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IHosicHuTeIbHASA 3aIUCKA

JlaHHBIE METOIMYECKUE yKa3aHUs MPEIHA3HAUYEHBI ISl OKa3aHUs MOMOIIM CTyIEHTaM CIIeLH-
anbHOCTH 09.02.01 «KOoMIbrOTEpHBIE CUCTEMBI M KOMIUIEKCHI» IIPU BBIIIOJHEHUH AUIJIOMHOTO MIPO-
eKTa

Llenbto BBIMTOTHEHUS TUIUIOMHOTO MPOSKTHUPOBAHUS SIBIISIOTCS: 3aKpEIJICHUE U CHUCTeMaTH3a-
U] TPUOOPETEHHBIX 3HAHUM MO CIEUAIBHOCTH, UX MPUMEHEHUE B PEIICHUH KOHKPETHBIX MpPaK-
TUYECKUX 3a/1a4; MPUOOPETEHHE ONbITA CAMOCTOSATEILHONH pabOThl ¢ TEXHUYECKOH MH(pOpMaLuei,
METOJMYECKUMH U HOPMATUBHBIMH JIOKYMEHTaMH, CIICIHAbHON JIUTEPaTypOi, COOTBETCTBYIOIIH-
MU METOJIaMH U TEXHOJOTHIMU;

Mertoanyeckue yKa3zaHHUs 1O BBIIOJIHEHUIO AMIIJIOMHOTO NMPOEKTA COCTOAT W3 CIETYIOUINX
pa3nennos:

OOm1re noIoXKeHus

Temaruka 1 00beM TUIIIOMHOTO MTPOEKTA

ConepxaHue TUIUIOMHOTO ITPOEKTA

OdopmieHne MOsSICHUTENBbHOM 3anucku [IpunoxeHus

- OMKCAHME HIIEMEHTHOH 6a3bl

METOMYECKUE YKA3aHUs ISl CTYJACHTOB IO BBIIOJIHEHHUIO AJIEKTPUYECKUX PACYETOB TUILIOM-
HOTO MPOEKTa

METOMYECKUE YKa3aHMs Ui CTYIEHTOB IO BBITOJHEHHUIO TEXHOJOTHUYECKOW YacTH TUIIIOM-
HOTO MPOEKTa

METOMYECKUE YKa3aHHs I CTYJEHTOB MO 0(OPMIICHHIO TEKCTOBOW YaCTH TUILUIOMHBIX IIPO-
EKTOB

Copnepxanue, 00beM, U CPOKH BBINOJHEHHUS JUIUIOMHOTO HPOEKTa OMPEICISIOTCS YTBEp-

KJICHHBIM 33/IaHUEeM U TpaprKOM y4eOHOTO MpoIiecca.



OO0mee mojioxxenne

BrinosiHeHUE TUIUIOMHOTO MTPOEKTa SBJSETCS 3aBEPLIAIOIIMM ITAlOM B MOATOTOBKE CIEIMa-
JIMCTOB M TMO3BOJISET MPOJEMOHCTPHPOBATH 3HAHHS, YMEHUS U HaBBIKH, IPUOOPETEHHBIC 32 BpeMs
o0Oy4eHus: B IPUIIOKEHUU K KOHKPETHOM 3a/1ayue.

B Xoz1e BBINOJIHEHUS JUINIOMHOTO TPOEKTa CTYIEHT UCIOJIb3YeT CBOU 3HAHMUA B 001acTH 00-
IIEHAay4YHBIX, 00111e MPO(PECCHOHATBHBIX U CIIEHUATBHBIX TUCIUILUINH, a TAK)KE NPAKTUYECKUH OIIBIT,
nproOpPETEHHBIN B MPOLIECCE MTPOU3BOACTBEHHON MPAKTHKH, KYpCOBOTO MTPOSKTHPOBAHUSI.

[{enstMu BBINIOJIHEHUS AUINIOMHOTO IPOEKTUPOBAHUS SIBIISIOTCS:

- 3aKpeIJICHUE U CUCTeMaTU3alus IpUoOpPETEHHBIX 3HAHUN 110 CHENUANIbHOCTH, UX TPUMEHE-
HUE B PELIEHUM KOHKPETHBIX IPAKTUUECKUX 3a/1a4;

- IPUOOPETEHNE OMBITA CAMOCTOSATENILHON paboThI ¢ TEXHUYECKOW MH(opManueil, meronuue-
CKUMHU M HOPMAaTHBHBIMHU JIOKYMEHTaMH, CIELMAIBHOM JUTEPATypOi, COOTBETCTBYIOIIUMHU METO-
JaMH U TEXHOJIOTUSIMU;

B xoJ1e AMNIIIOMHOTO IPOEKTUPOBAHNUS PELIAIOTCS CIIEIYIOIINE 3a1aUH:

- pa3BUTHE TBOPYECKUX CHOCOOHOCTEH, HABBIKOB BEICHHMS CaMOCTOSTEIBHBIX MPOEKTHO-
KOHCTPYKTOPCKUX Pa3pabOTOK M OBJIaJCHHE HEOOXOIUMBIMU METOJMKAMHU HCCIEIOBAHUN TPHU pe-
LIEHUU KOHKPETHOM TEXHUYECKOM 3a1a4u;

- Pa3BUTHE HABBIKOB MCIIOJb30BAaHUS BBIUMCIUTEILHON TEXHUKH NIl TEXHUYECKUX PACUETOB
U Tpaduueckoro opopmMIeHUs UX PE3yIbTaTOB;

- HAKOIUICHHUE OMbITa pabOThl C HAYYHOH, HAyYHO-TEXHHUECKOW U ATEeHTHOM JTUTEpaTypoii;

- 3aKpCIUICHUC U PACHINPCHUC HABBIKOB IMPOBCACHUA TCXHUKO-3KOHOMHUYCCKOI'0 aHAJIN3a,

- pa3paboTKa MEpOINpPHUATUI MO OXpaHE TPyAa U TEXHUKE O€30MaCHOCTH, 3aAIIUTE OKpPYXKalo-
LIEH Cpellbl U TEXHUYECKOU ICTETUKE;

- BBIICHEHHE IMOJTOTOBJICHHOCTH CTYAEHTOB K CAMOCTOSITENILHONH paboTe B YCIOBUSAX COBpE-
MEHHOTI'0 IIPOU3BOJICTBA, IIPOrpecca HAyKU U TEXHUKH, pOCTa KYJIbTYpPbl IPOU3BOICTBA.

JIMTIJIOMHBIN TIPOEKT SABISETCS 3aKITIOUUTENIbHON YUeOHOH NesITeNbHOCTBIO CTY/ICHTa, B KOTO-
POl OH CaMOCTOATEIBHO NPUHUMAET PEIICHUs U 3aTeM IMyOianM4HO uX 3auuiaer. [lostomy B mpo-
1[€CCe BBIMOJIHEHHSI AUMJIOMHOTO MPOEKTa AUIUIOMHHUK 00s3aH MPOSIBUTH TBOPUECKYIO AaKTUBHOCTbD,
MHULMATUBY, CAMOCTOATEIBHOCTh U YYBCTBO OTBETCTBEHHOCTH 3a IIPUHATBHIE TEXHUYECKHUE pellle-
HUS, 32 MPABHJIBHOCTh BCEX BBHIUMCICHUN M 0(OPMIICHHS TUINIOMHOTO MPOEKTa B COOTBETCTBUH C

tpeboBanusmu 'OCT u ECK/I.



TemaTnka u 00beM AUIVIOMHOIO NMPOEKTA

Br160p 1 popmMynupoBKa TEMBI AUIIIOMHOTO IPOEKTA, @ TAKXKE COCTABJICHUE 3alaHUsI 110 TT0/I-
TOTOBKE JTUIUIOMHOTO MPOEKTa CTYAEHTY - OJIMH U3 IOCTATOYHO OTBETCTBEHHBIX ITANOB JUIIJIOMHO-
r'0 IPOEKTUPOBAHMSI.

Tematuka TUINIOMHOTO IMPOEKTa IOJDKHA OTBEYaTh COBPEMEHHBIM TPEOOBAHUSM HAYyKH U
TEXHUKHU U cOOTBETCTBOBATh cnenuanbHOoCTH 09.02.01 «KoMnbroTepHbIE CHCTEMBI U KOMIUIEKCHD).

[Tpu BBIOOPE TEMBI TUIUIOMHOTO MPOEKTA CIEeTyeT UCXOAUTH U3 CIEAYIOIUX MOJI0KEHUH, Te-
Ma J0JDKHA:

- cootBercTBOBaTh Ipodmiro creruanbHoctr 09.02.01 «KoMmbroTepHBIE CHCTEMBI U KOM-
IIJIEKCBD».

NPEJCTaBIATh MPAKTUYECKUI MHTEpEC Ui NPeAnpHUsATHid (opraHuzamuii) - 6a3 mpeInioM-
HOU IIPaKTUKH;

OBbITh aKTYaJIbHOW U COOTBETCTBOBATH COBPEMEHHOMY YPOBHIO TEXHMUECKHX 3a7a4 MO MPOEK-
TUPOBAHHUIO HOBBIX CPEJICTB BHIYUCIUTEIBHOM TEXHUKU U IPOTPAMMHOI0 00eCTICUEeHNUS;

JlomyckaeTcst mporpaMMHasi TeMaThKa AUIIJIOMHOTO MPOEKTa, B 3TOM cliydae pa3paboTaHHas
CTYZIEHTOM IIporpamMma JI0JKHA UMETh MPUKIIaIHOE 3HaYCHUE JJIs KaKoi - 100 OTpaciiv HapOIHO-
r'0 XO3HCTBa WM IS TIpoliecca 00ydeHHs..

Tembl TUIIOMHBIX IPOEKTOB U UX PYKOBOJUTEIN MOTYT ObITh PEKOMEHIOBAHBI IPEAIPUITH-
SIMHM, Ha KOTOPBIX CTYAEHTHI IPOXOAAT IPOU3BOJCTBEHHYIO IPAKTUKY, WU LIUKIOBONH KOMHUCCHUEM.
Onu paccmarpuBarorcs Ha 3acenanuu LK u BbigaroTes cTyneHTaM He NO3/HEE, YeM 3a TPU HeJenu
JI0 OKOHYaHUs IPOU3BOJACTBEHHON TEXHOJOTHYECKOU ITPAKTUKH.

[IpenunuomMHas npakTUKa JOJDKHA OBITh HAIpaBJieHA MO TEME AMUIIOMHOTO MPOEKTHUPOBa-
HUs. B mepuosa npeagunioMHON MPakTUKU CTYACHT O0s3aH O3HAKOMUTBCS C TEMOM, MPOU3BECTU
TEXHUKO-3KOHOMUYECKOE 00OCHOBaHHE HEOOXOIMMOCTH Pa3pabOTKU M BHEIPEHUE TAHHOW TEMbI
MIPOEKTa, O3HAKOMHTCS C CYIIECTBYIOIIMMH aHAJOTHYHBIMU YCTPOHCTBaMHM, pa3zpaboTaTh CTPYK-
TYPHYI0 M IPUHLUIIHAIBHYIO CXEMBI, IIEUYATHYIO IUIATy, TEXHOJOTMYECKUH IPOLECC, POU3BECTH
IEKTPUYECKUI U JIOTUYECKUN PACUETBHI.

[Tpu pa3zpaboTKK MPOrpaMMHOTO JUIUIOMHOTO MPOEKTa B MEPUO MPEATUIUIOMHON MPAKTUKA
CTYEHT 00s3aH NPOU3BECTH TEXHUKO-?KOHOMHYECKOE OOOCHOBaHME pPa3padOTKH U BHEIPEHUS
JAHHOW TEMBI POEKTA, 03HAKOMHUTCS € CYLIECTBYIOIIUMH aJITOPUTMAMHU U ITPOrpaMMaMH I10 pas3pa-
OaTpIBaeMOil Teme, BbIOpaTh Hambosee MpPHEMIIEMYIO CHUCTEMY IpPOTPaMMHPOBAHUS, M3YyUHTh €€
0COOEHHOCTH, CUCTEMY KOMaH/1, pa3paboTaTh CTPYKTYPHYIO CXEMY IPOTPaMMBI.

Ilo mpencraBiaeHUIO PYKOBOAMUTENEH AUINIOMHOTO IIPOEKTa TEMBI pACCMAaTPUBAIOTCS U YTBEP-
kaaTcd Ha 3acepaHun [[K MexaHO-TEXHOIOTMUECKUX M AJIEKTPOHHO-BBIYMCIUTENBHBIX AUCIIH-

IUIMH. 3aKpelvIeHue TeM JUIUIOMHOTO MpOeKTa (C yKa3aHMEM pPYKOBOIUTENEH) 3a CTyAECHTaMu
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odopmIsieTcs IpUKa3oM pyKOBOAUTEINS 00pa30BaTENLHOTO YUPEKICHUS.
JIMIIJIOMHBIN TTPOEKT JOJDKEH COCTOSTH U3 2 - 6 TUCTOB rpaduyeckoil JOKyMEHTAIUH U TOosiC-
HUTENbHOM 3anucku. [losicHUTeNbHAS 3amUCcKa B LIEJIOM JI0JDKHA cocTosATh u3 40 - 50 crpanun mne-

94aTHOTO TeKcTa (popmaTta A4, HaNMCAHHOTO C OJHOM CTOPOHBIL.



CoaepskaHue TUIVIOMHOIO IPOEKTA

JIMIIIIOMHBIN IIPOEKT OTHOCUTCA K CTaJMH 3CKU3HOTIO MPOECKTAa KOHCTPYKTOPCKOW JTOKYMEHTa-
LU U JTOJDKEH COJIEPKaTh COBOKYITHOCTh KOHCTPYKTOPCKUX JOKYMEHTOB, COJEPKAIHUE IIPUHIIUITN-
aJlbHbIe KOHCTPYKTHUBHBIEC pPEIIEHUs, Jalolue odliee npeacTaBieHue o0 yCTpONCTBE M MPHUHIIUIE
paloThI U3JENus, a TAKKE ONPENENAIONUX Ha3HAaYCHNEe, OCHOBHBIE ITapaMeTphl, TabapuTHbIE pas3-
Mepbl pa3padaTbIBAEMOT0 H3/ETHS.

HoMeHknarypa KOHCTPYKTOPCKMX JOKYMEHTOB Ha CTaJHUU 3CKU3HOTO IPOCKTa IPUBEICHA B
tabmune 1. HomeHkiaTypa JOKYMEHTOB AMIIJIOMHOTO IMPOEKTa OMpEeNesseTcss MHIUBUAYaIbHO B
3aBHCUMOCTH OT OCOOCHHOCTEN MPOESKTUPYEMOTO U3IENUS M TEMBI AUTIIOMHOTO TIPOEKTA.

B nosicHUTENbHOM 3amHCKe TOJDKHO 0053aTeNbHO OBITh OTPAXKEHO TEXHHUKO-IKOHOMUYECKOE
000CHOBaHME HEOOXOIUMOCTH pa3pabOTKMU M BHEIPEHUsl ycTpoiicTBa. B pacueTHol yacTu mpuBo-
JUTCS pacyeT MoKaszaTese HaJAeKHOCTH, OBICTPOJICHCTBHS, COTIACYIOIUX AIEMEHTOB, UCTOYHUKA
IIATAHUS U IPYTUX HECTAHJAPTHBIX JIEMEHTOB, UCIOJIb3YEMBIX B IIPOEKTUPYEMOM YCTPOMCTBE.

JUist TUIIIOMHOTO TIPOEKTa MPOTrPaMMHON TeMaTHKU HEOOXOIMMO 3KOHOMUYECKoe 000CHOBA-
HUE HEOOXOIMMOCTH BHEAPEHHUS MPOrpaMMbl B IMPOU3BOJCTBEHHYIO, YIPABICHYECKYIO NESATEb-

HOCTb WJIM Y4eOHBIH mpoliecc.

Tabmuua 1.
Bun nokymenra Mpudr Onpenenenne
JIOKyMEHT, COAep)Kalluii H300pakeHue JeTanud H
YepTex neranu Apyrue JaHHble, HEOOXOIUMBIE JJISI U3TOTOBJICHUS U KOH-
TPOJISL.

Ha cxeme u300pakaioT BCe OCHOBHBIE (PYHKIIMO-

HaJIbHBIE YaCTH U3AEIUS (IEMEHTHI, yCTPOUCTBA U K-
Cxema 2J1eKTpUYECKas CTPYK- A ( >, YOIP ym

TypHas o1 LIMOHAJIbHBIE TPYIIIBI) U OCHOBHBIE B3aUMOCBSI3H MEXAY
HUMH. VMU TONIB3YIOTCS MPH SKCIUTyaTaly st 00IIero
O3HAKOMJICHHSI.
Cxema anekTpuueckas QpyHK- Ha cxeme nzo0paxxaroT (pyHKIIMOHAIbHbBIE YaCTH U3-
[IUOHAJIbHAs 3 nenust (3JIEMEHTHI, YCTPOUCTBA M (DyHKIMOHAIBHBIE TPYII-
IbI), YUACTBYIOIIUE B MPOLIECCE, HILTIOCTPHUPYEMOM CXEMBI,
U CBSI3U MEXIY STUMH YacTsIMHU.
CxeMa »nekTpuyeckas MpHUH- Ha cxeme n300paxaroT BCe JIEKTPUUECKUE IIEMEH-
UIHaTbHas THI WJIK YCTPONCTBA, HEOOXOAUMBIE JJIsl OCYLIECTBICHUS U
33 KOHTPOJISL B M3CTHH 3aJlaHHBIX JJIEKTPHUYECKUX IPOIEC-

COB, BCE DJICKTPUUYECKUE CBSI3M MEXJYy HUMH, a TaK XKe
AJIEKTPUYECKHUE IEMEHTHI (pa3beMbl, 3aKUMBI U T.I1.), KO-
TOPHIMU 3aKaHYMBAIOTCS] BXOHBIE U BBIXO/IHBIE LIEIH.

Cxema »nsnekTpuyeckass co- Ha cxeme n300pakaioT Bce yCTpONUCTBA U AJIIEMEHTHI,

eAMHEHU N 34 BXOJSIINE B COCTaB W3JENHUS, UX BXOJHBIC U BBIXOJHbIC
3JIEeMEHTHI (pa3beMbl, IJIAThI, 3aKUMBI U T.II.), a TaK ke
COCIMHEHUS] MEXAY STUMHU YCTPOUCTBAMH U JIEMEHTaAMU.
Cxema »siekTpuyeckas Io0/JI- Ha cxeme w300pakarOT W3IeNus, €ro0 BXOJHBIE U
KIIFOYEHUS 25 BBIXO/IHBIE 3JIEMEHTHI (Pa3beMbl, 32KUMbI U T.I1.) U TIOJIBO-

AUMBIC K HHMM KOHIBI ITPOBOJOB M KaOeyeil BHEIIHETO
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MOHTaa, OKOJIO KOTOPBIX MOMENIAIOT JAHHbBIE O IMOJIKIIIO-
YEHUU U3Jenusl (XapaKTepUCTUKH BHEIIHUX Liened u aj-

pec).

Cxema anexTpuyecKas

26

Ha cxeme u300pa)katoT YCTpOICTBO M 3IIEMEHTHI,
BXOJISIIME B KOMILJIEKC, a TaK K€ MPOBOJA, JKI'yThl, Kade-
JIY, COEAUHSAIOIINE ATH YCTPOICTBA U AJIEMEHTHI.

Cxema anexTpuyecKas

97

Ha cxeme n300paxaroT COCTaBHbIC YaCTU U3JIENUs, a
pu HEOOXOAUMOCTH MEXIy HUMHU, KOHCTPYKIIHIO, TIOMe-
LIEHUE WJIA MECTHOCTb, HA KOTOPBIX 9T COCTaBHBIE YaCTH
PaCIIOJIOKEHBI.

Cxema anropurma

08

JIOKyMEHT, Ha KOTOPOM B BHJIE YCIOBHBIX H300pa-
JKEHUU WiIn 0003HAUYEHNH TTOKAa3aHbl COCTABHBIE YAaCTH aJl-
ropuTMa paboThl YCTPOMCTBA U CBS3U MEXAY HUMH.

TlogcuurenbHada 3ammcka

I13

JIOKyMeHT, coepKaun OIMCaHue
YCTPOMCTBA W NPUHIMIA JEHCTBHS pa3pabaTbIBAEMOTro
U3Jenus, a TaK xKe
00OCHOBaHME IIPUHSATBIX pu ero pas-
paboTKe TEXHHMUYECKUX M TEXHUKO-3KOHOMHUYECKHX pelle-
HUMI




OdopMiieHHe NOSICHUTEJIBLHOM 3aIIUCKH
BelnonHeHne IUIIOMHOIO MPOEKTA SABIIAECTCS 3aBEPLIAIOIIMM JTAllOM B IIOATOTOBKE CIIEIMA-
JMCTOB M TMO3BOJISIET MPOJAEMOHCTPUPOBATH 3HAHMS, YMEHHUS U HaBBIKHM, IPUOOPETCHHBIEC 32 BpeMs
oOy4yeHus B MPHJIOKEHUH K KOHKPETHOH 3anaye. [losicHuTeNnbHAS 3amucKa JTOJIKHA OTBEYaTh Tpe-

6oBanusMu [[OCTOB 1 METOMUECKUM YKa3aHHEM 10 0(OPMIICHHIO MOSICHUTEIBHOM 3aIUCKH.

PexoMeHyeEMBIN cOCTaB MOSACHUTEILHOM 3aUCKU:

TuTynbHBIN IUCT

3ajiaHye Ha TMIUIOMHOE IPOEKTUPOBAHME .

Coneprkanue - TOMeIIaeTcst Ha MePBOM (3arJIaBHOM) JTUCTE W BKIIFOUAETCS B 00IIIee KOJTUIECTBO
JIUCTOB

BBezenue - COCTOUT M3 KPaTKOro 0030pa CyLIECTBYIOUIETO YPOBHS Pa3BUTHUS TEXHUKH 110 TEME
MIPOEKTa U 00s3aTEIHHOTO TEXHUKO-3KOHOMUYECKOTO 000CHOBaHMSI Pa3pabOTKH U BHEIPEHUS JaH-
HOTI'O IIPOEKTa

1 BbiOop 1 00OCHOBaHME CXEMBI - B JJAHHOM pasjiesie MPUBOJUTCS TEXHUKO-DKOHOMHYECKas
OILICHKa aHAJIOTMYHOTO YCTPOMNCTBA, BHIITYCKAEMOTO MPOMBIIUIEHHOCTHIO WIN ONyOJIMKOBAHHOTO B
auTeparype.

2 Onmcanue CTPYyKTYpHOM CXEeMBbI - TaHHBIM pa3zien BKIYaeT B ceOs onucaHue GyHKIHMOHAb-
HBIX Y3JI0B CXEMBbI, ONIMCAHNE CUTHAJIOB MCIIOJB3YEMbIX B pab0Te CXEMBI M OTIMCAaHUE NPUHLIUIIA pa-
O0TBI CTPYKTYPHOM CXEMBI

3 Onucanue -NMpUHIMIMUATBHON CXEeMBI - TAHHBIM pa3/ieN BKIOYaeT B ce0sl ONMCaHUe MPOLIECCOB
MPOUCXOAIINX B YCTpoiicTBe, (pa3bl paboThl yCTPOWCTBA, OCHOBHBIE CHTHAJIBI, OMpPECISIONINe
Hayvajo ¥ OKOHYaHHE (a3 ¥ MOPAJOK UX MPOUCXOKICHHUS.

4 DneKTpUYeCcKUiA 1 JIOTUYECKU pacyeThl — JaHHBIM pa3/ien BKIII0YaeT B ce0sl pacueT OCHOBHBIX
AJIEMEHTOB CXEMBl TaKUX KaK: F€HepaTopbl, MyJIbTUBUOPATOPHI, UHTETpUpYIOUIHE U TU(depeHITH-
PYIOIINE LEMNH, KII0UYX Ha OUIOJISIPHOM TPAaH3UCTOPE U JIp.

5 Pacuer HanE&XHOCTU - JAHHBIN pa3liell CONEP>KUT [BE YaCTH: TCOPETUYECKYIO U IIpPaKTHUYe-
CKY!0. B 3TOM paszeine naercs OCHOBHBIE ITOKA3aTeNIN HAJIECKHOCTH, pacyeT IIOKa3aTesIed HaJeKHO-
CTH

6 TexHonornyeckasl 4acTb - OCHOBHOM LIEJIbI0 TEXHOJOIMYECKON YacTH AMILUIOMHOIO IPOEKTa
ABIsieTCS POPMHUPOBAHUE, Y CTYACHTOB YMEHHM MPOEKTUPOBATH YCTPOMCTBA BHIYUCIUTEIBHON TEX-
HUKU. B TE€XHOJIOTMYECKOH YacTH JUIUIOMHOTO MPOEKTa pa3padaTbIBAOTCs CICIYIOIIUE Pa3aeibl:
aHaJM3 TEXHOJOTUYHOCTU W3JIENUs, BEIOOp BapHaHTa TEXHOJIOIMYECKOTO IMPOIEcca U3TOTOBICHUS
u3Jenusi, BIOOp 1 000CHOBaHME MPUMEHSEMBIX MAaTepHAIOB, TEXHOJOTHUECKUI MPOIlecC U3TOTOB-

JICHHUS TICUaTHOM IJ1aThl, KOMIIJICKT JOKYMCHTOB



7 DKOHOMUYECKAs 4acTh — B 3TOM pasiesie IPOU3BOIUTCS pacdeT ceOeCTOMMOCTH pa3paboOTKu
Y U3TOTOBJICHUS YCTPOICTBA, 0KHUIAEMOTO SKOHOMUYECKOTO 3(PdeKTa 0T BHEAPEHHUS.

Texnuka 6e30MacHOCTH - TAHHBIN pa3en COJACPKHUT ONMUCAaHUA TpeOOBaHMU MO TEXHUKE O0e3-
OMACHOCTH MpPHU BBINOJHEHUH OMNPEICICHHOTO BHIa padoT C pa3pabaThbIBaeMbIM YCTPOHCTBOM
(cOopku, MOHTaXa, HAJIQJAKH, PETYITUPOBKH U T.II.).

Crmcok UCTIONB30BaHHOM JIUTEPATyphI - TAETCsl CIUCOK JIMTEPATyphl M METOAMYECKUX YKa3aHHH,
UCTIOJIBb3YEMBIX MPH paboTe Ha/l KypCOBBIM IMPOEKTOM

[punoxeHus - B HETO BXOAAT OIMCAaHUE AIIEMEHTHOM 0a3bl pa3pabaThiBaeéMOro YCTpPOMCTBO,
nepevyeHb HIIEMEHTOB, rpapudeckas 4acTh JUTIIIOMHOTO MIPOEKTA,
KOMIUIEKT JIOKyMEHTOB

ITpu oopMieHNN MOSICHUTENBHOM 3aIMCKH CIEAYeT CTPOTo coOironaTh TpeOOBaHUS ToCy-

napcTBeHHbIX cTannaptos ECKJI



BBenenue
Benenue paspabatsiBaeTcs u 0(popMIIIETCS TaK ke, KaK U OCTAIbHBIE Pa3/Ielbl, HO HE HMEET
cBoero Homepa pasnena. OOmmii 00beM BBEIEHHUS JTOJDKEH COCTAaBIATH 2 -3 medaTHbIX Jaucta. K
OCHOBHBIM BOIIpOCaM, paCCMATPHUBACMBbIM BO BBCICHUHU, SABJISIFOTCA:

- OCHOBBI 3JIEMEHTHOM 0a3bl IU(POBOI CXEMOTEXHUKU U 0A30BBIE JICMEHTHI;

- CTENEHb MHTETpalMy >JIE€MEHTHOW 0a3bl M OMHCAHWE OCHOBHBIX (DYHKIIMOHAIBHBIX Y3JIOB
U(pPOBOI CXEMOTEXHUKH;

- OCHOBHbIE aCIEKThl U HANPABJICHUS MCIIOIB30BaHUS [IU(PPOBON CXEMOTEXHUKH B HAPOTHOM
XO3SCTBE.

OcHOBOI 311eMeHTHOH 6a3bl IM(PPOBOI CXEMOTEXHUKH SBISIOTCS MOJIYITPOBOJHUKOBBIE HHTE-
rpajibHble MUKPOCXEMBbI. ba3oBbIMH 3lieMEHTaMU WHTETPATIbHBIX MUKPOCXEM MOTYT OBITH MOJIEBBIE
WA OUIIOJISIPHBIE TPAH3UCTOPBI, YTO AaBTOMATHYECKU OIpPEIENsieT WX TEXHOJOTHIO: YHUIOJSpHAs
WM OunossipHas. MUKpocXeMbl Ha OUIOJISIPHBIX TPaH3UCTOpax UMEIOT ObicTpoeiictBue B 10-20
pa3 BbIIE, YEM MUKPOCXEMBI Ha MOJIEBBIX TpaH3ucTOpax. OIHAKO MUKPOCXEMBI Ha MOJIEBBIX TPaH-
3UCTOpax MMEIOT TIIOTHOCTh ynakoBku B 100 - 1000 pa3 Beiie, a sHEpronorpedieHue HUxKe, YeM
MHUKpPOCXEMBbI Ha OUIOJIIPHBIX TpaH3UCTOpax. B COOTBETCTBMM CO BCEMHU JOCTOMHCTBAMH U HENO-
cTaTkaMu 00a BHJIa TEXHOJIOTUU UMEIOT IIHPOKOE MPUMEHEHHE Ha TPAKTHKE.

bumnonsipHas TeXHOJIOTUS UCTIONB3YETCS B HU(PPOBOI TEXHUKH pabOTAIOLIEH B CTAllMOHAPHBIX
YCIOBHUSX, Iie TpeOyeTcs BBICOKOE OBICTPOJICHCTBIE, TPUYeM 00bEeM arnapaTypbl U SHEPronoTpeo-
JIEHUE CYILIECTBEHHO POJIM HE UTPaET.

VYHUNONSIpHAsT TEXHOJIOTHS HCIONb3yeTcsl B HU(POBOM TeXHHKE, paboTarolieidl B MOJEBBIX
YCJIOBHAX, UM B MUHHMAaJIbHOM o0beMe ammaparypbsl. IMeer HU3K0Oe 3HEpronoTpedieHue u mpu-
emiieMoe ObICTpOIeHCTBYE.

Ilo crenenn uHTErpany MUKPOCXEMBI MIOIPA3AEIAIOTCS HA CIEAYIOLIUE TPYIIIbL:

- Masias creneHb naTerpanuu (10-50 31eMeHTOB B OJHOM KPUCTAILIE) - 3TO Pa3IMUYHBIE JIOTH-
YeCKHe 3JIEMEHTBI, TPeoOpa3oBaTeNy ypoBHEH, TPUTTEPHI U T.11.;

- cpennss creneHb uHTErpauu (50 - 500 smeMeHTOB B OJTHOM KpUCTaJUIE) -3TO HIH(PATOPBI,
IemudpaTopsl, MyJIbTUIUIEKCOPHI CyMMAaTOPBI, PETUCTPbI, CYETYUKH U T.11.;

bonsmas crenens unterpanuu (500 - 100000 a1eMeHTOB B OJTHOM KOPIIYCE) - 3TO IIPOrpam-
MUpyeMble Jorndeckue uurerpanpisie cxemsl (IIJIMC), MukpocxeMbl namsTH, HUppo-aHaIOTOBbIE
U aHAJIOTO-II(POBBIE TPeoOpPa3zoBaATENH T. 1.;

- cBepxOombias crenenb uaTerpanmu (100000 u cBBIIIE AIEMEHTOB B OJJTHOM KOPITyCe) - 3TO
MHUKPOKOHTPOJIIEPEI U MUKPOIIPOLIECCOPBI.

[To ¢yHKIMOHAIEHOMY HAa3HAYEHUIO MUKPOCXEMBI MOJPA3ENAIOTCS Ha HU(POBBIE M aHAJO-

roBble. AHAJIOTOBbIE MHKPOCXEMBI MpEAHA3HAYEHBI JJIS MpeoOpazoBaHust U 0OpabOTKH CUTHAJIOB

10



M3MEHSIOIIMXCS 110 3aKOHY HEMPEPbIBHBIX (DYHKIIUA.

[{udpoBeie MHKpOCXEMBI IpenHa3HaueHbl s IpeoOpa3oBaHus U 0OpabOOTKM CUTHAJIOB,
MPEJCTAaBICHHBIX B IIU(PPOBOM KOJIE.

B coBpemeHHOI paanosneKTpoHuKe, Tpyu 00paboTke HHPOPMAIIMK HCIIONB3YIOTCS KOMOUHU-
pPOBaHHBIE METOJIbI, COYETaoUe B cede Kak aHaJOTOBBIC, TaK M IU(PPOBBIE METO/BI 00pabOTKU
uHpOpMaLnu.

IIpumep naHHOTO MYHKTA IPUBEAEH B NPHIIOKEHUN 2
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1 Bb1060op 1 000CHOBaHHeE CXEMBI.

OO0bveM mgaHHOTO paszzena cocraBiseT 1,5 - 2 medaTHbIX JmcTa. Pa3znen AomKeH COCTOSATh U3
CJIEIYIOIINX COCTaBHBIX YacTEH, paclOJIOKEHHBIX B COOTBETCTBUU C YKA3aHHOM HMIKE IOCIIEN0Ba-
TEJIbHOCTH:

- Ha3HA4YEeHHE NPEATAraeMoro yCTpONUCTBA, €r0 TEXHUUECKNE XapaKTEPUCTUKHA U OCHOBHbBIE
HaIpPaBJIEHUS ¥ BO3MOYKHOCTH ISl €r0 IPAKTHUECKOT0 UCIIOIb30BAHUS;

- OpraHbl YOpaBJICHHUS YCTPOHCTBOM, PEXKHUMBI €ro paboOThl, MpaBWiIa SKCILTyaTalluu
YCTPOMCTBA U 00U MOPSIOK pabOTHI C HUM;

- YCIIOBHS 3KCILTyaTallud YCTPOMCTBA: CTAllMOHAPHBIE, MOJIEBBIE; BHIOOD 3JIEMEHTHOM 0a3bl
JUISL TIPOEKTUPOBAHUS M3ZETusi U 00OCHOBaHME BHIOOpPA, CEPUU MHUKPOCXEM HCIOJIB3YeMbIE MpPHU
MPOEKTUPOBAHUH, TPEOOBAHMS MO YHEPTONOTPEOICHHUIO: HAIPSHKECHUE TTUTAHUS;

- moTpebisiemMasi MOITHOCTh; TabapUTHBIE pa3Mephl yCTPOHCTBA;

- CPaBHUTEIBHBIM aHAIN3 C CYHIECTBYIOIIMMH AHAJIOIMYHBIMU YCTpOMCTBAMU. JI0CTOMH-
CTBa, HEJIOCTATKU, OCOOCHHOCTH MPUMEHIEMbIX KOHCTPYKTUBHBIX U CXeMOTEXHUUECKUX PEIECHHH.

- 000CHOBaHHUE M MOSICHEHNE OCHOBHBIX CXEMOTEXHUYECKUX PEIICHUH MPUHATHIX IPHU MPO-

EKTHPOBAHUU YCTPOMCTBA M OOLINI MPUHIUI €r0 PYHKIIHOHUPOBAHUSI.

IIpumep BBINOJIHEHUS TaHHOTO ITyHKTA NPUBEJEH B IPUIIOKEHUH 2
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2 Onncanue CTPYKTYPHO# cXeMbl

O6bem paznena «Onucanne CTPYKTYPHOUM CXEMBbI» JTOJIKEH COCTaBIIATh OT 3 10 6 JHUCTOB Te-
YaTHOTO TeKcTa. Pa3zen MOoKeH COCTOSATh M3 CIENYIOUIMX COCTABHBIX YacTel, pacrojokKEeHHbBIX B
COOTBETCTBUU C YKa3aHHOM HMKE NOCIIEN0BATEIBHOCTHIO

- pa3OueHHe cxeMbl Ha (PYHKIIMOHAIbHBIC Y3IIbI;

- omnucaHue (PyHKIMOHAIBHBIX Y3JI0B;

- COCTaBJICHHE CTPYKTYPHOU CXEMBI;

- ONHCaHHE CUTHAJIOB PaOOTHI CTPYKTYPHOU CXEMBI;
- ONHCaHHEe MPHUHIUMIA PA0OTHI CTPYKTYPHOI CXEMBI.

CTpyKkTypHasi cxema MpeACTaBIIsIeT COOON IMEepeyeHb CaMOCTOSTENbHBIX (PYHKIIMOHAIBHBIX
y3JI0B YCTPOWCTBA U OPraHOB YIPABJICHHUS, COSAMHEHHBIX MEXIY OO0 BXOJHBIMHU U BBIXOJAHBIMU
CUTHAJIaMH.

Onucanue (PyHKIMOHAIBHBIX Y3JI0B JOJDKHO HAUMHATBCA CO CIEAYIOIIETO TPEATIOKCHUS:
«CTpyKTypHasi cXeMa YCTPOMCTBAa COCTOUT U3 (PYHKIMOHAJBHBIX Y3JIOB» IMOCIE YEero HAET Iepe-
YEHb y3JIOB C UX OTIMCAHHEM.

[lepedeHb y3710B COAEPKUT MOPSAKOBBIM HOMEp, HOMEp y374a, YCIIOBHOE 0003HAUEHUE U TOJI-
HOE HaUMEHOBaHHeE y371a. B o01mem ciryyae nopsakoBbId HOMEp U HOMEp y3Jia MOTYT He COBIA/IaTh,
TaK KaK NOPSAKOBBII HOMEp MPOCTABIAETCS MO MPUHIIMITY cJeBa Ha MPaBo, CBEPXY B HU3, a HOMEP
y3na popMupyeTcst U3 QYHKIIHOHAIBHBIX COOOpaKEHHIA.

Onucanue (QPyHKIIMOHAIBHOTO y3Jla COCTOUT M3 €ro Ha3HAuYeHUs, TEXHUYECKUX XapaKTepHu-
CTUK ¥ MapaMeTpoOB, OOIIMX MPUHIMIIOB €ro ()YHKIMOHHPOBAHUS U B3aUMOJICUCTBHUI C APYrUMH
y3namMu ycrpoiictBa. Uem OoJiee KadyecTBEHHO M MOAPOOHO OMHCAH MPHUHLHUI pabOThI y3JIOB, TEM
Oyzet 0oJiee MPOCTO U JIETKO ONMUCHIBATH MPUHIIMIT pAOOTHI CTPYKTYPHOU CXEMBI.

Ha cTtpykTypHO#l cxeme, Bce CaMOCTOSATENbHbIE (DYHKIIMOHAJIBHBIE Y3JIbI M300pakaloTcsl B
¢dopme TpSAMOYTrOJILHUKOB. BHYTpU Ka)X10TO M3 HUX YKa3bIBAETCS MOPSAIKOBBIA HOMEP (PYHKIIHO-
HAJIBHOTO y351a U ero obo3zHaueHue. O003HaYCHHE JTOMYCKACTCs YKa3bIBaTh, KaK B IOJHOM BHJE -
HAaMEHOBAHME, TaK M B COKPALICHHOM - YCJIOBHOE 0003HaueHue. OYHKIIMOHAIBHBIE Y3JIbl COCIH-
HSIOTCSA MEXIy co00# nmuauMsiME (curHanamu). CUrHANBI JUis (QYHKIIMOHATIBHBIX Y3JIOB TIOJpa3Jie-
JISIFOTCS HA BXOJHBIE U BBIXOJIHBIE.

BxonHble cUrHanbl NOABOAATCS K (PYHKIIMOHAIBHOMY Y3I1y TOJIBKO clieBa. BbIXo/HbIE CUTHA-
Tl JIOJDKHBI OTXOJIUTHh OT (PYHKIIMOHAJBHBIX Y3JIOB TOJBKO cmpaBa. [1ogBOJI M OTBOJA CHUTHAIOB
cBepxy mim cHu3y no ECKJI He nonyckaercs

Bce BXoHbBIE M BBIXOHBIE CUTHAJIBI IOJDKHBI HIMETh UACHTU(DHUKATOPHI (YCIOBHBIE 0003Haye-
HUSI KOTOpPbIE MPOCTABJISIIOTCSA MPHU BXOJAX WM BBIXOAAX (PYHKIIMOHAIBHBIX Y3J0B). DTH HJICHTH-

(bUKATOPBHI UCTIOJIB3YIOTCS IPU ONIMCAHUH MTPUHIUINA (PYHKIIMOHUPOBAHUS CTPYKTYPHOM CXEMBI.
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Tak jxe Ha CTPYKTYpHOU cXeMe JOJDKHBI OBITh M300paKEHbI BCE OPraHbl YIIPaBICHUS YCTPOii-
CTBa, WCHOJb3yeMble MPHU OMUCAHWU MPUHIMUNA paboThl cxembl. K TakuM opraHam ymnpaBJieHHUs
YCTPONCTBaM OTHOCSITCS: BKJIIOUATENH M BBIKIIIOYATEIH, IEPEKII0UaTeNId peKUMOB paboThl U aua-
Ma30HOB, CBETOBBIE U 3BYKOBBIE CUTHAJIN3ATOPBI, HHUKATOPHI U T.JI.

Onucanue CUrHAJIOB JTOJKHO COJIEPHKAaTh WACHTHU(PHUKATOP CUTHAJA U €r0 MOJHOE HAUMEHOBa-
HUE, OTIpeJIeIAIoNIee ero CMbICI M Ha3HaueHue. JomyckaeTcsi Mpu ONMUCAHUU CUTHAJIOB YKa3bIBaTh
HE00X0AMMBbIE TIOSCHEHHSI, OOJIeryaronne MTOHUMaHue IPUHITUIIA PabOThl YCTPOICTBA.

[Tpu BBINOJHEHUHU CTPYKTYPHOU cXeMbl HE0OX0AUMO BBIOpaTh (hopMaT uepTexa TakuM oOpa-
30M, 4TOOBI TOJIHOCTBIO PA3MECTHTh CTPYKTYPHYIO CXeMY Ha OJHOM Jicte. Ecnu 171 BRIMOTHEHUS
CTPYKTYpPHOU cxeMbl BbIOpaH gopmar A4, TO CTpYKTypHasi CXxeMa MOXET OBbITh pa3MelleHa KakK B
caMoOM pasJiesie Tak ¥ B MPUJIOKEHUHU K MOSICHUTEIbHOH 3amucke. [Ipu BeIGOpe apyroro ¢gopmara
CTPYKTypHasi CXeMa MOXET OBbITh pa3MelleHa TOJIbKO B MpuiiokeHuu. CTpyKTypHasi cxema JOJDKHA
OBbITH BBITIOJTHEHA B ITOJIHOM COOTBETCTBUU ¢ TpeboBaHusMH cTtannaptos ECK/I.

Onucanue npuHIMNA pabOThl CTPYKTYPHON CXEMBI JIOJDKHO HAauYMHATHCA C MOJAYU MUTaHUS
Ha YCTPOMCTBO M BCEX HAYAIBHBIX YCTAHOBOK MPOUCXOAAIINX IPU 3TOM B (PYHKIIMOHAIBHBIX y3JIaX.
Ecnu ycTpoHCTBO MMeEET HECKOJIbKO Pa3UYHBIX PEKUMOB PAaOOTHI, TO KaKIBIH PEXHM pabOTHI
OTMHUCBIBAETCS OTAEIbHO. [Ipy onucanuy npuHIKNa paboThl CTPYKTYPHOM CXeMbl HEOOX0IUMO 00s1-
3aTeJIbHOE MCIIOJb30BAHUE HAMMEHOBAHME Y3JIOB M CcHUrHaioB. ONMUCaHHWE CTPYKTYPHOM CXEMBbI
JOJKHO B TOJIHOM 00BEME ONPEeNATh MOPAI0K 0OpaOOTKH M BBIXOJHBIX CUTHAJIOB, a TAaKXKe MOpsi-
J0K (OpMHUPOBAHUS BHYTPEHHHX M BBIXOJHBIX CUTHaJoB. He nomyckaeTcst mpu OMHMCaHUil CTPYK-
TYpPHOU CXEMBI HCII0JIb30BAaTh HAMMEHOBAHNE MUKPOCXEM U HOMEpa KOHTAKTOB B3ATHIX U3 MPUHIIU-
MTAAJILHON CXEMBI.

B 3akiroueHue ommcaHUs CTPYKTYpHOW CXEMBI 1I€JIeCO00pa3HO MPHUBECTH OCHOBHBIE KOH-
CTPYKTUBHO TEXHOJIOTHYECKHE TpeOOBaHMs HEOOXOIMMBIE Ui YCIIEUIHOW pabOThl M peau3aluu
YCTPOMCTBA.

IIpumep BBINOIHEHUS JaHHOTO ITyHKTA IPUBEACH B MPUIIOKEHUH 3
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3 Onncanue NPMHUMNMAJIBLHON CXeMbl,

Onucanue paboThl MPUHIUIHAIBHON CXeMbl YCTPOHCTBA HAYMHACTCS € TPOLIECCOB, MTPOUCXO-
AAIUX B HCM, TTPHU TOJAYC HA CXCMY WJIM BKIIFOUCHUS MATAOIIUX HaHpH)KeHI/Iﬁ 1 YCTaHOBKH Tpe6y-
CMBbIX q)yHKI_II/IOHa.HBHBIX JJIEMCHTOB B HCXOJHOC COCTOSAHHUC. K TakuM »neMeHTaM OTHOCSTCS: TPUT-
rephl, PErUCTPbl, CYSTUYNKU U JPYrue JIEMEHTHI, paboTa KOTOPBIX ONPEACISAeTCS HE TOJNBKO TEKY-
MM, HO U UCXOOHBIM COCTOAHUCM ISJICKTPUUICCKHUX CUTHAJIOB.

