Dynamic UI) will have one Parental FrameLayout.

3. There will be 5 tests, each of which will add some TextView to the parent
layout.

4. Both methods will be tested on one device: Xiaomi Mi A1 (Android 8.0)

5. MainActivity has enabled hardware acceleration.

6. In each test, the application will open 5 times to get the most accurate
information about start-up time.

So that the application always starts from a cold start, we wait some time after
each test(about few minutes) To record the exact time in milliseconds, we use Android

Studio Activity Manager logs.
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: Kiaomi Mi A1 Android 8.0.0, APl 26 u com.kayumov.abduaziz.addviewtest (21851) u Verbose u 1. displa =]

@e—-Bd PE:@A:51.279 2411-2466s7 L/ActivityManager: Displayed com.kayumov.abduaziz.addviewtest/.Mainactivity: +1m525169ms
@5-B4 PE:11:13.508 2411-2468s7 LfActivityManager: Displayed com.kayumov.abduaziz.addviewtest/.MainActivity: +1md5s416ms
06-84 PE:11:52.706 563-563/7 E/HWComposer: presentAndGetReleaseFences: failed for display @: MotValidated (7)

@504 BB:12:17.285 2411-2468/7 LfActivityManager: Displayed com.kayumov.abduaziz.addviewtest/.MainActivity: +2@8s76ms
@504 B8:13:16.BB7 2411-2468/7 L/ActivityManager: Displayed com.kayumov.abduaziz.addviewtest/.MainActivity: +23s1508ms

TEST Nel. Application 1s opened 5 times in both methods. One parent
FrameLayout and 100 TextViews are dynamically created and by using XML (Tabl.
1).

Table 1. TEST Nel for the application

App Opening XML (ms) Dynamic (ms)
1 676 648
2 670 570
3 659 566
4 660 568
5 658 558

TEST Ne2. One parent FrameLayout and 500 TextViews are dynamically created
and by using XML (Tabl. 2).
Table 2. TEST Neo2 for the application

App Opening XML (ms) Dynamic (ms)
1 1,307 1,202
2 1,235 1,087
3 1,234 1,102
4 1,253 1,080
5 1,249 1,098

TEST Ne3. One parent FrameLayout and 2500 TextViews are dynamically
created and by using XML (Tabl. 3).
Table 3. TEST Ne3 for the application

App Opening XML (ms) Dynamic (ms)
1 2,400 1,832
2 2,290 1,748
3 2,284 1,762
4 2,247 1,749
5 2,258 1,748
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TEST Ne4. One parent FrameLayout and 15,000 TextViews are dynamically
created and by using XML. The preview of the XML version in Android Studio is no
longer working. We had to edit the layout file in a text editor (Tabl. 4).

Table 4. TEST Ne3 for the application

App Opening XML (ms) Dynamic (ms)
1 12,325 5,478
2 12,349 5,403
3 13,467 5,389
4 12,220 5,405
5 11,993 5,399

TEST No5. One parent FrameLayout and 60,000 TextViews are created
dynamically and using XML. The program was opened 3 times for each method (Tabl.
5).

Table 4. TEST Ne3 for the application

App Opening XML (ms) Dynamic (ms)
1 I m 52s 169ms 20s 76ms
2 1 m 45s 416ms 23s 150ms
3 I m 46s 888ms 22s 515ms

From the above tables (Tabl. 1-5) can be seen that dynamic views creation works

only in cases where there are a huge amount of ui-elements in android apps (Fig. 1):

Fig. 1. Example for the Application opening 5 times in both methods
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It is clear from the chart (Fig. 1) that building UI dynamically is not working faster
in general than inflating Uls from XML.

So, building UI dynamically will work faster than XML inflation only when there
is a huge amount of elements in app. Usually we have about 20-30 elements for the
layout, so there is almost no such cases in practice. We can conclude that XML based
layouts aren’t worse than dynamically created in a whole.

There is a number of key advantages in using XML resource files for UI creation
against the dynamic approach.

One of them i1s the possibility of using a graphical layout tool that automatically
generates XML resource files. Another advantage is that after the app is created the
changes to the user interface can be done only by changing XML file without the need
of recompiling the code.

In addition, even when writing XML-layouts by hand, you can get instant
feedback about the look of the user interface of your app by simply switching between
the XML editor and the Graphic Layout tool in the Eclipse environment, which is very
comfortable unlike the program approach, where the developer in order to check the
look of the interface needs to repeat the cycle compiling and testing app.

The most important advantage of a program approach to creating layouts is to
work with dynamic user interfaces. XML resource files are useful in determining static
layouts, in other words, layouts that won't change much from the one activity call to
another that is. Kotlin code is ideal for creating user interfaces dynamically in program
runtime. This is especially useful in situations where the user interface layouts may
appear differently each time the activity is launched. Also, dynamic layout creation
will work best when there is a huge number of UI elements in app, but in practice, there

are almost no such cases.
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3.2 Development of the information system «Department portal»

Bnepsoie pazpaGorana mnpukiagHas MOporpaMMHasi CHCTeMa YIpaBICHUS
KOHTEHTOM C PacIIMPEHHBIM HHCTpyMEHTapueM HH(POPMAIMOHHO-yuyeOHbIX Web-
HOPTAJIOB, KOTOpPas COJNEPKUT MHPOrpaMMHBIE CPEJICTBAa KOHTPOJS pPa3pabOTKH U
nyOJuKalMK 3alUIAHUPOBAHHBIX PE3YJIbTATOB OO0YUYEHUs, KOHTPOJS OLICHKH YPOBHS
3HAHUI CTYJEHTOB, KOHTPOJISI HaJl HAYYHO-METOIMYECKON paboToil mpenogaBaTenei
noapazaeneHus. CucremMa NO3BOJUT ONTHUMHU3MPOBATH MPOLEAYPY MPOBEICHUS
oOy4eHMs, pacIIMpUTh BO3MOXHOCTH JJI1 AaHalIW3a pe3yJbTaToB, OOECIEYUTH
IPO3paYHOCTh M OOBEKTUBHOCTH B MpOLEAype OOyueHHs M KBaTU(UKALHOHHOTO
OLICHUBAHUS CTY/ICHTOB.

B pabGore Obu1  npoaHAJIM3UPOBAH  OMBIT  MPAKTUYECKHX  pELICHUI
npoektupoBannss ~ MCY  yHMBEpPCUTETOB, KOTOpbIE€  YCHEIIHO  BHEAPSIOT
MH()OpPMAIIMOHHBIE CUCTEMBI JIJII aBTOMAaTHU3allMU TPOIECCOB yrpasieHus. Ocoboe
BHUMaHHE OBUIO yJAENEeHO aHaiu3y OIbITa; BhimoigHeHue mpoektoB EC TEMPUS
INURE u INARM, npakTtuku BHEApEeHUS WHPOPMAIIMOHHBIX CUCTEM B €BPOIEHCKUX
yHuBepcutetax [101, 104-108].

Pa3paboTrka WHPOPMAIMOHHBIX CHCTEM IS JHUCTAHIIMOHHOTO OOYYCHHS
o0ecIeynBaeT B MEPBYIO OUEPEb IKOHOMHUECKYIO 3P(HEKTUBHOCTh 00pa30BaHUs IS
mupokou ayauropu [109].

CucreMa AMCTAHIIMOHHOTO OOY4Y€HHsI, KOTOpas SIBISIETCS OJHUM M3 MOJYJIen
uH(popmarmonHon cuctembl «llopTan kadenpe» HMMEET CIOXKHYIO KOHCTPYKIHUIO
oOecrieueHns B3aMMOJICHCTBUS CTYIEHTOB M mpenonaasareneid [111]. Dta cucrema
u3BectHa kak Community of Inquiry (Col) [110].

MoryT ncnonp30BaThCs pa3NIudyHbIe METOABI cOOpa nHpopmaruu. BaxxHo, 4To0b1
CTYJIEHTbI U COTPYAHUKM Y4aCTBOBAJIM B IPEIOCTABICHUHU U aHATU3€ UH(POPMALIUHU, a
TaKXe IJIAHUPOBAHUM JalbHEeen agearensaoctu [102].

NudpopMalimoHHas cuctema mo3BOJIUT ONTUMHU3UPOBATh IPOLEAYPY IPOBEICHHUS
oOy4eHHs, paclIMpUTh BO3MOXKHOCTU JJIi aHaliu3a pe3yJbTaToB, O0OECIeUUuTh

IPO3PavyHOCTh U OOBEKTUBHOCTH B MpoOLEAype OOy4deHUs M KBaIU(UKAIIMOHHOIO
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OIICHUBAHUS CTYJIEHTOB, UYTO, B UTOre, Oy/eT CIOCOOCTBOBATH MOBBIMICHUIO YPOBHSI
JOBEpUsl TPAXKJaH K BBICIIEH IIKOJE, a TaKKe aBTOMATU3MPOBATH IPE/ICTABICHUS
OTYETHOCTH IO METOAMYECKOM ¥ Hay4dHOM JAESATeNIbHOCTH MpodheccopcKo-
IIPEToIaBaTeILCKOT0 COCTaBa Kaeaphl.

DNeMeHTbl NPOEKTUPOBAHMS  ONPENECISAIOT  NPUHIMUIUAIBHBIE MOMEHTHI,
CBSA3aHHBIE C TMPOIECCOM Pa3pabOTKU M BHEAPEHHEM HH()OPMALUMOHHOW CUCTEMBI.
Cucrema OblIa pasjesieHa Ha psiji MOIPOIECCOB.

KouTtpons pa3paboTkun u myOJaMKalM{d 3arlVIaHUPOBAHHBIX — PE3yJIbTaTOB
o0yueHusi, a TakK€ KOHTPOJb HaJ pa3pabOTKOM yd4eOHOro riaHa, COCTABJICHUEM M
colepkaHueM 00pa3oBaTENbHBIX MPOTPAMM  MPEIIOJIaral0T BBIHECEHUS Ha
o0CyXKJIeHHE TPEenojaaBaTeIbCKUM COCTaBOM, IMpoeKkTa Yy4deOHbIX I[1aHoB. Ilo
pe3yJibTaTaMm JaHHOTO 00CYKIEHUSI BO3MOXKHO BHECEHUE KOPPEKTHUB.

KoHTpons  ypoBHA  NpenojaBaHUs  MPEAIONaraer, 4Yro PYKOBOJICTBO
noapazaeneHuss (kadeapel) MJODKHO HMMETh MEXAHU3Mbl M KPUTEPUH OIEHKHU
KOMIIETEHTHOCTH MpenoaaBareneii. MOHUTOPUHI YCHEHMIHOCTH U JOCTHKECHUU
CTYJEHTOB IIPEATNOJIAracT HaJIMuMe Pa3BUTON CUCTEMbl MOHUTOPUHIA U aHAJIU3A.

Koutpons uHbOpMUpOBaHUS O KauyeCTBE OIMCHIBAETCA KaK TpeOOBaHUE K
peryispHold  myOJguKalid  COBPEMEHHOHM, HENpenaB3sATOH ©  OOBEKTUBHOM,
KOJIMYECTBEHHOM M KaueCTBEHHOUN MH(OPMAIIUK 110 PeaTu30BaHHBIM ITPOrpaMMam.

B AHC crpykTypa COOTBETCTBYET XOPOIIO HM3BECTHOM B MEHEIKMEHTE
NUpaMue yIpaBJIeHUA 10 BEPTUKAILHOMY pazaenenuto Tpyaa [103].

O0BeKTOM aBTOMAaTHU3allUU SIBIIIETCS nHpopMaImoHHas CUCTEMA,
oOecrieunBaroias paboTy Kadeaphl BBICIIET0 YYEOHOTO 3aBEACHUSI.

Hcxons u3 aHanmza mpeaMeTHOM o0JacTM M HOPMATHBHOM JOKYMEHTAallUH, B
ctpykrype AC MOKHO BBIJIETUTH YEThIPE OCHOBHBIX B3aUMOCBSI3aHHBIX MOJTYJIS.

1. Moaynp mIaHUpOBaHUS yY4yeOHOro TMpolecca MpeJHa3HAYeH A
ABTOMATHU3AaLIMU TAKUX MTPOLECCOB.

2. Moaynb METOauYecKoro oOeclieueHus: MoJpa3/ielieHus] MpeIHa3HauYeH IS
BEJICHUSI aHAJIM3a JIESITEIbHOCTU MOJpa3esieHus, GopMupoBaHUEe aBTOMATUYECKOIO

OoT4ycCTAa.
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3. Moaynp HaydyHOM JEATEIBHOCTH HAYYHO-IIEIArOrMYECKOrO0  COCTaBa
noJipas/ieJieHusl TpeIHa3Ha4YeH JUIsi aBTOMATHU3aIllMU TIPOIeccoB (OPMHUPOBAHUS
PEUTUHTOBBIX MOKa3aTese U CO3/1aHue OTYETHON MH(OpMAIUH.

4. Mopayns NHUCTAaHIIMOHHOTO OOECIeUeHUs TNpEeIHa3HA4YeH JUisi padOThI
npenojaBatesyiell o CTyIeHTaMU B IMCTAHIIMOHHOM PEXUME.

OnurcaHHbIe MOAYJIU CBA3aHbI MEXy COO0M MH(GOPMAIMOHHBIMU TOTOKaMU. J[J1s
JNEMOHCTPALUX PACIpPENEIICHUsI POJICH MTOJIB30BATENIEW U UX BO3MOXXHOCTEN Ha CanTe
ObLTM TOCTpoeHbl auarpammbl B cpere Rational Rose. KonuenrtyanbHass mopenb
CHUCTEeMbl BBIpaXKaeTCs B BHJE JuarpaMM BapuaHTOB wucmnoyib3oBanus (Use-case
duagram).

Nudopmarmonnas cuctema «Beb-moptan kadgeaps» peanuzoBana Ha s3bike PHP
5.x, CYBJ] MySQL, Be6-cepBep Apache, Unix - mogoOHasi onepariioHHasi CHCTeMa.
KonuuectBo mosws3oBateneit uamensiercs B npenenax or 300 mo 3000 (3aBucut OT
KOJMYECTBA JUCIUIUIMH, MPErnojiaBacMbIX Ha Kadeape U KOHTUHTEHTa CTYACHTOB).
OcHoBHasi Harpy3ka Ha cepBep OyAeT co3daBaTh MOACHCTEMa JUCTAHIIMOHHOTO
oOpazoBanusi Be6-noprana kadenpsl. [Iuk Harpy3ku Ha cepBep OyneT MPOUCXOAUTH
BO BpeMs nmpoBeaeHus ceccud. lloatomy nma  ompeneneHus  annmapaTHOU
KoH(puUrypanuu ObUIM OIpEICICHbl TUKOBBbIE HArpy3ku Ha HWHGOPMAIMOHHYIO
cucremy. Takke Takue mapaMeTphbl, KaK KOJUYECTBO BBIYUCIUTEIBHBIX SJEP
(mpouieccopoB), 0OBEM ONEpPAaTUBHON NaMATH, HEOOXOAUMYIO MPOMYCKHYIO
CIIOCOOHOCTH CETEBOr'0 KaHaja.

Pe3ynbTaToM HCClIEIOBaHUS CTajla aBTOMATH3UpPOBaHHAs HWHGOPMAIMOHHAS
CUCTEMa ynpaBlieHUus Kadeapoi BBICIIETO y4eOHOTO 3aBE/ICHMUS.

Moaynb IHUCTaHIMOHHOTO oOOecrnedeHusl pa3pad0TaHHOW HMHQPOPMALUOHHOM
CUCTEMBI  TIPEAyCMaTpUBaeT TOJATOTOBKY  yYe€OHBIX KypCOB Ha  OCHOBE
o0pa3oBaTenbHbIX MOTPEOHOCTEH aBTOPU30BAHHBIX IOJIb30BATENCH, OPTraHU3AIUIO
JOoCTyna K MarepualiaM Kypca, OpraHu3alyio OOIIEHUS YYACTHUKOB Y4YEOHOTO
nporecca, MPOXOXKIEHUE CTYJEHTAaMH TOYEK KOHTPOJS U 3aBEpILICHUS Kypca

OK3aMCHOM.
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Ha MOMEHT BBINOJHEHUsS OTYETHBIX MEPONPUATHM B pamMKax HAy4yHOU U
METOJUYECKONH pabOThl CBS3aHO C HEKOTOPHIMH OPTraHU3ALMOHHBIMU TPYIHOCTSMU
(ompoc mpenojiaBaresieil U CTyAEHTOB, 3aI0JHEHUE BPYUHYIO Ha3BaHU KOH(pepeHuii
Y T€3UCOB JIOKJIAJIOB).

[IpennokeHHble HAMH  PENICHHS  IO3BOJSAT  ONTUMHU3UPOBATH  CUCTEMY
OTIOBEIICHHUSI, YIIPOCTHTh OPTaHU3AIUIO0 OTYETHOCTH, B COLMATHHOM TUTaHE TTO3BOJISET
IPUBJICYb BHUMAHUE K HAYYHOU JEATEITHHOCTH.

OCoOEHHOCTBIO CO3[JaHHOM CHCTEMBbl SIBIISIETCS BO3MOXHOCTH CO3/IaHUS B
aBTOMATHU3MPOBAHHOM PEXHME OTYETHOCTH MO HAay4YHOH, HAYYHO-METOJUYECKOU U
y4eOHoM paboTe npenoaasateneit. UnpopmanmonHas cuctema mo3BosieT MPOBOAUTh
aHallM3 JEATEIHLHOCTH IMPErnoaBaTeIbCKOro cocTaBa Kadeapsl, JaeT peKOMEHIAnN
T10 TIOBBIIICHHUIO BHITTOTHEHHUS IIAHOBBIX NTOKAa3aTeNe HAYYHOH JesITeIbHOCTH Kadeap
U HaY4YHBIX MOApa3/IeNIeHU YHUBEPCUTETA.

B cucreme npenocraBieHa BO3MOKHOCTh aBTOMAaTHIECKOT0 cOopa nH(POpMaIuu
JUTsl ompenienieHus: h-uHaeKca U KOJIMYeCcTBa IUTUPOBAHUN HayYHO-IIEarOTHYECKUX
pabOTHUKOB, acCIUPAHTOB U JOoKTOpaHTOB o HoMepy ID ORCID 6a3s1 Google Scholar
Citations.

BoapmmHCTBO MTHGOPMAIIMOHHBIX CUCTEM PabOThI Kadeap He 1at0T BOZMOXHOCTh
CO3/1aBaTh OTYETHOCTD O JIEATEIHHOCTH MOAPA3ICICHHS.

[IpencraBienHas cuctemMa Mo3BOJISIET aBTOPU30BAHHBIM IMOJIB30BATENSIM BHOCUTH
uH(GOPMAIMIO O CBOEH JEeATEIbHOCTH CaMOCTOsTeNbHO. B cucreme mpemycMoTpeHa
BO3MOKHOCTH NMMPOBEPKH BHECEHHBIX JaHHBIX.

[Toncucrema «IlnmanupoBanue yueOHOro Mpolecca» YNpaBiICHUS YYEOHBIM
npoleccoM B pa3pabOoTaHHOW HWHOOPMAIMOHHOW CHUCTEME BKJIOYaeT B cels
CJIEIYIOIINE TTOAMPOLIECCHI:

- yIpaBjieHUEe KOHTUHT€HTOM CTYJI€HTOB;

- opMupoBaHue yueOHbIX M1aHoB (curriculum) u rpadukoB yueOHOT 0 Mpoliecca;

- opmupoBanue padbounx yueOHbIX mporpamm (syllabus)

- (popMupoBaHUEe UHAUBUIYAIBHBIX YUEOHBIX IJIAHOB CTY/ICHTOB;

- pacuer U pacupeeeHue yueOHONW Harpy3KH;
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- popMupoOBaHUE pacnycaHus yueOHOIro Mpolecca;

- BEJICHUE DJIEKTPOHHOTO XypHAJIa U JIp.

CoznmanHas ~ MHQOpMallMOHHAs ~ CHUCTEMa  MOJPA3fC/iCHHs.  MO3BOJIAET
ONTHUMH3UPOBAThH MPOLICTYPY TMPOBENCHUS O0yUCHUS, PACIIHPUTh BO3MOKHOCTHU JIJISI
aHanu3a pe3yJbTaTOB, O0ECHEYUTh MPO3PAYHOCTh U OOBEKTUBHOCTH B MPOLEIYPE
oOyueHuss ¥ KBaJIU(UKAIMOHHOTO OIEHWBAHUS CTYJACHTOB, 4YTO, B HUTOrE,

CIIOCOOCTBYET MOBBILIEHUIO YPOBHS TIOBEPUS I'PAKIaH K BBICIIEH IIKOJIBI.
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3.3 Analysis of modern distributed computer systems

Networked information technologies are included in many areas of production.
The rapid development of this area has led to a variety of construction of distributed
computer systems for various purposes. Distributed systems can be classified and
typified according to various criteria: by the number of elements in the system, by the
level of organization, by the type of resources, etc. [112].

In modern society, there is a need to improve the quality and speed of processing,
first of all, "big data" [113] and, secondly, data in distributed systems [114]. In this
regard, the importance of distributed systems focused on efficient data management
[115] as a means of solving this problem is growing. One of the main tasks of any
distributed system is to analyze the properties of the obtained data, which, for a number
of reasons, cannot be estimated at a single node. Creation of efficient and adaptive
distributed systems can significantly speed up data processing speed.

Distributed systems consist of autonomous computers that work together,
presenting in the form of a single connected system [116]. Their important advantage
is that they simplify the integration of various applications running on different
computers into a single system. Another advantage is that when properly designed,
distributed systems scale well. Their size is limited only by the size of the underlying
network. The price to pay for these benefits is often very complex software,
performance degradation, and especially security issues. However, interest in building
and implementing distributed systems is ubiquitous.

The technologies for building modern distributed systems include service-
oriented architecture, grid and cloud computing [117]. Let's highlight the main
requirements for them: transparency, system openness, security, scalability, reliability,
efficiency, cross-platform.

Distributed system transparency. Transparency, in the general case, lies in the fact
that distributed systems should be perceived by users of the system as a homogeneous
object, and not as a set of autonomous objects that interact with each other [118].

Location transparency. In distributed systems, location transparency means that the
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user does not need to know where the resources they need are located. Access
transparency. In distributed systems, the principle of transparency of access plays the
most important role. Transparency in this case is about ensuring that access differences
are hidden and the data is provided. Access concurrency transparency. Different users
of distributed systems must be able to access shared data in parallel. In this case, it is
necessary to ensure the parallel sharing of system resources, and, accordingly, to ensure
the concealment of the fact of resource sharing. Replication transparency. In order to
ensure the safety of data, especially on distributed file systems, it is necessary to ensure
data replication.

System openness. The application of the principle of openness to distributed
systems became possible due to the development of data transmission lines, an increase
in processor performance, as well as the general development of information
technologies. The openness of distributed systems is understood as the ability to
interact with other open systems. The openness of the system can be achieved using:
programming languages, hardware platforms, software.

Safety. A special place in modern distributed systems is their security. The
security of distributed computer systems is, in general, a combination of three factors:
ensuring the confidentiality of data and resources; ensuring confidentiality of access to
resources for multiple users; ensuring the integrity of resources and data.

Scalability of distributed systems is one of the top priorities in the design of
distributed systems. Distributed systems made it possible to avoid the main drawback
of centralized systems - the limited increase in the computing power of the system.

One of the trends in the development of distributed systems at the present time is
a significant variety of used types of computing devices. At the same time, the
heterogeneity of the system and the need for interaction of dissimilar components
increase, in connection with which the developers of control programs face the problem
of software portability between different types of computers.

Let us give a comparative analysis of the technologies for the design of modern

distributed systems according to the above characteristics (Table 1).
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Table 1.1
Comparative analysis of distributed computer systems

i Distributed computer systems
Characteristic SOA ‘ Grid ‘ Cloud
Transparency:
Location + + +
Data access + + +
Parallelism + + +
Data replication - + +
Openness
Interoperability - - +
Permanent nodes + + +
Adaptability - + -
Availability + + +
Standardization + +/- -
Communication between nodes + + +
Safety:

Confidentiality +/- +/- +/-
Access security - + +
Resource itegrity - + -
Scalability + + +
Cross-platform - + -
Heterogeneity + + +
Flexibility - + -
Data semantics - + -

Common problems of the considered systems are:

- insufficient elaboration and lack of formal descriptive means for checking the
semantics of interaction between business processes and verification of transmitted
data;

- currently insufficiently developed general model of safety in heterogeneous
systems;

- insufficient means to describe complex distributed services (first of all, when
implementing cross-platform composite services);

- insufficient elaboration of means for inclusion in the system of legacy systems

and batch applications (implemented by the so-called adapters of XML applications);

89



THEORETICAL ASPECTS OF MODERN ENGINEERING

- high load on the network data transmission medium (both hardware and
software) during the interaction of the components (the exchange is carried out in the
“unpacked” XML format).

These problems are quite common in developing technologies, and they are and
will be solved by well-known common means: increased standardization, unification,
the development of new descriptive means, the use of data transportation means of
increased productivity, etc.)

To this general list are added quite new problems associated with the rapid pace
of Internet adoption and the growth of accumulated information about objects:

- insufficient reliability of message delivery in complex heterogeneous networks
and the consequent need to implement asynchronous interactions between components
and event-driven interactions;

- the general problem of incompleteness of information about the object as a
whole;

- system administration problems;

- problems of limited PC scalability;

- software portability problems.

It should be understood that this list is generalized, i.e. for each specific
distributed system, problems may arise that are not described in this work. But these
problems are the most common in practice and deserve special attention when
designing a distributed system. The last two problems are well studied, and in the
software market for distributed systems there are many developed software tools that
provide both statistics collection and software updates. Methods of presenting
information for its automatic processing, increasing the efficiency of systems by
increasing the significance of data, i.e. their semantics and search for the necessary
resources. Due to the specifics of a distributed system, as well as the heterogeneity of
the equipment and architecture of the distributed system, there is no single design

method that would provide a solution to these problems.
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3.4 Building a system of diagnosis technical condition of buildings on the example
of floor beams using methods of fuzzy sets

The urgency of the work lies in the effectiveness of the proposed models and
methods of diagnosis and prediction of technical condition of buildings sold analytical
apparatus of fuzzy sets, which makes it possible to create an information platform to
collect real, accurate and minimally unprofitable media as a powerful tool for accurate
and reliable diagnosis of temporal phases of buildings within the life cycle [119, 120].

The main purpose of development is to build a system of diagnosis technical
condition of buildings on the example of floor beams using the methods of the theory
of not clear sets.

Formulated states S, S,, S5, S, S5 types of diagnoses are considered to be

recognized. In the diagnosis parameters are set — nine diagnostic features of their
discharges, in the form of ranges change [121]:

k, — damaged concrete, reducing its protective properties against fittings (1 or
0);

k, — longitudinal cracks in the protective layer of concrete reinforcing rods

along, corrosion products along the reinforcing rods (1 or 0);

ks — the presence and width of opening of normal cracks (0 — 1 mm);

k, — availability inclined cracks (1 or 0);

ks — strength concrete (0 — 31%);

k¢ — reinforcement corrosion (0 —21%);

k; — deflection (0 — 31%);

kg — strength test conditions for normal sections (1 or 0);

ko — strength test conditional on inclined sections (1 or 0).

The task of diagnosis is to put each combination of parameter values in line one
solution: S;(i = 1,5).

Parameters k; — ky regarded as linguistic variables. For further analysis should
be divided into groups that are linguistic variables:
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k,, k5, k4, — group of options identified during the examination visually;
ksy, ks, kg, k; — a group of parameters are determined by the results of

instrumental measurements;

kg, ko — group parameters determined by the results of test calculations.

Also introduced linguistic variable S, which is measured by a range of

conditions, diagnoses S} — S5. Structure model of diagnostics of considered beams

shown in a tree inference that meets the following equation:

s=f,(x,9,2); x=f.(k,ky,ky);
v = fylks, ks, ke, k7); z = f.(kg, ko).

For evaluation of linguistic variables &k, — kg, and x, y and z there are

(1

introduced a single scale qualitative terms:

L —low;

BA — below average;

A — average;

AA — above average;

H — high.

Each of these terms is fuzzy sets, given by protecting supplies. Using qualitative
terms imposed intervals and analyzing the changes in the numerical values of

probability of realization signs p = (k; /S;) in diagnostic matrix (Table 1, 2), equation

(1) are given in tables 3-6 [122].
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Table 1.
Diagnostic matrix for beams overlap in general
Ne | Diagnostic kis | Attribute | p(ky)| Comp. | Comp. | Comp. | Comp. | Comp.
signs discharge Si S, S; S4 S
S P(S1) P(S2) P(S3) P(Ss) P(Ss)
Damage to ki1 | yes p(ki)| ptki1/S1)| p(k11/S2)| pki/S3)| p(ki1/Sa)| p(ki1/Ss)
concrete,
| reducing its
properties in | £y | no pki2)| pk12/S1) | plk12/S2)| p(k12/S3)| p(ki2/Ss)| p(ki2/Ss)
relation to
reinforcement
Longitudinal | k21 | yes plk)| pk21/S1) | p(k21/S2)| p(k21/S3)| p(k21/Ss)| p(k21/Ss)
cover cracks
2 1 th
?e‘i’r?t%mfng Jor | no )| plaS) | pha/Ss)| plhar/Ss)| pka/Ss)| plka/Ss)
bars
Normal cracks | k31 | <04 mm | p(ks)| p(k3/Sy) | p(ks1/S)| p(k31/S3)| p(ks1/Ss)| p(ksi/Ss)
3 Sﬁﬁﬁ;ﬂg k32 | to 1,0mm| p(ks2)| p(ks2/S1) | p(k32/S2)| p(k32/S3)| p(k32/Sa)| p(k32/Ss)
ksz | > 1,0mm | p(k33)| p(ks3/S1) | p(ks3/S2)| p(kss3/S3)| p(ks3/Sa)| p(k33/Ss)
Oblique ka1 | yes pka)| pka1/S1) | p(ka1/S2)| p(ka1/S3)| p(ka1/Ss)| p(kai/Ss)
4 k
f;’;‘;’sjnce) ka2 | no k)| plkaS)) | plhar/So)| plhan/Ss)| p(kar/Ss)| p(kar/Ss)
Concrete ksi | designed | p(ksi)| p(ksi/S1)| p(ks1/S2)| p(ks1/S3)| p(ksi/Sa)| p(ks1/Ss)
5 | strength ks | <30% | plkso)| plks/S1)| p(ks/S2)| plksa/S3)| p(ksa/Ss)| p(ks2/Ss)
ks | >30% p(ks3)| plks3/S1)| p(ks3/S2)| p(ks3/S3)| p(ks3/Sa)| p(ks3/Ss)
Reinforcemen | k1 | <5% plke)| pke1/S1) | p(ke1/S2)| p(ke1/S3)| p(ke/Ss)| p(ke1/Ss)
6 | teorrosion ke2 | 5-20 plke2)| plke2/S1) | p(ke2/S2)| p(ke2/S3)| p(ke2/Ss)| p(ke2/Ss)
kes | >20% p(ke3)| plkes/S1)| p(kes/S2)| p(ke3/S3)| p(ke3/Ss)| p(ke3/Ss)
Deflection gy | 24msSOL o)l plkrn/1) | plkn/S2)| plie/s)| plkn/sy)| plkr/ss)
7 k72 | £30% pk)| p(k12/S1) | p(k12/S2)| p(k12/S3)| p(k12/Ss)| p(k72/Ss)
k73 | >30% pk3)| pk13/S1) | p(ki3/S2)| p(ki3/S3)| p(ki3/Ss)| p(ki3/Ss)
Strength ks1 | yes p(ks))| p(ksi/S1)| p(ks1/S2)| p(ks1/S3)| p(ksi/Sa)| p(ksi/Ss)
3 conditions for
normal ks2 | no pks2)| plks2/S1) | p(ks2/S2)| p(ks2/S3)| p(ks2/Ss)| p(ks2/Ss)
sections
Strength ko1 | yes pkor)| p(ko1/S1)| p(ko1/S2)| p(ko1/S3)| p(ko1/Sa)| p(ko1/Ss)
9 conditions for
inclined ko2 | no pko2)| p(kor/S1) | p(kor/S2)| p(kor/S3)| p(ko2/Ss)| p(ko2/Ss)
sections
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Table 2.

Diagnostic matrix for beams overlap with numerical values and probabilities of the

signs
Ne | Diagnostic signs | ks | Attribute p(kij) | Comp. | Comp. | Comp. | Comp. | Comp.
discharges S1 AY) S3 S4 Ss
P(Sy) | P(S2) | P(S3) | P(Ss) | P(Ss)
0,18 0,29 0,35 0,13 0,05
Damage to kin | yes p(ki) | 0,14 0,29 0,4 0,56 0,76
concrete, reducing
1 | its properties in
relation to ki2 | no p(ki2) | 0,86 0,71 0,6 0,44 0,24
reinforcement
Longitudinal cover | k2; | yes p(k21) 10,05 1027 1038 0,59 0,88
2 | cracks along the
reinforcing bars k2 | no p(k2) | 0,95 0,73 0,62 0,41 0,12
Norm§1 craf:ks k3i | <04mm | p(ks1) | 0.92 0,78 0,67 0,54 0,22
3 | (opening width) 12 1o 1 0mm | ptksy [0,07 021 [028 |034 [o048
ks | >1,0mm | p(ks3) | 0,01 0,01 0,05 0,12 0,3
A Oblique cracks ka1 | yes plks1) 10,03 10,05 028 10,3 0,35
(presence) ke | no k) 1097 1095 072 |07 065
Concrete strength | k51 | designed p(ksi) 10,79 0,49 0,33 0,28 0,2
5 ks | <30% p(ks2) | 0,17 0,33 0,36 0,39 0,42
ks3 | >30% p(ks3) | 0,04 0,18 0,31 0,33 0,38
Reinfqrcement ko1 < 5% p(ke1) 10,73 0,52 0,33 0,26 0,13
6 | corrosion ke2 | 5-20 p(ke2) | 0,23 0,28 0,34 0,39 0,4
kes | >20% p(ke3) | 0,04 0,2 0,33 0,35 0,47
Deflection k71 | admissible | p(k71) | 0,93 0,82 0,59 0,35 0,11
7 ko | <30% p(km2) | 0,05 0,11 0,28 0,39 0,43
ks | >30% p(k3) | 0,02 0,07 0,13 0,26 0,46
Strength ks1 | yes p(ks1) | 0,93 0,75 0,53 0,29 0,09
8 | conditions for
normal sections ks2 | no p(ks2) | 0,07 0,25 0,47 0,71 0,91
Strength ko1 | yes plko1) 10,94 1083 0,75 0,55 [0,33
9 ditions fi
o ko2 | mo plks2) [ 0,06 0,17 025 |045 067
Table 3.
Knowledge of the interrelation S
S S1 Sz S3 Sa Ss
X L H BA| A |AA|BA|BA| A |BA| A A | BA | BA | AA
Y L L L |BA| A L |BA|BA|BA|BA| A L | BA
Z L A BA| A |AA| A A |AA|BA| A |[AA|BA | A H
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Table 4.

Knowledge of the interrelation X

BA A AA H

ki |BA| A |AA| A

BA| A | L |[AA|AA|BA| A |AA|BA|BA | A

k> L | BA|AA | BA

A| A | L | H|H|BA| A |AA|BA|BA| A

ki | BA| BA| A | BA

Al A L H | H L | BA|AA | BA | A | AA

Table 5.

Knowledge of the interrelation Y

BA A AA H

ks | BA| BA| A L

BA | A L L H L |BA|AA| L |BA| A

ks L | BA| BA | BA

BA | BA | L L |AA| L |BA| A | BA|BA | BA

ke | L | BA| A | BA

BA | BA| L |BA|AA|BA | BA| A | BA|BA | BA

kz | L | BA|BA| L

BA | BA | L L H L L |AA| L |BA| A

Table 6.
Knowledge of the interrelation Z

BA A AA H

ks | L | A | H|BA

A |AA| L | A | H |BA| A |AA| A | A | 4

ko |BA| A |AA | A4

A | A | L | A | H| L |BA|A4A | BA| A | A4

Using Table 3-6 and logical operations * (AND — min) and V (OR — max), we

can write the system of fuzzy logic equations linking the membership function

diagnoses and linguistic input variables [123]:

RIOE
u (s) =
u (s) =
n(s) =

n (s) =

RONOIE| Y
RGN CORTR €]
B4 () () 1 (2)

() pt () - w(2)

2101 () 2]

0

\

\

Vv

, <

Tw)-u o) - @ 7 @) -n o) -1 ()
w01 ()1 () [ 0 p () u M ()]
WP P ) ) - ) o)l @
@) w1 )1 ) v [ 001 () u ()

B4 () 1B () - pd ) v [ () - u B4 () ()]
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(o) = [ k) - Gy ) - (k) v i G- ) - ) v
vt ) w ) k)
P = P ) P )P ) v [ ) - k) G
v ) wt ) - ey
0 06) = [t G-t G - Gy Jv [ ) - Gy -1 (k)
vt ) ) (k)
W) = [0 ) 1P ) - )l ) - ) - )
vt ) k) p (k) |
0 06) = P ) Oy ) 1 ) v [0 0 )10 ) - ) Jv
vt ) ) ey )
M () = [P (k) - (ks ) - (k) -t () v [ Gy - B () - B4 () - ) |
vl G- B s - g ) - B4 )
R () = [ Gy 1 ks ) -0 (k) - e ey [0 ) -1 ) -1 g ) -0 (k) v
v ) P ) - 1P ) 1P )
W) = b ) (k) ) ) ot ) k) ™ ) b )y g
v [ () gy - (g ) - (k) |
R () = [ Gy - s ) 1 (k) -1 ) v [ g - ) -1 ) -1 (k) Jv
v [ ) ) (k) - 1 (k) |
W () = [ Gy 1 Gk ) - P g - G [ [0 ) -0 g - (k) - ) v
v )P (ks - P ) - (k)
HE(2) = |t () 12 (ko) v [ () 17 o) v [ (k) -1 (ko)
WP (2 = [P () - ko) [V 1 k) - o) Jv [ ) - ) )
1 (2) = [ Ghg) - ) v [ ) - o) o [0 G- k) )
w2 = [ ) - G o) - 1P ) ol ) - ) |
! (2) =l k) k) o [ ) - ko) o k) - (k) )

The total number of fuzzy logic equations is 20. In general, each input variable

3)

k, — kg has its own membership function, fuzzy terms (L, B4, 4, A4, H) used in these

twenty equations (2-5). However, to facilitate further construction modeling within the

fuzzy knowledge base for all variables k; — kg is only one form of membership
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function. To do this, each variable spacing reduced to one universal interval (0,4),

carried out using the following ratios [124]:

i i

. . k, -k,
n (k) =1 () u=4ﬁ, j=L,BA, A, A4, H, (6)

where (k;) — change interval variable k;, i =1,9.

The final analytical model of membership function is:

IS
>
1+(u—bj
c

Option b for terms L, BA, A, AA, H is set to 0, 1, 2, 3, 4, respectively. Option ¢

i ()= (7)

terms with all the same and equal to 0.923. The choice of these relationships (6) and
options b and c¢ in that form due to the fact that they are proven approximation
membership functions obtained by pairwise comparisons.

Further, the fuzzy logic equations (2-5) with functions of fuzzy terms (7) allow
us to decide on the specific diagnosis of the following algorithm [125].

1. Fixed values for the condition of the subject element is implementation-
defined attributes in the form of quantitative values that fall within the boundaries of

these ranges of change

K=k k3 ey ). (®)

2. Using relations (7) and options b and ¢, determine the value of membership
functions for fixed values of the parameters %, .

3. Using the logic equations (2-5) values calculated at a fixed membership
functions of the state vector K for all diagnoses S, S,, 83, S4, Ss. It is important

to note that logical operations AND (A) and OR (V) of the membership functions are
replaced by operations min and max:
u(a) A p(b) = minfp(a),u(®)} p(a) A p(b) = max[u(a),u()). ©)

4. Finally, the final decision for which

WS (ks )= max (k{",k;‘,...,k;")l =19, (10)
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An example of the proposed algorithm can be reduced by building a state vector

K" in the form that corresponds to the implementation of signs of an observed beams.

In this case, follow the same conditions diagnosis [126]:

1) damage to the outer surface is that k; = 1,0 mm;

2) longitudinal cracks in the protective layer is that &k, =1,0 mm;

3) normal cracks in the tension zone opening to 0.4 mm is accepted that ky =0,2

mm;

4) inclined crack is that k, =1,0;

5) concrete strength was 10% below the design, i.e. k5 =10%;

6) there is exposure fittings, 5% of which section affected by corrosion, that is

7) deflection does not exceed normative; i.e. k; =0;

8) Conditions strength calculation of normal intersections satisfied, that kg =1,0

9) Conditions strength calculation on inclined sections satisfied, that &y =1,0.

Using the model (8) and the accepted value parameters b and c, calculate the

value of membership functions in points k;k (i=1,9) for all fuzzy terms. The results are

shown in Table 7.

Table 7.

The value of membership functions

Ne |k T TR (90 IR TR (S M TR W N (D W TR ()
1 1,0 4,0 0,0506 0,086 0,176 0,460 1,0
2 1,0 4,0 0,0506 0,086 0,176 0,460 1,0
3 0,2 2,0 0,176 0,460 1,0 0,460 0,176
4 1,0 4,0 0,0506 0,086 0,176 0,460 1,0
5 10,0 1,29 0,339 0,910 0,628 0,226 0,104
6 5,0 0,95 0,485 0,997 0,437 0,169 0,084
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0,0 0,0 1,0 0,460 0,176 0,086 0,0506
1,0 4,0 0,0506 0,460 0,176 0,460 1,0
1,0 4,0 0,0506 0,460 0,176 0,460 1,0

These values obtained are presented in equation (3):

n”(x) =[0,086-0,0506-0,086]\ [0,176-0,086-0,176]v [0,460 - 0,460-0,176]= 0,176

Similarly:
n(x)=0,176; p(x)=0,460; p*(x)=0460; p”(x)=0,176.
According to equation (4):

nh () =[0,460-0,339-0,785-1,0] [0,460-0,910-0,997 -0,460 v
v [1,0-0,9100-0,437-0,460] = 0,460.

Similarly:

w(»)=0460; p'(»)=0176; p*(»)=0,460; pn”(»)=0,176.
According to equation (5):

n*(z)=[0,0506-0,086]v [0,176-0,176]v [1,0-0,460] = 0,460.
Similarly:

n?4(z)=0176; pt(z)=0176; pt(z)=0,460; n(z)=0,460.
Finally, according to equation (2):

1o (s)=[0,176-0,176 -0,460]v [0,176 - 0,460 - 0,176 ]\ [0,176 - 0,460 - 0,460] = 0,176

Similarly:

w52 (s)=0,176; p¥(s)=0,460; p5(s)=0176; u¥(s)=0,176.

Based on the results of fuzzy sets of the data is formulated as follows: since the
most important decision membership functions corresponding to S5, then the state is
taken as unsuitable technical condition (category III) element floor beams.

Thus, considered approach promotes certainty in recognizing states of buildings

with limited and inaccurate input. Together with probabilistic approaches and methods
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of information theory of fuzzy sets considered approach adds confidence to the expert
in justifying the necessary decisions on the extent and depth of engineering

interventions in order to bring it in normal technical condition [127, 128].
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SECTION 4. ELECTRICAL ENGINEERING

4.1 Prospects for biogas technologies in Vinnytsia region of Ukraine

Due to the depletion of traditional fuels and the increase in industrial potential
and, consequently, the consumption of energy resources on the planet, the problems of
energy efficiency and the introduction of renewable energy sources come to the fore.
In addition, the problem of increasing the amount of organic waste from agriculture,
food and processing industries, etc. is acute.

Biogas technologies allow to comprehensively solve the problems of organic
waste disposal and production of environmentally friendly energy for the needs of the
national economy [129].

Biogas technologies have recently been intensively implemented in Ukraine,
including through the introduction of a "green tariff" for electricity from renewable
sources. Such systems have a number of advantages that confirm their relevance and
effectiveness. On the one hand, it is a rational way of processing waste from
agriculture, food and processing industries, on the other hand, obtaining energy from
biomass is a technology of renewable energy [130]. Biogas technologies are especially
important for the decentralization of energy supply, as they allow to diversify the
energy supply of private, municipal and state enterprises, farms, etc. The introduction
of digestate obtained after anaerobic fermentation of waste provides a confirmed
increase in yield. Both liquid livestock waste and solid organic crop waste are subject
to anaerobic processing.

Vinnytsia region ranks first in terms of agricultural production and processing.
The volume of sold agricultural products is more than 8.4% in the economy of Ukraine.
The growth rate of agricultural production reaches 10... 12% annually. More than
200,000 people work in agriculture. At the same time, more than 2 million hectares of
land are used, including 1.725 million hectares of arable land.

The leading place in the industrial potential of the region is occupied by the food
industry (over 64%). There are 6 sugar factories in Vinnytsia region with a production

of over 3 million tons of sugar per year [131]. Vinnytsia region ranks 5th in Ukraine in
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terms of man-made impact on the environment, with Ladyzhyn TPP accounting for the
bulk of emissions, producing electricity by burning a comprehensive energy resource
- coal. At the same time, the region consumes more than 750 million m? of natural gas,
with the lion's share of consumption per capita (60%).

According to statistics, from 1998 to 2020 there were significant changes in the
number of farm animals in Vinnytsia region. Thus, the number of cows decreased by
17%, other cattle - by 56%, pigs - by 32%. Instead, the number of goats and sheep
increased by 67%, and the number of poultry - by 31.9 times. Such changes allow us
to estimate the increase in the biogas potential of Vinnytsia region by 4.4 times.

To calculate the energy potential of biogas in Vinnytsia region, statistical data on
the number of animals as of May 1, 2020 were taken into account [132]. The volume
of waste generation at distilleries and sugar factories corresponds to 2019 statistics.
The estimated annual amount of livestock waste, sugar and alcohol industry is about
13 million tons. The potential output of biogas from such wastes in the process of
monofermentation, calculated on the basis of specific indicators [133], is 939 million
cubic meters per year.

The distribution of the biogas potential of the region by sources of organic waste
is shown in Fig. 1.

As can be seen from Fig. 1, 49.4% of the total annual biogas potential of Vinnytsia
region can be produced only from poultry waste, and 36.5% - from waste from sugar
factories. As the number of sheep and goats in Vinnytsia region is the lowest among
all farm animals, the share in the total annual potential of biogas is only 0.29%.

In our opinion, currently the most effective method of utilization of produced
biogas is its combustion in cogeneration plants with the production of commercial
electricity and heat. Calculations have shown that the annual potential for electricity
generation from biogas is 2.083 million MWh. In addition, it is possible to produce

11.8 million GJ of heat per year.
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Fig. 1. Biogas production potential in Vinnytsia region by sources of organic waste,
million cubic meters

According to statistics for the Vinnytsia region, such an energy effect is sufficient
to cover all energy needs of Vinnytsia region by major economic activities.

The economically feasible potential of biogas, calculated according to the
recommendations of the Bioenergy Association of Ukraine [134], was also assessed. It
amounted to 545 million cubic meters per year, which is 58% of the total potential.

At present, no methodology has been developed for relatively accurate estimation
of biogas yield from various organic wastes and waste mixtures. Features of fattening
and waste collection technologies do not allow to fully use the results of research by
authors from other countries.

Livestock waste is characterized by relative continuity and simplified collection,
but their biochemical features do not allow to obtain high values of biogas yield. The
world is actively using technologies for the joint fermentation of various types of
organic waste. There are known results on the fermentation of cattle waste with grass,
fruit and vegetable residues, corn silage, etc. Statistics show that in Germany up to 9%
of agricultural arable land is used to grow corn for silage, followed by its joint

fermentation with livestock waste in biogas plants. According to the authors' research
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[135], due to the addition of plant residues to wastewater, it was possible to increase
the biogas yield by 2.7 times compared to mono-fermentation of wastewater.

In [136], an increase in methane yield by 18... 35% was recorded as a result of
adding corn, grass, vegetable, and cereal wastes to livestock wastes in comparison with
mono-fermentation of livestock effluents.

At present, there are significant prospects in improving the technology of
harvesting and processing of vegetable waste of vegetable tops, straw, cereals and
oilseeds, corn and sunflower residues. Instead, biogas technologies for their processing
will not only provide better fertilizer than during composting processes, but also
provide the company with diversification of energy supply.

The authors [134] indicated that taking into account corn silage as a raw material
for biogas technology will triple the energy potential of this energy-efficient
environmentally friendly technology.

The effects of biogas technology are described in detail in [129]. The complex
effect of cofermentation at the first stage of project development can be assessed on
the basis of the energy effect from the produced biogas and expert data on the ratio of
energy, economic and environmental effects.

The energy effect from the produced biogas can be determined by different
methods: technical and economic, thermodynamic, thermoeconomic, etc. Its value also
depends on the choice of biogas utilization technology.

Technologies for obtaining hydrogen and biomethane from biogas in the future
will provide the highest values of the energy effect. Due to the "green tariff" for
electricity, the most efficient at present is the combustion of biogas in cogeneration
plants with heat and electricity, which allows to implement decentralization and
diversification of energy supply, to compensate for peak loads of the central power
system. For dairy companies, we can offer a three-generation system with the release
of heat, electricity and cold.

Thus, the state of agriculture of Vinnytsia region, volumes of energy consumption

and volumes of harmful emissions into the environment are analyzed. An increase in
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the raw material base for biogas technology was revealed due to a 31.9-fold increase
in the number of poultry in the Vinnytsia region.

Using statistical data, the amount of livestock waste, sugar and alcohol industry
of Vinnytsia region was calculated, which amounted to 13 million tons per year.
Anaerobic bioconversion of this amount of organic waste will allow to obtain about
939 million cubic meters of biogas per year.

To analyze the energy effect of biogas, the option of its utilization in cogeneration
units was chosen. Thus, it is potentially possible to obtain 2.083 million MWh of
electricity and an additional 11.8 million GJ of heat. That is, the energy potential of
biogas from organic livestock waste, sugar and alcohol industry is sufficient to cover
the energy needs of Vinnytsia region for the main types of economic activity.

Using the recommendations of the Bioenergy Association of Ukraine, the
economically feasible potential of biogas in Vinnytsia region was assessed. It
amounted to 545 million cubic meters per year or 58% of the total capacity.

Biochemical features of livestock waste do not allow to obtain a high yield of
biogas. The addition of plant residues, fruit and vegetable waste, silage, grass, etc.
provides an increase in biogas yield and increase the efficiency of biogas technology
in general. Co-fermentation allows not only to more efficiently dispose of crop waste,
but also to increase the energy effect of biogas technology.

It is proposed to determine the complex effect of a biogas plant based on its energy
effect, which depends on the method of biogas utilization. At the moment, in our
opinion, the most efficient is the production of electricity from biogas. And in the

future, the production of biomethane and hydrogen should come to the fore.
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4.2 OCHOBHI NPUHUMIHK NPOEKTYBAHHS ABTOHOMHOI'O0 €HEProreHepyr4oro
KOMILJIEKCY

3araJpHOBIIOMO, IO 3pPOCTaHHS BHPOOHMITBA 1 CIOXUBAaHHA E€HEpPrii
HEPO3PUBHO TOB'sI3aHE 3 MPOTPECOM CYCIUIbCTBA, SIKE MPOTITOM YCI€T CBOET 1CTOPIT, a
0COOJIMBO y Cy4YaCHHUX YMOBaxX, IOCTIMHO Bele OOpOoThOy 3a 301JIbIIEHHS CBOTO
EHEepPreTUIHOTO OaraTcTBa.

CporojiHi BeNMKa yBara MNPUAUISIETHCS MUTAHHAM €KOHOMHOTO BHUKOPUCTaHHS
E€HEPropecypciB uepes pi3ke 301IbIIICHHS BUTPAT HA X BUI0OYBaHHS 1 BUPOOHUIITBO,
a TaKOXX BUCOKY BapTiCTh HAPTH Ta razy Ha CBITOBOMY PUHKY.

JlocnipkeHHsl BUEHHUX CBiYaTh MpPO TE€, U0 B CY4aCHUX YMOBAaX €KOHOMIs | T
YMOBHOTO TIAJIMBA BUMArae, ik MPaBwIO, MEHIITNX BUTPAT, HIXK MPUPICT BUI0OYBAHHS
€KBIBAJICHTHOI HOro KimbkocTi. EHeprozoepirarounii muisx pPO3BUTKY EKOHOMIKH
nepeaodayvac:

— 3HAYHE 3HWKCHHS B PO3PaxXyHKy Ha OJWHUINIO MPOMYKINI BUTpAT MaJINBa,
€JIEKTPOEHEPril 1 TEMIOTH Ha KIHLEBIM cTajli iX CIIO)KUBAHHS;

— JIOKOpIHHE BJIOCKOHAJCHHS BHUAOOYTKY, BHUPOOHMIITBA, IEPETBOPECHHS,
TPAHCHOPTYBaHHS 1 30epiraHHs EHEepPropecypciB, IO 3yMOBIIOE ITiIBUIICHHS
Koe(iIieHTy 1X BUKOPUCTAHHS;

— YIOCKOHAJICHHS CTPYKTYPH €HEprodaiaHCy B HAMPSIMKY 3aMIICHHS] B HBOMY
Ne(QIUUTHUX 1 JOPOTUX EHEPropecypciB JACLIEBIIMMU 1 JOCTYIHIIIMMHU, a TaKOX
HETPAIULIMHUMHU JKEpPEIaMH eHeprii.

Tpanuiiini jkepena eHeprii € 3BUYHMMH JJIs BUKopucTaHHs (puc.l). Ix
KUTBKICTh  oOMexeHa. Taki JpKepena XapakTEepU3YIOThCS BHCOKHM — PiBHEM
€KOJIOTIYHOTO 3a0pyIHEHHs, TOK B 0araThOX KpaiHax CBITY BUKOPUCTaHHS TaKUX
JOKEpeN 3MEHIIYIOTh Ha KOPHUCTh BIJHOBIIOBAJIBHUX a00 HETPAIULIMHUX IKepel
(puc.l1).

VY cyuacHii YkpaiHi OCHOBU BUKOPUCTAHHS albTEPHATHBHUX JKEPEN €Heprii
3aKJIa/IeHI B 3arajibHOJIEP)KaBHUX TMPOrpaMax €KOHOMIYHOTO po3BUTKY [137, 148],

OCHOBHHUMH 3aCadaMU SIKHX €:
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- HapOIIyBaHHs 00CATIB BUPOOHUIITBA Ta CIIOKUBAHHS €HEPT1i, BUPOOICHOT
3 aIbTEPHATUBHUX JIKEPEIL, 3 METOI0 EKOHOMHOTO BUTpaYaHHs TPAIUIIHHUX [TaJTUBHO-
EHEPreTUYHUX PECYPCiB Ta 3MEHIIICHHS 3aJIS)KHOCTI YKpaiHu Bif iX IMITOPTY;

— PECTPYKTypH3allisi BHPOOHHWIITBA 3 METOK CTBOPEHHS YMOB JIJIst
30UTBIIICHHS CIIOKMBAHHS YaCTKU €HEPTii, BUPOOJICHOI 13 allbTEpPHATUBHUX JIKEPET;

— J0JIep KaHHs €KOJIOTIYHOT OE3MeKH 32 paxXyHOK 3MEHIIICHHS HETaTUBHOTO
BIUIMBY Ha CTaH JOBKUUIA MPU CTBOPEHHI Ta €KCIUIyartailii 00'€KTiB allbTepHATUBHOI
€HEpreTUKH, a TaKoX MpH Mepenadi, TPaHCIOPTYBaHHI, MOCTayaHHI, 30epiraHHi Ta
CIIO’KMBaHH1 €Heprii, BUPOOJIECHOT 3 aTbTEPHATUBHUX JIKEPEIT;

= noiep KaHHs 0€3MeKU AJI 3I0POB'sl JTIOJMHU Ha 00'€KTaX ajJbTEPHATHBHOT
E€HEpreTUKN Ha BCIX eTamax BUPOOHHUIITBA, COPTYBaHHI, MOCTAYaHHI Ta CIIOKWBaHHI
eHeprii, BUpOOJIEHO1 3 aJIbTEPHATUBHUX JIKEPEIT;

- HAYKOBO-TEXHIYHE 3a0€3MICUCHHS PO3BUTKY AIbTEPHATUBHOI CHEPTETUKH,
YyOPOBAPKEHHSI HAyKOBO-TEXHIUHUX JOCSATHEHb Yy JaHiil cdepi, MiATOTOBKA
BIIMOBIAHUX (haxiBINB y BUIIUX Ta CEPEAHIX HAaBYAIbHUX 3aKjIagax;

- 3JIydeHHS BITYM3HSHUX Ta 1HO3EMHHUX IHBECTHIM 1 MIATPUMKA
HIAMPUEMHUIITBA, Y TOMY YHCIII IIJITXOM PO3POOKH 1 3/11CHEHHS 3arajibHOIeP)KaBHUX

1 MICLEBHUX ITPOTpaM PO3BUTKY aJIbTE€PHATUBHOI EHEPTrEeTUKH.
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Pucynox 1. Buau ta Tumnu mpxepen eneKTpudHol eHeprii

Exonomiune 3a0e3meueHHs JisIbHOCTI Y cepl aTbTepHATUBHUX JDKEPET SHEpTii
BKJIrouae [137]:

— CTBOPEHHSI CHPUSTIMBUX EKOHOMIYHHUX YMOB [UJISi CHOPYIKEHHSI O0'€KTIB
IbTEPHATUBHOI €HEPIeTUKY;

— BU3HAUEHHs JOKEpesl 1 HanpsMmiB (piHAHCYBaHHA 3axOoliB Yy cdepi
aNbTEPHATUBHUX JKEPEI EHEPrii;

— 3aCTOCYBAaHHSI €KOHOMIYHUX BaXKEIIB 1 CTUMYJIIB 3 METOI PO3LIMPEHHS
BUKOPHUCTAHHS albTEPHATUBHUX JKEPeIl EHeprii.

Haii0inp1n nepcneKTUBHOIO Taly33l0 allbTEPHATUBHOI €HEPreTUKH € COHsAYHa
eHeprid. [loTeHnian coHssuyHOI eHeprii B YKpaiHi € T0CTaTHbO BUCOKUM JJIs1 IIUPOKOTO
BIIPOBA/KCHHSI TENIOCHCTEM SIK TEIUIOGHEPreTHYHOTO, Tak 1 (OTOENEKTpO-
E€HEepPreTUYHOro 00JIaTHaHHS MIPAKTUYHO Ha BCiil TepuTopii [147].

Bci consiuni enextpoctaniii (CEC) moauisioTh Ha KidbKa THUIIB: TI IO

BUKOPUCTOBYIOTh (poToeneKkTpudHi Moayii (¢poroedext) [146] (puc.l) Ta Ti 110

108



THEORETICAL ASPECTS OF MODERN ENGINEERING

NEPETBOPIOIOTH COHSIUHY €HEPTil0 Ha TEIJIOBY, SIKa MPUBOAUTSH Y J110 TEIUIOBUN TBUTYH
(COHAYHO TETLIOBI).

ArpoBoJIbTaiKa - 1€ HEI[0IaBHO pO3p00JIeHa CUCTEMHA TEXHOJIOT 1S, 1110 I03BOJISIE
OJTHOYACHO BHMKOPUCTOBYBAaTH 3eMJI [JIs BHPOOHMIITBA CLIHCHKOTOCTOAAPCHKOT
POYKITIT 1 pO3MIIIEHHS COHSIYHMX eIeKTpocTaniii [ 138].

CydacHe cuUIbCbKE BUPOOHULTBO € OaraTorpaHHUM. Y POCIMHHHULTBI Ta
TBAPUHHULTBI 3aCTOCOBY€ETbCS Oararo pizHMX TexHonorid. Ilpm 1pomy Takwmii
€KOHOMIYHHH (akTop, sIK COOIBAPTICTh MPOIYKIIT B Cy4aCHUX YMOBax BiJCYTHOCTI
nedIuTy TOBapiB CLIIbCHKOTOCIIOIAPCHKOTO MPU3HAYEHHS, BUCTYIIA€ HA MEPIINMA TIIaH
MOpAZT 13 SKICTIO Ta EKOJIOTIYHICTIO MPOIYKIIi B yMOBaX >KOPCTKOT KOHKYPEHIIIi
BUpOOHUKIB. DaKkTOp 3HMKEHHSI COOIBAPTOCTI MPOIYKIIi 3a PaXyHOK BHKOPHUCTAHHS
HETPAIUIIHUX JKEpen eHeprii inkoau HaOyBae romoBHoro [ 148].

[ToenHaHHS COHSIYHOT eHEPTeTUKH 1 CLTCHKOTO MOCTIONAPCTBA HE TUIBKU BUPIIITY€E
npoOieMy HecTaul 3eMJil AJis BCTAHOBJICHHS COHSYHMX IaHeNeHd, aje W MiJBUILYE
BPOXKAMHICTP JICSIKUX CLITbCHKOTOCIIOIAPCHKUX KYIBTYP.

VY BuUMaaKy, KOJIA TOCMIOAAPCTBO MA€ MPsSIME MIAKIIOYEHHS J10 eJIEKTPOMEPEXI, TO
BUKOPHCTAHHS COHSYHOI €JNEKTPOCTaHIlli JI03BOJIUTh CYTTEBO 3€KOHOMHUTH Ha
IUTaTeXKax 32 BUKOPUCTAHHI €JIEKTPOCHEPTii, a 1HKOJIM 1 peai3oByBaTH 3TiTHO YMOB
3esieHoro Tapudy.

OTOX, SIK BUCHOBOK, MOHTYBaHHSI ()OTOMOJYJIIB Ha (D€PMEPCHKUX YTIIASAX — L€
paiioHaJbHE PIllIeHHS, sIKEe JO03BOJISE 36KOHOMUTU MICIIE TP MOHTYBaHHI, a TaKOX
3a0€e3MeunTH 3aTIHEHHS POCIUH 1 HOBHOLIIHHE (PYHKIIOHYBaHHS cTaHuii [147].

CoHsiyHa €NEKTPOCTAHIlSl MOXKe OyTH JDKEpPEelIOM OCBITJICHHS JKUTIOBUX
OPUMIIICHb 0115 CUTbCHKOTOCIOIAPCHKUX YTib, @ TAKOX JJIA BEJIMKOMACIITAOHOIrO
OCBITJIEHHSI CXOBHII, KOMOD, YM OyAiBeNb /Ui YTPUMaHHS BETUKOI poraroi Xyaoowu,
CBUHEW Ta oOBelb. TaKoXX THUIOBUM BHIJISAA€ 3aCTOCYBaHHS 30BHIIIHBOTO Ta
OXOPOHHOTO OCBITJIEHHS, @ TAKOXX OCBITJIEHHA Yy Termuusgx. KpiM 1poro, coHsiune
TEMJIO0 MOXXE BHKOPHUCTOBYBaTHCA JUisi HarpiBaHHa Boau. EdexT HarpiBaHHs

JOCATaA€THCA OIIAXOM BHKOPHUCTAHHA CHGHiaJIBHI/IX KOJICKTOpiB. 3aBI[HKI/I
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IPaBUJILHOMY IJIAaHYBAaHHIO Ta MPOEKTYBAHHIO, COHSIYHI HarpiBadi MOBITPS/TIPOCTOPY
MOXKYTbh OYTH B 3arajibHii cucTeMi, o0 MmiIirpiTé BXigHe cBixke moBitps [139,140].

Tox uisi CTBOPEHHSI aBTOHOMHOTO JIPKEpENia JKUBJICHHS HaWOLIbIIE MiAXOASThH
came (HOTOENEKTPUUHI MOIYJ JAJsl MIEPETBOPEHHS COHSAYHOI eHeprii. Lle 3MeHmmMTH
BKJIQJICHHS Ha OOCIyroByBaHHsS CTaHIlli, HAAAacTh MOXJIMBICTh IIBUAKOI Ta
Oe3MepenKoIHOI MOAepHI3allli CUCTEMHU.

[Ipu mpoexTyBaHHI aBTOHOMHOTO E€HEPrOreHEPYHYOro KOMILIEKCY HEOOX1THO
BpPaxoOBYBaTH MOXJIMBOCTI MicIieBOCTi. [ToTeHI11an COHsIYHOT eHeprii BUBHAYAEThCS 3a

MOKa3HUKOM CYMapHO1 COHSIUHOI paaiamii [141]:

> §=>D,+> I, siny (1)

ne XS — cymapHa COHsS'YHA pajialtis,
XD, — po3cisiHa pajiaris,
X1, — npsiMa pamiantis,
y — Brcota CoHIIA HaJ1 00pieEM.

ToOTo, BaxknMBa HE KUIBKICTh COHSYHMX IPOMEHIB, $IKI MOTPAIUISIOTh Ha
Oartapeto, a 3arajoM KiUTbKICTh COHSTYHUX JHIB periony. [1ig mum po3ymitoTh KUTBKICHI
XapaKTEPUCTUKU MOTOKIB MPSIMOI Ta PO3CIAHOI COHSYHOI 1HCOJSALII Ta MOJIMBICTb
iIXHBOTO BUKOPUCTAHHS JUIsl pOOOTH PI3HUX TUIIB COHIYHUX YCTAHOBOK.

JInsi BU3HAUEHHS MOTEHLIANy COHSIYHOI EHEprii 4acTo BHKOPHUCTOBYIOTHCS
MOKa3HUKH TPUBAIOCTI COHSYHOTO OMPOMiHEHHS. BUBUEHHSAM COHSIYHOT aKTUBHOCTI B
yCiX perioHax Hamioi IjiaHeTy 3aimaeThcs HarlioHanbpHe yrpaBiIiHHS 3 a6pOHABTUKH 1
nociipKkeHHI0 kocMiyHoro npoctopy (NASA). 1i101000B0 CylyTHUKH CTEXaTh 3a
JISTBHICTIO COHLIS 1 3aHOCSTh OTpUMaHy 1H(popMarito B Tadiuui [141]. Y po3paxyHkax
BPaxOBYIOThCS JIaHI OCTaHHIX 25 pOKIB. 3HAIOUM 3HAYCHHS 1HCOJISIT MOXXEMO
po3paxyBaTh MpPUOIM3HE BUPOOHUIITBO EJICKTPOCHEPTii B JaHOMY pErioHI B
KOHKPETHUH Micsllb a00 B cepelHbOMYy B pik. MK THM OTpUMaHi pe3yJIbTaTh
pO3paxoBaHi JjIs i7lealbHUX YMOB: TTIOBHA BIJICYTHICTh XMapHOCTI 1 MaJ1HHS COHIYHUX

IPOMEHIB Ha MOBEPXHIO MIJI MPIMUM KyTOM (MEPIEHIUKYJISAPHO). SIKOM Mmpo30picTh
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aTMoc(epu IpOoTAroM 100U HE 3MIHIOBANIACh, 3MIHA KIJIbKICTh COHSYHOI eHeprii Oyiia
0 cuMeTpUYHA BITHOCHO ICTUHHOTO TOJIyAHS. Bim HyJisi B MOMEHT CXO/ly COHIISl BOHA
301IBIIYETHCSL 10 CBOIO MAaKCUMyMy, a IHicCis NOJIyJIHS cHajae 10 HyJsd. Aje
PO30picTh aTMOC(epr MOKE 3MIHIOBATHCH y’K€ IMIBHAKO MPOTATOM AHs (Tadu. 1).
Tabmuus 1.

Koeditient npozopocti atMochepu

Cran atmMocdepu KoeditienT npo3opocri

[ToBiTpst aGCOMOTHO TIPO30pE 0,99
BuxitoyHO BUCOKa MPO30PICTh 0,97
[ToBiTpst my>ke mpo3ope 0,96

Jlo6pa npo3opicThb 0,92
CepenHs MpO30pPICTh 0,81
[ToBiTpst TPOXU MyTHE 0,66

Imna 0,36
CunbHa iMna 0,12
Jlerxkuit TymaH 0,015

Tyman Big2:10* g0 8-10°1°
['ycruit Tyman Big 10 go 103

XMapu Ta TyMaH B 3HAYHIH KUIBKOCTI TOTJWHAIOTh 1 PO3CIIOIOTH COHSYHY
paxianito. [ XapaKTepUCTUKH PEXUMY XMApHOCTI BUKOPUCTOBYIOTh MMOBIPHICTb
noxMyporo Tta sicHoro HebGa. [lpu 1pomy mpuiimMaeTbcsi HEOO MOXMYPHUM, SIKIIO
KUIBKICTh XMap MEPEeBUIILY€E 8 OaiiB, 1 SCHUM, SIKIIO KIJIBKICTh XMap HE MEPEBUILYE 2
OautiB.

Mo>Ha BUIUIMTH JBa MIAXOAM 10 OOJIIKY BIUIMBY XMAapHOCTI Ha pajiaIlito, 1o
HAJXOJIUTh Ha MOXWIy MoBepxHo. [lepmmii 3 HUX 3aCHOBaHUM Ha OOJIKY 3arajabHOl
XMapHOCTI, APYTHH - Ha 00Ky Bi3yaJIbHUX OI[IHOK XMapHOCTI [ 142].

BruiuB 3arasibHOi XMapHOCTI Ha CyMapHy pajiaiiio L0 MaJae Ha MOXHITY

MOBEPXHIO, XSy, MOKHA OLIIHUTH [142]
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> S, =(21,+>.D,+R)(1-(a+bk)k) (2)

ne 21, — mpsiMe COHSYHE BUIIPOMIHIOBaHHS, MaJal0ue Ha IOXMY OBEPXHIO, BT / M?;
2D, — po3cisiHE COHSTYHE BUITPOMIHIOBAHHS, 1[0 HAJXOAUTh Ha TOXUITY TIOBEPXHIO,
Bt/ Mm%

R — BinOura Bix 3eMHOi noBepxHi pamiamis, Bt / M2,
a — Koe(IIEHT, 10 3aJIEKUTH BiJl CEPEIOBHINA 1 BiJl IITUPOTH MICIIEBOCTI;
b — koedilieHT, SKU MOYKHA BBaYKaTH MOCTIMHUM 1 piBHUM 0,38;
k — koeiLieHT XMapHOCTI
Tox € HEOOX1AHICTh BU3HAYCHHS KOC(DIIIEHTY, SIKUH BPaXOBY€E peaibHI MOTO/IHI

YMOBH BIJIHOUIEHHSIM 1HCOJISILII B peajbHUX YMOBAX XMAapHOCTI A0 1HCOJALIL IpH

0e3xMapHOMY HeO1.

Jlist BUpIIIEHHS UBOTO 3aBJaHHSA 32 JAHUMU METEOPOJIOTTYHMX CTaHLIM Ta

CYIyTHUKOBUX 3HIMKIB OIPOMIHEHHS 3€MHOI MOBEpXHI MO0ynoBaHI TpadiuHi

3aJIKHOCTI COHSIYHOI AKTHBHOCTI (puc. 2) Ta COHA4YHOI 1Hcoysil (puc. 3)

MeniTononbChKOro paiony.
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Pucynoxk 2. I'padiuHi 3a1€XHOCTI COHIYHOT aKTUBHOCTI MeJITONOIBCHKOTO PailoHy

JIJisi BU3HAYEHHSI COHSYHOI aKTUBHOCTI B PEATbHUX YMOBaxX OyJi0 po3po0JIeHO

MCTOOUKY, AKa BH3HA4alld KIJIBKICTh AKTHBHUX COHSYHHMX ,HHiB MMpOTATOM
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KaJIeHAapHOro poky. Toukoro Bimmiky Oyno B3sto 31 rpyans 2018 poky.

CHOCTepe}KeHHSI IIPOBOINJIOCH 3 pa3n Ha I[O6y. Bu3nauaBcs 4ac CX0o4y COHILA,

ACTPOHOMIYHOTO TMOJYAHS, Ta 3axoay coHis [143] B BU3HAUEHU Yac Ha BIIKPUTIH

MICIIEBOCT1 BU3HaUaIach XMapHICTh, HABHICTh 200 BIICYTHICTh TyMaHy, IMJIH, CMOTY,

TAMY .
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Pucynok 3. I'padiuni 3a1€KHOCTI COHSIYHOT 1HCOMALIT MeTITONOIbCHKOro paioHy

Ha ocHoBi1 oTpuMaHuXx aHuX 100y A0BaHi rpadidHi 3aJIeKHOCTI (puc. 4)

3anexHicTb KinbKocTi onaaie, COHAYHUX Ta MOXMYPWX AHIB
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Pucynok 4. I'padgiuni 3aJI€KHOCT1 COHSIYHOT aKTUBHOCTI B pPealbHUX YMOBaX
MeniTonoasChKOro paioHy
Buznauenns koediiieHTy XMapHOCTI MOXJIMBO 3a (POPMYII0r0

_ N, +N, 3)
" N +N,+N,
ne N; — KIIbKICTh COHSTYHUX JIHIB;
N> — KUTBKICTB JHIB C YaCTKOBOIO XMAapHICTIO;
N3 — KUTBKICTB JHIB 3 CYIIIBHOIO XMAPHICTIO.
OTpumMaHi 3a pe3yabTaTaMH PO3PaxXyHKIB OI[IHKH COHSYHO1 pajaiallii 103BOJISIOTh
3a0€e3MeYNTH IPOrHO3YBAaHHS MOXJIMBHX 00’ €MIB €Heprii IHCONIALIT TPH MPOEKTYBaHHI

COHSIYHMX €JIEKTPOCTAHIIIH Ta MEPEUTH 0 pO3PaXyHKY MOTYKHOCTI COHSIUYHUX OaTapeit

ABTOHOMHOI COHSUHOI eNeKTpocTaHilii [144,145].
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43 BniuMB NpPUEAHAHHSA COHAYHHUX EJICKTPOCTAHUIA 10 PO3NMOALIBHUX
CJICKTPUYHHUX MepeK

B Hamn gac nepen coskuBadaMu CTOITh BUOIP: OPIEHTYBAaTUCA Ha IIEHTPaJi30BaHi
JpKepena a0 BUKOPUCTOBYBATH aBTOHOMHY eHepreTuky. B YkpaiHi BIpoBaKy€eThCs
PO3M0/11JIEHa reHepalis Ha OCHOB1 aKTUBHOTO BUKOPHCTAHHSI aJIbTEPHATUBHUX JKEPE
eHeprii: Boau, conis, BiTpy. Ctanom Ha 1 ciuas 2020 poky B Ykpaini BCTaHOBIJICHA
HNOTYXHICTh 00’€KTIB BIJIHOBIIOBAJIIBHOI €HEPIeTHKH, SIKMM BCTAaHOBJIEHO 3EJICHHUM
tapud, cranosmna 4038 MBT.

Posnoaineni mxepena eHeprii MOAUIAIOTHCS 3a PIBHEM BIUIMBY HEKOHTPOJIbOBAHHUX
(bakTOpiB HABKOJMIIIHLOTO MPUPOJIHOTO CEPEAOBUIIA Ta IEPBUHHUMHU €HEPTOHOCISIMU
Ha!

- BIAHOBIIIOBaJIBHI ~ JpKepena 3 clla00-KEpOBaHUM  T€HEPYBaHHSIM — —
BUKOPUCTOBYIOTh BIJHOBIIIOBAaHI PECYPCH, alle T€HEPYBaHHS 3HAYHO BIAPI3HAETHCA
3aJIeKHO BiJ "acy 100u Ta moroauux yMoB( BiTpoBi enekTpoctaniii (BEC), consuni
enexktpoctaniii (CEC));

- BIIHOBJIIOBAJIbHI JIKEpesia 3 KEPOBAaHUM T'€HEPYBaHHSIM — BUKOPHUCTOBYIOThH
BIJTHOBJIIOBAHI PECYpCH, MalOTh CTa0lIbHE T€HEPYBAHHS IMPOTITOM BCTaHOBJIEHOIO
npoMikKy yacy (Mani I'EC), reorepmanbHi, 610ra30B1 yCTAaHOBKH).

BrnpoBamkeHHST anbTEpHATUBHUX JIKEpPEd B E€IEKTPOCHEPreTMUHUX CUCTEMaXx,
KpIM 3HWKEHHS LIKIAJMBOIO BIUIMBY HAa HABKOJUIIHE CEPEOBUIIE 1 BUPIIICHHS
npo6iieM, 10 MOB’sA3aHi 3 3a0pyAHEHHS BIIXOJaMH MiJ 9ac BHPOOITKY €IEKTPUIHOT
eHeprii, 3HU3UTh BHUKOPHUCTAHHS MPUPOJHUX PECYpPCIB Ta PO3BAHTAKUTH
cucrtemoyTBoprotodi 1 po3noAutbHl JIEIL. OgHak BiHOBIIOBAJIbHI JKEpeaa eHeprii
MaloTh P HEAOJNIKIB. B meprmry depry, BeauKy poJib BiJlirpae HecTaOUIbHE
reHepyBanHs BJIE wuyepe3 3anexHICTh BiJ nNOroaHux ymoB. OTe BUHUKAE
HEOOX1/IHICTh BJOCKOHAJIEHHS CHUCTEM PEJIEHHOI0 3aXMCTy Ta aBTOMATHUKHU 3 METOIO
y3ro/pKeHHs1  enekTporniocradanHs Bix BJIE Ta  kMBWIBHHUX — MiACTaHINN
enekTpoeHepreruuHoi cuctemu. Brums BJIE Ha pexxumu PEM cyTTeBO 3an1eXuTh Big

3HAQYEHHSI CYMapHOr0 pO30CEPE/KEHOIO0 TEeHEpyBaHHS B HiH, Bl OJUHUYHOI
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BCTaHOBJIEHOT moTy»HOcTi BJIE Ta iXx Tumy, a Takox BiJ iX Micls MiJ €IHAHHS B
SJICKTPUYHIN MEpPEexKI.

