TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018
TECHNICAL SCIENCES AND TECHNOLOGIES

PO3ALJ III. EHEPI'ETUKA, EJIEKTPOTEXHIKA
TA EJIEKTPOMEXAHIKA

VIK 629.735
DOI: 10.25140/2411-5363-2018-4(14)-169-177

€seen Bonkanin, Cepeiii bBotixo, Onexciil I opoonit, Oxcana Bopucenxo, Anopiti {umepeys
ABTOMATHM3AIIA MPOLIECY MATHITHOI CETAPAIIII HAHOYACTHUHOK

Axmyanvnicme memu 00cniodHceHHA. AKMYanbHUM HAYKOBO-NPAKMUYHUM 3A80AHHAM € PO3POOKA ABMOMAMU308AHOT
cucmemu ynpagnintsa cenapamopad, 3 Memoio mo4Ho20 NiOMpPUMAHHI PEHCUMHUX NAPAMEMPIB.

Ilocmanogxa npodnemu. I'onosna mema yiei pobomu nonaeac 6 po3pooyi Memooie KOHmMponIo MASHIMHUX | PEHCUMHUX
napamempie cucmemu MaHimHol cenapayii 3a hpakyismu HAHOYACIMUHOK Y TINIOHUX 0OO0JIOHKAX.

Ananiz ocmannix docnioycens i nyonikayiit. [ia MaeHimnHo2o nooiny MazHimHO-CHPULIHAMIUGUX YACMUHOK (MONEKYI,
KOJOIOHUX 4acmuHOK) y nomoyi piounu 3acmocosyemucsa mexvonoeia Magnetic Split-flow thin Fractionation (SPLITT) [9].
SPLITT — mexnonoeis maznimuoi cenapayii 6 mouxux kananax (<0,5 mm) 3 poscikauem nomoxis, opiecHmosanux nepnenou-
KVIAPHO MASHIMHOMY NOMIO. YOOCKOHANEHHA MeXHON02ii NOOITY MOJICIUBO WIAXOM 3AMIHU MASHIMHOI cucmemu, mpaouyii-
Hoi' Ona SPLITT, macHimuoO cucmemoio, ska 8UKOPUCHOBYEMBCS Y (hepociopocmamuiHux cenapamopax, 3 Oiibulon oo-
aacmio 00HOPIOHO20 2padicHma 8 poOOUOMY NPOMIICKY.

Buoinenns nedocnioscenux yacmun 3azansnoi npoonemu. Bupobnuymeo nanonpenapamy 0nsa yineo80i docmagku Ji-
Kapcwkux 3acodis i gizyanizayii (diamemp macnimuux nanouacmunok 20...80 nm) nepeobauac guoinenns i3 8uxiono2o npe-
napamy HaHO4ACMUHOK cepedHboi hparyii. ICHyoUl Ha Cb020OHI MACHIMHI Memoou cenapayii He 00380.1510Mb YbO2O 3POOU-
mu. O0HuM i3 piwens € yOockoHanenHs macHimuoi cucmemu Papaodes, 3 Memor0 OMpPUMAHHA @enuKoi obaacmi 00HOPIOHO20
2padieHma MazHimno2o nois 8 poboyomy npomidxcky. Lle dae modcnugicmo po3micmumu 8 3a3HadeHiti obaacmi cenapayiv-
HULL KAHAL, KOHCMPYKYIsL IK020 00360J51€ PO3OLIUMU GUXIOHULL npenapam Ha mpu Qpaxyii.

Po3spobnena macnimna cucmema, saxka cmeopioc 8 pobouiii obnacmi gucokozpadicummue mazHimue none, siKe GNIUBAE HA
MPAcKmMopii pyxy MazHimHux HaHOYACIMUHOK, WO PYXAIOMbCA 8 ROMoyi piounu 6 cenapayitinomy xanani. Taxkooic pospobnena
KOHCIPYKYISL Cenapayitinozo Kamauy, ska 0036015€ pO30UIsimu NOMOKU PIOUHU, SIKI HeCYmb HAHOYACMUHKU DI3HUX (DpaKyiil.
3anpononosana cucmema npusHauena po3oiiamu UXIOHUT HAHONPENAPAM HA HACMYNHI Qparkyii: OPiOHI HAHOYACTMUHKY 3 PO3-
Mipom maznimnozo adpa 20 um i mMeHwie (Y momy Yuciti NOPOICHI NiNioHi 060NI0HKU); cepeOni HaHOYacMUHKU (Oiamemp aopa
20...80 um); senuxi nanovacmunxu (Oiamemp sopa 81...100 nm). Ha cbo200mi 3a60amms nonseae y cmeopeHti memoois po3pa-
XVHKY A8MOoMamu306aHoi cucmemu, wo 3abe3nequms HeoOXiOHi MazHImHi 1l pedCUMHI napamempu cenapayiiiHoi cucmemu.

Mema docnioxcennsn. Memoro yici pobomu € po3pobka Memooie MOHIMOPUH2Y MASHIMHUX MA PEICUMHUX NAPAMEMPI8
cucmemu MaeHimHol cenapayii 0ns paxyiti HAHOYACMUHOK Y TINIOHUX ODONOHKAX.

Buxnao ocnoenozo mamepiany. /[nisa nodiny HAHOYACMUHOK Gparkyismu HeOOXIOHO, W0 YacCmuHKU PISHUX PO3MIPIE pyXxd-
JIUCSL 83008D1C PI3HUX MPAEKMOPII Ni0 Ji€to MacHimHux ma 2iopoouHamiunux cut. Ha mpaexmopiro uacmurok eniueac ii pomip,
Maznemu3zayis ma zpadienm nona. LLJo6 maxcumizysamu 6iOXunEHHA HAMASHIYEHUX YACTUHOK 8I0 CHPAMYBAHH NOMOKY 8UNAD-
HO20 NPOOYKMY, KOHCMPYKYIsL cucmeMu po30iieHHs nepeddaiac 2eHepayiio MazHimHoi cunu, HanpsMoK AKOi NepneHOUKYIAPHULL
HanpsmMKy nomoxy i0okpemnenoco npooykmy. [lia 3abe3neuenns HeoOXiOHUX eKCniyamayitiHux napamempie npoyecy nooiny
NPONOHYEMBCS BUKOPUCTNOBYBATNU ABMOMAMUI0BAHY CUCIEM) KEPYBAHHS 3 BUKOPUCTIAHHAM HEUPOKOHMPOepa.

Bucnosku 6ionogiono 0o cmammi. Po3pob6nena cucmema cenapayii 0036015€ po30inamu Qpakyii HaHOYACMUHOK Y NOMO-
yi piounu, wo niomeepodicyemvcs uucenvHum mooenoganuam. bes 3acmocyeanna asmomamu3osanoi cucmemu YnpasniHHa
DPENCUMHUMU NAPAMEMPAMU NPOYECY MASHIMHOT Cenapayii HeMONCIUBO 3abe3neuumu noodin Gpaxyiti HAHOYACTUHOK, OCKLIbKU
HABIMb HE3HAUHE BIOXULIEHHS 8i0 PO3PAXYHKOBUX NAPAMEMPIS npuzgede 00 CNOMBOpeHHs npointo weuokocmeil piounu. OOHuM
i3 HaubINbLW NEepCneKMUGHUX NiOX00i6 peanizayii asmMoMamu308anHo20 YNPABNiHHA € 3acmocy8ants Helpokonmponepa. Ilooa-
AbUA podOMA 8 3A3HAYEHOMY HANPAMKY 6VOe noaseamu y (POpMySaHHi aneopummy YnpaeniHHs Ha 0asi HelpoKoHmpoepa.
TTiomeepooicennam 0ocmosipHocmi OMmpuMaHux memoois 6y0ymo pe3ynomamu eKCnepumMeHmanbHux 00CIi0NHCeHb.

Knrwuoei cnosa: macnimua cenapayis;, MacHimHa HAHOYACMUNKA 6 TINIOHIU 00010HYI, MasHimHa cucmema Papades;
8uUCOKO2padicHmue MacHimue noje; HeupoOKOHMpPONEep, A8MOMAMUZ0BANHA CUCTNEMA YNPABTIIHHSL.

Puc.: 7. Bion.: 10.

AKTYaJIbHICTh TeMHU IOCTiIKeHHsl. AKTyaTbHUM HAYKOBO-TIPAKTUYHUM 3aBJAHHIM €
pO3po0Ka aBTOMATU30BAaHOI CUCTEMH YIIPABIIHHS CEmaparopa, 3 METOK TOYHOTO MiATPUMAaH-
HS PSKUMHUX ITapaMeTpiB.

IMocTanoBka nmpo6aemu. 3acTOCYBaHHSI HAHOIIPEMapaTiB Ha OCHOBI MarHiTHUX HaHOYacC-
TUHOK BIIKpUBAa€ HOBI MOXKJIMBOCTI B MEIUIIMHI MiJ Yac MIarHOCTUKU U JIKYBaHHS 0aratbox
OHKOJIOTTYHMX 3axBOproBaHb [1-4]. Kpim 5ikyBaHHS pakOBUX 3aXBOPIOBAHb, MarHiTHI HaHO-
YaCTUHKH MOXYTh BUKOPUCTOBYBATHCS JJIS JIIKyBaHHS MICIIEBUX 3alajibHUX IMPOIIECIB 3 Me-
TOXO 3HIKCHHS TTOOIYHUX BILIUBIB [5].
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[upokoMy 3aCTOCYBaHHIO MAarHITHUX HaHOYACTHMHOK y O1OMEIUIIMHI MEPEUIKOPKAE BUCO-
KOBapTiCHE BUPOOHMIITBO, CKIIAHICTh 3a0€3M€UEHHS CTa0LILHOCTI BIATBOPIOBAHUX XapaKTEpH-
CTHK 1 CKJIQ/IHICTh OTPUMAaHHS MaTepialliB 3 By3bKUM PO3IOILUIOM YaCTHHOK 3a po3Mipamu [6].

Binpimicte BiJOMHX Ha CHOTOAHI METOMIB JAaOTh 3MOTY OTPMMYBATH HAHOYACTUHKH 13
HIMPOKHUM PO3IIOALIOM 32 po3Mipamu (aucrepeis 6ubiie 100 %).

BupoGHHITBO HaHOIpenapary isl LTbOBOI TOCTaBKH JIKapChKUX 3ac00iB 1 Bi3yamizarii
(miameTrp MarHiTHUX HaHouyacTHHOK 20...80 HM) mependayae BUALUICHHS 13 BUXIIHOTO Tperna-
paTy HaHOYAaCTHHOK cepelHbol (Ppakiii. Bimomi HUHI MarHiTHI METOAM cemnaparlii He J03BO-
JSI0Th 1HOTO 3po0uTH. OHUM 13 pillIeHb € YIOCKOHAJIEHHS MarHiTHOi cuctemu dapanes, 3
METOI0 OTPUMAaHHS BEJIMKOI 001acTi OJHOPIAHOTO Ipaji€eHTa MarHiTHOrO Moy B poOodomMy
npoMiKKy. Lle 1ae MOKIMBICTh PO3MICTUTH B 3a3HaueHI 00sacTi cenapauiiHuil KaHal, KOH-
CTPYKIis SIKOTO J03BOJISIE€ PO3AUIUTH BUXIJHUN ITpenapaT Ha TpU (pakiii.

VY [7; 8] po3pobiieHa MarHiTHa cucTema, sika CTBOPIO€ B poOodiil 06J1acTi BUCOKOTpali€H-
THE MarHiTHe MoJie, SIKe BIUIMBA€ HA TPAEKTOPIi pyXy MArHITHUX HAaHOYACTHUHOK, IO pyXa-
IOTHCSl B TIOTOLI PIIMHM B cenapamiifHoMy KaHalli. Takox po3po0iieHa KOHCTPYKIis cernapa-
LII{HOTO KaHaly, sKa JO3BOJISE PO3AUIATH OTOKU PIIMHU, SKI HECYTh HAHOYACTUHKU PIZHUX
¢pakuiii. 3anponoHOBaHa CUCTEMa MPU3HAYEHA PO3AUIATH BUXITHHI HaHONpenapaT Ha Taki
¢pakuii: qpiOH1 HAHOYACTUHKU 3 PO3MIPOM MarHiTHOro siipa 20 HM 1 MeHIe (B TOMY YHUCIi
MOPOKHI1 JIMiIHI 000JIOHKH); cepeHi HaHoyacTUHKU (niamertp siapa 20...80 HM); BenuKi Ha-
HouacTHHKH (miametp siapa 81...100 um).

Ha cporosHi 3aBaHHs MoJIArae y CTBOPEHHI METOIB PO3PaXyHKy aBTOMATH30BAHOI CHC-
TeMHU, 110 3a0e3MeYnTh HeOOXIH1 MarHiTHI i peXXKMMHI MapaMeTpu cenapariifHoi CUCTEMH.

AHaii3 ocTraHHIX JocHiqkeHb Ta myOjikamiii. [ MarHiTHOro mMoAUTY MarHiTHO-
CNIPUMHATIMBUX YaCTUHOK (MOJIEKYJ, KOJIOTIHMX YacCTMHOK) B MOTOLI PIAMHHM 3aCTOCOBYETHCS
texHonoris Magnetic Split-flow thin Fractionation (SPLITT) [9]. SPLITT — TexHonoris MarHit-
HOI cenapallii B TOHKUX KaHanax (<0,5 MM) 3 po3cikaueM MOTOKIB, OPIEHTOBAHUX MEPIEHIUKYJIS-
PHO MarHITHOMY TOJI0. Y TOCKOHATIEHHS TEXHOJIOT Il MOILTy MOXIIUBO IIUIIXOM 3aMIHUA MarHITHOT
cuctemu, TpaguuiiiHoi 1t SPLITT, mMaruiTHOIO cHcTeMoo, sika BUKOPUCTOBYEThCA Y (heporif-
POCTaTUYHUX CerapaTopax, 3 OUIBIION 00JIACTIO OTHOPIAHOTO IPAIiEHTa B pOOOUOMY IIPOMDKKY.

BusHaueHHs1 HeTOCTIIKEHMX YACTHH 3arajbHoi npodjemMu. TakuM YMHOM, aKTyallb-
HUM HayKOBO-IIPAKTUYHHMM 3aBJIaHHSIM € po3poOKa aBTOMATM30BAaHOI CHCTEMHU YIPaBIIHHS
cernaparopa 3 METOI0 TOYHOTO MIATPUMAHHS PEKUMHUX ITapaMeTpiB.

Merta craTtri. ['010BHa MeTa 11i€1 po6OTH NOJIsIrae B po3poo1li METO 1B KOHTPOJIKO MarHiT-
HUX 1 PSKUMHHUX MapaMeTpiB CUCTEMU MAarHiTHOi cemaparii 3a (pakiissMyd HaHOYACTHHOK y
JINITHAX 000JI0OHKAX.

Buxnan ocHoBHoro marepiany. Jlns 3ailicHeHHs cenapallii HAHOYaCTHHOK IO (pakiiisiM
HEOOX1THO, II00 YaCTUHKH PI3HOTO PO3MIPY pyXajlucs 3a PI3HUMH TPAEKTOPISIMH MiJ] Ai€0 Mar-
HITHOT 1 riipoauHaMiuHOi cuil. Ha TpaekTopito YacTUHKU BIUTMBAE i pO3Mip, HAMArHi4eHICTh 1
rpajieHT mojisl. SIKIo rpaieHT Mo 1 Horo HampsIMOK OyIyTh OJJHAKOBUMH B YCbOMY 00’€Mi
cenapariifHoro KaHaiy, HaMarHiueHi YaCTUHKM Pi3HUX (pakiiii OyayTh pyXaTucs 3a pi3HUMHU
TPAEKTOPISIMU (BEJTMKI YaCTUHKHU 3aBJSKU OUIBIIOMY MarHiTHOMY MOMEHTY OyAyThb CHIIbHIIIE
BIIXWJIATHUCS MiJ Ji€f0 MarHitHoro mosist). [Ipu nboMy HaHOYACTUHKY MOBUHHI OyTH HaMarHide-
H1 IO HACMYEHHS], 11100 TX MarHiTHUI MOMEHT OyB MPOMOPLIHHUI pO3MIpy iX MarHITHOTO s/pa.

Ji1st MaKCUMAaJTbHOTO BIXMJIEHHS! HAMAarHiu€HUX YaCTUHOK B1Jl HAPSMKY IIOTOKY cenapo-
BaHOTO MPOJYKTY KOHCTPYKIIis cenapaliifHoi cucTeMu nepeadayae reHepariito MarHiTHO1 CH-
JIM, HAIPSIMOK SIKOT NEpHEHIMKYIIIPHUNA HANPSMKY ITOTOKY CEMapOBaHOI0O MPOJIYKTY.

Ionepeunuii mepeTHH MarHiTHOT CUCTEMH 1 pOOOUOT0 MPOMDKKY Mpe/ICcTaBieH1 Ha puc. 1 12.
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poGOUHIT IPOMIKOK
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Puc. 2. Obracme oonopionoco epadiecnma 6 pob6ouomy npoMINCKYy MASHIMHOIL cucmemu

CenapaniifHuii kaHaa po3MillleHUuH y poO0YOMy NMPOMDKKY MarHiTHOi cucremu. Kanan Ha
BXOJIl PO3JUICHUN HA JIBa TOPU3OHTANBHUX KaHaiu. Lle 1ae MOXIMBICTH MOJaBaTH BUXITHUN
HaAHOIIpenapaT y BEpXHIO YaCTUHY KaHally, a B HIXKHIO MoAaeThes OydepHa pianHa (pO3UUHHUK
TOTO X XIMIYHOTO CKJIady, TYCTUHH Ta TeMIEpPaTypH, 10 i POZUMHHHUK, SIKHH € OCHOBOIO HaHO-
npemnapary). Ha Buxoni cenapauiiiHuii kaHan po3auieHHH Ha KiIbKa FOPU30HTAIbHUX KaHAIIB,
110 J03BOJISIE€ PO3AUISATH NOTOKHU PIAMHY, SIK1 HECYTh HAHOYACTHUHKH pi3HUX (pakuii (puc. 3).
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Puc. 3. Koncmpykyia cenapayiiinoco xaunany
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KoHcTpykTHBHI NapameTpu cenapaniinoro kaHany (puc. 4): mmpuHa w,, BUCOTa A, BIC-
TaHb / MDK po3cikauaMu. PexxumHi mapamerpu: 06’ eMHa BHTpaTa BUXIJIHOTO Tipenapary Vi,
00’emHa BuTpara OydepHoi piquHu Viy2, 00’€MHa BUTpaTa MOTOKIB PO3IUIEHUX cbpaKuu/I Vout.

Buxinaum nmapameTpom uis po3poOKu cenaparopa € 00’eMHa BUTpaTa BUXIAHOTO HaHO-
npenapary Vi,;. 3a3HaueHM Mpenapar CKIaJaeThCs 13 PO3UMHHUKA i HAHOYACTUHOK PO3Mi-
pom 0...100 um [9].

Kinbkicts cepennboi (20 ... 80 M) ¢dpakuii B Tpu pa3u O6uible, HDK ApiOHOT (0...19 HM) 1
Benukoi (81...100 um). Ilpu boMy NpOAYKTUBHOCT1 BUX1THUX NOTOKIB HACTYIIHI:

I/outl = I/out3 inl 5 (1)
I/outZ = 31/1;11 3I/out1 5 (2)
I/inl + I/inZ I/outl + I/outZ + I/out3 (3)
O06’emHa BuTpara OydepHoi piAuHu:
I/inZ = 4I/inl : (4)

BpaxoByroun npoJlyKTUBHICTb IOTOKIB, TEOMETPit0 poOOUOro MPOMDKKY H cenapariiitHoro
KaHally, a TAaKOK TOBIIMHY CTIHOK KaHally, CIIIBBITHOLICHHS PO3MIPHUX MAapaMeTpiB TaKi:

h=10w; we = 2,8w; he = 3h/5 = 6w.
HaBenemo npoayKTUBHICTh MOTOKY Yepe3 MapamMeTpy KaHamy:
I/inl = vachc /5 ’ (5)
1€ Vo — LIBUJKICTh IOTOKY PIAMHU B KaHAaI, M/C.
Bigcrads MK OJIFOCAMU:
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Puc. 4. Ilonepeunuii nepemun po6014020 NPOMINCKY 3 PO3MILYEHUM
Y HbOMY CenapayitiHum KaHaiom

Bincrans Mk po3cikadyamu MOTOKIB:

vV mnd
ll — outl 77 21 : (7)
w ,uomplgradHO
Z 3( outl out2)7z-77 d22
’ Wc:LlO p2gradH0

®)

ne doi, d22 — T1IpOAMHAMIUHI JlaMeTpU HAHOYACTUHOK 3 AlaMeTpaMu MarHiTHoro siapa 20 1 81
HM BIIMIOBIZHO; Mp], Mp2 — MArHITHI MOMEHTH HAaHOYACTHHOK 3 JllaMeTpaMy MarHiTHOTO siipa
20 1 81 HM BiAMOBiNHO; gradHy — Tpafi€eHT HANPYXEHOCTI MarHiTHOTO MOJiA B poOodYoMy
IpOMiKKY, A/M%; 1| — IMHAMIYHA B'S3KicTh pigunu, [a-c.
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3Ha4YeHHs /2 TaKOX € IOBKHUHOIO po00YOro MPOMDKKY MarHiTHO CUCTEMHU.

3 MeTor0 3a0e31eyeHHs HeoOX1THUX PEKUMHHIX ITapaMeTpiB Mpoliecy cenaparii IpornoHy-
€TbCS 3aCTOCYBAaTH aBTOMATHU30BaHY CHUCTEMY YIIPABIIHHS 3 BUKOPHCTAHHSIM HEMPOKOHTPO-
nepa (puc. 5).

=== Hefiporoarpoasp

|
BumiproBaisaii T

i (1] i
i
| C
eMapaTo
JaT e Y FAYOR
AMAFH [I0UIH DIIoK
— | HAcOCiE
Jarasen
IIRILTROCTI

Puc. 5. Cmpyxmypna cxema asmomamu3z06anoi cucmemu ynpasiintsa cenapamopa
HAHOYACMUHOK 13 MazHimuoio cucmemoro Dapades 3 GUKOPUCMAHHAM HEPOKOHMPOaepa

bnok matumkiB nepenae AaHi B HEHPOKOHTpoJiep. Y poJii JaTYMKIB BUKOPUCTAaHI ONTHYHI
JATYMKH IIBUIKOCTI MOTOKY, BCTAHOBJIEHI B cenapalifiHoMy KaHalli (KOHTPOJIIOEThCS 00’ eMHA
BUTpata Vj,; BUXITHOTO Mpenapary, o0'eMHa Butpata Vi,2 OydepHoi piauHH, 06’€MHa BUTpa-
Ta Vour TIOTOKIB po3AiIeHUX (Dpakxiiif), a TaKOXX JATYMKUA IHTEHCHMBHOCTI MAarHiTHOTO MOJIs,
PO3MIllleH] B KJIIOYOBUX TOUKaxX MarHirHoi cucreMu. HelipokoHTposiep aHali3ye mapamerpH,
10 HaAIAILIM Bi OJIOKY JATUYMKIB, 1 HANpaBiisge KEPYOUMA CUTHA] Ha OJIOK NEepUCTATIbTHY-
HUX HAcOCIB JUIsl KOPEKIIil TOTOKIB.

[lepeBaroro HEWPOKOHTpOJIEPA B IIbOMY BUIAJIKY € T€, L0 BIH MOX€E OJJHOYACHO IpUiiMa-
TH CUTHAJIM BiJl YCIX JaTYMKIB BUMIPIOBAIBHOTO OJIOKY i OJHOYACHO aHATI3yBaTH iX Y peKu-
Mi peajibHOTO 4acy, OCKUIbKH MPH peajizallii i€l cXeMH 3BUYalHUMU KOHTpPOJIEpaMH, OJIHO-
YacHO aHaJi3yBaTH CHUTHAIM 3 JaTYMKIB BUMIPIOBAJILHOTO OJIOKY B PEXUMI TEMEPILIHHOTO
yacy HeMOkJuBo [10].

[Ipu poMy MOTOYHMI CTaH HEMpPOHA BU3HAUAETHCS K 3BaXKEHA CyMa HOro BXOJIIB:

$= 2%, )
i=1

Buxin HelipoHa € QyHKIis HOTO CcTaHy:

y =15). (10)

Takum yuHOM, HAWOUIBII ONTHUMAIBLHUM METOJIOM BHUPILIEHHS MOCTaBJICHOI 3a/1a4il € 3a-
CTOCYBaHHSI HEUPOHHUX MEPEK.

Ha ocHOB1 po3po06iieHOT METOMKHN MPOEKTYBaHHS CerapaTropa HAaHOYACTUHOK 13 MarHiT-
Hoto cucteMoro dapajiess BUKOHAHO PO3paxyHOK MapaMeTpiB MarHiTHOI CUCTEMH H cemapa-
LiIfHOTO KaHaiy. 3a OTpPUMAaHUMH JaHUMH BUKOHAHO JBOMIpHE MOJIEIIOBAHHS CENapaLiiHOro
KaHaiy. Pe3ynbTaTté po3paxyHKy IIBUAKOCTI MOTOKY B CelapaliiHOMy KaHalll € BUXIIHUMHU
JAHUMU ISl PO3paxyHKy T'IpoAMHAMIYHOT CUITH. Bizyamizanis MBUAKOCTI MOTOKY, OTpUMaHa
3a JIOMOMOTOI0 MOJETIOBAaHHS METOJIOM CKIHUEHUX €JIEMEHTIB, [T0Ka3aHa Ha puc. 6.
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Surface: Velocity magnitude {m/s)
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Puc. 6. Po3nooin weuokocmi nomoky 6 cenapayiiHomy Kamauii
Bizyanizanis Tpa€kTopiii HAHOYACTUHOK Yy cenapaliiiHoMy KaHall IpeCTaBiIeHa Ha puc. 7.
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Puc. 7. Tpackmopii nanouacmunox y cenapayitiHomy KaHaui

BucHoBkM BianmoBinHo 10 crarTi. Po3poliiena cuctema cenaparttii J03BOJISIE PO3AUIATH
¢dpakuii HAHOYACTUHOK Y MOTOIlI PIAWHM, IO MIATBEPIKYETHCS YACETbHUM MOJICTIOBAHHSIIM.
be3 3acTocyBaHHSA aBTOMAaTH30BAaHOT CUCTEMHM YIPABJIIHHS PEKUMHHUMHU MapaMeTpaMu Mpolie-
Cy MarHiTHOI cemnapaiii HEMOXJIMBO 3a0e3ne4uTH MoAaul (pakiiii HAHOYACTHMHOK, OCKUIBKH
HaBITh HE3HAYHE BIJXWUJICHHS B PO3PaxyHKOBHMX IapaMeTpiB MPHU3BEIE O CIOTBOPEHHS
npodiao mBuaKkocTel piauHU. OAHUM 13 HAMOUIBII MEPCIEKTUBHUX MIIXO0IB peanizalii aB-
TOMAaTH30BaHOTO YIPABIIIHHS € 3aCTOCYBaHHs HelpokoHTpoJepa. [loganpma poboTa B 3a3Ha-
YEeHOMY HamnpsAMKy Oyze moJjsaraTd y GopMyBaHHI aJrOpUTMY yIpaBiIiHHS Ha 0a31 HEHPOKOH-
Tposepa. IlinTBepAKEHHSAM JOCTOBIPHOCTI OTPUMAHMX METOAIB OyayThb pe3ylbTaTH
eKCHEPUMEHTAJIbHUX JOCIIIKEHb.
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Yevhen Volkanin, Serhii Boiko, Oleksiy Gorodny, Oksana Borysenko, Andrii Dymerets
AUTOMATIZATION OF THE NANOCHASTIC MAGNETIC SEATING PROCESS

Urgency of the research. An urgent scientific and practical task is the development of an automated control system for
the separator in order to accurately maintain the operating parameters.

Target setting. The main objective of this work is to develop methods for monitoring the magnetic and operating param-
eters of the magnetic separation system for fractions of nanoparticles in lipid shells.

Actual scientific researches and issues analysis. For magnetic separation of magnetically susceptible particles (mole-
cules, colloidal particles) in the fluid flow, the Magnetic Split-flow thin Fragmentio-SPLITT technology is used. SPLITT is a
magnetic separation technology in thin channels with a flow divider oriented perpendicular to the magnetic field. Improve-
ment of the separation technology is possible by replacing the magnetic system, traditional for SPLITT, with a magnetic sys-
tem used in ferrohydrostatic separators, with a larger area of uniform gradient in the working gap.

Uninvestigated parts of general matters defining. The production of a nanopreparation for targeted drug delivery and vis-
ualization (the diameter of magnetic nanoparticles is 20 ... 80 nm) implies the isolation of medium fraction nanoparticles from
the initial preparation. Existing magnetic separation methods do not allow this. One solution is to improve the Faraday magnet-
ic system in order to obtain a large area of a uniform magnetic field gradient in the working gap. This makes it possible to place
in the specified area a separation channel, the design of which allows the initial preparation to be divided into three fractions.

The design of the separation channel has also been developed, which allows separating the liquid flows carrying nano-
particles of different fractions. Today, the task is to create methods for calculating an automated system that provides the
required magnetic and regime parameters of a separation system.

The research objective. The purpose of this work is the development of methods for monitoring the magnetic and regime
parameters of the magnetic separation system for fractions of nanoparticles in lipid shells.

The statement of basic materials. For the separation of nanoparticles by fractions, it is necessary that particles of dif-
ferent sizes move along different trajectories under the action of magnetic and hydrodynamic forces. The particle trajectory
is influenced by its size, magnetization and field gradient. To maximize the deviation of magnetized particles from the direc-
tion of flow of the vaporized product, the design of the separation system involves the generation of magnetic force, the direc-
tion of which is perpendicular to the direction of flow of the separated product. To ensure the required operational parame-
ters of the separation process, it is proposed to use an automated control system using a neurocontroller.

Conclusions. The developed separation system allows to separate the fractions of nanoparticles in the fluid flow, which
is confirmed by numerical simulation. Without the use of an automated control system for operating parameters of the mag-
netic separation process, it is not possible to ensure the separation of nanoparticle fractions, since even a slight deviation
from the calculated parameters will distort the velocity profile of the liquid. One of the most promising approaches for the
implementation of automated control is the use of a neurocontroller. Further work in this direction will consist in the for-
mation of a control algorithm based on a neurocontroller. Confirmation of the reliability of the methods obtained will be the
results of experimental studies.

Key words: magnetic separation, magnetic nanoparticle in the lipid shell, Faraday magnetic system, high gradient
magnetic field, neurocontroller, automated control system.
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Michal Kelemen
DESIGN OF PUCK COLLECTING ROBOT

Urgency of the research. There is a need for service robots for cleaning, cutting the grass, vacuum cleaners, waste col-
lectors etc. Service robots also can help with dangerous application like mine removing or inspection of dangerous places.

Target setting. Puck collecting robot is designed for collecting of wood pucks in arena and bringing to home position.

Actual scientific researches and issues analysis. Other similar task is collecting of products on production line in facto-
ry. Next possible application is collecting of any fruits or vegetable on plantation.

Uninvestigated parts of general matters defining. The questions of the design of waste collecting robots are uninvesti-
gated, because the next research will be focused to this.

The research objective. Puck collecting competition is based on collecting of pucks of selected colour and bringing to
home position of the same colour. Two wheeled concept of the robot with differentially driven wheels has been selected for
high manoeuvrability on small place.

The statement of basic materials. Locomotion System structure consist of undercarriage with two geared DC motors
with rubber wheels with diameter 110 mm controlled via using of locomotion microcontroller. Puck collecting system in-
cludes mechanical collector with puck color sensor, home base color sensor, puck sorter and puck handling microcontroller.

Conclusions. Key role of the solved robotic project is obtaining of practical experiences from the robot design and
building. Robot developing is as perfect example of practical exercises. The robot is also designed as didactic tool for stu-
dents training. The task of this mobile robot is similar to application in industry.

Keywords: Mobile robot; locomotion, sensor; color recognition, navigation.

Fig.: 7. References: 16.

Introduction. Currently robotic application in service area grows up. Robots are often
used for cutting the grass, for vacuum cleaning etc. Design of these robots are complicated,
because there is a need to integrate mechanics, electronics and software. This combination
means the synergy integration [1-10].

The topic of this paper is design of mobile robot for puck collecting. It means that robot
will looking for puck (rotate disc with diameter 40mm and height 20mm), collect them and
bring to defined position. In practice this robot could be used for collecting of waste on
streets. Other similar task is collecting of products on production line in factory. Next possible
application is collecting of any fruits or vegetable on plantation. Puck collecting competition
is based on collecting of pucks of selected colour and bringing to home position of the same
colour. Arena is a square with 2.5m edge (fig. 1).

Fig. 1. Pucks and arena for puck collecting competition

The dimension of the robot is maximum 50 cm square with non-limited height. Time limit
is 3 minute. In this time interval robot should collect own pucks and bring to home position.
Colour is selected before the match. Robot cannot be aggressive against the rival robot. It
looks very simple, bet robot should do several activities as:

- locomotion on arena inside the barriers,

- looking for pucks,

- recognize colour of puck,

- collect puck,

- recognize colour of ground and looking for home position of assigned colour,

- bring collected pucks to home position,

- follow the time, because time is limited,

- recognize the rival robot and avoid him.

© Kelemen M., 2018
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1. Design of the robot. All activities have to be executed in time 3 minutes. Design of ar-
rangement of robot undercarriage is first important step in robot design. The aim is to select
the most suitable robot undercarriage (fig. 2), collecting system, sensors and control system.
Two wheeled concept of the robot with differentially driven wheels has been selected for high
manoeuvrability on small place. First step was design of system structure shown on figure 3.

Fig. 2. Undercarriage of puck collecting robot
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Fig. 3. System structure of puck collecting robot

System structure consist of undercarriage with two geared DC motors with rubber wheels with
diameter 110 mm controlled via using of locomotion microcontroller. This microcontroller also
needs collision distance sensors for sensing of pucks and rival robot. Puck collecting system in-
cludes mechanical collector with puck color sensor, home base color sensor, puck sorter and puck
handling microcontroller. Both microcontroller are connected with serial interface. The system also
includes real time clock timer, which gives the information about incoming end of match.

2. Puck collector. Puck collector consist of one way trash rack system with guider. Dur-
ing the robot motion, puck continues to puck color sensor and puck sorter. After sorting puck
is stored in corresponding chamber (fig. 4).
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R 3 '.

Fig. 4. Puck collector and sorting place in undercarriage of the robot

3. Color recognition sensor. The color sensor is necessary for recognition of puck color
and home base area color. Consequently, robot needs two these color sensors. There are two
color pucks and home base area color. One is red color (RAL3024) and second is blue
(RAL5013). Color sensor has been made from photosensitive resistor and high intensity light
LED diodes (fig. 5). Light from LED diodes is reflected into photosensitive resistor. Output
of the sensor is processed with electronic part and it is captured into microcontroller.

Fig. 5. Color sensor

After calibration, there is a calibration curve for red puck and blue pucks shown on fig. 6).
There is a significant difference and this system can be used for color recognition of the puck
and of the home base area.
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Fig. 6. Calibration curves for puck color sensing

The same sensor is used for color sensing of puck and also for the sensing of color of

home base area.

4. Collision sensors. Collision sensor are used for detection of pucks and rival robot be-
fore our robot. For this purpose is used ultrasonic sensor and infrared sensor as wireless sen-
sors, but also there are whiskers as touch sensors.
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Fig. 7. Collision and navigation sensors

5. Final robot realization. Finalized robot has attend of the competition. The robot was
looking for pucks and made obstacle avoidance. Robot is fully autonomous without any re-
mote controlling. Robot is moved by the geared DC motors. DC motors are equipped with
encoder position system as feedback information for the control system.

Fig. 7 Finalized robot and attendance on competition

Conclusion. Key role of the solved robotic project is obtaining of practical experiences
from the robot design and building. Robot developing is as perfect example of practical exer-
cises. The robot is also designed as didactic tool for students training. The task of this mobile
robot is similar to application in industry [11-16].
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VIIK 004.4
Mixan Kenemen
IMPOEKTYBAHHS POBOTA J1J1s1 3SUPAHHSA IIAWUB

Axmyanvnicms memu oocnioxycenna. Icnye nompeba 6 cepgichux pobomax Ons NpUOUPaHHs, NOKOCY MPasu, NUIOCO-
cig, cknadanmsa cmimmsa i m.0. CepgicHi pobomu maxoc Moducynms 00NOMO2Mu 3 Hebe3neuHUMU 8uOamu pooim, maxkum K
npubupanis y wiaxmax abo 02110 Hebe3neuHux Micyb.

Ilocmanogxa npoonemu. Pobom ons 36upanns waii6 npusnadenuii 015 30upanHs 0epes'saHux waib na oinanyi i noge-
PHEHHSL IX Y NOUAMKOBE NONOINCEHHSL.

Ananiz ocmannix oocnioycens i nyonikayiil. Inuum ananoeivnum 3a60aHHAM € MPAHCNOPMYBAHHS 20MO080i NPOOYKYii
8UpOOHUYOT NiHIT Ha 3a600i. Hacmynhe Modciuge 3acmocyganis — 36ip 6yOb-Kux Qpykmie abo 0804ie Ha niaHmayii.

Buoinenns nedocniodcenux wacmun 3azanvnoi npoonemu. Ilumanna po3podku pobomis, wo 30uparoms 8ioxoou, He
odocniodiceri, momy Hacmynte 00CHiONCeHHs 6y0e 30CepeddlCceHo HA YbOoMY.

Ilocmanogka 3as0annsa. Kouxkypc 3i 30upanis waiib 3acHo8anuti Ha 30upanti wmatib 06pano2o Koibopy i mpancnopmy-
6AHHs IX Y 6UXIOHE NONONCEHHS. JIIsl UCOKOI MAHEBPEHOCMI 8 OOMENHCEHOMY NPOCMOpI, OYyIa 06paHA 0BOKONICHA KOHYeNnYist
poboma 3 He3aneANCHUM NPUBOOOM KOJiC.

Buknao ocnosnozo mamepiany. Koncmpyxyis cucmemu nepemiujeHHs cKIa0aemvpcs 3 waci 3 080mMa peoyKmopHumu
ogueyHamu NOCMItiHO20 cmpymy 3 2ymosumu konecamu oiamempom 110 mm, Kepoganumu 3a 00ONOMO2010 MiKpOKOHmMponepa
nepemiwgenns. Cucmema 30upanHs wWaubd GKIIOYAE MEXAHIYHUL KOIEKMOP 3 0AMYUKOM KONbOpY Waiidu, 0amyuk OCHO8HO20
KONIbOPY, COPMYBANbHUK walid i Mikpokonmponep oopooxu waiid.

Bucnogxu 6ionogiono oo cmammmi. Ocnogna mema 3anponoHO8AH020 POOOMOMEXHIUHO20 NPOEKM) — OMPUMAHHSL
NPAKMUYHO20 00C8I0Y NPOEKMYBAHHA | 8U2OMOGIEeHHs. poboma. Po3eumox po6omie - npekpacHuil npuxiao npaKmuiHux
enpas. Pobom makooic po3pobnenuti Ax OudaxmuyHull iHcmpymenm 015 Haguauusa cmyoenmis. Mooicnueocmi 3anpononosa-
H020 MODINLHO20 pobOma 8i0N0BIOaMs 3a80AHHAM, SAKI BUDIULYIOMbCA 8 NPOMUCTIOBOCHIL.

Knrouosi cnosa: mobinvruii pob6om,; nepemiwyenus; ceHcop; po3nizHaganHs KOIbopis, HaABieayis.

Puc.: 7. Bién.: 16.
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o1 MACOI'ABAPUTHUX TA BAPTICHUX ITAPAMETPIB
KOMEPIHIMHUX COHAYHUX IHBEPTOPIB

Axmyanvnicme memu 0ocnioncenun. OOnum 3-nOMidiC OCHOBHUX PAKMOPI8, WO CIMPUMYIOMb WUPOKE BNPOBAOICEHHS
cucmem eneKmpodAICUGIeH s HA OCHOBI hOMOeNeKMPUUHUX NePemeoplo8atie aK y nobymi, max i 8 ckniadi pyxomoi mexuixu, €
eabapumui po3mipu ma eucoxa gapmicms maxux cucmem. Cymmegy wacmuny 6apmocmi CmaHosums came nepemsopiosa,
Wo 3aumac nOMimHutl 06°eM ma Micmums y c8OEMy ckaaoi gucoxkoeapmichi mamepianu. Ha punky npucymmuiti wiupoxuii
8ubip ineepmopis i3 piznumu xapakmepucmuxkamu ma yinoro. Cmamucmuunuil auaniz ma onMUMaibHull GUOIP MaxKux npu-
Ccmpois € aKkmyanbHuM RUMAHHAM CbO200€HHS.

Ilocmanogxa npobnemu. /s eghekmugHo2o nooanbui02o NOKPAWeHHs. MAco2abapum1ux ma 8apmicHux napamvempie
nepemsopiogaua mpeba cnouamy OYiHumu HasA6Hi Ha c8iMo8oMy punKy npucmpoi. IIpoananizyeamu ix napamempu, ocoo-
AUBOCMI MA XAPAKMEPUCTUKU.

Amnaniz ocmannix 0ocnioxcens i nyonikauii. [lemanvruil 027130 CydacHux 00Ciodxicens ma nyoniKayit 003801U8 BU3HA-
yumu Mmaki ocoonUBOCmi CyuacHux Komepyiinux mooenel nepemsopiogadis. Ilo-nepuie, 8upoOHUKU He PO3KPUBAIOMb 0COD-
augocmell 6Hympiunboi nobyoosu ceoix supobie. Ilo-opyze, egpexmusnicmo, ynxyionanvnicme ma macoeabapumui napa-
Mempu CUNbHO GIOPIZHAIOMbCA 3ANENHCHO 8i0 NOMYIICHOCH MA 8APMOCMI NepPemeoplosaUd.

