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OBILIASA XAPAKTEPUCTHUKA PABOTBI

AKTYyaabHOCTb NPo0JeMbl. B COBpEMEHHBIX PHIHOUHBIX YCIOBUSX OMpE-
JACTAONIUMHA (l)aKTOpaMI/l ycnexa B MNPOMBINIJICHHOM MNPOU3BOJACTBC ABJIAIOTCA
YMEHBIIICHUE BPEMEHHU BBIXOJla HOBOM NPOJIYKUUHU HA PHIHOK, CHUXKCHHUE CTOM-
MOCTH U IIOBBINICHHUEC Ka4yCCTBaA. COKpaLHeHI/Ie HUKJIa IMIPOCKTUPOBAHUA U ITOATO-
TOBKH ITPOM3BOJICTBA, IOJpa3yMeBaiollee BHEIPEHHE CHUCTEM aBTOMAaTH3alM{
npoektupoBanust (CAIIP), aBTOMaTH3MpOBaHHBIX HH(OPMAIIOHHBIX CHCTEM
(AUC) mMoxeT criocoOCTBOBATH CBOEBPEMEHHOMY BBIXO/y €€ Ha PBIHOK U TeM
CaMbIM CO3/IaHHMIO0 KOHKYpPEHTOCHOCOOHOH mpoayknuu. Ha stame npoextupoBa-
HUSI IPOU3BOJICTB BO3HHUKAET PAL 331a4, OT 3((EKTUBHOCTH PEIICHUS] KOTOPBIX
3aBUCST KA4ECTBO U c€0ECTOMMOCTh KOHEYHOH MPOTYKIIUH.

[TpoekTpoBaHNEe XMMUYECKUX ITPOM3BOJACTB BKIIOYAET B cedsA Takue 3a-
Jadd, Kak pa3pabOTKa TEXHOJOTMYECKOH CXEMBI, BHIOOp ammapaTypHOTO
odopmIIeHHs, KOMIOHOBKY 000PYZOBaHMS, OIIEHKY SKOJIOTHYIECKOil Oe30macHo-
CTH MPOU3BOJCTBA M PSII APYTHX 3aj7ad. DTall KOMIIOHOBKUA 00OPYIOBaHUS SIB-
JISIETCsl OTHUM M3 HauboJiee TPYA0EMKHX.

Han6onee NEPCICKTUBHBIM HAIPaBJICHUEM IMOBLIIICHUA TMPOU3BOJAUTCIIb-
HOCTH M KadecTBa NPOCKTHBIX PabOT SBJISIETCS NMPUMEHEHHE MaTeMaTH4eCKHX
METO0J10B, MH(POPMALMOHHBIX TEXHOJIOTHI 1 ucnoias3oBaHrne DBM mist ontumu-
3alUM MTPOEKTHBIX pemeHnil. OTeYeCTBEHHBIMH 1 3apyOe)KHBIMH YUCHBIMH y/ie-
JSI0CH OOJIBIIOE BHUMAaHUE aBTOMATH3AIMH MPOCKTHPOBAHUS KOMIIOHOBOYHBIX
pELICHN B MHOTO3TaXHBIX Iexax. OIHAaKo 10 CHX MOp HE MMEIOIINE MPAKTH-
YECKOM pean3aliy, OCTAI0TCs BOIPOCH aBTOMATH3alMH KOMIIOHOBOK M TpH-
HTHS 00BEMHO-IIAHMPOBOYHBIX PEIICHUH MIPU MPOEKTUPOBAHMH ITPOMBIIILICH-
HBIX [POU3BOACTB B IieXaxX aHrapHoro tumna. O0opynoBaHHE B TaKHX LIeXax yc-
TaHaBIMBaeTCs Ha (QyHZaMEHTaX M METAUIOKOHCTPYKLHMAX. BeicoTHOE pacmo-
JIO)KEeHHE 000pYyJ0BaHHMS, STAKEPOK M IJIOMIAA0K OOCITY)KMBaHHS ONpPEAEIsIeTCs
UCXOJ U3 YCIOBHUI ONTHMAJIbHOIO TPAHCIIOPTA BELLECTB MEXIY alllapaTami,
0€3011acCHOCTH MPOM3BOJICTB, YA00CTBa 00CITy>KMBaHUsI 000PYIOBaHUS M SKOHO-
MHYECKHX IOoKa3arenei. [IpuMeHenre coBpeMeHHbIX HH()OPMALMOHHBIX TEXHO-
JIOTUH K pEelIeHHIO 3a7ad KOMIOHOBKH 00OpYZOBaHMUS B II€XaX aHrapHOTO THUIIA
3aTpyIHEHO OTCYTCTBHEM (POPMAIM30BaHHBIX aHAJMTHYECKUX M MPOLEILYPHBIX
Mojienield KOMIIOHOBKH 000pYIOBaHNSI.

AXTyaJIbHOCTB TE€MbI 00YCIIOBJIEHA OTCYTCTBHEM MOJXO0J0B K aBTOMAaTHU3H-
POBaHHOMY MOHCKY ONTHUMAJbHBIX MPOEKTHBIX PEIICHUII KOMIIOHOBKH 000py-
JOBaHUs MMPOMBIIIIJICHHBIX MIPOU3BOJCTB B LI€XaX aHIapHOI'O TUIIA.

OO0BEKTOM HKCCIICJIOBAaHUS SIBJISCTCS KOMITIOHOBKAa OOOpYIOBaHUS MIPO-
MBIIIJICHHBIX IPON3BOJICTB B [I€XaX aHTapHOTO THIIA.

IIpeameTom uccrenoBanus sBISETCS aBTOMaTH3MpOBaHHas MH(opManu-
OHHasl CHCTeMa, OCHOBBIBAIOIIAsICS HA aHAJUTHUYECKUX M MPOLEAYPHBIX MOJIe-
JSIX pa3MEIIEHHs] TEXHOJIOTNIECKOro 000pyIOBaHUS U TPACCHPOBKH TPyOOIpO-
BOJIOB IIPOMBIIIJICHHBIX TIPON3BO/ICTB B [I€XaX aHTApHOTO THIIA.

Hens padotsl. Pa3paboTath aBTOMATH3MPOBAaHHYIO HH(POPMAIMOHHYIO
CHCTEMy Ha OCHOBE AHAINTHYECKUX M MHPOLEAYPHBIX MOJENEH pa3MeIleHHs
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TEXHOJIOTUYECKOT0 00OpYNOBaHHS M TPAcCUPOBKHM TPYOONPOBOJOB ITPOMBIII-
JICHHBIX MIPOMU3BOJICTB B IIEXaX aHTAPHOTO THUIIA.

Jlist mocTrKeHus MOCTaBICHHON LEMH HEOOXOIMMO PEIINTh CIEIYIoIne
3aja4u:

1 TlpoBectn aHanM3 CyLIECTBYIOIINX AaBTOMATHU3MPOBAHHBIX HMH(pOPMAIIH-
OHHBIX CHCTEM KOMIIOHOBKH OOBEKTOB B IPOCTPAHCTBE, MOJENICH U METOIOB
TIOVCKA MTPOECKTHBIX PEIICHUH 110 KOMITOHOBKE.

2 PazpaboTarh CTPYKTYpY aBTOMAaTH3UPOBAaHHOW HMH(OPMAIMOHHOW CHC-
TEMBbl KOMITOHOBKH 00OpYZOBaHMUS MPOMBIIUIEHHBIX OOBEKTOB, YUHTHIBAIOIIYIO
cneumd)yu(y 3aJa4 KOMIIOHOBKHU B LI€XaX aHIapHOI'O TUIIA.

3 Paspaborarh cTpyKTypy 0a3bl NAaHHBIX JUIS XpaHEHHs TEKCTOBOH M Tpa-
¢duyeckoit nHGOpManuKH 00 00BEKTaX KOMIIOHOBKH, OTPaHUYCHUH HA HPOEKT-
HBIE PEIEeHNs, a TAKXKe I XpaHeHNs] HH(POPMAIMH 110 TPOSKTHBIM PEILICHUSIM.

4 TlpoBecTH aHaNINU3 YCJIOBHH, BIMAIOIINX HA MIPUHITUE MPOEKTHBIX pelle-
HUH 110 KOMIIOHOBKE 000pY/JOBaHHS M OCYLIECTBUTH UX (DOPMATHU3ALHIO.

5 Paspabotath coco® omucaHus OOBEKTOB KOMITOHOBKH, ITO3BOJISFOIIHIMA
YUUTBHIBATH OCOOCHHOCTH Pa3MELICHUS B MPOCTPAHCTBE Pa3IMUHBIX TUIIOB 00B-
eKTOB, TaKMX KaK Pa3HOrabapUTHOE TEXHOJOTHMYECKOe 00OpylOBaHUE, CUCTEMA
TEXHOJIOTUYECKUX TPYOONPOBOJIOB, CTPOUTEIBbHBIE KOHCTPYKLMH aHTapHOTO
1[€Xa, METAIJIOKOHCTPYKIIUH.