3ictaBieHHs  rpadikiB  €JIEKTPOCIOXHBAHHSA 1 TEHEPYBaHHS  TaKUMH
BiIHOBItOBaHUMHU Jikepenamu, sik CEC ta BEC, 103Bojsie TOBOPUTH PO HUBBKY X
CTaOUIBHICTh ISl 3a0e3eueHHsl OallaHCy MOTY)KHOCTI B EJIEKTPUYHIA MEpexk, IO

BiJI0OpaxkeHo Ha Masl.1 Ta man.2.
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Masntonok 2. Xapaktep 3MiHU CepelHIX 3HaueHb cepenHix 3HaueHb renepaiiii CEC,

BU3HAYCHHX 32 10OOBUMH rpadikamu, MPOTATOM POKY

B 3amaui 3a6e3neuenns 6anancy noryxHocti CEC ta BEC MoxHa BiHeCTH 10
YMOBHO PETYJIbOBAaHUX JKEpel, TOOTO HKEpeN 3 TEOPETUYHOI0 MOMIJIMBICTIO 3MIHH
reHEpyBaHHs B MEKaxX NPUPOJHUX MOXKIMBOCTEH. 3a3BUYaill NPAaKTHUYHO TaKy
MOKJIMBICTb HE BHUKOPHUCTOBYIOTb, OCKUIBKM B TakoMy pa3l iXHi EKOHOMIiYHa
e(eKTUBHICTh PI3KO 3HIKYETHCA.

Ha choroani BTpatu €NeKTPUYHOI €HEprii B Mepekax EHEeprornocTadyalbHUX

KOMITIaH1i YKpainu ckianaots 11,5-12,1 % Bix 1i BIAMYCKY B €IEKTPUUHY MEPEKY, 110
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Ol7bII HIK B CHIA (6,5 %), Aurmii (8,6 %), ®panuii (4,5 %). Buznano, mio
pPO3MOJAUIbHI  MEpexXi € HalOLIpIl MpoOJEeMHUM 1 3arpaTHUM  (HaKTOpoOM
€JIEKTPOIIOCTAYaHHS TepUTOpiil. BaxiaMBUM HaNpsSMKOM BIUIMBY Ha BTpAaTH
eleKTpoeHeprii y po3noaunbHux Mepexax € BJIE. OueBuHO, 110 HA 3HAYEHHS BTpaT
B EM BmuBaroth sik nmapametpu BJIE, Tak 1 cxemu iX mpHueIHAHHS, a TAKOXK 00CsT Ta
rpadik CHOXMBaHHS CYMDKHUX HaBaHTakeHb. Ha maiyi.3 HaBeneHO MOKJIMBI CXEMH
npuenHandss BJIE B PEM, ki CyTTe€BO BIAPI3HSIOTHCS BIUIMBOM HAa IIOTOKH

MOTYKHOCTI 1, BIZIMOBITHO, HA BTPATH MOTY>KHOCTI 1 €JICKTPOCHEPT1T B MEPEKI.

110/10 kB o IpHEIHARHA BIEE

[Ticaa npre THAHES B;IE

10/0.4 B
BIE

a)

Mo mpHeIHAHIT B,IE
."
[Micna npre manug BITE
< ______

110/10 xB

10/0.4 xB

Mantonok 3. Bapiantu npuennanss B/IE B enexTpuuHiil Mmepexi

Ha wman.3a  BJIE npuennani no muH miacTtaHiii. B mpomy Bumaaky
TpaHchOpMaTOp PO3BAHTAKYETHCS HA TOTYXKHICTh, sika BupoOsserbess BJIE, 1 B
pe3yJibTaTi 3MEHINYIOThCS HaBaHTaXXYBalbHI BTpaTh B TpaHchopmaropi. B miHigx
eJIeKTpoIiepeadl BTpaTH HE 3MIHIOIOThCA. Y BaplaHTi, MOKazaHoMmy Ha puc. 1.30,
PO3BAHTAXYIOTHCA SIK TpaHCcPopMaTop mifcTaHIlii, Tak 1 yactuna JIEI, mo 3abe3nedye
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JOJIATKOBE 3MEHILIECHHS BTpPAaT MOTYXHOCTI. OCKUIBKHM 3MEHIIYEThCSA  MOTIK
MOTY>HOCTi, TO 3MEHIIYIOThCS TaKOX BTPATH HAIMPYTH, IIO CIPHUSE MOKPAIICHHIO
PIBHIB HAIIPYTY Ha IIMHAX MiAcTaHIii. Buxoasuu 3 TunoBux cxem npueaHannas BJIE
70 PO3MOJAUIBHUX MEPEX, 3a MEBHUX MOTYKHOCTEM T€HEepyBaHHS BOHHM YaCTKOBO
KOMITEHCYIOTh MOTOKH TMOTY>KHOCTI, 110 3yMOBJICHI HABAaHTAKEHHSM CIIOKUBAYiB, 1
HAJXOJDKEHHST eJIEKTpoeHeprii 3 OOKy CHUCTeMH 3MEHIIyeTbcs. Paszom 3 mum
3MEHIIYIOTHCSI BTPATH €JIEKTPOEHEPTii B PO3MOIITILHUX MEpPEkKax.

Jlns mopiBHSHHSA mepeBar 1 HemoJikiB BctaHoBlieHHs BJIE B posmnoainbHy
EJIEKTPUYHY MEPEXKY: BUKOHAEMO AOCIIKeHHs Ha npukiaai PEM 150/35/10 AT

“XepcoHobOyieHepro”, kapra-cxema sikoi HaBeJieHa Ha Mail. 1.4.
A

ao IIC "KoprHepa"

IIC 35/10 "Cxima”

TIC 35/10 "Komgi®._

-~ IIC 35/10 "Kncempra"
CEC "Kucempra”

IIC 35/10 "TIyy

IIC 35/10 "My smiecsa”

1IC 35/10 "lIpasmno” TIC 35/10 "Toproza|

IIC 35/10 "Pagmicexa” [YRT
IIC 35/10."oprodaiseoia”

mJIC 150/35/10 XHIT3

IIC 35/10 "OnexcaHapisesk IIC 35/0.4 "Jeprogox"

3 HLUEHK
2tBinosepesxa”

HC-2

510 "TIporpec” .
IC 35/10 "Barymenka”
- 35/10."TIL Bamca"

1 ek + ] i
1IC 35/10 "Cranicraseska b ST s

Mamtonok 4. Cxema mepexi 150/35/10

BcranoBumo 10 mepexi CEC 3 moctiitHuM BUpoOIeHHIM noTykHocTi 10 MBT,

31 CXEMOIO MPUETHAHHS “‘a)”, Ta TOPIBHAEMO PEXKUMHU pOOOTH JI0 T MICIs
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BCTAHOBJICHHS, 33 TIOKa3HMKOM CyMapHHUX BTpaT MOTY>XKHOCTI. Pe3ynpTaTn
MOPIBHSHHS HaBeJeH1 B Ta0I. 1.

Ta6mums 1. CymapHi BTpatu B Mepesxi 10 Ta miciyist BcraHoBiieHHs CEC

Pexxum po6oTu ASE (MBT)
o CEC 0.87
[Ticna CEC 0.632

[Tpu ibOMy CTPYMOBE HaBAaHTAKEHHS 110 BCIM JIIJITHKAM €JIEKTPUYHOT MEPEXKi
3HAXOAUTHCS B MEXKaX JIOMYCTUMOIO 3HAYCHHS.

AHamizytoun BUIE3a3Ha4YeHy iH(GOpMAIlil0 MOXXHAa CKa3aTH, M0 MpH
nigkmoueHHi CEC, 3 Oyap-sSKoi 3 HaBeZICHUX CXeM, MOYKHA 3HH3UTH CyMapHi BTpaTu
HOTYXHOCTI B MEpPEX1, ajie BUPOOJIEHHS HEIO MOTYKHOCTI Oy i€ 1y Ke CUIIBHO 3aJ1eXKaTH
B1JI IOTOJIHUX YMOB.

[Tpu Bcranosnennss CEC, 3a 0JiHI€10 3 CXEM, B ONTUMAJILHOMY MICII1 TPUETHAHHS
JI0 MEPEK1, TOCHIKEHHS TT0Ka3aso, I0: He IUBJISIYMChH Ha 3a3HAYCH] BUILE HEHOJIKH,
pu BUPOOJIEH] MOCTIIHOT akTUBHOI MOTY>XHOCTI B 10 MBT, 3a6e3neuye nokpaiieHHs
napaMeTpiB €JIEKTPUYHOI €HEprii, B SIKOCTI: MiJIBUILEHHS PIBHS HAIIPYTU Y BiJIaJICHUX

JOUISTHKAaX MEpEeX1 Ta 3HHKEHHSI BTPAT aKTUBHO1 MIOTY>KHOCTI B MepexK1 Maiike Ha 35%.
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SECTION S. ENGINEERING GRAPHICS

5.1 Engineering graphics - the basis for forming the theoretical base of
engineering thinking

HaiiBaxmuBIIIMM 3aBIaHHSIM OCBITH € PO3BUTOK B YYHIB 37JaTHOCTI CAMOCTIHHO
aHaMI3yBaTH 1 MUCIUTH. IO JI03BOJUTH IM I'PaMOTHO BHKOPUCTOBYBAaTH OTPUMaHI 1
OCMUCJIEHI 3HAHHS Yy MpPaKTU4HIA JisuibHOCTI. (OCOOMMBO BaXXJIMBHUI HAaBUK
BUCJIOBJIIOBATU CBOT TEXHIYHI IYMKH 1 1J1€1 32 JTIOTIOMOT'0I0 KPECJICHb, 0 T0CITa€ThCs

IpY BUBYEHH1 0a30BOro Kypcy «IHXEeHEepHOI Ta KOMI'IOTEPHOI rpadikm».

[mxenepHa komm'torepHa rpadika 3aiiMae OfHE 3 TOJOBHUX MICIb B Cy4YacHIH
OCBITI 1 € HEOOXIJTHOIO AMCIUIUIIHOIO B MPOIeCi TEXHIYHOro HaBuaHHs. ['padiuna
OiArOTOBKA (POPMY€ TEOPETHUYHY 1 MPAKTUYHY 0a3zy 1HKEHEPHOI OCBITH, TaK SIK €

OCHOBOIO JAisUTBHOCTI (paxiBIIiB.

Ha mpaktuili KoXKeH 1HXEHEp 3yCTPIdaeThCs 3 TAaKUM UM 1HIIMM Pi3HOBUIOM
KOHCTPYKTOPCBKOI JOKyMEHTAalli, TOMY 3HAHHS Teopli 300pak€Hb Ta CTaHAApTIB €
HEOOX1HICTIO I (paxiBLs. BUBUEHHS METOJIB MPOEKTYBAaHHsS 1 MOOYJOBH, Ha iX
OCHOBI, rpaiuHUX 300paxKeHb, MPABUJ BUKOHAHHS KPECJIEHb BIJMOBIAHO A0 JAIOUUX
CTaHAAPTIB IO3BOJISATH CTY/ICHTAM CTaTH TPAMOTHUMH B 00JIACTI YUTAHHS KPECIICHb Ta
ySIBH CIIPaBXXHBOT (OPMH 1 PO3MIpYy pEaIbHUX TPUBHMIPHUX 00'ekTiB. BuBuaroum
HapHCHY TEOMETPil0 CTYJCHTH TI3HAIOTh OCHOBH TIPOCKTYBaHHS 1 BYAThCA
MPEICTABIATA MOyMKHA (GOpMy 00'€KTIB 1 1X B3aEMHE PO3TAIIIyBaHHS B MPOCTOPI, 110

PO3BHUBAE IIPOCTOPOBC MUCIICHH.
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[mxeHepHa rpadika BUHTh MPEACTABIATH 00'€KTH TPUBUMIPHOTO TPOCTOPY B
JIBOBUMIPHOMY BUTJIsAI (Ha mamnepi ado Ha ekpaHi KOMIT'IoTepa) ado 1Mo 300pa’keHHIO
HA IUTOIIHHI YSIBUTU PEATbHUN TPUBUMIPHUH 00'€KT 3 TOUKHU 30pY HOT0 TEOMETPUIHUX
BJIACTUBOCTEH. ['paMOTHE NPOYWTAHHS KPECICHWKA Ma€ BEIUKE 3HAYCHHS IS
IPOIIeCy MOJCITIOBAHHS, a OTXKE, JBOBUMIPHE MOJICIIOBAHHS HEPO3PUBHO TMOB'S3aHE 3
TpuBuUMipHUM. OOUIBA BiI0OpaXXarOTh CIIOCOOM MPEICTaBICHHS 00'€KTIB 3 METOIO iX

IPOEKTYBaHHS, aHAITI3Y 1 Bi3yaui3allli.

CporojiHi i7ic aKTUBHE BIPOBAKEHHS HOBUX 1H(OPMAIIHHUX TEXHOJIOT1H B Pi3HI
rajry3i IpOMHCIOBOCTI 1 0COOJIMBO BaXKJIMBOIO CTAE CUCTEMA HABYAHHSI, L0 3a0e31euye
BUCOKOKBaII(pIKOBAHY  3arajbHOIH)KEHEpHY TpadiuyHy MIATOTOBKY Yy  BY3l.
BukopucTtanHs cyd4acHMX KOMM'IOTEPHUX TIpadiuHMX 3aco0iB MOXIMBO JIMILIE Ha

OCHOBI 3aKOHIB 1 MPaBUJI 1HXeHEPHOI rpadiku [151].

KoMI'toTepH1 TE€XHOJIOTi Jar0Th MOXJIMBICTH 3B'A3aTH TEOPIIO 3 MPAKTHUKOIO,
aBTOMATU3YBATU JESKI BUAM MEXaHIYHOI, pyTUHHOI pOOOTH Ha 3aHATTAX 3 HAPUCHOI

reoMeTpii Ta iHKeHepHoi rpadiku.

Crynentam He0OX1AHO, B IEpIIY Yepry, HABYUTHUCS YUTATU KPECICHUKH JieTalleH,
BUKOHYBAaTHU rpadiyHi poOOTH, KPECIEHUKH 1 CXEMH 32 JOIOMOTOI KPECISIPCHhKUX
IHCTpYyMEHTIB Ta 6€3 HuX. ToOTO BayKIMBO BMITH BCTAHOBIIOBATH aCOLIaTUBHI 3B'SI3KU
MIXK BI3yaJIbHUMH OOpa3HUMM JaHUMHM 1 1X TPOEKIisIMU, 3pO3yMITH CEHC 1
OpU3HAUYEHHS NpoeKkuii. [l MOJIermeHHsT COpUMHATTSA Ha 3aHATTAX 3 1HXKEHEPHOI
rpadiku MOKHAa BHUKOPUCTOBYBAaTHM KOMII'FOTEPHI TEXHOJIOTIi, HalpUKIaL, Ui

JEMOHCTpaIlli MOKJIMBUX BapiaHTIB BUPIIIIEHHS IMPU BapitOBaHH1 BUX1IHUX JTaHUX.
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VY Tolt ke Yac € HEoOXIJHICTh BKJIFOYEHHS B KypCH HApHUCHOI TeoMeTpii Ta
1H)KeHepHOi rpadiku mUTaHb, 10 3a0€3MeUYyI0Th KOMITIOTEpHY rpadiky, TaKUX SK
OCHOBHM T€OPIl KPUBUX 1 MIIOCKUX 00BOAIB. [Ipu po3risi B Kypci cioco0iB yTBOPEHHS
MOBEPXOHb, CJIiJI 3BEPHYTHU yBary Ha IHXKEHEPHI METOAM MPOCKTYBAHHS TEXHIYHUX
MOBEPXOHb, TOOTO Ha KIHEMaTHYHUH croci0 iX yTBOpeHHA. MeHIo rpadiuHuX crucTeM
ABTOMATH30BAHOT'O MPOEKTYBAHHS MICTUTb Pi3HI CIOCOOU 3aB/IaHHS JOCUTH BEJIUKOTO
Ha0Opy KpUBHX JIiHIN; MOOYyJAOBH OOBOIIB, 3aJaHUX MACHBOM TOYOK 1 JIOTUYHUX,
croco61B OOy 10BH MOBEPXOHB 1 MPUPOAHO, IO KOPUCTYBAY, TOBUHEH 3HATH 00J1aCTi

iX 3acTOCyBaHHs, IlepeBaru 1 Heaoiku [152].

[Tpyn nmoOyao0B1 HEOOXIAHUX BHUAIB, pPO3PI3iB, MEPEPi3iB 1 BUHOCHUX EJIEMEHTIB
BUKOPHUCTOBYIOTHCS 3aBJaHHSI HAPUCHOI Te€OMETpii: MoOy10Ba 300pakeHb OBEPXOHbD,
JiHIT TEepEeTUHY TOBEPXOHb, IMEPETBOPEHHS KOMIUIEKCHOTO KpECHEHHs, SKi
3MIICHIOIOTHCS B aBTOMATU30BaHOMY pexuMi B 3D-moentoBanHi. J{J1ss KOMIOHYBaHHS
300pak€Hb BUKOPUCTOBYIOTHCSI TCOMETPUYHI TIEPETBOPEHHS: CIIOCOOH MEPEHECCHHS,
OBOPOTY, MaciTabyBaHHs. BayxauBuM npuHINUIIOM TpadivyHOT MATOTOBKU € PO3yMHE

MO€THAHHS TPAAUIIIHHUX 1 KOMI'IOTEPHUX TeXHOJOTi [153].

B pesynbraTi 3acBO€HHSA Kypcy iH)Ke€HepHOi Tpadiku CTYIEHTH OTPUMYIOThH
HaBUYKU IPOYUTAHHS KpECIEeHb, 300pakeHHS Ha HUX JeTajell 1 CKiIajaibHUX
KpEeclieHb, a TaKOXX 3HAaHHSA CTaHAapTiB €IWHOI CHUCTEMH KOHCTPYKTOPCHKOI
nokymenTanii (ECKJ). Lle ctae oco0a1uBoO akTyabHO B poOOTi 3 HOBUMHU TEXHIYHUMHU
3aco0amMu, TpU po3poOlll 1 MPOEKTYBaHHI CYYaCHUX MPUCTPOIB 1 TEXHOJOrIi ix

BUTOTOBJICHHS. ['padiuHa rpaMOTHICTh € HAaWBAXKJIMBIIIOK CKJIAOBOIO Oaraxky 3HaHb
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xopomoro ¢axiBIl, aike MoBa Tpadiku - 1€ MDKHApOJHA MOBa CHIJIKyBaHHS.
«ImxenepHa rpadikay - mepa JAUCHUIUIIHA 1HXXCHEPHOTO IMKIY 3 SKOIO

3HAMOMIISITHCS CTYACHTH.

CHUCTEeMHICTh TEOPETHMYHMX 3HaHb B 00JacTi 1HXeHepHOi rpadiku Ta
3aCTOCYBaHHA iX Ha MPAKTUIl CHOPHUSE PO3BUTKY TEXHIYHOTO MHMCIIECHHS. Baxianpo
pPO3BUBATH JIOT1YHE, OOpa3He, MPOCTOPOBE MUCIEHHS 1 ysBY, (pOopMyBaTH cUCTEMY
3HaHb, B TOMY YHCII Tpo(deciiiHuX, po3BHBATH MPAKTUYHE MHCICHHS 32 PaxyHOK

pIlIEHHSI P13HO1 CKJIAIHOCTI 3aB/IaHb.

MO>XJIMBOCTI KOMIT'IOTEPHUX TEXHOJIOT1M MOBHHHI HE TUIBKU 3B'SI3aTH TEOPIIO 3
IPAKTUKOIO, ABTOMATU3yBaTH JIEsKl BUIW MEXaHIYHOT, pyTUHHOT pOOOTH Ha 3aHATTIX
3 HApUCHOI TeOMETpIi Ta iHKEeHEepHOI Tpadiku, a ¥ COPHUATH Mi3HABAIBHOI 1 TBOPUOI
aKTUBHOCTI y4HiB. KoMmn'toTepH1 TeXHOIOT1i HaBYaHHS TOBUHHI OPraHIYHO BIIUCATUCS
B TpaaWiiiiHi MeTonu mpuadanHs 3HaHb 1o "[mkeHepHoi rpadiky" 3 MeToro

i BUIIEHHS €()EKTUBHOCTI TIPOIIeCy HaBYaHHSI.

Jlns ycminiHOro BUKOHAHHS CBO€1 MpodeciiiHol TIsIIbHOCTI 1HXKEHEp MOBUHEH
BOJIOJIITH BIAMOBIAHUM PIBHEM MOJITEXHIYHOI 1 TpadiuHOi MIATOTOBKH, SIKa Ma€ Ha
yBa3l PO3BUTOK TEXHIYHOI'O IHTEJIEKTY, INPOCTOPOBOIO MUCIEHHS, TBOPYOi YSBH,
BMIHHS 1 HaBUYOK B ramy3l rpadikd, BMIHHS KOPHUCTYBAaTHUCA MPUKIAJHUMU
nporpaMaMu aBTOMAaTH30BAHOTO TMPOEKTYBAaHHS, HAsBHICTb AaKTHBHOT'O, TBOPYOTO
CTaBJIEHHS JO TMpollecy HaB4YaHHS, A0 TpodeciiiHOi MiAroTOBKU 10 ManWOyTHHOI

npodecii.
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Bxitouennss 3D-TexHOJOTi B HaBYaJIbHUM MPOIEC JO3BOJIUTH IT1JBHUIIHUTH
1HTEepec 10 rpadivyHoil AISUIBHOCTI, OUTbI e()EKTUBHO, B KOPOTKI TEPMiHU CPOpMyBaTH

reomeTpo-rpadiuni BMiHHA [154].
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SECTION 6. FOOD TECHNOLOGY

6.1 Research of technological properties and experimental substantiation of
creation of technologies of meat products from ostrich meat

BaxyiMBuM 3aBHaHHSIM Cy4YacHOI XapyOBOi MPOMHCIIOBOCTI Ta PECTOPAHHOTO
013HeCy € CTBOPEHHS TEXHOJIOT1H M’SICHUX BHUPOOIB BUCOKOI Xap4uoBOi Ta 010JIOTTYHOT
LIHHOCTI, MPOTE 31 3HUWKEHUM BMICTOM XoJiecTepUHY. OJHUM 13 IIISAXIB BUPILIECHHS
ObOTO 3aBAAHHS € 3aCTOCYBaHHS B TEXHOJOTIAX M SICHUX BHUpPOOIB HOBHX,
aNbTEpHATUBHUX BHUJIIB CHPOBUHHU, 30KpEeMa M’sica cTpayca.

ExcrniepuMeHTanpHl JOCHIKEHHST MpoBoauiucsa y Jjaboparopii kadenpu
IHHOBAIIMHUX XapUyOBUX 1 PECTOPAaHHUX TEXHOJIOTIH XapKiBCbKOIO TOPTOBEIHHO-
€KOHOMIYHOTO 1HCTUTYTY KHIBCHKOr0 HaIlOHAJIBHOTO TOPTrOBEIbHO-EKOHOMIYHOIO
YHIBEPCUTETY, a TakoX y Jaboparopii kadenpu ¢izuku XapKiBCbKOTO AEPKABHOTO
YHIBEPCUTETY XapuyBaHHS Ta TOPTiBIIi.

OYyHKIIIOHAIBHO-TEXHOJIOT14HI BJIACTUBOCTI M’SCHOI CUPOBUHU BH3HAYalu 3a
YMOB JIOCII/KEHHSI MAaCOBOi YacCTKU 3B’s13aHOI BOJIOTH JI0 Macu M’sica 32 METOJOM
IIPECyBaHHs, MAacOBOi YaCTKU 3B’S3aHOi BOJIOTHM JO 3arajibHOi BOJIOTH, TAKOX 32
METOJIOM TpecyBaHHs. BTpaTy macu npu TepMiuHiii 06poOLli BU3HAYAIHN K PI3HHULIO
MacH CHpPOro 3pa3ka JI0 Macu TepMiuHO oOpobieHoro. OpraHojieNTHYHA OIlIHKA
IPOBE/ICHA 3 BUKOPUCTaHHAM OasibHOTO Metoxy [155].

VY po6oTI BUKOPHUCTOBYBAJIM 3pa3Ku M’sica cTpayca, SJIOBUYMHHU, CBUHHUHH,
KypSTHUHU B OJJHAKOBUX Mpornopiisx. Becboro 6yino npoananizoBaHo 4 3pa3ku:1- m’sco
cTpayca, 2 — KypsATUHA, 3 — CBUHHUHA, 4- SJIOBUYMHA.

JlaH1 MOKa3HUKY BKa3yIOTh HAa BUX1J MPOAYKTY, BTpaTy MacH Mpu 30epiranHi, a
TaKOX Ha CTIMKICTh JI0 THWIBbHOI Mikpoduiopu. Pe3yabTaTi 10CiiIKeHb IPEACTaBICHO

Ha pucyHKy 1.1.
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Pucynok 1.1 — MacoBa wacTtka 3B’s13aHO1 BOJIOTH JIO0 MacH M’sica (a) Ta 110 3araiabHoi Bosioru (0), %:

I — ctpayca; 2 — KypsATUHH; 3 — CBUHUHH; 4 — ATTOBUYUHU

AHami3 NMaHWX, TPENCTaBICHWX Ha PHUCYHKY 2.1 moka3ye, 1o HaibOimbie
3HAUYEHHS MAacCOBOi YAaCTKHU 3B’513aHOI BOJIOTU JI0 MAacu M’sica CIOCTEpIralid B 3pa3Ky
M’sica cTpayca. Y TOpIBHSIHHI M’sica CTpayca Ta sJIOBUYMHU MacoOBa YacTKa 3B’ s3aHOT
BOJIOTH J10 Macu M’sica Ha 7,41% Buie (cTpaycsaTuHa).

[TopiBHIOIOUM pe3yJIbTATH CII1J] 3a3HAYUTH, III0 MACOBA YACTKa 3B’ A3aHOI BOJIOTH
710 3araJibHOi BOJIOTH 32 METOJIOM IpeCcyBaHHs Yy syoBUYMHI Ha 38,17% BuIlA, HIXK Y
M’siCi cTpayca.

[linBumieHa BOJOT03B’si3yBajibHA 3MIaTHICTh YCIX JOCHIKYBAaHUX 3pa3KiB
MOPIBHSIHO 3 KOHTPOJBHUM TINOTETUYHO MOKE 3a0€3MEYUTH Kpalll OpraHoJIeNTHYHI
XapaKTePUCTUKN TOTOBHX BUPOOIB, 30KpeMa HDKHICTh 1 COKOBHUTICTb, II0 TTOTPEOye
JOCIIIKEHHS.

3aBIsSKM BHCOKIM BOJIOTO3B’SI3yBaJIbHIN 3IaTHOCTI Ta HU3BKIH MacOBid yacTini
3B’s13aHO1 BOJIOTM 3a METOJIOM MpECyBaHHS HOro JOLIBHO BUKOPUCTOBYBATH IS
BUPOOHUIITBA IPYTHX Tapsuux crpaB. TemnoBa 00poOka HaWOLIBII ONTUMANbHA AJIS
M’sica cTpayca, MOPIBHSHO 3 CBUHUHOIO, KYPSATHUHOIO, SUIOBUYMHOIO, OCKUTIBKHA BOHO

BUJIJISI€ HAUMEHILE BOJIOTU. /{7151 IpUroTyBaHHs IPYTUX rapsiuux CTpaB — L€ BaXKJIMBHMA
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Pucynok 1.2 — Bosorosuzisisioda (a) Ta Bosoroyrpumyoda (6) 3xathicts M’sica, %o:

Bosorosuainsroya 31aTHicTh, %o
Bonoroyrpumyroda 3n1aTHIiCTh, %

S N B~ N
]

1 — cTpayca; 2 — KypATUHH; 3 — CBUHUHH; 4 — SITIOBUYUHU

[TinTBEpKEHHSIM ~ BHIIE3a3HAYEHOTO €  IMOKAa3HMKH  BOJIOTOBHMILISAIOYO]
3IaTHOCTI Ta BOJOrOyTpUMYIOHOUOi 371aTHocTi (puc.l.2.). Tak, y MOpiBHSAHHI 3
SUIOBUYHMHOIO, M’siIcO cTpayca Mae Ha 11% Buily BOJIOrO3B’SI3yBaJIbHY Ta
BOJIOTOYTPUMYIOUY 37aTHICTb, III0 MOXKE OyTH MOB’S3aHO 13 OUIBIIIMM BMICTOM O17Ka B
M’siCl cTpayca Ta MEHIIMM BMICTOM XKupy. Bomoroyrpumytoua 3matHicts: 67,60% -
M’sico cTpayca; 56,38% — soBUYMHA.

31aTHICTh JKUPIB YTBOPIOBAaTH €MYJIbCIIO 3aJ€KUTh BIJ MPUPOIU KUDY,
TEMIEpaTypyu HOro IUIaBIEHHS, CTyNEHs MOAPIOHEHHS 1 HAsBHOCTI €MYJIbIaTOpIiB.
CBUHSAUYUH KUP €eMYyJbIYETbCS Kpallle SJI0BUYOT0, OCKIIbKHU JIETIIE MOAPIOHIOETHCS 1
IUTABUTHCS TIpU ORI HU3BKHUX TeMmmeparypax. TemmepaTypa cepeloBHIa BiAirpae
pOJIb  B@XJIMBOIO €MyJbIylouoro (axktopa TMpu YTBOPEHHI BOJHOXKUPOBUX

nucriepciiHux cuctem [156].
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Pucynok 1.3 — Emynbryroda 31aTHicTh (), cTaOLIbHICTE eMybeii(0), %o:

1 —M’sca cTpayca; 2 — KypsITUHU; 3 — CBUHUHU; 4 — SITIOBUYUHU

[Tix yac po3poOIEHHS TEXHOJIOT1M M’ SICHUX CTPaB BAXKIMBO 3HATH €MYJIbIyIOUl
BJIACTUBOCTI M’sICHOT cupoBuHU (pucyHoK 1.3.). BusiBiieHo, o mM’sico cTpayca Mae Ha
19 121% kparry eMyJIbryrody 31aTHICTh, @ cCaMi eMyJIbCli XapaKTepu3yIThCs O1TBIIO0
ctabuipHIcTIO. CHif 3a3HAYUTH, IO YUM KpAIIO € eMyJblyioda 3/1aTHICTh, THM
MEHIIOK MOXXe OyTH TeMmIiepaTypa IiJl yac TepMidHOi 0OpoOku M’sica. BiamosigHo,
HEBEJMKUI Yac MPUTOTYBaHHS IIPU OJTHAKOBIN TeMriepatypi. A 11e, y CBOIO Uepry, Bejie
70 MEHIIIMX BUTPAT eHeprii. Yac mpuroTyBaHHs i1 BU3HAYAE Yac OUYIKYBaHHS JPYroi
rapsiyoi CTpaBH KJI1EHTOM.

Jlani ekcmepuMeHTabHOTO JOociipkeHHs (puc.l.4) cBig4aTh Opo Te, IO
IPUTOTYBaHHS APYTHX TapsSIUX CTPaAB 3 M SCOM CTpayca MarOTh HAWHUKY1 TOKa3HUKH

BTpaTH MacH IiJ] 4ac TEIUIOBOi 00pOOKH (BapiHHS, CMaKCHHS).
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Pucynok 1.4 — Brparu macu M’sicom i1 9ac BapiHHs(a) Ta cMakeHHs1(0),%:
1 — crpayca; 2 — KypsATUHM; 3 — CBUHUHH; 4 — ATTOBUYUHU

Jlo HEeNOJiKIB CTPayCATHHU K M SICHOI CHUPOBHUHHM CJIiJl BIIHECTH IiABUIIECHY
MOPIBHSHO 3 KYypATHHOIO Ta CBUHUHOIO aJre3io, M0 MOXE YCKIAJIHIOBATH IMPOIIEC
nepepoOJIeHHs IbOTO BUAY M sca y MPOMHUCIOBUX MaciiTabax [157]. ¥V Toit xe gac
aaresis s m’sica crpayca Ha 10,5% MeHma, HDK SJIOBUYMHU, IO JIO3BOJISIE
00polbusITH M’SICO CTpayca Ha TAKOMY K YCTaTKyBaHHI, 110 1 SUTOBUYHHY .

Anresis, 13 peoJIOTIYHUX XapaKTEPUCTHK € HAWBaXIHUBIIIOK. Y TEXHOJOTI]
BUPOOHHUIITBA M ICHUX (papliliB aJare3is BUSABISETHCS B MOMEHT (DOPMYBaHHS M’ SICHUX
ciyeHux HamiB(haOpuKaTiB Ha KOTJIETOGOPMYBAIBHHX arapaTax. [3 BUIe3a3HaueHoro
MOKHa 3pOOMTH BHUCHOBOK PO AOLUIbHICTh MOEAHAHHS PI3HUX BHUJIB CUPOBUHU Y

pelenTypi Apyrux rapsdux CTpaB i3 M sca cTpayca.
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6.2 Use of oilseed polyfunctional supplements in the manufacture of meat
products

The ecological deterioration observed in the recent years in our country and
globally results in higher morbidity rates. Besides, today, there is a tendency to a more
hurried lifestyle, which tells on an average Ukrainian’s dietary regimen and quality of
nutrition. So, it seems necessary to modernise today’s meat production technologies by
improving their quality, expanding the range of products, and using raw materials more
effectively.

A promising direction of research that allows implementing all the above is
enriching meat with vitamins, minerals, and other substances that people generally lack
for a balanced diet. To this end, appropriate functional ingredients should be
purposefully selected. Particularly noteworthy are oilseeds due to their high nutritional
value and specific functional and technological properties [158-160].

A thorough analysis of reference materials and research papers presenting the
results of experimental studies has shown that a promising raw material to enrich
traditional meat products (in particular, patés and chopped semi-finished products) is
the seeds of pumpkins, sunflowers, sesame, and flax, which are unique in their
chemical composition and pharmacological properties.

Meat is a high-value protein-containing edible raw material. However, there are
cases when it needs enriching with vitamins, minerals, and other substances the lack of
which makes a diet unbalanced. The problem is of theoretical and practical interest,
and a great number of domestic and foreign studies prove it is still important. The
results of the studies allow concluding that meat products with a well-balanced fatty
acid, vitamin, and mineral content can be obtained by introducing raw material of plant
origin (primarily oils and flours) into their formulation [161-162].

Thus, pumpkin seeds are a source of valuable bioactive agents. They have been
proved to contain a lot of proteins (35 %), fats (40-55 %), essential oils, phytosterol
cucurbitol, cucurbitin (0.5 %), phytin, organic acids (salicylic, malic), vitamins
(carotene, carotenoids, ascorbic acid, and Group B vitamins — B1, B2, PP) — up to

0.2 % [163-165].
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Laboratory studies show that ripe sunflower seeds contain the following
substances: vitamin A, Group B vitamins (B1, B2, B5, B6, PP, B9), vitamins E, D; -
carotene and carotenoids; choline; mineral substances (selenium, manganese,
magnesium, calcium, sodium, potassium, phosphorus, iron, zinc, copper); starch; mono
and disaccharides; fatty acids; amino acids; phytosterols; dietary fibre; essential and
fatty oils. These seeds provide the body with more than 100 % of vitamins E it needs,
and with 70 % of Group B vitamins. The nutritional and caloric value of 100 g of the
product is: proteins — about 20.2 g; fats — about 53.5 g; carbohydrates — about 10.6 g;
food energy — about 605 kcal [166].

The percentage of the main nutrients in ripe sesame seeds: soluble
carbohydrates — 16-20 %, proteins — 19-27 %, sesame oil — 53—65 %, ash — 5 %,
phytosterols, sitosterols, phytin, amino acids, tocopherols, choline.

The percentage of the main nutrients in ripe flax-seeds (Linum usitatissimum):
proteic substances — 18-33 %, mucilage — 5-12 %, carbohydrates — 12-26 %,
nitrogen-free extractives — 22 %, fatty oils— 30-50 %, fatty acid triglycerides:
linolenic — 30—45 %, linoleic — 25-59 %, oleic — 18-20 %, glyceride stearic — 8-9 %,
palmitic, arachidic, myristic, and oa-tocopherol. The seeds contain phytosterols,
enzymes, vitamins C, A, F. In flax seed coats, high-molecular compounds were found,
which, when hydrolysed, release linocinamarin. Its action is similar to that of
pilocarpine and carbachol, so flax seeds stimulate gastrointestinal activity [167].

Thus, there are unsystematised data on how some supplements of plant origin
(among them oilseed-based ones) effect on meat raw material and finished meat
products. However, we can find no information as for the systemic approach to
developing oilseed-based complex supplements to be used in the forcemeat products
technology. So, it should be studied and scientifically reasoned whether it is practical
to combine different oilseeds when making a dietary supplement to be added to
forcemeat products.

The purpose of the study is giving scientific reasons and creating a multifunctional
dietary supplement, which is a mixture of different oilseed varieties, to be further used

in the technology of meat patés and chopped semi-finished products.
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The objects of the study were products of the brand Sto pudiv (Kharkov, Ukraine),
namely: flax-seeds (country of origin — Ukraine, nutritional value of 100 g of the
product: proteins — 21.8 g, fats — 39.5 g, carbohydrates — 27.8 g), sunflower kernels
(country of origin — Ukraine, nutritional value of 100 g of the product: proteins —
20.8 g, fats — 51.4 g, carbohydrates — 20.1 g), sesame seeds (country of origin — India,
nutritional value of 100g of the product: proteins— 20.0 g, fats— 40.0 g,
carbohydrates — 28.1 g), pumpkin seeds (country of origin — Ukraine, nutritional value
of 100 g of the product: proteins — 24.0 g, fats — 33.1 g, carbohydrates — 4.7 g).

Model forcemeat systems were prepared by mincing the meat raw material (50 %
of beef and 50 % of chicken) in a laboratory mincer (the hole plate diameter 8 mm).

At the first stage of the research, an analysis of scientific literature allowed
selecting four oilseed varieties, namely sesame, flax, sunflower, and pumpkin seeds,
as they were promising raw materials for bioactive supplements to meat products due
to their valuable chemical composition and functional properties.

In meat products manufacturing technology, plant raw material can be pre-
processed in different ways, and the most common preparatory operation is grinding,
or crushing [164]. So, to improve the functional and technological characteristics of
the samples, they were ground into particles as big as 800 to 350 um, and the changes
in the properties depending on the fineness of grinding were determined. In a similar
way, model meat systems were studied, with the crushed seeds content 10 % of the
weight of the forcemeat. It has been determined that the more finely the seeds are
ground, the higher is the water-binding capacity of meat systems. The highest water-
binding capacity was observed in the samples where seeds had been added ground into

350 um particles (Fig. 1).
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Fig. 1. Changes in the water binding capacity of meat systems containing seeds of

different crops, depending on the size of the vegetable component particles

The results can be explained by fibre microcrystallisation that takes place while
grains are finely crushed. During this process, there is an increase in fibre’s water-
absorbing capacity and in its ability to form stable colloidal gel.

It has also been established that seeds crushed into 350 um particles, when added

to meat systems, increase their fat holding capacity (Fig. 2).

200 570 400 350
Size of crushed seed particles, pm

Meat system s with added:

—=—Flax seeds —&— Sesame seeds
—¥— Pumpkin seeds —a— Sunflower seeds
= = =Mixtures of all crushed seed varieties (350 pm) =+ Control sample (no crushed seeds added)

Fig. 2. Changes in the fat holding capacity of meat systems containing seeds of

different oil crops, depending on the size of the vegetable component particles

This 1s important for the technology, as this parameter is responsible for the
product’s delicate and smooth texture, prevents fat separation, and reduces the weight

loss during heat treatment.
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Besides, it has been observed that the output of the finished product increases by
3-5 %. This parameter is the highest for the samples with crushed pumpkin seeds
added. The increased output reduces the loss of valuable water-soluble dietary and
bioactive substances while water is lost during heat treatment.

As a most important parameter that allows evaluating whether a supplement can
be used is its sensory properties depending on its individual compositional features, the
content of certain components has been determined, primarily, by sensory evaluation.
To this end, sesame, flax, sunflower, and pumpkin seeds, ground as fine as into 350 um
particles were mixed together in different proportions. The content of certain
components varied 10 to 50 % (Table 1).

Table 1 — Selection of the components of the oil crops composite mixture

THEORETICAL ASPECTS OF MODERN ENGINEERING

Variant combination of the components of the oil crops composite mixture
Variant 1 Variant 2
Seed variety Percentage when added Seed variety Percentage when added
sesame 10 % sesame 30 %
flax 30 % flax 10 %
sunflower 30 % sunflower 30 %
pumpkin 30 % pumpkin 30 %
Variant 3 Variant 4
sesame 30 % sesame 30 %
flax 30 % flax 30 %
sunflower 10 % sunflower 30 %
pumpkin 30 % pumpkin 10 %
Variant 5 Variant 6
sesame 25% sesame 20 %
flax 25% flax 20 %
sunflower 25 % sunflower 10 %
pumpkin 25% pumpkin 50 %

The qualitative
Tables 2 and 3.
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Table 2 — Physico-chemical and functional and technological characteristics of the

experimental supplement

Physico-chemical characteristics Functional and technological characteristics
Mass fraction of moisture, 830 Water holding capacity, g water/g product )3
%

Mass fraction of protein, % | 21.40 | Fat holding capacity, g fat/g product 0.8
Mass fraction of fat, % 44.70 | Emulsifying efficiency, % 89
Mass fraction of Critical gelation concentration, %

carbohydrates, % 2220 .
in particular, fibre, % 2.10 | Hydromodulus at 20 °C 1:3
Mass fraction of ash, % 1.00 | pH 5.8

Table 3 — Sensory characteristics of the experimental supplement

Parameter Description
Appearance Friable loose-textured powder
Colour Light creamy, with brown flax inclusions
Odour No off-odours, no mouldy or stale smell
Taste Taste of raw seeds, with a specific tinge of flavour

The studies evidence that the gustatory and aromatic features of the whole

supplement and of its individual components are quite pronounced. Nevertheless, at a

certain concentration, they do not affect the sensory characteristics of finished

products.

The biological value of any functional supplement is as important. It is known

that oilseed proteins are high in various essential amino acids. Table 4 presents the

amino acid composition of the supplement under analysis.

It has been established that the supplement can be a source of high quality protein

(21-22 %). A considerable carbohydrate content, where starch and fibre prevail, results

in the complex supplement’s water and fat binding capacity. Besides, it has a positive

effect on its emulsifying efficiency and gel-forming capability.
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Table 4 — Amino acid composition of the supplement (per 100 g protein)

Essential amino acids, g Non-essential amino acids, g
Lysine 5.40 | Alanine 4.37
Valine 5.26 | Arginine 11.59
Methionine + cystine 1.93 | Aspartic acid 9.26
Isoleucine 4.26 | Histidine 2.54
Threonine 3.94 | Glycine 6.4
Leucine 6.90 | Glutamic acid 19.17
Phenylalanine + tyrosine 4.00 | Oxyproline 0.00
Tryptophan 1.60 | Proline 4.30
Total 33.29 | Serine 4.56
Total: 62.19
Total amino acids 95.48

However, the presence of all essential amino acids in the composition of protein

1s not enough to make it nutritionally valuable.That is why, to determine the biological

value of the supplement, the amino acid score has been calculated — the percentage of

each amino acid compared to its content in protein taken as standard (ideal protein).

The amino acid score calculated for the experimental supplement is shown as a chart

(Fig. 3).
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Fig. 3. Amino acid score (%) of the supplement, of chicken meat (category 1),

and of ‘ideal protein’
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In the experimental supplement, the limiting amino acid is lysine, which is typical
of proteins contained in seeds. This disadvantage can be cancelled out by combining
the supplement with proteins of animal origin (in particular, with chicken meat) or with
animal fat. As the amino acid compositions of vegetable and animal proteins
complement each other, it can make the protein well-balanced, and the biological value
of the composite product can become adequate for the body’s needs.

When using structure-forming dietary supplements, one should know their
hydromodulus (proportion of water), as gel-formation is only possible at a certain
concentration of proteins and polysaccharides. To determine the optimum
hydromodulus for the experimental supplement, a series of experiments has been
carried out, with different mass fractions of moisture at 20 °C. The results of the
experiments have shown that one part of the supplement can strongly bind 3—3.5 parts
of water. That is why, the recommended hydromodulus is 1:3. Besides, the experiments
made it possible to determine the optimum resting time of gel and the dependence of

its viscosity on the temperature. The results are presented as a graph in Fig. 4.
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Fig. 4. Dependence of gel viscosity on the temperature and resting time
The study has shown that gel’s optimum resting time is 30 minutes. Within this
interval, gel stabilises, and during the further resting time, it gets no stronger. As seen
in Fig. 4, when gel is heated to 60 °C, its viscosity increases, and if the temperature

rises, this parameter decreases, which can be explained by protein denaturation.

137



THEORETICAL ASPECTS OF MODERN ENGINEERING

Today, the manufacture of meat products is rather empirical: recipes are based on
sensory data, and the technology is traditional in its structure, in the set and sequence
of operations using traditional equipment. The optimum amount of the mixture in the
formulations of patés and chopped semi-finished products has been determined by
sensory evaluation of model forcemeat systems. The content of the supplement varied
5to 25 %.

To evaluate the quality of a product, sensory analysis has an advantage as it allows
determining quite quickly whether a product is safe to consume. The parameters like
colour, taste, odour, consistency give a general idea of the product and help make the
right choice of the main ingredients and their ratio. The research results make it
possible to conclude that the supplement’s percentage in the formulations of chopped
semi-finished products should not be more than 20 %, and in those of meat patés, not
more than 15 %, as a higher percentage of the supplement results in worse sensory
characteristics.

Based on an analysis of research papers and reference materials, the properties of
different oilseed varieties have been studied. Four oilseed varieties have been selected
as the most promising to be used in meat product technologies, namely, sesame, flax,
sunflower, and pumpkin seeds. A model of the seed mixture composition has been
created. It has been established that the equal ratio of the seed varieties in the
composition of the complex supplement is the optimum. On analysing the functional
and technological properties of the four varieties of the seed raw material, it has been
established that the oilseed crops can be modified by mechanodestruction. It has been
shown that crushing seeds effects positively on such parameters as water binding and
fat holding capacities, as well as on forcemeat output. Experimentally, it has been
determined that the optimum hydromodulus for the supplement developed is 1:3, with
the gel resting time 30 minutes at 60 °C.

The model samples of meat patés and chopped semi-finished products have been
organoleptically evaluated. The evaluation results have made it possible to recommend

including 15-20 % of the oilseed mixture into the composition of these meat products.
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SECTION 7. INFORMATICS, COMPUTER ENGINEERING AND
AUTOMATION

7.1 Monitoring and forecasting systems for electricity consumption in educational
institutions

[TigBumienHs eheKTUBHOCTI BUKOPUCTAHHS NMEPBHHHUX CHEPTEeTUYHUX PECYPCiB
Ta €HEPrii € OJHIEI 3 aKTyaJbHUX MpoOJIeM. 3MEHIICHHS OOCSTiB BUKOPHUCTAHHS
TEIJIOBOI, EJNEeKTPUYHOI €HEeprii MOXJIMBE 3a PAXYHOK TEXHIKO-TE€XHOJIOTIYHOrO
YIOCKOHAJIEHHS! OCHOBHHMX Ta JOMOMDKHMX IpOIECiB. [HIIMM, HE MEHII Ba)KJIMBUM
dbakTOopoM, € po3poOKa Ta BIPOBAKEHHS OPraHi3allliHO-TEXHIYHUX 3aXO[liB, SKi
CTOCYIOThCSl PEKMMIB (PYHKI[IOHYBaHHS MIAIPUEMCTB Ta OpraHi3amii, y3roKeHHs
MK  COOOI0  PEXHMIB  €IeKTpO- Ta  TEIJIOCTIOKWBAHHS,  PETYJIIOBaHHS
€JIEeKTPOCIIOKMBAaHHA. BupimenHs npoOjaeMu MiJBUILEHHS €HeproeeKTUBHOCTI
TEXHOJIOTTYHUX MTPOLIECIB — LI€, EPIU 3a BCE, CKOPOUEHHS BUTPAT €JIIEKTPUUHO1 EHEPrii.
3a ICHYIOUHX TEXHOJIOT1H reHepallli eleKTpUYHOi eHeprii B YKpaiHi Ha TEIJIOBUX Ta
aTOMHUX  EJEKTPOCTAHIIISIX, CKOPOYCHHSI CIOXXUBAHHS EJICKTPUYHOI Ta TEIJIOBOi
eHeprii TMoB’si3aHEe 31 CKOPOYECHHSM TeHepallli eJIeKTpoeHeprii, a, OoTke, 1 3i
3MEHILECHHSIM BHUKHUIB Y arMoc(epy MapHUKOBUX ra3iB Ta IHIIUX 3a0pyAHIOIOUUX
pedoBuH. byb-sSKkuii TEXHOIOT1YHUH Mpo1iec (KO HABITh Y HbOMY HE YTBOPIOIOTHCS
IIKIIAB] JIS JTOBKUUISL BIAXOIH), YV SKOMY BHKOPHUCTOBYETBCS EJICKTPOCHEPTis
3aBKIM Ma€ HEraTUBHUN «EKOJIOTIYHHWM Cli», TOMY MpodiieMa epeKTUBHOrO Ta
€KOHOMHOT'O BUKOPUCTAHHS €NEKTPUYHOI €HEPrii € 3arajbHOACP>KABHOIO Y Oy ab-sIKii
KpaiHi. OJIHI€I0 3 OCHOBHUX YMOB JIOCATHEHHS YCIIXY Y IISUIBHOCTI IIIO/10 M BUILICHHS
eHeproe(PeKTUBHOCTI TEXHOJIOTIYHUX MPOLECIB Ma€ OyTH MOKJIMBICTh OTPUMAHHS
noTo4YHOi 1H(OpMaIlli mpo peanbHe €HEeProClOXUBAHHSA 00’ €KTOM (IIMPUEMCTBOM,
YCTaHOBOIO, TIOBHHM ITMKJIOM OKPEMOTO TEXHOJIOTIYHOTO MPOIECy, 00JagHAHHIM
Tomo). Jus 1poro, 3rilHO YMHHOrO 3akoHoAaBcTBa [168], eHepropecypcu, ski
BUKOPHUCTOBYIOTh €HEPIOCIIOKUBAIOU1 IPUCTPOI (arperatu), MaroTh OyTH 00paxoBaHi
3 BUKOPUCTAHHSIM MNPUIIAIIB OOJIKY (JIIYMJIBHUKIB). 31€OUIBIIOrO TaKl JIYUIbHUKU

noOyI0BaHI 3a PI3HUM NIPHUHITMIIOM [ii, ajyie iX 00’€qHyE OJIHAa OCOOJIMBICTH: BOHHM
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¢13u4HO  (PIKCYIOTH OOCSATHM EHEepPropecypciB HapOCTAIOYUM MIJICYMKOM, TOOTO
(bIKCYIOTh TPOXOIKEHHS Yepe3 By30J1 00JIKY (JIIYMIBHUK) €eHEPropecypey y KUTbKOCTI,
sIKa BU3HAYAETHCS HAMepe/1 3aJJaHUMH OJUHULISIMU BUMipy. ToOTo, iHpopmaris om0
CHOKUTHUX OOCSTIB €HEPropecypcy HaKOMUUYETHCS, APXIBYETHCS (Y TOMY UM 1HIIOMY
BUTJISI/IL) Y, MPAKTHYHO, aBTOMAaTHYHOMY pekuMi 0e3 ydacTi moauad. [Ipu mpomy
npoOieMaTUYHUM € OpraHi3allisi IpoLecy 3UYUTyBaHHs Takoi IH(popMalli y BUZHAUEHI
MOMEHTH 4acy. 3/1eO1IpIIoro 1€ BUKOHYE JIOJMHA 3 3aHECEHHSM pE3yJIbTATIB Ha
narepoBi abo eNeKTPOHHI Hocli iHdopmartii, hopMyroUn BiANOBIAHI 0a3u TaHUX PO
CIIO’KMBAHHS EHEPropecypcy 3a MeBHI NPOMIXKKHU yacy. PoOoTa kporiTka, Mae 3HaYHy
TPYJOMICTKICTh, HE 3aBK/IM BUKOHYETHCS MEPCOHAIOM y TOYHO BU3HAYEHI MOMEHTH
yacy, UI0 BHOCHUTb I[I€BHI HEBIANOBIJHOCTI Yy PE3yJbTaTH JOKYMEHTAIbHOIO
opopMieHHST pe3ynbTaTiB  (ikcamii 0OCATIB E€HEPrOCIOKXWBAaHHS. 3a YWHHUMHA
HOpPMaMHM Ta MpPaBWJIAMH 3HATTS MOKa3aHb JIYMJIBHUKIB Ta O(POPMIICHHS pe3yJIbTaTiB
KOMEPIIMHOT B3aEMOJIIT MIXK CIIOKHBAuYe€M Ta MOCTAYaJIbHUKOM IMPOBOIUTHCS uepes
NEBHUN IPOMDKOK Yacy, SKUH BUBHAYAETHCS YMOBAMH JJOTOBOPY MK KOHTpareHTaMH.
3a nMX yMOB OpraHizailisi HEepepBHOT0 KOHTPOJIIO TOTOYHOTO €HEPrOCIOKUBAHHS Y
CIOKMBAaYa TMOCTAYAIBbHUKOM MPAKTUYHO HE MOXKJIWBA, 00 IIYMIBHUK 3a3BUYAM
3HAXOAMUTHCS Y CIIOKMBaYa, a00 y BIJAJICHUX BiJl IEPCOHATY MOCTAYAIbHUKA MICIISX.
Taxka cuTyarrist TpaKTUYHO YHEMOKIIMBIIIOE KOHTPOJIb TOTPUMAaHHS CIIOKHUBAYEM YMOB
BUKOPHCTAHHS TMOTYXXHOCTI CIOKMBAaHHA €HEpropecypcy ©0e3 3acToCyBaHHS
J0JIATKOBUX 3acO0IB OOMEXEHHs il rpaHUYHHMX 3HA4Y€Hb, OOYMOBIICHUX DPEKUMAMHU
E€HEProCIOKUBaHHS 200 MAaKCHMaJIBHIMH BEJIMUYMHAMH, SKi BUBHAYAIOTHCS YMOBAMH
noroBopy. Kpim Toro npo6iemMHor0 € opranizaiisi popMyBaHHS 1000BUX «IIPOQLTIBY»
€HEProCHOKUBAHHS IS KOHTPOJIIO €()EKTUBHOCTI BUKOPHUCTAHHS €HEPropecypciB
OpoTATOM 100H. 3BICHO, 3a3HaYeHI MPOOIEMH € CTPUMYIOUUM (DAKTOPOM M1 ABUIICHHS
€HEepProe(PeKTUBHOCTI CIOKMBAHHS EHEPropecypcCiB, «BUPIBHIOBAHHSI» J1000BUX
rpadikiB  €HEProClOXHWBaHHS, BU3HAUYCHHS MOTOYHUX BEJIWYHMH MUTOMOTO
BUKOPHUCTAHHS €JIEKTPOEHEPTii Ta IHIINX €HEPrOHOCIIB Yepe3 BEIUKY TPYIOMICTKICTD

Ta HU3bKY OINEPaTUBHICTD iX OTPUMAHHS.
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[TomanpmiiM KpPOKOM IIOAO YCYHEHHsI 3a3HAUYC€HHUX HEJOJIKiB, YCYHEHHS
WTOJICBKOTO  (pakTOpy» y TIporeci OTpUMaHHS JaHWUX MIO0JI0 CIIOKUBAHHS
enextpoeneprii € 3anpoBamkenns ACKOE (aBroMaTtru30BaHUX CUCTEM KOMEPLIMHOTO
00JIIKy eneKTpoeHeprii). BripoBa eHHsI TaKuX CHUCTEM Jla€ 3MOTy aBTOMaTU3yBaTH
npouec o0JIKy CIOXKUTHUX €HEPropecypciB (E€JIEKTpOeHeprii) MpoTAroM BU3HAYEHUX
NepioJIIB Yacy 3 MOKJIMBICTIO BUKOHAHHS BIAMOBIAHOTO MPOTOKOJY, BUKIIFOUMBIIH
WIIOACHKUH (haKTOp.

Cucrema po3paxoBaHa Ha MOXKJIMBICTh BUKOPUCTAHHS i1 1H(pOpMAIlIHHUX TTOTOKIB
JUIsl BU3HAYEHHs1 OOCSTIB CIOKMBAHHS €JIEKTpOEHEPrii npu (GOpMyBaHHI NPOTOKOJIIB
JUTSI KOMEPIIMHUX PO3PaxyHKIiB Mk CIIOKHMBayeM Ta noctadaibHukoM. Lle Hakmamae
CBO1 OOMEXEHHs Ha oOyaJiHaHHA Ta (POpMyBaHHS KaHAIIB 3B’s3Ky cucTteMu. BoHu
MarTh OyTH BepiIKOBaHI 3 METPOJIOTIYHOI TOYKH 30py, MaTH 3axXUCT OO
CIIOTBOPEHHS PE3yJIbTaTiB BUMIPIOBaHb MPH iX mepeaadi iHhopMaIliiHUIMU KaHaIaMH,
a TaKOX 3aXUIICHI BlJ HE CAaHKLIOHOBAHOTO CTOPOHHBOIO BTpy4YaHHs. Buxopsum 3
€KOHOMIYHOi  JIOIIJIBHOCTI ~ TOCTAYaJIbHUKMA  E€JIEKTPOCHEPrii  3allikaBieHl Ta
HAIOJIATAIOTh Ha BIPOBAIKEHHI TAaKUX CHCTEM Y TOCHOJApCTBaX CIOKKUBAYiB,
CTpyMOIIpHUiiMadi SKUX CIIOKUBAIOTh 3HAUHI OOCSTH €IEKTPOCHEPTii, a TAKOXK MaIOTh
JIEKUTbKA MTyHKTIB 00J1IKYy crio>kuBaHHs. [[epBUHHUM €J1€eMEHTOM CUCTEMU € JIUUITBHUK
€JIEKTPUYHOI €HEPrii, SKU PYHKIIOHAIBHO TaKUW ke SIK 1 3BUYaliHUNA €J1eKTPOHHUM
miunnbHUK. OTHAK, TOAATKOBO BiH TOBMHEH MAaTH TaK 3BaHWUN MUQPPOBUN BUXIT IS
opratizaiii iHhpopMaIlIMfHUX MOTOKIB BiJl JIYKWJILHUKA Yepe3 MPOMIKHI MPUCTPOI, SAKi
MOXYTh (POPMYBaATH MPOMIXKHI 0a3u JaHUX, 10 IIEHTpaIbLHOTO cepBepa. LlenTpanbuuit
cepBep hopMye IPOTOKOJIM CUCTEMU, 3a IKUMHU HaJTa€ThCs 1HPOpMaIlis moa0 o0cAriB
CIIO’KMBaHHS €JIEKTPOEHEPrii 3a MEBHI BU3HAYECHI MPOMIKKH dacy. Taka iHdopmalris
OTPUMYETHCSL BIJI E€JIEKTPUYHOIO JIYMJIBHUKA 1 € IHTErpaJibHOK IIOJ0 BCIX
CTpyMOIIpHIIMaUiB, K1 CIIOKHBAIOTh €JIEKTPOCHEPTit0, 110 HAIXOIUTh Yepe3 HbOTO.
Hifitu 10 0oOpaxyHKy CIOXXMBAaHHS KOXHHM OKPEMHM  CIIO)KMBAueM €
npoOJIeMaTHYHUM 3 E€KOHOMIYHOI TOYKH 30pYy 1 MOTpeOye 3HAYHUX KamiTaabHUX
BKiageHb. Oanak, iHbopmartiiai notoku cucreMu ACKOE MokHa BUKOPHCTOBYBATH

IUIA MOHITOPUHTY (AKTUYHOTO €JEKTPOCHOKMBAHHSA Yy MHHYJI TMEpIiOAM dYacy.
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3Bakaloul Ha METPOJIOTIYHI Ta OE3IMEeKOBl aCMEKTH 3a3BU4Yail Ii€r0 1HGOPMAIlIEIO
KOPHUCTYIOTHCS OUTBIIE «Bi3yaIbHOY», 0€3 aBTOMAaTUYHOTO IHTETPYBaHHS 1 0a3 JaHUX B
i cucteMu. [103UTUBHUM pe3ynbTaToOM BIPOBAIKEHHS € BUKJIIOUYEHHS 3 MPOIECIB
ACKOE «rmoncekoro Gaxtopy», a TaKoX MOKIUBICT OTpUMaHHS 1HQOpMAIi IIst
dbopmyBanHs TTpodiTiB 10OOBOTO CHOKUBAHHS CTPYMOIIpUHAMadaMu €JIeKTPOEHEPTii
3a MUHYJI MEpiox Yacy 3 METOI0 MPOBEIEHHS JIETATBHOTO TEXHIKO-€KOHOMIYHOTO
aHamizy (pyHKIIOHYBaHHSI criokuBauiB. CepeAHl BUTPATU HA BOPOBAKEHHS OJHIET
touku 00Ky cucteMu ACKOE napasi omintoroteest y 30 tuc. rpH. BoHu BKII0YaOTh
BapTICTh  OOJaJHAHHS,  BapTICTh  MPOTPAMHOIO  3a0€3MEeYeHHs,  BapTICTh
HAJIaro/KyBalbHUX poOiT [169].

Onucani iHdopmaniiini MmoxiuBocTi cucteM ACKOE B ocHOBHOMY (iKCYIOTb
o0cArn €HEeprocroXKMBaHHS Yy MUHYJIHUX Mepilofax, MJaloTh MOXKJIUBICTb, 3
BUKOPHUCTAHHAM 1HIIMX 1H(GOPMAIIHHUX TEXHOJIOTIN, BU3HAYaTH Mpodiai 1000BOro
enekTpocnoxuBants. OTHAK, BOHA HE MOXKYTh JIaTH BUYEPITHY BiAMOBIIb HA MUTAHHS:
«Ha ckinbk# AOLUIPHUMHU Ta BUIPABJAAHUMH 3 TEXHIYHOI Ta OpraHi3aIliiiHOi TOYKH
30py OyJId BUTpATH €JIEKTPOEHEePrii y TON 4u 1HIIWN nepio yacy?» JIjist BimoBial Ha
1€ 3alIUTaHHs MaloTh (hopMyBaTucs 1H(POpMaIliiiHI MACUBA aBTOMATU30BaHUX CUCTEM
MOHITOPUHTY €JIEKTPOCIOKUBAHHS. Y 11X TOOYJOBI BUKOPUCTOBYETHCS MPUHIIMIT
KOHTPOJIIO, 3@ SIKUM BHU3HAYA€TbCA (PAKTUUHE €JIEKTPOCIOKMBAHHS y MEBHI MEPIOAU
yacy, pO3paxOBYIOTbCS MUTOMI YW 1HII BEJIMYMHU T[OKA3HUKIB CIIOXUBAHHS
CTpyMoOIpHiiMauaMl Ta TOPIBHIOIOTBCS 3  PO3PAXYHKOBUMH KOHTPOJbHUMHU
MOKa3HUKAMHU EJICKTPOCIIOKUBAHHS, SKI BU3HAYAIOTHCS 3 ypaxyBaHHSIM YMOB Ta
pexuMiB (QyHKIIOHYBaHHS CTpyMonpuiiMadiB. OIIHIOBaHHS KOPEKTHOCTI OOCSTiB
CIIO’KMBaHHS CJICKTPOCHEPT i (edexkTUBHOCTI byHKIIIOHYBaHHS CUCTEM
€Hepro3ade3rneueHHss O00’€KTiB) BHU3HAYAETHCS  CITBCTABICHHSAM  3a3HAYCHUX
(bakTUYHUX Ta PO3PAXYHKOBUX KOHTPOJIBHUX MOKA3HUKIB. Y pa3i iX HE BIAMOBIAHOCTI
IPOTOKOJ CHCTEMH MAa€ CHUTHaJi3yBaTH MEPCOHANLY MpPO HEOOXIJAHICTb BHECEHHS
KOPEKTUB y PEKUMU (YHKI[IOHYBAaHHS TaKUX CHCTEM [JIsi 1X TOBEPHEHHS 0
PO3paxyHKOBHX Y MailOyTH1 a00 MOTOYHUM mepioan. Y OUIBIIOCTI BUMAKIB 32 TAKUX

YMOB MM MO>KEMO OTPUMATH BIAMOBIAb HA MUTaHHA: «BUrpaiy 41 nporpajy y MUHYII
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nepiogu?» 0€3 MOXIJIMBOCTI KOpEryBaHHA 3 ypaxXyBaHHAM 3MIHM YMOB
GyHKIIIOHYBaHHS CTPyMOIIPHiIIMadiB y MailOyTHbOMY (HeXal 1 KOPOTKOTEPMIHOBOMY).

Peanizariisi Bu3HaueHUX (QYHKIIA CHCTEMOIO MOHITOPUHTY MOXeE Biji0yBaTHCS 3
BUKOPHCTAHHSAM 0a3 JaHuX, $Ki MOXYTh (OpMyBaTHCS: 3 BUKOPHCTAHHSIM
indopmarniiinux MacuiB ACKOE, 3 BuxkopucraHHsM BiIacHuUX 0a3 JaHHX IIOJ0
(aKTUIHOTO EIEKTPOCTIOKUBAHHS CTPYMONPUHMAaYaMu, IKi MOXKYTh CTBOPIOBATHCS Y
ABTOMAaTUYHOMY PEKHUMI allapaTHUMHU 3aC00aMU CaMO1 CUCTEMHU.

Sk Bxke 3a3Hauvanocs, BukopuctanHs 6a3 nannx ACKOE B aBroMarnuHOMy
pexumi € npobirematuyHuM. ToOTo, nepenecenns iHpopmanii 3 ACKOE no 06a3
CUCTEMHU MOHITOPUHTY 3ACOUTBIIOTO BIMOYBAETHCH Y MAIKE «PYUYHOMY» DPEKUMI.
@®opMyBaHH BJIacHO1 1H(OpMaIiiHOT 0a31 CUCTEMH MOHITOPHUHTY IOA0 (DAKTUYHOTO
CTHOKMBAHHS EJIEKTPOCHEPrii Ma€ BUKOPHUCTOBYBATH BIACHUI KOMILIEKC 00JIaHAHHS,
BKJIFOYAIOUM TEPBUHHI JIaTYUKHU 3HATTS IIOKa3aHb, HAKOMHMYyBayl Ta IepeliaBayi
iH(hopMalii 3 BUKOPUCTAaHHSM OKpEMHUX a00 ICHYIOUMX IHQOpMALIMHUX MEpEK,
oOnaHaHHS IEHTpAIbHOTO cepBepa. [Ipu oMy ciij 3BepHYTH yBary Ha Te, 1110 Taki
cucrteMu (HhOpMaJbHO HE MAKOTh CTATyCy (PYHKIIT KOMEPIINHOTO 00Ky CIOKHBAHHS
€JIEKTpOCHEprii 1 iX iHpopMaIil0 He MOXXHA BHUKOPHUCTOBYBATH MPH O(OpPMIICHHI
POTOKOIIB B3a€EMHHX KOMEPIIIMHUX PO3PAXyHKIB MDK IOCTAa4albHUKOM Ta
cnokuBaueM. OJIHaK, 1€ HE O3HAya€, 10 TOYHICTH (iKcallli MOoKa3aHb CUCTEMOIO HE
Bianosigae TouHocTi ACKOE. Kpim Toro, sik Bike 3a3Ha4anocsi, Y1HHE 3aKOHOJJABCTBO
Ta HopMaTuBHA 0a3a He BuMarae ocHanleHHs: ACKOE HeBenukux croxuBayiB, SKUMU
y OUIBIIOCTI BUMAJKIB € 3aKjagu OcBITH. ToOTO, BIPOBAIKEHHS Y HHUX CHCTEM
MOHITOPUHTY CIIOKMBaHHSI enekTpoeHeprii He € pyomoBanHsm ACKOE i, 3
€KOHOMIYHOI TOYKH 30pY, y OUTBIIOCTI BUNIAKIB € BUIIPABIAHUM.

BpaxyBaHHSl 3MIHHMX 30BHIIIHIX Ta BHYTPIIIHIX ()aKTOPIB, SIKI BILUIMBAIOTH Ha
(GYHKIIOHYBaHHSI CTPYMOIIpUHMAYIB Ta iX EJIIEKTPOCMOXHBAHHS TMpPU BU3HAYCHHI
IUIAHOBUX OOCSTIB €JEKTPOCIHOKMUBAHHSA y MHUHYJIHMX, MOTOYHUX Ta ManlOyTHIX
nepiosiax MOXJIMBE y iHPOpMAIIHHUX CUCTEMAX MOHITOPHHTY Ta KOPOTKOCTPOKOBOTO
IIPOTHO3YBaHHS OOCSTIB CHOXXKHMBAaHHS €JIEKTPUYHOI eHeprii, sKi JOIIBHO

3aCTOCOBYBATH y 3aKja/iaX OCBITU. Y HaBYAIBHUX 3aKja/ax Ha MPOQLIb CIIOKUBAHHS
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€IIEKTPOCHEPTil 3HAYHOI MIPOO BIUTMBAIOTh PO3KIIA/l 3aHATH (Ha IKUX y HABYATLHOMY
IPOIIECT BHUKOPHUCTOBYIOTHCSI TAIKETH, IO CIOXKHWBAIOTh E€JIEKTPOCHEPTril0), 3MiHHI
KJIIMaTU4HI1 (IOT0/IH1) YMOBH, SIK1 BIUIMBAIOTh Ha OCBITJICHICTh POOOYMX MICIIb, 00OCITH
BUKOHAHHS JIOMOMIKHUX MPOIIECIB, a TAKOXK CIOKUBAHHS €JIEKTPOCHEPTIi y MpoIecax
HE TIOB’SI3aHUX 3 HaBYAJIBHUM. 100TO, HEOOXIAHO CTBOPUTH MaTEeMaTHYHY MOJECIb
€IIEKTPOCITOKUBAHHSI.

dyHaamMeHTaaIbHI HAYKOBO-METOAUYHI MIJIXOAN A0 CTBOPEHHSI MOJIEIEH MPOIecy
€JIEKTPOCIIOKUBAHHS, OpraHi3ailii Ha OCHOBI JaHMX BHUMIPIOBaHb 3 BUKOPUCTAHHAM
Cy4YacHUX METOMIB JIEKOMIIO3UIIil 3ampornoHoBadi B po6oti [170]. 3okpema aBTOpOM
3aMpONOHOBAHO BapiaHT anapaTHO-MPOTPAMHOTO KOMIUIEKCY Jii MOHITOPUHTY

HITATHOT'O PEXUMY IMPOIIECY €JIEKTPOCIIOKUBAHHS OpTaHi3allii.

Ha oxpemy yBary 3aciyroByloTb pOOOTH B SIKHUX PO3TJSJAIOTHCS MUTaHHS
MJIaHYBaHHS Ta YIPaBIiHHS BUKOPHCTAHHSIM EJICKTPUYHOI €Heprii B OIOKETHUX
yCTaHOBAaX 1, 30KpeMa, Yy HaB4dainbHUX 3akianax [171, 172, 173]. 3okpema, B poOOTI
[172] Ha OCHOB1 BUKOPUCTAHHS pealbHUX CTATUCTUYHUX JAaHUX OJEpKaHl perpeciiiHi
MOJZIENIl  €NIEKTPOCHOKMBAHHS Yy  OyAIBISX  BHUIOTO HABUYAJBHOTO  3aKJady
(ryproxkutkax). B poboti [173] noBeaeHo edEKTHUBHICTH BUKOPHUCTAHHS METO/IIB,
3aCHOBAaHMX Ha JepeBax perpecii, Mpd KOPOTKOTEPMIHOBOMY IPOTHO3YBaHHI
HaBaHTaXeHHA. [Ipu 1IbOMYy aBTOpPM MPOMOHYIOTH BPAXOBYBAaTH KPIM 30BHINIHIX
dakTopiB (TeMreparypa HaBKOJUIIHBOI'O CEpPEJOBHUINA) TaKOX 1 BHYTPIIIIHI,

KaJIEHJapH1 3MIHHI (PO3KJIa]] 3aHATh, Yac MPOBEICHHS 3aHATh Ta 1H.).

OcTtanHiM YacoM Ha yKpPaiHCBKOMY pHWHKY TOCIYTr, TIOB’SI3aHUX 13
e€Heproe(PeKTUBHICTIO Ta EHEPTOOIIATHICTIO, 3’ IBUBCS PSI/I TPOTPAMHMX MPOIYKTIB BiJT
PI3HUX PO3POOHUKIB, OCHOBHOI (DYHKIIE€IO SKUX € MPOrpaMHO-arapaTHa MIATPHKA
MOHITOPUHTY CIHOXKHUBaHHS e€HepropecypciB. JloCTaTHbO TPYHTOBHMI aHai3 TaKUX
porpaMHMX MPOAYKTIB 3A1HCHEHO ekcriepTamMu Acorianii «EneproedekTuBHi MicTa
VYkpainu» B pamkax peainizaiii OJAHOTO 3 KOMMOOHEHTIB IHimiatuBu «Po3ymHuit
eHepretuyHuit MmeHeKMeHT B OTI», 1110 BIpoBaKy€eThes 3a qopydeHHs M [Iporpamu

«U-LEAD 3 €spomnow» kommanieto «Deutsche Gesellschaft fur Internationale
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Zusammenarbeit (GIZ) GmbH» [174]. Lli mporpamHi NpPOAYKTHU €, SIK IMPaBUIIO,
O0araroyHIIOHAIPHUMH Ta TaKUMH, 10 JIO3BOJSIOTH OPTaHi3yBaTH CHUCTEMY
MOHITOPUHTY Ta YIPABIIHHS €JIEKTPOCIIOKUBAHHSAM CKJIAJIHUX TPOMUCIOBUX CUCTEM,

HACEJIeHUX MyHKTIB, TPyNu OyIHWHKIB Ta 1H.

Jns  peamizanli CUCTEMHM MPOTHO3YBaHHS Ta MOHITOPUHTY CHOKMBAaHHS
€JIEKTpOEHEePTrii Ha PiBHI OKpeMUX 00’ €KTIB (HANIPUKIIAJ 3aKJaJiB OCBITH, MEIUIHUX
3aKjia/iB Ta 1H.) BAHUKAE HEOOX1AHICTh Y po3po01ii MPOCTOro anapaTHO-TEXHIYHOIO Ta
porpaMHoro 3ade3rnedeHHs sike O 3a0e3mnedyBano, IpH I[bOMY, HEOOXITHUI PIBEHb

BUKOHAHHSI BCIX (PYHKIIIH, IPUTAMAHHUX CKJIATHUM MIPOTPAMHUM IIPOTyKTaM.

HeoOxigHot0 mepeayMoBOIO JUIsl PO3POOKH TaKUX MPOTPAMHUX MPOIYKTIB €
YTOYHEHHS METOJIMKHU O0paxyHKy BETUYMH HOPMAJIbHOTO €HEPrOCIOKUBAHHSA, sIKa O
BpaxoByBaJia KOPOTKOTEPMIHOBI 3MIHU TEXHOJIOTTYHOTO MPOIIECY Ta 30BHIIIHI 3MiHHI
YMOBH HOTO BUKOHAHHS. MOJIE/IIOBaHHS €JIEKTPOCIOKMBAHHS TOBUHHO CIIUPATHUCS HA
BUXiJHI JaHi, fKi KOPEKTHO XapaKTepH3yIOTh IIPOLECH EHEProCHOKMBAHHA. IX
BU3HAUYEHHS € CKJAJHOI 3ajaudero 1 0e3 mudepeHmiaiii 3aralbHUX IMOKa3HUKIB
€JIEKTPOCIIOKHUBAHHS I[LOTO 3pOOUTH MaiKe HE MOXKINWBO. 3aCTOCYBAaHHS METOJUK
dbOpMyBaHHS «CIEKTPY» EJIEKTPOCMOXXKHUBAHHS, SKI TOEIHYIOTh PO3PAXyHKOBI,
CTaTUCTUYHI METOIW MOJCIIOBAaHHS MAlOTh IIJBUIIATA TOYHICTh BHU3HAYCHHS
CKJIaIOBUX €JIEKTPOCIIOKUBAHHSI OKPEMHMH CHCTEMaMHU Ta TOYHICTh MPOTHO3yBaHHS.
Pesynbratu npoBeaeHUX AOCHIHKEHb MOKa3yITh MOXJIMBICTh CTBOPEHHS «CIIEKTPY»
€HEProcroKUBaHHs (AU(epeHLIalilo eIeKTPOCIOKUBAHHSA 32 OKPEMUMHU TpyIlaMu
CTpyMONIpHiIMadiB) 3 BHUKOPUCTAHHSAM PE3YJbTATIB MPOBEACHHS EHEPreTUYHOTO
ayJUTy HaBYAJIBHOTO 3akiany. ['padgiuny iHTEepHpeTallio ycepeaHeHoro ma000BOro
«CHEKTPY» €IEKTPOCIIOKMBAHHS HABUAJIBHOTO 3aKJIady NpeIcTaBieHo Ha puc. 1 [175].
3a CTPYKTYpOIO CIIOKWBAaHHS CTPYMOIIPUHMadl MOXKHA PO3JIUIMTH 3a CUCTEMaMHU B

AKX BOHH BUKOPHUCTOBYIOTBHCA:

- CUCTEMH IITYYHOTO OCBITIICHHS NPUMIIIECHb JI€ MNPOBOJATHCS OCHOBHI Ta

JOTIOM1H1 TEXHOJIOT1YH1 MTPOIIECH;
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- CUCTEMH BHMKOHAHHS OCHOBHOI'O TEXHOJIOTTYHOTO npoucecy Ta I[OHOMi)KHI/IX

polieciB (HABYAIBLHOTO MPOIIECY Ta IOMOMIXHUX JI0 HHOTO);
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Pucynox 1. [I'padiuyna iHTepmperaiiss YCcepeaHEHOro JA000BOr0  «CIEKTPY»

CJIICKTPOCHOXHUBAHHA HABYAJIBHOI'O 3aKJIaAy.

- CUCTEMH eHepro3abde3neyeHHs: OyiBesb Ta MPOLECIB, a TAKOXK iX MIATPUMKH;

- CUCTeMU 3a0€3MeUeHHS aAMIHICTPATUBHOI JISTIBHOCTI Ta MOOYTOBUX MOTPEOD.

