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[TigBUIIIEHHST €HEProePEKTUBHOCTI OOPOOITKY IPYHTY
3MEHIIICHHSIM IIPOLIECIB MOT0 HAJIUITAHHS HAa TTOBEPXHI
pOo0OYHX OpraHiB

PosrnsHyTO i3M4HYy CYTHICTB MpOLECy B3aEMOii cucTeMH "pobounii opraH IpyHTOOOPOOHOT MaIIHU
- IpyHT" B PI3HUX yMOBax il poOOTH, IO A€ MOXJIMBICTH 3'ICYBaTH METOIU 3HMKEHHsS €HEeprosarpar IpH
00pobiTKY TpyHTY. BUSBIIEHO 3aJIeKHICTH TATOBOTO ONOPY POOOYHX OpraHiB IPyHTOOOPOOHUX MAIIMH Bill YMOB
ix poGoru. BuzHaueHo, 1110 mpolec HAIMIAHHS TPYHTY Ha IX poOoUi MOBEPXHI € OJHIEI0 3 IPUYUUH ITiJBUIICHHS
TsiroBoro omnopy. [IpoBeneHo aHaii3 cydacHHX METOXIB Ta METOJHWK LIONO 3MCHIICHHS BENMYMHH HATUIAHHS
IPYHTY Ha poOO4Yi MOBEpXHI po3mylryBadiB. BpaxoBaHa mpupoja HaJMIIaHHS YaCTHHOK IPYHTY Ha pi3alibHi
SJIEMEHTH Ta MOBEPXHIO POOOYMX IIOBEPXOHb DPO3IYLIyBaya 3 TOYKH 30py NOCHI/DKEHHS Ha Makpo - Ta
MiKkpopiBHi. [yt gociiikeHHs] HaTMIaHHs IPyHTY 00paHo cepiiiHuii pobounii opraH 3 MaTepiaiy cranp Hardox
400, 3 mokpurtsim Kocetal K300 ta 3 mokpuTTsSM B CKIaai KOMIIO3WIi Ha OCHOBI BHCOKOMOJIEKYJISPHOTO
MOJIiETHICHY Ta 0a3aJbTOBOTO BOJOKHA. OTpHMaHi 3aJeKHOCTI TOPHU3OHTAIBLHOI CKJIAJ0BOI CHJIM TSITOBOTO
OIOpy PpO3IyIIyBaya BiJ MIBHJIKOCTI HOTo pyXy, aOCOJIIOTHOI BOJIOTOCTI IPYHTY, BiJ PO3Mipy YacCTHHOK
CYTJIMHUCTOTO IPYHTY Ta BiJ INIMOMHU 00pOOITKY.
poGouuii opraH rpyHTo00po0HOI MAlIMHU, TATOBUI omip, BOJIOTiCTh, HAJTUNAHHSA IPYHTY, KoedilieHT
TepTH IPYHTY, IiApodoOHi MOKPUTTS

B.B. Ayaun, ipod., 1-p TexH. Hayk, A.A. Tuxui, jou., kaua. Texs. Hayk, C.A. KapmymmH, 1011, KaH/[. TeXH. HayK
Llenmpanvnoykpaunckuti HAYUOHATLHBIN MeXHUuYecKull yHugsepcumem, 2. Kponusnuyxkui, Yxpauna

J.A. [lepeBsiHKo, 1po., A-p TEXH. HAYK

Kumomupckuii HaYUuoHANbHBIN A2PoIKOI02UYeCcKUll YHUugepcumem. 2. Kumomup, Yxpauna

IHoBbimenne 3HeprodppekTnBHOCTH 00Pa0OTKH MOYBBI YMEHBbIICHHEM INPOLECCOB ee

HAJIMIIAHUS HA TIOBEPXHOCTH Pa00YMX OPraHoOB

Paccmorpena  ¢um3mueckas CyTh  Ipollecca  B3aMMOJACHCTBHS  cHCTeMbl 'paboumii  opraH
N04YBOOOpa0aTHIBAIOIIEH MAIIMHBI - T0YBA" B pa3HBIX YCIOBHSAX €€ pabOThI, YTO JaeT BO3ZMOXHOCTh OIPE/IEINTh
METOJIbl CHW)KEHHs HEprosarpaT Ipu oOpaOOTKe MOUBbL BbIsfBIEHAa 3aBUCHMOCTH TATOBOTO CONPOTHBICHHS
pabounx OpraHoB MOYBOOOPaOATHIBAIOIIMX MalIMH OT YCIOBMH MX paboTel. OnpeneseHo, yTO Ipolecc
HallMMaHWE MOYBBI HAa HX pabodyne MOBEPXHOCTH SIBISIETCS OAHOW W3 MPUYMH TIOBBIIEHHUS TSTOBOTO
conporusieHus. IIpoBesieH aHAIU3 COBPEMEHHBIX METOJOB U METOAMK MO YMEHBIIEHUIO BEIUYMHbI HAUIIAHNE
MOYBBI Ha pabouyre MOBEPXHOCTH PHIXJIMTENCH. YUTeHa NpUpoJa HAIUMAHME 4YacTUI] MOYBBl HA PEXYyILHUE
QJICMCHTBI U NNOBCPXHOCTH pa60q1/1x HOBerHOCTeﬁ PBIXJIUTEIA C TOYKH 3PpCHUA HUCCICAOBAHWA HAa MakKpo - U
MHUKpOYypoOBHE. {715 viccieqoBaHus HaJMITAHUE TTOYBHI BRIOpAaH CEpHITHBIA paboumii opraH W3 Marepuansa CTallb
Hardox 400, c¢ mnokpeituem Kocetal K300 u ¢ mnokpeiTheM B cocTaBe KOMIO3WIMHM Ha OCHOBE
BBICOKOMOJIEKYJISIPHOTO IOJIM3THIICHA W 0a3albTOBOrO BOJOKHA. [losydeHHBIE 3aBHCHMOCTH T'OPHU30HTAJIBHOM
COCTaBJ’lHlOIJleﬁ CHUJIBI TATOBOI'O0 COINPOTHUBJIICHUSA PBIXJIUTCIIA OT CKOPOCTU €TI0 ABUKCHUA, a6COJHOTHOﬁ
BII&YKHOCTH ITOYBBI, OT pa3Mepa JaCTHI[ CyTJIMHUCTOM MOYBBI M OT TITyOHHBI 00pabOTKH.
padounii opran mo4sooOpadaTbiBaOlIeil MALIMHBI, TATOBOE CONPOTHBJIEHHE, BJIAKHOCTH, HAJMIIAHUE
NMOYBBI, KO3(pPULMEHT TPeHHUs IPYHTA, THAPOGOOHbIe NOKPLITHS
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IToctanoBka mnpobaemu. CTBOpPEeHHS pecypco30epiralounx Ta EHEeProouagHux
TEXHOJIOTIM 3alUIIAETbCI OJHUM 3 TNPIOPUTETHUX HANPSAMKIB CYYaCHHX HAYKOBHX
JIOCJTIJDKEHb TEXHOJIOT1H IPYHTOOOPOOHHMX Ta 3eMJICPHMMHUX MAIIMH. TSATOBUN OMip POoOOYHMX
opratiB TIpyHTO00poOHUX MamuH (POI'M) € BaxJIMBHUM EHEPreTUYHHM IIOKa3HHKOM iX
poboTH, skt 00MEXy€e MPOAYKTUBHICTh arperaty 1 BU3HA4a€ BUTPATH eHeprii Ha oOpoOiTOK
rpyHty. Bussieno, mo tsarosuit onip POI'M iCTOTHO 3alI€XKUTh SIK Bijl IIBUAKOCTI PyXy, Tak i
BiJl IMOMHKM 00pOOITKY IpyHTY. OCOOIMBO CYTTEBUM II€H BIUIMB CIIOCTEPITA€THCS MPU POOOTI
rIIMOOKOPO3MYLTYBaviB IPYHTY, iX TAroBuii onip Ha rimbuHi 0,25...0,30 cranoButs 10 xkH, 1o
€ TMEepelIKOJO0I0 JOCATHEHHS BHMCOKOI MPOAYKTHUBHOCTI arperary. ToMy MOIIyK ILISXiB
PO3B’sI3aHHS MPOOJIEMH CIIPSIMOBAHOI Ha 3HM)KEHHS Tsrooro omnopy POI'M, e 6e3ymoBHO
aKTyaJbHUM, OCOOIMBO MU PO3poOIll iX HOBUX eHeproePpekTuBHUX KOHCTpYyKIii POI'M.

AHani3 eKCIepUMEHTAIBHUX JOCTIUKeHb CyYaCHMX TPOBIIHUX BITYM3HSIHHUX Ta
3apyOKHUX HAyKOBI[IB MOXKHA TMPHUTH 10 BUCHOBKY, III0 HEJOCTATHHO YBaru MPUALISIETHCS
¢iznyHiii cyTHOCTI nporecy B3aemozii cuctemu "POI'M-rpyHT" B pi3HHX yMoBax ii poOoTH.
BpaxyBaHHS ITMX yMOB Ja€ MOXJIMBICTh 3HW)KEHHSI €HEpro3arpar Impu OOpOOITKY TPYHTY,
HEOOXIJTHO PO3IJISTHYTH 3aJIeXKHICTh TsAroBoro onopy POI'M Bix ymoB ix po6otu. OcobmuBo
1€ CTOCYETHCS MEepeAyCiM HaIUMaHHs IpyHTY Ha poboui moBepxHi POI'M (Puc.1), sk omnHi€ero
3 IPUYMH MiIBUIICHHS 1X TATOBOro omnopy. HemoctaTHhO BpaxoBYeThCS MPpHUPOIA HAIUTIAHHS
YaCTUHOK IpyHTy Ha pi3ansHi enemeHTH (PE) ta moBepxnio POI'M 3 Touku 30py
JOCIIJKEHHSI HA MaKpo - Ta MIKPOPIBHI.

Pucynox 1 — HanmunanHs TpyHTY Ha IIOBEPXHIO PO3IyIIyBada
Lrcepeno: pospobneno asmopamu

MexaHiuHI cnocoOW YCyHEHHs HaJMIaHHS IPYHTY Ha poboui moepxHi POI'M,
po3polIieHi B pi3HI yacu B YKpaiHi Ta 3a KOPJAOHOM CBiI4aTh, IO KOKEH 3 HUX MAa€ CBOI
nepeBarn 1 HENONIKW. 3a3HAauuMoO, IO JOCT/KCHHS MpPOBEACHI B JaHOMY HaIPSIMKY
CTOCYBAJICS TepenyciM OOpoThOM 3 MPOLECOM HAJHMIAHHSA IPYyHTY Ha poOoui MOBEpXHI
rMOOKOpO3MyTyBaviB. BUsBIEHO, 10 cepel] YUCICHHUX CNPO0 3HU3UTU TEPTS B CHUCTEMI
"POI'M-1pyHT" MOXHa BIJJ3HAQUUTH HACTYIIHI: 3MalleHHS BOJOIO 3 30BHIIIHBOTO JDKEpena;
3MalIeHHs BOJIOI0, OTPUMAHO]I 3 IPYHTY B PE3YJbTaTi €NEKTPOOCMOCY; 3MEHILCHHS HAIUTIAaHHS
IPYHTY B pe3yJbTaTi BUAAJICHHS BOAU €IEKTPOOCMOCOM; MOBITPSIHE MACTHJIO; 3aCTOCYBaHHS
BiOparlii; 3aMiHa MacHBHHUX POOOYMX MOBEPXOHb AKTUBHUMH; 3MiHa T'€OMETPHYHOI (popmu
MOBEPXHI poOOYOro OpraHy; 3aCTOCYBaHHS Pi3HMX MaTepiaiiB B SIKOCTI MOKPHUTTIB Ha poOoui
MOBEPXHI.

Jlns ycyHeHHs mpouecy HamunanHs IpyHTy Ha POI'M pi3HUMH JOCHIIHUKaMU
NPOTOHYBajacs BEIMKA KUIbKICTh PI3HOMAaHITHHX IJIACTUYHUX MaTepialiB, MEPEeBaKHO IS
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IUTYyTiB. 3amporOHOBAaHO HAHOCUTH MOKPUTTS Ha poboui mosepxHi POI'M, B wicisax
HAlOUIBIIOrO0 HAJMIAHHA IPYHTY, TaKMMU THOJIMEPHMMH MaTepiajamMH, K IOJIeTUIeH
(BHCOKOTO 1 HH3BKOTO THCKY), KalpoH, IIOJiaMif, pPi3HOTO pOXy CMOJH, MOJiMEepHi
KOMIIO3UIIIIHI MaTepiadr Ha OCHOBI BHCOKOMOJICKYJISIPHOTO TOJIETHIICHY Ta 0a3ajibTOBOTO
BOJIOKHA.

AHani3 ocTaHHiX pociailkeHb i myOuaikamiii. Y cepemoBuIi IpyHTY, IO MICTHTH
NOJISIPHI 1 HEMOJSIPHI MOJIEKYJIM, BUHHKAE B3a€MOJisl, OOYMOBJICHA €JIEKTPOCTATUIHUM
NPUTATAHHSAM MDK JTUTIOJSIMH TOJISIPHUX MOJIEKYJT 1 HaBEACHUMU (1HAYKOBAaHUMH) TUTTOJISIMA
HETIOJIIPHUX MoJIeKyJl. OCTaHHI BUHUKAIOTh B PE3YJIbTATI MOSAPHU3ALIi] il Ai€0 eIeKTPHIHUX
MOJTIB JTUTIONIB, IO OTOYYIOTh MOJSIpHY MoJiekyny. lle edexkr BHHUKHEHHS I1HAYKIIIHHOT
cknanoBoi cuil Ban-nep-Baanwsca. EHepris iHayKIiiiHOT B3aeMOIii 3pocTae 31 301IBIICHHIM
€JIEKTPUYHOTO0 MOMEHTY JIWIIOJNIA, ajieé He 3aJIeXKUTh Bl TEeMIepaTypu, OCKUIbKH HABEICHHS
JTUTIONTIB BU3HAYAETHCS HATIPYKEHICTIO BCHOTO €JIEKTPUYHOTO TIOJIS 1 BiIOYBA€THCS TIPH Oy Tb-
SIK1{ TTIPOCTOPOBIiH Opi€HTAIllT MOJIEKYJI.

BogsHe macTuio, enekTpoocMoc, aepoJuHaMIdHe 3MalIeHHsS 00yMOBIIIOE CTBOPEHHS
TPaHUYHMX TUTIBOK. BioMO, 1110 01MH 3 HAaHOUIBIII MTOITMPEHUX CITOCO0IB 3MaIEHHS YaCTHHOK
IPYHTY - 1I€ 3MamieHHs1 Bonoto. st 3HmwkeHHs Tsiroporo omopy POI'M 1 mominmieHHs #oro
pobotu (paniyspka ipma "Kuhn" 3anmpomnonyBana momaBaTH BOAY Ha poOOYy MOBEPXHIO
POTI'M. 3a nanumu ¢hipMu, 3acTOCyBaHHS IIbOTO CIOCOOY MpH PoOOTI TUTyTa Ha 3BOJIOKEHUX
IPYHTaX, 3HIXKYyeTbcs TAroBuil omip Ha 35% [1]. KpiM monmayi B 30Hy KOHTakTy IPYHTY 3
JIEMIITHO-BiIBAJILHOIO TIOBEPXHEID YHMCTOI BOJH, JAOCTIPKYBAJIM TaKOX IOJady BOJO-
MOJIIMEPHOI CYMIIlIi, 110 MOIMNIITYyBajio 060opoT miacta [2,3]. B okpeMux BUmaakax 3HIKCHHS
TAroBoro omnopy cranosmio 30% i Ouiblle, a B cepenHbomy - Ha 20%, mpu BUTpaTi CyMilli
110 ... 115 n/ra. Anani3 rpyHTY micjisi BUIIPOOyBaHb MMOKa3aB, 10 3aCTOCOBYBaHI MOJIMEpPH
HENIKiAINBI1, 610eTPaayIOTh B IPYHTI, PO3YHHIIOYHICH Y BO/II.

3a3HaueHi TEXHIYHI PIIIEHHS CXO0Xi MDK cO00I0 1 MONATAIOTh B MoAadi Boau abo
CHeI[iaIbHUX BOJHUX PO3YMHIB B 30HY KOHTAKTy IPYHTY 3 JIEMIIIHO-BIABAIbHOIO TOBEPXHEIO,
abo yepe3 OTBOpPH B BiJBaji 1 JieMelrn, po3TamoBaHi B oOmacti ix ctuky [4]. [IpoBenena
€KOHOMIYHAa OIliHKa JOBOAMTH. IO OOpoOKa IUTyramMu 3 BOASHHM MAIIEHHSM BETUKUX
3eMeILHUX MAaCHUBIB € HEIOIIIBHO, OCKUILKH BUMAarae MmaBe3eHHs BEJIUKOI KUTBKOCTI BOIH 1
BEJIMKUX BUTPAT 4acy.

Kpim Ge3mocepenHporo BBeIEHHS BOAM MIX IIACTOM IPYHTY 1 BiIBaJloM, OTPUMATHU
MAaIIeHHS MOXHa 1 3a JonoMoroto enekrpoocmocy. ['.C. benikom [5] mocmimkeHi MOXKIUBOCTI
BUKOPHUCTAHHS EJEKTPOOCMOCY TPYHTY IMpPH OpaHIll JUisi YCYHEHHS HAIWIaHHSA TPYHTY Ha
TUTYKHUX BiJIBajlaX [UIIXOM CTBOPEHHS TOHKOIIIAPOBOI BOASHOI ITIBKU MEPEHECEHHSAM BOJIH 3
TPYHTY Ha TIOBEPXHIO BifBany. BusiBieHo, 1o 3acTocyBaHHS €IEKTPOOCMOCY J1a€ eeKT mpu
BUCOKIM Bostorocti IpyHTy 24 ... 26% 1 IIBUAKOCTAX pyXy IUIyra, 0 He nepeBuiryoTs 0,2
... 0,3 m/c. 3a naHux yMOB crHocTepirajgocs 3HMKEHHsI TSAroBOro omopy ruiyra Ha 14% i
3mernmeHHs B 20 ... 60 pa3iB mo Ba3i, HANUIUIOrO Imapy IpyHTy. B pobGoti [6,11]
JOCTIIKYyBaIH BIUIMB €JIEKTPOOCMOCY Ha 3HIDKEHHS KOoe]illieHTa TepTs IPYHTY MO CTali, Ipu
pi3HUX TOKa3HWKax Bojorocti. IlodboBI BHNPOOYBaHHS OpPAaHKM 3 BHUKOPHUCTAHHSIM
€IeKTPOOCMOCY TpH Hampy3i Ha enektpomax 120 B i1 Bomorocti 25,5% nanu 3HMKEHHS
TAroBoro omopy muiyra Ha 14,3%. HanumanHs IpyHTY Ha CTajdb 3MEHIIYETHCS B KiIbKa
JIeCATKIB pasiB, a mMpu Hamnpy3i Ha enektpoaax 500 B - Biarami He cmocrtepiranocs. IIpote
CKJIaJIHICTh anapaTypH MEPETBOPEHHs CTPyMY Ta IMOTYKHICTh T€HEpaTopa MOCTIHHOTO CTPyMY
JUIE CTBOPEHHS €JIEKTPOOCMOCY Ha KOpITycax IUTyra MPaKTHYHO KOMIEHCYE pe3yJbTaT
3HWKEHHS TSATOBOTO OTIOpY.

PosrnsgHyTO 1 Ccrmoci® aepoJMHaMIYHOTO 3MAallleHHsS, KOJM MOBITPS MiJ THCKOM
NOJAa€ThCSL HAa PoOOUl MOBEPXHI Yepe3 OTBOPU B BiiBaji i jementi. ['a30Buil mpomapok, 1o
IpU I[bOMY YTBOPIOETHCS, IOBUHEH YCYHYTH TEPTS KOB3aHHS IPYHTY 10 METaJly, B pe3yJIbTaTi
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YOro iCTOTHO 3MEHIIyeThCs TAroBuil onip [7]. IlpoTe aepoanHaMiuHe 3MalleHHS] HE 3HAWIILIO
MacoBOI'0 3aCTOCYBaHHsI B CHJIy KOHCTPYKTHUBHOI CKJIaJHOCTI BUTOTOBJIEHHS pOOOYMX OpraHiB
3 aepoAMHAMIYHUM 3MAIl€HHSM Ta BEJIMKOI TPYAOMICTKOCTI IMpPH MOCTAHOBII 1 3HATTI
JI0JIATKOBOT'0 00JIaJHAHHS B MPOIIEC] eKCILTyaTallii.

JUia mpoTuAll HaTUMOaHHIO 1 3HM)KEHHS TsAroBoro omnopy POI'M BukopucToByBan i
BiOpauiiiHi siBuma [8]. BctaHoBieHo, 1m0 BiOpalis 3HWKY€E TAroBuid omip Ha 40 ... 65% npu
aMIUTITY i KoJuBaHHA 5 MM 1 yacTtoTi 20 ['1 1 Manoro moctynansHo0 mBUAKOCTI 10 0,6 M /
ceK. 3MEeHIIEHHs YacTOTH KoymBaHb 10 10 [’ BUKinKae MeHIIN eeKT B 3HHKEHHI TATOBOTO
oropy 10 ... 30%, o BiAHOIIEHHIO 0 TAroBOro omnopy HepiOpyroyoro POI'M, Ta Bumarae
JI0JJATKOBOT MOTYKHOCTI Ha BIOPOIIPUBIT KOPITYCIB.

JInisi 3HIKEHHS TATOBOTO OIOpPY Ta 3MEHIICHHS MpPOIeCY HAIWIMAHHS TPYHTY Oyin
BunpoOyBani POI'M 3 rajpBaHIYHMMHU TOKPUTTSIMH - HIKEJIIOBAaHHsS, XpOMyBaHHA [9].
3amponoHOBaHl MOKPUTTS 3HIKYIOTh HAJIMNAHHSA MOBepXoHb 10 30% 3a paxyHOK
rizipooOHUX BIACTUBOCTEH, ajleé HEAOCTATHS iX 3HOCOCTIHKICTh, Majla TOBIIMHA Ta BHUCOKA
BapTICTh TEXHOJOTI] HAHECEHHS HE MO03BOJIAE IX IIMPOKO BHKOPUCTOBYBATH. AHAII3YIOUU
icHytoui crocoOu OOpoTHOM 3 HAJMIAHHSAM, HAMOUIBII MEPCIEKTUBHUM € 3aCTOCYBAaHHS
NOJIMEPHUX KOMITO3UIIITHUX MaTepiaiiB B AKOCTI MOKPUTTS poOOUUX OpraHiB.

B po6oti [10] HaBeneHo pe3ynpTaTd MPOBENEHUX AOCIIPKEHb 1O BHUKOPHUCTAHHIO
[UIacTMac B AKOCTI MOKPUTTIB poboumx noBepxoHb POI'M. JlaGopaTopHi AOCHIIKEHHS B
CepeAoBUIIl IIMHHU MOKa3aly, 1o npu Bosorocti 21,1%, tedaon mae xoediuient teprs 0,25,
PYJIOH (HOTUPUPTOPUCTUH eTusieH 3 HamoBHIOBadeM) - 0,44, MOJieTUIEH BHCOKOTO THUCKY -
0,78, ctanp - 2. TaroBuii onip KOpHycy IUTyTy 3 IJIACTMACOBUM MOKPUTTAM Ha 23% MeHImi
BiJl CTaJIeBOr0, a HAJIMMAHHS TJIUHM B3araii BiacyTHe. Kopryc ruiyra 3 mosieTHICHOBUM
HNOKPUTTSAM TEX HE 3aJIUIAE.

[oxputtss POI'M cunretnunum Mmatepianom mapku Worblex-PE 7473 (momietmien
Hu3bkoro Tucky ¢ipmu Gulrid — Worbla AG) [11] nano 3HWKEHHS TSITOBOTO OINOPY IUIyra Ha
MyXKHX MIMaHUX IpyHTax Ha 5,6 ... 12,7%, Ha cepenHix - 2,7 ... 5,4%. Lle cnoctepiranocs B
iHTepBaNi mWBUAKOCTEH pyxy 1,67...2,77m/c. Butpara manuBa npu 1[bOMY TaKOX 3HHKYETHCS
Ha 9,9...11% (mimwanuii rpyHr), Ta Ha 6,1 ... 7,0% (cepenHbocyrnmuHUCTHI TpyHT). [aHi
OTpUMaH1 JUIsl IUIYTIB 31 CTaJeBUMHU KopIlycamMH. BH3HAU€HO 3HMKEHHS €KCIUTyaTalliiHUX
BUTpaTH Ha 2%, a BUTpaTu mnanuBa - Ha 7%. HampamoBaHHs muiyra 3 IUIaCTMacOBHMH
MOKPUTTSAMHU CTAaHOBUTH Osin3bko 120 ra.

B po0Gorti [12] BuCBiTIEH] pe3yabTaTH MPOBEACHUX €KCHEPUMEHTAIbHUX JOCTIIKEHb
[0 OpaHLl JMUMIKUX IPYHTIB 3a JONOMOIOI0 IUIYTiB, Ha BiABaJIM SKUX HAHECEHAa TOHKA
IUTacTMacoBa IUTiBKa. HamumaHHS TpyHTY NpH IIbOMY HE croctepirand. BusiBieHo, mo 3
yyclia BUIPOOyBaHUX MaTrepialliB HalOUIbLIy AOBroBidHICTh MatoTh Tedon (90 ... 120 ra) 1
cymin kejona - C 3 nesskumu noxigaumu teduiony (150 ra).

Tarosuii omip BigBamiB miaykHuUXx kopmyciB 3 Kocetal K300 moxpurrsam, 3rigHo
JMOCTIPKeHb MPOBEACHUX B poboTi [2,13], y mNOpiBHAHHI 31 3BUYAHMMH CTaleBUMU
BiJIBAJIaMU 3HWXKYETbCA NMpHOAn3HO Ha 23% Ha kopmyc i npubiamsHo Ha 20% Ha miyr B
miiomy. Kpim Toro Bif3HayaroThes OUTBII BUCOKI arpoTexHiuHi mokasHuku (Ha 10 ... 15%)
[0 KPUIICHHIO TPYHTYy, TIIMOMHI 3aKaJeHHS POCIMHHUX 3QJIMIIKIB Ta 32 TOBEPXHEBOIO
OpmITiCTICHTIO piuTi. YOTUPUKOPIYCHUN HaBICHHI IUTyT 3arajibHOro mpusHaueHHs 3 Kocetal
K300 moxpuTTsiMM Ha BifBajax BUPOOJSE 1O MOMEHTY HACKpPI3HOTO MPOTUPAHHS MOKPHUTTIB
120 ra. BigBan kopmycy 1uiyra, Mpu I[IbOMY BUTOTOBJIEHUHN 3 MOJIETUIICHY HU3BKOTO THCKY
mapku [14009. BumnpoOGyBanHs mokasanu, mo kopmyc miayra [IH-8-35 3 Takum BiaBaiiom
JI03BOJISIE TTABHIMUTH MPOAYKTUBHICTE Ha 0,1 ra/ron 1 3HM3UTH BUTpaTy nanusa Ha 0,8 kr/ra'y
MOPIBHSHHI 31 3BUYaHUMH METAIIEBUMU KOPITY CaAMH.

IlocranoBka 3aBaaHHA. MeToro  poOOTM €  MIABMILEHHS  [OKa3HUKIB
€HEeproeeKTUBHOCTI poOOYMX OpraHiB IPYHTOOOPOOHMX MAIIMH 33 PaxXyHOK IOKPAIICHHS
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rizpooOHNX XapaKTEpPUCTUK IMOBEPXHI Ta 3MEHIICHHS BEJIMYUHH TATOBOTO OIOPY BiA
HAJIMITAHHS TPYHTY.

Bukisiax ocHoBHOro matepianay. J{OCIiUKCHHS MTPOBOIMIIA HAa TOCIITHUX JUITHKAX
nosist TOB "Exocem" ¢. HoBomaniBka KipoBorpaacekoro paiiony KipoBorpaacekoi o6macTi
Ta B 1aboparopii LleHTpampHOyKpaiHCHKOTO HAI[IOHATFHOTO TEXHIYHOTO YHIBEPCHUTETY 3T1THO
JCTY ISO 8947:2012 "Cinbcbkorocniogapebki Mamman". Jlocmimkennro nipsrama POI'M
rimbokopo3nymyBada Alpego Super Cracker KF 7-400 3 HacTymHUMH IapamMeTpaMu:
KUTBKICTh poOOYMX OpraHiB 7; BifACcTaHb Mik HUMHU 570 MM; poOoua rimOuHA 0OpOOITKY 10
650 mM; poboua mupuHa 3axBary 3900 mM; TpancnioptHa mmpuHa 3770 mm; Bara 1650. ITin
yac BHUINPOOyBaHb BuUKopucTOBYBaBcs TpakTop New Holland T8-390 3 makcumanboro
noTykHicTIo 286 kBT. [l BU3HAUEHHS BEIWYHHH TATOBOTO OMOPY BHOpaHO S-momiOHMI
teHzonatyuk "Tenzo M C2" (puc. 2a). CuHXpoHi3alis Mo 4Yacy poOOTH BHUMIPIOBAIBHUX
KaHaJIIB TEH30JaTUYMKa 3IIMCHIOETHCS 3a goromoroio Moyt ME-020. B sikocTi peectpyrouoi
arapaTypy BUKOPHCTOBYBaJIM BUMiproBasibHHI KoMmiieke MIC 400D, BcranoBiieHmii B kabiH1
TpakTopa (puc. 2.0.), 110 MPU3HAYCHHUH ISl IEPETBOPEHHSI PI3HUIN TUCKIB MK TPAKTOPOM Ta
pO3MyIIyBa4eM IPYHTY Yy BUXIAHHN YHI(GIKOBaHMN CUTHAJI B3a€EMHOI 1HIYKTHBHOCTI 3
JHIHHOIO 3aJICKHICTIO 3 MOKJIMBICTIO TIepeaadl BUMiproBaHuX BennuuH Ha [1K.

Pucynoxk 2 — [IpucTpiit A BUMipIOBAaHHS TATOBOTO o1opy: a - Terso M C2; 6- MIC 400D
Locepeno: pospobaeno agmopamu

Jlis TOpIiBHSHHS 3MIHM BEJIMYHMHU TATOBOTO ONOPY po3MymryBada Oyio oOpaHO
cepiifauii pobounii opran 3 marepiany craib Hardox 400, 3 mokputtsaim Kocetal K300 ta 3
MOKPUTTSAM B CKJIaJi KOMITO3HUIii HAa OCHOBI BHCOKOMOJICKYJISIPHOTO TOJICTHIICHY Ta
6azanbroBoro BojokHa (BIIBB) (puc.3).

av
6)

Pucynoxk 3 — Marepianu aist nokpurtst POI'M: a- Kocetal K300; 6- BIIEB
Iicepeno: pospobaeno agmopamu
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BuzHaueHHs BeMMYMHHM HAJIMIUIOTO IPYHTY (CepeaHbOCYTITMHUCTHI YopHO3eM Haplic
Chernozems 3a wixkHapogHoo kiacudikamiero WRB) mpoBogmiu BaroBuM METOAOM.
Bosoricts rpyHTy 10 ropuzonTtax 0...10, 10...20 1 20...30 cM KOHTPOJIOBAIM €IEKTPOHHUM
a”arizatopoM Bosorocti "Sartorius MA30-000V3".

Pe3yabTaTH gociigkeHb. 3a pe3ysbTaTaMH JOCIIDKEHb OyJM BHU3HAUYCHI are3iiHi
BJIACTUBOCTI IPYHTY (LIEHTPAIbHOYKpAIHCHKHI CepeHbOCYITTMHUCTUI YopHo3eMm, Haplic
Chernozems 3a mixHapoaHot0 Kinacudikariero WRB) npu B3aemozii 3 pi3HUMH MaTepiaiaMu
poboyoro opraHy posmyllyBada. B pe3ynbTaTi BCTAaHOBJICHO, IO MUTOMA CHUJIa 3YEIUICHHS
MOJIIMEPHHUX Ta CTAJICBUX 3 PI3HOI0 YHCTOTOIO TIOBEPXHI 3 TPYHTOM, B Mipy 30UIBIIIEHHS HOTO
BOJIOTOCTI, 3pOCTae qocsratouu Makcumymy mipu Bosorocti W = 30 ... 32%, a motiMm crniajiae.
3 mocCHipKeHUX MaTepialliB HaOUIbIl IHTEHCHMBHO CIIOCTEPITAEThCS HAJWUMAHHS Ha CTall 3
YHCTOTOIO MOBepxHi V 4, a Haitmenme — Ha MaTepian Kocetal K300.

BcranoBneno, mio aOCONMIOTHA BeNWYMHA CHJIM TPWIMNAHHA IPYHTY JOCATa€e
MaKCHUMaJIbHOTO 3HA4YEHHS Yy HeoOpoOJjeHol cTajeBOi IHOBEpPXHi, a MIHIMAJIbHOTO — Yy
noJlieTwiieHy, 3MeHmeHHs y 2,0 pasu. Jlns marepiany Kocetal K300, rpynma komeramiB 3
JI0JJaBaHHAM CKJIOBOJIOKHA, L CHJa 3MeHIIyeTbes y 2,25 pasu. BusiBneno, mo cuia
NPWINTIAHHS 3 TABUIIECHHSM BOJIOTOCTI ITOCTYIIOBO 30UTBIIYETHCS, IMMOTIM TIEPEXOIUTh Yepe3
MakcuMyM, npu Bojorocti 30 ... 36%, a micig 4oro 3MeHIIyeTbcs. BusiBieHo, 1o matepiai
Kocetal K300 mae BomoroBiamToBXyBajbHiI (TiapodoOHi) BIACTUBOCTI, IO € OCHOBHHM
YUHHUKOM Ui yCYHEHHsS TIPOIIeCY HaJUMaHHA TpyHTY. BUW3HA4YeHHsS BiIHOCHOI
3HOCOCTIMKOCTI IlacTMac, mpoBeneHe Ha 0a3i jJabopaTopil 3HOCOCTIMKOCTI Ta HaIIHHOCTI
MamuH LleHTpanbHOYKpaiHCHKOTO HAIliOHAJIBHOTO TEXHIYHOTO YHIBEPCHUTETY IOKAa3ajo, L0
matepian Kocetal K300 — B 4 pa3u OiibIn CTIMKUH, HiXK TOJIIETUJICH, 2 CTBOPSHA KOMITO3HIIIS
Ha OCHOBI BHCOKOMOJEKYJSIPHOTO mMoiieTusieHy Ta Oa3zamproBoro BonokHa (BIIBB), mae
3HOCOCTIHKICTB y 1,5 ... 2,0 pasu Bumy Hixk Kocetal K300.

IIpu BukopucranHi B sikocTi mokputta Kocetal K300, nomiMepHa Matpuilst MeHII
TIOB'sI3aHa 3 BOJIOKHOM 1 TIPH TEPTIi /e BimIapyBaHHS BOJIOKOH Pa3oM 3 MPUIIETIIAM TOIIMEPOM,
MIPUBOMASIYM /IO 3HWKCHHS 3HOCOCTIMKOCTI TAaKOTO KOMITO3UTY. 3a3HA4MMO, M0 Y BHUIAJKY
Bukopucranss BIIBB mporiec Teptst npoTikae Ha MOBEpXHI BOJIOKOH, JIOKAJII30BaHUX IO HUIAXY
TEPTSA, @ TOMY B pe3yJIbTaTi MOCWICHHS aare3iiHoi B3aeMoii MK MaTepiasioM 0a3aabTOBOTO
BOJIOKHA 1 TIOJTIMEPOM IMPAKTUYHO HE 3apPEeECTPOBAHO YACTUHOK 3HOCY (pHcC. 4a 1 40).

PucyHok 4 — AnresiiiHi BUpoOyBaHHS IIOKPUTTIB, HAHECEHUX HA MOBEPXHSIX 3Pa3KiB:
a- Kocetal K300; 6- BIIbB
Hoicepeno: pospobnero asmopamu

3a3HayeHl pe3yabTaTH MJOCHIKEHb B3a€MOAIl pI3HMX IOJIMEPHUX MartepialiB 3
IPYHTOM TPHU TOKPUTTI HUMH pPOOOUYMX TOBEPXOHB IPYHTOOOPOOHWX 3HAPSb, TMOKA3aJH
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BUCOKY €(EKTHBHICTh 1X 3aCTOCYBaHHs /I YCYHEHHS HAJMIMAaHHS 1 3HIKECHHs KoedirieHTa
TEPTHL.

Pesynbratu gocmimkeHHST 3a7eXHOCTI Koe(dimieHTa TepTs TIPYyHTY BiJl BOJIOTOCTI
HaBEJICHI Ha pHC.5.
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1- TIMHUCTHIA YOPHO3EM IO TIOJIETHIICHY; 2 — CYTJIMHUCTUH YOPHO3EM TIO TIOTieTHIICHY;
3 - rmaucTHit 9opHOo3eM 1o BIIBB; 4 - cyrmuaucTii 9oprosem mo BITEB

Pucynox 5 — 3anexHicTh KoedimienTa Tepts IpyHTy 1Mo nmosepxHi POI'M Bix 1 Boiorocti
Jicepeno: pospobneno asmopamu

OtpuMaHi eKCclepUMEHTaNbHI JaHi CBiI4aTh, M0 KOEQILIEHT TEPTs 3MIHIOETHCS B
MIMPOKUX MEXKax Il PI3HUX THIIIB IPyHTIB 1 MarepianiB POI'M: 1jsi IIIMHUCTOTO YOpHO3EMY:
Jmp-=0,52...0,27 —mokpuTTA MNONMIETHIEH, f,,,.=0,37...0,17 — moxpurrs BIIBB; s
CYTJIMHUCTOTO YOPHO3EMY f,,.=0,42...0,23 — 11 MOKPUTTS MOJETUNIEH, f,,,.=0,30...0,18 —
s nokputts BIIBB.

BusiBneno, mo B iHtepBam mBuakocted 0,5 ... 3,0 M/c, abcomroTHa BeTUYMHA
KoeilieHTa TepTsl 3MIHIOETbCS HECYTTEBO 1 MPAKTUYHO MOXHA BBaKaTH 11 IMOCTIHHOIO.
BusHaueHO TakoXk, [0 MATOMHIA TUCK B 30HI KOHTAKTy 1 MEXaHIYHMIA CKJIaJ IPYHTY iCTOTHO
BIUIMBAIOTh Ha BEJTMUUHY KOe(]illieHTa TePTS.

BuMiproBaHHSIMH BCTAHOBJICHO, III0 BOJIOTICTh IPYHTY mo ropu3oHrtax 0...5 1 5...10
CM, BIATIOBITHO JOPiBHIOIOTH 24,3 1 26,8%.

[IpoBeneHUMHU  OCHI/KCHHSAMU BUSIBICHO, IO CEpiifHI TTTHOOKOpPO3MyLIyBayi,
BUTOTOBJICHI 31 CTaji, HAlOLIBII CXWIBHI 10 HAJWNAHHA IPYHTOM. MakcuMaibHa Maca
HAJIMIUIOTO HA HUX IPYHTY, P JaHii BOJOTOCTi, CTAaHOBUTH nopsaky 0,7 kr (tadu. 1).

AmnanoriyHui mpouec BiIOYBa€Tbcs 3 TIMOOKOPO3IYIIyBaueM 3 IEHTOIUIACTOBUM
HNOKPUTTAM Ha pOOOYMX MOBEPXHSX, HAa SIKUX Maca HaJUIUIOro IpyHTy ckiazaae 0,557 ... 0,513
kr. Take 3HaYHE HAJIMIIAHHS PO3IYIIyBaya 3 NEHTOIUIACTOBUM IOKPUTTSIM MOXKHA TOSICHUTH
TiAPOPUIBHICTIO TIEHTOIDIAcTa. 31 30UTBIMICHHSAM IMIBUAKOCTI PyXy MpOIEeC HAIWIMAHHS Ha
POOOUYMX TTOBEPXHSX PO3IYIITyBadiB 3MEHIITY€ETHCS.

MosxHa 0a4uTH, 10 MAaKCUMAaJIbHHUW CTYIiHb HaTUMaeMocTi rpyHtry Ha POI'M 3
MOKPUTTS MeHToriacty y 1,33 pasis, 3 mokputtsam Kocetal K300 y 2,75 pa3u, a 3 MOKpUTTIM
BIIBB —y 4,17 pa3iB MeHIIIe Hi)X cepiiiHUX 0e3 MOKPUTTS. 31 30UThIIEHHSIM MIBHIKOCTI PyXy
Ha Bcix Mmatepiasiax POI'M cTymiHp HaJHMIaeMOCTi TPYHTY 3MeHIIyeThcs. Ha cepiifHMX
po3MylIyBadyax HAIWIUIMKA IHap IPYHTY YTBOPIOE HapicT KoHycomomiOHoi ¢opmu, mo B
pe3ysbTaTi TPUBOAUTH 1O 3MiHHM poOouoi (opMu po3mylryBaya B TPOLECi TepTs Ta
3HOIYBaHHA 00 TpyHT. BH3HAaYeHO TakoX, MmO 31 30UIBIIEHHSIM BOJOTOCTI IPYHTY HOTO
HAJIMTIAHHA Ha POOOYMX MOBEPXHAX CEPIMHUX PO3MYIIYBaYiB 301IBIIY€ETHCS, 1 TIPH BOJIOTOCTI
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28 ... 30% BOHM MPAKTHUYHO CTAIOTh HEMpale3gaTHUMU. 3 HaBEACHUX JTaHUX BUILIMBAE, IO
ICTOTHO 3MEHINYETHCS IHTEHCHBHICTH NPOIECY HAIMIAHHSA TPYHTY Ha poOOYi IMOBEpXHI
posmyuryBayda 3 nokputTssM BIIEB npu migBuimeHiit Boiorocti rpyHTy.

Tabmust 1 — 3MiHa TMOKa3HWKA HAIWMAHHS TPYHTY Ha pobodl TOBEpXHI
rmboKopo3mynTyBada BiJ ImBHAKOCTI pyXy POI'M Ta HaHeceHMX NOKPHUTTIB, a TaKOX
CTATUCTUYHI XapaKTEPUCTUKN BUMIPIOBAHHS

IToka3zuuk v, M/c
PosnymryBaui | HamumaHHS Ta
3 MOKPUTTAM CTATHCTUYHI 1,8 2,2 2,7 3,1 3,5
XapaKTEPUCTUKH
Cepiitauit 6e3 | m, cp 0,639 0,629 0,624 0,596 0,578
MOKPUTTS + Am 0,036 0,035 0,034 0,031 0,039
+0c 5,89 5,79 5,71 5,58 6,92
v, % 0,011 0,011 0,010 0,011 0,011
3 MOKpUTTAM | M, Cp 0,557 0,552 0,536 0,527 0,513
Ilentommact | + Am 0,031 0,034 0,031 0,032 0,034
+c 5,81 6,32 5,84 6,23 6,34
v, % 0,012 0,012 0,011 0,011 0,011
3 MOKPHUTTSM | m, Cp 0,232 0,214 0,186 0,164 0,142
Kocetal K300 | £+ Am 0,011 0,011 0,010 0,0089 0,0078
+c 5,32 6,01 5,26 5,41 5,51
v, % 0,003 0,0035 0,002 0,0032 0,0017
3 NOKPUTTSIM | M, Cp 0,153 0,136 0,0131 0,123 0,112
BIIEB + Am 0,006 0,0064 0,0075 0,0063 0,004
+0c 4,53 4,96 6,04 5,34 4,72
v, % 0,002 0,0025 0,002 0,0025 0,0015

@di3uyHi mpoliecu B IPyHTaX CBiqYaTh, 10 B HUX MOCTIHHO HUPKYIIOIOTh €JIEKTPUYHI
CTPYMH TMPHUPOJHOTO MOXOKEHHS, a TaKoXK enekTpuuHi monst atmochepu [1, 14]. Koxuuit
THUI TPYHTY BOJIOJI€ €IEKTPUYHUM MTOTEHIIAJIOM, LII0 MA€ TIEBHE 3HAYEHHS, IKE 3MIHIOETHCS B
yaci. 3a BEIMYMHOIO EJNEKTPUYHMH MOTEHIiall IPYHTY 3aJeKUTh Bil MHOXXHHHM pPI3HUX
dakTopiB: MEXaHIYHHMIA CKIaJ, BOAHHA pEXHUM, TeMmIepaTypa IpyHTY, BMICT OpraHigyHOI
pedoBUHU 1 T. O.. EnexTpuuHuil moTeHmian 3MIHIOETbCS 1 TIpu 0OpOOITKY TIPYHTY PI3HUMU
CUIbCBKOTOCTIOAAPCHKUMHU 3HapsaasiMu. Tak B mpoueci pobotu POI'M B rpyHTI BUHHKa€e
eNeKTpuyHui noteHuiai. [lpu BUKopucTaHHI MMONIMEPHOTO MaTepiaidy B SKOCTI MOKPUTTIB Ha
poOoui MOBEpXHI PO3IYINyBayiB, iCTOTHY pOJb Y BHHUKHEHHI EJIEKTPUYHOTO IOTEHILIAIy
BIZIIrpatoTh IpolecH OOYMOBIIEHI TEpTAM 1 MOJISAPHU3AIi€l0 KOHTAKTYIOUHMX IOBEPXOHb B
MpOoIIECi B3aEMOIIT 3 TPYHTOM.

Enextpuunuii 3apsii, BHHMKAIOUMH B 30HaX KOHTAaKTy IpH TEPTI Ha MoJimepi
3MIHIOETBHCSI B Yaci 1 MOXE HEUTpalli3yBaTUCS 10HAMHU 3 HABKOJMWIIHHOTO MPOCTOPY. 3TiAHO
€JIGKTPOMOJICKYJISIPHOT Teopii B3aeMoJii BOAM 1 IPYHTY MEXaHi3M BHHHUKHEHHS IPOILECY
OPWIMIAHHSA 1 ICHYBaHHS HOro MAaKCHUMyMYy IOSICHIOIOTBCS YTBOPEHHSIM IOJIBIHHOTO
€JICKTPUYHOTO IIapy Ha MOBEPXHI YaCTUHOK IPyHTY [15,16].

PesynbpTatu qocnimpkeHb BAHUKHEHHS 1 3MIHU €IeKTPUYHOTO MOTEHINaly B IPyHTI IpU
po0OTI TIMOOKOPO3MYyIIyBayiB 3 PI3HUMHU TOJIMEPHUMH TMOKPUTTSIMH TOKa3aiH, M0 A
OHUX 1 THX (PI3UKO-MEXaHIYHUX XaPaKTEPUCTHK IPYHTY MPHU OJHAKOBIA HIBUAKOCTI PyXy
POI'M 3 BIIBB nokpuTTsM Ma€ MO3UTUBHUIN MOTEHIIIal BiTHOCHO HYJIbOBOI TOUKH 3HAYEHHS,
1 3MiHIOETBCA B Mexax (+ 50, + 100) mB. VY pasi BUKOpHCTaHHS MOJIMEPHOTO Marepiaity
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nokputts Kocetal K300 3Hak moTeHIiamy 3ajJdIIMBCS HE3MIHHUM, OIHAK 3HAYCHHS HOTO
MeX 3HH3HI0CH 10 BenmuuHu (+30, +50) MB. [ rmm6Gokopo3mynryBadiB 3 MEHTOIUIACTOBUM
NOKPUTTSAM, TOTEHIIal 3MIiHIOBAaBCS B Jialla3oHi HYJIBOBOTO 3HaueHHS B Mexax (+20, +30)
MB. [l cepiitaux (6e3 nmokputtsa) POI'M noTeHmian MaB y BCiX JOCTiaX BiJ'€MHE 3HAYCHHS
B Mexax (-50, - 30) mB. Takox BHSIBJICHO, IO BETWYHMHA TOTEHIIATY 3aJICKUTh BiJ] CHIU
TUCKY Ha noBepxHio POI'M.

AmHati3 pe3ysbTaTiB MpoLecy HAIMMAHHA IPYyHTY Ha IMOBEPXHI MNIMOOKOPO3MyITyBaya,
HaBEJCHUX B TaONWI 1, JaB MOXKIUBICT JUISl TIOJAIBIIUX JIOCHTIKEHh BUKOPHCTOBYBATH B
SKOCTI TOKpUTTS Ha poOoui moepxHi POI'M wmatepiamm Kocetal K300 Tta BIIBB. lle
nepeayciM JOCHIDKEHHST 3aJIeKHOCTI TOPH30HTAIBHOI CKJIAJ0BOi CHJIM TSATOBOTO OTIOPY

po3IyIyBayda Bijl MIBUAKOCTI HOTO PyXy (puc. 6)
500

480
460
o
c:; 440
=
£ 420
= /
g
E 100 / » /,J
= 380 4 =
[ |
360 ———
30—+ttt
1,25 1,45 1,65 1,85 2,05

ITenakicTs Pyxy v, W'
Ctanb Hardox 400 ¢ Ctanb+Kocetal K300 M Crans+BIEB

Pucynok 6 — 3anexHicTh TOPU30HTAIBLHOT CKIIAJI0BOI CHITH TSITOBOTO OIIOPY Bij Martepiay
po3ITylnyBaya Ta IIBHIKOCTI pyXy
Loicepeno: pospobaeno asmopamu

Perpeciiiuuii aHani3 JaHUX [aB MOXIHUBICTH NOOYIyBaTH pIiBHSHHS perpecii
TOPU30HTANIBHOI CKJIQJ0BOI CUJIM TSATOBOTO OMOPY BiJ MIBUAKOCTI PyXy pO3IyIIyBaya IPYHTY:

s Crane Hardox 400 - Rx =1 1,87v2 +10,698v + 422,42, R> =0,9815 ; Crams Hardox 400+

Kocetal K300 - R, =14,666v> —0,6415v+359,06, R* = 0,978 ; Crans Hardox 400+BII5B -
R_=17,077v* —7,7503v + 339,76, R> = 0,9778.

3 pe3ynbTaTiB MPOBEACHUX MOCITIDKEHb Ha pHUC. 6, BUIHO, IO 3 MiABUIICHHSIM
HIBHJKOCTI PyXy TOPU30HTaIbHA CKJIAJJOBA TSATOBOTO OMOPY 3POCTAE MPSMO MPOTOPIIHHO 32
KBaJPaTUYHOK 3aJEXKHICTIO. MakcuMallbHe 3HA4YEHHs TATOBOTO OIOPY PpO3IMylIyBaya
BurotoBiieHoro 31 crani Hardox 400 mpu mBuakocti pyxy 2,28 M/c, a miHimManshe - 457 H -
mBuakocti 1,25 m/c. Ilpu BUKOpHUCTaHHI B AKOCTI MOKPUTTSA Ha poOOUId MOBEpXHI CTami
marepiany Kocetal K300 makcumanbHe 3Ha4YeHHS TIroBoro omopy ckiuamo 418 H, mpu
mBUAKOCTI 2,28 M/c, a MiHiManbHe - 363 H, mpm mBuakocti 1,27 m/c. MakcumanbHa
BEJIMYMHA TATOBOTO OIOPY MPU BHUKOPUCTAHHI B SKOCTI MOKPUTTSA Ha poOOUINd MOBEpXHI
posmymryBaua matepiany BIIBB, cknama 394 H; npu mBuakocti 2,28 m/c, a MmiHiMaJibHE - 359
H ; mpu mBuakocti 1,27 m/c.

3riIHO eNEKTPOMOJICKYJIIPHOT Teopii, pobdoTa HEoOXigHA I TOJOJAHHS CHIIH
NPWIAIIAHHS, BUTPAYA€THCS HA TIOIUT MPOTHIICKHUX 3aPs/IiB MOIBIHHOTO EIEKTPHYHOTO APy
[16]. Tlporiec mpunumaHHs IPYHTY 0 PI3HMX MaTepiayliB BUHUKAE 3 MOSBOIO B HIM KPUXKO
3B's13aHOiI BoAM. Boja, 10 MICTUTBCS B TPAaHWYHUX MPOIIAPKAaX pa3oM 3 COPOIHHOIO 1
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OCMOTHYHOIO 3B'S3aHOI0 BOJOI0 Ma€ MOJICKYJIApHY NpuUpoay. 3'sICOBaHO, IO CTPYKTypa
IPYHTY, TPAaHUYHI IIApH 1 IFOYNH THCK BH3HAYAIOTh AKTHBHICTH TOHKHX BOJHUX MPOLIAPKIB i
3MOYyBaHMX IUTIBOK. [IpM mpomy crmocrepiraeTsCsi 3MiHA B'S3KOCTI Ta Ji€IEKTPHUYHOL
NPOHUKHOCTI B TPaHUYHUX IIapax, sIKi B CBOIO YEPry BIUIMBAIOTh HA EJIEKTPOKIHETUYHI SBUIIIA
B Kamisipax 1 mopax. [Ipy HeBenukild KUTBKOCTI Ii€l BOIW TiApaToBaHi MOJEKYJTH MIITHO
YTPUMYIOTBCS €IEKTPOCTATHYHUM TI0JIEM YaCTHHOK, 1 IPWINMIAHHS IPYHTY B IIbOMY BHITaJKy
BiZICYTHE. 31 30UTBIIEHHSM KUIBKOCTI KPUXKO 3B'SI3aHOI BOJM, MIIIHICTh 3B'SI3KIB BiITAJICHUX
JIUITIONIB BOJY 3 YACTHHKAMU IPYHTY 3MEHIIYETHCS, ajle MIIHICTh iX 3B'SA3KiB IiBUIIYETHCS B
30HI KOHTAKTy 3 MaTepiajioM, IO 1 BUKJIMKA€E 30UTBIICHHS CHIIU MPIIATIAHHS Ta TTiIBUIICHHS
TaroBoro ormopy POI'M. MinHiCTh 3B'S3KIB 3 KOHTAaKTHOIO MOBEPXHEIO Oye THUM BHIIE, YUM
Oub1Ie 1T 3aMOKaHHS.

3aJIe)KHICTh TOPU3OHTANIBHOI CKIIaI0BO1 TsiroBoro onopy POI'M HaBenena Ha puc. 7.
450

wit ortip R, IT
5] w
o &
=} o
-)
] L 2

250

Taros

200

150

20 21 22 23 24 25
ABCOMOTHA BOJIOTICTh CYTIIMHHCTOTO TPYHTY ,%
# CranpHardox 400 M Cranb + Kocetal K300 Crane+BIMEBB

Pucynox 7 — 3anexHiCTh TOPH30HTAIBHOI CKIIaJI0BOI TATOBOTO OIOPY PO3IMyIIyBada
BiJ1 a0COJIFOTHOT BOJIOTOCTI IPYHTY
Loicepeno: pospobaeno agmopamu

Perpeciiinuii aHami3 [OaHUX JaB  MOXKIMBICTH TOOYAYyBaTH pIBHSHHS perpecii
TOPH30HTAIILHOI CKJIQJIOBOI CHJIM TATOBOTO OIOPY Bill aOCOJIOTHOI BOJOTOCTI IPYHTY: JUIS

Cranp Hardox 400 - Rx = —9,7321w2 +409,55w—3894,2, R*> =0,9778 ; Crans Hardox 400+

Kocetal K300 - R = —-8,0777w* +339,92w—3232.2, R* =0,978 ; Crans Hardox 400+BIIEB
- R, =-6,0382w" +249,81w—2271,9,R* = 0,9986.

MoskHa OayuTH, M0 MaKCHUMalbHOMY 3HA4€HHIO TsSroBoro omopy 416 H, (puc. 7)
BIJIMOBiZ]a€ po3mylryBau BUrotoBieHuil 3i crami Hardox 400, mpu Bomorocti 21%, a
MiHiManpHOMY 3HadeHHio 259 H, mpu Bomorocti 25%. [lpu BUKOpUCTaHHI MOKPHUTTS
matepiasiom Kocetal K300 makcumanbHe 3HaueHHsS TATOBOro omopy ckiano 346 H, npu
Bosiorocti 21%, miniManshe 215 H, npu Bomorocti 1,25%. Xapakrep KpUBOi 3 HOKPUTTIM
pobouoi moBepxHi Matepiasiom BIIBB Binpi3HS€ThCS OUTBIT IJITABHUM 3HHUKCHHSIM BEITUMYHHH
TSATOBOTO OTIOPY B CTOPOHY 301IBIICHHS BOJIOTOCTI 3 MakCHUMajJbHMM 3HadyeHHsM 310, mpu
BostorocTi 20% 1 minimaneaOTO 200 H mipm Bostorocti 25%.

KpiM 1poro, mo B miama3oHi abCOMIOTHOI BOJIOTOCTI 20-25% CYTIUHUCTOTO TPYHTY
TOPU30HTANIbHA CKJIQJI0BAa TSITOBOTO OINOPY Ma€ TMapaboliyHy 3alieKHICTh JUISI  BCIX
nocmipkyBanux Matepianie POI'M, npuiimaroun makcumyMm mpu Bosorocti 21%, kpim
po3nymryBada 3 nokputtsiMm BIIBB. IMoxanbie 30iibieHHsT 3HaY€Hb a0COTIOTHOI BOJIOTOCTI
NPU3BOAMTH J0 3MEHILIECHHS TATOBOTO OTIOPY.
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Ha puc. 8. mpencraBieHa 3aJIeXXHICTh TATOBOTO OINOPY PO3IYIIyBada BiJl pO3Mipy
YaCTHHOK IPYHTY IpH poOOTi Ha CYTIIMHUCTOMY IPYHTI, P HOTO abCcomoTHii Bosorocti 21%.
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@ Cranb Hardox 400 M Cranb + Kocetal K300 Cranb + BINBB

PucyHok 8 — 3anexHiCTh TOPH30HTAIBHOI CKIIAZI0BOT TATOBOI'O OIOPY
BiJl pO3MIpPY YaCTHHOK CYTJTHHUCTOTO IPYHTY
Lowcepeno: pospobaeno agmopamu

Tsarosuii omip posmymryBada mnpu poOoTi Ha rubuHi 20 cM 1 HMIMPUHOIO 3aXBary
kopmycy 0,35 M 3MiHIOEThCS 32 TapaboIIYHOIO 3AJIEXKHICTIO, MAIOUM MaKCUMaJlbHE 3HaYEeHHs
npu po3mipi yactuHoK rpyHTy 0,01 M. JlaHy KpuBY MOXKHa po30UTH Ha JBI AUISHKA. B
iHTepBati po3mipy yactuHOK IpyHTY 0,01 ... 0,06 M ciocTepiraeTbcsi IHTEHCUBHE 3MEHIIICHHS
TATOBOrO Omopy. Y TOH ke yac B IHTepBajl po3Mmipy dvactuHok IpyHTy 0,06 ... 0,20
IPOCTEXKYETHCS TAKOK 3MEHILIEHHS TATOBOT'O OMOPY, ajie 3 MEHIII IHTEeHCUBHUM XapaKTEepOM.

IIpoBeneHi JoCHi/KEHHA pO3MOAUTY eHepro3arpaT Tmpu OOpoOITKY TIpYHTY
po3myiryBadeM Ha pi3Hiid rubuHi (puc.9). PerpeciiiHuii aHami3 JaHUX J1aB MOXIIUBICTb
noOy/yBaTH pIiBHSHHS perpecii TOPU30HTAIBHOI CKJIAJOBOI CHUJIM TATOBOTO OINOPY BiX
rmbuHn  0o0pobiTky — cyrmuHucroro  rpyHTty: ans Crame  Hardox 400 -

Rx = 314744h2 —89704h+15893,R* =0,9906; Cranp Hardox 400+ Kocetal K300 -

R, =264949h* —75445h—13342,R* =0,9901;  Cramp  Hardox  400+BIIBB -
R, =248647h* —70866h +12556,R* = 0,9906 .
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PucyHok 9 — 3anexHiCcTh TOPH30HTAIBHOI CKJIAI0BOT TATOBOT'O OIIOPY PO3ITyIlyBaya
BiJl ITHOMHA 00POOITKY CYTIMHUACTOTO IPYHTY
Loicepeno. pospobaeno asmopamu
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Bussneno, mo 3MiHa rmuOMHN 00pOOITKY CYTTEBO BITMBAE HA XapaKTep Ta BETUUHHY
TATOBOTO OMOpY po3myinyBaya. [Ipu 30iapeHH1 rmuouHN X0y po3myiryBada 3 0,15 no 0,25
M, 3pOCTa€ MIUIBHICTh IPYHTY 3a MPSMOMPOIIOPIIIHOIO 3aJEKHICTIO Ta BEJIMYHWHA TATOBOTO
onopy. CriocTepiraeTbcs pizHa 3aJIeKHICTh TATOBOTO OMNOPY BiJl Marepiajy, MpeacTaBiIcHa y
BUTJISIZII PIBHSIHB perpecii.

Bucnosku.

1. Bcranomneno, mo npu B3aemojii nmoiimeproro marepiany BIIBB, Hanecenoro na
po0ouy MOBEpPXHIO PO3IyINyBada, 3 TPYHTOM, BUHHUKAE EJICKTPUYHUN 3apsl, SKHA Mae
CYTTEBHIA BIUTMB HA 3MEHILIEHHS MTPOIECY MPUWINNIAHHS Ta 3HIKEHHS TATOBOTO OTIOpY .

2. OtpumaHi 3Ha4YEHHS MOTEHINAy 1 WOTo 3B 30K 3 MPOIECOM HAIMIIAHHS TPYHTY.
PesynbraTi BKa3ylOTh Ha 3aJ€KHICTh HAJIWINAHHA IPYHTY Ha TOBEPXHI 3 MOJIMEPHUMH
NOKPUTTSAMU HE TUIbKM Bix riapodimeHOcTi MartepianiB (BIIBB, Kocetal K300), ame i
€JIEKTPUYHOTO TOTEHINay, II0 BHHUKA€ B 30HI KOHTAaKTy 1 SKHHA CHpHUSE PO3IIICHHIO
CJIEKTPUYHUX 3apAIiB, TUM CaMUM YCYHEHHIO MPWJIHMIIAHHS TIPYHTY, a OTXKE 3HUKCHHIO
TSATOBOTO OTIOPY.

3. BusBneHo 3pymeHHs B OUIblly CTOpOHY (A7 TOJIMEpHUX MaTepiaiB)
MaKCHUMAaJIbHOTO 3HAYEHHS BOJIOTOCTI, NMPH SKOMY CIOCTEpIraloThCs MiHIMadbHI 3HAYECHHS
CHJIM MIPWJIMNIAHHA IPYHTY 10 poOOYHMX MOBEPXOHb PO3MyIIyBaya Ta KOe(ilieHTy TepTs.

4. OrpuMaHO 3aJIe)KHOCTI 3MiHM TOPU30HTAIBHOI CKJIaJ0BOI TATOBOTO OMHOPY
po3myiryBada Bif KoegilieHTa TepTs MOJIMEPHOTO Marepiady IO IPyHTY, BiJl BOJOTIOCTI
IpyHTY, WBUAKOCTI pyxy POI'M, po3mipiB YaCTUHOK I'PYHTY Ta TTUOUHU HOTO 0OpOOITKY.
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Improving the Energy Efficiency of Soil Cultivation by Reducing the Processes of its
Sticking to the Surface of Operating Elements

The physical essence of the process of interaction of the system "operating element of a soil tilling
machine — soil" in different conditions of its operation has been considered. It gives the opportunity to find out
methods of reducing energy consumption during soil cultivation. The dependence of traction resistance of the
operating elements of tillage machines on the conditions of their operation was revealed. It is determined that the
process of sticking soil on the surfaces of operating elements is one of the reasons for the increase of traction
resistance. The analysis of modern methods and techniques to reduce the amount of soil sticking on the working
surfaces of the tillers was carried out. The nature of the adhesion of soil particles to the cutting elements and the
surface of the working surfaces of the tillers is taken into account from the point of view of the study at the
macro and micro levels.

To study the process of soil sticking, a serial Hardox 400 steel operating element, coated with Kocetal
K300 and high molecular weight polyethylene and basalt fibre was selected.

The values of changes of soil sticking index on the working surface of the deep tillers from the speed of
movement of the operating element of tilling machine and the applied coatings of different materials, and the
statistical characteristics of the measurements were obtained. The nature of the dependence and the magnitude of
the horizontal component of the force of traction resistance of the tiller on the speed of its movement, the
absolute humidity of soil, the particle size of the loamy soil and on the depth of its cultivation were determined.
operating element of tilling machine, traction resistance, humidity, soil sticking, soil friction coefficient,
hydrophobic coatings
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3epHOAPOOAPKHU IJISI MATUX CBUHOBIJATOJIIBEIbHUX (hepM

[TpoananizoBaHO BUKOPHCTaHHS 3€pHOAPOOApOK Ul MOAPIOHEHHS 3epHa Ha CBHHOBIATOIBEIBHUX
(hepmax, pi3HOMaHITTS HaPsAMIB BIOCKOHAJICHHS arperatiB. Ha maHmif yac BeleThCcA YAOCKOHAICHHS TEXHIYHUX
XapaKTEePUCTHK 3EPHOAPOOApOK s TOApIOHEHHS KOPMOBOTO MaTepiaimy. 3amporioHOBaHa KOHCTPYKTHBHO-
TEXHOJIOTIYHA cXeMma 3epHoapoOapku ymapHoi mii. [IpoaHamizoBaHO BHKOPHCTaHHS 3€PHOIPOOAPOK
HEeHTPabiXHO-yAApHOI Aii B TOTOKOBO-TEXHOJOTIYHUX JiHISIX IPUTOTYBaHHSA KOPMIB.

MaJjla CBHHOBiAroaiBebHa (pepma, 3epHOApPOOAPKa yIapHOI Jil, eHeProeKOHOMIi4HA, 3ePHO

N.A. Beaur, noil., kaua. TexH. Hayk, S1.B. Hexuiabko, marictp, P.C. lopoxun, Maructp
THonmasckas cocyoapcmeennas azpapuas axademis, 2. [lonmasa, Ykpauna

3epHOAPOOHIIKH /151 HEOOJIBIIMX CBUHOOTKOPMOYHBIX (hepM

[IpoaHamM3upPOBaHO HCHOIH30BAHUIO 3EPHOIPOOMIIOK ST M3MEIbUCHISI 3ePHA Ha CBUHOOTKOPMOYHBIX
(dbepmax, MHOrooOpasWu HamNpaBlIeHU COBEPIICHCTBOBAHMS arperaToB. B Hacrosiiee Bpems BemeTcs
COBEPIIEHCTBOBAHNE TEXHUUYECKUX XaPAKTEPUCTUK 3EPHOIAPOOWIIOK ISl M3MENbUSHUS KOPMOBOTO MaTepHala.
[Ipennaraercs KOHCTPYKTHUBHO-TEXHOJIOTHYECKAsI cxema 3epHOIPOOHITKH YIAApHOTO JIEUCTBHUS.
[IpoaHanM3upOBaHO KCIIOJIL30BAHUE 3EPHOAPOOHIIOK IICHTPAOCIKHO-YJAPHOTO JCHCTBUS B  MOTOYHO-
TEXHOJIOT'MYECKUX JIMHUAX MPUTOTOBJICHUS KOPMOB.
He00JIb1Iasi CBHHOOTKOPMOYHAsl hepMa, 3ePHOAPOOHIKA YIAPHOTIO AeiiCTBHS, JHEPrOIKOHOMHYHA, 36PHO

ITocranoBka npoojemMu. s YCHIIIHOTO (byHKIIOHYBaHHS MaJjoi
CBUHOBIATOMAIBENbHOT (pepMu MOTPiOHO 3a0e3MeYuTH CTIHKY KOpPMOBY 0a3y Al TBapuH.
Oco0mmBOro 3HaueHHS Ha Cy4YaCHOMY €Tali PO3BHTKY TBapWHHHIITBA B KpaiHi HalyBae
OCHAIIIEHHS MaJluX rOCHOAapChbKuX (hopMyBaHb ManorabapuTHUMU 3aco0aMM MeXaHi3awii 1Jis
NPUTOTYBAaHHS KOMOIKOPMIB 3 BUCOKHMH TEXHIKO-€KOHOMIYHUMU 1 SIKICHUMH TTOKa3HUKAMH.

[Ipn BukopucTaHHi TOAPIOHEHOTO 3€epHAa fAK KOPMY TBapuHaM, HEOOXiTHO
BpPAaxOBYBaTH, LIO0 MpPHU BHCOKOMY CTyNeEHI 3IpiOHIOBaHHS 3 HACTYNHHMH OIEpaIisiMU
TPaHCHOPTYBaHHsI, IEPEBAHTAKEHH 1 BUAa4l B CyXOMY BHUIVIAJI 3ApiOHEHA Maca MOPOILUTb.
VY 11pOMy BHUIMAIKOBI 30UIBIIYIOTECS BTPATH JOPOTOT0 KOPMY, a MHJI HETaTHBHO BIUIMBA€E HA
3]I0pOB'sl TBapuH, 0coOIMBO MONOAHAKY. [lepernonpiOHeHHs 3epHa Beae 10 JOAATKOBUX
BUTpPAT €JIEKTPOCHEPTi.

AHaJi3 aKTyaJIbHMX J0CJTIzKeHb 1 myOJaikaniii. /{151 BUpollyBaHHs CBUHEN Ha M'SICO
Ha MaJluX CBHHOBIATOJIBENbHUX (epMax HEOOXiTHO BHKOPHCTOBYBAaTH OOJIAJHAHHS, SKE
3a/I0BOJIbHSIE 32 IPOAYKTUBHICTIO, 32 SIKICTIO POOOTH, YHIBEPCAIBbHICTIO 3aCTOCYBaHHS.

BupoOHHIITBO TBapMHHUIIBKOI MpOAyKLii Ha Manmux rocmonmapctBax B 50-60 poku
raJbMyBajocs 4epe3 BIACYTHICTh 3aco0iB MexaHizamii s mux (epM MTPOMHUCIOBOTO
BupoOHunTBa. B mepiog 80-90 pokax CTBOPIOETBCS BENMKA KIJIBKICTh MAIIHH IS
noJIpiOHEeHHA 1 mepepoOKH KOPMIB BCIX BHJIB rocrnoAapcTB. B 1eil nepion Oyna po3pobieHa
CUCTEMa MaIlUH JIJIs IPUBATHOTO CEKTOPY BUpoOHUITBA M’sica [1].

Ornsin miTepaTypHUX J@aHUX CBIJUUTH NPO PI3HOMAHITTSA HANpsSMIB BIOCKOHAJIEHHS
3epHOAPOOAPOK, 1€ CBITYATH [0 HA JAaHUK 4Yac BENEThCS YIOCKOHAJICHHS TEXHIYHUX
XapaKTePUCTHK arperariB Jyis MOApPiIOHEHHS] KOpMOBOTO Matepiany [2,3,4].

© L.A. Bemur, .B. Heninbko, P.C. Jlopoxin, 2019
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Po3pobiieni criemianbHi 3epHONIEPEPOOH] MAIIMHU: TOAPIOHIOBAY 3€pHA MOJIOTKOBHMA
«TaBpist»; MikpoapoOapka BanblieBojeKkoBa 3 enekrpornpuBogoM MKJ/[-D-1 Ta 3
BitponpuBogoM MKJIB; wmomoTkoBa papobGapka JI3-T-1; yHiBepcanbHl m0oApiOHIOBAYI:
npobapka 3epHa 1 kopeneroniB [[3K-1; moapiOHioBau 3epHa 1 kopeHemnonaiB M3K-1;
noapioHoBad 5158; apobapka 3epHa 1 TpaBu [I3T-1. 3 koMOGiHOBaHUX MalIMH pO3po0IEHO Ta
MIOCTAaBJICHO Ha BUPOOHUITBO MAalIMHY cigbcbkoro nodyty MCB-1; moapiGHIOBau KOpMiB
APC-T-300, mamuuy mobytoBy 2-270. Mammaa MCb-1 Oyna onHi€l0 3 TepIImMx
OaraTtoornepaniiHUX MAaIlWH, [0 BUITyCKaJlacs MPOMUCIOBICTIO JUIs 3a/10BOJICHHS BCEOIUHUX
noTped 3 mepepoOKu KOPMIB B OCOOMCTOMY IIiJICOOHOMY TrOCHOJapCTBi. MammHa MOXe
BUKOHYBaTH ormepauii 3 mnoapiOHEHHS 3epHa, KOpeHeOyIbOOIIOAiB, COJIOMH 1 IHIIMX
rpy00CTeOJOBUX KOPMIB, JYIICHHIO 3€pPeH KYKYpyHI3W 13 TOYaTKiB, (PyryBaHHIO IUIOUTUH
nuJIoMarepiaiaiB,  3aTOYYBAHHIO  IHCTPYMEHTY [S]. He3Baxxatoun  Ha  Taky
OararoomnepariiiHicTh, MallliHA OCHAIlyBajacsl JIBUTYHOM Majoi moTy»kHocTi — 0,6 kBT a6o
1,1 kBt. Ilpu npomMy 3HauHa 4YacTHHA TOTY>KHOCTI BTpaudajacs B MeXaHi3Max mepenad i
MPOIYKTUBHICTh MAIIMHM, HANPUKIAA Ha MOAPIOHEHHsS 3epHa, ckimanana jumie 10 Kxr/rog.
[onpiduioBau APC-T-300 € ynockonanenum BapiantoMm MCB-1 1 BHKOHYe Ti X cami
oneparii. [loGyToBa mammuaa 9-270 BHKOPHUCTOBYETHCS JUIsl TOAPIOHEHHS OCHOBHHMX BH/IIB
KOpMIiB (3epHa, KOpeHeOyIbOOIIIOIB 1 CTEOI0BUX MaTepialiB), a TAKOK MOKE OCHAIIYBATUCS
3HIMHOIO NMTHJIKOIO-pPYOaHKOM. Ii TpoXyKTHUBHICTB Ha 3epHi 36iabIeHa 10 60 Kr/rof.

TexHiuHI XapaKTepUCTUKM MalIMH HaBeldeHI B TaOm. 1. 3icTaBleHHS NOKa3HMKIB
pobotu npobapok 3 BUMOTaMH, MPEI'SBICHHMH O MAallMH I[BOTO THITY ITOKa3ye, IO
HaiiO1b1 eexTuBHUME € Apobapku [[3-T-1 i «Tapis» (puc. 1, puc. 2).

10 15,
i4Ha cXema; 0 ) MOJIOTKOBHIA POTOP;
B ) JcKa,;
1 — 3aBaHTa)XyBaJIbHE BIKHO; 2 — PEIIETO;

3 — po3ninpHa Kamepa; 4 — OyHKep; 5 — IIOBOPOTHHIHA
KaHaI;, 6 — BHBAHT)XyBAJIbHUI MaTPyOOK; 7 — MIIIOK;
8 — neka; 9 — potop; 10 — momnotok; 11 — npoGunbpHa

kamepa; 12 — HamipHUA KaHa

1 — OyHKep; 2 — 3aBaHTaXyBaJIbHUH OyHKep;
3 — npwiiajl peryJItoBaHHs 1ojadi 3epHa; 4 — MOJIOTOK;
5 — KpuIIKa ApoOMITEHOT KamepH; 6 — Bich;
7 — MOJIOTKOBHH pOTOp; 8 — KOpITyC; 9 — MiICTaBKa;
10 — BuBaHTa)kHa TOpJioBUHA; 11 - Aeka;
12 - gpobunbHa Kamepa; 13 — eneKTpOIBHUTYH;
14 — myckoBmii ipuCTpiit; 15 — onopHa mTa;
16 — cemapytrode pemieTo
Pucynox 1 — JIpobapka dypaxnoro 3epua J13-T-1

Ticepeno: [6] Pucynox 2 — IToznpiGHroBay 3epHa «TaBpis»

IDicepeno. [6]

Ix mpomykTuBHicTH, GMU3bKa 1O HEOOXimHOI (HeIOCTAaTHS TPOAYKTHBHICTH y pasi
BUKOPUCTaHHS Jpo0apoKk [uis MOApIOHEHHS 3€pHAa Ha BIATOMIBENBHUX CBHHO(EpMax
noTy>kHicTio 1000 roiB y pik Moke OyTH KOMIIEHCOBaHAa 301JIBIIEHHSIM TPUBAJIOCTI POOOTH
MAaIIWH Ha J00Y — JUIsl CTBOPEHHS 3a1acy KOpMy).
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Kpim Toro, 3a3HayeHi apoOapku 3a0e3MedyloTh PETyJIIOBaHHS KPYIMHOCTI TOMEIy,
BOHHM O1JIbIII YHIBEpCaIbH1 TOPIBHSHO 3 1HIIUMU MOJETISIMHU.

3acTocyBaHHs pelrera 3 JIiaMmerpamMu oTBOpiB 4 MM y apobapiti JI3-T-1 3abesmeuye
OTPUMaHHS HaWOUIBII JpiOHOrO TMOMENy 3€pHa, MNPHIATHOTO ISl 3TOJOBYBAaHHS
CBUHOMOTOMIB'S. OTHUM KOMITJIEKTOM MPAaBUIBHO 3arapTOBAaHUX MOJIOTKIB IIPU BUKOPUCTAHHI
YOTHUPHOX pOOOYHX TpaHeil MOXKHA MOAPIOHUTH He MeHIIe Hix 50 T 3epHa.

Ho iammx mepeBar apooOapku JI3-T-1 MokHA BigHECTH: CTAOUIBHICTH TIPOIECY
NOJpIOHEHHs PI3HUX BHJIIB 3€pHA MPOTITOM TPUBAJIOrO MEPiOAy eKCITyarallii; MpOCTOTYy
KOHCTPYKILIi Ta HaxiiHicTh y poboti. Jlo HemomikiB apodapku JI3-T-1 moxHa BimHecTH
BUKOPHCTaHHS KOHJICHCATOPHOTO €JEKTPOJABUTYHA, LI0 HE BHUTPUMYE IEPEBAaHTAXEHb 1
TpUBaJoi 6e3mepepBHOi pOOOTH i MOTPeOy€ MEPIOTUIHUX 3YITHHEHB JIJIS1 OXOJIOKCHHS.

VY nonpiOHioBaua 3epHa «TaBpis» perystoBaHHS KpPYMHOCTI MOAPIOHEHHS 3epHa
3MIACHIOIOTH 3MIHOIO TIPOXiTHOTO TIEpEPi3y OTBOPIB CemapaTopa MUITXOM IEPEMILICHHS PEIiT
BITHOCHO OJIMH OJHOro. JSIKIIO KPYMHICTh MOAPIOHEHHS HE BIAMNOBia€ HEOOXIiAHIMH,
NOCTa0IOI0Th PO3TAIIOBaHI Ha OOMYAMIN KOpIyCy OONTH KPITUICHHS CEenapyrouuX perrT i,
TPOXH 3MiCTHBIIH OJTHE PELIETO MO0 iHIIIOTO, 3aTUCKAIOTH OOJITH 3HOBY.

[loBropuBmm mpoOHe mOMPIOHEHHS 3€pHA, MPHUCTYMAOTh 10 polboTH Ha
noJpiOHIOBaYi, SIKIIO SKICTh TOMedy Oyae 3aJ0BOJIbHATH HEoOXigHy, ab0, BHUKOHABIIU
3a3HayeHi BHIIE Mii, 3HOBY 3MIHIOIOTh NPOXIAHUN MEPETHH OTBOPIB cemapaTopa, MOKH He
Oyne IOCATHYTUH HEOOXiTHUN CTymiHb MOAPIOHEHHS 3epHa. Take MOPIBHSIHO CKIIaTHE
pEeTyIIOBaHHS  SKOCTI TOJPIOHEHHs € IiCTOTHUM Hegodikom «TaBpii». TexHiuHi
XapaKTepUCTHKU TMOApiOHIOBauiB 3epHa mnpuBeneHi B Tabn. 1. IloapiouroBau «TaBpis»
3a0e3nedye HaiiHICTh BUKOHAHHS MPOIECYy MNOAPiOHEHHS BCIX BHUAIB 3€pHA MPOTITOM
TPUBAJIOTO Nepioy ekciuryaTauii. [6]. 3epHoapoOapKu BXOAATh B CKJIAJ| IHIIUX arperarTis, 110
A€ CYTTEBY CKOHOMIIO Ha TpPAHCIOPTHI BHUTPAaTH HA JOCTaBKy 3€pHA, MOXKJIHUBICTh
MPUTOTYBaHHS KOpMY Oe3MmocepeiHbO B MicLIAX 30epiraHHsi CUpOBUHU ab0 BiATOiBI1 TBapuH,
MOYJIMBICTh HaJaBaTH MOCIYTH 3 BUPOOHULITBA KOMOIKOPMIB Y 1HIIMX FOCHOJapCTBAX.

3epHOAPOOApPKKM  HEBENMKOI  TOTYXHOCTI s (pepMepChKUX  TOCHOIapCTB
BUKOPUCTOBYIOTbCS TakoX 1 B KpaiHax — Himewuwnni, [Tombemii, Bomrapii #f in. B omaux
BUITaJIKaX BOHU BXOJSITH J0 CKJIaJay KOMOIKOPMOBHX arperaris, K, Hanmpukiaza, y HimeuunHi,
ne ¢ipma «Awilay BUTOTOBIIsIE raMy KOMOIKOPMOBHX arperartiB MpoJyKTHBHICTIO Bix 0,25 110
5 1/v . B IHmMUX BHUMaaKaX BUKOPUCTOBYIOTHCA SIK CAMOCTIMHI MalldHU B OCOOMCTHX
mijicoOHuX rocmojgapcTBax 1 Ha Manux (Qepmax. Ilpukinamom TOro MoXKe CIyXHTH
3epuoapoOapka ®Y-400 (bonrapis), sika mpu moapiOHEHH] 3epHA KyKypya3u BojoricTio 10-
15% 3abe3neuye MpoAyKTUBHICTh HA pelIeTi 3 oTBopamHu JiameTpiB 4 MM — 250 kr/roa., 6 MM
— 400 xr/ron. Maca napobGapku (06e3 mpuBoma) —38 Kr, MOTYXHICTh BCTaHOBJICHOTO
enekTpoasuryHa — 3 kBT. Himenpka kommnanisi «Neuero Farm- und Fordertechnick GmbH»
BUTOTOBJISIE TA yOCKOHAJIIOE 00JIaTHAHHS [Tl YKPATHCHKHUX CLIIBIOCIIBUPOOHUKIB (puc.3).

P - M
MCYHOK 3 OIJ{I{)]T(;c%B%szo@pKa epra Pucynok 4. — MonoTkoBa 3epHOIpoOapKa

Torcepeno: [7] RVO 1045

IDicepeno: [7]

20




ISSN 2664-262X LentpanpHOYKpaiHChKHMI HayKkoBui BicHUK. TexHiuHi Haykw, 2019, Bum. 2(33)

®ipma npornonye npomucioBy apodapky PBO 853. Jlana Mozenb Mae MOTYXKHICTh
MoTopa 22 kBT 1 mpoayktuBHICT, Oumbmie 5 T / rox. JlpoGapka m03BOJSIE SIKICHO
NOJpiOHIOBATH HE TUIBKM 3€PHOBI KOMIIOHEHTH KOMOIKOpMY 1 IIPOTY, a M 3 yCHiXOM
noApiOHIOE Taki crenudivuHl TPOAYKTH SIK TEJIeT 3 JYIIMUHHS COHSAIIHUKY, TOPOX 1 1HII
HPOIYKTH.

MonotkoBa 3epHoapobapka RVO 1045 (puc.4) BuroroBnserbcs B HimeuuwnHi,
XapaKTepU3yIOThCSl TMPOCTOTOIO KOHCTPYKIii 1 HaxiiHicTio. BimHocuThest 10 cepii
BUCOKOITPOAYKTHBHUX JAPOOAPOK 3epHA.

Jlana npoGapka XapakTepu3y€eTbCs HU3bKHM PiBHEM BUTPAT €IEKTPOCHEPTil i BUCOKOIO
npoayktuBHicTio. [Ipu motyxHoCTI nBUTYHA 45 KBT, MPOAYKTUBHICTH IPOOAPKU CTAHOBHUTH
11500 xr/rox mo mmenwui. Lle mocsraeTbes 3aBASKH BEIUKIM TIIOIII CHUT.

IMocTanoBka 3aBaaHHs. Merta naHoi poOOTH TONATaE B TOMY, OO OOTPYHTYBaTH
BUOIp oONaJHAHHS B TEXHOJIOTiI MpPOIECY MPUTOTYyBaHHS KOPMIB Ha CBUHOBIATOJiBEIbHIN
depmi,  OOTpyHTYBaTH  KOHCTPYKTHBHO-TEXHOJIOTIYHI  TapamMeTpH  3€pHOAPOOApKU
HEHTPOOIKHO-yAApHOT .

Bukisan ocHoBHoro marepiany. Ha nanuii yac HaOynu IIMPOKOro BUKOPHUCTaHHS
3epHOIpOOApKU  IEHTpoOLKHO-yaapHoi mii. Taka napobapka KOMMakTHa, TMpocTa B
BUKOPHUCTaHI, €HEPrOCKOHOMIUHA. Moxe BUKOPUCTOBYBATHCH Ha MaJIux
CBUHOBiAroAIBeNbHUX (hepmax. Poboui opranu Ans moApiOHEHHS 3epHa € MeTajaeBl MOJIOTKH.
Cxema 3epHOAPOOAPKH IIEHTPOOIKHO-YAApHOT JTii MOKa3aHa Ha pUCYHKY 5 [8].

y
|
|

| 4
|
1 — enexTpoaBUTYH, 2 — KOpIIyC, 3 — GiTep, 4 — OTBIp, 5 — pyxomuii mmobep, 6 — MOXHUITHIA k0100, 7 — OTBIp,

8 — kpuika, 9 — curo, 10 — po3BaHTaXKyBaTbHHUN TATPYOOK, 11 — mtocki MonoTkH, 12 — potop, 13 — dikcaTop,
14 — ura, 15 —BigOiiHi eneMenTH

PucyHok 5 — 3epHopobapka eHTpoOXKHO-YAapHOT il
Licepeno: pospobneno asmopom

BinMiHHOIO 0COONMUBICTIO 3€pHOAPOOAPKH € Te, L0 MOJAPIOHEHHS BiNOYBA€THCS
MOJIOTKaMH, KOPCTKO 3aKPIIVICHUMH Ha KPWJIBYATII POTOpa. 3€pHO OTPUMYE TMEpIIi yAapH i
BIIKUJAEThCST 0 Tepudepii B KUIbLIeBl KaHamM JeK, O0'fouyuch 00 1exu 1 pemeto. Takum
YHHOM, MaTepia, MiAJaeTbesi 6aratopazoBUM PyHHYBAaHAM yJIapaMd MOJIOTKIB 1 32 paxyHOK
HEHTPOODKHUX CHII IIPU CTAJIOMY MPOILIECi MO BCii BHYTPIIIHINA MOBEPXHI IPOOMIBHOT KaMepu
yTBOpro€e obeproBuii map. [1i BIIMBOM aKTUBHUX pOOOYMX OPTaHiB — MOJIOTKIB 1 TTACHBHUX
— BIIOIHUX €NEeMEHTIB, a TaKoX pemiera BiAOyBaeTbCs pPyHHYBaHHS 1 MOAPIOHEHHS
marepiany. ['0ToOBuil MPOIYKT BUBOAUTHCS 3 IPOOUIBHOT KAMEPH Yepe3 PeIeTo.

[TporioHOBaHa KOHCTPYKTHBHO-TEXHOJIOTIYHA CXeMa 3€pHOIPOOApKH yaapHOi Aii Mae
HU3KY TIepeBar nepej iCHyIOUMMH KOHCTPYKIISIMH 1pobapok. BinbiiiHi eneMeHTH, BUKOHAHI
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Ha TUIMTaX, JO3BOJISIOTH 3MEHIIMTH INBUIKICTH PyXy MaTepiainy, Mo TOAPiOHIOEThCS 3a
pPaxyHOK 3arajJbMyBaHHS IOBITPSHO-IPOJYKTOBOrO Imapy B ApoOmiabHOI Kamepi. Lle
JIOCATAETHCS TUM, IO B KUJIBIIEBUX KaHAJAX 332 PaXyHOK pUGIICHHS TOPLEBUX MTOBEPXOHD ILTUT
CIIOCTEPIraeThCsl BUXPOBUM €(DEKT, SIKUIl 3MIHIOE TPAEKTOPIIO PYXy YaCTUHOK 31 301IbIICHHIM
OCBOBOI CKJIQJIOBOi MIBUAKOCTI, 3MEHIIYIOUN OKPY)KHY IIBHUIKICTH TMOBITPSHO-IIPOIYKTOBOTO
n1apy, 30UIbIIYI0YH MBUIKICTh 1 KUTBKICTh 3ITKHEHB MOJIOTKIB, L0 MOAPIOHIOIOTH MaTepiaiy.
XopcTke 3akpimieHHsT MOJIOTKIB IO pOTOpa MiABHINY€e €(EKTUBHICTH MPOLECy ApOOJICHHS i
Koe(illieHT KOPUCHOT Iii APoOUIHLHOT MalIMHU B LiiIoMy [36].

Jlnsi BU3HAYEHHST €HEPrOEMHOCTI TpOIeCy MOApiIOHEHHS OynM TMPOBEACHI OCIian
NoJpiOHEHHsl 3€pHa SYMEHsS INpU CepeJHbOMY JiaMeTpi 3epHa 2,6 MM, Bosorocti 14%.
[Nonmaua 3epHa B IpoOMIBHY KaMepy 3IiHCHIOBAIACh TPH Pi3HUX 00epTax Baja poTopa Ta MpH

pI3HUX Mojavyax Marepiany. PesynbraTtu qociikeHs mokasaHi Ha puc. 6.

Am
EBT.TONT

0 1 | 1 | | |
600 700 800 900 1000 1100 1200  &FFTOR

PucynOoK 6 — 3aneXHICTh MUTOMOI €HEPrOEMHOCTI (AIT) 3epHOAPOOAPKH HEHTPOOIKHO-YAapHOT il
BiJ mMoAadyi 3epHa (q) A mepepoOKH PH Pi3HUX 00epTax Balla poTopa
toicepeno: pospobneno agmopom

Pesynpratu gochimkeHp mokazanu (puc.6), 1mo HalMEHIIa MUTOMa EHEPrOEMHICTh
3epHOAPOOAPKHU IIEHTPOOIKHO-yAapHOi Ail npu moaadi sumerto 800...1200 kr/rox cTaHOBUTH
Bix 0,9 kBT1- ron/t nmpu obeprax Bana potopy 1000 06 / xB 10 3,9 kBt tox / T mpu 2000 06 /
xB [37].

AHaJi3 3aJe)KHOCTEH MUTOMOI €HEPrOEMHOCTI BiJ OOEpTIB Baya poTopa JIpoOapKu
MOKasaB, 10 IPH PEeKKMMI MmoApiOHEeHHs (dacToTa oOepraHHs Baja poropa n = 2000 06/xB.,
nogada 3epHa Ha noapioHeHHs 800... 1200 xr /r ox) Moayns momeny ckiaB M = 1,8 mwm,
nuToMa eHeproeMHicTs — A = 3,80...4,20 kBt'rox / 1. [Ipu gacToTi oOepTaHHS Bajia pOTOpPY
n = 1500-1600 06/xB MOmyib MOMENY CTaHOBHTh M = 2,7 MM, 30UIBIIYETHCS, a MUTOMA
€HeproeMHOCTI 3MeHmyetbes, Am = 2,0..2,7 xBrrom/r, mpum 1mpoMy 30UIBHIYETHCS
nunononiona ¢pakuist (1o 11%). IIpu gyactoTi obepranus Bana potopa (n= 1000 06 / xB)
BiZIOYBA€THCS MOJAIBINE 3MCHIIIEHHSI MUTOMOI eHeproeMHocTi An=0,84...0,93 kBTt ron/T, M=
2,64 MmM. 301bIIyEeTHCS nunonoAioHa dpaxuis (10 19%).

3 OTpUMaHUX PE3yNbTaTiB BHOPaHUI PEKUM POOOTH 3epHOAPOOAPKH IIEHTPOOIKHO-
yaapHoi nii mpu yacToTi obepraHHs Bama poropa n=2000 o6 / xB., momayai 3epHa Ha
noapioHenHs 800... 1200 xr / rox, muTomMa eHeproeMHicTb An nopisHioe 4,2 kBt roz / T.

BucnoBku. IlpoBenenuii anami3 mapamMeTpiB 3epHOAPOOAPOK 3a KPHUTEPIIMU
pECYpCOBUTpAT TIOKa3aB IMPO HEIOMUIbHICTh BUKOPHCTAHHS 3CPHOBUX MOPiIOHIOBAUIB
npoayktuBHicTi0 MeHIIe 300-400 kxr/roa. AHami3yl04d XPOHOJIOTIKO HAmpsIMiB PO3pOOKH 1
BUIIYCKy MalIMH IS TOAPIOHEHHS 3epHa B MAIMX TOCMOJAPCTBAX MPOCIiAKOBYETHCS
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TEHJICHI[Is] BUKOPUCTAaHHS 3epHOoApobapok npoxykTuBHicTi0 700-1000 kr/roa. LisoMy crpusie
MpoIleC YKPYIHEHHS IUIONI 3eMJi 1 po3MIpiB TBapUHHHIBKUX (epM. Buxopucranas
3epHOAPOOAPOK IEeHTPaOXKHO-YAAPHOI Aii B MOTOKOBO-TEXHOJOTTUYHUX JIIHIAX MPUTOTYBaHHS
KOPMIB JIJa€ MOKJIUBICTh 3MEHIITUTH MUTOMY €HEProeMHICTh 10 4,2 kBT'Tom / T, OTpuMyBaTH
KPYIHICTb MPOAYKTY 3TiAHO 300TEXHIYHUX BUMOT IPH MOyl nomerny M = 1,8 mm.
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Crushers for Small Pig Farms

The purpose of this work is to substantiate the selection of equipment in the technology of the process
of feed preparation on a small pig farm, using a centrifugal impact crusher.

For the successful operation of a small pig farm, it is necessary, first of all, to provide a stable feed for
animals, a sufficient level of energy and protein nutrition, the use of diets, balancing on all the essential nutrients
and biologically active elements.To facilitate the preparation of feed for feeding on pig farms and improve their
assimilation by the body of animals use small-sized grinders of grain components, which satisfy the productivity,
quality of work, versatility of use.

The working body of the crusher for grinding is a hammer. To it the grain falls under the action of its
own mass by gravity. The size of the grinding is regulated by variable sieves.When using crushed grain as
animal feed, it must be borne in mind that at a high degree of crushing with the subsequent operations of
transportation, overloading and delivery in the dry form, the crushed mass will powder. In this case, the loss of
expensive feed increases, and the dust adversely affects the health of animals, especially young animals.The
article presents an overview of the literature data on the use of grain mills for grain grinding, the variety of
directions for improving aggregates, which indicates that the technical characteristics of grain mills for grinding
feed material are being improved. The analysis of the parameters of the grain mills by the criteria of resource
consumption showed that the use of grain shredders with a productivity of less than 300-400 kg / h is
inappropriate. Analyzing the chronology of the directions of development and production of machines for
grinding grain in small farms the tendency of using grain mills with a productivity of 700-1000 kg / h is traced.
This is facilitated by the process of land consolidation and the size of livestock farms. Grain crushers are part of
other units, which gives significant savings on transportation costs for grain delivery, the ability to prepare feed
directly in the storage of raw materials or fattening animals, the ability to provide feed production services in
other farms

The proposed structural and technological scheme of the impact crusher has several advantages over
existing crusher structures. The deflecting elements made on the plates, allow to reduce the speed of movement
of the material, which is crushed by slowing the air-product layer in the crushing chamber. The rigid attachment
of the hammers to the rotor increases the efficiency of the crushing process and the efficiency of the crushing
machine as a whole.

The use of centrifugal-impact grain mills in feed processing lines allows to reduce the specific energy
consumption up to 4.2 kW - h / t, to obtain the size of the product according to the zootechnical requirements
with the milling module M = 1.8 mm.
small pig-breeding farm, impact crusher, energy-efficient, grain
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CuHTE3 TBUHTOBUX KOHBEEPIB 3 MOKIUBOCTSIMHU
TE€XHOJIOTTYHOTO TTEPETBOPEHHS 1 MOOLIBLHOL 3MIHU
TPAEKTOPIi MEPEBAHTAXKEHHS MaTeplaiB

[Ipu mpoBenenHi MOP(HOIOTIYHOTO CHHTE3y BH3HAYEHO BiAMOBIAHY KUTBKICTH CKIIAJOBUX €IEMEHTIB
KOHCTPYKILIH KOHBEEPIB Ta 3B’SI3KIB MK HUMH, SIKi BU3HAYAIOTh IX IMEBHI KOHCTPYKTHBHI 03Haku. Ha ocHOBHI
BUKOHAHOTO aHAI3y CKJIaJeHO MOP(OIOTIYHY MATPHIIIO 3 MOP(OIIOTIYHUMU O3HAKAMH EJIIEMEHTIB T€HEPOBaHHX
KOHCTPYKILIH T'BUHTOBMX KOHBEEpIB. 3reHEpOBaHO 3HAYHY KUIBKICTh Mpane3aTHUX KOHCTPYKLil T'BUHTOBHX
KOHBEEPIB 3 OKpEeMHMH THIAMH (QYHKIIOHATHHHUX OIepamii dYd TpHU3HAYCHHSAM. Takox po3poOiieHO
KJIacu(iKalil0o TBUHTOBHX KOHBEEPIB 3 MOXKJIMBOCTSIMH TEXHOJIOTIYHOI'O IEPETBOPEHHS 1 MOOLIBHOI 3MiHH
TPa€eKTOpii IepeBaHTAXCHHS MaTEPiaiB.

CUHTe3, TBUHTOBHIi KOHBe€p, MopdoJioridyHuii aHami3

HB.B. I'eBKo, 1po., 1-p TexH. HayK, B.3. I'yab, kKaHa. TeXH. HAYK
Teprononvbckuli HAYUOHATLHBII MexHuYeckul ynugepcumem umenu Heana Ilynios, . Tepnonons, Yxpauna

CuHTe3 BUHTOBBIX KOHBEHEpPOB ¢ BO3MOKHOCTSIMH TeXHOJIOTHYECKOr0 Npeodpa3oBaHus

1 MOOWJILHOT'O M3MEHEHHSI TPACKTOPHH Neperpy3ku MaTepHaJioB

[Ipn mpoBeaeHWH MOP(OIOTUIECKOTO CHHTE3a OIPEOeNIEHO COOTBETCTBYIONIEE KOJIHYECTBO
COCTaBJISIIOIUX 3JEMEHTOB KOHCTPYKLIMH KOHBEHEPOB U CBSA3EH MEXAY HUMH, KOTOPBIE OIPEIEISIIOT X
ONpEJCIICHHbIE  KOHCTPYKTHBHBIE MNpu3HAakM. Ha OCHOBHBIE  BBINOJHEHHOIO aHAJIHW3a  COCTAaBJICHO
MOP(]OJIOTHYECKYI0 MaTpUlly ¢ MOPQOJOTHYECKMMH MpPU3HAKAMH 3JIEMEHTOB TE€HEPHPYEMBIX KOHCTPYKIMii
BUHTOBHIX KOHBeiepoB. CO30aHO 3HAYHUTENHFHOE KOJHYECTBO TPYIOCIIOCOOHBIX KOHCTPYKIHH BHHTOBBIX
KOHBEHEpPOB C OTHENbHBIMU THUNAMU (QYHKIMOHAIBHBIX Olepaluii Wid Ha3HaueHuH. Taroke paspaboTaHa
KJaccu(UKaIis BUHTOBEIX KOHBEHEPOB ¢ BO3MOKHOCTSIMH TEXHOJIOTHIECKOTO MPEeoOpa3oBaHUs M MOOMIEHOTO
M3MEHEHHUs TPAEKTOPUM NIEPETPY3KU MATEPUATIOB.
CHHTe3, BUHTOBOI1 KOHBelep, Mopdooruyecknii aHaAJIN3

IMocTanoBka mnpodjemMu. 3 JONOMOTOI0 TBUHTOBHUX TPAHCIOPTHO-TEXHOJIOTTUHUX
MEXaHi3MIB  3/IHCHIOIOTh TPAaHCIOPTYBaHHS, 3MillyBaHHsA, 30UpaHHS, COPTYyBaHHS,
BUTHCKaHHS, TOJPIOHEHHS Ta 1HII (YHKIIOHAIBHI oneparii. /o HuX BiTHOCATHCS TBUHTOBI
TPAHCHIOPTEPH, SIKi 3 JABHBOTPEIBKUX YaciB € HANMOMMPEHIIINMH MEXaHIYHUMH 3acCOo0aMu
TpaHcnopTyBaHHs. [Ipm mepeBaHTa)KEHHI MartepiayliB y TBHHTOBHX KOHBEEpAaX MOXKHA
3MIACHIOBATH OJHOYACHO 3 UM IPOIECOM Taki orepaiii, sk 3MillyBaHHSA, MMOAPIOHEHHS,
cemnapalliro, KaiopyBaHHs, IpecyBaHHs 1 BUTUCKaHHS. 11 MUTaHHS HA JaHWI Yac OTIHOICHO
JOCTI/DKYIOTECSL ¥ ICHy€ 3HAaYHa KIJIbKICTh HEBUBYCHMX MOMEHTIB, TIOB’S3aHHX 3
BU3HAUYCHHSM  TEXHOJNOTIYHMX 1  (DyHKI[IOHAIbHO-EKCIUTyaTallilHUX  XapaKTEPHCTUK
3a3HaYCHHX MPOIIECIB 1 KOHCTPYKIIii KOHBeepiB. Binarak nmpodiiema cTBOpeHHS 1 e(heKTUBHOTO
BUOOPY IBUHTOBHX KOHBEEPIB 3 MOMUIMBOCTSIMHU TEXHOJIOTIYHOTO MEPETBOPEHHS 1 MOOUIBHOT
3MiHH TPAEKTOPIi MEpPEeBaHTAKEHHS MaTEPiajiB € aKTyaJIbHOIO.

AHaJi3 ocTaHHIX AoCTizKeHb i my0Jikaniii. Po3po0ii KOHCTPYKIIiH, AOCHTIHKEHHIO
MPOIIECIB TPAHCIOPTYBaHHS Ta BHUKOHAHHSA (PYHKIIOHAJIBHUX ONEpariii TBHUHTOBUMH
KOHBEEpPAMHU, PO3PaxXyHKY 1 BCTAHOBJICHHS X mapameTpiB mpucBsueHi podotu X. ['epmana [1],
A M. I'puropseBa [2], b.M. I'eBka [4], P.M. Poraruncekoro [8, 9] Ta 6araTboxX IHIIHX.

© Is.b. I'eBko, B.3. I'yns, 2019
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Po3po0ii MeToauK Ta METOJIB TE€HEpyBaHHS Ta CHHTE3y MAIIMHOOYAIBHUX KOHCTPYKIIH
npucssiueHi mpami A.L Ilonosinkina [7], FO.M. Kysneunosa [3], B.M. Ogmpina [5] Ttomo.
ITpote po3poOka epeKTUBHUX KOHCTPYKIili TBHHTOBUX KOHBEEPIB 3 MOKJIMBICTIO BUKOHAHHS
CYyNyTHIX TEXHOJIOTIYHUX Ofepalii Ha ChOTOJHI IMHPOKO MOCTIDKYEThCA 1 TOTpedye
MOJJAJIBIIOTO TTONIYKY.

IlocTanoBka 3aBAaHHA. MeTO0 CTaTTi € TPOBEACHHS CHHTE3Y METOJOM
1€papXi4HOro TrpyMyBaHHS 3a JOMOMOTOK MOP(OJIOriYHOTO aHalli3y I'BUHTOBHX KOHBEEPIB 3
MOKJIUBOCTSIMH ~ TEXHOJIOTIYHOTO  TEPETBOPEHHS 1 MOOLIBHOI  3MIHM  TpaeKTopii
MepeBaHTAXKEHHS MaTepiaiB.

Bukiaaa ocHoBHOro martepiaiy. SIk Oyio Bu3Ha4YeHO B [4], Ha TaHWA Yac BUIUIAIOTH
18 ocHOBHMX (YHKIIOHAJBHHUX OIEpPaLii, sIKi Peani30BYIOThCS TBUHTOBUMH TPAHCIIOPTHO-
TEXHOJIOTIYHUMHU MEXaHI3MaMH, a TaKOoXX 7 OCHOBHUX (YHKLIOHAJbHHUX OTepalii, o
3I1MCHIOIOTHCS TBUHTOBHM KOHBEEPAM 3 PO3IIMPECHUMH TEXHOJIOTIYHUMH MOKIMBOCTSIMH, 110
SKAX  BIAHOCSTH: TIOB3/IOBKHE  TPAHCIOPTYBaHHS, 3MIIIyBaHHS, JIO3YBaHHS,
KaliOpyBaHHS, HarHiTaHHSA, NpPEeCyBaHHSA 1 TMOAPIOHEHHSA. 3 METOK CTBOPCHHS
MPOTPECUBHUX KOHCTPYKIII TBHHTOBHX KOHBEEPIB 3 MOKIHBOCTSIMH TEXHOJIOTIYHOTO
NEpeTBOPEHHA 1 MOOLIBHOT 3MIHM TPAaeKTOpii IMEpPEeBaHTaXKEHHS MaTepialiiB MpPOBEIEHO
TeHEpyBaHHS i7ied 3 BUKOPUCTAHHAM METOJ CHHTE3Y 1€papXi4HUX TpPyN 3a JOMNOMOTOIO
Moponoriunoro ananizy [10].

Y pesynbTaTi MPOBEAECHOTO aHANi3y BIUIMBY pI3HHX (AKTOpPIiB Ha MPOIECH
TEXHOJIOTIYHOTO TMEPETBOPEHHS 1 MOOUIBHOI 3MiHM TPAEKTOPii MepeBaHTAKEHHSI MaTepiaiB
TBUHTOBUMH  KOHBEEpAMHM 32 BHUKOPUCTaHHA  CTPYKTYpPHO-CXEMHOTO  CHHTE3y 13
3aCTOCYBaHHAM MOP(QOJIOTiYHOro aHaizy OyJi0 BU3HAYEHO BIAIMOBIIHY KUIBKICTh CKJIQIOBUX
€JIEeMEHTIB KOHCTPYKLIA KOHBEEpPIB Ta 3B’SI3KIB MDK HHMMHM, SKI BHU3HA4YalOTh iX TMEBHI
KOHCTPYKTHBHI 03HaKu. Ha OCHOBHI BUKOHAHOTO aHaMI3y CKJIaJeHO MOP(OIOTIYHY MAaTPHIIIO
y BUDIsIAl Tabiuii 1, 3 MOp(ONOTiYHUMH O3HAKAMH €JIEMEHTIB TE€HEPOBAHUX KOHCTPYKIIIN
TBUHTOBHX KOHBEEPIB Ta 3B’s3KiB MK HUMH. [0 CKiamy KOXHOI MOP(OJIOTIYHOI O3HAKH
BHECEHO aJbTEPHATUBU 0€3 KPUTHUYHOro aHaiizy. OOpaHi HacTymHiI OCHOBHI MOp(QOJIOTiuHi
O3HAKH: TPUBIJ, IIHEK, SKUHA CKIAAAEThCS 3 JK0j00a Ta T'BHHTOBOIO pOOOYOro Oprasa,
MEXaHi3M 3aBaHTAXXCHHS, MEXaHI3M MEepEeCHIly, MEXaHi3M pO3BAHTAXKCHHS Ta OIOPHO-
pyxoBuii MexaHi3M. [IpyxHi, 3am00DKHI Ta TPY)KHO-3aMO0KHI My(TH Yy SKOCTI O3HaK 0
MOP(}OIOTIYHOT MATPHIII HE BHOCUTKLCS, 00 BOHW aBTOMATHYHO BXOJSTh B CKJIA] IPUBO/IIB JI0
o3Hak 1.1 — 1.4, a BiOpamiitai Myt 10 o3Haku npuBona 1.5.

Knacuuny mopdonoriyny Mojenb KOHCTPYKTHBHHMX O3HAK Ta €JIEMEHTIB I'BHHTOBHUX
KOHBEEPIB 3 MOMJIMBOCTSMHU TEXHOJIOT1UHOTO MEPETBOPEHHS 1 MOOLIBHOI 3MIHM TPaeKTOPil
nepeBaHTaXeHHs MaTepiamiB (Taba. 1) MOXHA TPENCTaBUTH y BUIISLAI MopdoaoriyHoi
Matpuili (1), Mo yTBOpeHa NUIIXOM YHCJIOBOTO IO3HAYECHHS BIAMOBITHUX albTCPHATUB
PO3MIIIEHHX Y CTOBMIIX Mopdosorianoi Tadbmuti [5]:

N=K, K, K;-...K, =]]X,> (1)
Jj=1

A€ n — XapaKTCPpUCTHUKA,
[(j — YHCJIO AJIbTCPHATHUB XaPAKTCPUCTHUKH.

8.1
82
83 141151
1.1 121
84 142152 171
122130 |41 71 91 111122 181 [191
: 516185 101 131 [143153161 |17 01 .
Ni=1132232n427 772792 " 112123 |n A 182 A192° " 1=15-10".
1 526286 102 144154162 173 02
42333 (43777773 793 113124 183|193
15 87 145155 17.
: 125
838 146156
89
8.10
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KinbKicTh anbTepHATUB KOHCTPYKIIM TBUHTOBUX KOHBEEPIB 3 MOKJIMBOCTAMHU
TEXHOJIOTIYHOTO TIEPETBOPEHHS 1 MOOUIBHOI 3MiHM TPAEKTOPIi MepeBaHTAXCHHS MaTepiaiB,
Kl OTpUMaHI TPHU BUKOPHCTAHHI KJIACHYHOTO MOP(OJOTIYHOTO METOJY CHUHTE3y, € IyXKe
BeNMKa. BiamoBimHO Bigdip pamioHaTPHUX KOHCTPYKIH TakuX KOHBEEPIB EKCHEPTHOIO
OILIIHKOIO IIISXOM Tepedopy anbTEepHATUBHUX BapiaHTIB € HAATO CKJIAJHUM, TPUBAIUM 1
JOPOTHM PIIICHHSM.

3 MEeTOI0 MiJBUIICHHS €()EeKTUBHOCTI '€HEPOBAaHUX aJIbTEPHATUB Ta CKOPOUYECHHS iX
KUTBKOCTI OyJI0O BUKOPHCTAHO METOJ] CHHTE3y I€papXiyHUX Tpym 3a JOIOMOTOI0
MOp(}OJIOTiYHOTO aHami3zy, KUl mependadae po30MBKY OkpemMux rpyn Ha miarpynu. [Ipu
3aCTOCYBaHHI JAHOTO METOIY MOP(OJIOTIYHOTO aHai3y KUIBKICTh BapiaHTIB BU3HAYANIACS TIO

dopmymi [10]:
q m
21K, @

x=1 i=1

N =

!
z=1
1€ z — 1€papXiyHUH piBEHb;

[ — XIJIBKICTD i€papXi4YHHUX PiBHIB;

X — MIeBHA MIATpyNa BiAMOBITHOTO 1€PAPXIYHOTO PiBHS;

¢ — KUIBKICTB TATPYT BiIMOBITHOTO i€PApXIYHOTO PiBHS;

K; — anpTepHaTUBa KOHCTPYKTUBHOI O3HAKU €JIIEMEHTY MEBHOI MiArPYIH BiAMOBITHOTO
1epapXiqHOTO PiBHS;

m — KUTBKICTh aJbTEPHATHB KOHCTPYKTHBHOI O3HAaKM €JIEMEHTIB IEBHOI MiArpynu
BIJITIOBITHOTO i€pApXI4HOTO PiBHSL.

Mopgeni MexaHiuHOi crcTeMH «[ BHHTOBUIT KOHBEEP 3 MOKIMBOCTSIMH TEXHOJIOTIYHOTO
NEPEeTBOPEHHA 1 MOOLIBHOI 3MIHM TpPA€KTOpii TEpeBaHTAXEHHS MarepiaiiBy, 3TiTHO
3aIpOIIOHOBAHOTO TPYITyBaHHsI, IPEICTABICHO Ha pHC. 1.

3aranpHa KUTBKICTh TEHEPOBAHUX BApiaHTIB TBUHTOBUX KOHBEEPIB 3 MOMKIMBOCTSIMHU
TEXHOJIOTIYHOTO TMEePETBOPEHHS 1 MOOIBHOI 3MiIHM TPAEKTOPii MepeBaHTaKEHHsI MaTepiamiB
NPy BHUKOPHCTAaHHI METOAY CHHTE3Y I€papXiyHUX TPyl 3a JOTOMOTOH MOP(OIOTigHOTO
aHaJi3y CTaHOBUTHME!

8.1
8.2
8.3 141 |15.1
1.1 121
: 84 142 152
12 21 3.7 |41 7.1 9.1 1.1 |122
51 |6.1 8.5 101 131] (143] |153
N =l13+|2.2 +3. +4.2+5 +6 +|7. +86+9.+ +11.2+123 + -kM4+154+
L4 23 33 |43 73 | | 93 113 |12 ' '
15 8.7 14.5 |15.5
. 125
8.8 146, |15.6
8.9
8.10

17.1
181 (191

161 [17.
+ + +(182/+[192 +
16 17.3
183 (193

201
=72
202

e y 2,1°10® pasis MeHIe, Hik IPH BUKOPHCTAHHI KJIACHIHOTO METOIY CHHTE3Y, IO
JO3BOJISIE IIBUAKO 3AIMCHUTH Tiepebip BapiaHTIB 1 BigiOpaTh HaWOLIBII palioHATbHI
KOHCTPYKLIi TBHHTOBHX KOHBEEPIB 3 MOMJIMBOCTSIMH TEXHOJOTIYHOTO TEPETBOPEHHS 1
MOOUTBHOT 3MIHU TPAEKTOPIT MEPEBAHTAKECHHS MaTEPialliB.
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[Ipote, sx Oyno Bu3Ha4eHO B [9], iCHYIOTh 7 OCHOBHUX (DYHKIIOHAJBHHX OIEparliid,
SIKI BUKOHYIOTHCSI TBUHTOBUM KOHBEEPaM 3 PO3IIMPEHUMH TEXHOJIOTIYHUMH MOYKITUBOCTSIMH,
a caMme MOB3/I0BXXHE TPAHCIOPTYBAHHS, 3MIIIyBaHHs, KaliOpyBaHHs, 103yBaHHS, HATHITAaHHS,
npecyBaHHs 1 noApiOHeHHs. DYyHKIIOHATIBHI Ornepallli HarHiTaHHS Ta MPECYBaHHS, a TaKOXK
BUYABITIOBAHHS, 31MCHIOIOTHCS 3 JOTIOMOTOI0 aHAJIOTIYHUX TBUHTOBUX KOHBEEPHUX 3aCO0iB,
a TOMy IX JOIIBHO OO0’€IHATH, SK 1 JI0 omepaiii KamiOpyBaHHS J00aBUTH OIEpallito
cemapyBaHHS. TakoXX s TBUHTOBUX KOHBEEPIB 3 MOMIJIMBOCTAMU TEXHOJOTTYHOTO
MEPETBOPEHHSI 1 MOOLTBHOI 3MIHM Tpa€eKTOpli Ciiag Jomatd 1€ 3 OCHOBHI (DYHKITIOHAJIBbHI
O3HAKH 32 MPU3HAYECHHSIM: MOXIIMBICTH 3MIHHU JIOBXXHHHU TPAcH IEPEBaHTAXECHHS MaTepiaiy,
MOXKJIUBICTh 3MIHM KyTa HaxXWiIy IIHEKAa MPU TEPEBAaHTAXKEHHI MaTepialy Ta MOXKJIHUBICTH
OJTHOYACHOTO 3a00py 3 PI3HUX MICIIb UM HOT0 MEpeBaHTaXKEHHS OJTHOYACHOTO Y Pi3HI MiCLs.