6 CdopmynnpoBaTh MaTeMaTHYECKHE MOCTAHOBKH 3aj]ad, BO3HUKAFOUIHX
IIPY KOMIIOHOBKE 000pY/I0BaHMS B LI€XaX aHIapHOIO THIIA.

7 Pa3paboTaTh aHAIUTHYECKHE U MPOLEAYPHbIE MOAEIH pa3MEIIEHHs TeX-
HOJIOTMYECKOr0 000pyJOBaHMS M TPACCUPOBKH TEXHOJIIOTHYECKUX TPYOOIpPOBO-
JIOB B [I€XaX aHIapHOTO THIIA.

8 PazpaboTaTh METOMKY PELICHHS 33/1a49l KOMITOHOBKH B II€XaX aHTAPHOTO
THIIA, BKIJIIOYAIOLIEH pa3MeleHHe TEXHOJIOTMYECKOro 000pyHI0oBaHMsI, HaXOK/ie-
HHE ONTUMAIBHBIX 00BEMHO-TIIAHMPOBOYHBIX PEIICHHUH 11€Xa, TPACCHPOBKY TEX-
HOJIOTHYECKHX TPYOOIIPOBOJIOB M pa3MellieHre TPYOOIIPOBOIHOM apMaTyphl.

Hayunas HoBu3Ha. 1) Ha ocHOBe mpoBeIeHHOTO aHaJM3a Mporecca KOM-
IIOHOBKH o6opy)1013aH1/1>1 MPOMBIINIJICHHBIX TMPOU3BOACTB B ILCXax aHIapHOIo
THUIIA BIIEPBbIC ITOCTAaBIICHA 3aa4a COBMECTHOTO ONTHMAIBLHOTO aBTOMATH3NUPO-
BAaHHOTO TPOEKTUPOBAHUS: DPa3MEIICHUS] TEXHOJIOTHYECKOTO O00pyIOBaHHMS,
TPACCHPOBKN TpPyOOIPOBOAOB, OIPEAEIECHHs KOH(QUTYpaluH CTPOUTEIBHBIX
KOHCTPYKLUI U pa3MelIeHus: TpyOOoIpoBOIHON apMaTyphIL.

2) PaspaboraH cnoco0 MHOTOYPOBHEBOTO ONHCAaHUS OOBEKTOB KOMIIO-
HOBKH, 3aKJIIOYAIOIINIICS B MTPEACTaBICHUH 00bEKTOB KOMIIOHOBKH B BUJIE KOM-
IUIeKCa MPOCTEUIINX TEOMETPUIECKUX (UTYP, BBIICICHHN MTOJOOBEKTOB, COOCT-
BCHHBIC OIpaHUYCHHA U YCJIOBUA PA3MEIICHUA B NPOCTPAHCTBE KOTOPBIX 3a1a-
HBI PA3IMYHBIMHU BUAAMH ITPEACTABICHUS HHGOPMALIHH.

3) PaszpabGoTana aHamUTHYECKass MOJENb Pa3MENICHHs TEXHOJIOTHUIECKOTO
000py/IOBaHUs B IIeXaX aHTapHOTO THIIA, YUYUTHIBAIOIIAs BIMSHUE TaKUX (aKTO-
pOB, Kak YCIOBHUSI TPAaHCHOPTHUPOBKH BEILIECTB MEXKAY amnapaTaMi, YCIOBHS
00CIyXMBaHHs M peMOHTa 000PYAOBaHUS COTJIACHO TPEOOBaHUSIM HOPMATHBHO-
TEXHUUYECKOH JOKyMEHTaIUH.
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4) PaszpaboraHa aHalIMTHYECKas MOJIENb TPACCHPOBKH TEXHOJIOTHYECKHX
TpyOOIPOBOJOB B I[eXaX aHTAPHOTO THUIIA, YUUTHIBAIOIIAS BIUSHUE TaKUX (ak-
TOPOB, KaK yCJIOBHS TPAaHCIOPTUPOBKU BEIIECTB MEXIY alllapaTaMd IIPH pas3-
JUYHBIX PEXIMaX COBMECTHOM pabOTHI almapaToB, YCIOBHS MPOKIAAKH TPYOO-
MIPOBOJIOB U pa3MeIIeHuUs TPyOOIIPOBOTHON apMaTyphI.

5) Pazpabortana mporeaypHasi MOAETh TPACCUPOBKU Pa3BETBICHHON CHC-
TEMBI TEXHOJIOTHYECKUX TPyOOIPOBOIOB, OCHOBAaHHAS HAa BBIACICHUH MOIMHO-
JKE€CTBa TEXHOJIOTHYECKUX CBA3EH amnmnapaToB, B COCTaB KOTOPLIX BXOAAT O6H_ll/le
Y3JIbl, U MOCJIEJOBATEIbHON TPACCUPOBKE BCEX CBS3EH OT almaparoB JI0 pa3Mme-
IICHHBIX Y3JIOB Ha MPOBEACHHLIX B IIPOCTPAHCTBE Tpaccax.

Ha 3a1uTy BBIHOCATCSI OCHOBHbIE MOJIOKEHHS:

1 TlocraHOBKa 3aJaydl COBMECTHOTO ONTHMAIBHOTO IPOEKTHPOBAHUS:
pasMelIeHusl TEXHOJIIOTHYECKOT0 000pyI0BaHHsI, TPACCUPOBKU TPyOOIIPOBOIOB,
oTpeneeHus] KOHPUTypaIuy CTPOUTEIHHBIX KOHCTPYKIMA U pa3MeIIeHUs TPY-
OOTIPOBOTHON apMaTyPHI.

2 Cmoco® MHOTOYPOBHEBOTO OITMCAHUS 00OBEKTOB KOMITOHOBKH.

3 AmnamuTHyecKas MOJENb pa3MEIIeHHs] TEXHOJIOTHYECKOro 00opymoBa-
HUS B [I€XaX aHTapHOTO THIIA.

4 AnanuTHyeckas MOJENb TPACCHUPOBKU TEXHOJIOTHYECKHUX TPYOOIPOBO-
J0B B II€XaX aHTapHOT'0 TUIIA.

5 TlpouenypHas MoJiedb TPACCUPOBKH Pa3BETBIECHHBIX TPYOOIPOBOIOB.

IIpakTHyeckas neHHOCTh. [IpeyioxKeHHas METOANKA ITO3BOJISIET PELINTh
0011Iy10 3aJa4y KOMIIOHOBKH B BHJE IOCIIEA0BATEIFHOCTH PELICHUH Moj3anad
KOMITIOHOBKH C M3MEHEHHEM [ETAIN3AlMU OIMCAHHUS T€OMETPHU OOBEKTOB U
Y49eTOM OTpaHWYCHHH, Pa3OMTHIX Ha KJIACCHI B 3aBHCHMOCTH OT CTEICHH WX
BIIMSTHASL M1 HEOOXOAUMOCTH COOIOACHUS Ha PA3TUIHBIX 3TAllax PEIICHUs.

[pemmoskeHBl KPUTEPUH ONTHMAIBHOCTH pa3MelleHus 000pyIOBaHUSA H
TPAacCUPOBKHU TPyOOIPOBOIOB B I[€XaX aHTAPHOTO THIIA, IIO3BOJIAIONIIE OIICHUTH
KallUTaJIbHBIE 3aTPaThl HA CTPOUTEIBHBIE KOHCTPYKIHHU IIeXa, TPyOOmpoBOAEI,
CPEICTBa TPAHCIOPTUPOBKU BEIIECTB, METAJUIOKOHCTPYKIMH JUIT ATAXKEPOK H
TUIOLIAI0K OOCITY)KMBAaHUS, a TAKKe IKCILTyaTallMOHHBIE 3aTPaThl HA TPAHCIOP-
THUPOBKY BELIECTB MEXJY alliapaTamu.

Co3naHHas aBTOMaTH3MPOBaHHAs HHPOPMALMOHHAsI CHCTEMa KOMIIOHOBKU
000py/I0BaHUs TIPOMBIIIJICHHBIX ITPOU3BOCTB B [1€XaX aHIAPHOTO THUIIA YUUTHI-
BaeT crocod MHOTOYpPOBHEBOrO MH()OPMAIIIOHHOTO ONHCAHHS OOBEKTOB KOM-
MIOHOBKY M pa3pabOTaHHbIE aHAINTHYECKUE U MIPOLEAYPHBIE MOJEIH pa3Melle-
HUS 000pYIOBaHHS U TPACCUPOBKH TPYOOTIPOBOIOB.

