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IMPOEKTUPOBAHUE ABTOMATHU3UPOBAHHBIX CUCTEM

[IpoexkTupoBaHHE TEXHUYECKHX CHCTEM — KOMIUIEKC PabOT MO M3BICKAHMSIM, MCCIEAOBAHUSAM,
pacueTaM M KOHCTPYMPOBAHHIO, HUMEIOUIMX IENbI0 MOJIYy4eHHEe B NPUHATONH Qopme Bcex
HEOOXOJAUMBIX HMCXOIHBIX JAHHBIX JUJIS CO3JAHHUS HOBBIX M3ACIHUNA WIM pean3aldyd HOBBIX
MPOIIECCOB, YIOBJICTBOPSIONIMX 33/1aHHBIM TPEOOBAHHSIM.

OBM u MHOrHE Opyrue paauoIEKTPOHHBIE CUCTEMBI — CJIOXKHBIE CUCTEMBI, IPOEKTUPOBAHNE
KOTOPBIX — TPyIOeMKHii mpouecc. [109ToMy BBINONHEHHE NPOEKTHBIX pabOT JOIDKHO OBITH
pacupeneneHo Kak BO BPEMEHH, TaK U MEXAY MOJIPa3ACICHUSMU IIPOCKTHOIO NPEAIPUITUS U
OTJIEIIbHBIMU IIPEICTABUTENSAMU KOJJIEKTHBA Pa3pabOTUHKOB.

Pacnpedenenue pabom 60 epemenu npusooum K pazoeieHuio npoyecca NpoeKmupo8aHuss Ha
amanwi. Pacnpedenenue pabom medncoy noopasoeneHuamu npou3sooumcs Ha 0CHoge OJI0UHO-
uepapxuuecko2o nooxo0a K NpOeKMUpOSanuro, 00YCI061UBauie20 GvloeieHue 6 npoyecce
NPOeKmuposanus psioa yposHell. bI0OYHO-HEepapXUUYECKH TOIXO0/1 TO3BOJISIET OOIIYIO CIOXKHYIO
3aJ]auy MPOCKTHPOBAaHUSI OOBEKTa CBECTH K COBOKYITHOCTH 00Ji€€ MPOCTBIX 3a/ady, JOCTYITHBIX
JUTSL PEUICHHUS C TIOMOIIBEO UMEIOIIIMXCS CPEIICTB MPOCKTUPOBAHHUSL.

B nanHO# T1iaBe paccMmarpuBarOTCA OOIIME BOMPOCHI MPOCKTHPOBAHUS DIICKTPOHHOH W
BBIUMCIIUTENBFHON anmapaTtypbl ¢ MOMOIIbIO CHUCTEM aBTOMATU3HPOBAHHOTO MPOEKTUPOBAHUS
(CAIIP): comepkaHue mpoliecca NPOEKTUPOBAHUS, XapaKTepHbIE 3aJauyd, BO3HHUKAIOIIHE Ha
Ka)KIOM U3 3TaloB U YpOBHEH MPOEKTUPOBaHUsA, 0cOOeHHOCTH cTpYKTypbl CAIIP u HazHauute
€€ OCHOBHBIX COCTaBHBIX YacTeH.

§ 1.YPOBHU U OTAIIbI TPOEKTUPOBAHUA

B npornecce npoekTupoBaHus CI0KHON CUCTEMBI (POPMHUPYIOTCS ONPE/IEIICHHbIE PECTABICHUS
0 CHCTEME, OTpaXkalolue €€ CYIIECTBEHHbIE CBOMCTBAC TOWM JIU MHOM CTETEHBIO MOAPOOHOCTH.
B sTux mpencraBieHHMsIX MOXKHO BBLAECIUTH COCTaBHBIE YaCTU — YPOGHU npoekmuposanus. B
OJIMH YypPOBEHb, KaK TMPABHIIO, BKIIOYAIOTCA TMPEJCTABICHHUS, HMMEIOIIME OOIIYI0 OCHOBY H
JIOTyCKAIolMe JJiE CBOErO0 OMUCAHUS HCIOJb30BAHUS OJHOTO MTOrO € MaTeMaTHYECKOTO
amnmapaTta. YpPOBHUM MPOEKTHUPOBAHUS MOXKHO BBIACNATH  NOCTENEHUNOAPOBHOCTH, C KaKou
OTpakaloTCsl CBOMCTBAa MPOEKTHPYeMOro oObekTa. Torja WX Ha3bIBalOT TOPUZOHTATbHBIMU
(uepapxuyeckumu) YpOBHAMU NPOEKMUPOBAHUSL.

Beiienenne ropu3oHTaIBHBIX YPOBHEH JIEXKUT B OCHOBE ON0UYHO-UEPAPXUYECKO20 N00X00a K
MPOEKTUPOBAHUIO. [ OPU3OHTATILHBIM YPOBHSM CBOMCTBEHHO CIIEAYIOIINE:

npu mepexone ¢ HekoToporo ypoBHsS K1, Ha KOTOpOM paccMaTpuBaeTcsl CHCTeMa S, Ha
cocenmHMid, Oojiee HHM3KHI YpOBeHb KZMPOUCXOIMT pasfeiCHUE CHCTEMbl S Ha OJIOKH Sju
PAcCMOTPEHHE BMECTO CHCTEMBI S €€ OT/AEIbHBIX OJIOKOB Sj ;

paccMOTpEHHE KaKI0ro 13 0J0KOB S j Ha ypoBHE K2¢ 0OJIbINEH CTEMEHBIO METATU3AIMH, YeM Ha
ypoBHe K1(OOBIYHO CTENEeHb JAeTalM3alui TaKOBa, YTO UL cUCTeMbl S Ha ypoBHe Klu s



KaXJI0ro M3 OJIOKOB SjHa ypoBHE K>MONMy4arOTCs 3aJa4yd MPOCKTUPOBAHUS MPUOIU3UTEIBHO
OJINHAKOBOM CJIO)KHOCTH C TOYKM 3pEHUS BO3MOXKHOCTEH BOCIPUATUS UEIOBEKOM U
BO3MO>KHOCTEH pelIeHUs ¢ TIOMOIIbIO UMEIOIINXCS CPEACTB MPOEKTUPOBAHUA);

MCII0JIb30BaHUE CBOMX IOHATUI CUCTEMBI U JIEMEHTA Ha KaKJJOM MEpapXUUECKOM YpPOBHE: €CIIU
Ha ypoBHe KlajeMeHTaMH MPOEKTHPYEMOI CHCTEMbI S CUMTAINCh OJOKU S],TO HA COCCIHEM,
HU3ILIEM ypoBHE KeTe jke OJIOKH S ] paccMaTpHUBaIOTCS yXKE KaK CHCTEMBI.

YPOBHU NPOEKTUPOBAHUS MOKHO BBIJCIIATH TAKXKE MOXapaKTepyyunUTbIBAEMbIXCBOMCTBOGbEKTA.
Torna u Ha3BIBAIOT BEPMUKANLHBIMU YPOSHAMU NpOoeKmuposanus. 1Ipu TPOEKTHPOBAHUU
U3JETUH  SJCKTPOHHOM TEXHUKM OCHOBHBIMH  BEPTHKAJIBHBIM  YPOBHSAMH  SIBISIOTCS
GyHKIMOHATIbHOE (CXEMHOE), KOHCTPYKTOPCKOE TEXHOJIOTHYECKOe IpOoeKTHpoBaHue. Ilpu
npoekTupoBannun  OBM:  ypoBHAM  J00aBISETCS ~ AITOPUTMUYECKOe  (IIPOrpaMMHOE)
POEKTHPOBAHUE

DYHKYUOHAIbHOE NPOEKMUPO8aHUe CBA3aHO C Pa3pabOTKON CTPYKTYPHBIX, (DYHKIIMOHATBHBIX H
IPUHLMIIMAIBHBIX CXeM. B ciyyae paauosneKTpoHHOW ammapaTypbl NpU (YHKIIMOHATBHOM
IPOEKTUPOBAHUM  OIPEJAEISAIOTCS  OCHOBHBIE ~ OCOOCHHOCTH  CTPYKTYpbI,  IPUHIIMIIBI
(YHKIIMOHUPOBAHUSI, BaKHEHILINE TapaMeTpPbl U XapaKTEPUCTUKU CO3/1aBAEMbIX OOBEKTOB.

Aneopummuueckoe npoekmupoganue CBI3aHO C Pa3pabOTKONH anropuTMOB (YHKIIMOHHUPOBAHUS
OBM B BemumcnutensHbeix cucreM (BC), ccozmanmeM wux 0OMIEr0 MaTeMaTH4ecKOro
oOecrieyeHus.

Koncmpyxkmopckoe npoekmupogeanue BKIIOUAET B ce0s1 BOIPOCHI KOHCTPYKTOPCKOW peann3aniu
pe3ynbTaToB (YHKIMOHAIBLHOTO MPOEKTUPOBAHUS, T. €. BOIPOCHI BbIOOpa (opM M MaTepuasoB
OpPUTHMHAJIBHBIX A«  Tajed, BbIOOp  TUIOpPa3MEpOoB  YHU(DULMPOBAHHBIX  JeTalleH,
IPOCTPAHCTBEHHOI'O  PACIOJIOKEHHMsSI COCTAaBHBIX 4YacTed, 00eCHnedMBaroOLIero 3aJaHHbIE
B3aMMOJECHCTBHS MEXKIY HUMMU.

Texnonoeuueckoe npoekmupoearnue OXBaTbIBa€T BOITPOCHI pcanin3anuu PE3YyIbTAaTOB
KOHCTPYKTOPCKOT'O IMPOCKTUPOBAHHA, T. €. BOIPOCHI CO3JaHUSA TEXHOJOTHYCCKUX ITPOLECCOB
HU3TOTOBJICHUS HU3CIINHI.

Otanbel npoektupoBaHus. [Ipoliecc MpPOEKTHpPOBaHMS CIIOXKHBIX CHCTEM pa30uBaeTcsi Ha
CJIEAYIOLIHE DTAIIBI.

Oman nayuno-uccredosamenvckux pabom (HUP) — stam npenBaputenbHOTO TPOSKTHPOBAHMS.
Kak mpaBuiio, HOBasi CIIO)KHAsi CHCTEMa ONpEACICHHOTO Ha3HaYeHHs 100 HE MMEET aHajoroB,
nn00 JOKHA MO TEMUIIU MHBIM IMOKa3aTessiM MPEeBOCXOANTh uX. M1 B TOM, U B Apyrom ciydae
JOCTHIKEHNE TIOCTABICHHBIX IIeNiel TpeOyeT HAyYHBIX HCCIIEIOBAHUHM, CBS3aHHBIX C TTOHCKOM
MPUHIMITAATIBHBIX  BO3MOXKHOCTEH TIOCTPOEHHUSI CHUCTEMBI, HOBBIX CTPYKTYp, (DHU3HMUECKHX
MPOIIECCOB, TEXHUUECKUX CPEJICTB U T. Il. Pe3ynbTaThl BEIMOTHEHUS TOTO 3Tala — TEXHUYECKOe
TIpeJIOKEHHE.

Oman 3CKU3HO20 NPOEKMUpPosanus WIH onvimHuo-koHcmpykmopckux paoom (OKP) — stan
BBIPA0OTKHM SCKHU3HOTO MPOEKTa, B KOTOPOM OTPAXKAIOTCS PE3YNbTaThl AETAbHOW MPOopaboTKU
BO3MOXKHOCTEH MOCTPOEHUS CUCTEMBI.



Oman mexuuueckoeo (pabouezo) npoexmuposanusi — OSTAINl TIIATSILHONW MPOPabOTKH BCEX
CXEMHBIX, KOHCTPYKTOPCKHUX U TEXHOJOTHYECKHX pEIICHUH, (QUKCUPYEMBIX B TEXHHUYECKOM
MPOEKTE CUCTEMBI.

Kpome Ha3BaHHBIX JTaIlOB IPU IPOCKTUPOBAHUM CEPUIHO BBIITYCKAEMBIX U3JEIUM BBIACISIOTCA
9Tanbl W3TOTOBJICHUS, HUCHBITAHUSA OIBITHOTO oOpa3ma (YacTo Takke NHpoOHOW cepuu) u
KOPPEKTUPOBKHU IIPOEKTA 110 pe3ybTaTaM UCIIBITAHUM.

OcHoBHoe HazHaueHue CAIIP — penieHue 3a1a4 3CKU3HOIO U TEXHUYECKOTO POEKTUPOBAHUS.

Hcnonp3zoBanne DBM mis pemenust 3aaau 3tarta HUP o cBoemy xapakrepy Oirke K PeIIeHHIO
HAay4yHBIX 3a7ad. 3Jech yYalle, 4YeM Ha JpPyrux JTanax, BO3HHUKAaeT HEOOXOJAUMOCTh
MCIIOJIb30BaHUsl HETUIIOBBIX MOCTAHOBOK 3aJ]ady, OPUIMHAJIBHBIX MaTeMaTHYECKUX MOAeNe aJis
UCCIIEYEMbIX SBJIEHUH M TMPOLIECCOB, YJAENAETCSs BHUMAHUE BOINPOCAM  YIPABICHUS
HAYYHBIMHOKCIIEPUMEHTaMH M 00paboTKM uX pe3ynbTatoB. llostomy miust srama HUP
11€J1€c000Pa3HO HCII0JIb30BAHNE CIELUANIBHBIX CUCTEM A8MOMAMU3AYUY HAYYHBIX UCCTe008aAHUL
u asKcnepumenmog. B 3THX CHUCTEMaxHUCIONb3YIOTCS MHOTHE 3JIE€MEHThl MAaTeMaTH4eCKOro u
nporpammuoro obecrieuenusi CAIIP, obcnmykuBaronue Ipyrue sTamnbl NpoekTupoBanus. Ho B

LHEJIOMIOTH CHUCTEMbI MHOI'Ia paCCMAaTPpUBAIOTCA KaK CaAMOCTOATCIBHBIC, HC BXOIAIIUC B COCTAB
CAIIP.

OTanbl 5CKU3HOI0 U TEXHHUYSCKOT'O IIPOCKTUPOBAHUS, B CBOXO OUCPCAb, ACIATCA Ha00JIeeMEJIKHE
COCTaBHBIC HaCTH, TaAKXKC HAa3bIBACMBIC dTallaMH.

IIpumevyanue.B gaabHelmem, ecid HeT CHEUNHATLHOH OIOBOPKH, IOA IManom
npoekmupoeanua  Oyaer TOAPa3yMeBaTbCAd  4YacTh  NpoHecca INPOCKTHPOBAHUS,
3aKII0YAK0Iasgcd B peIIeHUH 32124 OJJHOI'0 YPOBHH.

B 3aBucuMocTH OT mOpsJKa, B KAakOM BBINOJHSIOTCS 3Talbl MPOEKTUPOBAHUS, Pa3INYaIOT
BOCXO/JIsiIlIee U HUCXOJIee MPOEKTUPOBaHUE. Bocxooaweenpoexmuposanue (IPOSKTUPOBAHUE
CHHM3Y BBEpX) XapaKTepU3yeTcs pelieHrneM3aiau 6onee HU3KUX MepapXHUecKUX ypoBHEH mepen
peleHreM3agad 0osee BHICOKUX ypoBHEH. [IpoTuBomonokHas mociaenoBaTeIbHOCTh MPUBOJUT
K Hucxoosujemy npoekmupoganuto (IIPOEKTUPOBAHHUIO CBepXy BHHU3). Ilpum npoextupoBaHuM
AIIEKTPOHHOM M BBIYMCIUTEJBHON ammapaTypbl HaXOASAT MPUMEHEHHE KaK BOCXOJsIlee, TaK U
HUCXOJ11Iee TPOEKTHPOBAHHUE.

YpoBHU NpoenupoBaHUs 3JIEKTPOHHOW M BBIYMCIMTENIBHOM anmaparypsl.B HacTosiiee Bpems
poeKkTHpoBaHue coOCTBEHHO OBM u uX 31eMeHTHO 0a3bl OCYIIECTBISETCS Ha pa3HbIX
NPEANPUATHSIX U, CIIEIOBATENBHO, ¢ moMolblopasHbix CAIIP.

IIpumevanune.B pganbHeiimem OyaeM [Jsi CHCTEeM aBTOMATH3HPOBAHHOIO
npoexkruposanuss IBM wucnosb3oBarb o0o3Hauenue CAIIP DBM, a pasi cucrem aB-
TOMATH3HPOBAHHOIO NMPOECKTHPOBAHUS H3J€JUH JIEKTPOHHOH TEeXHUKH — O0O3HaYeHHe
CAIIP UDJT.

IIpakTHka TPOEKTUPOBAHMS DSIEKTPOHHOM M BBIYMCIUTENBHOM ammapaTtypsl IIpuUBENIa K
BbIJIEJICHUIO TOPU30HTAIBHBIX U BEPTUKAIBHBIX YPOBHEH MepeyrcIeHHbIX B Ta0M. 1.



Taonuua 1.
BepTHKanbHBE YPOBHH:

(YHKIIHOHAJbHBII aJrOpUTMHYECKH KOHCTPYKTOPCKHIl
— IlpoexTHpoBaHHE cxeM aJ- —
rOpPHTMOB
§ 1 [Iporpammuposanue  Mo- 29
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®ynkuroHanbHoe npoektupoanue BCAIIP D9BM. D1o npoekTupoBaHue BKJIIOYAET B ceOsl 1Ba
OOJBIIMX TOPU3OHTAIBHBIX YPOBHS — CHUCTEMHBIH M (yHKUIMOHATbHO-TOrndyeckuil. Jlns
BBITTOJIHEHUS 3a]1a4 ATUX YPOBHEH 0OBIYHO UCTONIB3YETCs] HUCXOASIIEE TPOESKTUPOBAHHE.

Ha cucrtemHOM ypOBHE NMpOEKTHPYIOTCS CTPYKTypHble cxeMbl OBM, B cBsi3u ¢ ueM JaHHBIN
YPOBEHb HA3bIBAIOT TAK)XKE CTPYKTYpPHBIM ypoBHeM. Ha 3TOM ypoBHE BeeTCs yKpPYIHEHHOE
paccmotpenue Bceil OBM nnu BC B mesnowM, a aieMeHTamMu NpoeKTHpyeMbix OBM sBnsiorcs
TaKue yCTPOMCTBA, KAaK IIPOLIECCOPBI, KaHAJIbI, 3alIOMUHAIOIINE, BHEIIHWE U ap. Ha cucreMHOM
YpOBHE s pas3fenbHoro wuccienoanuss OBM, Oombmu: MmHoromamuHHbIX BC u cereit
BBIYMCIIUTEIIBHBIX MAIIMH MOXHO BBIIEIUTD OTAEIBHBIE [IOYPOBHH.

Ha  QyHKIMOHAJIBHO-TOIMYECKOM  YpPOBHE  MpPOEKTUPYIOTCA  (YHKLUHMOHAJIbHBIE U
IPUHLMIIAAIBHBIE CXeMbl ycTpoiicTB OBM. 31eck BBIAEHAIOT MOAYPOBHU — PETMCTPOBBIA U
noruyeckuii. Ha perucTpoBoM moypoBHE NMPOEKTUPYIOTCS YCTpOICTBa M3 OJI0KOB (OJIOKH THIIA
PETrUCTPOB, CYETUMKOB, EUIU(PPATOPOB U JIOTUUECKUX MPeoOpa3oBaTesieid, COCTaBISIOMNX LENn
MEXXPErucTPOBBIX Mepecbulok). Ha jormueckoM moaypoBHE MPOEKTHPYIOTCS YCTPOWCTBA WIIU
COCTaBJISIOIIME WX OJOKM W3 OTHENbHBIX JIOTMYECKMX BeHTWJeH u TpurrepoB. Ha oGomux
MOIYPOBHSX UCHOJB3YIOTCS OJIM3KHE MO CBOEMY XapaKTepy MaTeMaTUYeCKue MOJIEIU U METO/IbI
UCTCIIEIOBAHMSI, YTO M OOYCIOBJIMBAET YHOOCTBO OOBEIUHEHHs STUX IOAYPOBHEH B OJUH
YPOBEHb.

OynknnoHanbHOe npoektupoBanne B CAIIP UOT. B cinydae cxeM Maiol U CpeaHEN CTENEHU
MHTETpalMy 3TO IMPOEKTHPOBAHME 3aHUMAET YPOBHM CXEMOTEXHHUYECKMH M KOMIIOHEHTHBIM.
[TosBnenne B CAIIP DT cpencts miast pemieHus 3aad GyHKIHOHAIBLHO-TOTMYECKOTO YPOBHS
BBI3BAHO TOTPEOHOCTHIO TMPOEKTUPOBaHMs Oomnbiinux uHTerpanbHbix cxem (BUC). 3amaun



dbyHKroHampHO-oTHYeckoro ypoBHs B CAIIP MUDT anamornuHbl 3a1auaM Takoro e ypOBHS B
CAIIP 3BM (3nech npoektupytotcs pyHkimonansusie cxemsl BUC).

Ha cxemomexnuueckom yposHe NPOSKTUPYIOTCS NPUHIMIHAIBbHBIE dJIeKTpudeckue cxemsl MC
wi  ¢parmentoB BUC. DnemeHTamu 371€Ch SBISIIOTCS KOMIIOHEHTHI DJIEKTPOHHBIX CXEM
(pe3ucropsbl, KOHAEHCATOPHI, TPAH3UCTOPBL, JUObI).

Ha xomnonenmuom Ypoere p8,3pa6aTHBaIOTC$I OTACJIBbHBIC KOMIIOHCHTbBI I/IC, paccMaTpruBacMEbIC
KaK CHCTCMbI, COCTOAIIUC M3 3JICMCHTOB — Y4Ya'CTKOB IIOJYIPOBOAHHUKOBOI'O KpUCTAJLIA, WA
AUCKPCTHBIC KOMITIOHCHTEIL.

@yuxyuonanvroe npoekmuposarue B CAIIP DT moxeT OBITh Kak BOCXOMSIIUM, TaK H
HUCXOAAIKMM. Bocxopsiiee NpOEKTUPOBAHUE XAPAKTEPU3YETCS HCIIOJIB30BAHMEM THIIOBBIX
KOH(GUTYpamuii  KOMIIOHCHTOB,  THIIOBBIX  JIOTHYECKHX  s4eek  ((pparMeHToB)  mpu
npoexktupoBanun BUC.

Hucxonsmee IIPOEKTUPOBAHUE XapaKTepu3yeTcst CTpEMIICHUEM UCIIOJIb30BATh
CXEMOTEXHUYECKUE PEILEHUs, SABISAIOLIMECS HawilydmiuMu Juist KoHkpeTtHod BUC unmum cBepx-
BUC, u cBsa3aHo ¢ pa3pabOTKONl OpPUTMHAIBHBIX MPUHLUIIUAIBHBIX CXEM U CTPYKTYp
KOMIIOHEHTOB.

Bricmne nepapxuyeckue YpOBHU aITOPUTMUYECKOTO MPOEKTHUPOBAHUS CIIYKAT JUIsl CO3JIaHUs
nporpaMMHoro ob6ecrnieueHuss OBM. {1 CI0XKHBIX MPOrpaMMHBIX CUCTEM OOBIYHO BBIIEISIOT
JIBa MepapXxuueckux ypoBHs. Ha BbIclIeM M3 HUX MPOU3BOAUTCS IUIAHUPOBAHME NMPOTrPaAMMHOMN
CHCTEMBI U pa3pabaThIBAIOTCS CXEMbI aJITOPUTMOB; JIEMEHTAMHU CXEM SIBJIIOTCS MPOTrpaMMHBIE
monynu. Ha crienyromem ypoBHE HH MOAYJIM HPOTPAMMHUPYIOTCS Ha  KakoM-JIH0o
ITOPUTMUYECKOM SI3BIKE. 3/1€Ch UCIIOIB3YETCSI HUCXOALIEE TPOEKTUPOBAHUE.

Huzmme HCPAPXUUCCKUC YPOBHU AITOPUTMHUYCCKOT'O IMPOCKTUPOBAHUA TCCHO
B3aUMOCBA3aHHBIX C YPOBHAMHA q)YHKI_II/IOHaJ'ILHOFO MPOCKTUPOBAHU.

OcHOBHas 3ajjaua apxumekmypHo20o ypoeHs TPOEKTUPOBAHUI—a6b100p apxumexmypsl BC,
T. €. ONpeJesIeHe TaKuX CTPYKTYPHO-aJTOPUTMHUECKUX 0COOEHHOCTEH, Kak (hopMaThl TaHHBIX
Y KOMaHJ, CUCT€Ma KOMAaHJ, NPUHIUIBI BBIIOJHEHUS OIEpaluii, YCIOBHUs BO3HUKHOBEHHUS U
JUCLUIUIMHA OOCIy)XHBaHUS mpepblBaHui M T. 1. (cM. [1]). YacTto BBIOOP apXHUTEKTYphI
paccMaTpuBaIOT Kak OJIHY M3 3aJa4 CUCTEMHOI'O YpPOBHS, T.€. OOBEAMHSIIOT apXUTEKTYPHBIN U
CUCTEMHBIN YPOBHH B OJIMH HepapapXUyeCKuil ypoBeHb (PYHKIIMOHAIBHOIO MPOEKTUPOBAHUS.

MuxkponporpaMMHBI ypOBEHb NIPEAHA3HAYEH JJIS1 IPCEKTUPOBAHUS OIEPALIMI U ITPOLIEAYD,
BBITIOJTHsIEMBIX B OBM anmapaTHbiM crioco00M. DTOT YpOBEHb TECHO CBsI3aH ¢ (PYHKIIMOHAIBHO-
JIOTUYECKUM YPOBHEM MPOCKTUPOBAHUS.

KoHcTpyKkTOpCKOE MPOEKTUPOBAHUE BKIIOYAET B CE0s1 MEpapXUUECKUE YPOBHH MPOESKTUPOBAHUS
CTOEK, IaHeJel, TUMOBBIX 3J1eMEHTOB 3aMeHbl (TD30B), Moxynell M KpHUCTAUIOB (UMIIOB)
UHTETPAIbHBIX CcXeM. /[l pemieHus KOHCTPYKTOPCKMX 3a/lad XapaKTepHO BOCXOJSIIEe
IIPOEKTHPOBAHHUE.

IIpumeuanue: Ilpouecc BBINOJHEHHS] ONEpPaAllMU W TNPOUEAYP HePAPXHYECKHUX YPOBHeH
NPOEKTHPOBAHUS CUCTEMHOI0, (PYyHKIMOHAIBbHO-JIOTHYECKOI0, CXeMOTEXHHYECKOro u T. 1.



Ha3bIBAIOT COOTBETCTBCHHO NMPOCKTHPOBAHUEM CUCTEMHBbIM, (l)yHKIIPIOHaJIbHO'
JIOTUIECCKHUM, CXEMOTCXHUYCCKHUM H T. [1.

§ 2. 3BAJAYM ITPOEKTUPOBAHUA

3amaun (HYHKIMOHAIBLHOTO TMpoekTupoBaHus OBM u mx snemeHTHOW 0aspl. Paccmorpum
OCHOBHBIE 33/1aud, pellaeMble Ha PA3IUYHBIX HEPAPXMUYECKUX YPOBHIX (PYHKIHMOHAIBHOTO
IIPOEKTUPOBAHMS, & TAK)KE HA CBSI3aHHBIX C HUMHU YPOBHSIX aJITOPUTMHYECKOTO IMTPOCKTUPOBAHU S
(cm. [1—S8]). ITpu aTOM Oynem npezmnoaraThb, 4TO UCIOJIb3YETCS HUCXOIAIIECE MPOSKTUPOBAHHE.

OCHOBHBIE 3371a4l CUCTEMHOT'O U aPXUTEKTYPHOT'O YPOBHEN MPOEKTUPOBAHUS CIIEAYIOILHUE!
ornpezeneHue NpuHIunos opranuzanuu BC;

BBIOOp apXUTEKTYypbl, yrounenue ¢ynknmii BC m ux pasnenenue Ha (QyHKUUH, peaan3yeMble
anmnapaTHbIM U IPOrPaMMHBIM ITyTEM;

pa3palboTKa CTPYKTYpHOM CXEMBI, T. €. OIpPEICIICHHE COCTaBa YCTPONCTB MU CIOCOOOB HX
B3aUMOJCHCTBUS;

orpeneneHue TpeOOBaHM K BBIXOJHBIM ITapaMeTpaM YCTPOUCTB U (HOPMUPOBAHHE TEXHUYECKHX
3ananuii (T3) Ha pa3paboTKy OTIENBHBIX YCTpOHCTB DBM.

B T3 na pa3paboTky oOTAenbHBIX YycTpoiictB OBM BxomsaT: mnepeuncieHue (QyHKIUH,
BBITNIOJIHSEMBIX YCTPOMCTBOM, YCIOBUS pPabOTOCIIOCOOHOCTH YCTpPOMCTBA, TpeOOBaHUSA K €ro
BBIXOJIHBIM TMapaMeTpaM, JaHHbIE O cojepkaHuu u (Gopme HHPOPMAIMH, KOTOPOW ITaHHOE
yCTpOMCTBO OOMEHHBaeTcs ¢ JAPYrMMHU ycTpoiicTBamu cucteMbl. Kpome Toro, Ha stame
(YHKIIMOHAJIBHOTO TPOEKTHUPOBAHUS YCTPOWMCTB YK€ H3BECTHO TMPUHATOE Ha JTare
NpeBapUTENLHOTO MPOEKTUPOBAHUS PpEIIEHUE OTHOCHTEIbHO XapakTepa >JIEMEHTHOW 0a3bl
(opuruHanbHble Wi THNoBble BUC wnm cepun cTaHAApTHBIX MUKPOCXEM CpelHed U Maloi
CTETIeHH UHTETrPaIiu).

ITosTOMy B 3amau¥l MUKPONPOSPAMMHO20 YPOGHS QN2OPUMMUYECKO20 — NPOEeKMUpPOSaHUs U
Dpe2ucmpo8o20 nooyposHsa PYHKYUOHANbHO-T02ULECKO20 YPOBHA NPOEKMUPOBAHUsL BXOIAT:

JeTaln3alys BBIIOJHSAEMBIX YCTPOMCTBOM (YHKIUH, UX alrOpuTMUYEcKas peanu3anus u
IpeJCTaBICHNE AITOPUTMOB B OJTHOM U3 MPUHATHIX (HopM;

BbIOOp TNPUHIUIIOB OpraHu3allid YCTPOMCTBA, BKJIIOYAIOIIMNA, HAmpuUMep, BBHIOOp TuUMA
OIIEPATUBHOI'O 3aIIOMUHAIOILET0 YCTPOMCTBA WM J€-KOMIIO3HUIIMIO YCTPOICTBA Ha psii OJIOKOB ¢
BBIOOPOM UX CTPYKTYPHI H T. IL.;

pa3zpaboTKka MHKpPOIpOrpaMM, T. €. OINpeAesieHue s KaXJI0M KOMaHIbl COBOKYIHOCTHU
MUKPOKOMAH/]I ¥ TIOCJIEIOBATEbHOCTH MX BBITIOJIHEHHUS;

CHHTE3 KOHEYHBIX aBTOMATOB (OJOKOB), pealu3yIOIMUX 3aJaHHble (YHKIIUU, C OMpeIeIeHuEM
TUIA ¥ eMKOCTH IaMsITH aBTOMATOB, (DYHKIUI BbIX0/1a U BO30YXK/ICHUS HJIE€MEHTOB MaMsITH.



Ha nocuueckom nooyposne ¢hynxyuonanvno-nocuueckoz2o ypoeHs npoeKkmuposanus peraroTcs
CIIEIyIOIINE 3a/1a4U:

CHHTE3 q)YHKI_II/IOHaJIBHHX W NIPUHIOUIINAIBHBIX CXEM BBIACIICHHBIX 6J'IOKOB;

MpoBEpKa pabOTOCIIOCOOHOCTH CHHTE3UPYEMBIX OJIOKOB C Y4YE€TOM 3aJepPKeK CHUTHAJIOB U
OTpaHWYEHUN BBHIOPAHHOW D3JIEMEHTHOMW 0a3bl WJIM BBIPA0OTKAa TPEOOBAHHMM K 3aJepiKKaM
3JIEMEHTOB B coctaBe BUC;

CUHTE3 KOHTPOJIMPYIOLIUX U JUATHOCTUYECKUX TECTOB;
dbopmynupoBka T3 a5 CXeMOTEXHUYECKOTO YPOBHS MPOESKTUPOBAHUS.

OcHoBHy!0 9acTh T3 Ha CXEMOTEXHHYECKOM YPOBHE IMPOECKTHPOBAHUS COCTABISIOT TPeOOBAHUS
K CJEIYIOIIMM BBIXOJHBIM IapaMeTpaM 3JIEKTPOHHBIX CXEM: 3aJIepKKaM paclpOCTpaHEHUS
CUTHAJIOB,  MOLIHOCTSIM  pacCcesiHus, YPOBHSAM  BBIXOJHOI'O  HANpSDKEHUs,  3amacam
MOMEXO0YCTOMYUBOCTH U T. 1. Kpome Toro, B T3 oroBapuBaroTcsi ycaoBusi QyHKIIMOHU-POBAHUS B
BUJIE YKa3aHHUsS JOMYCTUMBIX TUANa30HOB W3MEHEHHUS BHEIIHUX IapaMeTpoB (TeMIIeparyphbl,
HANPSDKEHUH TUTaHUs, KOA(POUIIMEHTOB HATPYKEHUS U JIP.).

Ha cxemomexnuueckom ypoeérne OCHOBHBIE 3a[1a4l IIPOCKTUPOBAHUS CIIELYIOLIUE:
LITE€3 CTPYKTYPBI IPUHIUIIMAIBHON CXEMBI;

pacueT mapaMeTpOB MACCHBHBIX KOMIIOHEHTOB W ONpeeNieHHe TpeOOBaHWI K mapamerpam
AKTHBHBIX KOMIIOHEHTOB;

pacyder BepOATHOCTH BbINIOJHEHUS TpeOoBaHU T3 K BHIXOJHBIM ITapaMeTpaM;
dopmynupoBka T3 Ha MIPOEKTUPOBAHHE KOMIIOHEHTOB.

Ha xomnomenmmom yposne 3agaun  (YHKIIMOHAIBHOTO, KOHCTPYKTOPYKTOPCKOTO U
TEXHOJIOTHYECKOT0 MPOEKTUPOBAHUS TECHO CBSA3aHBI JIPYT C APYTOM:

BbIOOp (PU3MUECKOM CTPYKTYpbl M pacyeT mapaMmerpoB JIupdy3sHoHHOro mpoduiis
HOJYIIPOBOIHUKOBBIX KOMIIOHEHTOB,;

BBI60p TOIIOJIOTMHU KOMIIOHCHTOB U paCdY€T rcOMCTPUICCKUX pa3MCPOB 51 IJIaHE,
PaCUYCT JICKTPUUCCKUX MMApPaMETPOB U XaPAKTCPUCTHUK KOMIIOHCHTOB;,

pacyeTnmapaMeTpoB TEXHOJIOTHUYECKHX TMPOIECCOB dMHUTaKcuu, Iuddy3uu OKHUCICHHUS,
o0ecreunBaroIUX MOJy4yeHHUE KeaaeMoro AU Gy3noHHOro npopuis;

PpacucT BEPOATHOCTH BBIITOJTHCHUA Tpe6OBaHHﬁ K BBIXOJHBIM IMapaMETPOM KOMITIOHCHTOB.

IIpr HHCXOIAIIEM NPOESKTUPOBAHUM CBS3b HEPAPXUUYECKUX YPOBHEH IIPOSBIAETCA 4YEpPE3
dopmupoBanue T3 Ha pa3paboOTKy AJIEMEHTOB HCXOHs U3 TpeOOBaHUM, MPEIbABISEMBIX K
cucreme. DopmupoBanne T3 Ha HEKOTOPHIA OOBEKT MPOU3BOAUTCS Ha 0OJIEe BHICOKOM ypOBHE
110 OTHOIIEHUIO K YPOBHIO JJAHHOTO OOBEKTA.



[Ipy  mocxopsumieM NPOEKTHUPOBAHUU pa3pabdOTKa 3JIEMEHTOB MpPEALIeCTBYET pa3paboTKe
CHCTEMBI, IOATOMY 00b19HO T3 Ha 351eMeHTHI (POPMHUPYIOTCS HA OCHOBE MHEHHH SKCIEPTOB Ha
TOM JK€ YpPOBHE, Ha KaKOM OJTH D3JEMEHTbl NPOEKTUPYIOTCA. CBA3b MEXIYy YpOBHSAMU
IIPOSIBIISIETCS MIPEXKJIE BCETO B TOM, YTO IPU IPOEKTUPOBAHUN CUCTEMbI YUUTBHIBAIOTCS CBOMCTBA
YK€ CIIPOEKTUPOBAHHBIX 3JIEMEHTOB YEPE3 UCII0JIb30BaHUE MAKpOMOIeNeil anemeHToB. [loaTtomy
B IIepeueHb 3a/a4 pPa3IMYHbIX YPOBHEH, pelIaeMbIX IPU BOCXOISAIIEM IPOEKTUPOBAHHH,
no0baBiiseTcs 3a/1aua NOJIy4EeHUsl MaKpOMOZENeH U olpeieIeHUs 3HaUeHUH UX apaMeTpoB.

3amaul KOHCTPYKTOPCKOIO MPOEKTUpOoBaHUs. KOHCTPYKTOpPCKOE MPOEKTHUPOBAHHE BKIIIOYAET B
cebsi pemieHHe 3a/ay CIEAYIOIIUX TPYIINYy KOMMYTallMOHHO-MOHTAaKHOTO MPOEKTUPOBAHUS;
o0OecrieyeHrs JOMYCTHUMBIX TEIUIOBBIX PEXKUMOB; KOHCTPYUPOBAHMS SIECKTPOMEXaHHUUECKUX
y3JI0B BHEIITHUX YCTPOMCTB; H3rOTOBIICHHS KOHCTPYKTOPCKOM TokyMeHTanuu (cm. [8—11]).

OcHoBHBIE 3a/la4ll KOMMYTAIlMOHHO-MOHTaxxHOTO mpoekTupoBanusi B CAIIP UDT — 3anmauu
pa3MeleHHsT KOMIIOHCHTOB Ha TOJUIOKKE U TPACCUPOBKHU IJICKTPUUCCKUX COCAMHECHUN MEXITY
KOMITIOHEHTaMu. [Ipu MpOeKTUPOBAaHMM MHTETPAIBHBIX CXEM ITH 3aJa4ll KOHKPETU3UPYIOTCS B
cienyroieM nepede (cm. [8]):

KOHCTPYKTOPCKHIA pacdeT TeOMETPUYECKUX pa3MepOB KOMIIOHEHTOBB IIaHe (3Ta 3a7aya UHOTA
cuMTaercs 3aadel (yHKIMOHAIBLHOTO MPOCKTHPOBAHMUS);

OIIPEACIICHUC B3AUMHOI'O PACIIOJIOKCHHUA KOMIIOHCHTOB Ha HOJ'IyrIpOBOI[HPIKOBOﬁ IIJIaCTHUHEC,

pasMEIICHUC KOMIIOHCHTOB Ha IJIAaCTUHE C YUeTOM reomMeTpuun KOMIIOHCHTOB,
CXCMOTCXHHUYCCKHUX N TEXHOJOTUYCCKUX OT paHI/I‘{eHPlﬁ;

TPaCCUPOBKA COETMHECHUI;

BbIUEPUMBAHMUE MOCIOMHBIX YepTexeill ¢ oOlero BuAa TOMOJOTMM M COCTAaBJIEHHWE TaOIuI]
KOOPJIMHAT YIVIOBBIX TOYEK Ul MOCIETYIOEr0 U3rOTOBIEHUS (POTOMAOIOHOB.

