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BCTYIIVIEHHUE

B Hacrosmiee Bpemsi B 00J1acTM TIPOM3BOCTBA THINEBBIX NPOIYKTOB Ha
NEPBbI IUIaH BBIABUTAIOTCA MPOOJIEMbl CO3JIaHUS MPEINPUSATANA C BBICOKOU
KOHIICHTpaInue o0OpyI0BaHUS, TO3BOJISIONIETO OCYIIECTBIATh OBICTPHIN
NepexoJ] Ha UCIHOJb30BAHWE PA3NIMUHBIX BHUJIOB CBIPhSI W BBIMYCK
pa3HoOOpa3HOW mpoayKnuu. J[as STOro HEOOXOaWMO CO31aTh —ammapar
POCKTUPOBAHUS, 0OBEIUHSIONUN BO3MOKHOCTA M TTOTPEOHOCTH TEXHOJIOTOB,
KOHCTPYKTOPOB, MPOEKTHPOBITUKOB. TeopeTudeckyro 0a3y Takoro ammapara
COCTABJISIIOT ~ MPOTPECCHUBHBIE  METONbl  (OpMUpOBaHUS U aHaIU3a
MIPOU3BOCTBEHHBIX MaTePUATBHBIX TIOTOKOB W CAMOTO MPOM3BOJICTBA B IICJIOM.
Hcxonuth creayer U3 TOTO, YTO MPEINPUATHE JOJKHO OOecreyruBaTh
CTaOWMIIBHBIN TT0 BPEMEHH BBIMTYCK MPOIYKIIUN 3aIaHHOTO Ka4eCTRa.

Baxxneiimield 3amadeil MpOM3BOJCTBA SBISETCS TMOJYyUYEHHUE NPOIYKIUUA C
OTIpe/Ie]ICHHBIMU KAadeCTBEHHBIMU TlapameTpamu. Ha ee pemreHne HampaBiieHa
THIATEIbHAS TPOPAOOTKA TEXHOJIOTHH.

[TpakTryecku mr00ass TEXHOJOTHS THINEBBIX IPOU3BOJICTB IPEACTABISICT
coOOM CIIOKHBIM KOMILIEKC crenuduueckux, 000COOJICHHBIX JEHCTBUM C
CIpbeM " TonydabpukatamMu. YTOPSAOYCHHBIE B  COOTBETCTBHH  C
MIPEEMCTBEHHOCTBIO CBOMCTB MOdy(paObpukaToB d3TU JACHCTBUA 00pasyroT
KOHKPETHBIC HWHXEHEPHO-TCXHOJOTHYECKUE PEIICHUS — TEXHOJOTHUYECKUEC
MIPOIIECCHI.

Jlanee Ha TIepBBIN TUTAaH BBIABUTACTCS 3ajada OOECIEYEHUS BO3MOXKHOCTH
BBIITyCKa MPOAYKIIMM B HEOOXOIUMOM KoiudecTBe. OHa pemraercs Mpexje
BCETO 3a CYET MPUMEHEHHUS COOTBETCTBYIONIUX TEXHHUYECKUX CPEJICTB: MAIIIWH,
OCYIIECTBIISIONIMX MEXaHWYECKOE BO3CHCTBHE HA MaTepHal Kak (U3UYECKUN
00BEKT, W aIlmapaToB, JACHUCTBYIOIIMX Ha BEIIECTBO MaTepuaja XUMHYCCKUMU
COCIMHCHUSIMU WJIM BeEIIeCTBAaMHU, (PU3MUECKUMHU TIOJISAMH, paJvaliuedl win
OuoJIorH4ecKUMU OObeKTaMH. MalluHbl W anmnapaTbl OOBEAUHSIOTCS B
TEXHOJIOTHYECKUE CUCTEMBI, MOJTYYHBIIE HA3BAHNE TEXHOJOTUUECKUX JTMHUN.

Ha stom e a3rame MeTomaMH TEXHOJOTHYECKOTO MPOCKTUPOBAHHUS W Ha
OCHOBE MPHUHITUIIOB OPraHU3AINKU MMOTOYHOTO MPOU3BOJACTBA BHIPAOATHIBAIOTCS
WHXECHEPHO-TEXHUYECKHUE PEIICHUS, CO3/AfoIIHe YCIOBUSA IS 3(P(HEKTUBHOTO
UCIIOJIB30BaHUs OyAYIIEro MpOU3BOJICTBEHHOTO MOTEHIHANa — (GOPMHUPYIOTCS
MaTepUaJIbHbIE TEXHOJOTHUYECKUE MOTOKH (CM. PHUC.).
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B PE3YILTATC BO3HHKAIOT BHYTPUCHCTCMHBIC IIPCAIIOCBUIKK JIs1 CO3daHUA

BBICOKOA()(DEKTUBHBIX MPOU3BOJICTB.




1. TEXHOJIOI'USA U TEXHUYECKHUE CPEACTBA NIPOU3BOIACTBA
1.1. CTPYKTYPA TEXHOJIOI'MM

OCHOBy JIF000r0 IMPpONU3BOJACTBA C TOYKHU 3pPCHUA oOecrnieueHus 3aJaHHOI'O
Ka4dyeCTBa BBIHYCKaeMOﬁ MPOAYKINH COCTABJIAOT TCXHOJIOTHH.

Kaxmas  TexHomoruss  BBITEKAaeT W3  HAy4HO  OOOCHOBAaHHOTO U
MOATBEPKJICHHOTO MHOTOYMCIICHHBIMUA TMPAKTUYECKUMU OIBITAMU OMUCAHUS
MOCJICTIOBATEILHOCTH HW3MEHEHHUSI CBHIPbsI W TONy(paOpHKaTOB IO MeEpe HX
MpEeBpaIICHUs] B TOTOBBIN IIPOIYKT.

CrnenoBaTenbHO, YTOOBI BBIPA0OTaTh KAKON-TO MUIIEBOM NPOIYKT, HYXKHO
MpeXJIe BCEro 3HATh COCTOSHUE CBIPbS M TO, KaK 3TO COCTOSIHUE JIOJHKHO
npeoOpa3oBbIBaThCA B Mmpoliecce nepepadorku. Kpome Toro, HeobXxoaumo
OTIpENICTUTh IPOMEKYTOYHBIE, KOHTPOJIbHBIE XapaKTEPUCTUKU
nonydabpuKkaTtoB — CBOMCTBA, KOTOPHIE MOMKHO JIETKO HM3MEPUTh U TOCIE
JOCTHDKEHHUSI KOTOPBIX CJEeAyeT 3aKOHYUTh M3MEHEHHE OJHUX IMapaMeTpoB U
Ha4YaTh U3MCHSITH IPyTHE.

Kaxnoe ueneHanpaBiI€HHOE UW3MEHEHUE JIOCTUTAETCsl B pE3yibTare
BO3JICHCTBHI Ha BEIIECTBO, BBIPAKCHHBIX (PU3UICCKUMHU, XUMHUUYCCKHUMH,
OMOJIOTHYECKUMU MPOIeCCaMU WU UX KOMOUHAIUEH.

KoHTponibHBIE 3HaueHUs MapaMeTpoB Moay(aOpUKaToB H  TOTOBOM
OPOAYKIIMHM TO3BOJSAIOT OOBEAUHATH BO3ACHCTBUS B CHCTEMBI IIPOLIECCOB,
KOTOPBIE MOKHO Ha3BaTh TEXHOJOIMYECKUMU ONEPALUAMM.

TexHoJioruueckas ornepamma - CHCTEMA TIIPOLCCCOB C  3aJdHHBIMH
BXOAHBIMH M BBIXOAHBIMH 3HAYCHUAMMU O6Da6aTI)IBaeMOFO IIPOAVYVKTA

Omneparusi o0ecrieunBaeT MEPeXoJl ChIpbs WK Tonydadpukara U3 OJHOTO
KauyeCTBEHHOTO COCTOSIHHSI B IPYTOE.

CJ'IGI[OBHTGJILHO, TCXHOJOInd TIPpCACTaBIACT coOoi YHOPAAOYCHHYIO
COBOKYITHOCTh OII€paliMii, B PE3YJAbTATE OCYIICCTBJICHUS KOTOPBLIX MCXOJHBIN
MaTcpHrall HDI/IO6DCTaeT HWIIW COXPAaHACT 3aJaHHBIC HOTDG6I/ITCHBCKI/IG CBOMCTBA.

B TexHonorusx IMAIICBLIX IIPOU3BOACTB MOKHO BBIACIUTDL, HAIIPUMCP, TAKUC
onepanv, Kaxjaass H3 3THX onepaunﬁ XapaKTCPU3yCTCd Ka4CCTBCHHBIMU
IMOKa3aTeIsIMU.



CMEIIIMBaHHUE OJTHOPOJTHOCTh CMECH

OYMCTKA CTETICHb BBIJICIICHUS PUMECE

pazzaeneHue coJiep)KaHre KOMIOHEHTOB B MPOAYKTAX pa3aeicHHsI

U3MEJTbYCHHE OJTHOPOJTHOCTh HM3MEIBYCHHOTO TPOAYKTa WJIA MOMYJb
oMoJia

Harpes TeMIIepaTypa

yBIIQ)KHEHUE BJIAKHOCTh

dbopMoBaHue OJIHOPOIAHOCTBH (HOPMBI

cynbdararus BBIXOJI IPOJAYKTOB XMMHUYECKOH peakIuu

OMBUICHHUE KUPA | BBIXOJ MPOJYKTOB XUMUYECKOH peaKInu

Opo’KeHHe U TIp. | HACBIIICHUE MaTepuaja MPOAYKTaAMH >KU3HEIESTeIbHOCTH
OakTepuil WIH JIPOXKIKEN

YoopsmodeHue  omepanMii  OCVIISCTBIBIETCSI B COOTBETCTBHH  C
IIPEEMCTBEHHOCTBIO  KAQUECTBEHHBIX  XapaKTEPUCTHK MOPOJAYKTA, TaK dYTO
BEIXOJHBIC IapaMeTpbl IPEAbLAVIIEN OINEpallMy  SBJIIIOTCS BXOJHBIMH JUIS
nocaenyromei (puc. 1.1).

Texsomorusa

YnopsiioueHHbIE
CoIpbé TEXHOJOTUYECKHUE
MPOIIECCHI

KauecTBO

Puc. 1.1. KauecTBeHHas NpeeMCTBEHHOCTD ITPU MTOCTPOEHUN TEXHOJIOTHH

CaM mpornecc ynopsao4yeHHUsl IMPEeACTaBiIsAeT COOOM YCTAaHOBJIEHHE CBSI3EH
MEXIy OIepanusiMd KaK OTICJIbHBIMU DJJIEMEHTaMH U (OpMHUpOBaHHE
CTPYKTYpPbI TEXHOJIOTHH KaK CUCTEMbI oniepaiuii (puc. 1.2).




[ ITorok Ka“4€CTBEHHBIX COCTOANIMH ]

| CucreMa TEXHONOTHYECKHUX OIepaltifii ]

O — chipbe, nonydabpukaTel; roroBas MNponyKIiHsd,
D — TEXHOJIOIHYCCKHME OrepalvH,

—5» — CRA3H
Puc. 1.2. ®opMupoBanue CTpyKTypbl TEXHOJIOTHH
CBsI3M OTpaKarOT ONTHUMAJIBHOE YEPENOBAHUE ONEPAUUNA W ONPEAEISIOT

MOCJICA0BATEILHOCTh M3MEHEHUsSI CBHIPhS IO MeEpe ero mnpeoOpa3oBaHHUS B
FOTOBOW MPOAYKIUM — HEPBUYHBIN TOTOK KAYECTBEHHBIX COCTOSHUN BEUIESCTBA.

CoznmanHass TakuM 00pa3oM CHCTEMa TEXHOJOTHYECKHUX  OMEepalnid,
00BEIMHEHHBIX O0IIIEH 1ebI0, TPHUOOPETAET HOBBIE CBOMCTBA, HE MPUCYIIIUE HU
OJTHOMY W3 COCTaBJISIFOIINX €€ 3yieMeHTOB. OHa SIBISIETCS OCHOBOW OpraHU3alluu
MPOU3BOJACTBA TOTOBOIO  TNPOAYKTA C  3aJaHHBIMM  Ka4eCTBEHHBIMU
XapaKTEPUCTUKAMH.

MDaKTUYECKU TIPOLIECC d)ODMI/IDOBaHI/ISI CUCTEMBI OoNepalMi SIBJISICTCS IIEPBbIM
9TaIlIOM CHHTC3a TCXHOJIOTMYCCKHMX CHCTCM IPOMBINUICHHOT'O IIPOM3BOACTBA U
co3aaHusg MAaTCPUAJIBHOT'O TCXHOJOTMYCCKOI'O ITOTOKA.

Ha npaktuke ais rpadpuyeckoil MWIUTIOCTPaliy TEXHOJIOTHH CTPOUTCS CXeMa ¢
yKa3aHUEM TE€XHOJIOTMUYECKHUX OMepaluil U CBA3EH MEXAy HUMH, BUJOB ChIPbS U
[IOJIy4YaeMOW MNpoayKuMu. Tak, Ui TEXHOJIOTHH, CTPYKTypa KOTOPOM
npejcTaBlieHa Ha puc. 1.2, MOKHO COCTaBUTH cxemy (puc. 1.3).
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@ cuphe, —p — CHdIN,

D — TEXHOMOMIECKHE Ol1EPAllK, @ — MPOAYKHHA

Puc. 1.3. Cxema TeXHOJIOTUHA

CBs31 Ha TakoM cxeme OTpaKar0oT MaTCPHUAJIbHBIC ITIOTOKH, BOSHHUKAIOIIUC B
IMPOU3BOJACTBE ITPH PCAIN3allu TCXHOJIOTUH.

1.2. TEXHUYECKASA OIIEPAIIUA

TexHonmoruueckass omepamnusi B YHUCTOM BHJAE HE YKa3blBaeT CHOCO0
BO3JICMCTBHS Ha CBIPbE, HE PACCMATPUBAET CYIIECTBA JIEKAIIUX B €0 OCHOBE
nmponeccos. Mexay TeM NepeBOi M3 OJHOIO KayeCTBEHHOI'O COCTOSHMUA B
JPYroe MOKET ObITh OCYILIECTBIIEH MMO-Pa3HOMY. B OJJHUX Cily4asix OKa3bIBaeTCs
JOCTAaTOYHBIM MPUMEHUTh €IUHUYHBIA (U3HUYECKUN, XUMHUYECKUU WU
OMOJIOTHYECKUN TpoIlecC, B JPYyrUX — KOMIUIEKC TMapajuleibHBIX WU
IIOCJIEI0OBATEIIbHBIX ITPOLIECCOB PA3JIMYHOTO MEeXaHu3Ma Bo3aenucTBus. Hepeako
CYILIECTBYET HECKOJIBKO CIOCOOOB [JIsi JOCTUXKEHUS OJHOTO U TOro e
Ka4€CTBEHHOI'0 COCTOSHUSA MPOIYKTA.

Hanpumep, MOKHO ITPOBOJIUTS:!

KOHBEKTHBHBIN, KOHTAKTHBIN WX PAaIUALUOHHBIN HATPEB;

GUIbTpAalMOHHOE,  OCaAuTeIbHOS WM  (IOTAIIMOHHOE  pa3JeicHUC
CYCIIEH3HUH,

CyOIMMAIMOHHYO WM TETUIOBYIO CYIIKY;

BECOBOE WJIM OOBEMHOE JIO3UPOBAHUE; U T.]I.

B To xe Bpemsi HEOOXOAWMO YUMTHIBaTh, UYTO IS KaXKJAOM TEXHOJIOTUH
MOXHO OIpEACIUTh HamboJiee parMoHalIbHbIe Mporecchl. Kaxnmplii Takou
IPOLIECC HA30BEM PA0OYHM NPOLECCOM TEXHOJIOTHH.




Pa0ouuii npouecc TeXHOJOTUH - OPTaHU3AMOHHO 000COOICHHBIN 3JIE€MEHT
TEXHOJIOTHYECKON omepalnuu, XapaKTepusyeMblid TOKa3aTeliiMH CBOWCTB
BXOJISIIETO U BBIXOJIAIIETO MPOAYKTA.

Torga MOKHO TOBOPHUTE 00 OIeparii Kak O COBOKYITHOCTH YIOPSIOYCHHBIX
pabouux nporeccoB (puc. 1.4).

Onepanuu
Chipse, Mony-
noiy- PaGoume npoutecch ¢dabpukar,
¢dabpukar : NPONYKITHH
Puc. 1.4. ®opMupoBaHue CTPYKTYPLI Oornepaliin
NuxeHepa-MexaHuKa,  3aHUMAIOLIErocs  pa3pabOTKOM  KOHKPETHBIX

TEXHUYECKUX PEUICHUNH g pealn3alldd TEXHOJOTHH H  pa3paboTKoi
COOTBETCTBYIOIIMX TEXHUYECKUX CPEJICTB, HUHTEPECYIOT HMMEHHO pabouue
IIPOLIECCHI, TOTOMY YTO HA UX OCHOBE OH CTPOUT CBOIO JI€SATEIBHOCTD.

CaeaoBaTeJbHO, TEXHOJOTHS — JTO0 CHCTEeMAa Pado4Yux IpoIeccoB,
o0ecnneYnBaAIINX MOJVUYCHHE NPOAYKTA 32AJJAHHOT0 KAYeCTBA.

B cBoro ouepenr pabouuii mpoiiecc MOKET ObITh peain30BaH, Kak MpPaBHIIO,
pa3IMYHBIMU WHXXEHEPHBIMU CpeACTBaMu nyTeM MIPUMEHEHUS
COOTBETCTBYIOIIUX HAYYHBIX M MPAKTHIECKUX pa3pabOTOK.

