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[1id yac nposedeHHs1 Mideomosku 3000y8adie 8ULLIOT 0C8IMU y 2arty3i MawuHObyAysaHHS Oyxxe 8axrTueo 30iLICHO8aMU MOMYXHy
npakmuyHy nid2omoskKy, 8 Mexax sKoi MoxHa niomeepdumu Habymi meopemudri 3HaHHs ma 30iUcHUMU crpoby ix 3acmocysaHHsI
019 8UE0MOerIeHHs pearbHUX 0b6’ekmis. Ha xarib, y HagyanbHUX nnaHax He 3arnuuwuiock micys 0ns 6yOb-sKoi 8UPOBHUYOT npak-
muku. [Mpakmuka, Wo 3anuwurnacs, nepedwina 8 po3psid HerlompibHoi ma 6esany3doi empamu yacy 3 60Ky cmydeHma, KUl Xo0-
HUM YUHOM He 3aujkagneHutl y Habymmi Hogux 8MiHb ma 3aKpirieHHi exe Ha0baHuX. I3 6oKy nidnpuemMcmea makox 3agudal Hema
JKOOHOI 3aujikaerieHocmi y SKICHOMY rMpoeedeHHI rpakmuKu. Takum YUHOM, 8ULUL Has4arbHUU 3akiad Mae camocmitiHo 06amu rpo
MOKPAaLLEHHST KOHCMPYKMOPChKOI Mi020moeKu 3006ysaya. Y daHiti pobomi posanisHymo ensus y4acmi cmydeHmie y 2ypmkax Hay-
KOBO-MEXHIYHO20 CripsiMy8aHHs1 Ha yCrILUHICMb 3aC80€HHSI MeopemuYHUX 3HaHb. Po3arsHymo 0ocsid OisiribHOCmi HayKog8o-mex-
HiYHO20 2ypmka «ModesoeaHHs CKadHUX IHXEHEPHUX cucmeM i3 3acmocysaHHsM 3D mexHOomoaiti», KUl cmeopeHo npu kaghedpi
IasepHoi mexHiku ma (bi3UKO-mexHIYHUX mexHortoeil HagqarbHo-HayKo8020 iHemumymy MamepiaiosHascmea ma 368aptosaHHs
im. €. O. lNamora KTl im. leopsi Cikopcbkoeo 3adns rpobydxeHHs y malbymHix chaxisuis MalliuHOBYOI8HOI early3i baxaHHs rpaufo-
8amu 3a 0bpaHoro crieyjanbHICMI0; PO3BUHEHHST MPOCMOPOB020 MUCIIEHHST; BUCBIMITEHHSI MEPCIEKMUBHOCMI IHXEHEPHOI cripasu
019 1odarnblio2o po3sumKy ocobucmocmi ma CycrinbCmea; OKPEC/IEeHHST OCHOBHUX HanpsiMie pO38UMKY CUCMEM agmomamu-
308aH020 MPOEKMYBaHHS Ma BUSHAYEHHST BAXIUBOCMI 3aCMOCy8aHHs rMornepedHb020 MOOEITHBAHHS CKITaOHUX iHXEHEPHUX CLC-
mem. OcHosoro pobomu 2ypmka cmae 3D-npuHmep, wo 30amHuti dpyKyeamu docmamHb0 81Uk Moderi 3 niacmukogozo ina-
MeHmy. HasedeHo ripuknadu pobim 3 npoekmyeaHHs ma KOHCIMPYHO8aHHS 8y3rie, WO 8UKOHaHO 2ypmKigusMu, ma Kopucma i3
3acmocyeaHHs Uux po3poboK y Hag4YarbHOMY npoueci Ons emMoHcmpauii MatibymHiM roKoniHHsSIM cmydeHmie 20mosux ey3riis.
Tak aypmkisyj po3poburiu onmuKo-MexaHidHi 8y3riu 3 08omMa fiH3amu ma MOXJIIUBICITIHO FoOCMUpPY8aHHST OOHIET 3 HUX; cripoekmyesanu
ma 8U20mo8uIu KilbkaHadusimb oCmupysarbHUX 8yarie mowo. Poboma cmydeHmig y 2ypmky nidguliye 3auikagrneHicms cmy-
OeHmig y pesyribmami ceoei disibHOCMI ma IHiyjtoe came meop4uli rioxid 0o npauj. Poboma 2ypmka npomsiaom ycb020 080X POKi8
EPEKOHIIUBO C8IOYUMB MPO NO3UMUBHI HACsTiOKU 3arTy4eHHs1 cmy0eHmig 00 HayKOBO-MEXHIYHUX 2ypmKie ma HeobXiOHicmb binbu
aKmuBHO20 3ary4eHHs cmydeHmie A0 nag 2ypmkiguig. [Jose0eHO 8UCOKY echeKmusHICMb 3acmocysaHHs Memody MO8HO20 YUKITY
8U20moereHHs 8UPobY — 8i0 KpecrieHuka 00 20mMosoeo 8y3na — Ha baxaHHs cmydeHma 3aceoreamu HO8I 3HaHHS ma HagUYKU
Yy NPOEKMy8aHHi ma MOOesTo8aHHi CKITalHUX 8yarTis.

Knrovoei cnoea: cmydeHmCbKUU 2ypmoK, MpOEKMysaHHsT 8y3rig, KOHCMPYH8aHHs, ModemosaHHs, 3D-Opyk,
MOKpaWeHHs1 pesyribmamie Hag4yaHHsI, OMMUKO-MexaHiyHUU 8y301T.

DOl https://doi.org/10.32845/msnau.2021.3.1

Beryn. MNig yac pedopmyBaHHs BULLOT OCBITU B YKpaiHi | TOro X CTyAEHT NOMOBUHY Yacy, WO BUAINEHO Ha 3aCBOEHHS
OCHOBHOIO BMMOTOK Oyrno 3MeHLUEHHS! TUXHEBOrO HaBaH- | AMCLMNIIH, Mae NPOBOAMTY 3a CaMOCTIHOK Po60TO 3 Nia-
TaxeHHs1 Ha 3000yBadiB BMLLOT OCBITY, LIO B NEPLLY Yepry | rOTOBKM A0 3aHATb, BWKOHAHHS iHOMBIAyanbHWX 3aBAaHb,
MPW3BENO 10 3HAYHOTO CKOPOYEHHS ayAUTOPHMX 3aHATb. [10 | KypcOBOrO MPOEKTYBaHHS Ta 3BiTyBaHHS 3 nabopaTopHuX
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poBIT, NPaKTUYHUX 3aHATL TOLLO. A LLOAO NpakTukM? PaHiwe
CTYOEHTW NpOoXOaunM 4epe3 MNOCNILOBHY NaHKy mnpak-
TVK — O3HaOMYY, KOHCTPYKTOPCbKY, TEXHOMOTIYHY Ta 3aBep-
WwaneHy nepegaunnomHy. A 3apas Bif YCiEl NpakTUYHOI
MiArOTOBKM 3anuUMANCE 5 TUXHIB NepesaunnoMHOI npak-
TVKM Ha nepLuomy (6akanaBpcbkOMY) piBHI OCBITU Ta HayKo-
BO-negaroriyHa — Ha gpyromy (Marictepcbkomy) pisHi. | ue
y TOW Yac, Konu MOXMMBOCTI y4acTi CTyAEHTIB y pearnbHOMy
BUPOBHUYOMY npoueci 36inblwmnucs y pasn. 3apas icHye
6e3niy Manux Ta cepeaHix NiANPUEMCTB, SKi i3 BENUYE3HUM
HaxaHHSIM 3anpoLLyiOTb CTYAEHTIB Ha poboTy | came poboTy
3a (haxom ane Ha pobiTHMYI Nocaau, 3Baxatouu Ha BifacyT-
HICTb NPaKTUYHOrO JOCBIaY.

YpaxoBytoun cyyacHi 0bcTaBUHW MiQroToBKM 3006yBaviB
BULLIOI OCBITW €OMHOK MOXNWBICTIO MOrMMUONEHHA 1, BiAMoO-
BiQHO, MNOKPALLEHHS NPaKTUYHOI MiArOTOBKW € BNPOBaIKEHHS
HACKPI3HKX iHAMBIAYyanbHUX 3aBAaHb, siki oxonntosanu 6 psag
OUCUMNIIH | BKIKOYanu noetanHe BUPILLEHHSI KOHCTPYKTOP-
CbKWX Ta TEXHOIMOMYHUX 3aaY, LU0 3aBEpLLYBanMCb OTPUMaH-
HSIM iHXXeHepHoro 06’ekTa HabrnxeHoro Ao pearbHOI TEXHO-
norivyHoi cuctemu. Takuii nigxin BUMarae akTMBHOI criBnpaLi
HaratbOX HayKOBO-MeAaroriyHMX NpaLiBHUKIB 3 Y3rO4KEHHS
iHOMBIOYanbHKX 3aBAaHb 3 OKPEMUX AUCLMMITIH.

HacTynHa MOXNUBICTb NOKpaLLEHHS NpaKTUYHOI Migro-
TOBKM — 3aly4YeHHs! CTYAEHTIB [0 HAyKOBMX Ta TEXHIUHUX
rypTkis. Came B ryptkax 3a iHTEPECOM Y MO3aKpeauTHUN
Ta No3aayauToOpHUN Yac CTYAEHTU MOXYTb (i WO AyKe Bax-
nuBo, [06POBINbHO) NOrNMONIBATM TEOPETUYHI  3HAHHS
Ta OTPMMYBATU HOBi NMPAKTUYHI YMIHHS Ta HABWUYKM Yy CTBO-
PEHHi peanbHUX iHXeHepHUX NPOoeKTiB. KOXHUI BuUKNagay,
AKUA Mae DaxaHHs Ta MOXIIMBICTb 3anyynTW CTYOEHTIB A0
[0[,aTKOBOI aKTUBHOCTI, Mae Lie pobuti Ans nepegadi cBoro
MPaKTUYHOTO AOCBIOY Ta HanpaBnEHHS eHeprii CTyAeHTIB
y NOTpiGHOMY HanpsMi.

Meta pobotu. Ha kacbeapi nasepHoi TexHiku Ta ¢isu-
KO-TexHi4Hux TexHonorin (JIT®T) icHyBaB oaWH rypToK, WO
Mae TEXHOMOriYHy HanpaBneHiCTb, Ta MOoro AisinbHICTb Crpsi-
MOBaHa Ha MOLUYK HOBUX PilleHb Ta MOAEPHi3aLito iCHYto-
YUX TEXHOMOTIN Y ranysi gisnKo-TEXHIYHUX METOAIB 06POOKM
matepianis. [ns nigcuneHHs KOHCTPYKTOPCLKOI NiAroTOBKM
6Yyno NPUNHATO PILLEHHS NPO CTBOPEHHS LLie OAHOrO rypTKa.
Buxogsuu 3 oro HanpaBneHOCTi Ta OCHALLEHHS!, BiH OTpU-
MaB Ha3By «MoaentoBaHHs CknagHUX iHXEHEPHUX CUCTEM i3
3actocyBaHHsaM 3D TexHonoriny» (MCIC).

OcHogHi Hanpsimu gisnbHocTi ryptka MCIC:

1) po3pobneHHs NPUHLMMNOBO HOBUX KOHCTPYKLLIN MaLlu-
HOBYAIBHOI ranysi B Linomy Ta B 06nacTi gi3nko-TEXHIYHUX
meTogiB 06pobku 30kpema;

2) NpOEKTYBAHHS IHXXEHEPHMX CCTEM Byab-SKOi CKIaaHOCTi;

3) MogentoBaHHS! TEXHOMNOTYHOrO 06naHaHHs Ta ycTar-
KyBaHHS, 30Kkpema Ans (isuKo-TEXHIYHUX MeTogiB 06pobky,
a caMe nasepHUX TEXHOMOrYHUX CUCTEM, MNMasMOoBOro,
€NeKTPOHHO-NPOMEHEBOTO0, YNLTPa3BYKOBOrO, €MNeEKTPOEPo-
3iHOro Ta enekTPOoXiMiYHOro obrnagHaHHs.

Pesynkrati pob6otu ryptkiBuUiB. [pakTyHa AisnbHICTb
ryptka MCIC posnoyanace y 6epesni 2019 p. i 3a nuwe
2,5 poku AisnbHOCTI rypTKIBLI BCTUIMX OTPUMATK 3HaYHi Npak-
TWYHI pesynsTat. Ha xanb, Yy akTUBHY LisfbHICTb rypTka
BTPyTUNach naHaemis. ToMy OYHi 3aHATTS NPOXOAUNYU NuLLE

Ha nepLUOMy poLi oro icHyBaHHS. 3apa3 Bce BiabyBaeTbCS,
3a3BMYall, OH-NAWH | Nnuwe BOCEHW, KoMK BIOOYBAETLCS
nnaHyBaHHs PiYHOI AiANbHOCTI rypTka, Ta HaBeCHI, Mig vac
nigbuBaHHS nigcymkiB poboTu, rypTkiBLi MOXYTb nobaunTy
OAVH OHOrO XMBLEM Ta JOTOPKHYTUCh 0 pesynbraTiB CBOEi
npavi. [ins BUCBITNEHHS CBOET AiNbHOCTI rypTKIBLi 3HANLLINM
rapHy NocTiNHY nnaTgopmy, N KOXHOI BECHM X HanpaLto-
BaHHS JOMNOBIAAOTLCS Ta BUXOAATb Y BUMMSAAI Te3 A0NOBIAEN
Ta craten Ha MiXHapOOHIN HayKOBO-TEXHIYHIN KOH(hepeH-
ujii Mormoaux BuYeHux Ta ctyneHtis «IHHOBALIII MOnop|
B MAWWMHOBYOYBAHHI», sika NpoBOAMTLCS KOXHOO POKY
Ha 6a3i HaB4anbHO-HAYKOBOTO MEXaHiKO-MaLLMHOBYAIBHOMO
iHcTuTyTy KMl im. Irops Cikopcbkoro.

YneHamu ryptka MCIC Ha gaHwii MOMEHT npoBedeHo
MPOEKTYBAHHS Ta MOLENOBaHHSA OnNu3bKo [ABOX OecATKiB
KOHCTPYKLi iHXEHEePHUX CUCTEM 3aranbHOro 3aCTOCYyBaHHS
Ta Takux, WO BiQHOCATLCA A0 Di3MKO-TEXHIYHMX METOAIB
06pobku. PosrnaHemMo geski pesynsratyt poboTu rypTKiBLiB.

YecHo Kaxyuu, HalinepLla «po3pobkay rypTkiLie byna
30BCIM He CKMagHoW, ane Ayxe nparMatuyHow — 6yno
HaKpecrneHo Ta BMrOTOBNEHO KOMMMEKT GPenokiB Ha Kntoui
Big kadhenpanbHUX NpUMILLEHb (pucC. 1), 3aMiCTb KaxXuBKX
Bmpoyok BUpi3aHux 3 niHoneymy. | ue Byno ayxe 4OpevHUM
kpokoM. Tenep Ha BaxTi HABYaNbHOrO KOPMYyCy YiTKO BUAHO
[e po3TalloBaHO npumilleHHs kadeapu. Opykysanu Gpe-
MOKM Y TPOX KOMbOPax — CUHbOMY, XXOBTOMY Ta YEPBOHOMY.

Puc. 1. Bpenoku Ha kntoui
Big KacdhegpanbHUX NpUMileHb

[pyra po3pobka BusiBUNacs 3Ha4YHO CKNafHiLle nepLuol.
MoTpibHO Gyno nigrotysati 4O OPYKY et CTyaeHTa, SKui
Mig Yac BUKOHAHHS iHOMBIQYanbHOro 3aBAaHHS PO3paxyHKo-
BO-rpadiyHoi poboTu 3 gucumnniy « OCHOBW NPOEKTYBAHHS
OMNTWKO-MEXaHIYHOTO BY3NiB» CMPOEKTYBaB BYy30M 3 LjiKa-
BUMM iHXKEHEPHUMMU pilLeHHSAMU. Y CKnag, By3na BXOAATb ABi
NiH3K, SKi 3aKpinneHo pisbboBumK kinbusamu 1 1a 9 y onpa-
Bax 2 Ta 8. OnpaBm 060X NiH3 NOEAHAHO Y BY30M Kinbkoma
Tybycamu 3, 4, 5 Ta 6 (puc. 2) (Moiseienko et al., 2020).

[onoBHOIO 3ajayeto Nig 4ac CTBOPEHHSI KOHCTPYKLIT
BY3Ia I0OCTUPYBaHHS Apyrol NiH31 BBaXanoch BUKOPUCTaHHS
CNPsSKEHNX CHEPUYHIX MOBEPXOHb Ha OnpaB.i Apyroi NiH3n 8
(puc. 2) Ta BTYNUi ChepunyHin 7, 3a SKUMK NiH3a Mae MOX-
NMUBICTb HAXUNSATUCb HABKOMO LEHTPY KPUBU3HM cepny-
HUX NOBEPXOHb, L0 Mae cniBnagat 3 LeHTPOM nepeaHbol
MOBEPXHi 3anoMIIEHHS MiH3K, IO [03BOMNSE 3MEHLLYBATH

napasuTHi pyxu nig Yac NpoLeaypu HCTUPYBaHHS.
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Puc. 2. OnTUKO-MeXaHi4YHMIA NPUCTPIN 3 BY3NIOM
HOCTUPYBaHHSA OJHIEI 3 NiH3: 1 — KinbLe pisbooBe;
2 — onpaBa nepLoi NiH3u; 3 — Ty6yC BHYTPILLHIN;

4 — TyOyC 30BHIWHIN; 5 — TYOYC NPOMIXKHUM;
6 — KinbLie 30BHilLHE; 7 — BTYNKa chepuyHa;
8 — kopnyc cchepuyHui; 9 — onpaBa Apyroi NiH3u

Ons weuOKoro Ta 3pyyHOro CKnafaHHs Byana y KOH-
CTPYKLi 3aCTOCOBAHO pi3b00BI 3'€QHAHHS, @ came MeTpMYHa
pi3bba, Lo Ayxe JOoUinbHO y noTpebi MOCTINHOI AEMOHCTPa-
Lii peTanei Ta enemeHTIB By3na nig Yac ayauTOPHKX 3aHSATb.
3apans ycnilwHoro BUroToBMNEHHS By3na Ha 3D-npuHTepi Heoo-
XigHO JOTpMMYBATUCh Aeskux 0cobnmBmMx BuMor (puc. 3).

Puc. 3. HaGip peTtanei Ta 30BHiWHiN BUrNAA
ONTUKO-MEXaHI4YHOro NPUCTPOHO

6

MNo-nepe, yci pi3bboBi 3'egHaHHA noTpibHO nepe-
pobutn 36iNbLIMBLLM KPOK, iHaKLWe HEMAE XOOHOI MOX-
NMUBOCTI po3apyKyBaTu sKiCHi Aetani 3 yHKUiOHanb-
Holo pi3bboto. [lo-gpyre, getani Ansg SKiCHOro ApyKy
Ha 3D-npuHTepi MawTb KOHQIrypauilo, WO MOSACHI0-
€TbCS CaMe 3aCcTOCYBaHHAM [AaHOI TEXHONOrii BUMrOTOB-
NEeHHs, SKa HaJae MOXMMBICTb CTBOPKOBATU EMEMEHTU
KOHCTPYKUiT «3abOpoHEeHiI» npu TpaguuinHUX meTodax
06pobKkM 3 BuAANEeHHsM maTepiany 3 NOBEPXHi 3aroTOBKY.
No-TpeTe, BUrOTOBMNEHHS APYKOBaHWX AeTanei Aae MOX-
NUBICTb €KOHOMIT BMTpaTHUX MmaTepianiB 3acTOCOBYUU
3anoBHEHHSA CepueBUHU AeTani 3i 3HaYHUMU MOPOXHM-
Hamy 3aCTOCOBYHUM CTIfIbHUKOBY BHYTPILLUHIO CTPYKTYpY,
Lo 3 iHLWOro 60Ky 3MEHLUY€e MILHICTb KOHCTPYKLIT. Takox
3aHaATO TOHKI CTIHKA MOXYTb 3HAYHO MOFIPLUMTU Mexa-
HIYHI XapakTepuCTWUKM 3MOLENbOBaHWX MNIacTUKOBMX
[eTanei NopiBHAHO 3 MeETaneBnMu.

LLle ogHa uikaBa po3pobka rypTKiBLiB — Lie KOpryc Ans
TpaHcdopmatopa Tecna (puc. 4) (Sokolovskyi et al., 2019).

Mig Yac npoekTyBaHHS LbOro By3na po3pobreHi Kop-
nyc 1, KN 3 METOL0 NOMeErLeHHs NpoLecy APyKy cknaga-
€TbCA 3 KiNbKOX OKpemux feTanew, To6To € cknaganbHo
OAMHWLEI0, Ta e BKMKYaE YOTUpW AeTani — OCHOBY 2;
TyByc 3; KHOMKy 4 Ta 4oTMpK HixKKM 5 (puc. 5, a).

Puc. 5. KoHcTpyKLUis kopnycy npucTpoto Ans nepepadi eHeprii Ha BigCTaHb:
a) peTani HapgpykoBaHi Ha 3D-npuHTepi; 6) NpucTpin y 360pi; B) po3’em AnA oxxepena KUBMNEHHS;
r) BEHTUNSALIHI OTBOPM; A) HiXKKKN 3 KPiNMIbHUMM FTBMHTaMU; €) 3aXMCHUIN TYGYC BUCOKOBOJLTHOI KOTYLLKK
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Y po3pobreHin KOHCTPYKLi kopnycy (puc. 5, 6) BUrotos-
NEHO OTBIP ANS NPUEAHAHHS Kepena XUBIIEHHS, Lo 3abeane-
Yye eneKkTpUYHy cxemy nocTiinHoto Hanpyroto 12 B (puc. 5, B).
3anns eheKTMBHOrO BiABEAEHHS Tenna, Lo YTBOPIOETLCS Nif,
yac poboTy MPUCTPOLD, 30KPEMa 3aKpinNneHoro Ha pagiatopi
CUIIOBOrO TPAH3WCTOPA, Y CTiHKaX KOpMyCy BUTOTOBMEHO BEH-
TUNALRHI 0TBOPM (pUC. 5, r). Kopnyc 1 Ta ocHoBy 2 NpuUcTpoio
3'€[JHaHO YOTUPMa FBUHTAMM, LLO TaKOX YTPUMYHOTb 1 OMOpPHI
Hixku (puc. 5, 0). Ans 3abesneyeHHs 3axucTy Big MOXMMBOIO
YPaXKEHHS eNeKTPUYHUM CTPYMOM NpW AOTOPKaHHI 10 KOTYLLIKA
BTOPWHHOI 0BMOTKM TpaHcdopMaTopa Ha pi3bbi BCTaHOBNEHO
3axucHumn Tyoyc (puc. 5, €).

Ak Bxe Byno BiA3Ha4YEHO, BULLIE FYPTKIBLI HABYAKOTLCS 3a
OCBITHBOK MPOrpamoto, sika nepeabdavae 3aCBOEHHS HaBW-
YOK 3 Na3epHOi TEXHIKM Ta TexHosorii, ToMy H6arato 3aBAaHb
CTOCYETbCS caMe Liei TemaTtuku. Tak, 6yno 3aBgaHHs cnpo-
EKTYBaTU OMTUYHY CUCTEMY [ANS KOHUEHTpauii nasepHoro
npoMiHHsA noTyxHicTio 30 KBT Ha noBepxHi 3aroToBku, ska
XapaKTepu3yeTbCs 3HAYHOK OOBXKMHOK Ta ManuMmu none-
peyHumm po3mipamu (Trapeznikov et al., 2019).

[ins KOHUEeHTpaLii nasepHOro NPOMiIHHS MOXITMBO BUKO-
PUCTOBYBaTU OMTWUYHI CUCTEMU, Y SKUX 3aCTOCOBYHOTHCS
MiH30BI KOMMNOHEHTK, A3epkanbHi abo kombiHoBaHi. [Mig yac
aHanisy 3acTOCOBHOCTI ONTUYHUX CUCTEM BYNO BU3HAYEHO.
O KOMOGIHOBaHi Ta MiH30Bi CUCTEMMU BUKOPUCTOBYHOTHCS
MPW HEBENWKUX MOTYXHOCTSAX 3 NPUYMHU MEHLUOT ONTUYHOT
Ta eHepreTUYHOI CTIMKOCTI Ta CKNaaHOCTI 3abeaneyeHHs pis-
HOMIPHOTO OXOMOMXKEHHS i3 32CTOCYBaHHAM PiAUHHUX XOMOo-
JoareHTiB. TOMy NPUAHATO OBrpyHTOBaHE pilleHHs NPOEK-
TyBaTU came A3epkany ONTUYHY cucTemy, o nosbasneHa
Baratbox HeponikiB Ta 3abe3nedye cTabinbHi ekcnnyartaui-
ViHi Ta ONTWYHI BNacT1BOCTI (puc. 6).

BuxigHumun gaHummn ansa po3pobku KOHCTPYKLT ONTUYHOT
cuctemmn Byno Te, LIO Ha BXOAi A0 Hel nasepHe NPOMIHHS
Mae Kpyrnuii nepepis, a Ha noBepxHi 06pobntoBaHoi 3aro-
TOBKM Mae ByTU KinbLEBKM Ta BNIMBATU OAHOYACHO 3a YCiM

nepumeTpoM. Take NepeTBOPEHHS NA3ePHOro Nyyka MoXHa
3abe3neynTi 3acToCcyBaBLUY HANPUKNaZ nnacke NOBOPOTHE
[3epKarno Ans 3MiHeHHs HanpsiIMy PO3MOBCIOMXKEHHS MyYKa,
KOHIYHOrO A3epkana — Ans OTPUMaHHS nyyka 3 KinbLesuMm
nonepeyHUM nepepisom Ta napaboniyHoro Asepkana — Ans
KOHLEHTpaLii NPOMiHHA Ha MOBEpXHi 3aroToBku. Bpaxo-
BYIOUM MOXMUBI BTPATU MOTYXXHOCTI MPOMIHHSA Ha KOXHIN
[A3epKkarnbHin noBepxHi 6nunasko 2 %, To6T0 6nmabko 600 Br,
CTae 3po3yminum notpeda y 3acToCyBaHHI iX aKTMBHOIO
OXOMNoMKeHHs Ans cTabinisauii TennoBoro pexumy 3aans
3anobiraHHa Tennosoi Aedopmalii A3epkarn, BUKPUBMIEHHS
[3epKarnbHOI NOBEPXHi Ta MOFiPLUEHHS KOHLEHTpaLii nyyka
Ha 06p0obntoBaHI NOBEPXHI.

Mig yac 0broBopeHHs y Koni ekcnepTis Byno 3anponoHo-
BaHO [0 BMPOBaXEHHS iHLUY A3epKanbHy CUCTEMY KOHLIEH-
TpaLii nasepHOro NPOMIHHS, SiKa BiApi3HAETbCSA 3aCTOCYBaH-
HSM YOTUPLOX A3epkan. 3 ogHoro 6oky, e 36inbLye BTpaTy
Ha NOFMWHaHHSA, WO NoTpebye akTUBHOMO Ta iIHTEHCUBHOTO
OXOMOMKEHHS YCiX ONTUYHUX AeTanen. 3 iHworo 6oky, Npo-
MoHOBaHa cxema 3abesnevye kpalli yMOBU (DOKYCYBaHHS
Ta 3MeHLUye abepalii onTUYHOT CUCTEMU, HE BUKPUBMSIOUN
NPOCTOPOBI (reoMeTpis Ta hopma) Ta eHepreTuyHi (Hepis-
HOMIPHWIA PO3NOAIN IHTEHCMBHOCTI Yy NONEPEYHOMY Nepepisi
nyyka) BnactueocTi. (Klimova et al., 2019).

[O3epkana 2, 8 ta 11 (puc. 7) mMalTb NOPOXHWUHU, SKi
repMETMYHO 3akpuTi Kpuwkamm 1, 9 Ta 12, a KOHyC A3ep-
KanbHUN 3 BCTAHOBMEHO HA XONOAWIBHUKY 4, Yepes sKui
NpOXoauTb MOTIK OXOMNOMKYBamnbHOI BOAW, SIKY MOAAETHCS
yepes wryuepn 30. CknagaHHs Byana BiAbyBaeTbCS 3 BUKO-
PUCTaAHHSAM LEHTPYBanbHUX BYPTUKIB Ta Aetani 3'e4HyoTbCs
Lwnunbkamu. [ns MogentoBaHHs MOBEPXOHb BigA3epKaneHHs
ONTUYHUX JeTanemn 3acToCOBYETLCA MeTanesa honbra.

Y KOHCTPYKLii onTUYHOro By3na nepenbdayeHo 3acTo-
CyBaHHs1 COMIIOBOI CUCTEMU, KA MaE BaXnMBE 3HAYEHHS
B ONTUMAanNbHOMY MPOXOMKEHHI TEXHOMOrYHOro  Mpo-
Lecy obpobku. ConnoBa cuctemMa Mae fABi BigOKPEMMEHI

Puc. 6. CnpoekToBaHa onTU4YHa cucteMa hoKycyBaHHSA NMPOMiHHSA TEXHOMOriYHOro fasepa
Ha NoBepXHI 06PO6NOBAHOI 3aroTOBKM
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NOPOXHWHW Y SKi NOJAKTLCS [ABa TEXHOMNOrIYHI rasu. BoHu
BUKOHYHOTb Pi3Hi OYHKLi: OAMH 3axuLLae po3neyeHuin metan
3aroToBKM BIig il KOMMNOHEHTIB MOBITPSHOI aTMocdepu
y Micui BNAvBY NasepHOro MpOMiHHS, a Apyrun cnpusie
LUBMOKOMY BWZANEHHIO NPOAYKTIB PYWHYBAHHS MOBEPXHI
3aroTOBKM 3 MOPOXHWHU OMTUYHOI CUCTEMU, OXOMNOMKEHHS
06pobntoBaHOi 3aroToBKM Ta [04aTKOBOMO OXOSIOOXKEHHS
[eTanen onTUYHOI cucteMu. [ns Lporo BUKOPUCTOBYBATH-
MyTbCS renin Ta a3oT. Yepes LeHTpanbH1in OTBIp COMMoBOI
cucTemMmn npoxoautume obpobnioBaHa 3arotoBka. Byson
CONOBOI CUCTEMW BUFOTOBMEHO 3a aHarnorield 3 BY3noM
KOHyca f3epkanbHoro 3, o 3abesnedye yHidikauio geta-
nen Ta ixX B3aEMO3aMIHHICTb.

Puc. 7. HappykoBaHi aetani onTUYHOI cUCTEMM
ONS KOHUEHTpaUii na3epHOro NpoMiHHs
Ha NoBepXxHi 06po6NOBaHOI 3aroTOBKU

Takum 4uHOM, oTpUManu MoZenb OMTUYHOI CUCTEMMU
(puc. 8), SKy MOXHa BMKOpUCTOBYBaTM AN BaraTbox
3aBdaHb: nojanblmx JOCMigKEHb 3 NPOXOMKEHHS nasep-
HOM0 MPOMIHHS; OEeMOHCTpaLii 30BHILLHIX XapakTepPUCTUK
NPUCTPOIO Ta BUKOPUCTAHHS Mig Yac HaB4YanbHOro npowecy
SIK HAOYHOI MOoJeni CKnagHoi ONTUYHOI CUCTEMM.

Puc. 8. 3oBHilLHIl BUINAD Mogeni CPOeKTOBaHOI
A3epKanbHOi ONTUYHOI CUCTEMM (MO3HAYEHHSA 3riAHO pUc. 7)

| Ha 3aBepLUEHHS MOXHA HABECTU Lie MpUKNagn pos-
poOKM MNpOCTUX, ane BWIOTOBMEHWX Yy BENMWKIN KinbKo-
CTi ONTUYHUX BY3MiB, KOXHWUIA 3 SKUX MaE CBOK LiiKaBUHKY
(pnc. 9). PospobneHo 6Garato By3niB, WO MNaHyeTbCS
y NoAarnbLIOMy 3aCTOCOBYBATW Y BENMKOMY MPOEKTI, SKWNA
TPUBAE BXe Make ABa POKM i MOTPOXM HabnmkaeTbes Ao
CBOrO 3aBeplleHHs. Tak, po3pobneHo GaraTo rcTupyBanb-
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HUX BY3MiB ANs NiH3 Ta A3epkan, y SKUX KOXHa KOHCTPYK-
Uia gewo yHikanbHa. B ogHWMX 3acTOCOBYIOTLCSH MPYXUHM
po3TArHeHHs abo LaHrosumn ikcatop (puc. 9, a), B iHLWMX
BCTaHOBINEHO NPYXWHK CTUCKaHHS (puc. 9, 6), a TpeTi MatoTb
Y CBOIll OCHOBI 4OCTATHbO CKNagHWA Kapa4aHHWA MeXaHi3M
(puc. 9, B) (Yurchenko et al., 2021).

0 B

Puc. 9. 3oBHiWHiN BUrMAQ Mogernen NpucTpoiB
IOCTUPYBaHHs: a) A3epkana ccepnyHoro; 6) niHau
NO3UTUBHOI; B) HAa OCHOBI KapAaHHOro MexaHiamy

[Opyk yciX HaBedeHUX KOHCTPYKLiN 34iACHIOBaBCA Ha
3D-npuHTEpPI 3 BUKOPUCTAHHAM MNACTUKOBOTrO [APOTOBOMO
matepiany ans 3D-apyky — dinamenty. [Ins gpyky moge-
nen 6yno obpaHo nnactuk ABC (AkpunoHiTpunbyTagieH-
Ctupon), SKuiA He Mae YiTKOi TeMnepaTypu NnaeneHHs. Ons
OpyKy Ha 3D-npuHTepi nnacTuk posirpiBacTbca 4O Temne-
patypm 6nuabko 240°C. Llei maTepian € onTuManbHUm ans
LPYKY Mofenei aeTtaneii Ta By3niB 3a JOCTYMHICTIO, LiHOWO
Ta NPOCTOTOK BUKOPUCTaHHS. BiH € HETOKCUYHMM, [LOBIOBIY-
HUM, BOMNOTOCTINKAM, Ma€ BENWKUIN iana3oH ekcniyaTauin-
Hux Temnepartyp (-40...+90°C), rapHi MexaHiyHi BnacT1Bo-
CTi, YAAPOCTINKICTb Ta NPYXHICTb.

BucHoBok. AHanidytoun poboTy, Wo BUKOHAHO 3700y-
BaYyamm BWLLOI OCBITW 3a Yac pobOTM rypTka iHXEHEepHOro
cnpsiMyBaHHst «MopentoBaHHsa CKMagHWX iHXEHEPHUX CUC-
TeM i3 3actocyBaHHAM 3D TexHOMorihy, MoxHa 3pobutu
BWCHOBKM NPO AOLIMBHICTb 3any4YeHHsi CTYAEHTIB JO Takoro
poay AisnbHOCTI. 3p03ymino, WO yCi CTYAEHTU He MOXYTb
OyTW oxonneHi Tako pobOTO BUXOAAUM 3 FTONOBHOIO MPUH-
LmMny ZisnbHOCTI rypTKiB — OOPOBiNbHICTIO. 3a3Buyan une-
HaMu TypTka CTalTb CTYOAEHTM 3 pesynbrataMii HaB4aHHS
BULLIEe cepeliHbOro PiBHA. Ane iHKONW CTyaeHTU-ayTcangepu
TaKoX MPOSBNATL 3aLliKaBMeHICTb Y NPaKTUYHIA AisnbHO-
CTi, Wo BiabyBaeTbCs Nig Yac pobotu ryptka. MabyTb, came
TakU nepexif Bif, «Cyxoro» TEOPETUYHOrO HaBYaHHA A0
3aCTOCYBaHHS HaBiTb €MEMEHTapHNX HaBUYOK 40 pearnbHOi
CMpaBW CMOHYKAE CTYAEHTIB NPOSIBAATY iHiLiaTuBy, BUOY-
XaTu inesiMn Ta HamaraTucb BNPOBagWTU iX Y KUTTS.

Konmcb oauH BMKNMagad po3noBiB NpPO  NEPEnosi
MeToaM MIAroTOBKM (haxiBUiB y ranysi MallnHoOyOyBaHHS
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B NepefoBMX YHiBepcuTeTax, 3a SKUMU CTYOEHT Y KOMM'to-
TEPHOMY Knaci MNpOeKkTye pfetanb 3a iHAMBIAYanbHUM
3aBAaHHAM, po3pobnsie TEXHOMOrito ii BUrOTOBMNEHHS, Bid-
npasnsie nporpamy obpobkM Ha BepcTar i MOKU nepexo-
OUTb Y BUPOBHMYY MaNCTEpPHIO, e 3HaxoauTbCs BepcTar,
3arotoBka 0bpobnseTbes, Buknagay bepe rotoBy AeTasb,
BM3HAYae i po3Mipu Ta reomeTpito, NOPIBHIOE i3 3aBAAHHSAM
Ha NPOEKTYBAHHS Ta OLHIOE TOYHICTb BUKOHAHHS, BACTaB-
NS04M BIANOBIAHY OUiHKY. Lle fyxe rapHuin MeToa, ane gyxe
matepianomictkui. MNoTpibHi MeTanesi 3aroToBKW, MeTanoo-
6pobHi BepcTaTu 3 UMK, BignosigHuit Habip meTanopisans-
HOrO IHCTPYMEHTY Ta TEXHOMNOrYHOrO YCTaTKyBaHHS, BUCO-
KokBanichikoBaHi iHxeHepu 3 HaB4anbHOrO npouecy Ans
HanarofXxyBaHHs Ta ekcnnyatauii obnagHaHHs. ..

3acTocyBaHHs 3D TexHonorin, 3okpema 3D apyky 3 nnac-
TWKY, 3HIMalTb YCi Ui MaTepianbHO-TEXHIYHI npobnemu
Ta BiOKpUBaKOTL HEOOMEXEHI NepcneKkT1BM ans TBOPYOCTI,
[03BONAOTE MUTTEBO CTBOPHOBATU HOBi HEICHYHOMI paHiLle
BUpobu. lMpy 3acTocyBaHHi LMX TEXHOMOri 3 MOMEHTY
BUHWKHEHHS ifei CTBOPEHHSI HOBOrO 06’€KTa iHTENeKTyasb-
HOI BNIAaCHOCTI, BU3HA4YEHHS 3aranbHUX MOro XapakTepUCTUK,
PO3pOBKN KOHCTPYKLii, BUTOTOBMEHHS KPECNEHUKIB Ta APYKY
MoZeni NPoXoaUTUMYTb NiYeHi roanHM.

3po3yMino, Lo Nopyd i3 rypTKiBLAMY 3aBXAN Mae 3Ha-
XOAMTUCL KBanihikoBaHWA BUKNadad, skui Gaxae npawo-
BaTW 3i CTYAEHTCbKOK Monoaato. BiH mae nigTpumysatu Ton

BOrOHb, LLIO 3ananeHo B AyLui ManbyTHboro daxisus. Moxe,
came TOMY, L0 CyyacHa MOMNoAdb Xo4e OTpUMaTy pesynsrat
LUBMAKO, HE YeKatoun HaBiTb TUXHS. A MU UBYEMOCH, HOMY
CTyOeHT 6e3 eHTy3iaamMy BUKOHYIOTb 3aBAAHHS 3 Kypco-
BOrO MPOEKTYBaHHS Ta iHLUi iHAMBIOYanbHi 3aBOaHHS — came
TOMY LU0 BOHU PO3TArHYTi Ha LinuiA CeMeCTp, a NPakTUYHO
MOXYTb BYTW BUKOHAHI NPOTATOM KifMbKOX TUXHIB.