3a 1i€r0 Tpajalli€lo XapakTep CIOXKUBAHHS €JIEKTPOEHEPTii CTpyMOoIpuiitMadyaMu

IOPOIMOHYETHCSI BU3HAYATH, BHUXOASYM 3 aHANI3y PEXHUMIB iX (YHKIIOHYBaHHS,

BPaxOBYIOUH CTPYKTYPY €IEMEHTIB «CIEKTPY». ABTOMATH3AIIIO MPOIIECY PO3PAXYHKY

JIMITHUX  TIOKa3HUKIB  IPOTHO30BAHOTO

CICKTPOCIIOKUBAHHA IMPOINIOHYETHCA

BUKOHYBATH 3 BUKOPUCTAHHSAM MOKJIMBOCTEN KOMIT FOTEPHOT TEXHIKHA Ta CTBOPEHHSAM

QITOPUTMIB 1 IPOTpaM y iCHyroUHX nmakerax. O0’ e JHaHHS Ta BI3yalli3allito pe3yabTaTiB
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NOTOYHOTO KOHTPOJIO OOCSTIB €JIEKTPOCHOKMBAHHS Ta BIJAMOBIIHOTO MPOTHO3Y,
OIIHIOBAHHS X HE BIJMOBITHOCTI TPOMOHYETHCS BUKOHYBAaTH 3 BUKOPUCTAHHSIM
MaTEMaTUYHUX METOJIIB MOJENIOBaHHS, WI0 JAa€ MOXIIMUBICTh  CTBOPEHHS
aBTOMATH30BaHMUX  KOMIUIEKCIB  KOPOTKOTEPMIHOBOTO  MPOTHO3yBaHHS  Ta

MOHITOPHHTIY 1X €JIEKTPOCIIOKUBAaHHS.

[Ipotsirom 100 croctepiraeTbCsi «(HOHOBE» E€JIEKTPOCIOXKUBAHHSI, TOOTO Yy
OyniBial  (PYHKIIOHYIOTH CTpyMONpHUiiMaul cucTeM 0Oe3nepeOiifHOl  MIATPUMKH
(GyHKIIIOHYBaHHSI TIPOIIECIB, SIKIi BHKOHYIOThCS y OyAiBIl, a TaKOX CHCTEM
EHEepPreTUYHOi Ta (QYHKIIOHAIBbHOI MmMATpUMKUA camoi Oyxiemi. Ilpu amamisi
CJIIEKTPOCIIOKMBAHHSA ~ MOr0  MOKHAa  BHOUIMTH 3 3arajdbHOro  o0cAry
EJIEKTPOCIIOKMBAHHSA SIK KOHCTaHTY. BpaxyBaHHS BIUIMBY KJIIMaTUYHUX (DakTOpiB Ha
o0cAru Ta XapakTep CIOXHBAaHHS €JIEKTPUYHOI €Heprii MOXKIIMBE MIJISXOM aHAJI3Y
HaMpalbOBAaHOTO 32 TEBHUI Yac MAacHMBY CTATHUCTUYHHX JaHUX METEOPOJIOTIYHUX
CIIOCTEpPEX,EHb, IMOTOYHOI Ta MPOTHO3HOI 1H(GOpMAIil II0J0 TMOrOJHUX YMOB
MICHEBOCTI  (TepUTOpIii)  po3TallyBaHHS  3aKjady. XapakTep  CIIOXUBaHHS
EJIEKTPOCHEPT1i CTpyMONpUiiMadaMy MPOTIOHYETHCSI BU3HAYATH, BUXO/SIUU 3 aHAII3Y
pexuMiB iX (pyHKIlOHYBaHHs. HakonmuueHHsI CTaTUCTUYHUX JaHUX MO0 CKIIAIOBUX
«CTIEKTPY» EJIEKTPOCIOXHUBAHHSI Yy TOJANbIIOMY JO3BOJISI€ TPU MPOrHO3YBaHHI
00CATIB CHOXMBAHHS 3aCTOCOBYBAaTHM 1 IHIIN CHOCOOM MOJCIIOBAHHS MPOIIECIB

CHCPI'OCIIOKUBAHH.

[ToBepTarounuch JO CHUCTEM INTYYHOTO OCBITJIEHHS, 3a3HAYMMO, IO iX
BUKOPUCTAaHHS Mae 3abe3nedyBaTH HEOOXIJHUM CaHITapHO-TITIEHIYHUM pPIBEHb
OCBITJIEHOCTI pOOOYMX MICIb Ta IHIIUX MNpuMilieHb. OOcCITU CHOXUBAHHS HUMH

€JIEKTPUYHOI €Heprii MaloTh BU3HA4YaTHCS (HAKTUYHOIO P

oce.hakm.

(a00 ycTaHOBJIEHOIO

P SKIIO 1X BEJIMYMHM CIIBMAJA0Th) €IEKTPUYHOIO MOTYXKHICTIO Ta IMEpPi0 oM

oce.ycm. ?

MPOBEJICHHS TEXHOJOTTYHOTO MPOIIECY ¢

oce.?

IPOTITOM SIKOTO OCBITJIEHICTh HHXKYE
HeoOx1qHOro piBHs. [IpOTSHKHICTH mepiofy f,, 3aJIEKUTh BIJ TEPMIHY IPOBEICHHS

TEXHOJIOTIYHOTO Tpolecy, rpadiky (yHKIIOHYBaHHS 3aKaay, KIIMaTUYHUX YMOB.

BmivB KiIIMaTMYHUX YMOB MOKHA BpPaxOBYBaTH 3 BUKOPUCTaHHSM KJIIMaTUYHOIO
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Koe(illieHTa « Toal KUIBKICTh €JNEKTPUYHOI €HEeprii, sfKka Mae CIO0XUBATUCSA

Kaim. "

CTpyMONIpHIIMa4aMH CUCTEM LITYYHOI'O OCBITJIICHHS 4, MOXe OyTH po3paxoBaHa 3a

BHPA30M:
Aoce. = Poce.(])akm, ) tocs. ) KKJ!iM. (1)

AHainoriyHo, 3a ¢opmynoo (1) MoxxkHa po3paxyBaTh OOCSTH CHOKUBAaHHS

EJIEKTPOCHEPT1l CUCTEMaMU OCBITJICHHS Oy/Ib-SIKOTO IPUMIIIICHHSI.

Po3paxyHok 00cCAriB CriOKUBaHHS €EKTPUYHOT €HEPTii BIaCHE Y HABYAIbHOMY
Opoleci Mae BUKOHYBAaTHUCS 3 YypaxyBaHHSIM BCTaHOBJIEHOI TOTYXHOCTI

cTpyMomnpwuiimMadiB P, ., Kl 3aJiH1 y HaBYaJbHUX TEXHOJOTISX Ta Mepioay vacy

Hagy.?

t IPOTITOM SIKOTO BOHHM BUKOPHCTOBYIOTHCSI Ha BHU3HAYEHOMY 3aHATTI Ta y

nagu.

BU3HAUYCHIN aynuTopii. ¢ . 3aJICKUTHh BIJl BUAY 3aHATH (JEKI[iHI, MPAaKTU4YHI Ta

Haey.

1HII), a TaKoX BIJ AUCHMIUIIHK Ta ii TemMaTwku. [[JIs CHpOINEHHS alTrOpuTMy
aBTOMAaTHU30BaHOTO PO3PaxXyHKy IPOTHO30BAHUX OOCSTIB E€JIEKTPOCIIOKUBAHHS

JOLIJIBHO  ONEpyBaTH  BIJHOCHOK  BEJIMYMHOIO k, 4Yacy BHUKOPHCTaHHS

CTpyMOIpUiiMadiB ¢, J0 3arajJbHOro (KaJeHJIapHOTO ) 4acy MPOBEJACHHS 3aHSATTS

Haey.

t AKa PO3PAXOBYEThCA SK KOE(]IUIEHT 3aBaHTaAXEHHs (BUKOPUCTAaHHS) 3a

Kaneno. >

BUPA30M K, =t

Haeu. /tKaJmeH().

Toxai  po3paxyHkoBHM ~ OOCST  CHOXKHBAHHS  €JIEKTPUYHOI  €Heprii

CTPYMOIIPUMMAYEM MPOTATOM 3aHITTS A

Haeu.

BH3HAYHUTHCA 3a BUPA3OM!

A =P -t

Hae4. Hae4. KaneHo. ) K3 . (2)

AHanoriyHo gopmyini (2) MaroTh OyTH po3paxoBaHi 1HII CKJIAJIOBI «CIEKTPY»
esiekTpocnoxuBaHHsa. CymapHi 00CSTy MPOrHO30BAHOTO €IEKTPOCHOKUBAHHS MAIOTh
pO3paxoByBaTUCA SK CyMa BHU3HAYEHUX CKJIAJoBUX. BoHU MawoTh (popmyBaTucs 3a
nepiogamMu 100UW, SIKI BiJMOBINAIOTh PO3KIAAy MPOBEACHHS 3aHSATh Ta TPUBAJIOCTI
po0OoYoro mHSA JOTMOMDKHUX MiAPO3LTiB, GOpMyrOUn MpoQuIl eNeKTPOCTIOKUBAHHS

Oynienero. Jlani MOXyTb OyTH c)OpMOBAaHUMHU Yy BUIIISIAI TaOnuib Ta rpadikiB
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IIPOTHO3HOTO CIIOYKMBAHHS Ha HACTYMHY J00Yy. AJTOPUTM CHCTEMH JI03BOJISIE€ BHOCUTH
KOPEKTUBH Y PE3YJbTaTH MPOTHO3HOTO PO3PAXYHKY IO 3aKIHYEHHIO MOTOYHOTO
nepioay, SIKIIO B HbOMY BUHHUKIM CYTTEBI 3MIHM BHXIJIHMX JaHHUX, MOB’S3aHUX 31
3MIHOIO PO3KJIaay 3aHSTh, YU 3MIHOIO METEOpOJIOriYHUX YMOB. CTpyKTypHa cxema
iH(OopMaIIiHUX OJIOKIB aITOPUTMY PO3PaXYHKY MPOTHO3HUX OOCSTIB CIIOKUBAHHS
eJIEKTPOEHEPrii y HaBYAJIBLHOMY IpOIleCci mpencTaBieHo Ha puc. 2 [175]. 3a miero
cxemMoro 1HQopmaiiiini ToTOKM (OpPMYIOThCS 3a JEeKUIbkomMa 0a3aMH JaHUX,
JDKepeNaMu SIKUX € KOHCTaHTH, 1[0 KOPEryIOThCS MEPIOIUYHO B 3aJIEKHOCTI BiJl 3MIHU
napameTpiB OyjiBii a00 HaBYaJIbLHUX MPUMIIIECHb (MOCTiMHA 0a3a JaHWX), 3MIHHI
BEJIMYMHM, fKI 3aJeXaTh B PO3KIay 3aHATh (3MiHHA 0a3a JaHWX) Ta 3MiHHI
BCJIMYHMHM, SKI XapaKTEpPH3yIOTh BIUIMB HA CJIEKTPOCIIOKHBAHHA TOTOYHHUX
KIiMaTHUHuX (moroguux) 3miH (iHGopMmaniiiHuii Mmeteomoptain). OkpiM IHX
iH(popMaIitHUX TOTOKIB CEpBEp CUCTEeMHU MOTpedye MOTOYHOi 1HQopMAaIlii 1010
peanbHOro eNeKTPOCHOKMBAHHA. IX jkepenoM Moxke OyTu iHdopwmariiina 6a3a
ACKOE. Opnak, sk Bxe 3a3Hauajocss y OUIBIIOCTI BUIAJKIB 1i BUKOPUCTAHHS €

IpoOJIEMaTHIHHM.

CucreMa MOHITOPUHTY €JIEKTPOCIOKHBAHHS CKJIAIa€ThCd 3 MPOrPaMHO-
AITOPUTMIYHOI 1 arapaTHOI YacTHH. B CBOIO uepry mporpaMHO-aJIrOpUTMIYHA YaCTHHA
MOJIUISETHCA Ha JIBl CKJIQJIOBi: aJTOPUTMHU MPOTHO3Y CIOKUBAHHS €JIEKTPOEHEpTii 1
QITOPUTMU aHAJI3y pe3yJbTaTiB. bulbll JeTadbHUM OMUC CKJIAAy CHUCTEMH 1

CTPYKTYPHOI CXEMH ITPOLIECY MOHITOPUHTY UIFOCTPYE pHUC. 3.
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Posknaz 3aHSTE.
HasBa gucuuriizg.
[ndopmarritina 6aza By 3aHaTs.
,,Yu00Bi Ta Ko HaBuaipHOrO
JIOTIOMIXKHI MIPUMITIICHHS.
MPUMIIIEHHS
P aeu i 3minHa 0a3a JaHuX
P y oceim. i
Ocsitnenicts (JIK) ‘ s ‘
o
ITocriiina 6a3a
JaHUX BIM
Cepaep cucTeMu IHTepHeT Tadopmariiini
Iadopmariiina 6a3a Marepianu
ACKOE BIM (Gismeteo)
A paxmun. [Noka3HuKM mOroH1
IToTo4HI MOKA3HUKHA Ta KIIMaTUYHI 1715
€JIEKTPOCIIOKUBAHHS A s BHU3HAYCHHS
A paxmuy Knoe.
3MmiHHa 0a3a A npoet. Kopee.
ApxiB

IIpoToxonu cucreMu

ApxiB

Pucynok 2. CrtpykrypHa cxema iH(OpMaliiHUX OJIOKIB aJrOpPUTMYy pPO3PAXYHKY

IMPOTHO3HUX OOCATIB CHIOKUBAHHSI €JIEKTPOCHEPTi Y HABUAIIbBHOMY MPOIECI.

Monynbs po3paxyHKy CHOKHBAHHS €JIEKTPUYHOI €Heprii 0a3yeThCsi HA MOJEISAX
KOPOTKOCTPOKOBOTO 1 JIOBTOCTPOKOBOTO MPOTHO3YBAaHHS CIOXKHUBAHHS EIEKTPUIHOT
eHeprii 06’ ekToM. BuTpara enexrpoeneprii 3aBKu 00yMOBIIEHa IBOMA TEHCHITISIMU:
€JICKTPOEHEPTisl AKa HEOOXiJHA JIi BUKOHAHHS TEXHOJIOTTYHOTO Ipolecy (podoTu
00’€KTa 3a MPU3HAYCHHSM) Ta €ICKTPOCHEPTis, KA BUTPAYAETHCS HA KOMIICHCAIIIIO
BIUTUBY  30BHIMIHIX  QakTopiB. Jas  po3paxyHKy  IJIJAaHOBOTO  MPOTHO3Y
€JIEKTPOCIIOKUBAHHS B CUCTEMI MOHITOPUHTY TIOBUHHI OyTH BBEJEH1 XapaKTEPUCTUKH
BCIX CTpyMmompuiimMauiB, ki € B HasBHOCTI Ha o0’ekrti. [lig xapakrepucTUKamu
PO3yMIIOTh: MOTYKHICTh CTPYMOTIpUiMaya Ta MiCIle HOTo MiAKIIOYEHHS.
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Pucynok 3. CTpykTypHa cxema Mnporecy MOHITOPUHTY €JIEKTPOCIOKUBAHHS.
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Takox 71 BU3HAYCHHSI TIAHOBOTO E€JICKTPOCIIOKUBAHHS MOTPIOHO MaTH KapTy
TEXHOJIOTIYHOTO TIporiecy (po3kiany 3aHsATh). Kapra siBise coOO MOCIIIOBHICTH

orepailiif, 1o O0yayTh BUKOHYBATHCh Y TIEP10JI, HA SIKUI CKJIAJIA€THCS TPOTHO3.

Kpim 11boro, moBuHHI OyTH B HASBHOCTI JIaH1 PO T€ sIKe 001 {HaHHsI Oy e 3a/I1sHE
JUTSI BAKOHAHHSI ITUX OTIepalliid 1 9ac, BOPOJOBXK SIKOTO, BOHO Oyze mparmroBaTu. Ko
00’€KT II€ 3aKjaJ OCBITH, TO Y SIKOCTI KapTH TEXHOJOTIYHOTO IPOIECY BUCTYTIAE
PO3KJIA] 3aHATh 3 3a3HAYCHHSIM y HBOMY BHUIY 3aHATTSA, MICI Ta dYacy HOro
IPOBEJICHHS, a TAKOXK, 0a)KaHO, TEMU 3aHATTs. Maroun iHpopMaIlito mo/10 MOTyKHOCT1
CTPYMOIIpHMMaYiB Ta TOCTIJOBHOCTI TEXHOJIOTIYHOT'O IPOIECY IPOBOJUTHCS

PO3paxyHOK MIOJ0 KIJIbKOCTI CIIOKUTOI €1EKTPUYHOI EHEPTii Ha Mepio MIaHyBaHHS.

YacTuHa eneKTpOeHePTii, 10 BUTPAYAEThCs 00 €KTOM CIIOKMBaHHS, 00yMOBIIeHA
30BHIMHIMHE (paKkTOpamMu, SIKI HE MOXYTh OYTH BpaxoBaHi JETEPMIHICTUYHOIO
CKJIaJIOBOIO TOMY, III0 3HA4Y€HHs LMX (PAKTOPIB MOXKE OYTH BUITAJIKOBUM, a TaKOXK
CIOCTEPITra€EThCS B3a€EMHUI BIUIMB LIUX (PaKTOPiB OAUH HA 0gHOro. Jlo Takux (pakTopis,
IepIl 3a BCe, CHiJl BIAHECTH MPHUPOJHI SBHINA: XMapHICTh, TEMIIEpaTypa MOBITPS,
HampsM Ha MIBUIKICTH BITPY, TOIIO, SIKI Y CYKYIHOCTI HE MOKHA JIETEPMIHICTUYHO
BpaxyBaTH MPU PO3PaxXyHKY CIOKHBAHHA eJeKTpoeHeprii. Takoxk, y Taky Tpymy
dbakTOopiB CiiA BIIHECTH 1 Iepioa 100U (IeHb, HiY, CYTIHKHK). Matouu peTpoCreKTUBHI
JaH1 TOTIEPETHBOTO CIIOKUBAHHS, Ta JIaHI 1O 3HAYCHHIO MOKAXYHKIB (PaKTOPIB 3a
nomnepeaHid 4Yac, MTPOBOJUTHCA «HABYAHHSI» MOJENed KOPOTKOCTPOKOBOTO Ta
JIOBFOCTPOKOBOTO CIIOKUBAHHS €JIEKTPUYHOT eHeprii. J{ns yeminmHoi poOoTH MO0
IIPOTHO3YBAHHS CIIOKUBAHHS €JIEKTpOEHEepTii HeoOXiqHO MaTH: 1) peTpoCHeKTUBHI
JlaH1 CIOKUBAHHS €JICKTPOEHEPTii Ha SKUX MPOBOAUTHCS «HABYAHHS MOJEIEH; 2)
OPOrHO3M 3HAYEHb 30BHIMHIX (akTOpiB (HANpUKIA[, MPOTHO3 MOTOAM) IS
YCHIIIHOTO CTBOPEHHSI MPOTHO3Y CHOKHUBAaHHS; 3) JaHl CIOXKHBAHHSA 33 MUHYJIHHA
nepioJl MPOrHO3Yy, IO MOCTIMHO OHOBIIOIOTHCA. Lle cTocyeTbcsi 3aCTOCYBAaHHS SIK

PO3paxyHKOBOI'O METOJTY, TaK 1 CTBOPEHHSI MAaTEMaTUYHUX MOJICIICH.
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3a yMOBU BUKOPUCTAHHS MaTeMaTUYHUX MOJEJEH sl MPOTHO3YBaHHs OOCATIB
CIOKMBAHHS €JIEKTPOCHEPrii OCHOBHI €Talmy MOJICIIOBAHHS Ta MPOTHO3YyBaHHS

BKJIIOYalOTh:

1. 361p maHux ans Mojeni (AUBUCH puc. 4):

- JIaH1 eJIEKTPOCIIOKUBAHHS 3 JIIYMJILHUKIB Ta TaTYUKIB.

- JlaHl W00 3aIUIaHOBAHOTO CIOXHWBAaHHA 3 Hamepe] BU3HAUYECHUM
HABaHTAKEHHSIM.

- 1aH1 3MI1HHU TIOTOJIM Ta KaJICHIapH1 e(eKTH.

- MIOKa3HUKHU €HEProe(EKTUBHOCTI 32 00’ EKTOM.

2. Bupginenns (¢ikcoBaHOi Ta BHUIAJKOBOI KOMIIOHGHT 4YacOBUX PSJIiB
€JIEKTPOCIIOKUBAHHS.

3. O0po6ka Ta Tpanchopmailisi JaHUX, poOOTa 3 AaHOMAJISIMHU.

4. MojnentoBaHHs 32 KJIACHYHUMU MIIXOJaMHU aHAII3y 4acOBUX PAAIB (Mozemi
BEKTOPHOI aBTOperpecii Ta KoB3Horo cepeaHboro ARIMA, Mozen eKCroHEHIIMHOTO
3rJa/)KyBaHHs, BEKTOpHI Mojeni aBtoperpecii VAR Ta KoiHTerpaiiiiHi mojeni
kopekiii moxubku VEC nns momryky JOBTOCTPOKOBHX Ta KOPOTKOCTPOKOBHUX
3B’s13KiB). [lepeBaroro KjlacMYHMUX MIAXOIB € iX MPOCTOTA, JETKICTh 1HTEpIIpeTallii Ta
MOJKJIMBICTh BHUKOPHCTAHHS [IJI1 HEBEIMKWX BHUOIpOK. lmeanmbHi UIsl MOSCHEHHS
MPUYUHHO-HACITIIKOBUX 3B S3KIB Ta MPOTHO3YBAaHHS OJJHOYACHO.

5. MoentoBaHHs 32 aHCaMOJIEBUMH IT1/IX0JaMU MAIIIMHHOTO HaBYaHHs (HEUpOHHI
MEpEexi, MOJIENI TPaieHTHOTO OYCTIHTY, BUMAIKOBHUX JIICIB TOIIO). 3a3HaY€H1 METOIH
MOKPaIyIOTh TOYHICTh MPOTHO3Y ITEpalliiiHO 3a paxXyHOK HaBYaHHS Ha aHcamoOJi
npocTux Mojened. HemomikoM BUKOPUCTaHHS € CKIQAHICTH IHTEpIpeTariii Ta
HEOOX1THICTh 3a0e3MeUeHHS BEJIMKOI KIJTBKOCTI JIAHUX CIIOCTEPEKEHBb IS SIKICHOTO
HaByaHHs. [Ipu Manux BuiOpKax MpOrHO3H1 SKOCTI CYyTTEBO MOTIPIIYIOTHCA.

6. [1inGip onTUManbHUX MOJAENEH 3 TOUKH 30py CTAaTUCTHYHOI aIeKBaTHOCTI Ta
IpOrHo3HOi skocTi. OIIHKA y3arajlbHEHOTO CEpPEeJHBOTO 3HAYEHHSI MPOTHO3Y IS
oOpanux wmojeneit. J[eKoMMo3uIlis MPOTHO3Y BITHOCHO Harmepe] BHU3HAYCHOTO

(hiKCOBAHOTO CIMIOKUBAHHS Ta 3AJUIIIKOBOT'O CTIOKUBAHHS.
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7. Anani3 NpUYMHHO-HACIIJKOBUX 3B’SI3KIB Ta (DOpPMYJIIOBAaHHS PIlLIEHb IS

M1BUIIEHHS eHEeProe(HEKTUBHOCTI Ta €HEPro30epesKeHHS.

( IcTOpUMYHI gaHi cCNOXXUBAHHA
eHeprii 3a 06'ekTom

Bu3HaueHi BHYTpiLWHI noTpebu
(BM3Ha‘-IEHe HaBaHTa*XeHHA 3a
NiAKAOYEHUMM NPUCTPOAMM)

KaneHpapHi epeKtu

(BMxiaHi, cBATKOBI AHI, Nepioau
BiAANYCTOK, Nepioan ANCTaHUiAHOI
poboTn)

~

(TemnepaTypa, WBMAKICTb BiTPY, onagu,
XMapHiCTb, TPMBAICTb CBITOBOrO AHA)

MoroaHi paHi

MporHo3
CNOXXUBAHHA
eneKTpoeHeprii

MNoka3HMKK eHeproepeKTUBHOCTI

(yTenneHicTb CTiH, AaTYMKM PyXY, KNac
eHeproedeKTUBHOCTI TEXHIKWN, MOAITUKN
Ta PeXMMKU eHeprosbepekeHHs)

\

Pucynox 4. 361p naHux A MOl MPOTHO3YBAHHSI €JIEKTPOCIOKUBAHHSI.

Jlns BUpilIeHHs 3a7a4l MOHITOPUHTY HEOOXI1JHO MaTH MPHUCTPOi 300py JaHUX
MOTOYHOTO CIIOXWBaHHSA. JIJII MOHITOPHHTY TOTOYHOTO E€JICKTPOCIIOKUBAHHS
MPOIOHYETHCSI Y CHUCTEMI MOHITOPHHTY Ta KOPOTKOTEPMIHOBOTO MPOTHO3YBaHHS
3aCTOCOBYBaTH OKpeMy cucrtemy. Llsg cucrema mnoOyaoBaHa 3 BHKOPHUCTAHHSM
CTPYMOBHUX JaTYMKiB, MYJIbTUIUIEKCOPA, MIKPOKOHTpPOJIEpA OMUTYBAaHHS JaTUHKIB,
MIKpOKOHTpOJIepa 3B 53Ky 3 cepBepoM. 1i OpraHizoBaHoO K G6E3KOHTAKTHY 3 MEPEKEI0
enekTporioctadands. CTPYKTypHY CXeMy MPHUCTPOIO ISl MOHITOPHHTY ITOTOYHOTO
€JIEKTPOCIIOKUBAHHSA TIpencTaBieHo Ha puc. 5. Cmijg 3a3HaYuTH, MO MPHUCTPIH
J03BOJIsI€ OTpUMYBaTH 1HPOpMaIlito 3 16 1aTYNKIB OJJTHOYACHO 1 KOHIIEHTPYBATH i1 JJIs1
MOJIAJIBITIOT TIepeaadi OAHUM MYJIbTUIUIEKCOpoM. CHcTeMa CIyrye il ONMUTYBaHHS
JaTYUKIB CTPyMy, MEPETBOPECHHSI 3HAYEHHS CTPYMYy B €JICKTPUYHY MOTYXHICTh 3a
BU3HAUYCHUI mepio] yacy. BoHa sBisie coOor0 mpuCTpii, KMl BKIIIOYA€ HACTYIIHI

KOMIUIEKTYIOUl: TaTYUKU CTPYyMY, MYJbTUIIEKCOPH, MIKPOKOHTPOJIEPHU ONUTYBAaHHS
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JaT4YMKIB, MIKPOKOHTPOJIEP 3B’ A3KY 3 cepBepoM. [[aTuuK CTpyMy BUKOPHUCTOBYETHCS
IHIYKTUBHUN NJ11 O€3KOHTAKHOTO 3HATTS 3HA4YeHb CHJIM CTpyMy. JlaTumk mnepenae
AHAJIOTOBHI CUTHAJI HA KOHTPOJIEP YEPE3 MYJIbTUILIEKCOP. MYJIbTUILIEKCOP BUKOHY€E

nepeMukaHHs Mixk 16-Ma natunkam Ha kaHan AL{Il mikpokoHTposiepa.

MIKpOKOHTpOJIEp BHUKOHYE OINUTYBaHHA JaT4yukiB 3a gomnomoror ALl
NEPETBOPIOE OTPUMAHUM CUTHANI B 3HAYEHHS CUIIU CTpyMy B Amnepax. B 3anexxHocTi
BiJl KOHCTAHTHOT'O 3HAYEHHS HANpPYyTrW BIAOYBAE€ThCS OOpPAXyHOK MOTYXHOCTI 3a
NEBHUNM TPOMDKOK dYacy. 3HAU€HHS MOTY>KHOCTI B KOHTPOJIEpI HAPOULYETHCS 1
nepeaacTbCs Ha KOHTpoJiep 3B’ 3Ky 3 cepBepoM 1o iHTtepdeiicy UART, koxui 30
CEKyH/ 1 [IPX YMOBI, III0 KOHTPOJIEP 3B’ SA3KY 3 CEPBEPOM OTPUMAB MIATBEPAKEHHS, IO
CepBep MPUUHSAB TOBIAOMIICHHA. SIKIO MATBEP/KEHHS BiJ cepBepa HE MPHMIILIO,

3HAYEHHS MOTY>KHOCTI JaJli Oyjie HAKOITUYYBaTHCh.

MikpoKOHTpoOJIEp 3B’SI3KY 3 CEpPBEPOM OTPUMYE MOBIIOMIIEHHS 3 1H(POpPMALIIEIO
PO «HAKOMIUYECHY» BEIMYNHY €JIEKTPUIHOI MOTYKHOCTI BiJl KOHTPOJIEpa OMUTYBAaHHS
naT4yukiB, Gopmye maker miusa Bianpasku o MQTT mportokony Ha BijgjganeHui BeO
cepBep, NIATpUMYE 3B’ 130K 3 Wi-fi poyTepom il nepenadi iHpopMalii, Ipu BTpaTi

3’eqHaHHs KOXH1 30 CeKyH]l «HaMaraeTbCs» HOro BIIHOBUTH.

Cucrema Moxke OyTu CKOH(IrypoBaHa Ay BUMiproBaHHsS Big 1 mo 16 kanauis
CWIM CTPyMy Uil OgHOro mpucTporo. Takoxx mepenaBatu iH(OpMaLil0 MOXHA 3a

nonomororo 0e3aporoBoro GSM a6o Ethernet 3’ennanHsl.

PesynpTaTt mpoBeACHWX MOCHTIKEHb Ta BUMIPIOBaHb MOKA3yIOTh, IO MPHU
3HAQYCHHSX HAMpyru Ha BUMiproBaHiit iiHii 210-230 B moxubka BUMiprOBaHb CKJI1aJa€e
10 5%. Ilpu Hanpy3i Ha BuMiproBaHii miHil 220 B moxubka BUMIprOBaHb CKJIaJae

meHue 1%, mo € npuiHATHUM Tl 1HPopMaLiitHuX cucteM [ 176, 177].
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. MQTT
MikpokoHTtponep, WI-Fl e
UART
MikpokoHTponep, ALM
Jatunk
CcTpymy
Jatumk
< cTpymy
D B—
Jdatumnk
l
MynbTunaekcop < cTpymy
I
L Jatuuk
-
cTpymy
T A AA
Jdatunk
cTpymy
JaTtumk
cTpymy
Jatumk | | Aatumk | | Jatymk | | JaTumk Jdatumk | | JaTtumk
CTpymy CTPymy | | CTPymy | | CTPYMY CcTpymy CTpymy

Pucynox 5. CrpykTypHa cxema TMPUCTPOIO [JJIsi MOHITOPUHTY TOTOYHOIO
€JIEKTPOCIIOKUBAHHS.

CTOCOBHO BHTpaT Ha BIPOBAKEHHS TaKOi CHCTEMH BapTO 3ayBaXKUTH, IO
CyMapHa pO3paxyHKOBA BapTiCTh BIPOBAKEHHS (BKIIOYAIOUN BUTPATH HA MPUIIAIH,
KOMIUICKTYIOUl, MOHTQ)XHI Ta IyCKOHAJIaroJKyBajbHI POOOTH, a TAaKOX BapTICTh
JineH3ii) cTaHoBUTh 0Ju3bKo 11,55 THC. TpH. (32 yMOBU MOKJIMBOCTI MiAKIIOYEHHS 16
TOYOK BHUMIpIOBaHHsS). ToAl TWTOMa BapTICTh MIAKIIOYEHHS OJHIET TOYKH
BUMIPIOBaHHSI Ma€ CcTaHOBUTH Onu3bko 0,72 Tuc. rpH. [lopiBHSHHS cepeaHix
BapTICHUX TMOKa3HUKIB BIpoBakeHHs onHiel Toukn ACKOE Tta 3ampomoHoBaHOi

1H(MOpMAIITHOT CUCTEMU MOHITOPUHTY 1 KOPOTKOCTPOKOBOT'O MPOTHO3YBAHHS OOCSATIB
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CIOKMBaHHS eniekTpoeHeprii 3akinagamu ocBiti KODROS Cym/lY, siky cTBOpeHO 3a
HABEJICHUMHU TPUHIIUIIAMH Ta aJTOPUTMaMHU, IOKa3ye JOIUIbHICTh BIPOBAKESHHS
Takoi CUCTeMU. Pe3ynbTaTl CTEHI0BUX BUMIPOOYBaHb €JIEMEHTIB CUCTEMH, 11 TOCITiHA
eKCIUTyaTallisi MoKa3ye, M0 3a PaxyHOK BIPOBAKEHHS HOPMATUBHUX IMOKA3HHKIB
EJIEKTPOCIIOKUBAHHA Ta iX JOTPUMaHHA 3a 1H(OPMAIIHHOT MIATPUMKH BKa3aHOIO
CHUCTEMOI0 MOKJIMBO 3MEHIIUTH OOCSATH CHOXKHBAHHS €JIEKTPOSHEprii HaBYaJbHUM

3aKJ1aioM y Mexax 7 - 8%.

[IpoBenennii anami3z mokazaB, IO OOCSAT (PAKTUYHOTO EJIEKTPOCIIOKUBAHHS Yy
OIHOMY 13 HaBYaJbHUX KopryciB CyMCBKOro JEp>aBHOTO YHIBEPCUTETY B
cepenabomy cTaHoBUTh 1318,2 kBr*roa. na Tiknens. B Tabn. 1 HaBeaeni ykpymnHeHi
TEXHIKO-EKOHOMIYHHUX MOKa3HUKIB MOHITOPUHTY

PO3paxyHKHU By3J1a

CJIICKTPOCITOKUBAHHSI.
Taomur 1.

TexHiK0-eKOHOMIUHI TOKa3HUKU By3Jia MOHITOPUHTY €JIEKTPOCIIOKUBAHHS.

No [Toka3HUK Po3mipHICT 3HavYeHHS
1 |Bapricts oGnagHaHHs (MPUIAAN Ta THUC. TPH. 7,0
KOMILJICKTYIOY1)
2 |MoHTaXHI Ta IMyCKOHAIaroIKyBajlbHl po0oTH 25% Bixg .1, THC. 1,75
TpH.
3 |Butpatu Ha nporpamHe 3a0e3neueHHs Yacruna Bif 1,3
3arajbHUX Ha
OJIUH BY30II
BHUMIPIOBAaHHS,
THUC. TPH.
4  |BapricTb JineHsii THC. TPH. 1,5
5 |Bcporo BUTpaT Ha OJMH BY30J1 BUMIPIOBAHHS THC. T'PH. 11,55
6  |KiibKiCTh TOYOK BUMIPIOBaHHS IT. 16
7  |Bchoro BUTpAT Ha OJIHY TOYKY BHMiPIOBaHHSI THC. TPH. 0,72
8 |Cepenne THKHEBE CIIOKHMBAHHSI eleKTpoeHeprii  |[kBT*ro. 1318,2
9  |KinbKiCTh HABUYAJIBHUX THKHIB 32
10 |Tapud I'pu/kBt*rom. 2,6
11 |PiyHi BUTpaTH Ha CJICKTPOCHEPTiIO TPH. 42182,4
12 |Po3paxyHKOBa €KOHOMisl BUTpAT Ha 8% Bimm. 11. 3374,6
€JICKTPOCHEPTII0 TpH.
13 |IIpocTuii TepMiH OKYITHOCTI POKiB 3,4
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HeoOxigHO 3a3HauMTH, 1110 HAaBEIEHI B TaONMIl | pO3paxyHKH € MONEpeaHIMHU.
[IpakTuyHO, MpW BUPIMIEHH] 3a/lay 3arajJbHOTO MOHITOPUHTY €IEKTPOCIOKWBAHHS,
npuiaja, 3 MICTHAAIATbEMAa TOYKaMH KOHTPOJII0, MOXKE 3a0e3medyBaTu 301p 1 00poOKy
JAaHUX B JIBOX-TPbOX CYMDKHHX KOpIycaxX Yy 3ajie)KHOCTI BIJl ICHYHOUOi CXEMH
EIEKTPOXKUBIEHHS. TOl MPOCTUI TEPMIH OKYMHOCTI OJIHOTO BY3Ja BHMIPIOBAHHS
cknagatume 1,2...1,4 poxu. Cuctema MOHITOPUHTY OKpIM (YHKII «BU3HAUEHHS
CIa0KUX MICLB» €JEKTPOCHOKUBAHHS, MOXKE CIYTyBaTH IHCTPYMEHTOM KOHTPOJIIO
JOJICP>)KaHHS TEXHOJIOTIYHUX, CaHITAPHO-TITIEHIYHUX Ta 1HIIMX HOPMATHUBIB (B TOMY
yycIl 3a0e3neYeHHs] HaBYaJIbHOro Ipoliecy) (yHKLUIOHYBaHHs OyJiBesib (KOPMYCIB,

naboparopiii Ta 1H.) HABYAJIBLHOTO 3aKJIaJy.

[TopiBHSIHHSA MOTOYHMUX 3HAYEHb 1 THUX, IO OTPUMAHI 32 JOIMOMOTOI MOJIYJIO
MPOTHO3Y HaJa€ 3MOTY MPOaHaNi3yBaTH BiAXWICHHS MPOHO3Y Ta PEAIbHO CIOXHUTOI
eNleKTpoeHeprii. SIkmo moxmbka MPOrHO3y HE MEPEBUIIyE AOMYyCTHME 3HAUYCHHS,
ABTOMATUYHO POOUTHCS BUCHOBOK IIOAO HAIEKHOTO (GYHKIIOHYBAaHHS CHUCTEMY
MOHITOPUHTY Ta IPABUJILHOTO BUKOHAHHS BCI€T TEXHOJOTTYHOT KapTH MpoLecy. SAKII0
CIIOCTEPITAETHCS CYTTEBA PO3OIKHICTh M1k MPOTHO3HUMH Ta PEeabHUMU TaHUMH, TOII

MIPOBOJISATHCSA HACTYITHI 3aXO0/IH:

1. KoperyBanHsi MOJiejIi TPOTHO3Y €JIEKTPOCTOKUBAHHS Ta, IPU HEOOX1THOCTI, il
MTOBTOPHE «HABYAHHS,;

2. BusBieHHS HaBaHTaXEHHs, sKe He OyJI0 3aHEeCeHO [0 TMepeliKy
BCTAHOBJICHOTO, a MOTIM a00 KOpEeTryBaHHs MEPEIIiKy BCTAHOBJIECHOTO 00JiafHaHHsI (Ta
TEXHOJIOTIYHOT KapTH MpoIlecy, 3a HEoOXITHOCTi), a0 BUSABJICHHS TPUYUH HOMY
J0IaTKOBE 00IaiHaHHs OyJI0 3a/1isiHe Y BUPOOHUYOMY IPOIIECi;

3. BusBneHHs poOIT TEXHOJIOTTYHOTO MPOLECY, Kl HE Oy BUKOHAHI.

3a pe3ynbTaTamMu MyHKTIB 2) Ta 3) MaioTh (OPMYBATHCS YIPABIIHCHKI PIIICHHS
1010 TOCUJICHHSI BUPOOHWUYOT TUCIUIUIIHU, 200 3MIHU MOCIIJOBHOCTI TEXHOJIOTTYHUX

orepalliif, 800 KOperyBaHHsI KApTU TEXHOJIOTTYHOTO MPOLIECY .

Mamepianu niocomosneno 6 npoyeci BUKoOHanHs depaicoiodxcemuoi memu 0118U003583 (dozoeip Ne

53.17.01-01.18/20.311).
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7.2 IIpodaeMaTHKa CTBOPEHHS 3aXMCHOI'0 €KPAHY HA OCHOBI 3a/1i30py/IHOI0 MUJIY
i3 3a1aHUMH BJIACTUBOCTSIMH

JlocnmimkeHHsT Ta TPUKIAAHI PO3POOKH Yy Tamy3l eJNEeKTPOMAarHiTHOi Oe3reKu
JOBEW, M0 HaWOuUIbml eGeKTUBHUM 3acO00M TOJIMIICHHS EJICKTPOMArHiTHO1
00CTaHOBKM € €KpaHyBaHHS. 3aXUCT MPAMIOIYNX y BUPOOHUYOMY CEPEIOBUIII Bij
HETaTUBHOTO BIUIMBY €JIEKTPOMArHiTHUX MOJIIB Ta MiJBUIIEHHS HOPMATUBHOTO PiBHIO
€JIEKTPOMArHiTHOT CYMICHOCTI TEXHIYHUX 3ac001B 3a0€3Me4yI0Th CYy4acHI €eKpaHyroul
Marepianu pizHoro kinacy. Ha »xamp, y JesSKMX BUIMAAKaX, B YMOBaxX IIUIbHOTO
pPO3MIIIIEHHsI ~ MpUJIaAiB, B MEPEHABAaHTAKEHOMY MArHITHOMY  CEpEIOBHII,
CIIOCTEPIraeThCsl HECTaOUTbHA pO00Ta YYTIMBUX CICKTPUYHUX Ta EIEKTPOHHUX
PUIIAIIB.

Po3pobnenHi0 Ta JOCHIPKEHHIO 3aXMCHUX BJIACTUBOCTEH MatTepiamiB IS
€KpaHyBaHHs €JEKTPOMAarHiTHUX IOJIB NpHUAUIAeThCa Oarato yBaru. Lle mokHa
MOSICHUTH  TIABUIICHHSIM EJIEKTPOMArHIiTHOTO HABAaHTAKEHHS Ha BHPOOHHYE
cepenoBuie (00JiaiHaHHS, MEpPCOHAN) Ta JOBKUUISA. 30KpeMa, CIOCTEPIraeThbCs
TEHJICHIliSI 30UIBIIEHHA AaMIUTNTYJ] Ta PO3IIUPEHHS YacTOTHOTO  CIIEKTpa
eJeKTpoMarHiTHuUX mnojiiB [178]. ¥V Takux ymoBax TpaJuiliiiHI MeTaJleBi MarHiTHi
€KpaHM MarTh CYTT€BI HEAOJNIKM — BIJICYTHICTh KEPOBAHOCTI 3aXHWCHHUMH
BJIACTUBOCTSIMHU, BENMUKI KOEQIIIEHTH BIAOWUTTSA €JIEKTPOMATHITHHX XBWJIb Ta Y
0aratboX BUMAJKaX HAJUIMIIKOBICTh KOE(ILIEHTIB €KPaHYBaHHS. Y Cy4yaCHUX YMOBaX,
Mopsii 13  3aXMCTOM JIFOJAEM Ta €JEKTPOHHOro OOJaJHAHHS Bl  BIUIMBY
€JICKTPOMArHiTHUX  TOJIIB, HEOOXIMIHMM €  3a0e3medyeHHs  Oe3nepeOiiHoro
¢yHKUIOHYBaHHSL 3aco01B Oe3apoToBoro 3B s3ky [179]. HeOaxanum Takox €
€KpaHyBaHHS TPHUPOJAHOTO T€OMArHITHOTO ToJisA. ToMy HaWOUIBIT MEPCIeKTUBHUMU
3ac00aMH 3aXHCTy € KOMIO3MIIiHHI MaTepiann. IX TepeBaramMu € KepoBaHIiCTb
Koe(ilieHTaMM €KpaHyBaHHsS 3a pPAXyHOK 3MIHM KOHIIEHTpAaLli eKpaHyr4oi
cyOcraHIii y Marepiaii OCHOBHU (TKaHWHHU a00 TIOJIIMEpY) Ta TOBIIUHU MaTepiany. Ae
TOJIOBHOIO MPOOJIEMOIO € CKJIQJHICTh TEXHOJIOT1I BUTOTOBJICHHS KOMIIO3UTIB Ta iXx

BHCOKAa BapTICTh, 1110 € MPOOJIEMOIO JIJIsi IPAKTUYHOIO 3aCTOCYBaHHS TaKUX MaTepialiB
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JUIS OOJIMITIOBAHHS TOBEPXOHb BEJIMKUX IUION] Ta CEPIHHOTO BUPOOJIGHHS 3 HHUX
CHELIaJIbHOTO 3aXHCHOT'O OJIATY.

Jlns BUpoOJIEHHSI METaJIONOJIIMEPHOTO MaTrepialy y sIKOCTI TosiiMepa oOpaHo
crangaptHuid xapyoBui jatekc (latex) NRL BupoOnunrta «Vytex» (USA). Ileit
MaTepias BUPOOJIAETbCA y PIIKOMY CTaHi, IIUPOKO BUKOPUCTOBYETHCS M Mae Maiy
BapTICTh. Y SKOCTI €KpaHykouoi cyOcTaHLli BUKOPUCTOBYBABCS 3a130pyIHHMA
KOHIIEHTpaT, oTpuManuii wmerogom drotamii (flotation) na IlonTaBchbKOMY
riparuyo30aradyBajibHOMY KoMO1HaTi (Ykpaina). Cxknan koHuentpary — Fe — 7273 %,
FeO, Fe304 — 8-20 %. Cepennst aucniepcHicth 150-200 MxMm.

BuwmiproBanns  edextuBHOCTI  MaTepianiB  (KOe(DIIIEHTIB  eKpaHyBaHHS:)
€JIEKTPOMArHITHOTO TIOJIA HAJAHW3BKAX YacTOT BUKOHYBAJIWCSA 32 JIOIMOMOTOIO
KaJIIOpOBaHOr0 aHali3aTopa eJleKTpoMar”iTHoro cnekrpa Spectran NF 5035
(HiMeuuymna) 3rilHO 1HCTPYKII 3 eKcIulyararii. MakcuMaabHa OCHOBHa IMOXHOKa
BUMIpIOBaHb He mepeBuuryBana 1 %. J[ns BU3HaueHHS KOe(Ili€HTIB €KpaHyBaHHS
€JIEKTPOMArHITHUX TOJIIB YIBTPABUCOKOT YaCTOTH BHUKOPUCTOBYBABCS KajiOpOBaHMIA
BUMiptoBad miibHOCTI MmoTOKy eHeprii I13-31 (Pociiickka ®enepairisi) 3rigHO
IHCTpyKUIi 3 ekcruryaTarii. MakcuMaabHa OCHOBHA NOXMOKa BHMIPIOBaHb HE
nepesuiryBaia 2,7 nb. BumiproBanus koedimieHTIB eKkpaHyBaHHS 31HCHIOBAIOCS IS
Tr€OMETPUYHO 3aMKHEHHMX €KpaHiB, sIKI IMOBHICTIO OTOpTajlyd BHUMIPIOBAJIbHI aHTEHHU.
@OHOB1 pIBHI HANPYKEHOCT1 EJIEKTPUYHOIO MOJISI MPOMHUCIOBOI YacTOTH Mij 4ac
BUMIpIOBaHb He mnepeBuinyBasu 10 B/M, marnitHoro mons — 0,1 A/M. doHoBa
IIUIBHICTh MOTOKY eHeprii, y aiana3zoni yactot 0,3—30 I'T'u, He nepeBuiryBana 0,265
MKBT/cM?,

VY 4KOCTI eKpaHyr4oi CyOCTaHIli JyIsi BUTOTOBJIEHHS 3aC00IB KOJIEKTUBHOTO
3aXMCTy — MaTepiaiiB A OOIUIIOBAHHS TOBEPXOHb BEIMKHUX ILIOI 3aCTOCOBYETHCA
OUIBII JCIIeBUI MaTepiall — 3ai30pyAHUN KOHIEHTpAaT. K 3a3Hadanocs, rOJIOBHOIO
3a/layero0 MIJBUIIEHHS SIKOCTI MaTepially € PIBHOMIPHICTh PO3MOJLTY €KpaHYIOUYUX
YaCTHHOK Y 00’ €M1 HOCISI — PIJIKOTO JaTeKCy.

Ha nepmomy erami cyxuil KOHIIEHTpAT 3aji3HOI PyIu J0JaBaBcs y JiaTekc (y

naHomy Bunaaxy — 20 % 3a Baroro) Ta MexaH14yHO nepeminryBascs. [licis nporo cymim
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nijgaBagacs yabTpa3ByKoBiil oOpoOi1ii.

JlocnmikeHHsT 3aXUCHUX BJIACTHBOCTEM OTPUMaHUX MarepiaiiB (BU3HAUYCHHS
Koe(iIleHTIB eKpaHyBaHHs ) BAKOHYBAJIOCS JJIsl €JICKTPOMAarHiTHUX TOJIIB HATHU3bKUX
gacToT  (IIPOMMCIIOBa  4YacToTa, 11 TapMOHIKM Ta  IHTEPrapMOHIKM) Ta
€JIEKTPOMArHITHOTO TOJIS YJIbTpaBUCOKOi yactotu 2,45 I'T.

PiBHI eleKTpOMarHiTHUX TMOJIB HAAHU3bKOI YacTOTH, BPaXOBYIOUM iX
KBa31CTAlllOHAPHICTh, BHU3HAYAIOTBCS OKPEMO 3a MArHITHOK Ta EJIEKTPUYHOIO

CKJIaJIoBUMHU T10J1s1 (MasiroHOK 2)[180].
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MaTepiallaMH: @ — BUXIIHUM CIEKTP MarHiTHOro MoJis; 6 — CIEKTP MAarHiTHOrO oS,
€KPaHOBAHOTO METAIONOJIMEPHUM MaTepiaoM
Pe3ynbpTaT BUMIpIOBaHb 3MiH €JIEKTPUYHOI CKJIaJOBOI €JIEKTPOMArHiTHOIO OIS
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Mantonok 3 — ExpaHyBaHHS €JIEKTPUYHOIO TOJISI HAJHU3bKOI YaCTOTH
3aXMCHUMH MaTepiajlaMu: @ — BUXIIHHM CHEKTP EJIECKTPUYHOTO TOJIA, O — CIEKTP
EJIEKTPUYHOTIO TOJIsI, EKPAHOBAHOT'O METAJIONOJIIMEPHUM MaTepiaioM

[leii pe3ynpTaT OYIKyBaHHMI 4epe3 Te, M0 €KpaHykua CyOCTaHLIA Mae Maly
IPOBIIHICT, IO 3HIDKYE KOE(QIIIEHTH EKpaHyBaHHS EJIEKTPUYHOTO mojs. Aue
MAarHiTHE I0JI€ BBAXKAETHCS OUIbII KPUTUYHUM IOJI0 BIUIMBY Ha O10JIOTTYHI 00’ €KTH.
J1o TOro >k eKpaHyBaHHs €JIEKTPUYHOTO I0JIsl y BUPOOHUUYUX yMOBaX, Ha BIAMIHY Bij
Mar”iTHOr0, HE CKJIaJa€ TPYIHOIIIB YEpe3 MOMIIMBICTh 3aCTOCYBAaHHS OY.b-SKOIO
CYLIJILHOTO MeTaJIeBOoro Marepiany [181].

Po3pobnenuit  martepias Uil €KpaHyBaHHS ~— HHM3bKOYAaCTOTHHX  Ta
BHCOKOYACTOTHHUX €JIEKTPOMATHITHUX TOJIB CKJIaIa€ThCS 3 MIHOMIATEKCY Ta JOJaHOTO
JI0 HbOTO y HEOOXiHINA (po3paxoBaHiil) KUIBKOCTI 3aJlI30pYJHOIO MUY, SIKUH €
eKpaHyl4ow cyOcranmieto. s po3paxyHKy MOTpiOHOI TOBUIMHU HEOOX1aHI
3HaUEHHA 0 Ta W,. OCKUIbKM Marepian € 1HHOBAI[IMHUM, L1 B1JIOMOCTI BIJCYTHI Y
JOBIJIKOBIH JIITEpaTypi, TOMY Ha MOMEPEIHHOMY €Tari 0yJIO TOCHIIKEHO 3aJIeKHICTh
0 Bl KOHIIEHTpaIlli MeTaJieBO1 CyOCTaHIIll, a TaKOX 3aJICKHICTh BiJ Hei BIIHOCHOI
MAarHiTHOI MPOHUKHOCTI € [182]. 3HaueHHs 3a [, pO3paxOBYBAJIOCS 31 3HAUEHHS &,
BUXOJSYU 3 BIJJOMHUX CITIBBIAHOIICHb €JIEKTPOJUHAMIKH CYIUIBHUX CEpeIOBHIILI.
HaBenenuii  migxig  JomoMarae  peryjroBaTH  KOe(ILIEHT  €KpaHyBaHHS
€JIEKTPOMArHITHOTO MOJISl MPOMHUCIIOBOI YacTOTH Y Mexkax 2 — 6, eJIeKTPOMAarHiTHOTO
noJigl yJIbTPaBUCOKOI yacTtotTu — 2,5 — 12. [lpm upoMy MOXIJIMBE OFHO3HAUHE
pPO3B’si3aHHS SIK OPSAMOiI, TaK 1 3BOPOTHOI 3ajadi: sl MOTpiOHOro KoedirieHTa
eKpaHyBaHHS BU3HAYAETHCS TOBIIMHA 3aXMCHOT TOBEPXHI Ta i1 (h13UKO-XIMIYHUN CKIIa]T
abo i1 MOXJIMBOI TOBIIMHU €KpaHa y KOHKPETHHX yMOBaX PO3PaXOBYETHCS CKIall
Marepiary Ta Koe(iieHTH eKpaHyBaHHS. BpaxoByroouu JOCTaTHIO CKJIQJHICTh
TEXHOJIOT1i ~ BUTOTOBJIEHHS  KOMIIO3UTHHX  METAJIO-TIOJIMEPHUX  MaTepialis,
aBTOMATHU3aIlisl TPOIECY iX MPOCKTYBaHHS Ta alTOpPUTMI3AIlisl PO3POOJICHHS Ta
BIIPOBA/PKCHHSI OpraHi3amiifHO-TeXHIYHUX 3aXO/lIB 3 €JIEKTPOMArHiTHOI Oe3IeKu Jae
3MOTI'y CKOPOTUTH Yac BUKOHAHHS pOOIT, MIABUIIUTH iX €(PEKTUBHICTh Ta 3HU3ZUTH

MaTepiajbHl BUTPATH.
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SECTION 8. INNOVATIVE TECHNOLOGIES

8.1 Innovative fine grinding technology with acoustic process control

Introduction. Grinding processes are used to prepare mineral raw materials for
processing in the mining, metallurgical, chemical industries, powder metallurgy,
production of building materials, glass, plastics, ceramics, solid fuels and other types
of fine materials. Products are mainly ground in energy-intensive ball, jet and planetary
mills. Grinding costs are significant, and the quality of the resulting products does not
always reach the required level [183].

At dressing factories, 45 - 65% of the total energy consumption is spent on
grinding ores. About 4% of the world energy costs are spent on grinding operations for
various technical products. At fine and ultrafine grinding, energy costs increase in
direct proportion to the size of the product. For example, to obtain in a ball mill one
ton of material with a particle size of less than 100 microns, it is required 25 kWe+h, to
obtain the same material sized less than 50 microns, 50 kWeh are required, 25 microns
- 100 kWeh, 12 microns - 200 kW<eh, 1 micron — 1400 kWe h

The development of industry requires the fine (less than 20 microns) and
ultrafine (less than 7 microns) product production. Fulfillment of such requirements
leads to a further increase in energy consumption per unit of production. Therefore, the
reducing energy consumption during fine mineral grinding and improving of
equipment and grinding technology remains the relevant question. This process is
hindered by the lack of a theoretical justification for the choice of optimal grinding
modes, methods for on-line product dispersion control that does not allow reducing the
process energy consumption. At the Institute of Technical Mechanics of NASU and
SSAU, an innovative technology of jet grinding with acoustic process monitoring has
been proposed [184-186].

The purpose of the work is to substantiate the possibility of optimizing the jet
grinding technology of bulk materials based on acoustic process monitoring.

To study the process of destruction and, in particular, grinding, it is possible
applying a method using the effect of acoustic emission during the material destruction.
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Acoustic emission is a physical phenomenon associated with the elastic wave radiation
from a solid body when it is loaded [185]. The energy consumption for grinding is
connected with the occurrence and development of cracks in the fracture process of a
loaded solid. Dispersion completes this developing process. Due to the fact that a
certain part of the energy released during destruction is converted into acoustic energy,
modern techniques and acoustic hardware tools for technical diagnostics of micro- and
macrodestruction are applicable to identify dispersion effects based on information
about the formation of acoustic activity areas [187].

Research results. In this work, it is proposed to reduce the energy consumption
of fine grinding by using acoustic monitoring of two mill working zones: the grinding
chamber and the pipeline at the gas suspension outlet from the classifier to the ready
product collector. According to the adopted technique, acoustic information (spectra
of the amplitude-frequency characteristics of acoustic signals) was obtained using a
piezoelectric sensor connected to a brass waveguide installed in the study area. The
acoustic signal (AS) sensor is connected to an analog-to-digital converter and a
computer [184]. Studies have shown that at various stages of the jet grinding
technology, including the material feeding, changing the solid phase content in the jets
and the particle size, there are changes in the AS activity (quantity) and amplitude
distributions. The use of acoustic monitoring of the grinding zone makes it possible to

establish the total signal activity NZ in the grinding zone and signal count (quantity)

with conventionally minimum (4, =2 - 5 mV), exceeding the noise signal amplitude
of the energy carrier jet without supplying a solid phase ("idle jet"), maximum Aax,
that is the greatest amplitude value characterizing at least 1% of the total signal number,
and the average amplitude values A. Figure 1 shows the acoustic signal recordings of
the studied areas under different classification modes and, accordingly, with different

product dispersion.
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Figure 1. AS records of the grinding (1) and transportation (2) product zones in
different modes of the classifier operation:

a) n =380 min"!, b) n =107 min"!, ¢) n = 170 min’".

The analysis of the AS characteristics of the mill working zones made it possible
to establish their dependence on changes in the mill productivity and the specific
surface of the crushed product. This fact became the basis of the technique for
increasing the technology efficiency. To optimize the process, three criteria have been
established - the efficiency Ke, the circulation Kc and the optimality Ka.

The jet grinding efficiency is estimated [188] by the conditional coefficient Ke
= Q0 /lg N(g/imp), which characterizes the ratio of the mill productivity Q to the
corresponding logarithm of acoustic activity in the grinding zone. A linear relationship
has been established between the Ke coefficient and the mill productivity for various
heterogeneous material processing (chamotte, limestone, slag, brown and gas coal). It
has been experimentally shown that the optimal acoustic activity level of the grinding
zone with a process efficiency of Ke>0.4 g/imp is in the range N = 10°° -10°3, while
obtaining a product with increased dispersion is accompanied by an increase in acoustic
activity N (fig. 2d).

An important technological parameter of the jet mill operation is also the
material circulation rate in the system, i.e. the value of the circulating mill load [189].
The ratio Kc = N/ Ni.ua of the AS number at a specific moment t of the grinding process
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with N number of AS and at the initial moment M. of the material loading (¢ 1n fig
2) characterizes the value of the acoustic circulation coefficient. Under conditions of
optimal mill operation (Zin fig. 2) with maximum productivity, this coefficient is close
to unity; under conditions of overfilling of the jets with material (#3), it is in the range
of K. = 2-4, and with their excessive jet unloading (ts) it becomes less than 1 (see Fig.

2e).
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Figure 2. The circuit of basic interrelations of acoustic and technological jet

grinding parameters of slag, chamotte and quartz sand grinding

Next important jet grinding factor is frequency of the effective particle impacts
characterized with acoustic activity. In this connection for an estimation of optimum mill
operation an acoustic criterion Ka is offered. Its value is characterized by product of

maximal amplitude 4nqr on the general amount N, of acoustic activity or particular one

N

:Ka(NZ):Aidé 'NZ; Ka(N‘ )= Ay - N

Amax

. Processing of experimental data has

Aiao Amax
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shown that it is more preferable to use the first formula because of wider change range
of criterion in various grinding modes. From physical positions of destruction the offered
criterion characterizes acoustic effect of kinetic energy transformation of the particles
accelerated by jets in acoustic energy of crack formation at particle destructions by
impacts. Thus, the size of criterion is theoretically proportional particle destruction
tension during jet grinding.

The analysis of the acoustic monitoring data of various material jet grinding has
allowed designating Ka change borders (allowable and inadmissible ones from positions
of process optimality) for single operating grinding cycle (one portion loading, grinding,
jet unloading). The admissibility border of the criterion should correspond to transition

of an optimum grinding mode to not optimum one. Optimum size Ka lies in a range (19-
35) 10° V/c, allowable one is Ka™ = (6-17)"10° V/c and inadmissible one is Kai™=(0,4-

6) 10° V/c. Research has shown, that the recommended level of values Ka depends from

observed ready product dispersity: for Sy, =0,6 - 0,7 m*/g (sand, chamotte, slag) there is

Ka= (23 - 35)-10° V/c, whereas for S, 0,98 m%/g (coal) there is Ka = (12 -15)-10° v/e.

The acoustic criterion value of grinding process optimality depends on physics
mechanical properties of a crushed material, in particular, its density and particle size.
So, increase of material density results in appreciable decline of grinding productivity.
Accordingly the optimality criterion value decreases at grinding materials of higher
density. For example, grinding of zircon and quartz sand: for zircon Ka = 16,1*10° V/c,
for quartz sand 3 Ka = 35,5*%10° V/c. The criterion kinetics is kept identical for various
loose materials. For a loading mode it increases typically, and for mill unloading the
criterion value reduction is compared with its value for an optimum operating conditions
of grinding process (fig. 4 f).

Thus jet grinding process control should be founded on the information given by
acoustic monitoring about a jet loading conditions. Then on the basis of the received
information analysis it’s needed to provide duly material portion feeding for
achievement of grinding process maximum efficiency [190].

The conclusion. The idea of an optimization consists in constant monitoring
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values of acoustic signal amplitude and activity of a grinding and qualifier zone, their
processing and comparison of the established criteria with their control values. At a
significant deviation of criteria there can be carried out additional material loading or
classification mode changes. Testing this optimization for laboratory and industrial jet
grinding has shown satisfactory result concurrence that has proved the revealed grinding

optimization principles for innovative technology.
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SECTION 9. MECHANICAL ENGINEERING AND MECHANICAL
ENGINEERING

9.1 Vibro protective systems of quase zero rigidity

CydyacHi TpaHCIIOPTHI 3ac00H, BUPOOHUIITBA, OMIPHI KOHCTPYKIIII MPAIIOIOTh B
yMOBax TOCTIMHMX BiOpaliiiHUX 1 yJapHUX HABAaHTAXEHb. AKTYaJIbHICTh 3aXUCTY
CKJIaJIHUX TE€XHIYHUX CHUCTEM BiJ BiOpalliil MOCTIHO 3pOCTa€E BHACTIAOK 301IbIICHHS
HMIBUAKOCTEHN pyXy, HABaHTaXeHb, 3pOCTaHHS TEXHOJIOTTYHOI CKJIaJTHOCTI KOHCTPYKIIii,
POCTY BUMOT JI0 TOYHOCTI MPUJIAIIB 1 MeXxaH13MiB. Takok BpaxoBYEThCS €KOJIOTTYHUN
acmeKkT B IUIaHl 30UTBbIIEHHS pecypcy pobotu oOnamaHaHHs. s 3a0e3nedeHHs
Ipane31aTHOCTl TEeXHIYHUX CHCTEM 1 3aJaHOr0 Pecypcy BUKOPHUCTOBYIOTHCS Pi3HI
nigxoqu 1 meroau. Bulip cmocoOy 3axucTy 3aleXHTh Bl XapaKTEPUCTHUK
30ypIOIOYOTO HaBaHTAXKEHHsI, 00’ €KTa, 10 MOTPeOy€e 3aXUCTy Ta TEXHIYHOI KYJIbTYypH
POEKTaHTA.

Ha wneii yac po3poOieHi YMCIIEHHI KOHCTPYKIIi BIOpO3aXUCHUX CHUCTEM SIK
IIMPOKOT0 3aCTOCYBAHHS TaK 1 OPIEHTOBAHMX HAa KOHKPETHHM OO0’€KT, IO MiJJIsTrae
3aXHUCTy. 3a CIOCOOOM pearyBaHHS Ha 30BHIIIHIA BIUIMB BIOPO3aXHUCHI CHUCTEMU
MOJUISAIOTh HA TACHBHI Ta aKTHBHI. 1€ MaCUBHUX CHCTEM BIOPO3aXUCTy TOJIATAE Y
BUKOPHCTaHHI BJIACHMX CTa0UIbHUX TapaMeTpIiB KOHCTPYKIli, 0e3 3adydeHHs
JOJIaTKOBOI'0 JDKEpena €Heprii, ToO0To, M NPUKIaay, BUKOPUCTaHHS MPYXKHIX
eJIEMEHTIB, pecop TONIO. IX BaXIMBOIO IIEPEBArOI0 € MPOCTOTAa KOHCTPYKIiH Ta
MiHIMaJbHa 200 MOBHICTIO BIJICYTHSI €HEPro3aTPaTHICTh, IO CYTTEBO 3MEHIIIYE CaMy
BapTICTh BUTOTOBJICHHS MeXaH13My. BukopucTtanHs eHeprii Bil0OyBa€eThCs TITBKH JJIS
JKUBJICHHS TIpWJIady, IO 3axXUIIAEThCsa BiJ BiOparii. Jlo HEMOJNIKIB TaKUX CHCTEM
MOJKHA BITHECTH T€, III0 BIOPO3axXUCT BIIEBHEHO BENIETHCS HA YAaCTOTaxX OuibIe Hixk 20
[

[TosiBa akTHMBHUX BiOpO3axUCHUX cUCTeM OyJjia OOyMOBIJIEHA HE3aJ0BUIBHUMHU
pe3ynbTaTaMi poOOTH KIACHYHUX MAaCHBHUX 332 YMOBH HIMPOKOMOJOCHOTO CIEKTpa

HqacToT 36yp1-0[0‘101"0 HaBaHTA>XCHHA, 0COO0JIMBO 3a HASIBHOCTI YIAapHUX HABAHTAKCHb.
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AJne iX pOo3BUTOK Ma€ 3HAYHUM OIIpP BHACHIJOK BEJIUKOI CKJIAIHOCTI 1 JIOPOTOBU3HHU.
Brnacue depe3 miBeIeHHS 10JaTKOBOTO )KUBJICHHS O CHCTEMHU 3aXUCTY iX Ha3UBaIOTh
akTuBHUMHU. OKpIM 1[bOTO, AaKTUBHICTh CHCTEMM I[IOB’S3aHa 31 MPUMYCOBUM
NepeMIIEHHSIM KOHCTPYKIIiil BIIHOCHO OCHOBH, sika BiOpye. Lle BigOyBaeThcsi Ha
OCHOBI ITOKa3HUKIB JIaTYMKIB, 1110 BOYI0BaHI B caMy BiOPO3aXUCHY KOHCTPYKIIIFO.

Oco06MB1 CKJIATHOCTI BUHUKAIOTH SIK JIJIs1 aKTUBHUX TaK 1 I TACUBHUX CUCTEM
B HU3bKOYACTOTHOMY Jlala3OHl 4YacToT 30yprOIOYOro HaBaHTaXEHHSA. Aue 1l
npo0IeMH Y aKTUBHUX 1 TACUBHUX CUCTEM MPUHILHUIIOBO Pi3HI. [JIsi aKTHBHUX CHCTEM
B HU3bKOYACTOTHOMY Jl1ala30H1 KOJIMBAaHb BaXKKO pealizyBaTH 3HAYHI 32 aMIUTITYI010
nepeMinieHds y npoTtudasi 30ypeHHIO BHACTIOK 1HEPTHOCTI 3HAYHUX 32 MAacolo
MEXaHIYHUX CUCTEeM. B TacuMBHHUX IIHIMHUX CcHUCTEMax BIOPOI30JALIi CTYIIHb
BIOPO3axUCTy HAJEKUTh B PI3HHII MK BJIACHOIO YacCTOTOK KOJHMBaHb 3aXUCHOI
CUCTEMHU Ta HIKHBOIO YacTOTOI 30ypeHHs. AJie 3MEHIIEHHS BJIACHOI YacTOTH
BHUMAarae CyTTEBOTO 30UIbILIEHHS radapuTiB 1 Macu camoi BiIOpo3axucHOi cucremu. B
pe3yJIbTaTi Maca OCTaHHBOI CTA€ CIIBCTABHOIO 3 MacOi0 00’ €KTa IO MiAJIIrae 3aXUCTy.
Jlns TpaHcnopTy, 0COOIMBO B aBiallii 11e HenmpuIycTumo. st crarioHapHux 00’ €KTIB,
oco0mBo npu yactotax MeHie 10 [' rabapuTi 3aXUCHUX CUCTEM Ha OCHOBI IIPYKHUX
€JIEMEHTIB BUMYIIICHI MaTH 3Ha4Hi TabapuTH, a MHEBMATUYHI MOTPEOYIOTh YBOXKHOTO
00CITyroByBaHHs, YaCTHHA 3 HUX YyTIWBA JI0 arpeCUBHOTO cepenoBuina. CKIaaHiCTh
3a/1a4l 1 piI3HOMAHITHICTh TEXHIYHUX OO0 €KTIB JI0O3BOJISIIOTH 3pOOUTH MPOTHO3 II0JI0
HEMOXJIMBOCTI CTBOPUTH YHIBEpCaJIbHy BIOPO3aXUCHY CHUCTEMY B OJHM3bKOMY
MalOyTHbOMY.

Merta cTarTi € 03HaMOMJICHHS 3 TMPUHIIMIIOM POOOTH BiOPO3aXHCHOI CUCTEMU 3
kopekiiero xopcTrocTi (BCKIX) 1 onmc koHCTpyKINi BiOpoi3oisiTopa o0y 10BaHOTO
3a IUMH PUHITATIAMH.

JleTanbHO Teopist BIOPO3aXUCHUX CUCTEM 3 KOPEKIIIEI0 JKOPCTKOCT1 PO3IIISIHYTa
B poOOTI KojekTuBa aBTopiB Ha yoii 3 [I.M. AnaOyxxeBum [191]. Xoua Ha 1eit yac
BCKXX ne HaOynu MMPOKOTO MOIIUPEHHS, 0 HANEBHO, MOKHA MOSACHUTH OpakoM
iH(dopMarlii npo nepeBaru Takux cucreM. [IpomucioBe 3acTocyBaHHS iX MOYMHAIOCH

3 3aXHCTYy BiJl yAapiB pyK ONEpaTopiB MpH KJIENaJbHUX OIMepalisx. 3 yacoMm cdepa
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BUKOPUCTaHHS pO3LIMpPHIIACA. 3a KOHCTPYKLIEI BOHU MOAUIAIOTHCS Ha TPU THUIIA

(pucynok 1): A, B, C.

-

A\

Puc. 1. [Ipuknamu xouctpykiit BCKX: 1 - mun A, 2 — mun B, 3 — mun C.

KoHcTpykiii BIOpO3aXUCTHUX CHCTEM 3 KBa31HYJIBOBOK KOPCTKICTIO MOXYTh
BapilOBaTUCh 3aJIEKHO BiJ] MOCTAHOBJIEHO1 3a/ayl. BoHuW HanmexaTh A0 MaCUBHUX
cucteM BiOpo3axucTy. JlaHi cucreMH He NOTPeOYyHOTh JOJATKOBHX E€HEPreTUYHUX
3aTpaT Ta HE € 3aTPAaTHUMHU 3 MAaTeplaibHOI CTOPOHH, IO € BEIMKUM ILTIOCOM MpPH
BUPOOHUIITBI.

Ha pucynky 2 nokazanuit BCKIK tuny A, mo ckiagaerbcs 3 HACTYIHUX
eJIeMeHTIB: 1 — OCHOBHHMI HECyuYWi, MPYKHIM €JIEMEHT MEeBHOI CTaJIOi YKOPCTKOCTI
(3a3BMYAil BUKOPUCTOBYETHCS MIPYKUHA), 2 — IPY>KHIHM €l1eMEHT KOPEKTOpa, 3 — 00’ €KT,
10 3aXMINAETbCA BiJ BiOpawmiid. s 3abe3nedeHHsT pyXOMOCTI BHKOPHUCTOBYIOTHCS
koJimarka 4 ado aHaJIOTr1YHUI TEXHOJIOTIYHHUH €JIEMEHT.

4

O

N

O
N

700
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Puc. 2. Koncrpyxkuis BCKX tuny A.
1 — nepwuii Hecyuuti npysicHiu enemenm, 2 — Opy2utl HeCy4ull NPYHCHIL eleMeHm, 3 —

00 ’exm, wo i30110emves 810 sibpayitl, 4 — Koaiwamka.

Jlanuii TUT BBAXKAETHCS HAWUIMPOCTIMIANA 3 TOYKH 30py TEXHOJOTIYHOCTI Ta
BUpOOHMIITBA. J[aHA KOHCTPYKI[S [a€ MOXJIMBICTH MiIOOPY HECYYHX MPYNKHUX
€JIEMEHTIB PI3HOI KOPCTKOCTI, B pe3yjbTaTl 4Oro B1AOYBaeTbCA KOPUTYBAaHHS
3arajibHOi JKOPCTKOCTI Ha Oyjb-sKoMy 1HTepBaii nepemimeHb. lle o3Hagae, mio
KOHCTPYKI[isl Ma€ rapHi BiIOp0O3axUCHI BIIACTUBOCTI MPHU PI3HUX BEIUYMHAX KOJIMBAHbD,
32 YMOBH 100y HEOOX1THOT dKOPCTKOCTI HECYUHX €JIEMEHTIB.

Ha pucynky 3 Ta 4 nokaszani BCKXK tunis B Ta C BianoBigHo. JlaHi B1aCTUBOCTI
HABEJICHUX CHUCTEM MOBHICTIO CIIBIAJIal0Th, MPOTE CYTTEBOIO BIIMIHHICTIO € cama

KOHCTPYKIIiS.

\
O

O

=

o

1

Puc.3. Koncrpyxkuist BCKX tuny B.
1 — ocnosHull npyoicuiti enemenm, 2 — 00’ €km, wjo i30110€MbCsl 8i0 8iopayitl, 3 —

NPYIUCHIL efleMenm KopeKkmopa, 4 — cmepaicetv, 5 — Koriuamxa.
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Puc. 4. Konctpyxkuist BCKX tuny C.
1 — ocnosHuil npyoicuitl enemenm, 2 — 00’ €km, wjo i30110emMbcsl 8i0 8iopayiil, 3 —

NPYIUCHIL eflemenm, Kopekmopa, 4 — cmeparcensb, 5 — Koniwamxa.

Buxknang ocHoBHOTO Matepiany. Po3risHeMo MexaHI4HY CHCTEMY IO MICTHUTh
00’€KT 3aXUCTy Macol m, OCHOBHHI (HECyuuid) Mpy>KHUI €JIEMEHT KOPCTKOCTI €4 1

IPYKHI €JIEMEHTH KOPEKTOpa KOPCTKOCTI €, (puc. 5).

Puc. 5. Po3paxynkoBa cxema BCKX

[IpencraBnena cucreMa MOKe KOJTMBATUCH JIMIIE B3/IOBXK BEPTUKAIBHOI Oci X. B
MOJIO’KEHHI CTAaTUYHOI PIBHOBAarM Macy 3axHUINaeMOro 00’€KTa CHpuiiMae JuIe
OCHOBHHMM TIPYXKHIA €IIEMEHT, TpPYXHI €JIeMEHTH KOPEKTOpa pPO3TamloBaHi

TOPU3O0HTAJIBHO 1 JIiHIA 1X i1 CKIJIaJa€ 3 J1HIEI0 71T OCHOBHOTO IIPYXKHOTO €JIEMEHTa Ky T
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90°. Ile MOJIOKEHHSI BBAXKAEMO BHXIJIHMM, a KOODAMHATA X B LIbOMY pa3i JOPiBHIOE
HYJIIO.

s Toro, mo0 BIAXUIUTHA Macy 3 MOJIOKEHHS PIBHOBAru, HEOOXITHO JOKJIACTH
nesky cwiy F, sika 3a BelIMYMHOIO JOPIBHIOE peakuli Npyx uH. CKOPHCTABIIHMCH
MPUHITUTIOM MOXJIMBUX IEPEMIIIEHb, MOYKHA 3aITUCATH:

(F—mg — F,)6x — 2F, X 6L, (1)
ne F; 1 F, — peakiii BepTUKaIbHOI(OCHOBHOI) 1 TOPHU3OHTAJIBHOI MPYXKUH
(KOPEKTYIOUHX) BIAMOBIAHO.
3nauenHs cui Fi 1 F2 Bu3Hauumo 3a popmynamu:
Fy = ¢ (x — Ab) 2)
F; = ¢; (L= 6p)
ne L — nomxuHa npy>XKUHU KOPEKTOpa B JOBUIBHOMY CTaHi;
Los = b+ Ab
Lo, = a+ 6y
- BIJIMIOBIJTHO JOBXUHU MPYKUH Y He1e(OPMOBAHOMY CTaH.
BpaxoByroun 3aJ1€KHICTb:
L= v et
13 BpaxXyBaHHSAM PIBHSHHSA 2, 3 PIBHSHHS 1 3HaXOIUMO BHpa3 ISl peaKiiii

CHUCTCMMU.

(a+68,)
e (3)

TyT BpaxoBaHO YMOBY CTaTH4YHOI piBHOBaru. BuznaunMo o0n1acTs napameTpis, B

F =cix+ cyx [1

AKUX TpyXH1 peakuii ontumanbHi. [IpoaudepeniitoeMo piBHAHHS 3 1 3HaWIEMO

KOPCTKICTh CUCTEMH, BITHECEHY 10 )KOPCTKOCTI1 BEPTHUKAIBHOI MPYKUHU:

1+a,
CC=1+2C26[1_W] (4)

e Cpp =2 x, =2 a, =
fu 2C c1 4 C a9 C
B 10J10)KE€HHI CTATUYHOI PIBHOBAru MaeMo:
c. =1—2c,.a,

YMoOBa HYJIbOBO1 KOPCTKOCTI y BIAXUICHOMY IMOJOKEHHI Ma€ BUTJISIL:
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2C2C a. = 1
Haii6inp11e nepemiiieHHs, Ha SKOMY KOPCTKICTh MEHIIIE a00 TOPIBHIOE JACSIKOMY

Harepea 3a1aHOMY 3HAYCHHIO C, BU3HAYA€THCA 3 piBHHHHfI 4:

1= Q1+ 2600/ (1 + 26, — T - 1)

OcranHe pIBHSHHS TOKa3ye, IO BiOpoizoisTOp 3abesneuye Oyab-siKy Maly
AKOPCTKICTb.

