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BCTYIIVIEHHUE

B nacrosiniee Bpemsi B 00JaCTH IPOM3BOJCTBA MULIEBBIX NMPOAYKTOB Ha IMEPBBIM
IJIaH BBIIBUTAKOTCS MPOOJEMBI CO3JaHus MPEAIPUATUN C BBICOKON KOHUEHTpauuen
o0Opy/lOBaHUsA,  MO3BOJSIOLIETO  OCYLIECTBISATh  OBICTPBIM  IEpexoj  Ha
UCIOJIb30BaHUE PA3JIMYHBIX BUAOB CBHIPbS U BBITYCK Pa3HOOOPAa3HOW MPOIYKIIHH.
Jia 3TOoro HeoOXOJMMO CO34aTh ammapaT IPOEKTUPOBAHUS, OOBEIUHAIOIINN
BO3MOKHOCTH U TOTPEOHOCTH TEXHOJOTOB, KOHCTPYKTOPOB, MPOEKTUPOBIIUKOB.
Teopetnueckyro 0a3y Takoro ammapaTa COCTaBJISIIOT IPOIPECCUBHBIE METObI
dbopMupoBaHHS U aHAINW3a MPOU3BOJCTBEHHBIX MaTEPHAIBHBIX MOTOKOB M CaMOTO
IPOU3BOJCTBA B LENOM. MCXOAUTh cilenyeT U3 TOro, 4TO MNPEANpUATHE AOJHKHO
o0ecreynBaTh CTAOUIIBHBIN IO BPEMEHH BBIITYCK MPOAYKIIMHU 3aJJaHHOTO Ka4yecTBa.

BaxHeiimed 3agadeil IPOM3BOJACTBA  SBISIETCS  IOJYYEHUE MPOAYKLIHMH C
ONpEJEICHHBIMI KaueCTBEHHbIMU MapaMmeTpaMu. Ha ee pelieHuwe HampaBieHa
TIIATEIbHAs MPOPAOOTKA TEXHOJIOTHH.

[IpakTruecku ar00asi TEXHOJIOTUS MUIIEBBIX MPOU3BOJACTB MPEACTABISET COOOM
CIIO)KHBI KOMIUIEKC cHequpuyeckux, OOOCOOJEHHBIX JCHCTBUI C CBIPbEM U
nonydadpukaramMu. Y OPSJOUYECHHbIE B COOTBETCTBUU C MPEEMCTBEHHOCTbIO CBOMCTB
nonypaOpukaroB  3THU  JAEMCTBUS ~ 00pa3yloT  KOHKPETHbIE  HH)KEHEPHO-
TE€XHOJIOTHYECKUE PEIICHHS — TEXHOJIOTMYECKUE MTPOLIECCHI.

Jlanee Ha nepBbI IUIaH BBIABUTAETCs 3aJa4a 00ecreueHus: BO3MOKHOCTH BBIITyCKa
NPOJIYKIMH B HEOOXOAMMOM KojinyecTBe. OHa pemiaeTcsl MpekJe BCEro 3a CYHeT
NIPUMEHEHNS COOTBETCTBYIOIIMX TEXHHUUYECKUX CPEICTB: MAllWH, OCYIIECTBIIIOIIMNX
MEXaHUYECKOEe BO3JICMCTBUE HAa Marepuan Kak (u3HYecKud OOBEKT, M amnmaparos,
JNEUCTBYIOIIMX HA BEIIECTBO MaTepHalla XHMHYECKUMH COCIMHEHUSIMU WIH
BEILECTBAMHM, (DU3NYECKUMHU MOJSAMHU, paIHaALMEN UM OMOJOTUYECKUMHU O0BEKTaMH.
MaiuuHbl 1 annaparbl 0OObEIUHSAIOTCS B TEXHOJOTHYECKUE CHCTEMBI, MOJIyYHBILINE
Ha3BaHUE TEXHOJOTHMYECKUX JIMHUU.

Ha 3TOM ke 3Tame MeToJaMH TEXHOJOTHYECKOTO MPOEKTUPOBAHUS M HA OCHOBE
NPUHIUIIOB OpraHU3alyy MOTOYHOTO MPOU3BOACTBA BbIPAOATHIBAIOTCS UHKEHEPHO-
TEXHUUYECKHUE DPEIIEHUs, CO3Jalolue YCIOoBUA I 3(PPEKTUBHOIO HCIOIb30BaHUS
Oyaylero mnpoU3BOACTBEHHOTO TMOTEHUHANA — (GOPMHUPYIOTCS MaTepHallbHbIE
TEXHOJIOTUYECKHUE TTOTOKH (CM. pHC.).
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B pesynbrare BO3HHMKAIOT BHYTPUCHCTEMHBIC TPEATOCHUIKA IS CO3JdaHUS
BBICOKOA()(DEKTUBHBIX MPOU3BOJICTB.



1. TEXHOJIOI'UAA U TEXHUYECKHUE CPEACTBA ITPOU3BOJICTBA
1.1. CTPYKTYPA TEXHOJIOI'MM

OcHOBY J11000T0 MTPOU3BOJICTBA C TOUKH 3PEHUS 00ECTIeUeHUs 3aJaHHOTO KaueCTBa
BBIMTYCKaeMOH TPOIYKIIMH COCTABJISAIOT TeXHOJMOTHH. Kaknas TEXHOIOTHS BBITEKACT
U3  HAyyHO  OOOCHOBAaHHOTO U  TOJTBEPKIEHHOTO  MHOTOYHCICHHBIMHU
MPAKTUYECKUMH OIBITAMH OIKCAHUS IOCIICOBATEILHOCTH HM3MEHEHHS CBIPhS U
nosypaObpuKaToB MO MEpe UX MPEBpaIlleHUs B FOTOBbIM MpoaykT. CiemnoBaTenbHO,
9TOOBl BBIPAOOTaTh KaKOW-TO TIHMINEBOW MPOIYKT, HYXHO TIPEXKAEC BCETO 3HATH
COCTOSTHHE CBIPbS M TO, KaK 3TO COCTOSIHHE JOKHO MPeoOpa3oBBIBATHCA B IIPOLIECCE
nepepabotku. Kpome TOro, HeoOXOOUMO  ONpPENETUTh MPOMEXKYTOUHBIE,
KOHTPOJIbHBIE XapPaKTEPUCTUKH TMONy(haOpUKaTOB — CBOWCTBA, KOTOPHIE MOXHO
JIETKO M3MEPUTh M TOCHEe JOCTHXKEHHUS KOTOPBIX CIENYyeT 3aKOHUYUTh HU3MEHEHUE
OJTHUX TIapaMEeTPOB M HaYaTh U3MECHSATH APYTHE.

Kaxxnoe neneHanpaBieHHOE U3MEHEHUE JOCTUTAETCS B PE3YJIbTaTe BO3/IEHCTBHIMA
Ha BEIIECTBO, BBIPAXKEHHBIX (U3UYECKUMH, XHWMHUYCCKUMHU, OHOJOTHICCKUMHU
mpoieccaMd  WiId UX KomOuHanued. KOHTpoJbHBIE 3HAYEHHUS MapaMeTpoB
noypabpuKkaToB M TOTOBOW MPOAYKIIMH IMO3BOJSIOT OOBEAUHATH BO3JCHCTBUS B
CHCTEMBI IIPOIECCOB, KOTOPHIE MOXKHO Ha3BaTh TEXHOJOTHYECKUMH ONePAIlUsIMHU.

Omneparusi  obecrieunBaeT MEPEXOa ChIphs WM Modydabpukata W3 OIHOTO
KaueCTBEHHOTO COCTOsIHUSI B Apyroe. CienoBarenbHO, T€XHOJOTUSI TIPEICTABIISCT
cO00¥ yMOPSAOYEHHYI0O COBOKYITHOCTH OTEpaluid, B pe3yJbTaTe OCYIIECTBICHUS
KOTOPBIX  HMCXOJHBI  MaTepuayll MNpUOOpeTaeT WM COXpaHsSeT 3aJlaHHbIe
NOTpeOUTENTHCKHUE CBOMCTBA.

B TexHOJIOrusSX MNHINEBBIX MPOU3BOJCTB MOXXHO BBIJICIHTH, HANPUMEp, TAKUE
omepaiy, Kak CMEIIMBaHWE, OYHUCTKA, pasleieHue, W3MEIbYCHHe, Harpes,
yBI@KHEHHE, (opMoOBaHUE, CcyinbdaTaius, OMBUICHHE XUpa, OpOoXeHue u Tp.
COOTBETCTBEHHO KaKJas M3 OTUX ONepaluid XapakTepHU3yeTcs KauyeCTBEHHBIMHU
MOKa3aTeNIIMU, TAKUMHU KaK OJHOPOJHOCTh CMECH, CTEIEHb BBIJCICHUS MPUMECEH,
COJep)KaHWe  KOMIIOHGHTOB B  TPOAYKTaX  pasleleHHs,  OJHOPOJHOCTH
W3MEIIbYEHHOTO TPOJAYKTa WM MOIYJb I[OMOJIa, TEMIlepaTypa, BIAKHOCTD,
OJTHOPOJTHOCTH (POPMBI, BBIXOJ TMPOAYKTOB XHMHYECKOW pEaKIIUH, HACHIIICHUE
MaTepuaia MpoAyKTaMu KU3HEEATeTbHOCTH OAKTEPHI HIIU IPOXKKEN U T.1I.

YnopsgodeHre onepamnuii OCyIecTBISETCS B COOTBETCTBHH C TIPEEMCTBEHHOCTHIO
KaueCTBCHHBIX XapPAaKTEPUCTHK TMPOJYKTa, TaK YTO BBIXOJHBIC MapaMeTphl
IpeIbIAYIIeH Onlepaliy ABISIOTCA BXOIHBIME JIJIs Ioceaytomieit (puc. 1.1).



Texuomorusa

YnopsiioueHHbIE
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Puc. 1.1. KauecTBeHnHas IMPECMCTBCHHOCTD IIPH ITOCTPOCHHUHN TCXHOJIOI'HNH

CaMm mporiecc ynopsiiodeHusi IpeicTaBiIsieT coO00l yCTaHOBJIEHHUE CBS3EH MEXy
OlepalusiMU KaK OTIEIbHBIMM 3JE€MEHTaMH U  (HOPMHUPOBAHUE CTPYKTYPbI
TEXHOJOTMU Kak cucteMbl omepauuit (puc. 1.2). CBs3u OTpa)kalOT ONTHMAaJIbHOE
YEepeIOBAHKUE ONEPALMI U ONMPEACIAIOT MOCIEI0BATENIbHOCT U3MEHEHHUS ChIPhS 110
Mepe ero MnpeoOpa3oBaHHMs B TOTOBOW MPOAYKUUMHM — MEPBUYHBIA IOTOK
KAueCTBEHHBIX COCTOSIHUI BEIIECTBA.

[ [MoTok Ka4eCTBEHHBIX COCTOSHHMH |

CucreMa TEXHONOIMYECKMX orlepaliHii ]

— chipbe, noxygabpukaTel; roToRas IPOAYKIIHS,

— TEXHOJOTHYECKHE OIllepalluH,

vUO ]

— CRA3H
Puc. 1.2. ®opMupoBanue CTpyKTypbl TEXHOJIOTHHU

Co3naHHas TakuM 00pa30M CHCTEMa TEXHOJIOTHYECKHX ONepalyii, 00beAMHEHHBIX
o0mieil 1enplo, MPUOOpEeTaeT HOBHIE CBOWCTBA, HE MPUCYIIME HH OJAHOMY W3
COCTaBIISIOINUX e¢ 37eMeHTOB. OHa SBIISICTCS OCHOBOW OpraHU3allMy MPOHM3BOICTBA
TOTOBOTO MPOJYKTA C 33IaHHBIMU KaUYECTBEHHBIMH XapakTepucTukamMu. DakTndecku



nporecc GOPMHUPOBAHUS CHUCTEMBI OMEPAIUil SBISAETCS TEPBBIM JTAllOM CHHTE3a
TEXHOJOTHYECKMX  CHUCTEM NPOMBIINIJICHHOTO  TPOW3BOJACTBA U CO3JaHUsA
MaTepUATHHOTO TEXHOJIOTUYECKOTO IMMOTOKA.

Ha mpaktuke misi rpaudeckol WLTIOCTPAIMM TEXHOJOTHH CTPOHUTCS CXeMma C
yKa3aHUEM TEXHOJOTHYECKUX OIEpPalMid W CBA3EH MEXIy HUMH, BHUJIOB CHIPbS U
noJlydaeMoi mpoayKuuu. Tak, i TEXHOJOTHH, CTPYKTypa KOTOPOM MpeAcTaBlieHa
Ha puc. 1.2, MOXHO cocTaBUTh cxemy (puc. 1.3).

cddon

—p — cBA3n
@ — Cbipbe, !

D — TeXHOJIOrHYecKHe OllepalliH, @ — MpOAYKIHA

Puc. 1.3. Cxema TeXHOJIOTUHA

CBs3u Ha TakoM cxeme OTpaKar0T MATCPHUAJIbHBIC IIOTOKHM, BO3HHUKAIOIIHC B
IMPOU3BOJACTBE ITPH PCaAIN3allu TCXHOJIOTUH.

1.2. TEXHUYECKASA OIIEPALIUA

TexHonoruyeckas onepanusi B YUCTOM BHJI€ HE yKa3bIBaeT CIOco0 BO3AEHCTBHUS
Ha ChIPbE, HE pacCMaTPUBAET CYLIECTBA JIEXKALIUX B €T0 OCHOBE IIpoLeccoB. Mexny
TEM TNEpPeBOJ W3 OJHOTO KAayeCTBEHHOI'O COCTOSIHUSI B JIPYro€ MOXKET ObITh
OCYILECTBJIIEH IIO-pa3HOMY. B oOIHMX cily4asx OKas3bIBaeTCs JAOCTATOYHBIM
NPUMEHUTH €AMHUYHBIA (PU3NUECKUNA, XUMUYECKUN WM OMOJIOTMYECKUI Tpolece, B
IPYyTUX — KOMIUIEKC IapajulesIbHbIX WIH I10CJIEN0BATEIbHBIX IPOLECCOB Pa3IMYHOIO
MexaHu3Ma BozJedcTBusA. Hepeako cymiecTByeT HECKOJIBKO CIOCOOOB  AJis
JOCTMIKEHHSI OJHOTO M TOIO K€ KauyeCTBEHHOI'O COCTOsIHMA Npoaykra. Hampumep,
MOYXHO MPOBOAUTH KOHBEKTUBHBIN, KOHTAaKTHBIM WJIM paJUallMOHHBIA Harpes;
GuIbTpallMOHHOE, OCAIUTENbHOE WM (IOTALIMOHHOE pa3/iejeHHe CYCIEH3UMH,
CyOJIMMAllMOHHYIO WM TEIUIOBYIO CYLIKY; BECOBOE WJIM OOBEMHOE J103UPOBAHUE; U
T.A4. B TO ke BpeMs HEOOXOAMMO YYUTHIBATh, YTO I KaXKJIOM TEXHOJOTUHU MOKHO
OIpeAenuTh Hanboee panroHadbHbIe Ipouecchl. Kaxaplil Takoi mpouecc Ha30BEM
padouum mnpoueccom TexHosoruu. OH mpeacTaBisieT co0OMl OpraHU3aLMOHHO
00OCOOJICHHBIN ~ BJEMEHT  TEXHOJOTMYECKOW  Omepaluu, XapaKTepU3yeMbli
[I0KA3aTeIIMU CBOMCTB BXOJISILUETO M BBIXONALICTO IpoaykTra. Torma MOXHO
TOBOPUTH 00 OMEpalMy Kak O COBOKYMHOCTH YHOPSAOYEHHBIX pabO4MX MpPOIECCOB

(puc. 1.4).
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Puc. 1.4. ®opMupoBaHUe CTPYKTYpHI OIepaliuy

HNuxeHepa-MexaHrKa, 3aHUMAIONIErocsl pa3pabOTKON KOHKPETHBIX TEXHHUYECKUX
peleHu JUIsl  peaiu3alliid  TEXHOJOTHMM ¢ pa3pabOTKOW COOTBETCTBYIOIIUX
TEXHUYECKUX CPEACTB, HHTEPECYIOT UMEHHO pabo4ue MpoIeCChl, TOTOMY YTO Ha MX
OCHOBE OH CTPOMUT CBOIO JAEATENbHOCTh. CleA0BaTEIbHO, TEXHOJOTHS — 3TO CUCTEMA
pabounXx MpPOIECCOB, 00ECTICUNBAIOIINX MOJyYEeHUE MPOAYKTa 3aJaHHOTO KaYeCTBA.

B cBoro ouepens paboumii mporecc MOXKET ObITh peain30BaH, KaK IMPaBUIIO,
pPa3IMUYHBIMU WHXXEHEPHBIMU CPEJICTBAMU IYyTEM MPUMEHEHHUSI COOTBETCTBYIOIIUX
HAayYHBIX U TMpaKTHUUEeCKuX pa3paborok. Tak, Hampumep, QUIBTPALMOHHOE
pa3zelieHue MOKET ObITh BBIMOJHEHO B IOJIE€ TPABUTALUM, B IMOJE HEHTPOOECKHBIX
cwi 100 TyTéM Cco3MaHUs  U30BITOYHOTO JIaBCHUS Haad  (QUIbTPYyIOLIEH
MEePEeropoJIKON  MEXaHWYECKUMU CPEACTBAMH; PpaJUAIlMOHHBIA HarpeB MOXHO
MPOU3BOJINTh, HCHOJIB3YSl JJIEKTPUUYECKYI0 DSHEPTUI0 WM TEIUIOBOE H3IYyYEHHE
XUMHUUYECKON PEaKIIMU TOPEHUS; CMEIINBAHUE U JIO3UPOBAHUE MOXKHO OCYIIECTBIISATh
MOPIMOHHO WJIM HENpepbIBHO. Borpoc, ciegoBaTenbHO, 3aKI0YAETCS B TOM, KaKOe
pelieHue sBiseTCs Haubojiee palMOHAIbHBIM B KOHKPETHOM TEXHOJIOTUYECKOM
cutyanuu.  MHXeHepHOe  pellleHWe,  MO3BOJISIIOIIEe  MPOBECTH  HYXKHOE
npeoOpa3zoBaHue 00padaThiBAEMOro MPOAYKTa B 3aJaHHOM PEXHUME, Ha30BEM
padouum opranom. Torma pabouuii mpoiiecc, CpeAcTBa peaau3aliid KOTOPOro
OTpe/eNieHbl, OyJIeM CUMTATh TEXHMUYECKOW omepauued U B JaibHelIeM Oynem
paccMaTpuBaTh UMEHHO TakKue omnepanuu. /s TeXHUYecKol omepanuu XapakTepHO
TO, UYTO OHA MOXXET OBITh BBIMOJHEHA COOTBETCTBYIOIICH MAIIMHOMN WM anmnapaToM,
CO37IaHHBIMHU Ha OCHOBE paboyero opraxa.

['paHuBI KaXI0W OINEpaluy ONMPENENAIOTCS HAYAIBbHOUM WU KOHEUYHOM CTaJusMU
BeJleHUs pabodyero mpoiecca — COCTOSIHUSIMU, CBOMCTBAMHU MPOIYKTAa, C KOTOPBIX
HaunMHaeTcs 00paboTka M KOTOPHIMU OHAa 3aKaHuMBaeTcs. Bce omepanuu MOXKHO
pa3leNuTh C YYETOM XapakTepa BO3JCHCTBHS Ha MaTepual Ha JABE TPYMIbL:
omepaluy MpeoOpa3oBaHus, HAIpaBJICHHbIE Ha HU3MEHEHHE (HU3UKO-XUMUYECKUX
CBOMCTB MIPOJIYKTa, ¥ OTIEPAIIMH COXPAHCHUS UMEIOINUXCS CBOMCTB (Tadum. 1.1.).



Knacendukanua onepaumii Tadauya 1.1

Xapakrep Bo3jcicTsis
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2. Coxpatlcnise
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Tab6muna 1.1. Kinaccudukanus onepanmii

Omnepauuu npeoOpa3oBaHUsl MPUBOAAT K CO3JAHHIO HOBBIX CBOMCTB MPOIYKTOB
NyTEM H3MEHEHUsl CTPYKTYpbl, COCTOSIHUS, cocTaBa wid ¢Gopmbl. B 3Ty rpynmy
BXOJAT OIlEpallMi, OCHOBAHHBIE HA MPOLIECCaX U3MENbYCHUS, pACTBOPEHUS, HATPEBa,
YBIQXHEHHS, CMCEIINBAaHUs, OYHUCTKH, pa3dCieHUs MNPOAYKTOB, JIEJICHMUS,
¢dbopMoBaHus, YNakoBKU U mp. Takue omnepanuu MOTyT UMETh OJIMH WJIM HECKOJIBKO
BXOJIOB 110 YHCIly IepepabaThiBA€MbIX MAaTEPUAJIOB U OJJMH WJIM HECKOJIBKO BBIXOJIOB
I10 YUCIIY BBIXOASAIIUX IPOIYKTOB.

Onepanuy COXpaHEHUS CBOMCTB CBSI3aHbl C IIPOLIECCAaMM  JO3WPOBAHMA,
OpHMEHTALMH, YHOPSNAOYEHHMs, XPAHEHUS, KOHTPOJISI U HE NPUBOIAT K M3MEHEHMIO
oOpabaTpiBaeMbIX MaTepuanioB. Croa MOXXHO OTHECTH OIEpaldd BECOBOTO U
00BEMHOTO JI03UPOBAHUS; TAPHOTO M OECTAPHOTO XPAHEHUS KUIKUX, CBHITyUYUX U
IITY4YHBIX  MAaTEpPUAlOB; MapUIPyTHOM H  TPOCTPAHCTBEHHOW  OpHEHTALIUH,
YOOPSAOYEHHUST MyTEM YKIAAKA M PacKIaiKd, (OPMUPOBAHMSI CTEKOB U PAJIOB;
KOHTpPOJII CBOWCTB, BKJIOYas OpakoBKy, W np. Omepauuu 3TOH Tpynnbl OOBIYHO
MMEIOT OJMH BXOJ U OJIMH BBIXO/I.

