5.6. MoynibHbIE YCTAHOBKH MOKApOTYIICHUS

B nacTosdiee BpeMs B pa3iMYHBIX OTPACISX HAPOJHOTO XO3SIICTBA BHEIPEHBI aBTOMATHUUYECCKUE
yctaHoBkr moxapotymenus (AVII). Ilpu Bcex MONOXHUTENBHBIX (haKTopaxX, KOTOPHIE CBONCTBEHHBI
AVII; 3T yCTaHOBKHM OTJIMYAIOTCS HEYIOBJICTBOPUTEILHOW HaJeKHOCThIO. Hu3koe kauecTBO pabOThHI
AVYII u oTka3zbl B pa0boTe OOBSACHSIOTCS, HApsAy C APYTUMH NPUYUHAMH, ITUPOKUM MHOT000pazueM
KOHCTPYKTHBHBIX pEIIeHWd, B CBA3M C YeM i1 WX o0cimyxuBaHus TpeOyeTcs BechMa
KBATH(PUITMPOBAHHEI TiepcoHan. OCHOBHBIE HEIOCTATKH CymiecTByrommx AVYII: TpoMo3aKocTh,
0oJbIas MPOTSHKEHHOCTh KOMMYHHMKAIIMKA, MOTPEOHOCTh B KBANTU(UIIMPOBAHHBIX CICHUAIMCTAX IMPU
MIPOEKTUPOBAHUHM W OOCIYKMBaHWHU, TPYIJOEMKOCTh MOHTa)Xa, HAJIMYHE CI0XXHOTO JHEPreTHYECKOTO
X0351CTBA.

Kax mpaBuno, AVYIl umeror oOmmii murtaTenb (3amac OTHETYIIAIIETO BEIHIECTBA), CHCTEMY
MaruCTPaIbHBIX U PACIPEICIUTELHBIX TPYOOIPOBOAOB, 3aIIOPHO-ITYCKOBYIO apMaTypy, PACHbUTUTEIU U
KOHTPOJIEHO-CUTHANIbHBIE ~ ycTpoiicTBa. llutarenr pasmemaeTrcs B OTAENbHOM  000COOIEHHOM
MMOMEIIICHUH, BCJICIICTBUE YE€TO MAruCTPaIbHBIC M PACIpPECIUTEIbHBIE TPYOOIPOBOABI MPOXOISIT Yepes3
MHOTOYHUCJICHHBIE CTEHBI 3aIUIIAeMBIX TTOMEILIEHUH.

Paccuntannas Ha omnpeneiaeHHBIA pacxol oOruHerymamero BemectBa, AVYII He mno3Boiser
OTIEPATHBHO MPOM3BECTH TEXHOJOTHUYECKYIO MEPETNIaHMPOBKY MPOU3BOICTBA, €CIIA IIPH ATOM TpedyeTcs
YBEIUYUTH PACX0]l OTHETYIIAIIETO BEIecTBa. B 3TOM ciydae mpuxoauTcs mepeo0opya0BaTh MUTATENb U
3aMEHATh MAaruCTPabHBIA TPYyOOINpPOBOA. ABTOMAaTHYECKHE YCTAHOBKH MOMIYJIBHOTO THIIA BBITOIHO
OTIUYAIOTCA OT OOBIYHBIX CTAIlMOHAPHBIX YCTAaHOBOK KOMIMAKTHOCTBIO W  YHHUBEPCATHHOCTHIO
WCIIOJIb30BAHMS; MPOCTOTa MOHTaXXKa IO3BOJBICT OCYIIECTBISTh MX IMEPEMOHTaX B 3aBHUCHUMOCTH OT
NOTPeOHOCTEH IPOU3BOJICTBA C HEOOJIBIIIUMH 3aTPaTaMU BPEMEHHU.

MoynbHasi yCTaHOBKA — yCTAaHOBKA MOKAPOTYIIEHHSI, CTIOCOOHAS BHITIOJHATH CAMOCTOSTENILHBIC
(hyHKIUH A7 TPOTUBOIIOKAPHON 3aIIUTHI OTPAaHIMYEHHBIX TUTOIMAe Wi 00beMOB M TIO3BOJISIONIAS TIPH
HEOOXOAMMOCTH CTHIKOBKY aHAJIOTMYHBIX YCTAHOBOK JIJIsl 0OSCIICUEHHSI COBMECTHOTO TOKAPOTYIICHHS Ha
OJTHOM WJIM HECKOJIBKHX O0BEKTaX.

