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Betyn

[pobnema ogepxaHHs 3'€QHaHb anioMiHi — migb Ans
€MeKTPOTEXHIYHOI rany3i € 4OCTaTHbO aKTyanbHOM, L0 3yMOB-
TNKOE NOLWYK LUNSIXIB CUHTE3Y BiAMNOBIAHMX KOHEKTOPIB, siki Oynun 6
HaWMEHLL Bpa3nuBMMMK O NPOLECIB OKUCNEHHS. Ha TenepiLuHii
yac OAMH 3 NePCNEKTUBHUX HaNPSIMIB PO3BUTKY MaTepianosHas-
CTBa MONArae B OAEPXaHHi CNOMyYeHb Pi3HUX MeTanis, ki B pi-
BHOB&XHWX YMOBaX He MiffakTbes 3'egHaHH0 abo He € B3aemo-
PO34YNHHUMM B TBEPAOMY CTaHi. TeXHomoriyHa nepcnekTMBHICTb
TaKoro nigxoay nonsrae B JOCArHEHH KOMMIEKCY NOTPiBHMX eKc-
nnyaTayinHuX XapakTepucTuK, 3aBAsKIN HASBHOCTI NEBHUX BNac-
TUBOCTEN Y KOXHOrO OKpemoro meTany. [lo Takux cnosyyeHb Ha-
NeXuTb cMCTeMa antoMiHii-Migb, ockinbku obuaga Ui MeTanu €
XOPOLUMMU €NEKTPUYHUMU NPOBIAHUKAMM, ane B NEBHUX YMOBAX
ekcnnyatawii 6yno Jope4YHNM NOeAHaHHS iX xapakTepucTuk. Tak,
Hanpuknag, Migb € KpaLyym NpoBigHUKOM Ta BinbLL CTiAkum Ao Aii
BOMOTOCTi, ane anioMiHii Mae BinbLL BACOKE 3HAYEHHSI MILHOCTI,
L0 BaXMNMBO, HANpWKNag, B aTeHKaTopax, A€ NOBEpXHs nigaa-
€TbCSA YOAPHUM HaBaHTAXEHHAM BHACNIAOK BUCOKOI LUBWUAKOCTI
cnpaupoByBaHHs. Cnig 3a3HauMTy, WO Pi3HOMAHITHI BapiaHTu
PO3'€EMHUX 3'€dHaHb Migi 3 anoMiHieM MakTb TOW HERONIK, Lo
MOBEPXHS anOMIHIK0 3 YaCOM OKUCIHOETLCA | TakUM, YUHOM MOTi-
PLUIYETHCS KOHTAKT.

AHani3 ny6nikauin

HabyBatoTb po3BUTKY NiAXoau LWOAO OAEpKaHHS crony-
UeHHs Mifb —antoMiHii B TBEpAOTINLHOMY CTaHi [1], (hopMyBaHHs
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3efdHaHb 3acobamy NasepHOro 3BaproBaHHs [2] 3BaptoBaHHS
wnsixom Tepta [3] Ta iHwi. B pobori [4] 3piiicHioBanock 3Bapto-
BaHHS HU3bKOEHEPreTUYHUM ENEKTPOHHUM MYyYKOM, Ta NPOBOAK-
BCS aHani3 Oyaosw iHTepdelicHoro Wwapy. Pa3om 3 TvM nogarnbLui
TEXHOMOMYHI NEPCNEKTUBN NONATAKOTb Y 3amnyyYeHHi iIHCTPYMEHTIB
nepeBefeHHs MaTepianis, Lo Crony4yatoTbes, B PiskOHEpiBHOBA-
CTPYMEHTIB HanexaTb CUMbHOCTPYMOBI NYYK €NEKTPOHIB, i iX Te-
XHOMOMiYHI 3aCTOCYBaHHA OCTaHHIM 4YacoMm HabyBaloTb noLK-
peHHs [5,6]. Tak BizomumMu € pesynsTatit pobotw [7], Wwo nonsra-
t0Tb y 30iNblUeHHi 3HaYeHb MIKPOTBEPAOCTI CnMaBiB BHACIIOOK
ONPOMIHEHHS CUNBHOCTPYMOBUM MY4KOM €MEKTPOHIB a TaKoX Ha-
AaHO pesynbTaTii HAHECEHHS 3aXMCHUX LapiB antoMiHio. Ocob-
NUBICTb TaKoi TEXHOMOrii HAHECEHHs MofsArae B TOMY, WO Mif
picto nyyka BigbyBaloTbC PO3NMaBneHHs maTtepiany qonbru,
SKWA HAHOCUTLCS Ta MaTepiany nigknaguHKW, Npu LbOMY iHTep-
(belicHui Wap YTBOPIOETLCS NEPEBAXHO 3@ paxyHoK rigpoauHa-
MIYHOrO MepeMillyBaHHs Matepianis, Lo 3abe3nevye xopoLly
agresito. [lo nepesar nogibHoro cnocoby HaHeCeHHs MOKPUTTIB
HaNeXMTb TaKOX MOXMMBICTb OflepXKaHHS JOCUTb BEMMKMX TOB-
WMH MOKPUTTIB Ta OAEPXaHHs rpagieHTHOro iHTepdeincHoro
Lapy, SKuA YTBOPIOETLCS 3a paxyHOK BHLLEe3ragaHoro npoecy
nepemillyBaHHs. TakuM YMHOM, L0 TEXHOMOr0 AOPEeYHO anpo-
OyBaTn ons ofepXaHHs! KOMMO3NTY arnioMiHin —Migb.

MeTtoauka npoBeAeHHSA EKCNEPUMEHTY

Jocnigxyoumn MOXIMBOCTI CTBOPEHHS HOBUX TEXHOMOTN
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Ha OCHOBI CUIBHO CTPYMOBWX PENSTUBICTCHKUX ENEKTPOHHUX My-
uKiB cnif pO3yMITK, L0 HAsIBHI YCTAHOBKM HE € MOLUMPEHWUMM | MO-
XMWBOCTI EKCNEPUMEHTATOPIB MatOTb BKMNaAaTUCS B TEXHIYHI MO-
XIMBOCTI MpuUckoproBaya. Hamu 3acTocoByBaBCs MPUCKOPHOBAY
TEMTI-A HHL XapkiBcbkuid isnko-TexHiYHMiA iHCTUTYT HAH Yk-
paiHu, MOro napaMeTpu HacTyMHi: eHepris enekTpoHiB 350 keB,
CTPYM nyyka 2 kA, TpUBanicT PPOHTY iMMyrbCy 5 MKC.

MOXIMBICTb 3MiHUM AiamMeTpy Myyka € HinbLu rHYYKOH : B
20 po 70 MM, chopma nyyka Moxe ByTH K CyLiNbHOK Tak i Tpyo-
4acTol B 3aMnexHOCTI Bif reomeTpii katogy. Pasom 3 Tum ans
ONMMUCaHNX BULLE eheKTIB HAHECEHHS MOKPUTTIB 3 3aCTOCYBaHHSAM
€NEKTPOHHOTO Myyka byna BnacTMBa cxema, KOnu nyyok cnova-
TKy NPUXOAMB Ha MaTepian qonbri, BTpavaB YacTUHY eHeprii a
noTiM NoTpannsB Ha MaTepian nigknagku. B pobotax [6,8]onu-
caHa MEeTOAMKa HaHEeCEeHHs NOKPUTTIB 3 3aCTOCYBAHHAM iMMyMb-
CHUX ENeKTPOHHWX MydKiB. 3LiNCHIOBATM OAHOYAcHE OMpoMi-
HeHHst 060X MaTepianis LWSXOM CkaHyBaHHS HE BMLAETHCS MO-
XMMBWM 3 OrMSiAY Ha HEBENWKY TPMBANICTb iMAynbCy. CUHXPOHHE
ONPOMIHEHHS /BOMa IMMYNbCAaMK TAKOX € 3afaqeto, SKy Baxko
peaniayBatu. Tomy Oyno 3anponoHOBaHo Miaxid, kWi Nonsras B
po3nogini Nons enekTPOHHOro Nyyka NPOTAroM [ii 0AHOrO iMny-
NbCY Ha antomiHin Ta migb puc. 1.

3 E-BEA
V H

M .

Puc.1. CxemaTuniHe 306paxeHHs ONPOMIHIOBAHOI MiLLEHi:
1 — konekTop, 2 — Al-nnacTuHa, 3 — Cu-3pasok, 4 —npyxHe Kpin-
neHHst Cu-3paska [0 antoMiHIeBOI MNacTUHK, 5 — BiNbHWIA KiHeLb
Cu - 3paska [6,8]

3a3Bnyall  TEXHOMOris HaHECEHHS! MOKPUTTS MICTUTb
JeKinbka OCHOBHWX CKNafoBMX: CNocib nigroToBkW NigKnaanHKu,
Ha Ky HAHOCWTLCA MaTepian; cnocib akTueauji (BUNyYeHHsl) Ta
TpaHCMopTy Matepiany, SKMA HaHOCWUTLCS; KOHTPONb Ta Ke-
pyBaHHS NOTOKOM Martepiany, akTuealis maTepiany nigkna-
OWHKA. 3anponoOHOBaHUI HaMK Cnoci6 BUKOHYE BCi NONEpaHbO
03HaueHi 3agavi NpoTAroM il 0gHOro iMnynbey. Po3noain nons
€IIEKPOHHOTO Myyka MOXe PerynioBaTuCs NULLE LUASXOM 3MiHM
kyTiB @ Ta B Ha puc. 1. Cnig BpaxoByBaTH, LLIO NPW NPOXOMKEHHI
CWUNBHOCTPYMOBOIO MyyKa nig NEBHUM KYTOM [10 NOBEPXHi enekT-
POMpOBIAHOI NNACTUHW BifOyBaETLCA eNneKkTpoaMHaMiYHa B3ae-
MOZist 3i CTPYMOM, LU0 iHAYKYETbCA B nnacTuHi. OcobnmBeicTio
B3aEMOfii €NeKTPOHHOrO Myyka 3 NOBEPXHEH Ha BigMiHY, Hanpu-
Knag, Big nasepHOro BUNPOMIHIOBaHS, € Te, Lo 0bnacTb Makcu-
ManbHOro NOrNUHAHHS eHeprii NpUnaaace Ha nignoBepXHeBi Lapy
i NnaBneHHs MaTepiany NoOYMHAETLCS BINMBWHI MilweHi. BHacni-
JOK Liboro hopmyeTbest razonnasmouit chaken [9, 10], skuin mic-

TUTb SIK KpanenbHy ¢hasy pevyoBWHW, TaK i napo-nnasmosy. Bia-
MoBigHO B MofanbluoMy BiabyBaeTbCsl KOHAEHCALs NpOayKTiB
abnAuinHOro BMKMAY SIK HA BNACHY NOBEPXHI) — 3BOPOTHS KOHAE-
HCallisl, TaKk Ha CyMiXHO po3TalloBaHy moBepxHio. Ha dopmy-
BaHHS1 B3aEMHOrO CMOMyYeHHs ABOX MaTepianis BNNBAKOTL Ha-
CTYMHi YUHHUKW: TEMNepaTypa, A0 AKOI HarpiBarTLCa MaTepianu
BHACRIgoK il nyyka, HAasBHICTb MEXaHIYHUX HanpyXeHb BHaCHi-
[OK BUHUKHEHHS TemMnepaTypHu1X rpadieHTis, po3nogin matepi-
any B noni rasonnasmoBoro gakeny. [laHuit edpexT LWMpoko 3a-
CTOCOBYETLCS AN OfEPXKaHHS NOKPUTTIB TaKOX Npu B3aEMOgii
iOHHMX NyYKiB 3 NoBepxHeto MeTanis [11] Ta NpoaykTiB enekTpoe-
PO3iiiHOro BuaaneHHs [12].

[ns ouiHku iHLYKOBAHOrO TeMnepaTypHOro nons i nons
MexaHi4YHMX HanpyxeHb B 06’eMi TBEPAOTO Tina 3yMoBNeHOro ab-
nauielo nig giet CUbHOCTPYMOBOTO PENATUBICTCHLKOTO eNekT-
poHHoro nyyka (CPET), 6yno po3g’s3aHo TepMO-MeXaHivHy 3a-
Jayy y paMmKax TepMOenacTUYHOCTi AN OAHOPIAHOrO Tina, Lo
Byno BepudikoBaHO BUKOPUCTOBYKOUM EKCMEPUMEHTarbHI AaHi
[13-15]. Mo-nepiue, Byno 3HEXTYBAHO MOXIMBUMU (DRYKTYyaL|i-
MU CTPYMY NyYKa B3JOBX MOro nepepisy. [ns cnpoLieHHs pos-
paxyHkiB, po3rnagaemMo 3afjavy y ABOBUMIPHIA KOOPAWHATHIN
NNOLLMHI 3paska {X,y}, 4e BiCb X 03Ha4ae rmubuHy 3paska i Bicb y
03Hayae LUMPUHY, YW BUPOMKEHWUA NPOCTOPOBUIA PO3NOAIN enek-
TPOHHOTO MyyKa MO NOBEPXHi ONPOMiHEHHS. MoaenbHuit 3pa3ok €
ofHopiaHoto nnactuHoto {0..Hx x 0..Hy} B Q e R?, oe wwpwHa 3pa-
3ka € BinbLot 3a ioro ToBLWMHY Hy>Hyx. MnactuHa onpomiHio-
€TbCS ENEKTPOHHUM MY4KOM NEPNEHANKYNSPHO 40 MOrO NOBEPXHI
M.

KnacuuyHe piBHSHHS ®yp’e MOLUMPEHHS Tenna B TBep-
JOMy Tini Mae HedisuyHy BnacTMBICTb MOLIMPEHHS TEennoBuX
XBUMb B CEpejoBuLLi 3 LOBIMbHOK LWBUAKICTIO. TakUM YWMHOM, 3
Ornsdy Ha BUCOKi LUBUAKOCTI HarpiBaHHS @ TakoX 3HaYeHHs Tu-
CKY, BBaXaeTbCsl HEODXiHUM BBELEHHS B PO3rnsig penakcavin-
HOrO TENMOBOrO PIBHAHHS 3HAYEHHS Yacy Tr,, 3yMOBIIEHOIO CKiH-
YEHHICTHO LIBMAKOCTI NOLUMPEHHS TeMMepaTypHOro nons B MeTani

(1):
q(r,t+1,)=—kVT(F,1+7,), (1)

Ae k € koedivieHTOM TennonpoBsigHocTi. Tpueanictb iMnynbCy
ONPOMIHEHHS € 3HAYHO BiNbLUOI 3@ Yac enekTPOH-OHOHHOI pe-
nakcauii Tp>>7: (1< 10-12 s). Takox npuHATO B MoZeni, Lo BCTa-
HOBMEHa piBHOBAra Mix €NeKTPOHHOIO i MOHHOI MiACUCTEMaMM.
[ani, 3acTocoBaHo 3akoH Makceena-KataHeo (2), sk Bapiaujs
Knacu4Horo pisHsHHS ®yp’e npu 7> 0:
GqF.t+7,)=—kVT(F,t)-T, 9 _ W, a—T, ,(2)
ot ot
[ns 3akoHy 36epexeHHs (3), BBOAMMO (hyHKLIi0 NOTYKHOCTI
TENNoBoro axepena Q. PiBHAHHS Ans TeMnepaTypHOro nons Bu-
3HavaeTbeAa rinepboniyHUM audepeHLiansHim (4):

rEn_ Vi, 0 a)
ot pc  pc
or = 0T
—+7,—=

:L{V~(kVT)+rrV~(kVa—T)+Q+rr uY ,
pc ot ot

Je C - TeNNOEMHICTb, p — ryctuHa [13,14,15].

Poanogin yactuHok MaTepiary antoMiHito B noni rasonnaamo-
BOro chakeny Mae LinkoM HaouHe BidyarbHe BigobpaxeHHs Ha
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MiZHIA nigknaguHui puc. 3. BUI 6nnck puc.4 6, WO CBIOYATL NPO NepeMillyBaHHs MaTepia-
300paxeHHst pacTPOBOro eNeKTPOHHOIO Mikpockona 3 pisHux | nis. O6nacTb MigHOT NigKnaguHKi, WO po3TalloBaHa Haibnmkye
LiNsIHOK NOBEPXHi HaBefeHi Ha puc. 4 Tak nepudepiiiHa YacTMHa | [0 antomiHito, Mae 03HaKK HanmaBneHHs antomitio puc.4 B. Cai-
MOKpUTa KpannsimMu antomiHito puc.4 a, Togi Sk poaraioBaHa bu- | a4eHHsM 6inbLu rMMBOKOro NPOHUKHEHHS antoMiHIt0 Ha PisHMX fi-
X4ye [0 BiCi ra3onna3moBoro dakeny Mae xapakTepHuin 6poH30- | NsHKaX € pesynbTaTi EHeproguCrepCiiHoro aHaniay — puc.5.
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Puc.4. PEM 306paxeHHs AinsiHOK NOBEPXHi NNAcTUHU.
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Punc.5. PesynbTaTv eHeproamcnepcinHoro aHaniay pisHux 4insHoK (mosHayeHHs a, 6, B. BignosigatoTb AinsHkam Ha puc.4 )

Pa3om 3 Tum, nofibHa HepiBHOMIPHICTL MOKPUTTS Aa€ MO-
KIUBICTb 3p03YMITH, Ha SKUX GiNsHKaX cronyka Migb-amnoMiHin €
BinbLL cyyinbHo. 3 Ornsgy Ha BKasaHy HEPIBHOMIPHICTb Maco-
nepeHocy anioMiHilo My MPOBENM aHania MiKpOCTPYKTYpU odep-
XaHOro KOMMO3MTY. 7K BUAHO 3 pUC. B. CNOMYYeHHS € JOCTATHBO
CYUiNbHUM, NMPX LbOMY Ha OKPEMMWX AiNsHKax CrocTepiraeTbes

SEI 20kV x1000 10pm 3EI 20kV

B3aEMOMNPOHUKHEHHST penbediB Ha iHTepdielic Hii obnacri, wo
0coBnnBO BaXI1BO, HaNpWKnad, Ans YAapHUX HAaBaHTaXeHb.

OpepxaHuit komnoaut 6yno anpoboBaHo Ha CTiNKICTb 40
Aecopmaii runy. 3 dpaktorpam puc. 7 BWUAHO, WO BiALwapy-
BaHHS NPOXOAUTb 3 PYMHYBAHHAM iHepdencHoro wapy no Tiny
NigKNagauHKKA, K MEHLL MiLlHOro MaTepiany.

*1000 10pm sET 20kv %1000 105

Sarasin Dational Dnivazeity AL Cu 13113014 003 WDifa D310 Ke:7ESR 13110 Masasmn Maeiseal Gmiveseify AL Cu 13113034 316 W7 T:110 HiTEER 121134 Saearin Meticmal Tmiveseity Al 7w 17112004 35 W0:3I T30 Me:lmad 1211

Puc. 7. ®pakTorpamu 3namy KOMNO3UTY antoMiHii-Migp.
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BucHoBku MeTanis, Ski B TEPMOAMHAMIYHO PIBHOBAXKHMUX YMOBAX He 3MiLLly-

CunbHOCTPYMOBI pensSITUBICTChKI EMEKTPOHHI NyYkM € Ne- | 10Tbes. Ha npuknagi napy antoMiHiii Migb nokasaHo, LU0 LUNSXOM

PCMEKTUBHIM iHCTPYMEHTOM NS CTBOPEHHS HOBITHIX TEXHOMOTiH | iMMYNbCHOI eNeKTPOHHO-NMYYKOBOI 06POOKM MOXHA [OCAITU Cy-

OLEPXaHHs KOMMO3UTHWUX MaTepianiB, LWSAXOM 3'€OHaHHS TMX | LiNbHOMO CMOMyYeHHs LMX MaTepianis, ske ekpaHye 4OCTyn Bo-
noru, Ta 3anobirae KOPOHYBaHHIO.
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The electron beam method for formation of the aluminum-copper joints

A method for obtaining an aluminum-copper compound is proposed, which consists in the simultaneous irradiation of aluminum
and copper plates with a pulse of a high-power electron beam. As a result, the aluminum material sprayed by the beam is deposited
on the surface of the copper substrate, which is also activated by the electron beam. The coating has areas of greater and lesser
penetration of aluminum into copper. A numerical estimate of the temperature distribution and displacement fields of the copper sub-
strate material is made. Metallographic researches, energy dispersion analysis and fractographic researches are carried out. The
conclusion about expediency of development of such approach for practical applications is made.

Key words: aluminum, copper, composite, electron beam, electron microscopy.
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BusieneHHs ma sudarnenHs niiyHoi nidoweu € saxnugor 3adayero. CydacHi be3koHmakmHi npucmpoi Onisi 8USIBNIEHHST NiTy-

XHOT nidowsu He sukopucmosyromscs bazambMa azpogupobHUKaMU Yyepes ix 8LUCOKY apmicmb, a po3pobka Ho8o20 binbw dewe-
8020 CKaHepa 0acmb MOXrugicmb Hegenukum 2ocnodapemeam docnidxysamu ywinbHEHHs rpyHMy ma exueamu HeobXiOHUX 3ax0-
Oig O lio2o po3nywysaHHs. Ocobnusicmio npuCmporo, SKUG Mu po3pobisieMo, € me, wo ozo poboyuli opeaH (uck abo cghepa)
NPOHUKaE 8 rpyHm Ha Heeesnuky 2nubuHy. Memoro daHo20 A0CTiOKeEHHS € 8 paMKax 8uUKopucmaHoi Moderi 8’93KonpyHo_20 wapy
ompumamu curosi KoeiyieHmu enniusy Ha YusiHop, wo 3abeaneyyroms (i020 PIBHOMIDHE KOYEHHS NPU NPOHUKHEHHI 8 HeYWinbHeHU(
8’A3KoNpYXHUU Wap rpyHmy. Y uili pobomi supiwiyemscs 3a0aya KOYeHHS abCoIOMHO XO0PCMKOo20 YuniHApa no &’a3KkonpyxHoMy
wapy HeywjinbHeHo20 rpyHmy, 3yenneHomy 3 HedehopmayiliHoK HanignnowuHo, Wo ivimye nidowsy nnyea, 3a Has8HOCMI 30H
34ensieHHs1 ma Ko83aHHs 8 30Hi KoHmakmy. [1pu chopmyrntosaHHi 3adayi He 8paxosyembcsi nodamusicmes yuniHApa i HanisnNIoWUHU,
a 0n1s onucy enacmugocmel wapy rpyHmy gukopucmosyembcst Modesib KenbgiHa, ika Mae 0OMEXEHY 8 A3KONpyKHY No83ydicme.
Knroyoei cnoea: nnyxHa nidowsea, 8’a3ko-npyxHull wap, Modesb KernbgiHa, 8iI0HOCHE KO83aHHS, MEPMS KOYEHHS.

DOI: https://doi.org/10.32845/msnau.2021.2.2

MocTaHoBka npobnemu. MnyxHa nigowsa — Le yLink-
HEHWiA Wap Y fPYHT, LLO BUHWKAE BHACAIAOK TUCKY NMOLLMHW po-
Bounx opraHie rpyHT006poOHMX 3HapsAb Npu PobOTi Ha ogHaKo-
Bill MnBuMHI. KynbTypu Oyxe YyTnuBi O CTaHy IPyHTY, 30Kpema
[0 WOTO LWINbHOCTI. YLWWiNbHEHHS fPYHTY 3HWKYE HOr0 BOAONOMMN-
HaHHsl, noripLuye NoBiTPOOOMIH, MOPYLLYe PICT KOPEHEBOI CUC-
TEMW pocnvH, 36inbluye HAaBaHTaXEHHS Ha rPYHTOOBPOGHI Ma-
LKHW, 36inbluye BUTPaTY NanuBa Ta 3HOC poboYMX OpraHiB, Cko-
poyye TEPMiH Cryx6u 3Hapsab. TOMy BUSIBNEHHS Ta BUOANEHHS
NigoLLBK Nryra € BaXnMBIUM 3aBAaHHAM [1, 2].

IcHye GaraTo pisHUX METOAIB BU3HAYEHHS rMMOMHW ni-
BOLIBM NAyra, NOYMHAKYM Bif PYYHOrO BUMIPIOBAHHS MEHETPO-
MeTpamu i 3aKiHYyl04M MOBINbHUMKM CkaHepamu, SKi BUMIPIOKOTb
©e3KOHTaKTHO. AKTyanbHIUM € NUTaHHS 3MEHLUEHHS CODIBApPTOCTI
BMKOHaHHS onepaLiii BU3HAYeHHS rMUBWHIM 3ansiraHHs MTyHOI
nigoLUBM NO BCIiK NIIOLLi nons.

AHani3 ocTaHHix gocnimxeHb i nyonikauin. Ins sumi-
PHOBaHHS TBEPAOCTi FPYHTIB BUKOPUCTOBYIOTb MEHETPOMETPM -
npunagw, npuaHaveHi 4N BBEAEHHS B IPYHT METaneBWX Tin
(nnyrxepiB) neBHOT hopMK 3 MiHIMATBHAM MOPYLLEHHAM CTPYK-

Typu pyHTy. MeHeTpomeTpu OyBaKOTb AMHAMIMHUMK | CTATWY-
HUAMU. Y NepLIOMY 3 HAX NAYHXEP BBOAUTLCS B IPYHT 3@ 4ONOMO-
roto ygapy abo nagiqHs taraps (Macw). CtaTnyHi neHeTpoMeTpy
BBOLATH NAYHXeP Y fPYHT MOBINbHO N NOCTYNOBO, YHUKAKOUM K-
HaMmiyHoro ecbexTy [2-4].

IcHye BenMyesHa KinbKicTb Npunagis Ans BUMIpOBaHHS
TBEPAOCTI rPYHTY. HainowmpeHilumMmm 3 H1X € TBepLomipu [ops-
ukiHa, PeBsikiHa, Bucoubkoro Ta iH. 3aBasku CBOIlt NpocToTi Ta
HaginHocTi, TBepaoMip PeBsikiHa oTpumaB HanbinbLuy nonynsp-
HICTb.

Benuky kinekictb neHeTpomeTpis (Kipive, KyHue, ®nope-
cky-Llennitrepa, l'eTke Ta iH.) BUKOPUCTOBYIOTLCS TAKOX Y AOCTI-
OHULBKINA NpakTui kpaiH CxigHoi €sponu. IX BigMiHHOW0 pucoto €
BUKOPUCTAHHS He TirbKW NAOCKWX i KTMHONOAIGHUX NnyHxXepiB, a
i BaraTbox iHWKX opM. Lie po3Lumnpioe MOXIUBOCTI BUBYEHHS
Pi3HKX TUNIB onopiB rpyHTiB. Lli neHeTpoMeTpn JOCTYMHI i NpOCTi
Y BUKOPUCTaHHI. Are BOHU He JatoTb MOXIMBOCTi OTPUMATU TOYHI
AaHi Npo TBEPAICTb IPYHTY Ha Benukii nnowi. LLob otpumaty 6i-
NblUe AaHuX, Kpalle BMKOPUCTOBYBaTU MODBINbHI Ha3eMHi cka-
Hepu. Hanpuknag, SoilXplorer — 6e3kOHTaKTHWIN 4aT4MK ANs Kap-
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TOrpadyBaHHs Ta 3MiHM rMuBuHK 06poBITKY rPYHTY 3a AONOMO-
rol0 eneKTPOMArHiTHUX CUrHanis Ans BUMIpHOBaHHS NPOBIAHOCTI
IpYHTY. 3a Li€to 03HAKOI MOXHA BWU3HAYUTK 30HM TUMY IPYHTY,
BiAHOCHOI BOZHOCTI, @ TAKOX MIIOL YILiNbHEHHS. 3a JOMOMOrow
YOTMPBOX MpUAMArbHUX KOTYLLOK 33 OOWH MPOXid «AOCHiAKY-
0TbCA» YOTMPK PisHKMX Wwapw Big 0-25 cm, 15-60 cm, 55-95 cm
Ta 85-115 cm. Vloro MoxHa ayxe nerko iHTerpysaTin B iHi po-
6oui npouecy [4, 5].

Mu po3pobnsiemo Ginbly AeleBy TEXHIUHY CUCTEMY BU-
3HAYEHHsI TMMOMHM NMYXHOI MiJOLBM NOPIBHSHO 3 iCHYIOUMMM
CKaHepamu rpyHTy. Halua TexHiuHa cucTema J03BONUTL OTPUMY-
BaTW JaHi K Nig Yyac BUKOHaHHS 0BpobiTKy FpyHTY, Tak i OKpemo.
Lli paHi moxHa Byde BuUKOpUCTOBYBATW AN ONTUMArbHOrO yn-
paBniHHS rMMOOKUM 0BPOBITKOM IpYHTY.

MeTa pocnigKeHb — B pamkax BWKOPUCTaHOI mogeni
B'A3KOMPYXHOrO Lapy OTpUMaTH CUAOBI KoediLieHTH BNNBY Ha
UuniHap, Wwo 3abe3neyvyioTb NOro PIBHOMIPHE KOYEHHS MpW npo-
HWKHEHHI B HEYLLNbHEHWI B'A3KONPYXHWUIA LWap rpyHTY.

Pesynbtatn pocnipkeHb. PosrnsHeMo 3aBhaHHs B
MNOCKiN NOCTAHOBLi AN1S1 KOPCTKOro UuniHApa i OCHOBM, LLO CKra-
[AETLCS 3 B'A3KOMPYXHOTO HEYLLIMBHEHOTO APy rPYHTY TOBLLM-
HOIO h, 34EnneHOro 3 OPCTKOK HaMIBMIIOLMHOK MITYXKHOI Mi-
powsu. LiMniHap KOTUTLCA B OCHOBI 3 NOCTIMHOK NiHIMHOKO LWBNK-
AKicTio V Ta BignoBIgHOIO KYTOBOIO LUBUAKICTIO W 3 MPOKOB3YH-
HaM. J1iHis KOHTaKTY LUniHApa Ta OCHOBW OMUCYETLCS (YHKLIED

2
f(x)= —;—R, fAe R - pagiyc uuninapa. Hexait (X', y') - Hepy-

XOMa CuCTeMa KOOPAMHAT, MOB'A3aHa 3 OCHOBOM, Ta (X, Y) - py-
XOMa, MoB's3aHa 3 UMITIHAPOM, L0 KOTUTbCS (puc. 1), TaK Lo

X'=x+V-t; (1
y'=y. (2)

Luninap 3HaxoguTbes Mig Aielo BepTUKanbHOI cunm P,
WO Jie 3a HOPManIio 40 MOBEPXHi IPYHTOBOMO B'S3KOMPYKHOTO
wapy, i cunn peakuii Ps, CNPAMOBaHOI 1 NPOTUNEXHO, a TakoX
TaHreHyiansHoi cunu T i cunu onopy T+, WO Ai€ B NPOTUNEXHOMY
HanpsiMKy.

Puc. 1. Cxema KoHTaKTy UuniHapa (1) i B'A3KONPYKHOrO fpyHTO-
BOrO Wapy (3), 34enneHoro 3 XOPCTKOK OCHOBOK MITYXXHOI Mi-
JOLWBM (2): a, b — KoopanHaTU Mex obnacTi koHTakTy; M — py-

LUIAHANA MOMEHT

[ins onucy HopmManbHOI Ta TaHreHLianbHoI NOAATINBOCTI
HeYLiNbHEHOTO IPYHTOBOrO LWapy BMKOPUCTOBYETHCS MOAENb
KenbsiHa, sika € NOCAIAOBHUM 3'€QHAHHAM NPYXUHW Ta ENEMEHTY
doitrta, Bonogitoun 06mMexeHoo NoB3yuicTo [6]:
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9+7;-@=i-[p+n~a—pj; ®)

o E, ot

+T£a_u:i(p+]‘ga_rj’ (4)
a E ot

Je Ui U— HopManbHe Ta TaHreHujanbHe nepeMilleHHs B'a3Kon-
pyHoro rpyHToBOrO Wapy; Te, To —Yacw nicnagii Ta penakcavii
(y npuitHaTin Mogeni Yacy nicnsagii Ta penakcadii y pisHux Ha-
NpsIMKax BBaXatoTbCs OfHAKOBUMMU); EL — TpUBanNMin Moaynb
NPYXHOCTI; p(X) — HOPManbHe HaNPyXeHHs; T(X) — TaHreHLjia-
NbHa Hanpyra Ha MIoLLi KOHTaKTy

Y pyxoMiit cUCTEMi KoOpAUHAT CriBBiAHOWEHHS (3) i (4)
HabyayTb BUrNAZY:

19+T€V@=i(p+]’o_l/6_p), (5)
ox E; Ox
ox E, Ox

B yMOBax TepTsi KOYeHHs MAOLLA KOHTaKTY LumiHApa Ta
ocHoBU X € (—a; b) po3bUBAETLCS Ha 30HY 3ueneHHs Qa |

npokoBayBaHHs Qs [6]. Y nigobnacTi koB3aHHs abConMtoTHE 3Ha-
UeHHs! TaHreHLiHOT Hanpyru noBs'sa3aHe 3 HOPManbHOW Hanpy-
roK 3a 3akoHoM KynoHa — AMOHTOHa, a TaHreHUiiHa Hanpyra
CNpsIMOBaHa MPOTUNEXHO LUBWAKOCTSM MPOKOB3YBaHHS:

|r(x)|:y-p(x), x e Qg (7)

Y pasi NOBHOMO KOB3aHHS PiBHICTb (7) BUKOHYETLCS MO
BCiit 06NAaCTi KOHTaKTY LuniHapa Ta 0CHOBU. Y nigobnacti 3yen-
neHHs Qa PiBHi LUBWAKOCTI KOHTAKTYIO4MX TOYOK LMMiHApa Ta B's-
3KOMPYXXHOTO Lapy. [1ns TaHreHuianbHMX 3CyBiB TOYOK LAiHapa
BWKOHYETLCA CMiBBiAHOLLEHHS.

ﬂ:A,y:o,erS; (8)
dx
A:M’ (9)
V

Ae A - BennymHa BiGHOCHOTO NPOKOB3YBaHHS.
B 30Hi 34enneHHs Qa Mae Micue HepIiBHICTb:

|r(x)|S,u~p(x), xeQ, (10)

[ns BCiX TO4OK 0BNACTi KOHTAKTY BUKOHYETLCS CMiBBIAHO-
LUEHHS ANs HOPManbHUX NepeMiLLeHb:

2
X

ngd—ﬁ, xe(—a; b), (11)
4e d — rnbuHa 3aHypeHHs LuniHapa Y rpyHT.

CniesigHoLweHHs (5)—(9) BUKOPUCTOBYIOTLCS ANS pPo3pa-
XYHKY PO3MOAiNYy KOHTAKTHUX HOPManbHKUX Ta OTUYHWX Hanpyr B
00nacTi KOHTaKTy LMNiHAPa 3 B'A3KOMPYXHWM IPYHTOBWM LLIAPOM,
LLIO NEXMTb Ha XKOPCTKii HaNIBNAOLLWHI NAYKHOT NiJOLLBN.

Y NpuitHATIA Mogeni B'A3KONPYXHOrO rPYHTOBOrO Luapy
HOpPMarnbHi Ta TaHreHUianbHi KOHTaKTHI Hanpyru He 3anexarb
OfHe Bia 04HOro, TOMy NMPOBEAEMO PO3PaxyHOK Po3nodiny KoH-
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raHHs NAYXHOI NiJOLBM BBAXAETLCS NOCTIMHOK h=const, iHakLe
cnig, roBOpUTI NPO CepefHio no nonio rubuHy h. 3i cnissigHo-

weHb (4), (6) Ta (9) oTpumaemo:

TaKTHOI HOPMAanbHOI HaMpyri Ha NOLLi KOHTaKTy okpemo. Baa-
KaeTbCA, WO LMNiHAP 3MINCHIOE yCTaneHuit piBHONEepeMiHHWN
pyx, T06T0 V=const, a=const, b=const i d=const. M1buHa 3ans-

2
A
d—x—+TgoV'—:—( +T, V~—p}, xe(-a; b); (12)
Ox E, Ox
2
d_ X +];V(%_2_xj:i(p TO_Va_p]’
2R ox 2R E, ox
2
ﬂ.{_x__y;.y.gd}:p%.y.a_ﬁ;
h 2-R R ox
2
a_p+ 1 -p+ EL .|:x +T5V£_d:|l:0’
x T.-Vv' T.-V|2R R h
o d
p(x)=a(x) B(x); g—z=%'ﬂ(x)+a(x)- ﬁaiX);
ﬁa(x) 6ﬂ(x) 1 E, x’ X 1
. . . . . T .V-=—-d|-==0:
ox plx)+a(x) ox +T5-V a(x) ﬂ(x)+Tg~V 2R TR ’

led

a(x).[m+;'.ﬁ(x)J+{a%ff).ﬂ(x)+%.{%+Tg.V.%_d]%

2
o~
<

opx), 1
. =0;
ox +TC,-V Al)
2
0a(x) gy, F ,{X_Jr];.y.ﬁ_d}.l:();
ox TU-V 2-R R h
Bx)___1 .
T B(x);
d
Iﬂ(X):_.[ 1 -dx;
B(x) T,V
1
ln|ﬂ(x)|+ln|C]|:—T6'V.x;
N
ﬂ(x):e T,V :
SN
i x):e [ :
606()6) ’r:V‘ L [x_z_i_ . V——d:| l:();
ox T,-V |2-R h
805()6).6}:” _ EL |:i+7; 14 _d:|l’
ox T,V |2-R R | h
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1

v

a(x)=- B, 1" .x'Ta'V-[((xz—z.T Vox+ 212 V2))+(2:(x=T, ) -2:d ]+ C;
T,V h 2R v v v
! X
TD'.V' . .
a(x)= E,_1¢ I V-[xZ—Z-TG-V-x+2-T02-V2+2~x—2-TJ~V—2-d]+C;
T..V h 2R
a(x)=—i'l-efﬁl"x~[x2-2-(T ¥ =1)-x+2(T, - V-1)-T, -V -2-d]+C;
2R h o o o >
E, 1 75+
a(x)z—ﬁ;'ew [ =241,V =1)(x =T, V) -2-d]+ C;
-ﬁ-; E, 1 rl.V"‘ 2 _TI-V'X
p(x)=a(x) B(x)=—-" .ﬁ.z.ec -[x 2T, V-1)-(x~T,-V)-2-d]-C-e ™" ;

1

p(x) =L Lo v o1) (-1, V)2 d] e Coe P

Y €BOI0 Yepry po3nogin NoOBEPXHEK KOHTAKTY HOpMarnb- Y HeyLUiNbHeHWI PYHTOBUI Lap, OTKE MaKoTb MICLIE PIBHSHHS
HWX Hanpyr iHTerparnbHo YTBOPHOE cuny P, Lo BAABMIOE UWNIHAP | piBHOBAru — cymMa NpoekLil yCix cun Ha BepTUKanbHy BiCb:

b o
P+J{—5—LR-1-[)CZ—2~(TG~V—1)-(x—TO,-V)—2-d]+C'e L :l-dx=0;

b

B

. . ) R
p=]t L. L 2T, V1) | =T,V x |-2-d-x]+C-T, - V-e ="
2R K |3 2

—-a

3 3 2 2 L L,
=i-l-{b 4 a1, -V—l)-[b 4T -V~(b+a)j—2-d-(b+a)]+C-TU -V-[e Tl ]
2-R h 3

KoHcTaHTa iHTerpyBaHHs BU3HAYaeTbCs 4115 KOHKpeT- Lapi, NOEgHAHOMY 3 XXOPCTKOKO HaniBnmowwmHot. [ins onucy
HOTO FPYHTY 3a NepeanuKoBUM 3Ha4YeHHAM P npu pocarHerHi d B'A3KONPYXHMX BNACTUBOCTEN LIAPY IPYHTY BUKOPUCTOBYETLCA
rnBUHN 3ansraHHs NYyXHOI nigoLwsm h. Mpunyckaemo Takox, mozens KenbeiHa. MpeacTaBneHo MeTon po3paxyHKy HopMarnb-
LLO NS HEB'A3KMX TPYHTIB JOMYCTUMO A71S1 MPaKTUYHMX po3paxy- | HOTO Ta HanpyXeHb 3CyBY Y 30Hi KOHTaKTY. [locnigmkeHo po3no-
HKiB BBaXXaTh a=b. DN KOHTAKTHUX Hanpy»KeHb Ta 3aNeXHicTb koediljieHTa 34en-

BucHoBku. Po3rnsaHyTo 2D-koHTakTHY 3apady Ans Kop- | NeHHs Bif BiGHOCHOMO KOB3aHHS NS Pi3HUX 3HAYEHb KoediLjie-
CTKOrO LMniHApa, LU0 KOTUTHCS HA TOHKOMY B'SI3KONPYKHOMY HTa TEPTS KOB3aHHS Ta NapaMeTpiB B'A3KOCTI Lapy.
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Modeling the rolling of a rigid cylinder on the soil surface

Detection and removal of the plow sole is an important task. Modern contactless scanners are not available for most farms
due to the high price, and our device will allow small farms to investigate soil compaction and take the necessary measures to loosen
it. The peculiarity of the device we are developing is that its working body (disk or sphere) penetrates into the soil to a small depth.
The aim of this study is, within the framework of the used model of the viscoelastic layer, to obtain the force factors of the impact on
the cylinder, ensuring its uniform rolling when penetrating into the uncompacted viscoelastic soil layer. This work solves the problem
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of rolling an absolutely rigid cylinder on a viscoelastic layer of uncompacted soil, interlocked with a non-deformable half-plane that
simulates a plow sole, in the presence of adhesion and slippage zones in the contact area. When formulating the problem, the com-
pliance of the cylinder and half-plane is not taken into account, and to describe the properties of the soil layer, the Kelvin model is

used, which has a limited viscoelastic creep.
Key words: plow sole, viscoelastic layer, Kelvin model, relative slip, rolling friction.

[ata HapgxomkeHHs 0o pepakuii: 13.04.2021

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety
12 - — - -
Cepis «MexaHi3aLia Ta aBTomMaTu3aLisa BUpOOHNYMX NpoLeciBy, Bunyck 2 (44), 2021




YK 631.354.2

METOAWUYHI TA EKOHOMIYHI NIAXOAN BINHOCHO BUSHAYEHHA BUTPAT NANIMBA
TPAHCMOPTHUX 3ACOBIB MNPU NEPEBE3EHHI 3EPHA BIf} 3EPHO3BUPANBHUX KOMBAWHIB

Bapabaw "puropiii IsaHoBMY

KaHAWaAaT TEXHIYHUX HayK, JOLEHT

CyMCbKMI1 HaLlioHaNbHUIA arapHWUi yHiBEpCUTET
ORCID: 0000-0003-1075-479X

e-mail: grinya45@ukr.net

MikyniHa Mapuna OnekcanapiBHa

KaHOMOAT eKOHOMIYHWX HayK, AOLEHT
CyMCbKMI1 HaLiOHaNbHUA arapHUA yHIBEpCUTET
ORCID: 0000-0002-6918-5192

e-mail: marinamikulina1@ukr.net

MonuBaHuin AHTOH [IMMTpOBUY

CTyZeHT

CyMCbKMIA HaLlioHanbHU arapHUiA yHiBEpCUTET
ORCID: 0000-0001-8363-7186

e-mail: polivanui1@gmail.com

B 3anponoHosaHitl cmammi HasedeHi MemoduyHi ma eKOHOMIYHI NIOX0OU CMOCOBHO BU3HAYEHHS OCHOBHUX MEXHIKo-eKcny-
amaujiHuX noKasHuKie 8aHmMaxHuUX asmomobirie npu mpaHcnopmysaHHi 3epHa 8id kombaliHa npu 36upaHHi 03UMOT NWeHUYj, wjo dae
MoXugicmb 8U3Ha4yumu 8 nodanbswomy beanocepedHbo eghekmusHiCMb ixX BUKOPUCMaHHS 8 8UPOBHUYUX YMOBaX.

Knroyoei cnosa: asmomobins, kombalH, 36uparHs, weudkicms pyxy, npodykmusHicmb, eumpamu nasuea.

DOI: https://doi.org/10.32845/msnau.2021.2.3

MocTaHoBka npo6nemu. Mpobnema nonsrae B TOMy LLO
Mpu BiACYTHOCTi B rOCNOAAPCTBI HOPMATUBIB HA MOKA3HWKM BUKO-
PUCTaHHA aBTOTPAHCMOPTY NpU NEPEeBE3eHHi 3epHa Bif KOM-
BaiiHa Ui NOKa3HMKM MOXHA BU3HAUUTY aHANITUYHUM LUMSIXOM i
BUKOpUCTaTH IX ANS OnnaTtv npavi BUKOHABLB Ta CrucaHHs na-
nuBea.

AHani3 ocTaHHix gocnimkeHb i nybnikauin. |3 nigpyy-
HWKIB Ta iHLUMX NiTepaTypHUX JKepen No MaLIMHOBUKOPUCTAHHIO
Y POCIMHHMLTBI BiJOMO, SIK BU3HAYaKOTbCS MOKa3HUKN BUKOPUC-
TaHHs aBTOMOGINBHOMO TPAHCMOPTY MPY BiOMMUX iX TEXHIYHUX Xa-
PaKTEPUCTMKAX Ta YMOBAX iX BUKOPUCTAHHS NpU 30MpaHHi PisHUX
3epHOBUX KynbTyp. OfHak, aHaniTM4HUX 4OCRigKeHb CTOCOBHO
TOrO SIK HacnpaBAi BM3HAYAIOTLCS 3a3HAYEHi NOKA3HUKM B KOHK-
PETHUX YMOBax Hamu BUSIBAEHO He Byno.

dopmynioBaHHA Linen cTaTTi Ta MeTa AOCHiAXKeHb.
Hapatv MeToaunyHi Ta eKOHOMIYHI MiAX0AM MO BU3HAYEHHIO OC-
HOBHMX TEXHIKO-EKCNyaTaLiiH1X NOKa3HWKIB i, 30KpemMa Npoayk-
TUBHICTb Ta BUTPATK Nan1Ba BaHTaXHUX aBTOMOGINIB Npu TpaH-
CNOPTYBaHHI 3epHa Big 3epHO3bupanbHUX kombainHis npu 36u-
PaHHi MLUEHNL, WO AacTb MOXIMBICTb BinbLU NPaBUNLHO OpraHi-
3yBaTh ix poboTy B BUPOOHWUMX YMOBaX, @ Takox Liel MaTepian
MOXe YT KOPUCHUM MpW BMBYEHHI TPAHCMOPTHUX MPOLECIB B
AlK.

Po3rnsiHemo Lie Ha KOHKPETHOMY NpUKnagi.

BuxidHi daHi:
3epHo3bupanbhuin kombaiH MANECCE GS 12.(puc.1)
LLInpuHa 3axBaTa xatku — xegepa By = 8M.
BaHTaxHuit aBTomobins KamA3 - 45143-11 (puc.2)
Posmipu nons: nnowa nong F=200 ra; gosxuHa L =2000m; wu-
puta B=1000m.
PiBeHb BpoxaiHoCTi 3epHa, Ys, = 75u/ra=7,5T/ra
3aranbHa BigcTaHb nepeBeseHb — Il = 4km. B T.u.
- BMpOGHMYot0 TEpuTopieto — 0,5 km;

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

- No Tpaci — 2,5 Kkm;

- N0 nomto.- 1 kM. (MOIOBMHA AOBXWHM NONS).
TexHiko-ekcnnyaTtayiiHi NOKasHWUKM BUKOPUCTAHHS KOM-

GaitHa HaBeeHi B Tabnuui 1, siki BU3HaueHi 3a BigomMuMu Gopmy-

namu [1,2,3,4].

Tabnmug 1. MNokasHWKM BUKOPUCTaHHS KoMbaiHa

Ne OpuHnui | 3HaueHHs
[NoKa3HuMKK . X
n/n BUMIpY | NOKa3HMKIB
1 [MpoayKTWBHICTL 3a 1 rod. OCHOB- Thron. 218
HOro yacy
2 Poboya wenakictb km/rog 3,8
[MPOAYKTUBHICTb 33 OAHY FOANHY
4 3MiHHOrO Yacy v/ron. 20,3
5 [TpOAYKTUBHICTb 3a 3MiHY T 142
6 TpuBarnicTb 30MpaHHs 74
7 KinbkicTb 3MiH rog. 10
8 HeobxigHa kinbkicTb koMbaiiHiB ans 1
30MpaHHs NLLeHWL Ha noni
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Puc. 2. BaHTtaxHuin aBToMobinb KamA3 — 45143-11

[ns 3abe3neyveHHs pUTMIYHOCTI BUKOHAHHS NepeBe3eHb
3epHa Bif kombalHiB cnifg 06rpyHTOBAHO BM3HAUMTM NOTPedy B
TPaHCMOPTHUX 3acobax 3 ypaxyBaHHAM iX BUAY 1 obcary BaHTa-
xiB. Hamn 6yB Bubpanuin asTomobinb KamA3 — 45143-114epes
Te, L0 1100 Ky30B BMilLae B cebe 3rigHO nacnopTHOI xapakTepu-
CTUKM 3epHO 3 ABOX ByHKepiB kombaiiHa. Lle 403BONSiE NOBHICTHO
BMKOPMCTATX BaHTAXOMIAAOMHICTb aBTOMObINs-camockuaa, nok-
paLLMBLUM TUM CaMUM PiBEHb 10r0 BUKOPUCTaHHS i 3abe3neunTty
PUTMIYHICTb pOBOTH 36UPaNbHOTO KOMMNEKCY.

[MocnidogHicmb po3paxyHkig.

1. TpuBanicTb 3anoBHeHHs ByHKkepa 3epHOM, fs, rof.

ts = ms/ Wo (1)

[e me — maca 3epHa B 6yHkepe, T.ms = 5,3 T;
Wo — NPOAYKTMBHICTL komBaiHa 3a 1 rod. OCHOBHOrO yacy,
wo = 21,8 T/rop.
Tooi t5= 0,24 roa.
1. TpuBanicTb LMKy BaHTaXHOro asTomobins, t, rog, :

ty =1ty + ts + tpst tos + tos 2)

Oe ty — TpuBanicTb HaBaHTaXEHHS Ky30Ba aBToMObins ,rog.;
ts — TpuBanicTb i3aku aBTOMOBINS 3 BaHTaXeM,roa.;
fps — TPWBANICTb 3BaXYBaHHS Ta PO3BAHTAXEHHS, IOf.;
ts — TpuBanicTb i3gku aBTomobing 6e3 BaHTaxy, rof.;
fos— TPVBAMICTb OYiKyBaHHS YEProBOrO 3aBaHTAXEHHS , rog

TpwBanicTb BMBaHTaxyBaHHA OyHKepa, konu kombaitH
3YNUHSETLCS, OYiKYe TPaHCMOPTHUIA 3acib (1xB.) | BUBaHTaxye 3e-
pHO (2 xB.), TO t+ = 3xB. = 0,05 rog.

Topni ty =6 x8.=0,1roa.

TpwBanicTb i3aKW 3 BaHTaXeM fe CKnagaeTbes i3 Tpusa-
nocTi i3gu no nonio Iy (In =1kM —NONOBMHA JOBXMHU NONS), AOPO3i
3 achanbTOBUM NOKPUTTAM fan, (fan = 2,5 KM), rOCOAAPCHKOKO Te-
putopieto I (l-= 0,5 km), rog.:

LUBmakicTb pyxy aBToM0GINS 3 BaHTaxeM: no nosto — 20
km/roA., No acanbToBin opo3i — 60 km/rog., no TepuTopii noce-
neHb — 5 km/rop.

ts =l Vot lan Vant I [V, (3)

Topi t: = 0,10 rop.

CnocTepexeHHsi B BUPOBHWYMX yMOBaX CBiAYaTh, LU0 Ha
3BaXXyBaHHS TPAHCMOPTHOTO 3acoby Ta BMBAHTaXXEHHS 3epHa 3
ky30Ba TpuBae Bm3bko 5 xB.

Togi npuitmemo tps = 0,08 roa.

TpuBanicTb 13aku 6e3 BaHTaxy, fee , ro.:

tes =In Vit lan Vant I /Vr. (4)

LUBmakicTb pyxy aBTOMOGINs 6e3 BaHTaxy: no nonto — 30

14

km/rog., no acanbToBii gopo3i — 70 km/rod., No BUPOBHWYMIA Te-
puTopii — 5 km/rog.

Togi tee = 0,08 rog.

OuvikyBaHHS1 4eproBOr0 3aBaHTaXEHHSI Ky30Ba aBTOMO-
6insi QOPiBHIOE TPVBANOCTi 3aNOBHEHHs! OyHKepa 3epHOM fs.

Topi tos = 0,24 rog.,

Togi 3aranbHa TpuBanicTb Lmkny Byae fopiBHIOBaTH fy =
0,6 rog.

2. TpuBanicTb peircy TpaHCMopTHOro 3acoby, by, cknaga-
€TbCA i3 TPMBANOCTI i3AKM TPAHCMOPTHWX 3acobiB 3 BaHTaxXeM,
TPUBANICTb PO3BAHTAXYBAHHS | 3BaXyBaHHS, TPUBANICTb i30KM
TpaHCnopTHUX 3acobis 6e3 BaHTaxy, rog:

tp =t + tp3+ tos (5)

Togi t, = 0,26 rog. = 16 xB.

MMigpaxyHku noKasytTb, WO TpUBanicTb percy aBTOMO-
Bing-camockuga Ta TpuUBanicTb 3anoBHeHHs OyHkepa kombanHa
3epHOM MpakTWYHO cniBnagaloTb. TobTo, Ans 0b6CnyroByBaHHs
3epHo3bupanbHoro kombaiHa mapku MAJIECCE GS 12 goctar-
HbO MaTV oauH aBToMobiNL Mapku KamA3 — 45143-11. Ti peki-
NbKa XBUMKH ( 6NN3bKO ABOX XBUIMH), MPOTArOM KX kKoMBaiH
Oyae ouikyBaTW TpaHCnopT, NOTPiOHI kombailHepy ans ornsgy
kombaitHa abo nepesipku skoCTi 0bMonoTy.

3. LLinsix 3anoBHEHHS ByHKkepa 3epHOM, Is, rof.

Is = Vp+ ts. (6)

Micns nigpaxyHkiB s = 0,91 km = 910 m, wo npubnmsHo
[OPIBHIOE NOSIOBWHI JOBXWHW NONS.

MokasHuku Is, ts NOTPIGHI BOAi0 aBTOMOGINS ANs OpieH-
TUPY B NPOCTOPI i B YaCi MO BiJHOLLEHHIO 10 kombaitHa.

4 MMpoayKTUBHICTb TPAHCNOPTHOrO 3acoby wy, T/rop.

wy =2 mel by, (7)

Mpw TpuBanicTi umkny t, = 0,6 rog, wy = 17,7 T/rog,
5.KinbKicTb peicis 3a amiHy np:

Mp = Tal ty, (8)

[Mpw TprBanicti 3MiHu, Tay=7 rof. KiNbKICTb pecis np=12.

[MoTyHiCTb ABUryHa aBTOMOOINS MpW BUKOHAHHI Tpac-
MOPTHWX MPOLIECIB BUTPAYAETLCA Ha: NPUBIL MEXaHi3MiB TpaHc-
Micii, nepekovyBaHHs aBTOMOGINS, NOAONAHHS OMOpY MOBITPS,
NOAONOHAHHS cun iHepLii, nofonaHHs nigruomy,

6. BTpatu noTyxHocTi B TpaHcMicii, KBT:

N, =N, .(1—%), 9)
pe New — HOMiHanbHa edekTMBHa MOTYXHICTb ABUryHa, KBT.
New=176 kBT.

M, — KKL TpaHemicii: 77, = 0,95 . Toni New = 8,8 KBT.

7. BtpaTu nOTYXHOCTi Ha nepekoyyBaHHs aBTOMOBINS,
kBT

G, fV,
Np==so (10)
ne Ga — Bara aBTomobuns, kH;

f — KoediLlieHT onopy NepexkoYeHHIo
Bara aBTomobins 6e3 BaHTaxy Ga=87,4 kH; Bara 3epHa
opHoro OyHkepa Gsr = 52 kH; Bara 3epHa ABox OyHkepiB
Gs2=104 kH; Bara aBTOMODinNs i3 3epHoM oaHOrO GyHkepa

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety
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Ga=87,4+52=139,4 kH; Bara aBToMOGins i3 3epHOM [BOX ByHke-
piB Ga= 87,4+104=191,4 kH;

Mpw pyci asTomobing no nonto £=0,07; npu pyci no ac-
thanbToBil Aopo3i =0,02.

