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IMPOEKTUPOBAHUE PA3BEPTOK C IIOMOIIBIO POWERSHAPE
MupomHuuenko A.B., AnacracseB A.B. (ka¢h MC, [lonHTY, 2. Jloneyk, Yxkpauna)

B HacTos1I€e BpeMsi CUCTEMbI aBTOMAaTH3UPOBAHHOTO MPOEKTUPOBAHUS CTAHOBSITCS BCE
0osee BOCTpeOOBAaHHBIMH, B CBSI3H C IOBBIIIEHHEM TPEOOBAaHMN K KaY€CTBY HM3TOTOBISIEMOM
NPOAYKIMH, K COKPALICHUIO CPOKOB MOJATOTOBKU MPOU3BOJICTBA, CHIDKCHUIO C€0ECTOMMOCTH
m3nenus [1].

OcHoBabiMu CAD/CAM cucremamu, KOTOpPbIE HauOoJiee YIOBICTBOPSIOT MOTPEOHO-
cTsaM nocraBieHHol 3anayu sBisrotcs T-FLEX CAD u cemetictBo nporpamm Delcam. Cire-
JIyeT OTMETUTh OCHOBHBIE X AoctouHcTBa. T-FLEX CAD - cuctema aBTOMaTU3UpOBAHHOTO
NPOEKTUPOBAHMSA C BO3MOXKHOCTSMHU TapaMETPUYECKOTO MOJCIUPOBAHUA U HaJIUIHEM
cpenctB oopmIleHHsI KOHCTPYKTOPCKOM TOKYMEHTAIUK COTJIAaCHO ctanaaptam cepunt ECK/I.
CewmeiicTBo mporpamm Kommanuu Delcam oxBaThIBaeT BCE 3TaIlbl MPOU3BOACTBEHHOTO LIUKJIA
u3nemmii. OHO codeTaeT B cebe (PyHKIMOHATHHOCTD C HOBEHIIIMMU TEXHOJOTHUSIMHU B 00J1acTH
noJbp3oBarenbekoro uaTepgdeiica. Delcam PowerSHAPE - coBpemenHbIit THOpHUIHBIN MO/Ie-
JMPOBIUK C TBEPAOTEIBHBIM U TIOBEPXHOCTHBIM MOJEIHPOBaHUEM. TBEpIOTETHHOE MOIEIH-
pPOBaHHUE - ITO JIETKHE U OBICTpHIE ONepany 0ObeIUHEHNS, BBIUUTAHUS U niepecedenus. [1o-
BEPXHOCTHOE MOJICTIMPOBAHUE - 3TO HEOTPAHMUYEHHAS CIIOKHOCTh MPOCTPAHCTBEHHBIX OJie-
MEHTOB M YHHUKAJIbHBIE BO3MOXXHOCTH peAaKTHpOBaHUsS. 7Sl MPOEKTUPOBIIMKA, 3aHATOTO B
MHCTPYMEHTAJIFHOM MPOU3BOJCTBE, NMpeIHa3HaueH HaOop (YHKUHMIA MO TOCTPOSHUIO TIOBEPX-
HOCTEH pazbeMa, BBEJICHHIO JIMTHEBBIX YKIOHOB, YUETYy YCaJOK, a Takke (pyHKIUI 1o aHaIH-
3y 00pabaThIBA€MOCTH JIETalli — TMOMCK BEPTHKAJIBHBIX CTEHOK M MOJHYTPEHHUH, ompeaese-
HHE MaKCUMaJIbHOTO Paiyca MHCTPYMEHTA JUIS BBITIOJIHEHUS] 00pabOTKH.

CewmeiictBo mporpamMm Delcam siBisieTcsi ONTUMAIBHBIM BapUAaHTOM JJIsl CO3JAaHUS HA
ero 6aze CAIIP pexy1iero HHCTpyMeHTA.

Lenbto paboTsl siBisieTcst pa3paboTKa CUCTEMBI aBTOMATU3UPOBAHHOTO IMPOEKTHPOBA-
HUSI Pa3BEPTOK C ONTHUMAIBHBIMU KOHCTPYKTHBHBIMH M T€OMETPUYCCKUMH TapaMeTpaMu,
Uit obecnieueHust TpeOyeMbIX apaMeTpoB 00padaTbIBaeMbIX OTBEPCTHIL.

B nacrosimiee Bpemst pa3paboTaH aqrOpUTM MPOCKTHPOBAHUS Pa3BEPTOK IO 3aaHHBIM
MCXO/HBIM JaHHBIM. KOHCTPYKTHUBHBIE U TEOMETPHUYECKHE TapaMETPhl Pa3BEePTOK PACCUUTHI-
BalOTCs 1o (popmysiam, mpuBeneHHBIM B padoTe Manbimko U.A [2]. Crexnyromum sTanom
SBIISIETCSI CO3JJaHME TIPOTPAMMHOTO MOAYJIs, KOTOPBIA JOJDKEH BHEAPATHCs B PowerShape u
T0 TIOJTYYSHHBIM 3HAYECHUSIM aBTOMATHYECKH CTPOUTH 3D MO1e/1b MOy YeHHOW pa3BepTKH.

Paccmotpum miporiecc mocTpoeHusi Ha npuMmepe moctpoeHus: paszpeptku P 10mm. Ile p-
BBIM 3TallOM TIOCTPOCHUS SIBIISIETCS pAacdeT M IMOCTPOCHUE TOYEK PEKYIEH 4acTh pa3BEPTKH
(puc.1. a), u nansHeiee ux oobeauHeHue (puc.l. 0).

Crnenyrommm 3TaroM SIBISIETCS MMOCTPOEHHE KOHTypa 3a00pHOM YacTH pa3BEpPTKH IO
AHAJIOTUU C MPOIECCOM, OMMCAHHBIM BhIIIE (puc. 2. a). [lanee Ha MOTy4YeHHOM KOHTYpPE CO3-
JaeTCsl TIOCKOCTh (pHC. 2. 0) MJIs JaldbHEHIIEro MOCTPOSHU MPOdUIIs pEexXyIIeH YacTu pas-
BEPTKH.
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a) 0)
Puc. 1. TlocTpoeHune koHTypa pexylleil 4acTh pa3BepTKU

a) 0)
Puc. 2. Iloctpoenue npoduist 3a00pHOI YacTh pa3BepTKU

[Mony4eHHas Ha MpeabIIyIIEM JTale MIOCKOCTh MCIOb3YEeTCs JJIsl CO3/aHus podu-
751 3a00pHO# yacTH (cM puc. 3. a) u mpodwIs pexyIiel gactu (cM puc. 3.0).

a) 6)

Puc. 3. Tlonyuenue npodwist pexyIei 9acTu pa3BepTKH

[MocnenHuM ATAarmoM MOCTPOCHUSI ABIISIETCS [OoOABJIEHHE TPEOyEeMOro XBOCTOBHKA K ITO-
JY4YEeHHOU pa3BepTke (puc. 4), TUIl U pa3Mepbl XBOCTOBUKA 3aBUCIT OT TUIIA M pa3Mepa pac-
CUWTHIBAEMOM pa3BEPTKH.

Bce mepeunciieHHbIe BBIIIE ATAMbl MOCTPOCHUSI PEaTU30BaHbl C MMOMOIIHI0O MAaKPOCOB.
3a moCTpOEHNE TOYCK KOHTypa pa3BEPTKH OTBEUaeT Makpoc create point x, y, z, CREATE
LINE CONTINUOUS - co3manue nuauu, create surface create surface AutoSurf — co3nanme
MOBEPXHOCTH W3 3apaHee BRIOPAHHBIX JIMHUH, create surface Extrusion — co3manne moBepXHO-
CTH BBITQJIKMBaHUEM. B CBSI3M ¢ TeM, UTO TEKCT MaKpOCOB JOBOJILHO OOBEMHBIH, B Ka4eCTBE
nprMepa MPUBEIEM JIUIIh HEOOBIIYI0 YacTh (puc. 5).

B pesynbraTe ObUT pa3paboTaH MPOrpaMMHBIA MOYJIb, KOTOPBI Ha OCHOBaHWH HC-
XOJIHBIX JTAaHHBIX: MaTepUal HHCTPYMEHTA, (PU3UKO-MEXaHUICCKHUX CBOUCTB 00pabaThiBaeMOit
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3arOTOBKH, 3HAUYEHUI F€OMETPUYECKUX IapaMeTPOB MHCTPYMEHTA, MO3BOJIIET aBTOMAaTHYe-
CKM TIOJIyYWUTh TBEPAOTEIbHYI0 MOJAETh HHCTPYMEHTa B cpeae npwioxkenus Delcam
PowerSHAPE. UTo B KOHEYHOM MTOT€ 3HAUMTEIbHO COKPALIAET CPOKH NPOEKTUPOBAHUS MH-
CTPYMEHTA.

OTnuuuTenbHOH OCOOEHHOCTHIO MH(MOPMAIIMOHHBIX TEXHOJOrHHd Kommnanuu Delcam
SBIISICTCS. BO3MOKHOCTb MOJIEJIUPOBATH €Tl 000 reOMEeTpUYECKOM CIIOKHOCTH, IIPOEK-
TUPOBATh TEXHOJIOTUYECKUE MPOLECCHI KAK JJISl TPAAULIMOHHBIX 2,5- U 3-KOOPAUHATHBIX CXEM
¢dpe3epoBaHusl, TaK U AJsI MHOTOKOOpPAMHATHOH (pesepHoit obpaborku ¢ YUIIY, yuutsiBas
0COOEHHOCTHU CUJIOBOTO U BBICOKOCKOPOCTHOTO (hpe3epOBAHUS.

Puc. 4. O6mwmii BUIT CIPOCKTHPOBAHHOM Pa3BEPTKU

create point -
5,0 0, 0, C|
1,2941 4,8296 0,

-3,5355 3,5355 0,

-5,0 0, 0,

-1,2041 -4,8296 0,

3,5355 -3,5355 0,

4,9164 -0,7956 0,
2,4144 4,3996 0,
A mres 4 wean A

Puc. 5. ®parmeHT Tekcra Makpoca

Takum 00pa3oM, B JaJIbHEHIIIEM 3a CUET UCTIOIB30BAHUS JAPYTHX MPOTPAMMHBIX MPO-
nykToB komranuu Delcam (B wactHocTrn PowerMILL), npennonaraercs pa3paboTaTh HanOO-
Jiee SKOHOMHUYECKH BBITOJHYIO CTPATETHIO M3TOTOBJICHUS Pa3BEPTOK C PA3IUYHBIMUA KOHCT-
PYKTHBHBIMH U TEOMETPUIECKIMH TTapaMeTPaMH.

Cnucok sutepatypsl: 1. KyaBy Jlu OcroBer CAIIP CAD/CAM/CAE / Kynsy Jlu — CII6:
[Murep, 2004. — 560c. 2. Manbimko W.A. OCHOBBI MPOSKTUPOBAHUS OCEBBIX KOMOMHHUPOBAH-
HBIX MHCTPYMEHTOB: JHUCC. JOKTOpa TexHmdeckux Hayk: 05.03.01 / Mamsmko MBan Anek-
canapoBud. — Kues, 1996. — 430 c.
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OIITUMM3ALIUA ®OPMBI ITPODPWJIA CIIUP AJIN I'MBKOI'O ITHEKA JJISA
TAHCIHHOPTUPOBKMU CbhIIIYYUX CPEJ

MuxaiisioB /I.B., TutapeB A.C. ,(ka¢. meop. Mex. JI'TY 2. Pocmog-na-/[ony, Poccus)

BunTOBBIE KOHBEWEpHI OTIMYHO ce0si 3apeKOMEHA0BAIH, Oiarogapsi CBOEH HaJeKHO-
CTH, TIPOCTOTE U HEBBICOKON c€0ECTOMMOCTH TPAHCHOPTUPOBKU. OIHAKO, KOHCTPYKLMS «OKE-
CTKMX» IIHEKOB JOIIyCKaeT TPAHCIIOPTUPOBKY TOJIBKO IO MPSAMOU — B TOPU30HTAIILHOM, BEp-
TUKQJILHOM WJIM HAaKJIOHHOM HallpaBJICHUHU, YTO HAKJIAAbIBAET HEKOTOPHIC OIPAHMYECHUS HA
obnacte ux npumeHeHus. Ilpu HEOOXOIUMOCTH CO31aHUs TIOCKUX WU MPOCTPAHCTBEHHBIX
Tpacc cO CIOXHBIMH TPACKTOPHUSMH TOJauyu MaTepuana tpedyercs pa30uBKa KOHCTPYKIUH
BUHTOBOI'0 KOHBEHEpa Ha NPSIMbIE YYACTKH, YTO JEJIACT €ro rpOMO3JKUM, METAJUIOEMKUM, U
KaK CJeJCTBHE — JoporoctosimmM. K Tomy ke, KpynHble rabapHUThl CIIOKHBIX TPAacC Ha OCHO-
BE€ (GKECTKHUX» IIIHEKOB HE MO3BOJISIOT UCIIOJIB30BAaTh UX HA IIPOU3BOJCTBEHHBIX IUIOMIALAX C
IUIOTHOM KOMITOHOBKO# 00opyaoBanus. [{is pemenus 31oit mpoOaeMbl 1 ObLTH CO3JaHbI THO-
KHE HIHEKH, KOTOpHIE MO3BOJISIOT TPAHCTIOPTHPOBATh MaTepuall Mo Haubosee ONTUMAIIBHON
TPAEeKTOPUU, UIMEIOT MUHUMAJbHYO0 METAJUIOEMKOCTh U 3aHMMAIOT MUHHUMAJIBHOE IIPOCTPAH-
cTBO. O/IHaKO KOHCTPYKILHUS CIIMPAJIbHOTO KOHBEHEpa HETaTHMBHO CKa3bIBaeTCs Ha €ro IMpou3-
BOJIUTEIIBHOCTH.
PRasrpyska

3

i 2000

3arpyaka

4000

Puc. 1. Cxema ruOKOTO mIHEKA

Haubonee nenecooOpa3HbIM cOcoOOM YBIMYEHHUS MPOU3BOAUTENLHOCTU IPEICTABISETCS
ontumu3anys (GOPMBI CIIUpPaIM, TaK KaKk OHAa HE COMpPsDKEHA C BBICOKUMH DHEPTO U TPYJO
3aTpaTaMu.

Ha ocHoBanumm wumnepuueckud BbIBeIeHHOW QopMybsl (1) ompexpenstomeit
NPOU3BOAUTENFHOCTh OJHOCIHPATFHOTO THOKOTO MIHEKA. bbljla mpou3BeieHa ONTHMHU3aIINs
npoduist ciipajii THOKOTO TpaHCIOPTEpa.
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IZle U,-CKOPOCTb OCEBOIO IEpEMENICHHE CJI0s MaTepuaja IPHXKATOrO0 K CHMpalu, U, -

CKOPOCTh CKOJIBKEHHSI CBHIy4ero MaTepHaga Mo KOXKYXY, ¢ - KO03(D(HUIMEHT 3amoiHeHUs
IIHEKA.

Ha pucynke npencraBnena ynpoieHHas (Gopma npoduiisi, MpeAcTaBsiomas co0oi
HPSIMOYTOJIBHUK, CKPYTJICHHBIN B 00J1aCTH KOHTAKTa CITHPAJU C KOXKYXOM TPaHCHOPTEpA.

Puc. 2. YnpomeHHbI# poduith c€Y4eHUs CIUpaIi THOKOTO TapHCTIOPTEPA

[Ipunanue takoil GopMbI TPAHCIIOPTUPYIOIIEH CIMPAIH, IMO3BOJIAET yBEIUYUTh KOH-
TaKT MaTepuajia C MOBEPXHOCTHIO MPYKUHBI, a Y IPYKHUHBI C KO)KyXOM KOHTAKT YMEHBIIINUTb.
YBenuueHne mpon3BOAUTEILHOCTH THOKOTO ITHEKa MPOUCXOANT 32 CUET YBEIUYECHHUS] CKOPO-
CTH BpallCHUs YacTUILl BCJIEACTBUE YBEIMUYEHUS] KOHTAKTA, YTO YBEJIUUYMBAET U TOPU3OHTAIIb-
HYIO CKOPOCTb Cpefibl, T.€. ycuuBaercs "SABnenue nepenoca’. CKkpyrieHne B MeCTe KOHTAaKTa
MO3BOJISIET YMEHBIIUTD IJIOLIA/b B3aUMOJIEUCTBUS C KOXKYXOM, YTO MO3UTHBHO CKa3bIBAETCS
Ha U3HOCOCTOMKOCTH.