3amaul pa3MeleHus] IEMEHTOB U TPACCUPOBKHU AJIEKTPUUYECKUX COCAMHEHUN pelIaloTcs U B
CAIIP 5BM. Tak, Ha ypoBHE TUMOBBIX 371eMeHT TOB 3aMeHbI (TO30B) HEOOXOAMMO pa3MECTUTh
KOpITyca MHKpPOCXEM U BBINOJHUTh TPACCUPOBKY I€YATHBIX IPOBOJHUKOB B OJHOM WIIU
HECKOJIbKUX CJIOSIX MedyaTHOM miatsl. Ha Apyrux ypoBHSX (MaHenH, CTOMKH) TakkKe peliaroTcs
3ala4yl pa3MEILEHUsl JJIEMEHTOB U IPOBENEHUs INPOBOJHBIX coenuHeHuil. Kpome Toro, x
3a7a4aM KOMMYTallMOHHO-MOHTKHOTO IPOEKTUPOBAHMUS OTHOCHUTCA 3a7adya KOMIIOHOBKHU
3JIEMEHTOB 0JI0KH, perieHne kotopoit Tpedyercst B CAIIP 3BM u npu npoextupoanuu BUC B
CAIIP NOT.

HpI/I KOHCTPYUPOBAHHUU DIICKTPOMEXAHUYCCKUX YCTpOﬁCTB BO3HHUKAB OOJIBIIIOE KOJUYSCTBO
paSHOO6p33HBIX 3aaa4, CBA3aHHBIX C pa3pa60TK0171 KHMHCMATHYCCKUX CXEM, paCU4€TaMU TUHAMHUKU
U MPOYHOCTU KOHCTPYKIHA U UX IJICMCHTOB, OIIPCACICHUCM NOITYCKOB U T. II.

H3rotoBineHne KOHCTPYKTOPCKOM JOKYMEHTAIlMM BKIOYaeT B ce0e aBTOMATHYECKOE
opopmiIeHHEe  pE3yabTAaTOB  MPOCKTHUPOBAHUS,  MMOJTY4aeMbIX B  XOJA€  peIleHus
OXapaKTEPU30BAHHBIX BHIIIE 33/1a4, B TpeOyeMoli Bujie (HarpuMep, B BUIE YEPTEKEH, Tuarpamu,
Tabiul U T. 1.). Pa3zButue TexHosornyeckoro o00pyA0BaHUs C MPOrPaMMHBIM YIIPaBJICHUS BCe
yaiie IpuBOJUT K HEOOXOANMMOCTH MOJIYYEHHs pe3yJIbTaTOB MPOEKTUPOBAHUS B BUJIE MEP(HOIIEHT



WIM JPYrUX MaIIMHHBIX HOCHTENEH ymhpamistonield uHpopMarmu. Tak, Uis MOJyYeHHs
(OTOOpPUTrHHATIOB MEYATHBIX IUIAT M (oTomabdioHoB uHTerpanbHbIX cxem (MC) B Hacrosiee
BpEMsl HCIIOJIB3YETCSl MPOrPaMMHO-YIIPaBIsieMOe 000pyAOBaHHE — KOOpAUHATOrpadbl H
(dhoToHAOOPHBIC YCTAHOBKHU.

Cxema mporecca npoexktupoBanust (cM. [12]). 3agaum, pemraeMble Ha KaXKIOM 3Tare OJI0YHO-
UEepapXUIEeCKOro MPOEKTHPOBAHMS, IEJIATCS HA 3a/Jaud CHUHTE3a M aHaiu3a. 3a7add CHHTE3a
CBSI3aHBI C MOJIyY€HUEM MTPOSKTHBIX BAPHAHTOB, a 3a/1a4M aHAJIN3a — C UX OLIEHKOI.

Paznuuaror cuHTE3 napaMeTpUYECKM M CTPYKTYpHBIM. Llenb CTpykTypHOro cuHTesa —
HOJTy4€HHE CTPYKTYPbI 00BEKTA, T. €. COCTaBa €ro 3JIEMEHTOB U CII0C00a HX CBSI3H MEKAY COOOH.

Llenv napamempuueckoeo cunwmesa — OIPEAEIECHUE YHUCIOBBIX 3HAYEHUH IapaMeTpoB
aneMeHToB. Ecnu cTaBUTCS 3a7a4ya ONpeneseHs] HAUITy4YIIuX B HEKOTOPOM CMBICIIE CTPYKTYPbI
U (U1M) 3HAYEHUH MapaMeTpoB, TO Takas 3ajJada CHUHTE3a Ha3bIBaeTcsl onTuMmusauued. Yacro
ONTUMM3ALMS CBSA3aHA TOJIBKO C MapaMETPUUYECKUM CHHTE30M, T. €. C paci€TOM ONTHUMAJIbHBIX
3HAYEHUH MapaMeTpoB IMpH 3aJaHHOM CTPyKType oObekTa. Torzaa, yToObl MOJAYEPKHYTh TAKOH
XapakTep ONTHMU3ALMM, €€ Ha3bIBalOT MapaMeTpUUYecKod onTuMu3anued. 3agauy BbIOOpa
ONTUMAIBHON CTPYKTYPbI HA3bIBAOT CHIPYKMYPHOU ONMUMUSAYUEL.

3amaun  aHanW3a MpU TOPOCKTUPOBAHUU  SIBJSIIOTCS  3ajjauaMu  MCCIEAOBAHUS  MOJAETHU
MPOEKTUpPyeMOoro o0bekTa. Mojenu MoryT ObITh (pu3nueckuMu (pa3iMyHOTO POJA MAKETHI,
CTEH/bI) U MaTeMaTHYeCKHMMH. Maremartndyeckass MOJelb — COBOKYIHOCTh MaTeMaTHUYeCKHX
00BEKTOB (4HCell, NMEePEMEHHbIX, BEKTOPOB, MHOXKECTB U T. 1.) U OTHOIICHUH MEXIy HUMH,
KOTOpas aJeKBaTHO OTOOpakaeT CBOICTBa MPOEKTHPYEMOro OOBEKTa, HWHTEPECYIOIINe
WHXXCHEPa-TIPOCKTUPOBIIIHKA.

MaremaTnueckue MoJelu OOBEKTa MOTYT OBITh (YHKYUOHANbHBIMU, €CIM OHU OTOOpa)XaroT
¢u3nveckne WM WHPOPMALMOHHBIE MPOIECCHLIIPOTEKAIONINE B MOJCIUPYEMOM OOBEKTE, U
CTPYKTYPHBIMH, €CIIM  OHHOTOOpPaXalOT TOJBKO CTPYKTYypHBIE (B YacTHOM  Cllydae
reoMeTpUYecKne) CBOiicTBa OO0BEKTOB. (DYHKIMOHAJIbHBIE MOAETH OOBEKTAa dYalle BCEro
MPEJICTaBIISIIOT COOOM CHCTEMbl YpPaBHEHMH, a CTPYKTYpHbIE MOJENNU O0BEKTa — 3TO Tpadpbl,
MaTtpuibl ¥ T. M. OOBMHO NpU NPOEKTUPOBAHMHM OJHOTO M TOTO XK€ OOBEKTa HCIOI3YeTCs
HECKOJIBKO MOJIeNIEH, pa3INyaroIuXcs CI0KHOCTBIO U TOUHOCTBIO.

MatemaTuueckylo MojJeib OOBEKTa, MOJYyYEHHYIO HEMOCPEACTBEHHBIM M O0bEeIUHEHHEM
MaTeMaTHYECKUX MOJIEEeH 3JIEMEHTOB B OOIIYIO CHCTEMY, MOJHON MaTeMaTu4ecKoi MOJEINbIO.
VYhpoleHue MOJTHOM MaTeMaTHYecKOoW Mojenn 00beKTa Jaer ero maxkpomooens. B CAIIP
IIPUMEHEHNUE INPUBOJUT K COKPALICHMIO 3aTpaT MAallMHHBIX BPEMEUUM NaMATH, HO 3a CUET
YMEHBILIEHUS TOUHOCTU ¥ YHUBEPCAILHOCTH MOJIETH.

Ourypupyomue B MaTeMaTHUYECKUX MOJAESAX OOBEKTOB BEIUYMHBI HA3BIBAIOT IapaMeTpaMHu.
BaxHoe 3HaueHue Mpu ONMUCaHUU OOBEKTOB MMEIOT MapaMeTphbl, XapaKTepHU3YIOIIMe CBOMCTBa
DIIEMEHTOB, —  HNApamMempvl  JJIeMeHMOo8  (HympeHHue  napamempuvl),  NAPaAMETPHI,
XapakTEepU3ylIue CBOMCTBA CHUCTEM, —  BBIXOJAHBIE IapaMeTpsl MW  MapaMeTphl,
XapaKTEepU3YIOIINe CBOWCTBA BHEIIHEH M0 OTHOUICHHIO K pacCMaTpUBAEMOMY OOBEKTY Cpeibl,
— BHEIIHUE N1apaMETPHI.



O6o03HaunM uvepe3 X, Q U Y BEKTOPHI COOTBETCTBEHHO BHYTPEHHHMX M BHEITHUX U BBIXOIHBIX
napametpoB. OueBuaHo, uTo Y ecth (ynkims X u Q. Ecnm 31a QyHKIMS M3BECTHA U MOXKET
OBITH MpeJICTaBlIeHa B IBHOH (popme

Y =F(X, Q), 1)
10 (1.1) Ha3BIBAIOT aHATUMUYECKOU MOOENBIO.

B 3amavyax npOCKTHPOBAHWS aHAIUTHYECKUE MOJEIU YIACTCS IONy4YaTh JIMIIb B PEIKHX
ciydasix. [103ToMy OOBIYHO MCIIONIB3YIOTCS aJITOPUTMHUECKUE MOJIEIIH, B KOTOPBIX OTOOpaKeHNE
(1.1) 3amaercs B BUE aropuTma.

3ajaun aHajM3a JOBOJIBHO pa3HooOpasHbl. llpu oJHOBapHMaHTHOM aHaIM3€ MCCIENYIOTCS
CBOMCTBA 00BEKTA B 33 JaHHOH TOYKE NPOCTPAHCTBA [IAPAMETPOB, T. €. IIPH 3a/laHHBIX 3HAYCHUSIX
BHYTPEHHUX M BHEIIHHUX NapameTpoB. K 3ajauaM olHOBapHaHTHOrO aHajIM3a OTHOCUTCS aHAIU3
CTaTUYECKUX COCTOSHMM, IEepEXOIHBIX IPOLIECCOB, CTALMOHAPHBIX PEXHUMOB KojeOaHHIA,
ycroituuBocTd. llpn MHOrOBapHMaHTHOM aHalHM3€e HCCIENYIOTCS CBOMCTBa OOBEKTa B
OKPECTHOCTSIX ~ 3a/JIlaHHOM  TOYKM MpOCTpaHCTBa MapaMeTpoB. THUIIOBBIMHU  33JadyaMu
MHOTOBapHUaHTHOT'O aHAJIN3a SABJISIOTCS CTATUCTUYECKUI aHAIU3 U aHAJIM3 YyBCTBUTEIbHOCTH.

[Ipumeuanue. Ha3Banusa «o0gHO- W MHOTOBapHaHTHBIM AHAIM3» MOJYEPKUBAIOT TO
00CTOSATENHCTBO, UYTO JISi UX BBIMOJIHEHUSI OOBIYHO TPEOYETCS COOTBETCBEHHO OJUH HJIM MHOTO
BAPUAHTOB PEIICHUSA YpPaBHEHUN MaTeMaTH4YECKOW Mojenu (Wi BapUaHTOB U3MEPEHUM Ha
MakeTe).

Hcxonnble naHHblE ISl MPOEKTHPOBAHUS Ha OYEpEeIHOM YpoBHE 3adukcupoBaHsl B T3,
BKJIFOYAIOLIEM TIepeYncIeHne QYHKIMA 00bEeKTa, TEXHUIECKUE TPeOOBaHMs (OrPaHUYEHHS) TT;

Ha BBIXOJHbBIE TAPAMETPBI Y; JOMYCTUMbBIE JWANA30Hbl M3MEHEHWH BHEUIHMX MapaMeTpoB.
Tpebyembu COOTHOLIEHUS MEXIY Y; W TT; Ha3bIBAIOT YCIOBUAMH PabOTOCIOCOOHOCTH. DTH

YCJIOBHSI MOTYT HMETH BUJI PABEHCTB
yj = TT; £ 4y; 2
Y HEPaBEHCTB

yj < TT; (3)

yj > TT;j 4)

I'nedy; — momycTuMoe OTKJIOHEHHE PEATbHO JIOCTUTHYTOTO 3HAYCHHUs Y; OT ykasaHHoro B T3

3Ha4YeHus yj;j = 1, 2, ..., M (M— KOJIMYECTB BBIXOJHBIX 1APAMETPOB).

Ha puc. 1 npencraBneHa TUmMuHas JUisi OJHOTO YPOBHS CXEMa IPOLECCA HHUCXOASILErO
npoekTupoBaHus. CHHTE3UpPYyeTCs MCXOAHBIM BApHUAHT CTPYKTYPBI, JJISI HETO COCTABIISIETCS
MOJIEJIb W PACCUUTHIBAIOTCS HCXOJHBIE 3HAYEHUs NapaMeTpOB JJIEMEHTOB. AHaIU3 MOJAEIN
MO3BOJISIET NPHHATH TO WJIM HHOE pEUIeHHWE O AaJbHEWIIMX JaeucTBusAX. Eciau momydena
npujieMasi CTENEHb BBIMOJIHEHUS YCIOBHIM pabOTOCIMOCOOHOCTH, TO CHHTE3UPYEMBbIl BapuUaHT
CYMTACTC HA JAHHOM OTalle IPOCKTUPOBAHUSA OKOHYATEIBHBIM; CIEHOBATEIBHO, MOXKHO
OPUCTYIUTh K O(GOPMIICHHIO TEXHUYECKOM JOKyMEHTaluu, 3amucu 13 Ha pa3paboTky



3JIEMEHTOB M TMEPEUTH K CIEIyIoleMy YPOBHIO MpOeKTHpoBaHUs. Ecnu ynoBieTBOpUTENbHBIN

pe3YJIBTaT CIIC HC I[OCTI/IFHYT, TO HpI/IHI/IMaeTCSI peIHeHI/IC (6] HyTSIX ):[aﬂLHeﬁmero YHyT-IHlCHI/IH
oOBeKTa.
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K onedyroyeny ypobuw npockmupobanun

Puc.1. Cxema nporecca HUCXOJSIIETO TPOSKTUPOBAHUS

IIepBblli myTh — HW3MEHEHME 3HAYEHHWM I1apaMeTpoB JJIEeMEHTOB. Eciaum 3T0 HM3MeHeHHe
OCYIIECTBIISIETCS C LEIbI0 TMOJY4YUTh HAUOOJBUIYIO CTENEHb BBIIIOJHEHUS  YCIOBUHN
paboTocrocoOOHOCTH MPH 33JIaHHON CTPYKTYpe 00BEKTa, TO COBOKYITHOCTh MPOIEAYp aHAIU3a U
WU3MEHEHUS [TapaMeTPOB €CTh MPOLEAypa ONTUMHU3ALUU. BTOPON MyThb— MMEHEHHUE CTPYKTYpPbI
o0bekTa. [ KaXkJ10ro HOBOIO BapuaHTa CTPYKTYPbI JOJDKHA KOPPEKTUPOBATHCS WIIM 3aHOBO
COCTAaBJIATHCS MOJIENb M BBINOJHATHCSA ONTUMHU3aLUA NapaMmeTpoB. COBOKYMHOCTb HPOLEAYD
CHUHTE3a CTPYKTYpbI, COCTAaBJIE€HHMH MOJEIM U ONTUMHU3ALMUHU I1apaMETPOB €CTh Ipolexypa
cuHoe3a oO0bekTa. Tperuil myTh cBsi3aH ¢ KoppekTupoBkoi T3 Ha mpoekTHpyeMblii 00bekT. OH

UCIIONIb3YETCSI, €CIIU JOCTUYb BBHINOJHEHHUS TpeboBanuii T3 ¢ momolIpl0 Ipyrux myTell He
yIaeTCsl.

[Ipouecc mpoekTUpOBaHUS  HOCUT umepayuonnvlii  xapakmep. llocnenoBaTenbHble
NpUOIIKEHNS K OKOHYATEIbHOMY Pe3yJIbTaTy UMEIOT MECTO B paMKaX BCEX pPacCMaTpPUBAEMbIX
nyreid. Urepauun moryt BkimodaTh B ceOd v Ooyiee 4yeM OJMH YPOBEHb MPOEKTHUPOBAHUS,
HEOoOXOIUMOCTh BO3BpaTa K MPEAbIAYIIEMY YPOBHIO MOKET OOHapyXHUThCS Ha JI0OOM
HOCJIEIYIOEM JTare. Takum oOpas3oMm, B nporecce  MPOSKTUPOBAHMUS IPUXOAUTCS
MHOTOKpPATHO BBIMOJHATH MPOLEAYPY aHalu3a 0ObEKTa.



[TosTOMy OYEBHIIHO CTpEMIICHHE YMEHBIIUTH TPYIOSMKOCTh KaXKJIOTO BapHaHTa aHAN3a
0e3 ymiepba sl KayecTBa OKOHYATENIBHOrO MpoekTa. B 3Tux ycnoBusix 1einecooOpa3HO Ha
HaYaJIbHBIX HUTCpAlUAX HpOoLeCCa MPOCKTUPOBAHUA, KOT'da BBEICOKOW TOYHOCTU PE3YIbTATOB HEC
TpeOyeTCs,NCIoIb30BaTh Haubojiee NPOCTble W SKOHOMHYHBIE Mozend. Ha mociennux
HUTCpaluAaxX NPUMCHAIOT HaI/I6OJIe€ TOYHBIC MOACIIN, IPOBOIAT MHOFOBapHaHTHBIﬁ dHaJIu3 U TEM
CaMbIM IOJIYYaIOT JIOCTOBEPHBIC OLIEHKU pab0TOCIIOCOOHOCTH 00BEKTA.

@opmanu3anus NOPOEKTHBIX 3a7ad M BO3MOXKHOCTH IpuMeHeHus OBM g ux peeHus.
dopmanu3zanus MPOSKTHOM 3alauM SBJSETCS HEOOXOIUMBIM YCIOBHUEM [UId €€ pelleHHs Ha
OBM. K ¢opmannszyemMbIM 3agadyaM OTHOCATCS HPEXJAE BCEro 3aJayd, BCEria CUUTABIIMECS
PYTHHHBIMM, HE TPEOYIOLIMMM CYILIECTBEHHBIX 3aTpaT TBOPYECKUX YCWIMH HMHXKEHEPOB. JTO,
Harnpumep, MpoLeaypbl H3rOTOBICHHUsS KOHCTpyKTOpckod nokymeHTauuu (KJ[) B ycinoBusx,
korza conepxanue K/I yxe noJHOCTBIO ONPENEIEHO, HO €1Ie HE UMEET IPUHATON I XPAHEHUS
U JaIbHEHIIero MCcHojibp3oBaHus (Gopmbl (Hampumep, (GOpMBI YepTeked, TrpaduKoB, CXeM
QITOPUTMOB, TaOJUI] COEAWHEHHI); MPOIEIyphl MPOBEACHUS AIIEKTPUUECKHX COCIMHEHUH B
NEYATHBIX IUIaTaX WM BBINOJIHEHUS] MEXIAHEJIbHOTO W MEKCTOEYHOro MoHTaxka. Kpome
PYTHHHBIX K (opManu3yemMbIM 3ajadyaM OTHOCUTCS  OOJBIIMHCTBO 3aJady  aHalu3a
OPOEKTHPYEeMBIX 00beKTOB. VX (opmanuzanus gocturaercs Oiarojnaps pa3BUTUIO TEOPUH U
METOJ0B aBTOMAaTU3HPOBAHHOIO IIPOEKTUPOBAHUSA M IPEXKAE BCEr0 MOAeNupoBaHusd. B To xe
BpeMs €CThb MHOIO NPOEKTHBIX 3aJad TBOPYECKOIO XapakTepa, A KOTOPBIX CIIOCOOBI
dopmanu3anuy HEW3BECTHBI. JTO 3a/lauM, CBA3aHHBIE C BHIOOPOM MPHUHLMIIOB IMOCTPOCHUS U
OpraHM3aly OO0bEKTa, CUHTE3a CXEM M KOHCTPYKLHMH B YCIOBHUSX, KOIJIa BBIOOp BapuaHTa
IPOU3BOJUTCS CpeAM HEOIPAaHMYEHHOI'O MHOJKECTBA BapHMAaHTOB UM HE MCKIIOYAETCs
BO3MO>KHOCTb MOJIYYEHHsI HOBBIX, PAaHEE HEM3BECTHBIX PELICHHH.

Mexay pyTHHHBIMA M TBOPYECKUMH 3aJ[auaMH HaXOJWTCS MHOTOYHCIICHHAs TPYIIa 3aad, s
KOTOPBIX BO3MOXKHa (WM Iiemecoo0pa3Ha) TOJIbKO dYacThuHas (opmanusanus. OgHuM U3
IPUMEpPOB TaKMUX 3a/ad SBISETCS 3ajJada HapaMeTpPUYecKOd ONTHUMH3alMUd OOBEKTOB IpHU
OTCYTCTBHH YETKO 3a()MKCHPOBAHHBIX TPeOOBaHMI K BBIXOJIHBIM Mapamerpam B T3.

[Tonxon x pemeHuto 3anad  ykasaHHblx rpynn B CAIIP  Heoaunakos. IlonHocThiO
(dopmanusyeMble 3a7aud, COCTABIIIOLIME IEPBYIO IPYIIy 3ajad, 4alle BCEro PeIarTcs Ha
OBM 06e3 BMeIaTenbCcTBa YeJI0BeKa B POLECC PEIIeHHUs, T. €. IpUMEHseTcs pereHue Ha OBM B
NaKeTHOM pexxuMme. YacTuyHO opManu3yeMble 3a7aul, COCTaBIIAIONIME BTOPYIO TPYIITy 3ajad,
pematorcd Ha OBM npu akTHUBHOM y4acTHH YENIOBEKA, T. €. UIMEET MECTO IpuMeHeHne OBM B
UHTEPaKTUBHOM pexuMe. Hakonen, Hedopman u3yemble 3aJaud, COCTABISIONIME TPEThIO
IpyMIy 3a]1a4, penalTcs HHxeHepoM 6e3 momornm IBM.

IIpumeuanue: Mcnonb30BaHue MHTEPAKTHBHOIO PEeKMMA MOKET OBbIT MPEANOYTHTEIbHBIM
U IPH pelIeHHH HEKOTOPbIX PYTHMHHBIX 3a1a4, €CJd 3aTpaTbl MAIIMHHOIO BPEMEHH
OKa3bIBAOTCH CYHIECTBEHHBIMM H BMEULIATEJBCTBO 4Ye€/J10BeKa B XOA BBIYHMCICHHH HaA
HEKOTOPbIX 3Tamax pelIeHUusl MOKeT 3aMeTHO YCKOPUTh IOJYYeHHe pe3y/ibTara
(HanpuMmep, 3a cYeT NMPOIYCKa psaja OecrepCneKTUBHBIX BADHAHTOB pacyera).

B mHacrosimiee BpeMs OAHMM W3 HamNpaBlIeHUH pa3BUTHS MaTeMaTUYECKOTo oOOecTieueHus
ABTOMATHU3UPOBAHHOTO MPOEKTUPOBAHUS SIBISIETCSA pa3paboTKa METO/IOB U aTOPUTMOB CHHTE3a
HAa  Pa3JIMYHBIX YPOBHS ~ HMEpPapXUUYECKOTrO IPOEKTUPOBAHUA  PaJUOAIIEKTPOHHOM



anmapatypsl(POA). Ycnexu 3TOoro HampamieHHS NMPUBOAAT K PACHIUPEHHUIO BTOPOW TPYIIIIBI
3a[a4 3a CUeT OTJENbHBIX 3aJa4 TpeThel rpymmsl. B To ke BpeMsi 001l HaydHO-TeXHUYECKHHA
IIPOTPECC IEKTPOHUKHU U BBIYMCIIMTEIBHON TEXHUKH IOPOKIAeT HOBBIE 3a/1a4, KOTOpPbIE, KAK
NpaBUJIO, TIEPBOHAYAILHO OTHOCATCA K TpeTbed rpymnme 3aaad. [locrmemanee oOCTOSATENBCTBO
CIIY’)KMT IPUYMHOM TOro, 4TO NPOEKTUPOBAHME W3LEIUN 3JIEKTPOHHOM TexHUKH U OBM
OCTaHEeTCs AaBTOMAaTU3MPOBAHHBIM, B HEM aKTUBHYIO pOJb OyAeT urparb 4eJOBeK.
ABToMaTtuydeckoe (0e3 yuacTus 4esIoBeKa) MPOEKTUPOBAHUE MOXKET MOSIBUTHCS TOJIBKO B paMKax
KaKHMX-JIM0O0 OT/ENbHBIX MOJCUCTEM B OOLIEH CUCTeME aBTOMATU3UPOBAHHOTO IPOSKTUPOBAHNUS.

Marematnueckuii anmnapat, ucnosbdyeMblii B CAIIP myisi pa3sHbIX ypOBHEH MPOECKTUPOBAHMS.
[IpencraBieHuss O MPOEKTHUPYEMBIX OOBEKTaX, COCTABJISIOUIME YPOBHH MPOCKTHUPOBAHUS,
€CTECTBEHHBIM 00Pa30M BKJIIOYAIOT B €051 U MAaTEMAaTUYECKOE OMUCaHNE CTPYKTYP U MPOILIECCOB,
T. €. BKIIOYAIOT MareMarudyeckue mojenu oO0bekToB. Ilpu 3ToM g Kakaoro ypoBHs
XapakTEepHO MCIOJIb30BAaHUE CBOEr0 MaTEeMaTHYECKOTO ammapara TIOJydyeHHus U aHajau3a
MOJCIICH.

Ha KOMIIOHEHTHOM ypOBHE HCCIIENYIOTCS IIPOLIECCHI, IPOTEKAKIIUE B TPEXMEPHOU Cpele U B
HETPEphIBHOM BpeMeHH. [l omucaHusl 3TUX MPOIECCOB HCIONIB3YIOTCS MU depeHIaIbHbIe
YpPAaBHEHUs B YACTHBIX IMPOU3BOJHBIX, B KOTOPBIX B KauyeCTBE HE3aBUCHMBIX II€PEMEHHBIX
GurypupyroT BpeMs U IPOCTPAHCTBEHHbIE KOOpAUHATHL. [l oOmucaHus >3JIEKTPUUECKUX
IIPOLIECCOB B IOJYNPOBOAHUKOBBIX KOMIIOHEHTAX JJIEKTPOHHBIX CXEM TAaKUMH YpPaBHEHHMSIMU
ABIIIIOTCS ypaBHEHUS HENPEpPBIBHOCTH, NepeHoca u IlyaccoHa, a nns onucaHus TEIUIOBBIX
IIPOLIECCOB — YPAaBHEHUE TEIUIONIPOBOAHOCTH.

Ha cxeMOTeXHHYECKOM ypOBHE paccMaTpUBaIOTCsl OoJiee CIOKHbIE CHCTEMbl — COBOKYITHOCTH
KOMIIOHEHTOB,  (DYHKIIMOHMPYIOIIUX B  COCTaBE AJIEKTPOMHOW cxembl. [l coxpaHeHus
CIOKHOCTH MOJENEe Ha NPUEMIIEMOM YPOBHE 3]1€Chb OCYIIECTBISAETCA IEPEX0f] OT
HEIPEPBIBHOIO K TUCKPETHOMY IPOCTPAHCTBY IPU COXPAHEHUH HENPEPBIBHOIO NPEACTaBICHUS
BpeMeHU. IloaTOMy MareMaTH4ecKuM amnmnaparoM MOIECIMPOBAHUS M aHAIA3a <«QJIECKTPUYECKUX
IIPOLIECCOB B AJIEKTPOHHBIX CXEMax SBJISIETCS amnapar YHUCIHHOIO PEIIeHHUsS OOBIKHOBEHHBIX
T depeHIIMATbHBIX YpaBHEHUN B CTAaTUYECKUX, CIIy4asX BBIPOXKIAIOLIMXCS B anreOpanyeckue
U TPAHCLEACHTHBbIE ypaBHEHHUSA. Ha KOHCTPYKTOPCKOM 3Tame MpPOEKTHUPOBAHMS DIEKTPOHHBIX
CXEM HCHOJIB3YOTCSl YPABHEHUS TAaKOrO K€ THUIA, ¢ UX IOMOIIBIO aHAIU3UPYIOTCS TEIUIOBBIE
npoueccsl B u3lenusx paHra TO30B, mNpoBepsroTCA YCIIOBUSL  DJIEKTPOMAarHUTHOU
COBMECTUMOCTH TP KOMMYTALIMOHHO-MOHTa»XHOM IIPOEKTUPOBAHUMU.

Ha 6onee svicokux ypoemsx (QpyHKIIMOHAIBHOIO MPOEKTUPOBAHUS B MOJENISAX OTPAKAIOTCS
npoliecchl mpeoOpa3oBaHus uHpopMmanuu. BmecTo (a30BBIX NEPEeMEHHBIX, ONUCBHIBAIOLINX
QIIEKTPUYECKUE, MArHUTHBIE WM TEIUIOBBIE IIPOLECCHI, MCIIONb3YIOTCS IEPEMEHHBIE,
oTpakarolue HMHPOpMaLMoe cocTossHUE 00beKTOB. Ha (hyHKIIMOHAIBHO-TOIMYECKOM YpPOBHE
IPOEKTHPOBaHUS LUGPPOBON ammapaTypbl STUMU OOBEKTaMU SBIISIOTCS JIOTHYECKUE BEHTHIIN U
0JIOKH, UX COCTOSIHHE XapaKTEepU3yeTCs MUCKPETHBIMH, Yallle BCEro OYJEBbIMH, BETUYMHAMH.
[ToaTomy HcmoNb3yeMbli 31€Ch MaTeMaTUYEeCKUi ammapar — MaTreMaTudeckasl Joruka (B ToM
yucie OyneBa anreOpa W Teopus KOHEUYHBIX aBTomaroB). Ha sTtom ypoBHe B Mozenu
0TOOpaXkaroTcsl IepeMEHHbIE U JAEMCTBUSI, KOTOPBIE BHIOJIHAIOTCS MOJAEIHUPYEMbIM OOBEKTOM B
COOTBETCTBUM C  QITOPUTMOM  (PYHKIIMOHUPOBAHHS. 31€Ch  MOXKHO  OTOXJIECTBIIATH
UH(POPMALIMOHHBIE NTEPEMEHHBIE C CHUTHAJIAMHU M TOCTaBUTh B COOTBETCTBHUE KAXJIOMY CUTHAITY



HEKOTOPYI0 (PU3HWYECKYI0 BEJIIMYMHY — HAaNpsSHKEHHE WM TOK Ha BBIXOJE KOHKPETHOTO
AJIEMEHTA.

Ha cucremMHOM ypoBHE MPOMCXOIUT AAJIbHEHIIIEe aOCTparupoBaHue OT (HPU3UYECKON CYIITHOCTH
WH(GOPMAIIMOHHBIX MporieccoB. COCTOSHUE HEKOTOPOTO YCTPOMCTBA CHUCTEMBI XapaKTePU3YeTCs
TOJIEKO TE€M, 3aHSATO yCTPOWCTBO 00pabOTKON MH(OpManuu Ha JTaHHOM OTPE3KEe BPEMECHH WU
HeT. OOpabaTeiBacMast HHPOpPMAIIHS JASTUTCS HA COCTABHBIC YaCTU — 3asBKHU (33a]a4n). 3asBKU B
OTJIMYHE OT CUTHAJIOB MPEIBIAYIIETO YPOBHS HE MPH-! BA3aHBI )KECTKO K KAKOMY-ITHOO OJTHOMY
YCTPOHCTBY, a OOCIY)XMBAIOTCS B CHCTEME, IEPEMEIasch OT YCTPOWCTBA K YCTPOWCTBY B
COOTBETCTBUHU C aJTOPUTMOM (YHKIIMOHUPOBAHUS CHUCTEMbl M CBOMMHM IapamMeTpamu. Takum
00pa3oM, Ha CUCTEMHOM ypOBHE (PUTYPUPYIOT OOBEKTHI IBYX THIIOB — yCTPOMCTBA U 3asBKU. U
T, W JPYrde HMMEIOT CBOM IMapaMeTphl, B TOM YHCJE MapaMeTpbl, XapaKTePU3YIOIIHE HX
cocrossHue. [lns 3asgBOK BO3MOXHBI COCTOSIHUSL OXUZaHWs U oOciyxkuBanus. [lpu
MPOCKTUPOBAHUHU CUCTEMBI HEOOXOUMO O0ECIIeYUTh 00CTyKMBaHUE 33JJaHHOTO MOTOKA 3asBOK
P PallMOHAILHOM HCIOIh30BaHUM 000pynOBaHUsA. MaTeMaTHYECKUM aIlliapaToM aHaim3a Ha
CHUCTEMHOM YpPOBHE SIBJIIETCSI TEOPHUSI MACCOBOTO OOCITYKMBAHUSI.

BonbmIMHCTBO 3a7ad KOHCTPYKTOPCKOIO IIPOEKTHPOBAHMSI OTHOCUTCA K 3ajadyaM CHUHTE3a
(Hampumep, 3a/1a4 KOMMYTallMOHHO-MOHTAKHOTO IPOEKTUPOBaHNUsA). [l UX pelIeHus IUPOKO
UCTIONB3YIOTCS  Teopuss  rpadoB, IUCKPETHOE  MaTeMAaTHYEeCKOe  IPOTrpaMMHUpPOBAHHE,
KOMOMHATOPHBIE METO/IBI.

[TapameTpuueckass ONTHMM3aLMs Ha pa3JIMYHBIX YPOBHAX IPOEKTUPOBAHUS OCHOBAHA Ha
NPUMEHEHUN METOJ0B MaTeMaTUYECKOro MpOorpaMMUpOBaHHUsl (TJIaBHBIM 00pa3oM HEIMHEWHOTO
nporpamMmmupoBanus). Kpome Toro, s pemeHus 3anad CTaTUCTHYECKOTO aHalW3a Ha
Pa3iIMYHBIX YPOBHAX HUCIIOIB3YETCS P MOJIOKEHUN TEOPUM BEPOSATHOCTEN U MaTeMAaTHUYECKOU
CTaTUCTUKH.

§ 3. CTPYKTYPA U ITPUHIMIIBI TIOCTPOEHMUSA

CocraBubie yactu CAIIP. Cucmema aemomamuzuposannozo npoexmuposanus (CAIIP) — 310
COBOKYITHOCTh ~ CpPEACTB M  METOJOB  JUIA  OCYIISCTBICHHUS  aBTOMATH3WPOBAHHOTO
npoektupoBanus. OHa COCTOUT M3 HECKOJIBKUX COCTABHBIX YacTel, Ha3bIBAEMBIX TEXHUYECKUM,
MaTeMaTHYECKUM, MPOTPaMMHBIM, JHHTBHCTUYECKUM, HH(POPMAIIMOHHBIM, METOJIUYECKUM U
OpTraHU3aIMOHHBIM oOecrieueHus MU (cM. [13]).

Texnuueckoe obecneuenue BKIIOYaeT B ceOs TexHuueckue cpenctsa (OBM, nepudepuiinoe
000pyI0BaHUE), C IOMOIIBIO KOTOPBIX PEIIAIOTCS 3a/1a4ul IPOSKTUPOBAHUSI.

Mamemamuueckoe obecneuenue OpeaACTaBIACTCA MATEMATUYCCKUMHU MOJCIAMH, MECTOAAMU H
AJIrOpUTMaMHU IJid PECIICHUA IMMPOCKTHBIX 3aj1a4.

Ilpocpammnoe  obecneuenue —  3TO  COBOKYNHOCTb MpOrpamMMm JUIsl  peanu3aliu
aBTOMATHU3UPOBAHHOIO  MpoekTHpoBaHus. [IporpammuHoe oOecnedeHHe MOXKET  OBITh
crielanbHbIM U o0muM. CneyuanvrHoe npozpammHoe odecnedenue BKIOYAET B ce0sl MAKETh
npuknagseix nporpamm (IIIIII), npenHazHayeHHBIX [UIsI PEIIEHUS KOHKPETHBIX MPOEKTHBIX
3agad. OOuiee mporpaMMHOE oOecriedeHre MpeAHa3HAYeHO s YIPaBICHHS BHIYHUCIUTEIbHBIM



nporeccom B CAIIP u moarorosku mporpamm u3 Il x ucnomnenuto Ha DBM. B obmiee
nporpaMMHOe OOeCreYeHHe BXOJSAT ONeparuoHHble cucTteMbl DBM, (QyHKOIHOHUpPYIOIINX B
CALIIP, a taxxe mporpamMmbl, HE BXO/ISIIUE B COCTAB ONEPAIMOHHBIX CUCTEM, HO BBINOJIHSIONINE
cxoaHbie QyHKIUY (YIpaBIICHUE 33JaHUSIMU, TAHHBIMH, PEAAKTUPOBAHUE, TPAHCIISINA U T. 11.) B
koHKkpeTHOU CAIIP.

Jlunegucmuueckoe  obecneyeHue  BBIPAKACTCS ~ COBOKYIMHOCTBIO  SI3BIKOBBIX  CPEJICTB,
ucnione3yembix B CAIIP. B nmHreucruyeckoe oOecneueHHe BXOAAT —OOIIEU3BECTHBIC
AJITOPUTMHUYECKHUE SI3BIKM, MCHOJIb3yeMble Mg 3anucu nporpamm CAIIP, u BxoaHbIe A3BIKH,
CITyXKalue i OmucaHusi 00BbEKTOB MPOSKTUPOBAHUS W 3aJaHUK Ha BBIIIOJHEHHUE MPOCKTHBIX
nporenyp. BxogHsie s3biku nipencTaBisioT s nosb3oBatens CAIIP manbonpmmiinii nHTEpEC,
ompenensis yao0cTBo oOmieHus nmkenepa ¢ 9BM B nporiecce mpoeKTUPOBAHHMS.

HUngopmayuonnoe obecneuernue — COBOKYIMHOCTb CBEICHUI, HEOOXOIUMBIX Ul BBITOJHEHUS
npoekTHpoBaHus. OCHOBHYIO 4acTh MH(POPMALIMOHHOTO 00ecreueH sl COCTaBiIsieT 0a3a JaHHBIX
— uH(OPMALMOHHBIE MAaCCHUBHI, UCIIONIb3yeMBbIe B Ooyiee 4eM OJHOM mporpamme
npoekTrpoBanus. MHorga k 0ase JaHHBIX OTHOCAT MAacCHUBBI TOJIBKO JIaHHBIX CIIPAaBOYHOTO
XapakTepa, a TaKK€ MAacCHUBBI PpE3yJbTaTOB BBHIMOJHEHUS JTalloB IPOCKTUPOBAHMUS,
UCTIONIB3YEeMBIX Ha JPYTHX JTalax B KaueCTBE HMCXOJMHBIX JAHHBIX. Takue Oaszbl JaHHBIX B
HEKOTOPBIX CHCTEMaX Ha3bIBAIOT apxugamu. bazbl TaHHBIX B MPOLIECCE MPOSKTUPOBAHUS TOJKHA
MIOTIONTHATHCS, B HEH BO3MOXKHBI ~ KOPPEKTHPOBKA COJCPKUMOTO, CTHPAaHUE YCTapeBUIMX H
HEHY)KHBIX CBeJeHWH u T. m. JlomkHa OBITh oOecredeHa Takke 3aliTa JaHHBIX OT
HeTPaBWIBHBIX U3MeHeHHH. [loCTym K colepkuMoMy 0a3bl JaHHBIX HY)KHO 00ECHEYHThH TOJIBKO
ofpesielieHHOMY Kpyry iuil. Bce mnepeudncnensie ¢yHkuuum mo pabore ¢ 0a30if JAaHHBIX
obecnieunBaroTcs cucmemotl ynpaenenus 6asou oannvix(CYBJ]). baza nanusix Bmecte ¢ CYBJ]
Ha3bIBAIOTCAOAHKOM OAHHBIX.

Mertonndyeckoe M OpraHM3allMOHHOE OOecHeueHHsl MpPeJCTaBIAIOT COOOH COBOKYITHOCTh
JIOKYMEHTOB, YCTAHaBIMBAIOIMX COCTaB M IpaBuia (yHKuuoHupoBaHuscpeacts CAIIP wu
NoJipa3/iesIeHui MPOEKTHOTO MPEANPUITHSL.