C momombio pa3pabOTaHHOW CHCTEMBI OBLTH PEIIeHBI 3aa9l Pa3MEeICHUS
000pyIOBaHUS W TPACCHPOBKH TPYOOMPOBOJOB Psiia MPOMBIIUICHHBIX O0BEK-
TOB: PEKOHCTPYKIMSA MPOM3BOJCTBA EMKOCTHOTO O0OPYAOBAaHMS M IMPOU3BOJACT-
Ba HacocHbIX arperatoB OAO «IlepBomaiicKXxuMMaI»; MPOSKTUPOBAHUE OTIE-
JIEHUH MEXaHUKO-PEepMEHTATUBHOW 00pabOTKHA KPaXMaJUCTOTO ChIPhS CITUPTO-
BBIX 3aBOJIOB MoIHOCThIO 500 man/cyt u 1500 nman/cyT MpOEKTHBIM OTICIIOM
OAO «Tamb6oBckuii 3aBoz "Komcomonen" um. H.C. ApremoBay.



Anpobanus padoTel. PesynsraTsl uccnenoBaHuil U OTAENbHBIE MaTepUa-
JIBI PaOOTHI JOKIIABIBATIICE U 00Cyknamuch Ha: [V TamMOOBCKON MEKBY30BCKOM
HAay4YHOH KOH(EpeHIN «AKTyalbHbIe MpoOiaeMbl HHQOPMATHKH U HMH(OpMa-
unoHHBIX TexHonorui» (Tam6os, TT'Y, 2000 r.); V TamO0BCKO# MEKBY30BCKOI
Hay4HOU KOH(EepeHLUH «AKTyalibHble MpoOiemMbl HHGOPMATHKA M HH(OpMa-
uuoHHBIX TexHosorui» (TamOoB, TI'Y, 2001 r.); Hay4Ho#l KOH(epeHIHH
«MareMaTuieckiue METOJbI B TEXHUKE U TeXHOJorusx». MMTT-14 (CmoieHck,
2001 r.).

My6auxauun. OcHOBHBIE PE3yJbTaThl JAUCCEPTALIMOHHON PabOTHI OTpa-
skeHbl B 10 mevaTHbIX paboTax, B TOM YHCJIE B HAYYHO-TEXHUYECKUX JKypHAJIaX
PO — 3 ny6nukanmm.

CrpykTypa n 00bem padoTsl. [uccepTaiusi COCTOUMT U3 BBEICHUS, YEThI-
pex IiiaB, OCHOBHBIX BBIBOJIOB, CIMCKa HMCIOJIB30BaHHOHN JHTeparypsl. OO0beM
JUCCePTAMOHHON paboTHI cocTaBisieT 192 cTpaHUIBI MATMHOIIMCHOTO TEKCTA,
comepxut 50 pucyHkoB u 8 tabmun. Crucok nmTeparypbl Bkiaodaer 110 Ha-
MMEHOBaHUM.

COJAEPXAHUE PABOTHI

Bo BBeaenuu chopmynupoBaHa meib pabOThI, 00OCHOBAaHA €€ aKTyalb-
HOCTb, Hay4Hasi HOBH3HA U NPaKTUYeCKast 3HaYUMOCTb. JlaeTcst o0as xapakre-
pHUCTHKA CO/IEPKaHUsI JIMCCEPTALIMOHHON PabOThHI, M3JI0KEHBI OCHOBHBIE MOJIO-
JKCHUSI, BRBIHOCUMBIC Ha 3aIIHTY.

B mepBoii riiaBe mpencTaBicH aHAU3 CYIIECTBYIOIIUX MOJCIEH U METO-
JIOB PCIICHHS 3a7ad Pa3MEIICHUS M TPACCUPOBKU B PA3IMYHBIX OTPACIAX IPO-
MBIIUTEHHOCTH. OCyIIeCTBIEH 0030p CYIIECTBYIOIINX aBTOMATH3MPOBAHHBIX
WH(POPMANMOHHBIX CHCTEM [UIS PEIICHHS 3aiad pa3MEIICHUS W TPacCHPOBKH.
Ha ocHoBaHMM POBENEHHOTO aHaM3a C(OPMYIHPOBAHBI BBIBOJBI U OCHOBHBIE
3a[1a4u MCCIIEeIOBAHUS.

Bo BTOpOIi riiaBe pazpaboTaHa CTpyKTypa aBTOMAaTU3UPOBaHHOM HH(OP-
MAaITOHHON CHCTEMBI KOMIIOHOBOK B I[€XaX aHTApPHOTO TUIIA, KOTOPas Ipea-
CTaBJIeHa Ha puc. 1.

ABTOMaTH3MpOBaHHAs HH(POPMAIIMOHHAS CUCTEMa KOMIIOHOBOK BKITIOUAET
B ce0st psiJ OJIOKOB, MEXY KOTOPBIMHU B MIPOLIECCE TOJIyYEHUS] TPOEKTHOTO pe-
[ICHUS OCYIIECTBIsIeTCS 0OMeH nHpopManueii. YacTh TaHHBIX B IPOIIECCE MPO-
EKTUPOBAHUS BHOCUT B CHCTEMY SKCIIEPT B BHJIC HCXOIHBIX JaHHBIX, IPOMEKY-
TOYHBIX KOPPEKTHPOBOK U OTPaHHUYCHHU.

Ha puc. 2 npencraBnena cTpyKTypa HHPOPMAITHOHHBIX IIOTOKOB JUTA 3a7a-
91 KOMIIOHOBKH.

Jlns moricka HaYaIkHOTO BapHaHTa Pa3MELICHUS UCTIONB3YIOTCS CIEIyTO-
M€ NCXOIHBIC TaHHBIC: TIPeIeNbHBIC Ta0apuTHI IIeXa; pa3Meprl, 00beM B Macca
ammaparoB; CIIoco0 TPaHCIOPTa BEIIECTB MEX Ty anmapaTtaMu. [locne ocymiect-
BJICHHA NIEPBOHAYAIBFHOTO PAa3MEIICHUSI KOOPAMHATHI alllIapaToB IIEPEeNaloOTCs K
clieiyroneMy 0JI0Ky — OIITUMU3ALMN Pa3MELICHUs.
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Puc.1 Crtpykrypa aBTOMATH3NPOBAHHOW HH(OPMALMOHHON CHCTEMBbI
KOMIIOHOBOK B 1IeXaX AaHTAPHOI'0 THIA

Ha stane onTuMu3anmy pasMemieHus] UCIIOJIB3YIOTCSI UCXOAHBIE NaHHbBIC,
MOJIy4€HHbIE OT OJIOKa Ha4yaJbHOTO pa3MelIeHus], orpaHndeHus | — 6 6a3sl or-
paHMYEHH, a TaKXKe OCYILIECTBIISICTCS OOMEH JaHHBIMU C OJOKOM pPacydeToB.
[lpy onTUMuM3amUK pa3MELICHHs] OCYLISCTBISICTCS IpPEIBapHTENbHAS OLICHKA
TPAHCIOPTHPOBKH BELIECTB 33JIaHHBIM CHOCOOOM MEXIy anmaparamu. B 6ok
pac4eToB NepenalTcs NaHHBIE O TEKyIIeM Pa3MEIICHHH allaparoB, CIocobe
TPAHCIOPTa MEXKIY HUMH, (PU3NKO-XUMHYECKHX CBOHCTBAX TPAaHCIOPTHPYEMBIX
BemecTB. OT GJIOKa pacueToB MOCTyNnaeT HHGOpMaIHsa 0 BO3MOKHOCTH OCYyIIe-
CTBJICHHS TPAHCIIOPTA BELIECTB 3alaHHBIM CIIOCOOOM MEXIY allapaTaMH.

[Ipu ompexneneHnn KoHQUrypaluu METAUIOKOHCTPYKIHMU HCIIONIB3YIOTCS
JaHHBIC O TCOMCTPUM aIlllapaToOB U UX B3aAMMHOM PACIOJIOKCHUH.

K 010Ky pacueToB IOCTYIalOT JaHHBIE O BBICOTE PACIIOI0KEHHS IPOCKTH-
pyemoii miomaaky u ee pazmepax. Ot 610Ka pacyeToB rocrynaer HHPOpMaIHs
0 METaNIOEMKOCTH KOHCTpyKuuH. Ilocne onpenenenus KOHGUrypanuy MeTai-
JIOKOHCTPYKLIMH JaHHBIE TEPeAaloTcs K CIeAyloleMy OJIOKy — TpacCHpOBKe
TEXHOJIOTUYECKUX TPYOOIIPOBOIOB.