1.3.TEXHOJIOTHYECKHUMN MPOILECC

[IpakTHueckoe pemieHue 3alayd IOJYYeHHS MHUIIEBOrO0 MPOAYKTa HY>KHOTO
KayecTBa CTAHOBUTCS BO3MOXKHBIM TIOCJIE OTMPEIEICHHsI ITOJIHOTO COCTaBa ONepannuii
U YCTAaHOBJIEHHUS HEOOXOAMMOIO KOJMYECTBa CBsi3ed. B 3TOM ciyuae craHOBUTCS
SICHa HE TOJIBKO TIOCJIEIOBAaTEIbHOCTh M3MECHEHHSI Ka4eCTBEHHBIX XapaKTEPUCTHK
ChIpbs U TmONy(pabpukaToB, HO W TO, KAKUM OO0pa3oM OTH XapaKTEPUCTUKHU



nocturarorcs. IlpeacraBieHne TEXHOJOTMM B BHJE CHUCTEMBl OlEepaluid, a
MaTepUalIbHBIX TOTOKOB MEXIy ONEpalMsIMU — B BHUIE CBSA3EH JENAaeT BCHO
TEXHOJIOTHIO “NPO3payHOM”’, MOHIATHOM C TOYKU 3PEHUS OpraHU3alluyi TPOU3BOJICTBA.
[ToonepaniMOHHOE PElICeHHE TEXHOJIOTMU HA30BEM TEXHOJIOTMYECKUM MPOLECCOM.

®dusnueckass  000COOJIEHHOCTh  OMNepalMii UM MaTEpUAJbHBIM  XapakTep
MPOU3BOJICTBA MPEJONPEACIAIOT HEOOXOIUMOCTh HCIOJB30BAHUS ~ OOJIBIIOTO
KOJIMYECTBA CBA3YIOIIUX TEXHUYECKUX TPAHCIOPTUPYIOIIMX 3JIEMEHTOB. Takas
HEOOXOJIMMOCTh BO3HUKAET TPEkKIE BCEro TOI/A, KOTJa HW3MEHEHHE (U3HUKO-
XUMUYECKAX CBOWCTB IPOAYKTOB OCYLIECTBIISIETCS B CTAalMOHAPHOM PEXKHUME IO
OTHOLIEHUIO K TEXHOJOrnueckoMmy mporueccy. Croga MOKHO OTHECTH BCE ONEpaluu
NOPLUMOHHOW ¥ MapTUOHHOW 00pabOTKU IpPH MPUTOTOBIEHUU PacT-BOPOB U CMECEH,
BBITICUKE, OpOXKEHUHU, CYIIKE, BIAroTEIUIOBOM 00paboTKe, OXJaXACHUM U T.1.
OpnHako u onepanuu 00pabOTKH B JBUKEHUH, TAKUE KaK BaJIbLIEBAHUE, IIETyILIECHUE,
ITHEBMOCEMApUpoOBaHue, (OpPMOBAHHUE, TO3UPOBAHUE, OCBETIICHHE CYCHEH3HH U
npoYue, NpU UX TPOCTPAHCTBEHHOM 000COOJEHHOCTU TaKK€ HYKIAIOTCS B CBS3SX.
Otcroma cienyer, 4YTO KOHLEHTpaUMs oOlepauuid, KOMOMHUPOBaHUE pabOdMX
IIPOLIECCOB MO3BOJIIOT COKPAIATh KOJIMYECTBO CBA3EH.

B noboMm ciayyae moonepanMoHHOE PEIICHUE JAeT IOJHOE MPEACTABICHHE O
NyTSIX U METOAAaxX IOJYy4YEHHs INPOAYKIHMH, CO3MAET MPEANOCBUIKH ISl MOWCKA M
CO3JaHusl MaIMHHO-aNNapaTHbIX CPEICTB PEeATU3ALMU TEXHOJIOTUU.

HarysinHOe npencTaBieHue O CTPYKTYpe TEXHOJIOTMYECKOTO Ipolecca JAeT €ro
cxema. Ha wHell o00o03HaualOTCsS BCE ONEpaluu, YKa3blBAalOTCS Ha3BaHUA U
KAUECTBEHHBIE XapPAKTEPUCTUKH CHIPbSl M BBIXOAAIIMX IMPOAYKTOB IIO AHAJIOTMH CO
CTPYKTYpOU U cxeMoil TexHonoruu (cMm. puc. 1.2 u 1.3).

C Touku 3peHus (HOPMHUPOBAHUS CTPYKTYpbl TEXHOJOTHYECKOTO Mpolecca Bce
Olepaluy JAENATCS Ha JHMHEHHbIe (OJUH BXOJ — OJWH BBIXOJH), COCAUHUTEIbHBIC
(MHOTO BXO/IOB — OJIMH BBIXOJ) U pa3JelUTeIbHbIe (OUH BXOJ — MHOTO BbIXOJOB)
(puc. 1.5).
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Puc. 1.5. Bunpl onepanuii B CTpyKType TEXHOJIOTHYECKOr0 IIpoLecca

Cas3u 0T06pa)KaIOT MAaTCpUAJIBbHBIC IIOTOKHM TCXHOJOIHMYCCKOIo IIpomecCa M Ha
cxeme 0003HAYaroTCs COCAMHCHUAMHU MCKAY OIICpalusIMU. OTH CBS3M Ha IIPaKTHUKE
MOT'YT OCYHICCTBIIATBCA pPa3JIMYHbBIMU criocobaMu H MNpOBOANUTHLCA pPa3HbBIMHU
TEXHUUYCCKUMU CpEACTBAMMU. TaK, CBIIIYUYHUC M INTYYHBIC MAaTCpHAJIbl IICPCMCIIAIOTCA
CaMOTCKOM, MCXAHHWYCCKMU WM ITHCBMATHYCCKH, KHAKOCTH IICPCKAYMBAIOTCA U



JIBIXKYTCSI CaMOTEKOM. B KauecTBe WHIKEHEPHBIX PEIICHUH HCHOJb3YIOTCS
TpyOONPOBO/IbI, XKe100a, TPAHCIIOPTEPHI, HACOCHI, BEHTUIISTOPHI, MIBBIPSIKUA. Takum
o0pa3oM, CBSI3W TakXKe SBISAIOTCA OMEPAlMSIMH TEXHOJIOTMYECKOTO Ipolecca.
XapakTep WX BO3JEHCTBHMS Ha MaTepuall HalpaBieH Ha COXpaHEHUE CBOMCTB
nepeMeIiaemMpix  npoAayktoB.  ClenoBaTenbHO, HUX  MOXHO  OTHECTH K
COOTBETCTBYIOIIEH rpynme (cMm. Tabm. 1.1) w®  Ha3Barh  omnepainusMu
TPaHCTIOPTUPOBAHUSL.

[TockonbKy B OOJBIIMHCTBE CIYy4YaeB TEXHOJIOTHS MOXET OBbITh BOCHpPOW3BEICHA
HECKOJBKMMH CII0CO0aMU, TO, €CTECTBEHHO, U €€ TEXHOJOTHYECKHUI MPOLECC MOKET
UMETh Ppa3IMYHbIA COCTaB omnepanuii U cBa3ed. Torma BO3HUKAET 3ajaua
COTMOCTAaBJICHUS BAapUaHTOB M BbIOOpa Hambojee panuoHanbHOro. J[[s 3Toro
OLICHUBAETCS CI0KHOCTh MOJIYYaEMbBIX CUCTEM.

[IpocTeiilas oOIEHKAa YYUTHIBAET YHUCJIO U CJIOKHOCTh OCHOBHBIX 3JIEMEHTOB
CUCTEMBI:

S :; Som N o (1.1)

re N — YKUCI0 THUIIOB 3JIEMEHTOB CHUCTEMBI; S,y — CIOXKHOCTH DJEMEHTa I-r0 THIIA;
Nj;i — YHCIIO 3JICMEHTOB I-T'O THIIA.

CoKHOCTh DJIEMEHTOB MOXKET OBbITh BBIpAXK€HA KaK B TEXHUYECKHUX, TaK U B
Ka4eCTBEHHBIX WJIK DKOHOMUYECKHUX KPUTEPUSIX.

OTa 3aBHCUMOCTb MOJKET OBITh HCIOJIb30BaHA Ha HayallbHOM JTame OICHKH,
MOCKOJIbKY HE YUUTHIBAET KOJUUYECTBO U CIOKHOCTh CBSI3EH.

bonee  mosHas  oOleHKAa ~ CHUCTeMBbl  JOJDKHA  BKJIIOYATh  IOKa3aTenw,
XapaKTePHU3YIOIIUE CIOKHOCTh CBs3eil. B mepBoM mnpuOImKeHWH Takas OIleHKa
BKJIIOYAET pacyueT, OCHOBAaHHBIA Ha 3aBUCUMOCTH, YCTaHABJIMBAIOIIEH COOTBETCTBUE
MEXTY CIIO’)KHOCTBIO JIEMEHTOB CUCTEMBI U CJIOKHOCTBIO UX CBSI3CH:

Sce = a Son , (1.2)
I1€ a — OTHOCUTENbHBIN KOIP(GUIMEHT CIIOKHOCTH CBS3€H MO CpPAaBHEHHUIO CO

CIIO’)KHOCTBIO JICMEHTOB; S5, — CIIOKHOCTD JICMEHTOB.
[TapameTp S,; onuceIBaeTCs 3aBUCHMOCTRIO (1.1), T. .

SQﬂ:iZil: S9J7iN9JIi (1.3)

O6I_Haﬂ OLICHKA CIIOKHOCTHU CUCTEMBbI HpeI[CTaBHﬂeTCﬂ B BUC
S =Scg+ Sy (1.4)

Torna ¢ yuetom (1.2) u (1.3) Beipakenue (1.4) npuHuMaeT BuUa



S =@raY SN, (15)

31ech HEOOXOAMMO OTMETHUTh, UTO B OOIIEM cllydae OICHKAa CBS3EH YUYHTHIBAET
KOJIMYECTBO THIIOB CBSI3€M U CIIOKHOCTh KaXKJOI'0 THIIA, T.€. OIEHKA Sgg

OTUCHIBACTCS (PYHKITHEH

SCB:Ji SCBjNCBj (1.6)

rae M — KOJWYECTBO THUIIOB CBS3EH; chj — CJI0KHOCTH CBSI3€H |J-TO THUIIA; Nc@j —
KOJIMYECTBO CBSI3EH |-rO THIIA.

Torna, yuutsiBas (1.3), uz (1.4) nonydum

S :iz_nl: SaﬂiNaﬂi +2 SCBJNCBJ (17)

Bce npeacraBieHHbIe OLEHKU MOTYT OBITh ITOJIyY€HBI TOJIBKO B TOM CIy4yae, Korja
U3BECTHBI UX cocTaBistonie. Ho ecnu KOJMYecTBO 3JIEMEHTOB M CBA3EH MOXKET
OBITh ONPENENICHO C a0COJIIOTHOM TOYHOCTBIO, TO 3HAYEHHUS UX CIIO)KHOCTEH He
BCErJa HMEIOT KOHKPETHbIe Mepbl. Torgja OHU JIOJDKHBI OBITh  BBIPAXKEHBI
CPaBHHUTEIbHBIMU BEJIWYUHAMHU. [l 3TOro HEOOXOAMMO 3a/1aThCid HEKOTOPHIMHU
HaYyaJbHBIMHU 3HAYEHUSIMU YPOBHEH CIIOKHOCTH U IPOPAHKUPOBATh BCE AIEMEHTHI U
CBSI3M OTHOCUTENBHO O3TUX 3HaueHW. Takoe paHXHpPOBaHHE MOXET ObITh
BBINIOJIHEHO JIOCTATOYHO OOBEKTUBHO. OJHAKO OLEHKAa, pAacCUUTAaHHAs C €ro
NOMOUIbIO, OyJIeT MMETh CMBICI HE camMa 1o cebe, a JUIlb B COOTHOUICHUH C
OLICHKaMU JPYTMX CHUCTEM, BBIYMCICHHBIMU IO 3TOH ke MeToauke. TeM He mMeHee
MMEHHO COIIOCTABJIIEHHE M II03BOJIIET CPAaBHUBATh pAa3JIMYHBIE CHUCTEMBI H
000CHOBaHHO BhIOpaTh HanboJee NpUeMIIEMble BApUAaHThl KOMIIOHOBKH OIepalui 1
TEXHOJIOTHYECKUX MPOLECCOB B LIETIOM.

1.4. MAIIUHHO-ATIITAPATHOE PEIIEHUE TEXHOJIOTUYECKOTO
MPOLIECCA

Kaxnas omepanmsi, a TeM 0oJjiee TEXHOJOTUYECKHM MPOIECC, MOTYT OBITh, KaK
MPABUJIO, BBIMOJIHEHBI Pa3IMUYHBIMM TEXHUUYECKHMH CpEJCTBAMU — MAalllMHAMU U
amnmapaTamu.

Jns mopaBmsroniero OOJBIIMHCTBA OINEpalui MUILIEBBIX MPOU3BOACTB MOXKHO
HAaWTH KaK MHUHHUMYM HECKOJBKO pabouyux OpraHoB, CIOCOOHBIX O0ECIeYnuTh
HEOOXOJMMbIE KayeCTBEHHbIE MapaMeTphl. Tak, Hampumep, pa3fesieHHE ChITY4YHX
Cpeld MPOU3BOJSAT HA CHUTaX C BO3BPATHO-MOCTYMATENbHBIMU WJIM KPYTOBBIMU
KOJICOaHUSIMU, pa3/iefieHUe >KUAKUX Cpell — B TapelbyaThiX WA KaMEpHBIX
cemaparopax, IIEHTPOOEKHOE pas3[eleHUue CyCHeH3Wd — Ha IeHTpudyrax c
HEIMPEPHIBHOW WIIM NMEPUOANYECKOMN BBITPY3KOM 0CajiKa, MOBEPXHOCT-HYI0 00pabOTKy



3€pHOBBIX MaTEPHAIOB — Ha 00OCYHBIX MAIIMHAX C PaJIUATBbHBIM WM TPOI0JIBHBIM
pacrojio)keHueM Oudel, HeNpepbIBHOE CMEIIMBAHHE CBHIMYYMX KOMIIOHCHTOB — B
JIOTIACTHBIX WM OapaOaHHBIX CMECHTENsIX U T.0. Pabouuii opran wim wux
KoMOuHaIusi, ohopMJICHHAss B BHUIE KOHKPETHOTO KOHCTPYKTUBHOTO PCIICHHUS H
MIpEeJICTaBJICHHAsT MaTepUAIbHBIM OOBEKTOM, SIBJISETCS TEXHUYECKHUM CpPeaCTBOM
NHUIIEeBbBIX MPOM3BOACTB.

Bb160p 1 KOMITOHOBKA TEXHUYECKHUX CPEJICTB B COOTBETCTBHH C TEXHOJIOTUYECKUM
MPOILIECCOM  CO3JAI0T MPEANOCHUIKA JJIsi HAaXOXKJACHUS MAaIIMHHO-aNIapaTHOTO
pEILICHUs] TEXHOJIOTHYECKOTO MPpOoLecca.

YuuTeiBass BO3MOXKHOCTh OOBEAWMHEHHMS pabOuYMX OpPraHoB B  CIAUHYIO
KOHCTPYKITMIO, O0OECTICUMBAIONIYI0 TOJHYIO TEpepadOTKy CHIPbsI B TOTOBYIO
MPOAYKIIMIO, MOXHO TOBOPUTH O TOM, YTO MAIIMHHO-ANMNApPaTHOE pEIICHUE
TEXHOJIOTUM JOJKHO OBITh COOTBETCTBYIOIIUM arperaroM. XoTsi, Ha TIEPBbIN B3I/,
TaKoe PEIICHHE SBIACTCS HauOojiee MPOCTHIM, OHO HE MOMKET CUHMTAThCS CaMbIM
JYYIlIUM, TIOCKOJBbKY CTaHOBUTCS YHUKaIbHBIM. OJHAKO TEXHUYECKUE CpENICTBA
JOJDKHBI 0071a71aTh CBOMCTBAMHM YHHBEPCAILHOCTHU U MO3BOJISTH CO3/aBaTh CHCTEMBI
Pa3IMYHON CJIOKHOCTH C Pa3HBIMU TEXHOJOTMYECKHUMHU BO3MOXKHOCTSIMU. Takum
o0pa3oM, BO3HHMKAeT IPOTHBOPEUHME MEXKIY 3ajlauaMH TOWCKAa pallMOHAIBHBIX
pelIeHU KOHKPETHOM TEXHOJOTMU U CO3JIaHUEM YHHUBEPCAJIbHBIX MAallUH U
ammaparoB, Ha 6a3e KOTOPBIX MOXHO PEaJM30BBIBaTh Pa3IMUHbIE TEXHOJIOTHUUECKHE
nporieccbl. Ha  mpakTuke 3TO MpUBEIO K  TOMY, YTO  NIPEANPUSTHUS
MIPOJIOBOJIBCTBEHHOTO ~ MAITMHOCTPOCHUS  OPHUEHTHPYIOTCS HA  BBITYCK  JHOO
YHUBEPCAIBHOTO OOOpPYJOBaHUSI [IJIi BBIMOJHEHUS OTIEJIbHBIX Olepaluid BHE
KOHTEKCTa KOHKPETHOW TEXHOJIOTHH, JIMOO Ha MPOM3BOACTBO CIICIIMATM3UPOBAHHBIX
arperaTHbpIX KOMIUIEKCOB HAaIPaBJIE€HHOTO TPUMEHECHUSI.

YHUBEPCATbHOCTh MAIllMH M anllapaToB OrPaHUYMBAET MX TEXHUYECKHUE
BO3MOYXHOCTH B YCJIOBUSIX KOHKPETHOTO TE€XHOJIOTUUYECKOTO Mpoliecca. TeXHUYeCcKu
OHa o0ecIeurBaeTCs 3a CUeT 00BEUHCHHS B MAaIlTMHE OCHOBHOT'O paboyvero opraHa,
peAU3YIONIETO, KaK MPABUIIO, OJHY OCHOBHYIO OIEpAIMI0, W BCIOMOTAaTEIbHBIX
paboYmMX OpraHoB, CO3JAIOIINX YCIIOBHS I € MpoBeacHus. KoMImoHOBKa eMHOM
TEXHUYECKON CHUCTEeMBbI Ha 0a3e TaKOro 00OpY0BaHMS BBITIOJHSIETCS B OCHOBHOM 3a
CYCT IPUMEHEHUS TEXHUYSCKUX CPEACTB, OOCCIICUMBAIOIIMX BCIIOMOTATEIbHBIC
oriepaluy TPaHCIIOPTUPOBAHUS U XPAHEHUS.

Cnenmanusaiysi arperaroB, HaNpoOTHB, OCHOBaHAa Ha TMPUMEHEHUHU JIUIIb
MUHUMAJBLHOIO COCTaBa pabo4YMX OpraHoB. Arperar yxe caM 1o cebe sBIseTcs
IIEJIOCTHON TEXHUYECKON CUCTEMOM, pacujeHEHnE KOTOPOU Ha MOACUCTEMBI pab0odnx
OpPraHoOB HE UMEET CMBICIIA.

B nmio0om ciydae W yHHUBEpPCATbHOCTh, W CIEHHAIM3AIUS 000PYIOBaHUS
OTPAaHUYMBAIOT BO3MOXKHOCTHU CO3/1aHUSI MHOTO(YHKIIMOHAJIBHBIX MPOU3BOJICTB Ha
OCHOBE KOMIUIEKCA TEXHOJOTMYECKUX MPOLIECCOB.

MHOroGyHKIIMOHATLHOCTh  MHUIIEBBIX MPOU3BOJCTB JOCTUTAETCS 3a CYET
oOecrieueHUsT BO3MOXKHOCTH HW3MEHEHHUs TEXHOJIOTMYECKOTOo Tpoliecca IMpu
MOCTOSIHHOM COCTaBE€ TEXHUYECKUX CPEJICTB. DTO O3HAYAET, UTO IMPU MEPEXOJAE Ha
00pabOTKy HOBOTO CHIPhS W BBIMYCK APYrOoM MPOMYKIMH JOJDKHA BaphbUPOBATHCS



CTPYKTYpa TEXHUYECKON CUCTEMBI IyTEM W3MEHEHHS CBSI3€M MEXKIy dJIeMEeHTaMu. B
pe3yibTaTe MpeTepreBaloT HM3MEHEHHs MOCIEA0BAaTeIbHOCTh W OOLIUMH COCTaB
omepanuii. TexHuueckass cucTeMa MpUOOPETaeT KauyeCTBO THOKOCTH 0 aHAJIOTHUHU C
TMOKMMU TEXHOJOTHYECKUMH MOAYISIMHU MAIIMHOCTPOUTENBHBIX MPEINPUSTUN.
[ToHsATHO, YTO KApAWHAIBLHOTO M3MEHEHHS TEXHOJIOTHYECKOTO Tpolecca OBITh HE
MOkeT. Takoil myTh oOecriedeHusi MHOTO(YHK-IIMOHAIIBHOCTH BO3MOXKEH Ha
MPOU3BOJICTBAX C OJIM3KUMU MO CTPYKTYPE TEXHOJIOTUSAMMU.

