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Ocobaugicmio CyyacHux SipHudUX MAWUH € HasIGHICNb CUHEPZEMUYHO MO8 S3AHUX MEXAHIYHUX, CUTOBUX, eleK-
MPOHHUX ™A THGOPMAYIIHUX KOMNOHEHM, WO 6KA3YE HA MeXampoHHicmb yux o00'ekmis. [Ipakmuuni 3a60anHs
KOHCMPYIOBAHHS, O0CTIONCEHHS. MEXAMPOHHUX CUCIEM, ONMUMI3ayii ix ckaady 6 obaracmi 8yeiibH020 MAUUHO0YOy-
BAHHS PO32NSAHYMI HEOOCMAMHbO I ROMPeOYIOMb NOOAILUIOZO GUEHEHHS.

o ocnoenux ocobnueocmeri KOMNIEKCI8 GiIOHOCAMbCS. 3POCMAHHS eHeP2OOCHAWEHOC NPU GiIOHOCHOMY 3MEH-
WeHHI 2abapumis, Wo BUHAYACMbCSL 3HUNCCHHSAM NOMYAICHOCMI GIONPAYbOBYBAHUX BY2LIbHUX NIACMIS, GUNAOKO-
BULL XAPAKMEP HABAHMAICEHb, WO 3MIHIOIOMbCS 8 UWUPOKOMY OlANd30Hi 8 OCHOGHUX NIOCUCMEMAX MAUUH, DYXJu-
8iCHb, HECMAYIOHAPHICTNG NOLONCEHHS MAUUH KOMIIEKCY, NPOCMOPO8A HEOOHOZHAUHICMb IXHbO2O 83AEMHO20 PO3-
MAULy8anisl, 0OMeNCeHa NOMYACHICIb UWLAXIMHUX MePENC eNeKMPONOCMAYanHts i 8i00aNeHICMb CIPYMONPULIMAYIE
npU3600UmMb 00 3HAYHUX MPaAm 0DePMAarOyux MOMEHMI8 NPUBoOd, icKpobesneyne BUKOHAHHS CUCTEM YRPAGILIHHS,
Wo cmeoproe 3HAUHI MpPYOHOW 8 3abe3neueHni HeoOXiOHOT weudkocmi nepedadi iHpopmayii; epeoHOMIYHI npodie-
MU, nOSI3aHi 3 0OMeNCeHUMU NCUXOPIZI0N02IUHUMU MOICTUBOCIIAMU TIHOOUHU-ONEPAMOpA Npu poOOmi 8 MOHKUX
NIACTAX, WO 8UMA2AE 3ACMOCYBAHHS, MAK 36AHUX MATOIIOOHUX MEXHOL02IL HA OCHOBI IHMEeNeKMYani3ayii MauiuH.

Busnaueno euou 36'13xi6 Midc KOMROHEHMAMU I 3aNPONOHOBAHA HA Wil 6aA3i YHKYIOHANLHO-CIMPYKMYPHA
cxema KoMnAeKcy sk mexamponnoi cucmemu. I oani — po3pooxa mooeneti KOJICHOI 3 KOMNOHEHM | (hOPMYBAHHS MO-
oelli MEXampoHHO20 azpe2amy 8 Yiiomy (3-3a 00Mmedceno2o obcszy 6 cmammi He Hagooumscs). Ilicas docniodicers
Mooenell BUKOHYEMbCSL KOHCMPYKMOPCbKA PO3POOKA OKPeMUX KOMNOHEHMIB I KOMIIEKCY 8 YLIOMY.

Kitro4oBi cioBa: MexaTpoHika, eHEPrOHACHYCHICTh, BUITAIKOBI HABAaHTA)KCHHS, HECTAIIOHAPHICTD IMOJIOKEHHS,
ickpoOe3neka , Oe3reka, napaienbHe NPOSKTYBaHHS .

OcobeHHOCmbIO COBPEMEHHBIX 20PHbIX MAUIUH SIG/IeMC s HAMUYUE CUHEePLeMUYECKU CA3AHHbIX MEXAHUYECKUX,
CUNOBBIX, DNEKIMPOHHBIX U UHDOPMAYUOHHBIX KOMIOHEHM, YMO YKA3bIGACM HA MeXAMPOHHOCHb IMUX 00beKmos.
Ipaxmuueckue 3a0ayu KOHCMPYUPOBAHUS, UCCIEO08AHUSL MEXAMPOHHBIX CUCTNEM, ONMUMU3AYUL UX COCMABA 8
o0bnacmu y2onbH020 MAWUHOCMPOCHUS. PACCMOMPEHbL HEOOCMAMOYHO U MPeOyiom OANbHEeUue20 U3YUEHU.

K ocHosHbIM 0COOEHHOCHAM KOMRAEKCO8 OMHOCAMCA: POCH IHEP2OBOOPYICEHHOCU NPU OMHOCUMETLHO
VMEHbUAIOWUXCS. 2a6apUmMax, 4mo onpeoeisiemcst CHUICEHUEM MOWHOCMU OMpPabamvléaeMblX Y2ONbHbIX NAACHO8,
CAVUATHBLIL XAPAKMeED USMEHSIOWUXCSL 8 WUPOKOM OUANA30HE HASPY30K 8 OCHOBHLIX NOOCUCIEMAX MAULUH, NOOGU-
JHCHOCTNb, HECIAYUOHAPHOCTIG NOJIONHCEHUS MAUUH KOMIIEKCA, NPOCMPAHCMEEHHAS HCOOHO3HAYHOCIb UX 63AUMHO-
20 PACNONOJICEHUS; 02PAHUNCHHASL MOWHOCIb WAXMHBIX Cemell IAeKMPOCHAONICEHUS U YOANEHHOCTb MOKONpUeM-
HUKO8 NPUBOOUM K 3HAYUMENIbHbIM NOMEPIM DAWAIOUUX MOMEHMOE NPUB0OA; UCKPODE30NACHOe UCHONHEHUE CUC-
mem ynpasieHus, umo co3odem cyuwjecmeennvle mpyoHoCmu 8 obecnedwenuy mpebyemMoi CKopocmu nepeoayu uH-
Gopmayuu; 3peoHoMunecKuUe NPOOIEMDbI, CEA3AHHBLE C OSPAHUYEHHBIMU NCUXOPUIUOTIOSUYECKUMU BOZMONCHOCAMU
yenoeeKa-onepamopa npu pabome Ha MOHKUX NIACMAX, YUMo mpebyem NPUMeHeHUs, MAaK HA3bl8AeMblX MAloNi00-
HbIX MEXHON02UL HA OCHO8E UHMELIeKMY ANU3AYUL MAULUH.

Onpeoenenvt 8U0bL C853€U MENCOY KOMNOHEHMAMU, NPEOIONCeHA Ha MOl Oase QYHKYUOHAIbHO-CIMPYKIMYPHAL
cxema KOMIAEKCa Kak Mexamponnou cucmemol. M danvuie — paspabomra mooenetl Kaxcoot u3 KOMROHEeHM U (hop-
MUPOBAHUE MOOENU MEXAMPOHHO20 azpecama 6 Yelom (U3-3a 0SPAHUYEHHO20 00beMa 6 Cmamve He NPUBOOUMCSL).
THocae uccredosanuii mooenetl 6blNOIHACMCS KOHCMPYKMOPCKAsL pa3padomra 0moeibHblX KOMNOHEHM U KOMNJIEK-
ca 8 yenom.

KiroueBsie ciioBa: MexaTpOHHKa, SHEPTOHACHIIIEHHOCTD, CTyYaiiHble HATPY3KH, HECTAIIMOHAPHOCTH MOJIOXKe-
HUSI, HCKPOOE30MacHOCTh, 6€30IaCHOCTb, MapajieIbHOE TIPOSKTHPOBAHHE.

Availability of synergistically connected mechanical, power, electronic, and data components is the feature of
modern mining equipment. That points to the objects mechatronic nature. Practical tasks of mechatronic systems
design and study as well as their part optimization in the field of coal machine-building are unconsidered calling for
Sfurther research.

Basic features of the sets are: Increase in power supply capacity at relative scaling-down of overall dimen-
sions which is determined with the help of mined coal layers thickness; Random nature of varying over a wide range
loads within basic subsystems of the equipment; Movability and instability of the set machines, and spatial indirect-
ness of their relative position; Restricted power of mine electric supply networks and farness of loads result in
considerable losses of a drive torque; Intrinsically safe control systems which couses great problems in providing
correct speed of data transfer; Ergonomic problems depending on limitations of psychophysiologic capabilities of
human operator while working with low layers; that involves application of so-called limited manning on the basis
of equipment intellectualization.

The paper identifies relation types between components; functional and structural chart of the set as mecha-
tronic system is proposed. Then — each component model development and formation of mechatronic aggregate
in whole (the paper can not concerns it due to circumscript size). After models have been studied, engineering
development of separate components and a set in whole takes place.