MonynbHBI TPUHOWAN TPOTHBOMOXKAPHON 3alIMTHl IIHPOKO MCIIONB3YETCS 3a PyOekKoM.
Exeromqno Ha MUPOBOM PBIHOK TIPEJIaraloTCsi HOBBIE KOHCTPYKIIMA MOIYJIBHBIX YCTAaHOBOK. B
OTEUECTBCHHON MPAKTUKE MOIYJbHBIE YCTAHOBKH IMOKA HE TMOIYYWIH JOJHKHOTO PACIPOCTPAHCHUSA.
KoHCTpYKTHBHO MOIYJIH IPENCTABISAET OO0 cocy (0aJIOH) ¢ OTHETYIAIIMM BemecTBOM (0T 5 1o 250
KT), 3allOPHO-IIYCKOBOE YCTPONCTBO C Ta30BBIM OAJIOHOM WM JJICKTPUYECKUM TMPUBOIOM, OIUH WIIH
HECKOJIBKO PaCIbUINTENICH U paclpeaeIuTEIbHYIO CETh.

B rmepBoHawanmpHOM JEKYpPHOM COCTOSHHHM COCYABI C OTHETYIIAIUM BEIIECTBOM MOTYT
HAXOJWTHCS TIOJ JaBlieHHEeM pabodero rasza (3akayHble) WM IO AaBIEHHEM OKpY)Kafomed cpemsl — B
3TOM ciydae pabouuii ra3 (Bo3ayX, a30T, AUOKCH] YIIIEpOaa) coAepKuTcs moy nasieHuem 10-15 Mlla B
OTJIENBHBIX OaJUTOHAX.

B 3aBucumocTH OT IpWHINMIIA TPUBEACHUS B AEWCTBHE YCTAHOBKH MOJIYJIBHOTO TIOKAPOTYIICHHUS
MOJIPA3ACISAIOTCS HAa YCTAHOBKM C aBTOHOMHBIM HMCTOYHHKOM pabouero rasza s KaxJIOoro MOIYJS U
[EHTPAIM30BaHHBIM HCTOYHUKOM pabodYero rasa Juis BCell COBOKYITHOCTH MPHMEHSEMBIX MojyJicii. B
Clly4ae WCIIONIb30BAaHUS aBTOHOMHOTO HCTOYHHMKA Ta3a MOXET OCYIIECTBIATHCA 3allyCK Kak
OMTHOBPEMEHHO BCEX MOAyJeH, Tak U BBIOOPOYHO TOTO MOMAYJIS, KOTOPBIM oOOecrmeuynBaeT
MPOTUBOIIOXKAPHYIO 3alllUTy B MecTe 3aropanus. [Ipy HaIuYnMy HECKOJBKUX 3alUINAEMBbIX OOBEKTOB
MOJIyJIbHAsl YCTaHOBKA MOXKET OCHAINATHCS pacHpeleUTeIbHBIMA KJIallaHaMHu, O0eCIIeYHBAIOIIAMU
[o/lady OTHETYIIAIETO BeIIecTBAa 10 33aJaHHOMY HANpaBICHHIO K TOMY MeECTy, B KOTOPOM
3apETUCTPUPOBAH TTOXKAP.