Pacuer mokaspiBaeT uTo, AaHHas (opma MpoQUISL CIUpaId TMO3BOJSIET YBEIUIUTH
NPOU3BOIUTENBHOCTh CIMPAIBHOIO TpaHcHopTepa Ha 14 % Mpu HEM3MEHHOCTH OCTaJbHBIX
napamMeTpoB. Tak e CTOMT OTMETHTB TOT (aKT, YTO MOTyUCHHAs! CTIUPAJb B MIPOIIECCE CBOCH
paboThl HE WCIIBITHIBACT HANPSKEHUH U eopMaIiii HETaTUBHO CKa3bIBAIOIIMXCS HA €€ pa-

Puc. 3. HanpsixenHo-1e(hOpMUPOBAHHOE COCTOSTHUE MOAUPUIIMPOBAHHOTO

CIIUPAJIBHOTO ITHCKA

BunHo, 4YrtO HampsokeHUss HE JOCTHUTAlOT Tpefena TEKydecTd, a crupaib
BbiaepkuBaeT 1 000 000 uKIIOB 3amycka OCTAHOBKHU.

Cnucok jaurtepatypbl: 1. Muxaitnos C.H., [Ipeobpaxenckuii I1.A. CnupanbHO-BUHTOBBIE
TpaHcnopTepbl (rubkue mHekn) u cmecurenu. Kazanwp, 1970. 2. D. Kadau, G. Bartels,
L. Brendel, D.E. Wolf Contact dynamics simulations of compacting cohesive granular sys-
tems//Computer Physics Communications. 2002.
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IOOEKTUBHOCTb METOJA ITPOHU ITPU JTUAT' HOCTHPOBAHHUUN
TEXHUYECKOI'O COCTOAHUSA NNOAIUITHUKOB KAYE HUA

Mumyrosa I'.B. (/[['TV, 2. Pocmog-na-/{ony, Poccus)

AHanm3 MexaHU4eCcKUX KoJieOaHU He0OXO0AUM ISl MOJTydeHHUs BaXKHOW HHPOpMAIUN
0 COCTOSIHUM MAIIMHHOTO 00Opy[OBaHMs, MMEIOLIEr0 Bpallaroluecs 4actd. B kaudecTse
BpAIAIOMIMXCsl 9acTeil Oy1eM paccMaTpHUBaTh MOJIIUIHAKY KaueHus. [loIIUITHUKN KaueHus
CIIy’)KaT B KauecTBe ONOp M (HUKCUPYIOT TOJIOKEHHE BaJlOB B MAIlMHE U, CIIEJOBATEIBHO,
MMEHHO TMOJIIMITHUKYA BOCTIPUHUMAIOT OOJBUIYI0 YaCTh CTATMYECKUX M JTUHAMHYECKUX yCH-
JMi, BO3HUKAIOIIMX B paboTaronieM MexaHusMme. Yaie Bcero HEMCIpaBHOCTH MOIIUITHUKOB
Ka4eHUSI BO3HUKAIOT BCJIEICTBUE YBEIMYCHUS HEPOBHOCTEH 00OMM WM BPAILAIOMIUXCS dJie-
MeHTOB. CO BpeMEeHEM HEpOBHOCTH PACIIUPSIOTCS U, €CIH MOAIIUITHUKH CITyXKaT JOCTaTOYHO
JI0JIT0, U3HOC MOXKET CTaTh 00Jiee PABHOMEPHBIM.

OO0m1ast mocTaHOBKA 33aJja4ui OOHAPYKEHHS HKCIUTYaTaIl[HOHHBIX JeQeKTOB Oa3upyercs
Ha TOM, 4TO C Pa3BUTUEM JErpajallMOHHOIO Ipoliecca B 000py10BaHIN HAOII0JaeTCs U3Me-
HeHue (pOpMBI BOJIHBI BUOPAIIMOHHOTO Tnpotiecca. [Ipu pa3BuTim aerpalaiioHHbIX MPOIECCOB
B TIOJIIUITHUKAX HAOIIOAeTCsl POCT aMILUIATY Il BEIOPOCOB CHTHAja C OJTHOBPEMEHHBIM POC-
TOM HX YHCIIa B €IMHUIY BPEMEHH.

HeucripaBHOCTh MOAIIMITHUKOB Kau€HHsS MOJXKET OBITh BBISBICHA J0 WX BBIXOJAA W3
cTposi. B cratee paccmaTpuBaetcs ¢ dexTuBHOCTS MeToa [Iponu [1, 2] mpu auarHocTupo-
BaHMM TEXHUYECKOTO COCTOSIHHS MOAIIUITHIKOB KaYeHUsI Ha OCHOBE aHajM3a BUOPAIIMOHHBIX
CHUTHAJIOB.

Ha puc. 1 npencraBnens! rpaguku BpEMEHHBIX CUTHAJIOB BHOPOYCKOPEHUS TECTOBOU
YCTaHOBKH B 0e31e(eKTHOM U 1e(h)eKTHOM COCTOSHUM TOIIIUITHUKA KaueHus. [lpu pazBurun
JeTpalalliOHHBIX TPOIIECCOB B IOMUIMITHUKAX HAOIIONAeTCsl POCT aMIUIMTYIbI BBIOPOCOB
CHUTHaJIa C OJTHOBPEMEHHBIM POCTOM HX YMCIIA B AMHUILY BPEMEHHU.
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Puc. 1. I'paduku Bubpocurnaios: a — 6e371e(eKTHBIN MOAIIUITHHK,
0 — MOAIIMITHUK C JeheKTOM
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[lynkTupHble TMHUYU Ha puc. | mpoBeaeHs! Ha ypoBHe 1.7¢T,, (rae T, — cTaHAapTHOE
OTKJIOHEHHE OT CPEIHETr0 TaJIOHHOU BuOpannu 6e3nedexkTHoro moammiHuka). OHU omnpee-
JSIFOT MOPOT BUOPOCHUTHANA TIO aMILTUTY/IE.

[Ipu paGoTe MOAIIMIHNKA C BHYTPEHHUMU Je(pEeKTaMU BO BPEMEHHOM BHOpOCHUTHAJIE
HOSABIISIIOTCS XapaKTepHBIE COCTABISAIONINE, TAPMOHUKH, ¢ COOCTBEHHBIMH YacTOTaMH, IO
KOTOPBIM MOKHO JOCTaTOYHO KOPPEKTHO BBIIBUTH MECTO HaxokiaeHus nedekra [3, 4].
YucneHHble 3HAYEHUS YAcCTOT JTUX COCTABJSIIOLIMX  3aBUCSAT OT  COOTHOIIEHUS
FEOMETPUYECKUX pa3MEpOB TOALIMIIHMKA X OOOPOTHOM 4YacTOTHI BpallleHHs poTopa
MeXxaHHU3Ma.

B HarpyXeHHOM NOJIIMIHUKE MOXXHO JTU(QEepeHINPOBaTh YETHIPE OCHOBHBIC,
XapakTepHbIe, TPUMEHSAEMbIE [T TUAarHOCTUKU YaCTOTHI - BHEIIHEH 00OWMBI MOAIIUITHUKA,
BHYTpPEHHEH 000WMBI, YaCTOTHI CEMapaTopa U YaCTOTHI T KAYCHHUSI.

YacroTa mepekaThiBaHWs TeJ KaueHUS 1O BHENIHEH o0oiime (4acTo B JUTEpaType
o6o3nagaemas BPFO):

Fao = l_)'- - FY (1 — ﬁ—:'— Cos r:s)
)
rae: N1 - konudecTBO Tell KayeHHs B OJHOM psiay momammnauka; F1 - obopoTHas yactoTta
BparnieHust potopa; D1 - quamerp tena kadenus; Dc - cpenHuil fuaMeTp cemaparopa; j - yroi
KOHTaKTa Teja KauyeHus: ¢ 000UMOi.
HacToTa nepeKaTbIBAHMs TEJl Ka4CHHS 110 BHyTpeHHeH oboiime (BPFI):

Fy = - Fy (1 + - m%o)

- Fy (1 — —m%o)

. : . I
Fi. = j-f’]ﬁ—:]f (1 — f] L cth’o)

13— |¢,|:"

Yacrora cenapatopa ( FTF ):

Yacrora nepekarsiBanus ten kauenus (BSF):

@opmynbl  ans  pacyeTa IMOAIIUIHUKOBBIX YacTOT YJIOOHBI W TOJE3HBI IS
UCTIOJIb30BaHMsI B JMArHOCTHKE, HO JIOCTOBEPHOCTh JMATHOCTUKU C HMX HCIOJB30BAHUEM
MOJKET OBITh HE BBICOKOW. /I0CTaTOYHO YacTo Jake MPU HAIWYHMU B TOJUIMITHUKE SBHOTO
nedekTa B BUOPOCHTHAIE XapaKTepHbIE YaCTOThl MOTYT IOJIHOCTBIO OTCYTCTBOBATh, UMEThH
C/IBHT T10 YaCTOTE, WK IMETh OYEHb MaJIbIil ypOBEHb.

[TapameTpsl curHaia MOTYT OBITH OTIPEENEHBI 10 €r0 CIIEKTPY, BRIUUCIIIEMOTO Yepes
npeobpazoanue dypoe [1, 3] Oxnako, 3TOMy TPEOOPaA30BAHUIO MPUCYIIH CYIIECTBEHHBIC
HEJIOCTATKU: UCKAKCHHE YaCTOTHOW MHpOpMamuu mu3-3a 3PQPeKTa KOHEUHOW IJIMHBI M, KaK
CJIC/ICTBHE, HCKAKCHUE CTIEKTPA.

Meron [TpoHn HammydmmM oOpa3oM COOTBETCTBYET 3ajaue W3MEPEHHs MapaMeTpOB
CUTHAJIOB TI0 KPUTEPHIO TPYJOEMKOCTH, a TaKKe Ha OCHOBAaHMH TOTO (paKTa, 4TO MOJEIb,
3aJI0’KEHHAst B METO/I€, — CyMMa KOMIUIEKCHBIX SKCIIOHEHIHABHBIX COCTABIISIONINX

ZU Wf’ J(2pp ,ZZH'U )

Meron IIponn TecHO CBA3aH ¢ aJ'IFOpI/ITMaMI/I JIMHEVHOTO MPEJICKa3aHus 10 METOLY
HalMEHBIIIMX KBaJpaTOB, UCIOJIB3YEMBIMU MPU CHEKTPAIbHOM OLIEHMBAHUU HA OCHOBE MOJIe-
neil aproperpeccuu. B oTimune ot croxactuueckux napamerpuudeckux APCC — moneneid, B
Metoze [IpoHn nis anmpokcUManyy JaHHBIX UCIOJIB3YETCS JEeTEPMUHUPOBAHHAS HKCIOHEH-
UaTbHAsT MOJIENb, BBIYMCIICHUE CHEKTpaibHOW TIoTHOCTH 3Heprun (CIID) kotopoi u co-
CTaBJIIET CyTh CIIEKTpaJIbHOM HHTEepHpeTanuu Meroaa [Iponu.

[TeprogorpaMMHY10 OLIEHKY CHEKTpalibHOM miuoTHOcTH MolHocTH (CIIM) cunraem 3k-
BHBAJICHTHOH CpEAHEKBAPATUIHON alMPOKCUMAalIUK JAHHBIX ¢ moMoibio psaaa dypee, T.e. rap-
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MOHHUYECKOTO HabOpa KOMIUIEKCHBIX cuHycou. [lycth ms N orcueroB naHHbIX X[0],... x[N-1],
pa3eneHHBIX HWHTEPBAJIOM T, anmpOKCUMUPYIOTIAs MOCIIEI0BATEIHHOCTH:

N-1
Ln = Z “”ir.:j.—.;_,l',,.“]'_ n=0..,N-1,

=[]
N—-1
1

Oy = T ;I 1:!.”(_,—?.'74_1'71.“]"_ n=0._ . N_—1.

rae
eci KO3(PHULHUEHTHI d,, ONPENENISIOTCS U3 yCIOBHS MUHUMM3AIUN CYyMMapHOW CpeIHEKBa-

N-1
Z |Tp — £ :

o n=I0
paTI/IqHOI/I O]_HI/I6KI/I aHHpOKCI/IMa]_[I/II/I , @ 4aCTOTHI fm rapMOHI/ILIeCKI/I CBsA3aHbI

MEXIy COOOM:
f=" m=o0,.,N-1.
NT
Takum 00pazom, B rapMOHHYECKOI MOJIEN YaCTOTHI U YUCIIO CUHYCOU]] 33at0TCs 3a-
paHee, TI0ATOMY HEOOXOAMMO OICHMBATH TOJIKO MOIIHOCTH 3TUX CHHYCOUJIAIBHBIX COCTAB-
JISFOIIUX HA OCHOBE COOTHOIIICHHUS

N-1 2
2l = %Zx[n]eXp(—j%y‘mnT) , m=0,.,N -1,
n=0

cOOTBeTCTBYOMIEr0 BeaucaeHuo CIIM nuckpeTHoi nepuoaorpaMmal.

Herapmonunueckass monens, ucrosibzyeMass B Merone [IpoHu, TpeOyeT oLeHKu He
TOJIbKO MOIIHOCTH, HO M YMCJIa CHHYCOUJ U UX yacToT. C Apyroil CTOPOHbI, FTapMOHUYECKAS
MO/IeJIb Ha0JII01aeMbIX JaHHBIX MPEAINoaraeT X NepuoANIEcKoe MPoJ0DKEHUE BHE UHTEP-
Bajia HaOJIO/IEHMS], UTO JAJIEKO HE BCEr/la COOTBETCTBYET peajbHOMY IOBEJICHUIO MIpoliecca U
CBSI3aHO C OTPHUATEIBHBIM MpOsBICHHEM 3(P(PEKTOB OKHA. B HerapMoHHYECKOW Mojaen
[Iponu uckaxaroiee 1eMcTBUE OKHA UCKIIOYEHO, T03TOMY TOUHOCTH onieHku CIIM mo cpas-
HEHHIO CO CTAHJAPTHBHIM IOJIXOJIOM Ha OCHOBE IpeoOpa3oBaHusi Pypbe 3HAUUTENIBHO YJIyd-
n1aeTcs.

[lo maHHBIM KOMIBIOTEPHOTO AKCHEpUMEHTa moirydeHsl onenku CIIM BuOpocurnana
HNOJIIUIHUKA C JAePEeKTOM. YpOBeHb Ae(eKTa OMNpeNessieTcs MOpOoroM BHOpPOCHIHaia IO
amITy e ¥ paBeH 1.7 'y, 94To COOTBETCTBYET YacToTe AeeKTa B MO IIHITHHIKE.

Locmouncmea memooa:

- I0CTaTOYHO BBICOKAsI IOMEXO3AIUIIIEHHOCTh (MaJOBEPOATHO HAIMYME B MEXAHU3ME
MCTOYHMKOB, CO3AIOIINX BHOpAMN HA TeX K€ TOYHO YaCTOTaX, YTO W AS(PEKTHI MO IIITHITHH-
Ka);

- "H(GOPMATUBHOCTH METO/1a BBICOKAsA. MIMeeM BO3MOKHOCTh MOJYYHTh IU(hepeHIH-
POBAaHHYIO OLIEHKY COCTOSIHMs IOJUIMITHAKA OTAEIBHO IO KaXKIOMYy €ro KHHEMaTU4ECKOMY
y3I1y, IOCKOJIBKY OHM F€HEPUPYIOT Pa3HbIE YACTOTHBIE PSAJIBI B CIIEKTPE.