Tak, Hanpumep:
(UIBTPAIMOHHOE Pa3/eICHNE MOXKET OBITh BBIIIOJHEHO B I10JIE€ TPaBUTAIIHH,
B T0JI€ IIEHTPOOEKHBIX CHUJI JIMOO MyTEM CO3AaHUs N30BITOYHOTO JAaBJICHUS HaJl

buIbTpYyIOIIEH MePEropoaKON MEXaHHUYECKUMHU CPEACTBAMU;

paJIHalMOHHBI HArpeB MOXHO NPOU3BOAUTH, HUCHOJB3YS DICKTPUUECKYIO
SHEPTHUIO WIIH TETUJIOBOE U3TyUYCHUE XUMUYECKON PEAKIINU TOPEHUS;

CMEIIMBAHUE U JO3UPOBAHUE MOXHO OCYLIECTBIIATh MOPLMOHHO WIIH
HEIPEPBIBHO.



Bonpoc, crnenoBarenbHO, 3aKIOYAETCsl B TOM, KaKOE€ PEUICHUE SBIISIETCS
HanOoJiee palMOHaIbHBIM B KOHKPETHOW TEXHOJIOTMYECKOU CUTYaIINH.

HMmxeHepHoe pelieHue, MO3BOJISIONICE MPOBECTU HYKHOE HDCO6DEI3OBEIHI/I6
06Da6aTHBaCMOFO NPOJAYKTa B 3aJJaHHOM PEXKHMME, HA30BEM Pad04YuM

OpraHom.

Torma paboumii IIpoOIIECC, CPEACTBA peajiM3allii KOTOPOIr'O ONpEeACIIEHBI,
OyneM cyhTaTh TEeXHHYECKOM omnepanueii W B JalbHeHmeM OyaeM
paccMaTpUBaTh UMEHHO TaKHE OIEPAIIUH.

JIng TEXHUYECKON OIllepallud XapaKTEpHO TO, YTO OHA MOXET ObITh
BBITIOJHEHA COOTBETCTBYIOIIEM MAIIMHOW WM amnmaparoM, CO3JAaHHBIMU Ha
OCHOBE padoUero opraga.

['paHUIBI KaXIOW ONEpAUM OINPEACIAIOTCS HAYaJIbHOW W KOHEYHOU
CTaJUsMM BEJICHUSI paboyvero npoiecca — COCTOSTHUSIMU, CBOMCTBaMH IIPOJIYKTa,
C KOTOPBIX HAUMHAETCSI 00pabOTKa U KOTOPHIMU OHA 3aKaHUUBAETCS.

Bce omepanum MOXXKHO pasfeNuTh C y4E€TOM XapaKTepa BO3JICHCTBUS Ha
MaTepual Ha IBE TPYIIIbL:

orncpanuu HDCO6D&3OB3HI/IH, HAaIIpaBJICHHBIC HA M3MCHCHUC d)I/ISI/IKO-
XMMHUYECKMX CBOMCTB MPOJAYKTA, U

onepalmy COXpaHEeHUsI UMEFOIMXCs CBOMCTB (Tadu. 1.1.).




Kaaccndunanns onepaumi TaGauna 1.1

. -
Xapaktep soyeic rmim

HA CRONCTEN MATCPIANON Buaw onecpatmit

Hiamcuenue crpyxrypu

1. HipeoGpazonaiue Himcuenune cocrasa

caoiicTn
Himcnenne cocronnus
Hamecuecnmne dopumst
Xpanenue
Hosyuposanue
2. Coxpancuine
croicTn Opucyranms

Yuopsaovenue

Kourpons

Hipovyse onepatum

Ta6nuna 1.1. Knaccudukamnus onepanuii

Onepannu npeo0pa3oBaHMsl MPUBOIAT K CO3JAHUIO HOBBIX CBOWCTB
MPOAYKTOB ITyTEM U3MEHCHUS

CTPYKTYPBHI,

COCTOSIHHS,

COCTaBa WA

(bOpMBL.

B a1y rpyniy BXoAsT onepanuu, OCHOBAHHBIE HA IMPOLIECCAX U3MEIbUYECHHUS,
pacTBOPEHMS, HArpeBa, YBIAXKHEHHS, CMEIIMBAHUS, OYMCTKH, pPa3lCICHUS
MPOJIYKTOB, AeJIeHUs], POPMOBAHMUSI, YIAKOBKHU U TIP.

Takue onépannvy MOryrT MMCTh OAMH HJIM HCCKOJIBKO BXOJOB IIO YHCIIY
HeDeDa6aTI>IBaCMI)IX MaT€praJioB M OAMH HMJIM HCCKOJIBKO BBIXOAOB IIO YMCIY

BBIXOAAMMWX IMTPOAYKTOB.

Onepauuu coxpaHeHHMs CBOMCTB CBSI3aHbI C MPOLECCAMMU:
JI03UPOBAHUA,

OpHUEHTALIUH,

yHOPSAI0UEeHUS,

XpaHEeHusl,
KOHTPOJIS U HE IPUBOAAT K U3BMEHEHUIO0 00padaThIBa€MbIX MaTEpHUAJIOB.



Crola MOXXHO OTHECTH OIEpalid BECOBOIO UM OOBEMHOTO JO3UPOBAHUS;
TApHOTO U OECTApPHOTO XPAaHCHUS JKUIKUX, CBHITyYUX M ITYYHBIX MaTepUAJIOB,;
MapHipyTHOM ® TMPOCTPAHCTBEHHON OpHEHTAIlUU, YIOPSIOYCHHS ITyTEM
YKJIaJIKH U PacKIaJKkd, (OPMHPOBAHUS CTEKOB W PSAOB; KOHTPOJSI CBOMCTB,
BKJTFOYasi OpaKOBKY, U TIP.

Onepaluu 3TOW rPyMibl OOLIYHO UMEIOT OJIMH BXOJ U OJWH BBIXOJ.

1.3.TEXHOJIOTHYECKH MPOILIECC

[IpakTueckoe pemeHue 3aJadyu MOJYyYEHHUs MUILEBOr0 MPOAYKTAa HYKHOTO
KauecTBa CTAaHOBUTCSA BO3MOXXHBIM II0CJI€ ONPENEICHUs IIOJHOTO COCTaBa
olepanuil 1 yCTaHOBJIEHHsI HEOOXOIMMOIO KOJIMYECTBA CBs3el. B aToM ciyuae
CTAaHOBUTCS sSICHA HE TOJBKO IOCIEAOBATEIBHOCTh M3MEHEHMS Kau€CTBEHHBIX
XapaKTEPUCTUK ChIpbd U MOdy(}aOpuKaToB, HO M TO, KaKUM 0Opa3oM 3TH
XapaKTEPUCTUKHA JOCTUTAFOTCSI.

[IpencraBiieHE TEXHOJOTUHA B BUJIE CHUCTEMBI ONEpallril, a MaTepUaTbHBIX
MOTOKOB MEXJy ONepalusMd — B BHUAE CBSI3€H JeJaeT BCIO TEXHOJIOTHIO
“Ipo3pavyHoil”’, HOHATHOW C TOYKH 3PEHUS OpraHU3alyuy MPOU3BOICTBA.

HOOHCDaHI/IOHHOC PCIHICHUEC TEXHOJOTHMHW HA30BEM  TEXHOJOTHYCCKHUM
npoueccom.

®dusnueckass 000COOJEHHOCTh ONEpaluii W MaTepualbHBIN  XapakTep
MIPOU3BOJICTBA MPEAONPESIIIOT HEOOXOIUMOCTh HCIOJIB30BAHUS OO0JBIIOTO
KOJIMYECTBA CBSI3YIONINX TEXHHUYECKUX TPAHCIIOPTUPYIOIMINUX dIeMEHTOB. Takas
HEO0OXOAMMOCTh BO3HHMKAET TMPEXKJE BCETrO TOTNA, KOrja M3MEHEeHue (PU3UKO-
XUMUYECKHX CBOWCTB MPOIYKTOB OCYIIIECTBIISAETCS B CTAIIMOHAPHOM PEKHUME T10
OTHONIEHUIO K TEXHOJIOTHYECKOMY MPOIIECCY.

Cro/1a MOXXHO OTHECTH BCE Olepaliy MOPLUOHHONW U TAPTUOHHOU 00paboTKH
Py TMPUTOTOBIICHUH PACT-BOPOB U CMECEH, BBIMICUKE, OPOKECHHH, CYIIKE,
BJIArOTEIJIOBOM 00pabOTKeE, OXJIAXKIACHUU U T.]I.

Omnako ®m omepanuu 00paOOTKHM B JBM)KCHHH, TaKHWE KaK BallbIICBaHHE,
HICNTyIICHUE, ITHEBMOCEIIapupoBanue, (popMoBaHUe, TO3MPOBAHHUE, OCBETIICHHUE
CYCIIEH3UW W TIpoure, MPU HMX MPOCTPAHCTBEHHON OO0OCOOJEHHOCTH TaKkKe
HYKJIAIOTCS B CBS3SX.

Orcroaa cieayeT, 4YTO KOHICHTpAIUs onepalui, KOM6I/IHI/IDOBaHI/IC Da60‘II/IX
MPOLIECCOB MO3BOJISAIOT COKpANIaTh KOJUUYESCTBO CBSI3CH.




B mobom CJIydac IOoOIICPallMOHHOC PCHICHUC OAaCT ITOJHOC IIPCACTABICHUC O
OyTax U MCTOZAAX IMOJYUYCHUA MMPOAYKIHNH, CO3JACT NPCAIIOCBUIKHU JJIsI ITIOUCKA 1
CO3aHNA MAITMHHO-AIIIIAPATHBIX CPCACTB PCaIn3allvu TCXHOJIOTHUH.

HarnsigHoe npencraBieHUe O CTPYKTYpe TEXHOJIOIMUECKOIO Mpolecca JaeT
ero cxema. Ha Heli o0o03HauaroTCs BCe OIEpaliy, yKa3blBalOTCS Ha3BaHUS U
KaueCTBEHHBIE XAPAKTEPUCTUKHU ChIPbSI U BBIXOSAIIMX MPOAYKTOB IO aHAJIOTUU
CO CTPYKTYpPOH M CXeMOU TexHoJIoruH (cM. puc. 1.2 u 1.3).

C _Toukm 3PCHUA d)O‘[)MI/IDOBaHI/Iﬂ CTPYKTYPBI TCXHOJIOTHYCCKOI'O IIPOIICCCa
BCC Oomepaly JCJasATCs Ha.

JIMHEWHBIE (OJIMH BXOJI — OJIMH BBIXOJI),
COEJIMHUTEIbHBIE (MHOTO BXOJIOB — OJMH BBIXO) U
pa3aenuTeibable (OIMH BXOJ — MHOTO BBIX0J0B) (puc. 1.5).
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Puc. 1.5. Bunbl onepanuii B CTpyKType TEXHOJIOTHUECKOTO Mpolecca

Casi3u 0TOOpaXkatoT MaTepUabHble TIOTOKU TEXHOJIOTMYECKOIo IMpolecca u
Ha cxemMe 0003HaYal0TCs COEAMHEHUSIMU MEXKTY ONEePaALUSIMU.

OTH CBS3M Ha MPAKTHKE MOTYT OCYIIECTBIISATHCS Pa3IMUYHBIMU CIIOCOOAMHU U
MIPOBOJIUTHCS PA3HBIMU TEXHUYECKUMH CPEACTBAMU. TaK, CHIMyYHE U MITYYHBIC
MaTepHuaibl TEPEMEIIAITCS CaMOTEKOM, MEXaHWYECKH WM TTHEBMAaTHYECKH,
KUJKOCTH TIEPEKAYMBAIOTCS U ABUKYTCS CAMOTEKOM. B KaduecTBe MHKEHEPHBIX
pelIeHU KCTIOJIB3YIOTCSI TPYyOONPOBOJIBI, JKeJI00a, TPAaHCHOPTEPHI, HACOCHI,
BEHTUJISITOPBI, TIIBBIPSITKH.

Takum 06D330M, CBA3HM TarKKC SABJIAIOTCA OINCpalMAMH TCXHOJOTI'MYCCKOI'O
Inpo1ccca.

XapakTep UX BO3JICUCTBUSI HA MaTepUall HAPABJIEH HA COXpaHEHUE CBOMCTB
MepPEMEIIAEMBbIX MPOIYKTOB.



CrnenoBaTenbHO, X MOXKHO OTHECTH K COOTBETCTBYIOIICH rpynme (CM. TaOI.
1.1) 1 Ha3BaTh onepanusIMHU TPAHCIIOPTUPOBAHMUSL.

[Tockombky B  OOJBIIMHCTBE CIIy4aeB TEXHOJIOTHS MOXET  OBITh
BOCIIPOM3BE/ICHA HECKOJbKMMM CIOCOOAMM, TO, €CTECTBEHHO, M €€
TEXHOJOTHYECKUHA TNPOLECC MOXKET HMMETh PAa3IMYHBIM COCTaB OIEpaAlUN U
CBA3CH.

Torga BO3HHMKAaeT 3ajlada CONOCTABIICHHsS BapHUaHTOB M BbIOOpa HambOoJee
PaLMOHAIBHOTO. JIJIst 3TOr0 OLICHUBAETCS CI0KHOCTD IIOJIy4YaE€MbIX CUCTEM.

[IpocTeiimas OLlEHKAa YYUTHIBAET YUCIO U CIOKHOCTh OCHOBHBIX JJIEMEHTOB
CUCTEMBI:

S =i§, Som N o (1.1)

rjae N — YUCJIO TUIIOB BJIIEMEHTOB CHCTEMBI, Sy;; — CIOXKHOCTH 3JIEMEHTa I-ro
tuna; Nyj;; — YUCI0 3JIEMEHTOB i-TO THIIA.

CHOKHOCTB 3JIEMEHTOB MOKET OBITh BbIpaKCHA KaK B TCXHUYCCKUX, TdK U B
Ka4CCTBCHHBIX MJINM 9KOHOMHWYCCKUX KPUTCPUAX.

OTa 3aBUCUMOCTh MOKET OBITH MCHOJb30BaHA HAa HAYaJILHOM JTare OLICHKH,
IIOCKOJIBKY HC YYUTBIBACT KOJIMYCCTBO U CIIOKHOCTD CBSI3CH.

bosee mnonHas oOmEHKAa CUCTEMBbl JOJDKHA BKJIKOYATh  IOKA3aTENH,
XapaKTepU3YIOIIUE CIOKHOCTh CBsI3ei. B mepBom mpubIMKeHUU Takasl OLICHKa
BKJIFOUAET pACYET, OCHOBAaHHBIM Ha 3aBUCUMOCTH, YCTAaHABJIMBAIOLIECH
COOTBETCTBHE MEXIY CIIOKHOCTBIO 3JIEMEHTOB CHUCTEMBI M CIIOKHOCTBIO HX
CBS3CHU:

Sce = aSayn, (1.2)

I7I€ @ — OTHOCUTEIBHBIM KO(PPUIIMEHT CIONKHOCTH CBSI3€H MO CPABHEHHUIO CO
CJIOHOCTBIO AJIEMEHTOB; Sy — CIIOAKHOCTH 3JIEMEHTOB.

[TapameTp S;; onuchiBaeTcs 3aBUCUMOCTRIO (1.1), T. e.

Sui= Z SN s (1.3)

i=1



OO6m1ast o1eHKa CI0KHOCTH CUCTEMBbI MPEICTABIISIETCS B BUJIE
S =Sce + San. (1.4)

Torna ¢ yuetom (1.2) u (1.3) Beipakenue (1.4) npuHuUMaeT B

n
=1+a)2. S,,N
S ( ) oui Woom (1.5)
i1
31eck HEOOXOOMMO OTMETHTh, 4YTO B OOLIEM Clyyae OIeHKa CBs3ei
qu/ITBIBaeT KOJIMYCCTBO TUIIOB CBHBGﬁ N CJIOKHOCTH KaXXA0I0 TUIla, T.C. OLICHKA

Scg onmchIBaeTcs QyHKIUEH

SCB:i SCBj NCBj (1.6)

r7ie M — KOJINYECTBO THIIOB CBSI3eH; Scgj — COKHOCTD CBA3CH j-ro Thna; Negj —
KOJIMYECTBO CBSI3€H |-T'0O THIIA.

Torna, yautsiBas (1.3), uz (1.4) noxyaum

S :i S3J7iN3J7i +jzmll SCBJNCBJ (17)

Bce npencraBieHHbIE OLIEHKA MOTYT OBITh MOJIYYE€HBI TOJIBKO B TOM CIy4ae,
KOTJ1a U3BECTHBI UX COCTABIIAIOLIME.

Ho ecnm KoIM4ecTBO AJIEMEHTOB M CBSI3€H MOXKET OBITh OIPENEIEHO C
aOCOIOTHONW TOYHOCTBIO, TO 3HAYEHUS MX CJOXKHOCTEW HE BCerga HMEIOT
KOHKpETHbIE Mephl. Torja OHM JOKHBI OBITh BBIPAXKEHBI CPABHUTEIbHBIMU
BeIMUMHaMU. J[J11 3TOro HEOOXOAMMO 3aJaThCsi HEKOTOPBHIMU HAdalbHBIMU
3HAQYEHUSMH YPOBHEHN CII0KHOCTU M IPOPAHKUPOBATH BCE BJIEMEHTHI U CBA3U
OTHOCHUTEJIbHO 3TUX 3HaueHuM. Takoe paHKUPOBAHUE MOKET ObITh BBHIIIOJIHEHO
JOCTaTOYHO OOBEKTUBHO. OJHAKO OIIEHKA, PacCUMTaHHAs C €ro IOMOIIbIO,
OyZeT MMeTh CMBICT HE caMa 1o cede, a JMIIb B COOTHOLIEHUU C OLECHKaMHU
JIPYTUX CUCTEM, BBIYMCIEHHBIMU IO 3TOM K€ METOJUKE. TeM HE MEHEE UMEHHO
COIIOCTABJICHUE U TO3BOJISIET CPAaBHUBATh PA3IUYHbIE CUCTEMbI 1 0OOCHOBAaHHO
BbIOpaTh HauOoyiee TMpUEMIIEMble BapUaHThl KOMIIOHOBKM OIEpaluii U
TEXHOJIOTHYECKHUX ITPOLECCOB B LIEJIOM.