[Toncucremsr CAIIP. Cnenmanuzainus Hekotopoit yactu CAIIP Ha oGciyknBaHME MPOEKTHBIX
3a/1a4 OJIHOTO 3Talla MPOEKTUPOBAHUS MPUBOAMUT K BBIIEICHHUIO 3TOM 4acTU KaK noocucmembl
CATIP. Takas crienuanu3aius 3aTparuBaeT IporpaMMHOE, MaTEMaTHUYECKOE U JIMHTBUCTUYECKOE
o0ecreyeHne 1 HHOTa KacaeTcs TEXHUYECKOT0 00eCIeueHMs.

Kak mnpaswno, B CAIIP OBM wumerorcs moAcUCTeMBbI (YHKIIMOHAIBHO-JIOTHYECKOTO
MPOCKTUPOBAHUSI M KOHCTPYKTOpCKOTOo mpoektupoBanus (cm. [14]). B mexotopeix CAIIP
OBM ecTh Takxke MOJACHCTEMA CTPYKTYPHOIO (CHCTEMHOTrO) NMPOEKTHUPOBAHUS U OTAeNIbHas
MIOJICCTEMA U3TrOTOBJIEHUSI KOHCTPYKTOPCKOM TOKYMEHTALIUH.

B CAIIP UDT pa3nuyaloT MOJACUCTEMBI  CXEMOTEXHHYECKOTO  IMPOEKTHPOBAHMUS;
MPOEKTUPOBAHUSI KOMIIOHEHTOB; KOHCTPYKTOPCKOTO (TOMOJOIMYECKOro) MPOEKTUPOBAHUS.
Pazsute BUC mnpuseno k mnossieHuto B CAIIP UDT mnoacucrembl (QyHKIHOHAIBHO-
JIOTHYECKOro mpoekTupoBanus (cM. [15, 16]).

JInst KaKIoM TOJICHCTEMBl OOBIYHO pa3paldaThIBAETCSI CBOM BXOIHOM SI3BIK M MAKET MPUKIIATHBIX
MporpamM; 4acTo B MOJACHCTEMaX MMEIOTCS aBTOHOMHBIC 0a3bl NaHHBIX. OTIWYUS TEXHHYECKUX



CPEICTB B MOJCUCTEMAax CBS3aHbl C COCTABOM YCTPOICTB aBTOMATHU3MPOBAHHBIX pabO4YMX MECT
MIPOECKTUPOBIIIKKA.

[Tpunmuner  noctpoenusi CAIIP. Cospemennbie CAIIP co3gatoTcsi COOTBETCTBHH  CO
CJEIYIOIUMHU MPUHIIUITAMHU:

CAIIP — uenosexko-mawunnas  cucmema. KoIEKTUB pa3pabOTUYMKOB SBJISETCS COCTABHOM
YacThIO CUCTEMbI POCKTUPOBAHUS, BBITIONHSS MPOEKTHBIE paboThl BO B3auMoaencTBuu ¢ OBM.
Brpime roBopusioch 0 TOM, UYTO MpU MpoekTupoBaHuu PDOA Hapsagy c¢ mnpoueaypamu,
BBHITIOJTHSEMBIMA B aBTOMATHYECKOM pexuMe padoTel DBM, mMeroTcs mporeaypbl, YaCTUIHO
WIH TIOJTHOCTHIO HE (OpMaAIM3yeMbIe W MOTOMY BBIIOJHSIEMBIE MPU OMPEACISIONEM yIaACTHH
yenoBeka. OO0 aBTOMATMYECKOM IPOEKTUPOBAHUM MOKHO TOBOPUThH JIHMIIb B OTHOILIEHUU
OTJICNbHBIX HECTIOKHBIX U3JCIIUH.

Komnnexcnaa asmomamuzayus ecex yposHeli npoekmuposanus. Benenue
AaBTOMATHU3UPOBAHHOIO IPOEKTUPOBAHMSA HAa HECKOJBKHX YPOBHSX IPH COXPAHEHHU CTapbIX
py4YHbIl (OpPM MPOEKTHPOBAHMS HA JIPYrUX ypPOBHSIX MeHee 3((EKTHBHO, YeM KOMILUIEKCHAs
(ckBO3HAs) aBTOMaTH3alMsl Ha BceX ypoBHsAX. KoMmruiekcHas aBToMaTH3alvs MO3BOJISIET BHECTU
TaKlue€ HM3MEHEHHS B CTPYKTYPY IPOEKTHBIX NPeanpUsTUii, (GOpMbl TOKYMEHTOB, KOTOpBIE
COOTBETCTBYIOT LIE€JIIM aBTOMATHU3allMd — COKPAILEHUI0 MaTepUAIbHBIX U BPEMEHHBIX Tpart,
NOBBIIICHUIO KAadyeCTBAa IPOCKTUPOBAHUSA, COXPAHEHUIO YHCICHH WHXEHEPHO-TEXHUYECKUX
pabOTHUKOB Ha MPEXKHEM YPOBHE, HECMOTPSI Ha YCII0)KHEHNE IPOEKTUPYEMBIX OOBEKTOB.

Hngpopmayuonnas CO2NACOBAHHOCMb — NOOCUCMEM U NPOSPAMM — NPOEKMUPOBAHUSL.
[IporpaMMmbl, BXoAsIiM€ B MakKeT MNPUKIAJAHBIX IporpaMMm HekoTtopoil moacucreme CAIIP,
JOJKHBI OBITh MH(OPMALlMOHHO COTJIACOBAaHHBIMM, T. €. JONYCKAIOIIMMH BO3MOXHOCTb
COBMECTHOIO HCIIOJIHEHUS MpU pealu3allMd 33JaHHOM MPOEKTHOM mpouenypsl 0e3
BMEUIATEIbCTBA  YEJIOBEKA B Ipouecc compsbkeHuss nporpamMm. HMHdpopmanmonnas
COTJIACOBAHHOCTB IIPOrpaMM UMEET MECTO MPHU CIEAYIOIMIMX YCIOBUAX: MPOrPaMMBbl CO3JaHbl s
paboThl, ¢ OJHON M TOM *e 0a30i JaHHBIX M HE TPEOYIOT pyYyHON MEPEeKOMIIOHOBKHM YHMCIIOBBIX
MacCCUBOB, SIBIIAIOIINXCS BXOAHBIMHM IS OJHOM W BBIXOAHBIMU I APYIOW M3 COIPAracMbIX
nporpaMM; 3aJaHue HCXOAHOM HHpopMmanuu 00 00beKTe WM O TpPeOyeMbIX NPOEKTHBIX
ONepanMsIX MPOU3BOJUTCS €UHOM BXOJIHOM SI3BIKE.

OObIYHO B cOCTaBE OJHOrO MakeTa OOBEAMHSAIOTCSA TOJBKO MH(POPMALMOHHO COTJIACOBAHHBIE
nporpamMmMbl. KoneuHo, npu 3ToM obecrieunBaeTcs CONpsKeHUE He JOOBIX JIBYX MPOU3BOJIBHBIX
IporpaMM IMakeTa, a TOJbKO TeX, KOTOphle 00pa3zyloT MOCIEA0BAaTEIbHOCTH, MOJE3HbIE IS
npoekTupoBaHus. Jas  KOMIUIEKCHOM — aBTOMaTW3allM  BCEX  YpOBHeH  TpeOyercs
nH(pOpPMalLMOHHAS COTTIACOBAHHOCTh KaK MPOrpaMM BHYTPH MOACUCTEM, TaK U CaMHX IMOJICUCTEM
MeXIy co0Oi. OTa COIIacoBaHHOCTb Takke OOecreunBaeTcs €IUHCTBOM 3JIEMEHTOB
UH(POPMALIMOHHOTO M JIMHTBHCTUYECKOTO OOECIEeYeHUH, HMEIOIUX OTHOIIeHHe K 00euM
COIPSATraeMbIM IOJCUCTEMAM.

Omxpvimocms CAIIP. CBOWCTBO OTKPBITOCTH CHUCTEMBI O3HAYAa€T BO3MOXHOCTh BHECECHMS
W3MEHEHUH B CHCTEMY BO BpeMs €€ DJKCIulyarauuu. V3MeHeHus MOryT 3akiioudarbcs B
M00aBICHUHM HOBBIX WJIM 3aMEHE CTapbIX JJIEMEHTOB B MPOTPAMMHOM, HMH(POPMAIMOHHOM, a
BO3MOXXHO, TaK:K€ B TEXHHYECKOM W JIMHTBUCTHYECKOM oOecrieueHusx. BHeceHne m3MeHeHUi
JOJI’KHO OBITh MAaKCUMATBHO YIIPOIIEHO U AOCTYMHO noib3oBatensim CATIP.



Otkpeitass CAIIP siBasieTcst pa3BUBalOMIEHCS CHCTEMOM, TaK Kak 00Jiee COBEPIIICHHBIE METO/IbI,
nporpamMmbl, TCXHUYCCKUC CPCACTBA MO MEPC HUX ITOABJICHUA MOTYT 6BITB pcajii30BaHbl B Heﬁ,
OHa TAaKKC JICTKO aJalITUPYCTCA K UBMCHAIOIIUMCS YCIIOBHUAM IIPOCKTUPOBAHUA. CJICI[OB&TCJILHO,
CBOWCTBO OTKPBITOCTH HIPUBOAUT K YBEIWYCHHIO CpPOKa CIIy>KObI CHCTEMBbI, MOBBIIIAET €e
YHUBEPCAIBHOCTb.

Coemecmumocmv ~ mMpaouyuoHHo20 U aA8MOMAMUSUUPOSAHHO20 — NPOEKMUPOBAHUS.  ITOT
OPUHIMII UMEET  3HAYeHHE B ClIydasX, KOrja aBTOMATU3WPOBAHHOE MPOEKTUPOBAHUE
BHEApPSAETCA HAa YyXe JCHCTBYIOLIEM MPEANPUSTHH CO  CIIOXKHUBIIEHCS  CTPYKTYpOH,
B3aMMOOTHOIICHUSIMU TIO/Ipa3JieieHnid, (GopMaMU U CHOCOOAMU HCIIOJIb30BAHUS IMPOEKTHOMN
JOKyMeHTanuu. VIMEHHO B 3THX YCIOBHUSIX Ielecoo0pa3eH 3BOJIIOIHOHHBIN MyTh BHEAPEHUS
CAIIP, npu KOTOpPOM U3MEHEHHUS, IUKTyeMble OCOOCHHOCTSIMH  aBTOMAaTH3MPOBAHHOTO
MPOEKTUPOBAHUS, HE OyIyT HapyIIaTh HA JUIUTEIbHBIA CPOK HOPMAIBLHOTO (DYHKIMOHUPOBAHUS
MpEATPUITHS.

Texuuueckoe ooecneuenue CAIIP
K rexanueckomy obecriedennto CAIIP mpenbsaBistoTcs cieayronme TpeOoBaHus:

yI00CTBO HCIIOB30BAHUS HMHKCHEPAMHU-TIPOCKTUPOBUIUKAMH, BO3MOXHOCTh OIIEPATUBHOIO
B3aMMOJICUCTBUSI MHKEHEPOB ¢ DBM;

JOCTaTOYHasl MPOU3BOIUTEIILHOCTE U 00BEM OnepaTHBHON mamsatu DBM s pemienus 3amad
BCEX JTAIOB IIPOECKTUPOBAHHUS 3a IPUEMIIEMOE BpEMs,

BO3MOKHOCTh OJHOBPEMEHHOM palbOThl ¢ TEXHHUYECKHMMHU CPEACTBAMU HEOOXOJIMMOTO YHCIa
noJsib30oBateseit st 3pPEeKTUBHOMN AEATETHHOCTH BCETO KOJUIEKTHBA Pa3pabOTUYNKOB;

OTKPBITOCTh KOMILIEKCA TEXHUYECKHUX CPEACTB JJI PACHIUPEHHS U MOJECPHU3AIMN CUCTEMBI 110
Mepe Mporpecca TeXHUKH;

BBICOKAsA HAAC)KHOCTD, MpUeMJiIEMasA CTOMMOCTD U T. II.

VY 10BIE€TBOpEHUE IMEPEYUCICHHBIX TPEOOBAaHMI BO3MOXHO TOJIBKO B YCIOBHUSIX OpIraHU3allUH
TEXHUYECKOTO  obecrmedeHuss B Bujae  crnenuanusupoBanHo  BC,  momyckaromieit
(GYHKIIMOHUPOBAaHUE B HECKOJBKHUX peXHMax. Takoe TEeXHHYECKOe OOECleueHUe Ha3bIBaloT
komniekcom mexuuueckux cpeocme CAIIP (xommnexkcom TC). PaccMoTpeHue CTpyKTYpbl
komiuiekca TC, BapHaHTOB €ro coCTaBa, PEXHUMOB pabOThl M XapaKTEPUCTUK OTAEIbHBIX
YCTPOMCTB COCTABIISIET COJIEP )KaHNE JAHHOM TJIaBBbI.

§ 4. OPTAHN3AIIUA KOMIIVIEKCA TEXHUYECKHUX CPEJACTB

ABTOMAaTU3MpPOBAaHHBIE pabOYHMe MECTa MPOEKTUPOBUIMKOB. TPagUIIMOHH (POpMa HCIIOIB30BAHHUS
OBM, CKOHIEHTPUPOBAHHBIX B BBIYUCIUTEIBHOM IIEHTPE M PabOTAIOMIMX TOJBKO B MAKETHOM
pexume, He romutca it CAIIP. OBM mumme TOorga craHeT peryssipHO HCHOJIb3yeMbIM
MHCTPYMEHTOM NPOEKTUPOBAHMSI, KOTJa HHKEHEP CMOKET OIIepaTUBHO 00paIlaThCs K MallIMHE U
TaK >K€ ONEPATUBHO MOJy4aTh pe3ynbTarsl pemeHus. [loatomy B kommiuekce TC nomkHa ObITh
pasBUTa IpyIliia BHEUIHUX YCTPOWCTB BBOJA — BbIBOJa MH(popmanuu. [Ipu stoM 3¢pdexTuBHOE



B3aMMOJIeCTBUE HHXKeHepa ¢ DBM Oynet obecrieueHo TOJIBKO B citydae, eciii (popma BBOJIUMOMN
¥ BBIBOJMMON MHGOpMAIUU YA00HA JUTS YeJIOBEKa U HE MPUBOJUT K HEOOXOJAMMOCTH BPYUHYIO
BBITIOJHATh OOPEMEHUTENIbHBIE M 4YpeBaThle OMIMOKAMH ONEpaluu MO0 KOJAUPOBAHHUIO HITU
pacmudpoBke coOoOmmIeHHH. B 3aBHCHMOCTH OT XapakTepa pelraeMbIX 3a7ad yA0OHBIMU
dbopMamu TpeacTaBiIeHUS WHOOPMAIIMM MOTYT OBITh TAOJHIIBI, YEPTEKH, rPaPUKH, TEKCTOBBIC
COOOILIEHHUS U T. II.

Takum o0Opa3oM, IMepBoe M3 YKa3aHHBIX B Hayajle IJaBbl TPEOOBaHMH «K TEXHUYECKUM
cpeactBaMm CAIIP o0ycrnoBinBaeT BKIOYEHHE B KOMIUIEKC CTaHAAPTHOIO KOMIUIEKTA BHEITHHX
ycrpoiictB OBM, Tak M JONOJHUTENBHBIX YCTPOICTB OIEPAaTUBHOIO BBOJa—BbIBOAA
uHpopMaLnu, B TOM 4Yucie B rpapuyeckoil ¢opme. DTOT KOMIUIEKT BHELIHHX YCTPOWCTB
YCTaHABJIMBAaETCA B  IIOMELIEHUM  IPOCKTHOIO  IOAPA3JEJICHWs W Ha3blBaeTCs
asmomamuzuposanrvim pabouum mecmom (APM) nmpoextupomuka. Cocta APM 3aBucut ot
XapakTepa 3a/Jad, PEIIaeMbIX B IPOEKTHOM pasleicHuM. Tak, Uil MHXKEHEpPOB, 3aHATHIX
(G yHKIIMOHAIbHO-JIOTMYECKUM IIPOEKTUPOBAHUEM, u HMHKEHEPOB-KOHCTPYKTOPOB
ONTUMAJIbHBIMICOCTABBHEIIIHMX YCTPOWCTB HEOJMHAKOB. JIEHCTBUTEIBHO, KOHCTPYKTOPBHI B
CYIIECTBEHHO OOJBIIEH Mepe CBs3aHBI ¢ 00pabOTKOM MH(pOpPMAIMK B BUJE YEPTEKEH, I HUX
Ba)XHO HAJMYUE Pa3BUTHIX CPEICTB MAIIMHHON TpapuKy.

B mnactosimee Bpemsi pa3pabOTaHO HECKOJIBKO THIOB CEPUIHO BhIMyckaeMbix APM misa
Pa3IUYHBIX OTpaciield IPOMBILUIEHHOCTH, HapuMep koMmiiekcAPM-M, npeaHasHaueHHBIN Jy1s
UCIIOJIb30BAaHUsl B MAIIMHOCTPOUTEIBHBIX OTpaciax, U Komiuiekc APM-P, opueHTHpoBaHHBIN
UCIIOJIb30BaHNE B CUCTeMax MpoekTupoBanus POA (cm. 17, 18).

B APM-P BxoaaT ycTpoiicTBa BBOAA M BbIBOJAA MH(OpPMALMM Ha NepQojeHTe;,  yCTpOWCcTBa
BBOAa MH(popManuu ¢ neppokapT; NUIIyIIas MalllMHKa JUis oOMeHa MHQOpMAIu MEXIY
orneparopoM u OBM KOpOTKMMH COOOIIEHHMSAMH;3alOMUHAIOIIUE YCTPOHCTBAa Ha
mMarHuTHBIX auckax (HMJ[) u maruutHo# nente (HMJI); andaButHO-nmdpoBoit
nucnieil; rpaduueckuil aucmiel; rpadonocTpouTens PYJIOHHOTO THUIA; KOJUPOBILUK
rpa¢puyeckoil uMHpopManMKM (CUMTHIBATENIb KOOPAMHAT); an(aBUTHO-IIM(PPOBOE NHUTAIOLIEE
yctpoiictBo (ALITY).IIpenycmaTpuBaercs HECKOIbKO BapuaHTOB KomruiekTaruu APM-P. Kak
IPaBWJIO, BO BCE BapHaHTHl BXOJAT YCTPONCTBAa BBOJAa—BBIBOJA C MEpQOJIEHT, MUIIYIIAs
mamuaka, HMJI, andaButHo-ttndpoBoit aucruieir. OcraabHbIe YCTPOUCTBA MPUCYTCTBYIOT BO
BCEX BapHaHTaX.

Hanwuuue B omnoit CAIIP muOormx APM, BO3MOXHOCTH OJHOBPEMEHHOW padOTHl Ha
anmapatype APM HeckonpkHuX nosip3oBarteneil u pazMemenuss APM Ha Tepputopusax
MPOEKTHBIX MOJpa3fesieHui, JTOCTaTOYHO YAAJ€HHBIX OT JApyra, IUKTYeT HEO0OXOAMMOCTh
HEPAPXUUECKOTONoCTpoeHNusd Komiuiekca TC ¢ BbIIEIEHHEM B HEMIIO KpailHEM Mepe IByX
ypoBHeii OBM. Ha BbicmieM ypoBHE HaxOIUTCS OJHAa WIM Heckoiabko OBM  Gosbmioi
MPOU3BOIUTENLHOCTH. DT DBM coCTaBIsOT yenmpanvHulil gviuucaumens-komniexc (LIBK),
NpelHa3HAYeHHBIA JJI1 pPElIeHUs CIOXKHBIX 3aJad NPOEKTHUPOBAHUSA, TpeOyromux
0OoNBpIMIUX 3aTpaT MAaNIMHHBIX BpeMEHHM W mnamsaTH. Hanumuume BBICOKONMPOU3BOIUTENHHBIX
OBM B cocraBe [IBK obecrnieunBaeT BBITOTHEHHE BTOPOTO M3 NIEPEUUCICHHBIX B HA4YaJle TJIaBbl
TpeboBanuii k Texuudeckum cpenactBam CAIIP. Ha Hu3mem ypoBHE HaxOAWTCS BXOJSIIHME B



APM wMmuan-OBM (Tepmunanbabie OBM). Muan-OBM u APM ynpaBnser paboToid
KOMIUICKTaBHEIIHUX yCTPOICTB, oOMeHOM wuH(popmanumeir mexny APM u LBK; pemaer
CPAaBHMUTEJIBHO HE CJIOXKHBIE 110 3aTpaTaM MalIMHHBIX BPEMEHU U MaMSITHU IIPOEKTHHIE 3a1a4H.

Pexumbl paboThl ammapaTypsl B KoMmiuiekce TexHuueckux — cpenctB CAIIP. OtnenbHble
YCTPOMCTBAa BBOJA — BBIBOJA, K KOTOPBIM OTHOCATCSIWCIUIEH, TIpadorocTpoUTeNH,
KOJMPOBILIMKH Tpaduueckoid nHpopMamu MOryT pabotats B coctae APM B 1ByX pexumax,
Ha3bIBACMBIX pe:kuMaMu on — line (Ha simuun) u off — line (BHe nuHMM).

B pexume on — line ocymiecTBisieTcsi HETOCPEACTBEHHAsI AJIEKTPHUECKAsi CBSI3b BHELIHETO
ycTpoiicTBa ¢ TepMmuHanbHOM OBM. B stom pexume wuHpopMamus 00 sreMeHTax
BBIUEPYMBAEMOTO JIOKyMEHTA MOCTYMAaeT Ha TpadornocTpOUTeNh WK TpapuuecKuil auciuied u3
ornepatuBHOM mnamatu OBM, a 3HaueHUs CUMUTBHIBAEMBIX KOOpPAMHAT U3 KOJUPOBILUKA
HEepeAaloTCsl HETIOCPEACTBEHHO B ONEPATUBHYIO NaMSITh.

B pexume off — line ycrpoiicTBo paboTtaer aBToHOMHO. Tak, mpu padote rpadomnocrpontens B
pexxume off — line uHbOpMaIus MOCTyMaeT ¢ MPOMEKYTOYHOT'O HOCUTENS — MepONIeHTHI, TPH
pabote muciies C KIaBHATyphl, NPH pabdOTe KOAUPOBIIMKA Tpaduueckor HHOOpMAIMH
CBEJICHUS O KOJIMPYEMOM YEPTEXKE 3aHOCATCS Ha MeP(OIICHTY.

KOMHHCKC APM TAKXC MOXCT pa60TaTB B ,Z[BYX PCKUMAaX — aBTOHOMHOM U B3aHMO,HeI>'ICTBI/I${ C
1IBK.

B aBroHOMHOM pesxkxume APM ¢dyHKIMOHUpPYET Kak 000COOJCHHBIN KOMIUIEKC, YIPABISIOMINNA
paboTOoi BHEIIHUX YCTPOUCTB M PELIAIOIIUX HECIOKHBIE 3a1a4H.

B pexnme B3ammopericteus ¢ LIBK ocymecTBiserca mnepepacnpeneneHueBbIYUCIUTEIBHON
paboTbl U oOMeH HH(popMmanmen Mexay DBM 1eHTpanbHOro BBIYHCIUTEIHLHOIO KOMIUIEKCA U
TepMHHAIBHON DBM.

Baxxno orMeTuTs, 4To Bech koMiieke TexHuueckux cpeacts (TC) ero ornensHble yactu (APM)
— CHUCTEeMbI KOJUIEKTUBHOTO ToNib30BaHus. Ha xaxnom APM omHOBpeMeHHO MOTYT paboTath
HECKOJIbKO TIOJIb30BaTeNe, HampuMep B MepBbix BapuaHtax APM-P  uuncno Takux
MoJNib30BaTee JA0XoAuT a0 dYerbipex. Heckonmbko APM oIHOBpEeMEHHO MOTYT paboTaTh B
pexume B3aumozaeiicteus ¢ LIBK. CnenoBarensno, 9BM cocraBe CAIIP u ux onepainmoHHble
CHUCTEMBI JIOJDKHBI JIOMYCKaTh OJHOBPEMEHHOE peIIeHHWE HECKONIBKHUX 3a7ad, T. €. JIOJKHBI
paboTaTh B peXUME MYJIbTHIIPOTPAMMHUPOBAHHS.

[To xapakTepy oOMeHa mH(popMalnueid Mexay moib3oBareneM u OBM pa3nudarioT makeTHHIN U
JUAJIOTOBBIN pexxuMbl paboTel. O0a 3TH pexxumy ucnonb3yrotes B CAIIP.

B nakernom PCKUME PCIIAOTCA 3adadu, JIsI KOTOPBIX BO3MOXHA ueﬂecoo6pa3Ha noJiHas
(I)OpMaJ'II/ISaI_II/ISI " KOTOPBIC TpeGYIOT OOJIBIINX 3aTpaT MAIIMHHOTO BPEMCHHU IJId PCUICHUA.

B auanoroBoM (MHTEPaKTHMBHOM) pEXHME pelIaloTcs 3afadyd, Ui KOTOPBIX, BO-TIEPBBIX,
OTCYTCTBYIOT WM SABISIOTCS HEI((EKTUBHBIMU (opMalibHbIE MpaBUIIa MPUHATUS pPEIICHUN B
TOYKAaX BETBJIEHUS aJITOPUTMOB, BO-BTOPBIX,BBINOIHIIOTCS YCIOBHUS NPEAIOYTUTEILHOCTH
JUAJIOTOBOTO pekuMa: 1) BpeMs peaklMd CHCTEMbl Ha 3alpoc IOJb30BaTeNsl HE MPEBbIIIAET
HEKOTOPOTro mpejena (HECKOJIbKUX CEKYyHJ AJIS YacThIX 3alpOCOB U HECKOIbKUX MUHYT JUIS



PEAKO BCTpEYArONIUXCs KOMaH1); 2) o0beM U popManuu, BBOAMMON mojs3oBaresneM B OBM B
JIMAJIOTOBOM PEXHM OTHOCHUTEIHFHO Mal, U MO3TOMY Ipolenypa oOpaiieHus dernoBeka kK DBM
HeNnpoJIoJbKUTeNbHA. Hannyne nuanoroBoro pexunma — xapakrepHas uepra komiuiekca TC B
CAIIP, oOycnoBnuBaeMasi OOJIBIIMM KOJIWYECTBOM IPOEKTHBIX IPOLEAYpP, OTHOCALIMXCS K
OXapaKTEepPU30BaHHBIM B I'I. | 3a7auaM BTOPO I'PYTIIIEI.

MyabTHIIPOTPAMMHBIN JHATOTOBBIA PEXUM pabOThl BBIYMCIUTEIBHONM CHCTEMBI HAa3bIBACTCS
pexumom pazzaenenust Bpemenu (PPB). Ortor pexum neodbxoaum B CAIIP nns opranuzanuu
OJIHOBpEMEHHOW pPaboThl Heckodbkux APM Bo B3ammoneiictBuu ¢ I[[BK- Hamuume PPB
peau3yeT TpeThe U3 Ha3BaHHBIX BhIIIE TPEOOBAHUIA.

§ 5. TpeGoBanusi u PakTOPbHI, BIAUSIONIHE HA KOHCTPYKIIMIO

JIroOble TPOEKTHBIE pEIICHHS, B TOM 4YHCIE Ha OJTane pa3padOTKH KOHCTPYKIUH DA,
NPUHUMAIOTCS CY9eTOM OOJIBIIOTO KOMWYecTBAa (PaKTOPOB: TPEOOBAHHMI TEXHUYECKOTO 33aHHS,
CTaHJAPTOB, MHCTPYKIUH HAPYIrHX HOPMATHUBHBIX JOKYMEHTOB, TpeOOBaHHMI O€30MacHOCTH,
SPrOHOMUKH, TEXHUYECKON dCTETUKHU,TEXHOJIOTUYHOCTH, SKOHOMUYECKUX U DKCIUTyaTallMOHHBIX
TpeGoBaHUH U T. A. OTH TpeOOBaHUS HAXOAATCABO B3aMMOCBS3HU, NPUUYIIMBO NEpPEIUIETasICh U
nporuBopeya Apyr napyry. IlostoMy mnpu aHanu3eBO3MOMKHBIX BAPUAHTOB TEXHUYECKOU
peanm3zanuu DA, Kak IPaBWIO, NMPUXOAUTCA HUCKATh KOMIIPOMHCC, IPUKOTOPOM YJIyYIlIEHHE
OJTHUX XapaKTepUCTHK HE MPUBOAMT K CYIIECTBEHHOMY yXYAIIECHHIO Apyrux. He BceTpeboBaHuUs
paBHO3HA4HBI, [OJTOMY BCErga HYXHO  SICHO  IpEICTaBIATh, KaKUe  CBOWCTBA
ABJISIFOTCAIIPUOPUTETHBIMU, 4 KAaKMMHM MOKHO II0KEPTBOBATh JUIsl JOCTHKEHHS TJIABHOW LIENIN
IPOEKTUPOBAHUS. ODTUTPEOOBAHMS YCIOBHO MOXHO OOBEAMHUTH B CIEIYIOIIME TPYIIIbL:
CIELHANIbHBIC, OKCIIyaTallMOHHBIE,KOHCTPYKTUBHO-TEXHOJIOTUYECKHE, dKOoHOoMUueckue.lIpu
BbIOOpE MpHUHLMIA JEHCTBUSA U SJIEMEHTHOM 0a3bl HOBOW TEXHMKH 0053aTeIbHOOPUEHTUPYIOTCS
Ha HauOoJiee MepCHEeKTUBHbIE HJIeU U TEXHUYECKUE PelIeHUs, HapaOoTaHHbIE B JaHHOHOOIACTH.
B mnporuBHOM ciydae, elle B XOAE IPOCKTUPOBAHMSA YCTPOMCTBO WM CUCTEMA MOXKET
MOpaJbHOYCTapeTh. YCIEIIHOE pEeIIeHHE BO3HUKAIOIMIMX B Ipolecce padoThl TBOPUECKHUX
3a/1a4HEBO3MOKHO O€3BBISIBJICHHMSI OCHOBHBIX TEXHUYECKUX IMPOTUBOPEUM, MPENSITCTBYIOIINX
yIy4IIEHUIO0 KadecTBa DA, a TaKKEOThICKaHUS MPHUEMOB MX mpeoposieHus. Ha npuHumaembie
KOHCTPYKTUBHBIE PpEIICHMs] OKa3bIBalOT BIMSHHE HpAL Apyrux (akTopoB, B TOM 4YHCIIE
CyOBEKTUBHBIX:  KBaIM(QHUKAIUS  WHKEHEPHBIX  KaJIpoOB,  CPOKHUBBINOJHEHHUS  pabdor,
TEXHOJIOTUYECKUE BO3MOYKHOCTH IIPEANPUATHS, rae Oyner U3TOTaBINUBATHCS
U3/IeNTNE,BO3MOXKHOCTh IPUOOPETEHHSI HEOOXOAUMBIX KOMITIEKTYIOIINX U3/IEIHH.

CnenuaJjbHble TpeOOBaHUs. JlanHbIie TpeOoBaHUs OMNUCHIBAIOT o0nacThb
NpPUMEHEHUS,DYHKIIMOHATLHOE  Ha3HAuYeHWE, TEXHWYECKWe U  UWHBbIe  CchenupuyecKkue
XapaKTepUCTUKH DA W B OCHOBHOMYJIOBJIETBOPSIIOTCS Ha 0Ooliee paHHUX dTamax
CUCTEMOTEXHHUYECKOTO U CXEMOTEXHHUYECKOTOo MpOeKTHUpoBaHUsA.OMHAKO psag  TpeOoBaHUM,
CBSI3aHHBIX C YCJIIOBUSMH JKCIUTyaTaluu DA, MPUXOAUTCS 00eCreunBaTh U HadTamne pa3padoTKu
ee KOHCTpyKInu. OCOOCHHOCTHIO CIEIUaIbHBIX TPEOOBAaHUMN SIBISETCS TO, YTO OHUCOIEpPKAT
Ha0Op XapaKTePUCTHK, HMCIOJB3yeMBIX TOJIBKO JUIsI Y3KOTO Kjacca TEXHHUYECKUX CPEICTB:
AJIUCTOYHUKOB MMUTAHHUA — 3TO BBIXOJHOC HANPSIKCHUE, MOIMHOCTH HArpy3Ku, KOB(b(i)I/IHI/IeHT
cTabmM3annu,KodOPUIUEHT MyIbCaluid; A ycrmnTened — Ko OUIMEHT yCHIIeHHs, TTOJIoca
MPOIyCKaHus, K03 PUIMEHT NCKaKEHUH, YPOBEHb IIYMOB U T. 1. llepedeHb u 3HAUCHUS TaKUX



XapaKTepUCTHK, a TaKKEMETOAbl MX MPOBEPKH MNPUBOAATCS B CTaHIAApTaXx Ha ammnaparypy
JTAHHOT'O KJlacca.

IKCIJIyaTAIIMOHHBbIE TPeOOBaHUsL. DTH TPEOOBAHMS OTHOCATCS K YAOOCTBY HMCIIOIB30BaHHS
DA TOHA3HAYCHHUIO, €€ HAJEKHOCTH, OE30IMaCHOCTH M HSKOHOMHYHOCTH W MOTYT OBITh
c(hOpMYIIMPOBAHBICIICTYIOIIMM 00pa3oM.

1. Texuuyeckoe wu3genue TOMKHO OBITh MPOCTHIM U YAOOHBIM (SPrOHOMHUYHBIM) B
UCTIOJIb30BaHUUN. IP2OHOMUKA — HTO HAy4HAs AUCLUIUIMHA, W3Yy4Yalolias TPYAOBbIE IPOIECCHI C
LENBI0  CO3/aHUSONTHUMAIBHBIX YCIOBUH TpyHa, YTO CIHOCOOCTBYET YBEIWYECHHUIO €ro
POM3BOIUTENBFHOCTH, a TaKkKeoOecreunBaeT HEeoOXOIMMBbIE yI00CTBA M COXPAaHSAET CHIIBL,
3I0pOBbE M PpaboOTOCTIOCOOHOCTHh denoBeka.llpeagmMeTroM W3ydeHHs] IPrOHOMHUKHU  SIBIISCTCS
cucreMa <<YeJOBEK — MaluHa>>. DProHOMHUYECKHETPEOOBaHUS K TEXHUYECKHM CpEICTBaM
JENATCA Ha TPYMIbL: aHTPOINOMETPUYECKHE (COOTBETCTBUE (opMe,pasMepaM U paclpeieTICHUIO
Macchl Teja YeJOBEKAa U OTAEIbHBIX €ro yacTeil); pU3noIornyecKkue(COOTBETCTBUE CUJIOBBIM,
CKOPOCTHBIM M  DHEPreTHYECKMM  BO3MOXKHOCTSIM  4YellOBeKa W €ro  OopraHam
YYBCTB);IICHXOJIOTHYECKHE (COOTBETCTBHE BO3MOXHOCTSIM  YEJIOBEKa BOCIPHHUMATH U
nepepabarpBaTbuH(GOpMAI0 ¥ (GOPMHUPOBATH CUTHAJBI  YIPABJICHUS); TUTHEHUYECKHE
(OCBEIIEHHOCTh,  TEMIEpPaTypa,BIaXHOCTb W JApyrue  (akTophl,  XapaKTepU3YIOIIHE
KOM(pOPTHOCTh YCJIOBUM paboThl omneparopa).CylecTBYIOT KOHKpPETHbIE HSPrOHOMUYECKUE
PEKOMEH/IallMU 0 BHIOOPY pa3MepoB U HEKOTOPBIX APYTUXIapaMeTPOB TEXHHUUYECKUX CPEJICTB.
[Tpu pa3pabotke DA xopolue pe3yabTaTbl MOT'YT OBITh MOJTYYEHBI, €CIIMKOHCTPYKTOP MOCTaBUT
ce0s Ha MECTO oIlepaTopa U OLICHUT, HACKOJIBKO YIOOHO €My B MPOIECCEIKCILTyaTalliu OyIeT
OCYIIECTBIISITh MOHTaX amnmapaTypbl, BBIMOJHATE MaHUNYISIIMA C OpraHAMHUYIPaBICHHS,
CUMTHIBATh TIOKA3aHUS WHAWKATOPHBIX YCTPOUCTB U T. 1. BoibIyto posib UrpaeTTakke BHEITHUI
Bua wu3nenus. KpacuBoe wuznenue B Tpolecce €ro NPUMEHEHHUS BBI3BIBACT Y OIeparopa
MIOJIOKHUTEIIHFHBIE SMOIINH, YTO OJAroNPHUATHO CKAa3bIBACTCS HA MPOU3BOJUTEIHHOCTH TPY/IA.

2. W3pnenwe [0MKHO HWMETh 3aJaHHBIA  YpPOBEHb HAJEKHOCTH B PpEANbHBIX YCIOBHSX
AKCIUTyaTallMH C YY€TOM KOMILJIEKCHOTO BIMSIHUS BHEITHUX BO3JIEHCTBYIOINX (PAaKTOPOB. —

3. CyuaitHoe HempaBUIbHOE OOpalIeHUE C U3/IeTMEM HE JIOJDKHO BBIBOJUTH €ro U3 cTpos. Ecnu
Kakoe- 0o HCIIPABUJIBHOC I[eﬁCTBHC B OTHOIICHHHU HU3ACJIHA BO3MOKHO, TO PAHO HUJIKM ITO3OHO
Takas OMMOKa OOCITYXMBAIOIIEro MEpCOHaTa MOXET OBITh coBepiieHa. [IpuMepsl 3amUTHBIX
Mep OT OLIMOOK MepcoHaa:

— 3alliyTa UCTOYHHUKA IMUTAaHUA UIIN YCUIIUTEIIA OT KOPOTKUX 3aMBIKaHUH BbBIXO/Ja,

— HCKJIIOYEHHE HENPaBWJIBHOTO MOJKIIOYEHMs Kabeneill myTeM HNpUMEHEHHs AJs Pa3IUyHBIX
LEIeN, HE CTBIKYIOIIUICS APYT C APYTOM, TUIIOB JIEKTPUYECKUX COCTUHUTEIEH;

— TMOSICHSIIOLIME HAJIMUCH U HHAas MapKUPOBKa Ha Kopiryce DA, criocoOCTBYIOIAs TPaBUIBHOMY
BBITNIOJTHEHUIO COEMHEHNI;

— 3aiuTa OT HCHpaBHHBHOf/'I NOJIIPHOCTH MMHUTAIOIICTO HANIPSKCHUA U T. II.



4. JInss peMOHTONPUTOTHON DA TOJDKHBI OBITH 0OecTieueHbl y1oOHast cOopka u pa30opKa, JIeTKHUiA
JOCTYIl K Yy3JlaM, TpeOyIoIIUM TMEePUOJUUYECKOr0 TEXHUYECKOro OOCIyXHBaHHS (OCMOTpa,
YUCTKH, PETYJINPOBKHU WIIA CMA3KH).

5. U3nenue nomkHO OBITH Oe30macHbIM B oOpamieHuH. J{OMKHBI OBITh HMPEAYCMOTPEHBI MEpHI,
UCKJTIOYAIOIINE JIN0O0 CBOJAIINE K MUHUMYMY BO3MOXKHOCTh HECUACTHBIX CITy4aeB, HAIpUMeEp:

— HUCKJIIOYEHHE BO3MOXKHOCTH MPHUKOCHOBEHHUS K TOKOBEAYIIMM YaCTSAM, HaXOJISALIUMCS O]
OIMAaCHBIMHAIIPAKCHHUECM. Wcnonp3oBanue B Pa3BbEMHBIX OBJICKTPUUYCCKUX COCAUMHCHUAX CO
CTOPOHBI MOJABOIAHANPSKEHUS] KOHTAKTOB TUIA «THE3/10» (BCIIOMHUM CETEBYIO JJIEKTPUUECKYIO
PO3ETKY);

— 3aIIUTHOE 3a3EMIICHHE KOPITyca YCTPONCTBA;
— aBTOMAaTHYECKOE OTKIIFOYCHUE MTUTAHUS MPH OTKPBIBAHUU KPBIIIKH YCTPOHCTBA,

— HCIIOJIB30BaHHC npeaynpeaIuTCIbHbIX HaJmnuceun TUIIA ((OCTOpO)KHO ! Bricokoe
HaIIPsAKCHUC ! »,

— MCKJIIOYEHHE BO3TOpaHMs WJIM B3pbIBa YCTPOMCTBA IPU BO3HUKHOBEHMH OTKa3a, HAIPUMEp
nyTem

IMPUMCHCHUA IJIaBKUX MTPECAOXP aHHTeﬂeﬁ;

— HCKJIIOYEHHE BO3JCHUCTBUS HA IEPCOHA] OINACHBIX 3JIEKTPOMArHUTHBIX TOJEH U HHBIX
HEeOJaronpusITHBIX (PAKTOPOB.