BaxxnuBuMm € Te, mo Hecyya 3patHicTe BCKOK 3anexurs numie Bif »KOPCTKOCTI
OCHOBHOTO IPY>KHOTO €JIEMEHTA:

Fiec. = mg = ¢, AD

OTxe 3a Takol YMOBHU yCYBA€ThCS OCHOBHMI HEJOJIIK JIIHIMHUX CHUCTEM, SKUM
[0JIATA€E B HEOOX1THOCTI 3HAYHUX rabapuTIB MPYKHUX €JIEMEHTIB 32 HU3bKUX BJIACHUX
4acTOT KOJIMBaHb.

Tunosa xapakrepuctuka »opctkocti BCKXK tumy C HaBenena Ha puc. 6.

N 7
e .
/ \

Puc. 6. Xapakrepuctuka sxxopctkocti BCKX tuny C

0 L
--._\

Ha puc. 7 maBemeno cxemy BCKIK, 1m0 BHKOPHUCTOBYBaJHCS SK OIOPH
B10pO3axuCHUX IIAaTGOPM yCTaHOBJIEHUX Ha cyaax [192]. 3axuct 3abe3nedyBaBcs Bij
BEPTUKAIBLHO CHPSIMOBAHMX HHU3bKOYACTOTHHMX KOJWBaHb, HWIKHS TPAHMIIS CIEKTPY
skux nopiBHioBaia 5 ['m. s omip mimatgopM BHKOPHUCTOBYBAIUCS 6 OJHOTHUITHUX

BCKX, kpimieHHs BEJI0Ch 10 ITOKA 3, €IEMEHT KOPITYCy MOKa3aHO 3alITPUXOBAHUM.
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Puc. 7. Cxema xynaukoBoro BCKXX: I — npoghinvosanuii kopnyc, 2 — ocnosHuii
NPYHCHULL efleMeHm,; 3 — WMOK, 4 — NpYJCHi eleMenmu Kopekmopa, 5 — Kynauxu, 0,
7, 8 —eaoxceni; 9, 10, 11, 12 — wapnipu; 13 — nopuiens 3i moxom Kyaauxa

[parroe BCKXK nactynHum unHoM. Buxos4u 3 3arajibHUX MPUHIIAITIB CUCTEM
3 KOPEKULIEI JKOPCTKOCTI CTaTUYHE HABAHTAXEHHS CIPUKMAE€ OCHOBHUU MPY>KHHIM
enremMeHT 2. B craHi cTaTM4HOi pIBHOBarM KyJaykd S5 pO3TALIOBYIOTHCA
TOPU30HTAJIBHO, MPYKHI €JIEMEHTH KOpeKTopa 4 MONepeiIHbO CTUCHYTI, JIHIS il
PYXKHUX CHII 3 X OOKY MepreHIuKyIsIpHa BEPTUKAIBHIN 0Cl 130J1TOpA.

[Ipu npuxnaganHi 30yproOYOro HaBaHTAXEHHS B1IOYBA€ThCS, HAMPUKIAI,
MepeMIIlIeHHsT 00’€KTa 3aXUCTy, a OTXke 1 mToka 3 BBepX. Baxeni 6 1 7 3’eanan1
HIapHIpaMH yTBOPIOIOTH pyXxoMuil poM0. OTke KOTKU 5 3 BajkeJeM 8 MpOBEepTaIOTHCS
1 OIyCKAIOThCSl BHU3 O0KOUYIOUH Harpasisitounid koprnyc. [IpykHs cuia KopeKTopiB B
TAaKOMY TIOJIO)KEHHI CHpPAMOBAaHA IMiJ JESIKHUM KyTOM [0 KopIyca 1 Moxe OyTH
pO3KJIaZiecHa Ha BEPTUKAJbHY 1 TOPU30OHTAIbHY CKiIaaoBy. Hampsimoxk nii cui
OCHOBHOTO TPY)KHOTO €JIEMEHTa 1 BEpTUKAJIbHUX CKJIAJOBUX MPYKHUX EIEMEHTIB
KOPEKTOPIB CIPSIMOBaHI B MPOTWICKHUX HaNpsiMKax. | OpU30HTANIbHI CKIIAJ0BI, 110
JII0Th B IIapHipax poMOy OJHAKOBI 3a BEJTWYHWHOIO 1 MPOTHIICKHI 32 HAMPSIMKOM.

JIOTpUMyIOUYUCH paHillle HAaBEIEHUX YMOB MPU IPOEKTYBaHHI MOYKHA IOCATTH 3HAYECHb
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KOPCTKOCTI OJIU3BKOI J0 HYJIS B 3aJaHOMY Jiana3oHi 4actoT. [Ipu nepemimieHHi B
NPOTUJICKHOMY HAmNpsSIMKY Jisl CUJl B TPYXKHUX €JEMEHTaX 3MIHIOETbCS Ha
nporwiexxkauil. [Ipukiman koncrpykiii BCKIXK moOynoBaHoi 3a NMpUBEICHOIO BHIIE

CXEMOIO HAaBEJCHO HA PUCYHKY &.

o
I
%,
i

*(
‘((
A

5
:

%
S
“‘2 X,

o,

e
2
H

-

Puc. 8. Koncrpykuis kynaukoBoro BCKK

Ax Bimomo [193], B macuBHHMX BiOpO3aXMCHHUX CHCTEMaxX BJIACHA YacTOTa
BiOpo3axucHOi cucTemMu Mae OyTH, K MiHiMyMm, B (2)'? MeHIIe HMXKHBOI rpaHHMI
cnekTpa 30yprorounx yactoT. B nanomy Bunagky BCKXK mana BmacHy wacroty 2,5-3

FII. HO,Z[&J'IBIHC SHUJKCHHA MOJKIIMBEC, aJIC B PCAJIBHUX CHUCTCMAX 34dBXKIU € TCPT,
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3HAYEHHS SKOTO BaXXKO MepeI0ayuTh TEOPeTHYHO. TOMy YKOPCTKICTh CHCTEMH Ma€
3a0e3nevyyBaTy rapaHTOBaHE IMOBEPHEHHS CUCTEMH B CTaH MEPBUHHOI piBHOBAaru. 3a
3aHA/ITO HU3BKUX BJIACHUX YACTOT 1 BIIHOCHO BEJTUKHUX CHUJI T€PTS MICIsl MPUITMHEHHS
aii BiOpaiii MOXJIHMBa 3yNUHKA B MOJOXKEHHI OJU3bKOMY J0 TPAHUYHUX BIIXUJICHD.
OTxe, B LIbOMY BHIIQJIKy MPU TMOBTOPHOMY HABaHTAXKEHHI MOXJIHUBI ynapu 00
obmexxyBaul. ToMmy HeoOXiHO 3a0€e3euyBaT NEBHY J0JIaTHIO )KOPCTKICTh CUCTEMH,
OTXKE€ B TEOPETHUYHOMY IUIaHI peajibHa CUCTeMa HE Ma€ OyTH ONTHMAJIbHOIO 3 TOYKU
30py KBa31HYJbOBOI )KOPCTKOCTI [ 194].

Onucana xkoHcTpykuiss BCKXX mMoxe Oytu pekomeHaoBaHa Jisi BAKOPUCTAHHS
B CEMCMIYHO HEOE3MEeYHHX paiioHaX, Ha PIYKOBUX 1 MOPCBKHX CyJaxX B CHCTeMax
BIOpO3axMCTy 1 CTalllOHAPHUX YHIBEPCAIBHUX HH3bKOYACTOTHUX BiOPO3aXUCHUX

CHUCTCMaX.
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9.2 Analysis of existing methods of grinding waste from mechanical industries

During the mechanical processing of materials, waste is generated, which is 15-
25% of the weight of the workpieces. Given the significant indicator for the
regeneration of raw materials, the processing process is appropriate. However, before
the recycling stage, there 1s an important and capacious transport process, for which
the material must also be prepared, because the machining waste (chips and sludge)
has a low bulk density. Transportation of bulk cargo is not economically feasible.
Along with the financial part of the issue, there is an open issue of ecological content:
unprepared chips have on their surface the remnants of lubricating and cooling fluids,
which without disposal carry a bacterial threat to the environment. If we assume that 1
cubic meter DM removal of metal is consumed when turning approximately 0.5 kWh
of energy and the volume of steel chips 8 times greater than the initial volume of metal
removed from the original workpiece, then on a modern machine with a capacity of 30
kW per hour 1s formed more than 0.2 cubic meters shavings. This chip, especially if it
has a drain type according to the classification of IA Time, clutters not only the
workplace of the machine, but also the area adjacent to the machine, complicating the
normal operation of equipment and maintenance of the machine. There are many ways
to prepare chips for transportation by grinding, which can be combined into two
methods - during cutting (kinematic) and during transportation (non-kinematic).

The first method includes methods where the process of grinding chips is achieved
by a special tool geometry, which is assigned in relation to the modes of cutting and
processing materials, special devices (chip circles and chippers), pre-treatment of the
surface, finding certain processing modes.

Chip crushing in the cutting process (kinematic method) is caused by the
following prerequisites:

-increase in cutting speed;

-increasing the volume of mechanical engineering products and automation of
machining processes;

-trauma from metal shavings.
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A specific feature of chip grinding on the machine is that the machine-building
plants are equipped with a variety of metal-cutting equipment, a wide range of
machined materials, a variety of cutting modes. Currently, a large number of methods
of chip grinding process of blade processing, which can be divided into the following
types:

- curling from an independent installation;

- with the contact of the curler and the cutter of the support surface;

- periodic stop of supply of the cutter;

- use of self-oscillations (change of elastic system machine - device - tool - part
and selection of cutting modes).

The second method includes all methods associated with changing the kinematics
of the cutting process, based on changes in feed. Obtaining crushed chips by the
kinematic method is associated with a change in the design of the machine.

The most difficult to perform are the requirements for cutters for universal
machines of serial and individual production, due to changes in parts, materials and
cutting modes.

The main requirements for them are as follows: the cutter must stably form a
favorable shape of the chips, with the widest possible fluctuations of the workpiece
material and cutting modes; the cutter should not be bulky; preferably mechanical
mounting of the cutter plates; possibility to perform a number of operations, transitions
with the help of one cutter; the cutter must have normal stability; the design of the
cutter should be simple and allow high-quality, economical sharpening.

Currently, many designs of cutters that adjust the shape of the chips to a more
favorable, but they have a limited scope and do not have the properties of universality.

There are three types of the most characteristic designs of such cutters: cutters
with a constant shape (without adjusting elements); cutters with overhead adjustable
chippers; cutters with unground multifaceted plates.

Cutters with a constant shape have a number of limitations in their application and

only partially meet the requirements for them for serial and linear-flow production.
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The main types of cutters for linear-flow production with constant cutting
conditions include:

- cutters with fine powder;

- cutters with long regrind plates;

- cutters with overhead curlers, have a simplified design.

The disadvantages of such designs of cutters - the sensitivity of the shape of the
chips to changes in cutting conditions (depth of cut, hardness of the material of the
workpiece) and deviations in sharpening).

For automatic lines, four types of cutters are used, which can meet the
requirements. These include:

- cutters with overhead curlers;

- cutters with holes (grooves);

- cup-shaped cutters;

- cutters with multifaceted non-grinding carbide inserts.

The disadvantages of these cutters are:

- the need for mounting plates and insufficiently stable nature of the chips, which
changes with fluctuations in allowance, hardness of the material and with blunt cutters;

- the need in each case to carefully choose the geometry of sharpening the cutter;

- increasing the vertical and radial component of the cutting force in cup cutters;

- sensitivity of cutters to constantly changing cutting conditions and to instability
of sharpening of cutters.

Thus, in terms of production non-kinematic method of grinding chips does not
always provide reliable grinding in the processing of plastic and hardened materials, to
grind chips by this method is almost impossible.

Due to these reasons, the kinematic method of chip chipping has recently become
widespread.

The kinematic method of grinding chips into elements due to the periodic exit of
the cutter from the cutting zone provides reliable grinding of chips regardless of the

workpiece, cutting mode and tool geometry. There are two ways to use this method:
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- cutting with periodic switching off of giving of the cutter at continuous rotation
of a detail;

- cutting by introducing additional oscillating motion of the cutter.

The first method is called discrete, and the second, which implements the
sinusoidal law of oscillating motion, is called the vibrational method.

However, they are not widespread, as they have a number of disadvantages:

- do not provide constancy of glow of shaving;

- reduce productivity in comparison with continuous cutting;

- reduce the rigidity of the system machine -device - tool - part;

- difficult to install, unreliable, not versatile in operation;

- Does not provide the necessary roughness and shape of the processed surface;

- the required safety and convenience during operation is not provided;

- associated with sources of variable design of machines.

Free from the disadvantages of the kinematic method of grinding chips is
relaxation, which consists in the fact that the cutting tool receives a total movement in
the feed direction, consisting of a uniform motion with the feed described by the law
of relaxation oscillations, which significantly distinguishes this method from vibration,
in which this movement described by the law of harmonic oscillations.

However, this method has a number of significant disadvantages:

- apply for a certain range of cutting speeds;

- not used for finishing turning;

- requires certain changes in the existing designs of metal-cutting equipment.

After analyzing the existing methods of grinding chips on a lathe and after
inspecting the mechanical shops of large plants, we can draw the following
conclusions:

- the problem of chip grinding in the cutting process is not widely used and is
currently unresolved;

- there is no universal, effective and optimal way to process any workpiece on any

machine;
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- for the final grinding of chips it is necessary to create special equipment that will
ensure the grinding of chips during transportation by conveyor from the machine to the

packing and processing area.
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9.3 Raising of durability of auto grader knives cutting elements

Ensuring sufficiently high durability of cutting elements (CE) used in motor
graders and other earthmoving machines (EM) is considered to be one of the
compulsory conditions determining the reliable operation of earthmoving machines
(EM) and the highest efficiency of their operation. This is due to the fact that the
decrease in the durability of (EM) occurs due to the excessive abrasive wear of their
(CE) [197, 198]. In connection with this, there is a search for new, as well as
improvement of the existing methods for reducing abrasive wear of CE materials used
for their manufacture. It is possible to reduce the abrasive wear of CE by several
methods (by hard surfacing with various alloys, volumetric hardening, surface
strengthening, etc.). However, these methods have a number of shortcomings, since
they worsen the stress-free state of the material after the application of a particular
technology and, as a consequence, lead to insufficient resistance to abrasive wear
during operation of CE in the operating environment (dredging soil).

The solution of the problem can be expected by using an ion-plasma coating (IPC)
TiN-Cr2N on the surface of the CE [199]. However, at present there is no information
in the literary sources about the use of such coating for the CE of EM. In case of a
positive result of such a solution to the problem, it becomes possible to increase the
service life of the EM in difficult operating conditions, to cut downtime on repair, as
well as the cost of restoring or replacing worn-out electronic devices with new ones.

To assess the efficiency and obtain quantitative specifications confirming the
positive effect of IPC application in real operating conditions, the corresponding tests

of DZ-180 motor grader were carried out (Fig. 1).
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Figure 1. General view of the auto grader DZ-180 with cutting knives hardened by
high frequency currents (HFC) (1) and HFC + TiN-Cr2N (2)

Operational tests of auto grader DZ-180 were carried out in two stages. At the
first stage of testing, the grader blade was installed at the angle of 90 °, at which loading
on the knives was maximum [200], and therefore their durability was the smallest. In
addition, such entrance angle ensures uniform abrasive runout of the knife along the
entire length.

At the second stage of testing, the auto grader was operated in regular operation
mode without any limiting, so it performed all types of work in which the blade
entrance angle varied from 10 to 90 °.

During the first stage of testing, two middle knives made of 65G steel after
hardening with high frequency current were cut into two parts each (Fig. 2). By doing
so, the smaller two parts of the knife (Fig. 2 b) were grinded to a surface of roughness
0.32 pum and then subjected to IPC TiN-Cr2N under the conditions presented in Table.
1 [200, 201]. The applied coating consists of a fusion of alternating five layers of Cr2N
and four layers of TiN. In the process of applying multilayer coating there occurs
tempering of steel 65G, which leads to a decrease in hardness to HRC 30. After thermal
treatment, the hardness of the substrate constitutes HRC 50-54.
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Table 1
Modes of TiN-Cr2N coating [201]

F::I;tl}fsiloen Current Curr.ent on| Voltage |Current/, | Pressure ]())fﬁ(i);lg
) on Cr, A Ti, A UuvVv A P, Pa .
material {, min
Ist stage: cleansing, heating and activation by chromium ions
chromum| 8 | - | 90 | 2 | 133 | 7
2nd stage: spraying of coating in nitrogen atmosphere
2
cathodes:
Ist 80 70 150 3 0,67 25
chrome
2nd
titanium

Further, the cutting knives with and without coating were installed on the blade

of the auto grader DZ-180 in the order shown in Fig. 1, that is, the parts of the knife

Before the performance testing of the auto grader, the blade cross-sectional

a) — cutting knives with HFC hardening;
b) — cutting knives with HFC and IPC TiN-Cr2N hardening
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Figure 2. Auto grader cutting knives made of 65G steel.

without a coating (1) and with the TiN-CroN IPP coating (2) were taking turn
(interleaving). After that, the auto grader was subjected to operation for 150 machine-
hours, which under normal operating conditions provides the cutting knives greatest

wear [199].

thicknesses were measured using a plaster mix. For this, it was taken a mixture,
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consisting of gypsum and alabaster in a ratio of 10:1. The method to determine the
thickness of the cross-section consisted in fact that motor grader cutting knives were
placed in plastic molds, filled with carefully whipped plaster mixture (Fig. 3). Each
cutting knife fragment was mounted on three identical plastic containers with a gypsum
mixture. In this case, one container with the mixture was placed in the center of the
cutting knife fragment, and the remaining two were placed along the edges. In this
position, the cutting knives have been kept for 1 hour (Fig. 3). After an hour, all the
fragments of the cutting knives were dismantled from the containers together with the
hardened gypsum mixture. Then these containers were cut along the cross section of

the cutting knife, the trace of which remained after dismantling (Fig. 3).

¢

Figure 3. Plastic molds with medium cutting knives before testing on the motor

grader DZ-180.

Then, the received cuts of the knife cross-section were scanned using the Canon
MP280 multifunctional device. On 12 prints of the cross-section of the cutting knife,
obtained as a result of scanning before and on 12 prints after the operation of the auto
grader using the KOMPAS-3D V19 program, the thickness of the cross-section of the
cutting knife was defined at a height of 12 mm from the top of the print. The choice
of this height rate is due to the fact that the wear-out of the cutting knives occurs evenly
over the entire surface, which is connected with the installation of the blade at an angle
of 90 ° relatively to the direction of the motor grader movement.

Each cutting knife (right and left) of the auto grader was measured six times in

total. However, due to the fact that the side cutting knives overlapped the ends of the
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middle cutting knives during installation (Fig. 1), the wear-out value of the first zone
of the left and third zone of the right cutting knife wasn't taken into account, as cutting
knife wear in these zones occurred only on the rear surface. In this regard, in order to
obtain reliable experimental results, the wear-out values of the grader knife were taken
into account only for five zones of the same cutting knives with HFC hardening and
for five with TiN-Cr2N coating.

The purpose of the second stage of the tests was to establish the wear-limit of the
parts of the cutting knife with HFC hardening and TiN-Cr2N coating under normal
operating conditions.

At the second stage of the tests, the auto grader performed all the regular work
(repair and maintenance of the road surface, profiling of the ground, road construction,
etc.), herewith, the cutting knife installation system used was the same as in the first
stage of testing the auto grader.

During the entire test period, the cutting knives were dismantled every 50
machine-hours and their thickness was determined according to the method described
above. Fragments of the standard cutting knife subjected to HFC hardening were tested
until their wear reached the limit value, and fragments of the cutting knife with IPC
continued to operate up to the amount of wear corresponding to the limit wear of
standard cutting knives.

The results of cross-sectional measurements of wearing values are presented in
table. 2, and in fig. 4.

As it can be seen from table 2, the wear on the first zone of the left cutting knife
and on the third zone of the right cutting knife have the lowest values. This is due to
the fact that in the process of mounting the middle cutting knives, their outer parts are
overlapped by the bits (side cutters) installed on the top i.e. only the rear surface of the
cutting knife on these zones and the front surface of the bits are worn.

The least wear also occurs with TiN- CroN IPC of cutting knives. For example,
the wear of the second and third zones of the left cutting knife with TiN-Cr2N is 1.57
and 1.61 times less than the wear of the same zones of the left cutting knife after HFC

hardening. The wear of the first and second zones of the right cutting knife with IPC,
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1s 1.63 and 1.62 times less than the wear in the same zones for the right knife with HFC
hardening. Comparing the wear values of the out areas (the first zone on the left and
the third zone of the right cutting knife), we can conclude that the process of wear on
the back surface was less intense than on the rest of the cutting knife. However, the
wear of the first zone of the left cutting knife with IPC TiN-Cr2N is 1.58 times less
than the wear of the third zone of the right knife. Herewith, the wear of the cutting
knives after HFC hardening, averaged 2.79 mm, and the same cutting knives, but with
IPC TiN-Cr2N -1.75 mm, i.e. 1.59 times less than the wear of regular cutting knives.
In addition, during the operational tests of the cutting knives, an intense rounding of
their cutting edge was observed (Fig. 4). At the same time, after 150 machine-hours of
testing of the auto grader, the latter had a shape close to cylindrical. This led to a

pronounced bluntness of the cutting knife, especially in those areas that were subject

only to HFC hardening .
Table 2.
Thickness and wear of the auto grader blade after operation for 150 machine-hours
Paramete ' ' _
Knife cross-section thickness, mm
r
Knife ' . .
Left knife Right knife
type
Knife With HFC With HFC
. _ With HFC . With HFC
processin | hardening +IPC . hardening +IPC '
_ hardening . hardening
g method TiN-CroN TiN-Cr2N
Zone I | or| I I | or| I I | ur| I I | II
Before | — |« |0 |0 | | |© | = | |0 | | —
n | S | = | || |[& | = |© |a | < |
. S s T o W S T R S T A S T B S R B o o R o O P SN P S
testng | ~ |~ | N | & | N | NN | S Y| N
After T v e ~ |0 | n >~ | < <+ | o | = v
n o= v | | Q| = |9 | |« | & | |v©
. N ol v v |8 v x| S
testing S |l | | F | | |vv v | | | < | ©
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Figure 4. Imprint of the auto grader cutting knife cast after testing with IPP TiN-
Cr:N (a) and subjected only to HFC hardening (b).

Thus, at the location of the middle blade of auto grader at an angle of 90 °, the
wear of cutting knives with IPC TiN- Cr2N, on the average, was 1.6 times less than the
wear of regular cutting knives after HFC hardening

The results of the second stage of tests during the long service life of the auto

grader blades are shown 1n Fig. 5.
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Figure 5. Dependence of wear W of a cutting element with HFC hardening (1) and
with IPC TiN-Cr2N hardening (2) on time t of operation.
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As it can be seen from the graphs presented in Fig. 5, the wear of standard cutting
knives reached the limit value (7 mm) after 322 machine-hours of testing. The same
amount of wear of cutting knives with IPC TiN- CroN hardening reached after 550
machine-hours, which is 1.7 times more than regular cutting knives.

The operational tests of the auto grader confirmed the positive effect of applying
IPC TiN-Cr2N on the surface of cutting knives with thickness of 4 um and roughness
0f 0.32 um, and the cutting knife material hardness of 50 HRC. This effect is expressed
in a decrease in wear (increase in durability) of the medium auto grader cutting knives
by an average of 1.6 times at the maximum loading on the blade (at the entrance

angle 90°).
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9.4 be3BiaxoaHi cmocod0u BUIABIIOBAHHS JAeTaJIell TUIY KLIbIA

Y  OpOMHCIOBOCTI IIMPOKO 3aCTOCOBYIOTHCS JI€Tajl THUIy KUIbLA PI3HOL
KoH(piryparii. be3BiAXoIHUM CIIOCOOOM BUTOTOBJICHHS TaKWX JIETAJICH € pajiajibHe
BUJIABJIIOBAHHS 3 HACTYIHUM BIAJUIEHHAM 0araromTy4yHOi 3arOTOBKHU Bl OTPUMAHOI
netani [202]. OnHak Bimomuii crocid Ha 3a0e31medye BUCOKOI SIKOCTI pi3y (3’ SBISIOTHCS
3aJIUPKU Y MICII Pi3y).

Po3pobnennii crocid KOMOIHOBAHOTO PaAiaIbHOTO BHAABIIOBAHHS-PO3ALICHHS
JeTajed TUMYy KUIBI, IO 3a0e3rnedye OTpUMaHHS TJAaKoi IOBEPXHI OTBOPY
netani (puc. 1) [203]. IIpoiec 11010 crnoco0y BUIABIIOBAHHI-PO3AUICHHS MOXHA
MOJUTMTH Ha JIeKiIbKa cTaaii: 1 — BUTBHOTO pajiaJbHOIO BHAABIIOBAHHS, 2 — CTaisA
paaiaJbHOTO BHUAABIIOBAHHA 3 MANOPOM (Komu (raHelnb TOPKHYBCS CTIHKU
NOPOKHUHU MaTpuIli); 3 — cTajis mpoOUBaHHS.

Ha mepmiii cramii pamiaabHOTO BHAABIIOBAaHHS BiJHOCHO TOHKHX (IaHIIB 3

BIAHOLICHHSM hy /Ry <0,5 MOpOXHMHA, y TOMY YHCII KyT Ha mepudepii durais

3alIOBHIOETHCSI TIOBHICTIO TPU JIOCATHEHHI ITyaHCOHAa BEPXHBOI MEX1 KpyroBoi
NOPOKHUHU MaTpHlll (BEpXHBOTO TOpUs (hIaHIs).
Jlo xiHOg cTafii pagiadbHOTO BHUAABIIOBAHHS BIJHOCHO TOBCTHX (hJIaHIIIB

(mepeBaxHO [yt QuaHUiB 3 BIAHOLWICHHSIM /iy / Ry 20,5) MOPOKHUHA 3aIIOBHIOETHCS

MPAKTUYHO IIJIKOM, 32 BHHSTKOM BEpPXHBHOTO KyTa Ha mepudepii dmanus. Leit kyr
MOKe OyTH 3allOBHEHUM HANPHUKIHII MepIIoi cTajii, KO 3IMCHIOETHCS 3aHYPECHHS
nyaHcoHa 4 y Tij10 (pyiaHUs Ha BUCOTY /.

TakuM 4YWMHOM 3aBISKM JOCATHEHHIO ITyaHCOHAa BEPXHBOI MEXI KpPYroBoi
MOTIEPEYHO1 MOPOKHUHU MAaTpULll 200 3aHYPEHHIO ITyaHCOHA Y T1J10 (UIaHLs ePEXOASTh
BIJI CTaJ11 BUJABIIOBAHHS J0 CTaJ1i MPOIIUBAHHS, 3a[IOBHIOIOYU TTOBHICTIO MOPOKHUHY

MaTpPHIl Ta 3MIIHIOIOYH 30HY 3Pi3y, 10 J03BOJISIE OTPUMYBATH JeTali

192



THEORETICAL ASPECTS OF MODERN ENGINEERING

- |
1 sy

a 0

Pucynok 1. Cxema mporiecy KOMOIHOBAHOTO paiaJIbHOTO BHUIABIIOBAHHS-
PO3AUIECHHS JeTallel TUITY KIJIBIIS: @ — IOYaTOK CTaIii paiiajlbHOrO BUIABIIIOBAHHS (3/11Ba)
Ta KIHIIO Paj/ilajIbHOTO BUJIABIIOBAHHS KUIbLS 13 30BHIINIHBOIO (packoro (crpaBa); 0 —

3aHypeHHS IyaHCoHa y Ti10 ¢uraHIls (3711Ba) Ta MpoOUBaHHS OTBOPY (CIipaBa)

TUIYy KUIbLIE 3 YITKO O(QOPMIICHOI0 30BHIIIHBOIO MOBEPXHEIO Ta OJEP)KATU SKICHY
IIOBEPXHIO OTBOPY. 3a paXyHOK BIUIMBY BUCOKOTO TJPOCTATUYHOTO TUCKY B OCEPENKY
nedopmailii, 10 YTBOPIOETHCS 3aBISKH MIANOPY 31 CTOPOHU (hIaHIs, TOBEPXHS OTBOPY
OTPUMY€ETHCS IUIACTUYHUM 3CYBOM 3aMICTh CKOJIIOBAaHHS NpU NpOOMBaHHI Ta
KaJgiOpyeTbcs NpH MOAANBIIOMY X0l Je(POpPMYHOHOro IIyaHCOHA, LI0 3HAYHO
MOKpaIIy€ SIKICTh IOBEPXH1 OTBOPY KUIBIIS.

Ha nactynmHoMy Kpolll OTpUMaHy J€Tajlb BUIAISIOTH 3 MOPOXHUHU IITaMILY,
BHCYBaIOTh 3arOTIBKY Ha BUCOTY, 1110 IOPIBHIOE X0y TyaHCOHA Ha CTaJlii pajiaibHOro
BUJABIIOBAaHHSA S, BIAHOCHO TMOPOXHUHHM IUTAaMIy Ta TMPOJOBXKYIOTh IPOIEC
nepopmyBaHHs. LlUka MOBTOpIOIOTH A0 3aKIHUEHHS OaraTolITy4HO! 3aroTiBKU
(mepeBaxkHO AJid 3-5 neranei).

Takox nnsi 3aMOBHEHHS BEPXHBOTO KyTa Ha mepudepii ¢iaHIo Ta s
OTPUMAaHHS BUCOKOTO T1IAPOCTATUYHOIO TUCKY (IM1IBUILEHHS MJIACTUYHOCT]I METaly) B
30H1 3pi3y OyJI0 3alIPOMOHOBAHO B KiHII1 KOMOTHOBAHOTO PaiaJbHOIO BUIABIIOBAHHS-

PO3/ILJICHHs] BUKOHYBATH Tiacanky duanigs [204].
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Ane mijgcaaky (uaHI A7 AaHOTO CrocoOy OTpUMaHHS JAETajiel TUITy KUIbLE
MOYKJIMBO BUKOHYBATH 3a TPhOMa CXeMaMu Jie(OpMyBaHHS, KOJH i 4ac mijacaaku: 1 —
IIyaHCOH 3HAXOJUTHCS IMiJ] HABAHTAKECHHSM; 2 — KOJIM IyaHCOH BUMKHEHMIA; 3 — KOJIH
MyaHCOH PYXA€ThCA YHU3 31 IIBUIKICTIO BIAMIHHOIO 200 PIBHOIO BiJ] IIBUKOCTI MATPHIIL.

Komnm myaHcoH 3HaXOAUTHCS M1l HABAHTAKEHHAM y MOMEHT MiAcaiku (piiaHIIfo,
nij Ji€0  AepOpMYyIOUOTro I1HCTPYMEHTY (BEpXHbOI IOJIOBUHU MAaTpHIll) MeTal
NEepEeMINLY€eThCS Y 30BHIIIHIN KyT nepudepii (piaaHIo, THUM CAMUM YTBOPIOIOUHU YITKO
odopMIICHY 30BHIIIHIO MOBEPXHIO. AJie MijJ Yac Takoro AedopMyBaHHS THCK Oyje
CTPIMKO 3pOCTaTH, L0 3HUXKYE CTIHKICTh IHCTPYMEHTY Ta motpelye oOnagHaHHA 3
OUTBIIIUM 3yCHUILISIM.

JInst cxemu MiJCajkH, KOJM IYyaHCOH BUMKHEHMI, XapaKTepHO [B1 CTYIIEHI
BUIBHOCTI MeTally: | — KOJIu MeTaj NepeMIlly€eThCsl y BEpXHIM KyT MaTpuili; 2 — y 30HY
1] TyaHCOHOM, PyXalo4u IyaHCOH YTropy.

HasiBHICTh JEKIIBKOX CTYNEHIB BUIBHOCTI TeYli MeTally JO03BOJISIE 3HU3ZHUTH
3ycuyuist 1e)OpMyBaHHS Ta HABAHTAKEHHS Ha THCTPYMEHT (MATPUIIIO 1 IyaHCOH), 110
30UIBIINTH CTPOK CIIY>KOM ImTaMIioBoro ocHarmieHHs [205, 206].

Jlnst cxemu mijmcanku (PIIAHITIO, KOJM IyaHCOH PYXa€ThCsl BHU3, XapakTepHA
MO>KJIMBICTh K€PYBATH IMIBUJIKICTIO MTyaHCOHA.

JlocnmipkeHHs €HeprocWJIOBUX MapaMmeTpiB MPOLECIB Miacaiaku (IaHLIB 3a
BKa3aHUMU CXeMaMH OyJI0 BUKOHAHO METOJIOM BEPXHbOI OLIHKHU (puC. 3).

BcranoBneno, mo it cxeMu MmiAcanku (raHug, KOJIM IyaHCOH TiJ
HAaBaHTaXXEHHAM, 31 30UTblIeHHsIM Koedimienty tepts Big 0 mo 0,5 3a 3ibenem
NPUBCICHUN THCK TiAcagku  (uiaHId, KOJIM TYaHCOH 3HAXOJHUTBCS T
HaBaHTAXXEHHSM, 30UIbIIYyeThCS HA 5-55% (puc. 4). Haitbinpmuii BruB KoeilieHTy
TEPTsI CHOCTEPIraeTbCsl MPU MEHIUUX CHIBBIIHOUIEHHSX F€OMETPHUYHUX NapameTpiB
KUIBIIS, Tak Ipu H /s = 0,5 mpuUBeAEHUN THCK 3HAXOAUThCA y Mexax 1,87...2,9, a pu
hls=1L1 — p=4,4..494.

BcraHoBiieHo, 110 71 CXeMH Mijicaaku (iaHiisl, KOJu MyaHCOH BUMKHEHUH (€ 2
CTYINEHsI BUIBHOCTI), 31 30UIblIeHHSAM KoediuieHTty TepTsa Big 0 mo 0,5 3a 3ibGenem

pUBEACHUN TUCK 3pocTae y 1,6...8 paziB. Tomy 11 111€1 CXeMU BaKIUBUN pETEIbHUIN
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X1 0 BUOOPY 3MallleHb, 110 3a0e3MeuaTh MiHIMAIbHUN KOS(IIIEHT TEPTSL.
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Pucynok 3. Po3paxyHKoBi cxeMu Ta rogorpadu MBHIKOCTEH MPOLECIB MIJCAIKH

(py1aHLIIB: a — KOJIM ITyaHCOH IT1J] HABAHTAXXEHHSM, Ta rojorpad MBUAKOCTEN; O — KOJIU
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IIyaHCOH BUMKHEHHI; B — ITyaHCOH PyXa€ThCsA Pa3oM 3 MATPULIEIO
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Pucynok 4. 3anexHICTb NPUBEIEHOTO THUCKY BIJ T'€OMETPUYHUX MapaMeTpiB

KUTBIIS //s Ta KOSDIIIEHTY TEPTS w JUIS POTIECY MiICAAKU (IIAHIIS, KOJIW MyaHCOH i
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Pucynoxk 5. 3ayiexxHiCTh PUBEACHOTO TUCKY BiJl TEOMETPUYHUX MapaMeTpiB KUIbIISA
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h/s Ta KoeIEHTy TepTs 4 Ui IpoIiecy Mmijcaaku (aHiis, KOJIU yaHCOH BUMKHEHUN

Kpim Toro, ans cxemu miacaaky QIiaHiist, KOJIU MyaHCOH BUMKHEHUH, XapaKTepHe
30UTbLIEHHSI TMPUBENCHOIO0 THCKY 10 4 pas3iB Opu 30UIbIIEHHI T'€OMETPUUYHUX
napameTpiB aerani h/s=0,5...15.

Jia cxemu miacanku ¢raHis, KOJM IIYaHCOH PYXA€ThbCS PYXaeThCs pa3oM 3
MaTpULICI0 OCOOJMBHUI 1HTEpPEC TMPEACTaBIsA€ BIUIMB BIIHOCHOI MIBUAKOCTI PYXY

MMyaHCOHA Ha MPUBEACHUNA TUCK AePopMyBaHHS (pHC. 6).
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PucyHok 6. 3anexxHicTh IPUBEIECHOT0 THUCKY B1J BIIHOCHOI IIBUIKOCTI ITyaHCOHA
npu miacaAri (GruaHus TpW Pi3HUX CIIBBITHONIICHHSX TEOMETPUYHHUX IMapaMeTpiB

netaini Ta koedimieHTi repta u = 0,08

BceranosneHo, 110 31 30UIBIIIEHHSM BITHOCHOI IIBUAKOCTI ITyaHCOHA B 1HTEpBai
0,25 no 1,75 npuBeneHuit TUCK 301IbITyeThCA HA 1,67...3,7 pasu. Take 301IbIICHHS
MIPUBEJICHOTO TUCKY TOSICHIOETHCS TUM, Ae(OpPMYBaHHS TIiJ] ITyaHCOHOM BiJJOYBAa€ThCS
MIBUJIIE, HDK Yy TMPOIECI caMoro Mpolecy IiJICaaKd, 0 MHoTpedye OLIbIIuX

€HeprocuyioBuX BUTpaT. KpiM TOro, Kojau MyaHCOH PYXAa€ThCS 31 WIBUIKICTIO PYyXY
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matputi (Vo /Wy, =1) TpUBEIECHUNH TUCK MaJl0 3aJCKHUTh BiJ TEOMETPUUYHHUX
napamMeTpiB AeTaii y Aianas3oHi h/s=0,7...1.5.

Sx BugHO 3 mpexacTaBieHUX TrpadikiB, miacaaka (IaHld, KOJIM IyaHCOH
BUMKHEHUI € HAaWMEHII €HEePrOBUTPATHOIO, a HAMOLIBIIT — MpoLec miacaaky (IIaHIIo,
KOJIM TTyaHCOH PYXA€ThCS Pa3oM 13 MATPHUIICIO0. 3HIKEHHS IPUBECHOTO TUCKY ITiJT Yac
nifacaaky GiIaHIo 13 BAMKHEHUM ITyaHCOHOM JI03BOJIUTH 30LIBIIUTH CTPOK CIIYT'YBaHHS
nehOpMYIOYOro 1HCTPYMEHTY, IO 3HAYHO 3HU3UTh COOIBApTICTh BHUTOTOBJICHHX
neraneil. OgHak, cxeMa MiACaakd (QIaHIl, KOJIM IyaHCOH pPYXaeThCs pPa3oM i3
MaTPHUIICIO I03BOJIUTh JIOCSATTH MaKCHMAJILHOTO 3alTOBHEHHS TOPOKHUHU MATPHIIi, 110
CIOCTEPIraeThCs NpU 3BUUANHOMY PaJllalbHOMY BU/IABIIFOBAHHI.

Vel ml cxeMu BUAABIIOBAHHS JI€Taled THUIY KUIbLE JO3BOJIIIOTH PEryJIIOBATH
TEYil0 METaJly MijJ 4Yac MTaMIyBaHHs, 11€ J03BOJISIE OTPUMYBATH JCTalll HEOOX1IHOI
SKOCTI Ta MPUCTOCOBYBATH MPOIIEC BUTOTOBIICHHSI IETaJICH THITY KiJIbIIE 10 OOJIaHAHHS,

110 € Y HAsIBHOCTI BUPOOHUKA.
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SECTION 10. METALLURGY AND ENERGY

10.1 Technology, structure and magnetic properties of the Ni-Al ferrite
nanopowders

Ni-Al ferrites are perspective materials, which can be effectively used in the
microwave engineering [207]. That’s why obtaining the optimal characteristics for
microwave devices is of great importance. Microwave and other characteristics of Ni-
Al ferrites have already been investigated and are presented in [208,209].

Though many requirements are specific for each microwave device, some of them
are common for all devices. Among these characteristics generally most important are
the small polycrystals size, low conductivity and high homogeneity of chemical
composition with the accurate ratio of components’ concentrations. Such requirements
can be achieved in Ni-Al ferrites obtained by sol-gel method which is accompanied
with auto-combustion. The above mentioned properties of the Ni-Al ferrites can be
used not only as components for the production of microwave devices but also as
components for the production of the composite magneto-electric materials. It should
be noted, that the technology of polycrystalline ferrites production suggests that their
electro-magnetic parameters are formed at the stage of preparation of the half-finished
product, i.e. at the ferrite powder preparation stage. Nevertheless, many features
relating the sol-gel auto-combustion technology of the Ni-Al ferrites and their
properties are still un-known and needs more detailed studies.

Ferrites of the NiAlFe.xOs4 (x = 0, 0.07, 0.15) composition were obtained by
nanotechnology with using sol-gel method accompanied by auto-combustion. As
precursors the metal nitrates with the chemical formula Me,(NO3)mxrH20 (Me = Ni,
Fe, Al) were used. The reaction of polycondensation took place in the presence of such
organic electrolyte as citric acid (CsHsO7). Neutralisation of gel up to pH =7 — 8 was
carried out with using ammonium hydrate. Drying and auto-combustion of xerogel
were carried out in the air with the heating up to 120 — 130°C according to patent [210].
The nanopowdered samples NiFe;O4 (marked as Z), NiAloo7Fei1.9304 (1NA), and
NiAlo.1sFe18504 (2NA) were investigated directly after auto-combustion. The last
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obtained powder (sample NiAlo.1sFe1.s504) had been annealed at high temperature
(1000°C) in the air for obtaining the larger Ni-Al ferrite particles (marked as 2NA?2).
According to XRD analysis (CuKy X-radiation) the Ni-Al ferrites obtained by sol-
gel method are amorphous materials and their diffractograms consist of two diffusion
maxima at 20 = 44 and 18 degrees (Fig. 1, curve a). The similar diffractogram was
observed in the porous amorphous carbon [211]. This fact allows supposing that the
formation of xerogel is a result of the polycondensation reaction, where the bridges are
carbon atoms. Thus, the carbon contained reagent (citric acid) is the important

component of the sol-gel technology.

24000

NiAl Fe, O, ferrite nanopowders
T=300K

22000 [
20000 -
18000
16000 [
14000 [
12000 [
10000 [
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8000
6000

4000-. 1 " 1 " 1 " 1 " 1 " "
15 20 25 30 35 40 45 50 55 60 65 70

20 [degrees]

Figure 1. The X-ray diffractograms of the NiAlo.o7Fe1.9304 ferrite, obtained by sol-gel

synthesis before (a) and after (b) auto-combustion process.

The auto-combustion process leads to formation the single phase of Ni-Al ferrites
with planned composition, the X-ray diffractograms of which contains strongly
broadened peaks from atomic planes (Fig. 1, curve b) that is caused by small size of
blocks of the coherent scattering. The average sizes of the NiAlcFe»«O4 ferrite particles
with different chemical composition was calculated taking into consideration the (311)

XRD line broadening with using the Sherrer formula [209] are presented in Table 1.
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The results of the SEM qualitatively prove these data, because the calculated <D>
values practically coincide with particles size, determined from the SEM images of the
same samples. As we can see from Table 1 the size of blocks of the coherent scattering
lies in the 25 + 50 nm range. At the increase of the Al,Os; impurity concentration, when
it replaces the ferric oxide Fe>Os, the lattice parameters decreases (Table 1), which
indicates the regular incorporation of the aluminium atoms into the NiAliFe;«Os
crystal lattice with the spinel structure, because the ionic radius of the AI** less than

the ionic radius of the Fe*".

Table 1. The lattice parameters (a), average size of ferrite particles <D>, as
well as measured (y,) and calculated (yx caic) values of magnetic susceptibilities

(normalized) of the NiAlxFe»«O4 ferrite particles with different chemical

compositions
Designation a, <D> Xn Xn cale,
nm nm arb. units arb. units
Z 0.8348 30 1 1
INA 0.8344 25 0.21 0.22
2NA 0.8337 35 0.68 0.67
2NA2 0.8342 120 — —

The fine structure of the Fe K-edge registered at the synchrotron in the NiFeO4
(Fig. 2, curve 1) and NiAlo.o7Fe1.9304 (Fig. 2, curve 2) ferrites nanopowders reveals a
tendency influx at 7.11 keV before main peak and increasing of the intensity with
increasing the number of ions in the tetrahedrally-coordinated sites. That corresponds
transition of electrons from 1s- to 3d-level, because in tetrahedral coordination 3d-level
is degenerated and this transition is allowed. The main slope edge in both samples
practically not changed his position (Fig. 2), which according to [212], corresponds to

the trivalent iron ions (Fe*").
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Figure 2. The XANES Fe K-edge of the NiFeOs (1, sample Z) and NiAlo.o7Fe1.9304 (2,

sample 1NA) ferrites nanopowders, after auto-combustion process.

Magnetic properties of materials are tightly connected with the parameters of the
magnetic structure, which was investigated by the method of Mdssbauer spectroscopy
(Fig.3). It is shown, that the area and the characteristics of the paramagnetic doublet

(samples 1NA and 2NA), which is observed on the background
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Figure 3. The Mdssbauer spectra of the NiAloo7Fer.9304 (marked B—-1NA) and
NiAlo.15Fe1.8504 (C-2NA, D-2NA?2) ferrite nanopowders.
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of the sextet from magnetically ordered phase are dependent on the powder preparation
regimes (sample 2NA2). The spectrum of each sample has two sextets. They belong
to magnetically non-equivalent positions of iron ions in the crystal lattice of spinel - to
the tetrahedral (A) and octahedral (B) cavities, limited oxygen ions. The effective
magnetic field H in the B-position (®H) more than in the A-position (*H), as observed
in nickel ferrite obtained by traditional ceramic technology. According to experimental
data obtained on bulk ceramic samples BH = 52.0 = 1 T [213]. Obtained in our
experiments nanopowders are characterized by magnetic field BH = 49.0 £ 0.5 T
(sample 1NA). This obviously means that part of the Fe atoms in the nearest octahedral

13" ions.

sites surrounded by the tetra-substituted non-magnetic A

As we previously expected, in the Ni-Al ferrite nanopowders, obtained by sol-gel
auto-combustion process, the Ni ions can occupy A-positions, although they tend not
to the relatively slow quasi-equilibrium processes occurring in the synthesis of ferrites
by ceramic technology. The rapid cooling of the nanoparticle powder in the sol-gel
auto-combustion technology facilitates non-equilibrium distribution of Ni ions on the
sublattices A and B.

As it was pointed out by Neel, clusters and small particles of magnetic, can
exhibits superparamagnetic effect. The decrease of magnetic nanoclusters’ size, while
preserving their spontaneous magnetization, increases the probability of thermal
fluctuations of nanocluster’s magnetic moment.

The magnetic moments of small magnetic particles are able to rotate around the

vector magnetic field strength. The magnetic susceptibility of a magnetic on the

rotation mechanism is
= kD’
Zi’l - ’ ( 1 )

where D is the particle’s diameter. In formula (1) the magnetic susceptibility and the
diameter of nanoparticles are normalized within the experimental error range in order
to get rid of the coefficients of proportionality [214].

Magnetic susceptibility, calculated with taking into account the demagnetization factor

is close to the experimental values, which confirms the proposed model for reversal of
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nanopowders at low frequencies (see Table 1). Measuring the magnetic susceptibility
of ferrite powders allows you to quickly test the size of magnetic nanoparticles.
Nanotechnology makes it possible to obtain ferrites in non-equilibrium conditions.

Studies have shown the features of the electron-ion structure of ferrites in non-

equilibrium states.
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10.2 Features of operation of steam generator PGV-1000 of nuclear power plants
of Ukraine

3a0be3neueHHss HaaiiiHOi poOotu maporeHeparopis  (III)) € ogHum 13
HalBaKJIMBIIINX 3aBJaHb JIJI1 aTOMHUX elekTpudHux ctanuiii (AEC) B ycboMy CBITI.
AEC Vkpainu ocHamieHi eHeproOnokamu 3 peakropamu tumy BBEP, B sxux
TEMI000MIH MK TEIUIOHOCISIMU TEPIIOTO Ta JPYroro KOHTYPIB 3A1MCHIOETHCS Yepes
NaporeHepaTopu. Y CBITOBIM aTOMHIM €HEPTeTHUIll BUKOPUCTOBYIOTH [1I" 1BOX THITIB —
TOPU30HTAJIbHI Ta BEpTUKaJIBbHI. JIOCB1A €KCIuTyaTalli MoKasas, o ropu3oHTansHi [
MalOTh HU3KY BaXJIMBUX MEPEBAr, sIK 3 TOYKU 30PY HAIIHHOCTI, Tak 1 6e3neku. Tomy B
aTOMHIH eHepreTull YKpainu 3actocoBytoTh [1I" ropuzonTansaoro tumy [215].

OcHOBHUMH TIpoOJieMaMu, 10 BHHHUKAIOTh MPU €KCIUTyaTallli maporeneparopa
I[IT'B-1000 € KOHCTpyKIliHHA WUIICHICT, KOJEKTOpIB Ta (JIaHIEBUX pO3’ €MIB,
KOPO31iMHO-epOo3iiiHE 3HOIITYBAHHS KOJIEKTOPIB JKMUBUJIBLHOI BOAM, TPIIIUHU B MICISIX
MIBiB, KOpo3iiiHe momKkoKeHHs Teriooominaux Tpyo (TOT) III'. AkTyansHuMu Ha
CBOTOAHIIIHIN JI€Hb € MUTaHHS, MOB’S3aHI 3 KOHCTPYKUIMHOK LITICHICTIO MIBIB 1
Koposiero TemnooominHuX TpyO III. Tomy migBuieHHS HAAIMHOCTI podoTH
naporereparopiB  AEC, 30UIbIIeHHS MIDKPEMOHTHOTO Tepioay iX eKcIuTyarariii,
3aBISKM BHKJIIOUEHHIO HE3alUIAaHOBAHUX 3YMWHOK EHEProOJIOKiB 3 MPUYHHH
BUHUKHEHHSI Ne(EeKTIB MeTady KOpPMIYyCiB Ta TEIIOOOMIHHUX TpyO € 0coO0JIMBO
BAXXJIMBUM Ta aKTyaJIbHUM 3aBJAHHSM JUIsl 30UIbIIEHHS] BUPOOJICHHS €NEeKTPOeHeprii
Ha airounx eneprodmokax AEC 1T “HAEK Euneproatom™ [216].

Takum uYmHOM, 00’€KTOM JOCHIDKCHHS Yy JaHii poOOTI € maporeHeparop
[II'B-1000, sikuil € OCHOBHOK CKJIAJIOBOIO LUPKYJALINHUX METeIb PEaKTOPHOI
ycraHoBku AEC, mo npusHaueHa s BUPOOJIEHHS CyXOi HaCM4eHOoi nmapu. MeToro
poboTH € aHami3 MexaHI3MIB KOPO3IWHUX TOMIKO/KEHh TEIUIOOOMIHHMX TpPYyO
naporeneparopa [1I'B-1000 y pizHuX pexxumax Moro poOOTH Ta CrIOCO01B iX YCYHEHHS
abo 3MeHIIeHHs JuIsl 3a0e3MeueHHs cTabuTbHOT poOOTH MaporeHeparopa, a OTke 1

HaJ1HHOT pOOOTH €HEProOJIOKY B IIIOMY.
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Ha mantoHKy 1 306pakeHO OCHOBHi KOHCTPYKTUBHI e/leMeHTU NaporeHepartopa

Mre-1000.

5 14530

Manonok 1. I'opuzontansuuii naporeneparop I11'B-1000:
1 — kopmyc; 2 — mapoBHil KONEKTOP; 3 — KOJIEKTOP OCHOBHOI KMBWJIBHOI BOAM;
4 — cenapalrliiiHi IpUCTPOi; 5 — KOJIEKTOP aBapIiHO1 KUBUIHHOI BOJIH;
6 — 3aHypEeHUI 11pYacTHil JIUCT; 7 — TEMII000MIHHA TOBEPXHS;

8 — KOJIEKTOP IMEPILIOro KOHTYpPY; 9 — JItoK-11a3

[TaporenepaTop CKIaga€THCA 3 KOPMYCY, BXIJHOTO Ta BUXIJHOTO KOJIEKTOPIB,
U-noaiOHOro TpyOHOro myyka MNOBEPXHI TEIJIO00MIHY, KOJEKTOpa, LI0 pO3Aae
KUBUJIbHY BOJly, BOYJJOBAaHOTO CemNapaliifHOro MpUCTPOIO, MapOBIABIIHOT CHUCTEMH,
cuctemu TnpoxayBok 1 apeHaxy. Kopmyc III'B-1000 sBnsie co00r0 TOpU30HTATBHY
MWTIHAPUYHY €MHICTB, TOPI SKOi 3 ABOX OOKIB 3aKpHUTI €TINTUYHUMH THUIIAMH.
Marepian kopmycy — JeroBaHa KOHCTpykuiHa ctans 10IH2M®A. IloBepxHs

TeriooOmMiny mnaporenepatopa III'B-1000 Brimrouae B cebe 11000 Tpy6d
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TOPU30HTAIBHOTO My4YKa, SIKI CIUPAIOThCS HA JAUCTAHIIOIOY IpaTku. TernmooOMiHHI
TpyOu naporeneparopa [1I'B-1000 Bukonani 3 aycrenitHoi craii mapku 08X 18H10T.
Hocmimpkennsmu y podotax [217]-[219] BcTaHOBII€HO, 110 MMijT Yac eKCIUTyaTarii
naporeHeparopa BHUHHKAIOTh KOPO31MHI MOIIKOKEHHS, $KI 3HAYHOI MIpPOIO
CIIPUYUHEH] 0COOTUBOCTSIMHU BOJAHO-XIMIYHOTO PEKUMY JPYTOTr0 KOHTYPY: HassBHICTIO
YCTaTKyBaHHS 3 PI3HUX KOHCTPYKUIMHMX MaTepiamiB (HepKaBito4ya CTallb, BYTJIELEBI
CTasl, MIJIHI CIUIaBH); BEJIMKUMH Jiana30HaMU TUCKY U Temmeparyp; ABO(pa3zHUM
cepenoBuiieM (mapa—Boja); HASBHICTIO BEJIMKOI KIIBKOCTI TEIJIOOOMIHHOTO
YCTaTKyBaHHS 3 BEJIMKUMH IUIONIAMH HarpiBy; mapoyTtBopeHHsM y [II'; Bemukoro
BIPOTIAHICTIO 3a0pyJIHEHHS pOOOYOro CepeoBHINA JOMIIIKAMH B KOHJIEHCATOPaX,
Ooiiyiepax TEIJIOMEPEXl Toulo. Y [HMX YMOBax HaWypa3lIMUBIIIMM €JIEeMEHTOM
YCTaTKyBaHHS BUSIBUIMCS TEIUIOOOMIHHI TpyOu naporeneparopa [218].

AHaJ3 eKCIUTyaTalliiHuX JaHUX I[I0Ka3ye, II0 HalOuIbIa 1HTEHCHUBHICTD
nomkomkeHHss TOT crnoctepiraerbcsi, K TpaBWIO, B 30HI MaporeHeparopa y
«rapsYoro» KoJIGKTOpa. Takok gyke NommpeHi aeeKkTd I JTUCTAHIIFOYUMU
rparkamMyd B HrpkHIM yactuHi [T, ayle BOHM pPO3MOALIICHI PIBHOMIpPHIIIE IO JIOBXKHHI
TpyOHUX my4KiB [219].

VY uinomy gy 1IN 3 aktuBHOWO nerpanamiero TOT, xapakrepHe yTBOpEHHS Tak
3BaHHUX «KPUTUYHUX 30H», 1€ TOKaNi3yroThcs aedexTu. Lle mos's3aHo 3 ocaKeHHsM B
mux 30Hax TOT mpoaykTiB KOpO3li 3HAYHOI TOBILMHM, IO NMPU3BOAUTH A0 3a0MBaHHS
npoctopy MK Tpybamu [220]. VYV poGoti [219] HaBeaeHo pe3ysibTaTH
BuxopoctpyMoBoro kourpomo (BCK) temnooominnux tpyO III' Ta mokazano, mio
micis HakonmudeHHS Ha moBepxHi TOT 3Ha4HMX BiAKIageHb IMPOAYKTIB KOpO3ii 3
nuToMuM 3a0pyaHeHHIM 300—400 1/M? IPOBOAATS, K MPABHJIO, HEPII CHCTEMATUYH]
rirymriaHs TOT.

Otxe, nporec kopoziiHoro ymkomkeHHs TOT III' mokHa po3ALIUTH Ha
JEKUIbKa MOCTIJOBHUX OOOB'SI3KOBUX CTalid 3 XapakKTEpHUMHU JJIs1 KOXKHOI CTaiii
MexaHi3MaMH Jierpajiarii Tpyo:

I — 3pocranns BinkiageHb nNpoAyKTiB kopo3ii Ha TOT 10 KpUTHYHHMX 3HAYEHD

TUTOMO1 3a0pyAHEHOCTI;
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I — HakoMUYEHHS MiJ BIAKIAJACHHAMU XJIOPHUAIB Ta IHIIUX aKTUBATOPIB, K1 IPU
JOCSITHEHH1 KPUTHYHUX KOHIIEHTpAIlil, CHPUYMHAIOTH 3apOJPKEHHS MITHHTIB 1
KOPO3iifHE pO3TPICKYBAaHHS 32 HASIBHOCTI OKMCHUKIB;

III — 3apoKEeHHS MITUHTIB IPU KPUTUYHIM KOHIIEHTPaLIi XJIOPUIIB 1 OKUCHHUKIB;

IV — 3pocTanHs MITUHTIB IPU TPAHCIIOPTYBAHHI OKMCHUKIB B 30HY PEaKIlii;

V — 3apopkeHHs KOpO3IMHUX TPINIMH NpPU AKTHBHIN JIOKAJIbHIM IMJIACTUYHIN
nepopmariii MmikpooO'emiB metairy TOT.

VI — 3pocTanHs KOpO31MHUX TPILIUH JO MOMEHTY TJIYyIIIHHS.

KoxHa cTajis 3a NEBHUX YMOB MOXE MPOTIKATH B PEKUMAX CTALIOHAPHOI pOOOTH
[1I", a TakOK B HECTAI[IOHAPHHUX PEXKHUMAaX 1 B PEKUMAaX MPOCTOIO.

Binknanenns, mo yTBOprOWOThCS npu poboti III, B OCHOBHOMY €
IpiOHOAMCIIEPCHUMHU YacTHHKaMU (po3mipoM 10 10 MKM), 110 MICTSITh JeripaToBaH1
OKCHJIU — TIPOJIYKTH KOPO3ii BYTJICIEBOI CTaJll 1 MIIHUX CIUIABIB, K1 3aCTOCOBYIOTh K
KOHCTPYKI[IHI Marepiaiu KOHAeHcatopa TypOiHH, TpyOONpOBOAIB 1 yCTaTKyBaHHS
KOHJICHCAaTHO-)KUBMWILHOTO TPakTy (Fe20s, Fe30s, CuO, Cu0 tomo). Kpim Toro, y
CKJIaJll BIJKJIaJICHb, 3a3BUYai, PUCYTHI MaJIOPO3YMHHI COJIl — CyJb(aTu, CUIIKaTH,
TiApaTy Kaibllll0, MarHito, siKi NOTPAIUISIIOTh B KOHJIEHCATHO-)KUBUJIBHUN TPaKT B
pe3yJbTaTi MPUCMOKTIB OXOJIOKYBaJbHOI BOJHM Yepe3 HEIIUIBHOCTI BaJIbIIFOBAHHS
TpyOOK KoHjaeHcaTopa. HwkHI mapu BiKJIaJeHb MarOTh KOMIIAKTHY CTPYKTYpY 3
HU3bKOIO mopucTicTio. Y cknaal BiakiaageHb Ha TOT III' ocHOBHY wYacTuHy
CTaHOBJIATh OKCUAHU 3airi3a — Ouabie 70 %, okcuau Mial — 10 30%, a TakoK OKCHIU
KaJIbLI110, MArHil0 Ta KpeMHito — BiJ 1 10 5 % KoxHUM.

OCHOBHUM MEXaHI3MOM YyTBOPEHHS BIJAKJIQJCHb € KpHUCTai3allis TPOIyKTIiB
KOPO3ii 3 KOTEJIBHOI BOJIU, IO BUMIAPOBYETHCSA, a TAKOXK OCIAHHS JIPIOHOIMCTIEPCHUX
OOMIIIOK miAg Aiero (GIBUYHUX 1 (Qi3uKo-XiMiuHUX cui. [lig dac ¢opmyBaHHS
BIJIKJIQJICHb B MPOIIECT KUIIHHS BiAOYBa€ThCs 30UIBIICHHS KIJIBKOCTI Oe3mepepBHUX
JAHIIOKKIB TOop (KaHaiB), MO SKUX YycCepeauHi BikiaageHb A0 mnoBepxHi TOT
MiIXOIUTH BOJA, 110 BUMAPOBYETHCH, 1 BIIBOJIUTHCS YTBOPEHA Tapa.

BpaxoByroun MOpUCTY CTPYKTYpPY BIAKJIQJA€Hb, a TAaKOX IX JOCHUTh BHUCOKY

teruronposignicts (~1,1 Br/mM*K) [220], MOXHa BBaXaT, IIO KHIIHHSA BOIU Y
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BIJIKJIAJICHHSX MTPOIYKTIB KOPO3ii, 1[0 YTBOPUIIKCS, BIIOYBAETHCS K B IIap1 MEPErpiToi
pimnan Ha moBepxHi TOT, Tak 1 Ha MOBEpPXHI BIJKIaJCHb, a TaKOX 1 B CaMHX
BinknaaeHHsax [219]. Ha miciie Boau, 1110 BUMapyBaiacs, 3 sijapa IMOTOKY J0 MOBEPXHI
TOT HagxonATh HOB1 MOPLII BOAW, @ Pa3oM 3 HEKO 1 PO3YMHEHI B HIA JOMILIKH.
OCKUIBKH PO3YMHHICTH JIOMIIIIOK B Mapi MEHINA, HK y BOJI, BUAAJICHHS JIOMIIIOK 3
apor0 HEe KOMIIEHCYE 1X HAIXOHKEHHS 3 BOJIOIO, IO BHITAPOBYETHCA. TaKMM YHHOM,
MK TPaHHYHUM LIApOM 1 SJIPOM MOTOKY BUHHMKAE PI3HULS KOHLIEHTPALIA JOMIMIOK,
BHACJIIJIOK YOTO BHHHUKaEe mpoiec Audysii, cnpsMoBaHUN y OIK BHPIBHIOBAHHS
koHUeHTpalii. [Ipu cramionapHoMy pexumi poOOTH MaporeHepaTopa BUHUKAE CTAH
pIBHOBaru, mpu SKOMY KOHBEKTHBHE HAJXO/KCHHS JOMIIIOK KOMIICHCYEThCS iX
BUJIAJICHHSIM 3 MapoIo 1 TuPy3i€ro.

BpaxoByrouwn, mo npu kumidHi Boau B " kuceHb nNpakTUYHO BIJACYTHIN, TO B
IIbOMY BUIQJIKy HAHO1IbII CHIIBHUMHA OKUCHUKAMU € 10HU MiJii. Y BIAKJIAJIEHHIX MiJb
3HaxouThes y BUrisai okcuaiB (CuO, CuxO, CuFeO), a Takox BKparieHb METalIEBOI
Migi. Y Boxi maporemeparopa Migb € IPUCYTHLOK y Burisai ioniB Cu?’, Cu’ abo
KOMILIEKCHHX CIONY4€eHb. loHM TpuBaneHTHOro 3ani3a Fe’" Takoxk MOxKyTh cirykutn
OKHCHHKOM B KOpO3iiHUX mporecax. [Ipore, BpaxoByroUu BUCOKY CTYIIIHB T1JIPOJII3y
ionis Fe** B neliTpanbHux cepeqoBHIIax i HaA3BMYaiHO HU3EKY po3unHHicTE Fe(OH)s
y Bozi (trpu 20 °C ~ 0,2 mxr/kr), ioau Fe** ne Bigirparors icrotHoi poui B koposii TOT.

OpHoyacHO, MiJ AI€I0 YTBOPEHOI PI3HMII IMOTEHLIANiB, BCEPEAUHY MITUHTY
nepeHocsaTbest HeratuBHi 100U (OH™, CI°). [Tpu nibomy, X10puau, ki HE BUTPA4arOThCsI
U KOPO3ii, HAKOMMUYYIOThCS YCEPEAUHI MITHUHTY.

VY pexumax mycky i npu po6oti III" Ha mOTy)HOCTI, 32 HasSBHOCTI aKTHBHOI
JIOKaJBHOI TUTACTUYHOI JeopMaliii MikpooO'eMiB MeTaly y BEpIIMHAX MITUHTIB, MOXKE
BIJI0YBAaTHUCS 3apPOJKEHHS 1 PO3BUTOK KOPO31MHUX TPIIMH. SIK OKa3yIOTh PE3yJIbTaTH
Metanorpadignoro anamizy [219], Ha IHI MITUHTY MOXE 3apOJIKYyBaTUCS OJTHOYACHO
JeKUIbKa TPIIIMH, ajie Y MIPY 3pOCTaHHsI OJIHI€I 3 HMX, 3POCTAHHS 1HIIUX TPIIIUH
3arajabMOBY€EThCs. [Ipu 11bOMY y OyIb-SKHII MOMEHT PO3BUTKY MaricTpajibHa TpIilIHHA

MOKE MaTH JIeK1IbKa BiraJTy>KEHb.
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Ha ocHOBI mnpoBeneHOro aHamizy JITepaTypHUX JDKEped Ta pe3yJbTariB
€KCIIEpUMEHTAJIbHUX JIOCTIPKEHb MOXHA CTBEP/XKYBATH, 110 PO3TIISIHYTI MEXaHI3MHU
YIIKO/HPKEHHS HE € HEMUHYYHMMHU 1 MOXKYTbh OYTH JIIKBIJIOBaH1 a00 3BEJICHI /10 MIHIMyMY
IpY TOTPUMAaHHI HACTYITHHUX yMOB [219]:

— HEJIOMYIICHHS MEPEBUIIIEHHS TPAHUYHOI BEJIMYMHU MUTOMOI 3a0pyIHEHOCTI
TOT usixom 3HMKEHHS HaaXxomkeHHs B I1I" mpoaykTiB KOpo3ii;

— BUKJIIOYEHHS 3 YCTaTKyBaHHS KOHJEHCATHO-KUBWIBHOTO TpakTy AEC 3
peakTopHot0 yctaHoBkoro BBEP-1000 criaBiB, 1110 MIiCTSTh Mi/Jib;

— obmexxenHs noctyny kucHio 70 TOT Ha Bcix cranisx >kutrrteBoro nukiy [T,
JOTPUMaHHS YMOB KOHCEpPBAITii.

TakuM 4YWHOM, aBTOpaMH JE€TaJbHO PO3TIISIHYTO MEXaHI3MH BUHUKHCHHSI
KOPO31MHUX MOIIKOKEHb TEII000MIHHUX TpyO naporenepaTtopa [1I'B-1000 y pi3Hux
pexuMax roro pobotu. Buaiieno ocHoBHi ctaii Mmexanismy aerpagarnii TOT I1I: Bix
NOSIBY MEPIIUX BIAKJIAJEHb MPOJIYKTIB KOPO31i A0 3apOJXKEHHA 1 3pOCTaHHS MITUHTIB
Ta KOPO3IMHUX TPINIMH, IO MPU3BOJIUTH A0 TIYHIHHSA TpyO. Bcranommeno, mio
KOPO3iifHI JIe(heKTH JIOKATI3YIOThCS TEPEBAXXHO B HIDKHIA YaCTUHI TPYOHHUX ITy4YKiB
naporeneparopa. JloBeneHo, 1o Jis 3a0e3nedeHHs Ha(iiiHo1 poO0TH TOHKOCTIHHI TOT
naporenepatopa [1I'B-1000 TOT He moBuHHI MaTH 3HAYHUX a00 HACKPI3HUX JIEEKTIB.
OOGrpyHTOBaHO CmOCOOM 3amoOiraHHs Ta CIOBUIBHEHHS BUHUKHEHHS KOPO31MHUX
MOIIKO/KEHb, SKi 3a0e3medarh HaJiiHy Ta TpUBalIy poOOTy maporeHeparopa 0e3

HC3alllIaHOBAHUX 3YIIMHOK JJIA Horo PECMOHTY.
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10.3 Substantiation of the layout scheme and the value of the installed electric
power of the solar power plant in the educational institution

Cranoro TEHJEHLIEI PO3BUTKY EJIEKTPOCHEPTreTUKH € IIBHJKE PO3LIMPEHHS
chep BUKOPUCTaHHS COHSIYHOI TeHepalii fK A LEHTPai30BaHOTO BUPOOHUIITBA
€JIEKTPOEHEPTii, TaK 1 B IHAUBIIyaIbHUX CUCTEMAX €JIEKTPOIOCTaYaHHs MPOMHUCIOBUX
MIPUEMCTB, TPOMAJICBKUX 00’ €KTIB 1 JOMOTOCTIOIAPCTB.

B VkpaiHi iCHy!OTh JOCTaTHBO CIPHUATIHUBI YMOBHM JJis TeHepallii COHSYHOI
eHeprii. P1uHniA, TEXHIYHO JOCSIKHUM, EHEPreTUYHUN MOTEHI[Ial COHAYHOI €Heprii B
VKpaiHi eKBiBaneHTHHH 6 MIH. T y. 1. Yloro BUKOPHUCTaHHS T03BOJHIO O 3aMiHUTH
Oins 5 mupa. m° mpupogHoro rasy [221].

CepenHbOpiYHA KiIbKICTh CyMapHOI COHSYHOI pafialii, 1o norpamise Ha 1 m?
IIOBEPXHI, HA TEPUTOpii YKpaiHM 3HaXoauMThes B Mexkax Bix 1070 xBr-rom/m? B ii
miBHiuHiK yacTuHi 10 1400 kBT rox/m? i Bumie Ha miBaHi Ykpainun [222].

B HaykoBiil niTepaTypi HIMPOKO OOTOBOPIOIOTHCS TEXHHIKO-TEXHOJOTIYHI,
METeO-KJIIMaTU4Hi, pErioHalibHi, Tajdy3eBl, €KOJIOTO-€KOHOMIYHI Ta 1HII AacHeKTH
BIIPOBA/PKEHHSI COHAYHOI TIeHepauli. 30KpeMa, B aHaNITU4HIA jgonoBial [223]
KOMIUJIEKCHO PO3IJISIHYTO CTaH, MPoOJeMHU Ta MEePCIEeKTUBU PO3BUTKY BiJIHOBIIOBAHOI
EHEepPreTUK B YKpaiHi Ta 3anporoOHOBAHO PEKOMEHJAIlli 00 MiABUIIECHHS
e(eKTUBHOCTI JIepKaBHOT MOJITUKH Yy chepl PO3BUTKY BiTHOBIIOBAHOI EHEPTETUKH SIK
OJIHOTO 3 MPIOPUTETHUX HampsiMiB peaiizaiii EHeprernunoi crparerii Ykpainu Ha
nepion 10 2030 poky.

Cnin 3a3Ha4UTH, 10 HAI[IOHAIbHA HOPMATHBHO-TIPABOBA 0a3a, SKa PEriiaMeHTYe
YMOBH BIPOBAKEHHSI COHSAYHOI I'E€HEpallii BiANOBI/Ia€, B OCHOBHOMY, IOJOKEHHSAM
HupextuBu €Bpomneiicbkoro nmapiaamenty ta Pagum 2009/28/€C Bing 23 sitas 2009
poKy [224].

Oxkpemoi yBaru 3aciayroBylOTh POOOTH B SKUX JOCIHIJKYIOThCS THUTaHHS
IUTAaHYBAaHHS Ta YIPaBIIHHS BUKOPHUCTAHHSIM EJIEKTPUYHOI €Heprii B OI0KETHUX

yCTaHOBAaxX 1, 30KpeMa, y HaBUYaJIbHUX 3akianax [225,226]. 3okpema, B poOOTI Ha
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OCHOB1 BUKOPHUCTAHHSI PEAJIbHUX CTaTUCTUYHUX JAAHUX OJEPHKAHO PEerpeciiiHi Mojei
EJIEKTPOCIIOKUBAHHA Y OY/IIBIISIX BUIIIOTO HABYAJIILHOTO 3aKiaay (TYPTOXKHUTKIB).

B poGoti [227] noBeaeHO e(heKTUBHICTh BUKOPUCTAHHS METO/I1B, 3ACHOBAHUX Ha
JepeBax perpecii, Ipyd KOPOTKOTEPMIHOBOMY MpPOrHO3yBaHHI HaBaHTaxeHHs. [lpu
IIbOMY aBTOPH IPOMOHYIOTH BPaXOBYBAaTH KPIM 30BHIMIHIX (pAaKTOPIB (TeMIepaTrypa
HABKOJIMIIHBOTO CEPEAOBUINA) TAKOXK 1 BHYTPIIIHI — KaJleHAapHi 3MiHHI (pO3Kiaj
3aHSTh, YaC IPOBE/ICHHS 3aHATh Ta 1H.).

HeoO6xigHo 3a3HayuTH, 0 Ha €Taml MEepPeANPOEKTHUX PO3PaXyHKIB II0JI0
BU3HAYEHHS JOLIJIHHOCTI OCHAIIEHHS HAaBYAIBHUX 3aKJIaJ(iB JTOKAIBHUMU COHIYHUMU
€JIEKTPOCTAHIISIMI HEOOX1THO BU3HAYNUTH BHUUEPITHUHN TMEPENIK, KUIbKICHY Ta SKICHY
IHTEpHPETaLII0 KOPEKTHUX OOMEXYBAJIBHHX YMOB Ta KpPUTEpIiB, AKI MAalOTh OyTH
BpaxoBaHI IMpu NpoekTyBaHHI. OUEBUIHO, IO TUIBKA 3 YypaxyBaHHSM TaKUX
00OMeXyBaJIbHUX YMOB MOKe OyTH BUPIIlIEHA B3a€EMOOOYMOBIICHA Ta B3a€MOIIOB’ sI3aHA
CHCTEMHa 3aj]aua «00TpyHTYBaHHS ONITUMAaJIbHOI CXeMU KOMIIOHYBaHHS — BU3HAUYCHHS
paIioHaIbHOI YCTAHOBJIEHOT €JIEKTPUYHOI MOTYKHOCTD» COHAYHOI €JIEKTPOCTAHIIT Y
HaBYAJIbHOMY 3aKJIA/II.

OpHi€ro 13 HAMOLIBII BAXKITUBUX 00MEKYBAJTbHUX YMOB OCHAIIICHHS HABUATBHUX
3aKJIaJiB JIOKQIbHUMHM COHSYHUMH €JEKTPOCTAHILIsIMM Ta TakKolo, L0 MOTpedye
creniajJbHUX OpraHi3aliiiHO-TEXHIYHUX PIlIEHb € HEPIBHOMIPHUMN MOMICIYHUNA PEKUM
€JIEKTPUYHOIO0 HABAHTAKEHHA. B JITHIM mepioA, KOJM COHSYHA TEeHEpalis €
MaKCHUMAaJIbHOIO, €JICKTPUYHE HABAaHTKEHHS B YAaCTHHI OCBITHHOTO IIPOIIECY Ta
3HAYHOTO OO0CATY HAaBaHTAXEHHS JONOMDKHHUX IPOLIECIB € MiHIMaJIbHUM. Take
CE30HHE PO30alaHCYBAaHHS € TOJIOBHOIO MIEPETYMOBOIO BUOOPY CXEMU KOMIIOHYBaHHS
Ta, BIAMOBIAHO, BU3HAYEHHS PaIllOHAIBHOI YCTAHOBJICHOI €JIEKTPUYHOI MOTYXKHOCTI
COHSIYHOT ENEKTPOCTaHIlli y HaBYaJIbHOMY 3akiaji. B cBowo uepry, cxema
KOMITIOHYBaHHSl COHSYHOI €JEKTPOCTaHIli Oe3nmocepeJHb0 BHU3HAYAE TEXHIKO-
TEXHOJIOT14HI1 0COOIMBOCTI KOHCTPYIOBaHHS KOHTYpY yYIPaBIIHHS
€JIEKTPOCIIOKHUBAHHAM Y HaBYAJIbHOMY 3aKJIaJi, pO3pOOJIEHHS Ta BIPOBAIKEHHS
IIPOCKTIB 3 eHepro3oepekeHHs Ha ocHOBI MpuHIMMIB Enterprise Content Management
(ECM).
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B Hu311 HayKOBUX pO3p00OK MPOMOHYIOTHCS MIAXO0IU A0 OOIpPYHTYBaHHS CXEM
KOMITOHYBaHHS Ta BU3HAYEHHS PaIllOHAIIbHOI YyCTAHOBIICHOT €IEKTPUYHOT TOTYKHOCTI
COHSTYHUX €JIEKTPOCTaHIii. 30kpema, B poOoTi [228] BUIICHI KIFOYOBI KpUTEPii Ta
TEXHIKO-€KOHOMIYHI MOKa3HUKH MPOMHUCIOBUX MPOEKTIB COHSAYHUX E€IEKTPOCTaHLIM
Ta OOrpyHTOBaHI yYMOBHM MaKCHUMAaJbHOI CTaOlLILHOCTI Ta JOUUIBHOCTI IPOCKTIB
COHsiYHOI reHeparii. Pobora [229] mpucBsiyeHa TEOPETUYHOMY Yy3arajibHEHHIO 1
BUPILIEHHIO BAXKJIMBOI HAYyKOBO-NPAKTUYHOI MPOOJIEMHU JOCTOBIPHOTO BU3HAYEHHS
CJICKTPUYHOTO HABAHTAXKEHHS Yy CUCTEMaX €JIEKTPONOCTayaHHs IUBUIBHUX 00’ €KTIB.

B naykoBux poOoTax 3amponoHOBaHI Ta OOTPYHTOBAHI MPOLEAYPH TEXHIKO-
€KOHOMIYHOT'0 OOTPYHTYBaHHS Oy IIBHUIITBA COHSIYHUX EIEKTPOCTAHIIIN PI3HUX THUIIIB.
Tak, B poOorax [230, 231] HaBemeHi BHUXIJHI JaHl ISl TEXHIKO-€KOHOMIYHOTO
oOTpyHTYBaHHS Ta (DIHAHCOBOTO MOJIETIOBAHHS MPOEKTY OYIIBHHUIITBA COHSIYHOI
CJICKTPOCTaHIlI{, HaBEJCHI IIIAXH ONTHMI3aIli OYJIIBHUIITBA Ta HaJaIITyBaHHS
CTaHI].