Buoinenns nedocnioxcenux wacmun 3a2anshoi npoonemu. [{iia 1pyHmogHo20 NOPIGHAHHA NEPemBOpIo8aie 3a iXHboio 8a-
pmicmio ma macozabapumamu HeobXioHo 3anpononyeamu Kinbkicri napamempu. Tlompiono ecmanogumu KinbKicHuti 36 30K
Midic apmicmio, 00 €MOM, NOMYIICHICMIO MA egheKMUBHICIIO NepemeopiosaUa, Wo patiuie 3600UBCsi 00 NUMOMOT HOMYIHCHOCHII.

Ilocmanogka 3ae0anns. Bcmanosumu kpumepii oyinku macoeabapumnux ma 6apmicHUX Xapakmepucmux iHeepmopis,
Wo Mo2ICymb 6Ymu po3paxosami Ha OCHOBI BiILHO NOWUPIOBAHUX OAHUX.

Buknao ocnosnozo mamepiany. byno 8uKkoHano ananiz cyvacno2o pisHsa po3eumKy KoMepyitinux mooenei nepemsopio-
8aui8 y CKNAOI COHAUHUX CUCmeM Y WUPOKOMY Oianazoni nomysxchocmeil. Poszenanymo npucmpoi npogionux ceimogux aupoo-
HUKIB, NOMYAHCHICIb AKUX Konugaemucsi 8 dianazoHi 6io 200 0o 5000 Bm.

Odepoicani 3 @ioKkpumux odicepen hapamempu npucmpois 36edeHo 8 nopieHanvii mabnauyi. Po3nodin na epynu 8UKOHaHo
30 NOMYdACHICMIO TH8epMOpI8. Budineno mpu epynu nopigHIO8aAHUX NPUCMPOIB. 00 NEPULOT HATeXHCaAmb THEEPMOPU NOMYICHI-
cmio 0o 1 kBm, do opyeoi — 6i0 1 do 3 kBm, 0o mpemwvoi — 6i0 3 0o 5 kBm 6ionosiono.

byno 3anpononosano 08a uucenvri nokasHuku 01 NOpi6HAHHA nepemeopiosayie. Ilepwuii nokazye sapmicms 0OUHUYi
nomyaicHocmi, opyauii — numomy 06 'emuy eapmicmo. 3a pe3yrbmamamu po3paxynkie no6y0o8ano cmosniuukosi diazpamu
0718 KOJICHO20 3 NOKA3HUKIB ) MeJICAX CEOCET epyni.

Bucnogxu. 3anpononosani nokasnuku 00380Ja10Msb OYIHIOBAMU MACO2AOAPUMHI NOKA3HUKU NepemB8oplosayis, 36adica-
104U HA BIILHO NOWUPIOBAHT OAHI.

Knrouoéi cnosa: macocabapummi napamempu,; numoma nomydicHicmy, Koegiyienm Kopuchoi 0ii; cunouti nepemeopiosat.

Puc.: 10. Tabn.:2. Bién.: 11.

ITocranoBka npobsaemun. BHecok cuctem BiHOBIIIOBAHOI €HEPreTHKH B 3arajbHy CBITOBY
TeHEepaLlio eeKTpoeHeprii HeBNUHHO 3pocTae (puc. 1) [1]. Lle sBume BukinkaHo, 3 0AHOTO OOKY,
BHUCHQ)KEHHSIM TPATUIIMHAX BUIIB MAINUBA, 3 1HIIOTO — YCBIIOMIJICHHS JIOJCTBOM CBO€T BIAMOBI-
JaTBHOCTI 32 cTaH JOBKULTA. OHUM 13 TUIIIB TAKUX CHCTEM € CUCTEMH COHSIYHOI CHEPTeTHKHU.

Total Final Energy Consumption
(Exajoules)
400

Share of TFEC
20%

@ Energy demand (TFEC)

@ Combined renewables

—— -]
3 Maodern renewables
10 year
growth rates

Modern
[ Al renewables, 10% 260 mgwahles:
excluding hydropower : e growing at more
I — than twice the
B Hydropower rata of

W Traditional biomass demand

E Fossil and nuclear energy

Traditional
biomass:
growing at only
half the rate
of demand

Source: See endnote 13 0% T T T T - T T T T
for this chapter. 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Puc. 1. 3mina vacmxu ionoenosanux odxcepen enepeii y ceimosiii cenepayii
3a 2004-2014 poxu

© ®decenko A. I1., I'yces O. O., Uyd A. 1., Binnikos /I. B., Mattomkin O. O., 2018
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[Hupoke BnpoBapKeHHS MOMIOHUX JPKEpEN €Heprii CTPUMYEThCS K 3HAUYHOIO BapTICTIO,
TaK 1 CyIT€EBUMH rabapUTHUMH MapaMeTpaMu Ta Macoro. OCKUIbKY MPUHLMIIOBE 3MEHILIEHHS
101l (POTOETEKTPUYHUX MTEPETBOPIOBAUIB O€3 MPONOPLIHHOT BTPATH MOTYXHOCTI HEMOXKJIU-
B€ [IPU TaKOMY PiBHI PO3BUTKY HayKHU 1 TEXHIKU, IEPCIIEKTUBHUM BUJIAETHCS OMTUMI3ALlIS Ma-
corabapUTHUX apaMeTpiB IHBEPTOpa.

AHaJI3 ocTaHHIX q0CaiIKeHb i my0Jikaniii. 3HauHUN BHECOK Yy MacorabapuTHI MoKas-
HUKHU IHBEpTOpa BHOCATH CaMe MAaCUBHI KOMIOHEHTH. Tak, eeKTPOIITHUHUI KOHJICHCATOp Ha
CTOPOH1 MOCTIHOTO CTpyMYy Ma€ 3HauyH1 rabapuTHI PO3MIpH, MPOMOPLIHHI CTpyMaM Ta Ha-
npyram. 3amiHa IbOTO KOHJAEHCATOpa IJIIBKOBUM MOKE CYTTEBO 3MEHIIUTH rabapuTH Ta 301-
JBIIUTH HAIHHICTh IIbOTO HEBI €MHOTO €JIeMEHTa MepeTBoproBaya [2]. 3a3Buuail iHBEpTOp y
CKJIaJli CHCTEM COHSYHOI €eHEPreTUKU MICTUTh Y CBOEMY CKJIaJll IEPEeTBOPIOBAY, IO MiJBUIIYE
Ta MOHIXKYe Hanpyry. OnTuMizanis eJIeMeHTIB LIbOTO MEePEeTBOPIOBaYA € OJTHUM 31 LIUIAXIB JI0
3MEHIICHHsI MacorabapuTHHUX MapaMmeTpiB MpUCTporo 3araioM [3; 4]. Jlns 3meHieHHs raba-
PUTHUX PO3MIpIB, K1 BHOCATh aKTHBHI KOMIIOHEHTH, MOKJIMBUM € M1IBULIEHHS YaCTOTH KO-
myrtanii. Lle npusBene 10 3MEHIIECHHS po3MipiB Ta HOMIHAIIB NACUBHUX KOMIIOHEHTIB, aje, y
CBOIO Uepry, KOMyTalliiiHi BTpaTtu 3pocTyTh [5; 6].

3HauHa yBara NpUIUTSIETbCS KOMEPIiHHINA e(heKTUBHOCTI BUOOPY KOHKPETHOTO 1HBEPTOpa
JUIs KOXKHOT KOHKpeTHOI cucteMu. Takuii BUOIp € TOCUTBH CKIAJHOIO0 MPOOJIEMOIO, OCKUTBKU
BapTO BPaxOBYBAaTH OCOOJMBOCTI KOKHOTO KOHKpeTHOro 3actocyBaHHs [7]. Tak, BUsBIEHO
JesKi 0COOIMBOCTI CUCTEM 13 (POKYCYBAaHHSIM COHSYHOI eHeprii [8]. JluHamiuyHMi pO3BUTOK 5K
MEPETBOPIOBAYIB, TAK 1 IHIIMX €JIEMEHTIB CUCTEMH BHUMAara€ BHECEHHS KOPEKTHB a00 HaBITh
neperiisiay BUCHOBKIB, 110 Oy aKTyaJbHUMH B HETAIEKOMY MUHYJIOMY [9].

Jleski koMIaHii, 1110 3aiiMal0ThCsl BCTAHOBJICHHSAM MOOYTOBUX COHSIUHUX €JIEKTPOCTAHIIM,
IIPONOHYIOTh HE TUIBKHM CBOI peKOMEH/allii, a i HaBITh OHJIAH-KaJIbKYJISATOPU Ul PO3paxyH-
Ky MOJi0HOT CUCTEMH, BpPaXxOBYIOUH Oa)kaHy MOTYKHICTb, OCBITJICHICTb, IUIOILY Ta I1HIIII Mapa-
MeTpu Ta nobakanHs nokymnuis [10].

Byno npoBeneHo koHkypc koprnopauiero Google 3 MeTor po3poOKH sIKOMOTa OUTBII KOM-
MIAKTHOTO 1HBEPTOpa 3 MAKCHUMAaJbHOIO MUTOMOIO MOTYXHICTIO [11], 1m0 sICKpaBO CBITYUTH
PO BUCOKUH IHTEpeC BUPOOHHUKIB JI0 I1i€T TpoOIeMH.

Buainenns HexocaizkeHNX paHille 4YacTHH 3arajibHOI MPodaeMHu. 31e0UIBIIOTO r0JI0-
BHUM MapaMeTpoM JUIsl OLIHKK MacorabapTUHUX MapaMeTpiB € MUTOMAa MOTYXHICTh. IIpoTe
sl €(pEeKTUBHOT OILIIHKM ICHYIOUMX NEpEeTBOPIOBAYIB BAPTO TAKOXX BPaxXxOBYBATHU BapTICTh,
KKJ/] Ta noparkoBi ¢pyHKIi{, 1110 3a1IPONIOHOBAaHI BUPOOHUKOM.

ITocTanoBKa 3aBAaHHA. [ 0JOBHOIO METOIO Li€] CTATTI € NOPIBHUIBHUM aHaJi3 Cy4yaCHUX
IHBEpPTOPIB, SIKMI BpaxOByBaTUME BapTICTh, NOTYKHICTh, KK/I, 06’€M, HasiBHICTh 101aTKOBUX
GbyHKILIH.

Bukaan ocHoBHOro marepiaiay. O0’ektamMu A1 MOPIBHSAHHS Oyll0 0OpaHO KOMEpIiHH1
3pa3Ky IHBEPTOPIB AJISI BUKOPUCTAHHS y CKJIAJl CUCTEM €JIEKTPOKHUBIIEHHSI HAa OCHOBI (oToe-
JIEKTPUYHUX MepeTBOproBayiB. /[iama3oH 3MiHM MOTYXHOCT1 006paHo B Mexkax Big 200 1o 5000
BT, 110 B cepenHboMy BiANoOBiAa€e OUTBIIOCTI MOOYTOBUX 3acTOCYBaHb. OepxkaHi 3 BIIKPUTHUX
JDKEpen J1aHi Ipo MepeTBOPIOBayi HaBeAECHO B Tab. 1.

Ta0mums 1
OcHosHI napamempu nepemeoprosayis

Ne Ipucrpiii P,Br | KK/, % | Bapricts, USD | O0’em, e’ Vin/Vin_mppt, B

1 2 3 4 5 6 7

1 |Rene Sola 250B 225 96,3 155 1110,9 55/22-45

2 | 1Q7plus-72-2-us 235 97,3 240,5 1120,42 60/-

3 |SE350-112 350 87 184 1907,4 10-15,5/-

4 |YCS500A 310 95,5 213,33 1020,8 55/22-45

5 | Solis MINI 4G 700W 700 97,2 309,4 18500,8 60-600/50-500
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JakinueHud Taom. 1

1 2 3 4 5 6 7

6 | Growatt 1000-S 1000 97,4 399,31 9189,34 450/70-450

7 | SUN-1000GTIL 1000 92 366,18 5553,86 22-60/50-90

8 |SMA SB1200 1200 90,9 908,25 31637,76 100-400/100-320
9 |Fronius 1,5-1 1500 95,9 1467,46 56710,99 120-420/120-335
10 | Sun-2000L-2KTL 2000 98,4 923 16453,1 485/90-500

11 |ABB UNO 2,0-TL 2000 97,3 809,17 40451,95 100-300/180-500
12 |ABB PVI-3,0-TL 3000 96,8 952,76 44588,7 140-580/160-530
13 |Fronius IG TL 3,0 3000 97,7 1259,39 48079,39 350-850/350-700
14 | SMA SB3000 3000 95 1816,5 31920,24 268-600/268-480
15 |SolarEdge SE3500 3500 97,5 1082,9 292572 350-500/-

16 | Growatt 5000 MTL 5000 97,9 986,24 20526,81 550/80-500 (360)
17 |SolarEdge SE5000 5000 97,4 2013,81 324891 350-500/-

18 | SMA SB5000 5000 97 2349,34 37647 125-750/175-440

Jlnst MOPIBHAHHS Ta OLIHKU PO3IJIIHYTUX BUPOOIB OYyJO 3alpONOHOBAHO TaKi YUCEIbHI

KpUTEPIl OL[IHIOBaHHS:

e Iutoma notyxHicts (SP, Br/cm?);
e [luroma Bapticts notyxHocti (CpW, USD/BrT);
e Ilutoma 06’emua BapTicTs (CpV,USD/cm?);

e Ilutoma 06’eMua edextusHicTh (EV, %/ cm?).
Pe3ynpraTi po3paxyHKiB TaHUX KPUTEPiiB HaBeIeHO B Ta0. 2.

Tab6mums 2
3anpononosani Kpumepii nopigHsAHHS NePemeopIo6ayie

- SP, CpW, CpV, EpV,

N Tpucrpiit Br/ew?’ UsDBr | USD/ews Yolew
1 JRene Sola 250B 0,2025 0,6889 0,1395 0,0867

2 11Q7plus-72-2-us 0,2097 1,0234 0,2147 0,0868

3 |SE350-112 0,1835 0,5257 0,0965 0,0456

4 1YC500A 0,3036 0,6881 0,2089 0,0935

5 ] Solis MINI 4G 700W 0,0378 0,4420 0,0167 0,0052

6 | Growatt 1000-S 0,1088 0,3993 0,1088 0,0105

7 JSUN-1000GTIL 0,1800 0,3661 0,0659 0,0165

8 |SMA SB1200 0,0379 0,7568 0,0287 0,0028

9 |Fronius 1,5-1 0,0264 0,9783 0,0258 0,0016

10 ] Sun-2000L-2KTL 0,1215 0,4615 0,0560 0,0059
11 JABB UNO 2,0-TL 0,0494 0,4045 0,0200 0,0024
12 JABB PVI-3,0-TL 0,0672 0,3175 0,0214 0,0021
13 ] Fronius IG TL 3,0 0,0623 0,4197 0,0262 0,0020
14 J|SMA SB3000 0,0939 0,6055 0,0569 0,0029
15 ]SolarEdge SE3500 0,1196 0,3094 0,0370 0,0033
16 ]Growatt 5000 MTL 0,2435 0,1972 0,0480 0,0048
17 ]SolarEdge SE5000 0,0153 0,4027 0,0061 0,0003
18 JSMA SB5000 0,1328 0,4698 0,0624 0,0026

3a OTpUMaHMMHU pe3yJbTaTaMu MOOYJOBAHO CTOBIYMKOBI JiarpaMu JJsi Kpaoi Bizyaui-
3auii qaHux. Pucynku 2 ta 3 UIIOCTPYIOTH CIIBBITHOLICHHS MUTOMOT MOTY>KHOCTI JUIsl TIepeT-
BOPIOBaYiB MOTYXHIcTIO 10 1 kBT Ta Ouibmie BiamoBigHo. Tpeba 3a3HauUTH, 1O PO3TILAa-
JIMCh TUIbKU OJHO(A3H1 PIllIEHHs], K1 MOKYTb BIJUIaBaTH €HEPT1I0 B MEPEKY.
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amiRene Sola 250B [1Q7plus-72-2-US [ SE350-112
#YC500A [ Solis MINI 4G 700W
Puc. 2. Ilumoma nomysxcnicms nepemeopiosauie P <1 kBm
SP, W/em3, 1 KW <P < 5 kW
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PGrowatt 1000-S isE SUN-1000GTIL liSMA SB1200[Jj] Fronius 1.5

BSun-2000L ABB UNO 2.0 lJABB PVI-3.0 [llFronius IG TL 3.0

sma sB3000 lSolarEdge SE3500 77 Growatt 5000 MTL
" SolarEdge SE5000 | SMA SB5000

Puc. 3. Ilumoma nomyscnicms nepemeopiosayie P >1 kBm

[TuToMa BapTicTh MOTYXHOCTI MOKa3ye BapTicTh y nonapax CIIA 3a onun Bat notyxHo-
CT1 mepeTBoproBaya. BiAmoBiqHO HAMOUIBII ONTUMAIbHUM 32 MM MOKAa3HUKOM OyJie MpHUCT-
piif, U1 IKOTO 3HAUEHHS € HaltMeHIIUM. PUCyHKH 4 Ta 5 UTIOCTPYIOTh 3HAUE€HHS I[bOTO MOKa-
3HUKA ISl PO3MJITHYTHX MPUCTPOIB MOTYXHICTIO 10 1 KBT Ta Ouible BiANOBIIHO.
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CpW, USD/W, P < 1 kW
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Puc. 4. Ilumoma eapmicmv nomyxcnocmi P <1 kBm
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Puc. 5. Ilumoma eapmicmv nomyxcnocmi P >1 kBm

[TutoMa 06’eMHa BapTiCTh MEPETBOPIOBAUA MOKA3y€e BapTICTh OAMHUII 00’ €My MEpEeTBOPIO-
Baya B jonapax CHIA. BinnoBigHo, NpucTpoi 3 MiHIMaJIbHUM 3HAUYEHHSM IIbOTO MapaMeTpa €
HaOUTpII onTUMaNbHUMHU. PucyHKHM 6 Ta 7 UIIOCTPYIOTH PO3pAaxOBaHI 3HAYEHHS MHUTOMOT
00’€MHOT BapTOCT1 JUIsl PO3IJITHYTHUX IHBEPTOPIB MOTYXKHICTIO 10 1 KBT Ta Ouiblie BiAMOBiIHO.
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CpV, USD/cm3, P < 1kW
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Puc. 7. [Tumoma 06 ’emna sapmicme P >1 kBm

HaiiBuiui cepes; po3riisiHyTUX MPUCTPOIB 3HAYEHHS MUTOMOT 00’€MHOT BapTOCTI MOKa3aJIn
HallMeHII MOTYXHill nepeTBopioBayi. Lle mosicHoeTbes X HeBeTMKUM 00’ eMoM. Toni sk Ass
MIePETBOPIOBAYIB, TIOTYXKHICTh SKUX MepeBuliye 1 kBT, el moka3HUK Maibke 1IEHTUYHUN.

[lepeTBOproBayi, MOTYXHICTh SKUX NepeBulllye 1 kBT MatoTh OJIM3bKI MOKAa3HUKU BapTOC-
Ti ogHoro Bara notyxHocTi. Lle mosicHIOETbCs TUM, IO 31 3pOCTAHHAM MOTYXHOCTI ITPOIOP-
LII{HO 3pocTae i BapTiCTh KOMIIOHEHTIB MEpEeTBOpIOBaya. Xoua HasBHI JEKUIbKa 3pa3KiB 3
MOMITHO BIIMIHHMM 3HAu€HHSM IbOTO NOokKa3HMKa. L1 mpuctpoi matots aento summii KK/ ta
6arato J0/1aTKOBUX (PYHKIIIH, 1110 TPU3BOATH O MIBUIIEHHS LIHU IPUCTPOIO HA PUHKY.

[Tutoma o6’emHa edexTuBHICTh Mokaszye BigHomeHHs KKJ[ meperBoproBaua no iHoro
00’eMy, HalBHIIE 3HAYSHHS LOTO MapaMeTpa € OUIbII ONTUMAIBHUM (pHC. 8 Ta 9).

188



TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES
PpE, W/%, P < 1IkW
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=ai Rene Sola 250B [ IQ7plus-72-2-US SE350-112
ZYC500A [ Solis MINI 4G 700W

Puc. 8. Ilumoma 06’emna egpexmusnicmo P <1 kBm
PpE, W/%, 1 kW <P <5 kW

0.016

0.012

0.008

0.004

B Growatt 1000-S E&i SUN-1000GTIL lISMA SB 1200 Fronius 1.5

B Sun-2000L FNABB UNO 2.0 JABB PV1-3.0 [l Fronius IG TL 3.0

SMA $B3000 [ SolarEdge SE3500 /7 Growatt 5000 MTL
SolarEdge SE5000 . SMA SB5000

Puc. 9. [Tumoma 06 ’emna egpexmuenicmo P >1 kBm

SIK BUIHO 3 pO3paxyHKIB 3alIPONOHOBAHMX MapaMeTpiB, 3aJaya OLIHKM MacorabapTHHHUX
napameTpiB, €EeKTUBHOCTI Ta BapTOCTI MEPETBOPIOBaYa HE MAE MPOCTOrO YHIBEPCATIBHOTO
pimeHHs. Ha 00’em Ta BapTiCTh MOXXYTh BIUIMBATH: TOIOJIOTIS, €JIeMEHTHa 0a3a, HasBHICTb
J0JTATKOBUX (PYHKITIH.

Tax, TpoXu BUIIy TUTOMY MOTYKHICTh MalOTh NEpeTBOPIOBaYl MOTYyxHicTIO 10 1 kBT. Lle
MOSICHIOETHCSI MEHIIIMMU CTPYMaMH Ta HallpyraMu, a OT)Ke, 1 MEHIIUMHU eJIEeMEHTaMHU 0XO0JI0-
mkeHHs. Jlo TOro »k Taki MepeTBOpPoBayi, MEPEBAXHO SIKI MICTATh Y CBOEMY CKIJIAJl JIUIIE
onuH Moxyns MPPT (maximum power point tracking), He MicTATh TucmieiB, iHTepdeiciB
JIAHUX Ta IHIIUX JOJATKOBHUX (YHKIIH, 1110 HE 3aiiMae goaaTkoBUi 00’eM. [{o Toro »x ontumi-
3aiis MacorabapUTHUX MapaMeTpiB Jis IHBEpTOpiB Outblie HIK 1 KBT, KpiM JIOTICTUYHUX BH-
Tpart, He J]a€ ICKPAaBOr0 €eKOHOMIYHOTO e(eKTYy.
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[TuToMa BapTiCTh MOTYKHOCTI HE Ma€ SCKPAaBO BUPAXKEHOI 3aJIe)KHOCTI BiJl caMOi MOTYX-
HOCTI, aJIe Ma€ CYTTEBY PO3ODKHICTh MOMDK KOHKYPEHTAMHU.

[Tutoma 06’eMHa e(heKTUBHICTD, SIK 1 00’€MHA €(EeKTUBHICTh, HE € 3aHAATO KPUTHUYHUM
napaMeTpoMm neperBoproBauiB. KpiM Toro, 31 3pocTaHHsIM 00’ €My il MOTYKHOCTI HE CIIOCTEpi-
raetbest nponopiiinoro 3pocrands KKJ/[. Tomy neit mapamerp € OuIbll BUIPABIAHUM JUIS
MOPIBHSHHS BCEPEMHI IPYH MEPETBOPIOBAYIB 3 ONM3bKUMH 3HAYEHHSMH HOTYXHOCTI. Pe-
3yJIbTaTH JAHOTO MOPIBHAHHS JUIs 000X IpyIl EpeTBOPIoBayiB HaBeeHO Ha puc. 10. s miar-
pama 3B’sA3y€ MUTOMY MOTY)KHICTh, MUTOMY BapTicTh motyxkHoctTi Ta KKJI Halikpamux pi-
IIEeHb, 5IKI 00paHO K HAOUIbII Baromi napameTpu.

SP, SP,
W/em3 W/em3
03 0.28

100 0.48
CpW, N E. % y 4 )
W/USD — YC500A V\C]ﬁ\g 3 —  SUN-1000GTIL E, %

Rene Sola 250B Growatt 5000MTL

Puc. 10. Ilopienanns nepemeoproeauie 3a OCHOBHUMU NAPAMEMPAMU

Cepen mpucTtpoiB moTykHicTh 10 1 kBT Haii6mem ontumanbauMu € YC500A Ta Rene
Sola 250B. IxnimMu nepeBaraMu € BUCOKA MUTOMA HOTYXKHICTh Ta 00°€MHA e(peKTUBHICTb.

VY rpymi OpuUcTpoiB MOTYXHICTIO MOHaA | KBT HalonTUManbHIIMMU HPUCTPOSIMU MOXKHA
BBaxatu Growatt 5000 MTL-S ta SUN-1000GTIL2. [lo mepeBar 1ux rnepeTBOproBaviB MOXKHA
BIIHECTH HAWBUILII cepesl PO3IJISIHYTUX 3HAUSHHS ITUTOMOT MOTYKHOCTI, TUTOMY BapTiCTh HOTYX-
HOCTI HIPKYE CEpeHBOTO 3HAUEHHs ISl IaHO1 TPYNH Ta BUCOKY 00’eMHY edekTuBHICTh. Henomi-
KOM € BHCOKa IMUTOMa 00’€MHA BapTICTh, 1110 BUKJIMKAHO 3HAYHOIO MOTY)KHICTIO, 00’€MOM 1 BapTi-
CTIO TEPETBOPIOBaYa, a TAKOXK HasBHICTIO AojatkoBux ¢yHkuii. Omke, Growatt 5000 MTL-S e
OUTBII ONTUMAJILHUM 3a MOTYXHICTIO, 00’eMoM Ta BapTicTio, SUN-1000GTIL2 — ehexTuBHICTIO.

BucHoBKH BinoBiaAHO 10 cTaTTi. 3aIponoHOBaHI KpUTEpii OI[IHKY MacOTa0apuUTHUX Ia-
pameTpiB, BapTOCTI Ta €(PEKTUBHOCTI JO3BOJISIOTH BCTAHOBUTU YHCEJIbHUH 3B’SI30K MIXK BKa-
3aHUMU XapaKTEPUCTHKAMH MEPEeTBOPIOBAYIB Ul iX MopiBHAHHA. Cepesl 3aralbHUX BUCHOB-
KIB MO’KHA BUJUTUTH PSIJI YUCEITbHUX MOKA3HUKIB. 30KpeMa MUTOMAa BapTICTh MOTYKHOCTI HE
nepesulrye 3HadyeHHs 1 USD/W 1 nabmmkaetbes 10 nokazHuka B 0.2 USD/W 31 30uib1ueH-
HSIM MOTYKHOCTI IepeTBoproBaya. [lutoma noTyXHICTh COHSYHOTO IHBEPTOpa HE MEePEBUIILYE
0.3 W/cm’®, ipu 11b0My MaloNnoTyHi pillleHHs! (MiKpOIHBEPTOPH) MAIOTh KpPAaIlli TOKA3HUKH.

HeoOxiHO TakoX BII3HAYMTH, 1110 HA PUHKY HE BUSBJICHO OJHO3HAYHOIO JIijiepa, IKuil Ou
nepeBaxkaB 3a BciMa nokazHukamu. Lle sickpaBo imroctpye puc. 10, 3 ssIKOro BUAHO, IO PillICH-
Hs 3 HaiikpamuM KK/ Ta MmacorabapuTHUMU TapaMeTpaMy HOCTYHNAIOThCS LIHOO.
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UDC 621.3.08
Artem Fesenko, Olexandr Husev, Andrew Chub, Dmitri Vinnikov, Olexandr Matiushkin

OVERVIEW OF MASS-SIZE AND COST PARAMETERS
FOR COMMERCIAL PV-INVERTERS

Urgency of the research. The one of the main factors impedes the widespread introduction of power systems based on
photoelectric converters, both in household needs and in the composition of mobile technology, is the overall dimensions and
high cost of such systems. A noticeable part of the cost is the converter, which contains in its composition scarce and expen-
sive materials, takes a noticeable volume. That is why improving the mass-size parameters of the converter and reducing its
cost is relevant and promising.

Target setting. To effectively improve the mass-size and cost parameters of the converter, the devices available on the
world market should be considered. Their parameters, features and characteristics should be investigated.

Actual scientific researches and issues analysis. A detailed examination of modern research and publications allowed
to identify the following features of modern commercial converters. Firstly, manufacturers do not disclose the peculiarities of
the internal construction of their products. Secondly, efficiency, functionality and weight and size parameters differ depend-
ing on the power and cost of the converter

Uninvestigated parts of general matters defining. Quantitative parameters must be proposed for a thorough compari-
son of converters at their cost and mass-size. It is necessary to establish a quantitative relationship between the cost, volume,
power and efficiency of the converter, which was previously reduced to specific power.

The research objective. Establish criteria for estimating the weight and size characteristics of inverters that can be cal-
culated on the basis of freely distributed data.

The statement of basic materials. The analysis of the current level of development of commercial converters in the composition
of solar systems in a wide range of power was performed. Consider devices whose power ranges from 200 to 5000 W of the world's
leading manufacturers.

Parameters obtained from open source device are summarized in the comparative tables. The grouping is based on the power
of the inverters. Three groups of comparable devices are distinguished: the first one includes inverters with power up to 1 kW, to the
second one from 1 to 3 kW and to the third from 3 to 5 kW, respectively.

Two numerical benchmarks were proposed to compare converters. The first shows the cost per unit of power, the second - the
specific volume value. Based on the results of calculations built column charts for each of the indicators within its group.

Conclusions. The proposed indicators allow us to estimate the weight and dimensions of the converters based on freely
distributed data.

Keywords: mass-size parameters; specific power; efficiency, power converter.
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LINE RECOGNITION SENSORS

Urgency of the research. There is a need from industrial practice for developing of methods for linefollowing naviga-
tion of automated guided vehicle (AGV) for logistic task in factories without operators.

Target setting. Various types of navigation methods are used for vehicles.

Actual scientific researches and issues analysis. Navigation of this automated guided vehicle can be made through the
color line on ground or through the inductive sensed cable located underground. Also magnetically guided method is used.
Various types of optical markers can be also used. Nowadays this type of autonomous robot applications grows up, because
there is a need from industry.

Uninvestigated parts of general matters defining. Next generation of automated guided vehicle is navigated via using
laser scanners and they are also called LGV — Laser Guided Vehicle. This type is not covered in this paper.

The research objective. The main aim of paper is to design the sensing system for color line sensing. There are several
problems in using of these types of sensors. Manufacturer notes that there is placed daylight filter, but first experiments
shows sensitivity to daylight. This problem can occurs when vehicle goes to tunnel. Next problem is when vehicle moves up-
hill and downhill on a bridge.

The statement of basic materials. The color of sensor can be sensed with sensor - reflection optocoupler working in in-

frared light range. The optocoupler includes the infrared LED transmitter and infrared phototransistor, which senses the
reflected light. Optocouplers are placed on bottom side of vehicle. Navigation line is black and other ground area is white.
Optocoupler located over the navigation black line has no infrared reflection.

Conclusions. The selected sensor system has been adapted for line detection application. Also ramp problems have been
solved. Sensors have been successfully installed on linefollower vehicle. Results shows visible difference between the voltage
levels related to black and white color line. Future plans is to add camera vision system for automatic recognition of line
before vehicle and continuously path planning. Vision systems are also frequently used for obstacle detection and mapping of
environment and consequently for path planning.

Keywords: sensor, mobile vehicle, line, color.

Fig.: 10. References: 17.

Introduction. Automated guided vehicle (AGV) is an industrial application of mobile ve-
hicle for line-following. It means that AGV vehicle has task for transport any material in fac-
tory without operator access. Navigation of this vehicle can be made through the color line on
ground or through the inductive sensed cable located underground. Also magnetically guided
way is used. Various types of optical markers can be also used. Nowadays this type of auton-
omous vehicle applications grows up, because there is a need from industry. The applications
are related to material or parts transport between operations places. The AGV saves the pro-
duction costs in logistic process mainly in large mass product productions, because there is
less human work. Automated production lines or warehouse can work fully continuously
without any delay. Automotive production industry is also one of the possible applications of
AGYV vehicles. AGV can have a concept of more towed vehicles like wagon train. Also fork-
lift stacker can be arranged into AGV system. The concept of AGV systems is older. It comes
from fifty years of last centuries.

Fig. 1. Automated guided vehicle [1; 2]

Color line is one of the possible way of navigation, but there is a risk of dirties on line and
fault detection of line. In case of using the underground wire, there is a frequency modulated

© Gmiterko A., 2018
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method is used for navigation. Installation of cables needs many initial costs before installa-
tion and it is not so flexible when change of the road is needed [1-10].

Next generation of AGV is navigated via using laser scanners and they are also called
LGV — Laser Guided Vehicle. Method of simultaneous localization and mapping (SLAM) is
used for navigation. This method also allows using in environment with dynamically changed
obstacle. SLAM algorithms need more powerful computation system and more sophisticated
sensors. SLAM makes a topological map of environment and generates the estimate of next
move direction [6, 7] through the using of statistical methods.

Next way of navigation is using of inertial navigation systems or inertial measurement
unit (IMU), which includes accelerometers, gyroscopes and compasses. This method is more
flexible but it is necessary take into account navigation errors which can occur.

There are several robotic competitions with linefollower category which is as analogy to
automated guided vehicle navigated through the color line or underground wire. Our testing
model uses the differentially driven two wheeled undercarriage with third castor wheel for
stability. For better simulation of real conditions we have built the training road with obstacle,
tunnel, bridge with up and down ramps, line junction and line interruption.

Designed vehicle (fig. 2) uses two DC motors with wheels directly placed on output
shafts. Castor wheel is substituted with ball. The aim was to design lightest undercarriage. For
this reason there is no frame and all parts are directly placed on printed circuits boards (PCB).
Vehicle is controlled via using of microcontroller. Key parts of the vehicle are sensor for line
detection. This vehicle is used primarily for educational purposes.

Fig. 2. The model of the linefollower vehicle

1. Color sensors. The color of sensor can be sensed with reflection optocoupler working
in infrared light range. The optocoupler includes the infrared LED transmitter and infrared
phototransistor which senses the reflected light. Optocouplers are placed on bottom side of
vehicle (fig. 3). Navigation line is black and other ground area is white. Optocoupler located
over the navigation black line has no infrared reflection (fig. 3).
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Fig. 3. Optocouplers on mobile vehicle for linefollowing
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There are several problems in using of these types of sensors. Producer notes that there is
placed daylight filter, but first experiments shows sensitivity to daylight. This problem can
occurs when vehicle goes to tunnel. Next problem is when vehicle moves uphill and downhill
on bridge. Bridge ramps cause the change of distance between the sensor and ground. These
types of sensor are not primarily dedicated for this purpose. That is the reason, why there is
no mention about linefollowing functionality in datasheets.

Experimental testing has been done with three selected type of sensors QRDI1114,
LTH209-1, CNY70 (fig. 4). All theses sensors are designed as reflective optocoupler sensor
for detection of objects.

Fig. 4. Tested infrared optocouplers

All tested sensors have been placed on movable platform (fig. 5) with white reflective area.
The distance has been adjusted in range from 0 to 20 mm for all sensors together with step 1 mm.

—y
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Fig. 5. Testing of various types of optocouplers

Figure 6 shows results of testing for all sensors. All sensors react to white reflective sur-
face. The measured current depends on excitation of infrared LED diode. The circuit (fig. 5)
used the same resistors before LED diodes and this resistor should be adjusted for every cou-
pler LED. The maximum measured current shows the optimal distance of sensor during the
detection white surface. Experiments shows that all tested sensors are suitable for line detec-
tion. QRD 1114 has been selected for next experiments.
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Fig. 6. Results of optocoupler sensors testing.

Next tested property was the difference between the black and white colors of reflective
surface. Also next question was if the every piece of sensor has the same behavior. Two piec-
es of these sensors have been placed on the same movable platform (fig. 7). Figure 7 shows
difference electrical current during the sensing black and white surface. There was a different
behavior for tested pieces on black surface. The results show the optimal detection distance
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Fig. 7. Results of testing for two pieces of optocoupler

Vehicle has to go uphill and downhill on bridge ramps (fig. 8). The sensors are very close
to ground and there was a sensors collision on bridge ramps. Also distance between these sen-
sors and ground is decreased and sensors are not able to detect line.

Fig. 8. Ramp problems of sensors for line detection

One possible solution is to move up sensors to distance more than 7 mm for ensuring of
functionality of sensors. All line sensors have been installed on movable platform on front of
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Fig. 9. Movable platform for sensors for line detection and passing the bridge

Range of distance between the 7mm and 21 mm has been measured again with modified
circuits. The output of the sensor has been measured on analog input of microcontroller with
10 bit resolution. Results in decimal value of analog 10 bit reading are shown on fig. 10. It

shows difference between the sensing white and black color.
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Fig. 10. Analogue readings from optocouplers placed on movable platform

Conclusion. The selected sensor system has been adapted to using of line detection. Also
ramp problems have been solved. Sensors have been successfully installed on linefollower
vehicle. Figure 9 shows visible difference between the voltage levels related to black and
white colour line.

Future plans is to add camera vision system for automatic recognition of line before vehi-
cle and continuously path planning. Vision systems are also frequently used for obstacle de-
tection and mapping of environment and consequently for path planning [6-14].
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VIIK 004.4
Onexcandp I’ mumepko
JTABAYI JJISI PO3II3HAHHS JITHIHN

Axmyansnicmes memu 0ocnioxncennn. 3 upoOHUYOT NpakmuKku iCHye nompeba 6 po3pobyi memoodie nodanbuloi Hagicayii
ABMOMAMU308AHO20 KEPOBAHO20 MPAHCNOPMHOZ0 3ACO6Y OISl BUKOHAHHS TOCICMUYHUX 3A80AHb HA 3A600aX 6€3 Onepamopis.

Ilocmanogxa npoonemu. Pizui 6uou Hasgizayii GUKOpUCMOBYIOMbCA 0I5l MPAHCHOPMHUX 3ACO0T8.

Amnaniz ocmannix oocnioxcens i nyonixkauii. Hagizayis yboeo agmomamu3z08ano20 KeposaHoeo MpaHcnopmHo20 3aco-
6y Mmodice 30TUCHIOBAMUCS Yepe3 KOAbOpOo8Y NiHil0 HA 3emli abo uepe3 iHOYKMUGHUU Kabenb, po3mauioganull nio 3emaiero.
Taxooic 8UKOPUCIIOBYEMBbC MASHIMO-Kepyemuil cnoci6. Takoxc Modicyms Oymu 6UKOPUCTNAHI THULE MUNU ONMUYHUX MapKe-
pie. B oanuil wac maxe 3acmocy8ants aBMOHOMHO20 poboma 3p0CMae, MoMy wo € nompeoa 6i0 NPOMUCI080CHI.

Buoinenns neoocnioscenux wacmun 3azanvnoi npoonemu. Hagieayis nacmynnoeo nokoainHsa agmomamu3o8aHo Kepo-
BAHUX MPAHCNOPMHUX 3AC00I8 30IUCHIOEMbCS 34 OONOMO20K JIA3EPHUX CKAHEPI8, 5KI MOMY HA3UBAIOMbCA JIA3EePHO-
Kepoganumu mawunamu. Leti mun e pozensnymuil 6 yiti cmammi.

Ilocmanogka 3ae0anns. Ocnosna mema cmammi - po3pobKa CeHCOPHOI cucmemu 05l BUHAYEHHS KONbOPOBUX AiHid. €
KibKa npobnem y 6UKOPUCMANHI Yux munié 0aeavis. BupoOHuK 3a3Hauac, wo mam 6CmanosieHull hinbmp 0eHHO20 c8imaa,
ane nepuli eKxcnepumMeHmu NOKA3yioms Yymaugicms 00 0enHo2o ceimaa. L{a npobiema modice UHUKHYMU, KOTU ABMOMOOLNb
6 'i0e 6 mynenv. Hacmynna npo6nema, koau mpaHcnopmuil 3acié pyxaemocs 8 20py i 6HU3 N0 MOCHIY.
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Buknao ocnoenozo mamepiany. Konip oasau modcna po3nisnamu 3a 00NoMo2010 ceHcopa - 8iobusaia onmonapu, ujo
npayioe 6 inppavepsonomy dianazomi ceimna. Onmonapa éxkuouac 6 cebe iHPpauepsoHuil ceimuodiooHull nepedasay ma
inghpavepsonuli pomompansucmop, axuil cnputimae 8iooume ceimio. Onmonapu po3mileHi Ha HUNCHbOMY OOyl agmomooi-
aa. Jlinia nasieayii yopna, a inwi Oinanxu nogepxwi oini. Onmpon, posmauioganuli Had HAGI2ayiliHoI0 YOPHOIO TiHI€I0, He Mac
iHghpauepeoHoco 6i006padicersL.

Bucnogxu gionogiono oo cmammi. Obpana cucmema oasaig 6y1a adanmo8ana Ons UKOPUCMAHHS NPU GUAGLEHHI Jli-
nii. Taxooic supiweni npobnemu 3 nanoycom. Jlagadi 6ynu ycniwHo 6cmanogieni Ha Hagizayii mpancnopmHuoeo 3aco6y. Pe-
3YILMamy HOKA3yloms UOUMY PI3HULYIO MIJIC PIGHAMU HANPY2U, NOB'A3AHUMU 3 YOPHO-DOI0I0 Ma KOAbOPOBOIO TiHicio. B maii-
6YMHbOMY NIAHYEMbCA  000AMU  CUCEMY B8i0€0CNOCMEPEediCeHHs Olid  A8MOMAMUYHO20 PO3NI3HAGAHHA NiHii nepeo
mpancnopmuum 3acobom i 6e3nepepsnoco nianyeanus winaxy. Cucmemu cnOCMEPeN’CEHHs. MAKOIUC HACO BUKOPUCTIOBY-
F0mMbCsl 015 GUAGNEHHS NEPEUKO0 I 8i000PANCEHHS HABKOIUUHBbO2O Ceped08UIYa a, omaice, 01 NIAHYBAHHS ULTAX).