8. BrpaTu noTyxHOCTi Ha nogonaHHs onopy no.iTps, kBT

_cF,V7 107

N, , (11)
168,5

pe ¢ — koedilieHT 0OTIYHOCTI, LUiNbHOCTI, B'A3KOCTI MOBITPS,
kr-ron.2/m4.. ¢=0,7...0,8 kr-rog.2/m4.
Fn — nnowa nobosoi noBepxHi , M2. Bu3HaunT1 Ha OCHOBI ra-
6apUTHUX PO3MIpIB - LWUMPKHM i BUCOTM — Lie NpubIN3HO 6
M2,
Mpu WwemAKocTi pyxy arperaty ¥, < 20xm /200 abo no-

Gogilt nosepxHi F/, <10 > N, ~0.
9. Btpatu noTyxHOCTI Ha NogonaHHs niginomy, kBT

Tabnuug 2. MNokasHWKM BUKOPUCTaHHS aBTOMODINIB

G, iV
N, = 2, (12)
360

ne G, —Bara arperary, kH;
i —cxun micuesocTi, %. .
10. banaHc noTyHOCTi ABUryHa aBTOMOObINS, Ne, (KBT):

Neszp+Nf' (13)
11.KoediLieHT 3aBaHTaXeHOCTi ABUIYHa MO MOTYXKHOCTI,
nn:
N,
N = N£ : (14)

en
OntumanbHa BENWYMHA  3aBAHTAXEHHS  OM3ENTbHUX

asuryis nv=0,70...0,85.
Bun3HaueHi nokasHukv HaBeeHi B Tabnuui 2.

Ne n/n EnemeHTn yacy aminm Ne Ny Gp l. t, G
kBT kr/ron KM rog. Kr
1 XonocTuii pyx aBTomobins:
-no BUPOGHUIN TepuTopii 11,2 0,06 2,5 6 1,2 3,0
-no Tpaci 42,8 0,24 10,0 30 0,48 48
-110 Nosio 63,9 0,34 14,1 12 0,36 51
Pasom 48 2,04 12,9
2 HaninopoxHin pyx no nonw 90,4 0,51 21,2 1" 0,37 4,1
3 Pyx 3aBaHTaxeHoro aBTomobins:
-10 Norio 120,8 0,69 28,6 12 0,60 17,2
-no Tpaci 72,6 0,41 17,0 30 0,48 8,2
-0 BUPOOHMYIN TepuTopii 14,2 0,08 3,3 6 1,2 4,0
Pasom 48 2,28 29,4
4 |BuBaHTaXeHHs 3epHa i3 ky30Ba aBTOMODIfNS - 8,3 - 0,96 10,0
5 Bcboro 3a hakTyHy TpMBanicTb 3MiHu 59 56,4
BucHoBku. Tpata nanvea Ha 100 km gopisHtol0Tb 15,8 kr. MMoBHICTIO 3a-

1. HaBepeHi B Tabnuusx 2 caiguaTb Npo Te, L0 3aBaHTaXeHICTb
ABUryHa Hawbinbwa (69%) npw pyci aBTomMobing — camoc-
Kuaa 1o Nosito 3 MOBHICTHO 3aBaHTaXeHUM Ky30BOM. OfHaK i
B LLiit cuTyaLjii Lier nokasHWK fanekin Big HOPMaTUBHOTO.

2. Tlpn pyci asTomobins 6es BaHTaxy (xonocTuit npobir) Bu-

BaHTaXeHWU aBToMobing Butpavae Ha 100 km npobiry 27,1
KT, L0 BMMCYETLCA B [jiana3oH HOPMaTUBHUX BUTPAT Nanvea
B NiTHI CE30H.

3. ButpaTta Ou3enbHOro manuBa Ha 1T mepeBe3eHOro 3epHa
nweHuui cknagatotb 120r
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The proposed article presents methodological and economic approaches to determine the main technical and operational
indicators of trucks for transporting grain from the combine when harvesting winter wheat, which makes it possible to determine directly
the effectiveness of their use in production conditions.

Formulation of the problem. The problem is that in the absence of standards in the economy for indicators of the use of vehicles
in the transportation of grain from the combine, these indicators can be determined analytically and used to pay performers and write
off fuel.

The problem is that in the absence of standards in the economy for indicators of the use of vehicles in the transportation of
grain from the combine, these indicators can be determined analytically and used to pay performers and write off fuel.

Analysis of recent research and publications. From textbooks and other literature sources on machine use in crop production,
it is known how to determine the indicators of the use of road transport with their known technical characteristics and conditions of
their use in the harvesting of various cereals. However, we have not found any analytical studies on how these indicators are actually
determined in specific conditions.

Formulation of the goals of the article and the purpose of research. Provide methodological and economic approaches to
determine the main technical and operational indicators, and in particular the productivity and fuel consumption of trucks when trans-
porting grain from combine harvesters when harvesting wheat, which will allow them to better organize their work in production condi-
tions, and this material can be useful in the study of transport processes in agriculture.

Tables 2 show that the engine load is greatest (69%) when moving the car - a dump truck on the field with a fully loaded body.
However, in this situation, this figure is far from the norm.

When driving a car without a load (idling) fuel consumption per 100 km is equal to 15.8 kg. A fully loaded car consumes 27.1
kg per 100 km, which fits into the range of standard fuel consumption in the summer season.

Consumption of diesel fuel per 1 ton of transported wheat grain is 120 g

Key words: car, combine, harvesting, speed, productivity, fuel consumption.

[ata HagxomxeHHs 0o pepakuii: 28.04.2021
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YK 621.9.048:621.9.044

BUCOKOMNPOAYKTUBHWUA METO[ LIEMEHTAL|II CTANEBUX OETANEN
METOOOM ENEKTPOICKPOBOIO NErYBAHHS

KononnsiHyeHko €BreH BnagucnasoBuy
KaHAWAAT TEXHIYHUX HayK, AOLEHT

CyMCbKMIn HaLioHaNbHWMIA arpapHui yHiBepeuUTeT
ORCID: 0000-0003-4814-1796

email: yevhen.konoplianchenko@snau.edu.ua

B cmammi npedcmasneHutll Hogull cnocib uemermauii cmaneeux demanel enekmpoickposum neayganHsm (EINT), skui do-
380115€ hidsuwyumu npodykmuegHicmb Npoyecy uemeHmauii ma s3Hococmilikicme ii nogepxHego2o wapy. Cnocib eidpisHAEMBbCA mum,
Wo 8 sKOCMi Mamepiasny aHody 3acmocosyomb NOPOLIOK 2paghimy, a kamodom € demarib 3 HU3bKOBY2elUegoi abo cepedHbosyare-
yesoi nezogaHoi cmarii. JlecysarHs nopowkom gpachimy nposodsms 3 npodykmugHicmio 0,028-0,056 xe/cm?2, npu 8apitosaHHi eHepeii
po3psdy e dianasoHi 0,6-4,3 [x. lNpu eukopucmanHi & skocmi Mamepina kamody cmani 12X18H10T ¢popmyembcs nogepxHegul
wap nidsuweHoi meepdocmi moswjuHoro 8id 4-5 do 100-150 mkm, a npu neeysanHi cmani 40X 3 npodykmugHicmio 0,044 xe./cm? ma
eHepeieto po3psdy 2,8 [x nosepxHesull wap nidsuweHoi meepdocmi mae mosuwjuHy binbwe 0,15 mm. LLlopcmkicme nosepxHi (Ra)

npu ybomy sidnosidae 0,6-0,7 Mkm.

Knroyoei cnoea: enekmpoickpose neaygaHHs; npodykmusHicmb; NOPOWOK 2pagimy; cmasib, mogujuHa wapy; WopCcmKicme.

DOI: https://doi.org/10.32845/msnau.2021.2.4

Bertyn

Ha npotssi cBoro TepmiHy cnyxbu mexaHiyHe obnag-
HaHHs 3a3HaE LUKIANMBIX HACTIZKIB NPOLECY 3HOLLYBAHHS, LU0 B
6inbLocTi BUNaaKiB 03Ha4ae BTpaTy MaTepiany AeTanen 4o cTa-
[ii, Konwn BoHK Binblue He MOXYTb €DEKTUBHO BUKOHYBATM NpU3-
HaueHi im dpyHkuii. Lien npouec BinbyBaeTbCa 3 PisHOK LUBUAK-
CTI0, 3aNeXHO Bif TEXHOMOMYHOTO MPU3HAYEHHS 0BnagHaHHS,
HaBaHTaXeHb, ekcnnyaTauiiHnx ocobnneocTen, matepiany ge-
Tanewn Ta BNMBY HABKOMMLUIHBOTO CepeaoBuLLa. 3 MeTolo nigeu-
LLIEHHs1 3HOCOCTIMKOCTI By3NiB TEPTS BENMKA yBara NpuainsaeTbes
Ik MaTepiany KOHTaKTYKUNX NMOBEPXOHB, TakK i cnocobam ix gop-
MyBaHHS. [POTArOM OCTaHHIX AEeCATUNITb iHXEHepis NOBEPXOHb
CTana KIlo40BOK TEXHOMOrIEI0 NepefoBMX 3aCTOCYBaHb, MPOMo-
Hy04M HOBI nigxoau 40 popMyBaHHS NOBEPXOHb JeTanem 3 0co-
6nmBUMK Gi3YHMMK, XiIMIYHUMK abo MeXaHiYHUMKM BNacTMBOC-
TiMW. Po3pobneHi HOBi MeTozy 06pobkv NoBEpXHi, SiKi yCilLHO
3aCTOCOBYIOTLCS B MPOMMUCIIOBOCTI ANA MiABULLEHHS 3HOCOCTIN-
KOCTi ieTanein MalLmH. 3agayeto CbOroeHHs € CTBOPEHHS HOBNX
BMCOKOMPOLYKTUBHUX MeTOZiB Mogudikayi noBepxHi, Ha 0aasi
€HeproedheKTUBHUX Ta PECYPCO30epiratoumx TEXHOMOTIM.

AHani3 ocTaHHix gocnimkeHb i ny6nikauin

[ns HapaHHS NOBEPXHEBOMY LWapy CTani BUCOKOI TBep-
[0CTi Ta 3HOCOCTINKOCTI, 4151 NiABULLEHHS IPAHML|i KOHTAKTHOI BU-
TpUBANOCTi Ta rpaHuLi BUTPUBANOCTI NPU 3rUHAHHI Ta KPYYeHHi
TpaguLiiHO BUKOPUCTOBYIOTb CNOCIO LleMeHTaLlil, Ik BUKOHY-

t0Tb METOZOM XiMiKO-TepMi4HOi 06po6KM (XTO), nonsrae y andy-
3iINHOMY HaCWYeHHI MOBEPXHEBOrO LUapy CTasi Byrneuem npu Ha-
rpiBaHHi y BiAMOBIAHOMY CepefoBuLLi - kapbiopusaTopi. Ak npa-
BWNO, LieMEHTaLit0 3AINCHIONTL NpU Temnepatypax, B Mexax
930-950°C, konu € CTilKM ayCTEHIT, L0 PO34UHSIE BYrNeLb Y Be-
NUKiA KinbkocTi. KiHLeBWX BMacTUBOCTEN LIEMEHTOBaHI BUPOOM
HabyBatoTb y pe3ynbTaTi rapTyBaHHS Ta HU3BKOMO BigMycKy, Lo
3AINCHIOTLCS Nicnsa LeMeHTalii. 3a3Buyan, LemeHTauji nigaa-
toTb Huabkosyrnewesi (0,1-0,18%), yacTiwe nerosati ctani. Le-
MeHTaUii nigaarTs BenukorabapuTHi aetani 3i ctanen 3 niggu-
LweHnm Bmictom Byrnewo (0,203%). Bubip Takux cranei Heob-
XigHwWiA ans Toro, Wwob cepueBuHa BUPODBY, fika HE HACUYYETbCS
BYrreLeM Npu LeMeHTalii, 30epirana BUCOKY B'A3KiCTb Micns ra-
pTyBaHHs [1]. Mpouec rapTyBaHHs BUPOGIB CynpOBOMXKYETHCS
YTBOPEHHAM B HWUX 3HAYHOI 3aNWLLKOBOI Hanpyry y pesynbTari
HEepIBHOMIPHOrO PO3MOoAINEHHS TeMNepaTypu no nepepisy Ta He-
0[HaKoBOI 3MiHM 00'eMy pi3HMX 30H. Yepes cymicHy fito Temne-
paTypHOi Ta CTPYKTYPHOT Hanpyrit y LLeMEHTOBaHOMY LUapi BUHU-
KatoTb HaMpyry CTUCHEHHS, @ y CEpLEBMHI - Hanpyru po3Tsr-
HEeHHs1. 3anuLLKOBI HaNPyM CIPUYMHIOOTL Aedopmalii BUpoDiB,
iHOAi BocuTb 3HaYHi [2]. Kpim Toro, cyTTeBUM Hegonikom cnocoby
€ HeoDXigHICTb 3axMCTy OKpEMUX AINSHOK AeTani, ki He nignsra-
t0Tb 3MILHEHHIO, CrewjianbHUMKU NOKPUTTAMM, 0BMaskamu Ta iH.,
BMCOKa TPYAOMICTKICTb, COBiBapTICTb, BENMMKA TPWUBANICTb Npo-
ecy Ta ekororiyHa besneka (puc.1).

Puc. 1. Mpouec TpaauLifHOT LieMeHTaLli MeTOA0M XiMiko-TepMivHOT 06pobku [3].
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OcTaHHiM Yacom BCECBITHLOrO NOLMPEHHs Habys cnocit
enekTpoickposoro nerysaHHs (EIN), meTanesux noBepXOHb,
CYTTIO SIKOTO € MPOLIEC NEPEHeCeHHs MaTepiany Ha 00pobntoBaHy
MOBEPXHIO iCKPOBIMM ENEKTPUYHIM po3psiaoM. Cnocid mMae Hu3Kky
cneumndivHmMx ocobnmBocTer;

- MOXNuBE Audy3iiiHe 3barayeHHs MOBepxHi katoga (petani)
CKNafeHUMu eneMeHTamu aHoda (nerysarbHOro enexkTpoga)
©e3 3miHu poamipy getani;

- BiACYTHICTb 0B'€EMHOrO HarpiBaHHsi AeTani;

- npocta TexHonorist EIJT meTanesux noeepxoHb, a HeobxigHa
anapatypa € ManorabapuTHot Ta TpaHcnopTabensHoto [4].

Ogrieto i3 cneundivHux ocobnusocten EEN € Te, wwo
npoLiec NneryBaHHs MoxXe BigbysaTtucs 6e3 nepeHeceHHs maTepi-
any aHoga Ha MOBEpXHK katoda, 6e3 mpupocTy martepiany,
T00TO BiOOyBaETbCA ANcby3iiHE HacMYeHHs MOBEpXHi AeTani
CKMagoBMUMW eneMeHTamm (eNeMeHTOM) aHoga, Hanpuknag, npu
EEJ rpacpitoBum enektpogom [5] . Metog EEJ1 rpachitosum ene-
KTPOAOM 3aCHOBaHWiA Ha NpoLeci Andy3ii (HaCUYeHHs noBepXHe-
BOTO LLUapy AeTani ByrneLem) i Mae neBHy CXOXICTb 3 Pi3HOBUAOM
XiMiko-TepMiuHOi 06poOKM — LieMeHTaLlieto.

Pobora [6] intocTpye cnocib LemeHTaLji cTanesux geta-
nen WNSXOM enekTPoeposinHOro nerysaHHs rpadiToBuUM enexT-
pogom-aHogom (LIEIT) BkasaHwx geTanei - katogis, Skvi Bigpis-
HAIETBCS TWM, LLO B SIKOCTI MaTepiany katogy BMKOPUCTOBYHTb
HW3bKOBYrIELEBi NeroBaHi cTani ayCTeHITHOrO Knacy, npuyomy
neryBsaHHs 3aincHIoTb 3 npogykTueHicTio 1,0-5,0 xB./cM2 i 3 ¢ho-
pMyBaHHsSIM MOBEPXHEBMX LLApiB TOBLYMHOMW BifA 4-5 fo 320-350
MKM. Kpim Liboro cnocib BigpisHAeTbCs TUM, LU0 ENEKTPOepo3iiHe
neryBaHHs 3iACHIOITL 3 BapiloBaHHAM po3psdy Y AianasoHi
0,036-6,8 [Lx. OaHak, BuLeHaBeaeHWI Ccnocib Mae CyTTeBi HeAo-
niku:

1. [lyxe Hu3bka NpogyKTWBHICTL, ska cknapae 1,0-5,0
XB./CM2.

2. Bucoka wopctkicTb nosepxHi, Ra = 0,9-14,0 mkm, Big-
nosigHo npw eHeprii po3psay Wp =0,036-6,8 [Ix.

3. HeoOxigHicTb foaaTkoBOi 06pPOOKM NOBEPXHI AN1S 3HU-
XEHHS! LIOPCTKOCTI i NiABULLEHHS 3HOCOCTIMKOCTI AeTanen.

B [7] meToto pob0oTy Byno NiABULLEHHS SIKOCTI MOBEPXHE-
BUX LUApiB CTaneBux AeTanei (3HWXKEHHS LUOpCTKOCTi, nigBu-
LLIEHHS TOBLUMHM LIEMEHTOBAHOMO Lapy, MiKpOTBEpAOCTi i CyLinb-
HOCTI), WISIXOM BLOCKOHANEHHs! cnocoby LieMeHTaLii MeTogom
EIN, 3a paxyHOK CninbHOro 3acTocyBaHHs Npu neryBaxHi komna-
KTHOTO rpadiiToBOro eNneKTpoaa-iHCTPYMEHTY i NOPOLUKY rpadiTy.

[nsa pocnimxeHb BUKOPUCTOBYBaNM ABi cepii 3paskis 3i
crani 20 i 40X.

Y nepLuiit cepii 3pasku 06pobnsnmM 3a TpaauLIHOW Tex-
HOJOriEl0 — Ha OHOMY PEXWUMI i 3 OAHAKOBOK NPOLYKTUBHICTIO
npu LIEIST koMnakTHUM enekTpoaoM-iHCTPYMEHTOM.

Y npyrii cepii 3paskv 06pobnsnn noeTanHo: Ha nepLIoMy
eTani 3gincHioeTes LIEIT noBepxHi 3paska, BignosigHo Ao obpa-
HOi eHeprii po3psay i 3 MPOAYKTUBHICTIO 1 XB/CMZ Ha Apyromy
eTani chopMOBaHy Ha nepLiOMy eTani NOBEpXHIO AeTani HaHo-
CWNK, peTENbHO BTMPaloum, NOPOLLOK rpadhiTy y BUrAsAi CyCneH-
3ii, BUroTOBMEHOI y cniegigHOWeEHHI ~80% nOpoLKy rpadity i
20% BaseniHy; Ha TPETLOMY eTani, He YeKatoum BUCUXaHHS!, Npo-
Boaunm LIEINT, 06po6bneHoi Ha apyromy eTani noBepxHi, Npuvomy
Ha TOMY X PEXMMI i 3 TaKOH X NPOAYKTUBHICTIO, K i HA NepLLOMY
eTani.

Cnig BigMiTWTK, WO NpK TpaguLinHoMy cnocobi, npu Bu-
KOpPUCTaHHI Byab-AKOro pexumy, Ha camomy nouatky npolecy
LIEINT Ha 06pobnitoBaHiit noBepxHi 3paska (geTtani) nigBuLLyeTHCS

18

LIOPCTKICTb i MPW LibOMY KOXHUIA HACTYNHWUA po3psid NPOXOaUTb
Yepes HanbinbLL BUCTYNaKOYy YaCTUHY MOBEPXHI, 8 TOBEPXHS MiX
BMCTYNaMn He NiBAaETbCs NEryBaHHIo Byrneuem. 3siacu HeBu-
coKa CYUiNbHICTb, rMunbuHa andyaii Byrnewo i 30HW NigBULLEHOI
TBEPLOCTI.

[HWwa kapTuHa B nponoHoBaHoMy Y [7, 8] cnocobi. Ha apy-
romy etari 3anaguHu MiX BWUCTYNnamu LUOPCTKOCTEN 3amnoBHIO-
t0TbCS NOPOLLKOM rpaddiTy i BXe Ha TpeTboMy eTani npouec ElN
NpoTikae He TirbkW MO BUCTYNax LUOPCTKOCTEN, a 1 N0 NOBEPXHI
MnopoLuUKy rpadoiTy, o 36inbLUYe CyLiNbHICTL NEroBaHoro Lapy
10 100%. Kpim Toro, nostopHa LIEIT Ha TpeTbomy eTani npono-
HOBaHOI TEXHOMOrii NPU3BOANTL A0 HACWMEHHS CTani ByrreLem,
30inblueHHs rnbuHu audysii ByrneLio NopiBHAHO 3 TpaguLiit-
Hoto LIEIST, i B ymoBax npuckopeHoro oxonomxkeHHs nicns LIEI
«binminy Wwap mae HinbL BUCOKY MikpoTBepaicTb (9932 MMa), wo
3bepiraeTbesl Ha BigcTaHi Ao 50-70 MKM Big NOBEPXHI.

£k nokasanu ocTaHHi AOCRIIXEHHS B 00MacTi TeXHOMOri|
(popMyBaHHSA €NEKTPOICKPOBMX MOKPUTTIB, BAPOBAAXEHHS BIUCO-
KOTEXHOMOMYHNX pOBOTM30BAHNX KOMNNEKCIB (PUC. 2) BUPILLINNO
npobnemy TOYHOCTi NO3WLKOBAHHS!, CYLINbHOCTI NOKPUTTS, BIAT-
BOPEHHS NPOCTOPOBOI (POPMM NMOBEPXHI, ane NUTaHHS LWOPCTKO-
CTi NOBEPXHi Ta NpoAyKTMBHOCTI Npouecy ElN sanuwmnocs He Bu-
PiLLEHNM.

Puc. 2. P060Motoman SV3X3 GHSKOM CMIOBOTO KEPYBaHHS!
PushCorp, ocHaluenuit EIJT mogynem [11]

B [10] aBTopom 3anponoHoBaHo, cnoci6 LIEINT ans obpo-
Bk1 NoBepXOHb BUPOGIB, SKMI HA BiMIHY Bif TPALULIAHOI XiMiko-
TepMiyHOi 06pobku, € cnocobom dhiHiHOT 06pobku. Mpu LbOMY
€nocobi xapaKTepuCTVKM 3MILHEHOTO Wapy (CTyMiHb LemeHTauji
i rMnMBMHa) NoninwyTLCA NpY BEAEHHI NpoLecy.

Takum 4nHOM, MeToH po60TH ByNo CTBOPEHHS Crnocoby
LemeHTaLji cTaneBux AeTanen eneKkTpoiCKPOBUM NeryBaHHsM,
KU 61 [O3BONMB 3HU3UTY LLOPCTKICTb MOBEPXHEBOTO LIApy Ae-
Tani, NigBUWMUTK Oro 3HOCOCTINKICTb, Ta 3HAYHO MPULLBUALIMTY
NPOAYKTUBHICTb NpoLiecy.

MeToau pocnigkeHb

Metog EIll bys peanisoBaHuit Ha ycTaHoBLji Mogeni «Eni-
TpoH 52-A». EHepris pospsagy Bapiosanacs y gianasoti 0,6-6,8
Ox. B dkocTi katogy BWKOPUCTOBYBAanNW 3pasku poO3MIpoM
10x10x10 mm 3i ctani 12X18H10T Tta ctani 40X. B skocti aHogy
BMKOPUCTOBYBABCS MOPOLLOK rpadity. LLopcTkicTb BUMiptoBany
npocbinorpacom-npodpinometpom mogeni 201 3aBoay «Kaniop».
MeTanorpadiyHi i AOPOMETPIYHI AOCTIMKEHHS OTPUMAHMX MOK-
PWTTIB NPOBOAMIY 3a CTaHLAPTHUMI METOAMKAMI 3 BUKOPUCTAH-
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HAIM ONTUYHOTO Mikpockona «HeodoT-2» i npunagy MNMT-3, Big-
MOBI/IHO.

[MocTaBneHy 3agadvy BUPiLLYyBanM TUM, WO MpKU LEMEHTa-
Uil ctanesux getanei EINT rpaditoBuM enekTpogoMm, B AKOCTI
maTepiasny KaToaa BUKOPUCTOBYBANW HU3bKOBYTNELEBi NieroBaHi
CTani ayCTEHITHOrO Knacy, a neryBaHHs 34iNCHIOBaNM NOpPOLLKOM
rpachity 3 npogyktusHicTio 0,028-0,056 xs/cm? i 3 hopMyBaHHAM
NOBEPXHEBMX LLUapiB TOBLUYMHO Big 4-5 fo 100-150 MKM.

3pasok 3i crani 12X18H10T i crani 40X, po3mipom
10x10x10 MM, po3TalloByBanu B LEHTPI UMMNIHAPUYHOI MeTane-
BOI eMKOCTI AiameTpom 60 MM i BUCOTO 50 MM Ha BMCcoTi 10 MM
B0 dHuwa (puc. 3) i BUKOpUCTOBYBANW B AKOCTi kaTogy (-). B
EMHICTb, ka Byna npuegHaHa fo Bibpatopy (puc. 4) ycTaHoBKM
€MEKTPOICKPOBOTrO nerysaHHs Moaeni «EnitpoH-52A» 3acunanu
MOPOLLOK rpadpiTy i BOHA BUCTyNana B AKOCTi aHogy (+).

Pwc. 3. PosTallyBaHHs 3paska B MeTaneBiin EMHOCTI.

PesynbTath gocnimkeHb

PesynbTtat gocnigxeHb NOBEPXHEBUX LUapiB, CHOpMO-
BaHux B pe3ynbTati LIEIT, XpoMoHikeneBoi HepkaBito4oi cTani
aycTeHiTHoro knacy mapku 12X18H10T Ta crani 40X HaBefeHi B
Tabnuui.

[py BKMKOYEHHI yCTaHOBKW NOCTYNOBO 3BinbLUyBani pe-

XuM (eHeprito poapsay), nounHaioum 3 0,01 k. YactuHkm rpa-
iTy, B BiGMIHHOCTI Bii KOMNAKTHOTO €NEKTPOLY-IHCTPYMEHTY 3
rpadity, He 3abe3neyyroTb rapaHTOBAHOTO NPOXOMKEHHS ENEKT-
PUYHOTO IMMYNbCY MK KaTogoM i aHogoM. Mpu LboMy 3aBAsKN
Zii BibpaTopy po3TaLlyBaHHs YacTOK NOPOLLKY rpadpiTy NocTiHO
3MiHKeTbCs. Mpy nnasHoMy 36inbLUEHHI eHeprii po3psay HacTy-
nae Takui MOMEHT, L0 NaHLOT ANS NPOXOKEHHS ENEKTPUYHOTO
CTPYMy HapeLuTi 3aMuKaeTbes i BinbyBaeTbcst Npobiit MPOMiXKY
MiX enekTpofamn (aHoROM i KaTofLoM), SIKUA 3'ABRSETLCS SK O
kaTanisatopom noyatky npouecy LIEI. TMiguwenHs Temnepa-
TYp¥ B 30Hi «NpobOL0» iCKpW, MOYATOK FOPIHHSI, NOsiBa rasy yce Lie
CTUMYITIOE XaOTUYHE 3aMUKaHHS i PO3MUKAHHS NaHLIoXKKa MK
enektpogamm 10670 kopoTkoyacHuit npouec LIEIT skvin nocTinHo
CTUMYNIOETLCA fieto BibpaTopa. [pouec NOBHICTIO MPUMMHS-
€TbCS, KONW BUrOpaE BECb NOPOLLOK rpadity. Mpn LbOMy 3HauHa
1I0ro YacTUHa 3annWaeTbCs Ha NOBEPXHI 3paska.

Py, 4. Hosui cnoci6 LEI:
1 - EMHICTb 3 MopoLUKoM rpadity; 2 - BibpaTtop

B Hawwomy Bunaaky npu eHeprii pospsigy Wp=0,6 [x sig-
ByBcs «npobiity enekTpoaHOro NPOMIXKKY MK aHOZOM i KaToZoM,
kv 6yB 3anoBHeHuiA nopolukom rpadity. Mpouec LIEI nporTi-
kaB ~20 c.

Tabnuus — 3anexHicTb napameTpiB SKOCTi CTanbHUX NOBEPXOHb NPU TPaAWLiNHOMY i MPONOHOBaHOMY crnocobi LiemeHTaLii

metogom Elfl
Mapka EHepris pospsagy, [MpomyKTUBHICTB, MmbuHa MikpoTBepgicTb LopcTkicTb,
cTani (Wp), Ax CM2/XB Lapy, MKM Ha noeepxHi, HV Ra, MKm
TpapuuinHui cnoci6 uemenTauji EINT (mateHT Ne 82948)[6]

0,6 30 950 0,8-0,9

1,4 71 900 1,0-1,8

12X18H10T 2,8 1 96 840 5,1-6,7

34 101 870 8,3-9,0
6,8 115 900 11,0-14,2

[MponoHoBaHuii cnocib LemeHTaii EEJ]

0,6 0,056 20 750 0,5-0,6

1,4 0,51 40 730 0,5-0,6

2,8 0,044 60 750 0,6-0,7

12X18H10T 3,4 0,040 70 700 0,7-0,8

4,3 0,032 90 710 0,8-0,9

6,8 0,028 80 670 0,91,2

40X 2,8 0,044 150 960 0,6-0,7
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Mo Mmipi 3pocTaHHs eHeprii po3psdy 3MEHLLYBaBCS Yac
npoTikaHHs npouecy LIEIT i npu W, = 6,8 Ik cknagas Bxe 10c.
BpaxoBytoun BCo Moy NOBEPXHi 3pa3ka, ska cknagae 6 cm?
npoaykTueHicTb npouecy LIEIN cknana 0,028 xB./cm? (auB Tab-
nmuto).

BucHoBku:

1. 3anponoHoBaHuit HoBuiA coci® LIEIT, sikui 3HauHO 3
1,0-5,0 xB./cm2 o 0,028 - 0,056 xB./cm2 36inbluye MPOAYKTVB-
HicTb npouecy i 3 0,9-14,0 0o 0,5-1,1 MKM, 3MEHLLYE LLIOPCTKICTb

(Ra) cchopmoBaHoro noBepxHEBOro Lapy. Ipu LbOMy TOBLUMHA
cdopmoBaHux Lwapis Moxe gocaratu 0,15 MM, MikpoTBepaiCTb
HV go 960 npwu cyuinsHocTi 100%.

2. Bubip rpaHnyHmuX 3HaueHb eHeprii iMnynbCeiB Ans nery-
BaHHS Byrnelem 00yMOBMEHO NPUPOAOHD B3aEMOLIi 3 TBEpAUMY
MeTanamu, Lo AedopMytoThes. HIKHS rpaHnus eHeprii obme-
XYETbCS eheKTMBHICTIO cnocoby. 3BinbLUeHHs eHeprii iMnynbCy
BULLE BepXHbOi rpaHuui npu EINT nopowkom rpadity He cnpusie
NiABULLEHHIO SKOCTI MOBEPXHEBOTO LWapy AeTani.
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Konoplianchenko le. V., Sumy National Agrarian University (Ukraine)

High-performance method of cementation of steel parts by electro spark alloying method

The article presents a new method of cementing steel parts by electrospark alloying (EIL), which allows to increase the produc-
tivity of the cementation process and the wear resistance of its surface layer. The method differs in that graphite powder is used as
the anode material, and the cathode is a part made of low-carbon or medium-carbon alloy steel. Alloying with graphite powder is
carried out with a capacity of 0.028-0.056 min/cm?, with variations in discharge energy in the range of 0.6-4.3 J. When used as a
cathode material steel 12X18H10T formed a surface layer of high hardness with a thickness of 4-5 to 100-150 um, and when alloying
40X steel with a capacity of 0.044 minutes/cm? and a discharge energy of 2.8 J, the surface layer of high hardness has a thickness of
more than 0.15 mm. The surface roughness (Ra) corresponds to 0.6-0.7 um.

Key words: electrospark alloying; productivity; graphite powder; steel; layer thickness; roughness.
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TpaduyitiHo mexHiko-ekcniyamauyiliHi NOKa3HUKU 8UKOPUCMAHHS MaWUHHUX agpe2amig 8 POCUHHUYMSI 8U3Ha4YatomsCs, 8UX0-
0si4u 3 moeo, wo 3a 00sidkosuMu daHUMU NO NUMOMOMY 0nopy PoBOYUX Op2aHie MalUUH SIKi eKChilyamylombCs 8 NEGHUX 2pYHMOBO-
KriMamuyHUX ymogax, ma eidoMumMu msi2ogumu 3ycunisamu mpakmopie eubupatoms HeobXiOHy nepedady, 3a8aHmMaxyyu makum
yuHoM OgueyH mpakmopa 00 ONMUMasbHOZ0 3HaYEHHS, ane 8 Mexax nesHoz0 Oiana3oHy aepomexHiyHo donycmumux weudkocmel
[1,2,4]. Ane Ha OaHuli MOMeHm cumyauis nomiHsiack. IHgopmayis wo o 32adaHux nokasHuKie 8idcymHs Yepes me, wo ogiuyitiHo
n1abopamopHo-nonbosi ocnioxeHHs abo He npogodsmecs abo iHopmauisi npo uye 8idcymHsl.

B 3anponoHosariti cmammi HagedeHi MemoduyHi nidxodu no 8U3HAYEHHID OCHOBHUX MEXHIKO-eKchlyamayiliHuX NoKa3HUKIg 8u-
KopuCmaHHs HOBUX NOCIBHUX KOMNIEKCig 8iMYU3HAHO20 8UPOBHULYMBa, NO AKUX We 8idcymHs 8 nimepamypHuUx dxepenax iHghopma-
uyist wo 00 eghekmugHOCMI ix poboMu 8 Ne8HUX BUPOBHUYUX yMOBaX; HasedeHi KOHKPEMHI 3HaYeHHS pexumie pobomu, npodykmus-

Hocmi, gumpamax nanuga Yux MatiuH.

Knroyoei cnosa: cigba, nocigHi Komniekcu, MemoOuKa, NOMyxXHicmb, Weudkicmb pyXy, npodykmuseHicme, sumpama nanuea,

pi8EHb BUKOPUCMAHHSI.
DOI: https://doi.org/10.32845/msnau.2021.2.5

MocTaHoBka npobnemu.

TexHonoriyHi npouecy no 06pobiTKy FPYHTY Ta CiBbi € OCHOB-
HWUMU CKNaJoBUMM YaCTMHAMK 30HarbHUX HaykoBO 0BIpyHTOBa-
HWX cuctem 3emnepobetea. OcobnmBoO BaXMBE 3HAYEHHS Lie
HabyBae B CyyacHWX ymOBax, KOMW iCTOTHO YCKNagHUIOCh pe-
cypcHe 3abe3aneyeHHs arpapHux nignpuemcts [3].

LL{o6 BUIATK 3 TAKOTO NOMOXEHHS MPOMOHYETLCS AELLO iHLINIA
LUNISX: JOBIPUTMCh BUPODHWKAM MalLMH, SKi CTBEPAXKYHTb, WO
ANs e(PEKTUBHOrO BMKOPUCTAHHSA CiNbCbKOroCnoAapChbKoi Ma-
LUWMHKM NOTPIBEH TPaKTOP MEBHOI MOTYXKHOCTI, SIK Lie Ha NpuKnagi:
ANs BUKopucTaHHs nocisHoro komnnekcy Cipiyc — 10 HeobxigHo
MaTn Tpaktop 3 noTyxHictio asuryHa 300 k.c. (220 kBT).
Haibinblwe gns uiei poni nigxoguts Tpaktop benapycs MT3 —
3022 [U-1. MoTyxHicTb Moro auryHa — 222 kBT. YMOBHO 1oro
MOXHa BiiHecTn o 5 knacy Taru. BiH Moxe arperarysaTi nocis-
HWN KOMMNMEKC B Aiana3oHi weugkocTe 8 — 10 km/rog., npu skin
3abe3neyyeTbes HanbinbL skicHa poboTa NOCIBHOrO KOMMMEKCY.
Ane ons BU3HaYeHHs NOKA3HMKIB BUKOPUCTaHHS MaLLny noTpibHo
3HaTW KOHKPETHY nepegady, Ha sikin 3abeaneuyetbcs poboya
LWBMOKICTb B MEXaxX 3a3Ha4eHOr0 Aiana3oHy.

Matoum Le Ha yBasi MOXHa aHani TUYHWM LLASXOM BUSHAYUTH
NUTOMUIA Ta 3aranbHWUiA onip pobOYMX OpraHiB MOCIBHOTO KOM-
nnekcy, a B N0anbLUOMY | 3aBaHTaXEHICTb ABUIYHA.

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

AHani3 pesynbmamie ocmaHHix Aoc/idxeHb. AHANITUYHI
LOCTIIXeHHs CTOCOBHO OLHKM epeKTUBHOCTI poboTH NOCIBHNX
KOMMMEKCIB i iX NOpIBHANBHOT OLiHkK B ymoBax Jlicocteny Cymcb-
koi 0bnacti He MPOBOAUINCE.

dopmynioeaHHs uineli cmammi ma mema AocniOxeHb.
BoHu nonsrawtb B Tomy, Wob Hagatv METOLWYHI NiAXOAM Mo
BM3HAYEHHIO TEXHIKO-eKCnyaTaLiiiHuX Ta eHepreTUyYHUX nokas-
HWKIB BUKOPWUCTaHHS NOCIBHUX KOMMNEKCIB, LU0 JACTb MOXMMBICTb
B nogarnbLiomMy obpyHTyBaTW BMOIP OFHOMO i3 anbTepHaTUBHUX
arperarTis no HeoOXigHWX KPUTEPISIX.

ObepyHmysaHHs1 poboyoi weudkocmi
3aranbHuit onip NOCIBHOMO KOMNNEKCY B CKNaji MalUnH-
Horo arperaty, Ru (kH):

i
R, =k-B, +G, (f+mj, n

ae k — hakTnyHuin nuTommin onip poboumnx opraHis , kH/M;
Bk — KOHCTpYKLUiHa LWMpUHA 3axBaTy , M;
Gu — exkcnnyaTauiiiHa Bara NOCiBHOTO koMnnekcy, kH;
f— koediLjieHT Onopy KOYEHH!O;
[ = CXn MicLeBOCTi B yMOBaX BUKOPUCTaHHS, %.
®akTUYHUA NUTOMUIA Onip PoBOYMX OpraHiB k 3anexuTb
Bif LWBMAKOCTI PYXy MaLUMHHOro arperaty Vp!
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Ak
k=%P+ﬂ%U;—n)} )

e ko— noyaTkoBMin NMTOMUIA onip poBoUmMX OpraHiB Npy LWBMAKO-
cti pyxy arperata go Vo =5 km/ rog. ;
Ak - TemMn NpupocTaHHs NUTOMOrO ONopy npu 3BiNnbLUEHHi
WBMAKOCTI pyxy arperata Ha 1 km/rog, % (Ak=1...3).
Y NOCIBHWX KOMMMEKCIB NOYaTKOBMI NUTOMMIA ONip CRig
po3rnsgaTi SK Cymy MUTOMKX OMOPIB Pi3HUX poBOYMX OpraHiB,
LU0 BXOAATb 0 ckrady komnnekcy. (tabnuus 1).

Tabnuug 1. MNutomuit onip poboymx opraHis

TexHonoriyHi onepaii [uTomuin onip,

kH/m

JyLLeHHs AMCKOBUMUW 3HAPAAASMU 2,0

bopoHu guckosi

- AMCKyBaHHS napis i 336y 1,4..1,6

- NYLLIEHHs! CTepHI 3..6

CyuinbHa KynbTuBaLlist NapoBi Npu rMnbuHi 06-

pobiTKy

-6...8¢cm 1,2..2,6

-10..12¢cm 1,6...3,0

JINCKOBI COLLHMKM CiBanku 1,0..1,8

KoTKyBaHHs! Kifilb4aTo - WINOPOBMMM KOTKaMK 05..1,0

KoHCTpyKUiHa WMpuHa 3axBaTa MOCIBHOMO KOMMAEKCY
HaBefeHa B MOro TEXHIYHIK xapaKTepucTuL.
Bara komnnekca Gu (kH) BU3HauaeTbCs 3a OpPMYnoL:

_ (m,+m,+m,))-g

GM > (3)
1000

[ie My — KOHCTPYKLiHa Maca KoMnnekca, Kr;
ms— Maca [obpuB y GYHKepi, Kr;
My— Maca HaciHHs Y ByHKepi, Kr;
g — NPUCKOPEHHS BINbHOTO MagiHHs, m/c2. g=9,81 m/c2.
KoHCTpyKuiHa Maca Komnrekcy HaBefeHa B 10ro TEXHi-
YHIN XapaKTepucTuL.
Maca 3epHa Ta fobpuB BU3HA4YAETLCS 3a HOPMYIOH:

m=Ve-y, 4)

ae Vs — 06'em ByHkepa, M?;
y#— 06’'eMHa Maca maTepiany (HaciHHs, 4obpuB), Kr/m3.
Po3mipu OyHKepiB HaBeLEHi B TEXHIYHIN XapaKTepUCTUL.
Mutoma ob'emHa maca, Kr/m2;

-NLeHnLs 850; -KUTO 800;
-A4MiHb 750 -0BeC 550;
-npoco 900 -rpeyka 700;
-rOpOX 900 -KyKypyA3a 900;
-COHSILLHMK 400; -CeYoBUHa 1140;
-cynepdocdat 1000.
o
V =V, |1-—
’ T( 100}' o

Oe VT — TeopeTUyHa LUBUAKICTb pyXy arperata Ha BubpaHin ne-
pegaui, km/rop.
8 — OykcyBaHHs pywiiB TpakTopa: ryceHuyHoro 2...5%;
konicHoro: 4x4 - 10...12%; 4x2 — 14...16%.

22

Mepenaya TpakTopa BUOMPAETLCS 3 TAKOrO PO3PaXxyHKY,
o6 poboya WBMAKICTL BNMCYBanach B Aiana3oH LWIBWAKOCTI, Ha-
BEAEHUIA B TEXHIYHII XapaKkTepucTuLi komnnekcy (3aebinbworo
Vp =10...12 km/rog).

BTpaTtu nOTyXHICTI ABWryHa TpakTopa (EHEepreTM4HOro
3acoby) Ha BUKOHaHHS TexHonoriuHoro npouecy, Ne, (kBT):
N,=N,,+N,+Ns+N,+N, + Ny, (6)
ae Nmp — BTpaTa NoTYXXHOCTi B TPaHCMICIT, KBT;

N - BTpaTa NoTY)XHOCTi Ha NepekoYyBaHHs TpakTopa, KBT;

Ns — BTpaTa MOTYXHOCTi Ha OyKCyBaHHS pyLUiiB TpakTopa,
kBT;

Ne — BTpaTa NOTYXHOCTi Ha NoAoNaHHs nigiomy, kBT;

Ny - BTpaTa noTyXHOCTi Ha NOAONAaHHS onopy poboyoi Ma-
LUWHW, KBT;

Nssn — BTpaTa NOTYXHOCTI Ha NpuBIL pobouMX opraHiB Ma-
LWvHK Big Bany Bigbopy notyxHocTi (BBIT), kBT.

Btpata noTyxHOCTI B TpaHCMmicii, KBT:

N,,=N,-(1-7,,) (7)

Ae Nex — HOMiHarbHa eheKTUBHA NOTYXHICTb ABUIYHa TPaKTOPa,
kBT (HaBOAMTbCS B TEXHIYHIN XapakTepucTuui Tpak-
TOpA, NPUIAHATOrO A0 PO3PaxXyHKIB);
1,,, — KK TpaHcmicii TpakTopa:

Ans konictoro TpakTopa 7,,, = 0,89.....0,92 .
BTpara noTyxHOCTi Ha nepekovyBaHHs TpakTopa, kBT

G [V
N =Tl ®
3,6

ne Gmp —Bara TpakTopa, kH;

m,._ g
G === 9
" 1000 ©)
A€ Mmp — Maca TPaKTopa, Kr (HaBOAUTLCS B TEXHIYHIN xapakTepu-
CTULi TpaKTopa).
BTpata noTyHoCTi Ha ByKcyBaHHS pyLwiiB TpakTopa, kBT

R, (-7,

N=n-— 10

’ 3,6 10)

BTpata noTyxHOCTi Ha MOAONaHHA migiomy TpakTopa,

kBT
G, iV
N, =—2 ¢ (11)
360

BTpaTta noTy)HOCTi Ha NOAONAHHS OMOpPY NOCIBHOTO KOM-
nnekcy, kBt

N, = , 12
Y (12

BTpara noTyxHOCTI Ha MpuBig PO6OUNX OpraHiB MaLuH
Big BBIT, kBT

MoTyxHicTb Nesn, sika BUTpa4a€TbCs Ha NPUBIL aKTUBHUX
po60oYMX OpraHiB MaLVH B Aito;

Nesn = Nrurx Bk (13)
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ne Nmr - nutoma noTyxHicte npusogy BBIT, kBt/m.
Nmr=1,5...1,8 kBT/™m.
KoedhiLlieHT 3aBaHTaXeHHS ABUryHa MO MOTYXXHOCTI Npu

BWKOHaHHI TexHonoriyHoro npouecy, {p:
(pzNe INex (14)

OntumarbHa BeNWYMHA  3@BaHTAXEHHs  AM3ENbHUX
[BUTYHIB B 3aneXHOCTi Bifi €HEpromiuTKOCTi MpoLEecy 3Haxo-
antbes B Mexax {p = 0,70...0,85.

Bu3sHayeHHs mexHiko-ekcniiyamauiliHuX nokasHuKie eu-
KopucmaH Hs NOCIBHUX KOMNIIeKcie.

[MpoayKTUBHICTb 3a 1 rof. 3MIHHOIO Yacy, Wsw, ra/rog.:

o =01.B -V -1, (15)
3M P p
4e T — KoeqiljieHT BUKOPUCTaHHS Yacy 3MiHu:

Poboua wmpuHa 3axeaty By 4nst NOCIBHUX KOMMIIEKCIB
Bp:BK.

14
T=—", (16)
T3M

Ae Tp—yac uncToi (0CHOBHOI) poboTy 3a 3MiHy, rof.;
Tsu — TPMBANICTb 3MiHW, rod. Mpu BUKOHAHHI CiBOM Tsu=7 roa,.
KinbkicTb LMKNiB 32 3MiHY, Ny:

_ TS’M_ZTHL; (17)
Y t ’
Y

pe 2Tw=0,42 rog. — cyma no3avuKioBnx NpoCTOoiB 3a 3MiHY, LIO
BKMIOYAE NiAroTOBYO — 3aKMHOYHMA Yac, Yac Ha BUKO-
HaHHS TEXHIYHOrO | TEXHOMOrYHOro 06CNyroByBaHHS
arperaris, Yac Ha BnacHi notpebu (3agaeTbcs Hopma-
TUBHO);
ty — TPUBANICTb LWKNY, rof.;
TpwBanicTb LMKy AOPIBHIOE:
t =t +t +t +t (18)
Y P X oy 3ae
Ae tp — TpMBanicTb YnCTOi poBOTU 32 OAMH LKA, Fo4.;
tx— TPMBAnICTb X0NIOCTOrO NOBOPOTY, r0A.;
foy — TPMBANICTb OYiKyBaHHS, rof;
t:ae — TPUBANICTb 3aBaHTAXEHHS HACHHAM Ta gobpueamu,
rog.

A€ Lx — JOBXMHA XONOCTOro NOBOPOTY, KM.
Vi - WBMAKICTb pyXy Ha noBopoTax, km/rog. Vix=5...7 km/rog.
YucTuir yac poboTu arperarty 3a 3miy, Tp (rog.):

T =t -n, (21)

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

Yac nosoporTis 3a 3miHy, Tx(rog.):
T =t -n,
X X y
Lx=178By (23)
TpuBanicTb ovikyBaHHS SOPIBHIOE TPUBANOCTI Nig'iagy Ta
BiA'i3my 3aBaHTaxyBaya i MOXHA NPUAHATU [ow=3...4XB.=
=0,05...0,07 rog.

Yac 3aBaHTaXeHHs (PO3BaHTaXEHHSI) TEXHOMOMYHUX Mi-
CTKOCTEM 32 3MiHY, tsae, FOA,.:

=t -n, (24)

(22)

3ae6

TpvBanicTb 0QHOTO 3aBaHTAXEHHS 3aNEXUTb Bif MICTKO-
cTi ByHKkepa NOCIBHOTO KOMMIIEKCY Ta NPOLYKTUBHOCTI 3aBaHTa-
XyBava:

tsas =Ve/ Wa. (25)

ae Vs — o6’em ByHkepa, M3;
W3- NPOOYKTVUBHICTb 3aBaHTaxyBaya, M3/rog,.
3HaueHHs Vs, ws HaBedeHi B TEXHIYHI XapaKTepucTuL
BiINOBIAHWX MALLVH.
MpoaykTuBHiCTL 3aBaHTaxyBaya: ana 3C - 30 ws = 30
T/rog,. (8,3 kr/c.)
3miHHa npogyKTuBHICTb MA,

Wan = Wam*T3m. (26)

Butpata nanuea Ha oguHuLo nnowi, Gea (kr/ra):

Gpr+GXTX+Gneanep )
G - a , @)
Donitam

ae Gp’GX’Gnep - TOAWHHA BMTpaTa nanwea, BI4MNOBIAHO,

NpW BUKOHAHHI TEXHOMOMYHOrO MpoLecy, Ha NoBopo-
Tax, nepeisgax, Kr/roa.;

T .,T.,.T - TpuBanicTb, BIAMOBIAHO, 4MCTOrO uYacy
p’ X’ nep
3MiHK, NOBOPOTIB, rog,
gN, <&
G =— P (28)
p 1000
0,4¢g-N
8 e (29)
X 1000
0,3.g:N
G :7g en (30)
nep 1000
T -t (31)
P Ve

Ae L - nosxwHa (LW1purHa) nons, km.
Vhep — LUBUAKICTb PYXY Ha Nepeizaax, km/rog,.
HeobxiOHa Kinbkicmb agpezamis.
KinbkicTb ciBanbHUX arperaTiB narp, HeOOXigHUX Ans
CBOEYACHOTO BUKOHAHHS TEXHOMOMYHMX OnepaLii, MOXHa BU3Ha-
4nTK 3a HOPMYOH0:
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F
= 32
Hare Hp-w,, Ty ks, )

ae F - obcsiry nociHux pobiT, ra,;
[p - kinbKicTb po6ounx AHIB (arpocTpok);
Ksu— KOeiLiEHT 3MIHHOCT (KinbKiCTb 3MiH 32 poBoYmil ieHb).

Pesynsmamu MameMamu4yHO20 MOOeSIo8aHHs/

BuxidHi OaHi

KynbTypa - 03uma nweHunus.

TexHonoriyHa onepadjs — cisba 3 0AHOYACHUM BHECEH-
Ham fobpus.

Poamipu nonsi: nnowa F = 200 ra; gosxwuHa L= 2000 m;
wupuHa B=1000 m.

f_"'|

=0

Cxun micuesocri i= 4%.

Hopma Bucisy HaciHHsa Qu= 200 kr/ra;

[Hlosa BHeceHHs 0obpue Qs = 85 kr/ra.

Mutomui onip ko= 2,5 kKH/m.

O6’emHa Maca: HaciHHa y+=800
ya=1000 kr m3,

BapiaHnTy: MociBHi komnnekcy:
I MT3 -3022 AL + Ankop - 7,5
I MT3 -3022 AL+ Ankop - 10

3aranbHuin BUrNAA NOCIBHUX KOMMMEKCIB HaBeAeHWi Ha
puc.1; 2.

Mopsinok Ta pe3ynbTaTi po3paxyHKiB NokasHukis poboTy
MOCIBHWX KOMMIEKCIB HABEAEHWN B Tabnuui 2.

kr/m3;  nobpuBa

Puc.2. 3aranbHui Burnsg nocisHoro komnnekcy Ankop 10
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Tabnumug 2. TokasHMKK BUKOPUCTaHHSI NOCIBHUX KOMMIIEKCIB

L OawH. Bu- Bapianty
Mipy  |MT3-3022 [L| + Ankop — 7,5|MT3-3022[1L1+ Ankop-10
1 2 3 4
1. [lianasoH ONTUMANBHYX WBMAKOCTEN MalVHHOrO arperary | - fron. 9-11
npwu ciBbi 3epHOBMX
2. MNpuitHaTHa poboya WwemnakicTb no nepegayax, Ve km/roq. 9,2 9,2
3. 3aranbHuii onip HOCIBHg;?quORMr-meKcy Ha BuOpaHiit nepe- WH M8 48,9
4. TMOTyXHICTb, Wo BUTPAYaETLCA Ha NOONIaHHS OMopy KoM- «BT 1068 124.9
NNeKkca NPy BUKOHaHHI TexHomorivyHoro npouecy,Nu
5. KoediLjieHT 3aBaHTaXeHOCTi ABUryHa npw CiBbi, {p 0,75 0,84
6. MpoayKTuBHICTb 3a 1 rod. OCHOBHOMO Yacy, Wo ra/rog. 6,7 9,0
7.KoediLlieHT BUKOPUCTAHHS Yacy 3MiHu, 0,69 0,66
8. MpogyKTuBHICTb 3a 1 rof. 3MiHHOrO Yacy, Waw: ra/rog. 4,6 59
9.3miHHa npogykTUBHICTb, Wan: ra 32,2 41,3
— TPUBANICTb 3MiHM roa. 7 7
10. HeobxigHa KinbKicTb NOCIBHWUX KOMMIEKCIB, Na LUTYK 1,0(1) 0,81(1)
19. [ekTapHa BuUTpaTa nanumea, Ga kr/ra 8,2 72
Bm - 200
20. Mutomi 3aTpaTn eHeprii, 3e: KoM eog 36,3 31,7
2oa
21. PiBeHb BUKOpUCTaHHS arperaris 0,52 0,55
BucHoBoOK NpoAYKTMBHICTL (5,9 ralrog. npotu 4,6 ra/roa.), norekTapHa Bu-

3 TOuKM 30py TEXHiko-eKcrnyaTauiiHuX MOKa3HWKIB | TpaTa MeHLWa Ha 2 Kr/ra nanuea, 3aBaHTaXeHiCTb ABUryHay
inbL paLioHanbHUM NOCIBHAM arperaToM MOXHa BBaXaTtu ar- | HbOro 6rkye 4o HOPMATUBHONO.
perat B cknagi benapycs 3022-0L + Ankop - 10. Y Hboro BuLa

Cnucok eukopucmaHoi nimepamypu.

1. MeToamka po3pobku onepavjiinHoi TEXHONOrii MexaHi3oBaHMX nonboBwx pobit / . .bapabaly, B. M. 3ybko, O. I'. bapabalu,
T. B. XBopocT. — Cymu: TOB "[pykapcbkuit gim "Manipyc”, 2016. — 130 c.

2. ExcnnyaTauisa mawuHHo-TpakTopHoro napky / finexko M.K. 5-e Bua.,nepepob. | gon..- K.: Buwa wkona. MonosHe Buaas-
HWLTBO, 1983.- 447 apk.

3. OnTUMmi3aLlis KOMNEKCIB MaLUWH | CTPYKTYPY MALLMHHOTO NapKy Ta NiaHyBaHHS TexHiuHoro cepicy / [MenbHuk |1, Tpeyko-
cin B.[., MapueHko B.B., Muxainosuy A.M., MenbHuk B.l., HaaTouiit O.B.]; 3a pea. I. . MenbHuka. — Kuie: BugaeHuumin ueHTp HAY,
2004.-85c.
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Sarzhanov O.A., Sumy National Agrarian University (Ukraine)

Barabash G.l., Sumy National Agrarian University (Ukraine)

Sarzhanov B.O., Sumy National Agrarian University (Ukraine)

Justification of the choice of seed complexes of domestic production by the method of mathematical modeling
(according to engineering and technical criteria)

Traditionally, technical and operational indicators of the use of machine units in crop production are determined based on the
fact that according to reference data on the resistivity of the working bodies of machines operated in certain soil and climatic conditions,
and known traction forces of tractors choose the required gear optimal value, but within a certain range of agronomically acceptable
speeds [1,2,4]. But at the moment the situation has changed. There is no information on these indicators due to the fact that official
laboratory field studies are either not conducted or there is no information about it.

The proposed article presents methodological approaches to determine the main technical and operational indicators of the
use of new sowing complexes of domestic production, for which there is still no information in the literature on the effectiveness of their
work in certain production conditions; specific values of operating modes, productivity, fuel consumption of these machines are given.

Key words: sowing, sowing complexes, technique, power, speed, productivity, fuel consumption, level of use.