YctatkyBaHHA Ans NPOBEOEHHS YCbOro MpoLecy Npoek-
TyBaHHS — Komm'loTep i 3D-npuHTEp — MOXE 3HAXOAWUTUCb
nopy4, y OOHOMY NpuMiLLleHHi. Butpatn matepianis ans
OTPVUMaHHSI rOTOBOI MOAENi NMPOEKTOBaHOro ob’ekTa 30BCIM
He3HauYHi Ta Malxe He 3anexarb Big oro cknagHocTi. Cobi-
BapTICTb BUPOOY 3HAYHO 3aNeXWTb Bif KOLUTIB, LU0 BKNAAEeHO
y npuabaHHs 0CHOBHOrO 0bnagHaHHs. BurotoeneHa moaerns
[03BONNSIE OLIHATX NepeBaru Ta Heaoniku 06’ekTa, BU3HAYNTK
Jesiki ekcnnyartauiiiHi XapakTepucTuKy, BU3HAYUTUCh 3i 3Mi-
HaMW, siki HeOBXigHO BHECTW Y KOHCTPYKLIiLO Ta Micns Bignosiag-
HOro AOOMNpPaLoBaHHS NPONOHYBATW BUPI6 Yy BUPOBHMLITBO.

AK nokadye Xxod HeBENuKUW, ane MO3UTUBHWIA OOCBIA
[IANbHOCTI rypTka, MOro yYyacCHUKW, NPOXOAsyM 4OOAaTKOBY
TEXHIYHY, KOHCTPYKTOPCbKY Ta TEXHOMOrYHY NpaKTUKY,
HabyBaloTb HOBMX 3HaHb Ta YMiHb, LLO MO3WUTMBHO BigbU-
BAETbCS Ha iX BMEBHEHOCTI y CBOIX CMNax, 34aTHOCTI npu-
IMaTW CaMOCTIlHi iHXEHEPHI piLLleHHSs, TBOPYO NiAXOAWTU [0
piLeHHs BaraTbOX 3aBAaHb Ta Nerkomy nogansLliomy npa-
LieBnaLuTyBaHHi.
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Students engaging in scientific and technical circles is the way to improve design training
During the studying of students in the field of mechanical engineering, it is very important to carry out good practical
training, within which they can confirm the acquired theoretical knowledge and try to apply them for the manufacturing
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of real objects. Unfortunately, there is no time left for any practice in the curriculum. The remaining practice has passed
into the category of unnecessary and senseless time waste by the student, who is in no way interested in acquiring new
skills and consolidating what has already been acquired. There is also usually no interest on the part of the enterprises
in the quality of the internship. Thus, the higher education institution should take care of improving the design training
of the students. In this work the influence of students’ participation in scientific and technical workshop on the success
of theoretical knowledge acquisition is considered. The experience of the scientific and technical workshop “Modeling
of complex engineering systems using 3D technology” is considered, which was created at the Department of Laser
Systems and Advanced Technologies of the Ye. O. Paton Institute of Materials Science and Welding of the Igor Sikorsky Kyiv
Polytechnic Institute to awaken in future specialists of the mechanical engineering the desire to work in the chosen specialty;
development of spatial thinking; highlighting the prospects of engineering for the further development of the personality
and society; outlining the main directions of development of computer-aided design systems and determining the importance
of using preliminary modeling of complex engineering systems. The basis of the workshop was a 3D printer that can print
large enough models of plastic filament. Examples of work on the design and construction of units are given that workshop
members performed and the benefits of using these developments in the educational process to demonstrate ready-made
units to future students’ generations. Thus, the members of the workshop developed optical-mechanical units with two
lenses and the adjustment of one of them;, designed and manufactured several adjustment units, etc. The work of students
in the workshop increases the interest of students as a result of their activities and initiates a creative approach to work.
The workshop has been operating for only two years convincingly evidence of the positive consequences of involving
students in scientific and technical workshop and the need for more active involvement of students in the ranks of workshop
members. High-efficiency of application of the full cycle method of product manufacturing — from the drawing to a ready
unit — at the student’s request to acquire new knowledge and skills in designing and modeling of difficult units is proved.
Key words: student circle, unit design, modeling, 3D-printing, increasing the impact of training, optical-mechanical unit.

Lama Hadxo0xeHHs1 03.09.2021 p.
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Enepeis biomacu € 00Hieto i3 HalinepcrnekmueHiwux 2any3el 8i0HO8MH8abHOI eHepaemuku nepedycim Yepes MOXIu-
8icmb WeudKo2o HapoulysaHHs 0bcsizie 8UPObHULMEa cUPOBUHU. CMEOPEeHHST HOBUX HacadXeHb EHepeemMUYHUX Kynbmyp
rnompebye 8idnosidHUX MexHIYHUX 3acobig. A Ons eHepaemuyHoOi epbu Yu moroi ¢r1id makox ypaxosysamu ocobnugocmi
cadusHO20 Mamepiany, SKuM € 30epes sHini xusui 0osxuHor 20-25 cm i diamempom 6-16 mm. Bidomi mawuHu Onsi cadiHHA
KUsUie eHepeemuyYyHUX Kyrbmyp Xapakmepu3yombCs Manok MPoOyKMUBHICMIO 8HACTIOOK 0OMEXEHHST WeudKocmi py4y-
HO20 3aknadaHHS Xuaeuie y cadunbHuUli anapam. ToOMy CmMeopeHHs MexaHiamie 071 asmoMamu308aH020 3aKiadaHHs Xue-
uig y cadunbHi anapamu € akmyanbHUM HayKo8UM | 8UPOBHUYUM 3a80aHHSIM.

LocnidxeHHs1 rpyHmMyembCsi Ha aHanisi 8i0oMUx KOHCMPYKUit asmomMamie cadiHHs, WO 8UKOpUCMO8ymMbCs Mid Yyac
cadiHHs poscadu i cadxaHuie dns nicy. [1id yac pobomu sukopucmosysanucs Memoou CmpyKmMypHO-(hakmopHO20 aHasi3y
wo0o bydosu mMexaHismie; sudinsnucs ocobnueocmi pobo4ux NPoYecis, siKi 8i0bysarombCs Ha KOXHOMY 3 emariig 3a2asib-
HO20 MEexHO/I02i4H020 MPOoUECy NePEMIULEHHS XKuaUig 8i0 mexHoI02idHoI emkocmi A0 mMicusi cadiHHS.

lpoaHanisysasuwiu 8i00Mi MexHi4YHi pileHHsI npo cadiHHS Jlicy, po3cadu, 20PWKOBUX Mamepiarie | Xusyjie eHepaemuy-
HUX Kynbmyp, eiOmideHo, wo Haubinbw npobneMHo € no3uyisd, wo eidnosidae 3a nodady xueuyie 6id emkocmel i3 po3-
cador 00 micysi cadiHHs. Y cydacHuUX MawuHax 0ns caliHHA eHepaemuyHoi eepbu yel npoyec 8UKOHYEMbCS BUHSIMKOBO
8pyyHy. IHghopmauitiHO-no2idHi nowyku rpuseenu 00 CUHMe3y8aHHs CMPYKMYPHO-N02IHHOI CXeMU MEXHOMO2IYHO20 Mpo-
yecy asmomamu308aHo20 cadiHHs. 32i0HO i3 Yier cXeMOoto, OCHOBHUMU orepauisiMu, siKi HeobxiOHo peanidysamu 8 asmo-
Mami cadiHHS, € 38Y>KEHHS TOMOKY Xuaujie, mowmy4Hul 8idbip, opieHmyeaHHs i mpaHcrnopmyseaHHs1 cadueH020 Mamepiary
0o micusi cadiHHS. BuokpemieHo nepcrnekmusHi crnocobu asmomamu3dauji caliHHsT Xueuie eHepaemuyHUX Kyribmyp i MOX-
nuei npobremu Ha winsxy 00 ix peanisauji.

Knroyosi cnoea: asmomam cadiHHs, calxarnka, MexaHiam rnodadi, KacemHul MexaHisMm, cadunbHul anapam,
eHepeemuyHa eepba.

DOI https://doi.org/10.32845/msnau.2021.3.2

Betyn. lMowmpeHHs eHepreTuyHUX cTparerin Wwogdo 36inb-
LUEHHS YacTKM BiBHOBMIOBAbHOI €Hepril y 3aranbHill CTPYKTYpI
EHEeProcroXvBaHHs KpaiH 3MyLLYe 3BepTaTyi yBary Ha Taki Buam
MOHOBIIOBANBHUX [Kepen, sk eHepria Giomacu. Baxnmeum
HaNPsIMKOM PO3BUTKY LIbOrO € BUPOBHULITBO Nanuvea Ta eHeprii
i3 LUBMOKOPOCINX EHEPreTUYHUX POCIINH, LLO, Y CBOK Yepry,
3yMOBIMIOE  HEOOXIOHICTb CTBOPEHHS  BUCOKOMPOAYKTUBHUX
MalUMH ANS 3aKnafaHHs HacamKeHb eHepreTUYHUX KymsTyp,
Wwo notpebye nepernagy TEXHIYHMX 3acobiB AN BUKOHAHHS
TEXHOMOMYHMX MPOLIECIB BMPOLLYBaHHA GiomMacu i noLuyky
LUNAXiB MOKPALLEHHS iXHBOI MPOAYKTUBHOCTI.

OpHieto i3 MPIOPUTETHUX EHEPreTUYHKMX KynbsTyp Ans
OCBO€EHHS € Bepba, 3gaTtHa 3a KOPOTKU Yac mpodyKysaTy
3HaYHy KinbKicTb 6iomacy, HeBubarnmnea 4o penbedy i CTpyk-
Typy TpyHTiB, J0Ope npuctocoBaHa Ans KMiMaTUYHUX YMOB
YkpaiHu, [OCUTb TEXHOMOrYHa LOAO 3PYYHOCTI BUPOLLY-
BaHHs i 30MpaHHs Bpoxato. Cneuundikoro Lie KynbTypu € Te,
IO Y NPOMWCMOBUX LiNsX BOHA PO3MHOXYETLCS BereTaTue-
HUM cnocoboM. OnTMManbHUM CaaMBHUM MaTtepianoMm Ans
CTBOPEHHS! EHEPreTUYHUX MnaHTaLi Bepd € ogHOpiYHI 3ae-
peB'sHini xmBLi 3aBaoBxkn 20—-30 cM i 3aBTOBLUKM 5—15 MM

(Fraczek et al., 2005), ski MOXHa po3rnsagaT K CTPUKHE-
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nopibHi 06’ekTu, NpoTe nig vac poboTn 3 HAMK Chig ypaxo-
BYBaTW MOXIMBI HEPIBHOCTI, KOHYCHICTb, HasiBHICTb BiYOK Ha
GiyHiv noBepxHi (puc. 1). Takuii cCaauBHUIA MaTepian 3aroTos-
NS0Tb i3 OOHOPIYHKX naroHiB Bepbu. [ns capgiHHA ogHoro
rektapa notpioHo 15-20 Tuc. xuBLiB, a Nig Yac 3aknagaHHs
MaTo4HuXx HacamxkeHb — fo 30 Tuc. (Roik et al., 2015).

' ds

Y

Puc. 1. XXuBeub eHepreTuyHoi Bepbu: d_— aiametp
XUBLUSA, BAMiPSIHUA Ha NONOBUHI AOBXUHU, L — OOBXWHA
XuBuUS, 1 — BiuKa Ha Oi4HiN noBepxHi po3caau

[ns WBMOKOro 3aknagaHHs «nnaHTauiiy eHepreTuyHoi
Bepbu noTpibHa MalumHa Ans cagiHHs, ska 6 morna npadto-
BaTM i3 Takum matepianom. MawmHn ans cafiHHs eHepre-
TUYHOT BEPOU, HAABHI HWHI, MOXHA NOAINUTY Ha ABI rpynK: i3
BUKOPUCTaHHAM XMBLIB BiAnoBiAHOrO po3mipy Ta i3 3akna-
[aHHSM OOBrvX npyTiB Bepbu (2,5...6 M) i3 pospizaHHaM ix
Camoto MaLLMHoOI0 came nepep cadiHHaM y 6oposHy (Wrobel
et al., 2018; Sinchenko et al., 2015). MNpoTe B ycix BigoMux
MallmMHax Ans cafiHHg Bepbu Ons 3aknagkm CaavBHOMO
maTtepiany BUKOPUCTOBYETbCH Mpaus cafiBHuka. Pospo-
GrnieHHs aBTOMaTy cafiHHA CYTTEBO PO3LIMPUIO BM MOX-
nNuBOCTI 3BiNblUEHHs NPOAYKTUBHOCTI arperara, ycyBalouu
MIOACHKWIA PaKTop Mifg, Yac NOr0 BUKOHAHHS.

Puc. 2. CaguBHUI MaTepian eHepreTUYHOI Bepou:
a) y pasi cagiHHa npytamu (/ = 2,5-6,0 m), ©) y pasi cagiHHA

3aBYacHO NiAroToBrNeHMMM XuBLAMM (/ = 20-25 cm)

a

PileHHs UbOro NUTaHHA MOXHA 3HAWTKM y ranyssx, e
BUKOPUCTOBYETLCH TaKWM CaaMBHWIA MaTtepian, 30kpema
y NiCIBHALTBI Ta cagiHHi po3cagu.

CtocoBHO npobrnemu BOOCKOHANEHHS CKNagHoro i Tpy-
JOMICTKOrO npoLecy cafiHHA po3caay i AepeBHUX KynbTyp
yXXe noHag CcTonitTTs pobota TpMBaEe 3a Kinbkoma HampsiM-
Kamu, NoYMHaKoumM Big NoninweHHs okpemmx poboumnx opra-
HIB capkanok i o cnpob aeTOoMaTu3yBaTy MpoLEC, Lo
[03BOMUTb 3BIiIbHATUCA B PYYHOI Mpaui Ta HeraTMBHUX
YMHHUKIB, SIKi BUNNMBAIOTb YHACNIAOK i BUKOPUCTaHHS (Mopir
NPOAYKTUBHOCTI Nofadi CafMBHOIO matepiany, 3anexHictb
AKocTi Bi4 doisionoriyHoro cTaHy onepatopa Towlo). Boa-
HOYac Haj YOOCKOHaneHHsM poboTu camkanok npawto-
I0Tb SIK Ljini HAYKOBI IHCTUTYTU KpaiH, Tak i OKpeMi HayKoBL
Ta JOCNIOHMKK, SiKi NPONOHYBanu BNacHi KOHCTPYKLiT caaxa-
NOK i3 aBTOMaTU30BaHWM BUKOHaHHSAM npouecy. LLlonpasaa,
nepLui cnpobu aBToMaTM3yBaTh NpoLec CagiHHS 3BOAMIMCS
nepeBaxxHO 40 BUKOPUCTAHHS Pi3HUX TPaHCMOPTEpIB Nofaui.
BogHouac poscaga 3asganerigb 3aknaganach y cnewiasnbHi
CTPIYKM i3 THI3AAMU, MPY>KHAMU TPUMaYaMy Yu iHLLMUA YTPU-
MYKUYMMM NpUCTOCYBaHHAMU. CTpiuka 3ropTaeTbecs y PynoH
(kacety), nig Yac po3ropTaHHsa PynoHy CTpivka nepemilia-
€TbCS Ha KPOK, KpaTHWIA KPOKY CafiHHS; po3cafa noYeproso
BUXOMNIIOETLCA 3i CTPIYKM 3axBaTamu CaUIbHOMO anapary
i CNPAAMOBYETLCA A0 MicUs cafiHHA. Takum YuMHOM, nocni-
[OBHICTb, PUTMIYHICTb | KPOK NOAadi caguMBHOro martepiany
dopmyeTbca i 3abesnevyeTbCs nNapameTpamu  CTpiuky,
nepeMillieHHst SKOi 3MIHIOE K 3aranbHe MOMOXEHHS, Tak
i opieHTyBaHHS 10ro y npoctopi. OCHOBHUM HELLONIKOM TaKuX
aBTOMATIB € Benuka TPYAOMICTKICTb «3apsimXaHHS» poc-
MUH y CTPIYKM KaCET, Yepes Lo Lo onepaLiio nepeHeceHo
3 OCHOBHOMO MpoLecy; ii BUKOHYIOTb 3asganerigb nepeg
cafiiHHaM. OkpiM LbOro, HasiBHICTb KacCETHOro MexaHi3my
nigBULLYE CKMaaHICTb KOHCTPYKLIT camxanok Ta iXHio rpo-
Mi3[KICTb, @ TAKOX 3HWXKYE HaLiNHICTb BUKOHAHHS MpoLecy
Yyepes Taki HedoMiKN KACETHUX MEXaHi3MiB, SIK CXOKEHHS 3i
CTPIYOK OMOPHMX HaMpaBnsYMX POMUKIB i NpaLe3naTHICTb
€MeMEHTIB KPINMeHHs POCAVH Y CTPiYLi.

Takui cnoci® aBToMaTu3alii npouecy i HUHI € akTy-
anbHUM, 30KpeMa BigOMi Taki kaceTHi aBTomatu, sk M1A-1
(pnc.3a), AlA-1, gki ycnilHO BUKOPUCTOBYIOTHCA Mg Yac
CafiHHSA caKaHLiB NiICOBUX KyMbTYp.

Puc. 3. ABTOMaTu cagiHHA: a) i3 rHy4koto kacetoro (MJ1A-1); 6) i3 xopcTKoro kaceToro (AJM-1);
B) aBToMaT ABC-6 6e3 kaceTu AnA cisHUiB
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MopibHui NpuHUMN poboTM MatoTb aBTOMAaTU i3 Xop-
CTKAMW KaceTamu, SKi BUKOHYKOTbCH Y BUMMISAI MIOCKMUX
enemeHTiB (astomat J1M-21) abo 6apabaHiB (aBTomar
AJM-1, 306paxeHnin Ha puc.36). MONOBHOK X BIAMIHHICTIO
€ OyroBe nepeMillleHHs KaceT Ha KPOK nogavi 4o micus Big-
Gopy cagvBHOrO MaTepiany 3axBaTamu CagunbHOro ana-
paty (Bartenev, 2012). TyT chopMyBaHHSI Macu cagmBHOTO
matepiany BU3HaYaeTbCs NapameTpamMu XOpCTKUX KaceT, a
nepemilLeHHs — pexuMamMu ix obepTaHHs.

CagunbHi aBTOMaTH i3 XXOPCTKUMM KaceTammn MOPiBHAHO
3 aBTOMaTamM i3 rHy4KUMU KaceTaMut € KOMNAaKTHILLUMU i He
BUMaralTb [00aTKOBOrO MNepemilleHHs nig vac 3apsgku
cigHUamMu. BogHouyac onepadii nogaHHsa kacet i3 GyHkepa
[0 3axBarTiB CagunbHOrO anapary cagkanku i 3BinbHEHHS
KaceTw Big CisHUiB NOTpebyoTh LOAATKOBOIO BUBYEHHS NS
KOXXHOrO CaIMBHOIO mMarepiany.

AK i y BUNAAKy i3 rHYYKMMKM KaceTamu, BaroMum Heaoni-
KOM Takoro crnocoby € HeobxigHICTb nonepeaHbOoro «3apsia-
XaHHs» KaceT. Lle Bumarae po3pobneHHs 4oaaTkoByx Mexa-
Hi3MIB, afxe pyyHa 3apsaka CTpidku notpebye bGarato uacy,
HanpuKnag, 3apsmKaHHs CTpiykK i3 rHizgamu Ha 2000 pocnuH
HimMeLbkoT MaLmHn «LLonxep» Tpueano 3,5 roguHu (Evseey,
1977). OTxe, 3aranbHi BATPaTK Yacy Ha BUKOHAHHS NpoLecy
CafiHHSA POCANH Maro 3MIHIOKTLCS, TOMY FOBOPUTY NPO edbek-
TUBHICTb KaceTHUX MEXaHi3MiB nodadi POCiMH MOXHa NuLle
Y KOHTEKCTi poBOTH Tiflbki CaAMIbHOTO arperary.

[lo 3aranbHMX HeOONiKiB KACETHMX aBTOMATIB NoAavi BigHO-
CSATb TAKOX TPMBanuiA Yac nepebyBaHHs POCIIMH Ha NOBITPI, LLO
BaXIMBO ANs AesKUX BUIIB CAaMBHOMO Matepiany, 3okpema i3
BIZKPUTO KOPEHEBO crUcTeMOlo. Llel Yac He NoBUHEH nepe-
BULLYYBATW M'ATU XBUMWH, IHAKLLIE PI3KO 3HWXYETLCS MPKMBA-
HICTb POCAIMH i CMOBIMBHIOETLCS IXHIM picT (Bartieniev, 2012;
Yermakov, Borys, 2016; Yermakov, 2018). ®akTu4yHO pocrimHy
nepen cafiHHAM BUTPUMYKOTb HE MULLIE NPOTSATOM TEXHOOrY-
HOTO Yacy, Konu 1i nepemiLLytoTh i3 ByHKepa Ha MicLe CafliHHS,
arne i yacy, NOB’I3aHOTO i3 TEXHIYHUMM 3yNMHKAMK BHACMIAOK
YCYHEHHS HECTIPAaBHOCTEN, LLIO BUHWKAIOTb.

CyTTeBMM HeOomMiKOM KaCeTHUX aBTOMATIB € TaKOX Te,
Lo ansa 3abesneyeHHs ix poboTu NoTpibeH peTenbHWiA Bia-
Gip cisHUiB i3 3aranbHOi Macu 3a po3mipamu, 6y10BO Kope-
HEBOI CUCTEMM i KPOHM TOLLO. IHLUI CisHL BUOpaKOBYOTHCS

HR

i TXHE BMCaKyBaHHS NOTPIOHO BWKOHYBATW PYYHUMU CrO-
cobamu. 3a3Bnyait YacTka Takoro Matepiany CTaHOBUTb 40
50% (Bartenev, 2012, Yermakov et al., 2018).

TexHiuHi pilleHHs 3 aBTOMaTU3aLii npouecy cafiHHs
BiJOMi Y pasi capiHHs po3cadu y ropLumkun. 3a Takoi yMoBM
po3cagy 3asgarnerigb BUPOLLYIOTL Y chewianbHuX KaceTtax
i3 KOMipkamu, 3BiATV po3cady nogawTb A0 MiArOTOBNEHOrO
micus cagiHHsg. OfHakoBa popma ropLUMKiB, sika YiTko opi-
EHTYE po3cady Y BepTVKanbHIN NIOLWMHI, JO3BOMSE Kpalle
BMKOPUCTOBYBATU L0 BNACTUBICTb Mig Yac 3aBaHTaXEHHS.
3okpema, 3a4nst YCyHEHHs! 3aneXHOCTi SKOCTi BUKOHaHHS
npouecy Bi4 MOXIMBOCTEW MIOAMHW Y MOLWITYYHOMY Bid-
6opi npeameTiB (K 3a3Havanocs, noguMHa Moxe BigibpaTy
40-60 wT. 3a xBUNKUHY 6e3 HanexHoi ogHoOpiAHOCTI Biabopy
i LUBMAKO BTOMUTMCS Yepe3 MOHOTOHHICTb poboTw), CTBOPIO-
t0TbCS YMOBY Ansi BinbLU 3py4HOr0 BCTAHOBIEHHS PO3CaaK.
[na uporo nepen cagunbHUM anapaToM CTBOPHETLCS
[esikuid 3anac cagmBHOTO Matepiany, SKuid HakonuuyeTbCs
y cneuianbHUX po3nofinbHuKax (kapycenbHoro (puc. 46)
abo peBonbBepPHOro (puc.4a) Tuny), abo Ha ckaTHKX JoLUKax
(pnc.4B). Llen 3anac cTBoproeTbCS NOAUHOW, ane 6e3 xop-
CTKMX YMOB 32 PUTMIYHICTIO (OAHAKOBMIA Yac MiX CisHLSIMK)
i 3 MOXIMBICTIO Bigbopy He nowTyyHo, a bnokamu. 3BiaTK
po3caga aBTOMAaTUYHO i3 3agaHuMK napameTpamu Buia-
€TbCS Yy cagunbHMIA anapart. Taki MallmMHW y cafiHHi po3caau
Ha3uBatTbCca semi-automat. OTxe, Taki MPUCTOCYBaHHSA
MOXYTb CYTTEBO 30iNbLUNTN NPOAYKTUBHICTb CafiHHS, NiaBu-
LUMTW SKICTb HAAXOMKEHHS CaAAMBHOIO MaTtepiany 4o Micus
cafiHHs (TOYHY OpieHTaLilo i KoopamHaTK), a TakoX LO03BO-
NS0Tb YCTAHOBUTW MEXaHi3M KOHTPOIO 3@ HEMOBHOLLIHHO0
po3scagoto abo ii BigcyTHicTio. Hegonikom MoxHa HasBaTu
YCKNagHEHHS KOHCTPYKUIT i 36iNbLUEHHS BApTOCTi MaLUWHK.
Y Bunagky 3i CKaTHUMU AOLLKaMW BaXNMBOIO € TaKOX MOX-
NUBICTb TPAHCMNOPTYBAHHS POCAUH Ha Ti NOBEPXHI.

PeBonbBepHi  po3noginbHUKM NOMIYEHi i B OKpemumx
MalUMHaxX Ans CadiHHA eHepreTuyHoi Bepbu JOBrMMM npy-
Tamu. [Ins cafiHHS rOpLUMKOBOI po3cagn y Kacetax yxe
iCHYIOTb 3aKOPZOHHI MalUMHK, B SIKUX MoAMHA nuwie cnig-
Kye 3a CBOEYACHWM MOMOBHEHHSIM KaceT, a BCe iHLWe Bia-
ByBaETbCSH aBTOMATUYHO. Y HUX pO3Caja BWLUTOBXYETLCS
i3 KaceT crnevwjianbHAMKM LUTOBXa4aMu, Ski Hanepeq nporpa-
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Puc. 4. Capxxanku i3 po3noginbH1MKaMu peBoJfibBepHOro (a) i kapycenbHoro (6) Tuny
Ta 3 aBTOMaTU30BaHOK Nogayero po3cagn CKaTHUMK JoLKamMu (B)
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MYIOTbCS Ha KOOPAWHATHY CiTKy KaceT. [Ticns 3BiflbHeHHS i3
KaceT ropLLMkoBa po3caja crneLianbHUMK BaxinbHUMU Npu-
CTPOSIMU 3MiHIOE OPIEHTYBAHHS Ha BepTUKaribHe, BogHOYac
ONYCKaETbCH Y PO3MOAINbHMK HAKONMYyBaY, KU Y TakoMy
NOMOXeHHi CNPSIMOBYE po3cagy A0 MICLS CafiHHS.

3aTpaTu npaui Ha 3apsgkaHHS CTPIYOK KaceTHWX aBTo-
MaTiB, HECYMICHICTb MexaHi3miB aBToMaTm3alii ans rop-
LUMKOBOI po3cagu i3 BMMOramMu OO CafiHHS CamKaHLiB
i XVBLIB BMMaranu MoLwyKy KOHCTPYKLiA MexaHiamiB 6e3
kaceT. [0noBHOI NPOBNEMOto B HUX CTaB 3axBaT POCIMH i3
OyHkepa. IcHye Garato igen Ha piBHI MaTeHTIB, SKi NO-pis-
HOMY BUpiLLyBanu Le 3aBfaHHS, ane peanbHa KOHCTPYKLis
3ycTpivaeTbecs y BUrNaai astomara 6e3 kacetn AbBC-6 ans
camkaHuiB (puc. 38). OCHOBHVMY By3namMu asToMarta € byH-
Kep Ans CisHUiB y BUrNaAi uuniHgpa obepTaHHs 3 OKpYrinMm
NPOPI3OM Y OHWLi AN NPOXOMKEHHS PobOYMX enemeHTIB
i MexaHiaM BubupaHHs cisHuis (Zyma, 2006). na poboTu
Takoro aBToMara cafiHHs noTpibHo, Wob y ByHkepi nepen
poboToto Byno CcopmMOBaHO BIAHOCHO YNOPSAKOBaHUN
MacvB cagMBHOro martepiany, To6To nepsicHe (POPMyBaHHS
NOOZMHOKOTO PyXy CapKaHUiB Mae 3AiCHIOBATUCS BPYYHY.
3axsatu, 36epiraloumn opieHTYBaHHS, NEPEHOCATb IX Y 30HY
[Lil 3axBaTiB cagunbHOro anapary.

HuHi TpuBae poboTa Hapg yOooCKOHaneHHsM npouecy
cafiHHa pocnuH. barato npaub aHanisyloTb K Teope-
TUYHI acnekTn asTomatu3adii (Bartenev, 2012; Miwa et al.,
1991; Kasimov et al., 2015 Ta iHwWi), TaK i aBTOMaTM3aLi0
KoHkpeTHoro Buay pocriuH (Usenko, 2010; Asmolovskyi
et al., 2004 Tta iHwWi), HaBiTb 4O BMPOBaOXEHHS POBOTO-
TexHikn y npouec cagiHHa (Kutz et al., 1994; Mao et al.,
2014 Ta iHwi). MpoTe KOXEeH KOHKPETHUA BUAO POCIMH
notpebye KOHKpeTHOro nigxogy. 3oKkpema, eHepreTudHa
Bepba noTpebye BpaxyBaHHS BWUAY CaAMBHOTO Matepiany
(>kmBUi goBxmHOK 20-25 cm).

Marepianu i MeToau gocnigkeHb. Yepes HeqocTaTHIN
PO3BMTOK aBTOMaTW3aLii cafiHHS €HEePreTUYHUX AEePEBHUX
KynbTyp MeTOK pOBOTU € MOLLYK NEepCneKTUBHUX LUMIAXIB
i aieBnx npuHUMNiB 3abe3nevyeHHs aBToMaTu3aLlii npouecis
nig Yac poboTun cagkanok.

JocnioxeHHs  30iMCHIOBANOCA Ha OCHOBI  CTPYKTYp-
HO-(haKTOPHOrO aHanisy TEXHIYHWX PilleHb HasiBHWUX aBTO-
maTiB cagiHHa. [na BMAOINEHHS XapakTepHWMX O3HaK KOH-
KPETHUX MaLLUUH 3aCTOCOBYBanuUCs METOAM CTPYKTypu3aLii
o0’ekTy Ta abcTparyBaHHs Bif O3HaK, SKi He BNMBalOTb Ha
[ocnifxyBaHuiA npoec.

Pesynbrati. HuHi HaykoBLi NpaLuioTe Hag BUPILLEH-
HAM npobrnemu cafiHHs po3cagu, fnicy, CafiB i BUHOrpagHu-
KiB y Takux HanpsiMKax:

— 3abesneyeHHss pobOTM camkanok Ha NigBULLEHUX
LUBUAKOCTSX;

— 3HWXEHHS 3aTpaT py4HOl npaui Ans o6cnyroByBaHHS
CaanIIbHUX MaLLWH;

— NOKpaLLeHHs YMOB npaL.

BupilumTy L 3aBAaHHS MOXHA LNSXOM nepeadi qyHKLIN
cafpkarnbHVKiB aBTOMaTUYHUM CUCTEMAaM BUKOHAHHS i pery-
MIOBAHHS TEXHOIOMYHOrO NPOoLEeCy cafiHHS. [JOHWHI Hakonu-
YEHO NEBHMWI JOCBIA Y pO3pOobneHHi Ta 3acToCyBaHHi aBToMa-
TiB nogadi POCInMH y 3axBaTyt CagunbHOro anapara. 3acobu

aBTOMAaTM3aLlii yMOBHO MOXHA MOQINUTY Ha Taki BUAMK:
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— HaKonmuyyBaui 3i CkaTHUMK JoLikamu abo po3noginb-
HUKaMu;

— aBTOMaTM i3 rHy4KMMM abo KOPCTKMMU KaceTamu;

— aBToMaTu 6e3 Kacer.

Y BCiX HUX € nepesaru i HeoNikW, ane Lji KOHCTPYKLii
HEMOXMMBO BUKOPUCTATU ANS CagiHHSA eHepreTUIHUX AepeB-
HUX KynbTyp. [ONOBHUM BIOMIHHUM (HaKTOPOM € TUN caamB-
HOro marepiany - eHepreTUyHi KyneTypu CagsTb XUBLSMM
fosxuHoto 20-25 cm i giametpom 8-20 MM, LLIO CYTTEBO Bia-
PI3HSETLCA 3@ CBOIMM XapaKTepuUCTUKamm Bi POCIVH i3 Big-
KPUTOI KOPEHEBOK CUCTEMOLO abo Bif po3caam Y ropLumKax.

OCHOBHOIO  MEPELLUKOAOo  MOAANbLUOTO  NiABULLEHHS
NPOAYKTUBHOCTI Cafpkanok € OBMEXEHICTb MOXMMBOCTEN
noguHK y nofavi xwusLis — 40-60 wrt./xs. (Barteney, 2012),
IO BIiAMOBIAA@E LUBMAKOCTI MOCTYNanbHOrO pyxy MalluvHW
0,8...2,1 km/rog. Y umux ymoBax BaXnuBO 3aMiHUTW MpaLiio
onepatopa 3acobamu asToMatu3auii. Tomy aKkTyanbHUM
€ MOLUYK NePCNeKTUBHMX TEXHOOMYHUX NPOLIECIB | KOHCTPYK-
Lii pobounx opraHiB Ons aBTOMaTU30BaHOI Mofadi KMBLB
Y MalluHax Ans CafiHHA eHepreTUUHUX OepeBHUX KymbTyp,
LLIO CTPYKTYPHO MOXHa Biobpa3uti cxemoto (puc. 5).

1

Ly

ABTOMaTH30BAN

£

G

Pyuni

.., MexaHiuHi

ABTOMATHYHI

Puc. 5. CTpyKkTypHO-noriyHa cxeMa BUKOHaHHA
onepauin npouecy cagiHHA XUBLIB eHepreTUYHoI
Bep6u: 1 — MicTKiCTb i3 po3capoto; 2 — cagunbHi
anapatu; 3 — COLHUKMN YM 0bnagHaHHS, WO YTBOPIOE
60po3HK; 4 — HakonMYyBaYi caAuBHOro maTtepiany;
5 — MexaHi3m nogavi xuBuis

Y cyyacHUX MalmHax [Ans  CafiHHA  eHepreTud-
HOi BepOM Lei Npouec BUKOHYETHCS BUHATKOBO BPYYHY
(Yermakov, 2017, Hutsol, 2018).

lNpoaHanisyBaBLUW PI3HOMAHITHI KOHCTPYKLT, MU OiALLIN
BVCHOBKY, WO ANS NiABMLLEHHS NPOAYKTUBHOCTI CaausibHMX
MaLUWH CRif YAOCKOHaNMTV NpoLec nofadi XuBLiB Bif, eMKO-
cTen o cagmnbHoro anapaty. Okpim Toro, noTpiGHO BUMKO-
pUCTOBYBATW NMPOMIXHI HAKONMYyBadi XMBLB, LLO A03BONSAKTb
cTBOpUTU Bydhep, KM KOMNEHCYE HEBIAMOBIAHICTb NPOOYK-
TMBHOCTI CaguUnbHOrO anapary i MOXIMBOCTEN NioanHu. Ane
Lie nyiLLe YaCTKOBO BMPILLYE NUTaHHS NPO NiABULLEHHS NPOAYK-
TWMBHOCTI Ta 3MEHLLIEHHS YaCTKW PyYHOI npaLli.

CTBOpEHHSI MeXxaHi3MiB 4N aBTOMaTM30BaHOi nogavi
XVBLIB [0 CaaWIbHOrO anapary Yy npsiMo 40 MicLs NoCaaku
€ BaXINMBMM HAYKOBMM 3aBAAHHSAM Ha LUNAXY 36inbLIEHHS
MPOAYKTUBHOCTI CagWITbHUX MALLVH.

YHacnigok aHanidy nitepaTypHux [pKepen Ta enekTpo-
HHMX pecypciB, OOCBidy OKpPeMMX BUPOOHWKIB cagunbHOI
TEXHIKW HaMW CWMHTE30BaHO 3arasibHy CTPYKTYPHO-TOTiYHY
CXEMY MOXMMBMX BapiaHTiB BWKOHAHHSA TEXHOMOMYHOMO
npovuecy nogadi xusLis (puc. 6).
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Puc. 6. CTpyKkTypHO-1oriyHa cxemMa MOXIMBUX BapiaHTiB BUKOHAHHSA
TEXHONOri4YHOro npouecy nogayi XuBLiB

O6roBopeHHs. KOpiHHUM  BUpILIEHHAM  npobnemu
cafjiHHA eHepreTUYHoi BepOM Ha MiABULLEHMX LIBMOKOCTSIX
i BHDKEHHS 3aTpaT JIOACBKOI Mpaui € nepedada (yHKLIN
cafkanbHWKIB aBTOMaTUYHUM CUCTEMaM BUKOHAHHS i pery-
NIOBaHHSA TEXHOMOrYHOro npouecy cagiHHA (Asmolovskyi
et al., 2004; Yermakov, 2017). YO0CKOHaNEHHS! KOHCTPYKLi
OKPEMUX eNeMEHTIB MaLLMWH i 3MiHK y 3acobax, Lo YyTBOpo-
t0Tb OOPO3HU (HanNpKKnag BBEAEHHS Y KOHCTPYKLIiKO COLLHMKA
[JO[ATKOBUX OpraHiB 3a0proBaHHs) i 3acobiB, L0 3a0pHOHOTh
IPYHT (BUKOPUCTAHHS MHEBMATUYHMX LUWH), [03BOMSAOTh
30iNbLUNTM WBUAKICTE NOCTyNanbHoro pyxy Ao 6,5 km/rog.
OpHak NOBHICTHO peanisyBaTi MOXIIMBOCTi MPOLIECY CafiHHS
MOXHa NuLle 3a YMOBW aBTOMaTu3auii nogayi cagumBHOTO
maTepiany y 3axBaT¥ CagwiibHOMO anapaTty 41 npsiMo
y 6oposHy. 4N uboro camxankm 4EepPeBHUX eHEPreTU4HUX

KynbTyp mMatoTb ByTW OCHALLEHi MexaHiaMamy aBTomMaTn3o-
BaHOro BiAOOPY, OPIEHTYBAHHS i TPAHCMOPTYBAHHS XUBLIB
00 Micusa cafiHHa. Ha Hawy Aymky, HannpocTiwmm Bapi-
aHTOM BWpILLEHHS Liei npobnemmn € 3acToCcyBaHHA 3aBaH-
TaXyBasibHOrO MPUCTPOK BYHKEpHO-MarasuHHOro Tumy i3
BIfTbHAM BWCUMAHHAM 3aBYaCHO OpPIEHTOBAaHMX XMBLIB i3
nodanblmMM X po3dineHHsM Ha nopuii. YHacnigok none-
PenHiX JOCniMKeHb HaMy BCTAHOBMEHO, WO Mg Yac pyxy
Tin y ubomy OyHKEpi HEOAMIHHO BWMHMKAKOThL TaKi SBULLA,
SK YTBOPEHHS CKMeniB, Nepekocu y ropuoHTasnbHin i Bep-
TVKanbHIA MoWwmMHax, 3aknuHioBaHHA Towo  (Yermakov,
Hutsol, 2018; Yermakov et al., 2019; Yermakov et al., 2019;
Yermakov, 2019; lvanyshyn et al., 2020; Yermakov, Hutsol,
2021). Mu nponoHyemo Ans 34INCHEHHS TEXHOMONYHOIO
MpOoLIECY BUKOHATW Taki onepadlii:

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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— 3a6e3neynTu BinNbHE BUCMNAHHS XUBLIB i3 ByHKepa;

— 3a6e3neynTU 3BYXKEHHS NOTOKY JKMBLIB;

— CTBOPUTU NOLUTYYHUI NOTIK;

— 3abe3neyntu 3abip XMBLIB i3 NOOAUHOKOIO MOTOKY;

— 3abe3neynTn npaBunbHe OPIEHTYBaHHS XMBLIB Mig
yac pyxy.