Il g m
Al NJK:ZZ K, =72.

z=1 x=1 i=l
III((II)) 1(1)61, I(1)62
111(1) 11(1)7y, TI(1) 72, 1I(1)75
V(1) IT1(1)9, TT1(1)9,, TII(1)95
V(1) IV(1)10,, IV(1)10,
VI(1) V(1)11y, V(1)11,, V(1115
VII(]) VI(1)124, VI(1)125, VI(1)123, VI(1)124, VI(1)12s, VI(1)126
VIII(1) VII(1)13, VII(1)13,

VIII(1)20,, VIII(1)20,

1(2) 1(2)41, 1(2)4,
11(2) 11(2)51, I1(2)5,
11(2) 111(2)8;, I11(2)8,, 111(2)83, I11(2)8,, I11(2)8s, I11(2)8s, 111(2)87, IV(2)8s,
V(2) IV(2)89, IV(2)810
V) V(2)17,, V(2)17,, V(2)173, V(2)17,
VI2) VI(2)18,, VI(2)18,, VI(2)18;
1(3)11, I(3)12, I(3)15, I(3)14, I(3)15
1(3) || 1321, 1(3)22, 11(3)23
1(3) || WG)31, HI(3)32, 111(3)3;
mi(3) || IVG)141, IV(3)142, IV(3)14s, IV(3)144, IV(3) 145, IV(3)146
v(3) || V151, V(3)15:, V(3)153, V(3)154, V(3)15s
v@3) | VIG)161, VI(3)16,
VI(3) || VI3)191, VII(3)192, VII(3)19;

VII(3)

I - VIII —migrpynu iepapxiunoro piBHs; (1) - (3) — BignoBinHi iepapxiuHi piBHi

Pucynox 1 — Mogens MexaHigHOI crucTeMu «[ BUHTOBHUIT KOHBEEP 3 MOKITUBOCTSIMH TEXHOIOTI9YHOTO
TIepPEeTBOPEHHS 1 MOOLIEHOI 3MiHU TPAEKTOPIi IepeBaHTAXXCHHS MaTepiaiBy
Lorcepeno:pozpobaeno asmopom

Binrak mnpu TeHepyBaHHI KOHCTPYKIII TBHHTOBHX KOHBEEDIB 3 KOHKPETHHM
(GYHKI[IOHATLHUM TPU3HAYCHHSIM YH 1X TTOE€JHAHHIM MU PO3IUIAIN KOHCTPYKTHBHI O3HAKHU Ta
eneMeHTH 3 Mopdooriunoi Tadnuii 1 y BiAMOBIAHOCTI 10 KOKHOTO MpU3HAYeHHS (Tabu. 2).
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Tabmuus 2 — BignoBigHICTh KOHCTPYKTHBHHUX O3HAaK Ta €JIEMEHTIB OCHOBHUM
(GYHKIIIOHAJILHUM OIEepallisiM Yu MIPU3HAYECHHSIM NPOEKTOBAHUX TBUHTOBUX KOHBEEPIB
@OyHKIIOHATBHI ITpuxnanu cxem 3 KonoBaHi KOHCTPYKTHBHI OcHoBHI
Ne | omepariii un KOHCTPYKTUBHUMHU O3HAaKU Ta €JIEMEHTH 3 Ta0J. | ONTUMI3ALIIIHI
PU3HAYCHHS €JIeMEHTaMU 1 napameTpu*
1.1-1.4;2.1;3.1;4.1; 5.1;
52; 6.1;6.2;7.1; 8.1; 8.2;
ToB30BKEHE 8.5;8.9;9.1-9.3; 10.1; 10.2; Q —> max:
1 HepeMileHHs 11.1; 12.1; 13.1; 14.1-14.6; C —>min’
15.1-15.6; 16.1; 16.2; 17.1-
17.4; 18.1; 19.1-19.3; 20.1;
20.2
1.1; 1.5; 2.1-2.3; 3.1; 3.2;
4.1;4.2;5.1;5.2; 6.1;6.2;
7.1;7.2;8.3; 8.6-8.8;9.1- Q —> max:
2 | 3wimysanms 9.3;10.1; 10.2; 11.1-11.3; Ko maxi
12.1-12.3; 13.1; 14.1-14.6; é’_} min’
15.1-15.6; 16.1; 16.2; 17.1-
17.4; 18.1; 19.2; 19.3; 20.1;
20.2
1.1;1.2;1.4;2.2;3.1; 4.1;
- 5.1;5.2; 6.1;7.1; 8.1; 8.2; | dQ/dt— max;
3 Jo3yBaHHS 9.2;10.1; 11.1; 12.1; 13.1; | Q — max;
. =115.1;15.2; 15.6;17.1; 18.1;| C — min
19.3; 20.1
1.1;1.5; 2.1-2.3; 3.1; 3.2;
4.3;5.1;5.2; 6.1;6.2;7.1-
a1 5 10 P(di<d; <d;
KasiGpysarms 73:8.1;82;92;10.1; P45 frllwf“)
4 ’ S~ 11.1;12.1-12.3; 13.1; 14.1- -
CeHapyBatit S 1406, 15.1415.6; 16,15 16.2; | 7 A
17.1; 18.2; 18.3; 19.1-19.3;| € min
20.1; 20.2
1.1;1.2;1.4;1.5;2.1-2.3;
3.1;3.2;4.1-4.3; 5.1;5.2;
Harmitans 6.1;6.2;7.1; 8.2-8.4; 8.8- P — max:
5 npecyBaHH;{’ ................ 8.10;9.2;9.3; 10.1; 10.2; Q— max"
o YRR R V[ 11.1-11.3; 12.1; 12.4; 12.5; S
BHAABIOBaHA 113.1; 14.1-14.6; 15.1-15.4; | €~ min
15.6; 16.1; 16.2; 17.1; 18.1-
18.3; 19.1-19.3; 20.1; 20.2
1.1-1.5; 2.1-2.3; 3.1; 3.2;
4.1-4.3;5.1;5.2; 6.1;6.2;
7.1;8.2; 8.4; 8.10; 9.2; Q — max;
6 | Ionmpibuenus = 110.1; 10.2; 11.1; 12.1; 12.4;| K;— max;
12.5; 13.1; 15.1; 15.2: 15.6;] C — min

17.1; 18.1-18.3; 19.1-19.3;

20.1; 20.2
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[TponossxeHHs TabauIl 2

1.1-1.4;2.1;3.1;4.1;4.2;
i : 5.1;5.2; 6.2;7.2;7.3; 8.1; Lo max:
7 3MiHa JOBXKUHU A A AR 8.2;9.2;10.2; 11.2; 11.3; Q— max"
Tpacu A e 12.1; 13.2; 14.1-14.6; 15.1- C—»min’

15.6;16.1;16.2; 17.1; 18.1;

19.1-19.3; 20.1; 20.2

1.1-1.4;2.1;3.1; 3.2; 4.1-

43;5.1;52; 6.1;6.2;7.1-
3MiHa KyTa 7.3;8.1-8.10; 9.2; 9.3; o — max;
8 HaXWUITy 10.1; 10.2; 11.1-11.3; 12.1-| Q — max;
TIEPEBAHTAKEHHS 12.5;13.1; 14.1-14.6; 15.1-| C — min

15.6; 16.1;16.2; 17.1-17.4;

18.1; 19.1-19.3; 20.2
1.1-1.4;2.1; 3.1-3.3; 4.1;
5.1;5.2; 6.1;6.2;7.2;7.3;
P 8.1; 8.2; 8.5; 8.9; 9.1-9.3; |n— ontumym;

9 ]i[aeragﬁfpzfﬁ;e C 10.1;10.2; 11.2; 11.3; 12.1;| Q — max;
peMI 13.1; 14.1-14.6; 15.1-15.6; | C — min

16.1;16.2; 17.2-17.4; 18.1-

18.3; 19.1-19.3; 20.1; 20.2

* Q — npoxnyktuBHicTh; C — cykymnHi Butpaty; K, — onHopiguicTs 3MinryBanHs; dQ/dt — TounicTs; P(d; <
d; < di+1) — HanexHicTh 10 dpakuii; P - tuck, K, — onHopinHicTh moapiOHeHHs; L — BUIOBKEHHS [ITHEKA; O - KYT
HAXWTy ITHEKA; N — KUTBKICTH BITOK KOHBEEpa
IDicepeno:po3pobaeno agmopom

[IpoBiBIM po3paxyHKA MH BU3HAYHIIHU, IO KUTBKICTh BapiaHTIB TBUHTOBUX KOHBEEPIB
3 OKpEMHMH TUNAMU (YHKIIOHAJIBHUX ONEpaliii Yu MPU3HAYSHHSIM 3HAYHO Pi3HHUThCS. Tak,
HalOIbIlle TeHEPOBAaHUX BapiaHTIB OTPUMAIIM KOHCTPYKI TBHHTOBHX KOHBEEPIB, SKI
MOXYTh 3a0€3MeUnTH 3MiHy KyTa HaXWily NEepeBaHTaKCHHS BaHTaXiB — 63, a HallMeHIIe —
KOHCTPYKIIIi TBHHTOBHX KOHBEEPIB, 3 IOTMIOMOTOIO SIKUX 3[[IHCHIOETHCS JIUIIE JO3YBaHHS — 24.
ToOTO BiIXHIEHHS MO KITBKOCTI T€HEPOBAHUX BapiaHTIB 3a MPU3HAUEHHSIM CTaHOBUTH 2,625
pasm.

Crnig BiA3HAYMUTH, IO OKPEeMi TEXHOJOTIYHI omepanii 4u (QyHKIIOHATbHI O3HAKH 3a
NPU3HAYCHHSM, SIKi IPUTAMaHHI TBHHTOBHMHU KOHBEEPAMH 3 MOXKIIMBOCTSIMH TEXHOJIOTTYHOTO
MEPETBOPEHHS 1 MOOIBHOI 3MIHU TPAEKTOPIi, MOXKHa 00’ eaHyBaTu. Lle 703BOIUTH OTpUMaTH
OaraToyHKIIIOHATbHI KOHCTPYKIII KOHBEEPIB, HAMPHKIAJ: TIOB3JOBXKHE IEPEMIIICHHS,
3MiIIyBaHHS 1 103yBaHHs 44 3MiHA JOBKHWHU TPacH 1 cemapyBaHHs Tolo. Taki KOHCTPYKIIii €
3HAYHO YHIBEPCAJBHIII y MOPIBHAHHI 3 TPAAULIIHHUME 1 MOXKYTh B IOJATBIIOMY OTPUMATH
IIMPOKE 3aCTOCYBAHHS HA MPAKTHIIL.

BukopucroByoun gaHuii cuHTE3 OyJ0 pO3pOoOJICHO 1 JOCTIHKEHO 3HAYHY KiIBbKICTh
npare3laTHUX KOHCTPYKLiM T'BUHTOBUX KOHBEEPIB 3 OKPEMHMH TUMAaMHU (YHKLIOHAIBHHX
omepamid YW TPU3HAYEHHSIM, SKIi Yy TOPIBHAHHI 3 TPaguIifHUMH TBHHTOBHMH
TpaHcroprepamu € OaratodyHkuioHanbHUMU 1 edexTuBHUMH [6]. Takox pospobieHO
KJacuQiKalilo TBUHTOBHX KOHBEEPIB 3 MOXKIMBOCTSAMHU TEXHOJIOTIYHOTO IEPETBOPEHHS 1
MOOITEHOT 3MIHHM TPAEKTOPIT IEpPEeBaHTAXKEHHS MaTePialiB, SIKy MPEJCTaBICHO HA PHC.2.
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Pucynok 2 — Knacucikailiss rBUHTOBHUX KOHBEEPIB 3 MOXKJIMBOCTSIMH TEXHOJIOTTYHOT'O [IEPETBOPEHHS
1 MOOLIBHOT 3MIHM TPAEKTOPIT EPEBAHTAKEHHS MaTePiajiB 32 KOHCTPYKTHBHUMH O3HAKAMH
Jorcepeno:pospobaerno asmopom

BucnoBku. [IpoBeieHO CTPYKTYypHHI CHHTE3 TBUHTOBUX KOHBEEPIB 3 MOKIIMBOCTSIMHU
TEXHOJIOTIYHOTO IEPETBOPEHHS 1 MOOUIbHOT 3MIHU TPAEKTOPii epEeBaHTAXKEHHS MaTepialiB 3a
KOHCTPYKTMBHUMHU O3HAaKaMH METOJOM 1€papXiyHOro TpYyMyBaHHA 3a JOIOMOTOIO
MOpP$OJIOTIYHOTO aHaJIi3y i 3reHepOBaHO MEBHY KUIBKICTh IX BapiaHTIB 3a 9 THNIamMu.

Takox BH3HA4YEHO, IO OKPEeMi TEXHOJOTIUHI oreparlii un (yHKIIOHAJIbHI O3HAKH 3a
NPU3HAYCHHSM, SIKI IPUTAMaHHI TBUHTOBUMHU KOHBEEPAMH 3 MOXKJIMBOCTSIMH TEXHOJIOTTYHOTO
MIEPETBOPEHHSI 1 MOO1IBHOI 3MIHU TPAEKTOPIi, MOKHA 00’€THYBaTH B OJIHIM KOHCTPYKIIii, 110
JIO3BOJIUTH OTPUMATH OaraTo(pyHKIIOHAIbHI KOHCTPYKIIii KOHBEEPIB.

Po3pobiieno kmacudikailito TBAHTOBUX KOHBEEPIB 3 MOMKIMBOCTSIMHU TEXHOJIOTTYHOTO
NEepeTBOPEHHA 1 MOOIIBHOI 3MIHM  TpPAeKTOpil MEpeBaHTaKEHHS  MaTepialiB  3a
KOHCTPYKTUBHUMU O3HAKaMHU.
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Synthesis of Screw Conveyors with the Possibilities of Technological Transformation

and Mobile Change of the Trajectory of Material Overload

The purpose of the article is to carry out the synthesis by the method of hierarchical grouping by means
of morphological analysis of screw conveyors with the possibilities of technological transformation and mobile
change of the trajectory of material overload.

The appropriate number of constituent elements of the conveyor structures and the relationships
between them that determine their particular design features are determined. The basic analysis is based on a
morphological matrix with the morphological features of the elements of the generated constructions of the
screw conveyors and the connections between them. A considerable number of functional screw conveyor
structures with separate types of functional operations or purpose, which are multifunctional and efficient
compared to traditional screw conveyors, have been developed and investigated. The classification of screw
conveyors with the possibility of technological transformation and mobile change of the trajectory of material
overload is also developed.

Structural synthesis of screw conveyors with the possibilities of technological transformation and
mobile change of the trajectory of material overload by structural hierarchical grouping was performed by means
of morphological analysis and a certain number of their variants was generated according to 9 types.

It is also determined that individual technological operations or functional features, which are inherent
in screw conveyors with the possibility of technological transformation and mobile trajectory change, can be
combined into one design, which will allow to obtain multifunctional designs of conveyors.
synthesis, screw conveyor, morphological analysis
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OnTumizaliisi KOHCTPYKTUBHO-TEXHOJIOTTYHUX
rapaMeTpiB IIHEKOBOTO Mpeca A BIIKMMAaHHS ME3TU
HACIHHS pUIIUHY (HA OPUKIJIaAl OJHOTO BUTKA
IITHEKOBOI'O BaJia)

KoHCTpYKTHBHO-TEXHOJIOTTYHUMH TapaMeTpaMy, sIKi BIUIMBAIOTh HA KUIBKICTH OTPUMAHOI Oii micis
NpeCyBaHHS € BUIBHHUI 00’€M MDXK IpPEecylOYMMH BHTKAaMHM IIHEKOBOTO IIpecy, TeMIepaTrypa B 3€EPHOMY
NPOCTOpi, BEJIWYMHA 3a30py MDK 3E€EPHMMH IUIACTUHAMH npecy. J[1s NpoBeAeHHS IOCITIKEHb NpeCyBaHHSI
ME3TH HACIHHS BUKOPHUCTAHUN METOJ PO3TOPHYTOro KaHaly. MaKCHMManbHa KUTBKICTE OIIii 3a0€3Medy€eThes Ipu
ONITUMAJIbHUX KOHCTPYKTHBHO-TEXHOJIOTIYHHUX [TApaMeTPiB PO3TOPHYTOTO KaHATy, 3HAXOJDKEHHS SIKHX MOTpebye
BUKOPUCTaHHS METOAWKH MAaTeMaTHYHOIO IUIaHYBaHHS EKCIIepHMEHTY. B sKocTi mpukiany, IUIaHyBaHHS,
HOZAJIbIIE POBEICHHS Ta 00pOOKa eKCIIEPUMEHTY, 3IMCHEHO [UIS OHOTO IPECYI0YOro BUTKA LIHEKOBOTO BaJly.
Ha mpukmani mporo mpecyrodoro BuUTKa OyayTh MOOYyAOBaHI MONANBII JOCTIHKEHHS [UIS IHIIMX BHTKIB
IIIHEKOBUX TPECIB.

HACIHHSI PMIIMHM, Me3ra, NpecyBaHHs, IIHEKOBUI BaJl, PO3TOPHYTHii KaHaJ, Npecyl04unii BUTOK, BiIHOCHA
Maca oJii

B.B. {uayp, nou., KaHJ. TEXH. HAyK

Ymanckui nayuonanvuwiil ynigepcumem cadosoocmaa, 2. Ymamnv, Ypauna

A.B. YebaHoB, kaH1. TeXH. HayK, B.A. [luayp, npod., n-p TexH. Hayk., O.I1. Hazaposa, om., KaH[I. TeXH.
Hayk, A.JI. Bepemara, nHx.

Taspuueckuii 20cyoapcmeennblll azpomexHoao2uyeckuli ynugepcumem, 2. Menumononw, Yxpauna
OnTuMu3anMs KOHCTPYKTHBHO-TEXHOJIOTMYECKUX MAapaMeTPOB HIHEKOBOI0 mpecca 1/

OTKUMA Me3I'l CEMAH KJCIIEeBUHBbI (Ha npuMepe OAHOro BUTKA NIHEKOBOT0 Ba.na)
KOHCTpYKTHBHO-TEXHOJIOTMYECKUMH ITapaMeTpaMH, KOTOpbIe BIMAIOT Ha KOJIMYECTBO IOJyYE€HHOIO
Macja Iocje MPEecCOBaHuUs SBISIOTCS CBOOOIHBIH 00BbEM MEXIy NMPEcCYIOIMMH BUTKaMH IITHEKOBOTO Ipecca,
TeMIepaTypa B 3€€pHOM IPOCTPAHCTBE, BEIMYMHA 3a30pa MEXJy 3€€pHbIMU IIacTUHaMM Tpecca. /Jng
INPOBEACHUS HUCCIEAOBAaHUM INPECCOBAHMS ME3TM CEMSH MHCHOIb30BAH METOJ pa3BEPHYTOr0 KaHaa.
MakcrMmanbHOE KOJIMYECTBO Macja OOECIeUMBAETCsl NPH ONTHMAIBHBIX KOHCTPYKTHBHO-TEXHOJIOTHYECKHX
napaMeTpax pa3BepHYyTOro KaHalla, HaXO0X/ICHUE KOTOPBIX TPeOyeT MUCIIOIb30BaHNS METOUKHA MaTEMaTHIECKOTO
IUIAHWPOBAHUS SKCHEpHMEHTa. B kadecTBe mpuMepa, IUIaHMPOBAaHME, NajbHEiIee NpoBeaeHne U oOpaboTka
9KCIEPUMEHTA, CAENAHO I OJHOTO MPECCYIOLIEro BUTKA ITHEKOBOTrO Baja. Ha mpumMepe 3TOro mpeccyromero
BUTKa OyIyT IOCTPOCHBI AATbHEHIIINE UCCIIEAOBAHUS IS IPYTUX BUTKOB IIHEKOBBIX ITPECCOB.
HACiHHSI PMIIMHH, Me3ra, PecyBaHHs, IIHEKOBHii BaJl, PO3rOPHYTHI KaHaJI, Npecyl0Ynil BUTOK, BiTHOCHA
Maca oJii

IMocTanoBka mpodaemu. OmiliHI KyJbTYypH MAaOTh BaXKJIMBE HApPOTHOTOCHOIAPCHKE
3HAYCHHS, OCKUIBKH € JDKEPEIIOM OTPUMAaHHS [IHHHUX MPOJOBOJIFYHX 1 TEXHIYHUX TMPOIYKTIB.
Cepen OMWHUX KyJBTYp BaXJIMBE MicIle Ha MiBAHI YKpaiHM 3aiiMae pHUIMHA, OCHOBHUI
NPOAYKT TIEPEpOOKH SIKOI € KacTtopoBa OJlisl, sSKa BHUKOPHCTOBYETHCS B XIMIUHIM,

© B.B. [linyp, A.B. Yebanog, B.A. [iayp, O.I1. Hazaposa, O.JI. Bepemiara, 2019
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eNeKTPOTEXHIYHIM, MeAUUHIN, aBialiiiHiil Ta 1HmUX ramysesax npomwucioBocti [1-3]. Cnin
3a3HAYUTH, 110 KACTOPOBA OJIisi MOXKE BHUKOPUCTOBYBATHCS AJIi BUTOTOBJIEHHS OlomainBa
[4-7]. SIkicTh 1 KUIBKICTh FTOTOBOI IPOAYKLIT IpU MepepoOLll pULIMHY B 3HAUHIN Mipi 3aJ1€KUTh
BiJl MPHUIHATOI TexHojorii. B TexHomorii mepepoOKH pUIMHH Ba)JIMBE MICIE IOCIIA€E
oreparis Bi[pKUMaHHs OJIii IIJIIXOM MPEeCyBaHHs ME3TH.

OpHuM 13 BaxJIMBUX (PAKTOPIB, IO BIUIMBAE Ha IIMOMHY MPECYBaHHS ME3TH € THCK,
10 PO3BHMBAETHCS B 3€€pi MpH poOOTi mpecy. Lleil THCK CTBOPIOETHCS MOCTIMHUM HAaOPOM
IUIOIMH I[IHEKOBUX BHUTKIB 1 OMOpPOM Marepiady (Me3ru), mo npecyerscs. Ilpudomy,
30UIBIIEHHS THUCKY 32 JOBXKMHOIO IITHEKOBOTO Baly B CyYaCHMX KOHCTPYKIISIX IpeciB
3MIMCHIOETBCS 3a PaxyHOK 3MEHIICHHS BUIBHOTO O00’€My MK IITHEKOBUMH BUTKaMHU.
XapakTep 3MIiHM BUIBHOTO 00’€My BHUTKIB 32 JIOBXKHHOK IITHEKOBOTO Bally XapaKTEpHU3Ye
OOrpYHTOBAHHICTh HOro KOHCTPYKWii 1 po3MipiB BHTKIB Ta 3e€pHOro Oapabany.
B. A. MacnikoBum [8] I KOXXHOTO MPECYIOUOr0 BHUTKA ICHYIOUMX ILIHEKOBHUX IPECIB
pPO3paxoBaHO CTYIiHb CTUCHEHHS, IO TOKa3y€e BIJHOUICHHS MEPIIONOYaTKOBOIO BiIHHOTO
00’eMy KaHaIy Mpeccy 0 BUTLHOTO 00’ €My MiX HACTYTHUM IIHEKOBUM BUTKOM, Ta BUBEACHO
3aKOHOMIPHICTh 3MiHEHHS BUIBHOTO 00’eMy BUTKIB. T0OTO, M’k BUIBHUM 00’€MOM BHUTKIB Ta
HOro mopsiAKOBUM HOMEPOM € MaTeMaTHuHa 3ayexHicTh. OTpHMaHa 3aleXHICTh J03BOJISIE
po3paxyBaTH, CKIUJIbKM BHUTKIB TIOBUHHO OYTH Ha UIIHEKOBOMY Baly /JJsl CTBOPEHHS
BU3HAYEHOTO CTYTEHIO CTUCHEHHS a00 3HAWTH BUIbHUI 00’ €M KOKHOT'O BUTKA Ha ITHEKOBOMY
Baiy. Ase, aBTop [8] TiJIbKM KOHCTATy€ 3aKOHOMIPHICTh 3MIHEHHS BIJILHOTO 00’€My BUTKIB
JUISE KOHKPETHOTO THITY ITHEKOBOTO Tipecy (tun mpeca PII), mo He 1ae MOKIMBOCTI OLIHUTH
BUXIJl Oii Ta KIHIEBY OJIHHICTH KMHUXY NpPH 3MiHI KOHCTPYKTHBHUX TapameTpiB (BiIbHUN
00’€M MiXK ITHEKOBUMH BUTKAaMH) OKPEMHX ITHEKOBUX BHUTKIB Ta MaTepiairy, o MPECYEThCA.
VY 3B’SA3Ky 3 MM, IOCTa€ aKkTyallbHa MpoliieMa ONTUMi3allii KOHCTPYKTUBHUX IapaMeTpiB
IIHEKOBOTO Tpeca MUIIXOM 3MIiHH BUIBHOTO 00’ €My OKpPEMO /ISl KO)KHOTO TPECYI0YOT0 BUTKA
Ta BUBEJCHHS MaTeMaTHYHOI 3aKOHOMIPHOCTI, sKa HaJacTh MOXKJIMBICTH pO3paxyBaTH
KOHCTPYKTUBHO-TEXHOJIOTI4HI TapaMeTpH Ipecy OyAb-fKOi MPOAYKTUBHOCTI 3 HAHOUTBIINM
BUXOJIOM OJTii 13 HACIHHS PUIIHH.

OxpiM THCKy, IO pPO3BHUBAEThCA B 3€€pi, HA TIIMOMHY BIIDKAMY OJii BIUIMBAE
TEMIIepaTypa caMoro IpoIecy NpecyBaHHs Ta BEJIMYUHA 3a30py MiK 3€EPHUMH TUIACTHHAMM.
Ha xonomHomy, HEe po3irpiToMy Mpeci HE MOXJIMBO 3a0e3MeyuTH (OpPMYyBaHHS MIITHOI
KMHXOBOI PaKylmIKd 1 HeoOXimHy TiuOuHy BimKUMy. Bucoka Temmeparypa B 3eepHOMY
OpoCcTOpi MiA Yac BUMKUMY ONii BH3MBAa€ WIATOPSHHS IOBEPXHI KMHXY, IO CIIPHSIE
NneHaTyparii OUIKIB Ta TMIJABHINEHHIO WOTO OJIWHOCTI, a BIAMOBIAHO, 1 3MCHIICHHIO
NPOAYKTUBHOCTI. BennumHa 3a30py MiK 3€€pHUMH IUIaCTHHAMH TIOBUHHA 3a0€3MevuTd
BUTIKAHHS B1JPKATO1 OJIii Ta HE MPOITYCKATH YaCTUHOK ME3TH.

AJne, MakKcUMalibHa KUTBKICTh OJIi1 3 HACIHHS pUIIMHU Oyne 3a0e3redyBaTUCs TUIBKU
IOpU ONTUMAIBHUX 3HAYEHHSAX KOHCTPYKTHBHO-TEXHOJIOTIYHHMX IIapaMeTpax HpecyBaHHs
ME3Tr1 HaCiHHA pULMHU. [lJI1 BU3HAUEHHS TaKUX 3HAYCHb, BUHUKAE aKTyaJIbHE 3aBJIaHHS L1010
BUKOPUCTAHHA METOJMKM MaTeMaTHUYHOIO IUIaHyBaHHS €KCIIEPUMEHTY IpH IPOBEICHI
IOCIIIKEHb.

AHaJi3 OCTaHHIX XocaimkeHb i myOaikauniii. OCHOBHUM 3aBJAaHHSIM IUIAHYBaHHS
EKCIEPUMEHTY € 3HaXOJKEHHs CTATUCTHUYHOI MaTeMaTHYHOI MoJenl 00'€KTYy JOCHIKEHHS Y
BUIJISAI  mojiiHOMa (piBHSHHSA perpecii). 3araapHui  Xig MOOYIOBM 1 TOJATBIIOTO
JIOCJIIJDKEHHS MaTEeMaTUYHOI MOJENI BCTAHOBJICHO BUYEHWMHU TakuMu sk boumaps A.I' [9],
MenbnaukoB C.B., Anemkun B.P., Pouun [1.M [10] Ta 3B0AUTHCS 10 HACTYITHOTO:

- TIOTEPETHBOTO JAOCIITKEHHS 00’ €KTY;

- BUOOpY KPUTEPIiB ONTUMI3aIli1l, BILIABOBOCT1 YNHHHUKIB;

- 1oOyJOBH CTaTHCTHYHOI MaTeMaTHYHOI MOJEJI Ta OIIHKMA ii aJeKBaTHOCTI i
B1JITBOPIOBAHOCTI;
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- BUKOPHUCTaHHS MOJEII Ui ONTHMI3allii JOCTIIKYyBaHOTO MPOLIECY.

IMoctanoBka 3aBaanHs. [linBuieHHs e(EKTUBHOCTI MPOLECY BIHKUMAHHA ONil 13
HACiHHA pPHULMHM LUIAXOM TPOBEJEHHS ONTHUMI3alli KOHCTPYKTUBHO-TEXHOJIOTTUHUX
napaMeTpiB IIHEKOBOI'O TIPecy.

MeTonnka ekcnepuMeHTAJbLHUX AO0CTiIKeHb. JlOCTIHKEHHSI OJTHOTO IMPECyYoro
BUTKA Ha IITHEKOBOMY IpeCi BUKIMKAE JesiKi TpyaHoIi. OKpiM IbOro, KOHCTPYKTHUBHA 3MiHA
BUJIBHOTO MPOCTOPY MIXK MPECYyIOUMMH BUTKAaMHU MPU3BOIMTH 0 3HAYHUX MaTepialbHUX
BUTpAT, TaK SK JIJIs IPOBEJACHHSI TOCIIIKEHh HEOOXiTHA BEJIMKA KIbKICTh ITHEKOBHX MPECIB 3
PI3HUMH  KOHCTPYKTUBHHUMH TIapaMeTpaMu Taki pmocnipKeHHS MOXHa IPOBECTH,
3aCTOCYBAaBIIM METOJ PO3TOPHYTOrO KaHaldy, M0 HaJAacTh MOXJIMBICTb 3MIHIOBAaTH
KOHCTPYKTHBHI MapaMeTpu HIHEKOBUX IPECIB PI3HUX KOHCTPYKIH B IIUPOKUX MeEXKax Ha
OJIHIH eKcriepruMeHTaNbHIN ycTaHoBIi. CyTHICTh METOAY MOJIATAE y HaCTynmHOMY. Po3ropuemo
IHeKOBH mipec (puc. 1) Ha IMJIOUIMHY, 3aMIHUBIIM BIiAMOBIIHO XiJl ME3TU Y TBUHTOBOMY
KaHaJli Ha XiJA y MNpsIMOKYTHOMY KaHalli 3 PyXOMOIO Oi4HOI CTiHKOI0. TakuMm dYHHOM,
KIJIBIIEBUH MPOMIDKOK 2 MK OKPEMHMH JIBOMa NPECYIOUMMH BUTKaMu 3 mHeka 4 (puc. 1)
BiZJoOpakae MOBHICTIO BECh KaHaJl Mpeca MPsIMOKYTHOI (opMu 2 B pO3TOPHYTOMY BHIJISIII
(puc. 2). Ilpecyroumii BUTOK IIHEKOBOro mpeca 3 (puc. 1) B pO3rOpHYTOMY BHIJISII
BijoOpaxkae pyxJuBYy OidHy CTiIHKY y Burisai nopuHs 3 (puc. 2). 3eepHuil mutinap 1
IIHEKOBOro mpeca (puc. 1) B pO3ropHyTOMY BHIVIAI 3aMIHEHUH 3€€pHOIO IUIAHKOIO 1, 110
3HAXOJUThCA 3HU3Y MpSAMOKYTHHMKa (puc. 2). TakuM YMHOM, 3a JOMNOMOIOI0 TaKOIo
PO3TOPHYTOTO KaHAIY MOKHA JOCII/DKYBAaTH OKPEMO MPECYI0Yi BUTKHU IITHEKOBHX TPECIB.

/2 3 2 4 J

[ ]

= A7
1 — 3eepHBI UITIHAP; 2 — KUIBLEBHUH TPOMIXKOK; 1—- 3eepHa mnaHka; 2 — KaHal Opecy;
3 — mpecyrodi BUTKH ITHEKY; 4 — IIHEK 3 — nopuieHsb; 4 - Ban

Pucynoxk 2 — Po3ropHyTuii BUIJIS] IIHEKOBOT'O MpeCy
MPSIMOKYTHOT (hopmMu
Hoicepeno: pospobneno agmopamu

Pucynoxk 1 — Cxema IIHEKOBOTO TIpeCy
Lrcepeno: pospobneno asmopamu

[ToxazHukamu e€(GEKTUBHOCTI MPH BIJUKUMAaHHI ME3THM HACIHHS PULMHU B TaKOMY
pPO3rOpHYTOMY KaHaji OyAyTh CIIy)KHTH BiJIHOCHA Maca OJIii 1 BiTHOCHA Maca (y3H, sIKi MOYKHA
NPE/ICTABUTH y BUTIIS/II HACTYITHUX KPUTEPIiB:

U= n’j" — max; (1)
3a0
m,, .
nzm——>mm, (2)

3a0

Jie L — BITHOCHA MacH OJIii;

N — BimHOCHA Macu Qy3H;

m, —Maca OJiii IicJisl MPecyBaHHs ME3TH Y PO3rOPHEHOMY KaHalli, Ip.;

o

m,,, —Maca ME3IH llepe]l IPECyBaHHsAM, Ip;

3a0

m,, —maca (Qy3u miciist IPECyBaHHs ME3IU B PO3TOPHYTOMY KaHali, Ip.
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Amnanizytoun 3anexsocTti (1) Ta (2), npuxoaumMo 10 BUCHOBKY, IO HPU BiUKMMaHHI
ME3TM HACIHHS PHUIMHA HEOOXITHO OTpUMAaTH MAaKCHMajbHy BIAHOCHY Macy oJii Ta
MiHIMQJIbHY BIHOCHY Macy ¢y3u. Ase, B mpoueci  JOCHKEHb MOXE BUHHKHYTH
MPOTHJIC)KHA CHUTYyallisl: Oy/ie OTpUMaHO MIHIMAQJIBbHY BIJHOCHY Macy ¢y3u MpU MiHIMAJIbHINA
BiHOCHIM Maci omii. ToOTo, 30UIBIIUTHCS ONIWHICT, BUXIAHOTO MIPOTY, L0 € HE
MPUIyCTUMUM. ToMy, B JTOCTIDKCHHSIX MpUuiMaeMo Kputepiid (1), Ik OCHOBHHUMN, a KpHUTEPii
(2) sx gomatkoBuil. TakuM YMHOM, TpU 3a0e€3MEYEHHI MAKCHUMAJIbHOT BIJHOCHOI MacH OJii
OakaHo, o0 BiHOCHA Maca (y3u OyJia MiHIMAIBHOO.

KoncTpykuii pi3sHHX IIHEKOBHUX MpPECIB, 10 BUKOPUCTOBYIOTbCS B IPOMHUCIIOBOCTI,
CHJIBHO BIJPI3HAIOTHCSA OAWH BiJl OJHOTO. AJle, OCHOBHUN KOHCTPYKTUBHHM MapaMmeTp, KU
XapaKTepU3ye BC1 TUIU MPECIB — 1€ BUIBHUI 00’ €M MiX OKPEMHUMH MPECYIOYMMU BUTKaMH Ta
3€€pHUM TWIIHAPOM (pHC.l), KW MOCTIMHO 3MEHIIYETHCS BiJ IMEPIIOro 0 OCTAHHBOTO
IPECyouoro BHUTKA, TaK SIK 3MEHIIYIOTbCS KUIbIEBHHA HPOMDKOK 2 (puc. 1) 3a paxyHOK
30UTBIIEHHS JIIaMETPy CaMOro ITHEKYy a00 3MEHIIEHHS JiaMeTpy 3eepHoro mwmHapy 1. s
TOT0, 1100 BU3HAYUTHU ONTHMAJLHUHN BUIHUN 00’€M Y KOKHOMY BUTKY IIHEKOBOTO Basia MpHU
NpeCcyBaHHI ME3TM HACiHHS PHUIMHHU HE TPUB’SI3yIOYHCH 10 KOHKPETHOTO THUITY HIHEKOBOTO
npecy, Ipy AOCTIKEHHSIX HEOOX1THO BBECTH BiIHOCHI BEIMYUHH, Yepe3 sIKI MO’KHA BUIMTH Ha
NOTPiOHI KOHCTPYKTHBHI PO3MIPH IIHEKOBOTO IIpecy. Takow BITHOCHOK BEITUYHMHOKIO €
CTYIiHb CTUCHEHHS ME3TH Ha KO)KHOMY MPECYIOUOMY BUTKY, SIKa BUZHAYAETHCS 32 POPMYIIOI0

=1L, )
v

n

1e V, — nepuono4aTkoBuii 00’ eM Martepiaiy, Mo JOCTIKY€EThCS oM’

V' — kiHueBui 00’eM MaTepialy, 110 00YMOBIEHUI BU3HAUEHUM THCKOM M.

Bennuuna V, xapakrepusye BUIbHUH 00’€M 3€€pHOi KaMepu Ha IEPIIOMY
npecyiodoMy BHUTKYy. Bemmumna V, xapakrepusye BiIbHUH 00’€M 3€€pHOi Kamepu y

HACTYIHUX MPECYIOYMX BHTKax. BiANmoBiiHO, NpU BCTAHOBJIEHUX pPO3MIpax (JOBXKUHH,
IMIMPUHU Ta BUCOTH) €KCIIEPUMEHTAIILHOTO PO3FOPHYTOrO KaHally BenuuHua V, = const . Jns

3a0e31eUeHHs] HEOOXiTHOTO CTYINEHs CTUCHEHHs, 3MIHIOETbCS BEJIMUYMHA V), IUIIXOM 3MiHU

xomy mopmHs 3 (puc.2), KWW 3MEHIIy€e TOBKUHY PO3TOPHYTOTO KaHAIY IMPH HE3MiHHIH
HIMPHUHI Ta BUCOTI KaHAIY.

Ha mpomec mnpecyBaHHS Me3rW OKpiM CTYNEHIO CTUCHEHHS ME3TH BIUIMBAIOTH
TEeMIIepaTypa ME3TH BCeperHI KaHATy Ta 3a30p B 3€€PHUX IUIACTUHAX PO3TOPHYTOTO KaHamy.
3a30p B 3CEpHUX IUIACTHHAX 3MIHIOHIOETHCS BCTAHOBJICHHSM IUIACTHH 3 IHIIUM 3a30POM.
TemmepaTypa BcepeauHi KaHally 3a0e3neuyerbesi noaatkoBuM migirpiBanasm TEHowm, mo
BCTAHOBJIIOETHCS 3BEPXY KaHady. 3MIHEHHS TeMIlepaTtypu Oyjae 3a0e3meueHo 3a JT0TOMOTOk0
sminu notyxHocTi TEHy, mo Oyze peanizoByBaTHCS MiAKIIOUYEHHSM B E€JICKTPUYHE KOJIO
TEHy npomatkoBoro mnpunany JIATPa. Kourponas Temmeparypu 3a0e3neuyeTscsi 3a
JIOTIOMOT 010 TEpMOpEe.

MakcumanbHa  BiJHOCHA Maca oiii  3a0e3medyeTrbess TNpU  ONTHMAIBLHOMY
CITIBBITHOIIICHHI KOHCTPYKTHBHHX IMapaMeTpPIB PO3TOPHYTOro KaHaimy (puc.2) Mixk co00r0
(cTymiHb CTHCHEHHS, TeMIIepaTypa KaHalTy Ta 3a30p B 3€€PHUX IJIACTHHAX), [0 HEMOXKIUBO
Ipy PO3PI3HEHOMY BHBUCHHI iX BIUIMBY. Y 3B'S3Ky 3 IIUM, BHUHUKA€ HEOOXIJHICTh Yy
BUKOPHCTAaHHI METOJIMKH MaTEMAaTUYHOTO TNIAHYBaHHS €KCIICPUMEHTY.

B sxocti npukinany, miaHyBaHHS, MOJaJIbIIe MMPOBEACHHS Ta 00pOOKa €KCIIEPUMEHTY,
3MIMCHEHO JUIS TPEThOTO IMPECYIUOro BHWTKA IIHEKOBOro Bamy. Ha mpuxiam mporo
MIPECYI0YOro BUTKA MOOYTyEMO MO TOCHIIPKEHHS JIJIS THIITMX BUTKIB ITHEKOBHUX MPECIB
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[opsimox mpoBeaeHHs nochiAiB OyB HacTymHUM. [l TpUPAKTOPHOTO €KCIIEPUMEHTY
3riIHO CTaHAApTHOI MaTpuili [11] Ha ekcriepuMEeHTaTbHOMY PO3TOPHYTOMY KaHasl (HiKCyBaIu
OJlHE 13 3HaueHb (PAKTOPIB HA HUHKHBOMY 200 BepxHbOMY piBHI (Tabu.1). [TotimM, nonepeaHbO
MITOTOBJICHY ME3Ty IICIS IMPOBEJAEHOI BOJIOTO-TEIIOBOI 00poOku [12] momimanu 110
PO3TOPHYTOr0 KaHaTy 3 MOCTIHHO OJIHAKOBOIO MAacoOIO Ta 3/A1MCHIOBANOCS ii mpecyBaHHs. 3a
OJIEpKaHUMU JTAaHUMH TIICJISl TPECYBaHHS ME3TH BH3HAYAIHM KPUTEPi ONTUMI3aIlil — BIIHOCHY
KUTBKICTB OJIii.

[Ipu xoxyBaHH1 (hakTOpPIB BUKOPUCTOBYBAJIACS HACTYITHA (hopmyia:

x =2, 3)
Ai

Ie X,— KOJIOBaHE 3Ha4eHHs (aKTopy;

X, - 3HaYeHHs (AKTOpy Ha i- PiBHI;

X, —3HadueHHs (paKTOpy Ha HyJIbOBOMY PIBHI;
A,— 1HTEpBaJ BapitOBaHHS.

Koxuwuit pakTop BapitoeTbcst Ha BEPXHbOMY (+) Ta HUKHBOMY ( - ) PIBHSIX.

Jliisi BU3HAYCHHS CTYTICHIO BIUTUBY (DAKTOPiB HA KPUTEPiH OLIHKK HEOOXiTHO MUIIXOM
SKCIIEPUMEHTAIBHUX JIOCHI/PKEHh BCTAHOBUTH 3aJCKHICTh MK HHUMH, IO JOCSTAETHCS
NUIIXOM  anpokcuMmariii. HalOurbln  TOYHMM  METOAOM  ampoKCHMAlii €  METO.
HOJIHOMIAJIBHOTO OIUCY MpOLECY 3a JONOMOrOI0 PIBHSHHS perpecii, ske B 3arajJbHOMY
BUTIAJIKY Ma€ BUTIISL:

Vi = by +byx; +Dyx5 +byx, +byyx, x5 + by X, +Dyxax, + by X by x5 +byxy (4)
ne b, - koediuieHT perpecii i-ro gpakrTopa.

3HadeHHs (akToOpiB, HaBeJACHHX B Tabmuii | KoayBaiau 1, 3TiTHO 3 BIJIOMUMH
METOJUKAMHU, 3HAXOAWIM KoediuieHTH perpecii b,, skl 1 BU3HAYalOTh CTYIIHb BILUIUBY

3a3Ha4YeHUX (PAKTOPIB HA KPUTEPid onTuMizatii y( i ).

Tabmuus 1 — Pe3ynbraTi KogyBaHHS (PakTOpiB

PiBH1 BapitoBaHHSA
. E E HarypanbHi KonoBani
®axrop 52 | 38 | =z | B 2| s | & =
R a2 % 2 = = k: 2
SO QH) a a, = ¥ aQ, = %
S o b 5 > ~ O > =
X E = R aa T T M T T
3HaueHHA CTYIICHIO X, " 2,09 194 | 1,79 1 0 1
CTUCHCHHS, &
3asop B seepuux | | 1,50 | 1,25 | 1,00 1 | 0 | -1
IJIaHKaX O , MM
?el‘fféepaTYPa kamany. ||+ 105,00 [ 90,00 | 7500 | 1 | 0 | -1

Hoicepeno: pospobneno agmopamu

[TepeBipKy BiATBOPIOBAHOCTI JOCIHIJIB 3[iKCHIOBaNN 3a kputepieM Koxpena. YmoBa

BIJITBOPIOBAHOCTI MA€ BUTJISI
2

G" =L < G005 ), ©

U
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ne G(0,05;n; f,) - TabnuuHe 3HaueHHs kpurepito Koxpena;
S2

U max — HAHOLIBIIA 13 IUCIIEPCI;
0,05 — o3nauae 5%-ii piBeHb 3HAYUMOCTI;
1 — YHUCIIO0 He3aJIeKHHX OLIIHOK JUcTepciit (KUTbKICTh HOCIHIIIB);

f,, =m, —1 —4uCIIO0 CTYNEHIB BUIBHOCTI;
m,, - YACJIO IOBTOPHOCTEM.

Jucnepcii pe3yabTaTiB JOCTIIIB pO3paxyBalld 32 BUPA30M:
) 1 ] =\
S, = 'Z(YUi_YU) > (6)
0 _1 i=1
Jie | — HOMep TTOBTOPHOCTI;
Y,, — 3Ha4EeHHS BUXiIHOTO apaMeTPy B i-i/ IOBTOPHOCTI;

Y, — cepeHe 3HAYEHHs BUXiZHOTO mapamerpy y U-my I0Cifi.

Jucriepcito  BiATBOPIOBaHOCTI  (MOMMJIKY JIOCHiAIB) BH3HAYaJIMd SK CEpEIHE
apudmMeTHyHe 3HAYCHHS JUCTIEPCiH, 1110 crocTepiranacs y BCiX AOCTiAax:

1 n
2
Sy = _ZSuZ > (7)
n =
KoedimienTn MaTeMaTnaHOi MOJIeNi BU3HAYAIIH 33 (DOpMYyITaMu
1 &= 1 = 1 —
by :_ZYU s b= _Z(in Yy)s b = _z(in Xy Yy)s )
ny= ny=1 ny=

1€ X,, — 3HAUEHHs i-20 KOJOBOro (akTopa B psiIKy MaTpuui B U-wy qociifi;

X jyy — 3HAYCHHSI j-20 KOOBOTO ¢axTopa B psinky marpuii B U-uy g0CHii.

AJIEKBaTHICTh CTAaTUCTUYHOI MATEMATHYHOI MOJENl TEPEeBIPsSUIM 3a JTOTOMOTOIO
kputepito  Dimepa (F-xpurepito). Ilpu ymoBi agekBaTHOCTI Mojeni ii MOXHa
BUKOPHCTOBYBATH IPU HACTYITHUX JOCIIPKCHHSX.

AIEKBaTHICTE Ma€ MICIIE, SKIIIO

SZ
FP=SL§’<F(0,05;fad;fy), )
)/‘
ne F” — pospaxynkose 3HauenHs koedinienty dimepa;
F(0,05; 1,45 f,) — rmabmuune 3HaveHHs Koediuienty ODimepa mist 5%-co piBHS
3HAYMMOCTI;

f., — 4MCIIO CTYIIEHIB BIJIBHOCTI AUCIIepCii aleKBaTHOCTI;
Jf, —4ucIno CTyneHiB BUILHOCTI IUCIEPCii BIATBOPEHHS,
S2, — nucrepcis aneKBaTHOCTI;

Sf, — AUCTepCis BIATBOPIOBAHOCTI JOCIIIIB.

Yucno cTyneHiB BUIBHOCTI JUCTIEPCii aJIeKBATHOCTI BU3HAYAETHCS 32 PIBHAHHIM
foa=n—k-1, (10)

ne k — KUIbKIiCTh (akTopiB

Ywucno cTyneHiB BUIBHOCTI JUCTIEPCii BIITBOPEHHS PO3PAXOBYETHCS SK

f, =n(m, =1), (11)

Jucniepcis 2, 06unCIIOEThCS 32 GOPMYIIOH0
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1 " =
ad :m';(YUi_YU)Z’ (12)
ne Y, — po3paxyHKOBE 3HAYECHHS BIATYKY B i-My JOCIHii, sIKE BU3HAYAETHCS IUIIXOM
i ICTAHOBKH 3HAMIEHUX KOe(DIII€HTIB 10 JIHIHHOI YaCTHHU 0OPaHOTO MOJIIHOMY.
BceranoBienHst 3HauMMOCTI Koe(ili€HTIB perpecii MNpPOBOAWIM 32 KPUTEPIEM
Creronenta. KoedimieHT BBaKaBCs 3HAUYIINM, SIKIIIO BUKOHYBAJIACS yMOBA:

b, > A, (13)
ne |b,| — po3paxoBaHi KOe(DILIEHTH MOIIHOMY;

Ab, — noBip4a rpaHuI

JloBip4y rpaHUIlI0 BU3HAYAH 32 PIBHIHHIM
2

S
Ab, =1(0,05; f,)1[—, (14)
’ n

ne (0,05 f,) — xoediuient Crpionenta mpu 5%-my piBHI 3HAUYYINOCTI TA YHCII

CTYIIEHIB BUILHOCTI AUCTIEPCii BiATBOPIOBAHOCTI, SIKE OOMpAIIK 32 TAOJIUISIMH.
Koeodinient perpecii BU3HABaluM CTATUCTHUYHO 3HAYMMHM BEJIMYWHI JOBIPUYOTO
1HTEpBaly, SIKIIO HOro aOCONIOTHE 3HAYECHHS JIOPIBHIOBAJIO a00 MEpeBHIyBalo Horo. SIKiio

BUKOHYBaJIaCh HEPIBHICTh |bl.| < Ab,, BiANOBiAHUI (paKkTOp aHANI3yBaJM 100 BUOOPY IHIIOTO

1HTEepBaIy BapilOBaHHS, SIKIIO 116 MOXKJIMBO. [Ipu 11boMy BCi HEOOXiIHI AOCIHIIN TTOBTOPIOBAIN
1, IKIIO MICTIS aHalli3y BiAMOBIAHUIA Koe(dillieHT 3HOBY BIAMOBIIAB MOMEPEAHIN YMOBI, poOUIN
BHUCHOBOK IIPO 3HAYYIIIICTh BILIMBY (akTOpa X; Ha KpuTepiit ¥; (Macy omif).

Pe3yabTaT Hociaigkenb. BuzHauaroTecs Aucriepcii BiITBOPIOBAHOCTI 32 KpUTEPIEM
Koxpena G,=0,028 < G,=0,5157 (o =0,05;1,8), mo BKa3ye: BIATBOPIOBAHICTH IOCHIIIB
noopa.

3a xpurepieM CThrOIeHTa BU3HAYAIOThCA KOE(]IlI€EHTH MOJiHOMIANbHOI perpecii. J{ns
KOXKHOTO Koe(illieHTy perpecii 3 ypaxyBaHHSM CEepeIHbOKBAJAPATHYHOTO BiIXUJICHHS
BU3HAYAThCS pO3paxyHKOBI 3HaueHHs kputepis CtbroneHTa [9]. IlopiBHIOIOTBCS TEOpETUUHE
Ta TabaudHe 3HaYeHHS 3a KpuTepieM CThIOJCHTA.

B pesynbraTi po3paxyHKiB OTpHMaHi MOJETi APYroro MOPSIKY A PO3PaxyHKY
BITHOCHOI Macu O;ii NpW BIDKUMaHHI 3 HACiHHS PHUIMHU B PO3TOPHYTOMY KaHalli BiX
KOHCTPYKTUBHHUX (PaKTOPIB:

y =53084—5,622x, —0,0382x, +0,001x; +1,733x,x, —0,0007x,x; +0,00148x,x, + .

2 2 2 5)
+0,916x; —1,52x; —0,00000 Lx;

AmHaniz mozeni apyroro nopsaky (15) mokasye, mo BIuiMB (akTOpiB Ha BiTHOCHY
Macy oJii pi3Huil.

Jlns BU3HAUCHHS aJEeKBAaTHOCTI MOJENi, TOPIBHSHO KPUTHYHE Ta PO3PaXyHKOBE
3HayeHHs Kputepito @imepa. IlepeBipka mokasana ajgexBaTHICTH piBHSHHsA perpecii (15)
F,=173<F, =3]1. Orpumana HeliHifiHa MOJENb aJeKBaTHA Ta MOXKE BUKOPHCTaHA IIPH

noOy0Bi 007aCTi ONTUMYMY.
Po3komoBaHa Moienh Ma€ BUTIIS;

Y (u) = 0,0206a> —0,0955° —0,0000026¢> +0,065¢ - 6 +0,00148¢ - &5 —
—0,00155¢ -t +0,00525¢ — 0,03826 +0,00217¢ + 0,000184

(16)
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Ha ocHOBi BupilIEHUX CHUCTEM PIBHSHBL 3 MPUBATHUMHU MOXITHUMHU, OTPUMaHI TOYKHU
ONTUMYMY.

PoskogoBanmii IIEHTp ONTUMYMY Ma€ HACTYMHI 3HAYCHHs: 3HAYEHHS CTYTCHIO
ctucHeHHs € = 2,09 ; 3a30p B 3eepHUX IUIaHKax O = 1,2 MM; Temmieparypa kanaiy, ¢ = 104 °C.

BiamoBigHo, omnTUManbHE 3HAYCHHSI CTYNEHHS CTHCHEHHS HAa TPETbOMY BHUTKY
ITHEKOBOTO Baja MOBMHHO Oytm € =2,09. Jlnsg 3abe3nedeHHs Ii€l BEJIMYUHHU CTYTICHIO

CTHCHEHHS, 3a30p B B 3C€PHUX IUIAHKaX TIOBHHEH ckiaaatd O =1,22 MM, a Temreparypa
kanaiy ¢ =104 °C. [Ipu 1ux 3Ha4eHHsX, BiTHOCHA Maca oii ckimagae p = 0,125.

PiBastHHS perpecii mpu nepmomy dikcoBanomy daxtopi (o = 2,09 ) mae BUTIIA:

Y(m) =-0,0958> —0,0000026¢> +0,097658 +0,00148¢ - & — (17)
—0,0010695¢ +0,0976558 ++0,10114 ’

Hageneni nanHi 1eMOHCTPYIOTHCS Ha PHC. 3, 1€ PEICTABICHO MOBEPXHIO BIATYKY ()
1 muii piBHiB (0) piBHsHHA perpecii (17) mnpm nepmomy  ¢ikcoBaHOMY
daxropi( € = 2,09 )npeacrasiieHi Ha puc. 3.

Sk Oaunmo, Ha puc. 3a TpU ONTHUMAJIBHHUX [apaMeTpax TeMIepaTypa KaHaly
(t=104°C) Ta 3a3opy B 3eepHuX miaHkax (0 =1,22 MM), BiTHOCHAa Maca OJii Jocsrae
MakcuManbHOro 3HayeHHs (U = 0,125) Ta nokazaHo HalWOLIBII TEMHUM KOJIbOpOM. Lle sk came

1 neMoHcTpye puc. 306 (mokazaHO TEMHHUM KOJIpOM), Ha SKOMY BiOOpa)X€HO YHCEIbHI
3HaYEHHA BIIHOCHOI MacH ouil.

i, B.O.

1.2 . . MM

Pucynok 3 — [ToBepxus BiAryKy (a) i minii piBHiB (0) dynkmii Binryky (mpu o = 2,09)

Licepeno: pospobareno asmopamu

BucHoBku. Po3pobnena wmeroauMka oONTHUMI3alii KOHCTPYKTHBHO-TEXHOJOTIYHUX
napaMeTpiB ITHEKOBOTO Ipeca IIIIXOM BUKOPHCTAaHHS PO3TOPHYTOTO KaHATY, IO J03BOJIHUTH
IpY HAABHOCTI aHAJIOTIYHUX MOKA3HMKIB MO 1HIIMX BUTKAaX BCTAHOBUTH 3arajlbHUIl XapakTep
3MIHH CTYIECHIO CTHCHEHHS 3a JOBXKHWHOIO ITHEKOBOTO BaJla

B pe3ynbraTi BUKOHAHOTO MOBHO(AKTOPHOTO €KCIIEPUMEHTY JJIsl MPOLECY BiLKUMY
oJTii 13 ME3rd HaCiHHSA PHUIIMHU Ha OJHOMY BHMTKY IITHEKOBOT'O BaJly BH3HAYEHO HACTYIIHI
ONTUMAJIbHI MapaMeTpu U BIIPKUMAHHSA OJil 3 OJIMHOT CUPOBUHM: CTYIiHb CTUCHEHHS
€ =2,09; 3a30p B 3eepHUX TIaHKax O = 1,22 mMm; Temmeparypa kanany, ¢ =104 °C.
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Optimization of Design and Technological Parameters of Auger Press for Squeezing of a

Castor Seed Brain (on the Example of One Coil of a Screw Shaft)

The quality and quantity of finished products when castor is processed depends largely on the
technology adopted. In the castor processing technology, an important role is given to the operation of squeezing
oil by pressing the cereal. Structural and technological parameters that affect the amount of oil obtained after
pressing are the free volume between the pressing coils of the auger press, the temperature in the space of the
zeros, the size of the gap between the zeros of the press plates.

The purpose of the article is to increase the efficiency of the process of squeezing oil from castor seeds
by optimizing the design and technological parameters of the screw press.

In order to optimize the design and technological parameters of the auger press, it is advisable to
consider experimental studies of the pressing of the castor bean seed seed on each individual press of a screw
shaft. For the purpose of such studies, the expanded channel method was used. The maximum amount of oil is
ensured at the optimum structural and technological parameters of the expanded channel, the finding of which
requires the use of the method of mathematical planning of the experiment.

As an example, the design, subsequent conduct and processing of the experiment was carried out for
one pressing coil of a screw shaft. On the example of this pressing coil, further studies will be made for other
coils of auger presses.

The main criterion for optimization is the relative mass of oil. Optimal parameters of pressing of the
castor seed brain for the third coil of the screw shaft were determined: compression ratio 0=2.09; gap in the nail
bars 6=1,22mm; the temperature of the brain inside the channel t=104°C.
castor seeds, kernel, pressing, auger shaft, expanded channel, extruder, relative mass of oil
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AHaJI3 Cy4acHUX JOCHIKEHb O€3MIJTOTHUX JTITATBHUX
arapariB

B crarti mpoanamizoBaHi IOCIHI/KEHHS O€3MUIOTHUX JIITAJIBHUX amnapariB 3a octaHHi 10 pokis.
JocmimkeHHs 3TpyNoBaHi 3a HanpsMaMH, 0 BimoOpaxeHo miarpamoro Eitnepa. it KO)XKHOTO HaIpsiMy HaJaHO

JIeKUIbKa ITPUKIIAJIB y BUTIISIII CTHCIIOTO 3MICTY HAYKOBHX Ipalb JOKTOPIB (inocodii 3 pisHUX KpaiH.
0e3misioTHI JiTanbHi anapaTu, cpepu Bukopuctanus, 6e3nexa BIIJIA, nponu, anaji3z gocaizkeHb
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AHaJIM3 COBPEeMEHHbIX MCCJIeIOBAHUI 0€3MMUI0THBIX JIETATEJIbHbIX allNIAPATOB
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B crathe npoaHaaM3upOBaHbl UCCIIEOBAHMS OE3MMIOTHBIX JIETaTeIbHBIX anmaparoB 3a nocieauue 10
net. VccrnenoBanus CrpynupoOBaHHBI [0 HANPABJICHUAM, YTO OTOOpakeHO muarpammoit Eitnepa. Jlnms kaxmoro
HalpaBJeHUs] HAJAaHO HECKOJIbKO NPUMEPOB B BHUJE CKATOrO COJCPIKAHMS HAYYHBIX TPYIOB JOKTOPOB
¢unocoduu n3 pazHbIX CTpaH.

OecnuJIOTHBIE JieTaTe/IbHbIE aNNapartsl, cepbl HCHOJAb30BaHMsA, OesonacHocTh BILJIA, npoHbl, aHanu3
HCccIe0BaHMit

IMocranoBka mnpodjgemu. CTpIMKUHA  TEXHOJNOTIYHUA  PO3BUTOK  BIPOJIOBK
necsatupiaast 2009-2019 pokiB TpU3BIB A0 3HAYHOTO TPOrpecy y ramy3l Oe3miJoTHHX
mitansHux anapatiB (BITJIA). 3amyuennst BIUIA no3Bossie BUpilyBaTH MIMPOKE KOJIO 3a/1a4
e(heKTUBHIIIEe, MBUIKE Ta OUIBII OE3MEYHO y TOPIBHSAHHI 3 BUKOPHUCTAHHSAM 1HIIMX 3ac00iB Ta
meToAiB. Ha mpoTs3i ocTaHHIX POKIB y HAHOLIbII TEXHOJOTIYHO PO3BUHYTHX KpaiHax CBITY
BCE YaCTIIle BUKOPUCTOBYIOTHCS APOHU Yy CIIBCHKOMY TOCIOJAPCTBi, TOCTaBIll BAaHTAXIB,
po3BiaLi, KapTorpadyBaHHi, TEXHIYHOMY OOCIyrOBYBaHHi, J[dIarHOCTHLI IHIIMX BUAAX
nismeHOCTI. OTHOYACHO 3 SIBISIIOTHCS HOBI cepu 3actocyBanHsl BIIJIA Ta moB’s3aH1 3 HUMU
JIOCHIKEHHS.

AHami3 octaHHiX aocjimkeHb i myoOgikauiii. [locrae HeoOXimHICTH y aHami3l Ta
cucreMaTH3alii moTouHux aociipkeHs y ramysi BITJIA. Tlpu migroroBui naHoi myOuikamii
OyJi0 mpoBeneHO aHami3 22 aucepTarliii Ha 3700yTTs cTyneHs aoktopa ¢iumocodii (PhD) 3
pi3HUX KpaiH cBiTy 3a octaHHi 10 pokiB.

IloctanoBka 3aBaaHHs. MeTOIO IIbOTO aHANI3y € BUSBIICHHS HAHOUIBII aKTyaJIbHHX
HANPSIMIB JOCTIPKEHb Ta HAWTOCTPINIMX MHUTaHb. BUSBUIOCA, M0 MOXHAa BUIUIUTH I STh
OCHOBHHX HarpsiMi: HOBI cdepu 3actocyBaHHs BITJIA, nmpaBoBi acriektu onepyBaHHs BITJIA,
napiramis BILJIA, texniune ocHamenHs BITJIA Ta 6e3neka pyxy BIUJIA. PosnonineHHs
MEBHUX JOCIIKEHB 10 HAMPsMIB 100pe neMoHCcTpye aiarpama Eiinepa (puc. 1).

Bukiaag ocHoBHoro martepiany. Ha niarpami BinmoOpaskeHI Koia, KOXHE KOJIO
BIJINOBIJIa€ JI0 TIEBHOTO HAINpsMy HayKoBuX Tmpaik. [[udpamu BimoOpakeHO KITBKICTh
JOCTIKEeHD SIKI BITHOCATHCS 10 IUX HANPSMIB, HA MEPETHHI KiJl — KUIBKICTh JOCTIKEHb SIKi
MarOTh BIJTHOIICHHS BiJIpa3y M0 ACKIILKOX HAIpsMiB. B TakoMy BUTJISA/II MOMITHO, IO 3HAYHA
KUTBKICTh JTOCIIKEHb BITHOCSITHCS BiIpa3y 0 AEKIIBKOX HAMPSMIB.

sesssssnsnnes Ge3meKa Ml et
chepn

= ° T "7 suxopucramus
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== == == == HaBiramis
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Pucynox 1 — cyuacHi Hanpsimku nociimkeras BITJIA Ta kimbkocCTi IpoaHaTi30BaHUX AUCEPTaIliit
Howcepeno: pos3pobaeno agmopom
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Hosi cipepu euxopucmanns BI1JIA

Po3bepeMo kokeH HampsiM OUTBII JeTaabHO, MOYNHAIOYUN 3 HAWO1IBIIIOTO O KIJTBKOCTI
JOCHIJKeHb HanpsMmy, HOBUX chep Buxopuctanus BIIJIA. Lleit Hanpsm € HaiOuibmmM 3a
KUIBKICTIO JIOCIIJIKEHBb, OCKUIBKH C(EepH 3aCTOCYBAHHS JIPOHIB MOCTIHHO PO3UTHUPIOIOTHCS.
JlpoHU MOXYTh BUKOPHUCTOBYBATHUCS JUISl CIIOCTEPEKEHHS SK 32 MEBHUMH IIISTHKAMH TPYHTY
TakK 1 3a 30UTKaMH CIIPUYMHEHUMU CTUXIMHUMU JIMXaMH, BAKOHYBATH JOCTaBKY, CKaHyBaTH Ta
aHanizyBaTH. Bce e moserurye MoBCSKIACHHE XUTTS JIIOAMHU Ta MiJBUILYE Oe3neKy Npu
BUKOHAHHI NIEBHUX 3a]1a4.

Cepen mpoaHami30BaHMX JOCHIPKEHb JAaHOI TPYNU OJHUM 13 HaHMIKaBIIUX €
nocmimkenas Hazim Shakhatreh mig mazsoro “Wireless Coverage Using Unmanned Aerial
Vehicles” [1]. ABTop npornoHye BUpilIeHHs TpoOaeM sSKi BUHUKAIOTh i/l 4aC BUKOPUCTAHHS
BITUJTA nnst 3a6e3meueHHst 6€3ApOTOBOTO MOKPHUTTS, I Yac HAA3BHYaWHMX cUTyamii. Tomi
KOKeH OE3MUIOTHUK CIY>KUTh B SIKOCTI aHTEHHOI 06e31poToBoi 0a3zoBoi ctaniii. Ane BITJIA
MalTh TOTpeOy NEPIOJUYHO TOBEPTATUCS JO 3aPSAIHOI CTaHIIl I MiA3apsaKd depe3
oOMexxeHy eMmHicTh Oarapei. Ha ocHoBi anamizy mpobimemu MiHiMmizawii KigbkocTi BITJIA
HEOOXITHUX Il Oe3MepepBHOTO OXOIUICHHS AaHOi TeorpadidHoi o00JacTi, BpaxOBYHOYH
notpedy 10 MiA3apsaKu Ta po30UTTS rpadiky HOKPUTTS HA LUKIU, PO3POOIICHO eheKTUBHUN
QITOPUTM BUPIMICHHS mpooOsemMu. Takoxk B Jpyrid Ta TpPeTid dYacTHUHI JOCTIIKCHHS
3arpornoHoBaHo BukopuctoByBaTH BIIJIA nms 0e3apoTOBOr0 MOKPUTTS B MPUMIIICHHI.
[IpencraBneno aBa crocodu po3mimenHs BITJIA, 3 ogHoro 6oky OymiBii Ta 3 JBOX CTOPIH.
BukopucToBylouM TEOpil0 MaKyBaHHS KOJa, BH3HAYAETHCSA PO3TAIIyBaHHS OE3MUIIOTHUKIB
TaKUM YMHOM, 1110 CyMapHa ILJIOMA TOKPUTTS € MaKCUMAaJIbHOIO.

B nocnimxenni mig HazBoro “UAV-based urban structural damage assessment using
object-based image analysis and semantic reasoning” [2] #iae MoBa npo Bukopuctanus bITJIA
JUIs 3HOMKM Ta OIIHKH CTPYKTYPHOTO 30MTKY Micis CTHXiHHOro nuxa. J[pOHH MOXYTb
BUSIBJISITH TIOBHICTIO MOIITKO/HKEHHI KOHCTPYKIIIT 32 IOMOMOTOI0 1HAMKaTopa jauxa. L{s crarrs
NPUCBSYCHA OIiHII 30MTKY Ha OCHOBI MYJbTH-NIEPCHEKTHUBHHMX, HAKJIAJCHUX 300pa’keHb 3
Jy>K€ BUCOKOIO PO3/IIIBLHOIO 3aTHICTIO, OTPUMAaHUX 3a JOTIOMOTOI0 OE3MIOTHUX JITATBHUX
anapatiB. TpusBumipHa ouinka (3-D point-cloud) Bciei OyziBii MOETHYETHCS 3 JETaIbHUM
anamizom 3o00paxkeHb (OBIA - Object-based Image Analysis) dacamie Ta xpum. Ile
JOCHIJKEHHS CTIPSIMOBAaHE HE HAa aBTOMATHUYHY OLIHKY 30MTKY, a Ha CTBOPEHHS METOJI0JIOTi,
sAKa MATPUMYE YacTo OaraTo3HayHy KiIacH(IKaIiio MPOMIXKHUX PIBHIB IIKOAH 3 METOIO
OTPUMAaHHS KOMIUIEKCHUX OILIIHOK 30UTKY Ul KOKHOI OyAiBii. J[poH ineHTH(iKye MOBHICTIO
MOIIKO/KEHI CTPYKTYpH B TpuBHUMiIpHOMY mpoctopi, (3-D point-cloud) a ans Bcix iHIIUX
BUIIA/IKIB HAJa€ 1HIUKATOPH YIIKOKeHb Ha ocHOBI OBIA, siki OyJ1yTh BUKOPUCTOBYBATUCS
aHaJITUKaMH MONTKO/HKEHB B IKOCTI JOTIOMIXKHOI 1H(popMarrii.

B Hopeerii akTyanpHUM € JOCHipKeHHs 1moa0 BukopuctanHs bBIUJIA  mis
MOHITOPHUHTY Ta OIIIHKH MOPChKHX pecypciB “Unmanned aerial vehicles for marine mammal
surveys in arctic and sub-arctic regions”[3]. 3MiHM B KJIiMaTi ¥ BIUIMB JIIOJAUHU Ha
HABKOJIMILIHE CEPEOBUILE YHHE BIUIMB HA MOPCHhKE CEpeJOBUILE, TOMY BUHUKAE HEOOXITHICTh
BECTH MOHITOPHHT Ta OL[IHKY MOPCBKHX pecypciB. JJOCTiIKeHHs, 1110 TPOBOATHCS B paMKax
i€1 TOKTOPCHKOI IPOrpaMu OIMKUCYIOTh TPU KOMIIOHEHTH, K1 BKJIIOYAIOTh TPU €Taly OLIIHKU
kopucHocTi cucteMm BIIJIA ans mocnimkeHb MOPCHKUX CCABIIB B ApKTUYHUX 1 CyOapKTHUHUX
perionax. IIpencrarinena podoTa MigKPECIIOE CKIAIHICTh MPOTPaM MOHITOPHUHTY Ta TOKa3ye,
HACKLUJTPKU TE€XHIUYHUHN MpOTpec IIHHUM HE TUTHKU AJs BYUCHUX-EKOJIOTIB, a H AJs1 KepIBHUKIB
raiysi i peryJol04rx OpraHis.

Ilpasosi acnekmu onepysanns BI1JIA

JlocmiKeHHsT B IPaBOBOMY HAIPSIMKY JIOTIOMara€e CTBOPIOBATH Ta PETYJIIOBATH 3aKOHU
mono Bukopuctanus BIUJIA. Marcin Moj y cBoemy nocnimkenni “The legal status of civil
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unmanned aircraft and limitations associated with the performance of flights by civil
unmanned aircraft”’[4] mae BiAMOBiAb HAa MUTAHHS: SK 1 YOMYy TIPABOBI HOPMH OOMEXYIOTh
noctyn BJIA 10 MOBITPSHOTO MPOCTOPY, SIK BOHU NMOBUHHI BUTJISAATH, SKI MUTAHHS MOBUHHI
BHU3HAYATH MIPABOBI PIIIEHHS, 110 CKJIAJIal0Th MTpaBujla eKCIuryaTallli 6e3miIoTHUX 00'€KTIB. Y
JOCIIJDKEHHI KOPOTKO MpEACTaBlIeHa 1CTOpis PO3BUTKY O€3MIJOTHOI aBialii Ta MIMPOKHIMA
CIIEKTp 3aCTOCYBaHHS OE3MUIOTHUX 00'€KTIB, a TAKOXK MPHUKIIAIN X BUKOPHUCTAHHS, TIEpEBaru
Ta Henoyiku BHUKopucTaHHs BIIJIA. YV 3akoHOmaBYMX pIIIEHHSIX y CEKTOpl OE3MUIOTHHUX
JTTATBPHUX amapaTiB HaldJacTIile OMUCYEThCS JUIIe pexxuM podotn bJIA y BizyanbHil diHii
30py omeparopa, NOpoTe B JOCHIDKEHHI TNPEJCTaBICHHI OUIBII MPOTPECHBHI METOIU
MPOBEJCHHS TOJIBOTIB, SIKI B MalOyTHROMY TaKOXX IOBHHHI OyTH BpaxoBaHI B POOOTI
3akoHOJaBCcTBa. CTPYyKTypa MOBITPSHOTO MPOCTOPY 3YMOBIIIOE HOTO CKJIAIHICTh, 110 HAOUHO
MOXHa OayuTH Ha MPUKIAJlI 30H OOMEKEHHS MOJBOTIB IUBUILHUX JiTaKiB. L{i oOMexeHHs
3a3BHYall CTOCYIOThCS Takok LuBUIBHUX BIIJIA. ¥V pobGoti Oynm omucani 30HH, SKi
BUKJIMKAIOTh HAWOUIBII 0OMexeHHs i noi60TiB BITJIA.

Hasieayia BI1JIA

Mertoro HaBIramiiHUX TOCHTIPKEHb € BIIOCKOHAJICHHS TOBITPSHOTO PyXy JApPOHIB,
(dopMyBaHHS MMOJILOTY Ta YIPABIIHHS JPOHAMH IiJ Yac IbOTO MOJIBOTY. JlOCHiKeHHs B Lil
KaTeropii CHpsiMOBaHI Ha 3amoOiraHHs 3ITKHEHb, (OpMyBaHHSA KOamiIii OE3MUIOTHUKIB B
BIJIBHOMY IOJIbOTI, CTBOPEHHS ‘‘TOPOXKHIX KapT~ Ta aJrOPUTMIB, MPOCKTYBAHHS Ta aHaJi3
MOJIOTIB, BAKOPUCTAHHS PI3HOMAHITHUX BI3yaJbHUX MapKepiB Ta MIabI0HIB.

YynoBum npukinagoM € aociimpkenus Joel George Manathara mix HazBoro “Collision
avoidance and coalition formation of multiple unmanned aerial vehicles in high density traffic
environments”[5]. B 1poMy AOCHIPKEHHSI aBTOP PO3IIIsAae MpodieMy YHUKHEHHS 31TKHEHb
Mk BIIJIA 3 BHCOKOIO MIIIBHICTIO Tpadiky. AJNTOPUTMH Jis 0OpOOKH KOHQIIKTIB Oyiau
po3po0IIeHi 13 BUKOPUCTaHHS NPUHIMIIB MONEPEKEHHS 31ITKHEHb NPU KepyBaHHI pakeTaMu
Ta Bepu(IKOBaHI NUITXOM KOMIT IOTEPHOTO MOJCITIOBaHHI. 3a JOMOMOTOI PEaiCTHYHHUX
mopeneit BIIJIA Oyno moka3aHo 110 aJrOpUTMHU PO3poOJIeHH] B I poOOTI MarOTh XOpOILi
MOKAa3HUKW YHUKHEHBb 31TKHEHb Yy CEpEeJOBHINAX 3 BHCOKOIO IMIUIBHICTIO Tpadika. Takox B
JOCHIJKEHHSI PO3MIIAHYTO MpoOieMy GopMyBaHHS Koamimii Mk kinmbkoma BITUJIA mns wmiciit
PO3IIYKY Ta MepeciiayBaHHs, 0yJI0 po3po0IeHO ABOCTYIICHEBUI aJTOPUTM MOJIIHOMIAIBEHOTO
yacy, SKUM Jae cyOonTHMajbHE aje OOYMCIIOBAJIbHO €(EKTHUBHE Ta IMPOCTE BUPILICHHS
npoOaemMu GopMyBaHHS KOATIITII.

A B poboti “Vision-based automatic landing of a rotary UAV™’[6] onucyeTbes miaxif
JIO YIIPaBJIiHHS HEBEJIMKOI MYJIBTHUPOTOPHOIO OE3MUIOTHOI aHTeHOw cuctemoro (BAC) mpu
nocajui Ha pyxomy miatdopmy. Cxema MOcaJKy 3aCHOBaHA Ha PO3TAIlyBaHHI Bi3yaJbHUX
MapkepiB Ha 1aTdopmi mocaaku Ta ii po3mizHaBaHHI JapoHOM. Ilicias Toro, sk GopToBa
KaMepa BUABISAE IMAOIOH 00'€kTa, BHYTPILIHIM aqropuTM YIpaBiHHS BiANpaBIs€e Bi3yalbHI
CEpBO-KOMaH/M JJIs1 BUPIBHIOBAHHS MYJBTUPOTOpA 3 HUIAMH. Llel MeTon MeHI CKiIagHuii B
00YHCITIOBAILHOMY BiJIHOILICHHI, OCKUJIBKU BiH BUKOPHCTOBYE BHSBIICHHS 00'€KTIB HAa OCHOBI
KOJbOPY Ta MOXK€ OyTH 3aCTOCOBAHHMM 1O T€OMETPUYHOrO IIaOJOHY 3aMiCTh 3alTy4YCHHS
QITOPUTMIB BijicTexxeHHs 00'ekTi. HactynHa #oro nepeara, mossirae y BiJICyTHOCTI TOTpedu
00uHrCIIOBaTH B1ICTaHb 70 00'€KTiB. MeTo mpu CcBOii Oe3nepepBHild poOOTI BpaXxOBY€ 3MIHY
koopauHat BIIJIA 1 konuBanHs miaatgopmu, 10 HEOOXITHO IJiA MOCAIKU B pEalbHOMY Yaci
Ha PyXoMy IIJIb, TaKy sIK KopaOenb. [lucrerdep AMCKPETHUX MOiH, IO MPAIIOE MapaIeabHO
3 BHYTPIIIHIM KOHTPOJIEPOM, MPHU3HAYEHHUN A1 aBTOMATUYHOI MOCAJKH MHOTOPOTOPHOTO
BIUJIA Ha pyxomy minb. Hapemi, 1ieit Mmetoq OyB anmpoOoBaHui B cepii €KCIIEPUMEHTIB B
pealbHOMY 4aci 3 MOCaAKOI0 KBAaIPOKOITEPA B MPUMIIICHHAX 1 HA BIAKPUTOMY TMOBITpI SIK Ha
CTaTUYHMUX, Tak 1 Ha pyxomux miardpopmax. Po3pobrena cucrema-mpoTOTHIT
IPOIEMOHCTPYBaJIa MOXIIUBICTh IMOCAJIKU B MeKax 25 cM BiJl 0aXaHOT TOUKHU MPU3EMIICHHS.
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Texuiune ocnawenns BI1JIA

TexHiuHl JOCHIMKEHHS TMOB'sI3aHI 31 3MIHAMH B KOHCTPYKIIi Ta MPOTPaMHOMY
3a0e3meueHH] SK AJi1 TMEBHUX THUIIB OE3MUJIOTHUKIB TaK 1 JUIsl OKpeMHUX Mojeneil. B takux
JIOCJTIJDKEHHST MICTUTBCS JIETaTbHUN aHa3 KOHCTPYKIlT APOHIB a00 OKpEeMHX iX YacTHH, 3
METOI0 BIOCKOHAJICHHS JAPOHIB JIJIsl 0€3MeYHOr0 Ta HAMOIIBII MPOCTOrO iX BUKOpUCTaHHS. B
MIPOAHAII30BAaHUX JIOCII/DKCHHSI 3yCTpiUajucs, HAMpUKIad, 3MIHM B KOHCTPYKIIl Kpuia,
BUKOPHUCTAHHS O17bII BIAMOBITHOTO MPOTpaMHOTro 3abe3nedeHHs Ta MoAuQikallii eneMeHTiB
KUBIICHHS.

[IpoexkTyBanHs Manoro O€3MUIOTHMKA BHUKOPUCTOBYIOUM COHSYHY Oarapero
posrisiHyTO B aucepramii Christopher J. Hartney mim masBoro “Design of a small solar-
powered unmanned aerial vehicle”[7]. MeToto aucepTauii € mpoekTyBaHHS O€3MiJIOTHHKA,
KWW Ma€e po3Max Kpwil He Outbliie 7 M, Macy He Oibiie 10 KT, € 3JaTHIUM MIEPEHOCUTH BaHTaX
1o 2,27 Kr, Ta Ma€ 3arajibHy TPUBATICTh MOJIBOTY HEe MeHIne 24 roauH. B xoai qocmimkeHHs
OyJl0 BUKOHAaHE TOPIBHSJIbHE BUBYEHHS Ta aHANI3 CXO0XHUX 32 THUIIOM OE3MJIOTHUKIB.
Ockinbku 0€3MiIOTHUK OyJe NpU3HAYeHUH IJIs MEBHUX MICIH, a camMe BHBYEHHS JICOBUX
noxexx B KamidopHii, BiH MOBUHEH MaTH HEOOXiJAHE OOJagHAHHS BKIIOYAIOYH CUCTEMY
rinobansHOro mosuiionyBanHs (GPS) Ta kamepu. IlomToBXOM 0 BUKOPUCTaHHS COHSYHOI
OaTapei € BUMOTa €KOJIOTTYHOCTI. BpaxoByroun MOTOYHE MPArHeHHs 10 OUTBII €KOJIOTIYHOTO
CEpeIOBUINA, BUKOPUCTAHHS HEBEIMKHX JIPOHIB HA COHSYHUX Oarapesx € akTyadbHUM
MUTAHHSM, SIKE 3aCIyTOBY€E yBary.

VY nocnimkenni “Synthesis and Validation of Flight Control for UAV” [8] netanbHo
PO3IIISIIA€ThCS MpodiieMa HAAIMHOCTI IPOHIB I il Yac MOJIEIIOBAHHS Ta BUIPOOOBYBAaHb,
OCKIUJIbKM TIONIUT Ha HaiiHi 1 Hefopori cuctemu BITJIA 3pocrae. Lle 0co6inBO akTyalisHO 1is
HeBenukux MiHI-BIIJIA, ne OuUTbHIICTE CHCTEM, SIK 1 paHille, BUKOPUCTOBYIOTHCS B SIKOCTI
MPOTOTHUITIB Yepe3 HEJOCTATHIO HAIWHICTh. Y AOCKOHAICHHS MOJICIIOBaHHS, BUIIPOOYBaHb 1
VIPaBIIHHS MMOJLOTOM I HEBEIUKHUX OE3MUIOTHUX JITATBHUX amapaTiB MABUIIIIO O iX
HAJIMHICTh M Yac AaBTOHOMHOTO TOJbOTy. JlaHa muceprailis KpUTUKYE MEXaHIuHE
MIEPEHECEHHS TPAIUIIIIHHOTO TiIXOAY 0 MOJEITIOBAHHS, BUNIPOOYBAaHHS Ta BIPOBAHKCHHS 3
ninoroBanux JiTakiB n0 BITJIA. JloBoauThCs, 10 TaKWi MiAXiJ] BUMarae BEJIUKUX BHUTPAT
gacy 1 pecypciB. HaTomicTs, po3poOIseThCs IHTETpOBaHA CTPYKTypa 3 CHUCTEMAaTHYHUMU
npoleaypamMu s cuHTe3y 1 KoHTpomo pobotu BITJIA. Ile nomomoxke B ceprudikarii
cucremu BIIJIA 1 3a0e3nedye MBHAKUN UK pO3pOOKH BiJ MOJEITIOBAHHS 10 peaTbHUX
BUMPOOYBaHh Ta BIOPOBAKCHHS. EQEKTUBHICTh IHOTO MIAXOAY JEMOHCTPYETHCS
3aCTOCYBaHHSM PO3p00JICHOT OCHOBH Tl HeBeuKkoi cuctemu BITJIA, sika 6yna po3pobiieHa B
VHiBepcuteti MiHHECOTH.

besnexa pyxy BIIJIA

Tema Oesrmexkd B TOMY YM IHIOIOMY BUIJISAI 3YCTpIYaeTbes y OUIbLIIM 4YacTHHI
MPOAHANII30BaHUX AOCTIKeHb. CaMe TOMy 1€ HampsMOK € HaWBaKIIMBIIIUM CEPell YCIX.
Xoua OLIBIIICTh MOCTIIHKEHD JIUIIE MEBHOI YACTUHOI BIAHOCATHCSA O HAMPSMKY O€3MEeKH,
BUIUIsAEThCA  focuipkeHHs aBtopa Nils Rodday mim HazBoro “ Exploring security
vulnerabilities of Unmanned Aerial Vehicles” [9] ¥V mpomy mocmimkeHHI aBTOp JIOCIHITUB
piBEHb OE3IeKH, 0 3aCTOCOBYETHCS M0 KaHaTB 3B's3Ky npodeciiinoro BITJIA. Kpim Toro,
OC3MUIOTHUKK  JOCHI/DKYBaIUCs Ha BUSBIEHHS Bpa3IUBOCTI B CHUCTeMi Oe3MeKu,
BUKOHYBayacs ataka ‘“‘Man-in-theMiddle” i BBogwncss KOMaHIU KePYBaHHS IS B3a€MOJIT 3
Oe3nioTHUKaMU. Takok OyJM 3alporoHOBaHI BIAMOBIAHI 3aXOMU JUISl TOKpAIICHHS
MOTOYHOTO piBHS Oe3neku. Pe3ynbraTé MOCHiKEHHS MiJBUILYIOTh OOI3HAHICTH Cepel
IIMPOKOT TPOMAJCHKOCTI, M0 BUKOPUCTOBYIOTh BITJIA, cepen HaykoBOrO CIIBTOBapUCTBA,
MOKa3yI0ul HEOOXiTHICTh MOAANBIIOTO JOCTIKeHHs B il cdepi, Ta cepes BUPOOHHUKIB,
MIOKA3YIOUH BKJIMBICTh BIPOBAKCHHS OUTBII BUCOKOTO PiBHS OC3MEKH B CBOIX MPUCTPOSIX.
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BucHoBku. Benukwuii monut Ha O€3MITIOTHUKY CIIPHUMHSE OaKaHHsS Ta HEOOXITHICTh
iX BHBYCHHS Ta CTBOPCHHS HAyKOBUX TIpalb B PI3HOMAaHITHHX Tamy3sx. Haibinbm
HOIMYJIAPHUMHU Ha ChOTOJHI € Mpall SIKI CTOCYIOTHCS HOBHX c(ep BHKOPHCTAHHS IpPOHIB,
OCKUJTBKH y JTAHOMY HaIpsSIMKy Ma€ MICIIC IHUPOKUX CHEKTP IS JOCIIIKEHb Ta BTUICHHS
HoBUX ixed. IIpoTe iHIII HampsMU HE MepecTaroTh OyTH akTyanbHUMH. Hapiramiiiai ta
TEXHIYHI HAYKOBI JIOCTI/DKCHHS MarOTh BaroMHid BHECOK B TEXHOJOTIYHHUNA PO3BUTOK
CyyacHUX O0e3niIOTHUKIB. [IpaBOBiI JOCHIJKEHHS [OMOMArarTh IMPaBHIBHO PO3YMITH Ta
BUKOPHUCTOBYBATH 3aKOHHM II0JI0 BUKOPUCTAHHS O€3MUIOTHUKIB. JlOCTITKEHHS MO0 Oe3MeKn
BUKOPHCTaHHA TICHO TIOB'SI3aHI 3 IHIIMMH JOCHIPKCHHSMHU, OCKUIbKH Oe3leka Mae
JTOTPUMYBATHCS B KOXKHIN cdepi.
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Analysis of Modern UAYV Research

In the all the spheres, unmanned aerial vehicles (drones) have become much more accessible over the
past years and have received a lot of scientific interest. There is a great number of scientific publications and it is
necessary to organize them and give a general description for each area, that was highlighted in progress of
analysis.

This paper considers several scientific studies, which were divided in five groups by research direction.
Each direction has its own aim and is intended to solve certain problems. The current paper highlights several
studies as examples for each group. Each group is briefly characterized and examples of the studies reviewed.
The following groups should be highlighted: Innovations in the area of use; Navigation of drones; Engineering
of drones; Legislative aspects; and Safety. Innovations in the area of use is the largest direction by the number of
studies, as the scope of drones is very wide and increasing every year. Drones can be used to monitor, deliver,
scan and analyze. Legislative research helps create and regulate UAV laws. The purpose of navigation research
is to improve the air traffic of drones, the formation of flight and the management of drones during this flight.
Studies in this category are aimed at collision avoidance, forming a coalition of drones in free flight, creating
"road maps" and algorithms. Technical studies are related to changes in design and software for several types of
drones and individual models. Studies about Safety are common in all previous areas. Safety is an essential
group for the use, improvement and development of drones.

The huge demand for drones causes the raise in the scientific interest to them and constantly grows new
research examples in a wide variety of fields. Analyzing existing research gives the reader a better understanding
of usage of drones and current scientific frontier. It helps to understand where more research needs to be done,
what are the most relevant industries for drones in the modern world.
drones, unmanned aerial vehicle,area of use, drones safety, research analysis
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Mojiens HaA1IMHOCT1 A€TaJIel TPAHCIIOPTHUX MAaIIUH 3a
IpolecaMM pearizalii TpHOOTEXHOJIOrH iX
IIpUIpaALIOBAHHS 1 BIJHOBJICHHS

OOrpyHTOBaHa HEOOXigHICTP MOOYZOBM (i3MYHMX Ta MaTeMaTHYHHX MOJENed HaIiiHOCTI 3
BpPaxyBaHHSAM BHIIAJKOBUX IPOLECIB Ta KUIBKOCTI JOKAIBHUX OOJIACTeW IpH 3HOIITYBaHHI Ta BiIHOBIICHHI 3
BUKOPHCTAHHSAM TPHOOTEXHOJIOTIH MPUIPALOBaHHS Ta BiTHOBJICHHSA. J[aHAa MOJIeNb TIOBEPXHEBOTO IIapy JAeTali
3 k mipmapiB. Po3risiHyTO MOBeAiHKY cucTeMH "IOBEpXHEBHH Iap" 3 TOUKW 30pY HAIIMHOCTI, K MOBEIIHKY
CHUCTEMH CYKYITHOCTEH B3a€MO3aJICKHUX JIOKAIBHUX ObOsacTell KoHTakTiB. CTOXacTWYHA MOJETh HAAIHHOCTI
JieTalli 3Be/ieHa 10 CUCTEMH [IOBEPXHEBHX LIAPIB 3 BUIIAJKOBUMH JIOKATBHUMH O0JIACTSIMH KOHTAKTIB CHPSHKEHHX
neraneil. HaBeneno rpad craniB rnceBmocucTeMy "MOBEpXHEBH map" mpu pisHUX yMoBax. OTpHMaHO CHUCTEMY
CTOXAaCTUYHUX JU(EPEHIIIabHIX PIBHSIHB IS PO3TIIAY IPOIECIB Ierpaallii Ta BiJTHOBJICHHS IICEBIOCTAHIB Ta
HABEJICHO YaCTKOBI 11 pPO3B'SI3KH.

HallliHicTb, TPHOOTEXHOJIOTi NPHUNPALIOBAHHA, TPHOOTEXHOJIOTiA BiIHOBJEeHHs, (i3NYHA MoOJeJIb
HaJliiHOCTI, MOBepXHeBUi Iap, TPAHCIIOPTHI MAIIUHHA

B.B. Ayaun, npod., 1-p TexH. Hayk, C.B. JIpIceHKo, 1011., KaHA. TeXH. HayK, A.B. ' puHbKHB, CT. HayK. CIIiBp.,
KaHJI. TeXH. HAYK, JOKTOPAHT

LlenmpanvHoyKkpaunckuli HAYUOHAIbHBLI MeXHUYecKull ynusepcumem, 2. Kponusnuykuil, Yxpauna

Moaenb HAJEKHOCTH [eTajiell TPAHCMOPTHBLIX MAIIMH 32 MPOLECCAMHM peaju3anuu

TPUOOTEXHOJIOT Uil NX NPUPAOOTKH H BOCCTAHOBJICHHSA

O0ocHOBaHa HEOOXOIMMOCTh MOCTPOCHUs (PU3NYECKMX M MaTeMaTHYECKUX MOJeNield HaJle)KHOCTU C
YUETOM CIy4alHbIX MPOLIECCOB M KOJIMYECTBAa JIOKAIBHBIX 00JacTeldl MpHM H3HOCE M BOCCTAHOBIICHHH C
UCIIOJIb30BaHHEM TPHOOTEXHOJIOTHI NPUPAOOTKM M BOCCTAHOBJICHHs. J[aHHAs MOJIeNb TOBEPXHOCTHOTO CIIOS
Jetaym w3 k mozcioeB. PaccMOTpeHBI IIOBeJeHHWE CHUCTEMBI "MOBEPXHOCTHBIM CIIOH" € TOYKHM 3peHHUs
HAJIS)KHOCTH, KaK TMOBEACHHE CHUCTEMBI COBOKYITHOCTEH B3aMMOCBS3aHHBIX JIOKAIBHBIX 00JacTell KOHTAKTOB.
CroxacTudeckasi MOJIeNIb HAJIC)KHOCTH JETalll CBEJICHa K CHUCTEME IOBEPXHOCTHBIX CJIOEB CO CIIyYaWHBIMH
JOKJIBHBIMA O00JIACTSIMM KOHTAKTOB CONPSDKEHHBIX netaneil. IlpuBeneH rpad cocTOSHHN IICEBIOCHCTEMBI
"IMOBEpXHOCTHBIN CIION" TIpH pa3nu4HbIX ycinoBuax. [lomydeHa cucrema croxacTudeckux AuddepeHIrnarbHbIX
YpaBHEHHH JUIS pacCMOTPEHHMS NMPOIECCOB JETPAfallid W BOCCTAaHOBIJICHHUS IICEBIOCOCTOSHHN W IIPHUBEICHBI
YACTHYHBIE €€ PELICHUSL.
HA/Ie’KHOCTh, TPHOOTEXHOJIOTHH NPHPAOOTKH, TPHOOTEXHOJOTHH BOCCTAHOBJICHUS, GU3NYecKas MOJe]Ib
HaJe;KHOCTH, TOBEPXHOCTHBIN CJI0H, TPAHCHOPTHBIE MAIIHHBI

IlocranoBka mnpodiaemu. PesynpTaTu MOCHiTKEHb HAIIHHOCTI CHUCTEM 1 arperariB
TPAHCIIOPTHUX MAIIIMH B IIUIOMY 3a 3aKOHOMIPHOCTSIMH TEpTs, 3HOIIYBAHHS 1 BiTHOBJICHHS
JeTanel mpu peaiszailii TpuOOTEXHOIOT1H mpunpaitoBaHHs 1 BigHOBIeHHS [ 1-3] cBiguats, 1110
3MiHH, SIKi CIIOCTEpITalOThCsA B iX TOBEPXHEBUX IIApax, SBJISIOTHCSA CTOXaCTHYHMMHU. [Ipu
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LOMY HPOLIECH TEPTS 3HOLIYBAHHS Ta BiAHOBJICHHS, 1110 MPOTIKAIOTh B JIOKAJIBHUX 001aCTAX

KOHTAaKTIB, MAalOTh BUIIAJIKOBY MPUPOY [4-6]. 3a3HaUeHE BUMArae npu rmooy10Bi GpizMuHUX Ta
MaTeMaTHYHUX MOJeNiel HaAIMHOCTI BpaXOBYBAaTH BHIIAJIKOBI Bapiallii 3a3HAYEHUX MPOIIECIB
Ta KUIBKICTh JIOKJIBHUX OOJacTell Ha poOoumx moBepXHsX naeraned. [lms moOymoBu
CTOXAacTUYHOI (I3WMYHOT MoJeni HaIIHOCTI CHpsDUKeHb JeTalieil cucTeM 1 arperariB
TPAHCTIOPTHUX MAIIMH HEOOX1THO BUKOPUCTATH TEOPETHYHI OOTPYHTYBAHHS IPOIIECIB TEPTH,
3HOIIYBaHHA Ta BIJHOBJCHHS IPU BHUKOPUCTAaHHI KOHKPETHHX TPUOOTEXHOJOTIH
npunpamtoBands (TTIT) ta BimHoBnenus (TTB) [7-9], marematnunmii amapart [10-12] Ta
¢bi3u4HI OCHOBH Teopii HaxiiHOCTI [13-16].

AHami3 ocTraHHiX aocjimkeHb i myOuikaniii. CaMoopraHizoBaHl MPOIECH TEPTS
JO3BOJIIIOTH PO3POOUTH METOIU, CIOCOOM 1 3aco0M BIHOBJICHHS 3HOUICHHX POOOYNX
MOBEPXOHb CIPSKEHb JCTalied JU3eiB TPAHCIOPTHUX MAIlWH, B TOMY YHCII 0e3 ix
po30upanHs, TOOTO TEXHOJIOT1H TPHOOTEXHIYHOTO MPUITPALIFOBAHHS 1 BiTHOBJIEHH: [2, 16-19].
I{s cTopoHa mporieciB TepTs B 3a3HAYCHHX TPUOOTEXHOJOTISAX OCTATOYHO HE OOTpyHTOBaHA
[20-24], mpoBeneHO MOCTaTHIA OOCAT €KCHEPUMEHTAIBHUX JOCHTIKEHb, aJleé OCTAaTOYHO HE
CTBOpeHa TpUOO(Qi3MUHA TEOopis MPOTIKAIYMX TMPOIECIB KEpPyBaHHS HHMH, BIUIMB iX Ha
Ha/IHHICTh CHOpPSKEHb JeTajel CUCTeM 1 arperaris, 1 TPaHCIIOPTHUX MalIMH B Iyiomy. He
3'sICOBaHl1 TaKOX YMOBHU MIPUCTOCYBAaHHS Ta PEreHepallii moBepXxoHb TepTs [2, 23, 25-30], o
notpedye 101aTKOBUX PETEIbHUX JOCIHIHKEHb.

Cepen 3a3HauCHHMX MHTAHh HA yBary 3acilyroOBYIOTH JOCIIDKEHHS YMOB peatizarrii
nporeciB camoopranizarii [31-33] Ta camoperymsmii mporeciB 3HomryBaHHs [34-35], sxi
JIAl0Th HOBHM IMITYJIbC PO3BUTKY MPAKTUYHUX METOJIB ITiIBUILIEHHS 3HOCOCTIMKOCTI JAeTaleH 1
PO CI'T, 3MiHIOIOTH MOTISAM HAa MEXaHI3M TepTd 1 3HOUIyBaHHS. EKcreprMeHTalbHO
JIOBEJICHO, 1110 CEPBOBITHI TUTIBKM MOXKYTh YTBOPIOBATHUCS NPHW BUKOPUCTAHHI MPUCATIOK, SKI
MICTSITh HE TIIBKU MiJlb, ajie 1 iHm MaTtepianu. s nboro HeoOXigHO BBECTH KOMIIOHEHTH
MPUCAAKNA B MACTWIBHHUI MaTepian abo poOode (TexHOJIOTIUHE) cepenoBuia. et mpuHImn
MOKJIQJICHO B OCHOBY pO3POOKHM Ta 3aCTOCYBaHHS METAJOIUIAKYIOUMX MpHCcanok [25-27].
JlouinpHUMU B 1IbOMY HANpsIMKY € CHUCTEMHO-CHPSIMOBAaHUM MiAXil Ta CHHEpPreTU4Ha
KoHuenuis [2,3,14,16], siki MicTATh B 001 3arajbHi 3aKOHOMIPHOCTI K€pyBaHHs IpOIecaMu 1
cranamu camoopranizamii B TTC pizHoro pomy. Ilpyu 1mpomMy JOCHIIKEHHS AWCHMAIi 1
CHUHEPTi3My IpHU TEPTi € NEepCHeKTMBHUMHU B MPAKTUYHIN peanizaiii, OCKUIbKU 3'ABISETHCS
MO>KJIMBICTh PO3POOKH 1 3aCTOCYBaHHS METOJIB 1 3aco0iB, IO JIO3BOJISIOTH B IPOIIEC]
eKcIutyararii 0e3 po30upaHHs BY3JiB 1 arperarTiB, 3/iiICHIOBATH BiIHOBJIEHHS M e€()EeKTUBHO
nigBuiryBati  3HococTidkicte  TTC. Ile Tak 3BaHl  IHTENEKTyajdbHI  TEXHOJIOTII
camoBigHOBIeHHs (smart-self technology), mo BXoaaTe B TeXHOJOTii TPHOOTEXHIYHOTO
BinHOBJNeHHA (TTB).

Perenepanito 3HOIIeHUX JeTaneil MoxHa 3ailicHioBaTH TTB B pisHuX poOouux
(TexHomoriyHMX) cepemoBumax [19-24]. 3acTocyBaHHS IHTENEKTYyaJIbHMX TEXHOJOTIN
CaMOBIJTHOBJICHHS JI03BOJISI€ 3HU3UTHU BUTPATH Ha MaJUBHO-MacTWiIbHI Marepianu ([IMM) ta
3armacHi YaCTMHH, CKOPOTUTH TPUBATICTh YCYHEHHS BIJIMOB, 3MEHIITUTH BTpPATH B PE3yJbTaTi
IPOCTOIO TEXHIKH B MIEP10J PEMOHTY.

IlocTanoBka 3aBaaHHs. MeToro naHOi poOOTH € po3poOieHHS (i3MIHOT MOeNTi
HAJIMHOCTI CIpsDKeHb JeTajeil CUCTeM 1 arperaTiB TPAaHCHOPTHUX MAIllMH MpU peanizarii
TPUOOTEXHOJIOTI MPUIPAIFOBAHHS 1 BITHOBJICHHSI.

Bukiaag ocHoBHoro marepianay. 3 (i3MUHOI TOYKM 30py YCI HpoOLEcH g dvac
KOHTaKTHOI B3a€EMO/Iii CIIPSDKEHB JeTalell, BiIOyBarOThCsl B MaTepiasiaX iX MOBEPXHEBUX IApiB
[1,2,16,36,37]. MoaenbHe ysBIEHHS MOBEPXHEBOIO IIapy JAeTalll, SKUW MiAJsArae mporecam
TEpTsI, 3HOIIYBAHHS Ta BIIHOBJICHHS B TPHUOOCHPSDKEHHSX JAeTallell Mi Yac eKCIuTyararfii
CHCTEM 1 arperariB TpaHCHIOPTHUX MAIIMH MpecTaBieHe Ha puc. 1.
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Pucynok 1 — Cxema Mozielli HOBEPXHEBOIO APy AETall, AKUM cKianaeTbes 3 k mimmapis, k =0, K,

110 MIiCTSTh ij BUNagKoBuUX Jokanbuux obmnacreit: [ =0,i; j =0, j
IDicepeno: po3pobneno asmopamu

Hexaii moBepxHeBuii map mictuth k miamapis. [louaTtkoBa noBepxus nerani k=0, a
B LIiIoMy HoBepxHeBuil map — k = K . Ilpu 1ipoMy 3HOC 1IapiB CTAaHOBHUTH U, , @ TPAHUYHUI

3HOC — u, . B mpoueci BIAHOBJICHHS MOBEPXHI JeTaji 38 KOHKPETHOI TPHOOTEXHOJIOTIEO

NPUIPALIOBAHHSA T4 BIJIHOBJICHHS BIANOBIIHO NOPIBHIOIOTH A 1 Ay ,,. POGOYI IOBEpXHI micis
3HOIIYBAHHS SBISAIOTH COOOKO CYKYIHICTh JIOKAJIbHUX KOHTAaKTHUX oOmacredn S;, i=0,7;

y = 0 J, a ix 3aranpHa mioma Tepts AopiBHioe S, [ =0, L. Buxonsuu 3 mporo moyaTkoBa

ijl °

IIOIIA MOBEPXHI AeTam Sy, a JUls KPUTHYHOIO CTaHy 3HOCY S, . Jlis miour JoKaibHHX

70>
KOHTAaKTHMX oOyacTeil BUOMpaeTbcs 3 HHUX TIouaTkoBa S,,, a IMOTIM MHOTOYHI —

S (8015802505 150058 5-.8;) 1 BIIMOBIIHO 00'€éM KOHTAKTHOI OOMACTi 3HOUIYBaHOIO WIAPY

i J
nopisuioe V. =S, u,, k-mapy — V,, 2225’% ‘U, , a 3araJbHUH 3HOIIYBaHMH 00'eM
i=0 j=0

CTaHOBUTBb V= ZV[U,{ . Juisl TIpoLeciB BiOHOBIEHHs BiANMOBiAHO Maemo: V. =S, -’y
k=0

Vrk Zzsuk hk ’ Vr ZVrk

i=0 j=0

Posrnmsn  mporeciB  3HOUIYBaHHS Ta BIAHOBJICGHHS JE€Tali TpPU  3aCTOCYBaHHI
TPUOOTEXHOJIOTIH BiTHOBIICHHS, Iepeadayae ps HaCTyITHUX IPHUITYIICHb:

— BC1 JIOKaJIbHI 00J1aCTi KOHTAKTIB MAIOTh BUITAIKOBUI XapaKTep SK MO KUTBKOCTI, TaK i
IO TIIOIII;

— IIBHJKOCTI 3HOUIYBaHHS Ta BIJHOBJCHHS II€BHOTO TIIOBEPXHEBOIO MIapy €
BUMAJKOBUMH BEIMYMHAMH, SKI 3HAaXOAAThCA Yy BH3HAUEHOMY IHTEpBali Ta €
CHIBPO3MIpHUMU;
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— IHTEHCHBHOCTI 3HOIIIYBaHHS Ta BiJHOBIICHHS JIOKAJTbHOI 00JIACTI KOHTAKTY ISl TaHOT
MOBEPXHI JIeTalll € TOCTIMHUMHU BEIWYMHAMHU, aje MAlOTh IHTEPBAJIM BHUMIPIOBAHHS SKi
3MIHIOIOTHCS BUIIAAKOBUM YHHOM B IIEBHUX MEXKaX;

— JIeTaJlb 3HOIIYEThCS HA BEJIMYMHY U, , @ BITHOBIIOETHCSA — HA /i, , IKIIO BCI JIOKAJIbHI

obJacTi mapiB 1l MOBEPXHI 3HOMIYIOTHCS HA III0 K CaMy BEJIMYHHY;
— 3HOC ij-Ol JIOKaJIbHOI O0ONacTi MOBEPXHEBOrO IIapy JAeTali Ha BEIUYUHY U,

NPUBOJIUTH J10 3MIHM iIHTEHCUBHOCTI 3HOIIYBAaHHS CYMKHHUX JIOKAJIbHUX 00JIaCTei;
— BIJIHOBJICHHSI #/-01 JIOKAJIbHOI 00JIaCTI MOBEPXHEBOI0 MIApy JeTalll Ha BEIUUYUHY /1,

MIPUBOINTH JI0 3MiHM IHTEHCUBHOCTI BITHOBJICHHS CYyMIXKHUX JIOKQJILHUX 00JIacTeH.

Buxomsun i3 (i3MyHOrO ySIBIEHHS NMPO HAAIWHICTH 3HOLIYBAHOI 1 BiJHOBIIOBAHOI
JeTanei, X BIAMOBIAHICTh TEBHUM pPIBHSAM TOKa3HUKIB €BOJIIOIIHHOT HAAIMHOCTI, MOXKHA
OIHCATH JBOMA B3a€MO3B'SI3aHUMU MOJICIISIMHU:

— MOJIENIb CUCTEMU ""TTOBEPXHEBUI 11ap";

— MOJEIb cucTeMu "ferann".

[ToBeninky cucteMu "MOBEpXHEBU map", 3 TOUKH 30py HAIIWHOCTI, PO3IIISIIAIOTH SK
MOBE/IHKY CHCTEMH CYKYIHOCTEH B3a€MO3AICKHUX JIOKANBHUX oOjacteid KOHTakTiB. [Ipu
IIOMY JIOKaJIbHI 00JIaCTI KOHTAKTIB TPHOOCTIPSKEHD JETaNe MarOTh HACTYTHI BJACTUBOCTI:

— OJIHa 3 HHUX € OCHOBHOIO, a pellTa CyMyTHIMM HEpPIBHOHAIIMHMMHU JIOKAJIbHUMHU

001aCTAMU, 1110 3HAXOATHCS MMiJ] HABAHTAXKEHHAM N
— BiZMOBa cHCTeMH "TIOBEpXHEBHI IIap" CIHOCTEpIraeThCsi MPH BIIMOBI yCiX

JIOKaJbHUX obnacten ij, i :m; /4 :O,_J , KOJMM BEJIMYMHU iX 3HOIIYBaHHS HaOyBalOTh
JIESAKOr0 TPAHMYHOTO 3HAYEHHS U, ,, , XAPAKTEPHOTO JUIs JAHOTO Matepiany JeTaii i yMOB il
($yHKIIOHYBaHHS;

— BIJIHOBJICHHS CUCTEMU '"MOBEPXHEBUH mIap" CHOCTEPIraeThCs MPU BIAHOBIEHHI YCiX
JIOKaJbHUX o0yacTeut ij, i = G; y = G , KOJIK 1X BIJIHOBJICHHS Ha0yBa€ NESIKUX TPAHUIHHUX
3HAYECHb /i, , XAPAKTEPHUX IS IAHOT TPUOOTEXHOIIOT I,

— IHTEHCHUBHICTh BIIMOB CHCTEMH "TIOBEPXHEBUH MIap" 3MIHIOETHCS TIPH BUXO/I1 3 JIATy
Oyb-5IKOT 3 JIOKThHUX 00JacTel KOHTAKTIB;

— IHTCHCHBHICTh BIJHOBJICHHSI TIOBEPXHEBOI'O IIIApy 3MIHIOETHCS TMPU BiJHOBJICHHI
OyIb-SIKMX 3 JIOKATBHUX 00J1acTel KOHTAKTIB.

[ToBeninka cuctemu '"meranp" OMUCYETHCS CYKYITHOIO TIOBEHAIHKOIO TTOBEPXHEBHUX
m1apiB SK MOTOKY, IO MEPEBOJUTh CUCTEMY i3 CTaHy B CTaH, 1 BU3HAYAETHCS HMOBIPHICTIO
Nepexo/ly CHUCTEMH CTaHIB [OBEPXHEBOrO IIapy TMpud HMOro 3HOLIYBaHHI Ta
BimHOBMOBaHHI [14-16]. I'pad cucrem "moepxHeBuil mmap" 1 "meramp" s mporieciB
3HOIIYBaHHS MPEJICTaBICHO Ha pUC. 2, a JUIsl IPOLIECIB BIIHOBJICHHS Ha puc. 3.

(0) (n (2) (-1 _____ 40 (L-1) (L)
0 /1({)'_ 1 /1({).- 2 ;I'(,_}'_ - A({) -_ir_ _i.:‘{ﬂ')._ ."/1(0 | L 2‘(,5:_
L e il
a
(0) (1 (2) (k=1) ____ (k) (K-1) (K)
0 /l(u._ 1 Aru.- 2 Am._ ”.A(d -{:r_ k —i/lm._ .”/l(u il K Am'_
EWAGIER. ||
0

Pucynok 2 — I'padu 3MiHu cTaHIB AK (i3UIHI MOJIEINi 3HOITYBaHHS CHCTEM
"moBepxHeBui map" (a) i "geranp" (6)

Iocepeno: po3pobneno asmopamu
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(0) (N (2) -1y _____ (O (L-1) (L)
ol 1 Ela e A vy B [Fl&
-
a
pr) Mf,l Mf.Z} Mf‘k_” :_____:A/[i.r’c) ME.K-I) Mf_K)
0L {12 ek KL
Ll
0

Pucynok 3 — I'padu 3MiHE CTaHIB K (i3U9HI MOJIEIi BiTHOBICHHS CHCTEM
"moBepxHeBuii map” (a) i "nerans" (6)
Locepeno: pospobaeno agmopamu

TakuM YMHOM, CTOXAaCTHYHA MOJETb HAMIMHOCTI JAeTani 3BOAUTHCS 10 PO3IIIALY
CUCTEMH TTOBEPXHEBUX IIAPiB, CIEMEHTAMH B SIKHX € BUIAQJKOBI JIOKAJIbHI 00J1aCTI KOHTAKTIB
COpsDKEHUX JieTaniell, mo OepyTh yyacTb B IpoLEecax TEepTs Ta 3HOIIYBAHHSA 3a MEBHOIO
TpUOOTEXHOJIOTi€0 3 (OPMYBAaHHSIM BiTHOBIIOBAILHOT TUTIBKM Ha TIOBEPXHIX JeTalIeh
TPUOOCTIPSKEHHS.