Key-words: mechatronics, power density, random loads, instability of position, intrinsic safety, safety,
concurrent engineering.
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Eneprermnxa, KOHTPOJE Ta AiarHOCTHKA

06’ekTiB HadTOraz’0BOI'O KOMIIJIEKCY

Ilpobnema u ee ceéa3b ¢ HAYyUHBIMU U NPAK-
muueckumu 3a0auamu. 3a 1MocieTHUE roJbl B MH-
POBOM M OT€UECTBEHHOM YTI'OJBHOM MAaITUHOCTPO-
CHMM TMPOU30ILIN KOPECHHBIC U3MCHEHHMS, Pe3yJib-
TaTOM KOTOPBIX CTaJ0 CYIIECTBEHHOE IOBBIIICHUE
TEXHUKO-DKOHOMHYECKMX ITOKa3aTeled JOOBIM
yrias. Tak, cpenHecyTouHas 100bIda U3 OYHCTHOIO
3a00s1 mocruraer 15-20 Thic. TOHH yris. Baxkwno
OTMETHTb, YTO CYIIIECTBEHHOE MOBBINICHHE 3P Pek-
TUBHOCTH JOCTUTHYTO 0€3 NPHUHIMIHAIBHBIX W3-
MEHEHMI TEXHOJIOTUH MMOA3EMHON 100bYH. B cB-
34 C OTMM BO3HHMKAET HACTOSTEILHAs HEOO0XOmu-
MOCTh TEOPETHYECKOTr0 OCMBICIICHHMS M aHau3a
M3MEHEHHUH, MPOMCXOISAIINX B KOHCTPYKIMSIX H
MPUHIMIIAX TMPOSKTUPOBAHUS W  DKCIUTyaTalluu
YI1e100bIBAIOIIMX MAaIllKH.

Ananuz nyéauxkayuii. OCHOBHON OTIHYNTE-
JBHOM 0COOCHHOCTHIO MAIIIMH COBPEMEHHBIX OYHC-
THBIX MEXaHWU3UPOBAHHBIX KOMILUICKCOB SIBIISCTCS
HAJIM4YHe CHHEPreTHYeCKU CBS3aHHBIX MEXaHHYeC-
KHX, CHJIOBBIX (DJCKTPOTEXHHUYECKHX, THPABIHU-
YECKUX U Jp.), DICKTPOHHBIX (MHUKPOIIPOIIECCOPHI,
npeoOpazoBaTeind 4acTOThl) W HH()OPMAIMOHHBIX
(maTuuku, TporpaMMHOE OOECIeueHHE) KOMIIO-
HEHT, 4TO yKa3blBaeT HAa MEXaTPOHHOCTh 3THUX 00-
beKTOB [1,2]. B TexHWUECKOM IUTEpaType 1Mo Me-
xaTpoHuKe [3] ¥ Jp. B OCHOBHOM paccMaTpHUBaIOT-
Csl  BaKHBIC BOIMPOCHI ONPEAEICHUH, TEPMHHOIIO-
rud, Knaccudukanuu U T.. B Toxe Bpems mpax-
THYECKUE 3a/1a4d KOHCTPYUPOBAaHHS, HCCIIEIOBa-
HUS MEXaTPOHHBIX CUCTEM, ONTHMHU3AI[UH HX COC-
TaBa B TECHOH CBSI3U C TPOHM3BOACTBOM M IKCILTY-
aTalued paccMOTpeHbl HenoctaToyHo. OcobeHHO
3TO OIIYIIAeTCsA B TakoW crenuduueckori odmactu
MaIIHHOCTPOCHHUSI, KaK yrOJbHOE.

KonmenTyansHble BOMPOCH MPOSKTHPOBAHUS
W OKCIUTyaTallud OYHMCTHBIX MEXaHHU3UPOBAHHBIX
KOMITJICKCOB KaK CHHEPTreTHYECKH CBSI3aHHBIX Me-
KTy co0Oil MEXaTpOHHBIX MAIIMH B HACTOAIIEE
BpeMsi paszpaboTaHbl HEAOCTATOYHO H TpPeOyroT
JanbHEUIIEro n3y4eHusl.

Ilocmanoexa 3adauu. envio paboThl sBIsie-
TCS aHal M3 OCOOCHHOCTEH OUYMCTHBIX MEXaHM3HU-
POBAaHHBIX KOMILUIEKCOB C TOYKH 3PEHMSI BO3MOXK-
HOCTH WX TpaHC(OpMAIMH B MEXaTPOHHBIE CHCTe-
MBI ¥ pa3paboTka OOUIMX MOJIOKEHUH 110 UCTIOJb-
30BaHUIO MPUHIUIIOB CUHEPTETUKH U MEXaTPOHHU-
KM TIpH TPOEKTUPOBAHWUU KOMIIJIEKCA MHOTOIPHU-
BOJIHBIX MAIIVH JUTS TOA3EMHON JOOBIYHU YTJISL.

H3znoxcenue mamepuana u pe3yibmamol.
IIpy cozpaHuy COBPEMEHHBIX MEXATPOHHBIX T'Op-
HbBIX MalIWH C BBICOKMMH q)yHKHI/IOHaHLHO-Hapa-
METPUYCCKHUMH XapaKTePUCTUKAMK pa3pabOoTIYMKH
CTONIKHYJIUCh C HEOOXOJMMOCTBIO YYHTHIBATh DS
cnenuduueckux OCOOEHHOCTeH | TpeOOBaHUH,
KOTOpbIE, KaK MPaBHJIO, HE XapaKTePHBI UL TEX
oTpaciieii MallMHOCTPOSHHS, TJe MEXaTPOHHBIH
moaxod K IMPOCKTUPOBAHUIO ABJIACTCA YKE Tpaau-
IUOHHBIM (HampuMmep, poOOTOTEXHHKA, aBHa-KOC-
MHYECKasd OTpacCiib, TOYHAasA KOMIIBIOTCpHAsA MEXa-
HUKa, TpUOOpocTpoeHue U 1.1.). BozHukaer HeoO-
XOJMMOCTh 00O0OIIEHHUS STUX TPEOOBAHUI C LIETBIO
HUX KOMIUICKCHOI'O Y4€Ta IIpH IIPOCKTUPOBAHHUMU.

OCHOBHBIE OCOOCHHOCTH OYHCTHBIX MEXaHU3UPO-
BaHHBIX KOMILUICKCOB, OKa3bIBAIOIIME BIMSHHE Ha
BO3MOXXHOCTBh WX TpaHCc(opMalliy B MEXaTPOHHEIC
CHCTEMBI, IPHBEACHBI HUKE.

1) IlocTOSHHBIN POCT YHEPTOBOOPYKEHHOCTU
W pacIIupsIonieecs: NCIONb30BaHUE PEryINpyeMo-
ro MpHUBOAA TIPU HEU3MEHHBIX TrabapuTax, 4YTO
OIpeIeNsieTCs TOPHO-TEOJIOTHYECKHUMHU YCITOBUSIMH
0TpabaThIBACGMBIX YTOJbHBIX TUIACTOB. Tak, BepTH-
KaJIbHBIA TabapyT 10 KOPIYyCY KOMOalHOB A pa-
3pabOTKH MJIACTOB MOIIHOCTBIO 710 2 M (Xapakrep-
Hoit 1 Ykpaunckoro Jlonbacca) tuna YK/I400 u
YKJ1200-250 cocraBnsger 400 MM, a 1 KomOaii-
HoB THa KJIK500 — 500 MM. YuuThIBast TONIIHHBI
CTEHOK KOPIYCOB, HEOOXOJMUMBIE 3a30pbl U KOHC-
TPYKTHBHBIE OCOOEHHOCTH, THAMETPhl 3y0daThIx
KoJleC, TUIAaHETApHBIX Tepeiad B 3TUX YCIOBHUSX HE
npebimaoT 310 u 410 mm coorBercTBeHHO. [1pu-
BOJI COBPEMEHHBIX TOPHBIX MAlIWH, KaK MPaBUIIO,
SIBIISIETCS MHOT'OJIBUTATEIBHBIM (JI0 TSATH M Ooliee
ANIEKTPOJIBUTATENEH, B TOM YUCIIE MHOT'OCKOPOCT-
HBIX H PEryIUpPYEMBIX), YTO TpeOyer pa3paOdoTKH
CIIEUANILHBIX aJTOPUTMOB YIIPABJICHUS I 00ec-
MEUEHHs UX COTIIACOBAHHOW paboThI, BKIIOYAs TO-
CIIC/IOBATENBHOCTH WX 3aITycKa, KOHTPOJISL M pery-
JIMPOBAHUSI CKOPOCTH BPAILICHUS 1 PSKHUMOB paOOTHL.