BucHoBKkK. YHacnifok aHanisy KOHCTPYKUiW HasiB-
HMX 3acobiB aBTOMaTtu3auii cagiHHa i cnocobiB 3ginc-
HEeHHs npouecy aBTOMaTW30BaHOI Modavi CaguBHOIO
maTepiany BMAINEHO MOXMNUBI LUNSXU OpraHisauii pisHux
cnocobiB y TEXHOMOriYHWA npouec, Wo BigobpaxkeHo
Yy CTPYKTYPHO-NOriYHIA cxemi npouecy. BuokpemneHo

NMepcneKkTUBHI LUNSXW aBTOMaTu3auii cafiHHA XUBLIB
€HEepreTUYHNX KyneTyp, Ans 3abe3neyeHHs SkMx NoTpibHo
BpaxoByBaTH, LLO:

— HanbinbLuoo Npobnemoto nig Yac CTBOPEHHS aBTOMa-
TiB CafliHHA € aBTOMaTM3aLis npouecy nogavi caguMBHOMO
matepiany Bif HaKONM4yBanbHOI EMKOCTI 4O MiCLUS CafiHHS;

— 0N KMBLIB €HepreTMyHMX KynbTyp HangouinbHille
LuyKaTK pilleHHs B aBToMartax 6es kacer;

— nig Yac BUPILLEHHS NUTaHb MM CTUKAEMOCh i3 TaKUMU
npobriemamu, sk CKNenoyTBOPEHHS, MEPEKOCH TOLLO;

— BWOKPEMIIEHHS CTPYKTYpM npouecy [AO03BONUTb
CUCTEMHO NiZINTI [0 NOLLYKY PiLLEHHS.
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Structuring the process of automation of planting plants of energy willow

Biomass energy is one of the most promising branches of renewable energy, primarily due to the possibility of rapidly increasing
the production of raw materials. The creation of new plantations of energy crops requires appropriate technical means. And for
energy willow or poplar, you should also take into account the features of planting material, which are woody cuttings 20-25 cm
long and 6-16 mm in diameter. Known machines for planting cuttings of energy crops are characterized by low productivity due
to the limitation of the speed of manual laying of cuttings in the planter. Therefore, the creation of mechanisms for automated
planting of cuttings in planting machines is an urgent scientific and industrial task.

The study is based on the analysis of known designs of planting machines used in planting seedlings and seedlings
for the forest. The analysis used the methods of structural-factor analysis of the structure of mechanisms, and highlighted
the features of the work processes that occur at each stage of the overall technological process of moving cuttings from
the technological tank to the planting site.

After analyzing the known technical solutions for planting forests, seedlings, potted materials and directly cuttings of energy
crops, it was noted that the most problematic is the position responsible for feeding cuttings from containers with seedlings to
the place of planting. In modern machines for planting energy willow, this process is performed exclusively by hand. Information-
logical searches led to the synthesis of the structural-logical scheme of the technological process of automated planting. According
to this scheme, it is seen that the main operations that must be implemented in the planting machine are the narrowing of the flow
of cuttings, piece selection, orientation and transportation of planting material to the planting site. Promising ways to automate
the planting of cuttings of energy crops and possible problems on the way to their implementation are identified.

Key words: automatic planting machine, planter, feeding mechanism, cassette mechanism, planting machine, energy willow.

Lama Hadxo0xeHHs1 27.08.2021 p.
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Ceped 8e/1UK020 pi3HOMaHIMMS Kyrbmyp, W0 8UPOUYOMBCS Ha MOJISIX HUHI, 3Ha4He Micyge rocidae Kykypydaa. [owupeHHs
uiei Kynbmypu 3yMoerieHe 3as16/1EHOK Ha HeT KirbKiCImK 20moeoi CilbCbKo20cno0apcbKoi mpodyKuji ma uiHoto. ToMy HUHI KyKypy-
03a € 0dHieto i3 epedosuXx CinbCbko20CrodapChKuX Kymbmyp, siKi 8UPOWYOMb Y PI3HUX KpaiHax | Ha KOHMUHEeHmax.

OOHUM i3 20108HUX 3a80aHb NPOUECY BUPOLWLY8aHHS Ky/bmyp Y CiflbCbKoMy 20crodapcmei € sikicHUl nocie.

HuHi ece 6inb nowupeHuUMuU cmaromb MexHosoeii, sKi 8UKopUCmosyomb yeinsaki damyuku 051 KOHMPOIo MPo8edeHHs

cigbu ma riocigy agpoKysbmyp.

Y cmammi docnidxeHo echekmuesHicmb 8UKOpUcmaHHs cucmemu Smart Firmer 8id komnaHii Precision Planting, sikuti doro-
Mazae Mo yac ciebu 8u3Ha4yumu 80s102icmb rpyHMy, memnepamypy, Yucmomy 60po3HU ma ii 0OHOPIOHICMb.

Ompxe, docnidxyrodu rposedeHHs ciebu KyKypyd3u Ha Morsix, 20/108HUM (hakmopoM Mae sucmynamu siKicmb npoeedeHHs
cigbu, wo 3abesneyye nompeby obpaHo20 2ibpudy abo copmy aspoKybmypu 8idrnoeioHo A0 YMO8 8UPOULYBaHHS.

B ymosax iHmMeHCUBHOI 3MIHU rpyHMOBO-KiMamuyHUX YMO8 akmyarsbHUM HayKo8UM I MPpuKnadHUM 3a80aHHSIM € CMBOPEHHS
onmumanbHUX ymos 07151 pocmy i po38uUMmKy agpokysibmyp. [umaHHs Mpo MoHIMopuHe cepedosulya, 8 SIKOMy 8ucisamumemsCs
HaciHHS1, € 8aXITUBUM acriekmom agposumoa 00 rMposedeHHsI Cigbu agpoKyibmyp.

HuHi cnid 3ynuHUMUCsi Ha 8U3Ha4YeHHi i KOHMPOITi 80M102U MOCIBHO20 Wapy, Lio20 memrepamypi, Hass8HOCMI POCIUHHUX
PewWwmoK i 8U3Ha4YeHHi murly rpyHmy, Ha KoMy CismumMemsCs agpoKynbmypa.

3acpikcosaHa memnepamypa 8 OpHOMY Wapi rPyHMy € KpumepieM nposedeHHs cigbu, adxe 3a memnepamypu Hux4e
10°C nposodumu rocie He pekoMeHO008aHO. Lle 1og’s3aHo i3 8mpamor CXoXocmi HaCiHURU | nodanswuM 3aeHUSaHHsIM nocie-

Ho20 Mamepiary.

Borozicmb rpyHmMy € Moka3HUKOM, 3a SKUM pe2yrilembCs elubuHa nocigy agpokyrbmypu. Llelt ghakmop ypaxosyroms i3
Memoro OmpuUMaHHs1 PIBHOMIPHUX ¢X00i8 Kyrlbmypu, He38axato4du Ha perbech ross, 3MiHy KoHgizypauii (mpuedHaHHs 0o eeru-
Ko20 mMacusy riosig OpibHUX hepMEPCHKUX i3 iHWUMU rnonepedHuUKamMu ma iHwumMu muramu obpobimky).

[ns ubo20 nompibHo epaxysamu Hasi8Hy KirlbKicmb POCIUHHUX PEWMOK ag2pOoKyibmypu nicsisi nonepedHuUKie i mur rpyHmy.

Knroyoei crioea: cisba Kykypyd3u, 8orogicmb rpyHmy, memnepamypa rpyHmy, POCIUHHI Pewmku, mur rpyHmy.

DOI https://doi.org/10.32845/msnau.2021.3.3

MocTaHoBka npobnemu y 3aranbHoMy BUrMAAi

ArpoBMpobHMLTBO B YkpaiHi € oAaHielo i3 NpoBigHMX
ranyseii. OkpiM cTabinbHOCTI y 3abe3neyveHHi HaceneHHs
JOCTYMHUM Ta $IKICHUM MPOAOBOSILCTBOM, HALLE CiflbChbKe
rocrnogapcTBO CNPOMOXHE 3p0OWTU BaroMuii BHECOK Y BUPI-
LeHHs1 npobnemu cBiToBoro ronogy. oTeHuian YkpaiHu
y BUPOOHMLTBI 3HAYHO MEPEBULLYE MOTPEOW Ha BHYTPILL-
HbOMY PUHKY.

Cinbcbkorocnogapchki TepuTopii CTaHOBMSTb 42 MIH.
rektapis, abo 70% Big 3aranmbHOro 3emenbHOro oHay
Ykpainu: 78,9 % CinbCbKOrocnogapCbkux yriob € OpHUMM
3emnsiMu i BaratopiyHuMu HacagxkeHHamu; 13,0 % — naco-
BULamu ; 8,4 % — ciHoXaTAMM.

CraHom Ha 2021 pik yKpaiHCbki BUpOOHMKM arponpogykuji
noctadatotb ToBap Maibke y 190 kpaiH csiTy (Pavlenko, 2015).

[poTaroM OCTaHHLOrO Yacy Ha TepuTopil Ykpaihu cno-
CTepiraeTbCs CTPIMKE 3pOCTaHHSA MOCIBHWMX MAow, nig Taki
KynbTYpK, SIK KyKypyas3a, COHSILLHWK, cos, panc. Ha ue Bnmu-
Ba€ CNpUSTNMBWIA KNiMaT NSt BUPOLLYBaHHSA 3a3HA4YEHMX
arpokynsTyp i LiHOYTBOPEHHS, SKe HUHI MOXHa MpOoCHiaKy-
BaTU Ha puHKy arponpoaykuii (Kernasyk, 2019).

Kykypyasa HuHI Mae 3HadHy nepeBary, TOMy HEMOXIMBO
NepPeoLLiHNTK T BaXIMBICTb 5K Ans dhepMepCbKoro rocnogap-
CTBa, TaK i Ans nianpuemcrtea. Lle ctocyetbes i ang Hawoi
KpaiHu 3aranom, agxe Hala ekoHOMika HeBig'eMHO 3ane-
XWTb Bif arpapHoro cektopy. KoxeH arpapiit nparHe 4ocsrtu
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BUCOKOI BPOXAMHOCTI, i3 GiNbLUO edEKTUBHICTIO BUKOPU-
CTaTu CBOI Pecypcy i MOXIIMBOCTI 4151 LOCATHEHHS Liei MeTu.

lNociB Kykypy4su Mae Take X Benuke 3Ha4eHHs, sk i 36u-
paHHsl, TOMY BaXnMBO [OOTPUMYBATUCH YCIX HEOBXiaHWMX
npaeun i Hopm (Baranov, 2021).

[OnoBHVYMYK BMMOramMu [0 MOCIBY KyKypya3w i3 makcu-
MasibHOK e(heKTUBHICTIO Ta NOAanbLLIOro 36upaHHs BpoXaro
€ (Baranov, 2021):

- TepMiHu nocisy;

- rmunbuHa nocisy;

- HOpMM nocisy;

- pobpmea TOLLO.

AHani3 0CHOBHUX AocnimKeHb i nybnikaui

Po3BuTOK CinbCcbkoro rocnogapcTsa HEMOXNMBUIA 6Ge3
BUKOPUCTaHHS Cy4YacHOi TexHiku. [lpauiBHWKM arpapHOro
CEKTOPY PO3yMil0Th, WO 30inblUeHHs peHTabenbHOCTI iXHiX
rocnogapcts MpsIMO 3anexuTb Bid BHeCKiB, TOMy Tpeba
nepexoauTu Ha 6inbl edekTUBHI Ta pecypcosbepiratoui
TexHonorii 06pobitky. CiBanku TO4HOrO BUCIBY AnNs npocan-
HUX KYNbTYP | NOCIBHI KOMMNEKCU [O3BONSATb PaLioHanbHO
BUKOPUCTOBYBATM MOCIBHMA MaTepian i gobpusa, eKoHo-
MWUTW Ha NanuMBHO-MACTUIIbHKUX MaTepianax i pobodin cuni,
TMM CamuM MiABULLYIOYM SKICTb | BPOXaWHICTb MpOAYyKLii
(Bilinska, 2015, Podolyan, 2021).

MexaHiuHi ciBanku Bigpi3HAIOTLCA MNPOCTO KOHCTPYK-
Lieto i BiQHOCHO HEBMCOKOI LIIHOW, ane BOHW MarTb CyT-
TEBUM Heaonik: Yyepe3 3abvBaHHS [O3YKYOro AMCKY BUCIB
Moxe ByTn HeTouyHuM. [lpoTe nHeBMAaTWYHI ciBanmku (ski
€ 3Ha4yHO OOPOXYMUMM) MatoTb Binbll cTabinbHy TOYHICTb
BUCIBY i TaKOX MOXYTb BUCIBaTV ABiNHUKA. HUHI hepmepu
MatoTb MOXINUBICTb BUKOPUCTOBYBATM CiBankn 3 €neKTpuy-
HUM NPUBOAOM, SKi MatOTb BiNbLUMA CTPOK CNyx0OwW i Hanl-
KpaLli NOKa3HUKW BUCIBY, MOXINUBICTb PErysitoBaHHS HOpMK
BUCIBY i3 kabiHu Ta € HabaraTto npocTimMu B 06cnyrosy-
BaHHi (Smolinskyi, S.).

[lns aKicHOro NpoBeAEeHHs MOCIBHOI Cnig SKICHO A0 Heil
nigrotysatucs: none tpeba BUPIBHATU, NpoBECTU 06POBITOK
rpyHTYy, nosdbasutmca OGyp’sHiB, obpaTtu AKICHUA NOCIBHUN
martepian (Viniukov, O. et al., 2020). Ta HuHi, kpim Lmx 6aso-
BUX (PaKTOpIB, SKUMU KEPYHOTbCA YKPaiHChbKi arpoHOMM, i3
AMEpUKI NPUALLN HOBI pilLeHHS, BinbLU HaLineHi Ha meToam
TOYHOro 3eMnepobceTBa: Nig vac nocisy ocobnuea ysara npu-
LiNAeTbCA KOHTPOMIO 3a AOTPUMAHHSAM HOPM BUCIBY, PO3Mi-
LLEHHIO HACIHWHW, LUIMPWHI MDXPSAb Ta iHTepBany Mix pocmnu-
HaMW, BiACYTHOCTI ABIilHWKIB, NEPECIBIB i NPOMYCKIB.

Akictb ciBbK 3abesnedye OpPYXHY CXOXICTb POCIMH,
KpaLLly rycTOTY CTOSIHHS i HEOOXiAHY MOy iX XUBMEHHS.
Taka ciBba MOXnMBa 3a 3aCTOCyBaHHS CiBasfioK TOYHOMO
BUCIBY, SIKi € 4OCUTb AOporMMu. Arpapito NoTpibHO nepeko-
HaTuca B AOUINMbHOCTI (hiHAHCOBMX iHBECTULIN. [Ans Lboro
NPOBOAATLCS AOCNIAKEHHS, B SIKMX PO3POOHUKN pillieHb nig-
TBEPOXKYHOTb IXHIO €PEKTUBHICTb.

nubuHa posmauuysaHHs HaCiHHS.

MpopocTaHHs HaCiHWHU MPSAMO 3anexuTb Bid CTaHy
I'PYHTY, 0rO LWiNbHOCTI, BOMOrOCTi i FMMBUHK, Ha SiKi po3Ta-
LLOBaHa HaCiHUHA. BaxnnBumM 3HaYeHHAM NS5 BPOXAWHOCTI
y ManbyTHbOMY € Jobpa CXOXICTb HACiHHS, WO 3anexuTb
Bif ciBanky Ta Bif TOrO, Y4 MOXE BOHA BUTPUMYBATU HEOb-
XiiHE HaBaHTaXeHHS!.
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BidcmaHb mix pocnuHamu.

Y umx ciBankax NpuaINsSeTbcs Benuka yeara eeKTus-
HOCTi pO34iNeHHs HaCiHHS, a TakoX TOMY, 3 SIKOI TPaeKTo-
pii HaCiHWHa BUXOAWTb, Ta BINIbHOMY MPOXOMKEHHIO HAaCiH-
HENPOBOAOM 3a4ns TOro, LWob TpaekTopis pyxy i AoCTaBka
nociBHoro matepiany i3 GyHkepa y rpyHT Bynu ogHakoBUMY.

3anexHo Big KMiMaTMYHMX YMOB | 3abe3neyveHocTi
BOJIOrOK0 PErioHy Ans PisHWX COpTiB 06MparoTb pidHi HOPMK
BUCIBY AN 3a6€e3neYeHHs NMOLLi XUBMEHHS POCIIMHK, HE06-
XigHoi Angs Ti po3suTKy. KpiM TOro, Mae 3Ha4yeHHsl, B SKOMY
CTaHi 3HaxX0AATbCA I'PYHTU, Ta IXHS AKICTb: KifbKICTb ryMycy,
CTPYKTYypa, 3abe3neyveHiCTb MikpoeneMeHTamum.

OcobnuBocTi penbedy nons i KOPUCHI erieMeHTH XuB-
NEHHS1 MOXYTb PO3TALLOBYBATWUCA HEPIBHOMIPHO, LLO BNW-
BAa€ Ha PIBHOMIPHICTb BMCiBY. Haikpally BpOXaWHiCTb i3
TaKoro Mons MOXHa OTPUMATK NuLle y pasi 3aCTOCYBaHHS
ONEepeHLNOBaHOMO BUCIBY, SIKMA BUKOHYETHCSA 3rigHO i3
KapToo-3aBLaHHSAM.

Okpim TOro, IO HOpMa BWCIBY € OHWM i3 HaWBaXIu-
BiLUIMX MOKAa3HWKIB, SKMA BNMMBAE Ha BPOXaWHICTb, HeOb-
rPYHTOBaHe MepeBULLIEHHS HOPMW BUCIBY NpU3BOAUTHL OO
3HaYHKX NepeBUTPaT NOCIBHOTO Marepiany i 3Ha4yHO 36inb-
LUY€E BATPATK Ha MOCIBHY KamnaHito.

BuciBatn 3epHO KyKypyd3u PEKOMEHZOBaHO MyHKTUPOM,
Konm rnmbrHa Mixpsaas ctaHoBUTb 70 caHTUMETpIB. Baxnvneo
YHWKaTM 3aryLLEeHHs], OCKirbKv MPUTHIYYETLCS PO3BUTOK KadvaHa,
3HaYHO MiABMLLYIOTECS BUTPATMW BOMOMM i3 'PYHTY, MOCUITHOETHCA
KOHKyPEHLLiSi POCAMH 3a CBITNO. BHacnigok Lporo hopmyoThes
HaCIHWMHW 3HAYHO MEHLLIOTO PO3MIpY, HiX 3a3BKYal, a TaKOX Tep-
MiH 30MpaHHsa ypoXar 3MiLLyeTbCs. POCIIMHM paHHEOCTUMINX
ribpuaiB MarTb MEHLLI po3MipK, 3a LIIEH MPUUMHOKD CiSITU iX
MOXHa rycTiwe. KpiM rycToTM CTOSHHSI pOCMMH, Chig 3Bep-
TaTu yBary Ha iXHe PIBHOMIPHE PO3MiLLeHHs. [Ins AoCArHEeHHS
OMTUMArIbHOMO CTOSHHS POCTIMH MOXHA 3MEHLLMTU  LUMPUHY
MDKPSIZAS, arne Take 3MEHLLEHHS! HEraTuBHO BnBae Ha chop-
MyBaHHS 3epHUHY Y kadaHi (Bogner, 2021).

Precision Planting Smart Firmer (puc. 1) — ceHcop,
SKUIA BU3HAYa€E BMICT OpraHiyHOl peqoBUHM Y IPYHTI Nig vac
nociBy Ta aBTOMaTUYHO 3MIHIOE HOPMY Y pexumi on-the-go.
[JonatkoBo B TOMY X CAMOMY PEXVMi BU3HAYaETLCS PiBEHb
BOJTOrOCTi Ta 3aULLKIB Mif COLLIHMKOM, Ha OCHOBI 40ro ¢op-
MYETbCS KapTa i3 BUCOKOI PO3AiNbHO 34aTHICTHO, WO 403-
BOJISiE Bidpa3sy KopurysaTu rmmbuHy BUCIBY.

3aBgsku Smart Firmer gudepeHuiioBaHwii NociB cTae
LLie AOCTYMHILWWM, OCKIfbKX He NOTPIGHO OKPEMO AOCHIAXY-
BaTW More i CTBOPIOBATYW KapTy 3aBAaHb.

Puc. 1. flatunk Smart Firmer y nonboBux ymoBax
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MeToauka gocnigxeHb Ta 06roBOpeHHs pe3ynbraTiB

OcHoBHa MeTa — [JOCRIIKEeHHS BNAUBY MNOSIBUA APYX-
HUX CXOLiB KYKYPYA3W Ha BpOXaMWHICTb. [ns KOHTpono
[aTn NosiB CXOAIB BUKOPWUCTOBYBaBCS "MeTof npanopuis”
(puc. 2). Konu pocnuHa nouvHana 3'aBnstuca Hag noBepx-
Heto 3emni, Gins Hei BcTaHoBMtOBanW npanopelb. [Ons
NO3HaYeHHs Nepioay CXOAIB POCMMH BUKOPUCTOBYBaNU npa-
MopLi YOTUPBLOX PI3HUX KOMBOPIB.

Puc. 2. Kontponb gatu nosBu cxoais i3
BUKOPUCTaHHAM "MeToay npanopuis”

Ha pwuc. 2 npencraeneHa HepiBHOMIPHICTb cxodiB poc-
MVH, WO NO3HAYeHO Pi3HOKONBLOPOBUMU NPANopLaMM.

BumiprosaHHs memepamypu rpyHmy

JocnimxeHHs, sKki NpoOBOAWIN 3a4Ns aHanidy 3anexHo-
CTi IHTEHCMBHOCTI CXOAIB POCIMH Bif TEMNepaTypu IpyHTY
rnokasanu, Lo Temneparypa Ma€ iCTOTHUIA BB Ha NOsiBY
cxopis (puc. 3).

Puc. 3. Kapra i3 BU3HauyeHUMu ginsiHkamu nons
3a pi3HMX TemnepaTyp rpyHTy

[JocTaTtHs Temnepatypa IpyHTY € KpUTUYHUM KOMMNOHEH-
TOM [ns LWBWMOKOI CXOXOCTi HaciHHA. Hanpuknapg, TpuBsa-
nicTb NPOPOCTAHHA HACIHHA KYKYPYA3W Pi3Ko 3pocTe, SKLLO
Temnepatypa onyctutecs Huxve 10°C. Smart Firmer gae
3MOry BCTaHOBMWTY TeMMNepaTtypy rpyHTY y NOCIBHi GOpO3Hi
B4 psdy OO psdy, rapaHTylouu, WO 34IMCHIETHCA NOCIB
Yy CrpUSTIIMBKX YMOBAX.

O0HopidHicmb 60p0O3HU

JocnimpkeHHs, sKi NpoBOAMIM ANs aHanisy 3anexHo-
CTi iIHTEHCMBHOCTI CXOAIB POCMWH BiA OQHOPIAHOCTI IPYHTY,
rnokasanu, Lo Len NOKasHWK ICTOTHO BNSMBaE Ha NosiBy
cxopis (puc. 4).

Puc. 4. KapTa i3 BU3Ha4YeHUMU AinsHKamu nociBy
3a pi3HOI OQHOPIQHOCTI FPYHTY

[ns ogHOpiOHOTO MPOPOCTaHHS HACiHHS Ta SKICHOro
3POCTaHHS POCIMH NOTPibHe oaHopiaHe cepenoBuLLe. Smart
Firmer ipeHTUdikye Oyab-siki HEPIBHOCTI B3AOBX GOPO3HK,
Taki K rpyaKU IPYHTY, NOBITPSHUIA pexum abo BOMOriCTb
I'PYHTY, TOMYy BM MOXETE OTpUMATU YSBIIEHHS Mpo Te, §K
NPaBUIbHO BigperynioBaTy NPOLYKTUBHICTb CEKUiT ciBasku
i BUPILLMTIX NpOBRemMK, SiKi BMIIIMHYTL Ha BPOXaMHICTb.

BusHa4yeHHs1 YacmKu MOXHUBHUX pewmok

[ocnigxeHHs NoKa3yrTb, L0 YacTka NOXKHUBHUX PELLTOK
Ha NOBEPXHi MO € HEPIBHOMIPHO, OCKIfNbKM HAsiBHUI pi3-
HUI piBEHb YPOXANHOCTI Ta AKICTb BUKOHAHHSA NonepesHix
MeXaHi30BaHMX TEXHOMOriYHMX onepadi. Ha puc. 5 npea-
CTaBMeHa cxemMa po3nopifieHHs! PELUTOK Ha MNOCIBHOMY NOXi.

Puc. 5. PiBeHb po3nofineHHs pOCIMHHUX PELUTOK
y NOCiBHOMY FOXi

HasiBHiCTb NOXHMBHMUX 3anuLLkiB y 6opo3seHLi mae fobpe
BiJOMi HeraTMBHi HacnikM AN NPOPOCTaHHA HACIHHS.
Smart Firmer [o3BONSiE BMMIpIOBATW KiMbKiCTb 3amnuLUKIiB
y Gopo3eHLi i, BigNOBIAHO, peryrnoBaTii OYUCHWUKA PAgIB; Lie
rapaHTye, WO 3anuwKkn He oOMeXyBaTUMYTb MOTMMHAHHS
BOJIOM HaciHHAM abo ix 3apaxaru.

BusHauyeHHs smicmy opaaHiku

Ha puc. 6 npegctasneHa kapta piBHOMIPHOCTI po3nogi-
NEHHS OpraHikvM B Meax OfiHOro nons.
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Puc. 6. Kapta po3nogineHHs opraHiku
B MeXax OgHoro nons

Ha 6yab-sikoMy noni BpoxawHiCTb 3anexuTb Big YUHHK-
KiB, SIKi BU3HAYalOTbCSA TUMOM I'PYHTY, OpraHiyHOK peyoBu-
Hoto, Tonorpadieto, ApeHaxeM i 6e3niYyto IHLLNX YNHHUKIB.
[ns kpaloro ynpaeniHHA LUMMMW IHCTPYMEHTaMKU perynio-
BaHHS BPOXaWHOCTI kapTa OpraHiyHMX peyoBuH Smart
Firmer BUCOKOI YIiTKOCTI € KIOYOBUM (akTOpoM Ans npu-
VHATTA TOYHUX pilleHb nig vac BubOpy HOpPM BHWCIBY, Nia-
6opy ribpuaHoro HaciHHS | Nporpam i3 BHeECeHHs1 o6puB.

BucHoBku:

[lpoBefeHUMM  [OCHIMKEHHAMIU  BCTAHOBMEHO, WO
TENno i BONOTiCTb MPYHTY — HaMBaXIMBILLI YAHHWKW, Ha SKi
cnip 3BaxaTtu nig Yac cisbn 3aans JOCATHEHHS LWBUAKOTO
i apyxHoro npopocTaHHs. datumk Smart Firmer Bumiptoe
Temneparypy IpyHTY Yy pexumi peanbHoro yacy. ®epmep
Ma€e MOXIMUBICTb MPUAHATU e(DEKTUBHE PilLEHHS L1oAo
NpoBEeAEHHS MociBy. BMICT BONOMM y I'pyHTax pi3HOro Tuny
MOXe pi3HUTUCh, ane Smart Firmer ¢ikcye i nokasye Lo
Pi3HULIO, WO Jae 3Mmory ogpasy Tpoxu 36imblumTu rnu-
OuHy nocisy, WO HaCiHHA NOTPanuio y 30Hy i3 JocTar-
HbOK BonoricTio. MexaHiyHa HecnpaBHICTb BUCIBHOT Cek-
UiT, Hanpuknag noraHo 3akpinneHe OnopHe KOneco, Moxe
npu3BecTy 0 3akuaaHHs BOpo3HU CyxuMm Ir'pyHTOM. Smart
Firmer nokasye Leit fedekT nig vac cisbu, i bepmep moxe
3HANTK Ta YCYHYTU HECNPABHOCTI.

YHacnigok BUCUXaHHS IPYHTY | 3HUXKEHHS BMICTY BOSIOM
y Gopo3Hi rmMunbuHy BuUcCiBY fOBOAMTLCA 30inbLuyBaT Ans
TOro, Wob HaciHHS Hagxoawno y [AOCWUTb BOMOTMIA Luap
rpyHTy. HaBnakm, HagTo rnmbokuii nocie y 6oposHy i3 gocrat-
HBOIO KifIbKICTIO BOSOM Y I'PYHTI NEBHUX TUNIB Ta arperaTHol
CTPYKTYpU MOXe Npr13BOAMTU [0 3aTpUMYyBaHHS CXOAIB.

JocnifxeHHs nokasytoTb, Wo Bonoricte rpyHTy 30%
€ 0OCTaTHLOIO ANst HabyXaHHs | NPOPOCTaHHS HACIHHSA Ginb-
wocTi ribpuais kykypyasu. SAkwo Bonoricte Huxde 30%,
36inbLUYIOTb rMMBKHY NOCiBY ANs TOro, Wo6b HaCiHHA noTpa-
M0 y BOMNOTILKIA I'PYHT. AKLLO BoNoricTb y 6opo3Hi nepe-
Buye 30%, rmubuHy nociey 36inbLuyBaTM He MOTPIOHO;
(hakTMYHO Taka BOMOrICTb MOXE NepeLlKomXaTh MosBi
cxogiB. [Ans Toro, o6 MOBHICTIO 3pO3yMiTW 3B’SI30K Mix
ymicToM Bomnoru y 60posHi Ta rmubrnHo nocisy, NOTPiGHO
30iNCHUTY A0OAaTKOBI AOCHIMKEHHS.

JocnifxeHHs BNAMBY SKOCTI NOCIBY Ha BPOXaWHICTb
Kykypyasw, nposepeHi y 2020-2021 pokax B YkpaiHi

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

(Cymcbka obnacTb), mokasanu, WO POCnuHW, siKi BigcTa-
Banu Bif iHWWX POCAWH Y PO3BUTKY Ha OOMH JIMCTOBUM
KOMipeub (By3on), y NiACYMKY daBanu nuLie MonoBUHY
KayaHa. Ti X cami pocnuHu, ki BigcTaBanu Ha ABa NnCTo-
BUX KOMipLi, MOrfK B3ararni He AaTh BpoXato.

JocnimkeHHs posTallyBaHHS HaciHWH y psgy noka-
3anu, WO ronoBHWN (PaKTOp BMNMMBY HA TOYHICTb PO3Mi-
LLeHHs — WBMAKICTb TpakTopa. AKwWwo nig vyac pobotn Ha
BUCOKIli LUBWMAKOCTI Ha BUCIBHI CeKLii ciBanku He 3abesne-
4yBaBCS ONTUMArbHWUIA TUCK, BOHW MiACKaKYOTb, a8 HACIHHS
PUKOLLETUTb Bif CTIHOK 3epHOBOT TPYyOKK, LLO NPU3BOAUTD
[0 HETOYHOT0 PO3MILLEHHA HACIHHS | MOPYLWEeHHS OnTu-
ManbHOI BiCTaHi Mix pocnuHamu. [logaTkoBuin iMnynsc
ciBanku MOXe CMpUYMHWUTK BiAOMBaHHS HACiHHA Bif
60p0o3HU, ranonyBaHHs i 3aBUIA CAMOCTIAHUIA PyX.

HepiBHOoMipHe po3aTallyBaHHS MOCIBHOTO Martepiany
y 6Opo3Hi 3a OfHaKOBUX YMOB MPWU3BOAWUTbL OO HepiB-
HOMipHOCTI  cxopiB. [ns  064YMCneHHs  MOTEHUiAHMX
yTpaT BpOXal0 BHACMIAOK Mi3HIX CXOAiB KayaHu nepesi-
psanu BpyyHy. Ha puc.7 npefcrasBneHui posmip Kava-
HIB POCMUH, SKi 3iAWAM nepwmmu (NPOTArOM HaCTYMHUX
18 roguH), a Ha puc. 8 — pocnuH, SKi 3iMWNIK Yepes
42 roguHu i Binblwe nicna nepwwux. lMicns BU3HaYeHHs
macy KayaHiB nig yac 36vpaHHs Bpoxato NpoBeLeHO po3-
paxyHKM LLOAO 3aTPUMKM NOSIBU CXOAIB. 3a BaXKWX Norod-
HUX YMOB POCIIMHU, CXOAM SKWUX 3'ABNSATLCSA HaWnisHile,
MOXYTb BTpatUTK 80 50% BpoxanHocTi. PocnnHu, macosi
cXoau SKuX 3'aBnaTbes Yepes 18-28 roguH nicns nosism
nepLumMx cxopgis, 3a3HatoTb yTpaT Ha piBHi 20%, a yepes
29-42 roguun — 25% (puc. 7).

Puc 7. Po3mip kayaHiB y pocnuH, cxoam sKuUX
3’ABUNUCA NepLUMMK Y HacTynHi 18 roguH

EEEEREl

Puc. 8. Po3mip KayaHiB pocnuH, cxoau SKMX 3’aBunucsa
Yyepe3s 42 roguHu i Ginbluie nicnsa nepmx

MNpoBedeHMMM OOCNIMKEHHSAMW BCTAHOBMNEHUA BMIMB
CXOXOCTi 3epHa Ha BPOXaMHiCTb NociBiB (puc. 9).
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Bnaus cTpokis ciB6u Ha BpoXKaiiHicTb 2021
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Puc. 10. 'pachik onTumanbHoi rMMOUHKM nig Yac ciBou

3a gaHumm puc. 9, HalkpallmMmM nepiogom ciBbu Kykypy-
43 OyB TxEHb Bif 25-r0 KBITHS: KyKypyas3a, nocisiHa Toro
TWKHS, JOCArNa HaMBULLOI BPOXaMHOCTI. Y Mexax Lboro
LOCNIIKEHHS BpOXanHicTb cTaHoBuna 8492 krira (puc. 9).

Binblw paHHa ciBba (y TvxaeHb Big 13-ro KBiTHS) npu-
3Berna o BTpaT ypoxanHocTi npubnusHo Ha 400 kr/ra Yyepes
HWXYY TemnepaTypy i BULLLY BONOTiCTb HACIHHEBOIO NoXa.

Bucis nicnsg ontumansHoi fatn (25 kBiTHA) Npu3BiB 40
3MEHLLEHHS BpoxanHocTi Ha 710 kr/ra.

Kykypyasa, nocisHa 17-ro TpaBHs, Aana HaHux4y Bpo-
XKaNHICTb, Ti 3HUKEHHS nepeBuLLMno 1544 kr/ra.

BornoricTb IpyHTY € BaXMBUM YMHHUKOM NPOPOCTaHHS
HaCiHHS | NOSIBM APYXHUX CXOAIB, AOCArHEHHS MaKCUMarnbHOI

BpoxanHocTi. fatumkn Smart Firmer HagatoTb Ham nokas-
HWKV BOMOTOCTi Yy KOXHIN GOpO3Hi, Lo [03BONse BMOpaTy
npaBunbHY MUBUHY y pasi 3mMiHu I'pyHTOBMX yMOB (puc. 10).

Ha ocHoBi npoBefeHVX NonboBKX JOCHiMKEHb, pesynsraTy
AKUX npefcTasneHo Ha puc. 10, JoBedeHo, WO CepenHs rmu-
OuHa nociBy HaciHHSI CTaHOBMNa 5 CaHTUMETPIB. 3MEHLUEHHS
IMUOMHM BUCIBY MPU3BOAMIO [0 3MEHLUEHHS! BPOXAHOCTI Ha
300-600 kr/ra. AHanoriuHo, 36inbLUeHHS rnBYHM BUCIBY MPU3BO-
OUno [0 3MEeHLLIEHHs BpoxanHocTi Ha 532-958 krira. Y cepen-
HbOMY €KOHOMIYHi BTpaTh ctaHoBumn  $50-100/ra. OTxe, Ui
MOKa3HVIKM MiAKPECIOOTb BaXIMBICTb MMOMHK MOCIBY, MoKasy-
FOUM, HACKINBKM CUMBbHO BiAXUNEHHS Bif, ONTUMAaNbHOI MUOMHM

BNMVBaE Ha BTPATY BPOXaWHOCTI Ta EKOHOMIYHI BTpaTW.
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Research of efficiency of using the SmartFirmer system in growing corn on grain

Among the great variety of crops grown in the fields today, corn occupies a significant place. The spread of this crop
is due to the declared quantities, both finished agricultural products and price. Therefore, today corn is becoming one
of the leading crops grown in different countries and continents.

One of the main tasks of the process of growing crops in agriculture is quality sowing.

Today, technologies that use all sorts of sensors to monitor the sowing and sowing of crops are becoming more common.

The article examines the effectiveness of the SmartFirmer system from Precision Planting, which helps to determine soil
moisture, temperature, furrow purity and homogeneity.

Thus, when researching the sowing of corn in the fields, the main factors should be the quality of sowing — meeting
the needs of the selected hybrid or variety of agriculture in accordance with the conditions of cultivation.

In the conditions of intensive changes of soil and climatic conditions the actual science and applied tasks are creation
of optimum conditions for growth and development of agricultural cultures. The issue of monitoring the environment where
seeds will be sown is an important aspect of agricultural requirements for sowing crops.

Today we should focus on determining and controlling the moisture of the seed layer, its temperature, the presence
of plant residues and determining the type of soil where sowing is carried out.

The fixed soil temperature in the seed layer is a criterion for sowing. After all, at temperatures below 10°C sowing is not
recommended. This is due to the underdevelopment of the seed and the subsequent rot of the seed.

Soil moisture is an indicator that regulates the depth of sowing. This is in order to obtain uniform crop seedlings regardless
of the terrain, changes in configurations (joining a large array of small farm fields with other predecessors and other types
of cultivation).

To do this, it is necessary to take into account the available amount of crop residues after predecessors and soil type.

Key words: corn sowing, soil moisture, soil temperature, plant residues, soil type.
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FORMALIZATION OF KINEMATIC STRUCTURES SYNTHESIS OF PRODUCTS DISASSEMBLY
MECHATRONIC SYSTEMS AT THE COMPLEX EQUIPMENT REPAIR STAGE
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This work is devoted to the process of formalizing the search for a rational version of the layout solution for mechatronic
disassembly systems. Based on the developed models for disassembling products and the kinematics of industrial robots, it
became possible to select a robot with an appropriate degree of mobility in an automated mode. The next step in the selec-
tion of industrial robots is to analyze the feasibility of the task, taking into account the accuracy, weight and dimensions
of the disassembled elements. For disassembling products, those robots are selected whose technical characteristics allow
disassembly taking into account the characteristics in question. The robots are ranked based on their value. Robots with
the lowest cost have the first rank. If the robot in question does not meet the selection criteria or the structure of the pro-
duction site does not coincide with the structure of the disassembly technological scheme, then a robot with a large rank is
selected and the analysis of production manufacturability is performed again.