Ha sTamne TpaccupoBKH TEXHOJIOTHYECKUX TPYOOIPOBOIOB OCYLIECTBIISCT-
sl OllpeneNieHre KOH(PUTypaluy TPpacc ¢ y9eToM orpaHudeHuid 1, 8§ — 14 0a3br
OTPaHUYECHUH U CIEAYIOMMX HUCXOHBIX JaHHBIX: Coco0a TPaHCIOPTa BEIIECTB
MEXIy amnmaparamu, (QU3MKO-XUMHYECKHX CBOWCTB TPAaHCIOPTHPYEMBIX Be-
IIECTB, Pa3MepOB M 00bEMa aNapaToB, a TAKXKE JAHHBIX O pa3MEILCHUH allla-
paroB ¥ KOHOHIYpalyH METAUIOKOHCTPYKLMWH, MONYYEHHBIX C MPEAbLIYIINX
0JIOKOB.
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B ciyyae ecnm HEBO3MOXHO OCYLIECTBHTH TPACCHPOBKY C YYETOM BCEX
YCIIOBHIA ¥ OTPAaHUYCHUH, TOCTYTIAeT OOPATHBIM CUTHAM K 3a7jaue pa3MeEIIeHHs.

Ha srtane pasmenieHus TpyOOIpOBOIHOH apMaTypbl OCYLISCTBISETCS Iie-
pebop BO3MOMKHBIX BapHaHTOB DACIIONOKCHHUS KaKIOW EAWHMIBI apMaTyphlL
[Tpu 5TOM HCIONB3YIOTCS JaHHBIE O TEOMETPHUH Pa3MellaeMOl apMaTypebl, pas-
Mepbl 1 KOOPAMHATHI Pa3MELIEHHs alapaToB 1 METAJUIOKOHCTPYKIHI, a Takoke
OrpaHUYEHUS Ha pa3MEILCHNE apMaTypBL.

[Ipu mOATOTOBKE OTYSTHOM MOKYyMeHTauu Gpopmupyercs 3D mozaens mexa
C pa3MelIeHHbIM 000pY/I0BaHUEM, IUIOIIAIKaMH U TPyOOIIPOBOAaMH.

Taxoke BO BTOpOY IllaBe MCCIIeI0BaHbl (PAKTOPBI, BIUSIONIME HA IPUHATHE
peleHnii Mo KOMIIOHOBKE 00OpynoBaHus. PaccMoTpeHsl Takue (akTophl, Kak
CIOCOOBI TPAHCIIOPTHPOBKHU JKUAKAX W TBEPABIX (CBHIMYYHMX) BEIIECTB, BBIOOP
THUITa KOHCTPYKIMH IieXa, oOecriedeHre 6e30acHOCTH IIPOU3BOJICTBA U T.1.

HcenenoBanbl yClnoBUs 00ECIICUeHUsI TPAHCIIOPTA )KUIKUX U CHITYyYHX Be-
LIECTB MEXY alliapaTaMy B 3aBHCHMOCTH OT PEXUMA UX COBMECTHOM paboThI.

Ha ocHoBe mpoBemeHHOTO aHanmHM3a JaHa KiaccHpUKamus (HakTopos,
BIIUSFOLIMX Ha IPOEKTHOE PEIIeHIe KOMIIOHOBKU:

a) ¢axTopsl, BIUAIOMINE Ha HYHKIMOHHUPOBAHUE CXEMEI,

0) daxTopsl, BIUAIONIME HA OE30MACHOCTh PabOTHI JIt0IeH, BO3MOKHOCTD
00CITy)KUBaHUs 000pYIOBaHUS U TPYOOIIPOBOIOB, PEMOHTA;

B) JKOHOMHYECKHE (DaKTOPBI;

r) (¢akTopsl, obecrednBaroIme y100cTBO 00CITyKMBaHHS U PEMOHTa 000-
PYJOBaHHSI.

[ocraBnena oOmias 3a1a4a KOMIIOHOBKH B II€XaxX aHTapHOTO TUIIA.

B Tpetbeii riaaBe ocyiecTBiieHa pa3padoTKa crocoda MHOTOYPOBHEBOTO
OIMCaHUSI OOBEKTOB KOMIIOHOBKH € MOMOILIBIO KOMIUIEKCOB IPOCTEHIINX Te0-
METPUYECKHUX (QUTYp, a TaKKe HHPOPMAIMOHHOE OIMCAaHUE CUCTEMBI TEXHOJIO-
THYECKHX TPYOOIIPOBOZOB C IIOMOINBIO MAaTpUIl CBs3eH, y3JI0B M Y4acTKOB.
Marpuna cBsa3eil XpaHUT HASHTU(GUKALHUIO allIapaToB UCTOYHUKOB U IIPHEMHU-
KOB, IIPUHAIEKHOCT K CBA3U y3JIOB TEXHOJOTHYECKHUX TpyOONpoBOIoB. Mart-
puyLbI Y3JI0B U YYaCTKOB BBOAATCA JId ONMUMCAaHUA Pa3BCTBJIICHHBIX pr60HpOBO-
JIOB ¥ OTPEJIEISIFOT O0IIe TOUKH JUIS PAa3IMYHBIX CBS3EH.

Ha ocHoBe npoBezieHHOTO BO BTOPOH IIaBe aHaM3a pa3paboTaHa aHaIU-
THYECKas MOJIETb pa3MEIIEHHUs TEXHOJIOTHUECKOro 000pyIOBaHUs B 1I€XaxX aH-
TapHOTO THIIA, BKIIOYAIOIIAsl CIICAYIONINE YCIOBHS:

YcnoBue obecrieueHus: TpaHCIOPTa BEIIECTB CAMOTEKOM:

AZ=Zp~Zpy 2 (hy+ Y WK, VI: f4l=1. (1)
VYcnoBue obecrieueHns TPaHCIIOPTa BEMIECTB MepeIaBIUBaHUEM:
Py —P ,
AZ=Zp~Zpy s%—(hﬂZhM)Kﬂ,w:ﬂz:m 2)
!

VYcnoBue obecriedeHns: TPAHCIIOPTHPOBKH HACOCOM:



P, —P ‘
H, Z(Zle—Zf”)+%+(hﬂ+2hM)Kﬂ,Vl:f4l=3. 3)
!

VYciaoBue obecriedeHHs: CaMOTEUHOTO TpaHCIIOpTa ChIITYy4YUX MATCPpHUAJIOB:

Az
arctg | ————— |20,
( [\/szﬂyz} J
AX=Xr11—Xpo, AY=Yr— Yo, AZ=2Zp—Zy, VI fAI=5.

VcioBue B3aUMHOTO PACIIOJIOKCHUA allllapaToB, BXOAAIINUX B COCTAB YC-
TAaHOBOK:

A(Az > 0)5 “4)

(X; = X; + const 1) v (X; <.X; + const 2);
(Y;> Y+ const 3) v (¥, < ¥, + const 4), Vi,ie A’ 5)
(Z;2 Z;+ const 5) v (Z; < Z; + const 6).
YciioBue HenepeceueHus 30H OOCITY)KUBAHHS aapaToB ¢ 000PYIOBaHU-
€M H DJIEMCHTaMH CTPOUTEIHHBIX KOHCTPYKIIUIL:

U NU' =) A (U U =Q). (6)
VYcioBue HenepeceueHns MPOXOI0B ¢ 00HEKTaMU KOMITOHOBKH:
(U AU =) A (U™ N U = D) A (U™ N UX = D). (7
OrpaHuyeHus Ha pa3Mepsl IPOXOIO0B:
(B >B™YA(CP>C™), i=1,2, ..., ng. (®)
Ol"paHI/I‘leHI/IH Ha pacCTOAHUA MCKAY allllapaTaMi U ApyruMu 06’beKTaMI/IZ
min (p(U;", U")) = pur, Vi,j € A, i #J; ©)
min (p(U7, UP)) 2 pan,cxpy Vi€ 4, jeS. (10)
Ol"paHI/I‘leHI/IH Ha IIMPUHY U YI'OJI HAKJIOHA JICCTHUI] C 3TAXKCPOK U IUIOMIAJI0K:
(a*J'ICCTH S aJ'ICCTH S aneCTH*) A (BIIeCTH 2 B*HCCTH). (1 1)
OrpaHndeHHs Ha pa3Mephl aHTAPHOTO [eXa:
(A< A SATYA(B“< B <BYA(H «< H <H). (12)
YcnoBus TCOMETPHUUCCKOI'O HETICPECCUCHUA 061>eKTOB KOMIIOHOBKH.
U'nU'=@, Vijed, izj (13)
U'nU’=@, Vied, jeSs. (14)
TexHosormueckoe 000pyI0BaHUE JODKHO Pa3MeNaThCsl BHYTPH IeXa:
U e US, Vied. (16)
PaSMEHIeHI/Ie OTOCJIBHBIX CAUHUIL] 060p}7I[OBaHI/I$I MOXKET 6LITB OIIPEACIICHO:
X, Y, Zn=const, VYm e A" (17

Pa3paboTan kpurepuii MpUBENEHHBIX 3aTpaT AJs BHIOOpPAa ONTHMAajIbHOTO
BapHUaHTa pa3MELICHUS] TEXHOJOIMYECKOro OOOpYyNOBaHHA C OIpPEAEICHHEM
pPa3MepoB aHTapHOTO LieXa M KOH(GUI'ypalud BHYTPEHHHX CTPOUTENIBHBIX KOH-
CTPYKLIAH:
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M
M=+ B+ B+ 1)E+ Y0, (18)

m=1
rae 111, Ié, 131 , 1 }1 — COOTBETCTBEHHO 3aTpaThl Ha TEXHOJOTHYECKHE TPYyOO-

IPOBOIBI, CPEACTBA JUIS TPAHCIOPTA BELIECTB MEXIY allapaTaMu, CTPOHTEIb-
Hble KOHCTPYKIMM aHTapHOro IeXa, 3aTparbl Ha METaUNIOKOHCTPYKLIWH (ILIO-
IaJKH 00CITY)KUBAHHUS, STAXKEPKH).