1.4. MAIIKMHHO-AIIITAPATHOE PEHIEHHUE
TEXHOJOI'MYECKOI'O ITPOLOECCA

Kaxcz[aﬂ oIcpanus, a TCM 0oJIee TEXHOJIOTHUYECKUH Imponecc, MOryT 6I>ITI>, KakK
IIpaBUJI0, BBIITIOJIHCHBI PA3JIMYHBIMHA TCXHUYCCKUMHU CPCACTBAMU — MAlIMHAMHU U
arrapaTraMu.

Jlig nopaBisomero OOJIbIIMHCTBA ONEpaluil MUILEBBIX POU3BOACTB MOMKHO
HAalTH KaKk MHHMMYM HECKOJBbKO pabO4YMX OpPraHoB, CIOCOOHBIX OOECHEYHTH
HEOOXO0IMMbIE Kaue€CTBEHHBIE TapaMETPBI.

Tak, Hanpumep:
pa3feieHne ChIMyYUuX Cpel MPOM3BOIAT HA CUTaX C BO3BpaTHO-
MOCTYIATEIbHBIMU WK KPYTOBBIMH KOJIEOAHUSAMH,

Pa3aCIICHUC ) KUIKUX CPCI — B TAPCIIbYAaThbIX HJIIM KAMCPHBIX CCIIapaTopax,

HEHTPOOEIKHOE Pa3/EICHUE CYCIIEH3UNH — Ha HEeHTpUdyrax ¢ HeMpepbIBHON
WJTU TIEPUOJUYECKOM BRITPY3KOM ocaika,

MOBEPXHOCTHYIO 00pa0OTKY 36pHOBBIX MAaTEPHUAIOB — HA 000CYHBIX MalTuHAX
C paJuaIbHbIM WIH MPOJOIBHBIM PACIIONOKEHHEM OUUeH,

HETMPEPHIBHOE CMENIMBAHUE CBHIMYYUX KOMIIOHCHTOB — B JIOMACTHBIX WJIU
OapabaHHBIX CMECUTEISIX U T.J.

TexHuueckoe CpeaACTBO IHUIICBLIX ITPOU3BOACTB - D360‘IPII>1 OpraH MJIM HX
KOM6HHaHI/I$I, Od)ODMJ'IeHHaH B BHUJI€C KOHKPCTHOT'O KOHCTPYKTHBHOI'O PCIIICHUA U
npcaACTaBJICHHAA MAaTCPpHUAJIbHBIM O6”beKTOM, ABJIACTCA.

Beibop #W KOMIIOHOBKAa TEXHHMYECKHX CPEACTB B COOTBETCTBHH C
TEXHOJIOTUYECKUM MPOIECCOM CO3JAI0T NPEANOCHUIKK ISl  HaXO0XACHUS
MAIIMHHO-ANINapaTHOTO PEUICHUS TEXHOJIOTHYECKOT0 MPOLECCa.

YuuTeiBass BO3MOXXHOCTh OOBEAMHEHHS pPabOYMX OpPraHOB B EIUHYIO
KOHCTPYKIMIO, 00ECHeuHnBaIOIIyI0 TOJHYI NepepadOTKy ChIpbi B TOTOBYIO
MPOAYKIMIO, MOXXHO TOBOPUTH O TOM, YTO MAlIMHHO-aNMNapaTHOE PEIICHHE
TEXHOJIOTUH JIOJKHO OBITh COOTBETCTBYIOIIUM arperaToM.

XOT}I, Ha HCpBBIﬁ B3I, TaKOC PCIICHUC ABJISICTCA HanoOoIee IMPOCTBIM, OHO
HC MOXCT CHHUTATHCA CaAMbIM JIYYIIIUM, ITOCKOJIbKY CTAHOBUTCS YHUKAJIbHBIM.



OI[H&KO TCXHUYCCKHUC cpcacCTBa JOJIDKHBI O6JI8,I[8,TI> CBOMCTBaAMH
YHUBCPCAJIIBHOCTHU M IMO3BOJIATH CO34aBaTb CHCTCMBbI paSquHoﬁ CJIOKHOCTH C
Pa3HbIMH TCXHOJIOTHYCCKNUMHU BO3MOKHOCTAMMU.

TakuM o00pa3oM, BO3HHMKAeT MPOTUBOPEUHME MEXIY 3aJadyaMy IIOUCKa
PAallMOHAJIIBHBIX  PEIICHMM  KOHKPETHOM  TEXHOJOTMM M CO3JaHUEM
YHHUBEPCAJIbHBIX MAIIMH U allapaToB, Ha 0a3¢ KOTOPBIX MOKHO PEAIN30BbIBATh
pa3JInYHbIE TEXHOJOTHUYECKHE Mpolecchl. Ha mpakTuke 310 NMpHUBENO K TOMY,
YTO NPEANPUATUS IPOJOBOIBCTBEHHOIO MAIIUHOCTPOCHUS OPUEHTUPYIOTCS Ha
BBIITYCK JMOO YHUBEPCAIBHOrO OOOPYIOBAaHUS ISl BBINOJHEHHS OTIEIBHBIX
ornepanuil BHE KOHTEKCTa KOHKPETHON TEXHOJIOTHH, JINOO Ha MPOU3BOICTBO
CIEIHAIM3UPOBAHHBIX arpeEraTHhIX KOMILJIEKCOB HAIIPABICHHOTO TPUMEHEHUS.

yHI/IBCpcaJ'IBHOCTB MalllMH W alIaparoB OrrpaHUYMBACT HMX TCXHHUYCCKHC
BO3MOXHOCTH B YCIOBHAX KOHKPCTHOI'O TCXHOJOTHYCCKOI'O IIpomecca.
TexHnmuecku oHa 0OeCIICUNBACTCS 3a CUET O6BCI[I/IH€HI/I$I B MalllMHEC OCHOBHOI'O
pa6oqer0 opraHa, pCcajJinu3yromecro, Kaxk ImpaBnjiio, 0OAHy OCHOBHYIO OIICpAallvIO, U
BCIIOMOTI'aTCIBbHBIX pa60qHX OpraHoOB, CO3AA0IMNX YCIIOBH:A JIA €€ IIPOBCACHU.

KoMIoHoBKa e1MHOW TEXHUYECKOM CUCTEMBbI Ha 0a3e Takoro 00opyaoBaHUs
BBIMIOJHSIETCS. B OCHOBHOM 3a CUY€T IMPUMEHEHHUS TEXHUYECKUX CpEICTB,
o0ecreYnBarOIMX BCIOMOTaTelbHbIE ONepaldd TPAaHCIOPTUPOBAHHS U
XpaHEHUS.

Cnenuanu3anus arperatoB, HampOTHUB, OCHOBaHA Ha IPUMEHEHUU JIUIIb
MUHUMAJIBLHOTO COCTaBa pabOUMX OpraHoB. Arperar yke cam 1o cede sBiseTcs
LIEJIOCTHOM TEXHUYECKOM CUCTEMOM, PACUWICHEHHE KOTOPOM HA IOACHUCTEMBI
paboyux OpraHoB HE UMEET CMbICTIA.

B 1r060M CJIyda€ MW VHUBCPCAJIIBHOCTHh, M CICHMAJIM3allnsd 06ODV,)10BaHI/I$I
OIrpaHUYUBAIOT BO3MOKHOCTH CO3aaHusA MHOTI0(YHKIMOHAJbHBIX
IIPOU3BOACTB HA OCHOBC KOMIIJICKCA TCXHOJIOTHYCCKUX ITPOIICCCOB.

MHOTO()YHKIIMOHAILHOCTh THUIIEBBIX MPOU3BOJCTB JOCTUTAETCS 3a CYET
oOecriedeHrsT BO3MOXXHOCTH M3MEHEHHUs TEXHOJIOTHYECKOro Ipolecca Mpu
MOCTOSIHHOM COCTAaB€ TEXHUYECKUX CPEACTB. DTO O3HAYAET, YTO MPHU MEPEXOJIE
Ha 00paOOTKYy HOBOI'O CBIPbSI M BBINYCK JPYyrod MPOAYKIHUH JOJDKHA
BAPBUPOBATHCA CTPYKTypa TEXHUYECKOM CHUCTEMBI IYTEM H3MEHCHUS CBA3CU
MEXIy  dJIEeMEHTaMH. B pe3ynprare  NpETEeprneBalOT  U3MEHEHUS
MOCJICIOBATEILHOCT, W OOIMMKA COCTaB omepanuid. TexHu4deckas CcucreMa
npruoOpeTaeT KauyecTBO TMOKOCTH MO aHAJIOTUM ¢ THOKUMH TEXHOJIOTMYECKUMU
MOJTYJISIMH MAIIIMHOCTPOUTEIBHBIX NpEANPUATHM. [TonsiTHO, 4TO



KapAVMHAJIBHOTO W3MEHEHHs TEXHOJIOTMYECKOTO Ipoliecca OBITh HE MOXKET.
Takoit myTh oOecriedeHUS] MHOTO(DYHKIIMOHAIBHOCTH  BO3MOXEH  Ha
IPOU3BOJICTBAX C OJIM3KUMU MO CTPYKTYPE TEXHOJIOTUSMHU.

JUia peanusanuu 3TOro MoJAX0/a HEOOXOJWMO PACUIEHHUTh BECh KOMILIEKC
orepaiuii Ha CTaOMIIbHBIE MOACHCTEMBI, COXPAHSIONINE CBOIO CTPYKTYpPY MpHU
JTHOOBIX OOCTOATEIBCTBAX, U YCTAHOBUTD CBSI3U MEX1y HUMHU.

Hampumep:

TEXHOJIOTHH MepepaboTKH prca U OBca B KPyIy MPEIoiaraloT IpuMeHeH e
BO MHOTOM CXOJIHBIX OIepanuii 1 000pya0BaHus. B TeXHOIOTHM TPOU3BOACTBA
PUCOBOM KpPYIIbI TTOCJIE OYMCTKH BBITIOJIHSIETCS CIIelMalIbHAs TOATOTOBKA 3€pHa,
BKJTFOYArOMIas (pakIMOHUPOBAHUE W OTACIICHHE KaMHEW, 3aTeM TMPOBOISITCS
HEIMOCPEJICTBEHHO OIepalii BBIPAOOTKU KPYIbI: IIETylIeHue, NuindoBaHue,
COPTHPOBKA U KOHTPOJIb (puc. 1.6).

————

| . O4yucTKa [ToncucreMa OUMCTKH |
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Puc. 1.6. [loncucreMsl TEXHOJIOTUY MPOU3BOACTBA PUCOBOU KPYIIbI

P———————-————

[lpu nepepaboTke oOBca 3€pHO TakkKe NPEABAPUTEIHBHO OYUIIACTCS.
CriennanbHasi MOATOTOBKA 3aKJIIOYAETCS B OTAEICHUM JUIMHHBIX M KOPOTKHX
npuMecei, MOBEPXHOCTHOM M TUIApOTepMUUYEcKoi oOpabotke. Jlanmee Tak ke,
KaK U MPU TEXHOJOTUU MepepadOTKU pHUCa, BHIMOIHIIOTCS OCHOBHBIE ONEPALIUU
Ui BBIPAOOTKHM KPYIIBI: IIETyIlIeHWE, IIIU(pOBAaHUE, COPTHPOBKA, KOHTPOIb
(puc. 1.7).
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Puc. 1.7. [logcuctemsl TEXHOJIOTUHU TIEPEPaOOTKH OBCa

Ha 3aBepmiaromem 3Tame oOBCsSHas Kpyla MOXET OBITh mepepaboTaHa B
XJIOTIBSL.

BrinenuB B KaXI01 TEXHOJIOTHH TTOJICHCTEMbBI HIICHTUYHBIX U OPUTHHAIBHBIX
omepanuii, MO)XHO CHOPMHUPOBATH CAMHYIO TEXHOJOTHIO W TEXHOJIOTHYCCKUN
IpoIiecc MPOU3BOACTBA KPYII U3 puca u oBca (puc. 1.8).
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Puc. 1.8 KoMOuHMpoBaHHasi TEXHOJIOTHS TTepepabOTKU puca 1 OBca

BrlmonHeHe HY>XHOTO TEXHOJIOTMUYECKOro Ipoliecca obOecrneunBaeTcsl 3a
CYET TEHEPUPOBAHUS COOTBETCTBYIOIIMX CBA3€H. YUYECTh OTO MO3BOJISET
KO2(PUIIMEHT UCTIOIB30BaHUSI CBA3EH

Na
S=—2>



rae Np — uucno aeiictByronux cBszeit; LNy — obriee yucio csizei.
B aToM citydae cioKHOCTH cBsizelt coryiacHo (1.2) coctaBuT

Scp = aéSQH, (1.9)

a CIIO)KHOCTb BCEW CHUCTEMBl WJIM OTHAEIbHBIX €€ BapHaHTOB Ha ocHoBe (1.5)
ONMHUIIET PYHKIIHS:

S =@+ a5)i Saﬂi N o

i=1
JI71s1 OTIeHKH S MOYKHO TaK»Ke BOCIIOJIb30BaThCS 3aBUCUMOCTHIO (1.7).

OOpaTHOI CTOPOHOW MHOTO(QYHKIIMOHAJBHOCTH M THUOKOCTH SIBJISIETCS
BO3MOKHOE CHI)KEHHE O00IIero oobemMa MPOM3BOJICTBA, YBEIUYEHHUE 4HUCIA U
NOBBILICHUE  KBaIU(UKAMU  OOCiIyXHBaromero  nepconana.  OpHako
OOBEKTHBHYIO  OLIEHKY 3()QEKTUBHOCTHM JaeT JHIIb SKOHOMHUYECKOE
000CHOBaHME.



2. TEXHOJJOIT'MYECKHWHI IOTOK MPOU3BOJICTBA

2.1. TEXHOJOTUYECKHUI IIAKJI U MATEPUAJIBHBII MOTOK
OIEPALINU

PaGoumii mporecc omepanuu TpeOyeT OINPEACICHHBIX TEXHOJOTHHA W
KOHCTPYKIIMI pabOunX OpraHoB, a TaK)Ke 3aTpaT BpEMEHH Ha €ro IPOBE/ICHHE.

TexHonorndeckass O0OYCIIOBIEHHOCTh 3aTpaT CBsi3aHa TPEXIE BCEro ¢
MaTepUaIbHOCThIO OOBEKTOB O0OOpaOOTKM U  HEOOXOAUMOCTBIO IOJIHOTO
3aBEpUICHMs] Mpolecca BO BCEM O0bEME 3aJaHHOM NOpPLUUU HPOAYKTa, T. €.
JOCTHKEHUS HYKHBIX KaYeCTBEHHBIX MTApaMETPOB.

BDeMH, HGO6XOI[I/IM06 10 TEXHOJIOTMH Ha IIPOBCACHUC D&60‘-I€FO nponecca,
HAa3bIBACTCA TEXHOJIOI'MYE€CKHUM BPEMECHEM OlICpPaAllNH.

3aTpaTbl BPEMEHHU, CBSI3aHHBIE C KOHCTPYKIMENH pabOYuX OpPraHoB, BbI3BAHbI
MaTepUaJbHOCTBIO  NOCIHEAHMX, HaJUuueM  (U3UYECKUX  TPaHULl U
HEO0OXOAMMOCTBIO TPAHCIOPTUPOBAHUS MPOAYKTA Uepe3 padounii OpraH.

BO3H€ﬁCTBH€ TCXHUYCCKUX CPCACTB HA IIPOAYKT MOXXCET OCVIIICCTBJIIATHCA B
ABYX PCXKHMMAX: TPAHCIIOPTHBHO M CTAITMOHAPHO.

[Ipu TpancmopTuBHOM pexumMe o0paboTka BeAeTcs B MpoIlecce
nepemMenieHus Marepuaina dyepe3 padbouuii opras. Ilogaya ceipbs W BBITpYy3Ka
rOTOBOM MPOAYKIMYU NMPOU3BOIATCS HENPEPHIBHO. COOTBETCTBEHHO U OIEpanus
Ha3bIBACTCA onepamnmen HeNnpepbIBHOM 00padboTKM. Bpewms
TPaHCIOPTUPOBAHHUS B 3TOM CIllydyae Ha3HAYaeTCs C YYETOM TEXHOJIOTHYECKOIO
BPEMEHU ONEpalIUH.

CranmoHapHbIi pEXKUM BO3JCHUCTBHUS IIPEANOJaraer, 4TO
TPaHCIOPTUPOBAHUE OCYIIECTBISECTCA 10 U Mociie 00padoTKH.

CHayvarna Ji1s1 BeieHUs1 pabodero mporecca MmoAroTaBIuBaeTCs ONpeaeaeHHas
NOopLUMsS WIM NapTUsl ChIpbd, [JIs1 4Yero pabouuil opraH cHaOxaercs
COOTBETCTBYIOIINM HaKOTUTEJIEM. 3aTeM oOpabaThIBaeTCs BECh
NOATOTOBJICHHBIA ~ MaTepuall, W TOJBKO TIOCJIE ATOr0  MPOU3BOJUTCS
TPAHCIIOPTUPOBAHUE 3a TPAHUIIBI paboYero opraxa, T. €. BhIrpy3Ka.

BhITyCK MpOAyKIIMK OCYIIECTBIISETCS IEPUOTUUECKU.