Jns peanuzanuy 3TOro MOJX0Ja HEOOXOAMMO PACUJIEHUTh BECh KOMILIEKC
oTepanuii Ha CTaOUITLHBIE TIOJICUCTEMBI, COXPAHSIOIINE CBOIO CTPYKTYPY MPH JTFOOBIX
00CTOSITEILCTBAX, M YCTAaHOBUThH CBSI3M MEXIy HUMH. Hampumep, TexHonoruu
nepepaboTKH prca U OBCa B KPYITy MPEANOIaraloT MPUMEHEHHE BO MHOTOM CXOHBIX
orepanuii ¥ o0opyJoBaHUsA. B TEXHOIOTMU MPOU3BOJICTBA PUCOBOM KPYIBI MOCIE
OYMCTKM  BBINOJIHSETCS  CHENHaldbHAs  MNOATOTOBKA  3€pHA,  BKIIOYArOIIas
bpakuMOHUPOBAHUE M OT/AEJICHUE KaMHEW, 3aTeM MPOBOJUTCS HEMOCPECTBEHHO
orepalys BbIpaOOTKU KPYIbI: MICTyIIeHUE, NiTM(oBaHue, COPTUPOBKA U KOHTPOJIb
(puc. 1.6).
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Puc. 1.6. [loncucreMsl TEXHOJIOTMU MPOU3BOACTBA PUCOBOU KPYTIBI

[Tpu nepepaboTKe OBca 3epHO TaKke MpeaBapuTesbHo ounaercs. CrnennanbHas
MOATOTOBKA 3aKJIOYAeTCs B OTJACICHUM [JIMHHBIX W KOPOTKHUX MPUMECEH,
MOBEPXHOCTHOM W THAPOTEpPMHUECKOM 00paboTke. Jlamee Tak ke, KaKk W MpH
TEXHOJIOTHH TIEPepadOTKU prCa, BBHITIOIHIIOTCS OCHOBHBIC OTIEPAIUH JJISI BRIPAOOTKH
KpYIbL: HIETylIeHre, Nu(oBaHue, COPTUPOBKA, KOHTPOJIb (puc. 1.7).
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Puc. 1.7. IloacucreMbl TEXHOJIOTHUHU NEPEepabOTKH OBCa

Ha 3aBepiatorniem 3Tane oBcsHasi Kpyra MOXKET ObITh IiepepadoTaHa B XJIOMbSI.
BbiienuB B KaXIOW TEXHOJIOTUM MOJACUCTEMBl HACHTUYHBIX U OPUTHHAJIBHBIX
omeparuii, MOXHO CcGOPMUPOBATH EAUHYI0 TEXHOJOTHI0O M TEXHOJOTHYECKUH

MpoIECC MPOU3BOACTBA KPYII U3 puca u oBca (puc. 1.8).
BrITTONTHEHNE HYXKHOTO TEXHOJIOTHYECKOTO Tpollecca 00ecIeunBacTCs 3a CYET

TCHEPUPOBAHUSI COOTBETCTBYIONIUX CBSI3€H. YUECTh 3TO MO3BOJISIET KOAI(PPHUIIUECHT
HUCITOJIL30BAHUS CBI3EU

o= (1.8)

rae No — unciio aeicTByromux cBszeid; LN, — oOmee yuciio cBs3ei.
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Puc. 1.8 KoMOnHUpOBaHHASI TEXHOJIOTHS TIEpepabOTKH prca U OBCa

B sToM citydae cioKHOCTh cBsizelt cornacHo (1.2) coctaBut

Scg =05, (1.9)
a CJI0)KHOCTb BCEH CUCTEMBI WJIM OTJCNIbHBIX €€ BapuaHTOB Ha ocHoBe (1.5) omuimer
byHKIUS:

S =@+ a5)iZ;: SN o (1.10)

JI71s1 OIIEHKH S MOYKHO TaK»K€ BOCIIOJIB30BaThCS 3aBUCUMOCTBIO (1.7).



OOpatHO¥ CTOPOHON MHOTO(GYHKIIMOHATLHOCTH ¥ THOKOCTH SIBIIIETCS BO3MOKHOE
CHIDKEHHE 00IIero o0bemMa NPOW3BOJCTBA, YBEIWYCHHE YHCIAa W TOBBIIICHUE
KBATH(PUKAINKN OOCITyXKUBaIero mepcoHaita. OaHAKO OOBEKTHBHYIO OICHKY
3¢ (HEeKTUBHOCTH JA€T JIMIIb YKOHOMHYECKOE 00OCHOBAHHE.

Bonpocsl 1J11 CaMOKOHTPOJIS

. UTO IEKUT B OCHOBE TEXHOJIOTHU?
. Ilo KakuM pU3HaKaM BBIACIIAIOTCS TEXHOJOTUYECKHUE ONepatnun?
. Ha kakux npuHIMIax OCyIeCcTBISIETCS YIIOPSAOYECHHUE Ollepanuii?
. Kak ¢popmupyercst IOTOK KaueCTBEHHBIX COCTOSTHUI?
. Uro Takoe paboumii npoiecc TEXHOJIOTUU?
. Uro Takoe pabouuii opran?
. Uto Takoe TeXHU4YeCcKas onepanus?
. KakoBpI 1B€ OCHOBHBIE TpyIIIBI oniepannii? B yeM ux paznunuune?
9. Kakue BubI ornepaluii OTHOCSTCS K onepanusM npeodpa3oBaHusi CBONCTB?
10. Kakue Buapl onepanuii OTHOCATCS K ONEpPaALAsIM COXPAaHEHUS CBOMCTB?
11. Yto Takoe TEXHOJIOTUYECKUI TTporiecc?
12. Kak ctpoutcs cxema TEXHOJIOTMYECKOT0 IIporecca’?
13. HazoBuTe BUBI ONEPALMI B CTPYKTYPE TEXHOJIOIMYECKOTO IIPOLIECCa.
14. Yem BbI3BaHO NMPUMEHEHHE onepanui TpaHcnoptupoBanusa? K kakoi rpymnme
OHM OTHOCSITCSA?
15. Kak OuUeHuTh CcHUCTEMY, YUYWTHIBAs CIIOKHOCTb M KOJUYECTBO OCHOBHBIX
AJIEMEHTOB?
16. Kak OLIEHUTH CIIOAKHOCTH CBSI3€M YEPE3 CIOKHOCTD SJIEMEHTOB?
17. Kak BBINOJIHSAETCS HE3aBUCUMas OLIEHKA CI0KHOCTHU CBA3EH?
18. Kak O1eHUTH CII0KHOCTh CUCTEMBI C YYETOM CIIOKHOCTH SJIEMEHTOB U CBA3CH?
19. Uto Takoe TEXHUYECKOE CPEACTBO?
20. Yto moHMMaETCs MOJ MAallMHHO-ANNApaTHBIM PEIIEHUEM TEXHOJIOTHYECKOTO
nporecca?
21. KakoBbl IpenMyI1IECTBA U HEIOCTATKU arperaTton?
22. KakoBbI NPEUMYLIECTBA U HEJOCTATKN YHUBEPCAIBHBIX MAIINH U annapaToB?
23. Kak gocturaercs MHOTOQYHKIIMOHAIBHOCTD MPOU3BO/ICTBA?
24. Kak yyuTBHIBAa€TCS HEHCHOJb30BAHUE YacCTH CBS3€d IpPU  OLEHKE
MHOTO(YHKIITMOHAJIBHOT'O MMPOU3BOICTBA?

0 31O\ DNk~ WK —



2. TEXHOJJOTMYECKHUI MOTOK MPOU3BOJACTBA

2.1. TEXHOJIOTMYECKHWH IIUKJI 1 MATEPHUAJIBHBIN ITIOTOK
OIIEPAIIMH

PaGoumii mporiecc omneparuu TpedyeT ONMpeaeICHHBIX TEXHOIOTUNA U KOHCTPYKITHMA
pabouux OpraHoOB, a TAKXKE 3aTpaT BPEMEHU Ha €ro MPOBEACHUE.

TexHonornueckass OOYyCIOBIEHHOCTh 3aTpaT CBsi3aHAa TMPEXIE BCEro ¢
MaTepUATBHOCThIO 0OBEKTOB 00paOOTKU M HEOOXOAMMOCTHIO MOJHOTO 3aBEPIICHUS
npoliecca BO BCEM 00bEME 3aJJaHHOM MOPLUHH MPOAYKTA, T. €. JOCTHKEHHS HYKHBIX
KaueCTBEHHBIX MapaMeTpoB. Bpemsi, HEOOX0MMOE MO TEXHOJOTUU Ha MPOBEICHUE
paboyero nporecca, Ha3bIBA€TCS TEXHOJOTH4eCKUM BpeMeHeM Olepanum.

3aTpaTbl BPEMEHHM, CBSI3aHHBIE C KOHCTPYKIMEH pabdOuMx OpPraHoB, BbI3BaHBI
MaTEPUATIBLHOCTBIO MOCIEIHNUX, HATMUMEM (PU3NYECKUX TPaHUI] U HEOOXOIUMOCTHIO
TPaHCIOPTUPOBAHUS MMPOAYKTA Uepe3 padounii Opras.

Bo3nelicTBue TEXHUYECKHUX CPEACTB HA MPOAYKT MOXKET OCYLIECTBIATHCA B ABYX
peXuMax: TPAHCIOPTUBHO M CTauMOHapHO. [Ipu TpaHCIOPTUBHOM peKUME
oOpaboTKka BeneTcs B Ipoliecce MepeMelIieHHs] MaTepuaia depe3 pabouuii opras.
[lomaya cblpps W BBITPYy3Ka TOTOBOM NPOIYKLIHMH HPOU3BOASTCS HEMPEPHIBHO.
COOTBETCTBEHHO M ONEpalrs HA3bIBACTCS oONepanueil HenmpepbIBHON 00padoTKH.
BpeMss  TpaHcnmopTMpoBaHMsS B 3TOM  CJIy4ya€ Ha3HA4aeTcss C  y4EeTOM
TE€XHOJIOTHYECKOT0 BPEMEHU ONEPALIHH.

CraimoHapHbIil pPEXUM BO3JCHCTBHS MPEIINOIaracT, 4YTo TPaHCIOPTUPOBAHUE
OCYILECTBIISIETCS 0 U Tocie oOpaboTku. CHavana 1 BeieHus: pabouero mnpoiecca
MOATOTaBIMBACTCSA OIpE/eieHHAsl MOPIUs WK MapTUs ChIPhS, JUIsl 4ero padbouuii
OopraH CHa0KaeTCsi COOTBETCTBYIOIIMM HAKOMUTENIeM. 3aTeM oO0pabaThIBaeTCsl BECh
NOATOTOBJIICHHBIA ~ MaTepual, MW  TOJBKO  TOCIE€  3TOr0  MPOU3BOJAUTCS
TPaHCIOPTUPOBAHUE 3a TpaHUlbl paboyero opraHa, T. €. BbIFPy3Ka. Bbimyck
IPOJYKLIHH OCYIIECTBIISIETCS NEPUOJMYECKH. 3aTpaTbl BPEMEHU Ha IPOBEICHUE
pabouero mpouecca B A3TOM CJIy4yae BKJIOYAKOT, MOMHUMO TEXHOJIOTHYECKOIO
BPEMEHU, TaK)Ke MEPUOJbl HAKOIUIEHUS W BBHITpY3ku. llocnegnue nBa mapamerpa
Ha3bIBAIOTCSl MOATOTOBUTEIbHO-3AKJIKYNTEILHBIM BpeMeHeM OlNepanuu, a cama
ornepanus — onepanuei NnepuoanvecKkoit 00padoTkm.

TexHOMOruYeckoe M MOATOTOBUTENbHO-3aKIIOUUTEILHOE BpeMsl OIepanuud B

CyMME€  COCTAaBJIIOT  TEXHOJOTMYECKHM  LMUKI  OIEepalnuu t%' To ecTp
TEeXHOJIOTMYEeCKUIl UKJI — 3TO BPEM OT Havasa ONepaluu 0 €€ 3aBepPIICHUS:

ty =t +t,+t,, 2.1)
rae U — rexnonoruueckoe Bpems; {3 — Bpems nakonnenus; lg — BpeMs BBI-TPY3KH.
Jlns omepanuid, IPOBOIMMBIX B TpaHCTIOpTHBHOM peskume, t3 =g =0 n ty =

tm.



OGuiee komuuecTo Marepuana Moy, obpaboranHoro 3a Bpems Iy paGounm

OpraHoM, OMNpeAeseTcs MyTeM yyeTa MOCTYNAIOIIero MiIu OTBOAUMOIO MPOIYKTA.
MartepuanbHbIii 0alaHC ONepaIiy BBITJISIAUT CICAYIOIIMM 00pa3oM:

Mon = Mon ex = Mon ewvix ,

rne Mon gx — xommuecTBo mocrymamomero ceipbsi, Mon gpix — KOIMYECTBO
BBIXOJIAIIETO IIPOAYKTA.

yt{HTBIBa}I, 4qTO B O6HICM BHUJAC HaA 06pa60TI<y MOJXKET OBIThH IIoJaHO HCCKOJIBKO
BHUIOB CBIPbS M IIOJYYCHO HCCKOJIBKO BHIOB IIPOAYKIIMH, MaTepI/IaHBHI-Jﬁ Oajanc
OIICpan MOKHO 3aIlMCAaThb B BHUAC

MO”:;Mi 68X :JZ:;MJ' 6b1X (2.2)

rae N — KOIM4YecTBO BHIOB ChIPbs; M| gy — KOOMuecTBO Chiphst  |-ro Buma; M —

KOJIMYECTBO BUJIOB MPOAYKIIUH; ]\/[J gbix — KOJIMYECTBO MPOAYKIINU j-ro BHJIA.

YacTHpiM ciiydaeMm BbIpaxkeHus (2.2) SBIAIOTCS MaTepHalbHbIC OalaHChl
JMHEMHBIX, COCIVHUTENIBHBIX W pa3JdeIUTENbHBIX omnepauuil. s nuHenHou

orepanuu ¢ ogHuM poaykToM Mgy = Mgpix, U onepanuu coeIuHEHHs N BUIOB

n
CBIPbSl B OJIUH MPOIYKT Z M iex — Me,,,x, JUISL OTIepalluv Pa3eJICHUS] OJTHOTO
i=1

m
BUJA ChIpb Ha M mpoxayktoB Mg, = Z M j gprx- Ha IPAKTHKE NMPU HAaTWYUU
j=1

HECKOJILKUX BMJIOB CHIPbSl M TOTOBOM MPOAYKIUM MX KOJUYECTBO BHIPAKAETCSA B
pomsx (U) wmmm mpounenrax (P) or Mpy. Torma, Hanpumep, i Onepaunuu
coeuHEeHus OyZeM UMETh

iznl:MonUi:M@bzx

500041

C MOI’Z
o~ Pi:Mebzx
%100 |

rae Uj — nons ceipes i-ro Buga; Pj — npouenT ceipbs i-ro Buja,

a U1 oriepanuun pa3JaCciICHHA



ng:jiMont

NI

Man
M. Z—1:100

rne Uj — mons mpoaykra j-ro Buna; Pj — npouesT npoaykra j-ro Buza.
] poayKTa j ] —up ponyKTa |

[Ipuyem n0mKHBI OBITH 0OECTIEYEHBI COOTHOILICHHUS

ZUZU

O6paboTka ¥ TEepeMeIlleHUEe MPEIMETOB TpyJa IO omnepanusiMm Q(OpMUPYIOT
MaTepuanbHbll 1oTOK. OtTHecs 0Oyt u3 Benmuun Mk 1y, nomyuaem

HHTCHCHUBHOCTD ITIOTOKA COOTBCTCTBYIOIICTO MaTCpHalia

M
=T (23

Y
B oOmem Buie BenuduHbl M Wty HE SBIAIOTCS MOCTOSHHBIMH W MOTYT

BapbUPOBAThCS TPH K3MEHEHWU BHENIHUX YCIOBHM, CBONCTB 00pabaThiBaeMBbIX
MaTepuaioB, KOHCTPYKTHMBHBIX IapaMeTpOB pabO4YMX OpPraHoB, CIOCOOOB HX
SKCIUTyaTallul M TMpouux (akTopoB. COOTBETCTBEHHO MM MOXET MEHAThCA U
WHTEHCUBHOCTh  MOTOKa. OJTO  NOPUBOAUT K  HEOINPENEIECHHOCTH  IIPHU
(GYHKIIMOHUPOBAHUM TEXHUYECKUX CHCTEM. 3ajiaya, CJIeJ0BaTEIbHO, 3aKIII0UAETCs B
TOM, YTOOBI CO3[]aTh MPEANOCHUIKU AJI MOAACp>KaHUs 3HAUeHUH ( Ha MOCTOSIHHOM
ypoBHe. OnHO W3 HampaBlE€HUWW €€ peuleHusT peanu3yeTcs Ha CTaluu
MPOEKTHUPOBAHUSA TEXHUYECKUX CHCTEM 3a CYET BHEAPECHUS OpPraHU3allMOHHBIX
IIPUEMOB IIOTOYHOI'O IPOU3BOJICTBA.

2.2. TEXHOJOI'MYECKHU TITOTOK

Ceipbe, mocCTymarouiee B  IMPOU3BOJCTBO, MPOXOJUT  MOCIEIOBATEIbHYIO
MOOMEPAIOHHYI0 00pabOoTKy, MOCTENEHHO MPEBPAIIasiCh B TOTOBYIO MPOAYKIUio. B
oOI1IeM cilydae OJHOBPEMEHHO MOXKET 00paldaThIBaThCS HECKOJBKO BUIOB CHIPbS U



BBIITYCKAThCAd HECKOJIbKO BHUJOB MPOAYKIMU. B COOTBETCTBUM C IUTEIBHOCTHIO
OMEPALMOHHBIX ITUKIOB JUIsl KaXXJOTO BUJIA CHIPbS U KAXKIOTO BHAA MPOAYKIIUU
TEXHOJOTUUYECKUN TMPOolecC NprUOoOpPEeTaeT HEKOTOPYI0 BPEMEHHAIO MPOTSKEHHOCTD.
[lepyon BpeMeHHM OT Hayaja M /10 OKOHYAHMS KOHKPETHOH MOCIeA0BaTEIbHOCTU
omeparuii B 00mIeH CTPYKType TEXHOJOTHYECKOTO TMpollecca Ha3bIBACTCS
TEXHOJIOTHYECKUM IIUKJIOM JIaHHOW TOCJIeIOBATEIbHOCTH. MOXXHO pPaccMOTpETh
TEXHOJOTHYECKHI Tpoliecc B ImejoM B Buie Trpada ¢ BepmmHamu — coeippeM (C),
nonypadpukaramu (I1), roroBeiMu usgenusmu (M) U CBA3IMU — ONEpPAIMOHHBIMU

muknamu (ty) (puc. 2.1).

...........................................................

s @ T
OLJOL3® @ -

Puc. 2.1. I'pad TexHomornueckoro mpoiecca

B Hem Bcerja MOXHO BBLACIUTH LIENb MPOU3BOJICTBA OCHOBHOM MPOAYKLHHU C
HAauOOJBIIUM TEXHOJOTHYECKUM IHMKJIOM, T. €. MAaKCUMAaJIbHBIM CYMMapHBIM
BpEMEHEM BBITIOJHEHUS BCEX Olepanuil. OTOo BpemMs Ha3bIBa€TCA LHMKJIOM
TeXHOJIOTHYEeCKOTr0 nmpolecca.

[[ukIu4HOCTH oOmepanmuili M TEXHOJOTMYECKOro IMpolecca O0O0YCIOBIMBAET
HEOOXOMMOCTh OpTraHW3allid MPOU3BOJCTBA HAa TMPUHIUIAX, TO3BOJISIOIINX
CO3/1aBaTh MaTEpUAJbHBIM MOTOK NPEIMETOB TpyJa, obOecreyuBas ONTUMAaIbHbBIC
YCIOBUSl DKCIUTyaTalliM MallMHHO-aNmapaTtHeix  cpeactB. CyliecTByeT MATh
OCHOBOTIOJIATal0IIMX OPraHU3AI[MOHHBIX MPUEMOB, CIIOCOOCTBYIOIIMX B KOMILIEKCE
PELIEHUIO 3TOM 3a1a4H.

[lepBblil U3 HUX — NMapaJlIeIbHOCTD, T. €. OJHOBpEMEHHass 00pabOTKa ChIphbs U
nosypaOpuKkaToB pa3IMYHOrO KadyecTBa Ha Bcex omepaunusax. [lo 3aBepuienun
o0paboTku Kaxmas mopuusi moaydadbpukara TEpeMeNaeTcss Ha  CIEIYIOIIYIO
OMepaluio, B TEXHOJOTUYECKUN TPOLECC TMOJAeTCsl HOBas MOPUHUS CBHIPbI U
OTBOAUTCSL BCSA TIOTOBas MpOAyKUUs. BbIIoNHEHHE ATUX JEHCTBUH OTBEYaeT
TpeOOBaHUSAM BTOPOTO OPraHU3ALMOHHOIO IPHEMA — HeNPePbIBHOCTH.

[Ipy mapannenbHOM BBINIOJHEHWM ONEpPaUMid W HENPEPBIBHOM IIOJAYE ChIPbS,
nepeMeInieHuy 1oyyabpukaToB W OTBOJAEC TOTOBOM MPOIYKIIMU B 00pabOTKe



IIOCTOSIHHO HAXOJWTCs OIIPENENICHHAass MaTepualibHas COBOKYIHOCTb IPEIMETOB
TpyJda pa3iM4HOIO KAadeCTBEHHOI'O COCTOSHUSA. B mepBoM NpuOIMKEHUU TaKyro
COBOKYITHOCTb MOKHO CUHATATh TEXHOJOTMYECKUM ITOTOKOM.