Posrnsmaroun cucremy "moBepxHeBHid map" netaii, nepeayciMm OyneMo BBaXKaTH, IO
CYKYIHICTb ii CTaHIB JAMCKPETHA, a MPOMDKOK 4Yacy HpPOTSIroM SIKOTO BiJI0OYBa€TbCs MpOLEC
3HOIIYBaHHA € Oe3nepepBHUM. Cucrtema "MOBepxHEBHWH miap" neTalli CKIANAETbCA 3 if
€JIEMEHTIB, 110 SIBJIAIOTHL COOOKO JIOKAJbHI 00JacTi KOHTAKTiB, IHTEHCHBHOCTI BiJIMOB SIKHX
3aJIeKHUTh B 9acy 1 BiJ iX KUTBKOCTI, IO HE BIIMOBWJIM Ha JaHWUH MOMEHT uacy. Ilix
BIMOBOIO JIOKaJbHUX OOJacTeli KOHTAaKTIB TMOBEPXHEBOro IMiapy OylIeMo po3yMiTH
JOCSATHEHHS B HUX TaKO1 BEJIMYMHU 3HOILTYBaHHS, SIKa € OO0 a00 PIBHOIO TPAHUYHIN HOTO
BenuuuHi. J{7s moOyaoBu Mojeni HaalHHOCTI CUCTEMH "TOBEPXHEBMIA IIap" BUKOPUCTAEMO
metox mcesnoctaniB [10-12]. Ilig mceBmoctaHOM Takoi cucTteMu OyneMO PO3YMITH TaKHA
CTaH S CHUCTEMH B SIKOMY 3HOUIYETbCA ij JIOKAJIbHUX 00JacTel KOHTaKTy 3 MMOBIpHICTIO P B
MOMEHT dYacy f. SIKIIO KUIBKICTh JIOKQIBHUX 0OJacTeli KOHTaKTiB CTaHOBUTH [=0, TO
CIIOCTEpIraeThCsl BIAMOBA CHUCTEM 'MOBEpXHEBUUM Mmiap", sKka mepelae y IOBEHUIbHUM
NOTJIMHAIOUMK cTaH. ['pad cTaHiB mceBAOCHCTEMH '"TOBEpXHEBUIl map" MpH 3HOIIYBaHHI 1
BiJTHOBJICHHI HaBEJICHO Ha puC. 3.

S Skt Sk2 Sk Sk
| A(Sot) | : A1 8 ) | A8 )| 7 r -L|’]“1(?m;{l : :

= - = , , |

I H1 ") (8 51) 1 (830) 1 == (S ) |

'l Ay (8 ,fl 5 Ay (8.1 ,fl . A8 ,.f')_; 5 ;AE(SK A_,,:)_ .

| (8 r) (80 f(S3 ) == (i)
3 A1) | 3 "13(31\1:5_)_ n ’13(5&3{)_: = _’13(51'(*’{)__ : |
(6 ) H3S o HalSes )1 == p(St) —

= f’tg(Sk,.")i : (5101 A(8.0) = :Ak(sﬁ_k,r)? A |

‘ = =11 T - 3 i

' S ,;) TAOR)) ﬂ};(sf\gr'(]i b _JU,((SK.,(:{
i I /Ik[sk ,3‘) ?)"K(SK-IJ) g ’{;\(S,\ wf] | r_j__i/lﬁ'(sk_kstl : :
1 8 oy o e e v e
! | g\ oL HiSg .PK(SK.ga{): Hi\Sgpt) |

Pucynok 3 — ®@parmentu rpadis cTaHiB ICEBAOCUCTEMH "MIOBEpXHEBHH miap"
Jicepeno: pospobneno asmopamu
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MoskHa 6auuTH, O B NCEBAOCTaHI S, € / poOOYMX JIOKAaJIBbHUX 00NacTell KOHTAKTIB,

SIKI MalOTh CBOIO IHTEHCUBHICTb BIIMOB A, (S,,f) 1 IHTEHCUBHICTb BiIHOBIIOBaHHA L, (S,,1),

k=1,K. bynp-axka 3 k nokanpbHUX oOOJlacTeld KOHTAKTIB MOXXE IIEPEBECTH CHCTEMY
"moBepxHeBuil mwap" B ctad S, ,. 3 IUIMHOM yacy Le Moxe OyTtu craH S, ,, S, ; 1 T.4. 0
S, x-
Jlnst ommcy TOBENIHKM TaKOi CHCTEMHM MOXKHA CKIIACTH CHCTEMY CTOXaCTHYHHUX
mudepeHiiansHuX piBHsAHb KonMoroposa:
dr(1) _
4 Z(/1 (S..0)-F, (t))+Z(/l,(S¢,t) B.(0);

il (Z) i(uskwr) P(0)- Z(/”t (S,.0)- P (D) - iu(s,m,t) B,H(t>+zu,<s,,,r) P,(0).

(1)

ne P.(f) — HMOBIpHICTb 3HaXO/PKEHHS IceBpocucreMu B S, craHi; A, (S,,?)

IHTEHCUBHICTh BIAMOBH k-01 JOKanmbHOi OOmacTi KOHTakTy, k=1,K, B 3aJeXHOCTI Bif
IICEB/IOCTAHy CUCTEMHU S, 14acy t.

3a3HauyuMoO, M0 B TMOYATKOBHH MOMEHT 4acy /=0 Bci JOKajabHI 00JacTi KOHTAaKTIB Iapy
3HaxXOAThes B pobodomy craHi: pr(=0)=1; p(+=0)=0 npu k<K.
3rifHO TpaHWUYHOI TEOpeMH [UII CYMapHOTO TIOTOKY CHCTeMa CTOXaCTHYHHX

K
nudepeHIiaTbHUX PIBHSAHD MOXE OyTH CIPOIIEHA, SKIIO BBAXKATH 110 Z(/lk (S,,.0)=A(S,.1),
k=1
e A(S,,t) — cymapHHii MOTIK BIAMOB, SIKHH NEPEBOJUTH CUCTEMY 13 CTaHy S, B CTaH S, ,,
k=K....,0. BpaxoBytouu 1ie, cucrema (1) HaOyBae BUTIISAY:

dP(t) ——A (Sk’t) P(t)+M (Sk,t) P(t)
d;” (2)
C;)t(t) =Aw(Sk+lat) 'Pk+1(t)_A(u(Skat)'Pwk(t)_Mr(SkH’t) '])k+1(t)+Mr(Sk+l’t).P0)k(t)’

ne A,(S,,t) — cymapHUii TOTIK BIMOB, SIKMil IEPEBOAUTH CUCTEMY i3 cTaHy S, B
cran S, ,; A(S,,,,f) — CyMapHHii TOTIK BiIMOB, KU NEPEBOJUTH CUCTEMY 13 CTaHy S,,, B
cran S,; A(S,,f) — cymMapHuii NOTIK BiIMOB, SIKHH NEPEBOUTH CUCTEMY 13 CTaHy S, B CTaH
S -

BukopucraHHs CyMapHOTO HOTOKY CTaHIB IOBEPXHEBOTO CTaHy JETajei JT03BOJISIE
NEepeTH 10 pO3rIIsAay MPOIEeciB Aerpajalii MceBIOCTaHiB CUCTeMHU "MoBepxXHEeBUl map" 1 ii
BimMOBH. [loBeiHKa TaKOi CHCTEMH OMUCYETHCS CUCTEMOIO CTOXAaCTHYHUX JU(DepeHITIaIbHUX
piBHSHB (2), pO3B'A30K AKOI BU3Ha4YaeThes BUAaMu QyHKUin A(S,,7) 1 M, (S,,t). Skmo ug
byHKIS 3a7aHa B 3arajJbHOMY BUTJISIII, TO PO3B'A30K CHCTEMH € mpobiaemaTuuHuM. Pazom 3
THM ICHYE€ PsIJI YaCTKOBHUX PO3B'A3KiB, SIKi MOYKHA BUKOPUCTATH B aHAJi31 MOBENIHKA CHCTEMH
"moBepxHeBUil map" gerai.

AHaN3YIOYM TPOLECH 3HONIYBAaHHS pOOOYMX TMOBEPXOHb CIPSDKEHb CHCTEM 1
arperartiB Jerajeil CiIbChbKOIOCIOAAPChKOI Ta TPAHCIOPTHOI TEXHIKH, MOXHA BHUALUTUTH
HACTYTIHI BUIA/IKH, SKi OIIMPEH] Ha TIPAKTHUIIL:

— CTal[lOHapHE 3HOIIYBAaHHS, KOJIU HIBUAKICTh 3HOIIYBAaHHS MOBEPXHEBOIO ILIAPY €

MOCTIMHOIO BEJTMYHMHOIO 1 HE 3aJICKHOIO BiJl 9acy 1 KUTBKOCTI poOOYMX JIOKAILHUX 00JIacTei
KOHTAKTiB MiIIapiB;
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— HECTalllOHapHE 3HOIIYBaHHSA, SIKE B CBOIO YEpPry MICTUTh JEKiIbKa BHIAJAKIB, Y
BIJIMOBITHOCTI /10 IHTEHCUBHOCTI 3HOIIYBAaHHS JIOKAJTLHUX 00JIACTEH KOHTAKTIB: HE 3aJICKHUTh
BiJl TOTO CKUIBKH 3 HUX € po0OYi, a 3aJIeKUTh TUIBKH BiJl TPUBAJIOCTI MPOIECIB 3HOIIYBAHHS;
HE 3QJICKUTH BiJl Yacy, a 3aJIeKUTh BiJ poOOYOi KIJTBKOCTI JIOKAJLHUX 00JIaCTe KOHTAKTIB;
3aJISKUTh K BiJl TPUBAJIOCTI 3HOIIYBAHHS, TaK 1 BiJl KUTBKOCTI pOOOYMX JIOKAJBHUX 00IacTei
KOHTAaKTIB. AHAJIOTIYHI1 BUIAJIKH 1 7151 TIpoIIeciB BiqHOBICHHS mipu peanizarii TTII 1 TTB.

PosrisiHeMO TpoIleC CTaliOHAPHOTO 3HOIIYBAaHHS MMOBEPXHEBOTO IIApy JeTalli.
OCKUTbKY MIBUJKICTh 3HOIIYBAaHHS, @ OTKE€ 1 CYMapHUU MOTIK BiJIMOB JIOKAJIBHUX OOJacTeit
KOHTAKTiB TIOBEPXHEBOI'O IAPY, € CTAJIOK BEITUYMHOIO, HE 3aJEKHOIO B Yacy i KUTbKOCTI
pobounx jokambHUX oOxactedl mapy, To Maemo: A(S,,f) =const=A. IIpu npomy cucrema

CTOXaCTUYHUX Au(EepeHIllaJbHUX PIBHSAHb CTAaHIB IOBEPXHEBOTO IIapy MPU HASBHOCTI
IPOIIECiB 3HOIIYBaHHS HaOyBa€ BUTIISAY:

dP, (1)

dr _A Py (@),
3)
dP, (t
Z—kt() =A;- Pw(k+1)(t) - A 'Pw(k) (2).
[Ipu HAsSBHOCTI MPOIIECIB BiTHOBJICHHS CHCTEMA PiBHSIHb MA€ BUTIISA
dP, (¢
c]}t( - —Ay Py ()+ M, - P (2);
4
ap.(1) @
dt _A P(k+1)(t) A (k)(t) M r(k+l)+M P(k)(t)

Cucremy piBHAHBb (3) MOXXHA pO3B'SI3aTU IpU MOYATKOBUX yMoBax: P, (1=0)=1;

P.(t=0)=1 nmpu k<K. BpaxoByrouM NOYaTKOBI yMOBH, MA€MO HACTyIHI pIIIEHHS IS
CUCTEMH "TIOBEpXHEBUIl map" MpU HASBHOCTI MPOILIECIB 3HOLTYBAHHS:

Py (¢) = exp(=At);
RO= zk) xp(-Av); s)
( )K -k
R(0)= Z K A
3 ypaxyBaHHSM IPOLECIB BIIHOBJIEHHs CUCTEMa PO3B'A3KiB (5) HaOyBae BUIIIAY:
P, (t) = exp(—At) —exp(—Mt);
(At )K —k B (Mt)K—k B .
B (1 )_(K ol exp(—Ar) —(K—k)!eXp( M); (6)
F(t)=1- Z( N exp(—At) +z( n"- eXp(—Mt).
—k)! —k)!

3a3HaunMMo, 1110 TIPH I[bOMY MaTeMaTHYHE OYIKYBaHHS 1 JUCTIEPCis A-TO CTaHY CUCTEMH
"moBepxHeBUil map" OyayTh piBHI MK 00010 B IIPOIECcax 3HOLIYBAHHS Ta BiAHOBJICHHS:

MK —k)=D(K —k)=At =Mt . (7)
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Po3rnsHemMo HecTalioHapHEe 3HOLIYBAaHHS CHUCTEMH '"TIOBEPXHEBHH miap', sike MICTHTh
B c001 Tpu Bunaaku. [IpoananizyeMo K0KeH 13 IIUX BUTIAKIB.

Y mepuioMy BUMNAJIKy I1HTCHCHUBHICTh 3HOILIYBAHHS Ta BIJHOBJICHHS JIOKAJIBHUX
obJyacTeld KOHTAKTIB MOBEPXHEBOIO APy HE 3aJIEKUTh BiJ poOOUYOi iX KITBKOCTI, a € JUIIe
¢yHkuiero yacy. CymapHUil NOTIK BiIMOB CHUCTEMH '"HOBEPXHEBHUH IIap" TaKoX € TUIBKU
byHKIEI0O dYacy 1 He 3alexuTh Big craHy S; cucremu. CucremMa CTOXaCTHYHHUX
nuQepeHIiaTbHUX PiBHAHB (2) IPU IIbOMY MA€ BUTIISAL;

dP, (t)

dt
db (1)

—A(t)- P () + M ()P, (0);
(8)
=A@)- B, () —A@)-P()-M@)F,,, + M()B(2).

Jna novatkoBux ymoB: P (t=0)=1; P (t=0)=1; npu k<K. 3rigHo rpaHu4HOl
TEOPEeMH CYMapHOTO IOTOKY, CyMapHa IHTCHCHUBHICTh BimMoB A(?) Ta BigHOBIeHHS M (1)

cucteMu '"moBepxHeBUil map" sBise coboro HecrarioHapHuil noTik Ilyaccona. Po3s'szkom
CHUCTEMHU CTOXAaCTHYHUX JAU(EPEeHIIATbHUX PIBHIHB (8) Oye cucTeMa BUMAIKOBUX (DYHKITIH:

Py (1) = exp(-a(t)) ~ exp(-A(0));
K@) o M)t
R =2 ewal) = e (- pl0): 9)
(K@) M@yt
R(1)=1- Z Ky SO Z K PO

e a(t)= J-A(t)dt — TapaMeTp 3aKOHY 3MiHU MOTOKY BiJIMOB 3HOIITYBaHHS;
0

t
L) = .[M (t)dt —mapamerp 3aKOHY 3MiHH MTOTOKY BIZIMOB CUCTEMH '"TIOBEpXHEBHUHA map".

0
Y gapyromy BHIIagKy I1HTEHCHBHOCTI 3HOINYBAaHHS Ta BiJHOBJICHHS JIOKAJIBHUX
obyacTeld KOHTAKTIB B CHUCTEeMi "TIOBEpXHEBHMM IIap" HE 3aJeKaTh BiJl KUIBKOCTI 3 HUX
IpAIOIOUUX B 33JaHUN MOMEHT 4acy. SIKIO IHTEHCUBHICTh BiIMOB A, (S,) Ta BiIHOBJIEHb

4, (S,) nokanbHUX 0ONacTell KOHTAaKTIB CIPSXKEHUX POOOYMX MOBEPXOHb JAeTalel, mpu k

NpALIOIOUNX, IMOJAE€ThCS Yepe3 IHTCHCUBHICTh BIIMOB A, (S;) Ta BiTHOBIEHb A (S,)
JIOKaJIbHUX 00J1acTel KOHTAKTiB B IOYaTKOBUI MOMEHT 4acy, TO MaeMo:

A (S ) =KA4,(S,);  w(Sp) =K (S,). (10)

BpaxyBaBmm 3a3HaueHe B CTOXaCTHYHIN mudepeHmianpHiil cuctemi piBHsIHB (1),
OTPUMAEMO:

L0 _ —inmsk) P+ im (S¢)- P (;
” (11)

dIZ’t(t) Ai(ku)/ik(skﬂ) P, @®)- kalk(S) P.(t)- ki(kﬂ)yk k+1(t)+zkﬂk(5) P.(t).

57



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

[TincymoBy104M MOTIK BiIMOB Ta BiJHOBJIEHb CHCTEMH '"TIOBEpPXHEBHH miap', cucrema
CTOXaCTUYHUX audepeHIianpbHuX piBHIHB (11) HaOyBae BUTITISY:

anm _ —KA-P (t)+ Ku- P (2);
ddz (12)
_’Z;t(t) =(k+1D)A-P,,(t)—kA-P.(t)=(k+1)M - P, (t)— kM - P, (1),

ne /A — cymMapHUil MOTIK BiAMOB, a M — CyMapHMiA MOTIK BiJIHOBJIEHb, B TIOYaTKOBUI
MOMEHT 4Yacy B CTaHi cuctemu '"noBepxHeBuil map" S,, KA=A,, KM =M. Ilpu upomy

cucreMa piBHsHB (12) Mae po3B's30K:

P (t) = exp(—KAt) — exp(—KMt);
ANK! 1 i kexE((K -kA)  MK! 1 i kexlk)((K —k)Mt)

K= ST a-mii-ny KM ESTT0-mii-0)

1=0 h=0 =0 h=0

PK—k(t)z ;(13)

Fy (1) :1_§PK—k(t) +§PK—k(t)'

Jns ngaHoro po3B'i3Ky MaTeMaTHYHE OYIKyBaHHS 1 JUCHEpCist 3HAXOIAThCS 3a
dbopmynaMu:

M= Y kP (): D(k)=§k2ﬂ(t>—(ika (r)] . (14

VY TpeThoMy BUMA/IKy IHTEHCUBHICTH 3HOIIYBaHHS 1 BITHOBJICHHS JIOKAIBHUX 00JacTeit
KOHTAKTiB CHUCTEMH ''TOBEpXHEBHiIl map" SBISIOTHCA (QYHKIISMHA Yacy 1 KUIBKOCTI 3 HHUX
npaiorounx. [lpn 1pboMy cymapHUI MOTIK iX BiZIMOB Ta BiJHOBJICHHS ITOJAETHCA Yepes3
CyMapHHUH MOTIK BiIMOB Yy OYaTKOBUH MOMEHT 4acy:

A(Sy)+at

A(Sk’t):v’ M(Sk’t)zw

1+ at

(15)

ne  A(S,,t), M(S,,t) — cymapHa IHTCHCHUBHICTb IIOTOKY BIJIMOB CHCTEMH
"moBepXxHeBUil ap" B MOYaTKOBUI MOMEHT 4acy B CTaHi S, ;

a — BEJIMYUHA, 110 € CTAJIOI0 JIJISl JAaHUX YMOB 1 BU3HAYA€ThCA 3HAUYEHHAM (QYHKIIT ABOX
smiHHUX A(S,,1), M(S,.1).

IIpu 1bOMy pO3B'A30K CHUCTEMHU piBHSHBb (2) HaOyBae BHIJIAN, IO XapaKTEpPHU3Ye
3akoHOMIipHOCTI Tiporiecy Iloita s nerpanaritii 1 BiTHOBJIGHHS CUCTEMH "TTOBEPXHEBUH 1ap':

58



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

P (t)=(1+A(S, )az)‘é —(1+M(S, )at)_é;
_ e == (1+a)(1+2a)..0+(K—k-Da)

P (1) =(A(Sg))" " (1+ A(Sg )at) T
~ i ~&-0-1 (1+a)(1+2a)...1+(K -k -1)a)_

(M(S)t)” " (1+M(Sy)at) K ! ; (16)
P (=1~ i (A 1+ A (sK)at)'(K'k)% (I+a)1+2a)..0+(K —k-Da)

1 (K —k)!

K ok “&-0-1 (1+ a)(1+2a)...(1+ (K —k —1)a)

+ ;(M(SK)t) (1+ M (s )ar) &1 .

BucHoBku:

1. IloyaTkoBe 3aJaHHA CUCTEMHU 'MOBEPXHEBUH Imap" i3 3aJeKHUMH JOKAJIbHUMU
00J1acTSIMH KOHTAKTIB 3BOJAMTHCS JI0 TIPOIIECIB ii Aerpazaliii (3HONMTyBaHHSA 1 BIZIMOB), a TAaKOX
BiJTHOBJICHHS IIJITXOM BUKOPUCTAHHS TPAHUYHOI TEOPEMU TOTOKIB.

2. B 3anexHocTi Bix BUTISAAY (GyHKIIT IHTEHCUBHOCTI CyMapHOTO TMOTOKY BIJIMOB i
BiJTHOBJICHHSI HABEJICHI YAaCTKOBI PIIIEHHS CUCTEM CTOXAaCTUYHHX AH(EpeHIiaTbHUX PiBHSIHB
Konmoropoga.

3. Otpumani poO3B'SI3KM HE MOXYTh 33J0BOJILHUTH ICHYIOUE PI3HOMAHITTS YMOB
(GyHKIIIOHYBaHHS TPUOOCTIPSDKEHD ACTaJIe MallliH Ta 3aJIEKHOCTEH MIBUAKOCTI 3HOITYBaHHS
1 BIZTHOBIIEHHS 1X pOOOYHX MOBEPXOHB 3 OUIBIN CKIAQAHUM BUTIISIOM. Y 3araJbHOMY BUTIISIL
cucteMy AudepeHIliaTbHUX PIBHSIHB JOLUUIBHO PO3B'SI3YBAaTH YNCEITLHUMH METOAMHU.

4. BusBneHo, mo e()EeKTHBHHM € aHali3 YacTKOBUX BUMAJKiB, OCOOJHMBO KOIHU
PO3IIISIIAIOTECA CTOXACTUYHI TPOIleCH 3 Oe3MepepBHUM TMepebdiroM 4acy 1 JUCKPETHUMHU
CTaHaMH CHCTEMHU.

5. Buknukae iHTEpec 1 BUMAAKOBI MPOIECH 3 JUCKPETHUM TepediroM vacy i ctaHaMu
Ta €(EeKTUBHICTh IX pPO3B'A3aHHS € BHUKOPUCTAHHSIM MAaTEMAaTUYHOIO arapary JIAHIIOTIB
Mapkosa.

Crnucok mitepatypu

1. 3amora T.H., Aynun B.B. Ympasnenue mnporeccaMu NpUpabOTKH OCHOBHBIX COINpPSDKEHWH jeTajied
MaIllMH IPY U3rOTOBIIEHUU U peMoHTe: Monorpadus. Kuposorpaa: usa. JIsicenko B.d., 2015, 303 c.
2. TpubodiznyHi OCHOBH MiJABUIIEHHS HAAIMHOCTI MOOLIBHOI CLIIBCHKOTOCIIONAPCHKOI Ta aBTOTPAHCIOPTHOT

TEXHIKH TEXHOJIOTISIMA TPUOOTEXHIYHOTO BiJHOBIEHHS: MoHOrpadis / Aynin B.B. ta in.; 3a pen. B.B.
Aynina. Kponusanipkuii: Jlucenko B. @. 2016. 303 c.

3. Aynin B.B., Jlucenko C.B., 3amora T.M. 3MeHIIEHHS MeXaHIYHMX BTpaT B OCHOBHHX CIIPSDKEHHSIX
nmeraneit mmzeniB MCI'T i ATT tpuGorexHomorissMu BigHOBIEHHS. Haykosuu sicnux HayionanvrHoco
yHigepcumemy biopecypcie i npupoookopucmyganns Yrpainu. Cep.: Texuika ma enepeemuxa AIIK. 2017.
Bun.262. C.211-227.

4, Tpubonoruyeckue mnepexojbl MpyU MPUPaOOTKe MOBEPXHOCTEH TPEHUs CONPsDKEHHUN aeTaned / AyiauH
B.B. u np. Ilpobremu mpubonoeii. 2017. Ne 4. C. 87-96.
5. MOXIJIMBOCTI TEXHOJIOTIH TPHOOTEXHIYHOrO BIMHOBJICHHA JJIS MIJABHINCHHS 3HOCOCTIHKOCTI i

JIOBIOBIYHOCTI CIIPSDKEHB JeTajeld TpaHcnopTHHX 3aco0iB / Aynin B.B. ta iH. Cyuwacui mexuonocii 6
Mawunobyoyeanni ma mparcnopmi: naykosutl xcypran. 2018. Nel1(10). C. 5-11.

6. Aynin B.B., Jlucenko C.B. ®i3uk0-TeXHOJIOTIYHI 3acaayl MiIBUIICHHS HAAIHHOCTI TPHOOCUCTEM JH3EIIiB
MOOLITBHOT CITBCBKOTOCTIONAPChKOl TeXHIKU. Bichux JKHAEY: nayxoso-meopemuunui 36ipruk. 2014,
But. Ne 2 (45), 1.4, a.Il. C. 56-68.

7. Aymua B.B., 3amota T.H., JIsicenko C.B. [loBblleHne 3KCIUTyaTallMOHHONH W3HOCOCTOMKOCTH AeTanel

59



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

MaIllMH UX TPUOOTEXHUYECKUM BOCCTAHOBJICHHEM W YIpaBlieHHEM Ipoueccamu npupadotkun. MOTROL.
Commission of Motorization and Energetics in Agriculture. 2016. Vol.18. No.2. P. 89-96.

Aynun B.B., 3amora T.H. Pa3Burtie miomanyu nsTHa KOHTaKTa IPH MakpoIpupabOTKe MOBEpXHOCTEH
tpenus. [lpobremu mpubonoeii. 2012. Nel. C.9-13.

Aymur  B.B. 3amora T.H., Jleicenko C.B. [IloBbllieHHe  JONTOBEYHOCTH  MOOMIBHOU
CENIbCKOXO3SIICTBEHHOW M aBTOTPAHCIIOPTHOM TEXHUKH TPUOOTEXHOJOTHSMH HPUPAOOTKH OCHOBHBIX
CONPSKEHUN Aetaneil apurareneil. Texuiunuii cepgic azponpomMucioso2o, 1ic08020 ma mpaHchOPmMHO20
xkomniexcig. 2017. Ne8. C. 55-68.

Copoxaterit P.B., Kysemenko A.I'. OmpeneneHue mapamMeTpoB MOJEITH IIPOLECCOB H3HAIIMBAHUS
MIpeACTaBICHHBIX B BUE 1IenT MapkoBa. [lpobremuvt mpenus u usnawusanusi. 1995. Nel. C. 14-20.
Copoxkartsiii P.B. Meton TpuboanemenToB. MoHorpadwust. XmenpHunkui: XHY, 2009. 242 c.

Sorokatyj, R.V. Modeling the behavior of tribosystems using the method of triboelements. Trenie i Iznos.
2002. Ne23 (1), pp. 16-22.

Aynin, B.B., Jlucenko C.B., Bimuk A.Il. TpubGodizuyne Ta (i3uKO-TEXHOJIOTIUHE OOIPYHTYBaHHS
KOMOIHOBaHOTO (PyHKIIOHAIBHO-CIIPSIMOBAHOTO 3MIIIHEHHS Ta MOAM(IKyBaHHA JeTaned 1 poOoumx
opraniB CI'T. Kowcmpyrsauns, eupoOHuymeo ma eKcniyamayis CiibCbKO2OCHOOAPCOKUX MAUUH:
3a2anbHo0epaic. Mixceio. Hayk.-mexH. 30. 2014, Bur. 44. C. 92-103.

Aynin B.B. ®i3uuHi OCHOBH TMpOLECIiB 1 CTaHIB camMooprasizamii B TPHOOTEXHIYHHX CHCTEMAaxX:
monorpadis. Kiposorpan: Bua. JIuceako B.®., 2014. 370 c.

MacmrrabHo-piBHEBUH MiIXiM A0 aHadi3ly MPOIECiB B MaTepianax TPHOOCHpsDKEHb NeTajeid MOOLTBHOT
CLIBCHKOTOCTIOAPCHKOT Ta aBToTpaHcnopTHOl TexHiku / Aynin B.B., Jlucenko C.B., Benukoanwuii /1.0.,
I'ynka A.B. Koucmpyiosaunsa, 6upobHuymeo ma eKCnIyamayis CilbCbKO2OCNOOAPCLKUX MAUUH.
3a2anbHo0epHc. Mixcgio. Hayk.-mexH. 30. 2017. Bum.47,4.1. C.52-59.

Aynin B. B. TpuOodizuuHi OCHOBHM MiJBUINEHHS 3HOCOCTIMKOCTI JeTasied Ta poOOYMX OpraHiB
CLTBCHKOTOCTIOAAPCHKOT TEXHIKHU: JTUC. ... A-pa. TexH. Hayk : 05.02.04 / KHTY. Kiposorpax, 2014. 447 c.
AnekceeB B.II. DnekTpoxMMHUKO-MeXaHMuYecKas Makpornpupaborka neraneii: MoHorpadus. Jlyranck:
OnroH-2, 2011. 204 c.

Aynin  B.B. OcHOBHI CHHEpreTHMYHi KOMIIOHEHTH IIposiBy pi3HHX ¢(opMm camoopranizamii B
TPUOOTEXHIYHNX cucTeMax. 30. M-JIiB MXKHAp. HayK.-IIpakT. KoHQ. "Onvsiticoxutl popym - 2012", Snra.,
2012. 1. 12. C.60-62.

Aynin B.B., Ky3uk O.B. CucreMHO-CIIpsIMOBaHWIA TMiAXiZ] Ta CHHEPTeTHYHA KOHLEMINS peaizarii
MPOIIECIB 1 CTaHIB caMOOpraHizaiii MarepiajgiB €JIeMEHTIB, POOOYHMX Ta TEXHOJOTIYHHX CEPEIOBHII]
TPUOOTEXHIYHUX CUCTEM. TeXHIKA 8 CibCbKO2OCNO0APCHKOMY BUPOOHUYMSEI, 2aTy3e6e MAUUHOOY0YEaHHA,
asmomamu3zayis: 36. Hayk. np. Kipoeoep. nay. mexu. yn-my.. 2014. Bum. 27. C.78-87.

Aymua  B.B., Jleicenko C.B. TexHonoruu TpHUOOTEXHMYECKOTO BOCCTAHOBIICHHS H3HOLIEHHBIX
MIOBEPXHOCTEH JieTaeil ¢ UCIoIb30BaHHEeM KOMIO3UIIMOHHOTO Macja U BO3JEHCTBHS (PU3MUECKUX TOJIEH.
IIpobnemvr  agmomob.-0opodcHozo  komnaekca Poccuu: Oxcnayamayus u  pasgumue  asmomoo.
mparcnopma: M-Ikl X MEXIyHap.3a04H.Hay4d.-TeXH. KoH(D. 21 Hos0ps 2013 r. [lensza: [II'YAC, 2013.
C.7-16.

Aynin B.B. Meromomnorisi po3B'si3aHHS TPOOJIEMH ITiIBUIICHHS 3HOCOCTIMKOCTI JeTanei i poOodmx
OpraHiB CUTBCHKOTOCTIONAPCHKOI TeXHIKU. Bichux JKHAEY. 2014. Bum. Ne 2 (45), 1.4, w.Il. C. 80-91.
Aynin B.B., Jluceako C.B., Jlucenko B.M. TpuOGoTexHiUHE BiTHOBIICHHS MPOTITOM CTPOKY CIyXOH
nmu3eniB. [Ipobaemu mpubonoezii (Problems of tribology). 2007. Ne2 (44). C. 60-62.

KpaBen U.A. PenapatuBHas perenepamus TpuOocucteM. TepHomoib: bepexaHckwii arpoTeXH. WH-T,
2003. 284 c.

BoiitoB B.A., Cragamuenko H.I'., [Ixyc P.H., Cragandenko B.H. Texnomornu TpuOOTEXHHYIECKOTO
BocctaHoBieHus. O030p U aHANU3 nepcrekTHB. /Ipobremu mpubonozii. 2005. Ne2. C. 86-94.

CadonoB B.I1., Tpemés C.I'., Jlykuenko JI.B., Casonor B.J[. O npumMeHeHHH TPHUOOTEXHUYCCKHUX
COCTaBOB JIJIsI ITOBBILLIEHHUS PECypca TSHKEI0 Harpy>KeHHBIX JieTalell MalluH. BecmHuxk Mawunocmpoenus.
2003. Ne6. C. 39-43.

BoiitoB B. A., binmuk A.I1., Ctopoxyk B.B. Peonoziuni 0ocniosxcents MIKpOCMPYKMYPHUX 3MIH 3AXUCHO20
NOKpummsi, sKe ymeopeHe 3a OONOMO02010 mpubomexuiunoi eionosnosanrvroi cymiwi TBC, Kombam”.
Ipobaemu mpubonoeii. 2008. Ne 1. C. 34-38.

Cragniveako M.I. Tta iH. OmiHka e(eKTUBHOCTI BUKOPUCTAHHS TEXHOJOTIH TpPiOOTEXHIYHOTO
BIJIHOBJICHHS! JUTS TIOJIOBXKEHHSI pecypcy 3aco0iB Ha3eMHOro 3abe3nedeHHs Aii apiauil. Hayka i mexuika
Tosimpsanux Cun 3opoiinux Cun Yrpainu. 2012. Ne 1. C. 32-34.

Aulin V. et al. Wear resistance increase of samples tribomating "Steel 45-cast iron SCH20" with geo
modifier KGMF-1. Problems of tribology. 2019. Vol. 92, no. 2. C. 55-60.

Aulin V. et al. Regularities of dynamics of change in tribotechnical characteristics of coatings formed by

60



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

30.

31.

32.

33.

34.

35.

36.

37.

tribotechnologies of restoration. Problems of tribology. 2019. Vol. 91, no. 1. C. 73-80.

Aulin V. et al Wear resistance increase of samples tribomating in oil composite with geo modifier KGMF-
1. Tribology in Industry. 2019. Vol. 41. Ne. 2. P. 156-165.

Aynin B.B. ta in. HampyxeHo-nedopMoBaHMI CTaH ITOBEpXHEBOTO IIApy AeTajled INpH peaiizawii
TpUOOTEXHOJIOTIH MPUTIPAIFOBAHHS 1 BiTHOBICHHSA. L[eHmpanbHOYKpaiHCobKull HayKosull ¢icHux. Texniuni
nayxu. 2019. Bumn. 1(32). C.103-113.

Aymnin B.B., I'punskiB A.B., Jlucenko C.B., ['omy6 /I.B. CunepreTrka migBUINEHHS HAIIIHOCTI MaIlIWH
BHKOPHCTAHHSAM MOJIENIeH MapKiBCHKHUX TPOLECIB. [lepcnexmusu i menHOeHyii po36umKy KOHCMpPYKyill ma
MEXHIYHO20 CePBiCcy CLlbCbKO2OCNOOapCKuX Mawiut i 3napsov: 30. Te3 V Beeykp. HayK.-TIpakT. KoH{.,
28-29 6ep. 2019 p. Kuromup: XKATK, 2019. C. 242-245.

Aynin B.B. CucremMHO-cpsSMOBaHMN MiAXig IO PO3POOKH TEXHOJNOTiH 0e3po30ipHOTO BiTHOBICHHS
cupsbkeHb pgertaneid. 30ipHuk Te3 momoBigeid VI MikHapoaHOT HayKOBO-TEXHIUHOI KOH(epeHLil
"Kpamaposcoki uumanna", 21-22 mot. 2019 p., m. Kuis: HYBill, 2019. C. 94-96.

Aynin B.B. Mox/1MBOCTI T€XHOJIOTiH TPUOOTEXHIYHOTO BiTHOBJIECHHS /ISl MiBUILEHHS 3HOCOCTIHKOCTI 1
JIOBIOBIYHOCTI CHPSDKEHb JIeTalel TPaHCIOPTHHX 3aco0iB. Cyuachi mexuonozii 8 mawuno6yoyeanti ma
mpancnopmi. 2018. Ne1(10). C. 5-11.

Aynin B. B., Jlucerko C.B., Ky3uk O.B., XXunosa [.B. ®izuko-mMe30MexaHIYHUHN MiIXix 10 BUSBICHHS
XapakTepy 3HOLIYBAaHHSA CIPSDKCHb JA€Taleld CUIbCHKOTOCHOAAPCHKOI 1 aBTOTPAHCHOPTHOI TEXHIKH.
Ipobnemu mpubonoeii. 2017. Ne 4. C. 82-86.

Aulin V. et al. Exploring a possibility to control the stressed-strained state of cylinder liners in diesel
engines by the tribotechnology of alignment. Bocmouno-Eeponeiickutl scypHan nepedogbix mexHoro2ui.
2019. Ne 3(12). C. 6-16.

Aynin B.B., Jluceaxko C.B., 3amota T.M. 3MeHIICHHS MEXaHIYHHX BTPAaT B OCHOBHHX CIPSDKEHHSIX
netaneit auzenie MCI'T i ATT tpuboTexHoJOTIsIME BifHOBICHHS. Haykosuu sichux Hayionanvrnozo
yHigepcumemy biopecypcie i npupoookopucmyeanns Ykpainu. Cep.: Texuika ma enepeemuxa AIIK. 2017.
Bumn. 262. C. 211-227.

References

1.

Zamota, T.N., Aulin, V.V. (2015). Upravlenie protsessami prirabotki osnovnyih sopryazheniy detaley
mashin pri izgotovlenii i remonte [Management of the running-in processes of the main interfaces of
machine parts in the manufacture and repair]. Kirovograd: izd. Lyisenko V.F. [in Russian].

Aulin, V.V. at all. (2016). Trybofizychni osnovy pidvyshchennia nadiinosti mobilnoi silskohospodarskoi ta
avtotransportnoi tekhniky tekhnolohiiamy trybotekhnichnoho vidnoviennia: monohrafiia [Tribophysical
fundamentals of increasing the reliability of mobile agricultural and motor vehicles with tribotechnical
recovery technologies: monograph]. Kropyvnytskyi: Lysenko V.F. [in Ukrainian].

Aulin, V.V., Lysenko, S.V., Zamota, T.M. (2017). Zmenshennia mekhanichnykh vtrat v osnovnykh
spriazhenniakh detalei dyzeliv MSHT i ATT trybotekhnolohiiamy vidnovlennia [Reduction of mechanical
losses in the main conjugations of the details of the MSCM and MV diesels with tribotechnology of
restoration]. Naukovyi visnyk Natsionalnoho universytetu bioresursiv i pryrodokorystuvannia Ukrainy.
Ser.: Tekhnika ta enerhetyka APK — Scientific Bulletin of the National University of Life and
Environmental Sciences of Ukraine. Ser.: APC Engineering and Energy, Issue 262, 211-227 [in
Ukrainian].

Aulin, V.V. at al. (2017). Tribologicheskie perehody pri prirabotke poverhnostej treniya sopryazhenij
detalej [Tribological transitions in the fitting of friction surfaces of joints of parts]. Problemy trybolohii -
Problems of tribology, Ne 4, 87-96 [in Russian].

Aulin, V.V. et al. Mozhlyvosti tekhnolohii trybotekhnichnoho vidnovlennia dlia pidvyshchennia
znosostiikosti 1 dovhovichnosti spriazhen detalei transportnykh zasobiv [Possibilities of tribotechnical
restoration technologies to improve the durability and durability of the conjugations of vehicle parts].
Suchasni tekhnolohii v mashynobuduvanni ta transporti: naukovyi zhurnal — Modern technologies in
mechanical engineering and transport: scientific journal, Nel(10), 5-11 [in Ukrainian].

Aulin, V.V., Lysenko, S.V. (2014). Fizyko-tekhnolohichni zasady pidvyshchennia nadiinosti trybosystem
dyzeliv mobilnoi silskohospodarskoi tekhniky [Physico-technological principles of increasing the
reliability of tribosystems of diesels of mobile agricultural machinery]. Visnyk ZhNAEU: naukovo-
teoretychnyi zbirnyk - ZhNAEU Bulletin: scientific and theoretical collection, issue. Ne 2(45), T. 4, part I1.
56-68 [in Ukrainian].

Aulin, V.V., Zamota, T.N., Lysenko, S.V. (2016). Povyshenie ekspluatacionnoy iznosostoykosti detaley
mashin ih tribotehnicheskim vosstanovleniem i upravleniem processami prirabotki [Improving the
operational wear resistance of machine parts by their tribotechnical restoration and management of

61



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

running-in processes]. MOTROL. Commission of Motorization and Energetics in Agriculture, Vol.18,
No.2, 89-96 [in Russian].

Aulin, V.V., Zamota, T.N. (2012). Razvitie ploschadi pyatna kontakta pri makroprirabotke poverhnostey
treniya [The development of the area of the contact spot during macroprocessing of friction surfaces].
Problemi tribologii — Problems of tribology, Nel, 9-13 [in Russian].

Aulin, V.V., Zamota, T.N., Lysenko, S.V. (2017). Povyshenie dolgovechnosti mobilnoy
sel'skohozyaystvennoy i avtotransportnoy tehniki tribotehnologiyami prirabotki osnovnyh sopryazheniy
detaley dvigateley [Improving the longevity of mobile agricultural and motor vehicles with
tribotechnologies of running-in of the main interfaces of engine parts]. Tekhnichnyi servis
ahropromyslovoho, lisovoho ta transportnoho kompleksiv — Technical service of agro-industrial, forestry
and transport complexes, N8, 55-68 [in Russian].

Sorokatyj, R.V., Kuzmenko, A.G. (1995). Opredelenic parametrov modeli processov iznashivaniya
predstavlennyh v vide cepi Markova [Determination of the parameters of the wear process model
presented in the form of a Markov chain]. Problemy treniya i iznashivaniya — Friction and Wear
Problems. Nel, 14-20 [in Russian].

Sorokatyj, R.V. (2009). Metod triboelementov. monografiya [The method of triboelements. monograph].
Hmelnickij: HNU. 242 s. [in Russian].

Sorokatyj, R.V. (2002). Modeling the behavior of tribosystems using the method of triboelements. Trenie
i Iznos, Ne23 (1), 16-22 [in English].

Aulin, V.V, Lysenko S.V., Bilyk A.P. (2014). Trybofizychne ta fizyko-tekhnolohichne obgruntuvannia
kombinovanoho funktsionalno-spriamovanoho zmitsnennia ta modyfikuvannia detalei i robochykh
orhaniv SHT [Tribophysical and physico-technological substantiation of combined functionally directed
strengthening and modification of parts and working bodies of the SGT]. Konstruiuvannia, vyrobnytstvo
ta ekspluatatsiia silskohospodarskykh mashyn: Zahalnoderzhavnyi mizhvidomchyi naukovo-tekhnichnyi
zbirnyk — Design, production and operation of agricultural machines: National interagency scientific and
technical collection, Vol. 44, 92-103 [in Ukrainian].

Aulin, V.V. (2014). Fizychni osnovy protsesiv i staniv samoorhanizatsii v trybotekhnichnykh systemakh:
monohrafiia [Physical bases of processes and states of self-organization in tribotechnical systems:
monograph]. Kirovohrad: Vyd. Lysenko V.F. [in Ukrainian].

Aulin, V.V., Lysenko, S.V., Velykodnyi, D.O.& Hupka, A.B. (2017). Masshtabno-rivnevyi pidkhid do
analizu protsesiv v materialakh trybospriazhen detalei mobilnoi silskohospodarskoi ta avtotransportnoi
tekhniky [A scale-level approach to the analysis of processes in tribal materials of details of mobile
agricultural and motor vehicles] Zahalnoderzhavnyi mizhvidomchyi naukovo-tekhnichnyi zbirnyk.
Konstruiuvannia, vyrobnytstvo ta ekspluatatsiia silskohospodarskykh mashyn — National interagency
scientific and technical collection. Design, production and operation of agricultural machines, Issue 47,
Part I1, 52-59 [in Ukrainian].

Aulin, V.V. (2014). Trybofizychni osnovy pidvyshchennia znosostiikosti detalei ta robochykh orhaniv
silskohospodarskoi tekhniky [Tribophysical bases of increase of wear resistance of details and working
bodies of agricultural machinery]: dys. ... d-ra. tekhn. nauk : 05.02.04 / KNTU. Kirovohrad. 447 s [in
Ukrainian].

Alekseev, V.P. (2011). Elektrohimiko-mehanicheskaya makroprirabotka detalej: monografiya
[Electrochemical-mechanical macroprocessing of parts: monograph]. Lugansk: Elton-2 [in Russian].
Aulin, V.V. (2012). Osnovni synerhetychni komponenty proiavu riznykh form samoorhanizatsii v
trybotekhnichnykh systemakh [The main synergistic components of manifestation of various forms of
self-organization in tribotechnical systems]. Zb. m-liv mizhnar. nauk.-prakt. konf. "Olviiskyi forum -
2012" — Coll. materials international. Research Practice Conf. "Olvia Forum 2012", Yalta. t. 12. 60-62
[in Ukrainian].

Aulin, V.V. & Kuzyk, O.V. (2014). Systemno-spriamovanyi pidkhid ta synerhetychna kontseptsiia
realizatsii protsesiv 1 staniv samoorhanizatsii materialiv elementiv, robochykh ta tekhnolohichnykh
seredovyshch trybotekhnichnykh system [System-oriented approach and synergetic concept of realization
of processes and states of self-organization of materials of elements, working and technological
environments of tribotechnical systems]. Zb. nauk. prats KNTU/ Tekhnika v s/h vyrobnytstvi, haluzeve
mashynobud., avtomatyzatsiia — Coll. Sciences. of KNTU / Engineering in agricultural production,
industry machine building., automation, Vol. 27, 78-87 [in Ukrainian].

Aulin, V.V.& Lysenko, S.V. (2013). Tehnologii tribotehnicheskogo vosstanovleniya iznoshennyh
poverhnostej detalej s ispolzovaniem kompozicionnogo masla i1 vozdejstviya fizicheskih polej
[Technologies for tribotechnical restoration of worn surfaces of parts using composite oil and exposure to
physical fields]. Problemy avtomob.-dorozhnogo kompleksa Rossii: Ekspluataciya i razvitie avtomob.
transporta — Problems of the automobile-road complex of Russia: Operation and development of

62



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

automobile. Transport. m-ly X mezhdunar.zaochn.nauch.-tehn. konf. 21 noyabrya 2013 g. Penza:
PGUAS, S.7-16 [in Russian].

Aulin, V.V. (2014). Metodolohiia rozviazannia problemy pidvyshchennia znosostiikosti detalei i
robochykh orhaniv silskohospodarskoi tekhniky [Methodology for solving the problem of increasing the
wear resistance of parts and working bodies of agricultural machinery]. Visnyk ZhNAEU — Bulletin of
ZhNAEU, Vol. Ne 2 (45), t.4, ch.1l, 80-91 [in Ukrainian].

Aulin, V.V., Lysenko, S.V.& Lysenko, V.M. (2007). Trybotekhnichne vidnovlennia protiahom stroku
sluzhby dyzeliv [Tribotechnical restoration during the diesel service life]. Problemy trybolohii — Problems
of tribology, Ne2 (44), 60-62 [in Ukrainian].

Kravec, I.LA. (2003). Reparativnaya regeneraciya tribosistem [Reparative regeneration of tribosystems].
Ternopol: Berezhanskij agrotehn. in-t [in Russian].

Vojtov, V.A., Stadnichenko, N.G., Dzhus, R.N. & Stadnichenko, V.N. (2005). Tehnologii
tribotehnicheskogo vosstanovleniya. Obzor i1 analiz perspektiv [Tribotechnical recovery technologies.
Overview and analysis of prospects]. Problemi tribologiyi — Problems of tribology, Ne2, 86-94 [in
Russian].

Safonov, B.P., Treshyov, S.G., Lukienko, L.V., Sazonov, V.D. (2003). O primenenii tribotehnicheskih
sostavov dlya povysheniya resursa tyazhelo nagruzhennyh detalej mashin [On the use of tribological
compositions to increase the resource of heavily loaded machine parts]. Vestnik mashinostroeniya —
Bulletin of mechanical engineering, Ne6, 39-43 [in Russian].

Voitov, V.A., Bilyk, A.P. & Storozhuk, V.V. (2008). Reolohichni doslidzhennia mikrostrukturnykh zmin
zakhysnoho pokryttia, yake utvorene za dopomohoiu trybotekhnichnoi vidnovliuvalnoi sumishi
TVS,,Kombat” [Rheological studies of the microstructural changes of the protective coating, which is
formed with the help of a tribotechnical restorative mixture of the TVS, Kombat”]. Problemy trybolohii —
Problems of tribology, Ne 1, 34-38 [in Ukrainian].

Stadnichenko, M.H. et al. (2012). Otsinka efektyvnosti vykorystannia tekhnolohii tribotekhnichnoho
vidnovlennia dlia podovzhennia resursu zasobiv nazemnoho zabezpechennia dii aviatsii [Assessment of
the efficiency of the use of tribotechnical recovery technologies to extend the aviation ground support
resources]. Nauka i tekhnika Povitrianykh Syl Zbroinykh Syl Ukrainy — Science and Technology of the Air
Force of the Armed Forces of Ukraine, Ne 1, 32-34 [in Ukrainian].

Aulin, V. et al. (2019). Wear resistance increase of samples tribomating "Steel 45-cast iron SCH20" with
geo modifier KGMF-1. Problems of tribology,Vol. 92, no. 2, 55-60 [in English].

Aulin, V. et al. (2019). Regularities of dynamics of change in tribotechnical characteristics of coatings
formed by tribotechnologies of restoration. Problems of tribology, Vol. 91, no. 1, 73-80 [in English].
Aulin, V. et al. (2019). Wear resistance increase of samples tribomating in oil composite with geo
modifier KGMF-1. Tribology in Industry, Vol. 41. Ne. 2, P. 156-165 [in English].

Aulin, V.V. et al. (2019). Napruzheno-deformovanyi stan poverkhnevoho sharu detalei pry realizatsii
trybotekhnolohii prypratsiuvannia i vidnovlennia [Stress-deformed state of the surface layer of parts in the
implementation of tribotechnology of working out and restoration]. Tsentralnoukrainskyi naukovyi visnyk.
Tekhnichni nauky — Central Ukrainian Scientific Bulletin. Engineering sciences, Vyp. 1(32), 103-113 [in
Ukrainian].

Aulin, V.V., Hrynkiv, A.V., Lysenko S.V., Holub, D.V. (2019). Synerhetyka pidvyshchennia nadiinosti
mashyn vykorystanniam modelei markivskykh protsesiv [Synergetics of increasing machine reliability
using models of Markov processes]. Perspektyvy i tendentsii rozvytku konstruktsii ta tekhnichnoho servisu
silskohospodarskykh mashyn i znariad — Prospects and tendencies of development of designs and
technical service of agricultural machines and implements: zb. tez V Vseukr. nauk.-prakt. konf., 28-29
ber. 2019 r. Zhytomyr: ZhATK, S. 242-245 [in Ukrainian].

Aulin, V.V. (2019). Systemno-spriamovanyi pidkhid do rozrobky tekhnolohii bezrozbirnoho vidnovlennia
spriazhen detalei [System-oriented approach to the development of indiscriminate repair of joints of
parts]. Zbirnyk tez dopovidei VI Mizhnarodnoi naukovo-tekhnichnoi konferentsii "Kramarovski
chytannia" — Proceedings of the 6th International Scientific and Technical Conference "Kramar
Readings", 21-22 liut. 2019 r., m. Kyiv: NUBIP, S. 94-96 [in Ukrainian].

Aulin, V.V. (2018). Mozhlyvosti tekhnolohii trybotekhnichnoho vidnovlennia dlia pidvyshchennia
znosostiikosti i dovhovichnosti spriazhen detalei transportnykh zasobiv [Possibilities of tribotechnical
restoration technologies to improve the durability and durability of the coupling of vehicle parts].
Suchasni tekhnolohii v mashynobuduvanni ta transporti — Modern technologies in mechanical
engineering and transport, 1(10), 5-11 [in Ukrainian].

Aulin ,V.V., Lysenko, S.V., Kuzyk, O.V. & Zhylova, 1.V. (2017). Fizyko-mezomekhanichnyi pidkhid do
vyiavlennia kharakteru znoshuvannia spriazhen detalei silskohospodarskoi i avtotransportnoi tekhniky
[Physico-mesomechanical approach to detecting the nature of the wear of the coupling of agricultural and

63



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

motor vehicle parts]. Problemy trybolohii — Problems of tribology, 4, 82-86 [in Ukrainian].

36. Aulin V. et al. (2019). Exploring a possibility to control the stressed-strained state of cylinder liners in
diesel engines by the tribotechnology of alignment. East European Journal of Advanced Technology,
3(12), 6-16 [in English].

37.  Aulin, V.V,, Lysenko, S.V. & Zamota, T.M. (2017). Zmenshennia mekhanichnykh vtrat v osnovnykh
spriazhenniakh detalei dyzeliv MSHT i1 ATT trybotekhnolohiiamy vidnovlennia [Reduction of mechanical
losses in the main interconnections of details of diesel engines MSGT and ATT by tribotechnology of
restoration]. Naukovyi visnyk Natsionalnoho universytetu bioresursiv i pryrodokorystuvannia Ukrainy.
Ser.: Tekhnika ta enerhetyka APK — Scientific Bulletin of the National University of Life and
Environmental Sciences of Ukraine. Ser .: APC Engineering and Energy, 262, 211-227 [in Ukrainian].

Viktor Aulin, Prof., DSc., Sergey Lysenko, Assoc. Prof., PhD tech. sci., Andrey Grinkiv, Senior Researcher,
PhD tech. sci., Doctoral student

Central Ukrainian National Technical University, Kropyvnytskyi, Ukraine

The Reliability Model of Parts of Transport Vehicles for the Implementation of

Tribological Technologies for Their Running-in and Recovery

The necessity of building physical and mathematical models of reliability with the consideration of
random processes and the number of local areas during wear and restoration using tribotechnologies of working
out and restoration is substantiated. The change of states of systems of a surface layer and a part as a whole is
presented in the form of graphs for cases of research of processes of wear and restoration and their consideration
as systems. Technical states are represented as discrete sets. A pseudostate method was used to build the
reliability model and a graph was developed that combined processes of wear and restoration of surface layers of
parts.

The surface model of the workpiece consists of k sublayers. The behavior of the surface layer system is
considered in terms of reliability as the behavior of a system of sets of interdependent local contact areas. The
stochastic model of part reliability is reduced to a system of surface layers with random local contact areas of
conjugated parts. The graph of the pseudostates of the surface layer system under different conditions is given. A
system of stochastic differential equations is obtained to consider the processes of degradation and
reconstruction of pseudostates and give partial solutions to it.

Three partial cases of non-stationary wear and restoration of the surface layer system are considered: the
intensity of these processes in the local contact areas of the surface layer do not depend on their working
quantity, but are only a function of time; the intensity of wear and tear in local contact areas is independent of
the number of them working at a given time; the wear and tear intensity is a function of time and number of
working contacts.

It is determined that the efficiency of the process of solving problems, reflected in partial cases, is
significantly increased when using the mathematical apparatus of Markov chains.
reliability, tribological technologies of running-in, tribotechnologies of restoration, physical model of
reliability, surface layer, transport machines
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OO0o0CHOBaHWE UCMOJIBL30BAHUS COBPEMEHHBIX MOAX0/10B
IJIs. YCOBEPIIICHCTBOBAHMS TUArHOCTUPOBAHMS CUCTEM U
arperaToB aBTOMOOMIIS

PaccMoTpeHbl COBpEMEHHBIE METOJbI AUArHOCTHKHA TEXHHYECKOrO COCTOSHHs aBToMoOmied. Ocoboe
BHHUMAHUC YACJICHO CUCTEMC 3aXKUT'aHHA. CucremMa 3aXKUraHds CUMTAETCS O)lHOﬁ U3 CaMbIX CJIOXKHBIX CHCTEM
aBTOMOOWIIS, Ha JIOJI0 KOTOPOW TPaJMIIMOHHO TPUXOIMTCS OOJNBIION NMPOLIEHT HENCIIPaBHOCTEH M HapyLICHUH
peryaupoBok. HeucrpaBHOCTh CHCTEMBI 3aKMIaHWSl 3HAUUTENBHO YXyaIaer paboTy aBTOMOOWIIS, dTO
YBEJIMYMBACT PACXOJl TOIUIMBA, U CHW)KAeT MOIIIHOCTh JBUTaTelisl. B IBUraTessix BHYTPEHHET0 CropaHust Mporecc
NOMCKA W aHajM3a HEHCIPABHOCTEH OCYIIECTBISECTCS C IOMOLIBIO BH3YaJIbHOTO HAONMIONCHHUSA 32
OCLIIIIIOrpaMMaMH HaIIPSHKEHHS B IEPBUYHON M BTOPMYHOMU LIeTH. B COBpEMEHHBIX TUATHOCTHYECKHX CHCTEMax
BO3MOKHA peaM3aliisi BCEX BBINICYKA3aHHBIX IIOIXOJOB JIUArHOCTHPOBAaHMS HEUCIPABHOCTH 3a CYET
HCIIOJB30BAaHMS HHTEJUIEKTYaIbHBIX IPOrPAMMHO-ANIIAPATHBIX KOMIIIEKCOB (MHTEIUIEKTYJIBHBIX JaTYUKOB) IJI
MOHHMTOPHHIA, KOHTPOJII W ympaBieHUs. [logoOHble cpeacTBa BEIYMCIUTENBHOW TEXHUKH O0JaaloT
YHHBEPCAILHOCTBIO, TaK KaK B HUX €CTh BO3MOYKHOCTh U3MEHEHHE TIPOIPAaMMHOT0 00ECIIEYECHUS, YTO TT03BOJISIET
YIPaBIATh MPOLECCOM MX PabOThl M (DYHKIIMOHATIBHBIMU BO3MOXKHOCTSIMH.
cHCTEMA 3a;KUTAHUSA, HEMCIIPABHOCTH, TUATHOCTHPOBAHHE, HHTEJVIEKTYAJbHAS CHCTEMA TEXHUYECKOT0
00cTy:KMBaAHUSA

B.B. Ayuin, npod., a-p Texs. Hayk, T.H. 3amora, no1., a-p TexH. Hayk, A.B. I'punbKiB, cT. Hay4H. COTp.,
KaHJ. TeXH. HayK, fokrtopant, C.B. JIuceHnko, 1om., kaa. TexH. Hayk, O.B. Kpynuus, 3100yBad,
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CucreMa 3anaJIl0BaHHS, HECTIPABHOCTI, JiarHOCTYBAHHS, iIHTEJIEKTYaIbHA CHCTEMA

TeXHIYHOr0 00CIyrOBYBaHHS

Po3rnsiHyTo CcyyacHi METOAM JIarHOCTHKH TEXHIYHOrO CTaHy aBToMoOiIs. OcoOiiMBy yBary
30Cepe/PKEHO Ha cucTeMi 3anaimroBaHHs. CrcTeMa 3anaitoBaHHS BBaXKAE€THCS OMHIEIO 3 HAHCKIIAIHIIINX CUCTEM
aBTOMOOUISI, HAa 4YACTKy SKOi TpPAAWLIMHO IpUNagae BEJUKUH BIJICOTOK HECIPAaBHOCTEH Ta MOPYIICHb
perynroBanb. HecnpaBHICTh cHCTEMM 3alaIiOBaHHs 3HAYHO MOTipuIye poOOTy aBTOMOOUIS, 0 30UIbIIye
BUTPATy MAJIMBA 1 3HWKYE MOTY)XHICTh JIBHTYHA. Y OCH3MHOBUX JBUTYHAaX BHYTPILIHBOTO 3TOPSHHS IIPOLEC
NOIIYKY Ta aHaJi3y HECIIPAaBHOCTE! 311 ICHIOETHCS 3a IONIOMOTOI0 Bi3yalbHO CIIOCTEPEKEHHS 32 OCLMIIOrpaMaMH
HANpYTH B MEPBUHHOMY i BTOPHHHOMY JIAHITIO31. Y CYYacHHX IIarHOCTHYHUX CHCTEMax MOJKIJIMBA peaizallis
BCIX 3a3HAYEHUX MiAXOMIB, /UIA MIarHOCTYBaHHS HECHPABHOCTI 32 PaXyHOK BHKOPHCTaHHS IHTEIEKTYyaJbHHX
MIPOTPaMHO-aNapaTHUX KOMIUIEKCIB (1HTENEKTyadbHUX NATYUKIB) IS MOHITOPHHTY, KOHTPOJIO 1 YHpaBITiHHS.
[MoxiGHi 3aco0u 0GYMCITIOBAILHOT TEXHIKM BOJIOJIIOTH YHIBEPCAJIBHICTIO, TaK SK B HUX € MOXJIMBICTH 3MiHa
NporpamMHOro 3a0e3leyeHHs, 10 JO3BOJIIE YIPaBIATH HpOLEcCOM iX poOoTH 1 (YHKIIOHAIBHUMH
MOXKIJIUBOCTSIMMU.
cucTeMa  3anajlloBaHHS, HeCHPAaBHOCTI, JiarHOCTYBaHHs, IHTeJeKTyaJlbHAa CHCTEMa TeXHIYHOIo
00CJyroByBaHHs
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IToctanoBka mnpodJsembl. B mpouecce 3KCIuTyaTalu aBTOMOOWIIS CONPSKEHUS
JieTajgeil CUCTeM M arperaToB IOJBEPralOTCs €CTECTBEHHOMY H3HOCY; BO3HMKAIOT YCIIOBHS
JUId yXyALIeHUs paboThl W HACTYIUIEHUS KaTacTpoduueckoro H3HammBaHusi. OCHOBHBIM
YCIOBHEM HaJeXHOM M JONroBeyHOH paboOThl aBTOMOOWIJIA SIBISETCS TIpaMOTHas
JKCIUTyaTalusi, CBOEBPEMEHHOE  BBISIBJIEHHE M YCTPAaHEHUE  BKCIUIyaTallMOHHBIX
HEUCIPAaBHOCTEM, KOTOPOE BO3MOXHO ITPU JUArHOCTUPOBAHUYU TEXHUYECKOTO COCTOSHUS.

JIMarHoCTHpPOBAaHUE SIBJISETCS 3JIECMEHTOM TEXHUYECKOTO OOCTYKHBAHUS U TEKYIIETO
pEMOHTa M MpeIHa3HAuYeHO JUId OOHApY)KEHUS CKPBITHIX HEUCIPABHOCTEH B CHUCTEMax M
arperatax aBTOMOOWIsI Oe€3 JOMOJHUTENbHOW uX pa3z0opku. TexHuyeckas AUArHOCTHKA
COCTOUT U3 TEOPUH, METOJIOB U CPEJCTB ONPECIICHHSI TEXHUUECKOTO COCTOSHHS aBTOMOOMIIS
C 1enpl0 ero 0Oe30macHOM SKCIUTyaTallid, TPOBEPKHM COOTBETCTBUS — IOKa3aTesen
IKCIUTYaTallMOHHBIX CBOWCTB HOPMAaTHUBHBIM 3HA4YEHMSIM, OIPEACIICHUS HEUCIIPaBHOCTEH,
OLIEHKH CTOMMOCTH aBTOTpaHcnopTHOro cpeactBa (ATC) m BoccTaHOBUTENBHBIX paboOT mpu
ycTpaHenuu nedexros [1].

Ha ocHOBe TeXHMYECKOH IUArHOCTUKU (OPMYIHPYIOTCS METOMAbI IOBBILIICHUS
3QPEKTUBHOCTH OSKCIUTyaTallud aBTOMOOWJIEH, CHWKEGHHS 3aTpaT Ha TEXHMYECKOe
oOciy>)xuBaHue M peMOHT. IlOCKOJNIbKY cHUCTeMa 3a)KUTaHUSl CUMTAETCS OJHOM M3 CaMbIX
CIIO)KHBIX CHCTEM, Ha JOJI0, KOTOPOW TPaIUIMOHHO MPHUXOTUTCS OOJBIION MNpPOIEHT
HEUCIIPAaBHOCTEH M HApYILICHWM PEryJupoBOK, TO IHAarHOCTUKE COCTOSHHS 3TOM CHCTEM
ClelyeT yAeauTh Oonbllle BHUMaHusA. HeucnpaBHOCTH CHCTEMBI 3a)XKUTaHUS 3HAYUTEIIBHO
yXyAlllaeT paboTy aBTOMOOWJIS, YTO YBEIMYMBAET PAacXo] TOIUIMBA, U CHMYKAET MOLIHOCThb
nBuraresnsi. B OEH3MHOBBIX JABUTaTEIsIX BHYTPEHHETO CrOpaHMsl MPOLECC MOMCKAa U aHalu3a
HEUCIPAaBHOCTEM  OCYIIECTBISETCS C  IOMOIIbIO  BHU3yaJlbHOTO  HAOJIOJEHUs  3a
OCLMJUIOTpaMMaMU HampsKEHUs! B IEPBUYHON U BTOPUYHOM 1IETIH.

[Ipn o4eBHAHBIX JOCTOMHCTBAX CYLIECTBYIOIIMX CPEJCTB M METOAOB JAMATHOCTUKH,
OHM HMMEIOT PsJ HENOCTaTKOB. OTO MPEXKAE BCEro 3aBUCUMOCTh OT KBaIM(UKAIMK U
npodeccruoHaa3Ma ornepaTopa-AuarHocTa, a TaK JK€ IMoNyd4eHHe WH(POpMAIMA B MOMEHT
TEXHUYECKOTO 00cTykuBanus [2,3].

Ha cerogusmHuii JeHb HCHOJB3YIOTCSI BCTPOEHHBbIE M  BHEIIHME CpEACTBa
JUarHOCTUPOBaHMUSA  y3JOB, CHUCTEeM U arperaroB aBromMoOwied. OHM  TO3BOJISAIOT
JTMarHOCTUPOBaTh aBTOMOOWJIb B IpolLiecce AKCIuTyaTtauu. CoueTaHre BCTPOSCHHBIX U BHELTHUX
CPEICTB JAMArHOCTHUPOBAHUS 3HAUUTENIPHO MOBBIIIAET YPOBEHb JOCTOBEPHOCTH MOIy4YaeMOMN
uH(pOpMAIHH, YTO yIIyUIIaeT Ka9eCTBO TEXHUUECKOTO 00CITy )KUBAaHHS 1 PEMOHTA.

KomnbrlorepHass 1nuarHocTuka aBTOMOOWIS JaeT BO3MOXKHOCTh  IPOU3BOAUTH
TECTUPOBAHUE PA3IUYHBIX JJIEKTPOHHBIX CHUCTEM U HCIHOJHUTEIBHBIX MEXaHU3MOB
aBTOMOOWJIS, BIMAIOLIMX HAa paboTy OOPTOBBIX CHUCTEM, a TAKXKE BBIIBUTh HEHCIIPAaBHOCTH,
CBS3aHHBIX C uX pabotoil. Ha OCHOBaHMM TOJIyYEHHBIX JAHHBIX COCTaBJIAIOTCS
JIMAarHOCTHYECKUE KapThl HEUCIPABHOCTEH y3J10B, CUCTEM M arperatoB AJIs MOCIEAYIOLIEro
PEMOHTA U YCTPAHEHUS HEMOJIAJ0K, CBI3aHHBIX C aBTOMOOMIIBHBIM 3JIEKTPOOOOPYI0BaHUEM U
WCITOJTHUTENbHBIMUA cucTteMaMu [4]. CTaHIIMM TEXHUYECKOTO OOCITY>KHBAaHHS aBTOMOOHWIICH
UCIIOJIB3YIOT Pa3jIMYHblE JMAarHOCTUYECKHE aJanTepbl, AWIEPCKUE CKaHEepsl U IMpHUOOpPHI
JUJIEPCKOTO YpPOBHs, IpeIHa3HAuY€HHbIE [UI1 JIMarHOCTUKU ONPEAEICHHON MapKu WM
MOJieJIEH aBTOMOOMIIEH.

TpagMLIMOHHO IIMPOKOE NPUMEHEHUE HAXOIAT UHUCIEHHBIE METOAbl 00pabdoTKU
NOJYYEHHBIX JAHHBIX II0 TEXHUYECKOMY COCTOSHHIO CHUCTEM U arperaroB ¢ IEJbI0
MOJICJIUPOBAHMSI IPOTEKAIOIMX B HUX MPOLECCOB, IPOEKTUPOBAHUS MPOTOTUIIOB PA3IUYHBIX
y3JI0B, CHUCTEM M arperatoB, a TakKXe MPOrHO3MPOBAHUS 3KCIUTyaTallMOHHBIX HENOJaJloK.
[IpruMeHeHHne YUCIEHHBIX METOI0B OOHAPYKEHUS U JMArHOCTUKHM HEUCIPaBHOCTEH MPHUBEIIO
K BBIJICJIEHUIO 1IEJI0T0 PsiJia MOAXO00B K IPOBEACHUIO JUArHOCTUUECKUX ONEpaLnii:

— Oasupyroumiics Ha MaTEMaTHYECKOM MOAEIUPOBAHUN IUATHOCTUPYEMON CHCTEMBI;
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— OCHOBaHHBIX Ha 0a3e AMarHOCTHYECKUX JAHHBIX;

— UCHOJIb3YEMBIX HAKOIJICHHbIE 3HAHMS O TUIOBBIX HEUCHPABHOCTAX M METOAAX HX
BIIMSIHUS.

B coBpeMEHHBIX JIMAarHOCTUYECKHUX CHCTEMax BO3MOXHA peaju3alus Bcex
BBIIIEYKA3aHHBIX NOJIX0J0B JUIsl JUarHOCTUPOBAHUS HEUCIIPABHOCTHU 3a CUET MCIIOJIb30BaHUS
MHTEJUIEKTYaJbHBIX MPOrPAaMMHO-AMIMAPATHRIX KOMILJIEKCOB (MHTEUICKTYaJbHBIX JaTYUKOB)
JUIE MOHUTOPUHTA, KOHTPOJISL ¥ ynpasieHus. [Tono0HbIe cpecTBa BHIYUCIUTEIBHON TEXHUKH
00IajaloT YHUBEPCAIBbHOCTBIO, TaK KaK B HHUX 3aJ]0)KEHAa BO3MOXXHOCTh HW3MEHEHHUS
OPOTPaMMHOTO OOECIEYeHHs, YTO TO3BOJIAET YIPABIATH IMPOLECCOM HX paboTel U
(YHKIMOHATIBHBIMH BO3MOKHOCTSIMH.

AHaIu3 NpeabIAyIuX uccjaeqoBaHuil u myoankanuii. CorjiacHo MHOTOYUCIICHHBIM
JUTEPATypPHBIM UCTOYHHKAM M OT3bIBAM TEXHHUYECKUX CIICLHUAIUCTOB [5,6,7,8] 3pdexTuBHbIit
QITOPUTM TPOBEIECHUS KOMIBIOTEPHOW IMATHOCTHKH aBTOMOOMIIS COCTOUT U3 CIETYIOIIUX
ATAIoB:

— cOOp IaHHBIX O TEXHUYECKOM IKCILTyaTallud aBTOMOOMIISL 10 MOMEHTA IIPOBEPKH;

— OmnpezesieHHe UMEIOIINXCS U COXPaHEHHBIX OMIMOOK;

— IpocMOTp noToka JaHHbIX (Data Stream);

— JIOTUPOBAHUE IaHHBIX "B IBUKEHUU'";

— CpaBHEHHME TIOIYYECHHBIX [JaHHBIX B XOJA€ JAMAarHOCTHKH C TpeOOBaHUSIMHU
TEXHUYECKHUX YCIOBHUI Ha SKCIUTyaTaIlMIO U PEMOHT aBTOMOOWIIS;

— TMpPOBEACHME UCHBITAHUN Y3JI0B, CHUCTEM M arperartoB IOCIE TEXHUYECKOIO
00CITy>KBUBaHUS U PEMOHTA;

— TpPHUMEHEHHE CIEUUAIN3UPOBAHHBIX CPEICTB JMArHOCTHKH (OocImuiorpada,
OMMETpa, Ta30aHanu3aTopa M T.1.), €CIU NPEbIyLIne dTanbl KOMIBIOTEPHON JUArHOCTHKHU
0OHapy XWX HEUCIIPABHOCTh, HO HE YAAJIOCh ONPEACINUTD €€ IPUIHHY.

CymiecTByromasi CUCTeMa TUarHOCTHPOBAHUSI TEXHUYECKOTO COCTOSHHS aBTOMOOWIIS
UMEET PsIJI HEIOCTATKOB, MOXET MPUBOIUTH K CyOBEKTUBHBIM BbIBOJAM O HEOOXOAMMOCTH BUA
TEXHUUYECKOT0 00CITyKUBaHUS, IEPEYHS pabOT U ONTUMAILHOTO MOMEHTA UX IPOBE/ICHMS.

Uro kacaercd  CHCTEMbl  3aXXUTaHWs  JIBUraTens, TO  OHa  SBIsIETCA
MHOrOMapaMeTpUYecKoil M K OCHOBHBIM YIPAaBISEMbIM IapaMETpaMHU MOKHO OTHECTH
TEMIIEPATypy ABHUraTess (CKOpOCTh €€ M3MEHEHUs ), CTPYKTYpPY TOIUIMBOBO3IYIIHON cMecH A
U Jpyrue. 3aBUCUMOCTb CKOPOCTH M3MEHEHHs] TEeMIepaTypbl HarpeBaHUs IBUTATENS
BHYTPEHHET0 CropaHMsl OT HArpy3Kd M 4YacTOThl BPALIEHHUs KOJIEHYATOro Bayla, OTOOpakeHa
Ha puc. 1, a UIs CTPYKTYphI TOIIIMBOBO3AYLIHON cMecH (A) — ImokazaHa Ha puc. 2 [9, 10, 11].

| CropocTH HiMeHEHHT
| TEMmEpaTVpE

e .
= -

Harpyes mesrar " UarT0Ta BpaIeHL

I K =~  EOMIEHYATOTO BAla

PucyHok 1 — @yHKIMOHaIBHAS 3aBHCUMOCTb CKOPOCTH N3MEHEHHS TEMIIEPATyPhl
OT YacTOTHI BpallleHUs KOJIEHYaTOro Bala U IBUTATEII OT HATPy3KU

HUcemounux: [9, 10]
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Pucynok 2 — @yHKIIMOHAIBHAS 3aBUCHMOCTD CTPYKTYPBI TOIUTMBOBO3AYIIHONW CMECH
OT 4aCTOThI BPAILLEHUS KOJIEHYAaTOrO Bajla U Harpy3Ku
HUcemounux: [9, 10]

BaxxubIM ynpasisiiomiuM (pakTopom At paboThl CUCTEMBbI 3aXKUTaHUsI, SIBISIETCS yToJl
onepexxenust 3axuranus (YO3). OH 3aBHCUT Kak OT 4acTOTHI BpPALIEHUs KOJIEHYATOro Baja,
TaKk W OT TEeMIepaTypbl ABUraTessl U Harpy3kd Ha Hero. MHOro()akTOpHOCTh 3aBUCUMOCTEH
yria OIEpPEeKEHUs 3aKUTaHMs MPEACTaBlI€HAa B BUAC XapaKTEPUCTUYECKOW KapThl,
IIPEJICTaBICHHON Ha puC. 3 U 4.

PI/IcyHOK 3- CDyHKI_[I/IOHaJ'II:HaH 3aBUCHUMOCTD YyTJjia OTICPEIKCHUA 3aKUTaHU L

OT YaCTOThI BPAIICHHS ABUTATEIS U €T0 HArPY3KH
HUcemounux: [9, 10]
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Pucynoxk 4 — @yHKIMOHAIbHAS 3aBUCUMOCTD YIJIa ONEPEKEHNS 3a)KUTaHHS
OT TEMIIEpATypbl JBUTaTEJIsl U HATPY3KH

HUcemounux: [9, 10]

AHanmu3upys BbILIEYKA3aHHbIE PUCYHKH MOXHO NMPUNUTHU K BBIBOJY, UTO MOKa3HbIE Ha
HUX 3aBUCUMOCTH MHOTOMEPHBI M CJOXHBI, W 00paboTKa ATHX (YHKIMOHAIBHBIX
3aBUCUMOCTEHN TpeOyeT MPUMEHEHHS MOIIHBIX BBIYUCIUTEIBHBIX pecypcoB [12, 13].

IMocTtanoBka 3ana4u. Llenbio qaHHO# pabOTHI ABISETCS UCCIIEIOBAHUE COBPEMEHHBIX
MOJIXOJ0B K JUAarHOCTHPOBAaHUIO CHCTEM M arperaToB aBTOMOOWIS U  BBISBIICHUE
HAIpaBJICHUS UX YCOBEPIICHCTBOBAHUS BOOOIIE U JJISI CUCTEMBI 3Q)KUT'aHUS B YaCTHOCTH.

N3ino0:xxeHue ocHOBHOro marepuasia. UtoObl Oosnee 3(PGHEKTUBHO HCIOIB30BaTh
JIMAarHOCTHKY, Oa3upymomieecs Ha TOAXOJE C IOMOIIBI0O COBOKYIMHOCTH METOJIOB
MaTEMaTHYeCKOro0  MOJICIMPOBAHUS, HEOOXOAMMBI 3HAaHUS  (U3MYECKUX TPOIIECCOB,
IPOTEKAIOIMX B JJIEMEHTaX JUAarHOCTUPYEMOM CHCTEMBI. OJTO CBHJETEIBLCTBYET O
HEOOXOJAMMOCTH  HCIOJB30BaHMs HMX KHOepDHU3WYecKux 3akoHOMepHOCTe. Takke
HEOOXOIMMBl MaTeMaTHYeCKHEe MOJENH, XapaKTepU3yIoIIUe STH MpPOIECChl, M HaIW4He
ONTHUMAJIBHOTO Yucia (PU3NYECKUX NATUUKOB JJIi MOHMUTOPHUHIA COCTOSIHHUS Y3JIOB CUCTEM U
arperaTroB, KOTOpbIE MOAJIEXKAT AMarHoCcTUKe. Kak ciencTBrE BBIIENIEPEYNCICHHBIE YCIOBUS
OTPAaHMYMBAIOT  NPUMEHEHHWE  NOAXO0JAAa C  MATEeMaTU4YECKUM  MOJEIMPOBAHHEM
JMarHOCTUPYyeMOil cuctembl. Ero mnpuMeHeHHe peanbHO Ui CIIyd4aeB C HEOOJIbLINM
KOJIMYECTBOM BO3MOXKHBIX COCTOSIHUM, a TaKke C MajJblM KOJUYECTBOM BXOIHBIX U
BBIXOJHBIX  JaHHBIX. [IpumMeHeHMe mOAXoAa  MAaTeMaTHYECKOrO  MOJEIMPOBAHUS
JUAarHOCTHUPYEMOM CUCTEMBI B YUCTOM BHJIE JIJISl CUCTEM 3aKUTaHUS 3aTPYIHEHO CII0KHOCTBIO
pacdera 3JIEKTPOMArHUTHOTO II0JI, KOTOPOE€ TIE€HEPUPYETCS KOMIIOHEHTAaMH CHCTEMBI
3a)KUTaHUs BOJIM3U JIBUraTeNs BHYTPEHHETO CTOPaHUS U KOPITyca aBTOMOOMIIS

B curyanusx, korja 1noixydeHue TOYHOM MaTeMaTUYEeCKOW MOJENIN IUArHOCTUPYEMOU
CHUCTEMBl HEBO3MOYKHO H3-3a €€ CJIOXKHOCTH WJIM HEIONYyCTUMO MO IPUYUHE 3aAIIUTHI
MHTEJUIEKTYaJIbHONH COOCTBEHHOCTH, BO3MOKHO HCIIOJIb30BaHHME I10X0Ja, OCHOBAHHOIO Ha
0a3e AMarHOCTUYECKUX HaHHBIX. B 3TOM ciyuyae mosiy4yeHHbIE IMIHPUYECKUE NaHHBIE MPHU
JMAarHOCTUPOBAHUN CHCTEM M arperatroB, pabOTaIONIMX KaK B HOPMAJIbHBIX YCIOBHSX, TaK U
IpU HAJIMYUU HEUCIIPABHOCTH, SIBJISIOTCS TJIaBHBIM MCTOYHHUKOM HHGpopManuu. B kauecte
npuMepa MPUMEHEHHsI METOJIOB MOAX0/1a, OCHOBAHHOTO Ha 0a3e JTMarHOCTUYECKHUX JaHHBIX,
MO>KHO NPUBECTH UCIOJIb30BaHUE CTATUCTUYECKUX METOJO0B aHAJIN3a JAaHHBIX, [TOJIyYEHHBIX B
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MPOIECCE PANUYHBIX PEKUMOB PabOTHl JTUATHOCTHUPYEMBIX CHUCTEM M arperatoB, a TaKkKe
KOMIIBIOTEPHBIX aJTOPUTMOB (METOJOB OMOPHBIX BEKTOPOB, HEHPOHHBIX CETEW, HEUETKOMN
JIOTUKH, TEHETHUYECKUX aJIrOpUTMOB). BO3MOXHOCTHM JUArHOCTUKU HWHTEJUIEKTYaJIbHO-
MH(GOPMAIIMOHHBIX CHCTEM, OCHOBAHHBIX Ha TaKHX aJrOpUTMax, OYEHb DPAa3HOOOpa3HbI U
OTPAaHUYEHBl TOJHKO MHUHHUMAJIBHBIM KOJIMYECTBOM JOCTYIIHBIX JIaHHBIX JAHMArHOCTUYECKUX
apaMeTpoB.

B Ttex ciywasx, korma ecTb peajibHas BO3MOXKHOCTh YCTAHOBJIEHUS HPUYMHHO-
CJIEJICTBEHHBIX CBSA3€H, MPUMEHUM IOAXO]l UCIIOJIb3YIOIINI HAKOIUICHHbBIE 3HAHUS O TUIIOBBIX
HEUCIIPAaBHOCTEN U METOJIaX UX BIUSAHMS. B 3TOM cilydae UCIOJIb3YIOT SKCIEPTHHIE CUCTEMBI,
KOTOpbIE OCHOBaHbl Ha pe3ylbTaTax ASMIUPUYECKOTO aHanu3a. HakomseHHble 3HAHUS
dbopManu3yrTCs B BUIE TpaUUECKUX MOJAEINEH, 4TO JAeT BO3MOXKHOCTh MOBBICUTh YPOBEHB
abCcTpakuuMu TpHU TMPOBEACHUU AUArHOCTUKH. [Ipum TakoMm moaxode y AMArHOCTUPYEMOM
CHUCTEMBI €CTh BO3MOXHOCTbh ONPEIETUTh Cpa3y HECKOIbKO BO3MOXKHBIX MPUYUH TOW WU
MHOW HEWCNPABHOCTH, M TMPUCBOUTH €M OINPEIEICHHYI0 BEPOSTHOCTh. Takoh mOAXOM
BBI3BIBAET OIPEACIICHHBIA HMHTEpPEC, OAHAKO OH, HE Halle] IIMPOKOTO TMPUMEHSS HU3-3a
HEJOCTATOYHOW  HW3YYEHHOCTH  TNPUYMHHO-CIEACTBEHHBIX  CBsi3e  OCOOCHHO B
AIIEKTPOMATHUTHOW COBMECTHMOCTH Y3JI0OB CHCTEM aBTOMOOWIIS.

BHenpenne ¥ WCHONB30BaHHWE  HMHTEJUIEKTYalbHBIX  MPOrPaMMHO-AINIapaTHBIX
KOMILJIEKCOB OCHOBAaHO Ha IMepepadOoTKe HM3MEPHUTEIbHON JaHHBIX C IOMOIIBIO CpEICTB
BBIUHCIUTEILHON TEXHUKU. DTO MPEIOCTaBISIET HOBbIE (yHKIMOHAIbHBIE BO3MOXKHOCTHU T10
aHanu3y U 00paboTKU MHPOPMALIUH.

VYnpaBieHue CUCTEMOM 3aKUTaHUs — 3TO MHOTOCTYINEHYaTasl, ClokHas 3amada. [Ipu
YBEJIMYEHUU YacTOThl BpalICHUs KOJIEHYATOTO Bajla M HArpy3kd Ha JBUTATENb C
JTUHAMUYECKUM TEIUIOBO3AYIIHBIM OOMEHOM, palouas cMech MEpeXOIUT B COCTOSHUE
TypOyJIE€HTHOCTH, YTO MPHUBOJUT K CPBIBY AYIOBOTO pa3psna B cBede 3axkuranus. s
HAJIC)KHOTO 3aKUTaHMUSI CMECH TpeOyeTcs YBETUYEeHHE SHEePruu HCKpbl. UTOObI ympaBisTh
DHEpPrueil HCKpPbl HEOOXOIWMO KOPPEKTHUPOBATh TOK HAKOIUICHHS, KOTOPBIA SBISETCS
XapaKTepUCTUKOM CHUCTEMBbl yMpaBieHHs] JBUTaTeneM. XapaKTepucTU4ecKas Kapra,
3amrcaHHas B TIOCTOsIHHBIE 3anmomuHampmue ycrporictBa (I13Y) snextponHOro Osi0Ka
yIpaBJeHUs CIokHA (puc. 1-4), craTUYHA W HE OTpa)kaeT Ipoliecca U3HOCa JeTaleH, a TakKe
peaNbHBIE OKCIUTyaTallMOHHBIE XapaKTePUCTHKU JBUTATeNlss. B cBs3u ¢ dYem pabora
JJIEKTPOMArHUTHOM CHUCTEMBI 3a)KUTaHMsI aBTOMOOWJISI C TEYEHHEM BPEMEHHU YXY/IIAeTCH.
UToOBl yCTpaHUTh STH HETATHUBHBIC MPOIECCHl, HEOOXOAMMO MPOBECTH MATEMaTUYECKOE
MOJIEJTMPOBAaHUE TPOLIECCOB AyrooOpa3oBaHHsl B CBeuYe 3aKUTaHUS U CPaBHUTh MOJENb C
HKCIIEPUMEHTAIIbHBIMU XapaKTEPUCTUKAMH, MOJYYCHHBIMH B XOJI€ MCCJICIOBAHUSI CUCTEMBI
3a)KUTaHMUS.

WNHrennektyanbHas CcUCTEMa  YIpaBieHUs W WHOOPMUPOBAHUSA,  MOJTydaeT
uHGOpMAIIMI0O C MHOXKECTBA BXOJHBIX JaTUYMKOB, IO COOTBETCTBYIOUIEMY aJTOPUTMY
oOpabaTbiBaeT €€ ¥ TOCHUIACT YMPABJISAIONINE BO3ACHCTBHS HA WCIIOTHUTEIbHBIC WU
uHGOpPMAILMOHHBIE  yCTPOMCTBA. YKa3aHHOE TO3BOJSIET ONTHUMU3HPOBATH OCHOBHBIE
napaMeTpbl CUCTEM M arperatoB aBTOMOOWIIS [Tl Pa3JIMYHBIX PEKUMOB IKCILTyaTaIlHH.

Jlnsg 06paboTKH BXOAHBIX NAHHBIX OT JATYUKOB aBTOMOOWJIS B PEKHMME PEabHOTO
BpEMEHH 11eJ1eco00pa3HO B MHTEIIEKTYalbHBIX CHCTEMax YIpaBJICHUsS UM UH()OPMHPOBaAHUS
UCIIOJIb30BaTh MUKporpoueccopbl. Kpome anmapaTHoro obecrneueHus MHTEJUIEKTyabHas
CUCTeMa yTpaBJieHHs] U HHOOPMUPOBAHUS JODKHA COJEPKATh MPOTPaMMHBIN KO U JaHHbIE,
KoTopsble xpaHarcs B [13Y. DTo gaet BO3MOXHOCTh MUKPOINPOLIECCOP NMEPENPOrPaMMUPOBATh,
3arpy»aTh OOHOBIICHUS WIIM U3MEHATH (DYyHKIMOHAIBLHOCTD IPOTPAMMBI.

OCHOBHBIM  Ha3HAQYCHHEM  WHTEJUICEKTYaJlbHOM  CHUCTEMBl  YyMpPaBICHHUS U
UHOOPMUPOBAHUS SIBISIETCA TUATHOCTHPOBAHUE CHCTEMBbl 3a)XUTaHWs JBUTATENs, U
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BBIPA0OTKA PETYyIMPYIONIMX CHUTHAJOB JUIsl YIPABICHUS YTJIOM OMNEPEXKEHHS 3a)KUTaHUs,
9TOOBI BO BCEX PEKHUMax pabOThl 00eCreunTh HEOOXOMMMBIA KPYTAMIMHCI MOMEHT U
BBIXO/IHYIO MOIIIHOCTb.

WuTennekryanpHas cucTeMa yrpaBieHHss 1 HHOOPMUPOBAHHS JOJDKHA MPEICTABISATh
co00il COBOKYMHOCTH MEXaTPOHHBIX Y3JIOB U MEXaHU3MOB (puc.5), ymIpaBIsSeMBIX
MHUKPOIPOIIECCOPOM Ha OCHOBAaHUH JAHHBIX, MIOJIYYEHHBIX C JaTYHKOB.

MUuKpOKOHTpOJLIIEDP

Mukpomnporneccop

Wurepdetic
BBOJIA
TIAHHBIX
Unrepdeiic
BBIBOJIA
JTAHHBIX

Hatunk N ~€——

A

L Jatuuk 2

Hatuuk 1l

Pucynok 5 — MHTemIekTyanpHast CHCTeMa yIpasieHHs 1 HHGOPMHUPOBAHUS (JHarHOCTUPOBAHU)
Hcemounuk: paspabomano agmopamu

OmnepatuBHOe 3anioMuHaromee ycrpoiictso (O3Y) nmpenHazHaueHo Ui OTCIS)KUBAHUS
COCTOSTHUSI CUCTEMBI 3a)KHUraHus (Harpy3Ku Ha JIBUraTellb, TeMIepaTypbl, CKOPOCTH U T.1.) a
[13Y BemonHSET (QYHKIHUIO XpAaHEHHUS MPOTPaMM JJsi PabOThl B PA3NMYHBIX DPEKUMAaX.
Nudopmanus 06 oTkaze WM 4aCTUUHOM paboTe MEXaTPOHHBIX Y3JI0B BHIBOJIUTCSI HA CUCTEMY
WH(POPMUPOBAHHUS.

Ha wuHTrepdelic BBoma JaHHBIX WHTEJUICKTYJIBHOW CHCTEMBl YIPABICHUS U
UH(GOPMHUPOBAHUS TIOCTYMAIOT C JATYUKOB aHAJIOTOBBIE CUTHAJBI, KOTOPhIE IPe0OpazyoTcs B
mu(dpoBbIe CUTHAIBI. JTa W3MepuTeNnbHass uHbopmarus moctymaer B O3V, m 3ateM B
MUKpoKOHTposuiep. [locme aHamm3za u 00paOOTKM  M3MEpUTENbHOM  WHpOpManuu
MUKPOKOHTPOJUIEPOM, MPH MMOMOIIY IPOrPaMMHOT0 0OecTieueHus] U TaHHBIX, XPAHSIIUXCS B
[13Y, mukpompoueccop mocbuiaeT o0paboTaHHy0 HH(pOpManui0 Ha UHTEepdeiic BbIBOAA
naHHbIX. B ciydae HeoOxomammocTtu uH(pOpManus mpeoOpa3yeTcsi B aHAJIOTOBBIM CHUTHAI,
KOTOPBIN UAET HAa UCTIOTHUTEILHOE YCTPONUCTBO MIIH CUCTEMY TUATHOCTHYECKHUX COOOIIECHUH.

B npomecce akcrutyatanuu  aBTOMOOWIS  (OPMUPOBAHHME  JTMArHOCTHYECKOU
nH(OpMalMM OCHOBAaHO HAa AaHAJIW3€ MAHHBIX, IOJTYYaeMbIX C TOMOIIBI0 BCTPOCHHON
OOpPTOBOM KOMITBIOTEPHOM CHUCTEMBI M OPTaHOJCNTHYECKUX METoA0B. [Ipm oOHapykeHHH
curHana o0 OTKa3e NPOBOAMUTCS MPOBEPKA AMATHOCTUYECKUM cKaHepoMm. llomyueHHas
nHpopMmanus GopMHUpPYET mepeueHb HEOOXOIUMBIX paboOT MO YCTPAHEHUIO HEUCIIPAaBHOCTEH
MpU TEXHUYECKOM OOCITYy)XKMBaHHUM W peMoHTe. Eciu BhIIENEPEYUCIEHHBIE METOABl HE
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MO3BOJISIIOT PEIIMTh BO3HUKIIYIO mpobiemy, TO Tpuberaror k Oonee yriyOmeHHOU
JIMarHOCTUKE C MPUMEHEHHEM CICHUAIbHBIX CPEICTB M METOJHMK. AJITOPHUTM IPOBEICHHUS
MIOJTHOM JJMarHOCTUKY aBTOMOOMJIS IPEICTABJICH Ha puc. 6.

DKCIUTyaTamust aBTOMOOMIIS

OpraHonenTu4ecKkuii KOHTPOJIb

[Tonyuenue nndopmaruu o
COCTOSTHUM CHCTEM aBTOMOOWIIS C
Texnnueckoe

1
1
1
1
:
1
OOPTOBOI CHCTEMBI |
‘ obcItyKUBAHKE 1
1
1
1
1
1
1
1
1

KommnbroTepHas AuarnocTika PEMOHT
(HOYTOYK, aBTOCKaHep, cMapT(oH)

CuuTreIBaHue
KOJIOB OIINOOK

JlnarHocTUpoBaHUE C TOMOUIIBIO
MoTopTecTepa (ocuuiorpad,
MYJIBTUMETP, UMUTATOP CUTHAJIOB)

Mexanndeckas JUarHoCTUKa

1 |

JlnarHocTrka Bu3yaibHas
(c MOMOIIBIO YHAOCKOTIA)

AK}’CTI/I‘ICCKa}I JWarHoCTHKa

Pucynoxk 6 — PazpaboTaHHBII anropuT™ MPOBEACHUS TOJTHOW JHATHOCTHKH aBTOMOOWIIS
Hcmounuk: pazpabomano aemopamu
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[IpoGnemoii CcymiecTBYIONINX CHCTEM JUAarHOCTUPOBAHUS aBTOMOOWIIS SIBISIETCS TO,
YTO TMOJYYUTH JIOCTOBEPHYIO HHGPOpPMAIMIO OT BCEX PECypCOOINpPENesSIONINX CHCTEM U
arperatoB He TPEJICTABISACTCS BO3MOXHBIM. [IpuMeHseMas KOMITbIOTEpHAsi TUATHOCTHKA,
OopTOBas cuUCTeMa KOHTPOJS NAIOT MEPUOJUYECKUE JaHHbIE O HAJMYMU TaK Ha3bIBAEMbIX
"ommOoK". OKOHUYATEeNbHOE MPHUHATHE pEIIeHUS O HEeoOXOJMMOM BHAE U o00BeMe
TEXHUYECKOTO OOCITy)KMBaHHSI U PEMOHTA, €r0 CBOEBPEMEHHOCTH 3aBUCUT OT KBaJU(pUKaLUU
TEXHUYECKOTO pabOTHUKA, YTO MOKET OBITh HE COBCEM OOBEKTHBHBIM.

3HAYUTENbHBII MOTOK HWHPOPMAMU O TEXHUYECKOM COCTOSHUU aBTOMOOWJISA
MPUXOJIUTCS HA OPTAHOJICTITUYECKUE METO/IBI, YTO B CBOIO OYEpPE/b CHIDKAET IIAHC TOMYYUTh
JIOCTOBEpHYI0 MH(pOpMaIuio 00 OCHOBHBIX CHCTEMaxX M arperarax aBToMoOmis. bopromas
CHUCTEMa COBPEMEHHOT0 aBTOMOOWIISI HE TIO3BOJISICT MOMYYUTh MOJHOIIEHHBIC TAHHBIE OT BCEX
paboraroux y3710B u arperatoB. COBMECTHOE HCIOIb30BaHHE OOPTOBOM CHUCTEMBI H
OpPTraHOJENTUYECKUX METOJOB HE BCEIr/Ia TO3BOJIIET CBOCBPEMEHHO OIMPEACIUTh MOMEHT
YXYAIIEHUS TEXHUYECKOTO COCTOSIHHUS aBTOMOOWIISI M CBOEBPEMEHHO YCTPAaHUTh IOJOMKY.
Curyarro MOXET HCIPaBUTh YBEIUYCHHEM KOJIMYECTBA JATYMKOB B KPUTHUECKU BaKHBIX
y37ax, 3TO YBETUYUT OOBEKTHUBHBIN (Ha OCHOBE KOMIIBIOTEPHON IUAarHOCTUKU) KOHTPOJIb.

BoiBoabI:

1. Hapyienue paGoTbl CUCTEMBI 3aKUTaHHSI aBTOMOOMIIS MOXKET YBEIMUMBATH PACX0]l
TOTUIMBA, U CHUXKATh MOIIHOCTh JABHUTraTeNs. [I03TOMy CBOEBpEMEHHAsI TUArHOCTUKA SIBIISICTCS
BKHOM COCTaBJISAIONIEH B MPOLIECCE IKCIUTyaTaLNH.

2. B CTEHIOBBIX YCIIOBHUSX JIETKO BBISBIISIIOTCS HEHWCIpaBHBIC AeTanu. OQHAKO MPHU
HAJIMYUU YaCTUYHO TOJIHBIX MEXaTPOHHBIX Y3JIOB, KOTOpBIE JAIOT COOW MM OTKa3 B padbore
TOJILKO TIPH OTIPEICIEHHBIX TapaMeTpax paboThl, HanOoee TSHKEI0 TUarHOCTHPYIOTCS.

3. BHeapeHue HHTEUIEKTYaJbHOW CHUCTEMbl YMPABICHUS U JIHATHOCTHPOBAHUSA
aBTOMOOWJIS permmia Obl 3a7ady OINpeNeieHHs YaCTUYHO TOJHBIX MEXATPOHHBIX Y3IIO0B
ABTOMOOMIISL.

4. YroObl TOBBICUTH TPOICHT AMATHOCTUYECKOW WHQPOPMALMK C TIOMOIIBIO
OOBEKTUBHOTO (HAa OCHOBE KOMIBIOTEPHON JIMarHOCTHKH) KOHTPOJIS HEOOXOIUMO
YCOBEPIIICHCTBOBATh CYIIECTBYIONIYIO CHCTEMYy JuarHocTupoBaHus. [lo maHHBIM ydera
MOTOKa OTKa30B CHCTEM U arperaToB aBTOMOOWJIEH U COIMOCTaBJICHUS €r0 C BO3MOKHOCTBIO
OOPTOBOI CHCTEMBI KOHTPOJISI, HEOOXOJMMO YCTAHOBUTH JOMOJHUTEIBHBIC NaTYUKHU (TaTIUKU
Xounna [uis U3MEPEHHUs YTIIOBBIX 3a30pOB; TEMIIEpAaTypHbIe JATYUKHU JUJIsl KOHTPOJIS Meperpena
y3JI0B M arperaroB; JAaTYUKHU AJI OMpPEIeICHHs AUAJICKTPUUECKON MPOHUIIAEMOCTH Macel B
kaprepax asuratens, KIIII u MocTOB, ¥ T. 1.) HA CHCTEMBI CO 3HAYUTEIBHBIM IMOTOKOM
OTKa30B M HEJIOCTATOYHOH TUAarHOCTUPYEMOCTHIO.

5. 1o ananm3y monmyueHHON WH(POPMAIMK BO3MOXKHO IMPOTHO3WPOBAHUE OCTATOYHOTO
pecypca u JenmaeTcs BBIBOJA O HEOOXOJMMOCTH KOHKPETHOTO BHJA TEXHHUYECKOTO
00CTy>KUBaHUS WA PEMOHTA.

6. Heobxomumo pa3paboTaTh YETKYH0 METOJUKY JMAarHOCTUPOBAHUS KOHKPETHOM
HEUCTPAaBHOCTH CHUCTEM M arperaToB aBTOMOOWJISI C Y4Y€TOM JOIMOJIHUTEIbHONW CHCTEMBI
JMATYUKOB ISl CHVDKCHUS BIIMSHUS YPOBHS KBaTH(PHUKAIMK TIEpPCOHAIA HA MPUHHUMAEeMbIe
penieHus 1Mo BEIOOPY TpeOyeMbIX oreparuii TEXHHIECKOTO 00CTY)KUBaHUSI M PEMOHTA.
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The Rationale for the Use of Modern Approaches to Improve the Diagnosis of Vehicle

Systems and Assemblies

The ignition system is considered one of the most complex systems, which traditionally accounts for a
large percentage of malfunctions and violations of regulations. Failure of the ignition system significantly
impairs the operation of the car, which increases fuel consumption, and reduces engine power. In gasoline
internal combustion engines, the process of fault finding and analysis is carried out by visually observing the
voltage waveforms in the primary and secondary circuit. In modern diagnostic systems, it is possible to
implement all of the above approaches for diagnosing a fault through the use of intelligent software and
hardware systems (intelligent sensors) for monitoring and control. Such computer tools are versatile, as they
have the ability to change the software that allows you to control the process of their work and functionality.

The diagnostic system is considered as an intelligent control and information system. Its main purpose
is to diagnose the engine ignition system in order to provide the necessary torque and power output. It is a set of
mechatronic units and mechanisms controlled by a microprocessor according to data received from sensors.

During the operation of the vehicle, the formation of diagnostic information is based on the analysis of
the data of the integrated on-board system and organoleptic methods. An algorithm has been developed for
conducting a complete vehicle diagnostics. It is proved that obtaining reliable information from resource-
determining systems and units is not possible. Computer diagnostics and an on-board monitoring system provide
periodic data on the presence of deviations of diagnostic parameters. The joint use of the on-board system and
organoleptic methods cannot always timely determine the moment of deterioration of the technical condition of
the car and eliminate malfunctions in systems and assemblies.

It was determined that in order to enhance the objectivity of monitoring the technical condition of the
car, it is necessary to place sensors in critical nodes that provide the necessary information and develop a clear
method for diagnosing a specific malfunction of systems and assemblies.
ignition system, malfunctions, diagnostics, intelligent maintenance system
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Results of Social-Transport Monitoring of Passenger
Transportation Kremenchuk City

The article presents the results of social and transport survey of the population, which include indicators
of the survey of families and users of transport, the purpose and methods of travel on routes, a comparison of the
movement of passengers by districts, the satisfaction of the population with the work of transport. Passenger
transport users were interviewed at Kremenchug bus stops and online. It allows to predict the traffic of the
population, to form organizational and economic decisions and to provide high efficiency and quality of
passenger transportation.
passenger transport, social transport survey, transportation efficiency, monitoring, passenger flow
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Kpemenuyeckuii nayuonansnuii ynusepcumem umenu Muxauna Ocmpozpaockozo, 2. Kpemenuye, Ykpauna
A.M. BacuwiIbKOBCBKHH, [1011., KaH[I. TEXH. HAYK

Lenmpanvroykpaunckuii HayuoHanbHuII MexHiveckuu yHusepcumem, M. Kponuenuykuii, Yxpauna

Pe3yJbTaThl CONMAIBHO-TPAHCIOPTHOTO MOHHMTOPHMHTA MACCAXKHPCKUX MEPEeBO30K

r. Kpemenuyr

B crartbe npuBeneHsl pe3ysbTaThl COLUAIBHO-TPAHCIIOPTHOIO OIIPOCA HACEJIEHUsS, KOTOPBIE COAEpPKAT
MOKa3aTesH OIpoca CeMel M MoJb30BaTelieil TPaHCIopTa, elb U CIOCO0bl MOE3AKH 110 MapuIpyTaM, CpaBHEHHS
JABWIKCHUS TMMACCAKUPOB 11O paﬁOHaM, YAOBJIIETBOPECHHOCTL HACCIICHUSA pa60T0171 TpaHCIIOPTa. Ilonp3oBaTenu
MacCaKUPCKOro TpaHCopTa ObLIN OIIPOIICHBI HA aBTO6YCHI)IX OCTaHOBKax ropoja erMquyra uB I/IHTGpHeTC.
DTO MO3BOJIIECT MNPOrHo3upoBaTh TPAHCIOPTHOC ABUIKCHHUE HACCIICHUA, (bOpMI/IpOBaTB OpraHru3aliluUOHHBIC U
SKOHOMHUYECKHUE PEIICHHS U 00ECTIEINBATh BBICOKYIO d3(P(PEKTHBHOCTh U KAYECTBO MACCAKUPCKUX MEPEBO30K.
NMACCAKUPCKHI TPAHCTIOPT, CONMAIBHO-TPAHCIIOPTHOE ONPOca, 3(PGeKTUBHOCTH NePeB030K, MOHUTOPHUHT,
MacCa;KMponoToxKk

Formulation of the problem. Kremenchuk is a town of regional subordination. It is
an administrative, industrial and cultural centre of Poltava region. It is situated in the
moderate continental climate zone in the Dnipro lowlands and in the middle reaches of the
Dnipro River on its both banks at the distance equals to 115 km from the regional center of
Poltava and 290 km from the capital of Ukraine, Kyiv, at a trunk railways crossing which
leads to a powerful railway junction. The territory of the town is 9600 ha while its population
is about 230 thousand people.

The surveys are known (comparing with ordinary census) to be an effective method of
attracting the population’s attention to the local problems, so the use of their results’ analysis
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concerning the passenger traffic flow is the purpose of this work [3-5, 7-10]. The survey under
consideration was aimed to study the aspects concerning the market and services supply
provided by public transport in the fixed-route mode and in the minibus mode as well. There
were three groups of the surveyed involved: family members, passengers and vehicles owners.

Analysis of recent research and publications. Social assessment or sociological
transport survey of the population (STSP) is a system research of different social processes
and factors of passenger transport which have a negative influence on the social development
results [2, 6, 14].

STSP is used for the following purposes: to define the prominent participants of the
transportation process and arrange their active participation while selecting the project for the
passenger transportation improvement; [6] to ensure that the proposed changes are
appropriate for all the parties involved; [7] to assess the social impact of investment projects
on urban passenger transportation and, if any potential negative facts are identified, to find out
the way for their overcoming, to assess in advance the level of public transport services for
the population [1, 7, 14]. The paper highlights the particular features, methodology and results
obtained of sociological transport survey of the population in the town of Kremenchuk.

Statement of the task. The research aims to develop the algorithm of sociological
transport survey of the population taking into account the survey points concerning family
members and transport users, the aim and the means of travelling, description of complete
routes, comparison of the passenger flow according to the districts, public satisfaction with
the quality of transportation service, the priority of using fixed-route taxis.

Outline of the main material. The survey mentioned was carried out in the town of
Kremenchuk according to the provisions of Gloria Devis’s paper “Social Assessment:
Integrated Participation and Social Analysis” [11-13]. The researches similar to this one
concerning the prediction of public transportation needs in cities were conducted for the first
time in the 80s of the XXth century in the cities of Moscow and Omsk and the relevant
method of sociological transport survey of the population was developed to solve the existing
social transport problem by the Institute of Social Research of the Academy of Sciences of the
USSR [8, 10, 11].

The survey in the town of Kremenchuk was carried out involving sociologists and
software engineers who analyzed the information obtained (1200 surveys totally) due to
especially created software. During the survey the following actions were taken: the survey
was carried out in 120 families by using the random number method in housing estates
considering to the percentage of the population. The survey consisted of the following
questions: the number of the family members; the number of those being employed; the
family income; the number of schoolchildren; the availability of transport and its use; the
fares of public transport and private transport as well; satisfaction with the quality of public
transport services provided; family expenses for commodities like purchasing food, etc.

The survey was carried out by four groups consisted of three surveyors and the head of
the group who checked the form fillings and performed a duplicate check randomly. The
forms were coded which made it possible to provide a feedback and control their filling in
quality.

The survey was carried out during a weekend and a weekday (Saturday, Sunday and
Monday) in order to provide maximum presence of people at home.

Passenger survey was carried out at transport stops during of the day. The surveyors
approached people waiting for the means of transportation at the stops and asked them
questions concerning the period of waiting, the trip duration, the means of transport used, the
fare and purpose of the trip, satisfaction with the quality of the transportation services
provided, the family income and willingness to pay for the service.
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Three groups consisting of three surveyors each carried out the survey at stops in
different parts of the town. Each group covered the area equals to about a third of the town
territory. The groups were instructed to select the stops (either major or minor) independently
and to carry out the surveys at different times. Totally, 520 people were surveyed chosen in
the different town districts.

The attention of the heads of the groups was focused on the traffic flow intensity and
its congestion. The passengers who were waiting for transport were counted thrice within the
interval of five minutes. Besides, the total number of people at the stops and the number of
men and women in particular were recorded. In total, 27 stops were surveyed and 273
assessments were performed. Additionally, the heads of the groups counted the number of
vehicles approached the stop or passed by without stopping for the reason of being crowded.
Subsequently, 118 assessments were made.

Additionally, the survey group carried out an informal interview and had talks with family
members, passengers, representatives of transport operators and private transport owners.

The main conclusion of the survey is in the fact that in most cases people are not
satisfied with the quality of public transportation services and so, no matter how the questions
were asked, 65% of respondents admitted being dissatisfied.

The reasons of such situation are the following: insufficient number of vehicles on the
route, their unsatisfactory maintenance and operation, along with the absence of the essential
road infrastructure. However, particular dissatisfaction concerning the minibus service quality
was expressed in connection with high fare rate comparing with low quality of the service
provided.

Thereby, the results of the work are to be concentrated on the problems of the public
transportation service improvement as its quality should be aligned with the fare rate. Another
problem worth paying attention is the development of optimal route system which can satisfy
public demand for transportation. It encouraged carrying out a complex assessment of
passenger traffic flow at the town fixed routes.

STSP algorithm is the following:

a) survey concerning family members and passengers:

On average, a surveyed family consists of 2.5 people, where the one is employed.

Approximately 65% of the families surveyed are Ukrainians; 25% of those are
Russians and representatives of other ethnic groups. Most families (75.9%) live in their
apartments while 14.1 % own or rent a detached house. In accordance with inauthoritative
sources, an average family income is 857 Ukrainian Hryvnias and almost 65% of that is spent
on food. Although just about 20% of the income is left for other expenses, about 38% of the
families surveyed own cars. This relatively large index value may be caused by the fact of
using loans.

The family survey was concentrated on employed people, so it was separated into a
particular observation. For example, the number of the men employed in the family does not
greatly exceed the number of the women employed; they are 54.7% and 43.5% respectively.
In the family the employed man income exceeds the employed woman income by 30% on
average. Besides, a man works longer hours a week, spends more on transport, commutes
further, but he is more satisfied with the quality of transport service than a woman.

People who walk to work or other places or go by cars were not surveyed. It might be
predictable that people who do not use public transport, on average, have higher income than
those who are public transport passengers. This way, the enhancement of the municipal
passenger public transport (MPPT) work will be essential for those with lower income level.
The women public transport (PT) users’ income is by 30% lower that the men income.

b) the purpose of the trip and the means of transportation:
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PT users surveys showed up that citizens of Kremenchuk use public transport mainly to
get to work (54% of the users surveyed), to meet up with friends (15%), to do the shopping (8%),
to get to the place of study or recreation (13%) and to get back home afterwards (40%).

As the employed are a considerable group of PT users, their needs were under thorough
analysis. The family survey data found out that 20% employed among 30.2% of all the surveyed
families walk to work. Average walk lasts for 16 to19 minutes, which is 15 minutes less than
average transport trip period (34 minutes). It confirms the data from inauthoritative sources
concerning the fact that a lot of people prefer to work closer to their homes.

Almost 20% of all the families surveyed admitted that at least one employed family
member uses only a personal car or combines it with other means of transport. Among the people
surveyed, 13.8% confirmed that they use their cars partially going to work, while 10.2% entirely
prefer private way of transportation.

Employed population relies on the public transport operation efficiency in a great
measure. Predominantly, 60.3% of the employed people use trolleybuses or minibuses.
Indisputable, minibuses are not used more often than trolleybuses. At the same time, about 65%
of the employed prefer a trolleybus in their way at least on a fractional basis. More than 60%
use minibuses going to work and only 38% prefer minibuses exceptionally.

Comparing the means of transport and employed women and men preferences, it is
possible to define that the vast majority of women walk to work. Women use private cars much
less. Simultaneously, employed women demonstrated greater dependence on public transport
comparing with men. A considerable part (above 50%) of the employed in each group prefers
trolleybuses and minibuses.

The analysis related to doing the shopping confirms high dependence on public
transport: 75.1% of purchasers travel by trolleybuses or minibuses, while 48.1% use buses
only. At the same time, purchasers walk more often than the employed (taking into account
the fact that it is hard to cope with the bags in a crowded vehicle). 30% of surveyed family
member respondents do the shopping on foot and do not use either public or private transport
comparing with the corresponding index which is up to 20% among those who use PT going
to work.

In the following way, the family survey data analysis showed that people use public
transport in a significant degree for different purposes. Important role of minibuses comparing
with trolleybuses is highlighted. These conclusions are confirmed by the results of user survey
when passengers on the stops were interviewed concerning the means of transport they were
waiting for. The analysis demonstrated that 30% of the surveyed as a rule wait for minibuses
and prefer this way of transportation.

While determining the demand for the means of transport the employed family members
prefer, the attention was concentrated on social characteristics of groups of transport users
according to their preferences among means of transportation commuting to the working place.
As mentioned above, about 20% of the employed surveyed walk to work.

This group consists predominantly of women (63% of all the foot passengers)
comparing with the group of users who live near their homes (54.3% of employees work in
their neighbourhood). The result is confirmed by the fact it takes shorter time for foot
passengers to walk a shorter route than transport users to go (19 minutes versus 35 minutes).
Foot passengers are also indicated as those with a lower monthly income comparing with those
who use transport.

Thereby, three factors have the considerable meaning to make a decision to walk to
work which are: a relatively close location of the working place, deficiency of money to use
public or private transport in a regular way and a considerable traffic flow interval. It might be
that some foot passengers, especially those who do not use public transport considering
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financial problems or transport unserviceability, will join the group of users when transport
starts operating more regularly and prices become more reasonable. More than 80% of the
foot passengers surveyed pointed out that municipal transport operation needs improvement.

As mentioned above, about 38% of the employed use private vehicles to get to work.
The analysis demonstrates that men use private vehicles the most (83%). Besides, these users
have a larger monthly income than foot passengers and passengers of other means of transport.

It is found out that the choice of means of transport is stipulated by people’s income.
Users of trolleybuses (19% of the employed) have a considerably lower income comparing
with others. It is inquisitorial that people waiting for a minibus have the highest income index.
They take a trolleybus if it is the first one to arrive, but also they can afford a more expensive
minibus.

¢) description of the trip concerning the routes:

The surveyed, as a rule, walk to a bus stop getting to work, to a market, etc. On
average, it takes a passenger 9.2 minutes, 51% of the users spend about 10 minutes or so
doing this and only 11% walk more than 20 minutes.

According to the survey results, the intervals of public transport running and, therefore,
the waiting time and vehicles fillability depends on the day of the week and the time of the day.

The heads of the groups processed the transport movement intervals: during 15 minute
intervals they fixed the number of vehicles and their types while morning (6.30 to 9.30) and
evening rush-hours (16.30 — 19.00), and during the passenger flow decrease and at weekends as
well. The analysis proved that in the morning rush-hours the number of buses and trolleybuses is
thrice as intensive as in the evening rush-hours. An average minibuses movement interval during
rush-hours is 3 to 4 times as intensive as in the passenger flows decrease.