Hanpumep, mo HacTosiiiero BpeMeHH B Yro-
JILHOW MPOMBIIUICHHOCTH Y KpauHbl Hauboliee pa-
CIIPOCTPAaHEHHBIMHU SIBIISIIOTCA pa3paboTaHHbBIE 0O0-
mee 25 ner Hazaz OYHMCTHBIC KOMOAWHbI, OCHAIIIECH-
HbIE OJHUM DJIEKTPOABHUTraTeIeM HOMHUHAIBHOM
mortrHocTeio 200 kBT. B mocnengaue roner cosna-
HbI ouncTHBIe koMOaitHel KJIKS00 ans paGotel B
TEX K€ YCIOBHSIX, UMEIOIME 5 AIEKTPOABUIaTENeH
o01Iell HOMMHAILEHOH MOIIHOCTEIO 0K010 600 kBT,
B TOM YHCJIE J[BA DJIEKTPOJABUTATENS TMPUBOJA pPe-
3anug (1o 250 kBT), ABa 4acTOTHO-pETyIUpyeEMBIX
3MeKTpOABHUTATENS TpUBoa ofauu (mo 45 kBT), u
ANIEKTPOJIBUTATENh TPHUBO/IA HACOCA THUIPOCUCTE-
Mbl (7,5kBt1). B cBsi3u ¢ pa3paboOTKOM MOIIHBIX
B3pBIBOOE30MACHBIX YACTOTHBIX Mpeodpa3oBaTene
CTaHOBHTCS peajibHOM 3aj7]aua CO3JJaHHUs OYMCTHBIX
KOMOANHOB C peryJmpyeMbiM MPUBOJOM HE TOJb-
KO MeXaHW3Ma MepeMEeIeHHUsI, HO ¥ Pe3aHusl.

AnanornyHas KapTHHA XapakTepHa W IS
npuBosia 3a00WHBIX CKPeOKOBBIX KOHBeiepoB. Jlo
HEJIaBHETO BPEMEHHU 3a00HHBIE CKPEOKOBBIC KOH-
Beliepbl OTEUECTBEHHOTO MPOM3BOACTBA OCHAIIIA-
JIUCh, KaK MPaBHJIO, IByMsl TIPUBOAHBIMH OJIOKaMH
obmeit mMomuocthio g0 320 kBr. 3a mocnennme
HECKOJIBKO JIET OCBOCHBI B NPOM3BOJICTBE YHEPro-
BoopyxeHHble (400-700 kBT) ckpeOKOBBIE KOH-
Beriepsl Tumnaxkaoro psaa KC/I, umeromux ot 2 1o
4 NIBYXCKOPOCTHBIX JIEKTPOABHUTATENIEH MOITHOC-
110 g0 115/350kBT xaxaeiii. B 3apyOexHoi
MPaKTUKE, B YACTHOCTH Ha MaxTax [ 'epMaHuu, JUIst
MOIIHBIX CKPEeOKOBBIX 3a0OHHBIX KOHBEHEpOB
INIUPOKO TPUMEHSIOTCS YaCTOTHO-PErylupyeMble
AJIEKTPONPUBOJIBI.

TeHaeHIIUST POCTa DHEPrOOCHAIICHHOCTH Xa-
paKTepHa ¥ AJIs1 MEXaHU3UPOBAaHHBIX Kpenel. Tak,
pabouee naBlicHWE THUAPOCHCTEMBI KpermH 3a TO-
cneqaue roabl Beipociio ot 20 MIla no 40 Mlla, a
BEJIMYMHA 1oAY HACOCHOU craHimmu — oT 100 1o
200 1/MUH Ha OIWMH HACOCHBIN arperaT ¢ BO3MOXK-
HOCTBIO BKJIFOUCHHSI HECKONBKMUX arperatop Ha
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napaieNibHylo padbory. MoXXKHO MpPOTHO3HPOBAThH
MOSIBJIEHHE HACOCHBIX CTaHIMKA C YaCTOTHO-pEry-
JUPYEMBIM TPHUBOIOM.

Crnenyer OTMETHTh, YTO HCIIONB30BaHUE pe-
TYJIMPYEMOTro MHOT'OJBUTATEIHHOIO MPHUBOJA SB-
JisieTcs, Ha Hall B3I/, KayeCTBEHHBIM IIaroM Ha
MyTH OT HEMaXaTPOHHBIX K MEXaTPOHHBIM FOPHBIM
MalIHaM.

2) CiydaiiHpIi XapakTep H3MEHSIOMUXCS B
INIUPOKOM [THAIa30He M ONpenessieMbIX (PH3HUKO-
MEXaHUYECKHMMH CBOMCTBaMH pa3pyllIaeMbIX IIO-
pPOI HArpy30K B OCHOBHBIX MOJCHCTEMax MalllfH.
Oto TpebyeT OOMBIINX MEePErpy30YHBIX CIIOCOOHO-
CTel PHUBOIOB M 3HAYUTEIHHBIX 3a11acOB MIPOYHO-
CTH, YTO BeCchbMa MPOOJIEMAaTHYHO B CTECHEHHBIX
YCTIOBUSX TUIACTOB Maliodl MomlHOCTH. [IpoGrema
ycyryonsercss  (OPMHUPOBAHHEM  3HAYUTEIbHBIX
TUHAMHYECKHX HAarpy30K Ha MAalluHBI (B TOM YHC-
Jie BBICOKHE 3KCTPEHHBIE HATPY3KH B MEPEXOIHBIX
peXMMax), KOTOpbIE HApsLy CO CcrennGuIecKuMH
YCTIOBUSIMU pabOThI ONMPEENSIOTCS HEBO3MOXKHOC-
TBIO IPAUMEHSTH OOIICTTPUHATHIE METO/IBI TTPH TIPO-
eKTUPOBaHUU pAna y37moB. OTMEUeHHbIE POTHUBO-
pedrisi MOTYT OBITh PElIEHBI 32 CHET MPUMEHCHUS
OBICTPOICHCTBYIONIEIO PETYIHPYEMOTO MIPUBOAA
WHTEIVICKTYaIbHBIX KOMIIOHEHT — COBMECTHO CHHU-
KAIOMMX JWHAMHYECKHE HAarpy3KH U OCYILECTB-
JSAIOUIMX 3alIUTHOE OTKIIOYEHHE B aBapHIHBIX
CUTYaIUsX.

3) ITlomBWXHOCTH, HECTAIMOHAPHOCTH IOJIO-
KEHHSI BCEX MAIllMH OYHCTHOIO MEeXaHW3MpPOBAH-
HOT'O KOMIUIEKCa, MPOCTPaHCTBEHHAs! HEOTHO3HAY-
HOCTh B3aUMHOT'O PAacCIONIOXKEHUsT KomOaiiHa, 3a-
00IfHOTO KOHBelepa U CeKIMi MEXaHU3UPOBAHHON
Kpenu, uMeroasi B 3HAYUTENbHOI CTEleHu Ciy-
YalHBIA XapaKTep, CO3Jal0T OONBIIHE TPYIHOCTH B
YacTU CO3JIaHMsI KOMIUIEKCOB, PaOOTAlOINX B aB-
TOMAaTUYECKOM pPEXHUME, T.€. PEATHU3YIONUINX HJEI0
MaJIOFOIHBIX TEXHOJOTUH no0bIYM yriis. Perienue
MPOOIEMBI JISKUT B IJIOCKOCTH OCHAICHUS 3a00¥-
HBIX MaIlMH WMHTEUIEKTyaJbHBIMA CEHCOpaMH,
UACHTHQHUIUPYIOMUMHA WX B3aUMHOE TOJOKCHHE
Y TIOJI0’)KEHHE OTHOCUTENHHO BMEIIAONINX MOPO/I,
CHEeHUaTbHBIM KOMIIBIOTEPHBIMU CHUCTEMaMU U
MporpaMMHBIM o0ecrieueHneM. B 3ToM cmbicie
OUMCTHOM MEXAHU3UPOBAHHBIM KOMIUIEKC IPHH-
MUNHAAIBHO OTJIIMYAETCSI OT POOOTOTEXHUYECKUX
KOMIUIEKCOB, HCIOJb3yeMbIX B MAaIIHHOCTPOUTE-
JIBHBIX TEXHOJIOTHUAX.