Heoocmamxu memooa:

- METOJ1 MaJIOYyBCTBUTEJIEH K 3apOXKAAIOIINUMCS U c1a0bIM JedekTaM. DTO CBA3aHO C
TE€M, YTO MOJILIUIHUK B IOJABIISAIONIEM OOJIBIIMHCTBE MEXAHU3MOB SIBJSIETCSI OYEHb Majlo-
MOIIIHBIM UCTOYHHUKOM BUOpauuu. J[pyrumu cioBaMu, HEOOJBIIONW CKOJI Ha IIApUKe WU J10-
PO’XKKE HE B COCTOSIHMM 3aMETHO KayHYTh MEXaHU3M, YTOObI Mbl YBHUJIEIH 3Ty YAaCTOTHYIO CO-
CTaBJIAIOUIYIO B clieKTpe BuOpauuu. M ToJIbKO MU 10CTaTOUHO CHIIBHBIX JAe(EeKTaX aMILIUTY-
JIbl 3TUX YaCTOTHBIX COCTABJIAIOIIMX HAUYMHAIOT 3aMETHO BBIAEISATHCS Haja OOIIeH IIyMOBO
YacThIO CIIEKTpPA.
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Cnucox autepatypsi: 1. Mapr-mo. CJL. HudpoBoii ciekTpaibHBII aHAIU3 U €To
npuinoxkenus. M.: Mup, 1990, 584 c. 2. Msacuaukoa, M. I'. [IpeobpazoBanue [Iponu B 3a1aue
U3MEpEHHsS MapaMeTpOB TAPMOHMYECKHUX CUTHAJIOB B mymax / M. I'. MsicaukoBa, b. B. LbI-
e, 1. I'. Muxaiinos // Jlarauku u cucremsl. — 2007. — Ne 4. - C. 19-22. 3. PycoB B.A.
"CnekrpanbHas BuOpoauarsoctuka" — [lepms, 1996 r. 174 c. 4. laBsrnoB B.M., Xyxos P.B.
OCOOEHHOCTH TEXHWYECKOW AMAarHOCTUKH MOPIIHEBBIX KOMIIpeccOpHbIX MammH // CTarbs
noMelieHa Ha caiite www.vibration.ru 03.10.2002.

ABTOMATH3UPOBAHHASA TEHEPAIIVS KOMIIBIOTEPHBIX MOJEJIEA
TOPEHUSI M TEINIOMACCOOBMEHA B ITOPIIHEBBIX JIBUTATEJISIX

Hepeneaunusin FO.A., Hpiméanos J.C., Janoma E.H. (JI'TV, 2. Pocmosé-na-/{ony, Poccus)

OcHoBaHHbIE Ha (U3NYECKUX COOOpaKEHHSAX JIeTAJIbHbIE MOJIETH paboyero npoiecca
NOPIIHEBBIX ABUrateneil BHyTpeHHero cropanus (IIJIBC) BeipakaroTcss HOCpeacTBOM CUCTE-
MBI JKECTKHX HEJIMHEHHBIX 0OBIKHOBEHHBIX Auddepenimansubix ypasaenuit (O/]Y) Beicokoi
pazmepHocTH [1]. UucieHHOe MHTErpUpPOBAaHUE TAaKUX YPABHEHHUH MPEJCTABISAET CEPHE3HYIO
Hay4dHyI0 mpoOnemy [2], a uX cocTaBieHHe, TPEOYIOIIee MCKIIOUYNTEIBHON aKKypaTHOCTH,
HEen30€KHO COTPOBOKAAETCS MHOXXECTBEHHBIMH OIMMOKaMU B KOMITBIOTEPHBIX MpPOTpamMMax
o6beMoM ~ 10° cTpok. CyIIeCcTBEHHO, 4TO Pe3y IbTHPYIONIHIi IPOrPAMMHBII KOJ| HyXIaeTcs
B KapJAMHAJIbHOW nepepaboTKe Aake MPU MUHMMAaJIbHOM W3MEHEHMU KMHETUYECKOM CXEMBbI
rOpeHHsi MOTOPHOTO TOIUIMBA.

[Ipobnema pemaercss mOoCpencTBOM aBTOMAaTH3alMM MPOTPAMMHUPOBAHMS, B YACTHO-
CTH, CO3JaHHEM T.H. ceHepamopos mooenei (I'M). DTum TepMuHOM 0003HAUAIOTCS TPO-
IrpaMMHBIE CPEJICTBA, MO3BOJISIIOIIKE: 1) OMyUYaTh, XpaHUTh, COPTUPOBATh, U3MEHATh, YTOU-
HATh U T.J. TCOPETHUECKUE W/WIM SMIHUPUYECKUE JTaHHbBIE; 2) arperupoBaTh (PaKTUIECKYIO,
TEOPETHUYECKYIO U IBPUCTHUYECKYIO MH(DOpMaLUio, GOpMHUPYs HA BBIXOJE UCTIOTHAEMBIA KOM-
NBIOTEPHBIN KOA; 3) MJIaHUPOBATh U PEATN30BBIBATH MPEIMETHBIM BHIYUCIUTENbHBIN 3KCIIe-
pument (BD).

B pasBuBaembix Hamu MojensX [3] ropeHHe MOTOPHBIX TOIUIMB OIMCHIBAETCS
COBOKYIHOCTBIO ~ 400 MUKPOCKOIIMYECKH 0OpaTUMbIX 3JIEMEHTAPHBIX PEaKLUi OCPEICTBOM
cUcTeMBbl OOBIKHOBEHHBIX TU((epeHINaNbHbIX ypaBHEHUI

A pxy+sx, n

dt
rae X(¢) = {ci(t), ca(¢), ..., T(¢t)} — TCEBIOBEKTOP, OOBEAUHSIONINN KOHIEHTPAIIMA KOMIIO-
HEHTOB ¢;, cM ™, i Temmneparypy T, K; 1 — Bpems, ¢; f — CKOPOCTh H3MEHEHHS TePMOXHMUUC-
CKHX mapamerpoB 3apsiza, {cm ™ ¢!, em™ ¢, ..., K ¢'}; § — Temm oGMeHa TepMOXHMEUe-
CKHMH TTapaMeTPaMH MeXIy 3apsioM | «pesepByapom», {em™ "¢’ em™ ¢!, ..., K ¢!}, TTo-
ATOMY ILIEJBI0 JaHHOH paboThI BEIOpaHO co3naHue YP(GEeKTHBHOTO TeHepaTopa NpaBbIX YacTen
cuctems! (1). EcrecTBeHHBIMM MPOTOTUNIAMH Pa3pabOTKU MOCTYKUIIM F€HEPATOPhl CUCTEMBbI
YpaBHEHHH, OTBEUAIOIINX KJIACCUYECKOW MpSAMOU 3amade xumudeckod kuHetnku BAHKOH
[4] u KHHKAT [5]: Takast cuctema mnpotiue, 4eM (1), IocKoJbKy B HEM OTCYTCTBYIOT UCTOYHU-
KM BEILIECTBA U Ter1oBoM aHepruu S(X, ¢) = 0.

CtpykTypa U QyHKIMOHUPOBAHHE T€HEepaTopa MoJesiell BHYTPULMIMHIPOBBIX IMPO-
ueccos B [IJIBC ABTOKQ/] noka3ansl Ha puc. 1. Cucrema ABTOKO/] npeBOCXOAUT IPOTO-

" PaGoTa BhimoHeHa mpu noanepxke Ponna ALCOA.
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Tunbl [4-5] 3a cdeT peanmzanuu clenyomux QyHKIui: 1) TeHepau TePMOXUMHYECKH CO-
IJIACOBAHHBIX KHHETHYECKHX MOJYyJEH; 2) FeHepaluu MOJENEH HEOJHOPOJHBIX pearupyro-
MIMX Ta30B C TYpOYJCHTHBIM NepeMeInBaHueM; 3) BO3MOKHOCTH CTOTI-CTAPTOBOTO MHTETPHU-
pOBaHUs NMHAMMYECKUX YPAaBHEHUHN B YCJIOBHUSX CUHIYJISIPHBIX BO3MYLICHWH CUCTEMBI BHE-
3allHO BO3HUKAIOIIMMU MCTOYHMKAMHM, 4) YaCTUYHOM aBTOMAaTH3alMH UCCIEIO0BAHUM CTPYK-
TYPHOH U JUHAMUYECKON YCTOMYUBOCTU KOMIIBIOTEPHBIX pEAIM3aluii KOHKPETHBIX MOJCIIEH,
5) 3¢ deKTUBHON TEXHOJIOTHH BIIEICHUS MUHUMAJIBHBIX MOJIENICH pearupoBaHus.

MONEI0BATENG (MH¥EHER-HCCNEA0E aTENL)

Y
¢ i e pa ke el 0B e dansons ¢
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Puc. 1. CtpykTypa v pyHKIMOHHUPOBAHHE T'€HEPATOPa KOMITBIOTEPHBIX MOJIEIEH
pabouero npornecca [1JIBC

Anamu3 sikoOuaHa renepupyembix moaenei ropenus B [IJIBC (puc. 2) nmo3BosieT yc-
TAHOBUTb NPEJENbl JCTATU3alMU MPU ONMCAHUU PACHPEEICHHBIX PEArUPYIOIIUX CHCTEM.
CoBpeMmeHHbIE cpeacTBa MHTErpupoBaHus kecTkux cucreM OJY [2] orpaHuuuBaroT BO3-
MOJKHOCTH TipoOsieMHoro BD cpemamu, rie 4uciio BEMIECTB B CTENEeHU 1/2 TOMHOKEHHOE Ha
9HCIIO STUCEK C MApPaMETPUUECKH OJHOPOIHOH cpenoif Merpme cra (I'27 < 100).

I I, "m
/z-w_“ fz;mih[" i — HOMep BellecTBa
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If? ol / — HOMEpP NPOCTPaHCTBEHHON
u
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Puc. 2. CtpyxkTypa sikobrana B MOJI€JM BHY TPULIMIIMHAPOBBIX nporeccoB [1JIBC
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Y coBepIIEHCTBOBAHNE METOJAMKH OTOOpa BeIyIIUX PEAKIMil B COUETAHUU SIBJICHUSIMH
nepeHoca 00yCIIOBIEHO HEOOXOIUMOCTBIO YUUTHIBATh 0OPATUMOCTD KaXK/10TO 3JIEMEHTApHOTO
XMMHYECKOT0 akTa. BbIOOp IiaBHBIX peakuuil peaqn3oBaH MOCPEICTBOM JBYXAITAIHOM Mpo-
LEeAYypbl: HA MPEABAPUTEIBHON CTaIUM PAHKUPOBAHUEM M JCJIICHUEM YIOPSAJLO0YEHHOIO CIIU-
CKa II0II0JIaM OTCEMBAIOTCSI BTOPOCTEIIEHHBIE PEAreHThl U COOTBETCTBEHHO BCE PEAKLUU C UX
y4acTHEM, a Ha 3aBEepLIAIOIIEH — MaJOCyIIECTBEHHbIE 00pAaTHUMbIE PEAKIIMH MEX/ITY OCTABIIIH-
MUCS 3HAYMMBIMH PEarcHTAMM.

Posb OTAENBHBIX BEMIECTB B KMHETUKE MPEBPAILECHUI ONPEAEIACTCS BEIMYMHON NHTE-
IpaJILHOTO IToKa3areis JlsmyHosa

=<2 >|2 = [nea/t)]" (e Ter - f2(epTed dint . 2)

Pearentsl, 11 KOTOPBIX BEIWYHMHA JI; MAaKCUMaJbHA 10 MOJIYJIIO M OTpHUIATEIbHA, HAU-
MEHEe MHTEPECHBI B IMHAMUYECKOM OTHOIICHUH ¥ MEPBBIMH MPETEHAYIOT Ha UCKIIOUCHUE W3
cXeMblI peBpamnieHnii. Ha Bropom sTamne (akTopHOTo aHanm3a BaKHOCTh OTAEIBHBIX pEaKIH-
OHHO-TPAHCTIOPTHBIX KAHAJIOB OTCIICKHUBACTCS MIOCPEACTBOM CIeAIINX (yHKIHOHAIOB (CD).
B reneparope ABTOKQO/] 3tv pyHKIMOHANB yHacaenoBaHbl oT cucteMbl KMHKAT [5].

[IpakTryeckn Hama pa3zpaboTka KapauHaIbHO obOsierdaer BD ¢ momemsimMu pabouero
nporecca [1/IBC, cBozist ero k uepeoBaHUIO CYIIECTBEHHO aBTOMATU3UPOBAHHBIX MPOLEAYP
CHHTE3a U aHAJIN33a KOHKPETHBIX KOMIBIOTEPHBIX peain3anuii Mojenu (1) B COOTBETCTBUU CO
cxemoi puc. 3.
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Puc. 3. CocraBnenue moneneit IIJIBC npu nomomu reneparopa ABTOKO/]

Cnucox aureparypbl: 1. bakymun B.H., Jlagoma E.H., [Toronaxun B.A., fuenko
O.B. MonenupoBaHie KHHETUKH HEPABHOBECHBIX (PMBMYECKHX IMPOIIECCOB M PEAKLUI B MHOTO-
KOMITIOHEHTHOM TypOYJICHTHOM 3apsijie TIOPIITHEBBIX ABUraTelieil BHyTpEHHEro cropanus // Mar.
monemmpoBanne. — 2007. — T. 19. — Ne 12. — C. 81-97. 2. Gear C.W. Numerical Initial Value
Problems in Ordinary Differential Equations. Prentice-Hall Englewood Cliffs. — N.-J.: 1969. —
207 p. 3. Jlanoma E.H., SIuenxo O.B., I{pim6anoB [I.C. CuctemHass uMuTamus JUHAMUKHA
nopuHeBoro JIBC: ¢a3oBbie nepexoabl, TypOyJIeHTHOCTh U NEPEHOC, XUMUYECKHE PEaKluy,
teriooOMen / Cua. 00 odwuil. peructpanuu [Ip3BM Ne 2009615832, — M.: POCITATEHT,
2009. 4. I'y6anos E.B., Jopomenko B.M., Kunbuos I.E. u ap. ABTOMaTu3upoBaHHbIE CHUC-
TEMBI pacueTa XUMHUYECKUX W ONTHYECKUX CBOMCTB IIA3MBI B 3a/1adaX BBICOKOTEMIIEpATyp-
Ho¥ razoBoit nuHamuku. — M.: UBTAH PAH, 1992. — IIpenp.Nel-344. — 27 c.5... [aBnerumn
P.®., Auenko O.B. KMHKAT — aBromMarusupoBaHHas cuctemMa pa3paboTKU CJO0XKHBIX PaHaIOH-
HO-KMHETHYECKHX Mojenelt / Mexsen. c0.: Mar. MoienrpoBaHue MpoIeccoB yNpaBieHHs U 00pa-
6otku nndopmarun. — M.: MOTH, 1993. - C.113-123.
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MOJIEJIY JTUCIEPTUPOBAHYS Y1 HCTIAPEHUS TOTIVBA B JU3EJISIX
JIJIS1 OTIPEIEJTEHMSI XUMHWYECKOT'O COCTABA BBEIXJIOMHBIX IT'A30B
C LIEJIbIO HOPMAJIM3ALIMY BO31YLIHOM CPEJbI ABTOCEPBUCOB’

Paguenxo E.®., Hpimbanos A.C. ([{I'TY, 2. Pocmos-na-/[ony, Poccus)

Urobb1 ocnabuth BpenHoe Bo3zaeicTBUEe oTpadoTaBmux ra3os (OI') Ha paOOTHHKOB
ABTOCEPBHUCOB, JABUIaTEJICCTPOUTENBHBIX M PEMOHTHBIX 3aBOJIOB TpeOyeTcs Ha HAay4HOU oc-
HOBE COBEPIIEHCTBOBATh METOAMKH OOKATKH, PEryJMPOBaHUs U TEXHUYECKOTO OOCIYy>KUBa-
HUA Auseneil. OnpeneneHne CTpaTeruy U KOHKPETHBIX MEp 3aIlUTHI IEpCOHala OCHOBBIBAECT-
csl Ha 3HAHMAX XUMHYeckoro coctaBa OI', xapakTepa BO3ACHCTBUS TOKCHYHBIX KOMIIOHEHTOB
Ha YEJIOBEKAa M OTPAHWYHMBACTCS MPAKTHYECKUMH BO3MOKHOCTSMHU COKPATUTh MX BBHIOPOC B
YCIIOBHSIX TIEPEUUCIICHHBIX MPou3BOJCTB [1,2]. Kpurtnusim gakropom 371ech ABISETCS KOHCT-
PYKIUS W/HIIH TEXHUYECKOE COCTOSIHUE TOTUTMBHOM crcTeMbI [ 1-3].