6. N3nenue D0mKHO OBITH YKOJIOTHUYECKHA OE€30ITaCHBIM.

7. W3pgenue MOOMKHO HMETh MHUHUMAJIbHBIE SKCIUTyaTallMOHHBIE PAacXO[bl, CBSI3aHHBIE C
HHEpPronoTpeOseHneM,  OXJIAXJACHHEM,  3aMEHOW  OBICTPOM3HAILMBAIOIIUXCS  YacTew,
MOTIOJIHEHUEM  PACXOJHBIX MarepuanioB. KOHCTPYKTUBHO-TEXHOJOTHYECKHE TpeOOBaHUSI.
Jannbie TpeOOBaHUS OTHOCSATCS K YCKOPEHUIO TIpollecca MPOEKTHUPOBAHUS M TIOBBIIICHHUIO
TEXHOJIOTHYHOCTH KOHCTPYKIHH DA. TEeXHOTOTHYHOCTh KOHCTPYKIIMH TMPEACTABISIET COOOM
MPUCTIOCOOJICHHOCTh M3AENUs K JOCTHKCHHIO MHUHHUMAJBHBIX 3aTpaT pPECcypcoB Mpu
MPOM3BOJICTBE M OKCIUTyaTalldd JUJIs 3aJlaHHBIX IOKa3aTelel KadecTBa, oObeMa BBIMTyCKa W
YCIIOBUH BBIMOJTHEHUS PaboT.

KoHCTpYKTHBHO-TEXHOJIOTHYEeCKHE TPeOOBAHMSA COCTOSAT B CJICAYIOLIEM.

. Wznenme [ODKHO HWMETh MAaKCHUMAJIBbHO TMPOCTYKO KOHCTPYKIMIO, IIPH  KOTOPOHU
o0OecrieunBarOTCsl 3aJlaHHbIE TEXHUYECKHE XapaKTEepUCTUKH. [IpoCTyl0 KOHCTPYKIHIO Jierye
U3TOTOBJIATH, B HEM MEHBIIE [IOTEHIMAIBHBIX HCTOYHUKOB OTKA30B.

2. Macca u raGapuTHbIE pa3Mepbl W3AENUs JOHKHBI ObITh MUHUMAIBHBI, YTO O0OECIeYnBaeT
CHIDKEHHE PAcXOJ0B Ha MaTepHaJIbl, U3TOTOBJIEHUE, YIIAKOBKY, TPAHCIIOPTUPOBAHKE, XPAHECHHE.
B morone 3a mMuHHMaTIOpH3anuell Henb3s 3a0bIBaTh O TpeOOBaHUSX SproHoMuku. Hampumep,
pa3Mepbl KHOIOK YIPaBJEHUS, TUCIJIES U HEKOTOPBIX JIPYTHMX 3JIEMEHTOB OrPAHUYUBAIOTCS
AQHTPOIOMETPUYECKUMHU U UHBIMU BO3MOKHOCTSIMU YEJIOBEUECKOTO OPTaHU3Ma.



3. Cnenyer BbIOMpaTh Marepuanbl, oONaJarollie ONTHUMAJIbHBIM COUYETAHHEM (PU3MUECKUX U
MEXaHUYECKUX CBOMCTB, KOPPO3UOHHOM CTOMKOCTH, TEXHOJIOTHYHOCTH IPpH 00paboTKe.

4. llenecooOpa3HO HCIOIL30BaTh MOJYJBHBIA MPUHIUIT MOCTpOeHUs DA, o0OecreuynBaroIINi
MapauIeIbHOE BBITIOJHEHUE TEXHOJIOTUIECKUX OTepauii COOpPKHU 1 HaTaIKH.

5. Heob6xoaumo obecnieunTh B3aMMO3aMEHSIEMOCTh OJHOTUITHBIX JeTaiied u y3i10B DA. Criocod
obecrieueHus (BUI) B3aMMO3aMEHSEMOCTH B IMPOIECCE CEPUHHOTO MPOM3BOJCTBA BHIOMpAETCS
ucxoas u3 TpeOoBaHUi TexHONOTWYHOCTH. Jlamee 3TOT Bompoc OymeT paccMOTpeH Ooree
nopOoOHO.

6. CregyeT cokpaiaTh HOMEHKIIATypy MPUMEHSIEMbIX MaTEpUajIoB U JieTalieil (BUI0B JUCTOBOTO
[IPOKAaTa, TUIIOB KOMIUIEKTYIOIUX U3/AEIUH U T. I1.).

7. L[enecoo6pa3H0 II0 BO3MOXHOCTH HCIIOJIB30BAaThb B HOBBIX pa3pa60TKaX ACTAJIX U Y3JIbl OT
paHeC BBIITYCKABIINXCA 1 c31 (N)170% (KOHCTI)YKTI/IBHaSI HpeeMCTBCHHOCTB).

8. B KOHCTpyKIIMHM HEOOXOAMMO MaKCHUMaJIbHO HUCIOJIb30BATh FOTOBBIE CTAHIAPTU3UPOBAHHbBIE U
HOpMaJIM30BaHHbIe M3AEIHsl. DTO JaeT OOJIbIION SKOHOMHUYECKUH 3((eKT, TaKk KakK MO3BOJSIET
JMKBUJIMPOBATh 3aTpaThl Ha Pa3pabOTKy caMMX M3AEIUN U TEXHOJOTMYECKHX MPOIECCOB HUX
IIPOU3BOJICTBA, AaTaKXe MPUOOPETEHUE JOMOJHUTEIBLHOIO HHCTPYMEHTa M 000pYAOBaHUS.
CranjapTu30BaHHblE M HOPMAJIM30BAHHBIE M3ZENUS HMEIOT BBICOKOE KAayeCTBO U HU3KYIO
CTOMMOCTb, IIOCKOJIBKY BBIITYCKAIOTCS Ha NPEANPUATHSIX, OCHAILIEHHBIX
BBICOKOITPOM3BOIUTENIbHBIM CHELIMAIbHBIM 000pyoBaHueM. HakoHel, craHjapTU3upoBaHHbIE U
HOpMaJIN30BaHHbIE M3/IENUs IPOBEPEHBI MPAKTUKON U Oosee HaaexHbl. [Ipn KOHCTpyupoBaHUU
AJIEKTPOHHOM amnmaparypsl XOpomuil 3¢ ekt 1aeT MpUMEeHEHHE TOTOBBIX KOPIYCOB M HECYILIUX
KOHCTPYKIUH.

9. ObecreueHre MAaKCUMAIIBHOM TEXHOJIOTHUYHOCTHU C60p0‘-IHBIX N JJICKTPOMOHTAXXHBIX pa60T,
MHWHUMAJIBHOC YUCJIO ITOATOHOYHBIX U PETYIUPOBOYHBIX onepauﬂﬁ.

10. IIpu pa3paboTke 0053aTEIBHO YUUTHIBAETCSI UMEIOIIEECs B PACIIOPSKEHUN TEXHOJIOIMUYECKOe
o0opynoBaHue M 00BeM BbIIycKa u3Jenuil. TeXHONOTUS M3TOTOBJIECHUS — M3AEIHH,
NpeHa3HAYeHHbIX JUIsl €IMHUYHOTO INPOU3BOACTBA, JOJKHA Oa3MpoBaThCs Ha MPUMEHEHHUH
YHHUBEPCAJIBHOTO 000pYy/J0BaHUs 0€3 MCIOJIb30BAaHMS IOPOTOCTOSIIEr0 MHCTPYMEHTA M OCHACTKU
— TOKapHbIX, (pe3epHbIX, NUIM(OBATBHBIX U APYTUX CTAHKOB JUIsi 00pabOTKH MaTepuajoB
pezannem. Jlmg  MaccoBoro M KPYIHOCEPHMHOIO  IPOMU3BOACTBA  HCIIOJNB3YIOTCA
BBICOKOITPOU3BOJIUTENIBHOE ~ CHElMalbHOE O00OpyJOBaHME M  OCHAacCTKa, a OCHOBHBIMHU
TE€XHOJOTMYECKUMH MPOLIECCaMU SBJISIOTCS IITAMIIOBKA, THOKa, TOYHOE JINThE, OTIPECCOBKA U JIp.
OxoHomMHuueckre TpeOoBaHus. B OOJbIIMHCTBE cllydyaeB OJHUM M3 Ba)KHEWIIUX KpPUTEPUEB
3QGEKTUBHOCTH TOTO MJIM HMHOTO TEXHUYECKOTO peIIeHUs SBJSIOTCA 3aTpaTbl Ha €ro
peanu3aluio, MmoJi KOTOPhIMH MOHHUMAIOTCS HE TOJNBKO (DMHAHCOBBIE PACXOAbl, HO U BpeMs,
KOJINYECTBO TPUBJIEKAEMBbIX HCIOJHUTENEH W Jpyrue orpaHuueHHble pecypchl. He Oyzer
NpeyBeNTUUYEHUEM CKa3aTh, YTO MPAKTUYECKU JI000E NMPOEKTHOE pelleHHe NPUHUMAETCS C
y4eToOM TMepeuucieHHbX (akropoB. Crenyer CcTpeMHTbCS K MUHUMH3ALUU 3aTpaT Ha
pa3palboTKy U3/eNns, Ha MaTepUalibl 1 KOMILJIEKTYIOIINE U3AeNusl, IPOU3BOICTBEHHBIX 3aTpaT U
Ip. B opraHuzannoHHOM IulaHe Ul COKpAIEHUS CPOKOB pabOT MPOEKTHPOBAHHE OTIEIIbHBIX
YacTell  CIIO)KHOTO  00OpYy/IOBaHMsS  OOBIYHO  IIeJiecoo0pa3Hee TMOpPYYUTh  CTOPOHHUM



OpraHU3aIUAM-UCIIOIHUTENSAM, HMEIOIIUM COOTBETCTBYIOIIMN ombIT. He crmemgyer BbIOMpaTh
AJIEKTPOHHBIE KOMIIOHEHTHI CO 3HAYMTEIBHO OoJiee BBICOKUMH, YE€M 3TO HE0O0XOAUMO,
XapaKTEepPUCTUKAMH W  HEOOOCHOBAHHO TPUMEHATH JOPOTOCTOSIIME KOHCTPYKIIMOHHBIC
MaTepuanbl. HeoOXoauMo MOMHUTE, YTO B CTOMMOCTb M3JIENIUS BXOJIST 3aTPaThl HA MOATOTOBKY
NPOM3BOJCTBA:  pa3pabOTKy  TEXNIPOLECCOB,  KOHCTPYMPOBAaHHME W HW3TOTOBJICHHE
TEXHOJIOTUYECKOW OCHACTKH, MPHOOpETEHHE HEIOCTallero o0opyaoBaHUs, O0OydeHue
nepcoHana. [loaTomMy mMOArOTOBKAa MPOM3BOJACTBA M3JCIUNA C BBICOKOW KOHCTPYKTHBHOM
MIPEEMCTBEHHOCThIO OY/ET JelIeBIie U MOTPeOyeT MEHBIINX CPOKOB.

B kax10M KOHKpPETHOM Cilydae 3KOHOMHYECKas ONTUMAIbHOCTh TOI'O WJIM HHOTO PEIIEHUs
3aBUCUTOT MHOTUX (PaKTOPOB, OJHUM M3 BaKHEHIIHMX CpPelu KOTOPBIX, INOJUYEPKHEM eIle pa3,
ABIsieTCA O00beMBBINTyCKa u3jenusd. [Ipu 3HauMTENbHBIX OOBEMax MPOU3BOACTBA allNapaTyphbl
CTAaHOBSTCSI 3KOHOMMYECKMOOOCHOBAHHBIMU pa30Bble MHBECTULMH B pPa3pabOTKy 3aKa3HbIX
MHUKpPOCXEM, OpPUIMHAJIBHBIX JIUTBIX KOPIYCOB, HOBBIX TEXHOJIOIMUYECKHUX IpoueccoB. B
YCIOBHSAX MAacCOBOTO IIPOM3BOJACTBA Jake HEOOJBIIOE CHIKEHHE 3aTpaT MOKET IPHUHECTH
OILLYTUMYIO SKOHOMHUYECKYIO BBIFO/1y U KOHKYPEHTHbIE IIPEUMYILECTBA U3JIEIHSI 10 CPABHEHHUIO C
aHaJloraMd. DKOHOMHUYECKAsi CTOpOHA HE BCErJa UrpaeT IIaBHYyIO posib. Hampumep, B BoeHHOM
TEXHUKE, CUCTeMax *KHM3HeoOecneueH!s] 1 MHOTUX JPYTuX BHJIAX CHEIMaIbHOHN anmnaparypsl NpH
pas3pelIeHny IPOTUBOPEUHS 1IeHA—KayeCTBO MPHUOPUTET OTAAETCS JOCTHKEHNUIO MaKCUMAJIbHOM
Ha/IeKHOCTH U 3KCILTyaTallMOHHOHN 3(pPEeKTUBHOCTH U3AETHSL.

§ 5.1. Cranpapruszanusi B KOHCTPYUPOBAHUM

B 1npoekTHOW, M B 4YaCTHOCTH KOHCTPYKTOPCKOM JE€ATEIbHOCTHM OYEHb BEJIMKA pOJIb
pa3sHOOOpa3HbIX HOPMAaTUBHBIX JOKYMEHTOB, KOTOPBIMH pa3paboTYuK 00s13aH
pykoBojcTBoBaThCs. Ocobast poib oTBefieHa craHaapTaM. CTaHAapThl YCTaHABIUBAIOT HOPMBI,
npaBuia, TpeOOBaHUs, TEPMUHBI, KAUECTBEHHbIE U KOJIWYECTBEHHBIE MOKA3aTeNd, MepeueHb U
(dopMy TOKYMEHTOB, METOJbl MCIBITAaHUN U T. I. CTaHIApThl MOTYT OBITH MEXIYyHAapOAHBIMH,
MEXXTOCYJapCTBEHHBIMH, TOCYAApCTBEHHBIMM, OTpPAciI€BbIMU, a TakXke JCHCTBYIOIIUMHU B
npenenax npeanpustus.HaubOonee u3BeCTHB Tpu  OpraHu3aluud IO  MEXIYHApOJHOMN
cTaHzapTu3auuu: MexayHapoaHas opraHuzanuss 1no cradgaptuzauuun — MCO  (ISO),
Mexnynaponnas snektporexHuueckas komuccus — MOK (IEC), MexayHapoaHslii coro3
anektpocBsizu — MCD (ITU). Ix o6benuHseT He TOIBKO 0011as 00J1acTh NEATEIbHOCTH, HO U
npakTudecku oOmiee Mecto pacroyiokeHus: B JKeneBe. B camux Ha3BaHMAX oOpraHu3anui
3aJ0%keHo pasrpaHudeHue cep ux BausHusA. MCO paspabarbiBaeT CTaHAAPTHI I BCEX
CEKTOPOB 3KOHOMHUKH M cdep nestenbHocTH, MOK cnenuanm3upyercs B 3JIEKTPOTEXHUKE U
anekTpoHuke, MCD KypUpyeT 3JIeKTpOCBs3b M TeleKoMMyHUKanuu. Cdepbl HHTEPECOB 3TUX
OpraHM3aiyii yacTo mnepecekaroTcs. B Takux ciaydasx oOpa3yloTCsi COBMECTHBIE OpraHbl IO
KOOpJMHAIMU PabOThl U CO3/IaHUIO0 OOMIMX TOKYMEHTOB. CaMOi KpPYHMHOW M aBTOPUTETHOW M3
stux opranuzauuit sisierca MCO. Odunnansabiesssiku MCO — anrnuiickuid, ppaHiry3ckuil u
PYCCKUI.

B Poccnn npuHAT cneayromumii NopsaoK BHEAPEHUS MEXAYHAPOIHBIX CTAHIAPTOB:

— HOpsAMO€ MPUMCHCHHUEC MCKAYHAPOJHOI'0 CTaHAapTa 0e3 BKIIFOYEHUS JOIIOJTHUTCIBbHBIX
TpeboBaHu (MPUMEHEHHE ayTEHTUYHOTO TEKCTAWIIN TaK Ha3bIBAEMBIM METO] O0JI0KKH);



— HCIIOJIb30BAHUE AYTEHTHUYHOTO TEKCTa MEXIYHAPOJIHOTO CTaHJapTa C JOMOJHUTEIbHBIMU
TpeOOBaHUSAMH, OTPAKAIOIUMH MOTPEOHOCTH HAPOJHOTO XO3SHMCTBA. AYTEHTUYHBIH TEKCT —
3TO TEKCT, COCTABJICHHBIM Ha JBYX M Oojee s3bIKax, PacCMATPUBAECMBIH KaK OJMHAKOBO
NO/UIMHHBIA U UMeromui paBHyto cuity. K npumepy, o6o3znauenne 'OCT P NUCO 10543—99
03Ha4aeT, YTO JIAHHBIN rocyaapcTBeHHbIN cTanaapt Poccuiickoit denepannu yreepxkaeH B 1999
r. 1 mpencraBiser co0oil ayTeHTUYHBIN TEKCT MexayHapoaHoro cranaapra MCO 10543:1994.
O6o3nauenue ['OCT P 50488-93 (MCO 344-81) cnemyeT mNOHUMATh KaK POCCHUCKUMA
rOCyIapCTBEHHBIH  CTaHgapT, pa3paboTaHHBIA Ha  OCHOBE  AyTEHTHYHOIO  TEKCTa
MexayHapoaHoro crangapra MCO 344—81, comepkamiuii JOMOJHHUTEIbHBIE TPEOOBaHUS H
yTBepKaeHHBIN B 1993 r. AHanornuno 0603Ha4Ya0TCA rOCy1apCTBEHHBIE CTAaHIAPTHI, IPUHSTHIC
Ha OCHOBE AyTEHTMUYHBIX TEKCTOB MEKAyHapoAHbIX cranpaproB MOK, nanpumep: I'OCT P
M3K 1007-96 wim I'OCT P 50377-92 (M3OK 950-86).K unciay BIUATEIBHBIX MEXIYHAPOIHBIX
opraHuzanuii oTtHocsTcs Takke EBpomnelickuii komuter mno cranpapruzauun  (CEH),
EBporneiickuii komuteT mo crangaptuzanmu B anekrpoTexnuke (CEHDJIEK), Emponeiickuit
MHCTUTYT MO cTaHaapTu3auuu B oOmactu Ttenekommynukarnuii (ETSI), KoncynbraTuBHBIN
KOMUTET M0 CTaHAapTH3aluu 1 KadecTBy cTpan-wieHoB ACEAN, Konrpecc no crangaptuzanuu
ctpan Tuxookeanckoro Oacceiina (PASC), Ilanamepukanckass KOMHCCHS IO CTaHIapTam
(COPANT), EBpasuiickuii MEXKIyHApOIHBIM COBET [0 CTaHJApPTU3AlMH, METPOJIOTHH U
cepruuxanmu (EASC), UncTutyT H)XEHepoB 1o 3nekTporexHuke u anekTponuke (IEEE) u ap.
MexrocynapctBenubiMu - (I'OCT)  saBnsitorcss  ctangaptel  CoapykecTBa — HE3aBHUCHUMBIX
rocymapctB, wu3manHHele mocie pacmaga CCCP. O6osnauennme ['OCT wumeror Takke
neiictByromue crangaptel  ObiBiiero CCCP. TocymapcTBeHHBIE cTaHaapTsl Poccuiickoit
Oeneparun umeror obosHauenne 'OCT P. Crannmaptel, JeiicTByromue B mpeaenaax OTpaciw,
obo3Hauatotcst OCT. Camblit HM3KHi# craTyc y crangaptoB npennpusatus (CTII). CymectByrot
CHCTEMBI B3aMOCBSI3aHHBIX CTaHAAPTOB, OTHOCSIIUXCSA K TOM WM HHOW 00JacTH YeloBeYeCKOn
nesaTenbHOCTH. [l pa3zpaboTymka 3JIEKTPOHHOW ammaparypbl Haubosiee BakKHBI CIETYIOLIUE
KOMIUIEKCHI TOCY/IapCTBEHHBIX CTaHAApTOB:

— euHas cucteMa KoHCTpykTopckoil nokymentanuu (ECK/);

— eauHas cucteMa nporpammHoi nokymenrtanuu (ECIT);

— rocyJiapcTBeHHas cuctema nmpudopos u cpeacts aBromaruzanuu (I'CIT);
— enuHas cuctema aonyckoB u nmocaaok (ECIIT);

— OCHOBHbIE HOpMBI B3aumo3amensemoct (OHB).
§ 5.2. Buapl, 0003Ha4YeHUSI M KOMILIEKTHOCTh KOHCTPYKTOPCKHX JOKYMEHTOB

KoHcTpykTOpCKHE TOKYMEHTBI — 3TO TpapUuecKue M TEKCTOBBIE TOKYMEHTHI, ONpPEIeIISIONIIe
COCTaB M YCTPOMCTBO M3/EIHS U COJAEpIKaIlie HEOOXOIUMBIE TaHHBIE JUISl €ro pa3paboTKHU WU
U3TOTOBJICHUSI, KOHTPOJISA, NPUEMKH, HKCIUTyaTallud M pPEeMOHTa. BuIbl W KOMIUIEKTHOCTbH
KOHCTPYKTOPCKUX JIOKYyMEHTOB B 3aBUCHUMOCTHU OT CTaIMU UX pa3zpabotku ycranasiausaer [[OCT
2.102-68. Kaxnplii KOHCTPYKTOPCKMH TOKYMEHT MMEeT 0003HAaueHHE, KOTOPOE CTPOUTCS IO
cnenyromeid cxeme: ABBB.XXXXXX. XXX XX, rae mnepBble 4YeTbipe OyKBBI — KOJI
OpraHu3aIu-pa3padoTInKa; MOocCIHeAymue IecTb IMdp — KoI KiIacCH(pUKAIIMOHHON
xapakTepucTuku usnenus no kinaccupukaropy ECK/I; nanee tpu nudpbl — perucrpannoHHbII



Homep wuznenuss ot 001 mo 999; mamee mocne mpoGena kon mgokymeHTa. JIByx u Oosee
JOKYMEHTOB C OJIMHAKOBBIMH O0O3HAa4YCHUSAMU OBITH HE MoxeT. OO003HAYCHHS pPa3HBIX

JOKYMCHTOB JOJIKHBI OTJIMYATbCAd, KAK MUHUMYM, KOJIOM.

JIOKyMEHTBI TTOJIpa3/IeisIOT Ha BU/IbI, yKa3aHHbIEC B Ta0M. 2.

Kon HaumenoBanue Onpene/enne
JOKYMEHTA |TOKYMEHTA
- Ueprex gertamd  |HOKYMEHT, COJICpKAIIMH H300paKEHHE NETAIU M Jpyrue
JAHHbIE, HEOOXOIMMBbIE JUISI €€ U3TOTOBJICHUS U KOHTPOJIS
Ch C6opouHbIit HoxymenT, conepxamui  u300paxkeHHe  COOPOYHOU
eIMHUIIBI U JPYTue JaHHbIe, HEOOXOAUMBIE IS €€ COOPKH
IepTEK (u3roToBiieHns) W KOHTpossi. K COOpOYHBIM dYepTekam
TAaK)K€ OTHOCAT YEPTEXKHU, IO KOTOPHIM BBIIOJHAIOT
TUAPOMOHTAX ¥ THEBMOMOHTAX
BO Yeprex  oOmero|/lokyment, onpencnsiomui — KOHCTPYKLMIO — U3JEIud,
BUJA B3aUMOJEICTBUE €r0 COCTABHBIX YAaCTEH W IOSCHSAIOIIUN
OPUHIUI pabOThI U3/1eNHs
T4 Teopernueckun |/loxkymeHT, onpenensromuy IreOMETPUUECKYH0  (OpMY
YepTexK (00BOIBI) M3mENMA M KOOPIMHATBI  PACIOJIOKEHHS
COCTaBHbIX YacTen
r'a ["abaputHbIil yep- I[OI%/MGHT, coJiep’Kalluil _ KOHTYypHO€  (YIPOIIEHHOE)
TEX n300paxxeHue u3aenus ¢ rabapuTHBIMHU, YCTAHOBOYHBIMU U
IPUCOEAMHUTEIbHBIMU Pa3MepaMu
MDD OneKTpoMOHTaXK- |[OKyMeHT, coaepKallui JaHHbIE, HEOOXOIMMBIE UL
HBI YepTex BBITNIOJHEHMS DJEKTPUUECKOI0 MOHTAXa U3AeIus
MY MoHTaxHbl 4yep- I[OKgMeHT, COJepKallul  KOHTYypHO€  (YIPOIIEHHOE)
TEX n300pakeHre W3JeNus, a TaKKe JaHHbIe, HEOOXOMMbIC
JUIsl €T0 YCTaHOBKH (MOHTa)ka) Ha Mecte npuMeHnenus. K
MOHTQKHBIM  4epTeXaM TaKKe OTHOCAT  YEpPTEeKHU
(GyHIaMEHTOB, CIEUUaIbHO  pa3pabaTblBaeéMbIX  JJIs
YCTAaHOBKH U3J€IUs
vy YI1aKOBOYHBIN JIokyMeHT, cojepXallui JaHHble, HEOOXOAMMBIE JUIs
4epTex BBINIOJHEHNS YIAKOBBIBAHUS M3ACIUS
[lo TOCT|Cxemsl ﬂOKg’MeHT, Ha KOTOPOM IIOKa3aHbl B BHUJE YCIOBHBIX
2701 n300pakeHU WM 00O3HAYEHMH COCTAaBHbIE€ YacTH
: M3JIENINSL U CBA3U MEXKIY HUMU
Cnemudukarust  |JJoKyMEeHT, ONpenemstoi COCTaB COOPOYHOU EAMHUIIBI,
KOMILIEKCA MJIM KOMIIEKTa
BC Benomocts [ [loKyMeHT, cojaepiKamMi NEpevyeHb BCEX CIEHUpHUKAMK
cneuu@ukanuil  |COCTaBHBIX YacTEW M3JIENIUS C YKa3aHUEM UX KOJMUYECTBA U
BXOJIUMOCTH
B/l Benomocte ccbl-|/lokymeHT, conepikamui nepedyeHb JOKYMEHTOB, Ha
JIOYHBIX KOTOpbIE ~ HMMEIOTCSI  CCBUIKH B KOHCTPYKTOPCKHX
JOKYMEHTOB JIOKYMEHTaX U3/eusl
BII Benomocts JloxymeHT, coxmepxaiyi IepedyeHb NOKYIHBIX W3EIIHM,
MOKYITHBIX IIPUMEHEHHBIX B pa3padaThIBAEMOM U3ENINU
1563 (107071
BU Benomocts JlokyMeHT, conepkamui NEepedeHb MOKYIHBIX H3JAEIHH,
paspeleHus }Z)a3£)emeHHLIX K npuMmeHeHuto B coorBercTBuu ¢ I'OCT
IIPUMEHEHHUS 124
MOKYITHBIX u3-
JEeAN
I Benomocts, JoKymMeHT, _ colepKalmlui  MEPEYeHb  MPEANPUATUHH
nepkaTenen (opranuzanuii), Ha KOTOPBIX XpaHAT MOMJUHHUKU
MTOJINHHUKOB JIOKYMEHTOB, pa3paboTaHHBIX U (WJIM) MPUMEHEHHBIX IS
JTAHHOTO W3JIEJIHs
It Benomocts JlokymeHT,  conmepkalmui ~ IEpeueHb  JOKYMEHTOB,
TEXHUUYECKOTO BOILIEIINX B TEXHUYECKOE MTPETIOKEHNE
IPEUI0KEHUS
11 Benomocts JlokyMeHT,  coiepKallui  MEPEYeHb  JOKYMEHTOB,
3CKU3HOTO BOIIEIIINX B ACKU3HBIN MPOEKT
IPOEKTa
TII Benomocts [oxymenT, copepamui  NEpedYeHb  JOKYMEHTOB,
TEXHUUYECKOTO BOILIEIINX B TEXHUYECKUI POEKT
IPOEKTa
113 IlosicHurenpHas |JlOKyMEHT, COAEpXKallui  ONKMCAHME YCTPOMCTBA U
3amnucKa NOPUHIMIA ICHCTBHSI Pa3pabaThIBAEMOro M3AEIHs, a TAKXKe




000CHOBAHHE NPUHATBIX IIPH €TI0 Pa3padOTKE TEXHUUECKUX
U TEXHUKO-DKOHOMHUYECKHX PElIeHUI

TY Texuuueckue HoxymeHT, conepkaniui TpeOboBaHus (COBOKYITHOCTh BCEX
YCIOBHUS MoKa3zaTesie, HOpM, MpaBUJI MU MOJOKEHUM) K H3/CIHIO,
€ro M3rOTOBJIEHUIO, KOHTPOJIO, MPUEMKE M TIOCTABKE,
KOTOpBIC  HelelecooOpa3HO  yKa3plBaTh B JIPYTHX
KOHCTPYKTOPCKHUX JIOKYMEHTaX

M IIporpamma u|lokyMmeHT, coJepKalun TEXHUYECKUE JlaHHBIE,
METOIMKA _ MOJIC)KAIUE IPOBEPKE IIPU HCIBITAHUAX W3ACIUA, a
VICIIBITAHUUI TAK)KEe IOPSAIOK U METOJIbl UX KOHTPOJIA

TB Ta0Onuma- JlokymeHT, coaepxamui B 3aBUCUMOCTH OT  €ro

Ha3HA4YCHHUS COOTBETCTBYIOLIME JaHHBIC, CBCICHHBIC B
TaOIHILY
PP Pacuer JlokyMeHT, copepKaliui pacyeThl apaMeTpOB U BEJIMYKH,

HanpuMep, pacueT pa3MEpHbIX LeNed, pacueT Ha
MIPOYHOCTH U JIP.

n.. Wuctpykuus JlokyMeHT, coiepxalluii  yKa3aHuss U  [paBua,
UCIOJIb3YEMbIe TMPH M3TOTOBJICHUU u3nenus (cOopke,
perynupoBke, KoHtpode, npuemke UT. m.)

I... JIloxymeHTBI KoHCTpyKTOpCKME ~ TOKYMEHTBI, HE  BOLIEAIIME B
pouue HACTOSIIIMI CIIMCOK
o JoxymenTel 3kc-|/lokymMeHTBl, IpeHa3HAYEHHbIE JJI UCIIOJIB30BAaHUS IIPU

IJIyaTalMOHHBIC |3KCILIyaTalluu, OGCHy)KI/IBaHI/II/I U PCMOHTC H3ACIHA B

roct IPOIIECCE IKCILTYATAIUH

2.601

[To TOCT|MoxymenTsl pe-|J[OKyMEHTBI, COIEpKAIIUE JaHHble JUIA  [POBEACHHA
2 602 MOHTHBIE PEMOHTHBIX paoor Ha CIIENUAIN3UPOBAHHBIX

OpCaAIpuATHUAX

CxeMpl B 3aBHCHUMOCTM OT BHJOB DJJEMEHTOB MU CBI3€H, BXONAIIMX B COCTaB H3IEIHS,
MOJIpa3eNsaioT Ha BUIbl, o0o3HauaeMble OykBamu (['OCT 2.701):

— BJIEKTpUUYECKHE — J;

— ruapaBianyeckue — I

— nHeBMaruueckue — I1;

— ra3oBbIe (KpoMe MTHEBMaTHYECKHX) — X;
— kuHeMartndeckue — K;

— BaKkyyMHble — B;

— ontuyeckue— JI;

— sHepreTudeckue — P;

— nenenus — E;

— KoMOuHupoBaHHbie — C.

B 3aBrcHMOCTH OT OCHOBHOIO Ha3HAYCHHS CXEMEI noapa3aAcIsArOT Ha THIIbI, MPHUBCIACHHBIC B

Tabm1. 3.

Kon  |Tum cxemnr Onpenenenue

CXEMBI

1 CTpyKTypHas Cxema, ompeaensioniasi OCHOBHbIE (DYHKIIMOHAJIbHBIE YacTH
W3/CNUs, WX Ha3HA4YCHHE W B3aMMOCBS3H. CXEMBl CTPYKTYPHBIC
pa3pabaTelBalOT MOPU  IPOEKTUPOBAHWM WU3OEIUNA HA CTaIMIX,




MPEIIIECTBYIOUINX Pa3pabOTKE CXeM JIPYTMX THUIIOB, U MOJIb3YIOTCS
VMU JJ1s 0OLIero 03HAKOMIICHUS C U3/I€TTUEM

2 OyHKIHO- Cxema, pazbsCHAIOLIAs ONPEAEIICHHbIE MPOLECCHI, IPOTEKAIOIINE B
HaJbHast OTAENBHBIX (DYHKIIMOHAIBHBIX LEMAX H3JACNIUS HIM B W3JEIUU B
nenoM. CxemMamMu (PyHKIIMOHAIBHBIMU TOJIB3YIOTCS JUIS M3YYEHUS
MPUHIUIIOB Pa0OTHI U3JIENINHI, a TAKXKe MPH UX HaJlaJKe, KOHTPOJe U

PEMOHTE
IIpunnumnu- Cxema, ompezaensiolas IOJHBIM COCTaB 3JEMEHTOB M CBSA3EH
3 aJlbHas MEXy HUMH U, KaK [IPaBUJIO, JAAOLIasl 1E€TAIbHOE IPECTABICHUE O

npuHIunax padotel wm3aenus. CxemMamMu NPUHIMIHATBHBIMUA
MOJIB3YIOTCS JIUI M3YYCHUS MPUHIUIIOB paOOThI M3ETHM, a TaKXKe
NPy UX HaTaJKe, KOHTpoJie U peMoHTe. OHM CIIy)aT OCHOBAaHHUEM
JUTSL pa3pabOTKH IPYTrUX KOHCTPYKTOPCKHUX JIOKYMEHTOB, HAIIpUMED,
CXEM COCOMHEHHUHU M YePTEKEH

Cxema, MOKa3bIBaroOIasi COSANHEHHUS] COCTaBHBIX YacTed M3ACTHs U
OTIpeNeNAoNnias MPOBOAA, JKIYThl, Kabenu wWiu TpyOONpOBOIbI,
KOTOPBIMH OCYIIECTBIIIOTCS 3TH COCIUHEHHS, a TaKKe MecTa HX
OPUCOSAVMHEHUH W BBOJAA (pa3beMbl, IUIAThl, 3QKUMBI M T.II.).
4 XEMaMH COCJMHCHUM IIONIB3YIOTCS IpU pa3paboTKe ApYrux
KOHCTPYKTOPCKHUX JIOKYMEHTOB, B TEpPBYIO OYepelb, YEpPTEKEi,
ONpENENAIOIMX NPOKIaJKy M CIIOCOOBI KpPEIJIEHHs IIPOBOJOB,
KI'YTOB, KaOelel MU TPYOONPOBOJOB B H3ACIUM, a TAKXKE IS
OCYIIECTBIICHUS IPUCOCIUHEHUH U TIPU KOHTPOJIE, KCILTyaTallui U
PEMOHTE M3ACIINH
[oaxmouenuss |CXEMa, IMOKa3bIBAIOIAsA BHENIHME MOJKIIOYEHHS  M3JENHS.
3) CxemMaMu NOJKIIIOYEHHUS MOJB3YIOTCS MpH pa3pabOTKe ApYyrux
KOHCTPYKTOPCKMX JOKYMEHTOB, a TakKXe Ui OCYIIECTBICHHS
MOJIKJIFOUEHU N M3 U PU MX IKCIUTyaTaI|H
Ob6mas Cxema, ompenensionas _ COCTaBHbIE 4YacTHM  KOMIUIEKCA U
6 COCIMHEHUSI UX MEXIY co00i Ha MecTe Kcruryaranuu. Cxemamu
OOLTMMU MOJIB3YIOTCS MIPU 03HAKOMJICHUH C KOMILUIEKCAaMH, a TaKKe
IpU UX KOHTpOIIEe U 3KCIuTyaTanuu. CxeMy o001y Ha cOOPOUHYIO
eIMHUILY JIONYCKAeTCs pa3padaThiBaTh NPy HEOOXOMMOCTH
Pacromnosxenus |CXEMa, ONpPEeNsionias OTHOCUTEIbHOE PacloyI0KEHNE COCTAaBHBIX
7 qacTeil u3aenus, a npu HeoOXOAUMOCTH, TaKXkKe KYTOB, IPOBOJIOB,
kabenel, TpyOompoBogoB W T. 1. (Cxemamu pacroyIOKeHUS
NOJB3YIOTCA ~ MPH  pa3paboTKe  APYrUX  KOHCTPYKTOPCKHX
JJOKYMEHTOB, a TaK)K€ IPU HKCIUTyaTallui U PEMOHTE M3AEIUl
O6beauHenHas | CXEMa, KOr/ia Ha OJIHOM KOHCTPYKTOPCKOM JIOKYMEHTE BBITIOJIHSIOT
0 CXEeMBI JBYX WJIH HECKOJBKHUX THIIOB, BBINYIICHHBIX Ha OJHO
u3JIenne

CoenuHennii

HaumeHoBaHME U KOJ CXEM ONpPEAEIAIOT UX BUAOM U TUIIOM. Koz cXembl JOIKEH COCTOSTh U3
OyKBEHHOWYACTH, OINpENESIONIe BUJ cXeMbl, U U(GPOBON YaCTH, ONPEAEISIOUIEH THUIT CXEMBI.
Hampumep, cxemasnektpuueckas CTpykTypHas — O1; cxema sieKkTpuueckas NpuHIUIHaTIbHAs
— 0O3; cxeMa JJIEeKTPOrHJIpolHEeBMOKMHEMaTH4eckass mnpuHuunuanbHas — C3; cxema
ANEKTpUYECKas COeTMHEHUH 1 nojkiroyeHns — 20.

Bunpt skcruryatanmonubix 1okyMmeHToB o ['OCT 2.601 (¢ cokpamieHusMu) yka3aHbl B TaOIuIe
4,

Kon Bun Ornpenenenue

JTIOKYyMEH

Ta JOKYMEHTa

P PykoBonctso [[lokymeHT, conepKaiiuii CBEICHUS O KOHCTPYKUHMH, IPHHIMIIE
110 JACUCTBUA, XapPaKTCPUCTHKAX HU3ACTIUA KU C€ro0 COCTAaBHBIX YacCTCH,
OKCILTyaTallk |yKa3aHWHs, H€O6XOJII/IMI>Ie JJIA IMpaBHUJIbHON n Oe3ormacHoun
n SKCILTyaTalluu U3ACIIUA WU OLHCHOK €ro TEXHHUYCCKOI'O COCTOSHUA ITPU

OTIPENICTICHU HEOOXOAMMOCTH OTIIPAaBKHM €ro B PEMOHT, a TaKKe
CBEJICHUS 110 YTUJIM3AIUHU U3JI€IHSI U €r0 COCTABHBIX YacTeil
Kon Bun Ornpenenenue

KyMEHTa
JIOKYMEH FloKyMe

Ta




DO dopmysap JIokyMeHT, coJepx’aluid CBEACHUS, YIAOCTOBEPSAIOIIUE TapaHTUU
W3TOTOBUTEINSI, 3HAYEHHUS OCHOBHBIX IapaMETPOB U XapaKTEPUCTHUK
U3JIENHs], CBEJCHUS, OTpa)karollle TEXHHUYECKOE COCTOSHHE JaHHOIO
U3JIENHS], CBEJICHUS O CepPTU(DUKAIINY M YTUIN3ALUN U3JEIUS, a TAKKE
CBEIICHMS, KOTOpblE BHOCAT B IEPUOJl €ro JKCIUTyaTaluH
(UTMTENBHOCTh M YCIOBUS pabOTHI, TEXHUYECKOEe OOCIy)KHBaHUE,
PEMOHT U JIPYTUE JTAHHEIC)

c ITacniopt JIokyMeHT, coaepKalui CBEACHUS, YAOCTOBEPAIOLIUE TrapaHTUU
W3FOTOBUTEINSI, 3HAYEHHUS OCHOBHBIX I1apaMETPOB U XapaKTEPUCTHUK
U3JICNHS, @ TAKXKE CBEJICHUS O CePTU(UKAIIUMU U YTHJIN3ALUY U3ICIIHSI

31 Benomocts  |[lokymeHT, coaepKaliuii HOMEHKIATYpy, Ha3Ha4€HME, KOJMYECTBO U
KOMIUIEKTa  |MecTa YKJIaJIKU 3allaCHBIX YacTei, MHCTPYMEHTOB, NMPUHAIC)KHOCTEH
3aIaCHBIX 1 MaTepPHAJIOB, PACXOyEMbIX 32 CPOK CITYXKOBI U31CIIUS
JacTew,

WHCTPYMEHTA
u MpUHaI-
JIEKHOCTEH
(3UII)

BD Benomocts  [[IOKyMEHT, yCTaHaBIMBAIOUIMH  KOMIUIEKT  SKCIUIyaTallMOHHBIX
JKC- JOKYMEHTOB M MeCTa YKIAJKH JOKYMEHTOB, IOCTaBISIEMBIX C

IUTyaTallMOHH |U34CJIMEM UJIKN OTACIIBHO OT HET'O
bIX
JOKYMCHTOB

JIoKyMeHTBI B 3aBUCHUMOCTH OT CTaJUd Pa3paOOTKU TOJAPA3JEIAIOTCS Ha IMPOCKTHHIE
(TeXHUYECKOEe MPEIOKCHHUE, 3CKU3HBI MPOSKT M TEXHUYECKHUH MPOEKT) U paboune (pabouas
JTOKYMEHTAIus).