From the point of view of disassembly technology, a product is a set of types of connections of its parts. The process
of transformation of the type of connection during operation is influenced by a number of factors: — operation time; — operat-
ing conditions; — the degree of residual impact on the environment.

The developed technological models of geometric and kinematic movements of products and executive bodies
of robots adequately describe the location of the disassembled parts in space and their movements during disassem-
bly. The classification of industrial robots on the basis of their structural and kinematic characteristics makes it possible
to select them, taking into account the necessary kinematics and accuracy when disassembling joints, the robot’s
carrying capacity and the ability to work with objects of certain dimensions. The main idea of the concept presented in
the work is to develop a methodology for a systematic approach to the design of highly efficient technological systems
used in the reconstruction, modernization and restoration of the operability of technical means and objects of material
production in mechanical engineering.

Key words: technological system, simulation, structural synthesizing, mechatronic systems, selective disassembly,
kinematic movements, robots, optimization.

DOI https://doi.org/10.32845/msnau.2021.3 .4

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

24

Cepist «<MexaHisaLjig Ta aBTomaTi3aLjis BUpoGHU4YMX npoLieciy, Bunyck 3 (45), 2021



Introduction

Analysis of modern technologies for the repair of equipment
shows a significant difference in the level of technological
equipment and technologies that are used in industrial
and repair enterprises. At the stage of repair, the complexity
of solving problems is high due to the fact that the path to
the place of the defect is original. This is one of the restrictions on
the introduction of mechatronic systems into repair production.
Therefore, the automation of the process of disassembling
critical products is an urgent task.

Formulation of the problem

Among the whole variety of types of technological
equipment, such systems can be distinguished into
a separate group, which are subject to increased
requirements for the safety of operation, maintenance
and repair as a result of the specific features of their design
and functional purpose. Examples of such equipment are
high-power gas turbine engines, special equipment, nuclear
power engines, including special-purpose vehicles, etc.

At the stage of reengineering of such products, that is,
restoration of their performance, repair and modernization,
it becomes necessary to disassemble the failed part
(Konoplianchenko et al., 2017, c. 27; Konoplianchenko
et al., 2017, c. 21). It is known that complete disassembly
of equipment during repair or modernization is one
of the undesirable operations, since even with qualified
savings disassembly, the connection of worn-in parts
and normal tension in grooves with fixed landings are
disrupted (Tarelnyk et al., 2015). Some of the parts are
damaged during disassembly (tides, quotes, flanges break,
the edges of bolts and nuts are knocked off, cotter pins, rivets,
etc.). Units and parts that do not require repair are generally
not recommended to be removed from the equipment due to
a possible decrease in the performance of the machines as
a whole. Therefore, the issue of optimizing the access path
to a failed unit or a worn-out part is relevant.

Analysis of major achievements and publications

When formalizing the solution to the problem
of determining the sequence of disassembling a product,
it is necessary to develop its mathematical model, select
an optimization criterion, develop a system of indicators
that limit the enumeration of a set of options, develop
a method for solving the problem, present it mathematically,
algorithmically and programmatically.

Sometimes in production practice, when determining
the sequence of disassembly, a technological scheme
for assembling a product is used. Most of the work is
performed on the basis of the experience and intuition
of the technologist.

The  technological scheme  for  assembling
a product is multivariate, depending on a number of factors
and the optimization criteria used (Konoplyanchenko et
al., 2002). Then the disassembly process will be directed
in the same way. However, the conditions for disassembly
and then assembly at the repair plant and the manufacturer
of the product can differ significantly. The problem is
not only in the availability of the necessary tools for
technological equipment, but also in the cost of individual

parts and assembly units, the likelihood of a defect-free
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disassembly of assembly joints, the qualifications of repair
personnel, the cost of assembly operations to ensure
the specified accuracy, tightness, etc. Therefore, the correct
choice of approach to assembly an element or a failed
part will significantly affect the operability of the repaired
equipment and, accordingly, the cost of the technological
process of repair.

In foreign literature, when formalizing the process
of partial disassembly of products, the method of Gaussian
hemispheres is used (Gupta S. M. & McLean C. R., 1996).
The Gaussian sphere displays the permissible directions
of the movement vectors of the part of the product in free
space. Since the surfaces of the parts are conjugated in
assembly units, inreality they use nota sphere buta Gaussian
hemisphere (Fig. 1, a), which reflects the possible directions
of movement of the part during disassembly along the mating
surface. Applying the techniques of Boolean algebra
and mathematical logic, the problem of finding the directions
of the product disassembly vectors is formalized with
the help of Gaussian hemispheres. (Fig. 1, b).

L

M, M M, 22

Fig. 1. Simulation of the product
disassembly process

Figure 1,c shows the procedure for checking
the separation of the compressor front bearing strut, where
P1 — P9 are normal vectors connected surfaces for the front
bearing support, points B, E, F, C, D, G and A are the points
of intersection between these normal vectors and a sphere
with a unit radius. Since there is no hemisphere that can
accommodate all the points, the A-pillar support bearing
cannot be disassembled in this state.
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Fig. 2. Graph of the planned sequence of dismantling a steam turbine for a virtual service system

To date, a number of models and algorithms are known
that are used to generate assembly and disassembly
sequences of a product (H.C. Yi et al., 2003). Widespread
use of disassembly and assembly sequences to formalize
the generation has led to their representation in the form
of AND-OR-graphs, connection graphs and Petri nets (NP)
(Lakos C.A., 1995). Infig. 2 shows a simulation of the sequence
of disassembling a steam turbine in a service system with
elements of virtual reality (H. Zhu T. & Cong L., 2014).

The analysis of these works showed that the problem
belongs to the class of NP-heavy, and, in fact, its solution is
reduced to a complete enumeration or the use of the branch
and bound method. Thus, it can be concluded that
the existing analytical methods for generating assembly
and disassembly sequences are of low efficiency.

A method called “Wave Propagation” has been widely
used to formalize the generation of disassembly sequences,
the essence of which is to determine the sequence
of partial disassembly, minimized by the number of elements
separated from the product, for specific operating conditions
of the equipment (Gadh R. & Srinivasan H., 2000; Beasley
D. & Martin R.R., 1993). Using this approach, two tasks
are solved: — building a disassembly wave to determine
the topology of access to the part, which needs to be
disassembled; — determination of points of intersection
of disassembly waves to form a variety of options for
the disassembly sequence of the product. To implement
a variety of options for solving the problem of disassembling
a product, it is necessary to create an automated method
for the synthesis of rational operating complexes capable
of performing this task.

Research methodology

This work is devoted to the process of formalizing
the search for a rational version of the layout solution for
mechatronic disassembly systems.

To automate the synthesis process of a rational
version of the structure, mathematical models of geometric

and kinematic displacements of assembly elements
and actuators of robotic assembly equipment were derived
(Konoplianchenko et al., 2020, ¢.186; Konoplianchenko et
al., 2020, ¢.125).

In order to describe mathematical models, we have
introduced the following conventions for elements and events
of the assembly process: a — covering part (sleeve);
b — male part (shaft).

Restrictions: — part a is stationary, fixed in the device; —
part b is positioned relative to part a by the executive bodies
of the assembly equipment.

The displacement diagram illustrating the mathematical
models is shown in Fig. 3.

z
o, Ay
. sy -~
- ]|“
N/ Y
X ¢>AZ

Fig. 3. Scheme of geometric displacements
of assembly elements.
According to fig. The 3 main events in the build process are:

Al,AJ A — linear movement of the part and along
the axes (X, Y, Z);
ol 0l 0l —rotation of the part a around the axes (X, Y, Z);
A}, A}, A} —linear movement of the part b along the axes
(X, Y, 2);
w, ,o, ,w; —rotation of the part b around the axes (X, Y, Z).
g ab — connection of part a to part b.
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Depending on the structural and kinematic diagram,
industrial assembly robots are classified into 4 groups (Table 1).

Based on the developed models for disassembling
products and the kinematics of industrial robots, it became
possible to select a robot with an appropriate degree
of mobility in an automated mode.

The next step in the selection of industrial robots is
to analyze the feasibility of the task, taking into account

the accuracy, weight and dimensions of the disassembled
elements. For disassembling products, those robots are
selected whose technical characteristics allow disassembly
taking into account the characteristics in question.

Next comes the selection of industrial robots by cost.
When analyzing the manufacturability of the assembled
products, first of all, those robots are selected that have
a lower cost.

Table 1

Classification of industrial robots.

Kinematic diagram
implementation

Block diagram of implementation

Characteristic representative

Rectangular (Cartesian) coordinate system

Adept SmartCartesian

Rectanguiar Coordinate Robot

Toshiba Machine SR-854HSP

|ﬁ-155_-ﬂ‘
I

&

Lant
z = M
v o1 <=
iy Bt By
¥
\_—’
X o Ui
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A

SCARA Robot

Kinematic diagram
implementation

Block diagram of implementation

Gantry Robot

Angular coordinate system

SCARA Robot
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The robots are ranked based on their value. Robots
with the lowest cost have the first rank. If the robot in
question does not meet the selection criteria or the structure
of the production site does not coincide with the structure
of the disassembly technological scheme, then a robot
with a large rank is selected and the analysis of production
manufacturability is performed again.

According to the above classification of industrial robots
(Table 1), for each class of robots it is possible to write down
the condition for fulfilling the type of movement:

—rectangular (Cartesian) coordinate system

IR, = Ab A A" A Ab
6eM
where M ={1,...,¢} —many industrial robots of this class;
— cylindrical coordinate system

_Ab . AD . b
0GEIMF\’Q7AXAA},/\0)Z,

where M ={1,...,¢} —many industrial robots of this class;
— spherical coordinate system

b b b
IR =0, A® AA
oM 0 X y z

where M ={1,...,t} —many industrial robots of this class;
— angular coordinate system

_ b b b
eeEIM.’-'\’e—(ox/\coy/\coz,

where M ={1,...,¢} —many industrial robots of this class.

To be able to implement each type of connection, taking
into account the assembly equipment, it is necessary to
describe the mathematical models of typical options for
the gripping devices of manipulators. Table 2 presents
mathematical models for the implementation of geometric
displacements of typical gripping devices.

At the stage of synthesis of the layout solution
of an industrial robot to implement a given type of connection,
a logical expression is used as a condition for selecting
a gripper:

3K,

cel S

=((~R,AS™)=2Z,),

where 1={1,2,...,1} —many layout solutions.

The use of the developed methodology makes
it possible to formalize the process of automated
disassembly of the product, which makes it possible to
introduce mechatronic systems at the stage of repairs
and modernization of critical equipment.

Further research in this direction revealed
that an important influence on the optimal variant
of the disassembly sequence is carried out by: the availability
of the necessary technological equipment and its cost;
the cost of disassembly and assembly operations, debugging
and control of individual machine units; the cost of individual
parts included in the product; environmental safety of access
to parts operating in conditions hazardous to humans.

The adaptation of the above methods consists in
formalizing the process of disassembling products, taking

into account the influence of both operating conditions on
the product and taking into account the degree of impact
of residual negative operational factors in the product on
the environment (Konoplianchenko et al., 2017, c. 27).

From the point of view of disassembly technology,
a product is a set of types of connections of its parts. The
process of transformation of the type of connection during
operation is influenced by a number of factors: — operation
time; — operating conditions; — the degree of residual
impact on the environment. Time factor — for a long time
of operation of parts, even under normal conditions,
a change in the type of connection occurs, associated, for
example, with wear of friction pairs; configurations of physical
parameters of parts in contact (drying out of rubber seals,
magnetization of the contact surface, etc.). The factor
of operating conditions is the influence of an aggressive
environment, dustiness of the working area, thermal effects,
heavy loads, operation in conditions of hard radiation
(increased radiation), chemical, bacteriological and other
types of contamination. The factor of the degree of residual
impact on the environment — determines the degree
of consequences of the impact of unfavorable operating
conditions on the product as a whole and the parts included
in it (in particular, explosion hazard, residual radiation,
biological hazard, etc.). This is how the concept of resource-
saving partial disassembly of the product is realized until
the part is out of order or requires replacement.

Since the problem of finding a rational disassembly
technology is invariant, that is, implemented by different
methods or their combination, a model for synthesizing
the optimal solution is required.

RESULTS

The set of solutions to this problem at the qualitative
level is described by the equation (necessary condition):

V R _{Rlym|n< maX},

those. for all eX|st|ng options for solving the problem (a
set of technologies), the established criteria for the quality
of the process must be in the range of permissible values
x""” <hp, <A™, to predict the likelihood of a defect-free
d|sassembly of critical products, to ensure the specified
accuracy, tightness, etc. In addition, one of the priority criteria
is the environmental safety of access to parts that operate in
conditions hazardous to humans and / or the environment.

By solving the problem at the technological level
(sufficient condition):

ﬂRvBMvHSTOvHTP

ﬁeﬂ

where 3 R, - the existing solution to the problem;
ﬂR -3 set of options for solving the problem, satisfying
the necessary condition; 3 M, - avallabmty of methods for
solving the problem for each optlon Qa STO, - availability
of technological equment capable of |mplement|ng
the necessary methods; 51 TP, - availability of the necessary
technological modes for technological equipment for each
method.

In this case, from the technological costs of the options for

solving the problem that satisfies the necessary and sufficient
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Table 2

Implementation of geometric displacements by typical options for the layout of gripping devices

Ne Example, sketch Mathematical model of realizable displacements
_ab
1_ mZIA ZE - Ay ,
where A — many devices of this type
37 =a?,
2_ wed O X

where @ — many devices of this type

3 Zmsz,,

we®

¥

7
Z “ where ® — many devices of this type
7
' X
Z,
t = b b
4. 7 X 3z, =(0) A A7),
where Q — many devices of this type
ZI
- L
yl
5 EI:Zmz(Af/\o)‘Z’),
l where TT —many devices of this type
_(.b b
6. Enzﬂ _(wXA(Dy) ’

where TT —many devices of this type

condition, a set is formed, according to the expression
(Konoplianchenko et al., 2013; Konoplianchenko, 2010):

X ] b3 T
iR =()R,v3IM,v3ISTO, v ITP,
{Co}=UqCr k)™ A o
- TR = RIYR" <ve <72}

y=1

The optimization problem according to economic criteria
(minimum technological cost) is then represented by
the expression:

P = Cmiiinmin P, |Cmex IS {CPD} .

CONCLUSIONS

The developed technological models of geometric

and kinematic movements of products and executive

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

bodies of robots adequately describe the location
of the disassembled parts in space and their movements
during disassembly.

The classification of industrial robots on the basis of their
structural and kinematic characteristics makes it possible to
select them, taking into account the necessary kinematics
and accuracy when disassembling joints, the robot’s carrying
capacity and the ability to work with objects of certain
dimensions.

The main idea of the concept presented in the work
is to develop a methodology for a systematic approach
to the design of highly efficient technological systems
used in the reconstruction, modernization and restoration
of the operability of technical means and objects of material
production in mechanical engineering.
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Practical application of the proposed approach willimprove | and the introduction of a formalized methodology in real
the quality and safety of the process of repair and modernization | production conditions will increase the level and efficiency
of such complex equipment as special-purpose vehicles, | of the use of available technological equipment.

References:

1. Konoplianchenko, le. V., Kolodnenko, V. N. & Chibiryak, Ya. I. (2017). Feature of heavy-duty gas turbine compressor
reengineering. Kompressornoe i energeticheskoe mashinostroenie. [Compressor and power engineering], 1(47), 27-30.

2. Konoplianchenko, le. V., Kolodnenko, V. N. & Chibiryak, Ya. |. (2017). Osoblyvosti zastosuvannia chasovoho
rezervuvannia pry zabezpechenni nadiinosti skladnykh system. Tekhnichnyi servis ahropromyslovoho, lisovoho ta
transportnoho kompleksiv. [Technical service of agro-industrial, forest and transport complexes], 8, 21-28 (in Ukrainian).

3. Tarelnyk, V., Antoszewski, B., Konoplianchenko, le. & Martsynkovskyi, V. (2015). Improvement of fixed joints quality
by integrated technologies of electroerosive alloying. Mechanik, 4 (88), 178-183.

4. Konoplyanchenko, E., Zakharov, N., Radchuk, O. & Yaremenko V. (2002). Rational syntheses of technological
processes of assembly. Technical Papers of ISA: Integrated Manufacturing Solutions Real-Time Manufacturing Strategies,
432,109-118.

5. Gupta S. M. & McLean C. R. (1996). Disassembly of Products. Computers and Industrial Engineering, 31(1), 225-228.

7. Yi,H.C.,Yu, B., Du, L., Li, C. & Hu D. (2003). A study on the method of disassembly time evaluation of a product using
work factor method. Proceedings of the 2003 IEEE International Conferences on Systems. Man. Cybernetics, 1753-1759.

8. Lakos, C. (1995). From Coloured Petri Nets to Object Petri Nets. In: De Michelis G., Diaz M. (eds) Application
and Theory of Petri Nets 1995. ICATPN 1995. Lecture Notes in Computer Science, 935, 278-297. https://doi.
0rg/10.1007/3-540-60029-9_45

9. Zhu, H. T. & Cong, L. (2014). Disassembly Sequence Planning of Steam Turbines for Virtual Maintenance.
Key Engineering Materials, 572, 335-339. https://doi.org/10.4028/www.scientific.net/KEM.572.335

10. Gadh, R. & Srinivasan, H. (2000). Assembly and disassembly sequences of components in computerized
multi-component assembly models. U.S. Software Ultility Patent, P99152US.

11. Beasley, D., & Martin, R.R., (1993). Disassembly sequences for objects built from unit cubes. Journal of Computer
Aided Design, 25(12), 751-761.

12. Konoplianchenko, le.V., Yaremenko, V.P., Song, Zh., Kolodnenko, V.M. & Balo, P.M. (2020). Formalizatsiya
protsessa sinteza kinematiki mehanotronnyih sborochnyih tehnicheskih sistem. Materialy Mizhnarodnoi naukovo-
praktychnoi konferentsii «Molod i tekhnichnyi prohres v APV» Innovatsiini rozrobky v ahrarnii sferi (07-08 travnia 2020 roku).
[Proceedings of the International Scientific and Practical Conference “Youth and Technical Progress in AIC” Innovative
developments in the agricultural sector (May 07-08, 2020)], 2, 186-189 (in Russian).

13.  Konoplianchenko, le.V., Yaremenko, V.P., Herasimenko, V.O. & Liu Dongmei.(2020). Povyishenie effektivnosti
protsessa remonta slozhnoy tehniki vnedreniem mehatronnyih sistem razborki izdeliy. Materialy mizhnarodnoi naukovo-
praktychnoi konferentsii « Ekspluatatsiina ta servisna inzheneriia» (28-29 travnia 2020 roku).[ Proceedings of the International
Scientific and Practical Conference “Operational and Service Engineering” (May 28-29, 2020)], 125-128 (in Russian).

14. Konoplianchenko, le.V., Herasimenko, V.O. & Kolodnenko, V.M. (2013). Obespechenie kachestva reinzhiniringa
slozhnoy tehniki vnedreniem resursosberegayuschih CALS-tehnologiy v remontnom proizvodstve. Visnyk KhNTUSH.
Tekhnichnyi servis mashyn dlia roslynnytstva. [Bulletin of KhRNTUSG. Technical service of machines for crop production],
134, 80-86 (in Russian).

15.  Konoplianchenko le.V. (2010). Obespechenie resursosberezheniya slozhnoy tehniki na etape remonta
napravlennyim vyiborom tehnologii ee razborki. Visnyk KhNTUSH. Problemy nadiinosti mashyn ta zasobiv mekhanizatsii
silskohospodarskoho vyrobnytstva. [Bulletin of KhRNTUSG. Problems of reliability of machines and means of mechanization
of agricultural production], 100, 317- 321.

KoHonnsinyeHko €. B., kaHOudam mexHiyHux Hayk, douyeHm, CyMCbKull HauioHanbHUl azpapHull yHigepcumem,
Cymu, YkpaiHa

Yubipsik A1. ., kaHOudam mexHiyHux Hayk, doueHm, Cymcbkul depxagHull

CoHe YxaosHb, acriipaHm, CymcbKul HauioHanbHUU agpapHull yHisepcumem, Cymu, YkpaiHa

YepHeHko I1. B., cmapwuli suknaday, HauioHanbHa akademisi HaujoHanbHoi 2eapdii Ykpaitu, Xapkie, YkpaiHa

Psicha O. B., cmapuwuti suknaday, CymcbKul HaujoHanbHUl agpapHull yHisepcumem, Cymu, YkpaiHa

dopmanizayis cuHmesy KiHeMamuyHUX CMPYKMyp MexampoHHUX cucmeM po36bupaHHs eupobie Ha emani
pemMoHmy cknadHoi mexHiKu

U pobomy nipucesyeHo npouecy chopmanizauii mowyKy payioHarnbHO20 8apiaHmy KOMMOHY8abHO20 PIlEHHS Orisi
MexampoOHHUX cucmem po3bupaHHs. Ha ocHosi po3pobneHux modenell po3bupaHHsa 8upobie i KiHeMamuKu MPOMUCIOBUX
pobomie cmarno Moxnusum subpamu poboma i3 8i0MOGIOHUM cmyrneHeM MObifTbHOCMI 8 asmoMamu308aHOMY PEXUMI.
HacmynHum Kpokom y aubopi npomuciosux pobomig € aHarnia 00YinbHOCMI BUKOHaHHS 3a80aHHS1 3 ypaxy8aHHSIM MOYHOCMI,
gaaU i posmipie enemeHmis, w0 posbuparomscs. [na posbupaHHs eupobig esubuparomb makux pobomie, MexHIYHi
xapakmepucmuku sikux 00380/15tomb po3bupamu 3 ypaxysaHHSIM po3efIsiHymux xapakmepucmuk. Pobomu paHxyrombcs
3a IxHbOoto 8apmicmio. Pobomu i3 HaliMeHWOoW sapmicmio Marome nepuiul paHe. SKwo pobom He sidnosidae Kpumepism
gidbopy, abo cmpykmypa 8UpObHUYOI OisIHKU He 3bieaembCs 3i CMPYKMYpPOK MEXHOM02i4HOI cxeMu po3bupaHHs, mo
subuparomb poboma binbwoeo paHay i 3Ho8Yy NPO8odsMb aHasli3 MexHoI02iYHOCMI 8UPOBHUYMea.
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13 noansidy Ha mexHosnozit po3bupaHHs eupib Mpedcmasnsiemscs K CyKynHicmb eudig 3’e¢0HaHb (io2o YyacmuH. Ha
fpouec mpaHcgopmauii murny 3’c0HaHHS ni0 Yyac ekcrilyamauii ennueae HU3Kka ghakmopig: 4ac pobomu, ymosu pobomu,
cmyniHb 3a/TUWKOBO_0 8M/IUSY HAa HaBKOIUWHE cepedosuule.

Po3pobiieHi mexHonozidHi MoOeri 2e0MeMPUYHUX | KIHEMamUuUYHUX NepemilieHb 8UPobie i BUKOHasYUX opaaHie pobomig
adekgamHO onucyrMb pPo3matlysaHHs y npocmopi demaried, W0 po3buparmbCs, maixHe nepemiueHHs rmid Yyac po3bupaHHs.
Knacudpikauis npomucriogux pobomie 3a iXHiMU KOHCMPYKMUBHUMU i KiHEMamu4YHUMU Xapakmepucmukamu 00380/19€
sudinumu ix i3 ypaxyeaHHAM nompi6HOI KiHemamuku i moYyHocmi ni@ yac po3bupaHHs 3'€0HaHb, 8aHMaxoniotioMHocmi
poboma i moxnueocmi pobomu 3 06’ekmamu regHux posmipie. OcHosHa i0esi pedcmasneHol' y pobomi KOHUenuyii nonsizae
y po3pobnexHi memodosnoeii cucmemMHo20 nidxody 00 MPOEKMy8aHHST BUCOKOEGhEKMUBHUX MEXHOMO2IYHUX CUCmeM, Wo
8UKOPUCMOBYOMbCS MiG Yac PEKOHCMPYKUIi, MoOepHisauii | 6iOHOBMEHHI npaue30amHoCcmi mexHiYyHUX 3acobie ma 06’ekmig
MamepianbHO20 8UPObHUYMea y MawuHObyOy8aHHi.

Knrovoei cnosa: mexHonozidyHa cucmema, MOOeNIt8aHHs, CMPYKMYyPHUU CUHME3, MEXampOHHI cucmeMu, Yyacmkoge
p0o36upaHHs, KiHeMamuyHi nepemilieHHs, pobomu, onmumisauis.

Lama HadxodxeHHs1 31.08.2021 p.
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The purpose of the research of this work is to study the effectiveness of extinguishing a fire using carbon dioxide, taking
into account changes in gas exchange. An analysis of the use of neutral gases in automatic fire extinguishing systems,
which provide a three-dimensional method of extinguishing. The analysis shows that the rate of elimination of combustion
will depend on the gas exchange in the room, ie the number and location of vents, doors, windows, etc. To study the effect
of gas exchange on the efficiency and rate of cessation of combustion, an installation was developed, the camera of which
simulates a real room and a computer model of the same room for simulation. The created installation allows to apply quali-
ties of a phlegmatizer — carbon dioxide, nitrogen, argon, etc. The structural components of the installation are substantiated
so that the phlegmatizer enters the combustion chamber from the pressure chamber, which is equipped with two openings:
the first for removal of combustion products from the chamber, the second for input of phlegmatizer and two openings
that simulate ventilation and inlet passage. in the cell. The amount of phlegmatizer supplied to the combustion chamber is
regqulated by a reducer. A thermocouple is built into the chamber to control the temperature in the combustion zone. A com-
puter model of a combustion chamber similar to a full-scale experiment has been created. A computational experiment
was performed. A full-scale experiment was conducted. It is established that the effect of open ventilation ducts on the rate
of cessation of combustion is most significant at low inert gas flow rates. The relative deviation of the results of mathematical
modeling from the experimental data is calculated. The results of the study show the effectiveness of modeling of thermal
processes for further studies of the effect of gas exchange on the rate of fire extinguishing in closed volumes.

Key words: fire extinguishing, inert gases, fire extinguishing substances, computer simulation.
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Introduction. In Ukraine, as always, the problem
of fighting fires and their consequences is acute. According to
the results of the analysis of fires and their consequences in
Ukraine in 2020 trends that indicate an increase in the number
of fires and material losses from them, people injured in fires
compared to 2018 are revealed. Substances, which are
conventionally called fire extinguishers are used to fight fires.

Traditionally, all substances used to stop burning are
conventionally divided into 4 types (H. |. Yelahin et al.,
2020; V.O. Duniushkin et al., 2011; V.O. Borovykov et al.,
2000; A.V. Antonov et al., 2001; V.O. Borovykov et al., 2001;
A.V. Antonov et al., 2003; T.le. Kisil et al., 2003; A.V. Antonov
et al., 2006; N. M. Koziar et al., 2007; A. I. Turchyn et
al., 2008; A.V. Antonov et al., 2010; A.V. Antonov, 2012;
A.V. Antonov, 2013; A.V. Antonov et al., 2007):

—those that dilute substances in the combustion reaction
zone are mainly neutral gases: nitrogen (N,), carbon dioxide
(CO,), water vapor (H,0), helium (He), argon (Ar) and some
others;

— those that cool the reaction zone or combustible
substances are mainly water, powder, sand and others;

— those that insulate substances (combustibles
or oxidants) from the combustion zone are sand, fire-
extinguishing powders, foam (air-mechanical, chemical);

— those that inhibit the combustion reaction (chemical
active inhibitors) are some types of chemical powders
and liquids that contain chemical elements of group 7
of the periodic table, — halides such as carbon tetrachloride
(CCl,), methylene bromide (CH,Br,), ethyl bromine (C) ,
tetrafluorodibromoethane (C2Br,F,) and many others.
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At first glance, such a conditional division is almost
unquestionable. ~ The  conditionality —and  relativity
of such a division, that the extinguishing agent acts on
the process of cessation of combustion by a combination
of its physical and chemical properties, is described in
many works (A.V. Antonov, 2017; A. G. Tropinov et al.,
1990, A.V. Antonov, 1993; A.V. Antonov, 1995; A.V. Antonov
et al.,, 2000; A.V. Antonov et al., 2001; Yu. B. Tsapko,
2002; D. M. Derevynskyi et al., 2004; A.V. Antonov et al.,
2005; V. M. Balaniuk et al., 2006; B. B. Kovalyshyn et al.,
2013; A.V. Antonov, 2013; V. O. Duniushkin et al., 2014;
S. Ohurtsov, 2014; Y. Cai et al., 2015; J. G. Gatsonides et al.,
2015; M. Trevits et al., 2010; Ju. V. Capko et al., 2001; DSTU
3958: 2000). For example, neutral gases, when introduced
into the combustion zone, dilute the molecules of combustible
substance and oxidant; their collision becomes less probable,
the oxidation reaction slows down, the combustion intensity
decreases, the heat release is weaker, and at a certain
concentration of inert gas it stops altogether. As a result,
the burning stops and the fire goes out.

It is known from the physics of combustion and explosion
that when the volume concentration of oxygen in
the combustion zone decreases less than 14%, kinetic
(and diffusion) combustion stop. But if it is only a matter
of mechanically diluting the molecules of the combustible
substance with the oxidant, then it seems that it does not
matter what to dilute with — nitrogen, carbon dioxide, helium,
water vapor and so on. However, studies (I. M. Abduragimov,
2012) have shown that this is not the case. And the efficiency
of extinguishing fires with inert gases is significantly affected
by their thermophysical properties.

The dependence of the required concentration of different
inhibitors and phlegmatizers for methane dilution is shown in
work (I. M. Abduragimoyv, 2012) (Fig. 1). The figure shows that
the most effective are inhibitors (halogenated hydrocarbons)
and phlegmatizers (carbon dioxide and water vapor).

However, neutral gases are mainly used in automatic fire
extinguishing systems, which provide a three-dimensional
method of extinguishing. It is clear that the rate of fire
elimination will depend on the gas exchange in the room, ie
the number and location of vents, unlocked doors, windows
and so on. Research in this direction, both in Ukraine and in
the world is almost not conducted, so the purpose of this
work is relevant.

Materials and Methods. The basics of the theory
of diffusion flame extinguishing are presented in particular
in the work (V.O. Dunjujushkin et al., 2014). It is proved
that the cessation of combustion in a gas diffusion flare
occurs when at the moment of supply of extinguishing agent
the rate of chemical reaction in the flame front localized in
the stoichiometric composition circuit becomes insufficient
for chemical conversion at given fuel and oxidant velocities.
The phlegmatizer can be supplied with both oxidizer and fuel.

There are many works devoted to the determination
of the minimum fire-extinguishing concentration (limiting
concentrations of phlegmatizer for supply to the oxidant
zone) (see, (Y.Cai et al., 2015; J. G. Gatsonides et al., 2015;
M. Trevits et al., 2010; Ju.V.Capko et al., 2001). In works
(Y.Caietal., 2015; J. G.Gatsonides et al., 2015; M.Trevits et
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Fig. 1. Dependence of methane concentration in
the mixture on the phlegmatizer content in the
atmosphere: 1, 2 — halogenated hydrocarbon type
C,Br,F,; 3 — carbon dioxide CO,; 4 — water vapor H,0;
5 — nitrogen N_; 6 — helium He; 7 — argon Ar.

al., 2010; Ju. V. Capko et al., 2001) the effect of synergism
when applied to the oxidant zone by phlegmatizers
of different chemical nature (for example, chemically inert
and those with inhibitory action) was revealed. Based
on the use of synergistic effects, new highly effective fire
extinguishing compositions have been proposed (M. Trevits
et al., 2010). The influence of agents of different chemical
nature on the extinguishing of the diffusion flame during their
supply together with the oxidant was studied in (M. Trevits
et al., 2010; Ju.V.Capko et al., 2001). Thus chemical
mechanisms of suppression of combustion of hydrocarbons
by means of fluorinated agents are revealed.

At the same time, the analysis of literature sources in
which the extinguishing of the flame diffusion torch by
feeding the phlegmatizer together with the fuel was studied
(G. E. Golinevich et al., 1991). One of the first works in this
direction is the work (G. E. Golinevich et al., 1991), which
investigated the concentration limits of diffusion combustion
of the mixture H, + He in the air. Along with this, the study
of the conditions of stabilization of diffusion flares of mixtures
of hydrogen and methane with various inert solvents should
be noted (Golinevich, G.E. et al., 1991).

To study the effect of gas exchange on the efficiency
and rate of combustion cessation, an installation was
developed (Fig. 2), the chamber of which simulates a real
room and a computer model (Fig. 3) of the same room for
simulation.

Theclosestanaloguetothetechnicalessence ofthe device
is a gas fire extinguishing system (O.A.Derevianko et al.,
2018), which contains a cylinder with a gas extinguishing
agent, shut-off valves, pipelines and outlets. However, this
installation does not provide for the possibility of regulating
the flow of extinguishing agent and changing the number
of open armholes.

Results. The installation (Fig. 2) works according
to the following scheme. From the pressurized tank
the phlegmatizer comes to the combustion chamber
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(simulation room), equipped with two (working) holes:
the first to remove combustion products from the chamber,
the second to enter the phlegmatizer and two holes that
simulate ventilation and inlet and allow to change gas
exchange in the chamber. The amount of phlegmatizer
supplied to the combustion chamber is regulated by
a reducer. A thermocouple is built into the chamber to control
the temperature in the combustion zone.

When introducing a neutral gas into the combustion
zone, in addition to reducing the concentration
of the components of the combustible mixture, there is
also a loss of heat for heating this diluent from the initial
temperature to the temperature of the combustion zone.
The installation allows to use as a phlegmatizer — carbon
dioxide, nitrogen, argon, etc..

During our research (Fig. 4), carbon dioxide was chosen
as the phlegmatizer (CO,). A paraffin candle was chosen as
the source of combustion. The experiment was conducted
in two modes: 1 — all armholes are open, 2 — all armholes

are closed. The temperature change was recorded using
a DT-838 multimeter complete with thermocouples. During
the research, the time from the beginning of the supply
of carbon dioxide to the combustion zone to the cessation
of combustion was recorded. To correlate the results,
2 experiments were performed.

The study was conducted at carbon dioxide feed rates
of 60, 80 and 100 | / min.

The results of the research are presented in the graph
(Fig. 5). They show that the cessation of combustion with
closed vents (gas exchange mode Ne 1) occurs faster than
with open vents (gas exchange mode Ne 2). So at a feed
rate of carbon dioxin equal to 40 |/ min it happens 4 s faster,
which is more than 40% faster; at a carbon dioxide feed rate
of 60 | / min this happens 3.5 s faster, which is more than
35% faster; at a carbon dioxide feed rate of 80 | / min this
is 3.3 s faster, which is more than 35% faster; at a carbon
dioxide feed rate of 100 | / min 1.9 s, which is more than
25% faster.

Fig. 2. Installation for the study of cessation of combustion by phlegmatization (a);
constructive scheme of installation (b):
1 - container with phlegmatizer under pressure; 2 — the valve; 3 - flexible pipeline;
4 - an opening for air inflow with a latch, 5 — a reducer; 6 — combustible substance;
7 - hole for removal of combustion products; 8 — temperature sensor; 9 — isolated camera;
10 - heat-resistant glass; 11 — screen; 12 -rotameter.

Fig. 3. The view of the model of the simulation room, which was used for the computational experiment
(yellow dots show the places of calculation of temperatures)
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Fig. 4. Conducting experimental studies to determine the effect of gas exchange
on the rate of extinguishing a fire with carbon dioxide

From this we can conclude that the effect of open
ventilation ducts (window doors) on the rate of cessation
of combustion is most significant at low inert gas flow
rates. And also that increasing the speed of flow rate
of phlegmatizers in a burning zone extinguishing time
decreases.
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Fig. 5. Graph of the dependence of time (from the
moment of the beginning of supply of carbon dioxide
to the cessation of combustion) on the mode of gas
exchange and the rate of supply of extinguishing agent

To conduct a computational experiment using the created
mathematical model of the model room (Fig. 3) for testing
the following sequence of calculation procedures was used.

1. With the help of CAD program the geometric
configuration of the model room of the necessary sizes is
created. Inside, models of partitions, openings for the exit
of combustion products and places of air support are created.
The geometric model is imported into the environment
of the FDS calculation complex.

2. The initial parameters of modeling are entered, as it
is impossible to change in the course of calculation: initial
temperature of the environment, support of air on the one
hand, necessary time of burning, etc..

3. The combustion process is initiated in the middle part
of the room. For this purpose the fire center is modeled.

4. During the calculation, the temperature
of the respective points in the room and the temperature

gradient are monitored online.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

In order to control the temperature regime by means
of the computer complex FDS 27 places of its control were
created (yellow dots of fig. 3).

After completion of the computational experiment,
temperature data were obtained at each control point for
verification.

Discussion. In fig. 6, 7 there are graphs of the average
temperature in the middle of the model room during
the computational experiment.

As a result of calculations of cessation of combustion
in the model room with closed vents with a carbon dioxide
supply rate of 40, 60, 80 and 100 | / min. we obtained
the following time intervals for cessation of combustion —
8.2;6.7; 6.3 and 5.8 seconds.

As a result of calculations of combustion cessation in
the model room with open vents with a carbon dioxide supply
rate of 40, 60, 80 and 100 | / min. we obtained the following
time intervals for cessation of combustion — 12.4; 10.3; 9.6
and 7.8 seconds.

Analyzing the comparison of the results of mathematical
modeling of the heat transfer process (Fig. 7) in case of fire
in the model room and experimental data, it can be stated
that the relative deviation averages 5.6%, which shows
the efficiency of modeling thermal processes for further
studies of gas exchange on fire extinguishing rate in closed
volumes.

Conclusions. This work investigates the effect of gas
exchange on the efficiency of extinguishing fires with carbon
dioxin by conducting experimental studies on a specially
designed installation and by computational experiment
using the software package CFD Fire Dynamics Simulator
6.2. The efficiency of modeling of thermal processes for
further research of the influence of gas exchange on the rate
of extinguishing fires in closed volumes is proved. To achieve
this goal, the following tasks were performed:

1. A mathematical model of the model room, similar
to the full-scale experiment was created. A computational
experiment was performed. A full-scale experiment was
conducted.

2. It is established that the influence of open ventilation
ducts (window doors) on the rate of cessation of combustion
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is most significant at low velocities of inert gases. It is also
established that with increasing speed of phlegmatizers
entering the combustion zone, the extinguishing time
decreases and the cessation of combustion with closed
vents occurs faster than with open vents. So at a feed rate
of carbon dioxin equal to 40 | / min it happens 4 s faster, which
is more than 40% faster; at a carbon dioxide feed rate of 60 | /
min this happens 3.5 s faster, which is more than 35% faster;
at a carbon dioxide feed rate of 80 | / min this is 3.3 s faster,

which is more than 35% faster; at a carbon dioxide feed rate
of 100 1/ min 1.9 s, which is more than 25% faster.

3. The relative deviation of the results of mathematical
modeling from the experimental data, which is 5.6%, is
calculated.