[Ipemnaraemass HaMu Mepapxusi MOJENEH «BIpbICKa — APOOJCHUS CTPYH — HCIHape-
HUSD», XapaKTEPU3YIOLIUXCS Pa3IMYHON MOAPOOHOCTHIO, BRIPAXKAETCS YPAaBHEHUSIMU:

Maccosas ckopocms snpwicka — G(t) = (2P p)'* (1) , (1)
Pacnpedenenue kanens no pazsmepam — Frr(A) = a A exp(-yA?) , 2)
Iokasamens ducnepeuposanus — y = 310" [pu*/Guos]’ 3)
Kos¢hpuyuienm nosepxHocmmo2o Hamsaicenus — Ouos = Onos (1 - T/T, Kp)“/ ., 4)
Junamura ucnapenus kana — dA/dt = - kyen A, (5)
Kospguyuenm ucnapenus (Qugpdysuu napos) — kuen = 5107 2 174/P (6)
Kunemuxa easugpurxayuu monauea — oflot — kuyen/2A 0floA = F(A, t) , (7)
Cpeonsis macca kanens — <m(t)> = pl[EG()°] , (8)
Junamura maccvr seudkoii pasol — dM/dt = G(t) - 312" kue p/<m(t)>Y"*M , 9)
Hunamuka énpoicka — 2 A; (a; + 1) (£ - ) IG5 exp{-(t - t:)/A6)% " 1 x

x sign(t - t;) . (10)

B dopmynax (1)-(10 ) ¢ — Bpems; p — TWIOTHOCTB; Kt) — ipoxoiHoe cedeHue (hopcyHOK); Pr—
JIaBJICHUE BIIPBICKA; A — JUaMeTp Kamelb;, ¥ — HauOoJiee BEpOSTHBIM OOpaTHBIM pa3smep Ka-
TIeJTb; U — CKOPOCTh CTPYH (IIPH BIPHICKE); Opop — KOIPPUIIMESHT TOBEPXHOCTHOTO HATSIKECHHS
TtommBa; I' u Ty, — COOTBETCTBEHHO (DAKTUYECKAs M KPUTHYECKAs TEMIEPATYpPa; kyen U U —
COOTBETCTBEHHO K03(duitrieHT auddy3un mapoB U CPeIHUN MOJICKYJISIPHBIN BEC TOIUIMBA,
P — naenenwme; f= f(A, t) — byHKIMS pacnpeaeneHus Kareib 1o pasmepam; F(A, f) — 3akoH
(muHAMUKa) TormBoNOAauM; & — KOA(GHUIMEHT, XapaKTePU3yIOIINi PacbUIMBAIOIIEE YCT-
poiictBo; M(f) — macca sxuakoi (hasbl TOTHBA; 4;, i, t; i At; — KO3(OUIUEHTHI arpPOKCUMH-
pytomeit G(¢) 3aBUCUMOCTH.

Jlyis O1leHKM aJieKBaTHOCTH HAIllMX MOJIENeN MpOoaHaIU3UPyEeM pe3ysIbTaThl PacueToB.
OOBEKTOM MOJICITUPOBAHKS BHIOPAH TEIUIOBO3HBIH IU3eb paboduM 00BEMOM 2010° em’,
4acTOTOM BpallleHus: KojieHBana 15 ¢!, mpknoBoit momaueit TorwmBa Gy~ 1 T B TedeHue
At ~ 4 mc. XapakTepHblii TUaMeTp Kamellb TOTIJIMBA B MOMEHT pachblia COCTABISIET 50 MKM,
KOHCTaHTa UCTIAPEHUS Kycy TOPSIKA 102 cm?/c. OtBevaromast BBHIOpAHHBIM MMapaMeTpaM JIHHA-
MUKa BIPBICKA — PACHbLIMBAHUA Kalellb MpeJCcTaBiieHa Ha puc. 1, a-¢. [lannbie puc. 1 nox-
TBEPXKAAIOT U3BECTHBIN (DAaKT: KAUECTBO CMECEOOPa30BaHUS CHIIBHO 3aBUCHUT OT JJIMTEIBHO-

" PaGoTa BhimoHeHa mpu noanepxke Ponna ALCOA.
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CTH M XapaKTepa MepexoHBIX YUYaCTKOB BIPHICKA, 0OCOOCHHO TPU 3aBEPIICHUH [UKJIA TOTUIH-
Bomoj1auu [3-5].

200 7, ric Tewmn BNpbICKE, Kanenke/c CpegHAs macca Kannu, r
] 10 3
a) 10 6) 10 g)
10° 10
100+ e e
7 -6 _|
I, mc qp 10
Iomc I omc
I:I [ | I 1 I |
n ] 10 0 ] 10 1] ] 10

Puc. 1. KonnuecTBeHHbIE XapaKTEPUCTUKH BIIPHICKA TOIUINBA B TEIJIOBO3HOM JHU3EIIE:
a U 6 — MaccoBas U «KareJjibHas» [ojiaya TOIJIMBA, 8 — CPEIHAS Macca Kallellb

[IpuBenennsie Ha puc. 2, a-6 pe3yJbTaThl KOMIBIOTEPHBIX IKCIIEPUMEHTOB C MOJIEIISI-
MU (1)-(10) cBUAETENBCTBYIOT O KBAa3UCTALIMOHAPHOCTU CPEHErO pa3Mepa Karellb B KaMepe
cropanusi. Tak HalmMMM pacueTamMH TMOATBEPIKIACTCS CIPaBEJIMBOCTb HCIOJIb30BAHHBIX B
paboTe [6] ynpoIlIeHHON MOIeN UCTIApEHUsI, OCHOBAHHOW Ha MPEAIOJIOKEHUH O TIOCTOSHCT-
BE CPEJHEr0 pa3Mepa Kallld U BBIPAKaeMOW €IMHCTBEHHBIM OOBIKHOBEHHBIM AuddepeHu-
anbHeIM ypaBHeHueM (OJ1Y). IlorpemHocts pacuera AMHAMHMKHU razuuKaluyd TOIIMBA B
paMKax yrpoieHHo# Mmojienu [6]. e npesbiaeT 20+30%.

(emit)=f o) o) Mo 6)
6107 0.2
4107 0.2
2.0 0.1
I MK - I MK
0 5 00 5 10

Puc. 2. Cpennuii pazmep ucnapsomuxcs Kamenb (a) 1 Macca *HUJIKOro TOIumBa (0) B Tel-
JIOBO3HOM JIM3€JIe, PACCYUTAHHBIC B PAMKAX PA3JIMYHBIX MOJEJIECH UCIIAPEHNUS : CIUIOIIHBIS JIU-
HUM 0€3 MapKepoB — JieTajbHas MOJeNb JaHHON paboThl: 3alITPUXOBAaHHBIN Ha (parMeHTe a
KOpHIO0p COOTBETCTBYCT MHTCPBATLY <m*?/ p>+<m/p>2/3; X — OIIMCAHHEC MPH ITIOMOIIM PEay K-

poBaHHOU Mozenu u3 AByX OJ1Y; [ — nocpenctBom equHcTBeHHoro OJ1Y

[IpumeyaTenbHO, YTO COMOCTABISIEMBIE MOJENIM, HECMOTpPSl Ha PAa3IMYHYIO0 CTEINCHb
JIeTaIhbHOCTH, IEMOHCTPUPYIOT YHUBEPCAIBHOE MMOBEICHNE B YACTH 3aBUCUMOCTH JIOJIH HCTIa-
PEHHOTO TOIUIMBA OT KaueCTBa PACHbLINBAHUA & M JISTKOCTH UCTIAPEHUS Ky COOTBETCTBYIO-
M€ JaHHBIC MPUBENICHBI HAa PUC. 3, a-8. M3 HUX, B 4aCTHOCTH, CJIEIyeT, YTO HEMOJHOTA HC-
MapeHwusi, a B pe3yJIbTaTe U CrOpaHus CHIIHHO 3aBUCHUT KaK OT Ka4yeCTBa paclbUIMBAHUS. (B yC-
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JIOBUSAX MOJCIBHBIX PACUETOB MpeAeaoM OTHOMICHUS OInMycr/0Iné ciysxur —1), Tak u oOT
TPAHCHOPTHBIX CBOMCTB padouero Tena (OInMerar/0ln kyer — 2).

03 M. @) ouM /o 0 ouM /ouk, 9
1

0.2
-0.54 N

0.1
4

. JGy dt/Gy [emave, [omat/Gy

0 05 1 0 0.5 1 0 08 i

Puc. 3. lunamuka ®uakoi Gpasel B €IIIOBO3HOM JTU3EJIC U €€ CBSI3b C KAY4ECTBOM JTUCTIEPTHPO-
BaHUs CTPYH U TPAHCIIOPTHBIMH CBOMCTBAMU paboUero Tena

KauecTBeHHOE M KOJIMUECTBEHHOE COTJIACUE IMHAMUKY MCIIApEHUs B paMKaxX Mojelei
Pa3IMYHOM MOAPOOHOCTH 3aMETHO 00JIeryaeT KOHCTPYHUPOBAHUE COBOKYITHOM MOJENN BHYT-
PULMIIMHIPOBBIX MPOLIECCOB — 3@ CUET ONpPEEICHHON CBOOOIbI ITPU BEIOOPE MAaTEMaTUUECKOM
CTPYKTYpPBI JaHHOTO 3JeMeHTa. OTMEUEHHOE O0CTOSTENbCTBO CIY)KUT TaKK€ CTPOTUM Hayu-
HBIM OOOCHOBAHHMEM YIIPOIICHHOTO OMUCAHUSI UCHapeHus mocpeactBoM ogHoro ONY, mpu-
MEHSBIIIETOCs B padote [6].

[Ipu yriay6neHHOM paccMOTpeHHH NIepeMelIBaHNs KOMIIOHEHTOB B 3apsae JABC cie-
JyeT YYHUTBIBATh, YTO COOTBETCTBYIOIIUE MPOIECCHl HENb3S OTIEIUTh OT COOCTBEHHO TOpe-
HUS: 00a SBJICHUS TPEICTABIAIOT COO0 HEKOTOPHIE aCTIEKTHl ME30IMHAMUKH 3apsia, OOBIYHO
Ha3bIBaeMoi TypOyeHTHOCThI0. Kak BIpBICK, CONPOBOKAAIOIIMICS pacnaioM CTpyH U ucma-
pPEHHEM KUAKOCTH WJIM BO3SHUKHOBEHUEM HEKOTOPBIX HEMOTEHLUAIbHBIX TEUEHUH MOJISIPHBIX
MacmTaboB, TAK M JTUHAMHYECKH HEYCTOWYHMBHIN (DPOHT IJIAMEHH CITy)KaT HCTOYHUKAMH TYp-
OYyJICHTHOCTH — BHXPEH IVIABHOTO MacIiTtaba. B3anmoielicTBuE MEXaHUYECKUX, (PH3HUecKuX
U XUMHUYECKHUX MPOLECCOB MPOSIBISIETCS 3/1€Ch Yepe3 JUCCUIIATUBHBIM MM KacKaJHbIN dHEp-
rooomeH. I Ha060POT, HEMMHEHHOCTh PEAKIIMOHHBIX U JIP. CBOMCTB paboyero Tejia CrocoocT-
ByEeT aKTUBAILlMM PAa3HOMACIITA0HBIX BUXPEBBIX MOTOKOB. ONpeaeeHHOMY BIMSIHUIO CO CTO-
POHBI Ha3BaHHBIX YPPEKTOB MOIBEPTAIOTCSA M MPOIECChl cMeceoOpa3oBanus. OMHAKO B CHITY
CTPYKTYPHOH YCTOMUMBOCTH MOJEJIEH pAacCHbUIMBAaHKUS — WCHAPEHUS ATO BIIMSHUE HE MpEJ-
CTaBJIAETCS MPUHLUINNAIIBHBIM.

Cnucok aurtepatypsli: 1. Kynpunikuit A.P. TOKCHYHOCTh aBTOMOOMIIBHBIX M TPaK-
TOpHBIX ABUrareneil. - M.: Axkagemuueckuii npoekt, 2004. — 400 c. 2. Mapxos B.A., bamu-
poB P.M., I'aburoB U.1. TokcuuHocTh oTpaboTaBmMX ra3os nuseneil. — M.: Uzn-so MI'TY
uMm. H.D. baymana, 2002.—-376¢. 3. ActaxoB 1.B. u np. [logaua u pacnpuiMBaHue TOIUTMBA B
nusensix. — M.: Mamunoctpoenue, 1971. — 359 c. 4. [Taxu JI.I'., TamycroB B.C. OcHOBHI
TEXHUKU pacTlbUIMBaHUs KuakocTed. — M.: Xumus, 1984.— 256 c. 5. laynos 10.X., Jlepuep
M.O. T'opeHue B XKMIKOCTHBIX paKeTHBIX aBUrareisix. — M.: Oboponrus, 1961. — 196 c. 6.
Suenko O.B., Jlagoma E.H., Xononosa C.H., I'npm J[.C. KommiekcHasi o1ieHKa TOKCHYHOCTH
TPAHCHOPTHBIX JABHUTATENICH BHYTPEHHETO CTOPAHMS: CHCTEMA JCTAIbHBIX MOJIENIEH U Pe3ylib-
TaThl BRIYUCIUTEILHOTO dKcniepumenTa // M3B. By3oB. MammuHoctpoenue. 2006. Ne 3. C. 36-
46.
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CTBOPEHHS BJJACHUX BIBJIOTEK Y KOMIIAC-3D
®poaos O.IL., I'aiinap O.I'. (JonHTY, m. [loneywk, Ykpaina)

[puknanxi 61671i0TEKH MOJETUIYIOTh KHUTTS MPOSKTYBATbHUKAM, aJle SKUM OU BEJTHKHM
He OyB HaOip 6i0mioTek q0 rpadidHOT CHCTEMU, BIH OJHAKOBO HE 3MOYKE OXOTHTH BCIO MHO-
KHUHY PI3HHUX Taly3eil INPOMHCIOBOCTI Ta MOBHOIO MIpOIO 3aJ0BOJIbHUTH BHMOTH YCiX
KaTeropiii kopucryBauis. Lle xapakTepHO HEe TUIBKU IS iH)KEeHepHOI rpadiku, MOIETIOBaHHS
abo aBroMaTu3alii BUpoOHHUITBA. CIEKTp 3aB/IaHh KOHCTPYIOBAHHS CTAB HACTUIBKU BEJIUKHM,
10 PIICHHS MeSKHUX 3 HUX AK CTAaHJAPTHUMHM, TaK 1 MPUKIAJHUMU 3ac00aMH MOXKe 3a0upaTu
OaraTo yacy i OyTu HepalliOHATbHUM, a 1HOJ[1 HABITh HEMOIKITHBHM.

Binpuricts minnpuemcTB, mo BUKOpUCTOBYI0Th, KOMITAC-3D, 3aiiHATI BaXXKUM Ma-
MMHOOYIyBaHHAM, a MEHIIIA YaCTUHA IHIIUM 00JaHAHHAM. ToMy pa3pOOHUKH MPUKIATHUX
6i6miorex mst KOMITAC-3D (six i camoro KOMITAC-3D) y nepiry 4uepry Opi€eHTYIOThCS Ha
THX, XTO MPOEKTy€e MAmMHOOYAiBHI arperatu. 1o k poOUTH TUM TIANIPHEMCTBAM 1 MPOEKT-
HUM OpTaHi3allisiM, SKUX HE BIAIITOBYIOTH CTAaHAAPTHI MpukiIanHi 0idmioTexu. Ile 3aBaanHs
MOJKHA PO3B'SI3aTH 3a JJOTIOMOTOI0 CTBOPEHHS BJIIACHUX 0i0Ti0TEK.

CrtBopuTH BiacHy 0i0Ni0oTeKy MOXHa JIeKiTbKkoMa criocodamu [1]:

1) opranizyBaB 0i0mioTeKky pparmMeHTiB (eckiziB) abo MojeNeit Ha OCHOBI Oa30BUX MOXK-
maBocter cuctemu KOMITAC-3D;

2) cTBOpUB 0i0Ni0TEKY MIAOJIOHIB 32 JOTIOMOTOIO CIIEIiajJbHOTO J10AaTKa - MeHemkepa
11a0JI0HIB;

3) BUKOpHUCTAB CIielialibHe Makpocepenouiie Kommac-Makpo At MiAroTOBKH KOPH-
CTYBALIbKOTO JI0/IaTKa;

4) 3acTocyBaB IHCTpyMeHTaNbHI 3acobu Kommnac-Maiictep, T0OOTO Hamucatu (CTBOPUTH
3a IOTIOMOTOIO MPOTpaMyBaHHs ) BIACHY 010110TeKy HEOOMEKEHOT CKIIaTHOCTI.