HanmMeHoBaHMSI KOHCTPYKTOPCKHMX JIOKYMEHTOB B 3aBUCHUMOCTH OT CIOC00a MX BBIIOJHEHUS U
XapakTepa UCIOIb30BaHMsI IPUBEICHBI B Ta0I. 5.

HanmenoBanue |Onpenencune
JOKYMEHTa
OpHTHHAIIEI JIOKyMEHTBI, BBIIIOJIHEHHbIE Ha JIFOOOM MaTepuaie U IpeJHa3HauyeHHbIE IS
M3TOTOBJICHUS 110 HUM IIOUIMHHUKOB
[Mommenukn  |JJOKYMEHTBI, ODOPMIICHHBIE MOIMHHBIMU YCTAHOBJICHHBIMU TOANUCIMA U
BBIIOJHEHHBIE HA JIIOOOM  Marepuane, MO3BOJSIONIEM MHOTOKPAaTHOE
BOCIIPOM3BEJICHHE € HUX Komui. Jlomyckaercs B KadecTBE IOJJIMHHUKA
UCMOJb30BAaTh OPUTMHAN, PEHNporpapHUuecKyt0 KONHMIO WM 3K3EMIUIIp
JOKYMEHTa, M3JaHHOTO  TUIOTpPaCKUM  crocoOoM,  3aBU3UPOBAHHBIC
NO/UIMHHBIMU TOANHUCAMHU JIUI, pPa3pabOTaBIIMX JaHHBIH JTOKYMEHT H
OTBETCTBEHHBIX 38 HOPMOKOHTPOJIb

JIY6J'II/IK3TI)I Kommuu MHOAJIUHHHKOB, 06GCH6‘~II/IBaI-OIHI/I€ HACHTUYHOCTE BOCIHPOU3BCACHUSA
HO)IJ'II/IHHI/LKa, BBIIIOJIHEHHBIC HA JI000M MaTcpHrajc, MO3BOJIAOIICM CHATUC C
HHUX KOIINN

Konnu I[OKYMGHTI)I, BBITIOJTHCHHBIC CHOCO6OM, 06GCH6‘~II/IBaIOHII/IM X UACHTUYHOCTD

C MOJUTMHHUKOM (JIyOJIMKATOM) W TIpeIHa3HAYCHHBIE IS HETIOCPEACTBEHHOTO
WCIIOJIb30BaHUs TP pa3paboTke, B IPOU3BOJCTBE, IKCILTyaTalldd U PEMOHTE
5631 (SN1150%1

CocTtaB (KOMIUIEKTHOCTb) KOHCTPYKTOPCKHX JIOKYMEHTOB, BBIIIYCKaeMbIX Ha TEXHUYECKOE
CpPEICTBO WJIM €r0 4acTh, ONpeaensercs BUAOM naHHoro msaenus. B coorBerctBum ¢ ['OCT
2.101—68 w3penmueM HA3BIBAIOT JIFOOOH MpeaMeT WM HA00p TPEIMETOB, ITOICHKAIIHX
W3TOTOBJICHUIO Ha MPEANPHUATHU. Y CTAHOBJIEHBI YETHIPE BUAA U3NICTUN: a) MeTanb — H3JCIHE,
W3TOTOBJICHHOE W3 OJHOPOJIHOTO MO HAMMEHOBAaHUIO M MapKe Mmarepuana 0e3 MpHUMEHEHUs
cOopouHbIX omeparuii. HampruMep: Baauk U3 OJHOTO KycKa MeTallia, OTPe30K Kabes, medaTHas
miaTra, KOHTAaKT pa3bema, (EeppUTOBBIA CepJedHUK; O0) cOopouHas enuHUIlAa — HU3JeTHe,
COCTAaBHBIC qacTu KOTOpOFO moaiiexar COCINHCHUIO Ha HpeI[HpI/IHTI/II/I-I/IBFOTOBI/ITe.He
COOpOYHBIMU OmeparusiMiu. B cocTaB cOOpOYHON €IWHHUIIBI MOTYT BXOJIWUTH JI€TajH, IPYyrue



cOOpOUYHBIC EAMHUIBI U KOMIUIEKCHL. Hampumep: Kopmyc, CBapeHHBIH W3 HECKOJIBKHX KYCKOB
MeTalljia; JABa KycKa Kabess, CHassHHBIX MEXIy COOOii; 3JIEKTPOHHBIN OJOK; B) KOMIUICKC —
HECKOJIBKO M3JIEJINi, He COCIMHEHHBIX COOPOYHBIMU OIEpaIisIMHU, HO TPeIHA3HAYCHHBIX IS
BBITIOJTHEHMSI B3aMMOCBSI3aHHBIX JKCIUTYaTallMOHHBIX (YHKIUH. Hampumep: u3MepUTEINbHBII
puOOP,COCTOSIIMIA U3 BBIHOCHOTO JaTYMKA U 3JEKTPOHHOTO MpeoOpa3oBaTelis; MepCOHATbHBIN
KOMITBIOTEP, B COCTaB KOTOPOTO BXOAST CHCTEMHBIH OJIOK, MOHHUTOp, KJIABHATYypa, MBbIIIb.
JlaHHBIE COCTaBHBIC YaCTH MOTYT pacloyiaratbCs Ha PACCTOSHHH JPYr OT Jpyra ¥ HE UMETh
NPOBOJHBIX CBSI3CH MeXay Co0OH (Hampumep, TEJIEBH30p | IYJIbT JUCTAHIIHOHHOTO
VIOPaBJICHUS);T) KOMIUIGKT — Ha0Op JeTajied Wi COOPOYHBIX EAWHHI], MMEIOIUX o0IIee
IKCIUTyaTaI[MOHHOE Ha3HAYCHHE BCIIOMOTATENILHOTO XapakTepa. Harmpumep: KOMITIEKT 3armacHbIX
yacteil u npunaexHocren (3UII).

[Ipu ompeneneHUU KOMILJIEKTHOCTH KOHCTPYKTOPCKUX JTOKYMEHTOB Ha W3JENus CleayeT
pa3nuyarh:

— OCHOBHOM KOHCTPYKTOI)CKI/Iﬁ HAOKYMCHT,
— OCHOBHOM KOMIIIEKT KOHCTPYKTOPCKUX NOKYMCHTOB;
— IOJHBIN KOMILIECKT KOHCTPYKTOPCKHUX JOKYMCHTOB.

OCHOBHOH KOHCTPYKTOPCKHI JOKYMEHT H3JIelHsl B OTAEIbHOCTH WM B COBOKYIHOCTH C
JPYTMMH 3allUCAaHHBIMU B HEM KOHCTPYKTOPCKMMM JOKYMEHTaMHM IOJHOCTBbIO U OJHO3HAYHO
ONpEAENA0T JJaHHOE M3JEJIUE M €ro COoCTaB. 3a OCHOBHbIE KOHCTPYKTOPCKHE JIOKYMEHTbI
OPUHUMAIOT: A JeTajlell — 4YepTex JAeTalu; JUIsi COOpOYHBIX €JMHMIl, KOMIUIEKCOB H
KOMIUIEKTOB — crenudukanuio. M3nenue, npuMeHeHHOE O KOHCTPYKTOPCKUM JIOKyMEHTaM,
BBINIOJTHEHHBIM B c0OTBEeTCTBUM cO craHgaprom ECK]I, 3ammceiBaroT B JOKYMEHTBI JIPYIHX
u3/enuii, B KOTOPbIX OHO NMPUMEHEHO, 32 0003HAYEHUEM CBOEr0 OCHOBHOTO KOHCTPYKTOPCKOI'O
nokymeHnTta. (CuMrTaercs, UTO TaKoe U3JENMEe MPUMEHEHO TII0 CBOEMY OCHOBHOMY
KOHCTPYKTOPCKOMY JOKyMEHTY. OCHOBHOM KOMIUIEKT KOHCTPYKTOPCKHUX TOKYMEHTOB W3/ENus
00BeAMHSIET KOHCTPYKTOPCKHE TOKYMEHTHI, OTHOCSIIUECS KO BCEMY U3/IEINIO (COCTAaBIEHHBIE Ha
BCE [JIaHHOE W3Je/ue B 1€JI0M), HalpuMmep, COOpPOYHBIH UEpTeX, MNPUHIUIHATIbHAS
NIEKTpUYECKas  CXEMa,  TEXHUYECKHME  YCIOBMS,  DKCIUIyaTal[MOHHBIE  JOKYMEHTBHI.
KoHCTpyKTOpCKHE JOKYMEHTHI COCTABHBIX YaCTEW B OCHOBHOW KOMIUIEKT JOKYMEHTOB M3JEININs
He BXOJAT. [I0MHBIA KOMIUIEKT KOHCTPYKTOPCKUX JOKYMEHTOB M3/€IHsI COCTABISIOT (B 0OIIeM
cllyyae) U3 CIEIYIOUMX JTOKYMEHTOB:

— OCHOBHOT'O KOMIIJICKTA KOHCTPYKTOPCKUX JOKYMCHTOB Ha JaHHOC U3ACIIUC,

— OCHOBHBIX KOMINIEKTOB KOHCTPYKTOPCKHX AOKYMCHTOB Ha BCC COCTABHBIC YaCTU JAHHOI'O
H3JaCnA, HPUMCHCHHBIC 110 CBOUM OCHOBHBIM KOHCTPYKTOPCKHUM NTOKYMCHTAM.

IIpumep mocTpoeHns MOJHOTO KOMIUIEKTa KOHCTPYKTOPCKUX JOKYMEHTOB KOMILUIEKCA ITPUBEIEH
Ha puc.2. 31eCb OCHOBHBIE KOHCTPYKTOPCKHME JOKYMEHTBI ITOKa3aHbl B CKPYIVIEHHBIX paMKax,
JIOKYMEHTbI OCHOBHOTO KOMIUIEKTa — B MPSIMOYTOJbHBIX pamkax. JlOKyMeHThl, 00BeJeHHbIE
JBOMHOM paMKOW, IIPEIyCMaTpUBAIOTCS TOJIBKO JUIA M3JEIUM, IPEAHA3HAYEHHBIX I
CaMOCTOSITENIbHOW TOCTaBKH. YHUCIO CTymeHed B XOAMMOCTH U KOMIUIEKCOB, COOPOYHBIX



CAWHUI H KOMINICKTOB, a TaKXC€ YHCIO0O BXOAJAIIMX KOMIIJICKTOB C6OpOLIHI)IX CAWHUII,
KOMILJICKTOB U JCTalIcii HE OTpaHUYMBarOTCA.

B cootserctBun ¢ ECKJl npouecc pa3paboTku M3AETUil HOBOM TEXHUKH B OOIIEM ciydae
BKJIIOYAET IJTalbl HayuHo-ucciedosamenvckux padoom (HUP) u onvimuo-xoncmpyxkmopckux
pabom (OKP). Yacto HUP u OKP ycioBHO 00beIMHSIOT B 01MH 3Tar, HazbiBaemblii HHOKP.
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Puc.2. ITpumep mocTpoeHus MOTHOTO KOMITJIEKTa KOHCTPYKTOPCKUX JIOKYMEHTOB KOMILJIEKCA

HUP sBnstoTcss HayadbHBIM 3TAllOM KOMILIEKCa paboT MO CO3AaHUI0 HOBOM TexHUKHU. OHHU
MPOBOJASATCS C IIEJIbIO MOJyUYEHUsI HAyYHO OOOCHOBAHHBIX MCXOJHBIX JaHHBIX NI pa3paboTKu
TexHuueckoro 3aaanug Ha OKP, moka3anus NpUHIMNNAILHOW BO3MOKHOCTH M ITyTEH CO3AaHUS
ycTpoiicTBa ¢ 3aJaHHBIMU napamerpamu. HUP BxirouaroT criegyroniue mojadTamnbl: pa3padoTka
T3 na HUP, BeiOop HampaBieHus: pab0T, TEOPETUUECKUE U IKCTIEPUMEHTAIIbHBIC HCCIICIOBAHNSA,
00001IeHNE W OllEHKa MOJIyYeHHBIX pe3yiabTaToB. Pesymprarer HUP mpexacraBmsitor B BHIE
oryera mo HUWP, xoropsiii odopmisercs nmo I'OCT 7.32-2001 u pomxkeH coaepxartb
pPEKOMEHIalMU 10 pa3paboTKe HOBOM TEXHUKH. TeXHHUECKOe 3aJjaHHue SIBISETCS OCHOBHBIM
UCXOJHBIM JOKYMEHTOM [UId pa3paboTku wu3aenus. OHO JOJDKHO CoJepXKaThb TEXHUKO-
HKOHOMHUYECKHE TPEeOOBaHUS K H3JIENIHIO, ONPEACISIONINE ero MOTPeOUTEIhCKUE CBOMCTBA M
3¢ (peKTUBHOCTH MPUMEHEHHUS, [TEpeUeHb JOKYMEHTOB, TPEOYIOIINX COBMECTHOTO PACCMOTPEHHS,
MOPSAOK CAAYu W TPHEMKHU pPe3yabTaToB pa3paboTku. [Ipu HEOOXOIMMOCTH TEXHUYECKOE
3aJJaHue MOXKET CcOojepXaTh Takke TpPeOOBaHUS K IMOATOTOBKE U OCBOEHHUIO IMPOM3BOJICTBA.
KonkpeTHoe conepkaHue TEXHUYECKOTO 3aJJaHus ONPeNessoT 3aKa3uuK U pa3paboTyuuK, a Mpu
UHUIIMATUBHOM pa3paboTke — pa3paborunk. Ilocrme cormacoBanus W yrBepkaeHus 13
3aKa34MKOM M pa3pabOTYMKOM OHO CTAHOBUTCA JOKYMEHTOM, Ha OCHOBAaHHUU KOTOPOTO
BBITIOJIHSFOTCS] BCE OCTaJIbHBIE ATarnbl padoT. /i pa3paboTku KOHCTPYKTOPCKOW JTOKyMEHTAlluU
HOBOH TEXHUKH MPOBOJATCS OIBITHO- KOHCTPYKTOpckHe paboTsl. Jlms Bcex oTpacien
npombinuierHocTn  [OCT  2.103—68 ycraHaBnmmBaeT cleayrolIue CTagud  pa3padoTKH
KOHCTPYKTOPCKOM JOKYMEHTALMH.



1. TexHuuyeckoe MPEATIOKEHUE — COBOKYMHOCTh KOHCTPYKTOPCKHX JIOKYMEHTOB, KOTOpBIE
JIOJKHBI COJIEPKATh TEXHUYECKUE U TEXHUKO-DKOHOMHYECKHE 00OCHOBAHUS 1E€J€CO00Pa3HOCTH
pa3pabOTKK JTOKYMEHTAllMU W3Sl HAa OCHOBAaHMU aHaiu3a T3 M CpaBHUTEIBHOM OILEHKH
BAPUAHTOB BO3MOKHBIX PEIICHUH, a TAKKE MAaTCHTHBIE UCCIEAOBaHUSI.

2. DCKM3HBIM NPOEKT — COBOKYIHOCTb KOHCTPYKTOPCKHX JOKYMEHTOB, KOTOpBIE JOJKHBI
COJepKAThIIPUHLIMIIHAILHBIE KOHCTPYKTUBHBIE pEIICHUs, Aaromue olliee mnpencraBieHue 00
YCTPOMCTBE M MPHUHLUUIEPAOOTHl HU3JENUs, a TakXKe JaHHBIE, ONpEeAeAIoNINe Ha3zHaueHHeE,
OCHOBHBIE TMapamMeTpbl M rabapuTHble pa3Mmepbl paspabarbiBaemoro wuzgenus. Ilpu
HEO0OXOIUMOCTH ITPOU3BOJUTCS U3TOTOBIICHUE U UCIIBITAHNE MAKETOB U3/

3. TexHn4YecKuil MPOEKT — COBOKYIHOCTb KOHCTPYKTOPCKHUX JOKYMEHTOB, KOTOPBIE JOJIKHBI
CoJlep’KaTh OKOHYATEIbHBbIE TEXHUYECKHUE pEIIeHHUs, Ialollfe IIOJHOE TMpeAcTaBlieHue o0
yCTpOMCTBE pa3padaThiBAEMOro H3JeNus, M HUCXOIHBbIC JaHHBIE i1 pa3paboTku paboueii
nokyMmeHTanuu. [Ipu HEOOXOAMMOCTH MPOM3BOAUTCA HW3TOTOBJICHHE W HCIBITAHUE MAaKETOB
U3JICIHSL.

4. Pabo4asi KOHCTPYKTOPCKasi JOKYMEHTAIUsI — COBOKYIHOCTb KOHCTPYKTOPCKUX JJIOKYMEHTOB,
HEOOXOAUMBIX JUISl U3TOTOBJICHUS M UCIBITAHUNA ONBITHOTO 00pa3La (ONbITHON MapTHH) U3AEIHSL.
Jlo mpoBeneHuss rocylapCTBEHHBIX WJIHM BeIOMCTBEHHBIX HcnbiTaHuil PKJl umeer murep O.
[Tocne M3roToBNEHUSI U 3aBOJCKUX MCIBITAHUNM ONBITHOTO O0pa3lia OH MPEIbSIBISETCS Ha
rOCyJapCTBEHHbIE WJIM BEAOMCTBEHHble wucnblTaHus. Ilocne xoppektupoBku PKJ/[ 1o
pe3ysbTaTtaM 3TUX MCIbITaHUM JokymMeHTauuu npucBausatot autep Ol. Hanee PK]I nepenaercs
JUIsL TIOATOTOBKU CEpUHHOro Impous3BojacTBa u3aenuil. [Ipm HEOOXOAMMOCTH, HU3TOTOBISAIOT U
WCIBITBIBAIOT YCTAHOBOYHYIO CEpUI0 n3nenuil ¢ npucsoenueM PK/I inrepa A n nganee ronoBHyro
ceputo ¢ npucsoenueMm PKJI nutepa b. [lo Mepe HagoOHOCTH MPOU3BOAATCS KOPPEKTUPOBKU
PK/I.

CrpemieHre 3aKka3uuMKa YCKOPUTh CPOKM HPOEKTHBIX pabOT M YMEHBUIMTH PacXojbl Ha MX
IIPOBEJICHUE HA NPAKTHKE NPUBOAUT K TOMY, 4TO npexycMmoTpeHHble ECKJL aTansl moctaHOBKU
U3JeNuil Ha MPOU3BOJICTBO PEJIKO BBIMOJHSIOTCS B MOJHOM 0ObeMe. B KOHKpETHBIX cilyyasx
OTJENbHbIE CTAaJUM pa3padOTKU MOTYT OTCYTCTBOBaTh. Hampumep, npu Hamuuuu Yy
pa3paboTyuKa JOCTATOYHOIO OMNbITA M HAyYHO-TEXHHUYECKOrO 3ajeia, mocie yreepxkaeHus T3
BO3MOXKHa paspabotka cpa3y PKJI, munys stanst HUP, acku3HOro M TeXHHMYECKOTrO MPOEKTOB.
OpHako B JH000M cilydae NIpoLecC HMPOEKTHPOBaHHA DA TNpeaycMaTpUBaeT pELICHHE psija
MOCJIE0BATEIBHBIX 3a1a4:

— BBIOODP U (POPMYIHPOBKA LIETH MPOSKTUPOBAHUS, pa3paboTKa TEXHUYECKOTO 3a/1aHNUS;

— CHCTEMOTEXHMYECKHH 3Taml — BBIOOP NPHUHLIMIIOB (DYHKIIMOHUPOBAHHUS U CTPYKTYPHI
YCTPOMCTBA UM CUCTEMBI, BUJIa M CIIOCOOOB Mepeaayu 1 00pabOTKH CUTHAJIOB;

— CXCMOTEXHHYECKUH 3Tam— pa3paboTKa MPUHIMIHAAIBHBIX CXeM DA U IPOrpaMMHOTO
obecreueHus;

— KOHCTPYKTOPCKHMH 3Tam — pa3paboTka depTexel, crnenndukanuii, TeXHHYeCKUX YCIOBHH,
PYKOBOJICTBA IO SKCILUTyaTalluu M JPYTUX JOKYMEHTOB, TPEOYyEMBIX CTaHAAPTOM;



— TEXHOJIOTMYECKUH dTanm — pa3paboTKa TEXHOJOTUU M3TOTOBIEHUS DA (ISl €IUHUYHOTO U
MEJIKOCEpUITHOTO  MPOM3BOJCTBA TMOAPOOHAs TEXHOJOTMYECKass MpopaboTKa MOXKET He
npoBoauThCa). OTMeTHM, dYTO pabOThl MOTYT BBIIIOJNHATHCS TOJBKO B W3JI0KEHHOM
II0CJIEI0BATEIbHOCTH,IIOCKOJIBKY PE3YNbTaThl MPEABIAYLIEr0 3Tana SBIAIOTCA HCXOJHBIMU
JAHHBIMU JJIs TOCJIEAYIOLIET0 3Tara.

§ 5.3. OGecneueHue B3aM0O3aMeHsI€eMOCTH YACTell KOHCTPYKIIUA

B3anmo3aMeHsAeMOCTh SBJIETCS OAHUM M3 OCHOBOIIOJATAIOIIMX IIPUHLMIIOB KOHCTPYUPOBAHUS
U obOecrneuynBaeT BO3MOXHOCTb  COOpPKM  M3JeNus, MOJHOCTBIO  COOTBETCTBYIOIIETO
NpeIbABISEMBIM K HeMY TpeOOBAaHHUSAM, U3 U3TOTOBJICHHBIX HE3aBUCUMO JPYT OT Apyra AeTanen
U y3710B. Jl7s peanuzanuy 3TOro NpUHIMNA DapaMeTpbl 3THUX JAETajledl U y3J10B JIOJKHBI ObITh
BbIIEp)KaHbl ¢ HeoOxoauMoil TOYHOCTHIO, YKa3blBa€MOW Ha depTekax B BUJAE JOMYCKOB. B
3aBUCHMOCTM OT XapakTepa Yy3/la, JOIYCKHM MOTYT OTHOCUTBCA K TI'€OMETPUYECKHM,
JJIEKTPUYECKUM, MAarHUTHBIM, ONTHYECKMM M JpYrMM Xapakrepucrtukam. Hampumep, mis
MEXaHUYECKUX Y3JI0B MPH U3TOTOBJICHUU JIOCTATOYHO COOJIIOCTH JONYCKM HAa F€OMEeTpUYECKHe
napamerTpsl aetanei (pasmepsl, GopMy, HIEpOXOBATOCTh IMOBEPXHOCTH, TBEPAOCTh MaTepHUala).
JUis  pe3sucTopoB IOMUMO pa3MEpoB HEOOXOIUMO O0ecleduTh JONYCK Ha BEIMYUHY
COINPOTHUBIICHUSA U T. 1. B3aumo3ameHseMOCTbh MOXKET OBITH MOJIHOM M HenoiHou. [Tpu nmonHoi
B3alMO3aMEHSAEMOCTH IapaMeTpbl U3JIENHs Tocie COOPKH HaXOAATCS B 33JaHHBIX NpeJeiax npu
MCIIOJIb30BaHUU JIIOOBIX OJIHOTHUIIHBIX JETajiell U y3/10B 0€3 MX JOIMOJHUTEIbHOW MOJTOHKHU U
nonoopa. [lonHasg B3aMMO3aMEHSEMOCTh peali30BaHa, HAIPUMEP, B KPEMEKHBIX U3AETUAX —
ar000i sK3emIIsip BUHTa M5 MOXHO BKpPYTUTh B JI000H sk3emmuiip raiiku MS. Ilpu
U3TOTOBJICHUM JJIEKTPOHHBIX Y3JIOB IIOJIHAs B3aMMO3aMEHSEMOCTb DJIEMEHTOB MMEET MECTO B
TOM CiIy4ae, ecid cOOpKa HpOM3BOIUTCS 0€3 MpeaBapUTENILHOTO IMOJ00pa 3JIEMEHTOB IO
napamMeTpam U B MOCJEIYIOLEM He IMPOU3BOJUTCS PEryJupoBKa y3ia (HampuMep, B HUPPOBBIX
ycTpoicTBax). Peanuszanusi MmMoiaHONW B3aMMO3aMEHSIEMOCTH MOXKET OKa3aThCsl YKOHOMHYECKH
Helesnecooopa3sHo W3- 3a  HEoOXOAUMOCTH  OOeCHedeHuss Ype3MEpPHO KECTKUX U
TEXHOJIOTMYECKU TPYIHO BBIINOJHHUMBIX JOITYCKOB Ha IapaMeTpbl COCTAaBHBIX 4acTed ys3na. B
TOM Cily4yae NPUMEHSIOT HEMOJHYI0 B3aMMO3aMEHSIEMOCTb,KOTOpas MOXKET O00ecreuynuBaThCs
IPYIIOBBIM OJ00OPOM, PETYIUPOBAHUEM U IPUTOHKOM.

1. TI'pynmoBoii mombop (cenekTuBHas CcOOpKa) NPUMEHSAETCS MPEUMYIIECTBEHHO MpHU
W3TOTOBJICHUH MPEIM3UOHHBIX MEXaHUUECKUX Y3JIOB (MOAIIUITHUKOB, ABUraTesied BHYTPEHHETO
CTOpaHUs U T. /.) U 3aKJIIOYAETCS B U3TOTOBJICHUM JIeTalleil O TEXHOJIOTMYECKH 000CHOBAHHBIM
nomyckaM, ux mnociuenytomiem 100%-HOM KOHTpojie M COPTHPOBKE Ha TPYMIBI MO 3apaHee
YCTaHOBJIEHHBIM TIpafalusM pa3mepoB. Hampumep, B IWIMHAPUYECKOM MEXaHUYECKOM
COEJMHEHUHU C HOMMHAJIBHBIM JAuameTpoM 20 MM HYX)HO obecrieuuTs 3a3op He 6osee 0,012 mm.
Tounocte m3rotosnenus orBepctus 20+0.008 mm, Bama — 20 0.008 mm, crmegoBarenbHO, 0e3
MIpEeABAPHUTEIILHOTO MOAOOpa eTaneit MakCUMalIbHBIN 3a30p cocTaBut 0,016 MM.

s monmydyenus TpeGyeMoro 3a3zopa MyTeM CEJIeKTHBHON COOpKM JeTaly KaXJI0ro BHJA JENST
Ha JIB€ TPYMIIbIL:

— no aguametrpy otBepcTust — 20...20,004 mm u 20,004...20,008 mwm;



— 1o auamMeTpy Bana — 19,992... 19,996 mm u 19,996...20 mm.

[Ipu cOopke coeauHEHHs] UCHOJB3YIOT AETald W3 OJHOWMEHHBIX TIpYyMM, T. €. IS NEepBOU
TpYNIbL AeTajeil ¢ 0OTBepCcTHeM OepyT Bajibl IEPBOM FPYIIIIHL.

['pymnmoBoii moxbop aeTaneit CylecTBEHHO YBEIUYUBACT TPYAOEMKOCTh COOPKU U MPUMEHSETCS
B CJy4asiX,KOrJla OCYHIECTBUTh CEpUHHOE HM3TOTOBJICHUE JeTajeil ¢ HYXHOW TOYHOCTHIO HE
ylaercs, a BO3MOXHOCTBPETYJIHMPOBKM Yy3Ja B IIeJIOM UCKIo4aerca. llpu mnpousBojacTBe
AJIGKTPOHHOW ammaparypbl 3TOT METOJ| UCIOJB3YeTCsl B BUIEC HCKIIOYCHHS — TOI00p Tap
TPAH3UCTOPOB C OJIMHAKOBBIMY 3Ha4YeHUsMU h213 u T. 1.

2. PerynmpoBaHue sJeMeHTa C MEPEeMEHHBIMH IMapaMeTpaMu i JOCTHXKEHUs TpeOyeMbIxX
XapaKTEpUCTUK COOPAHHOTO M3JAENUs MCIOJIb3YeTCs OYEHb IIMPOKO M HE COINpPOBOXKIAETCA
HEOOpaTUMBIM  W3MEHEHHUEM  PEryJupOBOYHOTO JJIEMEHTA. B 2JIEKTPOHHBIX  CXeMax
pPEerylMpoOBaHUE OCYILIECTBISIETCS C IMOMOUIbIO IMOJCTPOCYHBIX PE3UCTOPOB, KOHJIEHCATOPOB,
WHAYKTUBHOCTEH. MHBIMH clioBamMH, HaJIWYWE OINEpallil  PETyJIUPOBKH  COOpaHHOTO
3JIEKTPOHHOTO Y3Jla SIBJIAETCS MPU3HAKOM HEIMOJHOW B3aMMO3aMEHSIEMOCTH 3JIEMEHTOB. B
MEXaHMYECKUX y3Jax TpeOyemasi BelUYHHA 3a30pOB WIH JTIO(PTOB 00ECIIEYUBACTCS C MOMOIIBIO
PErylMpOBOYHBIX BUHTOB, JETaleil C JKCIEHTPUCUTETOM, HaOOpPOB MPOKIAJAOK MEepeMEHHOU
TOJIILIAHBI.

3. Ilpuronka — noctuxeHue TpedyeMoil TOUHOCTH COOPKH 3a CUET JIOMOJIHUTEILHOW 00pabOoTKU
3apaHee HaMEUEHHOIO 3JIEMEHTa, MYTeM YyIAJICHUs TaK Ha3bIBAEMOrO MpHITycKa. V3MeHeHue
9TOTO 3JIEMEHTa B TPOIIECCe MPUTOHKKA HeoOpatumo. Hampumep, B €IMHHYHOM MPOU3BOICTBE
MPUTOHKA YacTO UCHOJB3yeTcsl JUIsl oOecredeHus TpeOyemMoro Xapakrepa CONpPSDKEHUS
MEXaHHYeCKUX jeraneil. [Ipm SToM Ha dYeprexe I KaKOH-TMOO JeTalld yKa3bIBAIOTCS
TpeboBaHus TUTA «00paboTaTh MO MECTy», «00paboTaTh MO COMpsraeMou AeTalu..» U T. 1. B
aHaJI0roBOU OJICKTPOHUKE MIHUPOKO TMPUMCHACTCA TIOATOHKA COIIPOTHUBIICHUA ITIJIICHOYHBIX
PE3UCTOPOB MYTEM pa3pyLICHUs CHEIHATBHBIX MEPEMbIYEK WM yJATCHUS YaCTU PE3UCTUBHOTO
MOKPBITHUS. J[J151 3TOM 1€ MOXKET UCIIONIb30BaThCA Ty Jla3zepa MM MEXaHUYECKOE BO3/ICHCTBHE.

I[Ol'lyCKI/I H MMOCAAKH

B3aumo3ameHsieMOCTh [0 T€OMETPUYECKHM pa3MepaM HeoO0XoauMma i JHOOBIX TEXHUYECKUX
u3JIenuii 1 obecrieunBaeTcss COOII0IEHUEM JI0ITYCKOB, BHIOMPAEMbIX B COOTBETCTBUU C €IMHOU
CHUCTEMOM [JOMYCKOB M MOCAN0K. PacCMOTpHM OCHOBHBIE NOHSTHS, OTHOCSIIHMECS K JAHHOMY
BOIIPOCY Ha IpHUMeEpe AETaleil C TIaJAKOW MOBEPXHOCTHbIO. J[OMYCKM M IOCaJKH KOHYCHBIX,
Pe3bOOBBIX, IUTMLEBBIX U APYTHX COCIMHEHUH 37IeCh HE paccMaTpuBaroTcs. B coequHeHnn aByx
JEeTaledl Pa3IMyaloT OXBATHIBAIOLIYID M OXBaTbIBAEMYIO MOBEpPXHOCTH. (OXBaThIBaroOIIas
MIOBEPXHOCTh HA3bIBAETCSA OTBEPCTHEM, OXBAThIBa€Masi — BaJOM. DTH Ha3BaHMs IPUMEHSIOT HE
TOJIBKO JUISl IWJIMHJAPUYECKHUX, HO M JUIs IUIOCKMX MoBepxHocTei. Ilocanka — 3T0 xapakrep
COEIMHEHMS JeTaJIel, KOTOPBIM ONPEIEseTCsl pa3HOCThIO MEXAY pa3MepaMHu OTBEPCTHS U BaJla.
Eciu pasmep otBepcTusi Ooibliie pa3mepa Baja, TO Pa3HOCTb MEXIY 3THMH pa3MepaMu
Ha3bIBAIOT 3a30poM. Ecnu 10 cOopku neraneil pasmep Baja OblI O0JbIIEe pa3Mepa OTBEPCTHS, TO
pPasHOCTh OSTHX pa3MEpOB HA3bIBAECTCS HATATOM. BBHIYy HEM30€XKHBIX MOTPEIIHOCTEH IpH
U3TOTOBIICHUH, TpeOyeMbli pa3Mmep JAeTalud BCerza 3aJaeTcs B BHIE JABYX IpEAEIbHBIX
3HAYEHUM, MEKIY KOTOPBIMH JOJKEH HAXOIUTHCSA JACHUCTBUTENBHBIA pasMep, T. €. pa3Mep,
IIOJIyUEHHBIM B pe3ylbTaTe HU3MEPEHMs] C JONYCTUMOH IOTPEIIHOCTBIO. OTH IpEAEIbHBIE



3HAQYEHUs  Ha3blBAIOTCA  HAWMOOJBIIMM M HAaUMEHBIIMM  MpPEAEIbHBIMM  pa3MepaMu
(ITP).HomuHanpHBIi pazMep — 3TO pa3Mmep, OnpeaeseHHbIH U3 (PyHKIMOHAIBHOTO Ha3HAYCHUS
JeTaIy U CIy KAl HadaJoM OTcYeTa OTKJIOHEHUH. BepxHee npefenbHoe OTKIOHEHUE pa3Mepa
(BITIO) — sT10 anrebpanyeckas pa3sHOCTb MEXIY HAWOOJBIIUM MPEASIbHBIM U HOMUHAJIbHBIM
pa3mepamu; HikHee mnpenenbHoe oTkinoHeHue (HIIO) — anreOpamuveckas pasHOCTb MEXAY
HaMMEHBIIMM IPEeIbHBIM U HOMUHAJIBHBIM Pa3MepaMH.

Jlomyck pa3mepa — pasHOCTh MEXy HaHOOJBIINM M HAMMEHBIIUM TPEISTbHBIMU Pa3MepaMu
(aOcomroTHas BeMMYMHA alreOpanuyeckoi pa3HOCTH MEXKIY BEPXHUM U HUKHHUM IpelleIbHbIMU
oTkioHeHUsIMH). [Ipu rpadguueckoM n300paskeHUU OMYCKOB M IMOCAIOK MPEANOIaraeTcs, 4Yro
HIOKHHE 00pasylollre COeANHIeMbIX OTBEPCTUS U Bajia coBMelleHbl (puc. 1.2). HoMuHanbHbIN
pasMep H300pakaloT B BUJE HYJIEBOM JIMHMM, BBEPX OT KOTOPOM OTKJIQJbIBAIOTCS
MOJIOKUTEIbHBIE OTKIIOHEHUS pa3Mepa, BHU3 — OTpUIIaTeIbHbIE.