4) Tsokenslid pexkUM paOOTHl MalllMH, Xapak-
TEPU3YIOLIUICS BBICOKOM OTHOCUTEIBHOM MpPOAO-
JOKMTEIBHOCThIO BKIIOUeHUs [IB mpu OosbiiioMm
YHCclie MyCKOB M PEBEPCOB U MPHU CTOXAaCTHYECKOM
xapakrepe Harpyxenus. Tak, IIB snektponsura-
TeNell OYMCTHBIX KOMOAHHOB B COBPEMEHHBIX BBI-
COKOHArpy»KEHHBIX J1aBax npuomwkaercs k 70%, B
TO BpeMs Kak 15-20 mer Hazaa He npesbiman 30%.
D10 00yCIOBIMBAaET HEOOXOIUMOCTh OTBOJA 3HA-
YUTEIHHOI'0 KOJIMYECTBA TeIJjia OT 3JIEMEHTOB MpHU-
BO/Ia (HE TOJIBKO BJIEKTPOABHUTATENEH, HO U PEAyK-
TopoB). BcenenctBue 3Toro Bo3HHMKaeT mpobliiema
MOJBOJA OOJIBIIOTO KOJMMYECTBAa BOJBI K TOJBIIK-
HOM MalllMHE M CYIIECTBEHHO YCIOXHSETCS KOHC-
TPYKIHS Y3JI0B U3-32 HEOOXOJIMMOCTH YCTPOWCTBA
CTIEUANILHBIX OXJIQJUTENEH ¢ OONBIIMM PacXoIoM
oXJIaXKAaromel Jkuakoctd. Hampumep, i Kom-

6aiina KIK500 obmuii pacxom BOJIbI C y4ETOM €ro
MPOU3BOAMTENBHOCTH cocTaBisier 350 Ji/MUH., B
T.9. g oxnaxaenus 80 ji/munH. Kpome Toro, yc-
JIOXKHSETCS CHCTEMA YIPABIICHUsI, KOTOPAst TOJDKHA
BBITIOJTHATh (DYHKIIMA KOHTPOJSI YUCTOTHI, TEMIIe-
paTyphl, JaBIICHHS U PAcXo/ia OXJIAXJAIOIICH K-
JIKOCTH.

B cBA3M ¢ 3THM aKTyalbHOW CTAaHOBHUTCS IIPO-
OneMa CHYIKEHHSI TEIUIOBBIICIECHUS, KOTOpast JI0j1-
KHa pEIIaThcs 33 CUET HOBBIX KOHCTPYKTHBHBIX
peleHni, TIpUMEHEHHsT HOBBIX MaTEpPHAaJIOB, CyIIle-
CTBEHHOT'O TIOBBIIICHHUST TEXHOJIOTUYECKOTO YPOBHS
Mpou3BOJCTBA. Hampumep, MIHPOKO HCIOIb3Ye-
MbIC B HACTOSIIEE BPEMsI 3JICKTPOJBUTATEIH HMe-
10T K.11.14. MeHee 0,9, B Toxe BpeMs DJICKTPUICCKIE
MAaIIWHBl UMIIOPTHOTO MPOU3BOJICTBA HMEIOT K.IT.JI.
6omee 0,95, u, cieqoBaTENLHO, 3HAYUTENLHO Me-
HblMe ToTepH. [loBbIIEHUE K.II.J. aKTyalbHO H
JUISL IPYTHX TEIJIOBBIIENSIONINX Y3JI0B, HAIIPUMED,
PEILYyKTOPOB.

5) OrpanudeHHass MOIIHOCTh IMIAXTHBIX CETeH
ANEKTPOCHAOKEHHS, TIOJBHKHOCTh U Y/IaJIeHHOCTD
TOKONPUEMHUKOB TPHUBOJAUT K CYIIECTBEHHBIM
TPYAHOCTSIM TIPH 3aITyCKe MAIllMH ¥ 3HAYATEITbHBIM
MOTEPSM KPYTSIINX MOMEHTOB IPHUBOJIA TIPU pado-
T€ B YCTAHOBHBIIHMXCS PEKHUMaX, YTO HAIMPSIMYIO
CBSI3aHO C Mpou3BoaUTeNbHOCTHIO [4]. JlocTaTou-
HO CKa3aTh, 4YTO MOIIHOCTh TpaHc(HOpMaTOPHBIX
nojacTannui 3a nociueaaue 30 JeT yBeTUdImiIach ¢
400-630 kBA mo 1200 — 1600 kBA. JlanmpHelmii
pOCT €IMHUYHOW MOIIHOCTH TOJICTAaHIIMH OrpaHu-
YeH MX BIHCHIBAEMOCTHIO B TOPHBIC BBIPAOOTKH.

OTMeTHM TakXke, YTO 3a ITO K€ BpeMs ceue-
HUE CHUJIOBBIX JKWJI MUTAIONINX Kabeneil Bo3pociio ¢
35 10 95MM° Ha oxHy a3y, M JanbHeHmM pocT
3aTpPyIHEH BCIICACTBUE HEBO3MOXKHOCTH oOecrie-
YUTh HEOOXOMUMEBIE PAINYChl H3rHOOB MPHU padoTe
B KabeneykiaqunKax Ha TUIAcTax Majod MOIIHOC-
TH. Ota mpobieMa MOXKET ObITh pellieHa 3a cHeT
MPUMEHEHUS! BBICOKUX MUTAIONINX HAINPSDKEHUH,
4TO BECbMa CJIOKHO B CTECHEHHBIX INAXTHBIX
YCIOBHSIX CO CHEIU(pUIECKON B3PBIBOONACHOMH
Cpenon, 3a CUeT NPUMEHEHHUS PErYIUPYEMOrO
MPHUBO/IA, a TAKKE CIEIUAIBHBIX aJrOPUTMOB
YIIpaBJICHUS] MalllMHaMHU KoMIUlekca. B mupoBoii
MPAKTUKE UMEETCS OMBIT pabOThl OUYMCTHBIX MeXa-
HU3UPOBAHHBIX KOMIUIEKCOB TIPH HAIPSDKEHUSX
mutanus 3300B u Gornee, HO TOIBKO B ILIACTax
cpeaHeill MOIIHOCTH U BBIIE.

6) CucteMbl yrnpaBiieHHsI TOPHBIMH MallllHa-
MU, KaK MPaBWIIO, SBIISIOTCS pacIpeaciIeHHbIMH,
YTO B YCIOBHUSX pacTylmmx 00beMoB HH(OpMAIIHH,
HUPKYJIUPYIOIEH MEXKIYy NMYHKTAMH YIpPaBIICHUS,
CO3/aCT CYIECTBEHHBIC TPYJIHOCTH B 00ECIICU CHHH
TpeOyeMOl CKOpOCTH Tepenayr WHQOopMaIuH, a,
CIIEIOBATENBHO, pealn3alii ONTHMAIBHBIX allro-
PUTMOB YIpaBJICHUS MPH CYNISCTBYIONIMX JIMHHUIX
cBs3u. [Ipobiema ycyryoOunsercss HEOOXOJUMOCThIO
HCKPOOE30IacHOT0 UCIIONIHEHHUS CHUCTEM, TPU OT-
HOCUTEIBHO OOJIBIION MOIIHOCTH IOTPEOIIIeMOit
WH(POPMAITMOHHON KOMIIOHEHTOW W OTCYTCTBHEM
HaJKHOr0 (DU3MUECKOro KaHayia CBsI3M (IIPOBOJI-
HOT'O, OIITUYECKOr0 U T.I1.), PabOTAIOIIETO B YCIIO-
BUSIX OOJNBIINX MEXaHWYECKUX HATPY30K H 3HAYH-
TENBHBIX DIJIEKTPUYECKUX H DJIEKTPOMAarHUTHBIX
oMex.
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OtMeruM, 4TO JUIsi KOMOAWHOB MPEIBIIYIINX
TOKOJICHUI OCHOBHAs 3ajiaya YIpPaBJIEHHS CBOAU-
J1ach K MPSIMOMY ITYCKY ACHHXPOHHOTO 3JIEKTPOJI-
BUTaTelNsl ¢ 0OeCIedYeHHEM MHHAMAIBHOTO KOJH-
YecTBa TPAJAUIIMOHHBIX 3alUT (TEIJIOBast, OT TOKOB
KOPOTKOTO 3aMbIKaHWs M T.I1.), U Jajiblie padoTa
MalIMHBl  ONpeNersiach  (GYHKIIMOHUPOBAHUEM
MEXaHUYECKOW M THIPaBINYECKOM KOMIIOHEHT. B
TOXE BpeMs yIpaBJicHUe KOMOaifHaMi HOBOTO I10-
KOJIGHHS TpeOyeT NMpUMEHEHUs CIeHalbHbIX Yac-
TOTHBIX MIpeoOpa3oBareneil, MHUKPOIPOLIECCOPHBIX
CHCTEM YIpPAaBJIEHHS WU JAUATHOCTHKH, YCTPOICTB
TOYHOW THJIPABIMKH, KOTOPBIE B COUETAHUH C Me-
XaHUYECKOM KOMIIOHCHTOM, OCHAIICHHON HHTEII-
JIEKTYyallbHBIMH CEHCOpPaMH, (YHKIHOHUPYIOT B
COOTBETCTBHU C 3aJIAHHOW Tporpammoi, obecre-
YrBasi CHHEPreTHYecKoe EIMHCTBO B paboTe yka-
3aHHBIX KOMIIOHEHT.