4. The results of the study show the effectiveness
of modeling of thermal processes for further studies
of the effect of gas exchange on the rate of fire extinguishing
in closed volumes.
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HocnidxeHHs ennuey 2a306MiHy Ha eghekmueHicmb 2aciHHsA noxex diokcudom syaneuyro

Memoto docnidxeHHs € UBYEHHS EGheKMUBHOCMI 2aCiHHSI NOXexXi OiOKCUOOM 8Y211EUI0 3 ypaxy8aHHSIM 3MiHU 2a3000MiHY.
lposedeHo aHanis 3acmocysaHHs1 HelimpasbHUX 2a3ig y cucmemax asmoMamu4yHO20 NoXexoeaaciHHs, ujo nepedbaqyaroms
06’emHull criocib eaciHHA. [1i0 yac aHanisy ecmaHoeneHo, wo weudkicms niksidauii 20piHHA 3anexamume 8i0 2a3000MiHy
y npumiweHHi, mobmo 8i0 Kinbkocmi ma Micuyb po3mally8aHHsi eeHmunsauitiHux omeopis, deepel, 8ikoH mouwjo. 3adns
docnidxeHHs 8nnugy 2a30006MiHy Ha eghekmueHicmb | WeUudKiCMb NPUNUHEHHST 20PIHHST PO3POBIIeHO yCmaHo8KY, Kamepa
AKOI iMimye pearibHe NPUMIWEHHS i 020 KoMmomepHy MoOerb Ons nposedeHHs1 ModentosaHHS. CmeopeHa ycmaHoska
0oseorisie 3acmocosygamu K ¢hneamamusamop Oiokcud eyaneuto, azom, apaoH mouwo. O6rpyHMo8aHO CMPYKMypPHi
KOMIMOHEHMU YCMaHO8KU MaKuM YUHOM, WO i3 eMHocmi rid muckom Hadxodumb ¢brieamamu3amop 00 kamepu O5isi
crnanogaHHs, obradHaHoi dgoma omeopamu: nepwuti omeip cryxumb 0ns 8ideedeHHs nMpodykmie 20piHHS i3 Kamepu,
Opyeuli — Ons eeeleHHs1 hrieemamu3samopa Yyepe3 0sa 0Meopu, SKi iMimyroms 8eHMUAYH0 | 8xiOHUU npoxid, A0380/5HYHU
3MiHto8amu 2a3006MmiH y kamepi. Kinbkicmb chneemamusamopa, wo nodaemscs 00 KaMepu Crano8aHHs, pe2ynoemscs
pedykmopom. Y kamepy 8MOHMO8aHO mepmonapy 07151 KOHMPOIT0 memnepamypu y 30Hi 20piHHSA. CmMeopeHO KOMITIomepHy
mMoOenb Kamepu Onisi CriasitoeaHHsl, aHasrozidyHy HamypHOMy ekcriepumeHmy. Komm'iomepHy modenb MpuMIileHHs i3
3a0aHuUMU 2e0MEMPUYHUMU KOHGizypauisimu i po3mipamu cmeopeHo 3a donomozoto CAD-npozpamu. YcepeduHi makox
6yno cmeopeHo mModeri nepe2opodok, omeopy 0151 8UX00y MPoOykmig 320PpsIHHS | Micusi nidnopy nosimps. [eomempuyHy
Mo0erb iMIopmoeaHo y cepedosule po3paxyHkoeozo kommnaekcy FDS 0nsi nodanbuwio2o npogedeHHs1 064UCI08aIbHO20
ekcriepumeHmy. [(pogedeHo ob4ucto8anbHUL eKcriepuMeHm. 13 Memoro 8idciOKo8y8aHHS 3MIHU meMnepamypHO20 PeXUMy
nid yac obyucosanbHO20 ekcrepumeHmy 3acobamu KommtomepHo20 Kommnekcy FDS cmeopeHo 27 micub ii KOHMpOro.
[icns 3asepuwieHHs1 064UCTH8aNIbHO20 EKCIePUMEHMY OMPUMAaHO MOKa3HUKU meMepamypu 3a KOXHUM MiCUeM KOHMPOITH
0ns nposedeHHs sepucpikauii. NposedeHo HamypHUU eKcriepuMeHm. YecmaHOo8/eHo, Wo 6riue, KUl YuHImMb eidkpumi
8EHMUNAUIUHI KaHanu Ha WeudKicmb MPUMUHEHHS 20PIiHHS, € HaliCymmesilum 3a HU3bKUX weudkocmel nodadi iHepmHuXx
2asig. PospaxosaHo 6IOHOCHe 8iOXuneHHs pe3ynbmamie MamemMamu4yHo20 MOOeneaHHsI 8i0 eKcrepuMeHmarnbHUX
rokasHukie. Pedynsmamu nposedeHo20 00CiOXeHHs ceid4amb Mpo eghekmusHicmb MOOET08aHHsI Meriogux rMpouecis
nid Yac nodanbLWo20 8USHEHHS 8MIUBY 2a3000MiHy Ha WUOKICMb 2aCiHHS MOXEX y 3akpumux 06’emax.

Knrovoei cnoea: noxexoaaciHHs, iHepmHi ea3u, 80eHe2acHi Pe408UHU, KOMITIOMEPHE MOOEI08AHHSI.
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PO3POBKA CUCTEMU ABTOMATU30OBAHOIO MPOEKTYBAHHA
THYYKOro ABTOMATU3OBAHOIO BAPOBHULITBA

MyxoBcbkui €EBreH CTenaHoBuY

[OKTOP TEXHIYHKX HayK

HauioHanbHWii TexHiuHWI yHiBepeuTeT Ykpainn «KWiBCbKuI MONITEXHIYHNIA iIHCTUTYT iMeHi Iropst Cikopcbkoroy»
ORCID: 0000-0001-7843-0922

presto5@bigmir.net

lpoekmysaHHs1 2Hy4YKux 8upobHu4ux cucmem (IBC) cyyacHo20 bazamoHOMeHKIamypHO20 8upobHUUmMea 3asguyall
8e0embCsl Ha OCHOBI 3a2aflbHO020 HOPMYBaHHS MPU BUKOPUCMAHHI yKpynHeHUX pekomeHdauil. pu ubomy He 3aéxou
b6epemnbcs 00 ysaau crieyughbika ma ocobrugocmi KOHKPemHo20 8UPObHUYmMea. B makomy npoekmyeaHHi HaligaXugiluum
€ 00ceid npoekmyearnbHUKa, W0 He 3aex0u b6alyembcs Ha CydacHUX Memodax onmumisayii MPOeKmMHUX pileHb. Tomy
Had3su4aliHO akmyarnbHOK € fpobrieMa CMeoPEeHHsT agmoMamu308aHUX CUCMEM MPOEKMYy8aHHS Npu po3pobui eHy4YKUX
asmomamu3osaHux 8upobHuyme (IF’AB), siki sukopucmosytoms 8apmicHe 0briadHaHHS 3 YUCI08UM MPO2paMHUM yrpaesiH-
Ham (YI1Y). Po3pobka asmomamu3o8aHUX cucmeM npoekmyeaHHs1 6asyembCsi Ha i0esix CUCmMeMHO20 ridxody, sKi aU3Ha4a-
oMb Pi3HI YUKU NPOYECy: MpoeKmysaHHs — nideomoska 8upobHuymea — eUpobHULMeo. IHghopmauis npo npoekmosaHuli
06°eKm 2eHepyembCs 8 NPOUEci po3pOOKU NPoeKmy Pi3HUMU epyrnamu Kopucmysadig: doCiOHUKaMU, NPOeKkmyeanbHUKamu,
KOHCmpyKkmopamu, mexHoro2amu, opaaHizamopamu eupobHuuymea. bazamopieHesul, UUKAIYHUU MPouec npoekmyeaHHs
rnompebye suKkopucmaHHs1 makozo obcsiay iHghopmauji, sKul HeMoxnueo nepepobumu 6e3 3acmocysaHHsi Cy4acHUX Mame-
MamuyHux memodie ma ob4uco8aHoi mexHiku. Tomy Ha038uYalHO 8aXUBUM € CIMBOPEHHS CUCMEM agmoMamu308aH020
npoekmysarHsi [AB, ski 8id3Ha4atombCsi binbWOK yHI8epcanbHICMI0, eghOeKmuHICMI0 i MOXIUGICMI0 po38UMKY, 800CKO-
HaneHHs1 | adanmayii 0o ymos pisHux nidnpuemcms. Taki eumoau nocryxunu 6a3orn Onsi CMEOPEHHST CUCMEMU asmo-
Mmamu3sosaHozo npoekmysarHsi [BC (CAl IBC), wo do3esorisie npomsiaom po3pobKu npoekmy epaxosysamu eeuye3Hul
obcsie iHghopmaujii 8 asmomamuyHoOMy YUK, Haykoea Hogu3Ha pobomu nonseae 6 po3pobrieHHi iHmesposaHoi cucmemu
asmomamus3auii npoekmysaHHs mexHosnoeii 06pobku ma subopy enemeHmie cmpykmyp BC. [Npu ybomy 3abe3nedyembcsi

iHgbopmauitiHa eOHicmb 3 cUCMEMOK MEXHO02iHHOI Mid20mosKu 8UpobHUYmMea Ha pigHi exkcrinyamauji [BC.
Mema pobomu — cmeopeHHs1 iHmeaposaHoi a8moMamu308aHoOi CUCMEMU MPOEKMY8aHHS MEXHOMO2IYHUX MPoUecie
ma efnieMeHmig CmpyKmypu 2Hy4Kk020 asmomamu3oeaHo20 8upobHuUumea Ha 6a3si cydacHux eepcmamig 3 YlY, npomucno-

8ux pobomie ma cucmeM OCHaUWEHHSI.

Knroyoei cnosa: npoekmyesaHHs, asmomamu3ayjis, eepcmam, 6a3a 0aHux, anzopumm.

DOI https://doi.org/10.32845/msnau.2021.3.6

Beryn. CTBOpeHHS! aBTOMATM30BaHWX CUCTEM MPOEKTY-
BaHHA rHy4kux BUMpobHuumx cuctem (CAlM MBC) Gasyetbes
Ha igesx cuctemHoro niaxogy. Llen GaratopisHeBwi npouec
BUKMVKAE HelMOoBIpHe 3binblueHHs obcary iHcopmallii, Lo
Ha TNi CTUMKOBKW NMOTped PisHMX KOpWUCTyBaYiB HE OO03BOMSE
MOBHICTIO 3a6€3MNeUnTN BUMOTY NPOMUCIOBOCTI MO LUMPOKOMY
BMPOBaPKEHHIO METOZiB aBTOMaTM3aLlii NPOEeKTYBaHHS. Y Limx
ymoBax HeobxiaHo po3pobka cuctem, ki € GinbLu yHIBepcans-
HUMW, €DEKTUBHUMM | 30aTHUMK [0 PO3BWUTKY Ta aganTavii
[0 KOHKpeTHoro BupobHuuTBa. OcHoBo pospobneHoi CAlT
BC e matematnyHa Mogerb TEXHOMOMNYHOMO MPOEKTYBAHHS
'BC Ta meToan hopmani3oBaHOro NPOEKTYBaHHS ii enemeH-
TiB Ta cTpykTyp (Pukhovskiy, 2010). MporpamHuin komnnexkc
CAI NBC 6asyeTtbcst Ha dhopmanisavii NpoeKTHWUX npoLeayp,
OCHOBaHWUX Ha po3pobneHin Teopii aBToMaTm3aLii TexHomno-
rivHoro npoekTyBaHHs (Domoradskij, Leskin, Ponomarev,
1986), Ha OCHOBi SIKOI CTBOPIOKOTLCH NaKETW MPUKMAZHWX
nporpam ¢yHkuioHanbHWX nigcuctem. Ctpyktypa CAlN MBC
6asyeTbCA Ha NPOrpaMHMX Ta IHPOPMALLIMHMX KOMMOHEHTaX,
IO [03BOMSE BUpILLYBaTV 3apadi PisHUX (DYHKLOHANBbHMX
niaCUCTEM Ha eauHin iHpopmaLinHin 6asi Ta WBMAKO CTBO-
ptoBaTVl i pO3BMBATY CUCTEMY TEXHOMOTIYHOI MiAroToBKYW Bara-
TOHOMEHKNATYPHOro BUPOBHMLTBA.

®yHkuioHansHa cTpykTypa CAlN MBC fo3sonse Bupiluy-
BaTW 3adavi npoekTyBaHHs enemenTis [BC, 6a3ytouunck Ha

po3pobLi TEXHOMNOrYHMX MpoLeciB, TOGTO NOCTYMHOETLCS,
WO TexHonoris 3aBxan Mae Byt nepBuHHOW. 3anepe-
YEHHS LbOro TBEPAXEHHS NPUBOAWUTL A0 CYTTEBUX MOMU-
NoK B MpoekTyBaHHi cTpykTypu BC, 36inblweHHs 3aTpat
Ta 3HWXKEHHS npodyKTuBHOCTI BUpobHuuTBa (Melnikov,
Voronenko, 1990). ®yHkuioHanbHa iHTerpauisa nigcucrem
30INCHIOETLCS e Ha eTani TEXHONOMYHOrO NPOEKTYBaHHS,
Mpu LbOMY Ha BXOAi 3afaloTbCsa BMXIOHI AaHi Ta KoHuen-
i 3agadi, a Ha BUXOAiI (POPMYIOTHCA MPOEKTHI pPilleHHs
y BUrNSA4i MateMaTu4Hoi Moaeni.

Pesyneratn  pgocnigpxeHHsOcHoBoto  cTBOpeHHs CAT
BC € cxema NpoOeKTyBaHHS €nemeHTiB BepCTaTHOI cuc-
Temu (BC) 3a npuHUMNOM UMKNiYHOI cTparterii (puc. 1).
Y BignoBigHOCTI Jo uiei cxemu BUBIp cknagosmx yactuH [BC
NPOBOAWTLCS NOCMiA0BHO abo napanernbHo, OKpeMi 3agadi
noTpebytoTb LMKNIYHOI Npoueaypu. Ha etani aHanisy novat-
KOBOro BMPOOBHMLTBA, KOMM MPOBOAWTLCA BIOOIP AaHuX,
poboTu BeOyTbCS NapanerbHUMY NOTOKamm, TOMY LLO BOHM
He BMNMBaloTb OHE HA OQHOTO.

Y Onokax «nNpPOEKTYBaHHS €NIeMEHTHOI TEeXHOMOrii»
Ta «rpynyBaHHA TEXHOMOMYHUX OB’EKTIB «CTBOPIETLCS
iHpopMmaLlis, sika BUKOPUCTOBYETHCA Ha HACTYMHUX eTanax
npoektyBaHHs (Pukhovskiy, 2009). Bubip ocHOBHOrO TEXHO-
noriyHoro obnagHaHHsa (OTO) nepepbayae BUGIp He Tinbku

Bepctatie 3 UMY, a # TpaHcnopTHUX 3acobiB, piXy4oro,
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LLOMOMIXKHOIO | BUMIpIOBANbHOTO IHCTPYMEHTY, a TakoX Cuc-
Temy 3abe3neyeHHst TEXHOMOrYHKUX npouecis. BukoHaHHS
BCIiX LX NpoLeayp BUMarae BUKOPUCTAHHS JaHUX, Odepxa-
HUX B Briokax po3pobku eneMeHTHOI TexHororii Ta rpyny-
BaHHS TEXHOMOrYHNX 00'EKTIB Ta PiLLIEHb.

O6roBopeHHs. [licng Bu3HayeHHs cTpykTypu [BC,
cKnagy OCHOBHOrO Ta AOMOMIKHOrO obnagHaHHa npucTyna-
0Tb [0 po3pobky nNnaHyBanbHuX piweHb MBC. ImiTauiHe
MOZentoBaHHS J03BONSIE 3p0OUTM OLLIHKY OpraHi3aLinHo-Tex-
HororivHoi cTpykTypy BC 3a kpuTepismm: NpoLyKTUBHOCTI
BMPOOHMLTBA, TepMiHiB 06pobkM OeTanei, 3aBaHTaXeHHS
obnafHaHHs1, Yacy NOro NPoCTOIB i Take iHLUe.

Y 6roui onTumisauii NpUAMaeTbCA pilleHHs Npo 3aBep-
LUEeHHs npoueaypu NpoekTyBaHHs abo NoBepHeHHs Y Brok
rpynyBaHHs Ans CTBOPEHHS Ta BUKOHAHHS HOBOI NpoLieaypu
ANs HWOT rpynu getanen.

3aranbHa cTtpyktypa CAlN BC nokasaHa Ha puc. 2.
OcHoBy CAIl cknapatote 6a3n faHUX: «EnemMeHTHOI Tex-
HOMorii», OCHOBHOrO TexHonoriyHoro obnagHaHHsa (OTO),

iHCTpyMeHTanbHoro  ocHaueHHs  (I0),  TpaHcnopTHOro
obnagHaHHa (TO), TEXHOMOrYHOrO OCHALLEHHS TOLWO, a
Takox 6a3n 3HaHb, SKi BigobpaxarTb npoueaypu npoek-
TYBaHHSA Pi3HUX (YHKUIOHANbHUX MiACUCTEM Ha EAUHIN
iHhopmaLlinHin 6asi, onepaTMBHO CTBOPIOBATH, HAPOLLLYBaTK
i yOOCKOHanoBaTy CMCTeMy TEXHOMOTYHOI NigrotoBky 6ara-
TOHOMEHKINATYPHOro BUPOOHULTBA.

CAI MBC BMKOHYE (DYHKLIT aBTOMaTU30BaHOMO TEXHO-
NOriYHOr0 MPOEKTYBAHHS CTPYKTYpU i pobounx enemeH-
TiB BC pisHoro piBHa aBTomaTu3alii. [epenbayaeTbces
iHbopmaLinHa edHICTb 3 CMCTEMOK TEXHOSOriYHOI nig-
roToBkM BUpOGHMUTBA Ha piBHi ekcnnyatauii MBC. Mpo-
rpamHui komnnekc CAIN MBC 6a3yeTbesa Ha hopmanisauii
NPOEKTHWX npoLeayp, 3aCHOBaHOT Ha po3pobneHin Teopii
aBTOMaTM3aLil TEXHOMOrYHOro NPOEKTYBaHHS, ska npea-
cTaBnse coboto iHBapiaHTHy YactuHy CAIl BC i € Tot0
CUCTEMHO-YTBOPIOKOYOIO NaHKOK, Ha OCHOBI SKOI CTBO-
PIOIOTECS MaKeTU NPUKNaZHUX nporpam (yHKLiOHaNbHNUX
nigcmcTem.

A3 aideo
i
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| A ] !
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Puc. 1. Cxema npoektyBaHHA 'BC 6araToHOMeHKNaTypHOro BUpoGHMLTBA
3a NPUHLMNOM LIMKITiYHOI cTpaTerii
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Puc. 2. 3aranbHa cTpyktypa CAIN 'BC

Cnig 3a3HaunTH, WO LMKMiYHa CTpaTeris JO3BONSE WS-
XOM BUKOHaHHS iTepauiiHuX npouenyp OoTpumatyt Manxe
ONTUMASIbHUIA TEXHOIOMYHUIA MPOEKT, Ak € Gaso Ans
BUKOHaHHS poboyoro npoekTy MBC.

lonosHWM Ny nobynoBi dyHKUioHanbHOT cTpykTypu CAI
BC € gocnifxeHHs iHpopMaLiiHUX NOTOKIB i 3B’A3KIB, SKi
BiJOOpaXxxatoTb CKNag i B3BAEMOLiH0 OKPEMMX NiACUCTEM Y Bia-
MOBIAHOCTI 4O CTPYKTYpU 3afady NpoekTyBaHHS. [pu LboMy
BUXiAHI AaHi Ta KoHUenuis 3agadi (hopMyThes Ha BXofi, a
Ha BUXOAi OTPUMYEMO MPOEKTHI pilleHHs. MeToa nepetso-
PEHHS BXOAY Y BMXi[ 3afacTbCsl Y BUMMSALI MaTeMaTuyHoI
mogeni. TyT MoxHa 3apatu Ge3niv Bxogie LWob 3aranbHa
XapaKTepucTiika MeToay NepeTBOPEHHS Bignosigana knacy
3aja4 aBTOMaTM30BaHOrO NPOEKTYBAHHS MEBHOTO TUMY.

Ons  intocTpauii  npouecy  koopauHauil  3agad
JOUINbHO BUKOPWUCTOBYBATWM TpugasHi 3Hadku (Tpiagm),
3ano3uyeni 3 cuctemm crpyktypusadii GRISP (Melnikov,
Voronenko, 1990).

®yHKuUioHanbHa CTPyKTypa (puc. 3) 3B'A3Ky 3aBAaHb
i migcuctem CAlN BC pospobneHa Ha OCHOBI CTPYKTYp-
HOI LeKoMno3uuii 3aBhaHb NpoekTyBaHHs BC GaraToHo-
MEHKaTypHoro BMpobHMUTBa. lNpouec aekomnoauuii BCiei
CYKYNHOCTI 3aBfaHb 3aBepLuyeTbes Ha mogyni (A1 — AS).
TakoxX BM3HaYaloTbCS 3B’A3KM MO IHHOPMALiHWX NOTOKaxX
MiX MogynsmuM Ta 3aranbHi Bxig «Bx» i Buxig «Bux» (puc. 3).

CTpyKTypa LaHuX, L0 BUKOPUCTOBYHOTLCS NPU NMPOEKTY-
BaHHi BC, gae MOXnMBICTb 3p0OUTK BUCHOBOK, LLO BOHM
MOXYTb OyTW iHTerpoBaHi B eauHy 6a3y gaHux CAT-IBC,
fKa po3diNSETbCA Ha CUCTEMM MNPOEKTHO-OPIEHTOBAHMX
i NMPOEKTHO-HEe3aNeXHUX AaHuX. Y MpoLeci NpoeKkTyBaHHS
BC 3QiMCHIOETLCS HAKOMWMYEHHST MPOMIKHOI  iHhopma-
Lii okpemumu nigcuctemamu, sika 3bepiraetbes y BUMMSA
cnevianizoBaHux gannie 3MiHHOI iHpopMaLii iHTerpoBaHoi
6a3un JaHuXx.

OcHoBoto yHKuUioHanbHoT cTpykTypu CAI 'BC € cne-

uncbika GaraTOHOMEHKNaTypHOro BUPOBHMLTBA, WO Bigno-
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Puc. 2. (MpopoBxeHHs). 3aranbHa cTpykTtypa CAlMN NBC

Bigae npobnemam YHidikauii i cTaHgapTusauii TexHonoriy-
HUX 0O0'€KTIB, BUKOPUCTAHHS METOAIB rPYMOBOi TEXHOMOrii
3 ypaxyBaHHSIM TEXHOMOTYHMX BNACTMBOCTEN 0bnagHaHHS
i OCHaCTKW1, MOAENOBAHHSA Ta ONTUMI3aLii NPOEKTHMX pilleHb
(Bazrov, 2001). ®yHkuioHanbHa cTpykTypa CAlN MBC noby-
[0BaHa 3 ypaxyBaHHSAM NOriku B3aeMOAIT (PYHKLiOHANbHMUX
MiJCMCTEM Ha Pi3HMX eTanax NPOEKTYBaHHS.

BuxigHa iHgopmauia HakonudyeTbcs B mogyni A1
(pnc. 3), mo cknapgy sikoro BxoguTb CATP «enemMeHTHOI»
TexHonoril, WO NOCTaBnse iHGOPMALild MPO TUMYaCOBi
XapaKTepUCTUKN TEXHOMOTYHMX npoueci B Mogyni A2 — AS.
XapakTepucTuki HOMeHKNaTypu pertanen 36epirarTbes
TakoX i B mogyni A2, B skoMy GhOpMYHTbCS FpynoBi TEXHO-
OTiYHI PiLLEHHS], WO 3aCTOCOBYHOTLCA MOTIM B Moaynsix A3
i A4 npu npoekTyBaHHi cTpykTypu BC i 3acobiB TexHoNoriy-
HOro OCHalLeHHs. IHcbopMmaList Npo ogepaHi BapiaHTu BC

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

noctynae B moaynb A5 cumynauii Ta onTUMisaLii NPOeKTHUX
piweHb. [Mpy ogepXaHHi HENPURHATHUX pe3yrbTaTiB NPoek-
TyBaHHs B brnoui A2 hopMyoTbCS HOBI AaHi PO cKnag rpyn
JeTanei i npouec NPOEKTYBaHHS LMKIIYHO MOBTOPHETHCS,
nokn He Byae OTPUMaHUN MPUAHATHWIA Pe3ynbTaTy 3 TOYKM
30py npoekTyBanbHuKa. MNpoektyBaHHs TBC BumMarae Hako-
MUYEHHS NPOMDKHOT iHCpopMmaLii, OTPUMaHOI OKpeMUMMU
nigcuctemMamu, sika 36epiraeTbcs y BUMMSAi cnewianiaoBa-
HUX (hbariniB 3MiHHOI iHchopMaLii iHTerpoBaHoi 6a3n gaHux
(Avramtchuk, Vavilov, 1988).

OpraHisauinHol  OCHOBOK ~ (OYHKLIIOHAMNBbHOI  CTPYKTYpK
CAINl IBC € ocobrnmeocTi nobyaosy GaraTOHOMEHKIATypHOro
BUPOOHMLUTBA, ki BasyroTbcs Ha yHidikauji i cTaHgapTuaauii
TEXHOMOTYHMX 00 EKTIB, 3aCTOCYyBaHHI METOZB IPYMOBOi TEXHO-
norii, IPUAHATTI NPOEKTHUX PiLLIEHb 3 YpaxyBaHHSM TEXHOOMY-
HVX BMACTUBOCTEW 3aCTOCOBYBaHOrO ObriagHaHHs i OCHacTKu,
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MOZENoBaHHI Ta ONTUMI3aLi NPOeKTHYX pilleHb (Solomentzey,
Mitrofanov, Pavlov, Ribakov, 1989). TexHonoriuHi Bnactveo-
CTi rpynu fetanen Bu3Ha4aloTb CTPYKTYpHi enemertn BC
i Yepe3 OWMHaMIYHI XapaKTEepPUCTVKX BEPCTaTiB BNNMBalOTh Ha
eKkcnnyarauinHi nokasHuky MBC: NpogyKTUBHICTb, KoediLlieHTu
3aBaHTAXEHHS!, BUKOPUCTAHHS | 3MIHHOCTI YCTaTKyBaHHs1, Npo-
CTOI yCTaTKyBaHHs, 06CcAr He3aBepLUEHOr0 BUPOBHMLTBA i T. .
(Solomentzev, Sosonkin, 1988; Welch, Emang, 1982).
MnaHoBo-kOMMNOHYyBasbHi piweHHs MBC 3anexatb Big
TNy, matepiany i rabapuTHUX pO3MIpiB AeTani, a Takox
Bi MapLUpyTy Ta TepMmiHy il 06pobku. Ha komnoHosky MBC
BMNMBAOTH NIaHOBO-OpraHisaLliiiHi BnacTMBOCTI rpynu AeTa-
nen, siKi B CBOKO Yepry BU3HAYatoTb NOPSAOK PO3TaLLlyBaHHS
BepcTatisa B [BC, maplpyTu matepianbHux i TpaHcnopT-
HUX NOTOKIB, @ TakoX 06’eMHi nokasHukn MBC — KinbKiCcTb
OCHOBHOrO, TPAHCMOPTHOrO Ta JOMOMDKHOTO 0BnagHaHHs.

npu ouiHui BapiaHTiB cTpykTyp BC BMKOHYBaTW nepesi-
POYHi MPOEKTHI NpoLeaypy No OOHOPIAHOCTI (FOMOrEeHHOCTI)
BEPCTaTHOrO MapKy cuctemm (LinsHku, Lexy, 3asogy). Mpu
LIbOMY 3BepTaloTb yBary Ha BracTWBOCTI MacuBy BepcTaT-
HOro obnafHaHHA 3 ypaxyBaHHAM TOro, L0 TEXHOMOriYHi
XapaKTepucTukn getanei 6ynm BUKOpUCTaHi Ha BinbLu paH-
HiX eTanax npoekTyBaHHs. KpiMm Toro, MoxyTb 6yTn gocni-
[DKeHi BMacTMBOCTI BEPCTaTHOro, TPaHCMopTHOro obnad-
HaHHS1, OCHALLEHHS Ta IHCTPYMEHTY.

MoeaHaHHa NporpaMHUX KOMMOHEHT Ha €OMHIN iHpopma-
LinHin 6a3i — ocHoBa edekTnBHOrO BrnpoBamkeHHs CAlN MBC
B YMOBax BUPOOHWMLTB pisHOro Tuny. Tomy ocobnuee Mmicle
B CAIN 'BC 3armae nporpamHe 3abe3neveHHs), sike npeacras-
NEeHO CYKYMHICTIO MporpamMHMX 3acobiB, HeobXigHUX Ans pea-
nizauii yHKLi aBTOMaTU30BAHOTO MPOEKTYBAHHS | PiLLIEHHS!
BCIX 3a4ay pyHKuioHanbHuX nigcuctem (Domoradskij, Leskin,

BnacTuBocTti TexHonoriyHoro obnagHaHHa [o3BonsoTe | Ponomarev, 1986; Avramtchuk, Vavilov, 1988).
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Puc. 3. ®yHKUioHanbHa CTPYKTypa B3a€MO3B’A3Ky 3aBAaHb i nigcucrem
NPOEKTYBaHHSA THY4KOi CUCTEMM
44 BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

Cepist «<MexaHisaLjig Ta aBTomaTi3aLjis BUpoGHU4YMX npoLieciy, Bunyck 3 (45), 2021



Mporpamue 3abesneveHHs CAI BC cknagaetbes
3 MpOorpamMHoro Kommnnekcy OaHkiB OaHux, sKuid peani-
3y€ IHTEPaKTUBHWIA PEeXUM 3 KOpUCTyBadYeM i pensiuinHoi
mogeni faHux, Wwo 3abesnevye eaHicTb iHhopMaLiiHoi 6a3u
3acobamu onucy NOriYHUX CTPYKTYP i IX NPOEKTYBaHHS Ha
hisnuHi cbarnu. ObumncntoBanbHi 3acobu 4O3BOMSAKTb aBTO-
MaTu3yBaT¥ NpoLec reHepaLlii nporpaMH1MX MOAyniB, Hanpu-
Knag, nporpamyBaHHs gianoroBux npoueayp. MoxnuBocTi
iIHCTpyMEHTanbHUX 3acobiB  XapakTepusyloTbCsl  PIBHEM
BMKOPWCTOBYBAHOTO NiHMBICTUYHOMO 3a6e3neyeHHs.

MpoekTHi 3aBpaHHa B CAIl BC BupiwyoTbcs meTo-
[OM pensauinHoi opraHisauii 6a3 gaHux, 3anponoHOBaHWUM
Kopgoom (Codd, 1970). Y upomy meTodi daHi nogarTbcs
Yy BUIMSAI HE3ANEXHOro Big NMPOrpaMHUX MOAymiB Habopy
channis, WO fae MOXMMBICTL 3acTOCyBaTW Habip pensuin-
HUX npoueayp 06pobku iHdopmauii. PensuiiHa 6asza CAll
BC BMKOPWUCTOBYE Taki MPUHLMMK: MiHIMi3aLis CTPYKTypu
PEKBI3UTIB Y hainax; KomOiHaLis pekKBi3WTiB He MOBMHHA
MOBTOPIOBATUCA B Pi3HUX dharinax 6asu; noB's3aHi Mix
coboto 6a3n NoBWMHHI BYTWM (Pi3NYHO MOMiILLEHI Ha HOCIisX
3 ypaxyBaHHAM MOXIMBOCTI IX 04HOYACHOI poBOTH KOPUCTY-
Baya 3 6a30t0; noriyHa CTpykTypa 6a3v noBrMHHa byayBaTnCcs
Ha eguHoMy hopMani3oBaHOMy ModaHHi 40 MPOrpamHol
CUCTEMM, LLO JO3BOMSE BUKOHYBATW HACTYMHI mpoueaypu:
noriyHa Bubipka 3anucis 3 danny 6asu; 3T, MHOXEHHS,
NepPeTUH, 3'edHaHHA, Pi3HULI0, 00’eaHaHHS, MoAin i CcTuc-
HeHHs1 6a3; BMBIA NiACYMKIB; COPTYBaHHS; rpynosa Bubipka.

JloriyHa cTpykTypa 6a3mn faHux TEXHOMOTIYHOrO Npr3Ha-
YEHHs1 HaBeZeHa Ha puc. 4.

®aiin «DETAL» micTuTb iHbopMaLito Npo KOHCTPYKTOp-
Cbki gaHi getani Ta ii kog. ®anu «FRM» i « GEO» Bigobpa-
XakTb hOPMY | FeOMETPUYHI B3AEMO3B'3KN BCiX NMOBEPXOHb.
Y panni «kPOW» po3TaLLoByeTbCs Knacudikatop NOBEPXOHB,
y anni «PER» — knacucikatop nepexogis. Bukopucto-
ByBaHi Npu MPOEKTYBaHHi OCHALLEHHS cxemMu 6a3syBaHHS
3anucaHi y dani «BAZ». dannn «OBy», «RlIy, «ll», «W I»
MICTATb BiOMOCTI Npo 0BnafgHaHHS, pixyyui, BUMIpoBarb-
HUI | JONOMDKHUIA iHCTpyMeHT. ®ain «PRIS» MicTuTb OaHi
npo 6a30Bi, HACTAHOBHI | 3aTUCKHI €NEMEHTW NPUCTOCYBaHb.
®aiinm «TS» | «kROB» MICTATb AaHi PO TPaHCNOPTHI 3acobu
Ta npomucnosi pobotu. Buxighun dann «GRUP» mictutb
iHGhopMmaLlito MPo HOMEHKNATYpy AeTanei, ska po3fineHa Ha
rpynu, Ans sikoi npoektyetbes [BC.

MporpamHe 3abesneveHHss CAlN BC, nobynoBaHe Ha
MeTodax CTPYKTYPHOrO MporpamyBaHHsl, [O3BOMMIO CTBO-
PEHHSI NpOrpamHMX MOAYMIB: FONOBHOrO MoAyns iHiuiani-
3auii komnnekcy Ta igeHTudikaLii kKopucTyBaya; rofnoBHOrO
MOHITOpa; MOHITOpa AN YNpaBniHHA NPOLECiB akTyanisauii,
3MiHM 6a3 gaHux; pegakTopis 6a3 gaHux; nporpamm qyHKL-
oHanbHux nigcuctem CAIM MBC.

FonosHUN Mogyrnb BUAAe Bigeorpamy — 3actasky CATll
BC i pobuTb 3anuT BigOMOCTEN Npo kopucTyBava. Lli Bigo-
MOCTi NepeBipsTLCS B AOBIAHWUKY KOPUCTYBAYIB.

FonoBHuin moHiTop CAlN MBC nokasye OCHOBHE MEHH
i Aae MOXMUBICTb NPOEKTYBAMNbHUKY YBIATW B OOHY 3 (DYHK-
LioHanbHUX nigcuctem (puc. 5). MoHiTop Ans ynpaemniHHS
npoLecoM akTyanisauii Ta 3MiHM 6a3 faHux 3abesnevye
MOXNMBICTb pob0oTM 3 Oyab-sakum dhainom 6asu gaHux
i yHKUioOHanbHUX nigcucTeM. Pegaktop po3pobnsetbes ans
KOXXHOi 6a3n OKpeMo, L0 BUKNKAHO CrneLmdikow pekBisnT-
HOro cknagy i Nnorikv noLwyky , BepudikaLii i npeacTaBneHHs
Ha ekpaHi iHchopmaLlii 3 dhannis.

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

GRUP
I
DETAL
[ I
FRM POW GEO
{ |
PER - BAZ
I F I
RI 08 PRIS n
I__
I TS || wr
ROB ||

Puc. 4. JloriuHa cTpykTypa 6a3u aaHux

onoBHWA
MOOYMbL
PSW FOX

Mogyne BM30BY
YHELIOHANEHWY
nigcucTem MAIN

Mogyne BEM30BE3
raeH MAINMMKL

Mooyne iHCTeRALUT
IMSTAL

Mogyne nepegipkn i
jaxucty PROTECT

$aln KEoHTponA
BiOHOWEHHA
SYS000

dann obniky i
KOHTpOMD KOpWCTYBadia
THE MAME. DBF

Puc. 5. Ctpyktypa moHiTopa CAIN N'BC
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MoHiTop komnnekcy nporpamHux 3acobis CAlN BC
€ aBTOHOMHOIO MiACMCTEMOID, MOB'A3aHOI0 3 YciMa erne-
menTamu CAlN BC. Mpn onomosi MOHITopa BUPILLYOTHCS
B aBTOMaTU30BaHOMY PeXUMi HACTYMHi 3aBAaHHS: iHCTans-
Lis nporpamtoro 3abe3neyerHs CAlN BC; nepesipka Bigno-
BIiQHOCTI BEPCil KOMMMEKCY Ha KOPEKTHICTb iHCTansvii; pee-
CTpaLis KOpWUCTyBayiB KOMMMEKCY Mporpam, BCTAHOBMEHHS
naponis i KOAIB AOCTYNY; BUKIUK i B3AEMO3B'A30K (hyHKLIiO-
HanbHKX nigcucTeM 3 6a30t0 AaHUX TEXHOMNOMYHOMo NpU3Ha-
YyeHHs1. BukopucToByBaHi 3acobu 3axMCTy NporpaMHuX Mogy-
niB hyHKUIOHanNbHKX MigcMcTeM, OpieHTOBaHI Ha poboTy nig
KepyBaHHSIM MOHITOpPA i OKPEMO Bil HBOTO He npaLe3aarHi.

®yHKLiOHanbHE MEHID CUCTEMU NPOBOAUTL MEPEBIPKY
MOXIIMBOCTI BUXody Ha 3aepaHHa nigcuctem CAIN BC.
CrtpykTtypa MoHiTopa CAIl npuseneHa Ha puc. 5. fonosHum
mopynb PSW. FOX 3abesnedye 3axvcT Big HECaHKLIOHOBa-
Horo goctyny i piBHa goctyny. Mogyni MAIN i MAINMNU
nepe.ipsitoTb 3axucT ycraHosku CAlM-MBC B HenepeMilLyBa-
Homy channi PASSWORD. FOX. Mogynb INSTAL nigkntovae
PROTECT 3 kntoyem iHcTanswji, SKuin B CBOK Yepry CTBO-
proe PASSWORD.FOX. Bes knioya PROTECT nepesipsie
PASSWORD.FOX i ctBoptoe cpann SYS000. O6nik i koH-
Tporb kopucTyBadiB npoBoanTbes B hanni THENAME. DBF.

MoHitop CAIN MBC 3abesnevye pexum agmiHictpatopa
CUCTEMM, SKMN MOXE 3MIHUTU KOpWUCTYBadiB Ta npouec
iHCTansALii cuctemn. 3aBfaHHs B (PYHKUiOHANLHUX nigcu-
cTemax BUOMpaeTbcs Micna HaTWCKaHHS Knasiwi «Bee-
JeHHs». KoxHa (byHKUioHanbHa 3agava npaure nig kepy-
BaHHSM BNacHOro MeHIo.