CdopmynupoBaHa TOCTAaHOBKA 3a7add pa3sMELICHHs] TEXHOJIOIMYECKOTro
000pyI0BaHuS B LIeXax aHrapHOIO THUMA!

HaiiTi Takoil BapHaHT pa3MELICHHs] TEXHOJIOTMYECKOro o0OpyIOBaHUs B
uexe anrapuoro tuna 4 = A;(X,, Y, Z;, o), Vi = 1, 2, ..., I, rabapuTsl 1exa
S1 = (4%, B, H) 1 KOHQUTYpaIH0 BHYTPEHHUX CTPOUTENBHBIX KOHCTPYKITHIHA
S2 = (o™, B"™, a/", b, B, x;"", y, ™), Vi =1, 2, ..., J, IpH KOTOPBIX
KpuTepuil nmpuBeAeHHBIX 3arpar (18) mocThraer MUHNMyMa W BBHITIONHSIOTCS
ycrmoBus MaTeMaTtiaeckoit mogenu (1) — (17).

Ha ocHOBe npoBeeHHOrO BO BTOPOIi I71aBe aHaIM3a pa3paboTaHa aHaH-
THYECKast MOJIeNb TPACCHPOBKH TEXHOJIOTHYECKHX TPYOOIPOBOJOB B IIeXax aH-
TapHOTO THIIA, BKJIIOYAIOLIAs CIIEAYIOIINE YCIOBHUSL.

VYcnoBue obecriedeHnst TPAaHCIOPTUPOBKHU JKUJIKUX BEILIECTB CAMOTEKOM:

AZ=Z; =Z sy 2h+ Y hy, VI fAl=1. (19)

VYcnoue obecriedeHus: TPAHCIIOPTUPOBKHY JKUAKHUX BEIIECTB MepeAaBinuBa-
HHUEM:
Priy—Pry 3
Yi

VYciaoBue obecriedeHus TpaHCIIOpTa BEHICCTB HACOCOM!

AZ=Zp~Zy < (hy+> ) VI:f4l=4. (20)

P., — P,
HHZ(Zf2l_Zfll)+M+(hﬂ+ZhM)’ Vi f4l=3. @n
‘ " Y

OFpaHI/I‘leHI/Ie Ha CKOPOCTH IIOTOKa B Tp}760Hp0BOI[€Z
(D[H <o < (D]B, V= 1, 2, ceny L. (22)
VcnoBue caMOKOMIICHCAITNH TEILIOBBIX HaHpH)KCHI/Iﬁ B pr60np030ﬂax:

( |xH[j _-xKij| < pKOMl‘I) A ( |szj _yKijl < pKOMl‘I) AN ( | ZHij - ZKij| < pKUMl‘I)) VI,j € L
(23)
VYciioBUE OTCYTCTBUS 3aCTOMHBIX 30H IS JKUIAKOCTEH:
=220 A (H-2"20), (24)
nl < n2 < n3 — TOUKM U3JIOMa i-TO yIacTKa.
VYcaoBue OTCYTCTBUS 3aCTOMHBIX 30H AJIs Ta30B:
@ =2%>0) A% -2 >0), VieUch®, nl>n2>n3. (25)
OrpaHuyeHUE PACCTOSHHS MEXKY TPyOOIIPOBOIAMHU:
min (p(U, U") 2 py, VijeL, i#j. (26)
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Ol"paHI/I‘IeHI/Ie PacCCTOSIHUA MCKIY pr6OHpOBOI[aMI/I 1 anmnaparamMu:
min (p(Uf", U/")) = prpans Vi€ L, jeA. 27)
OrpaHuueHHne pPacCTOSHUS MEXIYy TpyOONpOBOJAMH W CTPOUTENbHBIMU
KOHCTPYKLHSAMU:
: L S . .
min (p(l]l > l]j )) 2 pr, CTp> \V/l € L: J € S (28)
OrpaHudeHHus Ha PAacCTOSHHUE 10 PYYHOTO MPHUBOJAA TPYOOIPOBOJHON ap-
MaTypsI OT YPOBHS I10J1a IOMEIICHUS WA TUIOMIAAKU:

max (h(ar;, S)) < hapw, Vi€ Ar, ke S2. (29)
YcnoBue HenepecedeHus: TpyOOIpOBOIOB MEXIY COOOM:
U'nU'=@, Yijel, i#j. (30)
YcioBue HenepecedeHns TPyOOIPOBOIOB | allIapaToB:
U'nU'=@, Viel, jeA. (31)
YcioBue HenepeceueHus: TPyOOIPOBOIOB H CTPOUTEIEHBIX KOHCTPYKITHIA:
U'nU’=@, Viel, jes. (32)

OrpaHuueHre Ha JUIMHY TPYOOIIPOBOJOB TPAaHCIOPTHPYIOMINX BSI3KHUE,
SIIOBUTBIE, B3PBIBOOIIACHBIEC BEIIECTBA!

nt;
2.
k=1
YcitoBue mMpoKIaaKu TPYOOIIPOBOIOB B OPTOIOHATEHOW METPHKE:

= x%) 0% =) = 0;

" —x) @ -2 =0, VieL,jel,2,..nt (34)

0" =% @ —2) = 0.
YcoBue MpoKiIagky TPyOOIIPOBOIOB Yepe3 CTPOUTEIbHBIE KOHCTPYKITUH:

UrnUP=@, viel", jeS" (35)

Paspaboran kputepuii MpUBENESHHBIX 3aTpaT [UIA BHIOOpAa ONMTHMAIIbHOTO

BapUaHTa TPACCHPOBKU TEXHOJOIMYECKUX TPYOOIIPOBOAOB C pa3MelleHHEeM
TpyOOIIPOBOTHON apMaTypHI:

M L L
I? =(112+1§+1§)EH{23M+ZH,T°““+Z(A§ +PT’)}, (36)

m=1 I=1 I=1

Xjy —xﬁ{|+|yl7€ —y;;{|+ zj —zi';€|) <§, Viel’, k=1,nt, . (33)

rae [12 . [22 . 132 — COOTBETCTBCHHO 3aTpaThbl HA TEXHOJIOTMYCCKHUE pr6OHpOB0-

JIbI, 3JIEMEHTH (OTBOJBI) TEXHOJOIMYECKMX TpyOOIpPOBOIOB, CpEACTBA JUIS
TPAHCIIOPTA BEILECTB MEXKy alnapaTaMu.

Ha ocHoBe pa3paboTaHHOI aHAIMTUYECKOW MOJEIH TPACCHPOBKU TEXHO-
JIOTHYECKUX TPYOONPOBOMOB M KPUTEPHS IMOCTAHOBKY 3a/Jaddl ONTHMAaJIbHOU
TPacCHpOBKH TPYOOIPOBOJOB C pa3MElIeHHEM TPYOOIPOBOJHON apMaTypsl B
[[eXax aHrapHOTO THIIA MOYKHO 3aITUCaTh CIEAYIONNM 00pa3oM.

Haiitu Takoif BapHaHT TpPacCHPOBKM TEXHOJOTHUECKHUX TPYyOOIPOBOIOB
T=(x"its Xt V'its Vito 20 20), Vi= 1,2, ..., L; k=1, 2, ..., W B 1eXe aHrapHo-
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rO THIA ¥ pa3MelleHus TpybomnpoBonHoil apmarypsl (X, ¥, Z™), Vj =1, 2,
..., D, IpA KOTOPBIX KPUTEPHHA MPUBEACHHBIX 3aTpaT (36) JOCTUraeT MUHUMYyMa
¥ BBITIOJTHSIOTCS YCIIOBHS MaTeMaTiaeckor mojenu (19) — (35).