It is defined that average waiting time while passenger flows decrease is less than in the
evening rush-hours (11 minutes versus 14). This way, the transport movement interval is
satisfactory while the morning rush-hours and it incrementally worsens till the end of the day, and
later on in the evening rush-hours it declines greatly, which does not satisfy the transportation
demand.

Gender comparison highlights that women have to wait for transport a bit longer than men
(15 minutes compared with 12 minutes). It is due to the fact that women use the transport more
than men with their extra work activity during the passenger flows decrease, when the traffic
intensity falls down.

Taking into account the family monthly income indices and comparing them with
monthly transport expenses, it makes it possible to conclude that those surveyed with lower
income spend a noticeably larger income part on public transport comparing with those whose
income is rather high.

Concurrently, passengers with lower income prefer to buy bus passes and to use electric
transport which is cheaper. Despite the fact of using cheaper transport and bus passes, their
income is lower and the transport expenses percentage is higher.

d) comparison of employees flow in districts:

There are some districts in the town of Kremenchuk. Townspeople on a large scale work
in the central part of the town while living in remote residential areas. For better understanding of
the employees flow schemes, the study was carried out. It was found out that 24% of all the
employees work in the district they live in. While 70% of them are foot passengers, 30% of the
surveyed use different kinds of transport.

Vast majority of the employees (76%) have to commute to other districts. The most
densely part of the town is its centre, that is, Svobody Avenue, Kyivska street, where cultural and
administrative institutions, consumer services facilities and other establishments are located which
make the passenger flows overcrowded by 45%. Among the other densely districts are
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Molodizhnyi housing estate, Port (23.3%); I, Il and Il Zanasyp residential areas, Rakivka (in
particular, detached houses sector) (14%); railway station and bus station (20.3%). The fact that a
considerable part of the townspeople uses public transport for 2 or 4 stops should attract special
attention as this way the vehicles are overloaded significantly. It vitally important for the central
part of the town as it is the territory where buses and electric transport are in use.

Paying attention to the fact that electric transport is considered to be the cheapest means of
transport and keeping in mind that its routes, as a rule, run through the town center, this means of
transport is considerably used for street trade of goods and food. As the survey shows, the
majority of people (68.9%) consider it unpractical to place consumer services and commercial
enterprises in the center and only 20.3% (mainly the store-keepers themselves) are of different
views. The surveyed do not have the particular position concerning this question. Besides, being
asked about the unsatisfactory transport operation and its connection to markets location, most of
them (60.7%) admitted their negative effect.

e) satisfaction of the population with the quality of transport services:

While being surveyed, people were asked whether they were satisfied with the quality
of modern state of transport service or not. The results found out that 59% of the employed in
the families and 87.4% of MPPP users admitted its unsatisfactory state. Women revealed
more dissatisfaction than men. Women’s critical attitude towards MPPT service quality is not
extraordinary as they spend more time at the stops.

Being not always satisfied with the transport service quality, the surveyed were
proposed to mention the improvements they would like to obtain. A respondent gave his/her
own answer or was limited by three options. Afterwards the similar answers were grouped
according to a topic peculiarity. In both surveys conducted the measures mentioned the offers
to raise the frequency of the period’s buses run, to opt for buses which are more commodious
and comfortable. Other offers were as follows: “new extra routes”, “better sanitary conditions
for buses”. These observations were completed by informal interviews with the users.

Some offers were not expressed in the same order: “make buses (trolleybuses) run
more often”, “make traffic intervals shorter”, “more commodious buses”, “fare payment
monitoring”, “buying tickets in advance”, “extra routes”, ‘“scoping of distant
neighbourhoods”, “better way to get to the market”.

These observations can conclude to the following: townspeople urge the increasing of
the passenger traffic flow frequency, concerning trolleybuses as a matter of priority, the
necessity to keep up to the schedule and the route. New extra routes are essential for the
remote residential areas where residents suffer from the transport service faults considerably
comparing with the residents of the centre of town.

What means of passenger transport do you use?

Also there was a survey in the Internet. A form was created for the survey and
reference for the site in some social networks. All those who wished had an opportunity to log
in and take part in the survey. The form included four questions and variants of answers.

The first question was “What means of transport do you use?” and one of the means
should be chosen among the listed ones. The next question was “How old are you?” to define
the respondents’ categories, namely, schoolchildren, students, employed, retired. The third
question concerned the criteria people use while choosing the means of transport. There were
the basic criteria proposed concerning transport selection, which were the following: price,
speed, safety, convenience and possibility to get to the destination. Certain criteria should be
chosen. The last question dealt with discomfort in vehicles. The list of main inconveniencies
and a possibility to supplement the answer was proposed.

According to the survey results, most population prefers route minibuses — 75%, among
which are: 13 schoolchildren 9%; 37 student 26%; 55 workers 40%. Some people prefer
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trolleybuses 24%, with 9 schoolchildren 6%; 1 worker 1%; 24 pensioners 17% among them
(Fig. 1).

Trolleybus [34] Minibus 106 ?59-@
Trolleybus 34 24%
Bus 0 0%
~  Bus|[0] Taxi 1 1%
o Taxi [1]
Minibus [106] —
What is your age?
From 23 to 60 [56] —
~——  Over 60 [24] From 10to 16 22 16%
From 17 to 22 37 26%
From 23 to 60 56 40%
Over 60 24 17%

~—— From 10 to 16 [22]
From 17 to 22 [37] ———

Figure 1 — Concerning the analysis of the choice of municipal transport
Source: author's development

The question concerning the choice of criteria was answered the following way: the most
answers (37%) were “speed of motion”, which is one of the reasons for choice of minibuses.
Another reason in favour of minibuses is in the possibility to get to the destination point 30%, as
trolleybus routes mostly run in the central streets without going to the minor ones (Fig. 2).

“Fare” was another priority criterion — 35%, most of answers were in favour of
trolleybuses. “Travel convenience” was the next criterion with 21%, most respondents prefer
minibuses. “Safety” as a criterion was chosen by not so many people.

According to what criteria do you choose passenger transport? (several variants)

Fare 50 35%
Fare - ‘
T 2 m
Lot F Frat 0/
Possibility to get to the destination 43 30%
Comfort and convenience 29 21%
Safety of the travel - . ‘ |
4 Level of air contamination and noise 2 1%

Possibility to

Comfort and convenience

Level of air contamination
and noise

o

10 20 30 40 50 60

Figure 2 — Concerning the analysis of transport modes priorities
Source: author's development

The following question concerned inconvenience in transport (Fig. 3). The population
considered “lack of transport during rush-hour” as the most important inconvenience (40% of
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respondents chose this answer). “Improper technical condition” was the second one (24%);
this condition is caused by minibuses contravention for public conveyance and an old
trolleybus depot. The third one is the absence of stops announcements (21%). This mostly
concerns minibuses as stops are announced in trolleybuses. Another complaint (21%) deals
with inappropriate sanitary condition of the vehicle and the passenger saloon. Most vehicles
are not properly cleaned.

Lines to pay the fare 25 18%
Inconvenient announcement of stops 30 21%
Traffic violation 16 1%
Violation of the rights of privileged population 5 4%

0,
Absence of the route number r 5%
Absence of information about the fare 4 3%

. . 0
Lack of transport during the rush-hour 36 40%
. .. - . 29 21%

Improper sanitary condition of the vehicle
- . 34 24%
Improper technical condition

4 3%

Another variant
0 11 22 33 44 55 66

Figure 3 — Concerning the analysis of transport modes priorities
Source: author's development

One more inconvenience is queues the fare to pay (18%) which mainly refers to
minibuses, as in trolleybuses there is a conductor who in the saloon who takes the fare. Other
inconveniences concern minibuses among which are: traffic contravention (11%), the route
number absence (5%), contravention of the privileged population rights (4%), absence of
information about the fare rate (3%).

What inconveniences do you come across in public transport? (several variants)

The main conclusion that can be arrived at on the basis of these observations is that
residents of the city want the traffic frequency to increase, which especially concerns
trolleybuses, the schedule and the route to be kept. Extra new routes are very essential for the
residents of distant neighbourhoods, who suffer from the transport service faults more than
those who live in the centre of the town.

f) preference for minibuses use:

The research showed up that 6.4% of respondents use minibuses to go at the distance
less than 5 km; 21.3% of the surveyed up to 7 km; 42.5% of them up to 10 km; 29.8% travel
over 10 km. Minibus fixed-routes connect residential areas (28.2%); bus station and railway
station, port (31.8%); medical facilitiess (11.8%); suburbs (8.2%); educational establishments
(13.6%); production (16.4%).

A question was asked about the number of people who enjoy the benefits of fare in
public transport. The answer was that, on average, 29.6% of the passengers receive such
benefits. For clearness, the output data and obtained results of the survey of the population of
the town of Kremenchuk are shown in Tables 1 — 4 and Figure 4-12.
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Table 1 — Mode of transportation of the population depending on the sex
Mode of transportation | men, % | women, %

Only on foot 13,6 28,3
Part of the way by car 19,7 6,5
Bus or trolleybus 59,3 64,5

Only bus and/or trolleybus | 24,6 31,8

Source: author's development

Table 2 — Data of family survey (average)

Number of family members 2,5 people
Number of employed people in the family 1,5 people
Number of employed men 0,8 people
Number of children 0,8 people
Number of schoolchildren 0,8 people
Number of pensioners 0,4 people
% of families living in apartments 85,9%

% of families living in detached houses 14,1%

% of the family income that is spent on food | 69,3%

% of families who own a car 34,1%

Source: author's development

Table 3 — Mode of transportation of the Table 4 — Priority of the use of public transport

population (everyday purposes) Transport mode | %
Mode of transportation | %
Trolleybus 48,3
Only on foot 34,5 Route minibus 19,8
Bus or trolleybus 65,2 Taxi (car) 0,3
Only minibus 34,8 Passing transport | -
Source: author's development Source: author's development

Minutes
404

I morning “rush-hours ”;

I inter-rush hours;

354
[Jevening “rush-hours”;
304
[Idays off.
254
204
15
104
5
0 T T T
Time of waiting for Travel time Tim e of waiting
transport when the traffic
interval exceeds 15
minutes

Figure 4 — Concerning the analysis of special features of transport motion during the day
Source: author's development
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Income spent on transport equals 34% Free part of the family income equals
of the free part of the income 159% of the total income

Figure 5 — Concerning the analysis of family expenditure for transport
Source: author's development
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Figure 6 — Concerning the analysis of family expenditure for transport
Source: author's development
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1 — Family survey; 2 — user’s survey
Figure 7 — Concerning the analysis of passengers’ dissatisfaction with transport operation
Source: author's development

Diagram of transport service improvement proposed by the population
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Figure 8 — Concerning the analysis of transport service improvement proposed by the population
Source: author's development
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Figure 9 — Concerning the fare and willingness to pay more
Source: author's development

The results of the information analysis concerning the preferences of buses in the
mode of route minibuses at the public transport fixed-routes.

Table 5 — Time of waiting for traffic Table 6 — Duration of travel
Time of waiting at the stop | % of respondents Duration of travel % of respondents

5 minutes or less 29,4 5 minutes or less 11,3
From 5 to 10 minutes 21,3 From 15 to 20 minutes 273
- From 20 to 30 minutes 30,4

F 10 to 20 t 29,8 :
rom O, IMINHEes ’ From 30 to 40 minutes 27,5
Over 20 n‘nnutes _ 224 Over 60 minutes 7,4
Average time of waiting 17,3 Average duration of travel 33,6
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1 — distance up to 8 km; 2 — distance up to 10 km; 1 — densely populated districts; 2 — stations;
3 — distance up to 15 km; 4 — distance over 15 km 3 — medical establishments; 4 — suburbs;

. . C . 5 — educational institutions; 6 — production
Figure 10 — Diagram of distribution of minibus routes . " > &~ procu

depending on the distance of respondents’ travel Figure 11 — Diagram of distribution of minibus routes
providing connection

Source: author's development
P Source: author's development

1 — drivers’ fault; 2 — passengers’ fault; 3 — no opinion

Figure 12 — Diagram of distribution of respondents’ opinions as to dissatisfactory service level
Source: author's development

Conclusions. The data obtained make it possible to predict public transport movement
and make corresponding organizational-economic decisions and provide high efficiency and
quality of passenger transportation on this basis.

The results of the research of passenger flows and sociological transport survey are the
output data for working out measures for the improvement of the particular routes operation
efficiency.

At the same time, according to the data of the research and corresponding processing
of the materials concerning the study of the population needs at trolleybus routes in the town
of Kremenchuk, there is a tendency to keep the passenger flows, which enables keeping the
existing network without correcting changes of the line and functioning of the trolleybus
routes for the nearest prospect (7-10 years).
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Pe3syibTaTH  COLiAJILHO-TPAHCIIOPTHOIO MOHITOPHHIY NACAXKUPCHKUX IepeBe3eHb

M. Kpemenuyk

Mertor craTTi € BHUCBITJIIEHHS pe3yJbTaTiB PO3POOKH aJIrOPUTMY COLIOJIOTIYHOTO ONUTYBaHHS
HACEJICHHS, IO BKJIOYA€ ITOKA3HWKH OINUTYBaHHSI CiMEH Ta KOPHCTYBadiB TPaHCIOPTY, METy Ta CIOCiO
MOJIOPOXi, OMHC Yyci€l MOI3AKM MapIIpyTamMH, IMOPIBHSHHS poOouMX pyxiB 3a paliOHaMH, 3aJ0BOJICHICTH
HaceJeHHs: pPOOOTO TPAHCHOPTY, MPIOPUTETHICT BUKOPUCTAHHS MAPIIPYTHOT'O TaKCi.

[Tix wac comiadbHUX JOCITIHKEHb OyII0 3MIHCHEHO HACTYIHI Jii: MPOBEACHO onuTyBaHHA y 120 cim’sx
METOZOM BHITaIKOBOTO BHOOPY B MiKpopaiioHaX, IMPOIOPIIIITHO YUCETBHOCTI HACeNeHHA. |HTepB'I0 BKIIOYAJIO
Taki NUTAHHA: KUTBKICTh UJICHIB POMWHM; KINBKICTh 3aWHATHX; HOXiM; KUIBKICTh YYHIB, HAsfBHICTH Ta
BUKOPHCTAaHHS TPaHCIIOPTY; BapTiCThb NPOi3Ay B I'POMAJCHKOMY TPAaHCHOPTI Ta B IPUBATHOMY TPaHCIOPTI;
3aJI0BOJICHICTH POOOTOI0 TPOMAJICHEKOTO TPAHCIOPTY; CIMEWHI BUTpPATH HA MPUAOAHHA MPOIYKTIB XapuUyBaHHS
tomo. Takox Oyio mpoBeneHO onuTyBaHHA B IHTEpHETI. 3a pe3yibTaTaMH ONMUTYBAaHHS MOOYIOBAHO Jiarpamu
BUOOPY MYHIIMIIAJIBHOTO TPAHCIIOPTY, MPIOPUTETIB BUIIB TPAHCIOPTY, MPOBEICHO aHAJi3 OCOOJUBOCTEH PyXy
TPaHCIIOPTY NPOTArOM IHS, CIMEHHHMX BHTpaT Ha TPAHCHOPT, HE33JOBOJEHOCTI MAacaXMpiB TPaHCIOPTHOIO
IismpHiCTIO. JlOCTHiIKEeHO ITyMKH HACEIEeHHS MI0OJ0 TPAHCIOPTHHX MOCIYT, Tapu(iB Ta TOTOBHOCTI IUIATUTH
Oinbllle, a TakoXK HaBeJEHI CXEMH pO3MOJUTy MapUIPYyTHHX 3aco0iB 3aJeXHO BiJ BIJCTaHI IOAOPOXKi
PECIIOH/ICHTIB 1 JiarpaMy po3IoALTy JYMOK PECIIOH/ICHTIB MO0 HE3aI0BUTFHOTO PiBHS 00CITyTOBYBaHHSI.
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OtpuMaHi AaHi JO3BOJISIIOTH IPOTHO3YBaTH TPAHCHOPTHE IEPEMIIIEHHS HACENICHHs Ta NpUAMAarTh
BIAMOBIIHI OpraHi3aliiiHO-eKOHOMIYHI pillleHHs Ta 3a0e3redyBaTH Ha Iiii OCHOBI BHUCOKY €(EKTHUBHICTH Ta
AKICTh MACaKUPCHKHUX TIepeBe3eHb. Pe3ynbTaT € BUXITHUMHU JaHUMH IJIsI pO3pOOKH 3aXO0IiB MO0 ITiABHUIICHHS
e(peKTUBHOCTI eKCIUTyaTallii KOHKPETHMX MaplpyTiB. BoaHouac, 3a JaHMMHU JOCIIDKEHHS Ta BIAMOBIAHOT
00poOKM MaTepiaiiB I10JI0 BHUBUYEHHS MOTpPe0 HaceleHHs Ha TpoieHOycHUX Mapuipytax y Micti KpemeHuyk,
CIOCTEPIraeThCsl TEHACHIIISA N0 YTPUMAHHS MAcaKHUPOIIOTOKIB, IO Ja€ 3MOTY MiIATPUMYBATH ICHYIOUY MEPExKy
0e3 BHUNpaBIIEHHS 3MiH JiHii Ta QyHKIIIOHYBaHHS TPOJIEHOYCHUX MapIIPYTiB HAa HAHOIIDKYIY EPCIIEKTUBY.
NACAKUPCHKMIA  TPAHCHOPT, CONIiAJBLHO-TPAHCMOPTHE ONMUTYBAHHSA, e(eKTHBHICTL NepeBe3eHb,
MOHITOPUHT, MACAKUPONOTIK
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®opmyBaHHs (a30BOro CKIAMy, CTPYKTYPH Ta
BJIACTUBOCTI €JICKTPOYTOBUX MOKPUTTIB CUCTEMU
Fe-Mn-Nb-Si-C mist 3MilIHEHHSI pOOOYMX TOBEPXOHb
3eMJIEpUHHOT TEXHIKU

Jlisl TIOpOIIKOBUX €JIEKTPOJHMX MaTepiaiiB i3 Mo3MLii pPIBHOBAXHOI TEPMOJMHAMIKH DPO3IJISIHYTO
cucremy JeryBanHs Fe-Mn-Nb-Si-C. Po3paxoBaHo piBHOBaXXHHMH (ha30BHI CKJIaJl CHCTEM XapaKTepHUH Ui
Marepiaiis, 10 BiJIIOBIAAI0Th BUCOKOMAPTaHLIEBIM €JIEKTPOJIaM JIETOBaHUM KapOinoM Hiobiro. [TokazaHo, mo y
TpoIieci KpUCTaIi3alii MeTary, HallIaBIeHOTO TAKUMH eJICKTPOTHIMH MaTepiallaMi piBHOBaXKHOIO € ayCTEHITO-
kapOigHa cTpykTypa. EkcriepuMeHTanbHI MOCTIIKEHHS CTPYKTYPH HAIUIABICHUX INITBEPIIKYIOTh PE3yIbTaTH
PO3paxyHKiB. 3alpONIOHOBAaHA CHCTEMa JIETYBaHHS TO3BOJISIE OTPUMATH TBEPAICTh MMOBEPXHEBOTO MIApy HA PiBHI
35 HRC micnsa narurasnenss ta 54 HRC micnst mnactranoi nedopmartii.
€JIEKTPOAYIoOBe HAILIABJICHHS, TOPOIIKOBI JPOTH, BHCOKOMAPIraHIeBa CTa/lb, kKap0ia Hio0il0, HaKJIen

II.H. IIpucstzKHIOK, 10L., KaHa. TexH. HayK, P.B. Anapyceimmun, acm., JIJ. Jlynak, 1on., KaHa. TEXH. HayK,
A.A. UBaHOB, acII.
Hsano-Dpankosckuil HAYUOHATLHBIN MEeXHUYeCKUll yHusepcumem nepmu u 2aza, e.Msano-Opankosck, Yxpauna
®opmupoBanue (a3oBoro cocraBa, CTPYKTYpPbl H CBOICTBa 3J1€KTPOAYTOBBIX
nokpbiTuii  cucrembl Fe-Mn-Nb-Si-C a5 ykpemieHuss paGouyux IOBepPXHOCTeH
3eMJIePOiHOM TEXHUKH

JIJ1sl TIOPOIIKOBBIX 3JEKTPOJHBIX MAaTEPHAJIOB C MO3HWLUHM PAaBHOBECHOM TEPMOAWHAMUKH PacCMOTpPEHA
cucrema sierupoBanusi Fe-Mn-Nb-Si-C. Paccunran paBHOBECHBIH (ha30BbIi COCTAaB CUCTEM, KOTOPBIH XapaKTepeH
JUIi MaTepualioB, KOTOPbIE COOTBETCTBYIOT BBICOKOMAapraHIIEBBIM 3JIEKTPO/AaM JIETUPOBAHHBIM KapOHIOM
HuoOus. IlokaszaHo, YTO B Ipomecce KPUCTAUIM3AIMK MeTalia, HAIUIaBJICHHOTO TAaKMMH JJICKTPOIHBIMHU
MaTepHalaMi PaBHOBECHOH SIBIISIETCS ayCTEHHTO-KapOMIHAs CTPYKTypa. DKCIEPHUMEHTAIbHBIC HCCICAOBaHUS
CTPYKTYpHl HAIUIaBJICHHBIX MOATBEPXKIAIOT pe3ylbTaThl pacdeToB. IlpeanokeHHas cucremMa JErHpOBaHUS
MTO3BOJISIET MOJYYUTh TBEPJOCTH MOBepXHOCTHOTO cios Ha ypoBHe 35 HRC mocne nammaBku u 54 HRC mocie
IUTACTHYECKOH AedopmMarum.
3J1eKTPOAYroBasi HAIUIABKA, NMOPOLIKOBbIE NMPOBOJOKH, BBHICOKOMAPraHIeBasi CTajb, KapOua HHOOMS,
HaKJIen

IMocTtanoBka mnpodaemu. Crnenudika poOOTH 3eMIICPUIHOI TEXHIKH poOOUnX
eJIEMEHTIB 3eMJICPUITHOT TEXHIKH Iependadyae MOeTHAHHS BHCOKOI CTIMKOCTI IMOBEPXHEBOTO
MaTepially 3a YMOB yAapHUX HaBaHTaKEHb Ta a0pa3WBHOI 3HOCOCTIMKOCTI. Sk mpaBmiio, Take
MOEHAHHS BJIACTUBOCTEH BHKIMKAE psAA TPYIOHOIICH, OCKIJIBKM HAsBHICTh BHUCOKOI
KOHIICHTpAaIlii MacHBHUX KapOigHux Ta (a060) OopuaHUX (a3 y MOBEpXHEBOMY IIapi MOpsa i3
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3a0e3MeueHHsIM BHCOKOT 3HOCOCTIMKICKOCTI TpHU CTUpaHHI MO a0pa3uBy € MNPUYHHOIO
KPUXKOTO pyHHYBaHHS MOBEPXHEBOTO IIapy. 3 1HIIOrO OOKY BUKOPHUCTAaHHS MapraHlEBUX
CTaJied 13 BHCOKOIO 3HOCOCTIWKICTIO TpU JAWHAMIYHUX HABAHTAXKEHHSIX HE JO3BOJISIE
3a0€3MeYnTH BUCOKWU PIBEHb CTIHKOCTI B yMOBax aOpa3sWBHOTO 3HOIIYBAaHHS 3a TEPTS
koB3aHHA. OTxe, s 3a0e3nedyeHHss HEOOXIAHOro pIBHA EKCIUTyaTalliiHUX IOKa3HUKIB
poOOYMX TIOBEPXOHBb 3EMJIEPHHHOI TEXHIKM HEOOXITHOI € TIOMyK CHCTEMHU JIeTyBaHHS
NOBEPXHEBOTO IMIapy, ska Oyzae 3ale3nmedyBaTH OJHOYACHO (POPMYBAHHS CTPYKTYpPHHUX
CKJIaJIOBUX, 110 3a0€3MeUyI0Th yAapHYy Ta aOpa3uBHY CTIHKICTb.

AHali3 ocTa”HHIX JocaimkeHb i nyoOaikanmiii. 3 wMeroro BuOOpYy HAMOIIBII
pamioHagbHOI CHCTEMHU JIETYBaHHS €JIEKTPOAHUX MaTepialliB I  3MII[HEHHS 3yOiB
ekckaBaTopa aBTopamu [1] Oyno koMmOiHOBaHe OaratorrapoBe HAaIUIaBIEHHS MaTepiaaamMu
cucremu Fe-C3.6-Cr32 ( mapka ABRADUR 58) ta Fe-C0.12-Mn7-Cr19-Ni9 (mapka INOX B
18/8/6) 13 3a€BTEKTUYHOIO ayCTEHITHO-KapOiAHOIO Ta ayCTEHITHOIO CTPYKTYPOIO, BIAMOBIIHO.
Pe3ynbpTatu mpoBeneHUX TPUOOTEXHIYHMX Ta MPOMHUCIOBHX BHUIPOOOBYBaHb MOKa3alH IO
Taka KOMOIHAIlis €IEMEHTIB J03BOJISE TOCITTH MiABUIIEHHS 3HOCOCTIMKOCTI 32 YMOB yIapHO-
abpasuBHOro 3HouryBaHHIIpHCss mpakTHUHO y 3 pa3u 3a paXxyHOK IMOE€JHAHHS Y CTPYKTYpi
IUTACTUYHOTO HIKEJIbMapraHLEeBOro ayCTeHITy Ta KapOimiB xpomy. s 3MilHEHHS poOOYMX
MOBEPXOHb IPYHTOOOPOOHHMX MAIIUH Y poOOTI [2] MPONOHYETHCS MPOBOAUTH MOAU(IKYBaHHS
CTPYKTYpH TIOBEPXHEBOIO MIapy CTajJeBUX JeTajedl [UIIXOM  EJIEKTPOIYyTrOBOIO
HABYTJICIFOBAHHS TTOBEPXHI 13 BHUKOPUCTAHHSIM OOMIJHEHOTO BYTIJIBHOTO €JIeKTpoay. Taka
0o0poOka 103BOJNMIIA OTPUMATH Y CTPYKTYypi TMOBEPXHEBOIO INapy BiaOLIeHWil 4aByH Ta
nocsarti piBeHb TBepaocTi ~ 60 HRC. 3 Meroro migBUIIEHHS 3HOCOCTIHKOCTI 3y0iB
€KCKaBaTOpPiB, BATOTOBJICHUX 13 CEPEIHBOBYTIICIIEBOI HU3bKOJIETOBAHOI CTall 32 YMOB poOOTH
y cepenoBuIll 0azanbTy OyJIO 3aCTOCOBAHO EJIEKTPOIYTOBE HAIUIABJICHHS EJICKTPOIHUMU
matepianamu cucremu Fe-C1.75-Cr25-Mn1.23 (mapka SURODUR) [3]. Ilicns HamiaBneHHS
MPOBOJIMIIN BiJIyCKaHHS HaIJIaBJICHOTO mapy B aiama3oni temmepatyp 400 — 600 °C, ske
JO3BOJIMJIO  OTPUMATU  CTPYKTYpy  TOBEpPXHEBOrO  Imapy, [0  CKiIajajgach i3
JIPpIOHOIUCIIEPCHOTO MAPTEHCUTY Ta 36PHUCTUX (DEPUTO-IIEMEHTUTHUX CYMIIICH 13 TBEPAICTIO
~ 52 HRC. IligBuIieHHs OBrOBIYHOCTI 3aBJISIKM BUKOPHCTAHHIO HaruiaBlieHHs ckiano 30 %.
Buxopucranas ma3zepHoro HaHeceHHs mMOKpUTTIB cuctemMu FeNbC 13 3a0e3nedeHHsIM
MPOTHO30BAaHOTO BMicTy KapOigHOi (a3u 40 - 80 mac. % A 3MilIHEHHST pOOOYUX TTOBEPXOHb
3y0iB €KCKaBaTOPiB, 5K MPAIIOIOTh y TIPHUYOPYAHIN POMHUCIOBOCTI ONMUCAaHO y poboTi [4].
Sk BUXIZHMNA MaTtepiall JUIsl HAHECEHHS MOKPHUTTIB BUKOPUCTOBYBAIM MOPOLIOK (hepoHiodio
cucremu Fe-Nb35-C5-Al17-Ti2.5. [lokputts Oyio HaHeceHO Ha 3yOu ekckaBaTopiB Volvo, siki
NPAIIOIOTh Y TIPHUYOPYIHIN poMHUcIoBOCTI. OTprUMaHuil MOBEPXHEBUH MIap TOBIIMHOIO 1,5
MM XapaKTEepHU3y€TbCS BHUPAXKEHOIO TeTepo(a3zoBOI0 KOMIIO3UTHOIO CTPYKTYpOIO, sKa
CKJIaJIA€ThCS 13 BEIMKOI KiJIbKOCTI (~ 60 00. %) orpanenux 3epen NbC posmipamu 10-30 Mxm,
PIBHOMIPHO PpO3TAlllOBaHMX Yy B’sI3Kiil cTayieBiil wmatpuii. Pe3ymprath NpoOMHUCIOBHUX
BUIIPOOOBYBaHb MOKA3aJH, 110 BUKOPUCTAHHSA TAKOT'O TOKPHUTTS JIO3BOJISIE 3HU3UTH MAaCOBY
IHTEHCHUBHICTh a0pa3MBHOTO 3HOIIYBaHHSA y 2 pa3u. BuxkopucranHs aBTopamu [5] ckiamHOl
cucremu JyieryBanHs Fe-C-V-Cr-Nb-W npu HaHeceHHI NOKPHUTTIB i3 MOPOIIKOBUX JPOTIB Ha
ocHoBy 13 ctam Hardox 450 103BOIMIIO OTpUMATH MOBEPXHEBUI IIAP TOBIIMHOIO ~ 2 MM 13
MmikpoTBepaicTio ~ 12 I'Tla, sika nocsraeTbcst 3a paxyHOK (OpPMyBaHHS y CTPYKTYpi
KOMIUTEKCHUX KapOimiB Ty Mj3Cs Ta MC. 3HOCOCTIHKICTh TaKOTO TOKPUTTS 33 JaHUMHU
aBTopiB y 140-150 nepeBuiye 3nococTiiikicts Hardox 450.

IMocTaHoBKka 3aBaaHHsA. BuXoasuu i3 mpoOBEIEHOTO JITEPATypPHOTO OTJISAY METOIO
JMOCTIPKeHHsT OyJI0 BCTAHOBJICHHsSI 3aKOHOMipHOCTEW (hOpMyBaHHS CTPYKTYypH, (ha30BOTO
CKJIaQy Ta BIACTUBOCTEH EJEKTPOIYTOBHX MOKPHUTTIB i3 MOPOLIKOBHX APOTIB HA OCHOBI
BHCOKOJIETOBAHO1 (MapraHiieBoi) cTali mpu JoJaBaHHi A0 i cKkiaxy kapOiqy Hiobiro.
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Bukiaang ocHoBHOro martepianay. EnexTponHi Matepianu Uis  €IEKTPOIYTOBOTO
HAHECEHHS TOKPHUTTIB BUTOTOBIISUIA y BHUIJISII OJTHO3aMKOBOT TIOPOIIKOBOT CTPIYKH MUITXOM
3akaTyBaHHA IIUXTH B 00omoHKy i3 crami O8km ['OCT 3559-75. IlopomkoBa mmxTa
ckiaaanacsk 13 pepocunikomapraniro MHC17 I'OCT 4756-91 mac. %, rpadity K-354 TOCT
7885-86, kap6imy Hi06ir0 NbC TY 6-09-03-6-75 Ta 106aBOK 110 3a0€3MEYyI0Th CTa0IIBHICTh
ropiHHs ayrd. JIOCHiPKeHHS CTPYKTYpH MPOBOAMIM METOJOM EJIEKTPOHHOI MIKPOCKOIIi 13
BukopuctanusaMm CarlZeiss, sxuii Bkiatouae y cedbe 6azoBuit 6ok EVO 40X VP ocnHamennii
JIeTeKTopoM BimOuTHX enekTpoHiB (BSD). HammaBnenns npoBogwnmm Ha cTtanb 45 Ha
NOCTITHOMY CTpyMi 3BOPOTHOI MOJSIpHOCTI. CTPYKTYypy HOKPHUTTIB JOCIIKYBaJId METOJIOM
€JIEKTPOHHOI MiKpockorii. TBepaicTh MOKPUTTIB BUMIpIOBaIM MeToaoM PokBemra vy
BUXIJTHOMY CcTaHi Ta micng aedopmarii. ledopmarito nmpoBoauau Ha npeci bpinens nuisixom
BTUCKYBaHHS TBEPAOCIUIABHOI KyJbKH 13 HaBaHTaXeHHsM 3000 Kr, a TBEpIICTh BUMIPIOBAIH
y LEHTpax 3aJuIleHNX BiIOUTKIB. MoaemtoBaHHs (popMyBaHHS (Ha30BOro CKIJIAIAY MPOBOAMIH
meroaom Calphad i3 BukopucTaHHsIM 0a3u TepMOAMHAMIYHUX (YHKIIIH, CKOMIIILOBAHOI Ha
OCHOBI JaHUX poboTH [6] Ta Momyns po3paxyHKy BiibHOI eHeprii GES BOymoBanoro y
nporpamue 3abe3nedeHHss Thermo-calc 2003p. Ilepemik ckmamiB MIMXTH EJIEKTPOTHUX
MaTepiasliB HaBeIeHO y Tabnuii 1, a po3paxoBaHuil i3 ypaXyBaHHAM KOE(IIIEHTY 3aIIOBHEHHS
KOMITOHEHTHHUH CKJIaJl TOBEPXHEBOTO APy Yy TaOHIi 2.

Tabmuus 1 — Ckiaj MUXTH TOPOIIKOBUX €JIEKTPOiB, Mac. %

3pazok Ne | MHC 17 | NbC | I'padit | Ixmi
1 70 0 2 28
2 74 6 2 18
3 69 13 2 16
4 67 19 2 12
5 65 24 2 9

Hoicepeno: pospobneno agmopamu

Tabmuns 2 —Po3paxoBaHuii eIeMEHTHUHN CKJIaJl CACTEMH JIETYBaHHs, aT. %
3pazok Ne | Fe Mn | Nb | Si C

1 63,93 | 17,62 - 8,61 | 6,84
63,80 | 17,81 | 1,35 | 8,70 | 8,35
63,43 | 16,56 | 2,71 | 8,09 | 9,21
62,50 | 15,79 | 3,88 | 7,71 | 10,12
61,69 | 15,11 | 493 | 7,38 | 10,88

(LN EN RS R | \)

Licepeno: pospobneno asmopamu

Amnaniz noOyaoBaHoi miarpamu crany maprasineBa craib (FeMnSiC) — NbC (puc. 1)
MoKa3ye, 10 OCHOBHUMHU CTa0UThHUMH (Da3amMu y NaHid CUCTEMH € : TBEpAWH PO3YMH Ha
ocHoBi NbC, aycrteHit (A), dpeput (D), kap6in nementutnoro tumy (1), kapoigna daza Tumy
MsC, a takox kapOocwminun 3amiza FegSi)C. PosrmsiHyTa cucTtemMa BiTHOCHTBCS JI0
€BTCKTUYHOTO THUITYy 13 TEMIIEPAaTyporO MOYaTKy €BTEKTHMYHOTO meperBopeHHs -~ 1500 K.
[HTepBan Kpucramizaiii ayCTeHITY i3 PO3IUIaBy € JIOCTaTHHO BY3bKUM Ta He mepeBuiye 150
K. IligBumenns Bmicty NbC Beme 10 CYTTEBOrO IMiJIBHINEHHS TEMIIEpAaTypH JIKBigyca
CHUCTEMH, 3HIWKEHHs cTaburbHOCTI KapOigHoi MsC, 1 kapOocwmminuanoi ¢asu FesSi,C 3a
paxyHOK po3mmpeHHs obnacTi icHyBaHHS A+ NbCHI] Ta mnpakTHYHO HE BIUIMBa€E Ha
TEMIIepaTypy MOYaTKy KpUCTaji3allil ayCTeHITYy Ta IUPUHY TEMIEPATYPHOTO Jiana3oHy Horo
kpuctamizamii. Kpwucramizamis ciiaBiB 10 BiJNOBIAAIOTh JOCTIIHAM  €IEKTPOTHUM
matepianam Ne 2 — 5 mpoXoAUTh 32 IACHTUYHOIO CXEMOIO : HE MEepIIOMY €Tarli 13 POo3IUiaBy
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kpuctanizyerbcsi NbC mami, mpu pgocsrHeHHI Temnepatypu ~ 1500 K, moumHaeThcs
OJIHOYacHa KpucTamizamis aycrteHity ta NbC 3a eBTeKTHYHOIO cxemor. [Ipu mopanpmomy
OXOJIO/DKEHHI y TBEPAOMY CTaHi 13 ayCTEHITY BHILISAEThCS Kapbinm tumy MsC,, skuii mpu
3HIKEHHI TeMIlepaTypH IMOBHICTIO NEPEXOIUTh Yy UEeMEHTHUT. [IpofoBKeHHS 3HUKEHHS
TEeMIIepaTypu Beje 0 noyatky neperBopenns A—@ npu ~ 1000 K, sike 3aBepuiyerbes npu
temriepatypi ~ 900 K. Takum uymHOM, piBHOBa)XHa CTPYKTypa CIUIaBIB NMPU KIMHATHIN
Temmeparypi Tpudazona i ckinanaerses i3 depury, NbC ta nementuty. B peanpHux ymoBax
KpUCTai3amii HalJIaBJIE€HOTO Iapy BHACTIOK HEMOXXJIMBOCTI TIOBHOTO IPOXO/KCHHS
mudy3iiHOTO TEepepo3nOoaLTy BYIJIEHIO y cuctemi Oyae ¢ikcyBatuch cTaH, SIKUH Ha
PIBHOBaXKHIH Jiarpami cTaHy BiJIOBIa€ 00JACTSAM, IO MEKYIOTH 13 JIIHIEIO COMITYC CHCTEMHU.
Y nanomy Bumajky 1e Bianosigae crpykrypi A+ NbC ta A+ NbC+LI.

Xapakrep kpuctainizarii NbC i3 po3miaBy A TOCTIKEHUX CIIIaBiB (pUC. 2) TAKOXK €
imeHTHYHUM: BuaUIeHHS NbC MOYMHAETHCS 13 PO3ILIABY; IHTCHCUBHE 301IBIICHHS KUIBKOCTI
KapOiaHOT (pa3u crocTepiracThCs 3a TeMIepaTyp KpUcTajizaiii ayCTeHITy; P OXOJIOIHKCHH1
y TBepAoMy cTaHi KiumbKicTh NbC HE3HAYHO 3MEHIIYEThCS TOJOBHUM YHMHOM 3a PaxyHOK
yTBOpeHHs KapOimaux (a3 M3;C T1a MsC,. 3 pesynbpraramu po3paxyHKiB pPIBHOBa)KHA
kimbkicth NbC y crutaBax Ne 2, 3, 4 ta 5 Oyne craHoButu ~ 3, ~ 6, ~ 8,5 Ta ~ 10 006. %,
BIJIIIOBITHO.

2 3 4
3500 L .
L

3000— —
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8, 2500— —
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8
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5 2000 =
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| NbC+A+1I
1000 NBCEATD] I
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FeMnSiC ;
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Pucynoxk 1 — @parmenT nceBnobinaproi miarpamu ctany FeMnSiC — NbC

Licepeno: pospobaeno asmopamu
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Inrepsan
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Pucynok 2 — 3anexHicTh piBHOBaXHOI KimbKocTi NbC Bix Temriepatypu

Juts 3paskiB Ne 2 -5
IDicepeno: pospobneno asmopamu

PesynbraTi  mOCHiKEHHSI MIKPOCTPYKTYpU MOBEPXHEBOTO IApy, HAIUIABICHOTO
MOPOIIKOBUM EJICKTPOJHUM MatepiaaoMm cucteMu Fe-Mn-Nb-Si-C  (puc. 3) moka3yiotb, o
BiH CKJIQJA€ThCs 13 OAHOPIAHOI (ha3H, sika MpeicTaBise Cco00K MapraHIEBHHA ayCTEHIT, y
SKOMY PIBHOMIPHO pO3TalloBaHi gucrnepcHi (po3mipamMu ~ 3 MkM) BKIodeHHS NbC
orpaneHoi ¢opmu. Taka CTpYKTypa BiJIOBiJa€ pPO3paxOBaHOMY CKJIaly Ta Ma€ KOMIIO3UTHY
OyIIOBY, 1110 CTIPHSIE TiIBUIICHHIO MEXaHIYHUX BIIACTUBOCTEH.

EHT = 2000 kV Signal A=CZ BSD Date :17 Oct 2018
‘WD =16.0 mm Photo No. = 1313 Time :11:46:12
- . .

Pucynok 3 — CTpykTypa eneKTpoayroBoro nokpurrs cucremu Fe-Mn-Nb-Si-C
(Bmict NbC ~ 10 %)
Hoicepeno: po3pobaeno asmopamu

PesynbraTi BEMIpIOBaHHS TBEPAOCTI MOBEPXHEBOTO INApy 3aJEeKHO BiJl KiJIBKOCTI
NbC nmo medopmamii Ta micias MNOKa3ylOTh, IO y HeAePOPMOBAHUX MOKPUTTAX MpPH
30impmienni  BMicty NbC Big 0 go 10 06. % cmocTepiraerbess MpOMOPITiiiHE 301TbIICHHS
TBEPJOCTI 3a 3aJeXkHICTIO Onu3bKoro a0 JiHiiHOI Big 20 mo 35 HRC. Take 3poctaHHs
TBEPJOCTI 3aKOHOMIPHO 3YMOBJICHO 30UIBIICHHSM Y CTPYKTypi OuITbII TBepaoi (a3, 1o
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TaKOX Iepeadavae MiABUINCHHS a0pa3uBHOI 3HOCOCTIMKOCTI. OJHAaK, NpH BUMIpIOBaHHI
TBEPJOCTI J1e(POPMOBAHUX IIAPIB CIIOCTEPITAETHCS 1HINA TEHJEHISI — 301IBIICHHS BMICTY
NbC Big 0 1o 6 00. % He BeAe 10 3pOCTaHHS TBEPAOCTI JAe(HOPMOBAHOTO IIApy, MPOTE
nigumenHi Bmicty NbC monam 6 00. % BigOyeTbcs IHTEHCHMBHUH PICT TBEPIOCTI
HaKJICITaHOTO mapy, sika mpu BmicTi 10 06. % cranoButh 54 HRC. Takuii xapakrep pocty
TBEPJIOCTI HAKJICTIAHOTO MIapy MpH 30UTHIICHH] Y HhOMY KITBKOCTI BKJIIOUEHb TBEpHOi (a3
MOJKHA MOSICHUTH TUM, IO MPH 301IbIIeHH] KUTBKOCTI 3epeH NbC y cTpyKTypi BiACTaHi Mik
YAaCTUHKAMHU 3MEHIIYIOTBCA 1 Marepian MOKPUTTA AehOPMYEThCS OLIbII 1HTCHCHUBHO Y
MiKKapOimHuX MikpooO’emax. Kpim Toro, orpanena ¢opma yactuHOK NbC € mogaTkoBUM
JKEPEJIOM KOHIIEHTPATOPIB HAMPYKEHb, 110 IHTEHCHU(IKYIOTh HAKJIETI.

55 -
—=— 0e3 HaKIIeIy "
50 A ¢ 3 HAKJICIIOM
Q45 ° . .
=
40 4
)
H 35 4 .
2 i
&= 301 il
,-/./
25 - e
-
20 |
0 2 4 6 8 10

Bwmict NbC 06. %

Pucynok 4 — CTpykTypa eneKTpoayroBoro nokpurts cucremu Fe-Mn-Nb-Si-C
(Bmict NbC ~ 10 %)
Hoicepeno: po3pobaeno agmopamu

BucHoBku. 3a pe3yiapTaTaMH MPOBEACHUX TEOPETHUHUX Ta EKCIEPUMEHTaIbHHUX
JOCHIJKEHb PO3pPOOJIEHO CUCTEMY JIETYBaHHS IMOPOILIKOBHX ENEKTPOAHUX MaTepiaiiB UL
3MIITHEHHST POOOYMX OpraHiB 3eMJICPHMMHOI TEXHIKHM, SKa TIpaloe€ 3a yMOB 3HAYHUX
JUHAMIYHUX HaBaHTa)XKEHb B aOpa3MBHUX cepeloBHIAX. BCTaHOBIEHO, IO MpH JIeTyBaHHI
€JICKTPOJIHUX MaTepiajiB Ha OCHOBI MapraHIleBUX CTajedl OJM3BKUX 3a CKJIQJOM IO CTajl
110I'13J1 kapbimoM Hi00iI0 B KiTbKOCTI Outbmie 6 00. % CYTTEBO 3pOCTaEe SK BHXIJHA
TBEPICTh (10 HAKJENmy Tak 1 TBepAICTh micis naedopmariii. OTpuMmaHe 3HAYSHHS TBEPIIOCTI
nepopmoBanoro mapy - 54 HRC 3nayHo mnepeBuinye TBepAicTh michs nedopmariii
MOBEPXHEBUX IMIapiB, OTPUMAHUX MUIAXOM €JIEKTPOAYrOBOrO HAIJIaBJICHHS CEepiiHUMU
eIeKTpOlaMH Ha OCHOBI BHCOKOMaprameBux craneir (46 HRC). VYV nomanpmumx
JOCJIIJDKEHHSAX CJIiJ TMPOBECTH BU3HAYCHHS aOpaswBHOI 3HOCOCTIMKOCTI PO3pOOJICHHX
MOKPUTTIB MIPH BUMTPOOOBYBAHHSX 3a PI3HUMH CXEMaMHU HaBaHTaKEHHS.

Crcok mitepatypu
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2. Jleuyk O. B., 3mo6mmpkuii A. f. BimHoBieHHs poOoOYMX OpraHiB IPYHTOOOPOOHUX 3HAPAIH
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3. Selection of the most appropriate welding technology for hardfacing of bucket teeth. / Pascu D. R. at el.
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Formation of Phase Composition, Structure and Properties of Electric Arc Coatings of
Fe-Mn-Nb-Si-C System for Hardfacing of Working Surfaces of Earthmoving
Equipment

The purpose of the study was to establish the regularities of formation of the structure, phase
composition and properties of electric arc coatings of powder wires based on high-alloy (manganese) steel with
niobioum carbide additions using CALPHAD method together with expiremental investigation of structure and
properties and obtainig the hardfacing material with high impact arbasive wear resistance for earth moving
machines equipment.

Using the free energy calculations of a multicomponent system by the Calpad method, a pseudobinary
phase diagram of a highmanganese steel - niobium carbide system was constructed. The use of the diagram
made it possible to predict the phase and elemental composition of electric arc coatings made of powder
electrode materials. The proposed alloying system allows to obtain a surface layer consisting of two phases:
manganese austenite and niobium carbide in the form of dispersed inclusions. The results of measuring the
hardness of the arc coatings of the proposed doping system show that increasing the content of niobium carbide
in high manganese hardfacing alloy from 0 to 10 vol. % leads to an increase in the hardness of the surface layer
from 20 to 35 HRC in the undeformed state and from 46 to 54 in the deformed state. The results show that the
presence of disperse NbC inclusions in the amount of more than 6 % by volume increases the intensity of
hardening of the surface layer during deformation due to the formation of microregions with high level of
internal stresses.

According to the results of theoretical and experimental researches, a system of doping of powder
electrode materials was developed to strengthen the working bodies of earthmoving equipment, which operates
under conditions of considerable dynamic loads in abrasive media. It is established that when alloying electrode
materials based on manganese steels close in composition to 110G13L steel, niobium carbide significantly
increases both the initial hardness (before deformation) and the hardness after deformation. The obtained value
of the hardness of the deformed layer - 54 HRC significantly exceeds the hardness of the serial high-manganese
alloys (46 HRC) hardfacings.
electric surfacing, powder wires, high manganese steel, niobium carbide, hardening
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Bubip cucTtemMu JjeryBaHHs MOPOIIKOBUX EJIEKTPOIHUX
MarepiagiB Uit  3MIIHEHHA poOOYHMX TOBEPXOHb
o0JyiafHaHHS 3 IEpepOoOKU AEPEBHOI OloMacHu

3 MeToro 3a0€3MedYeHHsT JOBIOBIYHOCTI poOOYNX IMOBEPXOHD OOJIQJHAHHS ISl BATOTOBIICHHS ITATMBHUX
OpuKeTiB i3 BIiOXOHIB JepeBOOOPOOHOI MPOMHCIOBOCTI MUISXOM BHKOPHCTAHHS METOIIB OOYHCITIOBAIBHOI
TePMOAWHAMIKM OyJI0 3alpONOHOBAHO CHCTEMY JIETYBaHHS MOPOIIKOBHX ENEKTPOAHMX MaTepialiB i
HaHECEHHsS eNeKTPOMyTroBuX MOKpUTTIB Fe-Mnl5-Cr15-Ti2-C2. OtpumaHi TOKPHTTS XapaKTepPU3YIOThHCS
TBepaicTio Ha piBHI 52 HRC, abpa3uBHOIO Ta KOPO3iMHOIO CTIHKICTIO, @ TAKOX 3AATHICTIO 70 AeopMalliitHoro
3MII[HEHHS.
eJIeKTPOAYroBe HANJIABJIEHHS, TMOPONIKOBI JAPOTH, BHCOKOXPOMHCTHIH cIuIaB, KapOix TuTany,
nedopmaniiine 3MinHeHHS

I1.H. IIpucsizkHIOK, 1011, KaHa. TexH. Hayk, U.M. Cemsanuk, acm., JI.JI. Jlynak, gor., kaaa. texd. Hayk, JI.JL.
Tpowmyk, ac.
Heano-Dpanroscruil HAyuoHanbHbIL MeXHUYeCKull yHugepcumem Hedpmu u easa, e.Meano-Ppanxosck, Yrpauna
BpiOop cucTeMBbl JerMPOBAHUS MOPOIIKOBBIX JJIEKTPOAHBIX MATEPHAJIOB LIS
yKpelieHHs1 pa0o4yuX MOBepXHOCTeil 00opyaoBaHMsl 1O mepepadoTKe ApeBecHOM
ouomacchbl

C menpto obecredeHns AONTOBEYHOCTH PabOYMX MOBEPXHOCTEH 00OpYyNOBaHUS OIS H3TOTOBICHUS
TOTUTUBHBIX OPHKETOB U3 OTXOJOB JIEPEeBOOOPAOATHIBAIOIICH MPOMBIIUICHHOCTH ITyTEM HCIOIB30BAHUS METOIOB
BBIYNCIIUTENIFHOW TEPMOJUHAMUKHA OBLIO MPEIVIOKEHO CHUCTEMY JIETHPOBAHHS ITOPOINKOBBIX DJIEKTPOIHBIX
MaTepHaJIOB JJIsI HAHECCHHS 3JIEKTPOAYroBbIX MOKpeITHH Fe-Mnl5-Crl15-Ti2-C2. IlomydeHHBIE TOKPBITHS
XapakTepu3yroTcs TBepaocTbio Ha ypoBHe 52 HRC, abpa3uBHOW M KOPPO3MOHHON CTOWKOCTBIO, a TaKKe
CHOCOOHOCTBIO K e(hOPMAIIIOHHOTO YITPOYHEHHUSL.
JIEKTPOAYroBasi HAIJIABKA, IMOPOIIKOBbIe MPOBOJOKH, BBHICOKOXPOMHUCTBIN CILIaB, KapOHI THTaHA,
negopManMoOHHOE YIIPOUHEHUE

IMoctanoBka mnpodiemu. IlpoGrema mMigBUINEHHS JOBrOBIYHOCTI OOJQAHAHHS 13
nepepoOku JepeBHOi OioMacH y manuBHI OpuKeTH HaOyBa€ 3 KOKHUM POKOM BCE OUIBIIOT
aKTyaJbHOCTI, Ik y Kapmarcekomy perioHi Tak i B YKpaiHi B LUJIOMy 4yepe3 HEOOXiTHICTh
MOCUJICHHSI €HEepreTUYHOI Oe3MeKH Jep)kKaBu 3a paxyHOK BiJIHOBIIOBAHOI €HEpreTHku. B
yMOBax IMEpepoOKH THPCH Ha TMaJMBHI OpPUKETH OCHOBHHUMH €JIEMEHTaMH, SIKi BU3HAYAIOTh
JOBTOBIYHICTh Ta TIPAIE3NaTHICTh OPHKETYBAJILHOTO OOJNIAMHAHHS € Jerani, sKi
0e3rmocepeTHbO KOHTAKTYIOTh 13 pobounM cepenoBuiieM. Lle, Hacammepe MIHEKH, MaTPHUII
Ta MYyaHCOHHW. 3 OTJISIIy Ha BJIACTHBOCTI POOOYOTO CepeloBHINA MOBEPXHEBUH MIAp TaKUX
JeTajeil TOBHHEH XapaKTepU3yBaTHCh OJHOYACHO BHCOKOIO TBEPIICTIO, KOPO3iHHOIO
CTIMKICTIO Ta CTIMKICTIO MPU BHCOKUX IHMKIIYHUX MUTOMHX HaBaHTaKEHHIX. SIK mMoKaszye

© I1.M. Ilpucsoxntok, .M. Cemanux, JI.J. JIynak, JIJI. Tpouryk, 2019
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JOCBIJ] TAKMI KOMILIEKC BIIACTUBOCTEH MOKe OyTH OTpUMaHHI NMPH BUKOPHCTAaHHI MaTepiajiB
HAa OCHOBI peliTy Ta ByTJeneBoi abo KoposiHOCTIHKOT cram. OmHak, ACPIUTHICTH
BOJIL()PAMOBOT CUPOBHHH Ta il MOCTIHO 3pOCTai0da BapTICTh MPUBOIATH 10 HEOOXiTHOCTI
MOLIYKY HOBUX aJIbTEPHATHMBHMUX CHUCTEM JIETYBAaHHS Ta MarepialiB Ha iXx ocHOBi. Jlo Takoi
cucteMu, 30kpema BimHOcuThCs cuctema Fe-Cr-Mn-Ti-C y saxiii Mn mapranens 3a6esneuye
HEOOXI1/IHY CTIHKICTh IIPH BUCOKHUX MUTOMHUX HaBaHTaxeHHsX, Cr — KOpo3iiiHy CTIHKICTh Ta
TBEPIICTh, a T1 — MUKITIYHY CTIMKICTh 32 PaXyHOK MOAU(DIKYyBaHHS CTPYKTYpH. TakuM 4UHOM,
npobjemMa CTBOPEHHS HOBHMX MOKPUTTIB Ha MEpIIOMY €Taml 3BOAUTHCS A0 IMPaBUILHOIO
BUOOpY CITIBBIIHOIICHHS KOMIIOHEHTIB Ha OCHOBI aHami3y ()a30BOro CKiaay, CTPYKTypu Ta
BJIACTUBOCTEH.

AHani3 ocTraHHiX Jgochaimxkens i myOgikamiii. HaiiGinpm  mommpeHuMu
O0eBob(ppaMOBUMHUM  MaTepialaMu JUIs HalJIaBJIE€HHS y JaHUH 4Yac 3ajMIIaroThCs
BHCOKOXPOMHCTI CIUTaBH 3a€BTEKTUYHOIO a00 €KBTEKTUYHOrOo Tumy. [ligBUINIEHHS piBHS iX
BJIACTUBOCTEH MPOBOAMUTHCS LUIAXOM JIETYBaHHS CHJIBHUMH  KapO0iJ0yTBOPIOIOUYUMHU
€JIEMEHTAMU 3 METOI0 MOIU(IKyBaHHS CTPYKTYpH. ABTOpU poOOTH [1] 3 METOIO MiABUIIICHHS
3HOCOCTIMKOCTI BUCOKOXPOMHUCTHX CIUIABIB JUISI HAIUIABJICHHS MTPOBOIMIIM JIETYBaHHS HI001€M.
PesynbraTi nocnimkeHb MoKa3ainy, o npu aoaasanHi 7 % Nb no crutasis cucremu Fe-Cr24-
CS5 iX 3HOCOCTIHMKICTh TP TEPTi MO 3aKpiruieHoMy abpasuBy 3poctae Ha 20 %, mpu MpOMy
TBEPIICTh MoBepxHEBOro mapy ~ 8 I'Tla micns nmeryBaHHS NMPAaKTHYHO HE 3MIHIOETHCS. 3a
pe3ysbTaTaMu MiKPOCKOIYHUX JOCITIKCHb MOBEPXHEBUX INAPIiB Ta 3HOIICHUX ITOBEPXOHBb
Take IMIBUIICHHS 3HOCOCTIHKOCTI TIOSICHIOETBCS CYTTEBUM TIOAPIOHEHHSM CTPYKTYpH
nepBuHHUX KapOiniB xpomy Cr;Cs. ITomiOHi pe3ymnbraTé Oynu oTpuMaHi y poOoTi [2] mpu
JIeTyBaHHI BHCOKOXPOMHCTHX MatepiamiB jis HaruaBieHHs cuctemu Fe-Cr30-CS5,5 HioOiem
Ta aUOOpUIOM THUTaHy Yy KiabkocTi 4,5 ta 1 Mmac. %, BignoBigHo. Ilicist mpoBeneHHS
JIETYBaHHS TBEPAICTh HAILJIABJICHOTO APy 3aIMIIAETHCS MPAKTUIHO HE3MIHHOIO — Ha piBHI 59
HRC, a 3HOCOCTIHKICTh 32 YMOB TEpTS MO 3aKpijieHOMY aOpa3uBy 3poctae B 1,97 pa3u. Take
M1BUIIEHHS 3HOCOCTIMKOCTI MOSICHIOETHCSI HAsIBHICTIO B IIEHTpaIbHUX 00macTsx 3epeH Cr7Cs
BKIIOYeHBb ckiagHoro kapOimy (Ti,Nb)C, saxuii BHAUIAETHCS HA TIOYATKOBHX CTaJisgX
KpHCTali3alii Ta BUKOHY€E pojib Moaudikatopa. Y poOoTi [4] BUBUanu BIJIMB JIETYBaHHS Ha
TBEPJIICTh Ta yapHY 3HOCOCTIMKICTh €IEKTPOAYTOBUX IMMOKPUTTIB HA OCHOBI cuctemMu Fe—-Mn—
C. Pe3ynbraTi mokasanu, 110 nepexij BiJ cuctemu jeryBaHHd Fe-Mn—C no cucremu Fe—
Mn-W-C (Bmict W — 19 mac. %) tBepaicts nmokputTiB 3poctae Big 11 HRC mo 36 HRC.
[ToxpUTTS CKIAAAIOTHCS 13 ayCTEHITY Ta KapOiliB (IEMEHTUTHOTO THIY, BoJIb(pamMy Ta THILY
M¢C). TIlicna mob6aBku mo cruiaBiB cuctemu Fe-Mn—-W-C ~ 4 wmac. % Mo TBepaicTh
30inbmyetsest 10 44 HRC mpu upomy mosiBu HOBUX (a3 Ha audpaktorpami He Oyio
BUSBJICHO. [IpakTHYHO 1AEHTHYHUI XapakTep 3MIHM BIACTUBOCTEH MPOSBISETHCS MPH
nonaBanHi Cr. Sachin Pawara ta iH. mpoBenu IOCHiIKEHHS BIUIMBY JIETYBaHHS MOKPUTTIB
cucremu Fe—Cr—C y HacTynHux KoMmOiHa1isx enemenTiB: Mo—Ti, Mo—W ta Mo—Nb-W —V—
Ti [5]. PesynpraTamu BH3HAU€HHS 3HOCOCTIMKOCTI OYyJI0O BCTAHOBIIEHO, IO HAMBHIIOIO
3HOCOCTIMKICTIO XapaKTEePHU3Y€ThCS CIUIAB, SKHMH MICTHTh OJHOYACHO YCI II'SITh JIETYIOUUX
€JIEMEHTIB, OCKUIbKM BOHH YTBOPIOIOTH TYTOIUIABKY 0araTOKOMIIOHEHTHY a3y, sKa
Momudikye CTpyKTypy. TakuMm dYWHOM, JIeTyBaHHS KapOiOyTBOPIOIOUYMMH E€JIEMEHTAMH €
edextuBHUM sk 1 cuctemu Fe—Cr—C Tak 1 st Fe-Mn—C.

IMocTtaHoBka 3aBaaHHs. Meroro poboTu Oyno OTpUMaHHS KOPO3iMHO- 3HOCO- Ta
YAApOCTIHKOTO Matepially s HaHeceHHS MokputTiB cuctemu Fe-Cr-Mn-Ti-C 13
MOJU(IKOBAHOIO ayCTEHITO-KapOiTHOIO CTPYKTYPOIO Ha OCHOBI TEPMOJMHAMIYHOTO aHAJI3y
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xapaktepy (opmyBaHHs (a3 MpPU OXOJOHKEHHI Ta EKCIEPUMEHTATBHOMY JTOCIIIHKCHHI
CTPYKTYpH Ta BIIACTHBOCTEH ENEKTPOJYTOBUX IOKPUTTIB 13 MOPOIIKOBUX E€JIEKTPOIHUX
Marepiais.

Buxnan ocHoBHoro wmarepiajay. MogenoBanHs ($a30BOrO CKIaay IOKPUTTIB
3IIACHIOBAIM 13 BUKOPUCTAHHSM IporpamMHoro 3abe3neueHHs, JmatPro 6.1 Ta Thermocalc sxi
nmoOyI0BaHI Ha PO3paxyHKy BUIBHOI eHeprii 3a merogaukoio Calphad. Sk BuximHy cuctemy
s po3paxyHkiB Oyno BuOpano Fe-Crl15-Mnl5-C2-Ti. 3pa3ku ans eKkcriepuMEHTaTbHUX
JOCIIPKEHb BUTOTOBJIUIM IIUISIXOM PYYHOTO €JIEKTPOAYTOBOTO HAIIABJICHHS ITOKPHUTTIB i3
BUKOPUCTaHHAM TIOPOIIKOBUX €JIEKTPOJIB Ha MiAKIaAKH Burotosieni i3 cram Cr. 3.
BuroroBieHHS MOPOIIKOBHX EJIEKTPOJIB MPOBOIMWIN HUIIXOM 3aKaTyBaHHS Y ITOPOLIKOBY
CTpiuky i3 ctami mapku O8kn cywimeil nmopomkiB MetaneBoro xpomy IIXA 99 I'OCT 14-
00186482-051-2005, mapranmo Mu997 I'OCT 6008-90, tTutany IITC-1 TY 14-22-57-92 Ta
rpagity K-354 TOCT 7885-86. Cucrema neryBaHHS pPO3paxoBYyBalach i3 ypaxyBaHHSIM
Koe(iIieHTy 3alOBHEHHS TIOPOIIKOBOTO EJIEKTPOMy. XIMIYHHUNA CKJIaa  €JIEKTPOIHHUX
MaTepiaiB HaBeAeHO y Tab. 1.

Tabmums 1 — EneMeHTHHMI CK1aJl MOPOITKOBUX €JIEKTPOIIB, Mac. %.

3pazok Ne | Cr | Mn | C | Ti
1 1515 (2] -
2 151522

Hoicepeno: pospobneno agmopamu

JlocnikeHHsT CTPYKTYpH TPOBOJMIN METOIOM EJICKTPOHHOI MIKPOCKOMII Y PeKuMi
oOepHeHo BiaOuTHX enekTpoHiB (CZ BSD), saxuii mo3Bosise po3pizHATH (a3m 3a iX iX
rycTuHoo. [Ipu JoCIipKeHHSIX BUKOPUCTOBYBAIN €IEKTPOHHUI Mikpockon CarlZeiss, sIKuii
BKIIto4ae y cebe G6azosuii 610k EVO 40XVP. BumiproBaHHs MIKpOTBEpIOCTI BUKOHAHI Ha
mikpotBepaomipi [IMT-3 mnpu HaBaHTakeHHsX Ha iHgeHTop 1 1 2 H, 3HavyeHHs
MIKpOTBEPJOCTI PO3PAXOBYBAJIOCH 32 pe3yJibTaTaMH TPbOX BUMIpIOBaHb. Po3mipu BigOUTKIB
BUMIPIOBAJIUCh 33 JIONOMOTOK0 HH(PpoBOi Kamepu-okymsipa DCM510 npuemHaHoi 10
TBepaoMipa. TBepaicte 3a meronoMm PoxBenna BumiproBasin Ha TBepaoMipi TK-2 (I'OCT
3882-74) BTHUCKYBaHHAM ajMa3HOro KoHyca Inpu HaBaHTaxeHHI ~ 1500 H (wkama C).
[ToBepxueBy muactuuny nedopmanito (III1J[) mpoBogunmu 3a mOmMOMOror TBepAOMipa
bpinens. [lpu naBantaxenni 3000kr. SIKk iHIEHTOp BUKOPHUCTOBYBAJIACh TBEPIOCILIABHA
kynbka giamerpom 10mwm. Ilicna (ITIIJI) TBepamicTh BuMiproBanack Meronom PoxBemna y
HEHTPl OTPUMAHUX JIYHOK. TBEpIiCTh BU3HAYAIM SIK CepeaHboapu(MeTHUHE 3HAYCHHS HE
MEHILIE SIK 110 5 BUMIpIOBaHb.

Ominka abpa3uBHOI 3HOCOCTIMKOCTI HAaHECEHUX IOKPHUTTIB MPOBOAMIACH B YMOBAX
TEPTS MO 3aKpilieHoMy abpa3uBy. Sk KOHTPTUIO (abpa3uB) BUKOPUCTOBYBABCS aOpa3uBHUMN
Kpyr i3 kapOigy kpemuito miamerpom 300 MM Ta ToBImmHOIO 40 MM. IIIBHIKicT KOB3aHHS
cranoBmia 0,21 M/c, musax tepts ctaHoBUB 33 M. Bunpo6oByBaHHS IPOBOANIOCH Ha 3pa3Kax
mTiHApUIHOI popmu giamerpom 10 mm.

Amnani3z noGynoanoro nonitepmiunoro ciueHusi (FeMnCrC) — Ti (puc. 1) mokasye,
10 OCHOBHUMHU CTabuTbHUMU (azamu y maniid cuctemu € : TiC i3 ['IK rpaTkoro, aycTeHIT
(A), peput (P) Ta HIKUMA KapOig xpomy Cr;Cs. BignosigHo o0 miarpamu crany no6aBku Ti
CYTT€BO BIUIMBAIOTHh HA TeMIIEpaTypy coiigyca cuctemu (mpu Bmicti 1 mac. % Temmepatypa
3poctae Ha 400 K), Tomy 3HauHa KimbKicTh T1 Oyze CyTTEBO yCKJIAIHIOBATH TEXHOJIOTIYHI
XapaKTepUCTHKU MaTepiamiB i HarulaBieHHs. Kpucramizamis criaBy i3 BMicToM 2 Mac. %
Ti1 moumnaeThes 13 BuauieHns TiC 3a Temneparypu Buie Hixk 1800 K, nani mpu temneparypi
~ 1550 K nounHaeThCst KpUCTaNi3allisl ayCTEHITY y TeMiiepatypHoMmy iHTepBam 1550 — 1450
K. Takum umnoMm, BuauteHi 3epHa TiC OyayTh CIyryBaTH IIEHTpaMH sl KpUCTasizamii
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aycteHiTHOI ¢a3u, noapiOHoroun ii cTpykTypy. Ilpm temmeparypi 1450 K moumHaeThcs
Kkpucrtamizamisi eBTeKTUKH A+Cr;Cs;, sSKa 3aBEpIIYETBCA Yy BY3bKOMY TEMIIEPATypPHOMY
inTepBaii. [Ipu ipoMy, miaBuieHHS BMICTY Ti1y pO3MJISHYyTOMY TeMIepaTypHOMY iHTepBaii
HE BIUIMBAa€E HAa TEMIIEPATypy IOYaTKy EBTEKTHYHOTO TepeTBopeHHs. [licis 3aBeprieHHs

KpHcTamizamii CTpyKTypa CIUIaBy MpeiacTaBlieHa TpboMma azamu: aycreHitoM, TiC Tta
kap6igom Cr;Cs.

1800 ' ' '
17004 L -
1600 L+TiC L
L+AL
1500 - L+TiC+A L
» 1400 L+TiC+A+M,C, B
g 1300 L
2 1200 -
= 1100 ~ TICTATM,C, -
=
1000 — -
900 -
800 T{C+A+®+M,C,I | |
0 0.5 1.0 1.5 2.0

Bwicr Ti, mac. %

Pucynok 1 — Ilonitepmiune civenns cucremu Fe-Cr-Mn-Ti-C no ninii Cr=Mn=15, C=2 mac. %
Hoicepeno: pospobreno asmopamu

PesynpTat  mocCHiIKEHHS MIKPOCTPYKTYpU IOBEPXHEBOTO IIapy, HAIIABICHOTO
MOPOIIKOBUM  €JIEKTPOJHUM MaTepiamom cucremMu Fe-Mnl5-Crl5-Ti2-C2 (puc. 2)
MOKa3yloTh, IO BIH CKIAJAEThCS 13 TPbOX CTPYKTYPHUX CKIAOBUX : BUTATHYTHUX
JNEHAPUTHUX KPHUCTAIIB MapraHIEBOrO ayCTEHITY, IO POCTYTh Yy HAMPSIMKY MPOTHICKHOMY
BIIBOJy TeIUIa, OUCIepcHUX orpaHeHux 3epeH TiC, ki 3HAXOAATBCSA B IEHTPATBLHUX
o0acTAX ayCTEHITHHX 3epeH Ta IulacTMH4Yartoi eBTeKTUku A+Cr;Cs;, po3ramoBaHoi Yy
MDKIEHAPUTHOMY TIPOCTOCTOPI.

B

EHT = 20.00 kv Sigral A = CZ BSD Date 17 Oct 2018
WD = 136 mm Phote Ne. = 1302 Time -10:51.08

PucyHok 2 — CTpyKTypa eleKTpoyroBoro nmokpurts cucremu Fe-Mn15-Cr15-Ti2-C2
Howcepeno: pospobaeno asmopamu

3a pesynbTaTaMu BU3HAYEHHS TBEPJOCTI Ta 3HOCOCTIMKOCTI (Tabn. 2) BUAHO, IO

BIUMB Ti Ha TBEPHAICTh MOKPHUTTIB € HE3HAYHUM SIK JI0 IIACTUYHOI AedopMariii Tak i micist Hei
Ta TPOSBISIETHCS TOJOBHHUM YHMHOM Y MiJBHIIEHHI MIKPOTBEPJOCTI ayCTEHITYy 3a PaxyHOK

101



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

notparuisiias aucnepcHux 3eped TiC y 30Hy iHaeHTyBaHHS. Brmu BmicTy Ti Ha abpa3uBHY
3HOCOCTIHKICTh € OUIbII CYTTEBHM, OCKIIBKH crHocTepiraeTbcs ii mimBuimieHHs Ha 30 %.
JIMOBIpHO ~Ti/BHIICHHS a6pa3MBHOI 3HOCOCTIMKOCTI y [JAHOMY BHIIAAKy 3yMOBICHE
MoApiOHEHHSM 3€PEeH ayCTEHITY Ta €BTEKTUKH 4epe3 Moaudikyrouy niro grob6aBok TiC.

Tabmuus 2 — BnacTUBOCTI MOBEPXHEBUX IIapiB, HAIUIABICHUX €NEKTPOJAaMU CUCTEMHU
Fe-Cr-Mn-Ti-C

3pazok | TBepaicTh 1o | Teepmicte  micns | MikpoTBepaicTh | BimHocHa

No Hakserry, HRC Haxserry, HRC aycteHity, ['Tla | 3HOCOCTIHKICTB, €
1 42 52 320 1,0
2 44 52 380 1,31

Lrcepeno: pospobneno asmopamu

BucnoBku. Ha ocHOBI mpoBeAeHUX MOCHITKEHb BCTAHOBJICHO, 110 y cuctemi Fe-
Mn15-Cr15-C2 nob6aBku Ti y kinmbkocTi 10 2 Mac. % BUKOHYIOTH pPOJIb MOIU(IKaTOPiB
CTPYKTYpH, L0 COpHUSE CYTTEBOMY MiJBUIICHHIO aOpa3uBHOI 3HOCOCTIHKOCTI. EnexTpomyrosi
MOKPUTTS 13 TMOPOIIKOBUX JPOTIB 3aIPOIIOHOBAHOI CHUCTEMH JIETYBAaHHS XapaKTEePHU3YIOTHCS
KOPO3IMHOI CTIMKICTIO Ta 3[IaTHICTIO JIO0 HakKJIemy (TBEPAICTh MiCis MIacTU4YHOI aedopmarrii
cranoButh 52 HRC), ToMy MOXyTh OyTH 3aCTOCOBaHI JJIsi 3MIITHEHHS POOOYUX MOBEPXOHB
neTanel OpUKETYBaJIbHUX TIPECiB 3 BHUIOTOBJICHHS ITAJIMBHUX OpPHMKETIB 13 BIIXOIB
JIepeBOOOPOOHOT MPOMHUCIOBOCTI. Y TONANBIINX JTOCHIIPKCHHSX CIiJ MPUIUIATH yBary
BUOOPY palllOHAILHUX TEXHOJOTIYHUX MapaMeTpiB OTPUMAHHS MOKPUTTIB PO3pobIeHOT
CHCTEMH JIETYBaHHS Ta OCOOJIIMBOCTSM X MEXaHIYHOT 0OpOOKH.
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The Choice of Alloying System of Powder Electrode Materials for Strengthening the

Working Surfaces of Wood Biomass Processing Equipment

The aim of the work was to obtain corrosion-resistant and impact-resistant material for hardfacings the
system Fe-Cr-Mn-Ti-C based with modified austenite-carbide structure through thermodynamic analysis of the
nature of phase formation during cooling and solidification and experimental studies of the microstructure,
hardness, abrasive wear resistance, ability to deformation hardening of electric arc hardfacings from powder
electrodes materials.

According to the results of the study of the polythermal cross section of the Fe-Mn-Cr-Ti-C system in
the concentration range corresponding to the composition of the powder electrode materials, it was found that Ti
doping leads to the formation of insoluble TiC in melt in the early stages of crystallization. Its presence provides
grain refinning of the structure of austenite and austenite-carbide eutectic. The results of the study of the
microstructure of the surface layer deposited by a powder electrode material of the Fe-Mn15-Cr15-Ti2-C2
system show that it consists of three structural components: elongated dendritic crystals of manganese austenite
growing in the opposite direction to the heat gradient, dispersed TiC inclusions which are located in the central
regions of the austenitic grains and the plate eutectic A + Cr,C; located in the interdendritic space. The results of
the determination of hardness and durability show that the effect of Ti on the hardness of coatings is negligible
both before and after plastic deformation and is manifested mainly in increasing the microhardness of austenite.
The effect of Ti content on abrasion resistance is more significant as it is observed to increase by 30%.

Based on the studies, it was found that in the system Fe-Mn15-Cr15-C2 additives Ti in an amount up to
2 wt. % act as structure modifiers, contributing to a significant increase in abrasion resistance. Powder coated
electric arc coatings of the proposed alloying system are characterized by corrosion resistance and deformation
hardening (hardness after plastic deformation is 52 HRC), so they can be used to strengthen the work surfaces of
briquetting presses for the production of fuel briquettes from waste products. Further research should pay
attention to the choice of rational technological parameters of obtaining coatings of the developed alloying
system and the features of their mechanical processing.
hardfacing, powder wires, high-alloy chromium, titanium carbide, deformation hardening
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JlocHiPKeHHsT BIUIMBY TEXHOJIOTIYHMX IapaMeTpiB
MPOLIECY BAKYYMHOT'O a30TYBaHHS aJlIOMIHIEBUX CILIABIB
Ha BJIACTUBOCTI AM(DY31MHUX 10HHOA30TOBAHUX IIApP1B

B po06oTi mpoBeaeHO MOCHTIIPKEHHS  BIUIMBY TEXHOJOTIYHUX TIapaMeTpiB MPOIECYy BaKyyMHOTO
a30TyBaHHS AQIOMIHIEBUX CIUIaBIB Ha MIKPOCTPYKTYpY, XIMIYHHM CKJIaJ, 3aJWIIKOBI Hampy>KCHHS,
MIKpOTBEPIICTh Ta IMOPCTKICTh AU(Y3IHHUX 10HHOA30TOBAaHMX IMapiB. HaBemeHa MeToauKa IMPOBEICHHS
JIOCITIDKCHb. BUSABICHO YTBOPEHHS pPIBHOMIPHOTO 3a TOBIIMHOIO Ta pO3MOIIJIOM JICTYIOUHX €JIIEMEHTIB
MMOBEPXHEBOTO IIapy Ta YTBOPCHHIO B HHOMY 3MIIHIOBAIBHUX (pa3 Ha ocHOBI AIN, yTBOPIOETHCS MMOBEPXHEBA
Oe3nedexTHa CTPYKTypa 31 3MIHEHHMMH BIACTHBOCTSMH, MAa€ Micie AuUdy3is a3oTy, IO BIUIMBAE Ha (a3oBUH
CKJIaJ, i B OCTAaTOYHOMY ITJICYMKY Ha MIKpOTBEPICTh MOBEPXHi. JlOCHIKEHHS MIKpOCTPYKTYPH MTOKA3aJH, 110
i3 30LIBLICHHSIM TEMIIEPAaTYpH a30TyBaHHS 30UIBIIYETHCS 1 TOBIIMHA HITPUIHOTO 1apy. OnTUMalibHe 3HaYeHHS
TEMICpaTypu TpPH SKOMY JIOCSITaEThCS MaKCHMayibHa TBepaicTh ckiamae 480°C, HaiOLIbIII 3HAYCHHS
MIKPOTBEPJIOCTI criocTepiratoThes npu TUcKy 50 MIla Ta ckmany rasy 85%Ni, + 15% Ar. Ilpu dbopmyBanHi
TEIUIO3aXUCHUX AU(DY3IHHUX I0HHOA30TOBAHKX IIAPIiB B ATIOMIHIEBHX CIDIABaX BUHUKAOTH HANIPYKCHHS CTUCKY.
MaxcumanbpHe 3HaUYeHHS 3aIHAIIKOBUX HANPYXEHb O,,, =280 MIla croctepiraeTscs He Ha MOBEPXHI 3pa3Ka, a Ha
rOuHI OJM3bKO 7 MKM, MPHU IBOMY 31 3pOCTaHHSIM TPUBAJIOCTI HACHUEHHS MTOBEPXHEBOTO APy 301IBIITYEThCS
3HAYEHHS 1 3aJMIIKOBUX Harpyr. [IpoTe, Take MiABHUINEHHS NMPOXOJUTh B YMOBaX MaKCHMaIbHHX TeMIeparyp
480 °mpotsarom 180 xB.

BAKyyMHe a30TyBaHHf, MiKPOCTPYKTYpPa, XiMiYHUI CKJIA[, HANPY:KeHHS, MiKPOTBePIiCTh, HIOPCTKICTH

A. B. PyTkoBCKHId, CT. Hay4YH. COTp., KaHA. TEXH. HAYK

Hucmumym npoonem npounocmu um. I'. C. ITucapenxo HAH Yxpaunwl, 2.Kues, Ykpauna

C.I. MapkoBuy, 11o11., Kae[. TexH. HayK, C.C. Muxaiinaora, acr.

Llenmpanvrnoykpaunckuti HayuoHaTbHbIN MmexHuyeckuil ynusepcumem, 2. Kponusnuyxut, Yxpauna

HccaenoBanue BIUSTHUA TEXHOJOTHYECKUX MAPAMETPOB NMPoLecca BAKYYMHOT O
a30TUPOBAHUS AJTIOMUHHEBBIX CIUIABOB HA cBOMCTBE MU(PYy3MOHHBIX

HOHHOA30THPOBAHUX CJI0OCB

B pabore npoBeneHO HccieoBaHUE BIHMSHUS TEXHOJOIMYECKUX MapaMeTpoB Ipolecca BaKyyMHOTO
A30THPOBAHUS ATIOMHUHHEBBIX CIUIaBOB HA MHUKPOCTPYKTYPY, XMMHUYECKHN COCTaB, OCTATOYHBIC HATPSKCHHS,
MHUKpPOTBEPAOCTh M ILIEPOXOBaTOCTh  AW((Y3MOHHBIX HMOHHOA30THUPOBaHBIX cioeB. IlpuBeneHa meTonuka
nmpoBefeHus uccienoBannii. OOHapyXeHO 00pa3oBaHWE PAaBHOMEPHOTO 3a TONIIMHOM W pacmperelicHHEM
JIETHPYIOIINX 3JIEMEHTOB IOBEPXHOCTHOTO CJIOS M 00pa30BaHHMIO B HEM YKpemriomux (a3 Ha ocHoBe AIN,
oOpasyeTcst moBepxHOCTHasI Oe3nedexTHast CTPYKTypa C M3MEHEHHBIMH CBOWCTBaMH, UMeeT MecTo Auddysus
a30Ta, KOTOpBIM BiUseT Ha (a30BBIH COCTaB, M B OKOHYATEIbHOM HMTOTe Ha MUKPOTBEPIOCTH MOBEPXHOCTH.
HccnenoBanus MEKPOCTPYKTYPHI IIOKA3AIH, YTO C YBETHUIEHUEM TEMIIEPaTyPhl a30THPOBAHUS YBEITHUNBACTCSA U
TOJIIIIHA HUTPUAHOTO ciosi. ONTuManbHOE 3HAUYCHHE TEMIIEPaTyphl IPU KOTOPOM JOCTUTAETCsl MaKCUMaJIbHAs
TBepA0oCTh cocTapisieT 480°C, HanbobIIMe 3HAYSHHSI MUKPOTBEPIOCTH HAOMI0Mat0TCst ipu aaBieHuu S0 Mlla u
coctase raza 85%Ni2 + 15% Ar. [Ipu ¢popMupoBaHUM TEIIO3AUTHBIX TU(P(Y3HOHHBIX HOHHOA30THPOBAHBIX

© A.B. PytkoBcbkui, C.I. Mapkosuy, C.C. Muxaiimtota, 2019

104



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

CJIOEB B aJIOMHUHHUEBBIX CIUIaBaX BO3HUKAIOT HAIPSHKEHUS CKaThsi. MakcUMaldbHOE 3HAUY€HHE OCTAaTOYHBIX
HAMPSKCHUH O, = 280 MIla HabnromaeTCs He Ha TIOBEPXHOCTH 00pasiia, a Ha TIyOuHE OKOJIO 7 MKM, IIPU 3TOM
C POCTOM JITUTENILHOCTH HACBIIEHUS! TMOBEPXHOCTHOTO CJIOS YBEIUYMBAECTCS 3HAYEHUE W OCTATOYHBIX
HanpspkeHud. OJHaKo, Takoe TMOBBIIIEHHWE MNPOXOIAUT B YCIOBHUAX MaKCUMalbHbIX Temieparyp 480 °© Ha
npoTsbkeHnu 180 MuH.

BAKYYMHOE a30THPOBaHHE, MHUKPOCTPYKTYpa, XMMHYECKHH C€OCTaB, HamnpsiKeHHe, MHUKPOTBEpPAOCTb,
IEePOX0BATOCTh

IloctanoBka mnpodJeMu. 3pOCTaHHA EKCIUTyaTallifHUX IapaMeTpiB JIBUTYHIB
BHYTPILUIHBOTO 3TOpPaHHS BUKIMKA€ HEYXWIbHE MIJBHUIIEHHS poOo4yoi TemmepaTypu
KOHCTPYKTUBHUX €JIEMEHTIB JBUTYyHA, OCOOJIMBO JeTajei LUIIHIPO-MOPLIIHBOBOI rpynu [1].
3acToCyBaHHsI JUIsl BUTOTOBJICHHS TOPIIHIB aJIFOMIHIEBUX CIUIaBiB OOYMOBIJICHO iX BHCOKOIO
MUTOMOIO MIIHICTIO 1 MaJIOIO0 MUTOMOIO Baroro, MpoTe BETUKUM HEJIOJIIKOM IIMX MaTepiaiiB €
HU3bKa TEIJIOCTIMKICTD [2].

[lepcrieKTUBHUM JUIsI TIOBEPXHEBOTO 3MII[HEHHS JieTajeil aBTOTPAKTOPHUX JIBUT'YHIB
BHYTPIIIHHOTO 3TOPAHHS BBAXAETHCS METOJ] 10HHOTO a30TyBaHHS (10HHO-TJIA3MOBOTO
a3oTyBaHHs). Mloro cyTHiCTB TOIArae y ToMy, IO y PO3PiIKEHOMY Ta30BOMY CEPENOBHII,
AK€ MICTUTh a30T, MK KaToJOM (JIeTaJUIl0) Ta aHOAOM (CTIHKaMHW BaKyyMHOI KaMepH)
30yKy€eThes THitouuil po3psia. [lpu 1bOMYy MO3UTHBHI 10HU Ta3y 3 BHCOKOIO EHEpTi€lo,
OoMOapayrouM TOBEPXHIO KaToAy, HarpiBaloTh 1ii 7O TEMIepaTypu HACHYEHHS Ta
TUGYHIYIOTh B 10 TMOBEPXHIO, (OpPMyrOUM TBEpAU pO3YMH a30Ty B MeETajii, a TNpu
JOCATHEHHI MEXKi pO3YMHHOCTI - HiTpuaHi ¢asu. Temneparypa asorysanns 470-580°C, Tuck
(1,33-13)10* Ila, poGouya Hampyra kommBaeThesi Bix 400 mo 1000 B [2,3]. Pasom 3 tum
aKTyaJIbHOIO € 3a/ladya BU3HAYEHHS 3aKOHOMIPHOCTEW BIUIUBY TEXHOJIOTIYHUX HapaMeTpiB
IpoIlecy Ha BIACTUBOCTI AU(y31HHIX 10HHOA30TOBAHUX IIAPIB.

AHami3 ocraHHiX JociimkeHb i myOuaikaumiii. JlocnmiDKEHHIO BJIACTMBOCTEH
MOBEPXHEBUX 3MIIIHEHUX MIapiB MPHUCBSYEHA 3HAYHA KUIBKICTH poOIT. Bimomo, mo mpu
eKCITTyaTallii Jifo4i B TMOKPHUTTI HAMPY>KEHHS C anreOpaidHOI0 CyMOKO eKCIDTyaTalliiHuX i
3QIMIIKOBUX Hampyr. SICHO, MO 3alMIIKOBI HANpPyrHW PO3TATaHHS B TMOKPUTTI TyKe
HeOesmeyni. [lopsia 3 MMM MOXHA TPHUITYCTHTH, IO TPU BiJCYTHOCTI CaMOBiIIapyBaHHS,
HaSBHICTh 3HAYHUX 3AJIMIIKOBUX HAMPYT CTUCKY B TMOKPUTTI ¢ Oa’kaHUM, OCKLIBKH CTHCKAaIOYi
3aJIMIIKOBI HAIPYTW 3MEHINATh BIUIMB MPHUKIAICHUX HANpyr po3rsaraHHs. [lepenbavaerscs,
[I0 3aJMIIKOBI HAMpyrd CTUCKY B TOKPUTTI € OJHIEI0 3 MPHUYMH 30UTbIICHHS IUKIIYHOT
MIITHOCTI [4], @ TaKOK MEX1 TEKYdJOCTi i MEXi MIITHOCTI MPH CTATUIHOMY HAaBaHTAKEHHI [5]
JUTSL MaTepialiiB 3 MOKPUTTSIM, [0 MA€ CTEXIOMETPUIHUIA CKIIaJ.

Bucokuii piBeHb 3QIMIIKOBHX HANpPYr Yy 10HHOA30TOBAaHUX IIapax OOyMOBICHHN
PO3XO/KEHHSIM TEMIIEPATypPHUX KOE(illi€HTIB JTiHIHHOTO PO3LUIUPEHHS MaTepianiB MOKPUTTS
i1 OCHOBHM; HAsIBHICTIO 3aXOIUICHUX aTOMIB ra3y; HETIOBHHM CTPYKTYpHHUM YIOPSIKYBaHHSM, a
OTK€ 3HAYHUM CTyTNeHeM Je(deKTHOCTI KOHAeHcaTy [4,5]. BenuunHa nux Hampyr 3MiHIOETHCS
MIMPOKOMY Jiana3oHi BiJl HETaTMBHUX 1O NO3WTUBHUX 3HAa4eHb. ABTOpamu [6] Oymu
BU3HAUYEH] 3aJIMIIKOBI HANpY>KEHHS B MOKPUTTI HITpuAYy OOpy, IO Yy 3aJeKHOCTI Bif
CIIBBIIHOIICHHS B CKJIaJi MOKPHUTTSA aTOMiB Oopy W a30Ty ckiamanu Bix -5 go -1 I'Tla.
3anuIIKOBl HAMpPY>KEHHS CTHCKY, IO BU3HAYEHI MJs TOKPUTTIB THUTAH-HITPUJ BYTJEIIO
Ti(CM) Ha 3pa3ky 3i cmiaBy Hio06ir0 Mamu mopsok 2-3 I'Tla [7]. ¥V po6oti [8] Bu3HAUeH]
3aITUIIKOBI HAMIPYKEHHsI CTUCKY TMOKpUTTS TiN, 110 0capKeHU peaKTUBHUM PO3MUJICHHAM B
yMoBax BigcyTHoOcTi kucHiO ckiamu 7,8 ['Tla. Ilpu mpomy Oyiio moka3aHo, IIO i3 pOCTOM
KOHIIEHTpallli KUCHIO B Tra3i cTUCKaro4ui HampykeHHsa B miiBkax TiOxNy, magaioTh 1 CTaloTh
ciabko po3TsaryrounMH. lle 00yMOBIIEHO 3MEHIICHHSM Iapamerpa PEmIiTKH, 3aMilleHHSIM
aTOMY a30Ty aTOM KHCHIO 1 yTBOPEHHSIM aMoppHUX (a3.

BennunHa 3anMIIKOBUX HANPYKEHb PO3TATYBAaHHS B TIOKPHUTTI 3 HITPUAY TUTaHA (€ —
Ti,N), 1m0 HEe Mae CTEXiOMETPUYHOTO CKJIaay, Ha miajoxii 3 marepiany 20X13 ckmamana
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800...1200 MIla. Pi3ke 3HmKeHHs (BiA IBOX OO0 YOTHPHOX pa3iB) 3aJIMIIKOBUX HaNpyKEeHb
CIIOCTEPIrajgocs Mpu BBEACHHI TUTAHOBOTO miAmapy [5].

Pazom 3 TUM BIUIMB IpOIECY BaKYyMHOTO a30TYBaHHS Ha MIKPOCTPYKTYpY, XIMIYHHUNA
CKJIaJl, 3aJUIIKOBI HAIPYXECHHs, MIKPOTBEPIICTh Ta HIOPCTKICTh QJIOMIHIEBUX CILJIaBIB
BUBYECHO HEJOCTATHBO.

IlocTanoBka 3aBaanHs. s eheKTUBHOTO aHANI3y MEXaHI3MY SIBUII Ta YIIPaBIIHHS
TEXHOJIOTIYHUM MPOIIECOM 3MII[HEHHS MOPILHIB, 10 BUTOTOBJCHI 13 alIOMIHIEBUX CIUIABIB
HEOOXITHO BUSBHUTH B3a€MO3B'130K (haKTOPiB, 110 BU3HAYAIOTH XiJl MPOIECy, 1 1X BIUIMB Ha
BJIACTUBOCTI AU(Y31HHUX 10HHOA30TOBaHMX IIapiB. HasBHicTe 1€l iHpopmanii 103BOJIUTH
MIIBUIIATHA MIIHICTh 1 HAAIMHICTh SK CaMHX IOKPUTTIB, TaK 1 JACTalied 3 MOKPUTTAMH Ha
CTaJii IXHPOTO KOHCTPYIOBAHHSI.

Metoauka pochaimkeHHsi. MeToguka pacTpoBOi eJI1eKTPOHHOI MiKpockomii Ta
BU3HAYEeHHs XiMiYyHOro ckiaay. MIiKpOCTPYKTYpHI MOCHI/DKEHHsS, a caMe HasBHICTb Ta
pO3MOALT JIETYIOUHMX eNeMEeHTIB 1o moBepxHi (mimsHka 800x600 MKM), BUKOHYBaJUCA 3
BUKOPUCTAHHSAM METOJIB PAacTPOBOi  EJIEKTPOHHOI MIKPOCKOMIi 1 PEHTTeHIBCHKOTO
MikpoaHamizy. JlocmiKeHHsT MPOBOAMINCS Ha €JIEKTPOHHOMY MIKPOCKOIT MiKpoaHaIi3aTopi
“CamScan-4DV”, cucrtemi peHTTeHIBCHKOro eHeproaucnepcHoro axamzy “Link- 8607
(Anrmisg), cucremi wmikpoaHamizy “Oxford Energy 300” 1 peHTreHO(IIOPECIIEHTHOMY
a”arizatopi Gpipmu diminc 3a 3araabHO NPUHHATOIO METOAUKOIO [9].

BuzHaueHHs XIMIYHOTO CKJIaJy TIOBEPXHI 3pa3KiB, a TakoX pi3HHX (a3,
HEIOCKOHAJIOCTeH 1 BKJIIOYEHb IMPOBOAWIOCH B JaHil pOOOTI 3 BUKOPUCTAHHSAM METOIY
peHTreHocnekTpaibHoro wmikpoanamzy (PCMA), ¢i3uuHa CyTHICTH SKOTO TIOJIATaE B
re’epanii peHTreHiBCbKOr0 BUIPOMIHIOBAHHS MpPU MOMAJaHHI MEPBUHHOTO EJIEKTPOHHOTO
IIy4YKa Ha MOBEPXHIO 3pa3Ka, 10 JOCHIKYEThCS.

Metoauka KUIBKICHOTO — MIKPOPEHTI'€HOCIEKTpalbHOro aHamizy 2AP-4, 1o
BUKOPUCTOBYETHCSI B pOOOTI, Oa3yeThCs HA BUKOPHUCTaHHI €TAJIOHIB BiZoMOro ckiamy. [lpum
NPOBEICHH] KUIbKICHOTO MiKpOaHa i3y BU3HAYA€THCS BEMYMHA BiTHOIIECHHS IHTEHCUBHOCTEH
PEHTIE€HIBCHKOTO BUIIPOMIHIOBAHHS €JIEMEHTY, 10 TOCHIKYETHCS, B 3pa3Ky 1 B €TAJIOHI.

MeTtoanka BH3HAYEHHSI 3aJIMIIKOBMX HampyxkeHb. Cepel iCHYIOUHMX CIOCOOIB
BU3HAYEHHS 3aJIUIIKOBUX HANpy>KEHb HAMOUIBII MPOCTUM 1 JOCTYITHUM € METOJ| BU3HAYEHHS
BEJIMYMHU 3QJIMIIKOBUX HANpy>KeHb MO KPUBU3HI 00pOOJIEHOT0 MpSAMOKYTHOTro 3paska [10].
3anuIIKOBI HANpPYXEHHS, Os,; BH3HAYAIOTh, BUXOASYM 3 TOTO, MO0 NPU HAMWIIOBaHHI
HOKPUTTSA HAa OCHOBY HEBEJIMKOI TOBLIMHM BOHU IPUBOAATH 10 Aedopmarii ocHoBH. [lepen
HAaHECEHHSIM TIOKPHUTTS 3pa30K 3aKpilUIIOIOTh Y KOHIYKTOpi, IO MPEACTaBIs€ COOOI0
IUIACTHHY 3 JIBOMA 3aTHCKAaMM, BUKOHAHUMH Yy BHJI I'BUHTIB. [liciasi HaHeCeHHs MOKPUTTA
3aTUCKU 3HIMaroTh. [lif Ji€r0 3ajdMIIKOBHX HAmpyr 3pa3ok AedopMyeThcsi y BUAL OAYTH
OKPYKHOCTI. Y 1e(OpMOBaHOTO 3pa3Ka 3aMipsoTh MPOTHUH f.

Bumiproroun npuabaHuii y Takuii crmoci®é MporuH 3pa3ka 3 OCHOBHOI'O Marepiaiy,
3JIMIIKOBI HaNpPyrd MOKHA BU3HAYHMTH 3a Bigomumu (opmynamu [11]. BukopucroByroun
PIBHSHHS TpY>KHOT JiHiT 1yt 6anku, y po6ori [12] Oyna oTpumMaHa HaCcTyINHA 3aJI€KHICTD IS
3aJIMIIKOBUX HAINpPYT:

AEH’ f

an=— -

3a(1-v)(H +h) h

ne E, v — Moaynb mpykHOCTI mepmioro poxy i koedimieHT Ilyaccona marepiamy
OCHOBH BIiAIIOBIIHO;

@ — JIOBXKHHA 3pa3Ka;
f— cTpina nmporuny;

; (D
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H, h — TOBUIMHA OCHOBH 1 TOKPHUTTS BiJNOBITHO, SIKA Ui TOHKUX TOKPHUTTIB /1 « H,
Moke OyTu 3amucana [13]

3
an=—EH__J ©))
3a(1-p) h
a U1 JTIHIHHOrO H.C.
AEH
o3l =———. 3
3a’h )

BuxopucTtanss anapaTy Teopii BUTHHY TOHKUX IUIACTHH MPUBOAUTH aBTOpiB [13] mo
HACTYITHOI pO3paxyHKOBOiI (hopMyiu
B EH’
6(1-v?)(H +h)hR’
ne R — paaiyc KpUBH3HH, MPUAOAHHN 3pa3KoM y pe 3yJbTaTi aedopmartii, BAKIUKAHOT
3QITUIIIKOBUMH HATIPY>KEHHSIMHU.

IIpu 4 « H 1 B ymoBax JHIHHOTO H.C., 3QJICKHICTh (4) MEPETBOPIOETHCS y BIIOMY
dopmyny Ctones

(4)

o3all

2

. 5
6hR ©®)
Benuunny pazmiyca kpuBuszHu R nmns (5) oOumcimoroTh yepe3 crpity cermerta f i

xopay 1(/LiLy/) (pucysox 1). IpynTyrounch Ha BimoMocTax i3 miadimerpii [13], MoxHa
3HaWTH cTymiHb p Kpanku O. 3 oJHi€l CTOPOHU B1IOMO, 110

p2=0L = Gj , 6)

o3all =

a 3 1HIIOI CTOPOHH
p’=E0-0d, (7)
ne EO = f, OD = 2R, Tomy mo f<<R.

\
O R

L,EL, — nosxuna 3pa3ka; L;L, — xopna cermenty 1; EO — crpina cermenty, f

Pucynok 1 — Po3paxyHkoBa cxeMa 0OYHCIICHHS pajiiyca KPUBU3HU 3pa3Ka
IDicepeno. pospobneno asmopamu 3 sukopucmantnim [13]

3 BpaxyBaHHAM (7) MOKHA TIEpENUCcaTH y BUII

P’ =f2R. (8)
[TopiBHtor0uM mpaBi yactunu (6) 1 (8), ogepkumo GhopMyiy Ul pO3paxyHKy paiiyca
KpuBHM3HU R
N .
L)
R=-"——. 9)
2f
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Takum YMHOM, MPsIMi BUMIPH BETUYMHU NPOTHHY f 1 HACTyIHE BUKOPUCTaHHS (HOPMYJT
(3), (5) n03BONSIFOTH BU3HAYUTH BEIMYMHY 3IUIIKOBHX HAIMPYTy B TOKPHUTTI.

MeToauka J0CHiIKEeHHSI MIKPOTBEpPAOCTI Ta IIOPCTKOCTI. JlochimkeHHs
npooaunucs 3rigHo 'OCT 9450-76 3a momomororo MikporBepaomipa [IMT-3, kyT wmix
MPOTWICKAYNMH TPAHSIMH aMa3Ho1 mipaMigku ctaHoBuB 136° mpu HaBanTaxenHi 100 r. [Tpu
BUOOpPI HABAaHTAKEHHS BUXOIWIM 3 IMOBIPHOI TMMOWMHW BiAOWTKY. MiHIMaabHA TOBIIMHA
niapy TOKPUTTS TIOBMHHA TEPEBUIIYBATH TAMOMHY BimOUTKY. OTpuUMaHi MOKPUTTS
JIOCJTIDKYBAJIMCh Ha 3MiHY IIOPCTKOCTI MOBEPXHI B 3aJICKHOCTI BiJl TEXHOJOTIUHUX PEKUMIB
OCaJ[KEHHsI IIOKPUTTIB 3a JonoMoroto mpodinorpada-npodinomerpa 201 TO.

Buxaan ocHoBHoro marepiany. [IpoBeneHo BU3HaueHHS 3MiH B 10HHOQ30TOBaHUX
mrapax micis mporecy iX (opMyBaHHS 3a JOMOMOTOK MIKPOCTPYKTYPHOTO Ta PEHTTEHO-
CTPYKTYPHOTO aHaJi3y.

Ha ocHOBI mpoBeneHUX MOCHIIKCHb BCTAHOBICHO PIBHOMIPHHUN pPO3MOIIT Ta
HasBHICTE N 1 Al, a Takoxx 3MminHOBaIbHUX (a3 Ha ocHOBI 3’eaHaHHsA AIN mo moBepxHi
nokputTiB (puc. 2). lle miaTBepKy€e piBHOMIPHICTH OXOIICHHS JAETall TIIIOYUM PO3PSIOM,
0 3yMOBIIOE pPIBHOMIpHE OOMOap/yBaHHS TOBEPXHI J€Talli 10HAMH Ta3y, PIBHOMIpHE
HarpiBaHHS 1 OIHAKOBY TOBIIMHY AU(Y31HHOrO mapy Mo BCiid TOBEPXHI .

BuzHaueHHs XIMIYHOTO CKJIay 3MIIIHEHOI MOBEPXHI 3pa3KiB BAKYYMHHUM a30TyBaHHSIM
B IMYyJbCYIOUOMY TYYKy IUIa3MH [POBOJMIIOCS HA OCHOBI METOAWKH KIJTbKICHOTO
MIKpOpEHTIeHOoCIIeKTpanbHoro anamizy ZAF — 4/FLS, 3a momomoror JucCnepcHOTO
E€HEPreTUYHOro crekrpomerpa LZ - 5 3 00poOKol0 OTpUMaHUX pPe3yibTaTiB, BKIIOUYAIOYU
KUIBKICHAN aHalli3 3 ypaxyBaHHSM YCIX BHIIPaBlieHb, Y MiKpokomm'torepi cuctemu “Link-
860”. TocmimkeHHs npoBoawincs Ha AUISHII nmokputts 800 x 600 mxwm. Ilpu 1mpomy 3a
OCHOBHHH KpUTEpIA OIIHKK SKOCTI OTPUMAHOTO TIOKPHUTTS BUKOPHUCTOBYBAJHUCS SIKICHI i
KIJIbKICHI 3HAYEHHSI B TOBEPXHEBOMY IIapi JETYIOUUX eJIeMeHTiB (Tabum. 1).

PucyHok 2 — Po3nofisn XiMiYHHX €JIEMEHTIB 110 3Mil[HEeHii OBEpXHi
Howcepeno: pospobaeno agmopamu

AHaJi3 XiIMIYHOTO CKJIaay TOKPHTTS J03BOJSE 3pOOMTH BHCHOBKH, IO BMicT Al
3HAXOJIUTHCSA B MEXKaXx, MOCTATHIX JJIsl YTBOPCHHSI 3’ €THAHHS TYroriaBkoro marepiamy AlIN,
SIKMI MOJKE BIUTMBATH HA TEPMOMEXaHIYHI XapaKTePUCTHKH MTOKPUTTSL.

Tabmuus 1 — XiMigHMNA CKJIa BAKYyM-IIJIa3MOBHX LIapiB

BwmicT XiMIiYHHX elIeMeHTIB, %

N Cu Mg Al
14...16 42...6 0,8...1.3 69...74

Locepeno: pospobreno asmopamu
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PeHTreHOCTpYKTYpHI JTOCHTIDKEHHS TEIUIO3aXUCHHUX JIU(Y31HHUX 10HHOA30TOBAHMX
mapiB, mo chopMOBaHI Ha MIOKII 3 amoMmiHieBoro cmiaBy AJI21, mpoBoammach Ha
pertreHiBcbkoMmy  audpakrpomerpi  JJPOH y  ¢imerpoBanomy mimHomy  Cu-Ka
BUIPOMIHIOBAHHI 3 MOCTIAYIOYHM PO3PaXyHKOM Ta po3mudpOBKOIO TudpakTorpam.

BynoBa a30ToBaHOTO 11apy BU3HAYAETHCS MPOTIKAHHSIM JIBOI KOHKYPYIOUUX TPOIECIB:
KaTOJAHOTO PO3MUJIECHHS I 3BOPOTHOTO KAaTOJHOTO PpO3MWIICHHS, $KE 3aJIeKUTh BIJ
TEXHOJIOTIYHUX TMapaMeTpiB iI0HHOTO a30TyBaHHS. B 3alleKHOCTI BiJ XapakTepy MPOTiKaHHS
[IUX TPOIECIB MOXHA OTpUMaTH AUQY31HHMNA map Ha 0a3l BHCOKO a30THCTOTO TBEPAOTO
po3urHy 6a3 MOBEPXHEBOI HITPUIHOI 30HU 1 3 TOBEPXHEBOIO HITPUAHOIO 30HOIO.

Ha Bcix 3pa3kax 3 MOKPUTTSMHU CIIOCTEpiragucs JiHii BimoOpaxkeHHsT MeTaneBoro Al,
SIK1 BITHOCSITHCS IO aIOMiHIIO TiATOKKH. KpiM TOro, B yCiX 3pa3kax CIOCTepIralvcs CHIbHI
niHil BigoOpakeHHs, K1 BIAMOBIAAIOTH BIAOOPaKCHHSAM HITPUAY aIOMIiHIIO. A30TyBaHHS
MOBEPXHEBOTO IIAPYy MPOXOAMIIO 3 YYACTIO PElIaKCAIlIfHUX MPOLIECIB Ta YTBOPSHHSIM BUCOKOT
HIUTbHOCTI auciiokamiii. CriocTepiraeTbess TEKCTypYBaHHS HITPUAHHUX IIAPiB 3a IJIOMIUHOIO
kyOa. Ha >xanp, OunbmicTh JiHil BimoOpakeHHs AINi HakaagaroThCs Ha JIiHIT BiIOOpayKeHHS
Al. Jlns XapakTepUCTUKH HAHECEHHX ITOKPUTTIB - iX BIHOCHOI TOBIIMHH Ta CKJIATy
CIHIAKYBaJd 3a IHTCHCHBHICTIO Ta TIIOJOKCHHSAM 1€l JIiHii BimoOpakeHHs. Ha Bcix
peHTreHorpamax CIIOCTEPITaeThCs JHIS B1I0OpaKEeHHS i KyTOM
v =19,7°, axa BignoBigae camiil CUIIbHIM NiHITI T€KCArOHAILHOIO HITPUAY ATIOMIHIIO.

[lincymoByroun cimig cKa3aTd, IO B  pe3yabTaTi  MIKPOCTPYKTYPHUX  Ta
PEHTTEHOCTPYKTYPHUX JOCTiIKEHb BUSBICHO:

- YTBOpPEHHs PIBHOMIPHOTO 3a TOBIIMHOIO Ta PO3MOJLIOM JIETYIOUHX EJIEMEHTIB
MOBEPXHEBOTO LIAPY;

- YTBOPCHHIO B ITIOBEPXHEBOMY IIapi 3MIIHIOBAIBHUX (a3 Ha ocHOBI AIN.

JocaigkeHHs1 MIKpOTBepAOCTI Ta MIOPCTKOCTI MOBEPXHiI 3MIIIHEHOro 3pa3ka.
OnHUM 3 OCHOBHUX KPHUTEpIiB BIUIMBY TEXHOJIOTTYHOTO MPOIECY BAKYYMHOTO a30TyBaHHS y
MyJIbCYIOUOMY TYYKYy TUIa3MH Ha 3pa3K 3 alOMIHIEBOTO CIIaBYy € 3MiHa MIKPOTBEPIOCTI
CUCTEMH «OCHOBA-TIOKPUTTS» Y TIOPIBHSAHHI 3 TOYATKOBOIO.

Jlnst mocipKeHHsT MIKpOTBEPAOCTI BUKOPUCTOBYBAIIU TIJIOCKI 3pa3Ky 3 alFOMiHIEBOTO
crutaBy AJI21, ski miansramu oOpoOIIi 3TiTHO MAaTPHIIi IJITAHYBAHHS €KCIICPUMEHTY.

Pe3ynbpTatu ekcriepuMeHTaNIbHUX JOCIIHKEHb MTPeICTaBIeHO B TabI. 2.

Tabmuist 2 — MiKpoTBEp1iCTh 3MIITHEHOTO TTOBEPXHEBOTO 1IApPYy .
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Loicepeno: pospobneno asmopamu

IonHa 00poOka BH3HAYa€ SKICTh 3MIIIHCHOTO IMOBEPXHEBOIO Imapy W 3abe3medye
HEOOXITHUN PIBEHb 1i OYMCTKUA Ta TepMoakTuBailli. HeoOXimHO BiA3HAYMUTH, IO B JTaHOMY
BUMAAKy Mpu 0OpoOIli OCHOBH YTBOPIOETHCS TMOBEpXHEBa Oe3nedeKkTHa CTpyKTypa 3i
3MIHEHUMH BJIACTHUBOCTSIMU Ha 3pasKy.

Mae wmicne nudy3is a30Ty, 10 BILTUBAE Ha (Pa30BUl CKIIAJ, 1 B OCTATOYHOMY MiJCYMKY
Ha MIKpPOTBEpPIICTh TMOBepxHi. KpiM TOro, y BakKyyMHIM KaMepl YCTaHOBKH € TPHUCYTHIM
HEeBeJIMKa KUIBKICTh KHCHIO, TaK 3BaHUM «3aJMIIKOBUM Bakyym». IloBepxHsi 3paska
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3HAXOJUTHCS B aKTHBOBAHOMY CTaHl B IpoIieci OomOapayBaHHsS, TO MPUPOJHO, BOHA OyJe
TPOXH OKHCIIATHCS 3aBJISKH HASBHOCTI B KaMepi KUCHIO, 0 Y CBOIO YepPry TaKOX BILTUBAE Ha
BJIACTHBOCTI IOKPHUTTIB (puc. 3).

L v v,
* } b
- » & R 2%

Pucynok 3 — MikpocTpykTypu nonepednoro uutida 3paska, x 500
Hoicepeno: pospobneno asmopamu

Ha puc. 4 nmoka3zani mpodiym MiKpOTBEpOCTI a30TOBAaHMX 3pa3KiB, III0 BUT'OTOBJICHI 13
AJTIOMIHIEBOTO CIUIaBY. Y a30TOBaHMUX 3Pa3KiB CIIOCTEPIraeThCs 3pOCTaHHS MIKPOTBEPAOCTI 110
hn = 20 wmxMm, ne kpuBa gocsrae Makcumymy. [lpu momameimomy, 30uTbIIeHHI hn
MIKPOTBEPIICTh 3pa3KiB 3HUKYETHCS 10 TBEPAOCTI OCHOBH.

TakuMm 9MHOM, 3aBASKH CIEIIadbHIA MIATOTOBII MOBEPXHI Ta MOCIHIIYIOUid a30Tallii
CIIOCTEPITaeThCs MIABUIICHHS MIKPOTBEPOCTI MMOBEPXHEBOTO IIApPy, BIACTUBOCTI MOKPHUTTIB
MalOTh BUCOKI 3HaYEHHS TOMY, IO B iX YTBOPEHHI OEpyTh y4acTh YaCTUHKHU (10HU, 30y IKEH1
aTOMHU Ta 10HM) 13 BHCOKOI eHeprieto. Pazom i3 Tum (opMyBaHHS 3MIITHEHOTO IMIapy Ha
MOYATKOBIM cTajli B 3HaUHIM Mipi BU3HAYAE BJIACTMBOCTI Ta CTPYKTYPY MOBEPXHI B I[LIIOMY.
[Ipn momanmpmiii 10HHIA a30Talii CTHUMYJIOIOTHCA IUY3iiHI TpolecH sAK 3a paxyHOK

JlocmipkeHHsT MIKpPOCTPYKTYpPH TOKa3ajau, M0 13 30UIBIICHHSAM TeMIlepaTypu
a30TyBaHHS 30UTBIIYETbCS 1 TOBIIMHA HITpUAHOrO Mmapy. OnrtuManbHe 3HAYCHHS
TEMIIEpaTypH TPHU SKOMY JOCSTAEThCS MaKCHMasibHa TBepaicTh ckiamae 480°C. Takox
BCTaHOBIICHO, 1110 TBEP/AICTh a30TOBAHOTO IIAPy HAa TOCTPUX KPOMKAX BHUIIA B MOPIBHIHHI 3 11
3HAYCHHSIM Ha MOBEPXHI 0€3 TocTpuX KpoMoK. Lle mosicHIoeThCs O11bII BUCOKOO IIUTBHICTIO
CTpyMy Ha TOCTPHUX KPOMKAaX a30TOBAHOI TOBEPXHi, IO CHOpHUs€e aKTHBAIl IUDy31HHUX
MpoIeciB 1 MiABHINCHHS (I3UKO-MEXaHIYHUX BIACTUBOCTEH. ICTOTHIM BIUIMB Ha
MIKpOTBEPJIICTh TOBEPXHI a30TOBAHOTO IIApy 3AIMCHIOE THCK Ta CKJIAJl PEaKI[iHHOTO Tasy.
BusiBneHo, 1mo HaiOiIbII 3HAYSHHS MIKPOTBEPIOCTI criocTepiraroThest nmpu Tucky S0 MIla ta
ckiaay razy 85%Ni; + 15% Ar.
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PucyHox 4 — Po3nozin MikpoTBepIOCTI 10 TIMOIHI a30TOBaHOTO LIApy 3pa3KiB
Howcepeno: pospobaeno agmopamu

SIKicTh TMOBEPXHEBOTO IMIapy IMOPIIHIB aBTOTPAKTOPHHUX JBUTYHIB BHU3HAYAETHCS
IIOPCTKICTIO TTOBEPXHI, ()i3UYHUM CTAaHOM IMOBEPXHEBOTO IIapy KOHCTPYKIIIHHOTO MaTepiary
Ta HOro HampyXeHicTio. MiKporeoMeTpisi IOBEpXHi MOPIIHIB, iX penbed, mopsn i3 ¢izuko-
MEXaHIYHUMHU BJIACTUBOCTSMH IOBEPXHEBOTO INApy, € OJHUM 3 ICTOTHUX (DaKTOpiB, MO
BU3HAYAIOTh CKCIUTyaTallifHI BJIACTUBOCTI Ta TMpare3laTHICTh JBUTYHIB BHYTPIIIHBOTO
3ropaHHs, iX pecypc Ta HaailiHICTh. KpiM TOT0, MIOPCTKICTh MOBEPXHEBOTO APy BIUIMBAE HA
XapaKTePUCTHKHU MIITHOCTI, IKUMH € 130TepMiYHA Ta TCPMOIMKIIYHA TTOB3YUiCTh.