[Tone nomycka — 93TO TMoOJie, OTPAaHUYEHHOE JIMHUSAMH, H300PKAIOUIUMU HAUOONBIIUNA U
HAaUMEHBIINN MpeAeTbHBIA pa3Mep (BepXHee W HUXKHee MpeaenbHble OTKIoHeHud). [lon monem
JIOTIyCKa TIOHMMAIOT Tak)K€ MHTEpBajl 3HAUYE€HUN pPa3MEpOB, KOTOPBI XapakTepHU3yeTcs
BEJIMYMHON [JOMyCKa M €ro IIOJOKEHWEM OTHOCUTEIbHO HOMMHAJIBHOIO pa3mepa. B
3aBUCHUMOCTH OT B3aMMHOT'O PACIIOJIOKEHHUS MOJIEH J0IyCKOB OTBEPCTUS U Bajla, pa3jinyatoT TpU
Ipynmnbl MOCAOK: — IMOCAJKH C 3a30pOM — I[IOCAJKH C TMOJEeM JOIyCKa OTBEPCTHS,
pPAacoJIOKEHHBIM HaJl IOJIEM JIOIyCKa Baja, B TOM YMCJE CKOJIB3SIIME MOCAIKU, B KOTOPBIX
HIUDKHSS TPaHUIa MOJIsl JOIYCKa OTBEPCTUS COBIIAAET C BEPXHEH rpaHuLel 1o JOMycKa Baa;
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Puc.3. Cxema nomyckoB u mocanok c¢ 3asopamu: [IP — npenensnbiii pazmep, BIIO nu HITO —
BEpXHEEe U HIKHEE MpeiesIbHbIe OTKJIOHEHHUS pa3MepoB

— IMOCaAKHU C HATAr'OM — IIOCAaJJKU C IIOJICM J[JOIyCKa Bajld, PACIIOJIOKCHHBIM HaX IOJICM
JAO0ITYCKa OTBECPCTHUSA,

— HCPCXOAHBIC MOCAAKHU, NOIIYCKAOIIUC KaK HATATHU, TAK U 3a30PhI. K HuM oTHOCSTCS IIOCaaKH C
MEPCKPBIBAIOIIUMUCH MOJISAMU JOITYCKAa OTBCPCTHUA U BaJia. CyIJ_IGCTBYIOT JABC CUCTEMBI 3aJJaHHA



MOCAJIOK — CHUCTeMa OTBEPCTHS M cHcTeMa Bajia. HamOoiblliee pacrnpocTpaHCHHE MOTYJHIIa
CUCTEMa OTBEPCTHsI, B KOTOPOW pa3HbIE MOCAJKH MPU OJHOM U TOM XK€ KJIacce TOYHOCTH U
OIHOM U TOM >X€ HOMHHAJIBHOM pa3Mepe oOpa3yroTcsi 3a CYeT HW3MEHEHUs MpeAeibHBIX
OTKJIOHEHHWH Baja MpU HEM3MEHHBIX MpECNbHBIX OTKIOHCHUSX OTBepcTHs. Bo Bcex mocankax
OTOW CHUCTEMBl HIIKHEE TMpEeIeIbHOE OTKIOHCHHE OTBEPCTHs paBHO Hymo. [paduueckoe
H300paXKeHHE TMOCAJ0OK B CHCTEME OTBEPCTHs IMOKa3aHo Ha puc. 1.3. B cucreme Bana pasHbie
MOCAJIKH MPH OJHOM M TOM JK€ KJIAcCe TOYHOCTH M OJHOM M TOM >KCHOMHHAIBHOM pa3Mepe
0o0pa3yroTcsi 3a CYeT H3MCHCHHS IMPEACIbHBIX OTKJIOHCHHH OTBEPCTHS IPU HEU3MEHHBIX
IpeIeIbHBIX OTKIOHCHHSX Baja. Bo BcexX Iocajakax 3TOM CHCTEMBI BEpXHEe IpelebHOe
OTKJIOHEHWE BaJla paBHO HYymi0. [IpenenpHBIE OTKIOHEHUS JETaled M TOCAIKH JIOJIKHBI
BEIOMpATHCS B COOTBETCTBUU ¢ EnnHOM crucremoii momyckoB u mocaaok (ECIIT) mo tabmumam,
MPUBOJUMBIM B CIPAaBOYHON JnHTeparype. B yKa3aHHBIX TaOiMIax 3HAYCHUS OTKIOHEHUU
MPHUBOJIATCS B 3aBUCUMOCTH OT HOMHUHAJIBHOTO pasMepa JeTaild M Klacca TOYHOCTH €e
WU3TOTOBJICHHS (KBAJIUTETA).

flane gonycea sana

/ MNone gonycka oraepoTER

Hynegan nuHug
flocankm ¢ 3azopom | lMepexonnwe flocankH ¢ HATAIOM
MoCagae
Puc.4. Tlons monmycKoB MOCaIOK B CUCTEME OTBEPCTHUS
VYcranosneno npaanarhk kBanmurteroB: 01, 0, 1, 2, ..., 18, npuueM mepBbie MATh KBAIUTETOB B
OCHOBHOM TIpEJIHA3HAYEHBI I KaauOpoB, 7 M 8 KBAJIUTETHl — JUIsl TOUYHBIX COCIMHEHHI B
MaIIMHOCTPOEHUH U TPUOOPOCTPOEHHH, 9 KBaIUTET — ISl COEAMHEHUH, HE TpeOyrommx
BBICOKOM TOYHOCTH, MOCIEAYIOIINE KBaJUTEThl — JJI1 HecompsiraeMblx pa3MepoB. llons

JIOMYCKOB 0003HauaroTcsi OyKBOM JaTWHCKOro andaBuTa U cledyromulei 3a Heil uugpoit. byksa
0003HAauUaeT IMOJIOKEHHE TOJS JIOMyCKa OTHOCHUTEIbHO HYJIEBOH JMHUM M KayeCTBEHHO
XapakTepu3yeT BUJ IMOCATKU (C 3a30pOM, C HATATOM, CTENEHb MOJBMXKHOCTHU JeTalell u ap.).
[Tudpa ob6o3HayaeT HOMEp KBAIUTETAa M XapaKTepU3yeT LMIMPHUHY IOJIA Jomycka. Yem Oosbiie
HOMEp, TeM IIHpEe IOoJIe JOIycKa W, CIEeN0BAaTEIbHO, HUKE TOYHOCTh M3TOTOBJIECHUS [ETaleH
(puc. 5). B cucreme orBepcTusi MOJS JOMYCKOB OTBEpCTHI 0Oo03HauatoTcss OykBod H, a momns
JIOTTYCKOB BaJIOB — CTPOYHBIMHU OYKBaMU JJATUHCKOTO andaBuTa.
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Puc.5. Ilons 10mycKoB BaJIOB OJHOTHITHBIX TIOCA/IOK C 3a30POM, OTHOCSIIIMXCS K KBamuTeTam 7-9

O6o3HaueHue Moysi JOMycKa CTAaBUTCSA Mocje 0003HAaYeHHs] HOMHHAJIBHOTO pa3Mepa JeTallu.
Hanpumep, o6o3nauenus {diam}16H7 wu {diam}16e8 pacmudppoBsBatOTCS CIEAYIOUIMM
obpazom: {diam} — 3Hak auameTpa, CTABUTCS IS KPYIJIBIX OTBEPCTHI WM BajioB, 16 —
HOMHHAJILHBINA pa3Mep, paBHbIA 16 MM; H — 0003HaYeHHE OIS TOTTYCKa OCHOBHOTO OTBEPCTHS;
€ — o0o3HaueHue Mo J0NycKa Bana; 7 U 8§ — HoMepa KBaJIUTETOB. [l yka3zaHHBIX IOJIeH
JIOTTYCKOB TI0 CIIPABOYHUKY MOT'YT ObITh HaliIeHbI YNCIIOBbIC 3HAUECHUS MPEIEeIbHBIX OTKIOHEHUN
pa3mepoB. [IpenenbHble OTKIIOHEHHS Ha YepTekKaxX MOTYT YKa3bIBaThCS TPEMs CLIOCOOaMu:

— YCIIOBHBIM 0003HaUeHUEM 1oJIs nomycka 16H7, 16e8;

-0,032
— uucnoBbiMu 3HaueHuamMu {diam};1619018{diam}16-0.056

(~0,032
— xoMOuHHpoBaHHBIM criocobom {diam}16H7 (F0.018)16e8-0,056).

3nech nmpenebHOe OTKIIOHEHNE, paBHOE HYIIIO, YCIIOBHO HE yKa3biBaeTcs. O003HaYeHNE TIOCAIKH
CTaBHUTCS Ha COOPOYHOM UepTEKEe M 00pa3yeTcsi coueTaHHeM TOJIeH JOMyCKOB OTBEPCTHUS U Bajia:

{+0,018)
of -—ﬂ,ﬂBE e _:_I:ﬁ-]_
—0,056 w0

HetouHocT M3roTOBIEHUS conpsAracMbIX I[CTaJIefI IMPUBOJAT K TOMY, YTO 3a30pbLI U HATATU B
MOCaJKe OJHOTO THUIMA TMOJYYaroTCsl HEe OAMHAKOBBIMU. [IpenenpHBIMU 3a30pamMu (HATATaMH)
CUMTAIOT JIBAa 3HAYECHMSI, MEXK1y KOTOPBIMU JOJIKEH HAXOJIUThCS IEUCTBUTENIbHBIN pa3Mep 3a30pa
(natsra). bonbIiiee u3 STUX 3HAYCHUN HA3BIBAIOT HAMOOIBIINM 3a30pOM (HATATOM), MEHbIIIEe —
HAaUMEHBIINM 3a30poM (HaTsarom). Hampumep, ans nmocaaku 16—— HauOonbIIMii 3a30p paBeH
0,018 + €8+ 0,056 = 0,074 mm; HanmenbIMH 3a30p coctasiseT 0 + 0,032 = 0,032 mm.

[Tonst momycKOB HecoIpsraeMbIX pa3mMepoB 0ObIUHO BbIOMparoT mo 10— 14 kBamuteram, s
OXBAaTBIBAIOLINX MOBEPXHOCTEN — B IUIIOC KaK JJIsl OTBEPCTUM, /ISl OXBATHIBAEMBIX — B MUHYC
Kak jutst BasioB. [lomst momyckoB oTBepcTuid 0003Ha4aroT H, BaoB — h ¢ HOMepoM KBanuTeTa,
Hanpumep: H12, h12. CummerpuuHbie OIS JOMYCKOB OTBEPCTHM M BajJoB 0003HAYAIOTCS
COOTBETCTBEHHO Js U js, Haripumep: Js 14, js 14. [Tonst 1omyckoB mpo4yux pa3mMepoB pacroiaratoT
x L PR
i}~—“—2 \ LI—“E (puc. 1.5).
CUMMETPHYHO OTHOCHTENBHO HYJIEBOH JIMHMM M 00O3HAYaroT 2 2



.MHOrOKpaTHO MOBTOPSIOIINECA MPEAEIbHBIE OTKIOHEHHUS Pa3pelaeTcs OropapuBaTh 3alUChIO
B TEXHUYECKUX TPEOOBAHUSAX, HAIIPHMED:
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Puc.6. HeCI/IMMeTpI/I‘-IHbIe U CUMMCTPHUYHBIC I10JIAA JOITYCKOB

«Heyka3zaHHble mpeenbHbIe OTKIOHEHHS pa3mMepoB otBepctuii — H14, BanoB — h 14, npounx
T4
T
— 2,

§ 5.4. YcioBus 3KCILTyaTallUM 3JIeKTPOHHOI annapaTypsbl

Hanexxnoe ¢ynkunonupoBanue DA B 3HAUUTENbHOM Mepe CBA3aHO C YCIOBUSIMU €€
AKCIUTyaTaI[ii, KOTOPbIE MOTYT U3MEHSTHCS B IIMPOKUX TIpeiesiax. DTH YCIOBUS ONPEACISIIOTCS
COueTaHHeM psAJa BHEUIHUX Bo3JeHcTBymUX (akropoB (BB®D). Buenrnum Bo3aeicTByronmm
(aKkTOpOM Ha3BIBACTCS SIBJICHHUE, MPOIIECC UM CPe/la, BHEIIHHUE M0 OTHOIICHUIO K M3CIIUIO UITH
€ro COCTaBHBIM YacCTSIM, KOTOPBIE BBI3BIBAIOT WJIM MOTYT BBI3BATh OIPAHMYEHHE WIIM MOTEPIO
paboTOCIIOCOOHOTO COCTOSTHUSL M3ENUsl B MPOIIECCe dKCIUTyaTallud. DJIeKTPOHHAs ammaparypa
JOJKHA OBITH CTOMKOM, yCTOMYMBON M Mpo4yHOU K Bo3zaelicTBuio BB® B mpenenax 3agaHHBIX
3HaueHuil. I[lox crolikocThio k BB® monumaeTrcss CnocoOHOCTh W3JENHUS COXPAHSATH
pabotocriocoOHOE  COCTOSTHUE BO  BpeMsi UM TIOCJIE€  BO3JCHCTBUS  OMNPEIEICHHOTO
BO3JICUCTBYIONIETO (PaKTOpa B TEYECHUE BCETO CPOKA CIYKOBI. Y CTONYMBOCTH M3JEIHS O3HAYAET
COXpaHEeHHE ero paboTOCImOCOOHOro cocTOsHUS BO Bpems neiictBuss BB®, mpouynocts —
coxpaHeHue paboTocrnocoOHOCTH mociie Bo3nericTBrsi BBD.

Buemane Bo3aeiicTBytomme GakTophl AETATCA HA CISAYIOIMNE KIIaCCHI:

— KJIUMaTU4ecKue (TeIIo U X0JI0/, OTHOCUTEIbHAs BIaXXHOCTh BO3/1yXa, aTMOC(epHbIE OCa/IKH,
poca u oOjeneHeHue, MbUIb U MECOK, aTMOC(EpHOE JaBJIEHUE, COJIHEYHasl pajualus, BeTep,
MOPCKOM TyMaH, KOPPO3HOHHBIE BEILIECTBA B OKPY’KaIOIIEH Cpefe);

— MexaHudeckue (BUOpaiusi, MeXaHW4YecKuil yaap, IIyM, MEXaHHYeCKOoe JaBJieHHe, Kauka,
KpeH, tuddepeHT, celicMuueckoe BO3AEMCTBHE U APYyTHUe);



— Ouonoruyeckue (OpraHU3MBI W HMX COOOIIECTBA, HApyMIAIKE (QYHKIMOHUPOBAHUE
annaparypel — OakTepuu U IUIECHEBbIE TPUOBI, TEPMUTHI, OpPraHU3MBbl, BBI3BIBAIOIINE
oOpacraHue Tel B BOJIC U IPYTHUe);

— TepMuyeckue (TEIUIOBOW ynap, pa3orpeB HOHU3UPYIOIIUM H3IYyYEHUEM, DJICKTPUUYECKUM
MOJIEM, YJIBTPA3BYKOM, a3pOAMHAMUYECKON CTpyei);

— paauanroHHbIe (HOHU3UPYIOIINE U3TYUYCHHUS);

— BB® cneunanbHbIx cpes (OpraHMuecKHe U HEOpraHW4YecKUe COEAMHEHUS, Macja, CMasKH,
pacTBOPUTEIH, pa3Hble BUAbI TOILINBA, paboyre pacTBOPHI U APYTUe BEIIECTBA);

— BB® »31eKTpOMarHuTHBIX MOJIEH.

Ilepeuens u xapakrepuctuku BB®, yuuThIBa€MBIX IPU NMPOEKTUPOBAHUM, YCTAHABIMBAIOTCS B
CTaHJapTax Ha KOHKPETHBIE BHJIbl almnapaTypbl B 3aBUCUMOCTH OT IPEAIO0JIaraéMOro peruoHa
JKCILTyaTallud U MeCTa YCTaHOBKM u3lenus. Jlanee nius npumepa pacCMOTPUM HOPMUPOBAHHE
ycroifunBoctd kK BB® npoMeinuieHHBIX TpUOOPOB U CPEACTB aBTOMATU3ALMU, UCIIOIb3YEMbIX
IPU IOCTPOCHUHM CHUCTEM H3MEPEHUs, KOHTPOJII U YIPABJICHUA IPOU3BOJICTBEHHBIMU
IpoLeccaMM, TEXHOJIOTUYECKUMHU JUHUAMU U arperatamu (uznenuii ['CI).

HopMaTUBHBIMHIOKYMEHTaMU, KOTOPBIMH CJENyeT pyKoBojAcTBOBaThes, anst uznenuii ['CII
apisitores [OCT 12997-84, TOCT 15150-69, TOCT 14254—96 (MOK 529) u HekoTopsie
npyrue. B coorBerctBun ¢ 'OCT 12997—84 wuznenust ['CI1 noipkHBI OBITH YCTOMYMBBIMH
MPOYHBIMHU K BO3JICHCTBUIO KJIMMATUYECKUX U MEXAHWYECKHUX (DAKTOPOB, BHEIIHUX MarHUTHBIX
MOJIEH, WHIYCTPUATBHBIX PAAUONIOMEX. PeriiaMeHTHpyeTCsl Tak)Ke CTENEeHb 3allUThl 000JI0UKU
kopnyca wusnenuid. IlpoBepka Ha yYCTOMYMBOCTH K BO3JACHCTBUIO JpYrux (HakTOpoB
OCYIIECTBIISIETCS TMPU HEOOXOAMMOCTH, TO €CTh B CIllydasx, Korja Kakod- HuOyas BB®D
XapakTepeH MAs YCJIOBHM OKciulyataliuu W mpoektupyemoe wuzaenue ['CII moxker OBITH
YyBCTBUTEIHHBIM K HEMY.

1. Ucnonuenust uznenuit ['CII B OTHOWIEHMH YCTOMYMBOCTM M IMPOYHOCTU K BO3JECUCTBHUIO
TEMIEPATYPhI U BIAKHOCTH OKPYKAIOIIEro BO3yXa MPUBEIEHBI B TA0I. 6.

Jns mznenuit pynnsl B, sKCrutyaTHpyeMmbIX B TOMEIIEHUSIX C HMCKYCCTBEHHBIM KIMMATOM,
TpeOOBaHUS B OTHOIIEHUH CTOMKOCTH K OCTaJIbHBIM KIMMaTHueckuM BB® He npeabsaBistoTcs.
Wznenus rpynn C u [l JOMKHBI OBITH YCTOWYHMBBI K BO3JACHCTBHIO JAPYIHX KIMMATHYECKHX
(akTOpOB (HarpeB COJHEYHBIMH JIydyaMH, BeTep, JOXIb, CHEr, Ipai, OOJeleHEHHEe, pe3Kue
U3MEHEeHUs TeMIieparypsl) B npeaenax cormacHo 'OCT 151500—69.



Tabmuma 6. Wcnomnenuns wsnenuit I'CII mo ycTOMYMBOCTH M MPOYHOCTH K BO3JCHCTBHIO

TEMIIEPATYPBI U BJIAXKHOCTHU OKPYXKAIOIMIECTO BO3yXa

I'pynn [[Auanazon Bepxnee MecTo pa3meleHus Ipy dKCIuTyaTaluuu
a TEMIEpaTyphl |3HAYCHUC .
HCIION |OKpYyKarolero (OTHOCHTCIbHOMU
HeHwus |Bo3ayxa, "C BJI&XKHOCTH, %0
Huwxn |Bepxn
ee ee
3HAYeH |3HA4YeH
ue ue
B1 +10| +35 |75 mpu 30 "C u|[O0orpeBaemsbie u (nn) OXJIaXk/1aeMble
0ojce W HHU3KHX|[IOMELICHUS 6e3 HENOCPEICTBEHHOTO
TeMIieparypax 0e3|BO3IEHCTBHS COJIHEYHBIX JIyded, 0CaJKOB, BETpa,
KOHJICHCAIIHH 1IECKa M TBUIM, OTCYTCTBHE MJIM HE3HAYUTEIHLHOE
BJIATH BO3JICHCTBUE KOHICHCAIIUU
B2 |+5 +40
B3 [+5 +40 |95 mpu 30 °C u
Oozee HU3KHUX
TeMIeparypax,
0e3 KOHJEHCAlUU
BIIATH
B4 |+5 +50 [80 mpu 35 °C u
Oozee HU3KHUX
TeMIlepaTypax,
0e3 KOHJCHCAlUU
BIIATH
100 npu 30°Cu|llomemenus c HEpEryIupyeMbIMU
cl |-25 +55 6onee HU3KUX |KIUMAaTHYECKUMH _ YCIIOBUSMUA W (WJIM) HaBECHI.
Temrneparypax, c¢|M3genus Moryr OBITh BIQXHBIMU B PE3ylbTaTe
KOHJEHCAIHEH KOH/JICHCAIINH, BBI3BaHHOM pe3KuMH
BJIArH U3MEHEHHMSAMU TEMIIEPATYyPhl MJIM B DPE3yJbTaTe
BO3JICMCTBHS 3aHOCHMBIX BETPOM OCAIKOB H
Kanarouen BOJIbI
C2 |-40 +70
c3 |-10 +50 95 mpu 35 °C n
Oonee HU3ZKHUX
TeMIlepaTypax,
0e3 KOHJEHCalUU
BIIATH
C4 |-30 +50
1 |-25 +70 100 mpu 40 'Cu|OTtkpsiTOE IPOCTPAHCTBO. Uz nenus
Oonee HU3KUX |[IOABEPralOTCS  BO3IACHCTBHIO  aTMOC(HEpHBIX
TEMIIEpaTypax, C|(paKTopos (HenmocpeaCTBEHHbIN HarpeB
KOH/JIeHCalluen COJIHEYHBIMU TYYaMH, BETEP, JO0XKIb, HET, Ipaj,
BJIaru obneneHenue).  Moryr TOSBISATBCS — pe3KHe
W3MEHEHUS TeMIIepaTyphl, U3AETUS MOTYT OBITh
BlIaX-1pIMH B pe3yJbTare  KOHIOHEAIWH,
o BO3JICUCTBUS >CaKOB, OPBI3T, yTEUEK
- +85, +
A2 190 Nger
125, +
155,
+200
3 -50, -[+50 95 mpu 35 °C n
60, -65 Oonee HU3KHAX
TeMIeparypax,
loe3 KOHJIeHCAlluU
BJIATU C




2. TOCT 15150-69 ycranaBnuBaeT HWCIIOJTHCHHS MAaIIWH, MPUOOPOB W JPYIHX TEXHUUYECKHUX
PI3I[CJII/II>'I A PA3JIMYHBIX KIIMMATHYCCKUX paﬁOHOB, a TaKKC KaTCropuu, yCJI0BUA SKCILTyaTalluu,
XpaHEHHUs M TPAHCIOPTUPOBAHHS B YaCTHU BO3JCHCTBHUSA KIMMATHUYECKUX (PAKTOPOB BHEIIHEH
cpenbl. B 3aBHCHMOCTH OT TIpeAnojaraeMoro paioHa SKCIUTyaTallMd HM3JEIUsT MOTYT HUMETh
CIIEYIOIINE KIIMMATUUYECKUE UCIIOJIHEHUS:

VY, TY — i palioHOB C YMEPEHHBIM KJIUMAaTOM;

XJI — miist paiilOHOB C XOJIOJAHBIM KJIMMATOM;

VY XJI — nJ1st paiilOHOB C YMEPEHHBIM U XOJIOJHBIM KIIMMAaTOM;

TB — 17151 paiilOHOB € BIAXHBIM TPOITUYECKUM KIINMATOM;

TC — nnst pailoHOB ¢ CYXHM TPONMUYECKUM KIMMATOM;

T — mist pallOHOB KaK C CyXHM, TaK U C BIQKHBIM TPOITMYECKUM KIIMMATOM;

O — 1715 Bcex pailoHOB CyIIH, KpoMe AHTAPKTUABI (0OIIEKINMATHIYECKOE UCTIOTHEHHE);
M — 575 paliOHOB ¢ yMEPEHHO-XOJIOIHBIM MOPCKHUM KJIMMAaTOM;

TM — 115t palilOHOB C TPOITMYECKUM MOPCKHM KJIMMAaTOM;

OM — st pailOHOB KaK C YMEPEHHO-XOJIOJAHBIM, TaK U TPOMHUYECKUM MOPCKUM KIMMAaToM, B
TOM YHCIIE JUISl CYZA0B C HEOTPAHUYEHHBIM PAaOHOM IJIAaBAHUS,

B — 11t Bcex paiioHOB cyIiu U Mopsi, KpoMe AHTapKTH/IbI (BCE KIMMATHYECKOE UCTIOTHEHHE).

B crannapre npuBoauTcs reorpaduyeckas KapTa, Ha KOTOpOil 0003HA4Y€Hbl YHOMSHYTbIE
KIINMATU4YCCKUEC paﬁOHBI. I[J'IS[ KaXXI0ro KIMMAaTU4YCCKOro HCIIOJHCHUS BO3MOXKHBI Pa3JIMYHBIC
Kateropuu pasMmenieHus uzgenuit (tadn. 7). Hanpumep, ucnonmnenune YXJI1 o3Hauvaer, 4To
U3JICTMCTIPEIHA3HAUCHO JIIT  PAllOHOB C YMEPEHHO XOJOJHBIM KJIMMAaTOM MW MOXET
OKCIUTYaTUPOBAThCS HA OTKPHITOM BO3JyXe. XapaKTePUCTHKU KIUMATHUYECKUX (HaKTOPOB
BBIOUPAIOTCS TIO UCTIOTHEHHUIO M KATETOPUU Pa3MEIeHUs U3 IEIHSL.



Ta6mmma 7. Kareropun pasmemenus u3aenuii Ha o0bekte skcmuryaranuu mo ['OCT 15150-69

VKpyIHEHHBIE KaTeropun JlononHuTeIbHBIE KATETOPUU PA3MELICHUS
pa3MeILEeHUs

1. Jna oxcrmmyararuu Ha|l.l. Jlma pabGoThl M OKCIUTyaTallUOHHOTO XpaHEHUS B
OTKPBITOM BO3yX€ MOMEIIEHUAX KaTeropuu 4 u JUisl KpaTKOBPEMEHHON paboThI B
JPYTUX YCIOBHSIX, B TOM YHCJIE M HA OTKPBITOM BO3/IyXE

2. Jlns oxcrutyaramuu  mox|2.1.  Jlns  BCTPOGHHBIX —3JIEMEHTOB HW3JENUN  KaTErOpUHU
HABECOM MJIM B IIOMEUICHMSIX, Te|pa3meinenus 1; 1.1; 2 npu ycioBuM OTCYTCTBHsI HA HUX KOH-
KoJieOaHusi ~ TEeMIepaTypbl  H|JCHCAIMU BIaru

BII&KHOCTH BO3/lyXa
HECYILECTBEHHO OTJIMYAIOTCS OT

Kosie0aHui Ha OTKPBITOM

Bo3nyxe. OTCyTCTByeT mpsiMoe

BO3JIEHCTBUE COJIHEYHOTI'O

U3Ty4eHUS U aTMOC(HEpHBIX

0CaJIKOB

YKpynHEeHHbIE Kareropuu | J{omoTHuTeIbHBIE KATETOPUH Pa3MEICHHS
pa3MeIIeHUsI

3. Jua  osxcrutyatanuu  B|3.1. B HeperynsipHo oTarjaMBaeMbIX IOMELIEHUSIX

3aKpPBITBIX ITOMCHICHHAX C
€CTCCTBCHHON BCHTUIALIUCHU oe3
KOHIUMIITMOHHUPOBAHUA

4. Hna  oskcryatanuu  B{4.1. B momemeHusx ¢ KOHIUIIMOHUPOBAHHBIM  WJIU
MOMENICHUSX C HCKYCCTBEHHBIM [UaCTUYHO KOHAUIIMOHUPOBAHHBIM BO3IyXOM
KJIMMAaTOM 4.2. B oTtammBaeMbIX IIOMEIIEHUIX

5. Jliist JKCIUTyaTaluuu B|5.1. Jlma BCTpPOEGHHBIX JJIEMEHTOB M3JIEJIUA  KaTEropuu
MOMEIIEHUSIX C  [MOBBIIICHHOW |[pa3MEIICHHS S5 MPU YCIOBUU OTCYTCTBHS Ha HUX KOHJICHCALIMKU
BJIQXHOCThIO  (IIaxTaX, TO/JI-|BJaru

BaJIaX, TpPIOMax, B KOTOPBIX
BO3MOJKHO UINTEJIHLHOE HAJINYUE
BOJIbI)

3. M3nenmust I'CII noipKHBI OBITH YCTOMYMBBIMU U MPOYHBIMU K BO3JIEUCTBHIO aTMOC(HEPHOTO
aBJICHUS B IMAla30Hax:

— 84—106,7 kIla (BbicoTa 1o 1000 M Hag ypoBHEM MOpsi) — UcHodHEeHUE P1;
— 66—106,7 kIla (BbicoTa 10 3000 M Hajg ypoBHEM Mopsi) — UcnonHeHue P2.

4. 3ammra nznenuid I'CII oT mpOHMKHOBEHMSI BHYTPh NBUIM M BOABI, & TAKK€ TBEPABIX TEI
oOecrieunBaeTcss C  MoMomibio  oOomouek. CremeHb  3alIUTHl  00OJIOUKM  KOpIyca
aneKkTpoTexHudeckux uzaenuii permamentupyercs [OCT 14254-96 (MOK 529) u o6o3Havaercs
OykBamu IP u crenyromumu 3a HUMH AByMs umuppamu, Hanpumep I[P54. Ilepsas uudpa
0003HaYyaeT CTereHb 3allUThl IEPCOHAIa OT MIPUKOCHOBEHHS K TOKOBEAYIIIMM WM JIBHXKYIIUMCS
4yacTsIM BHYTPH KOpIyca, a TaKKe CTENeHb 3aIllMThl M3JEeNUs OT NPOHUKHOBEHUS BHYTPb
TBEPABIX TEN U MbUIM, BTOpas LU(pa — CTENeHb 3alIUThl U3JIEHs OT MONaJaHus BHYTPb BOJBI
(Tabm. 8).

5. Uznenust I'CI1 gomxHbI ObITh YCTOMYMBBIMUA U IMPOYHBIMHU K BO3JEHCTBUIO CUHYCOUJAIbHBIX
BUOpanuii,a mpu HEOOXOAUMOCTH | yaapoB. Ilapamerpsl BuOpanumii myis Haumboiee
pacpocTpaHEHHBIX TPYII UCIIOTHEHUH TPUBEACHBI B Ta0. 1.8.



Ta6muma 8. Crenenn 3amuThl kopryca mo 'OCT 14254-96 (MOK 529)

Crenenb 3ammra OT TBEPJbIX 3ammra OT BOJEI
3aMUJIbI

Tel
0 3ammuTa OTCyTCTBYET 3amuTa OTCyTCTBYET

1 3amuTa or|Kanmu BOabI, BEPTUKAILHO NaJaroIlMe Ha 00O0JOYKY, HE

HgOHI/IKHOBeHI/ISI BHYTPB | JOJDKHBI OKa3bIBaTh BPEAHOIO BO3IEHCTBUS Ha U3/IE€TINE
000JI0YKH OOJIBIIOTO y4a-
CTKa HOBEPXHOCTHU
YeJI0BEYECKOI0 Tena,
Hampumep pyk, M OT
IIPOHUKHOBEHUS TBEPAbIX
Ten auamerpom Oosee 50
MM

2 3amuTa or|Kamum Bozpl, najaroume Ha 000J04YKy oA yrioMm jgo 15°
IIPOHUKHOBEHUS  BHYTPb|OT BEpPTUKaIM, HE JOJDKHBI OKa3blBaTb BPEIHOTO
KOpIlyca MNajbLEB _ WM |BO3JEHUCTBUS HA U3JEIINE
H8€I{M€TOB JUIMHOHN Oouee
8 MM u oT
IIPOHUKHOBEHUS TBEPAbIX
Ten auamerpoMm Oosee 12
MM

3 3amuTa or|doxap, magaromui Ha 00004Ky mox yriaom 60° ot
HgOHI/IKHOBeHI/I}I BHYTpPb |BEpPTUKAIH, HE JOJDKEH OKa3blBaTh BPEAHOI'O BO3JEHCTBUS
000JIOYKHM HMHCTPYMEHTOB,|Ha U3/e/Inue
IIPOBOJIOKH, TBEPJBIX TEI
U T. [. TUAMETPOM WIH
TOJIIMHOM OoJiee 2.5 MM

4 3amura ot|Boma, pa3Opbi3ruBaemasi Ha 000JOYKY B  JIOOOM
HgOHI/IKHOBeHI/I}I BHYTDb [HAIIPaBJICHUM, HE JOJUKHA OKa3blBaThb BPEJIHOIO BO3-
000JIOYKH TPOBOJIOKU M |JEHCTBUS Ha U3JeiIne
TBEPIBIX TeNl IUAMETPOM
6onee 110 MM

5 IIponnknoBeHne BHYTpb|CTpys BOABI, BeIOpachiBaeMas B JIFOOOM HAalpaBICHUM Ha
KopIryca MBUIN He|000JI0UKyY, HE JOJDKHA OKa3blBaThb BPEIHOIO BO3JEHCTBUS
PEOTBPALLEHO Ha U3Jenne
MOJIHOCTHIO, OJTHAaKO
KOJIMYECTBO
IIPOHMKAOIIECH TIBUIM  HE
MOKET HapyLIUTh padboTy
U3JIENNs

6 IIponukHOBeHHE nblu | CuinibHas crpys Bosl (100 n/mun npu nasnenun 100 xlla)
IIPEIOTBPALLEHO WIM BOJHBI BOABl HE JOJDKHBI BBI3BIBATH IIONAJaHUE B
MOJIHOCTBIO 000JI0OYKY BOJABl B  KOJIMYECTBE, JOCTATOYHOM  JUIS

OBPEXACHUSI U3/1ETHS

7 He npeaycMoTpeHo Bona He nomkHa npoHUKaTh B 000JI0UYKY, NOTPYKEHHYIO B
BOAY Ha TINIyOMHY mnpumepHo 15 cM, mpu HOpuMepHOM
paBEHCTBE TEMIIEpaTypbl 0OOJOUKH U BOJIbI, B KOJIMYECTBE,
JIOCTaTOYHOM JUIsl IOBPEXKJICHUS U3/IENIUS

8 He mpexycMoTpeHo W3nenne npurogHo i JUIMTEIBHOTO MOTPYKEHUS B BOLY

OpHU YCIOBUAX, YCTAHABJINBACMBIX U3I'OTOBUTCICM




Tabmuma 9. Wcnomnennss wmsnenuit ['CII mo ycTOMYMBOCTH W MPOYHOCTH K BO3JEHCTBHIO

BUOpanui

I'pynna [Hacrora, AMIuntyzaa Pasmemenune

ucnoiue (I'g

HUSA

CMeEIIE |yCKOpEHUS
HUSA ISt

JUISt yacrora
YacTOT |BBIIIE

bl HMKE|4aCTOTHI
4acTOT |IEPEX0/a,
bl M/C
nepexo

J1a, MM

L1 5-35 035 |— Mecra, 3amMUIEHHBIE OT CYIIECTBEHHBIX BHOpALUH.
MoryT nosBIATLECS BUOPALMM TOJILKO HU3KOHM YaCTOTEI

L7 0,75 —

L3 (5-25)* |(0,1)* |—

N1 10-55 0,15 _ Mecra, mnoaBepKeHHbIE BHOpallUd OT PaOOTAIOIINX
MEXaHU3MOB. THUIIOBOE pa3MelIeHUE Ha MPOMBIIIIIEHHBIX
00BeKTax

N2 0,35

J7i 10-150 (0,075 [9,8 MecTa Ha POMBILIJIEHHBIX 00BEKTaX MPH YCIOBUH, UYTO
%ymeCTByeT BHOpaIUsl ¢ YacTOTOM, MPEBBIMIAIIICH 55

I

7 0,15 19,6

V3 0,35 49,0

[Tpumeuanue. *I1o TpeOGoBaHMIO TOTPEOUTEIS.

§ 5.5. MeToabl NOMCKAa KOHCTPYKTUBHbBIX pPelICHUH

B mpouecce npoeKTHpOBaHHsS HHXKEHEPY ITOCTOSIHHO NPUXOAUTCS CTAIKMBATBCA C IOUCKOM

BApHUAHTOB

TEXHUYECKOU peaji3annuun pa3pa6aTblBaeMor0 yCTpOﬁCTBa UiIn  CHUCTCMBEI.

Bo3Hukaroniyie IIpH 5TOM 3aJJa41 MOXKHO Pa3ACIIUTh Ha OOBIYHEIC U TBOPYCCKUC. I[J'IH OOBIYHBIX
3a/la4y CYHICCTBYOT YCTKHUC HCXOJHBIC JaHHBIC MW IIOCTAHOBKA 3a1a4H, aHp06HpOBaHHHe
MCETOAUKHU ITOUCKa PCHICHUS. 3apaHee HU3BCCTCH U HpI/IMepHHﬁ pe3yiibTaT pacueTa IO 3TUM

MeToaukaM. [Ipumeps 0OBIYHBIX 3a/1a4:

— pa3pa60T1<a CXEMBbI TUIIOBOT'O 3JICKTPOHHOTI'O Y3J1a,

— pacycT nmapaMeTpoOB CXEMEI 110 CyHlCCTBYIOHICﬁ METOJHKCE,

— pa3paboTKa MeyaTHOM TJIaTHI.

21.]'[5[ TBOPYCCKUX 3aaad, KaK IIpaBHIJIO, OTCYTCTBYCT IIOCTAHOBKA 3aJa4yu, HCU3BCCTHBI IIYTH

pelIeHus ¥ KOHEYHbIA pe3ynbTat. [I[puMepsl TBOpUECKHX 3a1ay:

— pa3paboTKa HeOOBIYHOM CXeMbl KOMIIOHOBKH YCTPOMCTBA;

— CO3JaHHUEC HOBBIX CXECMOTCXHHNYCCKHNX peH_IGHI/Iﬁ SJICKTPOHHBIX Y3JIOB;




— pa3paboTKa HOBBIX CIIOCOOOB M3MEpeHUs (PU3NIECKUX BETUYUH, OOpaObOTKH JeTael u T. 1.

OOBIYHO TBOpPYECKHE 3aJlaydl pEHIaloTCsS METOAOM Mpo0 M OMmHMOOK. DTO JUIMTEIBHBIA H
TPYIOEMKHI TPOIECC, 3aKIIOYAMIIMICI B mepedope W aHaiau3e OOJBIIOr0 KOJIMYECTBA
BapuaHToB. llcuxonoruueckass MHEpLUMs HAMPABIAET IMPOLECC MBIIUICHUS MO MPUBBIYHBIM U
3HAKOMBIM HAaNpaBJICHUSM, PEIKO NPHUBOASIIMM K TMOJYYCHHIO MIPHUEMIIEMOrO pe3yibTaTa.
HeynuBurtenbHO, 4TO TOCTATOYHO OOJBIIOE YUCIIO MCCIIENOBATENCH MPEANPUHUMAIIO MOMBITKA
0000IIeHNsT U CHCTEMaTH3alliy ONbITAa YAAWIMBBIX H300peTaTesiedl ¢ IeNbl0 HaXOXKICHUS
METOJIOB TIOMCKa 0oJiee pe3yNbTaTHUBHBIX, 4YeM MeToJ Npo0d u omubok. B Hacrosmee
BPEMSCYIICCTBYIOT  JCCSITKA  METOJOB,  TO3BOJISIONIMX  TMOBBICUTH  3((HEKTUBHOCTH
MBICJIUTEJIFHOTO TIPOIlECCa W YCKOPUTh HAxXOXKICHHWE HYKHOTO PEIICHHS, CPeau KOTOPBIX
HauOoJiee U3BECTHBHI:

— METOJI MO3TOBOT'O IITypMa (MO3TOBOM aTaku);

— METO/JI IBPUCTUUYECCKUX TPHUEMOB; METOJI KOHTPOJIbHBIX BOTIPOCOB;
— MeTOoa MOP(HOJIIOTHIECKOTO aHAIN3A;

— METO/JI CHHEKTHKU;

— MeToJ1 QYHKIMOHATIEHO-CTOMMOCTHOTO aHAJIH3a;

— METO/I BELIECTBEHHO-TI0JIEBOTO (BEMOIHHOI0) aHAIN3A;

— aJITOPUTM pelIeHus u3o0perarenbekux 3aaaud (APM3);

— KOMIUIEKCHBIN METO]I TTIOMCKA PEIICHUH TEXHUUECKHUX MPOoOIIeM.

B nanbHeiimeM paccMOTpEeHMHM OCTAHOBHUMCSI TOJIBKO Ha Hambosiee MPOCThIX U MHTYUTHUBHO
MNOHATHBIX METOJaX, HE TpeOYIUUX MpeIBapUTEIbHOT0 OOYYE€HHS M COOTBETCTBYIOIIMX
cnenuduke IesATeNbHOCTH KOHCTpyKTOopa DA. Jlns yrnyOneHus 3HaHMM B JaHHOM oOmactu
MO>XHO BOCIIOJIb30BaThcs nutTeparypoit [23, 40]. HavanbHbIM 3TamoM MOMCKA TEXHUYECKOTO
pelIeHus SBIsieTCs MOCTaHOBKA 3a/1auM, PU KOTOPOH ClelyeT 4eTKO chopMynupoBaTh, 4TO B
KOHEYHOM MTOI€ XKEJIaTEJbHO MOJYYUTh M YTO MEIIAET MOIY4YEHHIO kenaemo ro. [IpaBuibHO
IIOCTaBJIEHHAs 3a/]a4ya — HaloJIOBHHY pELICHHAs 3a/1ay4a.

Memoo mosz20601u amaxu

Meton Mmo3roBoro mrypMa uin Mo3roBoil araku (MA) ocHOBBIBaeTCS Ha MHOTOKpPaTHOM
AKTHBM3AIIMKM MBICIUTEIBHOTO Mpoliecca Mpy KOJUIEKTUBHOM 00CYKIeHUH Mpobiembl. B ogHOM
U3 aMEpPUKAaHCKUX PYKOBOJCTB Mo Meroay MA rosopurcs, 4to «99% Bamux KOHCTPYKTHUBHBIX
ueldl BO3HHKAET MOJOOHO AJIEKTPUYECKON HCKpE MPU KOHTAKTE C MBICISIMM JPYTUX JIOACH».
CaMa JXM3HBb IOJCKA3bIBAET MJICI0 HCIOJIb30BAaHUS KOJUIEKTMBHOIO pa3yMa IIpU PELIEHUU
CJIOKHBIX CUTYallMi, MMO3TOMY HCTOpPUS BO3HHUKHOBEHHS JAHHOTO METO/a YXOJIUT B TIyOHHY
BeKOB. OCHOBOIOJIO)KHIUKOM COBpEMEHHOT0 MeTosia MA cunrtaercst A. OcOOpH, IPeIOKUBIINN
JUIsL yCTpaHEHMs TICUXOJIOTMUYECKUX MPEMSTCTBUM, BBI3bIBAEMBIX OOS3HBbIO KPUTHKHU, Pa3JeNIUTh
BO BPEMEHM MPOLECChl TEHEPUPOBAHMSA MHJAEH W HMX KPUTUYECKOM oOueHku. IIpuuem
MOCEAYIONMA KPUTHYECKUM aHallu3 HJEH MOXET NPOBOAUTHCA HE ydyacTHHMKamMu MA, a



npyrumucnenuamuctaMma. Meroq MA He TpeOyeT crenuaabHON IMOATOTOBKM YYaCTHUKOB H
MO3BOJISICT PEIIaTh MPAKTHUYECKH JIFOOBIE 3a1a4 B Chepe YeTOBEUESCKON e TCIILHOCTH.