MeTtoauuHi TiAX0aU 10 MPOTHO3YBaHHS €(EKTUBHOCTI 3alpOBAKEHHS came
MEPEeXKEBUX COHSYHHMX CTaHI[IA Ha TMIiACTaBl MOJICTIOBAHHS JWHAMIKH PO3BUTKY
BUTpAT 1 3MiHM Tapu(DiB HA EIEKTPOCHEPTIIO 3aMPOIIOHOBaH1 B po0OoTi [232].

Pa3om 3 TuM, B HaBeJIEHUX MpalsIX HEe PO3MISAAI0ThCS OCOOIUBOCTI OCHAILICHHS
JIOKaJbHUMHU COHSYHUMH €JEKTPOCTAHIISIMA HaBYalIbHUX 3akiaiiB. I[IpobOrnemy
CE30HHOTO po30ajaHCyBaHHsS reHepallii Ta CHOXKMBAHHS JOIIBHO, Ha HAIl MOTJIsI,
BUPINITYBAaTH B TPhOX HAMPSIMKaX.

Ilepmmii HanpsAMoOK — opraHizamiiiHuil. 3Bakarodym Ha OCOOIUBOCTI
MPOBE/ICHHS] HAaBYAJIBHOTO MPOLIECY Yy HAaBYAIBHUX 3aKJaJaxX, HEOOXIAHO 3BEPHYTH
yBary Ha JIITHIM nepioa poky (JIUIEHb, CEPIIEHb) Y SKOMY HaBYaJIbHUI MPOLEC HE
Bi10yBaeThcsi. CrOKMBAaHHS €JIEKTPUYHOI eHeprii y mei mepioj MiHIMalbHE, a OT
reHepaiis eJeKTPUYHOI EHEeprii COHSYHUMHU MaHeNsIMU csArae Maibke 29% Bif
3arajJpHOTO PIYHOTO 00CcsATY. Pa3oM 3 THM, cydacHi yHIBepcUTETH (0COOIMBO KIaCHYHI
Ta TEXHIYH1) MalOTh, K MPABUIIO, TOTY>KHY HayKOBO-JIO0CTIAHY Ta €KCIIEPUMEHTAILHO-

BUPOOHUTY 0a3y, OCHAIIIEHY eHeproeMHUM 00naaHaHHaM. CaMme Taki HayKOBi IEHTPU
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MaloTh BI/IHOCHO CTaOUIbHE €JIEKTPUYHE HaBAaHTAXKEHHsI MPOTAroM poky. Kpim Toro, B
TaKMX HAyKOBUX IICHTPAaX MPOBOJSATHCA IOCIIIKEHHS 3 PO3POOKH 1HHOBAIIITHOTO
€HEepreTUYHOro oO0JaJHaHHSA, 3ac001B KOHTPOJIO Ta YNPaBIiHHS CKJIaJHUMHU

CHepreTHYHUMHU CUCTEMaMH, po3po0KaMu B raixy3i MamnHoOyAyBaHHA Ta iH. B Ta0.

1

HaBeIEH1

MIPUKJIIAIN

YKpaiHChKUX YHIBEPCUTETIB.

HaBYaJIbHO-HAYKOBO-BUPOOHUUNX

IEHTPIB  OKPEMUX

Taomur 1.

[Ipuknaan HaBYAIbHO-HAYKOBO-BUPOOHUYMX LEHTPIB YKPATHCHKUX YHIBEPCUTETIB.

Ne | HapuaabHUi 3aKaajg HaBuyabHO-HAYKOBO-BHPOOHMYi IEHTPH
1. | HamionanbHUI TeXHIYHUIHA HapuyanbHO-HayKOBO-BUPOOHMYHMIT KoMILIeKe «BiauckaBka.
YHIBEpCUTET «XapKiBCHKHIA http://web.kpi.kharkov.ua/molnia/ru/uchebno-nauchno-
MOJITEXHIYHUN YHIBEPCUTETY proizvodstvennyj-kompleks-natsionalnogo-tehnicheskogo-
universiteta-harkovskij-politehnicheskij-institut/
OcHOBHHUH HaPSIMOK NisUTEHOCTI, — IHKEHEPHA eIEKTpOodi3nKa.
2. | HamionansHuil yHiBEpCUTET HaBuyabHO-HAYKOBO-BHPOOHMY I LEHTP.
IUBLIBHOTO 3aXKUCTy YKpaiHu https://nuczu.edu.ua/ukr/nauka/navchalno-naukovo-vyrobnychyi-
tsentr
Jlo ckiramy MeHTY BXOIATh: HAYKOBUH BIILT 3 TpoOIeM
yIpaBIiHHs y chepi HUBITFHOTO 3aXUCTY Ta HAYKOBUH BIIILTY 3
po0JIeM JIepKaBHOT OC3IEKH.
3. | HamionansHMit yHIBEpCUTET HapyanbHO-HayKoBO-BUPOOHMYHIT HeHTP «[Hpopmaniiini
«JIbBIBCHKA MOJIITEXHIKA» TEeXHOJIOTii Ta cucTemMm». https://lpnu.ua/nnve
'onoBHMMU HanpSMKaMH JisSUTEHOCTI € HAYKOBa, HAYKOBO-
TeXHIYHa, BUPOOHWYA, IHHOBAIIiifHA JisSUTBHICTh 3 BIPOBAKEHHS
JIOCSITHEHDh HAYKOBO-TEXHIYHOTO mporpecy v ramysi IT.
4. | CximHO€EBPOIEHCHKUIA HaBuyajabHO-HAYKOBO-BMPOOHMY U LEHTP.
YHIBEpCUTET http://www.suem.edu.ua/uk/educational Technologies/mill
o cknany ueHTpy BXoaath: «HaBuaibHUM roTesb i pecTopany;
«IOpuanuna xkmuikay; «IT-kommanigs CYEMy; « Typuctuuna
areduisny; «bank CYEMy; «HaBuyaibHO-HAYKOBO-BUPOOHUYHNI
LIEHTP 3 MIATOTOBKH TiaiB-nepeknagadiby; «l1Ikona TUpeKTOpiB 3
nepconanyy». JdisupaicTh HHBII cripsMoBaHa Ha miATOTOBKY Ta
MEPENiATOTOBKY KaJIpiB y raily3i MaJoro Ta cepeaHboro GizHecy
y paMKax MmigBHIIeHHs KBamidikauii ¢axiBLiB.
5. | Bigkpute akuionepHe Topapuctso | HaBuaabHO-HayKOBO-BUPOOHUYMIT KOMILIEKC
«YKpaiHCBKUH IHCTUTYT MO «IndoxomyHikamiin.
MIPOEKTYBaHHIO 3ac00iB Ta criopy | https://onat.edu.ua/navchalno-naukovo-vyrobnychyj-komple/
3B’3Ky»; BiHHUIIbKUHT CrtBOpeHui CTbHIM Haka3oM MiHicTepcTBa OCBITH 1 HAYKH
Jep>KaBHUMA TEXHITHHHA Ykpaiau Ta MiHicTepcTBa TPAHCIIOPTY 1 3B’s3Ky YKpaiHH Bixg
yHiBepcuTeT; HarioHanbHUiA 23.07.2007 p. Ne 645/626 «IIpo cTBOpeHHS HaBYaIbHO-HAYKOBO-
yHiBepcuTeT «JIbBiBChbKa BUPOOHMYOT0 KoMmIuiekcy «[HdoxomyHikamiimnm.
noritexHikay (IHcTHTYT
TeJeKOMYHiKaIlii,
PanioeIeKTPOHIKH 1 €eKTPOHHOT
TexHikH); HamoHnaapHuH
aBiaIiitHiA YHIBEpCHUTET;
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HarmiosansHUA TEXHIYHUH
yHIBepcUTeT «XapKiBChbKUI
MOJITEXHIYHUN THCTUTYTY;
XapKiBChKUN HaIllOHATBHHNA
YHIBEPCUTET pajlioeNIeKTPOHIKH
Ta iH.

6. | Onecpkuil HalllOHAJIBHUN HaBuanbHO-HAYKOBO-BUPOOHUYMIL [ICHT).
yHiBepcuteT iM. [.I. MeunukoBa http://info.onu.edu.ua/naukovo-doslidni-pidrozdily/navchalno-
naukovo-vyrobnychyi-tsentr
7. | XapkiBchbKuUil HAIOHAJTBLHU HaBuanbHO0-HayKOBO-BUPOOHUYMIA IIEHTP ayTCOPCUHTY.

yHiBepcuTeT pagioenekTpoHikm | https://nure.ua/branch/navchalno-naukovo-virobnichiy-tsentr-
autsorsingu

Hentp 3ab6e3neuyeedextrBHe QyHKIioHyBaHH: [T-
iH(PACTPYKTYpH Ta MPOrPaMHOTO 3a0e3MIeYCHHS 3aMOBHUKIB
IUISIXOM HiATOTOBKY | HAaBYaHHS KaJpiB.

8. | CymchKuil nepxaBHUM HaBuanbHo-HayKOBO-BUpOOHMU M KoMITIeKe «CydacHUi
YHIBEpPCUTET MAaIIMHOOYAiBHUK.
https://news.sumdu.edu.ua/uk/7659-u-sumdu-stvoreno-
navchalno-naukovo-virobnichi-kompleks-suchasni-
mashinobudivnik.html

Came Taxi IIEHTPHU MOKYTh 1 TOBUHHI CTaTH CIIOKMBAYaMHU €JIEKTPUYHO1 €Heprii,
0 TEHEPYETHCS BJIACHUMH COHSYHHMH EIICKTPOCTAHIISIMA Ta CTaTH CBOEPITHUMU
00’€KTaMH BUPIBHIOBAHHS 3arajlbHOTO pPIYHOTO OallaHCy eJIeKTPOCIIOKUBAHHS
yHIBEpCUTETaAMU.

Jlpyruii HanmpsAMOK — OOTrpyHTYBaHHS Ta BIPOBA/KEHHS HANHOUIbII
OPUNHATHUX CXE€M KOMITIOHYBaHHSI COHSYHOI €JIEKTPOCTAHIII] Y HaBUAJIbHOMY 3aKJajl.

®dinocodit0 KOMIOHYBAaHHS COHSYHUX €IEKTPOCTAHIN i 3a0e3MeueHHs
CTPYMOIIpUIMAaYiB HaBYAIBHUX 3aKJIaJiB MOKHA PO3TIIAJIATH BUXOMSYH 3 JEKIIBKOX
BapiaHTIB:

- BapiaHT | — NOBHE aBTOHOMHE 3a0€3MEUYECHHS €JIEKTPOEHEPTi€0 aBTOHOMHUX
cTpyMmornpuiiMadiB a6o 00’€KTIB 3a YMOBH, IO TPOdiIb iX €ICKTPOCIOKUBAHHS
criiBnajgae 3 npodiuieM resepaliii COHIYHOI eJIEKTPOCTaHIIIT,

- BapiaHT 2 — NIOBHE aBTOHOMHE 3a0€3MEUYCHHS €JIEKTPOCHEPTi€I0 aBTOHOMHUX
cTpyMornpuiiMadiB abo 00’€KTIB 3a YMOBH, 10 NMPOUIb X €JIEKTPOCIIOKUBAHHS HE
cmiBmagae 3 mpodiseM TeHepamii COHSYHOI EJNEeKTPOCTaHIii, 3 MOXKIUBICTIO
HAKOMTMYCHHS «HAJTUIITIKOBO1» €JIEKTPOCHEPTii Y HAKOMUYIyBavyax CTaHIi;

- BapiaHT 3 — yacTKoBe a00 MOBHE (JIEAKUX CTPyMONpUIMaUiB) 3a0€3NeUeHHS
CTpyMONIpHiIIMaydiB HaBYaJIbHUX Ta AaJAMIHICTPAaTUBHUX OYyIiBENb LLIOA000BO Ta Y
nepiojid MPOBEJICHHS HaBYAJIBLHOTO MPOLECY 3 BUKOPUCTAHHSIM CXEMH MEpPEeKeBOi
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CTaHUii (MIAKIIOYEHHS COHSYHOI eJIEKTpOocTaHlli 00’ekTy, OyAiBIl 10 3arajbHOi
MEpPEexXi MocTayaIbHUKA €JIeKTPOCHEPTii);

- BapiaHT 4 — yacTkoBe a00 MOBHE 3a0€3MEUEeHHS CTPYMOIPUIIMayiB HABYAJIbHUX
Ta aJMIHICTPaTUBHUX OyaiBeNb LUIOAO00BO Ta y MEPIOAN MPOBEAEHHS HABYAIBHOIO
IPOIECYy 3 BHKOPHCTAHHAM CXEMH MEpeXeBoi cTaHIii (MiIKIIOYEHHS COHSYHOT
€JIEKTPOCTaHIIIi 00’ €KTy, OYI1BJI1 JO 3arajJbHOT MEPEKI OCTAYaIbHUK EJIEKTPOCHEPT 1)
3 MOXJIMBICTIO HAKONMWYEHHS «HAJUIMILIKOBOI» EJIEKTPOEHEPrili y HaKomuuyBayax
CcTaHIl.

[IpakTyHe OPUMHSATTS PIMIEHHS IIOJO BapiaHTy KOMIIOHYBAHHS COHSYHOI
€JIEKTPOCTaHIlli Ma€ TPYHTYBAaTHCh HAa BpaxyBaHHI TaKOro IOKa3HUKa SK 0O0CsT
MO>KJIMBOI COHS'YHOI reHepallii eJeKTPOCHEPrii CTaHIIE0 3a IEBHUN MMPOMIDKOK Yacy 3
BIJIMTOBITHAM MOTO  CIIBCTaBICHHSAM 3 mpodiieM (HaKTHIHOTO/TIPOTHOZHOTO
€JIEKTPOCIIOKMBAHHS HaBYAJIBHOI'O 3aKJIaly B IIJIOMYy a00 HOro OKpeMoro o0’€KTy-
cTpyMonpuiiMaya. 3 METOIO CIIBCTABJICHHSI PI3HUX BapiaHTIB KOMIIOHOBKU 3PYyYHO
OmepyBaTH TIOKA3HUKOM OOCSTY €JIeKTpOeHeprii, 1o Moxke OyTH 3reHepoBaHa

€IEKTPOCTAHIIICIO, AKUM Npunanae Ha 1 kBm i yCTaHOBIEHOT IOTYKHOCTI P, .. oo »

TOOTO MUTOMMI MMOKA3HUK T'eHEpallii eeKTPOSHEPrii 3a MeBHUX KIIMAaTUYHUX YMOB Ta

3 NEBHUM IPOMIDKOK YaCY 2, i -

JIJist 3py4HOCT] MPOBEEHHSI KOMEPUIMHUX PO3PAXyHKIB MK MOCTaYaIbHUKOM

Ta CIIOKMBAYEM IIPOMDKOK 4acy, AJs AKOTO BU3HAYAECTBCA P, . » 3@ IPOTIKHICTIO

Ma€ BIJMOBIJATH 3arajJbHONPUUHATUM PO3PAXYHKOBUM MepiojnaM. Sk mpaBuio — 1e
KaJICHIApPHUM MiCSIIb.

3a pe3yiapTaTaMH MPOBEACHUX JOCHIKEHb (PYHKIIOHYBaHHS COHSYHHUX
€JEKTPUYHHUX CTaHUIA y PI3HI MEpIOAM 3a YMOB IIBHIYHOIO PErioHYy YKpaiHw,
BUKOPUCTOBYIOUM 3a3HA4YEHI cepeAHl 0OCITH MIOMICSYHOI reHeparlii eleKTpoeHeprii

HOKA3HUK O, iy A4 KOXKHOTO MICSALUSA  POKY 0, s TIPOTIOHY€THCS

icenepayii

BU3HAYATH 32 POPMYJIIOO:

pie.mcmauuif = Aieeuepuuii /Pycm.e,z.cmam;ii' N (1)
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P0O3paxyHKOBI BEUUUHHU p,,, .uir A1 KOIKHOTO MICALS POKY 3BEIEHO Yy TaOI. 2.

Taomurs 2.

Po3paxyHKOBI BEJIMYMHH IIUTOMOTO IIOKA3HUKA 0, .0 (38 MICSLIAMU)

[Toxaznuku Micsp poky

1 2 3 4 5 6 7 8 9 10 11 12
Pier.emanii 10,6 | 12,5 | 26,5 | 139,4 | 153,2 | 161,0 | 131,2 | 152,1 | 104,7 | 59,7 | 18,8 | 7,0
< Bm*200/kB 4 8 7 4 9 4 1 2 1 6 5 2
m
Yacrtka 1,1 1,29 | 2,72 | 14,22 | 15,7 | 16,5 13,4 | 15,5 10,7 | 6,1 1,92 | 0,7
obcsry 2
reHepartii,
BiJl PpIYHOI,
%

3a3HaueHl PO3PAXyHKOBI BEIMYMHHM 0, .. NPAKTHYHO € IHTErpaJbHUMHU

OUTOMUMU MOKa3HUKaMH (yHKI[IOHYBAaHHS COHSYHOI €JIEKTPOCTAHIII] B KIIIMAaTUIHUX
yMOBaxX CHIBCTaBHUX TMPOMDKKIB Yacy Ha TMPOTI31 KAJICHIAPHOTO POKY 1
XapaKTepU3yOTh (BU3HAYAIOTh) MPOMIKOK 4Yacy y TOJMHAX Yy SKOMY €JEKTpUYHA
cTaHuis (yHKIIOHYyBajga O 31 CTOBIJICOTKOBUM HABAaHTAXKEHHSIM il yCTaHOBJIEHOT

€JIEKTPUYHOI NOTYXHOCTi. HaBeneHi po3paxyHKOBI JlaHi € KOPEKTHUMH 32

pim.cmanuii‘
YMOBH PO3TaIllyBaHHS COHSYHUX IMaHENel Ha YaCTHHI MIATPOBOI MOBEPXHI MOKPIBIII,
OpIEHTOBAHO1 Ha MiBJACHb a00 MIBJEHHUM CX1Jl 3 HE3MIHHUM KYyTOM HaXWly OJIM3bKO
249, ..25% 1o ninii rOpU30HTY Ta CTAlliOHAPHUM OE3IIOBOPOTHUM 3aKPIILIEHHSIM.
3BakaroyM Ha OMMCaH1 BIAMIHHOCTI Ta MEPEIyMOBHU, HE CKJIAIHO IMPOBECTH
pO3paxyHOK  MPOTHO3HOTO  00CATYy  reHepaiii  eJIeKTPOCHEprii  COHSYHOIO

€IEKTPOCTAHIIICIO 33 BU3HAYEHUI MICALb POKY (3 BAKOPUCTAHHAM P, i) OYAB-AKOI

YCTaHOBJIEHOI MOTYXHOCT1 P,

iyem.en.cmanyii 2

BUXOJAYM 3 HA’ABHHUX YMOB PO3TAIlyBAHHSA

MaKCUMaJIbHOI KIJIbKOCTI COHSIYHMX MaHEIeH Ha KOHCTPYKLIMHUX eleMeHTax OyiBii.

ToOrTo,

icenepayii pie.z.cmam;ii'» Pycmeﬂ.cmanuii (2)
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SIx BiIOMO, yCTaHOBJIEHA €JIEKTPUYHA MOTYXHICTh COHSIYHOI €JIEKTPOCTAaHIIIT,
IpU 1HIIUX PIBHUX YMOBaX, IMPSAMO MPOIMOPIIHAHO 3aJIEKUTh BiJI KIJIBKOCTI
BCTAHOBJICHUX TaHeled Ta iX OAMHUYHOI IMOTYKHOCTI. 3a HaBEJACHUX YMOB Ta
JOMYIIEHh YCTAHOBJEHA TMOTYXXHICTh OyJe 3aJeXaTh BiJl KOHCTPYKTHMBHHUX
ocobnuBocTeil maHesneil (rabapuTHUX po3MIpiB 1 (PI3UYHOI 3AATHOCTI €(PEKTHUBHO
TEHEPYBATHU €JIEKTPUYHY €HEPTit0) Ta X KUIBKOCTI # (IUIONI Ta CIOCO0Y PO3MIIICHHS
Ha eJIEMEHTaX KOHCTPYKIIi OyaiBi).

3a UMMM MIPKYBaHHSIMHM, BHKOPHUCTOBYIOUM  1H(poOpMamico 1010
KOHCTPYKIIHHUX  OyMiBEIbHUX OCOOJMBOCTEH OymiBIl, TaKOXX HE CKJAIHO
po3paxyBaTh EHEPreTUYHUN TMOTEHIIa]l pO3TallyBaHHS IaHeled Ta MaiOyTHBOI
COHSYHOI EJICKTPOCTaHIlii, BU3HAYMBIIA MAaKCHUMAaJIbHO MOKJIIUBY YCTAHOBJICHY

MOTYXXHICTh P

yem.en.cmanyiimax *

MakcumanbHa €(EeKTUBHICTh BHUKOPHCTAHHS YCTAHOBJICHOI TMOTY>KHOCTI
COHSIYHOT €JIEKTPOCTAHINT TIpH 11 PYHKIIIOHYBaHHI B KJIIMAaTUYHUX YMOBaX IMIBHIYHUX
Ta MIBHIYHO-CX1HUX PEr1OHIB YKpaiHU Ma€ MICLIE B IEP10/1 KBITEHb — )KOBTEHb. Y 1HIII
MICsILIl CyMapHUi oOcAT reHeparlii craHoBUTh O0Ju3bKo 7-8 % Bix piunoro. Lleit dakr
Ma€ BHpIIIAJIbHE 3HAYEHHA NpPHU BpaxyBaHHI OOMEXEHb BHOOPY BCTaHOBJIECHOI
MOTY>KHOCT1 COHSYHUX TMaHeNel Ta BUXIIHUX YMOB PO3PaxXyHKY TEPMiHIB OKYITHOCTI
IHBECTHUIIIH Yy TMOOYJOBY COHSIYHOI EJICKTPOCTAHII 3a yMOBM 1iI eKCIuTyartamii y
HaBUYAJIbHUX 3aKJIaJiax (OKPIM JOMIKIILHUX).

Bapiant 1 pgominbHO posrisgaté npu  GYHKIIOHYBAaHHI BiJIOKPEMIIEHOTO
00’€KTa HABUAJILHOTO 3aKjaJy HE BEJIUKOI TMOTYXXHOCTI HE BIANOBIAATBHUX
CTpyMONIpHiIMayuiB NEPIOUYHOI Al 32 YMOBH iX (DYHKIIIOHYBaHHS y MEp10J reHepanii
€JIEKTPOEHEPT1i CTAHIIIEO.

VY 11pbOMy BHUMAJIKy MaKCHMaJllbHA YCTAHOBJICHA MOTYKHICTh COHSYHHX TMaHeIen
Ma€e BHOMpaTHUCS 3a KpHUTEpieM 3a0e3MEeUeHHS MaKCHUMaJIbHOI TMOTYXHOCTI
CTpYMOIIpHiIIMayiB 32 YMOBU XMApPHOT TOTO/IH.

Taka cxema KOMMIOHYBaHHS CTaHLIi mependadyae 3aBUIICHY YCTAHOBJICHY
MNOTYXHICTh COHSTYHUX IMaHesel. SIK pe3yabTaT: He pallioHaIbHE BUKOPUCTAHHS IO
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iX pO3MIILEHHS; 3aBUILEHI KaliTaJlbHI BUTPATH Ha 3aKYIIIBIIIO 00JIaJHAHHS, MOXJIMBA
HAJJIUIITKOBA TeHEpaIlis eeKTPOEHEPrii y TOAMHA HAMBUIIOI COHSYHOT aKTHBHOCTI 32
MEBHUX MOTOJAHUX YMOB. 3a3HaU4€Ha CXeMa BUKOPUCTOBYETHCS BKpai MaJlo.

BapianT 2 pgouuibHO po3rasgaTd Opu  (QYHKLHIOHYBAaHHI BiJIOKPEMIIEHOTO
00’€KTa HABYAJIBHOTO 3aKiaJy HE BEJIMKOI TMOTYXKHOCTI TMEpPIOAMYHOI Jii He
BIJIMOBIJATBHUX CTPYMONPHUIMAUYiB 32 YMOBH €KOHOMIYHOI HEIOUIIBLHOCTI abo
TEXHIYHOT HEMOXKJTUBOCTI MPUETHAHHS 1X 10 €ICKTPUYHUX MEPEK NMOCTadallbHUKA (SIK
NpUKIA, 1€ MOXYTh OyTH OCBITJIIOBaJIbHI NPWIAJAX 30BHIIIHHOTO OCBITIICHHS
TEPUTOPIi 1 T. 1.).

Y upoMy BHUNAJKYy OCHOBHUMH BUXIJIHUMU KPUTEPIIMH BHOOpPY BEITUYHUHU
YCTaHOBJIEHOI MOTY>XHOCTI COHSIYHOI €JEKTPOCTaHI[li MarTh OyTH €JeKTpUYHA
NOTY)XHICTh CTpyMONpHiiMauiB, rpadik ix ¢(yHKIIOHYBaHHSA, 00CATH J0OOBOTO
CHOKMBAHHS €JIEKTPOCHeprii. 3a TakKUX YMOB IMOTY>KHICTb €JIEKTPUYHOI CTaHIIi
NOBHHHA PO3PAaxOBYBAaTUCS 3 YypaxyBaHHAM TaKOXX TEXHIUHUX IapameTpiB
HAKOMUYyBada €NEeKTPUYHOI eHeprii (CTYMiHb JTOMyCTUMOTO PO3PSHKEHHS, MOXKJIIUBI
o0cArM  HAKONHUYEHHS  EJNEKTPOEHEprii,  BOJbT-aMIIEpPHA  XapaKTEPUCTHKA
HAKOIMYYyBaya y pexuMI1 JDKEpesia eJeKTPOEHEPrli, BTPAaTH €JIEeKTPOEHEPTli y CUCTEMI
npu i PYHKIIOHYBaHH] y peKUM1 HAKOIIMYEHHS 1 JPKepesa Ta 1HIIe).

VYcraHoBieHa ~ €NEKTpUYHA  MOTYXXHICTh  €JIEKTPOCTaHUii ~ NOBUHHA
3a0e3neuyBaTl NPHUEIHAHY €JIEKTPUUYHY MOTYKHICTh CTPYMOIIPpUHMAYIB 32 YMOBH il
GyHKITIOHYBaHHS Y PeKHMI reHepallii, MaTh «HaUTUIIOK) MOTY>KHOCTI, TOCTATHIMN JJIsI
J0JJaTKOBOTO TEHEPYBAHHS Ta HAKOMHYEHHS OOCITY eJeKTPOEHEprii MpOTATOM
1000BOT0 TIEP10Ay TeHEPAIlii 3 METOI0 TOJAJIBIIIOTO 1i CIIOKUBaHHA. TOOTO 3a ITUX YMOB

MarOTb BUKOHYBATHUCA YMOBHU!

eeneppayiioobose — “’cnoowcus.nomou. + Haxkonu.00606e + A@mpam > (3)

abo
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t +P t +4 (4),

2eneppayiioobose ~ * cnoowcus.nomou.” 2enepayii CROJICUE.NOMOY.” CHOICUE. empam

ne: A

2enepayiioobose

— KUIBKICTB efiekTpoeHeprii (kBT*rox), o mae 6yt 3reHepoBaHa

st 3a0e3nedyeHHs  J1000BOro  (h)yHKIIOHYBAaHHA CTpyMONpHiiMadiB 00’ €KTy;

— KUIBKICTh enekTpoeHeprii (kBr*rom), sKy MawTh CHOXHUBATH

CRnooJ#CU8.nomovHe

CTpyMompHiimMaul y mepios ao0u ¢

cenepayii’ 2

KOJIM COHSYHA €JIEKTPOCTAHIIIS IPAIloe Y

pexuMi reHeparii; 4

HaKonuy.0obose

— KUIBKICTB eJeKkTpoeHeprii (kBr*rox), ska mMae Oytu

HAKOIMYEHA y HAKONWYyBayax CTaHUIi s il CHOKMBAHHS CTpyMONpHIMadamH y

nepiog ao0u ¢ 3a BIJICYTHOCTI COHSYHOI TeHeparii; 4 —  KUIBKICTB

CNoJACUB . empam
enektpoeneprii (kBt*rom), sika moxke OyTH BTpayeHa y €JIEMEHTax COHSYHOI

€JIeKTPOCTaHLIi Mpu ii (PyHKIIOHYBaHHI NPOTATOM J100H; P, — YCTaHOBJICHA

NOHCUB.NOMOYUHE

€JIEKTPUYHA MOTYXKHICTh CTPyMONpHUiIMauiB OO0’€KTy, MNPUEAHAHUX JO COHSIYHOI
€JIEKTPOCTAHIIII.

SIkmio BuU3HaAUYeHO A

2enepayiioobose

TO y ILbOMY pa3l EJIEeKTPUYHY IMOTY>KHICTh

redepariii P

eenepayii

MOXHa PO3paxyBaTH SIK:

2eneppayii = Azenepazﬂi'()oﬁoge / tzeuepauii' * (5)

Bupa3z (5) cnpaBennuBuii 3a yMOBHU, SIKIIO P

cenepayii’

=const TPOTATOM BCBOI'O
IEPIOAY 1,0, - OMHAK, BLIOMO, IO OPOTATOM 00U Ta KaJIE€HIAPHOTO POKY BEIUYMHH

TA € 3MIHHUMHU 1 TOMY BU3HAay€HHS P

cenepayii

€ npoOieMaTHYHUM Oe3

2enepayii eenepayii
ypaxyBaHHs i€l 00CTaBUHU. SIKIIO K 3BEPHYTHUCS J10 HALIUX MOMNEPEIHIX MIPKYBaHb
IOJI0 BU3HAYEHHsS 0O0CATYy  €NeKTpOeHeprii, SKui Moxe OyTH 3reHepOBaHO

€JIEKTPOCTaHIIIE0, 10 Tpumagae Ha 1 kBm i yCTaHOBIJICHOI MOTY>KHOCTI P

yem.en.cmanyii 9
TOOTO MUTOMHH ITOKA3HUK reHepaui'l' CJICKTpOGHGpFi.l. 3a MEBHUX KIIMAaTHYHUX YMOB Ta

3a NMEBHUM NPOMIKOK YacCy p,, .au:> TO BUKOpUCTaBmM (Gopmyiy (1) P, abo

enepayii

P[ycm.eﬂ.cmamﬂi‘ pO?’paxyeTbcsI K
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yem.en.cmanyii A:euepam[ /pe,z.cmauuii' (6)

ne A =4 -k — MICAYHE  CIOXKHMBAHHS  €JEKTPOEHeprii

eenepayii 2enepayiioofose
CTpyMolipuiiMayamMu, TpUETHAHUMHU JI0 COHSTYHOT €JICKTPOCTAHIIIT; & — KUIBKICTb JIHIB
y IOTOYHOMY MICSIIII.
3a3HayeHUIl PO3PAXyHOK € KOPEKTHUM, SKIIO MNPUUHATH MOMYIICHHS, IO

€ HEe3MIHHUM TIPOTATOM J100M Ta Micsis, abo € MakcuManbHUM. PeanbHO

CROJMCUB.NOMOYHE

o0cAru re’eparii eJIeKTPOEHEPrii y Pi3HI MICSI 3MIHIOETBCSA 1 MOXKJIMBA CHUTYyaLlls

KOJIM BOHM Oy/lyTh HEAOCTATHIMY, 400 HAUIMIIKOBUMU. BUXOIIUN 3 p,, .00 » A1ATIA30H

piuHOi 3MiHKM O0OCSTIB TeHepaiii 3a OfHiel 1 Ti€l X BCTAHOBIEHOI EJIEKTPUYHOI
MOTYXHOCT1 CTaHIli MOke BapitoBatucs y mexax 1600%. 3a3zBuuail npuiiMaeThcs

AK€ BIJNOBIJA€ MIHIMAJIbHOMY 3HAYEHHIO p, ..., SKIIO HEOOXIJHO

yem.en.cmanyii ?
3a0€3MeUnTH KUBJIEHHS CTPYMOIIPUIMaYiB MPOTITrOM POKY 3a BapiaHTOM 2 OOYA0BU
COHSTYHOT €JICKTPUYHOI CTaHIII].

Opnak, HacHiAKAMU TaKOi METOAMKHA BU3HAYEHHS YCTAHOBJIEHOT MOTYXHOCTI
€JIGKTPOCTAaHIIIi MOXKYTh OyTH 3HAYHI KalliTadbHI BUTPATH Ha OOJAAHAHHS 1 TEXHIKO-
€KOHOMIYHI TOKa3HUKH (YHKIIOHYBaHHA CTaHIi OyAyTh HE HaWKpaill T0
BIJIHOIIEHHIO 10 BapiaHTiB 3 Ta 4. KpiM TOro, npuiHATTS BEIMYMHU YyCTAHOBJIEHOI
MOTY)KHOCTI 32 YMOBaMH MiHIMAQJIBHOI TeHepalii MIPU3BOJUTH 10 «HAIJIUIIKOBOI»
reHepaiii y JiTHI Micsmi. B 1med mepion cymapHe €JIeKTpUYHE HaBaHTAKCHHS
CTpyMomnpuiiMadiB 1 00cATH ITOOOBOTO EIEKTPOCIIOKUBAHHSI MOXKYTh CTAaHOBUTH
omm3pko 10...15 % Big MakcMMallbHOTO (paKTHYHOTO, a00 PO3pPaxXyHKOBOIO. Y mei
nepiosl (OJM3bKO 2-X JIITHIX MICALIB) MOXE TOCTPO CTOSTH NUTaHHS TeHepalii
«3alBOI» €JIEKTPOEHEPTIii, a00 T0AATKOBOrO il BUKOPUCTAHHSI.

3acTocyBaHHS TAKOTO BapiaHTy KOMIUIEKTYBaHHS Ta PYHKI[IOHYBaHHS COHSIYHOI
€JEeKTPOCTaHLli € TMpuBAOJMBUM 32 YMOBHM 3MIHHOIO CE30HHOrO MpOQLIIO
HABaHTAXEHHS CTPYMONPUIMAaYiB: HOTO MiHIMAJIbHI 3HAYE€HHS B3UMKY, MAaKCUMAJIbHI
— BITKY. ToOTO, UIsi NPUHUHSATTS pIIEHHS 0[0J0 3alpOBAIXKEHHS COHSYHOI

€JIGKTPOCTAHIIi 32 BapiaHTOM 2 MOMEPEAHbO HEOOXITHO MPOBECTH aHai3 Mpodiito
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€JIEKTPOCTIOKUBAHHS, CHOPMYBaTH MOrO0  «CHEKTP», BU3HAUYUTH BaXIJIMBICThH
CIIO’KHMBAYIB 3 TOUYKHU 30py O€3MEepEepBHOCTI X (PYHKIIIOHYBaHHS Ta MEPIIOYEPrOBOCTI
eHepro3ade3NneuyeHHss 1 3a [UMH O3HakaMu (OPMYBATH MIHIMAIBHO MOMKIJIMBY
YCTAaHOBJICHY EJEKTPUYHY TOTYXHICTh E€JIEKTPOCTaHINi Ta BU3HAYATH TOTYXKHOCTI
HAKOMMYYyBa4iB  €JIGKTPOEHEeprii  3a  yMOBM  JIOJATKOBOTO  IPHEIHAHHS
CTpyMOIIpHiIIMaUiB y MEeP10AX MAKCUMAJILHOT I'eHepallli.

Bapiant 3. OCHOBHOIO TEXHIYHOKW BIJMIHHICTIO (KOHCTPYKTHBHOIO
0COOJIMBICTIO) COHSIYHOI €JICKTPOCTAHINT 3a IIUM BapiaHTOM BiJl KOMIUICKTYBaHHS 3a
BapiaHTaMu 1 1 2 € MIOKIIOYEHHA 1 0 MEepexi MocTadyajbHUKa E€JIeKTPOCHEprii 1
3aNeXKHICTh 11  (YHKIIOHYBaHHA BiJ SKOCTI Ta Oe3nepepBHOT HASBHOCTI
€JIEKTPOEHEPTii MocTavalbHUKA (3arajabHOI MEPEXK1).

3a3HaueHU BapiaHT KOMIIOHYBaHHS CTaHIlli He mepeadaydae CreuiaibHOTO
OKpPEMOr0 HaKOMH4YyBaya EJIEKTPUYHOI eHeprii. Y SKOCTI TaKoro aKyMmyJsiTopa
BUCTYIIA€ 3arajibHa Mepexa eJeKTporocTadyaHHs. To0To, eJeKTpuYHa CTaHIIis
BKIIIOYAETHCA Y MEPEXKY CIOXKMBaya, SKUM CIOXUBA€ 3IrEHEPOBAHY CTAHIIIEIO
€JIEKTPOCHEPTiI0, HAITTUIIIOK FeHepallil «IepeTikae» 10 Mepex nocrayaibHuKa. Y pasi
aepinuTy TeHepamii, abo T BIACYTHOCTI JKHUBJIEHHS CTpyMOIpHiiMauiB Oyze
BiIOyBaTUCST 4acTKOBO (200 TMOBHICTIO) BIJ E€JEKTPOCTAHII Ta 3arajbHOl MEpexi
nocrayajibHUKa, a00 MOBHICTIO BiJi MEpexXi MocTadyajlibHUKA. 3a [UX OOCTaBUH
HEOOXIJTHO 3BEpHYTH yBary Ha JiBl NpoOJIEeMH: KOPEKTHICTh OOJIKY «IEepeTIKaHHS»
00CAT1B €JIEKTPOEHEPTi MikK MEpeKaMH CIIOKMBAaYa Ta MOCTavyalbHUKA, a TAKOXK SIKICTh
€JIEKTPUYHOI €Heprii, 10 TeHEPYEThCS COHSYHOIO EIEKTPUYHOI0 cTaHIliero. [leprra
npoOieMa Mae BUPINIYBAaTUCS 3 BUKOPUCTAHHSM Yy By3JaxX OOJIKY CIIOKUBaHHS
CrelIaJIbHUX JIIYUIbHUKIB €JIEKTPUYHOI eHeprii, K1 (GIKCYIOTh 00CSATH «IIePETIKaHHS
€JEKTPOEHEPrii MK CIHOXKHMBa4e€M Ta I[OCTAYAJIbHUKOM 1  BPaXOBYIOTHCS
aBTOMAaTU30BaHUMM CHCTEMaMH KOMeEpLIMHOro 00Ky enekTpoeHeprii. Jlpyra
npoOjieMa Ma€ BHUPIIMICHHS CYTO TEXHIYHMMHU 3aco0aMH I0JI0 aBTOMAaTH3aIlil
dazyBaHHS Ta CHHXPOHI3allli EJEKTPUYHOI CTaHIi 3 MEpekKer, perytoBaHHS

reHepaiiii rapMoHik 1 crabumi3zamii Hanpyru Ta iHme. {1 mpoGiaeMu BUPIIIYIOTHCS 3
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BUKOPUCTAaHHSAM 3aC00iB, SKMMHU KOMIUIEKTYIOTbCS CYyYacHI COHSIYHI €JEeKTPHUYHI
CTaHII].

Buxoasun 3 1p0ro, AOJATKOBUM OOJIaHAHHSAM, a, OTXKE, 1 J0JaTKOBUMHU
KalliTalbHUMH BUTPAaTaMHd Ha KOMIUIEKTAIlI0 CTaHLIi € By30J OOJIKy Ta iHIII
KomyTarliitai 3acoou. llle onaum BaroMum ¢GakTOpoMm, SIKUil CYTTEBO MOXKE BILTUBATU
Ha (OpPMYBaHHS BapTICHUX T4 EKOHOMIYHHMX MOKAa3HUKIB (PYHKIIOHYBAaHHS COHSIYHOI
€JIeKTPOCTaHLli, € JOJATKOBI BUTPAaTH Ha MPUETHAHHSA JI0 E€JIEKTPOMEPEXKl Ta
3a0e3IeueHHs Tiepefadl eJIeKTpOoeHeprii, sKl 3ajexaTb B 00CATY J0JaTKOBOI
€JIeKTPUYHOI MOTYKHOCTI CHOXKMBaya Ta crnocoOy (Buay) ii MpUETHAHHS JO MEPEx
nocTtadajibHUKA. Y JIE€SKMX BHIIQJIKaX BIH MOXE CTaTH OJHUM 31 CTPUMYIOUMX THpHU
BU3HAYECHHI BEJIMYMHM  YCTAHOBJIEHOI  €JNEKTPUYHOI  MOTYXKHOCTI  COHSYHOI
enekTpocranuii. Hapa3li cyma 3a3HaueHoOi oIulaTH Ta MOPSAOK 1ii pO3pPaXyHKY
pernamentyeThes nocranoBoro HKPEKII Ykpainu Big 18.12.2018 Ne 1965.

Buxoasuu 3 TEXHIKO-€KOHOMIYHUX Ta OpraHi3aliiiHuX MipKyBaHb MaKCUMaJbHa
YCTAaHOBJICHA EJEKTPUYHA TMOTY>KHICTh TMPH KOMIUIEKTYBaHHI Ta (DYHKIIIOHYBaHHI
COHSIYHOI €JIEKTPOCTAHIIIT 32 BaplaHTOM 3 MOxke OyTH MaKCUMaJIbHO MOKJIUBOIO.

VY pas3l BIANOBIIHOCTI 0OCATy TreHepalii €JIeKTPOCHEprii CTaHLIE 00csry
CIOKMBAHHS CTpyMoIpuiiMadyaMu OyAiBil (3aKiany) 3a pO3paxyHKOBUHN Mepiof] 4acy
MaTUMEMO TMPAaKTUYHO HYJTbOBE CIIOKHBAHHS  EJIEKTPOCHEPrii 3  Mepexi
1ocTavajgbHUKA, TOOTO MOBHE ii 3aMilieHHs. [Ipy IbOMy BapTiCTh €E€KTPOEHEPTIi, KA
BPaxOBYETHCS MPH PO3PaXyHKaX EKOHOMIYHOT €()eKTUBHOCTI (DYHKI[IOHYBAHHS CTAHIII1
Mae€ BIANOBIAATH Tapu]y 3aKyMHiBIIl €JIEKTPOECHEPT1i CIIOKMUBAYEM Y MOCTAYAIbHHUKA.

Sxuo o6csiTu reHeparii eeKTpoeHEPrii CTaHIlie€r0 OyayTh OB BiJl 0OCATIB ii
CIIO’KMBAHHS CTpyMONpUitMauyaMu 3akiiany (OyaiBil), MU MaTUMEMO IMOBHE 3aMIIIESHHSI
CJIEKTPOCHEPrii, $SKa HAagXOAUTh BIJ TMOCTaYalbHHUKA, a TaKOX JI0JaTKOBE
«TEepeTIKaHH» «HAJJIUIIKOBOY» 3T€HEPOBAHOTO CTAHIIIEI0 0OCATY €JIEKTPOCHEpPrii 10
MEpeX IocCTayajbHUKA. Y 1[bOMY BHMAJAKy BapTICTh EJIEKTPOEHEprii, ska
BPaxOBYEThCA TPU PO3paXyHKaX EKOHOMIYHOI e(deKTUBHOCTI (YHKIIIOHYBaHHS

cTaHIii, Ma€e OyTH MPUKAHSITO:

223



THEORETICAL ASPECTS OF MODERN ENGINEERING

- 3a TtapudoM (1iHOIO) MOocTayalbHUKAa Ha OOCAT CIOKUTOI EJIEKTPOEHEepPTii
cTpyMonpuitmMauamu OyAiBii (3aKiIamy);

- 3a TapudoM (I[1HOI0) Y3rOHKEHUM MIXK CIIOKUBAYEM Ta MOCTa4aIbHUKOM (200
3aKOHO/JABUO YPEryJbOBAaHOIO I[IHOIO) Ha OOCSAT TMEepeTiKaHHS 3reHepOBaHOI
€JIEKTPOCHEPTil COHSYHOIO €JIEKTPOCTAHIIEI0 CIIOKHUBAaYa 0 MEPEX MOocTadallbHUKA,
32 YMOBH YHHHOT'O 3aKOHO/ABCTBA, 11€ MOXKYTh OyTH «3eJeHi» Tapudu.

Sk BXKe 3a3Hayanocsd, 3a BaplaHTOM 3 CYTTEBUX TEXHIYHUX OOMEXKEHb Ta
nepeayMOB 11010 BUBHAYEHHS MAaKCUMAJIbHOI YCTaHOBJICHOT €J1eKTPUYHOI MOTYKHOCTI

COHSIYHOI €JIEKTPOCTaHLii P HE ICHY€, 3a BUKJIIOYEHHSIM OJIHI€I 00CTaBHHM.

yem.en.cmanyii
BoHa cTocyeThCs TEXHIYHOI MOKIMBOCTI PO3TAIyBaHHS MAaKCHUMAaJIbHOI KUJIBKOCTI
COHSIYHMX IIaHeJeld Ha KOHCTPYKUIMHMX eJeMeHTax OyaiBil (IOKpiBii, CTIHAX).
OCHOBHUMU KPUTEPISIMU TYT Ma€ OyTH OpI€HTAIlis 3a3HAYCHUX €JICMECHTIB Ha I1BJICHb,
MIBACHHUN CXiJ, MIBJACHHUHN 3axXijl, a TAaKOX KyT HAXWUJy MOKPIBJIl JI0 TOPU3OHTY.

To610, P, .cnamz 3@ LHMM BapiaHTOM, B OCHOBHOMY, 3al€XHTh BiJl KIJIBKOCTI

YCTAaHOBJICHUX COHSYHMX IMaHeNed Ta iX OJAMHUYHOI €JEKTPUYHOI MOTyXHOCTi. Ha
dakTUUHy 3K EJEeKTPUYHY MOTYXHICTh TeHepalii TakoX OyIyTh BIUIMBATH KYTH
pO3TalllyBaHHS COHSIYHUX TaHeiel Ha 30BHIIIHIX eJIeMeHTax OyiBelb Ta iX MUTTEBE
po3tarnryBaHHs BiqHOCHO COHIIS.

Bapianr 4. Bin € ananoriyauM Bapianty 3. OCHOBHOIO TEXHIYHOIO BIJIMIHHICTIO
(KOHCTPYKTHBHOIO OCOOJIMBICTIO) COHSIYHOI €JIEKTPOCTAHINi 3a LIMM BapiaHTOM Bij
KOMIUIEKTYBaHHS 32 BapiaHTOM 3 € HasBHICTh JOJATKOBHX HAaKOMHYyBayiB
€JIEKTPOEHEPrii Ta 1HBEPTOpA, IO Ja€ MEepeBaru mepeja BapiaHToM 3 3 TOYKU 30py
Oe3mnepebiitHOCTI eneKkTpo3adesneueHHs (Tak 3BaHl «T10pUIHI» COHSYHI CTaHIIIT).

Binomo, mo mepexkeBa COHSYHA CTaHIIS MPALIOE 32 HASIBHOCTI HANPYTH Y
Mepexax IMoCTadyajJbHUKAa. Y pa3l ii BIJICYTHOCTI Ha IIMHAX CIOXKMBaya COHSYHA
enekTpocTaHilis He pyHKiionye. COHSYHI aHe i MOKYTh MaTH MOKJITUBICTh TeHepallii
€JIEKTPOEHEPTii, aje 3a KOHCTPYKTUBHUMH OCOOJIMBOCTSIMU CTaHIIIi CKOPHUCTATHUCS HEIO

HEe MOXJIMBO. OCOOJIMBO HE MPUEMHA CUTYallld Y LIbOMY BHUIIAJIKy MOYKE€ BUHUKHYTH Yy
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HaBYAJIBHUX 3aKJIaJjaX MEAUYHOTO CIPSIMYBaHHS, /1€ 7S HaJaHHS MEIUYHHUX MOCITYT
€JICKTPOIIOCTAaYaHH Ma€ OyTH HEMIEPEPBHUM.

Jlnst ycyHeHHs1 1i€i mpoOJjieMH 3acTOCOBYIOTh PE3EpBHI CTaHIlli, Yy SKUX
IPUBOJIOM CITy>KaTh JU3€TbHI JBUTYHU. EJEKTpudyHA TMOTYXKHICTH TaKWX CTaHIIH
BHU3HAYAETHCS 32 BEJIUYMHOIO €JIEKTPUYHOT OpOHi, TOOTO €NEKTPUYHOIO TOTYXKHICTIO
CTpyMoIpuiiMadiB, TepioAoM iX (YHKI[IOHYBaHHS, OOCSTOM CIOXKUBAaHHSI HUMH
€JEKTPUYHOI €Heprii sl 3a0e3leueHHs] MPOBEJCHHS YW 3aKIHYEHHS MEIUYHUX
3axojiB. Jns miarpuMaHHs y poOOYOMYy CTaHI TaKWMX CTaHIli HEOOXIJHO 3aydaTh
J0JIATKOBO KBali(hiKOBaHUI 0OCIYroByIOUYMI NIEpCOHAN, MATPUMYBATH Yy HAJIEKHOMY
CTaHl MaJMBHE TOCIOJAPCTBO, KOMYTallliiHI mpucTpoi Ta iHIIEe. Bukopucranas y
MEPEKEBUX COHSYHUX CTaHIIIX JJOJATKOBHX TIPHUCTPOIB HAKONMUYCHHS CHEprii
CHpOLLy€e BUPIIEHHS L€l npobiemu. HakonnyyBadl NOBUHHI MaTH €MHICTb IOCTaTHIO
JUISl BUKOHAHHS (DYHKITT €HEPTeTUYHOTO MIATPUMAaHHSI MEIUYHUX a00 1HIIHUX 3aX0/I1B
y oOcsirax Bu3HaueHoro OpontoBaHHs. Hapa3i Ha puHKY VYKpaiHu npucyTHI Ta
MPOIOHYIOTHCS MPOJABISIMU HAKOMMUYYBadl €JIEKTPUYHOI €HEeprii, 1mo 0a3yrThCs Ha
JITIA — I0HHUX Ta KUCJIOTHUX aKyMYJSATOPHUX Oarapesx pizHoi eMHocTi. [Ipu Bubopi
MOTY>KHOCTI Ta MOJIEJI1 HAKOMMMYYBaviB HEOOX1THO 3BEPTATH y MEPIIy Yepry yBary Ha
iX TexHiuHi mapameTpu. EnexTpudyHa MOTYXHICTh Ta €MHICTh HAKOTMYYyBada Mae
BU3HAYATHCS 3 YpaxXyBaHHSIM JIEKIIBKOX YMOB:

- KOPUCHOI €JEKTPUYHOI EMHOCTI HAaKOIMYyBaya, TOOTO Tpeba MaTh Ha yBasi,
0 pIBEHb PO3PSAKAHHS aKyMYJATOPHUX Oarapeid 31e0UIbIIOI0 HE TOBHHEH
nepesuirysatu 50...75%;

- MOTYXXHICTh HAaKONMHW4YyBada Ta HOTO €MHICTh TOBHMHHA PO3PaXOBYBATHUCS
BUXOJISIYM 3 TIEPEIIIKY Ta CyMapHOi YCTAaHOBJIEHOI MOTYKHOCTI CTPyMONPUMMAYIB, SIKi
MaroTh (YHKLIOHYBaTH y MEPIOAHM BIACYTHOCTI MEPEXKEBOI EIEKTPOEHeprii Ta ix
MPOTSHKHOCTI, a TAKOXK OCOOJMBOCTEH (PYHKIIIOHYBaHHS JACSKUX CTPyMOIPUIMAUIB y
MOMEHT iX BKJIIOYEHHS (MIJBUILIEHHS CTPyMy CcHOXuBaHHS y 3...4 pa3u BiA

HOMIHAJIBHOTO MPHU MyCKaXx);
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- 3a ICHYIOUYOl MPAKTUKHA Ta BUMOT HOPMATUBHUX JOKYMEHTIB perjiaMeHTOBaH1
MIEPEPBH Yy €JIEKTPOINIOCTaYaHH1 MaIOTh OYyTH JJIsl HABYATIBHUX 3aKJIaJIB y Mexkax 1 moou
(IT Ta III kaTeropii HaaiitHOCTI enexkTponocTadanHs 3rijgHo JAbH B.2,5 — 23:2010).

HeoOxiaHO TakoXX 3BEpHYTH yBary Ha oOMeXeHY KUIbKICTh CTPyMOIIpHiIMauiB,
Kl MOXYTh (DYHKI[IOHYBaTH OJHOYACHO B CHCTEMI, IX CyMapHy TMOTY>KHICTb
00MEXYIOTh MOXJIMBOCTI TOPUAHOTO 1HBEPTOPA.

V3aranpHeHa iHQopMaLis IpO OCHOBHI BapiaHTH KOMIUIEKTYBaHHS Ta KpUTepii

1 0COOJIMBOCTI 3aCTOCYBAaHHS COHSYHUX €JICKTPOCTAHIIIN 3BEeJICHO y TabuI. 3.

TaOmurs 3.

OCHOBHI BapilaHTH KOMIUJICKTYBaHHS COHSYHUX €IEKTPOCTAHIIIH, K1 TOLUUIBHO

PO3TAlIOBYBATH HA 00’ €KTax HaBYAJIbHUX 3aKJIa,ZIiB.

Bapiaatu ‘YMOBH 3aCTOCYBaHHS Kpurepii Bubopy Ocob6mmBoCTI
KOMILIEKTAIlii Ta YCTaHOBJICHOT 3aCTOCYBaHHS
apXiTEeKTypH CTaHLii €JIeKTPUYHOT

MTOTY)KHOCTI
BapianTl. JlotinbHO 32 yMOBH MakcumaibHa [ToBHE aBTOHOMHE
KommnexT conssaHnx ($yHKUIOHYBaHHS yCTaHOBJICHA 3a0e3meYeHHs
TaHelnel, iHBepTop, BiJIOKPEMJICHOTO 00’ €KTa MOTYKHICTh EJIIEKTPOCHEPTI€I0
JOTIOMI’KHA 3aXHCHA Ta | HABYAJIBHOTO 3aKJIATy HE COHSYHHX MaHeNeH ABTOHOMHHX

3'eqHyBaJIbHA Tpyma

BEJIMKOT MOTY>KHOCTI HE

Mae BUOMpAaTHCS 3a

CTpyMoTpHiiMadiB abo

o0JagHaHHS BiIMOBiAaIbHUX KpHUTEpieEM 00’€KTiB 32 YMOBH, 110
CTpyMOIIpUIIMadiB 3a0e3reyeHHs poins ix
nepioAnYHOT Iii 3a YMOBH X MaKCUMAaJILHOT €JIEKTPOCIIOKUBAHHS
(GYHKLIOHYBaHHS y IIepiox MOTY>KHOCTI criBmagae 3 mpodinem

reHepallii eneKTpoeHeprii

CTpyMOIIpHiIiMayiB 3a

reHepailii COHIIHOT

CTaHITIETO. YMOBH XMapHOT €JICKTPOCTAHIIIT;
IOTOJIH.
Bapianr 2. Kommnexr | [ouinsHo npu Buxinganmu IToBHE aBTOHOMHE

COHSYHUX TIaHeIeH, (G yHKITIOHYBaHHI KpUTEpisIMU BUOOPY 3a0e3reyeHHs
THBEpPTOP, AOTIOMIKHA | BiJOKPEMJICHOTO 00’ €KTa BEJTMYNHU €JIEKTPOCHEPTI€I0
3axHcHa Ta HaBUYANBHOTO 3aKJaay He MaKCHUMaJIbHOT ABTOHOMHUX
3'eIHyBaJIbHA TPpyIIa BEJIMKOI MOTYKHOCT1 YCTaHOBJICHOT CTpyMonpHiiMauiB abo
obOnagHaHHS, nepioguyHoOi 1ii He MTOTY)KHOCTi COHSYHOI | 00’€KTIB 32 YMOBH, 1110
HAKOMMYyBayl €Heprii | BiAMOBIAAIBHUX €JIeKTPOCTaHIII i npodine ix
CTpYMOIIPHIIMaYiB 32 YMOBH | MalOTh OyTH €JIEKTPOCIIOKUBAHHSI HE
€KOHOMIYHOI HEeJIOMJIBHOCTI | €JIeKTpHIHA criBmagae 3 mpodizem
a00 TEXHIYHOT HEMOXITUBOCTI | MOTYKHICTh reHepaii COHsIHO1
MIpUETHAHHSA iX JI0 CTpyMOTNIpHIMAYiB, €JIeKTPOCTaHIII;
EIIEKTPUIHUX MEPEK rpadik ix
MocTavaaIbHUKA (GyHKITIOHYBaHHS,
o6caru 1000BOro
CHOXKMBaHHS

eJIeKTpoeHepTii. 3a
TaKUX YMOB
MOTYKHICTh
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CJICKTPUYHOI CTaHITi1
IIOBUHHA
PO3paxoByBaTHCS 3
ypaxyBaHHSM TaKOX

TEXHIYHHUX

napameTpiB

HaKONHMYyBadya

CJICKTPUYHOI €Heprii
BapianT 3. Kommiekr | MepexeBa cOHIYHA MakcumasbHa YacTroBe abo 1moBHE
COHSTYHUX NaHeNeH, enektpocranuis. JominsHe yCTaHOBJICHA (mestxmx
MEpeXKEeBUH IHBEPTOp, | YACTKOBE a00 MOBHE (IEAKUX | €ICKTpHIHA CTPYMOTIPHIMAYiB)
JIOTIOMIXKHA 3aXMCHA Ta | CTPyMONpPUIMAaYiB) MOTY KHICTh MOXe 3a0e3rmeYeHHs
3'eAHyBalIbHA TPyIIa 3a0e3meYeHHs OyTH MaKCHUMaJbHO CTpyMOTIpHiiMayiB
oOyamHaHHS 3 CTpYyMOIIpUIIMadiB MOKJIMBOIO. HaBYAIBHUX Ta
MEpEeXKEI0 3MIHHOT HaBYaJIHHUX Ta CyTTeBUX TEXHIYHUX | aJAMIHICTPAaTHUBHHX

HaIpPyIy Ta MOCTIHHOT
HATPYTH COHAYHUX
rnaHenei.

aJIMIHICTpaTUBHUX Oy liBENb
i04000BO Ta y mepioau
IIPOBENICHHSA HABYAJIBHOI'O
MPOIIECy 3 BUKOPUCTAHHSIM
CXEMH MEPEeXeBOl CTaHIIiT

(T AKTFOYCHHS COHAIHOL
€JIEKTPOCTaHIIT 00’ €KTY,
OyaiBIi JI0 3araibHOT MEpexKi
nocTadyaJbHUKa
CJICKTPOCHEPTil).

00MEXeHb Ta
MepeyMOB 11010
BHU3HAYCHHS
MaKCHMAaJIbHOT
YCTaHOBJIEHOL
€IEKTPUYHO1
MOTY>KHOCT1 COHSIHOL
€JIEKTPOCTaHIIi] He
iCHYE, 3a
BUKITIOYCHHSIM
TEXHIYHOT
MO>KJIMBOCTI
po3TanIyBaHHS
MaKCHUMAaJIbHOT
KUTBKOCTI COHSIYHUX
naHesei Ha
KOHCTPYKITIHHUX
eneMeHTax OyaiBii
(mokpiBi, cTiHAX).

OyniBenb 1i7101000BO
Ta 'y nepioau
MPOBEICHHA
HaBYAIBHOTO TIPOLIECY 3
BUKOPHUCTaHHSIM CXEMHU
MEpeKeBOi CTaHIIiT

(T IKITIOY e HHS
COHSIYHOI1
€JIeKTPOCTaHIIi 1
00’exty, OyaiBIi 10
3araJibHO1 Mepexi
nmocrayaibHUKa
€JICKTPOCHepTil).
3anexHicTh
(bYHKLIOHYBaHHS BiJ
SKOCTI Ta
OesmepepBHOL
HAsBHOCTI
EJIeKTPOCHEePTii
rmocTadarbHUKa
(3arajpHOT Mepexi).

BapianT 4. Kommuiekt
COHSTYHMX ITaHEIICH,
MEpPEKEBUH 1HBEPTOP,
JIOTIOM)KHA 3aX¥CHA Ta
3'eHYBajIbHA TPyIa
obnaHaHHS 3
MEPEKEI0 3MIHHOT
HaIIPyTH Ta MOCTIHHOT
HAIpPyIr'u COHSYHUX
naHeJsiei, 10JaTKOBUM
iHBEpTOD,
HaKOIMMYyBadi
€JIeKTPOCHEPT1i.

MepexeBa COHSTYHA
enexTpocranilis. JlomiisHe
yacTKoBe a00 MOBHE (IESKUX
CTPYMOIIPUIMAaYiB)
3a0e3MnedeHHs
CTPYMOIIpHUIIMAaYiB
HABYAJIBHUX Ta
aaMiHICTpaTHBHUX Oy TiBEIb
101000BO Ta y TIepioau
MPOBENICHHS HABYAJILHOT'O
MPOIIECY 3 BUKOPUCTAHHIM
CXEMH MEPEKEBOI CTaHITi1

(T IKITIOYEHHS COHSTIHOT
€JIEKTPOCTaHIIiT 00’ €KTY,
OymiBIIi IO 3arajgbHOT MEpexKi
nocravyaibHUKa
enekTpoeneprii). Moxe
CIIyTYBaTH SIK pe3epBHE
JOKEPEIIO eNIEKTPOCHEPTi.

MakcumansHa
yCTaHOBJICHA
CJICKTPUYHA
MOTYKHICTh MOXe
OyTH MaKCHUMAaJIbHO
MOKIJIMBOIO.
CyTTeBHUX TEXHIYHUX
0o0OMeXXeHb Ta
MepeIyMOB IIIOJI0
BU3HAYCHHS
MaKCHUMAaJIbHO1
YCTaHOBIICHOT
€JEKTPUYHOI
MOTY>KHOCTI COHSIYHOL
€JICKTPOCTaHIIIi HEe
icHye, 3a
BUKJTIIOUEHHSIM
TEXHIYHOT
MOJKJIMBOCTI

YacTkoBe abo MOBHE
(mesxux
CTpYMOTNPHUIIMayiB)
3a0e3MeyeHHs
CTPYMOTIpHIMAaYiB
HaBYAJILHUX Ta
aJIMiHICTPaTUBHUX
OymiBelb 11i7101000BO
Ta 'y nepioau
MPOBEJICHHS
HABYAIBHOTO TPOILIECY 3
BUKOPUCTAHHIM CXEMU
MEpEKEBOI CTaHIIIT
(T AKTFOYCHHS
COHSYHOI
€JIeKTPOCTAHIIIT
00’exTy, OyAiBII 10
3arajibHOi Mepeki
MocTaYaIbHUKA
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(Tak 3BaHa «TiOpUIHA» pO3TanryBaHHS

COHSIYHA CTaHITIs). MaKCHUMaJIbHOT
KUTBKOCT1 COHSIYHUX
naHesei Ha
KOHCTPYKIIIITHUX

eneMeHTax OyaiBii
(okpiBi, cTiHAX).
[ToTyxHicTh
JOJaTKOBOT'O
iHBepTOpa
BU3HAYAETHCS
MOTY>KHICTIO
CTpYMOTIpHIIMAaYiB,
(yHKIIOHYBaHHS
SAKUX Ma€ OyTH
3ape3epBOBaHO.

enexTpoeHeprii). Moxe
CILyTYBaTH sIK pE3CpPBHE
JOKEpeso
eJIeKTpOeHepTii. (Tak
3BaHa «Ti0pUIHA»
COHSYHA CTAHIIisT) PH
nepepBax MoCTauaHHs
eJIeKTPOCHePTil
IIoCTa4YaJIbHUKOM.

Tpertiii HAMPSIMOK — €KOHOMIYHE OOTPYHTYBaHHSI BUOOPY COHSYHOI €JIEKTPOCTAHIII]

B KOOPJIMHATAX «MOTYKHICTH/00CATH CIIOKUBAHHS — TEPMIH OKYITHOCTI».

JIisi mOpIBHSIBHOTO aHajizy HaMHu OyJiM y3arajbHEHl TEXHIKO-€KOHOMIYHI

XapaKTEPUCTHKU COHSYHOI €JEKTPOCTaHIll (BaplaHT KOMIUIEKTauli 3), 3arajJbHOIO

BCTAHOBJICHOIO €JIEKTPUYHOIO OTYX HICTI0 30 KBT, 110 pO3TalIoBy€eThCS HA MOKPIBII

IaTPOBOTO JaXy HaBUYAJILHOTO KOpmycy (Tadi. 4-6).

Tabauus 4.

TexHiYH1 XapaKTepUCTUKHU

3arajgbHa BCTAHOBJIEHA MOTYXHICTh (POTOENIEKTPUYHOI YCTaHOBKH, KBT

30

Po3mip 3eMenpHOT TUISTHKY, SIKY 3aiiMa€ TeHEPYIOYHI 00’ €KT, ra

0 (210 M? mokpiBi)

26920 — 32900
(cepenHe 3HaUCHHS

[Iporuo3oBaHe piyHe BUPOOHHIITBO €IEKTPOCHEprii, KBT roa/pik 29910%)
TpuBanicTs OyAIBHUITBA T€HEPYIOYOro 00’ €KTa, POKiB 0,1
TpuBaNiCTh )KUTTEBOTO IIMKJTY TEHEPYIOUOT0 00’ €KTa, POKIB 25
* cepe/HE 3HAUCHHS
Tabmuis 5.
KanitanoBkiiaieHHs
MinimanbHe Ta
Cepenne
) . MaKCHMaJIbHE
Komropuc 3aranpHuX iHBECTUIIIHIX BUTPAT 3HAYCHHS,
3HAuYEHHS, TPH (3 DH
T/IB) P
TexHiko-eKOHOMIYHE OOTPYHTYBaHHS Ta pO3pPOOJICHHS
MIPOEKTY, Y T. Y BUTPATH Ha reo0J1e3110, FEOJI0T110, OTPUMaHHS 22500 - 27500 25000
JO3BUIBHUX JOKYMEHTIB (JTIIICH31sI, 36MJICBIIBEICHHS TOIIIO)
O6namTyBaHHs MaliJaHYUKY/T1] 13Ha 1opora/OyiBebHI Ta
b FATAHIYTIA I3Ha ROpora/by A 21600 — 32400 27000
MOHTaXKHI po00TH
Butpatu Ha npuadanHs GOTOSTESKTPUIHUX MOJTYITIB 240000 — 293700 267000
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BI/ITpaTI/I. Ha 1HIIe O6J"£aI[HaHH$I Ta KOMIUIEKTYI041: IHBEPTOPH, 50400 — 61600 56000
MeTaJIeBi KOHCTPYKIIT TOIIO
JonatkoBe 06:]:I.aIJ_ITyBaHHH BYy3J1a O0JIIKY MepeTiKaHHS 15300 — 18700 17000
€JIEKTPOEHEepTii

3a po3paxyHKOM Y
Butpartu Ha npueHaHHS 10 €IEKTPOMEPEXKi Ta 3a0e3MeUeHHsT | BiAMOBIAHOCTI 10
nepenayi enekTpoeHeprii (mpu cepenHiit Biactani 60 MmeTpin (haKTUYHUX YMOB 97600
Ta npueaHanHi notyxHocti 30 kBt). HeoOxinHicTh 1iux €JIEKTpo3abe3neueH
BUTpAT BUHUKAE MPU YMOBI [TOBHOI OILIATH 3a NPUEIHAHHSA™ Hs1 00’ €eKkTa
Bceboro 447400 — 531500 489600

Tabauus 6. ExcrimyartaniiiHi BUTpaTH Ta BUTPATU HA TEXHIYHE 0OCITYyTrOBYBaHHS

o . MiHiManbHe Ta Cepenne
Excrmyaraniiini  BUTpaTH Ta BUTpaTH Ha  TEXHIYHE
MakCHUMaJIbHE 3HAYCHHS,
00CITyTOBYBaHHS . .
3HA4YEHHS, TPH/PIK IpH/pIK
Heo06xingna KinbKIiCTh MepcoHaTy (9O0II.) 0 0
Butpartu Ha omiaty mparti
Burparn Ha TexHiyHE OOCIYrOBYBAaHHSA 1 BUTPATHI Marepiain
P IyTOBYBaHE PaTH1 Matep 10800 — 13200 12000
(BKJIIOUAIOYH OILIATY Mpalll) CTOPOHHIMU OpraHi3alisiMu
Openna 3emenbHOI giutsHkH (0 ra) 0 0
[Hmi BuTpatu (AepxkaBHa ciyk0a OXOPOHH, CTPaxyBaHHSA 0 0
TOIIIO)
Bcroro 10800 — 13200 12000

TexHIKO-eKOHOMIUHI XApAaKTEPUCTUKM COHSYHOI EJEeKTpOCTaHLli (BaplaHT

KOMIUIEKTalii 4), 3arajlbHOI0 BCTAHOBJIEHOIO E€JIEKTPUYHOIO ToTyxHicTio 30 kBT,

BCTAHOBJICHOIO  €JIEKTPUYHOIO  IMOTYKHICTIO

HakonuvyBaua 15

KBT

, IO

PO3TAIIOBY€ETHCA Ha MOKPIBIIl MIATPOBOTO JaxXy HaBYAIBHOTO KopIycy (Tadu. 7-9).

Tabmuusg 7.
TexHIuHI XapaKTEPUCTUKU

3arajgbHa BCTAHOBJIEHA MOTYXHICTh (POTOEIEKTPUYHOI YCTaHOBKH, KBT

30

Mi MEJIbHOT IUISHKY, S NMae red 507051 T, T
Po3mip 3eMenbHOT TUISHKH, SIKY 3aliMa€ TEHEPYIO 00’€KT, ra

0 (210 m* mokpiBi)

26920 — 32900
(cepenHe 3HaUEHHS

[TporHo3oBane piyHe BUPOOHMIITBO €JIEKTpOeHeprii, KBT roa/pik 29910%)
TpuBanicTs OyAIBHUIITBA T€HEPYIOUOTO 00’ €KTa, POKIB 0,1
TpuBaTicTh )KUTTEBOTO UKy TEHEPYIOYOT0 00’ €KTa, POKIB 25

*) cepeqHe 3HAUSHHS
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Tabmus 8.
KamitanoBkiiageHHs.
MiHiMansHE Ta
Cepenne
) - MaKCUMAaJIbHE
Komropuc 3arajabHUX iHBECTUIIIHHUX BUTPAT 3HAYEHHS,
3HAuYEHHS, IPH (3 OH
TJIB) p
TexHiK0-eKOHOMIYHE OOTPYHTYBAHHS Ta PO3POOICHHS
MPOEKTY, Y T. Y BUTPATHU HA Ie0JIe3110, TEOJIOTiI0, OTPUMaHHS 22500 — 27500 25000
JTO3BUIHPHUX JOKYMEHTIB (JIIIICH3is1, 3¢MJICB1IBEICHHS TOIIO)
Oo0namryBasHs MaliIaHuYnuKYy/ i1 13Ha jopora/OyaiBeNnbHi Ta
Y] a YL I3Ha I0pOra/oy A 21600 — 32 400 27000
MOHTa)KHI po0OTH
Butparu Ha npuadaHHs POTOCTSKTPUUHUX MOJTYIIIB 240000 — 293700 267000
Butparu Ha iHme 00aagHaHHA Ta KOMIIEKTYIOU1: IHBEPTOPHU
patit T y PTOPH | 50400 — 61 600 56000
MeTaJIeBl KOHCTPYKIIi1 TOIIO
0JIaTKOBE OOJIAIIITYBaHHS By3j1a OOJIIKY IepEeTIKAHHS
Jlon JIatTy y y mep 15300 — 18700 17000
€JICKTPOCHEeprii
Butpatu Ha npuabanHs o0gagHaAHHS SICKTPUIHIX
HakonuuyBadviB (15 kBT enekTpuyHOi NOTY>KHOCTI) Ta 220000 — 248000 234000
JI0JIATKOBOTO 1HBEPTOpa
3a po3paxyHKOM Y
ButpaTu Ha npueqHaHHS 10 €TEKTPOMEPEXi Ta 3a0€3MeYeHHsT | BIAMOBIAHOCTI 110
nepesadi enekTpoeHeprii (pu cepenHiit Bigcrani 40 meTpiB (aKTUYHUX YMOB 97600
Ta npueaHanHi noTyxHocTi 30 kBt). HeoOxinHicTh 1iux eJIeKTpo3abe3neueH
BHUTpAT BUHHUKAE ITPH YMOBI TIOBHOT OIJIATH 32 MPUETHAHHS ™ Hs 00°€KTa
Bcerworo 667400 — 779500 723600
Ta6mmis 9.
Excrmyarariiiini BUTpaTH Ta BUTPATHU HA TEXHIYHE 0OCIyrOBYBaHHS.
e ) MinimManbHE Ta Cepenne
Excrnyarariiini  BUTpaTH Ta BUTPAaTH Ha  TEXHIYHE
MaKCHUMaJIbHE 3HAYEHHS,
00CITyroByBaHHS . .
3HAYCHHSI, TPH/PIK I'PH/PIK
HeoOxigHa kinbkicTs epconaiy 1 (4oi.) 0 0
ButpaTu Ha omiaTy mparii
Burpatu Ha TexHiYHE 00CIYrOBYBAaHHA 1 BUTPATHI MaTepiaan
p }YroByBaHy PaTHI Matep 10800 — 13200 12000
(BKJIIOYAIOYH OILIATY Mpalli) CTOPOHHIMHU OpraHi3alisiMu
Openna 3emenbHOi ginsgHku (0 ra) 0 0
[Hur BuTpatm (mep)kaBHa CiIy»K0a OXOpPOHH, CTpaxyBaHHS 0 0
TOIO)
Bceroro 10800 — 13200 12000
3a obOoMa BaplaHTaMHd MPUHHATO: KOEQIIIEHT 3HWIKEHHS TeHepalii

enektpoeneprii — 0,8% 1IopiyHO; BUTpaTH Ha BUBEJECHHSA I€HEPYIOUOro 00’€KTa 3

excruTyatariii — opieHToBHO 01u3bpKk0 30000 rpH; BUTpATH HA OILIATY IMpalli IepCoHATY

MalTh OyTH y MeXax ICHYIYOro IITaTHOTO PO3KJIaay HaBUYajJbHOTO 3akiany. Y
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00OB’SI3KM  INTATHOTO TIEPCOHANy TIOBMHEH BXOJHWTH TEPIOJUYHHA  OTJIS
(GyHKIIOHYBaHHS CTaHII1 Ta IEpe3aBaHTAXKEHHS anapaTy Irpo30Boro 3axucty (1 pa3 Ha
MICSIIIb); BUTPATH HA MIPUETHAHHS Ta 3a0e3NeYeHHS IIepeaadi MatoTh OyTH CKOPETOBaHi
y  Ba@JIeXKHOCTI Bl  ICHYIOUOi  JIO3BOJICHOI  MOTY>XHOCTI  CIOXKHMBaHHS
CTpyMoOIpuiiMa4amM# 00’ €KTY.

VY pa3i nepeBuilileHHs (PaKTUUHOI J03BOJIEHOI TMOTYykHOCTI 30 kBT, 3rimHO
HOPMAaTHUBHUX JOKYMEHTIB IJIaTa 3a I[UM IIYHKTOM HE TIOBUHHA cTATyBaTucs. [Lmara 3a
pizauio Mk 30 kBT Ta Hapasi 103BOJICHOIO PO3PAaXOBYETHCS Y BIAMOBIAHOCTI 10
nocranoBn HKPEKII Big 18.12.2018 Neo 1965 (HecranmapTHe NpHUENHAHHS «Iij
KITFOU).

Ha ocHOBiI MeTOIMYHMX MIJIXO/1B, 3aPOMIOHOBAHUX HaMH B poOoTi [233] Ta 3
ypaxyBaHHSIM TEXHIKO-€KOHOMIYHHMX IMOKa3HUKIB (Tabna. 4-9) Oyino mnpoBeaeHo
JOCITIDKEHHS 3aJIEKHOCTI CTPOKY OKYITHOCTI COHSIYHOI €JIEKTPOCTAHIIIT B1JT MICSTYHOTO
eJIeKTPOCIOKUBaHHS (puc. 1).

OyHKIIIOHAIbHA 3aJIeKHICTh (pUC. 1) MOCUTH TOYHO MOXE OyTH oOmHcaHa
PIBHSIHHSIM:

t=1254,5P | R? =0,9459, (7)

Je: ¢ — TEPMIH OKYIHOCTI, POKiIB;, P — MICSYHE eJeKTPOCIOKHUBaHHA, KBT

*101/MICALID.
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TepMiH okynHocTi, pik

0 500 1000 1500 2000 2500 3000 3500 4000 4500
EnekTpocnoxuBaHHs, kKBT.roa/micsub

Pucynok 1. 3ameXHOCTI CTPOKY OKYIHOCTI COHSYHOI EJEKTPOCTaHIIi BiJ

MICSYHOTO €JIeKTPOCTIOKMBAHHS (32 YMOBHU OJTHO30HHOTO Tapudy).

OdyeBugHO, WO MPUUHATHUNA TepMiH OKymHOCTI (10 pOKIB) COHAYHUX
€JIEKTPOCTAHIIIM Ma€ MicClie TPU MICSTYHOMY €JIEKTPOCIIOKUBaHH1 B Mexkax 2400 — 2600
kBT *rox 1 Ounbiie. Lleil moka3HUK € JOJATKOBUM KPUTEPIEM MpH OOrpyHTYBAaHHI SIK
CXEMH KOMIIOHYBAaHHS COHSYHOI €JEeKTPOCTaHIli y HAaBYAJIbHOMY 3aKjaal Tak 1 ii

palioHa’IbHOI yCTAHOBJICHOI €IEKTPUIHOI MOTYKHOCTI.
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SECTION 11. MINING AND SURVEYING

11.1  [JdocaigskeHHs1 3aCTOCYBAHHSI TPETHHHMX  MeETOAIB  MiABUIIEHHS
Ha(TOBUJIYYEeHHS HA 3aBePIIAJIBLHIN cTaxii po3po0ku HAPTOBUX POTOBHIIL

3HavHa KUIBKICTh HAPTOBUX POAOBHII Y KpaiHu, B Tomy uucii [lepenkapnars,
BCTYIIJIA B TIEPIOJI CMIATHOTO BUAOOYTKY HadTH 1 3aBEpIIAIbHY CTAIiI0 PO3POOKH.
Tomy BUHUKAE poOIeMa TOPO3POOKH 1X 3 METOIO JJ0JIaTKOBOTO BUTydeHHs HadTh. Ha
3aBepIIaIbHINA CTali po3pOOKH B OCHOBHOMY BUKOPHUCTOBYIOTHCS T'JIPOJMHAMIYHI Ta
¢b13uKO-XIMIUHI1 METOAM MiABUIIIeHHS HadToBWIydeHHs [234,235].