[Ippu ogHOBpEeMEHHOM  3allyCKe MOMAYJIBHOM  yCTAHOBKM C  HHIUBUAYAJIbHBIM WU
LIEHTPaJIN30BaHHBIM HCTOYHHKOM pa0O4yero raza B KadecTBE ammapaTrypbl OOHApy)XKEHHs 3aropaHus
WCIIOJIB3YIOTCSl TEIUIOBBIE, CBETOBHIE WJIM ABIMOBHIC HW3BEIIATECIN B KOMIUIEKTE C COOTBETCTBYIOIICH
YCTaHOBKOH moxapHo# curranusanuu. [Ipu paznenbHoM (BBIOOPOYHOM) 3aITyCKE MOJICIICH, KaK PaBUIIO,
MIPUMEHSIOTCS CIPUHKIEPHI WIIM TEPMOMEXaHHYECKash TPOCOBas CHUCTEMa C JIETKOIIAaBKUMHU 3aMKaMH
tuna 23T, XO0TS U HE UCKIIYEHO MPUMEHEHHE YCTaHOBKM MOKapHOM CHUTHAJIU3AIMU C Pa3IUYHBIMU
TUMAMU Hu3BemaTenei. MoHTaX TEPMOMEXaHUYECKON TPOCOBOM CHUCTEMBI OCYIIECTBISACTCS Yallle BCETO
Ha pacHpeleluTelIbHOM TPYyOOIIpOBO/E B 30HE NeHcTBHS pacmpuinTeneid. Kaknelii MOIyllb yCTaHOBKH
MOJKET CO/Iep KaTh OJUH WJIM HECKOJbKO pachbUInTeNel. Uncno pacibpuInTeNel onpeaemseTcss pacieToM
[1-2]. B Tex ciuydasx, KOrJa TOpPIOYHME BEIIECTBA M MATEPUAIBI IO YCIOBHSAM TEXHOJIOTHYECKOTO
mporecca MOryT OBITh HAarpeThl J0 TEMIEpaTypbl UX CaMOBOCIUIAMCHEHHUS, MOJYJIBHBIC YCTaHOBKHU
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MOXKapOTYIIeHU JOJDKHBI  comepkaTh 100%-HbIA pe3epBHBIA 3allac  OTHETYIIANIEro COCTaBa,
HaXOJSAITUICS HETMOCPEACTBEHHO B OTICIBHBIX MOJIYJSX M TOTOBBIM K HEMEICHHOMY NPUMEHEHHIO.
Mopynu ¢ pezepBHbIM 100%-HBIM 3aM1acoM OTHETYIIAIIEIO COCTaBa JOJDKHBI MPUBOJUTHCS B JCHCTBHE
BPYYHYIO WJIH JUCTAHIIMOHHO.

B 3aBucuMOCTH OT BHa OTHETYIIAIIETO BEUIECTBA YCTAHOBKU MOAYJIHHOTO THITA MOTYT YCIIEITHO
KCIIOJIB30BAThCS ISl aBTOMATHYECKOTO TyIIeHUs MoxkapoB kiacca A, B, C U 3IeKTpUUYECKUX yCTaHOBOK,
Haxoasmuxcs mox HanpsokeHueM 10 1000 B. IlpuMeneHre ycTaHOBOK MOJIYJIEHOTO THIIA IEIeCO00pa3HO
IUTS 3aKpPBITBIX 00BEMOB, CKJIAJCKUX W ITOJCOOHBIX NMOMEIICHWH, TOCYIapCTBEHHBIX W KOOIIEPATHBHBIX
rapaxei, BBIYMCIUTENBHBIX IIEHTPOB, OKPACOYHBIX M CYIIMIBHBIX KaMep, HACOCHBIX CTAHIMHA II0
nepekauke JIBX u 'K, MammHHBIX 32J10B KOMIIPECCOPHBIX CTAHIUH, IS YIaCTHUKOB 00€3KUPUBAHUS U
npombiBkHu Aetaneit B JIBXK u K, ctanuumii perenepanuu Maces, oMeIIeHUH TOIJIMBHOW anmapaTyphl,
MAaITUHHBIX OTACIICHUHN AIEKTPOCTAHITNH, pabOTAIONINX HA KUIKOM TOIUIMBE, JJIS YIACTKOB BOPOHCHUS U
BYJIKAHHU3AIIUH, JIJIS 3aKATIOYHBIX BaHH, N30TEPMUYCCKIX XPAHIIUII CKIDKEHHBIX TA30B H T.I1.