YcTaHOBKa 3JIEMEHTOB B MCXOJHOE COCTOSIHME MPOU3BOAUTCS € MOMOIIbIO auddepeHupy-
IOIUX, UHTETPUPYIOMINX U MEePeXOAHBIX Ienei. [Ipu 3ToM JomKHA OBITh TOJHOCTRIO yKa3aHa Imo-
CJIICAOBATCIBHOCTD IIPOXOXACHNUSA CUTHAJIOB € YKa3aHHEM HOMEPOB 3JIEMEHTOB MUKPOCXEM U KOH-
TakToB. OnHcaHue HavYaJabHOIO dTara YCTaHOBKHA q)yHKLII/IOHa.HBHLIX 3JIEMCHTOB B UCXOOHOEC COCTO-
SAHUC MpPU MOAA4YC NMUTAHUA NOJIKHO 3aKaHUYMUBATBHCA MCPEXOAO0M yCTpOﬁCTBa B PCKUM OXHIAAHHUA
MOCTYIUICHUSI BXOJHBIX CUTHAJIOB OTPEACISIOMUX ero ¢yHKIHoHupoBanue. [lpu onucanuu npuH-
1umna paboTel CXeMbI JOJKHBI OBITH MOJTHOCTBIO OIpeaeeHbl Bce (ha3bl paboOThl YCTPOWCTBA, OC-
HOBHBIC CUT'HAJIbI, OMPCACIIAIONINEC HAaYaJl0 1 OKOHYAaHHC (1)33, " MOPpAAOK UX MPOXOKICHUA. Ecmn
YCTPOMCTBO HMMEET HECKOJBKO PA3IMYHBIX PEKUMOB paOOTHI, TO KaXAbI PEKUM JODKEH OBITh
OIIMCaH OTACIBHO € YKa3aHUEM II0JIOKEHUM OPraHOB YIPABIICHUS ONPEAEISIIONUX KAXKIBIA PEKUM.
O06o03HaueHusT BBIBOJIOB (PYHKIMOHAIBHBIX 3JIEMEHTOB YKa3aHHBIX HA MPUHIMIIHAIBHON cXeMe U
HCIOJIb3YEMbBIX MPHU OMHUCAHUHN CXCMbI NOJIKHO MOJHOCTBIO COOTBCTCTBOBATH HUX 0003HAYCHHUIO B
paszesne OonMcaHue SIEeMEHTHOM 0a3bl.

IIpumep BBINOIHEHUS TaHHOTO ITyHKTA NPUBEJEH B IPUIIOKEHUH 4
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4 DyeKTpUYeCKHIl U JTJOTHYeCKH pacdyeTbl

4.1 DnekTpnyeckuii pacyer

DJNEeKTPUUECKUE PACUYETHI BBHIIOJIHIIOTCA M 0(OPMIISIOTCS B COOTBETCTBUH C METOINYECKHUMHU
YKa3aHUAMHU Ui CTYJCHTOB IO BBIOJHEHHUIO JIEKTPUYECKUX PACUETOB KYPCOBBIX U TUILUIOMHBIX
IIPOEKTOB.

- Mcxonnple paHHBIE [UIA AIEKTPUYECKOTO pacueTa, a TakkKe pe3yJabTaThl pacueTa JOJKHBI
NPEJCTABIATHCA B €AMHHUIIAX U3MEPEHUS OOLIEIPHHSATHIX U MIPAKTUYECKOT'0 YKa3aHUS U MCIIONb-
30BaHHUS.

Bce anextpuueckue pacueTsl npousBoasircs B cucreMe CU ¢ MCHOab30BaHUEM CIETYIOINX
€IMHHULl U3MEPEHUS:

Tok I - amnep, A

Hanpsioxenue U - BossT, B

Bpewms t - cekyHna, ¢

Yacrora f - repi, [

Comnpotusnenue R - om, Om

Emxocts C - dapan, ¢

Ilepen BBIITOJIHEHHEM pacdeTa UCXOJHbIE JaHHbIE nepeBoasatrcs B cucremy CH, a mocne mpo-
BEJICHUSI PacyeTOB pe3yJbTaThl MPEOOpPa3yroTcs B OOLICTIPUHSTHIC MPAKTHUECKUE €IUHUIIBI H3Me-
peHus.

DNEKTPUUYECKUM pacdyeTaM IO0JUIeKaT BCE CIEAYIOIIME KOMIIOHEHThI MPUHLIMIIHMAIBHON cXe-
MBI:

- MYJIbTUBUOPATOPHI M T€HEPATOPHI, KaK B MHTEIPAITLHOM, TaK U AUCKPETHOM HCIIOJIHEHHH;

- MOHOBHOPATOPHBI, KAYLIUE MYIbTUBUOPATOpPHl U (POPMHUPOBATEIN HUMIYIHCOB 3aJaHHOU

JUTUTENTEHOCTH;

- uHTEerpuUpyomue, ruddepernupyromnme u nepexoansie RC menu;

- KJIIOYM Ha OMMOJISIPHBIX TPAH3UCTOPAX C MPOU3BOJIBHBIM BUAOM HAarpy3Kd B IENH KOJUICK-
Topa (Pe3ucTopbl, 0OOMOTKH pesie, CBETOJHOIbI).

Pacyer kaX10ro 3J€KTPUUYECKOTO KOMIIOHEHTA NMPOU3BOAUTCSA OTAEIBHO IOJ CBOUM IOPSA-
KOBBIM HOMEPOM.

PacueTr ka10T0 KOMIIOHEHTAa HAUWHACTCS C MOSICHSIOIIEr0 PUCYHKA, UCXOJHBIX JTAaHHBIX, U
3aKaHYMBAETCS PACCUMTAHHBIMU 3HAYCHUSMHU PaMO3IEMEHTOB, HyMepalys U yCIOBHOE 0003Haye-
HUE PAJMOAIIEMEHTOB JOJDKHO MOJHOCTHIO COOTBETCTBOBATH MX 0003HAUYEHHUIO M HyMEpalud Ha

MPUHIMITMAIIBHON CXEME.
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HanpsixeHnue (pa3HOCTh NOTEHIMAJIOB)

- XapaKTepu3yeT UCTOYHMK 3HEPIreTUYECKON SHEPruu, NpeJHa3HAYECHHBIN IS TUTAaHUs

Pa3JIMYHBIX WIEKTPUUECKUN YCTPOUCTB;

- ycnoBHOE 00o3Hauenue — U;

- enIuHUIBI 0003HaYCHHSI — BOJIBT (B).

B un¢poBoit cxeMOTeXHUKH Ui MUTaHHUS [MU(PPOBBIX YCTPOUCTB MCHOIB3YIOTCS HC-
TOYHHUKH MOCTOSIHHOTO TOKA C HAIIPsDKEHHEM, Kak mpaBuiio, He 6osiee 30 Bonbt
DJIEKTPUYECKHI TOK — HAIpPABJICHHBIM MOTOK 3apsHKEHHBIX YACTUL[ MPOTEKAIOUIUX OT
00JIBIIIOTO TIOTEHIIMAJIA K MEHBILIEMY, XapaKTepU3yeTcs CUIIOHN TOKa.
- ycroBHOE 0003HaueHue — I;

- enuHUIBI 0003HaYeHHS — amriep (A).

MutHamiep (MA)

MHUKpoamrep (MKA)
- cBa3b 1 A=10° MA=10° MKA

IMkA=10" MA=10% A
B 1mdpoBoii cCXeMOTEXHUKH CHJIa TOKA MOXET JIeKaTh B IIMPOKUX Mpeeniax oT MKA 10 A B 3aBU-

CHUMOCTH OT CJIO)KHOCTH IIM(PPOBOTO YCTPOHCTBA.

ConporusieHue (pe3ncTOp) — NpeJHA3HAYEH U1 YMEHbBILIECHUS BEJIMUMHBI ITPOTEKAOIIEr0
TOKa.

- ycroBHOE 0003HaueHue — R;

- enuHUIBI 0003HaYeHHS — OM (OMm).

KoM (kOm)

Merom (Mom)
- cBs3b 1 A=10° kOm=10° MOmM

IMOM=10" kOM=10° Om

JIOTIOTHUTENBHON XapaKTePUCTUKON pe3nucTopoB sBisieTcs MmoiuHocTh P, P=U*I. MomHocTts
U3MepsIeTCsl B BAaTTaX, IPU 3TOM HEOOXOJMMO HAIpPsHKEHUE U3MEPATH B BOJIbTAX, a TOK B aMIIepax.

MoOITHOCTB pe3ucTOpa Beerja He0OX0MMO BBIOMPATh € 3al1aCOM IO CPABHEHUIO C MOIIIHOCTHIO, TI0-
TpebIisieMoil B cxeme.

B 1in¢poBoii cxeMoTeXHUKE UCTIONIB3YIOTCS CIeIyIOIINEe 3HAYeHUS MOIIHOCTEH pe3uCTOPOB.
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Pucynok 1 — O6o3HaueHne pe3nucCTOpPOB
3akon Oma U=I*R. [Ipu pacuerax ncnosb3yroTcs eqUHULBI u3MepeHus: BoapT, OM, Amnep.

Ecnu kakast — TO U3 BeJIMUMH 33/1aHa B APYIHX €JUHHIIAX U3MEPEHUs, ee HeoOX0aUMO TepeBe-
CTH B Ka3aHHbIE eMHUIIBI. 3ak0oH OMa HCIob3yeTcsl B LU(GPOBOM CXeMOTEXHHUKE KaK MPABHUIIO JUIS
pacuera TOKa U CONPOTHUBIICHUS, TaK, KaK BEJIMYMHA Yallle BCETO ONPEENIAETCS UICTOYHUKOM MHTa-
HUSL.

EMKkocTh (KOHIEHCATOP) — ONpEeIseT BeIUYHHY 3apsa, KOTOPYIO CIIOCOOEH MOyuUTh JaH-
HBIW 31eMeHT. MIcXoas U3 3TOro KOHAEHCATOP MOCTOSIHHBIM TOK HE IPOIMYCKAET, a MPOMYCKaeT Ie-
PEMEHHBIN TOK WJIM IIEPEMEHHYIO COCTABIISIIOILYIO 3JIEKTPUUECKOro Toka. IIpombIBKa

- ycnoBHOe 00o3HaueHue — C;
- enuHUIBI 0003HaYeHMS — dapana (D).
Mukpodapaga (MkD)
Ha"o(apana (HD)
nukodapana (nd)
- cBa3b 1 ®=10° Mx®=10° ud = 10"? nd
In®=10"° Mx®=107 ud = 101> ®
JIOTIOTHUTENBHOM XapaKTEPUCTUKOW KOHJIECHCATOpa sBIIsieTCsl pabodee HampsbkeHue. Pabo-
yee HaNpsuKeHWEe KOHJEHCAaTopa JIOJDKHO OBITH OO0JIbIIIE, YeM HalpsDKEHHE B CaMOM CXeMe.
IlocTosiHHAasA BpeMeHH — BEJIIMYMHA, NOKa3blBaromas cBsa3b 3HaueHU R u C ¢ BpeMeHeM
3apsaa KOHJIeHcaTopa.
- YCIIOBHOE 0003HAYEHUE — T;
- eIUHUIBI 0003HAYCHMS — CEKYH A (C).
MUJUTUCEKYHIa (MC)
MHUKPOCEKYHJIa (MKC)
HaHOCEKyHJa (HC)
- cBsa3b 1 ¢=10° mc =10° mxc = 10° He

1rc =102 Mxc=10° mc = 10°¢
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[Tpu 3amanuu 3nauenuii u C - T onpenensiercs mno Gopmyse

=R*C

ITpu sToMm 3Hauenue R ykaspiBaercs B OM, 3nauenue C B (hapagax, Torjaa 3HaueHue OyJeT B ce-

KyHJaX.

Ilepuoa — OCHOBHAsI XapaKTEPUCTHUKA NEPUOJUYECKOrO0 CUTHAJIA — MUHUMAJIBHBIA HHTEPBAJ

BPEMEHHU 4epe3 KOTOPBIK (pOopMa BBIXOTHOTO CHUTHAJIA TIOBTOPSETCS.

U

Pucynoxk 2

- ycrmoBHOE 0003HaueHue — T;

- ¢UHUILIBI 0003HAYEHHS — C, MC, MKC, HC.

Yacrora — BenuunHa oOpaTHas MEPUONY, MOKA3bIBAeT CKOJBKO MEPHOJOB HAXOAUTCS B

CAWMHUIBI BPCMCHHU.

- ycroBHOE 00o3HaueHue — F;

- enuHUIBI 00603HaYeHMs — repi] ([').

-cBsi3pb 1 T =10° k' =10 MI'p
1 MI'u =107 k' =107 Ty

kuorepi (kI'm)

merarepil (MI ')

CKBaKHOCTDH — BCJIIMYMHA, ONIPCACIIAOIIAsA OTHOIICHNUEC NJIUTCIIbHOCTH IICPUOJa K JIIUTCIIb-

HOCTHU UMITYJIbCa

tu

- ycloBHOE 0003HaueHue — Q;

- eMHULIBI 0003HaueHUs — Oe3pa3mMepHast.

H

T

Pucynok 3
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tu — JJIIATCIIBHOCTE UMITYJILCa
tn — JJIATCIIBHOCTD 11aYy3bL
T t, +t,

q—z—t— (1)

u

Ecnu ckBaxkHOCTh q=2, TO JJIUTETBHOCTH ty M ty OJIMHAKOBBI

Ecmm, To ckBaxknocts Q>2, npu ty >t , Q<2,

MunanMmajabHoe 3Ha4eHne Q cTporo 6o/ibIIe eIMHUIbI

IloporoBoe Hampsi:KeHHe — BEJIMYMHA BXOJHOIO HAMPSDKEHUS, IPU KOTOPOM MPOUCXOIUT

MepeKIIIOUeHUE 3HaYeHUH BBIX010B MUKpocxeM u3 0 B 1 u HaoOopoT. Ecnu Ha BeIX0/1€ MHKPO-
CXEMbI HANPSHKEHUE YYTh OOJBIINE MOPOTOBOrO, HA BBIXOJE MHUKPOCXEMBI OyIET JIOrHYecKas
enuHUIa. Ecny jke HampspkeHre Ha BXOJIE MEHBIIE IOPOrOBOT0, Ha BRIXOIE Oy/IeT TOTUYECKUi
HOJIb.

BenuunHa moporoBoro HanpsH»KEHUs! ONPEAEIISIeTCsl TUIIOM JIOTUKH:

TTJI moruka U, = 1,5B

MOII noruka Uy = Uy,\2 B

rae Uun — HanpsbKeHue nutanus, kotopoe aist MOII nmoruku MoxeTt ObITh OT 3 110 15 BOIBT

U - mOpOroBoe HalpsiKeHue

Bce pacueTHbIe AIIeKTpUYECKIE BETUIHHBI B IU(POBOI CXeMaTEeXHUKE 33Jal0TCS B Y10 OHOM

I pabOTHI BUJIE M COOTBETCTBYIOIIUX €IUHUIAX M3MepeHus. [Ipu BBINMOTHEHUH pacuyeToB BCe
enuHUIBl TiepeBoasaTcs B cucremy CU: BoibT, amrep, om dapana, cekyHmaa, repi. Ilocie BbI-
MOJIHEHUSI PaCYeTOB BHIXOJ/HBIE 3HAUCHUS TMEPEBOAATCS OOpPaTHO B YAOOHBIC €IUHUIIBI U3MEpe-
HUSL.

4.1.1 RC nenn.

OcHOBHBIE CBeJIEHUS.

RC nemu npennasHaueHbl st GOPMUPOBAHUS UMIYITHCOB OTHOW (POPMBI M3 UMIYIHCOB
npyroit popmsl. [lepexonusie mporeccsl B RC 1ensx mpoTekaroT Mo OJHOMY OOIIeMY 3aKOHY, U
onpenensiercs npousseaeHreM R-C, Ha3pIBaeMbIMU MOCTOSIHHOM BpeMeHH T. JlJis onpeenenus no-
CTOsTHHOM BpemeHH T B cucteMe CU monb3yroTcst caeAyomuMu COOTHOIICHUSIMU:

7 (¢c)=R (MOwm) - C (Mk®D),
T (Mc) =R (kOm) - C (MxD),
T (Mkc) = R (MOm) - C (n®).

[Tepexoanbie mporeccsl B RC 1enu onuceiBatoTes pyHKIMEH:

U, =U-pU" )
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rae t — TeKyiiee Bpems,
T — IIOCTOSIHHAsI BPEMEHHU,
U — BxoaHoe Hanpspkenue s RC nenw,

Ut — BBIXOAHOE HANIPSDKEHHUE,

x_t/ ! — ocHOBaHME HaTypanbHOro Jorapudma, { = 2,718 B crenenu - t/t.

Teopernuecku ais 3apsia KOHAEHcaTopa TpedyeTcs OeCKOHEYHOe BpeMs, Ha IPAKTUKE JKe
CUMTAIOT BPEMsl, B 3aBUCUMOCTH OT JOMYCTUMON TOYHOCTH, 00bIuHO 10 SR-C. 3a ykazanHoe Bpems

MPONLCHT OT MMOJIHOTO 3apsijia KOHACHCATOPa COCTABUT:

K (RC) %
1 63
2 87
2,3 90
3 95
5 99

IIpu npoekTupoBaHuu IMQPPOBHIX yCTpoicTB i pacdera RC memeil ucmosb3yeTcs

nosrydueHHast u3 cootHoueHus (1) popmyna:

t=RC M YE"Yn (3)

U —U;
rae Ux — HanpsbKeHMe 10 3aBEPILEHUI0 IEPEXOIHOTO MpolLiecca,
Ux — HanpspKkeHue cpasy Nocie BKIYEHMS,

Ut — HanpspKEeHKE B IPOM3BOJIBHOE BPEMsI B TE€UEHHE NTEPEXOIHOTO Mpoliecca,

{n — HaTypaNbHBIA JOTapUpM.
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JAudpepenuupyrommue uemnu.
Huddepenuupyromue RC menu B OCHOBHOM HCHOJNB3YIOTCS JJISl BBIACTICHUS TEPEIHETO
(bpoHTa BXOJIHOTO CHUTHAJA - (OPMUPOBAHUS KOPOTKOTO UMITYJIbCA 1O NepeHeMy (GpOHTY BXOTHO-

ro uMIyJibca HpOHSBOHBHOﬁ JINTCIBbHOCTH.

|
Usx R |:| %S Dj Usgvix
|

Pucynok 4
Ug 4
Uspvix | > ¢
| |
| |
| |
Unop = —— “\ :
>t

Pucynok 5 M

Pabounm sBRsieTCS MEpBHIN BBIXOJAHOM HMMITYJIbC TOJIOKUTEIBHBIA, OTPULIATEIBHBIA M-
MyJbC HE UCTIOJIB3YETCS U JUISl UCKITIOUEHHS €r0 BPEIHOTO BO3JCHCTBUA HA paboTy MHKPOCXEM HX
yOUPArOT C MOMOIIBIO JTHOIOB.

Jlnst pacyeTa JUIMTEIbHOCTH BBIXOIHBIX UMITYJIBCOB MOJICTABIIsIEM B (OpMyaTy (2) 3HAaUCHUS
Uk =0, Uy = Usy, Ut = Unop, B pe3yibTaTe MorydaeM

Unop — IOPOroBO€ HaNpsDKEHUE, EepeKitoyaroniee Harpysky u3 1 B 0.
(4)

JIMUTEenpHOCTH BBIXOIHOTO UMITYJIbca U3MepsieTcs Ha YpOBHE Urop

[Ton pacuerom nuddepeHUpyromel ey MOHUMAETCS: 10 3aJaHHBIM HCXOJHBIM JTaHHBIM
paccuutaTh TpeOdyembie 3HaueHus R u C.

Hcxonnbie nanHble:

Usx - BXOJJHOE HAMPSKEHUE WK HAPsDKEHUE MUTaHUs cXeMbl. OnpenensieTcs 1o Cxeme.

Jnst noruku TTJI Ug=5 Bonwt, mist noruku MOII Ugx paBHO HaNpsKEHUIO HCTOYHHUKA MMUTA-
HUS U MOXET JIeXkaThb B npesaenax ot 3 1o 15 Boubt.

Utop - IOPOroBO€ HANPSKCHUE
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quist toruku TTJI Upep =1,5B

st 1oTuKd MOIT Upop= Ugx/2

Ipas - BeIOMpaeTcs u3 yuera orpaHndeHus BxogHoro Toka RC menu, HO He Oojiee MakCHUMallb-
HOT'O BO3MOKHOTO BXOJHOT'O TOKa

ty JJIMTETBHOCTh UMIYJIbCA - ONPEAETSETC U3 ONMUcaHus cxeMbl. Eciii 3HaueHue ty He yKa-
3aHO, ompenensiercs mno Gopmyse

MIPU U3BECTHBIX (3aaHHBIX B cxeme) 3HaueHusix R u C.

Hampumep

noruka TTJI, R=10 kOm, C=0,01 Mk,

ty =10- 10°-0,01-10°° -Xni =100-1,2-10 =120mc

b

Pacuer HaumHaercsa c ompenerncHus 3HadeHWs HomuHana R. B Haudane ompenensercs R mu-

HHUMAJIBHOC.

BX

U
= , IIOCJIC 4Y€ro BBI6I/IpaeTCH R MPaKTUYCCKOC.
pab

min

U3 psJa TOIYCTUMBIX HOMHHAJIOB Ryp BeIOMpaeTcs Tem OoJbliie, yeM OOJIbIe ty

Rnp > Rmin
HNHTerpupyromue nenm.

WuTerpupyromue nenu UCIoib3yloTes U 3aepKKH BXOTHOTO UMITYNbca, (GopMUpOBaHUS
JMHEWHO M3MEHSIOMNXCS HANPSDKEHUH B pa3IMYHBIX YCTPOMCTBAX BBIYMCIUTEIHHOH, IU(PPOBOH,
TEJIEBU3UOHHOU TEXHUKH.

Jlns pacdyera BpeMEHHU 3aJEp)KKH BXOJHBIX MMITYJIbCOB IMOJCTaBiisieM B ¢opmyny (2)
3HaueHusT Uy = Usyp, Ux = 0,U; = Unop,

U
t3=RC-n—22— (5)

Uu -U
BX nop

Bpems 3aiepKku BXOAHOIO MMITyJbca OLlEHMBAaeTcd Ha ypoBHE Unop, NMEPEKITHOYAOIIEE

Harpy3ky u3 0 B 1.

Usx _c

U6 blX

Pucynox 7
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ng A

v
~

U6 blX

Unop

v
~

Pucynox 8

HO,Z[ pacucToM I/IHTGI‘pI/Ip}/'IOH_Ief/'I Oy IIOHHUMACTCA: IO 3aJaHHBIM HCXOAHBIM JaHHBIM

cuuTaTh 3HaueHus R u C.

Wcxonnreie naHHBIE

Unop

Usx aHasornyHO MU dHepeHIUPYONIEH IIENoYKe
Ipa6
t; — BpeMsl 3aIep>KKU BXOJHOTO CHTHAJIa OTIPEIENIIeTCS U3 ONMcaHus cxeMbl. Eciu 3HaueHue

t; He yKa3aHo, ornpeesnseTcs no Gopmyse 5 mpu U3BECTHBIX (3alaHHBIX B cxeMe) 3HaueHusx R u C.

4.1.2 I'enepaTopsbl NPSAMOYTOJIbHBIX HMITYJILCOB (MyJIbTHBHOpaTOpbl) HAa UMC.

OcHOBHBIE CBeIeHMS.

I'maBHBIMH XapaKTCpUCTUKaMU II0CICA0BATCIbHOCTHU NpAMOYTOJIbHBIX HUMITYJIBCOB

SBJISIFOTCSL:
ty — JUIMTEIIBHOCTh UMITYJIBCA,
tn — JUIMTEJIBHOCTD MIPOMEKYTKA MEKy UMITYJIbCAMU,

T =ty + ty — mepuo MOBTOPEHNS UMITYJIBCOB,

f = — — 4acToTa MOBTOPEHUS UMITYIIHCOB,
T

O = — — CKBOKHOCTb UMITYJIBCOB.
tu

ITon pacueToM reHepaTopa MpsIMOYTrOJIbHBIX UMITYJIBCOB MOAPa3yMeBaeTCsl BHIOOP THUIIOBOM
CXEMBbl TeHepaTopa B 3aBUCUMOCTH OT THIIA HUCIOJIb3YEMOU JIOTMKM U pacueT HomMuHaIoB R u C,

YAOBJICTBOPAIOMIUX UCXOAHBIM JAHHBIM JIg pacucTa reHeparopa fu Q
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B 3aBucumoctu ot BeiOpanHOW joruku KMOII, TTJI ucnonb3yloTcsi pa3Hble THUIOBBIE
cxeMmbl. D10 00ycioBiaeHo TeM, uTo y Jnoruku TTJI mo cpaBHenuto ¢ snorukoii KMOII BxoaHoe
COIIPOTHUBIICHUE MIEMEHTOB rOpa30 MEHBIIIE U HE OJIMHAKOBO 10 BBICOKOMY U HU3KOMY YPOBHIO.

MyasTuBuoparopsl Ha KMOII soruke.

bnarogaps mpocToTeé M XOpOLIMM  3KCIUIYyaTallMOHHBIM  XapaKTEpUCTUKAM  JJIs
MYJIbTUBHOPATOPOB B OCHOBHOM Hcmonb3ytoTcs anemenTsl: 1 — HE, WJIIM — HE. Haubonee wyacto

HCIOJIB3YCTCA CIICAYIoIIas TUIIOBasg CXeMa MYHBTI/IBI/I6paTOpaI

=
R: D R
& T~ & | 6bixoo
Dy.1 Dj>

Pucynoxk 9

JlaHHas cxema MYJIbTUBUOpATOpa He MpeaIycMaTpUBaeT BHEIIHEE yIIpaBlIeHHE U hopMupyet
IIOCJIENOBATEIBLHOCTh UMITYJILCOB CO CKBAKHOCTBIO Q = 2.

JInsi BHEIIHEro yIpaBlieHHsT paboTol reHeparopa, HEOOXOJUMO PasOMKHYTh BXOAbl D11 U
Ha OJIMH W3 BXOJOB NOJaTh CUTHAJI, pa3pemaromuii paboty reaepatopa ( 1).

Jns popMHUpOBaHUS MOCIEAOBATEILHOCTH HMITYJIBCOB C 33JaHHOM CKBAXHOCTbIO Q# 2,

HCOGXO,Z[I/IMO BMecTO R; NOACOCANHUTD CIICAYIOIINUEC 3JICMCHTBI:

R1.1

Pucynoxk 10

B stom ciydae 3apsin u paspsii KOHAEHcaropa OyleT MPOMCXOAUTh MO Pa3HbIM LEMSIM H
ecm Ri1 #Ri2, TO ty # th.
[Ipu pacyere MyIbTHBUOPATOPA HCIIOJIB3YIOTCS CIAEAYIOMUE (POPMYJIbL:

T=ty+ta, (6)

(7)
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ty = —70 A—"— , (8)

rae 1 =Ri1 - Cr, 2=Ri2-Ci,
Un — HanpsbKeHHe MUTaHuS,
Unop — MOpOTroBoe HampsbkeHue npu nepexose oT 0 u 1 u obpatHo.
EcmQ=2,Tot1=12uRi1=Ri2=R;.
Un
Kak nmpaBuiio, ans GonbmuHcTBa MUKpocxeM KMOM [J nop = 7
unpu Q=2
T=22-Ri--C (9)
Br160p koHKpeTHBIX 3HaYeHni HoMUHaNoB Ry u C; orpanuyen:
Ri; =10 kOm = 5 MOwM, Ci =100 o® + 1 MxD.

Bepxuuii mpenen eMKOCTH M HIDKHUHM Tpeaen CONMPOTUBICHUS OOYCIOBIEH MaKCHMAalIbHO
JONYCTUMBIMU 3HAYEHHUSIMHM BBIXOJAHOTIO TOKa MUKpocxeM. HWkHuil mpenen eMKOCTH U BEpPXHUUI
IIpesieN pE3UCTOPa — BIMSHUEM MTapa3sUTHBIX EMKOCTEN M CONTPOTUBIIECHUM.

Comportusnenne R> BeiOmpaercs B mpenenax 2R; < Ry < 10 R;. Ro mpennaznauen mist
OTpaHUYEHUS TOKA Pa3psiKU KOHAEHcAaTopa U GopMUpOBaHUS 0oJiee KPYTHIX (PPOHTOB UMITYIHCOB.

Pacuer myabTHBHOpaTOpA.
HcxonHble JaHHbBIE 7S pacyeTa:
f — yacToTa NOBTOPEHMSI UMITYIIBCOB,
(Q — CKBaXXHOCTh UMITYJIbCOB.
Ecmu Q =2 s pacuera R u C MokHO Bocnosib3oBaThes popmynoii ( 8 ). Torna
0,46
f

C yueToM orpaHM4eHHsi TOKa pa3psga KOHJeHcaTtopa BelOMpaeM Ri u mo ¢opmyne (9)

Ri-Ci=

; (10)

HaxoguMm Ci . Ecou C; eXuT B IOIyCTUMOM JMalla30HE, pacdeT OKOHYEH. B mpoTuBHOM cityuae
BbIOMpaeM apyroit HomuHan Ry u Haxonum C .

[Tocne atoro Beibupaem Ry, 2R; <R> <10 R; . Ecnm Q # 2, mopsok pacdyera Takoii:

1 T
Haxomum: mepuon I'=—, ¢f,=—, thn=T -1,

f 0

BriOupaem HanMeHblIee 3HaUeHUE U3 ty , tn .
Hcnons3ys onny u3 ¢popmyin ( 6 ), ( 7 ) HaX0oIuM COOTBETCTBYIOIIEE T, HATPUMED T1

BriOupaem u3 yuyera orpaHuueHUs TOKa 3apsa KoHaeHcaropa Ri.1 u mo ¢popmyne
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Ci=_ %1 wnaxoauwm 3xauenue Ci.
Ri11

Hanee o popmyne ( 7 ) HaxoauMm T2 u 1o Gopmyne Rio =12 - C; Haxoaum R .
[Tocne atoro BeIOUpaem R> - max (Ri1, Ri2 )< R» £ 10 max (Ri1, Ri2 ). Ha aTom pacuer
reHepaTropa 3aKOHYEH.
MyasTusuoparopsl Ha TTJI soruxe.
Tak xe xak u B mynbTuBuOpaTopax Ha KMOII noruke, B mynpTuBHOparopax Ha TTJI
JIOTUKE B OCHOBHOM HcIob3ytorcs anemenTol: 1 — HE, NJIN — HE, HE. HaubGonee gacro, B cuy

CBoOEi MMPOCTOTHI, UCITOJIB3YIOTCA CICAYIOIIUC CXCMBbI:

DDy R DD, DDy 3 DD, DD, » DD, -

Pucynok 11

Ponp pesucropa R> BcmomorarenbHas, OH CIIOCOOCTBYET BBIPAaBHHBAHUIO WHTEPBAIOB
MMITYJIbC TIay3a U YBEIMYECHUIO KPYTU3HBI (POHTOB UMITYJILCOB. BbixoaHOo# snmemenT DD 3 cayxut
IV Pa3BsI3KM TEHEpaTropa OT HArpy3KH M yIydlleHHs (OopMbl BBIXOIHBIX HUMIYIbCOB. Bpems
3ajaroniel nemneko reueparopa spisiercs T = Ry - C1 . B ¢BsI3U ¢ HU3KUM BXOJTHBIM COIIPOTHBICHHEM
noruku TTJL, ans ycroitunBocTr paboThl reHepaTopa Ri BeiOupatot B npeaenax 300 Om < Ry <680
Owm.

[TpumepHOe 3HaUEHHE TIEpHOa TeHEPALMU IPU ITUX YCIOBUAX OIpenensercs no gopmyse:

T=24-t=24-R;-C;.

YKka3zaHHBIE BBIIIE CXEMbI HCIOJIB3YIOTCS MPHU CKBaXKHOCTH Q = 2.

[Ipu ckBaxkHOCTH Q # 2 MOKHO UCIOJIB30BATh CICAYIOUIYIO CXEMY.

Di
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Huonst VDi, VD; gBnsrores 3amutHbIMU. [Ipr MX OTCYTCTBUM OTpULIATENIBHBIE MTEpEnabl
IIpU Tepe3apsaKe KOHAEHCATOpa MOTYT BbIBECTH 3iieMeHThl D11, D12 u3 crposd. Onements! D1y u
D12 npenacraBnsaoT co6oit MyabTHBHOpaTop. DnemMeHTsl D13, D14 ABISAIOTCS 1ETBIO 3aIycKa, eciu
IIPU BKIIIOYEHHUHU YCTpoMCTBa 00a anemeHTa Di.1, D12 okaxyrcss OTKpeITBIMH. Bpemst 3anarommmu
nernsaMu aBiIgoTea 11 =Ry - Co, =Ry - Cy .

[Tepuon xosnebanust MyJIbTUBUOpATOpA:

T=t +1t,

rae t; — JUIMTENBHOCTh UMITYJIBCA,

t2 — JIUTEILHOCTH MIPOMEKYTKA.

U U
Z‘1=z'1'7\]’l—, 1‘2:’[2'7\]’1—.

n n
Takum obpazom
T:(Rl'C2+R2'C1)'7\n£,
Un
rae U — MmakcuManbHOE HalpsHKEHUE BBIX0Ja MUKPOCXEM.
U — noporoBoe HanpsKeHUE, P KOTOPOM BBIXOJI MUKpPOCXeMbI niepekitouaetcs ¢ 0 Ha 1.
B oOmem ciyyae BenmunHa U 3aBUCUT Kak OT HCIOJIb3YEMBIX MHUKPOCXEM, TaK M BEIMYUH
pe3sucropoB Ry, R> .
Jlnst mpubnIKeHHBIX pacueToB MoxHO cuntath U=4 B, U, = 1,5 B.
Cama wMmeroaumka pacdyera MyibTHBHOpaTopa Ha TTJI noruke aHamoru4yHa pacdery

myabTuBHOpaTropa Ha KMOII noruke.

4.1.3 DJeKTpOHHbIe KJIYH W 3MMHTEpPHbIe IOBTOPUTEJIH HA OHIOJSIPHBIX

TPaH3UCTOpPaXx.

Vcnonp3oBaHue 3JIEKTPOHHBIX KIIOYEH M HSMMUTEPHBIX MOBTOpHUTENEH B LU(PPOBBIX
yCTpoicTBax 00yCIOBIEHO HEOOXOJUMOCTBIO:
e CornacoBaHus 0 TOKY U HAIIPSDKEHUIO BXOJHBIX JIOTMUYECKUX CUTHAJIOB C BBIXOJHOM
Harpy3Kou;
e HecrangapTHoro mnpeoOpa3oBaHMs JIOTUYECKMX CHUTHAJIOB, HE pealu3yeMoro
U(PPOBBIMU MUKPOCXEMAMU;
e VYBeIMYEHMS MOILIHOCTU BBIXOJHOI'O CUTHAJIA.

DJIEKTPOHHbBIE KJIIOYH.
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Kirou koMuTupyeT (BKIIOYAeT M BBIKJIIOYAET) YyJacTKU 3JIeKTpuueckoil nenu. Ero aeiictBue
OCHOBAHO Ha TOM, YTO BO BKJIFOYEHHOM COCTOSIHUM OH 00JIaZIaeT OYeHb MaJlbIM,
a B BBIKIIIOYCHHOM COCTOSHMHM BeChbMa OOJIBIIMM CONPOTUBICHHEM. B KIIlO4eBOM pexuMe

TPAH3UCTOP OOBIYHO BBHIKIIOUACTCS MO CXEME C OOLIMM SYMMHUTEPOM.
e +Ei

Rk

Re

UBX

UBBIX

Pucynoxk 13

Kittou MOXeT HaX0IUuThCA B OJJHOM M3 IBYX CTAIllMOHAPHBIX COCTOSTHUM:
® BO BKJIFOUEHHOM (PEKHUM HACBHIIICHHUS);
® B BBIKJIIOYEHHOM (PEKUM OTCEUKH).

PesxuM  HacbllleHHMsI BO3HUKAET npu MOJIOKHUTCIBHOM BXOJHOM HANPsKCHUH, CCIIN

co37aBacMblii UM 0a30BbIi TOK yJJOBJIETBOPSIET YCIOBUIO:
16 : B > IKH
rae Is — 0a30BBIi TOK;
I — TOK HaCBIIIEHNSI KOJUIEKTODA;
B — koadduureHT ycuaenus 6a30Boro Toka.
E = I - Re + Ups
Kak npaBuio, [uisi TpaH3UCTOPOB HANpPSKEHUE MEXTY KOJUIEKTOpoM U 3MMuTepoM (Ui,) B
pexuMe HachleHus: BecbMa Mano (> 0,4 B), mosToMy B moJaBIsfoieM OOJBITHHCTBE PACYETOB UM
MO>KHO IIpeHedpeyb, TO eCTh

PeknM_0TCEUKHM HACBHIIIEHMSI BO3HHUKACT npu OTpULATCIBbHOM BXOJHOM HAIPsIKCHUU,

ecnu oHO oOecrieunBaet 3anupanue smmutepHoro nepexona (Uw < 0). Tak kak B 3TOM pexxume B
renu 0a3bl MPOXOJAUT BHITEKAIOUINH U3 Hee 00paTHBIN TOK KOJUIEKTOPHOTO Mepexo/1a, TO yKa3aHHOe
YCIIOBUE 3aIUIIETCS:

'UBX + IKO : R6 <0

rze Usx — a0CONIOTHOE 3HAYEHUE OTPULIATEILHOTO BXOIHOTO HAMPSKEHHUS;

Ixo — 3HaYEHME OOPATHOTO TOKA IPU MaKCUMaJIbHOM paboueil TeMieparype.
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B pexume otceuku Ik = Ixo = 0
Upix =E —Iwo - Rk ® E

Takum o0pa3zom, Ui TEPEKIIOYEHHUS BBIIIE PACCMOTPEHHOIO KIO4a TpeOyeTcs ABYX
MOJISIPHBIE MMIYJIbCHL. JIMIIEH 3TOro HENOCTaTKa KJIOY C BHEIIHMM CMEIIEHHEM, KOTOPBIA B
HCXOJHOM COCTOSIHMM 3alepT OTpULATEIbHBIM HCTOYHMKOM cMmeleHus Es , a B ormeproe
COCTOSIHUE TIEPEKIIIOYAETCs MOJI0KHUTEIbHBIM BXOAHBIM CUTHATIOM. OJJHAKO B 00OMX 3TUX CIIydasx
11t paboThI KITF04a TpeOYIOTCS ABYX IMOJIAPHBbIC HCTOYHUKHU nuTaHus. [loaToMy Ha mpakTHke, Ipu
paboTe TpaH3UCTOpPA B KIIOUEBOM PEKHME PEKHUM OTCEYKH 3aMEHSIOT MUHHMAJIbHO BO3MOKHBIM
MIOJIYOTKPBITHIM COCTOSIHUEM KJIF0Ua, COOTBETCTBYIOLIUM JIOTUUECKOMY COCTOSTHUIO Usx = 0.

Tak Kak TPaH3UCTOP SBJIACTCS MHEPLIUOHHBIM 3JIEMEHTOM, TO IIEPEXOJ KIII0Ya U3 OJHOIO
COCTOSIHUSI B JIPyroe MpPOUCXOJUT HE MTHOBEHHO, a C HEKOTOpPOW 3aJep:KKOH, 00yCIOBICHHOM
HaJIM4MeM BXOJIHOM €MKOCTU TPaH3UCTOPOB.

IlepexnroueHue Kiro4a M3 OJHOTO COCTOSIHHMS B JPYro€ OIHUCHIBACTCS IEPEXOIHBIMU
MpOIeCCaMU, YTO YUUTHIBAETCS MPHU BBICOKHUX YaCTOTaX pabOTHI KITIOUEH.

Pacuer k/1104a Ha OUIIOJISIPHOM TPaH3UCTOpe.

1. Bb16op mo cnpaBOYHHKY COOTBETCTBYIOILEIO THIA TPAH3HCTOPA B 3aBUCUMOCTH OT
XapaKTEPUCTUK HArpy3KH (TUIIA, HAPSHKEHUS);
2. @®opMHpPOBaHUE JAHHBIX AJIS pacyeTa KItoua;
HcxonHble naHHble:
Uop — BXOJHOE HAIIPSKEHUE, COOTBETCTBYIOLIEE JIOTHUECKOMY HYIIIO,
U1 — BXOAHOE HaNPSIKEHHUE, COOTBETCTBYIOLIEE JJOTUUECKON EIUHULIE,
E — HanpspkeHue nuTaHus.
CrpaBouHbIE JaHHBIE:
Ix6o — OOpaTHBIN TOK KOJJIEKTOPA B PEKUME OTCEUKH,
Imax — MaKCHMaJIBHBIN TOK TPAH3UCTOPA,
Iiiac — TOK HaCBILEHUS TPAaH3UCTODA,
Ux, — HallpsKEHHUE MEKy KOJJIEKTOPOM U DMMUTEPOM B PEKMME HACBILCHUS
B — koadduureHT ycunaeHus 6a30Boro Toka.
3. Bri6op pabouero Toka KojuiekTopa I B pe’KuMe HachIIEeHUs:
Liac < Lkt < Imax

4. Pacuer conpoTHBIIEHUS Harpy3ku Ry:

E-U
Rp=—""2 (1)
Ikl

5. Br16op mpakTuyeckoro 3HaueHus Ry 10 TabnIie HOMHUHAJIOB PE3UCTOPOB:
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RKI'I > RK

6. Pacuer Toka 0a3bl B pexKMME HACHIICHUS:

1
I51=" (12)

p

7. Pacuer Rg B pexrime HaChILIECHUS:
_Ul
161

8. Bri0op mpakTuyeckoro 3HaueHHs Ren 0 Tabnuile HOMUHAIOB PE3UCTOPOB

Ré (13)

Ren £ Rs

9. Pacuer BBIXOJHBIX XapaKTEpUCTUK Kitoua B pexxume Uo , U :

Pexxum Uyp: Pexum Uy:
Uso = Uo: + Ik6o - Ron ; Ix1 BbIOpaH B myHKTeE 3,
_Uéo .
[60 - D)
Roén
Ul = UKa,
Iko = B . 160;

UK30 =E - IKO . RKH 5
IlonydeHHble BBIXOAHBIE XapakTepucTuku kiaoda B pexume Up ,u Up  JAOIDKHBI
COOTBETCTBOBATh HANPSDKCHUSAM JIOTUYECKOIO HYJS W €IMHMIBI HCIONb3yeMOW JOruku. Eciam
COOTBETCTBHUE HE COOMIOAAETCS HEOOXOJMMO U3MEHUTD UCXO/HBIE TaHHBIE.
IMMHTEPHBII NOBTOPUTEb.
OMMUTEpHBIN NOBTOPUTEND, B OTIMYUE OT IEKTPOHHOIO KJIIOYa, KOTOPBI MHBEPTUPYET
BXOJJHOW CHTHAJI, MOBTOPsieT (opMy BXOIHOTO CUTHajla. B sMMUTEpHOM MOBTOpHTENE Harpyska

PpacCIioJIOKCHA B ICIIK DMMUTEPA.

Re

UBX O

1{3 UBBIX

Pucynoxk 14
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B smMmutepnom moBtoputene Usx Bcerna Oombiie Usux . Ilpu Rs = 0, pasnuma mexmy
BXOJIHBIM U BBIXOJHBIM HapPsKEHUEM PAaBHO HANpPSHKEHUIO HA OTKPHITOM AMMMTEPHOM IIEPEXOAE,
T. e. Becbma mana (npumepno 0,2 B). ITosToMy BbIXOAHOE HAIPsDKEHHE MO 3HAYEHUIO U (aze
JOCTaTOYHO OJU3KO COBMAJACT C BXOJHBIM HAINpPsDKEHHUEM, YTO M OOYCIOBWIJIO HA3BaHUE ATOTO
3lIeMEHTa. DMMUTEPHBIN oBTOpUTENb 0XBadeH 100% oTpunarenbHO 00paTHON CBA3BIO, TOATOMY
€ro0 BXOJIHOE COINPOTHUBIIEHUE 3HAYUTENIBHO BBIIIE BbIXOAHOrO. IIpum pacuere 3MMHUTEPHOTO

MOBTOPUTCIIA UCIIOJIB3YIOT CIACAYIOMNUE COOTHOICHUA:

Rex=Rs+ R, - (B + 1);
L=Ts+Ik=Is+I-p=Is-(1+P);
Uspx = Usx - I6 - B - 0,2
rae: Rex — BXOJHOE COIIPOTUBIIEHUE SMMUTEPHOTO IIOBTOPUTEILS,
R, — conpoTuBieHre Harpy3Ku SMMHUTEPHOTO IOBTOPUTEIS,
B — koaduureHT ycuaenus 6a3oBoro Tokxa,
I, — Tox smmuTepa,
Is — Tok 0a3ml,
Ik — TOK KOJIIIEKTODA,
0.2 — mageHue HaNpsHKEHUSI Ha OTKPBITOM SYMMHUTEPHOM NIEPEXOJIE.
Pacuer 3MMUTEpPHOr0 MOBTOPUTENS 3aKitodaercs B omnpeneiacHuu Rs m R, npu 3amaHHOM
BXOJHOM HamnpspkeHuu Ui, OTKPBIBAIOUINM TPAH3UCTOP M TpeOyeMbIX BXOAHBIX mapamerpax Usux,

I,. Up — BXO1HOE HANPSKEHUE 3aKPBITOrO TPAH3UCTOPA CUUTAETCSA PABHBIM HYJIIO.