7) lllupokoe nmpuMeHEHHE B MaIllHAX OYUCT-
HOTO MEXaHM3MPOBAHHOTO KOMIUIEKCA THAPaBIIH-
YECKUX CHCTEM, paboTalolMX B Ype3BbIUAHO 3a-
TPSA3HEHHBIX YCIOBUSX, TpeOyer ocoboro BHHMA-
HUS K mporeccaMm (QuiabTpaiuu padoueit KuaKoc-
TH, YUCTOTAa KOTOPOW HAIPSIMYIO ONpeAesseT Ha-
JNEeKHOCTh (PYHKIIMOHMPOBAHUSI CHCTEM YIIpaBiie-
Hus. [Ipu 5TOM HEOOXOAWMO HMETh B BHIY, UTO
Haunbosee THAPOGUIIUPOBAHHBIA MEXaHU3M O4YHC-
THOTO KOMIUIEKCA — MEXaHM3HpPOBAHHAsI KpEIlb,
MOTpeOIIsIoNIas HanboIbIlee KOINIeCTBO padbouei
KHJIKOCTH, - TIPEIBSIBIISICT BECbMA KeCTKUE Tpebo-
BaHHA K TPOLEHTHOMY COJEPXKAHUIO TPHCATIOK
(oxoso 2%), KOTOpOE CYIIECTBEHHO BIIMsCT Ha Oe-
30TKa3HOCTh M pecypc o0opymoBaHus. TakuMm 00-
pa3oM, BO3HHKAaeT MpoOJieMa HEMpepPhIBHOIO MO-
HUTOPUHTA KadecTBa pabouei )KUIKOCTH B THAPO-
CHCTeMe, NMOCTOSTHHOTO MOAIEPKAaHUS €€ YPOBHS U
YHCTOTBHI.

8) BakHpIM mapameTpoMm A BBICOKOHArpy-
JKEHHBIX OYHMCTHBIX MalIWH SIBJIAETCS TapaHTHPO-
BaHHBII pecypc, BEIPAKEHHBIH Yepe3 00beM BBITIO-
JIHCHHON pa0oThl, HaIPUMEpP, KOJIUYECTBO JOOBI-
TOTO WM TIePEBE3CHHOT0 yris. B cBs3u ¢ 3THM,
Ha CTaJUM BBIMOIHEHUS MMPOEKTa HEOOXOAUMO Ha
MOJIENISIX ONPEAENATh PECypc OTAEIbHBIX KOMIIO-
HEHT ¥ MOZYJNA B IIEJIOM C YY€TOM HX B3aUMOJenc-
TBHSI M MIPOTHO3HBIX LIMKIIOB HArpPYyKEHUS B KOHK-
PETHBIX TOPHO-TEOJIOTHUYECKUX YCIOBUSAX. B mpo-
1ecce dKCIUTyaTalul TpedyeTcsl OCTOSHHBIA  MO-
HUTOPUHT M3PACXOIOBAHHOIO M OCTaTOYHOTO pe-
cypcoB. bonbiine morepu BpeMeHH MpH MpOBese-
HUU PEMOHTHBIX PabOT W, CIENOBATENBHO, MMOTEPH
B BBITIOJIHGHWH YCTAaHOBJICHHBIX 3aJlaHUi TpeOy-
IOT TIOBBIIICHHUS YPOBHA JWArHOCTHKU MAIIHH.
MOHUTOPUHT TEXHHUYECKOTO COCTOSIHHUSI MAIIWH
HEOOXOJIMMO peIaTh 32 CUET YCTAaHOBKU B Xapak-
TEPHBIX TOUKax (y3Jax), KOTOpPBIE OMpPENesioTcs
MIpH BUPTYaJbHBIX, 4 3aT€M TOATBEPKIAIOTCS MpPU
9KCMEPUMEHTAIBHBIX HCHBITAHUSIX, CIEIHATbHBIX
WHTEIUICKTYaIbHBIX CEHCOPOB, OOBCAWHEHHBIX B
JIOKaJIbHbIC HHPOPMAIOHHBIE CETH.

9) Ilpu paboTe BBICOKOIPOU3BOAUTEIBHBIX
TOPHBIX MAIIHMH TOSBUIINCH CEPhE3HBIE MPOOIEMBI,
CBSI3aHHbIE CO 3HAUMTENBHBIM BBIJICIEHHEM Tra3a
METaHa U C BO3pOCHIeN BEPOATHOCTHIO BHE3AIMHBIX
BBIOPOCOB yIUIsi W ra3a. MalMHBl JTOJDKHBI OBITH
OCHAIIIEHbI CEHCOpaMHU KOHTPOJIS Ta3a B 30HE pa3-

pyuenust yrias. KowmrmekcHo mpobiiema TomKHa
pemarbes 3a cHeT MPUMEHEHHUS CIIeUANBHBIX TIPO-
THOCTHYECKUX CHCTEM KOHTPOJII OKPYXKaroIeH
Cpeapl.

10) B coBpemMeHHBIX YCIOBHIX BO3pOCia Ba-
XKHOCTh W aKTYaJIbHOCTh JPrOHOMHYECKUX IPO-
OneM, CBSI3aHHBIX C OTPaHUYEHHBIMH TICHXO(HU3H-
OJIOTHYECKUMHU BO3MOXKHOCTSIMH YenoBeKa-
orepaTopa npu padbore, 0cOOEHHO B TOHKHX IUIac-
Tax. OTH MPOOJIEMbI KacalOTCs KaK CKOPOCTH (op-
MHpPOBAHUS  YNPABIAIOMUX BO3AECUCTBUHM, TaK U
BO3MOKHOCTH (PU3UYECKOTO TIepeMeIeHus 3a Obl-
CTPOJBIKYIIMMCSI OYUCTHBIM KoMOaiiHOM. [Iiist nx
peteHus Tpedyercss MaKCHMalbHOE ylIaneHue 00-
CITY)KHMBAIOILIETO MepcoHaNa U3 paboyei 30HEI, T.e.
MPUMEHEHUS TaK HA3bIBAEMBIX MAJIONIOJHBIX TEX-
HOJIOTUH, 4To hopMupyeT crenuduueckue Tpedo-
BaHUS B 4YaCTH WHTEIUICKTyalH3allid CHCTEM
yIIpaBJIeHUS.

11) Pabora ropHBIX MalliH ¢ BHICOKUMH Ha-
Tpy3KaMH B  CIOXHBIX TOpPHO-TEONIOTHYECKUX
YCTIOBUSIX CYIIECTBEHHO OCIIOXHHJIA PElIeHHE BO-
MpocoB 0e30MacHOCTH | o0ecredeH s mpremiie-
MBIX CaHUTAPHO-THTUEHUYECKUX YCIOBUH Tpy/a
ropHopabounx. B 3ToM cMmbIciie OTHON M3 OCHOB-
HBIX sIBIIETCS mpooOiieMa mbuienoaapienus. C on-
HOW CTOpOHBI, ¢ pellleHHe 00ecreunBaeT CaHUTa-
PHO-TUTHEHHYECKHE YCIIOBHS Tpyla padodnx 3a-
00s1, a, ¢ Opyroi, — MOBBIIIAET OE30MACHOCTH 3a
CUET CHIDKEHHS (PPUKIHMOHHOTO HCKPOOOpa3zoBa-
HUs. Pemienue 3Toil 3ajaud BUAUTCS B NPHUMEHE-
HUU (HapsAy ¢ TPAOUIIMOHHBIM) BBICOKOHAIIOPHO-
IO OPOIIEHHsS B COYETAHUH C KOMIBIOTEPHOH cuc-
TEMOI MOHMTOPHHTIA.

12) W3 mporecca co3gaHusi HOBBIX TOPHBIX
MallliH B HacTosIee BpeMsi (PaKTHYECKH BbITIaa
CTaaus IIAXTHBIX UCIBITAHUM. B cBsI3U ¢ 3TUM ne-
pBBIC 00pa3lbl CO3JAHHOW MAIIMHBI JIOJDKHBI
UMETh BBICOKYIO HAJIS)KHOCTh U IPOU3BOAUTEIb-
HOCTb, T.¢. KOHCTpyKTOpCKHE U 3aBOJACKHE OIIHO-
K{ ¥ TIOTPEIIHOCTH JOJDKHBI OBITh CBEJCHBI K MH-
HUMYMY ellle Ha CTaJuu npoekTupoBanus. [1osTo-
My MHOTOKpPaTHO BO3pacTaeT BaKHOCTb CO3JaHHS
W HCIIONIb30BaHUSI MATEMATHUECKHX MOJeNel, Ko-
TOpBIE JTOJKHBI 00ECIEUNTh MPOBEICHHE BUPTYa-
JBHBIX MCIBITAHUN CO3/aBaeMbIX MAIllMH Ha paH-
HUX CTAJHSIX UX MPOSKTUPOBAHUSI.

VYkazaHHbple ~ OCOOGHHOCTH  CYIIECTBEHHO
OTPAaHUYMBAIOT O00JAaCTh JOMYCTUMBIX pEIICHHH
MpH TPOEKTHPOBAHWU TOPHBIX MamuH. PaccMmor-
PUM HEKOTOpbIE OOIIME MOAXOJbl K CHHTE3Y COB-
PEMEHHBIX TOPHBIX MAIIMH KaK MEXaTPOHHBIX ar-
peraros.

