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During repairing of linear and curved sections of active high pressure main
pipelines as well as their transfer to a higher category is widdy used a method of
Increasing the strength of the pipes. It is related with the installation of the amplified
plot of pipe couplings of various designs [1, 2, 3]. The most wide distribution have
received couplings with a under coupling space that it is filled during the time
renovations of the self-hardening substance, which alows for the reinforcement of
sections of pipelines without changing modes of transportation the product [1, 2, 3].
Commonly, the coupling is compiled of multiple technological elements, most
Important of which are two half-shells that are centered on the pipe and fastened to
each other by known methods, for example, welded longitudinal seams. Theresfter,
the ends of the sheath are sealed and the space between the pipe and shell isfilling up
with self-hardening substance. The availability of the under coupling layer allows to
reduce Hoop stresses in the pipe by referring a portion of the load on the outer shell. In
General, the efficiency of the repair depends on its strength parameters. For repairing
pipes of small and medium diameters is devel oped technology based on using for the
formation of an under coupling layer of molten metal that has a high modulus of
elasticity. However, due to the complexity of creating the required pressure in the
under coupling space, technology requiresimprovement [4].

The purpose of this studiesis to improve the technology of reinforcing sections of
main high-pressure pipeline with welded couplings, which are filled with molten
metal by allowing to obtain high efficiency of strengthening pipes of medium and
small diameters[4, 5, 6, 11].

One way to increase the efficiency of strengthening pipes with small and medium
diameters is to use molten metal that have a relatively low melting point, for
example, lead, tin or their alloys, to form a under coupling layer [4].

The proposed technology that increases the strength of the pipeline is as follows.
On the amplified section of the pipeline are installed technological elements of the
coupling, which, after binding with known methods, to form a closed shell around the
pipe with hoop cavities for forming end seals.

Then sedled the ends of the coupling using of alloy (metal) that has a high
melting temperature (optional aloy) than the alloy (metal) that is used to form under
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coupling layer (core aloy) [5, 7, 10]. To sed the ends of the coupling is conducted
pre-heating of the coupling in the area of the hoop cavity to a temperature above the
melting point of the alloy for more, but not exceeding its boiling point. Then cavity is
filled with additional molten alloy supplied under pressure. After filling the annular
cavity, the temperature of the coupling is reduced, resulting in the formation of
hermetic end seals. Then the whole coupling is heated to a temperature higher than
the melting temperature of the basic alloy, but lower than the melting temperature of
the additiona aloy, and then under coupling space is filled with the main molten
aloy, that is fed at the specified pressure.

In this article is proposed improvement technology of reinforcing of the defective
spots of the active main pipeline using braze-welded coupling. The focus is on the
design of mechanical seals that are ensure the tightness of the under coupling space
during the formation of the coupling layer.

Further researches would be performed in the direction of developing a
mathematical model of the pipeline that is reinforced braze-welded coupling, taking
Into account temperature changes during heating and cooling of the coupling
structures at formation of the under coupling layer. Moreover, it is directed to
improve the coupling structures and methods of quality control of their mounting on
thepipe[7, 8, 9, 10].

Keywords: technology, coupling, nondestructive, control, diagnostics, repair, gas
pipeline, pipeline, pressure, gas, transit.
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CyuacHi yMOBH BUPOOHHUIITBA XapaKTEPU3YIOTHCS MIABUILIEHHSM BUMOT JI0 SIKOCTI
BUPOOiIB, CKOPOYCHHSI TPUBAJIOCTI IMKIYy BUPOOHUIITBA, 3HAYHY YAaCTHHY SIKOTO
3aliMae TEXHOJIOTIYHA TMiATOTOBKAa CKJIAaIajdbHOIO BHPOOHHUIITBA W PO3POOIICHHS
TEXHOJOTIYHUX TporeciB ckianaHHsi. OJHOYACHO TIABHUINYETHCS CKIATHICTD
BUPOOiB, 32 PaxXyHOK BHKOPHUCTaHHS MAaJI0 JKOPCTKHX JAETaleil 3 METOI 3HIKECHHS
MaTepiaIoEMHOCTI Ta 3MEHIIIEHHS] MaCH KOHCTPYKIIii BUPOOY.

[lpy 1poMy, SKIOIO aBTOMATH3AIlil BHUPOOHMYUX TMPOLECIB  CKIIAJTaHHA
PO3BHUBAETHCS JTOCTATHHO AKTHBHO, TO TEXHOJOTIi, SKIi BHUKOPHUCTOBYIOTHCS Ha
HiANPUEMCTBAX, MAIOTh CYTO CyO €KTHBHHM XapakTep Ta MOBHICTIO 3aJ€XaTh Bij
piBHS  MATOTOBKM  TexHojora. Jlo 3amad  TEXHOJOTIYHOI  MiATOTOBKHU
MEXaHOCKJIQIAIbHOTO BUPOOHUIITBA BIHOCUTHCS PO3POOJICHHS ONTHUMAIBHOTO
TEXHOJIOTIYHOTO TIPOIIECY, SIKUA MICTUTh HACTYITHI €Talu. BUSHAYCHHS CKJIaIaIbHUX
0a3; po3pobeHHs cxeMu 0a3yBaHHsI;, BUOIP METOy CKJIaIaHHS.

BukonanHs Buille HaBEAEHWUX €TamiB HE MOXJIMBE O€3 TPOBEICHHS
KOHCTPYKTHUBHO-TEXHOJIOT1IYHOTO aHamizy BUPOOy, J€ BHUPIO TPeACTaBISIETbCS
CHUCTEMOIO, IO CKJIAaNa€ThCsl, 3 MHOXHHH B3a€MOIIOB'3aHUX €JIEMEHTIB, SKi
BUCTYIIAIOTh K €IWHE I[ijie. Y 3B'A3KYy 3 IIUM JI0 KaTeropii CUCTeMHHUX BiTHOCATHCS
HE BCl 00’ €KTH MPOEKTYBaHHs, a TIIBKHU Ti, Kl MarOTh IUIICHICTh. BiactuBocTi Ta
(yYHKIIT TaKMX CHCTEM HE 3BOJSTHCA Oe3MocepeHbo J0 (YHKINT Ta BIACTUBOCTAM
€JIEMEHTIB, 3 SKHUX BOHU CKJIaAaloThCs. TiIbKM NPaBUIILHO CKIQJCHUN BUPIO €
cuctemoro. BiH Mae mpHHLIMIIOBO HOBI (DYHKIIIO Ta BIACTHBOCTI, SIKUX HEMae€ B
OKpeMHUX JAeTaysaX. BigHOIIEHHS XapaKTepu3YyIOTh 3B SI3KM MK €JIEeMEHTaMHu Ta iX
BJIACTUBOCTSIMH, 32 JOIOMOTOIO SIKHUX 00’ €THYIOTHCS B CUCTEMY, KA (PYHKITIOHYE SIK
LiJje.

Ha mouyaTky KOHCTPYKTHBHO-TEXHOJIOTIYHOTO aHai3y BUPOOIB HEOOXIMHO MaTH
VSBJICHHS TMPO 3arajbHy CTPYKTYpy 1H(popmaii, $SKy BHUKOPUCTOBYIOTH MpH
NPOEKTYBaHHI, Ta BHUIJSLA Mojenel, Imo (QopMami3yloTh KOHCTPYKLIIO ITUX
BUpOOiIB [1].

BBaxkaeTbest, mo Oynb-sika iHGopMalliiHa CTPYKTypa € PENSIIHHOI0 CHUCTEMOIO
W:<X,R>, ae X - MHOXHHa 00’ €KTIB KOHCTpyKuli BupoOy, R - mpeamkar,

BU3HAUYCHWM HA MHOXXHHI X , IIIO 3aJa€ BIIACTUBOCTI a00 B3a€MO3B’ sI3KH 00’ €KTiB. L1s
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monens W Moxxe Oyt BH3Ha4eHa, K HaOip TumiB BigHomeHb R, ne 1 =12, ..., n

KUIBKICTh HAOOPIB THUIIIB BIJIHOILIEHb, I SIKUMH PO3yMiIOTh MHOXXHHY B1JIHOIIICHb
JAHOTO CTYIEHIO Ha MOXIIMBHX HOCIAX (AeTaii, CKJIagalbHI OJMHHUIN TOIIO), IO
3aJI0BOJIbHSIE BHU3HAYEHUM OOMEXKEHHSIM. TakuMH OOMEXKEHHSMU TyT € (HopMyiH
MOBU pPO3paxyHKy mpeaukaTiB. OCHOBHUM €JIEMEHTOM MOJEJi OMHUCY EJIEMEHTY
KOHCTPYKLIi € Habip AaHMX, TOOTO MOHATTA Ta IMEHA, IO CKJIaJaloThCs 3 BIACHUKA
Habopy (iM's1 eJIeMEHTIB KOHCTPYKIIii) Ta OAHOTO a00 ACKIIBKOX WiICHIB Ha0Opy (THUM
eIEMEHTY, TIOBEPXHS 3B's3Ky TOIO). SIK BIACHUK, TaK 1 KOXKEH 3 WICHIB Ha0Opy
MpeNCTaBIsI0T, CO00I0 3amMc, HI0 CKIAaeTbes 3 IM'SIM  3amucy, Mo Horo
1meHTudikye, Ta MOJIIB 3aIUCY, 110 BU3HAYAIOTh BJIACTUBOCTI 00 ekTy. KoxeH Takuit
Ha0Ip JaHMUX Mae BiacHe iM' s [2].

Hexaii X - xiHIIeBa MHOKMHA 0a30BUX MOHATH rpadiuHUX 00pa3iB, eJIeMEHTAMU
SKOTO € CTPYKTYypOBaHi1 MOHATTS MiIMHOKWHH, a came. E - eIeMeHT KOHCTpyKiii; 7 -
TAN KOHCTPYKIi; [/ - TOBepxHsA 3B’s3Ky. B TOH e dYac MOBEpXHI 3B’ A3KY
KkiacugiKoBaH1 sIK CTPYKTYpHI Buau: 3 - 3'eqHanHsa; B - 6a3yBanHs; C - CIPsOKCHHS,
K - KOHCTPYKTHBHO-TEXHOJIOTIYHI BUAM KOHTPOJIIO.

BuznaunmMo yHiBepcadbHy MHOXHHY R, 10 CKIamaeTbcst 3 yCiX MOMXKIMBHUX
BITHOIIIEHb JUIsi MOBHM TpadidyHHX 00pa3iB eJIEeMEHTIB KOHCTPYKIi BHpOOy, sKi
BUKOPHCTOBYIOTHCS IPU KOHCTPYIOBaHHI Y TPHOXBUMIPHOMY BUTJISII.

Begemo MHOXWHY [, sSika € CJIOBHHKOM IMEH €JIEMEHTIB KOHCTPYKIIii, IO
YTBOPIOE eNeMeHTapHi rpadiuni KoHCTpykTuBHO-TexHOsoriyHi aerami (ELKTU).
[Ipu upomy EIKTJl kimacudikoBani 3a TUNaMH Ta  T€OMETPUUYHHUMHU
3aKOHOMIpDHOCTSIMU  (DOPMOYTBOpPEHHSI iX TMOBEpPXOHb. TakuM YHHOM TMPOCTO
BCTAHOBJIFOETHCS 3B’ I30K MK OTMTMCOM IOBEPXOHBb 1 BHOOPOM METO/IIB iX OTpUMAaHHS,
a TaKOX CKJIQJIaHHS JieTaliel SIK y TPUBUMIPHOMY, TaK 1 y IBOBUMIPHOMY BUTJISII TIPU
BIITBOPEHHI Ha KPECJICHHI.

BitbIIiCTe TIOBEPXOHB Yy €JIEMEHTaX KOHCTPYKII MOXYyTh OyTH OTpHUMaHi
MEpEeMIIlIEHHSIM TIEPBICHOI y MPOCTOpi MO BU3HAYCHOMY 3aKOHY. Tak, AJsi Kiacy
IJIOCKUX TOBEPXOHb Y SKOCTI MEpBICHOI Oynae mpsiMa JiiHis, a ISl TOBEPXOHb
o0epTaHHs — KOJIO.