IIpuMep pacueToB JaHHOIO IIyHKTA MPUBEACH B IPUIIOKECHUH 5

4.2 Pacuer 0s10ka nuTAHUA

Pacuer O65oka nUTaHUS MPOU3BOAUTCS TOJBKO B TOM CIIydae €CIU MpeiaraéMoe yCTpOHCTBO
MpeJHA3HAYCHO JUISl AKCIUTyaTalluy B CTAI[MOHAPHBIX YCIOBHAX U UMEET CaMOCTOSATENbHBIA UCTOY-
HUK MUTaHUA. B MIPOTUBHOM ciydae B 3TOM paszieiie MPOU3BOIUTCS pacyeT MoTpedIsieMOi MOIIIHO-
CTH YCTPOWCTBOM, HANpsHKEHUE MUTAHUS U €r0 UCTOYHMK. [Ipy HamMume caMoCTOSTENFHOTO UCTOY-
HUKA MHUTaHUS JONOJHUTEIBHO MPHIIAraeTcsl cxema OJIoKa MUTaHus, BHIOMpAOTcs U 000CHOBBIBA-
IOTCSI: TN TpaHchopMmaTopa, (QHIBTPYIOLUINE KOHAEHCATOPbI, CTA0MIN3aTOPhl M IPOYUE Pajuo-
3JIEMEHTBHI, UCTIOJIb3yeMbIe B OJIOKE MUTAHUSI.

4.3 Jlorn4eckuii pacyer

Jlornueckuil pacyer mpeacTaBisieT coboi rpadpuiyeckoe n300pakeHre BpEeMEHHBIX IUarpamMmm
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AIIEKTPUYECKUX CUTHAJIOB OCHOBHBIX (DYHKIIMOHAIBHBIX Y3J0B YCTPOMCTBA MOSCHSIOIIEE MPUHIIHIT
ero neiictBus. Tak e K JJOTHYECKOMY pacueTy OTHOCSTCS TaONUIBI MTPOXKUTa MOCTOSTHHOTO 3ario-
MUHAIOILET0 YCTPOUCTBA HEOOXOAUMBIEC A (PYHKIIMOHMPOBAHUS YCTPOWCTBA B IIEJIOM U Jpyrue
pacyCThl, UCIIOJIL3YEMBIC IJIA 000CHOBaHU IMPUHATBIX CXCMOTCXHUYCCKUX peH_ICHI/II\/'I. Jlornueckuit
pacyer JOJHKEH COIMPOBOXKIATHCS TEKCTOM IMOSICHAIOIIUM TOPSIOK pacueTa, Nopsaok (GopMupoBa-
HUA OSJICKTPUYCCKHUX CHIHAJIOB H OGHGF‘-IaIOH_[I/IM IMOHUMAHWEC TPpHUHIOUIIA q)YHKLII/IOHI/IpOBaHI/Iﬂ
YCTPOMCTBA.

OcCHOBHBIC QJICKTPUYUCCKHUC MOHATUA, PACUCTHBIC DJICKTPUYCCKUEC BCINMYUHBI UX CBA3b, CIH-

HHUIBI U3SMCPCHU.
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5. Pacyer Haie:KHOCTH U3/1e/1UsA

OObeM TaHHOTO pa3fieNisis COCTaBIIAET

- TeopeTHyeckas yactb 1,5 - 2 nucra

- pacuetHas yacTb B mporpamme QBASIC — NADES.BAS — 3 nucra

5.1 Teopetnueckas 4acTh AOJHKHA COJEPIKATH

- IOHATHS U ONPEJEIICHUS [T0Ka3aTelel Hale)KHOCTH;

- METObI MOBBIIIEHUS HAJE)KHOCTH.

OcHoBHBIM nIOKa3ateneM DBM sBiserca HanexxHOCTh. OHA 3aBUCUT Kak OT HaJEKHOCTH HMC-
MOJIB3YeMO#l 3JIEMEHTHOU 0a3bl, TaK M OT HMPHUHATHIX CXEMOTEXHUYECKUX U KOHCTPYKTHBHBIX
peLICHUN.

HaneXHOCTh- 3TO CBOWMCTBO BBINOJHATH 33JaHHbIe (DYHKLIMHU, COXpaHss 3KCILTyaTal[HOHHBIC
MOKa3aTeNN B JOMYCTUMBIX Ipe/ieax B TEUEHUH TPeOyeMOoro MpoMeXyTKa BPEMEHU U BO3MOXK-
HOCTbH BO300HOBJICHHS ()YHKIIMOHUPOBAHUS YTPAUEHHOTO 110 TE€M WJIM UHBIM MPUYHHAM.

JIJist OIEHKHW HAJIe)KHOCTH BBEJICHBI IOHSATHS paboTOCIOCOOHOCTH U OTKA3.

PaGoTocnocobHOCTB- 3T0 cocTosHue DBM, npu KOTOpoM OHa B JaHHBI MOMEHT BPEMEHH
COOTBETCTBYET BCEM TPeOOBaHUM, XapaKTEPU3YIOIIUX HOPMAIbHOE MPOTEKAHNE BHIYMCIUTEIBHO-
ro mporuecca.

OTka3- coObITHE, COCTOSIIINE B IMOJHOW MM YaCTUYHOU yTpare paboTOCIIOCOOHOCTH CHCTe-
Mbl. Tak Kak He BCsIKasi HEMCIIPABHOCTh MPUBOJAUT K OTKa3y, TO Ha MPAKTHKE pa3In4aroT OCHOB-
HbIE U BTOPOCTEINIEHHbIE HEUCTIPAaBHOCTU. OCHOBHBIE HEUCIIPABHOCTH IIPUBOJAT K OTKAa3y, a BTOPO-
CTETIEHHBIE - HE PUBOJAT, HO CO3/al0T HEYJ0OCTBA NP IKCILTyaTaI[UH.

[Tpu onpenenenuu HagexxHOoCcTH DBM HE00X0aUMO 3HATH MPOIECC BOBHUKHOBEHUS OTKAa-
30B YCTPOMCTB, KOHPUTYPALIMIO CUCTEMBI, TOPSIOK 0OCITYKUBAaHUS U PEMOHTA YCTPOUCTB

Bb100p KOMMUECTBEHHBIX XapaKTEPUCTUK HAJEKHOCTH 3aBUCHUT OT BHIa DBM (BoccTaHaBim-
BaeMble M HEBOCCTaHaBiMBaeMble). BoccranaBnuBaembie OBM- DBM, koTopbsle B mpoliecce Bbl-
MOJIHEHUsI CBOUX (YHKUMI momyckailoT pemMoHT. Ecnu mpou3soiiger oTkas takoit 9BM, To oH
BBI30BET IpeKpalieHue (QyHKIMOHUPOBAHMUS H3JENHS TOJHKO Ha MEpPUOJ YCTPAHEHHS OTKasa.
HeBoccranaBiuBaembie - OBM, koTopsie O mpoliecce BHITIOTHEHHS CBOMX (PyHKIHI HE J0myc-
KaeT PEMOHT.

[Tokazarenu HanexHOCTH: BeposTHOCTh 0€30TKa3HOM pabOTHI, BEPOATHOCTh OTKa3a, MHTEH-
CUBHOCTb, CpeJIHsI HapaOOTKa Ha OTKa3.

3HAUUTENBHOE TOBBIIICHNE HAJEKHOCTH JOCTUTAETCS CO3/IaHUEM HOBBIX DJIEMEHTOB, TaKUX
KaK MHTErpajabHble cXeMbl. OJIHAKO CYLIECTBYIOT 3JIEMEHTBI, HaJIEXKHOCTh KOTOPBIX AOCTATOY-
HO HM3Kas U TPYJHO NOJJAETCs MOBbILIEHUIO. [I03TOMY OJHMM M3 pacnpOCTpaHEHHBIX MyTEH

IIOBBIINICHUA HAACKHOCTH ABJISACTCA BEACHUC CXEMHOM U30BITOYHOCTH.
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CxeMHast M30BLITOYHOCTD MOKET OBITH HECKOJIBKHX BHUOOB:

a) CTpyKTypHOE pe3epBUpPOBAHUE - MPEANOIaraeT BKIOUYEHUE B CXEMY YCTPOUCTB

AOMOJIHUTCIIBHBIX 3JICMCHTOB, KOTOPBIC IMO3BOJIAIOT CKOMIICHCHUPOBATHL OTKA3bl OTACIIBHBIX 4Ya-

cTell ycTpoiicTBa U 00eCneYuTh UX HalexHYyI0 paboTy. OnHako pe3epBUpoBaHue 3(HPEKTUBHO

TOJIBKO B TOM CJiy4dac, KOIr'Ja HCUCIPABHOCTHU ABJISAIOTCSA CTATUYCCKU HEC3aBUCHUMBIMH.

0) Pe3epBupoBanne 6e3 BOCCTAHOBIEHHS - Pa3IMuaeTCs MO BUIY BKIIOYEHHS pe-

3CPBHBIX 3JICMCHTOB (HOCTOSIHHOG pPE3CpBUPOBAHUC, PEC3CPBHUPOBAHNUC 3aMCIHICHUCM U CKOJIb-

3silIee PE3EPBUPOBAHUE).

5.2 PacueTHas 4acTh COEP’KUT TPU OCHOBHBIX 3TaIa

Ha MEPBOM ITallC CHUTACTCA KOJIUYCCTBO 3JICMCHTOB U3ACIIUA COIJIACHO HpHBGI[GHHOﬁ HHXKC

TaOIULBI 2

Tabmmuma 2

HanmenoBanue sneMenTa

KoanuectBo

9JICMCHTOB

[IpUMeYaHue

Pesucropsl

R<=100 xOmMm

R> 100 kOm

Konnencaropsl

DNEKTPOIUTHUECKUE

Kepamuueckue

1o 0,001 mkd

ot 0,001 go 0,1 mxd

ot 0,1 Mxd mo 1 Mxd u Gosee

Mukpocxemsl

OO11ee KOIMYECTBO cepuid

ITpumep 561, 155, 176 u 1.1.

Cepus

KoanuectBo

JIno 161, CTAaOUITUTPOHBI

Tpan3zucropst
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Pene anekrpoMarHutHoE K1

YCTpOoUCTBO KOMMYT

CoennHenne mankoi

[Ipuemo-ycuin. Jlammsl

Tpancdopmaropsl

Hpoccenn

Karymku HHIyKTUBHOCTH

[lepexmouaTenu S, SA
TymOnepsl, KHOTIKH SB
MuKpoTyMOIIEpHI

Pazbembl X, XW
DNeKTpoABUTaTEIN

[lanenu amMnOoBbIe

Bropoii stan — 310 3aHecenue B nporpaMmy QBASIC NADES.BAS
- YCIIOBHIA SKCIUTyaTaIlH U3JIENINs

TeMmIepaTypa npu KoTopoit padoraer cucrema - 30°;

KO3 QUIIMEHT HAarpy3KH 3JIEMEHTOB cUCTeMBI — 0,2;

- JaHHBIC COIIACHO pacCyCTaM IICPBOTO 3Tarla.

3aKTIOYUTETHHBIM JTAOM SIBIISIETCS BBIBOJ pacueTa Ha nepudepuitHoe yCTpOHCTBO
Pacuer BbIBOIMTCS HA TpEX IUCTAX

Ha IMEPBOM JIUCTEC BHIBOAUTCH

Tabmuua «I[lomHBIH pacueT HaEKHOCTU CUCTEMBI C YYETOM YCIOBHUH SKCILUTyaTallum.

Ha BTOpOM J1MCTe BHIBOAUTCS
MHTEHCUBHOCTH OTKA30B CHCTEMBI M Tabnuia «BeposTHOCTIY.

Ha TperbeM JincTe BHIBOAUTCS
I'padux «BeposTHOCTH 0€30TKa3HON PabOTHI B TEUCHUN BPEMEHUNY.
[Tpumep BBINOTHEHUS HAJIG)KHOCTH NPUBENIECH B MIPUIIOKECHUN

IIpumep BBINOIHEHUS JaHHOTO ITyHKTA PUBEJEH B IPUIIOKEHUH 6
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6. TexHomornyeckasi 4aCThb NMPOEKTA

6.1.AHa/ M3 TEXHOJOTHYHOCTH U3AeTUA

TexHoIOTHYHOM HA3bIBACTCS TaKask KOHCTPYKIHSI, KOTOpasi MOXKET ObITh U3TOTOBIICHA TIPH
HaWMEHbIIIEH 3aTpaTe OBEUIECTBICHHOTO U KMBOTO TPY/Ja U MOJHOCTHIO OTBEYAET MPEIbIBISIEMbIM
K M3JICTUIO KCIUTYaTalluOHHBIM TPEOOBAHUSM.

Cpenu  KpUTEpHEB, OICHHBAIOMINX TEXHOJOTUYHOCTh KOHCTPYKIIMH, Haubosee
MIPUMEHSEMBIMU SIBJISIFOTCSL CIIEAYIOIIUE: paclpeAesieHre JAeTalleld Mo MPEeeMCTBEHHOCTH, KilaccaM
TOYHOCTH, TEXHOJIOTUYECKON KOH(PUTYpAIlMK U TIPUMEHSIEMBIM MaTepuajaM, pacripeieiieHIe y3JI0B
(cOOpOK) TO CIIOKHOCTH M B3aMMO3aMEHSIEMOCTH BHYTPH Y3JIOB, OPUEHTHUPOBOYHAS TPYIOEMKOCTh
W3TOTOBIICHUS JleTalled M COOpPKM U3JENWi; CIelHanbHas TEXHOJOTHYecKas OCHACTKa, 00mas
XapaKTEPUCTHUKA JJI OLIEHKU TEXHOJIOTUYHOCTH.

[Ipu ompeneneHUy TEXHOJOTUYHOCTH CO3JABAEMBIX KOHCTPYKUIUN HEOOXOAMMO YYHUTHI-
BaTh BCe (pa3bl MPOU3BOICTBA, XapaKTEPUIYIOIINE H3TOTOBJICHNE HE TOJBKO JETaNeH, HO U U3JCIUS
B ILICJIOM.

B xauecTBe OCHOBHBIX HalpaBJICHUHN MOBBIIIEHUS TEXHOJIOTHYHOCTU B PAIUOIIEKTPOHHOM
anmapaToCTPOCHUHA MOTYT OBITh IPUHSTHI:

1. IloBBIIICHHE TEXHOJOTHYHOCTH JCTalICH U3ACIIHS;

2. IloBblllIeHNE TEXHOJOTUYHOCTH Y3JIOB U U3/IENHUS B LIETIOM.

1.1. Tloka3aTenu CcTEIeHN TEXHOJIOTHYHOCTH:

1. Koappumment crannapruzanum paccautbiBaeM 1o ¢popmyse 1:

ncT = & (14)
n

/1€ Nem — KOAPPUIIUESHT CTaHIAPTU3AIINN;
K9 — YHCJIO CTaHIAPTU3UPOBAHHBIX SJIEMEHTOB;
n — 00IIee YHUCTIO ANEKTPOPANOIIEMEHTOB;

2. Ko puumeHnt HopManuzanuu pacCUUThIBaeM 1o hopmyie 2:

n HOPM = & (15)
n

rZie K1 — YMCIJI0 HOPMAJIM30BAHHBIX 3JIEMEHTOB;
Niopw — KOI(PPUIIMEHT HOPMATTU3ALIH.

3. KoadummeHT npeeMCTBEHHOCTH PacCUUThIBaEM 1o Gopmyie 3:

N = 2 (16)
n

TAC K11 — YHUCJIO MPEEMCTBCHHBIX 3JICMCHTOB;
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Nipee — KOAPOHUIMEHT TPEEMCTBEHHOCTH.
4. KoaduumeHT aBToOMaTU3aIUKN COCTUHEHUN pacCUUTBIBAaEM 110 Gopmyie 4:
M = 0 (17)
K.
IJie N2 — YACJIO MOHTAXXHBIX COCMHEHUH BBHITIOJHEHHBIX aBTOMAaTHU3UPOBAHHBIM U MEXaHHU-
3UPOBAHHBIM METO/IOM;
Nagr.coen — KOAQOUIMEHT aBTOMATHU3AINN COCTUHEHHH.
5.KoadduureHT necnoap30BaHnss MUKPOCXEM pacCYUThIBaeM 1o (opmyne 5S:
n. = = (18)
n
/1€ Nyen — KOI(DOUIIMEHT UCTIONB30BaHUS MUKPOCXEM;

m — YHCJIO UCIHOJIBb3YCMbIX MUKPOCXCM;,

6. KoaddurmentT MexaHN3upOBaHHOTO MOHTaXKa pacCYUTHIBAEM 110 popmyie 6:

N = B (19)

K-

1€ Nuex.vont — KOAPPHUIIMEHT MEXaHU3UPOBAHHOTO MOHTAXA;
K4 — YHCJIO MOHTXXHBIX 3JIEKTPOPAJNO3JIEMEHTOB BBHITIOJHEHHBIX MEXaHUYECKUM Me-
TOJIOM.
7. Koaddurment aBroMaTH3aiu KOHTPOJIS paCCYUTHIBAEM 110 Gopmye 7:

— s (20)
K;

n aBT . KOHT

T'J1€ Napr.xonr — KOAPPHUIIMEHT aBTOMATU3ALUU KOHTPOJIS;
ns — oOlIee YKUCiIo onepanuil KOHTPOJIS U HACTPOMKHU BBHIIOJHEHHBIX aBTOMAaTU3UPO-
BaHHEIM CIIOCOOOM;
Ks — YUCJIO OIlepalyil KOHTPOJIS U HACTPOMKH.

8. KoagpuiueHT noBTOpsSEeMOCTH paccYUThIBaeM 1o opmyie §:

nﬂOBTZl_& (21)
n

/1€ Nyosr — KOIDPUIIMEHT TOBTOPSAEMOCTH;
Ke — OOIIIEe YUCIIO TUIIOB AIIEKTPOPAANOIIEMEHTOB.

9. Koapumment ncnonp3oBaHusi OpUrHHAIBHBIX JIEMEHTOB PAaCCUUTHIBAEM 10 (popmyrie

nopr.mem = 1 - & (22)
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/1€ Nopr.snew — KOIDOUIIMEHT TIPOTPECCUBHOCTH;
K7 — YHUCJIO THUIIOB OPUTMHAIILHBIX YJIEMEHTOB.
10. KoadduuueHnT nporpeccCHBHOCTH paccyuTbiBaeM o ¢opmyse 10:

_d (23)

Mmporp 7 p
rze d — 9ucno retaneil mosy4eHHbIX IPOTPECCUBHBIM CIIOCOOOM.
11. Kosddpuument yaudukanuu paccuutsiaeM no ¢popmysne 11:

\HH¢=I{9+KI+K“ (24)
. n

1€ Nyung — KOIPOHUIMEHT YHUPHUKAIHH.
12. KoadduumeHT TeXHOTOrMYHOCTH paccyuThiBaeM no Gopmysne 12:

KZ +naBT.coe:’_0’75nam'.|<om'—.i_0’3 1n10BT.—"_0, 1 87n0pvlr.m—.i_0’1 1n.np0r; (25)

KZ+naBT.coex—l"_nMex.Mou;"_naBT.Kouj_nnom.—i_nnporp.

HOJ’Iy‘IeHHBIC JaHHBbIC CBOJUM B TaGHPII_[y

[Tpumep mosrydeHHOH TabnuIe MPUBEJICH B MPUIIOKEHUU 6

6.2 Bb100op BapuaHTa TEXHOJOTHYECKOr0 NMPOoIecca U3rOTOBJICHHUS U3/IeTUs

BapI/IaHTBI TCXHOJIOTUYCCKOTO IMponecca pasjiimdaroTCd METOAaMU HU3TOTOBJICHHUA IMICHAT-

HOM maTsl (onepauust 2). PaccMoTpum A npuMepa pa3indHbIe BApUAHThI:

HHA IICYaTHBIX I1J1aT

JA0M

a) TumoBoii mporecc N3roTOBICHUS U3/ICTHS ¢ KOMOMHUPOBAHHBIM METOJOM H3TOTOBIIE-

Pucynox 15 Cxema TEXHOJIOTMYECKOTO U3TOTOBJICHUS U3JENUsI KOMOMHHUPOBAHHBIM METO-
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OrnucaHue TEXHOJIOTMYECKOTO IpoIecca:

1). IlonroroBka Mponu3BOJCTBA.

Bxuiouaet B ce0s crneayromue TEXHOIOTMYECKHE OTepaluu:

1.1. 3akymnka 3JIeMEHTOB, BXOJISIIUX B COCTAB I€YATHOM IJIaThI;

1.2. TloaroroBka MaTepuana OCHOBaHUS NIEYATHOM IJIaThl;

1.3. [IpuroroBiieHNE JaKOB, IPUTIOEB, (IIIOCOB, TPOMBIBOUHBIX PACTBOPOB.

2). UsrotoBnenue aByxcroponHeil medatnoit muatsl (JI1IT) mpousBomutcst koMOUHUPO-
BaHHBIM METOJI0OM Ha (DOJIBIUPOBAHHOM CTEKJIOTEKCTOJIUTE C METATU3UPOBAHHBIMH OTBEPCTHUSIMHU C
pUMEHEHHEM Cyxoro mieHoYHoro ¢gotopesucra CIIO-BII-2 I1O OCT 107.460.092.004.01-86.

Bxurouaer B ce0s cinenyronue onepanuu:

2.1. BXoqHOW KOHTpOJIb;

2.2. Mexanunueckasi 00paboTKa MeyaTHOH IJ1aThl;

2.3. IlpenBapurenbHas METAIUIM3ALIMS;

2.4. Ilony4yeHue puCyHKa I€4aTHOM IUIATHI,

2.5. DIEeKTpOXUMHUYECKask METaJUTN3allns;

2.6. YaneHue 3alUTHOTO penbeda;

2.7. MapkupoBaHue

2.8. Konrtpois.

3). BHyTpeHHMI1 MOHTaX.

[alika pe3ucTopoB, KOHAEHCATOPOB, AUOI0B, TPAH3UCTOPOB, IPOU3BOAUTCS ABTOMATU3H-
POBAaHHBIM METOJIOM I'PYIIIOBOM ITAWKYU , HAIIPUMEDP BOJIHOM Ipunos. 1Ipu ycTaHOBKE BBIBOABI 1€Ta-
JIel BCTaBJISIIOTCSA B OTBEPCTUS IMIEYATHOM IUIATHI U 3aKPETUISIFOTCS CO CTOPOHBI MANKH 110 AruooMm.

4). UzrotoBneHue Kopiyca U3aeausl.

Haubosiee pannoHansHON (GOpPMOI 1T MHOTUX U3JENHUI SBISETCA NPSIMOYTOJIbHUK. Y4u-
ThIBast TPEOOBAHMSI K YCTPOUCTBY, a TAK)XKe HAJTMYME HA MPEANPUATHH-U3TOTOBUTENEC TEXHOJIOTHHA U
OCHACTKH, B KaUE€CTBE OCHOBHOT'O MaTepHalia, UCIOJIb3yeMOTO JJIs1 U3TOTOBJIEHUS KOPIIyca MOKHO
BbIOMpATh TuIacTMaccy. BbiOop BapraHTa KOHCTPYKIIMH OCYIIECTBIISIETCS UCXOMS U3 TEXHUYECKUX
TpeOOBaHUHN U YCIOBUN TIPOU3BOJICTBA.

5). BHenHui MOHTaX.

Bxutouaet B ce0s cienyromue onepanuu:

5.1. KoMmmieKkToBOYHAS;

5.2. 3aroToBUTEIIbHAS;

5.3. IloaroToBka neyaTHOM I1aThl K COOpKE;

5.4. Coopounas;

5.5. KonrponbHas;
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5.6. MoHTa) 2JIEMEHTOB Ha KOPITYC;
5.7. YcTaHOBKa IIIaThl B KOPITYC;
5.8. Konrpois;

5.9. 3akpbITHE KOpITyca KPBIILIKOM.

6). Kontpoub.

Bce kOHTpOBHBIE ONEpalMu OCYIIECTBIIAKOTCS MOCIE KaXJI0W TEXHOJOTHUYECKOM omepa-

mun. [Tocie okoH4YaHust COOPKU M3IENUS IPOU3BOAUTCS KOHTPOJIb NMPABHIBHOCTH COOPKH M3IETHS

Y UCTIIBITAHUE HA BO3JICHCTBUE KIMMATUYECKUX (DAKTOPOB OKPYXKAIOMICH CpeIbl.

7). YnakoBka.

Pa3pe3ars nonu3TUIEHOBYIO IUIEHKY HOKHMLIaMU TosuHou 0,1 MM. Jlommyckaercs ynako-

BbIBaTh B OyMary KOHJEHCAaTOPHYIO HJIU KabenbHyl0. CBapUTh MPOJOJbHBIE U OJAWH MOTEPEUHBIN

mBbl. [1IBBI T0/DKHBI pacnionaraTbes Ha paccTostHUM 10 MM. oT u3aenus. O0XaTh makeT Ui yaane-

HUSl BO3[yXa IUIACTUHAMM W3 NEHoNoyMypeTaHa TOMUHUHON 10 mm. CBapuTh NMONEPEYHBIN ILIOB.

KoHTposs kauecTBa mpousBoauTcs Bu3yainbHo Ha 100% ymaxoBanHoro msnenus. He nomyckarorcs

HE IIPOBapBbl, IIPOKOTH, TPEILUHBI, IOPUCTOCTD B YIIAKOBKE.

6) Texuomorunueckuit nmponecc M3roTOBJICHUA C HCIIOJIB30BAHUCM JJICKTPOXHUMHUYCCKOTO

MCTOJa U3IrOTOBJICHUA IICYATHBIX IIJIAT

2.1
1.1
2.2 1 [ %
231 2| 1.3
24 | | o
2.5 3
| 2.7
4
5.1 | 5.5
55 | 5 B 5.6
53 6' 3.7
5.4 | 5.8
7 5.9

Pucynok 16 Cxema TEXHOJOTHUYECKOTO M3TOTOBJICHUS W3JEHUS DIIEKTPOXUMUUYECKUM

METO/I0M
OrnucaHue TEXHOJIOTMYECKOTO IpoIecca:

1). IlonroroBka Mpon3BOJCTBA.
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Bxurouaer B ce0s crneayromue TEXHOIOIMYECKHE OTepaluu:

1.1. 3akymka 3JIeMEHTOB, BXOJISIIUX B COCTAB IEYATHOM IJIaThI;

1.2. TloaroroBka MaTepuana OCHOBaHUS NI€YATHOM MJIaThI;

1.3. I[IpuroroBiieHHE JaKOB, IPUIIOEB, (IIFOCOB, TPOMBIBOUHBIX PACTBOPOB.

2). WsroroBiieHnEe NBYXCTOPOHHEW NEYATHOM IUIAThl MPOM3BOAUTCS IEKTPOXUMHUYECKUM
METOJIOM Ha (HOJIBIMPOBAHHOM CTEKJIOTEKCTOIMTE C METAJUIM3UPOBAHHBIMU OTBEPCTUAMHM C TpUMe-
HeHHeM cyxoro mieHoyHoro ¢goropesucra CIIO-BII-2 ITO OCT 107.460.092.004.01-86.

Bxurouaet B ce0s cienyronue onepanuu:

2.1. BXogHOH KOHTpOJIb;

2.2. Mexanunueckasi 00paboTKa MeyaTHOH IJ1aThl;

2.3. Ilony4yeHue pucyHKa I€4aTHOM IUIATHI;

2.4. DNEeKTPOXUMHUYECKOE METHEHUE;

2.5. YaneHue 3alIUTHOTO peibeda u TpaBJIeHHE MOJICIOs aTIOMUHHUS;

2.6. MapkupoBaHue

2.7. KoHTpOb.

3). BHyTpeHHMI1 MOHTaX.

[Talika pe3ncTopoB, KOHAEHCATOPOB, AUOI0B, TPAH3UCTOPOB, IPOU3BOAUTCS ABTOMATU3H-
POBAaHHBIM METOJOM IPYNIIOBOM MaWku. IIpy ycTaHOBKE BBIBOABI ACTANIEH BCTAaBISAIOTCS B OTBEP-
CTHA MEYATHON TUIATHI M 3aKPEIUIAIOTCS CO CTOPOHBI MaWKK MO ATHOOM.

4). U3zrotoBieHue Kopmyca U3aemusl.

HawubOouee parmonansHoi GopMoil [UIst MHOTUX SBIISICTCS MPSIMOYTOJIBHUK. Y YUTHIBAs Tpe-
O0BaHUS K YCTPOICTBY, a TAKXKe HAJIMUME Ha MPEANPUATUA-U3TOTOBUTENE TEXHOJOTHI 1 OCHACTKH,
B KayecTBE OCHOBHOI'O MaTepHaja, UCIOJIb3yeMOro Ui U3rOTOBJICHHUS KOPITyca MOXXHO BBIOMpPATh
rtactMaccy. BeiOop BapraHTa KOHCTPYKLIMU OCYLIECTBIISICTCS UCXOAS U3 TEXHUYECKUX TpeOOBaHUN
U YCIIOBUM IPOU3BOJICTBA.

5). BHenHuit MOHTaX.

Bxuouaer B ce0s cinenyronue onepanuu:

5.1. KoMmieKkToBOYHAS;

5.2. 3aroToBUTEIIbHAS;

5.3. IloaroToBka meyaTHOMU TUIATHI K COOpKE;

5.4. Coopounas;

5.5. KonrponbHas;

5.6. MoHTa) 2JIEMEHTOB Ha KOPITYC;

5.7. YcTaHOBKa IIIaThl B KOPILYC;

5.8. Kontpos;
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5.9. 3akpsITHE KOpITyca KPBIILIKOM.

6). Kontpous.

Bce KOHTpOsBbHBIE ONEpalliU OCYILIECTBIISIOTCSA MOCIE KaKIOM TEXHOJIOTMYECKOM omepa-
mun. [Tocie okoH4YaHusT COOPKU M3IEIUS IPOU3BOAUTCS KOHTPOJIb MPABHIBHOCTH COOPKH M3IEITHS
U UCTIBITAaHUE HA BO3/ICHCTBHE KIMMATHYECKUX (DAKTOPOB OKPY)KAIOILICH Cpe/Ibl.

7). YnakoBka.

Pa3pe3ars nonMaTMIEHOBYIO IUIEHKY HOKHuULAmu ToimuHoi 0,1 MM. Jlomyckaercs
YIIaKOBBIBaTh B OyMmary KOHJCHCATOpPHYIO WM KabenabHyr. CBapuTh NpPOJOJBHBIE U OIWH
nonepeunblii mBHL. 1Bl JOKHBI pacnionarateest Ha pacctostHud 10 MMm. oT u3genus. OOxaTh
MaKkeT Uil yAaJeHUs BO3[yXa IUIACTUHAMHU U3 IeHomojuyperaHa TojaumuHod 10 mm. Csaputh
nonepeynsli moB. KoHTponap kadecTBa npou3BoauTcs BusyanbHOo Ha 100% ymakoBaHHOTO

n3nenus. He nomyckaroTcst He IpoBapsl, IIPOKOTH, TPEILHUHBI, IOPUCTOCTD B YIIAKOBKE

6.3. Bb10op 1 000CcHOBaHMe NPUMEHSIEMbIX MATEPHAJIOB.

6.3.1 Be10op an1s MmaTepuaJia 1J1s OCHOBAHHUS NeYaTHBIX IJIAT

B kauectBe Marepuana ocHoBaHus IIII mpuUMEHSAIOTCS CIOUCTBIE OUAIEKTPUKH, C OJHOU
WIA C JBYX CTOpPOH (hosibrupoBaHHBIE MeIHOW (hOJIBroi, Uiau He(OJIBIMPOBAHHBIC AUIIECKTPHKH

PUCYHOK 3.

Pucynok 17 bazoseie matepuanst [1I1 ¢ ognoit (a), aAByx (0) cTopoH QOIBrUpOBAHHBIE U
He(OJIBTUPOBAHHBIC TUAIIEKTPUKH (B)

K ¢onbrupoBaHHbIM U HEPOIBTUPOBAHHBIM JTUAIIEKTPUKAM TPEIBSBISIOTCS CIICIYIOIIHE
TpeOOBaHUSA:

* BBICOKHE MOBEPXHOCTHOE, OM, U yIenpHOE 00BEMHOE CONpPOTUBIEHUE, OM M, XapaKTe-
PHU3YIOIKE BEIMUYMHY TOKA YTEUKU;

* BBICOKAs DJIEKTPUYECKas MPOYHOCTh M30JIALMH, ONpeessieMas HaNpsXKEHUEM MOCTOSH-
HOTO TOKa, TPH KOTOPOM MPOUCXOIUT MPOOOii;

* HHU3KHE 3HAUEHUs AMDIEKTPUUYECKOW MPOHUIIAEMOCTH M TaHTEeHCa Yriia AUAIEKTpUYe-
CKUX TOTeph — JUIsl TIepejaui BBICOKOYACTOTHBIX CUTHAJIOB U CHIDKEHUS TEIUIOBBIICICHHS, 00Y-
CJIOBJICHHOTO JTUAJIEKTPUUECKUMU MOTEPSIMHU;

* CTaOWJIBLHOCTH DJIEKTPHUUECKUX XAPAKTEPUCTUK MPHU MOBBIIICHHONW BIXHOCTH U TEMIIe-
patype;

* BBICOKAs MEXaHUYECKasi MPOYHOCTH: MPEAeT MPOYHOCTH MPHU PACTSHKCHUU, TIPU U3TUOE,
KOTOPBIE 3aBUCAT OT TUIIA UCTIOJIB3YEMOM CMOJIBI M CHHKAIOTCS TIPU MOBBILIEHUN TEMIIEPATYPHI;
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* CTaOMJIBHOCTb JIMHEHHBIX pa3MepoB Mo ocsiM X, Y U Z NpH NOBBIIIEHHON TemIieparype,
3aBUCAIIAS OT TEMIIEPATYPHI CTEKJIOBaHUs Tg, TEIUIOYCTOWYMBOCTH M TEIUIOTPOBOJHOCTH 0a30BOTO
MmaTepuana. TpeboBaHue BbICOKOW TemmnepaTypbl crekioBanus Tg (o 290 °C B mepcnekTuse, pac-
cuMTaHHas Ha pabouyio Temreparypy a0 280°C) cBsA3aHO C TeM, YTO NPHU HArpeBe, HapuMmep, Mpu
nalke, MPOUCXOIUT 3HAYUTEIBHOE PACIIMPEHUE CTEKJIOIUIACTUKOB, SMOKCUIHON CMOJIBI U IPYTHX
MOJIMMEPOB 10 OCH J| MHTEHCUBHOCTH KOTOPOrO OCOOEHHO BO3pACTaeT MpPHU MPEBBIIICHUH TeMIIepa-
TYpbl CTEKJIOBAaHUS JAHHOTO MaTepuaya, 4TO MOXET MPUBECTH K PACCIAMBAHUIO JUNIEKTPUKA U
paspbiBy Metaium3anuu B oteeperuax IIII, Tak kak MeTaln MMeeT Majoe pacllupeHue 1o OCH Z.
[TosTOMy IIpu BBICOKOM Temmeparype crekiioBanus Tg npouecce pacuupenus Marepuana III1 cnsu-
raercsi B 00J1acTb 00Jiee BEICOKUX TEMIIEpaTyp, JKeJIaTeIbHO, IPEBBIMIAIOIINX TeMIepaTypy MalKu;

* BBICOKAs TEIUIOYCTOMYMBOCTh, KOTOPAsl 3aBUCUT OT THIIAa HAIOJIHUTEIS U COCTaBa CMO-
nbl. JlaHHOE TpeboBaHME CBS3aHO C TEM, YTO

1) HeoOx0oMMa MOBBILICHHAs! YCTOMYMBOCTD K BO3ACHCTBHIO TEIJIOBOTO yaapa, HalpHuMep,
npu naiike OPU u [IMK «k IIII, npu xoTopoM TemnepaTypa MaiKu JOCTUTAaeT 3HAYEHUH NECTPYK-
UM TUDJIICKTPUKA, 1 MOKET MPOUCXOIUTH BBIXO I'a30B, TOPOOOpa3oBaHue, KOpoOIeHHE U TIp.;

2)B pe3yibTaTe BO3ACUCTBUS BBICOKMX TEMIIEpATyp B IIPOLECCE CBEPJIEHUS OTBEPCTHH
BO3MOXEH pPa30rpeB AMAIEKTPUKA, BBITEKAHWE M HABOJAKMBAHWE CMOJIBI HA CTEHKU OTBEPCTHUH,
MIPEMSITCTBYIOLIEE METAJUIM3ALMN OTBEPCTUI B JalIbHEMIIIEM;

3) BbIcoKkas pabouasi TemIreparypa MOXKET IPUBECTU K PACCIOCHUIO CTEKIOTKAHU M CMOJIBI,
OTCJauBaHUIO (HOJIBIH, 0OPA30BAHUIO My3bIpel 1Mo (PONBroi U K TOMY, YTO XapaKTEePUCTUKH MaTe-
puana He OyyT yIOBJIETBOPATH TPEOOBAHUAM HKCILTyaTaluu DA;

* XOpollas MeXaHW4yeckas oO0padaThiBaeMOCTh NpPH pe3Ke, (pe3epoBaHUU, 3aYHCTKE,
CBEpJICHUU U IPYTuX omnepanusx 0e3 00pa3oBaHMs CKOJIOB, TPELIUH U PACCIOCHUS AUIJICKTPHKA;

* YCTOWYMBOCTb K arpeCcCUBHBIM cpelaM (KHCIO0TaM, LIeIo4aM, pacCTBOPUTENSAM U IIp.) B
TII u3roroaenus I111;

* XOpoIIas NMPOYHOCTh CUEIUICHUs (anre3us) Goybru ¢ AUAIEKTPUKOM, KOTOPasi 3aBHCUT
oT Mmarepuana (oyibru, crocoba ee moyrydeHus (MPOKaTKa WM DJICKTPOJUTHUECKOE OCAXKICHHE),
COCTOSIHUSI IIOBEPXHOCTH, TEMIIEPATYpbl U BPEMEHU BBIACPKKU IIPU MOBBILIEHHON TEMIIEpaType U
np.;

* HEroproyecTb — TpeOOBAaHNE MEXIYHAPOJHBIX CTaHIAAPTOB NMPUMEHEHHS B DA TOJBKO
CaMO03aTyXaouXx (HOJIbIHPOBAHHBIX TUAICKTPUKOB;

* HU3KOE BOJOTOIJIOUICHHUE Ul MCKIIOYEHHUS PACCIOCHUS AMAIEKTPHKA OCOOCHHO TNpHU
Harpese;

» nuskoe 3HaueHue TKJIP, coBmectrmoe ¢ TKJIP BbiBosOB U kopnycoB DPU; B ciyuae,

ecnu TKJIP nusnexrpuka 3HauntensHo 6onbiie TKJIP BeiBooB u koprycoB OPU unu TIMK, Bo3-
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HUKAIOT 3HaYUTENIbHbIC HANPSHKEHUS B MECTaxX MalKKU BCIIEACTBUE OOJBIIOTO PACHIMPEHHS AUAIICK-
Tpuka ocHoBaHus I1I1 o ocam X, ¥V 1 Manoro pacmmpenus 1o TeM ke ocsiM nooxku JPU;

* IUIOCKOCTHOCTB (0cOOeHHO HeoOxoaumast s yecranoBku [IMK);

* HU3Kas CTOMMOCTb U JIp.

@obrupoBaHHbIC JAUIEKTPUKH NPUMEHSIOT B CyOTPAaKTUBHBIX METOJAaX W3TOTOBIICHUS
I1I1, HeomprupoBaHHbIE — B a[UINTUBHOM H MOJTyaIATUBHOM.

@obrupoBaHHbIC TUAICKTPUKU, TPUMEHsIeMble B kKauecTBe ocHoBaHus [1I1 B cyOTpakTuB-
HBIX METO/1aX, SIBJISIFOTCSI KOMIO3UIMOHHBIMY MaTEpUaIaMU U COCTOSIT U3 apMHUPYIOIIET0 HAIOJIHU-
TeJs, CHHTETHYECKOTO CBSI3YIOIIETO BEIIECTBA M MEHOM, AIFOMUHHUEBOM UM PE3UCTUBHOM (OJIBIH.
HauOosiee mmpoko B HacToAIIee BpeMsl MPUMEHSIOTCS T€THHAKC, CTEKIOTEKCTONUT, MOJIUUMHU U
ap.

I'etuHakc (OJBIUPOBAHHBIA COCTOUT W3 CIIPECCOBAHHBIX CIIOEB 3JIEKTPOU3OJISLIMOHHOM
Oymaru (apMUPYIOIIEro HAMOJHUTENS), IPONUTAHHBIX (PEHOIBHON M SMOKCH(PEHOIBHON CMOJIOH
B KaueCTBE CBS3YIOILIETO BEIIECTBA, OOJMIIOBAHHBIX C OJHOW WMJIM JIBYX CTOPOH METHOM (hoJIbroit
(marmpumep, 3anuch ['®-1 umn ['P-2 0603HaUaeT reTuHAKC (POTBrUPOBAHHBIN OJTHOCTOPOHHUHN MIIH
JBYXCTOPOHHMM).

CTeKIOTeKCTONMUT (OJIBIUPOBAHHBIN MPEJCTABISAET OO0 CIPEeCCOBAHHBIEC CIIOM CTEKIIOT-
KaHU, PONHUTAaHHBIE SMOKCU()EHOIBHON MM 3MOKCHIHOW cMouoil (Hampumep, 3amuck CD-1 win
CD-2 00603HaUACT CTEKIOTEKCTOIUT (POJIBIUPOBAHHBIN OJHOCTOPOHHUH MM JBYXCTOPOHHMMH, CO-
OTBETCTBEHHO).

bosbmoe 3HaueHue npu usrorosneHuu IIII mMeer NMpPOLEHTHOE COOTHOLICHUE MEXAY
CTEKJIOBOJIOKHOM M CMOJIOW B JIMDJIEKTPUKE, TAK KAK OHO BJIUSAET HA KAYECTBO BBIIIOJIHEHUS LIEJIOTO
psna onepauuii, HanpuMep, TaKUX Kak:

* CBEpJICHHE MOHTA)XHBIX U MEPEXOIHBIX OTBEPCTUH — 4eM OOJIbIIEe CTEKIOBOJIOKHA (a0-
pasuBa), TeM OBICTpee MU3HALIMBAETCS CBEPIIO;

* MOATpaBIUBaHMUE AUMIEKTpUKa B oTBepcTHAX MIIIT — uyem Oouiblie CMOJIBI, TEM Jierue
MIOATPaBJIMBATh;

 npeccoBanne MIIII, Tak kak BBIOOp PEKUMOB NPECCOBAHMS (JaBJICHUE M BPEMs €ro
IIPWJIOKEHHUS) 3aBUCAT OT BPEMEHU JKEJIATUHU3ALUU CMOJIBI (OIIPENENSIETCs SKCIIEPUMEHTAIBHO IS
KaKJ0M IapTUX MaTepuaa);

* METAJUIM3alHA MOHTAKHBIX WIN MEPEXOTHBIX OTBEPCTUH — YeM OO0JIbIIE CTEKIOBOJIOK-
Ha, TeM OO0JIblIEe TOPIIOB CTEKIOBOJIOKHA BRIXOIUT B oTBepcTHs I111, moBepXHOCTh KOTOPHIX J0CTa-
TOYHO CJIO’KHO TOJATOTOBUTH XUMHUYECKUM CIIOCOOOM Mepe]] XUMUYECKUM OCAXJICHHEM MeIU B OT-
BEPCTHS U, B PE3YIbTATE MOTYT MOSIBUTHCS HEMIPOKPBITHIE MEABIO YUACTKH, YTO IPUBOIUT K pa3phl-

BY METaJUIM3ALUU U NIEKTPUYECKUX LIECTICH.
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Ilo cpaBHEHMIO C TE€TMHAKCAMU CTEKIOTEKCTOJIUTHI UMEIOT JIy4IlINe MEXaHUUECKUE U JJIEK-
TPUYECKHE XapaKTEPUCTHKH, Oojiee BBICOKYIO HAarpeBOCTOMKOCTh, MEHBIIEE BIJIATONOIJIONICHHE.
OpHaKo UM MPUCYIL LEbI Psii HEXOCTATKOB: HEBBICOKAsI HATPEBOCTOMKOCTH 110 CPABHEHMIO C I10-
JUUMHAMH, YTO CIIOCOOCTBYET 3arpsi3HEHUIO CMOJIOW TOPLOB KOHTAaKTHBIX Iuomanok (KII) BHyT-
PEHHHUX CJIOEB TPU CBEPJICHUU OTBEPCTHil; Xy/lIas MeXxaHu4yeckas o0pabaTeiBaeMOCTh; 0ojee BbI-
COKasi CTOMMOCTb; cyliecTBeHHOoe paznuune (mpumepHo B 10 pa3) TKJIP menu u cTekinoTekcToauTa
B HAIlpaBJIECHUM TOJILUHBI MaTepralla, YTO MOKET IIPUBECTH K pa3pblBy METAIJIN3ALUU B OTBEPCTH-
AX MU MaliKke WIM B Mpouecce dKcIuryaTanuu; pazianune B TKJIP snokcuaHOM cMOJIBI U cTeka
npumMepHo B 20 pa3, YTO MOXKET MPHUBECTH K 3HAYUTEIbHBIM BHYTPEHHUM HaNpsOKeHUsM, K KOpoO-
nennto [T u ycanke B 30HE CBEpJICHHS] OTBEPCTHIA.