PaspaboTka 11000ro 00beKTa, B TOM YHCIIEC U
MEXaTPOHHOTO, HAYMHAETCS C ONpeNeNieHHs Kak
00IIMX, BBITEKAIONIMX W3 €ro Ha3HA4YeHUS (QyHK-
[MOHATBHO-TIAPAMETPUIECKUX XapaKTEPUCTHK, TaK
W XapaKTEePUCTUK COCTABJISIFOIIMX €0 KOMIIOHEHT
M TIOCTPOCHHS Ha 3TOM 0Oa3e (PYHKIHMOHAIBHO-
CTPYKTYPHOH CXEeMbI pa3padaTblBaéMON MAaIlMHBEI.
[IpuMeHHTENPHO K OYHCTHOMY MeEXaHH3HUpPOBaH-
Homy Komiuiekcy (OMK) kak mexaTpoHHOU cuc-
TEeME Takas cxema MpelCcTaBlieHa Ha puc. 1.

U
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Pucynok 1 — ®yHkuuoHanbHO-cTpykTypHas cxeMa OMK kak MeXaTpOHHO#H CHCTEMbI

Ha puc. 1 B coorBeTcTBHHU ¢ KiaccupuKameit
MEXaTPOHHBIX 00BEKTOB, MpEIOKeHHOH B [1, 2],
NpHHATHI chenytonme obo3Hadenus: OK — mexar-
POHHBIN arperaT «oducTHOW KomOaitH», 3CK —
MEXaTpOHHBIH arperar «3a0oiHBII CKPEOKOBBIH
kouBeiiep»y, CMK1, CMK2, ... CMKN - mexart-
POHHBIE arperaTtbl «CEKIHs MeXaHU3WPOBAaHHOU
kpenn», HCMK — mexaTtpoHHBIH arperaT «Hacoc-
Hasl CTAaHIIMH MEXaHU3MUPOBAaHHON Kpemu» (UX Mo-
JkKeT ObITh Heckonbko), M, C, 3, U — coorBercT-
BEHHO, MEXaHWYecKas, CHUJIOBasl, SJIEKTpPOHHas U
nHpopManMoHHast KomroHeHThl; Cr — cuioBas
THApaBINYecKass KOMIIOHEHTa MeXaHU3UpPOBAaHHOMN
kpenu; BUC — BHemHss nH(GOpMAaIMOHHAS CUCTe-
Ma; CTO — conpspkeHHOE TEXHOJOTHYecKoe 000-
pynoBanue; CKOC — cuctema KOHTPOJSI OKpyXkKa-
FOLIEN Cpebl.

[IpennoxkeHHas cxema TO3BOJSET HATJISAHO
MIPEICTaBUTh B3aMMOCBS3U MEXIYy KOMIIOHEHTAMHU
OMK (na puc. 1 nmokazaunsl ctpenkamu). CoriacHo
[4], BO3MOXHBI CIEQYIONINE BUABI CBS3EH MEXIy
KOMITOHEHTaMH:

Coenacosanue (-) — CBSI3b, IPH KOTOPOI KaxK-
Jasi ©3 KOMIIOHEHT UMeeT COOCTBEHHBIC Iapamer-
pBl, OTpaHUYCHHS H KOHCTPYKTHBHOE UCIIOTHEHHUE,
MapaMeTpbl KOMIIOHEHTHI COTJIaCOBAHBI JUIA J0-
CTHKEeHUs oOmed renn. Takoil BHJ CBSI3HM MMEET
MECTO, Hampumep, B OOBIYHOM THIIE TPHBOJA,
HMMEIOIIeM CTaHAApTHBIE IBUTATENb U PEIAYyKTOp.
KoncTtpyknus nBurarenst u pemnykropa HHUKaK He
3aBHCAT JIPYT OT APYra, KOMIIOHEHTHI MOTYT OBITh
WCIIOJIB30BAaHBI MO0 OTAEITHHOCTH, HO JJISi COBMECT-
HOW paboThl JAOMKHBI ObITH coriacoBaHbl. Cora-
COBaHHME JOCTUTACTCS MOJIOOPOM OIpeeIeHHBIX
MapaMeTpoB, BBEJICHHEM COTJIACYIOIIUX YCTPOICTB

(MyTBI, pa3nu4HbIe 3aMIUTHI U T.11.). CTpYKTypHAst
¢dopmyna Ttakoro mpuBoga M-C, (C, — cuiopas
ANEKTPO-TEXHUYECKAs] KOMITOHEHTA).

Coedunenue (+) — CBs3b, HaKIAJBIBAIOIIAS
o0IIMe orpaHUYeHHs Ha KOMIIOHEHTBI M MX Mapa-
METpBI, KaxJasi KOMIOHEHTa UMeEeT COOCTBEHHOE
KOHCTPYKTHBHOE WCIIOJIHEHHE M TIPU COCTUHEHUH
JUIsl TOCTHYKEHUS TTOCTABJICHHOM el o0pa3yercst
HOBasi CTPYKTypHas CIWHUIA, C COOCTBEHHBIMH
dyHKIUAME U orpaHndeHusMH. [Ipumepom Takoi
CBSI3U MOTYT CIY)KUTh NPAKTHUYECKH BCE THIIBI
MPHUBOJIOB OYKMCTHBIX KOMOAfHOB, Tak KakK KOHC-
TPYKIHS ¥ TapaMeTphl ABUraTeNneii U peryKTopoB
KECTKO B3aMMOCBSI3aHBI, JIBUTATENb M PEAYKTOP,
COCJIMHECHHBIC TEM WM HMHBIM 00pa3oM 00pa3yroT
KOPIYCHYIO TOJCHUCTEMY MammuHbl. CTpyKTypHast
¢dopmyna aist Takoro npusona M+C,.

Cosmewyenue () — cBA3b, IPU KOTOPOIl orpa-
HUYCHMSI, TTapaMeTpbl U KOHCTPYKTHBHOE HCIION-
HEHHE JJISl KOMIIOHEHT SIBJISIFOTCS OOIIMMH, KOM-
MOHEHTHI COCTABIISIIOT €IUHOE YCTPOMCTBO U Hepa-
3pBIBHO CBSI3aHBI JUIS JOCTHIKEHHS MTOCTaBICHHOM
neny. B TexHuKe mpuBOia IPUMEPOM TaKOW CBS3H
SIBIISIIOTCS  MOTOP-PEAYKTOPBI, CTPYKTYpHas Qop-
myia M-C.,.

B pabore [3] MexaTpoHuKa onpenensercs Kak
«o0MacTh HAyKW M TEXHUKH, OCHOBaHHAsI Ha CHHE-
preTuueckoM OOBEIUHEHUHU Y3II0B TOYHOW Mexa-
HUKH C DJIEKTPOHHBIMH, DJIEKTPOTEXHUYCCKUMHU H
KOMITBIOTEPHBIMU KOMITOHEHTaMH, 00ecIeunBaro-
IIMMH TPOEKTHPOBAHHE U TPOU3BOJICTBO KayecT-
BEHHO HOBBIX MOJYJICH, CHCTEM, MAIlIMH M CHCTEM
C MHTEIUICKTYaJbHBIM YIpaBiIeHHeM UX (yHKIIHO-
HANBHBIMH  JBIKEHHSAMW».  CHHEpreTudeckoe

ISSN 1993—9868. HadptorasoBa eHepretuka. 2013. Ne 1(19) @

[5)




Eneprermnxa, KOHTPOJE Ta AiarHOCTHKA

06’ekTiB HadTOraz’0BOI'O KOMIIJIEKCY

o0beIMHEHNE MOXET OBbITh PEANM30BAHO JIBYMS
OCHOBHBIMH CITOCOOAMMU:

- (DyHKIHMOHATBHO-CTPYKTYpHAsI WHTErpaIys
(mamee ®C-uHTErpanus), 3aKIIOYAOMAICS B MH-
HUMH3AIUN CTPYKTYPHBIX OJIOKOB, HEOOXOIUMBIX
JUIsl peanu3anu HeoOXOAUMBIX (PYHKIIHA, COKpa-
HIEHNS YHUCIIA COTIACYIOUINX YCTPOMCTBR;

- CTPYKTYpHO-KOHCTPYKTHUBHAs HWHTErpaIys
(mamee CK-umHTErpamms), 3aKIIOYAIONIASCS B MH-
HUMH3AIMH KOHCTPYKTHBHBIX pelIeHUil s pea-
JU3aIMH HEOOXOIMMON CTPYKTYPHI.