3arpaThl BpeMEHH Ha MpoBeAeHHEe pabodero Impoiecca B 3TOM Clyyae
BKJIIOYAIOT, TOMUMO TE€XHOJOTHUYECKOTO BPEMEHHU, TAK)Ke MEPHO/Ibl HAKOIIJICHUS
U BBITPY3KH.



[locnenuue JIBa mapamMeTpa HA3bIBAIOTCSA MOJATOTOBHUTEJILHO-
3aKJIIYUTEILHLIM BPpeMEHEeM ONepaluu,
a camMa ornepanus — onepamnued nepuoaIndYecKom 00padoTKH.

TexHomornueckoe u IMOATOTOBHUTCIIbHO-3aKIFOUYUTCIIBHOC BPCMA OIICpalli B
CYMMC COCTABJIAIOT TEXHOJOTMYECKUI IMUKJI OIICpann tl’l

To ecTh TeXHOJIOrHYeCKHii IMKJI — 3TO BpeMsi OT HAa4aJia onepanuu a0 ee
3aBepIIeHUsI:

ty =t +t,+1t,, (2.1)
rae t, — TeXHOJIOruieckoe BpeMsi; {3 — BpeMsi HAKOILIEHHsI; g — BpeMsi BbI-
IPy3KH.

Jlist omepanuii, IpOBOAMMBIX B TPAHCIIOPTUBHOM pekuMe, 13 =1 =0 u 1y

=t

OOuree konmyecTBO Marepuana Moy, 00paboTaHHOTO 32 BpeMs ty pabouum

OpraHoM, ONpeAeNaeTcs IyTeM YyyeTa MOCTYNAIOLEro WM OTBOAUMOTO
MpPOAYKTA.

MaTGDI/IaHBHBII?I OajaHC Ooncpantyy BBITJIAAUT CICAYIOMINM O6D330M:

Mon = Mon ex = Mon ewix ,

rne Mon gx — KOJIWYECTBO MOCTYIAOWIETO ChIpb, Moy gpix — KOJIUYECTBO
BBIXOJSIIETO MPOAYKTA.

YuuTeiBasi, 4TO B 00111€M BHIE HA 00paOOTKY MOXKET OBITh MOJIaHO HECKOIBKO
BHUJIOB CBHIPbSI M TIIOJYyYE€HO HECKOJIbKO BHIOB NPOIYKIIMH, MaTepHATbHBINA
OasiaHC omepariyu MOKHO 3aMKcaTh B BUJE

M‘”’:;Mi 68X :;Mj 68b1X (2.2)

rae N — KOJMYECTBO BUIOB CHIPbs; Mj gx — KOJUYECTBO ChIPhS 1-r0 BUaa; M —
KOJIMYECTBO BUIAOB IIPOAYKIIUH; MJ gbix — KOJIMYECTBO MPOAYKIIMH |-T'O BH/A.



YacTHbIM cllydaeM BbIpaKeHUs (2.2) SBIAIOTCS MaTepualibHble OallaHChI
JIMHEMHBIX, COCIUHUTENBHBIX W Pa3/ICIUTEIbHBIX onepauui. ns nuHenHOou
Olepali ¢ OJHUM MHPOAYKTOM Mgy = Mgy, IJISL ONEpallMd COCIUHEHUS N

BHUJIOB CBIPbSl B OJIMH MPOJYKT Z M iex — Meb,x, JUUIS OTIEpalli pa3eICHUS
i=1
OJIHOTO BHU/JIa CHIPhS HA M TMPOJIYKTOB M,,x Z M i eix-

Ha mpakTuke mpy HaJIU9IUHA HECKOJIBKHUX BHJIOB CHIPbS i TOTOBOW MPOIYKITUU
uX KoJIM4ecTBO BhIpakaercs B aoisax (U) mmm nporentax (P) ot Myy. Torna,
HaIpUMep,

JUTSL OTIEPAIIMY COCTMHEHUS OYJIEM UMETh

an:MonUi:Mgbzx

501041

" M on
Pi:Meblx
%100

rae Uj — monst ceipbs i-ro Buaa; [Pj — npoueHT chipbs i-T0 BHUA,

a I o1iCpanmnu pa3gacacHusA

M.=2M,U,

50)0%1



rIe Uj — JI0JIsI POJYKTA J-TO BUJA, Pj — IPOIEHT MPOAYKTA J-T'O BUA.

[Tpudem MOKHBI OBITH 0OECTIEYEHBI COOTHOIICHMUSI
n m
2U.=2U;=1
i=1 j=1
n m
SP,-3P,-10
i=1 j=1

OQopadoTKa W nepeMeleHHe TpPeIMeTOB TPyaa [0 onepamusam
GopMHUPVYIOT MATEPHAJBLHBIN MOTOK TEXHOJOTHYECKOr0 Mpoiecca.

OtHecst mo0yto u3 BenmuduH M K 1y, TONy4aeM HHTEHCHBHOCTH MOTOKa
COOTBETCTBYIOILIETO MaTepHaia

=1 (2.3)

B obuiem Buje BenamuuHbl M Ut HE ABISIOTCS MOCTOSHHBIMH M MOTYT

BapbUPOBATHLCS MPU U3MEHEHUHU BHEIIHUX YCJIOBHUH, CBOMCTB 00pabaThIBaeMbIX
MaTepHuaioB, KOHCTPYKTUBHBIX TMapamMeTpOB pabOUYMX OpPraHOB, CIIOCOOOB HX
AKCIUTyaTaluu U nNpoyux (pakTopoB. COOTBETCTBEHHO UM MOMKET MEHATHCS U
WHTEHCUBHOCTh  IIOTOKAa. OJTO TMPUBOAUT K  HEONPEIEIECHHOCTH IpH
(GYHKITMOHUPOBAHUM TEXHUYECKUX CUCTEM.

3anava, cjaeA0BaTeJbHO, 3aKIOYAETCS B TOM, YTOOBI CO3[1aTh MPEANOCHUIKI
JUIS TIOJIIEPKaHUsI 3HAUEHNU ( Ha TOCTOSTHHOM YPOBHE.

OnHO M3 HAIPaBIICHH €€ PENIEHUs PEAIN3YETCS HAa CTaJAMU TPOEKTUPOBAHUS
TEXHUYECKUX CHCTEM 3a CYET BHEAPECHUS OPraHU3aAlMOHHBIX IPUEMOB
ITOTOYHOTO ITPOU3BOJICTBA.

2.2. TEXHOJIOTUYECKHM TIMOTOK

Ceipbe, mocTynaromee B MPOU3BOJICTBO, MPOXOAUT IOCIEA0BATEIBHYIO
MOOMEPALMOHHYI0  00pabOTKy, TMOCTENEHHO TMpeBpaliasicb B  TOTOBYIO



npoaykuuio. B oOmiem ciydae OZHOBPEMEHHO MOXKET 00pabaThiBaThCs
HECKOJIbKO BHUJIOB ChIPbSI M BBIITYCKAThCSI HECKOJIBKO BUJIOB MPOTYKIIHH.

B cooTBeTcTBUM C NIUTEIBHOCTHIO OMNEPAIMOHHBIX ITUKIOB JUISI KaXJAO0TO
BUJIA CBHIPbS M KaXJOTO BHUJA NPOJYKIIMU TEXHOJOTHMYECKHM TMpolece
npruoOpeTaeT HEKOTOPYIO BPEMEHHDI0 MPOTKEHHOCTb.

Ilepuog  BpemMeHM OT Hayaja W JI0 OKOHYAaHHUA  KOHKPETHOM
[IOCJIEI0OBATEIbHOCTH ONEepalui B OOIIEH CTPYKType TEXHOJIOTHYECKOIO
nporecca Ha3bIBAETCS TEXHOJIOTHYECKUM LIUKJIOM JaHHOU
HOCJIEIOBATEIbHOCTH.

MoOKHO paccMOTpETh TEXHOJOTMYECKUM MPOLECC B LEJIOM B BuiE rpada c
BepiminHaMu — cbipbeM C, nmomygabpukaramu 11, rotoBeiMu uzgenusmu U u
CBSI3SIMH — OTIePaliHOHHBIME KIaMH (ty)(puc. 2.1).

-
i

; 5 — ) | ==
OLIOL1® | L

Puc. 2.1. I'pad TexHosornueckoro npoiecca

®

B Hem BCCraa MOXXHO BBIACIINTDL LCIIb IMTPOU3BOJACTBA OCHOBHOU IMPOAYKIHH C
HauOOJBIIMM TEXHOJIOTHYECKUM IMUKJIOM, T. €. MAaKCUMAaJIbHbIM CYMMApPHbBIM
BPCMCHCM BBIIIOJIHCHHS BCEX onepaunﬁ.

Bpems OPOU3BOJICTBA OCHOBHOM OPpOAYKINN C HAnOOJIBITUM
TEXHOJOTHUYECKUM  [MUKJIOM  HA3bIBACTCI IHMHUKJIOM  TEXHOJOTHYeCKOro

Inpouecca.




L[I/IKJII/I‘{HOCTI) onepaunﬁ N TCXHOJIOT'HYCCKOI'O IIpomecca O6YCHOBHI/IB3.CT
H€O6XOI[I/IMOCTB opraHu3anuy IIPOU3BOACTBA Ha HNPHUHOMUIIAX, ITO3BOJIANOMINX
co31aBaThb MaTCpHaHBHLIﬁ IIOTOK npcamMCcTOB Tpyaa, obecneunBas
OINITUMAJIBHBIC YCJIOBUA OKCILTyaTallu MAallIMHHO-AIIIIapaTHbIX CPCACTB.

CYH_IGCTB}’CT IEITb  OCHOBOIIOJAraromux  OpraHU3allMOHHBIX  IIPHEMOB,
CHOCO6CTBy1-OHlI/IX B KOMIIJICKCC PCUICHUIO 3TOU 3aJa4H.

1. D$apajeJbLHOCTL —  OJHOBpEMEHHAas o0paboTKa  ChIphI U
101y(padbpHUKaTOB pa3IMYHOI0 Ka4eCcTBa HA BCEX OIEPaIHIX.

[To 3aBepieHuu 00OpabOTKH Kaxaas mopius noiydadpukara nepemMeniaeTcs
Ha CJEAYIOLIYI0 ONEpalHIo, B TEXHOJOTMYECKHI MpoLecc MOAAeTCs HOBas
MOPIUS CHIPhS U OTBOJIUTCS BCA TOTOBAs MPOTYKIIHS.

Breimonnenue OTHX IIGI‘/JICTBI/II\/'I OTBCYACT Tpe60BaHI/IHM BTOPOTI'O
OpraHU3alMOHHOIO IIpUcMa —

2. HeNmpPepbLIBHOCTL — IIOCTOSHHAS I10J1a4a CHIPbSI B TEXHOJIOTHYECKHUA
apollecc, mnepeMereHne  noayhaOpUuKaToOB MEXKIY OIEpalrusIMA W OTBOJL
TOTOBOW NPOAYKIINH.

[Ipu mapamiesbHOM BBINOJHEHUU ONEPALUM U HENTPEPBIBHOM NOAAYE ChIPHS,
nepeMenieHnuu mnojyhadpukaToB U OTBOJAE TOTOBOM MPOAYKIMU B 00pabOTKe
MOCTOSIHHO HaXOJMTCS OINpeeNIEHHAs: MaTepuaibHas COBOKYITHOCTh TPEAMETOB
Tpya pa3IMuyHOIO0 KaYeCTBEHHOTO COCTOSIHUS. B mepBoM NMpuOIMKEHUN TaKyIO
COBOKYITHOCTbh MOXHO CUUTATh TEXHOJOTMYECKUM ITOTOKOM.

Opnako co3nath 3G(HEKTUBHO JIEUCTBYIONIYIO TEXHOJIOTHYECKYIO CHCTEMY C
WHTEHCHUBHBIM HCIIOJIb30BAaHWEM MAIIMH W aIlapaToB TOJILKO MPU COOTIOICHUN
MPUHITUIIOB TAPAIUIETFHOCTH U HETIPEPHIBHOCTH HEBO3MOKHO.

HeoOxonumMo ydecTb, 4yTO B OOIIEM ciy4yae IJIUTEIbHOCTb OTAEIbHBIX
ornepauuil npu 00pabOTKE OJHOTO M TOrO K€ KOJMYecTBa Marepuana He
COBIAJIa€T BCJIEJCTBUE CIEUU(PUKU MpeaMeTa Tpyda U CIOocOOOB MPOBEICHUS
ornepanuii KOHKPETHbIMM paOOYMMMU OpraHaMHu. ITO MOXKET NPHUBECTH K
BO3HUKHOBEHUIO MEXKOIEPAI[MOHHOTO MPOJICKUBAHUS MOTy(HadpUKaToB U, Kak
CJIEICTBHE, K HEPABHOMEPHOCTH JIBUKEHHUS TEXHOJIOTMYECKOTO TTOTOKA.

B TEXHOJOrMYECKOM TMpOLECCE BBIABIAECTCA TEXHOJOTMYECKUM IHKII
MHAHUMAJIbHOU JUIMTEIBHOCTH - TAKT MNpousBoAcTBa. Bce onepanun
BBIPABHUBAIOTCS J0 3HAYECHUM PABHBIX WM KPATHBIX TaKTy.



3. NMPONMOPHHUOHAIBHOCT — BbBIPABHCHHOCTL TCXHOJIOTUYCCKUX ITHUKIIOB
onepaunﬁ a0 3HAYCHUH PaBHBIX HUJIA KPATHBIX TAKTY IIPOU3BOACTBA.

Hpouecc BBIpABHUBAHHWA HMUKIIOB UMCCT CMBICJI TOJBKO B TOM CJIy4ac, CCJIIHU
BCC OIICpaniii IPOBOIATCA B YCTAHOBHUBIICMCS PCKHMMC W TAKT IIPOU3BOJACTBA
OCTAaCTCA HCU3MCHHBIM B TCUCHUC NJIUTCIIBHOI'O BPpCMCHU.

4, PUTMHUYHOCTD ITIOTOKAa — HCUBMCHHOCTB BO BPECMCHHU TAKTa ITPOU3BOJACTBA.

B sTom crydae konnuecTBO Matepuana M, nepepabaTbiBaEMOro Ha ONepariu
B CAMHMILY BpEeMEHM {, CTAaHOBUTCA NOCTOSHHOM BEIMYMHOW, M padouMii
poIecc MpruooOpeTaeT CTaOUIbHBIN, MPECKa3yEeMbIi XapaKTep.

MHTEHCUBHOCTh MAaTCPHUAJIBHOI'O TIOTOKA OInfpalli B YCTAHOBUBIICMCSA
PEXKHNMC d)VHKIII/IOHI/IDOBaHI/ISI pa6oq1/1x OpraHoB Ha3bIBACTCA
MNPpOonu3BOANTECIBbHOCTBIO:

M
Q_T'

ITponopLiMOHAIBHOCTE BCEX OMNEpalMii B TEXHOJIOTMUYECKOM IIpoLecce
CO3/1a€T YCIOBUS 7S MX MOCJIEAYIOIEN CHHXPOHU3ALMH .

5. CHHXPOHHOCTb OJHOBPEMEHHOE MPOM3BOJICTBO B €IMHHILY BPEMEHU Ha
100011 omepalnuy Takoro KOJIMYeCcTBa MaTepuana, KOTOpOoe HEeoOXOAuMO i
MOJTHOM 3arpy3KH MOCJIEYIOIIEH B TEYEHNE TAKOTO K€ BPEMEHHOTO OTPE3Ka.

HpOHSBOI{I/ITeHBHOCTB TCXHOJOTHYICCKOIo IIponecca 3a BpCM:A TaKTa tTK
COCTaBJIAICT

Q:MTK

tTK
rue M. 75 — Macca MpOoJyKIINH, BBITyCKaeMOU 32 BPEMSI TaKTa.

CHHXpOHHU3ALMS TPoIecca O3HAYaeT, YTO BBIMYCK MHPOAYKIMK Ha | -
onepauuu 3a Bpems 1t 1omken cocraBiarh M, Uj , a ee npOU3BOJUTEIBHOCTD

_ MU,
Q, _t—’ (2.4)
TK



rane Uj — nmons ceipbsi, oOpabaThiBaeMOro Ha I-ii omeparid, OT OOIIero
KOJIMYECTBA TIOCTYIAOIIETO B TEXHOJIOTHYCCKHUM MPOIIECC.

Ecnu ke Bpems BBINONHEHHUs i-# omepamuu ty; > 1, , To B COOTBETCTBHH C

TK >
Tpe60BaHI/I}IMI/I IMPOMOPHUOHAJIBHOCTH OHO JOJIZKHO OIIPCACIIATHCA BBIPAKCHHUCM

tlﬂzni tTK’ (25)

rjae Nj — ko3 dunueHT nponopuuoHaibHocTd, Nj =1, 2, 3, ...

TOFI[EI IMPOU3BOAUTCIILHOCTD OIICPpAllMH JOJIZKHA COCTABIIATD

Q'_ _ I\/ITKUi
i=—"
t (2.6)
yi
B aTOoM ciyuae st CMHXpOHM3ALUM Mpoliecca HEOOXOJAMMO OpPraHU30BaTh

pAl  TApAJUICIBHBIX MATEPUANIbHBIX IIOTOKOB Ha Takou onepauuu. Hx
KOJIMYECTBO OINPEIEISAETCS COOTHOLIEHUEM

Q. | 2.7)

MOo>KHO Takke B N pa3 yBEJIMUUTH POU3BOUTEIHHOCTD ONEPaLUU.
N3 (2.7), yuutsiBas 2.4, 2.5 u 2.6, norydum
n = nj.
CHHXpPOHHOCTh OIEpalrid SIBISETCS MATBIM OPraHU3alMOHHBIM IPHEMOM
INOTOYHOI'O IPOU3BOJCTBA, PEAU3ALN KOTOPOro 00eCneYnBaeT MOCTOSHCTBO,

CTaOUJIBHOCTh, CTPOTYI0 JETEPMHHHPOBAHHOCTh MAaTepUajbHOrO MOTOKA
nos1y(habpuKaToB B TEXHOJIOTMYECKOM IPOIIECCe.