[ata HagxomkeHHs fo peaakuii: 30.04.2021
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®I3UYHI MPOLIECH, IO BUSHAYAIOTb KOE®ILIEHT KOPUCHOI Al
TYPEOHACOCHOIO ArPEFATA MACTOBOI PIIUHU

Foposuii Ceprit OnekcaHgpoBuy

KaHAWAAT TEXHIYHUX HayK, AOLEHT

CyMCbKMI1 HaLlioHaNbHUIA arapHUA yHIBEpCUTET
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CTapLUMi BUKNagay

CyMCbKMi1 HaLiOHaNbHUA arapHUA yHIBEpCUTET
ORCID: 0000-0003-3662-6163

e-mail: golgalstep@gmail.com

[MomyxHi eHepeemuyHi MawuHuU 3 8HympilHiM 2idponpusodom y suensdi baezamocmyniHyamoi mypbiHu ma HacocHoT Yac-
MUHU 3 PO3BUHEHOK0 CLUCMEMOK a8MmoMamu4yHO20 PO38aHMaXeHHS 8icb0s8oi cunu — ye mypboHacoCHi aepe2amu nracmosoi PiduHu.
Mpu ysomy ekoHoMiYHa QoyinbHICMb iX 8UKopucmaHHs nompebye docsigHeHHs 8UCOKO20 KoedilieHma KopucHoi Oii (k.k.0.), eooeHa
cknadoga K020 CMEOPIEMBCS MaKCUMabHO MOXITUBUM 308HIWHIM 06’ EMHUM K.K.0. 3@ paxyHOK NPOeKMy8aHHs Cmamu4Ho cmitikoi
cucmemu 8icb08020 a8MOMamMUYHO20 PO3BAHMAXEHHS 3 MiHIMabHO MOXIUSUMU 8umoKamu poboyoi piduHu. TpaHcnopmysaHHs
piOuHU Ao Micysi cnoxusaHHs Cynpogodxyembcs 8mpamamu eHepeaii piduHU, SKi 3yMOBIEHI K 8HYMPILUHIMU, MaK | 308HILUHIMU YUH-
HUKaMU 4b020 npoyecy. 3HauHy YacmuHy yux smpam ckriadatomb 308HilHI MexaHidHi empamu. Li smpamu nponopyitiHi mpemsomy
cmyneHio yacmomu obepmarHs pomopa THA. PeanbHi 3HayeHHs1 Yacmom obepmaHHs caearomb 0ecamu mucsy obepmig Ha xsu-
JIUHY, MOMY 308HIlWHI MEXaHidHi 8mpamu MOxXymb cseamu Oecamkig Kimogam. Ceili eHepeemuyHUL BHECOK 8 3HAYEHHST 3a2allbHO20
k.k.0. 0ae Ak HacocHa, mak i mypbiHHa YacmuHu agpezama. PospaxyHoK 3a2anbHo20 K.K.0. mypboHacoCHo20 azpezama O0UiTbHO
gecmu MemodoM nocsTido8HUX HabLXEHb 3 BUKOHaHHSIM HE0bXIOHOI yMosu banaHcy nomyxHocmel mypbiHHOI ma HaCOCHOT YacmuH

3 ypaxyeaHHsIM 308HILUHIX empam eHepail.

Knroyoei cnoea: mypboHacocHul aepecam, 8idueHmposuli Hacoc, pPomop Hacoca, WnapuHHe YW inbHeHHs, UMOK PIOUHU,

muck piduHu, Hanop piduHu, 2idpoduHamiyHi cunu.

DOI: https://doi.org/10.32845/msnau.2021.2.6

MocTaHoBKa nNpobnemu y 3aranbLHomy BUrnAgi. Typ-
BoHacocHi arperatv (THA) 3 rigpaBniyHMM NpUBOLOM JOCUTH LUK~
POKO 3aCTOCOBYHOTLCS B Pi3HUX TEXHOMOMYHMX NpoLiecax, a came
Tam, e noTpibHi Mani AiameTpanbHi rabapuTi Ta MOXNMBICTL Ca-
MoperyrnioBaHHs. [py LboMy B KOXHOMY BUNaAKy BPaxoByKTbCS
CBOI CneLmaiyHi BUMOrn O KOHCTPYKTUBHUX NapameTpis THA Ta
Ha BUKOPUCTaHHS AesKnNX MaTtepianis Ans pobounx opraHis npo-
TOYHOI YaCTUHY arperaTiB, He3MiHHUM 3aMnMLIAETLCS NULLE 3ara-
NbHUIA Pi3MYHNIA Nigxig, konu 06epTanbHUA MOMEHT, CTBOPIOBa-
HWUA TypOiHHUM Onokom THA, € NpMBOAHMM NSt HACOCHOI Yac-
TUHM, SIKa BUKOHYE KOPWUCHY pobOTy BiANOBIAHY 4O MicLs 3acTo-
CyBaHHA YCTaHOBKW. EKOHOMiYHA AOLINBHICTb BUKOPUCTaHHSA
THA notpebye JOCATHEHHS HUM 3HAYHOTO KoediLlieHTa KOPUCHOI
il (k.k.4.).

AHani3 octaHHix gocnigkeHb i nybnikauin. THA nna-
CTOBOI PiAMHM Mat0Tb CBOT CneLmiyHi BNacTMBOCTI, BUXOLAYM 3
YMOB ekcnyaTalii B rigpasniyHiil Mepexi cuctemu nigTpuMaHHs
nnacToBoro Tucky [1].

Mo nepiwue, Ui arperaTii BUKOHYKTLCS 0BMeXeHOro 30BHi-
WHBOTO JiaMeTpy, BUXOASYN 3 BHYTPILLHIX PO3MipiB 0bcagHmX
Tpy0 BogoriHHOI cBepAnoBMHU. o gpyre, BOHM NMOBUHHI CTBOPHO-
BaTW 3HAYHI rigpaBnivHi HAaNopK ANs NGHATTA PiAMHM Ha NOBEpP-
XHIO Ta TPAHCMOPTYBAHHSA MO MepeXxi TpyD A0 HAaKOMMUYyBanbHOTO
pesepByapa. BkasaHi 0cobnmeocTi noTpebytoTh CTBOPEHHS bara-
TOCTyniHYaTUX THA 3 NOTYXHOK CUCTEMOIO TigpaBivYHOro aBTo-
MaTUYHOrO PO3BAHTAXEHHS 3HAYHOI BICLOBOI CUNM B CEpeauHi
arperata. TpaHCNOPTYBaHHS PiAMHM O MiCLS CMIOXUBAHHS Cy-
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NPOBOKYETHCA BTPATaMU eHeprii piauHK, SKi 3yMOBIEHI SK BHY-
TPILHIMW, TaK i 30BHILUHIMI YMHHWKaMM LbOro Npouecy. 3HauHy
YaCTUHY LWX BTpaT CKNajatoTb 30BHILUHI MexaHiyHi BTpaTu. Me-
TOOWKM BWU3HAYEHHS LX BTPaT AOKMTAAHO BUKNageHi B poboTax
[2, 3, 4]. Cnig nuwe 3ayBaxuTy, WO Li BTPATW NPONOPLiiHi Tpe-
TbOMY CTYNeHIo YacToTu obeptaHHs potopa THA, oTxe, Bpaxo-
BYHO4YM BEMbMMW 3HAYHI YacToTh 0bepTaHHs, a Le M'ATb — AeCsTb
TUCAY 00€pTIB Ha XBUMKHY, MOXYTb CAraTh SECATKIB KinoBar.

QopmynioBaHHA Linei cTaTtTi (MOCTaHOBKAa 3a-
BAaHHA). TypboHacocHi arperatit (THA) nnacToBoi piguHm 3 rig-
paBniyHAM MPUBOLOM BHACMiAOK ocobnueocTel ix poboyoro
MpoLeCy NPOEKTYIOTLCA Sk GaraTocTyniHYaTi rigpaBnivHi MaLLMHK
(80 LecsaTn HacoCHMX CTYNEHIB Ta 40 4EeCATU — ABaHaALAT Typ-
BiHHMX CTYNEHIB) 3 MOTY)XXHOK CMCTEMOI aBTOMATUYHOMO PO3Ba-
HTa)XEHHS 3HAYHOI (0 LEeCATKIB TUCAY HBIOTOHIB) BICbOBOI CUMN
B cepeawHi camoro arperata. [pu LbOMY €KOHOMiYHa [OLiMnb-
HICTb iX BUKOPUCTaHHS NOTPeOYE [OCATHEHHS BUCOKOTO K.K.A., ro-
NOBHa CKNafoBa AKOro CTBOPHETLCA MaKCUMarbHO MOXIMBUM
30BHiLUHIM 00'EMHIM K.K.0. 3@ paxyHOK MPOEKTYBaHHS CTaTUYHO
CTIMKOI CMCTEMU BiCbOBOrO aBTOMATUYHOTO PO3BAHTAXEHHS 3 Mi-
HiMarnbHO MOXNMBUMM BUTOKaMM poboyoi piguHu. PospaxyHok
3aranbHoro K.k.4. THA pouinbHO BECTM METOAOM MOCHIiA0BHUX
HabnkeHb 3 BUKOHaHHAM HeoDXigHOi yMOBW BanaHcy NoTyXHO-
cTeit TypbiHHOI Ta HACOCHOI YacTWH 3 ypaxyBaHHSIM 30BHILLHIX
BTpAT eHeprii.

Buknap ocHoBHOro matepiany pocnigkeHHs. FKiio
YMOBHO pO34inuTW BCi BUTPaTW eHeprii B THA Ha BHyTPILHI Ta
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30BHILLHI, TO 3aranbHuUil K.K.4. MOXHa OTpUMATK y BUrNSAi Gop-
MyInu;

__ . 6HYmp. 306H.
Mt = Mg Mrwa (1)

[lo BHyTPILLHIX BTpaT eHeprii NoTpibHO BigHECTW BCi rig-
paBMiyHi BUTPATW B OKPEMIIl AiNbHMLI Hacoca um TypbiHu, npw
LbOMY K.K.4. OFHIET AiNbHUL NPKU YMOBI BUKOPUCTaHHS LLUBUAKICT-
HOrO Hanopy B HAaCTYMHii.

30BHiLUHI BATpaTK eHeprii NoainsioTLCs Ha rigpaBnivHi,
00’eMHi Ta MexaHiuHi.

30BHiLLHI rigpaBniyHi - Le BTpaTV eHeprii (TUCKy) B Mig-
BOZi Ta y BiABOAI HacocHoi YacTuHu THA, nigeogi Ta y Bigsogi
TYpOIHHOT YaCTMHK, @ TaKOX TaK 3BaHi BTpaTW 3 BUXIGHOMO LUBUL-
KIiCTI0 3 OCTaHHbOI AinbHULi Typ6iHu. Lli Buam Butpat gyxe 3ane-
XaTb Bif reOMETPUYHOI KOHCirypaLji NpoTo4HOI YacTuHu THA,
TOMYy X OBYMCMIOOTL AN KOHKPETHOI KOHdirypalii arperary.
Mpw 3Ha4HKX TUCKaX baraTocTyniHyaTx THA BigHOCHa 40N LMX
BTPAT HE3HAYHa, TOMY MOXHA HUMM HEXTYBATH.

30BHiLUHI 06’€MHi BUTPaTX BPaX0OBYIOTb BUTOKW PiAnHM B
HaCOCHiI# Ta TypBiHHIN YacTuHax THA B MicLs 3 MEHLLMM TUCKOM.
[na arperatiB NNacToBOi pigunHN B HACOCHIN YacTuHi Li BTpaTy
NPaKTU4HO BILCYTHI, a B TypOiHHiiA YacTHI BOHM ayxe CyTTeBi, 60
Lie € BUTOK PiAWHM Yepes NpUCTpiil BICbOBOrO PO3BAHTaXYBaHHS;
uen Butok moxe carat 10...20 % Big 3aranbHOrO BUTOKY Kpisb
rifpaBnivHui TpakT TypOiHM.

30BHILLHI MeXaHiuYHi BTpaTK - Lie BTPaTK MOTYXHOCTI Ha
TepTS B NiALMMNHUKOBMX ONOpax Ta BTpaTH Ha AUCKOBE TePTS BCIX
BHYTPILLHiX YacTuH THA, siki 06epTaroTbes B piguHi, okpim pobo-
X Kornec.

OckinbKky ronoBHWUIA BHECOK B Cknaf BUTPaT eHeprii B THA
BHOCSITb 30BHIiLUHi 06’€MHi BUTPATW, SIKi 3yMOBMEHI BUTOKOM Kpidb
Apoceni NPUCTPOK0 aBTOPO3BAHTAXEHHS, KOTPUIA, B CBOK Yepry,
€ HaCniKkoM Jji HeBpiBHOBAXeHOI BiCbOBOI cUNK, NOTPIBHO GinbLu
JeTanbHO PO3rsHYTU NPOLEC BU3HAYEHHS BiCbOBOI CUMN.

[nsa THA nnacToBoi piguHn 0OMEXeHHs 3a aiameTparnb-
HAMK rabapuTamn He 4al0Tb MOXMMBOCTI 3aCTOCYBATH B AKOCTI

T, =}-P-27rr-dr=7r-(rf

Tk

Ae r, - papiyc kopeHs nonatku Typbokoneca;
r, — pagiyc nepudepii Typbokoneca.
CknapoBa BicbOBOI cUnu, sika Jie Ha 6eanonaTeBui TUIb-
HWRA Gk TypBiHHOrO Komeca, Moxe OyTu BM3HauyeHa 3 mpuny-

LLEHHS!, WO pianHa NiCns YLWiNbHEHHS B 3a30pi MiX HEPYXOMOHO
YaCTMHOI Ta CTyMuLElo koreca 06epTaETbCs 3a 3aKOHOM TBEp-

. . u
00ro Tina 3 KyToBOH LUBUAKICTHO u,= E .

B ubomy Bunaaky Maemo napaboniyHui 3akoH posnoainy

TUCKY Mo pagiycy [3].
P 2
: 1—(1] , (5)
rk

be K’ - iHAeKC 3MiHHOro pagiyca.

p-u

P,=F -
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ABTOMATUYHOMO PO3BAHTAXYBASbHOMO MPUCTPOIO TPaAMLINHY ri-
ApaBniyHy n'aty. B Ton xe yac Benn4ynHa BiCb0BOro 3yCunns, Lo
gie Ha potop THA B po6oyoMy AianasoHi BUTOKIB-TUCKIB, MOXe
cAraTi 4ecaTkiB TUCAY HbTOHIB (TOHH cunun). Tomy Ans edhekTms-
HOMO PO3BaHTAXEHHS BICHOBOI CUMKM BUKOPUCTOBYETHCS ,00ep-
HeHa” rigpon’sTa, B AKiM LMNIHAPUYHWA OpOCenb BUKOHAHWUIA Ha
BinblwomMy giameTpi, HiX TOpLEBN APOCENb NPUCTPOIO aBTOPO3-
BaHTaXEHHS.
B HacocHil yactui THA s cuna moxe 6yt gocuTb To-
YHO BMU3HaYeHa 3a MeToauKow poboTu [3]. Bicbosa cuna (TH) Mae
HanpsimM B Oik BXOAY PiavHN B HACOCHWIA arperar.
B Typ6iHHiln YyacTuHi BicboBa cuna 3a HanpsIMOM criBna-
[a€E 3 HAaCOCHOIO; BenuuunHa i Moxe 6yTn obumcneHa BUXoasaUm 3
NpUNYLLEHHS, LLO piguHa neped pobo4nm Konecom BiCL0BOI Typ-
BiHn pyxaeTbes 3a 3akoHoM: 3, -7 = const , TOBTO 3i CTanum
MOMEHTOM TaHreHLuianbHoi CKNaaoBoi WBMAKOCTI, a TaKoX 3i CTa-
M0K0 CKITAA0BOIO LIBMAKOCTI . = const , KO 3yMOBMIOETHCS
3aranbHuin BUTOK poboyoi pignHm Kpisb TypbiHy. HexTytoun cTa-
TUYHUM PO3MOAINOM TUCKIB, MAEMO:
2 2
i + 19_ — & + 19_0 , (2)
pq 29 pqg 2q
ge: Pta 9 - TCK Ta LIBMAKICTb Ha JOBINbHOMY padiyci;
Pcta $c - TUCK Ta LWBMAKICTb Ha cepeaHbOMY pagiyci TypOiH-
HOI CTyNeHi.
BpaxoByloun 3 TPUKYTHUKA  LWBMAKOCTEN,  LIO:
§ =9 +9 1a 3 = const, OTPUMYEMO BUPA3 ANS TUCKY:
2
P=Pc+§-si-[1—f—'z) 3)

CknapoBa BiCbOBOI CUIK, O i€ Ha TUMbHWI Gik nonaTte-
BOI peLuiTkn TypBiHHOO Koneca 06uMCIIETLCS 3a POPMYIIOH:

9 er-ln Tn
2 p uc rk
_rk). Pet 11 r-r v (4)

BicboBa cuna, 3ymoBneHa TUCKOM Pp (AMCKOBUM TuC-
kom), 06uncrioeTbCs 3a POPMYNOH:

I, = J‘PD~27rr'dr=

r

®)

pe Px - obuncnioetbes 3a hopmynoto (3).
BicboBa cunu Big Aii TUCKY Ha cTynuuio koneca TypbiHu
0BYNCIIIOETLCA TaKUM YNHOM:
Tm=Pm'7T'(V2 -, )v (7)

cm eana

ae Pcm — nepenag TMCKy Ha koneci TypoiHu;

27

Cepis «MexaHi3aLjia Ta aBTomMaTu3aLisa BUpOOHNYMX NpoLeciBy, Bunyck 2 (44), 2021



r.... - papiyc sana Typ6iHu.

3aranbHa BicboBa cuna TypbiHHOT YacTuHu THA gopis-
HIOE:

TT :(TT1+TT2+TT3)'Z’ (8)

Ae Z — KinbKicTb cTyneHiB Typ6iHn (konic).
3aranbHa BicboBa cuna THA B Linomy:

T=T,+T, (9)

Ll BicboBa cuna BpiBHOBaXyeTbCS ,00€pHEHOI0” rigpaB-
NiYHOK M'ATOLO 3@ PaXyHOK Pi3HMLL TUCKIB Ha TOPLIEBI KinbLieBi No-
BEPXHi 40 - Ta micna - UWMiHAPMYHOMO ApOcens rigpaBnivyHol
M'ATW, @ TaKOX Ha KinbLeBY MOBEPXHIO 3MIHHOMO TOPLIEBOrO ApO-
censi Ta B MpocTopi 3a uum apocenem. OcKinbki BenuumHa Bu-
TOKY Kpi3b TOPLEBUIA ApOCENb 3yMOBMKOE 30BHILLHI 00'€MHI BU-
TpaTW, NOTPIBHO NPOBECTM CTAaTUYHWIA PO3PaxYHOK CUCTEMU
BICbOBOr0 pO3BaHTaXyBaHHs poTopa THA.

CTaTW4HMI PO3paxyHOK 3BOAUTBCA A0 BU3HAYEHHS CTa-
TUYHOI XapaKTepUCTUKM ,00€pHEHOI” riApaBNIYHOT M'ATY - 3anex-
HOCTi 6e3p03MipHOro TOpLEBOrO 3a30py U Bif BENUYMHM BiCbO-
Boi cunu T. L 3anexHicTb 3HaxoanTbCs 3 yMOBM BiCbOBOI BpiB-
HoBaxeHoCTi potopa THA:

T=F, (10)
F=F1P1-(05F3+Fs)P3-(F2+0,5-F3) P2, (11)

he F - cymapHa cuna, sika fiie Ha TOpLeBi KinbLieBi noBepxHi ,06e-

PHeHoI” rigpaBnivHoi M'ATH;

F+1 - kinbLeBa nnoLua Ha BXoAi B rigpasniyny M'aTy (Mix Banom
THA Ta 30BHiLLHIM iaMeTpoM rigpaBnivyHoi M'aTK);

F2 - xinbLeBa nnowua 3a LuniHApUYHUM gpocenem [0 TopLe-
BOTO ApOCens;

Fs - kinbLieBa nnoLa TopLEeBoro Apocens;

F4 - xinbLeBa nnowa 3a TopLesuM poceneM (Mix Banom
THA Ta HUKHIM AiaMeTPOM rigpon'aTh);

P1, P2, P3 - TUCKM nepea M'ATOL0, MiXK ApOocensmu n'sati Ta 3a
M'ATOK TOPLEBOro Apocensi.

MeToawka nobynoBuM CTaTUMHOI XapakTePUCTUKI NPSMO
rigpaBniyHoi M'ATU QoKNagHo BuknageHa B poboTi [3]. MpuHuu-
noea pisHuUs Ans ,06epHeHOi” rigpaBniyHoi M'ATU BiACYTHS,
nuwe noTpibHO BpaxoByBaTH, WO HANPsIM Tevii piauHn B ,06ep-
HeHin’ rigpaBnivHin M'aTi BinbyBaeTbCS B TOPLEBOMY ApOCENi B
nepudepii 0o LeHTpy. BeapoamipHuii Topuesuin 3a3op U (Big-

HOLLEHHs poGodyoro 3asopy X o 6a3oBoi BenuuuHu Xs5 )

MOXe ByT OTPUMaHMWI SIK CknagHa GyHKLiS feKinbkox napameT-
piB: BICbOBOI CWMKW, TUCKIB [0 - Ta NICNS M'ATY, KiNbLEBUX NMOLL,
n'aTW Ta rigpaBnivyHMX NPOBIHOCTEN APOCEniB M'ATH.

PiBHsIHHSA ©anaHcy BMTOKIB Kpidb ApOCeni Mt Mae Bu-
mag:

@ (B-B)" =q,-(R-R)", (12)

he ¢, 1a ¢, - NpoBiAHOCTI LMNIHAPUYHOrO Ta TOPLEBOro Apo-

ceniB M'aTH, K € napameTpamy reOMETPUYHUX PO3MIpIB
Apocenis Ta 6e3po3mMipHOr0 TOPLEBOTO 3a30pY.
3Bigcy oTpUMYEMO BUpa3 4n1s TUCKY P2 MiX apocensamu:

_4R+q;°P

P,
q +q;

(13)

Matoun Bupa3 ans NpoBigHOCTI G2 Yepe3 6a3oBy nposia-
HICTb g25, & Came:

=g u’”, (14)
Ta BBOASYM KOeqillieHT NpoBigHOCTI:

2
a, =Lo (15)

2

q,
NPMBOAMMO PiBHAHHA (13) fo BUMMSgY:

3
:P1+a2| u Px

P
? l+a, u’

Maemo cniBBigHOLLEHHS nnowy ,06epHEHOI” M'ATK:
Fi1-F2-05F3=05F3+Fs=Fn (17)

MosepTtaemocs Ao opmynu (13), 3 ypaxyBaHHAM BU-
pasi (16) Ta (17), oTpumyeMo Bupa3:

(F, +F a0

(lray o) (18)

F=(R-P)

Micns nipctaHosku opmynu (18) B chopmyny (10) otpu-
Myemo Bupa3 ans 6e3poamipHoro 3a3opy U sk dhyHKLT BicbOBOT
cunm T:
1/3
|1 (r-F,(r-PR)) 9
a, (FI (P; _P3)_T)

Pobounin giana3oH CMCTEMM aBTOMATWYHOTO PO3BaHTa-
XEHHS 3yMOBIIOETHCS BUMOTOKO: 1 > 0 .

3 chopmynm (19) o4eBUAHO BWTIKAE BMCHOBOK, LUO LS
YMOBa BUKOHYETbCS, KOMNK:

F,(R=P)<T<F:(R-P) (20)
lgpocTaTyHa XopCTKICTb CUCTEMM aBTOMATUYHOTO PO-
3BAHTAXEHHS 3HAXOANUTLCS TAKUM YMHOM:
F-F,)

3-(PI—P3)~0521-L42~( =>0  (21)
(1+a21-u3)

_OF _
« ou

[onaTtHe 3HayeHHs BUpasy (21) € CBIGOLITBOM CTAaTUYHOI
CTIMKOCTI CMCTEMW aBTOMATUYHOTO PO3BAHTAXEHHS.

PisHuugs Tuckis (Ps - Ps) ans THA nnacToBoi piguHu Moxe
ByTn obumMcneHa sk TUCK, KOTPUA CrpaLbOBYETLCA Ha TypOiHi:

(R-B)=p-q-H,.

30BHILLHIN BUTOK Kpi3b ,00epHeHy” rigpaBnivHy n'ary
NPONOPLiNHMIA KBaapaTHOMY KOpEHIo 3 nepenagy TUCKIB Ha rig-
paBniyHin n'aTi:

gm ~ (1)1 _P3) ,360: gm ~ qum ' (22)

3 ypaxyBaHHaM chopmynu (16) maemo:
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a, -u’ - pgH
g, =4 [L’oqu (23)

3
I+a, u

BucHoBku 3 gaHoro pocnimkeHHs. 3aranbHuit koedi-
LieHT kopucHoi aii THA Moxe 6yTv oTpumMaHuin po3paxyHKOBUM
LNSIXOM, SIK DYHKList 30BHILIHBOTO 06'€MHOr0 KoediljieHTa kopu-
CHOI Aii. PO3paxyHOK 30BHiLUHBOrO 06'eMHOr0 KoedillieHTa Kopu-

CHOI i 6a3yeTbCs Ha BU3HAYEHHI BENMYNHM BICLOBOI CUNK Ta 3y-
MOBMEHUM HASIBHICTIO LIiET CUNW BUTOKOM PiSUHW B CUCTEMI aBTO-

MaTW4YHOrO po3BaHTaxeHHs. CucTeMa aBTOMATUYHOMO PO3BaH-
0 ' (24) TaXKEHHS BiCbO.BVIX onn BigNoBiAAE KOHCTPYKTUBHIN CXeMi .,,q6ep-
HeHOI” rigpaBniyHoOl M'ATU. Po3paxyHOK 3aranbHoro KoediljieHTa

HIOE:

306H. __ 1— gm

M1

Ae Qm - 3aranbHWUit BUTOK PignHL Kpisb TypoiHy.
BUKOPUCTAHHAM BiZOMMX XapaKTEpUCTUK poBoUmMX CTYMeHiB Ha-
COCHOI Ta TypbiHHOT YacTuH THA.
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Golovchenko G.S., Sumy National Agrarian University (Ukraine)

Physical processes determining the efficiency of the turbospass unit of layer liquid

Powerful energy machines with an internal hydraulic drive in the form of a multistage turbine and a pumping section with a
developed system of automatic axial force unloading are turbo-pumping units of formation fluid. At the same time, the economic fea-
sibility of their operation requires the achievement of a high efficiency factor (efficiency), the main component of which is created by
the maximum possible external volumetric efficiency by designing a statically stable axial automatic unloading system with the lowest
possible flow rate of the working fluid. The transportation of liquid to the place of consumption is accompanied by losses of energy of
the liquid, which are caused by both internal and external factors of this process. External mechanical losses account for a significant
part of these losses. These losses are proportional to the third power of the TNA rotor speed. Real values of rotation frequencies reach
ten thousand revolutions per minute, therefore external mechanical losses can reach tens of kilowatts. Its energy contribution to the
value of the overall efficiency gives both the pumping and turbine parts of the unit. Calculation of the overall efficiency It is advisable
to carry out TNA by the method of successive approximations with the fulfillment of the necessary condition for the balance of the
capacities of the turbine and pumping parts, taking into account external energy losses.

Keywords: turbo-pump unit, centrifugal pump, pump rotor, throat seal, fluid flow, fluid pressure, fluid pressure, hydrodynamic
forces.
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Y cmammi po3ansHymi 0CHOBHI ¢hiuyHi 3acadu nposigy cus 8 pisHUX cghepax Xumms. 3pobreHo akuyeHm Ha 83aemModii ghisuku
i mexHiku, HagedeHi npuknadu nposiey cun 8 mexHiyj, nobymi i xummi. Cmamms Moxe 3Ha0obumucs cmydeHmam i3U4HUX ma
iHXeHepHUX cheujanbHocmel y gusyeHHi 000amK08020 Mamepiany 3 i3uku, i 6yde yikaga WUPOKOMY KOy Yumavie, siKi yikas-

JIAMbCS QPI3UKOI0 | MEXHIKOK.

Knroyoei cnoea: cuna, cknadaHHs i posknadaHHs cusi, hapa cus, pisHodiliHa cust, npocmi MexaHiamu.

DOI: https://doi.org/10.32845/msnau.2021.2.7

MocTaHoBka npodnemu. Cuna € ogHUM 3 hyHoameHTa-
NbHUX NOHATb MEXaHiku. [OHATTS CUnK BUHWKMO 3 XMTTS, Xoua
MiX NOBYTOBUM i (DI3NYHUM MOHATTAMW CUIW € | CXOXICTb i Big-
MiHHicTb. CroBO «cuna» B yKpaiHCbKii MOBi € 6araTo3HauHuUM i
HepiaKo BUKOPUCTOBYETLCA (CaMa UM B NOEAHAHHSX, B HAYLi | no-
BCAKOEHHUX CUTyaL|isiX) B CEHcaX, BigMiHHUX Big (i3nyHOro Tpa-
KTyBaHHs TepMiHa. KaxyTb npo cunadis, Npo CUIbHWA yaap no
M's4y Ha yTOONBHOMY MOTi, MPO HaA3BWUYANHY CUMY KUTIB, MPO
cuny Boni, PO M'AA30BY cuUITy TOLLO. Y HailbinbL 3BUYHOMY NO-
BCAKAEHHOMY BXWBAHHI CUrna — MeXaHiYHWA BMAWB Ha LLO-He-
Byab, 6e3 koHkpeTu3auii. Y isuui cuna — BeKTOpHa BEnn4mHa,
L0 € MIpOK BNNMBY Ha faHe Tino 3 60Ky iHwwux Tin abo nonie. Y
MeXaHiLji NOHATTA cunn € Ginbl 0BMexXeHUM, HiX Y isuui B Li-
nomy, Aie Nopsiz 3 MeXaHIYHUM NOHSTTAM CUIK LLIMPOKO BUKOPUC-
TOBYIOTbCS W iHLLI, HAanpuKnag cuna CTpymy, enekTpopyLliiHa
cuna, cuna 3Byky, cuna cBitna Ta iH. B MexaHiui cuna e kinbkic-
HO0 MIpOK B3aemogii Tin, NpU4MHOK AedopmaLii Tin i npucko-
PeHb, WO iM HagalTbCs.

AHani3 nyb6nikauin no Temi gocnigpxkeHHs. Cynepeyku
HaBKONO BU3HAYEHHS CUIK He 3akiH4eHui foci. Lie obymoBneHo
TpyAHoOWamm 06’'eAHaHHs B OOHOMY BU3HAYEHHi cur, pisHuX 3a
CBOEIO MPUPOZOL0 | XapakTepOM NposiBy. 3aranbHOMPUIAHATE BU-
3HAYEHHS CUNK BIACYTHE; B CyYaCHWX MigpyyHuKkax gisuku cuna
3a3Buyail posrnsagaeTbes Sk npudnHa npuckoperHs [1-3]. Kineub
XX CTONITTA OXapaKTepn3yBaBcs Cynepeykami npo Te, Yn noTpi-
GHe B3arani B HayLi NOHATTS CUAK i YK iCHYKOTb CUMK B MPUHLMNI
— 4K Le NnLe TepMiH, BBegeHun ans 3py4HocTi. OaHi HaykoBLi
[4] aprymeHTyBanK, Wo cunn No CyTi BU3HAYaK0Tb NPUYMHHO-Ha-
CniaKoBi 3B'A3KM i TOMY He MOXYTb OyTW BigkuHYTI. HaTomicTb
iHWi aBTopw [5] 3anepeyyBanu Ue, ockinbkv B CTaHAAPTHIN Mo-
Aeni i iHWWX (i3NYHNX TEOPIAX Cina TPaKTYETLCA NnLLe K 0BMiH
MOMEHTOM iMMYNbCY, NOHATTS CUNM TOMY 3BOAWTLCS A0 BinbLy
npocToi «B3aeMogii» Mix vacTuHkamu. Lia B3aemopis onucy-
€TbCS B TEPMiHax 0OMiHy 104aTKOBUMM YacTUHKaMu (hOTOHaMMK,
rnooHamm, 6030HaMM i, MOXITMBO, rpasiToHamm). 1o Toro x y po-
60Ti [6] 3a3Ha4aETHCA, L0 MPUHLIMM EKBIBANEHTHOCTI EAHLUTENHA
MO CyTi 3HULLLYE NOHATTS CUIW, B 3ararbHil Teopii BiGHOCHOCT 30-
BHILLHi cunn (F 3 piBHSHHS F = ma) BiACyTHi.

MeTa paHoi po6oOTH, TakuM YMHOM, MOMsrae B y3ro-
[PKEHHI MK MOHATTAM CUNK, L0 BUBYAETLCS CTYAEHTaMM B KypCi
3arasnbHoi (i3nku, Ta Cy4acHO TEXHIKOH, L0 Mae CNpUsTYM Kpa-
LLLOMY PO3YMiHHIO HaYKOBUX ifei, L0 NexaTb B OCHOBI i IPUHLMMI
pobOTM TEXHIYHMX NPUCTPOIB.

Buknap ocHoBHOro 3micty gocnimkeHHs. Cuna — ¢i-
3M4Ha BEMNMYMHA, L0 XapaKTepu3ye B3aEMOZII0 TiN, B pe3ynbTaTi

30

K0T BOHM ab0 3MiHIOITb HANPAMOK PyXy, abo BENUUMHY LIBMA-
kocTi, abo gecopmyroTbes [7]. Ha npakTuui Hanuacrile cnocte-
PiraeTbCs NPOSIB BCIX TPbOX CYyTHOCTEN. Y TEXHILi CUnu € pyLiit-
HUMW, SIKi 3OiACHIOTL PoboTy. [kepenom cumu, sk Mpaeuno, €
LesKNA TEXHIYHWA NPUCTPIA — OBUrYH. [ns 3aiicHeHHs poboTm
Lito cuny HeobXigHO NepeTBOPIOBATH, 3MIHIOBATH ii HANPSIMOK, PO-
3KnaJaTtv Ha cknagosi abo cknapatv 3 iHwumu cunamu. Jona-
BaHH$ i po3KnafaHHs cun NpoBOAMUTLCS 3a NPaBUMOM Napaneno-
rpama cun, 3rigHo 3 IKUM PiBHOAIK0YA ABOX CU, LLO Ail0Tb Ha Tino
nig KyTOM OfHa A0 OAHOI, 300paxyeTbCsl AiaroHansio napaneno-
rpama, noby[oBaHOro Ha BEKTOpaX, Lo 306paxyoTb cunu. | Ha-
Bnaku, o6 po3knacTu cuny 3a ABOMa HanpsiMkamu, Tpeba ye-
pes KiHeLlb BEKTOPa CWUMW NPOBECTM MiHil, napanernbHi LM Hanpsi-
MKam.

Hanpwuknag, npu posknaganHi cunu B 1 H 3a gBoma Ha-
npsiMKamu, po3TaLloBaHUM Mg, OLHAKOBUMM KyTaMu @ IO Hanps-
MKy cunn (puc. 1), 3aMiCTb OFHIET cunu OTPUMAEMO ABi.

Puc. 1. Mpuknag posknaganHs cunu B 1 H Ha 6inbLui 3a Benu-
YWHOI U

£k BUAHO 3 puCyHKa, Npyu 30inbLueHHi kyTa a cunas 1 H
nepeTBOPHETLCS Ha ABi BCe binbLui i GinbLui cunu. Y rpaHnyHoMy
Bunagky (a = 90°) cuna B 1 H posknapaeTtbes Ha ABi HECKIHYEHHO
BenuKi cunu. TakuM YmMHOM, 3 ofHiei cunm B 1 H MoxHa 3pobnTy
agi curm no 10 H, no 100 H, i B3arani i 6yab-Aki 3a BENMYMHOK
cvnu; Anst Uboro HeobXigHO NuLwe BigMNOBIAHMM YMHOM BUOpaTH
KyT a. [HWMMK CnoBamm, TEOPETUYHO 3 Byab-AKOI Sk 3aBrogHO
Masoi 3a BENMYNHOK CUN MOXHA 3pobuUTU ABi Ik 3aBrOLHO Be-
NVKI cunn.

Uu Tak Le HacnpaBsgi, 4oNoMoXe po3ibpaTics HacTynHui
npuknag [8]. PoarnsHemo ceitnodop Macoto 15 Kr niaBileHuii B
TouLi B 1o cepeamnu Tpoca ABC (goexuHa Tpoca 20 M), npukpi-
MIIEHOro KiHUsIMM 4o CToBMiB y Toukax A i C, ki 3HaxoaaTbea Ha
OfHi ropusoHTani (puc. 2). BigxuneHHs ToukM migsicy CBiTNO-
topa Big ropusoHTtani BK ctaHosuTb 0,1 M. HexTytoun Barow
Tpoca BM3HA4MMO ioro Hatar. Ockinbku nig Adieto Baru CBiTno-

topa P TpoC pO3TSYETHCS, MOXHA MoByayBaTVl mapanenor-
pam cun. Jlerko 34oragatucs, WO 3alTpuxoBaHi TPUKYTHUKM Ha
puc. 2 noaibHi. 3 nogibHOCTI TPUKYTHUKIB BUNIMBAE, LLO HATAr
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Tpoca T=750 H, wo B 50 pasis binblie Barn camoro CBiTMO-
thopa. 3po3symino, Lo, Yum MeHLLmM Byae nposuc BK, Tum 6inb-
wum byge Hatar Tpoca. OTxe XOAEeH TPOC, APIT, MOTY3KY He MO-
)XHa HaTATHYTW CTPOrO FOPMU3OHTaNbHO — 3aBXau Oyae meskui
npoBuc. HaBiTb AKLLO Ha TPOCi HIYOrO He BUCUTb, BiH Mae BracHy
Bary, Ky MOXHa BBaXaTu NpuknageHot nocepeauHi. [ns toro,
o6 TPOC 3aitHsIB CTPOrO rOPU3OHTANbHE MOMOXEHHS, NOTPIGHO
[OKNaCTW HeCKiHYEHHO BENUKi cunu. HaBiTb sikbu Taki cunm Oynm
[OCTYMHi, XOAEH TPOC He BUTPUMAB OM HECKIHYEHHO BENMKOro
HaTAry — BiH po3ipBaBcs 61 nepLu, HiX CTaB roPU3OHTANbHUM.
A K C
T

Puc. 2. Cuna HaTary Tpoca 7' Habarato Ginblua
Baru caitnogopa P

HeMOXNUBICTb HATArHYTW APIT CTPOro rOpU3OHTanbHO —
wiKignuee ssuLle. Hanpuknag, npu 6yaiBHULTBI BUCOKOBOMBTHOI
NiHIT ANs nepegadvi enekTpoeHeprii Ha BENUKI BiACTaHi EKOHOMi-
YHO | eHeproaTpaTHO BWrigHILLE MOCTaBUTU SKOMOra MEHLUEe
onop. OpHak, npyn 36inbLUeHHi BiaCTaHi M onopamn 36inbLuy-
€TbCS NPOBIC NPOBOLIB, NPY LIbOMY 3p0CTae MMOBIPHICTb X Cxre-
CTYBaHHs Nif Aieto BITPY, WO MOXe npueecTn Ao asapii. ABo X,
HanpwKnag, BMKOPUCTOBYIKOYM Maparnenorpam cun MoXHa ogpasy
nobaumTH, LLIO HYXKHIO YaCTUHY CTpInM NiAROMHOrO KpaHa Tpeba
KpiMUTW Ha ynop, a BEPXHIO — Ha BUPMBaHHS (puc. 3).

Y pasi, konu Ha Tino JjtoTb ABi napanensHi (puc. 4, a) abo

aHTVnapanensHi (puc. 4, 6) cunn P i O, pisHogiiHa cuna R

[OpiBHIOE iX Cymi (y pasi [BOX napanenbHux cun) abo pisHuui
(konu cunu aHTUNapanerbHi), a Touka NpuKknagaHHs PiBHOZINHOT

AinUTb BIACTaHb MiX MiHisMK Aii cun P i Q Y BiJHOLEHHI P:a =
Qb =Rl (I = a = b). Mpu 3veHweHHi cum P (abo, HaBnakw,
36inblueHHi cumn O ) PIBHOAIHA 3MEHLLYETHCS, OCKIMbKM
R = P - Q, aTouKa ii npuknagaHHs sifcysaeThesa Be Aani i

nani sin cun P i O . [loTpumykoumMch MatemaTiyHoi norik, y

rpann4HoMy BUNaaKy (P = Q') 3HauYeHHs PIBHOAINHOT cunm Ha-

BrmkaeTbCs 40 Hyns, a Touka ii NpUKNagaHHs 3MilLyeTbes Y He-
CKIHYEHHICTb.

A

Pwc. 3. BusHaueHHs gitounx Ha CTpiny MiginoMHOro kpaHa cun

/ a
O A
&eaeebe e/eeb%&
0 R
\z
RY VP

Puc. 4. MapanenkHi i aHTMNapanensbHi cunm

®i3nyHo Lie 03Havae, L0 KOMM Ha Tifo AitoTb ABi PiBHI aH-
TUNapanenbHi curnu, NpUKNaaeHi 4o PisHUX TOYOK Tina (Taki cunu

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

Ha31BalTLCA Mapot), Tino obepTaeTbes. Hanpuknag, 3akpyyy-
t0YM raiiky, yrBuHuYouM abo BUrBUHUYIOUM LYPYN, MU QOKNaga-
€MO napy cun (puc. 5). Y Bunagky OBOX HEPIBHWUX aHTunaparne-
NbHUX CUM, iX MOXHA 3BECTW [0 OJHI€i — PiBHOZINHOI cunu, nig
fdieto sikoi Tino 6yae nepemiwartucs, pyxatucs. Ak TiNbku cunm
P i O BUPIBHIOKOTLCS, PIBHOMIIHA 3HUKAE, YTBOPIOETLCS Napa

cun, sika Byae obeptath Tino. Takum YMHOM, FPaHUYHUIA Nepexis
Bif ABOX aHTWUNapanenbHUX cun 4O napy Cui — Le nepexig Big
nepeMmiLLEeHHs 0 0bepTaHHS, Bif 0AHOMO BUAY MEXAHIYHOTO PyXy
[0 iHLoro.

[ist napu cun Ha Tino BUMIPKETLCS MOMEHTOM M , SIKUi Bu-
3Ha4aeTbCs JOBYTKOM OHIET 3 curn P, L0 YTBOPIOKTL Napy, Ha
nneye / (BigcTaHb Mix niHismu aii cun): M = P-1. Mapa cun obep-
Tae Tino (NNocKy OAHOPIAHY Girypy) HaBKOMO WOro LigHTpa Barw,
AN BU3HAYEHHS po3TallyBaHHS SKOro 3a3Buyan nigsillyoTh di-
rypy nocnifoBHO 3a ABi Pi3Hi TOUKM i NPOBOASATL Yepe3 TOUKM Nia-
BiCy BEpTMKanbHi MiHii: iX NepeTuH cniBnagae 3 LEHTPOM Baru.
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fAkwwo nnocka cirypa moxe 6y npegcTasneHa sk cyma abo pi-
3HULA HAUNPOCTILIMX FeOMETPUYHMX diryp, — TPUKYTHUKIB, Npsi-
MOKYTHWKIB TOLLO, — LIEHTp Baru Takoi irypu MoxHa nerko o6uu-
CIWTY MaTeMaTiiHO 3a AONOMOrOt0 Tak 38aHOT0 METOAY nriou).

Pwc. 5. Mpuknagw gii napu cun

HaBepeHi BuLe npuknaamn nokasaHi Ans cun, poarailo-
BaHWX B OZHIi NNOLWMHI. PeanbHo, B XWUTTi, HayLi i TeXHiLi yac-
Tilwe HeoOXigHO MaTK cnpaBy 3 Cuamu, po3TallOBaHUMK B Npo-
cTopi. Ha npuknagi cknagaHHs NpOCTOPOBO-PO3NOAINEHMX CU
(puc. 6.) BUAHO, LU0 3aBLAHHS 3BOAUTLCA A0 3BefeHHs Oyab-aKoi
napu cun 40 OJHI€El NNOLLUMHY | 3HAXOMKEHHS! iX PIBHOZINHOI.

Puc. 6. HaxomkeHHst pisHopiiiHoi R Tpeoxcun F, F, i F,,
PO3NogineHnx B NPoCTopi

[ns 36inbleHHs cumm abo 3MiHK Ti HanNpsIMKY B TEXHILi
BMKOPUCTOBYIOTb MEXaHi3Mu, ski NonerwyoTs nogam poboty [9-
10]. o MexaHi3MiB NpuknagaeTbCs cuna, sky BOHW nepefaoTb
Tinam, nepemiliatoun ix i BuKoHytoun poboty. MpuiHaTo suai-
NATW BiCIM HANNPOCTILLMX MEXaHi3MiB, 3 SKUX YOTUPYU € Pi3HOBY-
[0M [BOX OCHOBHMUX:

Moxuna nnowjuHa — NPOCTUN MEXaHiaM y BUrMSAi nno-
LUMHW, BCTAHOBNEHOI Nig FOCTPUM KYTOM [10 FOPM30HTaNbHOI No-
BEepxHi. Pi3HOBMA NOXMAiN NNOWWMHI — KAUH — [03Bonsie 36inb-
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LUMTI TUCK 3@ paxyHOK KOHLIEHTpaLii cunn Ha manii nnoLi. Buko-
PUCTOBYETLCS Y CMNCI, onaTi, Kyni TOLWO. [HLLKiA Pi3HOBWA, NOXK-
i NOLMHI — 28UHM — BUKOPWUCTOBYETLCS B LWypynax i Ans nig-
iiomy Boau (ApxiMeAiB rBUHT), y SKOCTi CBEpPANa B ApwIi Ta iH.

Baxinb — onncanuit Apximeaom — BUKOPUCTOBYETLCS, 30-
kpema, Ans nigiomMy BaxKkux NpeaMETiB, Y SKOCTi BUMUKauiB i cny-
CKOBWX raykiB (LUATYH-KPUBOLUMM — BUKOPUCTOBYETLCS B TKaLlb-
KOMY BepcTaTi, NapoBil MallUMHi, ABUrYHAX BHYTPILLHLOMO 3ro-
PAHHS). Pi3HOBMA BaXerns — 80pim — BUKOPUCTOBYETLCA AN1S Nid-
oMy BOZM B KONOASA3AX | AN NacoBOi nepeaavi Ta iH.

briok — koneco 3 %onobom, B3gOBX SIKOTO NPOMyCKakTh
MOTY3Ky, TPOC ab0 naHuor. 3aCTOCoBYeTbCS AN 3MiHW BENN-
4nHKM abo Hanpsmy cunu.

Koneco - BUKOpMCTOBYETLCS Ha TPAHCMOpTi Ta B 3ybyac-
TUX Nepeaavax.

MopweHb — [03BONSE BUKOPUCTOBYBATW EHEPTit0 Harpi-
TUX rasie abo napu. 3aCTOCOBYETHCS, 30KPEMA, Y BOrHENasbHiN
30poi, ABUIYHi BHYTPILUHBOTO 3rOPsiHHS | NAPOBIA MALLMHI.

Kk BXe 3a3Hayanoch, y TEXHIYHUX NPUCTPOSIX AKEPENOM
CvnK € ABUrYH. Ha cborofHi icHye JOCUTb Benuka KinbkicTb 4Bu-
rYHIB, SiKi 3a3BKYal knacudikyloTbCa 3a POSOM EHeprii, WO npu-
BOAMTL Liei ABUMYH Y Aito (NapoBi, €NEKTPUYHI, THEBMATWYHI, Tif-
paBnivHi abo BOASHI, M'A30Bi TOW|O) abo 3a NpUHLMMNOM poboTy
(BHYTPILUHBOrO 3ropsiHHS, peakTuBHI Ta iH.). OgHak 3aBxau cnig
BPaxoByBaTH, LIO YaCTUHY CUNU, Sika PO3BMBAETLCS ABUTYHOM,
HeobxigHO HanpaBuTW Ha 3abe3neyeHHs pobotw camoro ABW-
ryHa. Hanpuknag, y ABWryHi BHYTPILUHBOTO 3ropsiHHS HEOBXigHO
3MiAICHIOBATN OTO OXONMOKEHHS 3@ JOMOMOrOK BOASHOMO Ha-
coca i BeHTUNsATOpa pagiatopa, BUpobnsTI enekTpoeHeprito ans
pob0oTH CMCTEMM 3anantoBaHHS 3a JONOMOrOI0 reHepaTopa, obe-
pTaTW HacoC CMCTEMU MacTuna Towo. [ns Lboro BUKOPUCTOBY-
I0TbCA MEXaHi3MuM nepeaadi 3ycunb i MexaHiamu po3noginy cunu,
B OCHOBI SIKUX NTEXaTb HAUMpPOCTILLi MexaHiamu. Ha puc. 7 noka-
3aHUIA CTEHA, KU OEMOHCTPYE pisHi MexaHiamu nepegadi cun,
HamBiNbLL YacTO BUKOPWUCTOBYBAHI B TEXHIYHMX NPUCTPOSIX.

Mpw BUKOHAHHI Byab-AKoi POBOTU YaCTO BUHWKAE CUTYaLis,
KOMW CUNM OHOTO ABUryHa BUSIBNSETLCS HELOCTATHBO ANS BU-
KOHaHHs1 poboTn. Hanpuknag, anst NnepeHeceHHst SKOiCb BaxKoi
pevi HeobxigHa CTOPOHHS JonoMora, B pesynbTari sKoi BUKOpUC-
TOBYETbCS [OfaBaHHs ABOX abo binbLue cun, Wo B 3aranbHOMY
BUMaaKy PO3BMBAIOTLCS PI3HUMMW ABUryHaMK. B TexHiui Bukopuc-
TOBYOTb MPUHLMM 34EMNEHHS, HANPWKNAA, KiTbKOX TPAKTOPIB, LU0
pyxatoTbcs «Lyrom». OpHak B 0DOX BUNMagkax BMHWKAE Npo-
Brema cuHxpoHisawii sk pyxy, Tak i cun. Jlerko ysisutu, sk 6yae
3MiHIOBATUCS PIBHOAINHA TPBLOX CUI, NoKasaHa Ha puc. 6, SKLOo
X04 ofHa 3 cun Byae 3MmiH0BaTMCA 3@ BENUYMHOK abo Hanpsm-
koM, abo Hamuacrilwe 3a oboma napameTpamu. TOMy B TEXHILi
ANs BUKOHAHHS! poboTH, L0 BUMArae BENMKMX, a TOYHILe Benu-
Ye3HMX 3yCurb NPOCTO BUTOTOBMSIOTL EAMHIIA MEXaHI3M 3 OBHUM
abo pekinbkoma ABUryHamu, 34aTHUMU PO3BUHYTU HEOOXigHy
Ccuny, 3amicTb TOro, Wob cknagati cuny AeKinbkox MexaHiaMmis.
Hanpwknag, TpaHcnopTHui nitak An-225 «Mpisi» (puc. 8, a) Hag-
BEMNUKOI BAHTAXOMIANOMHOCTI (253,8 TOHH) € HalBINbLIMM Y CBITI
nitakom (1oBxuHa — 84 M, Bucota — 18 M, poamax kpuna — 88 m),
L0 37aTeH po3BMBaTU MakcumarbHy wemakictb 850 km/rog Ta
AanbHicTb nonboTy 15,400 kM. OCHOBHUM MPU3HAYEHHAM Bax-
KOro TPaHCMOPTHOTO fiTaka Oyno nepeBe3eHHs PisHUX KOMMOHeE-
HTIB paKeTU-HOCIs | KOCMiYHOTO kopabns Bif Micus BUPOBHMLTBA
Ta 36MpaHHs O Micus CcTapTy.
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Puc. 7. MexaHi3mu nepefiavi 3ycunb, siki BAKOPUCTOBYIOTLCS B TEXHIL: 1 — YepB'auHa; 2 — kapaaHHa; 3 — 3ybuacTa npsma; 4 — 3y6-
yacTa KyToBa; 5 — naHLoroea; 6 — pemiHHa; 7 — pukLinHa; 8 — Tpocosa

Ha pwuc. 8, 6 npepcraBneHnin HanbinNbLUWiA y CBITI 3a pos-
Mipamu (rabapuTHi posmipu 20,6x9,75%8,17 m; maca — 360 TOHH)
i BaHTaxonignomHicTio (450 ToH) kap'epHuin camockug BenAS-
75710, sikmin Mae CymapHy Bigaavy au3ensHux arperaris 4660 ki-
HCbKWX cun. TTpu LibOMY CamMOCKMz MOXE PO3BMBATU LUBUAKICTb
[0 64 km/rop.

et

Haibinblumm HaBaHTaxyBa4yeM Y CBiTi BW3HaHa 262-
TOHHa Mogenb LeTourneau L-2350 (puc. 8, B). MoTyxHicTb (2300
KIHCBKMX CWN) | po3mipy L€l MaLLMHK (SoBxuHa kopnycy — 20,3 M,
WwupunHa — 6,5 m, kiBw obesrom 40,5 M3 3a pa3 nigHiMae 75 TOHH
ripcekoi Mopoau, BucoTa niginomy — 13,7 M) BpaxatoTb. [pu
UbOMY HaBaHTaxyBay 30aTeH pO3BMBATW  WBMOKICTb [0
15 km/rog.

Puc. 8. Mpuknaan MexaHiamis, 30aTHUX PO3BUHYTW BENWKY 3@ 3HAYEHHSM CUIy

Llina niniiika gBuryHie, npeactaBneHnx Ha puc. 8, r, byna
po3pobneHa ans kopabnis. CyaHo MicTkicTto no 8-10 TMCAY TOHH,
LLIO pyXa€eTbCs 3@ paxyHOK poboTu eAUHOrO Takoro ABUIYHa, Cno-
KilHO po3BMBaE LIBMAKICTL NoHad 46 km/rod. [iametp uuniHapa
LibOro cyaHoBoro asuryHa — 0,96 M, Xig nopLuHs — 2,5 M, pobouuii
o0’em umniHgpa ausens — 1820 n, pobounit 06’em — 25480 n. Mo-
TYXHICTb LbOro AusenbHoro asuryHa pocsrae 108920 KiHCbKMX
cun. Len 14-unningposuid auryH Baxutb 2300 TOHH, Mae JoB-
XuHy 6nm3bko 26 M, a Bucoty — 13 m. OCHOBHUMM MaTepianamu

Ans oro OyAiBHMLTBA CTanm YaByH i CTanb.

BucHoBKU. HaBegeHi npuknagu nokasywTb, LWO B TEX-
HiLli BUKOPUCTOBYIOTb Pi3Hi BUAK cun. [insg posknagaHHs cun Bu-
KOPUCTOBYIOTb Pi3HOMO oAy KOpoBKyW 3MiHKU nepegay, MexaHiamu
nepejavi 3a 4ONOMOro PeMeHiB, NaHLIoriB TOLLO. Y TOM Xe Yac
B TeXHiLi NpoLec CknaaaHHs cun Bif pisHUX Jxepen icHye, ane
BUSBNSAETLCS BiNblU CKNAZHUM, OCKINbKM BUHUKAE HEOOXiAHICTb
YiTKOI CUHXPOHI3aLlii pyxy [xepen cun.
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Khursenko S.M., Sumy National Agrarian University (Ukraine)

Physics in technology: use of forces

Force is one of the fundamental concepts of mechanics. In physics, force is a vector quantity that is a measure of the effect on
a given body from other bodies or fields. In mechanics, force is a quantitative measure of the interaction of bodies, the cause of
deformations of bodies and the accelerations that are provided to them. The disputes surrounding the definition of force are still ongo-
ing. This is due to the difficulties of uniting in one definition of forces that are different in their nature and character. In technology,
forces are the driving forces that do some work. To carry out work, these forces must be transformed, changed their direction, decom-
posed into components or added to other forces. For the decomposition of forces, various kinds of gearboxes, transmission mecha-
nisms using belts, chains, and the like are used. To increase force or change its direction in technology, mechanisms are used that
make it easier for people to work. It is customary to distinguish eight simple mechanisms, among which there is an inclined plane, a
wedge, a screw, a lever, a gate, a block, a wheel and a piston. The source of force in technical devices, as a rule, is the engine. Today
there are a fairly large number of engines, which are usually classified according to the type of energy that drives this engine (steam,
electric, pneumatic, hydraulic or water, muscle, etc.) or according to the principle of operation (internal combustion, jet, etc.). When
doing any work, a situation often arises when the power of one engine is not enough to perform this work. In this case, it is sometimes
more expedient to manufacture a single mechanism with one or more engines capable of developing the required force, instead of
adding the force of several separate mechanisms, since in the latter case it becomes necessary to accurately synchronize the move-
ment of the sources of forces. This article may be needed by students of physics and engineering specialties when studying additional
material on physics, and will also be of interest to a wide range of readers interested in physics and technology.