Bubip BiOZnmoBigHOTO BapiaHTa 3aJEKHUTHh BiJl MMOCTABICHMX IIUICH, BiJ YSBJICHHS PO
MaiOyTHIO Gi0TI0TEKY 1 MOXKIIMBOCTEH MPOEKTYBAIBHHUKA.

s ctBoperHst 0i0JIi0TeK parMeHTiB He MOTPIOHO OYAb-IKUX CIEIiaIbHUX HABHUYOK,
okpiM BMiHHA npamoBatd y KOMITAC-3D. 3a gormomororo Takux 0i0Ti0TeK KOXKEH MPOeK-
TYBaJIbHUK MOY€ CUCTEMaTH3yBaTH Ha0Ip €NIEMEHTIB, sIKi HalO1IbIIe BUKOPUCTOBYE, OO TO-
JCTHIUTH JOCTYI JIO HUX TpPH PO3poO0Ili HOBUX KpecleHb abo mojmeneid. st cTBopeHHS
6i0mioTexku pparmeHTiB moTpiOHO y BikHI “MeHemkepa 610710TeK” CKOPUCTATHC KOMaHIaMH
KOHTEKCTHOro MeHio “Jlomat ommc — bBibmoreku AOKyMeHTIB 7. Y  HACTyNHOMY
niaoroBoMy BikHI ciin BuOpatu tun daiimy: Komnac-biomiotexku gparmentis (*.1r), skmo
BU CTBOPIOETE CXOBHILE [T KpECleHb a0o ecki3iB, abo Kommac-bibmioTexn moneneit (*.13d) -
JUTSL HAaTIOBHEHHSI MallOyTHBO1 0i10mioTekn 3D-Moaensmu. [licis mporo y BikHI “MeHnemkepa
01010TeK” TOBUHHA 3'sIBUTHCS Baia 0107110TeKa, aie moku mie nopoxus (puc. 1). IMicns 3a-
MyCKy 10 Hel MOKHA J0JaBaTH (parMEeHTH Ta MOJIENi 3a JIOMOMOTOI KOMaH]] KOHTEKCTHOTO
MmeHro (puc.2). bibmioTexu (parMeHTiB POCTi y CTBOPEHHI Ta 3aCTOCYBaHHI, a 3 TIOSBOIO HO-
Bux Bepciit KOMITAC-3D He noTpiOHO 3MIHIOBATH iXHIO CTPYKTYpPY, @ IOCUTh 3aBaHTaKUTH
cTapuii ¢aiin 6106;110Texu B “Menemkep 610110TEK”.

Henonikom monioHux 010110TeK € OOMEXeHICTh 1X (DYHKI[IOHAJIBHUX MOYJIMBOCTEH.
ABTOMaTu3alis Takux OI0JIIOTEK OCATAEThCA TUIBKM 3a PaXyHOK MapameTpu3allii 00'€KTIB,
SKUMH BU HAIlOBHIOETE JI0JIATOK, a 010JII0TEKA JIMIIE MPUCKOPIOE MPOLEC MOUIYKY 1 BCTABKU
NOTpIOHOrO rpadiyHOro eJeMeHTa B JIOKYMEHT 1 3abe3neuye Kpalll YMOBH JUIsl iXHbOTO
30epiranHs (He B okpeMux (aiiax, po3KUIaHuX IO KOPCTKOMY JIUCKOBI, @ BHOPSIKOBAHO, Y
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enuHoMy (paitni-0i06mioTeni). Binbll MIMPOKI MOKIMBOCTI, y TOPIBHSAHHI 3 0ibmioTekaMu
dbparmenTiB, MaroTh 0ibmioTeku madmoHiB KOMITAC-3D.

Menegmep Gubnuores

[ ] -M - 1l B bk A L L]
o Aewaxocs Gobasute onucasne 4 GubamoTexn goxymenTos
B Aporery | | Dpwenageon Gummoress "
B8 Boaccwat =z [T pr——————Ty———
B8 Aepesmm{ | Coanams pazgen L) MenesoBeromnnsie concrpyim
3 Xenesobd M
B GvGmmoTen KOM
OfHosnTe Menegwep bubnnores
OYHCTHTE Mewegmep GufmeoTex
»
e
gailn Buy Cgomec Cnpama  Befiamotens
E
— D-20 SAE Ll W » B o k7
e R 22 TpySonposaam
[ —— E0) Mposse S Inecrpua n anexTporncs
[P— S0 Pacuer wnocrpoenme mm
ihind - 2 Copen InerTpCABAr TS, PRR/TIR W AP,
[ [ g T | Re——
e tnoren: KOMNAC @ bes s |
=)

Puc.1. [lopsok cTBopeHHs 0i0TIOTEKH PparMeHTiB

il KOMNAC-3D
Saiin  fna Cgpewc Cnpasa  Bubnwotens

D-SH SAH L L@ <0 e BD R0 K7L
Merexep GufimmaTex ax
[ = | 3necrpoapurarens, pegysrop w ap. B3 BT wopransies

ILL [ asica mopaaansman
T ———

1 Nasumni wapseoesi
S —

[ GuGnmoren KOMNAC i 3nexrpogenratens, paaykTop U Ap.

Puc.2. lpuknan 6i01i0TeKn pparMeHTiB

bibmoTeka mabnoHIB - Iie MpUKIaaHa 0i0ioTeKa, MO CKIAAAEThCs 3 0a30BOro mapa-
METPU30BAaHHOTO KpECJeHHS a00 TpHWBHUMIpHOI Mojemi, TaOiuii 3MiHHHX, HaOpaHoi
BIZITIOBITHO 71O JESKHUX MpaBwi y TabmmaHomy penakropi MS Excel, i cxemu - gokymeHTa
KOMIIAC-3D abo pucyHKa, 0 MICTHTh iMeHa 3MiHHHX. bibmioTeka siBisie coboro (aiin i3
po3mmpeHHsiM *.tlm, 3a TOMOMOTOI SKOTO 3MIHHHUM TapamMeTpu30BaHOro (parMeHTa abo
JleTajl CTaBISITbCA y BIAMOBINHICTH 3HaueHHs, HaOpaHi B Excel-TaOmuii. Jlns cTtBopeHHS
610110TeK MIabJIOHIB MPU3HAYCHUH CTICIAIbHUI TOJATOK 32 Ha3BOIO "MeHemxkep madioHiB".

Po3poOky miabnmoHy citii MOYMHATH 31 CTBOPEHHS Horo mpoTotuity (dhparmeHTta abo
netaini) [2], kopuctyrouuch ctannapTHuMu 3acobamu Kommac-I'padik abo KOMITAC-3D.
[ToTiM HEOOX1IHO MPU3HAYMTU BCi 3MIHHI, Kl BU IJIaHyeTe BBOAUTH B Tabmumi Excel. Ha-
CTyITHUM KPOKOM € CTBOpEHHs TaOmmil 3HadeHb (puc. 2). s Tabmuus dopmyeThes B
penaktopi Excel 1 Bkitouae Ha3BM 30BHIIHIX apaMeTPU30BAaHUX 3MIHHUX, BIIMITKU
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BUJMMOCTI KOJOHOK 3HaueHb Yy ‘“‘MeHekepoBi MAOJIOHIB”, KOHKPETHI 3HaueHHs abo ix
IHTEpBaJ JJIs1 KOXKHO1 3MiHHO1 Ta iH. [IpaBuia 3amoBHEHHs TaOIMIb 10 MIA0JIOHIB nepedyBa-
I0Th y (aiiii-1oBiANi 1 MpHUKIanax, MO MOCTaBIAIOThCA pa3oM 3 0i0i0TeKO0 MabIOoHIB.
Cxemoro mapamerpiB Moxxke Oyt Oynb-saxuii rpadiunmii ¢aitn cucremu KOMITAC-3D a6o
daiin-pucyHok y ¢popmari * .bmp, *.gif abo *.jpg.

VYci Tpu BHILE pO3MIISIHYTI KOMIOHEHTH MOTPIOHO 310paTu B €AMHUIA 1oaaToK. s mpo-
ro, KOpPHUCTYIOUHMCh KoMmaHaowo “HoBa O0i0mioTexka”, cmig yka3aTH Ha3By Mai0yTHBOL
0i0mioTexkn W mamky, ne BoHa Oyjae posMimeHa. Jlami HeoOXigHO O(GOpPMHUTH BHYTPIIIHIO
JepeBONOAIOHY CTPYKTYpy 0i01i0TeKH, TOOTO pO3ALIM Ta MIAPO3AUHM, Y SKUX OyIyTh mepe-
OyBaTu MATOTOBJICHI BaMU IA0JOHU. 3aBepIIATbHUI eTal MiAroTOBKU 0i10J1I0TeKH - e Ha-
NOBHEHHS PO3AUIB BiNOBITHUMH IIa0iioHaMH. [[s 4Oro ciifi CKOPHUCTATHUCS KOMAaHIOIO
“CrBopuru mabnon”. Ilicns ii BUKITUKY 3'SBUTHCS HEBEJIHMKE BIKOHIIE, Y SIKOMY JJIsI KOYKHOTO
1a0JIOHy MOTPIOHO BBECTH IM'S, BKa3zaTH (ailn 3 mapameTpu3oBaHUM (parMeHTOM abo MoO-
nemmo, ¢aitn Tabmuui nmapametpis Excel i 3actaBky (Heo00B'si3k0B0). [To 3aBepiieHHIO ycix
X Aiid 6i6mioTeka mabIoHIB MOBHICTIO TOTOBA 0 poOoTH. MOKHA 3aBaHTa)XKyBaTH TIEBHUM
1a0JIOH, YBOJAWTH 3HAYCHHS 3MIHHUX 1 BCTAaBJISITH TOTOBY AeTaib abo ()parMeHT y TOKYMEHT

(puc. 4).
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Puc. 3. Tlpuknan 3anoBHeHHs Tabnuii Excel.
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Puc. 4. Tlopsimok cTBOpeHHsI 0i0JTI0TEK MIA0IOHIB

Bukopucranns 61010Tek 11a0JOHIB J1a€ MOJKJIMBICTh BCTaBKU B JJOKYMEHT HE BChOTO
¢parmeHTa, a OKpeMHX HOro 4acTHH, a TAKOX HAsBHICTb HU3KH JUCKPETHHUX 3HAYEHb JIf
3MIHHO1, 110 BHUKJIIOYA€ BBEJAEHHS a00 BUOIp KOPUCTyBaueM MOMMUIIKOBUX 3HAu€Hb. 3MIHHI
11a0JI0HIB MOXKYTh OyTH PI3HUX THUIIIB, y TOMY YMCJI JIOTTYHI 1 CTPOKOBI, @ B pO3MIPHUX HaIu-
cax (hparMeHTa-3aroTOBKU HECKJIAJHO pPe3epBYBATH 3MIHHI Uil TEKCTOBUX MIJCTaHOBOK. [ 0-
JIOBHUM JK€ TIepeBaroro 010110TeK M1a0JIOHIB € Te, M0 MPU BUKOPUCTAHHI IIa0JOHY HE JTI0BO-
JUTHCSI 3MIHIOBATH BPY4YHY IapaMeTpU30BaHi 3MIHHI, SIK Lle poOusocs O mpu BcTaBLl ¢par-
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MeHTa abo mozeni 3 6i0miorexkn (parmentiB. [Ipu BcraBii 00'€KTa B aKTUBHHN JTOKYMEHT
“Menemxkep mabIoHIB” caM Mo0ae mpo Te, o0 MiACTaBUTH NOTPiOHI 3HAUEHHS 3 0OpaHOTO
KOPHCTYBaueM psay.

Ha po3po0Oky nra6moniB ige Oiible yacy i Ipu bOMY OJIHUX TUTBKM HaBUYOK pOOOTH 3
KOMIIAC yxe Oyle HeIOCTaTHRO - JOBEAETHCS BHBUMTH NMPUHIUMUA PoOOTH MeHemkepa
010110TeK, aje 3acTOCYBaHHsS HIAOJIOHIB J1a€ MOKJIMBICTh JAOCUTh THYYKO aBTOMATHU3yBaTH
CTBOPEHHS THIIOBUX €JIEMEHTIB 1 pa30M 3 THM He 3a00pOHS€ AMHAMIYHO KEPyBaTH MPOIECOM
dbopmyBaHHS 6I0TIOTEYHOTO EIEMEHTA.

Kommac-Makpo - me iHterpoBane B cucremy KOMITAC-3D cepenoBuiiie po3poOKu
KOHCTPYKTOPCHKUX JOJIaTKIB HA OCHOBI MOBU nporpamyBaHHs Python, sikuii He Haknanae He
AKX OOMEXEHb HAa BHUKOPUCTAHHS W MOLIMPEHHS HANMMCAaHUMX y HbOMY mporpam. Python -
OJIMH 3 HAMIPOCTIMMX 1 3p03yMUIMX MOB TporpamyBaHHs. [Ipu Bciit cBOii MpOCTOTI BiH Majio
B YoMy noctynaerbest C++ 1 Object Pascal (Delphi) [3].

ITo cBoiit cyri Kommac-Makpo € 3BuuaiiHot0 6i0miorekoro KOMITAC-3D tinbku 3
OuTBIIMMK MOKIUBOCTAMU. [Ipu cTBOpenHi noaatkiB y Komnac-Makpo MOXHa KOPUCTYBaTH-
cs ¢ynkmismu Kommac-Maiictep 1 crenianbHUMH (YHKIIIMA MaKpOCEpeIoBHINA, IO MO-
JETIIYIOTh po3poOKy npukiagaux 0i0miotex. Cepen cremianbaux (yHkmin Kommac-Makpo
CJIif] 3a3HAYUTH (PYHKIIi TPOCTABISIHHS KyTOBHX, JIHIMHUX 1 pajiajJbHUX PO3MIpiB, (QYHKIIIO
BCTaBKHU B JJOKYMEHT ()parMeHTa, MAITIOBAHHS JIiHIi-BUHECEHHS Ta 1H. SIKIIO iH)KeHep BOJIOJIie
OCHOBaMH O0O0'€KTHO-OpPIEHTOBAHOTO TPOTPaMyBaHHs, TO BIiH MOXE€ pO3pOOIATH TOTYKHI
6i6miotexu Ha 6a31 KOMITAC-3D.

Sk panime Oyno ckazaHo, ojaHiei 3 pynkii Kommac-Makpo € Kommnac-Maiictep. Kowm-
nac-Maiictep - 1e JyKe TMOTYXHUH IHCTpyMEHTalbHHMH 3acid po3poOku 0ibmioTex
HEOOMEXKEHOI CKIIQJIHOCTI, O (QYHKIIOHYIOTh Y cepenopuili KOMITAC-3D. 3 nomomMoroo
Komnac-MaiicTep npuKIaqHUI TPOTPaMICT OTPUMY€E JOCTYI JI0 BCiX 0€3 BUHATKY (PyHKITH
cucremu. ToO6TO aGCOIIOTHO BCe, IO KOPUCTYBAad MOXKE POOUTH BPYUHY, - Oyb TO CTBOPEHHS
abo pemaryBaHHA TpadiyHOrO JOKYMEHTa, BIIKPUTTA 1 3aKpUTTs QaitniB, pobdora 3i
crierQikaIisiMu, CTBOPEHHSI TabIHUIb, 0(hOPMIICHHS KpecieHb, 30epekeHHs (aliB y pi3HUX
¢dopmaTax, BcTaBKa MAJIOHKIB 1 T.JI.

Y mpoMy BUMAnKy Ha BimMiHy Bim 0i0miotek ¢parmeHTiB abo mraGioHiB, BaM He
obiiitucst 3HaHHAM Tk KOMITAC-3D. [Ins mporpamyBaHHs 0i01i0TeK MOTPIOHO BMITH
qiTKO (pOpMyITIOBAaTH 3aBJaHHs, AKe OyAe BHUPINIyBaTHCS 32 JOMOMOTOI0 CTBOPIOBAHOTO JO-
JaTKa, ySBISITH 001 BC1 MOYKITMBI IIUIIXU HOTO PO3B'SI3KY, @ TAKOXK OCBOITH MPHUHOMH pOOOTH
3 ofHi€i 3 Takux cepemoBuml nporpamyBanHs, sk Visual C++, Delphi, C++Builder, Visual
Basic. Po3po06:moBau moBUHEH OyTH OJHOYACHO i IH)KEHEPOM, i TPOTPAMICTOM, BOJIOIIIOUH
NpHY IIbOMY YHMaJIAM TEPITIHHAM, I100 3p00UTH HalaropKeHHs poooTu nporpam. [Togonasm
BCl TPYAHOWLI, MOXHAa OTPUMATH 3pY4YHUM 1 THYYKMH J0JATOK, WI0 BOJIOAIE
(GYyHKIIOHATIBHICTIO 1 1HTepdeiicoM, Kl MOBHICTIO 33J0BOJIBHIIOTH BamuM BuMoram. [lpo-
rpaMy MOYHA 3MyCHTH CaMOCTIHHO BUOHMpATH, aHaII3yBaTH 1 00po0IATH HEOOXIAHI JaH1, po-
OWTH TIEBHI Jii 3aJIe)KHO Bl MPOYUTAHUX 3HAYEHBb, POOUTH CKJIAJHI PO3PaXyHKH i BUCHOBKU
no iXHIX pesynbrarax Ta iH. | Bce me misg TOro, mo0 MakCUMAaJIbHO TOJETIIUTH poOOTYy
IHXXeHepa, 1030aBUTH HOTo BiJi BAKOHAHHS PYTHHHUX OIEparliil.