[Tporno3yBaHHs KiHIEBOIO KoedilieHTa HAQTOBUITYUYEHHS MICHsI BIPOBAIKEHHS
METOJy MISTHHS Ha TUTacT 3MIIMCHIOETHCS B TabopaTopHux ymoBax. Lli mocmimxeHHs €
JOBTOTPUBAIMMH 1 KOIITOBHMUMH. Ha TemepimHiil 4ac MMPOKO BUKOPUCTOBYIOTh
riApoAMHAMIYHE MOJENIOBaHHS TmporeciB  HapToBHAOOyBaHHS. 3acTOCYBaHHS
KOMIT FOTEPHOTO mporpamMHoro 3a0esneueHHs Petrel ta Eclipse Bim xommasxii
Schlumberger gpae 3mory Ouabll  TOuHINIE MIAIOpATH METOJ  IMiABUIIECHHS
HapToBUayueHHs g CTpyTHHCHKOTO HA(PTOBOTO POJNOBUINA Ta OIIHHUTH
e(eKTUBHICT, B Horo BrHpoBakeHHS. OTxe, TOCHIIHKEHHS, PO3pOOJeHHS 1
BIIPOBAKCHHS Y Ha(pTOBIN MPOMHUCIOBOCTI TEXHOJOT1M 3aCTOCYBaHHS MMOBEPXHEBO-
AKTUBHUX CUCTEM JIJIs1 301/IbIIIeHH HA)TOBUIYUYEHHS 1 MOTOYHUX BiAOOPIB HAPTH Ha
3aBepIlaIbHINA CTaAll po3p0oOKH POJOBHIL € AKTYaJIbHUM 3aBJAHHIM CbOTO/ICHHS [2306,
237].

Ha 3aBepmanphiii cranii po3poOKM B OCHOBHOMY BHUKOPHCTOBYIOTHCS
riApoauHaMiyHl  Ta  (PI3UKO-XIMIYHI METOAM 30UIbIIEHHS HA(TOBUIYYCHHS.
lNapoauHamiuai MeTOAM HE B TMOBHIM Mipl  3a0e€3MeuyioTh  BHITYYCHHS
MiKpo3amiemiaeHoi HapTH 3 OO0BOJHEHMX  IIacTiB. ToMy  3acTOCyBaHHSI
TAPOAMHAMIYHUX METO/IIB TiIBUIIIEHHS HAPTOBUITYUCHHS 3 BUCHAXKCHUX O0OBOTHEHUX
poaoBuI € ooMexxennm [238, 239].

Cepen TpeTMHHUX METOAIB MIABUIICHHS HAPTOBWIYYEHHS Ha yBary
3acIyroBylOTh (Pi3uko-xiMiuHi MeTogu. IIpore 3actocyBaHHsS (Pi3UKO-XIMIYHUX
METO/[IB BUMAara€ BHPIIICHHS PsAy NUTaHb 1 BHUBYCHHS MPOLECIB HA JOCTITHUX
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ninsHkax. IlutanHs 3acTocyBaHHsS (DI3UKO-XIMIYHUX METOJIB, JUIsl 30UIbIICHHS
HaQTOBUIyUYeHHSs Ta I1HTeHcupikamii HapTOBUAOOYBAaHHA  MICTHUTh  HHU3KY
CyHepewIMBUX acnekTiB. 3 oaHoro OOKy, — II¢ HEOOXIAHICTh 1 MOXJIUBICTh
301bIIeHHS KoedilieHTa HaQ TOBUITYYSHHS BUCHAKEHUX 1 00BOJHEHHUX POJOBHIIL, 110
CIIOHYKa€ 10 TJIMOOKOr0 BHWBYEHHS MpOOJIeMH, a, 3 I1HIIOr0, — HASBHICTH PSIY
HECHIPUATIUBUX (PaKTOpiB (MUTAHHS €KOJIOTIi, MOCTaYaHHS Ta SKOCTI XIMPEareHTIB,
HAsIBHOCTI HEOOXI1JHOr0o OO0JIalHAHHA), 110 3HAYHOIO MIPOI0 YCKJIAJHIOE BUPIILICHHS
NUTAHHS 3aCTOCYBAHHS IMOBEPXHEBO-aKTUBHUX CHUCTEM [UJIsi BUAOOYBaHHS HaTH 3
BUCHaKEHUX OOBOJIHEHUX pPOJOBHUII. BuKopucTaHo mnporpamHe 3a0e3neyeHHs BiA
komnanii Petroleum Solutions Ltd nin Ha3zBoto EORgui, sike mae rpadgiunuii intepderic
1 1o3BoJIsIE 3poouTH ninoip metony EOR s HadToBOTrO moksaay OUIbII MIBUIKUM 1
TounuM. Jlana mporpama po3poOieHa Ha OCHOBI myOmikauii B Society of Petroleum
Engineers B 1996 porii, sika HazuBaeThes ,, EOR Screening Criteria Revisited” [240].
Jlnst Toro, mo0 moGaunuTH, KUK 3 METOJIIB MiABUIIEHHS HaQTOBUIYUCHHS HallKpale
HiIXOUTH ISl JAHOTO POJOBHINA MOTPIOHI JIaHI BJACTUBOCTEH HOro HadTH, a TAKOXK
TIPpCHKUX TMOpiA, B SAKUX BOHA 3HaxoauThcs. s CTpyTHHCBKOro HagpTOBOrO
POJIOBHINA XapaKTEPUCTUKA TIPCHKUX MOPIJ 1 BIACTUBOCTI HATH HACTYIHI: TYCTHHA
Haptu B rTpamycax API ckmamae 72,79 (850,7 kr/m®); B’sskicte — 1,1 cP;
Ha()TOHACUYEHICTh CTAaHOBUTH 77%; TUM MOPOJAW — IMICKOBUK; TJIMOWHA 3aJIATaHHS
nokiany Omu3pko 1600 metpiB (5100 dytiB); Temmeparypa — 63 °C (145,4 °F);
IPOHMKHICTH Ha OCHOBI TiJPOJMHAMIYHMX JOCHTIIKEHb CTAaHOBUTH 2,14x107 mxm?
(2,16 mD).

Ha mantonky 1 y BUTIIsi1 KOJIa MMOKA3aHO, 1[0 HAMOLIBIIT ONTUMAIEHUM METOIOM
EOR nns CtpyTHHCHKOTO HA(TOBOTO POJOBUIIA € 3alIOMIIOBYBAaHHS po3uuHiB ASP.
Jlanuii MeToj moJisirae B 3allOMIIOBYBAaHHI B MOKJIAJ CyMilIl 3 TPbOX areHTIB: JYTY,
MOBEPXHEBO-aKTUBHUX peuoBHUH 1 moiiMmepy (alkaline/surfactant/polymer — ASP).
JIy>)KHUH areHT, sSIKUil BXOOUTh B CKJIaJ PO3YMHY, JONIOMAra€e 3aXUCTUTH po3unH ASP
BiJI JBOBAJICHTHHX HOHIB, 3MEHIIYE anacopOIlil0 MOBEPXHEBO-aKTUBHUX PEUYOBHH B
MOpOJIl Ta pearye 3 OpraHiYHUMHU KHUCJIOTaMH, MPUCYTHIMH B Ha]Ti, CTBOPIOIOYH

OPUPOAHI  IMOBEPXHEBO-aKTHBHI ~ PEYOBMHU. B fAKOCTI  JIy)KHOro  areHTy
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BUKOPUCTOBYETHCS TIAPOKCHU]T HATPIIO, CHIIIKAT HATPit0, pocdaT HATPIIO, TIPOKCUA
aMOHII0 Ta iH. [241].

Jns  moOyaoBHM  TeoJIOTIYHOT  MOJEIl  HIDKHBOMEHIJTITOBUX  BIJKJIAJIIB
CTpyTHHCHKOTO HAQTOBOTO POIOBHUIIA BUKOPHUCTOBYBAJIOCH IPOTPAMHE 3a0€3ICUCHHS
Petrel Bim xommanii Schlumberger. OG6’ektomM 11 moOymoBH Mozem OyB
CtpyTHUHCHKUN OJIOK HM)KHBOMEHUIITOBHX BIJKIAIIB, SIKUA € OCHOBHUM 00’€KTOM
po3poOKu. JlaHi /yisi BAKOHAHHS CTATUYHOI MOJIEJ1 OTPUMAJIX Ha MM1/ICTaBl T€0JI0TTYHUX

1 Teo(13UIHUX JTOCTIHKEHb, CEUCMIKH, a TAKOX JJA00OPATOPHUX JOCIIIKEHb KEPHY.

Summary Screcring D

Manrwnok 1 — Pesynbratu nigdoopy metoay EOR mist CtpyTuHCBEKOTO
HaToBOrO pojosuila B nporpami EORgui
[Iporiec moOOyAOBH TEOJOTIYHOI MOMENI PO3MOYMHAETHCS 31 CTPYKTYPHOTO
MOJIETTIOBaHHS, 1€ MOKHA CITPOEKTYBATH MOBEPXHIO MOKPIBIII Ta IMiI0IIBU TOPU3OHTY,

a TAaKOX po3J0MiB [241]

oo M 90
——

o T 2600

MauroHok 2 — I'eosioriuna Mmoaens CTpyTUHCBKOrO poaoBuina y 3D Burisal
Jlns moOy0BU MOBEPXHI TOPU30HTY, TOOTO MOKPiBII CTPYTHHCHKOTO OJIOKY

HKHbOMEHUTITOBUX BIJIKJIa/IIB BUKOPUCTAHO CTPYKTYPHY KapTy JAHOTO POJOBHIIIA.
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[nTepnperanis ropu3oHTy Oyia MpoBeJeHa Ha OCHOBI 130J11HIA 3 PI3HOIO TITMOMHOIO,
yepe3 sKi, BJIAacHE, MOOYJOBAaHO CTPYKTYpHY KapTy. 3a JOMOMOror ¢GyHKIIii
KaJIbKYJISITOpa B JIaHIN Mporpami, Mpu BIJOMINA 3 MPOEKTY PO3POOKH KiIBKOCTI Ta
TOBILKHI BIAMOBITHUX IJIACTIB MOOYAyBaHO MOBEPXHIO MiAOUIBU AJI JAHOTO OJIOKY
(MaNOHOK 2).

Sx Mogenb Quroigy IS T1IAPOAMHAMIYHOTO MOJEIIOBAHHS BUKOPUCTaHA MOJIEb
tuny blackoil 31 BciMa ¢azamu, To0TO a3, HadTa 1 Boga. [laH1 ayig CTBOPEHHS Takoi
Mojienl OyJio B3ATO 3 MPOEKTy po3poOku CTpyTUHCHKOro HadTOBOro poposuina. o
HMX HaJIe)KaTh: MIHIMAJIBHUM IUIACTOBUM THMCK, sKMM crtaHoBuTh 18,1 Mlla,
MaKcUMaJlbHMI 11actoBuii Tuck — 27,8 Mlla, nnacroBa temneparypa — 63 °C, ryctuna
razy — 0,8701 kr/m®, rycruna maptu — 850,7 Kr/M>, a TakoX T'yCTUHA BOIM, SKA
cranoButh 1019 kr/M>. Tlicns crBopenns moneni blackoil pe3ynbraTn BIacTHBOCTEN

PVT moneni ¢uroiny npeacTaBiaeHi Ha MATIOHKY 3.

"Black oil model_Str" fluid model - oil phase

Oil formation volume factor Oil viscosity
200 220 240 260 200 220 240 260

132 136 14

Liquid Formation Volume Factor
[rm3/sm3]

Solution gas-oil ratio Oil-water contact
B 12 200 208 216 24 2% 80 200 220 240 260 280

160
9!

800
8

1800

Gas To Liquid Rati
[sm3/sm3]
20 140
v
Elevation depth, [m]

Lt

T A2 a0 a8 206 | 224 2% w20 20 | 20 20 | 20
Pressure, [bar] Pressure, [bar] peTRer

Mauronok 3 — BinactuBocti PVT mozeni ¢roiny ais HUKHbOMEHIITOBOTO
noksaay CTpyTHHCHKOTO HapTOBOTO POIOBHUIIA
[licns CTBOpEHHS! CTATUYHOI 1 T1APOAMHAMIYHOI MOJIEN1 MPOBEICHO ii ajanTalio
0 ictopii po3poOkm ponoBumia. Ilicms eramy kamiOpamii moOyaoBaHOT Mojedi
BUKOHAHO MPOTHO3YBaHHS BUAOOYTKY HAPTH 3 MOKJIATY 13 3aCTOCYBAHHIM BUOPAHOTO
METOIy MiJBUIICHHS HA(TOBUIYyYCHHA. B 1maHOMYy BHUIAAKy TaKMM METOJAOM €
3armoMIIOByBaHHs po3unHy ASP. 3anmponoHoBaHO BUKOPUCTATH 4 ICHYIOY1 HATHITAJIbHI
CBEpJUIOBHMHHU, 32 JIOMIOMOIOK SIKUX 3allOMIIOBYETHCS B TMOKJIAJ BOAa 3 METOIO
MIITPUMYBaHHS IJ1IaCTOBOTO TUCKY. HarHitansHi cBepyioBunu 8-Ctp, 32-Ctp, 86-Ctp

ta 88-Ctp. BUOpaHo yepe3 3HAUHY MPUINMAIBHICTh PU HE YK€ BUCOKHX THUCKAX, a
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TAKOX PO3TAlllyBaHHS MO LN MJIOMII JaHOTO OyoKy. Po3ramnyBaHHs HarHiTaaIbHUX

CBCPJIOBHHH II0KA3aHO Ha MAJIIOHKY 4,

MauioHok 4— Po3MillleHHS HarHITaJIbHUX CBEPJIJIOBUH JJIs1 3alIOMIIOBYBAHHSI
po3unny ASP

B 3aranmbHomy, ckmag s ASP-3aBOoJHEHHST BKIIIOYAa€ TPU  OCHOBHHUX
KOMITOHEHTH: JIY>KHUN areHT, HOBEPXHEBO-aKTUBHY PEYOBHHY Ta noiimep. Ha ocHOBI
EKCIIEpUMEHTANbHUX  JaHuxX [237] 3ampomoHOBaHO  HAWOUIBII  €dEKTUBHY
KOHIIEHTpAI[I0 IIUX areHTiB, a came: JIy)KHUH areHT KoHueHtpaiieo 0,7% wmac.,
nonimepy tuny HPAM xonuentpariero 0,01850 % wmac 1 moBepXHEBO-aKTUBHOI
pedyoBuHN KoHIeHTparieo 0,2% wmac. Ilomimep, sKuii BUKOPUCTOBYETHCS JUIS
CUMYJISIIIT BITHOCUTBCS 70 TiaposizoBaHoro mnomiakpuwiaminy (HPAM). INonoBHOMO
MIEPEeBarol0 3aCTOCYBaHHS TaKOTO THUITY MOJIIMEPY € MOKJIMBICTb OTPUMAaHHS BUCOKOI
B’SI3KOCT1 PO3YMHY, WOTO I[iHA, TOCTYMHICTh, a TAKOX BUPOOHHUIITBO B IMPOMHUCIOBUX
MacmTabax. B’a3kicte po3unny noximepy 1uist ASP-3aBO/IHEHHS B JaHOMY BUIIAJKY €
KITFOUOBUM ITAPaAMETPOM, SIKA MOKPAITy€ PyXJIUBICTh HA(TH MO BIIHOIICHHIO /IO BOJH.
TexHosoris 3anoMnoByBaHHS po3unHy ASP mondrae B 3alydeHHS B pO3pOOKY
MaKpo3ameMaeHoi HaTH 13 IUIACTIB 3 MOYAaTKOBOIO HA(PTOHACHYEHICTIO, SIKI BOAA
obiiiniuta B mporieci 3aBojHEHHST HadToBOro pojoBuimia. CkiaaHi (i3UKO-XIMiYHI
IpolLecH Takl K afcopOllisi, PeTEeHIlis Ta YTBOPEHHsS €MYJIbCii IMpH 3aKauyyBaHHI

po3unHy ASP MOXyTh CIPUYUHSATH MiABUINCHHS (QUIBTpAIliiHUX OTIOPIB Ta TUCKY. B
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pe3yabTaTl I[bOro Pi3HULS TUCKIB B IJIACTaX 3 BUCOKOIO MPOHUKHICTIO CTa€ OUIBIIOIO,
HIX y TUTacTax i3 CEpPEeHhOI0 Ta HU3BKOIO MPOHUKHICTIO. Ha 3akauyBaHHS pO3YMHY
IIPOPEAroByIOTh 30HU 13 BUCOKOIO ITPOHUKHICTh, a CJIa0KOIPEHOBAHI JIJITHKY TIacTa
HE 3aIy4aThCsl B po3poOKy. BpaxoByroun BuiieHaBeeHI 0COOIUBOCTI 3aBEPIIATBHOT
cTaaii po3poOKM pOJOBHINA TPOMOHYETHCS MPOBOAUTH 3armoMiioByBanHs 30 %
po3unny ASP Big 00’eMy HaTOHACHYEHUX TOP IUIACTa TPUBATICTIO | piK, MOTIM 2
POKH 3alOMIIOBYBAHHSI BOJM B IJIACT (3 METOKO MOCTYMOBOI'O MPOCYBAHHS PO3UUHY
ASP B 30HaX 3 MEHIIOKW TMPOHUKHICTIO). 3IIMCHIOBATH METOJ IIiJBHUIICHHS
HadTOBUIyuYeHHd 1OTpiOHO 10 pokiB mo oOpanomy mukiay. g Toro, o0
smojentoBaty ASP - 3aBojHEHHSI TOTPIOHO BHKOHATH IMPOTHO3YBAaHHS, 3MIHHUBIIH
Mozenb (UIOiNy 3TiIHO KOHIIEHTpAIlli BIAMOBIAHUX KOMIIOHEHTIB. [Ipoiiec
3aMoOMIIOBYBaHHs po3unHy ASP yMOBHO mianyeTbcsi npoBoautu Big 2019 no 2029
poky, To6TO TpuBajicTio 10 pokiB. Ilicis oOpaxyHKIB 3a JOMOMOTOI CHUMYJISITOpa
Eclipse 100, oTpuMaHO pe3yJIbTaTH 3MiHU BUOIMHUX TUCKIB Y CBEPJJIOBHUHAX, SIKI
3HAXOAATHCS Ha MAIIIOHKY 5, a TaKO MPOTHO30BaHUM Ne0IT HadTU 13 CBEP/JIOBHH,
Ipe/ICTaBIICHUM, BIJIMOBITHO, HA MATIIOHKY O.

AHami3youd OTpUMaHi pe3yibTaTH MOXKHA MOOAYUTH, M0 BUOIWHUN THUCK Yy
BUOOYBHUX CBEpJUIOBHHAX 30utbmryeThcs. Ile o3Hawae, mo po3unmH ASP
IPOCYBA€EThCA Kpi3b NOPOAY B HANPSAMKY BiJ HArHITaJbHUX CBEPAJIOBUH 0
BUJOOYBHHX, TUM CAMHUM BUTICHAE 3 HeTl HaPTy. Ha MantoHKy 6 HaBeIEeHO pe3ysIbTaTH
IPOrHO3yBaHHsI BUIOOYTKY HadTHU 31 CBEpUIOBUH BHAciigok ASP-zaBogHeHHs. Y
ceepayioBuHax 63-Ctp, 27-Ctp, 85-Ctp 3pocTanHs Ae0iTy He criocTepiraeTbes. Takuit
pe3yibTaT MOKIIMBHM, BHACIIJOK YCKIJIAQTHEHOI T'€OJIOTIYHOI CTPYKTYypH MOKJIamy,
TOOTO B 30Hax JIPEHYBaHHS LMX CBEPJUIOBUH 3HAXOMASTHCS IUIACTH 3 HHU3BKOIO
MPOHUKHICTIO, SIKI HE OXOIUIEHI MPOLIECOM 3arnoMnoByBaHHs po3unny ASP. Uepes 11e
MU HE OTPUMAJIHM JTOAATKOBHI BUI00YTOK Ha(TH 13 IIUX CBEPIJIOBUH, TOOTO iX JAe0IT
3MeHmyeThess. Ha puc. 9 6aunmo, 1o 101aTKOBUM BUAOOYTOK HAQTU OTPUMAEMO 13
ceepyioBuH 15-Crp, 43-Crtp, 54-Ctp, 45-Crtp, 56-Ctp, 41-Cr1p, 51-Cr1p, 60-C1p, 92-
Crp, 42-Ctp, 52-Ctp, 62-CTp. I[lounnarouu 13 2019 poxy (Ha MOMEHT BIIPOBAJ[PKESHHSI

METOJY IiJABUIIEHHs HAQTOBUIyYeHHs) 1e0iTh HadTH 3pOCTarOTh i3 2-4 M>/1 10 6-16
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M/n (ctanom Ha 2030 pik). JomaTkoBuii BUmoOyTOK HadTH 3a paxyHOK ()i3UKO-

XIMIYHOTO METOJy MiJIBUIICHHS HAa(TOBHIYYEHHS 13 3aCTOCYBaHHSM po3unHy ASP

orpumaemo 1 miciaa 2030 poky, OCKUIBKH Je0ITH CBEPJJIOBHH TMPOJOBKYIOThH

30UTbLITYBATHUCH.
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ManwHok 5 — Pe3ynbratil IpOrHo3yBaHHs 3MiHU BUO1MHOTO THUCKY Y

CBEpJUIOBUHAX, BHACIIIOK ASP-3aBoHEHHS

CaseASP, Qil production rate
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MaJuroHok 6 — Pe3ynbTaT NporHo3yBaHHs BUAOOYTKY HAQTH 31 CBEPJIOBHH,

BHAcaigoK ASP-3aBoxHEHHS

BucnoBok. CtpyTHHChKE HaTOBE POJOBHUINE BCTYNWIO B MEPIOJl CHATHOTO

BUJIOOYTKY HAa(pTU 1 3aBeplIajibHY CTaJlil0 PO3POOKU. 3aCTOCYBaHHS TEXHOJOTII

BUTICHEHHS Ha(TH BOJOIO0 IIIXOM 3aBOJHCHHS € HEJAOCTaTHHO e(PEKTUBHUM 1
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3aJUIIae MUPOKE MOJIe MOXJIMBOCTEH M0 HOTO MOPO3pPOOKH 3 METOI J0JAaTKOBOTO
BU00YTKY Ha(TH.

Pe3ynbpTaTi KOMIT' FOTEPHOT CUMYJISAIT CBIAYATH MPO MOMIIMBICTD 1 TEXHOJIOTIUHY
e(eKTUBHICTh BWJIYYCHHS 3QJIMINTKOBOI HAPTH 32 PaxXyHOK BUKOPUCTAHHS PO3IUUHY
ASP. Peanizairist 1bOro METOy J03BOJISIE ICTOTHO MABUIIUTH KOE(DIIIEHT KIHIIEBOTO
HadroBwiyueHHss Big modatkoBoro 10,4% o mporHozoBanoro 17,6% Ha

HUKHBOMEHUTITOBUX Bikiagax CTpyTHHCHKOTO HA()TOBOTO POJOBHUIIIA.
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11.2 Minimization of risks during the raises advance

In the Kryvyi Rih basin, during the preparation of new horizons and cutting of
blocks, about 25-27 thousand meters of raises for various purposes are annually passed.
The vast majority of raises (over 95%) are drilled and blasted [242].

Risks when driving raising workings can be divided into the following groups:

— geodynamic, associated with a high level of acting stresses in the rock mass and
low strength properties of rocks;

— hydrogeological, associated with the high permeability of the massif and the
possibility of mine water inflow into the mine workings;

— gas-dynamic, associated with impulse gas emissions into raises;

— technological, associated with complications in the development of raises,
including press-in of wells, the formation of bells, crowns or narrowings, as well as
deviation of the direction of the well.If the first three groups of risks are associated
with natural conditions and it is difficult to influence them, then the last group can be
minimized by changing the technology of driving raises.

Large-scale technologies using large-diameter wells began to be used in world
practice, in the development of hard ores in underground conditions in the second half
of the last century. At the same time, preference was given to the use of a block caving
system. Experimental work on the development of blocks of ferruginous quartzites
without any compensation space showed that, along with positive aspects, there is an
increase in losses due to the uneven density of ore breaking [243]. The technology of
deep-well blasting of magnetite quartzites into cut-off rising, traversed by sectional
blasting of wells was tested in the system of staged forced collapse with ore breaking
by bunches of deep wells into the vertical compensation space of the cut-off slot in
Kryvbas [244]. Risks are shown in the above articles, when breaking ores from a
mountain range. In [245], it is pointed out that there are serious drawbacks of drilling
with deep wells and bundles of parallel wells. When driving horizontal and vertical
workings, the creation of a cut-in (compensation) cavity is associated with pressing in

the workings due to the small distance between the wells.
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The introduction of plasma processes of cavity formation and well expansion
[246] into the technology of raising workings allows minimizing the above
technological risks, significantly reducing drilling operations, accelerating the process
of drilling and reducing the time required to prepare blocks for industrial drilling into
the compensation space. This requires the development of cheap methods for
producing plasma, the development of foundations for controlling its parameters in the
process of cavity formation and well expansion, which could be competitive with
mechanical methods.

Technologists need Plasma Well Expansion Units (PWEU), which allow creating
low-temperature plasma flows with controlled parameters, directly responsible for the
destruction of the borehole wall or the cavity. These parameters are the flow velocity
of the plasma jet V] its average mass temperature 7; and the useful power of the plasma
torch. They substantially depend on the input and design parameters of the electric arc
plasmatron, i.e. current, air flow rate, arc length, channel diameter and nozzle throat.

A mathematical model has been developed for determine the distribution of the
temperature field in the near-wall region of the well. The movement of high-
temperature air as a heat carrier in a cylindrical through well is considered in
mathematical model. High-temperature gas (7= 1300-1800 K) with constant velocity
(V<100 m / s) enters in cylindrical channel with a radius of R= 0.05 m. Heat transfer
from the coolant to the rock is carried out by convection. The intensity of heat
exchange, the magnitude of heat fluxes which entering the rock depends on the mass
velocity of the heat carrier p-Vand its temperature.

The distribution of the temperature field 7(r, ?) in the near-wall region of the well
must be investigated for obtain rational parameters of heat transfer between the coolant
and the rock. A physical model is considered: a heat source with an initial temperature
B acts inside a cylindrical cavity of an elastic half-space. Radiant and convective heat
exchange occurs on the surface of the well r = R It is necessary to determine the
temperature field in the near-wall region of the well at r> R.

It is necessary to solve the heat conduction equation for determine the temperature

field [247, 248]:
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Under the following boundary and initial conditions:

- ala:_’tlhe: Hi(80— T(r,0)+ coe (0™~ T(1,0) 2)
Tz, £0) = 0; K=o, =0

where a, A — coefficients of thermal diffusivity and thermal conductivity of rock;
— heat transfer coefficient from the plasma jet to the rock;

oo — Stefan Boltzmann's constant;

¢ —rock surface emissivity.

Denoting for convenience coe = ¢ and using the method of perturbation theory

and the integral Laplace transform [247, 248], we obtain a solution to problem (1) - (2)

in the following form:

1 2 8 RA+3
T(r,t)ZZbO\E (a7 NE exp (- (f4£)) 2\/% *(2\Ft \F“( 8rR)+R-
(—R) R 1 (r @)
(1 +75 ) @* (2\Ft ~ofar r © exp (- 4 ; DT 3)

. PU2BRAPHI12 R33): RNSRIFIIOR .\ -
at 32°R N

where 0 = 0y + > 7 (00’ To(R1) — 764(R,t))+ Ti(RD(00* 4T3 (R D)+

t % (00’ B(R) — 4T (RO T(R,D) — 6 T*(R. ) (R, D);

where 7o(R,?) — the value of the function 7(r,?) at the point r= R for 6 = 0o;

Ti(R 9 — the value of the function 7(r,?) at the point r= R for 0 = % (00 T(R D) —
- B'(R);

(R ?) calculated accordingly for 6 =% Ti(R H(00° - 4 T*(R D).

The temperature fields in the vicinity of a well with a diameter of 0.05 m were

determined when its walls were heated by a high-temperature flow, based on equation
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(3). The calculations were made for magnetite quartzites of Kryvbas, the following
rock constants were taken: 2 =1.67-10° m?/s; B = 3-10° K'!; A0 =0.3; £=7-10'° ITa; Ao
= 4 B1/(m-K); 0cx = 2-10® ITa; u = 0.22. Since the thermophysical properties of rocks
depend on the heating temperature, the values of a, A, B, £ for a given rock are taken
as averaged in the range of 300-1900 K.

The calculations were performed for two values of the initial gas temperatures in
the near-wall region of the well 8o = 1300 and 1800 K. Figure 1 shows the temperature
distribution curves in the surface layer of the rock when the well walls are heated by a
high-temperature gas flow. As can be seen from the graphs, with an increase in the
coolant temperature and heating time, the temperature gradient in the rock increases.
Calculations show that at the initial temperature of the coolant equal to 1300 K, the
contribution of the radiant component to the value of the calculated temperature of the
rock is 12-24%, and with an increase in the temperature of the coolant, this contribution
increases. With an increase in the initial temperature to 1800 K, the contribution of the
radiant component does not change, but the steepness of the temperature drop increases
with distance from the borehole walls into the massif.

The obtained dependences make it possible to select the operating parameters of
the plasmatron when creating a cavity in various mining and geological conditions.
Thus, it is possible to control the process of well expansion by changing the speed of

the cyclic movement of the plasmatron along the length of the well.
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Figure 1. The nature of the temperature distribution in the surface layer of the rock

IGTM NAS of Ukraine together with the Institute NIGRI (Kryvyi Rih) and PA
"Kryvbassruda" tested in the industrial conditions of the mines of Kryvbas several
modifications of plasma well expansion units [242, 249]. Studies carried out in various
mining and geological conditions have shown good agreement between the obtained
theoretical results and experimental [250, 251]. The use of plasma technologies makes
it possible to minimize technological risks arising from the development of raising

workings in hard ores.
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SECTION 12. RADIO ENGINEERING

12.1 Frequency meter based on microcontroller for biomedical measurement
systems

The described method of measurement allows to measure frequencies of
biomedical signals with a small and constant error in a wide range. The measured signal
enters the input of the device and is converted into a periodic sequence of pulses, the
period of passage of which T is equal to the period of the studied signal. Regardless
of this sequence, the first time gates of duration Az are formed. They are filled with n
pulses of the periodic sequence. Then the number 7 is fixed. The ratio Ati/n corresponds
to the value 7"’y of the measured frequency, and the value n/At - the value /'« frequency.
Its deviation from the value of f; is determined by the error of discreteness, the
reduction of which is the purpose of this method [252].

At the same time, the second time gate is formed, such that their front corresponds
to the impulse of the sequence that appeared immediately after the beginning of the
first gate, and the slice - the impulse that occurs immediately after the end of the first
gate. Thus, the duration of the second time gate corresponds to an integer number of
periods of the studied signal, namely At = n ¢.

The front and the cut of the formed gate are synchronized with the moments of
appearance of the pulses of the periodic sequence formed from the studied signal, so
the rounding error 1s excluded. The second time gate is filled with counting pulses, the
number N of which is fixed.

The formula for finding the value of the measured frequency is obtained as
follows. The number of pulses entering the second time gate is determined by the ratio

N:I’l tx/Tcnt:nFcnth)‘c
n

where Fe..— 1s the frequency of the counting pulses, the value of which is known.
The accuracy of frequency measurement is determined by the error of discrete

measurement of the time interval nt..
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Figure 1. Frequency meter operation diagrams

We can determine the value of the relative error of the discreteness of the frequency
measurement Jz. The maximum value of the relative error of the discreteness of the
measurement of the time interval A= n ¢, is determined by the absolute error. Because
this interval is filled with counting pulses with a period of 7., the maximum absolute
error Ao = £T. (see Fig. 1). Then the maximum relative error

02=tTend Atr=%Teni/n t.. (2)

The equality A&,= n ¢ can be represented as f. = n/At.. Then, according to the rules
for calculating the errors of indirect measurements, the measurement error of the
function f; is associated with the measurement error of the argument A# ratio (up to the
second order)

or= 02.

After substituting 0> with (1)

O = £Tcnd/ntx = £(f/n) Tens. (3)
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When substituting in (3) instead of fi/n the ratio f/n = 1/At; is obtained
Or= T end/ At1 = £1/FeiAt1. (4)
Formula (4) leads to the conclusion that the maximum value of the relative error
of the discreteness of frequency measurement by the stated variant of the discrete
number method does not depend on the value of the measured frequency and, therefore,
1s constant in the whole measuring range.
The sampling frequency is required
Fene = 1/(0rAt1), (5)
where Jr— 1s the specified measurement discreteness error.

For example, at a pulse rate of 100 MHz and a time gate duration of 1 s (as is the
case in some frequency meters), the maximum value of the discrete error is £107,

Thus, the measurement method used in this project allows to measure the
frequency from 1 Hz to 10 MHz without changing the limits and measurement
methods. Additional operations of control of value of the measured frequency are
excluded [253].

The electrical functional diagram of the device consists of the following main
components: a microcontroller, an input device, a generator of counting pulses, two
counters, a unit for forming the second time gate and an output device [254].

The investigated signal with frequency f: (see Fig. 2, a) is transmitted through the
input unit to the pulse shaper, where it is converted into a periodic pulse sequence (Fig.
2, b). It is fed to the first input of the time selector 1, the input 2 of which is supplied
with a gate pulse created inside the microcontroller, which is the first time gate with a
duration of A#; = 1 second (Fig. 2, ¢). The input pulses fill these time gates, their number
n is counted by the counter 1 and fixed. The gating pulse, which plays the role of the
first time gate, is fed from the microcontroller also to the input 2 of the logic element
AND and to the input of the inverter. As a result, the pulses of the periodic sequence,
fed from the output of the shaper to the inputs 1 of the logic elements AND;, AND>, can
pass to the input 1 of the unit for forming the second time gate, when at the input of 2
elements AND; there is a gating pulse. They pass to the input 2 of the forming unit when
there is no gating pulse at the input of the inverter [255].
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Figure 2. Electrical functional diagram

The scheme of formation of the second time gate is made on the RS-trigger. The
first pulse supplied through the logic element AND; to the S-input of the installation
of the circuit throws the trigger into the state of logic "1", as a result, the output of the
circuit forms the front of the second time gate. After that, the pulses supplied to the
first input 1 of the forming circuit, its state does not change [256].

As long as there is a gating pulse at the inverter input, the pulses of the periodic
sequence cannot pass through the logic element AND,. Immediately after the end of
the action of the strobing pulse, the first pulse of the sequence enters through the logic
element AND; to the input of the reset R-trigger and returns it to its original state. At
the output of the formation scheme, a slice of the second time gate 1s formed (Fig. 2, d,
e). Thus, at the second input of the time selector 2 the second time gate with duration
At = n t, 1s formed, through which the counting pulses pass (Fig. 2, g). the pulses that
hit the gate are counted by counter 2, it records their number N. The number of counted
pulses n and N is transmitted to the microcontroller. In its memory, the value of the

pulse frequency of the number is stored as a constant. Based on the obtained data, the
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microcontroller calculates the value of the frequency of the measured signal f; in

accordance with formula (1).
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In the schematic diagram of the frequency meter (see Fig. 3) you can select the
main nodes that carry a certain functional load. Separately, we can highlight the input
logic of the device, compiled on integrated circuits DD1-DD2. The functions of the
control and management device are taken over by the DD3 microcontroller. The source
of the reference counting pulses is a quartz oscillator on the DA2 chip. The shift register
DD4 is used to store the obtained result and communication of the microcontroller with

the information display device on four seven-segment indicators HG1-HG4 [257].
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12.2 Compact waveguide polarizer with diaphragms for satellite
telecommunication systems

Tun nonsipu3zaluu 3J1€KTPOMAarHUTHBIX BOJH OKAa3bIBA€T CUJIBHOE BIIMSIHUE HA
0COOEHHOCTH Tmpolecca uX pacmpoctpaHeHusi [258]. [IpuMeHeHue cUTHaANIOB ¢
KpyroBoil mnojsipu3aruedt cHuxkaer 3G(exT 3amMupaHusi U JIECTPYKTUBHBIE MOMEXU
CUTHAJOB, BBI3BAHHBIE MHOTOJYYEBBIM pacnpocTpaHeHueMm BoJIH. [losTomy
pa3paboTka M ONTUMM3ALMSA XAPAKTEPUCTUK BOJHOBOJHBIX TMOJSAPU3ATOPOB ISt
o0JryyaTenieil CmyTHUKOBBIX aHTECHH SIBJISIETCS] BAXKHOM MHYKEHEPHOU 3a1aueil.

[TonspuszaTop BBINOJIHSET MpPeoOpa3oBaHUE DIEKTPOMATHUTHBIX BOJH C
JUHENHON noisipu3anuell B KpyTroBYIO MOJSIpU3aIUIo Wi Hao00poT. CiienoBaTensHo,
BOJHOBOAHBIM MOJSIPU3ATOP AHTEHHOM CHUCTEMBbl OIPEIENsAeT €€ OCHOBHBIE
AJIEKTPOMATrHUTHBIE — XapaKTepUCTUKHU: JudPepeHnranbubii  Ga3oBblil  CIBUT,
kodppuuuent crosiueit BoaHbl 1o  HampsbkeHuto  (KCBH), kosddunment
AJUTMIITUYHOCTH U KPOCCIOsIpru3aliuoHHyo pa3Bs3ky (KIIP).

YacTo MpUMEHSIOT BOJHOBOJAHBIE MOJSAPU3ATOPHI C MEeperopoakon [259-261].
OCHOBHBIM IPEUMYIIECTBOM IOJSPU3ATOPA 3TOrO0 BUJA SBIISIETCS €r0 KOMIAKTHAs
KOHCTPYKIIUS, KOTOpasi 00beIUHSIET OPTOMOIOBBIN MpeoOpa3oBaTellb U MOJISIPU3ATOP
B €IUHYIO0 CTPYKTYpy. Heloctarkom Takux moJisipu3aToOpoOB SIBISIETCS y3Kas pabodast
M0JIOCA YaCTOT, KOTOpasi OrPAaHUYUBAET €ro MPUMEHEHUE B HEKOTOPBIX COBPEMEHHBIX
CHUCTEMax CIIyTHMKOBOW cBsA3u. B [259] moka3aHO, 4TO OTHOCHUTENbHAS IIMPUHA
paboueil MoJ0Ckl YaCTOT MOJISIpU3aTOPa C MEPEropoKoi MoxkeT gocturats 20%, ecinu
OJTHOBpPEMEHHO TpeOyroTCs pa3Bsizka nmopToB Bhimie 25 n1b u KIIP Beimie 30 ab.

[Tonspuzarop ¢ nuadparmamu [262—267] npeAcTaBiseT co00il albTEPHATUBHYIO
KOHCTPYKITMIO BOJHOBOJHOTO TMOJSPU3aTOpa, KOTOpas OOecneurnBaeT JIydIlnue
XapaKTEepPUCTUKU U OOJiee HMIMPOKYI0 OTHOCHUTENBHYIO pabouyro mojiocy dactoT. C
OJHOM CTOPOHBI, B AHTEHHBIX CUCTEMax C JIBOMHOW MOJSPU3ALMAEN BOJHOBOIHBIN
NoJIApU3aTop ¢ auadparMamMu KOPPEKTHO (YHKIIMOHUPYET TOJBKO B COUETAHUU C
OpTOMOJIOBBIM TpeoOpazoBareneM [267—-269], 4TO yCIOXHSIET CTPYKTYPY aHTEHHOM
cucrembl. C Ipyroil CTOpPOHBI, IPU UCHOJIB30BAHUHM BOJHOBOJAHOTO MOJSpU3aTOpa C

nuadparMamMy MOYKHO MOJTYYUTh TOpa3/o JyUlIne XapakTepUCTUKH B TOH ke paboyeit
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MOJIOCE YacTOT MO CPAaBHEHUIO C MOJISIPU3ATOpPOM C meperopoakou [259]. Takum
oOpa3zoM, ais pa3pabOTKH HOBOT'O KOMITAKTHOTO TOJSpU3aTopa JUisl OOIydaTenei
CIYTHUKOBBIX AaHTEHH ObUla BbIOpaHA KOHCTPYKIMS Ha OCHOBE KBaJpaTHOIO
BOJTHOBOJIa ¢ muadparmamu [262-265].

B aHTEeHHBIX cUCTEMAaX C IBYMSI OPTOrOHAJIBHBIMU MOJISPU3ALUSIMHU IPUMEHSIETCA
BOJIHOBOJHBIM MOJNspU3aTOp € AvapparMaMu B COYETAHUU C OPTOMOJOBBIM
npeoOpa3oBaTeneM, KOTOPBI ONpeaeNsieT pa3Ba3Ky BCe aHTEHHOW cucTeMbl [267].
Bce ocranbHble MONSPU3ALMOHHBIE IMAPAMETPbl CUCTEMbI IUTAHUS TOYHO
OMPECIIAIOTCS MPUMEHSEMbIM BOJIHOBOIHBIM TOJISIPU3ATOPOM.

OOBIYHO BOJHOBOJIHBIN MOJSIPU3ATOP OOECMEYMBACT XOPOIIEE COTJIACOBAHUE
AJIEKTPOMArHUTHBIX BOJIH O0EUX TMOJISIpU3alUid. AMIUIMTYJIBI KOMIIOHEHT TMOJS C
OPTOTOHAJIBLHBIMU JIMHEHHBIMU TOJSPU3AIUIMU Ha BXOJE M BBIXOJIEC MOISPU3ATOPA
PaBHBI C BBICOKOM TOYHOCTBIO. B 3TOM cilyyae paBeHCTBO aMILIUTY KOMIOHEHT JJIs
o0erx moJsipu3aluii Ha BXOJ€ NPUBOJIUT K UX PABEHCTBY Ha BBIXOJIE MOJISIPU3ATOPA.
Ha npaxrtrike 370 paBeHCTBO BBIIOJIHAETCS JIUIIb C ONPEACICHHON TOYHOCTBIO. Takum
oOpazoM, g pacyeTa TOJSPU3ALMOHHBIX  XapaKTEPUCTUK  BOJHOBOJHOIO
MOJIIpU3aTopa HEOOXOIUMO YYHTHIBATh HE TOJIHKO BHOCHMBINA AU epeHITnaTbHbIN
¢$a30BBI CIBHUT, HO W PA3HOCTh AMIUIATYJ KOMIIOHEHT SJIEKTPUYECKOTO TMOJsS C
OPTOTOHAIBHBIMU JIMHEHHBIMU MOJISPU3ALUSIMU HA BBIXOJIE.

s MozienupoBaHus M ONTUMU3ALMKI XapaKTEPUCTUK MOJSIPU3aTOpa Ha OCHOBE
KBaJIpaTHOTO BOJIHOBOZA C Tpemsi aAuadparMamMu ObUIO BBIMOJHEHO YHCIECHHOE
MOJIETMPOBAHUE C MOMOIIBIO METO/1a KOHEUHBIX 3JIEMEHTOB B YACTOTHOM 00J1acTH.

Ha puc. 1 mnoka3aHo BHYTPEHHIOIO CTPYKTYpPY KBaJApaTHOTO BOJHOBOJHOTO
noJyisipusaropa ¢ tpemsi auadparmamu. OO03HAYEHUST BCEX PAa3MEPOB KOHCTPYKIUU
Tak)Ke MpUBEACHBI HA puc. 1. /IBe BHemHUE nuadparMbl HIMEIOT paBHBIC BBICOTHI /1.
OHu HIKE IEHTpalbHOM nuadparmMbl C BHICOTOM /2 ISl yIYUIIEHHUS COTJIACOBAHUS

cTpykTypbl. ToniuHa Bcex auadparm paBHa w, a 3a30pbl MEXy HUMHU PaBHBI L.
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Pucynox 1. CTpykTypa BOJHOBOJHOTO MOJSPU3aTOpa ¢ TpeMs AuadparMamu

Ha puc. 2 moka3zaHbl XapakT€pUCTUKHU ONTHUMH3UPOBAHHOTO BOJHOBOIHOTO
noJisipuzaTopa ¢ TpeMs auadparmamu B padodem auamnazone gactor 10,7-12,8 I'T.
Ha puc. 2a nokazana 3aBucumoctb KCBH ot wactoTtel. Ha puc. 2a BugHO, 4TO
MakcumasibHoe 3HaueHne KCBH nns obeux mnossipuzaunmii cocraBisier 2,03 u
JIOCTUTAETCS HA caMOil HU3KoU yacTote pabouyero Ku-nmmuamazona 10,7 I'T.

Ha puc. 26 nokazana 3aBucuMocTh nuddepeHnuaibHoro (Ha3oBoro cCABura oT
yactoTbl. Kak BuaHO Ha puc. 20, auddepenuuanbablii (a3oBbiid caBur paseH 90° Ha
gactorax 10,76 I'Tuu 12,63 I'T'1. B pabouem nuamnazone yactot auddepeHimaibHbIi
dazoBeIii caBur wusMmeHsercs or 86° mo 91,6°. MakcumanbHOE OTKJIOHCHHE
auddepennnanbHoro ¢azoBoro casura ot 90° cocraBuser 4° m HabmrogaeTcs Ha
gactore 11,7 I'Tu. YactorHsle 3aBucumMoctu kodddunuenta smmntuanoctd u KITP

ITIOKA3aHbl HA PUC. 2B U PUC. 2T, COOTBETCTBEHHO.
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PucyHOK 2. DeKTpOMarHuTHbIE XapaKTEPUCTUKU BOJTHOBOJAHOTO NOJISIpU3aTOpa
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Ha puc. 2B BU1HO, 4TO B paboyeil mojoce 4acToT KO3PPUUUEHT FUTUITUYHOCTH
nossipuzaropa mensie 0,61 nb. Kak BumHo Ha puc. 2r, coorBerctByromas KIIP
noJisipu3aropa npesbimaeT 29 n1b. Makcumym Ko3QPUIUMEHT 3JTMNTUYHOCTH (KakK U
camas Hm3kas KIIP) mabmomaercs Ha gactore 11,7 I'T1r, 9TO ¢ BRICOKOH TOYHOCTBIO
COOTBETCTBYET YaCTOTE MaKCUMAIBHOTO OTKIOHEHUS AuddepeHinaibHoro ¢Ga3oBoro
casura nossipuzatopa ot 90°. Kak BHIMM, HCHOJB30BaHUS Tpex auadparMm B
CTPYKTyp€ AOCTAaTOYHO [JIsi moiydeHus: auddepeHunanbHoro (pa3zoBoro caBura,
KOTOpbIi 61130K K 90° B 18% oTHOCHUTENBHOM paboueii monoce 4acToT.

Takum  oOpaszom, B pabouem aumanazone yacror 10,7-12,8 [ITn
ONTUMHU3UPOBAHHBIN MOJISPU3ATOP HA OCHOBE KBAJPaTHOTO BOJHOBOJA C TpPEMs
muapparmamu obecneunBaer KCBH s ob6enx mnomsipuszanuii mensiie 2,03. Ero
muddepeHnnansHbIN (a3oBbIi CABUT HaxoauTces B quamnazone 90°+4°. Koaddumment
SJUIMIITUYHOCTH cocTaBisieT MeHee 0,61 nb, a KIIP 6onee 29 nb.

B Tabmune 1 mnpencraBieHbl BcEe ONTUMAaJbHBIE BHYTPEHHUE pa3MeEphI
KOHCTPYKIIMM TOJISIpU3aTopa Ha OCHOBE KBaJpaTHOIO BOJIHOBOJA C TpeMs
nuadparmamu, pazpadboTaHHoro st padodero auamnazona yactor 10,7-12,8 I'T.

Tabmuua 1. Pazmepsl ONTUMU3HPOBAHHOTO BOJIHOBOJHOTO TOJISIPU3ATOPa

a, Mm W, MM L, mm hi, mm ho, mm

21,98 2,79 4,92 2,45 3,86

B crarbe pa3paboTaHO M ONTUMHU3HPOBAHO KOMIIAKTHBIA BOJHOBOJHBIN
HOJSIpU3aTOp € TpeMs aAuadparMamu i CIHYTHUKOBBIX TEJIEKOMMYHHKAIIMOHHBIX
cucteM Ku-ananazona wyactor. OH oOecnieuuBaer 3(dexkTuBHble (a30BbIE U
NOJIAPU3ALMOHHBIE XAPAKTEPUCTUKH, a TAaKXE YJIOBJIETBOPAET TPEOOBAHUAM K

COIIaCOBAHUIO COBPCMCHHBIX O6quaTeHeﬁ CIIYTHUKOBBIX AHTCHHBIX CUCTCM.
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SECTION 13. TELECOMMUNICATIONS

13.1 Analysis of recursive estimation procedure

In the capacity of evaluation procedure, it is reasonable to use Kalman-Bucy
recursive algorithm for the local search optimization. Optimal evaluation according to
the integral square error criterion is determined from the recursion equation solution

also known as Kalman-Bucy method:

Xk+1)=F(k+1,k)x(k)+ KK)[HK)F(k+1,k)x(k) —y(k)] (1)

where K(k) = V(k)HT (k)N, ! is a coefficient, which provides evaluation
optimality and procedure convergence degree.

The template that includes observation, evaluation and processing models reflects
distinct FKB deviations influence of the chosen model. Block diagram of the simulant

is shown on Figure 1.

Processing model
%{%)

Observation model x(k) Evaluation model

[ r
[ [
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I I
| DY
: I <> » Sampled
: S | values
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filter : {
| |
[ L
:_r{r'\') Kalman- ‘t (k)
Xy —»  Bucy T
: filter l
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WGN > : "
l l
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| |
1 I

Figure 1: Block diagram model of the distinct FKB stimulant.

Proposed computer test model gives an opportunity to select options of the

evaluated process model x(k) and inspection noise model N, (k) as to the stationary
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state and transient state. Individual noise &(k)and v(k) generators are to be
standardized formation procedures with the choice of corresponding spectral power

density N, (k) and N (k) values. Models chosen parameters consistency is proved by

receiving sample estimations of these parameters.

As it was mentioned above, the results of theoretical analysis of the filter
responsivity under the effect of signal models, parameters of which differ from the
filter parameters. It is shown that under deviation of filter parameters from the chosen
model, the quality of estimation changes for the worth. A distinctive feature of
nonstationary models is that the mentioned deviations of model parameters are not
simply deviated, but these deviations are time variant. Therefore, the study of
nonstationary effects is an assumption of the responsivity study under changing model
parameters over time. At that, it is important to know how does FKB response on those
or other nonstationary effects having different rates of these changes under various
choice of filter parameters. We refer to the two standard for telecommunication
situations when non- stationary changes are of gradual and stick-slip nature.

The effect of nonstationarities is evident from the moment of emitting useful
signal to the filter input. Thus, different filters react on nonstationary signal differently.
This response appears in the form of the transition process from the emitting until
setting a stationary filter mode.

The analysis of filter efficiency at the nonstationary conditions has been held
under the advanced observation model. Additive identity that reflects level and speed
changes of the nonstationarity has been comprehended to the watch equation. Sinuous
nonstationarity model has been chosen to be primary taking into the consideration the

fact that traffic change is a result of multiple actions on the network load:

y(k) = H(k)x(k) + C sin(lkT /t.or) + v(k) (2)

where [ is a multiplication factor that changes nonstationary actions period, C
changes nonstationarity value, T /7., changes intervals rate between sam-ple
spacings 7" and correlation intertissue 7.,
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In this work examine the situation for different cases of T periods, non-stationary
changes. When provided changes become commensurable to the time of the process
transition Ty = 54t (Fig. 2) at low-speed nonstationary change T/t.,,, = 254t (Fig.3)
and T/t., = 5004t (Fig. 4).

The intent of the nonstationary entry influence is that evaluation stationary
process has not approached yet but in the observation results there have already
occurred the changes that the filter shall obtain as re-emerged information. Thus, the
filter functions persistently as if in the transient mode.

Sampled values of posteriori variances are little different from functioning results
of basic stationary process at the low-speed change. Thus, evaluation accuracy can be
obtained at sample spacing shorthand in the condition of static entry changes.

In this work consider the influence of nonstationary processes of parameters

abrupt change. Abrupt changes are typical at the traffic change. At this:

15

2 i )
101 ’.f : A ".‘4

10 i i 1 | i e
0

Figure 2: Realization segment of nonstationary signal at fast changes of

nonstationary function
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Figure 3: Realization segment of nonstationary signal at mean changes of

nonstationary.

Function rate, on or off of acceptors with extensive datastream induces load abrupt

changes. To perform abrupt changes modeling we avail an additive identity.

i 1 i | | 1 1 i
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-15

Figure 4: Realization segment of nonstationary signal at low-speed changes of

nonstationary function (2)
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In this case sin( kT /t.,+) = 1 and value C will build squarewave signal with the
period of 100 sample spacings with various / values.

The diagrams reflect that transiency in the form of discrete edge provides sharp
increase of posteriori variance values. This value outweighs stationary condition by 50
and more times. Transient process is derived from the non-stationary impulse
occurrence and endures for 100-150 steps. Such values increase of the posteriori
variance results in control errors. It is typically that filter action is less tangible at
nonstationary impulses dump than at its occurrence. Thus, sample spacing reduction
gives an opportunity to control nonstationary changes that is an important factor that

provides stable functioning of evaluation and control algorithms.
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SECTION 14. TRANSPORT

14.1 Efficiency of the impact of speed limits on road traffic safety in Ukraine

OcobmuBy yBary mpoOieMaM OOMEXEHHS IIBHAKOCTI pyXy y OUIBIIOCTI
PO3BUHEHMX KpaiHax modanu npuauisatd me y 1980-90-t1 poku. ['onoBHOIO MeTOrO
BBEJICHHA TakuX OOMEXeHb OyJO MiJBUILEHHS O€3NeKH pyXy, K B LIJIOMY, TaK 1
HANOUIbII BPa3JIMBUX KATEropiil yHaCHUKIB PyXy.

[IpoTe 3p03yMisio, MO0 MICHKI JIIMITH IIBHUIKOCTI BCTAHOBJIOIOTHCS Y IEPIITY
4yepry, yepe3 TypOooTy npo mimoxoiB. I, sik cBiuuTh cratuctuka, 80% JATII B micTax
BiJI0OyBa€ThCS came 3 mimoxoaamu. [Ipu oMy TiJTBKH YBEPTH 3 HUX — HA TTO3HAYEHUX
nepexojax, a peura — y HeIo3BOJIEHUX MICIIsIX, TOOTO TaM, A€ BOJ1M X B IPUHIUII HE
YEKAE.

TakuM 4YWHOM, OOMEXKEHHS HIBHJIKOCTI PyXy pO3paxOBaHO, SK MIHIMyM, Ha
JEK1IbKa MO3UTUBHUX €(PEKTIB.

[To-nepme, Ha Te, IO TMOBUIBHUK aBTOMOOLIL OyJie BYACHO ITOMIYCHHIA
MIII0X0/I0M, a Yy BOJIisl Oy/1e O1IbIIe Yacy 3aBU4acCHO MOMITHTH TIIIIOXO0/a;

[To-apyre, mpu MEHIIIN MIBUIKOCTI TAJIbBMIBHUM HUISIX KOPOTILE, a IMOBIPHICTh
31ITKHEHHS MEHIIE. [, HaBITh y pa3i 31TKHEHHS, HACTIAKY JJIS JTIOJUHU MOKYTh OyTH HE
TaKMMH KaXJIUBUMHU, L0 MIATBEPIKYETHCS JaHUMHU BcecBITHBOI opraHizaiiii 0OXOpOHH
30pOB’s II0JI0 B1ICOTKY BUKMBAHHS MIIIOXO/IIB IIPH 3ITKHEHHI 1X 3 aBTOMOO1IEM.

3rigHo 3 OMIMIHHUMH JaHUMH, HAWUTOIIMPEHIIIO MPUYHUHOK JOPOKHBO-
tpancnopTHux npurof (ATII) B YkpaiHi Ha MpoTs31 OCTaHHIX POKIB € MEPEBUILIEHHS
MBUAKOCTI pyxy. 3okpema, y 2018 poiri nepeBuiieHHs1 0€3MeYH0i Ta BCTAaHOBJICHOT
HMIBUAKOCTI pyxy crtaHoBuwio 48,2% cepen ycix npuuvH BuHukHeHHs [[TII Ha

aBTOMOO1IbHOMY TpaHcnopTi (puc. 1) [270].
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Heaoaepxanna
AmcTanuii

MopyweHHn npasun
npoisay nepexpects

IHwi

Nepesuwenis
Beaneunol Ta
BCTaHOBNEHOI

wemakoeTl pyxy

KepyBauhsa y
HeTBepe3oMy CTaHi

Buisq Ha sycTpluny

Mepexia y
HeacTaHoBneHomy micui
Ta weouiKyBanmi BuXia,

nopyweHHs Npasun
npoizay niwoxigHux
nepexoals

Mopywekka npaswn
MaHeBpyBaHHa

Pucynox 1. OcnoBni npuunau BunukHeHHs J[TII Ha aBTOMOO1TBHOMY TpPaHCTIOPTI

He craB Bukmouennam 2019 1 2020 pik. 3a gaHUMU, K1 ONPUITIOJHUB MEPLIINI
3aCTYMHUK HadalbHUKa JlemaprameHnTy mnarpysibHOi mouimii Ykpainu Omnekcii
binommupkuii, y 2019 pomi 3 mepeBUINEHHAM O€3MEYHOT MIBUIKOCTI PYXY
3apeectpoBadHo 8761 aBrompuroxa, mo BiamoBimHO ckimano 34% Bim ycix JTII i3
norepnuiumMu [271]. A Bxe 3a mepmi K 8 XBWIMH pobotu 45 Bigeokamep, SKi
yBIMKHYJIM omiBHOY1 | yepBHs 2020 p., Tuibku B Kuesi Ta obmnacti 3adikcyBanu 262
MOPYIIESHHSI MBUAKICHOTO pexumy [272].

Bonanouac, 3a janumMu MoTOpHO (TpaHCIOPTHOTO) CTPAaxoBOro 00po YKpaiHu,
aki Oynu HaBegneH1 11 nmucronana 2019 poky Ha « MixkHApPOJHOMY KOHTpeECi 3 Oe3MeKu
Ha TpaHcnopTi» y M. KueBi, mepeBUIIeHHs] MBUAKOCTI 3aiiMaioTh 35% y mepesniky
ocHoBHUX nipuuuH JTII [273].

[Toka30BO TakoX, IO CTATUCTUKA aBAPIMHOCTI HA aBTOMOOUIBHOMY TPAHCIIOPTI
3a JaHUMU YKpPTpaHCOE3MEKH IEIO BIAPI3HAETHCA BiJl JAHUX MATPYJIbHOI MOMIIi, a
came:

44.2 % - HeOTpUMAaHHS AUCTAHIIIT Ta IHTEPBAIY PyXY;

18,4 % - nopyeHHs1 IpaBuJl MAaHEBPYBAaHHS;

16,4 % - mepeBuUIlIEHHS IIBUIKOCTI PYXY;

15,5 % - nopy1ieHHs MpaBuJl MPOI3Ay NEPEXPECTH;

5,5 % - tamn (B 7.4. 1 % - nesagoBuibHUM TexH.ctaH KT3, 0,7 % - con 3a

KEPMOM).

261



THEORETICAL ASPECTS OF MODERN ENGINEERING

Taka pi3HUI B 3BiTaX MOACHIOEThCS OaraTbma MPUYMHAMH, CEPEN SIKUX
HANOUIBII BU3HAYAIBHUMH €:

- 00’ eKTHBHI PO301KHOCTI MMOMDXK JIPKEpeIaMu HaIXO0KeHHS 1H(popMalrii;

- cy0’exTuBHI (hakTOpH Ha cTaaii 300py Ta 0OpOOKH aHuX;

- BIIMIHHICTb BIJIOMYHMX METOJWK Y BU3HAUYCHHI TTOKa3HHUKIB;

- HEY3TrO)KEHICTh €IMHUX MPUBEACHUX OJWHUIIL BUMIPIOBAHHS Ta O0MIKY;

- Opak crietiabHUX OOJIIKOBO-METPUYHUX JAaHUX IpHu oopmienHi JTIIL;

- HEJIOCKOHAIICTh HOPMATUBHO-IIPABOBOI 0a3H.

UYepe3 1€ OUIHUTA MOTOYHUM CTaH 1 CHPABXKHIO JUHAMIKY 3MIH O€3MeKu
JOPOKHBOTO PYXy B YKpaiHi HE MPOCTO. A 1110/10 BU3HAUYEHHS CIPABKHBOTO PEUTUHTY
MIBUAKOCTI cepe] IHIUX npuyuH BUHUKHEHHS /I TT1, To BoHM (hakTMUHO npuUpedeHi Ha
HEeBJAuy, OCKUIBKH I11€ HE MPOCTUH 1 MePeBaXHO TOBrOTPUBAINN MPOIIEC, yBArU IKOMY
OPUAUIAETHCA HEJOCTATHBO.

3BaXkalouu Ha BCeE Lie, y 0araTboX €BpONEHChKUX KpaiHaxX, Y MeXaX HaceJIeHHUX
IMYHKTIB ChOT'OJIHI JIO3BOJICHO PYyX 31 MBUAKICTIO MOHAKO1IbIIIEe 50 KM/TO/, a B ISIKUX
Kpainax (Hanpukiaa, Anbanii Ta Augoppi) 1 40 km/ros.

JaHa cTaTTs € pe3yJIbTaTOM IOLIYKY BIJAINOBIJAI Ha MPOOJEMHE MUTAHHS - YU
HacmpaBAi OOMEXEHHS MIBUIKOCTI pyXy B HACEJNEHUX MYyHKTAaX 1CTOTHO MOJIMIIUTH
CUTYyaIlll0 Ha HAIIUX Joporax?

BianoBiHO 10 pe3yJibTaTiB aHaII3y MOKIMBHUX HACIIKIB OOMEKEHHS 3BEPHIMO
yBary Ha te, mo [274]:

1. O6mexenHss 1o 50 KM/TOJ. HIBHJIKOCTI PyXy B HaceJI€HUX MYHKTax, sKi
BCcTynwid B 11it0 3 1 ciunsg 2018 poky, HE MalOTh JOCTATHIX ITi/ICTaB.

2. 3HWXKEHHS IBUAKOCTI 3MEHINYE IHTCHCUBHICTh JOPOXXHBOTO PYXy 1
MPOMYCKHY CIIPOMOKHICTh MICHKUX MaricTpajibHUX BYJIUIIb 1 10Pir. Jliroul oOMexeHHs
00yMOBJIATH 3arajibHe MaiHHs NPOMYCKHOT CIPOMOKHOCTI OpiEHTOBHO Ha 17%.

3. 3MEHIIIeHHS MPOMYCKHOI CIIPOMOXKHOCTI PO3LIUPUTH J1alla30HU TOJAUHU MK 1
30UTBIIUTH TPUBATICTH 3aTOPIB Y HAHOUIBII 3aBAHTAXKEHUX BY3JIaX.

4. 3HWKEHHS IIBUAKOCTI IPUHECE MIOJaTKOBI BUTpPATH YaCy Iacakupam,

OCKIJIbKH KOKEH KM MOi3AK! 301IbIIUTH 11 TpuBaicTh Ha 0,4 XB.
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5. 3011bIIEHHS 3arajibHOT TPUBAJIOCTI MOT3IKU MOXKE MPU3BECTHU JI0 TOPYIICHHS
HOPMATUBHUX BHUMOT MIOJI0 TPAHCIOPTHOTO OOCIYTrOBYBaHHS BIJAJICHUX pPalOHIB
MiCTa.

6. 31 3MEHIIECHHSM HIBUJIKOCTI BUTpPATH MEPEBI3HUKIB HA OJMH KM TMOI3JIKH
3pOCTYTh HE MEHIIIE HiX Ha 1,5 TpH.

7. Sx noBoauTh nAocBif HaOuibm pe3oHaHcHux JITII, mnopymeHHs
IIBUJIKICHOTO PEKUMY € HACIIIKOM HEaJeKBaTHUX 1A OKpeMHUX BOJIiB, BCyleped
JIOPOXKHIM CUTYAIIIT 1 AIFOUUM OOMEKCHHSIM.

8. ns mepeBaxHOI OUIBIIOCTI YYacCHUKIB JOPOXKHBOTO PYyXy HaWOLIbII
JOIUIBHAM CJTiJI BB)KAaTH HE 3arajibHe, a BUOIPKOBE OOMEXEHHS IIBUJKOCTI PyXY 1
MOCUJICHUN KOHTPOJIb Ha HAMOUIbI HEOE3MEeUHUX AUISTHKAX, IO MO CYTi MOBHICTIO
Bigmosigae mirounm [1J1P.

9. 3nayHo Outbmud e(eKT MOXKe TMNPUHECTH AaKTUBHE 3aCTOCYBAaHHS
1H(hOopMaIIiHO-BKa31BHUX 3HAKIB, SIKI PEKOMEHYIOTh BOAISIM TPAHCIOPTHUX 3acO01B
PYXaTUCh 3 MEBHOIO MIBUAKICTIO.

BianoBingHo 10 TEOPETUYHUX PO3PAXYHKIB, BTPATH Yacy B HACIIIOK 3HUKEHHS
MIBUAKOCTI OyayTh cTaHOBUTH O01M3bK0 0,4 XB. Ha KOKEH KM MMOi3KU. B mepepaxyHKy
Ha PIBEHb CEPEIHBOMICAYHOI 3ap0o0iTHOI M1aTH B YKpaiHi, ska y 2018 poriri 3a nanumu
[275] Oyna Ha piBH1 8865 rpH. (3,69 TpH./XB.), a 1Ie CTAHOBUTH J10JATKOBI 1,5 rpH. Ha
OJIMH KM N0i31KU. PO3paxyHKOBI HAC/IIIKKM OOMEKEHHS IIBUAKOCTI PyXy MPEACTABIICHI
B TaoOu. 1.

3MmiHu 0€3yMOBHO BiJ1i0’FOThCSA 1 HAa COOIBApPTOCTI MEPEBE3CHb. 3r0JIOM BapTO
OUIKYBaTH MIJABUIICHHS BapTOCTI mpoizay. Ciia 3a3Ha4yuTH, 10 B OKPEMUX MICTaxX
3pOCTaHHS I11H BXKe 1moyajock [276].

HeBinnoBifHICTh CTaHy 1 PO3BUTKY MICBKOI BYJIMYHO-JIOPOKHBOI MEpEexl,
0COOJIMBO TMOMDXK 1i TPOMYCKHOI CIHPOMOXKHICTIO 1 piBHEM 1HTEHCHUBHOCTI
TPAHCIIOPTHOTO PYXy, BXKE 3apa3 Mpu3Beia J0 BUHUKHEHHS HEOAyeHUX 3aTopiB 1

PEKOPIHOTO 3HUKEHHS IMBUAKOCTI CITIOJIYyYCHHS B CTOJIHIII.
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Tabnuusg 1. BnuB mBUAKOCTI pyXy Ha OCHOBHI OKa3HUKHU

3 I — J10 3HWKEHHS [Ticns 3HMKEHHS
[IBUIKOCTI [IBUIKOCTI
1 OpieHToBHa IPOITyCKHA
" | CIPOMOKHICTh CMYTH, aBT./TOJ.
- Ha neperoH1 (mpsiMoro 1500 1245
pyxy) .
- Ha nepexpecTi (MpsMoro 1000 230
pyxy) .
- Ha TIepexpecTi
(IOBOPOTHOTO PyXY) 800 664
22.
“BHTpaTI/I yacy, XB. Ha 10 km 20 24
MOT3/IKH

[Toka3oBo, 1m0 3 METOK JESIKOTO IMOKpamlaHHs cutyamii /lemapramenTom
TpancnopTHOI iHdpacTpykTypu KMJIA criinpHO 3 [1atpynsHoto momitieto micta Kuea
po3po0IeHNil MPOeKT opraxizaiii aopoxkuboro pyxy, a KII «llentp opranizamii
JOPOKHBOTO  PYXy» 3aBEpIICHO YCTAHOBKY JOpPOXKHIX 3HaKiB «OOMEXeHHs
MaKCHUMaJIbHOI MBUIKOCTI 80 KM/TO/» HA ACSKAX OKPEMHUX BYJHUIAX. 30KpeMa, Taki
3HaKM BCTAHOBJICHI Ha HACTYMMHUX MapiipyTax [277]:

- npocr. ['enepana Barytina (Big IliBnennoro mocty 1o Byi. O. banbs3aka);

- ByJs1. Habepexno-Pubanbscbka (Big ['aBaHcbKOTO MOCTY 710 ByJ. EnekTpukis);

- Hapouinpsinceke moce;

- HabGepexne moce (Bia [lomrroBoi miomii Ao HaaaHinpstHCbKOTro 1oce);

- CronmyHe moce (10 By Akaaemika 3a00JI0THOTO);

- Byn. CanepHo-CnoOincbka (Binm Byn. Mukonu ['pinuenka no IliBaenHoro
MOCTY);

- mpocn. Mukonu baxkana (Bix [1iBIeHHOro MOCTOBOTO Tiepexoy 10 XapKiBChbKOi
TLJTOIIN).

Criz BiI3HAYUTH, IO IS MABUIICHUA MBUAKICHHN PEKUM TPUBATHME JIUIIIES 0
1 nucromana, a B3UMKY Oye MISITH 3arajlbHOBCTAHOBJIEHUM JIMIT MBHIAKOCTI 50

KM/TOI.
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OueBUAHO, 1110 MO/1I0H1 BUHATKU HE MOBUHHI PO3MNOBCIOKYBATUCh BUKIIOUHO HA
M. KuiB. 3 ypaxyBaHHSIM BUIIICHABEJCHUX apTyYMEHTIB MOTPIOHO TaKOK BU3HATH, IO
3MEHIIIEHHS IIBUIKOCTI TTOBUHHE HOCUTH BHOIPKOBUN XapakTep 1 B 1HIIMX MICTax
HAaIlIO1 KpaiHU.

OxpiMm TOrO, BiAmMOBiMHO a0 npopyueHHs IIpesunenta VYkpainm KaOinety
MIHICTPIB 1 OpraHaM MiCII€BOTO CaMOBPSAYBaHHS HEOOXIJHO B3ATH Ha KOHTPOJIb
pO3CHiAyBaHHS aBapiil 1 BKIIOYUTH O€3MEeKy NacaXUPChbKUX IEPEBE3EHb [0
NePIIOUYEProBUX MPIOPUTETIB CBOET pOOOTH.

BucHoBku. TakuM 4MHOM, Y BIJIMIOBIAHOCTI A0 pE3yJIbTaTIB JaHUX JOCIII>KEHb,
3arajbHe 3HIKCHHS MIBUAKOCTI JOPOKHBOTO PYXy B MiCTax YKpaiHU HE € TOCTATHBO
JI€BUM 3acO00M MiABUILIEHHS O€3MeKu NOPOXHLOTO Pyxy. Ilpu npomy HaiOUIbII
e(eKTUBHUMH 3aX0JIaMU 1 BIAMOBITHUMH MPIOPUTETAMU CIIiJ] BBAXKATH:

1. Po3poOky Cxem opranizaliii 10pOXKHBOTO PYXY;

2. Opranizauito LleHTpaibHUX TYHKTIB YIPaBIIHHS JOPOKHIM PyXOM;

3. [llupoke BpoOBaKEHHS CBITIO10JHUX Ta0JIO0;

4. 301nbIeHHs OYIIBHUIITBA KIJIBLIEBUX PO3B’S30K;

5. BxuBaHHS 3aXOAIB MO JOTPUMAHHIO MPaBWI JOPOKHBOTO PYyXy, 30Kpema
IMIMPOKOT0 3aCTOCYBaHHS aBTOMATUYHOI (hiKcallii MBUAKOCTI, IK €PEKTUBHOTO 3aX0y
110 3MEHIIEHHIO TOPOXHBOI CMEPTHOCTI;

6. By 1iBHULITBO i 00NaMITYBaHHS IOCTATHBOI KIJIBKOCTI MIIIOXITHUX MEPEXO/IIB;

7. BripoBa/I>KeHHSI Cy4YaCHUX CUCTEM BYJIMYHOT'O OCBITJICHHS Ta JOPOXKHIX 3HAKIB;

8. KoMIiekcHU pEMOHT BYJIMLB 1 JJOPIT.
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14.2 Ensure reliability and safety of vessels during collision avoidance actions

B Hacrosimee BpeMsi YMCIIO aBapuid, BOBHUKAIOIIUX O MPUYUHE CTOJKHOBEHUS
CyJOB, OCTaeTCsd Ha HEJOIYCTUMO BBICOKOM ypoBHEe. CHMI)KEHHE aBapUHHOCTU IO
yKa3aHHOW MpUYMHE TpeOyeT MHOIOIUIAHOBBIX HAYYHBIX HCCIEAOBaHUN IS
pa3pabOTKU KOPPEKTHBIX MPAKTHUYECKUX PEKOMEHJauuil cynoBoautessm. Ilpuuem,
KaKk Tmoka3aHo B paborax [278-282], akTyanpHOH mpoOieMol  sBIAETCA
YCOBEPIIEHCTBOBaHUE MEXIyHApOIHBIX MPABWI NPEIyNPEXICHUS CTOJKHOBEHHIA
cyao (MIIIICC-72). Orpannuennocts u Henoctatku MIITICC-72 MoryT moBecTu
WHOTJA K CTOJIKHOBEHHUIO CyJ0B [281].

PaGoter [283-286] moCBsIIEHBl MPUHIUNAM CO3JaHUS CHUCTEM OWHAPHOM
KOOPAWHALMHU C OLIEHKOW MX KauecTBa. BO3MOXKHBIN BapUaHT CUCTEMBI, COAEPKAILICH
JIBa MepapXUUYECKUX YPOBHA, pacCCMOTpeH B  paborax [283,284], mpuyem omucaHue
NIEPBOTO YPOBHS MPHUBEIEHO B Myonukaruu [284], a popmManuzanusi BTOPOTO ypOBHS
paccMoTpeHa B cratbe [285]. Bompocy omnpeneineHuss yrpo3bl CUTyalMOHHOI'O
BO3MYULIECHUS TIIpU ONACHOM COJM)KEHMHM CYJIOB TMOCBsIIeHa paborta [286].
CoBeplieHCTBOBaHUE MIIIICC-72 peyCMaTpUBACT COIJIAaCOBAHHOCTh
B3aMMOJICUCTBHSl CYJOB B CUTyalldd ONACHOrO COJIMJKEHMS, 4YeMy IOCBSILEH
HACTOSIIUN JOKJIAJI.

[Ipy omacHoM cOmmxkeHUH TpeOyeTcs KOOPAMHALMS — B3aUMOJEUCTBUS

C6JII/I>K8.IOHII/IXCH CyaoB A HU3MCHCHHUA OTHOCHUTCIIBHOT'O KYypcCa K C ILICJIbIO
ot

YBCIIMYCHUA JUCTAHIINN Kp&T‘i&ﬁHIGFO COJIMDKCHHS min/ .

3HaK BbIpaXXeHUs g = sign[sin(K - «)], yKa3bIBaeT B KaKyto CTOPOHY HEOOXOIUMO
o
U3MEHSITh OTHOCHTENBHBIH Kypc K | AU YBENMYEHUS JUCTAHIMNA KpaTJyaimiero
0
commkeHuss min/ . O4eBUIHO, YTO B cirydae, eciim ¢>0, T. € sin(K T a)>0 Heo0X0IMMO
o
yBEIIMYUBATh OTHOCHUTEIIBHBIN KypcC K ,» B TPOTHBHOM Cilydae (¢<0) ero cunenyer
o

YMCHbIIATD.
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PaccmoTpuM cuTyaluio OmacHOro COJMXKEHHs ABYX CYAOB ¢ U C,, IPUYEM

CKOPOCTb V1 CylHa ¢; HPEBOCXOJUT CKOpPOCTb V2 cyaHa c¢,. Paccmorpum

BO3MOXHOCTh PAcCXOXIEHUS, KOrJa CyIHO ¢; HM3MEHSAET KypcC Kl, a CymHO C,

COXpaHSeT HEU3MEHHbIE MapamMeTpbl ABIKEHHS D(PQPEKTUBHOCTH 3TOTO MaHEBpa
OTIPEICTSETCS BO3MOXXHOCTHIO YBEIWYCHHs AMCTAHIMU KpaTdaiiiero cOMMKEeHUs
min/ , T.€. CKOPOCTBIO N3MEHEHHSI OTHOCUTENBLHOTO Kypca cyioB K ;. OueBUIHO, UTO
3¢ exTuBHOCT, Ef TaKoro MaHeBpa ONPENEISeTCs CKOPOCThIO H3MEHEHUS

oK
OTHOCHUTEJIBHOTO Kypca IpPH YBEIWYEHUU Kypca IIEpBOIrO CylaHa, T.e. Ef =—2L. B

oK,
pabote [287] moaydeHO BBIPAKEHHUE MEPBOM MPOU3BOAHONW OTHOCHTEIBHOIO Kypca

K ,; mo uctuHHOMY KypCy K1 , KOTOpOE UMEET CIEAYIOINNA BU:

Ef:aK”’ _ V,(Vi-V, cos AK)

oK, V2 + VE-2VV, cosAK’

rae AK - pa3HOCTBb KypCOB CYZ10B.

Ananuz IMOJIYYCHHOT'O BBIPpAKCHHA IMOKA3bIBACT, YTO MAKCHMAJIIBHOC U

oK
MHWHHUMAJIBHBIC 3HAYCHUA 8701 JOCTUTAIOTCA COOTBETCTBCHHO IIPU AK =0 U AK =180
1

, @ 3aBUCUMOCTb 3 PexTuBHOCTH Ef MaHeBpa OT HaYaIbHOM PA3HOCTU KYypCcOB AK

NIOKa3aHa Ha puc 2.
N3 pucyHka ciienyer, 4To0 paCCMOTPEHHBIM MaHEBpP MPHU Yrpo3€ CTOJIKHOBECHUS

MOXET MCIIOJIb30BATHCA JUISl BCEX CUTyalud, T.e. mpu AK €[0,27], mpuueM CTOpoOHa
YKIIOHEHUS CyJIHA C; ONPENENSIETCS 3HAKOM (.