Kniouosi cnosa: oagay; mobinbHuil mpancnopmuuil 3acio, ninis; Konip.
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PROPOSAL OF THE MODULE FOR EXPERIMENTAL WORKPLACE BASED
ON PLATFORM INDUSTRY 4.0

Urgency of the research. New modern trends in the cable industrial communication and exchange of data focus on im-
plementation of new communication standards, protocols and reduced costs. Communication in every automation systems is
crucial. Functions of these systems is very important for the correct function of automation system.

Target setting. For designing sensor and actuator systems for automation and solving connection between different de-
vices, developers solved this problem with standardized communication like technology 10-Link. This communication tech-
nology together with industrial bus create solution for modern communication with quantity of benefits like quick design and
diagnostic, unified interface, cost and work reduction.

Actual scientific researches and issues analysis. To prepare this paper, we analyzed different solutions for communica-
tion between sensors and actuators, different control systems and mechanical solutions. We used knowledge from our previ-
ous experiments and choose optimal components and systems for our project.

Uninvestigated parts of general matters defining. There are many different types of sensors, actuators, communication interfac-
es and industrial busses. This paper is insufficient to describe them all. That’s why we 've only described those, which will be used.

The research objective. This article describe the design of a machining module for the FESTO FMS 500 Modular La-
boratory System. This module will be physically implemented as part of the revitalization and modernization of the FMS 500
laboratory system at the Department of Automation, Control and Human-Machine Interactions.

The statement of basic materials. We follow the trends in industrial automation and the requirements of the 4th Industrial Revo-
lution. This is reason why we use 10-Link technology in combination with Profinet bus for communication with sensors and actuators.

Conclusions. The main objective of this article is to approach the design of the Machining Module with Industry 4.0 el-
ements for the Modular Production System FMS 500. This design describe the individual components which will be used. The

functions and purpose of the module are also describe, as well as its functional capabilities in terms of diagnostics.

Keywords: automation, control; PLC; 10-Link; Cloud; wireless communication, pneumatic systems, Industry 4.0.

Fig.: 8. References: 15.

Introduction. The development of modern technologies in automation raises increased
demands for well prepared engineers. The modernization of lines with a higher degree of au-
tomation, robotics and mobile diagnostic and control technologies follows the objectives of
Industry 4.0. Tracking and responding to these trends are therefore very important in the field
of research and teaching. Our response to these trends is the upgrading of the FMS 500
Modular Laboratory System from FESTO to the Industry Platform 4.0, which will also in-
clude a new workspace module [1].

This module will be physically implemented from construction, through selection and as-
sembly of drives and steering members to recovery. Design and selection of used components
fit into complex revitalization of the entire system and ensure compatibility of individual
modules. In the framework of this modernization, the replacement of SIEMENS Simatic S7-
300 controllers (PLCs) behind PLC Simatic S7-1500 will be realized. Change industry bus
from Profibus to Profinet will be realized too. Sensors modification and implementation of
IO-Link technology for sensor communication, application of wireless industrial communica-
tions, and storage of process data to Cloud. By using these technologies, we will achieve a
line structure so we can validate modern approaches and tasks in industrial automation [2; 3].

Construction design. The design of the module is based on the concept of individual
modules of the modular system FMS 500 (Fig. 1).

Fig. 1. Complete configuration of FMS500 [4]

© Visiovsky M., Rékay R., Galajdova A., $imgik D., 2018
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The base of the module is made of T-shaped aluminum profiles. On this base plate will be
placed a manipulator, consisting of a rodless pneumatic drive, which is fastened on the alumi-
num profile to the desired height above the base plate. A double-acting actuator with one-
sided piston rod is mounted on the slide table of this drive. At the end of the piston rod, the
pneumatic actuator is attached to grab the parts to be handled.

On the base plate will be a 4-position rotary table, which will be rotated by a stepper mo-
tor. Individual devices will be placed in each position to perform individual operations. These
devices will also be attached to aluminum profiles. The preliminary basic design is in Fig. 2.

Fig. 2. Construction design of machining module

Design and selection of components. The design solution could be divided into three
parts. The first part is the handling part, the second part are the processes on the turntable
(machining part). The third part is the control part (control components).

Handling part. This part consists only of pneumatic components. All pneumatic drives
used in this module are from SMC. For motion in the X axis, a rodless pneumatic drive with
mechanical connection to the slide table, MY 1B10G-500H will be used. This drive has a pis-
ton diameter of 10mm and a stroke of 500mm. At both ends there are hydraulic silencers with
adjusting screw. (Fig. 3) Achieving the end positions will be detected using PNP sensors in
the grooves of this drive.

Fig. 3. SMC MYI1B10G-500H

For Y-axis movement, a double-acting pneumatic drive with a one-sided rod will be used.
Type of drive is CD85KN12-100-B. This drive has a piston diameter of 12mm and a stroke of
100mm. Piston anti-rotation insurance is realized in such a way that the piston has no circular
but hexagonal cross-section. (Fig. 4) Reaching the end positions will be detected by using
PNP sensors mounted on the surface of the cylinder by metal strips.

Fig. 4. SMC CD85KN12-100-B
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The pneumatic parallel actuator with two fingers, type MHZ2-10D will be used to attach
the component. This drive has a piston diameter of 10mm. On the fingers of this effector, the
extensions are screwed exactly according to the size and shape of the part to be handled.
These extensions were made with 3D printing from material PLA (Fig. 5) Reaching the end
positions will be detected using PNP sensors in the grooves of this drive.

Fig. 5. SMC MHZ2-10D

The individual components are joined together and their position can be adjusted using
plastic plates modeled for this application and also produced by 3D printing from the same
material as the finger of the effector (Fig. 6).

Fig. 6. Adjustment plastic plate

Machining part. The base of the machining part will be a rotary table made of plexiglass.
There are 4 positions for the placement of parts on this table. There will be a different opera-
tion for each position. This rotary table will be mechanically coupled to the shaft of the two-
phase stepper motor controlled by the stepper motor driver (Fig. 7).
> JAl=3

y

Fig. 7. Two-phase stepper motor with stepper motor driver

On the first post of machining part, will be a read/write RFID head with IO-Link commu-
nication from Balluff. It is the head - BIS M-401-045-001-07-S4 (Fig. 8).
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Fig. 8. RFID read/write head

On the second post there will be a workplace for checking the height of the component be-
fore drilling. A single-acting actuator with a one-sided rod, type CD85N8-50S-B, will be used
for this control. This drive has a piston diameter of 8mm and a stroke of 50mm. Reaching the
end positions will be detected by using PNP sensors mounted on the surface of the cylinder by
metal strips (Fig. 9).

Fig. 9. SMC CD85N8-505-B

The third position is the workplace with a drill. The drilling head (chuck) with a drill bit
will be placed on a base that will be attached to slide table of rodless pneumatic actuator
MY 1B10G-200H. This drive has a piston diameter of 10mm and a stroke of 200mm. At both
ends there are hydraulic silencers with adjusting screw. (Fig. 10) Reaching the end positions
will be detected by using PNP sensors in the grooves of this drive.

Fig. 10. SMC MY1B10G-200H
During drilling operation, the component will hold in the correct position on the turntable
by the single-acting actuator with the single-sided rod, type CD85N8-25S-B. This drive has a
piston diameter of 8mm and a stroke of 25mm. Reaching the end positions will be detected by
using PNP sensors mounted on the surface of the cylinder by metal strips. (Fig. 11)

Fig. 11. SMC CD85NS8-255-B

The last position will be a workplace with a blowing nozzle that will simulate the removal
of chips after the drilling process. On all pneumatic actuators except effector, will be fittings
with a one-way throttle valve. On double-acting with throttling at the outlet and on single-
acting with inlet throttling. These valves will be allowed setting the speed of each drive.
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Control part. The base of control part be the PLC SIEMENS Simatic S7-1500 CPU
1512C-1PN (Fig. 12). This PLC has a compact CPU with one network card for Profinet with
a two-port switch. It has 5 analog inputs, 2 analog outputs, 32 digital inputs and 32 digital
outputs. There is also a small color control panel and 6 control buttons in the base rack of this
PLC. Below this panel there is an SD card slot and a PLC mode switch.

Fig 12. PLC SIEMENS Simatic §7-1500 CPU 1512C-1PN

The PLC will be powered by one of the two SIEMENS Simatic PM 1507 sources (Fig.
13). These are sources with 24V/8A/190W output. These sources are size and shape-matched
to the PLC Series S7-1500. A pair of resources is used for the application of IO-Link technol-
ogy, which allows separate feeding of the control technology with sensors and actuators. The
reason is that if one of the action members fails, or overload and source protection shuts down
this source, the control member and sensors can work further. The operator receives infor-
mation about the fault location.

Fig. 13. Sources SIEMENS Simatic PM 1507

The main device for 10-Link application will be the 10-Link master from BALLUFF -
BNI PNT-538-105-2063 (Fig. 14). It is an 8-port IO-Link master with Profinet communica-
tion. All ports of this master can be used with IO-Link communication. 4 ports of this master
is type A and 4 ports is type B. Ports type be allow redundant (galvanic isolated) sources, one
for actuators and one for control unit and sensors. The following devices will be connected to
individual 10-Link ports: RFID reader and writer head, valve island, and HUB expander for
digital inputs and outputs. 5 free ports can be used like IO-Link or like standard I/O. Into each
port we can connect two digital signals (input or output).

Fig. 14. BALLUFF - BNI PNT-538-105-2063

The 10-Link device BNI 10L-302-S01-Z013 (Fig 15) will be used to connect multiple
digital inputs (sensors from drives). It is an expanding 8-port HUB also from BALLUFF. We
can connect up to 16 sensors (digital inputs) to these 8 ports.
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Fig. 15. BALLUFF — BNI IOL-302-S01-2013

The last control device is a valve island with IO-Link communication from SMC (Fig. 16).
The communication module has the designation EX260-SIL1-X210. This island has been con-
figured to meet the requirements of this application. The valve consists of two bistable 5/2
valves for control of rodless drives, two monostable 5/2 valves for controlling a double acting
actuator and an effector, and finally two valves in which two monostable 3/2 valves (together
4x 3/2 valves) are connected. These valves will control two single acting actuators and a nozzle
on the air outlet. One 3/2 valve remains free. All pneumatic drive control will be implemented
with IO-Link communication with additional diagnostic functions via one 5-core cable.

Fig. 16. SMC EX260-SIL1-X210

The structure of connection and use of individual communication technologies is shown in
Fig. 17. The figure shows the PLC connection to the power supply and Profinet communication
bus. This bus connecting PLC, 10-Link master and PC. Through the standard digital signals, a
stepper motor driver is connected to the PLC. The 10-Link master is powered by both sources.
One for drives, second for sensors and control electronics. This two power supplies are also avail-
able for an expanding HUB that communicates with the master via IO-Link. Digital sensors from
pneumatic drives are connected in standard way to the HUB. Via IO-Link, a valve island and an
RFID head are also attached to the master. The figure does not contain all the used elements and
all functional connections (only the connection structure, not the wiring diagram).

Profinet

I0-Link

DI/DQ —
Supply 24V =——
Air pressure

Fig. 17. Connection structure

206



TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES
Modul functions. The workstation module will be able to work either as a single work-
station or will be able to be connected to the FMS 500 after its upgrading. The structure of the
functionalities of the individual parts of the module is shown in Fig. 18.
Machining module

collection and processing
of diagnostic data from
the 10-Link master

[ Control part ]
/ \ communication with
higher level of con-

/ \\ trol and visualization

control of handling control of machining

Handling part, collection data part, collection data Machining
from sensors from sensors
part part
N handling with
component X
sending information o
from sensors Machining
holding of component

of component

positioning of com-
ponent into rotation

table
grip
component

The function of this module will be to move the components with pneumatic manipulator
from belt (if module will connect to FMS 500) or from preset point (if station will be stand-
alone) on the rotation table. After placing the component on the first table post, the RFID
head will be loaded an RFID tag that will be placed on the individual parts. This tag will con-
tain information about the type of component and the machining operations to be performed
on this component. Based on this information, the control system evaluates which operations
will be performed on that component.

After the RFID tag is loaded, the table is rotated 90 degrees and the part is moved to post
number 2. The height control of the component is performed by pneumatic drive. After the
height is evaluated, the operations will be continued according to the set algorithm. The part
moves from position 2 to position number 3 where is drilling operation. PLC via relay, resp.
the contactor is powered by an electric drive with a chuck where the drill will be placed. After
the drive starts, the drill head starts and starting with move down. After the required height
has been reached, the downward movement stops and the drill head returns to the initial posi-
tion where the drill drive stops.

Subsequently, the component moves to the fourth post where the nozzle will realized
blowing of component. After this cycle, the round table cycle closes by moving the compo-
nent to the first post, where the RFID head writes information about the operations performed
to the tag on the component. After write, the manipulator moves the component from the table
to the belt or to the preset position.

Collecting of data from sensors, RFID system, and pneumatic drive management will be im-
plemented using 1O-Link technology, which will provide both process and diagnostic data
throughout the program run. As an example, additional functions can be provided with the 10-
Link valve island. In addition standard switching of coil, it is possible to set 32 bits counter on

N

blowing
of component
read and write data via RFID

Fig. 18. Block diagram of module functions

inspection of
component
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individual coils, reset of this counters, set the switch point on the counter, after which the infor-
mation about reaching the specified number of switches is sending, the short-circuit indication on
individual coils, Process and diagnostic data will be accessed through the user interface.

Module extension and connection to system FMS 500. After completing the described
basic functionality, the module will be expanded by additional features, devices, and technol-
ogies. The main extension should be to connect this stand-alone station into the upgraded
FMS 500 system, where the PLC S7-300 will be replaced by PLC S7-1500, the Profibus
communication bus replaces the Profinet bus and 10-Link technology will be integrated at the
individual stations, just like the machining module.

The interconnection of the individual stations will be provided by the Profinet industrial
bus which is normally realized with a metallic cable (twisted pair) with RJ-45 or M12-180
terminals. A possible extension is the implementation of the IWLAN (Industrial Wireless Lo-
cal Area Network) module that provides wireless industrial communication over an AP (Ac-
cess point) and a client connection. This extension can be used to communicate the FMS 500
with another system or with a higher level controller (PC), which therefore may not be in the
immediate vicinity of the system or does not need to be connected with a bus cable.

Another extension can be sending and storing data to cloud services, For example Mind-
Sphere from SIEMENS. Thanks to this technology they are processed and shared. Last but
not least, the expansion of IO-Link technology features.

Conclusion. Contact with the latest trends and mastering the most advanced technologies
in the field of industrial automation is the only way to prepare future engineers for their work
and to provide them sufficient theoretical knowledge, but especially practical and related
skills, for their better use in the labor market. The way this task can be handled is real work
with devices whose features and capabilities fit into the concept of Industry 4.0. The devel-
opment of these devices is very progressive and it is therefore necessary to modernize or re-
place the old technologies and equipment with new ones. That's why we've decided to up-
grade and revitalize the FMS 500 line and add a whole new module.

The main objective of this article was to approach the design of the Machining Module
with Industry 4.0 elements for the Modular Production System FMS 500. This design de-
scribed the design of the given module with the deployment of the individual components
whose type and parameters were described. The functions and purpose of the module were
also described, as well as its functional capabilities in terms of diagnostics. Last but not least,
we have outlined how this module could be further expanded and modernized in the future to
get even closer to the Industry 4.0 concept.

Acknowledgement

This work has been supported by the Slovak Grant Agency KEGA 054 TUKE-4/2016 In-
novation of teaching courses with a focus on automation in response to the demands of indus-
try and services.

References

1. SIMSIK, Dugan - GALAJDOVA, Alena - RAKAY, Rébert - Intenzifikacia vyskumu a prepo-
jenia na prax inovaciou laboratorii - 2016. In: ARTEP 2016 : Automatizacia a riadenie v tedrii a praxi.
- Kosice : TU, 2016 S. 52-1-52-10. - ISBN 978-80-553-2474-6.

2.SIMSIK, Dusan - GALAJDOVA, Alena - SEMINSKY, Jaroslav - RAKAY, Rébert -
VISNOVSKY, Martin - Inovacia §tudijného programu automatizacia a riadenie strojov a procesov v
reakcii na poziadavky priemyselnej praxe — 2016, In: ARaP 2016. - Praha : MM publishing, 2016 P.
79-82. - ISBN 978-80-906310-1-4.

3. VISNOVSKY, MARTIN - GALAJDOVA, ALENA - Prepojenie PLC a IO-Link technolégie
ako sucast’ Industry 4.0 - 2017. In: Novus Scientia 2017. - Kosice : TU, 2017 S. 200-205. - ISBN 978-
80-553-3080-8.

208



TEXHIYHI HAVKH TA TEXHOJIOTII Ne 4 (14), 2018

TECHNICAL SCIENCES AND TECHNOLOGIES

4. MPS® 500-FMS: Flexible production — compatible, modular and versatile, [on line], [cit. 2018-
01-14]. Dostupné z:  http://www.festo-didactic.com/int-en/learning-systems/mps-the-modular-
production-system/mps-500-fms/mps-500-fms-flexible-production-compatible,modular-and-
versatile.htm?fbid=aW50LmVuLjU1Ny4xNy4xOC44NTUuNDI2MQ.

VIIK 331.103.1:004
Mapmun Buwnvoscku, Pobepm Paxaii, Anena I'anatioosa, ywan Llumuwiux

INPEACTABJIEHHA MOAYJISA EKCIIEPUMEHTAJIBHOI'O POBOYOI'O MICIIA
HA OCHOBI IIVTAT®OPMMU INDUSTRY 4.0

Axmyanvnicmey memu docnioxncennsn. Hogi cyvacni menoenyii 6 kabenbHOMY NpoMUCIOBOMY 38'A3Ky ma 0OMiHI OaHUMU
CHPAMOBAHI HA BNPOBAOIICEHHS HOBUX CIAHOAPMIE 36'A3KY, NPOMOKONIG | 3HUJICEHHA sumpam. 38's130K 8 KOJICHIL asmomamu-
3068aHIl CUCMEM] MAE BUSHAUATbHE 3HAYeHHA. DYHKYIT yux cucmem O0yce 8axciusi Ons NPasUibHO20 QYHKYIOHYBAHHS aA6-
MoMamu308aHoi cucmemu.

Ilocmanogxa npoénemu. Ilpu npoexmysanti cencopHux i GUKOHAGUUX CUCMeM AGMOMAMU3ayii ma 01 HANa200HCeHHs
36'13Ky MidiC PI3HUMU NPUCIPOSMU, PO3POOHUKYU BUPIUULU NPOOIEMY 3 OONOMO20I0 CIAHOAPMU308AHO20 363Ky, MAKO20
sk mexnonoeisa 10-Link. L]i komyuixayiiini mexnonoeii pazom 3 npomuciogoio wuHoo cmeopioroms piuileHHs Ol cy4acHo2o
363Ky 3 6€IUKOI KINbKICMIO Nepesas, maxux sAK weuoKuil ouzaiin i diaeHocmuka, yHighikosanuil inmepgelic, 3MeHUEHH S
sapmocmi i po604020 uacy.

Ananiz ocmannix oocnioxcens i nyonikayiit. /[na niocomosxu yiei cmammi Mu npoananizyeany pisHi pivieHHs ons 36's-
3Ky Midic 0asauamu i BUKOHABUUMU MEXAHIZMAMU, Pi3Hi cucmemu YnpagninHa i mexaniuni piwenna. Mu euxopucmosysanu
3HAHHA 3 HAWUX NONEPEeOHIX eKCnepUMEeNmMIB | UOPanU ONMUMATbHI KOMROHEHMU Ma cucmemu Ol HAU020 NPOeKny.

Buoinenns neoocnioycenux wacmun 3azansnoi npoonemu. € 6azamo pizHux munie 0amuuKie, UKOHABUUX MeXAHI3-
Mi8, KoMyHIKayitnux inmepgheticie i npomucnosux wun. O6ca2y 00Hier cmammi HedOCMAmMHbO, WOH onucamu ix NOBHICMIO.
Ocb yomy mu onucanu auuie mi, Ki 6y0yms UKOPUCTOBYBAMUCH.

Ilocmanogka 3ae0aunn. Y yiii cmammi Onucyemucs NPOEKm MexaHiuHo2o MoOYIs 05l MOOYIbHOI 1abopamopHoi cuc-
memu FESTO FMS 500. Lleit moOyns 6yoe (i3uuno peanizoeanuti y medxcax akmusizayii ma mooepizayii 1abopamopuoi
cucmemu FMS 500 6 [Jenapmamenmi agmomamu3sayii, ynpaguinia ma moOUHO-MAUHHOL 83A€MOOIL.

Buknao ocnosnozo mamepiany. Mu cnioyemo menoeHyism npoMuciogoi agmomamusayii ma eumoeam 4-i npomuciogoi
pesonoyii. 3 yiel npuuunu mu uxopucmogyemo mextronoeio 10-Link 6 noeonanni 3 Profinet ona 36'a3Kky 3 damuuxamu i
BUKOHAGUUMU MEXAHIZMAMU.

Bucnogxu 6ionosiono oo cmammi. Ocrnosna mema yici cmammi — 3anponoHy8amu KOHCMPYKYito MexaHiuno2o Mooyis
3 enemenmamu Industry 4.0 ons moodynwvroi eupobnuyoi cucmemu FMS 500. YV yvomy npoexmi onucyiomucs okpemi KomnoHe-
HmMuU, aKi 6yoyme euxopucmosysamucs. Takoe onucani yHkyii ma npusHaueHHs Mooyns, a MaKoxC U020 QYHKYIOHANbHI
MOCTUBOCI 3 MOYKU 30pY OIACHOCMUKU.

Knruoei cnosa: asmomamusayis; ynpasninns;, PLC; 10-Link; Cloud; 6e30pomoguil 36’430k, nHe8Mamuyui cucmemu,
Industry 4.0.
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DESIGN OF DOCKING SYSTEM FOR MOBILE ROBOTICS
PLATFORM TYPE AGV

Urgency of the research. Automatic battery charging of AGV platforms allows you to maximize their potential. Safe and
quickly positioning AGVs in a charging station equipped with appropriate contacts, reduces the charging time as well as the
purchase price of the device.

Target setting. The aim of the solution is to design an automatic docking and charging station from a used hand-held charging
station. In the design, it was necessary to ensure the appropriate position of the AGV platform against the docking station.

Actual scientific researches and issues analysis. The issue of fast and reliable charging of mobile service robots is
highly up-to-date. The reason for this is the growing deployment of AGV platforms in various industrial or service sectors.

Uninvestigated parts of general matters defining. This article focuses on a specific solution for the provision of
transport services. Transport services come from the need to transport medical supplies and medications in a multi-storey
hospital building. The movement of the robot between the floors is solved by the use of lifis used by the personal of hospital.

The research objective. The aim of the research was to design a docking and charging station utilized an already pur-
chased power-up charger. The design was aimed at creating an appropriate power transmission system between the charger
and the AGV platform batteries. The price ceiling for the whole facility was worth € 2,000.

The statement of basic materials. The use of docking and charging stations for mobile service robots is dependent on a
number of parameters. In particular, the parameters depend on the area of use, the size of the battery to be charged, and the
amount of robots being recharged at the station. Last but not least, charging time and purchase price are also important.

Conclusions. The task of the solution was to design a docking station design for the AGV platform. At the beginning, three
variants were created, from which the most appropriate solution was chosen using the scoring method. However, before design-
ing the docking station design, it was necessary to modify the existing AGV platform construction so that it could be connected to
the docking station charging mechanism. The design of the docking station itself consisted of the design of the charging and
charging mechanism. These mechanisms provide charge and guidance of the AGV platform to the docking station. Mechanisms
are not dependent on each other, since the charging mechanism is activated later than the drive mechanism. Subsequently, a
design of the docking station, which can be anchored to the floor or to the wall, was created. At the docking station there is a
charger from Hoppecke, which provides the AGV platform charging. The design dimensions of the docking station have been
greatly influenced by the size of the above-mentioned charger. It has been found that new and better technologies will not be
needed at the docking stations in the future, as AGV platforms can be guided without their help. The development of new and
better quality systems will bring new guidance options to AGV platforms and docking stations.

Key words: AGV; docking system, battery, mobile platform.

Fig.: 6. Table: 1. References: 6.

Problem definition. Industry 4.0 marks the current trend of digitization and automation of
production. Basic visions emerged in 2011. With the onset of the Industrial Revolution, the de-
velopment of AGV (Automated Guided Vehicle) platforms for automated material transport is
also closely linked. Automated Vehicles in Industry 4.0 play an important role because they
partially take on simple and repetitive activities that do not require human intervention. AGVs
have different uses not only in industry but also in other areas. Over time, new intelligent facto-
ries will be created to use cybernetic-physical systems and take on the repetitive and simple ac-
tivities that people have done so far [1; 2]. The first versions of AGV used navigational aids in
the environment to navigate (for example magnetic passports, colour lines, floor wires). Thanks
to advances in autonomous navigation, solutions are now available that allow for mapping and
localization without the need for external navigation aids. The latest AGV models can map the
environment using LIDARs (Light Detection and Ranging) and then create a virtual map of the
environment. AGV is able to detect its exact location in this way and therefore works very accu-
rately and precisely with regard to safety. AGV platforms include Mobile Industrial Robots
(MiR), Omron Adept Technologies, SMP Robotics, VAHLE, WiBotic, Clearpath Robotics,
Fetch Robotics, Swisslog, and the Slovak company CEIT. The issue of mobile AGV platforms
is inseparably linked to the need to deliver energy to the system. In case of battery-powered
AGVs, charging is required. Charging can be solved in a variety of ways. The simplest case is
to manually connect the platform to the charging station, which however requires human inter-
vention to (disrupt process automation. If we are trying to maximize the automation of material
transport, it is necessary to solve the problem of automatic battery recharging [3].Several con-
cepts are currently used to automatically charge mobile robots. The best-known ones are dock-
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ing stations, floor charging, and wireless charging. The article presents a proposal for automatic
battery recharging for the AGV platform developed by a Slovak company. The manufacturer
aims to bring to market a modern AGV platform based on the latest knowledge of autonomous
navigation, localization and solving the problem of automatic energy recharging. The solution
to this problem was to consider all currently available charging technologies on the market. On
the basis of the acquired knowledge, three proposals for designing the integration of automatic
charging technology into the system were developed. Based on cost analysis and complexity of
the solutions developed, the final proposal was selected.

Use and parameters of AGV platform. The proposed AGV platform uses the latest
knowledge of localization and autonomous navigation of mobile robots, can create a virtual
map of its surroundings and then move it according to the chosen trajectory. With laser guid-
ance and a virtual map, no lines, magnetic strips, or magnets placed in the floor need to be
navigated. The first AGV platform is tested in the Kosice-Saca hospital (Slovakia). It facili-
tates the work of the staff and is able to safely and fluently transport the necessary material to
other floors through a lift that can be called. The proposed platform is shown in Fig. 1.

—

Fig. 1. AGV platform

Basic technical parameters of AGV platform:

e Maximum carrying capacity: 100 kg.

¢ The maximum towable weight: 500 kg.

e Maximum speed: 1.0 m/s.

e Battery life 10 km (with 50 Ah batteries).

e Charging device integrated in the home station.

e Machine weight 80.5 kg.

AGV platform is ready to integrate various add-ons. The superstructure in the form of a
robotic arm allows you to move or store the required goods in the designated area. The use of
the arm is possible in several areas (e.g. the automotive industry). The electronically lockable
box is the superstructure that is most commonly used in hospitals where it is used to transport
medical supplies. Thanks to an electronic lock, this box cannot be opened while moving,
making the material anti-theft. This add-on is not exclusively for the hospital environment,
and its use is also possible in other sectors (e.g. hotels). AGV uses power via two 50 Ah
Hoppecke battery type 12 TB 50 [4]. The batteries are connected in series to provide the 24 V
required to power the system and the robot drives (AGV can run 10 kilometres per charge).

Proposal of docking station. The docking station consists of a frame on which the guid-
ing mechanism and the cover plates are attached. The station has the possibility to attach it to
the floor, but also to the wall, which will ensure against unwanted displacement. There is a
charger inside the docking station to quickly charge the AGV platform. Powering the docking
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station is via a cable that is suitable for a conventional 230 V plug. In addition to the fact that
the AGV platform can be effectively brought to the docking station by means of the sensors
separately, in the case of a slight deviation in the docking station, a guidance mechanism is
installed that can correctly rotate AGV platform for charging mechanism [5]. One of the ad-
vantages of the docking station is that it is possible to place it in any place in the hall without
complicated intervention. The price of such charging devices is around € 2,200 per piece. In
Fig. 2, a docking station is shown along with an AGV platform that is suitably adapted for
charging and flexible guidance into the docking station.

AGV platform

Fig. 2. AGV and docking station

In Fig. 3 is a proposed AGV platform that is equipped with connectors. These connections
consist of a guide cone hole and a charging contact.

Hole for guidance AGV

Contact for charging
Fig. 3. Connections of the AGV platform to the docking station

Before designing the docking station itself, the design of the connection in the AGV plat-
form is still needed. The connector structure is hidden under the top cover of the AGV platform.
The top cover has out the required holes for charging and guiding. The simplicity of this design
also reflects the resulting price. The production cost for the one connector of AGV platform is
around € 70 per piece. There are four such connectors on the AGV platform, so the final cost
for modification the AGV platform is € 280. Charging connection for AGV platform, fig. 4
consists of two main parts, which are the guiding and the charging contact (mechanism).
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Guiding mechanism

Charging mechanism
Fig. 4. Charging connection for AGV platform

The guide sleeve is fastened by screws to a frame to which a flange is attached due for ex-
tension of the screw thread. The charging contact is connected by means of screws that con-
nect it to the insulating plate. The insulating plate is then used with other screws connected to
the frame of the AGV platform. On the charging contact, a rubber insulation is provided to
protect the frame of the AGV platform from electric current. There is a screw in the charging
contact which connects the conductive contact with the charging contact. The entire connec-
tion solution is hidden under the top cover of the AGV platform. In this cover, holes are cut
out so that the AGV platform can be routed through the guiding mechanism and charged with
the charging mechanism. The first step in designing the docking station is to create a rigid
frame that can withstand unexpected impacts, as there may be different situations in the pro-
duction halls. Figure 5 shows a frame on which there is also a charging and guidance mecha-
nism. This frame is formed from a hollow square profile.

Frame of AGV Docking Station

Guidance and charging components

Fig. 5. Connections of the AGV platform to the docking station

In Fig. 6 shows a charger from Hoppecke, which is already incorporated in the docking
station [6]. The dimensions of this design are largely influenced by the size of the charger to
be mounted in the docking station. This problem with the construction was easily solved by
enlarging the docking station.
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Fig. 6. Docking station without cover:
1 — Hoppecke charging device; 2- Attaching the charger to the docking station,
3- The rear part of the docking station for attachment to the wall

The docking station is not very compact, but robust and shock-resistant. If necessary, the
docking station can also be moved to other locations. The charging mechanism is designed to
withstand even tougher impacts and careless handling. The basic information on the docking
station is shown in Table.

Table
Parameters of the charging and docking station
Base dimensions of docking station (Width x Depth x Height) [mm)] 676 x 505 x 632
Basic dimensions of the guide mechanism (Width x Depth x Height) [mm)] 80 x 165 x 100
Weight of the charging and docking station [kg] 52

The cost of manufacturing, welding and assembly work is estimated at € 500. The total
purchase price for the materials is € 1475, which means that the total cost of one docking sta-
tion is € 1975.

Conclusions. The task of the solution was to design a docking station design for the AGV
platform. At the beginning, three variants were created, from which the most appropriate solu-
tion was chosen using the scoring method. However, before designing the docking station de-
sign, it was necessary to modify the existing AGV platform construction so that it could be
connected to the docking station charging mechanism. The design of the docking station itself
consisted of the design of the charging and charging mechanism. These mechanisms provide
charge and guidance of the AGV platform to the docking station. Mechanisms are not de-
pendent on each other, since the charging mechanism is activated later than the drive mecha-
nism. Subsequently, a design of the docking station, which can be anchored to the floor or to
the wall, was created. At the docking station there is a charger from Hoppecke, which pro-
vides the AGV platform charging. The design dimensions of the docking station have been
greatly influenced by the size of the above-mentioned charger. It has been found that new and
better technologies will not be needed at the docking stations in the future, as AGV platforms
can be guided without their help. The development of new and better quality systems will
bring new guidance options to AGV platforms and docking stations.
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IMPOEKTYBAHHS JIOK-CTAHIII JIJISI MOBLJIBHOI POBOTOTHU30BAHOI
IJIAT®OPMU TUITY AGV

Axkmyanvhicmbs memu 00cnioycenns. Asmomamuuna 3apsaoka akymyaamopie Ha niamgopmax muny AGV dae smozy
MAKCUManvHo guxopucmosgysamu ixnitl nomenyian. besneyne ma weuoxe posmingenun AGV Ha 0ok-cmanyii, wo ocHaujena
8i0N0GIOHUMU KOHMAKMAMU, CKOPOUYE HAC 3aPAO0NCEHHS, A MAKOIC 8APMICMb HOKYNKU HPUCMPOIO.

Ilocmanogxa npoonemu. Memoio pobomu € po3podka agmomamuunoi O0K-Cmanyii i 3aps0HO20 NPUCMPOIO i3 BHCUBA-
HOI nopmamusHoi 3apsioHol cmanyii. IIpu npoexmysanHi HeoOXiOHO 6Y10 3a6e3nequmu HAlLeHCHe NOLONHCEHH Naamgopmu
AGV wodo oox-cmanyii.

Ananiz ocmannix oocnioxcens i nyonikayii. Ilpodnema weuokoi 1 HaditiHoi 3apadku MOOIIbHUX CepBICHUX pobomie
oyaice akmyanvra. [IpuduHo yvboeo € 3pocmarode po3oPMAaHHA NIAMMPOPM ABMOHOMHUX KEPOBAHUX MPAHCROPMHUX 3d-
co6ie (AGV) y pizHux npomMuciogux i cepgiCHUX 3acmocy8anHIX.

Buoinenns neoocnioxncenux uacmun 3azanvnoi npodnemu. /lana cmamms npucesayueHa KOHKpPemHOMY pDilueHHIO Ol
HaoauHs mpancnopmuux nociye. Tpancnopmui nociyeu 8UHUKAIOMb Yepe3 HeoOXiOHICMb nepego3umu MeoukameHmu i me-
ouxkamenmu 6 6azamonosepxogi Oyoieni aikapHi. Pyx poboma misxc nosepxamu peanizyemucs 3a 00NOMO20i0 Aighmis, 5Ki
BUKOPUCTNOBYIOMbCS NEPCOHANOM JIIKAPH.

Ilocmanogka 3ag0annsn. Mema Oocniodicenns nonseana 8 momy, wob cnpoexmyeamu 0OK-CIMAHYilo 3 GUKOPUCAHHAM
80ICUBAHO20 3aPA0H020 npucmpoio. Pospobka byna cnpsamosana na cmeopeHHs 8ionogioHoi cucmemu nepeoadi enepeii misic
3apaoHum npucmpoem i bamapesmu niamgopmu AGV. Obmedscennsn no eapmocmi 6cvozo 0bexmy cmanoguno2000 espo.

Buxnao ocnoenozo mamepiany. Buxopucmanms cmuky8anbHUX i 3apsaoHux cmanyiil Ot MOOIILHUX cepeicHux pobomis 3ane-
Jrcump 610 bazamvox napamempis. 30Kkpema, napamempu 3anexcamy 8i0 2any3i GUKOPUCIMAHHSE, PO3MIpY bamapeti Olisl 3apsAO0KU i Kib-
Kocmi pobomis, wjo 3apaodicalombcs Ha cmanyii. Hapewmi, wo He MeHw 8adicugo, 4ac 3apsAoKu U YiHa NOKYNKU MAKOJAC BAACTIUBI.

Bucnoeku 6i0noeiono 00 cmammi. 3ae0anHam 6yno po3pobnents KoHcmpyKyii 0ok-cmanyii s niamgpopmu AGV. Ha
nouamxy 6y10 cmeopeHo mpu eapianmu, 3 AKUX 6y10 eubpaHo HaNbOinbLWw 6i0N0BIOHE PilleHHS 3 GUKOPUCHAHHAM Memooy
oyinku. OOHAK neped NpoeKmysaHHAM KOHCMPYKYii O0K-cmarnyii 6y10 HeoOXIOHO 3MIHUMU HAAGHY KOHCMPYKYil0 niamgop-
mu AGV, wob eona mozna o6ymu niokmodueHa 00 mMexaizmy 3apaoxku ook-cmanyii. Konempykyia oox-cmanyii nepedbavac
HAABHICMb 3apsA0H020 Mexanismy. Li mexanizmu 3a6e3neqyioms 3apaoky i ynpasiinus niam@popmoio AGV 00 dok-cmanuyii.
Mexanizmu ne 3anedcams 00UH 8i0 00HO20, MAK AK MEXAHI3M 3apsAOKU AKMUBYEMbCA NI3HIULE, HIJIC MEXAHI3M npugoody. 32o-
odom 6yna po3pobnena KOHCMPYKYist 00K-CIMAaHYii, AKY MOJMCHA 3aKpinumu Ha niono3i abo na cmini. Ha dox-cmanyii € 3apsao-
Hutl npucmpiii 6i0 Hoppecke, axuii 3a6e3neuye 3apaoky niamgpopmu AGV. Ha cabapummui posmipu 0OK-cmanyii icmomuo
BNAUBANYU POIMIPU BUUYE32A0AH020 3apsa0H020 npucmpoio. Byno ecmamnosnerno, wo 6 maibymuvomy Ha 0OK-cmanyii ne 6y-
Oymb nOMpIOHI HOBI 1l 6inbUL OOCKOHANL MexHoNozii, ockineku niamgopmu AGV moocna opienmysamu 6e3 ix oonomoeu.
Po3pobka HosUX | 6ibUL AKICHUX cUCeM NPUHece HOBI MOXCIUBOCME ynpasninHa Ons niamgopm AGV i dok-cmanyil.

Knrouoei cnosa: AGV; cmukysanvha cucmema, akymyismop,; MobinoHa niamegopma.
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Peter Marcinko, Ondrej Jurus
AN EXPERIMENTAL WORKPLACE WITH SCARA ROBOT

Urgency of the research. Interest in this subject is aroused because, in the available sources, this kinematic structure is
the least documented, even though it is required in certain applications (fast assembly of small parts,...).

Target setting. The main goal was to design a workplace with a Scara robot. This workplace is used by the student to
verify their theoretical knowledge gained from lectures in practice. They can try programming the robot, but also work with
the camera system.

Actual scientific researches and issues analysis. In 1961, (USA) the first industrial robot Unimate was put into the in-
dustrial practise for General Motors for welding of vehicle body. Since this industrial robot deployment has gone on for
many years and many changes have been made in the field of industrial robotics in terms of mechanical properties and in-
dustrial robot control systems, taking account the requirements of applications in technical practise.

Uninvestigated parts of general matters defining. This article focuses on analysis of the proposed of workplace with
robot of kinematic structure Scara and parts of workplace.

The research objective. The aim of the research was to design and assembly workplace with robot Scara with camera
system by Omron.

The statement of basic materials. The analysis consists of basic information about kinematic structure of Scara robots.
Based on this knowledge the 3D model of workplace and parts is described.

Conclusions. The robot workplace with the Scara robot and the Omron F150 camera system is designed for students to
verify the theoretical knowledge gained from the lectures in practice. At the same time, the workplace can be used to solve
and verify the knowledge in solving various projects related to the use of CCTV systems in a robotic workplace. Due to long-
term use of the workplace in the educational process, where students were able to intervene in software and hardware
equipment, several parts of the workplace were damaged. The next step is to upgrade the entire workplace.

Key words: kinematics scara; camera system,; workplace.

Fig.: 7. References: 7.

Problem definition. In 1961, (USA) the first industrial robot Unimate was put into the
industrial practise for General Motors for welding of vehicle body. Since this industrial robot
deployment has gone on for many years and many changes have been made in the field of in-
dustrial robotics in terms of mechanical properties and industrial robot control systems, taking
account the requirements of applications in technical practise.

At present, the development of industrial robots accentuate emphasis on the reliability of
the robot in operation, on the quality level as well as on the dynamics (speed) of the robot, but
also on the accuracy and repeatability of the movements. Technological and handling qualifi-
cations depend on the input (load, end load, ...) and output (accuracy and repeatability, track
accuracy, ...) parameters. These parameters can be used as a requirement for robot develop-
ment, diagnosis and testing.

The current trend in the field of robotics use robots structures to construct so-called
bounded spatial mechanism built on two kinematic structures either serial or parallel. Parts of
these kinematic structures are kinematic couples either translational (R) or rotational (T).
TTT, RTT, RRT and RRR are standard robot design structures. From these kinematic struc-
tures each specifies the robot properties.

In the applications of robot technology in the production and non-production processes in
automation, the demands on the properties of industrial robots (demands for efficiency, safe-
ty, reliability, ...) in applications where they are deployed are increasing. The variety of these
systems requires new ratings of robots deployed in production and non-production applica-
tions, based on practical and theoretical interconnection of knowledge of kinematic structures,
theoretical possibilities and operational properties, identification and monitoring of robot pa-
rameters, methods of monitoring and measurement of robots.