Cnucok aiteparypu: 1. Kunpyxk M.M. KOMITAC-3D V10 na 100% M.: [IUTEP,

2009. - 500 c. 2. Hopu T. Crarbs Menemxep mabnonoB. Xypuan CAIIP u I'papuka. Oxk-
110pb 2006. 3. KOMITAC-3D V10. PykoBoactBo agmunuctpatopa. — ACKOH, 2008.
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MOAN®UKALIUA )KEJIOBOB IO IIUITHUKOB
JJIA IHAPUKOBBIX ®PUKIIMOHHbBIX INTAHETAPHBIX MEXAHU3MOB

Yanuun A.H., (kagh. TM u M, OHI1Y, 2. Odecca, Ykpauna)

Beenenue. IlepCrieKTUBHBIM HANpaBIICHUEM AAJBHEHIIETO PA3BUTUS MEXAHUYECKOIO
NPUBOJA SIBISIETCS COBEPILCHCTBOBAHME IAPUKOBBIX (PPUKIMOHHBIX TUIAHETAPHBIX MEXaHU3-
MoB (LLIDIIM), 00beIUHAIOMINX U3BECTHBIEC MPEUMYIIIECTBA MEXaHM3MOB (DPUKIMOHHBIX (ca-
MOTIpEIOXpAaHEHHUE OT TMeperpys3Kku, IUNIABHOCTh XOJa, OECIIyMHOCTb) W SMUIMKINYECKUX
(KOMITAKTHOCTh M1 MHOTOIIOTOYHOCTH) C MPOCTOTON KOHCTPYMPOBAHUS U M3rOTOBJIEHHS HA OC-
HOBE CTaH/JApPTHBIX BBICOKOTOYHBIX M3AENUI CEpUHHOrO MPOU3BOACTBA — LIAPUKOBBIX IMOA-
mmnaukoB (LIT). Kaxnyio ctynens kunemarndaeckoi rienu [LIPIIM o0Opa3yroT Tpu COOCHBIX
Baja (IBa KOJblla U CENaparop), B KOTOPBIX TeJla KAUEHUsI OJJHOBPEMEHHO BPAILlAIOTCS BOKPYT
OCH TIOJIIIMITHAKA U COOCTBEHHBIX OCei. B 3aBHCMMOCTH OT TOTO, KaKO€ M3 KOJIEI[ ITOAIIHII-
HUKa (BHYTPEHHEE WM BHEILIHEE) 3aTOPMOXKEHO IOJIy4alOT MEXaHU3M C OJHOM CTENEHbIO
cBOOOMIBI COOTBETCTBEHHO SMUIMKIMYECKUI OO THIOUMKINYECKAN MPU PA3INYHBIX 110 Be-
JUYMHE W 3HaKy nepenaToyHbix oTHomeHusx [Ipumenenue HIDIIM B kopobkax ckopocTteit
CTaHKOB U B JMHAMUYECKUX BHOPOTACUTENIAX TaKke 00ecrneuynBaeT BO3MOXKHOCTH IJIABHOTO
MEePEKIIIOYEHUsT CKopocTel “Ha xomy™ [1].

ITocTanoBka 3agaud. KpurepuanpHelMU yCloBHsAMU NpU npoektupoBanuu IPIIM
OOJIBIION M CpeHEN MOILIHOCTHU SBISIOTCS MPEJOTBPAIICHNE NMPOCKAIB3bIBAHUS IIAPUKOB U
3a/laHHBIN pecypc pabOThl, YTO JOCTUTAETCS YBEJIMUEHHEM MOMEHTA CHJI TPEHUS NPU MUHH-
MaJIbHOM 3HAUYE€HUH yCHIIMS TprkaTusi. 3BecTHO, YTO TOopouaaibHas (opMa MOBEpPXHOCTEH
kaueHust paauanbHbiX LTI ¢ Hepa3zpe3HbIMU KOJIbLIAMU XapaKTEPHU3YyeTCs MOCTOSHHBIM OTHO-
IIEHHEM pajuyca xenoba Ry k pamuycy mapuka R, (R /R = 1,03 i 3Hadenuii R,, > 4,763
MM), & YMEHBIICHHE BEIMYMHBI YHCIOBOTO KOA((HUIMEHTa IPUBOIUT K MOBBIIICHUIO MOMEH-
Ta cWi TpeHus. [lepcreKTUBHBIM HamnpaBiIeHUEM JaJbHEHILEro MOBBIIIEHUS TEXHUYECKOTO
ypoBHs LLIDIIM mnpencraBnseTcss MOJUPHUKALUS T€OMETPUH PabOYUX MOBEPXHOCTEH IOPO-
JKEK KaueHUsl cTaHAapTHBIX paauanbueix LHIT [1].

[IpenMy1iecTBOM 3JUMNITHYECKOTO MPO(mIA kenoda ABIsIETCS BO3MOXKHOCTH oOecte-
YEHHUs HAYaJbHOI'O JBYXTOUYEYHOTO KOHTAaKTa C LIAPUKOM M, B pe3yJIbTaTe, CyLIECTBEHHOTO
YMEHBILIEHUS] MaKCHUMAJIbHbIX KOHTAKTHBIX HANPSIKEHUH G max. [OCKOJIBKY JOJITOBEYHOCTH
LTI 06paTHO TPOMOPIMOHANBHA BEIMYUHE Y, , TIOCTOJBKY SJUIMITHYECKHHA MPOQHIbL Mo~
3BOJIIET 3HAYUTENIBHO YBEIMYUTH CPOK CIIY>KOBI MOAIINIHHUKA, YTO KOMIIEHCUPYET MOBBIIIIE-
HHE CTOMMOCTH M3TOTOBIICHUS KOJIEI[ C MOAM(DHUIMPOBAHHON reOMETpHEH TOPOKEK KaueHHS
[2].

Lems paGoThI 3aKiIIOUaETCS B CO3/aHUM MAaTeMaTHYECKOW MOJAeNH MpoQust xenobda ¢
IUIANTHIECKON (HOPMON paguaIbHOTO CEYCHUS M TEXHOJIOTHYECKOM O0ecCTiedeHHH (HHWIII-
HOU 00pabOTKH JOPOKEK KaueHHs KOJIel CTAaHIapTHBIX paaranbHbix [ITT.

MaremaTuueckass MoJeJib JLUIMNTHYECKOro npopuis :kenoda. VcxonHeMu aaH-
HBIMHU JIJI1 MOJIETIMPOBAHUS SIBISIIOTCS paJinyC HIApUKOB R,,, MOJOBHUHA YIJIa MEXKIY TOUKAMU
HAaYyaJIbHOTO KOHTAKTa Y U PAJMyC KPUBH3HBI JJIIMIICA B TOYKAaX KOHTaKTa C, >R,. Pesynbra-
TOM F€OMETPUYECKOTO pacyuera ABJISAIOTCS pa3Mepbl OOJIBLION M Majloi MOJyocel 3JuIMIIca a,
b v anmuKara neHTpa napuka zc.
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Paccmotpeno paguanbhoe ceuenue I (puc. 1). YpaBHeHUsI OKpY’>KHOCTH paguyca
R,, 17151 KOHTYpa 1mapuka ¢ IeHTpoM B Touke (i, U 3iumrca, 00pasyroniero npoguis xenooa,

B JICKapPTOBOU cHCTEME KOOpAUHAT XYZ mpeacTaBieHbl B popme

2 2
z X

X+ (z- z.)’ = R; R 1. (1)

Koopaunate!l Touku K| Ha4aabHOIO KOHTAKTA ONPEIEISIIOT U3 YPABHEHUN
X, = R sinr, z, = z.+ R cosr. (2)

B toukax HauyanbHOro KoHTakTa K1 M K> KacaTenbHbIe K OKPYKHOCTH U 3JUIMIICY COOT-
BETCTBYIOT YPABHECHUAM

X x = fE)e- z); s My 3)
a

e f(@)= R - (- z.) -

W3 ycnoBust paBeHCTBa yrioBeIX Kod(dduimentos B (3) mosydeHo ypaBHEHHE, COAEp-
XKalee pasMepsl 0JIyoceil HOPMaIbHOTO CEUEHHs IUIMITHYECKOT 0 JKelo0a, B BUIe

%Jbz- R’sinf = Rgosr . 4)

Pannyc kpuBHU3HBI AUIHIICA B TOYKAX HAYAJIBHOTO KOHTAKTA OnpeesieTcss GopMyioi

(a4x,2< + b4z,2< )3/2
Cyp = o . (5)
ab
VYuureiBas (5), u3 Beipakenuit (3) u (4) momaydensl GopMyJibl IJIsl TOJIyOceH xemoba
R \/Csin’r R sinr
a= ———, b= ———, (6)
lecos r Jlecos r’
rae ¢ = ¢, /R, > 1 — oTHOCHTeNbHAsT KPUBH3HA HIUIMIICA B TOYKAX HAYAIHHOTO KOHTAKTA.
W3 (1) mo abcuucce x, ONpENENeHO PACCTOSHHUE 10 LIEHTPA IapuKa
z.= L. [p>- Rsint - Rcosr (7)
C b w 9 :

o 3HaueHusM a, b, z, NpoPUINPYIOT IUTM(POBAIBHBII KPYTr 1 00pabaThIBAIOT Ken00
3JUTMOTHYECKOTO NPOoGMIi A IAapUKOB 3aJaHHOTO pajauyca R, .

Metoa o0padoTku. OunanHy0 00padoTKy xkenooos koser I BeimomHsIIOT MeTO-
JIOM BpE3HOTrO IIIM(OBaHUSA, IPU ITOM HauboJiee OTBETCTBEHHOM omepalyei sBIseTcsl ToY-
Has MpaBKa Kpyra no 3agaHHoMy mnpodumo. [IpenMyiiecTBOM KOHCTPYKIMM HpUCHocoOIie-
HUSL JUIs IPABKH Kpyra MO yKa3aHHOMY CIIOCOOQY SIBJISETCS CYIIECTBEHHOE YBEJIUUEHUE TOUHO-
CTH MPaBKH KpyTa M0 CPAaBHEHUIO C TOUHOCTHIO U3TOTOBIIEHUSI KyJlauKa, yIPaBISIOIIEro Kop-
PEKTHPOBOYHBIM JABIKEeHHEM [2]. OcTpue anMa3HO# Uriibl £ MOKET COBEpIIAaTh OTHOBPEMEH-
HO JIBa B3aMMOCBSI3aHHBIX JABMKEHUS (PHUC. 2): ocHOBHOe OsudiceHue S| 0 AyTe OKPY>KHOCTH
paauyca Ry ¢ TakuM pacueToM, 4YToObl n1yra AB, aBndtoniascsa 0a30Boi JIMHUEH, BOUCHIBAlIach
B TOYHbIH KOHTYp CD, o KOTOpOMY J0JDKEH ObITh 00paboTaH kenol; — ecnomocamenvhoe
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ogudceHue S; B TIIOCKOCTH BPAILCHUS] KpyTa JJIsl KOPPEKTUPOBKHU €ro MpoQHis Ha BEIUIHHY
pacxokaeHuss Mexay 0a3oBoil muHuel 4B u koHtypHOit CD. Iloka octpue urisl E nepeme-
maeTcst mo ayre AB, ocraBasich B Iiockoctu YOZ, KpyT Noxy4aer npo@uib, COOTBETCTBYIO-
muii 3Tou ayre. IIpu Havane KOPPEKTUPYIOLIEro ABHKEHUS B TOUKE /' C LICHTPAJIbHBIM YIJIOM
2B OCTpHE UIJIbl CMELIAETCS B IUIOCKOCTH BPAILEHUSI HA PACCTOSIHUE L U OTKIIOHSETCS OT AYy-
'l AB Ha BeIMUUHY

N R SR (8)

rae ¢ = R- R, (1- cosB) — panuyc Kpyra B TOpLOBOM CEYEHUH IIPU NPABKE 110 JIMHUU AB.

J

Puc. 1. Pacuernsie cxembl KOHTakTa ma-  Puc. 2 Cxema nepemMenieHnii anmMa3Hou Uriibl J1Jis
pHKa C 3JUIMIITUYECKUM KeJI000M (a) 1 NpaBKH MOIU(PUINPOBAHHOTO HNUTH(POBATEHOTO
BO3MOXKHBIX (DOPM IUIOIIAAOK MPH KOH- Kpyra
TaKTe: OJJHOTOYEYHOM (0) U ABYyXTOUEU-
HOM (B, T, 1)

Takoii MoaM(UIMPOBaHHBIA KPYI IPH yriaax B>B, OyleT yriayOusTbcsa “B MeTawl’

kosibua IIT ot nmuHuM AB, npu 3TOM KpUBHU3HA kejloba yMmeHbiiaercs. [Ipu u3rotosieHnu
3aJJaHHOTO MPO(UIIS BBICOTA KyJlauKa B HEKOTOPOM CEYEHHH MMEET MOTPEIIHOCTh DY, KOTOo-
past NpUOIMKEHHO NPEACTABIICHA B BUE

. 2DIYU+DI’
Dy=—"—"—-— ~—
2¢c,

; ©)
MOJIyYEHHOM pa3JioKeHHueM pajukaina B ¢opmyse (8) B psaa Teiinopa u yaepkaHueM B HEM
JBYX claraeMblX. B pe3yibraTe 4MCIEHHOTO aHalM3a yCTaHOBJIEHO, YTO MOTIPEIIHOCTh MPaB-
KU KpyTa Ha J[Ba MOPsIAKA MEHbIIIE, YEM MOTPEIIHOCTh U3TOTOBJICHHUS KyJlauKa.

BeiBoasl. 1. PazpaGoTana nByxmapaMmeTpudeckas MOJAEb AJIsl AaHAIUTUYECKOIO OIUCA-
HUSI DJUTUITUYECKOTO Npoduiist skesnoda BHyTpeHHEro koJiblia paauainbHbix 1. 2.
[TpoaHanM3upoBaHbl MOTPEUIHOCTH NPABKU NIM(GOBAIBHOIO KPyra U U3TOTOBJICHUS KyJlauka,
YIPABJISAIOMIET0 KOPPEKTUPOBOYHBIM JABM)KEHUEM aJIMA3HOM WIJIbI.

Cnucok smrepatypsl: 1. I'yteips C.C. Moaudukauus ycinoBuil KOHTaKTa B HIAPUKO-
BbIX (pUKIMOHHO-IUIaHeTapHBIX peaykTopax / C.C. I'yteips, FO.M. Xowmsik, b.A. Mop-
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ryH, FO.b. Mopryn // Metoau po3B’sa3yBaHHs NMPUKIAJHUX 3a/1a4 MEXaHIKU 1e(OpMIBHOTO
TBepaoro Tia: 30ipHUK HAyKOBHX mpalb. — JJHinponerposebk: Hayka i ocsira, 2010. — Bur.
11. — C. 87— 95. 2. Ilunerun C.B. [Ipenu3znoHHble ONOPHI KAUEHUSI U ONIOPHI ¢ ra30BOM cMa3-
koit: CrpaBounuk / C.B. Ilunerun, A.B. Opios, }0.b. TabaunukoB. — M.: MamuHocTpoeHue,
1984. - 216 c.

PO3BUTOK CAIIP B KOHTEKCTI €1UHOI'O
THOOPMAIIMHOI' O IMMIPOCTOPY MIAIIPUEMCTBA

HMnipka A. I'., llytenko B. B., I'aiinap O. I'. (JonHTY, 2. /loneywvk, Ykpaina)

B ocranHIX TEHIEHIITX PO3BUTKY BITYM3HSHOTO BUPOOHHMIITBA CTA€ MUTAHHA MPO HOTO
aBToMaru3anito. Hanpukinmi 80-x — mogarky 90-x pokiB OUTBIIICTh MiANPHUEMCTB MOCTPaIsSH-
CBKOTO TIPOCTOPY TMpAarHyJiv 0 aBTOMaTH3allii OyXraarepchbKoro 00Ky, (iHaHCOBOTO ILIa-
HYBaHHS Ta KOPIIOPATUBHOTO yNpaBiIiHHA. BHacHiIoK 1poro 0e3 yBaru 3ajJuIIuBCs BUPOOHH-
YU CEKTOp, a/pke caMe BiH € OCHOBOKO (PYHKIIOHYBAaHHS OyIb-SKOTO MiImpueMcTBa. Ale
OCTaHHIM YacOM CHOCTEPIraeThCs CTpiMKe NMpoHUKHEHHs [ T-mponeciB i y BUpOOHUIITBO.