Keywords: force, addition and decomposition of forces, a pair of forces, resultant forces, simple mechanisms.
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Beryn.

OgpHieto 3 dhyHAaMeHTanbHUX CKNafoBuMX 3aranbHoi bes-
Meku € ekonoriyHa Oeaneka, CyTb SIKOI nonsirae y popMyBaHHi
CMPUATAINBMX NMPUPOLHWUX YMOB ANS KUTTELIANBHOCTI MIOOUHN.
BaraTo MaLwwH i yctaTkyBaHHS CRif po3rnsaati sk mxepena ni-
ABULLEHOT Hebe3nekn Ana nogeit i HABKOMMLLHBOTO Cepeao-
BMLLA.

OujiHka 3axuLLeHOCTi CKnagHuX TexHiyHux cuctem (CTC)
BM3HAYaAETHCA iX 30ATHICTIO MPOTUCTOSATW BUHUKHEHHIO | PO3BUTKY
HECTPUATIIMBUX CUTYaLli B LUTATHUX i NO3aLITATHUX YMOBAX.
OUjHKY 3aXWLLEHOCTI CKMagHUX TEXHIYHUX CUCTEM i BUPOONEHHS
3aXMCHUX 3aX0[iB Npunagae 34iNCHIOBATW B yMOBaX BUCOKOTO pi-
BHSl HEBWU3HAYEHOCTi LIOA0 IHTEHCUBHOCTI eKcrnyaTaLiitHuxX Ha-
BaHTaXXEHb i 30BHILLHIX BNAMBIB HA CUCTEMY, @ TaKOX HECy4oi
34aTHOCTI BignoeiganbHux enemenTiB CTC Ha pisHux eTanax Lu-
kny ekcnnyatauii. [xepenom HeBU3Ha4YEHOCTi €: NpUpoaHa Bapi-
aTUBHICTb NapameTpiB CUCTEMM i 30BHILLHLOMO cepeaoBuiLa, 00-
MEXKEHICTb 3HaHb Mpo 3B'A3kKM Mix enemenTamu CTC, mix nogi-
SMU | NpoLiecamu, B HUX NPOTIKaKOTh; HETOUHICTb HAsIBHUX CTaTy-
CTUYHUX AaHUX Ta ICHYKUYMX OLIHOK;

[Onsa YkpaiHu cuTyauis ycKnagHeTbes TiM, wo 6inb-
wicTb 3aBoAis 6yno 36ynosaHo 40 Ta 6inbLue pokis Tomy. A Le
03Hayvae, Lo cTapitoTb BCi pabpukm | 3aBoau, ix KoMyHikalii. Be-
NMKa YaCTUHA OCHOBHUX BUPOBHMUNX (hOHAIB B YkpaiHi B JaHWi
yac (hisan4HO 3HOLIEHA i MOparibHO 3acTapina, CTYniHb iX 3HOCY B
okpemux rany3asx nepesuuye 80%, a piBeHb OHOBMEHHS 3HaX0-
putbes B Mexax 0,4...9% [1]. Llieto 06CTaBnHOI0 MOSICHIOETLCS
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mexHiyHull cepsic, MOOEPHI3auis, NOKpUMMS, NIOWUNHUK, ywinb-

BUMPOBHUYMIA TPAaBMATHU3M | BUCOKMIA PiBEHb NPOECINHUX 3aXBO-
ptoBaHb.

Y NOpIBHSIHHI 3 HEHAAINHUM CTAHOBMLLEM B TPaAMLiNHiNA
eHepreTuLi Yepes aediynT opraHiyHoro nanmea, ¢isn4Horo i Mo-
panbHOro cTapiHHs obragHaHHs TennoBMX eNekTPOCTaHLin, Ye-
pe3 LWKIANMBIIA iX BNIUB HA HABKOMULLHE CepeaoBuLLe, saepHa
eHepreTuka npautoe 4oCUTb CTabinbHO | NpY 4OTPUMAHHI BCiX 3a-
xofiB 6e3neku € HalbinbLL eKOMOriYHO YACTUM IKEPENIOM EHep-
rii. HeaBaxatouu Ha BiGHOCHO BMCOKY HaginHicTb AEC ix obnag-
HaHHs TakoX noTpebye mopepHisaLii. KoHuenuis niguLLeHHs
Beanekw pitounx eHeprobOKiB aTOMHIX enekTpoCcTaHLji (aani -
KoHuenuisi) [2] € OCHOBOMONOXHUM BOKYMEHTOM ANs NPOAOB-
XEHHs peanisalii 3axogis, nepegbaveHnx «KomnnekcHo npo-
rpamMot0 MoaepHisalii Ta nigBuieHHs Gesneku eHeprobnokis
aTOMHUX €MEeKTPOCTaHLiy». B NpOAOBXEHHs NnaHyBaHHA nicns
2010 poky AN HAEK "Eneproatom” y 2010 pouj po3pobus "Kom-
NNeKkcHy nporpamy nigsuileHHs 6esneku eHeprobnokis AEC Yk-
paiHm", B ki HeobXigHI 3axo4u BIGCOPTOBAHI MO iX NPIOPUTETHO-
cTi [3].

Mpouecn yHkuioHysaHHs CTC Ta npouecu 3abesne-
YeHHs ix Besneku GaraTo B YOMy MPWUHLMNOBO BiOPI3HAOTHCA.
MepLui opieHTOBaHI Ha [OCATHEHHS FOMOBHOI, BUPODHNYOT MeTH
CKMagHOI TEXHIYHOI cucTeMu, TOMY M NPUAINAETLCA OCHOBHA
yBara Ha BCiX CTagisX XuUTTeBOro Lykny. [lpyri BU3Ha4arTbCs, Ha
Xarnb, JOCUTb YacTo K APYropsiaHi 3Baxatoun NOMWUNKOBOI Ay-
MKW, LIO OCHOBHI npobnemu npaues3faTHOCTI i HafiHocTi, a,
oTxe, i 6e3nekn CTC BupileHi Ha eTanax po3pobku, JOBEAEHHS,
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BUNPOBYBaHb, JOONPALI0BaHHS.

Tomy Baxnueoto € npobnema 6e3neku Npu HOpManbHii
ekcnnyarauii. beagisnbHictb 6yab-sakoi CTC MoxHa posrnsaaTi
SIK CKITagHy cucTemy (nogis), ika Mae NpoCcTOPOBY | YacoBy xapa-
KTepucTuKy, To6TO BiAOyBa€ETHCA B NEBHUIA Yac i B 0OMEXEHOMY
NpOCTOpI, | CKNAAaeTbes 3 psdy OKPEMMX EneMeHTIB BUPOOHHU-
4Oro LIMKIY, LU0 3HAXOAATLCS B MPUYMHHO-HACNIAKOBKX 3B'A3KAX,
SIKi B LIiNOMY CKMafaloTb CUCTEMY TUNY «MIOAWHA-MaLLMHA-Cepe-
A0BULLEY. IMOBIPHICTL BUHUKHEHHS TaKUX BiLMOB NOBWHHA OyTM
3HWKEHA A0 MiHIMYMY 32 JOMOMOrOK TEXHIYHKX | OpraHisaLiHmnx
3axopis.

[ns uboro HeobxigHo 3abe3neunTi CUCTEMHY Y3romxe-
HICTb OLLHIOBAHHS | KOPUryBaHHA npauesgaTHocTi i 6esnekn B
npoueci dyHKUioHyBaHHs CTC. Tomy BaXnuBO BCTAHOBUTY
BM/MB KOXHOTO 3 ii €NeMeHTIB Ha 3abe3neyeHHst HeobXiaHoro pi-
BHs Ge3nekn. OQHUM 3 Takux eneMeHTiB, skuil Bumarae Bcebiy-
HOrO AOCMIZKEHHS Ta BUBYEHHS, € OpraHisaLlis BUpoGHM4Ooro Te-
XHIYHOrO CepBicy.

AHani3 ocTaHHix gocnimkeHb i my6nikauin

Y nitepatypi LOCUTb JOKNALHO JOCTILKY0TbCS 0cobnu-
BOCTi Ta BNACTUBOCTi TEXHIYHUX CUCTEM, LLIO NPU3BOAATL A0 NPO-
Bnem npu B3aeMogii 3 HaBKONMLWHIM cepepoBuLem. 1o HuX Big-
HOCATbCS OPIBHI BigMOBY, SIKi MOXYTb B pe3ynbTaTi IPOBOKyBaTH
3HaYHi Hacnigku; HakoMMYeHHs MPUXOBAHUX YLIKOMKEHb, CTa-
PiHHSA MaTepianiB, BTOMHi AUHaMiYHi NPOLLECH B KOHCTPYKLSX, LLO
NPU3BOAATb A0 Pi3KMX AKICHWX 3MiH; CrinbHa Ais pisHWX hakTopis
B 3aMEXHOCTI Bif iX NOEAHAHHS | NOCNiZOBHOCTI BMMBY, LLO B pe-
3ynbTaTi BUKNWKaE pisHi HacnigKku; iHAMBIAYyanbHi BigMIHHOCTI Ha-
BiTb OAHOTUMHNX TEXHIYHUX CUCTEM B CUITy «BiKy» i 0cOBnMBOC-
Telt ekcnnyatauii fo Aii dakTopis cepenoBuLLa, TOR YK iHLLIMIA
BMMMB, «3HaNLLNo» ypasnuea naxka 8 CTC, Lo Moxe Npu3BecTy
[0 NaHLoroBoi peakLii BigmoB i T.4.) [4 - 6] .

3 ypaxyBaHHSIM TOr0, L0 HEMOXITMBO CTBOPUTK abconto-
THO OesnevHi TexHonorii i 3abe3neuntn abcontoTHy Oeaneky,
0YeBUaHO, Cif NparHyTh 40 AOCSrHEHHS TAaKoro PiBHS PU3UKY, 3
SKUM CYCNiNbCTBO B AaHW Nepiof Yacy Moxe norogurucs. Mpu-
VHATHUIA pU3MK NOESHYE B COBI TEXHIUHI, EKOMOMiYHI, CoLjianbHi
acnekTu i NpeacTaBnsie NEBHUIA KOMMPOMIC MK NPUAHSTHUM piB-
HeM 0e3neku i eKOHOMIYHUMU MOXTMBOCTAMU AOTO AOCATHEHHS
[7.

lMpoBeaeHuin aHania nitepaTypHUX MXepen nokasas, Lo
OCHOBHa yBara B HayKOBWX poboTax NpuaiNseTbCs MMTaHHAM OLli-
HKM PU3NKY Npu peanisauii BnacHe NpoLECiB XUTTEBOTO LMKIY.
Cnip 3ayBaXWTW, WO MUTAHHSI OL{IHKW PU3LKIB, SIKi BUHWKAIOTb NPH
po3pobuji, BNpoBamkeHHi Ta/abo MoAepHi3aLii TEXHONOrYHOro
00najiHaHHS Ta 10ro eNeMeHTIB BUCBITMIOETHCS IBHO B HE0CTa-
THEOMY 06¢3i. Lie X BigHOCUTBLCS | 40 aHani3y iCHYKYOro TeXHO-
NOriYHOro PiBHA B AaHil rany3i NPOMUCIIOBOCTI.

B [8] 3a3Hava€eTbCs, WO HAMEHLU BUBYEHUM € MUTAHHS
thopmyBaHHS ekonoriYHoi Hebesneku Ta ynpaeniHHs Ge3nekoko B
YMOBaX MOCTIHO [it04Or0 TEXHOMOMYHOrO HaBaHTaXEHHS, ska
He HOCWTb ICKPaBO BUPAXEHOTO eKCTPEManbHOro xapaktepy. B
[9] npsamo BKkasyeTbCs, WO MeTa nofanbLliMX AOChigXeHb no-
BWHHA CKNafaTucs B OLHLi CTYNEHs BNIUBY KOHKPETHWX BAcTU-
BOCTeWN NIOANHO-MALLMHHOT CUCTEMM HA YMOBM NOSIBY | BENUYNHY
TEXHOTEHHOTO PU3NKY, LU0, B NMEPLUY Yepry, BigHOCUTLCS [0 Bna-
CTUBOCTEN TEXHIYHMX CUCTEM.

MTaHHI0 AOCAIMKEHHS BNNMBY BUPOBHMYOTO TEXHIYHOTO
CepBicy Ha piBeHb eKONOMYHOI i TeXHOreHHOI Deanekn B AaHuil
yac HanexHoi yBaru He NpuAINsSeETLCS.
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MeToto poboTH € JOCTiZXEeHHS B3aEMOBMMNUBY TEXHO-
reHHO-eKonorivyHoi 6e3nekn Ta TEXHIYHOrO CepBiCy Ans po3pobku
LUNSXiB KOMMIEKCHOTO 3aXUCTY NMIOANHU | HABKONMULHLOTO cepe-
[0BULLA.

Buknap ocHOBHOro mMatepiany fochnifKeHb.

YXBaneHHs KOHLENLji cTanoro po3suUTKy Ik OCHOBM ep-
XaBHOI NONITUKM CBiAYUTL NPO HEODXIAHICTb KOMMNEKCHOMO PO3-
rnsgy eKonoriYHnx Npobrem B CUCTEMI «ITIOAMHA-MaLUMHa-Cepe-
LOBULLEY.

Baxnuea pornb npu BUPILLEHHI WX NUTaHb NOBWHHA Bid-
BOAMTMCS OpraHi3aLlii BUpoGHNYOro TEXHIYHOTO CEepBICY.

[pamMOTHO CcnnaHoBaHUii CepBiC [O3BONSE 3HW3UTU pi-
BEHb BUPOOHNYOr0 TEXHIYHOTO PU3MKY i NIABULLMTY €GHEKTUBHICTL
BMPOBHMLITBA SIK 32 paxyHOK CTBOPEHHS CIPUSITIIMBIX YMOB TpY-
[OBOro npouecy, Tak i NiaBULLEHHS NPOAYKTMBHOCTI npaui. Tex-
HIYHWA cepBiC NoBuHeH 3abesnevysaTi Tpueanmy 6e3BiAMOBHY
pobOTY TEXHIYHWX CUCTEM MPOTArOM BCiX Nepiodis ekcnnyaraLwi.
BiH HeobxigHwit Ha BCix CTapisx BUPOBGHUYOTO LKy,

[o ocHOBHUX 3axofiB cnif BiOHECTU KOPUryBaHHS CUC-
TEMW TEXHIYHOrO OOCNYroByBaHHS, NEPIOAMYHMIA KOHTPOMb 3a
CTaHoMm o6'ekTa i BU3Ha4eHHsI 3acobamm TEXHIYHOTO AiarHoCTy-
BaHHSI 3aNMLLIKOBOrO PECypCy i NepeaBiAMOBHOrO CTaHy, BNpoBa-
[PKEHHS Cy4aCHOI TEXHOMONiT PEMOHTY 3 MOXMMBICTIO OAHOYaC-
HOrO 3AiNCHEHHS MoAepHi3aLii, aHani3 NPUYMH BiAMOB i OpraHisa-
L{ist 3BOPOTHOTO 3B'A3KY 3 PO3pOOHMKaMu | BUPOBHMKamM.

[o iHHOBaLji B cipepi TexHiyHoro cepsicy [10] BigHOCATL
CTBOPEHHS! CrieLjianbHOro TEXHOMOTIYHOrO YCTaTKyBaHHS, Lo A0-
3BONIsiE onNTMMI3yBaTu nepebir npouecis. Taka MoaepHisaLjis 3a-
Besneyye noninwweHHs BracTueocTen 06'ekTa B KOPCTKMX yMO-
BaX iCHYK4Oi KOHCTPYKLi. BoHa HeobxigHa, Tak sik LUBWAKE OHO-
BMNEHHS NapkKy Ait040ro 06nagHaHHs B CMY eKOHOMIYHUX MPUYKH,
Lo cknanues B YkpaiHi, HeMoxnneo. HeobXigHO Takox BiasHa-
UNTW, WO 3a OCTaHHI POKW CTBOPEHI HOBi pO3pobKM i TeXHONOTii,
SKi MOXYTb LO3BOMUTY ICTOTHO NIABMULLMTW €PEKTUBHICTb TEXHO-
noriyHoro obnagHaHHs. Mpu LIbOMY BOHW He BUMaraioTb Cepiros-
HWX KaniTanbHWUX BUTPAT NpU BNPOBAZXXEHHi Ta BEMUKUX 3MiH KOH-
CTpyKuUii. Lli 3MiHKM LinkoM MOXHa NpOBECTW Npu NNaHOBOMY pe-
MOHTI YCTaTKyBaHHS, OAHOYACHO 34INCHUBLLM i MOr0 MOAEpHi3a-
Lito.

[MO3NTUBHOK PUCOID MOZEpHi3aLii 3 BNPOBaMKEHHAM
OCTaHHIX TEXHIYHUX [OCArHEHb € aBTOMaTWYHa ix anpobalis B
BaXKMX eKcrnyaTauiiHux ymoBax, Lo B ManbyTHbOMYy [03BO-
NWTb 3aKnagaTit BUCOKOEMEKTMBHI HAYKOMICTKi TEXHOMOri B Ce-
PiitHi 3pa3Kk1 HOBOT TEXHIKM.

MogepHisaLiiiHui nigxig mae i psg iHWMX nepesar, 0CHO-
BHUM 3 SKWX €:

- MOXJIMBICTb NOETAMHOrO BNPOBAMKEHHS HOBUX TEXHIY-
HWX pILUEHb i YIOCKOHANEHb B KOHCTPYKLLitO TEXHOMOMYHOMO 00-
NafHaHHs;

- MOXIMBICTb BNPOBAKEHHS HOBUX TEXHOMOTYHUX pi-
LUEHb, LU0 NiABULLYIOTb PiBEHb TEXHOTEHHO-EKOMOTIYHOI Be3neku
npu pemMoHTax obnagHaHHs, Lo 6yno B ekcnnyaTadii.

lMpoaHanisyemo OfHYy 3 Takux MOAepHi3aLlii, NoB's3aHy 3
BMPOBaKEHHAM MarHiTOPIAUHHI repMeTU3UPYIOLLNX KOMMIEKCIB
(MKTK) Ha enekTpoasuryHu cepii BACO, BACB, ACBO, siki Bu-
KOPUCTOBYHOTLCS B SIKOCTi MPUBOZY BEHTUASTOPHWX PAANPEHD |
anapartis NOBITPSAHOrO OXONOMKEHHS.

[ins BU3HAYeHHS XapakTepy i NPUYMH BigMOB €NeKTpoa-
BuryHis BACO 6yno npoBefeHO CUCTEMHE BUBYEHHS YMOB €KC-
nnyaTawii 3Ha4HOT KifbKOCTi ABUIYHIB B Pi3HUX rany3sx npomMuc-
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nosocTi. Mpn JocnimkeHHi ekcnnyaTaLiiHoi HagiHoCTi 3a ne-
piog 3 1992 no 2020 pik Bynu po3rnsHyTi aCUHXPOHHI enekTpos-
BUryHu (ALl) K 3 TpaguuUinHUMK yLinbHeHHsMK, Tak i 3 MXKTK.
[aHi npo BigmoBw 6ynu 3ibpaHi B €NeKTPOPEMOHTHUX Liexax XiMi-
yHMx nignpuemcTs CeBepomoHeubka, Mopnisku, Opecu, Yepeno-
BUA, [poaHo, AnManuk i T.4 .; HadTonepepobHMX nignpremcTeax
Nuenyarceka, Kpemenuyka, Atupay, Kupuwein, Tobonbcbka,
Omcbka i T.4 .; @ TaKoX Ha rasonepekadyBanbHUX cTaHLisx B [lo-
nuHi i TromeHi. Beboro 6yno 3ibpaHo Ta onpalb0oBaHO CTaTUCTy-
YHWIn MaTepian npo 6inbL Hix 4000 BUALLNK 3 Nagy eNeKTpoaBK-
ryHiB BACO. AHania cTaTUCTUYHOrO MaTepiany npoBOAMBCA 3 BU-
KOPUCTaHHAM MeTOAiB MaTeMaTtuyHoi ctatucTuky [11]. daxi npo
BENWYMHN CepeaHbOMICAYHOI BiAHOCHOT BOMOrOCTi, TeMnepatypu
MOBITPS, TPMUBANOCTI BUNAdaHHA pocu i T.0. Gpanucs 3 apxiBiB
METEOCTaHLil, BIOKPUTUIA BOCTYN [0 SAKUX € B iHTEPHETI.

Ha nigcTasi aHanisy cTaTUCTUYHUX JaHUX NPO NPUYMHM
nepegyacHoro BUXOLy eNeKTPOLABUIYHIB 3 Nady BULINEHi B AKOCTI
«cnabkux NaHOK» HaCTYMHi eNeMEHTW KOHCTPYKLi eneKkTpoaBu-
ryHa BACO: nigLUMnHNKOBUIA BY30N - NOLIKOKEHHS CKIadatoTb
73%, obmoTka cTatopa - 24%, poTop - 3% Big 3aranbHoro yucna
BinmoB AT (Bubipka micTuna AT Tifbku i3 3aCTOCYBaHHAM Tpaay-
LiAHUX ywinbHeHb). [Hwi nowkomkeHHs AT Bynu B iHTepBanax
noxubkm i TOMy fani He po3rnsganmcs.

Ha puc. 1 npeacraeneHi giarpama xapaktepy MOLLKO-
[keHb enektpoasuryHis BACO Ha ximMiuHux i HacpTonepepobHux

Kinbkictb
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3aBogax Ykpainu i cepemHboi emyru Pocii, 3a nepiog 2000 - 2005
pp. (TaK AK B Lji POKM KiNbKICTb €NEKTPOABUIYHIB, LLO ekcnnyary-
toTbes, Oyno makcumansHum). Li aaHi fobpe kopeniokTbes 3 pe-
3ynbTatamu, HaBegeHumm B [12], ae 80% BigMoB nos's3aHi 3
YLUKOZKEHHAMM NigwmnHukiB, 16% - 3 0bmoTkoto cTatopa i 4% -
3 POTOPOM, @ TAKOX 3 JaHUMM, LLIO 0BroBOPIOBANMCS Ha NEPLIOMY
CeMiHapi 3 NPOeKTyBaHHS, YNpaBniHHA Ta 4iarHOCTUKW eNekTpuy-
Hux mawmH WEMDCD'2013, ne nOLKOMKEHHS RNiAWUNHUKIB
cknanu 69%, obmotok cratopa - 21%, potopa - 7% i NoLKo-
[PKEHHS., NOB'A3aHi 3 crnonyyHuMu Mydptamm BeHTunsTopa - 3%
[13].

[ani 6yB npoBeaeHui CTaTUCTUYHUIA aHani3 BiGMOB ene-
ktpoaeuryHiB BACO Ha 3aBopax, Ae Bxe TpuBanui vac Bce AT
ykomnnekroeari MXKI. Ha ioro nigcrasi 6ys 3pobrnexuii BucHo-
BOK, LU0 MiALUMMHAKOBUIA BY30N BXE HE € OCHOBHOK MPUYMHOID
nepeayacHoro BUXOAY eneKTPOABUIyHiB 3 nagdy. Lie gobpe intoc-
TPYETLCS PUC.2, A6 HABEAEHI NMPUYMHM BUXOZY 3 Nafy enexkTpoa-
BUryHiB 3a AaHumu ekcnnyatauii MAT «YkptatHadtay (M.Kpe-
MeHuyK) 3a 1994 - 1998 pp. (KomnnekTawis LWTaTHAMK yLUinbHEH-
Hamu) i 3a 2011 - 2016 pp. (KomnnekTauis MXT).

«Bysbkum micuem» npu exkcnnyatauii BACO crana iso-
nauis 06MoTkmM cTatopa. 3 L€l NpUYMHM Nepea4acHo BUIALLIIO 3
nagy 61% AT, no nigwmnHukoBoMy By3ny Gyno 3adikcoBaHo
36% BigMOB i 3 iHLWMX Npu4mH - 3% BigMoB [14].
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Puc. 1. liarpama xapakTepy nowkomkeHb enektpogauryHisa BACO Ha ximiuHux i HadTonepepobHux 3aBogax Ykpaitu i cepeaHboi
cmyru Pocii 3a n'atb pokis.
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Puc. 2. fliarpama xapakTepy nowkomxeHb enektpoasuryHia cepii BACO Ha IMAT «YkpTatHadptay (M.KpemeHYyk) 3i TaTHAMK yLi-
NbHeHHaMK (1994 - 1998 pp.) | MXKT (2012 - 2016 pp.).
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AHani3 [focBify MoAepHisaLji LUASXOM 3aCTOCYBaHHS
MXTK nokasye, L0 nepLuopsaHi 3arpoan 3a MacliTabamm i Tsx-
KOCTi HacniakiB Big4yBaloTb Taki 6a30Bi BMACTUBOCTi CUCTEMM, 5K
3AaTHICTb 4O CaMOPO3BMTKY i 34aTHICTb MPOTUCTOATM fecTabini-
3YH04MM YMHHUKaM. TOMY B SKOCTI KpUTEPItO OLHKM PiBHS TEXHO-
reHHO-eKonorivyHoi Besnekn HeobXigHO BKMKYATM KpUTepil, Lo
XapakTepu3ytoTb 6a30Bi BNaCTUBOCTI CUCTEMM.

TexHiuHi cnyx6m nignpuemcTs abcomtoTHO 0BIPYHTOBAHO
NpUAINSOTb NOCTINHY yBary po3BUTKY CUCTEM AiarHOCTUKK i MO-
HITOPUHIY, BOOCKOHANEHHS METOAIB | NiABULLEHHIO SKOCTI TEXHIY-
Horo obcnyroByBaHHs obnagHanHsa. OfHak cnig 3a3HaunTy, Lo
cTBOPUTK abContTHO 6€e3BIAMOBHY | FPaHUYHO [LOBrOBIYHY Ma-
LUMHY HEMOXIIMBO, TaK SiK MPOTArOM BCbOrO JXUTTEBOO LIMKITY Ha
HET BNMBaIOTb Pi3Hi YUHHMKKM, 3MiHIOKOYM BNIACTUBOCTI AeTanen i,
K HACTIZOK, 3HWXKY0U TT HAaAiHICTb. Ba3oBuit piBeHb HAAIMHOCTI
arperaty 3aknafeHui B 10ro KOHCTPYKLT i NOCTINHO 3HWKYETLCS
B npoueci exkcnnyatauii. MogepHisauisa € onTuManbHUM pilleH-
HAM npobrnem, NoB'A3aHNX 3 NiABWLLEHHAM NPOAYKTMBHOCTI Ta
€KOHOMIYHOCTi AMHaMiYHOro 0bnagHaHHs NPy BiJHOCHO HeBEMNK-
KX BUTpaTax i NOBMHHA 3a6e3neynTi MOMINLIEHHS CIOKUBYNX
BMaCcTUBOCTEN arperaTy B XOPCTKUX paMKax iCHYKUOi KOHCTPYK-
uii. Mepw 3a Bce noTpibHO N036aBNTM 3aMOBHMKA Big Npobnem,
O MaloTb MiCLe MpW eKcnnyaTauii arperaty, MiHiMi3yBaTh BCi
HaBaHTaXeHHs, BTpaTW i BUTPaTW, BUKOPUCTOBYBATU OTPUMAHI

pesepBu 47151 GinbLU SKICHOTO BUKOHAHHSI OCHOBHUX BUPOOHMYNX
CpyHKLR.

[HWKUM NPVUKNaZoOM MoZepHi3aLlii Moxe NOCNYXWUTW aHa-
ni3 pobotu nignpuemctea TOB «TPI3» M Cymu, sike npoTsrom
GaraTbox pokiB TICHO CRiBMPaLIOE 3 HU3KOKW HaNbINbLIMX nianpw-
€MCTB XiMi4HOI, Ha(hTOBOI | ra30BOi MPOMMCIIOBOCTI B 0BracTi Mo-
JepHisaLji, peMOHTY, 4iarHOCTUKWN Ta PEKOHCTPYKUIT BigLEeHTpO-
BOrO KOMMPECOPHOrO Ta HACOCHOTO 0BNagHaHHs.

PesynbtaTom [0BroniTHLOr0 cniBpobiTHULITBA i B3aEMO-
PO3yMIHHS € MOAEpHi3aLlis NoHaz CTO MO3MLiA KOMMPECOPHOrO
ycTaTkyBaHHs, SKe YCMILUHO eKCyaTyeTbCs Ha PisHMX nignpu-
emcTBax. [pn LbOMY MiXPEMOHTHWUIA pecypc arperatiB abo Mo-
[epHi30BaHUX By3niB B cepeaHboMy 36inblueHo B 2-3 pasu. Y
psdi BUNaaKie BigHOBNEHa npaue3naTHicTb obnagHaHHS, peanb-
HWI pecypc skoro By 6nn3bkuin 4O HYNs. Ha 3amMoBnEHHs nian-
PWUEMCTB BWUKOHAHO MOZEpHI3aLilo psgy KOMMPecopi, a TakoxX
PEKOHCTPYKLS iX OKPEMUX CUCTEM i BY3niB. Y npoueci MoaepHi-
3allii BupiwyBanucst npobnemu, NoB's3aHi 3i 36iNbLWEHHAM Tep-
MiHy cnyx6u MaLuuH, ki 6e3nocepeHbO 3anexuTb Big nNigeu-
LLIEHHS1 3HOCOCTIMKOCTI | HaAiMHOCTI By3niB TepTs. [ns nap TepTs
Hanbinblue 3acToCyBaHHS 3HaMLLNM 6abiToBi NiALUMNHMKM KOB-
3aHHs (MK) y skux 6abiToBi NOKPUTTS MOXE HAHOCUTUCA K Ha
KpmBOniHiiHi (puc. 3, a, 6), Tak i Ha nnocki noBepxHi (puc.3, B) [15,
16].

Puc. 3. KoHctpykTueHi enemeHT K 3 6abiToBUX NOKPUTTAM: @ - 30BHILUHS MOBEPXHS OMOPHUX NanbLyis 3yb4acTux konic, 6 - BHyTpi-
LWHSA noBepxHs Bknaguwis onopHux MK, B - nnacka nosepxHs Hanonernueoi MK.

3HauHol0 Mipoto HaginHicTb MK, npu iHWKX piBHUX yMO-
Bax, 3aNexuTb Bif SKOCTi AOr0 BUTOTOBMEHHS, @ TAaKOX MpoBe-
BEHHS MOHTaXHWUX | PEMOHTHUX POBIT, BUKOHAHHS BCiX BUMOT
KOHCTPYKTOPCbKOI Ta TEXHONOMYHOI AOKymeHTaLii. [Mpu Burotos-
NEeHHi KopnyciB i Bknaauwis nigwmnHukis (BM), a Takox nigwwn-
HWKOBWX LLUMIOK (Lianch) poTopiB KOMMPeCOpIB i HACOCIB 3aBXau €
BiOXMMNEHHs Bif 1X igeanbHoi reoMeTpuyHoi dopmu, siki HasuBa-
toTbcsi noxubkamu. [1oAaTKoBi HETOYHOCTI MPUBHOCATLCA MY
YCTaHOBLi poTopa. HakonnyeHHs noxmubok 3Ha4HO 3HWXKYE pea-
NbHY NNOLLY KOHTaKTy Landwm i B, Wo € npuunHo nepeHanpy-
KEHHS aHTUEPUKLIIOHOTO Lapy, 0cobnuBo B nepiof npunpaLo-
BaHHs1. KpiM Toro, B MicLisiX He3a0BINbHOrO NpUnsraHHs, Nosep-
XHi BKnaguLLa i «nixko» MOXYTb NifAaBaTUCS LWiNUHHUIA | peT-
TUHT KOPO3ii.

HepocTaTHS XOPCTKICTb Basia MOXe CTaT MPUYNHOLD ne-
pekociB Land LWoao NigWmUnHUKIB i KOHLEHTPaLi HaBaHTaXEHHS!
Yy KpaiB. Pe3ynbTaToM MigBMLLEHOTO KepamiyHOro TUCKYy MOXeE
ByTn yTBOPEHHS TPILLMH aB0 NNACTUYHWI 3CYB M'SKOrO CnnaBy.

lMoneriweHHs yMOB NpunpauioBaHHs i NOMINWEHHS pe-
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Xumy poboTu B nicnsnpupaLtoBanbHui nepiog MoxHa 3abesne-
4nTW 3@ paxyHok 3binblueHHs nigaatnueocti BIM i Ginbw wink-
HOrO MPUNAraHHs 40 «JTKKa», LWASXOM HAaHECEHHS Ha oaHy abo
00MaBi KOHTaKTYOui MOBEPXHI METOAOM ENEKTPOICKPOBOrO nery-
BaHHs1 (EINT) M'skux meTanis (nosuuii 9i 10, puc. 4), sik npasuro,
Migi abo onosa. M'akuit meTan, 4eopmyrounch Nig BNIUBOM BU-
COKWX NMUTOMMX HaBaHTaXeHb, 3a6e3neynTb CaMOBCTAHOBEHHS
BI, komneHcytoumn noxubkw surotosnenHs MK [17].

®opMyBaHHS AKICHOTO MOBEPXHEBOrO LUAPY B 3HAYHIN
Mipi 3anexwuTb Bif MILHOCTI 34enneHHs aHTUPUKLiiHoro 6abi-
TOBI LWAPY 3i CTanesol Nigknagkol. Tak, MPUYMHOK BUXOZY 3
nagy MK moxe cnyxuTtu HesikicHe 3annBaHHs 6abiTy, ske nposie-
nseTbCs B BiglWapyBaHHi 6abiToBOO Lapy, BUKPULLYBAHHS OKpe-
MUX JiNSIHOK, pYHYBaHHI B NpoLieci ekcnnyatadii.

MpuumnHoto Buxody 3 nagy MK wHa cragii ekcnnyatauii e
BMIMB Pi3HUX BWAIB 3HOCY: KaBiTaLlis, abpasnBHUA 3HOC, 3HOLLY-
BaHHS1 BHACMiAOK NNaCTU4HOI fedhopmallii, yTOMIIOBAHE 3HOLLY-
BaHHSI Ta iH., @ TAKOX BMIMB HABKOULLIHBOTO CEPeaoBMLLA.
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Puc. 4. Cxema HaHeCeHHsl eneKkTpoiCKpoBMX NOKPUTTIB Ha enemeHTm MK: a - TpaguuiitHa i 6 - pipmm «TPI3»: 1 - Ban poTopa; 2 -
npupaLioBanbHe NOKpUTTA 3 Mifdi abo onosa Ha Landi Bany; 3 - npunpaLtoBanbHe NOKpUTTA 3 iHAilo abo onosa Ha nosepxHi 6abiTy;
4 - ap 6abity; 5 - nyaiHHs onoBom; 6 - nepexigHuiA Wap 3 migi; 7 - pobova piguHa (onumea); 8 - Bknaguw 1K; 9, 10 - M'ake, aHTU-

PYIKLiHE NOKPUTTS 3 Mifi a60 onoBa Ha noBepxHi Bknaauwa (8) i (abo) kopnycy (10) MK; 11 - kopnyc MK.

[MPUCKOPEHHS 3HOLLYBAHHS | PO3BUTKY MOLLKOXEHb MO-
BEPXOHb TEPTS B NOCNANPUNPaLIOBanbHUIA NEPIOA, 3aNexuTb Bif
HasIBHOCTi Ha NOBEPXHi TEPTS HEBUMPABHUX MIKPO-, @ iHOZj | Mak-
POYLUKOZXeHb, WO YTBOPUNUCS B NpoLeci npunpaLtoBarHs. [lo
TaKWUX NOLLKOMKEHb BiHOCATLCA NOKANbHi PYMHYBAHHS CTPYKTY-
PHWUX CKNagoBMX B pe3ynbTaTi nepeBaHTaxeHb. Y MeTani B
LbOMY BUMAAKYy PO3BMBAIOTHCA MOLLKOMKEHHS BHACAIAOK Mano-
LMKIOBOI BTOMM, MPUYOMY BPaxaroTbCsa HalbinbLu cnabki CTpyk-
TYpHi Cknagosi. Tak, NPW BUKOPUCTaHHI B TOHKOLLAPOBKX MiALIM-
nHukax 6abity b83, B kybiuHux kpucTanax SnSb yTeoprotTLCS
MIKPOTPILLMHMU, SIKi 3rofOM CTaloTb OCepeaKammn po3BUTKY TPILLMH
BX€ MO TOBLLUMHI BCboro Lwapy [18].

[ns npunpautoBaHHst 6a6iTOBNX NiALMMHUKIB KOB3aHHS!
3anponoHoBaHo cnocib, skuit nonsrae B EIN nosepxHi 6abity 583
iHZiem i 0rioBOM, L0 [03BONSE CCHOPMYBATU MOBEPXHEBUIA LIAP
TOBLMHOM BignosigHO Ao 130 i 100 Mkm, MIKpPOTBEPAICTL AKOrO
HKYe MIKpOTBEPAOCTI OCHOBY. MMpoBeaeHWA MeTanorpadiyHuii
aHania nokasas, L0 B CTPYKTYpi cchopMOBaHOro Liapy TBeppi
BKMIOYEHHS BiACYTHi, TOMY TaKi MOKPUTTS MOXYTb MOMINLWKTY
yMoBYU npunpaviosanqHs Bl [19].

HacTynHumm JOCRimKeHHSIMN BCTAHOBNEHO, WO BinbLu
TEXHOMOTYHO 3axMCTUTK MOBepxHIO 6abiToBi Wwapy Big PyiHY-
BaHHS MOXHa LLMNSAXOM HaHECEHHS MPUNPaLIOBaNbLHOMO NOKPUTTS
Ha Uandy Bana [20].

B [21] 3anponoHoBaHO HOBUIA cnocio 06pobKy BKNaauLLiB
MgWWNHYKIB, WO MigBMLLYE MILHICTb 34venneHHs 6abiToBoro
Lapy 3i CTaneBowo NiKNagKow 3a paxyHOK hOpMyBaHHS METO-
pom EINT npomixHoro wapy 3 migi. Cnocib moxe 3actocoBysa-
Tues sk ana MK, Tak i 4ng nnasalymx yulinbHeHb, ONOpHUX na-
NbLliB NNaHETapHUX MyNbTUMNIKATOPIB Ta iH.

B [22] HaBepeHi NOPIBHANBHI pe3ynbTaTh SIKICHUX Xapak-
TEPUCTUK aHTUPUKLiHMX 6abiToBMX WapiB, chopMOBaHUX Tpa-
OMLIRHOK TexHonorieto, i 3 migwapom Migi. BunpobyeaHHs Ha
ctuck no FOCT ICO 4386-2-99 nokasanu, WO 3aCTOCyBaHHS ne-
pexigHuX Lapis 3 Migi, copmoBaHux MeTogom ElJ1 B 3axucHomy
cepenoBuLLi (aproH), nigsuLLye MiLHICTb 3'egHaHHs Gabitosoro
Lwapy 3 nigknagkoro Ha 35% B NOPIBHSIHHI 3 TPAAMLINHOK TEXHO-
norieto (ctanb 20 + onoso + 6abiT).

BMCHOBOK.

[oBeneHo, L0 B OCHOBI JOCATHEHHS! MPUIHATHOIO PiBHS!
TEXHOrEHHO-eKOoMoriYHoi Ge3nekn 3HayHe MicLie NOBMHHO BiABO-
auTnCa BUPobHNYOi Besnekn, Lo 6a3yeTbCs Ha CTBOPEHHI KOM-
MAEKCHOT cMCTeMM MeHemxMeHTy Besneku, Lo Bknoyae B cebe
CEPBIC TEXHIYHNX CUCTEM, anpPIOPHUI aHani3 WKIANMBKX | Hebes-
NeYHMX BUPOBHWYMX hakTopiB, MOLENtoBaHHS HebesneyHnx cu-
Tyauii i wnsxis ix 3anobiraHHs, a TakoX po3pobky edeKkTUBHUX
ynpaBniHCLKX MeXaHi3MiB.
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Tarelnyk N.V., Sumy National Agrarian University (Ukraine)

Dumanchuk M.Y., Sumy National Agrarian University (Ukraine)

The influence of the technical service organization on the ecological safety of the «man-machine-environment»
system

The article considers the issue of improving the environmental safety of technical systems by improving their technical service.
The influence of a set of measures on maintenance of equipment on the reliability of technical systems is considered. Attention is paid
to the modernization of technological equipment that improves the properties of the system in the harsh conditions of the existing
structure. The experience of modernization of electric motors by application of magnetic fluid sealing complexes is presented. The
variant of modernization of bearing units of pump and compressor units of ways of formation of complex electrospark coverings on
elements of sliding bearings is offered.

Key words: ecological safety, durability, technical service, modernization, covering, bearing, consolidation, electric motor,
compressor, pump.
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B cmammi 0aHo 06rpyHmyeaHHs MemoduKu 00CriOxeHb MeXHIYHO20 cmaHy 2idpasniyHux po3nusosadyig 055 XiMiyHo20 3a-
Xucmy pociiuH, SK: ennue (hopMu consa po3nuriosaya Ha sKicmb i pisHOMIpHICMb po3nuneHHs poboyor piduHu, muck nodadi poboyor
piOuHu. Tak camo, siK | 3a meopemuyHUMU ys8neHHAMU, hopMa conna po3numosada ma muck nodadi poboyoi piduHu 8a2omo ennu-
8asu Ha hopMy MU PO3NUMEHHs i pigHOMIpHICMB po3nodiny PiduHU.

Asmopamu po3pobrieHo MemoOuky diaeHOCMy8aHH MEXHIYHO20 CMaHy 2i0paglidHuUX Po3nusoeadig A1 XiMidHo20 3axucmy
pocruH Ha cmeopeHomy docridHomy cmendi. [JocniOHul cmeHd 00380515€ ompuMysamu 080MIPHI xapakmepucmuku po3nodiny po-
6oyoi piduHu posnunrogayem, npogodumu AoCidKeHHs 8nUBY MEXHIYHO20 CmaHy PO3numeaYa Ha AKICHI NOKa3HUKU oo pobomu.

36inblweHHs sumpamu piduHU po3nuIeadYamu, ke CMeopeMbCs 3a PaxyHOK NO2IPWEHHS MEXHIYHO20 CmaHy conna Moxe
npusgecmu 8o nepesumpamu poboyoi piduHu y 1,2-1,8 pasie 3a 200uHy pobomu, Wo He2amueHO 8NIUBAE Ha MEXHOMO2IYHUL npoyec

3axucmy pociuH ma (020 MexHIKO-eKOHOMIYHY OUiHKY.

Knto4yoei cnoea: rigpasnivHWin po3nutoBaY, TEXHIYHUIA CTaH, COMIIO, SKICTb PO3MUMEHHS], PIBHOMIPHICTb, 3aXMCT POCHWH.

DOI: https://doi.org/10.32845/msnau.2021.2.9
MoctaHoBka npo6nemu. AHani3 HaykoBWX JOCHIMKEHb
CBiAYNTb, LLIO OCHOBHI CBITOBI TEHAEHL,i B 3eMnepobCTBi BeayTh
[0 TOro, Lo Yepes MparHeHHs A0 MiHimisauii 06pobku rpyHTy
POnib XiMiYHMX 3acoBiB 3aXMCTY POCMMH i, 30Kkpema, repbiuuais, 3
POKY B pik 36inbLuyeTbes. LLlogo cammx TexHonoriih BHECEHHS re-
pbiynais, TO 3 TUX Xe MPUYMH POCTE YacTka OBMPUCKYBAHHS i3
3aCTOCYBaHHSAM Pi3HUX LUTAHTOBUX 3HApsMb. IHILA TeXHika | Tex-
HOOrii BUKOPWUCTOBYIOTLCS He Tak iHTEHCHBHO [1].
Bu3HayanbHUM YMHHUKOM €CDEKTUBHOCTI BUKOPUCTaHHS
necTULMAIB € SKICTb iX BHECEHHS. OCHOBHUMM KPUTEPISIMU SKOCTI
0bnpuckyBaHHS € HOpMa BHEeCeHHs poboyoi piauHuM, gucnepc-
HICTb PO3NUIIOBAHHA, NyCTOTa MOKPUTTS KpaniamMHamu NoBEPXHi,
Lo 06pobnsieTbest, Ta PIBHOMIPHICTL Po3nodiny Mo Hii. Yci noka-
3HWKM SIKOCTi 06NPUCKYBaHHS 3HAYHOK MIpOIO 3anexarb Big Tvny,
napameTpiB i pexwumis poboTu posnuntoBadis. HuHi € barato pis-
HOBWAIB PO3NKIIOBaYIB [2], TOX | NOCTae akTyarnbHe NUTaHHS Lo-
Bopy oNTUManNbHOTO 3 HUX AJ151 KOHKPETHUX YMOB Po60oTH.
AHani3 ocTaHHix gocnimkeHb i nybnikauin. MuraHHaM
TEXHIYHOrO CTaHy po3nunioBadiB Ans XiMIYHOro 3aXMCTy POCIUH
npucesiyeHi poboTu 6araTbox BYEHUX [3, 4, 5, 6, 7, 8]. AHani3 Ha-
BEAEHWX JKepen [03BoNse CHOPMYNIOBaTH BUCHOBKMA NPO CTY-
NiHb Po3pobneHocTi 0B6paHOT TEMM | HAMITUTY METY JOCTIIKEHb.
Mpm sKiCHOMY | CBOEYACHOMY BHECEHHI 3acobiB 3axucTy
POCIUH TiApaBRiYHUMKU PO3NUMKOBAYAMU KOHCTATYETLCA MNiABK-
LLIEHHS BPOXAWMHOCTI CiNbCbKOrOCNOAAPCHKUX KyMbTyp, LU0 06y-
MOBIOE pillieHHst 6araTbox arpapiiB 3aCTOCOBYBATW TEXHOMOrii

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

3aXMCTY POCIMH IHTEHCMBHILLE. 3aXWCT POCIMH, K CKNafoBa Oc-
HOBHWX TEXHOJOMYHMX OnepaLiiii, Oyae 3acTOCoByBaTUCH B Maii-
ByTHEOMY GinblL NOBHO Ta MPOAYKTUBHO. B cyyacHux peanisx
BCe Ginblue hepmepchbkux rocnoaapcTs npobytoTs nepexig Big
BMKOPUCTaHHS CaMoxigHux abo npudinHux obnpuckysavis 4o Bu-
KOpUCTaHHS APOHIB, 3 METOI0 3MEHLLEHHSI MPOXOAIB arperaris Mo
nonto Ta HeobxigHocTi ix 06cnyroByBaHHs i pemoHTy [9, 10, 11].
Takox 3HayHy yBary NpuULiNATb TEXHONOMIYHIN | TEXHIKO-EKOHO-
MIiYHil OLiHLi NpOBEAEHHS onepaLiii no 3axmcTy pocnuH [12]. Lie
06yMOBNEHO PO3BUTKOM TEXHONOTIH | CUCTEM TOYHOTO 3eMnepob-
CTBa, iHPOPMaL|iiHNX TEXHOIOrIN Ta CYnyTHWKOBOTrO 3B'A3Ky. He-
3MiHHUM B TEXHOIOMYHOMY MPOLECI 3aXUCTy POCHVH 3anuiia-
€TbCs NuLLe pobounit opraH, TOGTO po3nunoBay.

MeTolo gocnigkeHb € JOCTILKEHHS BNIMBY TEXHIYHOIO
CTaHy po3nunioBaya Ha siKiCHi NOKa3HMKM 110ro poboTu, SK: BNMB
copmn conna po3nunioBada Ha SKICTb i PIBHOMIPHICTb po3nu-
NeHHst poboYoi piauHK, TMCK Noaadi poboyoi piauHw.

PesynbTtati gocnimkeHb. Jocnign nposogunucs B na-
Boparopii Ha CTBOPEHOMY aBTOpaMu LOCMiGHOMY CTeHgi (puc. 1),
AKWI iMiTye poboTy posnuntoBaya B noni. loCnigHMi CTeHA BKMIO-
yae 6ayok 1 415 poboYOi PigUHYM 3 3aNMBHOK FOPIOBMHOK i LUa-
poBWM KpaHoM 1 i Hinenem 3 WniaHrom nogadi noBiTps 2, sKuiA
3'eHaHWiA 3 KOMNPECOPOM (Ha CXeMi He MoKasaHwuit), enacTUYHMI
Tpy6onposig 3, BepxHto Banky 4 3 BMOHTOBaHUM KOPMyCOM po3-
nunoBaya 5, CTikK 6, MaTpULLI0 BEPXHIO 7 Ta MATPULLIO HUXHIO
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8, siki matoTb B co6i 0TBOPM diameTpom 14 MM anst TpuMaHHs na-
BopaTopHux npobipok (Ha cxeMi He nokasaHi). JocnigHui cTeHs
BWKOHaHO 3 MaTepianis, ki MatoTb BUCOKY CTIMKICTb 4O KOPO3il, a
came 3 KanpomnoHy Ta OpraHiYHOro ckna. YMoBW BUNpobyBaHb:
Temnepatypa nosiTps +25 °C, sonoricTb nosiTpst 70 %, TUCK B ri-
LpocuCTeMi CTeHay BapitoBaBcs Bif 2 4o 4 at™ 3 kpokom B 0,5
aTM, BUCOTa BCTAHOBIEHHS PO3NUMiOBaYa Bif NOBEPXHI po3nuny
50 cm, yac gocnigy — 1 x8.
4 5 3

W

Puc. 1. Cxema po3pobneHoro JocnigHoro cTeHay ans giarHoc-
TYBaHHS PO3NUMOBaYiB.

PosnunioBavi 4ns JocnimkeHHs Bynu oTpuMani Big dep-
MepCbKoro rocnogapctea obnacTi, sike 3aMaeTbest BUPOOHULT-
BOM NpOoAyKLUii pocnMHHMUTBa. Byno HagaHo naprTito naTyHHUX
PO3MUIIOBAYIB, SKi €KCMMyaTyBanuCb OAMH CE30H Ha OLHOMY
LUTAHroBOMY 0bnpuckyBadi. B AKOCTi KOHTPONBHOO exk3emMnnsapy
Oyno HagaHo po3nuntoBau 3 TiEl X napTii, ane SKui He ekcnya-
TyBaBcs. Bci oTpuMaHi posnunioBayi MapkyBanuch Ta npoxoaunu
nonepeHin ornsag opmu conna Ha yHiBepcansHOMY enekTpoH-
HoMy Mikpockoni. Mpuknag oTpuMaHux ¢oTo CTaHy conna pos-
nuntoBaYa NpeacTaBneHo Ha puc. 2.

AHania chopmu conna po3nunioBadis NPOBOANBCA METO-
[OM TpaneLiii 3a popmynoto:

if(x)dxz(w+§f(xi)jh. (1)

2 i=1

a

Puc. 2. ®opma conna rigpaBniyHoro po3nunioBaya nicns ce30H-
HOI ekcnnyartaLli.

MMicns 3aBepLUEHHS BidyanbHUX 3aMipiB KOXEH PO3nunto-
BaY BCTAHOBITIOBANYW B pO3p0BNeHmiA LOCTigHMIA CTEHT, Ta MPOBO-
Aunu rigpaeniyHi BunpobysaHHs. KoxeH gocnig npoBounu Ha
Pi3HOMY piBHi BUCOTY BCTAHOBMEHHS PO3NuIOBaYa Ta PisHOMY
TUCKY B rigpocucTemi. BMukanu komnpecop, nicns Toro, sK TUCK
B MiapocucTeMi JocsraB NOTPIGHOro 3HaYeHHs i BUPIBHIOBABCS,
BiAKpMBANW LWaPOBUIA KpaH i nogaeanu pobouyy piauHy Ao posnu-
noBaya. Yepes oaHy XBUNMHY KpaH 3akpuBanu, a KOMnpecop Bu-
Mukanu. MpoBipkv 3BaxyBanu Ha Barax TPETbOrO Knacy TOYHO-
cTi, siki 6ynu gogatkoBo obnagHaxHi kabenem USB 2.0, ans ne-
pegaui aaHux B komm'totep. OTpuMaHi 3HaYeHHS Baru piguHu B
npobipkax 3aHocunMch aBToMaTUYHO Ao MS Excel 3a gonomo-
roto BBynoBaHoro Visual Basic for Applications (puc. 3.). o 3a-
BEpLUEHHi 3BaxyBaHHS BCi Npobipku BUCYLLYBANK Ta NoOBepTany
B MaTpuLI0 AiarHOCTMYHOrO CTeHmy. 3aranbHi YyMOBW MpoBe-
[€eHHs nabopaTopHOro BWNpobYyBaHHA OFHOMO PO3nuioBava
npuBeaeHo B Tabnuui 1.

PesynbTtat gocnigis NpofLyKTUBHOCTI po3numioBaYia Ha
BMCOTi BCTaHOBNEHHS 50 cM npuBeaeHo Ha puc. 4. 3 rpadika Bu-

(b —-a'M ) [HO, L0 NPOAYKTMBHICTb PO3NUITIOBAYIB BAPIlOETLCS 3aNEXHO Bif
lMoxnbka npu LibOMY He nepesuLLyBana 3a 7| chopwut conna posnuniosava.
ge M =max {|f"(x)| 1xe |a,b|} .
1725 Ne mmpobipem Bara, mrm Ne mpobiprm Bara, mrm Ne mpobipes Bara, mrm
1726 vl x1 v2 x2 v3 x3
1727 1 30 32 68 34 40
1728 2 33 31 66 35 68
1729 3 67 30 102 36 104
1730 4 103 29 140 37 142
1731 5 141 28 180 38 182
Puc. 3. ®parmeHT oTpumannx gaunx B MS Excel.
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Tabnuug 1. Ymosu nposefeHHst nabopaTopHux BuUNpobyBaHb po3nurioBavis

Howmep gocnigy BucoTta BCTaHOBMNEHHS, CM Tuck B rigpocuctemi, atm
1 2,0
2 25
3 50 3,0
4 35
5 4,0
2
1,9
218
Eﬁ 1,7
=
S 106
21,5
Z 1.4
= 1.3
=1.2
= 11
1
4 3.5 3 2.5 2

PosmunroBadyi, nro 6yimu B poGoTi

Tuck, aTm

PosmuumroBadq, 1110 He 0yB po6OTi (KOHTPOIIH)

Puc. 4. YcepenHeHa npoayKTUBHICTL PO3NMAOBAYIB NPW BUCOTI BCTAHOBMEHHS 50 cM.

HacTynHum eTanom gocnimkeHb 6yno ouiHka SKocTi pos-
noginy pobouyoi piauHM No NoBepxHi. [ins LbOro oTpUMaHi AaHi
Baru poboyoi pianHn B npobipkax obpobnsnuck 3a LONOMOrow

CnnanH-iHTepnonauii Ta OTpUMyBanucs NOBEPXH BiAryKy, Npuk-
nag AkuX NpeacTaBneHo Ha puc. 5. Ha 0CHOBI aHaniay NOBEpPXOHb
MOXHa 3p0BUTI BUCHOBKM LLOAO0 SKOCTi PO3NOAINEHHS PigWHM PO-
3NWNIOBaYeM Ta MOXIMBOCTI MOTO NOAAMNbLIOT ekcnnyaTai.

Puc. 5. MoBepxHa BiAryky cTaHy posnuneHHs poboyoi piguHM po3numtoBavem

£k BUAHO 3 puc. 5, Mae MicLie HEOAHOPIAHICTb NASIMKM Po-
3Muny no NoBepxHi. Ha kpasix nnsiMmu po3nuioBaHHs crnocTepira-
€TbCS 36iNbLUEHHS BUTPATY PigWHMA MO BiGHOLIEHHIO [0 LieHTpa-
NbHWX (MaKCUManbHWX) 3Ha4eHb y cepeHboMy Ha 15%. Asuie,
sike CNOCTEpiracTbCs, MOXe NPU3BECTW [0 NepeBnTpaTh poboyoi
piguHu y 1,2-1,8 pasis 3a roguHy poboTu.

BucHoBku. ABTopamu po3pobneHo MeToaVKyY fiarHocTy-
BaHHS TEXHIYHOrO CTaHy LUINUHHUX FigpaBniYHUX PO3NUMIOBAYIB
ANs XiMIYHOrO 3aXWUCTy POCIUH Ha CTBOPEHOMY AOCHIAHOMY CTe-
Hai.