B ocnHoBy Kmacudikamiitnoro cnopamka EI'KTJl 3akmameni sk reoMeTpudHi
mapaMeTpd, 110 BH3HAYalOTh 3aKOHUM (OPMOYTBOPEHHS TMOBEpPXHI, TaK 1
KOHCTPYKTUBHO-TEXHOJIOTIYHI O3HAKH, IO XapaKTepU3yIOTh MOBEPXHI 3TIAHO 3
MPU3HAYEHHSM Ta 3T1THO 3 TEXHOJOTIEI0 iX 00pOOKH, a TAKOXK CKJIaJaHHS JETaNeH y
€IMHY KOHCTPYKIIIIO.

Hexaif MHOXHHA P € CYKYIHICTIO PillleHb, IO CKIAJA€ThCSA 3 KiHIIEBOTO YHCIA
JOMYCTUMUX pimeHb. Toal MHoxuHM X Ta P 3amexarh B poO3B sA3yBaHO1
TEeXHOJOT1yHOi 3amaui. MHoxkuaun [ Ta R MoXHa BBakaTu YHIBEpCAJbHUMH Ta
HE3aIe)KHUMHU Bif KOHKpeTHOI 3amaui. Cykynuicte X, P, I, R cTBOpro€ OCHOBY
MOBHM KOHCTPYIOBaHHS, sika € 0a30BOl0, a 1i eleMeHTaMu € 0a30oBi MOHSTTS,
BIJIHOIIIEHHSI, IME€Ha Ta 0a30B1 PilICHHS.
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Enementu, mo E, LJE, MOoXyTh 3HaXOMMTHCS Y BITHOIIIEHHSX BIJTHOCHO OJMH 0O
OJTHOTO, SIKI OMHUCYIOTHCS €JIeMEHTaMU MHOXHWHH R, Hampukian E]., R,E,, tay
BIJTHOLIEHHI 3 eleMeHTaMu MHOxHUHM |, 1 , Hanpukiaz E]., R, I,. Lli BiaHOMmIEHHS

BCTAHOBJIIOIOTH 3B’ 130K MiX kiacudikamiero EI'KTJ] ta knacudikaiii€ro eIeMeHTIB
KOHCTPYKIIii BUPOOY, SKHIA TPOCKTYETHCS.

3anpomnoHoBaHi MOBa OMHCY BHPOOY Ta y3araJlbHeHa MOJENb MOro KOHCTPYKIIil
J03BOJISIIOTH (pOpMalTi3yBaTh IMPOIEeC MPUPOIHOTO (TPUBHMIPHOTO) CKJIAJIAaHHS TIPH
MPOCKTYBaHHI KOHCTPYKIIIA CKJIQJadbHUX OJUHUIL Ta BHUPOOIB 1 BHUKOHATH
MOJICITFOBAHHS X TIPOIECY CKJIQIaHHs Ha €Tari KOHCTPYKTOPCHKOTO MTPOCKTYBAHHS.

Knrouosi cnosa: cknamanssi, TEXHOJIOTTYHHAN MPOIIEC, MOJICITIOBAHHS .
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B mocnennee BpeMst B cucTeMax MaIlIMHOCTPOUTEIBHBIX MPEANPHUATHN HAXOIAT
Bce Ooyiee MIMPOKOE TMPUMEHEHHE JAaTYUKU KOHTPOJS pa3jiuyHOro THUMA -
nedopmanuii, BUOpamuu, OCTATOYHBIX HAMPSIKEHUH B MEXaHUYECKUX KOHCTPYKITUSX,
JUHEMHOTO WM YIJIOBOTO TOJIOKEHHUS 3JIEMEHTOB BCIOMOTATEIbHBIX MEXaHH3MOB
TEXHOJOTMYECKOro TOoTOKa. Ecnum paHee nans peuieHuss 3ajad  Takoro Tuma
TpeOOBaINCh CIEMUANIUCTH CHUCTEMOTEXHUKH, YMEIOIIME MpOrpaMMHUpOBaTh Ha
acceMOnepe W M3rOTaBIMBATh MHOTOCJIOWHBIE TE€YATHBIE IIAThl AIIEKTPOHHBIX
OJIOKOB, TO B HACTOAIIEE BpEeMs BCE B 3HAYUTEIBHOM CTEMEHU YIPOCTUIIOCH
omarogaps mpoekty Arduino. DIeKTPOHHBI KOHCTPYKTOp M yaoOHas 1utatdopma
Arduino mo3BosiseT ynpaBisATh OOBEKTAMH WM MHPUHAMATh HHGOpMAIU0 00 HX
pPEATbHOM COCTOSIHUH, TP MUHUMAJIBHBIX 3HAHUSX TEOPETHUECKOr0 MarepHhalia B
o0JacTh  MHUKpOMPOIIECCOPHOM TEXHUKH W  Pa3pabOTKM  KOMMYTAI[MOHHBIX
JIITOPUTMOB C MTOPTaMH, pEaTM30BAHHBIX Ha S3BbIKaX BBICOKOTO YPOBHSI.

Bmecte ¢ Tem, cymiecTByeT psii HOPMHUPYEMBIX MapaMeTpoB B COYETAHUU
MUKPOIIPOIIECCOPHBIX CHUCTEM M MEXaHU3MOB VYIPYTUX 3JIEMEHTOB JaTYHMKOB,
MOCPEACTBOM  KOTOPBIX BBIMOJHAETCS TpaHchopmanms uX jgedpopManuud B
COOTBETCTBYIOIIMN BBIXOJAHOM CHUTHajl, YAOOHBIM Ansi AanbHeiine odpaborku. K
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TaKUM IMapaMeTpaM MOKHO COOTHECTH TOJIOCY MPOIMYCKAHHUS YacTOT, B KOTOPOM
JaTYMK MMEET JMHEHHYI0 BBIXOAHYIO XapaKTePHUCTHKY KaK OTKJIHWK Ha BXOIHOM
CUTHAJ, pa3pelIalIlyl0  CIOCOOHOCTh, TECHO CBS3aHHYH C  IOpPOTOM
YYBCTBUTCIBHOCTH W IIMPHHOW 30HBI HEYYBCTBUTEIBHOCTH; OBICTPOJCHCTBHE,
XapaKTepU3yIlee ITOCTOSHHYIO BpPEMEHH, 3a KOTOPYI BBIXOJHOE 3HAYCHHE
nocturaet 0,63 OT yCTaHOBUBIIIETOCS.
PaccMoTpuM B Iienu MajibIx MepeMelneHuii padoty marumka (puc. 1) kimacca 3,
umeroriero 10 3000 moOBEpOYHBIX WHTEPBAJIIOB M IS
KOTOPOTO CTEHJIOBBIE HCIBITAHUS [IOKa3aix
KOMOWHHPOBAHHYIO TOrpemrHocTh He Ootee 0.2 %.
OcHoBo#i 3D monenu maruuka (puc. 2), Kak ¥ ero
(M3UYECKOTO MPOTOTHIA, SBISICTCS €AWHAas TJIACTHUHA,
B KOTOpPOW  BBIpE3aHa  ympyras KOHCOJIb U
HETIOJBIDKHAS pamMKka. B  MecTe wuX coeaumHEeHUs
Puc. 1. JIaTauK MATBIX pa3MeNieHbl TEH30METPUYECKHE JJIeMEHThI. KoHCOJb
nepeMeneHni CIIeMAIbHON (hOPMBI, <JICTIECTKU» KOTOPOM CKPETUICHBI
TUTAHKOM TOBBIMIAIONIEH KPYTHIIBHYIO )KECTKOCTD.
OOpaboTka jAeTaliell, HMMEIOMNX CIOXKHO-TIPO(IIbHBIC TOBEPXHOCTH, Kak
IIPaBUJIO, OCYIIECTBIIICTCS KOHIEBBIMU cheprueckuMu (hpe3aMu, TIPU 3TOM CHIIOBBIC
3aBHCUMOCTH TIpoIiecca OOYCIIOBICHBI PSIJOM OCOOCHHOCTEH KOHCTPYKIMH JaHHOTO
WHCTPYMEHTAa M M3MEHECHHWEM aKTUBHON YacTH PEXYIIed KPOMKH B 3aBUCHMOCTH OT
KPUBH3HBI 00pabaThiBAEMOW TOBEPXHOCTH. TakuWe YCIOBUS pe3aHUsl MPUBOISAT K
TUHAMUYECKA  U3MEHSIONMEMYCS ~ CYMMAapHOMY  KOHTAaKTHOMY  JIaBJICHHMIO,
JIEUCTBYIOIIIEMY CO CTOPOHBI PEXYIIETO KJIMHA Ha 00pabaThiBaeéMylO MOBEPXHOCTH
3aroToBKHU. PsijioM nccieoBaHuii yCTAaHOBIICHO, YTO B CIy4Yae YBEIUYCHUS TOJIIUHBI
cpes3a Cujia pe3aHusl YBETUIMBACTCS MO SKCIOHCHIIMAIBPHOMY 3aKOHY Ha BPEMEHHOM
WHTEpBaje CTpyKKooOpa3oBanusi 7. [losTomMy B KadecTBe BXOIHBIX JaHHBIX
CHUCTEMBl BBIOMpaeM JACTCPMHUHHUPOBAHHOE CHIJIOBOE BO3MYIIECHHE, TMOJIYNHEHHOE
3aKOHY  HM3MEHEHHsS  MOJAJbHOW  BpeMeHHOW  auarpamme  (puc. 2, a)
OKCIIOHCHIIMAJILHOTO THIAa 1, Ompeaensromied ¢ 4YacTOTHbIE W JIMHAMHYCCKHEC
CBOICTBA.

a) 6) B)
Puc. 2. HanpspkerHo-1e(hOpMHUPOBAHHOE COCTOSIHUE TaTUYMKa MO ACHCTBUEM JUHAMUYECKHUX
Harpy3ok
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Jlis Goyiee TOYHOM OIEHKH PEaKIUU MOJEIH «JaT4YMK-Harpy3ka» BBIOMpaeM C
y4ETOM OJKCIUTyaTallMOHHBIX HWCIBITAHUNA JaT4hka KOA(P(OUIIMEHT MOIaIbHOTO
nemidupoBanus 0.1.

[lenp0 MaHHOTO JIOKAJIBHOTO JIMHEWHOTO JAWHAMHYECKOTO HCCIICTOBAHMS
apisiercss  monenmupoBanne CAE  cuctemoll  HampspKeHHO-Ie(OPMUPOBAHHOTO
COCTOSTHUSI JaT4MKa TIOJ JCHCTBHEM JIUHAMHYECKHX HArpy30K, YTO IO3BOJISIET
MOJYYUTh pacdeTHO-TpadUIECcKOe MPEICTABICHHE €T0 BEIXOIHBIX XapaKTePUCTHK.

B pesymprare mpoBEeNEHHOTO JMHEHHOTO JIWHAMHUYECKOTO aHanmu3a Oblia
MoJTydeHa 3ITIopa TepeMelIeH, KoTopas mokas3ama, uro mporud (max 0.74 mm)
YYBCTBUTEIHHOTO 3JIEMEHTA JaTYMKA HE BBIXOAMT 3a MpPEeibl yIpyroi aegopmaiiu
(puc. 2, 0). Jlunamuueckue HcCiIeqOBaHUsT 0a3MPYIOTCS Ha aHaIM3e COOCTBEHHBIX
4acTOT 00BEKTa H aCCOIMMPOBAHHOW ¢ HUM (OpMBI KoJieOaHul. Dmropa KosieOaHmit
(puc. 2, B) mpu COOCTBEHHOW 9YacTOTE JaTdhka, e¢ (hopMa MOKa3hIBAET OTCYTCTBHE
MOTEPH YCTOMYMBOCTU. DMIOpa OTKIMKA 2 Ha mepemenierne (puc. 2, a) IOKa3bIBaeT
HEKOTOpOE 3ala3/bIBAaHUE pEaKIMd Ha CHUJIOBOE BO3MYIIEHHE, OIHAKO B IIEJIOM
COXPAHSIETCS COOTBETCTBHE B HOPMHUPYEMBIX Mpenesax 3HAYCHHIO, MOCTYMAOIIEMY
Ha BXOJA JaTuuka. Takum 00pa3oM, MOATBEPKICHBI KOHCTPYKTHUBHBIC IMapameTphl
MEXaHW3Ma M3MEPEHH MallbIX TEpPEMEIICHU, COMU3MEPUMBIX C YIPYTUMHU
nedopManusImMu.