Excnnyatauis CAIN MBC B yMoBax KOHKPETHOMO BUMPOG-
HULTBa nepenbayae aktyanisadito iHhopmaLlii B 6asi gaHmx
TEXHOMNOoriyHoro npuHaveHHs. Ocobnmey yBary npu LbOMY
HeobXiOHO MPMAINUTK BIAMOBIAHOCTI KMIOYOBUX PEKBI3UTIB

B pi3HMx 6a3ax gaHux. MoHiTop i GhyHKLiOHanbHi nigcmc-
Temu CAlN 'BC npaLiooTh B AianoroBoMy pexumi.

MporpamHe 3abesneyeHHs 6a3u paHux 3abesnevye
HaCTYMHi peXuMu: nepernsaa, KopurysaHHs abo JONOBHEHHS
nonis 3anucy 6a3v gaHux, ynakoBka, BUAaneHHs i noLyk no
3aj@aHOMY NOMYHOMY KITHoYYy.

Mpu ekcnnyatauii CAM BC 6a3a gaHux TexHonoriy-
HOrO MPU3HAYEHHS MOCTIVHO JOMOBHIOETLCS | KOPUTy€ETHCS
gaHumn npo enementn BC. MNMoTouHuin ctaH 6asn gaHux
Moxe Oyt 30epexeHuin LINSXOM KOMitoBaHHA nigkaTa-
nory DBS. [aHi konitotoTbes B po3ain 3 im'am ARHddmm,
ne ARH — npuctaBka HaiiMeHyBaHHS apXiBHOrO poa3giny,
ddmm — garta cTtBopeHHs Konii B hopmarTi AeHb — MicsLb.
Takum YMHOM MOXHa CTBOPUTU Tinbku ofHy Konito B[ Ha
KOHKpeTHY aaty. [pn cnpobi cTBOpeHHs Konil 3 yxe iCHyto-
Yoo JaToro crapi faHi ByayTb 3arybneni. PekomeHOyeTbes
BUKOHYBaTW KonitoBaHHS 6a3n gaHux CAlN MBC npu KOXHIN
3HAYHI 3MiHi iHdopMmalLii.

BucHoBku. Po3pobneHa iHTerpoBaHa cuctema aBTo-
maTu3oBaHoro npoektyBaHHs [BC, sika [o3Bonse Ha 6asi
LMKNIYHOI CTpaTerii MpOeKTyBaTU TEXHOMOrYHI npouecu
0bpobkn feTanen Ta CUHTE3yBaTW ENeMEHTU CTPYKTypw
BC: ocHoBHe TexHoMoriyHe ob6nagHaHHSs, TPaHCMOPTHI
3acobu, cknag CUCTeM IHCTPYMEHTanbHOro Ta TEXHOMOriY-
HOTO OCHALLEHHs. PYHKLIOHYBaHHS Takol cuctemu noby-
[10BaHO Ha BUKOPUCTaHHI BENMYE3HOro 0bcAary AaHux npo
TexHonorito 06pobku aetanen Ta npo 3acobm BUpobHULTBA.
Tomy ans po6otn CAIN MBC nosuHHi ByTn 3anyyeHi H6asu
fdaHux Ta 6a3n 3HaHb Beiei TexHonorii MalMHoByayBaHHS
Ta CYMiKHUX ranyseil. IHTerpoBaHa cucTtema [03BOSSE
aBTOMaTu3yBat 6e3niy NPoeKTHMX npoLeayp, LWo € Bkpan
HeobXigHMM Npy CTBOPEHHI CyvacHoro 6araToHOMeHKnaTyp-
HOro BUPOBHMLTBA.

BibniozpacghiyHi nocunaHHsA:
1. Bazrov, B.M. Modulnaja technologija v mashinostroenii. [ Modular technology in machine-building]. M., Mashinostroenie,

2001. 368 s. [in Russian].

2. Melnikov, G.N., Voronenko V.P. Proektirovanie mekhanosborochnikh tzekhov .

shops.]. M., Mashnostroenie, 1990. 352 s. [in Russian].

[Design of mechanical assembly

3. Pukhovskiy, E.S. Proektuvannja tekhnologichnikh protzesiv v umovakh gnuchkogo avtomatizovanogo virobnitztva.
[Design of technological processes in conditions of flexible automated production]. Visnik NTUU KPI, Mashinobuduvannja,

vip. 59, 2010, s. 267-27. [in Ukrainian].

4. Pukhovskiy, E.S. Problemi grupirovanija detalej pri sozdanii GPS. [ Problems of grouping parts when creating GPS].
Visnik NTUU KPI, Mashinobuduvannja, 2009, s.14-20. [in Russian].

5. Domoradskij, A.N., Leskin A.A., Ponomarev V.M. Sistemnoe proektirovanie integrirovanikh proizvodstvennikh kompleksov.
[Systematically projected integrated prozvodstvennyh complexes]. L. Mashinostroenie, 1986. 319 s. [in Russian].

6. Solomentzev, J.M., Sosonkin V.L. Upravlenie gibkimi proizvodstvennimi sistemami. [Manage flexible production

systems]. M., Mashinostroenie, 1988, 352 s. [in Russian].

7. Solomentzev, J.M., Mitrofanov V.G., Pavlov V.V., Ribakov L.V. Informatzionno-vichislitelnie sistemi v mashinostroenii.
GALS - tekhnologii. [Information and computing systems in mechanical engineering. GALS — technologies]. M., Nauka,

1989, 292 s. [in Russian].

8. Avramchuk E.F., Vavilov F.F., Emelianov S.V. Tekhnologija sistemnogo modelirovanija. [System Modeling Technology].
M., Mashinostroenie, Berlin, Tekhnik. 1988, 520 s. [in Russian].

9. Codd E.F. Arelational model of data for large shared banks. Coom. ACM, 1970, H. 6. p. 377-387.

10. elch A., Emang J.T. Group technology, the heart of flexible manufacturing system. Brighton/ U.K., 1982. okt.

p. 121-130.

Pukhovskyy Ye. S., Doctor of Technical Sciences, National Technical University of Ukraine “Igor Sikorsky Kyiv

Polytechnic Institute”, Kyiv, Ukraine

Development of an automated design system for flexible automated production
Design of flexible manufacturing systems (FMS) of modern multi-level production is usually carried out on the basis

of general rationing when using large recommendations. At the same time, the specifics and features of a particular
production are not always taken into account. In such a design, the most important is the experience of the designer, which
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is not always based on modern methods of optimizing project solutions. Therefore, the problem of creating automated
design systems in the development of flexible automated productions (FAP), which use cost equipment with numerical
control (CNC) is extremely urgent. The development of automated design systems is based on the ideas of a systematic
approach that determine different cycles of the process: design — production preparation — production. Information about
the projected object is generated in the process of project development by different groups of users: researchers, designers,
designers, technologists, production organizers. A multilevel, cyclical design process requires the use of such a volume
of information that cannot be processed without the use of modern mathematical methods and calculated equipment.
Therefore, it is extremely important to create automated gap design systems, which are marked by greater versatility,
efficiency and possibility of development, improvement and adaptation to the conditions of various enterprises. Such
requirements served as the basis for the creation of an automated design system , which allows to take into account a huge
amount of information in the automatic cycle during the development of the project. The scientific novelty of the work is
the development of an integrated automation system for the design of processing technology and the selection of elements
of FMS structures. At the same time, information unity with the system of technological training of production at the level
of operation of FMS is ensured.

The purpose of the work. Creation of an integrated automated system for the design of technological processes
and elements of the structure of flexible automated production on the basis of modern CNC machines, industrial robots
and equipment systems.

Key words: Design, automation, machine tool, database, algorithm.
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lpogedeHo aHanis memodie xpomysaHHs1 0515 Ni8ULIEHHS 3HOCOCMIUKOCMI ma KopOo3iliHOI mpueKocmi 3MiHHUX Oema-
nel 2idpasrniyHoi YyacmuHU MOPWHEBUX HAacocig: WIMOKie MopwHie, HAOCMagoK WMOKI8, NyHXepie i LumiHOpogux emy-
nok. ObrpyHmogaHo nepesazu 3acmocyeaHHsI efIeKmpoXiMiYHO20 XpoMyeaHHSI demariell 8 MPOMOYHOMY €r1eKmposnimi
3 HaHodo0amkamu, sike 3abe3nedye ompuMaHHs 3HOCOCMIUKUX MOKpUMmMIg 3i cmabinbHUMU roKa3HUKaMUu SIKOCMI MOBePXHI
ma 8UCOKUMU (hi3UKO-MeXaHIiYHUMU eniacmusocmsiMu. Po3pobreHo cucmeMy asmomMamu308aH020 KepysaHHs, sika 3abes-
neyye nidmpumaHHs Ha 3a0aHOMYy PigHi MEXHOMO2IYHUX MapamMempig MPouecy enekmpoxiMiyHO20 XPOMYy8aHHSI 8 NPOMOoY-
HOMY enleKmportimi: criegiOHOWEeHHs KOHUeHmpauili KOMIMIOHeHmMIe enekmporimy, weuodKocmi rMomoky, 2ycmuHu cmpymy
ma memnepamypu enekmposnimy, a makox 00360/5€ KOHMPOI08amu 8e/Iu4uHy 800HE8020 MOKa3HUKa ernekmposimy
ma Uio2o enekmpuyHoe2o omnopy. [ocnidunu HaHeceHHs Ha 3pasku 3i cmani 40XH, ski noeepxHego 2apmysanu ma Wii-
¢hbysarnu, xpomMog8o20 nokpumms i3 cmaH0apmHo20 enekmponimy 3 HaHo0odamkamu. BusHayanu wopcmkicmb MogepxHi,
moswuHy i Mikpomeepdicmb MoKpumms. XpomosaHi 3pasku eurnpobosysanu Ha 3HOWY8aHHs Mi0 4ac 380pOMHO-M1OCMy-
nanbHo20 pyXxy. BenuyuHy 3Hocy eusHavanu epasiMempuyHum mMemodom. [lposenu cmamucmu4Hy 06pobKy pesynbma-
mie ekcriepuMeHmy i3 3aCmocy8aHHSIM KOpessUilIHoO-peapeciliHo20 aHanisy. [Jocniounu emnnue mMacogozo Crig8iOHOWEHHS
KOHUEeHmpay,iti KOMIMIOHeHMI8 enekmposimy, 2yCmuHu cmpymy, weudKocmi rnomoky efnekmposnimy i memnepamypu enekx-
mposnimy Ha 8enuyuHy wopcmkocmi, mikpomeepdocmi ma 3Hocy rokpummis. [1obydysanu peapecitiHi Moderi dpy2020
ropsidKy, sKi onuUCyromMb 3anexHOCmi 8EMIUYUHU WOPCMKOCMI Mo8epxHI, Mikpomeepdocmi ma 3HOCY XpOMOBUX MOKpUMmMIe
8i0 mexHornoaiYHUX napamempig npouecy. BcmaHoeneHo, ujo 3pocmaHHs 8eflUYUHU Crie8IOHOWEHHS KOHUeHmpauil KoM-
MOHeHMI8 enekmponimy, WweudKocmi MOMOoKy ma 2yCmuHu cmpyMy npu3godums 00 3HUXEHHS WopcmKocmi, a 36iMbuweHHs
memnepamypu e1iekmpostimy Crpu4uHsie 36ibUEHHS WOPCMKOCMI XpOMO8020 NMoKpumms. TexXHOM02iyHi napamempu rnpo-
yecy XpoMmysaHHsI Mpakmu4YHO 0OHaKOB80 8MIUGaMb Ha 3biMbWEHHS 8eMUYUHU MIKpOomeepdocmi ma 3MEHWEeHHS 3HOWY-
8aHHs nokpummsi, a egedeHHs1 Ao cknady XPOMOBO20 MOKPUMMS HaHOOKCUDI8 antoMiHito Mpu3eodums 0o 3pocmaHHs Uoeo
Mmikpomeepdocmi ma 8idnosiOHO, | BMEHWEHHSI 3HOCY.

Knroyoei cnoea: enekmpoxiMiyHe XpOMO8e MOKpUMmMSs, MPOMOYHUL eneKmposnim, MEeXHO02iYHI napamempu,
0oseomipHi demarni, asmomMamu308aHa cucmema KepysaHHs, WopCmKicmb, MiKpomeepoicmb, 3HOWYBaHHS.

DOI https://doi.org/10.32845/msnau.2021.3.7

Betyn [EHHY NMOBEPXHI0 YAaCTUHOK 3pyNHOBAHOI BypoBMM [ONOTOM
Byposi Hacocu cnyrytoTb Ans nofadi nig BUCOKUM TUC- | Tipcbkol nopoaun. HanbinbLworo nowmnpeHHst Habynu Byposi
KOM Ha BMGIN CBEpAMOBWMHM NPOMMBANBLHOI PiAMHK, SiKa | MOPLUHEBI HACOCU OAHOCTOPOHHBLOI Ail, ABOCTOPOHHLOI Aii
3abesneyye besnepepBHE OXONOMKEHHS, MALLEHHS Ta Npo- | Ta NAyHXepHi HACOCK, B TOMY YMCIi LUTAHTOBI CBEPAIOBUHHI
MUBaHHS OYpOBOroO iHCTPYMEHTY, @ TaKOX BWHECEHHS Ha | Hacocu, B KOHCTPYKUii SKMX BWKOPWUCTOBYHOTb AOBrOMIpHI
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fetani. etani 6ypoBux HacOCIB i LUTAHOBMX CBEPAMOBUH-
HUX HACOCIB: LUTOKM NOPLLUHIB, HAACTABKY LUTOKIB, MIYHXepW
Ta UWniHAPOBI BTYMKM EKCNyaTyoThCs B CEPESOBHLL Npo-
MWBAsbHOI PiaVHM i3 BENMKOK KOHLEHTpaLiel TBEpAuX
abpasnBHYX YaCTMHOK FiPCbKOT MOPOAM 3a Aiil BUCOKUX TUCKIB
i Temnepatyp Ta KOHTaKTYHTb i3 FYyMOBUMM YLLiNIbBHEHHSAMN
nig Yac peBepCUBHOrO TepTs. Taki ekcTpemaribHi yMOBU eKc-
nnyarauii npM3BOASATb A0 IHTEHCUBHOIO KOPO3iNHO-MEXaHiy-
HOro 3HOLLYBaHHS AeTanen rigpaeniyHoi YacTUHK Hacoca.
[Ons 3abe3neyeHHs nig vac GypiHHA Ge3nepepBHOI nNofauvi
NPOMMBAnbHOI PigVHN Y CBEPANOBUHY B CKNaz LIMPKYNALLIn-
HOI cucTeMu BypoBOT YCTaHOBKM BXOAMTb [ABa HACOCH, OAMH
i3 KM poboymn, a Apyruint — pesepBHUn. Ha npoTasi xuTTe-
BOro Lmkny BypoBux HacociB HeobXiAHO nepioanyHo 3ainc-
HIOBaTW 3aMiHy 3HOLUEHUX AeTanen rigpasniyHol YacTuHW,
AKi MalTb HU3bKUI pecypc poboTu, a Lie BUMarae 3Ha4yHux
KinbKOCTeW 3anacHWX YacTuH (3MiHHUX JeTanen).

Cepen Ppi3HOMaHITTS 3MILHIOBAnNbHUX TEXHOMOTII, WO
3aCTOCOBYHOTb A5 NiABULLIEHHS 3HOCOCTINKOCTi Ta KOPOSiAHOI
TPUBKOCTI 3MiHHMX AeTanein 6ypoBux HacociB, HanbiNbLLOMO
PO3MOBCIOMKEHHST Habynu: 06’€MHe rapTyBaHHSl, MOBepX-
HEBE rapTyBaHHS CTPyMaMu BUCOKOI YacTOTW, MOBEPXHEBE
nnactuyHe AedopMyBaHHS Kynbkamu Ta ponukamu, qpuk-
LiiHe 3MILUHEHHSI Ta HaHECEHHS Pi3HUX TUNIB 3HOCOCTIMKMX
NOKPUTTIB. BUKOPUCTaHHA MOKPUTTIB A03BOMSAE paLliOHaNbHO
NOEAHYBATW BACTUBOCTI MaTepianis: AeTallb BUTOTOBMSATh
i3 cepeHbOBYMELLEBOI KOHCTPYKLINHOI CTani, a Ha ii pobody
MOBEPXHI HAHOCATL 3HOCOCTIViKe nokpuTTA. Kpim uboro,
MOKPUTTS BUKOPUCTOBYIOTb SIK Mif YaC BUTOTOBMEHHS HOBUX
[etanen, TaKk i nig Yyac BigHOBMEHHS 3HOLLEHWX, LLIO 0coBnmMBo
aKTyanbHO Ans 3MiHHUX deTanei Byposux HacociB. Tomy
JOCHIIKEHHS, LLO CNPsSIMOBaHi Ha Po3pobneHHs TeXHOMOoriy-
HUX NPOLIECIB 3MILHEHHS NOKPUTTAMM AeTanen rigpaenivyHoi
YyacTuHK BypoBMX HACOCIB, € aKkTyamnbHUMM | MaloTb Barome
HayKOBe-MpaKTUYHE 3HAYEHHS.

AHani3 octaHHix gocnimkeHb i nyonikauin

Ons nigBuLleHHs [OBroBiYHOCTI BMPOGIB MalUMHOBY-
[lyBaHHSI NEPCMEeKTUBHUM € 3aCTOCYBaHHS (DYHKLLOHANbHO
OpIEHTOBAHMX TeXHOMOrin, ki 3abe3nedyioTb (POPMyBaHHS
NOBEPXHEBMX LUAPIB 3 NiABULLEHUMU (Di3UKO-MEXaHIYHUMN
BNACTMBOCTAMU Ha POOOYMX MOBEPXHSX OeTaneit MalluuH
i MexaHiamiB. Y pocnigxenHi (Vinokurov et al., 2021) pos-
TMSAHYTO PO3MOAiIN enekTPOXiMiYHUX NOKPUTTIB 3@ YaCTOTOH
iX HaHEeCEHHS Ha NOBepXHi AeTanew y pisHux kpaiHax: CLUA,
AnoHis, Itania, ®paHuisa, HimeuyunHa, BenukobputaHis,
Icnanis, KaHaga, Mekcwuka, Pocis, MNMAP. Ha ocHosi aHanisy,
MeTarnesi MOKPUTTS MOXHA pPO3TaLlyBaTW B P 3a CagHOK
4acToTot ix HaHeceHHs: Cr > Ni>Zn > Cu > Cd. TobT1o Haii-
BiNbLL 4aCcTO BUKOPUCTOBYKOTE XPOMOBI NMOKPUTTS ANS Mig-
BULLIEHHS! 3HOCOCTINKOCTI AeTanei ABUryHiB BHYTPILUHbOMO
3ropaHHsl, KOMNPECOPIB, MOPLLUHEBWMX | MNYHXEPHUX HACOCIB,
rigpo- i NTHeEMONpKBOAIiB, CTBOMIB CTPINeLbKOi Ta apTunepin-
CbKol 36poi ToLwo.

Astopu (Zhang et al., 2013) npoenu aHanis nNpuU4KH
BUXOQY 3 nagy rigpaBnivyHuX UMNIHAPIB, SKi € HaWBaXmu-
BILLUMM KOMMOHEHTOM OyaiBenbHOI TexHiku. Ockinbku Big
AKOCTi poBOYOi NOBEPXHI LUTOKA 3anexuTb ekcnyaTalinHa
HaZiINHICTb | TEPMIH cnyx6u rigpaBniyHOro LMniHapa, To Ans

MiABWLLEHHS! KOPO3iNHOI CTIMKOCTI Ta 3HOCOCTIMKOCTI LUTOKa

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

MPOMOHYETHCA  BUKOPUCTOBYBATW  rafbBaHiUHi  XPOMOBI
nokpUTTS. OLIHWUIIM EKOHOMIYHICTb TEXHOMOTIT XPOMYBaHHS.

OCHOBHUM KOHCTPYKTUBHUM €NEMEHTOM CTpineLbKoi
30poi € CTBOMM, B SIKUX BHYTPILLIHSA Hapi3Ha NOBEPXHS OTBOPY
wBuako 3HowyeTbea (Ma, 2018), Tomy notpebye 3axmcHoro
nokpuTTs. OKPUTTA CTBOMA XPOMOM MOXe e(EeKTUBHO
MOKPALLUMTU epo3iliHy CTINKICTb CTBOMA i, TAKAM YUHOM,
36inbLUMTM TePMiH 1oro cnyxbwm (Li, 2021).

Y npaui (Yusron et al., 2020) pocnigxyBanu Xpo-
MOBI MOKPUTTSl, HaHECeHi Ha CcepeaHbOBYIMELEBY CTanb
ASSAB 618S ana ii 3axucTy Big Koposii. Ha ocHoBi pesyrb-
TaTiB LbOro AOCMIAKEeHHS 3pobunn BUCHOBOK, LLO Temnepa-
Typa enekTponiTy, BiACTaHb MiX €neKTpohaMu BNMBakTh
Ha LWBMAKICTb KOPO3ii ranbBaHiYHOr0 TBEPOOro XPOMOBOO
nokputTs. JocnimkerHs (Jeeva, 2020) npucBsiveHi enekTpo-
XiMiYHOMY XPOMYBaHHIO, ie PO3rMSHYTO mpouecn popmy-
BaHHS NOKPUTTS Ta BU3HAYEHO NOTO MeXaHiyHi BMacTMBOCTI.
BcTaHoBneHo, L0 XPOMOBI NOKPUTTS MatoTh CiTKY MIKpOTpI-
LLMH, BMCOKY MIKpOTBEpaiCTb, CTiMKi 4O KOpO3ii Ta 3HOCY,
a TaKOX XapaKTepu3ytTbCs HU3bKUM KOEILIEHTOM TepTs.

Y cratTi (Galimov et al., 2020) npeactaBneHo nopis-
HAMbHE OOCHIMKEHHS XPOMOBUX NOKPUTTIB, OTPUMAHUX Tpa-
JAULinHM cnocoBoM, a TaKOX LLMISIXOM MOEAHAHHSAM NpoLecy
ranbBaHiYHOrO HAHECEHHSI MOKPUTTSH 3 WOr0 MEeXaHi4yHO
06pobkoto. BcTaHOBNEHO, WO MOKPUTTS, OTpUMaHe ranb-
BaHO-MexaHi4Ho 06pobKoto (rycTuHa cTpymy — 75 Alow?,
Temnepatypa po3duHy enektponity — 58°C, yac HaHe-
CeHHs1 — 45 xB) He Mae AeHapuUTHUX aedekTis. MikpoTeep-
Aictb nokputTs ctaHoBMTb 960...990 HV.

Hatenep ranbBaHi4Hi XPOMOBI MOKPUTTS BUKOPUCTO-
BYETbCS B NPOMWUCNOBOCTI ANs NIOBULLEHHS  KOPO3in-
HOI CTIKOCTI, CTIIKOCTi [0 CTMpaHHS [eTanen MalluH
(Vinh et al., 2018; Ngon et al., 2016). XpoMyBaHHS LUMPOKO
BUKOPUCTOBYETLCH NI Yac pectaBpalii 3HOWeEHWX AeTa-
nen (Xia et al., 2018). OgHak xpomoBe NOKPUTTS BNNUBAE
Ha BTOMHY MILHICTb [eTanei MawwH. ToMmy ranbBaHiyHi
XPOMOBI MOKPUTTS [OLiNBbHO BUKOPUCTOBYBATW ANS NiABUW-
LLEHHA 3HOCOCTIMKOCTI Ta KOPOSiiHOI TPMBKOCTI AeTanemn
MalLlVH, ane He ANns NigBULLEHHS iX BTOMHOI MiLHOCTI.

Cepiio3Hoto npobnemoto € Te, WO Y BUPOBHUYMX MpPO-
Liecax XpOMYBAHHS BWKOPUCTOBYETHCS LUECTUBANEHTHUN
XPOM, SIKUIA € CUNBbHUM TOKCUKAHTOM. TOMY B OCTaHHi poKu
iHTEHCMBHO BeAyThCSA AOCMIMKEHHS, CPSMOBaHi Ha 3amiHy
€MeKTPONiTIB LIEeCTUBANEHTHOMO XPOMY Ha TPWBANEHTHWIA
xpom (Danilov et al., 2013; Protsenko et al., 2014; Protsenko
et al., 2018). NokasaHo (Bakanov et al., 2017), wo ansa pos-
POBKM HOBMX TEXHOMOTIT €NEeKTPOXIMIYHOrO HAHECEHHS XPO-
MOBMX MOKPWTTIB, HEODOXiOHO BMXOOWTW 3i CKNagHOi Ximii
Cr(lll). ToHki nniBKKM XPOMY, @ TaKOX MNIBKX XPOMY, NEroBaHi
kobansToM, OTPUMYOTb 3 hopMUaT-MiLUMHOBOrO €neKkTpo-
nity. BcTaHoBneHo, WO YTBOPEHi MMiBKM XPOMY SICKpaBi
Ta MalTb HAHOKPUCTaniuHy CTPYKTYpY, @ ChiflbHe ocagxy-
BaHHS XpOMY Ta kobarnbTy Npu3BoAUTb 40 YTBOPEHHS BinbLu
OHOPIAHOI CTPYKTYPY.

Asrtop (Katirci, 2016) pocnimxysas BNMB caxapuHy Ha
hi3vKo-XimMiYHi BMACTUBOCTI XPOMOBOrO MOKPUTTS i BCTAHO-
BUB, LU0 CaxapuH pobuTb MOXMMBUM HAHECEHHSI MOKPUTTS
3a HW3bKOI KOHLeHTpaUii ioHiB Cr¥* y TpuBaneHTHOMY Xpo-
MOBOMY enekTponiTi. Y gocnigpxeHHsx (Liang et al., 2017;

Cepis «<MexaHisaLjis Ta aBTomMaTI3aLjis BUpoBHM4MX npoLiecisy, Bunyck 3 (45), 2021

49



Hall et al., 2017) HaBegeHO BNACTMBOCTI XPOMOBUX MOKPUT-
TiB, HaHeceHwx 3 enektponiTy Cr(lll). BctaHoBneHo, Lo Taki
XPOMOBI NOKPUTTS MaKOTb JOCTATHBO BUCOKY 3HOCOCTINKICTb
Ta koposinHy cTinkicTb. Y npaui (Qi et al., 2020) sueyanm
hopmyBaHHS XPOMOBOIO MOKPUTTS Ha antoMiHii 3 enekTpo-
NiTy 3 BMICTOM iOHIB TPUBANEHTHOMO XPOMY.

EnekTpoxiMi4HOMY XpOMYBaHHIO B CMOKINHOMY €neKTpo-
NiTi Ha NOCTIHOMY CTpPYMi MPUCBSYEHA BENWKa KinbKiCTb
pocnigpxeHb, 3okpema (Sherwin et al., 2020). Jocnimxysanu
HaHeceHHs TBepaoro xpomy (Putri et al., 2019) Ha enemeHTH
imnnaHTaHTa cyrnoba 3 Hepxasitouoi ctani 304, Buko-
pUCTOBYOUM MeToq Taryyi 4ns NpoBeAeHHS eKCNEPUMEHTY
Ta OTPMMaHHS ONTUMAanbHOI TOBLUMHWU NOKPUTTS. BcTaHos-
NEeHO, Wo HanbinbLL 3HaYYLLUMMKU (hakTopaMmu A1 TOBLLMHI
ranbBaHIYHOrO NOKPUTTS € KOHLIEHTPALLISi XPOMOBOI KUCMOTK
Ta Hanpyra, a HaMeHLL BNA1BOBUM (PaKTOPOM — Yac.

Y npaui (Bikul€ius et al., 2017) pocnimkeHo Tpubono-
riYHi BNACTUBOCTI XPOMOBMX MOKPUTTIB, HAHECEHMX Ha Hep-
xaBitouy ctanb 316Ti 3 cynbdatHux BaHH Cr(lll) 3 komnnek-
coyTBoptoBadYamu. [locnigkeHHs koedilieHTa TepTs nig vac
CYXOr0 3HOLLYBaHHS MOKa3asu, L0 XpOMOBi MOKPUTTS, HaHe-
ceHi y BaHHi Cr(lll), matoTb kpaLLi TpmbonoriyHi BNacTUBOCTI
MOPIBHAHO 3 NokpUTTAMM Cr, HaHeceHVMK i3 BaHHK Cr(VI).

Astopu (Addach et al., 2007) nposenu onTuMisaw;to npo-
LleCy XPOMYBaHHS B CMIOKIMHOMY efeKTPONiTi B iMMybCHOMY
PEXMUMI 3 BUKOPUCTAHHSAM LEHTPanbHOMO KOMMO3ULINHOMO
nnaHy. Lle 403BONMNO BM3HAYMTU PEXMMM 3a SKMX Jocsra-
€TbCS HaMBULLA MIKPOTBEPAICTb MOKPUTTS [0 i nicns cTa-
PiHHS Ta HAWMEHLLA KiNbKiCTb 3aKynOPEeHOro BOAHHO.

Mig yac HaHeCeHHs! NOKPUTTIB Y CMOKIMHOMY €neKTPONiTi
He 3abe3nevyeTbCsl PIBHOMIPHE BKPUTTS XPOMOM, OCKISbKM
Ha KaToai (meTanb) OCaKYETbCS MeTaneBui Xpom i Buai-
NSAETLCS BOAEHb, @ TaKOX BiAHOBMIOETHCS LUECTUBANEHTHWIA
XPOM [10 TPUBANEHTHOTO, @ Ha aHOLi — BUAINAETHCS KUCEHb
i TPMBANEHTHWUIA XPOM BiZHOBMIOETHCS [0 LLECTUBANEHTHOrO.
Tomy ans 3abesneyveHHs NocTayYaHHs [0 NOBepXHi AeTani
«HOBOrOY» €neKTPoniTy Ta iHTeHcudikaLii rasoBigBefeHHs
hopmMytoTb XPOMOBI MOKPUTTS Yy MPOTOMHOMY ENEKTPONITI.
B npaui (Kagajwala et al., 2013) onvcaHa TexHornorisi Ta KOH-
CTPYKLiS eNeKTPOXiMIYHOT KOMIPKM ANt HAHECEHHSI XPOMOBMX
MOKPUTTIB Ha BHYTPILLHIO MOBEPXHIO TPyOWM B NPOTOUHOMY
€neKTPOniTi, SKUN MICTUTb TPMBANEHTHI ioHK Xxpomy. [ocnig-
Hukmn (Ropiak & Ostapovych, 2016) BuB4anu HaHeCEHHs Xpo-
MOBWX MOKPUTTIB Yy CTAHZAPTHOMY NPOTOYHOMY €MeKTPOSIT
Ha OCHOBI XPOMOBOIO aHrigpuaYy Ta cipyaHol KUCMOTK Ta npo-
BE/M OMTUMI3aL|it0 TEXHOMNOrYHOro npolecy Ans 3abesne-
YEHHS OZlepKaHHs 3HOCOCTINKNX MOKPUTTIB.

Astopu (Belyaev et al., 2016) npegctasunu pesynsrati
JocCnigKeHb NpoLecy NPOTIYHOMO XPOMYBAHHSI BHYTPILLHIX
MOBEPXOHb JOBrOMIPHUX LMMIHAPUYHKUX BUPOBIB i3 3acTo-
CyBaHHAM enekTponiTy 3 ynbTpagmMcnepCHUMM YacTUHKaMm
anmasiB i3 6e3nepepBHUM 0bepTaHHsAM aeTtanen. B xoai
eKcnepumeHTiB Bynn obpaHi Taki 3MiHHI TEXHOMOriYHI napa-
MeTpu: TemnepaTypa enekTponiTy Ta yactota obepTaHHs
fJetani. BcTaHOBNEeHO BNMMB peXMMIB €nekTponidy Ha
MOPUCTICTb, MIKPOTBEPLICTb, TOBLUMHY XPOMOBUX MOKPUTTIB
Ta OQHOPIAHICTb iX CTPYKTYPU.

Y npaui (Sonntag et al., 2017) npoBegeHo BunNpoboBy-
BaHHS XPOMOBMWX MOKPUTTIB Ha METaneBuX AeTansx Luap-

Hipa cyrnoba 3i cnnasy CoCr, ski po3pobnsnu ans niasu-
LLIEHHS1 X 3HOCOCTIMKOCTI. $1K enekTponiT! BUKOPUCTOBYBAnW:
(@) npommcnosuii cTaHOapTHUA XpoMmoBwid enekTponiT; (b)
enekTponiT wectusaneHTHoro xpomy Cr(VI) 3i 3HKEHUM
BMicTOM Tprokeuay xpomy (CrO,), ik 6e3 Teepanx 406aBOK,
Tak i (C) 3 AoaaBaHHAM HaHovacTuHOK ynepeHy (C60); i
(d) enextponit TpueaneHTHoro xpomy Cr(1ll) 3 sonasaHHsam CE0.
BcTaHOBNEHO, LU0 3HOC LUECTVBANEHTHUX XPOMOBUX MOKPUTTIB
3MeHWmBes Ha 70-84 % NOPIBHSHO 3 €TarnOHHWUM MiLWWUMHK-
koM CoCr-CoCr, Togi siK NOKpUTTS, OAepKaHe 3 TPUBANEHTHOMO
XPOMY, HaBiTb 30inbLLKNO 3HOC BinbLu Hix Ha 300 %.

Y ponosigi (Yar-Mukhamedova & Yar-Mukhamedov,
2012) npencTasneHi pesynsratyt JOCHISKEHHS KOPO3INHOI
CTINKOCTI  HaHOKOMMO3WLINHUX EeNeKTPONITUYHMUX MOKPUT-
TiB Cr-Si0,, HaHeceHnx Ha KOHCTpykKuUiHy cTanb 17M1C.
BunpoboByBaHHs B HahTOBOMY pO34uHi pofoBuLla «XKaHa-
Oy noKasanu, Lo HaNBULLY KOPOSilHY CTIKICTb Mae Xpo-
MOBE MOKPUTTS, OTpUMaHe 3a Temnepatypu 333 K.

Y npadui (Bikul€ius et al., 2018) 6yno gocnigpxeHo oTpu-
MaHHS1 KOMMO3WLINHUX MOKPUTTIB 3 METANEBO0 MaTPULIEHD
(Cr-ZrO,) nig fieto NOCTINHOTO CTPYMY Ta BUBYEHO iX 3aXMCHI
BractmocTi. KomnosuuiitHe nokputts Cr-ZrO, HaHocunm
3 eNIeKTPONITY Ha OCHOBI TPUBANEHTHOTO CyNbdaTy 3 KOMM-
NEKCOYTBOPIOBAYEM, LLIO MICTMB Pi3Hi KOHLEHTpauii Yactu-
Hok ZrO,. PesynsTati fOCHiMKeHb NoKasasy, Wo YacTUHKM
ZrQ, BNN1BaKTL Ha MIKPOTBEPAICTb, MOPCONOrito Ta KOpo-
3iliHy MoBefiHKy KoMnoauuinHux nokputTie Cr-ZrO,, otpu-
maHwx i3 enektponity Cr(lll).

Jocnighvkn (Zeng & Zhang, 2008) HaHocwunn amop-
(Hi xpomoBo-okcuaantominiesi (a-Cr-Al,O,) koMnosuuinHi
€MNeKTPOXiMiYHi MOKPUTTS TOBLLUMHOK 50 MKM B €NeKTpOniTi
Cr(Ill), wo mictunu TBepai yactuHkn Al,O, Ta Al**. BcTaHoB-
neHo, wo AP* cnpusie piBHOMIPHOMY PO3MOAiNy YacTUHOK
AL,O, B XpOMOBMX MOKPUTTSAX. PesynsTati L4eMOHCTPYHOT,
L0 BBEJEHHS B €MEKTPONIIT 25 /11 yacTuHok a-Al,0, 3HauHO
nokpalLye TpmbonorivHi xapakTepucTukn nokputTie a-Cr.

AHani3 nitTepaTypHuX mKepen NpUCBSYEHUX enekTpoXi-
MIYHOMY XPOMYBAHHIO B MPOTOYHOMY €NEKTPONITi Nokasas,
LLO Lier MeTo LO3BONSIE HAHOCUTU NMOKPUTTS 3a BinbLL BUCO-
KUX TYCTUH CTPyMYy, i Npy LboMy 3abe3neynTn piBHOMIpHE
HaHEeCEHHS Lapy NOKPUTTS 3 HU3bKOHO LLOPCTKICTHO, @ TaKOX
OTpUMaTK BUCOKY LUBUAKICTb HAHECEHHS NOKPUTTS Ta NiABM-
LLEeHW BUXig XpoMy 3a cTpyMoM. OfHak HaBeAEeHi y TEXHIY-
HiN niTepaTypi AaHi He ATk MOXIIMBOCTI LinecnpsiMoBaHo
30iNCHIOBATW paLjioHanbHKU BUBIp TEXHOMOMYHUX napame-
TPiB NpOLIeCY eneKkTPoXiMiYHOro XpOMyBaHHS B MPOTOYHOMY
enekTponiTi 3 HaHogodaTkamu Ans hOPMyBaHHS NOKPUTTIB
3 BUCOKMMM eKcrflyaTalinHUMKU BRaCcTUBOCTSMU Ha LyniH-
OPWYHUX JeTansx.

Y 383Ky i3 UM BUMHMKAE HEOOXIAHICTH BCTAHOBMEHHS
BMNMBY TEXHOMOMYHUX MapameTpiB NPoLecy enekTpoximiy-
HOro XPOMYBAHHSI B MPOTOYHOMY €NeKTpOoniTi 3 HaHoZoAaT-
KaMn Ha MOKa3HWUKW SKOCTI MOBEPXHi Ta (Pi3UKO-MeXaHiyHi
BIAaCTUBOCTI XPOMOBUX MOKPUTTIB.

Lini Ta 3agayi gocnimkeHHA

MeToto faHoi poboTW € AOCHIMKEHHS BMIMBY TEXHOMO-
riYHMX NapameTpiB NPoLEeCy enekTPOXiMiYHOro XPOMYyBaHHS
B MPOTOYHOMY ENEKTPONITi 3 HAaHOZo4ATKAMU Ha BNAaCTUBO-

CTi I'IOKpI/ITTiB HaHeCeHMX Ha CTaneBy OCHOBY.
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Ons pocarHeHHs noctaeneHoi MeTtu Bynu nocTasreHi
Taki 3aBOaHHS:

— po3pobuTM CUCTEMY aBTOMATM30BAHOIO KepyBaHHS
YCTAHOBKOKO ANsi eNeKTPOXiMiYHOTO XPOMYBaHHS B NPOTOY-
HOMY eneKTpOoniTi;

— JOCniaMTN BNAMB TEXHOSOMYHKUX NapameTpiB npoLecy
€MNeKTPOXiMIYHOrO XPOMYBAHHSI Ha LUOPCTKICTb MOBEPXHI
Ta (hi3nKo-MexaHiyYHi BMacTUBOCTi NOKPUTTIB.

Matepianu i meTtoau gocnigxeHb

[ns [ocnimkeHHs BRNMBY TEXHOMOMYHMX NapameTpis
npoLecy enekTPOXiMiYHOTO XPOMYBAHHS B MPOTOYHOMY
enekTPoniTi Ha ekcnnyaTauiHi  BMacTMBOCTI  CTanesux
UMNIHOPUYHUX JeTanei BUKOPUCTOBYBanM po3pobneHui
TEXHOMOMYHUA NpOLEC Ta YCTAHOBKY, fKa CROpsipKeHa
CUCTEMOI0 aBTOMATU30BaHOMO KEPYBaHHS Ta MICTUTb efek-
TPOXiMi4HYy KOMipKy. 3pa3ok Mig 4ac HaHeCEeHHs1 XPOMOBOrO
MOKPUTTS BCTAHOBIIOTL BEPTUKANBHO B €MEKTPOXIMIYHIN
KOMipLLi Ta repMeTUsyHoTh.