B pesynbTaTi aHami3y BIUIMBY OCHOBHUX TEXHOJIOTTYHHMX MapameTpiB Ha (popMyBaHHS
TEIUIO3aXUCHUX MU(Y31HHUX 10HHOA30TOBAHMX IApiB YCTAHOBJICHO, IO 3MiHA PEKUMIB Y
npoiieci iX ¢GopMyBaHHS 3HAYHOTO BIUIMBY Ha IIOPCTKICTh MOBEPXHI HE 3aBmae (Tadm. 3).
Pi3HMIIO B 3HAYEHHSX MIOPCTKOCTI MOBEPXHI MOXKHA TOSICHUTH HASBHICTIO TOXHOKH IIPH
MIPOBEJICHHI TOCITiI)KEeHb.

Tabmuus 3 — opcTKICTh MOBEPXHI A30TOBAHUX OBEPXOHb
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Loicepeno: pospobneno asmopamu

3aaumkoBi Hanpy:KeHHs. /711 BU3HAUCHHS 3aJUIIKOBUX HANpyKeHb y 3MIIIHEHOMY
MMOBEPXHEBOMY IIapi BUKOPUCTOBYBAIM IUIACTUHKH po3MipoM 200 mMm X 15 mm x 1 MM 13
marepiary AJI21. OOpoOka 3pa3kiB mpoBOAMJIACS 3TAHO MATpPUIll  IUIaHYBaHHS
EKCIICPUMEHTY.

[Tepen dopmyBaHHSIM Mu(Yy31HHUX 10HHOA30TOBAHKX IMIAPIB 3Pa30K 3aKPIILTIOBAIN B
KOHJYKTOPi, SIKUW TPEACTaBIsiE COO0I0 TJIACTHHY 3 JABOMa 3aTHCKavyaMH, 110 BUKOHAHI Y
BUTJISAL TBUHTIB (puc. 5). Ilicns HaHeceHHs MOKPUTTS 3aTUCKaYi OyJTH 3HSATI.
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[Tig miero 3amUMIKOBHX HAIMpPYXKEHb 3pa3ok MehopMyBaBcs Yy BHIJISAL AyTH Koja. Y
nehopMOBaHOTO 3pa3ka 3aMipsuli MPOruH f, 3a BEIWYMHOIO SKOTO BHU3HAYAIM 3HAYCHHS
3aIUIIKOBUX HAMpPYKeHb. JloCTHimKyBaIucs TaKOXXK MOMJIMBOCTI 3HIMIKCHHS 3aTHINTKOBUX
HaIPY’KEHb I1e Ha CTaAll (OpMyBaHHS 3MIIIHECHOTO MIAPY 1 YIPABIIHHS iX CTPYKTYPOIO.

Posmoain 3auIIkoBUX HAMPYT Osy; B @30TOBAHUX 3pa3Kax MPUBEIEHI HA puc. 6, a ix
3HAYCHHs MOJaHl B Ta0J. 4. Y MOBEPXHEBUX IIapax 3pa3KiB, OXOJOKEHHUX MICIs a30Tallli,
TIIOTh 3QJIMIIKOBI HANpyrd CTUCHEHHs Ha rimOuHi 20...28 MKM. 3acTOCyBaHHS a30Taiii
MPUBOANTH IO YTBOPEHHS B MOBEPXHEBOMY Iapi Marepiaay PO3MOIIJICHUX IO MOBEPXHI 1
NEPEeTUHY 3AIUIIKOBUX HANpyT. 32 BEIMYMHOI CTUCKYIOUl 3aJMIIKOBI HANIPYTH OUTBIIL Y
TOMY BUNAJAKy, KOIM TeMIleparypa HACHUYCHHS TIOBEPXHI a30TOM MaKCHMaJbHA.
3aKOHOMIPHOCTI 3MiHH 3JIMIIIKOBUX HAIMPYT CTHCHEHHS IO MEPETUHY MOBEPXHEBOTO APy
3BOJIATHCS IO TOTO, IO iX MAaKCHMyM pPO3TaIllOBY€TbCS B TIMOMHI Imapy, a HaiOuIbIIa
OPOTSDKHICTh 00JIACTi M1l CTUCKYIOUMX 3QJIMIIKOBHUX HANpPYT AOCSATAETHCA NPH BUCOKUX
TEeMIIepaTypax a30TU3aIlll.

3pazoKk N
~ 8

Pucynox 5 — KonmykTop i3 3pazkom
Howcepeno: pospobaeno agmopamu

Takum urHOM, P A30THU3ALIT PETryJIIOBAHHS PIBHS 3aJUIIKOBUX HANPYT CTHCHEHHS
1 XapakTepy iX pO3MOALTYy IO TJWOWHI TMOBEPXHEBOTO IApy TMOBHHHE 31HCHIOBATHUCS
IIIIXOM ONTHUMAJIBHOTO BUOOPY TEMIIEpAaTypH 1 TUCKY PEaKIiiiHOTO ra3sy.

Tabnuus 4 — 3HaueHHs 3aTMIIKOBUX HANpPY>KeHb B 3aJISKHOCTI BiJl Yacy a30TyBaHHs

Buy 06po6KH TpuBanicTs HacHYEHHS, XB.
60 180 300
Ionne asoryBanns npu T = 480 °C 246 280 43

Loicepeno: pospobneno agmopamu

AHaJti3 OTpUMaHUX Pe3yJIbTATIB MOKA3YE:

- MakCHUMaJlbHEe 3HAYCHHS 3aJHMIIKOBUX HANpPYKEHb os,,;,=280 MIla croctepiraerses
HE Ha IMOBEPXHI 3pa3Ka, a Ha TIIMOUHI OJIN3BKO 7 MKM;

- 31 3pOCTaHHIM TPUBAJIOCTI HACHYCHHSI TIOBEPXHEBOTO MIapy 301IbIIYETHCSI 3HAUCHHS
1 3anumkoBUx Hampyr. [Ipore, Take NiABUINEHHS TPOXOAUTh B yMOBaX MaKCHMaJbHHUX
temnepatyp 480 °npotsirom 180 xB..
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Pucynoxk 6 — Po3nozin 3aumKoBUX HaNpy>KeHb 110 TIMOWHI a30TOBAHOTO 1Iapy
Hoicepeno: po3pobaeno agmopamu

TakuM dYMHOM, TpPU (GOPMYBAHHI TEIUIO3AXUCHUX IUQPY3IHHUX 10HHOA30TOBAHHUX
HI1apiB B aJIOMiHIEBUX CIUIaBaX BHUHHMKAIOTh HAIMpPYXKEHHS CTUCKY. Lle Moxke OyTH MOsICHEHO
BIIMIHHICTIO TEMIIEpaTYPHUX KOCMIIIEHTIB JIHIHHOTO PO3MIUPEHHS MaTepialiB MOKPUTTS i
OCHOBH, & TaKOX 3HAYHUM CTYTEHEM JePEeKTHOCTI KOHJCHCATY .

BucHoBku. BUSBICHO YTBOPEHHS PIBHOMIPHOTO 3a TOBIIMHOI Ta PO3MOIIIOM
JETyIOYMX E€JIEMEHTIB MOBEPXHEBOTO IIapy Ta YTBOPEHHIO B IOBEPXHEBOMY IIapi
3MIIHIOBaTBHAX (a3 Ha ocHOBI AIN.

Ionna o0poOka 3abe3reuye HEOOXiTHUN PIBEHh OYHCTKH Ta TEPMOAKTHBAIIiil. MPH
[IbOMY YTBOPIOETHCS TIOBEpXHEBa Oe3nedeKTHA CTPYKTypa 31 3MIHCHHMH BJIACTHBOCTSIMH,
Mae Mmicie audy3is a3oTy, 10 BIUIMBAE HAa (Pa30BUN CKIIAJ, 1 B OCTATOYHOMY ITJICYMKY Ha
MIKpPOTBEPIICTh MOBEPXHI.

JlocmipkeHHsT MIKpOCTPYKTYpPH TOKa3ajau, M0 13 30UIBIICHHSAM TeMIlepaTypu
a30TyBaHHS 30UTBbIIYETbCS 1 TOBIIMHA HITpUAHOrO Mmapy. OnrtuManbHe 3HAYCHHS
TEMIIEpaTypH MPHU SKOMY JOCITA€ThCS MaKCUMalibHA TBEPAICTh ckianae 480°C

BrmnuB Ha MIKpOTBEpAiCTh MOBEPXHI a30TOBAHOTO IIapy 3AIHCHIOE THUCK Ta CKJIaJ
peakiiiiHoro rasy. BusBieHo, 1m0 HaHOUIbIII 3HAYEHHS MIKPOTBEPIOCTI CIIOCTEPITaroThCS
npu Tucky 50 MIla ta cknamy razy 85%Ni; + 15% Ar.

I[Ipu dopmyBaHHI TemIo3axucHUX OU(PY31HHUX 10HHOA30TOBAHMUX IIIApIB B
ATIOMIHIEBUX CIUIaBaX BUHHUKAIOTH HAMpPYXKEHHS CTUCKY. MakcumanbHe 3HaYeHHS
3QJIMIIKOBUX HAINPYXKEHb o3,,—280 MIla cmocrepiraeThcsi HE Ha TOBEPXHI 3pa3ka, a Ha
rUOUHI 01M3BKO 7 MKM, MPH LOMY 31 3pOCTaHHSM TPUBAJIOCTI HACHUEHHS MMOBEPXHEBOTO
mapy 30UIbIIYETHCS 3HAYCHHS 1 3QIMIIKOBUX HanpyT. [IpoTte, Take miaBUIIIEHHS MPOXOIUTH B
yMoBax MakcuMainbHuX Temnepatyp 480 °npotsarom 180 xs.
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Research of Influence of Technological Parameters of Process of a Vacuum Nitriding of
Aluminium Alloys is on Property of the Diffusive Ion Nitrided Layers

Growth of operating parameters of combustion engines causes the steady increase of working
temperature of structural elements of engine, especially pistons. The perspective for the superficial strengthening
of details auto of tractor combustion engines is consider the method of the ionic nitriding. At the same time
important is a task of determination of conformities to the law of influence of technological parameters of
process on property of the diffusive ion nitrided layers.

For the effective analysis of mechanism of the phenomena and technological process control of
strengthening of pistons which are made from aluminium alloys, it is necessary to find out intercommunication
of factors, which determine motion of process, and their influence on property of the diffusive ion nitrided
layers. The presence of this information will allow to promote durability and reliability of both coverages and
details with coverages on the stage of their constructing. Research of influence of technological parameters of
process of a vacuum nitriding of aluminium alloys is in-process conducted on mikrostructure, chemical
composition, remaining tensions, mikrohardness and roughness of the diffusive ion nitrided layers. The method
of leadthrough of researches is resulted. Mikro structural researches, namely a presence and distributing of
alloying elements is for surfaces, were executed with the use of methods of raster electronic microscopy and x-
ray photography mikro to the analysis. The size of remaining tensions was determined on curvature of the
treated rectangular standard. Research mikro conducted hardness by a measuring device mikro to hardness of
PMT-3, corner between against made 136 degrees the lyings verges of diamond pyramid at loading a 100
gramme. Found out education even after a thickness and distributing of alloying elements of superficial layer
and to education in him of strengthening phases on the basis of Aln, a surface structure appears defect-free with
the changed properties, diffusion of nitrogen which influences on phase composition takes a place, and in a final
result on the microhardness of surface. Researches of microstructure rotined that with the increase of
temperature of nitriding was increased thickness of the nitrided layer.

The optimum value of temperature at which is arrived at maximal hardness makes 480°C, most values
mikpo observed hardness at pressure of 50 Mpa and will make gas 85%Ni2 + 15% Ar. At forming of heatcover
diffusive ionnoazotoBanux glowed there are tensions of clench in aluminium alloys. The maximal value of
remaining tensions of y3an=280 Mpa is observed not on-the-spot standard, but on the depth of about 7 mxm, here
with growth of duration of satiation of superficial layer increased value and remaining tensions. However, such
increase passes in the conditions of maximal temperatures 480 degrees for 180 minutes.vacuum nitriding,
microstructure, chemical composition, tension, microhardness, roughness
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BusHaueHHs1 3aKOHOMIPHOCTEH 3HOIIIYBaHHS ITUHOK
KOJIIHYACTUX BaJIIB JBUTYHIB TPAHCIIOPTHUX 3aC001B

3abe3mnedyeHHsl HEOOXINHMX eKCIUTyaTaliiHUX ITOKAa3HUKIB JIBUTYHIB TPAHCIOPTHUX 3aco0iB Ha
Cy4YaCHOMY €Talll PO3BUTKY aBTOMOO1IeOYIyBaHHS Ta aBTOPEMOHTHOTO BUPOOHUIITBA MOTPEOY€E MOJIMIIICHHS 1X
TEXHIYHUX XapakTepucTHK. OJHIEI0 3 OCHOBHHUX MPUYMH MEPEIYaCHOrO BUXOIY 3 JIaJly JABUTYHIB TPAHCIIOPTHHX
3aco0iB € 3HOC TPUOOCHCTEMH IIMMKK KOJTIHYACTOrO Bajia - MiJIIMIIHAKA KOB3aHHA. B crarTi mpoBeaeHo aHami3
3aKOHOMIPHOCTEIl 3HOIIYBaHHS KOPIHHUX 1 IIATYHHMX LIMHOK KOJIIHYACTUX BaJIIB JIBUTYHIB TPAHCHOPTHHX
3aco0iB. JlocmikeHo 0COOIMBOCTI 3HOCY KOPIHHUX Ta MATyHHUX IHHOK KOJIIHYACTUX BaJliB.
3HOIIYBAHHS, KOPiHHI TA IATYHHI IMIAKH KOJIiHYACTOr0 Bajly, IBUT'YH TPAHCIOPTHHUX 3ac00iB

M.®. KoBaxnes, npod., kana. TexH. Hayk, M. B. I'osioBamyk, acn.
Hayuonanvuwiti mpancnopmmuuiii ynusepcumem, 2.Kues, Ykpauna
OmnpenejieHHe 3aKOHOMEPHOCTell M3HAIIMBAHHUS IIeeK KOJEHYATBHIX BAJIOB JABHIaTe/eil TPaHCHOPTHBIX
CpeacTB

Obecneyenne HeOOXOIMMBIX SKCIUTYaTallHOHHBIX MOKa3aTeIel IBUraTeneil TpaHCIIOPTHBIX CPENICTB Ha
COBPEMEHHOM JTalle pa3BUTHS aBTOMOOWIECTPOCHUSI M aBTOPEMOHTHOTO IPOU3BOJICTBA TPEOYET YIIydIIeHUs UX
TEXHUUYECKHUX XapakTepucTUK. OHON N3 OCHOBHBIX NMPHYMH MPEXKICBPEMEHHOTO BBIXO/A U3 CTPOS IBUraTeiei
TPAHCIIOPTHBIX CPEJICTB SIBISIETCS] M3HOC TPUOOCHCTEMBI EWKN KOJIEHYATOrO Bajla - HOALIMITHUKA CKOJIBKEHHUS.
B cratee mpoBeneH aHanmM3 3aKOHOMEPHOCTEH W3HANIMBAHMSA IIEEK KOJCHYATHIX BaJOB JBUraTenei
TPaHCIIOPTHBIX cpeAcTB. MccaenoBaHbl 0COOCHHOCTH N3HOCA KOPEHHBIX U IIATYHHBIX IIEEK KOJIEHYAThIX BaJIOB.
H3HAIIMBAaHME, KOPeHHbIEe M IIATYHHbIE HIEH KN KOJIeHYaTOr0 BaJjia, ABUIaTe/Ib TPAHCIIOPTHBIX CPeACTB

IloctanoBka mnpoOaemu. IlominmmeHHs TEXHIYHUX XapaKTEPUCTUK JBUTYHIB Ha
Cy4yaCHOMY €Talli pPO3BUTKY aBTOMOOLIEOYIyBaHHS Ta aBTOPEMOHTHOMY BHPOOHHIITBI
XapaKTepU3YEThCSI TIOCUJICHHSIM 1X eKCIUTyaTalllfHMX MOKa3HHUKIB. BigoMo, 1m0 3HOIIyBaHHS
MIMAOK KOJIHYACTHUX BaJliB L€ MOCTYNOBa 3MiHA iX po3MipiB, (GOpMH i CTaHy HOBEPXOHb
BHACIIIJIOK B3a€MOJII1 TOHKUX MOBEPXHEBUX IIApiB METalTy B Mpolieci TepTs. B moBepxHeBUX
nrapax Iij] BIUTMBOM 3HSTTS CHJI TEPTS 1 30BHIIMIHBOTO CEPEIOBHUIINA BiIOYBAIOTHCS CKIATHI
Gb13UKO-XIMIYHI 3MIHH, SSKHMU 1 BU3HAYAETHCS MIBUIKICTH 3HOITYBaHHS AceTtaneld. LIIBuakicTh
3HOIITYBAaHHSA OY[b-SIKOT JIeTali aBTOMOOUIS 3aJIe)KHUTh BiJl BEIHMKOI KIIBKOCTI BUMAJKOBHX
YUHHUKIB: BEJTUYMHN HaBaHTAXKCHHS HA TTOBEPXHI TEPTSI, 110 OE3MEPEPBHO 3MIHIOE BEIUUYHHY
3a30py, MK ITOBEPXHSAMH, 1110 TPYTHCS, TBEPAOCTI 1 YUCTOTH 0OPOOKU MOBEPXOHb, IBHIKOCTI
BIJIHOCHOTO MEPEMIIICHHS AeTaIeH, BiJ B'SI3KOCT1, TEMIIEPATypH 1 YUCTOTH OJIUBH 1 1H. OTKe,
MIBUJKICTh 3HOIIYBAaHHS JETajl CIiJ PO3IJISIaTH SK BUIAAKOBY BEJIHYMHY, a 3HOC
MIPEICTABIISIE 3AJICKHY BEJTMYMHY BiJ] YAHHHKIB JTii.

AHaJi3 ocTaHHiX aociigxeHb i myOaikauniid. [IpakTuyHi AOCHIIKEHHS Ta OIS
JITepaTypHUX JPKepesl BKa3yloThb Ha Te, IO KOJIHYACTI BaldM € HAWOUIbLI CKIAAHOI B
KOHCTPYKTUBHOMY BHKOHAHHI 1 HAaWOLIbII HAIMpPY>KEHOIO AETaUII0 JIBUTYHA, IO MpAaIioe B
HIMPOKOMY 00’ €M1 TMHAMIYHUX HABAaHTAKEHb 1 MIBUAKOCTEH 00epTaHHS.

© M.®. KopanroB, M.B. T'onoBamiyk, 2019
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ABtopu [3, 5] cTBEepIXKYyIOTh, IO OCHOBHOIO 1 MOCTIHHO MiIOYOI0 MPUYMHOIO 3MIHH
TEXHIYHOI'O CTaHy KOJIHYAacTOro Baja Ta TPUOOCUCTEMH HIMHKM KOJIHYAcCTOro Bajla —
BKJIQ/IMIIIA MIAIIUITHAKA KOB3aHHS € 3HOLIEHHS KOPIHHUX Ta IIaTYHHUX IIUHOK.

B mnpoueci 3HOImIEHHS MMHOK KOJIHYACTUX BaJliB 3pOCTAa€ BEIMYMHA 3a30py MIXK
MOBEPXHIMU IIHUKKA BaJla — IMiIIIUITHAK KOB3aHHA. B HaciIok qaHOTO mpoiiecy BigOyBa€eThCs
3HWKEHHS. THCKY OJIMBHM, a 13 3POCTAaHHSIM BEJIMYUHH 3a30py 30UIBIIYIOTHCS JHHAMIYHI
HaBaHTAXXCHHS SKI 3 YacoM HaOyBaroTh ynapHoro xapakrepy. Ilpu mpomy iHTeHCUIKY€ETbCS
IPOIIEC 3HMKEHHS TATOBOTO 3YCHILIS, IIBHIKOCTI PyXy, KOe(illieHTy KOPUCHOI il Ta 1HIINX
TEXHIYHUX XapaKTEPUCTHUK, a TAKOXXK B PE3yJbTaTi JaHE SBUIIC BIUIMBAE HAa MPUCKOPEHHS
3HOIIIYBaHHSA CYMDKHHX map Tepts [9].

JlnHamika HEpiBHOMIPHOTO 3HOIIYBAaHHS KOPIHHUX 1 MATYHHUX HIMHOK KOJIHYACTOTO

Baja MO HOro JOBXKHWHI NMPU3BOAUTH JO 3POCTAaHHS 3aBHUILEHUX DPIBHIB MK CYMDKHUMHU
IMIHKaM¥, [0 MPU3BOIUTH 1O 30UTBIICHHS IUIACTHYHOI JedopMallii KOJIHYACTOro Bayia i
MoXke OyTW NMpUYMHOIO0 Horo pyiHyBaHHs. IIpu 11bOMy 3HOIIYBaHHS KOPIHHUX IIMHOK a0o
i IUTHAKA KoB3aHHS B Mexax 0,05-0,08 MM Bxke HeOe3neuHe, OCKUTBKU MOXKE MPHU3BECTH
JI0 TIOUIKOJ/KEHHS KOJIIHYaCTOro Baa.
I3 amamizy mitepatrypaux mkepen [l, 9] MoxHa 3poOMTH BUCHOBOK MO 3a30pU B
TpuOOCUCTEM] ABUTYHIB TPAHCIOPTHUX 3ac00iB (IIMHKAa KOMIHYACTOTO Bajia — MiAIIUITHUK
KOB3aHHS), 3MIHIOIOTHCS 1HTCHCHBHIIIE Yy TOPIBHSHHI 3 IWIIHAPO-MOPITHEBOI T'PYIIOH.
3aJeXHICTh 3MIHM 3a30py B 3’€JHaAHHI IMIMHKM KOJIHYACTOrO BaJla JIBUIYHa HOBOIO Ta
BiJTHOBJICHOTO 300paskeHo Ha (puc. 1).

h, MkM

500

400
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Nl

200

100 2 3 4 5 TBIC.Y.

1 - HOBHIA, 2 - BIJHOBJIEHHUI
Pucynok 1 — JIlunamika 3MiHH 3a30piB B 3'€IHAHHI BKJIAJIHIIA 3 IIHHKOI0 KOJIIHYACTOIO BaJla JIBUTYHA
Iicepeno: [8]

[lomanpmie MOCHiKEHHS XapakTepy 1 NPUYMH pyHHYBaHHA KOJIHYACTUX BaJliB
MOKa3aJo, 0 Maike y BCIX BUIIaJKaX BOHHU IOB'S3aHI1 3 3HOIICHHIM KOPIHHUX 1 MIaTyHHUX
MIAAOK 1 JIAIIIE HEBEJIMKHI BIICOTOK BiI 3arajJibHOIO YHCJIA IOIIKOMIKEHD, Kl 3aJI€KaTh Bif
nedexTiB Marepiany nertani (3arotoBku) [4]. Lle moBHOIO Mipoi0 MiATBEPHKYE BHCHOBKH
YHUCICHHUX crocTepekeHb npogecopa b. 1. Kocrenpkoro Ta iHIIMX BUEHUX MPO TE, IO CaMme
pYWHYBaHHSI TIOBEPXOHB JIETAJICH MAIlMH MPH KOHTAKTHIM B3aeMOJIii, SIK MPaBUIIO, TIEPEAyE
pyiinyBaHHIO ocHOBH. OTXe, y 3arajibHii mpoOsieMi HaTIHOCTI 1 JOBIOBIYHOCTI aBTOMOOLIISA
MPUIHATO PO3PI3HATH «00'€MHY MIITHICTB» 1 «MIIHICTH TOBEpXHEBoro Imapy» [6]. Jlane
BUCIIOBJIIOBAHHSI CTBEP/DKYE IO IEpeBaKHa OUIBIIICTH BIIMOB B yMOBaxX eKCIUTyaTamii
3’ IBJISIETHCS] BHACTIIOK 3HOIICHHS, (pyHHYBaHHS) TOBEPXHEBHX IIapiB TPHOOCUCTEM.
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SIBuIa 3HOUIYBaHHS Ta BTOMAa Yy BYy3Jax Ta arperarax TPaHCIOPTHUX 3aco0iB SK
MOKa3aJIM JTOCITIDKEHHsI aBTOPIB [2, 5] 4acTO PO3BUBAIOTHCS CIUJIBHO 1 B3aeMOTOB’si3aHi. Ls
BJIACTUBICTh PO3MOBCIO/DKYETHCS HA CHJIOBI arperatu TPAaHCIOPTHUX 3aC00IB OCHOBY SIKHX
CKJIaJIa€ JBUTYH BHYTPIIIHBOTO 3TOPAHHS, a CKIAJOBUMH CUCTEMaMH SIKOTO, € KOJIHYACTHH
BaJ Ta BKIAJWINM MIiAMIMIHUKIB KOB3aHHS Ha 3HOIICHHS SKHX B MEPIIY Yepry BIUTMBAIOTh
3raja”i SBUIIA.

IlocTanHOBKa 3aBJaHHs. MeTOI0 CTAaTTi € aHalli3 3aKOHOMIPHOCTEH 3HOIIYBAaHHS
IIMHOK KOJIHYACTHX BajiB JBUTYHIB TPAHCIIOPTHUX 3aCO0IB B 3aJICKHOCTI BiJl BETUYHMHHU
HABaHTAXXCHHS Ha IOBEPXHI TEpTs, L0 Oe3NMepepBHO 3MIHIOE BEIWYHMHY 3a30py, MIX
MOBEPXHSIMH, 10 TPYTHCS, TBEPJIOCTI 1 YUCTOTH OOPOOKH MOBEPXOHB, MMBHUIKOCTI BITHOCHOTO
nepeMillleHHs JeTanei, BiJ B'SI3KOCTi, TEeMIIEPaTypu 1 YHCTOTU OJMBH 1 iH. BinmosimHo 10
MOCTAaBJICHOI METH B CTATTI JAOCIIHKEHO OCOOJMBOCTI 3HOCY KOPIHHUX Ta IMIATYHHUX IIMHOK
KOJIIHYACTUX BalliB.

Buknan ocHoBHOro martepiany. [OBroBiUHICTh 1 MOTEHIIAT POOOTH KOJIHYACTHX
BaJIiB BU3HAYAIOTHCA JBOMA MapaMeTpaMu — BTOMHOIO MIIHICTIO 1 3HOcocTilKicTio. Komnun
MHUTAHHS ITIJBUILEHHS BTOMHOI MII[HOCTI KOJIHYACTOIO Bajia 1, B3araji, BCIX €JIEMEHTIB
TpUOOCUCTEM JBHIYHAa BHPIIIYETbCS B OCHOBHOMY Ha CTafii HOro MNpPOEKTYBaHHS, TO
3HOCOCTIHKICTh J€TaJIeH 1 ap TepTs B IILIIOMY 3aJICKUThH Bl 0araThox (pakTopiB, MOYMHAIOYH
3 KOHCTPYKIIi KOJIHYACTOTO Bajia, METOJIB 3MIIHEHHS EJIEMEHTIB Baja 1 3aKiHIYIOUU
pexuMaMu poOOTH JBUTYHA, SIKICTIO 3aCTOCOBYBAaHMX AaBTOCKCIUIyaTaIlIMHUX MartepiajiB i
30BHIIIHIMUA YMOBaMHu po6oTH (puc. 2).

OcHOBHI (paKTOpH SKi BIUTMBAIOTH HA
3HOLIYBaHHS JBUI'YHA

[ ]

InauBigyanbHi 0co0IMBOCTI Cepenosuiue
KonctpykTiBHi 0cobiamBoCTI - - Pexxum pobotu nBuryHa
SIKicTh 3aCTOCOBYBaHHUX MaTepiaiiB L - JlopokHi ymoBHI
TexHoIOTisI BUTOTOBJIEHHS — SIKICTh 3acTocoByBaHi eKCILTyaTaliiHi
BUTOTOBJICHHS (MaKpo -MiKporeomerpist) — || - Marepiany Ta iX sSKiCTb
3MILHEHHS — SIKICTh 30ipKU
MexaHiyHui cTaH | KiimaTnaHi yMOBH

SAxicte TO i pemonTa MaiicTepHICTh ynpaBIiHHSI
aBTOMOOLIA

Pucynok 2 — ®akropwu, sIKi BILTHBAIOTh HA IHTEHCHBHICTH 3HONTYBAaHHS TPHOOCHUCTEM JBHTYHA
Iicepeno: [3]
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AHanizylouM BIUIMB Pi3HUX (AKTOPIB Yy 3arajibHOMY TpOLIECi 3HOIIYBAaHHS JAeTanen
neuryHa aBropu M. A. I'puropeeB, A. B. Unumnanze y cBoix pobotax [3, 9] mpuaiisiu
3HayHy YyBary ImpoliecaM 3HOILICHHS, XapaKTepHUM 3 €IHAHHSAM BY3JIIB Ta arperaris
TPAHCIIOPTHHUX 3aC00iB.

3HOIIYBaHHS, 1O BHUHMKAE€ MPU poOOTI TpuOOCHCTEM, € HAMOUIBII XapaKTEpPHUM
BUJIOM TMIOIIKO/DKEHHS JeTajlled MallMH 1 XapaKTepU3yeTbCs BUJAICHHAM MaTepiany 3
KOHTaKTYIOUMX MOBEPXOHb B pe3yJbTaTi MEXaHIYHMX Ta XIMIYHMX mpoueciB. Huui mocuts
n00pe BUBYCHI BUJM 1 3aKOHHU 3HOCY, OJHAK C(OPMYJIOBATH OJHO3HAYHO 1 y3arajJbHUTH BCE
PI3HOMAHITTS SBHIL], 10 BiA0OYBA€THCS B MOBEPXHEBUX IIApaX JeTajei, HEMOXKIUBO.

Takum 4MHOM, 3HOCOCTIHKICTh HEOOXITHO PO3TIISAIATH SIK XapaKTEPUCTUKY CKJIAJTHOI
TpUOOJIOTIUHOI CUCTEMH, TaK K BOHA HE MPEJCTABISE COOOI0 TAKy K XapaKTEPUCTUKY JaHOTO
Marepiany, sK, HalpuKIad, MeXa HOro MIIHOCTI mia 4Yac po3Tary. IIpu KOHTakTi JBOX
CHOJYYECHUX MOBEPXOHb 1 IX BIAHOCHOMY IEpeMillleHHI B MOBEPXHEBUX IIapax BHUHUKAIOTH
MEXaHIYHI Ta MOJICKYJIApHI B3a€MOJil, SKi, B KIHIICBOMY pe3yjbTaTi, 1 MPHU3BOIATH [0
pyHHYBaHHSI MIKp00O0'eMiB MMOBEPXOHB, TOOTO A0 iX 3HOCY. [Ipu 1IbOMY IPOBIAHKUM MPOIIECOM
3HOITYBaHHS TPUOOCHUCTEMH IIMKHKA KOJIIHYACTOTO BaJia — MIAMIUITHAUKA KOB3aHHS € MEXaHIdHE
3HOIIIYBaHHA, /10 SIKOTO BXOAATH abpa3uBHE 1 BromiieHe 3HoIryBaHHs [10].

CynyTHIMU BUJaMU 3HOIITYBaHHS € MOJICKYJIIPHO-MEXaHIYHE 1 KOPO31iHO- MEXaHIYHE
3HOIIYBaHHA 3 yCiMa CBOIMH Pi3HOBHMJAMH, SIKi B 3aJIEKHOCTI BiJf YMOB pOOOTH IBUTYHA
BIUTMBAIOTh Ha 3HOIIYBaHHS 1 MpPU NEBHUX YMOBaX MOXYTh CTaTH OCHOBHHMH IpolLEeCaMu
pyliHyBaHHs. AOpa3uBHI 4aCTKU HAAXOIATh B poOOUY 30HY Mapu TEpTs 3 MOBITPS, pa3oM 3
najpHUM 1 MacCTWIBHUMH MarepiajamMu. 3a0pyAaHeHI MacTUIbHI MaTepialid  1CTOTHO
BIUIMBAIOTh HAa I1HTEHCHBHICTH MPOIECY 3HOLIYBAHHS INATYHHUX 1 KOPIHHUX IIMHOK
KOJIHYaCTUX BaJliB, B PE3yJIbTaTi 4YOTO CHpAIfOBaHHSI MOXKE BiAOyBaTHCS HaBITH TPHU
PlIAMHHOMY TEpTi.

Sk Oyno 3a3Ha4Ye€HO paHille, KOJIHYACTUH BaJl € HAWOUIBII HAMPYXEHOIO IETaJLII0
JBUTYHA, M0 CIpHIMae MEepioANYHI HABAaHTAXKEHHS BiJ] CUJ THUCKY Ta3iB B LWJIIHApaX, CHI
1HEepIIli 3BOPOTHHO-TIOCTYNATBHUX PYXOMHUX Mac 1 X MOMEHTIB. [IpoTsATOM KOKHOTO poO0YOTro
mukay (720° ans dwotupbox - 1 360° nmns HBOTAaKTHOTO JBUTYHA) CHUIM, MIO JiIOTH Ha
KOJIIHYACTHH Bas, O€3MepepBHO 3MIHIOIOTHCS 3a BEITMYMHOIO 1 HanmpsiMKoM. Lle B cykymHOCTI
MPU3BOJIUTE JI0 TOTO, IO TPUOOCUCTEMA MWK KOTIHYACTOTO Baja — BKIIAIUII ITiAITUITHUKA
KOB3aHHsI JIBUTYHIB MPAIIO€ B IIMPOKOMY Jiana3oHl THHAMIYHUX HABAHTAKEHB 1 MBUAKOCTEH
TEPTA.

B pesynbTaTi Takux ymMoB poOOTH B CHPSOKEHHX MOBEPXHSAX (IIUHKH KOJIHYACTHX
BaJIIB Ta MiIIMITHUKIB) B TIEPIILy YEpry MiJAal0THCS BTOMHHUM IIPOIECaM MOBEPXHI KOPIHHUX 1
MIATYHHHUX ITUHOK KOJTIHYACTHX BaJliB.

ITin TepmiHOM BTOMa 3a3BHYail PO3YyMIIOTH OCOOJIMBHMI THUIl PYWHYBaHHS, LIO
BUKJIMKAE€THCSA TMOBTOPHO [IIOYUMHU LUKIAMU HANpyTd, aMIUNTyJHE 3HAYEHHS SIKUX He
MEPEBHIIYE MEXKI MPYXKHOCTI Marepiana [3], a BTOMHE 3HOILIYBaHHS € OJHUM 3 HAHOUIbII
MOIIMPEHUX MEXaHI3MIB pyHHYBaHHS MOBEPXOHBb ACTAICH CHUJIOBUX CHUCTEM 1, SIK HACHIJOK,
NOSIBU YaCTUHOK 3HOCY, 3MIHM T€OMETPHUYHUX IapaMeTpiB BUpoOiB 1 Buxoay ix 3 ynamy. Llei
BUJ] 3HOIIYBAaHHS CIIOJyY€Hb, B MEPIIy 4Yepry, MOB'S3aHUIl 3 BTOMHUMH MpOIECaMH, KOJIU
OCHOBHOIO MPUYMHOIO PYWHYBaHHS MOBEPXHI JI€Tali € BUHUKHEHHS Ha MOBEPXHi abo Tmif
MOBEPXHEI0 BTOMHHUX MIKpPOTPIIIMH 1 BiAmIapyBaHHS YaCTUHOK MeTay ab0 HOTro0 OKHCHHUX
IUTIBOK Tpu 0OaraTopa3oBOMY HaBaHTaXEHHI OJWHUYHHMX HEPIBHOCTEW TOBEPXOHb, IO
TpyThes [6].

s rimoresa oTpumana MIATBEPKEHHS B JOCHDKEHHSAX  mpodecopiB
I'. B. Camconoga, 1. B. Kparenscekoro, JI. B. Kykcu Ta iH., sIKi BCTAHOBHJI, IO YTBOPEHHS
BTOMHHX MIKPOTPIIIKUH BiAOYBA€ETHCS B MICISIX CKYMYEHHS AMCIOKAIliil HA MEBHIHM BiacTaHi
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BiJ] IOBEPXHi, PI3HOMY Ul KO>)KHOTO METally, a MOIIMPEHHs iX BiAOYBAEThCA MijA €0 MOJIS
HaIpy>KeHb, 00YMOBJICHOTO SIK CKYITYEHHSM JAUCIIOKAIiH, TaK 1 30BHIIIHIM JDKEPEIOM CHIIOIO
TepTH, SKi, 3'€THYIOUUCH, YTBOPIOIOTH CITKy BTOMHHMX TpIIIMH, IO MPHU3BOIUTH [0
pyWHYBaHHS TIOBEpPXHI. YTBOPEHHS BTOMHHUX TpIIIUH CIIOCTEPIra€Thcsi SIK B YMOBAax
3MallyBaHHs, TaKk 1 B yMOBaX OOMEXEHHS MacTWIbHOTO mapy. [Ipy npoMy MiIKpeCTIOEThCS
BUHSTKOBO BaXJIMBa POJIb JUCKPETHUX (JOKaJIbHUX) TOBEepXHEeBUX nedopmartiid. lle
JIOCTOBIPHO MIATBEPIXKYETHCS TMPHUPOJIOI0 MIKPOHEOAHOPITHOTO JAe(OpMOBAHOTO CTaHy
METajiB, K B MPYXHIH, Tak 1 B IUIACTUYHIA 00JIACTAX 1 YUCIEHHUMH MeTalorpadiaHIMU
JOCHIJDKEHHAMHU. TOMy, OCHOBHUM BHJOM (PPUKLIHHHUX 3B'S3KIB, 10 BUHUKAIOTh MPU TEPTI
MartepiaiiB B CMOJYYCHHI ITUHKA KOJIHYACTOTO BaJia MiAIIMITHUK KOB3aHHS 1 CIIOHYKAIOUH 1X
70 3HOCY, € MpPYKHOIUIAaCTMYHa Aedopmallis sK pe3yJbTaT 3HOLIYBaHHS MIKpopenbediB
noBepxoHb. [Ipu TepTi IBOX MOBEPXOHb 30HM KOHTAKTY ITOCTIHHO 3MIHIOIOTBHCS, a OKpeMi
MIKPOHEPIBHOCTI MiJAAIOThCs 0araTopa3oBOMY HaBaHTaKEHHIO, B pe3yJibTaTi dYoro i
BUHHUKAIOTh YMOBH JJIs BTOMHOT'O pyHHYBaHHSI TOBEPXHEBOTO IIapy.

BtoMHUiT 3HOC CYNpPOBOKYETHCS IIUIOI0 TaMOK MOXIAHHUX (I3MYHUX, XIMIYHHX 1
MEXaHIYHUX MPOIIECIB, IO MPOTIKAIOTh B TOBEPXHEBHUX IIapax TEPTHOBUX Till.

CTpykTypa TOBEPXHEBOTO IIapy MeETally € OCHOBOI [UJIs HaAiiHOI poOoTH
KOJIHYACTUX BaJiB. Ii BIUIMB HA BTOMHHH 3HOC OyJI0 NTOCHTIPKEHO OaraTbmMa BYCHHMH.
ExcrniepuMeHTanbHO BCTAHOBJICHO, IO PiOHO3EpHHUCTA CTPYKTYpa MiJBHUILY€E 3HOCOCTIHKICTh
CTaJICBUX 1 YaBYHHHX JCTaJICH BHACIIIOK ITiIBUIIEHOTO OTIOPY A opMalIiii.

Bimomo Takox, 1o MIIHICTH 1 omip Aedopmariii pocTyTh IpU 3MEHIIEHHI PO3MIpiB
3epHa, MPU I[IHOMY HaBITh HEBEJIIMKA KUIBKICTH JOMIIIOK 1 JICTYIOUHX €JEMEHTIB 3HAYHO
HiIBUIIY€ MEXY MPY>KHOI fedopmallii CruiaBy.

Jlo Toro X, MOCTiIKEHO, 0 TIOETHAHHS MOBTOPHUX MEXaHIYHUX 1 TEPMIUYHUX BILTUBIB
Ha Marepial JIeTaii NPU3BOJUTH O MPUCKOPEHOTO PO3BUTKY BTOMHUX TPILIMH, 10 HEOOX1IHO
BpaxoOBYBaTH IPHU pO3pOOIT TEXHOJIOTIH PEMOHTY JeTallel TpaHCIOPTHOT raimy3i [5].

BucnoBku. JlocniKyroun 3aKOHOMIPHOCTI 3HOIIYBAHHS IIMHOK KOJIIHYACTHUX BalliB
JIBUTYHIB TPAHCIIOPTHUX 3aCO0iB MOYKHA 3pOOMTH TaKi BUCHOBKH: XapaKTep 3HOIIYBAaHHS 1
3aKOHOMIPHICTh 3MiHHM 3HOCY B 4Yaci MOSICHIOETBCS LIUIUM PSAAOM HEBUIIAIKOBUX NPHYHH, IO
SKAX HEBAXKO MPOTHO3YBATH 3a3layierip. Jlo Takux HemependadyBaHHX, JCTCPMIHOBAHUX
NPUYMH BIHOCATHCS: 3MiHA TUIOII KOHTAKTy €JIEMEHTIB B IIPOECi 3HOLITYBaHHs, 3MiHa (pi3UKO-
MEXaHIYHUX BJIACTUBOCTEH MaTepiaiiB JeTajei 1Mo TIUOWHI, PICT IMHAMIYHUX HAaBaHTAXECHb 1
HOTIpIIEHHS YMOB 3MAIIlyBaHHS 110 Mipi 30UIbILICHHS 3230PiB B CIPSHKEHHSX 1 T. 1.

OpnHi€r0o 3 OCHOBHUX TPHUYMH TIEPEAYACHOTO BHXOAY 3 JIaay JBUTYHIB TICIHA
KaIiTaIbHOTO PEMOHTY, 1 30KpeMa, TPHOOCUCTEMH IIUMKH KOJIHYACTOro Basa - IiIIIWITHHUKA
KOB3aHHSI, € PIBEHb 3aCTOCOBYBAaHUX CIIOCOOIB 1 SIKICTh 3MIIIHEHHS KOPIHHMX 1 IMATYHHUX
IMAOK KOJNIHYACTUX BalliB. BUXOs4M 3 1bOT0O, MOXHA BBaXKAaTH, IO MpoOIeMa IMiJBUIICHHS
3HOCOCTIMKOCTI KOPIHHUX 1 MMATYHHUX IMUHOK KOJIIHYACTHX BaTIB 1 B LIJIOMY pecypcy poOoTH
napy TepTs LIMHKK KOJIHYACTOrO Bajia - MiAIIMITHUK KOB3aHHs aKTyalbHa i B TENepillHiil yac.
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Determination of Patterns of Wear on the Crankshafts of Vehicles Engines

The purpose of the article is to analyze the regularities of the wear characteristics of the crankshafts of
vehicles engines depending on the magnitude of the load on the friction surface, which continuously changes the
gap between the rubbing surfaces, the hardness and cleanliness of the machined surfaces, the speed of relative
movement of parts, viscosity, temperature and purity of oil, etc. In accordance with the stated goal, the article
explores the peculiarities of the wear of the crankshafts and crankshafts.

Providing the necessary operational performance of vehicle engines at the present stage of development of
automotive and auto repair production requires improvement of their technical characteristics. One of the main
causes of premature failure of vehicles engines is the wear of the tribosystem of the crankshaft neck - the sliding
bearing. Wear of the crankshaft necks leads to a gradual change in their size, shape and condition of the surfaces
due to the interaction of thin metal surface layers in the friction process. The nature of wear and tear patterns over
time is explained by a number of non-random causes. These include: change in the contact area of the elements in
the wear probe, change in the physical and mechanical properties of the materials of the parts in depth, increase in
dynamic loads and deterioration of lubrication conditions as the gaps in the joints increase, etc.

Thus, the leading process of wear of the tribosystem of the neck of the crankshaft - the sliding bearing is
mechanical wear, which includes abrasive and fatigue wear. One of the main causes of premature failure of
engines after major repairs, and in particular, the crankshaft cervical tribosystem - sliding bearing, is the level of
methods used and the quality of strengthening of the crankshaft and crankshaft crankshafts. Therefore, the problem
of increasing the wear resistance of the crankshaft crankshafts and crankshafts and in the whole life of the pair of
crankshaft friction pairs - the sliding bearing is relevant today.
wear, crankshaft neck, vehicle engine
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CuHTE3 €JIEKTPOMArHITHOT CUCTEMH JI1arHOCTYBaHHSI
nedektiB onop noBiTpsinux JIEII 13 BUKOpUCTaHHSIM
HEMPO-HEUITKOTO MOJESIIOBAaHHS

IToxa3zaHo, 0 32 YMOB HEBHU3HAUEHOCTI Wi 4Yac NiarHOCTyBaHHA nedekTiB omop mositpsHux JIEIT B
pPEeXUMi peanpHOTO Yacy, palioOHaJbHUM € MOOYJOBa €IeKTPOMATHITHOI CHCTEMH i3 BHUKOPHCTAHHSIM HEHpO-
HEJITKOTO MOZETIOBaHHA. PO3risHyTO HaliH(GOPMATHUBHIINI OETepPMiHOBaHI Ta WMOBIpHICHI O3HaKH 00Opasy
nedexty. JloBemeHo, 1o 3aCTOCYBaHHS TiOpHIHUX HEHPOHHUX MEPEX MPHU3BOIUTH IO ICTOTHOTO 301TbIICHHS
MIBUAKOI BUXPOCTPYMOBOTO KOHTPOJIIO Ta HAIIMHOCTI pO3Mi3HaBaHHS Ae(EKTIB.
ne(eKTH omop, BUXpOCTPYMOBHII KOHTPOJIb, HEPo-HediTKe MOIEJTIOBAHHS, 1IaTrHOCTYBAHHS

B.b. bonnapenko, acm., E.I'. [lerpoBa, noir., kaua. texd. Hayk, C.B. CepeOpeHHUKOB, 1pod., KaHI. TEXH.
HayK

Ienmpanvrhoykpaunckuii HAYUOHANLHBIN MeXHUYecKuli ynusepcumem, 2. Kponusnuyxuii, Yxpauna

Cunres 3HeKTpOMaFHI/ITHOﬁ CHUCTEMBbI NTHATHOCTUPOBAHUSA I[e(l)eKTOB Omop BO3AYIIHBIX

JIDII ¢ ucnosb30BaHNEeM HelipO-HEYETKOI0 MOIeJINPOBAHUS

HOKaSaHO, YTO B YCJIOBHUAX HEOIPCACICHHOCTU MPHU AUATHOCTUPOBAHUU ,He(beKTOB OIIOp BO3AYHIHBIX
JIDII B PEKUME PCAJIbHOTO BPEMCHHU, pAllMOHAJIBHBIM ABJIACTCA HOCTPOCHUC 3J'IeKTpOMaFHHTHOI71 CUCTEMBI C
UCTIONB30BaHUEM  HEHpO-HEUETKOrO0  MOJENUpOBaHWA.  PaccMoTpeHel — Hamboiee  WH(POpPMATHBHBIC
JIETEPMUHHAPOBAHBIE W BEPOSATHOCTHBIE NpU3HAKK oOpa3a medekra. JlokazaHO, YTO NMpPHUMEHEHHE THOPHIHBIX
HEHPOHHBIX CeTel MPHBOAWT K CYIIECTBEHHOMY YBEIMYECHHUIO OBICTPOJCHCTBUS BHXPETOKOBOTO KOHTPOJS U
HaJCKHOCTH pacro3HaBaHUs 1e()EeKTOB.
lle(l)eKTbI omnop, BHXpeTOKOBbIﬁ KOHTPOJb, Heﬁpo-HequKoe MOACJIUPOBAHUE, TMATHOCTHKA

IlocranoBka npo6jeMu. OCTaHHIM YacOM CIIOCTEPITAETHCS IHTEHCUBHE 3POCTAHHS
KIJIBKOCTI  aBapiiHUX CHUTyalllil y pO3MOAUIbYMX ENEeKTPUYHHX Mepexax YKpaiHH.
AHanizyBanHs npuuuH aBapiii enemeHTiB JIEIl cBiguuth, mo 30...35% craHOBIATH
MOMIKO/KeHHsT 3ami3o0eronHux omop [1]. Ile oOymMOBIEHO TpUBANIOW EKCILTyaTaIlier0
O11BIIOCTI 3I11300€TOHHUX O1op moHa 20 POKiB.

Hna JIEIT wampyroro mo 10 B 3actocoByroth omopu 3 BiOpoOeToHY
HaWpPI3HOMAHITHIIIUX TEpepi3iB: KpPyrii, rpaTdyacTi, MNPSMOKYTHI, MOPOKHUCTI, CYIIJIbHI,
TaBpoBi Tomio. Jlns miHiM enektpomepenaui Hampyroroo 35-500 kB nHailimommpeHimmmu €
3ai300€TOHH1 LeHTpU]yroBaHi omopu MHUIIHAPUYHOI abo KoHiyHOi Qopmu (puc. 1).
ApMaTypHHMiI KapKac TakMX OMNOp CKJIAJAlOTh IMO3IO0BXKHI CTpWXHI, AiamerpoMm 12-14 mm
(crans 25 I'C), nmpuBapeHUX 1O BHYTPIMIHIX MOHTXXHUX KiJEIbh 3 XOJOAHOTATHYTOTO IPOTY
niametpoM 4-5 MM. ToBmmHa 3ami300eTOHHOTO Kinbls gopiBHIOE 40-60 mMMm. Y HOBHX
KOHCTPYKLIAX mependadyeHa IMomepenHss Hampyra apMmarTypu: ILIICThb apMaTypHHUX CTPHXKHIB
niameTrpoM 12 MM, 110 MPOXOJATH MO JTOBKUHI YChOT'O CTBOJIA, HANIPYXKYIOTh CHUJIOK0 OJM3BKO

© B.b. bounapenko, K.I'. Ilerpoa, C.B. Cepedpennikos, 2019
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40 T; iHIi - He Hanpy>KyBaHi 30 CTPUKHIB, OOPUBAIOTHCS HAa BUCOTI 4 M Bijl OCHOBH OTIOPH, Ha
BHUCOTI 5,5 M - 27 CTpwXHIB, a Ha BUCOTI 15 M - Bchoro 10 crpuxHiB. CTIMKK OMOP KOHIYHOT
dopmu: niametp B ocHOBI 560 MM, y BepiuHi - 334 MM, koHycHicTh 1/100.

Omnopu JIEII mocTiiiHO MiANagaroTh MiA BIUIMB JECTPYKTHUBHUX IPOIIECIB, 30KpeMa:
aTMOC(EpHUX HaBaHTAXEHb, OXKEJIEl, KOJIMBAaHb TeMIlepaTypu, BiOpamii Bil BITPOBHX
HABaHTAXKEHb, J1i MiHEPaJi30BaHOI BOJIOTH, XIMIYHO aKTHBHHX PEYOBHH, IPYHTOBHX COJCH
tomto. Lle mpumBHaIIy€e BTOMY i KOpOo3iiiHEe 3HOLICHHSI METally, 3HI)KY€E€ MEXaHIYHY MILHICTb
omop. ATpecHBHE CEPEIOBHINE TaKOXK po3’igac OETOH OMOpHM — BiH BTpayvae MIIHICTh
BIJIIIAPOBYETHCS, y MICHAX KOHTAKTy 3 OKHCJICHOIO apMaTypolo OeToH Habyxae Ta
YTBOPIOIOTHCSI PAKOBHHHM 1 HACKpi3HI OTBOpHU (pucC. 1 T); MOIIKOIKEHHS 3aXHCHOTO IIapy
0ETOHY BiIKpMBA€E JOJATKOBI HIISXU BOJIO31 10 apMYIOUHX CTAJIEBUX CTPHIKHIB.

Tpimma B apMmaTypi YTBOPIOIOTHCS BHACHIJIOK TEPIOJUYHUX BUTHMHAIOYHX
negopmanid  omop miA Ji€I0 ACUMETPUYHHMX aTMOC(HEpHHX HaBaHTAXEHb, KPUTUYHE
HaKONMUYEHHs JAePEKTIB i BTpaTa MEXaHIYHOI MIITHOCTI MPU3BOUTD J0 MaaiHHS omop (puc. 1
1, €). BizyanbHe BusBneHHs AedeKTiB mia mapoM O0eToHy, Gpapbu abo iHIIOTro HEMpO30pOro
MOKPUTTS € HEAOCTymHUM. [HTepmperaiiss pe3ynbTaTiB HEPYHHIBHOTO KOHTPOJIO i
OLIIHIOBAHHS KPUTHYHOCTI JIe(EKTiB B yMOBaX HEBH3HAYCHOCTI € MPOOJIEMAaTUYHHMHU Ta
BHMara€ BUKOPUCTAHHS 1HTEJIEKTYaJIbHUX METO/IIB 11arHOCTYBaHHSI.

AHaji3 ocrta”Hix jgochaimxkens 1 myOdikamiii. Jlo HepyWHIBHHX METOIB
JIIarHOCTYBAaHHS CTaHy apMaTypd Ta HECYdYOi CIPOMOXKHOCTI KOHCTPYKIIIH 3a1i300€TOHHHUX
onop JIEII nanexarts [2]:

- CNEKTPOXIMIYHMHI  MOJAPHU3AlIMHUA METOJ, HEIOJNIKOM SKOTO € HHU3bKa
JIOCTOBIPHICTB y pa3i 3HAUHOTO CTYIIEHIO KOPO3ii apMaTypu;

- BiOpamiiHMA METOJa, HEAOJIKOM SKOTO € CKIAIHICTh CTBOPCHHSI KOJWBaHb
HEO0OX1JHOT IHTEHCUBHOCTI;

- YJIBTPa3BYKOBHI METOJ, IO BMMAara€ CTBOPEHHS LIUIBHOIO KOHTAaKTy JaBada 3
00’€KTOM;

- METOJ| PEe30HAHCHOI YacTOTH, OJHAK PE30HAHCHA YacTOTa Ta aMILIITy/Ja BEIUKOIO
MipOIO 3aJIEKHTH BiJl AEMI(PYIOUNX BIACTHBOCTEH MaTepialy HaBKOJIO apMaTypu;

- PEHTTEHIBCbKUI1 KOHTPOIIb € TOUHUM, aJIe MaJIONPOAYKTUBHUM 1 HEOE3MEYHUM TOIIIO.

Ile akryamidye yAOCKOHAJICHHS OE3KOHTAaKTHOTO, TIPOCTOrO B  peamizarii
€JICKTPOMArHITHOTO METOy KOHTPOJIO [2-4], 34aTHOTO TOE€IHYBATUCS 3 aBTOMATU30BAHUMH
IHTENEKTYaTbHUMHU CUCTEMaMHU 1HTepIpeTalii pe3yabTaTiB 00CTEKEHb.

IlocTanoBka 3aBaaHHs. MeTo0 POOOTH € PO3POOJICHHS CUCTEMH J1arHOCTYBaHHS
nedexTiB (MoIKoIKeHb apMaTypu) onop nopiTpsHuxX JIEIT Ha 0cHOBI MO€IHAHHS MPUHIIMITIB
€JICKTPOMATrHITHOTO KOHTPOJIIO 3 IHTEPHpPETAIli€l0 pe3yJbTaTiB  JIarHOCTyBaHHA 13
BUKOPUCTAHHSAM HEMPO-HEUITKOTO MOJICTIOBAHHS.

Buxknang ocHoBHoro wmarepiany. Ha puc. 1 moka3aHo 30BHIIIHIA BUIIISIA
nociipkyBaHoro ob'ekra. Jlnms  peamizaimii  eleKTPOMAarHiTHOrO  METOAY  HEOOXiJIHO
OOrpYHTYBaTH THUI MEPBUHHOTO €JIEKTPOMArHiTHOrO MEPEeTBOPIOBava, 4acTOTY 30HAYBaHHS,
CXEMYy Ta aJropuTM OOpOOJICHHS CUTHATY BTOPUHHHM aHAJIOTrO-IM(POBUM MEPETBOPIOBAYEM.
VY BUMNaAKy BUKOPUCTAHHS JUHAMIYHOTO PEXHMY KOHTPOJIO KPOK CKaHyBaHHS OOHUparoTh
TaKUM, 1100 3a0€3MeUnTH BUSBICHHS I0BIJILHO OPIEHTOBAHOTO TPIIIUHOMOAIOHOTO Ae(eKTy.

[IpakTuka moka3ye, mo Ha CTpWXKHAX apmarypu omnop JIEIl 3mamu opieHToBaHi
NEepPIEHIUKYJIIPHO YTBOPIOIOYiii, a cTpec-KOpO3iiiHi TPILMHU — HapaneibHo . OnTumanbHi
pe3yJbTaTH EJIEKTPOMArHiTHOTO KOHTPOJIO JOCATAIOTHCA 32 HANpSMKY CKaHYBaHHS, IO
nepeTuHae AeeKkTH NeprneHAUKYISIpHO iX TOBrid ctopoHi [3]. YV pa3i eneKTpoMarHiTHOro
JIarHOCTYBAaHHS BUCHOBOK II0JI0 HASIBHOCTI Je(PeKTy Ta Horo po3mipiB 3a3BUYAl IPYHTYETHCS
Ha 3HAYEHHSIX aMIUTITYyad, (a3u ¥ 4acToTH MOTOYHOTo curHamy. IIporte, 3aBenuki obcaru
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iH(dopMmalii, sska HaTXOIATh MiJ Yac KOHTPOMIO necsaTkiB i coreH omop JIEIl y mompoBux
YMOBaXx IiJl HANPYTOI0, MEPEBUILYE MOKIMBOCTI JIIOJAWHU aJIeKBATHO ii CIpUHMATH B PEKUMI
pEaNbHOTO Yacy Ta BUMAarae aBTOMAaTH3aIlll aHali3y JaHUX; I1€ iICTOTHO 30UTBIINTH IBHIKICTh
KOHTPOJIIO, 3MEHIIUTh MOMWJIKM Ta MOXUOKHU, TMOB’SA3aHl 3 MISIMU IEPCOHATY, JO3BOJIUTH
KOOpAMHATHO '"MpuB’s3aTu" pe3ylnbTaTd [0 O00’€KTYy KOHTPOJO. 3a TakuX YMOB
palioHaJbHUM € CHHTE3yBaTH CJIIEKTPOMArHITHY CHCTEMY IiarHOCTYBaHHS Ne(eKTiB omop
noiTpstHux JIEIl i3 BUKOpHCTaHHSIM HEHpPO-HEYITKOro MopentoBaHHS. To0To, CTBOpHTH
HEHPOHHY MEPEXKY Ta HABUUTH ii 3M1IMCHIOBATH MOITYK A¢hEKTiB Ha OCHOBI peajbHUX JTaHUX.

)

Pucynok 1 — 30BHIIIHUI BUTIISL TOCTiIKYBaHOTO 00'€KTa
Licepeno: 3agixcosano asmopamu
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PozmizHaBanHs 00pa3iB (00'€KTiB, CHUTHAIIB, MPOIECIB) — 3aBHaHHS ineHTH(IKAI
o0'ekTa 3a WOro moJieM Ta IHIIUMU XapaKTepUCTUKAMH, HAMPUKIAI, — PO3IMi3HABAHHSI
JIOKAJIbHUX JUISHOK OTOPH, y SKHX € Ne(eKTH, 3a pe3yJbTaTOM BUMIPIOBaHHSI BHOCHUMHX Y
BuxopocTpymoBuii nmeperBopioBad (BCII) onopy Ry Ta iIHAYKTUBHOCTI Lyy.

Heiipo-HeuiTke MOJENIOBaHHS MPOBOAMIN 3 BUKOpPHCTaHHSIM cepenoBuina MATLAB
Ta Horo nakery Fuzzy Logic Toolbox (HeuiTky monenb tumy CyreHo, A HajlallTyBaHHS
BUKOPHUCTAHO T1OpUIHUHN anropuTt™m) [5].

B sxocTi BXigHMX Ta BHUXIIHMX TapaMeTPiB PO3TISHEMO JIETEPMIHOBaHI Ta
HMOBIpHICHI O3HAKH.

Jlo nerepMiHOBaHMX O3HAK, IO MAOTh KOHKPETHI IIOCTIAHI YHMCIIOBI 3HAYEHHS,
HAJICKATh:

X1] —4YacTOTa €JICKTPOMArHITHOTO MOJS f = 10°...10° I

X1 — €JIEKTPONPOBIAHICTH APMYIOUOro CTPHAKHS onopu o=~ 10° Cum/nm;

X13— MATHITHA POHUKHICTH CTPIKHS 11~ 10°;

X14— mameTp ctpwxkHsa D = 8§; 10; 12; 14 mm;

vi=F; (X711, X12, X13, X14) — TeOMeTpis Ta po3mipu BCIL

MMoBipHiCHI O3HAKH pO3II3HABAHHSN — I¢ XaPAKTEPUCTHKH 06’€KTa, MO MAIOTh
BUITAIKOBUH XapaKTep:

X21 — BIAXUJIEHHS TPAEKTOPii CKaHYBaHHS BiJl OCi apMaTypu (IPUYUHHA — HEBUIUMICTh
KOHTPOJIbOBAHOTO CTPHKHSI, IIBUAKE CKAHYBaHHs HEPIBHOT MOBEPXHI TOIIIO);

Xy — map Gerony ((pap6u) 3aBroBmku 6 = 10°...107 M (IpuuMHK — pi3Hi yMOBH
BUPOOHUIITBA);

X3 —BUAKICTh ckanyBaHHs (v = 0,01...1 m);

X24 —po3Mmip (po3kpurts) Tpimuuu 7 (T = 0,1...4 MM, NPpUYUHU — pi3HA CTEMHiHb
pyHHYBaHHS);

X25— KOOpJIMHATA z po3TalllyBaHHA Aedekty mo BucoTi onopu (z =0...1,5 m);

vy = Fy (x21, X22, X23, X24, X25) — CE€peaHE 3HAYCHHS MOTY>KHOCTI curHaimy BCII Big
nedexTy (MpuuuHa — eJIeKTPOHHI IIIyMH B TOMY CaMOMY pa/iio/ianasoHi).

Buxinamii curHan HeWpoHy (BusBieHHS nedexty) Y, skuii iHTerpye B cobi 9
XapaKTePUCTUYHUX O3HAK:

Y=Fy (¥, y2)= Fy (X11, X12, X135 X14, X21, X22, X23, X24, X25).

SAxmo x 3’SCOBYETHCS, IO omopa Mae nedeKT, MOTpIOHO BU3HAYUTHU THIT IIHOTO
nedexty Ta po3mip 7.

I'Opunna HelipoHHA MepeXa, CTPYKTypa sSKOi TOKa3aHa Ha puc. 2, Mae 4 mapu
HeiipoHiB. KoperyBaHHs mpaBusl BUKOHYBAJIOCh 13 3aCTOCYBaHHSM TiOpUIHOTO QJITOPHTMY,
0 € KOMOIHAIIEI0 METOIY 3BOPOTHOTO PO3MOBCIOHKCHHS TTOMIJIKM Ta METOIY HAaWMEHIINX
KBaJIpaTiB.

st posmizHaBaHHs oOpa3zy gedekty (OJ]) morpiOHa 0a3a eTaJOHHHX 3pa3KiB.
HaBuanHs1 Mepei MPOBOIWIN 3 BUKOPUCTAHHAM 3pa3KiB IITYYHHUX Je(EKTIB THITy HACKpi3HA
tpimuHa 7. Koxxen O/l OyB oTpumaHuii mija 4ac 3MiHU Py TapamMeTpiB KOHTPOJIIO: YaCTOTH
30ymxenns BCII Big 1 k' o 1 MI'n, 3a30py /4 mix BCII 1 moBepxHero MeTaiy, BiIOBITHO
0 TOBIIMHU OeToHHOi 00070HKH, — Bix 1 g0 10 MM, po3mip (PO3KPHUTTS) TPIIIMHU
(T'=0,1...4 mm), xoopaunatu po3tamryBanns BCII BigHocHO nedekry (puc. 3).

ExcnepumenTtanbhi BuMmiproBanHs BHOcUMUxX y BCII onopy Ry Ta 1HAYKTUBHOCTI Ly
NPOBOJIWIM 13 BHKOPHCTAHHSIM aBTOMAaTHYHOTO MOCTOBOTO BHMipioBada imitancy E7-25
(puc. 3) 3 xmacom TouHocti 0,15 Ha wacrorax 1...1000 k['m. B mporieci ckanyBaHHS 3pa3KiB
apMaTtypu 3 HACKPI3HOIO TPINIMHOIO 7 aHami3yBalld BCIO MOJIYJALIMHY XapaKTePUCTHKY
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BiTHOCHUX 3HAY€Hb aKTUBHOTO Ry,/27fLo=F(z) Ta IHAYKTUBHOTO Ly,/Lo=F(z) onopiB. ['padiku
3aNeKHOCTEH Ryy/2nfLo=F(2) 1 Ley/Lo=F(z) nns pizuux A, T, f mokasasi B [3].

Pucynok 2 — CtpykTypa JOCTiKyBaHOI MOJIEIi Ha OCHOBI HEHPO-HETITKOTO
MonemoBaHHs (apxiTektypa ANFIS)
Loicepeno: pospobaeno agmopamu

m D
Basns = ooo

Pucynok 3 — ®@iznuna Mojens 00'ekTy nociimkens (apmarypuna D = 10 mum 3 TpimmHoio 7= 4 M)
Loicepeno: enacna pospobka asmopie

KopekTHicTh HaBUaHHS Mepexi 3a0e3medeHa MUIIX0M PO3TOIITY €KCIIEPUMEHTATbHUX
JAHUX Ha TECTOBI Ta HaBYaJIbHI. J[JIs1 pe3yNbTaTHBHOTO MOJETIOBAaHHS OYyJI0O BUKOPHUCTaHO 2
0JIOKM JaHuX: OOcCsAr HaBuyajabHOI BUOIpKM cTtaHoBHB 180 HaOopiB gaHux Ta 60 HaOOpiB
TecToBUX. [H(opmariiftHi OJOKM  3alOBHIOBAJIM 13  BpaxyBaHHSAM  OCOOJIMBOCTEH
HEHPOMEPEIKEBOT0 CHHTE3Y — JaHl MOBHHHI 3MIHIOBATHUCh MOYeproBo (B OiK 3pOCTaHHS) Ta
MaKCHUMaJIbHO HACHYEHO 3allOBHIOBATH BCIO O0JIACTh IXHIX 3Ha4eHb. [lJi1 HaBYaHHSA MEpexi
BUKOPUCTAHO T1OpUIHUN METOOM HaBUaHHS 3 piBHEM NoxuOku 0 Ta KubKicTio nukmiB 400.

[licns 3aBepiieHHs HaBYaHHSA HEMpO-HEUITKOI Mepexi Oylno BHKOHAHO aHawi3
MOKa3HUKIB SKOCTI Kiacudikamii (TOYHICTh, YYTJIWBICTh, MOMHUJIKHA TEPIIOTO Ta IPYroro
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poOIy) Ta 3aJeKHOCTI MOXMOKM HaBUaHHS BiJ] KUTHKOCTI LMKIIIB HABYaHHS, IO IiITBEPAUB
Mpare3/1aTHICTh MEPEexKI.

CuHTE30BaHO €JIEKTPOMArHiTHY CUCTEMY TiarHOCTYBaHHS JE(EKTIB ONOp MOBITPSIHUX
JIEIT 13 BUKOpHCTAaHHSM HEHPO-HEUITKOTO MOJIEITIOBAHHS, KA CKJIAJAE€ThCS 3 HACTYITHHUX
ookiB (puc. 4):

1) Onox 3uuTyBaHHA mo4yaTkoBHX paHuX (mepBuHHHN BCII — KOHTpOJIH MOXXHA
peanizyBaTH 3a BHECEHUMU Ry, Ta Lyy);

2) Onmox momepenHboi 0OpOOKM JaHWX, BUAAJCHHS IMyMiB 1 CIIOTBOPEHb CHUTHAIY,
NpUBENCHHS MaHUX y (opMar, MO SKHAWKpaIle A03BOJSE POOUTH TOYHE MEPETBOPCHHS B
nojanboMy Ojomi (BTOPUHHHUEN aBTOTeHepaTOpHMid meperBoproBad Ta AlIIl — koHTpONH
MOYKHA 3/1IHCHIOBATH 32 aMILTITY 1010 1 (ha3010 HAIIPYT'H HA PE30HAHCHOMY KOHTYD1);

3) Onok HeipoMepekeBOi OOpOOKH, SKWKA HAa OCHOBI BIJANOBIIHUM YHHOM
MiATOTOBIIEHUX JaHUX, 110 MOCTYMAITh B HHOTO, YNHUTH 1IeHTU(DIKAIIIIO TeEeKTY;

4) OJIOK KIHIIEBOTO TIEPETBOPCHHSI, SIKMM YHMHHUTH 3BOPOTHE TEPETBOPECHHS TaHUX Y
dbopMaT, IpUIATHUIA AJIST PO3TIISIAY MEPCOHANIOM, 3a0e3edy€e HAOUHE MPEICTABICHHS JTaHUX
JIarHOCTHKW TIPO CTaH O0'€KTy, MPHAATHE Uil yXBAJICHHS YIMPABIIHCHKUX PIIIEHb MO0
PEMOHTHO-BITHOBIIIOBAJILHUX POOIT a00 3aMiHU OMOPH.

[Tonanpira 06poOKa JaHUX 3AIMCHIOETHCS KOPUCTYBA4YeM, B 3aBJIaHHSI SIKOTO BXOJUTH
BUOIp /AiarHO3y BIAIMOBIIHO O PEKOMEHAIH, 10 HaJlae HEHpoMepekeBa YaCTHHA, a TAaKOX
Bepu(ikalliss OTpPUMAHOTO CUTHATY 32 KPUTEPIEM JIOTTYHOI BiJIMOBITHOCTI PO3BUTKY peaabHOT
CUTyallii, MmO J03BOJSE JOJATKOBO 30UIBIIUTH HAMIWHICTE KOHTpOIIO. Bubip miarHosy
3MIMCHIOIOTh 33 YOTHPMa HEYITKUMU TepMaMu: '"cripaBHHI', mpare3natHuii’, "oOMexeHo
npane3natHuil" Ta "aBapiiHui" y BIAMOBIZHOCTI M0 Kiacudikamii TEXHIYHOTO CTaHy
MeTaJIeBUX KOHCTPYKIIiH [6].

Tepmin ekcnnyaTtauii onop. Kni_Ma_TW”Hi i
CTtaTtuctuka sigmos reonorivHi cpakTopm
Hanpyra NEM. IHdhopmauin eig
BCM

Twn onopw \ /

OunEeHHA gaHnx Big
BWKWAIB | Nponyckis

'

Bnok 3HNTYBaHHA OaHWX

'

— —— = Brnok aHanisy gaHux

'

|
|
|
|
|
|
|
|
|
|
|
r
|
|
|
|
L — — — = Briok nepepobKu AaHnx
|
|
|
|
-
|
|
|
|
|
|
|
|
|
|

'

Bnok HelpomepexeBoi
-
0BpoBKn

!

Brnok BMBegeHHA
pesyneTaTie glarHocTyBaHHA

'

————— KopucTtysad

Pucynok 4 — CTpyKkTypa elIeKTpOMarHiTHOI HeHPOMEPEKEBOI CUCTEMH JIIarHOCTYBaHHS
Jicepeno: pospobneno asmopamu
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CTpyKTypa eleKTpOMarHiTHOI CUCTEMU JIIarHOCTUKY MOKa3aHa Ha puc. 4. BxinHi maHi
1u1st fiarHoctuku — Harnpyra JIETL, Tun onopu, TepMiH eKcIutyaraiii, CTaTUCTUKA BIIMOB, daH1
npo kiiMaTH4Hi 1 reosmoriyHi ymoBu, curHan 3 BCII. Kpim Toro, moxnuBe BBEACHHS
JOJJATKOBUX JTAHHX BiJl KOPUCTYBa4a TOIIO.

BucHoBkH.

1. Ananiz npuuuH aBapiiHux curyainiii enemenrtiB JIEII moxazaB, mo 30...35%
CTaHOBIISITh TOIIKO/DKCHHSI 3a1300€TOHHMX OMNOp, a ICHYIYl METOAU HEepyWHIBHOTO
JIIarHOCTYBAaHHS CTaHy apMaTypHu Ta HECYdYoi CIPOMOXKHOCTI OMOp HEAOCTaTHhO mieBi. Lle
BHUMArae yJ0CKOHAJICHHSI O€3KOHTAKTHOTO €JIEKTPOMArHiTHOIO METOy KOHTPOJIIO.

2. JlochimKeHHsT KOMIUIEKCY XapaKTEePUCTHYHHUX MapamMeTpiB 03BONMIO oOpatu 9
HaOLIbII 1IHPOPMATUBHUX JAETEPMIHOBAHUX Ta HIMOBIPHICHUX O3HAK 00pa3y neQeKTy.

3. HaBuaHHa HEHPOHHOI MEpPEXi MPOBEACHO 3 BUKOPHUCTAHHSIM 3pa3KiB INTYYHHUX
ne(eKTiB TUIy HAcKpi3Ha TpilMHA apMaTyp 3a TIOPUAHUM METOJOM HaBYaHHS 3 PIBHEM
noxuOku 0 Ta KimbKicTIO MUKIIB 400, 110 MTO3BOJWJIO MiABUINWTH SIKICTh PO3IMi3HABAHHSI
o0pa3y nedekry.

4. TloenmHaHHs TiepeBar EJICKTPOMArHITHOI CHCTEMH JJIarHOCTYBaHHSA NOe(eKTiB 13
BUKOPUCTAHHSAM HEUPO-HEUYITKOTO MOEITIOBAHHS JJO3BOJIUTH ICTOTHO 30UIBIIUTH IIBUIKO/IO
BUXPOCTPYMOBOTO KOHTPOJIIO Ta HAJIHHICTh PO3Mi3HaBaHHA Ie()EKTIB OTOpP.
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Synthesis of an Electromagnetic System for the Diagnosis of Defects of Air Transmission
Lines Using Neuro-fuzzy Modeling

The purpose of the work is to develop a system for diagnosing defects (damages of the armature) of air
transmission line supports based on the combination of electromagnetic control principles with the interpretation
of the results of diagnosis using neuro-fuzzy modeling. It is shown that in the case of uncertainty in the diagnosis
of defects of air transmission line supports in real time, it is rational to build an electromagnetic system using
neuro-fuzzy modeling. Practice shows that the bars of the reinforcement bars of the transmission lines support
fractures oriented perpendicularly forming, and stress-corrosion cracks - parallel to it. Optimal results of the
electromagnetic control are achieved in the scan direction, which intersects the defects perpendicular to their
long side. In the case of electromagnetic diagnosis, the conclusion about the defect and its size is usually based
on the values of the amplitude, phase and frequency of the current signal. However, the large amount of
information that comes from controlling the tens and hundreds of power lines in the field under live conditions
exceeds the human ability to adequately perceive it in real time and requires automation of data analysis; this
will significantly increase the speed of control, reduce errors and errors associated with the actions of the staff,
will allow to coordinate the results to the object of control. Under such conditions, it is rational to synthesize an
electromagnetic system for diagnosing defects of air transmission lines using neuro-fuzzy modeling. That is,
create a neural network and teach it to look for defects based on real data. The most informative deterministic
and probable signs of defect image are considered. It is proved that the use of hybrid neural networks leads to a
significant increase in the speed of eddy current control and the reliability of recognition of defects.

An analysis of the causes of emergency situations of the transmission line elements showed that 30-35%
are damage to reinforced concrete supports, and the existing methods of non-destructive diagnosis of the
condition of reinforcement and bearing capacity of the supports are not effective enough. This requires
improvement of the non-contact electromagnetic control method. The study of the complex of characteristic
parameters allowed us to select the 9 most informative deterministic and probabilistic features of the defect
image. The training of the neural network was carried out using samples of artificial defects such as through-
through fracture of the reinforcement according to the hybrid method of training with the error level 0 and the
number of cycles 400, which allowed to improve the quality of recognition of the defect image. The correctness
of network training is ensured by dividing the experimental data into test and training ones. For data modeling, 2
data blocks were used: the training sample volume was 180 datasets and 60 test sets. The information blocks
were filled taking into account the features of neural network synthesis - the data should change alternately (in
the direction of growth) and as much as possible fill the entire area of their values.

Diagnostic inputs include transmission line voltage, resistance type, lifetime, failure statistics, climatic
and geological conditions, VCT signal. It is also possible to enter additional user data and more. Combining the
benefits of an electromagnetic defect diagnosis system with the use of neuro-fuzzy modeling will significantly
increase the speed of eddy current control and the reliability of recognition of defects of supports.
defects of supports, eddy current control, neuro-fuzzy modeling, diagnostics
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Metoanka BU3HAYEHHS PO3PaXyHKOBUX HABAHTAXKEHb
MPOMHUCIIOBUX IMIAIPUEMCTB 32 TMTOMOK BUTPATOIO
€JICKTPOCHEPT1i 3 BUKOPUCTAHHIM HECTalllOHAPHO1
MOJIeNl TpadiKiB €JIEKTPUYHUX HABAHTAKEHb

3arpornoHoBaHa METOJMKa BH3HAYEHHS PO3PaXyHKOBOT'O €JIEKTPUYHOTO HABAHTAXXEHHS IPOMHCIIOBUX
HiANPUEMCTB 32 ITUTOMOIO BUTPATOIO €JEKTPOCHEpPrili Ta BU3HAYEHHSIM KOeQillieHTy MakCHMyMy Ha OCHOBI
Teopii KMOBIPHOCTI 3 BUKOPHUCTAHHSIM €PrOAWYHUX TEOPEM JUIS HECTalliOHApHMX BUIAIKOBUX Ipouecis. [laHa
METOJIMKa MOXK€ OYTH BHKOPHCTaHA sl BU3HAYEHHS PO3PaxyHKOBOTO EIEKTPHYHOTO HABAHTAXKEHHS HA BHIIUX
MAabJIsIX CHCTEMH EIEKTPOIIOCTauaHHs - IIeX, KOPITyC, i IPHEMCTBO.
PO3paxyHKOBe HABAHTAKECHHS, MUTOMiI BUTPATH eJeKTpPOeHeprii, eproauy4Hi TeopeMy, HecTaliOHAPHUIA
npouec

ILI. TlaemkoB, npod., kaun. Texu. Hayk, FO.M. Ka3anues, nou., kauj. TexH. Hayk, A.U. Cupukos, jor.,
kauz. TexH. Hayk, H.FO. I'apackoBa, fo11., KaH. TexH. HayK, T.B. Beauuko, cT. mpemnoz.
LlenmpanvnoykpauncKuli HAYUOHATbHBIN MexXHuYecKull ynusepcumem, 2. Kponusnuyxuil, Yxpauna

MeTtoauka ompeaeleHHsi PacyeTHBIX HArPy30K MNPOMBINLJIEHHBIX MpeANpUATHH MO0
YAeJbHOMY PACXOAy 3JeKTPOIHEPruH ¢ HCHOJb30BAHHEM HECTANMOHAPHOM MOJeaHn

rpauKoB IEKTPUUECKHX HATPY30K

[IpeanoxeHHass METOAWKA OINPEICICHUS PAaCcUETHOM 3JIEKTPUYECKOH HArpy3Kd IPOMBIIIIEHHBIX
HPEeANPUATHN 32 YAETbHBIM PAcXOAOM 3JIEKTPO’HEPTHU U OmpeneseHus: Kod(pUIeHTa MaKCUMyMa Ha OCHOBE
TEOPHUHU BEPOSATHOCTH C HCIIOIb30BAHUEM 3PrOAMYECKUX TEOPEM UL HECTALMOHAPHBIX CIydaifHBIX IPOIECCOB.
JlaHHas MeTonMKa MOJKET OBbITh HCIIONb30BaHA OISl OMPENENICHHUS PAcUCTHOW 3JIEKTPUYECKOW Harpys3KH Ha
BBICIINX CTYIEHSX CUCTEMBI AJIEKTPOCHA0KEHHS - LIEX, KOPITYC, IPEAIIPUsITHE.
pacueTHasi HArpy3Ka, yJaeJdbHble PACX0/bl 3J1eKTPOIHEPIHH, IProJudecKne TeoOpeMbl, HeCTAHOHAPHBII
npouecc

IMocranoBka mpodaemu. [Ipy npoekTyBaHHI CUCTEM €IEKTPONOCTaYaHHS TOJOBHOIO
BUXIJTHOIO BEJIMYMHOIO € pO3PaxyHKOBE eJIEKTpHYHE HaBaHTaxeHHA. Came 3a HHUM
BUOUPAIOTHCS TOJOBHI €IEMEHTH CHUCTEMHU €NIEKTPOINOCTauyaHHs: KaOelbHi 1 MOBITPAHI JiHIT
eJIeKTporiepenadi, Tpanchopmaropu, BUMHUKAdi 1 aBTOMAaTH, 3amoObKHWUKKA 1 T.a. [1,2].
BiamoBigHO [0 TOYHOCTi, MPABUIBHOCTI 1 KOPEKTHOCTI BH3HAYEHHS EIEKTPUYHOTO
HABaHTAXXCHHS TP SBISIOTHCS BHCOKI BHUMOTH, aJDKE 1€ OOYMOBIIIOE€ BapTICTh CHUCTEMHU
EIEeKTPONOCTaYaHHs, 11 TEXHIKO-€KOHOMIYHI TOKa3HUKH, Ta TMPaBUIBHICTH OOpaHUX
TEXHIYHHUX PIIICHB 11010 KOHCTPYIOBAHHS CUCTEMH €JIEKTPOIOCTauYaHHS.

OcraHHIM 4YacoM y 3B’S3Ky 3 IOLIMPEHHSM IPAKTUKH IPOBEICHHS CHEPreTHYHUX
ayJWTIB, SKI TPOBOASATHCA 30KpeMa 1 JJId CHCTEM €JIEKTPOIOCTadYaHHs, PO3pPaxyHKOBE

© ILT. ITnemkos, FO.1. Kazannes, O.I. Cipikos, H.IO. I'apackora, T.B. Bennuko, 2019
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CJIICKTPUYHE HABAHTAXKCHHS BUKOPHUCTOBYETHCS MJIsi BHU3HAYCHHS BTPAT EIIEKTPOCHEPTii B
ICHYIOUHMH CHCTEMI €JIEKTPOINOCTa4aHHsA. TakKuil MmiaxiJ T03BOJISE 3MEHIIUTH 00’ €MH
HEOOXITHUX €KCIIEPUMEHTATbHUX OCIIHKEHh B CUCTEMI €JIEKTPOIIOCTAa4YaHHS Ta CIIPOCTUTH
MIPOBEICHHS €HEPTreTUYHOTO ayIUTy 0€3 CYTTEBOTO MOTIPIIEHHS HOTO SKOCTI [3].

B npaktuii mpoekTyBaHHS ICHY€ JIOCTaTHS KUIBKICTh METOIB PO3pPaxyHKY
CJICKTPUYHUX HABaHTAXCHb, TaKi SK: 3a BIJOMUM TpadikoM HaBaHTAKECHHS, MUTOMHMH
NOKa3HUKaMM, METO/IaMU 3aCHOBAaHMMHM Ha Teopii HMOBIPHOCTI 1 MaTeMaTUYHOI CTaTUCTUKH.
Sk mpaBwio, TpPU TPOCKTYBAaHHI CHUCTEMH €JIEKTPONOCTadyaHHs TpadiK eJIeKTPHUIHOTO
HABAaHTa)KCHHS HEBIJIOMHM, CKJIAIHO HOTO OTPUMATH 1 IPU MPOBEICHI CHEPTETUYHOTO AyANTY.
ToMy BUKOPHUCTOBYBaTH METOJ PO3pPaxyHKy Ha OCHOBI aHami3y Tpadiky eIeKTpUIHOTrO
HABAaHTA)XCHHS CKJIAHO HE JMBISTYUCH HA HOTO MPOCTOTY. PO3MOBCIOMIKEHUMH METOJAMU €
METOJM 32 MUTOMHUMH ITOKa3HMKaMH: IMHUTOMOIO BUTPATOIO €JIEKTPOCHEPrii 1 MUTOMOIO
[MUIBHICTIO HABAaHTAXKEHHS HA M> BUPOOHUYOI 1rIomIi. HailbinpI po3noBCIOKEHUNH METO 3
BUKOPUCTAHHSIM Teopii WMOBIPHOCTI 1 MaTeMaTUYHOI CTAaTUCTUKH — METOJ YIOPSAKOBAHUX
miarpam (meron .M. KasmoBa). Jlanuii MeTron € OCHOBHUM METOJIOM pO3PaXyHKY
EJICKTPUYHUX HABAHTAXKCHD MPOMHCIIOBHX MIAIMPUEMCTB 1 3 4acOM 10 CyTi HE 3MIHIOBAaBCS, a
JMIIE YTOYHIOBAaBCA 1 KOpWUryBaBci. BiH 3akiafieHMii B HOPMATHUBHI JIOKYMEHTH IIO
PO3PaxXyHKYy eJIEeKTPUYHUX HaBaHTa)KEHb IPOMUCIOBUX MIANpUEMCTB. B Tol ke wuac
AKTyaJIbHUM 3aJTUIIA€THCS TIONTYK HOBUX Ta yJAOCKOHAJICHHS ICHYIOUMX METOIIB PO3paxyHKY
eJIEKTPUYHUX HAaBAaHTA)XXEHb 3 METOIO MiABUILIEHHS TOYHOCTI Ta MPOCTOTH PO3PAXYHKY.

AHani3 ocTtaHHix aochaimkenb i myOaikaniii. HopmatuBHi MeToam po3paxyHKY
eJIEKTPUYHUX HABAHTAXKEHb MPOMUCIOBHUX CIIOKHMBA4diB € JOBOJI KOHCEPBATUBHMMH Ta HE
3MIHIOIOTBCS IPOTATOM AeCATUIIITh. Tak HanpukiIan, npuitHATi me B 1968 poui «Yka3aHus mo
OTIPEICNIEHUIO DJIEKTPUUECKUX HArpy30K B MPOMBIIUIEHHBIX YCTaHOBKax» Oysid 3MiHEHI B
1990 p. THMUYACOBOIO IHCTPYKIII€I, BIIKOPUTOBaHI Ta ocTaTO4HO BBeaeHi 3 1993 p. [4] Ta
JII0Th 1 MO HUHI. 3riHO IIOTO METOAY PO3PAXYHKOBE CIIEKTPUYHE HaBaHTaKeHHA P
BU3HAYAETHCS 32 POPMYIIOIO

P, = K 2K Py, (1)

ne K, — Koe]ilieHT po3paxyHKOBOi HOTYKHOCTI,

K, — xoe(ilieHT BUKOPUCTaHHA TPYIHU €NEKTPONpUiiMadiB,

P, — rpynoBa HOMiHanbHA (BCTAHOBJICHA) aKTHMBHA IMOTYXHICTb, IO JOPIBHIOE CyMi
HOMIHAJIbHUX aKTUBHUX MOTY>KHOCTEH rpynH OMHOTUITHUX €JIEKTPOIpUiiMayiB.

MeTto BHOPSAKOBAHUX JiarpaM peKOMEHJA0BAHO 3aCTOCOBYBATH ISl HIDKUUX IIa0TiB
CHCTEM eJIGKTPOIIOCTAYaHHSI Ha PIBHI OKPEeMHX TPyl CHOXHBayiB, AUIBHUIb, LEXIB Ta
KOPIYCIiB, 0 XUBJAThCS Hanpyroro g0 1000 B. Ha Bumux piBHAX po3moALTy €IEKTPOSHEepTii
3aCTOCYBaHHS JIaHOTO METOJYy PO3PaxXyHKY MOXKE CyHpPOBOKYBATHUCS 3HAYHUMH MOXUOKaMHU,
TOMY HOTr0 BUKOPHUCTAHHS HE peKOMeHay€eThes [1].

IloctanoBka 3aBaaHHsA. B naniii poOOTI 3ampoNOHOBAaHUI METOJ PO3PaXyHKY
€JICKTPUYHUX HABAaHTAXEHb 32 MUTOMOIO BUTPATOIO €JICKTPOCHEPTrii Ha MPHUKIIAAi KOMOIHATY
OyZiBeNpHUX MaTepialliB Ta HOro okpeMux Iexis. J[Ba 3 HUX MalOTh TPbOX3MIHHUH, a OJUH
JTBOX3MIHHHM PEXKUM POOOTH, MPOIEC 3MIHU iX €JICKTPUYHOTO HAaBAaHTAaKEHHS Ha JOOOBHUX 1
TUM O1JIbIIIE MICSIYHUX 1HTEpPBaAaxX € HE CTAI[lOHApHUM [5].

Bukiaan ocHoBHoro marepiaiay. IluToMi BHUTpaTH €JIEKTpOCHEPrii MO Iexam Ta
KOMOIHATy B LIJIOMY BH3HAYA€THCS 32 IOMIOMOTOI0 OCHOBHOI €HEPTeTUYHOT XapaKTePUCTHKH,
sIKa MOXe OyTH 3aCTOCOBaHA IS IEBHUX OJHOTHUITHUX ITiIIPUEMCTB [6]

o/py = fa), )

Jie ® — MIUTOMa BUTpaTa eJIeKTPOEHEPrii Ha BUITYCK MPOAYKILIII,

131



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

py =Py/Ao — muTOMa BCTaHOBJIEHA MOTYKHICTb MiIPUEMCTBA, 1IeXy a00 MiIpo3AaLly,

Py — BCTaHOBJEHA MOTYKHICTb €JIEKTPONpUIIMaviB MiANPUEMCTBA, ILEeXy abo
HiApo3ainy,

Ay — IPOEKTHHUI BUITYCK MPOIYKIIIi MAMPUEMCTBA, 1IeXy a00 MiApO3 iy,

o = A/Ap — BITHOCHUI BUITYCK TMPOAYKIIIT MiAMPHEMCTBA, 1IeXy ab0 miapo3aiy,

A — haKTUIHHUN BUITYCK TTPOIYKIIIT MANMPHUEMCTBA, 1IeXy a00 MiApO3IiTy.

Jnist 1000BOTO €JeKTPOCTIOKUBAHHS KOMOIHaTOM Oy/1iBeJIbHUX MaTepiaiiB HalMEHIIy
noxu6ky (¢ = 0,1%) mMae piBHSHHS 1€CATOI CTENEH1 BITHOCHO 3MIHHOI X = o %, T06T0

o/py =168 — 16407 - 230a™" — 76607 + 254607~ 142007% — 9700 + 104507 —

— 14307 = 56077 + 2,50, (3)

Hns uexy Nel maemo
o/py = 3,57+ 7,940 (6 =2,9%). 4)

g nexy Ne2 maemo
o/py=3,3+4,97a¢" (o = 1,6%). (5)

Hns uexy Ne3 maemo
o/py = 0,798 + 7.93a™ (6 = 1,96%). (6)

IToMHOXMBIIM 00MBI YaCTUHHU (2) HA py OTPUMAEMO 3ATEKHICTh ® = fa,py).

MeTtouka BUBEIEHHSI €HEPreTUYHHUX XapaKTEPUCTUK THUITY (2) BUKIIAJeHa, HallPUKIal
B [7,8]. BapTo BiA3HAuMTH, IO EHEPreTHYHI XapaKTePHUCTUKU (2), BITHOCATBHCS [0
HEKOPEKTHHX CTOXAaCTUYHUX 3B s3KiB [9].

Jlis BU3HAYCHHS PO3PAXYHKOBOTO EIEKTPUYHOTO HABAHTAXKEHHS (HANPUKIAL, 32
MaKCUMaJbHUM HarpiBOM IMPOBITHUKIB), HEMa€ HEOOXITHOCTI BPaxOBYBaTH BIIACTHBOCTI
HABAaHTA)XCHHS B OKPEMi MOMEHTH 4acy, a JOCTaTHHO JIMIIE BUSBUTH PE3yIbTaT CYMapHOTO
(1HTETpaIBLHOTO) BIUIMBY 3a PO3PaxyHKOBHH mepioj yacy. B 3B’s3Ky 3 4uM JOLUJIBHO BBECTH
JIesiKi CepesiHl B 4aci Ha pO3paxyHKOBOMY iHTepBami I XapaKTEpPUCTHKU HE CTAI[lOHApPHUX
BUITaJIKOBUX MPOIIECIB 3MiHM HaBaHTaXeHHs [10]:

1. Cepenne 3a inTepBan 7' 3Hau€HHS HABAHTAXKCHHS (QHAJIOT OIIHKH MAaTEMaTHYHOTO
OYIKYBaHHS JJIsl CTAI[IOHAPHUX TIPOLIECIB)

My = %EP(t)dt , (7)

ne P(f) — peamizaiiiss HE CTaIllOHAPHOTO BUIMAJKOBOTO IMPOIECY 3MIHM AKTHUBHOI
HOTY>KHOCTI 3a yac 7.

CepenHe 3Ha4eHHS HaBaHTaKCHHS 3a mepion 7' B yMOBaX eKCIUTyaTallii BU3HAYAETHCS
3a MOKa3HUKaMHM JIYMIbHUKIB €JIEKTPOCHEPrii, a B yMOBaX MPOEKTYBAaHHS a00 MPOrHO3YyBaHHS
— 32 TUTOMUMH HOPMaMH Ta MPOAYKTHBHICTIO, 10 MJIAHY€ETHCA.

2. Cepenns Ha inTepBaii 7 aucrnepcia rpadiky HaBaHTaKEHHS (aHAJIOT HE 3aJICKHOL
B1J1 4acy JMCIIepCii CTalioHapHOTO MPOIIECY).

o Z%lpz(f)df—mﬁr (8)

3. Ocepennena Ha iHTepBaJi 1 OAHOMIpHA IIUIBHICTh PO3MOJAUIEHHS ab0 ricrorpama
rpadiky HaBaHTaXEHHS
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f(P)=— [ £(Poy, 9

ne f(P,t) — ogHOMIpHA IIUIBHICTh PO3MOIUICHHS, 10 3aJ€KUTh ISl HECTAI[lOHAPHHUX
MIPOIIECIB BiJ TapaMeTpa Z.

Heo0xigHo BiAMITHTH, 110 BKa3aHi XapaKTEPUCTUKU HECTAllIOHAPHUX MPOLIECIB 3MIHU
HABaHTA)XCHHS BU3HAYAIOTHCS 110 OMHIM peamizaiii, TOMy BOHH 3anexats Bim T 1 €
BUMAJKOBUMU BeIUYUHAMHU (mpt, [pr) a00 BUMaakoBUMU QyHKUIAMHU fr(P).

B 1poMy BUTaIKy BaXKJIMBHAM € THTAHHS MIOAO BiIMOBIIHOCTI WX, BU3HAYEHUX TIO
OJHIN peaizamii, XapaKTEPUCTHK ICTUHHUM XapaKTEpPUCTHKaM BU3HAYCHHUM IO aHCaMOIIO
peaizaiiii, TOOTO MUTAHHIO PO EProJWYHI BIACTUBOCTI HECTAIIOHAPHHUX TPOIECIB 3MiHH
HaBaHTaXeHHs. JI7s BUPIIIEHHS IOrO MUTAaHHS MOXKIMBO BHKOPHCTOBYBAaTH €prOJUYHI
teopemu [10], chopmynboBaHi i JOBEJEHI I OTHOTO KJlacy HecTaioHapHuXx nporeciB. CyTb
TEOpEeM TIOJISATae B TOMY, IO TIPH BUKOHAHHI JESKUX YMOB, IIO HAaKJIaJal0Th OOMEXCHHS Ha
BJIACTHBOCTI HECTAI[IOHAPHUX TMPOIECIB, IO JOCTIDKYIOTBCS, CEpeaHI 3a dYacoMm
xapaktepucTuku (7) 1 (8) mpu Benukux 7 cXOASITHCS 3 HIMOBIPHICTIO OAMHULIA IO BIATIOBITHUX
XapaKTePUCTHK HaBaHTaKEHb, TOOTO 1O HEBHITAKOBHX BEJTUYHH.

[lepma ymoBa, HeoOXigHa A ICHyBaHHS LUX EPrOAWYHUX TEOPEM, IOJSATae B
oOMexxeHoCTi aucmepcii Ta Oe3MepepBHICTh B CEPEIHHOKBAIPATUIHOMY BHUITAIKOBHX
IpOLECiB, 0 po3risAfaThes. Ll yMoBa 3aBknu BUKOHYETBHCS sl TpadikiB eNEeKTPUUHUX
HABaHTaXXCHb.

Jlpyra yMoBa BiTHOCHUTBCA JI0 3aTyXaHHS KOPENALIMHUX 3B’S3KIB Yy Yaci 1 MOJATaE y
TOMY, IO TIEPio OcepeaHeHHs 7 TOBUHEH 3HAYHO MEPEBHIYBATH iHTEPBAJI KOPEISAIIii, TOOTO
1HTEpBaJl CYTTEBOTO MOCIA0ICHHS KOPENSIIHHNX 3B’ A3KIB.

JlocmipKeHHST TOKa3aid, M0 B KOPEISUIHHUX (QYHKLIAX TpadikiB HaBaHTAKCHHS
PI3HUX CIOXKHMBA4YiB KPIM 3aTyXaro4doi amepioAuyHOi € MEepiofuyHi CKIaJoBi, 00yMOBIEH1
N000BOIO, TH)KHEBOIO Ta CE30HHOK IMKIIYHICTIO EIIeKTPOCTIOKHBAHHA. ToMy  JUIs
€(EeKTUBHOTO BUKOPHUCTAHHS €ProJMYHUX TEOPEM NP aHalli3i HABaHTaKCHHS JOJATKOBO 0
ymoBu T >>1) (Tp — iHTEpBaAJ 3aTyXaHHs anepioAWYHOI CKJIaJ0BOi) HEOOXiZHO BHKOHAHHS
YMOB KpaTHOCTI iHTepBaiy 7 mepiofaM MepioJUdHUX CKIIaJOBHX.

B kopemsimiiinux (yHKIisIX KOMOiHAaTy OyniBEeIbHHMX MaTepialiB KpiM amepiogudHoi
CKJIQJIOBOI, 1110 3aTyXa€ 3a JeKiIbKa TOJIUH, € JIBi MEPiOTUYHI CKJIaJI0BI 3 BOCBMUTOJJHUHHUM Ta
noboBumu miepiogamu (puc. 1). Ilepmra oOymoBiIeHa 3MiHOIO, Jpyra JOOOBOIO IMHUKIIIYHICTIO
enexTpocnoxuBanHs. Ce30HHA IUKITIYHICTh BUSBUIIACS HE3HAYHOIO.

K(t)

0,8
y \\ i ¥
0’2 \\/A h‘ Jﬂ l !
A A A
oal I R

|
06 \4 T,/ rog
"8 12 16 20 24 4 8 12 16 20 24 4 8

Pucynox 1 — Kopensmiiina GpyHKIIis 3MiHH MIBTOAMHHUX HaBaHTaXeHb 1exy Nel
Loicepeno. pospobaeno asmopamu
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TakuM YMHOM, MOXHa BBaXKaTW, IO JUISl JTAHOTO CIOXHBaya MICSYHUM 1HTEpBaj
3aJJ0BOJIbHSI€ HEOOXITHUM YyMOBaM eproguuHux TteopeM. OTpumaHi 3 IX JOIOMOIOIO
BUCHOBKHM MPO €proAWyHi BJIACTHBOCTI HECTAIllOHAPHUX NPOIECIB 3MIHM HaBaHTAXECHHS
BIZTHOCHO XapakTepucTHK (7) i (8) oueBHIHO MOXYTh OyTH HOLIMPEHi 1 Ha XapaKTePUCTHKY
(9). HidicHo, sikmo mepiox 7 3al0BOJIbHSE BUIIE3a3HAYCHHM YMOBaM 1 BCl MOXKIJIHBI
BJIACTUBOCTI porecy (popMyBaHHS HaBaHTAXCHHS MPOSBUIIKCS 32 IIeH Nepio]l HEOAHOPA30BO,
TO MOXJIMBO OYIKyBaTH, IO 3aBXKIM 3HAWIETbCsA Take 1, AN AKOro ricrorpama rpadiky
HABaHTAXCHHS MpPHU TMOAAIBIIOMY 30UIblIeHI 7 3MIHMTBCS HECYTTE€BO. IHIIMMHU ClIOBamH,
MOCTIOBHICTh BUMIAAKOBUX (PYHKIIIH fr(P), ika Mae Micle Uil pi3HUX 3Ha4eHb 7, 30iraeThcs

3 WMOBIpHICTIO OIWHUI 10 Mexi f(P), To6to mist Oynp sikux € >0 abo 6> 0 3aBxau
3HaWAeThCs Take 7, 1m0 MpH OyIb SIKMX ¢ IMOBIPHICTh CYMICHOTO iCHYBaHHS k-HEPIBHOCTEH

‘fT+tk(P)_j(P)‘<8;tk:tl,tz, B %

OynyTh Outbie HIXK 1 — d. [1pu bomy

lim /+(P)=lim~ J f(,0)=f(P).

T—o T—ow

3 IOMOMOro0 BU3HAYEHUX B 4aci xapaktepucTuk (7), (8) 1 (9), obuucnenux mo oxHin
peaiizallii, HecTalllOHApHI HAaBAaHTAXXEHHS MOXKHA TMPHUPIBHATH [0 EKBIBAJICHTHUX B
CepeIHbOMY OJIHOPIHMX Y 4Yaci, CTal[lOHApHUX BHIAIKOBHX mporieciB. lle mo03Bossie
MOJICJIFOBATH HAaBaHTAKCHHS HA TPHUBAJIUX IHTEpPBAJIaX 4Yacy BHIIQJKOBUMHU BEIUYWHAMH,
CTaTUCTHYHI XapaKTEPUCTUKU 1 3aKOHH PO3MOAUICHHS SKHX MakTh CMHUCI OCEPEIHCHHX Y
4aci XapakTepUCTUK HECTAIIOHAPHUX BUMAJKOBHX MPOIIECIB. 3HAIOUM 1Ii XapaKTePUCTUKH Ta
3aKOHM PO3MOALIEHHS, BIIHECEHI 10 PO3PAaXyHKOBOTO Mepioay uacy (MICSYHOMY, PiUHOMY)
HECKJIAJITHO BU3HAYUTH PO3PAXYHKOBE MaKCHMajbHE HABAHTAXKCHHS 3 OIIHKOIO 11 JOBipYOi
imoBipHOCTI. OueBUAHO, M0 NPU LBOMY TOJOBHUM € BiAlIyKaHHd Ha iHTepBami 7T
OJIHOMIPHHUX 3aKOHIB pO3MO/IijeHHs rpadikiB HaBaHTaxeHHs (9).

Ha puc. 2 HaBeaeHi ricrorpaMu TIPOIECIiB 3MiIHM HaBaHTAKECHHS KOMOIHATY
OyIiBEeJIBHUX MaTepiajliB Ta HOTo 1eXiB, MoOyA0BaHi 1o TpadikaM HaBaHTAXKCHHS, 3aIIMCAHUM
Ha TPHOXMICSYHOMY 1HTEpBa yacy 3 30-XBUIMHHUM IHTEPBAJIOM OCEPEIHEHHSI.

OTpumaHi TICTOTpaMH aNpPOKCUMYIOTbCS KpHBOIO fr(P), ska € CcymMor JBOX
HIUTBHOCTEH PO3IMOAICHHS:

J1(P) = fr1(P) + fra(P). (10)

Sk mokaszaB aHami3, MUIBHICTE po3noauvieHHs fri(P) 1 fr2(P) ans ricTorpam, Mo
PO3IIISIIAIOTECS  JOCTaTHBO TOYHO BUPIBHIOIOTHCA KPUBMMH HOPMaJbHOI IIUIBHOCTI, 3a
BUKJIIOUEHHSM 11eXy Nel 3 ABOX3MIHHMM PEKHUMOM POOOTH, AJIsl SIKOTO fra(P) BUPIBHIOETHCS
A-psinom I'pama-1llapnse.

Jost mexy Nel

fT(P):le(P)+fT2(P):le(P)+fTH(P)__3f(3)(P)+ 24 (4)(P) (11)
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Loicepeno: pospobaeno agmopamu
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7(P_mPT1)2
1e fo(P)=—m—e
T1 - )
2TG by,
7(P_”1PT2)2
G
- )
™ 2MGpyy

O £ — tpers Ta yeTBepTa noxiHi fru(P)BiANOBiNHO,

r3 =-0,03 — TpeTiif OCHOBHUI MOMEHT,
r4 =4,73 — 4eTBEepTUH OCHOBHHII MOMEHT.
Jnst miexiB Ne2 i Ne3, a Tako B LIJIOMY 110 KOMOiHATy Oy/IiBeIbHUX MaTepiaiB

_ (P-mpry )2 _ (P—mppp )?

1 1 252
(P)=—F—— t——e (12)
S \/EGPTI \/%GPTZ

B Tabn. 1 HaBeneHi napaMeTpy TOCIIKEHUX T1CTOrpaM.

2
2c
e PT1

Tabmuus 1 — CraTucTHYHI XapaKTEpUCTHKH TicTOrpaM KoMOiHaTy OyIiBEIbHUX
MarepiaiiB
Jn(P) Jra(P) Jr(P)
/o HaiimenyBanus mpr1, | OPT1, | MPT2, | OPT2, | MPT, | OPT, A Ky
kBt | kBt | kBt | kBt | kBT | kBT
1 [ex Nel 239 17 | 331 50 1296 | 62 1093 13
2 [ex Ne2 240 | 52 | 328 | 22 | 293 | 57 [1,04] 1,2
3 [ex Ne3 270 | 54 | 379 | 20 | 614 | 64 [035] 1,2
4 | Beworo no komOinaty | 810 | 40 | 930 | 60 | 912 | 82 |0,59 | 1,15

Joicepeno: pospobreno asmopamu

[IpaBomipHICTP TPUHHATOI TINOTE3W Yy BUTISAI PO3MOIUICHHS MiATBEpIKEHA
KUTbKICHOIO OIIIHKOIO 3 JIOMOMOTO0 Kputepito moromkeHHs Komnmoroposa (L), 3HaueHHS
SIKOTO HaBeeHo B Ta0I. 1.

3HauMd XapakTepucTUKu mpr, pr Ta 3akoHM posnopineHHs fr(P), BigHECeHi a0
PO3paxyHKOBOTO Tepiogy dYacy (Micsllb, piK) HECKJIAJAHO BH3HAYUTH po3paxyHkoBe 30-
XBUJIMHHE MaKCHUMaJlbHE HAaBaHTaXCHHs P,, NpHU 3aJaHuil JOBipYMd WMOBIPHOCTI, IO
nopisaioe 0,95

PM
B(P<P,)=095= [ f,(P)dP. (13)
Jlani BU3HaYa€ThCS KOSPIiEHT MAKCUMYMY
K, = b, . (14)
Mpy

BHacniiok eproguyHMX BIACTUBOCTEH MpoOIecy 3MiHM HABaHTA)XEHHS BiJHOCHO
xapaktepucTuk mpr, Hpr Ta fr(P) oTpuMaHi 3Ha4eHHS KOE(]ILi€HTIB MaKCHMyMy MOKHA
paxyBaTH THIIOBHMH JUIS TAHOTO CIIOKMBAyYa.

OTxe, 3 TOMOMOTOI0 €HEPreTHYHOI XapaKTEePUCTHKH BH3HAYAETHCS MTUTOMA HOPMA
SJIEKTPOCIIOKMBAHHS, a 32 i1 3HAUEHHSM JIETKO IEePEHTH 10 3aralbHOr0 €HEProCIOKUBaHHS W
i IPUEMCTBOM, [IEXOM, TUJISTHKOIO 32 (DOPMYIIOI0
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W= oA, (15)
a Jlai BiJ{ HOTO JI0 CEPEIHBOI MOTYKHOCTI
Py, =WIT. (16)

TOI[i MaKCHUMaJIbHEC HiBrOI[PIHHe PO3pPaxXyHKOBC HAaBAHTAXCHHA MOXKC 6YTI/I 3Ha171z[eHe
SIK

P, = Ky Pep. 17)

OtpumMaHi 3 JOMOMOIOI HECTAI[iOHAPHOI MOJENi THUIOBE 3HAYEHHS KOe(illi€HTIB
MaKCUMYMY J03BOJISIE TIPOBOJHUTH OLIHKY PO3PaXyHKOBOTO HABAHTAXEHHS TPOMHUCIIOBOTO
HiAIpUEMCTBA.

Ha BinmiHy Bif MeTOAy yHOPSIKOBaHHX JiarpaM IMOKJIaJI€HOTO B OCHOBY BKa3iBOK IO
pPO3paxyHKy €JEKTPUYHUX HaBaHTAXEHb, JJIS BKA3aHUX MIANPHUEMCTB MPOIOHYETHCS
CTaTUCTHYHUI METOJ, M0 He MOTpelye pO3Tisiay Ta BpaxyBaHHS XapaKTEPUCTHK PEXKHUMIB
pOOOTH 1HIUBIAYAIbHUX €JIEKTPOCTIOXKMBaviB. PO3paxyHKOBe HaBaHTaXKEHHSI BU3HAYAETHCS 3a
JAHUMHU TIPOEKTHOI MPOAYKTUBHOCTI, MUTOMUMH HOPMaMH E€JIEKTPOCIOKUBAHHS 1 THIIOBHM
3HAYEHHSM KOe(ilIEHTY MAKCUMYMY JUISI OKPEMUX IEXiB 1 MiAMPUEMCTBY B IILIIOMY.

Ilpuxnao pospaxynky. BusHauuTH pO3paxyHKOBE HABAHTAKCHHS MIiANPHEMCTBA THUITY
KOMOiHaTy OyniBeNbHUX MaTepiaiiB 3 MPOAYKTHBHICTIO Ao, 10 TOpiBHIOE 82 MIIH. IIT.
LETJIMH Ha PiK.

ITo eneprernuniii xapakrepuctuku (3) 3Haxomumo npu a=1 1 py,=0,5 nuromy
BUTpaTy enekrpoeHeprii ® = 100 kBt rox/Tuc. mrt.

Busnauaemo cepeHe 3a pik HaBaHTa)KEHHS

04, 100-8210°
Mpr = =
365-24  365-24
3a 3HAYEHHSAM KOe(]illleHT MakcUMyMy KOMOiHaTy OyniBEeIbHHMX MaTrepiajiB piBHUM

1,15 BU3HaUaeMO PO3paxyHKOBE HAaBAHTAKECHHSI
Py =Ky Peyp=1,15-935=1070 xBr.

=935 kBT.

BucHosku.

1. IcHytoun MeTOIM pPO3paxyHKYy €JeKTPUYHHUX HABAHTAXKEHb IPOMHUCIOBUX
HiANIPUEMCTB HE € YHIBEPCATbHUMH 1 MOXKYTh OyTH 3aCTOCOBaHI 3 MEBHUMU OOMEKEHHSIMHU.
Tak, HampukiIaa, METOJ| YHOPSIKOBAaHHX JiarpaM PEKOMEHJOBAaHO ISl HWKYMX IHa0IIiB
cucTeM enekTpornocrayaHHs Hampyroro go 1000 B, a meron 3a HUTOMOIO BUTPATORO
€JIEKTPOSHEePTii Ui BUIIMX MA0JIiB HA PiBHI JUISTHOK, LEXiB 1 MAMPHEMCTBA B LIJIOMY.

2. IlpoBeneni npocmipkeHHsT TpadikiB eNEeKTPUYHOTO HAaBAHTAXEHHS KOMOIHATY
OyIiBeIpbHMX MaTepiaiB Ta HOro IeXiB TOKa3aJid, M0 CIIEKTPOCIIOKUBAHHS €
HECTAI[lOHAPHUM BHIIaJKOBUM TpoliecoM. HaromicTe BKaszaHi Trpadikd BiANOBIIAIOTh
BUMOTaM €proJMYHUX TEOpEM Uil HECTAalllOHApHUX IMPOLECIB, a OTXKe e J03BOJISIE
MO/JICJIFOBATH HABAHTA)KEHHS HA TPUBAJIMX IHTEpBaJaX 4acy BUIAJKOBUMM BEIMYUMHAMHU SIK
JUTSI CTaIliOHAPHUX MPOIIECIB.

3. JloBeneHo, LIO0 OCHOBHA EHEPreTHYHAa XapaKTepUCTUKA JI03BOJISIE BU3HAUYUTHU
KOe(IIiEHT MAaKCUMYMY JUISl TUTIOBHUX MIiANPHEMCTB. JaHWiA miaxXi/ 3alIpONOHOBAHO TIOKJIACTH
B YIOCKOHAQJEHWH METOA pPO3paxyHKy €JIEKTPUYHMX HaBaHTaKE€Hb IPOMHUCIIOBUX
HiANPUEMCTB, SIKUH MO€AHYE B cOO0l METOJ| YIOPSAIKOBAHUX JiarpaM Ta METOJ 3a IHUTOMOIO
BUTPATOIO €JICKTPOCHEPTi.

137



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

4. 3anponoHOBaHUI METOJ PO3paxXyHKy €JIEKTPUYHHMX HABAHTa)XKEHb IIPOMUCIOBHUX

MIITPUEMCTB MOKE OYTH BUKOPUCTAHUH ISl BUIIIMX I1a0JI1B CHCTEMH €JICKTPOIIOCTaYaHHs Ha
PiBHI IUISTHOK, IIEXiB Ta MIANPHUEMCTBA B LIJIOMY.