Kntouesvie cnosa. naT4vKe MaibIX TEpEMENICHHI, JIMHEWHOE ITUHAMUYECKOE
MCCIICJIOBAaHKE, DTIOPHI KOJICOAHUI 1 OTKIIMKA.

VJIK 621.865.8 5
ABTOMATH30BAHA CUCTEMA TIPELIN3IMHOI'O CKJIAJIAHHS

3aeys C. C.
Hayionanonuu mexniunuu ynisepcumem Yxpainu
«Kuiscokutl nonimexniunuii incmumym imeni leops Cikopcbkoeo», Kuis, Ykpaina
E-mail: zss vp@bigmir.net

B cyuyacHux cucremax mpeuu3iiHOro CKIIaJaHHs 3 BUKOPUCTAHHAM MTPOMHUCIIOBUX
poOOTIiB  pO3BUBAETHCA JBOMAa OCHOBHUMH HANpaBICHHSAMU KOHCTPYIOBaHHS
aBTOMAaTH30BaHUX cucTeM. [lepiie 3 HUX TOB’s3aHE 3 PO3POOKOIO creyianiz08aHux
po0OOTiB, MpHU3HAUEHUX [JIsI OCHAIICHHS TEXHOJIOTIYHOTO OCHAIEHHS BU3HAYEHOI
rpynd ¥ BHUKOHYIOTH TEXHOJIOTiYHI oOmepamii OJHOTO BUAY, U cHeyianbHux,
NPU3HAYEHUX JJIsl OCHAIIEHHS TEXHOJOTIYHOro 00JiaJiHaHHS KOHKPETHOI Mojeni u
BUKOHYIOTh BH3HAU€HI TEXHOJIOT1uH1 omepaii. Taki poOOTH MaioTh, SK BiIOMO, HE
BEJIMKY KUIBKICTh CTYNEHIB PyXOMOCTI, BUCOKI MOKa3HUKHU IIBUIKOCTI Aii, TOYHOCTI 1
HaAIMHOCTI. AJsie 3Mora iX 3acTOCYBaHHsSI MpU 3MiHI MapaMeTpiB TEXHOJOTIYHOTO
npoiiecy oOMexxeHa.

Jpyruii  HampsIMOK  CKJIQJaeTbcs B po3poOui  OaraToyHKIIOHAJIBHUX,
VHIBEpCAIbHUX TIPOMHUCIOBUX POOOTIB, SIKI MOXKYTh BUKOPUCTOBYBATHUCS B IIUPOKOMY
Aiama3oHi 3MiH TIapaMeTpiB TEXHOJOTIYHOro mpouecy i B pi3HuX mpouecax. Lli
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poOOTH BOJIOMIIOTH BEJIMKUM YHUCIOM CTYNEHIB PYXOMOCTI, aje 3a0e3MeYuTH B HUX
BHUCOKY TOYHICTB 1 HAJIMHICTh Jy’Ke CKJIaJHO, a TAKOX BOHU MOTPEOYIOTh BEIIUKUX
3aTpaT MpU BUTOTOBIEHI. KpiM IOro, AyXe HYacTo Ha KOHKPETHHX OIepallisx
BUKOPHUCTOBYIOTHCSI 111 pyXY HE BC1 CTEIEHI pyXOMOCTI.

I[li mpoTupiuuss MOXYTh OyTH BHUpIIICHI, SKIIO 3aCTOCYBaTH azpecamuo-
MOOYIbHUL TIPUHLIUN OyJAOBH POOOTIB — KOHCTPYIOBaHHS 3 THIIOBUX BY3JIB 1
MotyJiB. POOOTH IIbOTO THUTY HE MalOTh HAIJIUIIOK HA KOHKPETHUX OTEpaIlisixX 1 B TOU
K€ 4ac yHiBepcalibHi. Hemomiku arperaTrHo-MoJyJIbHUX pPOOOTIB B TOPIBHSHHI 3
YHIBEpPCAJTbHUMU TPU BETUKIA KUIBKOCTI CTETNEHIB PyXOMOCTI — MiABUILEHHS MacH 1
3HMKEHHS )KOPCTKOCTI.

Mertonu TOENHAHHS CKJIAabHUX KOMIIOHEHTIB PO3TJISTHEMO Ha MpHUKIIagax
CKIIQZIaHHs IWIIHAPUYIHUX 3 €IHaHb, TOMY, IO TaKl 3’ €HAHHS MAlOTh MEpeBary B
BHUpOOax Mpuiaao0yAyBaHHA 1 T03BOJSIOTH OXOMUTH OB MIUPOKUMA, YUM 1HII BUA
3’ €THaHb, KOJIO METO/IIB IX BUKOHAHHS B aBTOMAaTUYHOMY PEXHMI.

KommneHcariiro HETOYHOCTI B3a€EMHOI Opi€HTAIlli JeTajael MOXKIMBO 3A1HMCHIOBATH
MacCUBHOIO a00 aKTUBHOKO KOPEKITIE€I0 MOJIOKEHHS 00’ €KTIB cKiagaHHs. B nepikaBHUX
CTaHJapTax MpPHUBEICHI BUIU CHIJIOBOTO BIUIMBY Ha 00 €KTH CKJIaJaHHS B TPOIIEC] iX
3'€JIHaHHS, a TaKOXK YMOBH peajizallli METOMIB KOPEKIli 1 MEeX iX BUKOPHUCTaHHS,
BU3HAYA€MO KBaJIITET TOYHOCTI WJIIHAPUYHUX 3’ €iHaHb cTaHaapty CT COB 145-75.
Ili oOMexeHHs MNPUUHATI 3 ypaxyBaHHSM TOYHOCTI TMO3UIIIOHYBaHHS CEpIAHO
BUTOTOBJISTFOTH i BAKOPUCTOBYIOTH B BUPOOHUIITBI TIPOMHUCIOBUX POOOTIB.

B 3anexxHOCTI Bil YMOB JKOPCTKOTO Oa3yBaHHS, MPU SIKOMY aKTUBHUMH CUJIAMH
BIUIMBY Ha JeTallb € CKJIauaibHI 3ycwuisl F ¥ cwia TsokiHHS Mg (me m — maca

HPUETHYBALHOT JIeTalli; § — HPUCKOPEHHS BUIBHOTO IMAJiHHSI), YMOBH IPY>KHOTO

0a3yBaHHs XapaKTePU3YIOThCS JIOJATKOBHM BIUIMBOM Ha CKJIaJIalbHI KOMITOHCHTH
Opy>KHOIO cujolo | abo momeHToM M (] ) cun (me | — KOPCTKICTh HPYXKHHUX

CJIEMEHTIB;, X — KOOpJAWHATa 3MIIICHHS), CHPHUSAIOYUX YMOBAM CKJIaJaHHS 1
JIO3BOJIAIOYM  PO3LIUPUTH 00JaCTh JONMYCTUMUX IMOYATKOBUX 3MIlEHb 00’ €KTIB
ckiananas. Ilpy 1boMy HeoOXigHO, MO0 MIAJATIMBICTE €JIEMEHTIB 3HAYHO
NepeBUIllyBajla CyMapHy IMIIATIMBICTh PYKH MAaHIMYJIsATOpa, TOOTO BiAMOBIIHO
A =2 A, [1].

Pazom 3 TuM, METOJ TAaCUBHOI KOPEKIIil, MPHUKIAIOM peati3allii sskoro € Mmpy>KHe
0a3yBaHHs JeTajlel, AOMYCTUMHX NpPH YMOBI, SIKIIO HEY3TOKEHICTh 00’ €KTIB
CKJIaJlaHHS HE TICPEBHIINYE PO3MIPIB HANPABISAIOYNX KOHCTPYKTHBHHMX €JIEMEHTIB
netaneit (pacok, Toio). He3pakaroun Ha I1ie, HaBITh B I[bOMY BHIIAJAKY HE MOXKe OyTH
rapanToBaHo 100 % ckimamaHHs JeTajneld B HACHIIOK MOMJIMBOCTI iX BIJJHOCHOTO
NEePeKOCYy W 3aKIMHIOBaHHSA. TOMy MU CKJIaJlaHHS NMPENnu3iiHuX 3'€IHaHb MPYKHE
0a3yBaHHS 3aCTOCOBYIOTh TUIBKH B TMOEJHAHI 3 OJHUM 3 METOJIB aKTUBHOI KOPEKIIii
BITHOCHO TMOJIOXKEHHS CKJIaJalbHUX KOMIIOHEHTIB [2-4].

B npuwiranoOGynyBaHHi, Tpu MOPOBEACHI KOPEKIli IiJ Yac aBTOMAaTU30BaHOIO
CKJIaJaHHA TNpeuu3iiHuX Jeraneil 3a JIOMOMOIOI0 MPOMHUCIOBUX  pOOOTIB
BUKOPHUCTOBYIOTh PI3HOMAaHITHI CIIOCOOM MAaHIMMyJIIOBAaHHS JAeTajeil. 3a JOmOMOroro
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JaHUX CIOCOO0IB IPOBOSITH ABTO TONIYKOBI /i1, KOPEKIIIIO MOJIOXKEHHS IeTajnell oaHa
BIJIHOCHO 1HIIOI. J[JI1 pi3HUX BHUAIB BHPOOHHUIITBA 3aCTOCOBYIOTH PIi3HI CIIOCOOU
MaHIMyTIOBaHHSA, 3aJIGKHO BiJ] TOYHOCTI CKJIQJaHHA, 4acy, SIKHH BHUTPAYA€ThCS Ha
npoBeAeHHS AaHux Mid. s Toro, mo0 MPUCKOPUTH 1 BAOCKOHAIHMTH MPOIEC aBTO
MOIITYKY, PO3pPOONIOEThCS HOBHM METOJ MAaHIMYJIIOBaHHSA I pOOOTH30BAaHOTO
CKJIaJIaHHs JIeTaJliel TUITY BaJl - BTYJIKA.

B ocHOByY 3amporioHOBaHOI CHCTEMH aBTOMAaTH30BAaHOTO CKJIaJIaHHs MPEIU3iHHNX
JeTaliell MOCTAaBJICHO 3a/1ady IMiABUINEHHS TOYHOCTI U IMIBUIKOCTI aBTOMaTH30BaHOTO
CKJIaJlaHHs JeTajiell TUIy Bal — BTyJKa. Po3polOsieHuit cnocid MaHImyJTroBaHHS
peai3yeThCsl MUIAXOM TOTO, IO JETaldb THUILy BTYJKa 3aKPIIUIIOETHCS HEPYXOMO, 1
OpIEHTYETHCS HA TIOBEPXHI 3a JOMOMOI0I0 3aTUCKHUX MPUCTPOIB, a BaJI OPIEHTYIOTH B
3axBaTi 3a JIOMOMOTOI0 3aXBaTHUX MPUCTPOiB. Bam po3mimeHuit B 3axBari
TPAHCIOPTYIOTh B 30HY CKJaJaHHS MAaHIMYJISITOPOM TPOMHCIOBOTO poboTa,
M1PKUMAIOTh 0 pOO0YOi MOBEPXHI BTYJIKHU i 3a/1al0Th HOMY MOUIYKOBUMA PyX, MICIIA
3MIACHEHHS KOXHOTO IIOIIYKOBOTO PYyXy PEECTPYIOTh 3MEHIIEHHS 3yCHIIb
NIATACKAHHA Tpu 30iry 3’€JHYyBaJbHUX IIOBEPXOHb, NPH HEMOEJIHAHHI OCeH
3’ €IHYBaJIbHUX JETajeil MPOBOASATH MOBTOPHO aBTO MOIIYKOBI PyXH JO TOTO Hacy,
IOKH HE BiI0Y/IE€ThCs MIOBHE MOEIHAHHS Ocell AeTanei, mo 3’ eanyorbes [1, 4, 5.