[ opmartiitHi TeXHOIOTIi — OAMH 3 HAHOLIBII YCHIIIHUX CIIOCOOIB MiIBUIIEHHS e(eK-
THBHOCTI BUPOOHN4MX (yHKIIH. Came BOHH € KIFOYeM JI0 aBTOMATH3aLlli KOHCTPYKTOPCHKHX
i TeXHONOTIUHUX MigPO3iNiB. IX OCHOBHMIA IHCTPYMEHT — CHCTEMH aBTOMATH30BAHOTO MPOE-
kryBaHHs (CAIIP). [TpoananizyemMo HanpsIMOK PO3BUTKY JAaHOT rary3i.

BuroroBnennst Oyp-1K0ro BUpoOy BaKKO ysBUTHU 0e3 Horo KpecieHHs ado cxemu. Ille
y HEJAJIEKOMY MHHYJIOMY KOHCTPYKTOpam JOBOIWIOCS Bpy4HY OyayBaTH CKIaJHI mpodiii
JeTayiel, mo OyJI0 TPYJOMICTKAM 1 TPHBAIMM MPOIECOM. 3 KOPCTKICTIO BUMOT JIO TEPMIHIB
BUITYCKY BUPOOIB 1 30UIBIICHHAM KUTBKOCTI TUIIOBUX PO3POOOK, 3pociu o0csaru podir. I 1e
CTaJI0 NPUYHMHOIO MOIITYKY HOBHX PIllICHb.

Po3BHTOK KOMITTOTEpHOT Tary3i CIIPUSIB MOSIBI PI3HUX KOHCTPYKTOPCHKHX cucteM CAD
(Computer-Aided Design) — Bce Te, mo panime poOwIocs: Bpy4Hy, OyJio 3aMiHEHO HalTpoc-
TIIAMHU KOMI'FOTEPHIMH POTPaMaMH.

JIBOBHMIipHE MPOEKTYBaHHS aKTUBHO PO3BUBAIOCS Ha moyaTKy 90-x pokiB. Y 1eil yac
3'sBHJIOCST O€3IIiY JJ0JIaTKIB, HAJAIITyBaHb, OI0IIOTEK, sIKi 3HAYHO CIPOIIYBaJX BUKOHAHHS
KpecIsipchbkux poOiT. BuHukmM 1 mouanu po3BuBatucs po3paxyHkoBi cuctemu CAE
(Computer-Aided Engineering), cucteMu mpoekTyBaHHS Ta 0OpOOKM BHPOOIB Ha BepcTaTax 3
yucnoBuM nporpamanMm ynpasiiHHIM CAM (Computer-Aided Manufacturing), ta Garato
IHIIMX MpOoTrpaM, 3aCHOBAaHUX Ha po6oTi 3 6azamu gaHux CAD-cuctem. OnHOYAcCHO 3 1M
PO3BHUBAKCS CUCTEMH TeXHOJOTi4HOI minroroBku BupooHuTBa CAITP TIT (Computer-Aided
Process Pianning, CAPP). Ix npusnauenns — GpopMyBaHHs TEXHOJIOTIYHUX JAHUX TIPO BUPIO,
BEJICHHS IICHTPATI30BaHOTO apXiBy 1€l iHPOpMAIIii Ta BHITyCK TEXHOJIOTTYHOT TOKyMEHTAIli1.

[Tnocke mpoekTyBaHHs, 0€3YMOBHO, PUHOCUIIO CBOT TUIOJIU. AJile MU KUBEMO B TPUBH-
MIPHOMY MPOCTOP1, 1 TAKKI THH 1HPOopMaLlli HaM Omx4de s cupuiHATTA. Came 1ie, a TaKoXK
PO3BUTOK OOYHCITIOBAIBHUX CHUCTEM JTO3BOJIAIO MEPEUTH TEXHOJIOTISIM MPOEKTYBAaHHS Ha HO-
BUH pIBEHb.

[TosiBa TPUBUMIPHOTO MOJIETIOBAHHS JO3BOJIAJIO SKICHO 3MIHUTHU MPOIIEC MPOCKTYBAHHS:
Terep pO3pOOHHUK MIT CTBOPUTH TOUHY MOJENb, 3 BUCOKUM CTYIIEHEM JIeTalizaiii 1 Makcuma-
JbHO HaONIKEHY A0 peaybHOCTL. [Ipu boMy 3HaYHO 30UTBLIY€THCS HAOYHICTH NpoeKkTy. Bu-
CJIOBUTH TPUBUMIPHUHN 00'€KT y TBOMIPHIN IJIOLIUHI HE IPOCTO, TOJ1 SIK TPUBUMIPHA IJIOIIHU-
Ha J1a€ MOJIMBICTh PETEIbHO ONPALIIOBATH 1 IO CaM€ I'OJIOBHE, MPOTJISIHYTH Bei aetani. Ocki-
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JbKH B TPUBUMIPHHMX MOJEJSIX MICTHThCS Habararo Ounblue iHkeHepHOi iHdopmarii, HDK y
JBOBUMIPHHUX KPECJICHHSX, 1HIIUM BaXJIMBUM IepeBaroio 3D € MOXXIMBICTh BUKOPUCTAHHS
pe3yJIbTaTiB MOJICTIOBAHHS HA HACTYIHUX CTaJisfX — HANPHUKIAMA, B TOJATKaX JUIA IHKEHEPHUX
po3paxyHkiB abo rerepaitii mporpam s BepcrariB 3 UIIK. Takox TpuBUMIpHI MOI€Ii BUKO-
PHUCTOBYIOTHCS ISl CTBOPEHHS PEATICTUYHUX 300pa)KeHb JUIA TEXHIYHOI JOKYMEHTallii Ta pe-
KJIAMHUX MaTtepialiB, (i3UYHMX 3pa3KiB HAa YCTAaHOBKAX IIBUAKOTO MPOTOTUITYBaHHS.

SIk1mo mpoaHaizyBaTH BCE BHIIE NepeiiueHe, TO He CKJIaJHO BU3HAYMUTH HAWBaXIIUBI-
11y TepeBary TPUBUMIPHOTO MOEIIOBAHHS: TENep MOMUIIKM MOYKHA 3HAMTH Ta BUIIPABUTH HA
paHHii cTanii po3poOKH, a HE MPH BUTOTOBJICHHI Mepoi TocHigHol mapTii. A ne Habarato
JCIIEBIIIE.

TuM He MeHII, He JUBJIAYMCH HA BC1 EpeBaru, MOXHa CKa3aTu, mo 3D cucreMu MarTh
1 geski Hemouriky. Tak, HAPUKIIA], MOJCITIOBAHHS BEJMKUX OJIOKIB, IO CKIIAAIOTHCS 3 JIECS-
TKIB 1 COTCHb THCSY JICTaJICH, Bce 111e € ckiaauuM 1t 6aratbox CAD-cucteM. J[o TOTo K 4uM
CKJIAJIHIIIIE CHCTEMa — TUM Baskye ii OCBOITH.

VY cBOIO 4epry MOXKHA CKa3aTH i Mpo Te, M0 IUIocka rpadika He BMepIa, BOHA 1 3apa3
BUKOPHUCTOBYETHCS B 0araThbOX Taly3sx, IO TPAIUIIHHO BBAXKAIOTHCS ABOMipHUMH. Hampu-
KJIa, p03p061<a eNeKTpuIHUX cxeM. Jlo Toro x 6arato MiANPUEMCTB 3BUKIH TpaIioBaTH B
TUIOIIMHI 1 CTBOPWIJIM CHCTEMH JUIsi aBToMartu3alii came 2D-pobir. Y pesynbTari oTpuMy€eMo
Hallp pI3HOMAHITHUX MPOTPaM i CUCTEM, IO JJO3BOJIIIOTH PO3POOIIATH 1 MPOSKTYBATH MO/
Ta CUCTEMH Oyb-SIKOTO PIBHS CKIJIQJHOCTI.

ABromaruzyBaBum 3a gomnomororo komiuiekcy CAD/CAM/CAE/CAPP Bci HanpsiMu
HIIrOTOBKH BUPOOHHIITBA, MIANPUEMCTBO OTPUMY€E HUPPOBY Mojieib BUpoOy. BoHa micTuTh
y co0i BCIO T€OMETPit0, HEOOXiHI pO3paxyHKOBI JaHi, KAPTH TEXHOJIOTTYHHUX MPOLECIB, BilTO-
MOCTI, €JIEKTPOHHHI OTMC BUPOOIB, TEXHIYHI KEPIBHUIITBA Ta 0arato iHIIOro. Aje Bce HE TaK
no0pe sIK 374a€Thes: BEMUKUN 00’ eM  iH(oOpMaii mpuuuHsI€e BeTHMYe3H1 KIOTOTH MiIIIPHEMCT-
BY, SIKE HOT'O CTBOPHIJIO.

3 yacoM 3MiHIOBAJIMCh IHCTPYMEHTH MPOEKTYBAaHHS, ajle caM IMPOIEC 3aTUIAETHCS THM
CaMUM: KOHCTPYKTOPH CTBOPIOIOTH JTOKYMEHTAIII0, MEPEeNaloTh 1i TeXHOJoraMm, 3a0HUparoTh
Ha3aJ Ha KOPUTYBaHHA, BiJIal0Th BUIIPABIICHY JOKYMEHTAIIIO TEXHOJIOTaM, Ti TOTYIOTh TeX-
HOJIOTTYHY JOKYMEHTAIII0, y3TODKYIOTh 3 MOCTAaYaIbHUKAMH Ta CKOHOMICTaMH 1 Tak gaii. [ B
pe3yJIbTaTi aBTOMATH3allis HE 1a€ 3HAYHOTO CKOPOUYEHHS TEPMIHIB ITiTOTOBKH BUPOOHHIITBA.

Po3poOka Ta minroroBka BUpOOHHIITBA TPOIAYKIIl — IPYIMOBUI MPoOIIEC, A0 SKOTO 3alTy-
4yeHl coTHI (paxiBIiB 3 pi3HHX oOyacTeil. Y mporeci po3poOKH BUHHUKAE PsJ MpoOIieM, Mo
BIUTMBAIOTh Ha 3arajibHuil ycnix. Lle B mepiry uepry BiICyTHICTh MOKIIMBOCTI OauUTH KITFOYO-
Bi pecypcH, 3allyueHi B mporec po3po0KH, B iX (GaKTHIHOMY CTaHi Ha JaHUH MOMEHT, L€ Op-
raizaiisi CnuibHO1 poOOTH KOJEKTUBY (DaxiBLIB, 13 3aJyUYEHHSIM KOMIIAHIH, 110 NOCTayal0Th
KOMITOHEHTH JiJIsl po3po0itoBaHoro BupoOy. Tutbky nmapasienbHe BUKOHAHHS POOIT 1 B3aEMO-
Jlisl YYaCHHUKIB TPOIIECY MOXE ICTOTHO CKOPOTHUTH TEPMIHH MiATOTOBKH BUpOOHHITBA. L0
npoOsieMy MOXXHa BHUPIINIMTH 332 PAaxXyHOK CTBOPEHHS €IMHOTO IH(QOpMALIHHOTO MPOCTOpYy
(€IIT) uudppoBUX AAHUX MPO KOPIIOPATUBHY MPOIYKILIFO.

[ TyT 3'IBISIETHCS HOBHI KJ1ac CUCTEM — CUCTEMH YIPAaBIiHHSA JaHUMH Tpo Bupid, PDM
(Product Data Management). Bci ¢axiBiii, 1o mnpaitoroTh HaJ MPOAYKTOM, HE TUIBKH OTPH-
MYIOTh IHPOpPMALIO PO BUPIO, asie i AOMOBHIOKOTS ii. [licis BUrotosneHHs BupoOy 1t iH)o-
pMarist OyJae BUKOpPHCTaHAa 3aMOBHUKOM — ISl KOH(QIrypaiii TOTOBOTO HNPOAYKTY MiJ CBOi
cnenr@iuHi noTpedu, iHXEeHepamMHu — Uil MOJEpHi3alii Ta BUTOTOBJIEHHS HOBOTO BHpPOOY,
CEPBICHUMH MIIPO3ALIaMHU — JJI TUIAHOBOTO OOTOBOpPEHHS. | SIK HACIOK peaizallis moio-
HOT CUCTEMH Ha IMIIMPUEMCTB1 J03BOJISI€ 3HAYHO CKOPOTUTH OCHOBHI CTa/lii )KUTTEBOTO LUKITY
BrupoOy (KLIB):
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1. MapKeTHHTOBI AOCTIKEHHS TOTPEd PUHKY;

2. HaykoBo-mociifHi Ta JOCTiIHO-KOHCTpYKTOpChKi podotu (HAJIKP);

3. [ligroToBKa BUpOOHHUIITBA MPOIYKTY Ha 3aBOJII-BUPOOHUKY CEpiiHOT MPOTyKIIii;

4. BupoOHMITBO 130YT;

5. Excrutyararist Ta 006ciayroByBaHHsS BUPOOIB;

6. YTumizanis BUpoOiB.

[MinTpyMKa IpOAYKIIii, 0 BUITyCKAE€THCS HA KOXKHOMY €Tarll )XUTTEBOTO LUKITy BUPOOY
— 0e3yMOBHA BUMOTA JI0 Cy9acHOTO MPOMHKCIOBOTO MIANPUEMCTBA. BimoMo, 1110 BUpooOH, sKi
BUMAraloTh BEJIMKHUX BUTPAT Y MOYATKOBHUII NEPIOJI CBOTO KUTTEBOTO IMKITY, 3a3BUYAl MEHIII
peHTabenbHi, HDXK MPOIYKIIis, IHBECTHLII B Ky PIBHOMIPHO PO3MOALICHI B 4aci ab0 HaBiTbh
3pyIIeHi Ha OLIBII Mi3H1 TEPMIiHH.

Cxopouennst Tepminie H/IJIKP ta minroroBku BUpOoOHHUIITBA HE TUTBKH 301bIIy€E TPHU-
OyTOK KOMIIaHii 3a paXyHOK peajizailii J0JaTKOBOT POAYKIIii, a i BUBLIbHSIE KOIITH JIJISl PO3-
pPOOKH HOBUX MPOAYKTIB, MABUILYIOYH 3aTaTbHAN TOX 1] MIPUEMCTBA.

Posrisinemo noknanHime GyHKIIOHyBaHHA cucteMu PDM.

OcHoBHMM npu3HaueHHSAM PDM-cucreMu € BIIOCKOHAQJIEHHsI Ta NOJIETHIEHHS JOCTYITY
1o iHpopmarii npo Bupid. PDM-cuctemMu 103BOJISIIOTH BUPINIYBAaTH 3aBJaHHS, MOB'S3aH1 31
CTBOPEHHSAM EJIEKTPOHHOI'O apXiBy TexXHIuHOi qokyMmeHTamii, crBopenHs €II1 mis Beix ydac-
HHKIB J)KUTTEBOTO UKy BHPOOY, MOOYIOBH CUCTEMH SIKOCTI MPOAYKINI BiMOBITHO O MiX-
HapOTHUX cTaHAapTiB skocTi cepii [SO 9000, i 6araro iHmMX 3aBaaHb. Hagatu BiIMOBITHOMY
CHiBpOOITHUKY HEOOXiaHy iH(popMaIllito — roioBHe 3aBAaHHsi PDM-cuctemu. Bona o0'ennye
B €JIMHY MEPEXKYy BCiX KOHCTPYKTOPIB, TEXHOJIOTIB, MPAIIBHUKIB TEXHIYHOTO apXiBy, CIiBPO-
OITHHUKIB 3 MApKETUHTY, 30yTy, OCTAYaHHS 1 T.II.