[Tocne BrIOOpa Kypca YKJIOHEHUS HEOOXOIUMO pacCuUTaTh MHTEPBAJT BPEMEHU

At, yhepKaHus OTKJIOHEHHOTO Iepa pyJis Ha yrod ,b’kn UHTEpBal BpeMeHu A tz’ B

TCUYCHUC KOTOPOr'o MPOU3BOAUTCA OACPIKHMBAHHUC CYIHA.
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Puc. 1. 3aBucumocts 3¢ pexkTuBHOCTU Ef OT pa3HOCTU KYypCOB AK

BpamarenbHoe ABM)KEHHE Cy/IHA OINUCHIBACTCS HEOAHOPOIHBIM JIMHEHHBIM
mupepeHnnaIbHbIM  YpaBHEHHEM  TPEThEro  TMOpsAAKa C  MOCTOSHHBIMU
koahpurmentamu [288]:

TT,K+(T,+T,)K+K =a,,
rae T, u T - MOCTOSHHBIC BPEMCHH, XapPaKTEPU3YIOIINE HHEPUHOHHBIC CBOHCTBA

Cy/Ha;

a,=k,p, , pudem k, - koopuuueHt 3QpHeKTUBHOCTH PYJIsL.

JlaHHast MoJieNb, KaK TTOKa3aHo B [289], m03BOJISET 3an1McaTh CUCTEMY YPAaBHEHUIN

OTHOCHUTENBHO NEPEMEHHBIX At u At :
1 2
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2 2
Atl—At2+{T1 [l—exp(—Atl/Tl)]—T2 [l—exp(—Atl/Tz)]}/(Tl—T2)-
-{2-[T, exp(—Atl/Tl) —Tzexp(—Atl/Tz)] /(Tl_TZ)}X

{le [1=exp(- 4ty /T,) ] —T22 [1=exp(- 41, /T,) ] }/(T,=Ty)+ 4K /a |
Aty ==T, In{(T, /T Jexp( = Aty /T )+ [(T -T /T ] x

{2=[ Tyexp (~4t /T ) =T exp(~4t /T,) ] /(TI—TZ)}'l}.
Pacuet Benuuun Atl n Atz IMPOU3BOAUTCA MCTOAOM IIPOCTBIX HTepaHHﬁ.

BeiBoasbl. Ilpennioxkena ouenka 3(QeKTUBHOCTH MaHEBpa M3MEHEHHEM Kypca,
3aBUCSALIAas OT CKOPOCTEN CyI0B M pa3HOCTH UX KypcoB. [lomydena npoueaypa pacuera

napaMeTpoB MTOBOPOTA CYJIHA METOJIOM MPOCTHIX UTEPALIUA.
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14.3 Digital tools in practice TIR

3a ocTaHHI pOKM B Teopli Ta MPAKTHIl TPAHCHOPTHOI 1HAYCTPIi 3 SBHIOCS 1
3aiHSIO MIITHE MICIIE MOHSTTS «IU(POBI3aIisa», M SKUM PO3YMIIOTh BUKOPUCTAHHS
nU(POBUX TEXHOJIOTIN I MiABUILIEHHS JAOXOJIB; IHIIMMH CJIOBAaMH, L€ HEepexia A0
udpoBoro 613Hecy. He3paxarouu Ha Te, 1110 HAa TPAHCTIOPTI 1 JOHUHI BUKOPUCTOBYIOTh
narnepoBi JOKYMEHTH, 3’ SIBUJIACS BEJIMKa KUTBbKICTh IU(PpoBUX MIaT(HOPM 1 MOCIYT, 110
MOJICTIIYIOTh TPAHCIIOPTHUM OIlepaTopaM TUTAHYBAaHHS 1 BUKOHAHHS MEpPEBE3CHb Ha
BCIX JIaHKaX JIOTICTUYHOTO JaHItora. Hapasi mpakTHYHO BCi JOKYMEHTH (KHMKKa
MJII, ToBapHO-TpancnoptHa HakiagHa CMR, MuTHi Jekiapaiiii, J03BUIbHI
JOKYMEHTH TOINO) PO3TIAJAIOTHCS TiJ KyTOM TMOJaibInoi mudposizamii Ta
BIIPOBA/XKYIOTHCS B IPAKTUKY MIXXHAPOJIHUX nepeBe3eHb [290].

Ak Bimomo, riaodanbHa cucteMa MuTHOro TpauH3uty MJIIL, mo onupaeThcs Ha
Kongenniro MIAIT OOH (1975 p.) Ta € nepeBipeHuM, HaIIHHUM, O€3NIEYHUM, TTPOCTUM
Ccoco0OM NepeMilIeHHs TOBapiB Yepe3 KOPAOHHU, nepedyBae HUH1 y MPOLIeCi IITUOOKUX
3MiH, 1[0 CTOCYIOThCS MEPEXOAy IO €JIEKTPOHHHX TeXHoJorii. Ile Takox mutanHs
KOHKYPEHTO3AaTHOCTI MUTHOI CUCTEMH y TIOPIBHSIHHI 3 PEriOHAaIbHUMU TPAH3UTHUMU
CHCTEMaMH, 110 IPUBAOIIOIOTH MEPEBI3HUKIB MPOCTOTOIO 1 BAPTICTIO.

Cnig maragatu, mo Hanpukiaili 2000-x 3po06sieHo nepiili 3HauHi KPOKU Ha MIISAXY
koMt rorepuzanii M/II1, a came BOpoBaKEHHsI €IEKTPOHHOI CUCTEMU KOHTPOJIIO 32
3aBepmieHHsaM omepanii MJIIT Safe TIR, sxa mpeacrasisiec co000 €neKTpOHHY 0a3y
JTaHUX, 0 MICUTh 1HQopmariito npo Bujpauy kKHmwkkd MJIIT Acomiarmiero ta mpo
3aBepuieHHa Tnpoueaypu MJII B muTHumi npusHadyeHHs. llepegaua nganmx
BiIOyBaeThes 3a gonomororo mporpam 3B’s3Kky CUTE ab6o Black Box. B Ykpaini
cuctema Safe TIR ¢pynkuionye 3 1997 p. [291].

Hactynaumu po3poOkamu 0ynu nogarok AskTIR Tta nporpama Real Time Safe
TIR (RTS). AskTIR po3po06ieHo TaKuM YUHOM, 11100 MOkHa OyJI0 BpaxoBYBaTH Oy 1b-
sk1 MaitoyTHi monpaBku 10 Konsenuii M/II i npasun MCAT. B nonatok BOy10BaHO
IPOIICAYPH IO KOHTPOJIIO 3a piBHEM 3anaciB KHHxk0K M/IIT, mo po6oTi 3 mpeTeH3isamu,
a1 kopucHi (pyHkiii. AskTIR € 000B’A3KOBOIO CHUCTEMOIO KOHTPOJIO poOOTH 3

kHmkkamu MJIIT Ta migrpuMye ABOMOBHICTh. AcoIlialii MiKHAPOJAHUX MEPEBI3HUKIB
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NOHAJ JABOX JECATKIB KpaiH BUKOpUCTOBYIOTh Ha jgaHui yac AskTIR: me AISO
(ABctpis), ABADA (Azep6aitmkan), AEBTRI (bonrapis), RHA (Benuko6puranis),
OFAE (I'peunist), GIRCA (I'pysis), ICCIM (Ipan), NIWO (Hinepnanau), BGL
(Himeuuuna), TOBB (Typeuuuna), SKAL (Dinnsuais) Ta iH.

MCAT npoaoBxye poOOTy 10 30UIBIICHHIO YHUCIIa KPaiH, sIKi IepeaaroTh AaHl B
pexumi peanbHoro vyacy. Texnonoris «Safe TIR B peanbHOMY "aci», ckopoueHo RTS,
po3po0ieHa 3 METOK aBTOMaTH3alli pyTMHHUX MUTHUX ornepauid M/III ta Hanmae
MUTHHUKAM MPSMUNA JOCTYH 10 KOHTPOITIO cTatycy kKHmkku M/II1 B peansHOMY Yaci Ha
IpeIMEeT eJIEKTPOHHOI 3BipKU AaHuX. 3 nociayroo RTS mpouec 3BipKkU € MBUIKHUM,
HAJIHHUM, TPOCTUM, SAK 3BUYAHHUN OOMIH €JIEKTPOHHUMH TOBIJOMJICHHSIMH.
Texnonorito RTS BrnpoBaaunu B cBoi iH(QOpMaIiiiHI CUCTEMH MUTHI CIIyOH OUIbILIE
20 xpaiH, B ToMy uncii AsepOaitkan, benwris, bonrapis, ['py3is, Kazaxcran, JlaTsis,
Mapoxkko, Pocist, Typeuunna, @innsgaais, @paniris, a Takox YKpaiHa.

JInst y4acHHMKIB MIKHApOJHUX IE€pPEBE3€Hb MPEACTAaBISAIOTh I1HTEpeC 1 1HII
perioHanbHI €JIEKTPOHHI TpaH3WTHI cuctemu, Hampukiajn, cuctema NCTS (New
Computerized Transit System), sika 00’€Hy€ HalllOHAJIbHI MUTHI CHCTEMH KpaiH
€poneiicekoro Corosy. 3a [loctanoBoro €K Nel1192/2008 Bci mepeezenns MJIIT
teputopisimu kpain €C BinOyBatoTbest 3 BukopuctanHsMm cuctemu NCTS. Ile
3arajJbHOEBPOIECHChKAa KOMIT IOTEPU30BAHA CHCTEMa YIPaBIiHHA TPAH3UTHUMHU
BaHTakamu, po3poOieHa Ha ocHOBI crannapty UN/EDIFACT nans eneKTpOHHOTro
noKyMeHToo0iry. Bona moniOna cucremi Safe TIR, omnak nemneHTpaiizoBaHa i
CKJIQIa€ThCS 3 HAI[IOHATIbHUX EJICKTPOHHUX CUCTEM.

MCAT po3pobuB Ha 06a3i [HTepHET-TEXHOJOTIH MpOrpaMmy MONEPEIHHOTO
enexktponHoro aeknanyBanHs TIR-EPD (Electronic Preliminary Declaration), 3a sikoro
3 1 ciuna 2009 p. 3A1MCHIOETBCA NPOIYCK TPAHCHOPTHUX 3acO0IB YKpPaiHCBKUX
NepeBi3HUKIB Ha/3 MUTHY Teputopito €C. Heto 6€3K0IMTOBHO MOYKE CKOPHUCTYBATHUCS
OyIb-sSKMI MiANpUEMIb, IKUH BUKOHYe nepeBe3eHHs 3a cucremoro M/III. TIR-EPD
GyHKIIIOHY€E B MUTHUX OpraHax OlIbIIOCTI €BPONEHCHKUX KpaiH. 3a 3aKOHOM Y KpaiHu
«IIpo pexum CHiIBHOTO TPAH3UTY Ta BIPOBAKEHHS HAI[IOHAJIBHOI €JIEeKTPOHHOI

TpaH3uTHOI cuctemMu» BiAl17.06.2020 Ne720-IX, 010 IMIUIEMEHTYE MOJIOKEHHS
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KouBeH1ii npo cninbHy TpaH3uTHY npouenypy Bin 20.05.1987 p., nporpama TIR-EPD
BUKOPUCTOBYBATUMETHCS JIJIS €IIEKTPOHHOTO OOMIHY JaHUMU M1’k MUTHUMU OpTaHAMHU
VYKpainu rnpu pekumi CIiJIbHOTO TPAH3UTY.

VY pamkax cucremu NCTS po3poOneHO 1 BNPOBAIKEHO 1 1HIII €JIEKTPOHHI
CUCTEMU JUIsl TIJABUIIEHHS O€3MeKHM PyXy TOBapiB Ta 3aXHINEHOCTI MIXKHAPOIHOI
Toprieii: ne npoekT mifg Ha3zBoro NCTS/MIII, mo € MicTKOM MiX CHCTEMaMH
koHTposto NCTS Tta Safe TIR, cucrema kontpomto imnopty ICS (Import Control
System), cucrema kouTpoiito ekciopty ECS (Export Control System).

[Tanemist KOPOHOBIPYCY BHECIA CBOT KOPEKTUBHU B aKTHBI3allil0 BIIPOBAKEHHS
U QPOBUX TEXHOJOTIN ISl BUPIIICHHS! HAaraJbHUX MOTPEO TPaHCIOPTHOI ramysi. 3a
CYMHOIO CTaTHCTHKOIO, OOCATH MEPEBE3EHb BAHTAXKIB 3a YaC KapaHTUHY CKOPOTHUIIUCS
Ha 10-12%, KIIBKICTh YKJIaJICHUX JOTOBOPIB Ha NepeBe3eHHs 3MeHIuniacs Ha 60-90%,
npuOyTOK BaHTaXOIepeBI3HUKIB 3HU3UBCS Ha 40%. 3aKpUTTsI KOPAOHIB, 0OMEKEHHS
Ha TOI3[KM, MOCHJIEHHS KOHTPOJIIO MO CTPUMYBAHHIO KOPOHOBIPYCY CIPUUYMHUIH
MOSIBY JIOBIMX Yepr 1 3aTOPiB HA CYXOIMYTHIX KOpPJIOHAaX, B MOPTaxX, aeporoprax 1o
BcbMy  cBiTi. [lommpenns COVID-19 3aBpgano  cepito3Horo yuapy 1o
aBTOTPAHCIIOPTHUX MIANPHUEMCTBAX, 110 3a0€3MEUyI0Th PyX BaHTaXOIMOTOKIB. baraTto
3 HUX 3HAXOJATHCS CHOTOJIHI HA MEXKI Kpaxy Ta moTpeOyroTh momomoru. OIHUM i3
IUISX1B BUXOAY 3 KPU3H € BIIPOBAKEHHS €IEKTPOHHUX JOKYMEHTIB, IO CIPHUITHME
OOMEXEHHIO (PI3MYHUX KOHTAKTIB Ha KOpJOHaX, (I3UYHHUX MEPEBIPOK IIIJI YacC
TPaH3UTY, 3aXKUCTY 3/I0POB’S MPaIiBHUKIB. PO3risitHEMO J1esK1 3 HUX.

MixHapoiH1 epeBe3eHHsI BUKOHYIOThCS 3a MpaBuiiaMu KOHBEHIIIT Mpo JOToBIp
MDKHAPOJHOTO TIEPEBE3CHHS BaHTaXiB aBTOMOOLTEHUM Tpancmoptom (KJIIIB),
BizoMoi sik Konsenitis CMR, 3a sikoro BiiMpaBHUK 1 BAHTAXOTIEPEBI3HUK 0OPMIISIOTh
MDKHApOJIHY ToOBapoTpaHcnopTHy HaknagHy CMR sk oQiuiiHHA JOKYMEHT
MIATBEP/KEHHS Tepe/ladl BaHTaXy JJIs MEpPEeBE3CHHS, KU 3HaXOAUTCS Y BOJIIS B
kabin1 aBToMo0wIs1. [lonenaBua Haknagai CMR icHyBanu B marnepoBOMY BUTJISIIL, ajie
3MEHIIICHHS MOXJIMBOCTI KOMYHIKAIli 4Yepe3 KapaHTUHHI OOMEXEHHS BUMAarae
nepeBe/icHHsT iX B €JNEKTPOHHUM (opmaT 3a I0MOMOror IJIaHIIETY, MOOUIHLHOTO

TenedoHy TOIIO.
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Axi ocHoBHl mnepeBarn e-CMR? Ile miaTBepKeHHS AOCTaBKM B PEXHUMI
peaNbHOTO Yacy, TOYHICTh MOJIaHHs 1H(pOpMAaIlii, KOHTPOJb BIANPaBIEHb, 3SMEHIIICHHS
obcsary iHdopmallii, 10 BBOAUTHCS, OaraTokpaTHe 3HWKEHHS BUTpaT Ha OoOpOOKYy.
Icnye xoHcomigyrouuit acnekt: e-CMR MoxkHa 00’€qHaTH 3 MPOLEAYpPAMU MUTHOTO
opopMieHHs Ta (IIT-MEHEKMEHTOM (TTOCIyraMu YIpaBIiHHA aBTonapkom). Takox
BOXIIMBUI Oe3nexoBuid acnekT: e-CMR MoxkHa npuB’si3aTH 10 CUCTEMHU €KCTPEHOTO
pearyBanns e-Call y Bunanky ATII. Odiuiiinuii ctapt e-CMR y ciuni 2017 p. mgano
nepiie MDKHapoJHe mepeBe3eHHs Mk Dpaniieto Ta IcrnaHi€ero 3 BUKOPUCTAHHSIM
€JEeKTPOHHOI HaknaaHoi. [IpaBoBMM TIArpYyHTSM TMepexoay Ha LHUPPOBHIA
JNOKYMeHTO0OIr € IIpoTOKOd, M0 CTOCYeTbCS €JNEeKTPOHHOI HAKJIAAHOI, SKUM
nonoBHeHa Konsenuist KB, unnnnii 3 2011 p. Ha ganuii yac 10 HbOTro npueHaNUCS
27 kpaiH, B T.4. Ykpaina (3Y «IIpo npuennanna Ykpainu 10 /[ogaTkoBoro npoTokomisy
no Konsenmii K/JIIB mpo enektponny HakmaaHy» Big 03.06.2020 p. Ne660-IX). 3
YXBAJICHHSM LbOr0 JOKYMEHTY B YKpaiHi I1HIIIHOBAaHO MIJIOTHUA MPOEKT
BukopuctanHs e¢-CMR mnpum  3miiicHeHHI TiepeBe3eHb 10  MDKHApOJIHOMY
TpaHCIIOPTHOMY KOopua0opy YKpaina-binopyce-Jlutsa. [lepeBisHUKH CIIOIBAIOTHCS Ha
3MeHIIEeHHs pocToiB AT3 npu nepeTrHi1 KOPJOHIB 1 MOAIIMBICTB IETAIBHOTO aHAII3Y
orepaliiii eKCIopTy/IMIIOPTY Mk TpbOMa KpaiHaAMH.

Inmuit mpuxnaa: mpoekt AEOLIX (Architecture for EurOpean Logistics
Information eXchange) — iHCTpyMeHT mis B3aeMozli HUPPOBHUX 1H(POPMALIITHUX
CUCTeM, po3ropHyTHil y xmapHii IT-tuiatrdopmi, ssika onTUMI3ye BaHTAKOIOTOKH 1
YOPABIIHHS JAHIIOTaMU MOCTaBOK, BUKOpUCTOBYIOUM JaHl e-CMR. Takum 4yuHOM
pErymoeThes epEeKTUBHA CUCTEMA TPAHCTIOPTYBAHHS TOBAPIB BCi€I0 €BPOIOI0, 1€ HUHI
dyukmionyrote 11 madopatopiii  AEOLIX. Ilpoekt nemoHcTpye, 1o I1udposi
TPaHCHOPTHI JOKYMEHTH — LI€ BXKE IHCTPYMEHT Cy4aCHOI PEaJbHOCTI.

3a yMOBU YCHIIIHOTO 1 MOBCIOJHOTO BUKOPUCTAHHS E€JIEKTPOHHOI HAKIAIHOL
HACTYMHUI JIOTTYHHUI KPOK — BIPOBaKeHHs enleKTpoHHoro TIR-kapuerty. Lle cnpusie
1IBHIICHHIO KOHKYPEHTO31aTHOCTI cucTteMu MJIIT mopiBHSHO 3 iIHITUMH CUCTEMaMH
HaZaHHS rapaHTid. OYHKIIOHYIOUHM B PEXUMI PEAIbHOTO 4Yacy, €JIEKTPOHHA KHUKKA

MJII (e-TIR) mo3Bosisie 0OMiHIOBATHCS TAHUMH 3 MUTHUMH OpTraHaMy Ta 1HIIAMH
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3alliKaBIECHUMHU CTOPOHAMH, HaJaBaTH IMONEPEeNHI0 I1H(QOpMalll0 PO BaHTAK,
BIJICTEKYBaTH IMUTAHHS TapaHTii Ta CTaTycy MO30BiB. bararo kpaiH y)ke BHU3HAIH
nepesaru Takoro nudposoro iHcTpymeHTy M/II1. Metoto ninotHux npoektiB e-TIR €
nojanpua KoM otepusanis npoueaypu M/III 3 Bukopuctanusam I T-iHCTpyMeHTIB Ha
TPAHCHOPTI Ta B JIOTICTHIILI.

[Ile y 2015 p. ycmimHO NpoBEACHO MIJOTHUN MPOEKT 3 BUKOpUCTaHHAM e-TIR
MK Typeuuunoro Ta IpaHom, y cTaHl HiATOTOBKHM JI0 3aIllyCKy — MpoeKkTu Ipany Ta
Azepbaitmkany, a Takox y 6epesni 2019 p. - 3acrocyBanns e-TIR y TpancnopTHOMY
kopuaopi Ykpaina-I'pysis-AzepOaitmxan-Kazaxcran. Kpainu, ski HemomaBHO
npuennanucs 1o Konsenmii MJIIT — IMakucran (2016), CayniBcbka Apasis (2018),
Inais (2018), Kurait (2019), KoponisctBo Oman (2020) — Takok NpOBOJATh aKTUBHY
poOOTYy HaJ  CTBOPEHHSM  IHTEPMOJAJIBHMX  TPAHCIOPTHUX  KOPHUJIOPIB 3
BUKOPUCTAaHHAM HU(PPOBUX JOKYMEHTIB.

[TepeBaru nudposizamnii M/II1 BiquytoTh yci 3alikaBieHi CTOPOHU: HalllOHAJIbHI
acoriarfii, MHTHI OpraHu, eKcroprepu, immoprepu. Hampukian, TpaHCOpTHI
OMepaTopu OTPUMAIOTh CKOPOUYEHHS Yyacy Ha 0OpoOKY TOKYMEHTIB, CKOPOUYEHHS Yacy
OUIKYBaHHS Ha KOPJIOH1, MOKJIUBICTb BIJICTEKYBATH IEPEBE3CHHS B PEXKUMI1 PEAIBHOTO
4acy, OTpUMATH JOKyMEHTH HaBITh B HEPOOOUMIt Hac.

He3Bakatouu Ha Te, 110 Ha LUISXY BIPOBAIKEHHA HU(POBUX TEXHOJOTIH ICHYE
P MEpPEenoH, HAIpHKiIaA, HEOOXIIHICTh BUTPAT Ta 1HBECTHULIM, cIabke pO3yMiHHS
PI3HOMAHITHOCTI ~ MOXJIMBOCTEM nudpoBizalii, mnepexigy g0 0Oe3manepoBoro
JOKYMEHTOO0ITy Mae 3a0e3NeunTy JOCTYIHICTh JaHUX B PEKMMI peajbHOro yacy,
OHJIAWH-MOHITOPUHT MHUTHHUX TIpOLENyp, OE3MeKy TpaH3UTHUX Olepaiii Ta
KOH(]1eHI1AJIbHICTb.

BpaxoByroun 3aTpebyBanicTh KoMIT toTepu3arii mpomecis M/II1, moxHa 3poouTH
BUCHOBOK, HACKUJIBKHM 3pOCTa€ I[IHHICTH IepeBar, siki Hamae nudposizamis. Corifg
BU3HATH, IO MaHAEMis KOpPOHOBIpYCy MpHUBeia 0 MNiABULIECHHS poyi HUGPOBUX
TEXHOJIOT1i, SIKI MOXKYTh 3a0e3neuntu Oe3nepediitHy poOoTy B Oyab-skiid chepi Ta y
OyIb-sKoMy perioHi. /[ MOBHOTO BHUKOPUCTAHHI iX MOTEHINANy Tpeda IMO0JaTH

NOTOYHI MEPENIKOAN Ha LUISXY PO3BUTKY, K TO BIJCYTHICTh 3arajbHOAOCTYIHUX
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OpO30pUX TMPOTOKONIB 30epekeHHd 1 00poOku 1Hpopmalii Ta i1HTEpPeiciB
IporpaMyBaHHs, HEJAOCTATHICTh YW HEJOCTYIHICTh 0a3u JaHUX 1O BHOOPY
NEPEeBI3HUKIB YW 1HIIMX BHUKOHABI[IB TPAHCHOPTHUX TMOCIYr Tolo. Tomy Ha
€BpPONENCHKOMY PUHKY 3’ sIBUBCSI TPOEKT GAIA-X, 1110 MOXke BUPIIIUTH 111 IEPEIIKOIN
[292].

[lin vac kpusu, moB’sz3anoi 3 COVID, kommanii MacoBO TMepedIIu Ha
BIJIJIaJIEHU pexuM poOoTu. BuHukia HaraibHa notpeba B 0e3me4yHOMY CepBicl Jist
30epiranns gaHux. GAIA-X po3poOnseTbcs K BIAKpUTa XMapHa €KOCHCTeMa 13
3araJbHUMU CTaHjgapTamu 30epiranHs Ta oOpoOku 1H(popmanii Ha cepBepax,
po3tamoBanux B €C. Y npoekTi 0epyTh y4acTb 7 €BPONEUCHKUX KpaiH, 22 HIMEIbKI
Ta (ppaniy3pki kommanii (cepeq Hux Orange, Siemens, Bosch, Deutsce Telekom),
nonan 300 opranizamii mo BChOMY CBiTy. XmapHa mmiaTdopMa Mae CTaTH
KOHKYPEHTOM XMapHHUM CEpBiCaM IHIIUX KpaiH, B eIy Yepry aMepuKaHChKUM — MS
Azure, Google Cloud, AWS. Komna#ii 3 iHIIMX KpaiH 3MOXKYTb MPUETHATUCS 10 L€l
IHIIIIaTUBH 1 TIPAIIOBaTH 3a €BPONCHCHKUMHU IpPaBWIAMH IIOJ0 CYMICHOCTI Ta
nepeHeceHHs ganux. Cucrema Moxe OyTH 3ammylieHa 3 MO4YaTKy HaCTYITHOTO POKY.

BnpoBamxeHHs {u(ppOBUX TEXHOJIOT1H, IHTEIEKTYalbHUX CUCTEM Ha TPAHCIIOPTI
BHMAarae caMe >KUTTS SIK HalKpallli pillleHHs, albTepHATUBU sIKuM Hemae. [lepexin Ha
noBHicTIO 1UdpoBy mnpoueaypy MJII Bnopsiakye CyMICHICTh CUCTEMHU 3 1HIIUMHU
nu(ppoBUMH TPOLIETYpPAMH, IO 3a0€3MeYUTh €(PEKTHBHICTH 1 O€3MEKy TOProBUX

MOTOKIB SIK y TIepeio] maHAeMii, Tak 1 miCIs KpU3Hu.
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14.4 Analysis of technological and economical preconditions of intercity carriers
business interaction

Meroro QpyHkuioHyBaHHS Oyab-s1Koi TpaHcnopTHOi komnaHii (TK) € otpumanns
MaKCHUMaJIbHOTO 4yucTOro mpuOyTKy. [IpuOyTok 3anexuTh Bif 0OCATY BHUKOHAHUX
3aMOBJIEHb, TapudiB, a TaKOXX COOIBapTOCTI BUKOHAHHSA 3amMoOBJeHb. CoO1BapTIiCTh
HEPEBE3CHHS 3AJIEKUTh B1J] CTPYKTYPHU TPAHCIOPTHOTO MpoLiecy. Y CydyacHUX yMOBax
1HTerpallli BUpOOHUYIMX MPOIIECiB COOIBAPTICTh MOXKHA 3MEHIIIUTH, SKIIIO PA[lOHATBHO
BUKOPUCTOBYBaTHM  OpraHI3allli{HO-TEXHOJOTIYHI  3B’SI3KM  NIANPHEMCTB,  SIKI
B3a€MOJIIIOTh. Tapud 1 KOHTPAKTHOI JIOTICTUKM B KOXXHOMY TEXHOJOTIYHOMY
BUIAJIKy MPU3HAYAETHCA 1HAUBITyaIbHO. BiH 3anexuth BiJ reorpadii TpaHCIOPTHUX
IYHKTIB, XapakTepy BaHTaXy, TPHUBAJIOCTI THUIIOBOI'O pEHCy, 3arajJibHOi Baru 1
rabapuTiB BaHTaXy, HeEoOXimHOro rpadika 1 Yacy TrapaHTOBAHOI JIOCTaBKH.
[lepeBe3eHHs BaHTaXIB 1O 3a7aHii TepUTOpIi (HacEeIEHOMY IyHKTI1, 00JacTi, perioHi)
MO3Ke OyTH MPUB’sA3aHa JI0 33JJaHOTO Yacy, OOMeKeHa KOHKPETHUM TepMiHOM. Moxke
OyTH MPOIMUCAHO KIJIBKICTh PEHCIB 1 0OrOBOPEHUHN TOUHHI MapIIPyT PyXYy.

JUiss  BU3HAYEHHS  E€KOHOMIYHUX  MEPEeIyMOB  B3a€MOJIi  NEPEBI3HUKIB
MPOBOJIMIIMCH CIIOCTEPEIKEHHSI 32 BUOIPKOIO TIAMPUEMCTB, 5IKi OOCTYTOBYIOTh 3aJ]aHy
reorpadiuny Teputopito YkpaiHu. Benuwuunu, sSki miai[raid CrocTepexeHH:o: 1)
Tapudu HAa TIEPEBE3CHHSI BAHTAXIB; 2) BAPTICTh JIOTICTUYHUX MOCTYT (0OPMIICHHS
3aMOBJICHHS, €KCIICIMIIIS, CTpaXyBaHHS BaHTaXIB); 3) eKCIUTyaTalliiiHl BUTpaTH MPHU
yTPUMAaHHI Ta BAKOPUCTAHHI MapKy TPAHCIOPTHUX 3ac001B; 4) OpeHAH] BIIHOCUHH Ha
PUHKY TPAHCIOPTHO-JIOTICTUYHMX TOCHyr; S5) iHdopMmaiiiiHe 3a0e3nedeHHs
TpaHCHOPTHOTO mpouecy. [Ipu nocniakeHHl BKa3aHUX BEJIMYMH OyJjia 0OrpyHTOBaHa
BuOipka oOcarom 34 3 ycix aBToMOOUTbHHUX TK, $KI BHKOHYIOTHP MIXKMICBKI
(BHYTpioOJacHI 1 Mi1k00JIacH1) MEPEeBE3CHHs BaHTAXIB 3aX1JHOTO Ta LIEHTPAJIbHOTO
periony YkpaiHu. YChOro Takux HiAIPHEMCTB, SIKI MICTAThCS B Ol3HEC-KaTallorax,
HamayeThest 781 1o BkazaHux perionax Ykpainu [0, 0]. KiibKicTh 1 MApOYHHN CKIIa]
napKy TPAaHCHOPTHHUX 3aCO0IB TaKWUX MIANPHUEMCTB y Oi3HEc-KaTajorax HE BKa3aHO.

JlaH1 crioctepexeHb 0yJio po3MIIlIEHO y BapialliiiHi psau, npopanrosaHo. [ToOyaoBani
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PSAIU JaHUX MEPEBIPEHO Ha CTIMKICTh. BIIKMHYTO MpoMaxu crocTepekenb. Y Ttadin. 1
IPEJICTAaBICHO JaHl MO BHUOIPIl 31 CIIOCTEPEKEHb — CepeHl Tapudu Ha MIKMICHKI
nepeBe3eHHs 0 YKpaiHi TpaHCIIOPTHUMHU 3aco0aMu pi3HOT BaHTaxHOCTI. [loTpiOHO
3ayBAKUTH, [0 HA CAMTaX OKPEMHX TPAHCIOPTHHX KOMIAaHIM, a TakoXX B Ipa¥ic-
JUCTaX BKa3yEThCs THYYKa CUCTeMa Tapu(DiB, sKa 3aJI€KHUTh B/l BIICTaHI IEPEBE3CHBD 1

o0cAry BaHTaxy, KUl IEpPEBO3UTHCS.

Tabmuis 1.
CepenHi Tapudu Ha IePEeBE3EHHS BAHTaXKIB aBTOMOO1JILHUM TPAHCTIOPTOM
Tun aBroTpancnoptHoro | IloBHa | JloBxkuHa, 006’em Tapud 3a 1
3ac00y maca, T M BAHTAXY, M KM, TPH
ABTOMnOI31 1040,0 | mo 13,8 o 120,0 B1J1 24 TpH/KM
ABTOMOO11b oquHOYHMK | 10 20,0 | mo 10,2 1o 90,0 B1J1 20 rpH/KM
ABTOMOO1Ib ouHOYHMHE | 10 10,0 1o 8,5 1o 60,0 BiJ1 17 rpH/KM
ABTOMOO11b OJTMHOYHHI 10 5,0 1o 6,5 1o 35,0 BiJ 12 rpH/KM
ABTOMOO17Ib OIMHOYHUI 1o 2,0 1o 4,2 1o 20,0 BJI 5 TpH/KM

[{iHoyTBOpeHHS Ha TPAHCIOPTI € CKJIAJHUM TIPOLECOM, IO TOB'SI3aHO 3
PI3HOMAHITHICTIO TPOAYKIlli, sfika TpaHCHOpPTyeThes. [l mepeBe3eHHs BaHTaXIB 1
pPO3paxyHKy 3a TMOCIYyrM TPAHCIOPTHI MIANPUEMCTBA BCTAHOBIIOIOTH BaHTAXHI
tapudu. opMyBaHHS TPAHCMIOPTHUX Tapu(]iB Mae MEBHI OCOOIMBOCTI, MOB'A3aH1 3
0COOJIMBOCTSIMHU TPAHCTIOPTY K cepH NisUIbHOCTI. Po3ristHemo ocHOBHI 3 HuX [0].

1. Tapud 3amexuTh TaKOXK BIJ YMOB TPAHCIOPTYBAaHHs, BHUTPAT Ha
TPAHCHOPTYBAHHS HA PI3HUX AUISHKAX HUISXIB, ONTUMAJIBHOT MPOIMYCKHOI 3JaTHOCTI
TPAHCTIOPTHOT MEPEKI.

2. TpancnoptHuiéi Tapud 3amexuTh Ime W Big BHAY NOPOAYKINi, IO
TPaHCHOPTYEThCS, BIJACTaHl, MIBUJIKOCTI IEPEBE3EHHS, BHUAY BIANpPaBICHHA. Y
PO3paxyHKy TPaHCIOPTHOTO Tapu(y BPaxOBYIOTbCA THUIl PYyXOMOTO CKJIaTy, CTYIMiHb
3aBaHTaXEHOCT1 TPAHCIIOPTHOI'O 3acO0Y TOMIO.

3. TpaHcnopTHI NIAIPUEMCTBA BUKOPUCTOBYIOTh Pi3HI pecypcu (3aii30, Byriuis,

Ha(Ty, ra3, eNeKTpPOeHEPrito, OyAIBEIbHI MaTepiaiu Ta iH.), BAPTICTh AKUX BXOIUTH Y
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coO1BapTIiCTh NEpPEeBE3€Hb. TOMY LIIHM HA 11 PECYPCH ICTOTHO BIIMBAIOTh HA BUTPATU
TPAHCHIOPTHUX MIAMPUEMCTB 1 BapTICTh Tapudy 3arajiom.

[TepenigeHi 0coOIUBOCTI 3yMOBIIOIOTh CKJIQJHICTh MPOIECY IIHOYTBOPECHHS Y
cdepl TpaHCTOPTHUX TIEPEBE3CHH MOPIBHIHO 3 MPOIECAaMH I[IHOYTBOPEHHS B 1HIITUX
rayry3siX HalllOHAJIbHOI eKOHOMIKH. [IpuHIMnM Bu3HaueHHs Tapru]iB aBTOMOO1THLHOTO
TPaHCHOPTY TakKi caMi, 0 W AJis 1HIIKMX BUAIB. BOHM BCTaHOBIIOIOTHCS HA PiBHI, L0
3a0e3nedye BIIIMIKOJAYBAHHS COOIBAPTOCTI NMEPEBE3EHb 1 OTPUMAHHS NMPUOYTKY, KU
MOKHAa OyJie BHUKOPHCTATH [IJIi PO3BUTKY aBTOTPAHCIIOPTHOTO MiANPUEMCTBA 1
CTUMYJIIOBaHHs mnpaui. Ha coOiBapTicThb mNepeBe3eHHs BAaHTAXKIB aBTOMOOUIBHUM
TPAHCIIOPTOM BIUIMBAE OAraTo YMHHHKIB: KIIMAaTUYHI YMOBH; BUJ BAHTAXKY; XapaKkTep
BAaHTA)XOIMOTOKY; THII PyXOMOTO CKJIaAy; CTaH NUIAXiB; I[IHM HA MajdbHE Ta MACTHIIA;
HOPMH BHTpaT MaJbHOTO PI3HUMH BHAAMHU aBTOMOOITIB; BHUTpaTH Ha PEMOHT
aBTOMOOLTIB Ta 3aMacHUX 4YacTWH; 3apo0iTHA IuIaTa BOJIiB 1 OOCIYyTrOBYHOHYOIO
NepCOHaTY; PO3BaHTAXyBaJIbHI Ta EKCILTyaTallliiH1 BUTPATH.

ko TpaHCOPTHUM Tapud PETYITIOETHCS 1€ PUHKOBUMH BIJHOCHHAMH, TO
Butpatu TK Ha mnepeBe3enHs 1 T BaHTaxy, a00 Ha BUKOHaHHS 1 KM mpoOiry 3
BaHTaXEM — BHIAJKOBAa BEJIMYMHA, MareMaThudHe croiiBaHHA sKOi M(Ciw)=5,45
rpH/roa, a koedimieHnT Bapiamii v=0,86 3 BpaXyBaHHSM CEPEIHBOI EKCILTyaTariiiHO1
mBuakocti 22 km/ron [0]. Taki maHi € JOCUTh BapiaTUBHUMH 1 iX HE JOILIBHO
BUKOPUCTOBYBaTH SK CTAaTHCTH4YHI. ToMy TMpu IJIaHYBaHHI 1HTETPOBAHOIO
TPAHCIOPTHOTO MPOLECy MOTPIOHO 3a/1aBaTUCh KOHKPETHUM 3HAUYE€HHSIM COO1BApTOCTI
st 3aaanoi TK. Ha manuii yac Ha pUHKY BaHTaXHUX aBTOMOOUIBHUX MEPEBE3ECHb
CKJIalach Taka CHUTYallid, MPU AKid TPaHCHOPTHI KOMMaHIi MOXYTh BHHAWMaTH Ha
BU3HAYEHUN TIEP10]1 TPAHCTIOPTHI 3acO0M y MapTHEPIB, a00 3/1aBaTH BJIACHI B OPEHIY.
Taxi BunagKu TParuIsIFOTHCS HOCUTH YacTO, OJIHAK YMOBH TaKHX BiTHOCHH 3aJIe)XKaTb
BiJI KOHKPETHUX KOHTpakTiB. [HdopmarlliiiHe 3a0e3rnedeHHs] TPaHCIOPTHI KOMITaHIi1
MAaloTh 3aBJSKHU JIOCUTh MOIMYJISIPHUM 1 EPEBIPEHUM OH-JIailH cepBicaM 1HTEPHET Ha
caiitax, Takux sk Lardi-Trans.com, ua.transportica.com, della.com.ua, trans-
atlas.com.ua Ta iHmi. Ha nmux caiitax BugaeTses iHGopmarlis mpo:

- MapmpyT pyxy,
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- 4aCcOBE BIKHO: aKTyaJIbHI YaCOB1 ME&X1 BUKOHAHHS 3aMOBJICHHSI;

- BUMOTH JI0 KOHCTPYKIIii TPAHCIIOPTHOTO 3aCc00Y;

- TUII 1 XapaKTEPUCTUKU BaHTAXYy, BAMOTH J0 BAHTAKHUX POOIT;

- Tapu(], YMOBH OIUIATH;

- iHIIIa KOMepIliiiHa 1H(opMmaIris.

[ToTpiOHO BIAMITUTH, LIO0 PIBEHb AOCTOBIPHOCTI 1H(oOpMallii, i TOBHOTA € HE
LIJIKOM 3aJ10BUTbHUMU. KpiM TOro, MOKHA BUSIBUTH MEBH1 HEY3TOJKEHHS 1H(popMaIiii
PO OJIHI 1 T1 K 3aMOBJICHHS, SIK1 OyJIU MMOJIaH1 pi3HUMH caiTamMu. ToMy TepeBI3HUKH,
nepeBakHO, BEAYTh BJIACHI 0a3u JaHUX CTOCOBHO 3aMOBHMKIB 1 HapTHEPIB IO
BAaHTAXHUX TEPEBE3CHHSX.

CTpyKTypHE MOJICJIIOBAHHS IHTETPOBAHMX MPOIIECIB BUKOHYBAJIOCH Ha OCHOBI
BXIJTHUX JaHUX, 5Kl crocTtepiraiuch Ha mianpueMcTBl TK JIbBiBCbKO1 001acTI, sIKE
3aiiMa€eThCs TIEPEBE3CHHAMM BAaHTAXKIB Y MICBKOMY 1 MIKMICHBKOMY CIIOJTy4YeHHi. J{ms
JAHOTO MIAIpHEMCTBA CTaHOM Ha BepeceHb 2020 poKy akTyaJlbHUMH OyJiu Taki
napamMeTpu: cepefHsi cobiBapTicTh mpoOiry 3 BaHTaxkeMm — 18,0 TpH/KM; cepemHs
c001BapTICTh MPOCTOIO aBTOTPAHCIIOPTY — 5,2 TPH/TOM; BapTICTh KymiBil iH(opMarii
PO ICHYIOU1 3aMOBJIEHHS Y nTocepeHuKIB — 280 rpH; 10X14 BiJ NpoAaxy 1H(popMarii
PO HasBHI 3aMOBJIEHHS napTHepaM — 280 rpH; KUTbKICTh TPAHCTIOPTHUX MTYHKTIB, SIKi
BXO/ISITh B OJTHY 30HY 00CIIyTOBYyBaHHS — 24; MJI0II[a TEPUTOPIi, sIKa OKPECIICHA SIK O/THA
30Ha 00cimyroByBaHHsd — 156,2 THC. ra; KUIBKICTh aBTOMOOUIBHHX TPAHCHOPTHUX
3aco0iB, sIKi OOCIYroByIOThH 3ajaHy 30HY — 10; TOpPHM3OHT IIaHyBaHHS (Tepion,
BIIPOJIOBXK SIKOTO € BIJIOM1 3aMOBJIEHHS 1 IUTAHY€ThCA TPAHCIIOPTHUM 1po1iec) — 72 rox;
KUTBKICTh TPAHCMOPTHHUX 3ac00iB, SKI MOXHA OpPEHAYBaTH — HEOOMEKEHa; 4acoBi
napaMeTpy 3aMOBJIEHb € JOCIIKEH] 1 Hanepe Bigomi [0].

CraBuiach 3agaya BUKOHATH IUTAH TOPHU3OHTY MPOTHO3YBaHHS TakK, 100

OTpUMATH MaKCUMaIbHUHN NpUOyTOK 32 (HOPMYJIIOLO:
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ne R: — KUTbKICTh (PAKTUYHO 3a/11sTHUX BIIACHUX TPAHCIIOPTHUX 3aCO0i1B;

P, — puHKOBa 11iHa 37]aBaHHs B OPEH/LYy TPAHCIIOPTHOrO 3acC00Y, I'PH;

C, — BUTpaTH Ha OPEH/y OJMHUII TPAHCIIOPTHOTO 3ac00y, TPH;

C. — BapTicTh 1HpOpMAIIii TTPO OJIHE 3aMOBJICHHS;

Cm, C; — Butpartu kowtiB ATII Ha 1 roz, BIANOBIAHO, pyXy 1 IPOCTOX TPAHCIIOPTHHUX

3ac00i1B;

m

BUKOHAHHS 3aMOBJICHHA [

N

IIPU3HAYECHHS BAHTAXY;

Xij — IBIiKOBa 3MiHHA 3a]1a4i.

OOMEeXEHHS:

a', — TPMBAIICTh PyXy TPAHCIIOPTHOrO 3aCO0Y NpPU BUKOHAHHI 3aMOBIECHHS j, TICIA

a;, — BATPATU 4aCy Ha NPOCTIA TPAHCIOPTHHX 3aCO0IB y IIyHKTaX BIANPABJICHHS i

ZN: Yij T i x,;=0, 2)

N+F N
Xij— in.F =-R_, (3)
S Xij— ZN: X, p =R, (4)
= =0
N
Z X, ; < 1, (5)
N
Z x,; <1, (6)
i=1
N
Z(|'x0.i X |) =R, (7)

o€ XiF, Xj.F, X0., Xo; — (POpMaJbHI 3MiHHI, SIKi 03Ha4al0Th, BIATIOBITHO, 3aBEPIICHHS/

M0YaTOK BUKOHAHHS 3aMOBJICHb Z;, Z;.
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[Tpn ubomy TK mae BUKOpUCTaTH BJIACHI TPAHCHOPTHI 3aCO0M, OpPEHAYBABIIH
HEOOX1/IHI, a TaKOXX 3IIMCHUBIIN MaHIMyJAIIl 3 HaSIBHOI 1H(OPMAIIED CTOCOBHO
HasiIBHUX, YU BIJICYTHIX 3aMOBJIEHb. J{0MyCKa€eThCs, 1110 OKPEM1 3aMOBJIEHHS HE Oy 1y Th
BUKOHYBATHUCh Y€pe3 IX HEBUT1IHICTb. SIKIIO MIC/IsI pO3NOALITY TPAHCIOPTHUX 3aC001B
JesiKl 3 HUX € HEPO3IMOAUICHHMMH, TO BOHHM 3JAI0ThCS B OpeHAY. SIKIO BHACHTIIOK
aHai3y HassBHUX 3aMOBJIEHb BUSBIISIETHCA OpaK TPAHCIOPTHUX 3aC001B Y MEpEBi3HUKA,
TO TEPEBI3HUK OpPEHAY€E iX y HAasABHUX MapTHEpiB. TakMM YUHOM, B PE3YyJbTATI
onTuUMizallli BHOMpPAOTHCA TI BapiaHTH PO3MOALTY 3aMOBJICHb, SIKI JalOTh
MaKCUMaJIbHHUI MPUOYTOK MPH 3aJaHUX MOYATKOBUX JaHUX.

[Ipn onTumizamii Hamepea HEBIIOMO, TPH  SAKid KIUIBKOCTI HEOOX1THHX
TPAaHCHOPTHUX 3aco0iB MpUOYTOK BiJI BUKOHAHHS IUJJaHy [E€peBe3eHb Oyne
MaKCUMaJbHUM. TOMY 3aCTOCOBaHO ITe€palliiHe MOJEIIOBaHHS MPU 3MIHI KUIBKOCTI
3apisHux AT3. Tak camo, MOKPOKOBO, 3MIHIOBAJINCH MOKA3HUKH BXIJHOTO TOTOKY
3aMOBJIEHb: KOE(IIEHT HEPIBHOMIPHOCTI TPHUBAJIOCTI BUKOHAHHS 3aMOBJICHb 1
KoeirieHT cyMmicHOCTI 3amMoBiIeHb. Ha puc. 1 mokaszaHo npukiajg pe3yiabTaTy OJHOTO
KPOKY ONTHMI3allii 1HTErpOBaHOTO TPAHCIOPTHOI'O TIPOIECYy TIPU  KIIBKOCTI
HEOOX1IHUX TpaHCIOPTHUX 3ac001B R=1. KoedimieHnT cymicHocTi 3amoBieHb K.~0,6,
koedimieHT HepiBHOMIpHOCTI 3amoBieHb #7~1,8. [lpu R=10 po3B’s30k 3amayi €
TPUBIAJIBLHUM, OCKUIbKH yci 10 BiIOMUX 3aMOBJIEHb BUKOHYIOTbCA yciMa 10 HassBHUMHU
TPAHCIIOPTHUMU 3aco0amu. SIK BUIHO 3 puc. | ONTUMaIbHUM € BapiaHT BUKOHAHHS

nurie aBox 3aMoBJieHb Nel10 1 Nel y Ha3BaHOMY TOPSIIKY .

Puc. 1. OntumanbHa cxeMa BUKOHAHHS 3aMOBJIEHb IIPU KIJIbKOCTI HEOOX1HUX

TPaHCIOPTHUX 3ac00iB R=1

[IpubyTok, sxuil orpumyerbes npu 1pomy — 10418 rpH. YactuHa npuOyTKy

orpumyeThes: a) 71,7% — BUKOHaHHS JBOX 3aMOBIEHb; 0) 16,8% — Big mpogaxy
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iHdopmanii npo 8 iHMMX BimoMUX 3aMoBieHb; B) 11,5% — Big 3maui B opeHAy
HE3aJ[ITHUX TPAHCIOPTHUX 3aco0iB. B opeHny 3maroTbest 4 TpaHCIOPTHI 3acO0M.
KinpkicTh BIaCHUX TPaHCIIOPTHUX 3aC001B BCHOTO — 5.

Ha puc. 2 nokazaHo IHIIMH ONTHUMaJIbHUI BapiaHT BUKOHAHHS 3aMOBJIEHb, ITPU

KUTBKOCTI BUIBHHX TPAHCIIOPTHUX 3ac001B, sIK1 MOKHA 3a15TH — R=S5.

Puc. 2. OntumanpHa cxeMa BUKOHAHHS 3aMOBJICHBb ITPH KUJIBKOCTI HEOOX1THUX

TPaHCIIOPTHUX 3ac00iB R=5

[TpubyTok, sxuii oTpumyerhes npu 1bomy — 20624 rpH. YactuHa npuOyTKy
oTpumyeThes: a) 98,5% — BUKOHAHHSM JI€B’SITU 3aMOBJICHb; 0) 1,2% — BiJ mpoaaxy
iH(opMalii npo ojHe iHIIe BioMe 3amMoBieHHs; B) 0% — BiJ 37124l B OpeHAY 3alBUX
TpaHCHOPTHUX 3ac001B. [Ipu IbOMY B OpeHIy HE 34a€ThCs KOJIeH TPAHCIIOPTHUI 3aci0.
TakuM dYHHOM, OTpUMaHI pe3yJabTaTH MOJCIIOBAHHA TIPHU CTAIMX IapaMerpax
BXIJTHOTO TIOTOKY 3aMOBJIEHb 1 3MIHHIM KUIBKOCTI 3aJly4ye€HUX aBTOMOOIIBHUX
TPAHCIIOPTHUX 3ac00IB MOXKHA BIJOOpa3uUTH Ha puC. 3 Ji1 KOHKPETHUX 3HAYCHBb
koedimienTy cymicHocTi 3amoBieHb (K¢) Ta koedimieHTy 9acoBoi HEpiBHOMIPHOCTI
3aMOBJIEHb (1)¢). SIK BUJHO 3 ricTorpamu, HalOUIbIlIa YaCTUHA J0XOJIB OTPUMYETHCS
IiJOPUEMCTBOM B nepeBe3eHHs. Jluiie, KoM MiANPUEMCTBO MAa€ B HAsABHOCTI 5
BJIACHUX TPAHCIIOPTHHUX 3aC001B, 8 BUKOPUCTOBYE JIJIsl IEPEBE3CHB 1-2, TO JOXOAH Bij
3/1a4i B OPEH/Iy aBTOMOOWIIB 3aieaBe nepeBunyoTh 10% Bia cykynHux. Jloxoau Bia
npojaxy iH(opmarii 1S miImpUEMCTBA 03HAYAIOTh, 1m0 3 10 BiJOMHX 3aMOBIICHb
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10—R Oyne mpojaHo mapTHepaM, Je¢ R — KUIBKICTh 3aJisTHUX aBTOTPAHCIIOPTHHUX
3aco0iB, pazoM 3 opengoBaHuMu. Makcumanbhi (100%) moxomau Bia TMepeBE3CHb
OTpUMaHoO Mpu 3ainydeHHl 6 AT3: 5 — BnacHux + 1 opeHoBaHUH 1 pU § 3aTy4eHUX

AT3: 5 BnacHuX + 3 OpeHI0BAHUX.

100%

80%

60% -

40% -

20% -

0% - l l R
1 2 3 4 5 6 7 3 9

B JTox1/1 B1T BIKOHAHHA Miepereserk @ Jloxiz Bl 3aapanud B opery AT3 M JToxi i mpojjaky H(opMari

% CYKYIIHHX JIOXOJIiB

Puc. 3. CtpykTypa 10X0/iB TPAaHCIIOPTHOT KOMTIAHIi P Pi3HINA KUTBKOCTI 3aJ1THUX

TpaHcnopTHUX 3aco0iB, K.=0,6, n~1,8

Sk BUIHO 3 pe3ysbTATIB, JOXOAM MEPEBI3HUKA MPHU 3ayYCHHI OPEHJIOBAHUX
TPAHCIIOPTHUX 3ac00iB 3poCTaroTh. lle MOSCHIOETHCS BUKOPUCTAHHSAM OLIBIIOT
KUTBKOCTI 3aMoBJIeHb. OHAK, TPUOYTOK MEpeBi3HUKA HE 30UIbinyeThes. e BuaHO 3
puc. 4.

Tak, skmo kuibkicTe opeHaoBaHux AT3 mnepesuniye 3, abo monan 60% Bix
3a[IISIHUX BJIACHUX, TO MNPUOYTOK TMEpPEeBI3HUMKA 3MEHIIYETHCS, IO TMOB’S3aHO 13
3pOCTaHHSM OPEHIHOI TUIaTH 1 HEePEKTUBHUM BHKOPUCTAHHIM TPAHCIOPTHUX

3ac00iB, 5IK1 € B pO3MOPSIKECHHI.
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25000

I[TpubOyTOK, IpH.

20000
15000
10000
5000
0 | . | R
1 2 3 4 5 6 7 8 9 10

Puc.4. 3anexnicts mpuOyTKy MEepeBi3HUKA BiJ] KITHKOCTI 3a/IISTHIX BIACHUX Ta

OpPEHJI0OBAaHUX TPAHCIIOPTHUX 3ac001B mpu 10 BIJOMHX 3aMOBIICHHSX

VYcmimHa  OiSIBHICTH  MEPEBI3HMKA 13 B3a€MOIEI0 3 TapTHEpaMH Ta
KOHKYpPEHTaMH 3aJIeKUTh B MOMHUTY Ha mociyru nepeseseHs [0]. ns toro, mob
JOCIITUTA  3aKOHOMIPHOCTI M€l 3aJieXHOCTI OyJO0 BHUKOHAHO CTPYKTypHE
MOJICTIIOBAHHS 3 ONTHUMI3AIIEI0 32 KPUTEPIEM CYKYMHOTO NMpUOYTKY BiJ MisIIBHOCTI
NEepEBI3HUKA AJIs BIIOPSIKOBAHUX BX1JTHUX ITOTOKIB 3aMOBJIECHb.

s Toro, moO JOCHIAUTH BIUIMB KOE(IIIEHTIB CYMICHOCTI 1 4YacoBOi

HEPIBHOMIPHOCTI 3aMOBJIEHb Ha MOKIIUBICTh TK JOCATHYTH MakCUMaIbHUN MPUOYTOK

11, 6yno moOy/I0BaHO MATPUIIIO ‘ai. j‘ 3B’SI3KIB, €JIEMEHTU $IKOi OOYHMCIIOIOTHCS 3a

BUPA30OM:

a,=0a,;,%a;,, ‘B, ®)

ij-1

ne  i=1..N, j=0...N — HOMepH 3aMOBJICHb;
B — emnipuyamii KoedilieHT, YUCIOBE 3HAYEHHS SIKOTO MiI0UPAJIOCh TaK, 00 CEpeIHE
3Ha4YeHHs KoedimieHTa cyMicHocTi K., obunciiene 3a meroaukorw [0], mopiBHIOBaJIO

Harepen 3a1aHOMY 3HAYEHHIO K s.
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Jns toro, mo0 migiopaTy 3HAYEHHS MaTPUIlL ‘ai. j‘ 3a BUpa3oM (8), HeOOXiaHO

3Q/IaTUCh TMOYATKOBUMHU 3HAYEHHSIMH doj, K1 3aJie)KaTh BiJ KoedillieHTa Y4acoBOl
HEPIBHOMIPHOCTI 3aMOBJIEHb 7#;. Jjisi Toro, mo0 migiopatd BEKTOp MOYATKOBUX
3HAYEHb Ao, A€ j=1..N, BAKOPUCTAHO BUPA3:

a 0.j-1 T8y -C, 9

0. =4

ne j=2..N;

C — emnipu4HHi KOeQIli€HT, YUCIOBE 3HAYEHHS SIKOTO BIUIMBAE Ha (HOpPMYBaHHS
HEOOX1THOTO 3HAYCHHS KoedillieHTa HEPIBHOMIPHOCTI #; CEpell BEIWYHH do; 3a
dbopmyoro (9).

Jlns Toro, mo6 miAroTyBaTH BX1AHI aH1 JUIS JTOCTIKEHHS 3aMOBJICHb BUOPAHO
MOYAaTKOBE 3HAYEHHS «o1=2 TOJ, IO BIJNOBIAA€ CEpPEeAHIA TPUBAIOCTI I3JKU 3
BaHTaxkeM Ha TK, ne IpOBOAMIIMCH CIOCTEPEKECHHS, 1 SKe 3IIHCHIOE BaHTaXKHI
aBTOMOO1JIbHI BEJIMKOTYPTOBI IepeBe3eHHs. [ reHeparliii psay MOoYaTKOBUX JaHUX
aoj, j=1...N 3actocoBaHo makeT aHanmizy «What-if» 3 emextponnux tabmuies Excel.
Jlanuii makeT ga€ 3MOTy 3HAWTH TaKe 3HAYCHHSI 3MIHHO1/KOHCTaHTH, TIPH SIKOMY 3a/1aHa
dbopmyna HaOyBae moOTpiOHOro 3HaueHHsA. baxkaHi 3Ha4yeHHs KoedilieHTa
HEPIBHOMIPHOCTI 7; BUOMpaNKCh nochioBHo 3 muoxuuu {1,1, 1,2, 1,3, 1,4, 1,5, 1,6,
1,7,1,8,2,0,2,2}. Tak, skio notpioHo, mob #~1,1, To maket ananizy « What-1f» Bunias
3HaueHHd C=0,02186. [Ipu upomy psan noyarkoBux 3HayeHb st N=10 3a popMyIoro
(9) mabyBae Burisany: ao.1 =2,0; ao2 =2,0; aos =2,1; aos =2,1; aos =2,2; aos =2,2; ao7
=2.,3; aos =2,3; ao9=2,4; ao.10 =2,4. Yci iHIII1 €JIEMEHTH MaTPHIII ‘al.. j‘ BCTAHOBIIIOIOTHCS
3QJIEKHO BIJ Hamepen 3agaHoro koedimieHta cyMicHOCTi K., SKUW MOCIHIIOBHO
BUOUpaBCS 13 MHOKUHU UMOBIpHUX 3HaueHb K.€ {0,9, 0,8, 0,7, 0,6, 0,5, 0,4, 0,3 0,2}.

Jlist oOUYuCIeHHsT MaTpULl ‘ai BUKOpucTaHo (opmyny (8), y skii koedimieHt B

|
BUOUMpaBcs 3 momomMororo naketry anamizy «What-if». Tak, manpuxman, npu #~=1,8
BEeKTOp naHux ao;~{2,0, 2,3, 2,7, 3,1, 3,7, 4,3, 5,0, 5,8, 6,7, 7,8}. 3amano Oyio, 1o
koepiuieHT cymicHocTi Mae Oyt K.~0,6. IIpu 3acTocyBaHHI1 MakeTy aHali3y I

dbopmynu (8) 3Haiineno B=0,112418 i noOy0BaHO BiJAMOBIAHY MATPHUIIIO.
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J171st TOBHO(AKTOPHOTO JOCIIIKEHHS BIUTUBY Koe(DilieHTIB K. 17 Ha CTPYKTYpY
1HTErPOBAHOTO TPAHCIIOPTHOTO MPOIECY Ta Ha MPUOYTOK BiJI NISITBHOCTI Ta KOOTepartii

nepeBi3HUKa MOTPiOHO moOymyBaTu K, X 77, TaKMX MaTpHIlb, IKi OXOILTIOIOTH YBEChH

BCKTOP IMOYAaTKOBUX 3HAYCHD SK K. tak 1 Hz.

PesynpTaTi onTuMizallii moj1aHo Ha puc. 5.

I, TpH. 20000
19000 &7’%
18000 /?/ \ // \ 79
¢

/ .

16000 N Kc:
15000 // / j —~—09
w A S
14000 (2 /, s
13000 / // / / Z 06
12000 / / / 1// ';'t:j
11000 ‘/ /;/ /%E -a-ojz
8-0.2

10000 /// //// ///
9000

8000
700C i: }z
600C

Puc. 5. 3anexHicTh CyKyImHHUX TPUOYTKIB MEPEBE3EHHS BAHTAXKIB B1J] KITBKOCTI

3aJIITHUX TPAHCIOPTHUX 3ac001B 1 KoediuieHTa cymicHocTi K

3 HaBeJIEHUX pe3yJbTaTiB BUAHO, 1110 MakcuMaabHui mpulyTok TK 3amexuTs Bif
kKoe(ilieHTa CyMICHOCTI 3aMOBJIEHb B €auHoMy mnotoui. Tak, npu K=0,9
MaKCUMaJIbHUI TPHOYTOK cTaHOBUTH 19,75 Tuc. rpH. [Ipu oMy He yci 3aMOBIIEHHS
IPUHAMAIOTHCA 10 BUKOHaHHS. YacTHHA 3aMOBIIEHb ITPOJAETHCS MAPTHEPAM. A BKE IPU
K~=0,2 makxcumanpuuii mpuOyTok ctaHoButh 18,1 THC. TpH. [Ipm mpOMy yci
3aMOBJICHHSI 3 TOPWU30HTY IMPOTHO3YBAHHS BHUKOHYIOTHCS BJIACHUM 1 OPEHIOBAaHUM

TpaHCHOPTOM. fIK MOKHa MOMITHUTH, MaKCUMaJbHUI NPUOYTOK, NpPH 3MEHILEHHI
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Koe(illieHTa CYyMICHOCTI 3aMOBJIEHb 3MIIIAETHCA B CTOPOHY 30UIBIICHHS 3aJisTHUX
BJIACHUX + OPEHJOBaHUX TPAHCIIOPTHUX 3aCO01B.

B misiomy, npu 361bI1eHHT KoeilieHTa CyMICHOCTI 3aMOBJICHb MaKCUMaJIbHUM
MpUOYTOK TIOYWMHAE 3POCTATH MaiKe JHINHO, ajJie TOYMHAIOYM BiJl YHUCIOBOTO
sHaueHHs K.=0,4. lle moB’s3aHO 3 TUM, IO MPHU HU3BKHUX 3HAUEHHAX KoedimieHTa
CYMICHOCTI HIJIPUEMCTBO I[IIKOM Mepekyanae (yHKIIT BUKOHAHHS 3aMOBJIEHb Ha
OpEH/IOBaHI TPAaHCMOPTHI 3aco0u, TOOTO Ha mapTHepiB. Husbkuii koedimieHT
CYMICHOCTI CIPUYMHIOE OUIBII BUTpaTH Ha TEPEBE3EHHs MpHU Tik camid IiHI. A
opeH/iHa miata — (ikcoBaHa Beau4uHa. Tomy uncioBe 3HaYeHH K. MOXHA LIJIKOM
OB’ s13aTH 3 PIBHEM cIIemiam3aiii Ta konueHnrpaiii TK.

Pesynbrati onTumizaiii CTPYKTYpH TpPaHCHOPTHOTO NpOLECY HpH JIIHINHIA

anpokcumariii mojedi (1) momgano Ha puc.6.

25000

11, TpH.

20000 +

15000 -
12

1.4
——1.6

10000 —1.8

5000

0 1 2 3 4 5 6 7 8 9 10

Puc. 6. 3anexHictb cyMapHOTo NpuOyTKY BiJ BAKOHAHHS 3aMOBJICHb Ha MEPEBE3CHHS
BaHTaXIB BiJl KIJTLKOCTI 3aITHUX (BJIACHUX 1 OPEHIOBAHMX ) TPAHCIIOPTHUX 3aC001B

Ta KoeilieHTa HEPIBHOMIPHOCTI 1)¢ IPHU JiHIIHII anpokcuMariii Mmozeni
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P03B’s13k1 J1HIAHOT MOJIEN1 OTPUMYIOThCS 0€3 yBeleHHs KpaloBuX yMOB. O/IHaK,
SKIIO TOPIBHSTH 111 PE3yJIbTAaTH 3 HEIHINHOIO MOJIEIUTIO (JIUB. pHUC. 5) 3 00MEKEHHIMHU
(2)-(7), To MakcUMaIBLHUM MPUOYTOK OTPUMYETHCS MTOHA AB141 OLIBIITUHA.

[Ipn miHIMHIA anpokcMManii BJIACHI TPAHCHOPTHI 3acO0M  MIANPHUEMCTBA
BUKOHYIOTHh JIMIIIE TIO OJHIM 3aBaHTaXEHIM 13411 3a IUKI, IO IOB’SA3aHO 3
HEJIOCKOHAJICTIO Mojeli. HenmiHiiiHUN BapiaHT MoOJeil Ja€ CKJIQAHINI UKW IS
KOXXHOTO TPAHCIIOPTHOIO 3acO0M, KOJIM BUOMPAIOTHCS CYMICHI 3aMOBJICHHS, SKI
BKJIFOYAIOThCSA B €IUHUNA MapuipyT. Takoxxk Oadumo, Mm0 KoedilieHT dYacoBoi
HEPIBHOMIPHOCTI 3aMOBJICHb TTO3UTUBHO BILJIMBAE HA MOXJIMBICTh OTPUMATH OUIBIIHIMA
MaKCUMJIbHUM CyMapHUW TNpuOyTOK. lle MOsSCHIOEThCS HASBHICTIO B TOPU3OHTI
IUTAHYBAaHHS PI3HUX 32 TPUBAIICTIO 3aMOBJIEHb, SIK1 JJAaIOTh 3MOTY OOYAyBaTH OlIbIII
JOCKOHAJII LIUKJIH.

OTxe, MpHU CIIOCTEPEIKEHH] 32 BUOIPKOIO TPAHCIIOPTHUX MIANPUEMCTB OTPUMAHO
CTIMKI CTaTUCTUYHI JIaHl PO cepeiHl Tapudu Ha MepeBe3eHHs, OJJHAK HE BAAIOCS TaKl
naHi copMyBaTH CTOCOBHO COOIBApTOCTI MOCIYT, CTPYKTYpH MapKiB, €KOHOMIII
OpeHIHUX BINHOCUH. CTPYKTypHE MOJEIIOBAHHS I1HTEIPOBAHOTO TPAHCIIOPTHOIO
IPOLECY JAOLIIBHO MPOBOJUTH ISl KOHKPETHHMX YMOB 33JaHOTO TPAHCHOPTHOTO
iITPUEMCTRA.

KoedilieHT CyMiCHOCTI 3aMOBJIEHb € MPSIMOIO 03HAKOIO JOIIHLHOCTI Koomeparii
TPAHCIOPTHUX KOMIIaHIM, OCKUIBKM MaKCHUMaJlbHI HPUOYTKH MHPSIMO-IIPONOPLINHO
3aJIeKaTh Bl WOro YHCIOBOTO 3HaueHHs. JliHiHA amnpokcumalliss Mojeml
rocrnogapcbkoi aisuibHocTi TK mpu Bigomiit iHGopmalii Opo MOTIK 3aMOBJIEHb Ja€
outbmi, sk 100% moxubky pesynbTaTiB. [loOynoBana HemiHIiHA MOJENb Ja€ BHIII

pe3ynbTaTH, OAHAK JUIs 11 po3B’sI3Ky MOTPIOHO BUKOPUCTOBYBATH KpailoBl YMOBH.
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14.5 The choosing of cargo delivery rational methods for international
transportation customers

AKkTtyanpHICTh. [IpyM BUKOHaHHI MIKHapOJHUX IME€PEBE3€Hb, a TAKOX B 0araThox
BUIIAJIKAX MACOBUX MApPTIOHHUX TMEpeBe3eHb JOLIBHO OpraHi3oByBaTU JdOCTaBKY
BaHTaXIB 3 TMEpPEBAaHTAXCHHSM, IO JJO03BOJSE BHKOPUCTOBYBATH /ISl JOCTaBKH
NapTIOHHUX BaHTaXIB €(EKTHWBHI TpPaHCMOPTHI 3acoOu. [HImMMH cloBaMu MpU
3M1MCHEHHI MIDKHApOJHMUX TIepeBe3e€Hb BHHUKAE MHUTAHHSA BHUOOPY pallioHATBHUX
CIOCO01B JJOCTAaBKM BAHTAXKIB KIHIIEBUM CIIOKHUBAaYaM.

ToOTo gocTaBKa BaHTaXKiB 3aMOBHHKAM MIXKHAPOJHHX MEPEBE3EHB 3/I1MCHIOETHCS
TAM JK€ PYXOMHM CKJIQJIOM ITCIIA 3IHCHEHHS MHTHOTO KOHTPOJIO Ta MHTHOTO
opopMIIeHHs1, a00 MOKE€ BUKOPUCTOBYBATUCh 1HIIMN PYXOMUI CKJIAJ, IKHI BIAIOBIIAE
MapTIOHHOCTI 301pHUX BAaHTaXIB. [HIIIMM BapiaHTOM € MEPEBE3CHHS BAaHTAXIB B PEKUMI
excropr. B 1bOMy BHIaJKy BHUHHUKA€E HEOOXIJAHICTH BU3HAYEHHS pPaliOHAIBHOIO
croco0y JOCTaBKM BaHTaXiB B MiCIe 3[1HCHEHHS MUTHOTO KOHTPOJIIO Ta MHTHOTO
0hOpMIICHHS.

OmnuM 3 BapiaHTiB € JOCTaBKa 30IpHMX BaHTaXIB HAa MUTHHUIIO 30ipHUM
MapuipyTOM, THM >K€ PYXOMHM CKJIaJoM, I10 OyJe BUKOHYBaTH MIXKHAPOJHI
nepeBe3eHHsI. J[pyruM BapiaHTOM € JOCTaBKa BaHTa)KiB MAaITHUKOBUMHU MapIIpyTaMH Ha
MUTHUIIO PYXOMHM CKJIQJIOM, SKUW BIJANOBiJIa€ MapTIOHHOCTI 30IpHMX BAaHTAXIB.
ParionansHuii BapiaHT TEepeBE3EHHs JOCTABKH BAaHTAXIB OOMPAIOTh, CITIBCTABIISIOUU
BUTPATH Ha | TOHU MpPHU TEPMIHAIBHOMY MEPEBE3EHHI Ta MPH JOCTABLIl BaHTaXIB B1J
“nBepeit 1o aBepein’”.

PosrnsHemo 3agady Ha mpuKiIagi po3BO3y 301pHUX BaHTAXIB MICIs 31MCHEHHS
MHUTHOTO KOHTPOJIO Ta MHUTHOTO O(OPMJICHHS AaBTOMOI3JA0M, SIKHHA 31MCHIOBAB
MDKHApOHI TIEpeBe3eHHs a00 1HIIUM PYXOMHUM CKJIQJOM, KWW BIJIMOBIAAE CepeaHIn
NapTIOHHOCTI 301pHOTO BaHTAXY.

[TepeBaHTaXeHHS JIOIIIBHO (JOCTaBKAa BAHTAKy aBTOMOOLIISIMH, SIK1 BiJIIIOBIIaI0Th

cepeaHii MapTiIOHHOCTI 301pHUX BaHTaX1B) MPU YMOBI, 110

=2
S > jz Ser+S,, +(K,_, ~K,.)E (1)

H
J=1
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Smpi - €OOIBapTICTh JOCTAaBKM BaHTAXY aBTOMOI3/IOM, SKUW 3A1HCHIOBAB
MDKHAPO/IHI TIePEBE3CHHS, TPH./T.;
Smp> - BUTpaTH Ha TPAHCIOPTYBAaHHS BaHTAXIB IIICIAA TCPEBAHTAKCHHS

aBTOMOOIJISIMH, SIK1 BiJIOBIAIOTH MTAPTIOHHOCTI MTEPEBE3CHbB, TPH./T.;
j:2 . .
> 8w’ . cyMapHi I0JATKOBI BUTpaTH Ha MEPEBAHTaKEHHS Ta MPOCTOI PyXOMOTo
j=1
CKJIaZy MpH 3[1ACHEHHI IOCTaBKHU MAPTIOHHUX BaHTaXiB 3aMOBHHMKAM MIXXHAPOJHUX
[IEPEBE3EHb;

KH_p',Kp.c_- KaHiTaJIOBKJIaI[CHHH B HaBaHTa)KYBaHLHO-pOBBaHTa)KYBaJIBHi 3aco0u Ta

B PYXOMHUH CKJIaJI 13 pO3paxyHKy Ha 1TOHY BaHTaXy BIAMOBITHO MPU JOCTABIIl BAHTAXIB
3 IEPEBAHTAKEHHSM 1 [IPU JOCTABIIl BAaHTaX1B MariCTpajJbHUM aBTOIOI3/I0M.
Co061BapTICTh JOCTABKU OAHIET TOHH HA PO3BI3HOMY MapIIPYyTi JOCTABKU BAHTAXKY

KiHHCBI/IM 3aMOBHHKaM Mi)KHapOI[HI/IX IICPCBC3CHL CKJIaAac:

. t
Smpl =" C)cn + Cm)q tTl + — (2)
ql : }/cm1 gp

BpaxoByrouw, 1o /, =2/, , MO’)KHA BA3HAYUTH BUTPATH HA 1TOHY JOCTaBKH
BaHTaX1B PO3PaXyHKOBO-aHATITUYHOIO 3aJI€KHICTIO:

5, =—2.C, +C, |1+ 3)

mp, KMy

ql‘ycml gp

7i1 - cepeHs BIJICTaHb JOCTABKM BAHTAXKY Ha PO3BI3HOMY MaplIpyTI;
¢, - BAHT@XHICTh MariCTpaJibHOI0 aBTOIOI3/1a;

t,- Cepe/IHIi yac 3ai3ly B MyHKT PO3BAHTAKEHHSI HA MAPLIPYTI;

t, - CEPEJIHIN Yac PO3BaHTAKEHHA | T HA PO3BI3HOMY MapIUIpyTi;

g, - CEPE/IHIl PO3MIpP HapTii JOCTABKK BAHTAKY;

C,, - BUTpaTH Ha 1 kM npooiry;

C,,., - BUTpaTh Ha 1 rox poboTH.

[Ipu nocTaBLl BaHTaX1B MICIJISI IEPEBAHTAKEHHSI ABTOMOO1ISIMU BaHTaXHICTIO (2,

K1 BIIOBIJAI0Th CEPEIHIN MAPTii PO3BO3Y g, , 3arajabHUA MPOOIr aBTOMOOLISA CKIALE :
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1, =21, +2l,
e 71'2 - CCPpCOHA BiIlCTaHL AOCTAaBKH BAHTAXY MAATHUKOBHUMHU MApHIpyTaMHU

Toxai hopmyity MOKHa 3anucaTH Tak:
21, t

Spp, =——C,, +Cp, | 1, +=
q2 ycm7 gp
abo
21, t 21
Smpz—— Cop, +Crpe, | 7, +=— +$
q2 7cm2 gp qZ ’ }/c‘mz

7€ ¢, - BAHTQKHICTh aBTOMOOUTS /17151 JOCTABKU MAPTIOHHUX BaHTaX1B

(4)

)

(6)

MiHniManbHa pIBHOIIIHHA BiJICTaHb JOCTABKUA BaHTaXXy MOXe OyTH BHU3HAuY€HA 3

piBHsAHHA S, =S, TaOyne cknamary 21, =21, =2;.

['pacdiune BU3HAYCHHS MiHIMAIILHOT PIBHOIIIHHOT BiZICTaH1 TOCTaBKU BaHTAXIB

Imin nicng nepeBaHTakeHHs (puc.1).

2lo

21 mp

2lmin

2l L.

Pucynoxk 1. I'padik 3amekHOCTI [min B1JT BAHTQXKHOCT1 pyXOMOTO CKJIQTy JJIS

BU3HAYEHHS 00J1acTi €PEKTUBHOIO MOTO0 BUKOPUCTAHHS JIJISl JOCTAaBKU MAapTIOHHUX

BaHTAXI1B MiCJII MUTHOTO O(OPMIIEHHS Ta MUTHOTO KOHTPOJIIO

[Ticnsa macTaHOBKM /; B pIBHSIHHSA (Smpl = Smpz) OTPHUMAEMO:

y] I, 2.1,
—mn . A Coe | U L :Zl—w-C Taliet. T PR Y

1 KMy T, nep
ql j/cml qp qZ ' 7/cm2 q2 ’ ycm2 gp

t
Arxwo npuiinamu C,,. | t; +=-|=C,, | t; b +8,, =250 m

noc, T noc,
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! 21, 21,
) Cmil = CKMZ +—— CKMZ + Z S:e;p (8)
Q1 ’ 7/0”’1 qZ ’ ycmz q2 ’ ycmz

min

MOIUCHA 3anucamu

B pe3ynbTati pilieHHs 1IbOTO PIBHSHHS MiHIMaJIbHA PIBHOIIIHHA BIJICTaHb

JIOCTaBKHU BaHTaXYy 10 cobiBapTOCTi 1TOHM cKiaze:

Y
q2 ’ 7 cmy
lmin = 2 2 (9)
! Clcwl - ' KMy
ql ’ j/cm1 q2 ’ j/cm2

TakuMm ymHOM 00JacTh €(EKTHUBHOTO 3aCTOCYBaHHS PYXOMOIO CKJIaay IpH
JIOCTaBIll BaHTaX1B KIHIIEBUM 3aMOBHHUKAM MIDKHAPOJIHUX MIEPEBE3CHb Oy 3aIexaTu
Bl BUTpAT Ha lKUIOMETp MpoOIry MaricTpajibHOTO aBTOMNOI3[a Ta aBTOMOOLIIB,
3QTISTHUX JUISI JIOCTaBKM IIMX BAHTAXIB ITICIS 3IMCHEHHS MHUTHOTO KOHTPOJIIO Ta

MHTHOTO oopMIIeHHS (pHC.2).

s 24 223
: &
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0

q2., T
————— -8yl =90(epn./m.), ------ Sy " =60 (zpn./m.), -8yl =30(epn./m.)