[TocraBneHa 3ajgada AOCATAETbCS THM, IO CKJIAJaHHS JAeTajledl TUIy Bal —
BTYyJIKa, MPH HEPYXOMOMY 3aKpiIUICHI JeTaji THITy BTYJKa Baj OpPIEHTYIOTh 3a
JIOTIOMOTO0 3aXBaTHUX MPUCTPOIB, TPAHCTIOPTYIOTh B 30HY CKJIaJaHHS, IiITUCKAIOTh
70 po60Y0i MOBEPXHI BTYJIKH U 337al0Th 3aKOH IMOIIYKOBOTO PYXY 3 MaKCHMAaIbHOIO
aMIUTITY1010, (IKCYIOTh JAOTHK 3’ €IHYBAJIbHHUX J€Tajei, 3MIHIOIOTh AaMILUTITY.y,
MIPOBOJIATH KOPEKITIIO TIOJIOKEHHS JIeTanei oHa BiqHOCHO 1HIIOI. [Ticis mpoBeneHHs
MpoLEeCy KOPEKIii TOBTOPHO 33Jal0Th MOIIYKOBUN PyX, aje 3 MEHIIOK aMILTITYAO0
KOJIMBaHb, J1ajl 3aJal0Th MePEMIIIEHHS MO0 OCl 3’ €IHaHHS, SKILIO CMIBIaAIHHA OCEil He
BiI0yJI0CS, 1 MpoIeC CKIAJAaHHS MPOBECTH HEMOXJIMBO, MPOBOJUTHCS MOBTOPHA
KOPEKIIisl MMOJOKEHHS JeTalll 1 MPOBEIEHHS aBTO TOIIYKOBHX PYyXiB JOTH, IOKH HE
BiMOyZeThCcsl MOBHMK 30ir oced JeTaned, MiCis YOro TMPOBOAATH OCTATOYHE
3’ € THAHHS.

BukonanHs cmoco0y MaHIMyJIOBaHHS MOXIMBE 13-3a KOHCTPYKTHUBHHUX
0COOJIMBOCTEH 3aXBaTy 3 aBTOIMOIIYKOBUM MoysieM. OcoOMBICTIO € BUKOPUCTAHHS
B KOHCTPYKII IT’ €30€JIeMEHTIB. 3aBIKd (DI3UMUHUM OCOOJIMBOCTSAM I €30€JICMEHTIB
MO>KJIMBO BUKOHYBATH P13HOMaHITHI aBTO MOIIYKOBI PYXH.

3aneXHO Bi YMOB CKJIAJaHHS Ha I €30€JEMEHTI 3aJa€TbCs pi3H0MaHiTHHy”1 1o
aManym CJIEKTPUYHMIA CHUTHAJ, 110 MPU3BOAUTH 0 3MIHU (POPMH I €30€JIEMEHTA,
BIH MOXe, SIK 30UIBIIMTHCS, TaKk 1 3MEHIIUTUCh. BHUKOPUCTOBYIOUM BIIACTUBOCTI
I’ €30€TIEMEHTA, 33JJaI0Th 3aKOH MOIIYKOBOTO PYXY 3 MAaKCUMAaJIbHOIO aMILIITYI0KO.

[Ticns mpoBeAeHHS aBTO MOIIYKOBUX PYXIB PEECTPYIOTh 3MEHLICHHS 3yCHIIb
OIATUCKaHHS TpH  30iry 3’ €IHYyBJIbHHUX TOBEPXOHb, 3MIHIOIOTh AMILTITYIY
MOIIYKOBUX PYXIB, 3a7al0Th MEPEMIIIEHHS MO OCl 3’ €IHaHHS, 1 TPOBOIITH IPOIIEC
CKJIQIaHHS JIeTaJIel THITY BaJ - BTYJIKA IPH MiHIMAJITbHOMY 3HAYCHHI aMILTITy/IH.

Cexuis 3. KOMIT FOTEPHO-IHTET'POBAHI TEXHOJIOI'II ol
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3anponoHoBaHU croci0 aBTOMATHM30BAaHOTO CKJIAJaHHS MPEeUM3IMHUX AeTajei,
JI03BOJISIE€ MIABUIIUTH SKICTh CKJIAJAaHHS, 3MEHIIUTH 3aTpaTH 4yacy Ha IMOIIYyKOB1 il
MaHIMyJATOPOM, 3MEHIIUTH MAaIIMHHUHN 4Yac, 301IBIIUTH MPOAYKTHUBHICTh, a TaKOXK
30UIBIIMTH  MOXKJIMBOCTI 3aCTOCYBaHHS B PI3HMX yMOBax 1 Ha PI3HUX BHJAX
BUPOOHUIITBA BiJ] IITYYHOTO JI0 MAaCOBOT'O BUPOOHMIITBA.
Kniouogi cnosa: aBToMaT30BaHa CUCTEMa CKJIAJaHHs, MPELU31iHI AeTall, MOIYJIb
aBTOIIOITYKOBI JIii.
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MULTIDIMENSIONAL STATISTICAL ANALY SIS OF INFORMATION IN THE
PROBLEMS OF INSTRUMENT-MAKING PRODUCTION

Sergii Vysloukh, Oksana Vol oshko
National Technical University of Ukraine “ Igor Skorsky Kyiv Polytechnic Institute” , Kyiv, Ukraine
E-mail: vspl@ukr.net, voloshko o@ukr.net

Modern instrument-making production is multi-series, multi-nomenclature with
frequent product changes, characterized by increased design complexity, a large
number of original and unique design solutions, the implementation of which is
accompanied by high requirements for quality, reliability and resource products. At
the same time, the requirements for reducing the time for development of technology
for producing products in an automated mode have increased. The most important
means of intensifying production is the automation of technology design, based on
the formalization of all technological problems. Formalization of any task should
begin with the analysis of technological information’s large arrays. The number of
parameters and indicators that characterize an individual object can be severa tens,
and sometimes hundreds or even thousands. In such situations, it is necessary to
significantly reduce the dimension of the same space, ie to move from the initial set
of indicators to a smaller number of auxiliary variables, which could reproduce the
necessary properties of the researched object. When automating the production’s
technological preparation, it is often necessary to group the processed and tool
materials, parts, assembly units and the corresponding technological processes of
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their manufacture. The division of a set of various objects or phenomena into
homogeneous (in some sense) groups is realized as a result of solving classification
problems, which is closely related to such concepts as grouping, typology,
systematization, discrimination and clustering. These tasks are one of the main in the
practical and scientific activities of the engineer.

The theoretical basis of multidimensiona statistical analysis for solving various
problems are given in [1-4]. But these works do not have the features to practical use
of methods in solving engineering problems.

The need to use the methods of multidimensional statistical analysis, namely the
methods of pattern recognition is associated with the solution of energy saving
national problems, tooling and processing materials. In addition, the use of image
recognition methods in solving problems of production’s technological preparation
will reduce the time of production’s technological preparation and improve the
quality of technological development documentation.

The purpose and task of research. In the previous works of the authors [5-7] the
possibilities of using image recognition methods, namely methods of cluster and
discriminant analysis, in solving technological problems are considered. Therefore,
this work is a logical continuation of previously performed research aimed at the
systematic, multi-purpose use of image recognition methods in the technological
preparation of production.

The purpose of the research is to systematically assess the feasbility of
multidimensional statistical analysis and determine the appropriate the most effective
using these methods to solve problems of production’s technological preparation and
determine the problems’ range using methods to reduce dimensionality, classification
and pattern recognition: Therefore, the task is to select and justify the feasibility of
using certain methods of multidimensional statistical analysis to solve technological
problems. In addition, a set of tasks for production’s technological preparation is
determined, which can be effectively solved with the help of image recognition
methods.

Research results. The anaysis of many problems in instrument-making
production and multidimensional statistical methods of dimensionality reduction,
classification and images recognition allowed to establish their application’s
expediency for the following technological problems’ decision:

- to determine from a set of features of the structural material, including chemical
composition, structure, physical and mechanical properties, etc. parameters that
significantly affect its technological characteristics,

- to classify structural materials into homogeneous groups according to the
commonality of their technological characteristics on the basis of chemical
composition, structure and physical and mechanical parameters;

- according to the given characteristics and parameters of the studied structural
material to find the technological group (cluster) to which it belongs, and in the
selected group to find the analogue material. Then this material can be used to replace
the studied material, which issimilar to it in a set of different properties;
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- according to the given characteristics and parameters of the new investigated
structural material to determine the technological group to which it belongs, the
conditions and methods of processing materials for this group to use for the new
material;

- al parts manufactured at the enterprise can be classified according to a set of
design and technological features. Every detail in the company's database is matched
to the technology of its manufacture. By identifying a new part on a set of structural
and technical features, to determine the analogous part, the technological process of
its producing will be the basis for creating a technological process of producing a
new part.

The use of information compression’s methods, classification and pattern
recognition can greatly simplify the solution of many problems for production’s
technological preparation by reducing the feature space, reducing the amount of
processed information, grouping objects by a set of design and technological features
and search for analogues, reduce solution time various technological tasks, as well as
to improve the quality of the obtained solutions.

The proposed methods of multidimensional statistical analysis should be used in
the rationing of technological processes for the details’ production and assembly of
devices and machines, in the new standards development for cutting modes and
adjustments to existing standards, as well as in creating automated design systems
and technological information data banks.

Further research using image recognition methods should be developed to
determine the methods and conditions of processing composite and other "exotic"
processing materials, as well as to determine the most rational conditions for
processing new tool materials and materials with new coatings. All this will
significantly reduce the cost of materials and energy resources during experimental
research.

Keywords: instrument making, production’s technological preparation,
multidimensional statistical analysis, classification, pattern recognition.
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HaiiBaxnuBimyM 3aBIaHHSM HAyKH MPO pI3aHHS METaliB € BCTAaHOBICHHS
JIMCHUX 3aKOHOMIPHOCTEM OCHOBHUX XapaKTEPUCTUK MPOLECY Pi3aHHS 3aJeKHO BiJ
3MIHM BJIACTUBOCTEH MaTepiajiB JeTalli, €JIEeMEHTIB PEeKHUMY pi3aHHS, MaTepiaiy i
reoMeTpii IHCTPYMEHTY Ta IHIIUX 30BHIIIHIX YMOB 3 METOI0 ONTHMI3allii Mpolecy Mo
TUX YU THIIUX KPUTEPISX ONTUMAIBHOCTI.

OCHOBHMM BHUJOM I1HCTPYMEHTY, MpU3HAYEHUM JUIi OOpPOOKH IIHUPOKOI
HOMEHKJIATypu Mikpozetaneii Ha ¢pesepuux Bepctatax 3 YIIK, € kinuesi ¢pesu.
['eomeTpuuni nmapamerpu ¢pe3 BUOHPAIOTHCS JIJIs1 KOYKHOTO 3 TTO3UIIIHHUX MEPEeXO0/IiB,
Ha SIKI pO30MBA€ThbCS 30HA OOpPOOKM JieTalli, 3 ypaxyBaHHSM KOHCTPYKTHBHO-
TEXHOJIOTIYHHUX TTapaMeTPiB eIEMEHTAPHUX TOBEPXOHb.