The issue of assessing the technological and manipulative characteristics of industrial ro-
bots requires closer interest. The work deal with by a kinematic structure called Scara, which
is a variation of the RRT structure. The meaning of SCARA stands for Selective Compliance
Assembly Robot Arm.

© Marcinko P., Jurus O., 2018
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Type of kinematic structure Scara. Scara robots, based on an analysis of available lit-
erature on their use in practise, are mainly used as assembly robots or handling robots, but
there are also applications in other technologies, for example an application of surface coat-
ings (spraying) or for other materials (glue, adhesives etc.), palletizing and depaletisation.
Several types of these robots are shown on Fig. 1.

Fig. 1. Scara robots

The robot was built at the University of Yamanashi, led by Professor Hiroshi Makino
(1978). Kinematics Scara belongs to RRT mechanical structures. The Scara kinematics was
first introduced in 1981 by NEC as the new concept of a mounting robot. The positioning
mechanism is categorized (as a subsystem of action mechanism) as a serial arrangement of
two rotational (R) and one translational (T) kinematic pair, Fig 2. Kinematics Scara is de-
signed for selected applications, especially in the category of assembly operations. The work-
space is a cylindrical solid.

Fig. 2. Structure and manipulation workplace
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Kinematics Scara can be described and expressed in comparison with another structure in
terms of its typical features, which appear in its applicability. As a comparison of Scara kine-
matics with TTT type kinematics, speed parameters linked to one-time position repeatability
can be mentioned, Fig. 3.

Scara kinematics robots are typical of having lower stiffness compared to the TTT me-
chanical structure. This is due to the fact that all the joints of the mechanical structure are lo-
cated at the ends of the arms, i.e. the proportion of matter increases without support, which
necessarily leads to greater deflections and consequently to greater inaccuracies. Consequent-
ly, Scara robots have a worse load balance, their payload is lower than that of robots with
TTT structure. With higher load, the speed of movement decreases.

0,95 sec 0,38 sec

Fig. 3. Comparison kinematics structure TTT and Scara

The construction of the Scara robot guarantees its strength in the vertical direction, while
at the same time it offers high flexibility in the horizontal plane. When applying Scara robots
in dusty or corrosive environments, it is possible to seal the joints hermetically and create
specific design solution for the “clean” environment. Fixing Scara robots affects their applica-
tion potential. Together with the size of the arms, their arrangement and range of movements,
they affect the robots handling capabilities, but also the dimensions and shape of the work-
space. In general, it can be stated that by using a suitable assembling method, it is possible to
guarantee a sufficiently compact and simple form of installation, Fig. 4.

0 i

Fig. 4. Positioning of Scara
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Characteristic and parts of Scara. Scara robots are among the fast industrial robots, per-
forming precise assembly work with high flexibility in motion. They have the most frequent
four degrees of freedom (DOF). The robotic arm of Scara functions principally as a human
arm, so it performs human-like movements (shoulder, elbow and wrist axes). Shoulders are
constructed with serial kinematics. The first and second axes of movement are usually rotat-
ing, allowing the arm to move horizontally. The third and fourth axes of motion are realized
by a screw ball. This allows translational and rotational movement. However, Scara has a
wrist motion restriction. This causes the wrist to rotate but cannot tilt. Restriction is an ad-
vantage in several types of assembly and palletizing applications. Fig. 5. shows the main
components from which the Scara industrial robot is composed.

Characteristic features:

» relatively simple design,

* high stiffness,

* very high accuracy,

* high speed,

 small dimensions,

* high service life and reliability,

* lower maintenance costs.

LM

-
L

e e ]

[

Fig. 5. Main parts of robot Scara

An experimental workplace. The development of production systems equipment has shift-
ed from classic sensor components to robots with 3D camera systems. This is in particular be-
cause approaches are insufficient to meet the new requirements for manipulating, grasping or
measuring some parameters. Camera sensors are currently an important element of robot
equipment for expanding its peripheral capabilities. At present, research based on a 3D vision
and three-dimensional modelling is one of the industries that are the main directions in robotics.

Palette objects can enter a process chaotically arranged, partially oriented or precisely ori-
ented. The first and second cases require that the workplace be equipped with either an orien-
tation device using the various known principles of achieving a given information, such as the
use center of gravity, mechanical obstacles etc. or equipping robots with sensors to analyse
2D and 3D scenes.
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In general, cameras for product quality control are generally used in industry. The check is
carried out by comparing the shapes and geometric characteristics of the manufactured parts
with the standard components. These cameras are sometimes inserted during the calibration of
the cameras. Another industry application of cameras is to control the progress of technologi-
cal processes. It belongs here, for example: continuous inspection of machine welding using
special cameras. This check is carried out during welding and allows real-time correction of
the welding settings of the machine that the welding performs to achieve the optimum weld-
ing setting over the entire length. Undoubtedly the progressive trend of deploying camera sys-
tems in the industry (and laser scanners) is the ability to capture objects of various shapes and
sizes and import them into CAD systems using special software that translates a recorded ob-
ject into a compatible 3D model.

The development of production systems equipment has shifted from classic sensor com-
ponents to robots with 3D camera systems. This is in particular because classical approaches
are insufficient to meet the new requirements for manipulating, grasping or measuring some
parameters. Experimental workplace with robot Scara and camera system, Fig. 6.

wvibration wvibraticn Robot

COMWEWOr bowl tray Scara )
F __— palletizer

Y .
py
gay >

de-palletizer
» =

Belt conveyor Beh conwveyor

Fig. 6. An experimental workplace

This workplace is composed of several parts:

* vibration conveyor,

* camera system,

* vibration bowl tray,

* robot Scara,

* palletizer,

* de-palletizer,

* belt conveyors.

The real workplace is fitted with the Scara Yamaha YK600X with QRCX control system
and the Omron F150-3 camera system. Full control of the workplace is provided by two Om-
ron PLC system CP1H and CP1E. The connection of the camera system to the PLC CP1H
controls the PLC CP1L via the RS232C system. The control unit is realized by a touch panel,
where it is possible to select from two modes - manual and automatic. The pallet loading is
solved using an output conveyor with a palletizing and depalletizing unit.
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Fig. 7. An experimental workplace

Conclusions. The robot workplace with the Scara robot and the Omron F150 camera sys-
tem is designed for students to verify the theoretical knowledge gained from the lectures in
practice. At the same time, the workplace can be used to solve and verify the knowledge in
solving various projects related to the use of CCTV systems in a robotic workplace. Due to
long-term use of the workplace in the educational process, where students were able to inter-
vene in software and hardware equipment, several parts of the workplace were damaged. The
next step is to upgrade the entire workplace.
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Ilemep Mapyunko, Ouopeti FOpyw
EKCIIEPUMEHTAJIBHE POBOYE MICILE 3 POBOTOM SCARA

Axkmyanvuicms memu 0ocnioxycenns. lnmepec 00 yici memu GUKIUKAHUT MUM, WO 8 OOCHIYNHUX 0J4CEPENax ys KiHeMamuina
CMPYKMypa € HatiMeHw OOKYMEHMOBAHOIO, X04a BOHA NOMPIOHA 8 NEGHUX NPOSPAMAX (WBUOKe 30UpaHHs OpibHUX Oemaretl MOouo).

Ilocmanogxa npoénemu. Ocnognoio memoro 06yno cnpoekmysamu poboue micye 3 pobomom Scara. Lle poboue micye
BUKOPUCIIOBYEMBCS CNYOEHMOM Ol NEPEBIPKU CEOIX MeoPemutHUX 3HAHb, OMPUMAHUX HA JeKYIAX Ha npakmuyi. Bonu mo-
2HCYMb CNPOBYBAMU NPOSPAMYBAMU POOOMA, A MAKONC NPAYIOBAMU 3 CUCIEMOIO TMEXHIYHO20 30D).

Ananiz ocmannix oocnioxncens i nyonixayiit. Y 1961 poyi (CLLA) nepuiuii npomucnosuti pooom Unimate 6y 6sedenuil
6 npomucnogy npakmuky ons General Motors Ons 36apioeants Ky3068a asmomooina. Ilicis 6UKOPUCMAHHA NPOMUCTOBO20
poboma npomszom bazamvox pokig 6yno 3pobreno bazamo 3MiH y 2any3i NPOMUCIOB0I pOOOMOMEXHIKU 3 NO2A0Y MEXAHIUHUX
eracmusocmell i cucmem YnpasiinHs RPOMUCTIOBUM POOOMOM 3 YPAXYBAHHAM 8UMO2 3ACMOCYBAHHS 8 MEXHIYHIT NPAKMUYI.

Buoinenns nedocnioycenux yacmun 3azanwvioi npoénemu. Lls cmamms npuceésauena ananisy nponoHo8aHo2o0 poboyo-
20 Micys 3 po6OmMoM KiHeMamuyHoi cmpykmypu Scara i okpemux 4acmur pobo4020 Micysi.

Ilocmanogka 3agdauns. Memoio docniodcenns 6Y10 nNPoeKmMy8ants ma cKIAOaHHs pobouozo micysa 3 pobomom Scara
i3 cucmemoio mexniuno2o 30py Ha 6a3zi kamep 8io Omron.

Bukxnao ocnoenozo mamepiany. AHaniz ckiadaemvcs 3 0CHOBHOI IHoOpMayii npo KiHeMamuuny cmpykmypy pooomie
Scara. Ha niocmasi yux 3Hans 0nucana mpusumipHa mooenb pobouo2o Micys ma tio2o 4acmuH.

Bucnosxu 6ionogiono oo cmammi. Poboue micye poboma 3 pobomom Scara i cucmemoio mexHiuHo20 30py 2a OCHOGI Ka-
mep Omron F150 npusuauene ons cmyoenmis, wob nepesipumu meopemuyni 3HaHHs, OMPUMAH HA NPAKMUYHUX 3AHAMMAX.
Boowouac poboue micye modice 8UKOPUCMOBYBAMUCS OISt BUPTULEHHS Tl NEPEGIPKU 3HAHb NPU BUKOHAHHI PI3HUX NPOEKMIs, No6's-
3AHUX 13 BUKOPUCTNAHHAM CUCIEM BI0E0CNOCMEPEHCEHHS HA POOOMUZ08AHOMY POOOHOMY MICYL. V 383Ky 3 00820CmpoKosum
BUKOPUCHIAHHAM POOOH020 MICYs 8 HABYAILHOMY NPOYEC, KON YYHI MOSTU 8MPYUAMUCS 8 NPOSPAMHE U anapamue 001aOHAHHS,
OesIKi 4acmuHu pobo1o2o Micys Oyau nOwKoOx ceHi. Hacnyntum KpoKkom € OHOBNIEHHS 8Cb020 POOOY020 MICYA.

Kniouosi cnosa: xinemamuxa ckapa, cucmema kamep, poboue micye.
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PO3ALI IV. XIMIYHI TA XAPYOBI
TEXHOJIOI'TI

VIK 613.2.032.33
DOI: 10.25140/2411-5363-2018-4(14)-223-229

FOnis Momyska, Jlroomuna Hwenxo, Onena Momyska

MATEMATHUYHE MOJAEJIOBAHHA KOMIIVIEKCHUX ITOKA3HUKIB AKOCTI
MPOAYKTIB JJISI EHTEPAJIBHOI'O XAPUYBAHHSA HA ETAIIAX iX
KUTTEBOI'O HUKJTY

Axmyanvnicme memu oocnioxycenusn. Tpusane 30epicanis Xapuosux nPoOyKmie 3asicou cynpogoON’CYEMbCs Mpama-
MU iXHbOT AKOCMI MA KiTbKOCMI, 3HUICEHHAM XAPH080i YIHHOCMI, 3UIHOI0 OP2AHONENMUYHUX BIACIUBOCTEIL.

Ilocmanogxa npoonemu. [{na capanmysanms 30epedstceHOCmi CROACUBHUX GLACMUBOCMEL NPOOYKMIB Ol eHMePaIbHO20
Xapuy8amHsa npoms2om 8CIMaHO8IeHO20 CIMPOKY 30epicants, 8adCIUBUM € 30ilUCHEHHS MAMEMAMUYHO20 MOOENIOBAHHS KOM-
NJIEKCHUX NOKA3HUKIG IXHbOI AKOCI.

Ananiz ocmaunix oocnioxcens i nyonikayiit. 1lpobremam Mooento8anHs AKOCMI Xapuoeux nPooyKmie ma NUMaHHAM
npoeHosyeantsa ix 36epedicenocmi npuceaueno Haykoei npayi euenux 1. Saguy, A. Martinus, VanBoekel, B. C.Iyys,
O. A. Kosane ma in.

Buoinenns nedocnioycenux uacmun 3azanvhoi npoonemu. llepcnekmusHum npu MameMamuiHoOMy MOOeN08aAHHI
KOMNAEKCHUX NOKA3ZHUKI@ AKOCMI NPOOYKMI8 3aNeJHCHO 8i0 emanis JHCummeso20 Yukiy ma memMnepamypHux pexncumie € 3a-
CMOCYBAHHA KIHEMUUHO20 MOOETIO8AHHS 3 YPAXYBAHHAM KPUMUYHO20 napamempa onmumizayii.

Ilocmanogka 3asoannsa. Memoio pobomu € 30iliCHeHHA MAMeMAMUYHO20 MOOCTIOBAHHSA KOMNIEKCHUX NOKA3HUKIG AKO-
cmi npoOyKmie 0N eHMepanrbHO20 Xapuy8aHHs HA emanax ix JHCUmmeso20 YuKIy.

Buxnao ocnoenozo mamepiany. Busnauanu oOuHUuHi ma epynosi NOKA3HUKU OP2AHONENMUYHUX é1acmugocmell, Qisu-
KO-XIMi4uHI NOKA3HUKY, OION02TUHY YIHHICMb NPpU 8IOHOCHIL @ono2cocmi nogimpsa 75+5% npu mpbox memnepamypHux pexicu-
Max 36epieannsa cymiweti Cyxux Oiisl eHmepanbHo2o xapyyeanns. Bemanosneno, wjo npu memnepamypromy pescumi 20+ 2 °C
Haubinbwi 6mpamu AKOCMI NPOOYKMI8 3a OP2AHOIENMUYHUMY NOKA3HUKAMU 8100Y8AIOMbCs HA emanax ix mpaucnopmysean-
HA; HAUOLbWE 8Mpamu AKOCMi 3a QI3UKO-XIMIYHUMU NOKASHUKAMU — HA eManax mpancnopmysarHs 0o Micyb peanizayii ma
30epieants @ Micysax npooasicy ma ix peanizayii; HaubiNbWi empamu 6I0N02TUHOI YiHHOCMI — HA emanax MmpaHcnopmy8aHHsl
00 Micyb peanizayii, 36epicants 8 Micysax npooasicy ma ix peanizayii, mpancnopmyearti ma Ha emani CROHCUBAHHSL.

Bucnogexu 6ionogiono oo cmammi. Taxum 4uHoM, OMPUMAHO MAMEMAMUYHI MOOENT 3ANeHCHOCHI NOKAZHUKIG AKOCMI
NnpoOyKmMi6 05l eHMEePAaIbHO20 XAPUYBAHHA 3ANeJHCHO 8i0 emany ix dcummegozo yukny. Ompumani 0ani 3acmocosano npu
6CMAHOBNEHH] MEPMINI8 NpUOAmMHOCHI NPOOYKMIE.

Kniouosi cnosa: mamemamuyne mMooento8ans; npooOyKmu Ois eHmepanrbHO20 XaAp4y8aHHs, KOMWIEKCHUL NOKA3HUK
AKOCMI; (YaKmMOpHULL ananiz; Memoo 20108HUX KOMNOHEHM.

Tabn.: 3. bibn.: 8.

IMocTanoBka npodJjemu. TpuBase 30epiraHHs XapuoBUX MPOIYKTIB 3aBXKIU CYIPOBO-
JDKY€ETBhCSI BTpaTaMU IXHbOI SIKOCTI Ta KUIBKOCTI, 3HM)KEHHSM Xap4yoBOI1 I[IHHOCTI, 3MIHOIO Op-
raHosienTHuHuX BiactuBocteil [1]. I[IpoaykTu A eHTepalbHOTO XapuyBaHHs MpPU3HAYCHI
JUIsL 33/10BOJIEHHsI OTped oci0, ki yepe3 crnenn(iky neBHOT XBOpoOu abo ypaxkeHHs He MO-
KYTh CIOXHMBATH TPATULINAHI XapuyoBl NPOAYKTH ab0 MOTpeOyIOTh MOCUICHOTO XapyyBaHHS
[2; 3]. BpaxoByrouM IUIbOBY KaTETrOpil0 CIOKUBAYIB, 0 LIET TPYNU MPOIYKTIB BCTAHOBJICHO
’KOPCTKI BUMOTH JI0 MTOKAa3HUKIB iX Oe3meyHocT! Ta sikocTi. ToMy ais rapaHTyBaHHS 30epexe-
HOCTI CIIOXHMBHMX BJIACTUBOCTEH MPOAYKTIB JUIsl €HTEPAIbHOIO XapuyBaHHS MPOTSITOM BCTa-
HOBJICHOTO CTPOKY 30€epiraHHs, BaXKJIMBUM € 3IHCHEHHS] MATEMaTUYHOTO MOJICITIOBAHHS KOM-
IUIEKCHUX MOKA3HUKIB IXHBOT SIKOCT1 Ha eTamnax )HUTTEBOro LUKy [4].

AHaJi3 ocTaHHIX aocaikedb i myGuaikamiii. [IpoOiemam MoJentoBaHHs SKOCTI Xap-
YOBUX IPOJYKTIB NMPHUCBSUYEHO HaykoBi mpami BueHux l. Saguy, A. Martinus, VanBoekel,
B. C. I'yg, O. A. KoBanb 1a iH. [5-6].

BuaisieHHs1 HeOCTiIZKEeHUX YACTHH 3arajbHol npodjaemu. JlockoHaia MaTreMaTuyHa
MO/Ie/1b NTOBMHHA MICTUTH BCIO 1H(OPMALII0 PO MPUYMHY, SIKI BIUIMBAIOTh HAa 3MIHU SKOCTI1
MPOIYKTIB, OJJHAK L€ € HEMOXIIMBUM y pPEeabHUX YMOBax. Tako)X HEMae yHIBepCcallbHOI MO-
JieT1i IPOTHO3YBAHHS 3MIHM SIKOCT1 JUIS BCIX Xap4yOBUX MPOAYKTiB. Came TOMY JAJsi KOKHOTO
NPOAYKTY Mae OyTH po3poliieHa crieniajibHa MaTeMaTuuHa mojenb [7]. OcKuUlbKHM BTpaTu
SIKOCTI MPOJIYKTIB B1I0YBAIOTHCS MEPEBAXKHO MiJ yac iX 30epiraHus i € pyHKIIE Yacy, Mojie-

© Mory3ka FO. M., Amenxo JI. O., Mory3ka O. M., 2018
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711 MalOTh OyTyBaTHCS 3a 3aKOHAMH KIHETUKH. BiAMOBIIHO, HAI3BUYAWHO TIEPCIIEKTUBHUM, Ha
Hallly TyMKY, IPU MaTeMaTUYHOMY MOJEIIOBAaHHI KOMIUIEKCHUX MOKAa3HUKIB SIKOCT1 MPOIYK-
TIB 3aJIe)KHO BiJl €TaIliB )KUTTEBOTO LIMKITY Ta TEMIIEPATYPHUX PEKUMIB € 3aCTOCYBaHHS KiHe-
TUYHOTO MOJIEIIOBAHHS 3 ypaXyBaHHAM KPUTHUYHOIO TapameTpa ontumizariii [8].

Merta crarTti. MeToro poOoTH € 3IIHCHEHHS MaTeMaTUYHOTO MOJIEITIOBAaHHS KOMILJIEKCHUX
MOKA3HHKIB SIKOCTI MPOAYKTIB JUIsl EHTEPAILHOTO Xap4dyBaHHs Ha eTanax iX >KUTTEBOTO IUKITY.

Bukaan ocHoBHOro Marepiaay. OnHi€l0 13 TPUYMH 3MIH MOKAa3HUKIB SKOCT1 IPOYKTIB
JUIsl EHTEPAJIbHOTO XapuyBaHHsI € 1X TPyJKyBaHHS Ta NPOTIPKHEHHS, 10 € Pe3yIbTaTOM HEJo-
TPUMAaHHS TEMIIEPATYpHOTO Ta BOJIOTICHOTO PEXXUMIB Ta BUKOPUCTAHHS MMaKyBaHHS 3 HU3bKU-
MU 06ap’€pHUMU BIACTUBOCTSMU. Pe3ylnbTaToM IBOTO € 3HMKEHHS SKOCTI IPOAYKTIB Ta iX Mi-
Kpobionoriune oOCiMiHEHHS.

MeToa0710T1t0 MOJIENIIOBAHHS KOMIUIEKCHUX MOKa3HUKIB SKOCT1 MPOYKTIB /sl eHTepa-
JHHOTO XapuyBaHHS Ha eTarax ix KHUTTEBOTO LUKIY afanTyBallid Ha BJAacHIM po3poOri — cy-
MIII CyXiil [y eHTepaibHoro XapuyBaHHs «Vitalprod-Combiy.

SIKICTh MPOJYKTIB BU3HAYAIM IICISI 3aKIHUEHHS KOXKHOTO 13 TaKMX eTamiB: 1 — BUpoO-
HUILTBO; 2 — NaKyBaHHs; 3 — 30epiranns 1 mic.; 4 — 30epiranns 3 mic.; 5 — 30epiranus 6 mic.;
6 — 30epiranss 9 mic.; 7 — 30epiranns 12 mic.; 8§ — TpaHCIOPTYBaHHS 10 MICIlb peaiizarii; 9 —
30epiraHHs B MICLIX MpoAaxy Ta ixX peanizauis; 10 — TpaHCIOPTYBaHHS 10 MICLb CIIO>KUBaH-
Hs; 11 — CrI0’KMBaHHS/BUKOPUCTAHHS.

Busnayanu oJuHUYHI Ta TPYNOBI MOKA3HUKUA OPraHOJIENTUYHHUX BJIACTUBOCTEH (30BHI-
ITHIM BUTTIS, KOHCUCTEHITISI, KOJIIp, CMakK, 3amax), pi3uko-XiMigH1 MOKa3HUKH (MacoBa 4acTKa
BOJIOTH, €(heKTUBHA B’S3KICTh, 1HIEKC PO3UMHHOCTI, NEPEKUCHE YHUCII0), O10JOTIUHY IIHHICThH
(BMiCT BiTaMiHIB — acKOpOiHOBa KHUCIIOTa, TOKO(hepo, (oiieBa, MAHTOTEHOBA KUCIOTH, Tia-
MiH, puOo(aBiH) MpH BIIHOCHINA BOJIOTOCTI MOBITPA 75 £5 % mpH TpbOX TeMIeEpaTypHUX
pexuMax 30epiraHHs MPOAYKTIB: TemmeparypHuil pexxum 1 (t =2 0+ 2 °C);remneparypHHii
pexxuM 2 (t =30 + 2 °C); remnepatypauii pexum 3 (t =4 + 2 °C).

OniHIOBaHHS BTpAT SKOCTI MPOIYKTIB /ISl EHTEPAILHOTO Xap4yyBaHHS MPOTATOM €TaIliB
KHUTTEBOTO LMKITY TOBApIB 3/1IHICHIOBAIIN 32 TAKUM AITOPUTMOM:

1. Po3paxyHOK KOMIUIEKCHHUX IMOKA3HUKIB SKOCTI 3a JIOTIOMOTOI0 METOJy T'OJIOBHHUX
KOMIIOHEHT.

2. MojentoBaHHS! KOMIUIEKCHUX MOKAa3HUKIB SKOCTI 3aJIEKHO BiJl €TaliB )KUTTEBOTO LU~
KJIy Ta TEMIIEpaTypHOTO PE&XKUMY 3a JOMOMOTOI0 perpecitHuX piBHSHb.

3. OuiHIOBaHHS SKOCTI PErPECIfHUX PIBHSAHB.

KommuiekcHu#t noka3HUK SKOCTI pO3paxOBYBANIU SIK OLIHKY OpPraHOJENTHYHHX, (I3UKO-
XIMIYHMX [MOKa3HUKIB Ta MOKA3HUKIB 010JIOTTYHOI LIIHHOCTI HA OCHOBI (DAKTOPHOTO aHaji3y, a
came METOJy TOJIOBHUX KOMMOHEHT. [Ipouenypy ¢akTopHOro aHamnisy 3A1MCHIOBAIA B MpO-
rpami SPSS. ®akTopHuii aHaI3 JO3BOJISAE PO3AUIUTH MACUB 3MIHHUX Ha Mayle YHCIIO TPYIL,
K1 Ha3uBaroThCs (pakropamu [8]. st noOya0BH KOMIUIEKCHUX MMOKA3HUKIB SIKOCT1 BCTAaHOB-
JICHO, 10 KUTBKICTh (pakTopiB A0piBHIOE «1». B onuH dakrop 00’€AHYIOTHCS 3MiHHI, K1 Ma-
10T LIUTbHY KOPEJSITIFO.

Po3paxyHOK rpyrnoBOro nokasHuKa sIKOCTI 32 OPraHOJENTUYHUMH MOKa3HUKaMu (Y, )

ope

MOJISITA€ B MOIIYKY Takoi JiHIHOT KOMOiHAIll 3MIHHUX ¥ )‘(2, 5(3, X 4 X., 100 BUKOHYBa-

1’ 5’

JlaCb YMOBaA:

Y =a1-)~(1+a2~)~(2+a3~)~(3+a4~)?4+a5-X5, (1)

ope
Jie g, BU3HAYAETHCS 3 MATPHULI KOCPILIEHTIB OLIIHOK;

i=1L...5
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J

-5y ()
R - 3

J T't=1 Jt

1 T S \2

S] - T’_l. (XJI_X]) ’ (4)

t=1

ne T'— Homep ertamy xxuTTeBOro LUKy (1, ..., 11);

X,, — (axkTU4yHE 3HA4YEHHS IOKA3HUKA 30BHINIHINA BUIVIAJ HA €Talax JKUTTEBOIO LUKITY

(VAR 1);
X,t — akTHUHE 3HAYCHHSI TOKA3HUKA KOHCUCTEHIIIS Ha eTanax )XUTTeBoro mukiy (VAR 2);
X,, — (akTu4HE 3HAYCHHS MTOKa3HHUKA KOJIp Ha eTanax KUTTeBOro Hukiy (VAR 3);
X ,t — dbakTH4YHE 3HAUCHHS TIOKAa3HUKA CMAK Ha eTarax JKUTTEBOTo UKy (VAR 4);
X, — QakTu4He 3HAYCHHS MTOKa3HMKA 3allaxX Ha eTanax KUTTeBOro nukiy (VAR 5);

X1 — eTalOHHE 3HAYCHHS ITOKA3HUKA 30BHIITHLOTO BUTIIALY,
X2: — eTaloHHE 3HAYEHHS IMOKa3HHUKA KOHCI/ICTCHI_Iﬁ;

X3 — eTalloHHEe 3HAYEHHS ITOKa3HHUKa KOJIbOPY,
A’XN 4+ — CTAJIOHHC 3HAYCHHS IIOKAa3HHUKaA 3allaxy,

~

X 5, — €CTAJIOHHC 3HAYCHHS IIOKAa3HUKA CMAKY.

P03anYHOK I'PYIIOBOTI'O IMMOKAa3HUKA AKOCT1 34 (1)131/IKO-X1M1"IHI/IMI/I IIOKa3HUKaMH (Y(j)x) I10-

nArae B IOIIYKY Takoi JiHiltHOT koMmOinaii cranmaprusoBanux 3Minaux X X, X, X,
11100 BUKOHYBAJIaCh YMOBA:

Y,

=a1~)?6+a2~)?7+a3~)?8+a4~X9, Q)

ae X 61 (baKTI/ILIHC 3HAYCHHS IMOKAa3HHKa e(l)eKTI/IBHOI B’SI3KOCTI Ha €Talax >XUTTEBOIO K-

Iy,
Xt N
7" — (bakTHUHE 3HAUCHHS TTOKA3HUKA MAaCOBOT YaCTKH BOJIOTH HA €Tarax >KUTTEBOTO IUKITY;

X . .
8t — (baKTI/ILIHC SHAYCHH: IMOKAa3HUKA IHACKCY PO3UYMHHOCT1 Ha €Tarlax XUTTEBOI'O LTUKITY,
X of — (baKTI/ILIHe 3HAYCHHA IMOKAa3HHUKA IICPECKUCHOT'O YHUCJIa Ha €TallaX )KUTTEBOI'O LIUKITY;

X, — PEKOMEHJI0BaHEe 3HAYEHHS MOKa3HUKa e()eKTUBHOI B SI3KOCTI;
X ,, —HOpPMaTHBHE 3HAYECHHS MMOKa3HUKA MacOBOi YaCTKU BOJIOTH;

~

X, —HOpPMaTHBHE 3HA4YEHHs MOKa3HUKA 1HJEKCY PO3UYMHHOCTI,

Xyt — pEKOMEHJIOBaHE 3HAUEHHSI IOKA3HUKA ITEPEKHCHOTO YUCIIa.
Po3paxyHOK IpynoBoro rnokasHuka sKOCTi 3a MOKasHMKamu Gionoriunoi uinxocti (Y, )
noJisrae B MOWIYKY Takoi  JIHIAHOT  KOMOIHAWii  CTaHAAPTU30BAHUX  3MIHHUX

X,0.X,. X}, X|;. 100 BUKOHYBaJaCh yMOBa:

Y, =a1~)~(10+a2~)~(11+a3~)~(12+a4~X13, (6)

oy
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ne X,,, — pakTu4yHuMii BMICT aCKOPOIHOBOI KMCIIOTH Ha €Tanax KUTTEBOrO LHKILY;

Xt — bakTHIHUI BMICT TOKO(EepOITy Ha eTanax KUTTEBOTO IHKITY;
X

X ;¢ — GakTUYHUI BMICT TiaMiHYy Ha €Tarax >KUTTEBOIO LIUKILY;

1, — (axTHuHMI BMICT prOO(]IaBiHy Ha eTanax )KUTTEBOTO LUKITY;

X, — PEKOMEHJIOBaHE 3HAUEHHS BMICTY aCKOPOIHOBOI KUCIIOTH;

X, — PEKOMEHJIOBaHE 3HaUEHHs BMICTY TOKO(epoIy;
X,,,— peKOMEH/I0OBaHE 3HAYECHHS BMICTY pubodaBiny;

~

X3t — peKOMEHJIOBaHE 3HAYEHHSI BMICTY TIaMiHYy.

VY MeTo/i roloBHUX KOMIOHEHT BUKOPUCTOBYBAIM CTaHAAPTH30BaHI JaH1 — aBTOMAaTUYHA
nmpouenypa nakera SPSS.

Jlnst OLiHIOBaHHS MPUAATHOCTI BXIIHUX JaHUX BUKOpUCTaHO kpuTepiil Kaiizepa-Meiiepa-
Onkina (kpurepii KMO) ta kputepiit cdpepuunocti baprinerra. Kpurepiit KMO — Bennumna,
10 XapaKTepU3y€e CTYIIHb MOKJIMBOCTI 3aCTOCYBaHHS (PaKTOPHOTO aHaNli3y A0 JaHUX 3MIH-
Hux: Outbine 0,9 — 6e3yMOBHA afeKBaTHICTH; Ounbiie 0,8 — BHCOKa aJeKBAaTHICTH; OUIbIIE
0,7 — mpuiiHATHA aieKBaTHICTh; OuibIIe 0,6 — 3a10BUIbHA aJ€KBATHICTh; Outbie 0,5 — HU3bKa
aJIeKBaTHICTh; MeH1Ie 0,5 — pakTOpHUI aHaI3 HEMPUIATHUIN 0 3MIHHUX.

Kpurepiii cepuunocti baprierra — kpurepiit KOpeaTbOBaHOCTI 3MIHHUX (HYJIbOBA TiIOTE-
3a CBIAYMUTH MPO BIICYTHICTb 3B 3Ky MDK 3MIHHUMHU). 3HaueHHs p-piBHs, MeH1e 0,05, Bkazye
Ha Te, 110 JaHi HUTKOM MPUUHSITHI Ui MPOBEACHHS (PaKTOPHOTO aHalli3y, OCKUTBKH KOPEesIii
MDK 3MIHHUMH € ICTOTHUMH [8].

Jlnst BUSIBJICHHS KOPEJSALIAHUX B3a€MO3B’SI3KIB MDK 3MIHHMMHU PO3paxOBYBaJld KOpeEIs-
LIHY MaTpuIo. SIKIIO B KOXKHOMY PSIKY MaTpulll € 3HauUeHHs Koe(dilieHTa KOpemsLii, 1o
nepesurye 0,3, TO 1€ TaKOXK CBIAYUTD, 1110 3MIHHI MOKHA BUKOPUCTOBYBATH JUIs MOAAJIBILIO-
ro aHamizy.

Po3paxyHku KOMIJIEKCHUX MOKa3HUKIB SKOCTI 31IHCHEHO AJISl TPhOX TEMIEpaTypHUX pe-
KHUMIB 30€epiraHHs MPOIYKTIB JUIs €HTEPATbHOIO XapuyBaHHA. Y poOOTI HABEIEHO PO3paxyH-
KU y3araJbHEHUX MOKAa3HMKIB SKOCT1 AJIs TemnepaTypHoro pexxumy 1. Ilpo mpunatHicTs BXi-
JHUX 3MIHHMX Ui peaiizaiii (pakTOpHOro aHami3y CBigyaTh 3HadyeHHs kputepito KMO
(6inbire 0,5) Ta p-3HaYeHHs A1 KpuTepito chepuunocti baprnerra (menme 0,05).

Kopensmiiina MaTpuis 3MIHHMX NpejacTaBiieHa B Ta0a. 1. OCKUIBKM B KOKHOMY PSIKY
KOPEJALIHHOT MaTpHIll € KOpesuifHui KoedillieHT, 3HauYeHHs sikoro Outbiie, Hik 0,3, a Ta-
KOX y KOXHOMY PSIKY € 3Hauylli KoeQiieHTH Kopesuii (p-3HaueHHs Huxkue, Hik 0,05), To
3MIHHI, IO JOCTKYIOTHCS, € MPUIATHUMU JJIs1 3[1MCHEHHS (JaKTOPHOTO aHATI3Yy.

Ta0mums 1
KOpeﬂ}ZLﬂaHCI mampuyst OpeanHolenmu4HUux NOKA3HUKIG aﬂ}l memnepamypHo2co pedrcumy 1
VARI VAR2 VAR3 VAR4 VAR5
VARI 1,000 0,927 0,897 0,918 0,965
VAR2 0,927 1,000 0,885 0,883 0,845
Kopemsis VAR3 0,897 0,885 1,000 0,753 0,827
VAR4 0,918 0,883 0,753 1,000 0,948
VARS 0,965 0,845 0,827 0,948 1,000
VARI - 0,000 0,000 0,000 0,000
VAR2 0,000 - 0,000 0,000 0,001
3HaueHHs (1-cTOpOHH!) VAR3 0,000 0,000 - 0,004 0,001
VAR4 0,000 0,000 0,004 - 0,000
VARS 0,000 0,001 0,001 0,000 -
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Jlani Tabi. 2 MICTATh XapaKTEepUCTUKH BUAUICHUX (DAKTOPIB: IX MOPSAIKOBI HOMEPH, CyMHU
KBaJ[paTiB HaBaHTaXEHb, BIICOTOK 3arajibHOi AMCIIEpCii, 3yMOBIEHOI ()aKTOpOM, 1 BIIMOBI/I-
HUHN KyMYJISTUBHUNA (HAKOTUYEHUIT) BIACOTOK.

Ne 4 (14), 2018

TabOmums 2
llosHa nosichiosanvHa oucnepcis opeaHoIenmuYHUX NOKA3HUKIG
OJis1 memMnepamypHoz2o pexcumy 1

[TouyaTKoBi BIACHI 3HAYEHHS CyMu KBaIpaTiB HABaHTa)XEHb BIITyIEHHS
Komnonenra v "
Bcporo | gucnepcii % | xymymatuBHuii % | Bcporo | aumcrepcii % | KymynasTuBHHH %
1 4,542 90,849 90,849 4,542 90,849 90,849
2 0,282 5,647 96,496 - - -
3 0,133 2,652 99,148 - - -
4 0,038 0,763 99,911 - - -
5 0,004 0,089 100,000 - - -

Binomo, 1m0 yuM OUTBLINI BIACOTOK AUCHEPCIi, 3yMOBJIEHO1 (PaKTOPOM, TUM OUIBIIY Bary
Mae 1ei pakrop. YuM OUIbIINN KyMYISATUBHUMN BIZICOTOK, HAKOMMUYEHHH IO OCTAaHHBOTO (paK-
TOpa, TUM OUTBII 3HAUYLIUM € (PaKTOpHE pilleHHs. SIKIIOo el HaKOMMYEHHUH BIICOTOK MEHILE
50 %, cnig a60 3MEHIIUTH KUIbKICTh 3MIHHHMX, 200 30UIBIIUTH KUIBKICTh (pakTopiB. Y Haio-
MY BHIAJKy HAaKOMMYEHHH BIJICOTOK AUCHEPCIi LIJIKOM NPUNHATHUMN A1 BUKOPUCTAHHS O
HOro (hakTopa. AHAJIOTIYHO 3/IHCHIOBAJIM PO3PAXYHKH Ul KOMIUIEKCHUX IMOKa3HUKIB SIKOCT1
3a (P13MKO-XIMIYHUMU TIOKa3HUKAMU Ta MOKa3HUKaMHU 010JI0TTYHOI IIIHHOCTI.

OTxe, ycl OCHOBHI pe3yJbTaTH PO3PaxyHKIB MIATBEPPKYIOTb MOXIIUBICTb 00’ €IHAHHS
MOKA3HUKIB SKOCTI MPOJYKTIB /ISl €HTEpPaJIbHOTO XapuyBaHHS B TPU OCHOBHI TpyIH, LIO
Mpe/iCTaBjeH1 B Ta0M. 3.

Tabmuus 3
Komnnexcruii nokaznuk sskocmi npoOyKmie OJisi eHmepaibHO20 Xapyy8aHHs
HA emanax JHCUMmes020 YUKy

Eramm KomIimrekcHmiA moKa3HHUK HKO(':Ti KO%V[HJ'IQKC'I-II/I'I\/'I MOKAa3HUK HKO'CTi KOMHJIeK'CHI/I'I‘/'I TIOKa3HHK 'HKOCTi'
OpraHOJIENTUYHUX MMOKA3HUKIB (i3UKO-XiIMIYHHX ITOKA3HUKIB | IOKA3HUKIB Oi10JIOTIYHOT IIHHOCTI
1 0,94901 1,04417 1,05394
2 0,94901 1,03526 1,00976
3 0,94901 0,95672 0,89062
4 0,70034 0,78746 0,52667
5 0,43225 0,47234 0,43169
6 0,30127 0,27579 0,32977
7 0,30127 -0,02918 0,1334
8 -0,36939 -0,38559 -0,30257
9 -0,89628 -1,17065 -0,72583
10 -1,65824 -1,38297 -1,30972
11 -1,65824 -1,60337 -2,03774

[MpumiTka. 1 — BUpoOHMIITBO; 2 — makyBaHHA; 3 — 30epiranns 1 mic.; 4 —36epiranns 3 mic.; 5 — 30epiraHas
6 Mic.; 6 — 30epiranns 9 Mic.; 7 — 36epiranns 12 Mic.; 8§ — TpaHCTIOPTYBaHHS 10 MicCIb peatizanii; 9 —30epiranHs
B MiCIX Npojaxy Ta ix peamzamis; 10 — TpaHcnopTyBaHHS A0 MiCHb CIOXHBaHHA;, 11 — crHokuBaH-
H$1/BUKOPUCTAHHSI.

OTxe, Ha OCHOBI MaT€MaTUYHOIO MOJIEITIOBaHHS KOMIUIEKCHUX MOKAa3HMKIB SIKOCTI MPO-
JYKTIB JUIsl EHTEPaJIbHOTO XapuyBaHHS Ha eTarax iX )KUTTEBOIO LUKIIY BCTAaHOBJIEHO, 1110 MPH
temnepaTypHomy pexumi 20 + 2 °C HalOUIbIII BTPATU SKOCTI MPOIYKTIB 32 OpraHOJIeNTHY-
HUMH NMOKa3HUKaMU Bi1I0YBAIOThCS Ha €Tamnax ixX TPaHCIOPTYBaHHS; HAalOUIbILI BTPATH SKOCT1
3a (I3UKO-XIMIYHMMH NOKa3HMKaMM — Ha eTarnax TPaHCHOPTYBAaHHA 10 MICLb peanizauii Ta
30epiraHHi y MICISIX IPOJaXy Ta iX peanizaiii; HaiOUIbII BTpaTH 0610JI0TTYHOT IIIHHOCTI — Ha
eTanax TPaHCHOPTYBaHHS JI0 MICLb peatizallii, 30epiraHHi B MICIIX MPOJaxXKy Ta TPaHCIOP-
TYBaHHI JI0 MiCLlb CIIO’KMBAHHS Ta Ha €Talll CII0KMBAHH/BUKOPUCTAHHS.
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BucnoBku BinmoBigHo 10 crarri. Takum 4MHOM, Ha OCHOBI y3araJlbHeHHS PE3YJIbTaTIB
MPOBEJICHUX JOCIIPKEHb OTPUMAaHO MaTeMaTH4YHI MOJENl 3aJIeKHOCTI MOKAa3HUKIB SKOCTI
MPOJIYKTIB JJIsi EHTEPATBLHOTO XapuyBaHHS 3aJIeXKHO B/ €Tamy iX dKUTTEBOTO IUKITY. OTpruMa-
HI JIaH1 3aCTOCOBAHO NP BCTAHOBJICHHI TEPMIHIB MPUAATHOCTI MPOJIYKTIB.
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MATHEMATICAL MODELING OF COMPLEX QUALITY INDICATORS
FOR ENTERAL NUTRITION FOODS BY PHASE OF THEIR LIFE CYCLE

Urgency of the research. The prolonged storage of foods always decreases their quality and amount, nutritional value,
and changes their organoleptic properties.