B cocraB TBOpYECKOW IpynIbl IOMUMO Y3KHX CIIELHUAIMCTOB JOJKHBI BXOAWUTH CIELIUAIUCTBI
CMEXHBIX 00JIacTel, KOTOphle o0ecreyaT KOMIUIEKCHOE U BCECTOPOHHEE PACCMOTPEHHUE 33/1a4H
(KOHCTPYKTOPBI, TEXHOJIOTH, 3KOHOMHCTHI, CHaOXeHIIbl). [lone3HbIM MOXeT OBITh ydacThe
IOCTOPOHHUX JIIOJCH, HE HMMEIOIMX OOpa3oBaHHs B pPacCMaTpPUBAEMOW OOJIACTH, KOTOpHIE,
o0agast «CB&KHUM» B3IJISAIOM, CIIOCOOHBI IPEIOKUTh HEOXKHUIaHHOE perienue. [Ipuriamars Ha
ceanc MA »xenarenbHO 3a 2—3 JHA C U3JOXKEHHUEM CYTH 3aJayM, YTOOBbl YYAaCTHUKHM MOIJIH
HacTpouThces. MIHorna ObIBaeT 1eaecoo0pa3Ho 3apaHee cOOOIUTh NOCTAaHOBKY 3aJaun. Ycnex U
pe3yiabTaTUBHOCTE MA B 00JIbIION Mepe 3aBHCUT OT BEAYIIEro, B POJIM KOTOPOrO Yalle BCEro
BBICTYIIACT PYKOBOJIUTENIb TBOPYECKOW rIpynmsl. Ecim B rpynmne e€cTb HOBHYKH, BERYILHN
BHayaJle IPEICTaBIsET BCEX YYACTHUKOB, M3JlaraeT IpasBwia noseneHud. [lanee Benymumi
u3naraet GOpMyIUPOBKY 33/1a4H KaK B CIIEUAILHOM, TaK M B OOIIEIOCTYITHOM H3JI0KEHUH (IS
HECTICMAIMCTOB), OTBEYaeT Ha  BONPOCHI, HANpaBIIET OOCYXICHHE, 3aIHCHIBACT
BbICKa3bIiBaeMble ujaen U T. 1. [lpu mnpoenenum MA ciegyeT CTpEMHUTHCS BbICKA3aTh
MaKCHMaJbHOE YKCJIO HJEH, B TOM YMCIIE Ka3aJoch Obl 3aBeloMO TiymbiX. [lmoxue unen — 310
KaTaJn3aropsl, 0e3 HUX He OylIeT XOpOUIMX HJEW, NMPEeANoYTeHHE OTHAETCS O03apeHUsM U
daHTa3uKM, a HE CUCTEMaTHMYECKOMY JIorM4eckoMmy MblnuleHuto. Crapaiiteck pa3BHUBarTh,
KOMOMHUPOBATh U YIy4dllaTh BbICKa3aHHbIE paHee HJIeH, [0JyyaTh OT HUX HOBBIE aCCOLIMAIIUU.
Bo Bpemst MA abcosoTHO 3ampeleHa KpUTHKa Uael, co3aeTcs HeMpUHYXKAECHHas JIpyKecKas
aTMocdepa, CrocoOCTBYIOIIasi MPOIYKTUBHOMY MBIIUICHHI0. He pexoMeHayeTcs yBelanmueHHe
JUMTeNbHOCTH 00cyxneHus: 6omnee 30 muH. [locme ceanca MA mNpOBOAMTCS KOJUIEKTHBHOE
peAAKTUPOBAaHUE CHMCKA BBICKa3aHHBIX WAEH JUId JIeTalbHOM HpOpadOTKH, MpUYEM
MOCJIEYIOIUN KPUTUYECKUM AaHAIN3 BBICKA3aHHBIX MJEW MOXKET IPOBOJUTHCA W APYrou
IPYMNIOH o/iell — «3KCHepToB». B rpynmy «reHepaTopoB uaei» moaduparoT el ¢ OypHoil
(aHTa3uel, CKIOHHBIX K a0CTparupoBaHHIO, B KAUECTBE «IKCIEPTOBY Jyyllle paboTaroT JIIOIU C
AQHAJTUTMYECKUM, KPUTHYECKUM CKIaJoM yma. Yem cioxHee mpobiema, TeM AJIUTeIbHEe
TBOPYECKUN IpOIlecC MOUCKa pelleHus, U Haubojee NHTEPECHbIE UIEH YacTO MOSBISAIOTCS YXKe
nocye okoHuaHus ceanca MA. [loaTtomy none3Ho Ha cienyromuil aeHp nocie MA npoBoauTh
JIOTIOTHUTEIIBHBINA COOp MPEIOKEHUH 10 pelIeHnIo 3a1aun. [l CIoKHBIX 3a/1a4 MPaKTUKYeTCs
JIBYKpaTHOE IpoBeneHne MA 1o olHOMYy M TOMY € BOIIPOCY C MHTEPBAJIOM OT HECKOJIbKHX
4acoB /10 2—3 nHel (IBoIHAs MO3roBasi aTaka).

Memoo seépucmuueckux npuemos

B pesynbprare ycnemrHoro pemieHus TBOPUECKOM 3aJa4l METOIOM «IIpo0 M OIMOOK» YeIOBEK
KpOMe COOCTBEHHO MCKOMOTO OTBETa MOJy4aeT U METOJUYECKHM pe3yabTaT — CIoco0 pemeHus
nonoOHbIX 3anad. [lpu permieHnMn HOBOM 3alayM 4elOBEK B IEPBYKD OYepelb IBITAeTCS
MCIIOJIb30BaTh HaWIeHHbIH UM crocol. Eciaun 310 He ynaercs, uzoOpeTarenb BHOBb BBIHYKIEH
UCKaTh pEeIIeHUuEe METOJOM «mpod u omubok». IlocTeneHHO y ONBITHOTO H300peTaTens
dopmupyercss HaOOp crmocoOOB pELIeHUs pa3lIMYHbIX 3a4ad. Takue crnocoObl MM TpaBMIla
pelIeHns] TBOPUYECKUX 3a/ad HasbIBAIOTCS 3BpHUCcTHYeckMMU mpuemamu (OI1). DBpuctuueckuii
IpHUeM — 3TO KpaTKoe yKa3aHHe TOro, Kakue mpeoOpa3oBaHus B JAHHOW TEXHUUYECKOU CHCTEME
MOKHO IPOBECTH JUIsl TMOJYYEHHs] HOBOTO PpELIEHMs, JOCTHKEHHUS IOCTaBIeHHOM nenu. B
pe3ynbpTaTe OOOOIIEHMsI OIbITAa MHOTHX H300peTareyied COCTaBJIEH MEXOTpaciaeBOr ¢GOH.
ABPUCTUYECKHUX TMPUEMOB. DTOT (POHI HacuuThiBaeT okojio 180 mpuemoB, pa3aeneHHbIX Ha 12



TPYII, WMEIINUX CIeAyIoNMe HAauMEHOBaHMs: TpeoOpa3oBaHue (OpMbI, TpeoOpa3OBaHUE
CTPYKTYPBbI,IpeoOpa3oBaHus BO BpPEMEHHU, npeobpa3oBaHue marepuaia U
BEIIIECTBA,MCIIONB30BAHNE TMPO(PUIAKTHUECKUX Mep, HCIOJIb30BAHUE PE3EPBOB U JIp.
MexoTpacneBoii (OHJI HBPUCTHUECKUX TPUEMOB HMEET YHUBEPCAIbHBIM XapakTep, OH
OpPUEHTHPOBAH HA Pa3JIM4HbIe 0071acTH TEXHUKH, mo3ToMy D11 nmeror o6o61menHoe onucanue. B
KOHIIe ommcaHusst MHorux OIl gaercss yka3aHuWe «WHBEPCUS TIpUEMay, IO KOTOPOMY
PEKOMEHIyeTCsl TPOM3BOJANTE OOpaTHOe mpeoOpa3oanue. I[locine omucanms Il marorcs
NPUMEpPBl €r0 KCIIOJIb30BaHMs Ui pemeHus 3anad.MexorpacieBod ¢onngy DI obmamaer
U30BITOYHOCTHIO, TO ©CTh MHOTHE 3aJla4d MOTYT OBITh PEHICHBI HE3aBHCUMO pa3HbiMU OII.
Bropas yepra u30bITOYHOCTH COCTOUT B TOM, YTO OJIHOBPEMEHHOE HCIIOJIb30BaHHE JIBYX U Oojiee
OIl mpuBOAMT K UX B3aUMHOMY YCHJICHHMIO TIpM HAXOXJIEHHHM pemieHus. Ilpumeps
(bOpMYITHPOBOK IBPUCTHUECKUX TPUEMOB:

— HWUSMCHUTH TPAAUIUOHHYKO OPHCHTALHIO 0o0beKTa B IMPOCTPAHCTBE — TOPHU30OHTAJILHOC
IMMOJIOKCHNEC HABCPTHUKAJILHOC NI HAKJIOHHOC U T. II.;

— mpuONM3KUTh paboune OpraHbl OOBEKTa K MECTY BBINOJHEHHS MUMH CBOMX (QYHKIHMNA 0Oe3
NepEIBUKEHUS CaMOIro 00BEKTa;

— U3MCHUTH (1)I/ISI/I‘ICCKI/IG CBOMCTBa MaTtcpHrajia, HalilpuMep, €ro arp€raTHoc COCTOAHUC,

— 3apaHeC IIpuaaTb O6I>6KTy HAIIpsDKCHUA, IMPOTHUBOIIOJIOXHBIC HCIOIMYCTUMBIM  HJIU
HCXKCJIaTCIIbHBIM pa60‘lI/IM HaIIPAXKCHUAM

— HCIOJIb30BaTh MPUHLMI arperaTUpoBaHus, TO €CTh CO31aTh 0a30BYI0 KOHCTPYKIHUIO (€IUHYIO
paMmy, CTaHHMHY), Ha KOTOPYIO MOYKHO YCTaHaBIMBaTh Pa3JIM4Hble pabouyHe OpraHbl, arperarsl,
CMEHHbIE OJIOKH U T. II.

[Tpu popmynupoBKe 3a7adM BBIBISIOT TJIABHBIA HEAOCTATOK WJIM TJIABHOE NMPOTHUBOpEUYUE B
pasBUTHM NPOTOTHIA, KOTOphIE HEOOXOIUMO YycTpaHuTh. Mcxons u3 stoi mHpOpManuwy,
npocmarpuBaroT crucok Il u orbupator Hambonee mnoaxonfdmuMe i IpeoOpa3zoBaHUs
IIPOTOTUIIA IIPUEMBI, C IIOMOIIBIO KOTOPBIX MOJIYYArOT Psifl YAYyUIIEHHBIX TEXHUYECKUX PEILICHUMN.
OTH pelieHus BHOBb MOTYT OBbITh HPHUHSTHL B KadyecTBE MPOTOTHNA Ui JajbHeHIero
YCOBEPILIEHCTBOBAHUS ITUM K€ METOZOM JI0 TIOJIy4EHHUSI IPUEMIIEMOTO pe3yibTaTa.

IIpumep. HaiiTu ynmydiieHHOE TEXHUYECKOE PEIIEHHE KOMMYTAIIMOHHOW KHOIIKHA, MOHTUPYEMOM
Ha TMaHenu OJOKOB, MYNbTOB YIOpaBlieHUs M T. JA. [IpoToTUnoMm sBisieTcs IMIMPOKO
pactpocTpaHeHHas KHomka (puc. 1.6), mMmeromas MOABM)KHBIA 3aMBIKAIONIANA JJICKTPUUECKHUI
KOHTAaKT, COBEpUIAIOIINNA BO3BPATHO-TNIOCTYIATEIbHbIE IEPEMEIIEHUs, U JBa HEMOABHKHBIX
KOHTakTa. HopmaibHO pa3OMKHYTO€ COCTOSSHUE KOHTAKTOB OOECeyuBaeTcsi BO3BPaTHOM
npyxuHoi. Henoctatkom nporoTuna sBiIsS€TCS BO3MOKHOCTb INPOHMKHOBEHMS NBUIM U BJaru
BHYTPb KHONKH 4epe3 KOJBIEBOW 3a30p BOKPYI ee MOABMKHOW dwactu. B ¢ouge DOII,
npUBeJIeHHOM B [23], BbIOMpaeM [jsi MPOCMOTpa TPYHINBI «IpeoOpa3oBaHUE CTPYKTYPHI»
(2),«mpeoOpa3oBanue IBYKEHHS U CHIIBD (5), «IipeoOpa3oBaHue MaTepHaia U BemecTsay (6). B
ATHUX TPYIIax OTOMpPaeM CIEIYIOIINEe TPUEMBI:

— 3aMEHUTH CBsI3U (CIOCOO WIJIM CPEICTBA COCIUHEHUS) MEXKIY AJIEMEHTAMHU; KECTKYIO CBSI3b
caenaTh TUOKOM 1 Ha000pOT (2.5);
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Puc.7. Cxema KOMMYTallmOHHON KHOIIKU

— 3aMEHHUTh MEXAHUYECKYIO CXEMY JJIEKTPUYECKOM, TEIUIOBOW, ONTUYECKON WIHM 3JIEKTPOHHOU

(2.7);
— HMCIOJIb30BaTh MarHUTHBIC CUJIBI (5.13);

— 3aMCHHTH JKECTKYI0 YacTh JJIEMEHTAMU M3 MaTepualia, TOIYCKAIOIIero U3MEHEHUEe (popMbI
IPU IKCIUTyaTallii, BMECTO JKECTKUX OOBEMHBIX KOHCTPYKIMI HCIIOJIB30BaTh THOKUE OJIOKH H
TJICHKU; MHBEpCHs npuema (6.6).

Hcnonb3ys mpuemsl 2.5, 6.6, momemaeM 3JEKTPUYECKHE KOHTAKTHI BHYTPb TE€PMETHYHOM
000JIOYKU M3 YHPYTOoM TUAIEKTPUYECKOH IIIEHKH, COCOOHOW MpHoOpeTaTh NepBOHAYAIBHYIO
dopmy nocne aedpopmanuu. J[aHHOE TEXHUYECKOE PELICHUE PEATM30BAaHO B TMOKUX MJIEHOYHBIX
KJIaBUaTypax, HaKJIEHMBaeMbIX Ha JIMIEBYIO MaHenb (puc. 8, a). PykoBoacTBysch mpuemoM 5.13,
MOJIy4ae€M CXEMY C MOCTOSIHHbIM MarHUTOM (puc. 8, 0), BO3JEHCTBYIOIIMM 4epe3 IaHelb U3
HEMAarHUTHOTO MaTepHajla Ha YCTaHOBIICHHBIH BHYTPH amlmapaTrypbl TepKOHOBBIM KOHTaKT
(repkoH). Takolf KOHTaKT MOXET ObITh YCTAaHOBJEH U C HapY)KHOM CTOPOHBI MaHenu, OJrKe K
MarHuTy.

lubkas ‘ Knonka
ANINEKTPHYECKAR
o6anoyka

e A Ak — e
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Puc.8. Cxema rHOKON TIJIEHOYHOW KJIaBUATYphl (a) M KHOMKHA C MarHUTOYIPaBIISEMbIM
KOHTaKTOM (0)



[Ipumensss mpuem 2.7, TPUXOIUM K TIOJy4alOmUM Bce 0oJjiee HIMPOKOE pacrpocTpaHEHHUE
CCHCOPHBIM JKpaHaM, padoTa KOTOPBHIX OCHOBAaHA Ha Pa3IMYHBIX (U3NYCCKUX MPHHIIUAIIAX:
PE3UCTUBHOM, EMKOCTHOM, WCHOJb30BAHUM HH(QPAKPACHOTO H3IIyYCHHs, IOBEPXHOCTHBIX
AKYCTUYCCKUX BOJIH U IP.

Memoo KoHmpobHbIX 80NPOCO8

MeTo KOHTPOJBHBIX BOIMPOCOB MO CBOEH CYTH OJIM30K K METOJY BPUCTHUYECKHUX MPUEMOB U
IPUMEHSIETCA /IS TICHXOJOTMYECKOH AaKTHBU3allMM TBOpUYecKoro mnpouecca. Lleap ero — c¢
IIOMOIIbIO HaBOSIINUX BOIPOCOB, CIIMCKU KOTOPBIX MPEAIArajJnuch pa3IMuyHbIMUA aBTOpamu ¢ 20-
X romoB XX BeKa, MOJBECTH K pelleHHro 3anaud. M3o0peratens OTBE4aeT Ha BOMPOCHI,
coJiepKalliecss B CHUCKE, U B CBA3M C 3TUM paccMaTpuBaeT CBOIO 3ajgady. MeTton Moxker
MPUMEHATHCST MO0 B (hopMe MoHosora m3o0peraress, oOpalleHHOro K camoMy cebe, aubo
JUasiora, HapuMep, B BUJI€ BOIIPOCOB, 33/1aBa€MbIX PYKOBOAHUTENIEM MO3TOBOI0O MITYpMa YieHaM
rpynnsl  reHepatopoB wuueid. lllupoko pacmpocTpaHeHbl yHHBEpCajibHbIE BOIPOCHUKH,
pa3pabotannbie A. OcbopHom, 3. Paynzennom, T. Ditnoaprom u apyrumu. 3a pyOexoM yaiie
UCIIOJIb3YETCSl BOMNPOCHUK, pa3paboTaHHbli A. OcOOpHOM, KOTOpBIM coaepkuT 9 rpymnm
BOIIPOCOB:

— KaKoe HOBOE MPUMEHEHUE TEXHUYECKOT0 00BEKTa MOKHO MPEIOKUTH?

— BO3MOXHO JIM pEelICHUE 3a]]a41 TyTeM MPUCTIOCOOICHHS, YIPOIIEHUS, COKpALICHHS?
— Kakue MOTU(UKAINN TEXHUIECKOTO 00bEKTa BOZMOKHBI?

— YTO MOKHO B TEXHUYECKOM OOBEKTE YBEITUUUTH?

— YTO MOKHO B TEXHUYECKOM OOBEKTE YMEHBIINUTH?

— YTO MOKHO B TEXHHYECKOM OOBEKTE 3aMEHUTE?

— YTO MOKHO B TEXHUYECKOM 00BEKTE MpeoOpa3oBatTh?

— YTO MOKHO B TEXHUYECKOM OOBEKTE MEePEBEPHYTH HA00OPOT?

— KaKue HOBbIE KOMOHMHAIIMH DJIEMEHTOB TEXHUYECKOTO 00HEKTA BO3MOKHEI?

B xaxmolt W3 TEpEeYUCIEHHBIX TPYNN MPHUBOJUTCS CIHUCOK JOMOJTHUTEIBHBIX BOIPOCOB,
KOHKPETU3UPYIOIIKX BOIIPOC, BEIHECEHHBIN B Ha3BaHuUe Tpynibl. Hanpumep, a1 BTOpOU rpymnmsl
JIOTIOJTHATEITLHBIE BOTPOCHI CPOPMYIIMPOBAHBI CIETYIONTUM 00pa3oM:

— YTO HAaIIOMHHAET BaM JAHHBIA TEXHUYECKUI 00BEKT?
— BBI3BIBAET JIM aHAJIOTUSI HOBYIO UJICI0?

— WMEIOTCS JH B TMPOIUIOM aHAJIOTMYHBIE MPOOIEMHBIE CHUTYyallud, KOTOPHIE MOXKHO
UCIOJIL30BATH?

— YTO MOKHO CKOITUPOBATH?



§ 5.6. Hage:kHOCTB 3JIEKTPOHHOM anmnapaTypbl
§ 5.6.1. OcHOBHbBIE OHATHUSA U XaPAKTEPUCTHUKHN HAXEKHOCTH

Hagexxnoctb — 3T0 cBOMcTBO DA COXpaHSITh BO BPEMEHHM B YCTAHOBJIEHHBIX Ipelenax
3HAYEHUS BCEX MapaMeTPOB, XapaKTEPU3YIOIIUX CIIOCOOHOCTh BBIMOJIHATH TpeOyeMble QyHKIUN
B 33/IaHHBIX PEXHMaX U YCJIOBUAX MPUMEHEHMS, TEXHHUYECKOIO OOCIY>KHBAaHUS, PEMOHTOB,
XpaHeHHss © TpaHcrmoptupoBanms [8, 9, 19, 38]. Ammaparypa MOXET HaxOJUTHCA B
paboToCIoCOOHOM MM HEPabOTOCIIOCOOHOM COCTOSIHUU.

Pabomocnocobnocms — 310 coctossHMEe DA, IpU KOTOPOM 3HAYEHUS BCEX IapaMeTpoB,
XapaKTEPU3YIOIINX CIIOCOOHOCTH BHIOJIHATH 3aJaHHbIEe (DYHKIIMU, COOTBETCTBYIOT TPEOOBAHUAM
HOPMAaTHUBHO-TEXHUYECKOH MM KOHCTPYKTOPCKOM TokyMeHTauuu. CoObITHE, 3aKII0YAIOIIeecs B
HapylIeHHUH paboTOCIOCOOHOCTH, Ha3bIBaeTcs OTKa3oM. IIpu BO3HMKHOBEHHMH OTKasza
JaJbHEWIEe MCIOJIb30BAaHUE U3JENHUS [0 HA3HAYEHUID CTAHOBUTCS  HEBO3MOKHBIM.
[ToBpexxaeHns, He CBA3aHHBIC C MpEKpamieHHneM (YHKIIMOHMUPOBAHHS (HAIpUMeEp, BMATHHA B
KOpITyCe), 0TKa30M He cUuTaroTcs. PaccMoTpuM kiaccuuKkaino 0TKa30B.

ITo XapaKTCPy BO3HUKHOBCHHUA OTKA3bl ACIAT Ha BHE3AIIHBIC W IOCTCIICHHBIC. Breszamanie
OTKa3bl NpPOSBISAIOTCA B BHUJE CKAYKOOOPa3HOro M3MEHEHUs MapamMeTpoB DA B pe3ynbrare
BBIXOJIa U3 CTPOs 3JEMEHTOB (MpoOoi 1noja WM KOHJEHCAaTopa, pa3pylIeHHe MEXaHUYeCKOU
nerany W T. 1.). [locTeneHHble OTKa3bl BBI3BIBAIOTCS MEUIEHHBIM HM3MEHEHHEM CBOMCTB
3JIEMEHTOB (TMOTEpss €MKOCTU 3JIEKTPOJIMTHYECKUX KOHJEHCATOPOB, BBICHIXAaHUE CMa3KH
TPYIIUXCS yacTed U T. I.) 10 TeX HOp, NMOKa XOTs Obl OAMH W3 MapaMeTpoB DA He BBIAJET 3a
JonyctuMble npenenbl. [lo XapakTepy ycTpaHEHHMs OTKa3bl JElIAT Ha YCTOMYMBBIE U
CaMOYCTpaHSAIOIIMECS.  YCTOMYMBBIM ~ OTKa3  MCYe3aeT  TOJBKO  IIOCIE  PEMOHTA.
CamoycTpansromuecss OTKa3bl HCYE3al0T caMM 10 cede U NpOSIBIAIOTCA B BUJAE
HEepeMEKaloerocss oTkasa M c6os. IlpumepoM mepemexkarolierocss OTkas3a sBISETCS TO
MCUE3aIOUINH, TO BOCCTAHABIUBAIOIIMICS 3JIEKTpUUYEeCKUN KOHTAKT. COOM — 3TO OJHOKPATHO
BO3HHUKAIOIIUK camoycTpaHsomuiics otka3. COoon XapakTepHbl [Uis LHU(POBBIX YCTPOMCTB U
MOTYT OBbITb OOYCIIOBJIEHBI CETEBBIMH IOMEXaMHU, HECUHXPOHHON PabOTOW OTIENBHBIX Y3JIOB,
OLIMOKaMU IPOTrpaMMHOI0 00eCTIeYeHUs U T. 1.

ITo BHEITHUM MMPOABJICHUAM OTKa3bl ACIIAT HA SABHBIC (O6H3py>KI/IBaIOTCH IIpHU BHCIIHEM OCMOTpe)
" HCABHBIC (O6Hapy)KI/IBaIOTC$I CIICIaJIbHBIMH MCTOJaMU KOHTpOHH).

B 3aBHCHMOCTH OT BO3MOXXHOCTH YCTPaHEHHsI OTKa30B, JJEKTPOHHBIC YCTPOWCTBA JEIST
HABOCCTAaHABIMBAEMbIE W  HEBOCCTAHABIMBAaeMble.  BoccTaHaBIMBacMBIM  HA3bIBACTCS
YCTPOWCTBO, JUIS KOTOPOTO TPH BO3HUKHOBEHWM OTKa3a HOPMAaTHBHO-TEXHUYECKON
JOKYMEHTAllMe  MpeayCcMaTpUBACTCs  BOCCTAHOBICHHE  PabOTOCIIOCOOHOTO  COCTOSTHHSL.
VYCTpoWCTBO, Ui KOTOPOTO BOCCTAHOBJICHHE DPAaOOTOCHOCOOHOCTH HE IPEayCMaTpHBAETCS,
Ha3bIBACTCA HEBOCCTAaHABJIIMBACMbIM. Ha}IC)KHOCTB SABIICTCA KOMIIIEKCHBIM IIOHATUEM U
BKJIIOYaeT B ce0s Takhe COCTaBIIIOIINE KaK OC30TKa3HOCThb, PEMOHTOIPHUTOIHOCTD,
JI0JITOBEYHOCTH U COXPAHSEMOCTb.

bezomkasnocms — CBOWCTBO DA HENPEpBIBHO COXPAHATH PAOOTOCHOCOOHOCTh B TEUYEHUE
HEKOTOPOTOBPEMEHH WJIM HEKOTOPOH HapaOOTKH.



Pemonmonpucoonocme — cBoWCTBO DA, 3akiovaronieecss B MPUCIOCOOJIEHHOCTH K
NOJJICP)KaHUI0 W BOCCTAHOBIICHHIO PAaOOTOCIIOCOOHOTO COCTOSIHUSL IyTeM TEXHUYECKOTO
00CIyKMBaHUS U PEMOHTA.

Honeoseunocms — cBOMCTBO DA COXpaHATh pabOTOCIIOCOOHOCTH JI0 HACTYILICHUS TPEIEIILHOTO
COCTOSAHUA TPU YCJIIOBHUU BBIITOJHCHHUA TCXHUYCCKOI'O 06CHY)KI/IBaHI/I$I U PCMOHTA. HPCIICJIBHOG
COCTOSIHUE — 3TO COCTOSHHE, IIPU KOTOPOM JajbHEHIee MPUMEHCHUE HM3/CHsI HEBO3MOXKHO
WM HelleIecoo0pas3Ho.

Coxpansiemocms — CBOHCTBO DA coXpaHSATh 3HAa4YeHHsS TOKa3aTteleld Oe30TKa3HOCTH,
AOJITOBEYHOCTHU U PCMOHTOIIPUTOAHOCTHU B TCHCHHUE U IMOCJIC XPAHCHHUA U TPAHCIIOPTUPOBAHUS .

IToxa3aTreau 0€30TKA3HOCTH

Bo3HuKHOBEHHE 0TKa3a BO BPEMEHU — CIIy4ailHOE COOBITHE, TIOATOMY ISl OLICHKU HaJIe)KHOCTH
UCTIOJIB3YIOTCS  METOJIbI  TEOPHH BEPOSTHOCTH M MaTeMaTHYeCKOW cTaTHCTUKU. Jlis
KOJINYECTBEHHON XapaKTePUCTUKN O€30TKAa3HOCTH HaWOOJee YacTO MCIONB3YIOTCS TaKHe
nmapaMeTpbl, KaK BEpPOSTHOCTh O€30TKa3HOH paboThl, WHTEHCUBHOCTh OTKAa30B, CPEIHSS
HapaboTka Ha 0TKa3. BeposTHOCTh 6€30TKa3HON pabOThl — BEPOSTHOCTH TOTO, YTO B Mpejeax
3a/IaHHOW HapaOOTKHM OTKa3 YCTPOMCTBAa HE BO3HUKHET. DTOT IMapamerp CBs3aH ¢ (pyHKIuen
pacripeeiieHusi BpeMeHn 0e30TKa3HoW paboTel cooTHorrenuem P(t) = 1 - Q(t), roe P(t) —
BEPOATHOCTh 0e30TKa3zHOW paboThl; Q(t) — dyHKIUSA pacmpeneseHus BpeMeHU Oe30TKa3HOU
paboThI, KOTOpas MPeACTaBiIsieT co00M BEPOATHOCTh MOSIBICHHS OTKa3a YCTPOWCTBA B TCUCHUE
Bpemenu t. Oyukius P(t) sBisercs MOHOTOHHO yObiBaromiei, a ¢pyHkius Q(t) — MOHOTOHHO
BO3pPACTaIOICH, MPUYEM

0 <=P(t) <= 1, P(0) = 1, P({inf}) = 0.

Jns oKCIIieprMEHTaIbHOIO ONPENENICHUS MOKA3aTesie HaJeKHOCTU HUCIIBITAHUSM IMOJBEPTAOT
JIOCTaTOYHO OONBINYI0 MapTHIO OMHOTUIHBIX u3aenuil. Jns P(t) ucmomb3yercs cremyromas
cratuctuyeckas oreHka: P*(tx) = NX/NO, rne NO — 49ucino u3aenwii, MOCTaBICHHBIX Ha
UCIBITAaHUSA; NX — YHCIO U3JENINN, OCTaBIIMXCS MWCIPaBHBIMM B MOMEHT BpPEMEHHU tX
(0TKa3aBIIKE B MPOIECCE UCTIBITAHUMN U3/IENHS HE PEMOHTUPYIOTCS).

J10CTOBEpHOCTH MOTYYEHHOTO 3HAaYeHHs TeM Bhiiie, yeM Oounbiie NO. TouHoe (BEpOSTHOCTHOE)
3HAYCHHE BEPOSITHOCTH 0€30TKa3HOM paboThl oTpeesieTCs o dbopmyre:
. N
IJE.I_'L}: lim - .
."r'" i Jﬁllr”
| |
P(fy=exp| - jli"-[f Yl
0 |

]

Bpemsa Mexay cocegHUMH OTKa3aMHM JJEMEHTOB DA SBIIETCS HENPEPBIBHOM CIy4allHOU
BEJIMYMHOM, KOTOpas XapaKTEepU3yeTCs HEKOTOPBIM 3aKOHOM pacmpeneneHus. [Ipu pacuere
6e30TkazHOCTH DA OOBIYHO CUYHMTAIOT, YTO BCE OTKa3bl YCTPOMCTBA SIBISIFOTCS BHE3AIIHBIMU U
UCTIOJB3YIOT AKCIOHEHIMAIbHBIN 3aKkoH: e A (t) — HMHTEHCHBHOCTH OTKAa30B. YKa3aHHOE
JIOMyIIEHHE B OOJNBIIMHCTBE CIIYYaeB IOCTATOYHO XOPOIIO COTNIACYETCS ¢ AKCIIEPUMEHTATbHBIMU
JIAHHBIMU.



VMIHTEeHCUBHOCTh OTKa30B — YCIIOBHAs IUIOTHOCTh BEPOSTHOCTH BO3HHUKHOBEHHUS OTKa3a
YCTPOMCTBA, OmpeeisieMas MPH YCIOBHH, YTO J0 PAacCCMAaTPHUBAEMOIO0 MOMEHTAa BPEMEHHU OTKa3
HE BO3HUK. VIHTEHCHBHOCTHh OTKa30B X TOKA3bIBACT, KaKas YacTh MU3JICIHI B CPETHEM BBIXOJUT
u3 ctpos 3a 1 gac pabotel. Hampumep, ecimu A = 10-5, 3nagnt 3a 1 gac paboThI BRIAACT U3 CTPOS
10-5 yactp m3aenuit, 3a 1000 4 — 10-2 gactp uznenuii. DKCIEPUMEHTAILHO YCTAHOBIEHO, YTO
3aBUCUMOCTh MHTEHCUBHOCTH OTKa30B OT BPEMEHM MMEET BUJI, MIOKa3aHHBIA HA puc. 1.8. 3mech
(0... t1) — mepuoxa npupaboTku, cocrapistonmii 1—1,5% ot cpoka ciayxO0bl uzaenus. B ator
NEPUOJT BBIXOJAT W3 CTPOSI 3JIEMEHTHI, MMEIOUINE CKphIThie Aedektol. [leproa HopMalibHOM
paboThl M3JENusi COOTBETCTBYET ydacTKy (t2... t2), Ha kotopom A = const. B 310 Bpewms
MPOUCXOJAT OTACNbHBIC CIydaiiHble OTKa3bl dJeMeHTOB. [Ipu pacderax HaJeKHOCTH
UCTIONIB3YIOT 3HaueHHe X UMEHHO JUIsl 3TOro oTpeska. [locie Touku t2 — mepuoj cTapeHus u
U3HOCA
JJIEMEHTOB

M)y

R T RTEY T

Puc.9. 3aBucumMocTh HHTEHCUBHOCTH OTKAa30B OT BPEMEHU

Jlanee Oyner mnoka3aHO, 4YTO HMHTEHCHUBHOCTb OTKa30B CYILIECTBEHHO 3aBHUCHT TakKXke OT
ANEKTPUYECKOM HArpy3Ku DJJIEMEHTa, TEMIIEpaTypbl €ro KOpIyca, BHEIIHHX MEXaHWYECKHUX
BO3JICUCTBUM U IPYTUX YCIOBUM JKCILTyaTalUH.

[Tonarast B BeIpaXX€HUU SKCIIOHEHIMAIBHOTO 3aKoHa X(t) = const, IPUXOAUM K BBIPAKEHUIO IS
MPAKTUYECKHUX pacyeToB Oe30TkazHocTu: P(t) = e-At

To ectb npu yBCINYCHUU t BCPOATHOCTDH 0e30TKa3HOM pa6OTH CHMIXXACTCA IIO OKCIIOHCHTC,
IIOKa3aTecjib KOTOpOﬁ PpaBCH UHTCHCUBHOCTHU OTKAa30B.

Cpennsisi HapaboTka Ha OTKa3 T— MaremMaTHYecKoe OXHJaHue HapaboTku Ha oTka3. s
HEBOCCTAHABIMBAEMBIX YCTPOWCTB MPHUMEHSIETCA I[OKazaTeldb HapaOOTKH 0 OTKasa.
Craructudeckoe onpenenenue T mpoBoauTes crneayrommm odpazoM. Ha HapaOOTKy B 3ajaHHBIX
YCIIOBHSIX CTaBUTCSA JIOCTATOYHO OOJBIIOE 4YWCI0 wu3Aenuil. B mpomecce HapaboOTKu
BO3HUKAKIIUEC OTKA3bI yCTpaHSIIOT 1 BHOBb BKJIFOHAKOT U3ACIINA B pa60Ty. HpI/I 3TOM

T*=t/n, rne t — cymMMapHOe KOJMYECTBO YAaCOB, KOTOPHIC H3JCiHs ObUIH B HCIIPABHOM
COCTOSIHUY; TT — CYMMapHO€ KOJIMYECTBO OTKA30B.



Jlns HeBOCCTaHABIMBAEMbIX H3JAETUN B JaHHYIO (HOpMyNy B KauecTBE I MOJCTABISIIOT YUCIO
U3JIeJIHH, TaK KaK KaKI0e u3zeine paboTaeT 0 MepBoro otkasza. BepostHocTHOE \
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[Tonaras A = const, noay4um GopMyiTy AJis IPAaKTUYECKUX PACUETOB

IToxa3zatenn PEMOHTOIIPUTOAHOCTHA

BONbIIMHCTBO 3JIEKTPOHHBIX YCTPOMCTB OTHOCATCS K BOCCTaHaBiMBaeMbIM. (CrocoOHOCTH
YCTPOMCTBA BBITIOIHATH CBOU (DYHKIIMU B PEATbHBIX YCIOBHSIX IKCIUTyaTallMd 3aBUCUT KaK OT €T0
6G3OTKa3HOCTI/I, TaK U OT pEMOHTOIIPHUIOAHOCTH. HOBTOMY JJIA TaKUX YCTPOﬁCTB, B AOIIOJITHEHUE
k P, T, X , Xxapakrepu3ylIIUMOE30TKa3HOCTb,  HCIOJB3YIOTCS  IOKa3aTelu
PEMOHTONPUTOAHOCTH (CpefiHee BpeMsi BOCCTAHOBIEHMS U Ap.). llpumenstorcs Ttakxke
KOMIUICKCHBbIE  IOKa3aTeldH, XapaKTepU3yloIlMe OJHOBPEMEHHO U  0OE€30TKa3HOCTb, U
PEMOHTONPUTOAHOCTD (KO3 GUIMEHT FOTOBHOCTU U Jip.). CpenHee BpeMsi BOCCTAHOBIICHUS —
MaTeMaTHYeCKOe OXHJAHHE BpPEMEHM BOCCTAHOBJIEHUS pabOTOCHOCOOHOIO  COCTOSIHMS
ycTpoiicTBa mociie otkaza. CpeqHee BpeMsi BOCCTAaHOBJICHHS OIpeNeNsieTcss Kak CBOWCTBaMHU
u3zienust (IpUCIIOCOOIEHHOCThI0 K TPOBEIACHHMIO PEMOHTA), TaK U JAPYrUMHU (HaKTopaMu
(xBanuduKanuein 00CTyKUBAIOIIEro MEPCOHANa, €ro TEXHUYECKOW OCHAIIEHHOCTBIO M T. I.).
Cpennee Bpemsi BocctanoBieHnus TB onpexaensercs mo Gpopmyne
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rae {tau}i — BpeMs, 3aTpaueHHOE Ha BOCCTAHOBJIEHHME M3JENUs MpHU 1-M OTKaze; m — olliee
ymciio BocctaHoBieHU. KoadduimeHT rorToBHOCTH — 3TO BEPOSTHOCTH TOrO, YTO YCTPOMCTBO
OKaXeTcsi B paboTOCHOCOOHOM COCTOSIHUM B IPOU3BOJIBHBI MOMEHT BpPEMEHH, KpOMe
IUIAHUPYEMBIX NEPHUOOB, B TEUEHUE KOTOPBHIX NMPUMEHEHHE YCTPONCTBA MO HA3HAYEHHUIO HE
wianupyercs. J{ias moObIX pacnpeneseHUid BpeMEHH MEXIy OTKa3aMH M BOCCTaHOBIIEHHEM
crnpaBeaauBa Gpopmyna:
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roe ' - CyMMapHO€e BpeMsl HCIIPaBHOI paboTHI YCTPOWCTBA;
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! —CYMMApHO€ BpPEMs BOCCTAHOBJICHHUA YCTPOMCTBA IIPU OTKa3zax; T — YHCJIO OTKAa30B 3a

nepuon Habmonenus; T u TB— cpeanee Bpemsi Oe30Tka3zHOW pabOTHl M CpedHEE BpeMs
BOCCTaHOBJICHUA.

IToka3zaTenu J0JrOBEYHOCTH H COXPaAHAECMOCTH

Jnst XapaKTepUCTUKH JIOJITOBEYHOCTH U COXPAHSAEMOCTH M3/IEINN UCTIONB3YIOTCS TAaKUE TIOHSTUS
KaK pecypc, CPOK CITY>KOBI, CPOK COXPaHSIEMOCTH.

Pecypc — Hapa60TKa 00BeKTa OT OIMPCACIICHHOI'0 MOMCHTa BpPEMCHH 10 HACTYIUICHUA
mpeaAcIbHOTO COCTOSHUA.

Cpok cnyscobbr — KajaeHJapHasi IPOJOJKUTEIBHOCTb SKCIUTYaTallui U3AEIHs OT OIPEJeIEHHOIO
MOMEHTa BPEMEHM [0 HACTYIUICHUS NPEIAEIBHOIO COCTOSHUSA. JIONMONIHUTENBPHO MOXKET
OroBapHBAaThCs, CKOJIBKO YacOB B CYTKHM paboTaeT uznenue. «OnpenesieHHbli MOMEHT» — 3TO
HAyaJI0 J3KCIUTyaTallud WIM €€ BO300HOBJIEHUEIOCNIE KalUTaIbHOro peMoHTa. llpenenpHoe
COCTOSIHME, IIpU KOTOpPOM JajbHEWINAs HSKCIUIyaTallhs yCTPOMCTBA HEBO3MOXKHA WU
Hellenecoo0pas3Ha, BbI3bIBACTCS CIEAYIOMMMU (aKTOPaMHU:

— YCTPOMCTBO CTAaHOBHUTCS HEPAOOTOCTIOCOOHBIM JINOO HACTOJIBKO YACTO OTKA3BIBAET, UTO €r0
9KCILTyaTalusi CTAHOBUTCSI SKOHOMUYECKH HelleliecooOpa3Hoil ((pusndeckoe crapeHue);

— TOSBJSETCS TEXHHKAa HACTOIBKO 0OoJiee COBEpIIeHHas, 4YTO eme paboTocmocoOHOoe
YCTPOMCTBO IKCILTYaTHPOBATH yXKE HELleTIeco00pa3Ho (MOpallbHOE CTapeHHE).