OC-unTerpanysl NPUBOAUT K 3aMEHE CBS3H
«cormacoBaHue» (-) CBS3bIO «coeauHEHHe» (+),
CK wunTerpanms — K 3aMeHe CBSI3U «COCAMHEHUE»
(+) cBs3BIO «coBMelIeHUE» (*), CBA3H (-) O3HAYAET
OTCYTCTBHE WHTETpAIlNH, OITOMY B JIANbHEHIIIEM
cBsi3u (+) u (-) OyaeMm Ha3bIBATh WHTETPUPYIOLIH-
Mu. OObenMHEHHE KOMIIOHEHT TOoApa3yMeBaer
HaMu4He JTI000H CBSA3M MEXIY HUMH, HHTErPaIUs
— TOJIbKO MHTETPUPYIOIIEH.

C yueroM cka3aHHOTO, CTPYKTypHas (popmyra
OYHCTHOTO MEXaHHU3MPOBAHHOTO KOMILJIEKCA Kak
MEXaTPOHHOH CHUCTEMBI MOXKET OBITh IMpE/CTaBIIC-
Ha B BHJIC:

(Mok* M3ck - (Memki + Memia +.. .+ Memkn)) X
X (COK - C3CK - (CHCMK ' CFCM](] ' CFCMK2 et CFCMKN) X
X (SOMK' 3OK - 3EICK - (SHCMK - 3CMK] - 3CMKZ T e T
- Oemkn) - (Mowmk - Mok - Uk %

X (I/IHCMK : I/ICMK] : I/ICMKZ TR I/ICMKN))-

HavanbHast cramusi MpoeKTUPOBaHUS (ICKU3-
HBIM MIPOEKT, KOTOpBI MpemmecTByeT 13) cocro-
WUT B OMNpENENeHNUN TOJIHOTO COCTaBa KOMITOHEHT
MPUMEHHUTENFHO K KOKIOMY MEXaTpOHHOMY arpe-
raty, OIpeAciIeHUH (QYHKIHNOHAILHO-TIapaMeTpH-
YecKUX TpeOOBaHMH K KaKIOW M3 HHUX, B T.4. rada-
PUTHO-MAcCOBBIX MoKa3zaTeneil. CremyromuM mia-
TOM sBIIsieTcsl pa3paboTka Mojened Kakaoh wu3
KOMITOHEHT U Ha X OCHOBE ()OPMHPOBAHHE MOJIC-
JIU MEXaTPOHHOT'0 arperaTa B LIEIOM.

UccnenoBanus mMoseneil OTAENBHBIX KOMIIO-
HEHT TpecieyIoT LeNb ONPeeTUTh TOBEASHHE X
KaK B YCTAaHOBUBIIMXCS, TaK M TEPEXOJHBIX pe-
KUMax. 3/1ech K€ OIpPEAENsIIOTCS COOTBETCTBHE
3alaHHBIM TapaMeTpaM, HOMEHKJIaTypa KOHTpPO-
JUPYEMBIX MApaMETPOB M UX MPENEIBHO JOMYCTH-
MbI€ 3HAYECHUSI, TPEOOBAHUS K CPENCTBAM 3aIIUTHI,
TEKylmel JMarHOCTUKH, a TakKe JHarHOCTHKH,
onpenensonel U3pacxol0BaHHbII U OCTATOYHBIN
pecypcbl. HomeHkiiaTypa nMarHOCTHpPYEeMBIX Ta-
paMeTpoB ornpeaenseTcs Ha CTaJuH UCCIIe0BaHUS
MoJIeTieH, KaK OTACIbHBIX KOMIIOHEHT, TaK M MO-
JeNd arperata B IEMOM C Y4E€TOM BHYTPEHHHX
COCTOSTHHI 3JIEMEHTOB, TIPEEIbHBIX BHEIIHUX BO-
3AEUCTBUSIX M JOIYCTUMBIX COCTOSIHMM 1Jid JaH-
HBIX KOHCTPYKTMBHBIX pemieHui. IIpu BbInonHe-
HUU ATHX K€ HUCCIEOBAHMM OMpEeAeNsIoTCs mapa-
METpBI cpabaThIBaHUS 3aIUT.

Crnenyrommuii 3Tan — Ha OCHOBE OTpaboTaH-
HBIX MOZIeNiel OTIeIbHBIX MOAYyJel co3maHue Io-
JHON Monenu pa3pabaThiBACMON MAIlMHEL, T.€.
MexaTpoHHoro arperara. Ha atoii monenu orpaba-
ThIBa€TCS B3aUMOJCHCTBHE KOMIIOHEHT, B YacTH
ero 0eCKOH(IJIMKTHOCTH, T.€. CHHEPTETHYHOCTH WX
oobenuHeHus. [locne ycTaHOBIEHHST KOHQIIHUKT-

HBIX CTBIKOB OTPa0aThIBAIOTCS IIyTH MX paspelle-
HUs. Takux CrocoOOB MOXKET OBITh HECKOJBKO:
1) BHyTpH OJHOM M3 KOMIIOHEHT; 2) Ha CTHIKE ABYX
KOMIIOHEHT; 3) M3MEHEeHHEe OOIIMX TpeOOBaHUM K
MEXaTPOHHOMY MOJYITIO.

B kadecTBe mpmmepa paccCMOTPUM XapakTep
B3aUMOJICHCTBUSA ~ MEXAYy  HMH(POPMAIIMOHHBIMU
kommoneHTamMu OK m 3CK. Hamwume wactoTHO-
peryiupyeMbIX IPUBOIOB IMOAaYyud KoMOaiiHa W
TATOBOTO OpraHa KOHBeWepa CTaBUT 3ajady o0ec-
MEYCHHUS UX COTIACOBAaHHOW PabOThI, TO €CTh 00e-
CIICUYCHUS] MAKCHUMAJIBHOH ITPOMU3BOIUTEIHHOCTH
KOMILIEKCa IIPH MaKCUMAJIbHOM pecypce 3a00iHO-
ro kKoHeenepa. Mcxons m3 3TUX KpUTEpUEB pacc-
MOTPUM B3aUMOCBSI3b MEXKIY CKOPOCTHIO IIepeMe-
IIEHUS. OYMCTHOrO KomOaliHa V, M CKOPOCTHIO
JIBM)KEHUSI KOHBeepHou nenu V.. M3BecTHO, 4TO
OCHOBHBIM (DaKTOPOM, OrPAaHHYHMBAIOIIUM PECYpC
KOHBEMEPHOTO CTaBa U IEMH, SBIISETCS M3HOC, Be-
JUYUHA KOTOPOT'0 OMPEASSICTCS] HHTEHCUBHOCTHIO
n3Hoca mmyreMm TpeHus. [locnennuii, B CBOIO oye-
penp, MPSIMO TIPOIMOPIIMOHATICH CKOPOCTH JIBHIKE-
Hust nernu. CregoBaTenbHO, I MUHUMH3AIIH
M3HOCA CIIEAYEeT MUHUMHU3HPOBATH CKOPOCTH IICTIH
KoHBeiliepa. KomuuecTBo yriisg, MOCTYIMAOMEro Ha
KOHBeiiep, ompenensercss TeopeTH4eckoil (MUHYT-
HOW) MPOU3BOUTENBHOCTHIO0 KOMOaiiHa

Q = HpB 3 )’Vm
rae H, — MOIIHOCTh BBIHUMAEMOTr'O I1JIaCTa,

B, — mmpuHa 3axBara,

Y — IUIOTHOCTD YTJISl B MAaCCHBE.

YuuTeiBasi TMOABIKHOCTH TOYKH 3arpy3Ku
KOHBEHWEPHOT O TOJIOTHA, TIJIONIaAh CEUCHUS TPY30-
MTOTOKA OIPENETSACTCS MO BRIPAKCHHIO

_ Hij,yV,7
V, 2Vvy

I/ie Yy —TIJIOTHOCTH HACBITHOTO YTJIA.

[IpupaBHAB TIOmAAL CEUEHUS TPY30IIOTOKA K
€ro MakCMMaJIbHO BO3MOXKHOMY I10 XapaKTepPHUCTH-
Ke KOHBEHEPHOr0 CTaBa 3HAYEHHUIO Sy, MOTYIHUM
3aBHCHUMOCTD JUIS OTIpEIeIeHus TpeOyeMoil CKopo-
CTH LIETIH:

H B
LA
SmaxyH

3/1ech 3HAaK «1+» CTaBUTHCA NPH BCTPEUHOM
HaTpaBJICHUH JIBH)KCHHSI KoMOaliHa U 1IeTH, a 3HaK
«—» — TIpH TIONYTHOM HarpaBJieHHH. TakuMm ooOpa-
30M, palroHalbHas CKOPOCTh JBMKEHUA KOHBele-
pHOM IeNM 3aBHCUT OT CKOPOCTH W HAalpaBJICHUS
JBIDKEHHS KOMOaliHa, a TaKKe OT MOIIHOCTH BbI-
HUMaeMoro Imacra. Benencrsue aroro, nepen UH-
(OpMAIIMOHHBIMH KOMIIOHEHTAMH W CHUCTEMaMH
YIOpaBieHHs] OTAETbHBIX MAalllMH M KOMILJIEKCa B
LEJIOM CTOUT 3ajjaya COIVIACOBAHUS CKOPOCTH
JBUKEHUA LIEMH KOHBEMepa cO CKOPOCTBIO Tepe-
MEIIEHHS U PEXKUMOM paboThl KOMOaiHa JuIst 3a-
JAHHBIX TOPHO-T€OJIOTHYECKUX YCI0BUH. [Ipyrumu
CIIOBAaMH peuYb HAET O CHHEPreTU4ecKoM O0bemu-
HEHHU KOMIIOHEHTOB W MAIllMH, MPU KOTOPOM 3-
(eKTHBHOCTh Pa0OTHl KOMILJIEKCA OKa3bIBaeTCs
BBIIIE MPOCTOH CyMMBI 3(P(QEKTUBHOCTH OT/IEIb-
HBIX MallHH.