Target setting. Mathematical modelling of complex quality indicators is an important means to guarantee that the nutri-
tion properties of enteral nutrition foods are preserved during the preset period of storage.

Actual scientific research and issues analysis. Problems involved in the modeling of food quality and issues of forecasting
its preservation are in focus of research works by I. Saguy, A. Martinus, VanBoekel, V. S. Huts, O. A. Koval, and others.

Uninvestigated parts of general matters defining. Application of kinetic modeling with account to the critical parame-
ter of optimization is an advanced approach to mathematical modeling of complex quality indicators of foods by phase of life
cycle and temperature regime.

The research objective. The objective is to perform mathematical modeling of complex quality indicators of enteral nu-
trition foods by phase of their life cycle.

The statement of basic materials. Single and group indicators of organoleptic properties, physical-chemical indicators
and biological value are determined given the relative air humidity 75 £ 5 % and three temperature regimes for storage of dry
mixtures for enteral nutrition. It is found that when the temperature regime is 20 £ 2 °C, the largest quality losses in foods by
organoleptic indicators will occur at the phases of their transportation; the largest quality losses by physical-chemical indica-
tors will be at the phases of transportation to the locations of distribution and at the storage in the locations of distribution;
the largest quality losses by biological value will occur at the phases of transportation to the locations of distribution, storage in
the locations of distribution, transportation, and at the phase of consumption.

Conclusions. Mathematical models for the dependence of quality indicators of enteral nutrition foods are constructed
by phase of the life cycle. The produced data can be used in setting the time limits of foods suitability.

Keywords: mathematical modeling; enteral nutrition foods; complex quality indicator, factor analysis; principal com-
ponents method.
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TEXHOJIOI'TA BUT'OTOBJIEHHSA ) KUTHBO-IIITEHUYHOI'O XJITBA
HA 3AKBACKAX I3 BUKOPUCTAHHSAM IHEPIIO BOJI'APCBKOI'O CYXOI'O

Axkmyanvnicms memu 00cnioxncennsn. Xapuoea npomMuciosicms i3 KOJICHUM POKOM CMPIMKO PO3GUBAEMbCA 8 YCIX HA-
NPAMKAX, 0COONUBO 8 HANPAMKY NIOBUWEHHS XAPH0BOT YiHHOCHIE XNi600YI0UHUX 8UPOODIE.

Ilocmanogxa npobnemu. Konusanns axocmi cupoguHu, npuckoperi mexnHonoeii 3 6UKOPUCMAHHAM NONINULYBAYI8 | KOH-
cepeanmis, npobnema dediyumy 8 6GOPOWHAHUX HANIBHAOPUKAMAX BIMAMIHIE, MIKPO- MA MAKPOESLEMEHMIE 3YMOBNIOIONb
SHUNICEHHS AKOCMI X11000YI04HUX 8UPODIE.

Ananiz ocmannix docnioycens i nyonikayii. Y naykosux nyOnikayisx nokazama nepcneKmueHicms 66e0eHHs 8 peyen-
mypy xni600ynouHux 6upo6ie poCIUHHUX KOMNOHEHMIS i3 BUCOKUM BMICMOM OIONOCTUHO AKMUSHUX PEHOBUH, K NIOBUWYIOMb
Xapyogy yinHicmv 20mo8oi npodyKyii ma noiinuyoms mexHoN02iuHi NOKA3HUKU X1i0a.

Buoinenns nedocniodcenux uacmun 3az2anbnoi npoonemu. Ocobnusoi yeaeu ons supiwieHHs npoonemu dediyumy é 60-
POWHAHUX HANIBPAOPUKAMAX BIMAMIHIB, MIKPO- MA MAKPOELeMEHMIB 3aCy208ye 0804e8a cuposurd. OOHUM i3 NEPCNEKMUBHUX
HAanpsMKi@ HAYKOBUX 00CNiOJNCEHb € GUKOPUCMANHA 8 XaiboneKkapceKill cnpagi nepyio boneapcvkoeo. Ananiz nyénikayii noxasas,
wo Ha cbo200Hi nepeyb boneapcokuil cyxuii He ompuMas 3Ha4HO20 NOWUPENHS. NPU GUKOPUCTANHI K NOTINULYBAY.

Ilocmanogka 3ae0anns. Pospobka mexrnonoeii 6upoOHUYMBA HCUMHLO-NUIEHUYHO20 XNi6a HA 3AK8ACKAX CHOHMAHHO20
6po0inHA 3 UKOpUCMAHHAM CYX020 nepyto boneapcvrozo.

Buknao ocnoenozo mamepiany. Po3pobnena peyenmypa npueomy@aHHs JCUmHb0-nUEHUYHO20 X1iba Ha 3aKeacyi cno-
HmanHo20 OpodinHa 3 dodaganHam nepyio boneapcvkoeo cyxozo 6 kinbkocmi 6i0 2 0o 6 % 00 macu 6opowna. Jocniodxcen-
HAMU BCTNAHOBIEHO, WO Ni0 YAC MOTOYHOKUCI020 OPOOiHHA 8 3aKkeackax ma micmi 30inbuyemocs emicm gimaminy C, @inbHUX
AMIHOKUCTIOM MA 3MEHULYEMbCSA KIIbKICMb 6AJCKUX MEMAis.

Bucnogxu 6ionosiono 0o cmammi. [loxazano doyinenicms suxopucmarnts nepyio boneapcwvkozo 6 mexuonozii' srcum-
HbO-NUEHUYHO20 X110 Ol NIOBUWEHHS (DePMEHMAMUBHOT AKIMUBHOCIE MOIOYHOKUCIUX BAKMEDItl, CKOPOUEHHs MPUBALOC
mexHonoiunozo npoyecy. Ompumani 3pasxu HCUMHbO-NUEHUYHO20 XNiba 3 dodaganuam boneapcvkoeo nepyto cyxoeo ma-
10Mb NPUEMHI Op2AHONENMUYHI 61ACMUBOCTI, NOPUCMY M AKYWIKY, NPUBAOIUSUT KONIP i3 30I0MUCMOIO0 CKOPUHKOIO.

Hocniooicerno nioguujerns xapiooi yYyiHHOCMi JHCUMHBLO-NUEHUYHO20 XN16a wisixom eeedenns nepyio boneapcvkozo cy-
X020 noodpibuenozo. /lobaska 36azauye eupoou gimaminamu, MaKpo- i MikpoeiemeHmam, He BUKIUKAE 3HUNCEHHS CHONCUB-
YUX MAa MEXHONOIYHUX gracmugocmell xaioa. Buxopucmanns nepyro Boneapcbkoeo niosuwgye pepmeHmamusty akmusHicmy
MONOUHOKUCTUX OAKMEPIll, WO CKOPOUYE MPUBANICING MEXHON02IUHO20 NPOYecy NPU2omy8arHs Xnioa.

Knrouosi cnosa: nepeysb boneapcwkuil cyxutl; 3aK8acKka cnOHMAaHHO20 OPOOINHA; MIKpOeleMeHmuU, Gimamini,; aKicmy Xnioa.

Puc.: 2. Tabn.: 5. bién.: 5.

AKTyaJabHiCTh TeMH JA0CTiZKeHHA. XapuoBa IPOMHUCIOBICTb 13 KOXKHUM POKOM CTPIMKO
PO3BHUBAETHCS B YCIX HANPSMKaX, OCOOJIIMBO B HANPSIMKY IMIJBUILIEHHS XapyoBOi LIIHHOCTI XJIi-
000y/104HMX BHUPOOIB, PO3IIMPEHHS iX ACOPTUMEHTY Ta YAOCKOHAJIEHHS TEXHOJOITYHOI'O
nporecy ix BupoOHuuTsa [1].

IMocTanoBka npodaemu. KonmBaHHs SKOCTI CUPOBUHU, MPUCKOPEHI TEXHOJIOTI 3 BUKO-
PHUCTaHHSAM MOJIMIIYBAYiB 1 KOHCEPBAHTIB, ITpodsiemMa 1einuTy B OOpOIIHAHUX HamiBhadpH-
KaTax BITaMIiHIB, MIKpPO- Ta MAaKpOEJIEMEHTIB 3YMOBIIIOIOTh 3HMKEHHS SKOCT1 XJI11000yI0UHUX
BUpOOiB. [lepcrieKTUBHUM HANpPSIMKOM BUPILIEHHS 3a3HauY€HHX MPOOJIEM € YAOCKOHAJICHHS
TEXHOJIOT1i BUPOOHUIITBA XJ11I000YIOYHUX BUPOOIB 32 paXyHOK BUKOPHCTAHHS MPUPOIHOT pO-
CJIMHHOI CHPOBHUHH.

AHaJIi3 OCTAHHIX JOCTIKeHb Ta mMyOJaiKamii.

BBenenns B perentypy xi1i000y104HIX BUPOOIB POCIMHHUX KOMIIOHEHTIB 13 BUCOKUM BMi-
CTOM O10JIOTIYHO AKTHBHUX PEUOBHH MIIBUIIYE XapyOBY IIHHICTh FOTOBOI MPOAYKIII Ta IO-
JIMIIYe TEXHOJOTTUHI MOKa3HUKU xuida [1-6]. Bucokoro Gi070TTYHOO IIHHICTIO BIIPI3HAETHCS
X110 13 10AaBaHHAM MIPOPOILEHOrO MPOTAroM J100M 3epHa miueHuul [6]. MaroTh nonur y Hace-
JIEHHS1 COPTH XJi0a 3 J10JIaBaHHSAM HACIHHS OJIMHUX 1 3epHOBUX KynbTyp. IIpoBeneni gocmi-
JDKEHHS 3 Xap4oBOIO /100aBKO0 « THKBITa», 0 MICTUTh HACIHHA rapOy3a, KyHXyTy i mojapio-
HeHMX 37aKiB. JloJaBaHHs B peLentypy Xjiida MOpOIIKY TomiHamOypa, 10 MICTUTh IHYIH 1
pi3H1 BiTaMiHU, pOOUTH HOro 0COOIMBO KOPUCHHUM /s J1abeTUKiB [6]. 3armponoHOBaHO BHKO-
pUCTaHHS OOINUXHU Ta il HEKTUHOBUX EKCTPAKTIB SIK 010JIOTIYHO aKTUBHOI JOOABKU MPH BUPO-
OHHUITBI BITaMIHI130BaHUX XJ11000yI04UHNX BUPOOIB [7]. BoaH1 eKCTpaKTH 13 KBITIB JIMIH, JIUCTS
KPOIIMBH 3HAMIIUIM CBOE 3aCTOCYBaHHs B TeXHOJOTIT xmiba [8]. OTpumaHo J1aHi Mpo MO3UTUB-
HUI BIUIMB MEKTUHOBOIO €KCTPAKTY IJIOJIB TJIOAY Ha XJ1I00NEeKapChKi BIACTUBOCTI MILIEHUYHO-
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ro OOpoIIHa I OpraHoJeNnTUYHI Ta (HI3UKO-XIMIYH1 TOKa3HUKH SKOCTI XxJ1i0a. Takoxk JoCTipKeHi
¢i3ion0riyni BractTuBocti XbB 3 ekcTpakToM I710/y, a caMe B3aeMOJII0 MEKTUHOBUX PEYOBHUH,
3JIaTHUX J0 KOMILUIEKCOYTBOPEHHS, 3 I0HAMH BOKKHUX METANIB 1 BUBEJICHHS iX 3 oprasizmy [9].

VYdeHumMH 3arporoHOBaHO 30arauyBaTH MIIEHUYH1 COPTH XJ1i0a MOPOIIKOM 13 CYHIEHHX
IUIOIIB IIMMIIWHU JJIs TiABUIICHHS 1XHHOT Xap4yOBOI LIHHOCTI. 3aBISKA BHCOKOMY BMICTY
acKOpOIHOBOI KMCIOTH MOPOLIOK € IPUPOTHUM XJIIOONEKApChKUM IMOJIIIIIYBayeM, sIKUH iHTe-
HCU(}iKye mpoliec OpOIiHHS TICTa Ta HaJa€ MPOIYKTY mpueMHoro cmaky [10]. BecranosneHo,
110 BUKOPUCTAHHS MOPOIIKY 3 IJIOJIB Ta HACIHHS HIMIIIINHU J03BOJISE CIIOBUIBHUTH OKUCHE
NICYBaHHS Xap4yOBUX MPOAYKTIB 3aBJIIKH BUCOKOMY BMICTY B HbOMY aHTHOKCHJIAHTIB — aCKO-
pOIHOBOT KUCIOTH, KapOTUHY, (peHoIbHUX crionyk [11].

JlocmipkeHo MiIBUIIIEHHS O10JIOTIYHOT Ta XapyOBOi LIHHOCTI MIIEHUYHOT'0 XJ1i0a IUIIXOM
BBEJICHHS 03/I0POBYOi JOOABKH Ha OCHOBI 3€JIEHUX MAapOCTKIB MILIEHUI], sSiKa 30arauye BUpoOu
BITaMIHAMH, MaKpo- 1 MiKpoeJieMeHTaMu. BukopuctanHs xapuoBoi J0OaBKU aKTUBI3Y€E JTisIb-
HICTh JPDKIKIB, 1[0 CKOPOUYE TPUBATICTh MPUTOTYBAaHHS MIIEHUYHOro Xii0a [12].

Oco65nBo1 yBaru A BUpileHHs pooaemMu aedinuTy B OOpOIIHAHUX HaniBhadpuKaTax
BITaMiHIB, MIKpPO- Ta MaKpOEJIEMEHTIB 3acClyrOBye OBOueBa cUpoBUHA. OHUM 13 NEPCHEKTH-
BHUX HAIPSIMKIB HAYKOBUX JIOCIIKEHb € BUKOPUCTAHHS B XJIIOOMEKAapChKIl CIpaBi MEpIto
Bonrapcekoro conoaxoro. Ilepeups bonarapcbkuii conoakuii y cBoeMy CKiajil Mae: TpyOy Kiti-
TKOBHHY, XUPH, OUTKH, aMIHOKUCJIOTH, BYIJIEBOJY, aHTUOKCUIAHTH, e€dipHI Macia, BiTaMiHU
(6era-xapotun, rpynu B, C, E, PP, H), coni xanito i1 Hatpito, ¢pTop, MarHiid, 3aiizo , Xpom,
LMHK, Mi/lb, MapraHellb, KoOalbT, o/ 1 0e31iY 1HIIUX MIHEPATLHUX PEUOBHUH, IO A€ 3MOTY
IHTeHCU(IKyBaTH Mpolec OPOIIHHSA Ta CKOPOTUTU TEXHOJIOTTYHUN Mpoliec BUPOOHUIITBA XJIi-
0600ynounux BHpoOiB. BMmicT nedinutHux st OOpolIHSHMX HamiB(paOpUKaTiB BITaMIHIB,
MIKPO-, MAKpOEJIEMEHTIB J03BOJI€ po3riaaaTu (iToJo0aBKy K MEpCIEeKTUBHI 30arauyBadi
MO’KUBHUX CEPEeIOBUII JUI PO3BUTKY OpoauibHOI Mikpodiopu. OTxe, akTyallbHa po3poOka
TEXHOJIOT1il BUPOOHUIITBA YKUTHBO-IIIIEHUYHOTO XJ1i0a Ha 3aKBacKax 13 BUKOPHUCTaHHSIM Iep-
o bonrapepkoro cyxoro sik OlocTuMynsITopa (pepMEHTATUBHUX IMPOLECIB, SIK MOJINIIyBaya
CTPYKTYpPHO-MEXaHIUHUX BIacTUBOCTEH TicTa. OpUTiHANIBEHI CMaK Ta apoMaT, BUCOKa 010J10Ti-
YHA aKTUBHICTH I00aBKH PO3IMIMPHUTH ACOPTUMEHT MPOAYKILi, CTBOPUTH XJIi0 31 CKOpEroBaHH-
MU (i310J0TIUHUMH BJIACTUBOCTSIMH. Bukopuctanns nepiro boiarapcbkoro 103BOJUTH 3MEH-
IIMTHA BUKOPUCTAHHS CHHTETHYHHUX CTa0W113aTOPIB SKOCTI Ta KOHCEPBAHTIB HA MIANPUEMCTBAX
rajysi, MOJINIIWTH €KOJIOTTYHUHM CTaH FOTOBOI MIPOIYKIii, XapuoBY LIHHICTb, CIIO’KMBYI BJIac-
TUBOCTI, MOJIOBXKHUTU TEPMiH 30€pexeHHs ii IKOCTI.

Meta po6oTu. Po3pobka TeXHOJIOT1i BUPOOHHIITBA KUTHHO-MIIIEHUYHOTO XJ1i0a Ha 3aKBa-
CKaX CIIOHTAHHOTO OpOJIIHHS 3 BUKOPUCTaHHSM CyXOTo nepio boarapcbkoro.

Bukaan ocHoBHOro Martepiany gociigkenHsa. OcoOIUBOCTI MPUTOTYBAaHHS TICTa 3 BU-
KOPHUCTaHHSIM >KUTHBOIO OOpOIIHA 3yMOBJIEHI MOro XJ110OMEKapChbKMMU BIIACTUBOCTSMH, a
caMe — CTaHOM BYIJIEBOJHO-aMUIa3HOTO W OLIKOBO-IPOTETHA3HOTO KOMIUIEKCIB. Y 3B’SI3KY 3
LIUM TEXHOJIOT'1s KHUTHIX 1 KUTHbO-MIIEHUYHUX COPTIB XJ1106a nependoayae NpuroTyBaHHs TiCTa
Ha MIKpOOIOJIOTIYHUX 3aKBAacKaX, SKI CTBOPIOIOTh HEOOXIIHUI pIBEHb KHUCIOTHOCTI TICTa,
3HWKEHHS aKTUBHOCT1 aMUTOJITUYHUX (PEPMEHTIB.

V pa3i BIACYTHOCTI YUCTHX KYJIbTYpP MOJOYHOKUCIUX OaKTepiil 3aKBaCKM MO>KHA BUBECTH
CIOHTaHHUM 30pOKYBaHHSM, Y IIPOLIEC] KOO 3aKBalllyBaHHS 3/11HCHIOETHCS MIKPO(]IOpOIO,
BHECEHOIO 3 OOPOIIIHOM.

lNotyBanu pinky 3akBacky BoJjoricTio 71 % 3 GopoliHa q BOJIy, 3JIMIIANN 11 3aKBalllyBa-
tuch npu temnepatypi 30-32 °C no kucnotHocTi 13-14 rpan. Ilicns 11poro 3akBacky MOHOB-
JIOBAJIM LIUISIXOM B110OPY MOJIOBHHU il MacH 1 I0JIaHHS Takoi K KUIbKOCT1 CBIKEINPUTOTOBIIE-
HOT JJIs KUBJIGHHS CyMilli 13 OOpoIIHA 1 BOAM, 1 3HOBY 3akBamiyBanu 10 13-14 rpan. s
HaKOMHUYEHHS MIKPO(IOpH, ONTUMAIIBLHOI JUTIsl OTPUMaHHS XJ110a BUCOKOI SIKOCTI, TPOBOAMIH
OaraTopa3oBe OHOBJICHHSI 3aKBAaCKH JUIsl TOTO, 11100 y Hilf BCTaHOBUJIACS aKTUBHA MIKpoQJiopa.
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OpHUM 13 HaWBaKJIMBIMIMX MOKA3HUKIB, KU XapakTepU3ye XiJI TEXHOJIOIIYHOTO IpoIie-

Cy, € TIOKa3HUK KUCJIOTHOCTI 3aKBacku i Ticta. KucmoToHakomM4eHHs B 3aKBacii Ta TICTi

BIJIMBAE Ha CTYIIHb NenTH3alli OUIKIB, aKTUBHICTh O-aMUIa3H, CTPYKTYpPHO-MEXaHI4YH1 BJac-

TUBOCTI TicTa. KpiM mbOT0, HaKOMMYEHHS B TICTI MOJIOYHOI, OLITOBOI Ta IHIIMX OPTaHIYHHUX

KHUCJIOT Ha/la€ KUTHbOMY XJII0y BJIaCTUBOrO oMy cmaky i apomary. [{is akTuBizanii mpoue-

ciB OpOJiHHS 3aKBacKM 1 TicTa Ta MiJBUIIEHHS XapuyoBOI LIHHOCTI xJi6a BHOocuau bonrapcs-

KU nepenp cyxuil noapioHeHuil. Pesynbpratu 10CHipkeHb CB1AYATh, 110 KUCIOTOHAKOIUYEH-

HS 3pa3KiB 3akBacku 30uIbIIyeThes B 1,5-2,0 pa3u BiInoBiAHO 10 BMICTY B Hiit boarapcekoro

nepirio Bix 2 10 6 % n0 macu 6opomrna. Jlo6aBka akTHBI3ye MOJIOYHOKHCIIE OpOIIHHS Ta 3Me-

HIIYe MiIAOMHY cuity 3akBacku 3 40 1o 20 xB.

Po3po0biena perenTtypa NpuroTyBaHHs *KUTHbO-IIIIEHUYHOTO XJ1i0a Ha 3aKBacLli CIOHTaH-
HOTro OpoJiHHSA 3 JoJaBaHHAM neplto boirapcskoro cyxoro (ta0:m. 1).

Ta0mums 1

Peyenmypa sicumnvo-nuwenuunoz2o xnioa na 3axeacyi CHOHMAanHo20 OpOOIHHA

Kontponnuuii 3pa3ku xaida 3 toxaBanHsaM nepuio boarapebkoro
CupoBunHa 10 MacH OOpoIIHA
3pasox 2% 4% 6%
Bopomno niew. B/c, r 250 250 250 250
BopomiHo xuTHE 00MpHE, T 70 70 70 70
Cinp, T 5 15 15 15
3akBacka, r 400 400 400 400
Ilepeups bonrapcekuit, - 8,7 17,4 26,4

Ticto roryBanu nBodaszuum cnocobom. Buecenns nepio bonrapcekoro cyxoro 3abesre-
9Yy€e TICTOBUM 3aroTOBKaM Kpally IUIACTHYHICTh, Ta30yTPUMYIOUY 3[aTHICTh. Y MPOIEC] 10C-
JIIKEHHS KUCIIOTHOCTI TicTa OyJ10 MOMiueHO, 10 31 30UIBIIEHHSM BMICTY 100aBku boarapce-
KOT'O MEPLI0 CYyXOro B 3pa3Kax KHCJIOTHICTb 3pOCTa€ MOPIBHAHO 3 KOHTPoJbHUM Ha 10-20 %.
Came HasBHICTh y MepLi BEIUKOI KUIBKOCTI BiITaMiHIB, MIKpO- Ta MakpO€JIeMEHTIB HeoOXif-
HUX JUIS )KUTTEABUIBHOCTI MOJIOUHOKUCIIMX OaKTepiil akTUBYE Ipoliec OpodiHHSA TicTa Ta KUC-
JIOTOHAKOIIMYEHHS B HhOMY. Lle fae 3Mory ranbMyBaTu [0 O- aMiTa3d U BUIIKaHHI Xi1i0a,
CKOpPOYYBaTH Mepioj YTBOPEHHS MiJ ii BIJIMBOM HU3bKOMOJIEKYJISIPHUX JIEKCTPHUHIB, 1110 3aIo-
0irae MiIBULIEHHIO JUIKOCTI M’ SIKYILIKH.

SkicTh xJ110a OLIHIOBAIN LIJSIXOM MPOBENEHHS MIPOOHUX JIaOOPATOPHUX BUIIYOK TICTA, 110
IIPUTOTOBAHI 13 )KUTHHOTO Ta MIIEHMYHOTO OOpOIIHA Ha MUTHINA 3aKBacIll CIIOHTaHHOTO Opo-
IIHHA 3 AO0JaBaHHSAM IMepio boarapcbkoro cyxoro B pisHOMY BiICOTKOBOMY CIIBBITHOILLIEHHI,
COJIi Ta KOHTPOJI0 0e3 mepito. 3a OpraHoJIeNTHYHUMU OKa3HUKaMH BU3Hadaiau ¢opmy Xxiila,
KOJIp 1 30BHILIHIN BUTJIA CKOPUHKH, CMaK 1 3amax (puc. 1). OuiHoBanu SKicTh XJIi0HOT IpoTy-
Kiii 3a 11 Pi3uKO-XIMIYHUMU BIACTHBOCTSMHU — BOJIOTICTIO, KUCIOTHICTIO, TOPUCTICTIO. Di3uKO-
XIMIYHI JOCHIDKEHHS] TPOBOAWIM BIAMOBITHO A0 AIFOYMX METOAWK: BOJOTOCTI xyifa — 3a
I'OCT 21094-75, mopucrocrti xni6a — 'OCT 5669-96, KHCIOTHOCTI — MPUCKOPEHUM METOJ0M
I'OCT 5670-96, kpuxkyBaTiCTh BU3HAYAIM HUIAXOM 3BaXYBAHHS KPUXT, 11O YTBOPHJIUCS BHA-
CIIOK CTPYLIyBaHHS 5 I' HABAKKH B KOHIUHiH K061 06’ eMoM 250 cM’; HAMOKAeMicTh BU3HAYA-
JIM 32 METOJJUKOIO0 YCTaHOBJIEHHS KUIBKOCT1 BOJIU, SIKY 3/JaTHA MOTJIMHATH M’ SIKYIIKA XJ1i0a.

Puc. 1. 3paszku euneuenoco xniba 3 piznoio konyenmpayiero nepyto bonreapcvkozo cyxozo:
1 — koumponv, 2 — 2 % nepyro,; 3 — 4 % nepyro; 4 — 6 % nepyro 0o macu bopowna
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Tab0mums 2

IToxa3nuk

KontpoJs

2 % nepio

4 % nepio

6 % mepuio

Komip i cran
TIOBEPXHI

I'manenska, piBHO-
TIPUCYTHI
HEBEJINYKI ITiIPUBH

MipHa,

I'manenska, PpiBHOMIpHa,
TIPUCYTHI HEBENNYKI MiJPUBH

I'magenbka, piBHOMI-
pHa TIpUCYTHI HEBe-
JIUYKI T IPUBA

I'manenpka, piBHOMIp-
Ha, MPUCYTHI HEBEIH-
YKi T APUBHU

Komip i cran

Cipa, nopucra

Cipa, 3 menBe TOMITHUMHU

Cipa 3 HOMITHUMH

Cipa 3 4epBOHYBAaTHUM

M’ SIKYIIKA BKJTIOUEHHSIMH MEPIIIO, APi- | BKIIOYEHHSMHU IIep- | BIATIHKOM, SICKPaBO
OHOIIOPHCTA TOBCTOCTIHHA | ITf0, PIOHONMOPUCTA | BUPAXKEH] BKIIIOYEHHS
TOBCTOCTiHHA TIepITIo, APpiOHOTOpHC-
Ta, TOBCTOCTIHHA
CMmak BnacrtuBuii uboMy | BnactuBuii upomy BUILY BnactuBuii ubomy BnactuBuii ubomy
BHAY BUPOOIB, 3 BHPOOIB, 3 JIelb MOMITHAM | BUAY BUpOOIB, 3 Jieb | BUAY BUPOOIB, 3 TIOMi-
JIe/Tb TIOMITHAM KHCITyBaTHM IPICMAaKOM 1 | TOMITHUM KHCJIyBa- | THUM KHCIYBaTUM
KHCITyBAaTHM TIpHC- | JIETKUM ITPUCMAKOM MEPIO | TUM IPHCMAKOM i TIPUCMAKOM 1 SICKpaBO
MakKoM CMAaKoM TIEpITI0 BHPaXCHHUM CMaKOM
HEpII0
3amax BnactuBuii upomy|BnactuBuii 1upomy Buay |BmactuBuit  upomy | BnactuBuii LBOMY

BHUpOOIB 0€3 CTOpOHHIX, 3
Jeb TOMITHAM 3alaxoM
HepIo

BHAY BHPOOIB 3 100-
pe BUpaKeHUM 3aria-
XOM TIEPIIIO

BHUAYy BHpOOIB 0Oe3
CTOPOHHIX

BHAY BUPOOIB 3 sICKpa-
BO BHpPaXCHHM 3aIia-
XOM IEpLIO

OTtpumani 3pa3ku KUTHBO-IIIEHUYHOTO XJ110a 3 J0JJaBaHHsIM boirapchkoro nepiro cyxo-
IO MalOTh IPUEMHI OPTaHOJIETITUYHI BIACTUBOCTI, IOPUCTY M SIKYILLIKY, IPUBAOIMBHUI KOJIIp 13
30JI0THCTOI0 CKOPHHKOIO. BKJIIOUEHHS iX y pallioH XapuyBaHHs CIpHUs€E MOJIMIIEHHIO 3]10-
POB’s 1 MIABUIIEHHIO IMYHHOT OMIPHOCTI OpranizMy. Pe3ynbpTatu JoChiKeHHs: OpraHoJenTu-
YHUX [MOKA3HUKIB TOTOBUX BUPOOIB HABEJIEHO B Ta0I. 2.

[oninmyrorbess opraHoyienTHUHI W (I3UKO-XIMIYHI MOKa3HUKHU SKOCTI XJI11000yI0YHHX
BUPOOIB: KOJIIP 1 CTPYKTypa MOPUCTOCTI M SIKYLIKH XJ110a, a TAaKOK HOro cMmak i apomar. Kpim
TOro, 100aBKa MEPIO 3HWXKYE IIBUJKICTh 3MIHUM KPOXMANO 1 OUIKOBOT YaCTUHHU M’SKYIIKH
npu 30epiraHHi, o 3yMOBIIIO€ OUTBIINI TePMIH BUKOPUCTAHHSIL.

Bonoricts oaepxanux Bupo0OiB craHoBUThH 48,65-50,25 % (Tabma. 3), KUCIOTHICTD, 3yMO-
BJIEHA >KUTTEIISUTBHICTIO MOJIOYHOKUCIIUX OaKkTepidd, CTAHOBUTH ISl HOCTIDKYBAHUX 3pa3KiB
7,8-11,4 rpan.

Tabmums 3
Di3uKO-XIMIYHI NOKAZHUKU BUNEYEHUX 3PA3KI6
3Ha4eHHS NOKAa3HUKIB AKOCTI JOCHIIKYBAHOI0 XJI1i0a
Ha3Ba noka3sHuka
KOHTPOJIb 2 % TIepIro 4 % miepIto 6 % mepIrro
Bormoricts M’ skymku, % 50,25 49,7 49,7 48,65
Kucnorricts M’ IKyIIKH, Tpax 7,8 9,1 10,0 11,4
Iopwucricts M’ akymkn, % 61,5 60,2 61,61 62,45
KpuxkyBaTticts M’sIKymkn, % 1,25 1,28 1,76 2,73
Bopa, sxy mornuHae M’ sikymika, % 102,17 243,12 182,9 175,9

[Topucticte x716a — e BIJHOLIEHHA 00’€éMy HOp M’SKYIIKH JO 3arajlbHOro 00’emy
M’SIKYIIKH, SIKE€ BUPAXXalOTh y BIACOTKaX. [IOpUCTICTh KUTHBO-IIIEHUYHOTO XJ110a Mae OyTH
He MeHIe 55-56 %. Pe3ynbratu mpoBeneHNX NOCTIHKeHb MMOKa3ally, 10 MOPUCTICTh XJi0a 3
nonaBanHsM 4 % mepuro bonrapcekoro cyxoro moapidHeHoro mimBuiyeTrbes 10 61,61 %;
6 % mnepiro — 62,45 %. [Ipu poMy MOPUCTICTH 3pa3KiB — 0€3 MyCTOT 1 yIIUIbHEHB (Tab. 3).
YuM BUILIA TOPUCTICTH BUPOOIB, TUM JIOBIIE BOHU 30€piratoTh CBUKICTh. JloOpe po3myleHuit
XJ110 13 pIBHOMIPHOIO JIPiOHOI0 TOHKOCTIHHOIO MOPHUCTICTIO Kpallle MPOCOYYEThCS COKaMH CH-
CTEMH TPABJICHHS 1TOMY MOBHIIIE 3aCBOETHCS OPTraHI3MOM.

Buznauenns Bmicty Hunky, Kympymy, Kagmiro, IlmomOymy (Tabn. 4) npoBoauiau micis
030JICHHS BUXIJIHOT CHPOBHHH 1 B iX €KCTPAKTaX aTOMHO-a0COPOLIIHUM METOAOM Ha CEKTpodo-
tometpi Semy C-115 M 1; Mepkypiro — METOZIOM XOJIOJJHOTO Mapy 3a JOIOMOI'OI0 CIeKTpodo-
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tomerpa I'PI'-107 Koptek; ApceHy — 3a 10IIOMOror0 aTOMHO-aJICOPOLIIHHOTO cIEKTpopoTOMETpa
3 TepMiyHOIO aBTOMB3auiero Varian Spectr AA 240 Z 3a meroaukoro, BukiageHoro B ['OCT
26929-86 «CpIpb€ 1 MPOIYKTHI MUALIEBBIE. METOBI ONPEAEIIEHNS TOKCUYHBIX YIEMEHTOB).

Tabnuus 4
Bmicm mokcuunux enemenmis

Baxxkwuii meran, | 3akBacka IIOH- 3axsacka 30po- - | Konrpobiii X116 3 mepeM I[OHYCTHM.HH pI-
M/100 T IPOTYKTY | HO MpHroTOBaHA JDKEHA TIPOTATOM 3pa3oK 40 % BEHb, He OLJIbIIIE,
POLYKLY P 7 nmi6 xJmiba ’ Mmr/100 T mpomyKTy
IyHk Mr/kr 6,57881 6,57881 9,20884 5,59867 25,0
Kynpym mr/kr 0,78380 0,51097 1,03366 1,01113 5,00
Mepxkypiii (Hg),
MT/KT 0,0070 0,00365 0,00379 0,00330 0,01
Kamwmiit (Cd), mr/xr 0,01122 0,00784 0,01597 0,00650 0,05
[Tmom6ym™m (Pb),
MT/KT 0,47726 0,13357 0,23215 0,12026 0,30
Apcen (As), MT/KT 0,03090 0,01860 0,0272 0,02000 0,10

PesynbTaTi BU3HAUEHHS BMICTY BAXKKUX METANIB Yy JOCITIDKYBAHMX 3pa3Kkax 3aKBacOK
MIPEJCTaBICHO Ha puc. 2 Ta Tabi. 4. JloCniKeHHsIMA BCTAaHOBJIEHO, 110 M1Jl YaC MOJIOYHOKHUC-
JI0r0 OpOMIHHS B 3aKBAacKaX Ta TICT1 3MEHIIYEThCS KUIbKICTh BaXKKUX METAJIIB Ta 30UIbLIYETh-
cst BMICT BitTaMiHy C 1 BUIbBHMX aMIHOKHMCIIOT. Y 30pOJDKeHI mpoTsarom 7 110 3aKBaciii BMICT
BAKKHUX METAJIIB 3HIKY€EThCS B 1,5-3,6 paza.

KinbKICTh TOKCHYHHUX €1EMEHTIB y X101 KOHTPOJIBHOIO 3pa3ka Ta 3pa3ka 3 J03yBaHHSAM
neputo bonrapeskoro cyxoro (4 % m0 mMacu OOpOIIHA) HE MEPEBUILYIOTh JOIMYCTUMI PiBH1
(Tabn. 4). Y xmi61 3 mogaBaHHAM mepiro boarapchbkoro BMICT BaKKHX METAIB 3HUKYETHCS:
Mepkypito, Apceny Ta [ImromOymy —y 2, a Kaamiro — 2,5 pa3a.

MT/KT 1

0,47726

0.5
0.45
0.4
0.35
0.3
0.25

0.1 1 1

L &
& 2

0

Mepxypiii Kammiii TTmoMOyM Apcen

Puc. 2. Buicm moxcuunux peuosun.
1 — y konmponbHOMY (WOUHO NPULOMOBAHOMY) 3PA3KY 3AKEACKU, 2 — 3AK8ACKU 30p0o0ceHoi npomsazom 7 0io

Takosx O0yJ10 AOCHIPKEHO Xap4yOBY LIHHICTh )KUTHBO-IIIIIEHUYHOTO X11i0a 3 nepuem bosra-
pcbkuMm  cyxum (tabm. 5) Ha Bwmict Bitaminy C (I'OCT 7047-55); Bwmict Kanbuiro
(ACTVY:7505-2014); Bmict @epymy (I'OCT 26928-86).
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Tabmuus 5
Xapuosa yinuicms JHcUMHbO-NULEHUYHO20 X110A
MikpoHyTpi€eHT 3pasox xziba -
KOHTPOJIBHHUH 3Pa30K xJ116 3 mepuem (4 %)
Bitamin C, mr/100 T 1,76 4.4
Fe mr/100 T 0,039 0,1
Ca, mr/100 60,55 104,45

Hageneni pe3ynbTaTu MoKa3yloTh 3HaUHY MepeBary 3a A0CHIDKEHUMHU MMOKa3HUKaMH Xap-
YOBOT IIIHHOCTI1 XUTHBO-MILIEHUYHOT0 XJ110a 3 mepueM boirapcbkum CyxuM MOPIBHSAHO 3 KOH-
TPOJIBHUM 3Pa3KOM.

BucHoBkH BinnoBiaHo 10 cratTi. BOpoBaykeHHS TEXHOJIOTT )KUTHHOTO XJ110a Ha 3aKBa-
CKaxX CMOHTaHHOTO OpOJIHHA 3 JOJaBaHHSM IepLio boyirapchkoro cyxoro gacte 3MOry po3-
IIMPUTH ACOPTUMEHT XHUTHBOTO XJ1i0a Ta BUTOTOBISATH MOT0 Ha MIANPHUEMCTBAX MaJIOl MOTY-
AKHOCTI 1 IEKapHsX.

OTtpumani 3pa3ku JKUTHBO-MIIEHUYHOTO XJ110a 3 J0JJaBaHHsIM boirapchkoro nepiro cyxo-
r'0 MalOTh IPUEMHI OPTaHOJIETITUYHI BIACTUBOCTI, IOPUCTY M SIKYILLIKY, IPUBAOIUBHUH KOJIp 13
30JI0THCTOI0 CKOPUHKOIO. PerynspHe crnouBaHHS BITaMiHI30BaHOTO Xjii0a Oyne crpusTu
MIZIBUIIEHHIO CTIMKOCT1 OpraHi3My J0 HEraTUBHOTO BIUIMBY HAaBKOJIMIIIHBOTO CEPEIOBHILA,
MIPUCKOPEHHIO OJY)KaHHS MPHU PI3HUX 3aXBOPIOBAHHSIX, MIJBUILEHHIO TOHYCY MPU CTPECOBUX
CUTYyalidX 1 PI3MUHUX HABAaHTAKECHHSX.
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MANUFACTURING TECNOLOGY OF RYE AND WHEAT BREAD
ON THE BASIS OF SOURDOUGH AND DRY SWEET PEPPER

Urgency of the research. Year by year, the food industry is rapidly developing, especially in the direction of increasing
the nutritional value of bakery products.

Target setting. Fluctuations in the quality of raw materials, advanced technologies with the use of improvers and food
additives, the lack of vitamins and micro- and macronutrients in flour semi-finished products lead to a decline in the quality
of bakery products.
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Actual scientific researches and issues analysis. Scientific publications show the benefits of introducing vegetable in-
gredients into the recipe of bakery products. These ingredients contain high level of biologically active substances that in-
crease the nutritional value of the finished product and improve the technological performance of bread production.

Uninvestigated parts of general matters defining. Special attention should be paid to raw products that can solve the
problem of the lack of vitamins and micro- and macronutrients in flour semi-finished products. One of the promising areas of
bakery research is the use of sweet pepper. Analysis of the publications have shown that nowadays dry sweet pepper is not
widely used as an improver for rye and wheat bread.

The research objective. Development of special technology for the production of rye and wheat bread on the basis of
sourdough starters of spontaneous fermentation and dry sweet pepper.

The statement of basic materials. The recipe for the production of rve and wheat bread has been developed on the basis
of sourdough starters of spontaneous fermentation and dry sweet pepper in the amount from 2% to 6% to the mass of flour.
Studies have shown that during lactic fermentation in the starter dough and in the main dough, the number of vitamin C and
free amino acids increases and the amount of heavy metals decreases.

Conclusions and suggestions. This research shows the expediency of using sweet pepper in the production technology
of rye and wheat bread as it increases the activity of lactic acid bacteria and reduces the length of the technological process.
The obtained samples of rye and wheat bread with dry sweet pepper have pleasant organoleptic properties, spongy crumb,
and attractive color with golden crust.

Keywords: pepper Bulgarian dry; ferment of spontaneous fermentation, trace elements; vitamins, bread quality.
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TEOIH®OPMAIIMHE MOJEJIOBAHHSA ITPIOPUTETHOCTI YHIIIEHHS
CEIrMEHTIB BYJIUYHO-I0OPOKHbOI MEPEXKI 3A KPUTEPIEM
IHTEHCUBHOCTI PYXY I'POMAJCBKOI'O TPAHCIIOPTY

Axkmyanonicme memu oocnioxncenun. Ceoeuacre npuOUPanHs 8YIUUHO-O0POICHLOL MEPENCI MiCma 6 3UMOBULL Nepiod
nompebye 6enuKoi Kinbkocmi npubupanrvroi mexuiku. Hecmaua mexuiku npuzeooums 00 nepesuuierts mepminie npuoupan-
HA, a Il HAOMUWOK — 00 Nepesumpam pecypcie, npocmoie ma empamu penmaodenvrocmi nionpuememaea. Onmumizayis map-
Wpymie npubUPanHs 8YIUUHO-00PONHCHLOI MEPEIHCI MICIA 3 YMO8 0OMENHCEH020 NAPKY MEXHIKU 00380UMb MAKCUMIZY8amu
MiCbKIll ma nacaxicupcokii mpapix y micmi.