5. IlepeBaroro 3amponOHOBAaHOTO METOAY Ha BIAMIHY BiJl METOIY YHOPSIKOBAHHUX

JiarpaM € BIICYTHICTb HEOOXITHOCTI PO3MIIALY Ta BpaxyBaHHS XapaKTEPUCTUK PEKHMIB
po0OOTH 1HIMBIAyaTbHUX €IEKTPOCIIOKUBaYiB. PO3paxyHKOBEe HaBaHTA)KCHHS BU3HAYAETHCS 32
JAHUMH TPOEKTHOI MPOAYKTHBHOCTI, MUTOMUMH HOPMAaMH E€JIEKTPOCHOKUBAHHS 1 THIIOBUM
3HAYCHHSIM KOE(IIIEHTY MAaKCUMYMY JUIsl OKPEMHX JUISTHOK, IIEXIB 1 MAMPUEMCTBY B IIIOMY.
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Methodology for Determining the Design Loads of Industrial Enterprises by the Specific
Energy Consumption Using an Non-stationary Model of Electrical Load Schedules

The proposed methodology for determining the calculated electric load of industrial enterprises for the
specific energy consumption and determining the coefficient maximum based on probability theory using
ergodic theorems for non-stationary random processes.

When designing power supply systems, the main initial value is the calculated electrical load. High
demands are placed on the accuracy and correctness of determining the electrical load. The most common
method for calculating the electrical loads of industrial enterprises is the method of ordered diagrams. It is
recommended for use at the lower levels of power supply systems at the level of individual consumer groups,
sections, workshops and buildings. At higher levels of electricity distribution, the application of this calculation
method may be accompanied by significant errors. Therefore, its use for higher levels is not recommended. The
specific energy costs of the workshops and the plant as a whole are determined using the main energy
characteristics. It can be applied to certain similar enterprises. According to the specific norms of power
consumption and the design performance data, the average power is determined. Knowing the average value for
the time interval and the variance of the graph of the electrical load, as well as the distribution laws, it is possible
to determine the estimated 30-minute maximum load for a given confidence probability. And by its value, the
coefficient maximum. By multiplying the average power by the coefficient maximum, the desired design load is
determined.

The proposed method for calculating the electrical loads of industrial enterprises can be used for higher
stages of the power supply system at the level of sections, workshops and the enterprise as a whole. The
advantage of the proposed method, in contrast to the ordered diagram method, is the absence of the need to
consider and take into account the characteristics of the operating modes of individual electric consumers.
design load, specific electricity consumption, ergodic theorems, non-stationary process
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TexHiuHa peanizaliss CACTEMH aBTOMAaTUYHOTO
YIIPABJIIHHA PEKUMOM HU3BbKOBOJIBTHOI PO3HOAIIBYOT
CJICKTPUYHOI MEPEXKI 3 BITHOBIIOBAHUMU JIPKEPEIaMU

CHeprii

3nifiCHEHO PO3pPOOKY MIKPOKOHTPOJIIEPHOTO OJIOKY aBTOMATHYHOTO YIIPABIIHHS PEKAMOM TeHeparii
AKTHBHOI TOTYXXHOCTI YCT@HOBOK 3 BiJHOBIIIOBAaHMMH JDKEpeNaMH €Heprii, L0 MpauiolTh B CKIaAi
KOMOIHOBAHOI €NEKTPOCHEPTETHYHOI CUCTEMH. PO3p0o0IIeHO CTPYKTYpHY Ta MPHUHIUIIOBI CXEMH JaHOTO OIIOKY,
ki OyJI0 BHUKOPHCTAHO JUIS CTBOPEHHS MaKeTy NPHUCTPOro. IIpoBeneHO eKCIepuMEHTaIbHI IOCIiIKEHHS
Ppo3po06eHOT MIKpPOKOHTPOJIEPHOI CHCTEMH aBTOMATHYHOTO YIIPABIiHHS, pe3yJibTaTH SKHUX HiATBEpAWIN ii
Mparne3aaTHiCTb.
BiTHOB/IIOBaHi JxKkepea eHeprii, cHCTeMa ABTOMATHYHOI'O YIPABJIiHHS

B. II. ConpaTenko, kaHa. TexH. Hayk, B. B. 3un3ypa, gou., kaua. texs. Hayk, C. II. IlnemkoB, gou., KaHa.
texH. HayK, H. FO. I'apaceBa, no1., kanz. TexH. Hayk, T. B. Beanuko, cT. mper.
Ienmpanvrnoykpaunckuii HAYUOHANLHBIN MeXHUYecKuli ynusepcumem, 2. Kponusnuyxuii, Yxpauna

TexHuueckasi peaju3alMs CHCTeMbl AaBTOMATHYECKOI0 YINPABJEHMSA PeXHMOM
HM3KOBOJIbTHON pacnpefeJuTeJbHOH JJIEKTPHYECKON CeTH ¢ BO300HOBJIAEMbIMH

HCTOYHUKAMH JHEPIruu

[IpousBenena pa3paboTka MHKPOKOHTPOJIIEPHOTO OJIOKAa aBTOMATHYECKOTO YIIPABICHHA DPEXHIMOM
TCHepalud AaKTUBHOW MOIHOCTH YCTaHOBOK C BO30OHOBIIIEMBIMH HCTOYHHKAMH JHEPTUH, pabOTAIOIUX B
cocTaBe KOMOMHHUPOBAHHOM AJIEKTPOIHEPTETHUECKON crcTeMbl. Pa3spaboTaHa cTpyKTypHas U NPUHIUITHAIBHBIE
CXEMBbl JaHHOTO OJOKa, KOTOpble OBUIM HCIHOJB30BAaHBI Ul CO3JaHMSI Makera ycrpoicTBa. I[IpoBeneHs
SKCIICpUMEHTAIBHBIE HCCIEAOBAaHUS Pa3pabOTaHHOM MHKPOKOHTPOJIEPHOH CHCTEMBI aBTOMAaTHYECKOTO
yIIpaBJIeHUs], PE3yJIbTaThl KOTOPBIX IOJITBEPIMIN €€ paboTOCIOCOOHOCTD.
B0300HOBJIsIEMbl€ HCTOYHUKH YHEPTHH, CHCTEMA ABTOMATHYECKIOT0 YIPaBJIeHUS

IHoctanoBka npodaemu. Ha cyuyacHoMy etami pO3BHTKY €HEpPreTHYHOI ramysi
VYkpaiHu crocTepiraloTbCsi CTifiKI TEHACHLIiI 10 BCe OUIBLIOrO MOIIMPEHHS YCTaHOBOK
re’epanii eJIeKTpUYHOI MOTYXHOCTI 3 BiJHOBIIOBaHMMHU Jokepenamu eneprii (HE). Taxk,
HaiiO1bImoro po3noscokeHHss HaOyau consiydi (CEC) Ta BiTpoBi enextpocraniii (BEC),
1110 TIOB’513aHO, MEPII 32 BCE, 3 KIIMATUYHUMHU YMOBaMH Teputopii Ykpainu. OKpiM 1boro, Ha
HiANPUEMCTBAX arpolPOMHUCIIOBOIO HAPSAMKY HaOyJid MOLIMPEHHs 010ra30Bi €IeKTPOCTAHLII]
(BI'E) — ycranoBkM s yTwii3amii BIOXOAIB TBapUHHHUITBA a00 POCIMHHHUIITBA 3
BUPOOHUIITBOM €JIEKTPOSHEPTIii.

Taki ycTaHOBKM Ha NMPOMHUCIIOBUX MiJIPUEMCTBAX BCTAHOBIIOETHCS IS JOCSTHEHHS
1l 3MEHIIEHHS BUTPAT Ha CIOXXHUBAHHS EJEKTPUYHOI €HEprii, 10 JOCATAETHCS ILUIIXOM
BUPOOHHUIITBA 11 BIACHUMU €JIEKTPOTeHEPYIOUUMHU ycTaHOBKaMu. CIIif] 3a3HAUYUTH, 110 MPOJAXK
BUPOOJICHOT €JIEKTPOCHEPTIi 32 «3eJIeHUM» TaprU(POM JI03BOJISE JOCATTH ICTOTHOTO 3HUKECHHS
CTPOKY OKYITHOCTI YCTaHOBOK JJIsi BUPOOHUIITBA €NIEKTPOCHEPTii 3 BimHOBIIOBaHUX [[E.

© B.II. Conmarenko, B.B. 3inzypa, C.I1. Iltemkos, H.}O. 'apacrora, T.B. Benuuxo, 2019
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Jlo1aTKOBOIO MepeBaror CyMiCHOIO BUKOPUCTAHHS PI3HOPIAHUX JHKEpeI eIeKTPUYHOT
eHeprii Ha ocHOBI BigHOBmMOBaHMX JIE B pamkax KOMOIHOBaHOI €JIEKTPOEHEPTeTUYHOT
cucremu (KEEC) € 3HmxkeHHs 1060BOi HEPIBHOMIPHOCTI BUPOOJICHHS €JIEKTPOCHEPTii TaKOIO
cucreMoro. lle, 6e3nepeuno, € cyrreBoto nepeBaroro KEEC B mopiBHSHHI 13 3aCTOCYBaHHS
TeHEePYIOUMX YCTaHOBOK, L0 MPAIIOIOTh HA BITHOBIIOBAHOMY PECYpCi OJJHOTO BUJY.

CtpiMKu# PICT BCTAHOBJICHOI MOTY>KHOCTI T€HEpaIlii YCTaHOBOK 3 BIJHOBIIFOBAHUMH
JE mnpusBoguTh A0 HeratuBHMX sBulll [1- 4], cepen sKUX: BIAXWICHHS Halpyrd B
HU3bKOBOJIBTHHUX €JIEKTPUYHHUX MEpPEekKaxX, KOJIMBAHHS HAIIPYTH TOLIO.

Bupimut nany npoGiieMy MOMIJIHMBO LUISXOM MOKPALIEHHS XapaKTEPUCTUK CUCTEM
aBroMatuyHoro ymnpasiiHHA (CAY) BUPOOHHMIITBOM €JIEKTPUYHOI €HEprii ycTaHOBKaMHu 3
BigHoBmoBaHuMu JIE. Metoto yaockonanenHs 3azHaueHnx CAY €  JocCATHEHHS
MaKCUMaJIbHOTO 3HAY€HHS MOJKJIMBOTO PIBHS BHUPOOHHUIITBA CJICKTPUYHOI  EHeprii
ycranoBkam# 3 BigHoBioBaHuMHU JIE. ITpu oMy oOMexytounM (akTopoM € 3abe3neueHHs
HOPMaJIbHO JOMYCTUMHUX 3HAUYEHb YCTAJIEHOTO BIIXWJIEHHS HANpyrd B MICLI MpPHETHAHHS
CHOXHBAYiB €JIEKTPUYHOI €HEPTii 10 HU3bKOBOJIBTHOI PO3MOALIBEUOT MEPEKI.

AHami3 ocTraHHix xociailkeHb i myoOaikamiii. B pesynpTaTi BUKOHAaHHS aHAI3y
JiTepatypHux Jkepen [5- 7] 6yno BcTaHOBJIEHO, 110 OUTbIIicTh icHY0ouuX CAY ycTaHOBOK 3
BJIE (B Tomy uucni 1 Tux, mo npaioTs B KEEC) 3a6e3nedyroTs maxia 10 aBTOMaTUYHOTO
yIOpaBIiHHA, NPU SIKOMY BiZOyBa€eThCs OOMEKEHHsS BEITUYMHU BUPOOHUIITBA EIEKTPUUHOL
eHeprii B 3aJeKHOCTI Bia (IKCOBAHOTO 3HAYEHHS YCTaBKM M0 Harpy3i. HeratuBHum
(akTOPOM TAaKOro MiAXOYy € CKOPOUYECHHS IPOIIOBUX HAJIXOJKEHb Bij peanizalii BUpoOaeHol
eJIEKTPUYHOI €Heprii 3a CTaBKOW «3ejieHoro» Tapudy. [IpmyrHa BKa3aHOro CKOPOYEHHS
NOJISITA€ B 3HIKEHHI PiBHS FeHepallii eJeKTpOeHeprii B pO3MOAUIBEHY €IEKTPHYHY MEPEKY.

[nsaxu ymockOHAJCHHS YMPaBIIHHS YCTaHOBKaMW 3 BigHoBmoBaHuMu J[IE mpu
OJTHOYACHOMY 3a0e3Me4YeHHI HOPMAaJbHO JOMYCTHMUX 3HAYCHb YCTAJICHOTO BiIXWUJICHHS
HaIPYTH B MICIIl IPUETHAHHS CIIOKMBAYIB €JICKTPUIHOI €HEPrii 10 pO3MOAIIbY0I eIEKTPUIHO
Mepeski Oyo po3riasHyTo B poboTax [3, 4, 8-11].

B poGotax [10, 11] aBropamu 3anpornoHoBaHo CAY ycCTaHOBOK 3 BiJHOBJIFOBAHUMH
JE sika 103BoJIss€e BpaxyBaTH BIUIUB IeHepalii aKTMBHOI MOTYXHOCTI Ha PiBHI yCTaJE€HOTO
BIIXWJICHHS HAIIPYTH B TOYI[l IPUETHAHHS CTIOKMBAYIB /10 €JICKTPUIHOI Mepexi. [lo3utuBHMI
edekr Bim 3actocyBaHHS po3pobieHoi B [11] CAY renepaimi€ro akTUBHOI TOTY>KHOCTI
YCTaHOBOK 3 BigHOBIOBaHUMH JIE mMiATBEpIKYeTbCS pe3yjbTaTaMH KOMIT IOTEPHOTO
IMITAIIfHOTO MOJICITIOBAHHS.

[Ipote, nns miaTBepKEHHS TMpare3naTHocTi po3podieHoi B [11] CAY, a Takox ais
BU3HAUEHHS €(EKTUBHOCTI 1i poOOTH HEOOXiHO PO3POOUTH MIKPOIPOLECOPHUIN OJIOK, IO
peaiizye ajaropuTM aBTOMATHYHOTO YIIpaBJIiHHA, 3ampornoHoBaHuit B [11], Ta mpoBectu
eKCIePUMEHTAJIbHI JJOCTIKEHHS PEXUMIB pOOOTH pO3pOOIEHOT CUCTEMH.

IloctanoBka 3aBaaHHsl. TakuM YHWHOM, METOI0 JIOCHIIDKEHHS € po3polKa
mikponporecopuoi CAY, 3acrocyBaHHs 5KOi 3a0€3M€YNTh MaKCHUMAJIbHO MOXIIMBUH PiBEHb
reHepanii akTUBHOI MOTYXHOCTI ycTaHOBKamMu 3 BinHoBmoBaHuMHu [IE, mo BXoasts 10
ckiany KEEC, npu onxHouacHOMy 3a0e3ledyeHHI HOPMalbHO JONMYCTUMHUX 3HA4YEHb
YCTAJICHOTO BIIXWJICHHS HAMPYTH B TOYIl MIJAKIIOYCHHS CIIOKUBAUIB EJICKTPUIHOI €HEPrii 10
HU3bKOBOJIBTHOI PO3MOALIBYOT MEPEXI.

Bukisiag ocHoBHOro marepiaay. B poborax [9, 11] 3anpornoHoBaHO iHTEpIIpETyBaTH
3a/1ady YIpaBIiHHA PiBHEM T'eHepallil akKTUBHOI MOTYXKHOCTI YCTAaHOBOK 3 BIJHOBJIIOBAaHUMU
JE, mo npamorots y ckinani KEEC y Burmsai 3amgadi GaraTokpuTepiaibHOI ONTHMI3AILi.
[Tpote, aBTOpamMu He 3aMPONIOHOBAHA TEXHIUHA peaji3allis TaKOl CHCTEMHU.

Jnst 37aificHeHHST TEpeBIpKH MPane3JaTHOCTi, a TaKOX JUIS EKCIIEPUMEHTAIHLHOTO
niaTBepkeHHs  edekTuBHOCTI  pobotn CAY  reHepaui€l0  aKTHBHOI  MOTY>KHOCTI
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BigHoBmoBannx JIE B KEEC Oyno BukKOHaHO pO3pOOKy CTPYKTYpHOI CXEMHU
MikpokoHTposiepHoi CAY renepariiero aktuBHOi 1oTy>kHOCTI BigHOBmoBaHux JIE B KEEC 13
3aCTOCYBaHHSM CYy4YacHOI €JIeMEHTHOI Oa3u.

Ha puc. 1 300paxena ctpykrypHa cxema CAY reHepari€ro aKTUBHOI MOTYXHOCTI
BigHoBmoBaHux JIE B KEEC i3 3a3Ha4yeHHsSM BHUMIPIOBIbHUX KaHAJIB HANpyTrH, CTPyMiB
JHI1T )KUBJICHHS Ta HABAHTAKEHHSI.

10 kB

T
TM-160/10
A4
AALLB-0,4(3x120)
K1 0,25 km

BAY

T1 — cunosuii Tpancdopmarop; KJI — kabenbna ninis; H — enekrpuune naBantaxenns; BEC, CEC,
BI'E — BiTpoBa, coHsiuHa Ta OiorazoBa eiekTpocraniii BignosinHo; JC, 1C, — maTuyuku cTpymy;
JH, — naruuk Harpyru; BAY — MiKpoKOHTpoJIepHHI OJIOK aBTOMaTHYHOTO YIPaBIIiHHS I'eHepamicro
akTHBHOI noTyxHocTi BigHoBmoBanux J1E 8 KEEC

Pucynok 1 — CtpykrypHa cxema CAY reHepatliero akTuBHOI otysxHocTi BimHOBmoBaHuX JIE B KEEC
Loicepeno. pospobaeno asmopamu

B pouni nepBuHHMX BUMiproBanbHuX neperBoproBauis (IIBII) ctpymy 3ampononoBaHo
3aCTOCYBaHHS 3aCTOCOBYBATH BUMIipIOBajbHI TpanchopmaTopis ctpymy. Takuii Tum [1BIT mae
CYTT€BI IIepeBary B MOPIBHSHO 3 1HIIUMHU, 30KpeMa:

— OaratoyHKIIOHAJIBHICTE BUKOPUCTAHHS, auke Aani [IBI1 MoxyTh 3aCTOCOBYBaTHCH
SK JUIsl OpraHizaiii BUMIpIOBaJIbHMX KaHamiB 3anpornoHoBaHoi CAY, Tak 1 Uil KOHTPOJIIO
po6ounx pexumuux napamerpis KEEC Ta peneitHoro 3axucry;

— IOCTYIIHICTh Ta IIUPOKUN CHIEKTP TUIIOHOMIHAIB;

— 3a/10BUIbHUH Ki1ac ToyHOCTI (0,5 1 61TbIIIe) B IIMPOKOMY Jiana30Hi BUMIPIOBaHHS.

3 oy Ha Te, IO KOHTPOJIb IapaMeTpiB peanidyeTbcsi Ha cropoHi 0,4 kB,
HEOOXIJTHICTh y 3aCTOCYBaHHI BHMIPIOBAIBHUX TpaHc(opMaTopiB Hampyrd He BUHHKae. B
TaKUX BUMAJKaX 3aCTOCOBYETHCS MPsAME MiJIKIOUYEHHS BUMIPIOBATbHUX MPHIIAAIB 1O MEPEXI.
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l'onoBuuM enemeHTOM cTpyKTypHOi cxemMu CAY reHepali€ero akTUBHOI MOTY>KHOCTI
BinHoBmoBaHuX JIE B KEEC € 6mox aBromarnunoro ymnpapmiaHs BAY. 3azHauenuii 6110k
peaitizye 3anpornoHOBaHUN QJITOPUTM BU3HAUYEHHS ONTHUMAJIbHOIO BEKTOPA YIPABIIHHS.

Ha puc. 2 nHaBeaeHa cTpykTypHa cxema MikpokoHTpojepHoro BAK reneparieto
enekTpuuHoi eHeprii BinHosmoBanumu /IE B KEEC.

BAY ‘
; > P
I, RS-232 | ni
— ™ ﬂC‘ nCi ——————————— 1A reos [ P;;lc
RS-485
1, — Pge
— [IC, » C, >

—= [H, » H, > MK — IHA

CEC
P —]

RS-232

e l

P —l ris 455/
RS-232

AV

MK

BME -
P:Iax

BAY — 6mox aBromaruanoro ynpasininasi; MK — mikpoxonTponep; ITH;, IIC,, TIC, — mepeTBoproBaui
Hanpyru ta crpymy; JAH;, AC,, AC, — naTumku Harpyru ta crpymy; [ — neperBopioBau iHnTepdeiicy
RS-485/RS-232; IH/I — 650k inpukanii nanux; KJI — 6510k BBeieHHs AaHUX (KJIaBiaTypa);
[IK — nepcoHanbHUI KOMIT IOTEp

Pucynok 2 — CTpyKkTypHa cxeMa MiKpOKOHTposiepHOro BAY renepaltiero eIeKTpuaHol
eneprii BimHosmoBanumu JIE 8 KEEC
Iicepeno: pospobreno asmopamu

[punmun  poGotu OJOKY aBTOMATHYHOTO YHpPaBIiHHSA (pUC.2) HACTYITHHA.
[ndopmariis mpo BUMIpSHI 3HAYEHHSI CTPYMIB HaBaHTaKeHHS Ta JiHii (/y, /) 1 Hampyru B
TOYIl MiIKIIOYEHHs enekTpocnoxuBadiB (U,) 3 BuxoxiB martuwkiB (AH;, JAC;, AC,)
HAJXOJATh Ha BXOAM meperBoproBauiB Harpyru 1 ctpymy (ITH;, IIC,, TIC,). B 3a3nauenux
NIepEeTBOPIOBAYAaX BUKOHYETHCS NIEPETBOPEHHs iH(popMarii npo curaaimu B HudpoBy Gopmy i3
ananoroBoi. [leperBopeni curnanu 3 OiokiB [1C,, TIC, Ta I1H;, a Takox iHdopmanis npo
MaKCHMaJIbHE B IAaHUH MOMEHT Yacy 3HAYCHHsI TeHepallii eJICKTPUYHOI eHepTii yCTAaHOBKaMH 3
BigHoBmoBaHuMHu JIE mopatotecs Ha BXin MikpokoHTpoiepa MK. B skocti BuximHOro
curHaimy MikpokoHTpoiepa MK Oyae BEKTOp ONTHMAIBHOTO YIIPaBIiHHSA. Bu3HaYeHHS
BEKTOPA YIPaBIiHHS BiTOYBA€THCS 32 AITOPUTMOM, SIKHI 3apornoHoBaHuil B poOoTi [11].

[Mpunmunosa enekrpuuHa cxema BAY reHepari€ro eneKTpoeHEpTii BiIHOBIIOBAaHUX
JIE B xoMmOiHOBaHiil cucTteMi 300pakeHa Ha puc. 3. Peamizamiss po3poOieHOro anropurmy
BU3HAYEHHS  ONTUMAIBHOTO  BEKTOpa  YIpaBIiHHA  BiIOyBaeTbcs Ha  8-OiTHOMY
MIKpOKOHTpoJiepi Atmegal62, 110 BosoAi€ JOCTATHIMU OOYUCITIOBaIbHUMH PECypcamu.

3oBHImHINA BUTIL MakeTy BAY reneparieto enextpoeneprii BigHoBmoBanux JE B
KEEC naBeneHo Ha puc. 4.
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Pucynok 3 — IIpuniunosa enexkrpuuna cxema BAY renepariero
enekrpoeneprii BimHosmoBanux JIE 8 KEEC
Lowcepeno: pospobaeno agmopamu

ExcnepumenTanibHl TOCHIIPKEHHST CTBOpPeHOT1 MikpokoHTposepHoi CAY renepartieio
enektpuyHoi eHeprii BinmHoBmoBanux JIE B KEEC Oynu mpoBesneni Ha jabopaTOpHOMY
crenai. OyHKIIOHAIBHA cXeMa JabopaTOpHOTO CTeHaa 300paxkeHa Ha puc. 5., ne: MC —
MOJIEJIb KUBIISUO1 cucTeMH; Ec — mxeperno cralbutizoBanoi Hanpyru (Mmoaentoe EPC xuBinsyoi
cucTteMu); Rc — MOJENIOE OMip EJNEeKTPOCHOKHBAYIB JKUBJIIAUOI CUCTEMHU; Rj — MOJEIIOE
€KBIBaJICHTHUI omip JlaHOK enekTponepenaui; MH — moznens HaBaHTakeHHs; Ry — MOJIEIIOE
omip enexkrpocnoxkuBauie KEEC; MBJIE — mozentoe BiZHOBIIIOBaHI JpKepena eneprii; Ji, Ja,
J3 — KepoBaHi Jxepena ctpymy (MonentoroTh rerepaitito enekrpoeneprii Big CEC, BEC, BI'E;
BAY — 60K aBTOMAaTHYHOrO yINpaBIiHHsA TeHepamicro enekrpoeneprii; K™, K™, K —
CKJIa/IOBI BEKTOpa ONTHUMAJIbHOTO YIPaBIiHHA; [y — CTpyM HaBaHTaxkeHHs; Uy — Hampyra Ha
IIMHAX eJeKTpOoCcnoXuBaviB; [, I, I3 — 3HaueHHs cTpyMiB [xepen Ji, J, J3; TIK —
MEePCOHAILHUMA KOMIT FOTED.
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PucyHok 4 — Maxket 6J10Ky aBTOMaTH4HOTO YIIPaBIIiHHS
reHepariieto enexrpoeneprii BignosmoBannx JE B KEEC
Licepeno: pospobaeno asmopamu

Jl51sa MoentoBaHHs TeHepallii akTUBHOI MOTY)KHOCTI YCTAaHOBKaMH 3 BiAHOBIIOBAHUMU

JE Oyn0 BUKOPHUCTaHO TPhOXKaHAJIBHE MPOTPAMOBAHE DKEpENo cTpymy. JlaHuil mpuctpiit
BUKOHAHO Ha OCHOBI MikpocxeMu Atmega 162, nudpo-ananorosux nepersoprosadis AD5446
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Ta omnepauidHux niacuwioBadiB ADS8510. 3HaueHHS CKIaJOBUX BEKTOpa YHpPAaBIiHHA
K&, K-, K. nepenarotses Bix BAY mo inTepdeiicy RS-232.
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PucyHok 5 — ®yHKUioHaNIbHA cXeMa J1ab0paTOPHOTO CTEHAY IS eKCIICPUMEHTAIBHOTO TOCHIPKEHHS
MikpokoHTposaeHoi CAY renepauiero enekrpoeneprii BinnosmoBanux JIE B KEEC
Loicepeno: pospobaeno agmopamu

3aranpHUil BUIIsA J1laboparopHoro creHay s jpociimkeHHs CAY  renepauiero
enekrpoeneprii BinnosmoBanux J{E 8 KEEC npuBenenwuii Ha puc. 6.

o ———

PucyHok 6 — 3aranbHuii BUIIISLA J1a00PAaTOPHOTO CTEHY JUIs eKCIIepUMEHTalIbHOro gociimkeHHs CAY 61oky
yIpaBJiHHS piBHeM rerepauii aktusHoi noryxuocti B KEEC 3 BJIE
Loicepeno: pospobaeno asmopamu
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PesynbpTatu nmpoBeneHUX €KCIEPUMEHTATbHUX JOCIIIKEeHb HaBeJeHl Ha puc. 7 — 9y
BUTJISII TpadikiB

P,., B.O.
1,00 5 ! :. ! ; ! ; ! ,=
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Pucynoxk 7 — I'pagik crioxxuBaHHS NOTYKHOCTI HAaBaHTa)KEHHS! CIIOXKHBAYiB €JIEKTPOCHEPTil
Licepeno: pospobaeno asmopamu
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Pucynox 8 — I'padix cymapHOi OTY>KHOCTI TeHepallii elxeKTpoeHeprii
yCTaHOBKam# 3 BijiHOBIOBaHUMH JIE
Lorcepeno: pospobneno asmopamu

AU, %
7.5

5

25

Pucynox 9 — I'padik BiIXMICHHS HAIPYTH HA IIWHAX €IEKTPOCIIOKUBAYL
Hoicepeno. pospobaeno asmopamu

Bbyno mnpoBeneHo o00poOKy [daHUX OTPUMaHUX B pPE3ydbTaTi KOMIT IOTEPHOTO

IMITaIifHOTO MOJENMIOBaHHS B poOoTi [11] Ta eKcmepuMEHTAJIBHOTO JOCIIHKCHHS.
PesynbraTu ctaTucTUYHOT 0OPOOKHM TaHUX HaBelIeHO B Ta0I. 1.
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Tabmuus 1 — Pesynbpraté cTtatucTHUHOI OOpOOKM pe3ysbTaTiB eKCHEPUMEHTATIbHUX
JIOCJIIJDKEHb Ta KOMIT FOTEPHOTO IMITAIITHOTO MOJICTTIOBaHHS

Cepennbo-
KBaJIpaTHYHE
BIOXUIEHHS,

e IIapaMeTd DeKUM MaremaTuaHe
i b PP Y ouiKyBaHHs, M

Pezynvmamu Komn’1omepnozo imimayiiino2o Mo0e106aHH

1. | [loTyXHiCTh HaBaHTaKEHHS CIIO’KUBAYIB

0,483 0,246
€JIEKTpOEHeprii, Py, B.O.
2. | HotyHicTh reHepariii BiJIHOBIIIOBAHUX 0.423 0.288
Jukeped, Ppjg, B.O.
3. | 3HaueHHs yCTAJI€HOr0 BIAXWJICHHS HaIIPyTIH, 0,093 1,955

AU, %

Pe3ynomamu ekcnepumenmaibHux 00Cai0HceH

4. | [ToTy>XHICTh HABAaHTAXXEHHS CIIOKHUBAYIB

0,483 0,255
€JIIEKTPOCHeprii, Py, B.O.
5. | IlotyxHIiCTh TeHeparlii BiTHOBIIOBAHUX 0.436 0.288
Jokepen, P, B.O. ’ ’
6. | 3HaueHHS yCTAJIEHOTO BIAXWJICHHS HANIPYTH, 0.097 1,947

AU, %

Hoicepeno: pospobneno agmopamu

Sk BUAHO 3 pe3yJbTaTiB CTATUCTUYHOI OOPOOKM JaHUX, [0 HaBeJeHI B Tadmwmii 1,
pO30ODKHICT MK  pe3yibTaTaMH  EKCHEPUMEHTAIBHUX  JIOCHIIKEHh Ta  JAaHUMH
KOMIT FOTEPHOTO iMiTaliiiHoro mopenmtoBanHs [11], 3Haxoautbess B miamasoHi 3-4%. lLle
CBIIYUTh TPO TMpalne3faTHiCTh po3pobieHoi MikpokoHTposnepHoi CAY  reHepaliero
enekrpoeHeprii BinHosmoBanumu JIE B KEEC.

BucnoBku. [IpoBeaeHi g10caipKeHHS T03BOJISIOTH 3p0OOUTH HACTYITHI BUCHOBKH:

1. Jns peamizamii ajaroputMy BHU3HAUEHHS BEKTOPAa ONTHUMAIBHOTO YIPABIIHHSA
renepariieto enekrpoeneprii BignonoBanux JIE B KEEC 3anponoHoBaHO CTPYKTYpHY CXeMy
MmikpokoHTposiepHoi CAY a Takox ii HNPUHIUIOBY CXEMY 3 BHKOPHCTAaHHSIM Cy4acHOi
€JIeMEHTHOT 0a3H.

2. Po3pobnenuii mabopaTopHUil CTEHH, Ui EKCHEPUMEHTAIBHOTO JOCIiIKEHHS
po6otu 3anporoHoBanoi CAY reHepali€lo eJIeKTpUYHOI eHeprii BimHoBmtoBanumu [IE B
KEEC, 103B0JMB BUKOHATH €KCIIEPUMEHTAIBHI TOCHIKeHHS MikporporiecopHoi CAY.

3. CumiBcTaBieHHS pe3yibTaTiB  NPOBEICHUX  CKCIIEPUMEHTIB 3  JaHUMH
KOMIT FOTEPHOTO 1MITallIfHOI'O MOJICIOBAHHS 3 HACTYNHOIO OOpOOKa CTaTHCTUYHUX JAaHHX
MoKasaja, 1o po301KHICTh MK HUMU cKianae MmeHie 4 %. Lle miarBeppkye npame3aaTHicTh
po3pobiienoi CAY reneparriero akTuBHOI moTyx)HocTi BigHoBmoBanux JIE B KEEC.

Criicok mitepatypu

1. AmHani3 BIUIMBY IpHUEIHAHHS BiJHOBIIOBAHHMX JDKEpEJ €JIEKTPOCHEpPrii Ha PiBHI HAIPyrd €IEKTPUYHUX
mepexx / O.B.Kupunenko, B.B.IlaBnoscekuii, JI. M. JIyk’stnenko, A. E.3ommep. Texuiuna
enexmpoounamira. Tem. eunyck « Cunoga enekmponixa ma enepeoegpekmusrnicmoy. 2011. 4. 2. C. 44-49.

2. [Ipobmemu iHTErparii BiIHOBIIOBAHMX [DKEPENl EINEKTPOCHEprii B «cialOKi» eIeKTpUYHI Mepexi /
O. B. Kupunenko, B. B. [laBnoscekuii, JI. M. JIlyk’sHenko, 1. B. Tpau. Texwiuna enexmpoounamika.
2012. Ne 3. C. 2526

3. Jlexntok I1. [1., Kymuk B. B., KoBanpuyk O. A. OnTuManbHe KepyBaHHS PO30CEPEIKCHUMH JKEepeIaMu
eHeprii B JOKaNbHIN eneKkTpuuHii cucreMi. Ilpayi Incmumymy enexkmpTexcmoounamiku HAH Ykpainu:
30ipHUK Haykosux npays. Cneyianvrutl eunyck. 2011, 4. 1. C. 48-55.
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Jlexwnrok I1. 1., Pybanenko O. €., 'yapko I. O. BrmiMB COHSYHMX €NEKTPUYHUX CTaHLId Ha HaIpyry
cnoxuBauiB 0,4 kB. Enepeemuxa: exonomixa, mexnonoeii, exonoeis: naykosuii xcypuan. 2015, Ne 3 (41).
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Overview of Control and Grid Synchronization for Distributed Power Generation Systems / F. Blaabjerg,
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Technical Implementation of the Automatic Control System of the Low-voltage

Distribution Network with Renewable Energy Sources

The purpose of the study is to develop a microprocessor-based automatic control system, the application
of which will provide the highest possible level of generation of active power to the units of RES, which are part
of the EEC, subject to the observance of the normally acceptable values of the established voltage deviation at
the point of connection of consumers to the electrical distribution network.

A block diagram of a microprocessor-based automatic control system for generating the active power of
renewable energy sources operating within a combined power system using a modern element base has been
developed. Structural and schematic diagrams of the microprocessor-based automatic control system were
developed, based on an algorithm for determining the optimal control vector based on the solutions of the
multicriteria optimization problem. The developed laboratory stand for the experimental study of the quality of
work of the automatic control system of generation of active power of renewable energy sources working in the
combined electric power system allowed to perform the experimental researches of the microprocessor automatic
control system. Experimental studies were conducted to test the performance of the developed microprocessor-
based system for automatic control of the level of active power generation, as well as to determine its efficiency.

Comparison of the results of the experimental studies with the data of computer simulation and the
results of statistical data showed the correctness of the theoretical studies and the efficiency of the developed
system of automatic control of the generation of active power of renewable energy sources operating in the
combined electricity system.
renewable energy sources, automatic control system
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TexHonoriuni cxemMu (POPMOYTBOPEHHS 32 YMOB
PO3MIPHOT 0OPOOKH E€JICKTPUYHOIO YT OO

[ligBumeHHsT e(eKTUBHOCTI CYyCHIIHPHOTO BHPOOHHMITBA IIOB’S3aHO, IEPII 3a BCE, 3 PO3BHTKOM
MaIIMHOOY/yBaHHSI Ta IIMPOKHM BIPOB3/DKCHHSIM y BHUPOOHHIITBO HPOTPECHBHUX TEXHOJOTiH. OCHOBOIO
MaIMHOOY/yBaHHS € METaI000po0Ka, sika MpeICTaBIeHa Pi3HOMAHITHUMHU TPAAULIIHHUMU CIIOCOO0aMK 00pOOKH
METaJiB Pi3aHHSIM, THCKOM Ta JIUTTSM, a TAKOX eIEeKTPO]I3NIHUMH Ta €JIEKTPOXIMIYHUMHU criocobamu 00poOKH.
B BUpOOHMITBI 1 BUTOTOBJICHHS BAXXKOHABAHTAXKEHUX Ta BIINOBINAIBHUX JeTalell Bce 4YacTilue
3aCTOCOBYIOTh Martepiany, IO BaKKO MiJiaroThesi oOpoOmi pizaHHsM. Taki jmeTani 3a3BUyYail BUTOTOBJIAIOTH
estekTpodiznyHIMH MeToiaMu 00poOKH. OJTHUM i3 IPOrPECHBHUX CIOCO0IB e1eKTpodi3nIHOT 00pOOKH MeTalliB,
mo 3abe3nedye IMUPOKI TEXHOJOTIYHI MOXKIMBOCTI, € eleKTpoepo3iiiHa 00poOKa, 30KpemMa crocid po3MipHOi
00pOOKH eJIEKTPUIHOO OyTrof0. Pearizaliiss KOHKPETHUX TEXHOJIOTIH PO3MipHOi 00pOOKH EIEKTPUYHOIO AYTOIO0 Ta
po3poOKa BIAMOBITHUX TEXHOJOTIYHUX CXeM (OPMOYTBOPEHHS BHUMAara€ iHAWBIAyadbHUX WIiAXOIIB Ta
3aCTOCYBaHHS HaWpPi3HOMAHITHIIINX TeXHOJOriuHuX mnpuiiomiB. lle morpebye ynidikamii umx npuitomiB Ta
po3poOKM  BigmoOBiZHMX pekoMeHpamiii. Ha migcraBi aHamizy 1 y3arajgbHEHb TEOPETHYHHX  Ta
eKCIIePUMEHTANBHUX JOCIIKEHb 1 MPAaKTUIHOI peaiizarii mpomecy po3MipHOi 00poOKH €IeKTPUIHOI0 TYTOI0
BUKJIQJICHO TEXHOJIOTIYHI NPUHOMH Yy BHUIJISIAI IpaBWil peajizauii mponecy. PesynbTaté mHpakTHYHOTO
BUKOPHCTAHHS TEXHOJIOTIi, BEPCTATIB 1 CIEKTPOCPO3IMHUX TOJIOBOK, IO PEai3yloTh CIOci0 po3MipHOi 00poOKU
€JIEKTPUYHOIO JYTOI0, 3TiJJHO BUKJIAJEHOTO, MiITBEP/UKYIOTh BKa3aHi paHille IepeBard CrocoOy HOpIBHSHO 3
BIIOMMMH, TpPaAMLIMHUMH CHOCOOaMHM  €JIEeKTpPOepo3iiHOI O0OpOOKH, 3aCHOBAaHMMHM Ha BHKOPUCTaHHI
HecTalliOHapHUX eJIEKTPUYHUX PO3PSIIB, @ caMe: IIPH 3aJaHil SKOCTi 00pOOKH MPOILyKTUBHICTE criocody B 5...10
pa3iB i Oijplie TEpeBUIIyE MPOAYKTHBHICTh BIIOMHUX CIIOCO0IB, NMPHUOIHM3HO BIBIYI 3MEHINYETHCS MHTOMA
BUTpaTa EJIEKTPOCHEPrii, 3HAYHO MEHIIA BAapTICThb JPKEPeT JKUBJICHHS TEXHOJOTIYHMM CTPYMOM, a TaKOXK
3a0e3MedyIoThCs IMUPOKI MOXKIIMBOCTI peanizamii mpomecy 3a paxyHOK PI3HOMAHITHHX TEXHOJOTIYHHX CXeM
(hopMoyTBOpEHHS K MPO(LILOBAHIM, TaK 1 HENPO(DIIHLOBAHUM €IEKTPOAOM, MOYMHAIOYH B/l TPAAUIIHHUX 1 ax
JI0 TOTO, IO 3aIpPOIIOHOBAaHHUK HpOIeC MOXKe OyTH e(eKTHBHO BHKOPHCTAHUM Ha OyAb-SKHX METaJopi3albHUX
BepcTaTax 0e3 BTpaTH OCTaHHIMH iX OCHOBHUX (DyHKIIIH.
eJIeKTPUYHA Iyra, eJeKTPoiCKpoBa 00po0Ka, eleKTPOiMIyJbCHA 00pO0Ka, eleKTPOpo3psiIHa 00podKa,
po3MipHa 00po0Ka eTeKTPHUYHOIO TyT0I0

B.W. Hocyaenko, npod., 1-p texs. Hayk, B.H. IlImenes, no1r., kaua. TexH. Hayk, A.C. ['ooBaHbIY, acrl.
IenmpanvrHoykpaunckuii HAYUOHANLHBIN MeXHUYecKuli ynusepcumem, 2. Kponusnuyxuii, Yxpauna

TexHnonornyeckue cxembl (popmMooGpa3oBaHHsi B YCJIOBHUSX pa3MepHoii 00padoTka

JJIEKTPUYECKOM Ayroit

[NoBbleHne 3GEKTHBHOCTH OOIIECTBEHHOTO MPOM3BOJCTBA CBS3aHO, IPEXKIE BCEro, C Pa3BUTHEM
MAIIMHOCTPOGHUS M IIUPOKUM BHEAPEHHEM B MPOHU3BOJCTBO IPOIPECCUBHBIX TexHosoruil. OcHoBoOMH
MalIMHOCTPOCHMS SIBISIETCS METauloo0paboTKa, KOTOpas MpPEACTaBICHA pAa3IMYHBIMU TPaJAULHOHHBIMU
criocobamu 00pa0OTKM METaJUIOB pE3aHHEM, JaBICHHEM M JIMTBEM, a TakXkKe OJIIEKTPO(YU3NUECKHMHU U
NEKTPOXMUMHUECKUMHU criocobaMu 00paboTKH. B mpom3BopcTBe Ui W3TOTOBICHMS TSDKEIOHATPYKEHHBIX U
OTBETCTBEHHBIX A€Taleil Bce yallle NPUMEHAIOT MaTepHabl TPYHO Hoajatomuecs oopadorke pesanueM. Takue
JeTany OOBIYHO WM3TOTABIHMBAIOT JIEKTPOPUIUIESCKAMH MeTomamMu o0paboTku. OmHUM W3 TPOTPECCHBHBIX
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croco00B 3eKTpodu3nyecKoil 00padOTKU METAIIIOB, 00ECIICUMBACT ITUPOKHE TEXHOJOTHUECKUE BO3MOXKHOCTH,
SIBIISICTCS 3JICKTPOIPO3UOHHAS 00pa0bOTKa, B YACTHOCTH CIIOCOO pa3MEpHO# 00pabOTKH 3JIEKTPUYCCKON HyTroil.
Peanu3aiuss KOHKPETHBIX TEXHOJIOTHH pa3sMepHON 00pabOTKH 3JCKTPUYECKOH Jyroil u paspaboTka
COOTBETCTBYIOIMX TEXHOJIOTHYECKUX cXeM (opMooOpa3oBaHus TpeOyeT HHAWBHAYAJIbHBIX MOAXOIOB U
NPUMEHEHHST CAMBIX TEXHOJOTHYECKUX MPUEMOB. DTO TpeOyeT yHH(UKALMH 3THUX MPUEMOB M Pa3pabOTKH
COOTBETCTBYIOIMX  pekoMeHaauuil. Ha ocHoBaHmM aHanum3za W O0OOIICHHI  TEOPETHYECKHX U
IKCMEPUMEHTANIBHBIX ~HCCIICJOBAHUI M MNPAKTHYECKOW peanu3alud m[polecca pa3MepHoil  00paboTku
ANEKTPUYECKON Iyroil U3JI0)KEHbI TEXHOJIOTHYECKUE IPUEMbI B BUJIC TIPABHJI pean3aliu npoiecca. Pe3ynbraTsl
MPAKTHYECKOTO UCIIOJIb30BAHHS TEXHOJOTUH, CTAHKOB U IICKTPOIPO3MOHHBIX TOJIOBOK, PEATU3YIOIIUX CHOCO0
pa3mepHoii 00pabOTKH AEKTPUUECKON IYTroi, COrjacHO HM3JI0KEHHOTO, MOATBEPKIAIONIMX YKa3aHHbIE paHee
nperMyIecTBa crnocoba M0 CPaBHEHHIO C HM3BECTHBIMH, TPAJUIMOHHBIMU CHOCOOaMH 3JEKTPO3PO3UOHHOM
00paboTKM, OCHOBAaHHBIMHM Ha HMCIOJIb30BAHWM HECTALIMOHAPHBIX 3JIEKTPUYECKUX PpaspsloB, a MUMEHHO: IpH
3aJJaHHOM KadecTBe O0OpabOTKM IPOM3BOAUTENbHOCTh crocoba B 5..10 pa3 wu Oosee mnpeBblmaeT
MMPOU3BOAUTCIIbHOCTDH HU3BECTHBIX CHOCO6OB, IIPUMEPHO BJIBOC YMCHbIIACTCA y[leﬂbHI)Iﬁ pacxon
JJIEKTPOIHEPTUH, 3HAUUTEIBHO MEHbBIIAS CTOUMOCTh UCTOYHUKOB MMUTAHUSI TEXHOJOTMYECKUM TOKOM, a TaKKe
00€CIIeYNBAIOTCS MIMPOKHE BOSMOXKHOCTH PEANTH3alMU MPOLEcca 3a CYET Pa3INYHBIX TEXHOJOTHYECKHUX CXEM
(dhopmoobOpazoBanus Kak MPOPUIMPOBAHHBIM, TaK W HENPO(GUIMPOBAHHBIE JJIEKTPOJOM, HAYUHAS OT
TPAAMIMOHHBIX U JI0 TOTO, YTO MPEIJIOKEHHBIH MPOIEcC MOXKET ObITh 3()(HEKTUBHO HCHONB30BAH HA JIFOOBIX
METAIIOPEKYIMX CTAHKAX 0€3 MOTePH MOCICAHUMH UX OCHOBHBIX (DYyHKIIHL.

3JIeKTpuYecKast ayra, 3JIEKTPOUCKPOBO 00paboTKu, 3JIEKTPOUMITYJIbCHAS o0padoTka,
3J1eKTPOPa3psAIHbIMH 00padoTKa, pasMepHas 00padoTKa JJIEKTPHYECKO yroii

IMoctanoBka mnpodiaemu. IligBumeHHss €PEKTHBHOCTI CYCHUIBHOTO BHPOOHHIITBA
IIOB’53aHO, TEPII 32 BCE, 3 PO3BUTKOM MAaIIMHOOYAYBaHHS Ta IIMPOKHM BIIPOBA/DKECHHIM Y
BUPOOHHUIITBO MPOTPECUBHUX TEXHOJIOTiH. OCHOBOIO MAaIIMHOOYAyBaHHS € MeTaioo0poOKa,
sKa TpeJCTaBJIeHa PI3HOMAHITHUMH TPAAUIIHHUMH criocoO0aMu 0OpOOKH MeTalliB pi3aHHAM,
THUCKOM Ta JIUTTSM, a TaKOXX MEPCIEKTUBHUMH, aje TOPIBHAHO M0 BUBYCHHUMH 1 TaKUMH,
10 MalOTh OOMEKEHE NMPAKTHYHE 3aCTOCYBaHHS PI3HOMAHITHUMM TPOLECAMHU TaK 3BAHOI
€JIEKTPOTEXHOJIOTIT (€1eKTPO(I3MIHUMHE Ta ETEKTPOXIMIYHUMH criocobamu 00podkw) [1,2,3].

B BUpOOHMITBI 1711 BUTOTOBJICHHS BA)KKOHABAHTAXKCHUX Ta BiAMOBINANBHUX JETaleH
BCE 4YACTIllIe 3aCTOCOBYIOTH MaTepiajid, M0 BaXKO MiIIalThbes o0poOmi pizaHHsAM. Taki
JeTalli 3a3BUYail BUTOTOBJISIOTH eNeKTpo(i3uyHuMH MeTogamMu 00poOku. OTHUM 13 CcrIoco0iB
enekTpoi3nyHOoi 0OpOOKM MeTaniB, IO 3a0e3nedye MIMPOKI TEXHOJOTIUHI MOKIHMBOCTI, €
TpaAMLiiiHa eJeKTpoepo3iiiHa 0O0poOKa 3 BHUKOPHCTAHHSM HECTAI[lOHAPHHUX EJIEKTPUYHUX
pospsniB (EEO) (enexkTpoickpoBa, eIeKTpoiMITysibcHa 00poOka) [4], mpoTe BOHA 3HAXOAUTH
oOMeXeHe NpaKTHYHE 3acTOCYBaHHS, OCKUIBKM He 3a0e3nedyye JIOCTaTHBO BHCOKOI
NPOAYKTUBHOCTI. B 1bOMy 3B'SI3Ky NEBHHI NMPaKTHYHUI 1HTEpeC SBIsiE crocid po3mipHOi
00pobku enekrpuuHoro nyroto (POJ) [5], mo oTpuMaB NOMITHE MPAKTUYHE 3aCTOCYBaHHSA 1
BUMArae 1mojiajbIioro yI0CKOHAJICHHS Ta PO3MIMPEHHS TEXHOJIOTTYHUX MOKIIMBOCTEH.

AHali3 oOCTaHHIX fgocaimxkeHb 1 myOaikamiid. BuroTtoBineHHs naeraneil 3
BaXKOOOPOOIIIOBAaHMX MaTepiaiiB 31 CKIagHUM mpodiseM 3a3Bu4ail BUKOHYIOTH METOIAAMHU
tpaguuiiiHoi EEO 3 BUKOpUCTaHHSAM HECTAalllOHAPHUX EJIEKTPUYHUX po3psaliB. s Takux
METOAIB OOpOOKH TpH KOMIIOBAJILHO-NPOIIMBHUX omepaliii enekrpoa-inctpyment (EI)
BUTOTOBJISIFOTH 3a3BHYai 3 MiJli, 0 Ipu 00poOILi BaKKOOOPOOIIOBAHUX MaTepialliB BOJOIIE
MOPIBHSAHO HHU3bKOK cTidikicTio [6]. Taki EI BUroTOBISIOTH METOJAaMU BHpPI3aHHS,
HEOOX1THOTO KOHTYpPY, €NeKTPOJ-APOTUHOI 3 HEOOXITHOK TOYHICTIO, IO MPU3BOAUTH 0
nigBuIIeHHs BapTocTi Takux El [7] 1, Sk HAacHiAOK, MiABUILEHHS COOIBAPTOCTI BUTOTOBICHHS
BUpoOiB. [y migBumenHs ctiiikocti EI BUTOTOBISAIOTH 3 KOMIO3UITIHHUX MaTepiamB [8] Ta
ncepnocmiaBiB [9], ToOTO, 3 MarepiadiB pPi3HMX 3a CBOIMH BJIACTUBOCTSAMH METOAAMHU
MOPOIIKOBOT MeTamyprii cmikaioTh EI HeoOXimHOi dopmu 1 po3mipiB. BurorosieHi 3 Takux
matepianiB EI xoya 1 MaioTh BUILy CTiHKICTh MOpiBHAHO 3 MigHuMH El, nmporte cobiBapTicTh
BUTOTOBJICHHS TakuX El 3HauHO 3pocTae.

IIpu 06pobui cmocobom POJl B skocti Matepiany uist BUroroBieHHs EI
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BUKOPUCTOBYIOTh, 3a3BHYal, eJlekTpoeposiinuii rpadik mapok MIII-7, MIII'-8, skuit mae
MOPIBHSHO HU3bKY BapTICTh 1 JIETKO MIIAE€THCS OOpOOIl pi3aHHAM, IO JO3BOJISE 3HU3UTH
co0IBapTICTh BUTOTOBIICHHS JI€TaJCH.

IlocTanoBka 3aBaanHsi. [Ipu 3a0e3neueHHI OCHOBHOI YMOBH peajiizarlii Mmporecy
PO/l, sixa momnsirae B ToMy, 110 00poOKa 3A1HCHIOETHCS €IEKTPUYHOIO AYTOK0 B MOMEPEUHOMY
nmoToll cepefoBuia-aienekrpuka [10] mpu aUHAMIYHOMY THCKY OCTAHHBOTO HE MEHIIE
1...2x[1a, PO/, sx i Bimomi cnocobu tpanuniiini EEO 3 BHUKOpHCTaHHSAM HecTalliOHapHUX
CJICKTPUYHUX  PO3PAAIB, JO3BOJSIE  3AIMCHUTH Maiyke BCl  TEXHOJIOTIYHI  CXEMH
(GopMOYTBOpEHHS, XapakTepHi A OoOpoOKM MeTajiB pizaHHAM (Tak 3BaHa O0OpoOKa
HEenpoQ1IbOBAaHUM E€JIEKTPOJIOM ).

Peanizanis koHkpeTHux TexHonorii POJ] Ta po3poOka BiMOBIIHUX TEXHOJOTTYHUX
cxeM  (OpMOYTBOpPEHHSI  BUMAara€ IHAMBIAyAIbHMX  IMAXOAIB Ta  3aCTOCYBAaHHS
HaMpI3HOMAHITHIIINX TEXHOJOT1YyHUX npuiomiB. Lle morpelye yHidikamii [ux npuiomis Ta
po3po0OKHM BIAMOBIMHUX peKoMeHamiin. Ha mijacTaBi aHamizy 1 y3arajabHEHb TEOPETHUYHHUX Ta
eKCIIEPUMEHTAIbHUX JOCIIKEHb 1 IpakThuyHOi peanizauii mpouecy POJl Bukiagemo 1i
TEXHOJIOT14HI MPUHOMH Yy BUTJISAL MpaBuil peatizanii nporecy POJI abo, mo te x, ane 3rigHo
J110401 TEPMIHOJIOTI, Y BUTJISAAL ITeperiKy Ta onucy crnoco6iB PO/I.

Bukiaan ocHoBHoro marepiaay. Criocid6 PO/I, 3rimHo sikoro moTik po6oyoi piauHu
HiABOJATH JI0 NMEepPeaHbO1 (HOPMOYTBOPIOIOYOT MOBEpXHi enekTpoaa 1 (puc. 1), a BinBOASTH BifJ
3aIHbOT POOOYOi TOBEpPXHI EJIEKTPOJa, MO0 MPWISITae JO0 MEHII YHUCTOI 32 yMOBaMU
BUTOTOBJICHHS TTOBEPXHI 3aroTOBKM a00 B CTOPOHY NPHUIYCKY Ha IOAajbIly OOpOOKY,
HAITyCKy YH BiJIXOMY.

e

T~ \ 3
6 2
Pucynox 1 — CtpykTypa enekTpu4HOi JyrH B Pucynok 2 — Cxema peanbHOro mpouecy
MOTIEpEeYHOMY ITOTOLI PIMHU
Hoicepeno: pospobneno agmopamu Hoicepeno: pospobneno agmopamu

Pimuny monmaroTh MOMIDXK €NeKTpoaoM | 1 3aroTOBKOK 2 TPUMYCOBO MOTOKOM B
HAaIpsIMKY, 110 CYTi, ONIEPEYHOMY JI0 OCi CTOBIIA €IEKTPUYHOI TyTH 3.

[Ipu upoMy B yMOBax peasibHOTO mpoiiecy (puc. 2) Ha enekTpoai 1 Tpeba po3pizHATH
TakKi €JIEMEHTH: TepeAHs NoBepxHs 4, mepenHs (OpPMOYTBOPIOOYA TOBEPXHS S5, TOpIeBa
poboua moBepxHs 6, 3aaHA poOoya moBepxHs 7 1 3aaHs moBepxHs 8. B micusax meperuHy
NepeaHbO1 1 TOPIIEBOI MOBEPXHI €IEKTPO/Ia pO3TalIOBaHa epeaHs (OpMOYTBOPIOIOYA KPOMKA
9, a B MicLIsIX IEpETHHY 33/IHBOI 1 TOPIIEBOI MOBEPXOHB — 3aHsI poboyda KkpoMka 10.

Take TexHiYHE pIOICHHS JO3BOJISIE ONTHMAIBHO BUKOPUCTATH CTalllOHAPHY
CJIEKTPUYHY OYTy B HONEPEYHOMY IOTOLI PIAMHM K DKEPENIo Teua i PO3MipHOI
00poOKHM MeTalliB, OCKIJIbKM TaKa Ayra Ma€ HECUMETPUUYHY €HEPreTUUHYy CTPYKTYpY, a came,

BJIACTMBOCTI Kpallli, HDK 3 3aJHbOI CTOPOHH, N MOTIK 3anuimae eiaexktpod. Jlo Toro x B
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HaNpsIMKY HOTOKY, L0 PYXa€ThCs, SKICTh 00pOOJIEHOI MOBEPXHI MOTIPIIYEThCS LIE U 4epes
MPOIYKTH €po3ii, Kl pyXaroThCs Pa30M 3 IIOTOKOM.

OTxe, nyra 31 CTOpOHM MOTOKY, 10 Habirae Ha Hel, GpopMmye sSKiCHY KpoMKy 14 i
SAKICHO 00po0seHy moBepxHIo 11, B TO# 4ac K 31 CTOPOHU 33JIHBOI MTOBEPXHI €IEeKTpoa, Je
HOTIK 3aJIMILIAE €JIEKTPOJI, POPMYEThCS MEHIN sIKicHa oBepxHs 12. TakuM 4MHOM, KOJIU TOTIK
po6o4oi piAMHKM TABOAATH A0 (POPMOYTBOPIOIOYOI TMOBEPXHI S5 e€NeKTpojaa, TO caMe TYT
dopmyeTbes sikicHa KpoMmka 14, a Haganmi 1 sikicHa moBepxHsa 11, B Toil 4ac sk 31 CTOpOHHU
3aJIHBOI MOBEpXHI 8 enekTpoaa GopMyeThCs MEHIN sKicHa moBepxHs 12. Bimznauummo, 1o
AKicTb 00po6seHoi moBepxHi 11 mpu 1bOMY HE MOCTYNAETHCS JOCATHYTIN MPU TpaguIiHUX
croco0ax eJIeKTpoepo3iiHoT 00poOKH.

Crnoci6 POJI, 3rigHO £KOro [UIs MiJBUIIEHHS $KOCTI OOpOOJEHOI MOBEpXHI,
3MEHIIICHHS PO30pHU3KyBaHHS Po0O0OYOi PIAMHM, TACiHHS CBITJIOBHX 1 3BYKOBUX €(EKTIB Ha
3aHI0 poOouy moBepxHI0 7 enekrpoja 1 (puc. 3) momarOTh MOAATKOBHN MOTIK poOOYOi
pIIMHYU, TIO CYTI, NEPHEHANKYJISIPHO JO OCHOBHOTO MOTOKY B aKClaJIbHOMY (TapajeilbHOMY
MO3JIOBXKHIN OC1 €JeKTpo/ia) 1 TaHTeHI[IaIbHOMY (I10 TOTUYHIH 10 G14HOT MOBEPXHI eNeKTpoaa
3 KPYIJuM IIONEPEYHHM Tepepi3oM) HampsiMKax, a0o X B 3yCTPIYHOMY HAMpPsIMKY 10
OCHOBHOTo NoTOKy. Lle mo3Bosisie joKami3yBaTd 30HY OOpPOOKHM 3a PaxyHOK i1 3aTOIJICHHS
poO0YOI0 PIIMHOIO, B 3B 53Ky 3 UMM TaKWW JOJATKOBHM MOTIK poOOYOi piIMHU HA3UBAIOTh
IOTOKOM 3aToIuieHHs. HampsiMOK 107aTKOBOIO IOTOKY pPIJIMHM BU3HAYAETHCS BUMOTAMHU
peaiizaiii KOHKpETHOT TEXHOJIOTIYHOT CXeMH (POPMOYTBOPEHHS.

Pucynox 3 — Cxema mporiecy 3 JOJAaTKOBUM IMIOTOKOM  PucyHok 4 — CxeMa mporiecy IpH BiIBEICHHI PiIuHH
3aTOIUICHHS 4epes3 CoIuio
Loicepeno. pospobaeno asmopamu Howcepeno: pospobaeno agmopamu

Croci6 PO/JI, 3rimHO SKOTO €(eKT 30epeeHHS IBHIKOCTI TOTOKY PIAWHH, IO
3aJMIIa€ eJIeKTPOJ 31 CTOPOHH Horo 3aaHpoi poOovoi moBepxHi 7 enekrponxa 1, a oTxe i
3a0e3nedeHHs] BUCOKOI SIKOCTI 00p00IeHOT MOBEPXHI TOCATAIOTH 32 PaXyHOK TOTO, IO MOTIK
pobouoi pimuHu GopmyroTh mpu ii BigBoxi uepe3 comio 15 (puc. 4) abo UINIHMHY TiIBKA
BCMOKTYBaHHSIM, TUIbKHA HAarHiTaHHAM a00 ) KOMOiHAIi€l0 HarHITaHHS 1 BCMOKTyBaHs. Take
TEXHIUYHE pilleHHs 3abe3meuye He TIIbKU sAKICHE (OPMOYTBOPEHHS TMOBEPXHI, IO
00poOmsiEThCs, aje i A03BOJIIE ONTHMI3yBaTH BUTpaTy pobouoi pimuau. IIpu mpomy BHOIp
BapiaHTy (opMyBaHHS OTOKY poO0YO0i piAUHU (TUIBKH BCMOKTYBaHHSIM, TUIKH HaTrHITAaHHSIM
abo X KOMOiHAIi€l0 HArHITAaHHA Ta BCMOKTYBaHHs) IOBHICTIO BH3HAYAETHCS BUMOTAMHU
peatizallii KOHKpPEeTHOI TEXHOJOTIYHOI cXeMH (pOpMOyTBOpPEHHS.

Croci6 PO/, 3rigHO sIKOTO JUIsl JIOKaJi3amii 30HM OOpOOKH 3 METO IiJABHINCHHS
AKOCTI 00poOIeHOT MOBEPXHIi, 3MEHIICHHS PO30pU3KyBaHHSI POOOYOi PIIMHU Ta 3MEHILIECHHS
CBITJIOBHX 1 3ByKOBUX €()€KTiB 31 CTOPOHU 3aJIHROT poO0u0i moBepxHi 7 enektpoaa 1 (puc. 5)
CTBOPIOIOTH T1JIPaBIIUYHUN OMIp PO3TIKAHHIO PIIMHU y BUIVIAMI YUIUIbHEHHS 16, ske
npukpimieHe 1o crinku 17. [Ipu oMy B 30HY 00poOKHM MOAa€eThCs OLIbIIa KiIMBKICTD PiIMHH,
HIXK 1716 Ha BUIBHUMN 37MB Mif yiliabHeHHs 16. Sk HacmioK, iHIlIa YacTUHA PIAMHU 3aTOILIIOE
pobody 30HY 0OpOOKH, CTBOPIOIOYM BaHHY 1 3JIMBAETHCS, HAMPHUKIAA, Yepe3 CTiHKy 17 abo
KOHTPOJIbHHI OTBIp B Hil.
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Crnoci6 PO/, 3rizHo sSIKOro AJIsl MOKpAIeHHs IKOCTI 00po0eHoi MOBEpXHi 31 CTOPOHU
3aIHBO1 MOBepXHI 7 enektpoaa 1 (puc. 6), TOCTaTHHO 30€perTH MIBUIKICTH MOTOKY poO0UO0i
piauHM, 110 3aJUIIaE eIeKTpoA. s boro 31 CTOPOHM 3a1HBOI POOOUOi MOBEPXHI 7 eNeKTpoaa
BCTaHOBJIIOIOTh JOJATKOBI elleMeHTH 18, Hampukiaa, oaHy Hakiaaaky (auB. puc. 6) abo aBi
Haknagku (puc. 7). HomatkoBi enemeHtd 18 (opMyroTh UIIMHY A BiABEACHHS POOOYOT
piIvMHH, BHUCOTY SIKOI MPUHAMAIOTH PIBHOIO, a00 Jemo OLTBIIO BHUCOTH MIKEIEKTPOIHOTO
3a30py.

Pucynok 5 — Cxema nporecy npu 3aTorieHHi 30HHA Pucynoxk 6 — Cxema nporiecy rnpu 3acTocyBaHHI
00poOKku JI0JJaTKOBOT'O €JIEMEHTa
Loicepeno: pospobaeno asmopamu Hoicepeno: po3pobaeno agmopamu

Pucynoxk 7 — Cxema npoliecy Ipu 3acToCyBaHHI Pucynoxk 8 — Cxema npouiecy rnpu Tedi piuHu
JIBOX JIOaTKOBUX €JIEMEHTIB B 3BYKYIOUY LIUTHHY
Loicepeno: pospobaeno asmopamu Hoicepeno: po3pobaeno agmopamu

Croci6 PO/I, xonu BpaxoBYyIOTh, 10 IKICTh 00OpOOJIEHOI TOBEPXHI B YMOBaX JaHOTO
croco0y BHU3HAYAETHCS, IMEPII 3a BCE, XapaKTepPOM B3a€MOJii Jyrd 3 TOTOKOM poOOYOi
pinuau. Tomy, ¢GopMyrOYM MOTIK BIAMOBITHUX XapaKTEPUCTUK, 30KpeMa 3a0e3ledyroun
OUTBII PIBHOMIPHY Tedy poOOYOi piAMHU B MDKEJIEKTPOIHOMY 3a30pi, MOXHA MOKPALIUTH
AKICTb 00p00JIeHOT OBEPXHI. 3 LI€I0 METOI0 MOTIK poOouoi piiuHU (HOPMYIOTH MpH ii Teui B
3BYXKYIOUY HIUIMHY, IO YTBOPIOETHCS OOpPOOIOBAHOI MOBEPXHEIO 3aroTOBKU 2 (puc. &) i
HaXMJICHOIO TOPLIEBOIO HEPOOOUOI0 MOBepXHElo 19 enekrpona 1, sIKy TOLIIBHO pO3TallyBaTH
mig kyrom a=70...85°. IIpu oMy mOpCTKiCTh 00pOOIICHOT MOBEPXHI 3MEHITYETHCS HA OJTUH-
JIBa KBaJITETH NPH IHIIMX PIBHUX yMOBaxX TMOPIBHAHO 3 TEXHOJOTIYHUMHU CXeMaMu
(OopMOYTBOPEHHS 3 TNIOCKOIO TOPIIEBOIO TIOBEPXHEIO.

Crnoci6 PO/I, 3rigHO SKOTO IJis TPOIIMBAHHS HACKPI3HUX IIUIMH B TOHKHX JIMCTOBHUX
3aroTOBKaX 3aCTOCOBYIOTHh €JIEKTPOA 1 31 CKOIIEHOI0 HAXWJIEHOIO ab0 BUTHYTOIO TOPLEBOIO
pob6ouoro moBepxHero 20 (puc. 9). Ilicns 3armubneHHs B 3arOTOBKY 2 TOCTPOIO KPOMKOIO
eslekTpoga 1 1 Horo mojanblIOMy pyci JOHHM3Y AOBXKHHA TPacu NpOKadyBaHHS poOOYOi
pIIMHU Yepe3 MDKEJIEKTPOJIHHUM 3a30p 3aJIUIIAETHCS MTPUOJIM3HO OJTHAKOBOIO 1 € HEBEIHUKOIO.
ITing o6pobiroBaHUM OTBOpPOM THependadaroTh MOpokHUHY 21 3 pobouoro pinuuor. Ckic
TOPIIEBOI pOOOYOi MOBEPXHI MOXKE OyTH K OJHOOIYHUM (IUB. puc. 9), Tak i [BOOIYHUM (puC.
10), a kyT B (muB. puc. 9) enekrpoaa 1 Mo)ke KOJMBATUCH B IMIMPOKUX MEXaX, B CEPEIHbOMY
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60°; xpim Toro TopueBa poboua mosepxHs 20 enekrpoga 1 mMoxe OyTH BUTHYyTa B Pi3HHX
BapiaHTax — 1 BCe 1e, B KIHIIEBOMY ITiICYMKY, BU3HAYA€THCSI BAMOTAMH peatizailii KOHKPETHO1
TEXHOJIOTTYHOI cXeMHU (hOPMOYTBOPECHHS.

Croci6 PO/I, 3rigHo sikoro s 3a0e3nedyeHHs SKOCTI HUKHbOT KPOMKH HACKPI3HOTO
OTBOpY, 00pOOKY 3MIMCHIOIOTH HA METAJIECBIN UM ryMoOBid miakiaaami 22 (aus. puc. 10), sxoro,
30KpeMa, Moke OyTH OJlHa 3 TONEPEeIHbO MPOIIUTHX 3arOTOBOK, 3BUYAIHO MepIa, sKa CTae,
TaKUM YMHOM, JOBTOTPHBAJIUM OCHAICHHSM JISl IPOIIMBAHHS IHIIUX 3arOTOBOK.

2

20 ==aoo 21

Pucynok 9 — Cxema nponecy 00poOKHu By3bKOi Pucynok 10 — Cxema mporiecy o6poOku mpu
IIUTHHA HAABHOCTI MIAKIAIKN
Loicepeno: pospobneno asmopamu Horcepeno.: pospobneno asmopamu

Croci6 PO/, 3rifmHo sIKOTO Uil MiABHMILIEHHSA MPOAYKTUBHOCTI Ta SIKOCTI 00pobieHol
MOBEPXHI MPU HACKPI3HOMY MPOIIWBAaHHI IiJI OTBOPOM, SIKHA OTPUMYIOTh, INepeadadarTh
nopoxkHuHy 21, sKy 3’€AHyr0Th 31 3muBoM (puc. 11), a B TOJOBHINM 3JIMBHIA MaricTpaii
CTBOPIOIOTHh JOJIATKOBHM T1APaBIIYHUN OIIp, T. 3. MPOTUTUCK, HAMPUKIAJ, 32 JOMOMOTOI0
KpaHa (Ha cxeMi YMOBHO HE I0Ka3aHO). BennunHa npoTUTUCKY, SIKa 3BUUAHO KOJIMBAETHCS B
Mexax 1..10aTM, MOBHICTIO BH3HAYAETHCS yMOBAMHU peaiizaiii KOHKPETHOI TE€XHOJOTI4HOT
cxeMu (OpMOYTBOPEHHS.

1

|
!

Pucynox 11 — Cxema mporiecy o0poOKH MiAKIAAKH 3 Pucynok 12 — Cxema mporiecy mpH ImiJBUIIEHIX
MIPUTUCKOM Hampy3i i cTpymy
Locepeno: pospobneno asmopamu Howcepeno: pospobneno asmopamu

Croci6 PO/I, konu OyBae moTpiOHO BUIAIUTH MIABMIIECHUNA NPUIYCK (HAIyck) abo
BiJXiJ. B 1IbOMy BHIIAJIKy NMPOCTUM 32 BUKOPHUCTaHHSM, NMPOAYKTUBHUM Ta €KOHOMIYHUM B
CHEPreTUYHOMY BiJIHOLICHHI, OCKUIbKM DPYHHYBaHHS MeETaly 3IIHCHIOETBCS 3a pPaxyHOK
JIOKaJBHOTO TUIABJICHHS BUIOBXKECHOIO IYTOl0, € 30UIBIICHHS TUIBKA HANpPyTH IyTd 10
U =35...70B, tinbku ctpymy ayru no [ =300...1000A, aGo x oqHOYACHO CTPyMY 1 Hampyru
710 BKa3aHUX 3HA4eHb. SIK HACNiJIOK, MOXe OyTH BHJAJICHUH MiABUIIECHUNA NPUIYCK (HAITyCK)
a6o Biaxix (10 5...10 MM 1 GibIme) (puc. 12).

Croci6 PO/, 3rinmHo skoro ais 3abe3nedyeHHs sKiCHOro (opMyBaHHS MOBEpXHi 23
(puc. 13) Ta kpoMKH 24 31 CTOPOHH 33HBOT POOOUOT MOBEPXHI €JIIEKTPOIa MPOLIEC Peati3yoTh
npu MiHiManbHIM Hanpy3i ayru U = 20...25B i minimaneHoMy ctpymi I = 1...30A.
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Pucynok 13 — Cxema miporecy npu MiHIMaJIbHHX PucyHoxk 14 — I[puknaza 6aratoceKkiiHoro
Harpysi i ctpymy eJIEKTPO/ia B TUIaHi
Loicepeno: pospobaeno asmopamu Hoicepeno. pospobnerno asmopamu

Crnoci6 PO/l, komu mpobiemoro € crabimizaliss Hpouecy 1 BHUKIIOUEHHS  Horo
NOPYUICHb, MPH 3aIlIIOBaHHI yTH, OJIM3bKOI 32 CBOIMH €HEPTeTUYHUMH XapaKTePUCTUKAMU
70 3BHYAWHUX 3BaplOBAJbHUX Jyr, L0 Icye 00poOiroBaHy mnoBepxHI0. OcobauBo 1€
BUSIBJISIETHCSL TIPH 00pOOIII HECUMETPUYHUX 1 BEITMKUX TOBEPXOHB, MPH 0araToeleKTpOaHIN
00po0I11i, MpU BUKOPUCTaHHI OaraTocekIiiHuX enekTtponiB i T. 1. o6 me BHUKIIOUUTH,
JOCTaTHBO II00 T1IPaBIIYHUNA OMip Ha BCIX JIHIAX Te€4i poOOY0i piAvHU OyB MO MOMIJIMBOCTI
MiHIMaJbHUM 1 MPUOJIM3HO OJHAKOBUM, IJI YOTO TPacH MPOKAYKU POOOYOi pIIUMHH uyepe3
MDKEJICKTPOIHUI 3a30p MOBHHHI OyTH MO MOXMJIMBOCTI MIiHIMAJbHUMH 1 TPUOIU3HO
OJHAaKOBUMH. 11 1bOro poOouy IMOBEPXHIO E€JIEKTPojAa MOIUISIOTh Ha OKpPEeMi TUISHKU
NPOKavYyBaHHs, SKi MOBHHHI HAOMIKATHCS MO KPYIJIMX YU KBaJpaTHUX B IJadi. Ha puc. 14
HaBEJCHO MpPHUKJIAJ OaraTOCEKIIHHOrO eNeKTpoJa B IUIAHI, SKUH CKIaJa€ThCs i3 I STH
OKpeMHUX KBaJpaTHUX AUITHOK 25 3 oTBOpaMu 26 Ui BigBeACHHS poO0doi piaMHU, IO
3aJI0BOJIbHSIE 3a3HAYEHUM YMOBaM Ta 3a0e3neuye sskicHy o0poOKy .

Croci6 PO/I, konmu mpu oOpoOIi BETUKUX MOBEPXOHb NPOQLILOBAHUM €IIEKTPOIOM
PI3KO 3pOCTAlOTh TpPacH MPOKAadyBaHHA poO0OYOi pIAMHH dYepe3 MIKENEKTPOIHUM 3a30p i,
BIJIMIOBIZTHO, TUCK pOoOOYOi PiIUHM, 10 HOTIPUIyE AKICTh 00p0OIEHOT MOBEPXHI, YCKIAIHIOE 1
4acTo MOPYIIye mporiec. B 11boMy BUIaKy A0LITIEHA, 0OCOOIUBO MPU 0OPOOIT BUAOBKEHUX B
IUIaHI TIOBEPXOHb, KOJHM JO TOrO >X MOXKHA OINTHUMI3yBaTW BHUTpaTy poOouoi pinuHH,
peaizaiiisi TEXHOJIOTIYHOI CXeMHU OOKaTyBaHHS 3arOTOBKH 2 MPO(UILOBAHUM €JeKTpoaoM 27
[pY IpOKavyBaHHI poO0YO0i PIIMHU B HANPSMKY, 3BOPOTHOMY OOKaTyBaHHIO (puc. 15).

|3l
y
32
30
Pucynok 15 — TexHouoriuHa cxema (OpMOYTBOPEHHS 32 Pucynox 16 — TexHosnoriuna cxema
MIPUHITUIIOM OOKaTyBaHHS (hOpMOYTBOPEHHS AETAlll THITY «CTEPIKEHB

Ioicepeno: pospobneno asmopamu Lrcepeno: pospobneno asmopamu

Buknageni TexHiuHI pIlICHHS, NPUAOMHU Ta PEKUMH OOpOoOKHM crmocoly B iX
CYKYITHOCTI, B3a€MO3B’SI3Ky Ta B3a€EMO3AJIEKHOCTI JO3BOJSIOTH peajizyBaTH MPAKTUYHO BCI
BIJIOMI TEXHOJIOTI4HI cXxeMU (OPMOYTBOPECHHsSI PO3MIpHOI 0OpOOKH, 3a0e3medyrdu MpHu
IbOMY ONTHMAJbHE IO€JHAHHS KUIBKICHUX Ta SKICHUX XapaKTepUCTUK IMpolecy i, B
KIHIIEBOMY paxyHKY, 3a3Hau€HI paHilie Horo rnepeBaru.

Sk mpuKian, o MIATBEPIXKYE I, PO3IMISHEMO peali3alild TEeXHOJOTIYHOT CXEMH
dbopmoyTBOopeHHs nerani 28 (puc. 16) tuny daconnumii crepkens. [lepin 3a Bce 3BepTaEMoch
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croco0y 300pa’keHOMY Ha pHC. 2, 3TIAHO SKOTO IS SIKICHOrO (pOpMOYTBOpPEHHS AeTall mpu
peaizariii BiloM0i CXeMH 3BOPOTHOT'O KOTIIOBaHHS HEOOX1THO BUKOPUCTATH TaK 3BaHE MPSME
pOKauyBaHHs poOOYOi PIAMHH Bl HEHTPY MOPOKHUCTOrO NMpOo(diIbOBaHOTO elneKkTpoaa 29 no
roro mepudepii 1, BIAMOBIIHO, BiJ LEHTPY OOpOOJIIOBaHOI 3aroToBKU 10 ii mepudepii. 3
METOI0 BHCOKOIIPOAYKTUBHOTO BHJAJEHHS 30UIblIeHOro mnpumycky 30 BHKOPHCTOBYEMO
croci6 300pakennii Ha puc. 12. [[o6 mokpammTi AKiCTh MoBepxHI 31, BUKOPHUCTOBYEMO
croci®0 300paxeHuit Ha puc. 8. Sk HaACHIIOK, peai3yeTbcsi TEXHOJOTIYHA cXema
dbopMoyTBOpeHHS (AUB. puc. 16) 1 BIAMOBIIHI peskxuMu 00poOKH, 110 3a0e3Meuyr0Th 3a3HaYeH1
BUIllE TmepeBarn cmnocoOy. Tak, Hampukian, mTpu 0OpoOIl cTajaeBOi 3aroTOBKH TP
3actocyBaHHi ayru Hampyroro U=35B mpu crpymi [I=1000A 3abe3neuyeTncs
npoxyktuBHicts  30000MM’/XB mpH BimcyTHOCTI Ha 0OpoOieHiii moBepxHi 31 30HH
TEPMIYHOTO BIUIMBY Ta MPHU HIOPCTKOCTI 0OPOOJICHOT MOBEPXHI B MEXaX YETBEPTOrO KIIACy
(R, 6,3). lle mpu 3amaHiii AKOCTI MOBEPXHI B ACCATKHU pPa3iB NMEPEBUIIYE MPOIYKTUBHICTH
TPaAULIHHUX METO/IB €IEKTPOEPO3iitHOI 0OPOOKH.

Hactymuum mpukiagoMm € peaizaiis crnocoOy TMpH BiIHOCHOMY IE€pEMIIleHHI
3arOTOBKH 1 €JEKTPOJia B PI3HUX HANpsSMKax, HAIPUKIal, Mpu oOpoOIi Tij1 obepTaHHs (puc.
17, 18) menpodinpoBanum enexkrpoaoM 33. B mpomy Bumanky Tpeba BUXOIUTH 3 TOTO, IO
ONTUMAJIbHUM BapiaHTOM IiJIBEICHHS poOOYOi PiTMHH BHUCOKOIO THCKY B 30HY OOpOOKH €
3arajbHOBIJIOME TEXHIUHE PIIICHHS — BUKOPUCTAHHS MOPOKHUCTOTO €JIEKTPoja 33 3 OTBOPOM
34. Ilpote mpu upoMy icHye mnpoOiema Jokamizamii podoyoi 30HM OOpPOOKH 3 METOIO
3a0e3nedeHHs KOCTI 00pOOKH, 3MEHILIEHHs CBITJIIOBHX 1 3ByKOBHX €(EKTiB BiJ po3psmy Ta
3MEHILEHHS po30pU3KyBaHHS poO0YOi piAMHU 13 30HU 00poOKu. HailbinmbIn nmpocre pimeHHs
13 BUKJIQJICHHX, IO BHPINIYE II0 MPOOIIeMy, 1€ TeXHIYHE PillleHHs, 10 MOKa3aHO Ha puc. 5.
3riiHO IBOT'O 31 CTOPOHU 3a/1HBOI poOOoUOi MOBepXHi enekTpoja 33 (auB. puc. 17) cTBOPIOIOTH
TiIpaBIiYHUNA OMip PO3TIKAHHIO poOOYOi PIAMHU YUIUIBHEHHAM 16, sike MpUKpIICHE 0
cTinku 17. OCKiIbKMA KUIBKICTh PIAMHM, IO HAIXOIUTh Yepe3 OTBip 34 B enekTpoii 33,
OinbIe Ti€l, mI0 i/1e Ha BUTHHMIA 31IMB MiJ YIIUTbHEHHSIM 16, To poboya pirHa 3aTOILTIOE 30HY
00pOOKH, CTBOPIOIOYN BaHHY, 1 3JTMBAETHCS YePe3 KOHTPOJIbHUMA OTBIp 35.

Pucynok 17 — Texnonoriuna cxema popmoytBoperHsi  Pucynok 18 — TexHonoriyna cxema (hopMOYTBOPEHHS
HenpoQILOBaHUM EJIEKTPOIOM HenpoQILOBaHUM EJIEKTPOJIOM
Loicepeno: pospobaeno asmopamu Hoicepeno. po3pobaeno agmopamu

Binbm cknagauM, ane i OUTbIl ehEKTHBHUM € TEXHIYHE PIlIEHHS IMOKa3aHe Ha puc. 3.
3rifHO UBOTO Ha 3aAHIO pobouy MOBEepXHIO enekrpona 33 (muB. puc. 18) momaroTh
JOJTATKOBUH TMOTIK poO0OYOi piTUHU 3a IOMOMOTOI0 Kamepu 36, 10 HUKHBOI YACTHHH SKOI
npuKpimieHe ymuibHeHHs 16. Ile cTBoproe BaHHYy poOOdYOi piUHU, SKA JIOKATI3y€ 30HY
00poOKH, 3 MOKIMBOCTSIMHU BIUIMBAaTH Ha XapakTep Tedi poO0Yoi piluHHU B 30HI 00pOOKH, a
BIJINOBIIHO BU3HAYAaTH, B BIJIOMHUX MeXaX, K KIUJIbKICHI, TaKk 1 SKICHI XapaKTepUCTUKH
nporiecy 0OpoOKH, a TAaKOK YMOBH 00CITyTOBYBaHHS.

[lle OimpIn ckIagHUM, aje W OLIBIIT €EKTHBHUM MOXKE OyTH TEXHIYHE PIIICHHS,
MoKa3aHe Ha pUC. 4 KOJIM € MOXKIHUBICTh, 30KpeMa, 3a PaxXyHOK BCMOKTYBaHHs B3araii

157



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

BUJAJIUTH 13 30HH 00pPOOKH sIK poOouy pianHY, TaK 1 MPOAYKTH epo3ii.

AHaJIOTIYHO, 3TIJHO BHUKIAJIEHOTO, MOXXHA peaidyBaTH SK BIJOMI, TaKk 1 HOBI
TEXHOJIOT14HI CXeMHU (OPMOYTBOPEHHS €JIEKTPOEPO3iiiHOT 00pOOKH.

BucHoBku. Pe3ynprath NpakTUYHOTO BUKOPUCTaHHS TEXHOJIOTiI, BEpCTaTiB 1
€JIEKTPOEPO3IHHUX TOJIOBOK, M0 peamisytore crnocido POJl, 3rigHo BHKIAZECHOTO,
MIATBEPKYIOTh BKa3aHi paHillle MepeBaru crnoco0y MOPIBHIHO 3 BIAOMHUMH, TPaIUALIHHUMHA
croco0amMH eNeKTpoepo3iiiHoi 0OpOOKHM, 3aCHOBAaHMMM Ha BHUKOPHUCTaHHI HECTAalllOHApHUX
EJICKTPUYHUX PO3PSAIiB, a caMe: MpU 3a7aHiid SIKOCTI OOpPOOKH MPOAYKTHUBHICTH CIOCOOY B
5...10 pa3iB 1 Oijblle MEpeBHINY€e MPOJYKTUBHICTh BIIOMHUX CHOCOOIB, MPUOIM3HO BABiUl
3MEHIIYETHCS TUTOMA BUTpaTa €JIEKTPOCHEPrii, 3HAYHO MEHINA BapTICTh JKEpPel KHUBJICHHS
TEXHOJIOTIYHUM CTPYMOM, a TaKOX 3a0e3MeUy0ThCs MHUPOKI MOKIIMBOCTI peaizallii mpouecy
3a PaXyHOK PI3HOMAHITHUX TE€XHOJOTIYHUX CXeM (POPMOYTBOpPEHHS SK MPOo(dIIbOBAHUM, TaK 1
Henpo(iIbOBAHUM  €JIEKTPOJOM, TOYMHAIOYM BiJ] TPAagUIIMHUX 1 aX J0 TOro, IO
3alpONOHOBAHUN MpoIeC Moke OyTh e(EeKTUBHO BHUKOPUCTAaHUM Ha  OyJb-SIKUX
METaJIopi3aIbHUX BepcTaTax 0e3 BTpaTh OCTAHHIMHU IX OCHOBHHMX (DYHKLIIH.

Crnucok niTepatypu

l. Kucenes M.I'. Mpouek XK.A., Ipo3noB A.B. O3nexkrpodusndeckas U 3EKTPOXUMHUIECKass 00paboTKa
MaTepuasioB: yaeoHoe mocoobue. Mocksa: HUL] MTH®PA-M, Hos. 3uanue, 2014. 389 c.

2. Hocenko B. A., Hanmnenko M.B. ®u3uko-xumMudeckue MeETOABI 0OpaOOTKH MaTepHanoB: y4eOHOE
mocobue. M3a. 2-e, mepepad. u mom. Crapsrii Ockomr: OO0 «ToHkne HaykoeMkue TexHojorum», 2019.
196 c.

3. Cepebpennnkuii I1. I1. CoBpeMeHHBIE 3IEKTPO’PO3UOHHBIE TEXHOJIOTHH M 000pyIoBaHWE: yd4eOHOE

nocodbre s By30B 1o  HampaBieHHio  "KOHCTpyKTOpCKO-TEXHOJIOrMYecKoe — olecrieueHue
MAaIIMHOCTPOUTEIbHBIX IPpon3BoACTB". M3m.2-¢, nepepad. u pon. Cankr-IlerepOypr: Jlans, 2013 . 352 c.

4. Emucee 10.C., Caymxun B.II. CocrosHMe M IEpCHEKTHBBl pPa3BUTHUA HAYKOEMKUX TEXHOJIOTHIl
MaIIMHOCTPOUTEIBLHOTO MPOU3BOACTBA. Memannoobpabomka. 2010. Ne 2. C. 9—-17.

5. Hocynenko B.I., IlImensoB B.M. PosmipHa 00poOka MeTaiiB €JIEKTPUYHOIO Jyrol0: HaBYAIBHHUN
mocioauK. KpormBaunpkwii: [T «ExckinrozuB-Cuctem», 2017. 256 c.

6. Abmzs TP, XawmoB AM. Xypmaryoma O.. CoBpeMeHHBIE TOAXOABI K TEXHOJOTHH

AIEKTPOIPO3UOHHON 00paboTKM MartepuanoB: ydeb. mocobme. Ilepmb: M3n-Bo Ilepm. Ham. wuccren.
MONUTEXH. yH-Ta, 2012. 120 c.

7. I'pumapun A.O., A6ms3 T.P. AHanmu3 aKTyanpHBIX 3aJad HCIOJB30BAaHHUSA 3JIEKTPOIPO3UOHHBIX
TEXHOJOTUI UId W3rOTOBJICHHS JETaled THAPOLWIMHIPOB M H3JEIWH CIEHUAIbHOTO Ha3HAYCHUS.
Hnnosayuonnvie mexnonozuu 6 mamepuanosederuu u mawunocmpoenuu (MTMM-2016): matepuaiisl 3-i
MEXAyHap. Hay4.-pakT. KoH., e. [lepmv, 3—7 okmsabps 2016 e. Tlepmb: Uzn-Bo Ilepm. Hail. uccien.
MOJUTEXH. yH-Ta, 2016. C. 53-56.

8. Emucees 10.C., Caymkun b.II. Dnexrpospo3noHHas oOpaboTka M3AEINi aBHALMOHHO-KOCMHUYECKOU
texHuku / mox pea. b.I1. CaBymkuna. Mocksa: Uzn-so MI'TY um H.O. Baymana, 2010. 437 c.

9. I'pumapua A.O., A6ns3 T.P., Ormesnes H.J[. ITloBeimmenune 3QQEeKTHBHOCTH 3IIEKTPOIPO3SHOHHOM
00paboTKy JeTaneil THAPOLMIMHIAPOB M M3JCNIHH CIEIHUANbHOTO Ha3HAYECHUs IIyTeM IPUMEHEHHs
3JEKTPOAOB-UHCTPYMEHTOB ~ C  MOBBIIIEHHBIMH  3JIEKTPO3PO3HMOHHBIMM  cBoiictBamu.  URL:
https://cyberleninka.ru/article/n/povyshenie-effektivnosti-elektroerozionnoy-obrabotki-detaley-
gidrotsilindrov-i-izdeliy-spetsialnogo-naznacheniya-putem-primeneniya/viewer (mara 3BEPHEHHS:
20.11.2019).

10. Hocynenko B. I., IImensoB B.M. OcobmuBocTi €neKTpUYHOI OYTH B MOMEPEYHOMY MOTOLI PiIMHU.
Texuika 6 CinbCbKO20CNOOAPCHKOMY GUPOOHUYMSI, 2any3eée MAWUHOOYOY8aHHA, asmomamusayis: 30.
nayx. np. Kiposoep. nay. mexn. yn-my. 2017. Bun 30. C.103-110.

References

1. Kiselev, M.G. Mrochek, Zh.A., & Drozdov, A.V. (2014). Elektrofizicheskaya i elektrohimicheskaya
obrabotka materialov [Electrophysical and electrochemical processing of materials]. Moskow: NITs
INFRA-Moskow: Nov. znanie [in Russian].

158



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

2. Nosenko, V.A., & Danilenko, M.V. (2019). Fiziko-himicheskie metodyi obrabotki materialov
[Physico-chemical methods of processing materials]. Staryiy Oskol: OOO «Tonkie naukoemkie
tehnologii» [in Russian].

3. Serebrenitskiy, P.P. (2013). Sovremennyie elektroerozionnyie tehnologii i oborudovanie [Modern
electroerosion technologies and equipment]. Sankt-Peterburg: Lan [in Russian].

4. Eliseev, Iu.S. & Saushkin, B.P. (2010). Sostoianie i perspektivy razvitiia naukoemkikh tekhnologii
mashinostroitel'nogo proizvodstva [State and prospects of development of high technologies of
machine-building production]. Metalloobrabotka, 2, 9-17 [in Russian].

5. Nosulenko, V.I. & Shmelev, V.N. (2017). Rozmlrna obrobka metallv elektrichnoyu dugoyu [Dimensional
processing of metals by an electric arc]. Kropyvnytskyi: PP «Eksklyuziv-Sistem» [in Ukrainian].

6. Abliaz, T.R., Khanov, A.M., & Khurmatullin, O.G. (2012). Sovremennye podkhody k tekhnologii
elektroerozionnoi obrabotki materialov [Modern approaches to technology of electroerosive processing
of materials]. Perm': Izdatel'stvo Permskogo natsional'nogo issledovatel'skogo politekhnicheskogo
universiteta [in Russian].

7. Grisharin, A.O. & Abliaz, T.R. (2016). Analiz aktual'nykh zadach ispol'zovaniia elektroerozionnykh
tekhnologii dlia izgotovleniia detalei gidrotsilindrov i izdelii spetsial'nogo naznacheniia [The analysis of
relevant problems of use of electroerosive technologies for production of details of hydraulic cylinders
and products of a special purpose]. Innovatsionnye tekhnologii v materialovedenii i mashinostroenii
(ITMM-2016): materially 3-i mezhdunarodnoi nauchno-prakticheskoi konferentsii, g. Perm', 3-7
oktiabria 2016 g.Perm': Izdatel'stvo Permskogo natsional'nogo issledovatel'skogo politekhnicheskogo
universiteta, 2016, pp. 53—56 [in Russian].

8. Eliseev, Iu.S. & Savushkin, B.P. (2010). Elektroerozionnaia obrabotka izdelii aviatsionnokosmicheskoi
tekhniki [Electroerosive processing of products of the aerospace equipment]. Ed. B.P. Savushkina.
Moscow: Izdatel'stvo Moskovskogo gosudarstvennogo tekhnicheskogo universiteta imeni N.E. Baumana
[in Russian].

9. Grisharin, A.O., Abliaz, T.R. & Ogleznev, N.D. Povy'shenie e’ ffektivnosti ¢'lektroe rozionnoj obrabotki
detalej gidroczilindrov i izdelij speczi'al'nogo naznacheniya putem primeneniya e'lektrodov-
instrumentov s povy shenny mi e'lektroe'rozionny 'mi svojstvami [Increase of efficiency electrical
discharge machining of details of hydraulic cylinders and products of special purpose by application of
electrodes with the raised electrical discharge machining properties]. cyberleninka.ru. Retrieved from:
+(accesses 20 November 2019)

10.  Nosulenko, V. I., & Shmelov, V.M. (2017). Osoblyvosti elektrychnoi duhy v poperechnomu pototsi
ridyny [Featuresofan electric arc ina cross flowof fluid]. Zbirnyk naukovykh prats kirovohradskoho
natsionalnoho tekhnichnoho universytetu. Tekhnika v silskohospodarskomu vyrobnytstvi, haluzeve
mashynobuduvannia, avtomatyzatsiia — Collected Works of Kirovohrad National Technical University
machinery in agricultural production, industry machine building, automation, Vol. 30, 153-156 [in
Ukrainian].

Victor Nosulenko, Prof., DSc., Vitaliy Shmelyov, Assoc. Prof., Phd tech. sci., Alexander Golovanych, post-
graduate
Centralukrainian National Technical University, Kropivnitsky, Ukraine

Technological Schemes of Shaping In the Conditions of Dimensional Drocessing By an
Electric Arc

The increase in the efficiency of social production is associated primarily with the development of
mechanical engineering and the widespread introduction of advanced technologies in production. The basis of
mechanical engineering is metalworking, which is represented by various traditional methods of metal
processing by cutting, machining pressure and casting, as well as electrophysical and electrochemical processing
methods. In production, materials that are difficult to process by cutting are increasingly used for the
manufacture of heavily loaded and critical parts. Such parts are usually manufactured by electrophysical
processing methods. One of the progressive methods of electrophysical processing of metals, which provides
wide technological capabilities, is electrical discharge machining, in particular, the method of dimensional
processing by an electric arc. The implementation of specific technologies for dimensional processing by an
electric arc and the development of appropriate technological schemes for shaping requires individual
approaches and the application of the most technological methods. This requires the unification of these
techniques and the development of appropriate recommendations.

Based on the analysis and generalizations of theoretical and experimental studies and the practical
implementation of the process of dimensional processing by an electric arc, technological methods are described
in the form of rules for the implementation of the process.
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The results of the practical use of technology, machines and electroerosive heads, implementing the
method of dimensional machining by an electric arc, according to the foregoing, confirming the previously
mentioned advantages of the method compared to the known, traditional methods of electroerosive, based on the
use of non-stationary electric discharges, namely: for a given processing quality 5 to 10 times or more of the
method exceeds the productivity of the known methods, decreases by about half specific energy consumption,
significantly lower cost of technological current power sources, and also provides ample opportunities for
implementing the process due to various technological schemes of forming as by profiled and non-profiled
electrodes, starting from traditional ones and to the fact that the proposed process can be effectively used on any
metal-cutting machine tools without the last loss of their basic functions.
electric arc, electrospark processing, electroimpulse processing, electrodischarge processing, dimensional
electric arc processing

Ooepoicarno (Received) 22.11.2019 IIpopeyenzosano (Reviewed) 04.12.2019
Ipuiinamo 0o opyky (Approved) 23.12.2019

160



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

TH®OPMAIIIMAHI TEXHOJIOT'TI
YK 004.94 DOI: https://doi.org/10.32515/2664-262X.2019.2(33).161-172

I'.M [IpeeBa, Buxi., O.A. CMmipHOB, npod., 1-p TexH. Hayk, O.M. JIpe€B, KaH/. TEXH. HAYK,
T.B. CmipHoOBa, KaHJ. TEXH. HAYK

LlenmpanvHoykpaincokuii HayioHanbHuli mexuiynuu ynisepcumem, Kponusnuyvkui, Yxpaina
e-mail: gannadreeva@gmail.com, dr.SmirnovOA@gmail.com, drey.sanya@gmail.com,
sm.tetyana@gmail.com

dpakTallbHUM aHaI13 TeHepaTopa caMONoA10HOTO
Tpadiky Ha OCHOBI JaHItora MapkoBa

B nawniit poboTi npoBeneHo AOCHiKEHHS PpaKkTaIbHOI pO3MIPHOCTI YaCOBOTO PSITy, IKMHA OTPUMAHO 3a
JIOTIOMOT'00 TeHepaTopa caMomoAiOHOro Tpadiky Ha OCHOBI JIAHIIOTIB MapkoBa 3 KEpOBAHOK (PPaKTaILHOO
posmipHicTio. [l mporo y po0oTi Oyinu BHpIIIEHI HACTYIHI 3aJadi: HA OCHOBI YHCJIOBHUX EKCIICPUMCHTIB
BU3HAYCHHS (DpPaKTaIbHOI PO3MIPHOCTI T€HEPOBAHMX YHCJIOBUX IIOCIIIOBHOCTEH, IOKAa3aHO CTATHCTHYHO
3HaYUMi 3MIiHU (DpakTaJpbHUX BIACTHBOCTEH YHCIOBOI IOCIIJOBHOCTI Ha pI3HUX MacmTabaX; BKa3aHO Ha
HEJIOCTAaTHI  PO3BUTOK  BHUCOKONPOAYKTHBHHX  QJITOPUTMIB  OTPUMaHHS  CaMONOAIOHMX  YHCIIOBHX
MOCIJIZIOBHOCTEH U1l iMiTalliiHOTO TeHepyBaHHA Tpadiky B TEJIEKOMYHIKAaLliHHUX CHCTEMax Ta Mepexax;
3alPONIOHOBAHO HANPSMU IONANbIIMX JOCTIDKEHb INOAO KEpyBaHHS SBHIUEM MYJIbTH(OPAKTAIEHOCTI B
TeHeparopax, sKi OCHOBaHI Ha JaHIlorax MapkoBa. Pe3ymbrarom poOoTH € OOTpYHTYBaHHS IIiIBUINCHHS
MPOAYKTUBHOCTI IMITAIIfHOTO MOJIENIOBAHHS pyXy iHpopMamii B TEJIEKOMYHIKANIHHMNX CHCTEMax Ta
KOMIT'FOTEPHUX MEpEeXkax 3a paxyHOK TeHepaTopa caMomnoaioHoro Tpadiky Ha JaHIiorax Mapkosa.
MO/IeJIIOBAHHA, TPadik, CaMONOAIOHICTb, MyJIbTHHPAKTAJ, KOMII'IOTEPHI Mepexi

A.H [Ipeesa, npemnon., A.A.CmupHoB, npod., 1-p TexH. Hayk, A.H. /IpeeB, kauj. TexH. Hayk, T.B. CMmupHoBa,
KaHJ. TCXH. HAYK
Lenmpanvrnoykpaunckuii HaQYUOHANbHLIN MexHuuecKuli ynusepcumem, 2. Kponusnuykuii, Yxpauna
@paxkTanabHbIN AHAJIN3 TeHepaTopa caMono00HOro Tpauka Ha ocHoBe Henu MapkoBa
B nmanHOil pabGoTe mpoBemAeHO WccleAoBaHWE (PAKTAIBHONH pa3sMEpHOCTH BPEMEHHOTO psina,
MOJY4EHHOTO C IOMOIIBI0 T'eHepaTopa CaMoroao0HOro Tpaduka Ha OCHOBe Lerneld MapkoBa ¢ yrHpaBisieMoit
(hpaxTanpHON pa3MepHOCTHIO. [ 3TOro B paboTe OBUTH pelIeHb! CIEAYIONHNe 3aadi: Ha OCHOBE YUCIICHHBIX
IKCIICPUMEHTOB OmpeseicHus (PaKTaIbHON Pa3sMEPHOCTH T'C€HEPHPYEMBIX YHCIOBBIX MOCIIEI0BATEIILHOCTEH,
IIOKa3aHO CTAaTHUCTUYCCKH 3HAYUMbIC HW3MCHCHUS (l)paKTaﬂbH])lX CBOMCTB YHCJIOBOH II0CJICA0BATCIIBHOCTH Ha
pa3HbIX MacuITabax; yka3aHo Ha HEOCTAaTOYHOE Pa3BUTHE BBHICOKOIPOU3BOJIUTEIBHBIX AJITOPUTMOB TIOJIyYEHUS
CaMOIIOOOHBIX YHCIIOBBIX IOCJIEIOBATEIbHOCTEH JUIi HMMHTAIMOHHOTO T'€HEpUpOBaHUs Tpaduka B
TEJICKOMMYHHUKALMOHHBIX CHCTEMaX M CeTSAX; MpPEAJI0KEHbl HANpaBIICHHUS AANBHEHIINX HCCIEIOBAaHHUN 110
YIIPaBJICHUIO SBJICHUEM MYJBbTH()PAKTAIFHOCTH B T'€HepaTopax, OCHOBaHHbIE Ha nemsix Mapkosa. PesynbraTom
paboTHI sBIsIeTCS 000CHOBAHHE MTOBBIIICHUS TPONU3BOIUTEIFHOCTH UMHTAIIIOHHOTO MOJICTHPOBAHUS ABIDKEHHS
WHPOPMAIMK B TEICKOMMYHHKAIMOHHBIX CHCTEMaX ¥ KOMIIBIOTEPHBIX CETSAX 3a CYeT TIeHepaTtopa
camoro100HoTo TpaduKa Ha 1ermsix Mapkosa.
MO/IeJINPOBaHNe, Tpaduk, camonogodne, MyJbTHGPAKTAN, KOMIILIOTEPHbIE CETH

ITocTanoBka npodaemu. CporoHi /Ui MATEMaTUYHOI'O OIKMCY TEIEKOMYHIKAaLIHHUX
NPOIIECIB BUKOPUCTOBYIOTh MAaT€MaTH4YHI MOJEl CcaMoIoMiOHOro wyacoBoro psaxy. Ha
rpadikax, ge 300pa’keHa 3aBaHTAKEHICTh KaHATy KOMII IOTEPHOI MEpexi camornoaiOHICTh
BUP2XCHA HASBHICTIO BUKHUIIB, KUIBKICTh SIKMX MEPEBUIIyE 3a MepeadadeHHs KIacHYHOi
cTaTuCcTU4YHOI Teopii (puc. 1), A€ Ha TOPHU3OHTAIBHIN BiCl MOKa3aHUM Yac B YMOBHHX
OJIMHMIIAX, a MO BEPTUKANI 3aBaHTAXKEHICTh MEPEXi BIIHOCHO MAaKCHMAJIbHOI MPOITYCKHOI
CIIPOMO>KHOCTI.

© I''M [IpeeBa, O.A. Cmipuo, O.M. Jlpees, T.B. CmiproBa, 2019
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Pucynok 1 — IIpuxnan camonoznioHoro tpadiky
Ilicepeno: [3]

B GinbmocTi BUMaakiB [uis caMomoniOHoro Tpadiky, nepeadadyeHHs mapaMeTpiB 3a
AKiCTIO oOcimyroByBaHHs QOS, aHanmiTU4YHI BHUpa3u MOOYyIyBaTH HE BIAEThCA, ab0 Taki
NEPEeTBOPEHHS MOXKIIUBO MOOYAYyBaTH JJIS 3aHAATO CHeUU(IYHUX CUTYyalliil, TOMy MepeBa>KHO
AQHATITUYHI BHUKJIQJKH € HEAOUUIBHUMU. 3 i€l TPUYMHU JUIsi BHU3HAYCHHS OCHOBHUX
MOKA3HMKIB SKOCTI OOCIYrOBYBaHHS, TAaKMX SK JUKUTEp, 3ali3HEHHS, CEpelHs KUIbKICTb
BIJIMOB, Ta 1HIIUX, BUKOPHUCTOBYIOTH IMITallifHE MOJEIIOBAHHS 3a JIOMOMOTOI0 T€HEpPaTOpiB
camonofionoro tpadiky. Lle npusBoauTh 10 MOTPEed B MPOCTHX, 3 TOYKU 30pYy KIJIBKOCTI
o0uncneHb, TeHepaTtopiB caMmornoAiOHoro Tpadiky 3 KepoBaHUMH (PpaKTATBHUMHU
BJIACTUBOCTSIMH, SIK1 O JaBaJIM YUCIIOBI ITOCIIIOBHOCTI 3 BIACTUBOCTIMH SIK MOYKHA OJIMDKUUMU
JI0 BIIACTHBOCTEH peabHOro Tpadiky TeIeKOMYHIKAI[IHHOT Mepexi, IO JOCIIIKY€E€ThCS.

3 orysAy aKkTyajJbHOCTI BUKOHAHHS 3aJ]1aul KepyBaHHS (paKTalIbHUMH BIACTUBOCTAMU
reHepoBaHoro Tpadiky, poOOTa mpHUCBsUEHA BHU3HAUEHHIO 3aJIEKHOCTI (paKTaTbHUX
BJIACTHBOCTEH Mojieni Tpadiky BiJ BAKOPUCTAHOTO MacIITaOyBaHHS.

AHagi3 ocTaHHix Aociaimkens i nmyOJikaniii. [IpoBeneHuii anami3 MOCTIKEHb Ta
nyOmikanid BusBUB HactynHe. B [1] posrmsiHyTOo 3aranpHi MeTtoau (pakTaibHOro Ta
MYJIbTH(PAKTATBHOTO aHai3y 4YacoBUX psmiB. OmnucaHli METOIU BU3HAYCHHS OCHOBHHUX
MOKA3HUKIB YMCIOBUX MOCIIIOBHOCTEMH, SIKi BUKOPUCTOBYIOThCSA JIJIsl aHAMI3yBaHHS Tpadiky B
TEJICKOMYHIKAIIMHAX CHCTeMax Ta Mepexkax. Y [4] Takox chopmynboBaHi 0a3oBi
BU3HAYEHHS Ta MOHATTA Teopii PpakTaabHOro BUMIpY Ta (pakTalbHOTO aHami3y. BaxiuBicTh
MYJIbTH(PPAKTAIFHOTO aHaNi3y MPOIECiB OOMiHY iH(pOpMAIli€l0 B KOMIT IOTEPHUX MepeiKax
omucaHo B [2], Ae mpoBeaeHo aHami3 [HTepHeT Tpadiky, CTaTUCTUKA SIKOTO 30upanacs Ouibiie
YOTUPHAAUATH pOKiB. IlpM 1bOMYy aBTOpM ONKCYIOTh HASBHICTH PO3BUTKY TIJI00AIBHOI
MEpEeki, MPU SIKOMY CIOCTEPIraloThCsl 3MiHM B (PpakTadbHUX MOKAa3HUKAX Ha BCIX PIBHAX
macmtabyBanss. CtarTs [2] MICTUTB JOKa3W iICHYBaHHS CaMOIIOAIOHOCTI PI3HOTO XapakTepy
Ha OKpEeMHUX YacoBMX Macmrabax. Y [3] OCHOBHY yBary HpPUCBSYEHO BUKOPUCTAHHIO
HABYCHOI HEWPOHHOI Mepexi Juisi aBToMaru3amii  kinacudikarii  Tpadiky 3a Horo
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¢pakTanbHUMU ~ Ta  MYJbTU(QPAKTAJIBHUMU  BJIACTUBOCTAMHU.  ABTOpPU  YCIHILIHO
BUKOPUCTOBYIOTH pe3yJbTaTH poOoTH i gerekryBanHs DDoS artak. Ile moBoauth
BIIMIHHICTh MYJIbTU(QPAKTAIbHUX TOKAa3HUKIB Tpadiky Uid JaHUX pi3HOro Buay. Tesuc
3HAYHOTO BIUIMBY Ha (ppakTabHICTH Tpadiky MiATBEpIKEHO B [5], HaBemeHO iH(OpMaIIiro
PO YCHIIIHE BUKOPUCTAHHS (PAKTAIBHOIO aHami3y Uil i1eHTudikamii motokis tpadiky P2P,
irop, mepenadi iHpopMallii y xMapax, CKaHyBaHHsI MOPTIB Ta Aiii 00oTHeTy. B [6] moka3ano
BUKOPUCTAHHS MYJIbTU(PPAKTATHHOTO MOJICIOBAaHHS YMCJIOBUX TIOCHIJOBHOCTEH IS
BIJIHOBJICHHSI BTpauyeHUX (parMeHTIB 4acOBUX psliB. MynbTu(dpaKkTadbHa IHTEPIIOJSIIS A€
Kpallli pe3yibTaTH 3a BHUIIAJKOBE 3allOBHEHHS Ta 3a KJIacH4yHi Meronau iHTteprnossiuii. Pobora
[8] Takox BHKOPHCTOBYE (hpaKkTajbHy 1HTEPIOJIAIIIO I BIIHOBICHHS Tpadiky 3 BIIOMUMU
(dpakTatbHUMU BIACTUBOCTSAMH, Ha IHIIOMY YacoBOMY MacmuTali. Pe3ynpratu nociimkeHHs
[7] moka3yioTh, 110 MOJENIOBAHHS CKJIAJHUX MEPEX CTa€ MOXKIMBUM IPU BpaxyBaHHs
iepapxiuHOi caMOmoJ00M B MAaTpHI CyMIKHOCTI. DakTUYHO LEW MiAXiJ Ja€ MOKIUBICTH
BHOCUTH KJIacH(IKaIlil0 BEIUKHX MEpPEXK, NPOBOJUTH MOJCIIOBAHHA. TakKoX Teopist
3aCTOCOBHA JUIsI MEPEX OUIBII IMPOKOTO 3MICTY, HANPHUKIAL, 10 1€papXiyHUX 3B’ A3KiB MiXK
CTPYKTYPHUMH OJMHUIIMH PI3HUX MOPAAKIB a60 MacmtadyBanHs. HactymHi pobotn [8-23]
MaroTh BIJIHOIIEHHS 10 MOJEIIOBAHHsS IMpoleciB oOMiHy iH(OpMAIi€l0 B KOMIT IOTEPHUX
Mepekax 3 METOI BIJIHOBJICHHS BTpPAY€HUX [IaHUX, IMITAIlliHE MOJCIIOBAHHSA POOOTH
TEJIGKOMYHIKALIHHOI MepeXi Ha pi3HUX MacmTabax Ta TUMIB JaHUX, aHali3 Tpadiky Mepexi
JUIL  PI3HUX 3aCTOCYHKIB. Bci 1l 3agadi BUMararoTh HasBHOCTI IMITamil JpKeperna
MyJbTH(]paKTanrbHOro Tpagiky 3 KEpOBAHMMH BIACTHBOCTSMHM. | HasSBHICTb MOTOKY
nmyOJTiKaIii 3 ypi3HOMaHITHEHHsIM METOJIB Ta 3ac00IB MOJCIIOBAHHS MYJbTH(PPAKTAIHHOTO
TpaiKy MiIKPECTIOIOTh AaKTYaJlbHICTh PO3BUTKY 3acO0iB SK B HANpsAMKY MiABHIICHHS
TOYHOCTI BIATBOPEHHS 3aJaHUX BJIACTUBOCTEH, TaK 1 B HANPAMKYy 3MEHIICHHS
00YMCITIOBAJIBHOI CKJIQJHOCTI peaji3aliii reHepaTopiB MyJIbTU(PAKTAIBHOTO Tpadiky, L0
JIO3BOJIUTh 0€3 BUKOPHCTAHHS OUIBII KOIITOBHUX CHUCTEM IMIJIBUIIUTHA IIBHIKOJIIO, abo
CKJI/IHICTh MOJICTTIOBaHHS IIPOLIECIB B TEJIEKOMYHIKAILIMHUX MepexKax.

IlocranoBka 3aBaaHHs. OCHOBHOIO 3ajadyei0 POOOTH € aHaji3 BIJIACTUBOCTEH
O1HapHOTO YMCIOBOTO Psiy, SIKUH OTPUMAHO 3a JIOIIOMOTOI0 TeHepaTopa Ha OCHOBI rpadoBoi
MOJICJII CTaHIB Ta WMOBIPHOCTI TeEpexXoAiB MiX HuUMH. Takuii TeHepatop Tpadiky €
NpEeJCTaBHUKOM I€HEPaToOpiB 3 BUKOPUCTAHHSAM JIAHIIOT1B MapkoBa (puc. 2).

Ao
({6 opY
A

Pucynok 2 — Mopens renepatopa gpaxranbHOro Tpadiky
Hoicepeno: po3pobaeno agmopamu

B mopneni BUKOpHCTaHO CTaHM, SIKI BIAMOBINAIOTH 32 BUXiAHE T'€HEPOBAHE 3HAUYCHHS.
HacTynHe 3HaYeHHS OTPUMYETHCS 32 BUIIAJIKOBUMHU TIEPEXO0JIaMHU, 1€ Ao Ta A| BIIIOBITAIOTH 3a
HMOBIPHOCTI 3MIHUTH CTaH Ha HACTYMHUUN KBAaHT 4yacy, a UMOBIpHOCTI 1-A¢ Ta 1-A; — 30epertu
NOTOYHHUM CTaH. 3a3HAYCHHUI TEHEPATOp HE BUKOPHUCTOBYE PO3IOALTIH 3 BaXKKUM XBOCTOM Ta
HE BHMAarae CKJIaJHUX OOYHMCIICHb, BUKOPHCTOBYIOTHCS JIMIIE CTAaHAAPTHI BiANpalbOBaHi
TeHepaTopy TCEeBJOBUIIAIKOBOrO 4Hcia Ha mpoMikky [0;1) 3 piBHOMIpHHM pPO3IOILIOM.
Mana KinbKicTh omepariil [y OoOYHMCIeHHS € 3HAYHOI NepeBarol0 Ui IMPaKTUYHOTO
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3aCTOCYBaHHA B CHUCTeMax IMiTauliiHOro MojentoBaHHA (opMmyBaHHS Tpadiky B
TEJICKOMYHIKAIIHTHUX MEePeKax 1 JI03BOJISE 3a01IAAUTH Yac 0OUUCITIOBAaHHS.