Kak mpaBuio, Moaynp mpeaHa3HaueH IS OJHOTO THIIA OTHETYIIAINWX BeliecTB. B Hacrostiee
BpeMs pa3pabOTUMKU CTPEMSTCS 00€CTIeUnTh YHUBEPCAILHOCTh UCIOIB30BAHMS MOIYJIBHBIX YCTAaHOBOK
JUISL pa3iUYHbIX BUIOB OTHETYIIAIIUX BellecTB. [IpumMepoM MOIyNBHBIX YCTaHOBOK, KOTOpPBIE HAIUIH
JIOCTATOYHO IIUPOKOE PACIPOCTpaHEHHE, SIBIAIOTCS YCTAHOBKHM Ta30BOTO IMOXKApOTYIIeHHWs — OaTapen
aBromatuieckue TUoB bAD u BAIIl coBmecTHO m HabopHBEIMEU ceknmsimu Tuna CH. VMcmons3oBanue B
KauecTBE OTHETYyIIAIUX BemecTB xynamoHa 13B1 wmmm amokcuma yriaepoma Ttpebyer, 4ToObl pabouce
naBieHne B OamnoHax coctaBisuio 8,0-12,5 Mlla, B cBf3u ¢ 4eM METAITIOEMKOCTh TAKUX MOJYJBHBIX
YCTaHOBOK BeChbMa BBICOKaI.

B kaudectBe pabouero cocyna, B KOTOPOM COJCPXKUTCS OTHETYIIAIINE BEUIECTBO, B ITHX
YCTaHOBKAaX HCIOJB3YIOTCS, KaK MPaBHIo, 0AUIOHBI BMECTUMOCTHIO 40 1. CyIeCTBEHHBIM HEAOCTaTKOM
aBTOMATHYECKHX OaTapell SBIseTCS Malloe BRIXOAHOE OTBepCTHE (Iuamerp 5 MM). B nemsix obecnieueHus
(cormacHO MexayHapomHOMy cTaHmapty [3]) TpeOyempIx HWHTCHCHBHOCTEH IOAa4Yd HEOOXOIMMO
YBEJIMYUTh YUCIIO OAJUIOHOB 3a CUET HAOOPHBIX CEKIHI, XOTS MO YCIOBUSAM MOXKAPOTYIICHUS JOCTATOYHO
MacChl OTHETYIIAIIEeTro BEIIeCTBa, COJEpIKAIleHCss B MEHbIIeM KojudecTBe OammoHoB. Ilockonbky mpu
9TOM BO3pacTalOT CPEJACTBA, 3aTpadyMBacMble Ha MPOTHBOIIOKAPHYIO 3aIUTY, BPeMs pabOThI Ta30BBIX
YCTAaHOBOK TIO CPAaBHEHHUIO C MEXIyHApOAHBIM cTaHmapToM [3] yBemmueHo B 3-6 pa3 UM COCTaBIsCT B
3aBUCUMOCTH OT ycnoBuil npuMenenus 30-60 ¢ (ansa quokcuaa yriepona go 120 c.).

B mpakTHKy MOXapOoTyIIeHHs] BCe IIHMPE BHEIPSIOTCS IMOPOIIKOBBIE ycTaHOBKH. OHOW U3
MEPBBIX Ppa3pabOTOK B 00JIACTH MOIYJIBHBIX YCTAHOBOK TOXKAPOTYIICHUS SBISIACH YCTAaHOBKA
MOpPOLIKOBOro moxkapoTymeHus tuna YIIM-100, paspaborannas BHUUIIO MBJI CCCP u CIIKB
«CnemaBromaruka». MonynbHas yctanoBka YIIM-100 Oputa cozmaHa Ha 0a3e  BBIITYCKaeMOTO
oraerymmrenss OII-100. ITorpeGHOCTE B TMOMOOHBIX ycTraHOBKax Ha 1984-1985 r1r. cocraBisa: B
JIBYXMOJYJIbHOM KoMITekTaruu — 21021 mrt., B yeTsipexmMoayapHol — 14487 mIT., B IECTUMOTYIBHOMN —
7258 wmwr. OTE4eCTBEHHOW MPOMBIIUICHHOCTBIO MOATOTOBIEHO K CEPUIHHOMY MpPOU3BOACTBY U
BBIITYCKAeTCsl HECKOJIBKO MOAU(HUKAINN MOAYIHHBIX MOPONIKOBBIX YCTAHOBOK ITOXKAPOTYIIEHHUS THIIA
OITA-50, OITA-100 u VIIA-250 ¢ mone3ubiM 06bemMoM cooTBeTcTBeHHO 50, 100 u 250 1, B KOTOPHIX
3aMMCTBOBAHbI OCHOBHBIC MIPUHIUIBI MoAyel YIIM-100