[TocraHOBKa OCHOBHHX 3a7ad, TPHU MPOSKTYBaHHI TEXHOJIOTIYHUX TMPOIIECIB
MOBUHHA BHPINIYBAaTUCS B HACTYMHIA MOCIIJIOBHOCTI: OOIPYHTOBaHUN BUOIp
HaWOIbIT €PEKTUBHOTO 1HCTPYMEHTAILHOTO MaTepiany s oOpoOKu aerai; BUOip
parioHaIbHOI TeOMETpi] IHCTPYMEHTY; BUOIp MAaCTUIBHO-OXOJIOIKYBaJIbHOI PiIUHH,
BU3HAUEHHS ONTUMAJIbHUX PEXHUMIB pI3aHHSA; BHU3HAUEHHS TEXHIYHUX HOPM
BUPOOITKY.

OntuManbHe pi3aHHs, SIKE XapaKTepU3YeThesl Oararbma mapamerpamu (MiHIMyM
IHTEHCUBHOCTI 3HOCY, CWJ pi3aHHs, KOe(]IliEHTOM TepTs, MaKCUMyM pPO3MIPHOI
CTIMKOCTI, 1 T.II.), Kpallle 3a BCE 1 MITAEThCS MATEMAaTHYHOMY OIHCY, & TAaKOX Ja€
HaWOIBITY 00'€KTUBHICTD IIPU MOPIBHAHHI €(DEKTUBHOCTI PI3HUX BapiaHTIB MPOIIECY.

Y 3B'S3Ky 3 TUM, IO pIIICHHS I[OTO MHUTaHHSA IIOB’s3aHE 13 3HAYHUMHU
pO3paxyHKaMH, BHHHUKJIA HEOOXITHICTh y3arajJlbHUTH HasBHI BIJJOMOCTI TIPO BHOIp
pI3aJIbHOTO IHCTPYMEHTY Ta JaTH TEXHIKO-€KOHOMIYHE OOIPYHTYBaHHsS BUOOPY
ONITUMAJILHOTO BapiaHTa 0OPOOKH 3a TOTIOMOTOIO MTPOTpaMyBaHHSI.

3anpornoHOBaHUA  alrOPUTM JO3BOJISE BH3HAYUTH TEOMETPII0  Pi3ajJbHOTO
iHCTpyMeHTY ((dpe3u) 1 BUOpaTH ONTUMAJIbHHIA BapiaHT 0OpOOKH B KOXKHIM 30HI Ha
OCHOBI HOT0 MaKCHUMaJIbHOI MPOTYKTUBHOCTI.
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3a reOMETpUYHUMH MapaMeTpaM BHUPOOYy BH3HAYAIOTh J1aMETp YHCTOBOI (pesH,
paziyc ii 3aTOUKH 1 JOBKHUHY Pi3aJbHOI YACTHHU:
D =2R71,
ne R™ - paxiyc criomydeHHs HAHMEHIIIOTO KyTa.
VY Bumagkax BUMOTH MiABUIIICHOI TOYHOCTI
D,.. =118R7.

Paniyc 3aTouky yucToBOI (Dpe3u BU3HAYAETHCS:
Fome s ooaen, = T
P.4UCT. THIT

ae '™ - pagiyc croxydeHHs pedpa i TUIOIIUHH, sika Qpe3epyeThes.
JloBkrHA pi3aIbHOT YaCTUHU BU3HAYAETHCS HACTYITHUM YHHOM:
| =H +5 - qy1s1 BHYTPIIIHBOIO TIIYXOr0 KOHTYPY;
| =H +5+r,__ - JUIs 30BHIIIHBOTO i BHYTPINIHEOTO HACKPI3HOTO KOHTYPY,

ne H - makcumanbHa BUCOTA CTIHKU AETAI.
JiameTp yopHOBOi pe3u (D, ) 0OMeXKYeETHCS YMOBOIO JOCTYIY IHCTPYMEHTY Y

uepn
BHYTPIIIHI TOCTPl KyTH KOHTYpy. [Ipu 1iboMy mpumyck mpu 0oOpoOIll BHYTPIIIHIX
KyTiB He MoBHUHEH nepeBuiyBatu O < 0.25D

.
YUCT

Buxopsun 3 BUIIIEBUKIIAIEHOTO, AiaMeTp (Hpe3r MOKHA OOUUCTHTH 32 (OPMYIIO0
YepH = 2(&n¢/2_ 51) + D'—II/ICT '
b 1-sing/2 '
ne O, - TMPHITYCK Uil YUCTOBOI OOPOOKM KOHTYpY; @ - KYT CIOJIYyYEHHS CTOPIH B

JaHOMY KOHTYPI.
JloBkrHa pi3aJIbHOT YaCTUHU BHOMPAETHCSA 3a AHAJOTIEI0 3 YHUCTOBOIO (hpe3oro.
JliameTp TOpIIeBOT YaCTHHHU YOPHOBOI (Dpe3r BU3HAYAETHCS 3@ TAKOIO 3AJICKHICTIO!
=D, +2,., —20 +20],

T.4epH 4epH ¢b.uepr

O, - TIPUITyCK Ha BUTOTOBJIECHHS D

e O, - NPHITYCK Ha BUTOTOBIEHHS I,

.uepH ! uepH

VY pa3si, AKIo 3anpoBaKEHHs orepallii 4OpHOBOi 0OpOoOKM HE peHTaOEIbHO,
TEXHOJIOT OTPUMYE TOBIJIOMJICHHS MPO Te, IO I omepallis He MOoTpiOHAa Ha AaHId
IIsHI. B 1bOMy BHMAJIKy BHAAIOTHCSA TIJIBKM MapaMeTpu 4YHCTOBOI (pe3u Ta
pexumu ii pobotH. B iHIIIOMY BUMMaAKy HEOOX1AHI IMapaMeTpH 1 YUCTOBOI M YOPHOBOI
¢dpe3u 3 BIANOBIIHUMU PEKUMaMU pi3aHHS.

OTxe, MOXHa 3pOOMTH BHCHOBOK, IO BHOIp pi3ajJbHOrO I1HCTPYMEHTY 1
BHU3HAUEHHS ONTHMMAJbHOIO BapiaHTy OOpOOKM Ha OCHOBI MiHIMi3alii TPUBAJIOCTI
mpoiiecy oOpoOKH 3a JOMOMOTO TPOMOHOBAHOTO AJITOPUTMY, PEai30BAHOTO Ha
Bepcratax 3 UIIK, mo3Bossie MiABUIMTH 3arajibHy MPOJYKTHBHICTH BUTOTOBJICHHS
aetani B cepeqabomy 10 10-15 %.

Knrouosi cnosa: pexxumu pizaHHs, TEOMETPis IHCTPYMEHTY, BepcTar, dpesa.

Jlirepatypa
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[MIABUIIEHHA AKOCTI ITIOBEPXOHb OIITUYHUX EJIEMEHTIB
KOMBIHOBAHMM EJIEKTPOHHO-ITPOMEHEBUM OBPOBLJIEHHAM

YKosanenxo IO. 1., l)BOHOapeHKO M. O., > Anmowniox B. C.
2 Yepracokuii Oepaicasruil mexunonociunuil yrisepcumem, Yepracu, Yxpaina
2)HcZL;z'OHaJZme? mexHiuHul yHieepcumem Ykpainu
«Kuigcokuu nonimexniunuu incmumym imeni l2ops Cikopcokoco», Kuis, Ykpaina
E-mail: maxxium23@gmail.com, victor.antoni uk@gmail.com

Cran moOBepXHI  ONTUYHUX  MaTepiaigiB  BU3Ha4yae  (HI3UKO-MEXaHIuHI
eKCIUTyaTalliiiHl XapaKTepUCTHKU JeTaleld NpuiaaiB, TOMY SKICTh BHUTOTOBJICHHX
ONTHYHUX EJIEMEHTIB Ma€e 0e3mocepeHii BIUIMB Ha TEXHOJIOTIYHUIN PiBEHb MPHIIALTY,
B IKOMY BOHHU 3HAXOSThCA.

[lepcrieKTUBHUMH TEXHOJOTISIMU AJ11 MOAU(DIKAIliT TOBEPXHI € TEXHOJOT1I, B SIKUX
€(eKTUBHUM IHCTPYMEHTOM € KOHIIEHTPOBAHI MOTOKH EHEprii: €JIeKTPOHH, HOHH,
¢doToHu. 3acTocyBaHHS KOHIICHTPOBAHHMX TOTOKIB €HEPTii MO3BOJIAE 3IHCHIOBATH
MOAM(DIKyBaHHS TTOBEPXHEBHX IIIAPIB Ta CTBOPIOBATH HOBI IMOBEPXHEBI CTPYKTYPH 3
NOKpaleHUMH  (13MKO-MEXaHIYHUMH  BJIACTUBOCTSIMU 0€3 3HA4YHOrO0 3MIHEHHS
Marepiainy cyocTpary.

Tak, B pe3ynbTaTl BIUIMBY KOHIIEHTPOBAHUX IIOTOKIB €Heprii (hopMyeThes
yHIKQIbHUN (P13UKO-XIMIYHUM CTaH MaTepiady B MOBEPXHEBHUX IIapax, a yTBOPEHI
MOBEPXHI MaloTh MIHIMAJIbHY IIOPCTKICTh. BUKOpHUCTaHHS JaHMX TEXHOJIOTIN
3a0e3neyye eKOJOTIYHY YUCTOTY BUPOOHUIITBA, BUCOKY MPOAYKTUBHICTh Ta TOYHICTD
BUroTOBIJICHHS [1-3].

[lepcrieKTUBHICTh TaKWX TEXHOJIOTIM 3yMOBJIE€HAa BHMCOKOIO KOHIIEHTPALIEIO
eHeprii, 10 BBOAUTHBCA B 30HY O0OpoOKH, ska 3a0e3nedye JOKAJIbHICTh Ta
npeuu3iiiHICT 0OPOOJICHHS MPU CYTTEBO MEHIINX CYMapHUX €HEProBUTpaTax, Majoi
1HEpLIHHOCTI MPOLECIB BHACHIJOK MPSMOTO0 MEPETBOPEHHS EJNEKTPUYHOI €HEprii B
EHEePril0 TEXHOJOTIYHOI Jii, MOXKJIMBICTIO HampaBjeHOT MoaudiKallii BIACTUBOCTEH
HoBepXHeBoOro mapy [4-5].

Metorw poOoTu € po3poOJIeHHS TEXHOJIOTIT Moaudikalli MOBEpXOHb ONTHYHUX
€JIEMEHTIB KOMOIHOBaHUM €JIEKTPOHHO-TIPOMEHEBUM 00pPOOICHHSIM.