Ilocmanoska npoonemu. B ymosax obmedicenHss napky npudupaibHoi mexuiku HeoOXiOHO SUHAYUMU HALBANCTUBIULL
synuyi, neputoyepeose NPUOUPAaHHs AKUX 3a0e3nedums MaKCUMAIbHY NPONYCKHY 30AMHICING mMa NACANCUPONOMIK 8YIUYHO-
00pOo2ACHBOT Mepedici Micma.

Ananiz ocmannix 0ocniodcenv ma nyonaikauii. Y oinouiocmi npayb, HOPMAMUBHUX OOKYMEHMIB [ MEMOOUK NUMAHHS
npiopumemnocmi nopsioKy 3UM0B8020 YUWCHHSL BUSHAYATOMbCS NePEeBANCHUM YUHOM KAMe20pIcio 8YIuli, npu YboM)y NUMAHHS
3abe3neuentst mpapixy 2pomMaocLKo20 mpancnopmy, a 8i0N0GIOHO, I MiCbK020 NACANCUPONOMOKY He PO32NA0AIOMbCSL.

Buoinennsa mnedocnioscenux uacmun 3az2anvhoi npoénemu. Maxcumizayis nponycknHoi 30amuocmi  8YIUYHO-
00pOXCHBOT Mepedici nompebye peknacu@ikayii 8yauysb 3a nPiopumMemnicmio ma iHMEHCUBHICMIO NPUOUPAHHS, WO 8 NOOa-
JBUOMY 003801IUMb ONMUMIZYE8AMNU CXEMY MAPUPYIIE 3UMOB0I NPUOUPATbHOT MEXHIKU.

Ilocmanoexa 3ae0annsa. Kopueysanus npiopumemHocmi YUWeHHs. Ce2MeHMi8 8YIUUHO-00PONHCHbOI MepedCi 8 3UMOBULL
nepioo 3a Kpumepiem iHmeHCUBHOCMI PyXy 2POMAOCLKO20 MPAHCHOPMY.

Buknao ocnosnozo mamepiany. Posensnymo numanHs 6CMAHOBICHHS YeP208OCHE YUWEHHS 8YIUYHO-O0PONCHbOL Me-
pedici Micma nio yac 3UM08020 MeXAaHI308aHO20 NPUOUPAHHS 3G NOKAZHUKOM [THIMEHCUBHOCTE MPAHCHOPMY 2POMAOCHKO20
pyxy. Ob6tpyHmosano kpumepitl 6CMAHOGIEHHS NPIOPUMENY Ce2MeHmi8 8VIUUHO-00podicHboi mepedici. Cihopmosana kapmo-
2pama Yep2o8oCcmi NPUOUPAHHSL Ce2MeHmi6 8VIUYHO-00POICHbOI Mepedici micma Yepuizosa.

Bucnoexu 6ionogiono oo cmammi. Ooepoicana kapmozpama npiopumemHoCmi Ce2MeHmie 8yiuiHO-00PONCHbOL Mepe-
JiCL, KA CHOPMOBAHA 3G NOKAZHUKOM THMEHCUBHOCIL PYXY 2DOMAOCLKO20 MPAHCHOPMY, € OCHOB0I0 OISl KOPe2y8aHHs MapUi-
pymie npubupanvHoi mexuiku. Bpaxyeans uuHHUKG 2pOMAOCHKO20 MPAHCNOpMY Npu AiKEioayii 3uMoBoi He2o0u 003601UMb
30L1bUWUMU 3A2ATbHULL MICOKULL NACANCUPONOMIK.

Knrwouogi cnoea: npubupanns 8ynuuHo-00poOICHbOI Mepedici; npiopumem ceeMeHmis, 2pomMaoCcbKuli mpaHcnopm,
3UMOBUIL Nepioo.

Tabn.: 4. Puc.: 6. bion.: 5.

IMoctanoBka mpodaemu. [IpuitHATUMHN HallOHATBHUMM HOpMamu [1; 2] BcTaHOBIIEHO
MOPSAZIOK Ta IHTEHCUBHICTh 3aCTOCYBaHHsI NMPUOMPANIbHOI TEXHIKM Ha 00’€KTax BYJIMYHO-
JOPOXKHBOI Mepexl. Takuil OpsAA0K BU3HAYAETHCS HU3KOI0 YMHHUKIB: KaTETOPIE0 BYJIMIIL B
reHepalIbHOMY IUIaH1, IOPOI0 POKY, MOTOJHUMHU YMOBAMH, 1110 CKJIAJIUCS, IHTEHCUBHICTIO 3a-
CMIUEHHsI MPOI3HOI YaCTHHU Ta TPOTYapiB, HACTIAKAMU HEroJu a0 IHIIMMU YUHHUKaMHU. [Jis
3MMOBOIO NEPIOy NpUOMpaHHS TaKi BUMOTH € HalKOPCTKIIIUMHU, aJpKe 1ie MOB’s3aHe 13 3a-
0e3MeYeHHsAM MPOITYCKHOI 3aTHOCTI BYJIMYHO-JOPOXKHBOI MEpexki, HaJJaHHSIM MOXJIUBOCTI
Uil poOOTH OINEPAaTUBHO-PATYBATBHUX T4 MEJUUHUX CIYKO 1 YHUKHEHHSM TpPaHCIOPTHOTO
KoJarcy 3aragioM. OcoOIUBICTIO 3MMOBOTO NMPUOUPAHHS € HEOOXIAHICTh OHOYACHOTO 3aCTO-
CYBaHHS BEJIMKOI KUIBKOCTI MPUOMpaNIbHOT TEXHIKU Ta nepcoHany. Tak, Juis JikBigaiii Hac-
JJIKIB CHIrONaaiB 37€0UIBIIOT0 3aCTOCOBYEThCS BCs HAasBHA MpUOMpalibHA TE€XHIKA. A B pasi
CKJIaJJHUX MOTOJIHUX YMOB, 32 CHIOCTEPEKEHHSIMHU, YaCOBI HOPMHU Ha 3UMOBE MPUOUPAHHS BY-
JMYHO-JIOPOKHBOT MEpeXi MOXKYTh OyTH 3HauyHO NepeBulleHUMH. Lle mpu3BOAUTH 10 3HU-
KEHHS 3arajJbHOTO0 MICBKOIO Tpadiky Ta MIABHILEHHS aBapiiHOCTI Ha Joporax. 3a Takux
YMOB, 200 3a yMOB OOMEXEHOI1 KUIbKOCTI MPUOMPaANIbHOI TEXHIKM, 3aBJaHHS MaKCHMI3awil
MPOMYCKHOT 3JaTHOCTI TPAHCHOPTHOI 1 MIIIOXIAHOI MEPEX1 JIEKUTh y IUIOIIMHI aHaA3Y Ta
peknacudikaiii MpPIOPUTETHOCTI Ta IHTEHCUBHOCTI MPHOUpPAaHHS CETMEHTIB BYJIHUYHO-
JOPOXKHBOT MEPEIXKI, a TAKOK MaKCUMI3allii e()eKTUBHOCTI BUKOPUCTAHHS HasIBHUX PECYPCIB.

© Kopsienko 1. B., Tepemyk O. 1., Kopnienko C. I1., 2018
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B €Bpomneiichbkiii KOHLENIT MICBKOTO PyXy YHULICHHS TPAHCIIOPTHOI MEpeX1 3/11HCHIOETh-
Csl Tak: TPOTyapH Ta BEJOCHUIIEIHI JOPLKKU, MapIIPYyTH IPOMAJICHKOTO TPaHCIOPTY, MiJ 1341
MAaIllIlUH PATYBAIBHUX Ta CHELIAJbHUX CIYXO, HUISIXH Ul TPAHCIOPTY >KUTT€3a0e3MeUEeHHs
MICTa Ta JIOCTaBKH TOBapiB 1 JIUIIE MOTIM pellTa TpaHCopTHOI Mepexi. [IpoTe, BiImoOBigHO
710 IPUHHATHX HallIOHAJIbHUX HOPM Ta CTaHJApPTIB MPIOPUTETHICTh YMILEHHS BYJIUIb BU3HA-
YaeThCsl 11 paHTOM y MICBKIN 1H(PACTPYKTYpi, IPH I[bOMY BaXKIMBICTh BYJIUII B 320€3M€UEHH1
MaCaKUPONOTOKY HE BPAXOBYETHCH.

Tomy, Ha Halry TyMKy, IpH BU3HAYEHHI MOPSJIKY YUILEHHS BYJIMYHO-TOPOKHBOI MEpEXKi
Ta MPU3HAYEHHS MapLIPyTiB NPHUOUPATIbHOI TEXHIKM OCOOJIMBY yBary HeOOXIAHO MPUIUTUTH
3a0e3neueHHI0 TpadiKy rpoOMaJICbKOro TPAHCHIOPTY Ta NaCaXKUPOIOTOKY.

AHaJti3 ocTaHHIX Aocaia:keHb i myOaikaniii. Ha cboroui € 6arato ramy3eBUX HOpMAaTH-
BHUX aKTIB Ta METOJMYHUX PEKOMEHJAII 3 opraHizailii yTpuMaHHs, 30KpeMa 1 IpUOupaHHs
BYJIMYHO-JIOPOKHBOI MEPEX], K1 AAIOTh 3MOTY c(hopMyBaTH 3arajibHUM MiAX1A 0 311HCHEHHS
OpraHizaliiiHux 3axo[iB, c()OpMyBaTH CUCTEMY BUMOT Ta MPaBWJI BUKOHAHHS NpPUOHpaHHS,
BCTAHOBUTH CIIIBBITHOLLIEHHS MDK po3MipamMH 00’€KTa MPUOMpPAaHHS Ta KUIBKICTIO 1 CKJIaJIOM
NpUOUPaANBbHOT TEXHIKM, a TAKO)K HOpMaMH Ha BUTpaTHI 3aco0M. 3a OCTaHHIN yac MpoOBEEH1
HAyKOBI1 JOCTIKEHHs, Hanpukiaz [3; 4], 3 MeToro BU3HaueHHs a00 YyTOUHEHHs apaMeTpiB 1
XapaKTepUCTUK BYJIUYHO-IOPOKHBOI MEPEK1, HOPMATUBHUX 3HAUYE€Hb BUTpAT 4acy abo Mare-
piajiiB Ha NpUOUpaHHS, MOPIBHSAHHS SKICHUX XapaKTEpUCTUK MaTrepiaiiB JJs MPOTHOXKETe-
HOT1 0OpOOKH JOPOKHBOTO MOJOTHA. Taki HOpMU W OCHIKEHHS J03BOJIAIOTH chopMyBaTu
BHUMOTH JIJIs1 3aBJIaHHS ONTUMI3allli IPUOUPaHHS BYJTUYHO-IOPOKHBOI MEPEXI.

BuaineHHss HeBMpilIeHHMX YacTHH 3arajbHoi mpodjemu. OnTumanbHa, Yd NpPUHANMHI
palioHanbHa OpraHizallisi 3MMOBOTO NPHOUPAHHS BYJIUYHO-I0POKHBOI MEpExXi niepeadayae BU-
3HAQUYEHHsI MPIOPUTETHOCTI Ta IHTEHCUBHOCTI MPUOUPAHHS BYJIMLb, AOPIT Ta TPOTyapiB MicTa.
[IpoTe B «aBpaibHOMY» peXHMI JIKBIIAIll HACTIIKIB 3UMOBOI HETOJIM, HAMPHUKIAJ CHIrOMaa
abo oxKeJeullsl, BUSBIISIETCSA TOCTPAa HECTAauya MEpCOHANy Ta TEXHIKU Ul JOTPUMAHHS HOPM
3UMOBOTO TNpuOHMpaHHsa. MakcuMizalisi MPOMYCKHOI 34aTHOCTI BYJIMYHO-IOPOKHBOT MEpexi
notpedye peknacu@ikalii BylIulb 3a NPIOPUTETHICTIO TAa IHTEHCUBHICTIO MPUOMpaHHs, IO B
MOJIAJIBIIOMY JIO3BOJIMTH ONTUMI3YBaTH CXEMY MAapIIPYTIB 3UMOBOI NMPHOMPAILHOI TEXHIKH.
Po3B’sa3aHHs Takoi 3ajaul y pydHOMY PEXHMI IPEACTaBISETHCS CKIAJIHOK O0UMCIIOBATBHOO
3aJauer0 1 X m CKJIAJHOCTI, IPOTE BUKOPUCTAHHS aHATITUYHUX MOXKIIMBOCTEN reoiHdopmartiii-
HUX CHUCTEM JO03BOJISIE CYTTEBO CKOPOTUTH OOYMCIIEHHS Ta CHPOCTHTU IMPOLEC 3HAXODKEHHS
ONTUMAIBHOTO PO3B’A3KY 3a PI3HUMHU CI_IeHapiHMI/I BUXIIHOT IOPOKHBOT Ta OTOAHOT CUTYaIlIi.

Mera cratTi. BusHauntu MexaHi3M BCTaHOBJICHHS leOpI/ITeTHOCTl HpI/I6I/IpaHHH CerMeH-
TIB BYJIMYHO-JO0POKHBOI MEPEXK1 B 3MMOBHI MEPio 3a MOKa3HUKOM IHTEHCUBHOCTI pyXy Ipo-
MaJICBKOTO TPaHCIIOPTY.

BukJaa ocHOBHOro MaTtepiajy goc/izkeHnb. [IpoekTyBaHHS Ta reHepalisi ONTUMaIbHUX
MapIIpyTiB NPUOUPAaHHS BYJIUUYHO-TOPOKHBOT MEPEX1 HaEXKaTh O KIAaCy MEPEKHUX ONTH-
MI3alliiiHUX 33/a4, sIKi €EKTUBHO PO3B’A3YIOThCS 3a JONOMOTOI0 METO/IIB IeoiH(popMaliiiiHo-
ro axanizy. Mepexa (opMyeThCsl SIK Opi€HTOBaHUU Tpad, e Mpoi3Ha YacTHHA BYIUIb Ta
TPOTyapu MpeACTaBIAIOTbCA pedpamu, a nepexpects — By3inamu rpada. I'pad Moxxe mMicTUTH
niarpagu. Koxen miarpad yocoOutoe 3acTocyBaHHS NPUOMPANIbHOI TEXHIKM KOHKPETHOTO
tuny. Hanpuknaa, ninrpagom Mosxxe OyTH Mepexa MaricTpajiei Ta ByJIulb, MEpexa TpoTya-
piB, CKJIQJHI1 (BY3bKi, BAXKKOJOCTYIIHI) JUISHKA BHYTPIILIHBOKBAPTAIbHUX MPOI3/IB, 1€ MOXK-
JMBE NPUOHpPaAHHS JIMILE CIELTEXHIKOI0, MEepeKa BYJIHIb, Ha SIKUX BCTAHOBJICHUNA 0COOIUBUI
nopsfok npubupanns. [lapamerpu pedep (Ha3BeMoO iX Barow) BU3HAYaTUMYTh YEProBiCTh Ta
IHTEHCUBHICTb TPUOUPAHHS, a TAKOXK CIIOCIO 3aCTOCYBaHHSI TEXHIKH.

Bzarani Bara peGep BU3HA4Ya€ThCs HIUPUHOIO MPOIZHOT YaCTHHHU ab0 TpoTyapy (a Biamo-
BIJTHO, 1 KUIBKICTIO TPAHCIIOPTHUX 3aCcO01B, 1110 MOTPeOy€eThCs 11l MPUOUPAHHS), IHTEHCUBHI-
CTIO TPAHCIOPTHOIO Ta MILIOXIHOTO PyXy, MapHIpyTaMH PyXy I'POMAaJCbKOrO TPaHCIOPTY,
TPAHCHOPTY CHEUIAIBbHUX CIyX0 Tomo. Bara pebep Moxke MaTH pi3HI 3HAUEHHS ISl PI3HUX

239



TEXHIYHI HAVKH TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

BU/IIB MPUOUPAHHS, HANIPHUKIIAJ CHITOOUYHUILIEHHS, 0OPOOKU MPOTHUOKENETHUMH MaTepiajJaMH,
nigMitaHHs. PeOpa MOXKyTh MICTUTH IMIIEJJaHC, BETMYMHA SIKOTO BU3HAYAETHCS BTPATOIO Yacy
IIPU MOJI0JIAaHHI MEPEeXPecTh, MIIIOXIHUX MEPeX0/liB, BUKOHAHHI MaHEBPIB pO3BOpoTy. Bara
Ta iMIenaHc pedep 3a3Hava€eThes B aTpUOYTUBHIN TaOnuLll reoiHPopMaliiHOT MOJET1 MepEex1
MpuOUpaHHs, Ha OCHOBI SIKO1 B MOJAIBIIOMY 3/1HCHIOETHCS ONTHUMI3allisl MapIIpyTiB MPUOU-
panHa. OCHOBHUMHU KPUTEPIIMU PaH)KYBaHHS Baru pedep € 3arajbHi BUMOTHU JIO 3UMOBOTO
npubupaHHs, K1 BU3HaYeH1 Hopmami [ 1; 2] Ta HaBeneH1 B Tabmuisx 1-4.

Ne 4 (14), 2018

Ta0mums 1
Hopmamusna mpusanicmo cHicoouuujents 0opie pisHux kamezopiti

I'pyna nopir i Bynup 3a iXHIMH TpaHCIIOPTHO-
eKCIUTyaTal[iiHIMH XapaKTepUCTHKAMHU

HopmaTuBHA TpHBaTiCTh CHITOOYHITICHHS, TO]I,
He OLIbIIE HIK

A 4
b 5
B 6

Tab6mums 2

Tepminu nixeioayii 3umosoi cruzvkocmi na 100 kv npomsdxcrocmi 0opozu
3a2anbHO020 KOPUCTYBAHHS

Cepennpopiyaa 1000Ba iIHTEHCHUBHICTH PYXY,

Tepwmin mixBigamii 3uMoBoi ciau3bkocTi Ha 100 kM

aBT./mo0y JIOPOTH, TOJI, HE OIIBIIe HiXK
1 -1000 15
1001 — 3000 10
3001 — 7000 7
Binsme Hix 7000 4

Pexomenoosana nepioouunicme 6UKOHAHHI 3UMOB020 NPUOUPAHHS

Taomuis 3

PexomeHn0BaHA TIEPiOMYHICT, TOI, Pexomenn0oBaHa TIEpiOAMYHICTE
Knac tporyapy Ipu Temnepatypi nositps, °C 3a BIZICyTHOCTI CHiromamy, 10ou
HIDKYE -2 BHIIIE -2
1 gepes 3 gepe3 1,5 gepe3 3
11 gepes 2 gepes 1,0 gepes 2
1T gepes | gepes 0,5 gepes |

Tabmus 4

Inmepean yacy 6i0 nouamky cHiconady 00 O4UWeHHs MPomyapie
ma 6HYMPIUHbOKEAPMALLHUX NPOi30i6 60eHb

. . . . [HTEepBa 10 MOYATKY OYMILCHHS
. [HTeHCHBHICTD PYXY MIIIOXOAIB, 0Ci0 32 .
HaiimenyBaHHs ronuH TPOTyapy Y BHYTPIIIHKO-

Y KBapTaJIbHOTO NPOI31Y, TOANHH

Jo 50 3

Tporyapu ITonan 50 no 100 2

TTonax 100 1

BHyTpinmHboKBapTansHi mpoizam - 1-2

SIKIIO CHiFOHaZ[ TPHUBAE, CHiFOO‘II/IHleHHH ITOBTOPIOKOTH 13 TAKUM CaMHUM r[epiosz

VY pe3ynbTari AOCHIIKEHHS BYJIMYHO-I0POKHBOT MEPEXi LIEHTPali30BaHOTO IPUOUPaHHS

Mmicta YepHirosa, Oyna noOyaoBaHa reoiHdopmariiina Moaenp, mo Hajaiuye 306 cerMeHTiB.
3arajibHa JTOBKMHA JOPOKHBOTO MOKPUTTS Mepexi MpUOUpaHHs ckiaaae 175 kM, a 3arajgbHa
wiomia npoisHoi yactunu 1,81 xm?. CepeHs TOBKUHA CErMEHTa IPUOMpPaHHs CTaHOBUTH 0,54
KM, IIPY [IbOMY JIOBXKMHA C€rMeHTa 3MiHIoeTbes B Mexax 0,07...2,0 k.

[Ipu GpopmyBaHH1 MapHIpyTIB Mepexi NPpUOUPaHHS HEOOXIHO OIIIHUTH NOTPeOU B TEXHI-
ui. BignosigHo 110 [2], iCHYIOTh NIE€BHI aHAJIITUYHI BUPA3U JUISl pO3paxyHKy MOTped y TeXHIY-
HUX 3aco0ax /il BUKOHAHHS PI3HUX omepanii 13 mpubupanHs. Tak, KUIBKICTb IUTY>KHO-
HIITKOBUX MamH M /1715t MpOBEICHHS CHITrOOUYMIIICHHS PO3PaXOBYEThCS SIK:
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F
M=—-,
IYSKB’AIKG.H.
ne F — 1060Buii 06cAT IPHOMPATBLHUX POOIT THC. M2 32 J00Y;
1, — exciutyaTaniiiHa poJyKTHBHICT IIPUOUPATLHIX MALIMH THC. M 32 3MiHY;

)

(D)

K ,, — koedirient 3MiHHOCTI;

K, —xoedilieHT BUIyCKY MPUOMPATLHUX MAIIMH HA JIHIO.

6.n
HeoOxiqHy KUIbKICTh MAIIMH JJIs1 BAKOHAHHS KOKHOI orepalii IpoTsIroM JTUPEKTUBHOTO
4yacy peKOMEHAYETbCS BU3HAYATH 32 (OPMYJIOH0:

S
M=———, )
T 1)upK 6.1.
Je S — Iola MOKPHTTS, KA IiIArac MEXaHi30BaHOMY IPUOMPAHHIO TUC. M’
IT — excrulyaraniiiHa IIpoLyKTUBHICTh NPUOMPAIEHUX MAILMH, THC. M>/TO;

T oup AUPCKTUBHUU 9aC BUKOHAHHS OIICpalin npn6npaHH;1, ron.

Takoxk  ekciulyaTtauiiiHy  HpPOAYKTHBHICTh  IUTYXKHO-IIITKOBUX  CHIFTOOYHMCHUKIB,
THC. M?/TOJI, PEKOMEH/IY€ThCs BU3HAYATH 32 (POPMYIIOI0:

II=uBK;K,_, 3)

e u — poboya NIBUIKICTh PYXY, KM/TOS;
B — mmpuHa cMyTH, 10 OYHIITYETHCS, M;
K, — xoedillieHT MepeKpuTTs CMYTH, 110 OYHUIIYETHCS;

K, — xoedilieHT BUKOPUCTAHHS MAIlIMH Ha JiHil.

HaGmkena omiHka noTpedu y IUIy>KHO-ILITKOBUX MAIlIMHAX JUIsl CHITOOYMIIIEHHSI BUKOHYBa-
Jach 3a HaBeJeHUMHU Bupazamu i Mamd MA3 MJIK (siki epeBaxHO BUKOPUCTOBYIOTBCS IS
yuiieHHs y M. YepHirosi). BignosimHo o TexHiuanx xapakrepuctik MA3 MJIK, poGoya mBui-
KICTh CHITOOUYMIIIEHHSI ITPY BUKOPUCTAHHI ILITKA HE Ma€ MEpEeBUITYBATH 15 KM/TO/ y peXHUMI Uu-
HIEHHA-MIAMITaHHS (SIKiICHE MPUOUPaHHA MPOT3HOT YACTUHM), IIMPHHA BIIBATY CTAaHOBUTSH 2,7-3,0
M. KoedilieHT nepekpuTTs CMYTH, 10 OYHUILYEThCS, 3aIEKUTh BiJ] INUPUHU MPOT3HOT YaCTUHU i
TOBIMHY CHIroBoro mapy. Ha puc. 1 HaBeeH1 cMyry MepekpuTTs IPU YMILEHHI MPOi3HOT Yyac-
TUHU KOJIOHHOKO MAIIMH JUIs P13HOT TOBLIMHY YIILUIBHEHOTO CHIFOBOI'O ILIApy, sIKi OyJIM BCTAHOB-
JIEH1 EKCTIEPUMEHTAIBHO II1J] YaC BUKOHAHHS HAYKOBO-JIOCIITHOT poboTH [5].
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[Ipu npoMy mNepeBUIIEHHS Bl HOPMAaTUBHUX 3HAYE€Hb CMYT MEPEKPUTTS MOSCHIOETHCS
000B’A3KOBUM 3aCTOCYBaHHSM ILITOK (peXHM pOOOTH CHIFOOYMILEHHS 3 MiMITaHHSIM), BU-
MOTaMH JI0 SIKOCT1 MPUOUPAHHS Ta HEPIBHOMIPHICTIO TOBUIMHU HAaKOIMMYEHOTO CHIFOBOIO IIa-
pY Ha IPOi3HII YaCTUHI.

SIkmio BBaXkaTH, 110 B CEPEJHHOMY LIMPUHA OJTHOIO HAPSIMKY pyXy Ajs Byauii YepHiro-
Ba CTaHOBHUTH ONM3BKO 4-6 METpiB, TOJII CIIPABEIMBO B3ATU Koe(ilieHT mepekpurts K, y

mexax 0,84-0,75. Takox BBakaTUMeMo, 10 KoedinieHT Bukopuctanus Mamme K, =1. Ta-

KUM YUHOM, MPOJIYKTUBHICTh OJHI€T MamuHu, BiAnoBigHO 10 (3), Oyae B mexkax 3037-5040
M%/roz1 (HMKHS 1 BEpXHs MesKa BiloOpaxae Halripliuii Ta HAWKpaIiil BUNAIKK YUIIEHHS).
OueBuHO, IO MJIOLIA BYJUYHO-IOPOKHBOI MEPEX1 LIEHTPATI30BaHOr0 MPUOUpPAHHS CTa-
HOBHTH JJOOOBUI 0OCAT mpuOHpaHHs, TOJl 32 BUpa3oM (2) motpeda B TEXHIL 3a TPHOX3MIH-
Hoto cxemoro, 1e K, =0,9 ta K, =0,9 cranoBurume Bix 19 10 31 oguHuIi BianmoBigHo Ha

Halkpaluii Ta Halripmuii BUMajgku. Ase, sKIO BBECTU JUPEKTUBHUM yac Ha MpUOMpaHHS,
HaBITh 7151 ByJIUIb KaTeropii B (Tabmn. 1), To norpeda B TexHiri 3a Bupa3om (1) craHOBUTUME
BiINmOBiAHO 67-110 oguHuUIB. OYeBUAHO, IO Taka KUTBKICTD JIMIIE TUTYXKHO-IIUTKOBOT TEXHI-
KA € HaJIMIPHOIO JUIsSl TIOPIBHSHO HEBEJIMKOrO MICTa, 3 YpaxyBaHHSIM TOTO, II0 MPpUOHpaHHS
CHIT'Y BIIHOCUTBCS J0 MEPIOIMYHUX, a HE PETYIIIPHUX POOIT, 1 OCHOBHUM yac TEXHIKa Ta mep-
coHas Oyze nMpocToroBaTU. TOMY BUHUKAE MUTAHHSA MIJBUILEHHS €()EKTUBHOCTI BUKOPHCTAH-
HSl TEXHIKM LUIAXOM MiHIMi3allii IpOCTOiB, ONTUMI3allii MaplIPyTIB YUILEHHS, BU3HAYCHHS
MPIOPUTETHOCTI B YUIIIEHI CETMEHTIB BYJIMYHO-IOPOKHBbOT MEPEK1 3 METOK0 YHUKHEHHS TpaH-
CIIOPTHOTO KOJarcy 13a0e3MeYeHHs] MPOMYCKHOT 3[aTHOCTI BYJIMYHO-I0POKHBOT MEPEXI.

OcHOBHE MepeMilleHHs MEIIKaHLIB MicTa 3a0e3MeuyeThCsl TPOMAJICHKUM TPAHCIIOPTOM,
TOMY MPHUPOJIHO, IO BYJIUI 3 IHTEHCUBHUM PYXOM I'POMaJICBKOTO TPaHCIOPTY MaOTh Mpio-
PUTET YHUIICHHS B CHITY Ta oxenenl Y copmoBaniii reoiHpopmaIlliiiHiii MoJeni pyx rpo-
MaJICbKOTO TPaHCIOPTY BiAOYBaeThes 3a 198 cerMeHTamu 13 cepeiHbOI0 IHTEHCUBHICTIO 361
TpaHCOPTHUHM 3acid Ha 100y abo 23,8 TpaHCIOPTHUX 3acO0IB HA TOJUHY (BPaXOBYIOUM Hac
MOYaTKy Ta KiHLA pyXy). MiHIMallbHa IHTEHCUBHICTh IPOMAJICBKOTO TPAHCIOPTY 3 OKPEMOTO
cerMeHTta ctaHoBUTh 30 oauHuUIb, MakcuManbHa 3060 oguHuIs HAa 100y (Ha TOAUHY BIATO-
BiHO 2 1204 onuuuii). Kaprorpama IHTEHCUBHOCTI pyXy I'POMaJICBKOTO TpaHCHOpPTy (1mo0y-
JIOBaHA 32 METOJOM KBaHTLIIB) 300pakeHa Ha puc. 2. BBakarouu, 110 Mepexa pyxy rpoMaj-
CBKOTO TPAHCHOPTY CKIajae Maiike %/3 Bill yciei Mepexi IeHTpali30BaHOro IpHOMpPAHHS,
HEOOX1JTHO BUBHAYUTHU MPIOPUTETHICTh CETMEHTIB JIJIsl CHITOOUMIIICHHS.

Jns1 3a6e3neueHHs pyxXy I'pOMaJICbKOro TPaHCIIOPTY B 3MMOBUX YMOBAaX BaXXJIMBUM € YHU-
KHEHHS 3aTOpIB Ta 3a0e3MedeHHs 0e3neKkH pyXy. 3 oIy Ha ICHYyIOUy TPaHCIOPTHY MO/JIEINb
y M. UepHIroBi, CIIOCTEPIraeTbcs MEBHA HEPIBHOMIPHICTh PO3MOJUTY MApIIPYTIB 3 BEJIUKOIO
Ta MaJoOI0 IHTEHCUBHICTIO PYyXy TI'POMAJCHKOTO TPAaHCHOPTY 3a CErMEHTaMH BYJIUYHO-
JOPOKHBOT Mepexi. [lepeBaskHO 3aTopu MiJ Yac CHIrOnaiB BUHUKAIOTh HA UITHKAX 13 BEJIU-
KOIO IHTEHCHBHICTIO pyXy, TOMY, BIANOBIIHO, i IHTEHCUBHICTh YMILEHHS TaKUX AUISTHOK Mae
OyTu OUIBIIOIO, a YEPTOBICTh MPIOPUTETHOIO. 3arajibHi CIIBBIAHOIIEHHS MDK IHTEHCUBHICTIO
PYXy I'pOMaJICbKOTO TPAaHCHOPTY B M. UEpHIroBi, KUIbKICTIO CETMEHTIB, MO SKHX PYXa€ThCS
IPOMAJICBKUI TPAHCIIOPT Ta iX CyMapHOIO TOBXHUHOIO, ITOKa3aH1 Ha puc. 3.

3 po3nOUTy IHTEHCUBHOCTEH (puC. 3) BUJHO, 1110 JOBKMHA MApIIPYTIB PyXy I'POMaJICHKO-
ro TPaHCHOPTY, /A€ IHTeHCUBHICTh nepeBuirye 1000 onuHub Ha 100y MOPIBHSIHO HEBEIHKA,
IIPOTE, CYTTEBUM MPUPICT AOBXKUHHU MAPLIPYTIB CIIOCTEPIraeThCs MPH HEBEIUKINA IHTEHCUBHO-
CT1 pyXy rpoMajicbkoro tpancnopry (<400 aB1/n00y).
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YMOBHI MO3HAYEHHS
L% -~ — BYJIMLI HEHTPaJi30BaHOr0 NpudupaHHs 6e3
' PYXY rpOMaJICBKOI0 TPaHCIOPTY
— iHTeHCHUBHICTB pyXy Bix | 10 180 aBT/100Y
— iHTeHCHBHICTb pyXy Bix 181 no 481 aB1/n00y
== — [HTEHCUBHICTb pYyXY BiJ 482 no 900 aBT/100y
mmm== _ {HTEHCHUBHICTH pyXy Bix 900 no 3060 aB1/n00y

&

Puc. 2. Kapmozpama inmencusHocmi pyxy 2pomaodcsko2o mpancnopmy 6 m. Yepnicogi
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Puc. 3. Po3nooin pyxy epomadcbkoco mpancnopmy 3a iHMeHCUsHicmio
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CdhopMyBaBIIH psii CETMEHTIB 32 IHTEHCUBHICTIO PyXY Ta BU3HAYUBILH X IUIOILY, MOYKHA
1no0aunTH, 10 3arajbHa IUIOIA CETMEHTIB MPUOUpPaHHs Ha JUISHKAX 3 IHTEHCUBHICTIO 10 400
aBT/M00y CTAHOBUTH MailKe MOJOBUHY 3arajibHO1 IUIONII BCIX CErMEHTIB (puc. 4).

/ 11318
1.2
/0/1,058 :

0.8

0.6

0.4

0.2

MPMPICT NAOLLL NPOI3HOT YHACTUHM AAS
OYULLLEHHS, KM.KB

AOBOBA IHTEHCUMBHICTb PYXY IPOMAACHLKOrO TPAHCMOPTY

Puc. 4. Ilpupicm nnowi npubupants npoizHoi uacmunu i0N06IOHO 00 THMEHCUBHOCMI PYXY
2POMAOCLKO20 MPAHCHOPMY

Pesynprar o0uncieHHs: moTpedu npruOupaIbHOT TEXHIKHU IS YMILEHHS CETMEHTIB 3a SIKU-
MU BiZIOYBa€ThCS PyX IPOMAJICBKOIO TPAHCIOPTY, HaBeleHU Ha puc. 5. OOuucieHHs npoBe-
JIeH1 JUIS HalTIpIIOro Ta HAMKpaIloro BapiaHTIB YMIIEHHS. 3 OIJIsAY Ha HasBHY KUIBKOCTI Te-
XHIKM s TpUOMpaHHS B MICTI, MOXHa BBaXaTd, L0 IEpPIIOYEPrOBOMY UHUIIECHHIO
NIISTal0Th CErMEHTH, SIKI YTBOPIOKOTH psf 3 iHTeHcuBHIcTIO moHan 400-500 aB1/moly.
[lpuiiHsABIIM Take 3HAYEHHS 3a KpUTEpId UMIIEHHS CerMeHTiB | dYepru, s sKuX
M, <M, ,§$e M — notpeba npubupanbHoOi TeXHIKU; M — HasBHICTh NpuOHUpa-

nomp
JFHOT TEXHIKH, MOXKHA cOPMYBATH KapTOTpamy 4YeproBOCTI MPUOUPAHHS CETMEHTIB BYJIHY-
HO-JIOPOKHBOT MEPEXk1 BIAMOBIIHO J0 IHTEHCUBHOCTI PYXY I'POMAJICHKOTO TPaHCHOPTY (puc.
6).
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Puc. 5. Ilpupicm nompebu Kinbkocmi npubupanvHoi mexHixu iono8ioHo 00 IHMEHCUBHOCHI
DPYXY 2POMAOCHKO20 MPAHCROPMY

YMOBHI 03HAYEHHS

——— — BYJIMI HEHTPaIi30BaHOT0 NpUOU-
panHs 0e3 pyXy IpOMaChKOro
TPaHCIIOPTY;

——— — IHTEHCHUBHICTH pyXy 10 400
aBT/100y (Il yepru uniieHHs);

= — {HTEHCHUBHICTH pyXy nonax 400
aBT/100y (I yepru unmeHHs)

Puc. 6. Kapmoepama npiopumemnocmi cecmenmis 8YauuHo-00pPOACHbOIL MePerci
3a IHMEHCUBHICMIO PYXY 2POMAOCLKO20 MPAHCHOPIY

Taka mMojenb AeUo ifeanizoBaHa, OCKUIBKM Ha MOKa3HUK M BILUIMBAIOTh BTPATH Ha

nomp
MapHIpyTH3alii Ta iIMIIeIaHCy CETMEHTIB Ta BY31iB (IepexpecTs) rpada, Mo MOKHA MpecTa-
BUTH 4epe3 Aeskuil koedimienT k. Tomi s KpUTEpito 4eproBOCTI YUIEHHS MOKHA IPUHHS-
™m M, <kM

nomp nasem *

Bu3HaueHna mpiopUTETHICTh CETMEHTIB HE € OCTaTOYHOK. BaXXIMBUM MOKA3HUKOM IS
(dbopMyBaHHS MPIOPUTETHOCTI YHMINEHHS CETMEHTIB € TaKOXK 3arajbHa IHTEHCHBHICTH PYXY
TPAHCIOPTY Ta MiA i3H1 MapLIPYTH 10 BAXKJIUBUX COLIaIbHUX 00’ €KTIB, HacaMIepes — 1€ 3a-
KJIa1 OXOPOHU 3JI0POB’sl Ta MOXKEXH1 Jeno Tomo. ToOTo B KIHIIEBOMY PaxyHKY HpPIOpPUTET-
HICTh CEIMEHTIB Ma€ BU3HAYATHUCS IHTETPAIBbHOIO OLIIHKOIO MHOXWHHM YMHHMKIB, K1 BU3HA-
Yar0Th Ba)XKJIUBICTh CETMEHTA B 3a0e3Me4ueHH] Tpadiky MICBKOTO TPAHCHOPTY B MICTI.

Kpim Toro, Tpeba 3a3HaunTH, 110 (GOPMYBAHHS MapUIPYTIB Mae€ 3IMCHIOBATUCH 3 ypaxy-
BAaHHSM HE JIMIIIE NPIOPUTETHOCTI CETMEHTIB, a TAKOXK 3 YPaxyBaHHAM KUIbKOCTI HPUOUPATBbHOT
TEXHIKU B KOJIOHI JUIsl YUIIEHHS BYJIHI B OJHOMY HANpsMKY PyXy, MiCIlb MO>KJIMBOI'O PO3BOPO-
Ty KOJIOHM NPHUOUPATIbHOI TEXHIKH, IMIEJAHCY Ha LUIAXY MEpECyBaHHS, CIOCOOY OYMIICHHS
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NepexpecTh, yacy 100U Ta 3aBaHTAKEHOCTI BYITMYHO-IOPOKHBOT Mepexi. Takox i eKoHOMil
pecypciB He0OX1IHO BUKOPUCTOBYBATH aJITOPUTMH MOIIYKY HAUKOPOTIIIOTO MapIIpyTy.
BucnoBku BignoBigHo 10 crarri. Ha 0cHOBI 310paHuX CTaTUCTHUYHUX JAaHUX OOTPYHTO-
BaHO KPUTEPIid MPIOPUTETHOCTI YUIIEHHS CETMEHTIB BYJIMYHO-TOPOXKHBOI Mepexi. Chopmo-
BaHa KapTorpama BiloOpa)kae€ MO>KJIUBICTh YHMILEHHS CEIMEHTIB BYJIMYHO-I0POXKHBOT MEPEX1
I ta II yepr y HopmaTuBHMI yac. BUkopucTaHHS pe3yabTaTiB TeoiHPOPMAaLIiHOTO MOAETIO-
BaHHS JI03BOJIUTH ONTUMI3YBaTU MapLIPyTH pyXy NPUOUPATIBHOT TEXHIKH.
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UDC 004.942
Thor Kornienko, Oleksii Tereshchuk, Svitlana Kornienko

GEOINFORMATION MODELING OF THE PRIORITY OF CLEANING
OF HIGH-ROAD NETWORK SEGMENTS UNDER CRITERIA OF INTENSITY
OF PUBLIC TRANSPORTATION

Urgency of the research. The timely cleaning of the city's street-road network in the winter requires a large amount of
cleaning equipment. Lack of technology leads to exceeding the terms of cleaning, and its surplus to over-utilization of re-
sources, downtime and loss of profitability of the enterprise. Optimizing routes for cleaning the city's street-road network in a
limited fleet of vehicles will maximize city and passenger traffic in the city.

Target setting. In the conditions of restriction of the park of cleaning equipment, it is necessary to determine the most important
streets, the primary cleaning of which will ensure the maximum throughput and passenger traffic of the city's highway network.

Actual scientific researches and issues analysis. In most works, normative documents and methodologies the priority of
the order of winter cleaning are determined predominantly by the category of the street, while the issue of ensuring the traffic
of public transport, and, accordingly, urban passenger traffic are not considered.

Uninvestigated parts of general issues defining. Maximizing the throughput of the street-road network requires reclassifica-
tion of streets by priority and intensity of cleaning, which will further optimize the scheme of routes of winter cleaning equipment.

The research objective. Adjusting the priority of cleaning the streets and road network segments during the winter peri-
od by the criterion of the intensity of public transport traffic.

The statement of basic materials. The issue of establishing the priority of cleaning the street-road network of the city
during the winter mechanized cleaning by the indicator of the intensity of public transport is considered. The criteria for
determining the priority of segments of the street-road network is substantiated. The cartogram of the priority of cleaning the
segments of the street and road network of the city of Chernihiv is formed.

Conclusions. The cartogram of priority of segments of the street-road network, which is formed by the indicator of the
intensity of public transport, is the basis for correction of routes of cleaning equipment. Taking into account the public
transport factor in the elimination of the winter weather will increase the total urban passenger traffic.