OpnHako co3nath 3(Q(EKTUBHO JEHCTBYIOIIYIO TEXHOJOTHYECKYIO CHCTEMY C
WHTCHCUBHBIM HCIOJF30BAaHMEM MAIlIMH M alapaToB TOJBKO MPU COONIOJACHUU
IPUHIUIIOB APAJUIEIBHOCTH U HETIPEPBIBHOCTH HEBO3MOXKHO.

Heo6xoauMo yyecTsb, 4TO B 00LIEM ciiydyae JUIMTEIbHOCTh OTAEIbHBIX ONEepanuit
npu 06pabOTKE OJHOIO U TOTO € KOJIMYECTBAa MaTepralla He COBIAJAET BCIEACTBUE
cnenupuKd mpeaMeTa TpyAa U CrIocoOOB MPOBEACHHS ONepaluil KOHKPETHBIMU
paboynuMu opraHaMu. 9TO MOKET IIPUBECTH K BOSHUKHOBEHHMIO MEXKONEPALMOHHOTO
NpOoJIeKUBaHUS 1MOTYy(HaOpUKATOB U, KaK CIEICTBUE, K HEPABHOMEPHOCTH JBUKCHUS
TEXHOJIOTHYECKOTO ITOTOKA.

YTOoOBI 3TOr0 HE MPOUCXOIUI0, TEXHOJOTHUECKUE LUKIIBI OTIEPALUid MPEXKIE BCETO
BBIDABHUBAIOTCSA JI0 PAaBHBIX WJIM KpaTHBIX 3HadeHuH. L[k, wncnonb3yemsblil B
KayecTBe OOWIEro 3HaMEHATelss, Ha3bIBaeTCsi TAKTOM NPOM3BOACTBA. TakToBas
COIJIACOBAHHOCTh OIEPALMOHHBIX IIMKJIOB OOECHEYMBAECT HNPONOPUUOHAIBHOCTH
onepauui — TPETUM OPTaHU3ALMOHHBIN ITPUEM IIOTOYHOTO MPOU3BOACTBA.

IIponiecc BbIpaBHUBAHUSA LIUKJIOB MMEET CMBICI TOJIBKO B TOM Clly4ae, €CJIM BCe
omnepanyy NPOBOJATCS B YCTAHOBUBIIEMCS PEKHME U TAKT NMPOU3BOACTBA OCTAETCS
HEU3MEHHBIM B TEUYEHHE JJIUTEIBHOIO BPEMEHM. BbIMOIHEHHE 3TOro TpeOoBaHUS
SBJISIETCS YCJIIOBUEM, OOECIIEUMBAIOIIUM PHUTMHYHOCTH T[IOTOKA — YETBEPTHI
OpraHM3allMOHHBIM TpueM. B 3TroM ciywae komnuecTBO Mmarepuana M,
nepepabaTblBa€MOI0 Ha OIEpaliy B €IUHUIYY BPEMEHHU i, CTAHOBUTCS MOCTOSHHOM
BEJIMYMHOM, M paldouuii mpoluecc NpuoOpeTaeT CTAaOWIbHBINA, MpPEeACKa3yeMbIil
xapakTep. VIHTEHCUBHOCTh MAaTE€pUaJIbHOTO MOTOKA ONEPALMH B YCTAHOBUBLIEMCS
pexume (YyHKUHOHUPOBAHUSA pabouunx OpraHoB Ha3bIBACTCS
MPOM3BOAMTEILHOCTHIO:

M
Q_T'

[IponopurOHAIBbHOCTh BCEX ONEpPALMN B TEXHOJIOTHMYECKOM MPOLECCE CO3HAET
YCIOBUSL JUISI KX TIOCICAYIOUIEM CHHXPOHM3alUMH, T. €. OJHOBPEMEHHOIO
MPOU3BOJICTBA B EIMHUILY BPEMEHHM Ha 000N oOmNepalud TaKOro KOJIMYECTBa
MaTepuaia, KOTopoe HEOOXOAUMO I TIOJIHOM 3arpy3Ku IMOCJIEAYIONmeld B TeUeHUe
TaKOTO %€ BPEMEHHOTO OTPE3KA.

HpOI/IBBOILI/ITeHBHOCTL TCXHOJOTHYCCKOro IiponecCa 3a BpEeMA TaKTa tTK

COCTaBJISIET
Q — M TK

tTK

rae M . — Macca mpoyKIuH, BBITYyCKaeMOH 3a BpeMs TaKTa.



CHHXpOHU3ALMS [IPOLECCa 03HAYAET, YTO BBITYCK MPOAYKIMHU Ha | -if oneparuu 3a
BpeMs 1, IOJDKEH COCTABIATE M TKUi , 4 €€ IIPOU3BOUTEIBLHOCTD

Q' — I\/ITKUi
tTK

rae Uj — mons ceipes, o6pabateiBaeMoro Ha i-ii omepamuu, oT 0OLIEro KOJIMYecTBa

: (2.4)

MMOCTYIIarouiCcro B TEXHOJOTMYECKUI Imponecc.

Ecnn ke Bpemst Bbinonuenns |-i onepamuu ty; > t TO B COOTBETCTBUU C

TK >
TpC6OBaHI/I$IMI/I MMPONMOPHHUOHAJIBHOCTH OHO JOJIZKHO OIIPCACIIATHCA BBIPAKCHUCM

t yi = N; tTK , (25)

rae Nj — koadduiueHT nponopiuonansHoct, Nj =1, 2,3, ...
Tornma mpou3BOAUTEILHOCTD OIIEPALIMH JOJKHA COCTABIISIThH

Q/i — |\/ITKLJi

L,

B sToM cnydae nnsi CMHXpOHHM3allUM MPOIecca HEOOXOMMO OPTraHU30BaTh Pl
MapaAJUICIIbHBIX MATEPUAJIbHBIX TNOTOKOB Ha TakoW omnepauud. MX KOIM4ecTBO
ONPENEIISIETCA COOTHOLIEHUEM

Q. (2.7)

MoXHO TakxXe B N pa3 YBEJIWYUTh MPOU3BOAUTENBHOCTH omnepauuu. U3 (2.7),
yunThiBas 2.4, 2.5 u 2.6, nonyuum

n=n;j.

CHUHXpOHHOCTBH OMEpalui  SBJISIETCS MATbIM OpPraHU3AlMOHHBIM  IIPUEMOM
MOTOYHOTO MPOU3BOJICTBA, pealu3alus KOTOPOTO 00ecneuynBaeT IOCTOSHCTBO,
CTaOWJIBHOCTh,  CTPOTYIO  JICTEPMHUHHPOBAHHOCTH  MATEPHAIBHOTO  TMOTOKA
nonypadbpuKkaToB B TEXHOJOTMYECKOM IMpoliecce. YMOPSAOUCHHAass Ha MPUHIIUAIAX
MapajuieIbHOCTH, HENPEPHIBHOCTH, MPONOPIUOHATBHOCTA, PUTMUYHOCTH H
CUHXPOHHOCTH COBOKYIHOCTh MPEJAMETOB TpPYJla HA3bIBACTCS TEXHOJOTHYECKHM
MOTOKOM.

TexHONOrnyeckui MOTOK CIYKUT OpPraHW3allMOHHOW OCHOBOW  CO3[aHHs
BBICOKOA()(DEKTUBHBIX TMPOU3BOJICTBEHHBIX TEXHUYECKUX CHUCTEM, MOJIYIHBIITNX
Ha3BaHME MOTOYHBIX TEXHOJIOTMYECKUX JIMHUM.



2.3. MATEPUAJIBHBIA BAJIAHC IOTOYHOI'O
TEXHOJOI'MYECKOI'O ITPOLHECCA

MarepuabHOCTb ~ TEXHOJOTMYECKOIO0  II0TOKA IPOU3BOACTBEHHBIX  CHCTEM
IIO03BOJIIET AHAJIM3UPOBATh €ro KaK €IMHOE LEeJI0e, TU00 BBIAENATh U PaCCMATPUBATh
OTHENBHBIE  DJIEMEHThl, KOTOPBIMM  MOTYT  OBITb  NOTOKM  KOHKPETHBIX
IIPOU3BOJICTBEHHBIX YYACTKOB OTUX CHCTEM.

HavyanpHbIMM 3JIEMEHTaMH II0TOKAa IIpolecca BCErJa SBIAIOTCA CbIpbE U
MaTepUalibl, KOHEYHBIMM — TOTOBas MNPOAYKIMS M OTXO0Abl. HadanbHbIMH
9JIEMEHTAaMHU IMOTOKOB YYaCTKOB MOTYT OBITh KaK ChIpb€, TaK U NOJdy(paOpuKaThl.
OnHaKo HE3aBUCHMO OT ATOI0 MAaTEpUANIbHBIN OaJlaHC MOTOKA JOJDKEH COXPAHITHCS:
KOJIMYECTBO ChIpbs WM NOJy(paOpUKaTOB, MOCTYNUBUIMX HA HAadyaJbHBIE ONEpalluu
npoliecca, TOJKHO ObITh PABHO KOJMYECTBY T'OTOBBIX MPOJIYKTOB U OTXOJ0B. Mcxonas
U3 3TOT0, YCJIOBUE MATEPUAIBHOIO OajlaHCca UMEET BH/]L

Qisx = Qiswix

rne Qjgx — CyMMapHas NMpOM3BOAMTENLHOCTH ONEpAlMii Ha BXOAE i-r0 ydacTKa
TexHosorndeckoro npouecca; Qjgprx — CyMMapHas IPOM3BOAMTENLHOCTD OIEPaLUii

Ha BBIXOAC i-FO yY4acCTKa TCXHOJOTHYICCKOTO IIpoIecca,

Qiex:gQik

m
Qisbix= Z Qi. ’
1=1
rae N — KOJMYEeCTBO MOTOKOB, BXOSIIHX B I-if yuacTok; Qjx — IpOU3BOAMTENLHOCTE
K-W omepanuu Ha BXOJE B I-it y4acToK; M — KOJIMYECTBO MOTOKOB, BBIXOIAIIUX U3 I-
ro yuactka; Qj| — npoussoautensrHocts |-if onepanun Ha BeIXOzE U3 I-rO yUacTKa.

TexHonornueckuii MOTOK y4yacTKa MOKHO MPEACTaBUTh B IpapuueckoM BUAE Kak
COBOKYIMHOCTh MAaTe€pUaJIbHBIX MOTOKOB onepaiuii (puc. 2.2).
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Puc. 2.2. TexHOIOTrMYECKHII TOTOK y4acTKa

Vanreas, uro Qjexx = QiyUix »  Qigex = QipUil , tme  Qjy -
IPOU3BOIUTENBLHOCTE yuacTka; Ujx — mons K-ro Buga celpbs B nmotoke yuactka; Uj|

— nons |-ro Buga npogykuum B motoke yuacTtka, Homydaem

kZi;UikZIZ::UiI_

OTO K€ peILIeHHE CIPaBeIMBO M JUIsl Ipolecca B menoM. Torga mpu P BHAAX
ChIPbsI, KKl U3 KOTOPHIX cocrasiser goiao Uy B 00mem koinuectse, u (| BUaax

MNPOAYKIHH, OO0JIA KaKA0T0 N3 KOTOPLEIX COCTABJIACT UI B O6H_I€M BBIXOJC, ITOJIYUYUM

P g
>U.=2U,
k=1 =1
OTHomleHHE omepaluii K MaTepualbHOM IIEJIOCTHOCTH TOTOKAa COOTBETCTBYET
TOMY, SIBJISIFOTCS JIM OHU JIMHEHWHBIMHU, COCAMHUTEIHHBIMU WM Pa3JaeUTEIbHBIMHU.

JIuneliHbple omepanuy MOJY4YalOT U MEpPEJaloT MOTOK Kak eauHoe 1enoe. s Hux
XapaKTepPHO COOTHOLIECHUE

Uiex = Ujgpix = 1.



CoenuHuTenbHBIE ONEpanuu (OPMHUPYIOT U3 HECKOIBKUX BXOMAAIIUX IMOTOKOB
onuH. CiienoBaTeNnbHO,

2. U =L
k=1

PaSIIGJII/ITeJII)HBIC OIICpanuu 06pa3y}0T N3 OJHOI'0 IIOTOKAa Ha BXOAC HCCKOJIBKO
BBIXOOAIIHNX. I[J'I?I HUX UMCCT MCCTO PAaBCHCTBO

1ex:2U il

COOTBETCTBEHHO HAJIMYMIO TEX WM HHBIX ONepanuid KiacCuPpuuupyrorces
CTPYKTYpPbl TEXHOJIOTUYECKUX IPOILIECCOB U MOTOKOB KaK JIMHEWHBIC, CXOMASIIHUECS,
pacxopsumecs 1 KoOMOUHUpoBaHHbIE (cM. puc. 2.2). [locneauuii MOXKET CoJiep>KaTh B
CBOEHU CTPYKTYpPE KaK COEUHUTEIIbHBIC, TAK U Pa3ICIUTEIbHbIC ONIEPALIUH.

CtpykTypa MOTOKa YYUTHIBAETCS MIPU MPOCSKTUPOBAHUM MIPEANIPUATHI B pacyeTax,
CBS3aHHBIX C BBIOOPOM OOOpPYJOBaHUS, TMPH CO3JAHUU TEXHOJOTUUYECKUX
MPOU3BOJICTBEHHBIX CUCTEM M IIPOCKTUPOBAHUU TPAHCIIOPTHBIX KOMMYHUKAIIUM.

2.4. TEXHUYECKOE OBECIIEYEHUE MATEPUAJIBHOI'O BAJTAHCA

B ycrnoBusix peanbHOro MpoU3BOACTBAa paboure MEpUOAbl MAIIWH M alapaToB
YepenyloTcs C TMepuoJaMu TMPOCTOsl, BOCCTAHOBIEHUS PAOOTOCTIOCOOHOCTH U
pEeryJIMpoOBOK, KOorja TMpOAYKIMS He BblmyckaeTcs. IIpoctou  BBI3BIBAOTCS
MIPOU3BOICTBEHHBIMHU NMPUYUHAMU MPU HECOTIACOBAHHOCTH B pabOTe WM aBApPUSIMHU.
[Tocne aBapuii BBIOMHSIOTCS PaOOTHI MO BOCCTAHOBJIEHUIO PAOOTOCTIOCOOHOCTU U
HACTpOMKe O00OpyAOBaHUS Ha 3aJlaHHBIA PEXKUM dKCIUTyatanuu. [IpocTtom Takxke
MOTYT OBITh CBSI3aHBI C HEOOXOJAMMOCTBHIO BBIMOJHEHUS MPOPUIAKTHIECKOTO
oOCIy>KMBaHUSI WM TUIAHOBOTO peMOHTa. B r00oM ciyuyae mpu 3TOM HapyliaeTcs
MaTepUaJIbHBIM OajaHC TMpolecca W CHIDKACTCS OONIUMN  BBIMYCK MPOIYKIIUH.
CrnenmoBarenbHO, Ha CTaJWMU CO3/JaHUS TEXHUYECKUX CPEICTB M TEXHOJOTHYECKUX
CUCTEM HEO0OXOIUMO MPEAYCMOTPETh TEXHUYECKHE PE3EePBBI MJiA OOeCleueHUs
MaTepUaIbHOTO OalaHCa TEXHOJIOTHYECKUX MPOIECCOB.

B TeueHne HEKOTOPOTO >XKM3HEHHOTO IIMKJAa MPOW3BOJCTBA BpEeMs HOPMabHOM
AKCIUTyaTally COCTaBIIsIET

ty =t —1tn, (28)

rne tye — mepuon ku3HeHHOro IWKIa; l — cymMmapHOe Bpemsi MPOCTOST U
BOCCTaHOBJICHUSI PaOOTOCTIOCOOHOCTH.
BrIMyck IpOAyKIMH 3a 9T0 BpeMms gocturaet M.



B obmeMm ciywae mpu N mepuojax sKcilyatanuud ¥ M mepuogax MpocTos B

tSZianltai. 5 tn:iltnj

rzie | — HoMep mepuoa paboThl, | — HOMep IepHOoJa IPOCTOS.

teueHue Uy umeeM

VuuteiBasg, 49r0 paboTammiee ¢ MNOCTOSHHOM IPOU3BOAUTENLHOCTBIO Q7
TEXHHUYECKOE CPEJICTBO BHIPAOAThIBAET MPOAYKIUIO B pexknme M = QT t, rpadux

BBIITYCKa MO>KHO MPEACTAaBUThH B BUJIE€ JOMaHOU JMHUHU (pHC. 2.3).
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Puc. 2.3. /lunamuka BbIITyCKa MPOAYKIIMU C YYETOM MPOCTOEB

Mo
Torma mst mepuona {yye QT = {_ W COrIacHo (2.8)
2
M 0
=— . 2.9
Q=i (2.9

[lockonbKky  MatepuanbHbli  OanmaHCc mpolecca OOYCJIOBIEH  MOTpeOHOM
IPOU3BOAUTENLHOCTEIO onepanuu Q,,,, TO MOXKHO 3anKcarh



M =Q t (2.10)

onoc '

Torna, moacrasisis (2.10.) B (2.9.), momydum

Q.= Q"" " (2.11)

Nibore

Ha npaktuke tn BBIPAYKACTCS B IOJIAX OT t;»c B BHjE i,

rae #, —Ko3(p(UIHUEHT IPOCTOEB.

C yueroMm BbIpaxkenue (2.11) npunumaet Buj

Q.
Q-2

J— 77},1
3II€CI> 3HAaMCHATCJIb OTPAXKACT YUCTOC BPCMA pa60T1>1 B TCUCHHC tg,tc N HA3bIBaCTCA

K03 PUIIHEHTOM UCIIOJIH30BAHUS TEXHUYECKOI MPOU3BOAUTEIHLHOCTH padouero
opraHa uiy npocto kKo3¢g¢uiueHTOM NCN0JIb30BAHMS:

77:(1_7711)

Tornma

Q.= QO” . (2.12)

Beenenue koddduimenta UCmoap30BaHus paboyero BPEMEHU CO3[AeT YCIOBUS
JUTS 001l CMHXPOHM3AIMHN BCEX OIepaIii TEXHOJIOTUYECKOTO MpoIiecca ¢ yI4eTOM
MIPOU3BOJICTBEHHBIX yCIOBUN. Takass CHHXpOHU3AIUsS MPEIoaraeT BO3MOXHOCTb

nepepaboTku 6e3 ocTaTka 3aJaHHOTro KommdyecTBa Matepuana M 3a onpenencHHOe

Bpemst {c — umki cuaxponusanuu. [puuem, M, = Mo
K
to =
c — . (213)

IJic K — KOJIMYECTBO ITUKIIOB CHHXPOHM3AIKH, K = 1,2,...

Ha mnpakTuke 4uciaeHHOe 3HaueHue ¢ ompedensieTcs MCXOJd U3 KOHKPETHOMU

TEXHOJOTHYECKONW MJIM TEXHUUYECKON CUTyaIlMH. DTO MOXET OBITh TEXHOJIOTHMYECKOE
BpeMs (uisi  omepauuii  HEeNpepbIBHOM 00pabOTKM), ONEpPalMOHHBIA UK
MEePUOIUIECKOM 00pabOTKH, TAKT MPOU3BOJICTBA, YaC, CYTKH H T.]I.

Bripaxkenne (2.12) wucnonb3yercs s 0OOCHOBaHHUSI MapamMeTpoB padbouero
oprasHa. MlcxoauTe Ipu 3TOM HY>KHO U3 TOTO, 4TO, coraacHo 2.10,2.12 n 2.13



Qr=—

ten
Ynobuo mpumsate lc=ly, nockombky Bennmumna ly oO6bekTHBHO O0ycIOBIEHA
cBoiicTBaMH 00pabaThIBAEMOTO MaTepHalia M MPHHITONW TEXHOJOTHEH 00paboTKH.
Otcroma MOXKHO cHenaTh BBIBOA, YTO 3a7adya TEXHUYECKOTO OOecredeHUs
MaTephalbHOTO  OamaHca  cBoauTca Kk Haxoxkaenmoo Me u  BwIGOpY
COOTBETCTBYIOIIMX 3HAYCHWA MMAapaMeTpoOB pPabOYMX OPTaHOB, IO3BOJISIOIINX

JIOCTHYb PacyeTHOM BemmunHbl Q..

OOpabaTtbIiBaeMbIii MaTepUall MOKET MPEICTABIATh COO0N HECTPYKTYPUPOBAHHYIO
MacCy ChIMYyYero WM MKHUJKOTO ChIPbsSl, @ TAaKKE€ HAXOJIUTHCS B BUJE IITYYHBIX
3aroTOBOK. B COBOKYITHOCTH € JIByMsI peXuMaMu 0OpabOTKH — TPAHCIIOPTHUBHBIM U
CTallMOHAPHBIM — 3TO OOCTOSITEIBCTBO ONPEAEIAET YEThIpE CIOCOo0a HaXOXKICHUS

Me.
CrauuonapHass  00pa0OTKa  MOPIMU  HECTPYKTYPUPOBAHHOTO  MaTepHalia
OCYILECTBIISIETCSA B CIEIUAIBHO MPEIHA3HAYCHHOM JJI1 3TOTO Hakomutesne. B Hero

34IrpyKacTcAa OHpGI[GHGHHBIfI 00BeM MaTtcpuaiia V, IIO3TOMY MaAcCCa IIOpLoHH
COCTaBJIAICT

Mceg = Vy,

rae Y — o0beMHas Macca MaTepuaa.