PospobneHa cuctema aBTOMaTU30BAHOIO KepYBaHHSA Mig
Yyac NpoBEAEHHSI eNeKTPOXIMIYHOrO XPOMYBaHHS poBOoUMX
NOBEpPXOHb [eTanen 3abesnevye BCTAHOBMEHHS Ta BUMI-
PIOBaHHS TEXHOMOrYHUX MapameTpiB npouecy: CriBBigHO-
LUEHHS1 KOHLEHTPALN KOMMOHEHTIB €nekTponiTy (Xpomo-
BOrO aHrigpuay Ta CipyaHoi KMCMOTHW), LUBUAKOCTI MOTOKY
€neKTPoniTy B KiMbLEBI NPOTOLi MiXX XpOMOBAHOI NOBEPX-
Helo fieTani Ta enekTpoaoM, ryCTUHU CTPYMY | TeMnepaTypu
enekTponiTy. KoHUeHTpaLis akTUBHUX KOMMOHEHTIB ernek-
TPONITY ANS XPOMYBAHHS OLIHIOETLCS HEMPSAMUM BUMIpIO-

BaHHSAM TYCTUHU ENEKTPONITy, MOro enekTpUYHOro ornopy
Ta BOAHEBOrO MoKasHuKa. BUMiptoBaHHS LUBUAKOCTI NOTOKY
€neKTPOoniTy Ta MOro rycTUHW 3AINCHIOETECA KOPIOMiCOBUM
[aT4YnKoM. 30BHILLHIN BUMMAZ iHTepdelicy cuctemm aBToma-
TW30BaHOIO KEpyBaHHA HAaBEAEHO Ha puc. 1.

NporpamHe 3abe3neyeHHs1 [O3BOMSE HE3ANEXHO KOH-
TPOMIOBaTK Ta NiATPMMYBATW Ha 3adaHOMy PiBHi TEXHOMO-
riYHi NnapameTpy npouecy enekTpoXiMiYHOTO XPOMYBAHHS,
a TakoX 3a noTpebu 3miHBaTM iX Nig Yac enekTponiay.
MakcumanbHa BenmumHa CTpymy, SKUM XUBUTBCS ENEKTPO-
XiMi4Ha KoMipka ycTaHoBKM, cTaHoBUTb 100 A i migTpumy-
€TbCs i3 TouHicTio Ao 0,01 A. Temnepatypa enekTponity nig-
TPUMYETLCS BULLOIO 3a KiMHaTHY i He nepesuwlye 100°C, i3
TouHicTio 1 °C. LUBMAKICT MOTOKY €NEKTPONITY BUMIPIOETLCS
B Mexax go 150 cwm/c, i3 noxubkoto He BinbLioto 1 %, a ryc-
THa — go 1,9 r/em?® i3 TounicTio 0,005 r/cmd. MiaTpuMaHHs
3aaHuX TEXHOMOrYHMX MapaMeTpiB 3AINCHIETLCS CUCTe-
MO aBTOMAaTWYHOTO KEPYBaHHS i3 BUKOPUCTAHHAM NpOmno-
PLiMHO IHTErPOBAHOIO 3aKOHY KepyBaHHSI.

AK matepian Ans BUTOTOBAEHHS LMMIHAPUYHMX 3pasKiB
BUKOPUCTOBYBANM XPOMOHIKENEBY KOHCTPYKLINHY neroBaHy
cranb 40XH (TOCT 4543-71), ski nOBEpXHEBO rapTyBanu
CTpyMaMu BWUCOKOI YacToTW. 3rigHO [jto4nx BUMOT A0 CTaHy
MiAroTOBKW NOBEPXHI NEPes HAHECEHHSM XPOMOBOIO MOKPUTTS
3pasku nigdasanu wnigysaHHio (R, = 0,32 mMkm). Xpomose
MOKPUTTS HAHOCWIW Ha 3pa3ku 3i CTani B CTaHZApTHOMY enek-
TPONIiTi HAa OCHOBI XPOMOBOIO aHripuay Ta Cip4aHoi KUCNOoTy
i3 HaHoZo4aTKaMM okcuay anoMinito. LinniHopuyHi aHogn —
CMnaB CBMHEL|b-0I0BO-CypMa OTPYMYBanK JIMTBOM.
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Puc. 1. 3aranbHun Burnsag intepdency cucteMm aBTOMaTU30BaHOIO KepyBaHHA TEXHOSOTIYHUMM NapameTpamm
npouecy eneKkTpoxiMmiYyHOro XpoMyBaHHSI B MPOTOYHOMY €JIeKTPONITi
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LopcTkicTe nosepxHi 3paskis (R.) BM3Ha4Yanu pospa-
XYHKOBMM METOAOM Ha niacTaBi pe3ynbsratis 06pobku npo-
chinorpam, 3HATUX Ha MoAepHizoBaHOMY npunadi npodi-
norpadi-npodinomeTpi mogeni P-201, BianosigHo nepen
HaAHECEHHSM Ta NiCns HAHECEHHS XPOMOBUX MOKPUTTIB.

[na BUMIpIOBaHHS TOBLLMHM | MIKPOTBEPOOCTI XPOMOBMX
MOKPUTTIB BUFOTOBMSNN MIKpOLLNioM Ta BUKOPUCTOBYBAM Npu-
nag MNMMT-3. ToBLUMHA LIapy HAHECEHOTO XPOMOBOTO MOKPUTTS
craHosuna Big 150 mkm go 170 mkm. Bunpo6oByBaHHS XpoMo-
BaHVX 3pasKiB Ha 3HOLLIYBaHHS MPOBOAWIIM HA MOLEPHI30BaHIN
YCTaHOBLi Anst AOCAiMKEHHS Nap TepTs Npu 3BOPOTHO-MOCTY-
narnbHOMY pyci B CepefoBuLLi NPOMMBAnbLHOI pianHn 3 abpa-
31BOM, Sika BiATBOPIOE pearnbHi ymMoBu poboTu nig yac ekc-
nnyatavji MeTaneBo-ryMoBMX Nap TepTs HAacoCiB: LuniHApoBa
BTYIIKa — 'YMOBO-METanesuii NopLLEHb; LUTOK MOPLLHS — FyMOBE
YLWiNbHEHHST; NyHXep — ryMOBe YLUiNbHEHHS. BennunHy 3Hocy
XPOMOBaHUX 3pa3kiB BU3HAYaNu rpaBiMETPUYHUM METOLOM 3a
[0noMOoror aHanitniHmx Tepesis BJ1P-200.

Pesynsratu gocnigxeHb

Min 4yac npoBedeHHs OOCMIMKEHb EMEeKTPOXIMIYHMX
XPOMOBMX MOKPUTTIB, HAaHECEHUX Y MPOTOYHOMY €EneKTpo-
niTi 3 HaHogoJaTkaMu, eKCrepuMeHTU MOBTOPKOBanM Tpui
3 BM3HAYEHHAM CcepefHix 3HayeHb. [Ins nobynosu mate-
MaTUYHUX MOLENEN B3aEMO3B'AI3KIB 3aNEXHWUX 3MIHHMX i3
BXIZHUMU TEXHOMOrYHMMKM napameTpamu Byno npoBeneHo
CTaTUCTUYHY 0BpOBKY pesynsTaTiB eKCnepuMeHTy i3 3acTo-
CyBaHHSM METOAIB KOpensLinHO-perpecinHoro aHanidy. Ha
nepLUOMy eTani KopensLiNHOro aHanidy niaTBepmKeHo HasB-
HICTb B3aEMO3B'A3KIB MK [OCHifKyBaHUMK hakTopamu, a
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Ha Apyromy — 3a JOMNOMOrOK0 perpecinHoro aHanisy nobyao-
BaHO MOMiHOMiHANbHI MaTeMaTU4Hi MOAENi APYroro Nopsiaky
AN BCIX 3anexHWX 3MIHHMX (TEXHOMOMYHKX napameTpis).
KoediLieHT petepmiHauii R? ons 3HaligeHyx piBHSHb perpe-
cii ctaHosuB Big 0,8402 po 0,9927, npu UuboMy koediLlieHT
MHOXWHHOI Kopensuii R 3Haxoguecs B mexax Big 0,9166 no
0,9963. Ockinbku 3Ha4YeHHs R? GinbLue 0,8, To Moaeni 4oCUTb
KOPEKTHO ONWCYHOTb BIANOBIAHI 3anNeXHOCTi Ta € NpUAaTHAMM
Ans  nojanblumMx PO3paxyHKIB  XapaKTepUCTUK XPOMOBMX
MOKPUTTIB Yy 3aNEXHOCTI Bif, BENWYUHU TEXHOMOrMYHMX napa-
METpIB NpoLecy enekTPOXiMIYHOTO XPOMYBaHHSI CTaneBux
LMNIHOPUYHUX OeTanemn y NPOTO4HOMY ENEKTPOITI.

3a pesynsratamu ekcriepuMeHTanbHUX A0CHiDKeHb OyayBani
rpachiuHi 3anexHOCTi BEMUYMHM LLIOPCTKOCTI NOBEPXHI (puc. 2),
MIKpOTBEPZOCTI (py1C. 3) Ta 3HOCY (prC. 4) enekTPOXIMIYHUX XPO-
MOBWX MOKPWUTTIB, HAHECEHWX Y MPOTOMHOMY ENEKTPOniTi, Big
TEXHOMOMYHMX NapaMeTpiB MPOLECy: CIBBIAHOLLEHHS KOHLEH-
TpaLi KOMMOHEHTIB EeMEeKTPONITY, LUBWMAKOCTI MOTOKY, YCTUHM
CTpyMy Ta Temnepatypu enektponity. Ipu upOMy 3HaYeHHS
TEXHOMOYHMX MapaMeTpiB NPOLECY eneKTPOXiMIMHOMO XPOMy-
BaHHS NpUAMan B fjiana3soHax: CriBBiAHOLWEHHS! KOHLLEHTpaLliv
komnoHeHTiB enektponity — C = 40-100 3a nocTilHOro BMIiCTy
25 r/n yacTuHok 0-Al,O,, WemakicTb notoky — v = 20-140 cmrc,
ryctuHa ctpymy — i = 40-160 A/gm?, Temnepartypa enekTpo-
nity — T = 30-80 °C. INig 4yac nobynosw BignoBigHMX rpadidHmX
3areXHOCTEN peLuTa TPU TEXHOMOYHI NapaMeTpu npuiMani Ha
CepenHLOMY PiBHI: CMIBBIAHOLIEHHS KOHLIEHTPALiA KOMMOHEHTIB
enextponity — C = 70, waunakictb notoky — v = 100 cm/c, ryctHa
cTpymy — i = 85 AlpM?, TeMnepatypa enekTponity — T = 55°C.
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Puc. 2. 3anexHicTb LLOPCTKOCTi NOBEPXHi MOKPUTTSA Bif TEXHOMNOTYHMX NapameTpiB NpoLecy enekTpoxiMiyHOro
XPOMYBaHHS B MPOTOYHOMY eNeKTPONITi: a — CNiBBiAHOLEHHA KOHLEHTPaLii KOMNOHEHTIB eNeKTPOniTy;
6 — WBKAKOCTI MOTOKY; B — IYCTUHU CTPYMY; I — TEMNepaTypu eNnekTponiTy
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AHani3 BNNMBY TEXHOMOrYHWX NapameTpiB npoLecy
€MNeKTPOXiMIYHOrO XPOMYBAHHS Ha BEMUYMHY LLIOPCTKOCTI
NOBEPXHi NOKPUTTS (pUC. 2) NOKa3aB, Lo NpeacTaBneHa Ha
puc. 2, a KpuBa € BrHYTOK Ta Mae MiHiMyM 3a CriBBigHO-
LUEHHS1 KOHLLEeHTpaLin KoMnoHeHTiB enekTponity — C = 90.
Llono BnnuBy LWBKMAKOCTI MOTOKY Ha LLOPCTKICTb (puc. 2, 6),
TO OTpMMaHa KpuBa € CrnagHo Yy Mexax LOChifKyBaHOro
[lianasoHy, npu LbOMY [OCAraeTbCs MiHiManbHe 3HAYEHHS!
LUOPCTKOCTI MOKPUTTS Ha Kpato, 3@ MaKCUMarnbHOro 3Ha4eHb
wBMAkicTb notoky — v = 140 cm/c. OTpumaHa kpuBa 3anex-
HOCTI LLUOPCTKOCTi XpOMOBOIO MOKPUTTS Bif FYCTUHU CTPYyMY
(puc. 2, 8) € cnagHoO y Mexax [OCIiAKYBaHOro fianasoHy,
a MiHiManbHe 3HaYeHHs! LLOPCTKOCTI MOKPUTTS AOCATaeThCs
Malxe Ha Kpato, 3a ryCTUHW CTpymy 6nnsbko i = 145 A/gm?.
3anexHicTb LIOPCTKOCTi NOBEPXHI XPOMOBOrO NOKPUTTS Bif
TemnepaTtypu enekTponiTy (puc. 2, 2) € BUNYKMOoK KPUBOIO, a
MaKCuMarnbHe 3HaYeHHs LLIOPCTKOCTI MOKPUTTS AOCATaeThCs
3a Temnepatypu enektponity 6ina T = 60°C.

I3 aHanisy pesynbratiB JOCMIMKEHHS BMMBY TEXHOMO-
riYHNX NapamMeTpiB NPOLECY eneKkTPOXiMIYHOrO XPOMYBaHHS
Ha MIKpOTBepAiCTb NOKPUTTS (puC. 3) BCTAHOBMEHO, WO BCI
OTpUMaHi KpUBI € BUNYKNUMU Ta MalOTb MakCUMyMU B TOYKaX
BiANOBIAHO: CNiBBIAHOLEHHS KOHLEHTPALii KOMMNOHEHTHEH-
TiB enektponity — C = 75, weuakictb notoky — v = 90 cm/c,
ryctmHa ctpymy — i = 140 A/gm?, Temnepatypa enekTpo-
nity — T = 57°C. 3a unx 3Ha4YeHb TEXHOMOTIYHMX Nnapame-
TPiB NpoLEecy eneKkTPOXiMiYHOrO XPOMYBaHHS Y AOCHIAXY-

BaHWX [Aiana3oHax 3abe3neyyeTbCs OTPUMAHHS BESMUMHM
MmikpoTBepaocTi nokputTa Big 11,7 Ma go 13,1 Ma. Mpu
LUbOMY HaWBINbLUMA BNAUB Ha BEMWYMHY MIKPOTBEPLOCTI
YUMHUTL FYCTUHA CTPyMy, 3abe3neuytoum opMyBaHHS Xpo-
MOBOTO NOKPUTTS 3 BeNUKoo MikpoTeepgictio — 13,1 IMa.

AHaniaytoum BRMB TEXHOMOMYHUX MapameTpiB npouecy
€MeKTPOXiMIYHOrO XPOMYBaHHS! Ha BEMUYUHY 3HOCY MOKPUTTS
(pwc. 4) cnig Big3HauuUTW, WO NpeacTaBneHi Ha puc. 4, a, 6, 8, 2
KpWBI € BrHYTUMW Ta MatoTb MiHIMyMU B TOYKax BiAnoBigHO:
CMiBBIAHOLLEHHS KOHLEHTPALLI KOMMOHEHTIB enekTponitTy —
C = 80, wswnakictb NoToky — v = 95 cm/c, ryctuHa cTpymy —
i=150 A/gm?, TemnepaTtypa enektponity — T=50°C. 3aBuLe-
BKA3aHUX 3Ha4eHb TEXHOMOrYHMX MNapameTpiB npoLecy
€MNeKTPOXiMiYHOro XpOMYBaHHS Y AOCIAXKYBaHUX [ianasoHax
BENMYMHa 3HOCY NOKpUTTS 3MmiHoeTbea Big 0,095 r 1o 0,107 .
BcraHoBneHo, WO HaMeHLla Benu4iHa 3HOCY XPOMOBOTO
NOKPUTTS JOCAraeTbCA Mifg vac Moro hopmMyBaHHs 3a ryCTUHM
ctpymy — i = 150 A/lgm2.

OOroBopeHHs pe3ynkTaTiB [OCHIMKEHHSA

AHania rpacdiyHMX 3anexHoCTeN LUOPCTKOCTI MOBEPXHI
(puc. 2), mikpoTBeEpaoCTi (puc. 3) Ta 3HOCY (puUC. 4) enexkTpoxi-
MIYHMX XPOMOBUX MOKPUTTIB HAHECEHUX Y NPOTOYHOMY erlek-
TPONITi Bif TEXHOMOrMYHUX NapameTpiB MPOLECY, CBIOYUTH,
LLIO MOKa3HUKM SIKOCTi MOBEPXHI Ta (hi3nKO-MeXaHiuHi BNacTu-
BOCTi [OCHIJKyBaHUX XPOMOBWX MOKPUTTIB 3anexatb npak-
TUYHO Bif YCIX TEXHOMOrYHUX NapameTpiB MPOLEeCy enek-
TPOXIMIYHOTO XPOMYBaHHSI: CRIBBIAHOLLEHHS1 KOHLEHTpaLLi
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Puc. 3. 3anexHicTb MiKpOTBEpAOCTi NOKPUTTSA BiA TEXHOMONYHUX NapaMeTpiB NpoLecy enekTPoxXiMiYHoro
XPOMYBaHHS B NPOTOYHOMY €JIEKTPONiTi: a — CNiBBiAHOLEHHS KOHLEHTPaLii KOMMOHEHTIB €NEeKTPONiTy;
6 — WBMAOKOCTI NOTOKY; 8 — TYCTUHU CTPYMY; 2 — TeMNepaTypu eneKkTponity
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KOMMOHEHTIB  €NIeKTPONITY, LUBUAKOCTI MOTOKY, T[YCTUHM
CTPyMy, TEMMepaTypu enekTponity. 3poCTaHHS BenUYMHM
CMiBBIQHOLIEHHS! KOHLIEHTPALi KOMMOHEHTIB €neKTponiTy,
LUBMAKOCTI MOTOKY Ta FYCTUHW CTPyMYy MPU3BOAUTL [0 3HU-
XKEHHS LLOPCTKOCTI, a 36ifbLUEHHS TEMMEPATYPU ENEKTPONITY
CMPUYMHSE 30iMblUEHHS LIOPCTKOCTI MOBEPXHI XPOMOBOIO
NoKpuTTS. BBEAEHHS [0 Cknafy XPOMOBOTO MOKPUTTS HaHo-
OKCAiB antoMiHito NPM3BOANTbL 40 3pPOCTaHHS Oro MikpoTBep-
JOCTi, L0 Y3romKyeTbCa i3 pesynbratamu  [OCHIAKEHb
3 HaHECEHHs! KOMMO3ULIAHUX ENEeKTPOXIMIYHUX MOKPUTTIB
(Yar-Mukhamedova & Yar-Mukhamedov, 2012; Bikulius et
al., 2018; Zeng & Zhang, 2008). [Mpnyomy 306inbLIEHHS BENK-
YMHW MIKPOTBEPAOCTI XPOMOBOTO MOKPUTTS NPAKTUYHO MOB-
HOIO MIpOIO KOPENHOE 3i BMEHLLEHHSIM MO0 3HOCY.

Cnig 3a3HaunTK, WO Make BCi OTpUMaHi Kpusi (puc. 2 —
puc. 4) e napabonivyHoro Twny, i GINbLUICTb i3 HAX Mae Kpu-
TWYHI (MakCUMyM/MIHIMYM) TOYKM B MeXax AOCMiLKyBaHUX
JianasoHiB 3MiHW TEXHOMOTIYHMX NapaMeTpiB NpoLecy enex-
TPOXIMIYHOMO XPOMYBaHHS B MPOTOYHOMY enekTponiTi. Lle
CBIOYMTb MPO MOXMMBICTb NPOBEAEHHS Y noganbLUMX Jochi-
[DKEHHSX ONTUMI3aLii TEXHOMOorYHUX napamMeTpiB npoLecy
ereKTPOXIMIYHOTO  XPOMYBaHHs, sKki  3abesnevyBaTuMyThb
BMCOKI eKCrnyaTaLiiHi BnacTUBOCTI AeTanen MNOopLUHEBMX
i MAYHXEePHUX HACOCIB 3 XPOMOBUMYU NOKPUTTAMU. OpepxaHi
HaMy pe3ynbTaT OOCHiMKEeHb Y3roMKyeTbCa 3 pesyrbra-
Tamu npegcTaeneHumu B npausx (Zhang et al., 2013; Bloch
& Geitner, 2019), e onucyOTbCA NPUKNAAN 3MILHEHHS XPO-

MYBaHHSIM BiAMOBIQHO LUTOKIB rigpouuniHapiB i rinb3 nopLu-
HEBOro komnpecopa ans 3abe3nevyeHHs ogepxaHHs BUCOKOI
TBEepAoCTi POBOYOT NOBEPXHi 3 HU3bKUM KOEILIEHTOM TepTS.

Takum YMHOM, pesynbTaTv OOCMiSKeHb NoKasanum MOox-
NUBICTb LiiNecnpsiMOBaHOTO KepyBaHHS NPOLLECOM eNeKTPOXi-
MIYHOTO XpOMYBaHHS B NPOTOMHOMY ENEKTPONITI 3a4/15 OTpu-
MaHHS MOKPWTTIB i3 Hanepen 3afaHuMK ekcniyatalinHumm
BIACTUBOCTSAIMM, LUNSIXOM 3MiHW TEXHOMOTIYHUX MapameTpi.,
3a [0MOMOroK pPO3pOobMneHoi CUCTEMU aBTOMATWU30BAHOMO
kepyBaHHs. OTpuMaHi pesynbsrati [OCRiMKeHb [OUNbHO
BUKOPWUCTOBYBATY MNif, Yac po3pobreHHs TEXHOMONYHNX Npo-
LieCiB 3MiLLHEHHSI XPOMOBUMW MOKPUTTAMM AeTanewn nopLuHe-
BUX | MNYHXEPHWUX HACOCIB Ta KOMMPECOPIB TOLLO.

BucHoBku

Po3pobneHo cuctemy aBTOMaTUM30BAHOTO KepyBaHHS
TEXHOMNOMYHUMK NapaMeTpamu NpoLEecy enekTPoXiMiYHOro
XPOMYBaHHS B MPOTOYHOMY enekTponiTi, ska 3abesnevye
MigTPUMaHHA Ha 3aJaHOMY PiBHI TEXHOMOMYHMX Napame-
TPiB MPOLECY: CMiBBIAHOLIEHHS! KOHLIEHTPALIN KOMMOHEHTIB
€neKTponiTy, LUBUAKOCTI NOTOKY, TYCTUHWU CTPYMy Ta Temne-
paTypu enekTponiTy, a TakoX A03BOIISIE KOHTPOIOBATU BOA-
HEBWI NOKa3HWK ENEeKTPONITy Ta MOro enekTPUYHWIA Oonip.
Ha nigctasi pesynbraTiB NpoBedeHWUX eKCnepuMeHTarb-
HUX JocnigxeHb nobynooBaHO perpecivHi Mogeni apyroro
nopsiaKy, SIKi OMUCYHOTb 3aNEXHOCTI BEMUYUHU LLIOPCTKOCTI
MOBEPXHi, MIKPOTBEPAOCTI Ta 3HOCY eNeKTPOXiMiYHMX XPo-
MOBWX MOKPUTTIB HAHECEHWX B MPOTOYHOMY E€NEKTPONITi Bif
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Puc. 4. 3anexHicTb BENIMYMHMN 3HOCY NOKPUTTSA Bif TEXHONOTNYHUX NapameTpiB NpoLecy enekTpoxXiMiyHOro
XPOMYBaHHS B NPOTOYHOMY €JIeKTPOSiTi: a — CNiBBiAHOLWEHHS] KOHLEHTPaL i KOMMOHEHTIB €NEeKTPONITY;
6 — WBKAKOCTI MOTOKY; B — IYCTUHWN CTPYMY; I — TEMNEPaTypu enekTponity
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PEeXUMIB TEXHOMOMYHUX MapameTpiB MpoLecy: CriBBigHO-
LUEHHS1 KOHLEHTPALIn KOMMOHEHTIB enekTponiTy, LUBUAKO-
CTi MOTOKY, TYCTUHW CTPyMy Ta TemnepaTypu enekTponiTy.
BcTaHOBMEHO, WO 3pOCTaHHA BEMWYUHU CRIiBBIQHOLLEHHS
KOHLIEHTPALil KOMMOHEHTIB eNeKTPONITY, LUBUAKOCTI NOTOKY
Ta ryCTUHWU CTPYMY NPU3BOAUTb [0 3HWXKEHHS LLOPCTKOCTI,
a 30inblUeHHs TemnepaTypu enekTponiTy CnpuunHse 36ins-
LUEHHS LLIOPCTKOCTI MOBEPXHiI XPOMOBOIO MOKPUTTS. TEXHO-
NOriYHi NapameTpyu NPoLLEeCy enekTPOXiMiYHOTO XPOMYBAHHS!
NPaKTUYHO OAHAKOBO BNMNBAOTL Ha 36iMbLUEHHS BENUYMHN
MiKpOTBEPAOCTi Ta 3MEHLUEHHS 3HOLLYBaHHS NOKpUTTS. Bee-
[EHHS [0 cKnagy XpOMOBOIO NOKPUTTS HAHOOKCUAIB antoMi-
Hil0 NPM3BOOUTL 40 3POCTaHHS Oro MiKpOTBEPAOCTI Ta Bif-

NOBIAHO 3MEHLUEHHS 3HOCYy. BnpoBamxeHHs po3pobneHoi
TeXHonorii y BUPOBHULTBO JO3BONUTL MiABULLUTUA pecypc
poboTH LIBMAKO3HOLLYBaAHUX AeTane MaLlmH.

Y nopanblwmx JOOCHISKEHHSX NMaHyeTbCA MpPOBECTU
ONTUMIi3aLito TEXHOMOFYHOr0 MPOLECY EneKTPOXiMiYHOro
XPOMYBaHHSI B MPOTOYHOMY €MEKTPONITi 3 HaHOZoAATKaMU.

Mogsaku. [ocnioxeHHs npoBogunocs B pamkax npo-
ekTy «Po3pobka ekonoriyHO YUCTOI TEXHONOTiT XPOMYBaHHS
B NPOTOYHOMY €NEeKTPONITi JOBrOMIpHUX AeTanew 3i cknag-
Hot Tononorieto nosepxHi», O-8-21-M (PK 0121U109591),
2021-2022 p.p., wo iHaHcyeTbes MiHicTepcTBOM OCBITU
i Haykv YKpaiHu 3a paxyHOK BWAATKiB 3aranbHOro ooHay
[EepPXaBHOrO BIOOXKETY.
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Influence of technological parameters the electrochemical chromiation process on the operational properties
of coatings

The analysis of chrome plating methods to increase the wear-resistance and corrosion resistance of replaceable parts
of the hydraulic part of piston pumps: piston rods, rod extensions, plungers and cylinder bushings. Reasoned the advantages
of using electrochemical chrome plating of parts in a flowing electrolyte with nanoadditives, which provides wear-resistant
coatings with stable surface quality indicators and high physical and mechanical properties. An automated control system
has been developed which provides maintain at a given level the technological parameters of the electrochemical chromium
plating process in a flowing electrolyte: the ratio of concentrations of electrolyte components, flow rate, current density
and electrolyte temperature, and also allows to control the value of the water index of the electrolyte and its electrical resistance.
The application of a chromium coating of a standard electrolyte with nanoadditives on the 40HN steel samples, which
were surface hardened and ground, have investigated. Surface roughness, thickness and microhardness of coating were
determined. Chrome-plated samples were tested for wear during reciprocating motion. The value of wearing was determined
by gravimetric method. Statistical results of the experiment were performed using correlation-regression analysis. The effect
of mass ratio of concentrations of electrolyte components, current density, electrolyte flow rate and electrolyte temperature
on the value of roughness, microhardness and wear of coatings was investigated. Second-order regression models that
describe the dependences of the surface roughness, microhardness and wear of chrome coatings on the technological
parameters of the process was constructed. Increasing a ratio of the concentrations of the electrolyte components, flow rate
and current density leads to a decrease in roughness, and an increase in the electrolyte temperature causes an increase
in the roughness of the chromium coating was established. Technological parameters of the chromium plating process
have almost the same effect on increasing the microhardness and reducing the wear of the coating, and the introduction
of aluminum nanooxides in the chromium coating leads to an increase in its microhardness and, accordingly, reduce wear.

Key words: electrochemical chrome coating, flowing electrolyte, technological parameters, long details, automated
control system, roughness, microhardness, wear.
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Y cmammi po3ensHymo cucmemy, wo dae MOXUGICMb agmomMamu308aH020 KepysaHHs pobomor HacoCHO20 agpe-
2amy 3a pi3HUx pexumie pobomu. Cucmemoro 3abe3nedyrombcs PyYHUL ma asmomMamuyHUU PeXUMU KepysaHHS, Wo dae
3MO2y EepesaxkHo 3a asmMoOMamuyHO20 PEXUMY KepySaHHSI SUKIIYUMU 8i0COMOK 8i0M08 Yepes mmodcbKull (hakmop.
Po6oma cucmemu 6a3yembcsi 20[108HUM YUHOM Ha 8UKOPUCMAHHI Nepemeoptogaya Yyacmomu, WO € OCHOBHUM efleMeH-
mom y cucmemi, sika po3ensidaembcs, ma OOMOMIKHUX CMPYKMYPHUX efleMeHmis, makux siKk pere 3axucmy 6i0 «Ccyxo2o
x00y», pere Ons 3axucmy gi0 nepenady MuUcKy 8 OCHOBHOMY ma pe3epeHOMy Hacocax, 0amyuku memmepamypu ma mucky.

lMompeba y nocmitiHiti BUCOKOMOYHIU 3MiHI weudkocmi 0bepmaHHs HacoCHO20 agpezamy 30amHa 6ymu eupilieHa 3a
paxyHOK makoi cucmemu, npuHyun pobomu sikoi monseae y HaOXo0KeHHi nepiouYHUX, Konu uye HeobxidHo byde 30iliCHo-
e8amu, cueHarsie 0o nepemeoprogada Yacmomu, Kuli 3a1exHO 8i0 moa2o, sIKy weudkicmb 0bepmaHHs HaCOCHO20 agpe2amy
nompibHo docsizmu, byde peaynreamu Yacmomy, sika 6e3nocepedHbo Mae 8au8 Ha WeuoKicmb 0bepmaHHs enekmpuy-
Ho20 0suzyHa, Wo € rnpusodHUM 08u2yHOM Orisi HACOCHO20 agpezamy. Y pasi Harnpuknad 3MeHWEHHs] mUcKy 8odu y cuc-
memi Yepe3 damyuku memnepamypu ma pesne nepenady mucky 6yde nodaHo cueHan Ao YacmMoOMHO20 epemeoprsaYa,
sKUM 6yde 36ibLWEHO Yacmomy efekmpoMazHimHo20 ross. 3a paxyHoK 30irbweHHs yacmomu i npu UbOMy HE3MIHHO20
yucna nap nosncie y enekmpudyHoMmy 0suzyHi byde docseHymo binbuwly weudkicmb obepmaHHs enekmpodsueyHa, Wo
npussede 00 36inbWeHHs MPoOyKMUBHOCMIi HAaCOCHO20 agpeaamy, SKUM HakadyembCsl MegHa Kiflbkicmb PiOUHU, MUCK SKOI
3a30aneeiOb 8U3Ha4YeHUl ma 3anpozpamosaHull sk cmaHAapmHe 3Ha4YeHHs mucKy y cucmemi. 36inbwuswu Yyacmomy, a
8i0r08idHO, i NPOdyKmMueHicmb HaCOCHO20 agpeaamy, muck y cucmemi 6yde nidHAMo 00 cmaHO0apmHO20 3Ha4YeHHs, Micrs
4020 HacocHul azpezam b6yde 30ilicHroeamu pobomy Ha 38u4Hili 0151 cebe weudkocmi.

Takum yuHoM, byOb-siKi 8idxuneHHs1 napamempie cucmemu 8id0 poboyux € KOHMPOIbOBAHUMU ma peaysiombscs 3a
paxyHok damyukie ma pesie meMrnepamypu, a makox rnepemeoprosada Yyacmomu, siKuli 3a paxyHoK 3MiHU Yyacmomu 30itic-
HIO€E 3MiHy weudkocmi obepmaHHs i, Ik Haci0oK, 3mMiHy nPodyKmueHocmi pobomu HacOCHO20 agpeaamy, Wo Moxe bymu
guKopucmaHul y cucmemax menno- abo 8o0ornocmadyaHHs K XKUmimaosux 6yOuHKig, mak i npoMuciosux nidnpuemems
OKPEeMO 835mux 2pyn crioxuseavis.

Knroyoei cnosa: Hacoc, yacmoma, cmpyMm, 0bepmaHHs, Mpo0YKMUBHICMb, MUCK, 3ai1eXHICMb.

DOl https://doi.org/10.32845/msnau.2021.3.8

Betyn (Introduction). HaHocHi arperatyi yepes cBoto
MOLUMPEHICTb Yy CUCTEMax BOZO- Ta TennomnocTavyaHHs
MatoTb BignoBigaTty BCiMm HeobXigHUM BUMOram Ans 3a,0BO-
NeHHs NoTpeb cnoxueavis.

Hepiako nuTtaHHa BogonocTadaHHs 380AUTLCS 10 BUKOPU-
CTaHHs BaratodhyHKLOHaNBHOI CUCTEMM, sika MOBWMHHA 34iNC-
HioBaTn Oe3nepebiiHe nepekadvyBaHHS PigVHYM, MiZTPUMAHHS
PIBHS PiOWMHM HA KOHKPETHOMY BU3HAYEHOMY PiBHI, CUTHamMI3y-
BaTW Npo Oyab-siki BigXmneHHs Big HOpMoBaHKX abo 3anporpa-
MOBaHUX 3Ha4eHb, LU0 BinbyBatoTbCs Y cucTeMi, i T. .

OpHuUM 3 OCHOBHWX 3aBAaHb HACOCHWX arperatis, LU0
NPaLoloThb Y CUCTEMI TENSONOCTaYaHHsl, Hanpuknaz cycninb-
HUX NPUMILLEHb, € NepeKkadyBaHHsA BOAW, SKa € TEMNOHOCIEM,
3i 3MiHHOIO LWBMAKICTIO0. Lle nos’a3aHe 3 nepenagomM Temne-
paTypu1 HaBKOMNMWLLHLOIO CepeoBuLLa, a BiANoBIaHO, i NpuMi-
LLEeHHS, HAAMIPHUM BUAINEHHSAM NapiB TOLWO. Y 3B’43KY i3 LM
BUHUKAe notpeba B Oe3nepebiiHoMy aBTOMAaT30BAHOMY

PEXMMI KepyBaHHS! MPOLIECOM POBOTM HACOCHOTO arperary,

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

o mir 6m 3abeaneunTn BCi BULLE NepepaxoBaHi dyHKLio-
HanbHi MOXMNMBOCTI Ta 34aTHICTb NpaLoBaT B aBTOMaTn30-
BaHOMY pexumi, TOBTo Be3 BTpy4aHHsi oneparopa.

PerynioBaHHs NpoOyKTMBHOCTI HACOCHWX —arperaTis
MOXHa 34iNCHI0BaTK Pi3HMMU criocobamu.

3abe3neyeHHst HeoOXiQHOMO  rigpaBniyHOrO  peXMMy
Y LUMPKYNALIMHAX CUCTEMaX perynioBaHHSM Hacocy Npu3Bo-
[UTb 00 0O4ATKOBOI BTpATW eHeprii Ha perynioBaHHs. OgHak
Lie BinOyBaeTbCsa 3a BUHATKOM CNOCOBY YaCTOTHWX perysto-
BaHb, L0 [03BOSsiEe 3abe3neynTyt pexum poboTtu Hacocy i3
Hanbinbwumm KKL (Novosti teplosnabzheniya, 2014).

Takum ymnHom, y mxepeni 1 (Novosti teplosnabzheniya,
2014) perynioBaHHS 4YacTOTHWM MePeTBOPHOBaYeEM npen-
CTaBMeHO SiK Halbinbll eHepreTMYHO edheKTUBHWMIA cnocib
perynoBaHHs HacoCy 3a 3MiHHVX BUTpaT BOAW Y NPUEQHAHNX
cuctemax. Y poboTi BCTaHOBIIEHO, LLO 3@ NOCTIMHUX BATPAT
BOAM EKOHOMIYHO JOUINBbHAMM € Binbll TOYHI Y3rOmKEHHS
rigpaBniyHNX XapaKTepUCTUK HAcoCy i MPUESHaAHUX MEPEX,
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AKi BUpPOBNATLCA 3a paxyHok nigbopy Hacocis, 06Touy-
BaHHs poboymx konic abo nNpoBeAeHHs HanaromKyBanbHUX
3axofiB y Mepexax.

3a pesynbratamy aHanisy Kinbkox po3risHyTUX crocobis
perynioBaHHs y mkepeni 2 (Kolpakhchian, Lavronova, 2011)
BUOpaHO HaMe(eKTUBHIIMIA 3 MOMMSAY 3HWKEHHS BUTPaT
enekTpoeHeprii. [na npuknagy y poboTi BUKOHaHO po3paxyHOK
[060BMX €HeprocnoxvBaHb HACOCHOK CTaHLiel i3 Tppoma
HaCOCHWMM arperatamu 3a pisHUX CNocoBiB perynioBaHHS.
3a pesynbratamu po3paxyHkiB 3pjicHeHo nobyaoy rpadikis
3aNEXHOCTI CNOXMBAHOI HACOCHUMM arperatamut MOTYXXHOCTI
Ta BU3HAYEHO HaehEKTMBHILLMIA CrOCIO KepyBaHHS.

AHania oTpuMaHuX pesynbTaTiB nokasas, WO 3i 36inb-
LUEHHAM CTaTMYHOTO CKNafHWKa Yy rigpaBniyHOMY OmMopi
marictpani BinOyBaeTbCA 3HWXKEHHS eeKTUBHOCTI pery-
MIOBAHHS MPOAYKTUBHOCTI HAcoCy LUMSAXOM 3MiHW 4acToTu
obepTaHHs. [NopiBHSHHS BUTPAT eNeKTpOeHeprii 3a perynto-
BaHH$ 4acToTN 06epTaHHS BCiX HACOCHUX arperaris i 04HOro
HACOCHOrO arperaty y pasi MigKnioYeHHs iHWMX 40 Mepexi
6e3nocepeaHbO Mokasarno, Lo obuasa 3i cnocobiB mMatoTb
npuBnn3HO piBHY eHepreTMuHy edeKTUBHICTb. ToMy Ans
CTBOPEHHS MPUCTPOIO KEPYBaHHS rPYrnot HACOCHKX arpera-
TiB € MOXNUBICTb 3aCTOCYBaHHS OAHOIO i3 NEPETBOPIOBAYIB
3aMiCTb [EKifNbKOX, L0 CYTTEBO 3HU3WUTb BapPTICTb CUCTEMU.