B yeTBepTOIi T1aBe MpenIokeHa METOIUKA PEIICHHS 3aa9i KOMIIOHOB-
KW, OCHOBBIBAIONIASACSA HA IOCIICIOBATEIBHOM PEIICHUH 3371ad Pa3MEIICHUS U
TPACCUPOBKHU C PA3IMYHON CTENEHBIO ETaTN3allMy ONHCAHIS T€OMETPUN 00b-
eKTOB. MeToI1Ka BKJIFOUaeT CIIeIYIOIINE TAIIBI:

1 Ompenenenue HaYaIHLHOTO BapHAHTA Pa3MeEIICHUS 000PyAOBaHHUA.

2 Onrumusaims pa3MenieHus 000pyI0BaHUS.

3 TpaccupoBKa TEXHOIOTHIECKHX TPYOOIIPOBOIOB.

4 Pasmenienue TpyOOIIPOBOAHON apMaTypBhI.

Ha mepBom stame perraercs 3afada Ha4aIbHOTO pa3MeLIeHUsT 000pyaoBa-
HUS C IPUMEHEHUEM BECOBBIX K03 duirieHToB. Bee anmapartsl pa3ouBaroTcs Ha
TPYTIIBI, ONPENeNIONie MOCIeI0BATEIbHOCTh PAa3MEIICHUS, a TIPU pa3Mellie-
HHH aNlapaToB TOW WM MHOW TPYIIIBI OIPEIENISETCs OYEPETHOCTD C OMOIIBIO
BECOBBIX K03(purtmenTos.

Takue rpynnbsl npemiaraercs (GopMHpoOBaTh IO CIOCO0Yy OpraHU3aLUH
TPaHCIIOPTHPOBKH BEIIECTB:

— PpasMCHICHUC alrapaToB IO BBICOTHBIM OTMETKaM, TPAaHCIOPT MEKIY
KOTOPBIMH OPTaHU30BaH C MTOMOIIBI0 CAMOTEKa;

— pa3MelIeHHUE ChIPbEBBIX EMKOCTEH U €MKOCTEM TOTOBOM NPOIYKLINH;

— pa3sMemieHue ammapaToB, TPAHCHIOPT MEXIY KOTOPHIMU OpPTaHH30BaH C
MIOMOMIBIO TIEpeJaBIBaHMS;

— pa3MelieHue anmapaToB, TPAHCHIOPT MEXIY KOTOPHIMU OpPTaHH30BaH C
MIOMOIIIBIO HACOCOB.

[Ipu pa3memnieHny anmapaTtoB KaKAOH W3 ATHX TPYII OYEPEeTHOCTH pas-
MEIEHHUs] ONpe/eNsieTCs] Ha OCHOBE BECOBOTO KO3(h(HIMEHTa, AAIOIIEro KOM-
IJICKCHYIO OIIEHKY IO CIIEAYIOIINM MapaMeTpaM: Macca anmnapara, 00beM arra-
para, KOJMUYECTBO TEXHOJIOTMYECKUX CBs3eW ammapara ¢ APYrMMH O0ObeKTaMu
CUCTEMBL.

BecoBbie k03 duIIMEHTBI pa3MeIaeMbIX aInapaToB BBIYUCISIOTCSA IO
dopmye: K" =Ky M; + Ky V; + Kg S,

[Tocne ompeneneHnss OYepeIHOCTH pa3MEIIEHHs annapaToB M MONyde-
HUS HAYAJIBHOTO BapHaHTa Pa3MEIICHUS MCIIOIB30BaH METO/T IOCIICI0BATEIIFHO-
TO Pa3MEIICHUS B COOTBETCTBHU C OYEPEOHOCTHIO W OTPAaHHYCHHSIMH Ha pac-
CTOSIHHE MEX]Iy anrapaTaMy, a TAKKe ¢ y4eTOM CII0COOOB TPaHCIIOPTA BEILIECTB
MEXIy ammapataMiu. ['eoMeTpudecKoe OMMCaHHEe KaXIOTO OOBEKTOB KOMIIO-
HOBKH Ha 3Talle¢ Ha4aJhbHOTO Pa3MEIICHUS OCYIICCTBISICTCS OJHUM Hapajiielie-
MUIEI0M WA OJHUM IIMIHHAPOM.

Ha BTOpOoM 3Tame ocymiecTBIisieTcsl ONTUMU3AINS pa3MeIleHuss obopyno-
BaHUs. YIy4IlleHHE BapuaHTa pa3MeIIeHus IPOBOIUTCS B ABe cTaguu. Ha mep-
BOM CTaJMH MCIOJB3YETCs alIPOKCHMAITHS aliiapaToB oHOU (Gurypoit (mapai-
JIeNeNuIe]] WM LHWINHAP) C YYETOM CIEAYIOUINX YCIOBHIl: OCYIIECTBICHHE
TPaHCIIOPTAa BEIECTB, 00ECIIeYeHNEe OCHOBHBIX ITPOXO/IOB B II€XE, MUHUMAIBHOE
paccrossHHe MeXAy amnmaparamu. Ha BTOpoil craanm OOBEKTHI pa3MeIIeHUs
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OIMKCHIBAIOTCS KOMIUIEKCOM MapajUICIICIUICIOB U MWIHHAPOB, YTO MO3BOJSICT
0oiee TOYHO y4yecTh YCIOBHS HemepecedeHus: 00bekToB. IIpu 3ToM mpuMeHeHa
MpoIeaypHas MOJCIb Pa3MENICHUs, OCHOBAaHHAS Ha MPHHIUIC TOKOOPIMHAT-
HOTO CITyCKa C MapajieJbHbIM OMNpeAeIeHHEeM KOH(GHUTYpaliy IUIOLIa0K 00-
CITy>)KUBaHUSI M ATAXKECPOK.

[IpennoxxeHa mpoueaypHas MOAEH TSI OIPEAEICHNS MHOXECTBA JIOITyC-
TUMBIX KOH(UTypamnui IUIOMAN0oK OOCTYyKHBAaHHWS JUIsl ammapatoB W BeIOOpa
ONITUMAJIFHOTO BapUaHTA C YI€TOM MUHUMHU3AIIUH METATUIOEMKOCTH.

Ha TpeTheM 3Tame OCyIIECTBIISIETCS TPACCUPOBKA BHYTPHIIEXOBBIX TEXHO-
JIOTHYECKUX TPyOOmpoBOAOB. IS TpacCHpOBKH MPOCTHIX (HEPa3BETBICHHBIX)
TpyOONPOBOJOB pa3paboTaHa MpOIEAypPHAsS MOIETh, OCHOBaHHAs Ha MpPOBEJe-
HUM KpaTdaiIIei Tpacchl MEXIy HUCTOYHHKOM M NMPHEMHUKOM € 00XOIOM pas-
MEIICHHBIX 00BEKTOB B IPOCTPAHCTRBE.

Jlns pa3BeTBIIEHHBIX TPYOONPOBOJOB pa3paboTaHa MpOIeAypHas MOICIb,
COCTOSIIIAsI U3 CICAYIOINX 3TAIOB:

1) ®opmupoBanne MHOXecTBa cBsizeit L' = {I'}, [, ..., I';}, B cocTaB Ko-
TOPBIX BXOJAT Y3JIbl, OOIINE C IPYTUMH CBSI3SIMH M3 3TOTO )K€ MHOYKECTBA.

2) TpaccupoBka cBsi3el u3 MHOKecTBa [, i = 1, ..., n KaKk Hepa3BETBICHHBIX,
nokKa y cBsi3u /'; He HaiiieTcs y3ia, obiero ¢ ar0oii ces3pro Iy, m=1, ..., i — 1.

3) Kaxnast cBs3p [',,, m =1, i+ 1, ..., n Tpaccupyercs OT ee Havaja u 10
y371a, KOTOPBII NPUHAMIEKUT K YK€ NPOBEACHHOHN Tpacce. IIpuueM pasmerne-
HHUE 3TOTO y3J1a Ha MPOBEICHHOW Tpacce OmpeersieTcs mepedopoM C marom A
10 JIYIMHE Y4aCTKOB MIPOBEJEHHON TPACCHI.

4) Jlns KaXIoro BapHaHTa PACIONOXKECHHS y371a Ha MPOBEACHHOU Tpacce
OCYILIECTBIIACTCS TPACCUPOBKA TPACChI /; KaK HEPAa3BETBICHHOM.

5) U3 Bcex MOMy4YEHHBIX BaAPHAHTOB TPACCHPOBKU JAHHOU CBS3H, YIOBIIE-
TBOpﬂIOHJ,l/IX yCﬂOBI/lHM MaTeMaTl/I‘IeCKOﬁ MOACIIN HpoeKTHOFO pelHeHI/lﬂ Tpac-
CHUpPOBKH, BBIOMpACTCS BapUaHT, NMPHUBOIAIMINN K MHHAUMYMY KPUTEPHS OIITH-
MaJILHOCTH JJIS 33]Ia49H TPACCUPOBKH.