[Tpu cranmonapHoit 06pabOTKe MITYYHBIX 3arOTOBOK YYUTBHIBAETCS 00BEM MapTUH
Ny — T. €. KOIM4YeCTBO 3aroTOBOK, 3arpy’KaeMbIX B HAKOIHTEIb OJHOBPEMEHHO, H
Macca ogHou 3arotoBku M. Torma macca Bceil mapTUl COCTaBUT

MCCW — Nu,tm .
HecTpykTypupoBaHHBI MaTepuasl B TPAHCIOPTHBHOM peXHMe 00padaThIBaeTCs

HEMPEPHIBHBIM MOTOKOM. [Ipu ycTaHOBUBIIEHCS Mojadye W BO3JACUCTBUU pabOUYUM

OpraHoM ILIOLIAb CeUeHus motoka F ocraercs Hemsmennoii (puc. 2.4). C ee yueTom
OTeparMOHHAss Macca COCTaBIIsCT

Mcun = FLy,

rae L — gaamua myTH, Ha KOTOPOM IIPOUCXOIAMUT 00paboTKa.
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Puc.2.4. Cxema  OpOXOXKAEHUA  MaT€pUABHBIX  MOTOKOB  OIEpaluil

TPaAHCTIOPTUBHOM 00paOOTKH

CTpyKTypupOBaHHBIM MaTepual IMOJACTCA HAa ONEpPaluil0 TPAHCIOPTUBHOU
00pabOTKU PETYISIPHBIM MOTOKOM C YETKO OPUEHTUPOBAHHBIMU B MPOCTPAHCTBE
3arotoBkaMu (cM. puc. 2.4). O0uias macca 3aroToBOK, OJTHOBPEMEHHO HAXOISIIUXCS
10/ BO3/ICMICTBMEM paboyero oprana, COCTaBIsIeT

Y mLB
cmuw Ib ’
rae | — war pacnonoxkenns 3arortook no anuue; B — mupuna pabouero oprana; b

— Hiar pacCrioJOKCHHUs 3aroTOBOK 110 ITMPUHE.

OnepallMOHHOE  BpeMsi TpPU  TPAHCHOPTUBHOM  0OpabOTKE  MaTepuasioB
COOTBETCTBYET TEXHOJOTMYECKOMY, TIOITOMY MPOU3BOJUTEIHLHOCTh paboumx
OpPTraHOB TaKUX OIEpaIii MOKHO OMPEIETUTh CISAYIONTUM 00pa3oM:

JUTsl HECTPYKTYPHPOBAHHOTO MaTepuana

_FLy
QMH_E, umu Q,,, =FVy;
AJIs1 IOTOKA ITYYHBIX 3arOTOBOK
o - mLB o - mBv
" oplbt, o omm T plb

raeV — CKOpPOCTHh ABHIKCHUA MaTCpualia.

Otcroma crenyer, YTO YCTAHOBHBIIMICS PEXKHUM HENPEPHIBHONM 00pabOTKH
XapaKkTepu3yeTcs MPEeXkAe BCEro MOCTOSHHOM CKOPOCTBIO JBIKEHHS MOTOKA U €ro



HEU3MEHHBIM CEYEHUEM WJIM B3aUMHBIM PACIOJIO)KEHUEM 3aroTOBOK, a TaKKe
CTaOMJIBHOW MacCOM IITYYHBIX 3arOTOBOK. JTHU MapameTpbl U CIEAYeT ONpeneisaTh
npu pacuerax Q.

CrammoHapHbIit pEKUM 00paboTKHN MPEINOJIaraeT HEO0OXOIUMOCTh
JOTIOJTHUTEIBHBIX 3aTpaT BpPEMEHHM Ha TMOATOTOBKY U 3aBeplieHue padouero

nporecca. C ydyeToM 3TOTr0 MPOM3BOIUTENBHOCTh pabouero opraHa mpu padore ¢
HECTPYKTYPHUPOBAHHBIM MaTepUAIIOM

Q= —27
CH — ;
77 (tT + t3 + te)
HpI/I pa60Te CO HIquHBIMH 3dalr'OTOBKaMU HpOI/I3BOI[I/IT€J'IBHOCTB QCW CcCOoCTaBuT
Quuy =
Ccll )
U(tT + t3 + t@)

EAVMHCTBEHHBIM MapaMeTpoM B 3THUX 3aBUCHMOCTAX, KOTOPBIM HE MOIJIEKHUT
KOPPEKTHPOBKE, ABJIACTCA TEXHOJOTMYecKoe BpeMs omepauun [, . 3HadeHue

CBSI3aHO C (PUBUKO-MEXAHUYECKHUMHU CBOMCTBAMH MPOAYKTA, a BEJIMUYMHA M MOXKET
ObITh CBS3aHA KaK CO CBOWCTBAaMHM ChIpbsi, TaK M C Ka4yeCTBEHHBIMU
XapaKTepUCTUKAMH TOTOBOTO mpoaykra. M3 3Toro creayer, 4To OCHOBHBIMU
napamMeTpamu, MoJIeKalMMU BbIOOPY M pacyeTy MpU COTJIaCOBAaHUU TEXHUYECKOU
MPOU3BOAUTENBHOCTH paboOYero opraHa QT C MOTpeOHON MPOU3BOJIUTEIBLHOCTHIO

OoIIcpannunu QOH , ABJIOTCA EMKOCTb HAKOIIUTCIIA M CTPYKTYpa IMOATOTOBHUTCIIBHO-
3aKJIIIOUUTCIIBHOI'O BPCMCHU.

Bonpocs! AJ151 CaMOKOHTPOJIA

. UTo Takoe “TeXHOJOTUYECKOE BpeMsl orepaun’?
. Uto Takoe “TpaHCHIOPTUBHBIA PEKUM BO3JCHCTBUS HA POIYKT ?
. Uto Takoe “onepaliusi HeMPEepbIBHOW 00pabOTKK™?
. UeMm xapakTepu3yeTcsl CTAllMOHAPHBIN PEKUM BO3JICUCTBUSA?
. Uto Takoe “noAroToBUTEIILHO-3aKIIOYUTEIBHOE BpEeMs onieparun’?
. Urto Takoe “omepanus mepuoguvIecKoi oopadoTku’?
. UTo Takoe “TeXHOJOTUYECKUN LIUKII ONepanuu’?
. Kax onpenensiercs MarepuaibHbIi OamaHC onepariu?
9. Kak paccuuThIiBaeTCsi MaTepUalbHBIA OagaHC CXOJMSIIMXCS U PACXOSIIUXCS
onepanun?
10. YUto Takoe “UHTEHCUBHOCTH MOTOKA MPOAYKLINHU 7
11. Yto Takoe “TEXHOJIOrHYECKUIN UK ?
12. Uto nmoHuMaeTcs 1o/ MapajuieIbHOCThIO onlepaiui?

I NN D W



13. UTo noHMMaeTCs 01 HENMPEPBIBHOCTHIO MOTOKA?

14. Yto noHnMaeTcs noJ1 NponopIHuOHAIbHOCTBIO Onlepanui?

15. Yro noHMMaeTcs 1m0l pPUTMUYHOCTBIO TOTOKA?

16. Uto Takoe “npou3BOIUTEIHLHOCTD MOTOKA™?

17. Yro noHMMaeTcs oI CHHXPOHHU3ALUEN TOTOKa?

18. Kakumu cpeactBamu ob6ecrieduBaeTCsi CHHXPOHHOCTD OIepariuii?

19. Uto Takoe “TeXHOJOTHYECKUH TTOTOK ?

20. Kak cBsizaHa mpOM3BOAUTENBHOCTh OINEpaldid ¢ MaTepUalibHBIM OanaHCcOM
TEXHOJIOTHYECKOr0 OTOKAa?

21. Kak knaccuuuupyrorcst CTpyKTYpbl TEXHOJIOTHYECKUX TTOTOKOB?

22. Yto Takoe “BpeMsi IpocToeB’?

23. Yto Takoe “IKCIuIyaTallMOHHOE BpeMs ?

24. Kak onpenensTcs 3KCILUTyaTallMOHHOE BpeMsi?

25. Kak onpenensieTcs TeXHUYECKas MPOU3BOIUTEILHOCTh pabodero opraHa?

26. Uto Ttakoe “rkoapdunmeHt npoctoen”? Kak on onpenensiercs?

217. Yro TaKoe “koaddureHT WCIIOJIb30BaHUS TEXHUYECKOMN
npousBoauTenbHOCTH ? Kak oH onpenenserca?

28. Kak paccuuThIBaeTCs MPOU3BOJIUTEIBLHOCTh MIPU TPAHCIIOPTUBHOM 00paboTKe
HECTPYKTYPUPOBAHHOI'O MaTepuana’?

29. Kak paccuuThIBaeTCsl MPOU3BOJIUTEIBLHOCTh MPU TPAHCIIOPTUBHOM 00paboTKe
CTPYKTYpPUPOBAHHOTO MaTtepuana?

30. KakoB OCHOBHONl KHHEMAaTHYECKHH MPU3HAK YCTAaHOBUBILIETOCS pEKHMA
TPaHCIOPTUBHOUN 0OpabOTKU?

31. Kak paccuuThiBaeTCsi MPOU3BOAUTEILHOCTh TPU CTAIlMOHAPHOW 00padOTKe
HECTPYKTYPUPOBAHHOI'O MaTepuana’?

32. Kak paccuuThiBaeTCsi MPOU3BOAMTEILHOCTh TPU CTAIlMOHAPHOU 00padOTKe
CTPYKTYpPUPOBAHHOTO MaTtepuana?

33. Kakue OCHOBHbIE TEXHUYECKHE W OpPraHU3aLHUOHHBIE MAapaMeTpbl BIUSIOT HA
MPOU3BOAUTENHHOCTh OTNIEpaAIlMU MEPUOIUUECKON 00pabOTKuU?



3. OPTAHMU3BALIMA TEXHOJIOI'HMYECKOI'O ITIOTOKA

3.1. TEXHOJIOTUYECKHUM IMOTOK YUACTKA C ONEPAIIUSIMHU
HEIIPEPBLIBHOM OBPABOTKH

OObeMHEeHNEe MAIIUH U allapaToB B TEXHUYECKYIO CUCTEMY MOXET MPUBECTU K
MEXOTICPAIIMOHHBIM KOJCOAHUSIM MaTEPHAIBHOTO COACPKAHMS TEXHOJIOTHIECKOTO
MOTOKa. OJTU KoJieOaHUs BbI3BIBAIOTCS HECOBIAJICHUSIMU BO BPEMEHHU IEPHOJIOB
paboThl W TPOCTOSI CIACAYIOUUX JPYr 3a JPYrOM TEXHUYECKUX CPEACTB.
PaccoriiacoBaHHOCTh MPOCTOEB MPUBOJUT K COKPAIEHUIO BBIMTyCKA MPOAYKIUU U
00111eMy CHI)KEHUIO MPOU3BOUTEILHOCTH CUCTEMBI.

B 001eM cilydae Ha JBYX CieAyIomuX Apyr 3a apyroM j-ii u (j + 1)-it onepanmsx
3a BpeMs tc CHHXpOHHU3AIHMK JOHKHO OBITh IIepepad0TaHO PaBHOE KOJWYECTBO I-TO
marepuaina Mcy :

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

rae My — oOmmil Beimyck mpoxykuuu cuctemoit; Uj — moms  I-ro marepuana B
obmem notoke; Mjc — BBITYCK NPOIYKIMH Ha J-ii onepanuu; M(j+1)C — BrImyck
npoaykuuu Ha (J+1)-it onepanuu. Tpuaem

Mjc = Qg ter
M(j"'l)C — QT(j+1) tC77(j+1)’

rIe QT] u QT(i 17y — COOTBETCTBEHHO NPOM3BOIUTENBHOCT J-r0 M (j+1)-ro

pabounx OpraHoB; 7Jj ¥ 7)j+1) — KOOOPUIHMEHTHI UCTIOIB30BaHKs PA0OYHMX OPraHOB 34
Bpems {c.

3nech KOdPHUITMEHTHI 7]; 4 T](j+1) COCTaBIISIOT:

— ]
=
ty iy,
Lo
_ (j+1)
iy = ,

t3(j+1) + tH(j+1)

rae '[3]' 151 t30‘+ ]) — BpeMs HCHOJB30BaHHUs PabOYMX OPraHOB J-it u (J+1)-i
OIepalni; '[Hj 151 '[H(j+1) — BpeMms mpoctos pabouux opraHos J-ii u (J+1)-if
onepanum.



VYuurteiBasg 3TO, MOKHO OTMETUTh, YTO BBINYCK MPOAYKUUU OyAET MPOUCXOIUTH
TOJIBKO TOTJIa, KOT/la COBMAAYT MEPHObI HCIOIb30BaHUS 000MX pabOunX OpPraHoB.
[Ipon3BOAUTENBHOCTh Y4aCTKa B 3TOM ClIydac OTrpaHUYMBACTCS MEHBIIEH U3 ABYX
MPOU3BOAUTENBHOCTEN pabounx opraHoB Qmin. Torma BeIycK NpOAYKIMU Ha

y4acTke 3a Bpems {e cocTaBuT
Mcy = Qmintp ,

rae {p — Bpems cOBMECTHOM paboOTHL.

k
Ip = Ztm
I=1

ra€ K — KOJIHMYECTBO IICPHUOOOB COBMECTHOM pa6OTBI; tp| — JAJIUTCIIbHOCTD I'FO

neprojia COBMECTHOM paboTHI.
Iockoneky Ip < lc, To cooTBeTCTBEHHO

Mcy < MOU| .
OyHKIIMOHUPOBAHUE y4yacTKa C pPacCOTJacOBaHUEM JABYX IEPUOJIOB BBIMYCKa
IPOYKIMK Ha |-if oneparmu u oanoro Ha (J+1)-i uso6paxeno Ha puc. 3.1. 31ech
NpeJICTaB/IeHa TMHAMUKA TPOEKTHOTO BhiMycka nmpoykuuu Ha J-it — Mjc(t) u (J+1)-

it — M(j+1)c(t) onepanmsx, a Taroke peanbroro exoza npoxykimu Mey(t).
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Puc. 3.1. BpImyCcKk nDpOAyKIHM HA YYacTKE IPU PacCOrIaCOBAaHUM
IIEpUOJIOB PaOOTHI Omepalmit




[lepponbl pabOTBI W TOPOCTOS 4Yalle BCEro SBISIIOTCA PETYISPHBIMH U
IIPOTHO3UPYEMBIMHU. OTO TO3BOJSET OPraHU30BaTb COBMECTHOE BBINOJHEHUE
omnepanui 3a CYET BBEICHHS MEXKJYy HUMM JONOJHUTENBHOM, HE MPEIYCMOTPEHHOU
TEXHOJIOTHEN omnepanuu KOMIIEHCUPOBAaHUSA MaTepuaiabHOro noroka. Ee ¢yHKuun
COCTOST B cOOpe NPOM3BOAMMOIO Ha NPEABIAYIIEH OIEpallMd HEPACXOAYEMOIo

MaTepuaia B Nepruobl, KOraa ]\4]('[) > |\/|j+ 1(t), u monuoii 3arpyske nocieayomei
B IIEPUOJbI, KOI/IA ]\IJ('[) < |\/|j+ 1(t). B xauecTBe pabouero opraHa-KOMIEHCATOPA

HCIIOJB3YIOTCA pPA3JIMYHBIC HAKOIIUTCIIN. TaK, HJI1 HAKOIUICHHUA IIPOAYKIHWH,
XpaHHMOI;'I HACBIIIbIO, 9alIC BCCT'O UCITIOJIb3YIOTCA 6yHKCpLI. I[J'DI IOTYYHBIX 3aIrOTOBOK
MOJXKET OBITh IMPUMCHCH CHGHI/IaJ'II)HHﬁ HaKOIIUTCIIb, HOSBOJISII-OHII/Iﬁ pasMeliaTh u
XPaHUTb U3JACITIHUA B YIIOPAAOYCHHOM BHUJIC.

B o0mem ciydae |- omepauus (GopMmupyeT moTok momaun My = ]\4]('[), a
(j+1)-a — norok pacxoza Mp = 1\4j+ 1(t) . Pa6ory onepanuu KOMIEHCHPOBAHMS
MO>KHO TPEJCTaBUTh B BHUJE (DYHKIIMH, OTPa)Kalollel M3MEHEHHUE peryaupyroien
maccel AM B Teuenue nukia t¢. Torma

AMZMH—Mp WIN
AM (1) = Mj(0) - M(+1)0).

Eciav B TeueHHe LUKIA HACTYIAeT KPUTHYCCKHM MOMEHT BPEMEHH (K, IIOCIE
koToporo passocts M7 u M, /p MOIDKHA CTATh OTPULATENBHON BENMYMHOM, TO B 9TOM

cillyuae KOMIIEHCATOp cleAyeT 0 Hayaida paboThl 3arpy3uTh MaTepuUajoM B
HEO0OXOAMMOM JJI1 HOPMAJIBHOTO (PYHKIIMOHUPOBAHUS ONEPALINII KOJIMYECTBE.

Jlnst ciyuas, npencTaBiaeHHoro Ha puc. 3.1, rpaguk 3asucumoctn AM = f(t)
UMeeT BUJl, N300paKCHHBIN Ha pHC. 3.2.
M

Puc. 3.2. PaGoTa KkoMIeHCUpyroIel onepanuu



3nece My — 3HadeHuWe, XapaKTepU3yIOIIee JOMOJHHUTEIBHYIO IoJgady B
KOMIIEHCATOP:

M, :Mjc ‘tﬂ(jﬂ)l.

MHO — 3HAYCHHUC, OTMCYAIOIICC OKOHYAHUC IMPCABAPUTCIBHOI'O OIIOPOKHCHUA
KOMIICHCATOpa IIpU OAHOBPEMCHHLIX IIOAA4YC 1 paCXOAC:

My, :Mjc ‘tle _M(j+1)c ‘t91j.

MH3 — 3HA4YCHHC, OTMCYAIOINICC OKOHYAHHC IIPCABAPUTCIIBHOI'O OIIOPOKHCHUA
KOMIICHCATOpa IIpU OTCYTCTBHUU IIOJAYH:

M, :Mjc ‘(tajl +t17j)_M(j+l)c ‘(tC)lj +t17j).

M3 — 3nadenume, XapakTepu3ylollee IOTPEOHYIO MPEABAPUTEIBLHYIO 3arpy3Ky
KOMIIEHCATOopa J0 Hayana paboThl

My =M e |ty + o) =M Gane [Engan Tam).

EMKoCcTh  KOMMeHcaTtopa JOJDKHA  OBITh  JOCTATOYHOM ISl  XpaHECHUS
MaKCHMAaJIbHOTO KOJM4ecTBa perymupyromei maccsl AMmax.

['padpuxk paboOTHI KOMITEHCATOpa 1T PAaCCMAaTPUBAEMOTO Cydas TPEICTaBIICH Ha
puc. 3.3.

g R
|-

M

AM| TH,

. i
0 ’m(i‘l) ’yl/ ’x ’lli +’9|j rt' t”J(I’l)

Puc. 3.3. PaGoTa xoMreHcaTopa



Ha Y4aCTKE 1 IMPOUCXOJUT 3allOJIHCHUC  HAKOIIMTCIIAA  AOINOJIHHUTCIIbHBIM
KOJIMYCCTBOM MaTcpuajia CBCPX M3 , 4 Ha YYaCTKC 2 - pacxogoBaHHUC I3TOIO

Marepuana. Y4acToK 3 COOTBETCTBYET HCIOJIb30BaHMIO 3amaca Mz , a ydacTtok 4 —
€ro BOCCTAHOBJEHHIO. Il0 OKOHYaHMM 4YETBEPTOro Yy4yacTKa IUKI paboThl
HAKOIUTENS MOBTOpsETCA. TakuM 00pa3oM, LUK HAKOMMUTEN MOYKET ObITh pa3OuT
Ha TIepuojbl 3amoiHeHus (4 u 1 coBMECTHO) M BBITPY3kH (2 W 3 COBMECTHO)
Marepuana. B o0mem ciydae NOMHUMO 3THX TME€pUOAOB B LHUKIE pabOThI
KOMIICHCATOpa MOryT ObITh Tepuoibl XpaHenus — lyp , Korza KonuyecTso

MaTcpHrala B HAKOIMUTCIIC HC N3MCHACTCA, U TCXHOJOIMYCCKOI'O IIPOCTOSA — , KOrga

tH
TEKYIIHUM 3armac B HAKOMUTENE OTCYTCTBYET (puc. 3.4).

M'A

AT

maz

Puc. 3.4. TunuuxHbie nepuoabl B LUKIE padOThl KOMIIEHCATOPa

3.2. OPTAHU3ALUA TEXHOJJIOI'MYECKOI'O ITIOTOKA YYACTKA C
ONEPALIMSIMU HENPEPBIBHON OBPABOTKH

Ha IMPaKTHUKEC HCO6X0)II/IMOCTB YCTaHOBKH KOMIICHCATOPOB Yallc BCCTO BOZHUKACT
B CHUCTCMax € MallMHAMH W allllapaTaMH, Yy KOTOPBIX HC COBIIAJIAFOT MOMCHTHI
BKJIFOUCHMUA, Pas3InydacTCsA IMPOU3BOJUTCIIbHOCTD, a TaKXKCE B ClIyvdasax
OOIHOBPCMCHHOT'O HAJIMYUA OTHUX JIBYX 00CTOSTEIILCTB. Torz[a pemacTCa 3alaada
OopraHu3aly TEXHOJIOTHUYCCKOI'O IMTOTOKA IIYTEM pacd€Ta U YCTAHOBKH KOMIICHCATOpA
I KaXXJ0T0 HpO6J’ICMHOFO y4dacTKa, OIPCACIICHUA OJIUTCIBHOCTU  IHKJIA
CUHXpPOHHU3AlIUH tC WIA €ro COCTaBjsgiomuX. Pacuersl MMpOBOAATCA C YUCTOM
oOecricueHus HauOoJjee paHHOHaHbHOﬁ 3arpy3Kku MalllMHHO-AIIIIapaTHbIX CpPEACTB
OCHOBHBIX TCXHOJOI'MYCCKHX onepaunﬁ, KOIrJla KOMIICHCATOp pa60TaeT IIOCTOAHHO

(3arpy:kaercsi WM OINOPOXKHAETCS, MEPUOABl TEXHOJOTUYECKOIO MPOCTOSl U
XpaHEHUS! OTCYTCTBYIOT).