Jnst mzrorosnenust I, cnocoOGHBIX oOecneunTh HAASKHYIO Mepenady HaHOCEKYHIHBIX
UMIIYJIbCOB, HEOOXOAMMO MPUMEHATh MaTepPHaJbl C YAyUYIIEHHBIMU JAUIEKTPUUECKUMH CBOMCTBA-
MU (YMEHBIIEHHBIM 3HaYEHUEM AUDIEKTPUUECKON IPOHUIIAEMOCTH U TaHT€HCA yIJla AU3JIEKTpUYe-
CKUX IOTEPh), YTO HEHNOCPEACTBEHHO CBS3aHO C YBEJIWYECHHUEM OBICTPOJIEHCTBHS, MOCKOJBKY CKO-
POCTh PAaCHpPOCTPAHEHHUSI CUTHAJIOB B NMPOBOJHUKAX OOpAaTHO MPOMOPLUOHATBHA AUAIEKTPHUECKOM
IIPOHULIAEMOCTH MaTEPUAJIOB, U3 KOTOPBIX U3rOTOBJIEHBI OcHOBaHUs I111.

[Tpu BBIOOpE Matepuana ocHoBanus [1I1 HeoOXoqMMO O0OpaTHUTh BHUMaHKHE Ha MpearnoJsia-
raeMble MEXaHU4YeCKHe BO3/CHCTBH (BUOpaLlMy, yAaphl, JMHEHHOE YCKOPEHHE U T. I1.); KJI1acc TOY-
Hoctu [IIl (mMpuHY NPOBOJHMKOB PpACCTOSHHE MEXAY HHMMH); pPEaM3yeMble IIEKTPUUECKUE
GyHKIMU ¥ TpeOOBaHUS K AIIEKTPUYECKUM MapaMeTpaM; 00bEKT, Ha KOTOPBIM ycTaHaBiIuBaeTcs DA
U YCIIOBUS SKCILTyaTaluu; ObICTPOCHCTBIE; CTOUMOCTD H TIP.

B nanMenoBanun mapku mMarepuana OykBbl o3HauyaioT: C — creknorekcTonut; T — ten-
nocroiikuii; H — Heroprounii uim HopMUpoBaHHOM roprouect; @ — QonbrupoBansslif; 1—2 —
oOnuIoBaHHbIN Qonbproit ¢ omHOM WM AByX cTopoH; mudpsr 5, 9, 12, 18, 35, 50, 70, 100, 105 —
TOJIIIMHY (DOJIBI'H B MKM.

B Tabnuue 2 npeacraBieHsl Mapku MatepuanoB ocHoBaHus 111, Haubomee mmpoko mnpu-
MEHsIEMbIE B HacTosee Bpems i usrorosnenus OIIIL, AIIT.

Jlns n3rorosienus IIII, sxcruryaTupyeMbIX B YCIOBUSAX IOBBIIIEHHOW OMACHOCTH BO3IO-
paHus, MPUMEHSIOT OTHECTOMKHE T'€TUHAKCHI U CTEKIOTeKCTOIuTHl Mapok ['OB, TO®B, COHO,
CTH®.

@onbrupoBannbie cTeKIOTEKCTOMUTE Mapok CT®, CTOT, CTAII u CTIIA-5 obnanator
noBelIeHHON TemocToiikocThio, a CTAIL u CTIIA-5 npumenstot ans usrorosinenus 1111 ¢ nosr-
IIEHHOM IJIOTHOCTHIO II€YaTHOTO MOHTAKa I10 I0JI Y aJAIMTUBHON TEXHOJIOIMH. B KoMmIIekTe ¢ Ma-
tepuanamu CT® u CTAII npuMeHsIOT NpoKiIagouHble cTeKI0TKaHu (npenperu) Mmapok CTII-4 u

CTII-CTAIL
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Tonmuna menuo#t ¢poasru matepuanos, COH®, COH®-y, COT u COT-H moxer ObITh 5,

18, 35, 50, 70 1 100 MxmMm.

@onbrupoBansblii crekinorekcTonuT COBH o6nanaer oueHb BHICOKOH TEMIIOCTOWKOCTHIO

(pabouas Temneparypa — 280 °C, temneparypa ctexioBanus — 300 °C), auskum TKIIP, cta-

OUIIBHOCTBIO JINHEHHBIX Pa3MepPOB, BHICOKUMHU TIOBEPXHOCTHBIM H YIE€IbHBIM OO BEMHBIM COITPOTHUB-

sneHusMu U npuMensiercs 1 111 ¢ moBeIeHHOM NII0THOCTRIO neyaTHOro MoHTaxa u MIIII ¢ yuc-

JIOM CJIOEB 0 25.

I[JBI NEYaTHBIX IJIAT C MCTAJUIM3UPOBAHHBIMU OTBCPCTUSAMHU HNPUMCHAIOT MAaTCpHAJIbI C

raJIbBAHOCTOUKOMN (hOJIBIOM.

st uzrorosnenus [I1 1- u 2-if rpynmbl )KeCTKOCTH 11€7€CO000pa3HO MPUMEHSITh MaTepH-

aJl Ha OCHOBe Oymaru, Juis 3- u 4-if — Ha OCHOBE CTEKJIOTKAaHHU, MTOJIMMMUIA U JJaBCaHa.

Marepuassl, uMeronye Goabry TOIMUHONW 5 MKM, TO3BOJSIOT M3rotoButh 1111 4- 1 5-ro

KJIaCCOB TOYHOCTH U BBIIIIC.

Tabmuma 3 Marepuanst st uzrotosienus OIIT u JATI1

Marepuain Mapka Tormu- Marepuan Mapka Ton-
Ha, MM {1 Ha,
I'erunakc ¢oserupoBannbii|['P-1-35 fuoneicrpiic gombripo- 1G0O-1 0.06;
1,0;  1,5;|annslii obmero Hasuaue-|JJdO-2 0,08;
Ietunakc  ¢omnsruposan-|I'P-1-35T° 2,0; 2,5; JvdnekTpuk  pOIBrupo- (bomsra  35(0,1;
HBIii ¢ ramBaHocToikoi| I P-2-35" |3 BaHHBIH CaMO3aTyXatoIIUH MKM) 0,13;
(onbroit o-1-50 C TaJIbBAHOCTONKOM (hoITh- NdC-1 0.15:
CTeKIOTEeKCTOUT  (POJIBIH- CO-1.35 Crexnorexkcronur  ¢onb-|CDOITH-1-50 |0,5;
POBaHHBIN TUPOBaAHHBIN C moBbIeH-| COITH-2-50 |(1,0;
C®d-2-35
CP-1-50  |0,5; 1,0; 0.13;
COH®-1 0,15;
CD-2-50 1,5, 2,0;)Crexnorekcromur  oib-
To ke ¢ raapbBaHOCTOMKOMN 0,2;
) ) CD-1-(2)-35 |2,5;3,0  |rupopanubIit o6miero "
0JILIOM :
I Cd-1-(2)- Ha3HAYEHHUS COH®D-2 0.35:
50T 05
COH®-y
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0,08; 0,1;|Tetunakc  ponsrupoBan-|I'OD-1-35T
Crexnorekcroaut  Temio-|CTd-1-35
.. . 0,13; 0,2;|uewi odmero gazgayenus |OP-2-35T
croiikuii ponsruposanublii| CTD-2-35 015 03. CTEeKTOTEKCTONHT C Y- 1.0:
C rambBaHOCTOHKOH Qonb-| CTO-1-18 0.25: (.5:|STOPOHHHM a/Ire3HOHHBIM CTDK 1,5;
oM CTD-2-18 0.35. 0.8, |c100M 2.0
Crexnorekcroaut  Temio-| CTH®-1-35 Creknorexkcromur temino-|CTIIA-5-1  |0,1;
croiikuii Heroprounii Goib-| CTHD-2-35 croiikuii, apmupoBanubii,| CTIIA-5-2 [0,12;
rupoBaHHbld ¢ TambBaHO-| CTH®-1-18 QTIOMUHUEBBIM  TPOTEKTO-|(domera  5|0,13;
CTOWKOH (hostbroit CTH®-2-18 poM MKM) 0,15;
Crexnorekcroimr — Jicro-| CTOD-1- CTEKJIOTEKCTOIUT C KaTa- 0,7..2
CTAM
BOM 2JIK 12 JM3aTOPOM ,0
Crexnorekcromur 3nekrpo-|{CTOD-BK-1- ’ @onbrupoBanHelii  apmMu-| DAD-4]]
TEXHUYECKUI 1,5 pPOBaHHBIN (Proporact (posmera 35
CTeknoTeKCTONuT (OIBru- 0,5;
To ke CTo®-1 0,3..1,5 POBaHHBIN 00IIEro Ha3zHa- @C 1,0;
YCHHUS C raJbBaHO-CTOUKOM L.5:
Crexnorekcromut (onsru-| COHOM-1- (0,5; 1,0;|Crexnorekcronut donbru-|{CTOTC-1- |0,5;
poBaHHBIN oOmero Ha3Ha-|35 COHOM-|1,5; 2,0;|poBannbiii  Terocroiikuii|35 CTDTC-|1,0;
YSHUS HOPMHPOBAHHOM|2-35 2.5:3.0 |HOpMHpPOBAaHHOH _ToOproue-|2-35 1.5;
CT®T-1-35 |0,5; 1,0; CTAII-1-35 |0,5;
CTexnoTeKcToMT  (HOJIBTU- CTeKJIOTEKCTONUT — TEIIo-
. . . |CT®T-2-35 |1,5; 2.,0; N . |CTAII-2-35 |1,0;
POBaHHBII TETUIOCTOMKHIA CTOMKHMIA (DOTBIUPOBAHHBIN
CTPT-1-50 |2.5:3.0 CTAII-1-50 |1.5;
letmnakc  dompruposan-| [ODBM-1 1,0; L1,5;|CrexnorekcTonut (Hoibru- COAI35 |-
Held oOmiero HazHaueHus | [OD®BM-2  |2,0; 2,5;|poBaHHBII aTFOMUHUEM
CTexnoTeKcTomT  (OJIBTU- CTexnoTekcTonuT (HoJIbIu-
CDOBH - COT COT-H |-

POBAHHBIN C BBICOKOM TEII-

POBaHHBIN

B Tabnure 4 nmpuBeaeHbl HEKOTOPHIE XapaKTEPUCTHKH (POJIBIUPOBAHHBIX TUIIEKTPUKOB,

IIpUMEHseMBbIX Npu u3rorosienuu I1I1.

Ta6nuia 4. OcHOBHBIE XapaKTepUCTUKU MaTepraiia ocHoBaHus [111

Kpurepu oreHKn Ireo-1 Co-1 CTH®-1, [®JM-1, DAD-4]] CTIIA-5 |Tlomu-

I'd-2 CP-2 2 CTd-1,|2 CTAII  |umun
[ToBepxHOCTHOE COIPO- 108 2102 |1.1012 |10 5.10!! 1M
TUBAeHUE, OM i
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YaensHOE 00BEMHOE CO-

5-107" 1,4-10 [2.10'2" 9-10M 10-10'¢  [1-10'"™ |10%
npoTtusiaeHue, OMm-m
JlusnekTpuyeckas MOCTO- 7.0 5,5 5,4 47 20 5,4 3.5
sHHas ipu 1 MI'1q (Er) 43" 4,6" 4,6"
TaHreHc yria AusneKTpu- 0.07" 0,035 0,03...0,03 0,024 0,0002 0,025 0,001-
4ecKHX mortepp npu f= 1 0,014 |5 0,015 (0,002
ComnpoTuBiieHue  U30J4- 10° 10 10° 10
uun, MOm
- ** sk sk *

DnexTpuueckas npou-(15...30 15. 35 15. 35 25...250 30...20
HOCTE, MB/M * ** 0™
IIpenen npodHoCcTH 1IpH
u3rude, H/mMm?:
B mpononsHOM Hampasiie-|15 280 180
E:'"I"gﬁKOCTB K  BO3JEH-

5 260/5 260/20  {260/30 260/20 260/30  [260/60
CTBHUIO BaHHBI JUIS TAHKH,
Bopgomnornomienue,
% 2,9 0,3 0,20-0,25 |1,5 15 2,9
Hpenen paboumx Temne- | 105 | 60485 |-60+105 |-60+100 |+ 113 )
patyp, °C 196+40
['oproyecTh B COOTBET- | } V-0 }
ctBuu ¢ UL94
IIpounocts  cueruieHus -

2,7 3,0 4,5 3..3,6 3,6 2,6...3,9

Gonpru ¢ AUAIEKTPUKOM

* [locne koHAUIHOHUPOBaHUS B ycinoBusix 96 1/40 °C/93 % (96 4; mpu Temmeparype 40

°C; OTHOCUTEIBbHOU BIaxKHOCTH 93 %).

** Tlocne KoHAMIIMOHUPOBaHUS B ycnoBusiax 96 u/40 °C/93 % + 1 4/23 °C/75 %.

*#* BepxHue mpeaenbl yKa3aHbl A TOHKUX IJICHOK.

**%* [Toclie ralbBAaHMUYECKON METaAJLIN3aIlUN.

6.3.2 Be10op BcrioMorareJibHbIX MAaTepHaJIoOB

TexHomornueckuit

nporecc

BCIIOMOT'ATCJIIbHBIX MAaTCPUAJIOB.

HU3TO0TOBJICHUA

IIpeAyCMaTpUBaCT

IIPUMEHEHHE

a) IlokpeITHE OCYIIECTBISETCS JAKOM, IPUMEHSEMBIM JJs 3alIUThl OT KOPPO3UM H

IIPUJIaHUS PafuoanIapaType U ee AeTalsiM 3CTETUUYECKOIO BUJA.

HpI/IMeHﬂIOTCSI MCTAJUIMYCCKUC, XUMHUUYCCKHUC U JIAKOKPACOYHBIC IMMOKPBITHSA, 10 CPABHCHHUIO C

IPYTrUMH, XapaKTepPHU3YyIOTCS yJOOCTBOM HAHECEHHs, MEHBIICH CTOMMOCTBIO M B pPsijie CIy4yacB

J0JATr0BeYHOCTHIO. [Ipu BEIOODE J1aKa TaK jK€ YUUTHIBAIOTCS €r0 XapaKTEPUCTHKH U CTOUMOCTb.
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JUi 3aIMThl MOHTa)Ka MeYaTHOW IJIaThl NpuMeHstoT Jaku: YP-231, 5—4100. ITapameTpsl

CpaBHCHHA CBOMCTB JIaKOB IIOMCIICHBI B Ta6JII/IL[aX.

Tabnuua 8 — CpaBHuTEIbHBIE TapaMeTphl Jaka YP-231 u 54100

HaumenoBanue nokasaresiei Yp-231 5-4100
Onexrpuueckas npouHocTs npu t=80°C, B/mMm 52 54
TaHrenc yria AuaIeKTpHYECKUX TOTEPb:

pu F=1000 I'; 32,5 32

B HOPMaJIbHBIX YCIOBUSX; 0,02 0,013
npu t=80°C 0,08 5,6
BnaromnornamaeMocTs 3a 24 yaca, % — 1,2

VY nenbHOe 00bEMHOE AUIIEKTPUUYECKOE COMTPOTUBICHHUE, OM-CM:

B HOPMaJIbHBIX YCIIOBUAX 7,8-10* 1,7-10°
npu t=80°C 2,7-10% 2:107
JIManeKkTpruecKasi IPOHULAEMOCTb, CM:

B HOPMaJIbHBIX YCIOBUAX 4,23 4,3
npu t=80°C 4,2 4,4

6) Jns maiiku npumensiercs npumnoit [I0C-61 T'OCT 21931-76, coctaB kotoporo: 61%

oJioBa 1 39% cBuHIIA.

I[JBI YAAJICHUS TIJICHKKW OKHUCJIOB € KOHTAKTHBIX IUIOMIAA0K BO BpEMH HaﬁKH, HCIIOJIB3YCTCA

¢dmroc ®KCn 'OCT 2015-78, yT0o MO3BOJISIET NOTYUUTH 00JIee KAaUeCTBEHHYIO ManKy.

IIpombiBka muiaTel npousBoautcs 3TuinoBbiM cnuproM ['OCT 18300-73. [Inst mpombIBKH

TaKxke ucnoib3yercs 0s3b, oroenennas UPT-255 TOCT 11680-78.

B) IIpoune BciomoraTesibHblE MaTepUalIb

Tabnuua 6 - BcnomorarenbHble MaTepUalIbI

Bopa nutbeBas

I'OCT 2874-82

Kucnora consHas TexHudyeckas

TV 6-01-1194-79

Tpunarpuii pocdar

I'OCT 201-76

Copa KanbLIMHUPOBAHHAA

I'OCT 5100-85

IIpenapat CO-20

I'OCT 10730-82

AMMOHUI HaJICEPHOKUCIBIN

I'OCT 20478-75

Kucnora consaas

I'OCT3118-77

[Tamnmaguii 1ByXIOPHUCTHII

TV 6-09-2025-84
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[TpomomxeHue TadIuIL! 6

OnoBO ABYXJIOpUCTOE

I'OCT 36-78

Harpuit xsmopuctsiii

I'OCT 4233-77

OJ10BO YETHIPEXXJIOPUCTOE

TV 6-09-3084-82

Kucnora oprodocopnas

I'OCT 6552-80

Croupt OYTHUIIOBBIM TEXHUYECKUH

I'OCT 5208-81

Menp cepHOKHUCIIAs

I'OCT 4165-78

Kanuii-HaTpuii BUHHOKHCIIBIN

I'OCT 5845-79

Harpuit runpooxucs

I'OCT 4328-77

Huxens 1ByXxXJIOpUCTBIN

I'OCT 4038-79

Harpuit yrinekucislii

I'OCT84-76

Hatpuii cepHOBaTUCTBIN KUCIIBIN

I'OCT 27068-86

dopmanuH

I'OCT 1625-75

Kucnora cepnas

I'OCT 4204-77

Jlo6aBka BOCM

TV 6-02-2-918-87

IIpenapat OC-20

I'OCT 10730-82

ITonoTHO urnonpoodusHoe Ne622

TV 17-14-109-80

Anonsl AM® MmenHble

I'OCT 767-70

Kucnora mypaBbuHas

I'OCT 1706-78

ITenoracurens AC-30

TV 6-02-937-79

CroupT 3TUJIOBBINA PEHTU(PUKOBAHHBIN

I'OCT 18300-72

doropesuct cyxoit miueHounslid CI1D-BIII-2

TV 16-503.244-84

Jlax HIT -134

TV 6-10-1291-77

MeTuinoBbIif (proIeTOBBIN HHANKATOP

TV 6-09-945-76

PactBopurens 646

I'OCT 18188-72

Kucnora 6opdropucto BogopoaHas

TV 6-09-2577-77

OnoBo 6opdTopucroe

TV 6-09-2683-77

Ceunen bopdropuctoe

TV 6-09-4409-77

Cunranon JIC-10

TV 6-14-577-77

Ho6aska J1C- naTpuit TV 028.007
Bona quctuinupoBanHas I'OCT 6709-72
AMMUaK BOIHBINA TEXHUYECKUN I'OCT 9-77

Diroc PKCr

IOI' 0.021.011 TY
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Temmonocurens JI 2502-OXK

TV 6-05-1963-84

Cwmoma B/ -20

I'OCT 10587-84

JuGytungranat

TV 6-05-5119-81

[TonuaTunen- noaMamMuH Mapku A

TV 6-02-594-85

Omans DI1-572, u€pHas

TV 6-10-1539-76

ALIETOH TEXHUYECKUH

I'OCT 2768-84

ITpunoii ITOC-61

I'OCT 1499-70

Crnupt

TV 3-66-65

Mapns otOenenHas

I'OCT 9412-67

Jlax HII-34, xpacHblii

TV 6-10-1291-72

Tpy6xka ITXB 230, Genas

MPTYV 6-05-919-63

Jlak 9-4100, OecriBETHBIH

MPTYV 6-10-857-69

OtBepautenb Nel

TV 6-10-1263-72

OTWINILIO30JIb

I'OCT 8313-76

VYaur-criupur

I'OCT 3134-52

Kcumnos 9ucTelil, KAMEHHOYTOJIbHBIN

I'OCT 9949-62

Mactuka JIH

IOro 054006

Kunkxocts [IOMC-4

MPTYV 6-02-275-63

bensun b-70

I'OCT 1012-72

r) OGopynoBaHUE U OCHACTKA

Tabmuua 7
Cron [I117830-4009
[lITaHreHUMpPKYIIb I'OCT 166-80
Jlyma JIIT1-4%* I'OCT 1594-55

Muxkpomerp MK 25-2

I'OCT 5507-78

Muxpockon MBC-2

I'OCT 8074-82

Cron

T 6473-0000

JIunetika aBromatuueckasa Al '-44

ITM 1.211.036 TY

JInHUA XUMHUKO-TEXHOJIOTMYECKOM TTOITOTOBKU

I'HI'M 1.240.006

Banna BuHUILIacTOBasA

111150.31.24.00

YcraHnoBka /7151 HaHEeCeHUs (POTOope3nucTa

APCM 3.289.006

Ckanpriens CO-4

TV 64-1-17-72

52




IlepuaTku TV 77 PCOCP 06-7745-84
Hangou6op LTI 7366-4126
®oTomabI0HbI OCT 410.073-211-84

Brynka ams coBmemenus ¢goromradiona

11T 788-4075

YcTaHOBKA SKCITIOHUPOBAHUS IIIT

APCM 3.258.000

Jluaus ans nposiBneHUs PoTope3ncTa

I'TM 1.250.001

Krosera BuHMILIaCcTOBASA

11T 52.15.00

Muxkpockon MBC-2

I'OCT 3-31210-78

Croun perymu

11T 64.113.00.00

Kucte xomoukoBass KOKX

OCT 17-888-81

Jlyna JIN-3-10x

I'OCT 8309-78

Muxpockon MBC-2

I'OCT 8284-78

BrITspKHOM IKad

1T 50.28.00.00

Ileus cymunbHas

APCM 3.009.000

JInHua TpaBnenus

I'TM 1.240.001

Jlyna JIU-3-10 I'OCT 8309-75

VY cTaHOBKA KUIKOCTHOTO OIIABICHUS TV 00.999.136
JIuHus ynbTpazByKoBOM IPOMBIBKH TV 2.950.017
Onexrponasibuk DIICH-25/42 I'OCT 7219-83
YcTaHoBKa 7151 IPOBEPKH METAJUIM3ALMM B OTBEPCTUAX HNAB/] 71004.0000
[Munner I[TA 250%2,5 TV 64-1-3775

baHouka LI 7879-4228
[MasmbHUK 11111143.63.00.00
[Tpubop ITKTII 1K 2.763.036

KoMmiiexT a1 MOHTaXKHOU ITaliku

Canderka

OCT 14-133-72

BrITspKHOM IKad

T 63.168.00.00

WNuauxaTtop I'OCT 9696-82
Bepcrax I'OCTO0.1336
YcTaHoBKa 7151 KOHTPOJISE YUCTOTHI OTMBIBKH IIIT

Kamepa okpacouHas IIIT 51004000

Kpackopacnbuinrens naeBMarndeckuii pyunoit CO-71

I'OCT 7385-73

Hoxaurer 175

PCT PCOCP 145-71
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6.4. TexHos10rHYeCKNii MPOLECC M3TOTOBJICHNS MEYATHOMN MJIATHI

ITo TOCT 23751—86 npenycMoTpeHbl cieayromye Tuibl Koucrpykuuu IIT:

onnocroponnue I1I1. IlpuMeHsroTCcs B OBITOBOM TEXHUKE, TEXHUKE CBSI3U M B OJIOKAX MH-
TaHus Ha OPD. IMe0T HU3KYI0 CTOMMOCTD, BBICOKYIO HaJE)KHOCTh, HU3KYIO INIOTHOCTH KOMITIOHOB-
KH;

nsycropoHHue III1. IIpuMmenstoTcs B U3MEPUTEIBHOM, BBIYUCIUTEIBHON TEXHUKE, TEXHHU-

K€ YIIPABJIICHUA U aBTOMATHUYCCKOI'O PCryJIMpoBaHusd, TCXHUKC CBA3H, BBICOKOYaCTOTHOM TCXHUKE,

MHorocsonusle [1I1. IIpumeHstoTcs B TEXHUKE YIPaBICHUS U aBTOMATHUYECKOIO PEryiiu-
pOBaHUs, BEIYUCIUTENBHONW M OopToBOM anmapatypsl st kommyrauuu UMC, BUC, CBUC, MCB,
B DA ¢ BBICOKUMHU TpeOOBAHUSAMU 10 OBICTPOAEHCTBHIO, TUIOTHOCTH MOHTa)Ka, BOJIHOBOMY COIIPO-

TUBJICHUIO, BPDCMCHHU 3aJICPKKU CUTHAJIA U T. .

ruOkue I1I1, IKII u I'TIK. IIpumensitorcs B DA ¥ BBICOKOW HAZIKHOCTH IPU peaTn3auu
YHUKQJIBHBIX U CIOKHBIX TEXHUYECKUX PEIICHUH, KOHCTPYKIHUS KOTOPBIX UCKIIOYaeT IPUMEHEHNE

xectkux II1.
6.4.1 Bb10op THIIA KOHCTPYKIUH NeYATHOM IJIATHI.

[Tpu Be1GOpe THNa KoHCTpyKuuu I1I1 yunThIBaroT:

1) Tum smeMeHTHOU 0asbl: TpaaUIMOHHAs (KOPITyCHas); OECKOPITYCHAs; TTOBEPXHOCTHO-

MOHTHPYEMbIE KOMIIOHEHTBI; cMelIanHas (TpaguiuonHas u [IMK);
2) BapuaHT KOMIIOHOBOYHOU CTPYKTYpPBI IUEHKU;

3) BO3MOJKHOCTHb BBINOJIHEHHSI BCEX KOMMYTAI[MOHHBIX COEIUHEHHWH, YTO 3aBUCHUT OT
(YHKIMOHATBHON M KOHCTPYKTOPCKOW CIOXKHOCTHU y37na. [Ipy He3HAYMTETbHOW KOHCTPYKTOPCKON
cioxHocTH (oT 8 1o 12 UMC) npu TpaauunoHHoM MoHTaxke npumenstorest LI, npu cpenneit (ot
30 no 50 UMC) AIIIT u MIIII, npu Beicokoit (cBbime 50 UMC) — MIIII, Tak kak yBenuuuBaercs
YKCJI0O BHYTPUCXEMHBIX CBs3eH, a npuMeHeHne MIIII noBbimaer HagexxHOCTh DA, HalpuMmep, Co-
Kpaiasi 4uciio pazbeMHbIX coeauHeHnil [lpumenenne MIIII nosBosser kommyruposats UDT (ru-
opuansie, nomynpoogaukoBeie UMC, BUC/CBUC, MCB), mOBBICHTH INIOTHOCTh MOHTAXKa, YIPO-
ctuth cOopky DA, Jlns obecredueHUs] BBHICOKOTO ObICTponeicTBHS DA HE0OXOAWMO YBEIHYHUTH
IUIOTHOCTh MOHTa)Ka, BBIOpaTh COOTBETCTBYIOMIMH Marepuan ocHoBanus [II1, yBenumuuTh 4mcio

CJIOCB

4) TeXHUKO-3KOHOMUYECKHE MOKa3aTeaH (CTOUMOCTh, TEXHOJIOTMYHOCTh, YPOBEHb YHU(DU-

Kallu U CTaHJapTU3aluu U I[p),
5) BO3MOXHOCTb aBTOMATHU3AllUHM MNPOLECCCOB HU3IOTOBJICHHUA, KOHTPOJISL WU AUArHOCTUKH,
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ycraHoBKH DPU ¢ ydeTom npuMeHseMOTro B KOHKPETHOM IPOU3BOACTBE TEXHOJIOTHIECKOTO 000Py-

JIOBaHHUSA.

6.4.2 Bb160p MeTO1a M3rOTOBJICHHS NMEYATHOM MJIATHI.

Bri6pas Tun xorctpykiuu I111, 3Has sneMeHTHYIO 6a3y U KOHCTPYKTOPCKYIO CIIOKHOCTD,

MO>KHO OTpeneauTh Metoa nusrorosnenus [111 (tabmuma 8).

Tabnuua 8 OcHoBHBIE XapakTepucTHKH [111 1 METOABI UX U3TOTOBICHUS

Marepuain o . _ é
iy IO H3r0- S é 5 c‘;,[ KoucTpykuus
eToN W3- & 1) 5]
Tun ITIT TOBJICHUS g g A = MEeYaTHOTO
TOTOBJICHUS = 2 3 = =
OCHOBAHUS ‘129 5 E Q @ = | IpOBOAHHUKA
s JEE] f |23
11 Q) 2 5| 2 |5 g
ro1-3s1 cﬁ)
=
Xumuue- Cd1-35T =
= II\
ckuii Hera- | CT® g
TUBHBIN COHOM ;
Ol wu [o¥
CTH® M
() (0) 50 = g |Manas lu2 1
<
MITIT g ©
Xumuue- ADdC S
=
ckuit mo3u- | COHOM % q:)
TUBHBIN COITH i %
R
CTOT g g
FR-4
AT MU 1222 3 (mpi
Ha TOJI-
CD-2-35T
nudaek- [KomOumHUpO- CTAT IUHE
Tpuue- |[BAaHHBIM IMO3H- ¢dosbru 3
5 CT®TC ™ 2 <y
CKOM TUBHBIN =¥ 35MKM) _
CTIIA-5-2 ™ Cpennsist 1 o -2z
OCHOBa- CTH® 5 ; SRR
HUA W = 4 u 5
CTOT =
CJIOH = mpu 18
Kom6uuu- ADdC =
MIIII > MKM |
pOBaHHBIN CoIIH =
Q é MEHEE
HeratuBHbli | COH® SRR
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AnnuTus- CTAM
HBIN CToOD .
5
®oto ¢op- | CTOK o
o
mupoBanue | CTAM f';
CTOD LE) Bricokas
DIIEeKTpo- FR-4 ~ }~- .....
HeEp 2 SRS
XUMHYE- CTAM = 5 1
> o Marepuan
o & =)
CKHi1 CTIIA-5-2 5 E CTIIA-5.2
CTAII N
Cybrpak- | CTOK
S
Pens- THUBHBIN CToOD Lz)
edHbIe Monyan- | CTPK ﬁ EE BbIco- s 1
= o u
TIJ1AThI mutuBHbd | CTOO® é 2| kas
> (o8
(PID) AnanuTuB- = X g
CTAM SoZ 8
HBII = % I~ f)
[11-40A I'u6xue OIIIT
[Id-1 u rudKue
['TIIT [1d-2 JIIIT (6e3 ot-
J1o BEpPCTHUI), XH-
JIDP 1.IIMK MHUYECKUM
Brico- |5 u
2.beckop Ou 1l | HeraTUBHBIN
Kast BBIIIIE
MycHas METO]I
XuMuue-
CKuit
OJTHO-
HEraTUB-
CTOpOH-
HBIH,
HHE
[Id-1, JD,
JIOP
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TeuTunr-

po1iecc
KomOunu-
POBaHHBIN
JIByCTO- | IIO3UTHUB-
pOHHUE | HBIA
Xumuue-
CKUUM Hera-
TUBHBIN (0€3
OTBEPCTUI)
Kon- Ypo
Marepuain
CTPYK BEHb
g u3ro- | Oie- Knacc Koncrpykuus
Meron wus- TOp- MO-
Tun ITIT TOBJICHUS MEHTHAs TOY- Ie4aTHOT O
TOTOBJICHUS cKas yJb
OCHOBa- 6aza HOCTH IIPOBOJTHUKA
CIIOXK- HO-
Hus 111
HOCTb CTH
Anromu-
. 1.Kopmy
JIIIT Ha 5 HuUH,
JIEKTPO- CHEIE
MeTa- . MeJib, 4us
XUMUYECKUU UMC u
JIYe- CTaJlb, TH- Bsico-
) 4C) 1
CKOM TaH Kast
2.IIMK 7
OCHOBa- ;
AnauTus- 3.becko
HUH 5
HBIN pIycHas

B HaCTOAIICC BPpEMs MPUMCHATOT JiIBa BHUJid TCXHOJIOTUU TIOJIYUYCHUS 3JICMCHTOB IMPOBOIAILICTO

pucynka I 11T u cioes I111:

1) Ha ocHOBE CYOTPaKTUBHBIX METOJOB C HCIIOJIb30BAHUEM (POJIBTUPOBAHHBIX JAUAIIEKTPH-

KOB.

2) Ha OCHOBC aAAUTHUBHOI'O MC€TOAa C UCIIOJIb30BAHUEM HG(I)OJIBF HNPOBAHHBIX JUBJICKTPHUKOB.
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[Tosmyuyenune 3aroToBKHU
W3  OJHOCTOPOHHEIO
(OJIETUPOBAHHOTO JTH-

AIIEKTPUKA

Hanecenue 3amutHO-
ro penbeda cxembl

(macku)

TpaBienue Memu ¢

pOOIEMHBIX MECT

VY nanenue Mmacku

[TpobuBka oTBEepcTHil

[Tonyyenune 3aroToBKH
13 He(hOTBIUPOBAHHOTO

Marepuana

CaepiieHne 0TBEpCTUI

Hanecenue 3amuTHOrO
penseda cxembl (Mac-

KH)

TosncrocioiiHoe XUMH-

YECKOC MCOHCHHUC

VY nanenue macku

Pucynok 18 Mertonp! nomydenus neyatHoro pucyHka I1I1: a- cyOTpakTHBHBII; O- UM THBHBIN

6.4.3 OqHOCTOPOHHME NTEYATHBIE IVIATHI

6.4.3.10I111I Ha xecTkoM (OTLIMPOBAHHOM OCHOBAHHMH

OcHoBuble xapaktepuctuku OIIIl Ha *ecTkoM (POIBIHPOBAHHOM OCHOBAHHMU U METO-

AOB UX U3IrOTOBJICHUS ITPUBCACHLI B TaGHI/IHe 9

Tabnuua 9 OcHoBHble Xapakrepuctiku OIIII Ha jxecTKOM (POITBIUPOBAHHOM OCHOBAHUU

Ilokazarennb

XapakTepucTuka

OneMmenTHas 6a3a

Tpaguuuonnas

OOGnacTh IpUMEHEHUS

briToBas TCXHUKA, CPCACTBA CBA3U

Kiacc Tounoctu 1;2
['pyrina ®ecTkocTr 1
PexomeHnnyemble MakcumanbHble pazmepsl, MM (500 x 500

Marepuan 0CHOBaHUs

I'etunakc ¢onsrupoBanusiii '®@-1 Crekmorek-

cToJuT donbprupoBanubiii CO-1

MuHUMAaIIBHBIN JUaMeTp OTBEPCTUSL, MM

0,8

MuHuManbpHas MHAPUHA IPOBOJIHUKA, MM

0,45

Twurm mpousBoxacTea

MenkocepuiiHOE, CEpUITHOE, KPYIHOCEPUIMHOE

OcnoBubiMH MeTo1aMu u3rotosienus OIIII Ha xecTkoM (OIBTHPOBAHHOM OCHOBAHHH SIBJISFOTCS:
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XUMUYECKUI HETaTUBHBIMH;

XUMHWYECKUIN TO3UTUBHBIIL.

[TocnenoBarenbHOCTh OCHOBHBIX 3TanoB TII uzrortosnenus OIIIl gaHHBIMU MeTOAaMU NpUBEE-

Ha B Tabiure 10 ull

Ta6muma 10 OcHOBHEBIE JTABI XUMHUYECKOTO HETATUBHOTO METO1A

No
Bo3moxHbI# criocob mosryye-
n/ | Ocuosuoii 3tan TII 2. ckKu3 3Tamna
HUS
it
BxonHOW KOHTPOJIb U TEp-
1 MOCTaOMIM3aus IU3JIEK-
TpUKa
] =] _
i o
[ | | 4 Di
o ['pynmoBas 3arotoBka EauHmuA
2 | Packpoit maTepuana Py
Hast
3aroTOBKa
11
& [ _nir
[ony4yeHre 3aroToBOK U ‘ B 1+
3 ¢ukcupyromux (6a3oBbix) | llITammnoska .

OTBEPCTHUM

TexHonoruueckoe noJje

basoBble oTBEpCcTHS

IToaroroBka NOBEPXHOCTH

3aroTOBKH

MexaHuyeckui criocod

ITonyyenue 3aIIUTHOIO

penseda

1. Cerkorpadus (CI).
2. OdcerHas neyathb

HO,Z[FOTOBI/ITCJIBHBIG OTaIllbl:

M3rOTOBJICHHE  TpadapeToB
ms CT

U3TOTOBJICHUE odceTHo

(bopmbI

3amuTHLIN penbed

o)
AR ezer

- . 0
s e

6 | Cymxa

1.YnerpaduoneroBas cymika
YO).

2.Tepmuueckas cymika
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TpaBnenue menu ¢ 1mpo-

7
OETBHBIX MECT
VYianenue 3anMTHOrO pe- W 7/ -
8 O
abeda SRR
IlonyyeHne  MOHTa)KHBIX 1. Irammnoska. 78 %
9 | g
OTBEPCTUM 2. Csepnenue '
Cetxorpadus
IloxroroBurespHbIE STaIbL:
Hanecenue NasyIbBHOU ladbnas Macka
10 U3rOTOBIICHHE  TpadapeToB
MacKu
JUIsl HAHECEHHUs] MasuIbHOU
MacKu
1.Y® cymixa.
11 | Cymka
2.Tepmuueckas cymka
12 | JIyxxenue Cmnas Pose, I10C-61
13 | Or™mBIBKa OT (pirroca
1. Cetkorpadusi.
2. KamnectpyiiHplii MeTOx
14 | MapkupoBka
IloaroroBUTENbHBIE  3TAIIBL:
U3roToBieHHE Tpadapera
KoHTposnp 3neKkTpudeckux
15
I1apaMeTpoB
BeipyOka 1o KOHTYpy u
16 | nonyuenue KpenexHbIx | [lltamroBka & @
OTBEPCTHUI

Ta6muma 11 OcHOBHEBIE JTABI XUMHUYECKOTO ITIO3UTUBHOIO METO1A

Ne

n/ | OcHoBHoii atan TII 3. Ockus 3rana
i

. BxoHOW KOHTpOJIb U TepMOCTaOMIM3aLUs TUAIICK-

TpUKa
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2 | Packpoit maTepuana

JIT

57 >
[Tomyuenune 3aroToBoK M (puUKcHpyrOmUX (6a30BBIX) ‘ D/'/TGXHOHOFHHGCKOG ToJje

f—~

OTBEPCTUMU

bas3oBblie oTBEpCTHS

4 | IloaroroBka moBEPXHOCTH 3arOTOBKU MexaHn4uecKuii crocoo

3auTHLIN penbed

5 [Tomy4yenune 3amUTHOTO penbeda

6 | Hanecenue Meraniope3ucra Ha MPOBOIHUKHU

7 | YaaneHue 3aliuTHOTO penbeda

8 TpaBnenue meau ¢ mpoOEIbHBIX MECT

— ']
9 [Tomyyenrne MOHTaXHBIX OTBEPCTHI —':g o
= - =
BripyOka 1o KOHTYpY U MOJYYCHHE KPETEKHBIX OT- o &
10 T
. nn
BEPCTHUI & &

6.4.3.2 OIIII Ha kecTKOM He)OTbLIHPOBAHHOM OCHOBAHUH

OnHuM M3 IPOCTHIX U JemeBbIX MeTo0B u3rotosienus OIIII Ha xecTkoM Hedoabrupo-
BAHHOM JUAJIEKTPUKE SIBIISIETCSI METOJl C MPUMEHEHUEM aKTUBHPYIOLIUX MacT, KOTOPbIE U3TOTaB-
JMBAIOT HA OCHOBE HEOJIAropoJHBIX METAIJIOB; HAHOCAT HA JAUAJIEKTPUK CENIEKTUBHO ceTKorpadu-
YECKHM CIIOCOOOM B COOTBETCTBUH C PUCYHKOM CXEMBI. 3aT€M BBHITIOJIHIIOT METALTU3ALUIO PUCYH-
Ka, B pe3yJIbTaTe KOTOPON IPOUCXOANT 3aMEIlleHNE aKTUBUPYIOIIEH 11acThl HA M€/, TIOCIIE YEr0 —
TOJICTOCIIOWHOE XuMuueckoe MenHeHue. Opanocroponnue III1 monmyuaror mo 1- um 2-my kiaccy
TOYHOCTU. VX mpuMeHsoT B ObIToBOM TexHHKe. OcHoBHbIe xapakTepucTuku OIIII Ha xecTkOM
He(OIBTUPOBAHHOM OCHOBAHMU MpuBeAeHHI B Tabnune 11, a ocnoBHbIe 3Tanbsl TII — B Tabnuue

12.
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Tabmuua 12 Ocuouble xapaktepuctuku OINII Ha ecTkoM HedOJIBrHPOBAHHOM OCHOBA-

HHH

Iloka3arennb

XapaKkTepuCcTUKA

OneMenTHasa 6asza

Tpanuunronnas

OO6nacTb mpUMEHEHHS

BbriToBas TexHuka

Kitacc Touynoctu

1;2

I'pynna xectkoctu

1

Pexomennyemble MakcumanbHbie paszmepsl, |[S00 x 500

Marepuan ocCHOBaHUs

I'etunakc HeoIbrupoBaHHBIN

MuHUMaNbHBIN AUaMETP OTBEPCTUS, MM 0,8

MuHuManbHas MIUPUHA IIPOBOJHUKA, MM 0,5

Tun npoussoacTea

Cepuiinoe

Tabmuua 13. OcnoBuble stansl TII usrotosnenus OINIl ¢ akTUBHPYIOMMME MacTaMU Ha )KECTKOM

He(OJIBrUPOBAHHOM OCHOBAHHH

Ne OcnoBnolt stan TII Bo3moxHbIil cnoco6 mo- | Dckus arana uzrotosienus [111
n/n Jy4EeHHUs
BxoaHOW KOHTpOJIb AMAIICK-
1
TpuKa (reTUHAKCa)
] [ o O 5
) - -
2 Packpoit marepuana
p P ] [ ] ]
TRYIIOEAR zaroroera [IT1
JATOTOEFA
G2 iy
Ilomydenune 3aroroBok 17 IIII
3 U (puKcHpyronmx (6a30BbIX) [IITamnoBka & ol -Texnonornueckoe
OTBEPCTUI TI0JIE
basosble oTBepcTHS
[ToaroTroBka MOBEPXHOCTH 3a-
4 XUMUYECKUH criocod
TOTOBKH
Cerxorpadusa (CI') aktu- | AKTUBUpYIOLIas racta
IlomyyeHne puCyHKa CXEMBI .,
5 BUPYIOLIUMU I1acTaMHu
AKTUBUPYIOLIMMU [TaCTaMU
[loaroroBurenbHble  3Ta-
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IbI: HU3rOTOBJICHUC Tpa-

¢apetos g CT'

Meto 3aMenieHus akTH-

6 Meraumsanysi puCyHKa CXeMbl
BUPYIOLIUX [TACT MEJIBIO
ToncrocnonHoe  XUMHYECKOE
7
MEJHEHUE
[lonyyeHre MOHTa)KHBIX OT- 1. lrammnoska. 7MW 7
8 i i
BEpCTUH 2. Csepnenue -
Cetxorpadus
IloaroroBuTenbHBIE 3TANBL | [JasuIpHAS Macka
9 Hanecenue nmasnpHOM Macku | M3roToBIeHHE Tpadape-
TOB JJI1 HAHECEHHUs Ia-
SITBHOW MaCKHU
1.YO cymixa.
10 Cymika

2.Tepmuueckas cymika
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[Tpomomxenue Tadmuubl 13

Paae

11 Jlyxenue Cmnas Pose, [10C-61

12 OTtMbIBKa OT utroca

1. Cetkorpadusi.
2. KannecTpyiHbIi METOJ
13 MapkupoBka [ToaroroBurenbHbie 3Ta-

Ibl: M3TOTOBJICHUC Tpa-

¢apeta
" KoHTpone  3nekTpuueckux
napamMeTpoB
BeipyOka mo KoHTypy H TO-
15 11 ol
Jy4eHUE KpPEeTeKHbIX OTBEp- TaMIIOBKa & G

CTUU

HocrouncrBamu ganHoro Meroja uirorosieHus OIIII seisgtoTes:

* OTCYTCTBHE OIl€pallii TPaBJIECHUS MEU C IPOOEIbHBIX MECT;

* IPUMEHEHUE MaTEepUajoB OCHOBAHUS (T€TMHAKCOB), CTOMKMX K pPacTBOpaM TOJCTO-
CIIOMHOTO XUMHUYECKOTO MEHEHMUSI,

* IIPOCTOTA U ACLIEBU3HA U3TOTOBIICHHUS.