6) Ilpomecc TpacCHpOBKHM 3aKaHYHMBACTCs, Koraa OyIeT OCyIIeCTBICHA
rocJie[oBaTenbHas TPacCUpoBKa Beex csizeit L' = {/', I, ..., [',}.

Ha derBepToM 3Tare oCyIIecTBIsSETCS pa3MelIeHHE TPYyOOIPOBOIHON ap-
MaTypsl. ONTHMaIbHOE PACIIONOKEHHE apMaTyphl Ha 3aJaHHOM YYacTKe TPYy-
0OmpoBOJa OCYIIECTBISIETCS epeOOpOM BCEX BO3MOXKHBIX BAPHAHTOB pa3Me-
menus. Kpurepuem oTbopa onTHMaabHOTO BapHaHTA SBISETCS MHUHHMAILHOE
paccTosiHEEe OT pa3MenIacMoi apMaTyphl 10 IUTAHUPOBOYHON OTMETKH IT0JIa WITH
OmKaifIIelt wIomanku o0CTy)KUBaHHS.

C ucronk30BaHUEM pa3pabOTaHHON aBTOMATH3HMPOBAHHOW HH()OPMAIIHOH-
HOW CHCTEeMbI OBUIN IONyYEHBI MIPOSKTHHIE PEeIIeHUs pa3MemeHus: 00opyaoBa-
HUS U TPACCHPOBKH TPYOOIIPOBOIOB psija mpomu3BoAcTB. Ha puc. 3 mpencrasiie-
Ha 3D Mozenb MPOEKTHOTO PEHICHUSI KOMIIOHOBKH, MOJYYCHHOTO B aBTOMATHU-
3HUPOBAHHOM PEXKUME JUIS OTICIICHHUS MEXaHWKO-(QEepMEHTATHBHON 00pabOTKH
KpaXMaJHCTOTO CHIPhsl TIPH TPOWM3BOICTBE STHIIOBOTO CIIHPTA, CIHPT3aBOIA
MotHocThi0 1500 man/cyr. B Tabn. 1 mpeacraBieHbI MOKa3aTeIH MPOCKTHBIX
peIIeHNH, TOTYYeHHBIX BPYYHYIO U C TIOMOIIBIO pa3paboTaHHON CHCTEMEI.
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Puc. 3 3D pa3mennenue 00opy10BaHus OTAeJeHUS] MEXaHHKO-(hepMEHTATHBHOIH
00padoTKH KPaxMaJIHMCTOTO ChIPbS

1 HapaMeprl MPOEKTHOI'0 PCIICHUsI KOMIIOHOBKHA

Pasnocth
it Py‘IHaﬂ ABTOMaTI/ISI/IpOBaHHaﬂ
apameTp MEKITY
KOMIIOHOBKa KOMIIOHOBKa 0
3HaYCHUSAMH, %o
3ansTas 060p;/)10BaHI/IeM TLJI10- 144 108 25
maab 1exa, M
OO01mas JJIMHa TEXHOJIOTHYe- 138 109 21
CKUX TPyOOIIPOBOIOB, M
KonuuecTBo moBopoTOB Tex-
HOJIOTHYECKUX TPyOOoIpoBo- 41 35 14,6
JIOB, IIIT.
OO61mas IIomaib II0aI0K 144 54 62.5
00CITy’)KUBAHHUS U ITAXKEPOK, M
3HaveHue 00IIero KpUTepus 1252 000 883 400 29.4
MIPUBEICHHBIX 3aTpar, p.

B pesynbrare onTHMU3aLMU MPOEKTHBIX PEIICHHH O pa3MEleHuI0 000-
PYIOBaHHS U TPACCHPOBKE TPYOONPOBOMOB OTIAEICHUS pa3BapuBaHUS KpaxMa-
JIMCTOTO CBIPbSi OBUIO TOJYYEHO YMEHBUIEHHE CTOUMOCTH IPOEKTUPYEMOTO
mpon3BojcTBa (0e3 ydera CTOMMOCTH TEXHOJOTHYECKOTO OO0OpYIOBaHUS) Ha
29,4 % oT cToMMOCTH BapHaHTa, OJyYeHHOTO PyYHBIMU METOAAMH, YTO COCTa-
Buiio 368 600 p.
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OCHOBHBIE BbIBO/JbI 1 PE3YJIbTATbBI

1 Ha ocHoBe ImpoBeIeHHOTO aHaJM3a Ipoliecca KOMIIOHOBKH 000py/I0Ba-
HUS TPOMBIIUICHHBIX IIPOU3BOACTB B II€XaX aHTapHOTO THIIA BIEPBHIC ITOCTAB-
JIeHa 33j1a4a COBMECTHOTO ONTHMAaJIbHOTO aBTOMAaTH3UPOBAHHOTO IPOEKTHUPO-
BaHMS: pPa3MELICHHUs] TEXHOJOIMYECKOro O0OpYJOBaHHMS, TPACCUPOBKH TPYOO-
IIPOBOZIOB, ONpEJEeNICHNs] KOH(UTypaluy CTPOUTENILHBIX KOHCTPYKIWH M pas-
MeIIEeHUS TPYOOIIPOBOIHON apMaTypHI.

2 PazpaboTaH cnoco0 MHOTOYPOBHEBOTO ONHMCAHUSI 00BEKTOB KOMIIOHOB-
KM, 3aKJIIOYAIONIMACS B MPEICTABICHHH OOBEKTOB KOMIIOHOBKH B BHIE KOM-
IUIEKCa MPOCTEHIINX TeOMETPUIECKUX (DUTYP, BBIICIICHUH T10100bEKTOB, COOCT-
BEHHBIE OTPAaHMYEHISI W yCIOBHS Pa3MELICHUS B MPOCTPAHCTBE KOTOPHIX 3a/1a-
HBI Pa3IMYHBIMA BUIAMH TIPEICTABIICHIS HHPOPMAIIUN

3 PazpaboTraHa aHATUTHYECKas MOJENb pa3MEIIEHHs TEXHOJOTHYECKOTO
000pyIOBaHUS B I[eXaX aHTApHOTO THUIIA, YYUTHIBAIOIIAS BIMSIHAC TaKUX (pakTo-
POB, Kak YCJIOBHS TPAaHCHOPTHPOBKH BEIIECTB MEXIY ammapaTraMi, yCIOBHUS
00CITyKMBaHHs ¥ pEMOHTa 000PYA0BaHUS COTJIACHO TPEOOBAHUSM HOPMATHBHO-
TEXHUYECKON TOKyMEHTAIINH.

4 Pa3paboraHa aHaJIMTUYECKas MOJIENb TPACCUPOBKH TEXHOJIOTHUECKHX
TpyOOIIPOBOIOB B I[€XaX aHTApHOTO THIA, YIYUTHIBAIOIIAS BIMSHUE TaKuX (hak-
TOPOB, KaK YCJIOBHSI TPAHCIIOPTUPOBKH BEIIECTB MEX/Y almapaTaMy IpH pas-
JIUYHBIX PEKUMAX COBMECTHOH PabOTHI anmapaToB, YCIOBHS MPOKIAAKH TPyOO-
HPOBOJIOB U pa3MelIeHHsl TPyOOIPOBOIHON apMaTyphI.

5 Pa3paboTana mporexypHas MOJIEIIb TPACCUPOBKU Pa3BETBICHHON CHC-
TEMbI TEXHOJIOITHYECKUX pr601'lpOBOI[OB, OCHOBAaHHasA Ha BBIACJICHUU ITOJMHO-
JKECTBA TEXHOJIOTHIECKUX CBSI3CH ammaparoB, B COCTaB KOTOPBIX BXOJAT O0IIHe
y3JIbl, U TOCJIEOBATEIbHON TPACCHPOBKE BCEX CBS3EH OT allaparoB J0 pa3Me-
IICHHBIX Y3JIOB Ha MPOBEICHHBIX B IPOCTPAHCTBE TPacCax.

6 TlpemnoxkeHa METOAMKA PEIICHHs OOIICH 3a1aud KOMIIOHOBKH, B BHUJIC
MTOCTIEIOBATEIHPHOCTH PEUICHUH 1TOA3a/1a4 KOMIOHOBKH C M3MEHEHHEM JIeTalli-
3aliU OMHCAaHUS TeOMETPUH OOBEKTOB M yUETOM OTPAHWYCHUH, pa3OUTHIX Ha
KJIacChl B 3aBUCUMOCTH OT CTEIICHH MX BIIMSHUS 1 HEOOXOAUMOCTH COOJIIOJICHHUS
Ha Pa3IMYHBIX ATANaxX PEeIICHHUS.