OcHOBHa 17iess YJAOCKOHAJIEHHS TEXHOJIOT1i KOMOIHOBAHOT'O  EJIEKTPOHHO-
IIPOMEHEBOr0 OOPOOJICHHS TOJISITaE B MOEAHAHHI B OJHOMY TEXHOJIOTTYHOMY ITHUKII
NpOIECY TOMEPEAHBOTO HArpiBy MOBEPXHI ONTHYHOTO Martepiany, eJIeKTPOHHO-
MPOMEHEBOTO O0pOOJIeHHSI 3 TMOJAJbIIMM HAHECEHHSAM TOHKUX IOKPHUTTIB Ta iX
mojanbiie OOpOOJEHHS CTPIYKOBUM EIEKTPOHHUM MOTOKOM. OCHOBHI eTamu
TEXHOJIOTIYHOTO MPOIECY MPOBENCHHS KOMOIHOBAHOTO €JIEKTPOHHO-IIPOMEHEBOTO
0OpOOJIEHHS ONTUYHUX MaTepiasiiB MOKa3aHO HA PUCYHKY 1.
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i e e s st e o B e 3 i, ’7 NQroToBYA CTAQIA j
'
MOMEPENHA OEPOEKA MOBEPXHI OMTHYHOIO MATEPIAIY | SABAHTAKEHHA TA 3AKPITIEHHA 3PAGKIB .
: XIMIKO-MEXAHIYHE O4YHIEHHA :_'! FEPMETHIALIA TA BIOKAYYBAHHA KAMEPH JO !
+
L ¥AbTPO3BYKOBE OYHU[EHHA J ' POBOYOr O BAKYYMY (P=10 Ma) '
M OGHOBHHIA TEXHOMOTIYHNA WK 1
' '
" —MNONEPEQHIA HATPIB 3PA3IB '
} {Temmepamypa T=700-1100K, mpusanicms t=40xe. } |
—EMEKTPOHHO-NPOMEHEBE QBPOEIEHHA 3PA3KIB
e Mpuckoprowya Hanpyeaa Unp=0..6kB,
r 3ABEPWATHI ONEPALIT —| | cmpywu nomorylnom=50...400mA, |
, ; ' [ AOCTYMNOBE OXOMOOqKEHHA 3PA3IB '
i PO3TEPMETH3IALIA KAME P TA BHBAHTAMKEHHA 3PA3KIB (T=350-600K, mpusanicmb t=40x6.)
KOHTPOTb SKOCTI IOBE PXHI BUBIPKOBOI JETAMI e |
|_ J 1 [FOCALQMEHHA TOHKHX NIIBOK '
e e e e e — e e — e — = = (cmpym eunaprHuka le=40..300A, weudkicms NopoM i eHHA !
| supodyV=0..750006%e, mpueanicms t=20c) |
FEAEKTPOHHO-MPOMEHEBE OBPOBNIEHHA TOHKHMX HJTI'BOJ(:
Mpuckoprrovya Hanpyza Unp=0..6kB,
| cmpyu nomoxylnom=>50...400mA, |
: L_MOCTYMOBE OXO/I00XKEHHA 3PA3IB :
l_ (T=350-600K ,mpusanicms t=40xe.} J

Puc. 1. [TocnigoBHICTH MPOBEACHHS KOMOIHOBAHOTO €IEKTPOHHO-ITPOMEHEBOT0 00POOICHHS
ONTHUYHHUX MaTepiaiiB

B miporieci npoBeaeHHs AOCIIKEHHSI Pe3yIbTaTiB KOMOIHOBAHOTO €JIEKTPOHHO-
IIPOMEHEBOro 0OPOOJICHHSI BCTAHOBJICHO, 1110 TOHKI TUTIBKH, SIKI OTpUMaH1 3a 6a30BOI0
TEXHOJIOTI€0, MAalOTh OLIBITY KUIBKICTh 30H 3 TIABUIICHUMH MEXaHIYHUMU
HANpPYKCHHSIMH, TOPIBHIHO 3 TOHKUMH IUTIBKaMH, OJEPKaHUMH KOMOIHOBAHOIO
TEXHOJIOTIEIO, 110 IIOB’ s13aHO 3
penakcaniftHuMu IIPOLIECAMH, AK1
B1IOYBalOTHCA B MOKPUTTAX MPH Jii HA HUX
CJIIEKTPOHHOTO TTOTOKY (Pmc. 2).

Sk mokazaHo Ha rpadikax, BHYTPILIHI
HaIrpy>XeHHs B aJIOMIHIEBOMY MOKPHUTTI Yy
BUMAJIKY KOMOIHOBAaHOTO  €JIEKTPOHHO-
MIPOMEHEBOr0 OOPOOJICHHS MAKOTh y 3 pa3u

0 10 20 30 40 50 60 hvM BHIII 3HAYEHHS, aHDK JUIS TOKPHUTT,
Prc. 2. Tpadiku sanexsocri syrpimmix ~ CTPAMAHOTO 32 6a3913019 TexHoJoriero. [Ipu
HaNpyXXeHb B MOBEPXHEBOMY Inapi 3paska UPOMY, BHYTPIIIIHI HaIIPyKCHAA
(ra  mpukmami  IWIBOK  amoMiHio): TTOBEPXHEBOTO IIApy 3pa3ka 301IbIIYIOTHCS
orpumanux 3a 6asosoro texuonoriew (@) i Ha 20...25 %. [Ipore, Ha TpaHUIl «METaICBE
3 BUKOPHCTAHHAM KOMO1HOBaHO1 TIOKPHTTS — OIITHYHA OCHOBa»
Texnosorii (6) CIIOCTEPIraeThes 3MeHIIeHHs y 2,5...3 pasu

nepenaay TakuX HAMpyKeHb, 110, Ha TyMKY
aBTOPIB, TOB’S3aHO 3 YACTKOBUM 3aHYPEHHSM METAJeBOI IUIIBKM Y TIOBEPXHIO
onTtuyHOro Marepiany. Lle, B CBO0O uepry, 3MEHIIyE pPI3HULIO Koe(]ilieHTiB
TEPMIYHOTO PO3IIUPEHHS MaTepiaiiB, sIK MOKPUTTS, TaK 1 cyOcTpara, YuM 3MEHIIYE
IrpaHUYHI MEXaHIYHI HaMNpyXeHHs Ha TpaHulll MaTepiaiiB, TOOTO, HMOBIPHICTh
HepeYacHOro BiIIapyBaHHS ILIiBOK [6].

BcTaHnoBiieHo, 110 MOBEpXHS TOHKUX IUTIBOK, SKa OTPUMAaHA 3 BHUKOPHUCTAHHSIM
KOMOIHOBAHOTO €JIEKTPOHHO-TIPOMEHEBOr0 OOpOOJIeHHsI, Ma€ OUIbII OJHOPIIHY
CTPYKTYypy Ta mo30aBjieHa MiKpoae(eKTiB, 5Kl MNpUTaMaHHI TOHKUM IUTIBKaM,

g, y.e.
6000

4500 fw

3000

1500
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OTpEMaHUM 3a 0a30BOI0 TEXHOJOTiE€ (HANpUKIAN, CepeaHbO-CTATUCTUYHA

IIOPCTKICTh ~ TMOBEpPXHI  IUIIBOK  cpibna 3MeHmmiach 3 50...75HM 110
35...50 um), (Puc.3).

8 2

Puc. 3. Tomorpama (a, 6) Ta Mikpopenbed AIIAHKHA MOBEPXHI TOHKOI IUTIBKU (HA MPHUKIA IUIiBKA
cpibma) Ha maursani 13x13 MM ontuuHoro ckia mapku K8: a, 6 — oTrpumana 3a 0a30BOI0O
TEXHOJIOTIEI0; 8, & — OTPMMaHa 3 BUKOPHUCTaHHSIM KOMOIHOBAHOTO E€JIEKTPOHHO-TIPOMEHEBOTO
00poOIeHHS

Sk mokasanu tonorpama (a, 6) Ta Mikpopenbed (0, 2) MIISTHKU MOBEPXHI TOHKOT
wiiBkn cpioma (Puc. 3), micas 3amponOHOBAHOTO aBTOpaMH KOMOIHOBaHOTO
€JIEKTPOHHO-TIPOMEHEBOTO 0OpOOTIEHHS B1AOYBAETHCS CYTTEBE IMOKPAILECHHS CTaHy
MOBEPXHI, 10 € Pe3yJIbTaTOM TEPMIUHOI i1 €JEeKTPOHHOI CTPIUKH Ha METali30BaHy
MTOBEPXHIO ONTUYHOTO CKJIA.

TakuM YMHOM, BCTAHOBJICHO, III0 KOMOIHOBAaHE EJEKTPOHHO-TIPOMEHEBE
00pOOJICHHST METAJII30BAaHUX MMOBEPXOHb ONTUYHUX MAaTepialliB € BUCOKOS(HEKTHBHUM,
a OTpUMaH1 MOBEPXHI MalOTh OUIBII OJHOPIAHY CTPYKTYpy Ta 1,5...2,1 pa3u MeHiry
CepeaHbOCTATUCTUYHY IIOPCTKICTh, TT030aBJICH] B1J MIKpOAe(EKTIB, 1110 TPUTAMaHHI
TOHKHUM TUTIBKaM, OTPUMaHUM 32 0a30BOI0 TEXHOJOTIEI0, Ta MAIOTh OLIBITY KITBKICTh
30H 3 miaBuineHuMuy Ha 15...30 % MexaHIYHUME HANPY>KEHHSIMHU.

B mopampmiomMy TIaHYeThCS yAOCKOHATUTH TPOIEC THYYKOTO KEPyBaHHS
KOMOIHOBAaHUM  €JIEKTPOHHO-IPOMEHEBUM  OOpOOJIEHHSM 13 3alIy4YCHHSM
HEWPOMEPEIKEBUX KOMIT FOTEPHUX TEXHOJIOTIH.

Knrouosi cnosa: enekTpoHHO-IPOMEHEBE OOpPOOJICHHS, ONTHYHE CKJIO, TOHKE
MOKPUTTS, SIKICTh, MIKPOILIOPCTKICTh, MEXaHIUYHE HANPYKEHHS.
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National Technical University of Ukraine “ Igor Skorsky Kyiv Polytechnic Institute”
Kyiv, Ukraine
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High strength and light weight are the main advantages that have allowed
composite materials to be widely used in various industries such as instrument
making, mechanical engineering and aircraft construction. Composite materials
provide good vibration damping and a low coefficient of thermal expansion, so it is
possible at the stage of development of the composite material to provide the
necessary physical and mechanical characteristics of the future product. Also,
composites are resistant to fatigue strength, which significantly reduces the number
of parts required for the product. The finished product requires less raw materias,
fewer joints and fasteners and less time to assemble. Increasingly, the ratio of
composite material to total weight is used in modern aircraft. Up to 53 % of modern
aircraft are composite. The body of some new machines is made of 90 % of this type
of material, and for the space industry it plays an important role in that it provides
weight reduction without losing the physical and mechanical properties of the
structure [1]. The use of composite material isincreasing every year and the study of
its various properties as well. Production, operation, maintainability, utilization and
interaction with other materials - topics that are currently being studied by scientists
and engineers at various production facilities.

Estimation of the strength of the composite layer of the materia is based on
experimental studies of its tensile, compressive and shear characteristics. In the
General case, the stress-strain state of the layers and the laying of the composite
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material is estimated. Strength criteria based on the maximum stresses of the
monolayer are mostly used to study the ultimate strength.

As aresult of the review and analysis of the existing methods of calculating the
maximum value of the alowable load for a single-layer unidirectional composite
material, it was found that the most suitable for determination is the Tsai-Wu method.

Consider an example of calculating the maximum allowable load for a composite
layer of graphite, if S>0, 0,=2S, 0,=-3S i 7,,=4S. The main values of

stresses for this layer are taken from the table,

g, 0.2500 0.7500 0.8660 | 2S 0.1714110°
o, |=| 07500 0.2500 -0.8660|-3S|=|-0.2714[10" |S
T, —0.4330 0.4330 -0.5000| 4S -0.416500"

the coefficients are calculated for the Tsai-Wu formula[2].

H, = 1 - - 1 - =0Pa;
1500010° 1500(10
H, = 1 - - L - =2.093(10° Pa;
40110° 246(10
H, =0Pa;
H, = 61 —=2.09310" Pa;
(1500[10°)(150010°)
H, = - 1 —=1.0162[10"Pa;
(40[10°)(246 [10°)
= =2.1626107" Pa;

H =——"—
® "~ (68[10°)2
H,, = -0.5(4.4444[10™)(1.0162[10™)]"2 = -3.360[10 ™ Pa.

If we substitute the value into the formulawe get:
or S<22.39Pa.

Therefore, the maximum allowable load for this plate, calculated by the Tsai-Wu
method is 22.34 MPa.

The article analyzes various strength criteria for a single-layer material and gives
an example of the calculation of a composite material for the allowable load. The
single-layer material was analyzed in more detail and the mathematical dependence
of the material stress on the layerslaying layersin it was derived.

Keywords: composite materials, maximum allowable load, single-layer,
unidirectional composite material, method Tsai-Wu.
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The problems associated with the optimization of production systems are quite
relevant today. This is due to the high intensification of modern production, the
complex structure of production systems, the need for rapid reorientation of
production to produce a new type of product. In such difficult conditions, it is
necessary to have a methodology that would allow you to quickly and easily model
the production system, check its efficiency, give appropriate recommendations for
optimizing the construction of the system. Currently, when modern computer
technology is widely used, the most rational and promising methods of modeling of
production systems is simulation, which allows you to quickly formalize and process
large flows of information that occur in modern production systems, easily model the
relationship between components system, perform work optimization. Therefore,
taking into account all the above factors, there is a need to develop an effective
apparatus for mathematical modeling of production systems.