6.4.4 /IBycroponnue I1I1

Paznuuaror JIIIT oOmiero npuMeHeHUs U MPEIU3UOHHBIC, KOTOPhIE OTIMYAIOTCS CIIOXK-
HOCTBIO KOHCTPYKIIMHU, Pa3pelaoneil cnocOOHOCThI0 U TOYHOCTHIO 3JIEMEHTOB IEYAaTHOTO pHU-
CyHKa, MaTepuaniaMu, 00JacTbl0 IPUMEHEHHUS, CTOUMOCTBIO U APYTUMHU XapaKTEPUCTUKAMU, MIPH-
YeM T€ U Jpyrue U3roTaBIMBaIOT Ha (HOJIBIUPOBAHHOM M HE(POIBIMPOBAHHOM KECTKOM M THOKOM
OCHOBAHUHU.
Tabnuua 14 OcHoBHBIE XapakTepucTUKU npeun3noHHbIX AT n o0miero npuMeHeHus Ha KEeCTKOM

(OJIBTUPOBAaHHOM OCHOBAHHH

TokazaTens XapakTepucTuka

JIIIT oGmiero npruMeHEHHUS [Ipeunznonnsie 11T

IIpomblnieHHast — AJIEKTPOHMKA,| BerunciurenbHas TEXHUKa,
O6nacTe NpUMEHEHUS
BBIYHMCIIUTENIbHAS TEXHHUKAQ, |CIIEUTEXHUKA,  NPOMBIIUICHHAs
CIELTEXHUKA, CpPEICTBA CBS3H,|dJIEKTPOHUKA
Knacc Tounoctu 1;2;3 4, 5 u BhIIIIE
I'pynna xectkoctu IV IV
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Pexomennyemble  Makcu-

MaJIbHBIC I‘a6apI/ITI>I, MM

500 x 600

500 x 600

Marepuas 0CHOBaHHUS

C®D, CD-2H, CTDT, CTD, FR-4

u j1p. (pomnbra 35; 50 Mmxm)

CTeKIOTeKCTONMUT  (DOIBIUPOBAH-
HBIN (pomera 5; 9; 18 MKwM,
Hanpumep, CTIIA-5, FR-4)

Huametp otBepcrust, Mm  |0,4...1,5 0,4.-1,5
MunuManbHass ~ IIUPUHA
0,25 0,1 u meHee
IIPOBOJHUKA, MM
MenxocepuiiHoe, cepuitHoE, . .
Tun npous3BoACTBA MenkocepuitHoe, CEpUHOE
KPYITHOCEPUIHOE

Metoanl N3roToBJIEHUA

KomMOuHUpOBaHHBIN O3UTHUBHBIH,

KOMOMHUPOBAaHHbII HEraTUBHBIN

Onekrpoxumuueckuii. KomOunu-

POBaHHBIN IO3UTUBHBIN

6.4.4.1 KomOMHNpPOBaAHHBIH MO3UTHUBHBII MeTO

Tabnuua 15 OcHoBHble 3Tanbl u3rotoBiaeHus Il koMOMHMPOBAHHBIM MO3UTUBHBIM M e-

TOJIOM.
Ne | OcnoBHoii 3tan TII Bo3moxHBIM crnoco® monyde- | OCKU3 3Tama M3rOTOB-
1/ HUS nenus JIIIT
1|

BxonHO# KOHTpOJIB U TEp-
1 MOCTaOUIH3aIUs  JUDJICK-

TpHUKa

1. Peska.

2 | IlonyueHue 3aroTOBOK

2. lllramnoBka.
3. Jlyuom nazepa

(nns npenusnonHbix [1IT)

]

e e
e
o

. @oiwra
Jusnex-

TPUK

[Tonyyenne QGUKCUPYIOIIUX

OTBEPCTUM

Caepnenue

IlonyyeHne MOHTaXHBIX H

IIEPEXOIHBIX OTBEPCTUN

Caepnenue
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1.MarHeTpoHHO€E HallbUICHHE.

2. Tepmonus Menu.

Merannuzanuss  npensapu- | 3. XUMHUYECKOE MeOHEHHe 3...5
5
TeJbHAA MKM
4. XUMHUKO-TaJIbBAHUYECKOE
MEHEHNE
1 Cycnen3ust mem3oBoro abpa-
6 | IloaroroBka moBEpXHOCTH 3MBa.
2. IlonTpaBnuBanue
1.Cetxorpadus. 3auMTHBIHA penbed
2.DOTOXMMHYECKUN C OpraHo- ) .
nposieisieMbiM CI1D. =
3. ®OTOXMMHUYECKUH C LIenoYe-
[lomydyenue 3amUTHOrO pe-
7 nposiBisiemMbiM CIID.
aseda
4. C cyxuM IUIGHOYHBIM (OTO-
PE3UCTOM JIa3€PHOTO IKCIIOHU-
poBaHus (U1 NPELU3UOHHBIX
I11IT)
l.'anbBaHMYECKOE MEIHEHUE U
HaHECEHUE METaJNIOPE3UCTa
DNEeKTpOXUMHUYECKass MeTall- | (0JIOBO—CBUHELl WK OJIOBO).
8
Iu3anus 2.I'anbBaHMYECKOE METHEHHUE U
HAaHECEHUE IOJUMEpPHOTO Tpa-
BUJIBHOTO PE3UCTa
VY pajeHue 3alUTHOIO peib-
9 -
eda
1.TpaBnenue c ynaneHUEM Me-
TpaBienune wmegu ¢ 1po-
TaJNIOPE3UCTA.
10 | GenbHBIX MECT C yJaJCHHEM
2.TpaBieHue c yJIaJ€HUEM IIO-
TPaBWJIBHOT'O pE3UCTa
JMMEPHOTO pe3nucTa
1.@oToXUMHUYECKUI (CIldD- e ——
Hanecenue nasyibHOM MacKu 5] Macka
11 3aIuTa).

2.Cetkorpadus
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[Tpomomxenue TadauIer 15

1.T'opsiuee myxeHue (cruias Cmnos Pose

Poze).

HaneceHne nokpbITHS Ha y4acT-
2.X¥MHWYECKUII HUKEIb HMMeEp-

12 | KM MPOBOJAIIETO PUCYHKA, CBO-

CHOHHOE 30JI0TO.
0OJTHBIE OT MacKH
3. Opranuyeckoe 3alUTHOE TO-

KpBITHE

13 | OrmbiBKa (itroca

1.JIazepHas oOpaboTKa.

IlomydyeHue KpenexHbIX OTBEp-
14 2.CepiieHre OTBEpCTHIA U (pe-

., - nn
cTuii 1 06paboTKa MO KOHTYPY

> &
B,

3€pOBAaHME N0 KOHTYPY

15 | IlpombiBKa YabTpa3BykoBas

KoHTposb 31eKkTpuyeckux mnapa-
16
METpPOB

[ToaroToBka moBepxHoOcTel 3aroToBoK (Tabnuma 18, n. 6) nepen Hanecernnem CIID sBms-

eTcs OTBETCTBEHHOI omneparyeld, KOTOpyo MPOBOIAT YTOOBI:
YIAIUTh 3aYCEHIIbI TIOCJIC CBEPIJICHHS OTBEPCTUI M HAPOCTOB r'aJIbBAHWYECKON ME/IH,
obecrneunts HEOOX0AUMYIO anare3uto CIID k MeTHON MOBEPXHOCTH I10 JIOKKY;

o0ecreynTh XUMHUYECKYI0 CTOWKOCTh 3alIUTHOTO peibeda Ha onepaunusx MpOsIBICHUS U

TpaBJICHYS;

* TIOJIyYUTh MAaTOBYIO IOBEPXHOCTh C HHM3KOH OTpa)aromied CrnocOOHOCTBIO, KOTOpas

oOecrieunBaet 6oJiee 0THOPOAHOE SKCIIOHUPOBaHUE (POTOpE3UCTA.
[TpuMeHsitoT Ba criocoda MOATOTOBKH TIOBEPXHOCTH:

1) Mexanudeckasi 3a4uCTKa aOpa3MBHBIMU KPYraMu € MOCIEAYIONell XuMuieckoil oopa-

00TKOIi B pacTBOpe nepcyibhaTa aMMOHHMS;
2) MexaHHuecKasl 3a4MCTKa BOJHOM CycIieH3uel meM30Boro abpasusa.

3areM NpOBOJAT ONEPALNU CEHCUOMIU3AIMN U aKTUBUPOBAHUS ITOBEPXHO CTU JMIIICKTPUKA

(XUMIYECKOE METHEHHE).

JUnst moJiydeHHsl 3alIUTHOTO penbeda MCHob3yeTcs cyxol ruieHouHslid pesuct (CIID)

TommumHOM 15...50 MxM.
Hauwnnas c¢ . 10 Tabnunpl 18, BO3MOXKHEI B€ IOCIE0BATEIILHOCTH BEITOIHEHYS 5TanoB TIT:

 0e3 ymaneHus: MeTauIope3ucTa (0JIOBO—CBHHIIA) MTOCJIE OTIEPAIlUi TPABJICHHS C TIOCIe-
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AYIOIIUM €Tro I/IHq)paKpaCHLIM WA JKUAKOCTHBIM OINIABJICHUCM,; 3TOT MPOLECCC HA3BIBACTCA «MaCKa
MOBCPX OIUIABJICHHOI'O NPUIIOA», TAK KaK IHasgJbHAasd MaCKa HAHOCHUTCA TOBCPX OINIABJICHHOI'O

CIlJiaBa OJIOBO—CBUHCII,

¢ C YAAJICHUCM MCTAJUIOPC3UCTA (OHOBO—CBI/IHI_[a, 0JIOBAa UJIX HHKGHH) WK MMOJIMMEPHOTO
TPaBUJIBHOT'O0 PE3UCTA IMOCJIC OIICPpAIllMU TPaBJICHUA C MMOCICAYIOIIUM HAHCCCHHUCM MasiIbHOM MacKHU

Ha MEJIHBIN NPOBOJHUK; 3TOT MPOLECC HA3BIBAETCA «MACKA MOBEPX OTKPBITONU MEIN.
6.4.4.2 JnexkTpoxuMu4eckuii (MoJryaJ M TUBHBINA) MeTO/

B Hacrosiimee BpeMs IUPOKO MPUMEHSETCS 3JIEKTPOXUMUYECKUI METO U3rOTOBJICHHUS TIpe-
ru3noHHbIX AT u JIIIIT obmiero npumeHeHHs Ha HE(OIBIUPOBAHHOM KECTKOM, THOKOM OCHOBA-
Huy, a taxke cnoeB MIIIL. J[aHHBIM METOJ MMEET HECKOJIbKO BAPUAHTOB UCIIOJHEHUS, B 3aBUCH-

MocTH OT KoTtoporo IIIT Moryt ObITh U3roTOBIEHBI TO 3-,4-, WK 5-MYy U BBIIIE KJIacCaM TOYHO-

CTH.
Tabmuma 16 I[TocnenoBaTenbHOCT, OCHOBHBIX JTAlOB PA3IUYHBIX BAPUAHTOB M3TOTOB-
nenuns I1I1.
No OCKH3 dTama HM3TOTOB-
OcnoBnoli stan TII Bo3MoxHBIH c10cO0 mostydeHus
/11 nenus JIIIT
BxonHOW KOHTpPOJb AMAIIECK-
1

TpHKa

1. Pe3ka.

2. lItammoBka.

2 | IlonyueHue 3aroToBOK

= HuanekTpik

3. Pe3ka nmydom nasepa (st

npeun3noHHeIx [11T)

Ceepnenue

1 11

-

& i TexHoo-

[Tomyyenne  UKCHPYIOIIUX ;
3 ~ TMYecKoe
OTBEPCTUMU
noJse

ba3oBrie

OTBEPCTHS

IlonydyeHue MOHTaXHBIX H ..

4 Caepiienne B | B

IIEPEXOIHBIX OTBEPCTUI

1. ®dusuueckue METOOELL.
5 [ToaroroBka OBEpXHOCTH
2. XUMHYECKHUE METOIbI
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AT  oOmero npuMeHEHUs
1.MarneTpoHHO€E HalNblICHHE.
2. Tepmonu3 Meau U IpeaBapu-
TEIbHOE AIIEKTPOJINTUYECKOE

MCIHCHHUC.

3.Ilpsimas meTayuu3anus

6 | Meramum3anus 3aT0TOBOK 5 :
[Tpeunznonnsie JII1IT A ¥
Meun JuanekTpuk
1. Xumunueckoe MenHeHue 3...5
MKM.
2. XUMUKO-TaJIbBAHUYECKOE
MeaHeHue S...10 MkM.
3. Ilpsamas meTau3anus
1.Cycniensus nem3oBoro abpasu-
7 | IloaroroBka NOBEPXHOCTH Ba.
2.IloarpaBnuBanue
JIIIT o6miero npuMeHEHHUS
1. Cerkorpaduueckuii croco0. E‘ = 4{%;
Hanecenune 3amutHOrO penp- . s | ksl
8 3.doroxummuyeckuii cnocod 7 [ 5
e(ba i TH LI
[Ipeunznonnsie JIIIIT pesibed
1. X u ®X ¢ OP nazepHoro
2.'anbBaHMYECKOE MEIHECHHE U
HaHECEHHE METaNIOpe3UCTa
DneKkTpoxXxuMHuyeckass MeTai- | (0OJI0BO—CBHHEL] MU OJI0BO).
9
TU3arus 2.I'anpBaHMYECKOE MEIHEHUE U
HaHECEHUE TMOJIMMEPHOTO Tpa-
BHJIBHOTO Pe3UCTa
7
Yianenue 3aIlUTHOIO PENb- i
10 - i
eda i\
1.TpaBnenue ¢ ygaaeHueM MeTall-
TpaBnenue menu ¢ npoGens-
Ope3ucTa.
11 | HBIX MecCT C yJnaJeHHEM Tpa-
2.TpaBiieHuEe C yHajJ€HHEM IOJIH-
BHJILHOTO PE3UCTa
MEPHOTI'0 pe3ucTa
. 1.®doToxuMUYeCKui (Cllo- PR Nasnsuan
12 | HaHeceHue nmasiibHOM MacKu b2 macka

3aIuTa).
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2.Cetkorpadus

1. Topsiuee nyxeHue (cruias Cmnas Poze

Poze).

Hanecenne nokpeiTUs Ha
2. XUMHUYECKUH HMKEIb MUMMeEp-

13 | ydacTku MpPOBOJSIIETO pH-

CHOHHOE 30JI0TO.
CyHKa, CBOOO/IHBIC OT MaCKU
3. Opranuueckoe 3alIUTHOE IO-

KpBITHE

14 | OrmbiBKa (troca

[Tonmyuenue kpenexsslx or- | 1. Jlazepnas oOpaboTka.

15 |Bepctuifi u oOpaboTka mo | 2. CBepiieHHE OTBEpCTHl U (pe- g gim, e
KOHTYPY 3epoBaHME N0 KOHTYPY
16 | IlpombiBKa YabTpa3BykoBas

KoHnTposnp  anmekTpuueckux
17
I1apaMeTpoB

CymecTBYIOT HECKOJIBKO BapuaHTOB u3rotosnenus JAIII1 anexrpoxumMuye ckuM METOAOM.

1-ii Bapuant. Ha HedonbrupoBaHHoe OCHOBaHME, MOKPBHITOE aATE€3MOHHBIM CIOEM CO
CKBO3HBIMH MOHTQKHBIMU M IE€PEXOJHBIMH OTBEPCTUSIMU HAHOCAT MPOBOMASALIMI CIOW, KOTOPBIN
MOJIy4EeH METO/IOM XUMHUYECKOTO OCAXKJICHHS MEM {IOACION Meau TOMmUHON 3...5 Mkm). [lanee
MPOIIECC U3rOTOBJICHUS CM. 1Mo Tabmuue 15. B kauecTBe MeTayiope3ncTa NpUMEHSIOT CILJIaB OJI0-
BO—CBMHEL] WIH IOJIMMEPHBINA TpaBWIbHBIN pe3uct. [lomydaror npeuusnonnsie JAIIII 5-ro kimac-
ca ToyHOCTH. HemocraTkaMu TaHHOTO BapuaHTa SIBISIOTCS: NOTPEOHOCTh B CIIOKHBIX U JIOPOTO-
CTOSIIMX XUMMKATax JUIsl ONepaluyd XUMHUUYECKOI0 OCaKACHHUS MEIU Ha IUAJIEKTPUK; PACTBOPHI
XUMHYECKOTO METHEHUS TPYIHO MOANAIOTCS YTUIW3ALMU U 3KOJIOIMYECKU OIACHBI; TPABJICHUIO
MIOABEPraeTCsi Me/lb, PACTBOPLI KOTOPOU TAK)KE SKOJIOTMYECKHU OIIACHBI, a CPEICTBA pEreHepalu Tpa-
BWJIBHBIX PACTBOPOB CJIOKHBI, TOPOTH U SHEPrOEMKH; COJIA OJI0BA U CBUHIIA OTHOCSTCS K KOJIOTU-
YECKU OIACHBIM.

2-ii BapuanT. Ha HedonbrupoBaHHOE OCHOBaHME, MOKPBHITOE aJAr€3HMOHHBIM CIIOEM CO
CKBO3HBIMH MOHTQKHBIMU U TEPEXOJHBIMU OTBEPCTHSIMHM HAHOCST MPOBOJSIINNA CIIOH, chopMuUpo-
BaHHBIA METOJIOM XMMHUKO-TaJIbBAHUYECKOTO OCAKACHUS Meu (MOACI0oN Meau ToJmuHou 5... 10
MKM). [lanee mpoueccust u3rotoBieHus cM. o tabmure 15. [Nomyuator nperuszunonnsie AT 5-ro
KJacca TouHocTd. Hemocrarku: Gosblye 3aTpaThl MaTepUaIbHBIX CPEICTB KAaK HA pealn3aluio ca-
MUX TPOLIECCOB, TAK U HAa 00ECIeUeHNE X IKOJIOTMIECKOM OE30MaCHOCTH.

3-it BapuanTt. Ha moBepXxHOCTh HE()OIBIUPOBAHHOTO TUAICKTPUKA HAHOCAT aATC3UOHHBIH
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CIIOM M HANBUISAIOT BAKyyMHO-IYTOBBIM METOJIOM M€[b, Ha KOTOpPO# B najbHeimeM (GopMUPYIOT
MPOBOSIINA PUCYHOK cXeMbl B cooTBeTcTBUsi ¢ TII, mpuBeneHHpiM B Tabmune 15. [omyuator
JIIIT 3-ro knacca ToyHoctd. Hepoctarok — orpaHMYeHUE MO KOHCTPYKTHMBHO-TEXHOJIOTMYECKUM
XapaKTePUCTUKaM IEeYaTHBIX IJIaT (OTHOLICHHE TOJIIIMHBI IUIaThl K AMaMEeTpy OTBEpCTUs He Oojee
TpeX). JloCTOMHCTBOM 3TOr0 BapHaHTa SIBJISIETCS CHUYKEHUE 3KOJIOIMUECKO OMacHOCTH.

4-i1 Bapuant. Ha HepombrupoBaHHOE OCHOBAaHUE, MTOKPHITOE a/iIr€3UOHHBIM CIIOEM CO CKBO3-
HBIMU MOHT)KHBIMU U TE€PEXOAHBIMU OTBEPCTHSAMU HAHOCS MPOBOJSIIMNA CIIOW, CHOPMHUPOBAHHBIN
MeTOoJ0M TepMoiin3a meau (oOpadotka I1I1 B aMmmuaunoit conu runodochura Meau; TOIIIUHA
noaciod mMeau -0,3 MKM) ¢ MOCIEIYIOUIUM IPENBAPUTENBHBIM IEKTPOIUTUYECKUM METHEHHEM
(moxcnmot Meau TOMMMHOW 5...7 MKM). 5-i BapuaHT. TOKONpOBOAAIMN MOJACION U3 aTIOMUHUS
(bopMHpPYIOT Ha TOBEPXHOCTH 3arOTOBKU U3 HE(DOJIBIMPOBAHHOTO TMAJICKTPHKA
Tabmuua 17 Pa3HOBUAHOCTH 3MEKTPOXUMUYECKOTO (MOTYaJAUTUBHOTO) Mpolecca S-i BapuaHT

nzrotosnenus JIIIT)

Ne | Onepanus DCKU3 onepaLuu

[TomyyeHne 3aroToBOK H3 HE(HOIBTHPOBAHHOTO

1 muanektpuka mapku CTOK-1,5 (TY16-503.201-

~ 3uroTopKa

80)
CBepieHHE B 3aroTOBKax MOHTaXHBIX M IIepe- Qesmenie
2 N G N 5
XOJIHBIX OTBEPCTUU
Croit anwoMuHua
Hanecenne monciaoss alroMUHUS METOJOM TEPMO-
3
ms3a
[Tonmyyenune pucynka III1 doToxumuyeckum cro-
4

coboM ((popMUpOBaHHE 3AMUTHOTO perbeda)

5 DIEeKTPOXUMHUYECKOE METHEHUE

6 | Ynpanenue 3amuTHOTO penbeda

7 TpaBneHue MoaCIos ATFOMUHUS

8 Hanecenue nasiapHOM MacKu Kl '_
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9 ['opsiuee ny>keHHEe KOHTAKTHBIX IUIOIIA/IOK

10 | Mapkuposka I1I1

11 | Mexanunueckast 06padoTka konTypa I1I1

Mensb, nokpeIBaronasi MPOBOJAHUKH, KOHTAKTHBIE IUIOIIAJKU U CTCHKU OTBEPCTHUH, BBIIOJI-
HSeT (PYHKLHMIO pe3HcTa Ha ONepalMy TPABJICHHs, HA KOTOPOM MPOUCXOIUT CTPABIMBAHUE TOHKOTO
CJIOS AIIOMUHMS HA Y4acTKaX, HE 3alUIECHHBIX MEJbI0, T. €. TPABJICHUE aJTIOMHHUS C MPOOETbHBIX
MECT OCYILECTBIIIIOT, UCIIOJIb3Ysl MEb PUCYHKA CXEMBI B KaU€CTBE TPABWJIBHOI'O METAUIOPE3UCTA.
ITon cnoem meau ocraercs MOJACION aNOMUHUA U HUKENA. [IpONyKThI TpaBieHUs AIFOMUHUS MEHEe
TOKCHYHBI, JIETKO XMMUYECKH IepepaldaThIBalOTCs B KOATYNISHTHI JJIS OUYUCTKU MPOMBIIITICHHBIX
CTOKOB, JUISl IIOJIY4EHUS KPACOK U T.[I.

MenHble TPOBOAHUKY MOKPBIBAIOT MAsJIBHOM MACKOM, OCTaBIIsAs OTKPBITBIMU TOJIBKO KOH-
TaKTHbIE IUIOLIAJKU C OTBEPCTHMSIMM; MasuIbHAs Macka HE B3JyBaeTcs NpHU Nailke. JTOT BapUaHT
o0ecrieunBaeT BO3MOKHOCTh U3TOTOBJICHUS MIEYATHBIX 1At 4- U 5-ro KinaccoB ToyHocTH. Pazmep 111
IIPY 5TOM OIPaHUYEH pasMepaMU peaKkTopa JIs aJlOMUHUPOBAHHUS.

JloctouHcTBa 5-r0 BapuaHTa METOA:

 BbICOKOE KadecTBO JIIII nmpu coxpaHeHUN KOHCTPYKTUBHO-TEXHOJOTMYECKUX XapPAKTE-
PHUCTUK;

* CHW)KCHME 3arpsI3HEHUS] OKPYKAIOIIEH Cpelbl B CBA3U C TPABICHUEM ATIOMUHUS TOJBKO
¢ IpoOeIbHBIX MECT, a HE MEJIH;

* HUCKJIIOYCHHUE UCIIOJIb30BAHUS B KaUeCTBE TPABUIIBHOTO METAJ/UIOPE3UCTa CILIaBa 0JI0-
BO—CBHHEI;

* sxoHOMHS 0KoJ0 0,2 KT Meau Ha KaxkaoM 1 M? mirotaBnuBaemoii JII1I1, Tak Kak B OT-
mnuue ot oObruHbIX 111 cTpaBnMBaeTcs He Menab, a ATIOMUHUN U MPUTOM HE CO BCEW MOBEPXHO-
CTH, a TOJBKO ¢ IpoOenbHbIX MecT (0k010 0,03 kr ¢ 1 M?);

* CHI)KEHHE CTOMMOCTH yIiep0Oa OKpyXarolei cpesie, HOCKOIbKY UCKITIOUaeTCs Onepanus
XUMUYECKOTO MEIHEHUS, ULl KOTOpOi TpeOyroTcs AepUuIHUTHBIE, JOPOTOCTOSIINE U TPYAHOYTHU-
JIU3UPYEMBIE XUMUKATBI.

Jlig ycuneHus: KOppO3UOHHOM CTOMKOCTH IUIaThl (KaKk BApUaHT) Ha CJIOW aJOMUHUS Ha
IIPOBOJIHUKY, KOHTAKTHBIE IJIOIIAJKA U CTEHKH OTBEPCTUM OIOJHUTEIBHO OCAXKAAOT CIION HUKEIISA
TOJIIIMHOM 3...5 MKM. DTOT CJIOH SABISETCS IPOMEKYTOUHBIM MEXKY CIOEM AIFOMUHUS U OCAXKICH-
HBIM I103€ CJIOEM MEJU; HUKEJIb CHUYKAeT KOHTAKTHYIO Pa3HOCTh IOTCHIMAIOB MEXKY AJIFOMUHU-

€M U MCJbIO U YMCHBIIACT KOHTAKTHYIO KOPPO3HIO 3TUX MCTAJIJIOB.
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[IInpokoe MpUMEHEHUE B HACTOSLIEE BPEMS I10J1 Y aJTUTUBHON TEXHOJIOTUU HA HAPY’KHBIX
cnosx MIIII BbI3BaHO HEOOXOAUMOCTBIO TMOJYYEHHUS] TOHKUX MpoBoaHUKOB (mmpunoit 0,08...0,04
MM U MeHee) Uil ycTaHOBKM BGA-KOMIOHEHTOB € MaJIbIM IIArOM pAaCIOJIOKEHUS BBIBOJOB
(0,5...0,25 mMm) 1 6osb1uM urciioM BeiBoA0B (1000 u Gonee).

IIpenmyiiecTBa 31EKTPOXUMHUECKOTO METOA:

* JI0CTaTOYHO BHICOKAs aAT€3MOHHAs IPOYHOCTH IIPU BBICOKUX TEMIIEpATypaXx;

* BO3MOKHOCTh OCQXJ/ICHUSI B OTBEPCTHSI WJIM HA TIOBEPXHOCTh CJIOS MEIH JIF0OOH TOJIIHU-
HBI, YTO TIO3BOJISIET OJTYYUTh CBEPXTOYHBIE CTPYKTYPBI IPOBOIHUKOB C HE3HAYUTEIBHBIM KO3 Pu-
LIUEHTOM MOATPABIMBAHUS;

* BO3MOJKHOCTb U3rOTOBJIEHUSI MHOTOypoBHEBBIX cxeM U IIIT ns yctanosku IIMK.

AJIUTHBHBIA METOJ

ANIUTHBHBIM METOJIOM M3roTaBiuBaioT npeunsuonnsie /AI1I1 Ha Hedomabru-poBaHHOM
OCHOBAHHMU MO 5-My KJ1acCy TOYHOCTH. B oTiimune ot cyOTpakTUBHBIX METOI0OB B aJIUTUBHOM Me-
TOJE MPUMEHSIOT HE(POIBIMPOBAHHBINA TUAIEKTPUK, HA KOTOPBIA CENIEKTHBHO OCaXIAlOT MEIb.
TonmuHa XMMHYECKH OCAXJEHHOW Ha IUANEKTPUK MEAM COCTaBISIET mopsiaka 25...35 Mkwm,
yeNbHOE 3JIeKTpHUecKoe conpoTupiaeHne — 2,8-10~% OM-M (BbllIE YeM Y TalbBaHUYECKON —
1,72-10~® Om-M), oTHOCHTENLHOE yHIUHEHHE — 4...6 %, IPOYHOCTH CHEIUIEHHUS C AUIEKTPUKOM
— ue menee 0,4 H/3 mm.

[Tpu agnuTUBHOM MeTOJe B KauecTBe MaTepuasna ocHoBanus /11 npumenstor Hedob-
TMPOBAHHBIA CTEKIOTEKCTOJINT:

* C KJIEEBBIMU IJIEHKAMU (aAre3M0OHHBIMU) Ha noBepxHOCcTH THna CTOD;

* C BBEJCHHBIM B 00BEM JUAJIEKTPUKA KaTaaU3aTOPOM, KOTOPBIH CIOCOOCTBYET oca-
XKICHUIO Meau Ha quanekTpuk — tuna CTAM;

* C OMAIBIO.

TexHonornueckuii mpouecc N3roTOBICHMS 3aBUCUT OT IPUMEHSIEMOTO MaTe praa.

[IpenmyniecTBa aiIMTUBHOTO METO/1A!

* BBICOKHUI KJIacC TOUHOCTHU — 5-M;

* PAaBHOMEpPHOCTb MEJM Ha MOBEPXHOCTHU U B OTBEPCTHUSAX NPU OTHOLIEHUU TOJIIIUHBI
JIIIT x quametrpy orBepctus 10:1;

* KOPOTKHH TEXHOJOTUYECKUMN LIUKII;

* COKpallleHHEe KOJMYecTBa 000pPYHOBAaHUS IO CPAaBHEHUIO C CyOTPaKTUBHBIMU METOMA-
MU;

* CHIDKEHHME pacxoj/la MeIH, TaK KaK €€ OCaXIalT CEJIEKTUBHO B COOTBETCTBUH C pHU-

cynkom JIIIIT;
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* BO3MOKHOCTb MWCIIOJIb30BAaHUS JUII XMUMHUUYECKOTO MEIHEHHUsS COJIeM MeIu W3 Tpa-
BWJIBHBIX OTXOJOB.
K HenocTaTkaM aJAUTUBHOTO METO/1a OTHOCATCS:
* BBICOKO€ YJEJIbHOE JIEKTPUUYECKOE COIIPOTUBIICHUE XUMUUYECKOU MEH;
* HaJIM4Ue aJr€3MOHHOTO CJIOS Ha IOBEPXHOCTH, IIOABEPKEHHOI0 CTap CHHUIO;
* TCHACHUUS XMMHYECKOM MEIM K PAaCTPECKUBAHUIO IIOJ BO3ICHCTBUEM CHUIIBHBIX
TEPMHUYECKUX YIapOB U Jp.

IIpumep BBINOIHEHUS JAaHHOTO MTyHKTA IPUBEECH B MPUIIOKEHUH 6
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7. IKOHOMHUYECKAS YACTh

1. OcHOBHBIE MaTepHaIbI
Pacuer cTOMMOCTH KaXXJIOTO MaTepuayia ONpEAesIeTcs NMPOU3BEACHUEM HOPMBI €ro
pacxona Ha neHy. CyMMHpOBAHHUE IOJIyYEHHBIX PE3YJIBTATOB [0 BCEMY IEPEUHIO MATEPUAIIOB
TaeT MX OOIIYI0 CTOMMOCTb, K HEW /enaercss Haa0aBKa, YYUTHIBAIOLIAs TPAaHCIOPTHO-

3aroTOBUTENbHBIE pacxo/sl B pazmepe 20-25%.

K ocHOBHBIM MaTepuansaMm OTHOCSTCS: CTEKJIOTEKCTOJHT, MPHUMON, (IoCc, XJIOPHOE KEnes3o,
COUPT 3TWIOBBIM, HUTpOAMAIb M Tak jAanee. K mpounm OTHOCATCSA: TUCTUIUIMPOBAHHAsI BOJIA,

KJIeH, MpOBOJIOKa, candeTKa, MIACTUINH U TaK Jajee.

OcHOBHBIMU MaTepHalloM siBIsieTcsl creknorekcroaut Cd 2- 35- 1,5 TOCT 10361-78.

Pasmep nnatsr:

Ilnommaas mWiatel onpeaensercs no gopmyie (M>)
S=ab (1)
IZi€ a - JUIMHA [J1aThl, MM

B - IMPUHA IJIAThI, MM

OO6beM IIaThl onpesensercs no gopmyie (M)
V=Sh (2)

YucTelii BeC MIIaThl onpeaensercs no popmye (Kr)

Paper = Vp (3)

rJie p - IIOTHOCTh CTEKIOTEKCTONNTa (T/cM?)

YepHblil Bec CTEKIOTEKCTOIUTA OTpeAessieTcs o ¢popmyiie, ¢ yuetoM Ko = 1,35kr

Pyepn = Punct-KoTx 4)

[Torpednocts B mpunoe [IOC-61 I'OCT 21931-76 onpexensiercs o ¢popmyiie, U3 pacuyera
0,015r npunos Ha 0JIHy TOUKY MalKH (KT)
Hipun = * Diex 6))
rA€ Hupun - HOpMa pacxoia MpuUnost Ha MaKy e4aTHOM IUIaThl ¢ METAJUIM3UPOBAHHBIMHU
OTBEPCTUSIMU
q - HOpMa pacxoja npunos Ha ogHy naiky (0,015r)

Npaex - KOJIMYCCTBO ITACK
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[TorpeOHOCTE BO (hirroce onpenensercs no ¢opmyne, u3 pacueta 0,15 rp Ha 01HY TOUKY
MaKku (Kr)
Homoe = K- Niaex (6)

rze K - Hopma pacxona ¢iroca Ha 0JIHYy MalKy, KT

[ToTpeOHOCTE B XJIOPHOM Kele3e ornpenensercs no Gopmyne, u3 pacuera 57 rpamm Ha 1
M* cTpaBimBaeMoil (oJbry, Kr. Ilnomaas cTpasiuBaeMoii (oIbry onpeaensercs no gpopmyie (M>)
Serpas = 25-0,75 (7)
Hn en = 57+ Serpas (8)

Pacxo1 HUTpO3MaIu onpezessercs 1o Gopmyie, u3 pacuera 0,025 nurpa Ha 10 cm? 3a-

IMIEHHOH TIOIAH, JI. 3aIlUIeHHas IWIOIIalb onpeaesercs o gopmyine (M?)

S?,am =28 - ScrpaB (9)
0,025-S
Huuron = —_— (10)
10

IZie 0L - HOpMa pacxoja HUTposmaiy, J = 0,025
Hopma pacxo/a 3THIOBOIO CIHPTa HAXOAUTECA 1o popmysie, u3 pacuera 0,085 Ha omun M>
oOmieit momasy (1)

HBTCH = 280,085 (11)

[MotpebHOoCcTs pumnos [IOC-61 TOCT 21931-76 Ha ny)xeHHEe KOHTAKTHBIX TUIOIIAJIOK C
HopMo#i pacxona 0,085r Ha cM? 3aIMIIEHHO} MIOmAaaU onpeensercs no popmysie (r)

HHpI/IHHa WK = S3aH_['0,085 (12)

[TorpeOHOCTE BO (hiaroce mpH JIy>KEHHUH KOHTAKTHBIX IUIOIAI0K OTIpeesieTcs no Gopmy-
Jie, HOpMOii pacxoja 4 KI Ha M? 3allMILEeHHO miomany (Kr)
H(bHIQCHa YK = SBaIJ_I4 (13)

HOJ’Iy‘ICHHBIC JaHHBbIC CBOAUM B TaGJII/ILIy.
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Tabmuma 1 - cToMMOCTh OCHOBHBIX MaTEpUAIOB

HanmenoBanue Ma- I'oCT Emununa | Hopma pac- | OTnyckHas 1ieHa Cymma,
Tepuana u3Mepe- Xo/a 3a eAMHUILY, pyo.
HUS pyo.
1 2 3 4 5 6
CTeKI0TeKCTOIUT 1031-78 KT
C®2-35-1,5
[Tpunoi 21930-86 KT
I10C-61
®uroc 2015-76 KT
OTK
XJIOpHOE KeNe30 9165-85 KT
Hutposmans [10- 20863-78 1
115
CnupT 3TUI0BBIN 18300-78 1
Hroro:
TpancnoptHo - 3a- %
TOTOBHTENBHBIC pac-
XOIbI
(20 - 25%)
IIpoune marepuanbl %

(10-12%)

Bcero
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2. IlokynHble U3aeus 1 0Ty (PadpuKaThI

Pacuer no paHHOM cTaThe JeNaeTcs 1Mo BCeMy NepeUHIO MOKYMHBIX U3JIeNni 1 moirydao-

pukatoB. K Hell nenaercs Han6aBka B pasmepe 15-20% Ha TpaHCHOPTHO-3arOTOBUTEIBHBIE PAacXo-

IIBI.

Ta6ﬂuua 2 - cImoumMocma NOKYNHbBIX Mamepuailoes.

HaumenoBanue uznenus

[lena 3a enuHUILY U3-

nenus (pyo.)

KoanuectBo

(1T.)

Cymma (pyo0.)

2

3

Pesucropsl

C2-33H-0,25

C2-33H-0,125

C2-33H-0,125-1

Mukpocxemsl

K1533 JIHI

K537 PYSA

K1533 TM2

K1533 JIA3

K585 AII26

K1533 JIHI

K585 JII126

K1533TM2

K533 P35

K1533 UII5

K1533 JIA3

Nupuxarop

3J1341A

Konnencaropsl

K53-45

K10-17
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bnox

b19-2

Sueiika

5140.3.03

UTOI'O

TpaHcOpTHO-3ar0TOBUTENHHBIE
pacxonbl.(15-20%)
BCEI'O

3. OcHoBHas 3apa0o0THAs MJIATA MPOU3BOACTBEHHBIX pado4yux

[To manHO¥ cTaThe y4MTHIBAeTCs 3apabOTHAas IUIaTa MPOM3BOJCTBEHHBIX pabOyYUX, HEMO-
CPEACTBEHHO CBSI3aHHBIX C TEXHOJIOTMYECKHM IPOLIECCOM M3TOTOBJICHUS MPOAyKUuU. K 0CHOBHOM
3apa0OTHOM TUIaTe OTHOCATCS BBIIIATHI, CBSI3aHHBIC C OTPAOOTAaHHBIM BPEMEHEM: TapH(HbIE CTaB-
KU, IPEMUH pabOYMX, IOTJIAThl K 3apab0oTHOM Iu1aTe, 3a paboTy B Ipa3IHUYHBIC U BHIXOHBIC JTHU,
HOYHOE BpeMs, KO3((UIIMEHTHI K 3apIuiaTe U APYTrHe JO0IUIATHI.

HpI/I pacuCTC YUUTHIBACTCA MOATOTOBUTCIIbHO-3aKIIIOUYUTCIIBHOC BPCMSI:

JUI MOHT@XKHBIX padoT - 16 MUHYT,
IUISL 3aTOTOBUTENIBHBIX paboT - 24 MUHYTHI.

Jlnst paboYmX-CAeNBIIMKOB 3apa0OTHAs IJIaTa ONPEAeseTCS:
3u°" =PV, (py0.) (14)
riae P- pacuienok, V-00beM pon3BeIeHHOM MTPOTYKIINH B pyOIIsiX

3apaboTHas 1u1aTa pabounX-MOBPEMEHIINKOB OTPEACIIACTCS:
3u°"=Tu.- tu., (py0.) (15)

rze Tu. - yacoBas Tapu¢Has cTaBKa, t. - TpyJI0EMKOCTb.

TpynoeMKoCTb MPOIYKIIUH - 3TO MOKA3aTeNlb XapaKTepHU3YIOLIHi 3aTpaThl pabouero Bpe-
MEHHM Ha M3TOTOBJICHUE €IMHHUIIBI TPOAYKIIMH BHIMOJHEHHE KAKOKH-IN00 paboThI, H3MEpsETCS B
HOpPMO-4acax.

B nanHOM paszzene s pacCUUTHIBAIO IPOEKTHO-TEXHOJIOTUYECKYIO TPYIOEMKOCTb, I 3TO-
'O OTIPEJIEIISI0 HOPMBI BPEMEHH, OTlepaluy pa30MBalOTCs Ha COCTABIAIOMINE dieMeHThl. Hopmy

YCTAHABJIMBAIOT MOMITYYHO-KAJIBKYJIIHUOHHOMY BPCMCHH.
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[Tpu pacyere 3apabOTHOMN TUIATHl PA0OUMX, 3aHATHIX U3TOTOBJICHUEM IEYATHOM IIATHI yIH-

TbhIBACM MMPOCKTHO-TCXHOJIOTHYCCKYIO TPYAOCMKOCTD.

Onpe;[enﬁfo HOPpMY HITYYHO-KAJIBKYIIIITAOHHOI'O BPEMCHU 110 U3rOTOBJICHHUIO MEeYaTHOM IIJIATHI.

Tabnuua 3 - HopMa MWTYYHO-KATBKYISIIHOHHOTO BPEMEHHU.

HanmenoBanue onepanuit Bpewms Ha ouH Hopwma tur,
3JIEMEHT, (MHUH) (MUH)
1 2 3

Pe3ka nucroB H30JIAIMUOHHOI'0 MaTCpUalia Ha MOJIOCHI

HOXXHUIIAMU

OOpyOka matsl M0 KOHTYPY

3auncrTka KPOMOK IJIaThl HAIUJIbHUKOM

CBepJiieHHE KpPETEeKHbIX OTBepCTUH (4 1IT.)

CaepiieHre MOHTXHBIX OTBEPCTH (665 1mIT.)

JloBO/IKA TUIATHI JI0 TPEOYyEeMbIX pa3MepOB

3auncrTka MOBCPXHOCTHU IJIATHI OT OKUCIIOB

O06e3xupruBaHUe TUIATHI

PerymmpoBanue riatsl

TpasneHue nevyaTHou IIaThl

Jly>xeHue 1IaThl U MOKPBITUE €€ JIAKOM

Cymika u TepmooOpadboTKa 1miaThl

Uroro:

C ygerom kosdpdunmenta 1,3

Hopma paccuntana Ha BbINOJIHEHHE padOT B YCIOBUSX CpeAHECEpUtHOTO Mpou3BoacTBa. Hop-

MBI CJIeyeT PUMEHATH C yueToM Kodpdunmenta 1,3

OmnpenensieM HOpMY Ha U3TOTOBJICHHUE IIJIATHI 110 (popMysie (MUH)

t 113B
Hpp=ty''T+ L — (16)
n
rze tu'! - HopMa ITyYHOro BpeMEHHU Ha €MHUILY TIPOTYKIMH
ty' 3B - moAroTOBUTENLHO-3aKIIIOUNTENLHOE BpEMS

n - KOJIMYCCTBO IICYAaTHBIX I1J1aT.
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Yacosas tapuduas craka (Tu) pabouero crnenbiuka 5-ro paspsana pasHa 8,27py0. 3ap-
IIaTa MPOU3BOACTBEHHOTO PAbOYEro - CENbIINKA 10 U3TOTOBJICHUIO MEYaTHOM MJIaThl COCTaBUT
onpenenseM o popmyrne (pyd)
3n°t= Tu-Hap (17)

[TpousBenem HOpMUpOBaHKE PAOOT MOHTaXKA MEYATHOM TIATHI IO OTIEPALIHSIM.

KomniekToBouHasi onepanmus

Tabumnna 4 - HopMa onepaTHBHOIO0 BpeMeHH Ha KOMILJICKTOBOYHYIO OIePALUIO

Komnuecto N Trep Thep. "N
ITepexo
PEXOA (mrT.) (MuH.) (MuH.)

JlocTaTh yIakOBOYHYIO Tapy CO CTellaxa

[TpunecTH yrnakoBOUHYIO Tapy Ha pabodee MecTo

PacniakoBaTh ymakoBOUHYIO Tapy

JlocTaTh U3 yHakoBOYHOH Tapsl KOPOOKY ¢ Tpedye-

MBIMHE DPD

PacnakoBatbk KOpoOKy ¢ Tpedyembimu DPD

JloctaTe U3 KOPOOKH Tapy - CIIyTHUK

JlocTath He0OX0tuMOe KosmdecTBo DPD u ymno-

KUTb B TEXHOJIOTUYECKYIO Tapy

VYI105)KUTh Tapy - CIYTHUK B KOPOOKY

VY 110%uTh KOPOOKY B YIAaKOBOYHYIO Tapy

3aKpbITh YIAKOBOYHYIO Tapy

VYHecTH ynakoBOUHYIO Tapy Ha CTEJUIaX

Tonep. =

Omnpenensito HOpMY IITYYHOTO BpeMeHH 110 hopmyIie

7,.,)

Twr. = Tonep. + @ ——
100

(18)

o - AaeTcst Ha oOciy)KuBaHHe paboyero MecTa, repepbiBa Ha JIMYHbIE HAJJOOHOCTH

o =9,6%
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3aroroBuTeabHas onepamus

Tabnuua 5 - HopMa onepaTUBHOTO BPEMEHH Ha 3arOTOBUTENBHYIO OTIEPALIUIO

Kommuectso N Trep. Trep. *N
[Tepexon
(mrt.) (MuH.) (MuH.)
N3Bneus OPO u3 tapsl
3a4UCTUTH BBIBO/IbI
JlynuTe BBIBOJBI
DopMOBaATH BHIBOBI
VYnoxutrs OPD B Tapy
Tonep. =
Twr. =

CO0poYHO-MOHTAXKHAS ONePalus

Tabnuua 6 - HopMa onepaTUBHOTO BpeMEHH Ha COOPOYHO-MOHTAKHYIO OTIEPAIHIO

[Tepexon

Komnuectso N

(1)

Thep.

(MuH.)

Thep.: N

(MuH.)

2

3

4

JlocTars 11aty U3 Tapsl

YcTaHOBUTD IJ1aTy Ha TCXHOJIOTHYCCKYTO

CTOMKY

Hocrate OPO u3 tapsl

Ycranosuts OPD Ha naty

Ycranosuts UMC Ha muiaty

Hanectu ¢uroc

[Talixa BOJHOM IIPUIIOS

IIpomeiBKa

Cymika

CHATB M1aTy ¢ TEXHOJIOTUYECKONH CTOMKH

VY10XuTh I1aTYy B Tapy

Tonep. =

Twr. =
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PerynupoBouHas onepanus

Tabnuua 7 - HopMa ONepaTUBHOTO BPEMEHH Ha PEryIUPOBOYHYIO OTIEPALIUIO

KonuuecTBo Tnep. Toee. ‘N
[Tepexon
N (MuH.) (MuH.)
(mmT.)
2 3 4
1
W3Bneus miaty us tapsl
Y CTaHOBUTSH IIIATy HAa TEXHOJOTUYECKYIO CTOUKY
[MonkmounTs ocuuorpad
[ToaknrouuTh YacToToMep
Perynuposka
OTKIIIOYUTDH OCIMILIOTpad
OTKIIIOUUTH YACTOTOMEP
CHATB IJ1aTy ¢ TEXHOJIOTMYECKONW CTOMKH
VY10XuTh 1aTYy B Tapy
Torep. =
Twr. =
KonTpoabHas onepanus
Tabnuua 8 - HopMa oneparMOHHOTO BPEeMEHH KOHTPOJILHON OIepaliuu
KosnnuectBo N Trep. Trep. 'N
[Tepexon
(mt.) (MuH.) (MuH.)
W3Bneus miaty us tapsl
IIpoBepuTh naiiky BU3yajabHO
VY10XuTh 1aTYy B Tapy
Torep. =

Twr. =

I[aﬂee MOJIYYCHHBIC JAHHBIC CBOAUM B TaGHI/IHy
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Tabmuia 9 - 3apaboTHas TUIaTa O OTIETHHBIM MOHTaXXHBIM OTICPAIUSM

Onepauuu Hopma BpemeHu Ha 01HO u3enue

(MUH) (dac)

KoMmriuiekrtoBouHas

3aroroBuUTeNbHAS

COOpOYHO-MOHTAKHAS

PerynupoBounas

KoHnTponbHas

HUroro

Hopma mTy4HOro BpeMeHH Ha OJIHO U3/ETIUE COCTABIISET ... .