7 TlpennoxeHbl KPUTEPHH ONITHMAILHOCTH pa3MeNIeHuUs] 000pYyI0BaHUS U
TPAacCUPOBKHU TPYOOIIPOBOIOB B I[e€XaX aHTAPHOTO THIIA, IIO3BOJISIOIINE OIICHUTD
KallUTAJIbHBIE 3aTPaThl HAa CTPOWTEIbHbIE KOHCTPYKIHMHU Iie€Xa, TPyOOIpoBOIbI,
CPEICTBa TPAHCIIOPTUPOBKU BEIECTB, METAJUIOKOHCTPYKIMH JUI ATAKEPOK H
TUIOIIA/IOK OOCIY)KMBaHMS, & TAK)KE IKCIUTyaTal[IOHHbIE 3aTPaThl HA TPAHCIIOP-
THUPOBKY BEILIECTB MEXIY arapaTamu.

8 Co3naHa aBTOMaTU3MpOBaHHAS WHPOPMAIMOHHAS CUCTEMa KOMIIOHOB-
K1 00OpY/ZIOBaHUsI MPOMBIIUICHHBIX MPOU3BOJICTB B 1I€XaX aHTapHOIO THIIA C
YYETOM MHOTOYPOBHEBOTO OITMCAaHHS OOBEKTOB KOMIIOHOBKH M Pa3padOTaHHBIX
AHATITHYECKHUX W MPOIEAYPHBIX MOJENeH pasMeneHns 000pyJOBaHUSI U Tpac-
CHUPOBKH TPYOOIIPOBOJIOB.

9 C mnomormipio pa3pabOTaHHONH CHCTEMbI OBLIM PEIICHBI 33a4d pa3Mme-
HeHUss 000pYIOBaHUSI U TPACCHPOBKU TPYOOINPOBOJOB psijia MPOMBIIIIEHHBIX
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00BEKTOB: PEKOHCTPYKIHS MPOU3BOICTBA EMKOCTHOTO 000OPYIOBaHHUS U MPOU3-
BozicTBa HacocHBIX arperatoB OAO «IlepBomaiicKkXxuMMaI»; MPOESKTUPOBAHHE
OTJICNICHUI MEXaHHUKO-(PEPMEHTATUBHOH 00pabOTKH KPaxMaIHCTOTO CHIPhS
CIHMPTOBBIX 3aBOA0OB MOMHOCTHIO 500 man/cyt u 1500 man/cyT MpOEKTHBIM OT-
nenom OAO «TamboBckuii 3aBoj "Komcomonen" um. H.C. ApremoBay.

OCHOBHBIE OBO3HAYEHUA

AX = Xn;— Xp1, AY = Yp,— Ypoy, AZ = Zpn; — Zpp; — PA3HOCTH KOOPAUHAT MEXKILY
MTYIEpOM ammapara UCTOYHUKA U MpUeMHUKa, M; f11, f2] — sIIeMeHT MaTpHIlbI
cBsizell F, 1 — UCTOUHUK, 2 — nmpUeMHHUK; f4] — mpHU3HaK Ccrocoda TPAHCIOPTa;
hy, Zhy, — IOTEpH HaIoOpa MO AIUHE TPYOOIPOBOJa U MECTHBIEC IIOTEPH IEPEITUB-
Horo Tpyb6omposoza, M; K. — Ko3QOHIMEHT cloKHOCTH Tpybomposona; Ppy,
Pp) — naBnenue B anmapare-uCTOYHUKE M NPHEMHUKE, I1a; y; — ynenbHbId Bec
KHJIKOCTH TPAHCIIOPTHPYEMOit 110 /-1 cBA3M, Kr/(M>-C”); My — KOI(DHUIHMEHT cO-
TIPOTHUBJICHUS TPYOOIIPOBOIA MPH IBIKEHUH CHIITydero marepuania; X, YV, Z, —
KOOpAHHATHI 00bekTa m; U, UF, UP, U™, U™ — MHOXeCTBO TOYEK TIPOCTPAHCT-
Ba, 3aHMMAaeMOT0 Pa3MeIaeMbIM 000pYyI0BaHHEM, TPYOOIPOBOAAMH, dIEMEH-
TAMH CTPOMTENLHBIX KOHCTPYKIMH, 30HAMH OOCIy:KUBaHus, mpoxoxamu; A4;"™,
B/™, C/® — jymHa, WMpHHA U BBICOTA i-ro mpoxoxa; B, C"" — MHHHMAIBHO
JIOITYCTHMBIE Pa3MepBI IIPOXOJI0B B MPOM3BOJICTBEHHBIX nomenieHusx; p(U,U;) —
pacCTOsIHUE MEXIY i-M U j-M OOBEKTOM, M; P, — MHUHHMAIBHO IIOMYCTHMOE
PAcCTOsIHHE MEXAY amlnapaTaMHu; Pan crp — MUHUMAJIBHO JIOIYCTHMOE PaccTos-

JIECTH

HHUE MEXIOY alrmapataMyd U CTPOUTCIBHBIMU KOHCTPYKIUAMHA, M; O — yron

JIECTH

HAKJIOHA JICCTHHI] VIS TUIOIIAN0K OOCITY)KMBAHHUS HJIM 3TAKEPOK, Ipam; o«
o™ _ MUHHMAJTBHO M MAKCHMAITBHO JOTTYCTHMBIE YIIIbI HAKJIOHA ISl IECTHHII
B paccMarpuBaeMOM MoOMelleHud, rpamx; B™™ — mupuna nectuui B —
MHHAMAJIBHO JOIyCTHMas MMPHHA JIecTHUI, M; A°, B, H® — myvHa, mMpuHa u
BBICOTA MPOM3BOACTBEHHOTO 1iexa, M; A<, B, H'", A+, B+, H'+ — MaKCHMAIIbHO
WU MUHHMAJIBHO JONYCTUMBIC 3HAUYCHHUS [UTMHBI, IIMPUHBI U BBICOTHI IPOU3BOI-
CTBEHHOTO [[eXa, M; ®';, ®°; — HIDKHUN W BEPXHHI IIpe/ielibl 3HAYCHUH [0y CTH-
MOH cKopocTH Ui [-ro Tpybonposoaa, M/c; X'y, ¥y, 2%, X"y, ¥y, 2 — Koopan-
HATHI HaYala U KOHI[A j-r0 (parMeHTa i-ro y4acTka CHCTEMBbI TPYOOIPOBOIOB;
Prown — IPEINETBHO NOIYCTHMOE PACCTOSHUE JUIS MPSIMOJIMHEHHBIX OTPE3KOB
TpyOOIIPOBOAOB, MPU KOTOPOM OOECIIEUMBAECTCS CAMOKOMIIEHCAIMS TEIUIOBBIX
HaIPSDKEHUH, M; P, — MUHIMAJIBHO JOIICTHMOE PAacCTOSIHHE MEXIY OTpe3KaMu
TPYOOIIPOBOMOB, M; Prp an — MHHAMAJIBGHO JOIMYCTUMOE PACCTOSHHE MEXIY OT-
pe3kamu TPyOOIpPOBOAA M aNNapaTaMH, M; Prp crp — MUHAMAJIBHO JOMYCTUMOE
paccTosiHUE MEXIy OTpe3KaMH TPyOONpOBOdA M AIIEMEHTAMH CTPOHMTEIBHBIX
KOHCTPYKIHH, M; nf; — KOJMYECTBO OTPE3KOB i-ro TpyOomposona; A(ar;, Sy) —
BBICOTA MEXIY k-U IUTONMIAJKON OOCIYXKMBAaHUS HIH TAXEPKOW H i-il TpyOo-
HPOBOIHOH apMaTypoH, M; Aa,, — MAaKCHMaNIbHO JOIyCTHUMAas BBICOTa MEXKIY
YPOBHEM I10J1a, TUIOIIAIKON 0OCTYKUBAHUS WK 3TAXKEPKOH U TPYOOIIPOBOIHOM
apMaTtypol, M; E; — HOpMAaTUBHBIA KOX((PHUINEHT OKYIaeMOCTH KaITUTaIbHBIX

TEILT

BIIOKEHUH; 3, — 3aTpaThl Ha BJIEKTPOIHEPrHio, p.; [I;° — MOTepu TETUIOBOM
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SHEPIUHU C OBEPXHOCTH TPYyOOIPOBOIOB, P.; A, — aMOPTH3AIHOHHbIE OTUHCIIC-
Hust, p.; P, — 3aTpaThl HA PEMOHT TpyOOIPOBOIOB, P.; L' — nuua [-ro Tpybo-
npoBoza, M; d' — quamerp [-ro Tpy6Gomposoaa, M; Ky, Ky, Ks — ko3(durimenTs:
3HAYMMOCTH COCTaBIISIONINX BECOBOTO KO3(dummenrta: Maccol, 00beMa U KOJH-
YeCTBa TEXHOJIOIMUYECKUX CBSI3€H COOTBETCTBEHHO; M, V;, S; — Mmacca, 00beM U
KOJIMYECTBO TEXHOJIOTHYECKUX CBS3EH i-TO ammapara.
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