@pakTasibHa PO3MIPHICTH YHUCIOBOTO psily Moke OyTH BHpaKeHAa pI3HUMHU
METpUKaMH, 10 MOXK€ TPHUBECTH 1O IHIIUX 3HAYCHb (PaKTaIbHOI PO3MIPHOCTI.
BuxopucTtanHs okpemMoi METPUKHM Ha MOJIETIi Ta pEeaTbHUX JAHUX TaKOXK J03BOJISIE TIOPIBHATU
ix (pakrambHi BiracTHBOCTI. ToMy, AJig reHepaTopa, MOJCHb SIKOTO IOKa3aHa Ha pPHC. 2,
noOy0oBaHa OKpeMa METpPUKa YHCIOBOTO PsAy, A SKOT BBAXKAETHCSA IIMPUHA TOKPUTTS
OJIMHUYHOIO, SIKIIO BCI N MOCTIJIOBHUX HE MOPIBHIOIOTH OJHOMY 3HAYCHHIO, Ta HYJIHOBOMY,
SKIIIO BCl N TOCTIJIOBHUX 3HA4eHb piBHI Jumie 1 ab6o 0. 3aBasku 1bOMY JIETKO OTPUMATH
aHaMITUYHY (PopMy pO3paxyHKy HMOBIPHOCTI 3yCTPITHM CETMEHT HYJIHOBOTO pPO3Maxy 3 n
€JIEMEHTIB, 1 1151 HMOBIpHICTH JOpiBHIOE A (1-A )" + A, (1-A,)".

Ha ocHOBI CTaTHCTUYHOTO MOJIEITIOBaHHS POOOTH 3a3HAUYEHOTO TE€HEPaTOpa, OTPUMAHO
MaTeMaTUYHE CIOIBaHHS PO3Maxy BUIIAJKOBOTO OJyKaHHS 3 N KPOKIB, IO JaJI0 MOXKIIHBICTh
AQHAJIITUYHO BU3HAYUTH (paKTaIbHy pOo3MipHICT paxy. [Ipu mpomy (pakraibHa po3MipHICTH
3aJICKUTh BiJl JOBXHHU N OTPUMAHOI YMCIIOBOT TIOCIIJOBHOCTI 32 HACTYITHUM 3aKOHOM (1):

A0 =2,)"In(0-4,)+4,(1-4)" ln(l_ﬁ’l). (1)

d(n,A,,4,)=2+ p -
/10 +/11 _11(1_10) _/10(1_11)

Jis 3HaueHHs WMoOBipHOCTEW mepexony Ao=A1=0.5, 1m0 BIANOBIgaE KIACHUYHOMY
BUIIAIKOBOMY TIPOIIECY, TOKa3aHO Tpadik 3anexHocTi (paktanbHoi po3mipHOcTi D Bin
KUTBKOCTI €JIEMEHTIB T€HEPOBAHOIO Psily h oTpuMaHoro 3 Gpopmynu (1), puc. 3:

HasBHicTh B MaTeMaTHYHUX O0’€KTaX Ha PI3HUX PIBHAX MacmITaOyBaHHS PI3HUX
3HaueHb (PAKTANBHOI PO3MIPHOCTI Mae Ha3By MylsbTU(dpakTanbHicTh. B [3] mokaszana
HasIBHICTH MYJIbTH()PAKTATLHOCTI B TpadiKy KOMII IOTEPHUX MEpekKax.

Jlis BUKOpUCTaHHS METOIIB (DpakTalIbHOrO aHadily YacoBUX psAIB Ha OCHOBI
po3mipHOCTI MiHKOBCHKOTO 260 R/S aHami3y, moTpiOHO MPOBOAMTH JOJATKOBI JOCITIIKESHHS.

DZ

1.9

1.8

1.7

1.6

1.5

1.4

13

PucyHok 3 — TeopernuHo Bu3HaueHa (pakTaibHa po3MipHicTs D(n)
IIpY IMOBIpHOCTI 3MiHHU cTaHy Ag= A;=0.5

Iicepeno: pospobneno asmopamu
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Buxopucrani meronm po3paxyHky ¢pakrajibHOi po3MipHocTi. /[ BU3HaueHHs
dbpakTaabHOT PO3MIPHOCTI MOXKHAa CKOPHCTATHCS O3HAYCHHSIM (PpaKTaIbHOI PO3MIPHOCTI B
inTeprpeTaiii MiHkoBchKOTO (2), [4]:

D = lim V)
SAﬂ)_.hJ(g)

2)

JIe BUKOPUCTAHO MMO3HAYCHHS:

& — po3mip, abo AiamMeTp MiAMHOKHUHU, SKUM MTOKPUBAIOTH MHOKHHY, PO3MIPHICTh SKOT
BU3HAYAETHCS;

N — MiHIMaJbHa KUTBKICTh MIJIMHOXKHH €, SIKYy MOTPIOHO BUKOPUCTATH JJIS TTOKPUTTS
BCi€1 MHOXKHUHH, PO3MIPHICTh SIKO1 BU3HAYAETHCS.

besnocepennbo BUKOpUCTaTH O3HAa4YeHHS (2) 10 MAMCKPETHOI MHOXXHMHU HE €
MOJIMBUM 3 TMPHUYMHH TOrO, ILIO0 ICHy€ MiHIMyM ¢&. ToMmy mMOTpiOHO CKOpHUCTaTHUCSA
(hiKCOBaHUMU 3HAUYCHHSIMH €.

Hexaii 111 OKpUTTSI OCHOBHOT MHO>KMHU BUKOPUCTOBYIOTH IIOKPUTTS PO3MIPAMH & Ta
ke (k—nnsa puCKpeTHOI CHCTEMH € 3aJaHUM HAaTypaJlbHUM YHCIOM; & — HEBIIOMUHN
KOe(]iIieHT, IKHI XapakTepusye oOpaHy AUCKpPEeTHY cuctemy). Toji, BiIMOBiIHO OOpaHUM
M1IMHOKMHAM, KUTbKICTh TaKMX ITAMHOXHWH ISl TOKPUTTS ckianatume N(eg) ta N(ke). Merton
po3paxyHky MeTpuku N(ke) € IOCHTHb MOBITBHUM, 1 OOHMPAEThCS 3TITHO BEIUYUH, SKi
BHUBYAIOTHCS B KOHKPETHOMY TIpolieci. 3 BigHOMmEHHs (2), IpW YMOBI1 BiIKHIaHHS BU3HAYCHHS
MeEX1, ISl TUCKPETHOI CUCTEMH, MaTuMeMO (3):

— DIn(k) - C = In(N(ke)), C = Dln(e). 3)

Tyt In(k), In(N(ke)) € BenmuunHaMu, sSIKi pO3paxoBYIOThCS JJIs KUTBKOX 3Ha4YeHb k; D Ta
C oTpuMyIOTBCS B pe3yJibTari JiHIAHOI perpecii o Todok (In(k), In(N(ke))). 3 npuunnm
BUIAJKOBOCTI HYHUCIOBOTO psAny, N(ke) Tex € BHUMAIKOBOIO BEIMYUHOI, 3 TICBHUM
MaTeMaTUYHUM CIOJIBaHHSAM Ta pgucnepciero. Sk B Hacmigok, orpumani touku (In(k),
In(N(ke))) OyayTs HaOIMOKATUCS A0 TIPSIMOI, ajie He 00OB’I3KOBO HANIC)KATUMYTh Ti.

3 METOI 3MEHIIEHHS JOAATKOBUX DPO3PAaxXyHKIB Ta MEPETBOPEHb, B PO3IIISTHYTOMY
re’eparopi, 0yyno 3MiHeHO MoAio reHepyBaHHs “0” Ha reHepyBaHHA “-17, B pe3ysbTaTi JUIs
Ao=A| MaTeMaTH4YHE CIOAIBaHHS F€HEPOBAHOI MOCIIOBHOCTI cTasIo cKianaTu 0, a craHgapTHE
BigxmwieHnHs 1. HactynHum Kpokom, moOy0BaHy HOCTIIOBHICTh {di, 42, ..., d,} 3aMIHEHO Ha
KyYMYJISITHBHUM  Psll, SKAA BIANOBIZAE BUIMAAKOBOMY OyiykaHHIO {b1, by, ..., by
b=aitayt...+a;}. Jna Takoro psay BBOIUTBHCS PO3PaXyHOK UIMPUHH TOKPUTTS N(ke)
CErMEHTY JIOBXKHUHOIO B k TUCKPETHUX CJICMEHTIB:

nlk-1

N(ke) = Z(max(bi~k+l b eny) —In(by Dy )) 4)

i=0

binb 3pydHoO B SIKOCTI 7 OpaTh CTEMiHb ABIMKH, TOII k MOXHa OyJie TeX 3MIHIOBATH
BIBIYUl MpH MOOYJIOBI OMOPHHUX TOYOK JUIsl JIiHIMHOI ampokcumaiii. Bkasanuii mpouec s
k=8, 16, 32, 64, 128 no3BoysMB MOOYMyBaTU II’SITh TOYOK, JJIs SKMX JIHIAHA ampOKCHMAIlis
BU3HAYa€ MOKAa3HUK XepcTa MpoOHOT mociiqoBHOCTI B .53 SK KyT HaXWily OTPUMAaHOI MPsiMOi

(puc. 4).

165



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

10

f(x) = 0,527836615457319 x + 7,06000138753362

95 R? = 0,993386638842653

oo
o

In(N(ke))

7.5

7 ' |
1,5 2 25 3 35 4 45 5 55

In(k)

Pucynok 4 — Busnauenwmii koeginient Xepcra H=0.53, mo Bignosinae ¢ppakranbhiii po3mipaocti D=1.47
IIpY IMOBIPHOCTSIX 3MIHUTH cTaH Ag=A;=0.5
Hoicepeno: pospobaeno asmopamu

TeopeTruuHo A BUMAAKOBOT MOCIIOBHOCTI pe3yibTar MaB ckiaaatu H=0.5, abo mo
te came D=1.5. Ile € 6u3bKUM 10 OTPUMAHHUX PE3YIIbTATIB.

Knacuuyno mupuna nokputtst N(ke) 11t KpUBUX Ha IJIOUIMHI IOBUHHA BUPAXKATHUCA Y
KUIBKOCT1 KBaJpaTiB 31 CTOPOHOIO ke, IO MOKPUBAIOTH KPUBY BHUIIAKOBOTO OJIyKaHHs. AJjie
npuiiHaTa Mipa (4) € acCHMOTOTHYHO PiBHOIO 10 Mipu MIHKOBCHKOrO, OUIBII TOTO, HpHU
OJIHAKOBOMY BHOOPI1 3HAUCHHSIX k, MOKa3HUK XepcTa CIIBIAAA€ 3 OTPUMAHHUM 3a JOTIOMOTOI0
R/S ananisy, 11st 1KOro 3B°530K 3 PpaKTaIbHOIO PO3MIPHICTIO BXKE BiAOMUIA.

AHaJji3 BIULIMBY 00OpaHHsA MacliTady Ha OTPUMAaHY (PpaKTajIbLHY PO3MIPHICTH. 3
METOI0 EKCHEPUMEHTAJIbHOTO MIATBEP/DKEHHS 3aJEKHOCTI  (PpakTanbHOI pPO3MIPHOCTI
YHUCJIOBOTO sy Big oOpaHoro macmTady, 0yio Bukopuctano 11 peanizariiii mociiioBHOCTEN
B 1024 uucen “-17, “1”. JIng xoxHoi 3 11 peanizauiii Oyno po3paxoBaHO NOKa3HUK XepcTa 3
I’ SITH KOHTpOoJbHUX Touok mipu k={1024, 512, 256, 128, 64}; {512, ..., 32}; {256, ..., 16};
{128, ..., 8}. Pe3ynbraT YMCEIHHOr0 EKCIEPUMEHTY MOKa3aHi Ha Tabmuusx 1, 2, 3.

OnuHaAIATE €KCIIEPUMEHTIB, [UIS KOXKHOTO 3 PEKUMIB I€HEpYBAaHHS, YTBOPIOIOTH Y
BIZMOBITHOMY MacmTabi He3aJlie)kHe BUMIPIOBaHHS TMOKa3HWKa Xepcra. lLle mo3Bossie
BUKOPHUCTATU CTATUCTUYHY OOPOOKY pe3ylsibTaTa, Uil SKOIO 3HaWJEHO CepeHE 3HAYCHHS
MOKa3HUKa XepcTa Ta CTaHIApTHE BIIXWJICHHA Yy CEpPEJAHbOTO 3HAYCHHS, SKE OOEpHEHO
MPOTOPIiHHE KOPEHI0 3 JOBKHHHM BHOIpkA. Ha OCHOBI CTaHIApPTHOTO BIIXHUIICHHS
pO3paxoBaHUM JOBIPHUI iHTEpBAJ 3 HAAIMHICTIO 99%, KW 3a0€3MeTy€EThCS IS BIAXUICHHS
BiJl CEpeIHBOTO 3Ha4deHHs +3y. Mexi iHTepBany HaailHOCTI B 99% B Tabmmii mokazaHo
BiJIMTOBITHO B CTOBIIISX -3y Ta +3y BiMOBIIHO.

B pesynbrarty 3 ycix TppOX TaOJIHIIb CBIiTYATh MPO 3MiHY IMMOKAa3HUKA XepcTa 31 3MiHOI0
MacmTabyBaHHS, IO € MiITBEPKCHHSAM NPUITYIIEHHS, Ke 0yJI0 BUCYHYTE B IONEPEIHBOMY
MyHKTI Ha OCHOBI aHamiTHu4HOl ¢opmynau (1) nmmsg copoimeHoi METPUKH PO3pPaxyHKY
bpakTaabHOT PO3MIPHOCTI.
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Tabmuus 1 — [okazuuku Xepcta mpu reHepyBaHHI IOCIHIZOBHOCTI 3 IMapaMeTpaMu
ho=A1=0.95

k 1 2 3 4 5 6 7 8 9 10 | 11 |Mean| -36 | 130

1024..64 | 0.3810.2310.480.44|0.34|0.2910.420.460.40 | 0.26 | 0.40 | 0.37 [ 0.30 | 0.45

512..32 {0.40/0.33]0.5210.50|0.34|0.3810.45]0.44]10.41 {0.31]0.48 | 0.41 [0.35|0.48

256..16 [0.4210.35]0.53/0.48/0.38/0.4110.41]0.45]0.45]0.39]10.47]0.43 |0.38]0.48

128..8 10.42]0.35]/0.46/0.40/0.40/0.39|0.410.42]{0.43]0.41]0.43]0.41 [0.39]0.44

IDicepeno: pospobneno asmopamu

3 tabnuii 1 BHAHO, IO TIPH BHUCOKIA WMOBIPHOCTI 3MIHMTH TONEPEIHIM CTaH Ha
MPOTUIICKHUHN, MOIYJSIiss Tpadiky BiIOyBaeThCs MaiKe IOCTIMHO, IO MPU3BOAUTH [0
3HAYHO MEHIIOT WMOBIPHOCTI OTpUMaHHs BUKHIIB. e BiOMBaeThCs Ha MOKA3HUKY XepCTa,

SKUW Mae 3Ha4YeHHs, I pisHUX MacmTadis, Bix 0.37 mo 0.41. [loOymoBaHuii cUTHaAN NpHU
TaKUX MapaMeTpiB NMOKAa3aHO Ha PHUC. 5.

1,5

1
0
-1

SO~ M AN MO -
A NMTTOHLON~N0OoO,

Value

I, Index of number

PucyHok 5 — I'icrorpama curHaiy, sskuii OTpUMaHHui TeHEepyBaHHIM
3 napamerpamu Ag=A,=0.95
IDicepeno: pospobneno agmopamu

B pesynbrari BuMagkoBoro OJyKaHHS HAa OCHOBI OTPHMAaHOI TIOCHIJIOBHOCTI,
BiJIaJICHHS BiJl TIOYATKy pyXy Oyze BinOyBaTHCS 3HAYHO MOBUIBHIIIE, 00 Ha KOXEH KPOK B
CTOpOHY OyZe 3Ha4yHO OigbIl BHUCOKA HWMOBIPHICTb OTPHUMAaHHS HACTYITHOTO KpOKY
NPOTHJISKHOTO HATIPSIMKY.

Hactynna Ttabaumst 2  MICTUTH  pe3yJIbTaTH  YHUCEIBHOTO  EKCIEPUMEHTY 3
HaJIAIITYBaHHSAM T'€HEpaTopy Ha piBHY HMOBIPHICTH 30€peXEHHS Ta 3MiHU IMOTOYHOTO CTaHY
Ao=A1=0.50. B TakoMy pexumi TeHepaTop MOBUHEH BIJMOBIIATH KIACHYHOMY BHITaJIKOBOMY
npouecy 3 nokasHukom Xepcra H=0.5.

Onnak, 3 TaOnuIl 2 BUJIHO, IO Pe3yJIbTaTH BU3HAYCHHS MOKAa3HUKA XepCcTa BXKE MPH
PI3HULI k B 4OTHUPH pa3H, JAIOTh OL[IHKM 3HAYCHHS MOKAa3HHMKa XepcTa 3 HAAIMHICTIO Oliblie
99%, sKi He mepeTuHarThcs. To0To, 3 HamilHICTIO OLIbIe 99%, MOCTIKEHHSI YUCIOBOTO
psaay Ha 1024 Biajikax Jai0Th MEHII 3HAUYEHHS MMOKa3HUKA Xepcra HiX Ha 256 Bimiikax. Lle
CBIIYUTH TPO BIAMIHHICTh (DpaKTAIBHUX BJIACTUBOCTEH UYMCIIOBOI MOCTIAOBHOCTI Ha PI3HUX
macmTabax. BinnmoBiHo 10 1boro QaxTy, MOXHAa OOMpaTH JOBXKHUHY YEpru Ui CUCTEMHU
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o0CIyroByBaHHs, Il sSKOi TOKa3HUK XepcTra MaTtuMe 3HadeHHs Omusbke g0 0.5, 1
BUKOPHCTOBYBATH [l BU3HAUYCHHS XapaKTEPUCTUKHU TaKOi CUCTEMH OOCIyTOBYBAaHHS TEOPilO
BUNIAIKOBOTO MOTOKY [lyaccona 6e3 BpaxyBaHHS caMOIOAIOHOCTI 3a JIOMOMOIOI0 KIIACHYHOT
CTaTHCTHUKH.

Tabmuis2 — [lokasaukyn XepcTa MpuU TeHEPYBaHHI TMOCTIJOBHOCTI 3 TapaMeTpaMu
7\0:%1:0.50

k 1 2 3 4 5 6 7 8 9 110 | 11 Mean| -3c | +30

1024..64 [0.41]0.46/0.39/0.41]0.50{0.37]0.40]0.54|0.35/0.41]0.42]0.42]0.37|0.47

512..32 10.48]0.48(0.53/0.47]0.54]0.48]0.45[0.60/0.47]0.52|0.46 | 0.50 | 0.46 | 0.54

256..16 [0.5210.55]0.58]0.52]10.52|0.55]0.52{0.56|0.56 0.59]0.55]0.55|0.52]0.57

128..8 10.55[0.5910.61]0.57/0.57]0.57{0.56]0.59|0.60|0.66|0.59|0.59]0.56|0.61

Ioicepeno: pospobneno asmopamu

[lepernsgayt (parMeHT OTpUMaHOI TOCIHIJIOBHOCTI 3 TapamMeTpaMH TEeHEepyBaHHS
Ao=A1=0.50 mo>xHa Ha puc. 6.

I
| f il H MO

“oLRBYSHLRERS
Pucynok 6 — I'icrorpama curnaiy, sikuit OoTpuMaHHui reHepyBaHHAM 3 apameTpamu Ag=h;=0.50
IDicepeno: pospobneno agmopamu
OcTtaHHIN eKCIIEPUMEHT, Pe3yJIbTaTh SKOTO HABEACHO B TaOMUIl 3, OyB MPOBEICHUIA 3
napamerpamu reaepyBaHHS Ag=A;=0.05, TOOTO ps 3 MaJOr WMOBIPHICTIO 3MIHIOE HAIPSIM

PYyXy.

ul =

o

Value

1C5
113
121
129
137
145
153
1e1
169
177
185
163
2C1
2C9
217
225
233
241
249
257

I, Index of number

Ta6J‘II/ILI}I 3 — Ilokxa3HUKH XepCTa npu FeHepyBaHHi HOCJ‘IiI{OBHOCTi 3 napameTpamu
}u():k1:0.05

k 1 2 3 4 5 6 7 8 9 [ 10 | 11 Mean| -3¢ | +30

1024..64 [ 0.48 1 0.58 | 0.45]0.54|0.61 |0.58 | 0.510.37]0.64 | 0.39 | 0.64|0.53|0.44 | 0.61

512..32 10.5210.63]0.56|0.60|0.66 | 0.61 | 0.58|0.49{0.69|0.45[0.69|0.59]0.52|0.66

256..16 [0.660.77|0.7210.77]0.67 | 0.69 | 0.62 | 0.65]0.79|0.58 | 0.76 | 0.70 | 0.64 | 0.76

128..8 |0.78]0.83]0.83/0.84]0.73]0.82|0.73]0.79]0.86]0.73 0.80|0.80|0.75 | 0.84

Lrcepeno: pospobneno asmopamu
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B pesynbTari, uncioBa MOCIHiJOBHICTh MEPCUCTEHTHA 1 37]aTHA 30epiratu JesKuil dac
TpeHA. Ajie B TOW caMHil 4ac, Ha BEJIMKUX NpoMiKkax B 1024 BijTiKiB, CHOCTEPITAETHCS
3HaueHHs Moka3zHuKa Xepcta 6musbkum g0 H=0.5. Ile 3Ha4uTh, 110 HA BEIUKHUX BiJCTaHIX,
po3Max KyMYJSTHUBHOIO pSAy HE BIAPI3HAETHCA Bl KYMYJSITUBHOTO pSAYy KIACHYHOI
BUIAKOBOI MOCIIOBHOCTI, JI¢ PI3HUI MiX MaKCHMalbHUM Ta MiHIMAJIbHUM 3HAYEHHSIM
3pOCTa€E B CEPEIHHOMY MPOIMOPIIIIHO KOPEHIO 3 KITLKOCTI 3pO0JICHHX KPOKIB.

Ha manux BiacTaHsx, MOKa3HMK XepcTa CUJIBHO BiIpi3HA€ThCS, 1 csrae no H=0.8.
BignoBigHO 1m0 mporo, icHye wmacmrad s SKOTO caMOmnomiOHWi Tpadik, sK 1 B
MOTEePEAHHOMY BHUMAJIKY, MATHME BIACTUBOCTI KIIACHYHOTO BUTIAJKOBOTO MIPOILIECY.

®parMeHT OTPUMAaHOI MOCiJOBHOCTI MOYKHA ITOOAYNTH Ha pHC. 7.

MMMWMMMMM

AN O AN M AN
AN T TN O~

=

0]

wl

o

Value

S
I3

1l
=

M A1 M
A NN M <N
L B B B I B

105
161
169
177
185
193
201
209
217
225
233
241
249
257

i, Index of number

PucyHoxk 7 — I'icrorpama curHaiy, sskuii OTpUMaHHUil FreHepyBaHHM 3 napameTpamu Ag=A;=0.05
Loicepeno: pospobaeno agmopamu

BucnoBku. I'enepatopu camomnonioHoro Tpadiky Ha JnaHIgorax Mapkosa
BIJIPI3HSAIOTHCS BiJl aHAJIOTIB MCHIIMMH BHMOTAMH JI0 OOYHMCIIIOBAILHOT MOTYHOCTI CUCTEM
MOJICTIFOBAHHS, 110 TO3BOJISIE MiABUIIMTH MPOAYKTHBHICTD IMITALlifHOrO MOJETIOBAHHS PYXY
iHpopMarii B TEJIEKOMYHIKAIIIHHAX CUCTEMAax Ta KOMIT FOTEPHUX Mepekax, TOMY aKTyaIbHUM
€ MOJAITBIINI PO3BUTOK Ta BUBUCHHS TAKHX CHUCTEM.

Ha ocHoBi cipomienoi metpuku N(ke) moOy10BaHO aHATITUYHHIA BUPa3 pO3paxyBaHHS
dbpakTanbHOT PO3MIPHOCTI pe3yJbTaTy T'€HEpPYBaHHs OIHAPHOTO YHCIOBOTO Py Ha OCHOBI
nmaHmora MapkoBa. BiamiueHO 3anexHICTh (PaKTaIbHOI PO3MIPHOCTI BiJl JOBKUHH
MPOMIXKKY, Ha SIKOMY TMPOBOJUTHCS PO3PaXyHOK (hpakTaibHOI PO3MIPHOCTI, Ta 3pOOJICHO
NPUIYIIEHHS PO TOBTOPEHHSI BIACTUBOCTI MYJIBTU(DPAKTATHHOCTI HA KJIACHYHUX METPUKAX,
TaKUX K paxyBaHHs pO3MipHOCTI Ha 0CHOBI R/S anainizy abo po3MipHOCTI MiHKOBCBHKOTO.

3 METOI0 MEepPEeBIPKHU MPUITYIICHHS 0yJI0 MPOBEICHO YHCEIbHUN €KCIIEPUMEHT, SIKHH 3
Ha/idHICTIO BUILY 3a 99% miATBEpAMB NPUNYLIEHHS NP0 MYJIbTU(PPAKTAIbHITH YUCIOBOI
MOCITIIOBHOCTI, III0 OTPUMaHa TeHepaTopaMy Ha JIaHIIorax Mapkosa.

PoGora Moxe OyTH TpOJOBKEHA 3 METOK PO3POOKH METOIIB Uil KepyBaHHS
napamMeTpamMu MyJIbTU(QPAKTAIBHOCTI, a00 MOXKJIMBOCTI YCYHEHHS MYJIbTH()PaKTAIBLHOCTI B
pasi motpeou.
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A Fractal Analysis of a Self-similar Traffic Generator Based on a Markov Chain

In this work, we investigate the fractal dimension of the time series, which was obtained using a self-
similar traffic generator based on Markov chains with controlled fractal dimension. The subject of the article is a
fractal analysis of a self-similar traffic generator based on a Markov chain.

The purpose of the study is to investigate the fractal dimension of the time series, which is obtained
using a self-similar traffic generator based on Markov chains with controlled fractal dimension. For this purpose
the following problems were solved in the work: on the basis of numerical experiments of determination of
fractal dimension of generated numerical sequences, statistically significant changes of fractal properties of
numerical sequence on different scales were shown; points out the insufficient development of high-performance
algorithms for obtaining self-similar numerical sequences for simulating traffic generation in telecommunication
systems and networks; Directions for further studies on the management of the multifractal phenomenon in
Markov-based generators are proposed.

Generators of self-similar traffic on Markov circuits differ from their counterparts with lower
requirements for the computational power of simulation systems, which improves the performance of imitation
modeling of information traffic in telecommunication systems and computer networks, so further development
and study of such systems is relevant. On the basis of the simplified metric N (ke), an analytical expression for
calculating the fractal dimension of the result of generating a binary number series based on a Markov chain is
constructed. The dependence of the fractal dimension on the length of the interval at which the fractal dimension
is calculated is made, and the assumption is made of the repetition of the multifractal property on classical
metrics, such as dimension calculation based on R/S analysis or Minkowski dimension. In order to verify the
assumptions, a numerical experiment was conducted which, with a reliability higher than 99%, confirmed the
assumption of multifractal numerical sequence obtained by generators on Markov chains. Work can be continued
to develop methods for managing multifractality parameters, or to eliminate multifractality when needed.
modeling, traffic, self-similarity, multifractal, computer networks
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MareMatuyHa MOJEIb TEXHOJIOT1 TECTYBaHHS
komruiekcy DOM XSS BpaznuBocTeit i aHaIITUYHOT
OI[IHKY YaCOBUX BUTPAT

B po0oti npencTaBiieHi pe3ynbTaTH AOCIIIKEHHS Ta alTOPUTMH TECTYBaHHS Ha BPa3JIUBICTh 10 OJHHUX
3 HaWOUIbII MOUIMPEHUX BUAIB arak Ha Web-3acrocynkn — DOM XSS nnst aHamiTHYHOI OI[IHKM THMYaCOBHX
BuTpar. B minomy, mpoBeneHi nocnijpkeHHs nokasanu, mo GERT-mozenroBanHs € edekTHBHUM crocoOoM
BU3HAYCHHS 3a3Jalierifib HEBIAOMMX 3aKOHIB 1 (YHKIIH pO3MONUTy BHUIIAJKOBUX BEJIMYMH IIPU BiIIOMOMY
anroputMi QyHKIionyBanHs (mporiecy). ['omoBHoro meroro GERT € omiHka JOTIKM Mepexi 1 TpHUBaNicTh
AKTUBHOCTI 1 OTpPWMaHHS BHCHOBKY NP0 HEOOXiTHICTh BHUKOHAHHS [IESIKUX AaKTHBHOCTEH. B pesymbrarti
pO3po0IIEHO MaTeMaTHYHY MOIENb TeXHOJorii TecTyBaHHS Komruiekcy DOM XSS BpasmuBocteit sxa
BiJIPI3HAETHCS BiJ BIIOMHX, ypaxXyBaHHSAM CHEIH(}iKH KOMIDIEKCHOTO aHalli3y pi3HHX THIB XSS Bpa3muBOCTI
(«stored XSS», «reflected XSS» i DOM Based XSS), a TakoX BKJIIOUYEHHSM B &ITOPUTM MPOLELYP
aBTomMatnuHoro aynuty DOM Based XSS okpemo. lle mae MOXJIMBICTH HPOBECTH aHATNITHYHY OIHKY
TUMYAaCOBHX BHTpAaT TECTYBaHHS 3a3HAUYEHUX BPA3IMBOCTEHl B yMoBax peamizamii cTpaTerii po3poOku
0e31e4HOro MporpaMHoOro 3a0e3neyeHHs..
TexHoJorii TectyBanuss, DOM XSS BpazmuBocti, GERT-Moae0BanHs, Bpa3JInBoCTi 6e3meKkn

A. B. KoBaJjieHko, [1011., KaHJ|. TEXH. HAYK
LlenmpanvHoyKpaunckull HAYUOHALLHBLI MeXHUYecKull ynusepcumem, 2. Kponusnuykuil, Yxpauna

MaremaTu4eckass MoJeJIb TeXHOJIOTHM TecTUPOBaHus KomIuiekca DOM XSS

yﬂ3BI/IMOCTeﬁ AJIA AHAJIMTHYECKOM OLICHKH BPEMEHHBIX 3aTpaTt

B pabote mpeacTaBieHBI pe3ysbTaThl MCCICIOBAHUSA U aJTOPUTMBI TECTUPOBAHHS Ha YSI3BUMOCTHh K
OIIHUM W3 HamOoJee pacIpoCTpaHEHHBIX BUIOB aTak Ha Web-mpmoxxenus — DOM XSS mns aHamuTHYECKOU
OIICHKM BPEMEHHBIX 3arpaT. B 1enom, mpoBeneHHbIe uccienoBaHus mokazand, uro GERT-mopenupoBanue
ABIsieTCS YPQPEKTHBHBIM CIIOCOOOM OMpEICTICHHUS 3apaHee HEM3BECTHBIX 3aKOHOB W (PDYHKIIMH pacrpereseHHs
CIly4alHBIX BEJIMYMH IPU H3BECTHOM airoputMme (QyHKIHOHHMpoBaHusi (npouecca).lnaBHoii nensto GERT
SIBISIETCSI OLIEHKA JIOTWKU CETH U TPOJOJDKUTEILHOCTh aKTUBHOCTH U TTOJYYEHHS 3aKIIOUCHUS 0 HEOOX0IMMOCTH
BBINIOJIHEHUS HEKOTOPBIX aKTHBHOCTEH.B wurTore paspaborana wmaremaruueckas MOJEIb TEXHOJIOTHUH
tecTupoBaHus koMruiekca DOM XSS ya3BumocTeit KOTopas OTIMYaeTcsi OT W3BECTHBIX, YUETOM CIelH(pUKH
KOMIUIEKCHOTO aHaiu3a pa3nuuHbiXx THIOB XSS yszBumoctu («stored XSS», «reflected XSS» u DOM Based
XSS), a Taxke BKIIFOYCHUEM B aJTOPUTM TIpoLeAyp aBromMatuieckoro ayaura DOM Based XSS otmensHo. 310
Ja€T BO3MOXHOCTL IIPOBECTH AHAJIUTUYCCKYIO OHLCEHKY BPEMCHHBIX 3aTpaT TECTUPOBAHUA YKa3aHHBIX
YS3BUMOCTEH B YCIIOBHSIX PEAIU3alNH CTPATErHH pa3paboTKy 0€30MacHOro IpOrpaMMHOTO 00ECTIeUEHUS.
TexHos0orun Tectuposanusi, DOM XSS ysaszsumoctn, GERT-monennposanue, ya3BUMOcTH 0€30I1aCHOCTH

IToctanoBka mnpoOsaemu. 30UIbIIEHHS 4YHMCIa KOPUCTYBAayiB BCECBITHBOI MEpExi
[aTepuer, mocTiiiHe 3pocTaHHs iH(GOpPMAIHOTO, (IHAHCOBOTO 1 IOBOTO KOHTEHTY B
KiOeprpocTopi 0OyMOBIIOE MiJIBUIIEHHS NONMUTy Ha Web-3acTocyHKH. Y TOW ke yac uen
MIPOIEC BUKJIMKAE 3BOPOTHIO HETATHBHY PEaKIlif0 3 OOKY 3JIOBMHCHHKIB, IO MAIOTh MOCTIHHY
MO>KJIUBICTh aHalli3y 00'€KTUBHO ICHYIOUMX BPa3IMBOCTEH IHTEPHET-3aCTOCYHKIB.

© 0O.B. Kosasnenko, 2019

173



ISSN 2664-262X Central Ukrainian Scientific Bulletin. Technical Sciences, 2019, Col.2(33)

Amnaii3 pi3HOro poJy CTaTUCTUYHMX MarepiajiB BiJOMHUX OpraHizamiil (HampuKIas,
Open Web Application Security Project) [1] mokasaB, mo ogHUM 3 HaWOUIBII HEOE3MEYHUX
BUJIIB aTaK (Bpa3IuBOCTe) € MikcaiitoBuil ckpuntunr — XSS (Cross Site Scripting).

AHaJi3 ocTaHHIX JocaiTxkeHsb i mydaikauiii. 3 po0iT [2, 3, 4, 5] Bimomo, 1o mig XSS
3a3BMYail MA€ThCS HA yBa3i MOMEHTAJIbHHMM 1 BIIKJIAJEHUN MiXcailToBuil ckpuntur. [Ipu
MoMeHTanbHOMY XSS 31 mkigmBuM KofoM (Javascript) MOBEpTaEThCS aTAKyEThCSI CEPBEPOM
Heraiino sk BignosBins Ha HTTP 3ammr. Bigkmamenuit XSS o3Hadae, mo Ie MIKIIIMBa
nporpama 30epiraeTbCsi Ha CUCTEMI, IO aTaKy€eThCs 1 Mi3HIIIE MOXe OyTH BIPOBAKCHHUN B
HTML cropinky Bpa3nuBoi cuctemu. Taka knacudikaiis nepeadayae, mo ¢pyHIaMeHTalIbHa
BJIACTUBICTh XSS nossdrae B ToMy, 110 LI HIKiAJIMBa MporpaMa BiANpaBiseThcs 3 Opay3epa Ha
cepBep 1 MOBepTaeThcsa B Liel ke Opaysep (MoMeHTanbHMHA XSS) abo Oynp-skuil iHIIMN
Opay3sep (BiakianeHuit XSS).

VY psni iHTepHET-cTaTel [6, 7] JeTalbHO ONMMCaHI OCHOBHI MEXaHI3MU BUHUKHEHHS
HOJIOHOTO poJy NOrpo3, a TAaKOXK LUIAXM MOXJIMBOro OjokyBaHHs. OpHak, 1100
imeHTudiKyBaTH IIi 3arpo3d 1 MOMJIMBI HACHIJKM IX MOMIMPEHHS B Mpoleci Oe3MmedHoro
ynpaBiiHHsA IT-npoekramu, a TakoXX 3alpONOHYBaTH ONTHMAJIbHI LUISIXU BHUPIIMIEHHS i€l
npobsieMu, icHye HeoOXiJHICTh MaTeMaTHuHOI dopManizamii mporecy ix iHimiamszarii i
HOLIMPEHHS.

VY psni pobit peanizoBaHi cnpoOu MareMaTuyHoi (opmaizalii mporecy MOmyKy i
YCYHEHHSI BpasznuBocTed momaiOHoro poxay. Tak B poGorax [7] mpencraBiieHi y3arajabHEHI
Marepiaad MeXaHI3MiB 1 Mporeayp Oe3MedYHOro MporpaMmyBaHHS, SKI TEPeCcHiayroTh I
3HIDKCHHSI PU3UKIB BpasznuBOCTI. Y pobotax [8] mpencraBiieHi mMaTeMaTH4HI MOJENI, SKi
OTMHUCYIOTh AITOPUTMH aHami3zy Web-3acTOCyHKIB (B TOMY YHCII 1 aJrOPUTM OAHIEID 3
HanO1IpII MomupeHux BpaznmuBoctet — DOM (Document Object Model) XSS BpasnuBocTi).
Opmnak TpeAcCTaBiIeHI MOJEl HE BPaxOBYIOTh OCTaHHI TeHJeHIli XSS Bpa3iIMBOCTI, a came
BiIMIHHICTB iX THMIB («stored XSS», «reflected XSS» 1 DOM Based XSS) 1 HeoOXiHICTb iX
BUSIBJICHHS.

ITocTanoBka 3aBaanHsi. Came TOMy OCOOJMBO aKTyaJbHUM 3aBJAHHSIM B LIbOMY
HampsIMKy € MojentoBaHHs anroputMmy BusiieHHs DOM (Document Object Model) XSS
BPA3JIMBOCTI 3 ypaxyBaHHAM KOMIUIEKCY TPbOX iX MOKIMBHX THUIIIB.

[IpoBeneHi qociiKeHHs MoKa3any, mo ypa3nusicte DOM XSS e migsun XSS, B pasi
SIKOT Pe3yJIbTaT aTaku 3HaXOIUTHCS HE Y BIAMOBIII cepBepa i, Bianosiano, He B HTML xoxi, a
B DOM crpykrypi HTML cropinku. [Ipu npomy B pexkumi «stored XSS» 3nilcHIOETBCS
nepenaya i 30epiranas XSS Ha cepBepi. Hamani My Ha 10 CTOPIHKY NEepeHANpaBIIOTHCS
kopuctyBadi. Y pexumi «reflected» XSS moBepraeThcst B T BiIMOBiNI Bif cepBepa Ha
KOHKpeTHUM 3anuT 3 camoi XSS. Pe3ynbraTu aTak 3a JOMOMOIOK TaKHWX Bpa3iMBOCTEN
MOJKHA BUSBHTHU TUTBKH B TIpoIieci BUKOHaHHs a0o0 aHanizi DOM crpykrypu. CaM MexaHi3m
aTakH, a caMme iH'ekuis Javascript Koy B Bpa3JIMBU CETMEHT, 3aJIUIIA€THCSI HE3MIHHUM.

OpnrM 3 HaMEHI MaTeMaTHYHO (OpPMali30BaHMX 1 AOCHIIKYyBaHMX TUMIB XSS €
DOM Based XSS. MoxnuBo, 1€ MOB'SI3aHO 3 TUM, 1110 HaBITh CyYaCHUMH CKaHepamH iX He
9acTO MOKHA BUSBHTHU 1 BIAMOBITHO MPEACTABUTH YITKUN aJITOPUTM BUKOHAHHS OIepariiit
aHaymizy Bpa3nuMBOCTi. Meta poOoTH: pO3pOOUTHM MaTeMAaTU4YHYy MOJENIb TEXHOJOTI]
tectyBanHs DOM XSS BpaznuBocTeii Al aHATITUYHOI OLIIHKYA YaCOBUX BUTPAT.

BuxJjiaa ocHOBHOro martepiaiy.

AJaroputM BusiBJeHHA KoMmIuiekcy DOM XSS Bpasiausocreii. /[ins1 marematngnoi
dopmanizanii anroputMy BusiBieHHs koMmiuiekcy DOM XSS BpaznuBocTel pi3HMX THUIIB
CKOPUCTAaEMOCSI OCHOBHMMHM MOJOXKEeHHSIMU MepexkeBoro GERT-monentoBaHHs, JOKIJIAIHO
OMKMCAaHUMU B poboTax [7, 8§].
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Binnosinno no anroputmy ananizy DOM XSS Bpa3zauBOCTI OCHOBHI €Tanu MOXHA
OIKCATH TAaKUM YHHOM:

1) 3 kony aHai30BaHOi CTOPIHKM BUTATYIOTbCA BCI Tern <script> 1 Gopmyerbes
CIIUCOK TETiB JJIs aHATI3Y.

2) Bukonyetbcs aHaniz BMICTy Tera. IIpu 1pboMy, SIKIIO TETM HE MICTATH KOJ, a
NOCUJIAIOTHCS Ha BiJlaleHui ¢ailsl, BUKOHYETbCS 3BEpHEHHS 10 (ailily Ta OTPUMAaHHS KOAY 3
HBOr0. Y BMicTi (aily 3HaXOASAThCs MOTEHIINWHI HeOe3meuHi MUISHKUA Komy (sink), ski
BUKOPUCTOBYIOTH BXiJIHI JlaHi KIIiEHTA (Source).

3) Slkmo B KOIi Tera BUKOPUCTOBYETHCS SOUrCe, BHKOHYEThCSl aTaka 3 I€BHUM
MapKepoM, SIKUM MOxkHa BIACTeXUTH B DOM cTpyKTypi CTOPIHKM MiCJsl BUKOHAHHS KOy
(HampuKJa, iH'€KIis IEBHOTO TEKCTOBOTO BMicTy B DOM).

4) Bukonyetbcs nepeBipka BMmicTy DOM. Skmo B pe3yiabTari aTaku Mapkep
3HaxoauTbess B DOM, MOHa 3p00MTH BUCHOBOK Ipo HasiBHICTH DOM Bpa3nuBoCTi.

5) Ilicns BOpOBaIKEHHS NaHUX BPYYHY 1 aHaji3y pe3ylibTaTiB, BUKOHYBAHOCTI Ha
nepimux 4 erarnax BUKOHY€ETHCS ayIUT Koy (Moke OyTH 3M1HCHEHUI TUCTAHIIIIHO).

6) Kpoku 2 — 5 BUKOHYIOTbCS JJIsI KOYKHOTO Tera script Ha CTOPIHIIL.

Jns noGynoBu (popmanbHOT MOJelNi alropuTMy BUsiBIEHHS Komiuiekcy DOM XSS
BpasznuBocTelt oopana croxactuyHa GERT- mepexy.

[IpoBeneni mocmimkenns mokazanu, mo GERT (Graphical Evaluation and Review
Technique) — € MeTOOM BUBUEHHS Ta aHATI3y CTOXaCTHUYHUX MEPEXK, Kl BUKOPUCTOBYIOTHCS
JUIS OMUCY JIOTTYHOTO B3a€EMO3B'S3KY MDK YaCTHHAMH MPOEKTy abo eramaMu mporecy [7].
I'omoBHoto metoro GERT € orminka j0riku Mepexi 1 TPUBAIICTh aKTHBHOCTI 1 OTpHUMaHHS
BHCHOBKY NP0 HEOOX1THICTh BUKOHAHHS JICSIKUX aKTHBHOCTEH.

Mepexi GERT cknanatorbes 3 BysiniB tuiry AND, INCLUSIVE-OR 1 EXCLUSIVE-
OR, 1 rinok 3 nBoma 1 OuIbiIe mapameTpamu. ['11Ka, Mae HampsSMOK, Ma€ By30J MOYATKY 1
By30J KiHIsl. [TapaMeTpu TUIKU MICTSATD:

1) #imoBipHICTH MpoxopkeHHs TUIKK (Pa) 3a ymMoBH, 110 By30I1, SIKMH € JKEpPEIOM
rijKu, OyB peai30BaHUM;

2) gac (ta) mpOXOHKEHHS T1JIKH, SKIIO BOHA Oy/e peallizoBaHa.

Yac ta Moxe OyTH BHUIIAIKOBOIO BEIMYMHON0. SIKIO TiJIKa HE € YaCTHHOKO peatizaii
Mepexi, TOOTO TiJ Yac BUKOHAHHS TIPOIIECY AaKTHBHICTh, IIOB'I3aHAa 3 TUIKOIO, HE
BinOyBaeThcs, To ta = 0.

By3on B croxactuuniit Mmepexxi GERT ckiagaersest 3 gyHKIiT BXoAy (KOHTPUOYTUBHOT
¢ynkuii) 1 ¢yHkuii Buxomy (muctpuOyTtuBHOI (yHKINT). KokHa 3 QyHKLIH OmHMCyeThCS
IIEBHUM JIOTIYHHUM B1IHOIIIEHHSIM IIOI0 IOB'I3aHUX T'lIO0K.

B minomy, mpoBenmeni pociimkenHs nokazanu, mo GERT-mogpenmoBanHs €
e(eKTUBHIM CIOCOOOM BH3HAYEHHS 3a37aJieTih HEBIJOMHUX 3aKOHIB 1 (QpyHKIIH po3moaimy
BUIIA/IKOBUX BEJIMYMH IIPH BiIoMOMY airoputMi GyHKIionyBaHHs (mporecy). Came Tomy, sIK
IHCTPYMEHT MaTeMaTUYHOTI0 MOJEIOBaHHs, Hamu OyJio Bubpano GERT-monentoBanus.

GERT-moaeqap TexHoJ0Orii TecTyBaHHA Komiuiekcy DOM XSS BpasauBocreii.
[Tobyayemo, BignmoBimHO 10 TmpenctaBieHoro omnucom mepexkeBy GERT-moxens texHomorii
tectyBaHHs komiuiekcy DOM XSS BpasnuBocteit. ['padiune 300paxkenns GERT-moneni
MPEICTABJICHO Ha puc. 1
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Pucynok 1 — GERT-mozens Texnouorii TectyBaHHs koMmiuiekcy DOM XSS BpasznuBocTteit
Lrcepeno: pospobneno asmopom

VY mnpencraBieHid Mepexi By3nmH Tpada IHTEPNPETYIOThCS CTaHAMU KOMI'IOTEPHOL
cucteMu B mporieci ¢yHkmionyBanHs DOM cTpykTypu, a Tutku rpada — IMOBIPHOCHO-
THUMYAaCOBUMH XapaKTEPUCTUKAMHU TEpPeXoJiB MiX cTaHamu. 3okpema rinka (1,2) ommcye
mpollec OTpUMaHHS Ta aHamidy BMIcTy Tera. ['inmka (2,3) BimoOpaxkae mporiec BUKOHAHHS
aTakku B pa3l HasBHOCTI «Source» CTpykTypu. ['inka (2,4) BHU3HAYAETHCSA MPOIEITYypPaMHU
3BepHEHHS [0 BMicTy BimmaneHoro ¢aimy (momyk «sink»). T'inka (4,2) xapakrepusye
NOBEPHECHHS HAa BHUKOHAaHHA araku. [inka (3,5) ommcye TNPOJOBKEHHS aTakd, 30KpeMa
nepesipky Bmicty DOM. T'inka (5,6) xapakrepusye 0oHY 3 OCHOBHUX OCOOJIMBOCTEH aHATi3y
anroputMy XXS  Bpa3nMBOCTEW pI3HMX THINB — aBTOMATUYHAN ayauT Koay (mpu
HeoOXimHOCTI Bignanenuii). ['inka (5,1) BimoOpakae mporec mepexoay 10 HOBoro tery. Jlami
rinka (5,7) XapakTepu3ye 3aKIIOYHY CTafil0 TPUHHATTSA PIMICHHS [P0 YpPa3JuBICTh.
XapaKTEepUCTUKH T1JIOK MOJIEINI MIPpeCTaBIeHi B Tab. 1.

Tabmuus 1 — XapakTepUCTHKH TiJI0K MOJIEINI

% i | Wegymain | fvosipuien, | YR 1 noroz:
1 (1,2) Wiz pl A /(A =)

2 2,3) W p2 Ay (A, =)

3 (2,4) Wy p3 Ay /(hy =)

4 (3.5) Wss p2 Ay /(hy =)

5 (5,6) W p4 Ay /(A —5)

6 (6,1) Ws 1 -p4 A /(hs—S5)

7 (4,2) Wap p3 Ay /(A —35)

8 (5,7) w42 p4 Ay /(M=)

Loicepeno: pospobneno asmopom
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Oco0nuBICTP AAHOTO TpOLECy TOJSArae B PI3HOPIAHOCTI  aHANI30BaHUX 1
o0po6moBanux naHux. [Ipu 11boMy MOXIIMBI pi3HI BUIIAJKU OpraHi3allii 3B0POTHOTO 3B'A3KY.
Ha pwc.1 wmi nmuxim  3adikcoBani y Bursini nepexoxis W, > W,, - W,
VVIZ _>W23 _>VV35 _)VVS6 _)VVél'

ExBiBanentHa W-(yHKIIisl yacy BUKOHAHHS aJlfOPUTMY TE€CTYBaHHs Komiuiekcy DOM
XSS pi3nux tumis (B Tomy unciai DOM Based XSS) BpasnuBocteii 10piBHIOE:

W W W3V ss + Wi Wl Wi W W3 Wy

W (S) = =
: 1- I/V12Wz3l/V35W51 - VVIZVV24VV42VV23VV35VVS6VV61

= PPy (s =¥ (s = 5)+ p2g Xy =5) , (1)

- plklpzzkzz%ks (7‘3 - S)2 - p1p22p32p47M17M226]17b237\«47b5

ae l-p,=gq,.

Jns GERT-mepex 3 1UKIaMu HE ICHYE€ MPOCTHX METOIB 3HAXOKEHHS OCOOIMBHUX
TouoK GyHKIii O E(z)3aMiHH MIACHUX 3MIHHHUX (z = —ig), ne ¢- naidicHa 3minHa. Lle
HOSCHIOETbCA THUM, IO Ui 3HAXO/DKEHHS OCOOJMBHX TOYOK HEOOXIJHO BHpIIIyBaTH
HEeJHIAHI piBHAHHSA, 1 YMM ckiajaHime cTpyktypa GERT-Mepexi, TUM ckiajHime i BUXiaHE
piBHsHHS. TOMY B X0 MOJIETIOBaHHS IPOIOHYETHCS BIATHCS IO MOAIOHOT 3aMiHH.

BukoHyr0UM KOMIUIEKCHE IEPETBOPEHHS Z = —S , OTPUMAEMO:

uz' +vzt+bz+k
A,o+z N2+’ +dzt + 92 + hz +wz+m)
4 g

D(z) = ()

e
u=—ppprAhy,
v=p pip Ak, (s +20,),
b=—p,pip i Mih Ay (20 —0y),
k==pp 230 (pa + pig )
c=A+20, +20, +A, + A4,
d = (200000, MM h, + 20 hhy + 0% + 20k + AN,k + 20 A, 423 ),
(A AR+ AR g K+ N 200N, + AR A A, +
- L 202N, +03h, + 020, + 230, J
. _(M@MM + 20,030 A + AR Ao hg + 2020 A Mg + A2, +]
+ 20, = P 2D @A A ’
w= A MMM A + AR + 20 A2A A s + A A2A A, — 2D, P2 pagih Ayhsh s
M= p,Ps Padihi Ay Mshhs + P02 D3 DM M Ksh hg = A 50 A A .

[inbHICTh PO3MOLTY HMOBIPHOCTEH Yacy BUKOHaHHS anroputmy a"aimizy DOM XSS
BPa3JIMBOCTI:
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ioo

uz’ +vzt +bz+k

o) =—— dz, 3)

zZX
e
2mi (26 ez +dzt + gz’ +h’ +wz+m)

—I1%0
Jie oTiepallisi IHTerpyBaHHs BUKOHY€ETHCS 3a JOMOMOTOI0 iHTerpana bpomBiya-Barnepa [8].

Croci0 1HTerpyBaHHs 3aJIe)KUTh BiJ TOro, un Mae ¢yHkuigs @D(z) TUIBKM MPOCTi
MOJIFOCH, 200 TOJIIOCH JESIKOTO MOPSAAKY. Y TOMYy BUIANKYy, Konu ¢QyHKUis D(z)Mae TUTbKU

MIPOCTI TOJIOCH, BUpa3 e d(z) MOXKHA MPEICTABUTH Y BHTJISIII:

ezx(uz3 +vZ +bz+ k) = ulz) “)

24y 2y A1 A A A2y, wlz)

eD(z)=

e Yyo=c,Ys=c+d,y,=d+g,y,=g+h, v, =h+w,y,=w+m, y,=m.
Toxi UWINBHICTH pO3MOALTY 4Yacy BHKOHaHHS anroputMmy ananmizy DOM XSS
BPA3JIMBOCTI BCIX TUIMIB JIOPIBHIOE:

o(x) = ki;Re s[ez"(D(Z)]: kz7‘; H((Zk) _

WAz,

N—

)

! ez"(uz3 +vz° +bz+k)
D720 +6y,z) + 575z +4y,20 +37,20 +27,2, +7,

Oyukuis  DP(z) KpiM  pilleHb, SAKI  BHU3HAYAIOTBCA  KOPEHSAMH  PIBHSHHS
2 +cz’ +dz* + gz’ + hz’ + wz+m =0, MOXe MaTH i momoc APyroro abo TPETHOTo TOPSIKY.
Toni miABHICTG PO3MOALTY Yacy IMepenadi MoBiJOMICHHS (p(x) 3HAXOJUTHCS 32 (HOPMYIOIO

3HAXOJKEHHS BIpaxyBaHb 7, Bij MOJIOCIB z, MOPSAKY 71 :

@ (=2 )ea) 6)

r—l = n—1
(n—1)1 == dz

Bupas (6) sBisie coboro apiOHO-pamioHaNbHY (QYHKIIO MIOAO Zz 31 CTYICHEM
3HaMEHHHKA OiJIBIIIOI0, HIXK CTYIIHb YACENbHUKA. TOMY JJIsl HOrO BUKOHYETHCS YMOBH JIEMH
Kopnana [9].

Bararounen z°+cz’ +dz* + gz’ +hz® + wz+m TOpomKye ciM moMociB. BupimeHus
PIBHSIHHS:

v +dt v g v+ wz+m=0 (7)

MoXe OyTu 3HalaeHo Oynb-sSIKHM METOJOM, Hampukiaaa, 3a (opmynamu Biera [10]. B
pe3yJbTaTi OOUUCIIOITHCA OCOONIUBI TOUKU  Z,, Z,, Z3, Z,, Zs5, Z¢-

Taxkum unHOM, Ha OcHOBI ekcnoHeHIliHOT GERT-Mepexi po3pobieHo MaTeMaTHUHY
MOJIeNIb TeXHOoJOrii TectyBaHHS Komiuiekcy DOM XSS BpaznuBocTeit Bcix TumiB («stored
XSS», «reflected XSS» 1 DOM Based XSS), sixka Binpi3HAETHCS Bl BIIOMUX, YpaxyBaHHSIM X
cnenudiku Ta He0OXiMHOCTI aBToMaTHYHOTO ayauty DOM Based XSS okpemo.

Po3pobnena mozens Moke OyTHM BHUKOpUCTaHa ISl JOCHIDKEHHS iHTepHET Web-
3aCTOCYHKIB B MEPEKEBHX CTPYKTypax, a TaKOX MPHU PO3poOIli HOBUX 3aCO0IB 1 POTOKOIIB
3aXHCTy JTAaHUX B KOMITIOTEPHUX CHCTEMaX 1 Mepexax.

3acTocyBaHHs EKCIOHEHIIHHNX cToxacTmuHuxX Moxaenedr GERT nacte MOXIHBICTBH
BUKOPUCTAHHS pE3yJIbTAaTiB, OTPUMAHMX B AHATTHYHOMY BHUIIIAAI ((QYyHKIIi, OIUTBHOCTI
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pO3MOIiNy) AJis TMPOBEIEHHS MOPIBHSAIBLHOTO aHAi3y 1 JOCHIKEHb, OUIBII CKJIATHUX
KOMIT'IOTEPHUX CUCTEM MAaTeMaTUYHUMHU METOJIaMH.

BucHoBku. Y po6oTi po3pobiieHa MaremMaTHyHa MOJEIb MpoLecy TecTyBaHHS Web-
3aCTOCYHKIB. B o0OCHOBY MaremaTH4HOTO MojemtoBaHHsS moknaaeHo miaxigy GERT-
MEpPEKEBOT0 CHHTE3Y. B pe3ynbTaTi po3po0ieHO MaTeMaTHYHI MOJIEITi TEXHOJIOT1] TeCTyBaHHS
DOM XSS Bpa3nuBocTi.

MaremaTiuHa MOJeNb TeXHOJoril TecTyBaHHs komiuiekcy DOM XSS BpaznuBocTteit
BIJIPI3HAETHCS BiJ] BIJOMUX, YPaxyBaHHSAM CHEIM(IKM KOMIUICKCHOTO aHaNi3y pI3HUX THIIIB
XSS BpaznusocTi («stored XSSy, «reflected XSS» 1 DOM Based XSS), a Takox BKIIIOUEHHSIM
B alrOpUTM TMpoueayp aBromatuuHoro ayauty DOM Based XSS okpemo. Lle nae
MOJKJIUBICTh TMPOBECTH AHATITHUYHY OI[IHKY THMYAacOBUX BHUTpPAT TECTYBaHHS 3a3HAYCHHUX
Bpa3iMBOCTE B yMOBax peamizaulii cTparerii po3poOKu Oe3MeyHOro MPOrpaMHOTO
3a0e3mneueHHs!.
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Mathematical Model of DOM XSS Vulnerability Testing Technology for Analytical

Assessment of Time Costs

The paper presents the results of the study and testing algorithms for vulnerability to one of the most
common types of attacks on Web applications, DOM XSS, for analytic assessment of time costs. Analysis of
various kinds of statistical materials of well-known organizations (for example, the Open Web Application
Security Project) showed that one of the most dangerous types of attacks (vulnerabilities) is Cross Site
Scripting — XSS. In a number of works, attempts of mathematical formalization the process of finding and
eliminating vulnerabilities of this kind were made . However, the presented models do not take into account the
latest trends of XSS vulnerability, namely the difference in their types (“stored XSS”, “reflected XSS and DOM
Based XSS) and the need to identify them. That is why a particularly relevant task in this direction seems to be
the modeling of the DOM (Document Object Model) XSS vulnerability algorithm taking into account the
complex of their three possible types.

In general, studies have shown that GERT-modeling is an effective way to determine previously
unknown laws and distribution functions of random variables with a known algorithm of functioning (process).
That is why, we chose GERT modeling as a tool for mathematical modeling. The main purpose of GERT is to
evaluate the network logic and the duration of the activity and obtaining a conclusion on the need to perform
certain activities.

As a result, a mathematical model was developed for testing the DOM XSS vulnerability complex
which differs from the known ones by taking into account the specifics of complex analysis of various types of
XSS vulnerability (“stored XSS”, “reflected XSS” and DOM Based XSS), as well as separately including DOM
Based XSS into the algorythm of automatic audit procedures. This makes it possible to conduct an analytical
assessment of the time spent testing these vulnerabilities in the context of implementing a secure software
development strategy.
testing technologies, DOM XSS vulnerabilities, GERT modeling, security vulnerabilities
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JIOC1IPKEHHS 1 CHHTE3 TPy CUMETPUYHHUX
MOJIM(IKOBAHUX OIlepalllil JoJaBaHHS 32 MOAYJIEM
YOTHUPH

B craTTi HaBeIeHO OCHOBHI PE3yJIbTATH JOCTIHKEHHSI CHHTE3Y TPYIH ABOXONEPAHIHUX JBOXPO3PSIHUX
CHMETPUYHUX MOIM(DIKOBAaHMX OIepalii JoJaBaHHS 3a MOAYJIEM YOTHPH HAa OCHOBI BHKOPUCTAHHS TPYIH
JIBOXPO3PSITHNAX OJTHOOTIEPAHIHUX OTepalliii KpUNTONEePETBOPEHHS, IJIs MiBUIIICHHS BAPiaTUBHOCTI aJrOPUTMIB
KoMIT’ FoTepHoi Kpuntorpadii. Ha ocHoBi uotuphox Moaudikaliiit Mojeneii onepariii Jo1aBaHHs 32 MOAYJIEM JBa
3 BpaxyBaHHSM MOJEJI PO3MOBCIOMKEHHA NepeHoCy MoOyaoBaHO aHajoridHi moam(ikamii Moaeneil omepamii
JOZIaBaHHA 3a MOJyJieM 4YOTHpH. bByno BcTaHOBiIEHO, 10 moOynyBaTH Bci MOIUQIKaLii JBOXPO3psIHOT
JIBOXOIIEPAaHAHOI omepauii JIoJaBaHHS 3a MOIYJIEM YOTHPH, MOXHA Ha OCHOBI TPYIH JBOXPO3PSIHHX
JIBOXOIEPAaHAHUX orepauii onepauid kpunrtorpadiynoro mneperBopeHHs iHpopmanii. CuHTe3 Mopenel
JIBOXOIIEPAHAHOI CUMETPUYHOI orepallii MpOBOJAMBCS IOEIHAHHSIM JOBLIBHOI JBOXPO3pSIHOI omnepamii s
MIepEeTBOPEHHS APYTroro onepanza 3 6a30BOIO AJIs IaHOI orepallii onepauiero IepeTBOPEHHs IIEPIIOro onepania
IIUSIXOM JI0/IaBaHHS 3a MoayJjieM JBa. KOpPEKTHICTh OTPHMAaHMX pe3YNbTaTiB IIATBEPIKEHO pe3yibTaTaMHu
O0YHCITIOBAIEHOTO EKCIIEPUMEHTY. Y TIOAajbIIoMy MOTPiOHO MPOTOBXKUTH MAOCHIIKEHHS HAIpaBieHI Ha
BJOCKOHAJICHHS aJTOPUTMIB IIOTOKOBOTO MH()PYBaHHSI Ha OCHOBI CHHTE30BaHOI TPYITH HOBHUX KPUNITOTpadigHIX
omepartiu.
kpunrorpagiuna omepanisi, moaudikanii omepaniii, MaTemMaTH4Ha rpyna omepaniii, AoAaBaHHA 3a
MOAYJIeM, MOJeJli onepaii, 10TOKOBe
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HccienoBanue u cMHTe3 IrPyNIbl CAMMETPUYHBIX MOAU(GHIHMPOBAHHBIX ONepPALHii

CJIOKCHMS IO MOAYJII0 YE€TBIPE

B crartbe MPUBEACHBI OCHOBHBIC PE3YJIbTATbl HCCICAOBAaHHA CHUHTE3a TIPYHIIbI JABYXOIICPAHAHBIX
JIBYXPa3psAHBIX CHMMETPUYHBIX MOANGHUIMPOBAHHBIX ONEPALMH CIOKEHHS M0 MOIYJIO YEThIpe Ha OCHOBE
HCIOJIb30BaHUA I'PYIIIbI ABYXPa3psAAHbIX OJHOOIICPAHIHUX onepaunﬁ KpI/lHTOHpeO6paSOBaHI/IH, JIJI ITIOBBIIICHUSA
BapHaTUBHOCTH aJTOPUTMOB KOMIBIOTEpHOH Kpumnrorpadguu. Ha ocHOBe deThlpex MOTUPHUKAIMNA MoIenei
olepaluu CI0KEHHs 10 MOIYJIO JiBa C y4€TOM MOJEIM PaclpOCTPAHEHHUs IIEPEHOCA OCTPOECHO aHAJIOTHYHbIE
MOIM(UKAIIMK MOJENEH ONepanuy CIOKEHHS MO MOMIYJIO YeThlpe. Bbulo ycTaHOBIIEHO, YTO TMOCTPOHTH BCE
MoaudUKAIMK NBYXPa3psAHBIX JBYXOINEPaHIHBIX ONEPALi CI0KEHHS 10 MOIYJIIO YeThIpe, MOXKHO Ha OCHOBE
TPYNIBl  JIBYXpa3psAOHbIX [BYXOIEPAaHAHBIX OIEpaluy oOnepaunuii Kpunrorpaduieckoro mnpeodpasoBaHUs
undopmannn. CuHTE3 Mojeneil JBYXONEpaHAHOW CHMMETPHUYHOM ONepaluyy IPOBOAMWICS COYETaHUEM
MPOU3BOJIBFHON NBYXpa3psAOHON omepanuy A MpeoOpa3oBaHHs BTOPOTO omepaHna ¢ 0a30BOHM Uil JaHHOU
olepaluy oneparyell mpeodpa3oBaHKs MEPBOTO OINEpaHia IMyTEM CIOKEHHs 10 Moayio aBa. KoppekrHocTs
MOJYYEHHBIX PE3yJIbTaTOB MOATBEPKAAETCS Pe3yIbTaTaMH BBIUMCIUTENBHOIO 3KCIEepUMEHTa. B nanbHelimem
HEOOXOAMMO TPOAOJKUTH HCCIEOBAaHMS HAIPABICHbBI HAa COBEPLICHCTBOBAHHE AalTOPUTMOB IIOTOKOBOTO
mr(ppoBaHUs Ha OCHOBE CHHTE3UPOBAHHOMN I'PYIITBI HOBBIX KPUNTOTPA(YUUECKUX OTIEPALIHH.
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ITocranoBka mpodaemu. BeecBiTHS TeHaeHIs 0 LIOPIYHOTO 30UIbIIEHHS KibepaTak
XapaKTEePU3YEThCA SIK 3POCTAHHAM X KUTBKOCTI TaK 1 PO3IMIMPEHHSM TIEPETIKY aBTOMATH30BaHUX
Ta iHQOPMALIMHUX CHUCTEMH, IO Wimmamucs Hamamxy. OcoOaMBO BaxIMBO 3a0e3MeUnTH
eheKTUBHY TPOTUIII0 KpUNTOaTakaMm, a/pKe caMe BOHM HamnpaBiICHI Ha 3aBOJIOJIHHS
KOH(DiIeHIIIHOIO 1H(OpMAIIi€r0, PO3TOJIONMICHHS SIKOI MPUBOAUTH 0 HEraTUBHUX HACIIJKIB Ta
¢binaHcoBuX 30UTKIB. Bee 11e B CyKymHOCTI pOOHUTH Tpo0sIeMy MiIBUIIICHHS €()EKTUBHOCTI CUCTEM
KOMIT FOTEpHOro KpunrorpadiqyHoro 3axucry iHpopmarii ocoOnrMBo akTyalbHOMO. BupimieHHs
JaHOi TPoOJeMH TMoJiAraE y BIAOCKOHAJICHHI BKE ICHYIOUMX Ta TIOOYJIOBI HOBHX
KPUNTOAITOPUTMIB Ta KPUITOCUCTEM, B TOMY YHCIIi HAa OCHOBI 3aCTOCYBaHHS HOBHX, paHille
HeBiioMux migxomiB. OmHUM 3 HOBHUX IUIAXiB PO3BUTKY Cy4YacHOI Ta ITOCTKBAaHTOBOI
kpunrorpadii monArae B po3poOlli KPUNTONPUMITHUBIB OCHOBAaHMX Ha 3aCTOCYBaHHI HOBHX
OaraToorepaHIHUX OTepalliid KpurrorpadivHOro mepeTBOPEHHs iHpOpMAaIIii.

AHaji3 ocTta”HHix gochaimkens 1 myOgikamiii. Omnepamnii kpunrorpagigHOro
nepeTBOpeHHs iH(popMarlii 3a0e3nedyroTh 30UTbIIEHHS CTIMKOCTI KpUMNTONEepeTBOpeHsb [1-3].
Kpim TOro amamiz naHux omepamiii 103BOJIs€ BHOKPEMHUTH HOBI MIAXOAM Ui MOOYIOBH
CHUCTEM KOMIT I0TepHOi kpumnrorpadii [4, 5]. B amropurmax komi toTepHOi Kpumnrorpadii
0oco0yiMBe Miclie 3aliMaloTh omepallii JoJaBaHHS 32 MOIYyJIEM a TakoX Moau(ikarii maHux
OTIepaIliil 3 TOYHICTIO JI0 MEePEeCTaHOBKH [6-8]. 301IbIIIEHHS KIJTBKOCTI Onepariiii 1o1aBaHHs 3a
MOJyJIeM JI03BOJISiE  30UIBIIMTH  BapiaTHBHICTh QJTOPUTMIB, CTIMKICTh pe3yJbTaTiB
mudpyBaHHS Ta HAAIHHICTS KpUNITOCUCTEM [9].

B po6orax [10-11] HaBeneHo pe3ynbTaTi 00YHCIIOBAIBHOTO €KCIIEPUMEHTY Ha OCHOBI
SKOTO OTPHUMAaHO 96 CUMETPUYHUX TBOXPO3PSAHUX TBOXOTEPAHIHUX CUMETPUYHUX OTIeparlii
MPEJICTABICHUX TMOEIHAHHSAM OJHOONEPAHIHUX OIeparliil Ta ix TabnuusMu migcTaHOBKU. B
OCHOBY €KCIIEpUMEHTY OyJIO B3TO IPYyIy OJHOOIEPAHIHUX OIEepaliid KPUITOIEPETBOPECHHS
HaBeJeHHUX B Taoum. 1 [12].

Tabmms 1— Krnacudikarris OJIHOOTIEPAHTHUX TTIBOXPO3PSTHUX orepariii
KpunrTorpadgigHoro nepeTBOpeHHs iHpopmarii

Onepauii iHBepcii
KnacmbmgvTop 0 0 | |
onepauin
0 1 0 1
X HES x, @1 X @l
Fvl - 2 = 3 4 —
X, x, @1 X, x, ®1
Basosi F - x, @ x, oo x, @ x, F = x, ®x, D1 F = x, ®x, D1
oneparrii | x, | 6 x, ®1 X, x, @1 |
F—_xl ] o X, x, @1 F x, @1
9__xl@x2_ 0 x®x, @1 Ty @, . x ®x, 1
X, X, x, @1 x, @1
F.= F = =
13 X, 14 x, ®1 15 X, 16 x ®1
[ x x x, ®1 x, ®1
Oneparii F, = 2 Fy= 2 F, = 2 Fy = 2
T1epeCTaHoOBOK X, @ x, x, @x, ®l1 x, ®x, x,®x,®1
x, ® x, ®x x, ®x, D1 x, @x, Pl
lezx1 % F, = 1 ’ Fy = l ’ by = l ’
| X, x @1 ] | x, @1

Hoicepeno: pospobneno agmopamu
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ExcnepumeHTanbHO OTpuMaHi onepariii OyJo mojiieHo Ha 4 MaTeMaTHYHHUX TPYIU 110
24 oneparlii B KOXHIH, IO A€ 3MOTY JOCIIKYBaTH KOXKHY T'PYITy OKPEMO.

B po6ori [13] mochimkeHa MOXIMBICTh 1MOOYA0Ba MOBHOI IPYNHU JABOXOIEpPAHIHUX
omiepalliii KpUNTONEPETBOPEHHS, HAa OCHOBI BIJOMOi, 3a pPAaXyHOK BCTAaHOBJCHHS 1
3aCTOCYBaHHSI EPECTAHOBOYHHUX B3a€MO3B’S3KIB MK TaOMUIIMU ICTUHHOCTI. BcTaHOBIEHO,
IO 3aCTOCYBaHHSI TIOBHOI T'pyIH IEPECTAHOBOYHUX CXEM 3a0e3MeYnTh TMOOYIO0BY IOBHOI
rpynu HabopiB MOAU(IKOBAHUX ABOXONEPAHAHUX OIEpalliii KPUIITOIEPETBOPEHHS HEBIOMOT
rpyIy, Ha OCHOBI OfHI€T BimoMoi omepartii. OTpumaHi pe3yJbTaTh CIIBIAIN 3 pe3ybTaTaMu
00YHCITIOBAJIBHOTO EKCIIEPUMEHTY .

Po6Gora [14] mpucBsiuena po3poOili TEXHOJOT1i MOOYA0OBH IBOXOMEPAHIHUX OTEparlii
KpunrorpadiqHoro nmepeTBopeHHs iHdopMarlii, 3a pe3yabTaTaMi MOJACIIOBAHHS, MPUIATHUX
JUTSL IPaKTUYHOTO 3aCTOCYBAHHS B KOMIT IOTEPHIM Kpunrorpadii.

OCHOBHUM HEHOJIKOM JAaHOI TEXHOJIOTII IIoJIsira€ B HEOOXIAHOCTI BUKOHAHHSI
TPOMI3IKUX MAaTEMAaTUYHUX MMEPETBOPEHB, 110 3HAYHO YCKIAJTHIOE €PEKTUBHICTD JOCIIIKEHb.

IlocTanoBka 3aBaaHHs. MeTor0 poOOTH € JOCHIIKEHHS 1 CHHTE3 TPYINH
JIBOXOIIEPAHIHUX JTBOXPO3PSAHUX CHMETPUYHUX MOIU(IKOBAHHMX OMeEpaliid ITomaBaHHS 3a
MOJyJIeM YOTHPH Ha OCHOBI BUKOPHCTAaHHS TPYNH JIBOXPO3PSTHUX OJHOOICPAHIHUX
oreparii KpUNTOIMEPETBOPEHHS IS ITiIBHIIECHHS BapiaTUBHOCTI aJITOPUTMIB KOMIT FOTEPHOT
Kpunrorpadii.

Buxaaa ocHoBHOro martepiaay. B OCHOBY NpOBEIEHHSI JOCIHIKEHHS OYJIO0 B3SITO
YOTUPH  MAaTeMaTW4HI  MOJEN  JBOXONEPAHIHHX  JBOXPO3PSAHUX  CUMETPUIHHX
MoaM(DIKOBAaHMX OMeEpamii JojJaBaHHSA 3a Moayiem paBa [9]. JlocmigumMo MOKIIHBICTH
no0y/IOBH aHAJIOTIYHUX MOIM(IKOBAHKX OIEpalliii Ha OCHOBI JT0JITaBaHHS 32 MOJIyJIEM YOTHPH.

Tak sk omeparist TBOXPO3PSAHOTO JOJAaBaHHS 3a MOJIYJIEM JIBa BKJIIOYaE B cede
OTIepaIliio JOJIaBaHHs 32 MOAYJIEM JBa MEPIIOTro Ta APYroro po3psiB, TO BoHa Oyje 3ajgaHa
MOJIEILITIO:

x, @k

0m0d2 — , 1
: x, Dk, (1)

ne X,, K, — 3HaueHHs I -THX PO3PSAIIB MEPIIOro Ta APYTOTO OMEPAH/IB BiMOBIIHO.

Omepariist IBOXPO3PSIAHOTO JOJABaHHA 3a MOJYJEM 4YOTHPH, BIAPI3HAETHCA Bif
JIBOXPO3PSITHOTO JTOJIAaBAaHHS 32 MOJYJIEM J[Ba HAsIBHICTb MEPEHOCY 3 MOJIOJIIOTO B CTAPIIHA
po3psa. Buxoasum 3 1poro Mojens omnepaii JBOXPO3PSAHOTO JOAABAHHS 32 MOJIYJIEM
YOTHPHU MO’KHA TIPEACTABUTH SIK:

Omed4 _ x, ®x, -k, Ok,
A : o)
Xy 2
x
SO BBECTH MO3HAYEHHs, MO aHanorii 3 Tabml F)= ", F?= M e
‘ Xy Y

IPENCTABUTH iX SK J -Ty ONEpaliio BimoOpaXkeHHs B pe3ylbTaTax JOAABAHHSA IO MOIYJIIO
MepIIoro Ta APYroro ornepaHzaa BiAMOBIIHO, TOI:

x, ®k X k
Olmodz — 1 1 — 1 (‘D 1 :El (_BEz) (3)
x, @k, X, k,

3a YMOBHY 1110, YV, = kl s Vo = kz .
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Ilo anamorii Mozenb omepaiis JABOXPO3PSAHOTO JOJaBaHHA 3a MOJYJIEM YOTHUPHU
MO>KHA IPEICTaBUTH:

01m0d4: xl@xz'kz@kl _ X o) 34 zFll@Flza )
X, Y

saymoBu o, V, =X, -k, ®k, v, =k,.

PosrnsiHemo MoaudikoBaHi oneparis J0AaBaHHS 32 MOAYJEM JBa [6] Ta 1o aHajorii 3
Bupazamu (3-4) moOyayemo aHanoriuHi MojugikoBaHi omeparlisi J0JaBaHHS 3a MOAYJIEM

YOTUPHU:
X, @k X
omed —| 11 = &) N =F ®F’, (5)
X, @k, ®1 x, @1 Y,
3aymoBu mo, ¥, =k, v, =k,;
O™~ Fl @ F? = X @ | M @ k, ®x, -k, _ x, ®x, -k, Ok, ©6)
x, ®1 Y, x, @1 k, x, @k, ®1
3a YMOBH 110, ); = X, 'k2 ®k15 %) :kz;
Dk D1 D1
o7 {xl 1 }{xl }@P 1}=F; SR, (7)
x, @k, X, Y,

saymosu mo, Y, =k, ¥, =k,;

O _ @ o x, @1 ® Y _ x, @1 ® k, ®x, -k, _ X, ®x, k,®k @1 ®)
’ ’ 1 Xy Y2 Xy k, x, ®k,

saymoBu o, Y, =X, k, Dk, v, =k,;

Dk @1 ®1
O‘x‘nodzz X 1 _ X @ Y1 =F41@F12, )
x, ®k, @1 x, ®1| |y,

3a YMOBHM IO, V| = kl s Vo = kz;

0:10d4:F41@F12: x, ©1 @ 32! _ x, ©1 @ k, ®x, -k, _
x, ®1 ¥, x, ®1 k,

[x®x, k, @k ®1 ’
| x, ®k @1

(10)

ymoBu o, Y, =X, -k, ®k,, v, =k,.

KopekTHicTh HaBeIeHUX Mojesel JBOXOMEPaHIHUX IBOXPO3PAIHUX CHMETPUYHMX
Moau(BiKOBaHUX oOMNepaliii JoJaBaHHA 3a MOAyJeM JBa IiATBEPIKEHAa 3aCTOCYBAHHIM
TEXHONOTii TOOYJOBM JBOXONEPAHAHUX ONepalili KpPUITONEPETBOPEHHS, a TaKOXK
pe3yIbTaTaMi 00UHCITIOBATIEHOTO EKCIIEPHMEHTY.
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Ha ocHoBi aHani3zy oTpumaHux MoAudikalliil 1BOXpo3psaHOi oneparii JogaBaHHS 3a
MOJIyJIEM YOTHPH, B TOMY 4HCIi, HaBeaeHi B (3-10), MokHa 3p0OUTH BUCHOBOK, 110 iX MOXHA
OTPUMATH Ha OCHOBI OJHOOIEPAHIHMX oOIepauid OOpOOKM MepIIoro onepaHja, LIUIIXOM
JI0JJaBaHHA Omeparii ToJaBaHHS 3a MOJAYJIEM JBa 0a30BOi JUIs HUX omeparii MepeTBOPEHHS
JPyTOro OMepaH/ia, 38 yMOBU BpaxyBaHHS MO/ IEPEHOCY B CTAPILIUI PO3PSL.

[lepeBipUMO KOPEKTHICTh JaHOTO BHUCHOBKY IUISIXOM 3aCTOCYBAaHHS  I1HIIUX
OJTHOOTICpaHIHUX OIepalliii KpUNTONepeTBOpeHHs, HaBeaeHuX B Tabm.l. Ilpu moOymosi
MOIU(IKOBAaHUX Omepaliii 1oJaBaHHS 3a MOAYJIEM YOTHpH Oy/le BUKOHYBAaTHCS yMOBa:

V=X, k, @k, vy, =k,
Tak ax s ogHoomepaHaHOI omepauii F; 06a30BOI0 OJHOONEPAHIHOIO OMNEPALIEID
Takox € F Toni:
O§mod4 =F51 ®F52 :|:x1 G_)xz} ®|:y1 ®yz}={x1 @xz} (_B{xz -k, @k, @kz} _
X, Y X, k,
_ s (11)
%®xfkﬂ3h®kﬂ

x, @k,

Jlns oqHOONEpaHIHOI onepanii F, 0a30BOI0 OJHOONEPAHIHOK ONEPALIEI0 TAKOXK €

F5 , BUXOJA4HU 3 IbOTO OTpUMAEMO:

Oénod4 =F51 ®F62 =|:'x1 ('sz}@{yl :|=|:x1 D x, @1}@{)62 k, ®k, @kz}

X, y, ®1 X, k,
_ - ) (12)
X ®x, Ox, k, Ok Ok, | | x, ®x, -k, Dk Dk,
x, @k, @1 X, @k, @1 ]

®1 CI -k, ®k
01“;"‘“:F9169Fl§:[x1 }@[yl }:{xl @[xz 2 }:

X, ®x, @y, ®1 x@x,®1| |x,-k, @k Ok, 13
| X Dx,k, Ok D1 B X, ®x, -k, ®k @1 )
X, ®x, ®x, -k, Dk, Bk, D] |x, ®x, k, Dk, Dk, D1

k

O™ = Fl @ F2 = X, @ V2 _|* o _

X, v, @1 x, ®1| |k ®x, -k, ”
| X, @k, ] ’ (14
X, ®x, k, Bk 1]

] ®1 ®1 k

O™ —Fl @ F2 = X3 @ Y2 _|* o _
x®x,| |[»®y, X, ®x, X, k, Dk, Dk, (15)

[x, @k @1 [x, @k @1
X, ®x,®x, k, ®k ®k, | |x, ®x, -k, Dk,
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x, @x, y®y, @1 x @x,®1 X, -k, ®k Dk,

O =F) | ®F), = ® = ® =
X, y, @1 x, @1 X, -k, Dk,
_ 16
X ®x,®x, k, Ok @k, ®1| |x, ®x, k, Dk Ok, D1 (16)
X, ®x, k, Dk ®1 X, ®x, k,®k &1

Pesynpratu pociimkeHHs cHHTE3Y Moaudikamii JBOXPO3PSIHOI JBOXOMEpPAHIHOT
orepailii J0JaBaHHs 32 MOJYJIEM YOTHPHU HAaBEJCHO B Ta0JI.2.

Tabnuns 2 — PesynpTaT  JOCHIIKEHHS CHHTE3Y Monu(ikaiiii - 1BOXpo3psaaHOi
JIBOXOIIEPAHIHOT OTepallii JoaBaHHs 3a MOAYJIEM YOTHPHU

Knacudikatop Omnepaunii inBepcii
omepamiii
0 0 1 1
b : s i
(BasoBi omepani| o L®Ox, ek e, ek N@Ox, kLeL®1 @y -khekel
1=L:@h } 01:|:.\'2@k1@l } =[\5@h ] 4_|:"1@k2@1 }

O_={vl®v1-i’?1@kl®i’cz} OE:{“@“’?'E?@I“IGJ"C?} O_{\i@x,!a@h@k:@l} Os=|:x1®x2‘.f?2®i’q®k2@1}

x, ®k, X, @k, O1 x, &k, Y, ®k®l
- X @x, k, Ok - X @x,-k,Sk - X @x, k @k ®1 o x, Bx, -k, ®k, D1
P x@x, kL ekek Yolyex Lekekel U x@x, kL ok ek 2y, @, k, Ok @k, ®1
Omnepanii o - X, @k, o 1, Ok B x, Bk, @1 o n, &k &1
TlepecTanoBoK BT y@y, ek oy @y, -k, @k ®1 By @x, k, Ok ®F, ¥ ney-hokekol]

ek o _| ROk 0. [n@Rel o [2®R®1
VT vk ok ek, B x ®x, 8k @k, 81 *Tnen khek T ey hLekel

23

O Y, ®x, &, Ok ek . X ®x,-k, Dk, Ok,
a = Y, ®x, -k, ek &, Ok &1

x,@x, -k, &k ek, @1} o _|:xl@.\'2 -F?zeklekz@l}
X8,k &k Y@y, -k Tk 91 *

Iicepeno: pospobneno asmopamu

B mpormeci mocmimkeHHsT OyJI0 BCTAHOBJIGHO, IO TOOYyIyBaTH Bci Momudikarii
JBOXPO3PSTHOT ABOXOIIEPAHIHOI OTepallii I01aBaHHs 32 MOAYJIEM YOTHUPU, MOKHA Ha OCHOBI
TPyl  JTBOXPO3PSIIHUX  JBOXOINEPAHIHHMX  Omepamlii  omepamid  KpunrorpagiqHoro
nepetBopeHHsa iHGopmanii. Ilpm mnpoBeneHHi HocHi/KEHHS Oymud OTpUMaHi MoJeni
CUMETPUYHHMX OINepaliif, KoxHa 3 sKUX 3a0e3nedye SK MpsMe Tak 1 oOepHeHe
KpunroneperBopeHHs. CHHTE3 MOJeli JBOXONEPAaHIHOI CUMETPUYHOI oreparii MpoBOAUBCS
NUISIXOM TO€HAHHS JOBUTLHOI OJTHOOMEPAHIHOT TBOXPO3PSIHOT Oomepallii s mepeTBOPEHHS
Jpyroro omepaHjga 3 0a30BOI0 A JIaHOi omepaiii Oonepauielo MEepeTBOPEHHS IEPILIOro
onepanaa. [loegHanHs OAHOONEPAaHIHUX IBOXPO3PSIHUX OIEpaliid peani30BaHO HAa OCHOBI
JI0JTaBaHHA 32 MOJYJIEM JIBa.

OTpumaHi  TEOPETMYHI  pe3yJbTaTH TMOBHICTIO  CIHIBNAIM 3  pe3yJbTaTaMu
OOYMCIIOBAIBHOTO ~ €KCIIEPUMEHTY [0  MOJETIOBAaHHIO  CHMETPUYHHMX  Olepauii
KpUITONIEPETBOPEHHS [9].

BucHoBkHM. B nporieci 1ociikeHHs OTpUMaHO HACTYIIHI pe3yJIbTaTu:

Ha ocHoBi yoTupbox moaudikaiiii Moaeneil omepaiii 10JaBaHHA 3a MOAYJIEM JiBa 3
BpaxyBaHHSIM MOJIe]l PO3MOBCIOKEHHS MEPEHOCY MOOYJOBaHO aHaloTiuHi Monaudikarii
MoJiesielt onepallii 101aBaHHs 3a MO/YJIEM YOTHUPH.
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Bbyno BcranoBneHo, 1m0 moOyayBaTH Bci Moaudikaiii J1BOXPO3PSIHOI TBOXOMEPAHTHOT
omepauii JoJaBaHHA 3a MOIYJEM 4YOTHPU, MOXHA Ha OCHOBI TPYNU JIBOXPO3PSIHHX
JIBOXOIIEPAaHIHUX Ooneparii onepariii kpunrorpagiqHoro nepeTBopeHHs iHdopMmariii.

CunHTe3 Mojesneil JBOXOINEpaHAHOI CUMETPUYHOI omepaiii MpOBOJUBCS IOE€THAHHAM
JIOBUIbHOI JIBOX PO3PSIHOI omeparii A MepeTBOPEHHs APYyroro omnepaHaa 3 0a3oBOIO IS
JaHO1 omepanii Omepariero MEepeTBOPEHHs MEpLIOro ONepaHja LUIAXOM JIOJAaBaHHS 3a
MonyneM JBa. KOpPEKTHICTP OTpUMaHUX pe3yJbTaTiB MiATBEPHKEHO pe3yJibTaTaMu
00YHCITIOBAJILHOTO €KCIIEPUMEHTY .

VY nopanbmoMy moTpiOHO MPOJOBXKUTU AOCHIHKEHHS HAIlpaBlieHl Ha BAOCKOHAJIECHHS
QITOPUTMIB  TIOTOKOBOTO  IM(PYBaHHS HAa OCHOBI CHHTE30BaHOI TIpyNHM  HOBHUX
KpunTorpadiuHuxX onepariu.
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Researching and Synthesizing a Group of Symmetric Modified Modulo-4 Addition

Operations

The main research results of synthesizing a group of two-operand two-bit symmetric modified modulo-
4 addition operations, based on using the group of two-bit one-operand cryptographic transformation operations
for increasing the variability of computer cryptography algorithms are presented in the article.

In order to achieve this goal, based on four modulo-2 addition operation's models modifications, similar
modifications' models of the modulo-4 addition operation's models were constructed in the article. For the
construction of these models, the main difference between the operations of two-bit addition modulo-4 was used
from the two-digit addition modulo-2, which consists in the transfer from junior to senior. The sequences of
mathematical transformations given in the article provide the construction of a group of models of operations on
the basis of a given, for example, the operation of adding modulo-4. The correctness of given models of two-
operand two-bit symmetric modified modulo-2 addition operations is confirmed by the application of the two-
operand cryptographic transformation operations construction technology, as well as by the computational
experiment's results. The assumption on all two-bit two-operand modulo-4 addition operation modifications
building possibility based on using the group of two-bit one-operand operations of information cryptographic
transformation was proved in the article. During the study, the symmetric operations' models were obtained, each
of which provides both direct and inverse cryptographic transformation. The established relationships between
operations allowed to synthesize a models' group of two-bit two-operand symmetric modified modulo-4 addition
operations, based on combining the random two-bit operation to transform the second operand, with the first
operand's transforming operation, which is basic for this operation, through the modulo-2 addition.

The obtained theoretical results completely coincide with the computational experiment's results on
simulating the symmetric operations of cryptographic transformation.
cryptographic operation, modifications of operations, mathematical group of operations, module addition,
operation models, streaming encryption
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Analysis of the Methods for Solving Game Puzzles such
as «Flip-Flop»

There is a variety of popular puzzles having a goal of reducing an arbitrary binary matrix to either all
“0” or “1” matrix. In this paper we study methods for solving “Flip-Flop” like puzzles of dimensions 3x3, 3x4,
4x4 applying tools of logical analysis of situations, combinatorics and discrete mathematics. We found that
applying the method of sequential analysis of each combination that works well for 3x3 matrices is cumbersome
and inefficient for matrices of 4x4 and higher dimensionalities. Therefore, we discovered and analyzed
algorithms named trait selection method, stream method and snake method which work better

We concluded that in order to find an optimized solution it is helpful to check if each current
combination matches one of the pre-final ones, or to swap «0»s with «1»s and vise versa.
computer puzzle games, logical situation analysis, combinatorics, discrete mathematics, trait method,
stream method, snake method

0. M. ITapxomenko, f1011., KaHa. TexH. HayK, M. /I. [lapxomenko, mo1., JI.Pudakosa, noi., A. P. Bokuii
LlenmpanvHoykpaurcKull HAYUOHANbHBIN MeXHuYeckuli ynusepcumem, 2. Kponusnuyxuii, Ykpauna
HccaenoBanue MeTo0B pemieHUs: UIrp- rojioBoaoMok tuna «Flip-Flop»

CyIecTByeT MHOXECTBO TOMYJSPHBIX TOJOBOJOMOK, IICNBIO KOTOPBIX SBIISETCS COKpAIICHHE
MIPOU3BOJIBFHON BOMYHOW MATpHIBI 10 t00oi Marpunbl «0» mimn «1». B aTOH cTaThe MBI W3ydaeM METOJBI
pelIeHnsi KOMITBIOTEpHBIX urp-rojoBosioMok tumna «Flip-Flop», ¢ marpumamu pasmepHocteit 3x3, 3x4, 4x4, ¢
HCTIOJIF30BaHUEM HHCTPYMEHTOB JIOTHIECKOTO aHaJHM3a CUTYalnii, KOMOMHATOPUKH U AUCKPETHON MAaTEMATHKH.
Ms1 ompenenwin, YTO MPUMEHEHHWE METOoJla MOCIEIOBATENBHOTO aHajin3a KaXJ0HM KOMOMHAIWH, KOTOPBIHA
XOpoIo paboraeT mius MmaTpull 3x3, SBISAETCS TPOMO3AKHUM M HedDPEeKTHBHBIM Juis Matpul 4x4 u Oonee
BBICOKHX pa3MepHocTell. [IoaToMy MBI HallIM ¥ NPOAHATU3UPOBAIN AJITOPUTMBI, Ha3BaHHBIE METOJIOM BBIOOpa
MPU3HAKOB, METOJIOM «PYUCHKa» M METOJOM «3MEHKH» , KOTOPBIC pabOTAOT JIyUIIIe.

Mel MNpuojii K BBIBOAY, 4YTO 4 HAXOXIACHUA ONTHMAJIbHOTO PEHICHUA II0JIC3HO MPOBCPUTH,
COOTBETCTBYET JIM KaKJas TEKyIlas KOMOWHAIMS OIHON W3 MpPEIKOHCYHBIX, U CBOCBPEMEHHO BMEIIATHCS B
mporece, Ju0O0 TMPeIBAPUTENIFHO 00paboTaTh COACPKHUMOE WCXOMHOW MATPHIBI, YTOOBI ONTUMH3HPOBATH
KOJTMYECTBO sTUeeK ¢ KomaMu «0» mma «1».

KOMIILIOTEPHBIE WTPHI-TOJIOBOJIOMKH, JOTHYECKHI AaHAJIU3 CHUTyanHil, KOMOMHATOPHKA, AUCKpPeTHAas
MaTeMAaTHKA, METO/ BbIIeJIeHUs] MPU3HAKOB, METO/I «PyYeiika», METO «3MeifKm»

Statement of the problem. Mental games like checkers and chess appeared in ancient
times as a mental leisure activity. With the rise of educational level they have become more
sophisticated, and the circle of their fans has been growing. Gradually, games became not
only a type of leisure, but also an object of scientific research. At the turn of the XIX and XX
centuries, the Game Theory emerged, and since then it has been constantly evolving finding
applications in economics, sociology, biology, industry, military and other fields of human
activity. The state of the art in decision making relies on simulation of game situations,
behavioral analysis and optimization methods in order to find the best strategy.

Among the growing number of computer games, the so-called puzzle games are of
great interest to young people and adults. Solving puzzles requires careful analysis of
situations and finding logical and mathematical patterns to determine the right sequence of
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actions. Some puzzles stimulate theoretical and practical advances. For example, the
number of different states of Rubik's cube reaches 43 quintillions of combinations. At the
same time, it is known that applying so-called «algorithm of God» allows solving the puzzle
in no more than 20 steps from any state. Rubik's cube became not just a toy, but also an object
of research for mathematicians and engineers. Even today such puzzles as «Crossbones-
Nulks» and Game of Fifteen that people have played for generations have not lost their
popularity. At the same time a lot of newcomers, like «Threes!», «2048», «Sudoku» and
others have appeared.

The «Flip-Flop» puzzle, that can be found on the internet in different variations
caught our attention. The essence of the game is as follows. At the beginning of the game
matrix cells 4x4 are filled with «O»s or «1»s randomly. When a matrix cell gets activated,
the values of the entire row and column at the intersection of it are changed to the opposite
codes, that is, «0» becomes «1» and vice versa. The objective of the game is to bring all
matrix cells either to «O»s or «1»s (depending on the given goal) in a finite number of steps.
There are several modifications of the game that differ by cell content; instead of «0» and
«1»s game designers use flowers, berries ("Fruity Flip Flop") and the like. There are also rule
differences when the activation of a cell changes the values of the adjacent cells as opposed to
changing the entire row and column.

This paper explores the original version of the game, i.e. when all values of adjacent
row and column get changed.

Analysis of recent researches and publications. As the Flip-Flop experience
shows, achieving the goal of arriving to the matrix with all Os (or 1s) from an arbitrary initial
combination in a finite number of steps is not an easy problem. It is hard to foresee what
combination occurs in two or three steps ahead even in matrix 4x4 because seven out of
sixteen cells change their values at each step. In order to solve the puzzle we have developed
and analyzed an algorithm that allows us to reach the solution of forming either all-Os or all-
1's matrix in minimal number of steps for any m x n matrix.

Studying references like Game Theory [1, 2], Discrete Math [3], Artificial
Intelligence [4], Combinatorics [5], and experiences with similar puzzles at braingames.ru
convinced us to use simulation, formal logic and combinatorics.

Statement of the objective. The aim of the article is to determine the methods for
solving the problem of reducing the arbitrary combination of matrix codes, with a minimum
number of steps, to one "0" or "1" and to build the algorithms that will provide this process.

The main material.

Terminology. We use the following notation:

- binary numbers 0 or 1 are used to fill matrix cells;

- (i=1,2,3...m) denotes <i-th> row of the matrix;

- (j=1,2,3...m) denotes <j-th> column of the matrix;

- (ij) denotes 1,j matrix cell;

- instead of binary code (of a row) hexadecimal code may be used. Therefore instead
of representing a matrix as a collection of cells we may represent it as a list of (hex) codes of
its rows;

- activated cell is denoted by either 0. or 1.;

- “zero” matrix - matrix consisting of 0s;

- “unit” matrix - matrix consisting of 1s;

- when a cell gets activated, the content of each cells in its row and column gets
inverted («0» becomes «1» and vise versa).

- an arbitrary combination of the matrix at the beginning of the game is generated
programmatically using a binary random number generator;
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- since algorithms for the formation of «zero» and «unit» matrices are similar, we
focus on obtaining «zero» matrix.

Analysis of the "Flip-Flop" Solution for 3x3 Matrix.

Before proceeding with the study of a solution for matrices of 3x3 size, we will
analyze forming a «zero» 2x2matrix. In doing so, we will simulate all possible initial
combinations and form the final «zero» matrix from them by analyzing the current
configuration and determining the strategy for the next step (Fig. 1).

L0 _.01_.00 11 .10 .00 1.1 .00 .11 .10 .00
Do1211%00%200 %1 00211 %01 00 1.1 0 0
10.. 01 1.1 .00 LO .01 .10 .00
Vo0~ 01%10 "0 o0 oo Z10 11 Too

Figure 1 — The sequence of formation of «zero» matrix with different initial combinations
Source: author's development

The analysis of the obtained solutions shows:

- in order to reach the «zero» combination, it necessary to arrive to the pre-final
combination in which activation of the critical cell results in forming the «zero» matrix;

- all possible pre-final combinations are formed at the intersection of matrix cells, so
their number corresponds to the number of the matrix cells (for the matrix 2x2 =4);

- the search strategy is to find one of the four final combinations, which makes it
easier to solve the problem;

- examples 4 and 5 show that starting from the same input, the sequence of steps for
reaching one of the final combinations may be different but the result is the same.

It follows that for the matrix 3 x3 there are 9 pre-final combinations. All of them can
be expressed number triplets: 7-4-4; 7-1-1; 4-4-7; 1-1-7; 7-2-2; 2-2-7; 4-7-4; 1-7-1; 2-7-2.

1 2 3 4 5 6 7 8 9
1111 111(1 110(0] [0]0]1 1111 0[1]0 110(0] (0]0]1 0|10
10 0]0]1 10 01 110 1 1|1{1 1j1(1 1|1(1
110(0] [0]0]1 111(1 1{1(1 0(1]0 1|11 1{0({0] [0]0]1 0|10

Figure 2 — Table of final combinations for matrix 3x3
Source: author's development

Searching for a long time for ways to reach one of these combinations did not give
positive results. At the same time, the following has been established: the modulo 2 sum of

columns and rows of all pre-final combinations is equal (sum |2|= 7»); if the current

combination is even (sum|2|= 0) then the next combination is odd, so the pre-final

combination must necessarily be even; when activating an arbitrary cell, for example (2,3), in
the current combination (let’s call it combination A) and then the same cell in the resulting
combination, then the first combination (i.e. combination A) will appear again; if in the odd
combination (2-5-0) sequentially activate cells (1,1) and (1,2), then two new even
combinations will be formed, if in the first of them (5-1-4) activate cell (1,2), and in the
second (5-7-2) activate cell (1,1), we will also obtain new, but absolutely identical
combinations (2-3-6) (Fig. 3); this partly explains why the process may be infinite, that is the
sequence of actions results in the same combinations making it cyclical.
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Sum 2| [1]1]1] [0]0|0| |[1]{1]{1] Sum 2] |1]|1]|1]| |o|o|O| |1|1|1
0.]1/0] [1]o.[1] [of1]0 o[1.]o] [1.Jo]1] Jo]1]o0
1 L{o[tl»[o]o]1]=>[0]1]1 2 Llo[t]=[t]1]1]=[0]1]1
oloJo] [1fofo] [1]t]o oloJo] Jo[1[o] [1]t]o

Figure 3 — Repeatability of combinations
Source: author's development

Let’s get back to the search for combinations which lead to forming the pre-final and
final matrices. The analysis has revealed the following:

- activation of the cells with the code «0» in each of the 9 pre-final combinations
(Figure 2) result in 6 new types of matrices (Fig. 4, Examples 1-3) having 6 copies of each
(4x9=36), which differ from each other by rows with codes 3 5 6 (3-6-5, 6-5-3, 5-3-6, 6-3-5,
3-5-6, 5-6-3);

- activations of the cells with code «1» in each of the 9 pre-final combinations (Fig.
2) result in 18 new matrix types (Fig. 4, Examples 4-9), which differ from each other by rows
with codes 033,05 5and 06 6;

- when performing reverse actions - activation of cells with codes «1» in front of the
pre-final matrices with rows having codes 3 5 6 (Fig. 5, examples 1-3) different combinations
of the pre-final matrices are formed (Fig. 2);

- when performing reverse actions - activation of cells with codes «1» in front of the
pre-final matrices with the rows having codes 0 3 3, 0 5 5 and 0 6 6 (Fig. 5, examples 4-9)
different combinations of the pre-final matrices are also formed ( Fig. 5, examples 4-9);

- activations of the cells with code «0» in front of the pre-final matrices with rows
having codes 3 5 6 result in forming the pre - pre final matrix with combinations of rows
having codes 1 2 4 (Fig. 6, Examples 1-3);

- activations of cells with code «1» in front of the pre-final matrices with row codes 0
33,055 and 0 6 6 result in forming the pre-pre pre-final matrix with row codes 1 2 4 (Fig. 6,
examples 4-9);

- when performing reverse actions - activation of cells with codes «1» in front of the
pre-pre pre-final matrices with row codes 1 2 4 the pre pre-final matrix is formed with row
codes 3 5 6 (Fig. 7, Examples 1-3);

- when performing reverse actions - activation of cells with codes «0» in front of the
pre pre pre-final matrices with row codes 1 2 4 the pre pre-final matrix is formed with row
codes033,055and0 6 6 (Fig. 7, examples 4-9).

Matrix Forming with row codes 3 5 6 by activation of cells with code «0»
@®[1]0.]0] [B]0]1]1 @[1]10]0.] [3[Of1]1 2))0]1][0] [6)
L@ T[0[0|=(®)1]1]0(2.|®H1]0]0[=()[1[0[1]|3.[(D]1]1]1[=|3)0
Mi1]1]1 ) 1]0]1 Mi1]1]1 G| 1]1]0] [@0.[1]0] [5]1]0]1
Matrix Forming with row codes 033,05 5T1a 0 6 6,
®[1.]0]0] [RO0]1]1 @®[1]0]0] |00 0] [(@D[1]0][0f |B)1]1]0
4.1D[1]0]0(=|0)[0]0]0|5.{D[1.]0]0[=](3)|0 116.((4)[1]0]0][|=](6)
1
w
1
0

—_
—_
S

—
[am—

—_
—_
(=]

—_—|— O

Mi1]1]1 30|11 M[1]1]1 3)[0 M 1]1.]1 (®0]0]0
by activation of cells of pre-final matric

ith code «1»

aQ

S

O] [e[t]ol1] [@[1]1]1] [G)[1]o DILJ1]1] [©o]o]o
710 [1.Jo =G 1ol 1[s.[@o]1]o]|=[O[0o]o]o]o.[@0o]1T]o|=>[®)|1]1]0
olo[1]o] Jo[o]olo] [@o]1.Jo] [G[1]o]1] [@o]t.]o] [@©[1]1]0

Figure 4 — Examples of forming matrices with row codes 356,03 3,055,and 06 6
Source: author's development
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Forming of the Pre-final Matrix with row codes 3 5 6 by activation of cells with code«1»
3|01 |1.| [D]1]0]0 3)[0f1]1 Mi1]1]1 ©))1]1]0 MDj1]1]1
LI@O1[1{0[=|D1][1]1]2.|5[1.]0]1[=|{2)]0]|1]0(3.][3)|0]|1|1.[=[{#)]1]0]0
S)|1]0]1 @H[1]0]0 ©)|1]1]0 2)0|1]0 5)1]0]1 @[ 1]0]0
Forming of the Pre-final Matrix with row codes 033,05 5and 06 6,

(3)]0.]1]1 @®[1]0]0 (©]0]0.]0 M[1]1]1 ©))1]1]0.] [(D|O]O]1
4.10)[0[0 0= 1]0]0]|5.13)0|1]|1[=|(D]0]0]1][6.((6)1]1]|0 =71
3)]0]1]|1 Mj1]1]1 3)|0]1]|1 (DH0]0]1 (M[0]0]0 (DO 0]0]1
by activation of cells with code «0»
$)|1]0.]1 2)]0]1]0 S)[1]0.]1 )[0|1]0 ©))1]1]0 71
7.19)] 1 1[=|((7) N0 ]10[0[={(2)0[1][0]9.]/(0)0]0]0][=]|(1)
(]0]0]0 2)0|1]0 S)|1(0]1 (Mi1|1]1 6)1]1]0.] [(D]O]O]1

—
—_—

O —
—_—

()
—_
—_
(=)
—_

Figure 5 — Examples of the formation of final matrices from before the finite
Source: author's development

Forming of the matrices with row codes 1 2 4 by activation of cells having code «0» in the
matrices with row codes3 5 6,

3)0.[1]1 WO 1[0[0] [(3)O]1]1 (H{O0]0]1 @) 1|10 [D[1][0]0
LIO))1]1]10=|)0[1]0[2.((5)]1]0.]1]|=|2)0[1[03.{3)][0]|1]|1|{=|(D]0]|0]1
S)|1]0]1 (H{0]0]1 O 1[1]0] [D]1]0]0] |5)1]0.]1 O[0]1]0
Forming of the matrices with row codes 1 2 4 by activation of cells having code «1» in
(3)]0]1.]1 @|1]0]0| |(0))0]0[0] [[0]1]0 @) 1|10 [(D[O][1]0
4.10))010[0[=(2)]0]1]0|5(3)]0]|1.|1|[=|®]1]0]0]6.{(6)|1.]1]0]|=|(1)0]|0]]1
30|11 (H{0]0]1 30|11 (H{0]0]1 O[0[0[0] [D[1]0]0
the matrices with row codes 033,0551a06 6.
(5)[1.]0]1 O0[1]0] [ 1]0]1 (H{oj0o]1 @©|1]1[0] |®]1]0]0
TAO 1101 |=|/MD[O0[0[1[8(0)]0]0]0|=|®|1[0[0]9.{(0)0][0]0|=|(2)]0]1
O[0[0]0] |[D]1]0]0] |(5)1.[]0]1 O[0[1[0] [(®1]1.]0] |(D]0]O]1

Figure 6 — Examples of forming matrices with 1, 2, 4 row codes from the pre pre-final matrices
Source: author's development

Thus, we reached a cycle: in order to output «zero» matrix, it is necessary to get to
one of 9 pre-final matrices, however we can get to any of them only from the pre pre-final
matrix with row codes 356,03 3,05 5 and 0 6 6; the pre pre-final matrices are formed from
matrices with row codes 1 2 4, and the latter are themselves formed from the pre pre-final
matrices with row codes 3 56,03 3,05 5 and 0 6 6. Hence, we can conclude that the
solution to the problem for 3x3 matrix only exists if the row codes generated by the random
number generator match one of the 30 possible codes 1 24,356,033,055,and 06 6, in
all other cases the problem has no solution.
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Forming of the matrices with row codes 3 5 6 by activation of cells having code «1» in the
matrices with row codes 1 2 4.

4[1./10]0 B3)|o|1]1 (D]0j0]1 3)|0o|1]1 @|1/0]0 )11
L0 1]0[={6))1]1]0(2.(2)]0]1.]0|=|5)]1]0]1]|3./(D[0]0]|1|=|3)|0]|1]]1

(H{0|0]1 S)|1/0(1 @|1]0]0 ©6)1]1]0 2)0]1.]0 3)|1]0f1

Forming of the matrices with row codes 03 3,055and 06 6

4)]110.]0 B3)|o|1]1 @®|1]0]0 (0]0]0]0 2)]0|1]0 ©|1|1]0
4.0 110[=[(O)]0[0[0[5(D|1.]0[0[=(B3)0]|1]1]6.|(10.]0]|1|=|(6)1|1]|0

(H{0f0]1 B3)|o|1|1 MI1]1]1 30|11 @®|1]01]0 ©))0]0(0

by activation of cells having code «0» in the matrices with row codes 1 2 4.

2)[0.{1]0 3)|1(0]1 (DHJ0j0]1 3)110]1 4[1/0]0 ©|1|10
7.AMD[O]0 |1 |=(35)1]0]1(8(4)]1]0|0[=](0)0]0[0]9.1(2)]0|1]0]|={0)0[0]0

@[1]0]0 @[0]0(0 2)]0.11]0 3)|1]0]1 (D] 0]0.]1 ©®[1]1]0

Figure 7 — Examples of forming the pre pre-final matrices from matrices with row codes 1 2 4
Source: author's development

Search for algorithms for solving the "Flip-Flop'" problem for the 4x4 matrix.
Following similar steps as in the previous section, we first determine the pre-final
combinations. Their number corresponds to the number of cells in the matrix
N =mxn=4x4=16, and the configurations correspond to cells at the intersection of rows
and columns with either codes «1» or «0». For each of the 16 pre-final combinations, you can
create 15 pre pre-final ones, the total number of which is equal 15x16 =300. It is hard to
keep them in memory for a regular person. Getting to the pre-final or the pre pre-final
combinations by analyzing the current combinations and determining the optimal solution for
each subsequent step proved to be quite difficult as at each step the current matrix codes are
changed to the opposite in 7 cells out of 16, so tracing the result for 2-3 steps is even harder.
Therefore we abandoned attempts to find the best next step at each combination focusing
instead at a search for an algorithm capable to find a solution in finite number of steps. The
first algorithm was inspired by the following analogy: a reader wants to finish a book quickly
and she cares only about her favorite character, so she opens the first page, finds a section
talking about her favorite character, reads it and moves to the next page.

Method of sign allocations.. Since the number of steps to obtain «zero» matrix in
this method varies and can exceed two dozen, in order to make the explanation less
cumbersome and more visible, we are going to expand the whole sequence of matrix
combinations in the long rows (Fig. 9), and use the tables only for demonstration of the first
few steps (Fig. 8).

1-st step 2-nd step 3-d ste 4-th ste 5-th ste 6-th ste
(8)[1.]0]0]0 0l1.]1]1 1/0/0]0 0(0]0]0 0]10[0]1 0]1]0]1
(2)0010:(>1010|:>1'110:{>0001'|:(>1110|:(>1010|:>
(H|0]0]0]1 11001 111]0]1 0/1]0]1 0]1.]0]0 1{0]1.]1
M|of1]1]1 1J1[1]1 110]1]1 0/0]1]1 0]0[1]0 0]1]1]0

Figure 8 — Sequence of actions according to the method of signs
Source: author's development

The algorithm for implementing the sequence of actions by the method of signs is as
follows. If you want to get to the «zero» combination, you need to activate the necessary cells
with code «1», in the «unit» combination then you need to activate cells with code «0» . Your
chosen code serves as a sign. Consider an option to getting to «zero» combination (Fig. 8, 9).
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The first step begins with activation of the cell with the code «1» in the input matrix (marked
in bold type with a dot).

Note: You can start with an arbitrary cell with code «1» and at an arbitrary step of the game.

When a new combination is detected, going clockwise we skip all cells with code
«0» until we detect the first cell with code «1» in the same or next row, but farther from the
active cell in the previous combination, and activate it.

We make the next steps following the same rule. If the last activated cell with code
«1» was in the last (i.e. fourth) row, and after it in the same row of the new combination there
are no cells with code «1» then going clockwise we identify the first cell with code «1» in the
first line of this combinations and activate it (see Figure 9 transitions from 7 to 8, from 14 to
15 and from 23 to 24 steps). We continue to perform similar steps until «zero» combination
appears. This method is not optimal, but guarantees finding a solution to the problem.

Nei/o 1-st row 2-nd row 3-d row 4-th row |16-th row code
1 1.10(0|0 olof1|o 010(0]1 O|1(1]1 812117
2 O[1.[1]1 1(0[1]0 11001 111(1]|1 7/A|9|F
3 110(0]0 1.|]1(1]0 11101 11011 8|E|D|B
4 0/0({0]0 0[0]|0]1. 0l1]0|1 0l0f1]1 01153
5 0(0]|0]1 11110 011.]0/0 01010 1 E|4|2
6 0[1]0]1 110[1/0 110(1.|1 01110 5/A|B|6
7 0l1(1]1 110(01]0 0[1(0]0 0/1.{0/0 7(84|4
8 0|0f1]1 111(0]0 0[0(0]0 110(1.]1 3|1C|0|B
9 0/0]0|1. 11110 010110 0(1]0(0 1| E(2|4
10 11110 1.[1]1]1 01011 0(1]0]1 E|F|3|5
11 O(1(1]0 0({of0|o0 1.10(1]1 1{1(0]1 6|0|B|D
12 111]1]1 110(01]0 011.]00 0101 F|8|4|5
13 110{1/0 111{0/(0 0l11]1.]0 111{0/(0 A|C|6|C
14 110{0(0 11110 01100 0/0(1.]1 8|E[4]|3
15 1./10(1]0 1{1]0]0 0l1]1]0 111(0]0 AlC|6|C
16 011.]0|1 0[1]0(0 11110 0[1]0(0 5|/4|E|4
17 1/0(1.]0 0(0]0(0 110110 0[0(0]0 A|0|A|O
18 0|1|0]|1. 0olof1|o 110(0]0 olof1|o 512182
19 110(1(0 0[0]1.]1 110(0(1 0l01(1 Al3(9]|3
20 110{0(0 111{0/(0 1.[0]1]1 01001 8|C[B|1
21 00010 0[1({0]0 011.]00 110(0]1 0141419
22 01010 0(0]0(0 110(1.]1 11101 4(0|B|D
23 01110 0(0]|1]0 01100 1./1]1(1 6(2|4|F
24 1./1]110 110[1/0 111{0/(0 0(0]|0(0 E|A|[C|0
25 0/0]0|1. 0olof1]o0 0[1(0]0 110(0]0 1(24(8
26 11110 0(0]1.]1 0l1]0|1 11001 E|3(5]|9
27 111{0/(0 111{0/(0 Ol1.]1(1 11011 C|C|7|B
28 11000 110(0]0 110(0]0 1./1]1]1 8|8|8|F

0{0(0]0 0l0(0]0 0/0(0]0 0/{0(0]0 0/0(0]0

Figure 9 — Illustration of the Sign Method Algorithm
Source: author's development
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Though the algorithm does not find the optimal solution, its analysis gives us useful
insights. While tracing each step of the algorithm, we repeatedly identified combinations
which could reliably bring us to the pre-final and final combinations much earlier than the
algorithm did. This may be explained by the fact that the player does not analyze the current
combination, rather she activates a cell that is provided by the rule, and not the one that is
required by the logic. Therefore, when applying this algorithm, it is advisable not to mechanically
follow its steps but to analyze each current combination in order to timely detect the pre-final
one thus effectively impacting the algorithm flow in order to finish the game earlier. This will
significantly reduce the number of steps and make the game much more interesting.