YHOP}II[OIIGHHaH Ha IIpUHOUIIaX MapaJuICJIbHOCTH, HCIIPCPBIBHOCTH,
MpoNnopHHuOHaJIbHOCTH, PUTMHUYIHOCTHU u CHUHXPOHHOCTH COBOKYITHOCTb
npcaAMCTOB TPpyada HA3bIBACTCS TEXHOJOTHYCCKHUM IMMOTOKOM.

TexHONIOrNYeCKu IMOTOK CIIY)KUT OPTraHW3allMOHHOM OCHOBOM CO3JaHUs
BBICOKO?()(DEKTUBHBIX MMPOU3BOJICTBEHHBIX TEXHUYECKUX CHCTEM, MOJYyUMBIIUX
HAa3BaHME MOTOYHBIX TEXHOJIOTMYECKUX JINHUM.

2.3. MATEPUAJIBHBIA BAJIAHC ITIOTOYHOI'O
TEXHOJIOI'HYECKOI'O ITPOLECCA

MaTepI/IaJ'IBHOCTB TCXHOJIOTHUYCCKOro II0TOKa ITPOU3BOACTBCHHBIX CHCTCM
IMO3BOJICT AHAJIU3HUPOBATH €TI0 KaK CIHMHOC IICIIOC, 1100 BBIACIATE H
paccMaTrpuBatb OTACIIBHBIC OJJICMCHTBLI, KOTOPBIMU MOTYT OBITh ITOTOKH
KOHKPCTHBIX IIPOU3BOACTBCHHLIX YHACTKOB 3TUX CUCTCM.

HavanbHbpiMH 3JI€MEHTaMH TOTOKa IMpOIEcca BCETJa SBISIOTCS ChIphE U
MaTepuanbl, KOHCYHBIMH — TOTOBas MPOAYKIHS M OTXOAbl. HadarbHBIMU
AJIIEMEHTaMH MTOTOKOB y4aCTKOB MOTYT OBITh KaK ChIphe, TaK U MOTy(padbpuKaTh.
OmHako HE3aBUCMMO OT DJTOTO MaTepHAbHBIN OalaHC MOTOKa JIOJKEH
COXPaHATHCS: KOJUYECTBO ChIPbs WM TMONy()aObpuKaToB, MOCTYMUBIIUX Ha
HaYaJIbHBIC OTIEPAIMH IPOIECCa, JOHKHO OBITh PaBHO KOJHMYECTBY TOTOBBIX
MPOJIYKTOB U OTXOJOB.

Hcxonas u3 3Toro, ycaoBue MaTepHaabHOTO OajaHca UMEET BU/I
Qiex = Qiswix »

rine Qjgx — CyMMapHas MPOU3BOIUTEIILHOCT ONepaluii Ha BXOJe I-ro ydacTka
TexHoJioruueckoro mnpornecca; Qjgprx — CyMMapHas MPOU3BOJUTEIBHOCTD
oIepanuii Ha BBIXOJIE I-TO y4acTKa TEXHOJIOTUYECKOTO TPoIiecca;

Qi@ngQik

u
m
Qigbix= Z Qi. :
1=1
rme N — KOJMYECTBO TIIOTOKOB, BXOIANIMX B I-ii  ywactok; Qjx —

IMPOU3BOJUTCIIBHOCTD K-" orepanyv Ha BXOJIC B I-i Y4acCTOK, M — KOJIMYECCTBO



IIOTOKOB, BBIXOIAIIIHUX U3 I-ro Y4aCTKa, Q|| — IIPOU3BOAUTCIIBHOCTDH 7
OIICpAa Ha BBIXOJC U3 I-ro yY4acCTKa.

TexHonornueckuii MOTOK y4acTKa MOXHO MPEJCTaBUTh B rpauueckoM BHIE
KaK COBOKYITHOCTbh MaT€pUaJIbHBIX IOTOKOB onepanui (puc. 2.2).

Qt‘ll

Q. 3 | 30,
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HHOTOK MNOTOK NoToK

Puc. 2.2. TexHOJIOrM4eCKHil IOTOK y4acTKa

YuuteiBas, 4To

Qiexx = QiyUix
Qisvix = QiyUil

rae  Qjy — MPOM3BOAMTENBHOCTE y4yacTka; Ujx — HOMSL k-0 BHAQ CHIPBS B
notoke yuactka; Uj| — most |-ro Bua npoayKIuu B MOTOKE y4acTKa, MojaydacM

an;UikZIZml:Uil,



DTO0 ke pelIeHre CIpaBeUIMBO U JJI Mpolecca B 1esioM. Tora npu p BUaax
CBIPbsI, KQXKIBIM U3 KOTOPBIX cocTaBisieT 00 Uy B 00IIeM KOJIMYECTBE, U (

BUJIaX IPOIYKLHH, OIS KaXKA0r0 U3 KOTOpbIX cocTaBisieT U] B 001eM BeIXoAe,
MIOJTYYUM

ZUKZIZ::UL

OtHomeHue onepaunﬁ K MaTCpHaJIBHOﬁ HCJIOCTHOCTH IIOTOKA COOTBCTCTBYCT
TOMY, ABJIAIOTCA JIn OHHU J'IHHGfIHBIMH, COCAMHUTCIIbHBIMHA niIn
Pa3aCIINTCIbHBIMU. JInHeHbIC OIICpaly IIOJIYHAalOT M IICPCAArOT IIOTOK Kak
CAHNHOC I ECJIOC. I[HH HHUX XapaKTCPHO COOTHOUICHHC

Ujex = Ujgmix = 1.

COGIII/IHI/ITGJILHBIG OIICpalnunu (bOpMHpYIOT N3 HCCKOJIbBKHX BXOJJAIIHX
ITIOTOKOB OJHH. CJ'IGI[OBaTeJIBHO,

2. U =L
k=1

P&SI[@JIPIT@HBHBIG orcpanuun O6p213y}OT U3 OAJHOro IIOTOKa Ha BXOAC
HCCKOJIBKO BBIXOAIIHNX. I[J'ISI HHUX UMCCT MCCTO PaBCHCTBO

1ex:2U il

COOTBETCTBEHHO HAIWYHMIO TE€X WJIM HHBIX OMEparuil KIacCUuDUIMPYIOTCS
CTPYKTYpPbl ~TE€XHOJOTUYECKHUX TIPOIECCOB M TIOTOKOB KakK JIMHEHHBIE,
CXOJISIIUECS, pacXodiuecs 1 KoMOuHupoBaHHbie (cM. puc. 2.2). [locnegnuit
MOXET COAepXaTh B CBOEH CTPYKType KakK COCIAMHUTEIbHbIE, TaK U
pa3eIUTeNIbHbIE ONEPALINH.

CTDVKTVDa MMOTOKA VYMTBIBACTCS MPU INPOSKTUPOBAHUU TNPEANPUATUN B
pacyucTax, CBJ3aHHBIX C BI)I6ODOM O60DV,Z[OB&HI/ISI, Ipu CO31aHH
TCXHOJOTNIYCCKHX IIPOU3BOACTBCHHBIX CHUCTCM n IIPOCKTUPOBAHNN
TPAHCOOPTHBIX KOMMYHHKAIIWM.




2.4. TEXHUYECKOE OBECIIEYHEHUE MATEPUAJIBHOT' O
BAJIAHCA

B ycnoBusix peaqbHOTO MNPOM3BOACTBA paboyue TMEepHoJbl MalluH U
anmapaTtoB  4YEpeNyKTCAd € I[epUoAaMH  IIPOCTOs,  BOCCTAHOBIICHUS
paboTOCOCOOHOCTH W PETYIMPOBOK, KOIZla MPOAYKLHS HE BBITyCKaeTcs.
IIpocton BBI3BIBAIOTCS IIPOU3BOJCTBEHHBIMHU IpUYMHAMU npu
HECOTJIACOBAHHOCTU B pabore win aBapusmu. [locine aBapuil BBIIOJIHSIOTCS
paboThI 110 BOCCTAHOBJIEHUIO paOOTOCIIOCOOHOCTH M HACTPOMKE 000PYAOBaHMUS
Ha 3aJIaHHBIA PEeXHUM 3KcIutyaTauuu. IIpocTonm Takke MOTYT OBITh CBA3aHBI C
HEOOXOJIMMOCTBIO  BBIIIOJIHEHUSI TMPOPUIAKTUUECKOTO OOCIYy)XMBaHUS WJIU
IUIAHOBOTO peMOHTA. B 11000M cilydae Mpu 3TOM HApPYyIIAETCS MaTEPHAIbHBIN
OanaHC mpolecca U CHUKAETCs 00NN BBITYCK MPOIYKIUH.

CrmenmoBarenbHO, Ha  CTaAMM  CO3JAHHUS TEXHUYECKMX CPEICTB W
TE€XHOJOTHYECKUX CHCTEM HEOOXOIMMO MPEIYyCMOTPETh TEXHUUECKHE PE3EPBBI
I 0OecrieueHusl MaTeprUaIbHOro 0aaHca TEXHOJIOTMYECKUX MTPOLIECCOB.

B TeueHne HEKOTOPOrO JKMU3HEHHOIO IMKJIA IIPOM3BOJACTBA BpeEMs
HOPMAaJIbHOM JKCIUTYyaTalluu COCTABIISET

b =t 1y, (28)

rae tye — mepuoj KM3HEHHOTO IWKIA; t; — CyMMapHOe BpeMs TPOCTOS H
BOCCTAHOBJICHUS Pab0OTOCIIOCOOHOCTH.

BrInmyck npoayKiuu 3a 3T0 BpeMs JOCTUTaeT M.

B o6mem ciywyae mpu N meprojax dKCILTyaTaluy ¥ M mepruoaax MmpocTos B
TeueHue 1, umeem

tSZianltai. 5| tn:iltnj

rae | — HoMep mepuoja paboThl, | — HOMEP NeproJia IPOCTOSI.

VYuuteiBasi, yTo paboTaoliee ¢ MOCTOSHHOM MPOU3BOAUTENBLHOCTBIO QT
TEXHUYECKOE CPENICTBO BHIPA0ATHIBAET MPOAYKIHMIO B peskume M = Q. 1, rpaduk
BBIITYCKa MOKHO MPEJCTaBUTh B BUJIE€ TIOMaHOU uHuu (puc. 2.3).
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Puc. 2.3. /lunamMuika BbIITyCKa MPOAYKIMU C YIETOM IMPOCTOEB

M
Torpa misg nepuona t =—9 ywu cornacHo (2.8
p HC 1
2

Q=" (2.9)

[TockonpKky MaTepuabHBIA OanaHC Tpolecca OOYyCIOBICH TOTPeOHOM
IPOU3BOAUTENLHOCTEIO onepamu Q,,,, TO MOKHO 3anKcaTh

M =Q (2.10)

Ol’ltDiC '

Torna, noacrasisis (2.10.) B (2.9.), monyuum



— QOI’lt[)IC
Q.= — (2.11)

Ha npakruke t Bbipaxaercs B gonsax ot t B Buae t, = 7, ,
rae 7, — KO3 UIIMEHT TPOCTOECB.

C yueroM BbIpaxkenue (2.11) npunumaet Buj

Q.,
Q=12

:1—nn'

3II€CB 3HAMCHATCJIb OTPAXaCT YHUCTOC BPCMA Da6OTI>I B TCUYCHUC tE_I/I

Ha3bIBACTCA K03(puimeHToM HCIIO0JIb30BaAHUA TEXHHYECKOH
NMPOMU3BOJIUTEILHOCTH pPadovYero opraHa WjiM _IIpocTo Ko3(duimeHTOM
HCIOJIb30BAHUA .

ﬁ:(]_ﬁn)

Tornma

—_ Qon

Q === (2.12)
Ton

BBenenne ko3pduuueHta uUCHoJib30BaHUs paboyero BpEMEHU CO3JaeT

yCIOBUSL U1l OOILIEH CHHXPOHU3ALMU BCEX OINEpaluil TEeXHOJOTHYECKOTO

nporecca ¢ y4eTOM NPOU3BOACTBEHHBIX YCIOBUW. Takasi CHHXpOHHM3AIUA

MpearnojaracT BO3MOKHOCTh MepepadoTKu 0e3 OCTaTKa 3aIaHHOTO KOJIMYECTBA
Marepuana M, 3a onpenesieHHoe BpeMs tc — mukia cuHxponusauuu. [Ipuyem,

e =—" (2.13)

r7Ie K — KOJIMYECTBO ITUKIJIOB CHHXpOHM3alMH, Kk = 1,2,...

Ha IMPAKTHUKEC YHMCJICHHOC 3HAUYCHHC tC OnpCAcCIIACTCA UCXOAA U3 KOHerTHOﬁ
TEXHOJOTMYECKOM NN TEXHUYECKOM CUTyaluu. 210 MOJKCT OBITH



TEXHOJOTUYECKOE BpeMs (IJi1 omepauuii  HEmpepbhlBHOH  00pabOTKH),
ONEPAIMOHHBIA UK MEPUOJAMYECKOM OOpadOTKM, TaKT IPOU3BOJICTBA, 4Yac,
CYTKH U T.]I.

Breipaxkenue (2.12) ucmomns3yeTcst 1yt 000CHOBaHUS MapaMeTPOB pabodero
oprasa. MIcXoauTh Ipu 3TOM HY>KHO M3 TOTO, 4TO, coryiacHo 2.10, 2.12 u 2.13

Q =1c
T = .
7
Yno6HO mpuHATE ¢ = ty , TOCKONBKY Benu4YMHA Iy 00BEKTUBHO

oOyciioBlieHa CBOMCTBaMHM 00pabaTbiBaeMOro Marepuaja ¢ TMPUHATOU
TEXHOJIOTUEN 00pabOTKH.

OTtcroja MOXKHO clieflaTh BBIBOJI, YTO 3ajJladya TEXHUYECKOTO OOecreUeHUs
MaTepuaibHOro OajmaHca CBOAUTCA K HaxOXICHWIO M, u BBIOOpY

COOTBETCTBYIOIIMX 3HAYEHUH MMapaMeTpoB pabOYMX OPraHoB, IMO3BOJISIOIIMX
JOCTHYb PACUETHON BEMMIMHBL Q...

O6pabaTeiBaeMblii MaTepual MOKET MPEJICTaBIIATh coboii
HECTPYKTYPUPOBAHHYIO MAacCy CBIMYy4Yero WM JKHJIKOTO CBIPhS, a TaKxKe
HaXOJIUTHCS B BUJIC IMITYYHBIX 3aTOTOBOK. B COBOKYITHOCTH ¢ ABYMS peKUMaMU
00pabOTKM — TPaAHCIOPTUBHBIM MW CTAIlMOHAPHBIM — 3TO OOCTOSTEIHLCTBO
OTpeesaeT YeThIPe Croco0a HaXOXKACHU M.

1. Crammonapnasi o06paboTka MOPIHMH HECTPYKTYPUPOBAHHOTO MaTepuasa
OCYIIECTBIISETCS B CIIEIUATLHO TPEIHA3HAYCHHOM JIJIsI ’TOTO HAKOIHUTEIE.
B Hero 3arpyxkaercs ompeneneHHbI 00beM MmaTtepuana V , modToMy macca
MTOPIIMH COCTABIISCT
Mcey =1y,

rae Y — o0ObeMHas Macca MaTrepuana.

2. [Ipu cranmonapHoi 00pabOTKE IMITYYHBIX 3arOTOBOK YYUTHIBACTCS 00BHEM
naptud Ny, — T. €. KOJNMYEeCTBO 3aroTOBOK, 3arpyacMbIX B HAKOIHTEIb

OJHOBPEMEHHO, U Macca OJHOM 3arotoBkM M. Torma macca Bcew mapTuu
COCTaBUT

MCCW = Nmm .

3. HectpykTypupoBaHHBIII MaTepual B  TPAHCIOPTUBHOM  PEKUME
oOpabaThIBaeTCsl HEMPEPHIBHBIM MOTOKOM. Ilpu ycraHoBuBLICiicsS momaue H



BO3JICHCTBUU pabOYMM OpraHoOM IUIOIIAAh CEYeHHS IMOoToka F ocraercs
HensMeHHoM (puc. 2.4). C ee yueToM olepalioHHasi Macca COCTaBJIsIeT

Mcyn = FLy,

rae L — nimuHa myTH, Ha KOTOPOM MPOUCXOIUT 00paboTKa.

Puc.2.4. C(CxemMa mpOXOXACHUS MATEPUAIBHBIX IOTOKOB  OINEpalHii
TPAHCTIOPTUBHOM 00paOOTKH

4. CTpyKTypHpOBaHHBIH MaTepHal TIOIA€TCS HA OMEPAIUI0 TPAHCITOPTHBHOM
00pabOTKHU PETYJISIPHBIM MTOTOKOM C Y€TKO OPUEHTUPOBAHHBIMH B TIPOCTPAHCTBE
3aroToBKaMu (cM. puc. 2.4).

OOmias Macca 3aroTOBOK, OJHOBPEMEHHO HaXOAIIMXCS O] BO3JICHCTBHEM
pabodero opraHa, COCTaBISCT

Y mLB
cmuw Ib ,
roe | — mar pacnonoxeHus 3aroTOBOK IO JUIMHE, B — ImupwHa pabodero

opraHa, b — mar PACIIOIOKCHUA 3arOTOBOK I10 IIMPHHE.