Keywords: street-road network cleaning; priority segments; public transport; winter period.

Table: 4. Fig.: 6. References: 5.
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ABTOMATH30BAHA CUCTEMA TEOJIE3SUYHOTI'O MOHITOPUHI'Y
3JITHO-ITIOCAJIKOBOI CMYT'H

Axkmyanvnicms memu 00cnioxncenHua. Yxpaina € 8i0omoi0 Kpainoio 3 mpaHcnopmnozo aimaxooyo0y8ants ma Mac po3-
2anysiceHy cucmemy aeponopmis. /i nooanbiioco po3esumKy ma MoOepHizayii inpacmpykmypu agiayiiiHo2o mpaHcnopmy
6 Hawill Oepoicasi npuiinamo [epoicaghy yinbogy npozpamy po3gumky aeponopmis Ha nepiod 0o 2023 poky.

Ilocmanogxa npoonemu. [[ns nposedennss 00210y ma peKoHCMPYKYii WmyuHux NOKpUmMmia y aeponopmax: 31nimHo-
NOCAOKOBUX CMY2, PYIIHCHUX OOPINCOK, NEPOHI8 HeOOXIOHO mamu iHpopmayito npo perved ix nogepxoms. 3 yico memor
nepiooutHo 8UKOHYEMbCS HIBETIOBAHHS NOBEPXOHb UMY YHUX NOKPUMMIG.

Ananiz ocmannix oocnioxcens i nyonikayii. bynu posenanymi ocmanmi nyonikayii y 6iokpumomy 0ocmyni, sKi npuc-
6AYUCHI MEXHONIO2IAM HIBENI08AHHS NOBEPXOHD.

Buoinenns nedocniosycenux uacmun 3azansnoi npoonemu. Ananiz nageoenux cnocobie Higen08aHHs NOBEPXOHL CI0-
UMb NPo me, Wo nepemiuyeHts 2e00e3udHo20 NPUNA00s BUKOHYEMbCS NEPEBAICHO PYUHUM CROCOOOM, K 1 3anuc ma onpa-
YI0BAHHS pe3yIbmamie.

Mema cmammi. I onosnoio memoro yici pobomu € po3pobka H08020 NPUCMPOIO OJiA HIBENIOBANHHS NOBEPXOHL AePONOp-
my 3 niOBUWEHUM PigHeM MODLIbHOCII Ma agmoMamu3ayii UKOHAHHS pOOIm.

Buknao ocnoenozo mamepiany. Asmopamu oanoi cmammi po3podneno asmomamu3o8any cucmemy 2e00e3utiHoco Mo-
HimopuHzy 31imHo-nocadkosoi cmyeu. /o ii cknady 6xo0samv: MOOINbHI HiBeNI08ANbHUKU, MODINbHI HiGENIPHI peliku, AKi pO3-
MautogylomvCcs Ha 3iMHO-NOCAOKOSIl CMY3i; Kepyloui NpUCmpoi, wo po3miujeHi Ha YeHmpanvHiti Cmanyii Kepy8aHHs mexHi-
YHUMU  CUCMeMAMU AepOnopmy, KA pPO3MAUlOBAHA HA Oucnemuepcvkii eedci. Hasedeno ¢ynkyionanvui enemenmu
KOHCMPYKYIll MOOiIbHO20 HigenmosanbHuka, MobinbHoi HigenipHoi peliku ma yenmpanvHoi cmanyii kepyeanus. Iloxazano
NPUHYUN PYHKYIOHYBAHHSA ABMOMAMUZ08AHOT CUCIEMU 2€00e3UUHO20 MOHIMOPUH2Y 3MIMHO-NOCAOK0BOT CMyel.

Bucnoeku 6ionogiono oo cmammi. Pospobnena cucmema 2e00e3utHo20 MOHImMOPUH2Y 3MIMHO-NOCAOKOBOI cmy2u 0ae 3MO2Y
OmMpuMamut 3Ha4eHHs BUCOM MOYOK 8 ABMOMAMUYHOMY PeHCUMI HA 3a0aHili NOBEPXHI 3 Pe2YIbOBAHUM KPOKOM ckanysanna. Taka
cucmema eqpexmueHa Osi HIBEHOBAHHS 8ETUKUX 30 NIOWEI0 A NPOMANCHICIIO WmyyHUX nokpummie aeponopmy. Cucmema 0o-

360JI5€ WBUOKO BUSHAUUMU GIOMImMKU & pexcumi oucmaryitinoeo T'TC/GPS keposarno2o komniexcy MOOIbHUX HIBETIPHUX pOOOMIS.

Knruoei cnosa: Hisenip, Hien08aHHs NOGEPXHI; WMYYHe NOKPUMIMS AepONOpm).
Puc.: 8. bibn.: 12.

AKTyaJdbHiCTh TeMH JOCTiZKeHHsl. YKpaiHa € BIIOMOIO KpaiHOO 3 TPaHCIIOPTHOIO Ji-
TakOOYlyBaHHS Ta MAa€ PO3TATY)KEHY CUCTEMY aepomnopTiB. s momanbmioro po3BUTKY Ta
MoOJIepHI3allii iH(ppacTpyKTypH aBiallliiHOrO TPAaHCIOPTY B Halllil aepxkaBi npuiHATO [epxa-
BHY LIJIOBY IPOrpaMy pO3BUTKY aeponopTiB Ha nepio 10 2023 poky [1].

IMocTanoBka npodaemu. /{11 npoBeneHHs OISy Ta PEKOHCTPYKLIT IITYYHUX TTOKPUT-
TIB Y a€pONOPTAX: 3IITHO-TMIOCAIKOBUX CMYT, PYJIDKHUX TOPDKOK, MEPOHIB HEOOXITHO MaTH
iHpopMallito npo penabed iX MOBEPXOHb. 3 LIEK0 METOI MEPIOUMYHO BUKOHYETHCS HIBEIIO-
BaHHS MOBEPXOHb IITYYHUX MOKPUTTIB [2].

AHali3 ocTaHHiX gociail:keHb i myOmaikauniil. HuHi B mpakTuili reoe3udHUX BUMIPIO-
BaHb yce OUIbllle BUKOPUCTOBYIOTbCS CYMYTHHKOBI TexHoJjorii (puc. 1) [3—5]. Bonu maroth
nepeBary B MOPIBHAHHI 3 TPAJULIMHUMU METOJAaMHU Teojie3li: He3aJIeXKHICTh BiJ MOTOJHUX
YMOB, BIICYTHICTb MPHB’A3KH 0 T'€0JE€3MUHUX TYHKTIB (AaBTOHOMHICTB), OTPUMaHHS KOOP/IU-
HaT TOYOK Y peajlbHOMY Yaci.

OnHak TOYHICTh BU3HAYEHHS BUCOTHUX KOOPJHMHAT — BIAMITOK TOYOK, HWKYa TOYHOCTI
BU3HAYECHHS IJIJAHOBUX KOOPAMHAT. 3HAUEHHS BUCOT, OTPUMAHHUX CYITyTHUKOBUMH METOJIaMH,
MalOTh CUCTEMAaTU4HI MOXUOKHU [6]. BoHM BUHMKaIOTH BHACIHIZOK TOTO, IO M 4ac OINpallo-
BaHHS JIaHUX CYIyTHUKOBOI'O HIBEJIFOBAaHHS BUKOPUCTOBYETHCS IN100aIbHA MOJIEINb Te0ina 1 He
BPaxXOBYIOThCS JIOKAJIbHI HOr0 0COOIMBOCTI B paiiOH1 PO3TaIlyBaHHS IITYYHUX OKPUTTIB.

© Bypauek B. I'., Kpsiaok C. 1., Mamnik T. M., MamonTosa JI. C., Hemnx B. I1., 2018
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Puc. 1. bazosuii ma posepruti GPS-nputimauyi

HisentoBaHHs MOBEPXHI MO’KHA BUKOHATH 3 BUKOPUCTAHHSAM POTALIMHUX JIa3epHUX HIBE-
nipiB (puc. 2) [7; 8]. st 1poro poTamiiHUN Ja3epHUM HIBENip BCTAHOBIIOIOTH 3a3BUYAll y
LEHTp1 MaiilaH4YMKa Ta MPUBOJATH HOro B pobounii ctad. HaBkoso HiBenipa IHIIIOETHCS BU-
JMa OKOM IUIOIIMHA, 0 YTBOPIOETHCS Ja3epHUM BUIIPOMIHIOBaHHAM (puc. 2, a). Onepartop
MOCITIZIOBHO TEpeMIIlye PerKy y TOUYKM BH3HAYEHHS BIIMITOK Ha MOBEPXHI MailaH4YMKa Ta
Oepe BITIKHU 32 perKoro. TakoK KOPUCTYETbCS IETEKTOPOM, SIKUH MOKE IepeMIlyBaTUCh 110
peiilli Ta peecTpyBaTH BIUIIKM 32 peiikoro (puc. 2, 6). TouHICTh poOOTH KpalluX poTaiiHUX
Ja3epHUX HIBEIIPIB CTAHOBUTH OJM3BKO OJHOTO MiTIMETpa Ha KoxHi 10 M BifcTaHi Bij HiBe-
nipa. MakcumalbHa BiicTaHb 10 peiiku ctaHoBUTH 400—700 M.

Puc. 2. Higentoeanns nogepxui 3 GUKOPUCMAHHAM POMAYIHO20 1A3€PHO20 HiBeNipa:
a — pomayitiHuil 1a3epHutl Higenip, O —HiBeI8aAHHA MAUOAHYUKA
HiBentoBaHHsI MOBEPXHI BUKOHYIOTh 32 JONOMOTOI0 €JIEKTPOHHUX (LM(POBUX) HIBENIPiB
(puc. 3) [9; 10]. dns uporo HiBenip NPUBOIUTHCS B poOOUMii cTaH. Peliky BCTaHOBIIIOIOTH y
OKpeMi TOUKM MalJaHYMKa Ta HAaBOJAATH 30pOBY TpYyOy HiBelslipa Ha pelky. Bimmiku 3a peii-
KOIO BUKOHYIOTbCSI B aBTOMATUYHOMY PEXHMI.

—

Puc. 3. Enexmponnuti nigenip ma wumpux-xo006a peuxa
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CrannapTHi po3paxyHKU 3 BU3HAUYEHHS BIIMITOK TOYOK BUKOHYIOTBCS 3aBJSKU BOYJOBa-
HOMY mporiecopy. TOUHICTh BU3HAUEHHSI IEPEBUILEHHS CTAHOBUTH KUTbKA COTUX MUTIMETpa —
3 BUKOPHCTAHHSIM 1HBApHOI IITPUX-KOJOBOI PEUKH Ta OJU3bKO OJHOrO MUIIMETpa — 3 BUKO-
PUCTaHHSM CTaHIAPTHOI IUTPUX-KOJOBOI pelku. MakcumallbHa BiICTaHb BiJ HiBelipa 10
peiiku ctanoBUTH 100 M.
Binomuii MOOUIBHUH NPUCTPIM Ui aBTOMAaTU30BAaHOI'O HIBENIOBaHHS MOBEpPXOHb [11]
(puc. 4). Bin no3BoJisie OTpUMaTH 3HAUYEHHS BUCOT TOYOK B aBTOMAaTHUYHOMY PEXKMI IO 3a7a-
Hill CTBOPHII JIHIT 3 peryJibOBaHUM KPOKOM CKaHYBaHHSI.

@,

—11

—10 7 10—

Puc. 4. Cxema npucmporo ons aemomamuzo8ano20 HiGeI08AHHS:
1 — mobinbHutl npucmpii, 2 —xo0oea yvacmuna; 3 — eepxus cmitika, 4 — cudinnsa onepamopa;
5 — nynom ynpaeninns, 6 - Cmitiky nyiema YAPasiinHa, 7 — HIGeNiPHULL ONMUKO-eNeKMPOHHULL NPUIAo;
8 — mexanizm obepmanns O10xa 7; 9 — 010K ynempaszeykogoi nokayii; 10 — eisupHi mapxu;
11 — cmitixu 8i3upnux mapox, 12 — eizupmui npomeni,; 13 — nogepxusa matioanyuxa

BuainenHns Hel0CIiIKeHUX YACTHH 3arajibHoOI npoodaemu. AHami3 HaBeJIeHUX CIIOCO0IB
HIBEJIIOBAHHS MOBEPXOHb CBITYMUTH PO TE, IO MEpEMIIIEHHs] peHoK, pOTallIfHUX HIBEJIPIB,
CYIyTHUKOBUX NpHUIIMayiB BUKOHYEThC BpyuHY. HeoOxi1HO po3MiuyBaTH Micls iX BCTaHOB-
JICHHS Ha MOBEPXHSX HIBETIOBAHHS.

3acTocyBaHHS MOOUIBHOTO MPHUCTPOIO JIsi aBTOMAaTH30BAHOTO HIBEJIFOBAHHS Ma€ TOW He-
JOJIIK, 1110 HEOOX1THO MepeMIIyBaTH Ta BCTAHOBJIIOBATH BPYUYHY OIMOPHI BI3UPHI L1 3 B1AOH-
BayaM{ Ha OMOPHI TOYKHU 3 BIIOMHUMHM BIJMITKaMM — JUIsi BUKOHAHHS HIBEJIOBAHHS KOXKHOTO
CTBOPY Ta BU3HAYATH BIIMITKU KpailHIX TOYOK KOYKHOTO CTBOPY HIBEIIOBAaHHS.

Mera crari. ['ooBHOIO MeTOIO 11i€1 poOOTH € Po3poOKa HOBOTO MPHUCTPOIO AJIsi HIBEIIO-
BaHHS MMOBEPXOHD 13 MiJIBUILIEHUM PIBHEM MOOUILHOCTI Ta aBTOMATH3AIlll BUKOHAHHS POOIT.

Bukaan ocHoBHOro marepiaay. Hamu po3po6i1eHO aBTOMAaTH30BaHy CHCTEMY Ieo/1e31u-
HOTO MOHITOPHUHTY 31iTHO-ocankoBoi cmyru (ACI'M 3IIC) [12]. Ho cknaxy ACI'M 3IIC
BXOJSITh MOOUTBHI HiBemoBanbHUKU (MH), MoOuibHI HiBenipHi peliku (MHP), sxi po3raro-
BaHi Ha 3[IC, Ta Kkepyroui IpPUCTPOT, 1110 3HAXOAATHCS HA LEHTPAJIbHIM CTaHIIT KEpyBaHHS Te-
XHIYHUMH CUCTEMaMU aepoIopTy, Ky pO3MIIIEHO Ha AUCHETYEPCHKIN BEXI.

Ha puc. 5 300paxkeHo B3aeMo1it0 MOOLIBHUX MPUCTPOIB Ta OJIOKIB LIEHTPATbHOI CTaHIIT Ke-
pYBaHHS TEXHIUHUMH CUCTEMaMHM aeponopty. bioku 1, 2, 3, 4, 5, 6 po3MIlLyIOTh Ha IIEHTPaIb-
HI cTaHIii ynpaBiiHHSA TeXHIYHMMHU cucteMamu aeporopty. MH 7 Ta MHP 8 kepyrotbes 3
LEHTPAJIbHOI CTaHII] Ta NepenatoTh iHpopMmarlito yepe3 070K 6 Ha HEHTPaJIbHY CTaHLIIO Kepy-
BaHHsI TEXHIYHUMHU CUCTEMaMH aepoIiopTy 3a JJOIIOMOIOF0 KaHAJIIB PaJlio3B’sI3KY.
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Puc. 5. Bzaemoois mobinbHux npucmpois ma 06J10Ki6 YeHmpanibHoi CManyii KepyeanHs.
MEXHIYHUMU CUCTNEMAMU AepPONnoOpmy:

1 — bnox xepysanns 3 MoHimopom, 2 — 610k 06pobku ma 36epicanns ingpopmayii; 3 — 610K inmenex-
MYanbHOi niocucmemu 3 KOMIAEKMOM JIO2ICMUYHUX npocpam; 4 — 1ok eeoinpopmayitinol cucmemu 3
nputimauem GPS; 5 — 610k kodysanns cuenanis, 6 — 610k nputiomy ma nepeodayi padiocucHanie; 7 —
Mobinvhutl Higemosanvhuk (MH), 8 — mobinvha nisenipna petika (MHP)

broku xoayBaHHSI CUTHANIB MOTPIOHI JUI YCYHEHHsSI HECAaHKLIOHOBAHOI'O JOCTYIY B poO-
6oty ACI'M 3IIC.

Ha puc. 6 noka3aHo po3rauryBaHHs MOOUIBHOTO HIBENIOBAaIbHUKA Ta MOOUTbHUX HIBETIp-
Hux perok Ha riomuH1 3I1C mix yac HiBeTrOBaHHS.

20 20 12 —

| 17 l | 17
oo O ® :
19 19
Puc. 6. Pozmawysanns MobiibH020 HIBeN08ANILHUKA MA MOOINbHUX HIBENIPHUX PELIOK
Ha naowuni 311C:

9 — onmuxo-enekmponnuti npunao (OEIl) ma ceimnogiooanemipni 6noku; 10 - mexanizm nogopomy OEIT 9
ma eizupnoi yini 11; 12 — eepmukanvua cmitika; 13 - yiempasgykosuti 0aéay nepesuiljenb 0CHO8U HA0 NOsepX-
Heto 14, axa nigemoemucs, 15 —niocmaeka, 16 — 6okc i3 komnaexmom onoxie MH; 17 —x0006a uacmuna 6i3xa,
18 — komnnexm 6noxie MHP 8; 19 — penep eucomnoi niocomosxu,; 20 — 6i3upruii npomins

MH 7 mae ontuko-enekrponnuii npuiaa (OEIT) 9 3 noagiiiHOIO (hoTONpUAMANTBEHOI MaTpH-
LIEI0 Ta ABOMA 00’€KTUBaMH, 1110 YTBOPIOIOTH J[B1 ONITHYHI TPYOU 3 BISUPHUMH OCSIMU Y B3a€MHO
MPOTUJISKHHUX HANpPsIMKaX, HIOKYE SIKOTO PO3TAIlIOBaH1 /IBa CBITJIOBIIAJIEBUMIPIOBAIIbHI OJIOKH 3
TUMH K CAaMUMH HalpsIMKaMM CBITJIOBHX 30HIyt0UMX npomeHiB. [lnommna Bi3upHoi 1 11 MH
pO3TalloBaHa MapalieIbHO BIBUPHOMY MpoMeHeBl 20 ONTUKO-ENEKTPOHHOTO Mpuiany 7. BizupHi
uwti 11 MH 7 ta MITP 8 MicTSTh TUtomuHu 3 HAO0POM, HAMPUKIIA, CBITIIONIOHUX MaTpPHIlb, a B
HIDKHIM 4acTHH1 BI3UPHOT 111 BCTAHOBJICHO BIIOMBAay Ui CBITJIOBLITAIEMIPHUX BUMIPIOBAHb.
Penepu /9 BUroTOBIIEHI, HAPUKIIAJ, y BUIJISIII METAJIEBUX IUIACTHH 3 TUIOCKUMHU TOPU30HTAIh-
HUMH TIOBEPXHSMHU, 3aKIaJICHUMH B 0JTHOMY piBHI 3 TokpuTTsim 3I1C.
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Ha puc. 7 300paxeHo B3aeMO/Iit0 KOMIUIEKTY OJIOKIB MOOUTEHOTO HIBEJIIOBAJIbHUKA.

23

29

Y

24

25

| 26

—-»| 28

27

Puc. 7. Cxknao 610xie mobinbHo20 Hi6en08aNbHUKA:

21 — 6nok nputiomy ma nepedadi padiocucHanie;, 22 — 610Kk K00Y8aHHA cueHanie, 23 — enekmpoHHUll 010K Kepy-
BAHHS X0008010 HACMUHOI,; 24 — OJI0K C8IMA0BI00ANEeMIPHUX BUMIPIB;, 25 — OIIOK YIbMpPa38yKo6oi 10Kayiiy
26 — 6aok nputimaua GPS; 27 — 6ok nosopomy OEII, 6izupnoi yini ma 010K c8imnogiooanemipHux eumipis;
28 — OEII; 29 — 6n0kx ghopmyeanns cueHanie

Ha puc. 8 moka3zaHo B3aeMOJ1110 KOMILJIEKTY OJIOKIB MOOLTbHOT HIBETIPHOT pEHKH.

—> » 22
21

29

\ 4

23

25

\ 4

26

30

Puc. 8. Komnnexm 6510Ki6 MOOLIbHOI HIBENIPHOI petiKu:
21 — 6ok nputiomy ma nepedayi padiocueHanie; 22 — bnok KOOY8AHHA CUSHANB, 23 — eleKMpPOHHUIL
OI0K KepysanHsl X0008010 HacmuHo,; 25 — 6ok yabmpaseykoeoi jokayii; 26 — éaox nputimaya GPS;
30 — 6ok nogopomy 6izupHoi yini
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OynkuionyBanHs ACI'M 3IIC mnossirae B HacTynHoMy. Iliciast BBIMKHEHHS! JKUBJICHHS
KOMIUIEKCY OJIOKIB, PO3MILIIEHUX HA LIEHTPAIbHIN CTaHILlli KepyBaHHS TEXHIYHUMHU CUCTEMaMH
aeponopty (puc. 5), 3 6;0ka kepyBaHHs [/ yepe3 0ok 06poOku Ta 36epiranus iHbopmaiii 2
HAJIXOJUTh KOMaHJa 0 IHTeNeKTyalbHOI migcucreMu 3 mpo BUOIp BapiaHTa JIOTICTUYHOL
IIporpamu Jjisi BUpIIEHHS! KOHKpeTHUX 3anad HiBemroBaHHs 3I1C. L{i nporpamu 3a0e3neuy-
10Th nopsAAok po3cranoBkd MH ta MHP na mnonmni 311IC Ta MmapmipyTH ix nepeMilieHHs Ha
ninsHkax HiBentoBaHHs 3IIC. Takoxx y Groni 3 3HaXOAUTHCS Mporpama 3 MOLIYKY Ta po3Ili-
3HaHHS 00pa3iB — Ui iAeHTH]IKalil BI3UPHUX LUIeH 3a iX 300paKeHHSMH, OTPHUMaHUMHU
OEII MH. 3a 3anutom 010ka 3 3 Gioka reoiHpopmaiiiiHOi cucteMu 4 HaJAXOIATh IJIAHOBI
KOOpAMHATH TOUOK HIBEJIOBAHHS Ta perepiB BUCOTHOI MAroToBKH 19 (puc. 6), naHi npo sSKux
3a3janeriip BBeneH1 1o O1oka 4. Kpim Toro, 3a3maneriip BU3HAYarOTbCs BIAMITKU penepiB

BHCOTHO1 Hi,Z[FOTOBKI/I H r;» HaIIpUKJIAA TrCOMCTPUIHHNM HiBeJ'IIOBaHHﬁM, Bi[[CTaHi l y. HO BEp-

TUKaJIbHUM CTIMKaM BiJ LEHTPIB BI3UPHUX IUIEH O YYTJIMBOI IUIOIIMHHU YJIBTPA3BYKOBUX
3naBauiB MHP 8 ta / — nomkuHa BepTHKaibHOI cTiiku MH Bin npuiloMHO-niepeaBajibHOL

IUTOIIMHYU YJIBTPAa3BYKOBOT'O JlaBaya JI0 LIEHTPAJIbHOI TOUKU ONTUKO-EJIEKTPOHHOTO MpUIIaLy,
K1 BBOJISAThCA 110 Onoka 4. [Ipuitmau GPS Gnoka 4 mpairroe B pexxuMi 0a30B01 CTaHIII1 Ta BU-
KOHYe KoopauHaTHe 3abe3neueHHst pooot MH ta MHP 3 HeoOxinHoo TOUHIiCTIO. [H(DOpMa-
1ist 3 O10KIB 4 Ta 3 HaAXOIUTh 10 0JIOKY 0OpoOKM 1H(popMmallii 2, 16 BUKOHYETHCS OIpallto-
BaHHS CHTHAJIIB Ta CTBOPEHHS IH(QOPMALIIHOrO MHakery, sSKUi yepe3 OJIOK KepyBaHHS [
HA/JIXOJUTh J10 OJO0Ka KOJIyBaHHs 5, B IKOMY CUTHal 1H()OPMALIIHOIO MakeTa KOIYeThCs Ta
nepenaeTbes B edip 610KOM MpHuiiomMy Ta nepeaadi pagioCUrHaiis 6.

MHP 8 (puc. 6) oTpuMyIOTh paJioCUTHAIM BiJl LEHTPAIbHOI CTaHLIi B OJ0111 pUiioMy Ta
nepenayi pagiocuraniB 21, siki (puc. 8) mpoXoasaTh PO3KOAyBaHHs B Ojoui 22 Ta BUAUIEHHS
CKJIaJIOBHX CUTHAJIIB 3 IH(OPMALIIHOTO MAaKETy B KOXKHOMY 3 BIAMOBIAHUX ONOKIB: 23, 25, 26,
29. 3a cCUTHAJIOM €JIEKTPOHHOTO OJI0Ka KEPYBaHHS XOJIOBOIO YaCTUHOIO 23 Ta 3a PaKTUUYHUMHU
koopaunatamu MHP 3 6rioka npuiimaua GPS 26 Bukonyetscs nepemimieHass MHP 8 y Touku
pO3TallyBaHHs pernepiB BUCOTHOI MiAroTOBKU 19 (puc. 2), KOOpAMHATH SIKUX HaAIAIUIM 3
ueHTpanbHoi cranuii. [licng 3ynuakun MHP 8 Hag penepaMu BUCOTHOT MiATOTOBKH Ta 3a KO-
MaH/I010 3 LIEHTPaJIbHOI CTaHIIi 1 BUJIUIEHHSM ii 3 iHpopMarliiiHoro nakera B 0o 22 (puc. 8,
puc. 6), 6I0KOM yJIBTPa3BYKOBOI JIOKallii 25 BUKOHYEThCS BUMiprOoBaHHs Bincrani Al N, ,Al N,

BiJ noBepxHi 3[1C 14 no npuitmanbHO-NiepeaBaIbHUX IUIOLUIUH YJIBTPAa3ByKOBOIO JaBaviB /3
MHP Ne 1 Ta MHP Ne 2, BignoBigHo. 3a KOMaHAaMu 3 0J0Ka NOBOPOTY Bi3upHOT 1t 30 Ta
po0OTOI0 MeXaHI3MIB MOBOPOTY /() BI3MpHI LLJII BCTAHOBIIIOIOTHCS B HANpPSIMKY BUKOHAHHS
HiBemoBaHHA. [Hpopmatis 3 610Ky 25 npo BUMIpsIHE MEPEBUILEHHS, 3 010Ka 26 po KOOpIu-
HaTu Micrie3HaxopkeHHss MHP Ta npo BukonanHs koman nepemimenas MHP 3 Groka 23 ta
3 OJ10Ka MOBOPOTY BI3UpHUX LuTeH 30 HagXoauTh A0 60Ky (hOpMyBaHHS CUTHANIB 29, B SIKO-
My (hopMyeThCs IHPOPMALIIHHUI cUTHAT, 1110 KOJAYEThes B 01011l 22 Ta nepeiaeTbes no pajio-
KaHaity OJI0KOM 2/ Ha LIEHTPaJIbHY CTAHIIIIO.

MH 7 oTpumye paaioCUTHAIM 3 LEHTPAIbHOI CTaHIii B 6ol 2/, sSKi pO3KOJOBYHOThCS
(puc. 6, puc. 7) y 610111 22, Ta BUKOHY€ETHCS BUUIEHHS CKJIQJIOBUX CUTHAIIIB 3 IHPOPMAIIHHOTO
MaKeTa B KO)KHOMY 3 BIATOBIIHUX OJI0KIB: 23-28. 3a komanz01o 3 610ka 24 MH 7 Bukonye ma-
HEBPYBaHHS Ta 32 ()aKTUYHUMU KOOpIMHATaMH 3 O10Ka 26 BUXOATh Y TOUKY BUKOHAHHS HiBe-
JIIOBaHHS, KOOPAMHATHU K0T HAIAIIUTN 3 EHTpaIbHOI cTaHLll. 3a koManaamu 3 Onoka OEIT 28
ta 61oka nosopoty OEII 27 BukoHyeThes nonryk BizupHux uieit // MHP 8 ta BcraHOBieHHS
Bi3upHUX oceid OEII Ha Bi3upHi 1t //. 3a curHanamu 3 61oka 28 IpOBOJUTHCS PEECTpalis
BUITIKIB a, 1 a, Ha Marpuisx OEIL 3a komanznoro 3 OJIoKa CBITIOBIIAAIEMIPHUX BUMIPIB 24

BUMIPIOIOTBCS BIACTaH1 S, Ta S, cBiTioBlaanemMipaum 61okom MH 7 1o BinOGuBauiB BI3UpHUX
uuter // MHP Ne 1 ta MHP Ne 2 BignoBigHo. 3a KoMaH[I010 3 OJI0KY 25 BUKOHYETHCSI BUMIPIO-
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BaHHs BifcTaHi A/ Big nosepxHi 3IIC 14 no npuiiManbHO-TIepeIaBalIbHOI IJIOMIMHY yAbTpa3-
ByKoBOro faBaya 13 MH 7. Jlani mpo Bumipu Ta BUKOHAHHS KOMaH]I 3 OJIOKIB 23—28 HaX0ATh
1o 65o0ka popmyBaHHs curHaiiB 29, popMyroThes y iH(GOpPMATUBHUM MAKeT, KOAYIOThCS B OJ10-
11 22 Ta nepeaarThes 6710koM 2/ Ha LIEHTpalIbHY CTaHIIIIO.

Ha nentpanpHiii ctanuii (puc. 5) pagiocursany npuiMaroThest 0J10KOM 6, pO3KOJOBYIOTh-
cs 'y Onomi 5 Ta uepe3 610k / HagXoA4Th 10 O610Ka 2. TyT iHpopMmaliiHuil nakeT po3dopmo-
BYEThCS HA BIAMOBIIHI CKJIaJ0B1 CUTHAIU, K1 HAIXOIATh J0 OJIOKY KEpYBaHHS — JJIsi BTPY-
YaHHs omnepaTopa B poOOTy cUCTEMH (B pa3i HEOOXIAHOCTI), IO IHTENEKTyalIbHOI MICUCTEMHU
— 17151 TOpiBHAHHSA ¢akTuuHuX koopauHat MHP ta MH 3 3anmnanoBanuMu Ta BUPOOJIEHHSIM
KOPEryIOUHMX CUTHAJIIB 1 mepejaadi ix 380poTHuM 1uisixom 1o MHP ta MH. Kpim Toro, y 61o11i
3 BUKOHYeTbCs 0O0uuciieHHs BiaMiToK miommuHu 311C /4 nig ynpTpa3ByKOBUMHM JaBauaMHu I1e-
peBuILEeHb /3 3a GopMyNoro

o=t H, +H, - (s Sz)(HMI Ly, )}—i(sla1 +Sza2)—l—l(AlN +AL), (1)

2 ‘ ? S +S, 2f 2 : ?

H, =H, +1+Al,,

ne ' - BIIMITKM BUCOT LIEHTpiB Bi3upHuX 1iteii MHP Ne 1 ta MHP Ne 2,
HMz =HR2 +Z+AIN2,
H, 1 H, — BIAMITKI ONOPHUX penepiB R, 1 R,,

[ — noBxuHa BepTUKaIbHOI cTiiiku MH Bin npuiiManbHO-TIepeaBajIbHOT MIJIOIUHU YIIbT-
Pa3BYKOBOTO JIaBaya JI0 LIEHTPaJIbHOI TOYKH ONTHKO-EJIEKTPOHHOTO MpHIIay,
Al , Al — Bixcrani Bix nosepxti 3[1C 1o npuiiManbHO-1IepeaBabHAX IUIOLIMH YIIbT-

pa3zBykoBoro gaBaya MHP Nel ta MHP Ne2,
f — doxycHi BiacTaH1 LM(POBUX KaMEP ONTHKO-EJIEKTPOHHOTO MpUIIaLYy,

S, 1 S, — rOpU30HTaNIBHI BIICTaHI1, [0 BUMIPIOIOTCS B1Jl OIITUKO-EJIEKTPOHHOIO IIPUIIaay
1o ueHrtpis BisupHux nuieid MHP Nel Ta MHP No2,
a, 1 a, — BIJIIKA B J0JISIX MIKCENIB HA YyTJIMBUX €IEMEHTaX MOABIHOI MAaTPHULl ONITHKO-

€JIEKTPOHHOT'O IIPUIIATy.
3HaueHHs1 004YMCIIeHOT BIIMITKH 3 O10ka 3 HaAXOIuTh Ha 30epiranHsa 10 0oka 0OpoOKu
Ta 30epiranHs iH@opmalii 2 13a 3anUTOM 3 010Ky / — Ha €KpaH MOHITODY.

VY Bunmajky po3TalllyBaHHS YaCTHHU perepiB BUCOTHOI OCHOBHU aepoIoOpTy M03a MEXaMH
3IIC, nanpukian, Ha OIYHUX CMYrax Oe3neKd, MOXKYTh OyTH BUKOPHUCTaHI CTal[lOHApHI HiBe-
JIpHI peiiKu 3 MPUKPIIUIEHUMH IO HUX BISUPHUMH LUIAMHU Ta BiI0MBa4aMu — aHAJIOTTYHO Bi-
3upHii 1 /7 (puc. 6), siKi BCTAHOBIIIOIOTHCS Ha MMyHKTU BUCOTHOT OCHOBH.

BucHOBKH BiMOBiAHO 10 cTaTTi. 3anporOHOBaHA CHUCTEMa I'eO0Ie3UYHOIO MOHITOPUHTY
3JITHO-TIOCA/IKOBOT CMYTH JIO3BOJISIE OTPUMATH 3HAUYEHHS BUCOT TOYOK B aBTOMAaTUYHOMY PEKUM1
Ha 3aJlaH1il MOBEpPXHI1 3 PEryJbOBaHUM KPOKOM CKaHyBaHHs. Taka cucteMa e(eKTHBHA ISl HiBe-
JIFOBAHHS BEJIMKHX 32 IUIOIIEIO Ta MPOTSHKHICTIO MOBEPXOHB 3TITHO-ITOCAIKOBUX CMYT, IPYHTOBHUX
CTapTiB, PYJADKHUX JOPDKOK, MEPOHIB aepOMOPTIB Ta JO3BOJISE IIBUAKO BU3HAYUTH BIIMITKH B
pexuMi quctaniiiHoro ['IC/GPS kepyBaHHS KOMILIEKCY MOOUTBHUX HIBETIOBAILHUX POOOTIB.
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UDC 528.3

Vsevolod Burachek, Sergiy Kryachok, Tetiana Malik,
Liudmyla Mamontova, Volodymyr Niemykh

AUTOMATED SYSTEM OF GEODETIC MONITORING OF THE RUNWAY

Urgency of the research. Ukraine is a well-known country of transport aircraft construction and has an extensive air-
port system. For the further development and modernization of the air transport infrastructure in our state, the State target
program for the development of airports for the period up to 2023 was adopted.

Target setting. For the maintenance and reconstruction of artificial coverings at airports (runways, taxiways, aprons)
we need the information about the relief of their surfaces. For this purpose, the leveling of surfaces of artificial coatings is
periodically performed.

Actual scientific researches and issues analysis. The latest open access publications devoted to surface alignment tech-
nologies were reviewed.

The research objective. Analysis of the ways of leveling surfaces shows that the movement of geodetic tools is per-
formed mainly in manual way, as well as recording and processing of results.

The statement of basic materials. The authors of this article developed an automated system of geodetic monitoring of the
runway. It consists of mobile levelers, mobile level rails, which are located on the runway. The system also includes control de-
vices located at the central control station of the airport's technical systems. The controls are located on the control tower.

The functional elements of the mobile leveler, mobile level rail and central control station is given. The work principle
of the automated system of geodetic monitoring of the runway is shown.

Conclusions. The developed system of geodetic monitoring of the runway allows to obtain the value of points heights in
the automatic mode on a given surface with an adjustable scan step. Such a system is effective for leveling large areas and
the length of the artificial cover of the airport. The system allows to identify quickly markings in the remote GIS / GPS mode
of a managed set of mobile leveling robots.

Keywords: level; leveling of the surface; artificial covering of the aerodrome; geodetic monitoring.
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_ Bonooumup Isanuwun, €2op Yoprui
TEXHIKA U TEXHOJIOI'TA BUAOBYTKY HIJBEMHHUX BOJ|
I3 YEPHIT'IBCBKOT'O POAOBUIIIA

Axmyanvnicmo memu 00cnioHcenua. AKmyanvHicms memu O0CILONCEHHA NONA2AE 8 HeoOXIOHOCMI NOCMIUHO 30IUCHIO-
8amu MOHIMOPUH2, KOHMPOI8AMU AKICMb NIO3eMHOI NUMHOIL 800U, AKY GUKOPUCIIOBYIOMb He uue 051 NOmpeb HaceleHHs
Yepnieosa, ane i 0114 UpOOHUUMEA NPOJYKYIi, AKA eKCHOPMYEMbCA.

Ilocmanogxa npoénemu. HAxicmo niozemMHoi nUmHOT 800U, AKA BUO0OYBAEMBCA 3 PI3HUX POOOBULY, 3aALeACUMb Bi0 6a-
2amvox akmopis, 30kpema, 6i0 MeXHIYHUX 3acobi8 | MEXHON02IH, AKI 3aCMOCO8YIOMbCs 8 YboMy npoyeci. Tomy 6axciusoo
€ iHhopmauiss npo me, K SUPIULYIOMbCSL Ul NUMAanHs Ha 9epHiziecbkomy PoOoSULY.

Ananiz ocmannix oocniodxzcens i nyonikauin. I1yonikayii npo mexuixy 1 mexno02iil, AKi 3aCmoco8yiomvbcs NPpu 6UOO-
OymKYy niozemuux numnux 600 3 UYepniziecoko2co podosuwa, 8i0cymui. ¥ cmammi ukiadeHi mexuiuHi 1l mexHon02iuHi pe-
3ynvmamu 8U006YmMKy nIO3eMHUX RUMHUX 800 i3 YepHiziacbko2o podoguwya, AKi He HYONIKYEANUCH.

Buoinenns nedocniorycenux paniuie yacmun 3a2anvHoi npoonemu. 3azanvha npobiema, SKka cmocyemscs 600U, MAae
HAO038UHALIHO WUDOKE KOO HEOOCTIONCEHUX YaCUuH. J]0 HUX MOXCHA GiOHeCmU KIACUDIKayilo nio3emMHux 600, Memamop@izm
(3MIHY) iX 3 21IUOUHOI0, MEXHON02I10 00e33APANCEHHS 800U MOUO.

Ilocmanoska 3asdanns. Llinbosum 3a60anam 6Vio iHbopMysamu wWuUpoKe Koo 3auiKaeieHux Mi3udHux i 0puOULHUX
0Cib NPO MexXHIYMI 1l MEXHONO2IYHI Pe3VIbmamu U00OYMKY niozemMHux 600 i3 Yepuiciscbko2o podosuwa.

Buknao ocnoenozo mamepiany. Yepniziscoke iooinenns IIAT « CAH In bes Ykpainay euxopucmogye nummi nio3emHi
800U YepHiziecbko2o podosuwa Ol 3a0e3NeUeH s JIACHUX 20CN00apPCbKO-NoOYmosux ma eupooHuyux nompeo. /o ckiaoy
80003a00pY, WO eKCcnIyamye ye pooosuue, 6xooamo ceeponosuru 1, 2, 3. Ceeponosunoro 1 (cnubuna 135 m) oobysacmovcs
6800a 3 OYHAULKO20 600OHOCHO20 20PU30HMY (naneoeen), ceeponosunamu 2 i 3 (2nubunna 702 i 710 m) — i3 cenomarn — Hudic-
HboKpeuoosux eioknaodie. O6nik eudobymoi 6oou 30ilcHembcs uepes nivyunvHuk «PROMAG 53»  nimeywvkoi (ipmu
«Endress+Hausery. ITio yac excnayamayii pooosuwia 6i006y8aemucsi NOCMIUHUL KOHMPOLb 34 AKICHUMU XAPAKMepUCmuKad-
Mu 800u. OCHOBHUM KPUMEPIEM OYIHKU AKOCTE 800U € CMADLIbHICMb Ma He3MIHHICMb XIMIYHO20 CKIAdy ma 1ioeo 8i0noGio-
nicmo [ Can I1IH 2.2.4-171-2-10.

Jna 3anobicanms 3a6pyOHenHIO NIO3EMHUX 600 HABKOJIO C8EPONOGUH 0ONAUIMOBAHT 30HU CYEOPO20 CAHIMAPHO20 DEHCU-
my. Tepumopis 301 02copodacena. Ilosepxnesi cmoku 6i08005MbCst 3a Medici nionpuemcmesa. Y 30Hi cy8opo2o pexcumy 3a00-
PDOHAEMBCA NPOBGEOEHHS 6VOb-KUX 2IPHUYO-MEXHIYHUX ma 6VOigenvHux pobim. Y cmammi Hage0eHo NpuHYUNogy cxemy 60-
00NOCMAYaHHA, cXeMy 0OIAUMYBAHHS 020108KA C8ePONIOBUH, CXeM)y 8000NI020MOBKIL.