[To cpaBHEHHWIO C Ta30BBIMH YCTAaHOBKAMH MOXKAPOTYIICHHS KOPIYC TOPOIIKOBBIX YCTaHOBOK
paccuntan Ha gasienue no 0,8-1,2 Mlla, BcrmeAacTBHE 4ero OHM MMEIOT MEHBIIYI0 METAIIOEMKOCTh. B
KauecTBE OTHETYIIAIINX BEIIECTB B HUX HCIONB3YIOTCS MopoiikoBbie cocTtaBbl [ICB-3, I1®, [Tupant-A u
np. [IpuHIIMT TeHCTBUS 3TUX YCTAaHOBOK 3aKII0YAETCS B TOM, YTO IPHU MX CpabaThIBAHUH 00ECIIeYrBaCTCS
3aIloJIHEHHE COCyAa PabOYMM ra30M-HOCHTENEM (CKATBIM BO3TyXOM, a30TOM WJIM AHOKCHAOM YTIIEpOAaa)
u3 O6amioHa BMectuMocThio 5-20 1. Ilpu goctmkenuu B cocyne nasienus 0,8-1,2 Mlla cpabatsiBaeT
MTHEBMATHUYECKUH KianaH (pa3pbhiBHas MeMOpaHa), U MOPOIIKOBEIM OTHETYIIANUI COCTaB M0 cH(OHOBOH
TpyOKe ¥ paclpeneiauTeIbHOMY TpyOONpOBOAY IIOCTyHaeT K pPAacHbUTUTENsIM, depe3 KOTOphIe
JMUCTIEPTUPYETCS B 3aAIIUIIAEMBIH 00BEM.

B otnnuune ot ycranoBok YIIM, OITA u VIIA aBTOoMarmueckue orHerymwurenu tuma Y All-5,
VAII-8 u YAII-16 sBasioTcs 3aKkayHbIMU, T.€. OTHETyLIAIlEe BELIECTBO HAXOIUTCS B KOpPIyce MOA
JaBJIeHWEM pabodero rasa. B kadecTBe OrHETymIAIIMX BEIIECTB MOTYT HCIIOJIb30BATHCS MOPOIIKOBBIC
coctasbl [1® wmu [1CB-3, xnagonsr 12B1 wim 114B2. Pabouee naBneHue B kopmyce coctasiusieT 1,2
Mlla, B kauecTBe pabodero raza-HOCHUTENSI MOTYT IPUMEHATHCS T€ K€ T'a30BBIE COCTaBBI, YTO W JUIA
ycranoBok Trma OITA. HecMoTps Ha BBICOKYIO CTOMMOCTH IPOTHBOIIOKAPHOHN 3aIUTHl Ta30BBIMH
MOJYJBHBIMH YCTAaHOBKAMU WX MPUMEHEHHE OOYCIOBIEHO BBICOKON 3((HEKTHBHOCTh M OTCYTCTBHEM
MOOOYHBIX 3PQPEKTOB MOCIE TYIICHUS — COXPAHHOCTHIO TEXHOJOTHYECKOTO CHIPbS W O0OPYIOBaHUS,
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BO3MOKHOCTBIO TIPOJOJDKEHHSI MPOW3BOJACTBEHHBIX OIEpannid cpaly JKe IIociie TPOBETPUBAHUS
IIOMCUICHUS. OILHaKO IMOPOMIKOBBIC MOJAYJIBHBIC YCTAHOBKH ABJIAIOTCA HanboJjiee 3KOHOMHYHBIMU npu
TLIONIA/IH 3aIUIAeMOro 06bekTa 10 1000-2000 M.