9
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I'CJ20-24D

Jlarunk JaBieHus

' Mmacia

Pucynox 2 — Komo6aiin YK/1400 kak MexaTpoOHHBIii arperat

OnmHuUM W3 IPUMEPOB pean3anii, OTMEUCH-
HBIX IOAXOJOB MO)KeT ObITh KomOaitn YKJI400,
OCHAIICHHBI  YacTOTHBIM  MpeoOpa3oBaTereM
IMYELI 60 u cuctemoii ymnpaBieHHUs U TUATHOCTH-
ku KYOK [6]. Ha puc.2 mpuBeseH oOumii BuA
koMmOaitHa (Oe3 mpeoOpa3oBatenst 4acTOThI), a Ta-
KKe OOIIMH BHJl U PACIIONIOXKEHUE €r0 DJIEKTPOH-
HBIX KOMITIOHEHT. PUCYHOK 2 HATJsIHO WJLTIOCTPH-
PYeT BBICOKYIO HACHIIIEHHOCTh COBPEMEHHBIX OYH-
CTHBIX KOMOAiHOB 3JIEMEHTAMH DIICKTPOHHOH |
WH(POPMAITMOHHONH KOMIIOHEHT.

Buv1600vt u nanpaenenus oanvueiiwux ucc-
neodoganuii. OUUCTHbIE MEXaHU3UPOBAHHBIE KOM-
TUIEKCHI TI0 CPABHEHHUIO C TPaJUIIMOHHBIMU MEXaT-
POHHBIMH  cHcTeMaMd  (POOOTOTEXHUYECKUMH
KOMITJIEKCaMHU, TMPHOOpaMHu, 00BEKTAMH KOMITBIO-
TEpHOU MEXaHUKH U Jp.) 00JIaaloT PSJIOM CyIIec-
TBEHHBIX OCOOCHHOCTEH, OKa3bIBAIONIMX 3HAYMTE-
JILHOE BJIMSIHAE HA IIYTH U CIIOCOOBI MX TpaHCcdop-
MAaIi B MEXaTPOHHBIE CUCTEMBI.

CnoxHasi CTpyKTypa MEXaTPOHHBIX CHCTEM
OMK, ompenensiemass OOJNBIIUM YHCIO (QYHKIHO-
HAJNBHBIX CBs3eH MEXKIy OOBEKTaMU pa3IHYHOM
¢usnveckoll TPUPONBI, JAeNaeT MPHHIUIHAIBHO
HEBO3MOXKHBIM TIONYYEHHE MPUEMIIEMOT0 pe3yiib-
TaTa MPHU TPOCKTHPOBAHWU KOMIIOHEHT CHCTEMBI
MO OT/ENBHOCTH. B 3TOM ciiydae mpoeKTHpoBaHHE
HEBO3MOXXHO 0€3 HCIOIb30BAHUS MEXaTPOHHBIX
MOJXO/IOB, MapaUIeNbHOTO TMPOSKTHPOBAHUS C
MPUMEHEHUEM  pa3iWYHBIX BHJOB MOJEIHUPOBA-
HUS, B TEPBYIO O4Yepe]b, MAaTEMaTHYECKOTO, Kak

OTACIIBHBIX KOMIIOHCHT, TaK M CHCTEMBbI B IICJIOM
JUIA BBISABIICHHU S KOH(bJII/IKTyIOIHI/IX nmapameTpoB "
UX YCTPaHEHHS, TO €CTh CHHEPreTHYECKOTr0 00be-
JUHCHUA KOMIIOHCHT.

OcobeHHOCTH MEXaTpOHHBIX CHCTeM Hens0e-
JKHO IMPUBOJAT K USMCHCHHUIO IIPUHIIUIIOB HE TOJIb-
KO UX NPOCKTHPOBaHUA, HO U SKCILTIyaTalluu U I10-
JICOTOBKH CIICIMAJIUCTOB B 3TOI 00J1aCTH.

B nmanpHeiimem npu pa3paboTKe METOOB
IMPOCKTUPOBAHNA OYUCTHBIX MEXaHU3HUPOBAHHBIX
KOMIUIEKCOB KaK MEXaTpOHHBIX CHCTEM HE00XO-
JUMO YACIUTb CCPHE3HOC BHUMAHUC KOMIIJICKCHOM
mpobjieMe Tepeaayd  OONBIIMX MOIIHOCTEH B
YCTIOBUSIX OTPaHMYECHHBIX rabapuToB, obecmeue-
HUIO TpeOyeMOoro jauama3oHa M KadecTBa Perysiu-
pOBaHHUsI CKOPOCTEH MepeMelieH s, 00ecIeueHUI0
PECYpCHBIX MOKa3aTeaeH, CaMOAUArHOCTUKH, TPO-
THO3Y BO3HUKHOBCHUSA U Pa3BUTUA aBapHﬁHBIX CHU-
Tyauu.

Jlumepamypa

1 Cragaux H.M. MexaTtpoHuka B yroabHOM
marmHocTpoenun / H.U. Crannuk, A.B. Ceprees,
B.IT Kounapaxun // U3Bectust JJoHenkoro ropHoro
nHctutyTa. — 2006. — Nel.— C. 148-163.

2 T'opbarop I1.A. KoHuenTyanbpHas Xapakrte-
PHUCTHKA CIOXKHBIX TOPHBIX MallliH KaK MeXaTpOH-
Heix cucrem / ILLA. T'op6atoB, B.B.Kocapes,
HU. Cramauk // Hayuneie tpynsl JouHTY. —
2005. — Bum. 104. — C. 53-61.

ISSN 1993—9868. HadptorasoBa eHepretuka. 2013. Ne 1(19) @

(<)




Eneprermnxa, KOHTPOJE Ta AiarHOCTHKA

06’ekTiB HadTOraz’0BOI'O KOMIIJIEKCY

3 Eropos O.Jl. KoncTpyrnpoBanue MexaTpoH-
HBIX MoOJIyJei: yueOnuk. M3nanue Bropoe, ucmpa-
BieHHoe U pononaenHoe / O.J1. Eropos, 10.B Ilo-
nypaes. — M.: M3n. «CTAHKHWH», 2005. — 368 c.:
WL

4 Kocapes B.B. Bnusaue mapamerpoB cuc-
TEMbI JJICKTPOIIPUBOAA U YCJ'IOBI/Iﬁ OKCILTyaTalliun
Ha Harpy3Ky ouucTHbIX komiiekcoB / B.B. Koca-
peB, A.B.Ceprees, H.1. Cramnuk, 3.M. Pabuno-
BUY // Yronb Ykpaunsl — 1998. — Ne 6. — C. 24-27.

5 Koxan I1.C. O0 3KOHOMHYECKHX pe3yJibTa-
Tax MPOMBIIUIEHHBIX UCIBITaHUH Ha maxTax OAO
«[laBnorpamyronb» KOHIIEHTpaTa sl MPUTOTOB-
JeHus: pabouel KHUIIKOCTH, COOTBETCTBYIOIIETO
tpedoBanusiMm DIN EN ISO 12922 u 7- ro Jliok-
cemQyprckoro oruera / [1.C. Koxan, T.E. Xombii,
X.-U. T'ronrep // 'mioxayd. — 2006. — mexaOpsb,
Ne 4. - C. 22-25.

6 Komruiekc TeXHUUECKHX CPEICTB yIIpaBliie-
HHSI ~ OYMCTHBIM  KoMbaiimom  YKJ[300 /
B.B.Cunenko, B.H.Cupuenko, A.A. AkaTtoB U Ip.
// Yromb Ykpaunsl. — 2006. — Ne 9. — C. 29-31.

Cmamms naoitiuina 00 pedaxyiinoi koneeii
21.05.13

Pexomenoosana 0o opyxy

npogecopom Iopoitiuykom M. 1.
(IOHTYHI', m. lsano-Dpankiscok)
npogecopom Konopaxinum B.I1.
(HonHTY, m. [loneyok)

v

® ISSN 1993—9868. HachTorazosa eHepreTuka. 2013. Ne 1(19)