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

JocnigHuin cTeHs 003BONSE OTPUMYBATH ABOMIPHI Xapa-
KTepuUCTVKM po3noginy poboyoi pignHM po3nuntoBayeM, NpoBo-
JUTA JOCIMKEHHS BMIMBY TEXHIYHOTO CTaHy po3nurioBaya Ha
SIKICHI NOKa3HMKK 1oro poboTH.

36inbLUEHHS BUTPATYW PiaMHM PO3NUIOBaYaMHu, SIKE CTBO-
PHOETHCA 3@ PaxyHOK MOTiPLIEHHS! TEXHIYHOTO CTaHY COMia MOXe
NpU3BECTM 10 nepeBUTpaTh poboyoi pignHn y 1,2-1,8 pasie 3a
rofuHy poboTu, WO HeraTMBHO BMIMBAE HA TEXHOMOMYHUA Npo-
LIeC 3aXMCTY POCTMH Ta MOT0 TEXHIKO-EKOHOMIYHY OLIIHKY.
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Results of research of the technical condition of hydraulic nozzles for plant protection

The article substantiates the method of research of technical condition of hydraulic nozzles for chemical plant protection, as:
the influence of the shape of the spray nozzle on the quality and uniformity of spraying working fluid, supply pressure. As well as
according to theoretical ideas, the shape of the nozzles and the supply pressure of the working fluid significantly influenced the shape
of the spray spot and the uniformity of the liquid distribution.

The authors developed a method for diagnosing the technical condition of hydraulic nozzles for chemical protection of plants
on the created experimental stand. The experimental stand allows to receive two-dimensional characteristics of distribution of working
liquid by a spray, to carry out research of influence of a technical condition of a spray on qualitative indicators of its work.

The increase in fluid consumption by sprays, which is created by the deterioration of the technical condition of the nozzle can
lead to overconsumption of working fluid in 1.2-1.8 times per hour, which negatively affects the technological process of plant protection
and its technical and economic evaluation.

Key words: hydraulic nozzle, technical condition, nozzles, spray quality, uniformity, plant protection.
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Electro-spark deposition (ESD) technology is a new method for repairing and strengthening the surface of metal materials.
This method has the advantages of simple equipment, convenient operation and wide application range. The alloyed coating has
higher wear resistance, good corrosion resistance, excellent friction performance and other special properties, so it has better practical
value and wide application prospect. This paper introduces the characteristics and principle of electro-spark deposition technology,
analyzes the research status of this technology and points out the future development direction of this technology.
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1. Introduction

The electro-spark deposition (ESD) technology is that the
material to be deposited is used as the electrode, the electrode is
operated on the surface of the substrate, the pulse frequency of
the power supply is 100Hz-6000Hz and a high-density current
(105-108A/cm?) is instantaneously (10-6 to 10-%s) passed through
the power supply, produce high temperature of 5000 ~ 25000°C
in a very small scope, make the material in the discharge area
ionize with high energy, the electrode transfers to the surface of
the substrate at a high speed and diffuses to the surface of the
substrate, thus forms the deposit coating with metallurgy combi-
nation [1-3]. The process can really realize the metallurgical

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

bonding of the coating and the substrate and simultaneously can
keep the temperature of the substrate at room temperature and
prevent the thermal deformation of the substrate metal[4]. This
process can be used not only for the repair of local areas of parts,
but also for surface coating [5-7]. The thickness of a single layer
of deposited metal is limit, the electro-spark deposition is carried
out again and again on the previous deposited layer, and finally
a deposited layer with a certain thickness is obtained. Because
the electric spark discharge of the latter deposit layer will make
the former deposit metal re-melt, and the micro-cracks in its sur-
face layer will also be eliminated, so only the last surface deposit
layer has micro-cracks. At the end of deposition, the deposited
layer is slightly higher than the required size of the workpiece,
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and the remaining layer can be grinded to eliminate the micro-
cracks on the surface layer.

2. The characteristics of the electro-spark deposition
technology

The electro-spark deposition technology can effectively
improve the physical and chemical properties, mechanical prop-
erties and tribological properties of the surface of mechanical
parts, so that the surface of mechanical parts has high hardness,
high wear resistance, high fatigue strength, high corrosion re-
sistance and oxidation resistance, high temperature resistance,
ablation resistance and other special properties [8-10]. Widely
used in tools, molds, cutting tools, agricultural machinery, military,
medicine, automotive, food, mining, metallurgy, aerospace, nu-
clear industry, marine vessels, turbines, electric power genera-
tion, electrical transmission and other industries of mechanical
parts of the surface strengthening and the surface repair of failure
parts, especially for precision parts of the surface strengthening
and local material addition manufacturing [11-13]. Compared with
other surface treatment technologies, electro-spark deposition
has the following advantages.

(1) No temperature rise or very low temperature rise in
parts, no change in organizational structure and performance,
parts will not anneal and deform.

(2) Fast heating and rapid cooling can easily obtain fine
crystal and even amorphous structure. When the material is
heated and cooled rapidly, it is easy to obtain fine grain structure,
even amorphous structure under high temperature gradient, so
as to improve the mechanical properties, wear resistance and
corrosion resistance of the material surface.

(3) The ESD coating and the substrate are metallurgically
bonded and the bonding strength is high.

(4) The ESD coating is dense and has good uniformity.

(5) Only a small amount of pre-treatment and post-treat-
ment is needed and sometimes even no need. The final machin-
ing allowance of the deposited layer is small and the subsequent
machining cost of a workpiece is saved.

(6) The ESD device is simple and convenient to carry and
operate. It is suitable for online repair (good equipment mobility),
which is very important for the repair of large workpieces or online
equipment.

(7) Wide application range, suitable for all conductive, fu-
sible metal and ceramic materials.

(8) The surface of the deposition layer is orange peel-like
with a large number of tiny pores and pits, which is quite benefi-
cial to the lubrication of the workpiece (Figure 1).

(9) There are some other advantages of electro-spark
deposition, such as economic and practical, safe and environ-
mental protection, easy to automate. It can be used in places that
can't be seen, such as inner holes and grooves of parts.

However, there are also some shortcomings in the pro-
cess, such as thin surface layer (generally less than 1 mm), slow
deposition rate and low efficiency, so it is not suitable for large
area and complex surface.

3. The research status of the electro- spark deposi-
tion technology

The electro-spark deposition can be used as a surface
strengthening method to strengthen the surface with the require-
ments of wear resistance, corrosion resistance and oxidation re-
sistance, or to repair the surface through deposition, and also to
prepare various special functional coatings [14-16].
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Fig. 1 The morphology of the ESD coatings surface

3.1 The research on the mechanism of electro-spark dep-
osition

Since the theory of electro-spark deposition was put for-
ward in 1943, the new technology of electro-spark deposition has
been developed rapidly. With the development of the theory of
electro-spark deposition, researchers have different views on the
definition of this technology. Some scholars believe that electro-
spark deposition is a process of surface strengthening by direct
use of high energy density of electric energy. Through spark dis-
charge, conductive materials as electrodes are infiltrated into the
surface of metal workpieces to form alloyed surface deposits,
which can improve the physical, chemical and mechanical prop-
erties of workpieces. Another part of researchers connect the
electric spark deposition with the traditional electric arc welding,
and think that the electric spark deposition is a kind of pulse elec-
tric arc micro-welding technique, which utilizes the short time big
electric current pulse produced by the electric capacity discharge
to form the high temperature plasma arc with the temperature as
high as 5000~25000°C, melting or vaporizing the electrode ma-
terial and transiting to the work piece.

Researchers put forward two theories to explain the
mechanism of electric spark deposition discharge. One is the
principle of non-contact discharge, the other is the principle of
contact discharge. The physical process of non-contact dis-
charge is that the electric field strength increases when the elec-
trodes are close to each other, when the distance is close
enough, the gap between the electrode and the workpiece is bro-
ken down to generate spark discharge, through the discharge
channel, the electron beam bombards the surface of the anode
and converts into heat energy, the surface of the anode is heated
and melted to generate metal droplets. The droplets move from
the front of the moving anode to the cathode and are heated in
the process of separating from the anode, and the temperature
rises until boiling and explosion occur, forming a large area of
particle flow. The molten particles reach the cathode, adhere to
the cathode and partially infiltrate into the surface of the cathode.
The electrode moving behind these particles mechanically strikes
the workpiece and moves upward away from the workpiece, leav-
ing a layer of anode material on the cathode surface.
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At the same time, some researchers also questioned the
non-contact discharge theory, thinking that it cannot reasonably
explain the discharge mechanism of electro-spark deposition,
they think that under normal conditions, when the discharge volt-
age of electro-spark deposition cannot reach the air breakdown
voltage, non-contact discharge mode is difficult to occur. For ex-
ample, in iron cathode, the minimum breakdown voltage of air is
270V, while in electro-spark deposition, the bipolar voltage is less
than 100V. Therefore, the theory of contact discharge is put for-
ward, and the discharge process can be divided into three stages:
(1) the formation stage of low voltage breakdown condition; (2)
spark discharge stage; (3) separate that electrode from the work-
piece. The condition of low voltage breakdown is that high current
density is generated instantaneously under the condition of con-
tact resistance discharge and the energy is highly concentrated,
so that thermal emission and thermal ionization are generated,
the concentration of free electrons, ions and other charged parti-
cles between electrodes is greatly increased, the number of col-
lisions between electrons and atoms or molecules meeting the
requirement of gas breakdown is realized and the gas low voltage
breakdown condition is formed.

In [17], the formation mechanism of micro-nano coating
was described, the main reason for the improvement of hardness
and wear resistance of cladding layer were analyzed. The addi-
tion of nanocrystalline hard phase and focused on the formation
reason of nanocrystalline structure in micro-nano coating. The
metal surface layer was quenched at ultra-high speed in the clad-
ding process of rapid cooling and rapid heating.

In another report [18], the phenomenon of arc drift in
spark discharge during the study of automatic strengthening of
electric spark was observed and explained this phenomenon by
using the principle of welding arc. But there are essential differ-
ences between welding arc and electric spark deposition arc.
Welding arc is continuous discharge, but electric spark deposition
arc is intermittent discharge controlled by high frequency pulse.

Single point gap discharge, single point contact discharge
and continuous discharge with rotary electrode tests were con-
ducted in order to study the discharge mechanism of electro-
spark deposition with rotary electrode, as in research [19]. The
voltage and current waveform between the electrode and sub-
strate in discharge process were collected and analyzed. The re-
sults show that the medium between electrode and substrate can
be broken down and result in gap discharge under certain voltage
and gap conditions. Contact discharge mainly consists of two
stages: short circuit discharge and gap discharge. The contact
state between electrode and substrate is complicated and varia-
ble in the process of electro-spark deposition with rotary elec-
trode. During the discharge process, there exists not only non-
contact discharge phenomena, but contact discharge and short
circuit discharge phenomena. Most of them are contact discharge
phenomena.

At present, the research on the mechanism of electro-
spark deposition is still continuing.

3.2 The research on the electro-spark deposition equip-
ment

In 1944, the former Soviet Union made the world's first
electric spark perforating machine according to the deposition
process proposed by Lazarenko and his wife. In 1950, the former
Soviet Union Central Institute of Electrical Science developed the
yHP series of electro-spark deposition equipment and also devel-
oped the he series of electro-spark deposition equipment. In
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1964, the Institute of Applied Physics of the Academy of Sciences
of Moldavia of the former Soviet Union developed 3H series
equipment according to the theory of deposition technology of
Lazarenko and his wife and widely used in industrial departments.
The Kishinev Experimental Factory of the Institute of Applied
Physics of the Academy of Sciences of Moldavia produced the
new equipment for electro-spark deposition using thyristors and
transistors in the 1970s which has greatly improved the quality of
deposited layers and manual operability. According to records, in
1978 to 1979, the former Soviet Union used 37 such sedimenta-
tion equipments to save about 400000 rubles.

European and American countries began to study and
use this deposition process in the 1950s and mostly used in
mould parts while Japan began to study and use it in the 1960s.
These devices are typically manually operated devices with a
power of within 200W. After entering the 1990s, Japan's electro-
spark deposition technology has been great development, they
developed the SparkDepo deposition equipment power is bigger,
can obtain a more uniform coating, coating thickness also in-
creased a lot and the current use of SparkDepo Model 300 elec-
tro-spark deposition equipment. ASAP (Advanced Surface And
Processs Inc.) of the United States is the authority on the spark
deposition, is the most advanced spark deposition system manu-
facturers and it has also the successful applied ESD to the avia-
tion, marine, military, medical, automotive and food processing
industries.

The research of electro-spark deposition technology in
China started very early and the research of electro-spark depo-
sition equipment began in the 1950s, but due to the theoretical
knowledge and technical conditions at that time, this technology
was not applied in a large area. In 1977, Suzhou Electro-machin-
ing Machine Tool Research Institute developed D9 series of dep-
osition equipment which has been widely used in the deposition
strengthening and surface repair of dies, measuring tools and
mechanical parts and achieved good economic benefits. In the
1990s, with the progress of science, this enhancement technol-
ogy has been further developed. Xi'an Qing'an Group Co Ltd of
Aviation First Group has developed the ZS-116 type electro-
spark deposition equipment which is characterized by a wide
range of deposition current and can be used for a variety of elec-
tro-spark deposition processes. Some institutions of higher learn-
ing and scientific research units in China have done a great deal
of work on the development of the deposition equipment and
have developed a series of new-type electro-spark deposition
equipment. For example, some scientific research units such as
Tsinghua University have developed the pulse electric spark dep-
osition equipment. Because a set of control circuit is designed on
this series equipment, the discharge energy is greatly increased,
thus the quality and thickness of the deposition layer are im-
proved and the surface roughness is reduced. The Institute of
Metal Research of Chinese Academy of Sciences has developed
the 3H-ES series of electric spark surface strengthening and re-
pairing machine, high energy micro-arc pulse cold welding pro-
cessing equipment which is characterized by small thermal effect,
no deformation of the workpiece, metallurgical bonding between
the deposit and the substrate and on-line surface deposition and
repair, thus greatly saving production costs. At present, the DZ-
400011 electric spark surfacing machine produced by the Insti-
tute of Surface Engineering Technology of China Academy of Ag-
ricultural Mechanization Science and Technology is widely used.
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The electro-spark deposition equipments and the param-
eters (model, power, voltage, capacitance and frequency) are

shown in Table 1.

Table 1 The parameters of the electro-spark deposition

equipments
Power,| Voltage, | Capacitance, | Frequency,
Model W N uF Hy
Elitron22A | 500 15-70 360
Elitron52A | 3500 | 35-210 120-2040
Depo150 | 500 | 50/100/150 60-1400
Depo300 | 2000 | 50/100/150 60-2000
DZ-400011I | 4000 | 20-200 30-420 1300-6000
SZ-08 1500 | 20-100 50-500
SZ-HCS07 | 3800 | 20-100 50-500
SW1500 | 1500 | 20-100 50-500
VC400DHF | 1500 | 20-100 50-500

3.3 The research on the electro-spark deposition process

The equipment and process of electro-spark deposition
have a significant impact on the efficiency and quality of deposi-
tion. There are many process parameters affecting the electro-
spark deposition which are systematically studied and classified
as follows [20-22]:

(1) Electrode and its movement. Electrode materials (ma-
terial composition, density, microstructure), manufacturing tech-
nology (machining, powder metallurgy, 3D printing), shape,
speed of movement, specific deposition time, contact force, cycle
times, deposition angle and so on [23-25]. According to the appli-
cation, the electrode materials used can be divided into three cat-
egories. The first is wear resistance material that include hard
carbides (carbides of W, Ti, Cr, Ta, Mo, Hf, Zr, Nb, V, etc.), hard-
facing alloys (Stellite, high nickel chromium alloy), Ti, Zr, Ta and
other borides, intermetallic compounds and cermets. The second
is corrosion resistance material that include stainless steel, spe-
cial alloys (Hastelloy, Inconel, etc.), intermetallic compounds of
Fe, Ni and Ti with Al, multicomponent alloys FeCrAlY, NiCrAlY,
CoCrAlY. The third is repair or modification material that include
nickel-based or cobalt-based superalloy, noble metals such as
Au, Ag, Pt, Ir, Pd and Rh, refractory metal such as W, Mo, Ta,
Re, Nb and Hf and alloys thereof and alloys of Fe, Ni, Cr, Co, Al,
Ti, Cu, Zr, Zn, V, Sn and Er [26-28]. Because the electrical resis-
tivity, melting heat, thermal conductivity, ductility, wetting angle
and other characteristics of materials are very different and con-
sidering the instability of the electro-spark deposition process, the
influence of process parameters on the preparation and perfor-
mance of coatings is uncertain.

(2) Substrate material. Material, surface roughness,
cleanliness, shape, temperature.

(3) Power supply. Electric spark energy and frequency,
voltage, current, capacitance, discharge time of electric spark, in-
ductance.

(4) Environment. Gas or liquid composition, fluid proper-
ties, gas flow rate and mode, temperature.

(5) Electro-spark deposition composite process. Some-
times it cannot achieve the desired effect by using a single elec-
tro-spark deposition technology for deposition, some scholars
combine the electro-spark deposition technology with other pro-
cesses to achieve better results [29,30]. And other process com-
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bined with that electro-spark deposition technology include mag-
netron sputter, ultrasonic treatment, laser treatment, chemical
heat treatment, shot peening treatment and rolling treatment [31-
33].

The research scope of electro-spark deposition by schol-
ars is narrow and the thickness of deposition layer is often used
as the basis for evaluating performance and selecting process
parameters. So the research of electro-spark deposition mostly
focused on how to determine the relationship between process
parameters and deposit thickness and how to increase the de-
posit thickness, and the research of deposition process parame-
ters mainly focused on the limited ceramic or cemented carbide
deposition materials, spark capacitance, voltage, frequency and
specific deposition time. There are obvious deficiencies in the re-
search of deposition materials, electrode motion and automatic
control.

In [34], NiCrAlY coatings with different Al contents on
GH4169 superalloy by electro-spark deposition were prepared.
There was a coating thickness limit for the NiCrAIY coating with
high Al content. The coating thickness could be further increased
by coating again after annealing treatment. The low aluminum
content NiCrAlY coating was not applied to the limit thickness af-
ter being applied to the 130 layers. Different element content of
the alloy coating on the thickness of the coating is also a great
impact.

In another paper [35], a new method of ESD is proposed
to improve the wear resistance of copper alloysurface. TiN
strengthened coating is formed on the surface of QAI9-4 alu-
minum bronze rotating workpiece by the reaction of titanium
cluster electrode with nitrogen under the action of electric
spark discharge heat. The results show that a uniform and
continuou TiN coating was formed on the surface of copper
alloy. The surface of the TiN coating is composed of refined grain
structure and compact structure. The electrode wire has a strong
grinding pin coating effect on the surface of the coating, which
significantly reduces the roughness of the coating surface. The
sum of the titanium and nitrogen atomson the surface of the coat-
ing layer and the end of the electrode wire is more than 90%. The
coating is mainly composed of TiN hard phase with a thickness
of about 85um. The microhardness of the coating can reach
890HVo.05, which is about 4.8 times of the substrate (185HVo.05).
There is an alloying metallurgical bonding layer between the coat-
ing and the substrate. The friction coefficient of the coating is
0.125-0.2, which is much smaller than that of the substrate (0.23-
0.35) and the fluctuation is small. The wear rate of the TiN coating
is about 49.6% of that of the substrate. The TiN coating has better
antifriction and wear resistance than the substrate.

In other work [36], electro-spark deposition process was
used to prepare the MozFeBz-based cermet coatings in Ar and in
air. The DZ2000 electro-spark deposition equipment was used to
prepare the coatings and the specific process parameters were
as follows: capacitance 360uF, voltage 150V, frequency 1800Hz,
deposition rate 2min/cm? and argon gas flow rate 5L/min. The
coating prepared in air is oxidized severely, and has a rougher
surface and non-uniform thickness. Both of the coatings are com-
posed of amorphous phase and martensitic phase while more
amorphous phase is involved in the coating produced in Ar. The
coating prepared in Ar has better wear resistance, whose wear
mass is about 1/7 that of the coating produced in air. The abra-
sion mechanism of the two coatings is fatigue wear and abrasive
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wear and the coating produced in Ar is mainly fatigue wear,
whereas the coating prepared in air is primarily abrasive wear.

In [37], In order to investigate the effects of pulse energy
on microstructure and properties of Mo2FeB2-based ceramet
coatings, three kinds of coatings were prepared under different
pulse energy (1.35J, 6.41J and 17.81J) by electro-spark deposi-
tion. The results show that all the coatings are consisted of amor-
phous, martensite and FesB. The content of amorphous phase is
the lowest when the pulse energy is 17.81J. The splash area of
single spot and the quantity of cracks on the coatings surface in-
crease with the pulse energy increasing, while the thickness var-
iation is limited. Metallurgical bonding to the substrate is formed
in all the coatings. The coating deposited at pulse energy of 6.41J
has a maximum peak microhardness of 1395HVo 05, the minimum
mean friction coefficient (0.313) in the steady state and the mini-
mum wear mass (0.7mg) after 1h of abrasion, indicating its better
friction and wear performance.

In the present study [38], the effects of process parame-
ters (voltage, nitrogen flux and specific strengthening time) on the
microstructure and wear resistance properties of TiN coatings
prepared by electro-spark deposition (ESD) were investigated
systematically. The microstructure of the coatings was character-
ized for thickness (TOC), content of TiN (CON) and porosity
(POC). A statistical model was developed to identify the signifi-
cant factors affecting the microstructure and wear resistance of
the coatings. The results show that the voltage and nitrogen flux
present significant effects on majority of the evaluation indexes
such as TOC, friction coefficient (COF) and wear mass loss, while
the specific strengthening time has a significant effect on POC
and a small effect on the other indexes. The optimal process pa-
rameters were obtained as follows: voltage 60V, nitrogen flux
15L/min and specific strengthening time 3 min/cm2. The variation
of wear mass loss by the variation of the voltage and nitrogen flux
is attributed to the change of wear mechanisms of TiN coatings.
The main wear mechanism of TiN coating prepared under optimal
process parameters is micro-cutting wear accompanied by micro-
fracture wear.

The most recently [39], aiming at the defects such as
pores, microcracks, loose surface structure, poor continuity and
poor surface quality in the ESD layer, a machining method of
"ESD-remelting and rolling" was proposed. The results show that
the electrode has great extrusion and rolling effect on the depos-
ited surface during remelting and rolling. Remelting and rolling
can effectively eliminate the defects such as pores, microcracks
and loose microstructure in the sediment layer. In addition, this
process can refine the grain size and improve the continuity and
integrity of the layer. It is considered that the rotating electrode
has a remarkable effect on grinding the surface of the deposited
layer. The results show that the roughness value of remelting and
rolling coatings is 76.3% of the conventional ESD coating, which
indicate the surface quality of the deposition layer is improved.

In order to determine the temperature field of WC-12Co
coating, mathematical model of heat conduction was estab-
lished by utilizing suitable heat source and the thermal boundary
conditions [40]. Numerical simulation was carried out by com-
mercial finite element code ANSYS, and iso-surface, the tem-
perature distribution curve and temperature variation curve were
derived. The areas of melting and gasification zone were meas-

ured by setting of contour lines of temperature field. Further-
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more, the influence of process parameters on the areas of melt-
ing and gasification zone was researched and the optimized pro-
cess parameters were predicted. To verify the prediction,
electro spark deposition experiments were carried out and the
optimized process parameters were determined.

Through the optimization of different process parameters,
analysis of the various parameters on the deposition layer quality
and deposition efficiency to obtain stable and reliable process pa-
rameters in order to achieve quality and efficiency of double ex-
cellent is one of the research direction of the electro-spark depo-
sition process scholars and experts.

3.4 The research on the surface characteristics of electro-
spark deposition

Electro-spark deposition technology can effectively im-
prove the physical and chemical properties, mechanical proper-
ties and tribological properties of the surface, so that the surface
has high hardness, high wear resistance, high fatigue strength,
high corrosion resistance and oxidation resistance, high temper-
ature resistance, ablation resistance and other special properties.

The composite coatings of the tin bronze surface that was
formed by alternately ESD applying the soft antifriction material
of silver, copper and babbitt B83. The investigation of the tribo-
logical properties of the coatings in dry friction show that the lower
resistance is exhibited by the composite coatings deposited using
the soft antifriction material. The surface friction coefficient of the
composite coatings is 55.6% of the tin bronze substrate. The sur-
face of wear traces were analysed in order to understand the fric-
tion and wear resistance mechanisms of the coatings. The wear
scars of the tin bronze substrate with and without the soft antifric-
tion composite coatings after tribological testing are shown in Fig.
2 and Fig. 3. It was found from analysis of wear scars in Fig. 2
that the wear mechanism of the tin bronze substrate is dominated
by severe ploughing wear and fatigue delamination. A lamellar
structure can be distinguished on the surface of the worn tin
bronze substrate. This can be responsible for low friction under
these conditions. However, it can be seen in Fig. 3 that the soft
antifriction composite coatings may effectively restrain fatigue de-
lamination, showing plastic deformation, abrasive wear and slight
polishing.

Fig. 2 The wear scars of the tin bronze substrate after
tribological testing
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Plastic deformation and abrasive wear dominated on the
relatively soft composite coatings. The initial surface microgeom-
etry was changed during load application and its surface became
smooth with fine shallow scratches observed after the wear test.
After the smooth surface was formed, the friction and wear stabi-
lised.

In [41], indium, tin, copper and silver soft wear-resistant
coatings were deposited on the axial surface of Babbitt alloy by
electrospark deposition technology, which can reduce the re-
quirements for the assembly standards of friction units and re-
duce the formation of SnSb crystals on the surface of Babbitt al-

loy.
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i. 3 The wear scars of the tin bronze substrate with the com-
posite coatings after tribological testing

In other research [42], a new method was proposed to
improve the surface properties of titanium alloy TC4 by synthe-
sizing TiN coating with flexible titanium electrode. In that process,
the flexible titanium electrode and the titanium alloy TC4 surface
are subjected to electric spark discharge, nitrogen is introduce
into a processing area through the interior of the titanium elec-
trode at the same time, and the TiN coating is generated on the
surface of a workpiece by utilizing the electro spark discharge en-
ergy. The results show that the TiN strengthening coating is pre-
pared on the surface of TC4 workpiece and the coating is com-
pact, uniform and continuous.

WC-Cu coating was deposited on the surface of C45 car-
bon steel by using laser technology and electro-spark deposition
technology and good anti-corrosion effect was obtained [43].

In another report [44], the tribological properties of elec-
tro-spark deposited bronze were studied, Molybdenum, chro-
mium, composite t15k6 and bronze on C45 steel under boundary
lubrication conditions. The results showed that the molybdenum
coating was the most stable, but the bronze coating had a lower
friction coefficient in low load applications.

In more recent work [45], it was found that a metallic glass
coating was uniformly formed on the stainless steel substrate.
The samples with optimized coating were shown to exert lower
cytotoxicity, better cell attachment, and higher blood compatibility
than the stainless steel substrates.

In other work [46], the impact of laser modification on the
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morphology and mechanical properties of carbide/copper coat-
ings produced by electro-spark treatment was analyzed. The la-
ser beam machining of ESD coatings led to the homogenization
of chemical composition, fragmentation of the structure, and elim-
ination of microcracks. Laser processing proved to have a posi-
tive effect on improving the adhesion of coatings and reducing
their porosity. This paper also presents a simulation model of heat
transfer processes for the case of laser radiation impact on a WC-
Cu coating. The developed numerical model, describing the influ-
ence of laser treatment on the distribution of temperature fields in
the heated material (at a given depth) is of significant importance
in the development of treatment technologies. Laser-modified
ESD coatings perform anti-wear and protective functions, which
enable their potential application in means of transport such as
rolling stock.

4. The future research direction of the ESD deposi-
tion technology

The electro-spark deposition technology is a new tech-
nology with special strengthening effect and unique technical
value which has great potential in the future. The application of
electro-spark deposition in the prevention, protection and repair
of surface coatings has obvious effect on improving production
efficiency and reducing cost.

At present, the scientific research worker has done the
massive research work in the electro-spark deposition technology
mechanism research, equipment development and application
and has obtained many research results, but along with the mod-
ern industry development of the high speed and heavy load, the
mechanical components service condition is worse, the surface
damage form and the degree are complex serious day by day.
Electro-spark deposition technology need to be applied in a wide
range. But also the problem of thin deposition layer, large surface
roughness, low deposition efficiency, poor process stability and
reliability need to be solved. The existence of these problems
greatly limits the expansion of the application field of this technol-
ogy, so the future research direction of electro-spark deposition
technology will mainly focus on the following aspects:

(1) To strengthen the research on the mechanism of elec-
tro-spark deposition technology which will play an important role
in guiding the basic research, equipment manufacturing and ap-
plication development of ESD. At present, the existing mecha-
nism of electro-spark deposition still has great limitations, includ-
ing the mechanism of electro-spark deposition discharge and
electrode material transfer mechanism. Scholars have not yet
reached a unified conclusion on this which requires researchers
to further overcome the difficulties and form a complete theoreti-
cal system as soon as possible to support the promotion and ap-
plication of electro-spark deposition technology.

(2) The new types of electro-spark deposition automatic
equipments are needed to develop and improve the quality and
stability of the coating and the deposition efficiency.

(3) Strengthen the research of ESD process parameters.
The strengthening process of different electrode and matrix ma-
terials, multi-electrode strengthening process, the strengthening
process of multi-electrode materials on the same surface and
composite strengthening process were studied.

(4) The research of coating materials is mainly focused
on cemented carbide and ceramic materials, but other materials
with excellent performance are also worth to be studied.

(5) Combining other technologies with the electro-spark
deposition technology and developing the composite treatment
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technology to prepare the deposits with excellent performance
may become the preferred process in the process of the devel-
opment of this technology. Electro-spark deposition technology
combines with ultrasonic technology, nano-technology, laser
technology, plasma technology, magnetron sputtering, chemical
heat treatment, thermal spraying, electroplating, brush plating,
chemical plating, physical meteorology deposition, ion implanta-
tion and other technical means to deposit coatings with better per-
formance. Electro-spark deposition technology combines with
computer simulation, artificial neural network, fuzzy control, ex-
pert system, intelligent control, pattern recognition, genetic algo-
rithm, ant colony algorithm, particle swarm algorithm and other
advanced technologies to promote the continuous progress of
electro-spark technology.

5. Conclusions

The electro-spark deposition technology can make the
surface have high hardness, high wear resistance, high fatigue

strength, high corrosion resistance and oxidation resistance, high
temperature resistance, ablation resistance and other special
properties. It is believed that with the development of this new
surface treatment technology, more and more people will devote
themselves to the research of this technology and this technology
will be widely used and play an important role in surface treat-
ment. The research on the new technology of electro-spark dep-
osition is an innovative and challenging research work which not
only enriches the connotation of electro-spark deposition, but
also has great significance for improving the processing and ap-
plication level of advanced composite materials.
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B ocmaHHi poku 6 Ykpaiki ma ceimi 3'aensemscs gce binbuie mennuyHux Komniekcie. 30inbweHHs ix Kinbkocmi nompibHe
3a011s1 3abe3neyeHHs mo0cmea npPoOyKmamu XapyyeaHHs, maK sK HacesleHHs 3eMJ1i WOoPOKy 3pocmae. s aupousygaHHs pociuH y
3aKpUMOMYy rpyHmIi ma i3 3acmocysaHHsIM aeponoHiku nompebye KOHMPOLOB8aHUX YMO8 i3 CMBOPEHHAM ONMUMasTbHO20 cepedo-
guwa pocmy ma po3gumky. [lpogedeHHs secemaujiiHux docnidig y 2poybokcax makox 00380/510Mb OMPUMamu NOBHOUIHHI OaHi
w000 8uUBYEHHS 2eHomunNig PocuH, eghekmusHocmi dobpus, bionpenapamis i m.i. O0HUM i3 numatb, w0 nompebye do0amk08020
gusyeHHs, € docnidxeHHs w000 0bpaHHA Halibinbw npudamHo20 Oxepesa oceimneHHs An1si BUPOWYBaHHS POCIIUH, 30KPEMa, Cirlb-
cbkoz2ocnodapcbKux. BidnosidHo, byno cnpoekmogaHo ma nobydosaHo KniMamuyHy kamepy 0b’emom 1,44 m3, gucomoto 2 M 3 Memoio
3diticHroeamu  Q0CTIOXeHHST POCUH. [nsi KoHmpon abiomudHux hakmopie 8 Hili 8UKOpucCmogyrmbsCs maki damyuku 5K
YL-38+YL-69 ma HTU-21, Ons ocsimnexHs - ceimnodiodu modeni ST-12-5050-60-RGB-65 ma nomiHecueHmHa namny DeLux T8
36/33. lpoeapamy dns koHmponio knimamy 6yno cmeopeHo 3a donomozoto “Arduino IDE”. NokasaHa eidMiHHICMb CMEOpeHOT KiimMam-
kamepu y binbw weudkili 3amiHi Oxepen oceimneHHs. BcmaHosneHo nepegazu ma Hedoniku dxepen 0C8IMeHHs, Wo 8UKopucmo-
8yrombcs y cepedosulyax 3 KOHMPObo8aHUMU ymogamu A1l 8UPOLLY8aHHs POCUH. HasedeHo npuknadu iHwux epoybokcis, ghimo-

MPOHI8 Ma KiMamu4yHUX Kamep, WO 8UKOPUCMOBYIoMbCs OIS 8UPOWYBaHHS Ky/Tbmyp.
Knroyoei cnoea: mennuus, caimnodiodu, ghiryopecueHmHa namna, 2p0y60Kc, himompoH, 3akpumudi 2pyHm, iHMEHCUBHICMb

csimna
DOI: https://doi.org/10.32845/msnau.2021.2.11

BeTyn. 13 3pocTaHHAM HaceneHHs Ha nnaHeTi Ta nigsu-
LLIEHHAM NOMUTY Ha CBIXY OBOYEBY NPOAYKLLtO MPOTArOM BCbOrO
POKY, CNOCTEPIraeTbesl 36inbLUEHHSI KINMbKOCTi TEMMMYHUX KOM-
nnekcis. Ockinbky LinsMv cTanoro po3suTky nepeadadyeHo nogo-
naTV rofog Ta BignoBiganbHO CNOXWBATW eHepropecypeu (Linb
Ne9 "lHHoBaLii Ta iHpacTpykTypa"), AOCHIgHMKAMM 3 YCbOro
CBITy 6yno 3anponoHOBaHO NEBHi YAOCKOHANEHHS CUCTEMM OCBI-
TNEHHS TennuLb YK KNiMaTUYHUX Kamep, LU0 AacTb MOXIUBICTb
3MEHLUMTW BUKOPUCTAHHS ENEKTPOEHEPTIi Ta MigBULLMTYA NPOLYK-
TUBHICTb POCIIMH 3a PaxyHOK BUKOPUCTaHHS HEODXIAHMX CMEKTPIB
OCBITIEHHS.

[MWTaHHs BNNMBY IHTEHCUBHOCTI OCBITNEHHS Ta ¢oTone-
piogy Ha NPOPOCTaHHs, NoAanbLUKMA PO3BUTOK POCIUHM, HOPMY-
BaHHS reHepaTMBHIX OPraHiB € BaroMuM Y NMnaHi ya0CKOHaNEeHHs!
BWBYEHHS AOLINbHOCTI NMPOBELEHHS BereTauiHux gocnigis Ta
MOKPALLEHHS YMOB BMPOLLYBAHHS Y KOHTPONMbOBAHMX YMOBaX
(Mayeux et al., 1993; Evtushenko E.V. & Chekurov V.M., 2008;
Massa et al. 2016; Porter et.al., 2015; Semenova N. A. et.al.,
2020; Zabel et.al., 2014). Baxnueum npu CTBOPEHHI LUTYYHNX
YMOB BMPOLLYBaHHs KOHTPOINIOBATY BIACTaHb Bif [xepena ocBi-
TneHHs Ta pocnuHamu (Niinemets Ulo & Keenan Trevor, 2012).
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B Tennuusax BUKOPUCTOBYIOTHCA pisHi [xepena OCBiT-
NeHHs: MeTanoranoreHHi namnu, HaTpiesi Namni BUCOKOTO i Hu-
3bKOro TUCKy, dhnyopecLieHTHi namnu, ceitnogiogu (LED) Ta iH.
(Katagiri et.al. 2015; Svistunov & Bevza, 2017). KoxHe i3 Lx Bu-
[iB OCBITNEHHS Ma€e CBOI nepeBaru Ta Hegoniku. Tak, Hanpuknag,
HaTpieBi Tamnu BUCOKOTO TUCKY 3abe3nedytoTb HeobxiaHe doTo-
CMHTETUYHE BUNPOMIHIOBAHHS, @ TaKOX BUAINSAIOTb TENNO Nif vac
pobOoTH, L0 MOXHA BBaXaT SK MIOCOM (EKOHOMISi TemnoBoi
eHeprii), Tak i MiHycoM (onikv nUCTa pocnuH). Heponikom HaTpie-
BMX laMn € HeJOCTaTHE BUNPOMIHIOBAHHS YEPBOHOMO i CUHBOMO
cnektpia (Gomez et al., 2013, Kowalczyk et al., 2020). ®nyopec-
LIEHTHI NaMnK, X0 i € O4HUMM i3 HANNONYNAPHILLKX 45 BUKOPU-
CTaHHs1 y TennuyHux komnnekcax (Dutta Gupta, 2017), He € eHe-
proecdhekTUBHIMI Ta MaloTb KOPOTKUA TEPMIH cnyx6u (Meng &
Runkle, 2016). Ha BigmiHy Big iHLUMX BUAIB OCBITNEHHS, CBITNOA-
onv HabupaloTb Bce Binbly NONyRApHICTS. Ix nepesarok ¢ Te,
LLO BOHM He TpitoTbCs Mig yac poboTy, Wo Aae MOXMMBICTb PO3-
TaloByBaTH iX 4oBoni 6nn3bko 4o NoBepxHi pocnuHu (Katzin et
al., 2020). EHeproecbekTuBHICTb CBiTNOAIOAIB MOXHa 3abeane-
UNTYW 3a paxyHOK BUKOPUCTAHHSA Y TEMAUYHUX KOMMIIEKCAX UM KIi-
MaTW4YHUX Kamepax NiNLe YepBOHOrO i CUHLOTO CMEKTPIB OCBIT-
nenHs (Choong et al., 2018).
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Tomy, MeTOI0 HaLLoro AOCNIMKEHHS € NPOEKTYBAHHSA KNi-
MaTW4HOI kamepw, Lo Byae cnyryBaTti Ans NpoBeAEeHHs ekcre-
PUMEHTIB, pesynbTaTh Skux MoxHa byage Hagani BMKOpUCTOBY-
BaTW y NPOMUCIOBHKX 00'eKTax i Byae Bifpi3HATUCH LWBMAKOI 3a-
MIHOIO [Kepen OCBITMEHHS, WO yOOCKOHanuUTb MPOLEC MpoBe-
LeHHs 0OCAiMKEHb 32 PaXyHOK MOXIMBOCTI BUBYEHHS BNMMBY pi-
3HOrO OCBITNEHHS Ha BionoriyHi 06'ekTh.

Marepianu i meToau pocnigkeHb. [poekTyBaHHs Kni-
MaTUYHOI KaMepu i CTBOPEHHS CXEMM B3aEMOfii ENeKTPUYHNX

KOMMOHEHTIB  34iMCHI0BAaNOCL  3a
“KOMNAC”.

EnekTpoHHe kepyBaHHS GhyHKLIOHANOM KniMaTUYHOI Ka-
Mepy 3AINCHIOETLCS MIKPOKOHTPONIepoM Arduino Ta HeobXigHUMK
AaTyMKaMm i KOMMOHeHTaMu (Tabn. 1).

Mporpama, LLO 3AINCHIOE KepyBaHHS BCIM (DYHKLOHAIOM
kniMaTu4HOi kamepu, Byna cTBOpeHa 3a 4OMOMOrOK Mporpamu

“Arduino IDE” (puc. 1).

[0MOMOroK  Mporpamu

Tabnuus 1. KoMNOHEHTH, L0 BUKOPUCTOBYIOTLCS ANs KOHTPOSIK KNiMaTy Ta OCBITIEHHS Y KNiMaTWYHIN kamepi

Ne n/n Ha3sea KOMNOHEHTY OyHKLUis
1. MikpokoHTponep Arduino KepyBaHHs faT4nkamu Ta CBITNOBMMU MOZYNSAMM
2. Jarunk YL-38+YL-69 Mogynb BuMipioBaHHs BONOrocTi FpyHTY
3. Jatumk HTU-21 BumiptoBaHHs TeMnepaTypy i BONOrocTi NOBITPS
4, ST-12-5050-60-RGB-65 OcBiTNeHHs Hag nonuueto
5. DeLux T8 36/33 OCBITNEHHS], po3TallOBaHe Ha NoOmnuLj

@ result| Ard

®aitn lMpaska Crery WMrcrpymentsr Momows

result

memset (response, 0, 9);

mySerial.readBytes (response, 9);

printDigits (minute(});

Ty 1o W

byte crc = 0;

for (1 = 1; 1 < 8; i++) crci+=response[i];
ceEc = 255.— CEC;

crct+;

Serial.print{"t: "};

Serial .print {hour (})

Serial.printlin();
unsigned int responseHigh = (unsigned int) responsel[2];
unsigned int responseLow = {unsigned int)} response[3]; V

Puc. 1. IHTepdeitc nporpamu “Arduino IDE”

Pe3ynbTtaTtn. Po3Mip CKOHCTPYIMOBAHOI KNiMaTUYHOI Ka-
mepu e 2 x 1,2 x 0,6 M, abo 1,44 m3. KoHcTpykLito nobyaoBaHo i3
OSB, ToBWWMHa skoro 10 MM Ta yTenneHo nonotHom Meradh 3
0HOCTOPOHHIM honbrysaHHamM MMNE-IT tun FP ToBLymHOW 5 MM.
B npoueci npoekTyBaHHs KniMaTUYHOI Kamepw (puc. 2) BpaxoBy-
BanMCb BWMOTM POCNMH OO YMOB BMpOLLyBaHHs. Ons nigrpu-
MaHHS HeoDXigHOI TemnepaTypu y kamepi y XornogHuin nepiog
6e3 onaneHHs, kamepy obnagHaHo cuctemoro obirpisy, Lo ckna-
[AETbCA 3 TEHY | BeHTUNsTOpa. MOXNMBICTL perynioBaHHs Tem-
nepatypn 0o HeobxigHoi, sky noTpebye neBHa KynbTypa, Kepy-
€TbCS 32 JONOMOrOK koMm'ioTepa, TOOTO AaTuMk TemnepaTypy
MOBITPSA Y KNIMaTUYHIN kaMmepi BiACMIAKOBYE HIKHIO MEXY, LLO He-
o0xigHO nigTpUMyBaTW; NpU NEPETUHI Liei Mexi komn'ioTep aae
KOMaHZy npawtoBaTi HarpiBanbHOMY enemeHTy, Konu Heobxia-
HOI TemnepaTypu AOCArHYTO, HarpiBanbHUA eNeMEHT BUMMKa-
eTbest. MMig yac pobotu cuctemm obirpisy Tenne nosiTps nopa-
€TbCsA N0 TPYOi Y KNiMaTu4Hy Kamepy, A€ pOo3ranyxyeTbcs Ans
PIBHOMIpHOrO NigirpiBy BCiei kamepw. MOBITPS 4O KNiMaTNYHOI Ka-

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

Mepu NoAaeTbes 3a Temnepatypy He BinbLue Hix 50°C, wob yHu-
KHYTW NeperpiTMX 30H Ta OnikiB POCIUH. TEH TakoX Mae cUCTemy
3aXMCTY, sIka CKNaAaEeTbCA 3 TENMOBOrO 3anobikHuKa Ta cucTemMm
crabinisauii TemnepaTypu TeHa.

3anns 3abe3neyeHHs POCAMH BOMOTO BCTAHOBIIEHO CH-
CTeMy 3poLUeHHs. BoHa cknagaeTbes 3 pesepsyapy Ans Boaw,
HacoCy, po3nodinbHuKa i TOHKMX TPYBOYOK Ans MiKpokpanemnb-
HOro 3poLueHHs. Monue BinbyBaETHCA TOL|, KOMM AATYMK BOMOMM
TPYHTY Nepeaae KOMMoTepY, L0 BOMOTICTb MEHLUA 32 HEODXiAHY.
[ns BUOaneHHs HaANWULLIKOBOT BONOTH, LU0 BUNAPOBYETLCS i3 Ipy-
HTY, peani3yeTbCsl cUCTEMA BEHTUNALT. Y pa3i HeoOXigHOCTI, i
Ans GinbLU 3py4HOr0 NPOBEAEHHS! arpPOHOMIYHNX LOCTIZXKEHD, €
OnLiiHa MOXIMBICTb BCTAHOBEHHS fOAATKOBOI MOSINYKK, LLO Ta-
KOX MaTMe CBO€E OCBITNEHHS.

HaiBaxnusiLLoto hyHKLiEH, L0 Bigpi3HSE AaHy KniMaTy-
YHY Kamepy Bif iHLIKMX, € MOXMUBICTb 3aMiHW Jepena OCBiT-
NeHHs NS NpoBeAeHHs focnimkeHb. Hapasi, 3aans nposefeHHs
Jocnigy 3 NOPIBHAHHS BMAMBY Ha KynbTypu (DnyopecLEeHTHUX
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namn i MOHOXPOMHUX YePBOHO-CUHIX CBITNIOMIOIB, Y BEPXHIO Ya-
CTMHY KniMaTMYHOI kKamepu BCTaHOBMEHO CBITNOAIOAM, @ Ha no-
NINYKY BCTAHOBMEHO ryopecLeHTHY namny. TakuM YMHOM, Npo-
BefieHHs focnigis Oyae 6inbLu 4OCTOBIPHUM, aXe NPOXOAUTL 3a

opHakoBux yMoB. [1ns isonauii ogHoro mxepena csitna Big iH-
LLIOrO, NONNLIA, LU0 BCTAHOBIEHA Y KNiMaTWUYHIit kamepi, NOBHICTIO
BKpWTA CBITIOHENPOHUKHAM MaTepianom.

D

Puc. 2. Cxema knimaTuyHoi kKamepu, e 1 - cuctema onaneHHs; 2 - cuctema BEHTUNSLT;
3 - LNT EeNEeKTPUYHOrO KepyBaHHS; 4 - KOMM'IOTEP; 5 - CUCTEMA 3POLLIEHHS.

06roBopeHHs. beanepeyHo, KniMaTuyHi kamepu, abo sik
iX LLe Ha3uBakTb (ITOTPOHM YK rpoybokeu, Bxe Oynu peaniso-
BaHi. Tak, Hanpuknag, Gyno cTBOpeHO hiTOTPOH Ans Locni-
[KEHHS BNAMBY PisHUX BUAIB CBITNOZIoAIB. [laHa ekcnepumeHTa-
NbHa YCTaHOBKa Mae Nogin Ha 4 MiHi-kamepu i KOXHa 3 HUX Mae
NWLLEe OaMH BMA BMOHTOBAHMX CBITNOAIOAIB: YepBOHi, CuHi, Gini
abo RGB. Lleit thiTOTPOH BiapisHAETLCA B KNiMaTU4HOT kamepy
TUM, LLO NepeabayeHo MOXMMBICTb BUKOPUCTAHHS NULIE LibOro
Bugy oceitneHHs (Chervinskyi & Lutsak, 2014; Lutsak &
Chervinskyi, 2014).

Y Kuiscbkomy nonitexHiyHoMmy iHcTuTyTi iM. |. Cikopcb-
koro Oyno peanisoBaHe nporpamHe 3abe3neyeHHs s Kepy-
BaHHA (pyHKLiOHanom rpoybokcis. Ane faHa nporpama npucTo-
COBaHa [Ans BUKOPUCTaHHS B SIKOCTi CUCTeMM oBirpiBy Tepmoene-
MeHTY lNenbThbe, AN KOHTPOMK BOMOrOCTi IPYHTY - EMHICHWA Aa-
TUWK BOMOrOCTi FPYHTY V1.2., @ ANS BU3HAYEHHS TemnepaTypy i
Bonorocti noBiTps Aatunk - DHT 11 yn DHT 22. Bci paHi, wo
Oynu 3HsTI gaTymkamm y rpoyboKci, KopucTyBay Moxe nobadumnTy
y cebe Ha poboyomy Komm'roTepi, OCKINbKY Li faHi nepeaanTses
Ha cneuianbHui cepeep B IHTepHeTi (Kotsiurba, 2020). Cxoxy
nporpamy Ta nogibHi atumkn Bxe Oyno 3pobneHo BYEHUMM YHI-
Bepcutety lN'yHagapmm (Vernandhes et al., 2016). NosHicTio aB-
TOMaTU30BaHy CUCTEMY, LIO 3[aTHa KOHTPOMKBATW abioTWyHi
thakTopy BMpPOLLYBAHHA POCKH, Byno cTBOpeHo Ha Basi Mikpo-
koHTponnepa Raspberry Pi BueHuMu KanichopHiiicbkoro gepxa-
BHOrO YHIBEPCUTETY, BIAMIHHICTIO Bif nonepeaHix CUCTEM € npu-
CYTHICTb B CUCTEMI TAPONOHIKW Ta 3aCTOCYBAHHS iHLLOTO MIKpO-
koHTponepa (Palande et al., 2018). Cxoxuit rpoybokc Ha rigpo-
MOHiLi 6yNo CKOHCTPYOBAHO BYEHWUMM 3 HaLiOHANBHOMO TEXHO-
NOriYHOrO IHCTUTYTY Y MicTi BanayHr (IHaoHesis). BueHi cTBopunm

[0AaTok Ans MobinbHOro TenedoHy, WO AaE MOXMMBICTb KOHT-
POIIOBATW NapamMeTpu, 3a SKUX 3pOCTalOTb POCIIMHM Ha BiACTaHi
(Hilmy et al., 2021).

MMpauisHukamn Konemky iHTErpoBaHOi Hayku i TexHiy-
Horo yHiBepcuteTy [hkeimca MegicoHa 6yno CTBOpeHo cuctemy
ONS BUPOLLYBAHHS MIKPO3EMEHi Y KOHTPONbOBAHOMY Cepepo-
BuLLi. [laHWi NPOeKT 3aimae HeNMOBIPHI MaclTabu Ta Mae BUKO-
pUCTOBYBATUCA He 334N NPOBEAEHHS OOCHIMKEHb BYEHUMM, @
Ans 3abe3neyeHHst HaceneHHs HeobXigHUMM NPoayKTaMm xapuy-
BaHHS Y pa3i CTUXIMHOMO fuxa YM iHLWOT Haa3BMYaHoT cUTyaLlii.
PocnnHm y LbomMy rpoyBboKCi BUPOLLYIOTLCS 33 AONOMOTOH) rifpo-
MOHikW Ta BuKkopucTakHs ditonamn (LED). Liikasum € Toi cpakT,
LLIO LA TEXHOIOriS NOBHICTIO NPALIKOE Ha BiAHOBNIOBAHUX AXepe-
nax eHeprii (Trawick et al., 2018).

3aranbHy knacudikaLlilo KOMNNekcis Ans AoChiikeHb 3
GionoriyHumu ob’ektamm HaBoauTb becnanos I.M. Bonun nogins-
t0TbCS 3@ NPU3HAYEHHAM Ha (DITOTPOHM, 300TPOHN, IHCEKTPOHM Ta
yHiBepcanbHi (bioTpoHu) (Bespalov, 2007). Brim, y Uil knacudi-
KaLii He BKIHOYEHO KNMiMaTUYHWX Kamep Ans OOChimdKeHb aepe-
BMHW. AHani3oM HeOOXiBHMX KOMNOHEHTIB [t CTBOPEHHS TaKMX
KniMaTuyHKUX Kamep 3aiimascs bopucos B.M. (Borysov, 2013).

BucHoBku. KnimatyHa kamepa, wo byna po3pobnena,
BiOPI3HAETLCA Bif, iHLLMX (DITOTPOHIB Ta rpoyOOKCIB MOXMMBICTIO
LUBMAKOI 3aMiHK [Xepena OCBITNIEHHS, L0 JAE MOXIMBICTb BYE-
HUM npoBoAMTU Oinblu LUMPOKI Ta FPYHTOBHI JOCAIMKEHHS 3
BMAMBY Pi3HUX BUAIB NaMM Ha CiNbCbKOroCnoAapChki KynbTypu.

Moaska. Mu BOAYHI 3a NiATPUMKY YecbKoro ypsdy, Ha-
AaHy MiHicTepcTBOM 3aKkopAoHHMX cnpaB Yecbkoi Pecnybniku,
L0 JO3BOMANO PO3NOYATH Lie HaykoBe LOCMIMKEHHS B pamKax
npoekty «MixBy3iBCbke CRiBPOBITHULTBO SK IHCTPYMEHT NiaBU-
LLIEHHS SIKOCTI BUOpaHKX yHIBEPCUTETIB YKpaiHuy.
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Zakharchenko E.A., Sumy National Agrarian University (Ukraine)

Construction of the climate chamber with the lighting adapted for growing of agricultural crops

In recent years, more and more greenhouse complexes are appearing in Ukraine and around the world. An increase in their
number is needed to provide humanity with food, as the world's population grows every year. For growing plants indoors and using
aeroponics requires controlled conditions to create an optimal environment for growth and development. Carrying out vegetation ex-
periments in growboxes also allows to obtain complete data on the study of plant genotypes, the effectiveness of fertilizers, biological
products, etc. One of the issues that need to observe is the study of choosing the most suitable light source for growing plants, in
particular, crop. Thereby, a climate chamber with a volume of 1.44 m3 and a height of 2 m was designed and constructed to study
plants. For control of abiotic factors, such sensors have been used as YL-38 + YL-69 and HTU-21, for lighting - LEDs model ST-12-
5050-60-RGB-65 and fluorescent lamp DeLux T8 36/33. The climate control program was developed using the Arduino IDE. The
difference between the created climate camera and existed cameras is in possibility of faster replacement of light sources. The ad-
vantages and disadvantages of light sources used for growing plants under controlled conditions are shown. Examples of other grow-
boxes, phytotrons and climate chambers used for growing crops are given.

Key words: green house, LEDs, fluorescent lamp, growbox, phytotron, indoor ground, light intensity
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IMocmaHoeka npo6nemu . MNpobnema nonsrae B ToMy,
Lo NpU BiACYTHOCTI B rOCMOAApPCTBI HOPMATWBIB Ha MOKa3HUKN
BMKOPUCTaHHS aBTOTPAHCMOPTY NpM NepeBe3eHHi 3epHa Bif KOM-
BaitHa, TO Lii MOKa3HWK MOXHA BU3HAYUTW aHAMITUHUM LUMSXOM
i BUKOpUCTATK IX 4S9 ONMaTh npayi BUKOHaBLB Ta CNUCaHHs na-
nuBa.

AHani3 ocmanHix docnidxeHb i nybnikayid. 13 nigpy-
YHWKIB Ta iHWWX NiTepaTypHUX xepen no MalIMHOBMKOPUC-
TaHHK Y POCTIMHHULTBI BiOMO, SIK BU3HA4aKTbCA MOKA3HWUKN BU-
KOpPUCTaHHsi aBTOMOBINILHOrO TPAHCMOPTY NPU BiLOMUX iX TEXHIY-
HWX XapaKTEPUCTWKAX Ta yMOBAX iX BUKOPUCTAHHS Npu 30MpaHHi
Pi3HWX 3epHOBUX KynbTyp. OfHaK, aHaniTMYHUX JOCIMKeHb CTO-
COBHO TOrO SIK HacnpaBAi BU3HAYalOTbCS 3a3HAYeHi NOKa3HUKN B
KOKPETHUX YMOBaX HaMmu BUSIBNIEHO He Byno.

dopmynoeaHHs yinell cmammi ma Mema 0ocJli-
OXeHb. HafaT METOOWYHI NigX0AM MO BU3HAYEHHK OCHOBHWX
TEXHIKO-eKcnyaTaLinHWUX NOKa3HWKIB i, 30Kpema NpOAYKTUBHICTb
Ta BATapu nanuea BaHTaXHWX aBTOMODINIB Ta aBTONOI34iB Npu
TPaHCNOPTYBaHHI 3epHa Big 3epHO36MpanbHUX KOMOaMHIB npu
30MpaHHi NWeHML, WO JacTb MOXNMBICTb AATH iM NOPIBHAMBHY
OUjiHKY Ta 6inbLU NpaBWLHO OpraHidyBaTu ix poboTy B BUPOOHU-
4nx ymoBax. Po3rnsiHeMo Lie Ha KOHKPETHOMY MpuKnag;.