Oco0ple 3a00THI JKCIUTYaTaIlMOHHUKOB BBI3BIBAET HEOOXOJMMOCTh YaCTOH IEpHOAMIECKON
repe3anpaBKy MOPOIIKOBBIX COCTABOB, T.€. B TCUSHHE HEMPOIODKUTEIBHOrO mepuoaa Bpemenu (ot 0,5
0 2 JeT), Tak Kak BCJCICTBUE CJICIKMUBAEMOCTH TOPOIIKA yXyAmaercs 3((EeKTUBHOCTH JCHCTBUS
ycTaHoBOK. CymIecTBYIOIIME CHOCOOBI M WHKEHEpHBIE PEIIeHHS HE OO0ECIeYMBAIOT MPUEMIIEMOCTH
MIPOTUBOPEYMBHIX KA4eCTB — IPOCTOTHI KOHCTPYKIHMH ¥ 3(PQPEKTUBHOTO PHIXJICHHS IOpomKa. B
HACTOSAIIEe BpeMs Mepea pa3padOTYMKaMHM CTOSAT 3aJa4d [0 YCOBEPIICHCTBOBAHHMIO MOJIYJIBHBIX
YCTaHOBOK B CIIEAYIONINX HAMPABICHUSAX:

WCTIONB30BaHUE JUIA COCYAOB M OajUIOHOB HOBBIX KOMITO3HIIMOHHBIX MAaTEpHaJOB C IIENBIO
CHIDKEHUS METAJNIOEMKOCTH YCTaHOBOK;

CO3/IaHUC IICNILHOW TEOPUH W WHXKCHEPHBIX METOJIOB pacyeTa BHYTPEHHEH OaNTMCTHKU TpU
TPAHCIIOPTUPOBKE OTHETYIIANUX BEIIECTB TI0 pAaCIpeNeNuTeIbHBIM TpPyOOmpoBOaaM, BHEIIHEH
OaJUTUCTUKYU ¥ paclpeieNieHUs] IUCTIEPTUPYEMbIX OTHETYIIANINX BEIIECTB B 3aLIUIICHHOM 00beME;

pa3paboTka 3alOpPHO-IIyCKOBOM apMaTyphl JIJIsl Ta30BBIX YCTAHOBOK C IPOXOJIHBIM CEYCHHUEM, B 3-
4 pa3za TIPEBHIIAIONINM CYIISCTBYIOIIHUE TOJOBKU-3aTBOPHI, C MENBbI0 O0O0ECIEYeHUs BBITYCKa
OTHETYIIAIUX BEIIEeCTB 3a BpeMmsi, paBHoe 10 c;

nopa60TKa IMHCBMATUYCCKUX KJIAIIAHOB MOPOIIKOBBIX YCTAHOBOK B HaIIPpaBJICHUHN obecneueHust
HA/IKHOCTH IEHCTBUS U O€301aCHOCTH B padoTe;

CO3/1aHNEe M OCBOEHHE TNPOMBIIIICHHOCTHIO TEIUIOBBIX HM3BEIIaTeneldl Ha 0a3e MHEeBMATHYECKHX
o0y IUTENbHBIX JINHUI;

BHEJIPEHUE B Ka4eCTBE MO0y IuTeNel 0E30MacHbIX B OOpaIlleHUH MUPOTEXHUICCKHUX 3apsI0B IS
BO3MOKHOCTH HWCIOJB30BaHHUS MOZAYJIBHBIX YCTAHOBOK B CHUCTEMax MOJABJICHUS B3PHIBOB B 3aKPBITHIX
TEXHOJIOTHYECKUX ammaparax ¥ yCTaHOBKaxX OJOKHPOBAHHWA PACIpPOCTPAaHEHHWS IUIAMEHH TI0
BEHTHJIALIMOHHBIM KaHAJIaM M THEBMOTPAHCIIOPTHBIM KOMMYHUKAIIUSM;

pa3zpaboTka yHUBEpCaJIbHOTO JPQPEKTUBHOTO CMOCO0Aa PHIXJIEHUS H  IICEBIOOKIKECHHS
MTOPOIIKOBOTO OTHETYIIAIIETO COCTaBa Mpu cpabaThIBaHWM YCTAaHOBKH (WJIM B TIpolecce ee
SKCILTyaTaIlHHn);

CO3/IaHUE THUIAXa YHU(PUIIMPOBAHHBIX MOJYJICH C Pa3IMYHBIMU THUIIOPa3MEPaMHU.
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