[TosydeHHbIe JaHHBIE IO pacyeTy 3apabOoTHOM MIaThl pabounX, 3aHATHIX HA MOHTAXE NIEUYaTHON

miatel «Ha3Banue usacius», CBOAuM B TaGJ'II/II_[y

Tabnuua 10 - 3apaboTHas miata paboynx

HaumenoBanue pabor | Paspsinpa- | YacoBas tapugHas 3apaboTHas
TpynoemkocTs B
60T CTaBKa miara
qacax
(py0) (py0)
1 2 3 5
4
KommnekroBouHast
3aroToBUTEIbHAS

CO0opOYHO-MOHTAKHAS

PerynupoBounas

KoHnTponbHas

HUroro

3apadoTHYI0 NJIATY Pa004YNX-CAeJbIIUKOB M0 U3TOTOBJEHUI0 U MOHTAXKY Ile-

4YATHOM MJIATHI onpeaessieM mo ¢gopmy.e (pyo.)

3HOCH — 3M“H40CH + BI/IUHAOCH (19)

4. Pacyer 10NOJHUTEJbHOM 3apa00THOM NJIATHI POM3BOACTBEHHBIX pado4nXx oIpe-

nensieM o gopmyine (pyo.)
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JlonomHUTENbHAS 3apa00THAS MJIaTa-3TO BBHIIUIATHI, HECBSA3aHHBIE C pab04nUM BpeMeHeM (oriaTa
OYEpEHBIX U JONOJIHUTENIBHBIX OTIIYCKOB, YYEHUYECKUX OTIIYCKOB, OIJIaTa COKPALLEHHOIO pa-
604ero JHs, BHIIOJHEHUE TOCYIaPCTBEHHBIX 00513aHHOCTE!, U Ipyrue OIuiaThl), coctapiser 20-

25% oT 0CHOBHOM 3apabOTHOI! MIaTHI.

31O =(20%)-3n°H (20)

5. CtpaxoBble B3HOCHI € 3apa0d0THOI IJIATHI POU3BOACTBEHHBIX Pa004YHX

B 3T0ii cTaThe yUUTHIBAIOTCS] OTYUCIICHUS B IEHCHOHHBINA (oHT -22%, (hOH] COIMATBHOTO CTpa-
xoBaHUA-2,9%, GoHa 0053aTEIBHOTO MEUIIMHCKOTO CTpaxoBaHus-5,1% u cTpaxoBaHue oT

HECYaCTHOTO cliydasi Ha mpou3Bojactee — 1,1% , onpenensiem no popmyre (pyo.)

Ocu = 31,1%-(3n°M + 3701 (21)

6. PacueT cTOMMOCTH PacXo/I0B HA YKCILIYATAIMIO U CO/Iep:KaHue 000PY/I0BaAHUS
B 3T0ii cTaThe yUUTHIBAIOTCS aMOPTU3AIMOHHBIC OTYHUCIICHHUS, OTUYMCIICHUS HA PECHOBAIIUIO
000py0BaHus (MOJIHOE BOCCTAHOBJICHHUE), @ TAK)KE YUUTHIBAIOTCS 3aTPAThl HA COJIEPIKAHKE U Te-
KYIIH pEMOHT 000pyI0BaHus; onpeernsieM o popmyie (pyo.)
A=14%-Coo (22)
A=(40-65%)3n°H (23)

7. Pacxoa Ha 0CBOEHHE M ITOATOTOBKY IIPOU3BOACTBA
B sTo01i1 cTaThe YYUTBIBAIOTCA IMMYCKO-HAJIAJOYHBIC pa60T1>1, CBA3aHHBIC C KOMITJICKCHBIM
OHpOGOBaHI/IeM BHOBBb BBOAMMOTI'O OGOpyI[OBaHI/IH, €ro HaJlaJKa U UCIIbITAaHUC. OTH pacxoabl

YUYUTBIBAIOTCA B TCUCHUC JIBYX JICT C MOMCHTA ITyCKa.

8. LlexoBbIe pacxoabl

[{exoBBIMU HA3BIBAIOTCS PACXOMbI, KOTOPHIE HE MOTYT OBITh OTHECEHBI HETIOCPEACTBEHHO K
W3ENUsAM. DTH PacXo/bl UAYT Ha COJEpKaHUE 3JaHUN, COOPYKEHUH, LIEXOBOrO MepcoHaia, BCIo-
MoTaTelbHBIX pabounx. Eciu He mpeacTaBiseTcsi BO3SMOKHBIM PacdeT CTaThH, TO CyMMa IIEXOBBIX
pacxooB onpenensercs B pazmepe 120-160 % oT 0oCHOBHO 3apaOOTHO TUIATHI; IEXOBBIE PACXOIBI

ompenenseM no Gopmyne (pyo.).

Piex = (120-160%)-3n°¢H (24)
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9. O0me3aBoaACKHE PACX0abl
K 31011 cTaThe OTHOCSTCS pacxXo/ibl Ha YIIPaBICHHUE NPEANPUATHEM: aIMUHUCTPATUBHO-
yIIpaBJIEHYECKUE pacxo/ bl (3apaboTHAas MlaTa MHKEHEPHO TEXHUYECKUX PAOOTHUKOB M CITyXKa-
IIMX, KOMaHAUPOBOYHBIE, KAHLIETSIPCKUE PACXO/Ibl), OOIIETPOU3BOCTBEHHBIE PACX0bI (COaep-
JKaHuC, aMOpTHU3alus, TGKYH_[I/Iﬁ PEMOHT OGH.[CBB.BO,Z[CKI/IX CpCACTB, UCHIBITAHUSA, OTIBITBI, UCCJIC-
JIOBaHUS, pallMOHATN3AIMs U OXpaHa Tpyaa o0I1e3aBOJICKOro Xapakrepa) u T.1. O01e3aBoackue

pacxo bl onpezenseM 1o Gopmyre (pyo.)

P3ag. = (140-180%)-3.n°H (25)

10. ITpoune Npou3BOACTBEHHbIE PACXOAbI
B s10i1 craThe yuutsiBatoTcs otunciaeHus: 1,5% - HaydHO-HCCIIe0BaTENbCKUE PA0OTHI, OT
3aBOJICKOH cebecTonmocTH. [Ipoune mpou3BoICTBEHHBIE PACXOabI omnpeaenseM o Gopmyre (pyo.)
Prrou. =1,5%: S3aB. (26)
S3ag. =M + IT + 3% + 38U + Ocy + A + Prgx + P3as., , pyo. 27)

11. BHenpou3BOACTBEHHbIE PACXOAbI
DT pacxo/ipl CBSI3aHbI € peann3alueil NpoayKIUU U cOCTaBIsIOT 1-3% oT 3aBoACKOM ce-
6ecTonMocTu. BHEnpon3BoACTBEHHBIE pacXo il onpeaenseM o Gopmyse 28, pyo.

Perenr=(1-3%)- S3as. (28)

HOJ’Iy‘IeHHBIC JaHHBIC CBOJUM B T36HI/II_[y

Tabmuma 11 - kanbKyasIus MOJHON ce0eCTOMMOCTH U3ACITHS

HanmenoBanue crarein Cymma

(py6.)

OcHOBHBIE MaTepUaJbl

[ToxynHble u3AeHs U MOTyhadpuKaThl

OcHoBHas 3apaboTHas 11ata padbounx

JlononmHUTENbHAS 3apad0THAS MJIaTa paboInx

CtpaxoBble B3HOCHI € 3apab0THOM MIaThl MPOMU3BOJICTBEHHBIX Pabo-
9UX

Pacxonpl Ha cofieprkaHue U HKCIUTyaTalio 000pya0BaHUsS

I{exoBbIe pacxoabl

OO11e3aBoJICKUE pacXoIbl
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3aBoackas ce0ecCTOUMOCTh

[Ipouune mpou3BOACTBEHHBIE PACXOIbI

BHCHpOI/I?:BOIICTBeHHBIe pacxoabl

ITosHas cebecTOMMOCTD

12. Pacyer 6aj1ancoBOM NPUOBLIN

[TpuGBLIb - 3TO pe3ynbTaT AEATEIBHOCTH MPEANIPUATHS, XapaKTepU3yomuil 3PpPEeKTUBHOCTD

IIPOU3BO/ICTBA.

banancoBas npubsuts coctaBmset 15 — 20 % oT nmosHoN ceOeCTOMMOCTH U3/IeNUs U OTIpe-
nensieM o gopmyine (pyo.)
ITp = (15 - 20)%-Sn (29)
13. Pacyer peHTa0e1bHOCTH NPEANPUATHS
PenTabenbHOCTD - (HOXOAHOCTh, MPUOBUIFHOCTD) - BaXKHBIN TIOKa3aTeNb 3PPEKTUBHOCTH
pou3BocTBA. PeHTabenbHOCTh POAYKIIMU UCUUCIISETCS 110 OTACIBHBIM BUAM U3 U 10
BCEH MPOIYKUUHU NPEANPHUITUS U onpeaessiercs B % 1mo Gpopmymne

Priropt. = % -100% (30)

IT

14. Pac4yer Haj10ra Ha 100aBJICHHYI0 CTOMMOCTD

Hanor na no6asnennyto croumocts (H/IC) - ucuucnsercs mo npupocTy CTOMMOCTH TIPO-

AYKIIMKU Ha HaHHOfI cTaauu Mpou3BOACTBA.

Hastor Ha 1o0aBieHHYI0 CTOUMOCTB cocTaBisieT 18 % OT CyMMBbI IOJTHOM ce0eCTOMMOCTH

W3JIeNHsl ¥ TPUOBUTH TIPENPUSITHS U ompeensieTcs B pyd. mo Gopmyre
HAC = 18%-(Su + Ilp) 31)

15. PacueT oTIyCKHOM LeHbI U3/1eTUA
IleHa - 310 IEHE)KHOE BBIPA)KEHUE CTOUMOCTH ToBapa. OTIyCKHas LieHa U3eIus Ipe-
cTaBisieT coboit cymmy cedbecroumoctu, mpudsutn 1 HJIC, paccuutsiBaercs B py0. 1o gopmyie
Hont. = S + Ip + HAC (32)
BeiBon: OtmyckHast 1ieHa pa3paboTtku «Ha3Banue ycTpoicTBay cocTaBmia ... pyoseil ¢ yue-

tom HJIC. HopmartuHblie nannbie B3saThl Ha 01.01.20 T.
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IIpuaoxenne 1

Hopma mry4Horo BpeMeHu 1o M3roTOBJICHUIO ITE€YaTHOM IIATHI

Tabmuna 1

HaunmenoBanue onepanuii Bpewmst Ha ouH 3neMeHT, (MUH.)

1 2

Pe3ka 1McTOB M30JLIMOHHOTO MaTepuaia Ha noJockl HOX- | 1,1

HUIIAMU

OOpyOka matsl 10 KOHTYPY 0,18

3auncTKa KPOMOK IIaThl HAITMJIBHUKOM 0,43

CBepJieHHE KPETEeKHbIX OTBEpCTUH (4 1IT.) 0,352

CBeprieHHE MOHTaKHBIX OTBEpCTHil (665 1wT.) 0,074

JloBO/IKa TUIATHI 710 TPEOYEMBIX pa3MepoB 0,7

3aunCcTKa NOBEPXHOCTH IUIAThl OT OKHUCIIOB 0,72

O0e3KuprBaHUE IIATHI 0,52

PerymmpoBanue niatbl 7,74

TpasieHue nevyaTHou IIaThl 2,25

JlyxeHue miaTel U HOKPHITHE €€ JTaKOM 1,78

Cymika 1 TepMoo0OpadboTKa MIaThl 0,67

Hroro:

C yuyerom xosdpdunmenta 1,3

IIpunoxenne 2
Hopmbl ITy4HOTO BpeMEHU Ha MOHTa)K€ TIEYaTHOM IJIaThI [0 OTIEPaIIUsIM:
1. KoMmnekToBouHast
Tabnuua 2

[Tepexon Thep (MUH.)
JlocTaTh yIIakOBOUYHYIO Tapy CO CTeJlIaxa 0,12
[TpunecTH yrnakoBOUYHYIO Tapy Ha pabodee MecTo 1,0
PacnakoBath yriakOBO4HYIO Tapy 0,1
JlocTaTh U3 yHakoOBOYHOH Tapbl KOPOOKY ¢ TpedyembiMu DPD 0,07
PacnakoBatbk KOpoOKy ¢ Tpedyembimu DPD 0,06
JlocTaThk U3 KOPOOKU Tapy - CIyTHUK 0,03
JlocTath HEOOX0IUMOE KOJIM4eCTBO DPD 1 ylnoXKHUTh B TEXHOJOTHUYECKYIO Tapy 0,15
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VYI105XKUTh Tapy — CHYTHHK B KOPOOKY 0,02
VY 110%uTh KOPOOKY B YIAaKOBOYHYIO Tapy 0,1
3aKpbITh YIAKOBOYHYIO Tapy 0,05
VYHecTH yakoBOYHYIO Tapy Ha CTEIIIax 1,0
2. 3aroToBUTENbHAS
Ta6muua 3
[Tepexon Thep. (MHH.)
N3Bneus OPO u3 tapsl 0,1
3a4MCTUTH BBIBOIBI 0,03
Jlynuth BBIBOIBI 0,04
®opMOBaTh BHIBOIbI 0,08
VYnoxutrs OPD B Tapy 0,1
3. COOpOYHO-MOHTaKHAS
Tabnuua 4
[Tepexon Thep. (MHH.)
JlocTars 11aty U3 Tapsl 0,4
Y CTaHOBUTH IIJIaTy HA TEXHOJIOTMYECKYIO CTOUKY 0,25
Hoctats OP3 u3 Tapsl 0,1
Ycranosuts OPO Ha naty 0,26
Ycranosuts UMC Ha muiaty 0,4
Hanectu ¢utoc 0,16
[Talixa BOJIHOM IIPUIIOS 0,12
IIpombiBKa 0,6
Cymika 1,5
CHATB I1aTy ¢ TEXHOJIOTMYECKON CTOMKH 0,25
VY10XuTh 1aTy B Tapy 0,4
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4. PerynupoBo4Hast

Ta6muua 5
[Tepexon Thep. (MHH.)
W3Bneus miaty U3 tapsl 0,4
VY CTaHOBUTH IJIaTy HA TEXHOJIOTMYECKYIO CTOUKY 0,25
[MonkmounTs ocuuorpad 1,2
[ToaknrouuTh YacToToMep 1,2
Perynuposka 10,0
OTKIIIOYUTDH OCIUIUIOTpad 0,2
OTKJII0YUTH YaCTOTOMEP 0,2
CHATB IJ1aTy ¢ TEXHOJIOTMYECKON CTOMKH 0,25
VY 10XuTh I1aTYy B Tapy 0,4
5. KoHTpobHas
Tabnuua 6
[Tepexon Thep. (MHH.)
W3Bneus miaty us tapsl 0,4
IIpoBepuTh naiiky BU3yalabHO 0,55
VY 10XuTh I1aTYy B Tapy 0,4

IIpunoxenne 3

IUISL CHIENBITUKOB
1 pa3psn — 68,07
2 pazpsia — 74,19
3 paspsn — 77,15
4 pazpsin — 88,73
5 pa3psin — 97,61

6 paspsin - 109,33
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IIpuioxenue 4
E,Z[I/IHBIC HOPMBI aMOPTHU3alIUOHHBIX OTYHCJICHUM Ha MOJHOEC BOCCTAHOBJICHNE OCHOBHBIX q)OHHOB

Tabmuua 8

Hopma amoprusa-
['pynmnbl 1 BUIBI OCHOBHBIX (DOHJIOB Mudp LMOHHBIX OTKIJIO-
HEHUI

BreraucnurenbHas TeXHUKA

MamuHsl 1 KOMIUIEKCHI 3IEKTPOHHBIE I (PPOBHIE BHIYUCIUTETb-
HBIE C IPOTPaMMHBIM YIIpaBJICHUEM 001Iero Ha3HayeHus, cnenua- | 48000 13,6
JU3UPOBAHHbIC U YIPABJIAIOMIKE Ha 0a3e TUIIOB MPOLIECCOPOB

AHaoroBbie U KJIaBUIIHEBIE OJICKTPOHHO-BBIYHUCIUTCIIBHBIC MAIllU-

HEL 48001 10,9
Mukpo-2BM u nporieccopsl yHUDHUITMPOBAHHbIE 48004 10,9
OBM (/IBK) nepcoHaibHblE KOMIIBIOTEPHI 48004 13,6
Y CTpOUCTBO MPOTPAMMHOIO YIIPABJICHUS 48006 11,6
Amnanoro-unu@poBbie BEIYUCIUTENBHBIE KOMITIEKCHI H CUCTEMBI 48009 11,6
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IMTPMJIOXEHUE 1

(TUTYJIBHBIN JUCT, COAEPIKAHNUE, CIUCOK MCIIOJIb30BAHHOM JINTEPATYPHI)
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MuHucmepcmeao obpaszosaHus u Hayku Poccutickol ®edepayuu

¢edepanbHoe 2ocydapcmeeHHOe asmoHOMHoe 0bpazosamesibHoe

yupexodeHue 8biclie20 06pa3oeaHus

«HayuoHaneHsil uccnedosamensckul Huxezopodckul 20cydapcmeeH-
HoelU

yHugepcumem um. H.U. /lobayeacko2o»

banaxHuHckut punuan HHIY

CneyuansHocme 09.02.07 KomneromepHsle cucmems! U KOMNJIeKCbI

AuniaomHeiu npo-

ekKm

Tema:

Paspaboman cmydeHm epynnei

Pykosodumene
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KoHcynemaHm

HopmokoHmpoie

Jama 3auwumer:

2. banaxHa

OueHka
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I[MTPMJIOXEHUE 2

(BBenenue, Boi6op u o60cHOBaHUE)
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BBenenne

Pa3ButHne anekTpoHuKU ¢ Havana 60-X TOJOB CBA3aHO C COBEPLICHCTBOBAHMEM U Pa3BUTHUEM
uHTerpanbHbix MukpocxeMm (MMC). B Teuenue ncropuu pa3BUTUS TEXHOJIOTHMH U CXEMOTEXHUKHU
1uppoBeix UMC MOXKHO YCIOBHO BBIACIHTD 4 dTamna:

1 Dramn. (60-e roxer) — pazpadotka 6a30Bbix cepuit UMC maioii creneHy HHTErpaliy, BBIION-
HAIOMMX npocTelie jornyeckue GyHkmuu. Takune UMC npuHIMNHMAIBHO TMOBBICUIM HAIECKHOCTh
BBIYMCIUTENIBHON TEXHUKU. VX MpUMEHEHNE CTaHAapTU3UPOBAJIO MHOTHE MTPOLIECCH IIPOEKTUPOBaA-
HUE BBIYHUCIUTENBHBIX CPEJICTB. bblIM BBEIAECHBI HOBBIE NIPUEMBI KOHCTPYUPOBAHUS BBIYMCIUTENb-
HOW ammapaTypbl ¢ MCIOJb30BAHUEM CpPEACTB aBTOMATHU3ALMU KOHCTPYHpPOBAHHs Ha 0a3e dIek-
TPOHHO-BBIYUCIUTENBbHBIX MalivH (DBM).

2 Oran. (70-e roasl) — pa3padotka UMC cpenHei cTeneHr MHTErpaliiy, TaKUX Kak mudpaTo-
pBl, AemH(paTopbl, MyJIbTHIIIICKCOPHI, 1€ MYJIbTUIIIEKCOPBI, PETUCTPHI, CUeTYNKH, MaTpHibl O3Y ¢
YHCIIOM SKBHBAJICHTHBIX AJIEMEHTOB He Oosiee Thicsaur. [Ipu 3ToM QyHKIMOHATBHBINA cOCTaB paspa-
O0TaHHBIX Ha MPEBIAYIIEM 3TAIe CEPHi 3HAYUTEIBHO pacmupuics 3a cuet Takux MMC.

3 Oran. (Koner 70-x ro10B) XapaKTEpHU3yeTCsl MaCCOBBIM ITPOU3BOJCTBOM MUKPOCXEM Majlol U
CpeIHEeH CTENeHU MHTErpalliy, YTO Jajo JIOTIOJHUTENLHBIA TOMYOK K BBIMYCKY MEPBBIX OOJIBIIMX
unTerpanbHbix cxem (BHC) ¢ yrcmom 3meMeHTOB 10 AecaTH Thicsd. [losiBUIOCH 607b1I0€ Pa3HOO0-
pasue HOpMaJbHBIX KaJIbKYJISITOPOB, HAUMHAS C MPOCTEMIINX — IIKOJIbHBIX U KOHYas IporpaMMu-
PYEMBIMHU — UHKEHEPHBIMHU.

4 Otan. B Hacrosiee BpeMs TEXHOJOTHYECKHE BO3MOXHOCTH MO3BOJISIOT U3rOTaBIUBAaTh CeE-
puitno BUC ¢ 4nciom 371eMeHTOB, MPEBBILAIONIMM COTHU THICAY. DTO MOTPeOOBAIO UCHOIB30BAa-
HUE MOILHBIX CUCTEM MAIIMHHOTO IPOEKTUPOBAHUS, OJHAKO U C UX HUCIIOJIb30BAHUEM BO3HHUKAIOT
cioxkHele mpoosiemsl. [TosTomy ceifuac xapakrepusl paznuunsie BUC ¢ moBTopsromnieii perynspHoi
CTPYKTYypoil (Hanmpumep, MaTpuuHsbiif). OObIYHO 3TO 3amomuHaromnme ycrporcrsa (O3Y), mocTosH-
HbIe 3anomuHaronue ycrpoiicrsa (I13Y). Yenemno peanusytorcst u csepx6onbimme UMC, sBisro-
umecs: ogHokpuctanbHbiMU MUKpO DBM. Takue CBUC sBist0TCS OCHOBOM COBPEMEHHBIX MEPCO-
HaJIbHBIX KOMIIBIOTEPOB.

MakcuMaabHOTO COBEPILIEHCTBA HA JAHHOM JTalle€ PAa3BUTUS MHUKPOIIEKTPOHUKU JOCTHUIIIH
NC Tpex TUIOB JIOTUKHU: SMMHUTEPHO — CBsI3aHHOM Joruku (DCM) — CBEpXCKOpPOCTHOM, HO C BBICO-
KAM TOTpeOJICHUEM 3JEKTPOIHEPTHH; TPaH3UCTOpHO-TpaH3uctopHoit noruku (TTJI) — yHuBep-
canpHOI; KMOII — sxoHOMu4HO#. [losiBUiICS 00O aCCOPTUMEHT YHUBEPCAIBHBIX ONEPAIlUOH-
HBIX YCHJIUTENCH, KOMIapaTopoB, IH(PO-aHAIOTOBBIX U aHAJIOTO-UU(POBBIX MpeodpazoBaTesei,
CTaOMIIN3aTOPOB HANPSHKEHUH, KOMMYTaTOpOB U T. JI.

CoBmecTHOC MPUMCHCHHUC aHAJIOTOBBIX U I_[I/I(prBBIX MHKPOCXCM IO3BOJISICT HA KOMIIBIOTCpPAX
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MIPOU3BOANUTH 00pabOTKY Kak IIU(PPOBOH, TaK U aHATOTOBOM MH(POPMAIIHH.

Oco6oro cpaBHEHHS 3aCITyKUBAIOT cpaBHEHUS MUKpocxembl jtoruku TTJI u KMOII.
MHUKpOCXeMBl TPaH3UCTOPHO-TpaH3ucTopHO Joruku (TTJI) HaxondT IWKMpOKOE NMPUMEHEHHUE B
1upoBoii TeXHUKE. B HUX yJauHO codeTaroTcs BBICOKOE OBICTpOJICHCTBHE, HArpy304YHAas CHOCO0-
HOCTb, IOMEX0YCTOMYUBOCTb, CPABHUTEIBHO HU3Kas MOTPEOIIsieMasi MOIHOCTh U HE BBICOKAs CTO-
UMOCTh. B 3aBUCHMOCTH OT TpeOOBaHMIA, MPEABABIAEMBIX K alllapaType, BHITYCKACTCS HECKOJIbKO
cepuil TTJI Mukpocxem, 3JI€KTPUYECKU NTOTHOCTBIO COBMECTUMBIX APYT € IPYrOM.

Jloruka crpykrypsl KMOII peann3zoBaHa Ha MOJIEBBIX TPAH3UCTOPAxX U Mo cpaBHeHUIo ¢ TTJI
HUMeeT CIeAYIOLINEe IPEUMYILECTBa:

— OYEeHb HU3KOE MOTPEOICHNE EKTPOIHEPTUH;

— BO3MOXHOCTH paOOThI ITpH JUana3oHe HanpshkeHud nutanus ot 3,3 1o 15B;

— GoJiee BBICOKAs TOMEX03AUTUIIIEHHOCTD;

— OUEHb BBICOKAs IIJIOTHOCTDH YIIAKOBKH 3JIEMEHTOB B OJJTHOM KpHUCTAJLIE.

Hau6onee mupoko ucnonb3ytores 176 u 561 cepun.

Huskoe sHepronorpelieHne u BHICOKAs TNIOTHOCTh YITAKOBKH JIETAIOT 3TY JIOTMKY HE3aMEHHU-
MOW TpH pa3pabOTKe AIEKTPOHHBIX YacOB, KapMaHHBIX KaJbKYJIATOPOB, ONEPATHBHON NaMsTH
0O0JIBIIMX 00BEMOB, KOCMUYECKOH TEXHUKH.

B cooTBeTcTBUM € IOCTOMHCTBAMHU U HEIOCTAaTKAMU BCE OTH BU[BI JIOTMK HAaXOIAT LIMPOKOE
NPUMEHEHHE B PA3THUHBIX c(hepax BHIYUCIUTEIHHON TEXHUKH.

[Tpumepom npumenenust KMOII - noruku sBisiercs cxema pazpabaTbIBa€MOro B JaHHOM
JUIUIOMHOM IIpoekTe ycrpoiicTBa «IllaxmaTHbie yach».
1 Bb16op 1 000CHOBaHHeE CXEMbI
YerpoiictBo «lllaxmaTHble 4achDy MPEIHA3HAYEHO Ul OTCYETA BPEMEHM, 3aTPAYEHHOTO
napTHEpaMH MPU UTPE B IIAXMATHI.

[ITaxmaTHbIe Yyachl OBIBAIOT KBApLIEBbIC, MEXAaHUYECKHUE M AIICKTPOHHBIC. MeXaHN4YeCKHUe Yachl
00JIbIIIE MTO/IBEPKEHBI IIOCTOPOHHUM BIIMSHUSM (3aBOJI, CHIIBHBIE YZIaphbl 10 KHOIIKE, N3HAIINBAHUE
ME€XaHH3Ma), KOTOpPbIE MCKAXalT TOYHBIA OTCUET BPEMEHH, a TAKXKE YCTYNAIOT AIEKTPOHHBIM U
KBapLEBbIM YacaM II0 TOUHOCTH XOJa.

VYerpoiictBo «lllaxmaTHble 4achl», MPEACTABICHHOE B QUINIOMHOM IIPOEKTE, IpeJHa3Ha-
YEeHO /71 yuéTa BPEMEHH, 3aTPAau€HHOr0 NnapTHEpaMu Ha Urpy 10 24 yacoB. OTCUET BPEMEHU KaXK-
IBIM M3 MapTHEPOB MPOU3BOAMTCS MO MHAMBHIYAIbHBIM TabJ0 - MHIAMKATOpPAM, MOKA3bIBAIOLIUM
BpeMst (4achl, MUHYTBI, CEKyHAbI) B IudpoBoii (Gopme. IIpu BKIIOYEHHH Yachl aBTOMATHYECKH
YCTaHABJIMBAIOTCS HAa HOJb U HAaXOJATCS B TAKOM COCTOSIHMM JI0 HaXKaTHsI KHOIIKHM 3aIlyCKa 4acoB
TM00bIM M3 MapTHEPOB. 3alyCK U OCTAHOBKA YacOB MPOM3BOJSATCS COOTBETCTBYIOIIMMHU KHOIIKAMU,

IpUYEM IIPU 3allyCKe 4acoB NMapTHEpaMU (MOCIE BBIIOJHEHUS OYEPETHOTO X0J1a) Yachl HAXKUMalo-

98



LIET0 KHONKY OCTaHaBIMBAIOTCA. B ciydae nepepbiBa B UIpe €CTh KHOIKA May3bl, KOTOpasi O3B0 -
€T OCTaHOBUTH paboTy. s mocaenyomero 3amycka 4acoB JOCTaTOYHO HAXaTh JI00YI0 U3 KHOTIOK
3aIrycKa.

Kpome 00bIuHOTO peskuMa 0TCuéTa BpeMEHH Yachl 00eCTIeYrBaIOT CBETOBYIO MHIMKAIHIO,
ABTOMATHUECKYIO0 MHIUKAIMIO ¥ (PUKCAIIMIO BPEMEHU B KOPOTKHX MapTUSAX MPH MOJHUEHOCHOM UT-
pe mociie OKOHYaHMsI PETVIAMEHTa BPEMEHHU Y OJIHOTO M3 NapTHEPOB, MPU 3TOM 3aIlyCK YacOB KHOII-
KaMU 3aIycKa OJOKHpYeTCsL.

Bpemst paboTbl OT 4eThIpEX MOCIEIOBATEIbHO COSANHEHHBIX AJIEMEHTOB IIPH MATH - IIIe-
CTUYaCOBOM €KEAHEBHOM HCIOJIb30BAHUU OJUH IO,

B npemiaraeMoil KOHCTPYKIIMM JIEKTPOHHBIE IIAXMATHBIE YaChl SIBJISIOTCS BCTPOCHHBIMU.
JIOCTOMHCTBAMH JAaHHOTO YCTPOHCTBA SBJIsOTCS Manble rabaputsi (1700115 h50 Mm; macca-450 r),
a TaK)Ke BBINOJIHEHHE MEPEHOCHOM JTOCKM M IIaXMaTHBIX YacOB B BUAE €IMHOTO OJOKa MO3BOJISET
o0ecreynTh YCTOHYMBOCTh YCTPOWCTBA, HOCTOSHHOE B3aMMHOE PACIOJI0KEHNUE UTPOBOTO MOJIS, HH-
JUKAaTOPOB M OPTaHOB YIIPAaBJIEHUs YacOB B YCIOBUAX TPSICKU, KAUKU WIIM TOTYKOB. biarongaps stum
JOCTOMHCTBAM IIIaXMaTHBIE Yachl SIBISAIOTCS yAOOHBIMHU VIS TOJIb30BAHUS B TPAHCIOPTE, B TypH-
CTUYECKUX IMOX0JaX U T.I.

OcoOeHHOCTBIO PabOTHI JaHHBIX YaCOB SBJISICTCS TO, YTO €CIIM XK€ OJMH M3 MapTHEPOB HE
yOepéT pyKy ¢ KHOTIKH TOCe e€ HaKaThs (4TO 0COOCHHO BO3MOYXHO MPU MOJTHHEHOCHOU HTPE), TO
3TO HE NOMEIIAET IPYroMy MAPTHEPY Ha)KaTh HA CBOIO KHOIIKY, OCTAHOBUB TEM CaMbIM CBOM 4achl U
3aIlyCTHB 4achl NApTHEPA, HE CHABILErO PYKH C KHONKHU. JlJIs 3TOM LIeNM B CXEMY BBEIEHBI COOTBET-
CTBYIOLLIME KOHAECHCATOPHI.

B nanHO# cxeMe HCTIONB3YIOTCA: CUETYUKH, HEOOXOAUMBIE IS ACTCHUS
4acTOTBI, IOCTYMNAIOIINE C KBApLIEBOTO reHeparopa, Jorndyeckue snemenTsl(2 M-HE,3 U-HE), tpur-

repbl, IEPEKITIOYATENH.
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IMTPJIOXEHUE 3

(Onucanue CTpyKTYypHOU CXEMBI)
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2 OnucaHue CTPYKTYPHOU CXeMbl

[Mudposoii peBepbeparop pa3pabaThIBACTCS C IENBI0 YTYUIIECHHS KauyecTBa MOJYJSIUUA
paauOCTaHIU K.

CTpyKTypHasi cxeMa COCTOUT M3 JIEBATH (DyHKIIMOHAIBHBIX Y3JIOB:

V3en 1. Yeunurens-orpannunrens (YO) — ycTpoiicTBO, KOTOpOe 0cnadisieT FPOMKHE CHT-
HaJIbl ¥ YCHJIMBAeT TUXHUE CUTHaibl. Ha BeIXOJe (OpMHUpYETCss CUTHAI ¢ OTHOCHUTENIHHO MOCTOSH-
HBIM YPOBHEM.

V3en 2. IIUM-monynstop (ILIM) — ycTpoicTBO, A1 U3MEHEHHUS! CKBa)KHOCTH UMITYIIb-
COB, a, CIIEJOBATEIILHO, U1 U3MEHEHHUs CPEAHET0 HanpsuKeHus Ha Beixoze [IIHM.

V3en 3. O3V — ycTpoiCTBO AJIs1 Bp€MEHHOTO XpaHEHHS JaHHBIX U epe0OpKHU aIpecoB.

V3en 4. YcrpoiictBo xpanenus (Y X) — yCTpoMCTBO [UIs 3alIUCH U XpaHEHUs! MH(OpMaIuu.

V3en 5. TaxroBbiil reneparop (TT) — ycTpoiicTBO, reHepupyIOIlee yIpaBiIsIOIINe CUrHa-
JIBI 33JJaHHOU YaCTOTHI.

V3en 6. Cuerunk aapeca (CA) — ycTpoHCTBO, NEpEaaroIlee YIPaBIISIIOIINE CUTHAIBI Ha
MYJIBTUIUIEKCOP MO MJIAJIIUM U CTApIIUM pa3psaaMm.

VY3en 7. Mynbrumnekcop (M) — ycTpoiCTBO, TO3BOJISIONIEE MEpeAaBaTh KOMOWHAIMH
YIPaBJISAIOUINX CUTHAJIOB, IOCTYNAOIINX CO CYETUMKA ajpeca.

V3en 8. YcrpoiictBo hopmupoBanus (YD) — ycrpoiictBo, popmupyromiee curaan CAS.

V3en 9. YerpoiictBo OnmokupoBku TaktoBoro renepatopa (YBTI) - ycrpoiictBo, 610kH-
pylolliee TaKTOBBII reHepaTop B peXXUMe MpueMa, He MO3BOJISIoNIee peBepOepaTopy AaBaTh HAaBO I-
KM Ha IIPUEMHBIN TaKT.

B cTpyKTypHOI1 CXeME UCTIONIB3YIOTCS CIAEAYIOIIUE CUTHAIBL:

CVYO — curnai ycTpoicTBa yrpaBiIeHHUs

CIIM — curnan HIMM-monynsTopa

CYBTT — curnan GJIOKMPOBKH TaKTOBOT'O TeHepaTopa

CCA — curnan cyeTuuka ajapeca

CO3YVY — curxnan 3allOMMHAIOILETO YCTPONUCTBA

CAS — ynpapnsitoniuii curHan

RAS — ynpasnsromuii cursai

TX — curuan nepegayu

PaccmoTpum paboTy ycTpoiicTBa MO €ro CTpYKTYpHOU CXeMe:

BxoaHOU cHurHan mocrymnaer Ha yCWIHTEIb-OIPAHUYUTENb, KOTOPBIM U3MEHSAET YPOBEHb
curHaia (rpoMkuid ocnadisier, a Tuxuil ycunupaeT). C BpIXOJa YCHIINTENSA-OTPAHUYUTENS] CUTHAT

nocrynaer Ha Bxoz [HIMM-monynsaropa
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[NM-MonyasaTop MOAYIUPYET CUTHAI U OTHPABISAET €ro Ha BXoJ MUKpocxembl O3Y. B
cBoto ouepear O3Y oOpabaThIBaeT MOJIYYEHHBIH CHUTHAI M C €r0 BBIXOJA CHUTHAJ MOCTYNaeT Ha
BXOJ] YCTPOWCTBA XpaHEHMs, TJIeé OH 3alHCHIBAeTCA. YCTPOHCTBO (OpMHpOBaHUS (OPMHUPYET
ynpasisitonuil curain CAS, mpu NOCTYIUIEHHH KOTOPOTO Ha BXOJl YCTPOWCTBAa XpaHEHUs BCS CO-
XpaHeHHas B HeM MH(OpMalus MOJaeTcsl Ha BBIXOJ] YCTPOICTBA.

[Ipu mocTymiueHuH CUrHajia Nepefayd, BKIIOYAETCsl YCTPOHCTBO OJIOKHPOBKU TaKTOBOTO
reHepaTopa, KOTOPOe YIMpaBiseT paboTON TaKTOBOTO I'€HEpaTopa M MOJAeT Ha €ro BXOJ yIpaBis-
IOLIME CUTHAIBI.

TaxToBBIi TeHepaTop 00pabaThHIBAET MOJyYCHHbIE CUTHAJIBI U (POPMHUPYET CUTHAJ YIpaB-
nenus RAS, xotopslii ynpasnser padotoit O3V, cueTunka ajpeca U MyJIbTUILUIEKCOPA.

ITo cnany nmmynsca RAS cuerunk agpeca nepegaet KOMOMHAIMIO CUTHAJIOB € MJIAIIINX
U CTapIIUX Pa3psI0B HA MYJIbTHILIEKCOP, KOTOPBIN B CBOIO o4epeib (OpMUPYET CUTHAI, IepeaaBa-
emblil Ha O3Y.

O3Y mpuHHMaeT ympapisIOIIMe CUTHalbl B 00paboTaB CHOBA MEpeaaeT Ha YCTPOMCTBO
XpaHEHUs, KOTOPOE MEpelacT COXPaHEHHYI0 MH(OPMAIMIO Ha BBIXOJ CXEMbI NMPH MOCTYIUIEHUU

curHaina CAS, KOTOpbIN PUAET C 3aI€PKKOH.
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IMTPUJIOXXEHUE 4

(onucaHue NPUHIMIHNAIBHON CXEMBI)
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3 Onuncanue NPUHUUIINAIBHON CXeMbl

PaccmoTpum npuHIMI paboThl yCTPOICTBA MO €ro NPUHIUITHAIBHON CXeMe.

IIpy BKJIIOUEHMM NUTaHUS YCTaHABIMBAECTCA HU3KUH YpPOBEHb HAIPSDKEHMSI Ha BBIXOJZE
sanementa DD2.4. Tlocrynas Ha Bxoa R cuérunka DD4, on paspemaer ero padory. I[Ipu sTom Ha
BbIX0JIe 9 cuéTurKa MPUCYTCTBYET HAINPSLKEHUE HU3KOTO YPOBHS, paspeliaomiee padoTy reHeparo-
pa umnynbcoB Ha anemeHtax DD2.1, DD2.2. Mx gacroTa onpexensercst pesucropoM R17 u xon-
nercaropoM Cl15. Mmnynbscel noctynator Ha Bxog CP cuétunka DD4. Cuér nponoskaercs, noka
Ha €ro BBIXOJIe 9 HM3KHMI YpOBEHb HE CMEHUTCS BBICOKUM, YTO 3alpeTHT paboTy reHepatopa. XoTs
Ha BbIxoJie 3neMeHTa DD2.3 ypoBeHb CTaHET HU3KHUM, HO, MOCKOJIbKY Ha BbIBOAE | 3nemMeHTa
DD2.4 on Bbicokwmii, Ha Bxoae R cuétunka DD4 octanercs Hu3kuil ypoBeHb. B TakoMm cocTosIHMM
yCTPOMCTBO MOJKET OCTaBaThCs CKOJIb YTOJHO JI0JITO.

Koraa Ha coToBblil TenedoH, paaoM ¢ KOTOPbIM HaxoauTcs Mukpodon BM1, nmocrynaeT BpI30B

Y 3BYYHUT 3BOHOK, CUTHAJI, IPUHATHIN MUKPO(QOHOM, ycuiIeHHbIH Tpanzuctopamu VI1 -VT3, VT6 u
BbIIpsIMIIEHHBIH quogamu VD1 u VD6, npuxoautr Ha mOporoBo€ yCTPOWCTBO, BBIIIOJHEHHOE Ha
crabunutpone VD7 u tpansuctope VT11. [Ipu HanpsykeHUU Ha BXOJE 3TOTO ycTpoiicTa 6onee 3,5
B tpansuctop VT11 otkpeiBaercs u Ha BeiBoA 1 anemenTa DD1.1 noctynaer HanpskeHUe HU3KOTO
JIOTMYECKOTO YPOBHS, YTO 3allyckaeT OJHOBUOparop, coOpanHbid n3 snementoB DD1.1 u DD1.2.
OH reHepupyeT UMITYJIbC HU3KOTO JIOTHUECKOTO YPOBHS JJIUTEIBHOCTBIO OKOJIO 9 ¢, OIpeenseTcs
LENBIO CIRS.
Hapacraromuii nepenan ummynbca 3amyckaeT oxHoBHOparop Ha snementax DDI1.3, DD1.4.
KopoTkuii UMIysI5¢c HU3KOTO YPOBHS IOCTYNAET Ha BbIBOA 1 anementa DD2.4, a Tak kak Ha BbIBOJIE
2 yCTaHOBIIEH HU3KUI ypOBEHb, TO Ha BbIxoJe AieMeHTa DD2.4 u Bxone R cuérunka DD4 Bo3HUK-
HET UMILYJIbC BBICOKOTO YpOBHS. OH YCTaHOBUT CUETYMK B UCXOJHOE COCTOSIHUE C BBICOKUM YpPOB-
HeM Ha BbIxojie 0 1 HU3KUM Ha BCEX OCTaJbHBIX BbIXOJaX, B TOM UMCIIE HA BBIXOJE 9, UTO pa3peluT
paboty reLeparopa HMMITYJIbCOB Ha 3JIEMEHTaX DD2.1, DD2.2.
Bricokum ypoBHeMm Ha Beixoze 0, a 3areM Ha Bbixojne | cuérumka DD4 oTkpsiBatoTcs TpaH3H-
cropsl VI7 u VT9, 3ambikaronue npubau3uTensHo Ha 2 ¢ 1enb nutanus oomotku pene K1. Kon-
taktamu K1.1, monkmou€HHpIMU mapaienbHo KHomke "OTBeT" coToBoro TenedoHa, IMUTHPYETCS
Ha)KaTUe Ha 3Ty KHONKY. Tenedon "noxaumaer tpyoky".  [IpumepHo uepe3 7 ¢ mocie 3TOTO BbI-
COKHIi YpOBEHb OyZeT yCTaHOBJEH Ha BbIxoae 8 cuétunka DD4. D10 oTkpoet Tpan3uctopsl VI8 u
VT10, cpabotaer pene K2, ero konrakrsl K2.1, moakmouéHHble napamienbHo kHomke "O1ooi" Te-
nedoHa, 3aMKHYTCSI. Tenedon "OJIOKUT TpyOKy".
Ecnu He mo3aHee 7 ¢ mociie OTBETa HA BBI30B 3BOHAMIMNA HAXXMET HA CBOEM TeneoHE KHOIKY

"#", Ha BpIxO#ax nexojaepa DA nossutcs kox atoit kHonku (1100). B pe3ynbrare Ha BbIXOJE 31e-

104



meHTa DDS5.1 Oynmer ycTaHOBIEH HU3KHH YpOBEHb, YTO 3aIyCTHUT OJHOBHUOpPATOp M3 DIEMEHTOB
DD5.2 u DDS5.3. Ha Beixoae anementa DD5.3 Gyner chopMupoBaH UMITYIbC HU3KOTO JJOTHYECKOTO
YPOBHSA JUINTENbHOCTHIO 0K0JI0 40 ¢, onpenensercs nensto C18 R30. Dnement DD5.4 npounsep-
TUpPYET ero, B pesyabTare Ha Bxoae CN cuérunka DD4 Oyzner ycTaHOBJIEH BBICOKHH ypOBEHb, UTO
3ampeTuT Cc4€T W 3aJepKUT Ha  BpeMs  HMIyJdbca mnojady curHama  "Ot6oit".

Kpome Toro, BEICOKUM ypoBHEM ¢ BbIxoja snemeHta DD5.4 Oynetr oTKpbIT TpaHzuctop VTS.
3TO 1acT BO3MOKHOCTH pa3pelnTh padboTy aemudparopa DD3 curnanom c Beixona StD nexonepa
DAI1, noarBepxaaroluM IpuEéM OYEPETHOIO -CUrHajla U OTKpbIBatoluM Tpansucrop VT4. Eciu
3BOHSIIMI BCIIE 3a KHOTIKOW "#" Ha)kasd Ha cBO&M TenedoHe, HanpuMmep, Ha KHOMKY "1", Ha BbIXoie
1 mepemreamero B akTUBHBIN pexxuM Aemudpatopa DD3 ypoBeHb CTaHET HU3KHM. DTO JIOJDKHO
IIPUBECTH B JACHCTBHUE YIPABIIIEMOE CUTHAJIOM C 3TOTO BBIXOJIa HUCIIOJIHUTENBHOE YCTPOICTBO. BhI-
xoabl 1-9 nemmdparopa cOOTBETCTBYIOT OJHOUMEHHBIM KHOMKaM TeiedoHa, Bbixoa 10 - KHOMKe

"*" gprxox 11 - kaonke "O", a Beixon 12 - kuomnke "#".
b b
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IMTPUJIOXEHUE 5

(DnexTpuyecKkuil U JOTUYECKUNA pacyer)
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4 DyieKTpUYeCKHIl U JTJOTHYeCKH pacdéTnl

4.1 DnexTpuueckuil pacuér

4.1.1 Pacuer unrerpupytomeit nenu Ro Ce

qE

P:IT

]

= T
= e

PucyHok 2 - unTerpupyomas nemnb

Hcxonnbie nanHble:

Unir=6B

Unop=3B

I1ax=0,3 MKA

Tw=200 HC

PaccunthiBaeM MHHUMAIBHOE COMPOTUBICHHUE Rmin , OM, HHTETpHpYIOMIEH 11enu mo ¢op-
MyJie

Rumin = Unr / Lrax (D)
rae Unyr - HanIpshKeHue nuTanusl, B;
I1ax - MaKCUMaJbHBIN TOK MOTpeOIeHUS, A.