Cnocobu perynioBaHHS HacOCIB XOM | 34aTHi 3HW3UTK
BUTpATy eneKkTPUYHOI eHeprii, ane He MOXYTb 3abe3neunTy
e(heKTUBHOrO perynioBaHHs. BcTaHOBMEHO, L0 MOPIBHSHO
Ginblua eeKTUBHICTL 3a0e3neyyeTbCs perynioBaHHsaM, sike
IPYHTYETBCA Ha 3MiHi YactoTn obepTaHHs poboumx Koric
Hacocis (Urishev, Beitullaeva, Gayimnazarov, Umiroyv, 2015).

OpuH i3 Takmx cnocobiB, L0 3aCHOBAHWIA Ha 3MiHi Yac-
TOTU 0bepTaHHsa poboumx Konic HaCOCHOro arperarty, pos-
rmanyTo B Axepeni 3 (Urishev, Beitullaeva, Gayimnazarov,
Umirov, 2015). Taka cuctema fae 3Mory 3a BigXwieHb Tex-
HOMOriYHOro NapameTpa (Hanpuknag, BUTpaT BOAMU Y Hanip-
HOMY TpybonpoBoAj) Bif ONTUManbHUX 3HAY€eHb, 3anporpa-
MOBaHUX [Ns1 KOHKPETHO BM3HAYEHOI CUCTEMMU, JOLATKOBO
hopmyBaTM curHanu Woao NigBULLEHHS abo 3HWXKEHHS
YyacToTn obepTaHHA ENEKTPUYHOro ABWUryHa Ans Toro, Lwob
nigTpMMyBaTy HeobXifHe 3HaYeHHs TEXHOMOriYyHOro napa-
MeTpy, sKe NOTpibHe ANns Toro, o6 mMaTy BinbLU BUCOKI 3Ha-
yeHHs KK HacocHoro arperary.

Y pob6ori 4 (Mirmarine, 2021) npoaHani3oBaHo peryno-
BaHHS HACOCHWX arperaris 3a Takumu cnocobamu:

— 3a CTanuM TUCKOM,;

— 3a CTarnow TeMNepaTypoto;

— perynoBaHHs 3a NOCTIMHUM NepenagoM TUCKY LIMPKY-
NAUIKHOI cucTemu;

— NPONOPLHAM PerymnoBaHHAM Hanopy.

Y poboTi po3rnsHyTO nepeBarn Ta HeOOMKA KOXHOMO
3 METOAIB perynioBaHHs Ta BU3HAYeHO, Lo HanbinbLL edek-
TUBHWUM € PErynoBaHHa 3a JOMOMOrol YacTOTHOrO nepe-
TBOpLOBaya.

[ins KepyBaHHS aCMHXPOHHUM OBUTYHOM MOXIVBE BeEK-
TOpHe ynpaeniHHa. Llen cnocib gae amory 36inblumnty Tou-
HICTb YaCTOTHOrO PeryroBaHHs Ta 3aCTOCOBYETLCA TaM, [e
€ HeoBXiaHICTb NiATPUMaHHA MOMEHTY ABUryHa y pasi HU3b-
KUX LBMAKoCTer obepTaHHsa Ta 3abe3neuntun ctabinisadito
LUBMAKOCTEN y pasi cTpubkiB HaBaHTaxeHb (Ke, 2016).

Y poborax 6 Ta 7 (Araujo, Ramos, & Coelho, 2006;
Piratla, & Ariaratnam, 2011) npeacTaBneHo NPUYUHN BUHUK-
HEHHs1 y TpybonpoBogax BTpaT pigvHM Yepe3 HecTabinb-
HICTb TUCKY BoaM y cucTeMi. OUiHKy AuHamikm poboTu cuc-
TeMV BOAONOCTaYaHHS MOXHa NMPOBOAMTU, BUKOPUCTOBYOUN
maTtemaTuyHi Mogeni, Lo MoXyYTb ByTu K niHinHuMmK (Price,
& Ostfeld, 2012), Tak i HeniHinHKMK (Price & Ostfeld, 2013)
uu ctoxactuuHnmm (Schwartz, Housh, & Ostfeld, 2016).

Kpim TOro, kKepoBaHu 3a YaCTOTOK E€MEKTPUYHUN [BU-
rYyH Mae neBHi 0COBNMBOCTI, cepel SKMX — Yac HamarHivy-
BaHHs Ta poamarHivysaHHs gsuryHa (Volkov, 2018). Y pasi
BiOKMOYEHb €NEKTPOABUryHa BEHTUNATOPHOI abo HAacOCHOT
YCTAHOBOK MOXnuBe obepTaHHs potopa Ta poboyoro
Korneca NPUBOLHOMO MeXaHiaMy B HampsiMKy, NpOTUREX-
HOMY HanpsiMKy ob6epTaHHs B pobodomy pexumi (Shabanov,
Pashkin, Ivashkin, 2019). Tomy BUKOPUCTaHHS 4aCTOTHMX
NnepeTBOptoBaYiB € AOCUTb aKkTyanbHWUM HUHI. [poTe, kpim
nepeBar BEKTOPHOTO KepyBaHHSA ACUHXPOHHWUM [ABUIYHOM,
Lier cnocib YacTOTHOrO KepyBaHHS Mae 3HaYHUN HemoniK,
LU0 MOB’A3aHUI i3 BUCOKMMM BUMOramu o obuucroBasb-
HOTO NPUCTPOLO, KNI oro peanisye (Korshunov, Khomyak,
Vasilyeva, 2020). Tomy nokasHWKM €neKTpOonpuBOAIB i3
NepioaNYHUMU HABAHTAXEHHAMU OLLIHIOTLCS 3@ 4OMNOMO-
roto uuknivyHoro KK, Lo BM3HAYaeTbCS 3a OKPEMO B3SATUN
nepiog OZHOrO LMKMY i3 3MiHM HaBaHTaxeHHs. [lepiogw
pob0TV ABUTYHIB 3 NEPIOANYHUMU HABAHTAXEHHSAMM 3i 3HAY-
HUMU BENUYMHAMU MYCKOBOrO Ta MakCMMarnbHOMO MOMEHTIB
Y PEXMUMi HEAOBAHTAXEHHS NPU3BOAATL [0 3HIDKEHHS eHep-
roedpekTneHocTi (Bibik, 2019). 3 uboro npusogy y poborTi
(Bibik, Mazurenko, Shikhnenko, 2019) sanponoHoBaHo
anropuTM™ i3 3MiHU Hanpyry XUBMEHHS Ta KyTiB KOMyTaLli,
110 3a6e3neunTb MakcumanbHi 3HaveHHs KK 3a 3miHu vyac-
TOT 06epTaHHs. B poborti (Anikin, Burkovsky, Mukonin, Tonn,
Trubetskoy, 2021) y pasi peanisauii 3akOHy 4acTOTHOrO
KepyBaHHs 3i cTabinisauieto kyTa Mixx CTpyMoM 0BMOTKY CTa-
TOpa Ta CTpyMo3ayenneHHsM 0BMOTKM poTopa BUAAETLCS
MOXTNMBOI Po3pobka 3acobiB cUCTEMM KepyBaHHS. A y pasi
aHanizy MeToAiB kepyBaHHs y poborTi (Ivanov, Sitas, Richter,
2015) BMSABNEHO JOLINbHICTb BUKOPUCTAHHS riapoguHaMiy-
HOro crnocoBy perynoBaHHs NPodyKTMBHOCTI. Lien xe cno-
Cib, a TAaKOX YaCTOTHO-PErynbOBaHMX NPUBOAIB PO3IMSHYTO
y MNOPIBHANbHOMY aHanisi e)eKTUBHOCTI anbTepHaTUBHUX
cnocobiB peryntoBaHHSA NPOAYKTUBHOCTI HACOCHWX arpera-
TiB y poboTtax (Sitas, Peshk, Richter, 2005; Ivanov, Richter,
Sitas V, 2012; Alas, Noulette, 2013).

®dopmynoBaHHA  uUinen cTtatti  (nocTaHoBKa
3aBAaHHs). ABToOMaTK3aLlis Oyab-9KOoro TEXHIYHOro npoLecy
Ma€ Ha MeTi 3MEHLUEHHSs 3aTtpar npaui pobiTHMKOM, CKopo-
YEHHSI BUTPAT Yacy Ha 3AINCHEHHS TOTO UM iHLLIOro npoLecy
Ta 6e3nocepenHbO MOKPALLEHHS MPOTiKaHHS Takoro npo-
Lecy. Y 3B’a3Ky i3 UMM Cnig po3rmsHyT CXemy aBToMmatu-
30BaHOI CUCTEMU KepyBaHHS poBOTOK HAaCOCHOro arperaty
Ta 0BrpyHTyBaTU napameTpu, WO € yHAaMeHTanbHUMM
Ta nignsraioTb KOHTPOSHO.

Martepianu i wmetoau pocnigxeHb (Materials
and Methods). byab-skuit HacocHWI arperat Mae y CBOEMyY
CcKnagi OCHOBHI CTPYKTYPHI YaCTUHW.

MoTpeba B perynoBaHHi HAacOCHOro arperaty, a came

Oro MpOOYKTMBHOCTI, 3a pPaxyHOK 3MiHM LUBUAKOCTI

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty
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1. Kopnyc nacoca

2. OreeTHeie dinaHuw TpyGonposogoB
3. Kopnye snexkTpomMoTopa

4. FaGovee Koneca

5. Ban INexKTpoMoTORa

&, ¥NnoTHeHWe Bana
7. NoawUNHUEN HaYeHWR
&, KpbINYaTEa oXNAKASHHA MOTORA

9. CraTop

Puc. 1. bBynoBa HacocHoro arperary:
1 — Kopnyc Hacocy; 2 — chnaHui Tpy6onpoBoay;
3 — Kopnyc eneKkTpoaBUryHa; 4 — poboue Komneco;
5 — Ban eneKkTpoABUryHa; 6 — ywwinbHeHHs Bany; 7 — NiAWWNHUKA:
8 — KpunbyaTKa OXONOAXKEHHSA eneKkTPoABUTyHa; 9 — cTaTop

obepTaHHs Mae Ha METi perymioBaHHA came 3a paxyHoK
BHECEHHS! 3MiH Y KOO KepYBaHHs ENeKTPOABUNYHOM.

BHeceHHs 3MiH came y HacOCHWI arperaT Hacamnepeq
Bede 3a cob0o 3MiHYy KOHCTPYKLi HACOCHOro arperary, Lo
MOXe BigobpasuTMCS Ha TepMiHax poboTu arperaty, ski
3asiBMneHi  3aBOOOM-BUPOBHMKOM TaKOro TEXHOMOMYHOro
obnagHaHHs.

Tomy BHeCeHHs 3MiH 6e3nocepeaHb0 y KOO KepyBaHHS
€ HanbinbLl eheKTMBHUM Ta ONTUMAnbLHUM CNocobom pery-
MIOBaHHS.

Y xopi gocnimkeHHs nepenbayeHo aHanis pobotu cuc-
Temu, Lo BKMovae y cebe:

— OCHOBHWIA Hacoc;

— pesepBHUIA Hacoc;

— YaCTOTHWI NepeTBOpIOBayY;

— perne 3axucTy Bif CyX0ro XOAy;

— pene Ans 3axucTy Bid nepenagy TUCKy B OCHOBHOMY
Hacoci;

— pene Ans 3axucTy Big nepenagy TUCKY B pe3epBHOMY
Hacoci.

CTpYKTYpHY CXemy OOCMigKyBaHOI cucTeMU NpeacTaBs-
NEHO HWxYe (puc. 2).

3a paxyHOK BWLLEHaBEedEHOI CUCTEMU € MOXIIMBICTb
peanisaujii BOX PEXMMIB KepyBaHHSi HACOCHUM arperaTtom —
PYYHVM Ta aBTOMATUYHNM.

Pesynbratn (Results). 3a HopmanbHoOro pexumy

poboTn cuctemoro nepefdayeHo poboTy nuile OCHOBHOTO

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

Puc. 2. CTpykTypHa cxema cuctemu
nepekayyBaHHsA BoAU
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Hacocy. lMicns 3HWKeHHS TUCKy Yy cucTemi y mikun abo 3a
aBapiliHOi 3ynWHKA OCHOBHOMO HacocHoro arperaty Oyae
CcrpauboByBaTH pene TUCKY, Lo NiAKMoYeHe 40 Pe3epBHOro
HaHOCHOrO arperary.

Cwvictema fae 3Mory BMUKaHHS Ta BUMUKaHHS HACOCHUX
arperaris 3[iiCHIOBaTM SK y Py4HOMY, TaK i B aBTOMaT130Ba-
HOMY pexumax.

Hwxue (Ha puc. 3 Ta 4) npeacTaBneHo BiANOBIAHO Xapak-
TEPUCTUKN PEerynboBaHOrO HAaCOCHOTO arperaty Ta poboui
TOYKM Yy pasi BiOKPUTOI Ta 3aKPUTOI CUCTEM.
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Puc. 3. XapakTepucTuku perynboBaHoOro Hacocy

H A XapakTepucTika H '~ XapaKTepucThKa
Hacoca Hacoca
XapaKkrepucTika XapakteprcTika
cucTeMbl Ho cHUcTeMbl
. >
0 Q)
A b

Puc. 4. Poboui Touku cuctemu:
A - 3akpuTa cuctema; b - Bigkputa cuctema

BcTaHoBNEHO, WO Y 3aKPUTUX CUCTEMAX HACOCHWI arpe-
raT Mae npauoBaTu Lie i Ha NOAOoNaHHA BTPAT, SKi NPUCYTHI
y pasi npoTikaHHa no Tpy6onpoBoaax, knanaHax Ta Tenso-
obmiHHMKax. Lle cTtocyeTbest, nepw 3a Bce, CUCTEM Tenso-
MOCTayYaHHs, y SIKUX HACOCHUI arperaT BUKOPUCTOBYETHCS
NS nepekayyBaHHS BOAM, LLO BUCTYNAE TEMNMOHOCIEM.

KinbkicTe 06epTiB eneKkTpUYHOTO ABUryHa 3anexuThb Big
yncna nap nontcie.

60-f
n=——m,
p
[le N — CUHXPOHHA YacToTa 0bepTaHHs;
f — vacTota cTpymy;
P — KiNbKIiCTb Nap NOsCiB.

(1)

3miHioloun BenuumnHy f, MoxHa 3MIHIOBaTU LIBUAKICTb
obepTaHHsi 6e3 BHECEHHSI 3MiH Y KOHCTPYKLilO $IK enek-
TPOABUIyHa, Tak i Camoro HaCOCHOrO arperary.

Tomy 3MiHy LUBMAKOCTI 06epTaHHsi HACOCHOrO arperary,
a came €enekTPUYHOro ABWUryHa, Lo € MPUBOZOM, MOXHa
peanizyBaTi BHECEHHSM Y KOHCTPYKLIIO Ta CXeMY KepyBaHHS
arperatoM came 4YacCTOTHOrO nepeTBoproBaya. 3MiHy vac-
TOTM MOXHa BBaXaTl OAHUM i3 caMux ePekTUBHIUX METOLIB
perynoBaHHs LUBUAKOCTI aCUHXPOHHOIO eNeKTPOABUIYHa.

Puc. 5. 3milieHHs xapakTepuCTUK KPYTHOFO MOMEHTY
B €NeKTPOABUrYHi

3 pucyHKy 5 BMOHO, WO 3MiHY LIBMAKOCTI 06epTaHHs
MOXHa [OCAITU 3@ 3MiHW 4acTOTW Ta Hanpyru 3MiHHOrO
CTPYMy B eNneKTpU4YHOMY ABUryHi. Ha Ui giarpami noka-
3aHO XapakTepuUCTUKY KpyTHOro MomeHTy (M) sk dyHKUito
WwBKMAKocTi obepTaHHs (n) 3a ABOX Pi3HUX 3HAYEeHb YacTOTK
Ta HaBaHTaXeHHS.

Cuctema, WO npautoe B aBTOMATU30BAHOMY PEXMMI,
3[iNCHIOE  BMKOHAHHS CBOIX (DYHKLIA TakuM YMHOM: SKLLO
TemnepaTypy TennoHocis dyae 30inblieHo abo 3MeHLLeHO
TWUCK Yy Mepexi, To curHan Big BiAnoBigHOro JaTyuka Temne-
patypu Oyoe nepefaHuini 4O YaCTOTHOTO NepeTBOpOBaYa,
SKMA y pasi NnaBHOro 36inblUeHHs YacToTh Oyae 36inbLuy-
BaTV LUBWAKICTb 06epTaHHs Bany eNnekTPUYHOro ABUryHa.
BignosigHO [0 LbOro NPOAYKTUBHICTE HACOCHOTO arperary
Oyne 30inblueHO 4O TOro MOMEHTY, JOKM He Byde pocsr-
HYTO ycTaneHe 3HavyeHHsi TemnepaTypu abo Tucky, Lo bynm
3anporpaMoBaHUMK [0 LibOro Ta Siki He NepeBuLLYyOTb HOp-
MaTWBHI 3HAYEHHS.

3abesneyeHHst aBTOMaTH3aLii npouecy BinbyBaeTbCs 3a
paxyHOK [aTyWKiB TeMnepaTtypu Ta TUCKY, a pene 3axucty
Bif, CYXOro Xody [a€ MOXIMBICTb aBTOMAaTUYHOI 3YNUHKKM
HaCOCHOrO arperaTty 3a BiACYTHOCTI PiAvHN Yepe3 TEXHIYHI
MPUYUHY (BUTIKaHHS, BUNAPOBYBAHHS i T. .).

O6roBopeHHs (Discussion). JocnimkeHHsl, npoBeaeHi
y poborti (Ledukhovsky, Gorshenin, Zinovyeva, Zinovyeva,
2021) Ha maTemaTWyHIn Mopdeni KOHOEHCaUiMHWX eHep-
robrokis Ta TennoenekTpoLeHTpanen Ha no4YaTkoBoMy
Teky 12,8 MMa, nigTBepaunu edekT Big nepexogy A0
4aCTOTHOrO PeryriloBaHHS HacoCiB Ha OCHOBI JaHuX 3a
(hakTMyHO BignpaLbOBaHWA Nepiod i3 ypaxyBaHHAM B3ae-
MO3B'AI3Ky BUTpaTV €eneKTpoeHeprii Ans BnacHux notped
i HaBaHTaXEHHS OCHOBHOrO0 obnagHaHHs. 3a 3MiHW WwBua-
KOCTi 0DepTaHHsi BTpaTW MOTYXHOCTi B MEpeTBOpIOBavi

4acToTW iCTOTHO nepeBuLLYOTb 3HMXEHHA BTpaT MOTYX-
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Puc. 6. Cxema enieKTpu4Ha npuHuunoBa KepyBaHHA HaCOCOM

HoCTi B enekTpoasuryHi (Shabanov, Khakimov, Kalimgulov,
Sergeenkova, 2019). Tomy y pasi BUOOPY eNeKTPOABUIYHIB,
KEPYHUMCh 3aBaHTaXEHHSM X Ta LIBMAKICTIO 0bepTaHHs,
NOTPIGHO BpaxoByBaTK, KPiM €HEProcroXuBaHHs, Le i Te,
O CMHXPOHHI €nekTpoABUTYHW i3 MOCTINHUMMK MarHiTamu
MalTb MOPIBHSHO BEMWKY BapTiCTb, HiXK aCUHXPOHHI enek-
TPOABUIYHW, TPYAHOLLI TX 3amycKy Yy pasi 3Ha4HOro MOMEHTY
iHepLii, @ 3HWXKEHHSA BTPaT MOTY)XHOCTI Ha nepekayyBaHHS
y pasi BUKOPWCTaHHs NePETBOPHOBAYIB YaCTOTH MOXE HECTH
3a coboto nigeuwweHHs KKI Hacocy (Goman, Oshurbekov,
and Kazakbaev, Prakht, Dmitrievskii, 2020; Shabanov,
Khakimov, Kalimgulov, Sergeenkova, 2019).

AHanizoMm Cy4yacHUX MeTOAiB KepyBaHHS HaCOCHVUMM
arperatamu B poboti (Barabanov, Gavrilov, 2017) BusiB-
MEHO, WO YaCTOTHE pEerynBaHHA € HanbinblWw Cy4YacHUM
METOOM KEepyBaHHS eNeKTPUYHUM ABUIYHOM i MOXeE BUKO-
PUCTOBYBATUCA y CUCTEMAax BOAOMOCTAYaHHS, OCKIMbKM
3abe3nevye 3axmuCT HacOCHOro arperaty i Ginmbl nnaBHe
YNpaBiHHS, NOPIBHIOYM 3 KnacuyHMMu Mmetogamu. OpHak,
HE BPaxoByH4M AOBXMHY TPyOOMpoBOAiB y CUCTEMI Kepy-
BaHHSI BOAOMNOCTaYaHHSAM, JOCArHEeHHs cTabifnbHOI poboTy
cUCTeM i3 3aaH1MM NOKa3HUKaMWU CTIMKOCTI He € MOXIUBUM
(Buravchenko, 2016).

Y poborti 26 (Shabanov, Sharipova, 2013) HaBegeHo aHa-
NITMYHI aHi ana BMOOpY YacToT 00epTaHHs! pPerynboBaHMX
HaCOCHUX arperaTiB Sk 3 ypaxyBaHHSM HEOOXigHWX 3HaYeHb
MPOZYKTVMBHOCTI, TaK i 3 ypaxyBaHHAM BUMOT LLOAO JOMNyCTu-
MOrO Ajana3oHy Yactot obepTaHHs. Hepigko yacToTHo-pe-
ryfibOBaHi enekTponpueoan 3 TpUdasHUMKN ABUTYHAMU 3MiH-
HOro CTpyMy B [iana3oHax Manux Ta CepefHiX NOoTyXHOCTew

00nagHyloTb NepeTBOpPtoBAYEM YaCTOTU, SIKUIA peanisyeTbes

BicHuk CymcbKkoro HauioHanbLHOro arpapHoro yHiBepcuTeTty

y BUMSAI CTPYKTYpu «HekepoBaHUin BUNPSMASY — aBTOHOM-
HU iHBepTop Hanmpyru» (Mukonin, Medvedev, Trubetskoy,
Tonn, Goremykin, Sitnikov, 2020). 3 meToto nigBuLLEHHS edpek-
TWMBHOCTI pOBOTY YCTAHOBOK HACOCHUX arperaris, KpiM MigKmto-
YEHHS! YaCTOTHWX NEPETBOPIOBAYIB, MOXIMBI MIAKMOYEHHS LLe
i komneHcartopi (Kopyrin, Portnyagin, Khamitov, 2019), nosask
OOHVM 3 e(PEKTUBHMX CMOCOBIB 3HMXKEHHS! BTPAT MOTYXHOCTI
Y pasi aKTMBHO-IHOYKTMBHOIO HAaBAHTAXEHHS € KOMMEeHca-
List iHAYKTUBHOI CKMadoBOI YaCTWHU PeaKTUMBHOI MOTY)XHOCTI
(Bakshaeva, Suvorova, Cherepanov, 2017).

TakuM YMHOM, PO3rNsiHyTa Y Wi poboTi cuctema aBTo-
MaT/30BaHOMO KepyBaHHsS POBOTOK HACOCHOro arperarty
MOPIBHSIHO 3 iHLIMMW CMCTEMaMW, NPeaCTaBNEHNMM Y NMOCU-
NaHHAX, fae 3Mmory peanisauii MOBHICTIO aBTOMaTUYHOrO
pexumy poboTtu. [NepeBaroto CUCTEMU € BUKITHOHEHHS MOXU-
6ok abo NoMMMOK Nig Yac KepyBaHHs arperatom MioguHOI,
LU0 peanisyeTbCs y pasi py4YHOro pexumMy KepyBaHHS.

3MiHu, WO BigOyBalOTLCS Y CUCTEMI, — 3MIHU TUCKY, 00’eMy
PigMHK i T. N. —OyOnOTLCA 32 PaXyHOK NMOKa3aHHS CBITNOBOI
CUrHanbHOI apmaTypu Ta BignoBigHuWX Aatyukis. Moxnunse
TaKOX MiAKITFYEHHS 3a NOTPeOM 3BYKOBOI CUrHariaauyji.

ABTOMAaTM3aLisl MPoLECY He NOTpebye 3MiHM KOHCTPYKLT
HaHOCHOro arperaty abo NpYWBOZHOMO ENEKTPUYHOrO ABU-
ryHa, Lo € JOCUTb BaXIMBKM Y pasi, KOIM HAaCOCHWI arpe-
raT € HOBMM Ta nepebyBae Ha rapaHTii, a Oyab-sKi 3MiHu,
BHECEHI B MOr0 KOHCTPYKLi0, MOXYTb CMPUYUHUTU 3HATTS
arperaty 3 rapaHTii.

BucHoBku (Conclusions). AsTomatu3auis npouecy
HaKayyBaHHS PiavHW, WO BUCTYNae y poni TENSIOHOCIA Ans
TEeNnIonocTayaHHsl XWTNoBux OyauHkiB, Moxe OyTu pea-
ni3oBaHa 3a paxyHOK BHECEHHSI 3MiH Y CXeMy KepyBaHHSI
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HACOCHWM arperatoM Ta OKpeMux KOMMOHEHTIB. ABTOMaTU- 3ornagy Ha Te, L0 3MiHU CTOCYOThCS NiLLE AoAaBaHHS
30BaHWi npouec 34ateH 3abe3neynTn aBTOHOMHY pobOTy | OKPEMUX KOMMOHEHTIB, a He CTPYKTYPU HACOCHOTO arperary,
CUCTEMM Ta 3YMMHKY HACOCHOrO arperaty y pasi aBapiiHOi | TO cuCTEMa He NuLLEe BTpayae HafifHICTb, a i 3aaTHa BUKIIO-
cuTyauii 6e3 BTpy4YaHHs onepatopa. YUTU BIOXWIIEHHS Y pasi py4YHOro PeXuMy KepyBaHHSI.

BibniozpacghiyHi nocunaHHsA:

1. Novosti teplosnabzheniya. (2014). Chastotno-reguliruyemyy privod. Regulirovaniye tsentrobezhnykh nasosov i
metody regulirovaniya otpuska tepla v teplovykh setyakh [Variable frequency drive. Regulation of centrifugal pumps and
methods of regulation of heat supply in heating networks]. No. 1 (161). Date of access: 20.12.2021 URL: http://www.rosteplo.
ru/Tech_stat/stat_shablon.php?id=3192 (in Russian).

2. Kolpakhchian, P.G., Lavronova, L.I. (2011). Energoeffektivnost’ razlichnykh sposobov regulirovaniya elektroprivoda
gruppy nasosnykh agregatov [Energy efficiency of various ways of regulating the electric drive of a group of pumping units].
Proceedings of universities. North Caucasian region. Technical science. No. 6. P. 59-63 (in Russian).

3. Urishev, B.U., Beitullaeva, R.Kh., Gayimnazarov, |.Kh., Umirov, A.P. (2015). Vliyaniye regulirovaniya vodopodachi
nasosov na vodnoenergeticheskiye parametry nasosnykh stantsiy [Influence of regulation of water supply of pumps on
water-energy parameters of pumping stations]. Topical issues of technical sciences: materials of the Il Intern. scientific.
conf. (Perm, April 2015). Perm: Zebra, 2015. S. 85-86 (in Russian).

4. Mirmarine. (2021). Regulirovaniye rabochikh parametrov nasosov [Regulation of operating parameters of pumps].
Date of access: 09.01.2022. URL: https://mirmarine.net/svm/sudovye-nasosy/1251-regulirovanie-rabochikh-parametrov-
nasosov (in Russian).

5. Ke, L. (2016). Modelirovaniye i simulyatsiya mashiny dlya ispytaniya na ustalost’ nasosov s reguliruyemoy chastotoy
International Journal of Engineering, Transactions A: Basics. 29(1). P. 92-102. DOI: 10.5829/idosi.ije.2016.29.01a.13.

6. Araujo, L.S., Ramos, H. & Coelho, S.T. (2006). Kontrol' davleniya dlya minimizatsii utechek v upravlenii sistemami
vodosnabzheniya [Pressure Control for Leakage Minimisation in Water Distribution Systems Management]. Water Resources
Management. 20(1). P. 133-149. DOI: 10.1007/s11269- 006-4635-3 4 (in Russian).

7. Piratla, K.R. & Ariaratnam, S.T. (2011). Criticality Analysis of Water Distribution Pipelines. Journal of Pipeline Systems
Engineering and Practice. 2(3). P. 91-101. DOI: 10.1061/(asce)ps.1949-1204.0000077.

8. Price, E. & Ostfeld, A. (2012). Successive Linear Programming Scheme for Optimal Operation of Water Distribution
Networks World Environmental and Water Resources Congress. P. 2964-2970. DOI: 10.1061/9780784412312.297 6.

9. Price, E. & Ostfeld, A. (2013). Iterative Linearization Scheme for Convex Nonlinear Equations: Application to Optimal
Operation of Water Distribution Systems. Journal of Water Resources Planning and Management. 139(3). P. 299-312. DOI:
10.1061/(asce)wr.1943-5452.0000275.

10. Schwartz, R., Housh, M. & Ostfeld, A. (2016). Limited Multistage Stochastic Programming for Water Distribution
Systems Optimal Operation. Journal of Water Resources Planning and Management. 142(10), 06016003. DOI: 10.1061/
(asce)wr.1943-5452.0000687.

11. Volkov V.A. (2018). Optimizatsiya vremen namagnichivaniya i razmagnichivaniya [Optimization of magnetization
and default times]. “Electrotechnika ta electroenergetika”. No. 4. P. 17-29. DOI: 10.15588/1607-6761-2018-4-2 (in Russian).

12. Shabanov, V.A., Pashkin, V.V., lvashkin, O.N. (2019). Sposob podkhvata elektroprivoda ventilyatsionnykh i
nasosnykh ustanovok pri obratnom vrashchenii rabochego kolesa [Method for cooking up the electric drive of ventilation
and pump units with reverse rotation of the impeller]. Electrical and data processing facilities and systems. 15(1) P. 26-32.
DOI: 10.17122/1999-5458-2019-15-1-26-32 (in Russian).

13.  Korshunov, A., Khomyak, V., Vasilyeva, . (2020). Frequency-current method of controlling an asynchronous three-
phase motor [Frequency-current method of controlling an asynchronous three-phase motor]. Transactions of the Krylov
State Research Centre. 394(4): 129-136. DOI: 10.24937/2542-2324-2020-4-394-129-136 (in Russian).

14. Bibik, 0.V.(2019). Vyznachennya khodiv pered proektuvannyam asynkhronnykh pryvodiv pislya zmin [Determination
of travels before the design of asynchronous drives in the wake of changes]. Bulletin of NTU “Kharkiv Polytechnic Institute”.
Series: Electrical machines and electrical engineering. No. 1329 (4). P. 94-98. DOI: 10.20998/2409- 9295.2019.4.14
(in Ukrainian).

15. Bibik, O.V., Mazurenko, L.I., Shikhnenko, M.O. (2019) Formuvannya kharakterystyk robochykh rezhymiv ventylI'no-
induktornykh dvyhuniv z periodychnym navantazhennyam [Formation of characteristics of operating modes of valve-
induction motors with periodic loading]. Electrical engineering and electromechanics. No. 4. P. 12—16. DOI: https://doi.org/1
0.20998/2074-272X.2019.4.02 (in Ukrainian).

16. Anikin, S.V., Burkovsky, V.L., Mukonin, A.K., Tonn, D.A., Trubetskoy, V.A. (2021). Sposob vektornogo chastnogo
upravleniya asinkhronnym elektroprivodom [Method for vector private control of asynchronous electric drive]. Voronezh
State Technical University Bulletin. T. 17. No. 5. 2021. P. 98-103. DOI: 10.36622/VSTU.2021.15.5.014 (in Russian).

17. Ivanov, V.B., Sitas, V.I, Richter, M. (2015). Otsenka effektivnosti vnedreniya gidromuft dlya regulirovaniya
proizvoditel'nosti tsentrobezhnykh nasosov [Evaluation of the effectiveness of the introduction of hydraulic couplings to
regulate the performance of centrifugal pumps]. Technological audit and production reserves. No. 1(4). P. 55-60. DOI:
10.15587/2312-8372.2015.47783 (in Russian).

18. Sitas, V.I., Peshk, A., Richter, M. (2005). Konkurentosposobnyy reguliruyemyy privod dlya energetiki [Competitive
variable speed drive for power generation]. Energy drink. No. 2. P. 45. (in Russian).

19. Ivanoy, V.B., Richter, M., Sitas, V.I. (2012). K voprosu o sravnitel'noy effektivnosti mekhanotronnogo i chastotno-
reguliruyemogo privodov [On the question of the comparative efficiency of vacuum and variable frequency drives]. Eastern
European Journal of Advanced Technologies. 3/10(57). P. 32-35 (in Russian).

BicHuk CymcbKoro HauioHanbHOro arpapHoro yHiBepcureTty

62

Cepist «<MexaHisaLjig Ta aBTomaTi3aLjis BUpoGHU4YMX npoLieciy, Bunyck 3 (45), 2021



20. Alas, P, Noulette, E. (2013). Electro Compression a Challenging Alternative: How and Why to Choose a Gas
Turbine or an Electric Motor to Drive a Centrifugal Compressor Turbine. Technical Conference GT 2013, June 3-7, 2013,
San Antonio, Texas, USA. ASME International. 9 p. DOI: 10.1115/gt2013-94163.

21. Ledukhovsky, G.V., Gorshenin, S.D., Zinovyeva, E.V., Zinovyeva, A.S. (2021). Analiz effektivnosti regulirovaniya
pitatel'nykh nasosov izmeneniyem chastoty vrashcheniya rotora dlya elekirostantsiy razlichnogo tipa [Analysis of the
efficiency of feed pump control by changing the rotor speed for power plants of various types]. Bulletin of the lvanovo State
Power Engineering University. No. 4. P. 5-14 (in Russian).

22. Goman, V.V.and Oshurbekov, S.Kh. and Kazakbaev, V.M. and Prakht, V.A. and Dmitrievskii, V.A. (2020). Comparison
of energy consumption of various electrical motors operating in a pumping unit. Electrical Engineering & Electromechanics. (1).
16—24. URL: https://doi.org/10.20998/2074-272X.2020.1.03.

23. Shabanov, V.A., Khakimov, E.F., Kalimgulov, A.R., Sergeenkova, E.V. (2019). Issledovaniye zavisimosti KPD
elektrodvigatelya i preobrazovatelya chastoty ot koeffitsiyenta zagruzki i chastoty vrashcheniya [Research of the dependence
of efficiency of electric motor and frequency converter on loading coefficient and rotation frequency]. Electrical and information
complexes and systems. No. 4, 1. 15, P. 83-90. DOI: 10.17122/1999-5458-2019-15-4-83-90 (in Russian).

24. Barabanov, V.G., Gavrilov, D.P. (2017). Razrabotka i issledovaniye sistemy upravleniya nasosnoy ustanovkoy
[Development and research of a control system for a pumping unit]. Bulletin of SUSU. Ser. Mechanical engineering. T. 17,
No. 2. P. 11-19. DOI: 10.14529/engin170202 (in Russian).

25. Buravchenko, K.O. (2016). Doslidzhennya ta analiz dynamiky protsesu rehulyuvannya nasosnym ahrehatom.
Tekhnolohycheskyy audyt y rezervy proyzvodstva [Preliminary and analysis of the dynamics of the process of
regulation by the pumping unit]. Technological audit and production reserves. T. 3, No. 2 (29). P. 15-19. DOI:
10.15587/2312-8372.2016.71878 (in Ukrainian).

26. Shabanov, V.A., Sharipova, S.F. (2013). Trebovaniya k chastote vrashcheniya magistral’'nykh nasosov pri chastotno-
reguliruyemom elektroprivode [Requirements to the speed of rotation of main pumps with a frequency-controlled electric
drive]. Electrical and information complexes and systems. No. 3. T. 9. P. 42—46 (in Russian).

27. Mukonin, A.K., Medvedey, V.A., Trubetskoy, V.A., Tonn, D.A., Goremykin, S.A., Sitnikov, N.V. (2020). Povysheniye
nadezhnosti sistem avtomaticheskogo upravleniya tekhnologicheskimi protsessami [Increasing the reliability of automatic
control systems of technological processes]. Voronezh State Technical University Bulletin. T. 16. No. 4. P. 56-63. DOI:
10.25987/VSTU.2020.16.4.007 (in Russian).

28. Kopyrin, V.A., Portnyagin, A.L., Khamitov, R.N. (2019). Puti povysheniya effektivnosti ustanovok
elektrotsentrobezhnykh nasosov dobychi nefti [Ways to increase the efficiency of electric centrifugal pumps for oil
production]. Bulletin of the Tomsk Polytechnic University. Engineering of georesources. T. 330. No. 11. 155-162. DOI:
10.18799/24131830/2019/11/2361 (in Russian).

29. 1860-2014. IEEE Guide for Voltage Regulation and Reactive Power Compensation at 1000 kV AC and Above.
DOI: 10.1109/IEEESTD.2014.6861419.

30. Bakshaeva, N.S., Suvorova, I.A., Cherepanoy, V.V. (2017). Voltage quality improving in power distribution networks
with abruptly variable load by application of reactive power series compensation devices. International Conference on
Industrial Engineering, Appli cations and Manufacturing (ICIEAM). St. Petersburg, Russia, 16-19 May 2017. DOI:
10.1109/ICIEAM.2017.8076281.

Yurchenko O. Y., Assistant, Sumy National Agrarian University, Sumy, Ukraine

Barsukova H. V., PhD, Sumy National Agrarian University, Sumy, Ukraine

Using a frequency converter is an effective and convenient way to control the speed of the pump unit

The article considers a system that allows automated control of the pump unit in different operating modes. The system
provides manual and automatic control modes, which allows, mainly in automatic control mode, to eliminate the percentage
of failures due to the human factor. The operation of the system is based mainly on the use of a frequency converter, which is
the main element in the system under consideration, and auxiliary structural elements, such as relays for protection against
“dry running’, relays for protection against pressure drops in the main and backup pumps, sensors temperature and pressure.

The need for constant high-precision change of the speed of the pump unit can be solved by such a system, the principle
of which is to receive periodic, when necessary, signals to the frequency converter, which, depending on the speed
of the pump unit to be achieved, will regulate the frequency that directly affects the speed of the electric motor, which is
the drive motor for the pump unit. For example, when the water pressure in the system decreases, a signal will be sent to
the frequency converter via the temperature sensors and the differential pressure switch, which will increase the frequency
of the electromagnetic field. By increasing the frequency and, at the same time, the constant number of pole pairs in
the electric motor, a higher motor speed will be achieved, which will increase the productivity of the pump unit, which pumps
a certain amount of fluid whose pressure is predetermined and programmed as a standard pressure system. By increasing
the frequency and, consequently, the performance of the pump set, the pressure in the system will be raised to the standard
value, after which the pump unit will run at its usual speed.

Thus, any deviations of the system parameters from the working ones are controlled and regulated by sensors
and temperature relays, as well as a frequency converter, which by changing the frequency changes the speed and,
consequently, changes the performance of the pump unit, used in heat or water supply systems of both residential buildings
and industrial enterprises of individual consumer groups.

Key words: pump, frequency, current, rotation, performance, pressure, dependence.
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