To do this, it is necessary to theoretically substantiate and practically implement
mathematical methods of modeling production systems, prove the adequacy of the
mathematical model, as well as choose a rational optimization method and create
appropriate software that would implement the chosen method in practice.

Typicaly, a production system is a defined set of blocks (elements), united by
some set of connections to achieve a common aim. In production systems, thisaim is
to perform a given set of works. Each job consists of a number of different operations
performed by the respective blocks. The system as a whole provides a consistent
passage of each work through certain blocks, a set of operations in which ensures the
performance of this work. We believe that the operation is the smallest, indivisible
part of the work. In this regard, in the study of production automated systems,
guantitative characteristics (parameters) of operations must be specified. These
parameters can be set by a matrix, the elements of which are the quantitative effect of
the corresponding operation in a particular work. These values can mean either the
cost of time, resources, or income, and so on. The specific content of these values
affects the formulation of problems for studying systems. The parameters express the
guantitative characteristics of the production system as awhole.

The functioning of an arbitrary system is a set of rules that determines what the
system must do to achieve its aim; these rules do not necessarily use the knowledge
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of building a system. In general, according to the level of abstraction adopted in the
study of the system, its operation can be described by more or less detailed rules.

Under the structure of an arbitrary system we understand the set of blocks
(elements) and a set of connections between them. The structure of the service system
is usualy represented by a digraph, in which the vertices denote the blocks
(elements) of the system, and the arcs - the directions of works movement from
block to block in the process of their execution.

To quantify the degree of achievement by an arbitrary system of the am set
before it, various characteristics of its functioning are introduced. Each individual
characteristic evaluates one side of the system, and only together they allow to assess
how the system has achieved its goals. Unfortunately, today there is no single method
of modeling production systems in general, ie those that would adequately and with
sufficient accuracy describe the parameters of production systems of different
structures, so to model a specific type of system, or at least several similar types of
structures use different mathematical models.

The anaysis of methods modeling for production systems for the purpose of
their work’s optimization has allowed to establish that the structural-logical method
of technological systems research and the methods based on representation of
production structures by means of Petri nets have the greatest interest.

The use of structural-logical approach to modeling and optimization of
production systems has the following advantages:

a) unification with the help of logical determinants of computational procedures
in the study of systems leads to the fact that all calculation and analysis' tasks, as
well as synthesis of complex systems are reduced to the calculation of certain logical
determinants, ie are the same from a computational and mathematical point of view;

b) obtaining analytical conditions for the optimality of the work’s order in the
system and on their basis - the procedures for the synthesis of complex systems
some classes have areduced calculations' complexity;

c) the use of the branches and boundaries’ procedure, which is used in the
complex systems' synthesis to improve its accuracy and speed, allows to intensify the
clipping of unpromising options by additional use of information contained in the
optimal conditions and the conclusion of more accurate estimates. in addition, it has
reduced computational complexity.

The above advantages of using infinite logic and logical determinants are realized
within the structural-logical approach to the study of production systems, which
involves structural representation of the studied system and expression of its
characteristics through the characteristics of subsystems using infinite logic and
logical determinants.

One of the promising approaches to the optimal use of production systems is the
mathematical models' development based on computer technology using Petri nets.
Petri nets alow to display parallelism, asynchrony, hierarchy of modeled objects by
simpler means than when using modeling means, such as methods of mathematical
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programming, methods of classical optimization, application of traditional queuing
systems, etc.

When using Petri nets to model production systems in instrument-making
production, the issue of increasing the production systems' efficiency can be solved
by improving the methods of managing the work of technological and transport and
warehousing equipment.

At the level of the production complex, the actions of receiving, storing, moving
and transforming are carried out by the receiving, warehousing, transport and
converting complexes, respectively. Each of these complexes according to the
accepted hierarchy, in turn, is a technological complex, and on each of them the
corresponding technologica process is realized. Thus, it is possible to alocate: the
receiving technological complex, a warehouse technological complex, the transport
technological complex which will transform a technological complex. In the General
case, the number of required technological complexes of different types can be any
and depends on the characteristics of the implemented production process. The host
technological complexes at the enterprise may have logistics and supply services.
Warehouse technological complexes at the enterprise are a system of warehouses for
storage of materials, blanks, semi-finished products, tools, equipment, etc. The
transport technological complex at the enterprise is represented by a transport
department or other service that provides transportation on the enterprise territory of
materials, blanks, tools and other objects and labor's means. Transforming
technological complexes at the enterprise include departments of the basic production
(procurement, machining, thermal, assembly).

At the level of the transforming technological complex, the actions of obtaining
are performed by the department’s supply system, storage actions are performed by
the department’ s warehouse system (for example, department’s warehouse of blanks,
warehouse of tools, warehouse of devices, etc.), actions of moving are performed by
the transport system. and tools for workplaces), conversion actions - a conversion
system (for example, a workplace or an automatic line). Each of these systems,
according to the accepted hierarchy, in turn, is an operating system. That is, you can
select the holding operating system, warehouse operating system, transport operating
system and converting operating system, and each of them implements the
corresponding operation. The number of required operating systems of different types
can be any and depends on the characteristics of the implemented process.

Similarly, you can structure the host, warehouse and transport technology
complexes. They also perform actions to retrieve, save, move, and convert, and
therefore have the appropriate elements. For example, in a warehouse technological
complex designed to store tools, the actions of receiving are performed by the
relevant service, the actions of storage are performed by the warehouse itself, the
actions of moving - warehouse transport systems, the actions of transformation - tool
department. The article shows that increasing the efficiency of instrument-making
production can be achieved by modeling and optimizing the equipment load of
production systems.
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The analysis of production systems modeling methods showed that in solving this
problem it is expedient to use modern methods of mathematical and simulation
modeling based on the use of structural-logical approach to mathematical modeling
of systems and their simulation modeling by Petri nets.

Methods of infinite logic and logical determinants alow to describe the
mathematical model of the production system and its characteristics, and the method
of branches and boundaries - to optimize its work. The main provisions of infinite
logic and ordinal determinants, which are based on the structural-logical approach to
the study of complex systems, which include production systems in instrument
making, allow to create a mathematical model of the arbitrary structure’'s system.

The these methods' actual application of modeling production systems can reduce
non-production losses of time, thereby saving production resources without the use
any other measures of administrative or technical nature.

Keywords: production system, mathematical modeling, optimization, structural-
logical method, Petri nets.
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KOHTPOJIb TA KEPYBAHHS ITPOLIECOM OBPOBKU JETAJIEN [TPWJIAJIB
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E-mail: andreyzme 25@gmail.com

KommuiekcHa aBTOMaTu3alis npuiago0yaiBHOTO BUPOOHUIITBA, OTO mepexia Ha
0€e3I0/IHI TeXHOJOT1T MOTpedy€e BUKOPUCTAHHS Cy4acHOTO OOJIaJHAaHHS: BEPCTATIB 3
quCIIOBUM mporpamMHuM kepyBaHHsAM (UIIK), OGararomiiiboBux 00poOIIstounx
LEHTPIB, THYYKUX BUPOOHHUUX MOAYJIIB. Take TexHoIOriyHE OONaHAHHS JT03BOJISE
3a0€3MeUYNTH BUCOKY SIKICTh TMOBEPXH1 JeTaji, TOYHICTh BUTOTOBJICHHS JACTayel, a
TaKOXX TIJIBUIUTH MPOAYKTUBHICTh Ta 3HU3UTH COOIBApTICTh BUTOTOBJICHHS JieTallel
npuiaaiB. CTBOpeHHs Ha 0a3l bOro O0OJIalHAHHS aBTOMATH30BAaHMX BUPOOHHUIITB
CTaBUTH 33/1a4y KOHTPOJIIO Ta KEPYyBaHHS MPOIIECOM OOPOOKH B yMOBaX «O€3JTH0HOT
TeXHOJOTiD» [1].

JlocnipkeHHsT Mpoliecy pi3aHHs Ha MIKPOCTPYKTYPHOMY PiBHI IOKa3ye, IO
IPOIIEC CTPYKKOYTBOPEHHS SIBJISIE COOOI0 B'sI3Ke PYHHYBaHHS, IOB’ I3aHE 3 SIBUIIEM
mwiactuyHoi  nedopmanii. Take pyiliHyBaHHA CYNPOBOKYETHCS — MEPEXOIOM
€JIEMEHTAapPHUX YacTOK 31 CTaHy 3 BEJIMKUM 3HAUYEHHSM €HEprii B CTaH 3 MEHIIUM
3HAYEHHSIM €HEprii, MpH I[bOMY BHUBUIBHAETHCS Ha MEPIIOMY €Tami B3a€MO3B’SI3KY
YacTUHA €Heprii y BUIUIAMl EJIEKTPUYHHX CHTHadIB. ToMy KOHTpOJb OOpOOKH
AeTaneil mpuiaaiB TMOBMHEH OyTH 3acHOBaHM Ha BHMIPIOBaHHI, MPUPOJHO
BUHUKAIOUUX IPU Pi3aHH1, 3MIHHOT CKJIa/I0BOT €JIEKTPOPYILIIHHOT CHIIM Ta MOTY>KHOCTI
pizanns [2].
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Po3pobiiena cuctema KOHTPOIO Ta KEPYBAHHS IPOIeCOM OOpOOKM 3acHOBaHa Ha
BUMIPIOBaHHI CHUTHAJIIB 3MIHHOI CKJIAJ0BOI1 E€JEKTPOPYIIIMHOI CHJIH, TMOTY>KHOCTI
pi3aHHA Ta MPYXHUX MEPEMIIIEHb TEXHOJIOTTYHOT 00pOOJISII040i CHCTEMH, BUALICHHS
3MIHHMX Ta TOCTIHHMX CKJIQJOBUX IIMX CHUTHAJIB, TpPU OMY IO TMOCTIHHUM
curHajgaM (OpMyIOTh Kepyroul KOMaHIW JJIsi 3MIHHM PEXUMIB 0OpOoOKH, a 3MIiHHI
NEePETBOPIOIOTH B B3a€EMO KOPEJALiHHI (yHKIIT, HaA OCHOBI AKX (POPMYIOTH KOMaHIU
JUI KepyBaHHS MPHUBOJAMM TexHoJoriunoro oOnamuanus [3]. Lle mo3BosuTh, 3
BUCOKUM CTYIIEHEM IIIBUJIKOJIIi, HA OCHOBI BUMIPIOBaHHS JEKUIBKOX IMapaMeTpiB, 3
HAWOUIBIIO TOYHICTIO, KOHTPOJIOBATH Mpolec OOpoOKM JeTajel mnpuiaiiB,
OLIIHIOBAaTH BIJXHWJIEHHS BiJ HOPMAJbHOTO (PYHKIIIOHYBaHHS IMPOLECY, a TAKOXK 3a
BU3HAYCHUMH BIIXWICHHSIMU (OpMyBaTH KOMAaHIM Jisi KEPYBaHHS DPEKUMaMHU
oOpoOKHM, HAmpUKIaJ, CTAaOLII3yBaTH BEJIMYMHY IIBUIKOCTI 3HOCY pI3aJbHOTO
IHCTPYMEHTY, IUIIXOM KEepPYBaHHS pexXruMaMu 00poOkw [4].