Rumin=6/0,3*%10°=2*10°0mM=2 MOm

W3 Tabauibl HOMHHAIOB BBIOMPaeM Rupa™> Rmin
Rupax=3 MOm

PaccunteiBaem emkocTh koHAeHcaTopa C, ¢, uHTErpupytoiei nenu no Gopmyre

C= f

R %k ln Unum

num nop

)

rae tu — BpEMs JJIUTCIbHOCTH UMITYJIbCA, C;
Unop— IOpOroBoe HanpsikeHue, B.
C=200*107/3*10°*0,7=0,095*10"2®=0,095n®

W3 Tabnuiibl HOMUHAIOB BhIOUpaeMm éMKocTh KoHAeHcaTopa Cs=0,33 nd
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Pesynbrar pacuera: Ro=3 MOM, Cs=0,33 n®

4.1.2 Cxembl yctaHOBKH BpemeHu aist S1, S5, S6

a7
[

Pucynok 3 — cxema ycTaHOBKM BpeMeHH s S1

PaccmoTpuM nponiecc ycTaHOBKM BpeMeHHU 11 S1.

IIpu ormymenHoi kHomku S| Ha BbIXOAE Tpurrepa, codpanHom Ha mMc DI1.1 u
D11.2npucyrctByet curnan jgorudeckoi 1. Ilpu HaxaTuu kHonku S1 OH CMEHsIETCA CUTHAJIOM JIO-
rudeckoro 0.CrenoBaTenbHO,IpU KakJIOM Ha)KaTHM, a 3aTe€M OTIYCKaHMM KHONKH S1 Ha CUETHBIN
Bx0oJ cuérunka D4 (xoHTtakT 4) uepe3 mc D3.2 mocrynaer nepenaja HanpsKEHUs, BbI3bIBAIOIINI
cpabaThIBaHUE CUETUMKA M U3MEHEHHE ero MmokazaHus Ha 1.

AHaNnOTMYHO OCYIIECTBIISIETCS MPOLIECC YCTAaHOBKH 715t S5,S6

Jlis orpaHudeHus BXoaHOTo Toka MukpocxeMmbl K176JIA7 no Bennuunsl 30 MKA uc-
nosib3yrores pesuctopsl R3 u R4, R14 u R15, R17 u R16 cootBerctBenno ans S1,S5,S6.

PaccunteiBaeMm conportuBieHue pe3uctopos R, Om, mo ¢popmyre

R=U/I 3)
rae U — HanpsbKeHue nuTanus, B;
I— notpebnsiemsbrii Tok Mukpocxemsl K176JIA7, A.

R=6/30*10°=200 kOm

W3 Tabnuuel HoMuHaIoB BeIOMpaeM pesuctopsl R3 u R4, R14 u R15, R17 u R16 nHomu-

"gaoMm 510 kOm.

Pesynbrar pacuera: R3, R4, R14, R17, R15, R16 =510 kOm
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4.1.3 Cxembl yCTaHOBKH BpeMeHU i1 S2

f A
LAy

roryoar |I|
LU o —

PucyHok 4 - cxema yCTaHOBKHM BPEMEHHU AJis1 S2
PaccmoTpuM nporniecc ycTaHOBKM BPEMEHHU A S2
ITpu oTmymeHHOW KHONKKM S2 Ha BBIXOJE TpUITepa, coOpaHHOM Ha mc D12.2 mpucyr-
CTBYeT curHai Jyorndeckoi 1.IIpm HakaTum KHONKM S2 OH CMEHSETCS CUTHAJIOM JIOTMYECKOIO
0.CnenoBarenbHO,TPU KaXKJI0M HaXKaTHH, a 3aT€M OTIYCKAaHUU KHOMKHU S2 Ha CYETHBIM BXOJ CUET-
yuka D7(konTakT 4) uepe3 Mmc D6.2 nmoctynaer nepemnaj HarpspKEHUs, BHI3bIBAIOIINI cpabaThiBa-
HUE cUETYMKA U U3MEHEHHE €ro NoKa3aHus Ha 1.
Jlia orpaHnyeHust BXOJHOTo Toka MUKpocxeMbl K176TM2 no Benmunubl 30 MKA HCIOIB3YIOTCS
pesucropsl RS u R6. ConpoTuBienue pe3aucTopoB pacCuuThIBaeTcs 1o gopmyne 3
R=6/30*10°=200 kOm
W3 Tabauibl HOMHHANIOB BeIOMpaeM pe3uctopbl RS u R6 nHomunanom 510 kOm.
Pesynbrar pacuera: RS, R6 = 510 kOm

4.1.4 Pacu€r reneparopa ¢ KBaplieBbIM PE30HATOPOM

KBaprieBoMy pe30HaTOpy CBOMCTBEHHBI 2 PE30HAHCHBIE YaCTOTHI, IPU KOTOPBIX 00ecrevu-
BAETCs PAaBEHCTBO a0COJIIOTHOTO 3HAUEHUS PEaKTUBHOTO COIPOTHUBIICHHUS — 3TO YaCcTOTa MOCIE0BA-

TCJIIBHOT'O pE30HAaHCAa U 4aCTOTa MMapaJlJICIIbHOTO pC30HaHCa

_L_I_

[

J_Zﬂ? L1 = (2
=

-‘_ R

Pucynok 5 — YI'O u skBHBanieHTHas cXeMa KBaplLieBOI0 pE30HATOPA
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Pucynok 6 — CrangapTHas cxeMa BKIJIIOUEHUS TeHEepaTopa ¢ KBaplLeBbIM PE30HATOPOM

Mukpocxema K176MES  comepkuT Kackaapl Juis pabOThl B KBaplEBOM T'€HEpaTope ¢
BHEILIHUM PE30HATOpPOM Ha yacToTy 32 768 'l u naTHaguaTupa3psAaHbIid ABOUYHBIA AETUTEND Ya-
CTOThI. BBIXO/IHOM cUrHaJI KBaplieBOro reHepaTopa MOYKHO KOHTpoJuMpoBaTh Ha Beixogax K u K.
Curnai yactortoii 32 768 'l nocTynaeT Ha BXOJ AE€BSITUPA3PSAAHOIO JBOMYHOTO JIEIUTENS YaCTOTHI.

C ero BeIxoza 9 curnan yacroroit 64 I'y MmoxeT ObITh ITOoAaH Ha Bxox 10

mectupaspsanoro aenurens. Ha Beixone 14 msaroro paspsina storo nenutens GopMupy-
I0TCSL UMITYJIbCBI YacToTOM 2 I'li, a Ha BbIxoAe 15 miecroro paspsaa - 1 I'u. Bxog R mukpocxemsl
CIIY’KUT Ul YCTAaHOBKHM MCXOJHOM (ha3bl KojeOaHMl Ha BBIXOJAaX MHUKpocxeMmbl. Ilpu momaue Ha
Bxo R ypoBHs | Ha Bbixogax 9, 14, 15 Bo3Hukaer ypoBeHb 0, a mocie CHATHS YCTaHOBOYHOI'O
YPOBHS TOSBIISAIOTCA CUTHAIBI COOTBETCTBYIOIEH YaCTOTHI, IPUYEM CIIaJ] MIEPBOIO UMILYJIbCa I10-
JIO’)KUTENBHOM TOJIIPHOCTH HA BbIXoZ€E 15 Bo3HMKaeT yepes | c.

Konpnencaropsr C1 u C2 ciayxar sl TOYHOM YCTaHOBKH YacTOThI KBAapILIEBOI'O FE€HEpATOpa.
EMKOCTb NepBOro u3 HMX MOKET HAXOJUTHCA B MpeJeNax OT eAUHMIL 10 CTa MUKo(apas, EMKOCTh
BTOpOTO - B uHTepBasie 30...100 nd.

Ilo cranpaptHOM cxeMe BKIroueHus ycraHaBiauBaeM: R1=200xkOmM, R2=10Mowm,
C1=30n®, C2=30nd.

.1.5 Cxema Bxarouenus cseroquona HL1

HLT R8 14
+68
L G

k D13
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Pucynok 7 - Cxema Bkitouenus csetoauona HL1
Hcxonnbie nanHble:
Unir=6B
Unop=3B
Bri6upaem B kadectBe cBeroanona HL1 ceeroauon mapku AJI310A co cnemyrouumu ma-
pamerpamu: Unpy=2B, Ip=10 MA
ITo MCXOHBIM JaHHBIM PAacCUUTHIBAEM BHYTPEHHEE COIIPOTUBIIEHHE CBETOANOA Ranyrp , O, 1O
bopmyne
Renyrp = Unp /Inp (4)
rae Upp — npsMoe HalpsKeHUe CBEToano1a, B;
Inp —ipsiMOIi TOK cBeTOAMOMA, A.
Renyp=2/10%107=0,2kOm
Conpotusnenue Rpi4 paccunteiBaem n3 napamerpoB UMC: Upx=0,3 B, Inorp =1 MA
Rpi4 =0,3/1*%107=0,3*10° OM=300 Om
PaccunThiBaeéM MUHHUMAJIEHOE CONIPOTHBIIEHUE Pe3UCTOPa Rmin , OM, 1O popmyre
Ruin =Unmir /(Inp- Rvp —Rb14) (5)
rae Rvp — conpoTtusnenue aquona, OMm;
Rp14— conporusnenne Mmukpocxemsl K176KT1, Om.
Rumin =6/10%1073-200-300=100 Om
W3 Tabauibl HOMHUHAIOB BBIOMpPaeM Rupax> Rumin
Rupax =430 Om
PaccunrteiBaem Tok muona I, A, mo dpopmyre
Ii = Unie/ (Rvp +Rp14+Rs) (6)
rae Rg — conporusnenue pesucropa, Om;
Lax =6/(200+300+430)=0,006 A=6 MA
Taxum o6pazom [; < Iax =10 MA
Pesynbrar pacuera: I =6 MA, Rupax =430 Om

4.1.6 Pacuér uenwu 3apsaa-paspsna konaencaropa Rz, Cs , Rz

K 0122
68 R1Z "‘* K7
53

lf_?
i
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Pucynok 8 — nens 3apsina-paspsaga konaencatopa Rz, Cs , Rz
HcxonHble naHHble:
Unir=6B
Unop=3B
Tpasp=7 MKC
PaccuntsiBaem R7 C; -1iens paspsga KoHAeHcaTOpa
Hcexond us napameTpoB MUKPOCXEMBI T=7 MKC.
W3 Tabnuiibl HOMUHAJIOB BhIOMpaeM KoHaeHcaTop EMkocThio 1000 nd.

PaccunteiBaem conpotuBnenue Ry, OMm, mo hopmyre

R, = (7

u,.-U

num nop
rae T — BpeMs 3apsiia KOHIEHcaTopa, C.
R7=7*10°/(1000*10"2h0,7)=10%10°0Om=10 kOm
W3 Tabauibl HOMHUHATIOB BBIOMpPaeM Rupa> R7
Ripax=10 kOMm
Paccunraem Bpems 3apsina KoHaeHcaTopa Tsap, €, NCXOAS U3 TapaMETPOB
MHUKPOCXEMBI
Tpasp~ Taap/10 (8)
Tsap =7 MKc/10=0,7 MKC
PaccunteiBaem conportuBnenue Ri> , Om, mo ¢popmyre 8

R12=0,7*%10/(1000*10"'2 h0,7)=1*10°0Om=1 kOm

W3 Tabauibl HOMHHAIOB BBIOUpPaeM Rupa> Ri2
Ripax=1 kOM
Pesynbrar pacuera: R7=10 kOM, Tsap=0,7 MKc, R12=1 KOM, Tpasp =7 MKC
Iens 3apsna-paspsaa konaeHcatopa R7, C3 ,Ri2 paccunThIBaeTCsl aHaJIOTMYHO BBbILIE-

PacCMOTPEHHOM LICTIH.

Pesynbrar pacuera: Ri1=10 kOM, Tsap=0,7 MKC, R13=1 KOM, Tpasp =7 MKC
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4.2 Jlornueckuii pacuér

1 BpemeHnnas nmarpamMma, MOSICHSIOIIAs pabOTy cueTyumka 7-c Koja (MHKpocxema
176ue4)

e
f|:| g Db
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e C
|d:| [ 1h
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Pucynok - Bpemennas nuarpammsl Mukpocxemsl K176 NE4
Muxkpocxema K1761AE4. [IpuHrMaeT curHaiisl, 3TH CUTHAJIBI OHA MOJCUYNUTHIBAET U I1€-
PEBOUT B JBOUYHBINA KOJI, KOTOPBIN BCIEACTBUE NIEPEBOAUTCS B 7-C KOA. 7-C KOJ MOCTYyIAeT Ha
KOHTAKThl HHUKATOP, TPOUCXOIUT OTOOPAKEHHUE YHCEIL.
[Tpu mogaun Ha KOHTAKT MHAMKATOPA €UHHIIBI TO CerMeHT Oyner roperts. [Ipu noga-
M HYJISl CETMEHT He OyneT ropets. BpemenHas auarpamma mnosicusier paboTy HHIUKATOpa, 1Mo-

Ka3zaHHas Ha pucC
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2 TIpumep paboTsl Taiimepa Ha 10 MuH

1 2 3 4 5 6 7 8 9 10

o42___ | || [ | LI LI L
ooa4____ [ L[ ]
DD4:7 | |

DD4:1 [ L
DD5:2 [
DD1:1 [

PaGora Taitmepa obecrieunBaeTcs MOJACYETOM BPEMEHHBIX WHTEPBAJIOB JIECATUIHOTO
cuerunka DD4 u DDS5. DD4 noacuuthiBaeT eUHUIBI MUHYT. DDS MOCUUTHIBAET NECATUUHBIC
MUHYTBI. COPOC CUETYMKA BBIMIOJHSIETCS BHIOOPOM JOCTUTHYTOTO COCTOSIHUSI CUETUYHKOB JI€-
mmmdparopom (kHorku SB1 — SBS). Ilpu qoCTIKEHHH CUETYHMK BPEMEHHOTO MHTEpBajia 4yepes
nemudpaTop MPOUCXOIUT cOPOC CHTHANA U YCTAaHABIMBACTCS B HOJIb. BpeMeHHas auarpamma

nosicHAeT paboTy Taiimepa npu GOPMHUPOBAHUH MHTEpBaia BpeMeHu 10 MuH 1okasaHa Ha puc
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IMTPUJIOXEHME 6

(Pacuet Hasie’)KHOCTB)
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5 Pacyer Haae:KHOCTH

OcHoBHbIM NOKa3aTeneM DBM sBnsercs HaaekHOCTb. OHa 3aBUCHUT KaK OT HaIEKHOCTU
UCTOJIb3yEeMON 3JIEMEHTHON 0a3bl, TAK U OT MPUHATBHIX CXEMOTEXHUYECKUX U KOHCTPYKTUBHBIX pe-
LICHU.

HanexHOCTh — 3TO CBOICTBO BBIMOJHATH 33aJaHHbIC (DYHKIIUU, COXPAHSsS SKCIUTyaTallloOH-
HbIE TI0OKa3aTeNy B JOMYCTHUMBIX MpeAeiax B T€UeHHE TPeOyeMOro MpOMEXYTKa BPEMEHHU U BO3-
MO>KHOCTBH BO30OHOBIJICHUS (PYHKIITMOHUPOBAHHS YTPAUEHHOTO TI0 TEM WJIM WHBIM MPUYHUHAM.

B mo60i#t MomeHT BpemeHn DBM MokeT HaXOAWUTHCS B UCHPABHOM M JIM HEUCIIPABHOM
cocrosHusx. Eciu DBM B naHHBIIT MOMEHT BPEMEHH YIOBJIETBOPSIEM BCEM TPEOOBAHHSIM OCHOB-
HBIX U BTOPOCTEIICHHBIX [IapaMeTPOB, TO TAKOE COCTOSIHUE Ha3bIBaeTCs ucnpaBHbIM. HencnpasHoe
cocrosiHue OBM — 310 cocTOsIHME, IPU KOTOPOM OHA B JIaHHBIM MOMEHT HE YJOBJIETBOPSIEM XOTS
ObI OJTHOMY U3 OCHOBHBIX WJIM BTOPOCTENEHHBIX TpeOoBaHUU. OHAKO HE KakJash HEUCIPAaBHOCTh
NPUBOAMT K HEeBbINOJIHEHUI0 DBM 3ananubix ¢yHkuuit. [losToMy U1 OLIEHKH HAEKHOCTH BBEIE-
HBI IOHATHUS pabOTOCHOCOOHOCTh M OTKA3.

PaboTocrnoco6HOCTh — 3T0 cocTossHue DBM, npu KOTOpOM OHA B JaHHBII MOMEHT BPEMEHHU COOT-
BETCTBYET BCEM TpPEOOBAHUSAM, XapaKTEPU3YIOIIMX HOPMAJIbHOE MPOTEKAHUE BBIYMCIUTEIHHOTO
poruecca.

Otka3 — coObITHE, COCTOsIIEE B TOJTHON WIIM YaCTUYHOM yTpaTe paboTOCIIOCOOHOCTH CH-
crembl. T.K. HE BCsiKas HEUCIIPABHOCTD IIPUBOJUT K OTKa3y, TO HA IIPAKTUKE pa3InyarOT OCHOBHBIE
U BTOPOCTENEHHbIE HEUCIPaBHOCTU. OCHOBHbBIE HEMCIPABHOCTH IMPHUBOJAT K OTKa3y, a BTOPOCTE-
MIEHHBIE — HE IPUBOJIAT, HO CO3/al0T HEYA00CTBA NPHU HKCILTyaTalllu.

Bo03HUKHOBEHHE OTKa3a BO BPEMEHU - 3TO CIy4ailHOE COOBITHE, UTO MO3BOJISIET UCIOJIb30-
BaTh IS OLICHKH HAJIEXKHOCTU METO/IbI TEOPUHU BEPOSATHOCTU U MATEMATUYECKON CTATUCTUKH.

Knaccugukarms oTkazos:

1 Tlo xapakTepy BO3SHUKHOBEHMS:

a) BHE3alHbIE — OTKAa3bl, BOSHUKAIOINUE B PE3YJbTaT€ MTHOBEHHOI'O M3MEHEHUS OJHOIO
UJIM HECKOJIBKUX I1apaMeTpPOB AIEMEHTA. Y CTPAaHEHUE BHE3AIHOIO OTKAa3a IIPOU3BOAUTCS 3aMEHOMN
OTKA3aBILIETO MNIEMEHTA UIIU €T0 PEMOHTOM.

0) mocTeneHHble — OTKa3bl, BO3HUKAIOLINE B pe3yJbTaTe MOCTEIIEHHOIO U3MEHEHUS mapa-
METPOB JJIEMEHTOB JI0 TEX IIOP, [T0KA 3HAYEHUE OJHOTO U3 I1apaMETPOB HE BBIMACT 3a JOIYCTUMBIC
IpeAeibl. YCTpaHeHUe IOCTEIIEHHOIO 0TKa3a IMPOU3BOJUTCS 3aMEHOM,, PEMOHTOM WM PErYJIMPOB-
KOM.

2 Ilo xapakTepy yCTpaHEHHUS:

a) YCTOHYMBBIE, T.€. JJIS YCTPAHEHHs TAKOTO OTKa3a HEOOXOAUM PEMOHT WM 3aMeHa dJie-
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MEHTA, T.€. HeOOXO0AMMO BMEIIATEIHCTBO YEIOBEKA.

0) caMOyCTpaHsIOIHKECs, T.€. YCTPaHIIOTCS 0e3 BMelaTenbCTBa yenoseka. [Ipossistores
B (popme cO0s1 MM TIepeMeNnIaroIIerocsi 0Tkasa), OHU CIEAYIOT OAMH 3a Apyrum). COoii — oTHOKpaT-
HO BO3HUKAIOLIUI, CAMOYCTPAHSIOIIUNCS OTKA3.

[IposiBnenne c60eB 00yCIOBICHO BHEUTHMMU M BHYTpeHHUMH (akropamu. K BHemHum
(baxTOpaM OTHOCATCS KOJIeOaHUs HANpPsDKEHUS MUTaHUs, TeMIlepaTypHble Konebanus, Budpanuu. K
BHYTPEHHUM (paKTOpaM OTHOCSTCS: HECHHXPOHHOCTb PabOThI OT/AENbHBIX YCTPOICTB, BHYTPEHHUE
LIYMBl U HaBOJKH.

3 Ilo BHEMIHUM IIPOSIBICHUSM:

a) sIBHbIE — 0OHAPY>KUBAIOTCS PH BHELTHEM OCMOTPE;

0) CKpBITBIE — 00OHAPY)KUBAIOTCS CHIEIUATBHBIMA METOAAMU KOHTPOJISL.

[Tpu onpenenenuu Hage)KHOCTH DBM HE00X0aMMO 3HATH MPOLIECC BOSHUKHOBEHHS OTKA-
30B YCTPOMCTB, KOH(PUTYPAITUIO CUCTEMBI, TIOPSIIOK 0OCTY>)KMBAaHUSI U PEMOHTA YCTPOUCTB.

Bb100p KOMMYECTBEHHBIX XapaKTEPUCTUK HAJEKHOCTH 3aBHCUT OT Buaa OBM (Boccra-
HaBJIMBaeMble U HEBOCCTaHaBNMBaeMble). BoccranaBnuBaembie DBM — OBM, koTopsie B mpoiiecce
BBITIOJTHEHUS CBOMX (DYHKIMI ommyckaroT peMoHT. Eciu npousoiineT otkas takoit 9BM, To 0H BbI-
30BeT IMpeKpalieHne QyHKIIMOHUPOBAHMS U3JENUs TOJIBKO Ha MEpUoJ yCTpaHeHus: oTkasza. HeBoc-
cTaHaBiuBaeMbie — DBM, KOTOpbIe B MpOIlECCEe BBHIMIOTHEHHUSI CBOMX (YHKIMA HE JOMYCKaeT pe-
MOHT.

[ToxazaTeny HaAEKHOCTH: BEPOSTHOCTh 0E30TKAa3HOHM pabOThI, BEPOSITHOCTh OTKa3a, MH-
TEHCUBHOCTb, CPEIHSA HapaOOTKa Ha OTKa3.

3HAUUTENBHOE TOBBIIIEHUE HAJIEKHOCTH JOCTUTAETCS CO3AaHMEM HOBBIX JJIEMEHTOB, Ta-
KHUX KaK MHTeTpaJibHble cXeMbl. OJIHAKO CYIIECTBYIOT 3JEMEHTHI, HAJIE)KHOCTh KOTOPBIX JOCTATOY-
HO HM3Kas U TPYAHO NOJJAETCs MOBbIMIEHUIO. [I03TOMYy OHUM U3 pacnpOCTpaHEHHBIX IMYyTEH Imo-
BBIILICHHSI HAJZISKHOCTH SIBJISIETCSI BBEJICHUE CXEMHON M30BITOYHOCTH.

CxeMHasi U30BITOYHOCTh MOXKET OBITh HECKOJIBKUX BHJIOB:

a) CTPYKTYpPHOE pE€3€pBUPOBAHUE - MIPEAIIONIAracT BKIOYEHUE B CXEMY YCTPOUCTB JI0MOJI-
HUTEJBbHBIX 3JEMEHTOB, KOTOPBIE IIO3BOJISIOT CKOMIIEHCUPOBAaTh OTKAa3bl OTIENIBbHBIX YacTEH
YCTPOMCTBA U 00ECTIEUUTh UX HAACKHYIO paboTy. OqHako pe3epBuUpoBaHHE PPEKTHBHO TOIBKO B
TOM Clly4yae, Korja HEUCIIPaBHOCTH SIBJISIIOTCS CTATUYECKU HE3aBUCHMBIMH.

0) pezepBUpoBaHHE 0€3 BOCCTAHOBIICHUS - PA3JIMYAETCS 10 BUAY BKJIIOYCHHS PE3EPBHBIX
2JIEMEHTOB (TIOCTOSIHHOE PE3EPBUPOBAHUE, PE3EPBUPOBAHUE 3aAMELIEHUEM U CKOJIB3SIIEE PE3CPBU-
poBaHue).

[Tpu MOCTOSTHHOM pE3epBUPOBAHMHU MIPEIIOIAraeTCs, YTO 000N OTKa3aBIIMK JIEMEHT HE

OKa3bIBACT BJIMAHUC HA BBIXOAHBLIC CUT'HAJIbI U IIO3TOMY CIr0 IMPAMOTO OGCHY)KI/IBaHI/IH HC IMMPOU3BO-
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JUTCSL.

[Tpu pezepBUpOBaHUU C 3aMEIICHHEM MpeAroyaraeTcs oOHapyKEHHE OTKA3aBILEro 3Je-
MEHTA U MOJKIIOYECHHUE UCIPAaBHOrO. [I0KIIIOUEHHE MOKET OCYLIECTBIATHCS KaK BPYYHYIO, TaK U
ABTOMAaTHUYECKH.

[Tpu cxonp3siieM pe3epBUPOBAHUM JHOO0I pE3EpBHBIN IEMEHT MOXKET 3aMEHATH JIF0OOH
OCHOBHOM 35ieMeHT. /|1 TaHHOTO BUAA pE3epPBUPOBAHUS HEOOXOAUMO UMETh YCTPOHUCTBO, KOTOPOE

ABTOMATHYCCKHU HAXOOUT HCHCHpaBHLIﬁ QJICMCHT M INIOAKJIIOYAaCT BMECTO HETO p€3epBHLIﬁ.
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IMTPUJIOXEHUE 7

(TeXHOJOTHYECKAs YACTh JUIIJIOMHOIO IMPOEKTA)
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6 TexHoornyeckasi 4aCThb NMPOEKTA

6.1 AHanu3 TEXHOJOTHYHOCTH U3AEIIUI

TexHoIOTHYHON Ha3bIBaCTCS TaKash KOHCTPYKIHUS, KOTOpask MOXKET ObITh M3TOTOBIIEHA TIPH
HaWMEHbIIIEH 3aTpaTe OBEUIECTBIECHHOTO U )KMBOTO TPY/Ja U MOJHOCTHIO OTBEYAET MPEAbABISIEMbIM
K U3JICTNIO DKCIUTYaTallUOHHBIM TPEOOBAHUSM.

Cpenu  KpUTEpHEB, OICHHBAIOMINX TEXHOJOTUYHOCTh KOHCTPYKIIMH, Haubosee
MPUMEHSEMbIMU SIBJISIIOTCSI CIICAYIOIIUE: paclpeesieHHe AeTale Mo MpeeMCTBEHHOCTH, KilaccaM
TOYHOCTH, TEXHOJIOTUYECKOW KOH(PUTYpAIlMK U TIPUMEHSIEMBIM MaTepuajaM, paclpeieiicHue y3II0B
(cOOpOK) TO CIIOKHOCTH M B3aMMO3aMEHSIEMOCTH BHYTPH Y3JIOB, OPUEHTHUPOBOYHAS TPYIOEMKOCTh
W3TOTOBJIICHUS JleTalied M COOpKM W3JIENNiA; CHelHalbHas TEXHOJIOTUYECKash OCHACTKa, o0Imas
XapaKTEPUCTHUKA JJI OLIEHKU TEXHOJIOTUYHOCTH.

[Ipu ompeneneHUy TEXHOJOTUYHOCTH CO3JABAEMBIX KOHCTPYKUIUN HEOOXOAMMO YYHUTHI-
BaTh BCce (pa3bl MPOU3BOICTBA, XapaKTEPUIYIOIINE H3TOTOBICHHE HE TOJBKO JeTalIel, HO U U3
B IICJIOM.

B xauecTBe OCHOBHBIX HalPaBJICHUHN MOBBIIICHUS TEXHOJIOTHYHOCTU B PAIUOIIEKTPOHHOM
anmapaToCTPOCHUHA MOTYT OBITh IPUHSTHI:

1. IloBBIIICHHE TEXHOJOTHYHOCTH JCTalCH U3ICIIHS;

2. IloBblllIeHNE TEXHOJOTUYHOCTH Y3JIOB U U3/ B LIETIOM.

3.1. Iloka3aTenu CTEIeHN TEXHOJIOTHYHOCTH:

1) Koaddumment crangapTuzaum paccauTbiBaeM 1o hopmyie

_ Ko
necm n (8)

/1€ Nem — KOAPPUIIUESHT CTaHIAPTU3AIINN;
K9 — YHCJIO CTaHIAPTU3UPOBAHHBIX SJIEMEHTOB;
n — 00IIIee YHCIIO AIMEKTPOPATUOITIEMEHTOB;

2) Koa¢punmeHnT Hopmannuzanuu pacCYUTHIBAaEM 1o popmyine

_ Ks
N = " 9)

rZie K1 — YMCII0 HOPMAJIM30BAHHBIX 3JIEMEHTOB;
Niopu — KOI(DPUIIMEHT HOPMATTU3ALIH.

3) Koa¢pummeHt npeeMCTBEHHOCTH PAacCUUTBIBAEM I10 (popmyIie

_ K

nnpueM - n (70
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I/ie K11 — YUCII0 TPEEMCTBEHHBIX AJIEMEHTOB;
Nipeen — KOAPOUITUEHT TPEEMCTBEHHOCTH.

4) KoaduimeHT aBTOMaTU3aUN COSTUHEHUH PacCUYUTBHIBAEM IO (POpMyIe

_ N
n asmcoed ( 11
K-
€ N2 — 4YMCJIO0O MOHTAXXHBIX COGI[I/IHGHHFI BBIINIOJITHCHHBIX daBTOMAaTU3UPOBAHHBIM U MCXaHH-
3UPOBAHHBIM MCTOAOM;,

Nagr.coen — KOAPOUIIMEHT aBTOMATHU3AINN COCTUHEHHH.

5) Koa¢pumment ucnonbp30BaHuss MUKPOCXEM PACCUUTHIBAEM 1O (hopmyrie

m

Nun = 7 (12

/1€ Nyen — KOA(DOUIMEHT UCTIONB30BAHUS MUKPOCXEM;
m — YUCJIO UCTIOIH3YEMbIX MUKPOCXEM;

6) Koappumment mexaHM3MpOBAaHHOTO MOHTaXa PacCUUTHIBaEM MO (hopMmysie

:& (13
K-

T'J1€ Nuex.vont — KOAPPHUIIMEHT MEXaHU3UPOBAHHOTO MOHTAXA;

n Mex .MOHmM

K4 — YHMCJIIO MOHTAXHBIX 3JICKTPOPAAUOIJICMCHTOB BBINIOJIHCHHBIX MCXaHHUYCCKUM MC-
TOAOM.

7) Koapumpment aBToMaTH3anuy KOHTPOJISI paCCUUTHIBaEM 1o (hopmyrie

ns
naem.KOHm -
K. (14

T'J1€ Napr.xonr — KOAPPHUIIMEHT aBTOMATU3ALUU KOHTPOJIS;
ns — oOliee YKUCIo onepanuil KOHTPOJIS U HACTPOMKHU BBHIIOJHEHHBIX aBTOMATU3UPO-
BaHHEIM CIIOCOOOM;
Ks — YUCJIO OIlepalil KOHTPOJISA U HACTPOMKH.
8) KoadduumeHnT noBTOpsieMOCTH pacCYUThIBacM 1o (hopmyrie

_Ks

=1
n rnoem n

(15

/1€ Nyosr — KOIDPUIIMEHT TOBTOPSAEMOCTH;
K¢ — OOIIIEe YUCIIO TUIIOB AIIEKTPOPAANOIIEMEHTOB.

9) Koa¢pumment ucnonb30BaHus OPUTHHAIBHBIX 3JIEMEHTOB PACCUUTHIBAEM 10 (popMyie
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K
nopa.:aneM =1- 77 (76

/1€ Nopr.snem — KOIDOUIIMEHT TPOTPECCUBHOCTH;
K7 — YHUCJIO THUIIOB OPUTMHAIILHBIX SJIEMEHTOB.
10) KoadduuueHT nporpeccHBHOCTH paccUuThiBaeM 1o Gopmyse 1

d

nnpoe = E (77

rzae d — 9ucno retanei mosy4eHHbIX IPOTPECCUBHBIM CIIOCOOOM.

11) Koadduuunent ynupukanuu paccuuTsiBaeM 1o Gopmyie
+ K +
M= 2 F K (18
n
I71€ Nyung — KOIPOUIMESHT YHUPHUKAIIH.
12) KoappunueHT TeXHOTOTHIHOCTH PACCUUTHIBAEM 0 GopMyIie
— ,g + rL)emoed+ 0’75 rLemOHm+ 0’3 1 n‘loem+ 0’1 87’1)[3”3}1 + 0’1 1 r;'lpoa
,g + Qzemoed+ ,’;\/IGMOHH’#— rLemOHm+ n'loem+ n'lpoa

N, (19

[TosmydeHHbIe JaHHBIE CBOJIUM B TaOIuUILy 3
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6.2 BeiOop BapraHTa TEXHOJIOTHYECKOTO MPOIEcca U3TOTOBICHUS U3ICTHs

Hannas [T Gyner mpou3BOAUTHCS O KOMOMHHPOBAHHOMY MO3HUTHBHOMY METOJY M3TO-
TOBJICHUS.
TunoBo# mporiecc M3rOTOBICHUS U3AETHS ¢ KOMOMHHUPOBAHHBIM MO3UTHBHBIM METOJIOM

HU3TrOTOBJCHUS IICUYATHBIX IIJIAT

2.1
1.1
2.2 ] | >
23— 2| 1.3
24| | | 37
25 3
| 2.8
2.6
4
55
5.1 —‘ | ,—
5D 5 5.6
| 57
53 -
5.4 | 5.8
7 5.9

Pucynox 11- Cxema TeXHOJIOTHUECKOTO U3TOTOBJICHUS M3AETHsI KOMOMHUPOBAHHBIM O3H-
TUBHBIM METOZOM

OrnucaHue TEXHOJIOTMYECKOTo Impolecca:

1) [loaroroBka Mpon3BOACTBA.

1.1. 3akymka 3JIeMEHTOB, BXOJISIIUX B COCTAB IEYATHOM IJIaThI;

1.2. TloaroroBka MaTtepuana OCHOBaHUS IEYATHOM IJIaThI;

1.3. I[IpuroroBrieHNEe JaKOB, MPUIIOEB, (IIIOCOB, TPOMBIBOUHBIX PACTBOPOB.

2) Jannas I1I1 Oyner AByXCTOpPOHHEH Tak Kak OJHOCTOPOHHSS OyZeT MMeTh OoJIbIINe ra-
OapuThl, a MHOTOCIIOIHAs TpeOyeT OOJIBIIYI0 TPYIOEMKOCTh M BBITIOJHEHA U3 CTEKIOTEKCTOJMTA
(OTBrUPOBaHHOTO € raJIbBAHOCTOMKOH (onbroi mapku CD-2-35T°

Cnenys BeiOpaHHOMY MaTepHuany ocHoBanus manHas I1I1 Oyner pazpabaTsiBaTbesi KOMOU-
HUPOBAHHBIM IMO3UTHUBHBIM METOJIOM.

JlaHHBIN METOJ] BKITIOYAaeT B CeOs CIeAYIOIINUe OTIepaIuu:

2.1. BXogHOM KOHTpOJIb;

2.2. Mexanunueckasi 00paboTKa MeyaTHOH I1aThl;
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2.3. DIeKTpoXUMHUYecKas MeTauIN3allus;

2.4. Ilony4yeHue puCyHKa I€4aTHOM IUIATHI,

2.5. [IpeaBaputenbHas METaILTU3ALINS;

2.6. YaneHue 3alIUTHOTO peibeda;

2.7. MapkupoBaHue;

2.8. KoHrtpois.

3) BHyTpeHHUI1 MOHTaX.

[lalika pe3ucTopoB, KOHAEHCATOPOB, AUOI0B, TPAH3UCTOPOB, IPOU3BOAUTCS ABTOMATU3H-
POBAaHHBIM METOJIOM I'PYIIIOBOM ITAWKKU , HAIIPUMEP BOJIHOM Ipunos. IIpu ycTaHOBKE BBIBOJIBI A€TA-
JIei BCTaBJISIIOTCSA B OTBEPCTUS IIEYATHOM IUIATHI U 3aKPETUISIIOTCS CO CTOPOHBI MANKH 110 AruooM.

4) V3rotoBieHre KOpIyca u3aemusi.

Haubouee pannoHansHON (GOpPMOI [T MHOTUX U3JENHUH SBISETCA NPSIMOYTOJIbHUK. Y4u-
ThIBast TPEOOBAHMSI K YCTPOUCTBY, a TAK)Ke HAJTMYME HA MPEANPUATUU-U3TOTOBUTEINEC TEXHOJIOTHHA U
OCHACTKH, B KaUECTBE OCHOBHOT'O MaTepHaja, UCIOJIb3YyEMOTr0 AJIsl U3rOTOBJIEHUS KOPIyca MOYHO
BbIOMpAaTh Tu1acTMaccy. BbiOop BapraHTa KOHCTPYKIIMH OCYIIECTBISIETCS UCXOMS U3 TEXHUYECKUX
TpeOOBaHUHN U YCIOBUN TIPOU3BOJICTBA.

5) BHemHuit MOHTaX.

Bxurouaet B ce0s cienyromue onepanuu:

5.1. KoMmmieKkToBOYHAS;

5.2. 3aroToBUTEIIbHAS;

5.3. IloaroToBka meyaTHOM TUIATHI K COOpKE;

5.4. Coopounas;

5.5. KonrponbHas;

5.6. MoHTa) 2JIEMEHTOB Ha KOPITYC;

5.7. YcTaHOBKa II1aThl B KOPILYC;

5.8. KoHtpos;

5.9. 3akpsITHE KOpPITyCca KPBIIIKOM.

6) KonTposnsb.

Bce KOHTpOsBbHBIE ONEpaliK OCYILIECTBIISIIOTCSA MOCIE KaKIOM TEXHOJIOTMYECKON omepa-
mun. [Tocie okoH4aHust COOPKU W3NSl IPOU3BOAUTCS KOHTPOJIb MPABUIBHOCTU COOPKU M3JIENUs
Y UCTIBITAaHUE HA BO3/ICHCTBHE KIMMATHUYECKUX (DAKTOPOB OKPY)KAIOLICH Cpeibl.

7) YnakoBka.

Pa3pe3ars nonu3TUIEHOBYIO IUIEHKY HOKHMLIaMU TosuHou 0,1 MM. Jlommyckaercs ynako-
BbIBaTh B OyMary KOHJEHCATOPHYIO MM KabenbHyI0. CBapUTh MPOJOJIBbHBIE M OJMH MOTEPEUHBIN

mBbl. [1IBBI TO/DKHBI pacnionaraTbes Ha paccTostHUM 10 MM. oT u3aenust. O0XaTh makeT Ui yaane-
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HUS BO3[yXa IUIACTUHAMM W3 IEeHonoMnypeTaHa TOMLMHON 10 mm. CBapuTh NMONEpPEYHBIN ILIOB.
KoHTposas kauecTBa nmpousBoautcst Bu3yanbHo Ha 100% ynakoBanHoro uznenus. He nomyckarorcst

HE IIPOBapBbI, IIPOKOTH, TPEILUUHBI, IOPUCTOCTD B YIIAKOBKE.
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6.3 Br16op 1 000CHOBaHNE IPUMEHIEMBIX MaTEPUAIOB

6.3.1 Bri6op matepuana

Jlns ocHoBanus [1I1 nmpumensieTcs CIIOUCTbIE AUDIEKTPUKH, C OJHON WM C JABYX CTOPOH
¢bonprupoBaHHbIe MeTHOU (OIBIOM, MM HE(POTBIMPOBAHHBIEC AUIIEKTPUKH.

@obrupoBaHHbIC TUICKTPUKU TPUMEHSIOTCS B CyOCTPaKTUBHBIX METOAAX U3TOTOBJICHUS
[1I1, HeomprupoBaHHbIC - B QATUTUBHM U MOIYaIJUTHUBHOM.

@OJIbrUpOBaHHBIE AWDJIEKTPUKU IPUMEHSAIOTCS B KaudecTBe ocHoBaHus IIII, sBisrorcs
KOMIIO3UIUOHHBIMUA MAaTEpPHUAIAaMH U COCTOAT U3 apMHUPYIOIIETO HANOJIHUTENS. B HacTosiee BpeMs

IIUPOKO MPUMCHSACTCA T'CTUHAKC, CTCKJIOTCKCTOJIUT, IMOJIMUMHUI U AP.

I'etuHakc (hOJIBIUPOBAHHBIN - CIPECCOBAHHBIE CIOU AJIEKTPOU3OJIALMOHHON OyMaru, mpo-
NUTaHHbIE (PEHONBPHON WIIM AMOKCU(EHOIBHON CMOJION B KauecTBE CBA3YIOIIETO BEIIECTBA, OOIH-
[IOBAHHBIE C OJJHOM UJIM JBYX CTOPOH MEIHOM (HOJIBTrOM.

CTeKIOTeKCTONMUT (OJIBIUPOBAHHBIN MPEJCTABIISIET COO0I CIIPEecCOBAHHBIE CIOM CTEKIOT-
KaHU, IPOMTUTaHHBIE AMOKCU(PEHOIBHOM UM STMOKCUHON CMOJIOH.

bosbmoe 3HaueHue npu usrorosineHuu IIII MMeeTr NMPOLEHTHOE COOTHOLICHUE MEXAY
CTEKJIOBOJIOKHOM U CMOJIOW B TUIJIEKTPHUKE.

Tabnura 4 - OcHOBHBIE XapaKTEPUCTHKU MaTepuana ocHoBanus [111

Kpurepuu orieHkn I'e-1 Co-1 CTH®-1, 2| DIIM-1, OAD-4]1 CTIIA-S IMomuumug
I'd-2 Coh-2 CTd-1,2 |2 CTAII
1 2 3 4 5 6 7 8
IToBepxHOCTHOE " s
108 2.10'2%* |1 .10'2 10" 5-10!! 10

conpotusiieHue, Om

VaenbHOEe 00BEMHOE
5-107" [1,4-1013*(2.10'2" 9-10'"" |10-10' |1-10'"™ [10'

COIIPOTUBJICHHUE,
OM:-M
Jusnexrpudeckas 55" 54" 54"

7,07 4,7 2,2 3,5
NoCTOsiHHAasg npu 1 43" 4,6 46"
NMT+r (B
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[TpomomxeHue TadmuIb 4

Tanrenc yrana nau-

SJICKTPUYCCKUX I10-

Tepb npu f= 1 MI'n"

*

0,07

0,035
0,014™

0,03...0,035

0,024

0,0002

0,025
0,015™

0,001-
0,002

ConpoTtusnenue u30-

marruar NMOWws

10°

10*

10°

10*

DnekTpuyeckas

pOYHOCTh, MB/M

skksk

15...30

skksk

15..35

sk

15..35

25...250

sk

30...2007

IIpenen  mpouyHOCTH

npu usrube, H/mm?:

B MPOIOJILHOM

HaIlrpaBJICHUU

115

280

180

CTOHKOCTb K BO3AEH-

CTBHIO BaHHbI JIA

maiiku, °C/c

260/5

260/20

260/30

260/20

260/30

260/60

Bopgomnornormienue,
%

MI'. MEHEC

2,9
60

0,3
6.4

0,20-0,25
15

L,5

15

2,9

IIpenen  paboumx

Temmeparyp, °C

-60+85

-60+85

-60+105

-60+100

+113

-196+400

I'oprouects B €OOT-

BercTtBuu ¢ UL94

V-0

[Ipounocth clen-
neHust QOIbIu C JTu-

OJICKTPUKOM Ha TII0-

nocre 2 g BT

2,7

3,0

4,5

3’6****

2,6..3,9

* Tlocne KOHIUIUOHUPOBAHUS B ycinoBusx 96 1/40 °C/93 % (96 u; mpu Temmeparype

40 °C; oTHOCUTENBHOM BIIaxXHOCTH 93 %).

** Tlociie KOHAMIIMOHUPOBAHUA B ycsoBusax 96 4/40 °C/93 % + 1 4/23 °C/75 %.

*#* BepxHue npeaenbl yKa3aHbl A7 TOHKUX IICHOK.

**%* [Toclie ralbBaHUUYECKON MeTAJUIN3aLlHN.

CTeKIOTeKCTOMUT UMeeT 00Jiee BBICOKOE OOBEMHOE COMPOTHBIICHHE, a TAaKKe 00Nagaer

BBICOKHMM COIMPOTUBJIICHUCM U3O0JIALUHA. Taxxke JOCTOMHCTBOM 3TOI'0 MaTtcpuajia ABJIACTCA BbICOKAA

CTOMKOCTh K BO3JCWCTBUIO BAaHHBI JUIA Taiiku. JlaHHBIN MaTepuan o0lajaeT CBOWCTBOM HH3KOTO

127




BojonornonieHus. PaboTtaer B G0IbIIOM Ipesee TeMIeparyp.