OnepalluoHHOE BpeMsi TpU TPAHCHOPTUBHOM 00pabOTKE MaTepuanoB
COOTBETCTBYET TEXHOJOTHMYECKOMY, MOATOMY MPOU3BOJUTEIBHOCTh PabOUUX
OpraHOB TaKUX ONEPAIMil MOKHO ONPEETUTh CIECIYIOUUM 00pa3oM:

1. 171 HECTPYKTYpUPOBAHHOTO MaTepuaia

B FLy

QMH_ ntT v UIU Ql‘,':FV)/;

2. AJI1 TIOTOKA MITYYHBIX 3arOTOBOK

mLB mBvV

Qmﬁm, i QMWZW,

rjae vV — CKOpOCTh ABMKCHHU MaTCpHraja.

OTcrona cienyer, 4To YCTAaHOBMUBILUNCS PEKUM HENPEPBIBHONM 00pabOTKU
XapaKTEPU3YETCA MPEKAE BCErO MOCTOSHHOW CKOPOCTHIO JBWKEHHS MOTOKA U
€r0 HEM3MEHHBIM CEYCHUEM WA B3aWMHBIM PACIOJIOKEHUEM 3aroTOBOK, a
TaK)ke CTAOMJIbHOM MacCOM IITYYHBIX 3arOTOBOK. JTH MapaMETphbl U CIEAYyeT
OIpENENATh Ipu pacuerax Q...

CrauvoHapHblii  pexuM  00paOOTKM  Ipeanojaraer  HeoOXOAUMOCTb
JIOTIOJTHUTENBHBIX 3aTpaT BPEMEHHM Ha MOJATOTOBKY U 3aBepllieHHe pabodero
nponecca. C yueToM 3T0oro

3. MPOU3BOJIUTEIILHOCT,  pabouero  oprana npu  pabore ¢
HECTPYKTYPUPOBAHHBIM MaTEPHUATIOM

_ Vy
n(tT +t3 +t6) .

Qen

4. Tlpu paboTe CcO IITYYHBIMH 3arOTOBKaMHM MPOU3BOAUTENBHOCTh  Qeyy
COCTaBUT

QCIH } n(tT +t3 +t3) .



EI[I/IHCTBGHHBIM [apamMCcTpoOM B 3THUX 3aBUCUMOCTIX, KOTOpBIﬁ HC IMOAJICIKUT
KOPPCKTHUPOBKE, ABJIACTCA TCXHOJIOTHUYICCKOC BPCMA OIICpAllnN tT

3HaveHne t7 CBsA3aHO ¢ (PU3MKO-MEXaHMYECKUMHU CBOWCTBAMHU TPOIYKTa, a

BCIIMYMHA # MOXKCT OBITH CBsSI3aHA KaK CO CBOMCTBaMu CbIpbsA, TaK MU C
Ka49CCTBCHHBIMU XaPAKTCPUCTUKAMHA I'OTOBOI'O IIPOAYKTaA.

W3 3TOrO0 ClieayeT, 4TO OCHOBHBIMH MapamMeTpaMu, MOAJICKAIUMH BIOOPY U
pacyeTy MpU COTIACOBAaHWUU TEXHWYECKOW TMPOM3BOJUTEILHOCTH paboyero
oprana Q7 ¢ mMOTpeOHON MPOM3BOAUTEILHOCTRIO onepaniui  Qgpyy , SBISIOTCS

€MKOCTh HAKOMUTENIsl M CTPYKTypa MOJATOTOBUTEIbHO-3aKIIOYUTEILHOTO
BPEMCHH.



3. OPTAHU3ALIMA TEXHOJOI'MYECKOI'O ITIOTOKA

3.1. TEXHOJIOTUYECKH MOTOK YUYACTKA C OINEPAIIUSAMHU
HENPEPBLIBHON OBPABOTKH

OObeqUHEHHE MAIIMH M alllapaToB B TEXHUYECKYI0 CHCTEMY MOXKET
NPUBECTH K MEXKOIEPAIMOHHBIM KOJICOAHHUSIM MAaTEPHAIBHOTO COJICPIKAHUS
TEXHOJOTMYECKOTO TIOTOKA. DTH KOJIeOaHUs BBI3BIBAIOTCS HECOBMAJCHUSIMU BO
BPEMCHU TEPUOJOB pabOTBl M TPOCTOS CICAYIOIIMX JPYyr 3a JIPyrom
TEXHHUYECKUX  CPEIACTB. PaccoriiacoBaHHOCTh  IMPOCTOSB  MPUBOIUT K
COKPAII[CHUIO BBIITYCKA MPOIYKIIMU U 00LIEMY CHI)KEHHEO TPOU3BOIUTEIHHOCTH
CHCTEMBI.

B o0mieM ciydae Ha JIBYX CIEAYIOIIMX JPYr 3a Japyrom j-ii u (j + 1)-i
omepanusIx 3a BpeMs ¢ CHHXPOHHU3AIMK JIOJDKHO OBITh MmepepaboTaHo paBHOE
KOJIMYECTBO I-T0 Marepuana Mcy

Mcy = MOU| - MJC - |\/|(j+1)C,

rae Me — oOmmumid BRITYCK MPOAYKIKU cuctemoi; Uj — mons I-ro marepuaia B
obuieM notoke; Mjc — BBIIYCK MNPOIYKIWH Ha J-ii omeparuu; M(+1)Cc -
BBINYCK mpoaykiuu Ha (j+1)-it oneparuu. [Ipruem

MjC — QT tcﬁj ;

rae Q; u Q.. ; — COOTBETCTBEHHO MPOH3BOJMTENBLHOCTE |-TO M (j+1)-ro
paboyux opraHoB; U — KOA(PUIIMEHTHI UCIOIBL30BAaHUS PAOOUUX OPraHOB 3a
Bpems 1.

3nech KO3(POUIMEHTHI W COCTaBIISIIOT:

no=—r
J :
Ly +i
l‘9 ,
_ (j+D)
iy = ,

ta(j+1) + tH(j+1)



rae ty u ty(j+]) — BpeMs MCIONb30BaHMA paboumx opraHos j-i u (j+1)-i
onepauwuii; tj7; u t/j;+]) — BpeMs npocros pabounx opraHos j-i u (j+1)-i
omepanum.

VuuThiBasgs 3TO, MOXHO OTMETHTh, YTO BBIIYCK MPOAYKIUU OymeT
IPOUCXOJUThH TOJBKO TOTJIA, KOTJAa COBMAAYT IMEPUOIbI UCIOIB30BaHMS 000UX
pabounx opraHoB. I[IpOM3BOAUTENBHOCTH, ydyacTKa B O3TOM  CiIydae
OrpaHUYMBACTCS MEHbBIIEH U3 JBYX NMPOU3BOAMTEIBHOCTECH pabOYMX OPraHOB
Qmin- Toraa BeIMyCK MPOAYKIIMK Ha y4acTKe 3a BpeMs t- cocTaBHUT

Mecy = Qmintp ,

rae tp — BpeMsi COBMECTHOM paOOoTHI.

k
lp = ZtPl
I=1

rJe K — KOJIMYECTBO MEPUOJIOB COBMECTHOU palbOTHI; tp| — JUIATEIBHOCTH |-ro

nepruojia COBMECTHOM pabOTHI.
ITockonbky tp <1c, TO COOTBETCTBEHHO

OyHKIIMOHUPOBAHNE yYacTKa ¢ PacCcOrIaCOBaHUEM JIBYX IEPHOJIOB BBITYCKa
NPOAYKIIMU Ha J-i omepaiuu u oxHoro Ha (j+1)-i m3o0paxeHo Ha puc. 3.1.
3nmech MpejacTaBlicHA JIMHAMHKA IMPOCKTHOT'O BBIMYyCKA MPOAYKIMU Ha |-H —
Mjc(t) u (j+1)-i — M(j+1)c(t) omepaumsx, a TaKKe PEaNbHOTO BBIXOJA
nponykuun My (t).

[leproasl pabOTBI W TMPOCTOS 4Yallle BCETO SBISIFOTCS PETYJISAPHBIMA U
POTHO3UPYEMBIMUA. DTO IO3BOJIIET OPraHM30BaTh COBMECTHOE BBIMOJIHCHHE
ormepanyii  3a CYeT BBEIACHUS MEXKIYy HUMH JONOJIHHUTEIHLHOW, HE
PEIyCMOTPEHHON TEXHOJIOTHEH Orepariii KOMIICHCHPOBaHUS MaTepUaIbHOTO
notoka. Ee QyHkmmm coctosT B cOOpe MPOU3BOAMMOrO Ha MPEIbLIYIICH
OTIEPAIlMM HEPACXOJYEMOTO Marepuana B nepuonsl, korna Mj(t) > Mj+1(t), u
TMOJIHOW  3arpy3ke Tmocnenyromeld B nepuonsl, korma Mj(t) < Mj+1(t). B
KadecTBe pabodyero  OpraHa-KOMIIGHCATOpa  HUCIOJB3YIOTCS  pPa3nyHbIC
HakonuTeNm. Tak, /Ui HAKOIUICHHWS TPOIYKITMH, XPaHUMOM HACHINbIO, Yallle
BCEr0 HCIONB3YIOTCS OyHKephl. JIJIS IMITYYHBIX 3arOTOBOK MOXET OBITh
NPUMEHEH CIEIHAbHBIN HAKOMUTENb, TMO3BOJIAIOIMINN pa3MellaTh U XPaHUTh
U3JICNUS B YIOPSI0YCHHOM BHJIC.

B o0uwem cnyyae j-1 onepaumus popmupyer norok nomaun M7 = Mj(t), a
(J+1)-1 — motok pacxoma Mp = Mj+1(t) . Pabory onepaunn KoMneHCupoBaHus



MOKHO TMpEACTaBUTh B  BHJAE (PYHKIMM, OTpaKawlled HU3MEHEHHE
peryJupyromen Maccel B TedeHue nukina te. Torma

AM = M — Mp um
AM () = Mj(0) - M(i+1)(0).

Ecnu B TeueHne NMKIAa HACTYNAeT KPUTHUECKUH MOMEHT BPEMEHHU fK, TIOCTIE
KOTOpOro pasHocTb M[] u Mp NOIDKHA CTaTh OTPULATEIBHON BEIMYNHOM, TO B

3TOM CJIy4ae KOMIIEHCATOp CJIEAYyeT A0 Haydaja paboThl 3arpy3uTh MaTEpUAIOM
B HEOOXOJUMOM JJI1 HOPMAJIBHOTO (PYHKIIMOHUPOBAHUS ONIEPALINI KOJIMYECTBE.

Jlnst cimyyasi, mpencTaBieHHOTO Ha puc. 3.1, rpaduk 3aBucumoctu = = f(t)
UMeEET BUJI, U300paKEHHBIN Ha pUC. 3.2.

M

AM

&”m
il
3nece M) — 3HayeHHe, XapaKTEpU3YIOUIEEe JOMOJHUTEIBHYIO I0Jady B

KOMIIEHCATOP:

M, :Mjc ‘tﬂ(jﬂ)l.

Mo — 3HaueHme, OTMeYalOllee OKOHYAHUE  IIPEABAPUTEIHLHOTO
OITOPOKHEHUS KOMIIEHCATOPA [P OJHOBPEMEHHBIX IIOAaUe M PaCXOJIE:

MHO :Mjc ‘tle _M(j+1)c ‘tQIj.

Mpz - 3HadeHme, OTMeYarllee OKOHYAHHE  IPEABAPUTEIHLHOTO
OMOPOKHEHUST KOMIIEHCATOpa MPU OTCYTCTBHH TTO1AYH:



M, =M, ‘(tajl +t17j)_M(j+1)c ‘(tQIj +t17j).

JjC

M3 — 3nauenue, XapakTepu3yoIee MOTPEOHYIO PEABAPUTEIBHYIO 3arpy3Ky
KOMIIEHCAaTopa J0 Hayaia paboThl

M3 :MJC ‘(tH(jH)l +t9(j+1))_M(j+1)C ‘(tH(jH)l +t9(j+l)).

EmMkocTh KoMmeHcaTopa JOJKHA OBITh JOCTAaTOYHOM JJisi XpaHEHUs
MaKCHUMAaJIbHOTO KOJIMYECTBA peryaupyromeid Maccel Mmax.

['padmk pabOTHI HAKOTIUTENS ISl PACCMAaTPUBAEMOTO CITydasi IPeICTaBICH Ha
puc. 3.3.

T
—4~<ﬁ—~b+t——*ﬂ“l Lonle-1-

A
b4

AM M

0 lvev o te g *’.u LA t d
mg+o
H
! !
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Puc. 3.3. PaGota kommneHcaTopa

Ha yuactke | mnpouCXOAUT 3alOJIHEHUE HAKOMUTENS JIONOJHUTEIbHBIM
KOJIMYECTBOM Marepuaja cBepx M3z , a Ha y4acTke 2 — pacXOJOBaHHE 3TOrO

Marepuasna. Y4acTok 3 COOTBETCTBYET UCIIOIB30BAaHMIO 3anaca M3 , a ydacTok 4

— €ro BOCCTaHOBJICHMIO. [I0 OKOHYaHMM YETBEPTOro y4acTKa LMKI paOOThI
HAKONUTEJN MOBTOpsAeTCA. TakuM 00pa3oM, IUKI HAKOMHUTENss MOXKET ObITh
pa3outr Ha mnepuoisl 3amnojgHeHus (4 u 1 coBMEeCTHO) M BBITpPY3KH (2 u 3
COBMECT-HO) Marepuasia. B o0iieM ciyyae MOMUMO 3THUX THEPUOAOB B ILIHMKIIE
paboThl KOMIIEHCATOpa MOTYT ObITh MEpUOIbl XpaHeHus — typ , Korza

KOJMYECTBO MaTepuaja B HAKOMUTEIC HE HM3MEHSCTCS, U TEXHOJIOTHYECKOTO
npocTos — {77, Korjaa TeKyuui 3anac B HAKONUTeNe OTCYTCTBYET (puc. 3.4).



!

Puc. 3.4. Tunu4Hbie nepuoabl B IMKIE pabOTHl KOMIIEHCATOpa

3.2. OPTAHM3AIIUA TEXHOJOI'MYECKOI'O ITOTOKA
YYACTKA C ONEPAIIMSIMM HENPEPBIBHOM OBPABOTKH

Ha mpakTuke HEOOXOAMMOCTh YCTAaHOBKM KOMIICHCATOPOB 4Yallle BCETO
BO3HUKAET B CUCTEMax C MallMHAMH M amnmnapaTaMH, Y KOTOPhIX HE COBMAAaloT
MOMEHTBI BKJIFOUCHHS, Pa3IMYAETCS MPOU3BOJIUTEILHOCTh, a TAKXKE B CIydasx
OJTHOBPEMEHHOT'0 HaJIWYMs 3TUX JBYX OOCTOATENbCTB. Torjaa pemiaercs 3agaya
OpraHu3allii TEXHOJOTMYECKOro II0TOKa IIyTeM pacyeTa M YCTaHOBKHU
KOMIIEHCAaTopa ISl  KaXJO0To  MPOOJIEMHOTO  ydacTKa,  ONpeAcsICHUs
JUTATENIbHOCTU IMKJIa CHUHXPOHHW3alMM ¢ WM ero cocrapistonux. Pacyersl

IOPOBOASTCS € YydeToM oOecrieueHusi HauOolsiee palUMOHAIBHOM 3arpy3ku
MalIMHHO-aNNapaTHbIX CPEJCTB OCHOBHBIX TEXHOJIOTMYECKUX OIEpaluid, Koraa
KOMIIEHCATOp pabOTaeT MOCTOSHHO (3arpy’kKaeTcsi WU OMOPOKHAETCS, EPUOIbI
TEXHOJIOTHYECKOT0 IIPOCTOSI U XPAHEHUSI OTCYTCTBYIOT).

B peanbHbIX ycnoBusix OyHKEp WM HAKOMHUTENIb, KOMIICHCUPYIOIIUN
orepannu, CHaOXaeTcsi BBITPY3HbIM ycTpoiicTBoM (BY), koTtopoe mo3Bosiser
dbopMupoBaTh TMOTOK pacxoja 3aJaHHON HHTEHCHUBHOCTU. DTO YCTPOMCTBO
BKJIIOYAETCS] TOT/A, KOrJa HAYMHAIOT (PYHKIMOHUPOBATH CIEAYIOIIME IO
TEXHOJIOTHYECKOMY MPOLECCY MAIIWHBI WU alllapaThl, U BBIKIKOYAETCS BMECTE

¢ Humu. I1oaTOMY MOKHO 3amucars:
Mg = Mp,

rae Mg — NOTOK BBITPY3HOTO YCTPOMCTBA, IPUUEM

Mg =Qgl (j+1), Mp=Qpts (j+1),



rae Qg — TEeXHUYECKas MPOM3BOAMTENBHOCTH BBITPY3HOTO YCTpoHcTBa;, Qp —

TeXHUYECKass IMPOU3ZBOJUTEILHOCTh pabOYMX OPraHoB, JUIsI  KOTOPBIX
dbopmupyeTcsi MOTOK PacXooB.

CrnenosarensHo, Qg = Qp , T. € BBIIPY3HOE YCTPOWCTBO, MOXKHO
paccMaTpuBaTh B KAUECTBE OTPEOUTES.

Takum o00pa3oMm, y4YacTOK TEXHHMYECKOW CHUCTEMBI C  ONEpalusiMu
HEINpepbIBHOM ~ 00pabOTKH, Ha  KOTOPOM  BO3HUKAeT HEOOXOIUMOCTH
neMnpupoBaHUs MAaTEPUATIBHOTO MOTOKA, BKIIOYAET MUTATENb, (POPMUPYIOLIUI
NOTOK MOAAYH, U KOMIIEHCATOP, COCTOSAIIMKA M3 HAKOMMTEN U BBIIPY3HOIO
ycrpoiictBa. BY Qopmupyer mnoTtoxk pacxoma U BBICTYHNAeT B KadyecTBe
notpedutens (puc. 3.5).