BuxioHi OaHi:
3epHo3bupanbhuin kombainH NMANECCE GS 12.(puc.1)
BaHTaxHuit aBTomMobinb KamA3 — 45143-11 (puc.2)
AsTomobinbHuiA npudin HE®A3-8560-02 (puc.2)
Poamipu nons: nnowa nons F=200 ra; gosxuHa L =2000Mm; wu-
pvHa B=1000m.
PiBeHb BpoxanHocTi 3epHa, Ys, = 75u/ra=7,5T/ra
3aranbHa BigcTaHb nepeBeseHb — I = 4kM. B T.u.:
- BUPOBHKYOKO Teputopieto — 0,5 km;

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

- noTpaci- 2,5 km;

- MO Mont.- 1 KM. (MOMoBKHA JOBXMHU NOJIS)
BapiaHTu:

A - aBTOoMOGinb 6e3 npuyena;

b — aBTom06inb 3 npuyenom (aBTonoisg).

Pvic.1.3epHo36MpanbHHii kombaiik NANECCE GS 12

TexHiko-ekcnnyaTtayiiHi NOKasHWKW BUKOPUCTAHHS KOM-
aliHa HaBeeHi B Tabnuui 1, siki BU3Hau4eHi 3a BigomMuMu Gopmy-
namn[1,2,34].

MocnidosHicmb po3paxyHkie.

1. TpuBanicTb 3anoBHeHHs ByHkepa 3epHoM, {6, rof.

t5= me/ wo (1)

A€ ms — Maca 3epHa B OyHkepe, T. ms = 5,3 T;
Wo — MPOAYKTUBHICTb koMbaiHa 3a 1 rog. OCHOBHOIO yacy,
wo = 21,8 T/rop.
Togi ts=0,24 rog.
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Puc.2. Astonoian KamA3 - 45143-11+ HE®A3-8560-02

Tabnmug 1. MNMokasHWKM BUKOPUCTaHHS KoMbalHa

Ne lMoka3HuKm OauHmui | 3HaveHHs
n/n BUMIpY | MOKa3HWKiB
1 |MpoaykTuBHICTL 3a 1 rog. ocHo-|  T/rop. 218
BHOrO Yacy
2 Pobouya Wwewnakictb km/rof 38
4 |TpoayKTUBHICTb 3a OAHY roguHy|  T/rop. 20,3
3MiHHOrO Yacy

2. lLinsix 3anoBHeHHS ByHkepa 3epHOM, Is, rof.
Is = Vp+ ts. ()

Micns nigpaxyHkis ls = 0,91km = 910 M., W0 NpubnusHo
[OPIBHIOE MONOBMHI BOBXWHM nons. okasHuku fs, ts MOTPIiGHi
BOAil0 aBTOMOGINS Ans OpieHTUpY B NPOCTOPI i B Yaci no BigHO-
LIEHHK 0 KoMbalHa.

3. TpuBanicTb LMKy BaHTaXHOro aBToMobins (aBTonoi-
30a), fy, CKNaaaeThes 3 HACTYMHUX EMNEMEHTIB: XONOCTUIA pyX aB-
TOMOBins (Bui3g 3 BUPOBHMUOT TEpUTOPIi, pyX No Tpaci, B'i34 Ha
norne); 3aBaHTaXeHHs 3ePHOM; OYiKyBaHHS YeproBOro 3aBaHTa-
XEHHSI;  pyX 3aBaHTaXeHOoro aBToMobins (Buisg 3 nons, pyx no
Tpaci, B'i3g, Ha BUPOBHUYY TEPUTOPIID), 3BaXyBaHHS Ta PO3BaH-
TaXeHHs1 aBToMOobins:

fy=toe + t; + fost tps + gt tsp (3)

pe tse — TpMBanicTb pyxy aBTomMobins 6e3 BaHTaxy, rog.;

t; — TPMBaNICTb 3aBaHTaXXEHHS Ky30Ba aBTOMODINS 3epHOM,
roa.;

fos — TPUBANICTb OYiKyBaHHS YEPrOBOrO 3aBaHTAXEHHS , 0. ;

fps — TPMBANICTb PyXy aBTOMOGINS MiX YEpProBUMMW 3aBaHTa-
XEHHAMM, TOA.;

te — TpMBanicTb pyxy aBToMobins 3 BaHTaXem,rog,;

tsp — TPVBAnNICTb 3BaXYBaHHS Ta PO3BAHTAXEHHS, rof.;
3.1 Tpusanictb pyxy 6e3 BaHTaxy, tss , roa.:

tes =In Vot lan Nant |2 V2 (4)

LUBmakicTb pyxy aBTOMOBINs 6€3 BaHTaxy:;
- no nonto — 30 km/roA,.;
- o acganbToBin Aoposi — 70 km/rog.;
- N0 BUPOBHWYUiA TepUTOpIi — 5 KM/rog,.
[ns o6ox sapiaHmig npuiimemo tse = 0,17 rog.
3.2 TpuBarnicTb 3aBaHTaXXeHHs! aBTOMOGINS 3epHOM (BU-
BaHTaxyBaHHs ByHKepa, Konm kombaiiH 3yN1HSETLCS, OYiKyE Tpa-

HCMOPTHMIA 3aci6 (1xB.) i BUBaHTaXye 3epHO (2 XB.), TO ANs Of-
Horo byHkepa t, = 3x8. = 0,05 rog.

Bapianm A: t,=6 xB. = 0,1 rog.

Bapianm b: t, =12 x8. = 0,2 roa,.

TpuBanicTe pyxy aBToMOGINs MiX YEProBUMM 3aBaHTa-
XEHHAMM, fps ,rof.;

tps = lpa/ Vn, (5)

Ae Ips - BigCTaHb MiX YeproBumm 3anpaBkamu, KM. lps = Is.
BapiaHm A: 1:=0,91 km. BapiaHm b: t,;=0,91-3=2,73 km.
Bapianm A: t,= 0,05 rog. Bapiaim b: f»: = 0,14 rog,.
3.3.TpuBanictb pyxy 3 BaHTaXeM ts , rog.

CknapaeTbes i3: Buispy 3a mexi nons Il (l» =1km nosno-

BMHA JOBXWHM NOMS), pyXOBi NO 4OPO3i 3 acdanbTOBUM NOKPUT-

TAM Jan(lan = 2,5 KM), pyX0Bi rocrnogapcbkoto Teputopieto k(1= 0,5

kM), rog.:

te =l Vit lan Vant I /Ve (6)

LUBmakicTb pyxy aBToM0GINs 3 BaHTaxeM: no nomto — 20
km/rog., no acganbToBiN 4opo3i — 60 KM/ro., No rocnoaapcbkuii
TepuTopii — 5 km/rog.

[nsa obox sapiaHmis npuiimemo ts = 0,19 rog.

3.40uikyBaHHS! YeproBOro 3aBaHTaXeHHsI Ky3oBa aBTO-
MOBINs JOPIBHIOE TPMBANOCTI  3aNOBHEHHS DyHKepa 3epHOM fs.

Bapianm A t,= 0,24 rog. (oguH ByHkep)

BapiaHm b tv = 0,72 rog. (Tpu ByHkepw)

MigpaxyHk1 NOKasywTb, WO TPUBANICTb PeNcy aBTOMO-
Bing-camockuga Ta TpuBanicTb 3anoBHEHHS OyHkepa kombaiHa
3EpHOM MpaKTMYHO criBnagakTb. TobTo, AN 0b6CmyroByBaHHs
3epHo36mparnbHoro kombaitHa mapku MANECCE GS 12 poctat-
HbO MaT¥ oauH aBToMobinL mapku KamA3 — 45143-11. Ti peki-
nbka xBunKH ( 6r3bko 4BOX XBUMWH), MPOTArOM SKuX koMBaiH
Byne ouikyBaTW TpaHCnopT, NOTPiIOHI kombalHepy ans ornsgy
kombaitHa abo nepeBipku SKOCTi 0OMONOTY.

3.5.CnocTepexeHHs B BUPOBHMUMX yMOBaX CBifvaThb, Lo
Ha 3BaXXyBaHHS TPAHCMOPTHOrO 3acoby Ta BUBAHTAXEHHS 3epHa
3 Ky3oBa TpuBae 6nu3bko 5 xs.

[ns o6ox sapiaHmig npuimemo tps = 0,08 rog.

Togi 3aranbHa TpuBanicTb LWKITy byae AOpiBHIOBATY:

Bapianm A: t,=0,83 rog. BapiaHm b: t,=1,50 rog.

4 MMpoayKTUBHICTb TPAHCNOPTHOrO 3acoby wy, T/rog.

wy = menel ty, (7)
e N6 - KiNbKICTb BUBAHTaXEHb 3epHa i3 ByHkepa.
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BapiaHm A: wy=12,8 1/rog. BapiaHm b: wy=14,1 T/rog.
5.KinbkicTb peicis 3a 3miHy ny:

Np = Tad by, (8)

Mpw TpuBanicti amiHK, Tsw = 10 rog,-

Bapiaum A: ny=12; Bapiahmb: ny=17.

6.MepeBe3seHo 3epHa 3a 3MiHY, May, T:

BapiaHm A: msy=127,2 1. BapiaHm b: msy=148,4 7.

[MoTyHiCTb ABUryHa aBTOMOOINS MpW BMKOHAHHI Tpac-
MOPTHWX MPOLIECIB BUTPAYAETLCA Ha: NPUBIL MEXaHi3MiB TpaHc-
Micii, nepekovyBaHHs! aBTOMOGInS.

7. BTpaTu NoTyXHOCTi B TpaHCMicii, KBT:

Nmp =Neu (l_nmp)’ (9)
fe Ney — HOMiHanbHa edeKTMBHA MOTYXHICTb [BWryHa, KBT.
Nex=176 KBT.

1,,, — KKL TpaHcmicii : Ny = 0,95.

[nsa obox sapiaHmie npuitmemo Ney = 8,8 KBT.
8. BtpaTu nOTYXHOCTi Ha NepekoyyBaHHs aBTOMOBINS,
kBT

v =G

, 10
/ 3.6 (10)

pe G, — Bara aBTomo6ins (asTonoisaa), kH;

f — KoedillieHT onopy NepekoYeHHo ;

Bara aBTomo6ins (aBTonoisga) 6e3 BaHTaxy:
BapiaHT A Gac = 87,4kH;
BapiaHT b Gacn = 87,4+51,6 = 139kH

lMoBHa Bara aBTOMObINs (aBTOMOI3AA):

BapiaHT A Gac = 87,4+104 = 191,4kH;
BapiaHT B Gacn = 139 + 208 = 347kH.
(Bara 3epHa ogHoro 6yHkepa gopisHtoe 104 kH)

KoedhiLlieHT onopy NepekoYeHHIo ;
- npw pyci aBTomobing no nonto f =0,07 ;

- Ty pyci no acepanbTosii Aoposi f = 0,02
8. BanaHc notyxHocti ABuryHa astomobeing, N,, (kBT):

N,=N,, +N,, (11)
9.KoedhiLlieHT 3aBaHTaXeHOCTi ABUryHa MO MOTYXHOCTI,
My
Ne
Ny = N (12)

OntumanbHa BENWYMHA  3aBAHTAXKEHHS  AM3ENTbHUX
ABuryHis 7, =0,70...0,85.
10.MNoroagnHHa BuTpata nanuea,_Ge, Krirog.

Gz = Newg+ T /1000, (13)

ne q - r/kBTrog.

nMTOMa BWTpaTa ManuBa ABUIYHO,
g=236 r/kBrrop.
11.Butpata nanvea 3a oguH uukn, G, Kr.
Bapianm A: G1y=4,28 kr. Bapianm b: G1=5,4 kr.
12.Butpata nanvea 3a 3miHy, G, Kr.
Bapianm A: Gsu=51,4 kr. BapiaHm b: Gz=37,8 kr.
13.ButpaTta nanuea Ha 0gHY TOHY NEPEBE3EHOr0 3epHa,
Gm, KrT:
Bapianm A: Gsw =0,40 kr/T. Bapianm b: Gsw=0,25 kr/T.
Bun3HaueHi nokasHukv HaepeHi B Tabnuui 2

Tabnmug 2. MNMokasHuku BUKOpUCTaHHS aBTomobinie (BapianT A/BapiaHT b)

Ne n/n EnemeHTM Yacy 3MmiHu Ne, kBT nn G, kr Gam, kr
1 Xonoctuin pyx aBTomobins:
-Mo BUPOBHWMIN TepuTopii 11,2112,7 0,06/0,07 0,25/0,29 3,0/2,0
-Mo Tpaci 42,8/63,4 0,24/0,36 0,40/0,60 4,8/4,2
=110 NOJTo 63,9/89,6 0,34/0,51 0,45/0,64 5,1/4,5
2 HaniBnopoxHii pyx no nosmto 90,4/103 0,51/0,36 0,75/0,75 7,8/5,3
3 Pyx 3aBaHTaxxeHOro aBToMobins:
-10 Nonto 1211144 0,69/0,82 1,44/1,70 17,2111,9
-M0 Tpaci 84,0/124 0,41/0,70 0,68/0,87 8,2/6,1
-no BUPO6HWMIN TepuTopii 14,2/18,9 0,08/0,10 0,33/0,42 4,029
4 BnBaHTaxeHHs 3epHa i3 ky30Ba aBTOMObInNs 0,05/0,06 0,10/0,17 1,211,2
5 Bcboro 3a hakTuyHy TpMBanicTb 3MiHM - - - 51,3/38,1

7.TpuBarnicTb NPOCTOiB komMbaitHa B OYiKyBaHHI TpaHCMo-
PTHUX 3ac0biB, tox,rOA.

fox = (té - tp)( Np '1)

Togi: BapiaHT A: - tox = 2,2 rog.; BapiaHT b: -fox = 1,2 r0g,..

To6T0, Npy BUKOPMCTaHHI aBTOMOI3Aa NPOCTOi KombaliHa
3MeHLaTbes Ha 1,0 rog.

8.YMOBHUI1 HAMONOT 3a Yac OYiKyBaHHS!, Woy, T/rOL,.

Woy = tox™ Wo,
A€ Wo — NPOJYKTMBHICTb KoMBanHa 3a 1 rod. OCHOBHOIO Yacy,
T/roA.
wo = 21,8 T/rog.
Togi: BapiaHT A: - woy = 48 T.; BapiaHT b: - woy = 26 T.

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

To6T0, NpK BUKOPUCTaHHI aBTONOI3ga komMbaiH 3mir 6y
HaMonoTuTK 3epHa Ginblue Ha 48-26 = 22 T. B NOPIBHSAHHI 3 aB-
Tomobinem.

Pe3ynbTaTii po3paxyHKiB Mo NOPiBHAMbHIA OLiHLi poboTK
TpaHCMOPTHMX 3acobiB Ha BiABE3eHHi 3epHa Big kombaiiHa [o-
3BONSAOTb 3pOOMTI HACTYMHI BUCHOBKM:

BucHoBku.

1.Awo BukopucToBYBaTM aBTOMOBINL-CaMockua KamA3
— 45143-11 K caMOCTIiiHY TPAHCMOPTHY OAMHULID, TO 38 3MiHY
TpuBanicTo 10 roauH BiH 3MOXe nepeBesTy Bif kombaiiHa 127,2
T. 3epHa, aBTOMOI3x B CKMafi LbOro X aBToMobins Ta aBTonpu-
vena HE®A3-8560-02 3a Toi xe yac - 148,4 T 3epHa, T06T0 Ha
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21 7 6inbLe. TobTo, NO LIbOMY KpUTEPIlO Nepesary cnig sigaaT
LpYromy BapiaHTy.

2. Mpw BUKOPUCTaHHI aBTONOI3Aa Ha NepeBe3eHHi 3epHa
BUTPayaeTbCs AnsenbHoro nammea 0,25 rpH. Ha KOXHY TOHY, a
Mpu1 BUKOPUCTaHHi aBTomMobins 6e3 npuyena — 0,40 rpH. TobTo,
Ha KOXHilt TOHI ekoHoMUTbCS 15 kon. TMpu nnowi nons B 200 ra
Ta BPOXaWHICTIO 75 L/ra, TO eKOHOMIs B Liinomy cknage 225 rpH.
Mo BENMKOMY paxyHKy Mo LibOMY KpUTEpito OLHKI BUKOPUCTaHHS
TpaHCropTy obuaBa BapiaHTW piBHO3HAYHI. MMOSACHEHHS LibOMy
npocTe — KoeqiLlieHT 3aBaHTaXeHHS ABUryHa B NepLIOMy Bapia-
HTi 3HAYHO MEHLUMIA HiX y Apyromy (Tabnuug 2).

3. Haibinblue nanuea Ha OAWHULIO JOBXWHM LUMNSXY BU-
TpayaeTbCA NpU PyXOBi Oro MO NOIIO 3 MOBHICTb 3ANOBHEHUM Ky-
30BOM, i€ 3aBaHTAXEHICTb ABUrYHa HambinbLwa — 0,69...0,82.

4. Binb NOBHY i NpaBUIbHY OLHKY BUKOPUCTAHHSA LMX
ABOX BapiaHTiB MOXHa JaTu, SKLLO 3a KpUTEpii B3STY EKOHOMIYHI
MOKa3HUKN.

Mpono3uuii.

1. AKwo B AaHin cuTyauii 3a rONOBHWIA KPUTEPIA OLHKN
TpaHCNOpPTHUX 3acobiB OpaTh binbl edeKTMBHE BUKOPHUCTAHHS
kombailHa Yepe3 3MEeHLUEHHS NPOCTOiB, Nepe.ary cnig BigaaT
aBTonoiagy: kombaiH 6yge npocTotoBaTh Ha 1,0 rog. MeHLUe Hix
Npu BUKOPUCTaHHI 0aHOro aBTomobins. 3a Lei Yac BiH 3Moxe Ha-
MOJIOTUTM Tpn ByHKEPY 3epHa.

2. [Inst ycyHeHHs abo 3MEHLLEHHS MPOCToiB kKombaliHa
MOXHa 3acTOCyBaTM [eKiNnbka 3aX0i:

- npuabaTy i BUKOPUCTATU TaK 3BaHWi Nepe3aBaHTaxyBay 3e-
pHa. Lle Takuii camOXigHWI TEXHiYHMIA 3acib, 3 [JOMOMOrow
SIKOro MpW BiGCYTHOCTI TPAHCMOPTHOIO 3acoby BiH 3aBaHTaXy-
€TbCS 3€PHOM Bif KOMOaliHa, a NoTiM MpyW MOro NosIBi BUBAHTa-
XKYE 3EPHO;

- Ha noni MOXHa MaTu TPAHCMOPTHWI 3acib B Cknaai ManonoTy-
KHOTO TpaKTopa i aBTOMOGINbLHOrO npuyena, skuin Ou 3aBaHTa-
XyBaBCA Npw BiACYTHOCTI aBTONOI3Aa.
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Barabash G.l., Sumy National Agrarian University (Ukraine)

Mikulina M.A., Sumy National Agrarian University (Ukraine)

Polivanui A.D., Sumy National Agrarian University (Ukraine)

Comparative assessment of the work of vehicles during wheat harvesting according to the criterion of fuel
consumption

The problem is that in the absence of standards for the use of vehicles in the transportation of grain from the combine, these
indicators can be determined analytically and used to pay for contractors and write off fuel.

From textbooks and other literature sources on machine use in crop production, it is known how to determine the indicators of
the use of road transport with their known technical characteristics and conditions of their use in the harvesting of various cereals.
However, we have not found any analytical studies on how these indicators are actually determined in specific conditions.

Provide methodological approaches to determine the main technical and operational indicators and, in particular, productivity
and fuel consumption of trucks and trains when transporting grain from combine harvesters when harvesting wheat, which will give
them a comparative assessment and better organize their work in production conditions. Consider this with a specific example.

Key words: wheat, harvesting, combine, car, road train, speed, productivity, fuel consumption.

[ata HagxomkeHHs 0o pepakuii: 28.05.2021
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YK 631.1/631.2/631.3

OBrPYHTYBAHHA BUBOPY MOCIBHUX KOMMNNEKCIB BITYY3HAHOrO BUPOBHULITBA
METOOOM MATEMATUYHOIO MOJENHOBAHHA (3a TexHiko-eKOHOMiYHUMU KpUTEpPiMU)

CapxaHoB OnekcaHgp AHaToniiioBuy
KaHAWAAT TEXHIYHUX HayK, AOLEHT

CyMCbKMIA HaLliOHaNbHUIA arapHIUA yHIBEpCUTET
ORCID: 0000-0003-3973-0185

e-mail: alexsar@i.ua

Bapabaw "puropiii IBaHoBuMY

KaHAWAAT TEXHIYHUX HayK, AOLEHT

CyMCbKMIA HaLlioHaNbHWUIA arapHIUA yHIBEpCUTET
ORCID: 0000-0003-1075-479X

e-mail: grinyad5@ukr.net

CapxaHoB borpaH OnekcaHapoBuy
acuCTeHT

CyMCbKuMin HaLioHanbHMI arpapHuin yHiBepcuTeT
ORCID: 0000-0001-9796-9499

e-mail: arhimag0@gmail.com

TpaduuyitiHo mexHiko-ekcniyamauyiliHi NOKa3HUKU 8UKOPUCMAHHS MalUHHUX agpeaamig 8 POCAUHHULMEI 8U3HaYalomsCs, eu-
x0094u 3 moeo, wo 3a dosidkosumu OaHUMU NPO CMaH 2pyHmy ma idoMUMU MA208UMU 3yCUnsMU mpakmopig subupatoms Heob-
XiOHy nepedayy, 3a8aHMaxyryu makum YuHoM dsu2yH mpakmopa 00 ONMUMasbHO20 3HaYEHHS, ane 8 Mexax neeHo2o diana3oHy
aepomexHiyHo donycmumux weudkocmell. Ane Ha 0aHul MOMeHm cumyauisi nomiHsnacs. IHghopmauyis wo 0o 3zadaHux NOKasHUKie
gidcymHs yepe3 me, w0 oiyitiHo 1abopamopHo-nonbosi docnidxeHHs abo He npogodsmecs abo iHghopmauis npo ue eidcymHsi. [1po
ye byno cgopmynbosaHo & nonepedHiti cmammi «OBIPYHTYBAHHSA BUBOPY OCIBHUX KOMIIEKCIB BITYUSHAHOMO
BUPOBHMLITBA METOOOM MATEMATUYHOI O MOLE/IKOBAHHA (3a iHXeHepHO-meXHIYHUMU Kpumepiamu)»

B 3anponoHosaHili cmammi HagedeHi MemoduyHi nidXo0u NO 8U3HAYEHHIO OCHOBHUX MEXHIKO-EKOHOMIYHUX NOKa3HUKi8 HOBUX
NOCIGHUX KOMNIIEKCI@ 8IMYU3HAHO20 8UPOBHUYMSa, N0 SKUX We 8i0cymHs 8 nimepamypHux dxepenax iHghopmauis wo 0o echekmu-
8HOCMI BUKOPUCMaHHS 8 NEBHUX BUPOBHUYUX yMOBaX; HagedeHi KOHKPEMHI 3HaYeHHs CKnadosux NPAMUX eKcnilyamauitHux ma npu-
gedeHux gumpam, wo 00380/1UMb NPO8OOUMU aHaNmu4Hi 00CHIOKEHHS N0 egheKMUBHOCMI X 8UKOPUCMAHHIO.

Knroyoei cnosa: cigba, nocigHi komnnekcu, Memoduka, 6anaHcoga 8apmicmb, peHogauis, excniyamauiliHi gumpamu, npu-
gedeHi sgumpamu, 3ampamu npaui, eghekmugHicme.

DOI: https://doi.org/10.32845/msnau.2021.2.13

MocTaHoBka npobnemm.

TexHonoriuHi npouecy no 06pobiTky rpyHTY Ta cibi € oc- 5= L
HOBHUMW CKNaZi0BUMM YaCTUHAMM 30HANbHUX HAaYKOBO OBIPYHTO- T
BaHux cuctem 3emnepoberea. OcobnmBo BaxnmBe 3HAYEHHS Lie
HabyBa€ B CyyaCHUX YMOBAX, KOMW iCTOTHO YCKMagHWNOCh pe-
CypcHe 3abeaneyeHHs arpapHuX nignpruemcTs .

[nsi 0CTaToOYHOro NPUIMHATTS PILLEHHS CTOCOBHO BUGOPY
Oinbl edeKTUBHILIONO MaLLUMHHOTO arperaTy HeoOXigHo AaTu
IOMY EKOHOMIYHY OLiHKY. [1Ns BUPILLEHHS LIbOro MUTaHHS My Npo-
MOHYEMO B AaHili CTaTTi Cy4acHi MaTeMaTUyHi nigxoau. B=1,1(Cyp + Cu), (2)

AHani3 pesynbmamie ocmaHHix docnidxeHb. AHani-
TWYHI OCNIIKEHHS CTOCOBHO OLiHKM eCDEKTUBHOCTI poboTH Noci-
BHUX KOMMIEKCIB i iX NOPIBHANBHOI OLiHKK B yMoBax JlicocTeny
Cymcbkoi obrnacTi He NPOBOAMINCE.

dopmynioeaHHs yineli cmammi ma mema do- Sa=0,01( Brp @p 1p Orp + Bw @pm Bw), (3)
cnidxeHb. BoHy nonsiratoTs B TOMY, W06 Hagat METOANYHI nia-
XOAM MO BU3HAYEHHIO TEXHIKO-EKOHOMIYHUX MOKA3HUKIB BUKOPU-
CTaHHS MOCIBHUX KOMMIEKCIB, WO JAaCTb MOXIMBICTb B Noganb-
Lwomy obpyHTyBaTh BIGIp OQHOrO i3 anbTepHaTUBHUX arperaris
Nno KpuTEpisix NPUBEAEHNX BUTPAT.

=FwsuT, (1)

Oe t — dhakTnyHa Tpueanictb poboTu arperata Ha JaHOMy Mo,
rog.,
T — HopMaTWBHE piYHe 3aBaHTaXeHHs cknagosux MA,
F — nnowa nons, ra.
2. banaHcoa BapricTb cknagosux MA, 5 ,rpH.:

ae Cmp, Cw — LjHa BignoBigHo TpakTopa i poboyoi MaLLmHu (noci-
BHOTO KOMIIEKCY), rPH.
3. BigpaxyBaHHs Ha peHoBalLjto, Sa ,FpH.:

e apmp, apw - HOPMA BifpaxyBaHb Ha PeHOBALlito BIANOBIAHO Tpa-
kTopa i poboyoi MaLLnHm, %.
4 BigpaxyBaHHsl Ha NOTOYHWUA peMOHT (MP) Ta TexHiyHe
obcnyrosyeanHs (TO),  Sro ,rpH.:

_ Teopemuqu_nepedymoeu BU3HaYeHHS mexniko-ekf;- St0=0,01( Bmp @10 mp Omp + Bu @ro m Ow) 4
HOMIYHUX NOKa3HUKi@ 8UKOPUCMaHHs NOCI@HUX KOMNJIEKCie i ) )
1. [lonst po6oTH B piuHOMY 38BAHTaXEHH, &: [ ato mp, aTo » - HOPMa BigpaxyBaHb Ha [P Ta TO BignosigHO

TpakTopa i poboyoi MawuHK, %.

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety
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5. Butpatu Ha nanueo, SyrpH.:
Sn=1,05Gra *F * sn (5)

A€ Sn - LiHa nanuea, rpH./kr.
6. OcHoBHa onnaTa npadj, So (rpH.):

So=( Smo* Not Sma*ng) t (6)

A€ Smo, Smo - TApUCHi CTaBKM BiAMNOBIAHO OCHOBHYX Ta AOMOMiX-
HUX pobiTHUKIB Ha obcnyroByBaHHi MA;
No , Ng — KINbKICTb BigMNOBIAHO OCHOBHMX Ta AOMOMIXHMX PO-
BiTHWKIB Ha 06CcnyroByBaHHI MA.
8. [logaTtkoBa onnata npauji, 4 Sy ,IpH.:

A Sg=ks So, (7)

ae ks— koedpilieHT HagbaBku 40 OCHOBHOI 3apobiTHOI nnaTu.

e kes - BICOTOK BiipaxyBaHb Ha coLlianbHi 3axoau, %.
11. 3aranbHi npsimi ekcnnyatauiiHi BUTpaTh , S,rpH.:

S=8a+S10+S5n+S; + Scs (10)

12. ExcnnyartauiiiHi BUTpaTW Ha OguHML0 poboTu (nu-
TOMi BUTpaTh), &. rpH./ra:

8=

F

13 3aranbHi npueaeHi BuTpaty, 1, rpH.:
n=S+E(5mp 6mp+5M5M) (11)

pe E - Hopma eheKTUBHOCTI KaniTanbHUX BknageHs, £=0,15.
14. TpuBefeHi BATpaTh Ha OAMHULIO pobOTK, N ,IPH./ra:

9. 3arancHa onnata npaui, Ss, rpH.: II 12
n = —
Ss= So +A Sy (8) F
10. BigpaxyBaHHs Ha coLjianbHi 3axogn  Scs, IPH: BuxigHi naHi ans pospaxyHkis B Tabnmui 1.
P PesynbTatn MaTeMaTM4HOro MOZENN0BaHHS HaBEeAEHO B
Ses = 102kes * S5, (9)

Tabnuui 2.

Tabnuug 1. TexHiko-ekcnnyaTaLliiHi NOKasHUKW BUKOPUCTAHHS NOCIBHUX KOMMMEKCIB .

No BapiaHTu
s /H lMokasHuKu OauHuui BuMipy MT3-3022 L + MT3 -3022[L+
Ankop-7,5 Ankop - 10
Poamipy nons:

1 - [nowa ra 200 200
- [HoBxunHa M 2000 2000
- LMpuHa M 1000 1000

2 KynbTypa Osnma niweHumus

3 TexHonoriyHa onepalis CiBba 3 BHECEHHSIM MiHepanbHuUX obpuB

4 Hopma BHeCEHHs HaCiHHs kr/ra 200

5 [o3a BHeceHHst fobpumB kr/ra 85

6 [MpoJyKTUBHICTb ra/rog 46 59

7 Butpata nanusa kr/ra 8,2 7,2

8 KinbkicTb arperaris 1 1

" [ms. cTatTio «OBrpyHTYBaHHS BUOOPY MOCIBHUX KOMMNEKCIB BITYM3HSHOTO BUPOOHULTBA METOAOM MATEMATUYHOTO MOAe-

NKOBaHHS (32 iHKEHEPHO-TEXHIYHUMU KpuTepismm)», cTop. 21-25.
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Tabnuug 2. MNokasHWKM BUKOPUCTAHHS NOCIBHUX KOMMIEKCIB

O BapiaHtu
[MokasHukK BUMIpY MT3-3022 AL + | MT3-3022 oL+
+Ankop - 7,5 +Ankop - 10
1 2 3 4

1.HeobxigHa KinbKiCTb arperaris, Na L. 1 1
2.TpuBanicTb BUKOHAHHS pobOTW Ha 3arasbHii nnowi, ¢ rog. 43,0 33,9
3.Hopwma piyHoro 3aBaHTaxeHHs, T

- TpakTopa; roa. 1350 1350

- MOCIBHOTO KOMMIEKCY. 240 240
4 [lons yyacri B 3aransHoMy 06cs3i poBiT, A:

- TpakTopa; 0,032 0,025

- MOCIBHOMO KOMMAEKCY. 0,179 0,141
5.ljHa, C:

- TpakTopa; TUC. TPH. 1503 1503

- MOCIBHOrO KOMMIEKCY; 1400 1600
6.5anaHcoBa BapTicTb, b:

- TpakTopa; THC.TDH 1653 1653

- MOCIBHOMO KOMMAEKCY; e 1540 1760

- pasom 3193 3413
7.Hopma BigpaxyBaHb HapeHoBaLlito, ap:

- TpakTopa; % 17 17

- MOCIBHOrO KOMMIEKCy 12,5 12,5
8.BigpaxyBaHHs Ha peHoBaLjto, Sp: TUC.IPH. 40,3 35,2
9.Hopma BigpaxyeaHb Ha noto4Hui (1P) pemontn Ta TO, aro:

- TpakTopa; % 9,9 9,9

- MOCIBHOMO KOMMAEKCY. 18 18
10.BigpaxysaHts Ha P, 1a TO, Sro, TUC.IPH 50,3 39,6
11.KomnnekcHa UiHa nanuea, Sm OHIT 294 294

- LiiHa au3enbHoro nanuea, Cn ' 28,0 28,0
12.Butpatu Ha nanueo, Sn TUC.IPH. 48,2 429
13.KinbkicTb 06CTyroByt040ro nepcoHany, nu nog. 1 1
14.Po3psig pobiT; \Y V
15.TapudHa cTaBka, Sr: rpH./rog 31,23 31,23
16.0cHoBHa onnata npauj,So: TUC. IPH. 1,34 1,06
17.[lopatkoBa onnata npaui, Se: TUC. TPH. 0,42 0,35
18.3aranbHa onnara npadi , S3 TUC.TPH. 1,76 1,41
19.BigpaxyBaHHs B couianbHuin ¢oHg, Scs TUC.TPH. 0,39 0,31
20. MNpsmi ekcnnyatauinti BuTpaty, S TUC.IPH. 140,95 119,42
21.Mutomi ekcnnyarayinHi Butpath, & rpH. /ra 705 597
22.MpwBeaeHi Butpaty, 1 TUC.IPH. 186,46 155,23
23.MuToMi NpuBeSeHi BUTPaTH, N rpH./ra 932 776

. JIIOL. —TO[,.

24.3atpatu npauj, 3n B 0,22 0,17

. - rpH.fra 156
25.YMOBHUI €KOHOMIYHUI echekT THG.IDH, - 312

BucHoBku

BinbLL edheKkTUBHAM NOCIBHAM arperatoM fo rofioBHOMY
KpuTEpito ONTUMI3aLlil — NPUBEAEHUX BUTpATaX — € arperar, skui
CKnapaeTbes i3 TpakTopa benapyck 3022-[L Ta nociBHoro kom-
nnekcy Ankop-10. Binbll 3aTpaTHUM € arperat, SKWA cknaga-
€TbCs i3 TpakTopa benapyck 3022-[L Ta NocCiBHOrO KOMMMeKCy

Ankop - 7,5. PisHuus mMix HumMm npu 06pobitky 200 ra no ubomy
MnoKasHuKy cknagae 156 rpH./ra. Mpautoroumn B ABi 3MiHN 06uaBa
arperaTu 3aciloTb none CBOEYacHo — 3a Tpu 400w, ane apyrun
ynpaBuTbCs 3 pob0oTO Ha 9 roguH paille (Tpoxw BinbLue oaHieT
3MiHN).

Cnucok eukopucmaHoi nimepamypu
1. MeToauka po3pobku onepaLiinHoi TexHoNorii MexaHi3oBaHuxX nonboBux pobit / . .bapabaly, B. M. 3ybko, O. I'. bapabaly,
T. B. XBopocT. — Cymu: TOB "[pykapcbkuit gim "Manipyc”, 2016. — 130 c.
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2. OnTuMmi3aLlis KOMNMEKCIB MaLLVH | CTPYKTYPW MaLLMHHOIO NapKy Ta NnaHyBaHHs TexHiuHoro cepicy / [MenbHuk |1, Tpeyko-
cin B.[., MapueHko B.B., Muxainosuy A.M., MenbHuk B.l., Hagrouinn O.B.]; 3a peg. I. |. MenbHuka. — Kuis: BugasHuumin ueHtp HAY,
2004.-85c.

Sarzhanov 0.A., Sumy National Agrarian University (Ukraine)

Barabash G.I., Sumy National Agrarian University (Ukraine)

Sarzhanov B.0., Sumy National Agrarian University (Ukraine)

Justification of the choice of seed complexes of domestic production by the method of mathematical modeling
(according to technical and economic criteria)

Traditionally, technical and operational indicators of the use of machinery in crop production are determined based on the fact
that the reference data on soil condition and known traction forces of tractors choose the required gear, thus loading the tractor engine
to the optimum value, but within a certain range of agronomically acceptable. But at the moment the situation has changed. There is
no information on these indicators due to the fact that official laboratory field studies are either not conducted or there is no information
about it. This was formulated in the previous article "JUSTIFICATION OF THE CHOICE OF SEED COMPLEXES OF DOMESTIC
PRODUCTION BY THE METHOD OF MATHEMATICAL MODELING (according to engineering and technical criteria)

Key words: sowing, sowing complexes, methods, book value, renovation, operating costs, reduced costs, labor costs, effi-
ciency.

[ata HagxomxeHHs 0o pepakuii: 29.05.2021
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Bcmyn

LLnpoke BNpoBamKEHHS KOMM'lOTepU3aLlii B yMoBax Hay-
KOBO-TEXHIYHOrO nporpecy 3abesneuye 36inbLUeHHs NPOAYKTMB-
HOCTI NpaLji B cycninbHOMY BUpoBHULTBI. BogHouac konu npoay-
KTWBHICTb Npayi y cepi BUpoGHULTBA 3 NOYaTKy CTOMITTS BUPO-
cna B COTHi pasiB, T0O B 00nacTi NpOeKTyBaHHs L BENMYMHA
TinbkW HabnwxaeTbCs A0 3BinblUeHHS. TpuBane NpoOeKTyBaHHS
3a3BuyYail € NPUYMHOK 3aTPUMaHHS BMPOBAKEHHS OOCATHEHb
HayKu Ta TEXHIK/ B NPOMUCIIOBOCTI, L0 He Bignosigae notpebam
PO3BUTKY EKOHOMIKM. TaKui CTaH cripaB 0ByMOBIIOETLCS | 3 MO-
AepHisalieto aito4oro obnagHaHHs Ha 06’ekTax ranyseBoro Ma-
WnHOBYAYBaHHS.

[ns po3poBneHHs NPOEKTIB YAOCKOHANEHHS TEXHOMOrY-
HWX 06'eKTiB MaLMHOBYAYBaHHS HUHI 3aCTOCOBYIOTb CUCTEMM aB-
TOMaTuU3oBaHoro npoekTyBaHHst (CAMP), ki peaniayloTbcs 3a
gonomorot nepcoHanbHux komm'iotepi (MK) i cneuianbHoro
nporpamHoro 3abesneveHHs. OfHUM i3 BaXNMBUX LOCArHEHb
CATP cnig BBaxaTi akyMynsLito BENNYE3HOro AOCBIAY NPOeKTy-
BaHHS TEXHIYHWX 3acOBiB Pi3HOTO MPU3HAYEHHS, HAKOMMYEHOro
KBanichikoBaHUMM iHXXEHEPaMM-KOHCTPYKTOpaMu, sIKuiA peaniao-
BaHU y MporpamHOMy NpofyKTi. ABTOMartu3oBaHe MPOEKTY-
BaHHS Jae 3MOry 3Ha4HO CKOpPOTUTY CyO'EKTUBI3M NP YXBaNEHHi
pilleHb, NIABULLMTYA TOYHICTb PO3PaXxyHKiB, BUOPATH AKHANKpaLLi
BapiaHTV Ans peaniaayii Ha OCHOBI MaTEMaTUYHOrO aHanisy BCiX
abo 6inbLIOCTi BapiaHTiB NPOEKTY 3 OLIHKOK TEXHIYHMX, TEXHOMO-
MYHUX | EKOHOMIYHUX XapaKTEPUCTUK BUPOBHMLTBA i ekcrnyaTa-
Lii npoekToBaHoro 0b'ekTa.

lpedmem docnidxeHb

06’eKTOM AOCTiZKEHHS! € NiABULLEHHS SKOCTi NiAroTOBKM
ManbyTHiX daxiBLjiB MaLLMHOBYAiBHNX CrewLianbHOCTEN 3a AoMo-
MOrOt0 3aCTOCYBaHHS CUCTEM aBTOMATU30BAHOMO NPOEKTYBAHHSI.

OcHoeHa yacmuHa

Mig, aBTOMaTU3aLiEd NPOEKTYBAHHS PO3YMIETHCS TaKui

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

cnocib BUKOHaHHS NpoLiecy po3pobneHHst NPOEKTY, KON npoek-
THi mpoueaypy 1 onepaLii 3AINCHIOITLCA PO3POBHMKOM BIUPOOY
3a yMoBW TicHoi B3aemogii 3 K. Cuctema aBTOMATM30BAHOTO
MPOEKTYBAHHS - Lie CUCTEMA, LU0 BKITKOYAE KOpUCTyBaYa (iHxe-
Hepa, KOHCTPYKTOpa) i Komnnekc 3acobiB aBToMaTu3allii npoek-
TYBaHHS, SIKi YTBOPIOIOTb TEXHIYHE, NPOrpamMHe, MaTeMaTUYHE, iH-
tbopmaLjiiiHe, NiHrBICTUYHE, METOANYHE, OpraHisaLliiiHe 3abe3ne-
ueHHs1. Po3sntok CAIP rpyHTYeTbCS Ha CyyacHiii HayKoBO-TEXHi-
YHiit 6a3i. 1o Hei HanexaTb 3acobu 0BYMCIIOBANBHOI TEXHIKK.
CyuacHuit puHok CATNP nponoHye LUMPOKWIA CNEKTP NPOrpaMHMX
NPOAYKTIB AN BUPILLEHHS BENMKOrO kona 3aBAaHb 3a AONOMO-
roto [1K, yci Ui npogyKTh MoxHa knacudikysaTu 3a piBHamM [1].
Crpyktypa CAIP cknagaeTbes 3 nigcucteM. PospisHsoTb nigcu-
CTEMM NpOEKTYBanbHi 1 06CyroByLoui.

Po3s'a3ok npobnemu nigBuLieHHs edekTUBHOCTI npaLli
haxiBLiB NPy CTBOPEHHI HOBWX i BAOCKOHAMOBAHHI paHille pos-
pobrneHnx BupobiB MaLIMHOBYOyBaHHS, & TaKOX MiAroTOBKM Maii-
ByTHiX chaxiBLiB, MOXIMBO PisHUMMU LNsixamMu. TpaauLiiHo L 3a-
BAAHHS BUPILLYIOTLCS 32 AONOMOTOI0 NPOBELEHHS pobiT i3 cucTe-
MaTm3aLji, yHicikauji i cTaHAapTU3aLli Sk OkpeMux getanei, Tak
i CknaganbHUX oamHuLb i BUpOBiB y winomy. Lie go3Bonse Buko-
PUCTOBYBATU METOZ MPOEKTYBAaHHA Ta 3a/yyaTi PisHi TEXHIYHI
3acobum.

3actocyBaHHs CAlP y HaB4ansHOMY npoLeci AoLinbHO
MpY BUBYEHHI BCIX po3ainiB rpacpivHmx Ancumniid. BuB4eHHs ma-
WnHOBYAIBHOTO KPECMEHHS MOXe NPOBOAUTUCS MOBHICTIO i3 3a-
crocyBaHHaM CATP. 3actocyBaHHs KOMM'IOTEPHOI rpadiky € ic-
TOTHWM [JOMOBHEHHAM Y NIABULLEHHI IKOCTi NIArOTOBKM MaibyTHIX
thaxisuiB.

[padiyHi gucUmMnniHK NPURHATO PO3LINATA Ha Taki pos-
Linu, K HapucHa reoMeTpisl, NPOeKLiHE KpecneHHs, MaLlMHOBy-
LiBHe KpecrneHHs. KoxHuiA 3 po3ainis Bigirpae BaXnuBy ponb Y
(opMyBaHHi NPOCTOPOBOrO MUCMEHHS!, PO3BUTKY HaBUYOK BUKO-
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HaHHS! 11 YNTaHHS KPeCneHb Pi3HOro poay ManbyTHIM daxisLem
maLunHobygiBHOro npodinto. HaeuanbHi nporpamu uux gucumn-
NiH nepenbavatoTb BUKOHAHHS KpecrneHb 3a JOMOMOroio creLlia-
Ni30BaHMX KOMM'OTEPHUX NpOrpam, siki NPUAHATO BIGHOCUTU 4O
CATIP. Y npoueci BMBYEHHSI TEXHIMHWX OMCUMNIIH 37800yBavi
OCBITW OCBOIOKOTb HaBWYKI NOBYA0BM TPUBUMIPHUX MOLENEN OK-
peMux aeTanei i cknaganbHUX OAMHWULb, CTBOPEHHS! KPecneHb
Ha OCHOBI TakUX MOZeNei, a Takox iX 0OpMIEHHS BigNOBIAHO
no ACTY.

3 po3BUTKOM iHhOpMaLIiiHKUX TexHoMoril, Binbynucs ic-
TOTHI 3MiHW Y BUKOPUCTaHHI NPW NPOEKTYBaHHI He Tinbku 3acobis,
ane 1 metogis poboTu. NepBiCHi CMCTEMM aBTOMATUYHOTO Npoe-
kTyBaHHs 6e3 yyacTi noguHu, Ha binbmux EOM cebe ekoHoMi-
YHO He BMNpaBaanu, a B KOMOIHaLlii 3 BUKOPUCTAHHSIM NEPLUNX
rpachobyaiBHUKIB Anst BUBOAY rpadiyuHoi iHopmaLii, npusenu
B0 BUHUKHEHHS LUBMOKO 3aCTapinoro MOHATTS «MaluWHHa rpa-
hika». Ha 3miHy npuALLAM METOAM aBTOMaTM30BaHOrO NPOEKTY-
BaHHS IHTEPAKTMBHOIO, 3 aBTOMATM3aLlEI0 BUKOHAHHS OKPEMMX
NPOEKTHWX NPOoLieayp Ha NepcoHanbHUX komn'totepax. Mepiwi Be-
pcii Takux cuctem, sk Komnac-rpacpik MicTunm focutb 0OMexeHy
KiNbKICTb aBTOMaTUYHO BUKOHYBaHUX NPOEKTHUX NPOLIEAYp - reo-
METPUYHi 0BYMCrEHHs], eneMeHTapHi rpadiyni nobygosu. Kpim
TOr0, 6a3yBanncs BOHU Ha TPALNULINHIX MPOEKLNHIX YABMEHHSX
- KpecneHHsix. Mpn geTansHOMY po3rnsgi, yxe ToAi MoxHa byno
nobaumTin BeNM4e3Hi nepeBary i NepCnexkTUBI BUKOPUCTAHHS Ta-
KMX CUCTEM LUMPOKMM KOMoMm (paxiBLiB npu BUKOHAHHI Aochi-
[KeHb | NP NPOEKTYBaHHi:
BiHOCHa AeLLeBmM3Ha i JOCTYMHICTb;
BiHOCHa MPOCTOTA B OCBOEHHI i MOBHA CYMICHICTb i3 TpaauLin-
HAMW HayKOBUMU YSBMEHHSMW MPO FEOMETPIl0 W iHXEHEPHY
rpadiky;
YHIBEPCANBHICTb i BiOKPUTICTb (MOXMMBICTb HACTPOKOBAHHS Ha
Oyab-siky cdhepy LiSNbHOCTI, CTBOPEHHS CreLlianidoBaHuX Ko-
PUCTYBaLbKMX MeHH0, BibrioTek TUMoBKX 306paxeHb);
NpaKTUYHO HEOBMEXEHa TOUHICTb BUKOHYBaHUX nobyaos i 06-
YNCNEHD;
MOXMNMWBICTb BIPTYanbHOrO MOAEMIOBAHHSA SK MOCKMX, TaK i
TPUBMMIpHUX 06'€KTiB;
MOXMMBICTb 30epiraTit 1 0bMiHBaTMCS iHdopMaLlieto Npo 06'-
€KT i3 iHLLIMMW KOMM'IOTEPHUMI CUCTEMAMM.

[ocutb edpektBHO Npu po3pobLi Mogenen opuriHanb-

HWX LeTanen BUKOPUCTOBYBaTH 6a30Bi (hyHKLii nobyaosu napa-
METPUYHIX MOZENen TUMOBKX reOMeTPUYHMX fiHilA (kono, eninc)
i bopm (npuama, nipamiga, LuniKap, KoHyc, cdepa, Top).

OcobnuBo eeKTUBHE BUKOPUCTaHHS crewianbHuX npo-
rpam, LLo € KOMMOHEHTaMM NPW PO3B'A3aHHi BinbLL CknagHUX npu-
KnagHuX 3aBdaHb. ToMy Linkom oBrpyHTOBaHe BUKOPUCTaHHS 3a-
co6iB aBTOMaTM3aLlii BUKOHAHHS TUMOBWX NpoLieayp sk MoayniB.

3anuwiaeTbes akTyanbHUM KOMNAEKC nporpam, npusHa-
YeHuil 41 aBTOMATU30BaHUX PO3paxyHKiB i NoOya0BM po3ropTok
AeTanen, yTBOpeHnx KoMbiHaLjieo yCiueHnx NnoLwmHamm i B3ae-
MHO NEPECIYHNX LUNIHAPIB | KOHYCIB. Be3yMOBHO, MOXHA BUPILLY-
BaTU Taki 3aBOaHHsl, IPYHTYIOYUCh Ha TPaaWLiRHUX anropuTMax
HapUCHOI reoMeTpii B iIHTEPaKTUBHOMY PEXIMI. 3 BUKOPUCTAHHAM
KOMM'IOTEPHOTO MOAENIOBaHHS Ha NMOWMHI LUe aae Ginbluuii
e(heKT (TOYHICTb PO3B'A3aHHS) 3 BUKOPUCTAHHAM TPAAMLIHNX
KPECNAPCHKUX iHCTPYMEHTIB. ICHYE TaKOX MOXNMBICTb No6ya0BY
i MoTiM GinbLl ePEKTUBHOMO BUKOPUCTAHHS NapaMeTpUYHUX 30-
OpaxeHb, sk rpadiyHnX NPUMITUBIB, NPOEKLIN, TaK | TPUBUMIPHIX
mozenen aetaneit. OgHak MakcumanbHuin eekT (MiHiMym Bu-
TpaT) npu po3B'A3Ky NodibHWX 3aBAaHb JOCAraeTbCs NpU aBTo-

68

MaTU30BaHOMY (3 BUKOPUCTaHHAM CheljianbHuX nporpam) poss'-
A3aHHi.

Habip Takux 3aBgaHb MOXHA [OMOBHIOBATM (SKLO B
LibOMY YacTO BUHUKae HeoDXiAHICTb), HaNpuKnIag, nporpamamu
aBTOMAaTM30BaHOrO Noby0BM MOZeNei YHi(iKoBaHMX KOHCTPYK-
TUBHUX E€MEMEHTIB, pi3bbOoBMX AeTanen, KpinunbHUX geTanen,
MPYXWH, BiHLB 3yBYacTuX KOMic, NigLUMMHUKIB i T.M.

Mpu MogentoBaHHi BMPOGIB Yy LinomMy Moaeni cTaHaapT-
HWX | YHichikoBaHMX aeTanei i cknapganbHUX OOUHNLL HEODXiaHi
TaK caMo, K i iXHi 306paXeHHs Npy TPaANLINHOMY NPOEKTYBaHHi.
AstomaTusysaTi nobyaoBy Takux MOAENeEN TakoX MOXHa, pos-
pobMBLLK KOMMNMEKC BigNOBIAHUX Nporpam. TakuM YMHOM, yMina
komGiHaLis iHTEPaKTUBHWUX METOAIB MOLENOBaHHA 3 BUKOPUC-
TaHHAM MPOrpamMHMX MOAYNIB aBTOMATWU30BaHOTO PO3B'A3KY
nig3agay y napameTpuUyHii opMi Hapae HanbinbLmMi edbekT sk
Y HaBYaHHi, TaK i B NPaKTUYHIN iHXeHepHiIn aisnbHocTi. Kpim Toro,
BOCBIg po3pobkn nporpam aBToMaTYHOT NOBYA0BW TOYHUX MII0-
CKUX MapamMeTpU4HUX Mofeneit CTaHAapTHUX i YHiikoBaHUX Ae-
Tanei MalvH, NPUBOAUTL A0 BMBOZY MPO HEOOXigHICTb CTBO-
PEHHS Takix nporpam Ans nobyaosu TPUBUMIPHUX MOZENEN LnX
AeTarnei 3amicTb CTBOPEHHs BeNn4e3HX BibnioTek Mmoaenen Ta-
KUX geTanen.

Posrnsa, BUBYEHHS Ta 3aCTOCYBaHHS BCiX MOXIMBOCTEN
KOMM'KOTEPHOTO reOMETPO-TPachiyHOro MOAENOBAHHS B HaBYamb-
HOMy npoueci 3abe3neyye HeobXigHWA CyyacHoMy haxiBLEBI
Kpyro3ip B rany3sx HaykoBOro AOCHIZXEHHS, NPOEKTYBaHHS i iH-
XEHEPHOro 3abe3neyeHHs Cy4acHoro MawwnHobymiBHOro BUpOG-
HWLTBA.

BnpoBamkeHHs iHDopMaLiHUX TEXHOMOrIA B MallWHO-
BynisHe BUPOOHMLITBO Mae HACTYNHi NO3NTUBHI echekTu [2]:

a) 3abesneyeHHs rHy4KoCTi, 30aTHOCTI O LWBMAKOTO ne-
pexofy 3 BUMyCKy OAHOTO BUAY BMPODY Ha iHWWA Npy MiHIMarnb-
HWX MPOCTOSIX YCTaTKyBaHHA Ta 3abe3neyeHi CTabinbHOI SKOCTI
MPOAYKLT;

6) MOXNUBICTb PO3B'A3yBATH CKNAAHi iHTENeKTyarnbHi 3a-
[auvi 5K To BUBIp onTUManbHUX pexumia 06pobku, BUSIBNATH He-
CMpaBHOCTI Ta BYaCHO yCyBaTH iX, aBTOMATUYHO NEPEXOAUTY Ha
HOBY MPOAYKLt0, LLO paHile He BUnyckanacs, Mpu LinKoBUTOMY
KepyBaHHs BCiMa (DyHKLiMW €neKTPOHHO-0B4YMCOBaNbHUMN
MaLLnHamu;

B) BEAEHHS HANCKNAAHILLMX IHTENEKTyanbHUX NPOLECIB,
LLIO OpraHisyloTb BUPOBHMLTBO, WBMAKMIA 0OMIH iHGhopMmaLlieto 3
nignpueMcTBamu.

Ha cborofHi LWMpOKO 3aCTOCOBYHOTHCS BUCOKOMPOAYKTY-
BHi CUCTEMM aBTOMATW30BAHOTO MPOEKTYBAHHS, TEXHOMOrYHOI
nigrotToBku BMPOBHWLTBA i iHXeHepHOro aHanisy [3]. Lle crano
KITO4YOBMM €NEMEHTOM Bi3HECY NiANPUEMCTBA, LU0 NPaLOE Ha Cy-
YaCHOMY PUHKY MaLLMHOOYAYBaHHS.

BucHosku

3acTocyBaHHsS CUCTEM aBTOMATWU30BAHOTO MPOEKTY-
BaHHs1 B OCBITHBOMY MPOLECi 3aCHOBaHO Ta anpoboBaHo Ha pea-
NbHOMY BUKNaZaHHi TEXHIYHUX QUCLMNAIH, SKi POPMYIOT iHXe-
HepHo-rpadivHi komneTeHLii y 3006yBayiB 0CBITU. 3aCTOCYBaHHS
METOANYHOro 3abe3neyeHHs 4O3BOMSE MiABULLMTU MOTWBALLIO
[0 HaBYaHHs Ta NpuabaHHS YMiHb | HABUYOK Y OBONOLIHHI cy4ac-
HAMKM 3acobamy aBTOMATWU30BaHOTO MPOEKTYBAHHS 3 BUKOPMC-
TaHHAM 3acobiB Cy4acHUX KOMM'TEPHUX TEXHONOTINA, L0 3abe3-
NeyyoTb eqhekT - NPOAYKTUBHICTb NPOMECIHOT AiSNbHOCTI dhaxi-
BUB rany3eBoro MalinHoOyayBaHHS B yMOBAX KOHKYPEHTHOTO
cepenosuLLa.
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Application of automated design systems for training of industrial machine building specialists

The modern market of mechanical engineering imposes more and more strict requirements to terms and cost of design works.
Carrying out design work aimed at creating high-quality, competitive products, associated with the preparation of models of compo-
nents and units, as well as the implementation of a huge amount of mathematical calculations required for engineering analysis of
structures. The main way to increase the competitiveness of enterprises is associated with a sharp reduction in the time to create
models and accelerate the calculation of mathematical parameters at all stages of product development.

Therefore, today in mechanical engineering the importance and practical value of creating a well-developed computer infra-
structure as an integral part of modern design and production with a comprehensive solution, based on network technologies and
integrated automated systems that provide collective work and the ability to create a single information space enterprises with the
provision of continuous information support of the entire life cycle of products and its production component associated with the design
and technological preparation of production.