JlocsiraeThest 1€ Bce B pe3yJIbTaTi iHTerpaiii Beiei inpopmariii mpo BUpiO B OJIHY CHCTe-
my. ToOTo Bes iH(popMarris, sika HAIXOAUTh Ha Beix etamax JKIIB Bin npukiagHux aBTOMATH-
3oBanux cucrem (CAM, CAD, CAE, CAPP, ERP, MRP), 1o BUKOpPUCTOBYIOThCS HA MiAIPHU-
€MCTBI, a TaKOX (PIHAHCOBHMX, MAPKETUHIOBHUX Ta IHIIUX BiAJALJIIB BUPOOHMIITBA, 33 JOTIOMO-
roto PDM-cucremu 00'eHYIOTBCSI B JIOTTYHO €IMHY MOJenb. Takum unHoM, PDM-cucrema
3IIHCHIOE KOHTPOJIb HAJl yciMa iH(QOpMAIIHHUME MIPOIIeCaMU, TOB'I3aHIMH 3 BUPOOOM, TepII
3a BCe HaJ HOTO MPOEKTYBaHHAM, 1 TEXHOJIOTIE0 BUpOOHUITBA (pHC 1).

Edun dobidHuku

| da3u daHux
WEB
dodamku [~ - ERP/MRP
PDM
AP b ~.J 30-CAD

20-CAD

CAM/CAE ma b
cneu/ani3obaH dodamku

Puc. 1. Cxema ¢yHnkuionyBanus PDM-cuctemu B equHOMY 1HPOpMaLiHHOMY IIPOCTOP1
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Jnist 3py4yHOCTI ynpaBiiHHS BUPOOHUUOIO iH(OpPMAIII€I0, Peasi3yeThCsi MOKIHUBICTD PO-
6ot 3 PDM-cucremoro B pexxumi on-line. IIpoBinHi cBiTOBI BUpOOHUKH 10MOBHIOIOTH PDM-
CHCTEMH HEOOXITHUM ISl IHOTO MPOTPaMHUM 3a0e31eUCHHSM.

o6 naTtu Gunbll KOHKpeTHE BU3HaYeHHss PDM-cucTtemMu, BUIIIMMO OCHOBHI ITpynu ¢y-
HKIIiH, SIKi BOHA BUKOHYE:

1. Ynpaeninns apxisom ingopmayii. MaeThcsi Ha yBasi Te, 10 BCi JOKyMeHTH B PDM-
cucTeMi 30epiraloTbcsi B €JIEKTPOHHOMY apXiBi, sIKWii 3a0e3meuye MUTICHICTh TaHHX, T103BOJISIE
3MIICHIOBATH MOIIYK 1 OpTaHi3ye AOCTYI 0 JOKYMEHTIB KOpPHCTyBadaM Yy BIAMOBIIHOCTI 3 iX
npaBaMu.

2. Vnpasninusa npoyecamu. PDM-cucrema € po60ouuM cepeIoBHIIEM KOPHUCTYBadviB, Bil-
CTEeXYye€ Bcl iX il 1 ynpasise notokoMm pooit npotarom Bcsoro JKLB. Takoxx PDM-cucrema
BeZIe MPOTOKOJ 3MIHU JaHUX 1 Jiil BCIX KOPHUCTYBaYiB.

3. Vnpaeninnusa ckradom eupody. PDM-cuctema MicTUTh 1HGOPMAITIIO PO CKJIAJ BHPO-
Oy, fioro BukoHaHHA 1 KoH(]iryparii. [{ikaBuM MOMEHTOM € Te, M0 CKJIaJ BUPOOY HANAETHCS
JUTSL KOXKHOT IIPeAMETHOT 00J1acTi y BiAMOBIIHOMY IMOJIaHH] (MApKETUHIOBUH, TEXHOJIOTIYHHH,
¢iHaHcOBHHA 1 T.1II.)

4. Knacugirayia. JInsa apromatu3zanii Ionryky BUpOOIB 3 MOTPIOHUMHU XapaKTepPUCTUKA-
Mu PDM-cuctema posnoaiisge HEOOXiTHy TOKYMEHTAII0 Y BiINOBIIHOCTI 3 PI3HUMH KIIacH-
¢ikaropamu.

5. Jlonomisucni pynryii. 111 pyHKIIT 103BOSIOTE B3aeMoIisiTi 3 PDM-cuctemoro iHImmM
porpaMHHUM 3aco0am, a TaKoX 3a0e3neuyIoTh IHPOpMAaIiiHUH 3B'130K KOPUCTYBAYiB.

Haiibimpir BaXJIMBUM TUTAHHSIM I MAIPUEMCTB, SKI YCBIJOMIIIM HEOOXITHICTH
PDM-cucremu, 3anumaetbesi muTanasa npo ii Bubip. Kosxkxna PDM-cucrema Mae psij oco6u-
BOCTEH, 5IKi HEOOXITHO 3BKUTH 1 31CTABUTH 3 OCOOIMBOCTSIMU CBOTO Tinnpuemcrta. e mo-
3BOJIMTB, B ACIKIN Mipi, 3201IaIUTH YNMAaIT] KOIITH.

o crocyeThes BIpoBamkeHHs. BrpoBamkyoun PDM-cucremy, HEoOXiIHO yCBiTOM-
JFOBaTH, 0 OyJe MOTPiIOHO BHOCHTH 3MIiHHU B YCi MPOLIECH BUPOOHUIITBA, B TOMY YHCII 1 Tie-
perisay cTaHmapTiB mignpueMcTBa. lle JocHTh TPYyIOMICTKHEH mporec, ockumbku PDM-
cUcTeMa IIe He MPOCTO MporpaMHe 3abe3medenHs. [linmpueMcTBy, B IbOMY BUIAJIKY, HEOO-
X1JTHO MePEeXO0IUTH Ha HOBUH PEKUM (DyHKIIIOHYBaHHSI.

Cring BpaxyBaTH 1 Te, IO y OUIBIIOCTI JIIOJEH iCHye NMEBHHWI NMCUXOJIOTTYHUE Oap'ep,
SAKUHA 3MYIIy€ X YUHUTH Omip OyAb-KMM 3MiHaM, BHACTIIOK YOTO MPOIEC BIPOBAIKEHHS
NPOCYBAETHCS BAXKKO. | 1Ield MOMEHT KyAH cepio3HilIe OyIb-sIKUX TEXHOJIOTIYHUX MPOOIIEM.
Tomy mepen BupoBapkeHHSIM PDM-crucreMu HEOOXITHO OyIb-KHM CIIOCOOOM BHKIHKATH
iHTepec 10 ePeKTUBHOT poOOTH 1 MOAATBIIOT eKCIUTyaTallii CHCTEMHU y TIEPCOHATY MiAIPUEMC-
TBa.

Cucrema PDM HeoOxinHa Ui cy4acHUX HIIMPUEMCTB, L0 MAIOTh CTPATETiI0 MOJallb-
ioro po3BUTKy. Tumbku BuUKOpHCTOBYIOUM PDM-cuctemu, MoXHa HacTUIBKH OpraHI30BaHO
3a0e3MeYnTH yIPaBIiHHSA JAaHUMHU PO MPOAYKIIIO, IO JACTh MOXJIMBICTH POOUTH 11 OLTBII
KOHKYPEHTHO3aTHOIO B YMOBaX Cy4acHOTO PUHKY.

Iepeaik aitepatypu: 1. 3pikoB O.B. IIpombinuiennas aBromatuzanus: aAsuxenne ot CAIIP
k PLM, IT News Ne 5 (30), 8 mapta 2005 1. 2. B. Kiumos, B. Kpatomkun, M. [Tuporosa, Ha-
crosimee u Oymnymee PDM. // Otkpeiteie cuctemsbl, 2002, No 2. 3. Jlu K. Ocnoet CAIIP
(CAD/CMA/CAE). - CII6.: ITutep, 2004. - 560 c.
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EFFECT OF HHIGH HARMONICS ON COMPENSATION OF REACTIVE POWER
IN ELECTRICAL NETWORKS

George Isber (Tishreen University, Syria)

Introduction.

As a result of the industrial development which took place in Syrian Arab Republic, the
consumption of reactive power has increased remarkably after modern equipment and new
plants have entered the network, of which are: inductive motors - electrical inductive furnaces
— thyristor converters — modem lamps (fluorescent lamps — vacuum lamps — led lamps)
electronic devices and many other sets.

Upon this, it has become urgently needful to generate reactive power required for the
possibility of loading transport lines with more actual power, knowing that the sources of
reactive generation are: stations of generating electrical power, transport lines, static and
harmonic condensers. Form the economic point, generating reactive in the consumption
places or near them so as not to carry reactive power in the lines, especially that high voltage
Syrian lines are overloaded. Therefore, it is preferable to generate reactive power by means of
condensers owing to their having high and credible economic and technical characteristics.
And they do not act passively in stabilizing the network, but the haphazard and unconsidered
selection of these condensers will form a great risk to the electrical equipment in the system
for high tensions are formed, resulting form high harmonics, knowing that these tensions will
increase in a greater form because of these condensers. These effects have begun to appear
lately at the industrial plants in the form of the collapse of condenser, installed in factories,
which generate reactive power.

We all know that the existence of non-linear loads (thyristor converters, and the
haphazard usage of regulators, inverters and electronic devices: televisions, calculators and
communication devices) lead to sinusoidal deformation of the current and tension wave which
means the existence of harmonics that have not been taken into account.

Due to the presence of condensers, the possibility of and increase occurrence in
tensions is always found if it couldn't be prevented at the proper time by means of connecting
the suitable percolator. One of the harmonics disadvantages is also the heating of coils in the
devices.

The programme of capacity flow has been depended on for finding the optimal
solution to the required reactive power and the places of insulation it in the industrial plant
whose power factor needs being raised to the required value which is economically and
technically defined.

Next, the capacity of required condensers is defined according to this power, and as it
is known, the capacity of condensers is calculated from the following relation:

C=—2Qf -10° (1)
U, - 24
Where:
Q. : (kvar) reactive power required for raising the power factor

V' : (volt) phase voltage (between phase and neutral) on both edges of the condenser
C: (farad) condenser power.
It gives inductivity and activity to the inductive motor by the following relations [5].
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2
Xa:0.2-U” s
Sn
. )
Ra=0.08-— ,
S

As for the network also, inductivity and activity are given according to the following
relation:

LS, 3)

R =0.1-X,

As for the loads, they are calculated as follows[5]
_ Uj 'Qo
RO

2

R, = ;Jzn ‘Poz
y + 0o

/

(4)

Where:
0, : (kvar): reactive power of the static load, kvar

F,: (kw): actual power of static load, kw
Generators are represented by reactors over passing X (of suspensions calculation)

and lines are represented by their impedances and transformers by their equivalent circuits[3].

After representation of the network elements completely, a programme has been put
on the computer for calculating the equivalent impedance at the suspension point depending
on the method of consecutive connection of the network elements[3] (this method depends on
building the matrix of equivalent impedances of the network elements which face the inverted
matrix of susceptance, but the method inverting the matrix of susceptances reserves a very
considerable space in the memory of the computer).

Insufficient power of the system is calculated when the suspension (failure) is three
phase with the ground, and it is the most dangerous failure. In this case the failure current[2]
is calculated by the following relation:

[, =—" (5)

U,,: nominal voltage in the failure point
Z: equivalent impedance in the failure point is calculated by the said method:
And failure power [6] is calculated by the following relation
S, =3-U, 1, (©)
After calculating the failure power S, of the network and the nonlinear loads power

S
S, o » We calculate the rate ——
LOL

If the nonlinear load is but thyristory converters, then this rate should be greater than
200[5] and in the case of ordinary linear loads the rate should be greater than 100. If the above
mentioned two conditions are met, then there is no need for studying the action or effect of
connecting the condensers to the said network on the higher harmonics because the effect of
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this in this case will be weak. And if the above mentioned two conditions are not met, then it
would be necessary to study and analyse the form of the withdrawn current wave in the
nonlinear load and calculating the high value of graduations current and calculating the
equivalent reactances of these harmonics. As it is known, when the network does not contain
the capacity loads, these reactances increase form all sides with the harmonics grade
according to the following relation:
X, =K X, (7)
Where:
K : harmonic number
X, : equivalent reactance of the harmonic.
Upon the harmonic current and the equivalent reactance of the harmonic, the harmonic
tension is calculated according to the following relation:
U =X, 1, (8)
Then, the rate of harmonic voltage K is calculated with respect to the nominal voltage
of the first harmonic[ 1] according to the following relation:
s ©)
UIN
After calculating these rates (proportions) for the sake of all the studied harmonics[1]
the sum of voltage is given by the following relation:

F
U=U,- >R (10)
k=1
Where: F :a greater harmonized number.

When the system contains a capacity load, the equivalent reactance increases in some
harmonics as a result of connecting the equivalent reactance XC of the condensers to the
system. And if the equivalent reactance of the system before connecting the condenser is Z,

B, =

then the equivalent reactance after connecting the condensers Z; .

, A
Zx, Z k

Y

Fig. 1

Figure (1) illustrates the change of the impedance value by the indication of the
harmonics value. We notice from the figure that the reactance increases considerably in the
harmonic KR, and this leads to the increase of the harmonic voltage K and consequently to
the increase of the voltage sum greatly where it forms a risk to the devices insulation and their
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collapse. Upon this, suitable percolators must be placed to absorb the adjacent harmonics
from KR .

For the purpose of illustrating the practical possibility of this study, we have applied it
to a given (specific) plant containing the following loads:

- inductive motors with power 2440 K.V.A
- Ohmic loads 775 KW

- inductive loads 1000 K.VAR
- direct current loads fed by thyristory converters 2x1455 K.W

- nominal voltage of the plant 20K.V

- connecting a set of condensers with power (knowing that condensers connection in
this case may be risky) 2030 K.VAR
By applying the previous study of this plant and by making use of the two relations (5,6), we
find that the short circuit power is: SK =91 M.V.4
At the beginning the following relation should be verified first:

S, 91-10°
S,, 2-1455-10°
As this value is smaller than 200, therefore, we must study the effect of condensers
connection of the increase of higher harmonics value and finding the harmonic in which is
found the greatest voltage value, and upon this, the form of the current wave feeding the
thyristory converter has been drawn by means of an advanced signal drawing instrument
containing a memory for keeping the given quantities figure (2), and the shown curve
illustrates the deformation of the sinusoid of the current wave feeding the thyristory. This
deformation results from the accumulation of different harmonics.

=31.27

m..
m-.
=7
‘m_
A0

1 e ] | 1 - 1 1

om oo or 0B o oB

t(sec)
Fig. 2

By means of a computerized programme and depending n the principle of diffusing
Vorieh's series, the previous wave shape has been analysed and then finding the current
values of the following harmonics:
15=174,17=142 A, 111=48 A , [17=3.1 A,

[19=25A,123=1.0 A, 125=0.7 A

And the equivalent impedance of the previous harmonics has been found in the two
cases before and after connecting the condensers and the voltages values of these harmonics
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by making use of the relation (8), and the following table summarizes the results that have
been reached.

Table 1
B z U, Z U,
14 % 14 %

5 19.4 337.8 2.9 38.1 663.0 5.7
7 27.1 384.8 3.3 650.0 923.0 80
11 42.6 259.9 2.2 30.7 187.3 1.6
13 50.4 241.9 2.0 22.2 106.6 0.9
17 69.9 216.9 1.8 14.0 43.4 0.4
19 73.6 184.0 1.6 12.0 30.6 0.3
23 89.1 89.1 0.7 9.5 9.5 0.08
25 96.8 67.8 0.6 8.0 6.0 0.05

From the table we deduce that the seventh harmonic voltage on the loads terminals has
risen from 384.8 V before connecting the condensers to 923 V after connecting the
condensers. Thus the voltage sum on the loads terminals on the basis of the relation (10) by
making use of the given quantities of table (1) before connecting the condensers, this voltage
sum is:

U =1.0-20000 =20000 V

After connecting the condensers we find:

U =1.28-20000 = 25640 V

And consequently, the rate of voltage rise after connecting the condensers is: 28%.

This constitutes a great risk for the mounted (installed) devices, and the condensers
can't be connected in this case where the companies manufacturing condensers do not allow
the rise of the voltage over (more than) 20% except for very limited minutes during the day.

Deduction:
1- Non-usage of condensers haphazardly, particularly in the factories with nonlinear
loads.

2- Studying the harmonics in the network and defining the harmonic in which the
phenomenon of voltage increase is formed on connecting the required condensers for
raising the power factor.

3- Designing the percolator, required and suitable, for absorbing the dangerous
harmonics which form on connecting these condensers.

4- Protection from momentary currents resulting from the condensers connection.

5- Designing the percolator (filter) required and suitable for absorbing the dangerous
harmonics which exist (form) on connecting these condensers.

6- Protection from the momentary currents resulting from connecting condensers.

7- Application of industrial security on (when) installing condensers.
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