B peanbHbIX yclOBUSAX OyHKEp WJIM HaKOIHWTENb, KOMIIEHCUPYIOILIEH OIepaluu,
cHaOXkaeTcsi BBITPY3HbIM ycTpoiictBoM (BY), kotopoe mno3Boiser (gopMupoBath
NOTOK pacxo/a 3aJlaHHOW MHTEHCUBHOCTHU. JTO YCTPOWCTBO BKIIIOYAETCS TOIA,
KOT'/Ia HAUMHAIOT (PYHKIIMOHUPOBATH CICAYIONMIUE [0 TEXHOJOTUYECKOMY IPOIecCy
MallMHbl WJIM anmnaparbl, W BBIKIIOYAETCA BMECTe C HUMHU. [l0o3TOMy MOXKHO
3aIuCaTh:

Mg = Mp,

rae Mg — MOTOK BBITPY3HOTO YCTPOMCTBA, IPUYEM

Mg =Qgts (j+1), Mp=Qpls (j+1),

rne Qg — TexHMYeckas NPOM3BOAMTENLHOCTh BLITPY3HOIO YCTPONCTBA; Qp —
TEXHUYECKas MPOU3BOJUTEILHOCTh padO4YMX OPraHoB, Uil KOTOPBIX (hopMuUpyercs
noTok pacxonos. Crnenosarensno, Qg = Qp , T. €. BBITPY3HOE YCTPONCTBO, MOXKHO

paccMaTpUBaTh B KAU€CTBE MOTPEOUTEIS.

TakuM 00pa3oM, ydyacTOK TEXHHUYECKOW CHCTEMBbI C ONEpalusiMU HEMpPEpPbIBHOM
0o0pabOTKM, HAa  KOTOPOM  BO3HUKAET  HEOOXOAMMOCTb  JeMII(PUPOBAHUS
MaTepUaJIbHOTO TOTOKA, BKIIOYAET MUTATENh, (DOPMUPYIOMIMA TMOTOK MOJAYH, U
KOMIICHCAaTOp, COCTOSIIIUM W3 HAKOMWUTENS U BBIFPY3HOro ycTpoiictBa. BY
dbopMHUpYyET OTOK pacXo/ia U BHICTYMAET B KayecTBe moTpeduTens (puc. 3.5).

Mn(t) Komneucarop Ms(t) |

l
byHkep-
IluTarens, BY,
Q l b Haxo;n;nem., — - __l_>
' . ) . ‘ |

M‘ — eMKOCTb HaKOITHUTENs

Puc. 3.5. Y4acTok TEXHUYECKOI CUCTEMBI C KOMIIEHCATOPOM

YyacTok MOXKHO O0XapaKTCpu30BaTb TCXHHUUYCCKHUMHU H OpPraHUM3allMOHHBIMU
napamMeTpamu. B Kady€CTBC TEXHUYCCKHUX napamMcTpoOB HCIIOJBb3YCTCA

Ipou3BOAUTENbHOCTL muTatens — Qg7 u BeirpysHoro ycrpoiictea — Qg, a Taxke

eMkocTh Hakomurenss My . TIpoM3BOAMTENILHOCTH MOTYT OBITH PaBHBI WM

paznuyaThCsi B OONbIIyr0 JMOO MEHBIIYIO CTOPOHY JpYyr OT JApyra.
OpraHu3anioOHHBIC TIAPAMETPHl YYHUTHIBAIOT COOTHOIICHHS MOMEHTOB BKIIFOUCHHS
nutatens U BY. OHu MoryT coBmanath Wiu HE COBMAAaTh, MPUYEM B TOCIETHEM
BapHaHTE WHTEpPEeC TMPEACTaBIsET Clydaid, KOTJa MOMEHT BKIOueHus BY
OTKJIaJIbIBae€TCSI. B COBOKYIMHOCTH TEXHMYECKHE W OPTaHU3AIMOHHBIC TapaMeTpbl
00pa3yroT IIECTh BO3MOKHBIX PEKUMOB pabOTHI yuacTka (Tad:. 3.1).



Tadauya 3.1
Pexcumbl paboTbl yuacTKa ¢ KOMIOEHCATOPOM

CooTtHouieH e
. HPOH3BOAUTENILHOCTH fivTatenst 0, u BY Q
Coorioteie e
MOMCHTOB BEJHOMCHHS
udrarenss u BY 0, =0, Q, < Q. 0,0,
1 2 3
OJHoBpeMetHo 1.1 1.2 1.3
C sancpxkoii BY 2.1 2.2 - 23

Tab6nuna 3.1. Pesxxumbl paboThI ydacTka ¢ KOMIIEHCATOPOM

B O6HICM ClIydac KOJIHMYCCTBO MaTCpHala B HAKOIIUTCIIC OIIPCACIIACTCA
3aBUCHUMOCTBIO

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

rne M (t) = Q t,; — xonuuectBo Marepuana, noganxoe mutatenem; Mg(t)=
Qgle — xommuecTBO Marepuana, uspacxonoBanHoe norpedutenem; [, — Bpems

pabotsl iutatens; lg — Bpems paboter BY.

3a Bpems [UKJIa CHHXPOHU3AIMU MUTATENh MOJIyYaeT, a TOTpeOuTeIh pacxoayer
PaBHOE KOJIMYECTBO MaTepraia:

Mp(tc ) = Mg (tc ) = My(tc ) = Qytc.

[Tostomy k konny ukina AM obpamaercs B Hyns. PaccMOTpUM KaXIbIi PEXKHUM B
OTZIEJIBHOCTH.

Pexuwm 1. 1. PaBencrBo npousBoautenbHoctel npu {7 = lg o3nagaer, 4ro

Bcerna umeet Mecto u pasenctso My = (Q7— Qg ) t;7 = 0. Cnenosarensno, ams

OpraHU3alHUHi TEXHOJOTUYECKOTO MOTOKA y4acTKa KOMIIEHCATOp HE HykeH. OgHaKo
OH MOXET OBITh UCIIOJIb30BaH B TOM Cllydae, KOT/la Ha y4acTKe YCTaHOBJIEH pabouuit
opraH, KOTOpbI HE OTKIIIOYAETCs] BO BpeMs aBapuU WJIM MTHOBEHHAas OCTAHOBKA
KOTOPOTr0 HeBO3MOXkHa. Eciu Takum paboymM OpraHoOM SIBISIETCS MUTATENb, TO
KOMIICHCATOP CIYKUT I HAKOIUICHUS IPOU3BENACHHOW MM IPOAYKIHMM B TOT
nepuoJ, Korjpa norpedburens He paboraer. B ciyuae, xorga He OTKIIHOYaeTcs
NOTPEOUTENb, KOMIIEHCATOP NPUMEHSIETCS JUIsl IOCTOSIHHOTO XpaHEHMsI aBapUHHOTO



3armaca nonydaOpukara, KOTOPBIA JODKEH NOCTYHNUTh B MEpepaboTKy Tmocie
aBapUITHOM OCTaHOBKH mUTaTelNsi. EMKOCTh HakoTIHTEIIS

M4g4=Quqty,

rac QA — HIPOU3BOAUTCIIbBHOCTD paGoqero OopraHa, KOTOpI)IfI HC OTKJIIOYaCTCA BO

BpeMs aBapui; {4 — BpemMsi HaKOIIJICHHS WIIH TTOTPEOJICHHS aBapHITHOTO 3araca.

Pexum 1.2. Coornomenne Q 7 < Qg 03Hayaer, 4TO NPU OAHOBPEMEHHOM

BKJIFOUCHUM MUTATENS U MOTPEOUTENs MOCIEIHUN paboTaeT ¢ HEMOIHOM 3arpy3Kou.
VYBenuueHne Harpy3ku Ha MOTPEOUTEINb JOCTUTAECTCS 3a CYET OTCPOUYKHA MOMEHTA €ro0
BKJIFOYCHHUSI W TPUMEHEHHUS KOMIIEHcaTopa [JIsi MOATOTOBKH TOPLMM MaTepuala,

00€ecreunBaroeil MOMHYI0 3arpy3Ky MOTpPEOHTENs MO MPOU3BOAMTENIBHOCTU (pHC.
3.6).

B 3TOM Cﬂy‘{ae JJIS1 UKJIAa HpOﬂOH)KHTeHBHOCTBIO tC nMEEM

Mgc = Qg (tc — t3) = Qgta,

rae {3 — Bpemst 3aep KKK BKITIOUCHUS TOTPEOUTEIIS.

Torna, npupasuuBas M, u Mgc, nonyuum

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

Emxocts Hakorurens My = Qg7 ts.

Bpewms pabotsl iz ¢ yueToM 3a1epiKKH ONPEAeseTcsl U3 COOTHOLICHHS

tg = e — 3 wm c yuerom (3.1):
Qg _QH

68

t =t |1-

PaboTy yuacTka WILTIOCTpUpPYET rpadukK, MpeACcTaBIeHHBIN HA puc. 3.6.



TexuudeckHe CpelcTBa Bpems {

" Iluratensp

Hakonurenb
KoMnencartop

BY

3 L4 >_

oy

Puc. 3.6. I'padux pabots! yuactka npu Q7 <Q, 1 He06X0MUMOCTH TONHOMI
3arpy3KH IOTPEOUTEIS 10 IPOM3BOIUTENILHOCTH

Pexuwm 1. 3. Ilpesbiuenue npoussomurenbHoctu muratens Qg7 man
npou3BoauTENbHOCTEIO BY Qg mpuBOAMT K TOMy, YTO HOCIE BKIKOYEHHS

HOTpeOUTENb JIO/DKEH paboraTh ¢ meperpyskoit (puc. 3.7). Jna oOecrnedeHus
HOPMAJIBHOM 3arpy3Kd IOTPEOUTENS YacTh MPOM3BOJMMON IHTATENEM HPOAYKIHU
JOJDKHA OBITH OTJENeHa OT MOTOKAa M 3amaceHa B KommeHcarope. IToTok mojgauu
murarens M= QL.

[Torpebnenne mnpoucxomut B koiamdectBe Mg = Qgl. CnemosarensHo,
HakoIuieHne ocyuiectsisiercst B konmuectse AM = M — Mg wim AM = (Qp7 —
Qs )iz

OO0Iee KOJMYECTBO MaTepHaia, MPOM3BEICHHOE MUTATEIEM 33 BpEMs IHKIIA
Mipic , cOOTBETCTBYET KOJIHMYECTBY, HCIONB30BaHHOMY morpeburenem Mg, Eciu

OpUHATH, YTO [OTPeOUTENs pPabOTaeT HENPEPHIBHO B TEYEHHE  IMKIIA
cunxponmsauuu, T. e. Mge = Qgle, To Bpemsa paborel muratens ;7 moxwHO
OIIPEIEINTE U3 PABEHCTBA

Qetc = Qutir.

U = A | (3.2)
Qx

Torna



3anoyiHEHWE KOMIIEHCATOpa MPOUCXOAUT MpHU pabOTe MUTATEeNs, CIEAOBATEIBHO,
emkocTb Hakonutens My = (Q7 — Qg )77 . Otkyna ¢ yuerom (3.2)

QL.
Qn (3.3)

['padmuecku paboTa ydyactka B pexxume 1.3 mpeacraBneHa Ha puc. 3.7.

MK:(QH Q)

Texuuyeckue cpencrsa BpewMms

ITuTtaTens

Haxonurens i
Komneucarop

BY

- L=t _>J

Puc. 3.7. I'padux pabotsr yuactka npu Q7 >Q, 1 01HOBpEMEHHOM BKIIIOUEHUH
MUATATEJISI U TIOTPEOUTEIIS

Pexuwm 2. 1. 3aagepxkka BKIIOYEHHUS MOTPEOUTENs HA BpeMs 13 MpUBOIUT K
TOMY, YTO BECh NMPOM3BEICHHBIA B 3TOT MEPUOJ] MUATATENIEM MOTy(pabpuKaT A0KEH
OBITH 3aJI05KeH B KomreHcarop, T. €. M3 = Q73 (puc. 3.8).

[Tocrme BKJIFOYEHHsI MOTPEOWMTENST BCICACTBHE PABHON MPOU3BOIUTEILHOCTH
murtarens u BY (Q7=Qg) Bech momydabpuxar nomken Oyaer nepepadaThiBaThCs
0e3 ocTaTka W B KOMIIEHCATOPE OyIET COXPaHATHCS MOCTOSIHHBIN 3amac MpoayKTa
M K= M 31T -

VUuThIBas, 4TO KOJWYECTBO TMONy(abpuKara, MPOU3BEACHHOTO MUTATEICM U
M3PACXOJJOBAHHOE IMOTPEeOMTENIeM 3a BpeMs IWKia, paBHo, T. €. Mpc = Mg,

MOJTYYUM

Qmtr = Qets.

[Mockoneky lg = o — {3, o u {7 = t¢ — {3, cnenoBarensHo, BpeMs pabOTHI
UTATENs] MEHBIIE BPEMEHM CHHXpOHHM3aluu Ha BeawmuuHy {3 3a Bpems {3

noTpedurens nepepadarsiBaet noiyhadpukarsl B konuuectBe M3zg = Qgls. Tak kak



Q7 = Qg, T0 M3g = M3, T. €. K KOHIy LHUKJIA KOMIEHCATOP MOJHOCTHIO
onopoxuseTcs. OTCIOfa CIEAyeT, YTO OCTAHOBKA IMTATENS OO0 OKOHYAHMS IIMKJIA
HeoOXxoquMa IS pacxooBanus 3anaca M3 kommeHcaropa.

BpGMH COBMECTHOM HapaHHeHLHOﬁ pa6OTI)I IMATaTCIA U HOTpe6I/ITeJIH B TCUCHUC
[MUKJIa CHHXPOHHU3alINH

tcp =t — 2 t3. (34)

PaboTty ydacTka wnmtocTpupyeT rpaduk, mpeAcTaBiICHHBIN Ha puc. 3.8.

e

TexHHueckHe cpencrsa Bpems

IMTurarens

Hakolnrens
Komueucarop !

BY

Mg
™

g

e —

et S A

Puc. 3.8. I'paduk pa6ors! yuactka npu Q7 =Q, u 3anepxxe BKmoueHus

notpeburenst Ha Bpems lg

PaBHasi mpou3BOAUTENHHOCTD MUTATENS U MOTPEOUTEINS MO3BOJIIET UCIIOIB30BATh
UX TapayienbHo, 0e3 TpPUMEHEHHs KOMIIeHcaTopa. 3aJep’kKKa BKIIOUCHUS
NoTpeOUTeNsT MPUBOAUT K CHUKEHUIO KOI(P(UIIMEHTa HCIOJIB30BaHUS pabodero

BpeMenu Bcero yuactka. Torma us coornomenns Qute = Q7 (tz + tep ) ysumum,
YTO TIPOU3BOAUTENILHOCTD TUTATENS U TOTPEOUTENS TOKHA ObITh YBEIUUEHA, T.€.

Qt
QH — Qg = -
t,+t,
uiu ¢ yuetoMm (3.4)
Qz,;tc

ot o+t

QH :Qe



Pexum 2.2. 3agepxka kmodenus norpeburens npu Qg > Q7 mossonser

00€eCleunTh €ro paluoHaIbHYIO 3arpy3Ky corjiacHo pexumy 1.2. B stom ciyuae
MOYHO COTJIaCOBATh JITTUTEIBLHOCTh IUKJIA CUHXPOHU3AINH C MPOJOJKUTEIbHOCTBIO
3aJIEPKKU U MTPOU3BOJUTEIHHOCTSIMU TUTATENS U MOTpeduTeNs (3aBUCUMOCTS 3.1):

. (Qe o QH )tC
3 T Q .
8
P CXKHUM 2 3 COOTHOIHeHI/Ie IMPONU3BOIUTCIbHOCTH ITUTATCIIA U HOTp€6I/ITGJI}I
QH > Qg HpI/IBOI[I/IT K TOMy, qTOo BpCMSI pa6OTBI IIUTATCIIAA OKA3bIBACTCsA BCCI' 1A

t

MEHbIIIE BpeMeHH paboThl moTtpedurtens (cMm. pexum 1.3). Hammume mnepuona

3aJIEPKKH TO3BOJISIET PA3JeIUTh TAKOW PEKUM Ha JABa MOAPEKHUMA, ONPEHEISIEMBIX

TEM, KaKO€ KOJIMYECTBO MaTepuaia BbIpadaThIBACTCSl TUTATEIEM 32 BpEMS 3a/1€PKKH.
[IepBblil TOAPEKUM XAPAKTEPU3YETCSI COOTHOILIECHHEM

Qmts > Qgts

T. €. KOJMYECTBO Marepuaina, IepepadbarbiBaéMoOro IMOTpeOHuTeNieM 3a TepHo.
CUHXPOHU3AIIMU, HE MPEBBIINIACT KOJWYECTBa MONTy(padbpuKaToB, KOTOPOE MOXKET

OBITH IPOM3BEICHO MUTATEIEM 3a BpeMs 3ajepxku. Torga, npuaumas, uto Qglg =
Q7 t7 , nmomyuum c¢ yuerom (3.5), uto {;7 < 3. Bpemsa paGorel nurarens

_Q.t

| Q , a eMKocTh Komrencaropa My = Q7 t;7.
n

PaboTy ydacTka aJis 3TOrO MOApPEKUMa MOKHO MPEACTaBUThH B JIBYX BUAaX (puC.
3.9au3.90).



R T e L e R,
Texnuueckue cpencrna Bpems
|
IMurtarens
Hakouurens !
KomMmiicucarop
BY
ty A
a
t(
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Puc. 3.9. I'paduxu padotsl yuactka mpu Q7~Qp u t3>t

Bropou nogpexxum xapakTepu3yercsi COOTHOLIECHUEM
Qmr t3 < Qgls.

B srom ciyuae pasenctBo Qj7 U7 = Qglg mocturaercs mpu t;; > t3, 1. e.

NUTaTeNb W MOTPEOUTEh JOJDKHBI HEKOTOpPOE BpeMsi paboTaTh MMapauieibHO.
OGo3Ha4uM 10 Bpems Kax tep.

B Teuenue mnepuona 3alepKKM B KOMIIEHCATOpP MOCTYNUT Hojaydadpukar B

KOJIMYCCTBEC
M3= Qpit3 .



3a BpCMs1 th B HET'O AOIIOJITHHUTCIIBHO IMOIIaACT

Mcp=(Qrr-Qg) tep -

Takum 06p8,30M, O6I[I8,5[ CMKOCTb KOMIICHCATOpPa COCTABUT

MK = M3 +Mcp
NN

My =Qmtz + (Qr— Qg ) tep - (3.6)

['paduuecku pabota yuacTka npejcrabieHa Ha puc. 3.10.

TexHUuecKHe CpeiCcTBa Bpewms
ITuratens ; = 1
“{Kommencarop Hakonureb f—
BY
=

!
.
R

g r

Puc. 3.10. I'paduku padotsl yuactka npu Q7~Qp u t3<ty

YuursiBas, uto tg = te - t3 , monyuum Mg = (t¢ - t3 )Qg, ¢ apyroii cropons,
Mg = Qt;7, Torna

t = Qe (tc —t3)
-~ Q, . (3.7)

Iockonbky tcp = U7 — 13, T0 € yuerom (3.7) Gynem umetn




YTO TIO3BOJIAET IpeoOpa3oBaTh 3aBUCUMOCTH (3.6) B pacueTHyo dopmyny s
HAXOXX/ICHUSI eMKOCTH KOMITEHCATOpa:
Qg (tC _tg) _t

M, =Q,t, +(Q;-Q,) Q. : | (3.8)

3.3. TEXHOJIOTUYECKHNH ITOTOK YUACTKA C OIIEPAIIMEN
NEPUOJUYECKON OBPABOTKHU

Onepanusi MepuoOANYECKOl 00padOTKM OCYIIECTBISIETCA pabO4YMM OpraHoM,
MMEIOIINM HaKOMUTEIb eMKOCThi0 M. B 3aBUCHMOCTH OT CTPYKTYPBI MPOIYKTa B
HEro MOMEIAETCsl ONpeesieHHas MOpLMs WM NapTus Marepuala, KoTopas 3aTeM
00pabaThIBacTCsA B TEYEHME TEXHOJIOTMIECKOro BpeMeHH L. .

DJIEMEHTApHBI ~ y4YaCTOK  TEXHOJIOTUYECKOW  CHCTEMBI C  ONEpalueu
nepuoanueckoir 06padotku (YIIO) BkiItOYaeT yCTaHOBJICHHBIM HA BXOJIE MHUTATEINb
JUIS  TIOJla4¥l  CHIPbS, TEXHUYECKOE CpEeACTBO (MallMHy WJIM ammapar) s

nepuoauyeckon oo6padbotrku (TIIO) m morpebuTensb, MO3BOJSIONINN OMOPOKHUTH
HakonuTeab TI1O 1 MOoAroTOBUTH €ro K MpueMy clieaytomei nopuuu (puc. 3.11).

6 |
!> IluTatens TT10O ToTpe6urens l >
| l
A }

Puc. 3.1. YuacTok nepuoanyeckoit o0paboTKu

3arpyska Hakonutens TITO ocylecTBISIETCS MUTATENIEM B TEUEHUE BPEMEHHU
t, =g
1 3.9
Q. (3.9,

Yame Bcero (GyHKIHUIO OMOPOKHEHHS HAKOMUTENS BBITIONHIET CICIHATHHOE
BBITpY3HOEe ycTpoiictBo (BY), kotopeim o6opyayercs TIIO. CnenoBatenbHo,
BBITPY3HOE YCTPOWCTBO MOYKHO PacCMaTpUBaTh B Ka4eCTBE TUIABHOTO MOTPEOHUTEINS
VIIO (puc 3.12).
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Puc. 3.12. UcnonszoBanue BY TIIO B kauecTBe HOTpe6I/iT€JISI VIIO.