BnpoBamkeHHs CHCTEMH KOHTPOJIIO Ta KEPYBAHHS MPOIIECOM OOpPOOKH JeTaneit
npunagiB Ha Bepcratax 3 UIIK B yMoBax aBTOMaTH30BaHOTO BHUPOOHMIITBA
JIO3BOJINTh 3 BHCOKOIO TOYHICTIO, INBUIKOAIEKD Ta HAAIHHICTIO, Ha OCHOBI
BUMIPIOBaHHS JIEKIJILKOX MapaMeTpiB, OTPUMATH TOYHY 1H(POpPMAIliI0 PO BEIUUUHY
IIBUJIKOCTI 3HOCY PI3aJIbHOTO 1HCTPYMEHTY, IO J1aCTh MOXJIMBICTh B MOBHIA Mipi
BUKOPHCTOBYBATH PECYpPC Pi3aIbHOTO IHCTPYMEHTY, a TaKOXK MiJBUIIUTH TOYHICTh
00pOOKHM Ta SIKICTh MOBEPXHI JETal, 3HU3UTU COOIBAPTICTh BUTOTOBJICHHS JeTajeH, a
TaKOX ITiIBUIITUTH MPOTYKTUBHICTh BUTOTOBJICHHS JeTalIei MPUIaliB.

Knrouosi cnosa. aBromaTn3oBaHe BUPOOHHUIITBO, KOHTPOJb, KEPYBAHHS, TOYHICTh

00poOKH, SIKICTh OBEPXHI JIeTal, MPOJYKTHUBHICTh, COO1BApPTICTb.
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OIITUMIBALILA PEXKMMIB POBOTU TOKAPHOI'O BEPCTATA 3
TIMHAEJIEM HA I'TIPOCTATHUYHUX OITOPAX LA ITIABUILIEHHA
EHEPI'OE®EKTHUBHOCTI

YCanon C. 11., YKocmau O. 11., 2)l[e1<06 b. B.
b Hayionanvnuii ynisepcumem «Uepniciscoka nonimexunika» , Yepuicie, Yxpaina
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[ligBuieHHs eHeproeeKTUBHOCTI Ta MPOAYKTUBHOCTI MPOIECIB MEXaHIYHOI
00poOKM Oe3mocepeHhO TOB’ s3aHe 31 30€peKEHHSIM HABKOJIMIIIHHOTO CEpeoBHUIIA
Ta CKOPOYCHHSM CIIO)KMBAHHS CHEPTETUYHUX PECYPCIB 1 € aKTYyaJIbHOO MPOOIEMOIO B
YMOBAaX Cy4acHOI €HepreTUYHOI MOJIITUKH y CBITI Ta YKpaiHi.

3a OCHOBY JJIs1 JTaHOi POOOTH B3STO PE3YJIBTATH EKCIIEPUMEHTATIBHUX JOCIiIKEHb
[1] BrumBY pexuMiB OOpOOKM Ta THUCKY B TiIPOCTATHYHHX OIOpaxX HIMAHICIS
MPEIU3IMHOTO0 TOKApPHOTO BEpCTaTa Ha HOTO TMOKAa3HUKH eHeproedeKTUBHOCTI. B
SKOCTI TIapamMeTpy ONTUMI3AIlii B3ATO CIIOXHBAHHS €HEPrii CHUCTeMaMHu MPHUBOJIB
BEPCTAaTa, 110 BIAMOBITHO XapaKTEepU3y€e HOro eHeproeeKTUBHICTh. [ BUpIIEHHS
3aja4 ONTHMMi3alii Oyjga BHKOpPUCTaHAa po3pobieHa B poOoTi [2] MareMaTudHa
MOJIETIb, sIKa OMHCYE €HEpreTHYHE CIOKMBAaHHS MPHUBOJY TOJOBHOTO PyXy BepcTara
3QJIEKHO BiJ PEKHUMIB O0OpOOKHM, CTaTMYHOrO JucOanaHcy OOEpTOBUX €JIEMEHTIB
IIMTUHJEIBHOTO BY3Jia Ta TUCKY POOO0YOT PiIHU B TIAPOCTATUYHHUX OTIOpaX IIMUAHICIIS

(puc.l).

Puc. 1. Ctpykrypa onTumizarlii mporecy MeXaHi4HOi 0OpoOKHM Ha BepcTaTi 3 TiAPOCTATUYHHUMH
onopamMu MIMUHACIIA

OcCHOBHMIA 1HCTPYMEHT, SKAW BUKOPUCTAHO MpPH ONTHUMI3AIll — MOOyA0Ba
npodiniB 6axxanocti (Desirability Profiles).

byno mnpoBeneHO MOpIBHSHHS OTPUMAHUX ONTUMAIBHUX PEXKUMIB OOpOOKH
3pa3KiB-BUPOOIB 3 3HAYCHHSIMHU CEPEHBhOI E Ta MaKCUMadbHOI Ema CIIOKUBAHO1
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€JIGKTPUYHOI €Heprii MPUBOAY TOJOBHOTO PyXy BepcTara, Ky 3a(ikcoBaHO NpuU
BUKOHAHHI BCiX JOCHIIB 3T1HO IIAHY €KCIIEPUMEHTY.
[TopiBHSHHS  MPOBOAMJIOCS  BIJHOCHO  CEPEAHIX 3HAYCHb  CIIOYKHUBAaHHS

€JEKTPUYHOI €HEeprii Mpu XOJOCTHUX XoJaXx FEx Ta Tpu pi3aHHl JJIs  BCIX
JOCTIDKYBAaHUX PEKUMIB 00pOOKH E'rez, a TAKOK BITHOCHO MAaKCHMaJbHUX 3HAYCHb

Exc(mag Ta Erez(ma) , AKi OYJIO OTPUMAHO MIPOTITOM €KCIIEPUMEHTAIBHUX AOCIIIKEHb.
JlonaTKkoBe TIOPiBHSHHS MPOBOMIIOCS BITHOCHO CEPEIHIX Ta MAKCUMAJILHUX 3HAYCHb
00’ eMy 3pi3yBaHOI0 IIapy Ta OCHOBHOTO Yacy o0pooku 7.

[TopiBHSIHHS TMOKa3HHMKIB TPOJYKTHBHOCTI Mpolecy oOpoOKU 3pa3KiB-BHUPOOIB
MOKa3aJjo, 110 JIJIs BCiX ONTUMI30BaHUX PEKUMIB pizaHHs 00’ €M 3pi3zyBaHOTO mapy V

Martepiaay € MEHIIUM 3a BIAMOBIAHO cepemHe V Ta MaKCUMallbHE 3HAYCHHS Vi,
OTpUMaHIi B pe3yJbTaTi eKCIIEPUMEHTY.

BcranoBieno, 1o cepel OCHOBHHMX IIISXIB MiJBUIIEHHS €HEProeeKTUBHOCTI
MpoLecy MeXaHiuHOi 0OpOoOKH Ha TOKapHOMY BEpCTaTi 3 FAPOCTATUYHUMH OTIOPaMHU
MIMUHIES € MiHIMI3alig TUCKY B KapMaHaxX OMoOp, a TaKoX 30UIbLICHHS 00’ emy
3pi3yBaHOTO Iapy Marepiaiay 3a paxyHOK BHOOpPY KOMOIHAIli peXuMiB 0OpOOKH.
EdexTuBHUM crocoOOM MiABUIICHHS E€HEProe(eKTUBHOCTI MPOIECIB MEXaHIYHOT
00poOKku € miaBuIeHHS nofay. Lle cyTTeBo ckopouye ocHOBHMIA yac 00pooOku. [Ipote
BUKOPHCTAHHS TaKUX PEKUMIB MOXKIMBE y BUMAAKaX, KOJIH MapaMeTpy MIOPCTKOCTI
00p00IFOBaHOT MOBEPXHI HE HOCATH MPIOPUTETHOTO XapaKTepy.

3HIDKEHHS THCKY B KapMaHax TiJpOCTaTHYHOI OMOPH IIMUHIEIS 0e3MOCepeTHBO
BIUIMBAE HA XKOPCTKICTh TEXHOJIOTTYHOT 0OpOOIIIOBAIbHOI CUCTEMH 1 TAKOXK MOKIIUBE
3a YMOB YOPHOBOi 0OpOOKH, KOJIM MapaMeTpu SIKOCTI 00poO0IeHOT MOBEPXHI MAIOTh
ApyTopsiiHUi xapakTep. B poboTi moka3aHo, 10 MOKJIMBICTh BapilOBaHHS BEIMYMHU
TUCKY B TIAPOCTATUYHUX OMOpax IIMUHACNA € e()EKTHBHUM ILISXOM IiBUIICHHS
eHeproe(ekTUBHOCTI BepcTaTiB. [Ipyn MiHIMAIBHUX 3YCHIUISX Pi3aHHS HA YHCTOBUX
nepexoiax oOpoOKHU BiAMOBIIHO 3MEHILIYETHCS €HEPrOCMOKUBAHHSA CUCTEM MPUBO/IIB
rOJIOBHOTO pyXy Ta MOjAad BepcTaTa. B TakoMy BHMMAAKy IMiJBULICHHS THUCKY B
TIPOCTaTUYHUX OMNOpax INMUHJAENA He OyAe CYTTEBO TMOTIPIIYBAaTH MOKA3HUKH
eHeproe(eKTUBHOCTI BEpCTaTa.

B pesymbrari mpoBeneHUX JOCTIIKEHb IMOKA3aHO, IO 3aJICKHO B BUIY
O00OpOoOKHM, BEIMYMHH Ta XapaKTepy TEXHOJOTIYHMX HABAHTAKEHb MOXYTh OyTH
BUKOPHUCTaH1 PEKUMHU PI3aHHS Ta €KCIUTyaTalllifHl mapaMeTpH TiApOCTaTHYHUX OIOP
IIMUH/IEIS, ONTUMI30BaH1 32 TOKa3HUKAMU €HeproeeKTUBHOCTI Ta MPOAYKTHUBHOCTI.
[le mo3BOIISIE 3MEHITUTH €HEPTOCIIOKMBAHHS CHUCTEM MPUBOJIB BepcTaTa MpH Pi3HUX
cxemax ontumizamii Ha 25...40% Ta MOIABUINUTH NPOAYKTHUBHICTH OOPOOKH B

cepeanromy Ha 35...45 %.
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One of the requirements for modern industrial production is the ability to obtain
comprehensive information about the operation of technological equipment. In
particular, this applies to automatic technological equipment, which alows the
creation of automated production, for example, using intelligent systems[1, 2]. Thus,
afull-fledged monitoring of the state of the equipment is possible only on the basis of
the analysis of current dynamic signals, which characterize the complex of physical
phenomena and processes on alarge scale [3, 4].

The author's studies of dynamic processes, which are characteristic of precision
processing equipment, have shown that it is the interaction of field structures of
technological objects that gives an understanding of the degree and gradations of
possible mechanical stresses in the mass of an object based on the TONTOR
technology [3, 5, 6]. However, the physical processes that characterize the state of
operating equipment are not limited to mechanical phenomena only. As shown in the
author's works, electromagnetic and acoustic phenomena most subtly respond to
changesin state.

Such studies make it possible to determine with high accuracy the critica
situations of the technologica process, as well as predict their appearance in space-
time coordinates. There are aso known works on the study of temperature and
electrical phenomena that characterize the state of the control object in real time [7].
Such a multichannel system to study thermodynamic processes in complex control
objects with distributed parametersis used.

However, the consideration and use of only one informative parameter can
introduce errors in information about the current processes and the state of the object.
In this case, the best method is to organize a multi-channel module, which consists of
acomplex of sensors. These sensors to record technical parameters are designed.

It is this way of creating a complex of sensors that register signals that are
different in nature, which can provide a complex solution that is used by an
intelligent control system for automatic industrial production.

In contrast to the technical solution, which involves the use of a large number of
high-speed high-precision sensors located at various points object [7], we have
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proposed a single set of sensors. Such a complex can be built into a flexible
automated module, which isinstalled in the working area of technological equipment.

The principle of operation of such a multi-touch sensor’s complex is based on

determining the spatial coordinates of the object surface [8] with the possibility of
registering their changes in time to analyze the current situation in the equipment
operation regulations.

This approach of registration and processing of informative signalsis the basis for

the creation of expert systems for the management of automatic production.

Keywords: TONTOR technology, multi-touch sensor, sensor’s complex, quality

control, automated production.
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