Mn(t) Komnencarop Mu(t)

| I
byHxep-
llugnnb. | N S | ':)y' L 4
y A | M, : |

L e e e v s e S e S G G e — ol

M, — eMKOCTL HAKOIIHUTE/A

Puc. 3.5. Y4acTok TEXHUYECKOI CUCTEMBI C KOMIIEHCATOPOM

Y4acTOoK MOXKHO OXapakTepU30BaTh TEXHUYECKUMU W OPraHU3allMOHHBIMHU
napamerpamMud. B KadecTBE TEXHMYECKMX MApaMeTPOB  HMCHOJb3YyeTCs
IPOM3BOUTENBHOCTh TUTaTENs — Q7 ¥ BRITPY3HOTO yCTpoiicTBa — Qp, a Takxke

eMKOCTh HakomuTens My . [Ipou3BOAUTEILHOCTH MOTYT OBITH PaBHBI HIIA

pa3iuyatbCs B OOJIBIIYIO JIMOO MEHBIIYI0 CTOPOHY JApPYyr OT JApyra.
OpraHuzaluoHHbIE  MapaMeTphl  YYUTHIBAIOT  COOTHOIIEHUS  MOMEHTOB
BKJIIOUEeHUs nuTatesid u BY. OHu MoryT coBnajath Wiv HE COBMAAATh, IPUUYEM
B TIOCJIIEIHEM BapUaHTE WHTEPEC IMPEACTABIAECT ClIydyad, KOIJa MOMEHT
BKIIIOUeHUs BY  orknanbiBaeTca. B COBOKYNIHOCTM  TEXHUYECKHE U
OpraHU3aIMOHHBIC TAPAMETPHI 00PA3yIOT MIECTh BO3MOXKHBIX PEKUMOB PabOTHI
ydacTka (Ttadm. 3.1).



Pexump pabors y1acTKa ¢ KOMREHCATOPOM

TaGauya 3.1

CooTnouiciue
HpoMIBOAUTEALItOCTH numateas @, u BY Q
C oonomennne X
MOMCIHTION BEAKICHUNA
munrens w BY Q, = Q. Qn < Q- oa > Q.
| 2 3
Onuoppesmeiio 11 1.2 1.3
C onepasoit BY 2.1 2.2 2.3

Tabmuua 3.1. Pesxxumbl pabOThI yHacTKa ¢ KOMIIEHCATOPOM

B O6IHCM ClIy4ac KOJIHMYCCTBO MaATCpHala B HAKOIIUTCIIC OIIPCACILICTCA
3aBUCHUMOCTBIO

AM(t) = My(t) ~ (),

roe Myi(t) = Qj7tj7— xonmdecTBO Marepuaia, mojanHoe nurareneM; Mg (t)=

= Qsle
BpeMs paboThl muTaTes; tg — Bpemst pabotsl BY.

— KOJIMYECTBO MaTepualia, U3pacxojoBaHHOE moTpedurtenem; tj7 —

3a BpEMsA 1HOUKIIA CHHXPOHHM3AIMKM MNOUTATCIIbL II0JYy4acT, a HOTpC6I/ITCJ'IB
PacCxXoayCT paBHOC KOJIMICCTBO MaTCpHrajIa:

Mrite) = Mg (tc) = My(tc) = Qyte.

[TorToMy Kk KOHIy Iukia M oOpamaercs B HyJb. PacCMOTpUM KaKabli
PEKUM B OTIEIILHOCTH.

Pexuwm 1.1. PaBeHCTBO npou3BOAUTEILHOCTEHN NIpu t]7 = tg O3Hauaer,

My = Qi — Qg ) t7 = 0.
CnenoBaTenbHO, IS OpraHU3AINMH TEXHOJOTMYECKOTO TMOTOKA YYacTKa
KOMITCHCATOp He HyKeH. OJHaKO OH MOKET OBbITh MCIIOJIb30BaH B TOM Cllydae,
KOT/Ia Ha y4acTKEe YCTAaHOBJIEH pa0ouMii OpraH, KOTOPHIA HE OTKIIFOYAETCS BO
BpeMs aBapHH WJIM MTHOBEHHAs! OCTAaHOBKA KOTOPOTO HEBO3MOXHA. Ecim Takum
pabouynM OpraHOM SBJISICTCS TMHTATENh, TO KOMIICHCATOP CIIY)KUT JIS
HAKOIICHUS TPOU3BEACHHON UM MPOAYKIIUU B TOT MEPUOJI, KOTIa TOTPEOUTEIH

4TO BCCrAa HMCCT MCCTO H PABCHCTBO



He pabotaeT. B ciyyae, korja He OTKIIIOYAETCS MOTPEOUTENh, KOMIIEHCATOP
MIPUMEHSETCS IS TIOCTOSSHHOTO XpaHEHUs aBapUHOTO 3amaca morydadpukara,
KOTOpPBIA JOJDKEH MOCTYNHUTh B MepepaboTKy Mocie aBapUilHOM OCTaHOBKHU
nurtarens. EMKOCTh HakomuTenst

Mga=Qqt4,

rie Q4 — NpoU3BOAUTENHLHOCTh pabovero opraHa, KOTOPBIM HE OTKIIOYAETCA
BO BpeMs aBapuu; t4 — BpeMs HaKOIUICHUS WM TOTpeOJIeHUsT aBapUUHOIO
3amnaca.

P e x uwwm 1. 2. Coornomenne Qj7 < Qg oO3HA4yaeT, 4ro IpHU

OJIHOBPEMEHHOM BKJIIOYEHUU MUTATENS M MOTPEOUTENs MOoCHeHUu paboTaer ¢
HETOJHOMN 3arpy3Koi. YBeIWUYEeHHUE HAarpy3kKd Ha MOTPEOUTENh JOCTUTACTCS 3a
CYET OTCPOYKM MOMEHTA €ro BKJIIOYEHHS U NMPUMEHEHUS KOMIIEHCATopa s
MOATOTOBKM MOPLMU MaTtepuana, oOeCHeYMBAIONIEH TMOJHYI0 3arpy3Ky
MOTPEOUTENS TI0 TPOU3BOIUTEIIBHOCTH (pHC. 3.6).

Texuuveckue cpecrsa Bpems [

i ITuratens

? Haxonuresn
KoMmnencarop

BY

Puc. 3.6. I'paduk paborsl yuactka npu Q7 <Q, 1 HE06X0AMMOCTH MOIHOM
3arpy3Kd MOTPEOUTENS 110 TPOM3BOIUTEIBHOCTH

B 3TOoM ciydae ist HUKIIa MPOJOIKUTEIBHOCTBIO e nMeem
Mric = Qrrte.

Mgc = Qg (tc — t3) = Qqt4,

rae t; — BpeMst 3aJ1ep>KKU BKIIFOUEHUS TOTPEOUTENS.



Torna, npupaBauBas MJjC u Mge, TOIy4yum

t = (Qg _Qn)tc
5 Q | (3.1)

Emkocts Hakormtens My = Qg7 ts.

Bpems pabotsl t; ¢ yueTom 3a1epiKKu ONpeaessieTcss U3 COOTHOILCHHUS

tg = tc — {3 wmm c yuerom (3.1):
Qg T QH

8

t =t |1-

PaboTty yuacTka wimocTpupyet rpaduk, mpeacTaBiIeHHbIN Ha puc. 3.6.

Pex uwm 1.3. IlpeBblnieHre nmpou3BOAUTETLHOCTH nuTaTens Q7 Han
MPOM3BOJUTENBHOCTEI0 BY  Qp NPUBOAMT K TOMY, YTO IOCIE BKIFOYCHHSA

noTpeduTens AoJKEeH paboraTh ¢ meperpyskon (puc. 3.7). us obecnieyeHus
HOPMaJbHOW 3arpy3Kd TOTPEOMTEIS YacTh IPOU3BOJUMON IMHTATEIEM
MPOIYKIIMH JTOJDKHA OBITH OTJACNIEHA OT MOTOKAa M 3alaceHa B KOMIICHCATOPE.
ITorok mogauu nutarens M7 = Qg t.

Texuuyeckue cpeacrsa Bpems

INurarens

Hakonurens |
Komneucarop

BY

’\' u’l

Puc. 3.7. I'paduk pa6otsl yuactka npu Q7 >Q, u ogHoBpeMeHHOM
BKJIIOUYEHHUH MTUTATENS U MOTPEOUTENs



[Totpebnenne mpoucxomut B kommdectBe Mg = Qglt. CremoBaTenbHO,
HAKOIJICHNE OCYIIECTBIIACTCS B KoudecTBe M = M7 — Mg umu M = (Q7 — Qg

).
OO111ee KOIMYECTBO MaTepHalia, MPOU3BECHHOE TUTATENEM 32 BpEMs LIUKJIa
MTIC , COOTBETCTBYET KOJIMUECTBY, HCIIOJIL30BAHHOMY noTpedurenem M. Ecnu

NPUHATH, YTO TOTPEeOMTENh paboTaeT HEMPEePHIBHO B TEUYCHHE IIMKIA
CUHXpOHU3aIuu, T. €. Mg, = Qglc, To Bpems paboThl muTarens t{J7 MOXHO

OIIPCACIINTD N3 PABCHCTBA

Qestc = Qrrtr7 -
Torna

U, = e | (3.2)
Qx

3amoiHEHWE ~ HAKOMUTENsl  MPOMCXOAWUT  Tpu  paboTe  MUTATEIN,
clIeIoBaTelIbHO, eMKOCTh Hakorutels My = (Qgr7 — Qg )77 . OTKyna ¢ yueTom

(3.2)
PPN O ¥

['padpruecku pabota yuactka B pexxume 1.3 npeacrasieHa Ha puc. 3.7.

Pexuwm 2. 1. 3aaepxka BKIIOUYECHHS TOTPEOUTENS HA BpeMs 13 TPUBOIAUT K

TOMY, YTO BECh MPOW3BEACHHBIM B ATOT MEPHOJ MHUTATENIeM Moiaydadbpukar
JIOJDKEH OBITH 3aJ7105K€H B KOMIIeHcaTop, T. €. M377 = Q7 t;3 (puc. 3.8).



Texnuueckune cpencrea

Iurarten

x Hakomirrens
Kosmunencarop

BY

Puc. 3.8. I'paduk pabotsl yuactka npu Q7 =Q, u 3amepikke BKIIOUEHUS

noTpeburenst Ha Bpems tg

[Tocne BKiMIOUEHUS MOTPEOHUTENS BCIEACTBUE PABHOM MPOM3BOIUTEIHLHOCTH
mutarenss u BY (Qp7 = Qg ) Bech momydaOpukaT AomKeH Oyaer

nepepabarbiBaTbcsl 0€3 ocTaTka MW B KOMIIEHCATOpe OyAeT COXpaHsAThCA
IOCTOSIHHBIN 3arac npoaykra My = M3J7 .

Y4uuThiBasi, 9TO0 KOJIMYECTBO Monydadpukara, MPOU3BEICHHOTO MUTATENIEM U
U3pACXO0/I0BAHHOE MOTpeOUTeNneM 3a BpeMsl LHUKIA, paBHO, T. €. MJIC = Mg,

MOJTYyYUM

Qrtir = Qste.

[Tockonbky tg = to — t3 , TO u tj7 = te — t3, cmenoBaTenbHO, BpeMs pabOTHI
MUTATENs] MEHbBIIIE BPEMEHU padOThl CHHXPOHU3AIMK Ha BenMnuuHy {3 3a BpeMms
t; moTpebutens nepepadarbiBaeT noiydadpukaThl B KoaudecTBe Mzg = Qgls.
Tax xaxk Q7 = Qg, To M3g = M3[7 , T. €. K KOHI[y IHKJIa KOMIIEHCATOP

MOJTHOCTBIO OmnopoxkHsiercd. OTcrofa clenyeT, 4To OCTaHOBKA MUTATENs O
OKOHYAHUSI IIUKJIa HEOOX0AMMa JIJIsl pacXo10BaHus 3anaca Mz KOMIIEHCaTopa.

BpeMsi coBMecTHOM mapasuiebHOM paboThl MHUTATeNs M TMOTPeOUTeNs B
TE€YEHUE UKJIa CHHXPOHHU3ALUN

tcp=t0—2t3.



Paboty yuactka uimroctpupyer rpaduk, npeicTaBIeHHbIN Ha puc. 3.8.

PaBHas nOpOM3BOAUTENBHOCTh MHTATENI M MOTPEOUTENST  MO3BOJISIET
UCIOJIb30BaTh UX NapajulebHO, 0€3 MPUMEHEHHs KOMIIEHcaTopa. 3aJepiKKa
BKJIIOUEHUS ~ TOTPEOUTENsT NPUBOJUT K  CHIDKEHHIO  Kod(duimenra
UCIIOJIb30BaHUsl pabo4yero BPEMEHM BCEro ydacTka. Torna M3 COOTHOIIECHHMS
Q”tc = Q7 (t; + tcp ) YBHJIHMM, YTO MPOHM3BOJHUTCIBHOCTH ITHTATENS |

noTpeOUTENs AOHKHA OBITh YBEJIMYEHA, T.€.

_ Qt
t, +tcp

Qn :Qg

i ¢ yuetom (3.4)
Qz/;tc

==
C + 3
Pexuwm 2.2 3agepxkka BKIoueHHS moTpedutens mpu Qg > Q7

MO3BOJISIET 00ECTEUNUTh €r0 PALMOHANIBHYIO 3arpy3Ky corjacHo pexumy 1.2. B
JTOM CJIy4ae MOKHO COIJIacOBaTh JUIMTEJIBHOCTh LHKJIA CHUHXPOHU3ALMUU C
MPOJOJDKUTENIBHOCTBIO  3aJ€PKKA W MPOU3BOAUTEIBHOCTAMM TIUTATENS U
noTpeduTens (3aBUCUMOCTh 3.1):

_ (Qe B QH )tc
3 Qg

P e x um 2 3. CooTHOIIEHUE NPOU3BOJUTEIBHOCTH MHUTATENS H
notpedurens Q77 > Qp npUBOAUT K TOMY, YTO BpeMs pabOThl MHUTATENs

t

OKa3bIBAETCS BCETJa MEHbBIIE BpEeMEHHU paboThl motpedutens (cMm. pexum 1.3).
Hanuuue nepuoma 3aiepKKU MO3BOJSET pa3AeiNTh TaKOMl peXuUM Ha JBa
NoApeXKMMa,  OMpeAe/sIEeMbIX  T€M, Kakoe  KOJIMYECTBO  Marepuasa
BBIPA0ATHIBACTCS MMUTATEIIEM 32 BPEMsI 3aJICPIKKH.

[IepBbIi OIPEKUM XaPAKTEPUIYETCS COOTHOLLIEHUEM

Qntz Qsls



T. €. KOJIMYECTBO MaTepuaja, mepepabaTbiBaeMOro MOTpeOUTENeM 3a TEePUO.
CUHXPOHHU3AINH, HE TIPEBHIIIACT KOJIMIECTBA MOTy(hadpHKaTOB, KOTOPOE MOKET
OBITh IPOM3BENICHO MUTATEIEM 3a BpeMsl 3a7epKku. Toraa, mpuHuMasi, uto Qglg

= Q7 t;7 , monyuum c yderom (3.5) tj7 t;. Bpems paGotel muTartens

_Qt

tIY Q , & EMKOCTh KoMrieHcaTopa My = Q7 tr7 .
I

PaboTy yyacTka mjIs 3TOro MoApeKuMa MOXHO MPEACTaBUTh B JIBYX BHJIAX
(puc.3.9amu3.90).

= ﬁ
Texuuieckue cpencrsa

Bpewms

IIstraTens

Haxonuurens

Koamicucarop

BY

a

Texunueckne cpencrsa

Htrarens

Haxkonurens
Komucucarop

Puc. 3.9. I'paduxu padotsl yuactka mpu Q7~Qp u 13>t



BTtopoi nogpexuM XapaKTEpU3yEeTCs COOTHOIICHUEM

Q17 t5 < Qgty.

B stom ciyuae pasenctso Q7 ;7 = Qglg mocturaercs mpum {7 > 13, 1. €.

OUTaTeNb U MOTPEOUTENh JODKHBI HEKOTOPOE BpeMsi paboTaTh MapauieibHO.
O6o3Ha4MM 3TO0 Bpems Kak tep.

B Teuenue mepmoma 3aJepKKH B KOMIIEHCATOP IMOCTYMHT MoydadpukaT B
KOJINYECTBE

M3=Qmt3 .

3a BpCM:A th B HCT'O AOIIOJIHHUTCIIBHO ITOIIaJCT

Mep= (Qr7- Qs ) tep -
Takum 06pa3om, o011asi EMKOCTh KOMIIEHCATOpPa COCTaBUT

MK = M3 +Mcp
nJIn

My = Qmts + (Qr— Qg ) tep - (3.6)

['paduuecku pabota yuacTka npeacrapieHa Ha puc. 3.10.



Texuudeckue cpeiacrsa Bpeasi

IMuraTtens

Hakonurens

Kowmmnencarop

Puc. 3.10. 'paduku paGots! yuactka mpu Q7~Qp u t3<ty

VuureBas, uto tg = te - t3 , momyuum Mg = (tc - t3 )Qg, ¢ apyroii
croponsl, Mg = Q7 , Torna

C Q)
n— Q, . (3.7)

IMockoneky t cp = t;7— 13, TO ¢ yuerom (3.7) Oyaem umeTh
Y tep

YTO TMO3BOJIIET MPeoOpa3oBaTh 3aBUCUMOCTH (3.6) B pacueTHy0 hopMyity s
HAXOX/ICHUS] EMKOCTH KOMIIEHCATOPa:
Qg (tc T t3 )

M, =Q,t,+(Q, -Q,) Q. L1 @8




3.3. TEXHOJIOTUYECKHM IMOTOK YUYACTKA C ONIEPAIIUEN
MNEPUOJUYECKON OBPABOTKHA

Omnepatusi NepruoInYecKoi 00pabOTKU OCYIIECTBIISIETCS pabOUYUM OpPraHOM,
MMEIOIIAM HAKOMUTETh eMKOCThi0O Mg, B 3aBUCHMOCTH OT CTPYKTYPBI

INPOAYKTAa B HCTO IMOMCIIACTCA OIPCACIICHHAA MOPUUA WM IMapTHUA MaTCpHalla,
KOTOpasa 3aTcM O6pa6aTI>IBaCTC}I B TCYUCHHC TCXHOJIOTHYCCKOT'O BPCMCHH tT .