Bpewmst BeIrpy3Ku

t, = 0. (3.10)

Takum 00pa3oM, BUIHO, YTO HAKONUTENb pPabOYero opraHa MEPUOJAHYECKOU
onepanuy 00eCreYMBAET PABHOMEPHYIO 3arpy3Ky IUTATENs B TeueHue nepuona t, u
notpedurens B TeueHue nepuona lg. Llukimdeckoe wyepemoBaHHE pPa3IHYHBIX

Mepruo 0B 00pabOTKH MPUBOJMT K COOTBETCTBYIOIIUM IHUKINYCCKUM KOJICOAHUSIM
NEPUOIOB PAOOTHI U MPOCTOSI MUTATENS U TOTPEOUTEINS.

[TuTarens nocne paboThl B TeUeHKe epuoja 1, IpocTauBaeT B TeUEHHE BPEMEHH
t, u {g. IloTpebuTens paboTaeT TONBKO BO BpEMs BBITPY3KH B TedeHue neproaa lg u

IPOCTauBaeT B Teuenue Bpemenn [, n t,.

PaboTy yuacTka wittocTpupyet rpaduk, mpeacTaBieHHbIN Ha puc. 3.13.

Texuuueckue cpencrsa YIIO

IIsnrarens

. Haxonurenp
nro

BY

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



BI)IHYCK IMPOAYKIHNH Ha YHACTKC 3a BPCM: IIUKJIA COCTABJIACT

rac QC — IIPOU3BOAUTCIIBHOCTb Y4aCTKa, BI)I6paHHaH N3 yCJIOBUA CHUHXPOHH3AINN

TEXHOJOTUYECKOr0 MOTOKA.

VuauteiBasg 3.9, 3.10 u 3.11, MOXHO CBS3aTh TEXHOJIOTHYCCKHE ITOKA3aTCIIH
omepauuii 3arpy3kd W BbIrpy3kn TIIO C COOTBETCTBYIOIIMMH TEPUOJAMH HX
BBITIOJIHCHUS:

[ockoneky 1, < tL! u lg < t%’ TO, CJEIOBATEIbHO, MPOU3BOIUTEIHLHOCTH

MUATATENISI U MOTPEOUTEN JOJDKHBI OBITh BBIIIE MOTPEOHOW MPOU3BOIUTEIBHOCTU
yuyactka. Ha mnpaktuke »5TO o0O3Ha4aer, 4YTO NPOEKTHAas MPOU3BOAUTEIBHOCTD
TEXHUYECKON CHUCTEMBbl MOXET OBITh oOecredeHa TOJIbKO MPU HCHOJIb30BAHUU
MaligH ¥ anmapaToB, HWMEIOIIMX  3aBEIOMO  OOJIBIIYI0  TEXHHUYECKYIO
IPOM3BOJUTEIBHOCTD. [Ipruem oHa GyeT TeM Bhbllle, YeM MeHblle nepuoasl 1, u lg

, BBIIEIIAEMBIE I 3arpy3Ku U pasrpy3ku TI1O B TeueHne TEXHUUECKOTO HUKJIA.
CooOpakeHus CTaOMIM3alMM TEXHOJOTHYECKOTO TMOTOKAa W paldOHAIU3aINU
MPUMEHSAEMbIX TEXHUYECKUX CPEACTB YKa3bIBAIOT HA HEOOXOJIMMOCTh CIIIaKMBaHUS
KoJjiebanuit moToka Ha rpanunax “nurarens — TI1O0” u “BY TIIO — norpebutens”.
HaubGonee panuoHanbHBIM pEIIEHUEM SBISIETCS OO€CleueHue YCIOBHM, MpH
KOTOPBIX PEXHMBI pabOThl MHUTATENS W TMOTPEOUTENs HE CBSA3aHBI C IMEPHOJAMU
pabotel TIIO. B »TOoM cnydyae BO3HMKAeT peajbHas BO3MOXKHOCTh CHUYKEHUS
MTPOU3BOIUTENBHOCTEN QH u Qg 10 3HaYECHWI, COOTBETCTBYIOIIUX 3aJaHHOM

MMPOU3BOJUTCIILHOCTHU Y4aCTKaA.

3.4. OPTAHU3AIIUS TEXHOJIOTUYECKOI'O TIOTOKA YYACTKA C
ONEPAIIMEN NEPUOINYECKOM OBPABOTKHA

PaBHOMepHOCTH TexHONornueckoro noroka YIIO mocturaercs 3a cuer co3maHus
OpPraHM3aIlMOHHBIX M TEXHUYECKUX MPEANOCHUIOK JJIsi HENpPephIBHOW pabOThI
nutarens u norpedurens. [lo OTHOLIEHHIO K MUTATENO0 3TO 03HAYAET, YTO YYaCTOK
o0ecreunBaeTCsl TEXHUUYECKUMH CPEACTBAMH, MTPUHUMAIOIIUMU MOTypabpuKaT BHE
3aBUCUMOCTH OT peXHUMa Mepuoanyeckoil obOpabotku. HempepoiBHas pabota
NOTPEOUTENST OPraHU3yeTCsl 3a CUET HAKOIUICHUS U PAaBHOMEPHOI'O PaCXOJ0BaHUS



3araca roTOBOM MPOJYKIUH, TOJIy4aeMOl B pe3yibTare MepruoIndeckoil 00paboTKH.
CnenoBaTenbHO, MHUTaTelb W NOTPEOUTENb  JTOJDKHBI  OBITh  CHAOKEHBI
COOTBETCTBYIOIIMMH KOMIIEHCATOPAMHU.

[TockonbKy TEXHHUYECKOE CPENICTBO IMEPUOAMYECKON OOpabOTKU MpEeACTaBISIET
co00i1 Mmpek/ie BCEro HaKOMUTENb, CHAOXKAeMBblii MPH HEOOXOIUMOCTU BBITPY3HBIM
YCTPOMCTBOM, TO TaKO€ CPEACTBO MOXKET BBIMNOIHATH JOMOJHUTEIBHO (YHKIUU
KOMIIeHcaTtopa. Torna st opraHu3aiuuy CTaOMIIBHOTO TEXHOJOTMYECKOro IMOTOKA
VIIO Heo0x0oauMO TMPUMEHUTh KOMIUIEKC WACHTHYHBIX TIIO, KoMIOHYEeMBIX
napajuie’IbHO U padortaromux mnocienoBarenbHo (puc. 3.14). Bee TIIO obpasyror
cexuuto nepuoanyeckoit 0opadotku (CIIO) BayTpu TIIO.

r—-r—————F—™=——7——--- A
: [T10 (1) :
| l
I TIO (2) [
Hisrarens } ‘ } Motpeburens
: TITO (3) :
I |
| |
| — Tno |
| |
L s i s s i i i |

Puc. 3.14. O06pa3zoBaHue cexiuu nepuoandeckoit oopadorku u3z n TIIO

B stom ciiydae ogna yacte TIIO ucnons3yetcs ais 3arpy3ku nonydadpukara us3
nUTaTeNsl, Apyras MpOU3BOAUT 00pabOTKY, TPEThs — pasrpyxaercs, oOecreyuBas
paboty norpeduresnis B 3agaHHOM pexume. ClenoBaTenbHO, JOJKHO BBIMOIHATHCS

PaBEHCTBO QH = Qg. Ilpu npaBunbHOM OpraHmsamuu pabOTHl W JOCTATOUYHOM
konuuectBe TIIO moctrraeTcs BBIOJIHEHUE YCIOBUS

QH: Q6 - QC- (312)

[Tpumensiss onuHakoBbie TIIO ¢ paBHBIMU MO0 EMKOCTH HAKOMUTEISIMHU U CXOKUMHU
BY, nonyuum

Torna, yuutsiBas (3.12), umeem

3 e Q. (3.13)



[Ipn mocnepoBaTenbHON 3arpy3ke M BbIrpy3ke Bcex TIIO HOMKHO BBINOJHATHCS
yCIIOBHE
nNz=tz+1,+1g
uiu ¢ yuetoM (3.13)
nNtg= 2tz +1,. (3.14)

Otkyna nocine npeodpaszoBanusd (3.14), u ucnons3ys (3.13) B Buge ° Q ,
C

NoJIy4aem

M
(n=2) Q—6 =k (3.15)

C

HOCKOJ’IBK}/ tT CCTh BCJIMYMHA, 000CHOBaHHas YCIOBHUAMHU BCICHH:A IIpOLCCCa,

CBOMCTBaMH 00pabaThIBAEMOT0 MaTepHalia U HE MOoJJIexaIias i3MEHEHHUIO B paMKax
MPUMEHSIEMON TEXHOJIOTUH, TO, UCTIONB3Y4 (3.15), monyuaem

_ QctT
M; = n—2: (3.16)

OTcroa clieayeT, 4To HelpepblBHOE (DYHKIIMOHUPOBAHHUE YIacTKa, BKIIOYAIOIICTO
nurtarenb, CIIO u morpeburens, Bo3MokHO mpu N> 3. B obmem Bume padorty
y4acTKa WITIOCTpUpyeT rpaduk (puc. 3.15).

! Texuuyeckne cpencrsa YI10 Bpems
i [uTatens -- -
I Hakonu-
’ TIIO(1) TeJib
| BY A h
Hakomnu- y
CI10 TIIO(2) TeJib
BY v N '
Hakonu- v |
, TIIO(n) Teb
| . BY N y H
oTpe6ureb i H
’N
b i
t
= - -

Puc. 3.15. I'padux pabotsl YIIO npu ucnonszoBanuu # TI1O



[lepuonnunocTs Bhintycka npoaykiuu TIIO npuBoAUT K TOMY, YTO Ha HaYaJIbHOM
sTame paldoThl ydacTKa MOTPEOUTENh MPOCTaMBaeT 0 TeX MOop, MOKa He Oyjaer
oOpaborana nepBas nopuus marepuana B TIIO (1). Pabota TexHuYeCcKUX CpeacTB,
YCTaHOBJICHHBIX HemocpencTBeHHO 3a CI1O, HauHeTCs 0 HCTEUSHUH Tepruoaa

tH:t3+tT

¢ momenta 3arpyskn TIIO (1) (cm. pume. 3.15). Ilockonmbky U, ecTh BenmunHa
NIOCTOSIHHAsI, TO COKpallleHue BpeMeHU [ MoxeT OBITh JOCTHTHYTO 3a CYET

ymenbienus (3. Cornmacto (3.13) u (3.14)
: L
3
n-2-

CnenoBarenbHo, yBenuueHue konuyectBa TIIO cmocoOCTByeT COKpaleHHIO
NOTEPh BPEMEHH B Ha4aJIbHBIN niepuo1 padotsr YIIO.

Jpyroif myTh OpraHu3alii CTAOMJIBHOTO TEXHOJIOTMYECKOTO MOTOKa Ha Y4acTKe
MEepUOJUYECKON  00pabOTKM  3aKjIo4YaeTcss B NPUMEHEHUM  CHEIHaTbHBIX
koMmrieHcaropoB: HaudaiabHOTrO (HK) n xoneunoro (KK). IlepBbiit ycranaBiauBaercs
Mexay nuratesneMm U TIIO u cay>kKut AJisi HaKOTUICHUS Mo1aBaeMoro nostydadpukara
B T€ MEPUObI, KOT/Ia MPOU3BOIATCS Mepuoaudeckas oOpaboTKka W OMOPOKHEHUE
TIIO, a Takxe 115l IEPErpy3Ku 00pa30BABIIETOCS 3amaca B CBOOOHBIN HAKOMUTENb
TIIO. Koneunslii koMmrnencarop pacnoisaraercss Mmexay TIIO u moTtpeOutenem u
WCIIOJNIBL3YETCs ISl pAaBHOMEPHOM 3arpy3ku nocieanero (puc. 3.16).

t

Puc. 3.16. YIIO ¢ HayanbHBIM 1 KOHEYHBIM KOMIIEHCATOPaMu

Kaxaplii koMIieHCaTOp, MMOMUMO HAKOIUTEJSI, UMEET COOCTBEHHOE BBI-TPY3HOE
ycrporictBo (BY). Ilpu atom BY KK dakTudecku siBisieTcst mociaea-HuM 3JIeMEHTOM

VYIIO, hbopmupyommm MoToK pacxo/ia ¢ 3aIJaHHOM HMHTEHCUBHOCTHIO Qp.

Konebanuss MarepruaabHOTO MOTOKA MPOUCXO0adT Tojibko B mpeaenax CIIO, kyna
MoxHO BkirounTh HK, TTIO u nakonutens KK (puc. 3.17).



[TuTart.
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Puc. 3.17. CIIO B npenenax YIIO npu ycraHopke HK u KK:

HHK — Hakonutens HK,

BYHK — Beirpyasoe yctpoitictBo HK,
HTIIO — nakomurens TIIO,

BYTIIO — Buirpy3uoe ycrpoiictso TIIO,
HKK — nakonurens KK,

BYKK — sbirpyatoe yctpoitcrBo KK,
M, — eMKocTb HHK,

Q. — npoussogureabHocTs BYHK,

ll/: — eMkocth HKK,

Q, — MPOM3BOIMTEILHOCTD BYKK.

Pa6oTy yyacTKa HAIJITHO WUHOCTpUpYeT rpadpHk 3.18.

Texuuyeckue cpeacrea YIIO Bpemst
[MuTtarens
HHK
HK |
BYHK
CIio
MIIO HTIIO

[Torpeburens

Puc. 3.18. Pa6ora YIIO npu cosgaHuu CIIO ¢ npuMcHEHHEM HK u KK



[Tutatens BMecte ¢ HK paboraer B pexume 1.2, BYTIIO Bmecte ¢ KK — B
pexume 1.3 (cm. pasa. 3.2). CIIO BblnodHsSET (QYHKIUA TEXHOJIOTUYECKOTO
nemndepa Mexay MUTATEIeM U MOTPeOUTENeM, MOATOMY HE0OXOAMMa peamu3anus

OpraHu3allMOHHON CUTYyalluH, KOTrJa QH:QK:QC. Torma ¢ yuerom 3.1 u 3.3, nipu
3aJlaHHBIX MMapaMeTpax LUKIa MOXKHO corjiacoBath emkocty Hakonuteneit HK u KK
¢ npomsourenbHocTaMu Q -, Q, m Q..

. Qc (QH _Qc )tc M = Qc (QB _Qc )tc

’ Qu - Qs

Paboty yuactka HamisiAHO WUTIOCTpupyeT rpadux 3.18.

M

PabGora 6noka “nurtarens — HK” B pexume 1.2 ocyuiecTBisieTcss B TOM ciydae,
xorna TIIO yxe 3arpyxeH u Benercs oOpaboTka mopuuu npoaykra. OIHaKO npu
BBEJICHUM ydyacTKa B paboumii pexxum (puc. 3.18) mpu nomaue B TIIO mnepsoit
nopuuu noiydaOpukata HeT HeoOxoauMocTH wucrnosb3oBath HK mo mpsmomy
Ha3HAYCHHIO — BeChb O0OBEM MOpPLUUU MOXKET ObITh cpa3y 3arpyxeH B TIIO. HK

paboraer kak TpaHcmoptep. [lockoibky QH > QH, To Bpemsa 3a-Tpy3ku HTIIO

t/IY = —M6
Q, Takum 00pa3oM, BBIYCK MPOAYKIIMH HA yYacTKE HAYHETCS CITyCTs
7

Bpems 1y = 1 /H + 1, c momenTa nHayana padotel CIIO. Cokpamenne Uy moxer

OBITH JIOCTUTHYTO 32 CUET MPUMEHEHUS Ha y4acTKe JIBYX, KEJIaTeTbHO UECHTUYHBIX,
TIIO. (Ilpumenenue tpex u 6osee TIIO paccmarpuBanock Bbiie). Torga 3a cuer
yMeHbIIeHus1 o0beMa HakomuTens kaxmaoro TIIO mpu coxpaHeHWHM CyMMapHOU

emMkocTtd Mg BpeMst 3aroTHEHUSI
U =—=

Qn

Bonpocsl 111 CAMOKOHTPOJISA

1. YeM BBI3BIBAETCS CHUKEHUE TPOU3BOAUTEIBHOCTH y4acTKa?

2. Kak paccuuTaTp BBIITYCK NPOIYKIIMM HA YYACTKE 3@ UUKJI CHHXPOHHU3ALNH?

3. KakumMu OpraHM3allMUOHHBIMU CPEACTBAMHU  JOCTHUTA€TCS  IOBBIIICHUE
MIPOU3BOJIUTENBHOCTH ydacTKa?

4. Kak ucnoap3yercss KOMIIEHCUPYIOLIasl oneparus?

5. Kak paboTtaet komneHncarop?

6. KakoBbl TUIIMYHBIE TIEPUOIBI pabOTHI KOMIIEHCATOpa?

7. KakoB Haumbojee palMOHANbHBIA PEXUM padOThl ydyacTKa € ONEPALMSIMHU
HENpPEepHIBHOM 00pabOTKH MPHU UCIOIB30BaHUU KOMIIEHCaTOpa?

8. UTo TeXHUUYECKH MpeACTaBIsieT co00il KomneHcarop?



9. UeMm opmupyeTcs MOTOK pacxoja KoMreHcaropa?

10. KakuMu TEXHUYECKMMH MapaMeTpaMH XapaKTepU3yeTCs y4acTOK C
orepaiusIMu HempepbIBHOW 00pabOTKU U KOMIIEHCATOPOM?

11. KakoBbl OpraHu3aiiMoOHHbIC TapaMeTPbl TAKOT'O y4acTKa?

12. Kakoe ycnoBue KIQJAETCA B OCHOBY OPraHU3allid TE€XHOJOTMYECKOIr0 MOTOKA
yJacTtka?

13. Kakue pexuMbl paccMaTpuBarOTCs IPHU OPraHU3ALMU TEXHOJOTMYECKOIO
MOTOKA YYacTKa C ONepalusiMy HEeMpepbIBHOM 00paboTKu?

14. Kakoit HakonuTens HEOOX01uM pu paboTe ydacTka B pexume 1.17

15. Kak paccuutaTh €eMKOCTh KOMIIEHCATOpa JyIsl pexuma 1.27

16. Kak paccuutath eMKOCTh KOMIIEHCATOpa AJisl pexkuma 1.3?

17. Kak paccuuTaTh €MKOCTb KOMIIEHCATOPA, IPOU3BOAUTEIBHOCTD MUTATENS U
noTpedurens ajg pexuma 2.17?

18. Kakne noapexumMbl MOKHO BBIJIENIUTH B pexkume 2.37

19. Kak paccuutarh €MKOCTh KOMIIEHCATOPA IS KAXIOTO U3 TPEX IMOAPEKUMOB
pexuma 2.3?

20. Kakme TexXHHMUYECKHME CpEACTBAa BKJIIOYACT YyYaCTOK C  OIEpamueH
NepuoInIecKoil 00padboTKu?

21. Kak ompenenuTe BpeMs 3arpy3Kd M BBITPY3KH HAKOIIUTEN TEXHUYECKOTO
CpeACTBa MepUuoInIecKoil 00paboTKu?

22. Kak paccuutarb noTpedHyro eMkocTh HakonuTens TI1IO?

23. KakuMu cpeacTBaMy JOCTUIaeTcs CIUIaKMBAaHUE HEPABHOMEPHOCTEW IOTOKA
YI10?

24. Kakx dopmupyercs CIIO mnpu wucnonas3oBanuu Heckoibkux  TIIO,
yCTaHaBJIMBAEMBbIX MMApaJIEIbHO?

25. Kak pa6otaet CIIO B 3TOM city4ae?

26. Kakyue COOTHOMIEHHST OMPENETAOT KOMMYECTBO UACHTUYHBIX TI1IO n emMKoCTh
ux OyHKepoB?

27. Kak paccunThIBa€TCA BpPEMs Hayana BBITYCKa MPOAYKLIWH IPU YCTAaHOBKE
Heckosbkux TITO?

28. Kak dopmupyercss CIIO npu ucnosb3oBanuu creruaibHbix HK n KK Ha
YI10?

29. Kakumu napaMmeTpamu XapakTepHU3ylTCs TEXHUYECKHUE cpeacTBa Takoit CI10?

30. Kak onpenenserca emkocth HK u KK?

31. Kak paccuuThiBaeTCs BpeMsi Hauaia Bbimycka mpoaykiuu 1y Ha YIIO mpu
ucnons3oBannn HK n KK?
32. Kakumu cpenctBaMu qocTuraeTcs cHimkenue {z?



4. TEXHOJIOTHYECKHE CUCTEMBI ITPOJJOBOJIbCTBEHHBIX
MPEANPUSTHA

4.1. MIPOU3BOJACTBEHHBINA MPOIIECC

[IpeanpusTiss MO XpaHEHUIO M TIepepabOTKe 3€pHa SBISIIOTCA Y3KOCIHEIMa-
JM3UPOBAHHBIMU, ITIOCKOJIBKY OHM YK€ B IIPOLIECCE IPOCKTUPOBAHNUS OPUEHTHPYIOTCS
Ha MepepadOTKy M BBIMYCK OrPaHMYEHHOIO acCOpTHUMEHTa mNpoaykuuu. Ha Hux
YCTaHABJIMBAETCS CIIELMAJIbHOE O0OpYyIOBaHUE, KOTOPOE B COBOKYIHOCTH C
IPOU3BOACTBEHHBIMU 3[aHUSIMH, COOPYKEHHUSAMH W TPAHCIOPTHBIMH MalIMHAMU
0o0BbEIMHSETCA B JOBOJBHO KECTKUE CHCTEMbl. DYHKIIMOHAJIBHBIE BO3MOKHOCTH
TaKUX CHCTEM 3aKJaJbIBAIOTCA HAa CTaAUU IMPOEKTUPOBAHUS M NPU HOPMAIbHOU
OpraHMU3alMi MPOU3BOACTBEHHOIO MPOIEcCa MOTYT CTaOUIIBHO paboTaTh B TEUCHUE
JUTUTEIIBHOTO BPEMEHH.