The study and application of all possibilities of computer geometric-graphic modeling in the educational process provides the
necessary modern specialist outlook in the fields of research, design and engineering support of modern machine-building production.

Today, high-performance systems of automated design, technological preparation of production and engineering analysis are
widely used. This has become a key element of the business of an enterprise operating in the modern engineering market.

The application of computer-aided design systems in the educational process is based and tested on the actual teaching of
technical disciplines that form engineering and graphic competencies in students. The use of methodological support allows to increase
the motivation to learn and acquire skills in mastering modern means of computer-aided design using modern computer technology,
providing the effect - the productivity of professional activities of industry engineering in a competitive environment.
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Y npaui posenisiHymo 0CHO8HI munu noKpummie ma ix po3noecodXeHicmb y ceimi 3a Yacmomor 3acMOCy8aHHs 8 MallUHO-
6y0ysaHHi. Bid3HayeHo, wo Halbinbw po3noscrodxeHuUMuU ceped HUX € Memarnesi — enekmpoXxiMiyHi XpoOMosi NOKpUMmSs ma Heme-
manesi — oKcUGHI nokpummsi, cchopmosaHi y pisHux enekmposnimax. [lposedeHo aHani3 cnocobie ma obnadHarHHs 0ng ymunisauii
gidnpaubosaHux esiekmporimie 05l hopMys8aHHs NOKpUMMIe Ha demarnsx MaWuH y eanb8aHidHux yexax i OinbHuusX. Sk 06’ekmu
docnidxeHHs gubpanu enekmponimu Onsi eleKmpOXiMiYHO20 XPOMy8aHHsi cmaineli ma 0n1a nna3mMo8oenekmpoTimuyHo20 okcudy-
8aHHs aniomiHiesux cnniaeig. Bukopucmaro cucmemHul nidxi0 Ao eupilweHHs: akmyanbHoi npobnemu ymunizayii eidnpaybogaHux
e/1eKmposimie 2anb8aHiyHUX 8aHH 0719 HAHECEHHS NOKpUMMIG, Wo € 0cobIUBO 8axUBUM 3ag0aHHAM Ha emani nepexody 0o «3ene-
HUX mexHonoeitly. Po3pobreHo mexHoso2idHy cxeMy nepepobKu 8idnpalib08aHUX elekmpoimis, sika 8KI04Yae NPOUECU 0Ca0KEHHS,
Helmpanisauii ma 04uWeHHs. 3acmocogaHo MexampoHHUU nidXid | Komn'lomepHe MOoOeMo8aHHA Nid Yac NPoeKmysaHHs ycmaHo8KU
0ns peanisayii ekasaHoi mexHonoeii, kompa micmums 08a peakmopu i idpoyuKnoH-inbmp, ski cnonydeHi mpybonpogodamu, a
MaKOX OCHaWEHy Hacocamu, 8kasieHuUKamMu pigHs PiduHU, pH-mempuyHUM 0611a0HaHHAM ma agmoMamu308aHOI0 CUCMEMOK Kepy-
gaHHsi. B cknad ycmaHosku 6xodumb po3pobrieHa Hosa KOHCMPYKUIS 2i0pOuUKIoH-(binbmpa, sKkull 3abesnedye KombiHosaHe o4u-
WieHHSs1 piOUH 8i0 3a8UCIIUX YaCMUHOK 3a6pyOHEHHS WiisiXoM 00HOYaCcH020 NOEAHaHHS 8IALEHMPOB0O20 OYULLEHHS Ma (hinbmpysaHHs,
a makox 0038onse 30ilicHI08amu npoMuBaHHs Lio20 Kinbleso20 3a30py ma peseHepauito inbmpysarnsHoi 3epHUCMOI 3acunku ¢i-
NbmpysanbHoi kacemu. Po3pobrneHa mexHonoeis ymunisayii sidnpaybosaHux enekmponimie € ehekmusHoto nid yac ekcniyamauii
ma He nompebye 00p0208apmicHO20 0bialHaHHS, NPOUEC € eK0I02iYHO 6e3neyHuUM sk An1si 06CITy208yH04020 NepcoHary, mak i 0ns
HaBKoMUWHL020 NPUPodHo20 cepedosuya, a npodykmu nepepodbKu MOXHa NOBMOPHO BUKOPUCMOBY8aMU y 8UPOBHUYOMY UUKITI.

Kntovoei cnosa: enekmpoximiyHe XpoMose NOKpUMMS, Niia3mMo80eIeKmpOsTimu9He OKCUOHE NOKPUMMS, MeXHOM02iYHUl
npouec, enekmponim, MexampoHika, peakmop, 2idpoUyuUKIoH-inbmp, 3emeHi MexHomozii.
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Bertyn

[ns nigBuLLEHHS 3HOCOCTIMKOCTI Ta KOPO3iHOI CTIMKOCTI
pob0oYMX NOBEPXOHb AeTanei MalyH 3aCTOCOBYHOTb PidHi TEXHO-
noriyHi cnocobu amiuHeHHs. Cepep HUX HaWbinbLL BUrigHO BUpI-
3HSIOTLCS TEXHOMOTiT POPMYBaHHS MOKPUTTIB, siki 3a6e3neyyoTb
paLjioHarbHe NOeAHaHHS BNAcTUMBOCTEN MaTepiany nokpuTTs Ta
matepiany OCHOBM feTani. PesynbTati JOCMIMKEHHS 3acTocy-
BaHHS MOKPWTTIB Yy ranysi MalmHobyayBaHHS MOKasyoTb, L0
HanbINbLL PO3MOBCIOMKEHUMU CEpeL, MEeTaneBUX € ENeKTPOXiMi-
YHi XpOMOBI NOKpUTTA 4Nst cTanei [1-3], a cepen HemMeTanesmx —
OKCWAHI ANns aniMiHieBMx i TUTaHoBMX cnnagiB [4]. Takox B
OCTaHHi POKM iHTEHCUBHO MPOBOLAATHCS HAYKOBO-AOCMIAHI Po-
60Tu cnpsiMoBaHi Ha po3pobKy TEXHOMOril Na3MoOBOENEKTPOni-
TUYHOTO OKCUAYBaHHS (MIKPOAYroBOro OKCAyBaHHS) MeTaniB Be-
HTUNbHOT rpynu. 3okpema, Po3pobNsOTLCA TEXHOMOrIYHI Npo-
Lecn popMyBaHHS OKCUAHWX LUAPIB Ha JETansX i3 KOMNaKTHUX
anioMiHieBux 4eOPMOBaHMX i NUTUX CMNABIB Ta Ha anoMIHIEBUX
MOKPUTTSX NONEPESHbO HAHECEHWX, HANPWKNag, Ha cTanesy oc-
HoBy. 1ig yac popMyBaHHS SK MeTaneBux, Tak i OKCUAHMX MOK-
pUTTIB BUKOPUCTOBYIOTb PI3HOMAHITHI CKMagu enekTponiTie, ski
nicns BignpawtoBaHHs noTpebytoTb yTunisauii. Tomy Ans 3Hu-
XEHHS! piBHS 3abPYAHEHHS HABKOMMLLHLOIO CEepeaoBuLLa i nepe-
X04y A0 3eNEeHNX TEXHOMOriN HeobXigHO PO3pOBNATY IHHOBALiNHI
METOAM HAHECEHHS MOKPUTTIB Ta TEXHOMOTi OYMLLEHHS Bignpa-
LibOBaHMX ENEKTPONITIB ranbBaHiYHUX LEXIB.

AHani3 ocTaHHix gocnimkeHb i ny6nikauin

Y MawwmHobyaiBHOMY BUPOBHWLTBI HaNGinbLL YacTo Bu-
KOPUCTOBYIOTb €NIEKTPOXIMIYHI XPOMOBI NOKPUTTS, SIKi HAHOCATb i3
Pi3HOMaHITHUX ENEeKTPONITIB Ha poboui MOBEPXHi AeTanei ma-
LUMH. 3aneXHO Bif TEXHOMOTYHIX NapaMeTpiB NPoLLeCy enekTpo-
ni3y MOXHa OTpUMaTH i3Hi 3a (i3nKo-MeXaHiYHUMU BNACTMBOC-
TSX NOKpUTTA [5, 6]. 3a (hyHKLiOHANbHUM NPU3HAYEHHSIM XPOMOBI
MOKPUTTS € OOHUMM 3 HalBINbLL yHIBEPCANbHUMM Ta BONOZj0Tb
BWCOKOIO TBEPAICTHO, 3HOCOCTINKICTIO, KOPO3IMHOIO TPUBKICTIO Ta
HW3bKM KoedhiLlieHTOM TepTs. XpOMOBI NOKPUTTS 3aBLAKM HasiB-
HOCTi Ha MOBEPXHi JOCUTb LUiNbHOI OKCUAHOI NNiBKYW, Sika nig vac
HaWMEHLLOTO NOLUKOYKEHHS NErko BifHOBMIOETLCS, 3aCTOCOBY-
10Tb 47159 3aXMCTY Bif KOPO3ii pisHWUX MeTaniB, a TakoX i 415 AeKo-
paTnBHOi 06poBKK NoBepxHi BUpoGiB. Lli NOKpUTTS BUKOPUCTOBY-
10Tb K Mif Yac BUrOTOBNEHHS HOBUX AeTaneid, Tak i nig vac pe-

MOHTY 3HOLLEHMX. XPOMOBI Ta OKCUZHI NOKPUTTS HAHOCSTb Ha Po-
Ooui noBepxHi pisHUX geTanen, Hanpuknag, NOPLUHEBMX i NyH-
XEPHWUX HACOCiB, KOMMPECOPIB, [ABWryHIB BHYTPILLHLOMO 3ro-
PAHHS, Figpo- i NHemouMniHApiB Towo [7, 8], a TakoxX iMNnaHTiB
[9].

JocnigHukn po3pobnstoTb pisHi TEXHONOTIT enekTpoXimi-
YHOTO XpOMyBaHHS AeTanen mawwH [10-12]. XpomyBaHHS B npo-
TouHOMY enekTponiTi [11, 12], 3aBAsSKN 3HAXOMKEHHIO €NeKTPo-
NiTy B 3aKpWTiN eNeKTPOXiMiYHiA Komipui, 3abe3nevye 3meH-
LLIEHHS OO BUNAPOBYBAHHA i 3a06pYAHEHHS HABKOMNULLHBOTO Ce-
pefoBuLLa Ta CTBOPLOE Ge3nevHilli yMoBu npaui pobiTHMKiB nopi-
BHSIHO i3 XPOMYBAaHHSM Yy CMIOKINHOMY €NeKTPOniTi, e ranbBaHiuHi
BaHHW AN HAHECEHHS NOKPUTTS € BigkpuTuMu. Kpim Liboro, ene-
KTPOXIMiYHi XpPOMOBI MOKPUTTS, HAHECEHI B MPOTOYHOMY eNeKTpo-
NiTi NOTPebyTb TAKOX 3HATTS MEHLUMX NPUMYCKIB HA MEXaHIYHy
0bpobky [13].

[ins enekTpoxiMiyHOro XpOMyBaHHS AeTanei BUKOpPUCTo-
BYIOTb €NIEKTPONITM HA OCHOBI CMOMYK LUECTUBANEHTHOrO XpOMY
[12, 14] abo TpuBaneHTHOrO Xpomy [11, 14-18], siki € Binbl eko-
noriyHo 6e3neyHnMu.

TexHonoris XpomyBaHHs noTpebye Benukoi BUTpaTy
BOAM Ha NPUroTyBaHHs eneKTPONiTiB | HA NPOMMBaHHS AeTanei
nicns HaHeceHHs NokpwuTTiB. [lig yac enekTpoXiMiYHOro HaHe-
CEHHs1 NOKPUTTIB BiOYBAETbCS ra3oBUAINEHHS Ta BUHECEHHS B
aTMocdepy CKIagoBIX enekTponiTy, BOAHIO Ta 030HY. B npoueci
NPOMWBAHHS BKPUTUX AeTanen Boga 3abpyaHI0ETbCS BUCOKOTO-
KCUYHUMM CNOMyKaMU LLIECTUBANEHTHOMO XpoMmy. [pu LIbOMY piuHi
BTPATU CMOMYK XPOMY Mif} YaC BUHECEHHS Y BEHTUNALiLO Ta 3i CTi-
YHUMM BOJAMU JOCAraloTb 3HaUHUX 06CAriB. TakuM YMHOM, ranb-
BaHi4He BUPOOHNLTBO € KPYMHUM CMOXMBAYEM BOAM, @ 3 iHLIOMO
BoKy, CTaHOBWTb CEpPWO3HY 3arpo3y Ans TOKCW4HOro 3abpya-
HEHHsl HaBKOMMWLLUHLOMO CEepeoBMLLA, OCKINbKM CMOMYKN LIeCTU-
BaNEHTHOrO XpOMY MatoTb OKVICHIOBASbHI BNACTUBOCTI Ta YNHSATL
3ararnbHOTOKCUYHY, KYMYMNSATWUBHY, anepreHHy, KaHLEepOreHHy i
MyTareHHy Jito Ha OpraHiam JIIOAUHY | TBAPUH.

Hopmu rpaHnyHo gonyctummx koHueHTpauin (FOK) ans
LWKIZMBMX PEYOBMH, B TOMY YMCTIi 1 BiA ranbBaHiYHOTO BUPOOHM-
LiTBa, pernameHTyloTbCs BignoBigHUMu Hakasamu MikicTepcTBa
OXOPOHU 3A0POB'S YKpaiHuW. [paHnyHO JONYCTUMI KOHLEeHTpauji
ANS LWeCTUBANEHTHOrO XPOMY Ta TPUBArNEHTHOrO XpPOMY B MOBI-
TPi, IPYHTI Ta BoAi HaBeAeHi BignoBsigHo B Tabn. 1 - 1abn. 4.

Tabnuug 1. [paHWM4HO JonycTMMa KOHLUEHTpaLis xpoMmy B nosiTpi [19].

: Knac
['PaHNYHO AOMYCTMA KOHLIEHTpaLis, Mr/m3
3’\;: HalimeHyBaHHs peyoBiHM CASN Hebeaneku
MaKCMManbHO pasoBa | cepeaHbo foboBa
504 XpOM LUECTUBANEHTHMI (Y NepepaxyHKy 7440-47-3 0.0015 0.0015 1
Ha TPUOKCUA Xpomy)

Tabnumug 2. 'paHM4HO JONyCcTMMA KOHLEHTPAList XpoMy B rpyHTi [20].

Ne HalimeHyBaHHs pe4yoBHHM CASN TPakUtiHO AOMCTAME KOHUEHTPALS, 3 JTiIMITYI04MIA MOKA3HMK LKIgIMBOCTI
3n ypaxyBaHHsM ¢poHy (knapka), Mr/kr

28 XpOM LIECTUBANEHTHWIA 18540-29-9 0,05 3aranbHocaHiTapHuil

40 XpOM TpWBanEHTHUI 16065-83-1 6,0 3aranbHocaHiTapHuil
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Tabnuug 3. paHW4HO JonycTMMa KOHLEHTPAList XpOMy B MUTHIN Bogi [21].

y Hopmatusu ans nUTHOI BOAW, Mr/gm? MeToauka Bu3Ha-
Ne HaiiiexyBakks 3 KOMnoas3is (hacoBaHoi, 3 NyHKTIB YeHHs 3rigHo 3
3/n MOKa3HMKIB BOAONPOBIAHOI A , 3 NYHKT
Ta KanTaxie mxepen po3nuey Ta 610BETIB JogaTkom 5
6 XpoMm 3aranbHui <0,05 He Bn3HavaeTbcst <0,05 n. 45

Tabnuug 4. I'paHM4HO JONycTMMa KOHLEHTpaLis XpOMY B NPOMWCIOBIN BOAi [22].

['paHNYHO JoNyCTMA KOHLEHT-| OpieHTOBHA €CDEKTUBHICTD
paujis 3abpyaHeHb y CTiYHUX | BuZaneHHs 3abpyaHeHb Ha MliMiTVioua 03HaKa Knac
Ne 3/n| HaiMeHyBaHHS peyoBMHM BoZax, L0 HaaxoasdTb cnopyaax 6ionoriyHoro oun- y )
e LKignmBoCTi Hebesneku
Ha cnopyam 6ionoriyHoro oum- LLEHHS
LEeHHS, r/m3 (y yacTkax oguHmL)
y CaHiTapHO-TOKCHKO-
95 Xpom (TpUBanEHTHuMiA) 2,5 0,5 PHC 3
norivHa
. CaHiTapHO-TOKCHKO-
96 | Xpom (LecTmBaneHTHui) 0,1 0,5 nporqua 3

3rigHo nepeniky BUpoOHMUMX npouecis [22], nig vac 3ain-
CHEHHSI SIKVX CMOXMBAY NOBMHEH MaTW NOKamnbHi OYMCHI Ciopyap
AN NonepeaHbOro OYULLEHHS CTIYHUX BOJ Nepes, iX CKULaHHAM
[0 CUCTEMW LIEHTPaniaoBaHoro BOAOBIABEAEHHS Ta OYMLLEHHS
CTiYHMX BOJ BIJHOCUTBCS ranbBaHiyHe BMPOBHWUTBO. BusHa-
YEHHS BMICTY OCHOBHMX XiMIYHUX ENIEMEHTIB Y NPUPOAHMX, NUT-
HUX | CTIYHMX BOAaXx 3MINCHIOTb METOJOM aTOMHO-EMICiiHOI
CMEKTPOMETPIi 3 iHAYKTUBHO-3B’A3aHOI0 NNas3moto [23] Ta iHWmMMK
METOZAMM KOHTPOITIO.

BuBYEHHS Ta CUCTEMHMWI aHani3 HayKOBO-TEXHIYHOI fiTe-
paTypu, NaTeHTiB Ta HOPMAaTMBHO-NPABOBMX [OKYMEHTIB MOKa-
3aB, LU0 AJ151 OYMLLIEHHS BigNpaLbOBaHNX PiauH ranbBaHiYHNX BU-
POBHULTB BUKOPUCTOBYHOTb MEXaHiuHi, XiMiuHi, Qisnko-ximMiyHi Ta
BionoriyHi cnocobu, ski Habynn HanbINbLLIOro PO3NOBCIOSXKEHHS.
MexaHiuHi cnocobu 3abeaneyyioTb BifLiNeHHsS AMCNEPCHUX Yac-
TUHOK 3@ paxyHOK ceiuMeHTaLil, (hinbTpaLlii, LeHTpudyryBaHHs.
XimiyHi cnocobu ouncTkn BasytoTbes Ha nepediry XiMiYHUX peak-
Liit y BignNpaLboBaHOMY ranbBaHiYHOMY PO3YWHI 3 AOAAHUMN pe-
areHTamu, 3abesneuyoun ofepXaHHs EeKonoriyHo BesneyHux,
abo HeposumMHHUX cnomyk. Pisnko-XiMiyHi cnocobu BkNIOYaOTb
koarynsuiiHo-chnoTaviiHi, MeMbpaHHi, enekTpoXiMidHi, MarHiTHi
Ta TepMiyHi npouecu abo ix noeaHaHH nig Yac OYMLLEHHs 3a-
OpyaHeHux piguH. bionorivHi cnocobu rpyHTYIOTLCS Ha 30aTHOCTI
MIKpOOpraHiamiB BUKOPUCTOBYBATW PO3UYMHEHI Ta KOMOigHi opra-
HiYHi 3abpyaHI0BaYI CTIYHWMX BOA K J)KEPESO XapyyBaHHS.

AsTopamu [24] npoBeaeHO aHani3 0CHOBHMX (i3nKO-XiMi-
YHWUX TEXHOMOrN OYUCTKW ranbBaHIYHWX CTOKIB, 3a3HayeHo iX
0COBNMMBOCTI  3aCTOCYBAHHSI Ta BUOKPEMIIEHO ENEKTPOXIMIYHI
€nocobu OUMLLEHHS, K HANBINbLL NEPCNEKTUBHI.

PereHepalito BignpaLb0oBaHOro po34yuHy 3 BMICTOM Cro-
NyK XpoMy 3rigHO pekomeHzaLin [14] npoBoaaTb enekTpoximiy-
HUM CNocoboM. Y BaHHY TpaBNEHHS NiABILLYIOTb CBUHLIEBI aHOAM,
abo, AKLLO BOHa (hyTepoBaHa CBUHLEM, ii KOPNYC NiAKM0Ya0Th
[0 MO3UTVBHOIO MOMKOCa AKepena NocTiliHOro cTpymy. Katogom
CRYryloTb CBWHLIEBI MIACTWHW, MIOWA NOBEPXHI SKMX MOBUHHA
OyT1 nprbnnaHo B 30 pasiB MEHLLOK Bif NIOLLi NOBEPXHI aHOAIB.
Mig vac pereHepadii Big mxepena Hanpyroto 18 B nponyckatots
yepes Po34nH NOCTIMHUA CTPYM 3abesneyyroum Moro rycTuHy Ha
katopi Bin 60 A/am2 no 65 A/om2, Ha aHogi — 2,25 A/om? 3a Tem-
nepatypu enekrtponity Big 60 °C go 65 °C. Mpouec pereHepadii
PO34MHY 3aBEPLUYIOTH NPU JOCATHEHHI KOHLEHTpALliT TpUBaneHT-
Horo xpomy Big 3 r/gm® go 5 rigmd.

Y npaui [25] onncaHa po3pobneHa TEXHOMOTiS OYNLLEHHS!
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CTIYHMX BOJ ABOCTYMEHEBOK OOPOBKO B ENEKTPUYHOMY Mpu-
CTPOI KOMMaKTHOI eKCrepUMEHTarbHOI YCTaHOBKY, Ska € AOCUTb
€(EKTMBHOIO.

Y npaij [26] 3anponoHoBaHa HOBa KOHCTPYKList €NeKTpo-
koarynsTopa ans 0bpabku CTiYHWX BOZ, SIKi MICTATb CMOMyKM
XPOMy Ta BU3HA4YEHO TEXHOMOTiYHI pexumm poboTy, Lo 3abesne-
4yl0Tb JOCATHEHHS HOPMATUBHUX BUMOT LLOAO AKOCTI BOAM.

3abesneueHHs crabinbHoi poboTy cnopyz i NigBMLLEHHS
€(HEKTUBHOCTI OUMLLEHHS CTIYHWNX BO ranbBaHiYHOrO BUPOBHML-
TBa AOCAracTbCs 3anporoHOBaHUM KOMGIHOBaHMM cnocobom
oumcTku cTiuHmx Bog « YMKA-STEELy, o BUKOpUCTOBYE MeETOAN
(isnKo-XiMiYHOrO NEPETBOPEHHS Ta riapOAMHaMIYHOTO Oca-
[KEHHS | dpinbTpauii [27].

Mig Yac OYMLLEHHS CTiYHMX BOA rarbBaHiYHUX BUPOO-
HWUTB copbuiHMM MeTogamu asTopamu [28], 3anponoHOBaHO
3aCTOCOBYBATY IMMHW, SIKi 34aTHI NOrMUHATL Ta YTPUMYBATU iOHU
BaXK/X MeTanis, L0 A03BONWUTb BUKOPUCTOBYBATM L MMUHW K
npupoaHi reoximivHi 6ap’epu. Bynu Takox nposegeHi focni-
[KEHHS 3 gecopbuii BignpaLpboBaHux copbeHTiB.

[ns yTunisauii sBignpaLboBaHMX enekTponiTie 415 nnas-
MOBOENEKTPONITUYHOTO OKCKAYBaHHSA AeTanen po3pobneHa Tex-
Honorist ounLeHHs Ha 6a3i ripoumknoHa [29].Y kopnyci ripoLuk-
noHa CiBBICHO 3 TPYOOI0 AN BiBEAEHHS OYULLEHOMO PO3UMHY
BCTaHOBMEHA KOaKCianbHO 30BHiLLHS Tpyba, B kil BUKOHaHI TaH-
reHL|iHi noxwni oTBOPK ANs nofadi XiMiYHOro peareHTy Ans Hew-
Tpanisauii, wo 3abeaneyye MNigBULIEHHS egEKTUBHOCTI 0YM-
LLIEHHS Ta HenTpanisaLii BianpaLboBaHOro eNeKTPONITY.

AsTopamu [30] ZocnimkeHO MOXMMBOCTI KOMMNEKCHOI
yTunisaLii BignpaLbOBaHNX ENeKTPONiTIB ranbBaHiYHOMO BUPOO-
HWLTBA. 3aNpOMOHOBAHO peareHTHWiA TigpoXiMiYHuiA cnocib ne-
pepobKM ranbBaHiYHKX BiIXOAIB, kM 6a3yeTbCs Ha pisHin 3naT-
HOCTi CNOMYyK XpoMy, Kynpymy i hepymy 40 KOMMNEKCOYTBOPEHHS
Ta po3pobneHa TEXHONOrYHa cxeMa KOMMIEKCHOT yTunisallii Bi-
[XO[iB XPOMO-HiKENEBNX ranbBaHIYHNX BUPOOHULITB.

BuHaxigHukamu [31] 3anponoHOBaHO peareHTHUiA cnocio
OYMLLEHHS NPOMWUCHOBKX CTIYHWUX BOA Bif CMOMYK XpOMY, LIO
BKMIOYAE BiAHOBMEHHS PO3YMHEHWX CMONYK LLUECTUBANEHTHOMO
XpOMY, HerTpanisauto po3YMHOM-OKUCIIOBAYEM O EKONOMUYHO
BOMYCTUMOrO PiBHS Ta CKWAAHHSA piauHK y cTik. OgHaK Takui cno-
cib He 3abe3neyye NOBHE OYMLLEHHS BOAW Bif 3BAXEHWUX YacTu-
HOK.

PesynbTaTit NpoBeAEHOro aHanidy HaykoBO-TEXHIYHOI Ta
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NaTeHTHOI NiTepaTypm nokasanu, Lo iCHytoHi TexHonorii yTuniaa-

Lii BiANpaLboBaHUX eneKkTponiTiB Ans enekTpoxiMiyHoro Xpomy-

BaHHA JeTaneil MaluH He MOBHOK MIpOIo BiAMOBiAalTL Cyvac-

HWM 3POCTaKYMM BUMOraM LLOLO CTBOPEHHS 3€MEHNX TEXHOIO-

riit Tomy noTpebyoTb NOAANBLIOMO YAOCKOHANEHHS.

Lini Ta 3agavi gocnigxeHHs
Po3pobuti TexHonorito nepepobku  BignpaLboBaHuUX
€MeKTPONITIB ANs enekTpoXiMiYHOr0 XPOMYBaHHS CTaneBux Ta

NNa3mMOBOENEKTPONITUMHOTO OKCUAYBAHHS aioMiHieBUX deTa-

nen MaLUvH, sika BKITl0YaE NPOLLecH 0CamKeHHS, HerTpanisalii Ta

OYULLEHHS.

[ins oocsArHeHHs NocTaBneHoi Lini HeobXiaHO BUPIWNTK

TaKi 3aBOaHHs:

- 3aCTOCYBaTW MEXATPOHHWI MiAXid 4O KOHCTPYIOBAHHS YCTaHO-
BKM N5 OCaKEHHS, HENTpanisaLii Ta OYnLLEHHS BignpaLb0-
BaHWX eNEeKTPONiTiB;

- PO3pOBUTM HOBY KOHCTPYKL,iHO FAPOLMKIOH-inNbTpa Ans KOM-
BiHOBAHOrO OYMLLEHHS! PiouH;

- po3pobuTM aBTOMATM30BaHy CUCTEMY KepyBaHHs MpOLECOM
pobOTH YCTaHOBKM.

Marepianu Ta meTogu gocnigxeHHs
TexHonoriyHuit NpoLEeC enekTPOXiMIYHOrO XPOMYBaHHS
cTanesux aeTanen. TeXHONorvHW NpoLec NNa3MoBOENeKTPOi-

TUYHOTO OKCUAYBAHHA AeTarnei 3 anoMiniesux cnnasis. Bignpa-

LibOBaHi eNeKTPONITK AN €NeKTPOXiMIYHOro XpOMYBaHHS Ta nna-

3MOBOESEKTPOMNITUYHOTO OKCUAyBaHHs. MeToan aHaniTMyHoi Xi-

Mii, TUTPYBaHHS €nekTponiTiB. BusHayeHHs BOOHEBOrO Mokas-

HWKa enekTponiTy. Ekonoriyni HopMaTuBHI OKYMeHTU. 3acToco-

BaHO MeXaTPOHHWN Nigxid i KOMM'I0TepHe MOAENOBaHHS Nig Yac

MPOEKTYBaHHS ycTaHoBKM. ONC NporpamMoBaHOro NOTiYHOrO KOH-
Tponepa SimaticS7-1200. MporpamHe cepeposuwie TIA Portal
(TotallyIntegrationAutomationPortal)  BMpOBHWLTBA  KOHLEPHY
«Siemensy.
PesynbTati gocnigkeHHs
OcHOBHiI mkepena 3a0pyAHEHHA HABKONTUILHbLOTO Ce-

peAoBuLLa rafibBaHiYHUM BUPOOHULTBOM. [1ig Yac enexkTpoxi-
MIYHOrO HaHECEHHS| MEeTaneBux NMOKPUTTIB (XPOMYBAHHSM, Hike-
NIOBAHHSAM, LMHKYBaHHAM, KaaMyBaHHSM TOLUO) Ta NnasMoBo-
€neKTPONITUYHOrO POPMYBAHHS OKCUAHMX MOKPUTTIB Ha feTansx
MalUMH NPaKTUYHO Ha BCiX onepaLisx TEXHOMOMYHOro npoLecy
(nigrotoBunx, hopMyBaHHSI MOKPWTTIB, MPOMWBAHHS) BinOyBa-
€TbCS YTBOPEHHS PIOKVMX Ta ra3onofibHMX LUKILIMBUX PEYOBMH
(pnc. 1), siKi npu3BoaATb 40 3abpyAHEHHS HABKOMULLHLOTO Cepe-
posuLia. Tomy 3rigHO HaBeEeHOro nepeniky BUpOBHUYMX npoLie-
ciB [22], ranbBaHiuHe BUpOOHWULTBO HANeXmTb 40 BUAY rocrnoaap-
CbKOi AiSNbHOCTI Mif Yac 3AINCHEHHS AKOi MalwrHOOYaiBHE nian-
PWUEMCTBO NMOBMHHO MaTy NOKasbHi O4MCHI Cnopyau Ans nonepe-
AHbOTO OYULLEHHS CTIYHMX BOA NEpe iX CKMAaHHAM [0 CUCTEMM
LIeHTPani30BaHOro BOAOBIABEAEHHS Ta OUULLEHHS CTIYHUX BOA.

Po3pobka TeXHONOri4YHOI CXeMU OCafKeHHSA, HelTpanisa-
Uil Ta ouMLeHHA ranbBaHiuHKMX BigxodiB. [Ins yTunisayii Big-
XOf1iB ranbBaHiYHOro BMPOOHMLTBA (BignpaLboBaHuUX enekTporni-
TiB) po3pobreHa TeXHONMOris, WO BKMOYAE OCAKEHHS, HENTpa-
ni3auito Ta OYMLLIEHHS eNEKTPONITIB 3 BUKOPUCTAHHAM TipOLWK-
noH-hinbTpa (puc. 2). Ha nepuwin Ta gpyrii CTagii BignosigHo
3AINCHIOETLCS PeareHTHe OCaIKEHHS Ta HeMTpanisaLis enekTpo-
niTy, a Ha TpeTii cTagii — ouMLLEHHS Ta iNbTpaLia Po3unHY,
TOBTO TOHKE 00 OYLLEHHS.

Jazomobky

U

Peakmuby
Ao Bavwy oA mgeomobxu nobepxH
‘ W ——
Feaxmuby !
Barrs G99 HaHecerHs memaiebux nokpummt /
Bada POPMYBIHHS HEMEMBIBOLX HEOPZGHIYHLX TOKDUTITIG
[ L
1
Feaximuby
Ao Barr g dodamkabior a0packy Nokpummid
S VI
1
Peakimuiby
B Baru ahg npomubarks
Peakimuby Lemam

Yemarobka dna auuerrHa Bionpaysabarux eneximpomimit

l b y kaHamizaye ‘ [ anwlarsmud waam

Puc. 1. Cxema yTBOpEHHS ranbBaHiYHNX CTOKIB (3abpyaHeHb) Ta ix yTunisavii
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Puc. 2. Cxema yCTaHOBKM [Nt OCa[pKEHHS!, HEMTpanisaLjii Ta O4YMLLEHHS ranbBaHiYHUX BiAXOAIB

3acTocoBaHO MexaTPOHHUIA Nigxid i KoMM'oTEPHe Moae-
TNIOBAHHS Mg Yac NPOEKTYBaHHS YCTaHOBKM ANS OCAKEHHS, HE-
Tpanisayji Ta OuMLiEHHs ranbBaHiYHMX Bigxoais. PospobneHa
YCTaHOBKa MICTUTb [Ba PEaKTOPMU Ta FiLpOLMKNOH-INbTP, sKi
cnonyyeHi TpybonpoBoLaMu, a Takox OCHaLLeHa Hacocamu, BKa-
3iBHUKaMU PiBHSA pianHu1, pH-MeTpuyHUM 0bnagHaHHSM Ta aBTo-
MaTM30BaHOK CUCTEMOI KepyBaHHs (puc. 2). Peaktop 1 ocHa-
LLEHUI BUNAPHUKOM 2, ENEKTPUYHOIO MILLANKoK 3, NOBITPSHUM
komnpecopom i3 6apboTtepom 4, TpybonposogoM 5 ans nogadi
PO3UMHIB, SKi NiANAraloTb OYMLLEHHIO Bif CNOMYK XpoMy, Tpybon-
poBOAOM 6, JO3aTOPOM 7 Ta MICTKICTIO 8 41151 BiGHOBIIOBANBHOMO
PO34KHY HaAMWLLKY CynbdaTy ABOXBaneHTHOro 3anisa, Tpybon-

posogom 9, nosatopom 10 Ta micTkicTio 11 gns nyxHoro pos-
unHy. Hacoc 12 3abesnevye nogavy cycneHsii 3 peaktopa 1 ye-
pes ¢inbTp 13 y peaktop 14 SKuiA CNOPSIKEHNA ENEKTPUYHOKD
miwankoto 15, Tpybonposogom 16, Tpybonposogom 17, gosato-
pom 18 Ta micTkicTio 19 Ans posymHy-okucntoeava. Hacoc 20 3a-
Beaneyye nogayy po3umHy B rigpoLMKIOH-(InbTP 21 Yepes BXig-
HWIA TpybonpoBig 22, fe BigbyBaeTbCA OYNLLEHHS Ta inbTpy-
BaHHS LibOr0 PO34MHY, L0 BUXOAUTL Yepe3 BUXiLHWIA Tpybonpo-
Big 23. Mictkocti 24 Ta 25 cnyrytoTb BigNOBIgHO AN1S 36MpaHHS
TBEpAVWX NPOAYKTIB yTunisayji. 3anponoHoBaHa KOHCTPYKLS -
POUMKIOH-(INbTPa ANA OYMILEHHS PIOMH 3axullieHa naTeHToM
Ykpainu Ha BuHaxig [32] i npeacTaBneHa Ha puc. 3.

Puc. 3. Cxema rigpouuknoH-ginbTpa Ans KOMOIHOBAHOrO O4MLLEHHS piguH [32]

ligpoumknoH-ginbTp [32] MICTUTL BEPTUKANBHWN LWNIHA-
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HWA WTYyUep 3 Ans BUAANEHHS LWnamy, WO CNOPSMKEHNNA LUMto-
30BUM 3aTBOPOM 4. 3 NpoTUNEXHMX BOKIB [0 BEPXHBOI YaCTUHU
UmniHapuyHoro kopnyca 1 TaHreHwuianbHO NpUeaHaH Wryuep 9 i3
BEHTUNEM 6 4ns nogavi y LMKIMOH-iNbTP OYMLLYBAHOMO PiguH-
HOro MOTOKY Ta LWTYLep 7 i3 BeHTUnem 8 ans BinBeneHHs 3abpy-
LHEHOI BOAM nicns pereHepaLji HacunHoi inbTpyBansHoI 3ep-
HWcToi 3acunku. Kpuiika 9 3'eaHaHa 3 BEPXHBOK YaCTUHOK Liuni-
HOpvyHoro kopnyca 1. MepdoposaHa Tpy6a 10 yepes aBa aunc-
TaHUiHi Kinbus 11 BCTaHOBNEHa KoakCianbHO A0 BWXIOMHOI
Tpy6m 12 i Hepyxomo 3akpinneHa B oTBopi 13 kpuikun 9. [lo Bep-
XHbOI YaCTUHU BUXTONHOI TPYOU 12 CMIBBICHO NPUESHAHO LITY-
uep 14 i3 BeHTMnEM 15 ons BigBEAEHHS OYULLEHOTO PIAMHHOMO
NOTOKY, @ NepneHAnKyNapHO 360Ky NpuegHaHo Wrylep 16 i3 Be-
HTUNem 17 ansa nogadi YMCToi BoAW AN pereHepalii HacUnHoi
inbTpyBanbHOI 3epHUCTOT 3acunku. [0 BEpXHBOI YacTUHK nep-
¢hopoBaHoi Tpybm 10 Takox nepneHankynsapHo 360Ky npuegHaHo
wryyep 18 i3 BeHTUNEM 19 Ans nogadi YACToi BOAM ANS iHTEHCK-
chikauii pereHepalLlii HACUMHOI (iNbTPyBanbHOI 3ePHUCTOI 3ack-
nku. BcepeauHi LuniHapuyHoro kopnyca 1 BCTaHOBNEHa BCTaBka
20, BUKOHaHa y BUrMAAi NepeBEpHYTOro 3aKpUTOro 3pi3aHoro Tina
obepTaHHs — rinepbonoina obepTaHHs Ta cTalioHapHa dinbTpy-
BamnbHa kaceTa 21, i3 HWKHbOH KiNbLEBOK CITYACTOK OCHOBOK
22 i BEPXHbOIO KiMbLIEBOK CITYACTOK KPULLKOK 23, WO 3'€gHaHi
MixX COBOI BHYTPILLHBOI0 BTYMKOK 24 Ta 30BHILLHBOIO BTYMKOK
25, B SiKi po3MmilLieHa HacunHa inbTpyBanbHa 3epHNUCTa 3acu-
nka 26. CityacTuit cinbTp 27, BUKOHAHWUIA Y BUrNAA| 3pi3aHOro Ci-
T4acToro koHyca. [lo cknagy inbTpyBanbHOi 3epHUCTOT 3aCUMNKK
26 crauioHapHoi (inbTpyBanbHOi kacet 21 BXoAsTb, Hanpu-
knag, pparmeHT NoapibHEHNX Ta MEXaHIYHO aKTUBOBAHMX NOMi-
MepHMX Bigxopis nonietuneHTeTpdTanaty abo 6yab-aKuX iHLLMX
TUNIB NONIMEPHUX BIOXOLIB i3 PO3BMHYTOI MOBEPXHEI TOLLO.
CrauioHapHa ¢hinbTpyBanbHa kaceta 21 HepyxoMo 3akpinneHa
Ha pebpax XOopcTKOCTi 28, siki BUKOHAHI Ha BHYTPILLHIN CTiHLj 29.
MepchopoBaHa Tpyba 10, mpoxoguTb Yepes MeHLy ocHoBy 30
3pi3aHoro CiT4acToro KOHyca citT4acToro (inbTpa 27 Ta BHyTpiLL-
HbOI BTYNKY 24 cTaLioHapHoi (inbTpyBanbHoi kacetn 21. Hu-
XHs1 Binblla ocHoBa 31 3pi3aHOro CiT4acToro KoHyca ciT4acToro
inbTpa 27 npueaHaHa 40 BEPXHBOI KiNbLEBOI CITYACTO! KPULLKK
23 cTauioHapHol inbTpyBanbHOI KaceTn 21, a BEpXHS MeHLLa
ocHoBa 30 Bka3aHOro 3pi3aHOro CiT4acToro KoHyca CiT4acTtoro
tinbTpa 27 npuegHaHa o nepdoposaHoi Tpydu 10. Y HUXHIR
yacTuHi Liei nepcoposaHoi Tpyou 10 BUKOHAHO NOXWNi TaHreHLi-
anbHi otBopu 32 Big Topua 33. Kyt Haxuny ocboBuX NiHin O; —
O, NOXWUIWX TaHreHuianbHWUX 0TBOPIB 32 40 NAOLWMHA NepneHan-
KyNSpHOI 0 BEPTUKANbHOT OCi PIBHUIA KyTY HaXWny a BUCXIGHOI
JiaroHani m — n No3g0BXHLOr0 0CbOBOIO PO3Pi3y CTaLiOHAPHOI
inbTpyBanbHoi kacetn 21. OcboBi NiHii 0 — O; BKasaHux no-
XWIKX TaHreHLianbHUX 0TBOPIB 32 PO3TaLLOBaHi MO MBUHTOBIM fi-
Hii 34, K2 Mae HanpsSIMOK NiAMOMY BUTKIB NPOTUNEXHUIA 40 Ha-
NPSIMKY NiZNAOMY BUTKIB FBUHTOBOT NiHii TPAEKTOPIT PyXy YaCTUHOK
3a0pyaHEHHS OYMLLYBAHWX ra30BOr0 YW piauHHOTO noToky 35 y
BEPTUKaNbHOMY LMniHAPUYHOMY Kopnyci 1. Y BHYTpILLHIA BTYNLi
24 cTaujioHapHoi (inbTpyBanbHOI kKaceTh 21 BUKOHAHO Takox no-
Xuni TaHreHuiansHi otBOpM 36, oci 0, — 0, SKMX chiBnagaTb
i3 ocamMu O, — O, NOXUNUX TaHreHujiansbHUX 0TBOPIB 32 Yy nep-
tpopoBaHii Tpybi 10. Mix 30BHILLHLO CTiHKOK 37 CTaLioHapHOI
inbTpyBanbHOI KaceTn 21, 30BHILIHBO CTiHKO 38 BcTasku 20
Ta BHYTPILLHBOLO CTIHKOK 29 BEPTUKANBHOTO LMMIHAPUYHOIO KOp-
nyca 1, BHyTPILLHBbO CTiHKOK 39 KOHIYHOMO AHA 2 YTBOPEHWN Ki-
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NblieBui kaHan 40 Ang CrnoB3aHHs BHW3, BIAAINEHUX Bif OUnLLY-
BaHWX ra3oBoro NOTOKY YW piAnHHOro noToky 35, rpyboamcnepc-
HWX YaCTWUHOK 3a0pyaHeHHs 41 Ta pomilok 42, a Takox rpyboau-
CMEePCHMX YaCTUHOK 3abpyaHeHHs 41 Ta foMillok 42, Lo cnos3a-
10Tb i3 MOBEPXHI CiTYacToro dinbTpa 27 B 30HY poO3TallyBaHHs
wTyLepa 3 AnNg BUOANEHHS LWNaMmy Yepes LUN30BuIA 3aTBOp 4
Ha30BHI. [opOLMKNIOH-INLTP OCHALLEHU 3anobixHUM knana-
HOM MaKCUMamnbHOro Haf/IMWKOBOrO TUCKy Ta Hacocamu (Ha
puc. 3 He NokasaHo).

[ns 3abe3neyeHHst NPOBEAEHHS OCAKEHHS, HenTpari-
3auii Ta OuYMLLEHHS BIANPALBOBAHOMO EMEKTPONITY yCTaHoBKa
(puc. 2) cnopsimkeHa aBTOMaT30BaHOI CUCTEMOIO KEPYBAHHS |
(PYHKLIOHYE HACTYMHUM YUHOM.

puknad po6omu ycmaHoeku 0nsi 0Ca0XkeHHS, Hell-
mpanisayii ma oyuweHHs eidnpayb08aHo20 enekmposnimy
nicns enekmpoximMiyHo20 XpoMyeaHHs1 cmanesux demarnell.
BipnpaLboBaHWin eneKkTponiT i3 ranbBaHivHUX BaHH, SKWA 04nLLa-
10Tb Bif, PO34MHEHNX CMOMYK XPOMY, NOZAKTh No TpybonpoBoay
5y peaktop 1, a yepe3 Tpybonposig 6, 403aTOPOM 7 i3 MICTKOCTI
8 nocTynae BiHOBMIOBaNbHUIA PO34YMH HAAMNLLKY CynbgarTy ABO-
XBaneHTHOro 3anisa i 3AiNCHIOI0Tb ENEKTPUYHOI Milliankoio 3 no-
CTillHe NepemiLLyBaHHs CyMmiLLi, 3a6e3neyyoun BigHOBIEHHS CMo-
NyK LWeCTMBaNEHTHOro xpomy [31]

2Cr207 + 6FeS04 + 7TH2S04 =
=Cra(SO4)3 + 3Fe2(SOs)s + K2SO4 + 7 H20.

MMicna NpOXO4OMKEHHS OKWCIHOBaNbHO-BIZHOBNOBASb-
Hoi peakuii Tpy6onposogom 9 B peaktop 1 yepes fosatop 10 i3
MicTkocTi 11 nocTynae NyXHWA PO34YMH NPW NOCTINHOMY NepeMi-
LyBaHHI PEKLiAHOT CyMilli Ans BOCSTHEHHS BOAHEBOTO MOKa3-
Huka pH 10 £ 1 3 ocaKeHHsIM KaTiOHIB TPUBANEHTHOO XpoMy

Crz(S04)s + BNaOH = 2Cr(OH)s + 3Na2S04
Ta BiANOBIAHO 4BOX- | TPUBANEHTHOrO 3anisa
Fe2(S04)3 + 6NaOH = 2Fe(OH)s + 3Na2S04 ;
FeSO4 + 2NaOH = Fe(OH)2 + Na2S0s.

[MoBiTPSIHAM KOMNPECopoM i3 6apboTepom 4 34iNCHIOITL
HACUYEHHS peakLinHOT CyMiLLi KUCHEM, WO MICTUTLCS B MOBITPI,
3abe3neyyroum TakuM YMHOM NEePEeTBOPEHHS TigpooKcuay ABOBa-
NEHTHOrO 3anisa B rigpOOKCUA TPUBAMNEHTHOrO 3anisa:

4Fe(OH); + Oz + 2H0 = 4Fe(OH)s.

Mpu uboMy BinOyBaeTbCS i30MOPHE OCaAMKEHHS IOHIB
TPWUBANEHTHOMO XPOMY HALJMLIKOM FiLPOKCUAY TPUBANEHTHOTO
3anisa.

Y pesynbTaTi NpoTiKaHHs XiMiYHUX PeakLiil yTBOPeHy Cy-
cneHaito isomopdpHoro ocagy Cr(OH)s/Fe(OH)s i3 peaktopa 1 no-
JatoTb Hacocom 12 Ha ¢inbTp 13, e BinbyBaeTbes BiokpeM-
NMEHH  UbOr0  HEPO3YMHHOro  i3oMopchHOro  ocagy
Cr(OH)s/Fe(OH)s, sikmin 36mpatoTb y MicTKiCTb 24. B noganbLuomy
OYMLLIEHWI Bif CMOMYK XPOMY Ta 3arida po3yuH noctynae Tpybo-
npoBozoM 16 y peaktop 14, B skui, B CBOK Yepry, yepes Tpybo-
nposig 17 go3atopom 18 i3 micTkocTi 19 nogaTs PO34MH-OKNC-
ntoBaY 3a NOCTINHOMO NepeMilllyBaHHs ENEKTPUYHOK MiLLAKOK
15. Micnsa goBeaeHHst pH po3unHy go ekonoriyHo 6e3neyHoro
HenTpanbHoro pieHs (pH 6,5...8,5) BiH i3 peakTopa 14 nogaeTbes
Hacocom 20 uyepe3 BxigHuI Tpybonposig 22 B rigpOLMKIIOH-
inbTp 21, ne BinbyBaeTbCS MOro KOMBIHOBAHE OYNLLEHHS Ta i
NbTPYBaHHS, a TBEPAi BiAX0AM Ta MeXaHivHi JOMilLKM (Lunam)
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36upatoTb B MIiCTKICTb 25. OCTAaTOYHO OUULLEHWA PO3UMH BUXO-
OMTb i3 rigpoLmrKnoH-ginsTp 21 yepes BuxigHui Tpybonposig 23
i MOXe B NofasnbLIOMy BUKOPWUCTOBYBATUCS Y BUPOBHMLTBI, 3a-
Be3aneyytoun 3aMKHYTUN LMK NPOMUCIIOBOMO BOAOMOCTaYaHHS.

puknad po6omu ycmaHoeKu Onsi 0cadXeHHS, Hell-
mpanisauii ma oyuweHHs eidnpaybosaH020 enekmposnimy
N1a3Moe0es1eKmposliMmu4H020  XPOMYB8aHHS/OKCUQY8aHHS
demaneii. Ockinbku nig yac TBepLOro aHOAyBaHHS Ta Nnasmo-
BOENEKTPONITUYHOrO OKCWAYBaHHS METasniB BEHTUMLHOI rpynu
BUKOPUCTOBYIOTb PI3HOMAHITHI €MEKTPONITU — KUCHI, HEMTPanbHi
Ta nyxHi [4, 14, 29, 33], a TakoX NNa3MOBOENEKTPONITUYHOTO
XpOMyBaHHS aeTanei [34] Tomy po3pobrieHa Hamu TEXHOMOrA Ta
yCTaHoBKka Moxe ByTu aganTtoBaHa 4ns yTuNi3aLii KOHKPETHOro
TUNY enekTPONITY LWNsXoM BMOOPY BIAMOBIAHWX XiMiYHMX peare-
HTIB i pexumiB poboTu.

B ycTaHoBLi BCi BEHTMNI Ta 3aTBOP CMOPSAKEHHI enekT-
PONPUBOLOM, @ HACOCK — ENEKTPOMArHITHUMKM nyckayamu i cny-
ryloTb A5 3abe3neyeHHs kepyBaHHs NPOLIECOM HerTpanisadi Ta
OYMLLEHHS ENEKTPONITIB B aBTOMATN30BaHOMY pexumi poboTy.

Binbl AeTanbHO po3rnsHEMO NOCMILOBHICT aBTOMATy-
30BaHOr0 KepyBaHHS ripoLMKNOH-inbTPOM (puc. 3).

1. BuxidHi napamempu KOHMPOIIo:
HanipHun Tuck, KMa;
HWU3bKOHanipHUi Tuck, Kla;
LUBMAKICTb NOTOKY, M/C.

2. [Tapamempu KoHMpOIo
[OAaTHIN nepenag TUCKy Mix wTyuepom 14 i wryuepom (5 abo
7);
JoaatHin nepenag Tucky Mix wryyepom 18 i wryuepamu (5
abo 7), (7 abo 14);
KOHTPOIb 3aMOBHEHHS ranbBaHiYHUM LLUNAMOM KifbLEBOro Ka-
Hany 40 LWnsaxoM 3BaxyBaHHs Macu rigpoLnknoH-ginbTpa (abo
aKyCTUYHWIA KOHTPOMb HAsBHOCTI LWaMmy B KinbLEBOMY KaHani
40).

3. MNapamempu kepysaHHs 1-20 i 2-20 emanig OYULEHHS
nepesuLLeHHs AP 3a n.1 abo 3a n.2 (Npu LbOMY reHepyeThest
curHan «1»).

3.1 MNepwuti eman iHmeHcuikayii peceHepayji:
BBIMKHEHHSI pEXMUMY pereHepaLlii 3acunku cityacToro inbTpa
Ta NPOMUBAHHS;

BiOKpUTTS BeHTUNS 18;

3aKkpuTTs 3aTBOpa 4;

3aKpUTTS BEHTUNIB 6 i 15;

BigKkpuTTS BeHTUNiB 81 19;

nogaya 4ucToro atMocdepHoro nosiTpst abo piguHM HAacocoMm
(M_iHTeHcudikawii);

npo 3aBepLUEHHs iHTeHCUiKkavii pereHepavii CBigYNTL 3meH-
LeHHs Ta cTabinisadis AP Mix wryuepamm 7 i 18;

3.2 ipyauli eman pezeHepauii:

3akpuTTs BeHTUns 19 i BigkntoveHHs Hacoca (M_iHTeHcudika-
wjii);
BIOKPUTTS BeHTUNA 17 i BKNKOYeHHs Hacoca (M_npomuBaHHs);
MOMEHT 3aBepLUEHHsI pereHepaLlii KOHTPOMIOETLCS 3@ CTaHOM
4nCTOro NOBITPS abo BOAW, L0 BUXOAATL Yepes wryuep 7, a
TaKOX TUCKOM Mix WTyuepamu 7 i 14;

4. [lodamkosuti pexum pobomu 1-20 i 2-20 emanig 04u-
WeHHS:

- OJHOYacHe NpoBefieHHs pereHepaLlii inbTpyBanbHOI 3epHUC-
TOI 3aCUMKM OYULLEHHSI, MPOMUBAHHS CITYaCTOro inbTpa i Npo-
MWBaHHS KinbLesoro kaHany 40;
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- KOHTpOnb MacK abo aKyCTUYHE BU3HAYEHHSI CKYMYEHHS ranb-
BaHIYHOrO LUnamy;
npy LbOMY TiApOLMKITOH-DINbTP NEPEBOAATb B PEXUM NPOMM-
BaHHA KiNbLEBOTO KaHary;
- AN15 UbOro BiabyBaeTbCA 3aKpuTTs BEHTUNIB 6, 8, 15, 17 i Bigk-
pUTTS LMIO30BOrO 3aTBOPY 4 Ta BeHTUns 19;
5. [Napamempu KepygaHHs 3-20 emany OYUWEHHS

- CTaH OYULLEHHS NPOMMBAHHAM KiNlbLieBOro kaHany 40 Bu3Hava-
€TbCA 3BaXYBaHHSM TiPOLMKNOH-GinbTpa abo akyCTMuYHO, a
CTaH iHTeHcudikaii pereHepadii (inbTpyBanbHOI 3acunku Ta
OYMLLEHHS! CiTYacToro inbTpa — 3a 3MEHLUEHHSIM Bif' €EMHOrO
nepenagy Tmcky AP (npo Le CBigYWTb JOCArHEHHS HOMIHAMb-
HOI Macy rigpouuKnoH-inbTpa Ta cTabinisalis Big'eMHoOro ne-
penagy Tcky AP mix wryuepamu 7 i 18);
nicns 3aBepLUeHHs iHTeHCudikaii pereHepadii GinbTpyBans-
HOI 3aCUMKM Ta OYMLLEHHS CiTYacToro (inbTpa BiaOyBaeTbCs
BigKNKYeHHs1 Hacoca (M_iHTeHcudikallii), 3aKkpuTTsl BEHTUNIB
8, 17 i 19, BigKpuTTS BEHTUNIB 6 i 15, YacTkoBE MPUBIAKPUTTS
LUN030BOrO 3aTBOPY 4, a rigpOLMKIOH-(iNbTp NepexoanTb Y
POBOUMIA PEXIM.

7. [JoGamkosutli pexum pobomu Ha 3-my emani o4u-

WEHHSA
- NPOMMBaHHS KinbLieBoro kaHany 40 Ta 3aBepLUEHHS pereHepa-
LiT HacunHOT inbTpyBarnbHOI 3acunkv kaceTu (1.2 2-ro etany);

- 3aKpUTTS BeHTUNS 19, BigKPUTTA BEHTUNA 17, BKITIOYEHHS Ha-

coca (M_npomuBaHHs) 4n1s 0CTaToOMHOI pereHepali i npomu-

BaHHA KiNbLEBOrO KaHany;

KOHTpOIb TUCKY AP MiX WTyuepamm 7 i 14 Ta npoMUBaHHS Ki-

NbLEBOTrO KaHany Micns curHany; 3BaxyBaHHs abo akycTuy-

HOrO KOHTPOSIO;

3aKpuTTA BEHTUNIB 8 i 7;

BiOKPUTTS BeHTUNIB 6 i 15;

BiaKMIOYeHHs Hacoca (M_npoMuBaHHS) | NPUBIAKPUTTS LLMKO30-

BOTO 3aTBOpY.

8. AnapamHi 3acobu asmomamu3ogaHoi cucmemu Kepy-
8aHHA
8.1 lNepsuHHi nepemeoptosayi hisudHUX 8e/TUYUH:

- JaTyuk nepenagy TMcky AP mix wryuepom 14 i wryuepom (5
abo 7) (BumiproBanbHKiA fianasoH BignoBigHo n.1 BUXigHMX na-
pameTpiB rigpOoLMKNOH-(inbTpa);

- paTyuk nepenagy T1cky AP mix Wwryuepom 18 i wryuepamu (5
abo 7), (7 abo 14) (BumiptoBanbHuiA AianasoH signosigHo n.1
BMXIOHWX NapaMeTpiB riapoLMKNOH-QinbTpa);

- TEH30MepeTBOPIOBAY Baru Ha 3agaHHni gianasoH abo akycTu-

YHWI NEepeTBOPIOBAY HAsBHOCTI LUMaMy B KinbLEeBOMY kaHani

40;

nepeTBOPIOBaY LBMAKOCTI MOTOKY (BMMIpHOBabHUIA [iana3oH

BiANOBIAHO N.1 BUXigHWUX NapameTpiB poboTH rigpoLMKnoH-ai-

nbTpa).