Bucnoexu 6ionogiono 0o cmammi. 3a6pyoHents 6000HOCHUX 20PUZOHMIE MA KOMNIEKCIB, HA SKI 00Naumo8ari céepo-
JN108unuU 80003a60py Uepniziecvrozo 6ioodinenns IIAT « CAH In bBee Ykpainay npupoonum winsxom wemoodsciuee. Ilepuiouep-
2064 Yy6az2a npu NPOeKmy8aHti c6epoloGUH NOBUHHA 36EPMAMUC HA KOHCMPYKMUBHI X ocobnusocmi, 30/15Uit0 6000HOCHUX
2OPUBOHMIB, WO 3AA2a0Mb GUIYE 8 PO3PI3T HAO 20PUIOHINOM HAMIYEHUM 00 eKChIyamayii 01 3anobicants 3a0pyOHeHHIO
uepe3s 3ampyOHuLl nNPoCmip.

Knruoei cnosa: ceeponosuna; niosemui 600u; 60003a00p, pooosuuge; 00IAOHAHHSA, MEXHIKA, MeXHON02IA.

Puc.: 3. Tabn.: 3. bion.: 1.

AKTYyaJbHICTh TEMH TOCTIIKeHHs. AKTYaJIbHICTh TEMH JOCIKCHHS T0JIATae€ B HEOO-
XIJHOCTI MOCTIMHO 3IMCHIO-BATH MOHITOPHHT, KOHTPOJIIOBATH SKICTh IIA3€MHOI IMMUTHOI BO-
1, SIKY BUKOPUCTOBYIOThH HE JIUIIE JJis MOTpeO HaceneHHs YepHirosa, aie 1 s BUPOOHUIIT-
Ba MPOAYKIIii, IKa €KCTIOPTYETHCS.

IMocTranoBka mpo6JemMu. SIKICTh MiA3€MHOI MUTHOT BOJH, sIKa BUIOOYBAETHCA 3 PI3HUX
POJIOBHILI, 3aJIC)KUTH Bl 0a-raTbox (hakTopiB, 30KpeMa, Bl TEXHIYHMX 3aCO0IB 1 TCXHOJIOTIH,
SK1 3aCTOCOBYIOTbCS B I[bOMY Ipolieci. ToMy BaxJinBOIO € iH(opMalis Ipo Te, SK BUPIILY-
IOThCS Il MUTaHHA Ha YepHIriBCHbKOMY POIOBHIII

AHaJi3 ocTaHHIX gocaimkensb i myoaikamii. [TyOnikarii mpo TeXHIKY ¥ TEXHOJOTII, K1
3aCTOCOBYIOTBCS IIPU BUAOOYTKY IMII3EMHUX MUTHUX BOJ 13 YepHIrBCLKOTO POJOBHINA, BiJI-
CyTHL. Y CTaTTi BUKJIAJCHI TEXHIUHI i TEXHOJOTIYH1 Pe3yabTaTH BUAOOYTKY MiJ3EMHUX MHUT-
HUX BOJ 13 UepHIriBCHbKOTO POJIOBHUIIIA, SIKI HE MYOIIKYBaIHCA.

BuaisieHHsi HemxocCJiIKeHHX YacTHH 3arajbHoi mpodJjeMu. HemocTtaTHrO BHBUEHO Ta
MIpOaHaI30BaHoO 3apyODKHI JOCATHEHHS Y BUPILICHHI I[1€1 TPOOIeMH.

Merta cratTi. MeToto cTarTi € iH(popmaLis Uil HayKOBIIIB Ta BAPOOHUYHHUKIB MPO T1IPO-
reoJIOTiF0 KaHO30MChKUX 1, YACTKOBO, ME3030MChKMX BinKiIaaiB JIHIMpoBCchKO-JlOHEIBKOT
3anaJvHu, TEXHIKY 1 TEXHOJIOT1I0 BUJOOYTKY MIA3€MHUX MUTHUX BOJ, 1X SIKICTb.

Bukaaa ocHoBHOro marepianay. YepHIriBCcbkuil MUBHUIA KOMOIHAT «JlecHa» mepuum B
VYkpaiHi cTaB yacTuHOO Oembriiicbkoi kommanii «Inteprbrew». ¥ 1999 pori no Hei npuenHas-
cs1 MuxkonaiBcbkuil muBHUM 3aBoA «SIHTap», a y 2000 — XapkiBcbkuil nuBHUM 3aBoja «Po-
ranby. Lle OyB octanHiii etan opranizauii «Can Inbe Ykpainay. 3nurtsa 3AT IluBkomOiHat
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«lecna», BAT «IluB3aBon «Poranb» 1 BAT «lluB3aBon fIHTap» Ta (QopMyBaHHS €IUHOL
topuuaHoi ocoou BAT «Can InbeB Ykpaina» Binoynocs y 2006 poi. Lli nuBkom6inaTu Oy-
U peopraHizoBaHi B 6e30anancose BinauieHHss BAT «Can IubeB Ykpainay, sike € minpo3mi-
JIOM HalOUIBIIOro y CBiTI MMBOBapHOro KoHuepHy Anheuser-Busch in Bev Ta mizepom Ha
VYkpaiHCbKOMY PUHKY ITUBA.

Yepniriceke BigauieHHs [TAT «Can InbeB Ykpaina» excrutyarye i BAKOPUCTOBYE ITUTHI
Mi13eMH1 BOJY YepHIriBCbKOTO pOJOBHUIIA MEPEBAKHO I 3a0€3MeUeHHs BJaCHUX rOCIoAap-
40-n0OYTOBUX Ta BUPOOHMYUX MOTped y 06csasi 3672,37 m*/noby, 1340,24 tuc. m*/pik. Jlo
CKJIaJy Horo B0/103a00py BXOJSTh CBEPAJIOBUHM 1, 2, 3.

CeepmnoBuna 1 rmubuHo0 135 M ciopymxyBanacs 3 18 rpymus 1986 p. no 7 munns 1987 p.
Ha OyyalbKuii BOJJOHOCHUH TOpu30HT. PoO04y yacTuHY rpaBiiiHO-IPOTSHOTO (UILTPY CBEPIIO-
BUHU JiameTpoM 219 mm BcraHoBieHo B iHTepBaii ruouH 110,0-128,0 M, Ha Biakmaay Oydaiib-
KOT cepii majieoreny, ki CKJIaJeH1 MCKaMH CIpUMH, 110 3a1araroTh Ha ranbuHi 110,0-130,0 m.

CepmoBuny obnagHano HacocoM ELB 8-16-40 3anypenum Ha raubOuny 90 m. OO6mik
BOJU 3MiiCHIOEThCS depe3 NumibHUK «PROMAG 53» 3 MakcMManbHOK MOKJIMBICTIO
65 m>/roz Bupo6HuuTBa (ipMu «Endress+Hauser» (Himeuunna).

CeepmoBuHa 2 rnubunoo 702 M cnopymkysanacs 3 18 rpynns 1986 p. no 7 nunHs
1987 p. Ha ceHOMaH-HUKHBOKPENHI0BUI BOJJOHOCHUN KOMILIEKC. PoOouy yacTuHy IpOTSHOTO
¢ubTpa cBEpATIOBUHHU AiaMeTpoM 168 MM BcTaHOBJeHO Ha rimOuHI 646,0-692,0M Ha ceHo-
MaH-HWKHbOKPEUIOB1 BIIKIAAM, K1 CKIaJeH] MICKaMH CEpeIHbO3EPHUCTUMH 3 MPOIIapKaMH
UIJTBHOT TJIMHY, 10 3aJIratoTh B iHTepBai rubun 642,0-695,0 m. CBepanoBuHy 0013 HaHO
HacocoM 8 SDS 150/10 3anypenum Ha rimbuny 127 M. OOGIik Boau 3A1HCHIOETbCS Yepes3 Ji-
unnbHuK «PROMAG 53» 3 MakcuManbHOI MOxiuBicTIO 150 M3/ron BupoOHUITBA (ipMu
«EndresstHauser» (HiMeuuuna).

CeepmoBuHa 3 rimbunoro 710 M copykena y 1997 porni Ha BOJOHOCHUIN KOMILIEKC Y
CEHOMaH-HW)KHbOKPENUJOBUX BIAKIAAAX, SIKI CKIaJEHI MICKaMU Jpi0HO3EpHUCTUMH IO 3ajIs-
ratoTh Ha riaubuHi 630,0-695,0 M. Po6ody yacTuHy ciT4aToro ¢uibTpa CBEpAJOBUHU JiaMeT-
pom 168 MM BcTaHOBIIEHO B iHTepBaji rmubun 644,0-695,0 M. CBepanoBuHy 00 HAHO Ha-
cocom 8§ SDS 100/10 3anypenum Ha rnmubuHy 117 M. OO6niK BoIM 3AIHCHIOETBCA 4Yepe3
niunnsHuk «PROMAG 53» 3 MakcCHMMaJIbHOKO MOXKIMBICTIO 125 M*/ron BupoGHUITBA (ipMu
«EndresstHauser» (HiMeuuuna).

OcHOBHI J1aH1 PO €KCIUTyaTalliifH1 CBEpAJIOBUHU HaBeZEH1 B Tabi. 1, cxeMaTUYHUM TU1aH
po3TailyBaHHs CHOPYI Ta BOJOIMPOBOJIIB Ha Bojo3abopi UepHiriBchkoro BimaineHHs [TAT
«Can InbeB Ykpaina» (cBepanoBunu 1, 2, 3) mokasaHo Ha puc. 1.

Ta0mums 1
OcHogHi 0aui npo eKcnyamayitini c6eponio8uHU

Ne cB.
Pik OypinHS
Ieomn. BiKk
I'mubuna, m
AGc. BimMiTKa YCTS, M
I'mubuHa 1Mo KpiBITi BOJ. TOP. M
ToBumHa, M
CratuuHuii piBeHb, M
JuHamigHWA piBeHB, M
3HIKEHHS PiBHS, M
Jle6it, M*/ron
InTepBan poboUoi yacTUHU
¢inpTpa, M
CyuacHe BUKOPHCTAHHS

1987 | Pibc 135 | 143,0 110 20 37 44,5 7,5 30 | 110-128 | Exc mi.
1987 | KostKy | 702 | 143,0 642 45 | 60,82 | 113,82 53 130 | 646-692 | Exc mi.
3 11997 | KostKy | 710 | 144,02 | 630 65 | 62,82 104,82 42 100 | 644-695 | Exc m.

Bono3abip gaktuuHo mparitoe 3 moyatky 1988 poky.
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CBepI0BMHU 00JIAIITOBaHI CIIEI[IaIbHUM OTOJIOBKOM, CX€Ma SIKOTO HaBeJeHa Ha pHC. 2.

12 6 T 8 16 1. Oz0n080K CEEPONOBUHL.

{ ." / f
| II|' i
e i 5 ; 3. KpaH dns eid6opy npob eodu.
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~— A 2 16/ l_ a 6. KonmponeHa 3acyeKa.
S ==u #
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- # | . = 11. Mepexid.
S 1 ~ 4 12. Konixo.
i F -~1 13. Bidsidnutli nampy6ox.
| [ - P 14. BodonidiomHi mpybu.
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15. 3aHyprosansHull Hacoc.
16. 3acyeka.

17. [MezomempuyHa mpybka.
Puc. 2. Cxema 06Jzammy6aHH;z 0207106KdA ceepdﬂoeuﬁu

OroJoBOK CBEpAJOBHHH O0JAIITOBAHO (PJIAHIIEM, JI0 SIKOTO KPIMUTHCSA CHEliabHUN HaT-
pyOOK 13 TpbOMa BBapEHUMHU LITYLIEpaMU JUIsl MAHOMETpPA, TEPMOMETpA Ta KpaHy uid BiiOopy
po0 Boju. [lo ¢iaHus kpinuThes n’e€30MeTpuyHa TpyOka niamerpom 30—40 MM ans 3amipy
BOJM B cBepanoBHHI. II’e30MeTpuuHa TpyOka nepdoposana. ['mubuna ii 3aHypeHHs BiANOBI-
Ja€ TIMOMHI 3aHYpIOBaHHA Hacoca MiHyc 5—6 M. Ha ropu3oHTanpHIi AUISHII OrOJIOBKA BCTa-
HOBJIEHAa KOHTPOJIbHA 3aCyBKa, BOJIOMIpP Ta OCHOBHA 3acyBKa. 31 cllelliaIbHUM MaTpyOKOM ro-
PU30HTAJIbHA YaCTHHA OTOJIOBKA 3’ €IHYETHCS KOJIHOM Ta IIEPEXOI0OM.

JUis mepeBipkH TOYHOCTI BOJOMipa MOTPIOHO NMPOBOAUTH HOro NEpioAUYHE TapyBaHHS.
Tomy Ha oroJioBKy nependaueHuil BiABIAHUM MaTpyOOK 13 3aCYBKOIO Ta MIpHA EMHICTb.

JUis 4aCTOTHOTO YIPABIIIHHA JIBUTYHOM 3 METOIO MIATPUMAHHS 3a/laHOT0 THUCKY B CHCTEM1
BOJIONIOCTauaHHs BCTAHOBJIEHI YaCTOTHI perynstopu ¢ipmu Danfoss.

ITpu excrmyaTarii cBep/UIOBUH 3IIHCHIOETbCS KOHTPOJIb 3a SKICHUMHU XapaKTepUCTUKAMU
BOJIU, sIKa BUKOPUCTOBYeThCs Ui BogonocradaHHs [IAT «Can Iubes Ykpaina». OCHOBHUM
KPUTEPIEM OI[IHKH SKOCTI BOJM € CTaOUIbHICTh T4 HE3MIHHICTh XIMIYHOTO CKJIaTy BOJU Ta Ho-
ro BinnmosinHicTe [CanlliH 2.2.4-171-10 «'irieHiuHi BUMOTH A0 BOJIU MUTHOI, TPU3HAYEHOT
JUISL CTIOKMBAHHS JTIOAUHOIO» [1].

Jlnis 3an00iranHst 3a0pyAHEHHIO MIA3€MHUX BOJ HaBKOJIO CBEPJIOBUH OOJAIITOBAHI 30HU
CYBOPOTO CaHITAPHOTO pexuMy pajniycom 15 M. TepuTopis 30H OTOPOKEHA, OUHUIIAETHCS Bij
cMITTs. Bcl moBepxHEB1 CTOKH BIABOJATHCS 32 MEXKI NIANPUEMCTBA. Y 30HI CYBOPOIO PEXKUMY
3a00pOHSETHCS MPOBEACHHS Oy/b-SKUX TIPHUYO-TEXHIYHUX Ta OynaiBenbHUX pobOir. CTOpoH-
HIM JIONYCK Y 30HY CYBOPOTO pPeXUMY 3a00pOHEHO.

Bona Ha rocnozapcbki Ta MPOTHUIOKEKH] HOTPEOU MOAAETHCS B CUCTEMY BOJOINOCTAYaH-
usa [TIAT «CAH IubeB Ykpaina» 0e3 101aTKOBOTO OYHINEHHS. A BOJA, IKa BUKOPUCTOBYETHCS
JUTSI MTATHUX Ta TEXHOJIOTTYHUX MOTPEO, 13 MICHKOT Mepe>1<i Ta 31 CBEPAJIOBHH TMOJIA€THCS B OaK-
HAKOTIUYyBa4 JUIsS HEMiArotosaeHoi Bogu V = 1000 m>. 1leit 6ak BUKOPHCTOBYEThCS i K TIO-
KEKHHUH pesepByap. Ilicist yoro 1 Bojga NpoxoauTh JOJATKOBE OYMINEHHS Ha AUIBHMII BO-
JOTIATOTOBKH.
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['onoBHa Mera ekcrutyarallii B0103a0ipHUX CBEP/UIOBUH — Lie Oe3nepediiine 3a0e3neyeHHs
MIAMPUEMCTBA TM136MHOI0 BOJIOIO BIAMOBIAHOT sikOCTi. J{Jist 3anmo0iranHs ycKJIaJHeHb MiJ] 4ac

- eKCIUTyaTallil0 BOJI03a0IpHUX CBEPAJIOBMH TMOBUHEH 3/IMCHIOBATH IITATHUH CIIEHIATBHO

MiArOTOBJICHUIN TIPAIIIBHHUK;

- IPOBOJIUTH CUCTEMATUYHUI HATJISLT 1 KOHTPOJIb 332 pOOOTOIO BCIX CIIOPY/ 1 00JIaHAHHS;
- MOTOYHMH 1 KaliTaJbHUI PEMOHT MPOBOJUTH ISl YCYHEHHS BCIX HENOJaJ0K y poOoTi

CIIOpYXA;

- CBO€YACHO MPOBOAUTH 3aMiHy 0OJIaJHaHHS, BOJOPETYIIIOI0YO0T apMaTypu i KOHTPOJIbHO-
BUMIPIOBAJIbHUX MPUIIAJIB, 1110 BUMIILIH 3 JIay.

OnHi€r0 3 TOJIOBHUX BUMOT IIiJ] Yyac eKCIUTyaTallii CBep/JIOBHH € BEJICHHs €KCIUTyaTallii-
HOTO XYpHay, B IKOMY (DIKCYIOThCSI BC1 JJaH1 OKa3HUKIB iX pOOOTH:

- MaHOMETpa;
- BOJIOJIYMIIbHUKA;
- aMIIepMeTpa;

- 4YacC BKIINOYCHHA Ta BUKJIIOUYCHHA,

- TPHUBAIICTb POOOTH;

- BIAMITKY JUHAMIYHOTO Ta CTATUYHOTO PIBHS BOJIM;
- BUSIBJICHI HETIOJIQAKK 00JIalHAHHS Ta 1X YCYHEHHS.
[IpodutakTnyHMiA OTJIs1A HACOCHOTO O0JIaHAHHS MOTPIOHO BUKOHYBATH B 3a3HAYEH] B Ma-

CHOPTI TEPMIHH.

BuKkoHaHHS MOTOYHOTO 1 KalliTaJIbHOTO PEMOHTIB 3A1MCHIOETHCS HA OCHOBI PIYHUX IJIaHIB,
10 CKJIAJAl0ThCs CIIY>KOO0I0 eKCIUTyaTallii.
Mo>x11B1 HENOJAAKU 1 MPUYMHYU MPUITUHEHHS [10/1a41 BOAM, METO/IU X YCYHEHHs HaBeze-

HO B Ta0I. 2.

Tab0mums 2

Mooicnuei nenonadku i npuyuHY 6 NPUNUHEHHT NOOayi 800U, MEMOOU X YCYHEHHs.

Hemomagxu

MOXXJIHBI IPUYNHA

Jii oOciryroByt040ro nepcoHany
1 METOJIM YCYHEHHS HeIOJaJI0K

1

2

3

ApTtesiaHCchKi CBepVIOBUHHA

He 3amyckaetbest TIOMHANI
Hacoc

Bincytas Hanpyra Ha oxHiH ¢dasi

[epeBipuTn HasBHICTH HANPYTH y (a-
3ax

BincytHs Hanpyra B Mepexi ym-
paBIIiHHS — 3rOpiB 3a001KHUK

TTocTaBuTH HOBUH 3aIIO0IKHUK

Po3pus i30ms11ii IpoBOAY i AKITIO-
YEHHS

3HalTH Miclie MOMKOKEHHS 1 yCyHY-
TH neext

Hemnomagxu

MOoXXJIHBI IPUYNHA

J1ii 06cITyroByr04O0ro mepcoHany i Me-
TOJI YCYHEHHS HETOIaJOK

Hacochuii arperat He po3BUBae
HAJIEXKHOI TOTYKHOCTI IToadi
BOIH

MosximBuii KaapMaTax QiapTpiB
CBEp/ITIOBHHU

JleMoHTYBaTH arperart i MpOYNCTHTH
GbiapTp

3HOC poOOUMX KOJIiC Hacoca

JleMoHTYBaTH arperat i 3aMiHUTH PO-
60ui KoIeca Hacoca

HerepmernuHicTs 3’€JHaHb BOJIO-
i AHOMHHX TPYO

3aMiHATH TYMOBI MPOKJIAIKK a00 ITij-
TATHYTH 0OITH (IIAaHIEBOTO 3’ € THAHHS

3HOCHIINCS BOJIOTI AHOMHI TpyOHn

3aMiHUTH BOJOI AHOMHI TpyOH

[Ticnst KopoTkouacHoOi podoTn
CIPAaLbOBYE 3aXUCT

Arperat 3HaXOJUThCS BHUILE JUHA-
MIYHOTO piBHS

HapoctuTtu BogoniaiiomMHi Tpyou

3axucT cTaHIil ypaBIiHHS HE
BiJITIOB1/1a€ MTOTY)KHOCTI arperaTy

HpOBeCTI/I HaJIaAKY 3aXUCTYy

IIpu BHCOKOMY THCKY MaJia Ho-
Jlada BOU

[TpukprTa 3acyBKa Ha CBEpJIOBHHI

Binxputn 3acyBKy

[pu 3akprBaHHi 3acyBKHU IIPOBEP-
TA€ThCS LITOK

3aMiHHUTH 3aCyBKY
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3akiH4eHHs Tao. 2
1 2 3
[epeBipuTH TepMETH3AIIIIO OTOJIOBKA 1
TP HEOOXiTHOCTI MiATATHYTH OONTH
(raHms. 3arepMeTH3yBaTH OrOJIOBOK
INomkomkeHi BogomiJioMHI Tpyon 3aMiHUTH BOJOII AHOMHI TpyOH

Bona se Binmnosimae 1CanlliH IlomagaHHs MOBEPXHEBOI BOAU Y
2.2.4-171-10 (baxrepionoriyanii CBEPUIOBHHY
aHaJIi3 He BiANOBiAae HOpPMaM)

ITpn HOpManBHIN poOOTI apTCBe-
PAJIOBUHU MdJla I0JJda4a BOAU B
pe3epByap

I1in gac excrutyarauii Bogo3abopy kareropuuHo 3SABOPOHACTHCA:

1. ExcrutyaryBaTtu CBEpUIOBUHHM 3 J1€0ITOM OUTBIINM 3a3HAYEHOT'O Y MacHoOpTi.

2. IlpoBoguTH MycK HACOCHOTI'O YCTAaTKYBaHHS Ha MOBHY MOTY)KHICTb MICJSI TPUBAIOL
nepepBHu.

3. BingkauyBaTu BOAy 31 CBEpAJIOBHH 13 BMICTOM IIICKY.

4. 3anmuiiaty CBepAJOBUHU O€3 Harjsiay.

5. BukoHaHHS poOIT 13 MOHTa)XXy HACOCHOTO OOJaJHAHHS Ta PEMOHTY CBEpPAJIOBHH HE-
CHeliajli30BaHUMH OpraHi3aIisiMu.

Bopaa s BUroTOBNIEHHS NMUBa MOBUMHHA OyTH O3 cMaky i 3amaxy, IpakTUYHO Oe30apB-
HOIO 1 MajokanamMyTHO0. OcoOnuBI BUMOTH BUCYBAIOTBCS JI0 >KOPCTKOCTI, JIy’kHOCTI, pH,
OKHCITIOBAHOCTI, BMICTY 3aii3a, XJIOPUAIB, CyAb(aTiB, HITPATIB 1 CyXOro 3aJIUIIKY.

ITianpHueMCTBO Mae HACOCHY CTAHILIIO BOIONOCTAYaHHS IIPOAYKTUBHICTIO 445 M*/roauny B
601 3 BEPTHKAILHUM BOI030IpHUM pesepByapoM 06’emoM 1000 M° Ta o6nagHaHHS [ilb-
HUIIl BOJIOTIITOTOBKY Ta BOJIOOYMILIEHHS (TMPUMIIICHHS MIATOTYBaHHS BOJM). Y MPUMILIEHH1
JUI MIATOTOBKM BOJM BCTaHOBJIEHA CHUCTEMa BOJOMIATOTOBKM Ta BOJOOYMILEHHS (ipMu
«Berkefeld-FilterAnlagenbauGmbH» (Himeuunna). L5 cucrema mae ceptudikar BilnoBiIHO-
cti Ne 205194 ta BucHOBOK UepHIriBChbKO1 00JIaCHOT CaHITaPHO-EM1IeMI0IOTIYHOT CTAHIIII.

Cxema BogoninroroBku Yepniriscekoro [TAT «CAH IubeB Ykpaina» HaBenena Ha puc. 3.

Bona nepen6auae taki eranu:

1. HozyBanns ¢uokynsHta (FeCls) 6H20. [lo3yBanHs BinOyBaeTbes aBToMaTuuHo. Hop-
Ma JI03yBaHHs CTaHOBUTH 10—15 mr/m.

2. Aepanis. ['panuni MiHIMaIbHOT Ta MAKCUMaJIbHOT BUTPATH MOBITPS BCTAHOBJIEH] HA BU-
Tparomipi. [loBiTps momaeTscst 3 kommpecopHoi (0e33maszyroui komnpecopu). Y BiIJIUIeHH]
BOJIOIIITOTOBKH 3HAXOAUTHCS 3alaCHUI KOMIIPECOp, IKUH MOKHA BUKOPUCTOBYBATHU JUISl ae-
pariii B aBapiiiHUX CUTYyallisIX.

3. Ilimani ¢ubTpu. Sk GUIBTpYrOUMHA MaTepial BUKOPUCTOBYEThCS CIEIialbHUN KBapLO-
BUH MICOK 3 Pi3HOIO KpymHHicTIO 3epeH. He3anoBHenmii npoctip craHoBUTH 600 MM. DinbTpyto-
gyuid mwap 2: 1,5-2,5 mm, Bucora — 800 mm. ®Dinbrpyrounit map 1: 0,71-1,25 MM, Bucora
900 mm. ITigrpumyrounii map 1: 1,0-2,0 mm, Bucora 150 mm. Ilimani GpineTpu nparroroTh na-
pasnenbHO. [lepexiitoueHHs Ha 3BOPOTHE MPOMUBAHHS BUKOHYETHCSI aBTOMATUYHO ITICIIS TPOXO-
mwxenns 3000 m*Boau yepes GinbTp (mpubmmsHO 1 pa3 Ha 100y 3aIeKHO Big poGOTH BOJOMIA-
TOTOBKM). 3BOPOTHE NPOMHUBAHHS IPOBOJUTHCA BOJOK 3 MHPOMDKHOT €MHOCTI 3TiIHO 3
IIPOrpaMolo, sIKa 3aKiIaJeHa B KOMIT FOTepl. 3aKiHUE€HHs 3BOPOTHOTO ITPOMHUBAHHS B1IOYBA€ThCS
3a yacoM. [IpoyKTHUBHICTh Hacoca /I 3BOPOTHOTO MPOMHUBAHHS MPHUOJIM3HO B JIBA pa3H BUILIA.

4. XnopyBaHHsi/00e33apaxyBaHHs. BukoprcroByerbest runoxiopus Na Mapku A. JlaTuuk
Ha JIIHIi KOHTPOJIIOE XJIOP MICIIs MPOMDKHOT éeMHOCTI. BuMiproBaHHs BeieThesi B mV (B Mexax
600-700). OnepaTop KOHTPOIIOE BMICT XJI0py uepes ekcrpec-Tectd. Hopma no3ysanns 1 r/m’.
Burtpara pearenty cknanae 63-120 kr Ha 100y 3aJ1€KHO BiJl HOTpeOU BOJM HA BUPOOHUIITBI.

5. 36epiranns B npoMikHiil emHocTi. 06’eM —150 M>. KoHueHTpalis BiTbHOTO XJIOpY Ha
BHXO/I1 3 MPOMDKHOT €MHOCT1 — 1 — 2 Mr/IL.

[TopuB Bomorony BiJ HaCOCHOL

JIikBiIyBaTH IOPUB
craHmi AYB P
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6. ByruibHi QinbTpu. BUKOPHUCTOBYIOTBCS CrelliaibHE aKTUBOBAaHE BYI'UUIS 3 BHCOKOIO
MOTJIMHAI0YOI0 37aTHiCTI0. HesamoBHeHuii npoctip ctaHOBUTH 850 Mm. DinbTpyrounii map:
0,6-2,4 mMm. Iligrpumyrounii map 1: 1,0-2,0 MM. ByrinbsHi GiabTpu npairoroTh napaieiabHo.
[lepexroueHHsT Ha 3BOPOTHE NPOMMBAHHS BUKOHYETHCSI aBTOMATUYHO MICHIS TMPOXOKEHHS
15 000 m* Bosm yepes GinbTp. 3BOPOTHE MPOMUBAHHS IPOBOIUTLCS BOJIOIO 3 MPOMDKHOT €M-
HOCTI 3TIHO 3 MPOTpaMolo, sika 3akKjajieHa B KOMII'IOTepl. 3aKiHYE€HHs 3BOPOTHOTO MPOMHU-
BaHHSA B1I0yBaeThCs 3a yacoMm. [[imst ne3indexiii ta crepunizaiii GuibTpiB nepeadadeHe oopo-
OmoBaHHA X mapoto. IlepiouuHicTs 00pOOIIIOBAHHS MApOI0 MPOBOJUTHCS B 3aJE€KHOCTI BiJl
MOKa3HUKIB MIKPOOIOJIOTIYHUX aHANI31B BOJAM MICI]s BYTUIbHUX (DUIBTPIB, 3TLAHO 31 CXEMOIO
KOHTpOJItO0, anie He piame 15 aniB. [Iporpama oO6poGiieHHs maporo 3akjiajieHa B KOMI IOTepi.
[lapa nogaerscs 3 KoTenbHOI. PUIBTPU TOHKOTO OUMIIEHHS IIPOEKTOM He nepeadayeHi.

7. JAns IpUroTyBaHHs BOJIU,SIKA BUKOPHUCTOBYETHCS JUIl TEXHOJIOTTYHUX MOTPEO, BUKOPHC-
TOBYIOThCSI Na-KkaTioHOB1 (uibTpu. BukopucroByerbes ioHooOMiHHa cmona — C 600, Na —
4,825 n. Ineptaa cmona IF 62 — 700 1. Ilintpumyrounii map: Berkosan 1,0-2,0 MM, BucoTta —
150 mm. Na-kaTioHOBI (UIBTpHU MPALIOIOTh MOMEPEMIHHO. BiKiItoueHHs Ha pereHepaiito BH-
KOHYEThCA aBTOMATUYHO ITiciIs TpoxoukenHs 1400 m> Boau uepe3 ¢inbTp. Perenepais Bu-
KOHYETbCS aBTOMAaTUYHO B PEKMMI IMPOTUTOKA. [ pereHepariii BUKOPUCTOBYETHCS BOIHO-
conboBuit po3unH NaCl (410 kr). Perenepartist BeeThCsl 3riIHO 3 IPOrpaMolo, sIKa 3aKiiajieHa
B koM totepi. [licns pereneparnii GuIbTp 3aIMIIAETHCS B PEXKUMI OUIKYBAHHS /10 BIIKIIIOYEH-
Hs Apyroro (uibTpa Ha pereHepaiito. TexHoJoriuHa BO/Ia TOTYETHCS Yepe3 3MIIIYBaHHS BOU
MICJIsE BYTUIBHOTO (iibTpa Ta Na-KaTioHITOBOTO (puIbTpa y CIiBBiIHOLIEHH] 1:2.

8. 30epiranHs B Oarli TEXHOJIOTTYHOT BOIU. Boga BUKOPUCTOBYEThCS 11t OYTUIIOMUEYHOT
mamuny, CIIT tomo. 3araneHa >xopcTkicTs Bogu — a0 10°F. Tlpu HeoOXigHOCTI U1 MUMKH
€MHOCTI MOKHa BUKOPHCTOBYBAaTH HaCOC BUCOKOTO THCKY.

9. lns mpUroTyBaHHs BOJM, /Ul MMMBOBApPiHHS, BUKOPUCTOBYIOThCS H-KaTioHITOB1 (QUIBT-
pu (nexapOoHnizaropu). BukopucroByerbest ionHooOMiHHa cMoiia — C 600 H — 2,350m, iHepTHa
cmona IF 62-325 n. H-karioHiTOB1 (DUIBTPH MpalforOTh NapaneiabHo. BinkiatoueHHs Ha pere-
HepaLilo BUKOHYEThCS aBTOMATUYHO MiciIs mpoxo pkeHHs 400 m® Boau. s perenepanii Bu-
KopucToByeThesl 33 % consiHa KucaoTa. Perenepartiss BeneTbcs 3riIHO 3 MPOrpaMoro, siKa 3a-
KJIaJeHa B KOMI'roTepl. BoOJHO-KMCIOTHMH pO3UMH TiciAs Tpolecy pereHeparii
HAKOMMYYEThCS B €MHOCTI JUIsl HeMTpanizanii. HeliTpanizaiis npoBOAUTHCS PO3YMHOM Kayc-
tuka 10 pH 6-7 (tmpkymsuis) (150-200 kr Ha 0JHY pereHepariro).

10. 3mimyBanHsa Boau Juisd po30aBiieHHS nmuBa. Boma ans po30aBieHHs MHMBa TOTYETHCS
yepe3 3MillyBaHHs Boju micis H-kaTioHITOBOro (QiibTpy Ta BYrUIbHUX (UIBTPIB Y CHIBBIJ-
HOIIEeHHI 2:1 B mOTOLI NpH MoAa4yi BOJU B €MHICTh (aphacHOro BiILICHHS.

Jns nmutHux notpe0d Yepnirisebkoro BigauieHHs [IAT «CAH Iubes Ykpaina» Bukopuc-
TOBYETbCS BOJIa, sIKa MPOMUILIAa OYUCTKY 3 1 10 7 eramy (K1 HaBeZeH1 BUILE) Ha CTaHIlii BOJO-
MIATOTOBKH.

KoHnTposp sikocTi Bou BiIOYBa€eThcs Ha BCIX eTamax BOAOMIATOTOBKU. Micus Binbopy
po0, NePIOIUUHICTD, MOKA3HUKH, IO KOHTPOJIIOIOTHCS HaBEAECHO B Ta0. 3.

SIKICTh BOJIM KOHTPOJIFOETHCSI HA BCIX €Tarax JIabopaTopiero MiIPUEMCTBA Ta IIOKBapTa-
JHHO (31 CBEpIJIOBUH Ta Micis BOJOMIATOTOBKHM) Jlaboparopiero YepHIriBCHKOTO MICHKOTO
BIJUILTY JIaOOPATOPHUX JOCTIPKEHb.
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KOHACHCATOp 0XO-
JIOIPKCHHA

BucHoBkHM BiInmoBiaHo 10 cTaTTi. 3a0pyIHEHHS BOJOHOCHUX TOPU30HTIB Ta KOMILIEKCIB,
Ha sIK1 0OJIaIITOBaHI CBepUI0BUHU Boj03a00py UepHiriBebkoro BimaineHHs [IAT «CAH In
bes Vkpaina» mpupomnum nuisxom HemoxkiuBe. lleproueproBa yBara mpu MpOEKTYBaHHI
CBEP/IJIOBUH MOBUHHA 3BEPTATHUCS] Ha KOHCTPYKTUBHI iX OCOOIMBOCTI, 130JIS1[1F0 BOJOHOCHUX
TOPU30HTIB, 1110 3aJISATAIOTh BUIIE B PO3Pi31 HAJl TOPU3OHTOM HAMIYEHUM A0 €KCIUTyaTarlii s
3ano0iranHs 3a0pyJHEHHIO Yepe3 3aTPYOHHI MPOCTIp.

Cnucox BUKOPUCTAHUX JxKePes
1. ACanlliH 2.2.4-171-10 «['irieHi4H1 BUMOTH J0 BOJM MUTHOI, MPU3HAUEHOT ISl CIIOKH-
BaHHS JIFOAUHOION.

References
1. SanPin 2.2.4-171-10 «Hygienic requirements to potable water intended for human con-
sumptiony.
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Volodymyr Ivanyshyn, Egor Chorny
TECHNIQUE AND TECHNOLOGY OF GROUNDWATER EXTRACTION
OF THE CHERNIHIV FIELD

Urgency of the research. The urgency of the research topic is the need to continuously monitor and control the quality
of underground drinking water, which is used not only for the needs of the population of Chernihiv, but also for the produc-
tion of products that are being exported.

Target setting. The quality of underground drinking water, which is extracted from different fields, depends on many
factors, in particular, on the technical means and technologies that are used in this process. Therefore, it is important to
know how these issues are resolved at the Chernihiv field.

Actual scientific researches and issues analysis. There are no publications on the techniques and technologies that are
used in the extraction of underground drinking water of Chernihiv field. The article presents the technical and technological
results of underground drinking water production of Chernihiv field, which have not been published.

Uninvestigated parts of general matters defining. The general water problem has an extremely wide range of unex-
plored parts. These include classification of underground waters, metamorphism (change) of them with depth, technology of
disinfection of water, etc.

The research objective. The objective was to inform a wide range of interested individuals and legal entities about the
technical and technological results of underground water production of Chernihiv field.

The statement of basic materials. Chernihiv branch of PJSC "SAN In Bev Ukraine" uses drinking underground water of Cher-
nihiv field to provide its own domestic and industrial needs. The composition of the water intake, which operates this field includes
wells 1, 2, 3. Well 1 (depth 135m) produces water from the buchat aquifer (Paleogene), wells 2 and 3 (depth 702 and 710 m) — with
Cenomanian — lower Cretaceous deposits. Accounting for the extracted water is carried out through the meter PROMAG 53" Ger-
man company "Endress+Hauser". During the operation of the field there is a constant monitoring of the quality characteristics of
water. The main criterion for assessing the quality of water is the stability and immutability of the chemical composition and its
compliance with San PIN D 2.2.4-171-2 10.
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To prevent contamination of groundwater around the well equipped with a zone of strict sanitary regime. The territory of the
zones is fenced. Surface runoff is discharged outside the plant. In the zone of strict regime prohibited the holding of any mining
engineering and construction works. The article contains a schematic diagram of water supply, the scheme of arrangement of the
head of wells, the scheme of water treatment.

Conclusions. Pollution of aquifers and complexes which are equipped with water intake wells Chernihiv branch of PJSC
"SAN In Bev Ukraine" naturally impossible. Priority attention in the design of wells should be paid to their design features, iso-
lation of aquifers lying higher in the section above the horizon, scheduled for operation to prevent pollution through the annulus.

Keywords: well, groundwater, water intake, field, equipment, technique, technology.

Fig.: 3. Tabl.: 3. References: 1.
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OCHOBHI BUMOI'X 1O O®OPMJIEHHA TA ITIOJAYI PYKOIIUCIB
HAYKOBUX CTATEH IO HAYKOBOI'O )KYPHAJLY
«TEXHIYHI HAYKH TA TEXHOJIOI'1i»

IIlanoBHi fonucyBayi!

Jns  momaHHsA CTaTTI HEOOXIHO CHOYaTKy HaJICIaTH Ha €JIEKTPOHHY aJpecy
tst.technical.sj@gmail.com Bamry crarTio, periensito Ta 10BiAKYy mpo aBTopa (iB) AJs momnepe-
JHBOT'O PO3IJISAY PENAKLINHOI0 KOJIETIE )KypHay « TeXHIYH1 HayKH Ta TEXHOJIOTID.

[Ticnist oTprMaHHS NO3UTHUBHOTO BIATYKY MPOXaHHS CIUIATUTH BapTICTh MyOJIKaLii 1 BIAT-
PaBUTH BECh MAKET JOKYMEHTIB.

Jns nyOmikauii crarTi y skypHam «TexHIYHI HAayKd Ta TEXHOJIOTiD» HEeoOXiIHO B
000B’3KOBOMY MOPSIKY MOJATH:

— eJIEKTPOHHUI BapiaHT CTaTTi, 0POPMIIEHOT 3a 3pa3KOM;

— peleH3iio Ha CTATTIO 3a MIIMUCOM JOKTOpa HayK;

— JIOBIJIKY TPO aBTOPIB;

— KBUTAHIIIIO (CKaHOBaHy) MPO CIUIaTy BapTOCTI MyOuiKallii HayKoBO1 CTaTTI.

OnyOnikyBaHHS HayKOBUX cTaTedl y kypHall «TexHI4H1 HayKd Ta TE€XHOJIOTiD» € Iuiar-
HuM. Bapricte my6nikamii 1 CTOpIHKM HayKOBO1 CTaTTi CTaHOBUTH 65 rpH (IpoXaHHS
000B’3KOBO YTOUHIOBATH BapTICTh MmyOikaiii). OmiaTa miaTBepaKy€eThCsl KBUTAHLIETO.

YMOBH ITYBJIIKALTI, BAHMOI'H II[OJ10 O®OPMJIEHHA CTATEH, PEKBI3SUTH
OIlVIATH TA OCTAHHI HOMEPH HAYKOBOI' O /KYPHAJ1Y «TEXHIYHI HAYKH
TA TEXHOJIOI'Il» POSMIIIIEHO HA CAHTI YEPHITIBCHKOI' O
HAIIIOHAJIBHOI'O TEXHOJIOI'TYHOI' O YHIBEPCUTETY:

http://tst.stu.cn.ua/

KonTakTHa indopmauis.

Marepianu HeoOxiqHO Hajacunatu Ha azapecy: 14035, m. Yepniris, Byn. llleBuenka, 95,
Kopi. 1, k. 242 (HayKOBO-JIOCHi/THA YAaCTHUHA).

KonTaktHa oco6a: Kopmuiio Ipuna MukonaiBHa.

Ten. po6.: (0462) 66-51-15

Ten. m006.: (093) 592-78-12

E-mail: tst.technical.sj@gmail.com

BinnoBiganbHicTh 3a MaTepiajan, HaBe/leHi y CTATTi, Hece aBTOP.
HenpaBniibHO 0(popMIIeHI ABTOPOM CTATTSHA TA CYNPOBi/IHI JOKYMEHTH,
110 He BiNOBIAI0Th 3a3HAYEHUM BUMOI'aM, PO3IJIAJATHCA He OyAyTh.

Peoaxyis pozenadae naoxooicenns nyonikayii ma cynpogionux 0oKymenmis (peyemnsii, 008io-

KU NPO agmopis moujo) sx 3200y oonucysaya (is) ujo0o nepedadi asmopcbko2o npasa Ha 8u-
KOPUCMAHHS MBOPY (MUPANCYBAHHS, PO3NOBCIOONCEHHS MOUO).
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