Kak mro0asi mpou3BOACTBEHHAs CHUCTEMA, NPOJOBOJILCTBEHHOE MPEINPHUSITHE
OCYULIECTBJISIET MNpPeoOpa3oBaHUE MAaTEpPUAIBHBIX W JHEPreTUYECKHX PECYpPCOB B

TOTOBBIC MPOIYKTHI MO/ BIUSHUEM YIPABJSIIONIMX U BO3MYIIAIONINX BO3JECHCTBUI
(puc. 4.1).

MarepuaibHO-3HepreTHyeckoe obecreyeHue MOU3BOACTBA

Marepuais! C'bprc Dueprusi
3neKTpuyeckas,
BOJa, a3, ynakopka | pacChllTHOE, XHIKOE TeruioBas,

MEXaHH'YeCKas

IesrembHOCTD [MpousBoscTBEHHBIN Biusinue
yeJOBEeKa: MOTCHIHAJT NPEeANIpUATHA. OKpYyXaloilet cpelbl:
yripapieHHe TEXHOJIOTUH, CBET, OCAJ[KH,

IPOU3BOACTBOM, TEXHOJIOrH'eCKHe 4 HaMeHeus

obc.TyXHBaHHe CHUCTeMbl, 3MaHHA, TeMIlepaTyphbl,

COOpyXeHHUA, BJIAXXHOCTH,
TEXHHYECKHE CHCTEMDbI rasornsuieBoro
cepBHca cocraBa

PesynbraThl NMpOU3BOACTBA

[Mponyxuus OTxons!

' NOJIE3HBIE 6ecriosiestible
3epHoO, MyKa,

Kpyna, Hre;xyxa, Myuka, MeTajUTMUecKHe
KoM6uxopMm | OTPYyOH, JpobreHKka MuUtepalabHbie

OuosIorHMecKHe

Puc. 4.1. CTpykTypHO-TexHONMOrHYyecKasi cxeMa MpoOU3BOJICTBEHHOIO
Tpoliecca MpenrpusATUs



OcHOBOI 1711 paOOThI MPEANPUITHI SIBISIETCS ChIPhE, KOTOPOE MOXKET OBbITh B
pPAcChIIHOM WJIM KMJIKOM BHJE. PacchlllHOE ChIpbe — 3TO MPEKIE BCETO 3€pHO,
MOCTYIA0IIee Ha XJIeOONMpHEMHBbIE, MYKOMOJIbHO-KPYIISIHbIE M KOMOHKOPMOBBIE
npeanpustus. Kpome Toro, 370 MOryT ObITh HEOOMOJIOUEHHBIE IMOYATKH KYKYpY3bl,
npeJHa3HaYeHHbIE I XpaHEHUs WU TepepabOTKM Ha dJeBaropax, a Takke
pa3IuYHbIE BUBI CHIPbI KOMOMKOPMOBOT'O MTPOU3BOJCTBA: T'PAHYJIbl TPAaBIHON MYKH,
OoTpyOM, MYYKH, OTXOIbl MHUIIEBON MNPOMBINIICHHOCTH U Tp. JKuakoe coipbe
MOCTyHaeT Ha KOMOMKOPMOBBIE 3aBOJbl. JTO, HApPUMEp, Melacca WA pa3nyHbIe
JKUBOTHBIE M  pacTUTEIbHbIC JKUpbL. [l mpou3BoacTBa MPOAYKUUH HaA
NPEANPUITHIX UCIOJB3YIOTCS TAKUE MaTepualbl, KaKk BOJA, ra3 WM YIAKOBKa, a
TAK)K€ Pa3JINYHbIE BUABI SHEPTUH: TEIUIOBAs, SJIEKTPUUECKAsl, MEXaHUYECKAsL.

Ceipbe, MaTepualbl U SHEPrUsl MOCTYMAIOT B TEXHOJOTMYECKHUE CHCTEMBI, €
OCYLIECTBIISIETCS LIEJICHANPABICHHOE U3MEHEHUE CBOWCTB CHIPbSi B COOTBETCTBHH C
NPUHATON TEXHOJIOTHMEHN I0J] BO3ACHCTBUEM JESATEIBHOCTH 4YEJIOBEKA U BIUSHUEM
OKPY’KaIOIIEH CPEIBI.

JlesTebHOCTh YE€JIOBEKa BBIPAXKAETCS B  YHPABICHHH IPOU3BOJCTBEHHBIM
IPOLECCOM B II€JIOM, HEMOCPEICTBEHHOM YYacTMM U KOHTpOJe 3a paboToi
000pyI0BaHus, a TAKKE B 00ECTICUEHUH TEXHUYECKOTO OOCTYKUBAHUS U PEMOHTA.

BnusHue  okpyxaromed cpeasl B OOJBLIIMHCTBE — CIy4aeB  OKa3bIBaeT
OTpULIATETILHOE BO3JIEWCTBME Ha MPOU3BOJACTBEHHBIM mpouecc. Ocanku u
NOBBILICHHAS BJIAXHOCTb MPUBOAAT K HEraTUBHOMY M3MEHEHHUIO (U3HKO-
MEXaHUYECKUX CBOMCTB ChIpbs, MOJy(PaOpUKaTOB M TOTOBBIX MPOJIYKTOB; CBET U
W3MEHSIOMAsACS TEMIIEpaTypa MOTYT NPUBECTH K CHHKCHHMIO MX NUTATENbHBIX WIIN
KOPMOBBIX CBOWMCTB, @ HEYIOBJIETBOPUTENbHBIA Ta30INbUIEBOM COCTaB aTMOC(eEpbl
HEraTUBHO BJIMSIET HA JIIOAEH, YTO B KOHEYHOM MTOre IMPUBOJUT K CHHXKEHHIO
KauecTBa TOTOBOM mpoaykKuuu. WMHorna, OJHAKO, MOHWKEHUE TEeMIepaTypbl
OKpY>KaIOIIET0 BO3/yXa SBISETCA IMOJIOKUTEIbHBIM (PAKTOPOM, HampuMeEp IpHU
MIPOBEJCHUHU aKTUBHOTO BEHTUJIMPOBAHMS 3€pHA B CKJIAJaX.

OCHOBY IPOHU3BOACTBEHHOTO IMOTEHIUAJIA PEAIPUATUS COCTABIIAIOT TEXHOJIOTHH,
KOTOpbIE Y€pe3 TEXHOJOTMYECKHE MPOIECChl OMPENEsIIOT CXEMbl NepepadoTKH,
CTPYKTYPY TEXHOJIOTHYECKMX W TEXHUYECKUX CHUCTEM, 3JaHUM U COOpYKEeHHi. B
HEKOTOPBIX CIy4asXx TEXHOJOTUM [UKTYIOT KOMIIOHOBKY OOOpYJOBaHUSI BHYTpHU
3MaHU MU caMy HMX KOHCTPYKIHUIO, HEOOXOAMMOCTh MPUMEHEHHUS CHUCTEM
KaHAJIU3allu1, aBTOMaTUKH, CBSI3U.

Koneunslii pe3yiabTar pabOThl MPEeANpUSATUS — MNPOAYKIUS U OTXOIBI
ACOPTUMEHT IPOIYKLUHUU 3aBUCUT OT MPOQPWIIST NMPEANPUATUSA: MPOAYKIIUEH MOXKET
OBITh KOHIUIIMOHHOE CEMEHHOe, (QypakHOE WIM TPOJOBOJIBLCTBEHHOE 3€pHO,
MOMOJIbHBIE TapTHUH, MyKa, KOMOUKOpM WM Kpyna. OTXO0bl MNpeanpusiTui
xJyiebonepepadaThIBaIONIe MPOMBIIIEHHOCTH COCTANSIOT IBE OCHOBHBIE rpymiibl. K
NEPBON OTHOCATCS TMOJIE3HbIE OTXObI, SIBISIOIIMUECS ChIPhEM IJII KOMOMKOPMOBOM
IPOMBIIUIEHHOCTH. JTO CTEPKHU KYKYpY3bl, IIEyXa IUIEHYAThIX KYJIbTYp, MYUKH,
oTpyou, npobieHka. Ko BTopoli — OTX01bl Oecrose3Hble, BpEIHbIE: pa3IndHbIe
METAJUIMYECKUE W MHUHEpAIbHbIE NPHUMECH, KOTOpPbIE IIONAJalOT B CHIPbE H



noryaOpuKaTel B MPOIECCE WX TMPOU3BOJCTBA W BBISBISIOTCS Ha Pa3IUYHBIX
CTausX 00pabOTKH.

TexHOMOTHUYECKNE W TEXHWYECKHE CHUCTEMbI, 3JaHUS W COOPYKCHHS —
MaTepualibHas 0a3za MPOW3BOJCTBEHHOTO MOTeHIHana npeanpusatus (puc. 4.2). Onu
B3aMMOCBSI3aHBI U B3aMMO3aBUCHUMBI. CTEMEHb B3aMMO3aBHCHMOCTH OMPEICIISCTCS
Ha CTaJUH IPOCSKTUPOBAHKS TPEANPHUATHS, KOTJa BBITOJHSICTCS KOMIIOHOBKA.

(eXHOJIOTHYECKHE

. H TEXHHYECCKHE
Fexnonoruu CHCTEMDbL:

HPHEMKH U OCHOBHOE H
OTIIyCKa, | BCNOMoOTIaTe/b-
Xpatenus, Hoe obopynosa-
nepepaborTku HHe, CBA3b,
aBTOMATH KA s
KT I

3aarns: CoopyXeHHs.

HPOH3BOJICTBEN- XpaHHAMILA,
HLIC, WIMBIC- ’ ROPOI'H,

TpaTHBHbIE, IMPpHEMHBIC H
BCHOMOTATCTL- OTHYCKH bl¢

Hble ycTpoiicTBa

Puc. 4.2. Hlpoussoacrsetiblit NMoTeHUHaAl TMPEATPUATUA

B 3TOT mepuon mpoW3BOAUTCS pPAacCTaHOBKA OCHOBHOI'O, BCIIOMOTIATENIBHOIO H
TPAaHCHIOPTHOTO OOOPYJIOBaHMSA Ha ATa)XaX BHYTPH 3JIaHUS W MPOKIAIbIBAIOTCS
TPAHCIIOPTHBIE U CHJIOBbIE KOMMYHHUKAallUM, BBIOMPAIOTCS BapHAHTHI pa3MEIlCHUs
CKJIQJIOB, IPOMEKYTOUHBIX XPAaHUJIUII U ONEpaTUBHBIX OyHKepoB. Ha sTom sTame
€CTh BO3MOXXHOCTh IPHUBA3aTh KOHCTPYKLMIO COOPYKEHHSI K MPEANOYTUTEIBbHON
KOHCTPYKIMU 3[aHusl WK, HA000POT, paCCUUTATh BBICOTY ATaXel U MPEeayCMOTPETh
BCE HEOOXOAMMBIE ISl YCTAHOBKHM MAIIMH 3JIEMEHTHI B 3/IaHUAX U COOPYKEHHSIX
(oTBepcTHA B MEPEKPBITUSIX, aHKEPHI, (GYHAAMEHTHI U Ip.), @ B OCOOBIX CIIydasX,
HanpUMep MPU PEKOHCTPYKIUHU MPEANpusiTUs, BbIOpaTh 000pyIOBaHHE, KOTOPOE
MOXET OBITh pa3MENIeHO B HMEIOUIEMCS IOMEUICHUU. Y CTAaHOBJICHHAS MpU
CTPOMTENbCTBE  MPEAUPUITHS W MOHTaxe  O0OOpyIOBaHMS  B3aHMMOCBSI3b
MaTEpUAJIbHBIX JJIEMEHTOB COXPAaHSETCSI HEU3MEHHOM B TEUYEHHE BCEro CpoKa
IKCILTYaTALMH.



4.2. TEXHOJIOTUYECKHE CUCTEMbI ITIOTOYHOI'O THUIIA

TexHnyeckuil  MOTEHLMAT  TEXHOJOTMYECKUX  CHUCTEM  peanusyercs B
MaKCUMaJbHOM CTENEHW IpPU OPraHU3alUHd MOJHOLEHHOTO TEXHOJIOIMYECKOTO
NOTOKa. B yclnoBHsX peallbHOTO MPOU3BOJCTBA 3TO TPEOYET ydeTa CTPYKTYPHBIX
OCOOEHHOCTEH  BBIOJIHEHUS  TEXHOJOTMYECKOrO  Mpouecca, TaKUX  Kak
(YHKIIMOHATIBHOE O0BbEIMHEHNE TEXHOJOTUYECKUX CUCTEM, 3/1aHUN U COOPYKEHUH,
pacloJIOKEHUE DBJIEMEHTOB B COOTBETCTBUHM C IPEEMCTBEHHOCTBIO ONEPALMiA,
HaJIM4YuEe  JOCTATOYHOIO  KOJIMYECTBA  TPAHCIOPTHBIX  KOMMYHMKAIMil U
KOMIIEHCATOPOB, YCTAHOBJIEHWE YETKUX CBS3€M Ha MEPUOJ JEHCTBHS TEXHOJOTHUH.
Tonpko Mpu perieHny BceX ITUX BOIPOCOB MOKHO TOBOPHUTH O CO3AaHUM IOTOYHOMN
texHonoruueckoi cuctemsl (ITTC) mpou3BoicTBa Kak KOMILJIEKCA B3aUMOCBSI3aHHBIX
TEXHUYECKUX  CpPEACTB, 3JaHUH U  COOPY)KEHMH, KOTOpble  O0JagaroT
(GYHKUMOHAJIBHBIMU, TEXHUYECKUMH W CTPYKTYPHBIMH BO3MOXHOCTSIMH IS
(GbopMHpPOBaHUS TEXHOJIOTUYECKOTO OTOKA.

[ToTOYHBIE TEXHOJIOTMYECKUE CUCTEMBI PA3IMYAIOTCS 110 BHEIIHUM U BHYTPEHHHUM
npusHakaM (TaGn. 4.1). BHemHue mNpu3HakKM — 3TO CTENEHb MEXaHU3ALMU U
(GyHKIHOHATBHOCTh. K BHYTpEHHUM IIPU3HAKaM OTHOCSTCS BUJ U CTPYKTypa IMOTOKA,
a TAK)K€ KOMIIOHOBKA 3JIEMEHTOB U BUJ{ CBSA3U MEX1Y HUMU.

CreneHb MEXaHU3aLMK OTPAXKAET YPOBEHb YUACTHUS YEJIOBEKA B TEXHOJIOTUYECKOM
npouecce.  HecnokHble ~ TEXHOJIOTMYECKHE  MPOLECChl  MpU  HEOOJbIION
MHTEHCUBHOCTH TPOU3BOJICTBA MOTYT OBITh MEXaHU3UPOBAaHHbIMU. OJgHAKO
HOBBILICHUE UHTEHCUBHOCTU MPOU3BOJACTBA MPUBOAUT K HEOOXOIMMOCTH Mepexojia
aBTOMAaTHU3ALINH.

OynkrmonanbHOCTh [ITC nposiBnsieTcs B CiocOOHOCTH 00padaThIBaTh pa3InyHbIe
BUJIbI CBIPbSl M BBIMYCKaTh pa3jidyHble BUAbBI Opoaykuuu (cm. pasn. 1.4). Tak,
HarpuMep, CTaHJAAPTHBIM HAO0Op 00OpyAOBaHUS KOMOUKOPMOBOTO MPEANPHUSTHUS
MO3BOJISIET TEpPEeCcTpauBaTh €ro Ha OOpabOTKYy pPa3HOPOJHOTO ChIPbS M BBIMYCK
IPOJYKLIHH 10 PA3IUYHBIM PELEHITAM.

[Ipn ananuse BHyTpeHHMX mpu3HakoB [ITC yuuTeiBaeTcs B INEpBYHO OYEPEND
CTaOUJIBHOCTh ABMKEHMs MOTOKAa — ero BuI. CylIecTByIOIIee B HACTOSIIEE BpeMs
000OpyI0BaHKE Yallle BCEro MO3BOJSET MPOU3BOAUTH HEMPEPbIBHYIO 00padoTKy. IITC
C TAKMMH MAIIMHAMHM MOKHO XapaKTEPU30BaTh KaK HEMPEPBHIBHO-NOTOUHYO. OJTHaKO
cnenuduka HEKOTOPBIX oOmepauuii uWin opraHu3anus (OopMbl  MOCTPOCHUS
TEXHOJOTHYECKOT0 MOTOKAa (CMEIIMBAaHUWE B MalIMHaX MEPHOJUYECKON 00paboTKH,
ruapoTepMuueckas o0paboTka, BbINEYKa, IEHTPU(PYTUPOBAHME B MalllMHAX C
NEPUOIUYECKON BBIFPY3KOM OcCajika, Bapka, MPUTOTOBJIEHHE PACTBOPOB) IEIalOT
MpolleCC HEPABHOMEPHBIM, UYTO MO3BOJSET XapaKTEPU30BaTh €ro KakK MPEPBIBHO-
MTOTOYHBIN.

VYuurteiBas, 4TO BBIITYCK MPOAYKTA, COCTOSILIErO U3 HECKOJBKMX KOMIIOHEHTOB,
WIM HECKOJIBKMX MPOAYKTOB M3 OJIHOIO, IO CYTH CBOEH SBISETCA PE3YJIHTATOM
OOBEIMHEHNS HECKOJbKUX IOTOKOB B OJMH WM pacnajoM OJHOIO IOTOKa Ha
HECKOJIbKO, MO NpPHU3HAaKy “CTpyKTypa noToka’ MOxHO Bblaenuts IITC c
JUHENHBIMH, CXOJALUIMMUCS U pacXoisumMucs norokamu. [Ipumepom cxonduerocs



MOTOKAa MOXET CIY)XUTh OOBEIWHEHWE KOMIIOHEHTOB KOMOHMKOpPMA, MPUMEPOM
pacxonsumerocss — MHOTOCOPTHBIM TOMOJI 3€pHAa Ha MeJbHHUIE. Takxke clenyer
OTMETUTh TapajuielibHO-IMHEIHbIE, MHOronoTouHbsie I[ITC, KoTOpble MO3BOISIOT
KPAaTHO M3MEHATH BBITYCK MPOAYKIHUH IO €IMHOW TEXHOJOrHu. HYacTto CTpyKTypa
MOTOKa OBIBAET KOMOMHUPOBAHHOM, HAIIPUMEP CXOIAIIE-PACKOISAIIEHCS.

Buytpu IITC moker cymiecTBoBaTh MOCienOBaTeNbHas (Ipyr 3a Jpyrom) M
rapasuliesibHasi KOMIIOHOBKA 2J1eMEHTOB. [locimenHsas npuMeHsaTCs s COINIACOBAHUS
TaKTa Olepanuy ¢ OOIIMM TaKTOM MOTOKA, KOT/Ia MPOIYCKHAsl CIOCOOHOCTh OJHOMU
MalluHbI HEJOCTATOYHA JJI1 00ECIICYEHUS 3aJaHHON TPOU3BOJUTEIBHOCTH CHCTEMBI.
JIro60e o0beMHEHNEe KOMITIOHOBOK 3JIEMEHTOB MO3BOJISET KIACCU(PUIIMPOBATH TaKyIO
[ITC kak cucreMy ¢ KOMOMHUPOBAHHON KOMIIOHOBKOM.

[Ipumenenue B [ITC TexHOMOTMUECKUX MAIIMH HEMPEPHIBHOM 00pabOTKH,
00€ecreynBarOIIMX 3aJaHHbBIII TEMIT MOTOKA, IO3BOJSET COKPATUTh KOJMYECTBO
MPOMEXKYTOUHOTO OOOPYJIOBaHMA 3a CYET TIOCJIEeOBATEIbHON KOMIIOHOBKH U
JKECTKOW MNPUBSI3KHA Jpyr K Apyry. OIHAKO B TEX CiIydasx, KOrja MPUMEHSIOTCS
MAIlIUHBI, HE COTJIACOBAHHBIE 110 IMPOU3BOJAUTEIBHOCTH, UM TEXHUYECKUE CPEACTBA
NEePUOINYECKO O00padOTKM M HApyLIAETCs HEMPEPBIBHBIM XOJ TEXHOJIOTMYECKOTO
MOTOKAa, BO3HUKAET HEOOXOJUMOCTh YCTAHOBKH CIEIHAJIbHBIX HAKOMUTEIbHBIX
COOPYKEHH WM YCTPOMCTB, IEMI(PHUPYIOIIUX HEPAaBHOMEPHOCTh MOTOKa. [lpu
VCIOJIb30BaHUM TAKUX JJIEMEHTOB MEXKJIY BCEMHU TEXHOJIOTMYECKUMHU CpPEICTBAMU
JIOCTUTaeTcs TMOJHas KOMIIEHCUPOBAaHHOCTh cCBsA3ed. Ecimum ke nemmdepHbie
AJIEMEHTHI YCTAaHABJIMBAKOTCS HE BE3JE, a, HalpUMeEp, TOJIbKO MEXIYy MAallMHAMU U
arnmapataMy, — OTPAHUYMBAIONIMMHM  TEXHOJOTMYECKHM  3aKOHYEHHBIC  JTaIlbl
MpPOM3BOJICTBA, TO Takas cucrema xapakrepusyercs kak IITC ¢ yacTuyHo
KOMITCHCUPOBAHHBIMU CBSI3SIMU.