Hcxons uz cooOpaxenuii, BeiOupaercst marepuan ocHoBaHus 111 cTekI0TeKCTOMUT MapKu

CD-2-35T
C — CTEKJIOTEKCTOIIHT.
@ — GoaprupoBaHHBII.
2 — IBYXCTOPOHHUH.
35- TonmmuHa METHON (OJIBIU B MKM.
I'- ¢ rabBaHOCTOMKON (POTBIOM.

6.3.2 Br160p BCIIOMOTATENNBbHBIX MaTEPUATIOB

TexHonornueckuii rpouecc U3TOTOBJICHUS [IpeayCMaTpuBacT

BCIIOMOTaTCJIbHBIX MAaTCPUAJIOB!

IIPUMEHEHHE

a) IlokpeiTHE OCYIIECTBISAETCS JIAKOM, NPUMEHAEMBIM i 3allUThl OT KOPPO3UU U

IIPUJIaHUS PAMOANIIAPATYpE U €€ AETaISIM 3CTETUUECKOT0 BUJIA.

Jyist 3a11uThl MOHTAXa NIEYaTHOM TIaThl IpUMEHsToT Jaku: YP-231, 9-4100.

Tabmuua 5 — CpaBHUTENBHBIE TapamMeTpsl 1aka YP-231 u 54100

HaumenoBanue nokasaresiei Yp-231 5-4100
Onexrpuueckas npouHocTs npu t=80°C, B/mMm 52 54
TaHrenc yria AuaJIeKTPUYECKUX TOTEPb:
pu F=1000 I'w; 32,5 32
B HOPMaJIbHBIX YCIOBUSX; 0,02 0,013
npu t=80°C 0,08 5,6
BnaromnornamaeMocTs 3a 24 yaca, % — 1,2
VY nenbHOe 00beMHOE AUIIEKTPUUYECKOE COMTPOTUBIICHHUE, OM-CM:
B HOPMAaJIbHBIX YCIOBHUSAX
npu t=80°C 7,8-10* 1,7-10°
2,7-10% 2:107
JluaneKkTpryuecKkasi IPOHULIAEMOCTh, CM:
B HOPMAJIbHBIX YCIOBUAX 4,23 4,3
npu t=80°C 4,2 4,4
JIManeKkTpryuecKkasi IPOHULAEMOCTb, CM:
B HOPMAaJIbHBIX YCIOBUAX 4,2
pu t=80°C

128




Brei6upaem nak YP-231 1.K. OH JemieBlie U Mo mapamMeTpaM MOAXOIUT JJIsl UCIIOJIb30BaHUS

B JIaHHOM YCTPOMCTBE, a TaK XkKe MPUIAET JCTAIAM dCTETUYECKUNA BUJL.

6) [ns maiiku npumensiercs npunoit [IOC—61 T'OCT 21931-76, cocraB koToporo: 61%

oJioBa 1 39% cBuHIIA.

I[JBI YAQICHUA IIJICHKW OKHUCJIOB C KOHTAKTHBIX IJIOMIaIOK BO BpCMHA HaI>'IKPI, HCIIOJIB3YCTCA

¢mroc ®KCn 'OCT 2015-78, yT0o MO3BOJISIET NOTYUUTH 00JIee KAaUeCTBEHHYIO MaKKy.

IIpombiBka miaTel npousBoauTcs 3TWIOBEIM ciuptoM ['OCT 18300-73. [l nmpOMBIBKH

B) IIpoune BciomoraTesibHblE MaTepHalbl

Tabnuua 6 - BcnoMoraTtenbHble MaTepUaibl

TaKxke ucnoib3yercs 0s3b, oroenennas UPT-255 TOCT 11680-78.

Bopa nutheBas

I'OCT 2874-82

Kucnora consHas TexHuueckas

TV 6-01-1194-79

Tpunarpuii pocdar

I'OCT 201-76

Copa KanpLIMHUPOBAHHAS

I'OCT 5100-85

IIpenapat CO-20

I'OCT 10730-82

AMMOHUI HaJICEPHOKUCIIBIN

I'OCT 20478-75

Kucnora consanas

I'oCT3118-77

[Tanmnmaguii 1ByXIOPUCTHIN

TV 6-09-2025-84

OnoBo AByXxJI0pUCTOE

I'OCT 36-78

Hatpuit xsmopuctsiii

I'OCT 4233-77

OJ10BO YETHIPEXXJIOPUCTOE

TV 6-09-3084-82

Kucnora oprodocdopnas

I'OCT 6552-80

Crnupt OYTHUIIOBBIN TEXHUYECKUN

I'OCT 5208-81

Menp cepHOKHUCIIAs

I'OCT 4165-78

Kanuii-HaTpuii BUHHOKHCIIBIN

I'OCT 5845-79

Harpuit runpooxucs

I'OCT 4328-77

Huxens 1ByXXJIOpUCTBIN

I'OCT 4038-79

Hatpuit yrinekucislii

I'OCT84-76

Hatpuii cepHOBaTUCTBIN KUCIIBIN

I'OCT 27068-86
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[TpomomxeHue TadIUILl 6

dopmanuH

I'OCT 1625-75

Kucnora cepnas

I'OCT 4204-77

Jlo6aBka BOCM

TV 6-02-2-918-87

IIpenapat OC-20

I'OCT 10730-82

ITonoTHO urnonpoodusHoe Ne622

TV 17-14-109-80

Anonsl AM® MmenHsle

I'OCT 767-70

Kucnora mypaBbuHas

I'OCT 1706-78

ITenoracurens AC-30

TV 6-02-937-79

CrnupT 3TUJIOBBINA PEHTU(DUKOBAHHBIN

I'OCT 18300-72

doropesuct cyxoi miueHounslid CI1D-BIII-2

TV 16-503.244-84

Jlax HIT -134

TV 6-10-1291-77

MeTuinoBblif (prosIeTOBBIN HHANKATOP

TV 6-09-945-76

PactBopurens 646

I'OCT 18188-72

Kucnora 6opdropucto BogopoaHas

TV 6-09-2577-77

OmnoBo 6opdTopucroe

TV 6-09-2683-77

Ceunen bopdropuctoe

TV 6-09-4409-77

Cuntanon J1C-10

TV 6-14-577-77

Ho6aska [1C- naTpuit TV 028.007
Bona quctuinupoBanHas I'OCT 6709-72
AMMUaK BOIHBINA TEXHUYECKUHI I'OCT 9-77

®mroc DKCn I0I' 0.021.011 TY
Temnonocurens JI 2502-0OXK TV 6-05-1963-84
Cmomna O/1 -20 I'OCT 10587-84
JuGyrungranat TV 6-05-5119-81

ITonuaTunen- noauaMud Mapku A

TV 6-02-594-85

Owmans DI1-572, u€pHas

TV 6-10-1539-76

ALIETOH TEXHUYECKUH

I'OCT 2768-84

ITpunoii ITOC-61

I'OCT 1499-70

Crnupt

TV 3-66-65

Mapins otOenenHas

I'OCT 9412-67
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[TpomomxeHue TadIUILl 6

Jlax HII-34, xpacHblii

TV 6-10-1291-72

Tpy6xka ITXB 230, Genas

MPTYV 6-05-919-63

Jlak 9-4100, OecriBETHBIN

MPTYV 6-10-857-69

OtBepautenb Nel

TV 6-10-1263-72

OTWIHILIO30JIb

I'OCT 8313-76

VYair-criupur

I'OCT 3134-52

Kcumnos 9ucTelil, KAMEHHOYTOJIbHBIN

I'OCT 9949-62

Mactuka JIH

IOro 054006

Kunkxocts [IOMC-4

MPTYV 6-02-275-63

bensun b-70

I'OCT 1012-72

Tabmuma 7 - O6opynoBaHue U OCHACTKA

Jlyma JITT1-4%*

I'OCT 1594-55

Muxpomerp MK 25-2

I'OCT 5507-78

Muxpockon MBC-2

I'OCT 8074-82

Cron

T 6473-0000

JIunetika aBromatuueckasa Al '-44

ITM 1.211.036 TY

JInHUA XUMHUKO-TEXHOJIOTMYECKON TTOITOTOBKU

I'HI'M 1.240.006

Banna BuHUILIacTOBasA

111150.31.24.00

YcranoBka /7151 HaHeCeHUs: POTOpE3nCTa

APCM 3.289.006

Ckanpriens CO-4

TV 64-1-17-72

IlepuaTku TV 77 PCOCP 06-7745-84
[Hanou6op I 7366-4126
®oTom1adI0HbI OCT 410.073-211-84

Brynka ams coBmemenus goromradiona

11T 788-4075

YcTaHOBKA SKCITIOHUPOBAHUS IIIT

APCM 3.258.000

Jluaus ans nposiBineHus PoTopesncTa

I'TM 1.250.001

Krosera BuHUILIACTOBASA

11T 52.15.00

Muxpockon MBC-2

I'OCT 3-31210-78

Croun perymu

11T 64.113.00.00
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[Tpomomxenue TabIUIBI 7

Kuctp kononkosas KOKX OCT 17-888-81
Jlyna JIA-3-10* I'OCT 8309-78
Muxpockon MBC-2 I'OCT 8284-78
BrrTsikxHOM mIKad LI 50.28.00.00
Ileus cymmnpHas APCM 3.009.000
JInHua TpaBnenus I'TM 1.240.001
Jlyna JIU-3-10 I'OCT 8309-75
VYcTaHOBKA JKUKOCTHOTO OIIABICHUS TV 00.999.136
JIuHus ynbTpazByKoBOM IPOMBIBKH TV 2.950.017
OnexrponasibHuk DIICH-25/42 I'OCT 7219-83

VYcranoBka [uid npoBepku Meramnuzauuu B oteep- | MABJL 71004.0000

CTHUAX

[Munner ITA 250%2,5 TV 64-1-3775
baHouka LI 7879-4228
[MasmpHUK 11111143.63.00.00
[Tpu6op ITKTII 11K 2.763.036
KoMmiiexT a1 MOHTaXKHOU ITaliku

Canderka OCT 14-133-72
BrrTsikHOM TIKad) LTI 63.168.00.00
WNuauxaTtop I'OCT 9696-82
Bepcrax I'OCTO0.1336
YcTaHoBKa 7151 KOHTPOJISE YUCTOTHI OTMBIBKH I

Kamepa okpacouHas IIIIT 51004000
Kpackopacnbuinrens naeBmatuueckuid pyuynoit CO- | T'OCT 7385-73

71

Hoxnuner 175 PCT PCOCP 145-71

6.4 TexHONOTUYECKHM MPOIECC U3TOTOBJICHUS MT€YATHOM TIAThI

B Hacrosiiiee Bpemst B paMO3IEKTPOHHOM IMPOMBIIIEHHOCTH CYIIECTBYIOT CIIEIYIOIINE TUITbI KOH-
CTPYKLIMI IEYATHBIX IUIAT:
Omuocroponnre nievarsbie miatel (OINIT) - u3roTaBmmMBaroTCS MpUKIeHBaHUEM (DOJIBIU K OTHOU

CTOPOHC ,Z[HBJIGKI‘pH‘IGCKOﬁ HOJIOKKH. Hpemv[ymechaMH SIBJBIFOTCS. TPOCTOTA U HU3KAA CTOUMOCTL U3Ir0-
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TOBJICHUSI, & HEZIOCTATKU - HU3Kasi TPACCUPOBOYHAS CIIOCOOHOCTB, OJJHOCTOPOHHEE PACTIOJIOKEHHE IITUPOKUX
MIPOBOJTHUKOB U OOJIBIIIOE paccTOSHUE MEX Ty HUMH. [IpUMEHSIOT Ipy MOHTaKe OBITOBOM armaparypsbl, 13-
MEPUTEIBHOM U BBIYMCIIUTEIILHON TEXHUKE.

JIBycroponnue mniedarsbie miatel (1) - mpeacrapisstor co00il AMANEKTPUUYECKYIO TOIOKKY C
NIPUKIICCHHON ¢ JIBYX cTOpoH MenHoH pombru. AT oTmyaroTest CloyKHOCTBIO KOHCTPYKIIMH, Pa3periaro-
I11eH CIOCOOHOCTBI0, MaTepHaiaMy; 00JIaAAI0T TOBBIIIEHHOH IIOTHOCTHIO MOHTaXa U HAJI&KHOCTBIO.

Mmuorocnoiinsie nedarsbie mwiatsl (MIII) - u3roraBmmBaroTcs MyTéM MOCIONHOTO CKIICMBAHUS He-
CKOJTBKUX JIMAJIEKTPUYECKHX TIONIOKEK, pa3ieNnEéHHbIX MenHoM donbroi. K npenmyrnecrsam MIIIT otHOCST-
Cs1 BBICOKas! INIOTHOCTh MOHT&)Ka, YTO YMEHBIIIAET TabapuThl U Maccy armaparypbl; YCTOHYMBOCTh K BHEIII-
HHMM BO3/ICHCTBUAM; CTAOMIIBHOCTB AJIEKTPHYECKHX CUTHAJIOB. Taroke K OCHOBHBIM JJOCTOMHCTBAM OTHOCHTCS
HaJIMYKE SKPAHUPYIOIIUX CIIOEB MexX Ty ciossvu 1111, KoTopbIe MO3BOIIAIOT SKPaHUPOBATL CXEMY OT BHEIIHUX
1 BHyTpeHHUX Bo3zeiictBuid. M3rotosnenne MIIII siBisiercss 3HaUMTENBHO TPYIOEMKUM, U MIPEABABIISIOTCS
BBICOKHE TPEOOBAHMS K TOYHOCTH M3TOTOBJICHHS 37IEMEHTOB [IEYaTHOTO PUCYHKA.

6.4.1 Bo16op Tuna KOHCTPYKLIMYU MEYaTHOM ATk

[Ip1 M3roTOBJIEHUM TMEYATHOW IUIATHI JJIS TAHHOTO YCTPOMCTBA UCHOJB3YyeTCss KOMOWHUPO-
BAaHHBII MO3UTHUBHBI METOJ, TaK KaK SBJIIETCS OCHOBHBIM IIPH M3TOTOBJIEHUU ABYCTOPOHHHX Il€-
YaTHBIX Mat. [IpeumyIiecTBoM Mo3UTHBHOTO KOMOMHMPOBAHHOTO METOA SIBJSIETCS XOpOoIlas aj-
re3usi MPOBOJHMKA, MOBBIIIEHHAS HAJAEKHOCTb MOHT@KHBIX M NEPEXOIHBIX OTBEPCTHH, BBICOKHE
AIIEKTPOU30JIILMOHHBIE cBoicTBa. [locneanee oOBSICHACTCS TeM, UTO MPH JIUTEIbHOI 00paboTke B
XMUMHMUYECKU arpeCCUBHBIX PacTBOpax (pacTBOPbI XMMUYECKOIO MEAHEHUS, 3JIEKTPOJIUTHI U Ap.) AU-
AIIEKTPUYECKOE OCHOBAHHUE 3AIIUIICHO (POJIBIOMA. ..

6.4.2 Bei6op merona uzroroBnenus [111

JIaHHBII METOJI COCTOUT U3 CIEAYIOIIUX ITAMOB!

1 BxoaHO¥M KOHTpPOJIb

OcymecTBIIsIETCS BU3YaJbHO C IOMOUIBIO JYNBbl C I€JbI0 BBISIBJICHUS HEPOBHOCTEW, HC-
KPUBJICHHUH, IPOKOJIOB U APYTHX NE€(PEKTOB.

2 TlonydeHue 3aroTOBOK METOJIOM PE3KH T'MIbOTUHHBIMU HOXHULAMU

@oabprupoBaHHbIC TUAIEKTPUKH BhITycKatoTcst pasmepamu 1000-1200 MM, mosToMy ux HeoO-
X0auMo 00pe3ath. s pe3ku GoJIbrHpOBaHHBIX JAUAIEKTPUKOB UCIOJb3YeM T'MIbOTUHHBIC MPEIH-
3MOHHBIE HO>KHHULIBI.

W3 nuctoB (GoIBIrMPOBAHHOTO JUAIEKTPUKA THIHOTHHHBIMHM HOKHUIIAMU HAapE3aeM 3aroTOBKU
TpeOyeMBIX pa3MepoB € MPHUITYCKOM Ha TexHoJiorudeckoe mosie mo 10-30 MM ¢ KaKI0# CTOPOHBHI.
Jlanee ¢ TOPIIOB 3ar0TOBKM HEOOXOJAMMO CHSATH HAaMJIBHUKOM 3ayCEHIIbI BO U30€KaHHE MOBPEXk/Ie-
HUS pyK BO BpeMs TEXHOJIOTHYECKOTro npouecca. KauecTBo CHATHS 3ayCEHLEB ONPENEIAETCS BU3Y-

aJIbHO.
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Pe3ka 3aroToBok He JOJDKHA BBI3BIBATH PACCIaMBaHMS TUAJIEKTPUUYECKOTO OCHOBAaHMs, 00pa-
30BaHUsA TPELIUH, CKOJIOB, a TAK)KE LIAPAIIMH HA IIOBEPXHOCTH 3arOTOBOK.

3 Tonydenue GUKCHPYIOMINX OTBEPCTUN METOJIOM CBEPJICHUS

3aroToBKa 3aKMMAETCs B KPEIUIEHUSX CBEPJIIMIIBHOIO CTaHKA M 3aTEM IPOUCXOJUT CBEPIICHHUE.
JlaHHBII ATaAIl BO3MOKHO aBTOMATHU3UPOBATb.

4 TlosyuyeHnEe MOHTAXXHBIX U IIEPEXOIHBIX OTBEPCTHUH METOJOM CBEPIJICHHUS

B cooTBercTBHM € TPaCCHUPOBKOM MEYATHOM IUIATHI IIPOU3BOAUTCSA CBEPJICHUE OTBEPCTUH IpU
IoMOIIM cBepawiIbHOro cranka ¢ UIIY. IlpuMmensemsble cBEpia 4Yalle BCEro M3rOTaBIUBAIOT U3
TBEPIOYTICPOAUCTHIX cTasielt Mapku Y-10, Y-18, V-7. B 0CHOBHOM HCIONB3YIOT JiBE (DOPMBI CBEP-
Ja: CIOKHOINPO(UIbHBIE U HWIMHApUYEecKUe. Tak Kak CTEeKIIOTEKCTOJIUT SBJISIETCS] BRICOKOAOpas3nB-
HBIM MaTe€pHUajoM, TO CTOUKOCTb CBEPJI HEBEIUKA. Tak, HarpuMep, CTOUKOCTh TOHKUX CBEPII - OKO-
10 10 000 cBepneHwuil.

5 Meramumsanus npeaBapuTeIbHas

IIpy M3roTOBICHUM NAHHOTO U3JENNS IPUMEHSETCS XMMUYECKOE MEIHEHHUE.

XUMHUYECKOE METHEHUE SIBIISICTCS IIEPBBIM JTAllOM MeTaJIu3auuu orBepcTuil. IIpu atom Bo3-
MOXHO IOJIy4€HHUE IIJIABHOIO MEPEeX0Ja OT AUDIEKTPUYECKOr0 OCHOBAHMS K METAUIMYECKOMY I10-
KPBITHIO, UMEIOIIUX pa3Hble KO3 PUIIMEHTHI TeII0BOro pacimupenus. Ilpomecc XuMu4eckoro Me -
HEHHs OCHOBAH Ha BOCCTAHOBJICHUH MOHOB JIBYXBAJIEHTHON MEIU U3 €€ KOMIUIEKCHBIX COJIel. ToJl-
LIMHA CJIO0sI XUMHUUYECKH ocaxieHHo meau 0,2-0,3 MmkM. XuUMUYECKO€ METHEHUE MOXKHO IMPOBOJIUTD
TOJIBKO IIOCJIE CIIELMAIBHON NMOATOTOBKU - KATAIUTUYECKOM aKTHBALMU, KOTOpPas MOXET IIPOBO-
JUTHCS OJTHOCTYNEHYATHIM M IByXCTYIIEHYAThIM CIOCOOOM.

[Tpu AByXCTyNeHYaTONW aKTUBALMU MEYATHYIO TUIATy CHadajga 00e3)KUPUBAIOT, 3aTeM JIeKaIlu-
PYIOT TOPLIBI KOHTaKTHBIX IUIOIIAAOK. Jlanee ciemyer mepBhlii MIar aKTUBALUHU - CEHCUOMIN3AIus,
JUI Y4€ro IUIAaThl OIYCKAIOT Ha 2-3 MUH B COJIIHO-KHUCIIBII pacTBOp AUXJIOpuAa ojioBa. Bropoil mar
aKTUBALMU - NaJUIaJMPOBAHUE, Ul YEro IUIaThl HOMEUIAIOT Ha 2-3 MUH B COJISIHO-KHUCIIBIA pacTBOP
IUXJIOpUA namaaus. A1copOMpOBaHHbBIE aTOMBI MAJIAANS SBISIOTCS BHICOKOAKTUBHBIM KaTaJlH-
3aTOPOM ISl TFOOON XUMHUUYECKOUW pEaKIiu.

[Tpu ogHOCTYNEHYATON aKTUBAIMK TpeABapUTEIbHAsA 00paboTKa (00e3KupHUBaHNE U JICKaIU-
POBaHME) OCTAETCSI TAKOM K€, a aKTHBALMSI IIPOUCXOUT B KOJUIOUAHOM PacTBOpE, KOTOPBIN conep-
KUT KOHLEHTPUPOBAHHYIO CEPHYIO KUCIIOTY U KaTMOHBI NTAJUIAUs IIPU KOMHATHOM TeMIIepaType.

6 IloaroroBka NOBEPXHOCTEN 3ar0TOBOK Nepes HaneceHueM ClID

[TonroToBKa MOBEPXHOCTEH SBISIETCS OTBETCTBEHHOM OMepaliieii, KOTOPYIO MPOBOJISAT YTOOBI:

- YIAJIUTh 3aYCEHLIBI II0CIIE CBEPIICHUS OTBEPCTUI U HAPOCTOB IAJIbBAHUYECKON MENIN;

- obecrieunTh HeoOXx0UMYI0 aare3uio CIID k MeTHOM MOBEPXHOCTH MO UIOKKY;
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- 00eCreynTh XUMHUYECKYI0 CTOMKOCTh 3alllUTHOTO peibeda Ha onepanusx MpOSBICHUS U
TpaBJICHUS;

- MOJYYUTh MAaTOBYIO MTOBEPXHOCTh C HU3KOM OTpakaroliel criocoOHOCThIO, KOTOpasi obecreun-
BaeT 0oJ1ee OJIHOPOHOE SKCIIOHMPOBaHKE (poTope3ucTa.

HpI/IMCHHI(YT JBa cnoco0a MOATrOTOBKH ITOBCPXHOCTH:

- MeXaHHYecKas 3a4iCTKa adpa3uBHBIMU KPYraMy C MOCIIEAYIOMIEH XUMUYIeCKoi 00paboTKoi B
pacTBope nepcynbgara aMMOHUS;
- MeXaHHYecKas 3a4lCTKa BOAHON CyCTIeH3MeH eM30BOro abpasusa.
3aTeM MpOBOAAT OTIEPAIMU CCHCHOMIM3AIIMU U aKTUBUPOBAHUS IOBEPXHOCTH  JTUAJICKTPHKA.
7 Tlomy4eHue 3alUTHOTO peibeda
JUst oTydeHHsl 3alMTHOTO perbeda Hcrosb3yercs: cyxoi mieHouHbld pesuct (CIID) Tommu-
HoH 15...50 Mxm. CII®D cocTOUT U3 CIIOSI MOTUMEPHOTO (OTOPE3UCTA, TIOMEIICHHOTO MEX/Ty JABYMS
3alIUTHBIMU TUIEHKaMH. J{71s1 oOecriedeHrs: BO3MOKHOCTH HAHECEHHsI CYXOIUIEHOYHBIX (hOTOpE3H-
CTOB Ha aBTOMaTHYECKOM 000pYyIOBaHUH IJICHKH ITOCTABIISAIOTCA B pyJloHax. Ha moBepxHOCTH 3aro-
toBkH CII® Hanocutcs B ycTaHOBKax JlaMuHupoBaHud. Anresus CII® k meTtaminueckoi Mmosepx-
HOCTHU 3arOTOBOK OOECIIEYMBAETCS PAa30IPEBOM IUIEHKH (HOTOPE3HCTA HA IJIUTE 10 PasMsTUCHHs C
MOCIIEAYIONUM TPIKATHEM TPU MPOTATUBAHUH 3arOTOBKH MEXJy BaJIKaMU. Y CTaHOBKa CHaO)KeHa
TepMonapoi u MpuOOPOM KOHTPOJISI TeMIEpaTyphl HarpeBa IUIEHKH ¢orope3ucta. Ha ycranoBke
MOXHO HaHocuTh CI1® Ha 3arotoBku mupuHOH 10 600 MM CO CKOPOCTBIO UX MPOXOKICHUS MEKIY
Bankamu 1,0-3,0 m/mMun. dotopesuct HarpeBaercs ao Temmepatypsl 110-1200 C. B mporecce
HAHECEHUs OJIHY 3alllUTHYIO IUIEHKY ¢ ()OTOpE3HcTa YAAISIOT, B TO BpeMs Kak Jpyras OCTaeTcs U
3anuIaeT OTOPE3UCT C HAPYKHOM CTOPOHBI.
8 DIeKTpoXHUMHUYECKasi MeTaUIH3alus

OcymecTBisercsi CnocoOOM TajdbBaHUYECKOTO MEIHEHHUS U HAHECEHHE METaJUIOpPEe3UCTa
(0JIOBO—CBHHEII UJIU 0JIOBO).

Croif XuMUYeCKH OCKICHHON Meau 0ObI9HO uMeeT HeOobiryto Tonmuny (0,2-0,3 MxkM),
PBIXJIYIO CTPYKTYPY, JIETKO OKHUCIISIETCS HAa BO3YX€E, HEMPUTOJIEH Ul TOKOIPOXOXKAEHUS, I0OITOMY
€ro 3alllMIIal0T rajJbBaHUYECKUM HapaluBaHueM (“3aTskkoi”) 1-2 MKM rajJpBaHUYECKON MEJIH.

Jlnist 3TOro HEOOXOIUMO JIEKaupoBaTh IUIAThl B 5%-HOM pacTBOPE COJISIHON KHUCIOTHI B
tedeHue 1-3 cex npu remnepatype 18-250C, mpombITh IIaThI B XOJI0JHON ITPOTOYHO BOJIE B TEUE-
Hue 2-3 muH npu temnepatype 18-250C, 3auncTUTh MIaThl BEHCKOW U3BECTHIO B T€UEHHUE 2-3 MUH
npu Temnepatype 18-250C, npoMbITh MIIaTHl B XOJIOJHOW MPOTOYHOM BOJE B T€UEHUE 2-3 MUH NpU
temmneparype 18-250C, cHoBa nekanupoBaTh 3aroTOBKU B 5%-HOM pacTBOpPE COJISTHOM KHUCIOTHI B

tedeHue 1-3 cex npu remnepatype 18-250C, mpombITh IIaTHI B XOJI0IHOW IPOTOYHOM BOJIE B TEUE-
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Hue 1-2 muH npu temnepatype 20+20C, npoMBITH I1aThl B JUCTUJUIMPOBAaHHOW BOJE B TedeHue 1-2
MUH [IpH TEMIIEPATYPE MPOU3BECTH T'AJIbBAHUYECKYIO 3aTSKKY B TeueHue 10-15 mun npu temmnepa-
type 20+20C, npoMBITh MJIATHl XOJOIHOM IPOTOYHOM BOJIOM B TeueHUe 1-2 MMH IpU TeMIlepaType
18-250C, cymuTh muaTsl CxKaTbIM BO34yXOM Ipu Temmneparype 18-250C no mosiHOro umx BbICBIXa-
HUS, KOHTPOJIMPOBATh KAYECTBO TaJIbBAHMUYECKOM 3aTSHKKU (OTBEPCTHUs HE JOJKHBI MMETh HEMO-
KPBITUI, 0CaJJOK TOJDKEH OBITh TUIOTHBIHM, PO30BBIN, METKOKPUCTAIUINYECKHIA).
9 Vnanenue 3auTHOTO penbeda
Crnoii 3aIlMTHOTO Jlaka y[aiseTcsl ¢ MOBEPXHOCTH IIaThl. B 3aBUCMMOCTH OT IPUMEHSIEMOTO
JlaKa CYIIECTBYIOT pa3jMyYHble pacTBOpUTENU. HEKOTOpbIE TaKK BO3MOYKHO CHATDH allE€TOHOM.
10 TpaBneHue Menu ¢ MPOOETHHBIX MECT C YAAJCHHEM TPABUIBHOTO PE3UCTA
OcymecTBisieTcsi crocoOOM C yAaJeHHEeM METAIIOpe3UcTa (0JIOBO - CBHHIIA, OJIOBA MJIM HU-
KeJsl) WIM IOJIMMEPHOIO TPABWIBHOIO PE3UCTA IOCJIE ONEPALMU TPABJIECHUS C IMOCIETYIOIIUM
HAHECEHHEM MasUIbHOM MAacKU Ha MEIHBIM NMPOBOJHUK; ATOT MPOLIECC HA3bIBAETCSA «Macka IMOBEPX
oTKpbITON Menu», i SMOBS-nportiece (solder mask over bare copper), win 3amTHast Macka 1Mo
Menu. Ha pucynke npeacrasiaensl SMOTL- u SMOBS-nponiecchbl, HaunHasi ¢ onepaiuu rajibBaHu-
YECKOT0 OCaX/IEHHUs CIUIaBa OJIOBO - CBUHEL] WJIN OJIOBA.
11 HaneceHue nasibHON MacKu
Ocyl1ecTBiseTcss METOJIOM CeTKorpaduu.
12 HaneceHue MOKPBITHS HA YYaCTKU MPOBOJIAIIETO PUCYHKA, CBOOOHBIE OT MAaCKH
Hanocutcst opranndeckoe 3aluTHOE NOKPBITHE.
13 OrmbIBKa dutroca
doTope3ucT yaaisercs: ¢ HoBepxXHOCTH miathl. [Ipu Gonbiiom oObeMe BBITyCKa AT 3TO Ciie-
IyeT AenaTh B yCTaHOBKax cHATUs (ortopesucra (Hampumep, APC-2.950.000). IIpu webGombmiom
KOJIMYECTBE TUIAT (POTOPE3UCT IIeJIeCO00pa3Hell CHUMATh B METAIUTMYECKON KIOBETE IETUHHOW KU-
CTBIO B PACTBOPE XJIOPUCTOTO METHUIICHA.
14 TlomyueHue KpenexHbIX OTBEPCTHI U 00paboTKa MO KOHTYPY
CBepinieHHE OTBEPCTHI OCYIIECTBIISIETCS MPU TMOMOIIM CBEPIMIIbHOrO cTanka. OO0paboTka mo
KOHTYPY OCYILECTBIIsICTCS (hpe3epOBaHUEM.
15 TIpomsbiBKka
IIpoMBbIBKa OCYHIECTBIISIETCS IPU IOMOILH YJIbTPa3BYKa.

16 KoHTpOJIb 3JIEKTPUUECKUX [TAPAMETPOB.
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IMOKa3aHbl HA PUCYHKC

BxodHoU koHMpo16 U mepmocmabuauzayus

AiinmAwrrminiirA

v

[TonyyeHue 3a20mosok

A

lMonyyeHue pukcupyrowux omeepcmuli

A

lMony4yeHue MOHMAXKHbIX U nepexoOHbIX omeep-

A

Memannuzayus npedeapumesnsHas

|

HaHeceHue nadansHolU macku

y

HaHeceHue nokpsimus Ha yyacmku nposoodsuje-
20 NlUCVHKA

|

TpasneHue medu ¢ npobesibHbix Mecm ¢ ydase-
HuUuemM mnagu/ibHO20 nhellcma

A

y

lModzomoska

nosepxHocmu

A

y

lMonyyeHue 3auyumHozo pesnvegha

A

y

3/7€KmpOXUMU'~IeCKGﬂ memasaausayus

|

6.4.3 TlocnenoBaTenbHOCTh OCHOBHBIX 3TarioB KOMOMHMPOBAHHOTO METO/1a M3TOTOBJICHUS
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YOaneHue 3aujumHozo pesvega

A 4

Omuwmeieka ¢roca

A 4

lMonyyeHue kpenexHosix omeepcmuti u 0bpa-
bomka no KOHMVNV

KoHmpose 3nekmpudeckux napamempos

Pucynox 12 - Oranbsl usrorosnenus Il ¢ Meramn3npoBaHHBIMUA OTBEPCTUSAMHU.
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IMTPMJIOXEHUE 8

(amemeHTHast 6a3a IUIUIOMHOTO MPOEKTA)
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Pucynoxk 13 — muxpocxema K176JIA7 4 norndyeckux 3JeMeHTa, pealu3yOmuX (YHKIUIO 2
N-HE.

Tab6nuna 19 -Ha3HaueHNE BBIBOIOB

N N
Hasznauenne Hasznauenne
BEIB. BEIB.
1 Bxon 8 Bxon
2 Bxon 9 Bxon
3 Brixon 10 Brixon
4 Brixog 11 Brixog
5 Bxon 12 Bxon
6 Bxon 13 Bxon
7 OO6muit 14 Occ

DIIEKTPUYECKUE U DKCIUTYaTAllHOHHBIE XapaKTEPUCTUKH
ImoT - He 6onee 0,1 MA
U"BbIx — He Gouee 0,3 B
U'BbIX — He MeHee 8,2B
I°Bx. — He Gonee 30 MKA

I'Bx.- He 6omee 30 MKA
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Pucynok 14 — mukpocxema K176JIA9 3 noruueckux s1IeMeHTa, peamn3yromux (QyHKIU0 3

N-HE.

Ta6muna 21 -Tabnuma HCTHHHOCTH

Bxon 3 Bxon 4 Bxon 5 Brixon 6
0 0 0 1
0 0 1 0
0 1 0 0
0 1 1 0
1 0 0 0
1 0 1 0
1 1 0 0
1 1 1 0

DNEKTpUUYECKUE U SKCILTyaTallMOHHBIE XapaKTEPUCTUKU

ImoT - He 6onee 0,1 MA
U"BbIx — He Gouee 0,3 B
U'BbIX — He MeHee 8,2B
1°Bx. — He Goee 0,3 MKA

I'Bx.- He 6onee 0,3 MKA
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Pucynok 15 — muxpocxema K1761E3
NurerpansHas mukpocxema K1761E3 otnnuaercs ot K176ME4 TeM, uTo €e cueTUMK UMeeT

ko3 duuueHT nepecuera 6, a ypoBeHb | Ha BbIXOJE 2 MOSABISAETCS NPU YCTAaHOBKE CUETUHKA B CO-

CTOSIHHUE 2.

DJeKTpUYecKHe U HKCILTyaTalluOHHbIE XapaKTEePUCTHKH
U"BbIx — He Gouee 0,3 B
U'BbIX — He Goutee 8,2 B
I°Bx — He Menee 0,5 MKA
I'Bx — He Gonee 0,5 MKA

Imor - He 6onee 0,25 MKA
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Pucynok 16 — mukpocxema K17611E4

Mukpocxema K176ME4 conepxut aexany u mpeodpa3oBarenb €€ COCTOSHUI B IBOUYHOM KOJIe
B CUTHAJIBl YIIPABJIEHHUS CEMUCETMEHTHBIM MHIAUKATOPOM. TpUITEpsl I€Kabl yCTaHABIUBAKOTCS B
HYJIEBOE COCTOSIHME IIpU Nojaue ypoBHs 1 Ha Bxoa R, a mepextoyarorces: criagioM NOJ0KUTEIbHBIX
umnynbcoB Ha Bxojae C. Ha BpIXoJgax a—g MHKpOCXeMbl (POPMHUPYIOTCS BBIXOJIHBIE CHTHAJIBI,
o0ecreynBaroIue Ha CEMUCETMEHTHOM HMHJMKAaTOPE CBEYECHHUE (PP, COOTBETCTBYIOUIMX COCTO -
Huto aexanpl. I[Tpu nonadye ypoBHs 0 Ha ynpaBisSIOIIMNA BXOJ S COCTOSIHUE NEKAIbl ONPEAETIAETCS
YpOBHSAMHM | Ha BBIXOJaX a—¢g, a IPH NOCTYIUIEHUHU ypoBHS 1 — ypoBHsAMHU 0 Ha TeX K€ BbIXOAAX.
Ha BbIx0z€ 4 MUKpPOCXEMBI MOCJIE YETHIPEX BXOJHBIX UMITYJIbCOB BOZHUKAET YPOBEHB |, KOTOPBII
CIY)KUT Ul OpraHM3aluu cOpoca cyeTdMka 4acoB, coOpaHHOro Ha mMukpocxemax K176ME3 u
K176U1E4, npu noctwkeHun uM coctosiuus 24. Beixon /2 MuUKpocxeMbl - BBIXO[ IEpeHOca, Ha
KOTOPOM CIaJ{ OJIOKHUTEIBHOTO UMITYJIbca (POPMHUPYETCSI B MOMEHT Iepexo/ia AeKabl U3 COCTOS-
Hus 9 B coctosHue 0.

DNEKTPUUYECKUE U IKCILTyaTallMOHHBIE XapaKTEPUCTUKH

U"BbIx — He Gouee 0,3 B
U'BbIx — He Goutee 8,2 B
I°Bx — He Menee 0,5 MKA
I'Bx — He Gonee 0,5 MKA

Imor - He 6onee 0,25 MKA
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Pucynok 17 — muxpocxema K17611ES

Mukpocxema K176IES comepxuT kackajapl A1 pabOThl B KBApPIIEBOM T'€HEpaTOpe C BHEIII-
HUM pPE30HAaTOpPOM Ha 4yacToTy 32 768 'l ¥ nATHAALATUPA3PSIHBIN JBOMUYHBIA AEIUTENb YaCTOTHI.
BbIXoHOM CUTHa KBapLeBOIO T'eHepaTopa MO>KHO KOHTpoJsipoBath Ha Beixogax K m K. Curnan
gactoToi 32 768 'l mocTynaer Ha BXOJ AEBATHPA3PSAIHOTO JBOMYHOIO JAEIUTENs 4acToThl. C ero
BbIXOa 9 curHan yactotoit 64 I'ii MokeT ObITh MoAaH Ha Bxon 10 mectupaspsanoro nenurens. Ha
BbIX0Jie 14 maroro paspsiia 3Toro Aenutens GopMHUPYIOTCS UMITYIIbCh yacToTo 2 ['11, a Ha BbIXO/E
15 mectoro paspsaa — 1 ['n. Bxog R Mukpocxemsl CIy>KUT JUIsl yCTaHOBKH UCXOTHOM (ha3bl KoJie-
Oanuil Ha BbIXOJAaX MUKpocxeMbl. [Ipu mogaye Ha Bxoa R ypoBHs 1 Ha Bbixozax 9, 14, 15 Bo3HuKa-
eT ypoBeHb 0, a mocie CHATHS YCTaHOBOYHOI'O YPOBHSI HOSIBJISIFOTCSI CUTHAJIBI COOTBETCTBYIOLIEH
4acTOTBI, IPUYEM CIaJ [EPBOI0 UMITYJIbCA MTOJIOXKHUTEIBHOM MOJIPHOCTH Ha BbIXOJAE 15 BO3HMKaeT

yepes 1 c.

DEKTPUYUCCKUE U IKCIUTYaTAIl[HOHHBIC XapaKTePUCTUKU
ImoT - He 6oiee 0,25 MA
U"BbIx — He Gounee 0,3B
U!'BbIX — He MeHee 8,2B
I’Bx. = 0,5MKA
I'Bx. = 0,5MKA
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Pucynok 18 — muxpocxema K176KTI14kxananbHblil JByHaIllpaBICHHBI  aHaJIOrOBBIN

MYJIBTUILIEKCOP.
Kaxxaplii K109 IMeeT TpH BBIBOJA - IBA MHPOPMAITMOHHBIX A ¥ B 1 0JTuH ympaBisitonuit
C. IIpu nmoxaye sor. 0 Ha BXx0oa C MHPOPMALIMOHHBIE BHIBOJIBI PA30MKHYTHI MEX1y COOON U TOK
YTeUKH MeXay HUMM He npesbimaer 2 MKA. Ilpu nmomaue sor. 1 Ha Bxog C compoTHBIIEHHE
KJI0Ya YMEHBIIAETCS 10 HECKOJIBKUX COTEH OM. DTO CONIPOTUBIICHUE HEJIMHENHO U 3aBUCUT OT
HaNpsOHKeHUS MEXAy WH(POPMAIIMOHHBIM BBIBOJIOM, Ha KOTOPBIM MOJAaeTCs BXOJHOW CHTHAJ, U
o0muM 1poBoJOM .MuKpocxeMa MpeAHa3HadeHa sl KOMMYTAIlMH HU(POBBIX M aHAJIOTOBBIX
curHasioB ¢ Tokamu 10 10 MA. Yrpasnsembie KMOII kimtoun 001agaroT ciocoOHOCTHIO POBO-
IUTh TOK B JIBYX HampasieHUsX, 1o3ToMy KMOII MynbTUIIIIEKCOPBI MOTYT MCIOJIb30BaThCS O1-
HOBPEMEHHO U KaK JEMYJbTUIIIIEKCOPBI.
[Tpu nanmuuu curnana Ha curHan Control Ha nmuHuUM C BXOAHBIE U BBIXOJIHBIE CUT'HA-
JBl KOMMYTHPYIOTCS, 4TO OOecleYnBaeT UMHUTAILMIO MH(OPMALMK KaK B OJHY TaK U B JIPYTYIO
CTOpOHY.
DNEKTpUUYECKUE U IKCILTyaTallMOHHBIE XapaKTEPUCTUKH
InoT - e Gonee 1 MA
U"BbIx — He Gouee 0,3 B
U'BbIX — He MeHee 8,2B
I°Bx. — He 6oxnee 0,4 MKA

I'Bx.- He Gonee 0,4 MKA
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Pucynok 19 — muxpocxema K176TM22 D-tpurrepa ¢ acuHXpoHHOM RS-ycTaHOBKOM.
D-tpurrepst K176TM2 wuMeroT AuHaMUYECKUE BXOJBI U MOTYT paboOTaTh B CYETHOM pPEXHME, TO
€CThb MEHSTh CBOE COCTOSHUE Ha MPOTHUBOIIOJIOKHOE HA KaXbI UMITYJIbC, IPUXOAALIUN HA CUET-
HBII BXOJ TPUITEPA.

Muxpocxemsl K176TM2 coaep:xar o nsa D-tpurrepa .YcraHoBKa TpUITEPOB B HYJIEBOE U €1U-
HUYHOE COCTOSIHHE ITPOU3BOAUTCS noaayeil jior. 1 Ha Bxoael R u S. Ilo cagam TakTOBBIX UMITYJb-
COB OTPHULATEIBHON MOJISAPHOCTH Ha BXoJie C MPOUCXOIUT YCTaHOBKA TPUITEPA B COCTOSIHUE, COOT-
BETCTBYIOIIIEE YPOBHIO Ha BXxoje D nepen cnagom. Tpurrep HENOCpeACTBEHHO HE pearupyeT Ha u3-
MEHEHHUE CUTHAJIOB Ha BX0Jie D, Urpaer posib JUIIb CUTHAJI HA 3TOM BXOJE MEpe ClIaZloM UMITYJIbca
OTpHULATENbHOM NossipHOCTH Ha BXxoze C.

Paboraer cremyromum obpa3oM: o (GpOHTY MEPBOTO UMIYIIbCA CHHXPOHM3ALMU Ha BXOJE
C norunueckuil ypoBeHb, IPUCYTCTBYIOUINI Ha BXxoje D,3anuchiBaeTCs B IEpBbIi OJHOTAKTHBIN D -
TPUITEP
ITo ¢ponTy BTOpOTrO MMITYyNbCa, HAa BBIXOAE (Q yCTaHABIMBAETCS YPOBEHb, MPUCYTCTBOBABIIMN Ha
BxoJie D mepen mepBbIM CHHXpOUMMYNIbCOM. TakuM 00pa3oM, Ha BBIXOJIE IBYXTaKTHOTO TpUITepa
CUTHAJ 3aJicpKUBAETCs Ha | TakT.

Bxonpl R 1 S sBSITOTCSL aCHHXPOHHBIMHM M UMEIOT aKTUBHBIE BbICOKUE ypoBHHU. IlocTyme-

HUE BBICOKOTO YPOBHS Ha 3TH BXOJbl YCTaHABJIMBAIOT 002 OJIHOTAKTHBIX TPUITEPA COOTBETCTBEHHO

B 0 i 1,He3aBucumo ot BxogoB D,C.
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Tabnuma 22 — Ha3HAYEHHE BBIBOJIOB

N Has3nauenue N Hasnauenue
BHIB. BHIB.

1 Brixong 8 Bxon

2 Brixong 9 Bxon

3 Bxon 10 Bxon

4 Bxon 11 Bxon

5 Bxon 12 Brixon

6 Bxon 13 Brixon

7 OOmui 14 Ucc

Ta6nuna 23 — Tabiuma ICTHHHOCTH

Bxonbl Brixoasl
R S C D Q Qi
L X X H L
L H X L H
L / L L H
L L / H H L

C*-u3MeHeHue ypoBHS.
00-xom6OuHarus xpanenus,01-copoc B 0,10-ycranoBka B 1,11-3anpeménnas komOuHams

C npuxoznom nepenHero gpponra cuaxpouMityibca Ha Bxoa C 3nauenue D nepenaéres Ha Q.

DIEKTPUUECKHUE H SKCILTYaTAlMOHHEIE XapaKTEPUCTHKH
Imot - He Gonee 0,3 MA
U"BbIx — He Goutee 0,8 B
U'BbIX — He MeHee 4,2B
I°Bx. — He 6oxee 30 MKA

I'Bx.- He 6omee 30 MKA
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