Pucynok 2. I'padik 3a1eXHOCTI MiHIMaJIbHOI BIJICTaH1 BijJl BaHTaXOM1AHOMHOCTI
PYXOMOT0 CKJIamny ISl 3IIMCHEHHS JOCTAaBKHM BaHTaXIB 3aMOBHHUKAM MDKHAPOIHUX
nepeBe3eHb MICs MEePEeBAaHTAaXXEHHsI MaricTpajibHOro amromoizna (g, = 25T,
Yot =V =0.8, I, =5 kM, V. =V =20 km/ron, ¢, =0,1 rox, t,= 0,05 roxn).

Buxoasuu 31 CTaTUCTUYHUX [IOKA3HUKIB pOOOTH MIANPUEMCTBA CEpPEaHS
BAaHTAXHICTh MaricTpajbHOro apTomnoizna ckmanae 25,2 toHu. CepenHs BIACTaHb
JIOCTaBKM BAaHTAXXy Ha po3Bi3HUX MapuipyTax y 80% Bunaakis ckiaaae 61au3bko 20 K,
cepeaHii po3Mip MapTii 10CTaBKK 301pHOT0 BaHTaXYy CKJ1ajae 3,2 TOHHU.

[Ipn opranizamii TpPaHCHOPTHOTO TIPOILIECY B PEXKUMI EKCIOPT METOIMKA
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BHU3HAYEHHS PalllOHAJIBHOT'O BAPIAHTY JIOCTABKHU BAHTAXKY B MIKHAPOAHOMY CIOJYyYEHHI
aHAJIOTTYHA PEKUMY IMIIOPT.

Cnin BU3HAYUTH €(PEKTUBHUM CIIOCIO JOCTAaBKU 301pHOTO BaHTa)Xy HAa MUTHUIIIO
a00 MasTHUKOBHMU MapIIPyTaMU, BUXOSIUH 3 MAPTIOHHOCTI BIAIPaBiIeHb, a00 30ipHUM
MapIIpyTOM MaricTpajibHOr0 aBTOMOi3/a.

BucHoBku:

- mpu 301TIbIICHHI MapTIOHHOCTI JOCTaBKM BaHTaXiB MiHIMalbHA BiJCTaHb
€(PEKTUBHOTO BUKOPUCTAHHA JIOCTaBKU BAHTAXIB 3 NEPEBAHTAKEHHS 3MEHILIYETHCSA, a
IpY 3MEHUIEHH1, HaBMAKH 301JIbIIYETHCS;

- TpU 3pOCTaHHI BUTPAT HA MEPEBAHTAKEHHS MiHIMajibHAa €()EKTHUBHA BIJICTAaHb
JIOCTABKU MAapPTIOHHUX BAHTAXKIB MasiTHUKOBUMH MAapUIPyTaMU 30UTbLITY€ETHCS.

3amiHa PpO3BI3HMX MAapHIpyTiB Ha MAasTHUKOBI, a00 HaBIMaKW, 03BOJUTH
HIABUIINUTH €(EKTUBHICTh BUKOPUCTAHHS PYXOMOT'O CKJIaJly 3aMOBHUKAM MI>KHAPOIHUX

aBTOMOO1TBLHUX NIEPEBE3EHb.
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14.6 Modeling prerequisites for the route functioning of the passenger transport
system taking into account quality criterias of passenger services and quarantine
restrictions

Urban, suburban and intercity passenger transport of various types - the
backbone of the world economy. It contributes to the prosperity of many industries,
including tourism, without it it is impossible to imagine either business or leisure travel
[302]. However, due to measures to curb the spread of COVID-19, millions of people
were forced to stay at home during severe quarantine restrictions, and passenger traffic
was doomed to a partial cessation of operations. During these activities, only certain
person categories were transported those who were supplied with special passes, in
particular store staff, pharmacists, doctors, and police officers.

It is also important to note the sharp decline in demand for taxi operators’
services on routes, observed around the world. Due to the suppression of mass events
and shutdowns of catering services, as well as shops that do not sell basic necessities,
consumer demands have almost completely disappeared. Some taxi operators are
seeing an 80% reduction in revenue, and the good share of activity has been
discontinued as a result of worldwide restrictions on transportation. Trying to adapt to
new realities, many taxi operators are resourceful and take extreme measures. Some
taxi companies reduce the prices of courier services, which allows in the current
difficult conditions to use services for as many people as possible.

Although large passenger companies remain competitive, small and medium-
sized enterprises (SMEs), which account for the majority of such companies, are on
the verge of bankruptcy facing with a severe lack of revenue. Due to the suppression
and restriction of the use of public transport and international transport in Europe,
transport companies are experiencing revenue falls, which ranges from 50% to about
80%. European passenger transport companies estimate that their losses in 2020 will
reach 81 billion euros or 57% of annual revenue. Tourist (-82%) and intercity (-70%)
suffered the most, followed by taxis (-60%) and city buses (-42%). Among European
countries, Bulgaria (-92%), Spain (-70%), Sweden (-80%) and Great Britain (-73%)
lost the most [303].
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Recent research in Europe concerning risk of virus spreading while using public
transport in compliance with the established requirements for the use of masks, gloves,
special goggles and reducing unnecessary talk (silently) confirm its safety in contrast
to gyms, pubs, concert halls. In particular, French scientists, having studied in Paris
150 clusters of crown viral infection, detected from May 9 to June 3, found that they
were not related to public transport systems [304]. Similar conclusion was reached by
researchers in such countries as Austria, Italy, Japan and others.

Therefore, in order to ensure the survival of passenger transport during the
COVID-19 pandemic, it is necessary to immediately provide financial assistance. The
state support program announced by the European Commission [305] is an important
first step, but this example should be followed by non-EU countries, allocating funds
at the national level and providing assistance to those small and medium-sized
enterprises in the field of road transport, which need them the most.

Passenger transport continues to provide comprehensive support to national,
regional and international measures to fight against COVID-19, but many are
concerned about the risks associated with meeting the basic needs of the population in
transport services. In this regard, agreed and harmonized approaches to the health of
drivers and passengers must be adopted without delay.

The main announced priority is safety transportation for citizens’ health. During
the gradual resumption of transportations, the following measures are taken:

- encourage people to buy tickets and check in for an online flight to minimize
crowds at airports;

- to reduce passengers number carried on one flight (buses, trains, steamers) to
ensure safe distance if they are not members of the same family;

- mask mode and other additional safety measures in cases where it is difficult
to ensure the distance; means of protection for transport staff;

- installation of protective barriers between the driver and the interior of the bus,
boarding passengers through the rear door;

- ensure automatic opening of doors at transport stops so that people do not have

to touch the handles / buttons;
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- antiseptics placement in transport salons and at stations;

- regular disinfection of passenger transport and improved ventilation;

- food and other goods sale prohibition during the trip to reduce contact with
each other;

- to develop an algorithm for responding to the case if the passenger becomes ill
during the trip or he has corona virus symptoms.

Significant factors that will affect the quality of passenger service (occupancy of
the passenger compartment of vehicles and the waiting time for a passenger at a stop)
will be:

1. Volumes of passenger traffic that will change under the influence of
quarantine measures and after their abolition due to the fact that different focus groups
will restore their transport mobility differently.

2. It is allowed to fill the interior of the vehicle in accordance with certain rules
for transport services adopted by law in the country.

3. As a result of paragraphs 1, 2 the carrier will be forced to adjust the interval
of vehicles on the routes, which will change the waiting time of passengers at the stop,
or change such a normative indicator of the quality of passenger service as the average
waiting time by passenger at the stop.

In Ukraine, during passenger transportation and the gradual easing of quarantine
restrictions, it 1s necessary to follow the rules specified in the resolution of the Chief
State Sanitary Doctor of Ukraine dated 21.05.2020 Ne23 "On approval of Interim
recommendations for anti-epidemic measures due to the spread of coronavirus disease
(COVID-19) "[306]. All passenger transportations by public urban, suburban, intercity
transport (except metro) and on interregional and international routes should be carried
out taking into account these recommendations, aimed to prevent the complication of
the epidemic situation due to the spread of coronavirus disease (COVID-19).

It contains the following main points that directly affect the occupancy of the
passenger compartment:

1. While passengers transportations, it should be maintained a distance between

the driver and passengers of at least 1 meter or it should be represented by physical
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barriers (the driver's cab is isolated from the cabin, a transparent plastic partition
between the driver and passengers, etc.). All crew members must be in respirators
(without valve) or medical masks.

2. Passengers carriage is carried out within the number of seats provided by the
technical characteristics of the passenger vehicle or specified in the vehicle registration
documents, unless otherwise provided by the quarantine rules.

3. In the case of transportation from / to a region where the mitigation of anti-
epidemic measures is not applied, it is allowed to transport within 50 percent of the
seats number provided in technical characteristics of the vehicle or specified in the
registration documents for this vehicle, providing passengers sitting with one free place
next to, in front to and behind.

The main requirements for subway transportation - the presence of a protective
mask or respirator, gloves and keeping of safe distance in 1.5 m (= 7 sq.m.). To do this,
on the floor of most stations applied auxiliary markings.

Simulation software approaches are used to determine the operating parameters
of urban passenger transport system (UPTS). Typical stages of system research by
simulation [307]:

1. Formulation of the problem, meaningful statement of the problem, research
planning of the system.

2. Conceptual model development.

3. Creating a software implementation of the model.

4. Model adequacy checking.

5. Experiments and planning organization.

6. Analysis of modeling results and decision making.

7. Registration of research results.

As a conceptual model for studying the operation of the UPTS route, it is
proposed to use the mathematical apparatus of queuing systems (SMO) [308,309], in
which passengers are described by transactions, stops - queues, passenger vehicles -
multichannel service devices with the number of channels equal to the passport

capacity of mobile transport units (buses, trolleybuses, trams, river trams, metro or city
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trains). The level of detail of the description of the subject area can be taken on the
following scale: one passenger - one transaction, one stop - one queue, one vehicle -
one multi-channel service device. In this case, the main parameters that we need to find
that directly affect the quality of passenger service, in terms of QMS: the filling factor
of the passenger compartment - the utilization of the multichannel device, the average
waiting time of the passenger at the stop - the average time of the queue , the average
number of passengers at stops - the average number of transactions in the queue [310].
An example of calculating the interval of passenger vehicles on a bus route in
Kyiv (Ukraine) taking into account the quality of passenger service and man-made
impact on the environment for normal (non-quarantine) conditions is given in [311].
To take into account the conditions of quarantine restrictions on the occupancy
of the passenger compartment of the passenger vehicle, it is necessary in the above
simulation model to take into account the restrictions on the maximum number of
passengers. Performing a series of simulation runs of the model to determine the
interval between flights on the route MPTS, which meets the quality of passenger
services, and, accordingly, does not violate citizens’ rights in receiving transport

services.
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147 BhopoBagkeHHs  IHTErpOBAHOIO0  YIPaBJIHHA  TPAHCKOPAOHHUM
CIIBPOOITHULTBOM B CTPYKTYPY TPAHCIIOPTHUX CHCTEM

CTBOpeHHs Ta BOPOBAKEHHS Y BUPOOHWYI IPOLECH IHTETPOBAHUX MHUTHO-
JIOTICTUYHUX CHCTEM OCTAHHIM YacOM CYTTEBO 3MIHIOE CTPYKTYpPY TPaHCIOPTHOTO
PUHKY Y 3B’S3KY 3 [V100ai3al11€10 JAHIIOT1B NOCTayaHb, BArOMUM M1ABUIIIEHHSIM PIBHS
JOTICTUYHUX BUTPAT Ta MOCUJIEHHSM BUMOT IOJ0 EKOJOTIYHUX TOKAa3HHKIB. K
HACNIJIOK, TPaHCHOPTYBaHHA TOBapiB MPU3BOJAUTH JO 3pOCTaHHS 3arajibHUX
BUPOOHUYMX BUTPAT Ta 30UJIbIIEHHS TEPMIHY BUKOHAHHS 3aMOBJIEHb Ha MEPEBE3EHHS
BaHTaX1B y MIXKHapOJAHOMY crioiydeHHi [312]. ToMy IiJIKOM MpPOrHO30BaHO 3pOCTAE
HEOOX1JHICTh Y CTBOPEHHI 1 BIIPOBA>KEHHI OKPEMUX €JIEMEHTIB IHTETPOBAHUX MUTHO-
JOTICTUYHUX CHUCTEM Yy BHUPOOHMYI MPOLECH TPAHCHOPTHUX OpraHizamii Ta
KOPHUCTYBauiB KOMEPIIMHUMHU 1 JJOTICTUYHUMHU MOCTYTaMH.

3 Takow MeTor0 Oyia mnpoBeneHa audepeHiliiioBaHa OI[iHKa TOTOBHOCTI
BITYM3HSIHOTO PUHKY TPAHCIIOPTHUX IMOCIYT JI0 TapMOHi3alii 3 €IUHUM U(DPOBUM
punkoM €apomneiicbkoro Coro3y (€C). KommiekcHe AOCTIAKEHHS BU3HAYWIO CTaH
1HGPACTPYKTYpH HU(PPOBOTO PUHKY, PIBEHb ICHYIOUOi PETyJISITOPHOI 0a3u 1 SKiCTb
PO3BUTKY €JIEKTPOHHUX MOCIYT ISl CIIBPOOITHUIITBA 13 €BPONEHCHKUMU KpaiHaMU B
nporeaypax 6esnanepoBoi Toprisii (eTrade) Ta B onepallisix eIeKTPOHHOT JIOT1CTUKU
(eLogistics). IlpoBemena poGora cropusie yHidikaiii HaIIOHAIBHUX CHCTEM
MDKHApOJAHOTO CIIIBPOOITHHUIITBA, B TOMY YHCJl JUIsl BUKOPUCTaHHS IHU(PPOBUX
TPAHCHOPTHUX KOPHIOPIB, BIANOBIAHO 0 ICHYHOUHUX HOPM 1 nipakTuk B €C [313].

BrpoBamkenHss uu@poBUX TEXHOJIOTIM €  y3araJbHIOIOYMM  PE3yJIbTaTOM
TPAHCKOPJIOHHOT'O CIIBPOOITHUIITBA, SIKMM OXOIUTIOE€ TaKl acCleKTH 1HTETPOBAHUX
MUTHO-JIOTICTUYHHUX CHUCTEM, SIK €JIEKTPOHHA KOMEpLIs, CEPBICHI MOCIYI'M MUTHUX
OpraHiB Ta JIOTICTUYHE OOCIIyrOBYBaHHS BaHTaXOMOTOKIB. OCHOBHOIO METOIO
rapMoHizaiii B Oe3mamnepoBiil TOPTiBJIl € BUKOPUCTAHHS E€JIEKTPOHHUX MPOLEIYp B
JAHIIO31 TMOCTavyaHb MK YKpaiHow naepkaBamu €C. A TOJOBHHM 3aBIaHHSIM
rapMoHizaiii Mpoueayp eJIEeKTPOHHOI JIOTICTUKM B TIpoIeci OOCIyroByBaHHS

BaHTA)XOMOTOKIB MDXKHAPOJHOTO CIPSMYBAaHHS € HAJaHHA TOYHOI iH(opMmarii mpo
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MICLE3HaXO/PKEHHSI BaHTaXIB B OyAb-SIKHH MOMEHT 4acy Ha UUISIXY BiJ MYHKTY
BIJIMIpaBJICHHS JO MiCllsl TMpPU3HAYECHHS 4Yepe3 TpaH3WTHI KpaiHu. IIpoBeneni
JOCIIJKEHHSI OILIHIOIOTh CTYIiHb BHUKOPUCTAHHS €JIEKTPOHHUX JOKYMEHTIB Ta
CJICKTPOHHHUX MPOIETyp Ha BCIX €Tamax JaHIIora MOCTaBOK MK €BPOINEHCHKUMHU
KpaiHamMu. A pe3yibTaTh BUKOHAHOI pPOOOTH J103BOJISIIOTH IPOBECTU OLIHKY
MO>KJIMBOCTI CTBOPEHHSI MYJIBTUMOIAJIFHOTO TPAHCIIOPTHOTO KOpUI0py Mixk YopHUM
1 banTiicbkuM MOpPSIMM 3 MOJKJIMBICTIO PO3IIMPEHHS L1€l MNPaKTUKWA Ha 1HIII
Kkpainu [314].

Po3pobiiena Mojienb nepeMillieHHs TOBapiB Ta MOCIYT OMUCY€E OCHOBHI MTPOLIETypH
M1XHAPOHOTO CIIBPOOITHUIITBA 1 BKIIOUAE HACTYITHI CKJIAJIOBI:

¢  BaOXJIHMBICTh OKPEMHX C€JEMEHTIB MHTHO-JIOTICTUYHOI CHCTEMH IS
TPaHCHOPTHOI OpraHi3auli 3 TOYKU 30py il BIUIUBY HA BUPOOHUYMI ITpoLiec, KpUTEpii
3aJI0BOJICHHSI MIOMUTY CIIOKMBAYiB, CTPATETi0 PO3BUTKY MIIPUEMCTBA;

¢ MOXIJIMBICTH BIUIUBY OKPEMHX CTPYKTYpP MHUTHO-JOTICTHYHOI CHUCTEMH IIOJI0
BUTLHOTO BUOOpY NUIOBUX MApPTHEPIB, MOCTaYaIbHUKIB, CIIOXKUBAYiB, (OPM OILUIATH
TOIIIO;

¢ BaXJIUBICTH IKOCTI BUKOHAHOT POOOTH Ta PiBHI EKOHOMIYHUX TTOKA3HHUKIB JUIS
OKPEMHUX CKJIaIOBUX MUTHO-JIOTICTUYHOT CUCTEMU;

¢ MOXIIHMBICTb IHTETPOBAHOI CHUCTEMH 3aJOBOJBHITH BUMOTHM  HHU3KHU
3aIlIKaBJIEHUX CTOPIH.

[HTerpoBane yrpaBiaiHHS MUTHO-JIOTICTUMHUMHU CHUCTEMaMU — 1€ CKOOPJIMHOBaHA
JISUIbHICTh KOMIIETEHTHHUX JEp>KaBHUX OpraHiB, CIPSMOBaHA Ha CTBOPEHHS Ta
miATpUMaHHS OanaHcy MK 3a0€3MeYeHHSM HAJIKHOTO pPIBHS O€3MeKu KpaiHu 1
30epeKEHHSIM  BIAKPUTOCTI 11 E€KOHOMIKM [iJIi 3aKOHHOTO TPAHCKOPJIOHHOTO
chniBpoOiTHMLTBA. B  pamkax 3araJbHUX BHUMOI, IO HPEA'SBISIOTECS 10
(GyHKIIOHYBaHHS MUTHO-JIOTICTUHYHUX CUCTEM, HalllOHAJIbHE 3aKOHOJaBCTBO BKIIIOYAE
OCHOBHI HOPMATUBHO-TIPABOBI MOJIOKEHHS I110JI0 MDKHAPOAHOT Toprieii. CTparerito
TPAHCKOPJIOHHOTO CIIBPOOITHHUIITBA PO3POOJICHO HAa BHKOHAHHS HalllOHAJIBHUX
3000B’s3aHb 3 IMIJIEMEHTAII1 YTOAH PO acolliaiiro Mixk YKpaiHoto, 3 OJHI€T CTOPOHH,

ta €BponelicbkkuM Coro30M, €BpONEUCHKUM CIIIBTOBAPUCTBOM 3 ATOMHOI €HEprii 1
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iXHIMU JIepKaBaMU-4JIeHaMHu, 3 1HIIOI cTopoHH. CTpareriss TPaHCKOPIOHHOIO
CHIBpOOITHHIITBA CIPSIMOBAHA Ha peai3allil0 €BPOIHTErPALlIfHOTO KYpPCy PO3BUTKY
VYkpainu, no cpustuMe 30€peKeHHIO CTabIBHOCT1 y AEPKaBHOMY Ta MI’KHAPOIHOMY
BHUMIpax, 1 CHHXPOHI30BaHa 13:

» Crpareriero po3BHTKY OprasiB cucreMu MiHiCTEpCTBa BHYTPINIHIX CIIpaB Ha
nepion 10 2020 poky, cxBajeHoto po3nopsakeHHsm Kadinery MinicTpiB Ykpainu Bia
15 nucronana 2017 p. Ne 1023 (Odimiiinuii Bicnuk Ykpainu, 2018 p., Ne 23, cT. 808).

» HarionanpHOIO TPaHCIIOPTHOIO CTpareriero Ykpaiau Ha nepiof g0 2030 poky,
cXBaJIeHOI0 po3nopsikeHHaM Kadinery MinictpiB Ykpainu Big 30 TpaBusa 2018 p. Ne
430 (Odimiitanii BicHuk Ykpaiau, 2018 p., Ne 52, ct. 1848).

» Crpareriero nep:kaBHOI MirpariiiHoi momiTuku Ykpaiau Ha mepion mo 2025
POKY, cXBajieHOIO po3nopskeHHaM Kabinery MinicTpiB Ykpainu Bin 12 nunus 2017
p. Ne 482 (Odimiitnuii Bicauk Ykpainu, 2017 p., Ne 60, ct. 1837).

» Crpareriero iHTErpOBAaHOTO YIIPaBIiHHA KOpJOHaMHU Ha miepion 10 2025 poky,
3aTBepKEHOI0 po3nopskeHHsM Kabinety MinicTpiB Ykpainu Big 24 numnus 2019 p.
No 687-p.

» MopchKoro JOKTpUHOI YKpainu Ha mepion a0 2035 poky, 3aTBepIKEHOO
noctanoBoto Kabinery MinictpiB Ykpainu Big 7 »oBTHs 2009 p. Ne 1307 (Odimiitamii
BicHUK Ykpainu, 2009 p., Ne 94, ct. 3216; 2019 p., Ne 2, ct1. 53).

Curyauis Ha Aep:KaBHOMY KOpJIOHI YKpaiHU € KOHTPOJIbOBaHOW. PiBeHb 3arpo3u
TPAHCKOPIOHHOT 3JI0YMHHOCTI OI[IHIOETHCA SIK TIOMIPHUH, IPOTE MA€ CTAITY TEHICHIIIIO
1o 3poctanHs. ['eorpadiune po3ramyBaHHs YKpaiHU poOUTh ii MPUBAOIMBOIO IS
TPaH3UTHOTO MaTepiaibHUX Ta (iHAaHCOBUX TMOTOKIB. Ha KopJoHI peryiaspHo
3MIMCHIOIOTBCSI CIIPOOM HE3aKOHHOT'O TMEPEeMIIIEHHS TOBapiB. 3axoiu, 31HCHEHI B
pamkax BukoHaHHs [lmany miit momo miGepanizaiii Bi30BOTO PEKUMY MK YKpaiHOIO
ta €C, 1anu 3MOry MOCHUJIMTH KOHTPOJIb B’i3[ly Ta BUI3/ly Ha JEPKABHOMY KOPJOHI.
OcHOBHUMU 3arpo3amMu y cdepi TPaHCKOPJAOHHOTO CHIBPOOITHUIITBA € HE3aKOHHE
NMEepEeMIIICHHs] 4Yepe3 KOPAOH TOBapiB Ta I[IHHOCTECH, YXWICHHS BiJ CIUIAaTH

YCTAHOBJICHUX TJIATCXKIB.
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3a ocTaHHI I’ATh POKIB MEpeiK 3a3HAYeHHMX 3arpo3 JAOMOBHUBCS T1OpPUIHUMHU
3arpo3amu, $iKi BIUTMBAIOTh HA MOJITHYHY Ta €KOHOMIUYHY OOCTaHOBKY B J€pKaBli,
0e3rneKky 1 rpoMajJCbKui MOPSAIOK, a TAaKOX Ha 3pOCTaHHS PIBHSA TEPOPU3MY Ta
Ki0ep3mo4nHiB. 3a3Ha4€HI 3arPO3U € TPAHCKOPJIOHHUMH Ta ICHYIOTh Ha (DOH1 CKIIQTHOT
BHYTPIIIHBOI CHUTyaIlli: TMOBUIBHOTO PO3BUTKY NPHUKOPIOHHOI 1HGPACTPYKTYpH,
BHUCOKOTO PiBHsI KOPYMIIii, Opaky MOTHBOBAHOTO Ta HABYEHOTO MEPCOHAY, HASIBHOCTI
npobsieM IOoA0 KOOpAHMHALIl Ta KOMYHIKAalii cy0’ €KTiB 1HTETPOBAHOTO YIPABIIHHS
KOpJOHaMHU, oOMexeHOro (iHaHCyBaHHS 0€3 MOXKIHUBOCTI (hOPMYyBaHHS OIOJIKETY
po3BUTKY. [y 3a0e3neueHHs] Mail0yTHbOI ONEpaTUBHOI Ta TEXHIYHOT B3a€EMOIT Mk
CUCTEMaMHU IHTETPOBAHOIO YNPABIIHHSI MUTHO-JIOTICTHYHUMHU CUCTEMaMH Y KpaiHu Ta
nepxaB — wieHiB €C BaXXIMBO 3aNpOBaHKyBaTH HallKpallli €BPONENUChKi MPAKTUKH Ta
CTaHJAPTH.

Mopenb 1HTErpoOBaHOTO YIPaBIIHHS MHUTHO-JIOTICTUYHUMHU CHUCTEMAaMH BKIIIOYAE
YOTUPUPIBHEBY CUCTEMY KOHTPOJIIO 32 PyXOM MaTepialbHUX MOTOKIB:

e y JepkKaBax MOXO/HKEHHS €KCIIOPTHO-IMIIOPTHHUX TOBAPIB Ta MOCIYT;

e y JepikaBax, 0 MEXYIOTh a00 CHIBpOOITHUYAIOTH 3 YKPATHOIO;

® y IIYHKTaX MPOIMYCKY Yepe3 Aep>KaBHUM KOPJOH 1 11032 HUM,;

® Ha TEPUTOPIi BIACHOT JICPKABU.

[IpoBeneHi MOCHIIKEHHS JTO3BOJIMWIM CPOPMYIIOBATH HU3KY 3ayBa)K€Hb, Ha SIKI
HEOOXI1JJTHO 3BEPHYTH YyBary IMpH 3JIHCHEHHI MUTHO-JIOTICTUYHHUX OINepauiid Mix
VYkpainoto 1 enuanm 1udpoum punkom €C [315]. 3a pesynpraTaMu JITOCTIKEHD
OCHOBHMMH TIpOo0JieMaMHu YMPaBIiHHSI MHUTHO-JIOTICTUYHUMU CHUCTEMaMH MO>KHA
BBa)KaTH HACTYIIHI:

® HEBIANOBIAHICTh 1HPPACTPYKTYPH IMYHKTIB MPONYCKY Ta MiJ i3HUX MUIAXIB
3pOCTa0unuM NoTpedaM 00 MPOIMYCKHUX CIIPOMOXKHOCTEH;

® [EplOANYHI YCKJIAIHEHHS B pOOOTI ICHYIOUHX ITYHKTIB MPOMYCKY Yepe3 KOPAOH
y 3B’S3Ky 13 CE30HHMMHU Ta IHIIMMH 3MIHAMH TPAHCKOPJOHHUX TPAHCIOPTHUX
ITIOTOKIB;

® 3aCTapuIICTh TEXHIYHUX 3aCO0IB KOHTPOJIIO;
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e HHU3bKAa MOTHBAILS Ta HEAOCTATHIN piBE€Hb MIATOTOBKH MEPCOHAY CYO’€KTIB
IHTErPOBAHOIO YIPABIIHHS MUTHO-JIOTICTUMHUMH CUCTEMaMH, MOTO HErOTOBHICTH
OPOTUIIATH KOPYNLIIIHUM BUKIIMKaM;

e moTpeba y moJaIbIIoMy PO3BUTKY Ta BAOCKOHAJIEHHI MIXOIIB 10 YIIPABIiHHS
pU3HKaMU;

® HEIOCTaTHS MIBUAKICTH OOpOOKM Ta mepenadi iHdopmarllii, o He Ja€ 3MOTH
BYACHO pearyBaTH Ha 3MIHU B ONIEpPATUBHIN 0OCTaHOBIIL;

® HEOOXIJHICTb TMPOJIOBXKEHHS TEXHIYHOIO TMEPEOCHAIEHHs, HapOIICHHS
IpoIeayp aBTOMaTH3aIlili MpoleciB y cdepl IHTETPOBAHOTO YIPaBIIHHSI MHUTHO-
JIOTICTUYHUMHU CUCTEMH, 3alPOBAIKCHHSI €BPOIEHCHKUX CTAHJAPTIB, 3a0€3MEUYEHHS
PO3BUTKY 1H(HOPMAIITHOTO 0OMIHY MK yciMa Cy0’ €KTaMU IHTETPOBAHOTO YIIPABIIHHS
TPAHCKOPJIOHHUM CIIBPOOITHUIITBOM.

3HauHy DIATPUMKY YKpaiHl y LIbOMY HAa/Ial0Th:

e [IpeacraBaunTBo €C B YKpaiHi;

e KoncynpsraTuBHa Micis €C;

e Micis €C 3 npukop1IoHHOI TonomMord MosnoBi Ta Ykpaini.

Bonu 3111HCHIOIOTH MOHITOPUHTOBY (DYHKIIIIO, HAIAI0Th KOHCYJITATUBHY, JOPAAIY
Ta TEXHIYHY MIATPUMKY, CHOPSMOBaHY Ha PO3BUTOK IHTETPOBAHOTO YTMPABIIIHHS
KOPJIOHAMH, YJAOCKOHAJIEHHSI B3a€MOJIIl MK Cy0’€KTaMH 1HTETPOBAHOTO YNPAaBIIIHHS
KOpJIOHaMU B YKpaiHl Ta aKTUBI3aLll0 iX CHIBIpall 3 1HO3EMHUMHU MapTHEPAMH.
CroiBnpans 3 €C B 1miomy 3a0e3nedye KOHTPOJIbOBAHICTh CIUJIBHMX KOPIOHIB Ta
PO3BUTOK TOPTOBEJIBHUX 3B’ SI3KiB.

Tomy po3BUTOK CHIBPOOITHUIITBA 3 IHIIMMHU JEp’KaBaMH Ta MIXKHAPOIHUMU
OpraHizalisiMd Hacamrepea COpsIMOBaHMM Ha 3amo0iraHHsS TPaHCKOPJIOHHIM
310uMHHOCTI. B pamkax cmiBopaui 3 OBCE cy0’ekTH 1HTErpOBaHOIO YNpPaBIIHHSA
KOpJoHaMH OepyTh AaKTHUBHY y4YacTh B peami3allli CIUIBHUX MPOEKTIB 00
I1BULIEHHS CIIPOMOKHOCTEHN y TPOTU/I1T TEPOPU3MY, BUSBIEHHIO 30p0i, 00enpuacis,

HeOe3MeuHnX XIMIYHIX PEYOBHH Ta PO3BUTKY aHATI3y PU3UKIB.
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[IpoBenenuii aHami3z Ja€ MOXJIMBICTb C(HOPMYJIOBATH peKoMeHaalii y ¢opmi
«JIOPOKHBOT KapTH», sIKa MICTUTh KOMIUICKC 3aXOJiB, HEOOX1THUX JJISI PO3BUTKY Ta
YAOCKOHAJIEHHS MIDKHAPOJHOTO CHIBPOOITHUIITBA MDK YKpaiHOIO Ta €IUHUM
mupposum puakom €C. 3a pesynpraTamu BCeOIYHOI OIIHKA MOTOYHOTO CTaHy 1
MPAKTUKHA IHTETPOBAHOTO YIIPABJIiHHS MUTHO-JIOTICTHYHUMH CUCTEMH B YKpaiHi Oyiio
3alPONOHOBAHO KOMIUIEKC 3aX0/I1B, SKUW aJJallTOBAaHHUMN J0 MOJITUYHOT, EKOHOMIYHOT

Ta COLIIAJIBHOI CUTYaIlll B J€pKaBl Ta BpaxOBY€ MOXIIUBICTh NIOSIBU HOBUX 3arpo3.
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14.8 AHaJii3 HanPykeHOCTi po0OTH BOiIB AaBTO0YCIiB B MicTax

OcoOnuBicTI0O poOOTH BOAIS MICBKMX aBTOOYCHHX II€PEBE3€Hb € BHCOKA
HaIpy>KEHICTh Tpalll, po0oTa 3a 3MiHHUMHU IpadikaMu, B TOMY YUCII1 B HIYHY 3MIHY. Y
pe3yJibTaTi MPOBEACHUX JOCHIIKEHb, BCTAHOBJICHO, IO KIJIBKICTh JIOPOKHBO-
TPAHCIIOPTHUX MPUTOJ 3aJeKUTh Bl 4Yacy, B IpPOJOBXK SKOrO0 BOAIN Kepye
TpaHCIIOPTHUM 3aco0oM. Take siBHIlE BH3HAYAETHCS TUHAMIKOKO TMpale3JaTHOCTI
BOJIS, IO 3aJ€XKUTh Bl BUAY NepeBe3eHb. llnanyBaHHs poOO4Yoro AHsS BOAIS Mae
BEJIMKE 3HAYCHHS JIJIS IMTABUIIIEHHS HAAIHHOCTI X poOOTH 1 nepeadadae po3poOIeHHs
palioHaIBHUX PEXUMIB palll 1 BIANO4YUHKY [316].

PanionanpHu#t pesxuM mparii 1 BIAMOYMHKY — 11€ MOCTII0BHICTh pOOOTH 1 TIEPEPB,
10 BCTAHOBJIOIOTHCS HAa OCHOBI aHaNI3y Mpale3IaTHOCTI 3 METOI 3a0e3NeueHHs
BUCOKOI MPOJAYKTUBHOCTI Mparlli 1 BiIMOYNHKY MPaLiBHUKIB. 3 (Pi310JI0TTUHUX MO3ULIINA
peXUM TIpalll Ta BIAMOYMHKY SBJsiE COOOI0 TPOIEC YMPaBIiHHA (PYHKIIOHATHHUM
CTAHOM TMpaIliBHUKA 3 METOI0 oNTUMI3aIli Horo aisuibHOCTI. KpiM TOro, 10 YNHHUKIB
HAIPY>KEHOCT1 Ipall ONepaTopiB AUHAMIYHUX OO'€KTIB MOKHA BIJHECTH BHCOKY
CTYMIHb OCOOMCTOI BIJIMOBIIAILHOCTI 32 KUTTS JIFOACH 1 30€peKeHHS TPAHCTIOPTHOTO
3aco0y, MOCTiiiHE OYiKyBaHHS aBapliiHO1 cUTyallli, HEOOX1JHICTh MPUUMATH PIILIEHHS
B YMOBax Jie(pinuTy vacy, mrym i Biopailito, 3HauHy ¢i3U4Hy Ta HEpBOBY Hanpyry [317,
316].

®i3uyH1 Ta NCUXO0()I310JIOTIYHI BUMOI'M JO BOJIIB MICBKOTO IaCaKUPCHKOIO
TPAHCIIOPTY MOXKYThb OyTH BH3HAuU€H1 HAa OCHOBI aHaJI3y AISIILHOCTI BOJIISI MICHKOTO
aBTOOycHOro Mapuipyty. Boaiil Mickkoro aBTOOYCHOTO MapuIpyTy IOBHHEH
CIpHUiiMaTH BEJIMKY KUIBKICTH 1H(OpMaIli mpo XapakTep 1 PeKuMi pyxXy BCIX HOTo
YYaCHMKIB, MPO CTaH 3HAYHOI KUIBKOCTI IMapaMeTpiB JIOPOTH, HABKOJHUIIHHOTO
cepelioBuIIa, 3aC00IB pEryjirOBaHHs, MPO CTaH BY3JIIB 1 arperaTiB aBTOMOOLIs (3a
JOTIOMOTOI0 PI13HUX TPHIIAJIB), TOImO. Bosaiii Ha MICBKUX aBTOOYCHHMX MapIIpyTax
NOBUMHEH HE TUIbKM CIpPUAMATH BEIUMKHUHA MOTIK 1HPOpMalii, aje 1 NPOBOJAUTH ii
nepepoOKy (aHali3), B pe3yjbTaTi 4Yoro MpuilMaTH BIJAMOBIAHE PIIIEHHS 1 HA MOTO

IiJICTaBl BUKOHYBATH i1 JJIsl pearyBaHHs Ha KOHKPETHY cuTyailito. Bech 1ieit mpoiiec
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BiJI CHOPUUHATTS 10 BUMHEHHs Jii BUMara€ MNEBHOI BUTpPATH dYacy. 3 OINISIAY Ha
MIBUAKOTUIMHHICTh JOPOKHBO-TPAHCIIOPTHOT CHUTYyaIlii, 10 CKJIajacsi, BOIINA MOXKe

3poOUTH HEeTpaBUIIbHI [1i. JI0 HUX NPU3BOASATH MPUYMHU, HABEJCHI HA MAITIOHKY 1.

HenpaBunbHi Aii BOAIs, IO MOXYTh TNPHU3BECTH 10 BUHHKHEHHS IOPOXKHbBO-
TPaHCIOPTHOT MOIii:

1) Henonik (mediuuT) Yacy Ha BeCh MPOLEC CIPUHHATTS 1 nepepoOku iHpopmarii,
TMPUAHSITTS PINICHHS 1 3/IIHCHEHHS BIAMOBITHOT Jii;

!

2) CpuHATTS BOJIEM BHXIIHOI iHpOpMamii HE BiAMOBiAa€e AiMCHOCTI (HATPHUKIIAM,
YEPBOHMI CUTHAJ CBITI0(hOpa MPUHHATHN 32 3€JICHUN);

!

3) iHdopmaris cnpuitHATa MpaBUIBHO, OAHAK ii mepepoOKka HeBipHa (HANPUKIAL,
BOJI1 TP HAOJIMKEHHI1 10 TIEPEXPECTSI BBAXKAE, 110 KOBTHUH CUTHAJ CBITI0(GOpa SMIHUTHCS
3€JICHUM, aJIe BMUKA€ETHCS] YEPBOHHI);

4) crnpuiiHATTS, nepepoOka iHGopMamii NpaBUIBHI, OJHAK NPUHHATO PpIlICHHS
HEBIPHO (HANpUKIIAJ, 3aMICTh MaHEBPY, €MHO HEOOXIAHOTO B CHUTYyaIlil, IO JOPOKHBO-
TPAHCIIOPTHOI CUTYAIliil, BOJIN IpuiiMae 1HIIE PillleHHs);

5) Bci momepemHi omeparii mporecy YHpaBIiHHS (CIPUAHATTS, mepepodKa
iH(pOopMalii, MPUHHATTS pilICHHS ) MPABUIIbHI, OJJHAK TOMUJIKOBOIO € cama Jiis (Hanpukiai,
MPUKAHSATO TIPAaBUIIbHE PIIIEHHS MTPOBECTH EKCTPEHE TaIbMyBaHHS, IPOTE BOJIiH TOMHIIKOBO
HATHCKA€E Ha IMeJlallb aKceaeparopa, 301IbIIYI0YM THM CaMHUM IIBUJIKICTh).

Mamnronok 1. HempaBumnbH1 A1l BOisl, IO MOXYTh MPU3BECTH 10 BUHUKHECHHS

JOPOKHBO-TPAHCIIOPTHOT MO11

HeoOximHo Bij3HAYUTH, IO TEepepaxoBaHl MPUUYUHH MOXYTh 3'SIBUTHUCS, KPIM
TOT0, HACJIIKOM TICUXIYHOT'O CTaHy BOAIS B JaHWW MOMEHT. Och YoMy BOJI€BI IpH
yIpPaBJIiHHI HA MICHBKUX aBTOOYCHHMX MapIIpyTax BaXKJIMBO 30epiraTy TPUBAIHM Yac
BpPIBHOBAXEHUM TICUXIYHUN CTaH, MPU SKOMY HAWOIIBII MIBUAKO 1 SIKICHO MPOTIKAE
BECH IPOLIEC Bl CIPUUHATTS 1HPOpMALi 10 3A1HCHEHHS BIANOBIIHUX A1i B IOCTIIHO
MIHJIUBUX JOPOKHBO-TPAHCIIOPTHUX CUTYaIlisAX. BiAXwieHHs: B TOM 4M 1HIINUHA O1K BiJ
BPIBHOBAKEHOTO TICUXIYHOrO cTaHy (30y/)KeHHs YW, HaBIAKWU, JAENpecis)

YCKJIQHIOIOTh TIPOLIEC CIIPUUHATTS 1 TepepoOKku iHGOopMAaIIii i TUM CaMUM 301TbIITYIOTh
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UMOBIPHICTh MOMUWIKOBUX A1l BoAiss. Came TOMy NCUXI4HI OCOOIMBOCTI BOJIISI MAIOTh
BEJIMKE 3HAUCHHS JIJIsl IPOIYKTUBHOI Ta 6e3aBapiitHOl poOOTH.

JIns mpaBWIIBHOTO PO3YMIHHS 1HAWBIIYaIbHO-TICUXOJIOTIYHUX OCOOJIMBOCTEH
BOJIS HEIOCTATHHO TUTBKM BUBYEHHS OKPEMHX IICHXIYHUX IMPOIIECIB, HEOOXiTHE
3HAHHS TICUXIYHMX BIACTUBOCTEH, SIKI XapaKTEPU3YIOTh JIIOJUHY SK OCOOHUCTICTb.
AJKe 0COOUCTICTh CKIIAJIA€ThCS 3 BEJIMKOTO PI3HOMAHITTS IKOCTEH, B3a€MOIOB'I3aHUX
M1 cOOO0IO.

Ile — 3m106HOCTI, 1HTEpPECH, TEMIIEPAMEHT, XapaKTep, CXUIbLHOCTI, CTaBJICHHS J0
cBO€l mpodecii 1 IHIIMM BUJAAM JISJIBHOCTI, JO TIPOMAaACbKoi pPOOOTH, TOLIO.
OcoOucTicHi sIKOCTI BOAIs 6araTo B 4OMy BH3HA4YalOTh MOTO MPOQECiiiHl SAKOCTI, 10
HiATBEPIKYETHCS BUpazoM "JIroanHa Kepye aBTOMOO1IEM TakK, K BoHa »kuBe" [318].

KepyBaHHs aBTOMOOUIEM BHMarae BIJ JIFOAMHU BHUTPUMYBAaHHS TaKoro
OE3MEeYHOr0 PeXKUMY PYXY, IKUH BpaxOoBYBaB OU MOCTIMHY 3MiHY CUTYAIIii.

MucneHHs — 11e ICUX14HUN pouec BiA0OpakeHHs 00'€KTUBHO1 peaibHOCTI, IKU
€ BUIIIUM CTYIICHEM JItOJICHKOIO Mmi3HaHHS [319]. MucieHHs: HEpO3pUBHO IOB'SI3aHE 3
BITUYTTSAMH, CIOPUUHATTAMHU, Mam'sTTio, ysBoro. HaiiBaxkiuBima posib MUCHEHHS 1
[OJIATa€ B YIOPSIKYBaHHI, KOOpJAMHALII Ta CHHTE31 LMX MpoLeciB. Y mpoleci
MUCJICHHS IPUAMAETHCS P PIIEHb, HACIIIKOM SIKUX € BUKOHAHHS NEBHUX Jii. Jlyis
BO/I11B BaXKJIMBA IIBUIKICTh MUCJIEHHS, TAK SIK PIILIEHHS 1 HACTYIHI 32 HUMU J[ii IOBUHHI
IPOBOJUTHUCS TUM IIBHJLIE, YUM BHUILE WBUIKICTh PyXy aBTOMOOLISA. OJHOYACHO 3
UM y BOJISl MOBMHHA OyTH pO3BMHEHA MIMPOTAa MUCIEHHS, TOOTO, 3[aTHICTh, IO
JT03BOJIS€ OJTHOYACHO BPaxyBaTH Pi3HI CTOPOHU JTOPOKHBOT 0OCTAHOBKH 1 BIJIIOBITHO
0 Hel OLIHUTH HasBHI MOXJIMBOCTI. L[S 3maTHICTB, IO 3aJCKUTh BIJ TOrO, SKa
KUIBKICTh Bpa)KE€Hb, OPTaHiB MOYYTTIB 1 3HaHb MOKJIMBO BUKOPHUCTOBYBATH B MUCJICHHI
JUIsl OOIpYHTYBaHHS BUCHOBKIB, OCOOJMBO BAaXKJIMBA, KOJM y BOJIS € MOXJIMBICTb
BUOOPY MDK PI3HMMH [isIMU. Y IIMX BHUIQJIKaX OCOOJMBOrO 3HA4YCHHS HAOYyBalOTh
nam'saTb 1 HaBUYKM Boxis. HaOGytuil nocBim, 3akapOoBaHuM B mam’sTi, JO3BOJISIE
BIITBOPUTH B1JIOMOCTI, HEOOX1JIH1 JIJIs1 BAMHEHHS Jii B JAaHOMY KOHKPETHOMY BHMAKY,
a HaBUK J03BOJIsIE 3pOOUTH 111 11 6€3 OCMHCIICHHSI KOXKHOI CKJIaJIoBOi pyXy, TOOTO,

aBToMatnyHo. lle gae MOXIJIMBICTh, OCOOJIMBO B YMOBAax IrOCTpOro AE€QIUUTY yacy

307



THEORETICAL ASPECTS OF MODERN ENGINEERING

(KpUTHYHAa 4YM aBapiiiHa CHUTYyalis), 3a0IIaJUTH HEOOXIAHI YacTKU CEeKyHIu. Y
JIOJIUHU, 10 aBTOMAaTUYHO BUKOHYE CBOIO POOOTY, MOXKYTh BHHUKHYTHU TICHUXIYHI
IPOIIECH, HE MOB'sA3aH1 3 poOOTO0. Y MaM'siTli MOXKYTh BIIOYBaTUCS OJHOYACHO JIBa
PI3HHMX IPOLECHU: OJIMH MOB'sI3aHUN 3 pOOOTO0, a APYTUil, HABIIAKH, BIABOJIIKAE B1JT HET.
Bing cBimomocTi Bomis, BiJ HOro BMIHHS KEPyBaTH ICHXIYHUM CTAaHOM 3aJICKHTh,
HACKUTBKM BIH 3MOK€ BHUKOPHUCTOBYBATH ITF0 BJIACTUBICTH IS TIOJIETIICHHS CBOET
mpar.

Pazom 3 mum BaxIMBY pOJIb BiJIrpa€e 3AAaTHICTh BOJISL 10 MPOTHO3YBaHHS
MOJAJIBIIIOT0 PO3BUTKY JOPOKHBO-TPAHCIOPTHOI cuTyallii. | urm O1IbI11010 3AaTHICTIO
70 Tiepea0aveHHsT BOJIOJIE BOJIIM, TUM MEHIIE WMOBIPHICTh HOTO MOTPAIUISIHHS B
aBapiiiHy CUTYyalllo.

Jly’xe BeNMKe 3HA4€HHs B IISUIBHOCTI BOJIS, 1110 BU3HAYa€e B 0araTb0X BUIIAJKAX
MPaBUIBHICTh 1 TOYHICTH HOTO JI1id, Ma€ HOTO €MOIIHHUNA CTaH.

Sk mokasye aHai3 J0POKHbO-TPAHCIIOPTHUX MOA1H, Oe3MeKa pyxy 3aJexKUTh BiJ
HAJIHHOCTI BOIS 1 B 3HAYHIN Mipi BU3HAYA€ETHCS HOT'O OTIEPAaTUBHUMU SIKOCTsIMH [320].

Haii6inpin Ba)XIMBUMH 3 HUX € HACTYIHI: BHCOKa €MOI[iiHA CTIHKICTh, IO
3a0e3rneyye HeOOXiTHUM CTYMIHb YPIBHOBAXEHOCT]; IIBUIKA KMITIUBICTh B IOE€JHAHHI
3 XOPOIIOK KOOPJAUHAIIEI, TOCTATHBOIO IMIBUJIKICTIO 1 TOYHICTIO PyXOBHUX PEaKIliif;
BEJIMKA IIBUAKICTh MEPEMUKAHHS 1 PO3MOJILTY yBarv; BUCOKa TOTOBHICTh MaM'siTl, Bij
AKOI 3aJIeKUTh IIBHJALIE HaJaHHA 1H(Qopmalii, HEOoOXITHOI JUIsl BHUKOHAHHS
IIJIEeCIIPsMOBaHUX JiK. Bcl 111 SKOCT1 B peasibHIN MiSTIbHOCTI MPOSIBISIOTHCS B TICHIM
B3a€EMOJIT 1 €THOCTI, a 1X (p1310JIOTIYHOIO OCHOBOIO € CHJIa, BPIBHOBAXEHICTH 1
MIBUAKICTh HEPBOBUX MPOIIECIB KOPU TOJIOBHOTO MO3KY JIIOJUHHU.

Bnacnigok 1mporo, mpu oprasizaimii Impaii BOJAIIB HEOOXITHO HEYXHJIBHO
JOTPUMYBATUCS BCTAHOBIGHOTO HOPMOBAHOTO pPEXUMY Tpalli Ta BiJMOYHHKY,
MPaBUWJILHOTO YEPTyBaHHS PaHKOBHX, JICHHUX 1 BEUIPHIX 3MiH pOOOTH, HE OMYyCKATH
(b131M4HOT TEPEBTOMHM BOJIIiB Uepe3 MoHaAHOPMOBI podoTH [317].

Oco06nuBicTIO POOOTH BOJIIB aBTOOYCIB € HAasBHICTh MOHATHOPMOBHX POOIT i
BEJIMKa MUTOMA Bara yacy 0e3nocepeHb0ro KepyBaHHs aBTOMOOLJIEM 10 BIIHOLIEHHIO

710 3araJibHOI TPUBAJIOCTI poO0Y0i 3MIHM — B cepeiHboMy 9 + 1,4 u. 3 ycix BoaiiB, fKi
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MPaIlo0Th HA TPAHCTIOPTI, HAHO1IbIIIE HABAHTAXKEHHS I HEPBOBOT CUCTEMHU MAIOTh
BOJI11 MICBKOT0 MACaKUPCHKOTO TpaHcmopty [321].

EdextuBHe (yHKIIOHYBaHHS CHCTEMH HaIliBAaBTOMATHUYHOTO YIIPaBJIiHHS
MO>KJIMBE JIUIIE 32 YMOBH 3J1aro/KeHoi poOoTH ii 000X JIaHOK — JIFOJWHU 1 MalIuHH.
ITix 3maromxeHo0 pobOTO MOYKHA MAaTH Ha YBa3l Mpalie3aTHICTh OIepaTopa, OJTHAK
BOHA HE € MOCTIHHOIO BEJIIMYMHOIO, a 3MiHA (PYHKI[IOHAIBHOI'O CTaHy JIIOAUHU MOXKE
3HU3UTH MOr0 HAAIMHICTh 1 MPUBECTH CHUCTEMY JI0 MOBHOTO pPO30allaHCYBaHHS. Y
3B'SI3KYy 3 IIMM BHUHHUKA€ HEOOXIAHICTh MOCTIMHOIO KOHTPOJIIO HAJl CTAHOM OIleparopa
[321].

JlomycTtrMa TpUBaIiCTh pOO0Y0i 3MIHM BU3HAUAETHCA TUM MOMEHTOM 4acy, KOJIU
BIJI0YBAETHCS 3HAUHE MOTIPIIEHHS JOCTII)KYBaHUX MMOKa3HUKIB y TIOPIBHIHHI 3 TUMH,
gkl Oynum Ha modatky (asm cTiiikoi mpame3gatHocTi omepaTtopiB [322, 323]. 3a
pekoMeHAaIiaMu (i310JI0TiB 4ac poOOTH Mae BU3HA4YaTUCS i1 1HTEHCUBHICTIO. OJHI
IPOIOHYIOTh BU3HAYATH TPUBAJIICTH pOOOYOi 3MIHM BUXOJASIYM 3 HOPMAIBHOTO YHCIIA
poOOYMX TOAWH BOJIS B TAHOMY MICSIIl, iX KUIBKOCTI B OpUraji, 3araabHo1 KUTBKOCTI
poOOUYNX 3MIH Ha 3aKPIMICHUX TPAHCIIOPTHUX 3ac00ax, 1HIII — HAa OCHOBI MICSYHOTO
Oamancy pobodoro yacy — He Oinmpmie 178 romma abo Bim 155-185 romwn s
CEMUTOJIMHHOTO pOOOYOTO JIHA, TPETI — HA OCHOBI TPUBAJIOCTI pOOOYOTO Yacy BOJIIiB
3a TwkaeHb — 40 rogun [326] a6o 41 roguny [324, 325]. Ilpu noHaaHOPMOBUX
po0oTax TpHBaJIICTh POOOYOro THXKHSA HE MOBMHHA nepeBuiyBatu 48 ronuH [326].
Kpim Toro, nociaigHuKaMu HAaroJIOIIy€eThCs, 1110 Yac rnepedyBaHHs BO/Is 32 KEPMOM He
MOBUHEH TICPEBUINYBaTH 7 — 8 TOAWH Ha 100y, Yepe3 KOXKHI 2 TOJAMHH MAalOTh
HaJaBaTUCS TIEPEPBU B poOOTI TpuBaiicTio 15 xBunuH. e mpaBmiio nmomuproeTbes Ha
BOJIiB aBTOMOOUTIB BaHTAXOMIAHOMHICTIO Oubine 3,5 T Ta aBTOOYCIB MICTKICTIO
Oinpire 9 0ci0, BKIIOYAIOUH BOMIIS.

[TinTpumka Ha HEOOX1AHOMY PIBHI CTaH JIFOJUHO-MAIIMHHOI CUCTEMHU MOJIMBO
3a paxyHOK IMOCTIMHOTO KOHTpoJito Haj 1i ysankamu [321]. KonTpostoBatu crtaH
JIFOTMHU MO>KJIMBO 3a JOTIOMOTOIO OITIHKY (DYHKITIOHAJIBLHOT'O CTaHy HOT0 OpraHi3my.
TakuM 4uWHOM, paHillle BHUKOHAaHI JOCTIPKCHHS BU3HAUMIM pPEKOMEHAAIll 3

IUIaHYBaHHS PEXUMIB Ipall Ta BIAMOYMHKY BOJ1iB. OJHAK BOHM HE BPaxOBYIOTb

309



THEORETICAL ASPECTS OF MODERN ENGINEERING

HAIpY>KEHICTh pOOOTH BOJIS HA MapIIPYTi, sIKa ICTOTHUM YHMHOM BIUIMBA€ Ha

e(eKTUBHICTb POOOTH BOJIISI Ta AKICTH OOCTYTrOBYBaHHS MACaXKUPIB.
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SECTION 15. METROLOGY, STANDARDIZATION AND
CONFORMITY ASSESSMENT

15.1 International comparisons gas volume and volume flow rate standards

[Tpotsrom 2019 — 2020 pokiB B pamkax nissibHOCTI Texniunoro komitery TK 1.4
«ButparomMeTpis» MIKXHAPOJAHOI OpraHi3allii 3 MUTaHb CIIBPOOITHHUIITBA JEP)KaBHUX
METPOJIOTTYHUX oprasizaiin KOOMET, I «IBaHO-
@OpaHKIBCHKCTAHAAPTMETPOJIOTISH» K HAyKOBUM METPOJOTIYHUN IEHTp, SKUN
3a0e3neuye 30epeKeHHST Ta 3aCTOCYBAaHHS HAI[IOHAIbHUX MEPBUHHUX Ta BTOPUHHUX
€TaJIOHIB OJIMHUIIb 00’ €My Ta 00'€MHOI BUTPATHU a3y, MPUUHSB y4acTh Y MIXKHAPOTHUX
3BipeHHsX eranoHiB 3a Temorw COOMET.M.FF-S9 680/RU/16  «3BipeHHs
HAI[IOHAIPHUX €TaJIOHIB B 00JacTi BUTpaTu 1 00’eMmy rasy B miama3oHi Bim 20 g0
6500 M /rog» [327]. 3BipeHHS NPOBOAMINCH 3 METOK BCTAHOBJIECHHS CTYIICHS
€KBIBaJICHTHOCTI HalllOHAJbHUX €TAJIOHIB BUTPATH a3y Ta OLIIHKYA BUMIPIOBAJIbHUX Ta
KaJ1OpyBAJIbHUX MOJKJIMBOCTEH J1abOpaTopiii HaAyKOBHX METPOJIOTIYHUX LIEHTPIB B
raixysi ButpaTromerpii. Ciij BIA3HAYUTH, IO YCIIIIHE MPOXOHKEHHS MIXXHAPOIHUX
3BipeHb Ta MIATBEPIKCHHS 3asABJICHOTO 3HAYCHHS PO3IIMPEHOI HEBHU3HAYEHOCTI €
000B’SI3KOBOI0 YMOBOIO BHM3HAHHS €TaJIOHIB, SKi 3a0€3MeuyloTh BIATBOPEHHS Ta
nepegaBaHds (QI3MYHUX OJAWHUIIL Ta, BIJAMOBIJHO, BHECEHHS iXHIX METPOJIOTIYHUX
xapaktepuctuk 10 basu npanux (KCDB) BumiptoBalibHUX Ta KaliOpyBaJbHUX
moxumBocTert (CMC) Muixknapoanoro 6ropo mip ta Bar (BIPM). Kpim toro, ms
eTajoHiB, ki BHeceH1 B ba3y nanux KCDB Ta Bonoaitote CMC — psiakamMu HEOOX1HO
NEPIOIMYHO MPUIUMATH y4acTh y MIKHAPOIHUX 3BIPEHHSX JJIA MIATBEPIXKEHHS CBOIX
METPOJIOTIYHUX XapPaKTEPUCTHK.

JIT «IBaHO-PpaHKIBCHKCTAaHAAPTMETPOJIOTIS» MICHS YCHIIIHOTO MPOXOKEHHS
3BipeHb 3a TeMoro COOMET.M.FF-S1 219/SK-a/00 (Level A, Level B) 3aneceno 3
CMC — paaxu B Aianas3oHi 00'eMHoi Butpartu rasy Bix 0,016 m*/rox mo 1600 m3/ron

(UA1—-UA3). Kpim TOro, npuilHATO yCHIIIHO YYacTh Ta MATBEpIKeHO 3aHeceH1 CMC
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— psagku B HactrynHux  3BipeHHsix: COOMET.M.FF-S3  412/UA/07,
CCM.FF.K6b.2011, COOMET 684/MD/16, COOMET.M.FF-S5 585/UA/12.

Ha erami popmyBaHHSI TEXHIYHOTO MPOTOKOJY MK HAYKOBUMH METPOJIOTITYHUMHU
nieHTpamu 3a Temoro 3Bipeab COOMET.M.FF-S9 680/RU/16 BcTaHOBIIEHO HACTYITHUX
ydacHukiB: ®Dizuko-texniunuii iHCTUTYT (PTB, M. Bbpaynmseir, Himeuuunna), JIII
«IBano-®panHkiBChKCTaHAApTMETpoiorisy  (Ykpaina), Bcepociiicbkkuii 1HCTUTYT
Butpatomerpli (BHUMP, m. Kaszanp, Pocis), butopycbkuil nepkaBHUN 1HCTUTYT
metpoutorii (benl'MIM, M. MiHcbk, binopycist), JIMTOBChKHIT €HEPTeTUUHHUIN 1HCTUTYT
(LEIL m. Kaynac, JIutBa), Merposoriuna nadoparopii «CapaeBorasz» (LABSAGAS, m.
CapaeBo, bochis 1 ['epuieroBuna). Tun 3BipeHb 32 BKa3aHOIO TEMOIO — KPYTOBHIA, TOOTO
€TaJIOHHI JIIYUJIbHUKH TPAHCHIOPTYIOTHCS MOCIIIOBHO 3 OJIHI€T JJa0OpaTOpii B IHITY JJIS
IIPOBE/ICHHS BUMIPIOBAHb YCIMAa YYaCHUKAMHM 3BIpE€Hb. BaXIMBUM eTaroM 3BIpEHb €
BU3HAUYCHHS HE3AICKHHUX Ta 3aJeKHHMX, TOOTO MPOCTEKYBaHHX jgabopaTtopid —
YYaCHUKIB. YMOBOIO HE3AJIC)KHOCTI € HAsIBHICTh B JJa0OpaTOpii NEPBUHHOTO €TAJIOHA,
KWW pealtizye MpoIeaypy BIATBOPEHHS OJUWHUIIL 00’€My Ta 00'€éMHOi BUTPATU razy
IUIAXOM 3a0e3MeUeHHs MPOCTEKYBAaHOCTI 10 0a3oBux oauHuip cucremu CI.
Pesynbpratu BUMIipIOBaHb, OTPHMAaHI IMiJ 4Yac 3BIpEHb B HE3AICKHUX J1aOOpaTOpisx
BUKOPHUCTOBYIOTHCSl JUIsl pO3paxyHKy omopHoro 3HaueHHs (reference value — RV).
Hezanexnumu nadopatopisimu — ydacHukamu €: Himeuuumna (PTB), Ykpaina ([I1
«IBaHO-PPaHKIBCHKCTaHAPTMETPOJIOT IS ), Pocia (BHUUP). 3aneKHUMU
y4acHUKaMH € Ti JlabopaTopii, sIKi OTPUMYIOTh OJMHHUIIO, TOOTO MPOCTEKYIOTHCS J10
NEepPBUHHUX e€TaloHIB i1HmMX Kpaid. binopycis (benl UM) npoctexyeTbcs 10
Himeuunnu (PTB), JlutBa (LEI) mpocrexyerscss no Himewunnu (PTB), BocHis i
I'epuerosuna (LABSAGAS) npoctexyerbes go Yexii (CMI).

B siKOCT1 eTanoHHUX JIYWIBHUKIB JUIsl IPOBEACHHS MIXXKHAPOAHUX 3BIPEHb OYJI0
00paHo JBa JIYUIBHHUKA: €TAIOHHHUH JIIYMIBHUK poTopHOro Tuny IRM-A-DUO G250
IS TOCIIKEHb B Jiana3oHi 00'eMHoi BuTpaty rasy Big 20 m/rox no 400 m*/rox ta
eTaJOHHUHN JMYMIbHUK TypOiHHOro Ty TRZ G4000 mis mociimpkeHb B jiana3oHi
00'eMHOi BuTpatu rasy Bix 320 m>/rox 10 6500 M/ro. 30BHIIIHIN BUTTIA] €TATOHHUX

JIYMJIBHUKIB MPEACTABJICHHI Ha puc. 1.
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Puc. 1 — 30BHilIHIN BUTJISA €TaJOHHUX JIIYMJIBHUKIB JJISI IPOBEICHHS MIKHAPOTHUX
3BipeHb 3a TeMoto COOMET.M.FF-S9 680/RU/16 (a — potopuuii IRM-A-DUO
G250, 6 — typ6iaauit TRZ G4000)

BuwmiproBanHsi, siki MPOBOAMINCH 32 JAHOK TEMOIO MIXKHAPOIHUX 3BipeHb, B JII1
«IBaHO-DPaHKIBCHKCTAHAAPTMETPOJIOTIS»  MPOBOAMIUCH,  HA:  HalllOHAJHLHOMY
Jep>KaBHOMY TIEPBUHHOMY €TaJIOH1 OAMHUIb 00’ eMy Ta 00'eMHOi BuTpatu razy JJETY
03-01-15 Ta Ha BTOPMHHUX €TAJIOHAX OJIMHUIIL 00’€My Ta 00'€éMHOi BUTpaTH Traszy
BETY 03-01-03-11 1 BETY 03-01-04-12.

Jlep>xaBHUI IEPBUHHUHN €TaJIOH SBJIsiE COO0I0 YCTaHOBKY I3BOHOBOTO THITY [328],
dKa peanidye BIATBOPEHHS OJMHHIIL 00’€My Ta 00'€éMHOI BUTpaTH Ta3y IUIIXOM
BUTICHEHHS 3 JI3BOHOBOI'O MIpHHUKA MOPIli MOBITps, MPUBEACHOI 1O CTaHIAPTHUX
YMOB, 00’€M $KOi UITKO BHU3HAYEHUW TIIAXOM 3a0e3MedeHHs] CTallIbHOCTI
FCOMETPUYHUX MapaMeTpiB MIpHHKA: JllaMeTpa Ta BUCOTU. BiITBOPEHHS OJUHMII
00’€MHOT BHUTpaTH raszy, B CBOI YEpry, peaji3yeTbCsi MPU YMOBI CTaOUIBHOIO
BEPTUKAJIBLHOTO TIEPEMIIICHHs JI3BOHOBOTO MIpHHMKA 3 PI3HUM 3HAUYEHHSIM 3a7aHOi
MIBUAKOCTI 3a TMEBHUM YacOBHM MNpPOMIXKOK. B pamMkax mpoBeAeHHS 3BIPEHbD,
JIOCTI/DKEHHST 3A1MCHIOBANINCH 13 3acTocyBaHHsAM JiumibHuka [RM-A-DUO B

nianas3oHi 06'eMHO1 BUTpartu rasy Bix 4 m>/rox 1o 200 M/rox B Mexkax IiATBEPIKEHHS
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CMC —psanka UA1. Ha puc. 2 HaBeieHU M 30BHIIIHIN BUTTIS ISP KABHOTO IEPBUHHOTO

CcTaJIOHA.

Puc. 2 — BaranpHuil BUTIISLI AEPKaBHOTO IIEPBUHHOIO €TAJIOHA OIWHUIIL 00’ €My Ta
y

o0'emuoi Butpatu razy JAETY 03-01-15

Jlns  mpoBeAeHHs JOCHIIKEHb B Jiama3oHl 00'eéMHOT BUTpaTH raszy [0
MakCHMaJIbHOTO 3HadeHHs 6500 M>/rog  3acTOCOBYBaNWCsA BTOPMHHI —€TAJIOHH
BETY 03-01-03-11 1 BETVY 03-01-04-12. BropuwnHHI eTamoHu (YHKI[IOHAJIHLHO
00’eHaHI B OJHY €TaJOHHY YycTaHOBKY [329]. Ilpunuun pobGoTa yCTaHOBKHU
noOy10BaHUI 3 BUKOPUCTAHHSIM METOAY CYMyBaHHS a00 X HAKOMWYCHHS 3HAYCHHS
00’eMHOT BUTpaTH Ta3y, LUISIXOM 3aCTOCYBaHHS B CKJIaJl YCTaHOBKM HaOOpIB
napajeibHO BCTAaHOBJICHUX CICI1aTi30BaHUX €TAJIOHHUX JIUYUIIBHUKIB, KOKEH 3 SIKUX
OTPUMY€E OJIMHUIIIO 00’€My Ta 00'€éMHOI BUTpATH razy HUISIXOM 1HJIWBIIYyaJTbHOTO
KaiOpyBaHHs O6e3rocepeIHbo Ha AepkaBHOMY niepBUuHHOMY etanoHl JIETY 03-01-15
a00 B1J HAOOpy aHAJOrIYHUX IJEHTUYHUX E€TAJIOHIB MOPIBHSIHHS, Kl B CBOIO YEpry
TaKOX 3aCTOCOBYIOTHCS MapalieIbHO JUIsl OTPUMaHHS HEOOX1JHOTO 3HAYEHHS 00'eMHOT
BUTpaTH Ta3y. B ckiaa ycTaHOBKH BXOASTH JICB’SITh €TAJIOHHUX JIIYMIBHUKIB Ta3y. Ha

puc. 3 moKa3aHUil 30BHILIHINA BUTJIS BTOPUHHUX €TAJIOHIB.
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Puc. 3 — BropuHHI eTajloHH OJUHUILL 00’ €My Ta 00'€éMHOI BUTPATH ra3zy B Alalla30H1
y

00'emHO1 BuTparu rasy Bix 1 m*/rox mo 7800 m*/rox

[nnuBinyanpHa  KamiOpyBajibHAa — XapaKTEpUCTHUKAa  KOKHOTO  €TaJOHHOTO
JYUIIPHUKA, SKUM BXOIWUTh B CKJIaJ BTOPUHHUX €TAJOHIB, alpPOKCUMYETHCS

MOJIIHOMOM JPYTOTO MOPSIIKY BHUIY:
Sy(q)=A,q7 +A,.q7" + 4, + Aq' + 4,4 (1)

ne Ai — Koe(]illleHTH anpoKCUMALIIHOTO MOJiHOMA, SIKI BHM3HAYalOThCA 3a
pe3ynbTaTamMu KajaiOpyBaHHS,
g — 3HaYeHHs 00’ €MHOI BUTpATH.
CymapHuii 06’€M eTaIOHHOI YCTAaHOBKH, IPUBEACHUN TO CTAaHAAPTHUX YMOB V',
3 BpaxyBaHHSIM IHJIMBIAyaJdbHOI TOJIIHOMIANBHOT XapaKTEPUCTHKU ETATIOHHUX

JIYWIBHUKIB PO3PaX0OBYETHCS 32 (POPMYIIOIO:

V=% Ve: Py, 293]15K
Cl 14 O Ty;-101325Pa |’ (2)
100

ne Vy—o0’eM BUMIPSHUM i-UM €TAJIOHHUM JITYWIBHUKOM;
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Py — a0OcontoTHe 3HaYeHHs TUCKY Ha 1-My €TaJIOHHOMY JIYHJIbHUKY;

Ty — 3Ha4YeHHS TEMIIepaTypy Ha 1-My €TaJJOHHOMY JIIYMIIbHUKY.

OO6poOneHHs pe3ybTaTiB BUMIPIOBAHb IIiJI Yac MPOBEACHHS MIXKHAPOIHUX
3BIpEHb 3A1MCHIOBAJIOCH HACTYITHUX YMHOM: BIJHOCHE BIJIXWUJICHHS X; BU3HAYAETHCS K
PI3HHIIT MK 3HAa4YeHHSM 00’€My, OTPUMAHOTO 3a pe3yjibTaTaMu JOCTIIKCHb
€TaJIOHHOTO JIIYMIIbHUKA V) Ta 00’ eMy eTasioHa Ve, NpUBEAEHOI0 10 3HAaYeHHS 00’ €My,

AK€ BIATBOPIOE €TAJIOH, TOOTO:

V-V,
x, =M "E 100 (3)
E
Po3mmpeny HEBU3HAYEHICTh BUMIPIOBAHb MJII KOXXHOTO 3HAYEHHS 00'€MHOT

BuTpaTH razy Uy po3paxoByIOTh 32 HACTYITHOIO (POPMYIIOO:

Uy = \/UE2 +2'(”AM)2 ) 4)

ne Ur — po3mmMpeHa HEBU3HAYCHICTh, 3 SIKOI BIATBOPIOETHCS 3HAYEHHS 00'€MHOI
BUTpATH razy,
U4y — HEBU3HAYCHICTh 1O TUNY A €TaJOHHOTO JIYUJIbHUKA, TOCHIIKEHHS SIKOTO
IIPOBOJUTHLCS HA €TAJIOHI.
[Ticns npoBeneHUX BIANOBIAHUX PO3PaXyHKIB, BU3HAYAETHCSA YCHIMIHICTb
MIPOXOJKEHHS 3BIpEHb Ja0opaTopisiMu — ydacHUKamMu. OCHOBHHM KpPUTEpIEM IS
OIIIHKK € mapameTp cryneHs ekBiBasieHTHOCTI (Degree of Equivalence) Ey,, sikuit

PO3paxOBY€ETHCA HACTYITHUM YUHOM:

o 5)
u(d,)

e d; — pI3HUIIA 3HAYCHb MK BIIXWJICHHSM X; Ta OMIOPHUM 3Ha4YeHH:M Y; (RV), sike
BU3HAYAETHCS SIK CEPEAHBO3BAKEHE 3HAUCHHS pE3YyJbTaTiB BUMIPIOBAHb
HE3aJIC)KHUX J1abopaTopiid 3a METOAUKOIO, onrcaHoto B [330];

U(d;) — 3Ha4eHHs PO3MIMPEHOI HEBH3HAYCHOCTI, SIKE BH3HAYAETHCS HA OCHOBI

PO3UIMPEHOT HEBU3HAYEHOCTI BIATBOPEHHS OJIMHULIb 00’ €My Ta 00'€éMHOT BUTpaTH

ra3y HalllOHaJIbHUMU €TAIOHAMU HE3aJICKHHX JIA00paTOPiil — y4aCHUKIB 3BIPEHb.
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OTpuMaHi 3HAYEHHS CTYIEHS EKBIBAJIEHTHOCTI Ky I KOXXKHOTO 3HAYEHHS
00'eMHOT BHTpATH Ta3y IMOBHHHI 3HAXOJHUTHCS B Mexkax Ey </, MO CBIAYHTH IPO
YCHIIIHICTh MPOXOAKEHHS 3BIpEHb. Y pa3l MEepeBUILIECHHS 3HaueHHs Ey > 1,2 MOXHa
CTBEP/KYBATH, 110 PE3yJIbTATH MPOXOKEHHS 3BIPEHb € HETAaTUBHUMH 1 3HAUCHHS, SIK1
OTpHMaHIi MPH JOCTIIPKEHH] Ha €TaJIOH1 JabopaTopii — ydacHUKA 3BipEeHb MOTPEOYIOThH
HEraifHOro KoperyBaHHs. Y pasi 3HaXOJKEHHS pe3ysbTariB B iHTepBami /< Ey < 1,2
BBAJKAETHCA, IO ICHYIOTh 3arajbHl HEKPUTUYHI HEAOJIKH, SKI MOTpeOyIOTh
KOpETyBaHHS.

Ha puc. 4 — 5 HaBeneHi pe3yJibTaTd MIDKHApPOJHUX 3BIPEHb J1a0OpaTOpid —
YYaCHHUKIB BIJIHOCHO OINOPHOTO 3HaueHHA y (RV), po3paxoBaHOrO Ha OCHOBI
JOCIIKEHb He3aJeKHUX JabopaTopiid, NMEpBUHHI €TAJIOHU SKHUX 3a0€3MeuyroTh

BIJITBOPEHHS OJIMHULIb 00’ €My Ta 00'€MHO1 BUTpATH rasy.

0.30
0.25
0.20
ff" 0.15: — =
—o=—y (RV) |
—e— VNIIM-WNIIR |
o— PTB
—e— BelGIM
o— |FSM B
i —eo— LEI N
] ¢o— LABSAGAS |
-0.30 — 71 + 1 1 _r T r T T T T T T T
0 50 100 150 200 250 300 350 400 450
Q, m’/h

Puc. 4 — 3Beneni pesyapTatu Mi>kHapoIHUX 3BipeHb 3a TeMoro COOMET.M.FF-
S9 680/RU/16 B mianasoni 06'emHoi BuTpatu rasy six 20 m>/rox mo 400 m>/rox ms
eTasionHoro JiuniabHuka IRM-A-DUO G250
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0,05 o— PTB
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0'15 1 o— |[FSM
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0 1000 2000 3000 4000 5000 6000 7000
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Puc. 5 — 3Beaeni pesyapTatu MixkHapoIHUX 3BipeHb 3a TeMoro COOMET.M.FF-

S9 680/RU/16 B miana3zoni 06'emHoi ButpaTu rasy Bix 320 m>/rog no 6500 M>/ron muis

etaionHoro mymibauka TRZ G4000

B Tabmumsix 1 — 2 HaBeneHi pe3yNbTaTi PO3PaXyHKY CTYNEHIO €KBIBaJEHTHOCTI

Ey HallioHAJIbBHOTO MEPBUHHOIO €TajloHA OJUHUIL 00’ €My Ta 00'€MHOI BUTPATH raszy

JNETY 03-01-15 Ta Bropunnux erajoniB BETY 03-01-03-11 ta BETY 03-01-04-12,

sk1 30epiraroThes B JII1 «[BaHo-DpaHKiBCHKCTaHAAPTMETPOIIOT 1.

Tabmuns 1 — Pe3ynbpTaTu 3BipeHH B
mianazoni 20 — 400 m>/ron

O0’emHa
R Ey | Pesynbrar
BUTpATa, M”/TOJI
400 0.06 | Ycoimuo
350 0.23 | Ycoimuo
300 0.28 | Ycmimmo
250 0.48 | Ycmimmo
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Tabmuns 2 — Pesynbratu 3BipeHb B

mianazoni 320 — 6500 m>/rox

O0’emHa
3 Ey | Pesynprar
BUTpATa, M°/TO
6500 0.51 | Ycoimuo
5500 0.19 | Ycoimuo
4500 0.03 | Ycoimuo
3500 0.12 | Ycmimmo
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200 0.33 | Ycmimuo

150 0.13 | Ycmimuo

100 0.23 | Ycmimuo

60 0.20 | Ycmimuo

40 0.10 | Ycmimuo

20 0.26 | Ycmimuo
Makc. 3Hau. 0.48

2500 0.05 | Ycnimuo

1500 0.27 | YcnimHo

1000 0.35 | Ycnimuo

650 0.69 | YcmimHo

320 0.64 | YcmimHo
Makc. 3Hau. 0.69

BucnoBok. 3a pe3yinbraramMu yd4acTi B MDKHApOJHUX 3BIPEHHSX 3a TEMOIO

COOMET.M.FF-S9 680/RU/16

«3BIpEHHsI HAIIOHAJIBHUX €TaJOHIB B 00JACTI

BUTpATH i 00’ €My rasy B mianasoni Bix 20 10 6500 M*/roa» MOKHA CTBEPIXKYBATH, 110

HAI[lOHAIIbHUI TIEPBUHHUN €TaJOH OJUHUIL 00’eMy Ta 00'eMHOi BUTpaTH Tazy

JETY 03-01-15 ta Bropunni etanmonu BETY 03-01-03-11 1 BETY 03-01-04-12, siki

30epiraroThCs Ta 3aCTOCOBYIOTHCS B HAYKOBOMY MeTpoJioriunomy 1ieHTpi I «IBano-

OpaHKIBCbKCTAHIAPTMETPOJIOTISH €KBIBAJIEHTHI HAI[IOHAIBHUM €TaJIOHAM 1HIIUX

naboparopiii KpaiH — YYacCHHMKIB MDKHApOAHHX 3BIpEHb Ta € MIJACTaBOIO IS

posmpenHst Kiapkocti CMC — psankiB B Jiama3oHi 00'eMHOT BUTpaTd Tasy o

7800 M>/rog.
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