We tried finding more optimal algorithms that are based on the rigid sequence of
actions. We called the first of them as the «stream» method. We have identified several
modifications and optimization paths for it.

The «stream» method. The essence of this method for the 4x4 matrix is as follows.

All cells with code «0» of the input matrix are numbered from the first row to the
last, traversing them clockwise (similar to the flow of the stream) (Fig. 10, 11).

Below we only use addresses of the numbered input cell. We activate the cell with
number 1 in the input combination and get a combination with number 1 (see Figure 11). In
the resulting combination we activate the cell that is located at the address of the cell with
number 2, regardless of its contents. In combination number 2 we activate the cell with number
3 and so on. After activating the last numbered cell of the input matrix, we get a combination
(No. 8 in Figure 11), which we set as the basis for further action.

=t s
L C
= j =
stream snake

Figure 10 — Cell treversal type
Source: author's development

Input 1 2 3 4 5
1lotf1]o?] [of1lof1.] [1]0]1]0 1lol1]1 1{o[1]0 olof[1]o0
o’l1|1[0°| .[olo|1]0 0(0]1]1. 1{1]{0]0 1.[1]0]1 0(0[1]0
= = = = =
111]0%1 1lolof1 1{ololo 1{olo]1 1{olo]o ololo.|0
o°l1]o”[o*| [o|olo]oO 0(0]0]1 0(0][0]o0. 1{1]1]1 of1]1]1
6 7 Basic 1 2 3
ololo]o olol1]o] [ ol[1?]o ol1]0.]1 1lol1]o0 olof[1]o0
olofolo 0/0[1]0 1°’lof1%]0 ofoj1]{o]._lo.lolo]O 1{1]1.]1
E>1111E>1101:>015016E>1101E>1111E>0111
o[1]0.]1 1.[o[1]0 olt"o[1®] [1]1]0]1 1l1]1]1 ol1]1]1
4 5 6 7 8
ololo]o ol1]o]o ol1]o]1 ololo]1 0/0/0[0] |[The goalis
lolofofof foft]ofo| jolt[of[1] [o]ofo]t| [0[0[0]O0]| |achievedin
o[1.[o]1 1lof1]o.l "[ol1]0]1 olofo]1 olof[o]o 16 steps
ol1lo]1 ololo]1 olo.[o]o0 1{1]1]1.] [o]o]o]oO

Figure 11 - Algorithm for solving the problem by the stream method
Source: author's development
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Now we enumerate its cells which have code «1» by sequentially traversing the rows
starting from the beginning of the first row to its end, then from the end of the second row to
the beginning of it, again from the beginning of the third row to its end and from the end of
the fourth row to its beginning.

This traversal looks like the snake movement (Fig. 10). Starting from the base
combination we keep executing the sequence of steps of the described above algorithm by
activating the cell with the next sequential number. Again we get combination number 1. We
activate its cell with number 2, etc. After 16 steps we get the desired result - the «zero» combination.

The «snake» method differs from the «stream» method only by the way of
traversing the positions of the input matrix while enumerating the cells. The cells of the input
matrix and the following base matrix are numbered identically along the trajectory of the
snake movement (Fig. 10). The sequence of actions in both algorithms is the same. In all
combinations, namely incoming, base, and current, cells with the number and location of
which are determined in the input and base matrices are activated. The method for
determining the cell numbers and the traversal algorithm is presented in Fig. 12.

The simulation results showed that in order to reach the zero matrix by the snake
method it is possible to start enumeration of the input matrix cells either with code «0» cells
or code «1» cells. In any case the activation begins with the first numbered cell of the input
matrix. In the base combination, cells with code «1» are enumerated. To reach the «unit»
combination the cells with the code «0» of the input and base combinations are enumerated.

If the input matrix has the number of cells with zeros greater than 7, then it is
desirable to change them to codes «1» at the first step. To do this, you need to activate a cell
at the intersection of a row and a column with the largest number of zero cells. Then the
resulted combination shall be taken as the input matrix and you need to perform the above
sequence of actions on it. This procedure will reduce the number of steps, and therefore
optimizes the process. An example of optimizing the exit process from the input matrix
given in Fig. 12 to «zero» matrix is shown in Fig. 13. As the figure demonstrates the total
number of steps is decreased by 2 in comparison to the example presented in Fig. 12, and the
number of steps to reach the "zero" matrix from the simplified input matrix is 12.

Input 1 2 3 4 5
tlotl1]o*] [of1]o]1 1{o[1]0 1{1]1]0 o[1[1]0 0[0[1]0
1{0’[1]1 1l1]1]1 1{1.[1]0 olofo]1 1{o]o]1 1{1]o]1
= = = = =
0*10°{0°] 1 ol1]o]1 ol1lolo] "lo.l0o][0]0O 11 1]1 o(olo.|0
o’lol 10| [o|1]1]0 olof1]1 olof1]1 1{ol1]1 1l1]1]1
6 7 8 Basic 1 2
ololo]o ololo]1 olt]ol1] [%1*lo[1’] [o]o.[1]0 1l1]o]1.
1{1]1]1 1{1]1]0 1{o]1]0 olo[1*lo 1{of1]0 1{1]1]0
= =
MR o= oo™ ToTolTol = i Tol1 0 1l1[1]o
1]1]of1.] JoJo.J1]o] [1,]1]0]1 olo[1%]0 1{o]1]0 1{1]1]0
3 4 5 6
olo[1]0 olofo]o olo]1]0 olo]o]o The goal is
S]] [ofojofo] [ofo]t][o] [o[o]0]O achieved in
1111 1{1]0.]1 olo[1.]0 olofo]o 15 steps
1111 1{1]o0]1 1{1f1]{1] [o]olo]oO

Figure 12 - Algorithm for solving the problem by the snake method
Source: author's development
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Analysis of feasibility for solving the "Flip-Flop'" problem for the 3x4 matrix.
The number of final combinations for the 3x4 matrix is equal to the number of its cells
3x4 =12. Since the 12 pre-final combinations can be obtained from 12x11=132 the pre
pre-final ones, the probability of solving such problem is high.

Fig. 14 shows an example of solving the problem by using the above-mentioned
«snake» method which can find a solution in 10 steps.

Input 1 2 3 Basic

1lof1]o 1[1]1]o.] Jololo]1 olofo]o ololo]1 11040312
1{of1]1 1111 tliftlo]  {1]1]1]1 1{1]1]o0 1*[1°] o
00.01E>111025>1111.E>ooooc>ooo1E>15001"E>
ololt]|o] [o*t]1]0’] |o]|1]1]1 ol1]|1]0.] [1.]o]0]1 o[1%[17]0

1 2 3 4 5 6
olt1]1]o.] [1]o]o]1 1fof1]1 1111 of1]1]1 ol1]1]o0
1{1]1]o 1[1]1.]1 olo.[]o]o 1l1f1]1 ol1[1]1 ol1]1]0
rotolol 1= [oTololol"folol1lo]" o110l [1lolol"[ol1[1]0]"
1{1]{1]o0 1[1]1]1 1{1]o]1 1{ofo]1 olofof1 olofo.[0

7 8
0/1(0]0 0[{0]0|0 The goal is
.:>OIOOE>OOOO achieved in
0/1]/0]0 0{0]0]0 13 steps

1[1.]1]1 ololo]o

Figure 13 — An example of optimizing the solution process using the snake method
Source: author's development

When you get to the basic combination, the question arises if we need to enumerate
cells with units or zeros. When enumerating cells with code «1» the process proved to be
long, and enumerating of zeros quickly leads to the solution. It required 17 steps to solve the
problem by the sign method, however the player has to timely detect the pre pre-final
combination and «manually» interfere in the solution process. It is encouraging that the above
methods were also suitable for matrices of size mxn. However, solving the problem for
matrices of higher dimension were not investigated in detail.

Input 1 2 3 4 5

<
-
—
(e
S|
—

] 1 1]1 olo]1
1o’ 1l=ol1lolt]=lol1]1lol={1lololol=1]1]0lol=1]1]1]0]=
1]0%*0°]0° olofo]o olo[1]o0 ololofo 1l1]1]1 ololofo

(e)
—
—
(e)
[u—
—

Basic 7 8 9 10 11

oo’ ]o’lo*] [1]1]1]1 0]o0]o. 1/1]1]1.] [o]o[o]|0]| |Thegoalis
ol L[] Llift]ofof1]r], 1] [0]ofof0 aclhoievedin
1111 0l1]1]1 011 0 1 0/0]0 steps

Figure 14 - An example of optimizing the solution process of the snake method
Source: author's development

Conclusions. The results of the study showed that applying logical analysis to each
combination in 4x4 and higher dimensionality matrices in order to find the optimal next step
is a complex and inefficient process.
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To solve the problem at hand it is necessary to find non-standard approaches such as
the method of identifying distinct features and using them in the course of the algorithm
development; the method for allocating cells with code «1» or «0» in the input matrix along
with their enumeration rules and developing on this basis the rules for finding the successful
sequence of actions (i.e. «stream» and «snake» methods). When optimizing these algorithms,
it is necessary to analyze the current combinations and either timely interfere in the process
(like in the sign method) or pre-process the input matrix in order to optimize the number of
cells with code «0» or «1» (like in the «snake» method).
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1O.M. ITapxomeHnko, no1., kaHa. TexH. Hayk, M., [lapxomenko, JI.B. Pu6akosa, A.P. Boxkiii
Llenmpanvroykpaincokuii HayionanbHui mexuiynui ynisepcumem, m.Kponusnuyovkuii, Yxpaina
JocaimkeHHst MeToiB po3B’si3aHHsA irop-roiosoJjiomok tuny «Flip-Flop»

Meroro cTarTi € BU3HAYCHHS] METO/IIB PO3B’sI3aHHS 3324l 3BeJICHHS JOBUTbHOI KOMOIHAIT KOJIIB MaTpPHIIi,
3 MiHIMAJIGHUM 9HUCIIOM KPOKiB, 0 ogHHUX «0» abo «1» Ta moOymoBa anropuTMiB, sKi 3abe3rmedars Iei mporiec.

SAx mokazana mpaktuka rpu «Flip-Flop», mocsrHeHHs MeTH - 3BeACHHS NOBLTbHOI KOMOiHAIlT KOIIB
MAaTpHIli, B Pe3ybTaTi KiHIIEBOTO YHCIIAa KPOKiB, IO OJHUX «HYJIBY» a00 «OJWHUIIBY», IIIIXOM aHAaJi3y CHTyamii
OTPHMAaHUX IICJI KOKHOTO KPOKY, € 3a7adero He mpocToro. JIoriky 3MiHM KoMOiHamil Ha Ba, TPU KPOKH yTIepe.
BAXKO TMepen0auynTH, TaK AK HaBiTh B Matpuii 4 X4 3 KOXHHM KPOKOM OJHOYACHO 3MiHIOETHCS BMICT CEMH
KoMipok i3 16. Tomy, Oe3 BU3HAUCHHS aJITOPUTMY MOCIIIOBHOCTI Jif, 3a1a4a po3B’sI3aHHS JaHOI FOJIOBOJIOMKH,
HABITh NMPH HEOOMEKEHOMY YHCII KPOKIB, HE 3aBXIM JOCSHKHA. 3 METOH BH3HAUYCHHS METOMIB PO3B’S3aHHS
3aja4l - aNropuTMIB BUKOHAHHS MOCHIZOBHOCTI JiH, SIKi rapaHTOBaHO a00 3 MIHIMAJIBHOIO KUIBKICTIO KPOKIB
3abe3mnedats GopmyBaHHS «0»-i a00 «1»-1 MaTpUIll HA OCHOBI JOBLIBHO 3a/1aHOI TOYATKOBOI KOMOiHAIIii, 010
JETAIFHO O JOCIHIKEHO Ipolec (opMyBaHHS KOMOIHaIiii JIBIMKOBMX KOJIB MaTpuli po3MipoM m X nh IpH
aKTHBAIil OKpeMHX i1 KOMIPOK 1 METO/IiB IIPUHHSTTS PillICHb.

Y po6oTi ipuBeeHI pe3yAbTaTH TOCTIHKEHHS METOIIB PO3B’SI3aHHS KOMIT FOTEPHUX ITOP-TOJIOBOJIOMOK
tuny «Flip-Flop» 3 marpunsamu posmipom 3% 3, 3% 4,4 x4 3 BUKOpUCTaHHSAM METOJIB JIOTTYHOrO aHaizy
CHUTYyalliil, KOMOIHATOPUKH Ta JUCKPETHOI MaTeMaTuKu. 3’sICyBallH, 10 3aCTOCYBAHHSI METOJLY JIOTIYHOTO aHalli3y
KOKHOI HOTOYHOT KoMOiHaLLii, kit 106pe Tpaioe B MaTpuiax posmipom 3 X 3, B matpuusax 4 x 4 i pume, ms
NPUIHATTS ONTUMAIBGHOTO PIIEHHS NPH BH3HAYEHHI HACTYIHOTO KPOKY, € MPOLECOM CKJIATHUM 1 Hee(heKTUBHHM.
ToMy BUpIIIMIN IIYKaTH alrOPUTMH Y BU3HAYEHHI TIOCTIHHOT OCIIITIOBHOCTI Z1ii 32 EBHOIO 03HAKO0. Po3risiHyu
Ta MpoaHaNI3yBaJl METOIY BUAIJICHHS MEBHUX O3HAK, METOJ «CTPYMKa» Ta METOJ| «3MIHKM.
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BukoHaHi AOCIIPKEHHS TTOKa3aliy, 10 I ONTHMI3allii KUTbKOCTI KPOKIB, MPH 3aCTOCYBAaHHI BKa3aHHUX
AJITOPUTMIB, HEOOXITHO aHATI3yBaTH MOTOYHI KOMOIHAIIIT 1 CBOEYAaCHO BMIIIIYBAaTUCS B MPOIIEC, a00 MOMEPEIHBO
00poOHTH BXIJHY MaTPUIIO, 3 METOI ONTUMI3aIlil KUTBKOCTI KOMIPOK 3 Komamu «0» abo «1».

KOMII’I0TepPHi irpu-roj0BoI0MKH, JOTiYHMil aHATI3 cuTyaniii, koMOiHaTOpHKa, TMCKPeTHA MaTeMaTHKA
METO/ BUIiJIEHHSI 03HAK, METOJI KCTPYMKAa», METO/ «3MIilKI»
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M cnonp30BaHUE CTATUCTUYECKUX METOAOB B CUCTEME
paaroymnpaBiIeHUs pOOOTOTEXHUYECKUM 00BEKTOM

[IpuBenena peanusanusi CUCTEMBI YIPABICHUS PaJUOYNPABIIEMbIM OOBEKTOM B YCIOBHSX IIOTEPU
CBSI3U C oneparopoM. B oOIuii KOHTYp pagroynpaBiieHHus OOBEKTOM BBE/ICH JIOKAIBHBIN PEryJsTop, KOTOPBIH
MO3BOJIMJI CTAOMJIM3UPOBATh OOBEKT YIPABIEHHS B YCIOBHAX AaBTOHOMHOIO aBapuitHOro pexuma. Jlis
YMEHBILECHUSI BIMSHUS CIly4alHbIX BO3MYILICHWH Ha OOBEKT YNpaBJIEHHS B CHUCTEMY YIpPAaBJICHUS BBEJICH
CTaTUCTUUECKUH OJIOK, pealn3yIOMNil MOJOKEHUsT TEOPUH NPHHSATHS CTATUCTUYECKHX TUIIOTE3. YMEHbBIIEHO
BpeMsl pEaKIMM CUCTEMbl HA U3MECHEHUE 3HAUEHHs 3aJaloLIero BO3JEeUCTBUS. Pa3neneHbl LUKIBI NOXy4YEHUS
3aJ1al0IIEr0 BO3AEHCTBHSA U LIUKJIIbI YIIPABICHUS CEPBOIPUBOIAMH.
cucTeMAa YNpaBJeHUsl, CEpBONPUBOJ, JIOPT, 00bEKT, CTATHCTHYECKAs THIIOTe3a

B.B. CmipnoB, go1., kann. TexH. Hayk, H.B. CmipHoBa, fo11., KaH/l. TEXH. HAyK
Llenmpanvnoykpaincokull HayioHanbHuli mexuivnul ynigepcumem, m Kponuenuyvkui, Yxpaina

BukopucTaHHs CTAaTHCTHYHUX METOJIB B CHCTeMi paaioynpaBjiHHA PoOOTOTeXHIYHUM

00'exTOM

HagBeneno peanizariisi cucTeMu yIpaBiIiHHS KEPOBaHUM IO Pajiio 00'€KTOM B yMOBaxX BTparTu 3B'SI3KY 3
orepaTopoM. Y 3arajbHUM KOHTYp palioynpaBiiHHSA 00'€KTOM BBEJICHUH JIOKATBHUH PErYJISATOD, SIKUH JO3BOJIHB
cTabinmi3yBaTi O0'€KT YNpaBJIiHHS B YMOBaX aBTOHOMHOIO aBapiiHOro pexumy. st 3MEHIIEHHS BIUIMBY
BUTIAIKOBUX 30ypeHb Ha OO'€KT YIPaBIiHHS B CHCTEMY YIIPaBIiHHSI BBEACHUH CTATHCTUYHUH OJOK, SKHUN
pealtizye TOJOXCHHS Teopii MPUHAHATTA CTATUCTHYHHUX TIiNOTe3. 3MEHIIEHO Yac Peakilii CHCTeMH Ha 3MiHy
3HAUEeHHs BIUIMBY IO 33a7a€ThCA. PO3miieH] LUKIM OTPUMAaHHS BIUIMBY IO 33JA€ThCs 1 LMKIM YIIPABIiHHA
CEPBOINIPHUBOAAMH.
cHUCTeMA YNPaBJIiHHSA, CEPBONPUBI, THOQPT, 00'€KT, CTATUCTUYHA IinoTe3a

ITocTtanoBka npodsaembl. B HacTosiniee BpeMs CyIIECTBYET MHOIO Pa3HOBUIAHOCTEH
HCAOPOrux CHCTCM paJuOyIIpaBJICHUSA pO6OTOTeXHI/I‘ICCKI/IMI/I O6’beKTaMI/I PAa3INIHOTO
Ha3HayeHus. B cocTtaBe cUCTeMbl paJMOYINpaBiICHUS HAXOAUTCA ONEPATOp, KOTOPBIM U
OCYHICCTBJIACT YHPABJICHUC O6’beKTOM Ipu BU3YAJIbHOM KOHTAKTC C HUM HJIM MO JaHHBIM
TEJIEeMETPHUHU.

B Ttakoil cucreme ynpaBlIeHHs OIEpaTop SBIIACTCS 3aJaTYMKOM M PEryJIATOPOM.
Omneparop nepeaaer 0ObEKTY 3a/arolee BO3JCICTBIE U B Ipoliecce yIpaBleHUs] 00bEKTOM

© B.B. Cmupnos, H.B. Cmupnosa, 2019
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BU3YyaJbHO WJIM IO JAaHHBIM TEJIEMETPUU BPYYHYIO KOMIIEHCUPYET BCE OTKJIIOHEHHS B
MOBE/IEHNN OOBEKTa, BbI3BaHHBIC JIO(PTaAMU B MCIOIHUTEIBHBIX MEXaHHU3MaX, OLIMOKaMU
NO3ULMOHUPOBAHHUS pyJien, BO3MYILAIOIUMU BO3JEHCTBUSAMU u MPOYHUMHU
JEeCTaOMITM3UPYIOIIMMU (haKTOpaMHU.

OnHaKo BO3HUKAIOT CUTYaIlUH, KOTAa TepseTCs CBSA3b C OOBEKTOM YIPABJICHUS HIIH
MpoIIalaeT BU3YaJbHBIM KOHTAKT OomepaTtopa ¢ ympapisieMbiM oObekTOoM. Torma mpoOiemoit
CTAaHOBUTCSA YIIPABISEMOCTh OOBEKTA, IOCKOJIbKY W3 CHUCTEMBbI YIPAaBJICHUS BbIMAgaeT
OCHOBHO€ 3BE€HO — OIEPaTop, BBIMOIHIIONINHN (PYHKINY 3aJaTUMKa U PETYIATOPA.

B sTOM cnyuae, ciydaiiHble BOSMYIIEHHUS U JTIOPTH B UCIIOJHUTEIBHBIX MEXaHU3Max
yuTeHbl He OyayT, YTO MOXET NPUBECTH K HEIMpeacKa3yeMOMy IIOBEJIECHUIO OOBEKTa
ynpaBieHusi. B 0odbmux poOOTOTEXHHYECKUX CHUCTEMax CIEIHAIbHOTO Ha3HAYCHHS
(BOGHHOT'O, METEOPOJIOTHYECKOTO, KapTOrpaMuecKoro u mp.) YKa3aHHas mpodiieMa pericHa,
OJTHAKO B MAJIBIX M HEJOPOTUX PATUOYNPABIIEMBIX pOOOTOTEXHHUUYECKUX CHCTEMaX OCTaeTcs
npo0sieMa BOZHUKHOBEHUS aBapUMHON CUTyalluH MPHU MOTEPE YIPABISIEMOCTH.

AHaau3 wuccaeAoBaHMii ¥ myOJauKanuii. VcromHUTENbHBIE MeXaHW3MbI Ha 0ase
CEPBOIIPUBOJIOB SABIIAIOTCS CUCTEMAMM C 3ala3/bIBaHUEM. YCTAHOBJIEHO, YTO HauOoJibliee
OTpULATENILHOE BIMSHUE HAa KA4ECTBO CHCTEM YIIPABJICHMs C 3ala3fblBAHUEM OKa3bIBarOT
HeJMHEHHOCTH THma JodT [1].

TumnoBas ctpykrypa cuctemsl ynpasienus: BIIJIA B cBoux nepenaTouHbx (QyHKIHIX
HE YYUTHIBAET TAKUE HEIMHEHHOCTH [2].

Apxutekrypa cucrtemsl ynpaBienuss BIIJIA Tuma «Kackanl» wu30bITOUHA 115t
HEJOPOTUX PaJMOYIpPaBISIEMbIX CHUCTEM U HE B IOJHOM Mepe pelaeT mpoljeMy KauecTBa
yIpaBiIeHus: 00bEKTOM B CUCTEME C 3arma3jbiBanueM [3].

B pabore [4] ommcana cuctema panuoynpasienus Jjerkumu bBIIJIA Ha 6aze
obopynoBanus ¢upmbl Futaba. Jlamnas cuctema He 00JiagaeT CBONCTBOM CHHXPOHHOTO
yIOpaBleHUs! CEPBONPUBOAAMU M HE YUUTHIBACT CIIydailHble BOSMYIICHUS U BIUSHUE TO(OTOB
B HCTIOJIHUTENbHBIX MEXaHN3MaX HA KaueCTBO YNPaBICHUS OOBEKTOM.

IHocranoBka 3axaun. C LENBIO YJIYYIICHHUS XapaKTEPUCTHK CHUCTEMbI YIPABICHUS
paanoymnpaBiIsieMoro o0bEeKTa, B TOM YHCIE MPH MOTEpE CBSA3U C OMEepaTopoM, He0OXOIMMO
pELUTh CIEeNYIOIHNE 3a1a4UNn:

- YMEHBUIMTHb BpEMsI IE€peJauyd 3aJarollero BO3AECUCTBUS CHCTEME YIIPABIICHUS
CEpPBONPHUBOIAMY;

- KOMIICHCHUPOBATh BIHMSHHME HAa OOBEKT YNpaBJICHUS CIy4YalHBIX BO3MYILECHHH M
M0()TOB UCTIOTHUTEIBHBIX MEXaHU3MOB Ha OCHOBE METOJI0B MaTeMaTUUYE€CKON CTaTUCTUKH.

N3in0xenne ocHOBHOro marepuaja. Jlnsd peanusanuy CUCTEMbl YIPaBIEHUS U
BBITMIOJIHEHUSI MTOCTABJIEHHBIX 3aJ]a4 HE0OXOauMO pa3padoTaTh apXUTEKTYpy ammnapaTHOro U
IPOTrPaMMHOT0 00ECIICUEHUS CUCTEMBI YIIPABICHHUS.

Ha puc. 1 mnpencraBneHa mnpocras THIIOBAass CTPYKTypHass CXeMa CHCTEMBI
panuoymnpaBieHus ¢ oOumieil meryieil oOpaTHOW CBS3M, HEOTHEMJIEMOM YacThlO KOTOPOM
ABJISIETCS OIIEPATOP.

— Y

. Controlled
-
ransceiver :’> Object

Global Feedback

Transceiver

Set Action

Operator <

Pucynox 1 — Cucrema paguoyrpaBieHust 0OBEKTOM C 00IIei eTieit 00paTHOH CBA3N
Hcmounux: paspabomarno asmopom

202



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

Ha puc. 2 npencraBiieHa CTpyKTypHasi CXeMa CHUCTEMBbl paAMOYyNpAaBICHUS C IByMs
MeTIIMA 00paTHOM CBSI3H: OOIIEH U JIOKAJTLHOM.

Y C > \r
Transceiver Controlled
T .
ransceiver 3 Object

Set Acti
et Action Local Feedback

Global Feedback I
Operator <:

Pucynoxk 2 — Cucrema pasimoyrnpaBieHust ¢ 00LIeH 1 JIOKaIbHOM neTiel o0paTHOM CBs3U
Hcmounuk: paspabomano agmopom.

BBenenue B CTpykTypy OOBEKTa yNIpaBieHHUS JOKAJIbHOM OOpaTHON CBA3M JaeT
BO3MOXHOCTb OCYILIECTBUTh KOMIIEHCALIMIO JIIO(YTOB U OMNOOK MO3ULIUOHUPOBAHMSI PYJIEBBIX
MEXaHU3MOB HEIMOCPEACTBEHHO B 0OBEKTE 0€3 yyacTusi omeparopa € MOMOIIBIO MPOCTOrO
[IN]] — perynATopa, 3aKOH yIPABJICHHUS] KOTOPOTO ONKCHIBAECTCS BBIPAKEHUEM:

de(t) , (1)
dt

t
u(t+1) = Ke(t) +%J’ e(t)dt + Ty
0

raie e — ommbOka otkioHeHus, K, 7T, T; — NpomopryoHANBHBIA KOAD HUIMECHT,
MIOCTOSIHHAS! HHTETPUPOBAHUS U TIOCTOSTHHAS TU(PPEPEHIIMPOBAHUS COOTBETCTBCHHO;

u(t+l) — ympaBusOIIee BO3ICUCTBHE [JISl CIEAYIOUIETO IMKJIA YIpPaBICHUS
CEPBOIIPUBOJIAMH - UMITYJIBC, JUTUTSIIBHOCTh KOTOPOT'O U3MEHSETCS perysiTopom (puc. 3).

Mmnynbe ynpasneHns u(t+1)

v

KomneHcauwns ntodta
- | -

Mepuog ynpasneHus

-
Lal
t
Pucynoxk 3 — Koppekuus JUIMTeIbHOCTH YIPABISIONIETO HMITYIbCa

IIPY KOMIIEHCALUH JTIO()Ta NCTIOHUTEIFHOTO MEXaHU3Ma
Hcemounuk: paspabomarno agmopom

[Ipu morepe 0OBEKTOM YIIPABJICHUS CBS3M C ONEPATOPOM, OOBEKT MEPEXOJUT B
aBapHUIHBI aBTOHOMHBIN PEXHUM U JBUXKETCS K TOUYKE cTapTa Jis BO30OHOBIIEHUS CBSI3H C
orepaTopoM. B aBTOHOMHOM peXHME€ CTaHOBHUTCS aKTyallbHOM KoMIeHcalus JTIoGTOB U
OLIMOOK MO3ULIMOHUPOBAHUS PYJIEBBIX MEXaHU3MOB.

Ha oOBekT BO3IEWCTBYIOT CiydallHbIE aJJIATUBHBIC BO3MYIICHHS, KOTOpPHIE HE
OPUBOAAT K HapyLWIeHHI0 (YHKIMOHUPOBAHUS OOBEKTa (JIOKHBIE TPEBOTH), OJHAKO
JNeCTaOUIN3UPYIOT PETYJIATOP U CUCTEMY YIIPABJICHHUS B LIETIOM.
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Jnst yMEHBIICHHUS BIUSHUSA CIyYalHBIX aJJIUTUBHBIX BO3MYILIEHUW Ha TMPOIIECC
peryIupoBaHusi HEOOXOUMO BBEJCHHE CTATUCTUYECKOrO OJIOKA, KOTOPBIM OyaeT MpUHUMATh
pemieHus (TUMOTE3bI) O 3HAYMMOCTH BIMSHHUS CIy4alHOTO BO3MYIIEHUS Ha OOBEKT
yIIpaBJICHUSI.

Tem caMbIM OynyT yJIydllleHbl XapaKTEPUCTUKH CHUCTEMBI yNPaBICHHUS OOBEKTOM 3a
CUET CHIKEHUS KOJIMYECTBA JIOKHBIX TPEBOT, HA KOTOphie pearupyet [T ][ — perynsTop.

Craructrueckuii 6JOK BBITIOJNHSECT (PYHKIIUIO MPUHATHS CTaTUCTUYECKHX rumnore3 HO
u H1 npu u3MeHeHnH 3HaYeHUS PEeryIupyeMoro napamerpa o0beKTa yrpaBlIeHuUs.

B ocHOBY Teopuu MPOBEPKU CTATUCTUUECKUX THIIOTE3 MOJOKEH KPUTEPUNA OTHOILICHUS
npasaononodbus [5]:

L(r) = H P | (2)

ker po(yk

k—#)
1 {_ 202 } .
TI€e p. =———eX 1=0,1).
P oy ( )

JlorapudmupoBanue BblpaskeHus (2) 1aeT CTaTUCTUKY KpuTepus [S]:

— n + _ n
L(r)= ,ulazluo Z(”k _H 2/10) _ fulgzluo Z(yk — gty - H /u()) _ S (ﬂoaV) (3)
k=r k=

rge 7 — MOMEHT U3MEHEHUS PEryJIIUPyeMOro napamerpa y;

[lp— MaTeMaTHYECKOE OKUIaHUE 3HAUCHHSI PETYITHUPYEMOTO IapaMeTpa y;

(L] —MaTEeMaTHYECKOE O)KUIaHUE 3HAUCHUS PETYyJIMPYEMOro MapaMeTpa y TPy BIHSHUU
JECTAOMIM3UPYIOIINX BO3JICUCTBUM;

B sTOM ciyuae, KpuTepHid Uk IPUHSATHS THIIOTE3 HMEET BHI:

Hl>A

, 4
HO< A @

n
g, =maxS (s,v)
r r

rze A — noporoBoe 3HaueHue Kputepus 1t npunsatus runotessl HO mnm H1;

S — HaKoOMUTEIbHAS CyMMa.

Peanu3anus cucremsl yrpaBieHUsi 0OObEKTOM Peanu3yeTcsl CIe Ly OIUM aJrOpUTMOM:

- TIpU  HE3HAYUTEIBbHOM  YPOBHE  CIy4yallHBIX  aJJUTHBHBIX  BO3MYILEHUUI
npunumaercss runoreza HO. IIWJ{-perynarop He pearupyeT Ha HW3MEHEHHUS 3HAYEHUU
JATYMKOB, BBI3BaHHBIX aJIUTUBHBIMH BO3MYLIAIOIIMMH BO3IECHCTBUSIMHU.

- NpuU  TPOAOCIDKUTENBHBIX  BO3MYLIAIOIIMX  BO3ACMCTBUSX  IPUHHUMAETCS
runore3a HI. B atom cimywae IIHU/[-perynsTtop oCymIeCTBISIET KOMIICHCAIMIO OIIHOKH
OTKJIOHEHUS] e IyTeM HM3MEHEHHUs JUIMTEIbHOCTU YIPABISIOIIErO HMMITYJbCa, OOHYJseTCs
HAKOMMUTEeNbHas CyMMa S U puHUMaetcs runoresza HO.

Ha puc.4 mnpeacraBieHa (QyHKIIMOHANIBHAS CcXeMa pa3pabOTaHHOW CHCTEMBI
pazuoymnpaBiIeHUs Ha CTOPOHE OOBEKTA YIPaBIICHUS.

Cucrema ymnpaBieHUsI Ha CTOPOHE OOBEKTa  yIpPaBIEHUS  COCTOMT U3
npueMonepenaTunka, Tpex KoHTtposmiepos MCU 1, MCU2 u MCU 3, cepBonpuBonoB,
PYJIEBBIX MEXAaHU3MOB U JaTUUKOB MOJIOKEHUS PYJIEH.

Kontpommep MCU 1 B3auMOAEHCTBYET € MPUEMOIEPEIATYUKOM TOCPEACTBOM
unrepdeiica UART, a ¢ xourpomnepom MCU 2 u MCU 3 nocpenctBoM unHtepdeiica SPI.
Ckopoctb unatepdeiica UART cocraBnser 19,2 Kb6ox, a SPI - 3 Mowut/cexk.

KonTposnep MCU 1 BeINOJNHSAET CAeAYyONE 3a0a4u:
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- TONyYaeT YMpaBISAIONIME MakeThl OT mepenatunka mo uHTEepdeiicy UART u
nepeaeT JaHHbIe TEIeMETPHH,

- monyyaeT UM(POBbIC 3HAYCHHS JATUMKOB IOJOXKEHUS pPyJeH OT KOHTpoJIiepa
MCU 3 no untepdeiicy SPI;

- mnpuHuMaeT cratuctuueckue runotessl HO wmnm H1 Ha ocHOBanuu 3HaveHUi
JTATUYMKOB TOJIOKEHUS, YPOBHS U JJIUTEIBHOCTH aJJUTUBHBIX BO3MYIIAIOIINUX BO3IEHCTBUN U
33JJaHHOTO TTOPOTOBOTO 3HAYCHUS A;

- (Qopmupyer ympaBndomue Bo3deicTBus s kaxgoro [IHM/I-perynsitopa
CEPBOIIPHUBO/IOB;

- mepenaet chopMupoBaHHOE yIpaBJsioliee Bo3nercTere konTpouiepy MCU 2.

KonTtponnep MCU 2 BeInoiHSET 3a1a4u:

- TOJIyYaeT yIpasJsitoiiee Bo3aencTsus ot kontpoiuepa MCU 1;

- OCYIIECTBJISET CHHXPOHHOE yMpaBieHHE IyJOM CEpPBONPHUBOJOB OOBEKTA
yIpaBIEHUS.

MCU 1 sl
T UART SPI
Transceiver
r L) <::: Interrupt <:: i‘?mman? : Interrupt ¢ ]
0Cesso p —p{ Servo_1 H Object_1 }—b Sensor_1 I—b

+ :> Servo
Control i
u H1 —b{ Servo_2 H Object_2 ]—b‘ Sensor_2 I—b
Data
:> Statistical 4>{ Servo_N H Object_N }—b‘ Sensor_N I—b
r Hypotheses
-

Adoption

SP Sensor Data

Channels PID T — <

Set Action

MCU 3

Controller ADC

Pucynok 4 — @yHKIMOHATIBHAS CXEMa CUCTEMBI PaJHoypaBICHHs
Ha CTOPOHE 00BEKTA YIPABICHHS
Hcemounuk: paspabomarno agmopom

KonTtponnep MCU 3 BeInoiHsET 3a1a4u:

- IOJy4yaeT aHaJIOTOBbIE JaHHbBIE OT JATUYUKOB MOJIOKEHUS pyJIei;

- ouu(poBHIBaeT AaHHBIC U nepenaeT ux koutpoiepy MCU 1.

Bpemennble nuarpamMmbl paOoThl CHCTEMBI PaJAMOYIIPABICHHUS HAa CTOPOHE OOBEKTa
yIpaBJIE€HUS MPEICTABICHBI HA PUC. 5.

BpemenHnble auarpammbl, TOKa3blBalOIIME€ OTCYTCTBUE BIMSHMUS LHMKIA IpUEMa
YIPaBISIOIIET0 BO3ACHCTBUSA HA JUIMTENBHOCTH LIMKJIA YIPABJIEHUS IyJOM CEpPBOIPHBOIOB
00BEKTA yNpaBJICHUS NIPEICTaBIECHbI Ha pUC. 6.
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N

T=3 ms

MNonyyeHne 3a0a0Wero BO3AencTBMA KoHTponnepom MCU 1

-

' Mepeaaya ynpasaaiowero Bo3aeicTBua koHTpoanepy MCU 2

Y

i LiMKnbl yNpaBneHua CEPBONPUBOAAMU

Servo 1

|
szl [TTTTTTTTTTT]
||

Servon

T=8 ms MNepwog ynpaeneHua

Mepeaaya 3Ha4eHWA AATYMKOB KOHTpoAnepy MCU 1
f{} yYvy fw\r

MpUHATHE CTATUCTUHECKMX TMNOTES M KOPPEKLMA
YNPaBNAOLMX BO3AEACTBHIA ANA CNeaYIOWEro uMKna

v YYY f Yy

_ T=8 ms_[lepunog KOppeKUMH

Y vy Y

t
PucyHoxk 5 — BpemeHHbIe quarpaMMbl paboThl CHCTEMBI PaAXOYIIPABICHUS HA CTOPOHE 00BEKTa yIpaBICHHS
Hcemounuk: paspabomaro agmopom

L

SPI 3Mhz |
I B s.959ms I I 8.985ms i
] [ [ ]
l——1 ¥ 0.704 ms — M 0704 ms—— W 8.281 ms i
_I [ 1 [ 1

l— M 2.363 ms—l——— M 6.596 ms———————— |

b———————— W 7317 ms F {8 1.642 ms

PucyHnok 6 — OTcyTcTBHE BAMSHUS LIUKJIA IPUEMA YIIPABIISAIOIIEr0 BO3ACHCTBUS
Ha JUIMUTENBHOCTH IMKJIA YIIPABIEHHUS IIyJIOM CEPBOIIPUBOIOB
Hemounux: pazpabomano agmopom

W3 pucyHka cinenyet, 4To BpeMsi Iiepejaun yIpaBisSoLUIero BO3AeUCTBUS KOHTPOJIEPY
MCU 2 cocraBiser okosio 0,03 ms M yBEJIMYMBAET UIMTEIbHOCTh IMKJA YIPABJICHUS
cepBonpuBoaaMu ¢ 8,959 ms o 8,985 ms, yem MOKHO IpeHEOpeYb.

BeiBoabl. lcnonb30BaHME CTAaTUCTUYECKMX METOAOB, B YAacTHOCTH, KpHUTEpuUs
OTHOIICHUS TPaBIONOA00US AJIsl MPUHATUS CTATUCTUUECKHUX TUIOTE3 MO3BOJISIET YMEHBIIUTh
BO3JECHCTBUE CIydalHbIX Bo3MyuieHu Ha [N ]] — perynsrtop.

Peanuzanus pa3paboTaHHONW CHCTEMBI YMpaBlieHUs ToKazaia €€ 3((HEKTUBHOCTh Kak
IPU PYYHOM YIIPABJICHUU PAIHOyIPaBIsieMbiM 0OBEKTOM, TaK M B @BTOHOMHOM PEKUME MPHU
notepe CBS3U ¢ 00bEKTOM yrnpanieHHus. OOBEKT 0CTaeTCsl YCTONYMBBIM M YETKO BBIMOJHSET
KOMaH/ibl IPOrpaMMbl aBapUITHOTO PEXKUMA.

Perynstop ocymiecTBiasieT KOMIEHCALUIO JTIO(TOB M OMMOOK MO3UIIMOHUPOBAHUS
PYJIEBBIX MEXaHU3MOB B CIEAYIOIIEM LUKIE YNPaBICHHUsS CEPBONPUBOAAMH C 3aAEPrKKOU
8 ms.

CoznmanHast cucTeMa yMOpaBlICHHUS PagUOyIpPaBIseMbIMH  POOOTOTEXHUUYECKUMU
00BEKTaAMU MOXKET CITY)KUTh 02301 ISl pacIMpEeHHsI X LEIEBhIX (yHKIIHHA.
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JUis nanbHEMIEro yJIydlleHUs] Ka4eCTBEHHBIX XapaKTEPUCTUK CUCTEMBI YIIPABICHUS
1eJ1IecO00pa3sHO MCCIIE0BAaTh BO3MOXKHOCTb KOMIIEHCALMU OLIMOOK IMO3UIMOHMPOBAHUS
PYJIEBBIX MEXaHU3MOB B TEKYILEM LIMKJIE YIIPABICHUS CEPBOIIPUBOAAMU
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The Statistical Methods Using In The Robotic Object Radio Control System

The purpose of the article is to improve the characteristics a radio-controlled object servo drive pool
control system in case of communication loss and solve the problems: reduce the transmission time of the
driving influence to the object control system, the influence compensate for random disturbances and actuators
backlash on the control object based on mathematical statistics methods.

The article describes the radio-controlled object control system implementation. It is shown that the
operator acts as a regulator. The problems that arise when the connection between the control object and the
operator are lost are considered. The influence of random disturbing on the control object is considered. The use
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of statistical methods in the facility control system is proposed. A statistical method is used that implements the
statistical hypotheses theory acceptance. As a hypotheses criterion for the adoption, a likelihood ratio criterion
was used. It is shown that in the autonomous mode it is necessary to compensate for backlash and random
disturbances. The functional diagram of the control system is developed. The architecture of the control program
is developed. The cycle of obtaining the driving action and the control cycle of servos are divided. Reduced
response time of the system to a change in the set action value. The receiving cycle the master action has a
duration of 0.03 ms. The servo control cycle has a value from 8 ms.

Implementation of the developed servo pool management system has shown the effectiveness of the
selected architecture for creating software and hardware for radio-controlled robotic systems. Solved tasks to
reduce the transmission time of the master object exposure control system to minimize the influence of the time
delay cycle master receiving the impact on the duration and servo control loop is provided a synchronous servo
control pool.
control system, servo, backlash, object, statistical hypothesis
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Prospects for Using React Native for Developing Cross-
platform Mobile Applications

The article is devoted to the study of determining the best methods and tools for cross-platform
development of mobile applications, allowing to accelerate the process of writing application program code. The
analysis of the existing technologies used to write mobile applications is carried out, their advantages and
disadvantages are considered. The nuances of using the React Native framework, the mechanism of its work, the
advantages of working with it are described. The data on the interest of developers in the React Native
framework, search trends, the number of downloads of its installation package have analyzed.

React Native, framework, Android, iOS, mobile application, development

H. A. llleBunB, maructpanrt, . B. llIsen, ct. npenox., H. A. Kapa6yT, cT. nmpemoz.
Kpusopooicckuii nayuonanvhoiil ynusepcumem, 2. Kpueoti Poz, Yxkpauna

IlepcnexTuBbl npumenennst React Native nus paspadoTku KpoccmiaaT(opMeHHBIX

MOOMJIBHBIX MPHJIOKEHUH

CraThsi TOCBSIIIEHAa  HCCICIOBAHWIO  BOIPOCAa  OMPENEICHHS  ONTUMAJbHBIX  METOJOB H
MHCTPYMEHTAJBHBIX CPEICTB KPOCCIUIAT(GOPMEHHON pa3padOTKH MOOMIBHBIX TPIJIOKCHHUH, IO3BOJISIONINX
YCKOPHUTh MPOIECC HAMMCAaHWA MPOTPAMMHOTO KOoAa MHpwiokeHus. [IpoBeAeH aHamM3 CYIIECTBYIONIMX Ha
CeFOJIHHU_lHl/Iﬁ JCHb TeXHOJ’lOFMﬁ, HCIOJIB3YEMBIX JJI1 HAIlMCaHU MO6I/IJ1])H])IX HpHﬂO)KeHHﬁ, PAaCCMOTPEHBLI UX
npeuMmyIiiecTsa ¥ HemoctaTku. OMUCaHbl HIOAHCH MCIOJb30BaHUs (peiimBopka React Native, MmexaHu3M ero
paboThI, MpeuMyIIeCTBa pabOTHI ¢ HUM. [IpoaHaNU3UPOBaHbI JAHHBIC O 3aUHTEPECOBAHHOCTH Pa3pabOTUYUKOB BO
(dpeiimBopke React Native, TOMCKOBBIX TPEHAAX, KOJINISCTBE CKAUMBAHUIA €r0 YCTAHOBOYHOTO ITAKEeTa.
React Native, ¢ppeiimBopk, Android, iOS, MoOWILHOE NPHJIOKEHHE, pa3padoTKa

© Nikita Shevtsiv, Dmitriy Shvets, Nadezhda Karabut, 2019
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Statement of the problem. Traditionally, the process of developing mobile
applications has been divided into two parts — creating an application for the Android
operating system using the Java programming language, and developing a product for the i0S
platform, for which the Objective C programming language was used.

However, the use of this approach significantly increases the time of writing code,
accordingly, the cost of developing the application. In this regard, it seems appropriate to
search for solutions that allow for cross-platform development of mobile applications, taking
into account modern ergonomic requirements and, at the same time, providing the opportunity
to significantly reduce the time spent on writing code.

Analysis of recent research and publications. One of the possible options for cross-
platform development of mobile applications is the Apache Cordova framework [1]. This
framework allows you to create applications for mobile devices using CSS3, HTMLS and
JavaScript, instead of using specific API platforms such as Android, IOS or Windows Phone.
This is achieved by converting from CSS, HTML and JavaScript to code that any platform
perceives as a web element. This approach extends the capabilities of HTML and JavaScript
to work with various devices [2]. The result of development is a hybrid application that has
the features of both a web and a mobile application. However, the described technology has
several disadvantages:

e Existing plugins for Apache Cordova quickly become obsolete and developers need
to write independently;

e The application runs in the browser, which causes difficulties in obtaining feedback
from the native application;

e Often there are problems with optimizing the application and its fast and stable
operation.

e Ergonomics of applications developed using Apache Cordova, loses significantly
compared to native applications.

Xamarin [3] is a framework for cross-platform development of mobile applications
(10S, Android, Windows Phone) using the C # language. This technology allows you to take
advantage of the C # language in development, allowing you to get an application that
practically does not differ in performance from native ones. The disadvantages of Xamarin
are the larger application size, limited access to open-source libraries, limited ecosystems, and
the complexity of developing applications with high-performance graphics.

PWA technology was developed by designer Frances Berriman and Google Chrome
engineer Alex Russell back in 2015. It allows you to add sites the capabilities of applications
for mobile devices (in particular, installed on smartphones, work offline, deliver push
notifications). PWA applications are quite simple to develop, which leads to cheaper
development compared to native applications. However, PWA does not allow access to most
functions of the smartphone (calls, SMS, calendar, camera, sensors, etc.), and, in addition, it
is not supported by all browsers.

Flutter [4] — Google’s development in the form of an open source SDK for creating
mobile applications. Flutter, unlike a number of analogues, does not use JavaScript. As a
programming language for Flutter, Dart is chosen, which is compiled into binary code,
thereby achieving a speed of operations comparable to Objective-C, Swift, Java, or Kotlin [5].
The disadvantages of development can be considered the instability of work, which is due to
the relative youth of the project. This also explains the small number of existing libraries for
Flutter and information on working with this technology.

Statement of the objective. The objective of the research is to determine the best
methods and tools for cross-platform development of mobile applications to speed up the
process of coding applications.
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Statement of the main material. One of the most promising tools for solving tasks
today is React Native [6-9]. This tool was created as a tool that allows you to write program
code for a single application and receive a mobile application on various mobile platforms.
The tool was designed to fix flaws that made it difficult to use Apache Cordova.

React Native is a Javascript framework based on the React library for developing
cross-platform 10OS and Android platform applications, released in 2015 by Facebook.

The main mechanism of React Native's operation is that each React Native application
has two threads:

* Main thread - runs in absolutely every native application. It handles the display of
user interface elements and user gestures.

* JavaScript stream - executes JavaScript code in a separate engine. JavaScript deals
with the business logic of the application and defines its functionality.

The so-called bridge, the core of React Native, is responsible for the interaction
between the two threads. It serves as an intermediary that directs requests and incoming data
from two streams. This approach allows them to interact asynchronously, which ensures
stable operation, protecting against mutual blocking of flows.

Other JavaScript solutions for mobile platforms simply wrap your JS code in a web
view.

The final application running on the phone uses native code (Java for Android,
Objective-C for 10S). The compilation results in the same application as written in the native
language: controls, appearance and gestures work the same way as in the native application.

React Native provides high performance, especially when working with fast-changing
data. Thanks to its component structure, React Native encourages you to write modular,
reusable code. Greater speed is achieved through incremental assembly - only modified
modules are reassembled, not the entire assembly.

All changes in the JS code are immediately visible in the simulator, which greatly
speeds up development, while in Java, the developer each time has to start the application
manually.

In order to develop applications on React Native, knowledge and experience in Java /
Kotlin for Android or Objective-C / Swift for 10S are not required. But understanding HTML,
CSS and the fundamental knowledge of React itself will be enough for the initial stages of
work. This framework turns any web developer into a potential developer of mobile
applications, significantly improving the process of creating them.

Used in React JavaScript XML (JSX) is an extension of JavaScript syntax. XML /
HTML-like JSX extends ECMAScript so that XML / HTML-like text can coexist with
JavaScript / React code. The syntax is intended for use by preprocessors (i.e., transpilers such
as Babel) to convert HTML-like text found in JavaScript files to standard JS objects that the
engine will analyze. It is also possible to use React Native without it, but the opposite is
recommended, since JSX describes the appearance of the Ul as clearly as possible, while
including all the JavaScript features. Like HTML / XML, JSX tags have names, attributes,
and children.

There are 5 ways to style the React Native Ul components in 2019:

* Inline CSS

* CSSinJS

* Styled Components

* CSS Modules

* Stylable
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The way of styling is the key to modularity, for the possibility of scaling the code
base. These styling techniques help to avoid common scalability issues that slow down
development speed.

The life cycle of all React Native components is completely different from 10OS and
Android. If you focus on the differences from native systems, then:

* UI elements themselves change state / appearance when changing input parameters;

* On Android, there is no need to manage onSavelnstantState. React Native does this
on its own;

* on i0S, there are no methods that directly explicitly report the moment the
application screens appear / hide.

However, React Native has its drawbacks.

Often a project stops building, for example, after:

* React Native kernel updates (including when updating the minor version);

* updates of npm modules;

* Xcode updates;

* CocoaPods updates (a fairly common problem);

* the need to write a large amount of native code for advanced projects.

To assess interest in technologies in the field of mobile application development, we
will consider data on their use. The development effectiveness to a large extent depends on the
interest of the developer in the technology that he uses to create the application. Figure 1.
shows the data of the Medium.com resource [10] about frameworks, libraries and tools that:

. developers like

TensorFlow 73.5%
React 69.4%
Touch/PyTorch 68.0%
Nodejs 66.4%

NET Core 66.0%

Figure 1 — Attitude of developers to technology
Source: developed by the authors

. wish to study the technology and work with it:

React 21.3%
Nodejs 20.9%
TensorFlow 15.5%
Angular 14.3%
NET Core 9.3%

Figure 2 — Interest in the study of technology
Source: developed by the authors

To assess interest in technologies in this industry, we use the following metrics [10]:

. Google search trends [11].
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Figure 3 — Google search trends
Source: [11]

For search queries, React overtook Angular in January 2018 and maintained leadership
throughout the year. Vue.js began to take a visible, but still relatively insignificant position.
* Number of downloads [10]. This parameter allows you to evaluate the actual use:
installing the package, as a rule, means its necessity for the workflow.

Vue
11.5%

Angular
30.8% React
57.7%

Figure 4 — The number of downloads of installation packages
Source: [10]

Conclusions. React Native has a serious development prospect given its ever-growing
popularity among mobile application developers. React Native has been constantly
reinforcing its position on the labor market and relevance since its development for three
years. In addition, studying the React Native framework is useful due to the fact that while
studying this technology, students simultaneously encounter a stack of web technologies and
the intricacies of developing applications for the Android and iOS platforms. In general,
React Native provides high-quality cross-platform mobile development and can significantly
increase the speed of developing mobile applications.
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IlepcnekTuBu 3acrocyBanHs React Native 11 po3po0xku kpocniaTtpopMHUX MOOITBHUX
T0JAATKIB

CraTTs NpUCBSUCHA JOCIIPKCHHIO MUTAHHS BU3HAYCHHS ONTUMAJILHUX METOJIB 1 IHCTPYMEHTAIBHUX
3ac00iB KpocmuiarhOpMHOi PO3POOKH MOOLIBHUX OJATKIB, MO J03BOJIAIOTH MPUCKOPHTH MPOIEC HANUCAHHS
MPOrPaMHOr0 KOAY AOJATKIB. AKTYalbHICTh JOCIHIIKEHb IOJSrae B TOMY, IO TPAAMLIIHO Mpolec po3poOKH
MOOUTBHUX JIOJATKIB CKIAJAETHCS 3 ABOX YaCTHH — PO3POOKH MPOTrpaMHOro MpoaykTy mis miardopm Android
ta 10S Ha pI3HMX MOBax MPOrpaMyBaHHSA. 3a3HAYCHWH MiAXiM 3Ha4YHO 30ULIBIIyE 3aTpaTd 4yacy Ha pPO3pPOOKY
MOOLTEHUX AoxaTkiB. [locTaBneHa MeTa moisirae B aHalli3i iICHYIOUHX Ha CHOTOMHIIIHIN JeHb 3aC00iB po3poOKU
KpocIutaTOpMHUX MOOUTBPHHUX ONATKIB IJIs MPHUIIBHAIICHHS IPOLECY CTBOPEHHS MOOUIBHOTO MPOTPaMHOTO
3a0e3MeveHHs.

B po6oti npoBezieHO aHaMi3 iICHYIOYMX HA CHOTOIHINIHIN 1€Hb TEXHOJIOTIH, SKi BHKOPHCTOBYIOTHCS IS
CTBOPEHHSI MOOINTBPHUX JOAATKIB, PO3TIHYTI iX IepeBaru Ta HEHONIKH. 3a3HAYeHO, BUKOPHUCTAHHS SKHX MOB
NpOrpaMyBaHHSI BUMararoTh Ti UM 1HIII IHCTPYMEHTH, PO3IJIIHYTI MEXaHi3MH iX poOOTH, ONHMCaHI MOMIIUBOCTI
3aCTOCYBAHHS Ta MOXKJIMBI OOMEXEHHS 111010 iX BUKOPHCTaHHs. B 10CiikeHHI OITUCaHO HIOAHCH BUKOPHCTaHHS
¢peiimBopka React Native sk ogHOro 3 HaWOUIBII BAAIHMX PillIeHb JJIsI KPOCILIATPOPMHOT po3poOKH MOOUTBHUX
JOZaTKIB, MEXaHi3M HOro poOOTH, IMepeBard BUKOpHCTaHHS. IIpoaHani30BaHO [aHi PO 3aliKaBIICHICTh
po3poOHUKIB y 3acTocyBaHHI (pelimBopky React Native st cTBOpeHHS IOAATKiB, HOIIYKOBI TPEHAN CTOCOBHO
JTAaHOT TEXHOJIOTIi, KUTBKICTh 3aBaHTAXKCHb IHCTAJAIIHHOTO akeTy React Native.

[IpoBeneHi MOCTiMKEHHS IMOKa3and, MO BHKOpHUCTaHHA (peiimBopky React Native mnst po3poOxu
KpocruraTopMHUX MOOITPHUX HOAAaTKiB Mae 3HauHI mepeBarn. CTBoproBaHe 3a gomomororo React Native
mporpaMHe 3a0e3MeYeHHs IPH 3aIyCKy Ha MOOITPHOMY TeleOHI BUKOPHCTOBYE HATHBHHUN KOX Ta 3a0e3medye
BUCOKY MpOayKTUBHiCTh. KpiM Toro, BuBueHHs (peiiMBOpky React Native 103BoJIsie 0ZJHOYACHO ONAHOBYBATH
TOHKOIIl POOOTH 3 MOOITBHUMH ILIATGOPMAaMHU Ta CTEK WEb-TEeXHOJIOT 1.

React Native, ¢ppeiimBopk, Android, iOS, moOisILHUI 107aTOK, po3poldKka
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CTpykTypa MOHITOPUHTY Ta 1IeHTU(IKAIIT HAQTOBUX
3a0pyJHECHD

B crarTi 3ampomoHOBaHO CXeMy CTPYKTYPH 3arajbHOTO aHali3y HapTOBHUX 3a0pyIHEHb y PEKUMI
peanpHOro uacy. B jaHOMy BUNaAKy TPONOHYETHCS JJIsl OYMCTKA BOJ Big HadToBHX 3a0pyIHEHBb
BUKOPHCTOBYBATH 010JIOTIUHI CIOCOOH OYHCTKH.

Ha(TOBi 3a0pyIHEeHH, ineHTHiKkawis, NPUITHATTS pilieHs, 6a3a 3HaHb, 0232 TaHUX

E. IL. T'osmk, nou., kaua. Texd. Hayk, A. B. Boakos, npenoa., Ucmana Myxammen, acr.
Lenmpanvrhoykpaunckuii HaYUOHANLHBIN MexHuYeckuli ynusepcumem, Kponusnuyxuii, Ykpauna

CTpyKTypa MOHHUTOPHMHIA M HACHTH(PUKAIMN HeQTAHBIX 3arpsi3HEeHHI

B cratke mpemiokeHa cXxeMa CTPYKTYphl OOINEro aHain3a HE(QTIHBIX 3arpsA3HEHHA B PEKUME
pealbHOrO BpeMeHH. B JaHHOM cliyyae MPEUIOKEHO JUIS OYMCTKH BOJBI OT HE(PTSIHBIX 3arpsA3HCHHIMA
HCIIOIb30BaTh OMOJIOTHYECKHE METOAbI OYHUCTKH.
He(TsAHbIE 3arpsA3HEeHUs], WAeHTH (KA, TPUHSATHE peleHuii, 60a3a 3HaHMii, 6232 TaHHBIX

IlocranoBka mnpobaemu. B [1] Oyno oOrpyHTOBaHO MAOIIIBHICTH aBTOMAaTH3aIlil
KOMIT FOTEPHO-IHTETPOBAaHOI ~ TEXHOJNOTii  ieHTHdIKaIii Ta MOHITOPUHTY Ha(TOBHUX
3a0pyaHEeHb. ABTOpaMH 3a3HA4€HO, IO JJISI TOrO 00 po3poOuTH poOoTa, KUl MOBUHEH B
pearbHOMY Yaci BUKOHYBATH (YHKIIi MOHITOPUHTY, 17IeHTU(IKALT Ta OYUCTKH MOPCHKHUX BOJI
BiJ1 HaTOBUX 3a0pyaHEHb, HEOOX1THO BOJOITH 1H(GOPMAIIIEIO PO BUAU PO3JIMBIB HAPTH, X
XIMIYHHA CKJIax Ta MeToau 1 3acobu  ouncTku. OCKIIbKM HACHiAKKA 3a0pynHEHb
HaTOMPOyKTaMH MOXKYTh IIBHJIKO 3pOCTaTH, TO TMOTPIOHO MmO Taki podotu Oyiau
po3ramioBaHi 6e3rnocepelHb0 Ha MOPCHKOMY TPaHCIIOPTI.

Jlnst JKUBIIGHHS TakuX POOOTIB JOIIILHO BUKOPHUCTOBYBAaTH COHSYHY €Hepriio. B
poboTi [2 Oylio 3ampONOHOBAHO METOJWKY MOJIETIOBAHHS IMOBIPHOCTI HAaJIXOKCHHS
COHSTYHOI pajiarii Jyisi CUCTEM OUYHUIICHHS BiJl HAQTOBUX 3a0pyIHEHbD.

B po6orti [3] aBTOpamu Oyi0 MPOBEJCHO MOMIYK ONTUMAIBHUX PILIEHb 1100 BUOOPY
METO/IB OYMIICHHS BOJHUX PECYpCIB Bil HaAPTOBUX 3a0pyIHEHb Ta OYyJIO BU3HAYCHO, IO
ONTUMAJILHUM PIIICHHSAM IIOAO0 BUOOPY METOAY OYUCTKH BOIHHUX PECypcCiB BiJ Ha(TOBUX
3a0pyIHEHB € 010JIOTTYHUI METOJT OUUCTKH.

TakuM YMHOM METOI0 JaHOi POOOTH € MOCHiIKEHHS O10JOTIYHMX METOJIB OYMUCTKU
BOJI BiJl HA)TOBUX 3a0pyTHEHB.

AHaji3 ocTraHHiX JocaimkeHb i nyOaikaumiii. [lng aBromaTm3amii mporecis
0107I0T1YHOI OYHMCTKH CTIYHUX BOJ MIAMPUEMCTB HA(TOBOI MPOMHUCIOBOCTI B poOOTI [4]
aBTOpaMHU 3alpONOHOBAHO BHKOPUCTOBYBATH HEHPOHHY MEpeXKy B 3aqadi KepyBaHHS
KOMIUIEKCOM OYHCHHX cropyl. JlaHa HelpoHHA Mepeka M03BOJISE€ MPOTHO3YBaTH 3HAYCHHS

© O.II. T'onuk, 1. B. Bonkos, Icmain Myxammen, 2019
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MOKA3HUKIB SKOCTI OYMINEHOI BOJM, 3TiIHO BUMIPSHHX HAa BXOJl MOKAa3HUKAX HEOUHIEHOI
Boau. OgHaKk po3poliieHa HEHPOHHA MEpeka HEe € yHIBepCaJbHOIO, OCKUIBKM BOHAa HaBYCHA
JUIs yMOB poOOTH KOHKPETHOTO MiAMPUEMCTBA HA(TOBOT IPOMHUCIIOBOCTI.

B pobGorax [5, 7] aBTOopamMm 3a3HayeHO, IO CEpPea METOMAIB, SKi YCHIIITHO
BUKOPUCTOBYIOTbCS JJISl JIKBiJalii HachiAkiB 3a0pyaHeHb HadTOO Ta HAPTONPOAYKTaMH,
copOI11iifHe OYMIIIEHHS BOAM € OJHUM 3 eeKTUBHUX CIoco0iB. byso mpoBeneHo mabopaTopHi
JOCIIJKEHHSI B Pe3yJIbTaTi SKUX, JaHy TinoTe3y OyJo MiATBEPIHKEHO €KCIIEPUMEHTATIbHUMHU
nanumu. OpmHak po3poOJieHWH aBTOpaMu MeEToJ TepedyBae y cTaaii BUMPOOyBaHb Ta
PO3pOOKH.

ABTOpaMu 3arporIOHOBAHO COPOEHT Ha OCHOBI TPOOKCHIIB 3aJli3a Ta alroMiHiiO0 [6].
JlocmikeHHsT TIOKa3aiy, 10 OTPUMaHU COpOEHT J03BOJIS€E BUKOHYBAaTH OUYUCTKY CTIYHUX
BOJI TaJIbBAHOIIEXY /10 TPUHHATHX HOPM.

[lepcrieKTUBHUM € BUKOPHUCTaHHS TEXHOJIOTIl mepepoOKu HaTH BYIJICBOJHIMH, SIKi
BOJIOJIIFOTh BUCOKOIO MiHEpaTi3alli€lo, MEHIIOK CEJIEKTHBHICTIO Ta TOKCHUYHICTIO [8]. OmHak
BUKOPUCTAHHA JaHOI TEXHOJOTIl YCKIAIHIOEThCS  HASBHICTIO  CKJIAMHOI  MAaTpHIl
Ha(QTOBMICHMX BOJ, IO MPU3BOAWTH JO OLIBIIOr0 EHEProCHOKUBAHHSI Ta IMMOJAJIBIIOT
00pOoOKH.

B po6Goti [9] aBTOpamm noBeneHO €GEKTHBHICTh OYKMCTKHM Ha()TOBMICHUX BOX 3
BUKOPHUCTAHHAM KOMIUIEKCHOI ()OTO KaramiThuHOi Ta OiojoriuHoi ouuctku. OOpoOky Oyio
MIPOBEICHO B MEPIOJMYHUX peakTopax 3 BuUKopucTaHHAM Ti0, B sxocTi (oTokaramizaTopa.
[Ipu pomy OyJni0 AOCATHYTO OYMIICHHS Bif HagdTompoaykTiB Ha 90% 3a 30 XBWIMH 4Yacy
peakmii mpu pH=5,0. [Ins Giosoriunoi ounctku Oysio BuUKopucTaHo Oaktepii Pseudomonas
aeruginosa y OiorutiBkax. 3a 45 XBuIMH Yacy Oyso ouHieHo 66,5% HadToBuX 3a0pyIHEHb.
Jnst migBumeHHsT €(EKTUBHOCTI TPOIECY OYKMCTKH aBTOPaMH 3alpOTIOHOBAHO O0O€IHATH
XiMiuHe Ta 010J0TiYHEe OYMIICHHS, 3a0€3MEeYNBIIN TAKMM YMHOM OYHMCTKY Ha 99% Hadtu Ta
78,6% 3arajibHOr0 OpraHivHOTO BYTJIELO.

B [10] naBeneHO pe3ynbTaTé 610J0TIYHOT OUUCTKH CHHTETUYHOI BOAM, 110 T0OYBaIOTh
Ha POJIOBHUII B aKTUBHOMY MYJIi 3 METOI0 BUAAJICHHS OPTaHIYHHUX CIOJIYK 3 BUKOPUCTAHHSIM
eHioreHHux Oakrtepiid. Byno orpumano OiokiHEeTHMYHI KOe(]iLi€HTH, SKi MOKa3ajJd HU3BKY
CIIOP1THEHICTH 10 CyOcTpaTy.

BBaxkaerscsi, 1m0 OioyioriuHi OOpOOKHM JalOTh HAMKpamuid KOMIIPOMIC —MiX
e(hEeKTUBHICTIO BUIAJICHHA HA()TOBUX IUIAM Ta €KCIUTyaTamiiHumMu Butpatamu [11]. T'i6puani
IpoIecH TOKa3yloTh 0aratoo0ilsitouy NpPOIYKTHBHICTh, ajieé TMOBUHHI OYyTH J0AAaTKOBO
BHBYEHI.

Hapasi BueHMMM BXe po3poOJeHO JAesKi Mpemapard, M0 MICTATh KOHCOPIiyM
MIKpoopraHi3miB (Hanpukiajn, mnpernapatd Jlenoin ta JleBopoiun). Jlo ckiamy Takux
npenapariB, sK HpaBWiIO, BXOIATh MikpoopranizmMu Bacillius brevis Ta Arthrobacter, ski
3/1aTHI aJanTyBaTUCA O BUCOKUX /103 HaPTH, €PEKTUBHO YTHIII3yBaTH CyOCTpaT HE3aJICIKHO
BiJl THITy IPYHTY Ta OCOOIMBOCTEH 3a0pyIHIOBaYa. [X MOYkKHA BUKOPUCTOBYBATH IS OUUCTKH:
B’s3k0i HadtH, mapadiHoBoi HapTH, HAPTH 3 BUCOKMM BMICTOM CIpKH, Ha(TOMPOIYKTIB
(Ma3yT, AM3eNbHE NabHe, OCH3UH Ta 1HIIE), ApOMATHYHUX PEYOBUH ((EHOI, KPe30J TOIMIO).

B pesynbTati 6iosoriuaoi o0po0ku HadTOBOTO 3a0pyIHEHHS NpenapatamMu JleBopoiin
ta Jlenoiin [12] B HaBKOJWIIHHOMY CEPENOBUIII 3alMIIAIOTHCS OakTepianbHUN OUTOK (HE
norpedye MOAanmbIIoOl yTHIi3allii) Ta HETOKCHYHI MpOAyKTH posnaay Hadtu. [Ipomykru
KUTTEIISIBHOCTI OakTepid Ta BIacHe cami OakTepii JErko 3acCBOIOIOTHCS A0OPUTEHHOIO
MIKpOQIIOpOIO, JTal0Yl OCHOBY sl (DOpMyBaHHS TymycCy a00 YTBOPIOIOYH JOHHUN MYIL
EdexTuBHICTh OKHMCIEHHS BYTJI€BOAHIB HapTH nocsarae 99%.
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[Ipenapatu leBopoiit Ta JIeHOIT mpeAcTaBIsAiOTh COOOK MOPOIIKH, SIKI CKIATAI0ThCS
3 KIITHH MIKPOOPTaHi3MiB, 1[0 BOJOJIIOTh BYTJEBOAHEOKUCIISAIOUOK AaKTHUBHICTIO Ta
KOHIIeHTpauieto He MeHe 109 kimitun y rpami npenapary [12].

ITocTanoBka 3aBaaHHs. AHami3 OCTaHHIX JOCHIKEHb IMOKAa3aB, 110 BUKOPHUCTAHHS
came OI0JIOTITYHMX METOIB OYMCTKH BOJ BiJl HaTOBUX 3a0pyJHEHb € MEPCHEKTUBHHM.
Mertoro nanoi pobOTH € MOCHTIKEHHS pOOOTH YCTAaHOBOK I O10JI0TIYHOTO OYMIICHHS BOJ
BiJl HahTH Ta HAPTOMPOMYKTIB 1 po3poOKa CTPYKTypH aHalizy HadTOBHX 3a0pyIHEHb IS
0a3u JaHux Ta 0a3u 3HAHb IHTEIEKTYaJbHOI CUCTEMH MIATPUMKHU MIPUHHATTS PIIlICHb.

OcHoBHuii MaTepian. [Ipu 6i010T1YHIN OYMCTLI BUKOPUCTOBYIOTh MIKPOOPIaHi3MH,
aK1 «3’igaroTh» HadTy. Ha cporomni icHye Oinbire 1000 mpocTux opraHi3MiB (HANpUKIIAI,
apixmki Candida xapuyrorbes HadroBuMHu mapadinamu). Ilicias 4oro yTBOpIOETHCS BeIHMKa
KUTIBKICTh 010MacH 3 BEJIMKOIO KOHIICHTPAIIIEIO BITAMIHIB Ta OUIKY.

s po3poObku 6azu 3HaHb Ta 0a3W JaHUX OIOJMOTIYHOI OYMCTKUA BOJ Bil HadTOBHX
3a0pyIHEHb HEOOX1AHO BOJOAITH iHOpMaIliero mpo ¢izioaoriro MikpoopraHizmis. Bei BoHH
MaroTh CBiif 0OOMIH PEYOBHH: OXKHBHI PEYOBUHH 3aCBOIOIOTHCS, a MPOAYKTH JKUTTETISIIBHOCTI
BUIJISIIOTHCSI. MIKpOOpraHi3MH JKUBYTh 32 paxXyHOK JIMXaHHS 1 XapuayBaHHS.

OnHuM 13 BUAIB 6i010r19HOT 04KCTKY € Oiopemenanis. B [13] HaBegeHo cxemy KpOKiB
OlopemMenarii mpu 3a0pyaHEeHH1 HaQTOBUMHM TUISIMaMU, TTOKa3aHa Ha puc. 1 (cxema mokaszaHa B
opuriHanbHoMmy Burisiai [13]).

{ Contaminated Mangrove ]

Diagnosis
‘ Biotic Factors ‘ | Abiotic Factors
Fauna and Flora; Contaminant quantity and guality;
Microbial diversity; Nutrient availability;
When possible, microbial function. Salinity;

Sediment temperature;
Percolation of the contaminant;

ﬂ(’)thers...

Determining Bioremediation Strategy

Microbial Indicators ﬂ

(Including conventional and/or molecular <—Monitoring—» Contaminant content
approach l

‘ Flora and Fauna J

Pucynoxk 1 — Cxema nporecy Giopemenarii ajst O4MCTKH BOJ Bl HAQTOBUX TUISIM
Ilicepeno: [13]

ABTOpPH BHKOPHCTAJIM JTaHY CXEMY TPH JOCTIKEHHI €KOCUCTEeMHU MAaHTPOBHX JICIB.
OCHOBHUM B JjaHii cXeMi € BU3HAu€HHs PiBHA 3a0pyAHEHHS. 3a3BHYail BUKOPUCTOBYIOTHCS
XiMiUHI TIapaMeTpu piBHIB 3a0pyAHEHHs, aje K MPaBHIO, 1€ apOMAaTHUYHI BYTJIEBOIHI
PEUYOBUHHU, SKI MIBUIKO PO3UMHSAIOTHCS B MOBITPI. 3TiIHO JAHOI CXeMH, MO-Tepiie HeoOXiqHO
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BU3HAUYUTH KIIBKICTh 3a0pyAHIOBaYa, 3HAMCHOrO Ha UISHII, Ta HOTro KOHUEHTpalio. Januii
M1IX11 MOYKHA BUKOPUCTATH 1 JJIs1 OYMIICHHS BOJ Bl HAPTOBUX 3a0pyAHCHB.

B [14] 3amponoHOBaHO MO€AHATH MOHITOPHHI PO3IUBY HA(TH Ta MOJEIIOBAHHS, SIK
CUMOIOTHYHY CHCTEMY YTPAaBIIIHHSI 3BOPOTHIM 3B’A3KOM, 3aCHOBAaHY Ha TeOpii CHCTEeMH
3acTOCyBaHHA AMHaMiyHOro mnpuBoAy aaHux (Dynamic Data Drive Application System
(DDDAY)).

Ha puc. 2 naBeneno 61ok-cxemy DDDAS 1715t KOHTpOITIO pO3IHUBIB HAPTH B MOPCHKHX
aKBaTOPIAX.

Knowledge base
for multiple source
remote sensing
monitoring

Multiple source remote
—=  sensing monitoring
scheme constretion

L J L

Optimal monitoring scheme construction
base on inference machine

il spill information extraction

k4

il spill dynamic New oil spill

Maodify remote sensing e .
3 g processes simulation knowledge supplement

monitoring scheme

&

Oil spill information
evaluation

NO

Satisfied?

Pucynok 2 — Cxema niporiecy OiopeMesanii At O4YMCTKA BOJ Bil HAQTOBUX TUISIM
IDicepeno: [14]

3riIHO pucC. 2 HA CXEMY MOHITOPHMHTY Ha OCHOBI MAalIMHHOTO BHUCHOBKY HaJXOIUTh
iHpopMaris 3 6a31 3HaHb JUI MOHITOPUHTY AMCTAHIIMHOTO 30HIyBaHHS JEKUIBKOX JKEpPe.
[Ticns goro BimOyBaeThCs BUIYyYeHHs iH(popMailii nmpo po3nuB HadTu. [loTim BigOyBaeThCs
CHUMYJISILIS MPOIecy PO3IMBY Ha(TH B AMHAMILI Ta OLIHIOBaHHSA iH(opMalii 00 PO3IUBY
HadTu. SIKIIO pe3ynapTaTH OIIHIOBAHHA BKa3ylOThb Ha HASBHICTH PO3JUBY HA(PTH, TO
BiZIOyBa€ThCS BHECEHHS JaHUX 10 0a3u 3HaHb MPO HOBI po3nuBH HadTH. SKimio iHGopMaris
HE IMiTBEPKYETHCS, TO MPOIEC 30HAYBaHHS TOBTOPIOIOTH 3HOBY.

Buxonsuu 3 BHIlle HABEJACHOTO MPOMOHYETHCS HACTYIHA CXEMa 3arajlbHOro aHaji3y
Ha(dTOBUX 3a0pyIHEHb Y BOAHUX peCypcax, HaBeJeHa Ha puc. 3.
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KonTpons napame

T

Ipoéa | Kamepa Tnentudixauis Budip Cruo
—P 3pa3KiB > 3a0pyIHeHHSsI > oo OHUCTKA

OYHCHOTO
npenapary

y

Pucynok 3 — Cxema 3arajgpHOTO aHaNi3y HAPTOBUX 3a0pyTHEHb
Locepeno: pospobaeno agmopom

3riiHO 3anmpoONoOHOBaHUX B [1] eTamiB po3poOKHU 1HTENEKTYaIbHOT CUCTEMH MIATPUMKH
NPUAHATTS PpillleHb Juisi poOOTa 3 OYUCTKM BOJ Biag HadTOBHX 3a0pyIHEHb, 3arajabHa
CTPYKTYpa aHallizy HahToBHX 3a0pyTHEHb MAaTHUME BUTJISA, IOKa3aHUN Ha puc. 4.

A 4

306ip
mpoo

PezepByap

HI (Ilepesuiyenns

HOpMU)

Ouncrka

ICIIIIP — InTenekTyaapHa CHCTEMA MIATPUMKH MIPHHHATTS pimeHs; BI1 — 610k OpiBHIHHS;
BBK3 — 610k Bu3HaueHH KibKocTi 3a0pynHeHas; BBB3 — 6ok Bu3HaueHHS BUIY 3a0pyTHEHHS;
OP — 00po6ka pe3ynpratiB; BCO — Bu3HaueHHs crtoco0y OYHCTKY;

BKOII — Bu3Ha4YeHHS KITBKOCTI OYMCHOTO MpenapaTy

Pucynoxk 4 — Ctpykrypa aHanizy HahTOBHX 3a0pyIHEHb BOJHHUX PECYPCiB
Lowcepeno: pospobaeno agmopom
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B Onoui mopiBHAHHS BinOyBaeThCsl OLiHKa 3a0pyaHeHHs. B pesepByap HaaXoIsTh
3pasku mpo6 Boau. Ilicms woro B BII BH3HawaeThcsi 4M BiAMOBimae 3pa3oKk HOpMaM HE
3a0pyaHeHol Boau. SIKIIO 3pa30K BOAM 3HAXOAUTHCS B MEXaX HOPMH, TO Aalli BiOYBa€ThCS
30ip HOBUX mpoO. Skmio BuUsABIAETBCS MmO Boaa 3abpyaHeHa, To B bBK3 ta BBB3
BUKOHYEThCS BHM3HAYCHHS KUIBKOCTI Ta By 3a0pynHeHHs. Ilicins oOpoOku pe3ynbTatiB
B1J10yBa€THCS BU3HAYCHHS CITIOCOOY OYMCTKH Ta KUTHKOCTI OYMCHHX MTPETNaparis.

B momanmemmx nochmikeHHsAX JgaHy cxemy (puc. 4) Oyme MoaudikoBaHO Ta
cuHTe30BaHoO. binbiie yBaru Oyae npuaiieHo po3poOini 6a3u 1aHux Ta 0a3u 3HaHb JJIA OJIOKY
HOPIBHSIHHS.

BucnoBku. B ganiii poOOTI Ha OCHOBI aHaNi3y NOMEPEIHIX IOCIIIXKEHb, OYyIJIO
3alpONOHOBAHO CXEMY 3arajlbHOro aHanizy HapTOBUX 3a0pyaHeHb. [laHa cxema n03BOJISIE B
PeXHUMI peaJbHOTO Yacy MPOBOJIUTH MOHITOPHHT Ta ieHTHdIKaIi0 HAaPTOBUX 3a0pyIHEHbB.
3acTocyBaHHA JaHOI CXEMH Uil aHalizy Ha(TOBUX 3a0pyIHEHb MOXJIMBE HE JIMIIE JUIs
BU3HAYCHHS HA()TOBUX 3a0pY/IHEHb Y BOJAHHUX PECypCax.
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The Structure of Monitoring and Identification by Oil Pollution

In different countries, scientists pay attention the method of monitoring, identification and water
purification from oil pollutions. The problem of oil pollution is not only relevant for oil producing countries. Oil
spills can occur anywhere in the world. The authors of this article propose to develop the robot with artificial
intelligence that would monitor, identify and purify water resources from oil pollution in the mode of real time.
Previous studies have shown that it is advisable to use biological methods to water purification from oil
pollution. To date, scientists have already developed preparations containing a consortium of microorganisms to
purify water resources from oil and petroleum products. Microorganisms are able to adapt to large doses of oil.
As a result of the biological treatment of petroleum contamination, such microorganisms in the environment
remain bacterial protein (which does not require further disposal) and non-toxic oil decay products. The products
of the activity of bacteria and the bacteria themselves are easily absorbed by the native microflora, giving the
basis for the formation of humus or forming bottom silt.

The purpose of this work is to investigate installations for the biological treatment of water resources
from oil and petroleum products. In order to achieve this goal, the structure of the scheme of general analysis of
oil pollution is proposed in the article. This scheme contains blocks of comparison, determination of the type and
amount of contamination. The results are processed using statistical and mathematical analysis methods. The
following algorithm is proposed. The robot has a special container for collecting water samples. This container
has special sensors that determine the condition of the sample and transmit information to the comparison unit.
The comparison unit, based on the knowledge base, determines the conformity of the water sample to the
standards. If the amount of pollutants is exceeded, the information goes to the units for determining the amount
and type of pollutants. In the results processing unit, decisions are made regarding the method of purification and
the amount of purification preparation.

In the future, this scheme will be modified and synthesized. More attention should be paid to
developing a database and knowledge that is part of an intelligent decision support system. The application of
this scheme to the analysis of oil pollution is possible not only for the determination of oil pollution in water
resources.
oil pollutions, identification, decision-making, knowledge data base
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IMiTamiine MOJENIOBaHHS POOOTH  XOJIOJAUJIBHOIO
ycratkyBaHHg (ipmMu Danfoss y ckiaal onTuManabHOI
ABOKAHAJIBHOI CUCTEMHU CTaOLII3alli  TeMIepaTrypu
MOBITPS Y XOJIOAWJIBHIN KaMepl CynepMapKeTy

Mera crarTi nojsrae y po3poOii alnropuTMy OLIHIOBaHHS XapaKTEPUCTUK XOJIOAMIBHOTO KoedillieHTy
obnannanns ¢ipmu Danfoss , sike (yHKLiOHYe y CKJIali ONTUMAaJBHOI JIBOKAHAJIBHOI CHCTEMH cTadimizamii
MOBITPSl TPH HASBHOCTI BUIIAJAKOBUX KOPHCHHMX CUTHAJIIB 30ypeHb Ta 3aBaj. AJITOPUTM CKJIQIAETHCS 3 JIBOX
eramiB. Ha mepmomy eTam Ha OCHOBiI pe3yNlbTaTiB CTPYKTYpHOI ieHTH(]iKamii Ta CHHTE3y ONTHMAaIbHOI
CHUCTeMH cTaluTi3amii BHKOHYEThCS IMiTalliifHe MOJETIOBAaHHA POOOTH XOJNOAWIBHOTO yCTaTKyBaHHsA. Ha
IPYTOMY €Talli, Hd OCHOBI PE3yJbTaTiB IMITAI[IfHOrO MOIETIOBAHHS Y BHUIJISIII KPHBOI 3MIHH XOJOTUIEHOTO
KOe(DIlIEHTY OL[IHIOETHCS €PEKTUBHICTD XOJIOJUIBHOTO YCTATKYBaHHS.

XJ1aJareHT, X0J0AnJIbLHII KoediuieHT, imiTaniiina Mmoaenb, nepegaroyna QpyHkKuisi, epeKTUBHICTH

J.M. JlyxKkoB, act., C.I. Ocaguuii, mpod., I-p TeXH. HAYK
LlenmpanvHoykpaunckuil HAYUOHATbHBLIL MexHuYecKull ynueepcumem, 2. Kponuenuyxuil, Ykpauna

NMuranmonHoe MojaeJMpoBaHue pPadoTbl XOJOAMJIBLHOr0 000pyaoBaHusi (GUPMBbI
Danfoss B cocraBe oONTHMAJbHOH JABYXKAHAJIbHOH CHCTeMbl CTa0MJIM3aALHHA

TeMIepaTyphbl BO3yXa B X0JI0HIbHOMH KaMepe cynepMapKeTa

Henp craTem 3akimovaeTcss B pa3pa0OTKE alropuTMa OICHKH XapaKTePHCTHK XOJOIIBFHOTO
ko3¢ dunuenra obopynoBanusi ¢upmbl Danfoss, koropoe (YHKIHOHHpPYET B COCTaBE ONTUMAIbHOM
JIByXKaHAJIbHOW CHCTEMBI CTAOMIIN3AIINH BO3yXa TP HAIWYHUHN CITyYalHBIX MTOJIE3HBIX CUTHAIOB BO3MYIIICHUH U
moMex. AJNTOpPUTM COCTOMT W3 JBYX dTamoB. Ha mepBoM 3Tame Ha OCHOBE pE3yJlbTAaTOB CTPYKTYypHOH
H}leHTI/I(l)I/IKaI_ll/II/I u CHHTE3a ONTUMAILHON CHUCTEMBI CTa6I/lJ'lI/138.]_Il/II/l BBIINIOJIHACTCA HUMHUTAITUOHHOC
MOJICIUPOBAHKE pPa0OThI XOJOMWILHOTO O00OpyZoBaHus. Ha BTOpoM 3Tame, Ha OCHOBE pE3yJIbTAaTOB
HMHUTAIMOHHOI'O MOJCIMPOBaHUA B BUIC KpHBOﬁ HU3MEHCHUS XOJIOAUJIBHOI'O KOS(l)(bI/ILll/leHTa OLICHUBACTCA
3((HEeKTUBHOCTH XOJOJUIEHOTO 000PYIOBaHHUS.
XJaJareHT, XOJIOAMJIbHBIH Koeh(PUUUEHT, HMHMTAIUOHHAS MoJedb, NepelaTouyHass GyHKUUSA,
3¢ PeKTUBHOCTH

ITocTanoBka npodaemu. €eponelicekuM crangaprom EN 16001: 2009, npuiiasatum B
OlmpmIoCcTI  KpaiH €BpOCOIO3y, 3aTBEP/KEHI BUMOTH 10 CHEPrOCHOXKHMBAHHS  YCIX
BUKOPHCTOBYBAaHUX Ta PO3POOIOBAILHUX MAIlMH, TPUIAAIiB, YCTATKYBaHHS, B TOMY YHCIIi,
XOJOAMIBHUX YCTAaHOBOK. TOMYy aKTyaJIbHUM CTa€ 3aBJaHHS  OIIHKM e(eKTHBHOCTI
XOJIOMUIBHOI TEXHIKH, SKa BXOIUTh JO CKJIaJy aBTOMATHUYHOI CHUCTEMH KEPyBaHHS Ta
GyHKIIIOHYE B yMOBaX HernepeadadyyBaHO1 3MIHUA TeMIIEpaTypH MPOAYKTIB, 10 30epiratoThcs,
Ta MapaMeTpiB OTOUYIOYOTrO CEPEIOBHILA.

AHaji3 ocTaHHiX gocaimkeHb i myOJikamiii. Buuenns myOmikamii [1, 2, 3, 4]
MOKa3ajo, IO E(QEKTUBHICTh (YHKI[IOHYBAaHHS XOJIOAWJIBLHOTO OOJIATHAHHS TPaJHIIHHO
BU3HAYAIOTh 3 JIOMIOMOTOI0 XOJOIMIBHOTO KOe(DillieHTy €g. ANTOPUTM BU3HAYEHHS I[HOTO

© .M. Jlyxkos, C.I. Ocamguuii, 2019

222



ISSN 2664-262X IlenTpanbHOYKpaiHChbKHM HayKOBHH BicHHK. TexHiuni Hayku, 2019, Bumn. 2(33)

KOE(]III€HTY 3aJeKUTh BiJl KJacy XOJOJWJIbHOI MAIIMHU Ta 3BOPOTHOTO TEIJIOBOTO
UKy, SKUH peali3oBaHO Yy Hi. Po3rmsig po3MOBCIOIKEHUX alTOPUTMIB PO3PAXyHKY
XOJIOMMIBHOTO KOE(Illi€HTy, TMOKa3aB, IO BCI BOHM KOPEKTHO BHM3HAUYAIOTh 3a3HAYCHUU
Koe(iIlieHT B yMOBaxX MOCTIHHUX TEMIEPaTyp XOJIOI0areHTy, OXOJIOKYBAaHOTO CEpeIOBHUIIA
Ta OTOYYIOYOI'0 CepeIOBUILA.

3 iHmoro Ooky y crtarti [5] moBeaeHo, mo npHu (GYHKIIOHYBaHHI XOJOIWIBLHOTO
obmagHanHsa (ipmu Danfoss B ymoBax cynepmapkeTy yci KOPHUCTI CUTHanM, 30ypeHHs Ta
3aBaJli HaJEeXaTh /10 HECTAI[IOHAPHUX BUIMAJKOBHX IPOILECiB. B Takux yMoBaxX XOJIOAUIbHUN
Koe(illieHT sABIs€ COOOI0 MPUKIAA BUMAIKOBOI (YHKIi, YHCIOBI XapaKTEPUCTUKU SKOi
HEOOXI1/THO BU3HAYATH METOJaMU MaTEMaTUYHOT CTATHUCTHKH [6].

IMocranoBka 3aBaaHHs. CTaTTS TpPUCBSIYEHA TNPEJICTABICHHIO PE3yJbTATiB
JIOCJIIJDKEHHS, CIIPSIMOBAHOTO Ha PO3POOKY HOBOTO QJITOPUTMY OIIHIOBAHHS XapaKTEPHUCTHK
XOJOAMIBHOTO KoediuieHty obnannanas ¢ipmu Danfoss, ske ¢yHKIIoHye y ckiaai
ONTUMAIBHOI JBOKAHAJIBHOI CHCTEMH CTaOUTI3aIlli MOBITPS TPH HASBHOCTI BHUMAJIKOBUX
KOPUCHHX CUTHAaJIiB 30ypeHb Ta 3aBa/l.

Sk nmoBeneHo y pobGotax [7, 8], CTpyKTypHa cXemMa ONTHMAJIbHOI JBOKAHAJIBHOI
cUCcTeMH cTalii3allii TemMreparypu MoBITPS y XOJOAWIBHIN Kamepi 3 JOIOMOTOI0 arnaparypu
Danfoss (puc. 1) mae 1Ba 6araToOBUMipHUX BXOAH Ta OJWH OAaraTOBUMIPHUNA BHUXI/I.

Pucynok 1 — CTpykTypHa cXxeMa CHCTeMH CTa0imi3amii TemMmreparypu
Lowcepeno: [7, 8]

Ha Bxomax mitoTh ABOBHMIpHI BEKTOPH 30ypeHb ¥ Ta IIyMiB MEPETBOPEHHS ¢, a Ha
BUXO/II BEKTOP X( BUTTISAY

xo:[xl xz]/s (1)

X| — BIOXWIEHHS TEMIepaTypu TMOBITPS Y XOJOIWIBHIM Kamepi BiJ 3aJaHOro
3HAYCHHS;

X2 — BIIXWIGHHS TEMIEpaTypd XOJOJOAreHTy Ha BHXOJl BHIIAPHHUKA BiJ 33aJaHOTO
3HAYCHHS;

1H/IeKC / T03HAaYa€e TPAHCIIOHYBaHHS.

JuHamiky 30ypeHb Ta IIyMiB, 1[0 BUHUKAIOTH MPH POOOTI yCTATKYBaHHS B YMOBax
CylepMapKeTy, BEKTOpH SKHUX TPUBEACHI 10 OJHOTO BXOAY \, Xapakrepusye |[8]
JIBOBUMIpHHIA (opmyBanbHui (imeTp [9] 3 MaTpunero mnepenarounux ¢yskmin Vo, sxa
JOPIBHIOE

2.17(s+6.2:10) -0.027(s +6.2-10*) 1
0 0.0032(s+7-10) |s*+6.8-10*s+84-107

¥, = ()
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1€ s — KOMIUIEKCHA 3MiHHa (5=j®).

[Tix miero 3a3HavYeHMX 30ypeHb Ta IIyMIB BIIOYBAETHCS 3MiHA KOMIIOHEHTIB BEKTOPY
X0, AIK1 3 JIOIIOMOTOI0 IIM(PPOBHUX JATYUKIB TEMIIEPATypH BUMIPIOIOTbCSA Ta MEPENAIOThCS Ha
BXI1JI PETYJIATOPY 3 MaTPUIICIO AUCKPETHUX nepenaTounux ¢pyHkmin K surmsany [7]

0.085(z-1.05)z> —1.472+0.62)  0.81(z—0.94)(z> —1.56z+0.69)

= (22 -1.91240.91)2> -1.732+0.88) (2> ~1.912+0.91)z* ~1.732+0.88) |’

3)

JIe z — KOMIUIEKCHA 3MiHHa (z=¢").

Ha Buxoni perynsiTopy BHHUKAa€ CUTHAJ KEPyBaHHS iy Ta TMOJAETHCS HAa KEPOBAHUI
BX171 00’ ekTa KepyBaHHsA. OO’ €KT KEpyBaHHS CKIAMAeThCs 3 ABoX yacTuH [8]. [lepma yactuna
— II€ JTAaHKa YHCTOTO 3aIli3HEHHS 3 MepPeIaTOYHOI0 QYHKIIi€EW D,

D :e7164s. (4)

z

Hpyra wuactuna Brkiwodae [10] TepMoperyntoBaJbHUNA BEHTWUJIb, BHUIAPHUK,
XOJOAWIBHY KaMepy 3 MPOAyKTaMH, IWHAMIKY SKHX XapaKTepu3ye HACTyITHA JIiHeapu30BaHa
cUCTeMa 3BUYaHUX JudepeHIliaIbHUX PIBHSAHD Y BIAXUICHHIX

Pxy =Mu+vy, %)

ne P — momiHOMianbHa Matpuis [7], sika XapakTepu3ye BJIACHY JMHAMIKY ApPYyTroi
YacTUHU 00’ €KTa KEPYBaHHS, Ta JIOPIBHIOE
5.69-107 0

P= 0.0012)(s +0.136); 6
0 4.51-107 (o o+ 0.136); ©

M — moniHOMiallbHa MaTpPUIL, SIKa XapaKTEePHU3y€e BILTUB 3MiHHM HPOITYCKHOI 34aTHOCTI
BEHTHJIIO HA KOMIIOHEHTH BEKTOPY Xo, Ta IOPIBHIOE
v ~1.76-107 (s — 0.44)(s — 0.0067) )
8.51-107 (s +0.002)s +0.1) |
VY nmigpyunuky [2] mnoka3zaHO, IO JUIA OIIHKH €(QEKTHUBHOCTI XOJIOJMUJIBHOTO
00Jy1aTHaHHS JOIUIBHO Ta MOKJIMBO PO3PAaXOBYBATH XOJOAWIBHUMA KOS(IIIEHT 3 PIBHIHHS
& = ®)
T, —x,
ne Ty — Temreparypa NoBiTps, IKE 0TOYY€ KOHIEHCATOP.

AHami3 poboTH CTPYyKTypHOI cxeMu (puc.l) JOBOAWTH, IO B YMOBax BHUMAJKOBOI
3MiHU 30ypeHb Ta IIYMiB, SIKa € XapaKTEePHOIO Uil POOOTH XOJOAMIBHOTO YCTAaTKyBaHHS Y
CyTIEpPMapKeTi, XOIOAUIBHUNA KOe]ilieHT (§) TaKoK 3MIHIOETHCS BHIIAAKOBUM YHHOM. OTXe
npoOIiemMa JOCIiPKEHHS TIOJIATAa€ Y HACTYITHOMY .

3a Bigomumu MaTpuisiMu (2)-(7) Ta CTpYKTypHOIO cxemoio (puc. 1) po3poOutu
NpOLEAYpH OLIHIOBAaHHS MAaTEMaTU4YHOTO CIOJIBaHHS Ta JUCHEPCii  XOJOIWIBHOTO
KOC(IIIEHTY €, a TAKOK BU3HAYMTH BEIMYMHH 3a3HAUCHHUX UYMCIOBUX XapaKTEPUCTUK ISt
obnannanHs ¢ipmu Danfoss B yMoBax (yHKIIIOHYBaHHS Y CyliepMapKeTi.

Bukiaan ocHoBHoro martepiamy. Ockinmbku Bupa3 (8) BKasye Ha HENIHIHHUMA
XapakTep 3B’S3Ky MK 3HAYCHHSM KOE(DILliEHTYy € Ta KOJMBAHHSAMH TEMIIEPATyp X2, 1o, TO
PO3B’sI3aHHS MOCTABJICHO] 3a/1a4i JOLTBHO 3/IICHUTH y JIBA €TaIH.

Meta mepuioro eramy METOAOM imiTariiiHoro wozentoBanHs [11] poGotu
ONTUMAIILHOI JBOKAaHANBHOI CHUCTeMH cradimizamii Temmeparypu (puc. 1) oTpumaru
peatizalliro BUaJKOBOIO MPOLECY 3MIHU XOJIOAUIBLHOTO KOE(DIilli€HTY.
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Meta apyroro eramy — 3IIACHUTH OLIIHIOBaHHS MAaTEMATHYHOTO CIOJiBaHHS M. Ta
auctiepcii Dy X0J0AMIBHOTO KOS(IIiEHTY.

Bukonanna mnepmoro eramy 3aificHeHe 3 goromoroio iHcTpymenty SIMULINK
cepenoBuia Matlab. B ocHOBY imiTariiHOi MoJel MOKIAJAeH! CTPYKTYpPHI NMEPETBOPECHHS
CXEMH, MPEACTaBIeHO Ha puc. 1, 3 METOI0 BHKIIFOUEHHS 3 IMITAI[iiHOI MOJENi €IEMEHTIB 3
nepeaaToyHuMy (QYHKIISAMHU, TOPSAI0K TMOJIIHOMIB-YUCEIBHUKIB SKUX TEPEBUIIYE TMOPSII0K
NOJIIHOMIB-3HAMEHHHUKIB. 3a3Ha4eHi EPETBOPEHHS LIIOCTPYIOTh PUCYHKH pHC. 2 Ta pHC. 3.

B pesyabpTaTi mepmoro Kpoky CTPYKTYpPHHX NEpEeTBOpeHb (pHuc. 2) oOepHEeHa
MaTpullsl P BUHECeHa 3a KOJIO cTabumizalii Ta yTBOpeHa MaTpUIld MepelaTOYHHX (YHKIIN
00’ekTa KepyBaHHs W), sika TOPIBHIOE

W, =P 'M.
Ha ngpyromy Kpomi CTpyKTypHHX INEpeTBOpeHb (pHc. 3) 3MiHCHEHO 3aMiHy KoJja

cTabinizaiii eKBiBaJ€HTHUM JAUCKPETHUM 00’ €KTOM 3 MaTpUlIeI0 NepeaaTouyHux GyHKUin Fy,
sKa 3a/1aHa BUPa30M

[(z=091)(z+0.2)z-6.03-10" 2> —1.93z+ 0.93)z> 0.2z +0.046z> —1.73z +
+0.87)
1 (2-77-10°) 22 +1.1-10* 24610 Jz* - 1.1-10 2 +6.96-107° )

1.27-107(z = 1.05)z - 0.86 )z — 6.03-10~ [z> —1.47z + 0.62)
(2-7.7-10° )z +1.1-10%2+6-10° fz> = 1.1-10* 2+ 6.96-10° )
445107 (z+9-107 (z-0.94)z—1.88)z* ~1.56z + 0.69) |
(2-9.7-10° )22 +8.5-10°2+2.8-10° 2> —6.4-10°2+6-107

©)

-

(z—-0.94)(z+0.089)z+9-10~ fz> —1.882+0.89)z> —0.0882 +8.88-107 | z* -
~1.73z+0.88)
(2-9.7-10°)z> +8.5-10°2+2.8-10° 2> =6.4-10° 2 +6-10

1€ fo — TOTIHOM BiJl KOMIUIEKCHOI 3MIHHO1 Z BUTIISTY

£y =(z+02)z-0.94)z—-0.92)z> =1.92+0.9)z> — 0.2z +0.048)z> —1.732 + 0.87).

PucyHnok 2 — Pe3ynbTatr nepioro eramy CTpyKTYpHUX [IEPETBOPEHD

Hoicepeno: pospobneno agmopom
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Pucynok 3 — Pe3ynbTar npyroro eramy CTpyKTypHHUX EPETBOPEHb

IDicepeno: pospobreno agmopom

Ha Bxomi cTpykTypHOi cxeMu (puc. 3) /i€ BEKTOpP HEKOPEIbOBAHUX OLITMX IITyMiB
OJIMHUYHOI IHTEHCHUBHOCTI O, a Ha BHUXOJIl BEKTOP BIAXWJIEHb TEMIIEpaTypH NOBITPS Yy
XOJOAMIIBHIN KaMepi Ta TeMITepaTypH XJIaJareHy Ha BUXO/Ii BUIIAPHHUKA X.

OTpumaHMii TakMM YHHOM pe3yJbTaT J03BOJUB PO3POOUTH IMITALiliHy MOAETb
CHUCTeMH cTabumizalii Temreparypu TOBITPS y XOJOAWIBHIM KaMmepi, CTPYKTypa SKOi y
no3HayeHHAx iHcTpyMeHTy SIMULINK npencraBnena Ha puc. 4. Ilg cxema mae aexiibka
BXOZIB Ta BUX0/iB. [lepiri 1Ba BXOAM YyTBOPIOIOTh T€HEPATOPU OLIOTO IIyMy, SKi MpHUEIHAHI
no miacwioBaviB Gain, Gainl, Ta ¢popmMyrOTh Ha BUXOJaX OCTaHHIX BHUIAIKOBI MPOIECH O,
02, AIK1 yTBOPIOIOTH BEKTOP O (pHcC. 4)

61
o=
82
i KK
'\"[L\[AM’ numis) | Yo
| dHB6BedsddeT v "
leHepatop Gain Pl >
Binoro wymy i
5ﬂ numis
lll[ : D | 2468450487
leHeparop Gain1 P \PD i
Binoro wryny 1 e e e e e e e :
Xe TOH v
| [ e Fx1000 =
[ [
Scope IuTepronaTop > | MaTpuLA Nepeaat ouHmx [uckpernaatop?
HYTLOBOMD b L
NopARLKY .
DK ; Scopel 3aMKHEHOT CUCTEMN
27315 3
o1 Constant ’7 Constant?
P X Elo 1
o2 = Scoped
t_zv
Temneparypa
B | 273.15
BinA KoHgeHcaTopY ’
Constant1

PucyHok 4 — CTpykTypHa cxeMa iMiTauiiHoi Moei

Joicepeno: pospobneno asmopom
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BumankoBi mpomecu d;, O TMOAAIOTHCS Ha BXOAH (OPMYBATBHOTO (QLIBTPY.
MopentoBaHHs MaTpulll iepeaaTouHnx GpyHKIii qanoro Gputetpy Vo 311lCHEHE 3 JOTTOMOTOI0
onokiB nepenarounux QyHkiiit (Tranfer Fen) mo3nauenunx Ha cxemi (puc. 4) sik Psil, Psi2. Ha
Bxoai Oyoky Psil mie BumanmkoBuii mporiec 0, a Ha BUXOJIl BEKTOp CHUTHAIIB W Bektop L,
dopmyeTbcss Ha Buxoai Omoky Psi2 3a ananoriuaumu g0 Onoky Psil mpaBumamm. 3
nornoMoror 01okiB AexkoHkareHarii (Demux) DK, ta DK, BekTopu ;, |2 pPO3AUIAIOTECS Ha
KOMIOHEHTH. KOMIIOHEHTH TONAloThCs Ha BXOAM OJOKIB CKJIAJlaHHS, HAa BUXOJAX SKUX
BU3HAYAIOTHCS CHUTHAIU 30ypeHb ) Ta . biok xonkarenamii (Mux) KK ¢opmye BekTop
30ypeHb V.

Bekrop 30ypeHp mMomaeThcsi Ha BXiJ MPHUCTPOIO 3MiHU yacy MozemtoBaHHs (Rate
Transition), mo3HadeHoro Ha cxemi puc. 4 sk Jluckperuzarop 1, e BigOyBaeThCs
NEPETBOPEHHS aHAJIOTOBOIO CHUTHAIy Ha AMCKpeTHUM. J[uckperHe 30ypeHHs MOJA€ThCS Ha
BXi 050Ky «Matpulsl nepefaToyHux (YHKIIH 3aMKHEHOI CHCTeMM». 3a3HaueHa MaTpULs
peamizoBana 3 momomoroto Omoky LTI System, sikwmit 3B’si3aH0 3 00’ektom Fx1000, 1o
30epirae maTpuilto (9) Ta 3HaX0aUThCA y pododomy npoctopi Matlab. Bukopucrantus nporo
00’€KTy [UIsi MOJENIOBaHHS pPOOOTH 3aMKHEHOI CHUCTEMH KEpyBaHHS 3 JOIOMOTIOI0
SIMULINK 3ano6irae BUHHMKHEHHIO apHU(PMETHYHUX LHUKIIB HAKONUYECHHS MOXHOOK
IHTETpyBaHHS, SIK 11 JOBEACHO y KHuU31 [12].

Ha Buxomi o6’ektry Fx1000 BunHukae Bektop Xe, SKUW dYepe3 IHTEPIIONIATOP
HYJIbOBOTO TOPSAKY TOJAEThCA Ha BXiA ocuuiorpady Scope, a TakoX Ha BXin OJIOKY
nexonkareHani DK3, nme BinOyBaeTbesi po3AiIeHHS BEKTOpPY X. Ha KOMIOHeHTH. [leprmii
KOMITOHEHT, BIAXWJICHHS TEMIIEpaTypu TMOBITPSA Yy XOJOIWJIBHIA KaMmepl BIJ 3aJaHOTO
3HAuUeHHs, MepenaeThes no0 ocuuiorpady Scopel. [pyruii KOMIOHEHT, 3MiHAa TeMIEpaTypu
XJIaIareHTy MOCTyTae Ha BX0 U 0JI0Ky ckiamanus Ol.

brnox O1 mpuzHadeHo 1jsi 0OYMCIEHHS aOCONIOTHOI TeMIIepaTypH XJIAJareHTy Y
ONTUMAaNBHIN cucTeMi crabimizarii. Jlys 3aiiicHeHHs i€l onepariii Ha HOTo BXia MOJAIOTHCS
JIpYyTHiA KOMIIOHEHT BEKTOpY Xe, cepelHs TemmepaTypa xianareHty 3C Ta Temmeparypa
abcomotHOro Hyns -273.15C. 3nalinena a0OcoyrOTHa TeMIlepaTypa TOJAEThCS Ha BXOIHU
obuucmoBaui O2 ta O3.

O6uncmoBay O2 TpU3HAYCHHUH IS PO3paxXyHKy 3HAMEHHHKa BuUpazy (8) mis
ONTUMAJILHOI CHCTEMH, TOMY Ha MOTO BXOAax OKpIiM aOCOJIIOTHOI TeMIepaTypH XJIaJareHTy
IIIOTH  TEeMIlepaTypa TOBITPS HABKOJO KOHJIEHCATOPY XOJIOAMJIBHOI YCTaHOBKH Ta
Temrneparypa abcoimtoTHOro Hyuss. TemmnepaTypa HOBITPst (POPMY€ETHCS 3 AOMOMOTOIO OJIOKY
From Workspace, nmoznauenoro «Temrepartypa cepenoBuiia Ouiss KOHACHCATOPY» 3a JTaHUMH
3 MaTpuli t zv, siKka NOBUHHA 3HAXOIUTHCH Yy pobodomy mpocTtopi Matlab. OGuucaroBau O3
NpU3HAYEHUW IS PO3PAaXyHKY XOJIOJWIBHOTO KOE(IIIEHTY ONTUMAIbHOI CHCTEMH
anroputMoM (8). Po3paxoBaHe 3HAa4YCHHS €k, MOAAETHCA HA BXix ociiorpady Scope3 Ta
30epiraeTbcs y pobodomy mpoctopi Matlab y Burmsai matpumi Y , mepmuid CTOBIYHK SIKOT
30epirae BIAMITKU 4acy, a APYTUi BiAMOBiIHI 3HAYCHHS €. KiMbKICTh PAOKIB # MaTpulli YV
BIJINTOBIJIa€ 4acy MOCITIOBAHHS POOOTH CUCTEMHU.

O1iHIOBaHHA MaTeMaTUYHOTO CHOJIBaHHS Ta JTUCTEPCii XONOAUIBHOTO KOe]IliEHTY
Ha JApyroMy eTari HeoOXiTHO 31HCHIOBATH 3 JOIIOMOTO0 BiIOMHX [9] CITIBBITHOIIICHD

m, = 12":)/(1‘,2), (10)
n o

D, = ! S[Y(i,Z)—mg . (11)

n—-143

B pesynprari MopmemoBaHHS pOOOTH ONTHMAlbHOI CHUCTeMH cTalimi3arii
TEMIIepaTypu TOBITPS 3 AOMOMOTOIO iMiTaliitHOi Moxeni (puc. 4) Ta BiITBOpeHHS Tpadiky
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3MIHH XOJIOJWJIBHOTO KO€(]Iili€HTY iICHYI04O1 CUCTEMHU OTPUMAaHO KpUBI, SKi MPEJCTaBICHI Ha
puc.5.

25

20

15

10

XonoanneHui koedilieHT

Yac, ¢

Pucynok 5 — I'padiku 3MiHE XOTOAMIBHAX KOSQIIIEATIB y ONTUMAITBHIH (JTiHis)
Ta peanbHiil (IyHKTHP) CUCTEMax

Hoicepeno: pospobneno agmopom

Burmsin 3a3HavueHnx rpadikiB AOBOIUTH, MO Mig4ac POOOTH XOJOJMIBHOTO YCTAaTKyBaHHS
BiIOYBaIOTHCS BUTMIAJKOBI KOJMBAHHS XOJOJUIBHOTO KOEe(IIi€HTY, SKi BUHUKAIOTh BHACIITOK
BUTIAIKOBUX KOJIMBAHb TEMIIEPATYP XOJIOJ0AreHTy Ta MOBITPsI HABKOJIO KOHAEeHcaTopy. OTxe
e(eKTUBHICTb [ILOTO KJIacy 00alHAHHS 3MIHIOETHCS.

3actocyBaHHs piBHAHB (10), (11) mo pe3ynbTaTy MOJAETIOBAaHHS, MPEACTaBICHOMY
Ha pHUC. 5, 03BOJWJIO BHU3HAUUTH IO MaTEeMaTU4YHE CIOJIBAaHHSI 3MIHM XOJOIWJIBHOTO
koedimieHty ckinanae 14,83 onunui, a qucnepceis — 2,7.

Taxkum yrMHOM, ITOCTaBJIEHA 33/1a4a po3B’A3aHa.

BucnoBku. HoBuif anroputM  OIIHIOBAaHHA  XapaKTEPUCTUK  XOJOIUIBLHOTO
koediuienty oOmamnanHs ¢ipmu Danfoss , ske ¢QyHKIIOHYe y CcKiIaal ONTUMAabHOT
JIBOKaHAJIBHOT CUCTEMH CTaOiTi3alil NOBITPsI IPU HASBHOCTI BUMIAJIKOBUX KOPHUCHHUX CHTHAIIIB
30ypeHb Ta 3aBaj, CKJIAJA€ThCS 3 BHUKOHAHHSA JBOX B3a€MO3B’SI3aHMX €TalliB: pO3poOKa
iMiTamiifHOT MOJIENI CHCTEMH, OLIHIOBAaHHS YHCJIOBHUX XapaKTEPUCTHK OTPHUMAHOI KPHBOI
3MIiHH XOJIOAUIBLHOTO KOe(DIilli€HTY.

Imitamiiine MonemoBaHHs poOOTH ONTHUMAIBFHOI CHCTEMH cTabimi3amii TeMnepaTypH
MOBITPA Yy XOJOOWIBbHIM Kamepi cymepMmapkeTy, sika oONlaJHaHa YCTaTKyBaHHSIM GipMu
Danfoss, 103BoJsi€ OIIHATH €PEKTHBHICTH TAKOTO XOJOAMIBHOTO YCTaTKYBaHHS 32 pPaXxyHOK
dbopMyBaHHS KPUBOI 3MIHH XOJIOIUIHHOTO KOS(DILII€HTY.

[NopiBHsiHHS TpadikiB 3MiHM XOJOIMIBHUX KOEQIIIEHTIB y ONTUMAIbHIN cHcTeMi
ctabinmizaiii Ta y cucrteMi, ska iCHy€e, B OJJHAKOBUX YMOBaX (PyHKIIOHYBaHHS JOBOJAUTH, 110
BIPOBQ/DKCHHS ~ ONTHMAJIbHOTO 3aKOHY KEpPYBaHHS  JO3BOJIIE CYTTEBO 3MEHIIMTH
BHCOKOYACTOTHY CKJIa/I0BY KOJIMBAaHb XOJIOAUIBHOIO KOE(ILI€HTY Ta SIK HACTIIOK MiABULIUTH
e(eKTUBHICTh 00JIaTHAHHSI.

Crnucok mitepatypu
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Simulation the Danfoss Refrigeration Equipment Work as a Part of an Optimal Two-

channel Air Temperature Stabilizing System in a Supermarket Refrigeration Chamber

The article purpose is to develop an algorithm for assessing the refrigeration coefficient characteristics
of the Danfoss equipment, which operates as a part of an optimal two-channel air stabilization system in the
presence of random useful signals , disturbances and interferences.

It is developed an algorithm that consists of two stages to achieve this goal in the article. The
stabilization system structural scheme was converted to a convenient form for modeling under the algorithm's
first stage performing process. Based on the converted block diagram using the Simulink tool, a simulation
model of the refrigeration coefficient changing process is developed. The algorithm second step purpose is to
obtain estimates of the mathematical expectation and variance of the refrigeration coefficient change. The initial
data for its implementation is the simulation result, namely, changes in the refrigeration coefficient's graphic.

A new algorithm for assessing the refrigeration coefficient characteristics of the Danfoss equipment,
which operates as a part of an optimal two-channel air temperature stabilization system in the presence of
random useful signals , disturbances and interferences, consists of performing two interrelated steps:
development of a system simulation model and the resulting refractive curve numerical characteristics
estimation.

Comparison of refrigeration coefficients change graphics in the optimal stabilization system and in the
existing system in the same operating conditions proves that the implementation of the optimal control law
allows to reduce significantly the high-frequency component of the refrigeration coefficient fluctuations and as a
consequence to improve the equipment efficiency.
refrigerant, refrigeration coefficient, simulation model, transfer function, efficiency
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