8.2 BukoHasui enemeHmu:

eNeKTPONPUBOAM NS KepyBaHHs BeHTUnsamu (18, 6, 15, 8, 19,

17)

€NEKTPOMNpOBIA AN KepyBaHHS 3aTBOPOM (4);

MarHiTHi nyckadi ans kepyBaHHs Hacocamu (M_iHTeHcudpikauii

Ta M_npomuBaHHs).

8.3 KomnoHenmu asmomamuku:

MNK (MporpamoBaruin JloriuHuiz KoHTponep) SimaticS7-1200

(3abe3neuye 06pobky 14-Tv AUCKPETHMX BXigHMX curHanie i 10-

TN ONCKPETHUX BUXIOHWX curHanis) [35];
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- CM (CurHanbHuit Mogyrb) BBOAY aHanoroBux curHanis 3 ne-
peTBOptOBavYiB nepenagy TUCKy AP i TeH3onepeTBoproBava
Baru (3abesneyye 0Bpobky 4-x aHanoroBux BXiBHUX CUrHanis).
Takum urHoM, BkadaHa koHdirypauis MNJTK goctatHs gnst obpo-
OKu BCiX BXiIHWX Ta BUXiOHUX CUTHaniB Mig 4yac ekcnnyarauji
rAPOLMKIOH-(iNbTPa 3a BULLEHABEAEHAM anropUTMOM (OYHK-
LjiOHYBaHHS.

Ha puc. 4 HaBefeHO KoHGbirypallito anapaTHux 3acobis

MK aBTOMaTU30BaHOI CUCTEMM KEPYBAHHS TiAPOLMKNOH-DINbT-

TIA Portal
KOHLIEpHY

CepenoBuLL
BUpOGHULTBA

pom y nporpamMHoMy
(TotallyIntegrationAutomationPortal)
«Siemens» [36].
AnapaTHa KoHdirypauis MK Bkntovae:
- CPU (Central Processing Unit) CPU1214C (nosuuis 1 Ha
puc. 4);
- SM (Sygnal Module) SM1231x4Al (nosuuis 2 Ha puc. 4);
- KOMYHiKaLjitHe 3'egHanHs Industrial Ethernet gns nporpamy-
BaHHS i 06MiHy AaHMK 3 KOMM'IOTEPOM (puC. 5).
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Puc. 5. KomyHikaujinHe 3'egHanHst Industrial Ethernet ons nporpamysaHHs i 06MiHy AaHUMM 3 KOMIT'OTEPOM

MpuknagHe nporpamHe 3abeaneyenHs MIK BikoHaHo Ha
moBi FBD (FunctionalBlockDiagram) [35] i peanisye dyHKuii
300py faHuX 3 NepBUHHWX NEPETBOPIOBAYIB (i3N4HUX BEMUUMH,

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

06p0obKy BUMipIoBanbHUX CUrHamiB i POpMyBaHHS CUrHanis Kepy-
BaHHS Ha BUKOHABYi €MEMEHTW YCTAHOBKY 3riHO anropuTmMy y-
HKLiOHYBaHHS, 30KpeMa i rigpoLmknoH-ginbTpa. KpiM Toro, Moxe
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6y poslwmpeHa yHKLIOHANbHICTb CUCTEMM KEPYBAHHS YCTaHO-
BKOIO LLUSIXOM Bi3yanisaLii npoLecy kepyBaHHS Ha AWHaMIYHWX
MHEMOCXemax 3 JoKarnbHUM Ta BigganeHuM JoCTynom onepa-
TOpa (kopucTyBaua) [37].

OGroBopeHHs pe3ynbTaTiB AOCHIAKEHHSA

3pocTatoui BUMOrM LWOAo eKoMNoriyHoi 6e3nekn TEXHOMo-
MYHUX NPOLECIB HAHECEHHS MOKPUTTIB NOTPEDyTH pPo3pob-
NEHHs1 HOBMX | BAOCKOHAMNEHHS BiOMMX iCHYKOUMX CNOCOBIB Hell-
Tpanisauii Ta OYMLLEHHS BignpaLbOBaHWX €NeKTPONITiB ranbea-
HIYHWX LieXiB Ans nepexomy 40 «3efIEHNX TEXHOIONIN.

Ha BigMmiHy Big BiOMWX anapaTHO-TEXHOMOMYHUX CXEM
nepepobky Bigxoais ranbBaHiuHux BupobHULTB [30, 31] y cknag
po3po6neHOi HaMK YCTaHOBKW J04ATKOBO BBEAEHO MigPOLIMKITOH-
(inbTp ANS NOKPALLEHHS OYMLLIEHHS Ta OCHALLIEHO YCTaHOBKY CU-
CTEMOK aBTOMATM30BAHOMO KEPYBaHHS MPOLECOM OCaKEHHS,
HerTpanisaLii Ta OYMLLEHHS BiANPaLbOBaHWX ENeKTPOniTiB AN
HaHECEHHS MOKPUTTIB.

OpepxaHi Bigxoau nepepobneHHs ranbBaHiyHnx BUpo6-
HWLTB [OLNbHO MOBTOPHO BUKOPWUCTOBYBATM Y Pi3HWX ranyssix,
Hanpwknag, y 6yaisenbHii inaycTpii [38].

TexHi4HuiA pe3ynbTart: NABULLYETLCS HaiHICTb poboTH,
30inbLUYETHCS KOEILEHT KOPUCHOI Aii, MPOAYKTUBHICTL Ta eKo-
HOMIYHICTb YCTaHOBKY, a TakoX 3abe3neyyeTbcs ekonorivHa Hes-
neka sik Anst 06CnyroByHOro NepcoHany, Tak i s HaBKoMMLL-
HbOTO MPUPOLHOTO CEpPEefoBMLLA.

BucHoBku

lpoBegeHuit aHanis cnocobiB HeiTpaniauji Ta ouu-

LLIEHHA BiANpaLbOBaHNX €NEKTPONITIB ranbBaHivHUX LieXiB HaHe-
CEHH$I MOKPUTTIB NOKa3as, L0 NepCneKTUBHUM € peareHTHWUA rig-
POXIMIYHMIA, sIKMiA Ba3yETbCA Ha Pi3HIM 34ATHOCTI CMOMYK XpOMY
[0 KOMMNEKOYTBOPEHHS! Ta LUMSXM YTBOPEHHS PiKuX i razonogi-
BHUX PEYOBUH.

3acTocoBaHO MexaTPOHHUIA NiaxXid i KoMM'oTEpHe Moae-
NIOBaHHS NiJ Yac NPOEKTYBaHHS YCTAHOBKW AN OCaMKEHHS, He-
Tpanisayjii Ta 0UMLLEHHS ranbBaHiYHUX BiAX0ZiB.

BBeneHo y cknag yCTaHOBKW HOBY KOHCTPYKLLiHO rigpoLiu-
KNoH-hinbTpa, sika 3abesneuye KOMBIHOBAHE OUMLLEHHS LLMISXOM
NoeAHaHHS BiALEHTPOBOrO OUULLEHHS Ta (iNbTPYBaHHA PignHU.

Po3pobneHo aBTOMaTM30BaHy CUCTEMY KepyBaHHS, ska
3abeaneyvye eqheKTUBHWIA Ta 3PYYHWUIA Y BUKOPUCTaHHI KOHTPOMb
TEXHOOMYHUX MapameTpiB OCafeHHs, HelTpanisauii Ta ouu-
LLIEHHS BiANPaLbOBAHOrO eNeKTPONITY ranbBaHiuHUX BaHH.

Y noganbLumx JOCMIMKEHHAX NNaHyeTbCH NPOBECTM Or-
TMMIi3aL}ito TEXHOMOMYHUX PEXMMIB NSt 3HWKEHHs cobiBapToCTi
npoLecy HenTpanisayii Ta 04MLLEHHS BignpaLb0BaHOro eNeKTpo-
nity.

Mopsika.

JocnimkeHHs NpoBOANNOCS B pamkax MpoekTy, Lo oi-
HaHcyeTbes MiHiCTepcTBOM OCBITH | Hayki YKpaiHW 3a paxyHOK
BMAATKIB 3aranbHoro qoHay aepxasHoro GromkeTy: «Po3pobka
€KOMOriYHO YNCTOI TEXHOMOrii XPOMYBaHHS B NPOTOYHOMY ENeKT-
pOniTi JOBrOMipHUX AeTanei 3i CKNagHO TOMOMOriE NMOBEPXHI»,
[ 8-21-MN (PK 01210109591, 2021-2022 pp.).
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Automated installation for cleaning of galvanic waste

The paper considers the main types of coatings and their prevalence in the world refer to frequency of application in mechanical
engineering. It is noted that the most metal coatings (i.e., electrochemical chrome coatings) and non-metallic (i.e., oxide coatings
formed in different electrolytes) coatings are the most common among them. The analysis of methods and equipment for utilization of
wasted electrolytes for the formation of coatings on machine parts in galvanic shops and sections is carried out. Electrolytes for
electrochemical chromium plating of steels and for plasma electrolytic oxidation of aluminum alloys were selected as research objects.
A systematic approach to solving the current problem of utilization of spent electrolytes of galvanic baths for coating is used. A
systematic approach to solving the current problem of waste electrolytes utilization from galvanic baths is used, which is a particularly
important task at the stage of transition to “green technologies” application. A technological scheme of waste electrolyte processing
has been developed, which includes the precipitation, neutralization, and purification processes. A mechatronic approach and
computer simulation were used to design the installation. The installation to implement the technology includes two reactors and a
hydrocyclone filter connected by pipelines and equipped with pumps, liquid level indicators, pH metric equipment and an automated
control system. The installation includes a new design of hydrocyclone filter, which provides combined cleaning of liquids from
suspended particles of contamination by a simultaneous combination of centrifugal cleaning and filtration, as well as allows to wash
its annular gap and regenerate the filter granular backfill filter cartridge. The developed technology of waste electrolytes utilization is
efficient during operation and does not require expensive equipment; the process is environmentally and human friendly, and recycled
products can be reused in the production cycle.

Key words: electrochemical chrome coating, plasma electrolytic oxide coating, technological process, electrolyte,
mechatronics, reactor, hydrocyclone filter, green technologies.
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B cmammi 062080p1010MbCS NUMaHHSA 3acCmocysaHHs YucenbHUX Memodig onmumisauii dpy2020 nopsdky e 3adayax cmoxa-
CMUYHO20 NpoepaMyeaHHs, WO 8KMYaoms hyHKU0 IMOSIPHOCMI 8nnugy Ha nokasHUKU 6e38idMosHOCMI caMOXidHUX obnpuckKysa-
yig cucmem napamempig 86y008aH020 MEXHIYHO20 KOHMPOITH, MaKUX Kk NO8BHOMa | 2nUbUHa MEXHIYHO20 KOHMPOITIO.

Po3spobneHo aHanimuyHi Modeni Oesikux munosux cmpykmyp 6e3gioMosHocmi camoXiOHUX 0bnpuckyeauis, 8 SKUX epaxosy-
HOMbCA XapakmepuCMUKU MEXHIYHO20 KOHMPOITI0 3a Npaue30amHicmio eleMeHmis.

lMpedcmaeneHa epadiyHa iHMnepnpemayis 3anexHocmi nokasHukie 6e3gidMosHocmi camoxidHux obnpuckysavie 8id nos-
HOMU MexHiYHo20 KOHMPOsi. [1idmeepdxeHo iCHy8aHHs 8nfugy NOBHOMU MEXHIYHO20 KOHMPOITIO Ha NOKasHUKU 6e38idMosHOCMI

Cmpykmyp.

PosensiHymuti nidxid i3 nodibHum aHanizom 0038011si€ 0brpyHmMoeaHo sucysamu eumoau 00 xapakmepucmuk cucmem mexHi-

YHO20 KOHMPOITI0 CaMOXiOHUX 0bnpuckysaui.

Knroyoei cnoea: 6e3sidmosHicmb, obnpuckysay, (MosipHiCMb, KOHMPOb, napamemp, eneMeHm, npaye3damHicme.

DOI: https://doi.org/10.32845/msnau.2021.2.16

MoctaHoBKa npobnemu.

3acToCyBaHHs YMCENbHUX METOAIB OnTUMisaLii apyroro
nopsiaky B 3aayax BCTAHOBMEHHS BNUBY AMOBIPHOCTI 3MiHM Na-
pamMeTpiB TEXHIYHOTO KOHTPOMO Ha 6e3BigMOBHICTb CaMOXIgHMX
0bnpuckyBauviB, Ik CTOXaCTUYHOTO NPOrpamMyBaHHs, € BKITIOYEHHS!
(YHKLiM MOBIpHOCTI. OCTaHHS MOXE BUCTYMaTW B PO3rNSAHYTUX
3apavax gk KpuTepiii onTumisaii abo sk PyHKLiS 0BMeXeHHS.
Bigomo, Wwo thyHKLis MMOBIPHOCTI HE € ONyKNOK abo YBIrHyTO
Mo BCiin obnacTi Bu3HaueHHs [1]. Ak npaBuno, yHKLis AMOBIpHO-
CTi 4OCTIMKYETbCS Ha KBA3IiBUNYKIICTb i BUKOPUCTOBYIOTLCS BNa-
CTMBOCTI, L0 BUNMNMBAKOTb 3 ii KBA3IBUNYKNOCTI; AaHi BNACTUBOCTI
BUCBITNEHI [2]. TBEpAXEHHS NPO BNACTUBOCTI KBA3IBUMYKMOCTI
(YHKLUii IMOBIPHOCTI CMIMPAIOTLCS Ha MOHATTS KBA3IBUTHYTUX Ta
norapucMiYHO YBIrHYTUX MMOBIPHICHMX 3axofis, WO po3rnsga-
toTbes Y [3]. Takox, B iHWMX poboTax po3rnsgaTbes BNacTMBO-
CTi MHOXWH piBHS PYHKLLT AMOBIPHOCTI, Hanpuknag, B HaBeAEHUX
BULLE poboTax MpsSMO He PO3rNAZATLCH MUTAHHS, CyMiKHE 3
aHanisom onmyknocTi (yHKUin abo ix OuiHKO — a came obuuc-
NEHHS Y¥ OLjHKa 3HAYeHHS NOXigHWX GYHKUA MMOBIpHOCTI [4].
OcHoBHa cknagHicTb y 0b64mcneHHi NoxigHUX dyHKLii MMOBIpHO-
cTi nongrae y GyHKLii Xesicaingy, Lo BXOAUTb B iHTerpanbHe ys-
BNEHHS PYHKLT IMOBIPHOCTI [5]. Takum YnHOM, Mpu NpsiMOMY Au-
thepeHLiitoBaHHi PYHKLT AMOBIPHOCTI 3'ABNSAETLCS AenbTa-(PyHK-
uis flipaka, a noxigHa y Bunagky HabyBae BUrnsLy NOBEPXHEBOIO
iHTerpana [6]. PaHiwwe 6ynu oTprMaHi doopmynm ans npsimoro o6-
YWCIIEHHS NOXIAHOT OYHKLT MMOBIPHOCTI Y hOpMi MOBEPXHEBOTO
iHTerpana PimaHa [7], y oopmi iHTerpana Jlebera no nosepxHi [8],
a TaKOX Y BUIMSAAI BMPa3iB, LU0 BUKOPUCTOBYIOTb METOZ, TpaHC-
topmavii iHTerpana Jlebera [9]. Takox 6yno nokasaHo, Lo npu
AesikMx 0BMEXEeHHSIX NOXigHa NpeACcTaBneHa y BUrMsLi CyMu no-
BepxHeBoro Ta 06’emHoro iHTerpanis [10]. [LaHi metoam obunc-

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

NEeHHS TOYHOI NOXIAHOI (OYHKLiT IMOBIPHOCTI 4OCUTL CKNagHi Ye-
pes iHTerpyBaHHs No NOBEPXHi, sika MOXe byTn 3agaHa HesIBHO.

AHani3 ocTaHHiX gocnifmKeHb i ny6nikaLlii.

CknagHoLi npu NpsAMOMY OBYMCIIEHHI TOYHUX 3HAYEHD
(YHKLUiT AMOBIPHOCTI Ta Ti NOXiAHOI 3yMOBMIOITL PO3BUTOK anb-
TEPHATUBHNX METOMB PO3B'A3aHHS 3a4ay CTOXaCTUYHOrO Mpo-
rpamyBaHHsl, Hanpuknag, MeTogiB YacTkoBOi niHeapu3aLii Mo-
geni [11] abo mMeToaiB nepexody A0 EKBIBANEHTHUX LETEPMiHO-
BaHMX 3a7ay. ABTOPOM 3anponoHOBaHa rnagka anpokcumallis
yHKuii ImoBipHOCTI [12], L0 [03BOMNSE 3aCTOCOBYBATY iHLUI Me-
TOAW PO3B'A3aHHS 3a4a4 CTOXacTUYHOTO NporpaMyBaHHs 3 iMOBi-
PHICHAM KpuTepieM abo iMOBIPHICHUMK 0BMeXeHHsIMK. DYHKLS
XeBicaiiga y BUpaxeHHi yHKLii MIMOBIPHOCTI 3aMiHIOETLCS Ha i
rnagky anpokcumauiio — curmoigu. lMokasaHo, Lo anpoKCUMo-
BaHe 3Ha4YeHHS (PYHKLi MIMOBIPHOCTI CXOAUTL A0 TOYHOMO MpW
nparHeHHi napameTpa curMoign 4o HeckiHyeHHocTi [13]. BinbL
TOro, NPMBATHI NOXIigHI rMagkoi anpokcumalyii 3a piBHem BTpaT i
KOMMOHEHTaMM BEKTOpa YNpaBniHHA CXO4ATLCS [0 BiAMNOBIgHWX
MOXIBHUX BUXiZHOI (OYHKLi IMOBIPHOCTI i MalOTb BUMNSA 06’em-
HOro iHTerpana, skuit 064ncneTbes BiGHOCHO nerko. Y [14] 6yno
OTPUMAHO y3aranbHEHHS Takoro Nigxogy Ha BMNALOK LOBIMbHOI
PO3MiPHOCTi BEKTOPa BUMNAKOBIX MapameTpiB, a TakoX 3anporno-
HOBaHMIA Cnocid 3acTocyBaHHA rMajgkoi anpokcumaLi dyHKLT
IMOBIpHOCTI B 3agadi nobyaosu anbda-sapa NMOBIPHICHOT MipK,
a TaKoX B ONMTUMI3aLii 3agavi 3 noniefpansHo YHKLiE BTpaT
i IMOBIPHICHUM KpUTEpIEM.

B [15] nokaszaHa MOXMMBICTb 3aCTOCYBaHHs rnagkol an-
pokcumaLlii hyHKLiT MIMOBIPHOCTI O NpUKNagHuX 3agady ctoxac-
TUYHOTO NporpaMyBaHHs, paHille onucaHux y [16]: 3agadi npoe-
KTyBaHHS CMCTEMM BOOMOCTaYaHHS B MyCTENbHIN MiCLEBOCTi,
3apavi BUHaYEHHS NMOLLi 3NITHO-NOCaAKOBOI CMYTH, @ TaKOX 3a-
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[avi BU3HaueHHs 6e3nivi JonycTMMUX LWBMAKOCTEN BITPY ANs 3a-
6e3neyeHHs BesneyHoi Nocaaky i3 3afaHot0 MMOBIPHICTIO. Y BCiX
BUNagkax 6ynu OTpUMaHi pillieHHsl, Brn3bki 4O ONTUMATbHKX, |
nepeBaxaloTb 3a 3HAYEeHHAM (OYHKLUiT AMOBIPHOCTI pilLEHHS,
OTPUMAHI 3a JOMOMOrOK AOBIPYOro MeTody. TakuM YMHOM, 3a-
MiHa ¢pyHKLii AMOBIPHOCTI Ha Ti ragKy anpokcumaLlio 403Bonse
OTPMUMATM XOPOLLY anpoKCUMALLiko BUXIZHOMO 3aBAAHHS 5K 3a 3Ha-
YEHHSAM KpuUTepito, i N0 onTUManbHOMY ynpasniHHio. [Ans Bupi-
LEHHs 3aBaaHb [17] BUKOPUCTOBYBABCS METOL NPOEKLii rpagie-
HTa — YNCeNbHUA MeToa ONTUMI3aLii NepLIOro NopsiaKy. HaHHS
LpYrvX NOXIOHWX rMagKkoi anpokcumMaLii yHKLii IMOBIPHOCTI A0-
3BONMUTb BMKOPWUCTOBYBATM YUCENBHI METOAN APYroro Nopsaky,
LU0 MOXeE NiABMLLMTI €(DEKTUBHICTb Ta TOYHICTb PiLLEHHS.

B pobori [18] oTpumaHi Bupa3y Anst Apyrux NoxigHuX rna-
JKOI anpokcumaLii (yHKLiT MMOBIPHOCTI. YMCneHHi ekcnepume-
HTW NOKa3yloTb, LLO OfepXXyBaHi Apyri NOXigHi rMagKoi anpokcu-
Mauii cxoaaTbes A0 APYruX MOXiBHUX BUXIGHOI (OyHKUii IMOBIp-
HOCTI NPy NparHeHHi napaMmeTpa NoKa3HUKa eKCNOHEHTU B CUTMO-
ifi Ao HeckiHueHHocTi [18]. Opyri noxigHi TOYHOT OYHKLT IMOBIp-
HOCTi OUiHIOBaNMCs 3a 4OMNOMOrO KiHUEBMX pisHuUb [19]. Ons
MOPIBHSHHS 6MM3LKOCTI aNPOKCMMOBAHOMO Ta TOMHOTO 3HAYEHb
MOXiBHOI PO3IMAHYTO TpU Npuknagu: 3 OBiniHiHOW yHKLiE0
BTpat [20], kKBagpaTnyHo dyHKLielo BTpaT [21], a Takox i3 nora-
pucMivHOIO dyHKLUiet BTpaT [22]. [lokaa 3bixHOCTi anpokcumali
APYrMX NOXiOHWMX [0 TOYHWM 3HAYEHHSM BUXOLATb 3a PaMKU
npeacTaBneHoi poboTu. Ak npuknag 3acTOCyBaHHS anropuTMy
PO3B’A3aHHs 3aAavi 3 PO3rNAHYTUMM anpoKCUMaLisiMK1 HaBEAEHO
PO3B’A3aHHs 3aAadi nopTenbHOI onTUMiIsaLii 3 norapudMivHOK
(PYHKLiEW BTPAT Ta MIMOBIPHUM KpUTEpIEM.

MeToto pocnipkeHb € JOCNIgXEHHS OrNsA Cy4acHUX METO-
[iB Noriko-iMOBIpHICHOTO aHaniy camoxigHux obnpuckysavis Ta
3acTocyBaTM MapKOBCbKE MOAENIOBAHHSA 3i  BCTAHOBIEHHS
BM/MBY TEXHIYHOTO KOHTPOM Ha De3BiAMOBHICTb CaMOXigHMX
obnpuckyBavis.

PesynbTatn pocnimxeHn.

Po3rnsiHemo BunagkoBuii BEKTOp X € R™ AMOBIPHOCTI 3MiHM
napameTpiB TEXHIYHOTO KOHTPOMO Ha BEe3BiAMOBHICTb CaMoXid-
HWUX obnpuckyBadiB 3 abcontoTHO Be3nepepBHUM PO3NOAINOM i
wineHicTio posnoginy f: R™ — R, Takox posrnaHeMo cTporo
KYCOYHO-MOHOTOHHY (hyHKLUit0 P (u, x): R™ X R™ — R, 3ane-
XWTb Bifl peanisauji x BUNagKkoBoro Bektopa X Ta BEKTOp ynpas-
niHHa u € U < R™. OyHkuis & (u, x) NMOBIPHOCTI 3MiHM napa-
METPIB TEXHIYHOrO KOHTPOITIO Ha 6E3BILMOBHICTb CaMOXigHMX 00-
Mpu1CKyBaYiB HAa3NBAETLCS (DyHKL|iEr0 BTPaT i BigoOpaxae BTpaTy
npw BuOpaHOMy BEKTOpI ynpaBniHHS u Ta peanisayjii x Bunagko-
BMX NapameTpiB BEKTOP.

Ockinbkn peanisalis BeKTOopa BUNALKOBUX MapameTpis
HeBigoMa Ha eTani BWOOpY BekTOpa ynpaBniHHs u, a P (u, x)
Ae-hakTo € BUNAZKOBOI (hyHKLiiELD, BUBIp ONTMMArbHOrO ynpae-
NiHHA HEMOXIMBMIA BUXOAAYM 3 MPSIMOTO MOPIBHAHHS 3HAYEHb
(YHKUii BTpAT MpuW pi3HUX BEKTOpax YNpaBMiHHSA AMOBIPHOCTI
3MiHU NapameTpiB TEXHIYHOMO KOHTPOIO Ha 6€3BiAMOBHICTL Ca-
MOXigHUX 06npuckyBaviB. ToMy Sk KpUTEpIi OnTUMI3aLlii BUKOpU-
CTOBYETLCS MOBIPHICHWA KPUTEPIi, YNCENBHO PiBHUIA IMOBIPHO-
CTi TOro, LU0 BTPATU HE MepeBuLLaTh 3asaanerigb 3agaHuit pi-
BeHb . TakiuM YUHOM, (PYHKLiS IMOBIPHOCTi BU3HAYAETLCA AK:M

P,(w) = P{X: ®(u,X) < ¢} (1)

3 (hiznuHoro ceHcy yHKLii BTpaT MMOBIPHOCTI 3MiHW na-
pameTpiB TEXHIYHOTO KOHTPOIO Ha 6e3BiAMOBHICTL CamMOXigHWX
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obnpuckyBayiB BUNNMBAE, LIO ONTUMArbHe YNpaBniHHA Mae a0-
CTaBNATA MaKCUMyM OYHKLLT MMOBIPHOCTI, 3 4Oro BUNMMUBAE On-
TUMI3aLiiHe 3aBOaHHS:

Py(w) - max u 2)

Y feskux BMnaZkax HEMae OfHO3HAYHOro Npasuna Bu-
3HauYeHHs 4ONYCTUMOrO PiBHS BTPAT MMOBIPHOCTI 3MiHW napame-
TPIB TEXHIYHOTO KOHTPOMH Ha Be3BiAMOBHICTL CamoXigHUX 06bn-
pucKyBauiB ¢. Y Ll cuTyaLii MOxe 3acTocoByBaTUCS Migxig i3
hikcaLlieto 4onycTUMOi MMOBIPHOCTI Ta MiHIMI3aLielo BENMYUHM,
Ky BTpaTW He nepeBepLuaTh i3 Lieto (iKCOBAHO NMOBIPHICTIO.
Lle npu3soguTs 4O po3rnsady 3afadi KBaHTUMbHOI ONTMMI3aLii,
TOBTO 3aBOAHHS CTOXaCTWYHOMO MpOrpamMyBaHHs 3 (PYHKLiE
KBaHTWMI SIK KpUTEPIA.

OyHKLUiA KBaHTUMI BU3HAYAETHCA SIK:

Q) = min{(p: Py(u) = a} (3)
a 3afjava KBaHTUNbHOI ONTUMI3aLlii POPMYIOETLCA SK:
Pq(u) — min 4)

Y pamkax Ui€ei cTaTTi po3rnsagaeTsCs nuile gyHKLis AMo-
BIPHOCTi 3MiHW MapaMeTPiB TEXHIYHOMO KOHTPOMH Ha be3BiaMOB-
HiCTb CamoXifgHWX obnpuckyBauiB. MnTaHHs anpokcumaLii GyHK-
Lii KBaHTWAI Ta ii NOXiAHUX PO3rnsHYTO B [23], @ BUpa3u Ans apy-
rUX NOXIgHWX MOXYTb BYTW OTPUMaHi aHanNOorYHUM YUHOM.

[ns noyaTky HaBedemMO OCHOBHI CMiBBIJHOLEHHS Ta BU-
3HaveHHs. DyHKUiS NMOBIPHOCTI 3MiHM NapameTpiB TEXHIYHOrO
KOHTpOIIO Ha 6e3BigMOBHICTb CaMOXigHMX 0ONPUCKYBaYiB MOXe
OyTv NnpeacTaBneHa TakuM YUHOM:

P,(w) = M[{®(u,X) < ¢}] =
= [, HOW,X) < ¢} f(x)dx =

=J, 8(p — @, X)) f(x)dx, (5)

fe G = supp(X) S R™ - Hocii po3noginy Bektopa X,
Ho(u,X) < ¢}i0(p — @(u, X)) - iHaukaTopHa dyHK-
List | pyHKUia XeBicaiiga BignosigHo:

1,o(u,X) <o

He@X) < o} = {O,GD(u,X) >’

(Le—2w,X)=0
8y — (. X)) = {0,(p—cl>(u,X) <0 (6)

OcHoBHa igest anpokcumalii 3804UTbCS A0 3aMiHW (YHK-
Lji XeBicaiga B noAaHHi (yHKLji MIMOBIPHOCTI ii rmagKy anpokcu-
MaLjito — curmoigm:

1
1+e” 9y

Se(y) = 7

Je napameTp 6 Bu3Havae KpyTiCTb KPUBOI Ha OKOMWLi Hyns i €
BEMNVKAM NO3UTMBHUM YUCTIOM. TakuM YiHOM, anpokcumadis dy-
HKLji MMOBIPHOCTI 3MiHM NapameTpiB TEXHIYHOMO KOHTPOMIO Ha
6e3BiAMOBHICTbL CaMoXigHUX obnpuckyBadie HabyBae BUTNSY:

PP W) = [, Se( — @, X)) f(x)dx )

[ns koMNakTHOro 3anucy NOXiAHUX Takoi anpokcumadii
BBEAEMO NO3HaYeHHs 415 PYHKLUIT — noxXigHoT curmoign:

Sp(x) = 6Se(x)(1 — Sp(x)) )
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Togi npuBaTHi NOXiAHi KOMNOHEHTIB BEKTOPA YNpaBMiHHS
MIMOBIPHOCTi 3MiHM NapameTpiB TEXHIYHOrO KOHTpOIIo Ha 6e3Bia-

ap,%(w)

aui

aP,°% (W _
o9

CniesigHoLeHHs (11) hakTUYHO BU3HAYAE LWiNBHICTb PO-
3no4iny BTpaT MMOBIPHOCTI 3MiHX NApamMETPIB TEXHIYHOTO KOHT-
ponto Ha Ge3BiAMOBHICTb CamMOXigHUX 0BMpuCKyBadiB Npu 3aga-
HOMY yripaBriHHi u. [oka3aHo, o ang Byab-koro i = 1, m npu
6 — oo BipHi Taki TBEpPIKEHHS:

So(x) 5 0(y), P,° (1) - P, (w),

ap,? aP, ap,? P,
(%) (w) N (p(u), (%) (W) 5 q)(u)
u; du; do do

(12)

92P,% (w)
6ui6u]-

-/, So(p — @(u,x)) -

BaxnmByM OKpeMMM BUMAZKOM € BUMaZOK JiHINHOT abo
BiniHifHOI GhyHKLii BTpAT MMOBIPHOCTI 3MiHM MapaMeTPiB TEXHIY-
HOrO KOHTPOI Ha Ge3BiAMOBHICTL CamoXigHMX 0bnpucKyBaviB.

92P,° (W)
0ui 0u]-

= fG Sél ((P - CD(u, X))

HaBegeHi pesynbTaTi po3paxyHkiB yHKLii AMOBIPHOCTI
3MiHU MapameTpiB TEXHIYHOMO KOHTPOIO Ha 6€3BiAMOBHICTL Ca-
MOXigHUX 0BnpuckyBadis, Ti rnagkoi anpokcumMallii, a Takox ix ne-
pLmx Ta Apyrux noxigHux. MoxigHi TOUHOT GhyHKLT AMOBIPHOCTI
3MiHW NapameTpiB TEXHIYHOMO KOHTPOIO Ha 6€3BiAMOBHICTb Ca-
MOXigHUX 0BMpMCKyBaYiB OLHIOBANMCA 3a AONOMOTOK KiHLEBUX
Pi3HNLb, a iT BUXigHI 3HAYEHHS — 3@ AONOMOrO YUCEMNBHOTO iH-
TerpyBaHHs 3acobamm 6ibnioteku SciPy Moy Python. 3HaueHHs
anpokcuMaLin (yHKLii AMOBIPHOCTI 3MiHU NapameTpiB TeXHiy-
HOrO KOHTPOMK Ha BesBigMOBHICTL camoXigHuX oBnpuckysadis
Ta il NOXigHWX, WO SBNSKTL COBO iHTErpany BignoBigHo Ao do-
pmyn (10), (14), (15), obumcntoBanucs 3 gonomoroto metogy Mo-
HTe-Kapno Ha 8000 peanisavii.

Po3rnsHemo npuknag i3 ofHiclo BUMNAOKOBOK BENUYM-
HO, OJHOMIPHUM YNpPaBMiHHAM Ta BiniHiNHOW0 YHKLiEW BTpaT
IMOBIPHOCTI 3MiHM NapameTpiB TEXHIYHOrO KOHTpOIio Ha 6e3Bia-

MOBHICTb CaMOXigHUX 06npuckyBavis:
P(uX)=14+u+X+uX (16)

Hexaln 3HayeHHs LinNbOBOrO PiBHSI BTPAT WMOBIPHOCTI

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

Jo So(p = @(w,x)) - @}, (w,x) - f(x)dx

fc Sé(‘ﬂ -

MOBHICTb CamoXigHUX obnpuckysayiB u; npu i = 1, m i npusa-
THa NoxigHa 3a piBHEM BTpaT ¢ Mal0Tb BUTNALA:

(10)

@ (u,x)) f(x)dx (11)

[ns kKOMNAKTHOro 3anucy ApYrx NOXiAHUX dYHKLT iMo-
BIPHOCTi 3MiHW MapaMeTPiB TEXHIYHOMO KOHTPOMH Ha be3BiaMOB-
HICTb CamMOXigHuUX 0BnpuCcKyBayiB BBEAEMO MO3HAYEHHS 41151 APY-
roi NoxigHoi curmoiau:

S6(0) = 025() (1 = S())(1 — 25(x)) (13)

Togi gpyra 3millaHa npuBaTHa noxigHa yHKUii AMOBIp-
HOCTi KOMMOHEHTIB YNpaBniHHA MMOBIPHOCTI 3MiHM napameTpiB
TEXHIYHOrO KOHTPOIKO Ha 6€3BigMOBHICTb CaMOXigHWX 0BMpuCKy-
BayiB u; iu; i = 1,m, j = 1, m Habype Burnspy:

=/, S (¢ —d(w,x))- @, (u,x) - Cb;}.(u, x) - f(x)dx —

Pl (0, %)  f()dx (14)
[Mpu UbOMY ApYyri NOXiAHI yHKUiT BTpaT MMOBIPHOCTI 3MiHK napa-
METPIB TEXHIYHOrO KOHTPOITIO Ha 6E3BiMOBHICTb CaMOXigHMX 06-
npuckyBadie ByayTb piBHi HyMio, | Apyra amillaHa npueaTHa noxi-
[OHa Habyge GinbLu NPocToro BUrNAZY:
@ (4,x) - d>{1]. (u,x) - f(x)dx (15)
3MiHM NapameTpiB TEXHIYHOMO KOHTPOIO Ha 6e3BiAMOBHICTb Ca-
MOXigHMX 0BnpuckyBadiB ¢ piBHe 2, a BUNAgKoBa BenuunHa X
Mae HopManbHuin posnogin: X~N(1,1). Y npuknagi nposo-
AUTbCS NOPIBHAHHA TOYHMX | aNPOKCUMOBAHMX 3HaYeHb (DYHKLT
MIMOBIpHOCTI, ii MepLuoi Apyroi NoxigHWX, 0BYMCneHux BignoBia-
HUMK cnocobamu, 3a pisHUX 3HaYeHb mapameTpa curmoian 6.
PesynbTaTi NopiBHAHHSA NpeacTasneHi puc. 1-3.

£k BUOHO 3 puCyHKiB 1-3, anpokcumayis dyHKLii iMOBIp-
HOCTi 3MiHM NapameTpiB TEXHIYHOTO KOHTPOMO Ha 0e3BigMOB-
HIiCTb CaMoXigHWX obnpuckyBavie Ta ii NOXiAHI JOCUTL LUBUAKO
CXOLATbCA A0 TOYHWX 3HaYeHb. MMpu LbOMY npu hikcoBAHOMY
3HaueHHi napameTpa 6 BiGHOCHI NOXWUBKM NOXiAHMX 3pOCTaTh 3i
36inblueHHaM nopsaky audepeHLitoBaHHs. Takox 3i 30inbLueH-
HAM NOPSAKY AMEpeHLLitoBaHHSA ¢opMa KpUBOI anpoKCUMOBa-
HOIT (pYHKLiT NoYMHae cunbHiLLe 3anexaTty Big Bubipku, Yepes aKky
BinbyBaeTbCA po3paxyHok iHTerpanis wnsxom Monte-Kapno,
T00TO, Yy Mipy 30inblueHHs1 po3mipy BMGIpKM OuiKyeTbCs 3ara-
CaHHS KONMBaHb 3Ha4YeHb anpoKCUMOBaHOI (OyHKLii Apyroi noxi-
AHoi. [lokas uiei 30iKHOCTI He NnpeaMeT QOCTIMKEHHS Liei cTaTTi.
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-

d .
Fy () ﬁp“’ () du? Fp ()

1.0 0.0

- 0.2 1
0.81 [ pr—

- 0.4 \\\
0.61

- 0.6 1 -2 1
0.44 - 0.87

TOYH. L1 04 — KiHII. Pi3H. -4 KiHII. Pi3H.
0.2 = anpoxc. ampokc. arpokc.
1 0 1 1 0 1 1 0 1
a) 6) B)

Puc. 1. NopiBHAHHS TOYHWX Ta anNPOKCUMOBAHUX 3Ha4eHb (OYHKL MIMOBIPHOCTI 3MiHU NapaMeTpiB TEXHIYHOMO KOHTPOMIO Ha 6e3Bia-
MOBHICTb CaMOXigHWX 0BnpuckyBayiB Npy napameTpi curmoign 2 Ta BiniHinHOT yHKLiT BTpaT: a) yHKLii AIMOBIPHOCTI;
6) nepLUoto NOXIAHO; B) APYrOK NOXiOHOW

-

d 7
Fy (u) ﬁp" (w) du? Fp ()
1.0 0.01
- 0.2
0.8 0
- 0.4
0.61
- 0.6 -2 1
0.4 - 0.87
—— TOuH. L | 0- KiHIL. Pi3H. 4 KiHIT. pi3H.
0.2 arnpokKc. \ amnpokKc. arnpokKc.
-1 0 1 1 0 1 1 0 1
a) 6) B)

Puc. 2. TNopiBHSIHHS TOYHWX Ta anpOKCUMOBAHUX 3Ha4eHb (hYHKL|iM IMOBIPHOCTI 3MiHU NapaMeTpiB TEXHIYHOMO KOHTPOSIO Ha 6e3Bia-
MOBHICTb CaMOXigHWX 0BnpuckyBayiB Npu napameTpi curmoign 5 Ta BiniHiiHOT yHKUiT BTpaT: a) yHKLii AIMOBIPHOCTI;
6) nepLUoto NOXIAHO; B) APYrOK NOXiAHOW

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

84

Cepis «MexaHi3aLia Ta aBTomMaTu3aLisa BUpOOHNYMX NpoLeciBy, Bunyck 2 (44), 2021



-

d
P, (W) 3’ 5z o

1.0 0.0

- 0.2
0.8 01

- 0.4-
0.6 L 0 6- -
0.4 - 0.8

NG — -4 ——
— K1Hu\‘3H\. - 1.0- — KIHII. pI3H. KIHII. P13H.
0.2 = ampokKc. N aIpokKc. aIpokKc.
1 0 1 ] 0 1 ] 0 1
a) 6) B)

Puc. 3. TopiBHSHHSI TOYHMX Ta anPOKCUMOBAHNX 3HAYeHb (PYHKLiA MMOBIPHOCTI 3MiHW NapaMeTpiB TEXHIYHOTO KOHTpOIio Ha Ge3Big-
MOBHICTb CaMOXifHWx 0brpuckyBaviB npu napameTpi curmoign 10 Ta BiniHiiHOT dyHKLT BTpaT: a) yHKLji MMOBIPHOCTI;
©) nepLUoto NOXIAHOK; B) APYTrOH0 NOXIAHOK

PosrnsHemo npuknag i3 ksagpaTuyHO0 (yHKLiEK BTpaT.
Hexan

dwX)=1+u+X+ (X —u)? (17)

3HaueHHs! LinboBOro piBHS BTPAT Ta PoO3NOfiN BANALKO-
BOI BEMWUYMHM AMOBIPHOCTI 3MiHW NapameTpiB TEXHIYHOrO KOHT-
ponto Ha 6e3BiAMOBHICTb CamoxigHux obnpuckysadis X 6epemo
aHanoriyHo nonepegHboMy npuknagy: ¢ = 2 X~N(1,1). Aki
B NepLUOMY BUMAZKY, MOPIBHSEMO TOYHI Ta anpoKCUMOBaHI 3Ha-
YeHHS YHKLiT MMOBIPHOCTI, il NepLUIOi Apyroi NoXigHWX npu 3Ha-
YeHHi napameTtpa curmoign 6 = 10.

3aBpaHHa opMyBaHHSI MMOBIPHOCTI 3MiHW MapaMeTpiB
TEXHIYHOrO KOHTPOMK Ha H6e3BIAMOBHICTL CAMOXIBHMX 0BNPUCKY-
BaYiB 3 NOrapuMiyHoOI0 PYHKLiE BTPAT MMOBIPHOCTI 3MiHW na-
pameTpiB TEXHIYHOTO KOHTPOIO Ha 6e3BiAMOBHICTb CamMOXigHNX
obnpuckysadis, kputepieM y opMi MaTEMATU4HOMO OYiKyBaHHS
Ta PiBHOMIPHUM PO3MOAINOM AMOBIPHOCTI 3MiHW NapaMeTpiB Tex-
HIYHOTO KOHTPONH Ha 6e3BiAMOBHICTL camoXxigHUX 0b6npuckyBa-
yiB. fAK chyHKLil0 BTPAT MMOBIPHOCTI 3MiHW NapameTpiB TeXHiY-
HOrO KOHTPOMK0 Ha Ge3BiMOBHICTL camoxigHux 0bnpuckyBadis
PO3rnsHEMO norapudm:

q)(u, X) = ln(Co(l + (1 —u; — uz)bo + u1X1 + u2X2)) (18)
IMoBIpHiCHUMI KpUTepint Habyae BUrMALY:
P,(u) = P{X:®(u,X) < ¢} (19)

BicHuk CymMcbKoro HauioHanbHOro arpapHoro yHisepcurety

Pun3nkoBicTb po3nogineHa piBHOMIpHO:
X,i~U(-1,1+2my), X,~U(—=1,1 + 2m,) (20)

MapameTp C, Ans NpoCcTOTW NpuitMeMo piBHUM 1. 3Ha-
YEHHS iHLLMX NapaMeTpiB NOCTaBUMO HACTYMHAM YMHOM:

(p == 0.5, bo = 0.05, ml = 0.1, mz = 0.2 (21)

Pe3ynbTaTit nobynosu NOBEPXOHb TOYHOI Ta aNPOKCUMO-
BaHOI MMOBIPHICHUX (PYHKL IMOBIPHOCTI 3MiHW NapameTpiB Te-
XHIYHOTO KOHTPOIKO Ha Ge3BiAMOBHICTL CaMOXiaHMX 06NpucKyBa-
yiB npu @ = 50 npeacTaBneHi pucyHky 4. Mpu pospaxyHkax ne-
penbavanocs, LWo po3paxyHku obmexeHi obnactio, ge u, +
u, < 1. Takox 6ynu nobynosaHi NoBepxXHi Apyroi aMiliaHoi Ya-
CTHOI NOXIiAHOT ynpaBniHHS MMOBIPHOCTI 3MiHM NapaMeTpiB TEXHi-
YHOrO KOHTPOMH Ha 6e3BiAMOBHICTL CaMOXigHWX 0bnpuckyBaviB
A71S1 TOYHOT | anpOKCMMOBAHOI (hyHKLii AMOBIPHOCTI (chparMeHTm
MOBEPXOHb NPEACTABMEHI HA PUCYHKY 5).

[N NpuCKOpeHHs po3paxyHKIB BUXigHA MOBEPXHS ANs
TOYHOI (PYHKL|ii IMOBIPHOCTI 3MiHW NapaMeTpiB TEXHIYHOTO KOHT-
ponto Ha 6e3BiAMOBHICTb camoXxigHux obnpuckysadis bynysa-
nacs no rpy0ii ciTui 3 noainom Bigpiaka [0,1] 3 KOXHOI 3MiHHOT Ha
15 yacTuH. Lie npu3BoauTL [0 HECTINKOCTi OLHOK 3MilLaHoi noxi-
[HOI NpMBaTHOI 32 JONOMOTOH0 KIHLEBWX Pi3HWLb. TUM He MeHLU,
Jpyra 3MilliaHa YacTHa NoXigHa rnagkoi anpokcumallii aaekBaTHO
Binobpaxae opmy nosepxHi, a rnmbuHa 3poctae 3i 36inbLUeH-
HAM napameTpa cUrMoigu. MNopiBHAHHS NOBEPXOHb ANS 3HaYeHb
napameTtpa curmoigmn 25 Ta 50 NpeAcTaBneHo Ha PUCYHKY 6.
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Py(u) PS(u)

1.0
0.8
0.6
0.4
0.2
0.0
1.00
0.75
0.00 0.50

0.25 0.50 025

g 0.25
Wi 0.75
1.oo 0.00 1.00 0-00

Puc. 4. TopiBHSHHSI NOBEPXOHb TOYHOI (NiBOPYY) Ta anpOKCMMOBAHOI (MPaBOPYY) iIMOBIPHICHUX (OYHKLLii AMOBIPHOCTi 3MiHM NapameT-
piB TEXHIYHOTO KOHTPOMIO Ha Be3BiAMOBHICTL CamoXigHUX 0bnpuckyBauis

1.0
0.8
0.6
0.4
0.2
0.0
1.00

0.00
0.25
0.50

3 ? oo
Ju10Uz P‘p(u) oau1duz P‘P(u)

0.2

0.3 0.0

0.2
0.3 0.0

Puc. 5. MNopiBHAHHS bparMeHTiB NOBEPXOHb APYIMX 3MiLLAHWX NPUBATHUX MOXIGHWUX TOYHOI (NiBOpYY) Ta anpoKCMMOBaHOI (MpaBopyY)
iIMOBIPHICHUX (DYHKL|in IMOBIPHOCTi 3MiHM NapaMeTpiB TEXHIYHOMO KOHTPOSHO Ha 6e3BiAMOBHICTb CaMOXigHWX 00MpuCKyBayiB

#  p25 3  p50
aulauchp (U) 3U13U2P¢’ (U)

0.2
0.3 0.0

0.2
0.3 0.0
Puc. 6. MNopiBHAHHSI (bparMeHTiB NOBEPXOHb MMOBIPHOCTI 3MiHM NapaMeTpiB TEXHIYHOMO KOHTPOJTHO Ha 6€3BiAMOBHICTb CaMOXIAHNX

obnpuckyBayiB Apyrux 3MiLLaHUX YacTHUX NOXIGHWX rMaaKoi anpokeumallii Ans napameTpis curmoigu 25 (nisopyuy) Ta 50 (npasopyy)
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Po3s'a3aHHs 3agadi IMOBIPHUM KpUTEpiEM, norapudmiy-
HOK (YHKLiEO Ta PIBHOMIPHUM PO3NOLINIOM MMOBIPHOCTI 3MiHN
napameTpiB TEXHIYHOTO KOHTPOMO Ha Be3BigMOBHICTb CaMoXia-
HWX 0BNpUCKyBaYiB:

(b(u, X) = ]n(Co(]. + (1 —u — uz)bo + ule + uzXz)) (22)
X ~U(=11 4+ 2m), X,~U(=11 4 2m,)  (23)
CO = 1, QY = 0.1, bo = 0.05, my; = 0.1, m, = 0.25 (24)

3aBaHHa MakcumisaLji (hyHKLii AMOBIPHOCTI 3MiHW Ma-
pameTpiB TEXHIYHOTO KOHTPOIO Ha 6e3BiAMOBHICTb CamMOXigHWX
obnpuckysayis (hopMynOeTLCS K

P,(w) = PX:®(u,X) < ¢} - maxu (25)

[MponoHyeTbCA BUpILLUTY HabmmkeHy Ao (25) 3apavy, B
KA TOYHA (DYHKLiS AMOBIPHOCTI 3MiHU NapameTpiB TEXHIYHOTO
KOHTPOMIO Ha Ge3BiAMOBHICTL caMoXigHUX obnpuckyBadis 3ami-
HEeHa Ha rnagky anpokcumaLito. 3a3Haunumo, LU0 NOBEPXHS Liiei
yHKuii iMoBipHOCTI Byae A3epkanbHUM BinoOpaXeHHsM noBep-
XHi, 300paxeHOi Ha pUCYHKY 5, OCKinbkK COYHKLiT AMOBIPHOCTI
3HaK HEepiBHOCTI 3MIHEHWUI Ha NPOTUMNEXHWA. 3a4aMO 3HAYEHHS!
napametpa curmoigun 8 = 50 Ta KinbKiCTb peanisain ana me-
Tony MonTe-Kapno fopisHioe 15000.

[na BupilleHHs 3agadi BUKOPUCTOBYETLCA MoaudikaLlis
MeToay HbtoToHa. B AKOCTi No4aTKOBOrO HAabNMKEHHS Bi3bMEMO
Touky ul®l = (0.25,0.25). 3rigHo knacuuHoro metoay Hbto-
TOHa, YeproBe HabnuKeHHs TOUYKU ONTUMYMY BU3HAYAETLCS Ye-
pes HabmmkeHe nepebyBaHHs HyNst rpafieHTa LinboBOi GhyHKL,
TOOTO. HaNpsiM 3pOCTaHHS YK 3MEHLLEHHS LinboBOi (PYHKLUii He
BPaxoBYeETLCA. Y MoaudikaLlii HoBe HaBrKeHHs! ONTUMYMY KOX-
HOMY KpoLji BUBMPAETLCA SK HaNKpaLLE 3a 3HaYEHHsSIM KpUTepio
3 TpbOX HabnuxeHb: OTpUMaHOro MeToaoM HbloToHa, OTpuMa-
HOTO Mif Yac pyxy 3 KPOKOM, NPOTUAEXHAM MeTOgy HbioTOHa, i
HaBIiTb OTPUMAHOrO METOLOM rPagieHTHOrO crycky. Hose Habnu-
XEHHSI ONTUMYMY METOAOM HbtoTOHa 06YMCITIOETLCS 5IK:

ulitt) = il — g=1(yli) - ype (ulil) (26)

ne H=*(ulll) - matpuug, 3sopotHa Teciany dyHkyii PS (), 06-
uucnera y notouHiit oy ulll,

Mpn BUpILLEHHI BPaXOBYEMO OBMEXEHHSI Ha HeBifeM-
HICTb 3MiHHIX Ta OOMEXEHHS Ha CyMy KOMMOHEHTIB BekTopa yn-
paBniHHSA MMOBIPHOCTI 3MiHW MapaMeTPiB TEXHIYHOrO KOHTPOIIO
Ha 0e3BigMOBHICTb CamoXigHuX oBmpuckyBadiB u; + u, < 1.
MMpy HaBNKEHHI MOTOYHOTO PILUEHHS O MeXi obnacTi gonycTy-
MWX pilleHb 0OMEXYETHCS KPOK anropuTMy O JOCATHEHHS Bid-
MoBigHoOro kopaoHy. Mpu 19 gocarHeHHi Mexi obnacti gonycTu-

MUX pillieHb KPOK anropuTMy 3aMiHIOETbCS Ha NPOEKLito OTpUMa-
HOTO KPOKY anroputMy Mexy J0CArHYTOro obmexeHHsl. Peaynb-
TaTi POBOTI ANTrOPUTMY PILLIEHHS NPEACTABIEHi PUCYHKY 7.

1.0

0.8 1

0.6 4

uz

0.4 1

0.2 1 =]
0'480

0.0

0.0 02 04 0.6 0.8 1.0
uy

Puc. 7. IntocTpalist NOKPOKOBOT pobOTH anropuTMy JOCSTHEHHS

ONTUMANbLHOTO YNpaBniHHSA MMOBIPHOCTI 3MiHW NapameTpiB Tex-

HIYHOrO KOHTPOMIO Ha 6e3BiAMOBHICTb CamMoXigHUX 06npuckyBa-
viB

Ha pUCyHKY 7 YOPHUMM Ta CUHIMM NTiHISMU NOKa3aHi PiBHi
(PYHKLiT IMOBIPHOCTI 3MiHW NapaMeTpiB TEXHIYHOTO KOHTPOHO Ha
©e3BiAMOBHICTb CamoXigHUX 06npuUcKyBauiB, CTpinkamm — nepe-
XO[4M Bif KEPYBaHHS Ha NOTOYHOMY KPOL|i 4O KEpyBaHHS Ha Ha-
CTYMHOMY KpoLj. 3 pUCYHKY BMAHO, WO anropuT™M CXOAWTLCS Y
paa3i 3a BiCiM KpOKiB, @ ONTUMarnbHUM ynpasniHHAM € Touka [0, 1].

BucHoBku

B HaBefeHin CTaTTi OTpUMaHi aHaniTU4Hi NONOXeHHs Ans
APYrMX MOXIGHMX Tnagkoi anpokcumaLii (yHKLUii AMOBIPHOCTI
3MiHW NapameTpiB TEXHIYHOTO KOHTPOM Ha 6e3BigMOBHICTb ca-
MOXiZHMX 0bnpucKyBaYiB KOMMOHEHTIB BEKTOPA YNpaBniHHA.

HaBegeHi npuknagn AEMOHCTPYHOTh, WO Li noxigHi fobpe
anpoKCUMYIOTb BiAMOBIAHI MOXiAHI TOYHOI (YHKLiT AMOBIPHOCTI
3MiHW NapameTpiB TEXHIYHOTO KOHTPOMIO Ha 6e3BigMOBHICTb ca-
MOXigHMX 0bnpucKyBadiB, aHaniTyHe OBYMCIIEHHS FKMX LyXe
YTpyZHeHe. 3HaHHA Opyrux noXigHWX [O3BONSE 3aCTOCOBYBATU
yncenbHi MeToaM ApYroro NopsAKY [0 PO3B'A3aHHS 3a4a4 cToxa-
CTUYHOTO MPOrpamMyBaHHs 3 iMOBIPHICHUM KpuTepiem 4u obme-
KEHHAM y BUrNSAi PYHKUii AMOBIPHOCTI. Y LibOMY BUNAAKY BHXi-
OHa (DYHKLS AMOBIPHOCTI 3MiHM NapaMeTpiB TEXHIYHOTO KOHT-
ponto Ha 6e3BiAMOBHICTb CamOXigHUX O0BNpUCKyBayYiB 3aMiHio-
€TbCS Ha CBOK rMafKy anpokcumaLito.
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Lyubchenko I. S., National University of Life and Environmental Sciences of Ukraine (Ukraine)

Rogovskii I. L., National University of Life and Environmental Sciences of Ukraine (Ukraine)

Analytical provisions of influence of probability of changing the parameters of technical control on failurelessness of
self-propelled sprayers

The article discusses the application of numerical methods of second-order optimization in stochastic programming problems,
which include the probability function of the impact on the failure rates of self-propelled sprayers systems built-in technical control,
such as completeness and depth of technical control.

Analytical models of some typical failure-free structures of self-propelled sprayers have been developed, which take into ac-
count the characteristics of technical control over the efficiency of the elements.

A graphical interpretation of the dependence of the reliability of self-propelled sprayers on the completeness of technical control
is presented. The existence of the influence of completeness of technical control on the indicators of failure of structures is confirmed.

The considered approach with a similar analysis allows to reasonably make requirements to the characteristics of technical
control systems of self-propelled sprayers.

Key words: faultlessness, sprayer, probability, control, parameter, element, efficiency.
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