DOneMeHTapHBI  Yy4aCTOK TEXHOJIOTMYECKOM CHCTEMBI C  OIlepaiueu
nepuoguyeckoit oOpaboTku (YIIO) BKIIOYAET YCTAHOBJICHHBI Ha BXOJI€
NUTaTEeNb JIJIS MOJa4u ChIPhSl, TEXHUYECKOE CPEJICTBO (MAIllMHY WM amnmapar)
s nepuoamdeckot obpabotku (TIIO) u morpebutenb, MO3BOJISIOUIUN
onopoxkHUTh Hakomurtelb TIIO W MOArOTOBUTH €ro K MpUEMY Cleayrolen
nopiuu (puc. 3.11).

T (o = e |
| I
! INuTarens 1O IloTpeGurens | >
| ' |
I Qy; ’n M,: 'r Q. » " '
| I
| p l
i i i s e s s i i N i et s i A i J

Puc. 3.1. YuacTtok nepuoguyeckoit o00padoTKu

3arpy3ka Hakonutens TIIO ocylecTBISIETCS MUTATENEM B TECUEHUE BPEMEHU
t, =g
n 3.9
Q, (3.9)

Yamre Bcero pyHKIMIO OMOPONKHEHHUS] HAKOTHUTENS BBIMOJHACT CHEUATbHOE
BbITpy3HOE ycTpoiictBo (BY), kotopsiMm obopyayercs TIIO. CrnenoBarenbHo,
BBIIPY3HOE YCTPOWCTBO MOYKHO paccMaTpuBarb B KadyeCTBE ILJIABHOIO
notpedutens YIIO (puc 3.12).



| MoTpebureny YIIO

ycrpoherso

I
INuraresnn | Haxonurens Buirpyxuoe |
I
I

| TNO (M,, 1, Q,. 1,)
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Puc. 3.12. Ucnions3oBanue BY TIIO B kauecTse HOTpe6piTeJIsI VIIO.

Bpewms BeIrpy3KkH

t, = 0. - (3.10)

Takum 00pazoM, BUIHO, YTO HAKOIMUTENb pabOyero opraHa NepuoaANYECKON
ornepanuy 00eCIeurnBaeT PABHOMEPHYIO 3arpy3Ky NUTATENs B TEUEHHUE MEPHUOa

U

pa3MYHBIX  TEPUOJOB  00pabOTKM  MPUBOJUT K  COOTBETCTBYIOIIUM
IIUKJINYECKUM  KOJeOaHUSM TEepUOJOB pPAaOOTBI M TIPOCTOS TMHTATENS U
noTpeouTes.

U motpebutens B TedeHue mnepuona lg. Ilukmudeckoe uepemoBaHue

Iutarens mocne paboThl B TedeHHe mepuoga [, mpocTamBaeT B TeueHHe
Bpemenn 1. u lg. IloTpeburens pabGoTaeT TONBKO BO BpeMs BBLITPY3KH B

TedeHue nepuona tg u npocrausaer B reueHue pemenu L, ut..
PaboTy yyacTka WILTIOCTpUPYET rpaduK, MpeAcTaBiIeHHbIN Ha puc. 3.13.



Texnuvueckne cpeacrsa YO

IHuwratens

Haxonurens
1o

BY

Puc. 3.13. I'padux padotsr YIIO B Teuenue mukna {;

BhINyCK OPOIYKIUH HAa YYAaCTKE 3a BPEMsl LIUKIIA COCTABIIAET

rae Qc — UpOU3BOAUTENLHOCTH y4YacTKa, BHIOpAHHAs U3  YCIIOBHS

CUHXPOHM3AIMN TEXHOJIOTUYECKOTO MTOTOKA.

VuureiBasg 3.9, 3.10 u 3.11, MOXXHO CBSI3aTh TEXHOJIOTMYSCKHE MOKa3aTeIu
onepauuil 3arpy3ku W BbIrpy3kud TIIO ¢ COOTBETCTBYIOIIMMHU MEPUOJAMH KX
BBITIOJTHEHUSL:

QY _Qd,

Q=" Q=

Iockoneky 1, < tl! ulg < tl!’ TO, CJIEJIOBATEIILHO, ITPOM3BOIUTCIBHOCTH

6

nuTaTedas U TOTpeOuTens  JMODKHBI  OBITh  BBINIE  MOTpPEOHOMU
MIPOU3BOAUTEIIPHOCTH y4yacTka. Ha mpakTHKe 3TO O3HAYaeT, 4TO IMPOCKTHAas
MIPOU3BOAUTEIHHOCTh TEXHUYECKOW CUCTEMBI MOXKET OBITh 0OecreueHa TOJIbKO
IpU WMCIOJIb30BAaHUW MAIIMH W anmnapaToB, MMEIONIUX 3aBEIOMO OOJBIIYIO
TEXHUYECKYIO MPOU3BOAUTENHHOCTh. [Ipuuem onHa Oyaer TeMm BbINIE, YEeM

meHblie nepuoasl U, u tg , Beiensembie myis 3arpysku u pasrpysku TIO B
TEYEHUE TEXHUYECKOTO IIUKIIA.

C006pa)KeHI/IH CTa6I/IJ'II/I321LII/II/I TCXHOJIOTUYCCKOI'O IIOTOKA WU pallMOHAIIN3alINH
INPUMCHACMEBIX TCXHHYCCKHUX CPCACTB  YKa3bIBAIOT Ha H€O6XOI[I/IMOCTI>



CTJIaKMBaHUsI KoJieOaHMH MOTOKa Ha rpanunax “nurarens — TIIO” u “BY TIIO
— moTpebutens”’. Hanbosnee parmoHAIBHBIM PEIICHUEM SBIISICTCS 00CCTICUCHHE
YCIIOBUH, MPH KOTOPBIX PEKUMBI paOOTHI TUTATEIIA U TTOTPEOUTENSI HE CBSI3aHbBI
¢ nepuogamu pa6otel TIIO. B 3ToM cinyyae BO3HUKAeT peajabHasi BO3MOXHOCTD

CHMIKXCHUA HpOHBBOI[HTGJIBHOCTCﬁ QH u Qg J0 3H3‘1€HHI>1, COOTBCTCTBYHOIIHUX
BaﬂaHHOﬁ IMIPONU3BOIUTCIbHOCTH YUACTKA.

3.4. OPTAHU3ALUA TEXHOJIOI'MYECKOI'O IOTOKA YYACTKA
C ONEPALIMENA NEPUOJUYECKON OBPABOTKHU

PaBHoMepHOCTE TexHONIOrMYeckoro mnoroka YIIO nocruraerca 3a cuer
CO3JaHusl OPraHU3alMOHHBIX U TEXHUYECKHUX IMPEATIOCHUIOK I HEMPEPBIBHON
paboThl muTaTenss U noTpedutens. [lo OTHOMIEHUIO K MUTATENIO 3TO O3HAYAET,
YTO y4aCTOK OOECIEeUMBAETCS TEXHUYECKHUMH CpPEJICTBaMHU, MPUHUMAIOIIUMHU
nosy(adpukar BHE 3aBUCUMOCTH OT PEXKHMa MEPUOJHYECKON 0O0pabOTKHU.
HenpeppiBHass paboTa moTpeOuTENss OpraHu3yeTcs 3a CYET HaKOIUICHUS H
PaBHOMEPHOT'O pPAcXOJIOBaHMs 3amaca TOTOBOM MPOAYKIUH, IMOIy4aeMoOW B
pesyapTare Iepuoauueckoir  06paborku. CremoBaTelbHO, IHUTATENb W
NOTPeOUTENb AOKHBI ObITh CHA0KEHBI COOTBETCTBYIOIIIMMHU KOMIIEHCATOPaMH.

[TockonbKy ~ TEXHHMYECKOE  CpPEICTBO  MEPUOJAMYECKON  00paboTKu
NpeACTaBIsieT CcoOOWM TMpeXkae BCEro HAKOMUTEIh, CHaOXKaeMbld TMpHU
HEOOXOJIMMOCTH BBITPY3HBIM YCTPOHCTBOM, TO TaKO€ CpEACTBO MOXKET
BBINIOJIHSTH JIOMOJIHUTENbHO (PYHKIMU KOMIIEHcaTopa. Toraa uisi opranu3auuu
cTaOWIbHOTO TexHoJornuyeckoro mnoroka YIIO HeoOXonuMo NpPUMEHUTH
KoMIieKC uJaeHTUYHbIX TIIO, KOMIOHYeMbIX MapauielbHO W PadOTaroIIMX
nocienaoBarenbHo (puc. 3.14). Bece TIIO o0pa3yroT CeKIHO MEPHOAMYECCKON
o0pabotku (CI1O) BuyTpu TIIO.
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Puc. 3.14. O6pazoBanue cekiuu nepuoanueckoit oopadorku u3 n TI1O

B otom caywae oxpna yacte TIIO wucnonb3yercs [uist  3arpy3Kd
nosnydabpukara M3 MOUTATeNsd, Apyras MOPOU3BOAUT OOpaOOTKYy, TpPEThd —
pasrpyxaercs, oOecrneuunBas pabOTy HOTpeOUTENsT B 3aJaHHOM pEKUME.

CriefioBaTeNbHO, OJKHO BBINONHATECS paBeHcTBO Q= Qg. Ilpn npaBuibHO#

opraHuzanuv paboThl W jgocTtatoyHoM kojudectBe TIIO pgocturaercs
BBINIOJIHEHUE YCIIOBUS

Q,=Qs=Qc. (3.12)

[Ipumensis oauHakoBeie TIIO ¢ paBHBIMM MO €MKOCTHM HAKOIMUTEISIMU H
cxoxxumu BY, momyunm

Torna, yuntsiBas (3.12), umeem

M
t =t =—2
36 Q. (3.13)

[Ipn mocnenoBarenbHOW 3arpy3ke u  BbIrpy3ke Bcex TIIO  momxHO
BBINIOJIHATHCS YCIIOBUE
nt3:t3+tT+tg
uu ¢ yuetom (3.13)

nt; = 2t3 + tT' (314)



Otkyna mocne mnpeoOpazoBanus (3.14), u wucnons3ys (3.13) B Buze

3 Q , TIOJTy4aemM
c

M
(”_Z)Q—6 =& (3.15)

C

HOCKOJII)KY tT CCThb BCJIMYHMHA, 000CHOBaHHAs YCIOBUAMHU BCACHUA ITPOLCCCA,

CBOMCTBaMH 00pabaThIBAEMOIro MaTepuaia U He MOoJyieKaiias W3MEHEHUIO B
paMKax MPUMEHSIEMON TEXHOJIOTHUH, TO, UCTIONB3Y4 (3.15), monyuaem

_ QctT
M; = n—2- (3.16)

Orcroma criemyeT, 4TO HENpepblBHOE (YHKIMOHMPOBAHHE  Y4YACTKa,
BKJItouarouiero nurarens, CI1O u norpedburens, Bo3MoxkHO ipu N> 3. B o0mem
BUJIE pabOTy y4yacTka wunocTpupyet rpaduk (puc. 3.15).
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Puc. 3.15. I'padux pabotsl YIIO npu ucnonszoBanuu # TI1O

[leprognanocts Bbimycka npoxykmuu TIIO mpuBOgUT K TOMy, YTO Ha
HAaYaJIbHOM 3Tare padoThl y9acTKa MOTPEOUTENb MPOCTAUBAET JI0 TEX TOP, MOKa
He Oyner oOpabGortana mepBas mnoprusi Marepuania B TIIO (1). Pabora



TCXHHYCCKHUX CPCACTB, YCTAHOBJICHHBIX HCIIOCPCACTBCHHO 3a CHO, HA4YHCTCA
10 UCTCUYCHUHU IICpUOaa

tH:t3+tT

¢ momenta 3arpysku TIIO (1) (cm. puc. 3.15). Ilockonbky U, ecTh BenmMuMHA
MIOCTOSIHHAS, TO COKpallecHHe BpeMeHU [y MokeT OBbITh JOCTUTHYTO 3a CYET

ymenbinenus {3. Cornacuo (3.13) u (3.14)
: L
3
n-2-

CnepnoBatenbHo, yBeanueHue konudectBa TIIO crnocoOCTBYeT COKpalleHUIo
NOTEPh BPEMEHH B Ha4aJIbHbIN niepuo 1 padotsl YIIO.

Jpyroii myTh OpraHu3alid CTAOWJIHHOTO TEXHOJIOTMYECKOTO TMOTOKa Ha
y4acTKEe  TNEpUOAUYECKOM  0OpabOTKM  3aK/Io4aeTcs B MNPUMEHEHUHU
cnenuaibHbiX komrneHcaTopoB: HadanbHOTO (HK) u xoneunoro (KK). IlepBorit
ycTaHaBiuBaeTrcss Mexay nurarenremM u TIIO m ciyXuT [ HaKOIUICHUA
nojaBaeMoro mnoiydaOpukata B T€ TMEPHOIbI, KOTJAa MPOU3BOJATCA
nepuoanyeckas oopadorka m onopoxknenue TIIO, a Takxke nns meperpys3ku
oOpa3zoBaBiierocs 3amaca B cBoOomHbIi HakomutTedab TI110. KoneuHslit
KoMmreHcaTtop pacnojiaraercs Mexay TIIO u moTpebuTeneM U HMCHOJIB3YETCS
JUTsl paBHOMEPHOM 3arpy3Kku nociennero (puc. 3.16).

t

Puc. 3.16. YIIO ¢ HayanbHBIM 1 KOHEYHBIM KOMIIEHCATOPaMU

Kaxaplii kKoMmeHcaTop, MOMHUMO HAKOMMTENs, UMEET COOCTBEHHOE BBI-
rpy3Hoe ycrpoiictBo (BY). Ilpu stom BY KK dakruuecku sBisieTcss mocnen-
HUM osnemeHtoM YIIO, dopmupyromuM TOTOK pacxojla C 3aJaHHOU
MHTEHCHBHOCTEIO Q.

Konebanusi maTepraibHOTO MOTOKAa MPOUCXOAAT Toibko B mpenenax CIIO,
kyna MmoxHo BktounTh HK, TIIO u nakonutens KK (puc. 3.17).
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Puc. 3.17. CIO B npenenax YT1O npu ycranoske HK u KK:

HHK — nakorurens HK,
BYHK — swirpyasoe yctpoiicteo HK,
HTIIO — naxkonwmrens TIIO,
BYTIIO — suirpy3toe yctpoitcrso TI1O,
HKK — unakormrens KK,
BYKK — soirpy3soe yctpoitcteo KK,
M - emxocts HHK,

— npouasogurensHocTs BYHK,
Af — emxocts HKK,
Q — MPOM3BOAUTENILHOCTD BYKK

[Turarens BMecte ¢ HK paboraer B pexxume 1.2, BYTIIO Bmecte ¢ KK — B
pexume 1.3 (cm. paza. 3.2). CIIO BbIoONHSAET (PYHKUUU TEXHOJIOTMYECKOTO
neMrdepa MeEXIy MHTaTeIeM U MOTpeOUTeleM, I03TOMY HeoOxoauMma

peanu3anus opraHmzanuoHHol cutyamuu, xorma Q, = Qg = Q¢. Torna ¢

yaetom 3.1 m 3.3, mpu 3agaHHBIX INapaMeTpax LUKJIA MOXHO COTJIacOBaTh
emxoctn Hakorureneit HK u KK ¢ npoussourensroctsamu Q ., Q1 Q.

MH _ Qc (Qn _QC )tc | M;c _ QC (QB _Qc)tc
QH ’ QBy

Paboty yuactka HarmIsiAHO WUTIOCTpUpYeT rpaduk 3.18.
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Puc. 3.18. Pa6ora YIIO npu co3znanuu CIIO ¢ npumenennem HK u KK

PaGorta Omoka “nurtatenr — HK” B pexkume 1.2 ocymiecTBisieTcss B TOM
ciaydae, korga TIIO yxe 3arpykeH U Benercs oOpabOTKa MOPUUU MPOAYKTA.
Opnako mpu BBEJIGHUM ydacTka B pabouuit pexum (puc. 3.18) mpu momaue B
TIIO nepBo#t nopuuu nosydadbpukata HET HEOOXOIUMOCTH Ucnoiab30BaTh HK
10 MPSIMOMY Ha3HAYEHUIO — BECh 00BEM MOPILUU MOXKET ObITh Cpa3y 3arpyXkeH B

TIIO. HK paGotaer kak Tpaucnoprep. Ilockonexy Q,, > Q, To Bpems 3a-
t/ _ M 0

rpyskn HTIIO * 7 — Q . Takum 00pa3oM, BBITYCK MPOAYKIIUA HA YYaCTKE
1

.
HayHeTcs cmycTs Bpems ty = U 'y + . ¢ MomenTa mayana pa6otsr CIIO.

Cokpaienrie 1y MOXeT OBITH JOCTUTHYTO 3a CUET NMPUMEHCHHS Ha yd4acTKe

IByX, xenartenbHo uaeHTU4HbIX, TIIO. (IIpumenenne tpex u Oonee TIIO
paccMatpuBajoch Bbllle). Tordga 3a CUYeT yMEHbBIIEHHS O00beMa HaKOMUTENs

kaxaoro TITIO mpu coxpaHeHHH CyMMapHO# eMKoCcTH MG BpeMst 3aIoTHeHUS

_M;
Qn

Il
t"