CpOK coxpaniemocmu — NPOAOJIZKUTCIBHOCTh XPAHCHUS 06L6KT8., B TCUCHHUC KOTOpOfI
COXPAHAIOTCA YCTAHOBJICHHBIC IMOKA3aTCIIM KAa4YCCTBA. HCHOJ’IB?»YI-OTC}I CIICaAyromue IMmoKa3aTein
AOJITOBEYHOCTHU U COXPAHACMOCTH.

Cpeonuii pecypc — MaTeMaTH4eCKOe OXKMJaHUE pecypca I Pa3InYHbIX HK3EMIUISIPOB TaHHOTO
THUIIA U3IEIHUS.

Hasnauennwiti pecypc — cyMmmapHas HapaOOTKa W3AeNnus, INpH JOCTHKEHUH KOTOPOM
AKCIUTyaTaIs T0JDKHA OBITh MpeKpallieHa He3aBUCUMO OT COCTOSTHUSI.

L'amma-npoyenmmuolii cpox cnyoscbbl — CPOK CIYXKObl, B TEUEHHE KOTOPOTO H3JEIHe He
JIOCTUTAET MPEAEIIBHOTO COCTOSIHUS C 33JJTaHHON BEPOSITHOCTBIO Y.

Cpeonutl cpox cysicobl — MaTeMaTHIECKOE OKUJAHNE CPOKA CITYKOBI.

I aMMa-npoueHmezﬁ CPOK coxpaHiaemocmu — MNPOAOJDKUTCIIBHOCTh XPAHCHUA, B TCUCHHC
KOTOPOM y H3JEIUs COXPAHSAIOTCS YCTAHOBJICHHBIE IMOKA3aTeIW C 3aJaHHON BEPOSITHOCTHIO
{gamma}.

Cpeduuﬁ CPOK coxpaHAaemocmu — MATEMATHYCCKOE OXHUAAaHHUEC CpPOKa COXPAaHACMOCTH IJId
Pa3IUYHBIX SK3CEMILIAPOB JAHHOT'O THUIIA 1/13)1em/1171.



PacueTrHo-J10rH4ecKne cxemMabl

[lpuy  pacdyere  HaAEKHOCTH  OOBIYHO  OLCHUBAIOTCS  TOJBKO  OC30TKA3HOCTh |
PEMOHTONPUTOIHOCTh yCTpoiicTBa. Ilpm ATOM cocTaBisieTcsi pac-4eTHO-JOTHYECKas cxema,
DJIIEMEHTAMU KOTOPOW SBJISIFOTCS YacTH KOHCTPYKIIMH YCTPOWMCTBA, KOTOPBIC MOTECHIHUAIBHO
MOTYT OTKa3aTh B IMporecce padOThl: JJIEKTPOHHBIE KOMIIOHEHTHI, MasHbIC COCIAUHCHUS,
MPOBO/IA, SJIEMEHTHI KPEIUICHHS U JAp. DIEKTPUICCKHE, MATHUTHBIC, ONTHYECKUE, MEXaHHUECKUE
U uHble (QYHKIMOHAJIbHBIC CBSI3M  MEXKAY  YaCTIMU  3aMCHSIOTCS  JIOTHYCCKHUMHU,
XapaKTEPU3YIOIIUMH BBITIOJTHEHUE TIIaBHOM (DYHKIIMHM YCTPOMCTBA MPH OTKAa3aX €ro 3JEMEHTOB.
PaznuuaroT pacueTHO-JIOTHYECKUE CXEMBI C MOCIIEA0BATEIbHBIM, MapaIeIbHBIM U CMEIIaHHBIM
COCTMHEHHUEM 3JIeMeHTOB (puc. 10).

Haubonpiiee pacnpocTpaHeHrWe TMOJIYYHJIM DJEKTPOHHBIE YCTPOMCTBA U CHCTEMBbI 0e3
CTPYKTYpHOTO pe3epBUpoBaHus. PacyeTHo-lornueckas cxemMa Hepe3epBUPOBAHHOTO OOBEKTa
MpeJCTaBIsieT cOO00M IEMOYKY MOCIEI0BAaTEIbHO COSAMHEHHBIX 3JE€MEHTOB, OTKa3 J000ro u3
KOTOPBIX MPUBOJIUT K OTKa3y ycTpoiicTBa B menom (puc. 10, a). D1eMeHThl, 0TKa3 KOTOPhIX HE
NPUBOIUT K HAPYIICHUIO (DYHKIIMOHUPOBAHHUS, B MTOCIIEIOBATEIBHYIO IIETIOYKY HE BKJIIOYAIOTCS.
Uem 6011 37IEMEHTOB COJCPKHUT YCTPOHCTBO, TEM HIDKE €T0 HAJIEKHOCTb.
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Puc.10. PacyerHo-iornyeckue cxembl C IOCIEOBATEIbHBIM (a), MapaienbHbIM (0) u
CMEIIAHHBIM (B) COEIUHEHUEM DJIEMEHTOB

B ycTpoiicTBax CO CTPYKTypHBIM PE3EPBUPOBAHUEM HCIIOJIB3YETCS MapajljIeIbHOE COCINHEHUE
OHOTUMHBIX 37eMeHTOB (puc. 10, 0). Ilpu oTkaze 37meMeHTOB HMX (GYHKIUU HAYUHAIOT
BBITNIOJHATh MCIpaBHblE 3J1€MEHThl. (OTKa3 YCTpPONHCTBA NPOMCXOAMT IIOCIE OTKa3a BCEX
AJIIEMEHTOB B pe3epBUPOBaHHON rpymme. I[loaToMy 31ech yBenMuUeHHE 4HCIa DJIEMEHTOB
CHOCOOCTBYET TMOBBIIICHUIO HAJIEXKHOCTH ycTpoicTBa. [Ipu mapaiienbHO-TOCIe0BATEIbHOM
coeauHenuu (puc. 10, B) cienyeT HAUTH BEPOSITHOCTh O€30TKa3HOM pabOThI 1J1s1 KasKJON TPYIIIBI
[I0CJIEI0BATEIBHO WM MapajuIe]IbHO BKIIIOYEHHBIX JIEMEHTOB, a 3aTeéM A Bce cxembl. Ot
aJIeKBaTHOCTU MPHUHATON PAacYETHO-JOTMYECKOM CXEMbl 3aBHCAT IOJTY4YEHHbIE IpPHU pacuere
3HAYEHHs MapaMeTpoB HAJEKHOCTH. [103TOMYy BakKHO MPaBUIIBHO ONPENEIHUTH AJIEMEHTHI, OT
KOTOPBIX 3aBHCHUT BBINOJIHEHUE IJIaBHOW (DYHKIMM YyCTpoiicTBa. BTopocTeneHHbIE 3JE€MEHTHI,



HarpuMep, HHAUKATOPHl PEKUMOBPAOOTHI, OJOKH, 00ECIeUMBAIONINE CEPBUCHBIC W JIPYTUe
BCIIOMOI'aTCJIbHBIC (byHKLII/II/I, B PACUYCTHO-JIOTMYCCKYIO CXEMY MHOT'Ida MOXHO HC BBOAUTD.

§5.5.2. Buibl CTPYKTYPHOIO pe3epBUPOBAHMS

OagHuM M3 OCHOBHBIX CpeACTB oOOecredyeHHsl 3aJaHHOTO YPOBHA HAIeXKHOCTH ODA mnpu
HEJOCTATOYHO HAJEKHBIX D3JIEMEHTax sBIAETCS pe3epBupoBanue. l[lox pesepBupoBaHueM
MOHMMAeTCs crnoco0 oOecreyeHuss HAAEKHOCTH H3AENUS 3a CUeT HCIOJb30BaHUS
JIOTIOJTHUTEIIBHBIX CPEICTB U BO3MOXKHOCTEH, M30BITOYHBIX IO OTHOIIEHUIO K MHHHUMAJIBHO
HEOOXOAUMBIM Il BBIMOJMIHEHUS TpeOyeMbix ¢(yHkumii. CTpyKTypHOE pe3epBUPOBAHHE
3aKJII0YaeTcs B TOM, YTO B COCTaB M3JENUs BBOAAT JIONOJHUTENIBHBIE YCTPOICTBA WU
OTJENbHBIC Y3JIbl, MpEJAHA3HAYCHHBIC Ml ObICTPOM 3aMEHBl (aBTOMATHYECKH MM BPYYHYIO)
AQHAJIOTMYHBIX UM 3JIEMEHTOB OCHOBHOIO 00OpynoBaHUs. PesepBHbIe 311eMeHTHI OepyT Ha cels
BBIMIOJIHEHHE pabouux GYHKIUH TpU OTKa3e COOTBETCTBYIOIIUX OCHOBHBIX 3JIEMEHTOB.
Pe3epBupoBaHne MUPOKO UCIHOJNB3YETCSI B pPaJuO- U TEJIEBEIIATEIbHOM amnmaparype,
ABUALIMOHHOM, BOGHHOM M KOCMHUYECKOW TEXHUKE, CHUCTEMax AaBapUMHOW CUTHAIW3ALUUU U
xu3HeoOecrieueHusi. CTeneHb anmapaTHOW M30BITOYHOCTH XapaKTEPHU3YeTCsl KPaTHOCTHIO
pe3zepBa. KpaTHocTh pe3epBa — 3TO OTHOILIEHHE YKCIA PE3EPBHBIX AIEMEHTOB K YHCIY
pe3epBUPYEMBIX HMH OCHOBHBIX JJIEMEHTOB, BBIPDA)KEHHOE HECOKpPALIEHHOW JpOObIO.
PesepBupoBanue ¢ KpaTHOCTBIO pe3epBa OAUH K OJHOMY Ha3bIBA€TCS AyOIMpPOBAHUEM.

PesepBupoBanne MoxeT OBITH OOMIMM W pa3AeibHBIM. B mepBOM ciiydae pe3epBHpYETCS
YCTPOMCTBO B II€JIOM, BO BTOPOM — €r0 OTJAEJBHBIC 2JEMEHThl Miau ux rpymmnsl. [Io cxeme
BKJIIFOYEHHUS  DJIEMEHTOB  Pa3iu4arOT  IIOCTOSHHOE  PE3EPBUPOBAHUE,  MaKOPUTapHOE
pe3epBUpPOBAaHUE, PE3EPBUPOBAHHUE 3aMELICHUEM C LEIOM KPaTHOCTBIO,  CKOJIB3SALIECE
pesepBupoBanue (puc. 11).

Puc.11. PacueTHO-1OrnYeckue CXeMbl PE3EPBUPOBAHHOIO YCTPOMCTBA: a — TMOCTOSHHOE
pe3epBUpoBaHue; 0 — MaKOpPUTApHOE PE3EPBUPOBAHUE; B — PE3EPBUPOBAHUE 3aMEIIEHUEM C
LIEJIOW KPATHOCTBIO; T — CKOJIB3AIEE PE3CPBUPOBAHUE.



[TocTosiHHOE pe3epBHpPOBaHUE — 3TO PE3EPBHPOBAHME, TIPU KOTOPOM  HCIIOIB3YETCS
HArpY>KEHHBI pe3epB, M TPH OTKa3e JIO0Oro »JJIEMEHTAa B PE3EPBHPOBAHHOW TpyIIIe
BBITIOJIHEHHE YCTPOHCTBOM TpeOyeMbIX (YHKIMI OOecrednBaeTcsi OCTABIIMMUCS 3JIEMEHTaMH
0e3 MepeKIIIUeHUM.

[TocTossHHOE pe3epBUpPOBaHUE — O3TO PE3EPBUPOBAHUE, TPH KOTOPOM HCIIOJIB3YeTCs
HArpY>KEHHBI pe3epB, M TPH OTKa3e JIO0Oro »JJIEMEHTAa B PE3EPBHPOBAHHOW TpyIIIe
BBITIOJTHEHUE YCTPOMCTBOM TpeOyeMbIX (YHKIMI 00ECrednBaeTCs OCTABIIUMUCS SJIEMEHTAMU
0e3 MepeKITIOUYCHUM.

PesepBupoBanue 3aMelieHHEM — 3TO PE3epBUPOBAHHE, NPU KOTOPOM (PYHKUIUU OCHOBHOTO
AIIEMEHTA MEPEAAI0TCs PE3EPBHOMY TOJIBKO TOCIIE OTKa3a OCHOBHOTrO 3ieMeHTa. OOHapyxeHue
0TKa3a U MEepeKII0YeHNE Ha PE3EPBHBIN 3JIEMEHT MOXET OCYIIECTBISTHCS aBTOMATHUYECKH HIIU
BpYy4YHYI0.  Pa3HOBUAHOCTBIO  pE3epBUPOBAHUSA  3aMEIICHHEM  SBISETCA  CKOJB3SIEe
pesepBupoBanue. [Ipu ckonb3siiemM pe3epBUpOBaHUU (PE3EPBUPOBAHUM C IPOOHOI KPATHOCTHIO)
JUTSI TPYIIIIBI OJJUHAKOBBIX OCHOBHBIX 3JIEMEHTOB MCIIOJIb3YETCSl OJMH HIIM HECKOJIBKO Pe3epBHBIX
DJICMCHTOB, Ka)I(Z[bIﬁ N3 KOTOPBIX MOXET 3aMCHUTDH JII000HM M3 OTKAa3aBIIMX DJIEMEHTOB IIaHHOﬁ
rpynmsl. B 3aBUCHMOCTH OT peskuma paboThl Pe3epBHBIX IEMEHTOB Pa3IMYalOT HArPy>KEHHBIH,
o0JieryeHHbI 1 HEHArpy>KEHHbIN pe3epB. B nepBoM citydae pe3epBHbIE 3JIEMEHThI HaXOATCS B
TOM K€ PCKUMC, UTO U OCHOBHOM 3JIEMEHT M MMEIOT TaKYyI0 X€ MHTCHCHUBHOCTb OTKAa30B. HpI/I
00JIETYEHHOM pe3epBe PE3epPBHBIC IEMEHTHl HAXOJATCS B MEHEE HAarpy>KEHHOM PEKUME, YeM
OCHOBHOI 3neMeHT. [103TOMy MHTEHCHBHOCTh OTKAa30B PE3E€PBHBIX DJIEMEHTOB B IMEPHOJ HX
npeObIBaHMs B KQUECTBE PE3EPBHBIX HIDKE, YEM B MEPUOJ MX HUCIIOJIb30BAHUS BMECTO OCHOBHBIX.
[Ipu HeHarpy>K€HHOM pe3epBe Pe3epBHBIC JEMEHThl HaXOJATCA B BBIKIIOYEHHOM COCTOSHUM.
[Tpu pacyerax HaJEKHOCTH MPUHUMAETCS, YTO OTKAa3bl AJIEMEHTOB, HAXOIAIIUXCA B pe3epBe,
uckioueHsl (A = 0); B mepuoj] e UCIMOJIb30BaHUS ITUX JJIEMEHTOB B Kaue€CTBE OCHOBHBIX, MX
HAaOACXKHOCTh CTAaHOBHUTCA paBHOﬁ HAaJCXKHOCTH OCHOBHBIX 3JJICMCHTOB. PGSCpBHPOBaHI/IC, npu
KOTOPOM paboTOCIOCOOHOCTh JH0OOr0 OCHOBHOTO M PE3EPBHOIO 3JEMEHTOB YCTpPOWCTBAa B
Cllyuae BO3HHUKHOBEHHSI OTKAa30B IOJUIEKHUT BOCCTAHOBJICHHIO B IIPOIECCE OJKCIUTyaTallHH,
Ha3bIBAETCSl PE3EPBUPOBAHMEM C BOCCTAHOBJIEHHEM. B NpPOTHBHOM ciy4ae HMMEET MECTO
pe3epBUpOBaHNE 0e3 BOCCTAHOBJIEHUS. BBIMIPHINI B MOBBIMIEHUH HA/IEKHOCTH YBEIMYUBAETCS
IpU MEpexoJie OT Pe3epBUPOBAHMS YCTPOWCTBA B LIEJIOM K PE3EPBUPOBAHHUIO €TI0 OTAEIbHBIX
qacTeil, MpUYeM TeopeTHYecKH HambOoyiee BBIFOJHO MOJIEMEHTHOEe pe3epBupoBanue. Jlis
WITIOCTPAIIMA  CKa3aHHOTO PACCMOTPUM CXEMBl TOCTOSHHOTO OOIIEr0 H  pa3JesbHOTo
pE3ePBUPOBAHUS YCTPOMCTBA, COCTOSINEr0 W3 T 3JAeMEHTOB (pHuc. 12).31mech BCE DIIEMEHTHI
OJIMHAKOBBI M UMEIOT BEPOSITHOCTh OTKa3a q{t).



Puc.12. Cxemsl o6miero (a) u peanbHOTO (0) pe3epBUPOBAHHS

Ecin npeanonoxuts, uro mq(t) « 1 (oObIYHO BBHINOJHSETCS), TO BEPOSITHOCTh OTKa3a
YCTPOMCTBA C pa3feibHBIM pe3epBHpOBaHHEM Oyner B T" ~1 pa3 Hmke, 4eM mpu o0IeMm
pesepBupoBanuu. Hanpumep, npu T = 5, n = 2 nonydaem mn-1 =5. To ecTh Ipu TOM ke 4ucie
3JIEMEHTOB Tepexo/1 0T OOIIEro Pe3epBUPOBAHMS K pa3ieIbHOMY JJaeT NATHUKPATHBINA BHIUTPHILI B
Ha/1exKHOCTU. [10/100HBIN pe3ynbTaT MOXKET OBbITh MOJIYYEH U JUIS pe3€PBUPOBAHUS 3aMEILEHUEM,
€CJIU IPETOI0KUTh a0COIIOTHYIO HAJIe)KHOCTh Nepekitodateneil. Ha npakTuke BO3MOXKHOCTH B
TOM OTHOILIIEHWU BECbMA OrPAHUYEHBI, MOCKOJIbKY C MOBBIIICHHEM YHCIA PE3epBUPYEMBIX
AIIEMEHTOB PE3KO PacTeT CIOKHOCTh KaK OCHOBHOM ammapaTypbl, TAK U CXEM AMArHOCTUKH U
nepexioyareneid. Bo3HuKaeT MOTpeOHOCTh JAMAarHOCTUPOBATH CaMHM  y3Jbl JTUArHOCTHKU.
[ToaTomMy ompeneneHre 4YuUCa pE3EpPBUPYEMBIX Y3JIOB SBISETCA 3a7adedl ONTUMM3AIUU.
CymiecTBoBaHUE ONTUMYMa 00YCJIOBJIEHO TEM, YTO BHAYaje ¢ POCTOM YMCIIa y3JI0B HAJIEKHOCTh
pacTeT, HO B JaJbHEHIIEM H3-3a YBEJIWYECHMs CIOKHOCTH allapaTypbl HAaYMHAET CHUXKATbCS.
Kpome obecnieuenns 3aJaHHbBIX MTOKa3aTeae HaJe)KHOCTH YUUTHIBAIOTCS U 3aTPAThl: CTOUMOCTb,
Mmacca, 00beM, CI0KHOCTh armnapaTyphl.

§ 5.5.3. PesepBupoBanue 0e3 BOCCTAHOBJICHUSA
Ilocmosinnoe pezepsuposanue

ITocTosaHOE PE3CPBUPOBAHUEC ABJIACTCA CIMHCTBECHHO BO3MOXHBIM B YCTpOﬁCTBaX, rac
HEIOIMYCTUM JJake€ KPaTKOBPEMEHHBIH MepepbIB B QYHKIIMOHUPOBAHUH. Y CTPOICTBO COIEPIKUT U
OJTHOTHUITHBIX DJIEMEHTOB, KOTOPHIE BKIIOYAIOTCA B paboTy omHOBpeMeHHO (cM. puc. 1.10, a).
JleneHue 3TUX 3JE€MEHTOB HA OCHOBHOM M pE3epBHBIE TOCTATOYHO YCIOBHO, MOCKOJIBKY PEXHM
paboThl BCEX DJIEMEHTOB MOXKET ObITh OJMHAKOB: B ClIydae OTKa3a OCHOBHOT'O 3JE€MEHTa €ro
(GyHKIMU Oe3 BCAKOTO MepepbiBa HAYMHAET BBIMOJIHATH OJUH U3 PE3EPBHBIX, IPUYEM CUUTACTCH,
YTO BO3MOYKHBI TOJIBKO OTKa3bl TUNA «OOpBIB». OTKa3aBIINE 3JIEMEHTHl HE BOCCTAHABIMBAIOTCS,
MO3TOMY YCTPOMCTBO pabOTOCIOCOOHO 10 TE€X IMOp, IMOKa HCIpPaBeH XOTsA OBl OAWH U3
-2JIEMEHTOB. BeposTHOCTh 0TKa3a q{t) omHoro anemenTtaq(t) = 1 - PO(t) = 1 - e-At rme PO(t) u X
— BEPOSITHOCTh 0€30TKa3HON paObOTHl 1 HHTEHCHUBHOCTH OTKAa30BOIHOTO AJIEMEHTA.

OTtka3 ycTpoicTBa MPOU30MIET MOCIE 0TKAa3a BCEX JIEMEHTOB, BEPOSTHOCTh 3TOTO



Q1) = ql(®) q2(t)...q2(t). Otcroma BepoOATHOCTH 0€30TKa3HOW PAOOTHI PE3EPBUPOBAHHOTO
YCTpOMCTBA

P =1-11- P

Cpennsist HapabOTKa 70 0TKa3a pe3epBUPOBAHHOIO YCTPOUCTBA
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IJie cpenHss HapaboTKa J0 OTKa3a oaHoro anementa T= Jlpyras ¢opma 3amucu 3Toit GopMyJibl
UMEeT BUJI
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[TocTosiHHOE pe3epBHPOBAaHHME IIMPOKO HCHOJIB3YETCS Ha HHU3KOM YPOBHE KOHCTPYKTHBHOM
UEepapXuM, HampuMep, BKIIOYEHHBIE NAapaUICIbHO KOHTAKTHl pele U DIIEKTPHYECKUX
coequHUTeNed M T. . IlocTOSHHOE pe3epBHPOBAHME SIBISETCS E€IUHCTBEHHO BO3MOXKHBIM B
YCTPOKMCTBAX, TJ€ HEJOIYCTUM Ja)Ke KPaTKOBPEMEHHBIN mepepsiB B GpyHKInoHupoBaHuu. [Ipu
OTCYTCTBHUM BOCCTaHOBJICHHS 3JEMEHTOB, BO3MOXKHOCTH IOCTOSIHHOTO —pPE3epPBHPOBAHUS
HEBEJIMKH U WuIocTpupytoTcs Tadu. 10. Jlerko Buaers, 4to mpu m = 2 HapaOOTKa Ha OTKa3
BO3pacraer Bcero B 1,5 pasa;mis yaBoeHus Tp anmaparHasi CJIOXKHOCTh YCTPOWCTBA JOJDKHA
ObITh yBenmuueHa B 4 pa3za. B naHHOM npumepe MHTEHCHMBHOCTb OTKAa30B OJIHOTO 3JIEMEHTa
npuHsATa paBHoi 10-4.

Tabnumna 10.3aBUCMMOCTh HA/IEKHOCTH OT YHUCIA MapauIeIbHBIX 3JIEMEHTOB MPU MOCTOSHHOM
pe3epBUpPOBaHUU O€3 BOCCTAaHOBIICHUS

Ywucso 371eMeHTOB N ~(4000)

1 (6e3 pesepsuposanus) |0,670 10*

2 0,891 1,5-10%

3 0,964 1,83- 10*
4 0,988 2,08 « 10*

Ma:kopuTapHoe pe3epBHpOBaHMe.

B psaae ciaydaeB Bo3HHMKaeT HEOOXOAMMOCTh PE3EPBUPOBAHUS JATUUKOB U JAPYTHX DJIEMEHTOB,
BbIIaOUX UHGopMaruio. [l oTaenenrs UCTUHHON MHGOPMAIMU OTIIOKHOM, TOCTYMAaroImen
OT OTKa3aBIINX DJIEMEHTOB, MPUMEHSETCS MaKOpuTapHOoe pesepBupoBanue (cMm. puc. 1.10, 0),
ABJSIOIICECS YACTHBIM  CIIy4aeM [IOCTOSHHOTO pe3epBupoBaHus. llpu  maxoputapHoM
PE3EPBUPOBAHUHN BMECTO OJHOTO MCIOJIB3YIOTCS TPU HMICHTHUYHBIX DJIEMEHTA, BBIXOIBIKOTOPBIX
MOJKIIFOYAIOTCS K MakoputapHoMmy oprany M. Eciu Bce ameMeHThl UCIpaBHbBI, TO Ha BXoa M
MOCTYNAKOT TPU OJMHAKOBBIX CUTHAla M TAKOW K€ CUTHAJ MPUCYTCTBYET HaBbixoie M. Ecin
OJIMH U3 TPEX PEe3E€PBUPOBAHHBIX JIEMEHTOB OTKAa3aj, TO Ha BX04 M MOCTynarT ABAOJUHAKOBBIX
WCTUHHBIX CUTHAJIA U OJUH JIOKHBIN curHan. CurHan Ha Bbixoge M Oyzer Toro ke BHAA, 4TO U
OOJBIIMHCTBO OJAMHAKOBBIX BXOJHBIX cUTHaNIOB. [lo100HOE MOCTpoeHNE CXeMbl OCHOBBIBAETCS



Ha TOM, YTO BEPOSTHOCTH OJHOBPEMEHHOI'O OTKa3a JBYX JJIEMEHTOB M3 TPEX MPEHEOPEKHMO
Mania. YHUCIo 3JEMEHTOB B PE3epPBHPOBAHHON TpyNIe MOXKET ObITh Oojiee Tpex, HO OHO
0053aTENIbHO JIOJDKHO OBITh HEYETHBIM. YCIOBHEM O0€30TKa3HOH paboThl yCTpOWCTBA NpHU
Ma)KOpPUTApHOM DPE3EPBUPOBAHHUU SIBISIETCS PaOOTOCIIOCOOHOCTH JIOOBIX JBYX AJIEMEHTOB M3
TPEX U Ma)KOPUTAPHOTO OpraHa B TCUCHHE 3aJaHHOTO BpeMeHH t. BeposTHocTh Oe30TKa3HON
paboTHI YCTPOMCTBA C MAXKOPUTAPHBIM PE3ePBUPOBAHUEM

Po(0) = By 3R (0 -2F ()],

rae PO(t) u PM(t) — cOOTBETCTBEHHO BEPOATHOCTH O€30TKa3HOW pabOThI OJTHOTO DJIEMEHTa M
Ma)KOpPUTApHOTO OpraHa B Te4yeHHe BpeMeHH t OTHOCHUTENbHOE YBEIUMYEHHE BEPOSTHOCTU
0€30TKa3HOM pabOTHI

X0
Fy(r)

= Py (NP (N3 -2 (1)].

I'paduk 3aBUCUMOCTH OTHOCHTEIHHOTO YBEIMUYCHUS BEPOSTHOCTH OC30TKA3HOH padOThI
PE3EpPBUPOBAHHON CXEMBI OT YKCJIA AJIEMEHTOB M UX HaJCKHOCTH IIpUBeIeH Ha puc. 1.12 [32].
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Puc.13.

N3 pmamHOro rpadmka BHUIHO, UYTO MAXOPUTAPHOE PE3ECPBUPOBAHUE JACT TOBBIIICHUE
HAJECKHOCTH TPU BEPOSTHOCTU 0e30TKa3HOM paboTsl ogHoro snnementa PO(t) > 0,5. IIpu PO(t) <
0,5, pesepBuUpOBaHHE ITAaHHOTO BHJA HEIEIECOO0pa3HO MpH IOOOM 4YHUCIIE SJIEMEHTOB B
pEe3epBUPOBAHHOM TpyIIIE.



Pe3epBupoBaHue 3amMmenieHHEM

ITpu pe3epBUPOBaHUH C LIEJI0M KPAaTHOCTBIO YCTPOMCTBO COCTOUT U3 OJHOIO OCHOBHOro u m — 1
pe3epBHBIX 371eMeHTOB (cM. puc. 11, B). Ilpu oTka3ze OCHOBHOIO 3J€MEHTa Ha €ro MecTo
BKJIIOYAETCS OJIMH M3 PE3EPBHBIX 3JeMEHTOB. Takux 3aMerieHuii MoxxeT ObITh He Oonee n — 1;
N-i OTKa3 MPUBOJUT K OTKa3y ycrpoicTsa. Ilepexitouareny, OCyHIECTBISAIOIINE 3aMEILEHUs,
CUMTAIOTCS a0COJIOTHO HAJEKHBIMHU, UYTO NPU pPEAJbHBIX PACUETaX HE BCErJa KOPPEKTHO U
MO’KET IIPUBOJUTH K3aBbIILICHUE ONTUMUCTUYHOM OLIEHKE IOJy4aeMbIX pe3yibTaToB. PezepBHbIe
3JIEMEHTHI MOTYT HaXOJUThCS B HArpy’>kKEHHOM HJIM HEHAarpy»kKe€HHOM pe3epBe. B nepBom ciydae
pE3EpBHBIE TIEMEHTBl UMEIOT TAKYIO XK€, KaK U Y OCHOBHOI'O 3JIEMEHTA, UHTEHCUBHOCTb OTKa30B
A. IToaTomMy npHu Harpy>k€HHOM pe3epBe, BKIIOYAEMOM 3aMEIEHUEM, BEPOSITHOCTh 0€30TKa3HOM
paboThl M cpelHssl HapaOOTKa 10 OTKa3a YCTPOICTBAa ONpENENSAIOTCS TaK K€, KaKk U IpH
IOCTOSIHHOM pe3epBHpoBaHuU. [l0CKOJIBKY BBIIEAIIMH M3 CTPOS 3JEMEHT OTKIIIOYAeTCs OT
CXEMBbI, OFpaHUYEHHE HAa BHJl OTKa3a (TOJBKO «OOpBIB») OTCYTCTBYET. llepeBoa pe3epBHBIX
9JIEMEHTOB B OOJIETYEHHBIM PEKUM pabOThl MO3BOJSET CHU3UTh MHTEHCUBHOCTh MX OTKAa30B,
OJIHAKO TPU 3TOM MOXKET YBEIUYMUTHCS BpPEMs BKIIOUYEHMs pe3epBa. PacueTHble COOTHOILEHUS
JUId cucTeM ¢ OOJIETYEHHBIM pEe3epBOM 37ech He MNpuBOAATCA. OCHOBHOE IPAaKTUYECKOE
3HAYEeHUE MMEET HCIOJb30BAHUE HEMOIpPYXKEHHOro pe3epna. IIpenmnonaraercs, 4To OTKa3bIBaTh
MOTYT TOJBKO OCHOBHBIE 3JIEMEHTBI, 3JEMEHThI, HaXOJsIIUECs B HEHAarpy>KEHHOM pe3epBe,
OTKa3bIBaTh HEe MOryT. [loaToMy cpenHsis HapaboTKa 0 OTKa3a pe3epBUPOBAHHOIO yCTPOICTBA
IPONOPLHMOHATIBHA YKCITY JIEMEHTOB

. h .
T,=—==nT
=l e o f 7
(A1)
P)= =l
i=0 :

BeposiTHOCTh 6€30TKa3HOM pabOTHI PE3EPBUPOBAHHOTO YCTPOMCTBA
Jis nyOaupoBaHHOTO yCTpOHCTBA

Pyny=(1+ Af) e M

Jlnsg peanbHBIX DJEKTPOHHBIX YCTPOWCTB MHTEHCUBHOCTb OTKAa30B JJIEMEHTOB B PEXKHUME
xpaHeHus npumepHo B 100 pa3 MmeHsle, yeM B pabouem pexxume. [loaToMy mpeanonaoxxeHue o
TOM, YTO JJIsl pe3epBHBIX 3JeMeHTOB X = (0, B OOJILIIMHCTBE CIy4aeB SBISIETCS KOPPEKTHBIM.
Eciy MHTEHCHMBHOCTH OTKa30B 3JIEMEHTOB B IPOLIECCE XPaHEHHs BBICOKA, TAKOW BHJI pe3epBa
ClIelyeT paccMaTpuBaTh Kak 00JerYeHHbINH, IPU KOTOPOM MHTEHCUBHOCTh OTKA30B MEHBIIE, UeM
B paboueM pexuMe, HO He paBHa Hymio. [lo cpaBHEHHIO C MOCTOSHHBIM pEe3epPBUPOBAHUEM,
pe3epBUpOBaHUE 3aMELICHHEM CHOCOOHO oOecreyuTh OOJNBIIMK BBIMIPHII B HAAEKHOCTH,
0COOEHHO TIpH HEHarpyXeHHoM pe3epBe. OJHAKO OHO MPEAINOoJaraeT KpaTKOBPEMEHHBIH
nepepbiB B paboTe ycTpOHCTBA Ha MEPHOJ 3aMEHBI OTKA3aBILEro 3JeMEHTa.

CkoJib3siliee pe3epBUpPOBaHHe. Pa3HOBUAHOCTBIO PE3EPBUPOBAHUS 3aMELICHUEM SIBISIETCS
CKOJIB3SIIIIee pe3epBUPOBaHUE (pe3epBUPOBAHKE C IPOOHOM KPATHOCTHIO), KOTOPOE MPUMEHSETCS
JUIsl YCTPOMCTB M CHUCTEM, COJAEPKAIIUX HECKOJbKO OIHOTUIHBIX 3JIeMEHTOB. OCHOBHBIM
MPEUMYILIECTBOM CKOJIB3AIIEr0 PE3ECPBUPOBAHUS SABIISIETCS COKpAIICHUE YHCIIA PE3EPBHBIX
9JIEMEHTOB BIUIOTH JIO OJIHOTO. YCTpPOMCTBO COCTOMT K3 T OCHOBHBIX WU I PE3EpBHBIX



OJIHOTHUITHBIX DJIEMEHTOB, mpuyeM T > 1 (cMm. puc.l1, r). IIpu oTkaze ogHOTO M3 OCHOBHBIX
AJIEMEHTOB Ha €r0 MECTO BKIIIOUAETCA JII0OOW U3 pe3epBHBIX. Takux3aMeleHnid MOXKET ObITh He
Oonee 1. Pe3epBHBIE 2EMEHTHI MOTYT HAXOJIWUTHCS B HArpy)KEHHOM WM HEHArpyKE€HHOM
COCTOsIHHUU. HpI/I HAarpy’>x€HHOM pPE3CPBC MHTCHCHUBHOCTU OTKA30B J1 OCHOBHBIX M PE3CPBHBIX
AJIEMEHTOB OJMHAKOBbl. CpenHsis HapaOOTKa 1O OTKa3a YCTPOHCTBA CO CKOJIB3SILIUM

pe3epBHPOBaHUEM

i . . ’

T =l i+L+_..+ I =T(L+L+.--+ ! .
PoAlm m+] m+n m m+l m+n
R0=$Ch - POF [POP™ e i, = (47)
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BepositHOCTE 6€30TKa3HOM PabOTHI PE3EPBUPOBAHHOTO YCTPOKUCTBA

[Ipu HeHarpykeHHOM pe3epBe, B OTJIMYUE OT MPEAbIAYLIEro Ciydas, Mpearnoyiaraercs, 4To
HaXOJAIIUECs B 00ECTOUCHHOM COCTOSIHHH PE3EPBHBIC DJIEMEHTHI OTKa3aTh HE MoryT. CpemHss
HapaboTKa /10 OTKa3a YCTPOICTBA CO CKOJIB3SIIIUM PE3EPBUPOBAHUEM

n-+1=a+1r

.?'\- -
b FA iy

BepostHocTh 06e30Tka3HON pabOThl pe3epBUPOBAHHOTO YCTPOKCTBA
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§ 5.5.4. PezepBupoBaHue ¢ BOCCTAHOBJICHUEM

[Tpu pe3epBHPOBAHUU C BOCCTAHOBJIEHUEM OTKa3aBLINE 3JIEMEHThI YCTPONCTBA PEMOHTUPYIOTCH,
a TIOTOM BHOBb BKJIFOYAIOTCA B OKCIITyaTaluio. biaaronaps ToMy, 4TO OTKa3bl HE HaKaINIMBAKOTCA,
a yCTpaHAIOTCA 0 MEpPE MX MOSBIEHUS, HAJEKHOCTb YCTPOMCTBA IpPU TOW K€ KpPaTHOCTU
pesepBa pe3ko Bo3pactaeT. PesepBupoBaHHMe 0€3 BOCCTAHOBICHMS JIi CHCTEM JUIUTEIBHOTO
NOJIb30BaHUs Majdod(p(EKTUBHO U HAa NpPaKTUKE OOBIYHO HE OIpaBJaHHO. Pe3epBupoBaHue c
BOCCTaHOBJICHHEM MOXKET OBbITh TeX K€ BHJOB, YTO M 0Oe3 BoccTaHOBIEHHs. PaccMoTpuM cxemy
YCTPOMCTBA C MOCTOSHHBIM pe3epBUpoBaHueM kpaTtHOcTbio 1/1 (puc. 14). Ilpennonaraercs, uyto
AJIEMEHTHI AYOIMPOBAHHOW TPYIIbI PAaBHOHAJEKHBI, MPUYEM BO3MOXKHBI TOJIBKO OTKa3bl THUIIA
«00pbIBY». [Ipy BOSHUKHOBEHUH OTKa3a HEMCIPABHBIN 3JIEMEHT MOCTYMAET B CIYKO0y peMOHTa U
1ocjie BOCCTAHOBJICHHMSI 4Yepe3 CIydallHbli TNPOMEXYTOK BpPEMEHH, paclpeAeNeHHbI o
HKCIOHEHIIMAJIBHOMY 3aKOHY C MapaMeTpoM {mju}, OISATh BKJIIOYAETCS B COCTAaB yCTPOMCTBA.
Ortka3 ycTpoiicTBa HacTymaeT TOIZa, KOrJa BO BpEMsSI BOCCTAHOBIJIEHHS OJIHOTO W3 2JIEMEHTOB
OTKa)XET APYroil dJIEMEHT.
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Puc.14. JlybnupoBaHHOE BOCCTAHABIMBAEMOE YCTPOMCTBO C HArPYKEHHBIM PE3EPBOM

[Ipu M> 0,01, BeposiTHOCT 0€30TKa3HON PabOTHI TyOIMPOBAHHOTO YCTPOWCTBA OMPEICIISICTCS
o popmyre

_ath {_I_ ~ a—b 1
P = 5 _exp' 2(.’1 a).r}r 52 exp[ 2{a+b}r:|,

e a=yuE +6Au+A% s p=p+ 3,

Cpenuaa HapabDOTKa HA OTKA3 YCTPOHCTBA

e M=x /w; T=1/%: p=1/T,

3I[6CL A u H— COOTBCTCTBCHHO HMHTCHCUBHOCTH OTKAa30B U MHTCHCHUBHOCTH BOCCTAHOBJICHUA
9JICMCHTA, T — cpeaHee BpEMs BOCCTAHOBJICHUSA 3JICMCHTA.

[Ipu M < 0,01, BeposiTHOCTH 0€30TKa3HOM PabOTHI yCTPOMCTBA MOXKET OBITH paccuuTaHa IO
npubIKeHHOH Gopmyrie

JF;H = CXp “‘"TL
Uy

Crauuonapubiif ko3¢ unueHT roroBHoctd Kra AyOGnupoBaHHOTO YCTpPOWCTBA MOXKET OBITh
OIIpEJIeNIEH AT CIEeNYIOIUX JBYX CIYy4aeB.

1. Cmyx06a peMOHTa MPEANPHUATHS HEMHOTOYHCIICHHA M MOKET BOCCTAHABIMBATH OJHOBPEMEHHO
TOJIbKO OJIMH M3 JIBYX HEHCIPABHBIX JIEMEHTOB YCTPONCTBA (OrpaHUYEHHOE BOCCTAHOBJICHHE),
1+2M

14+2M +2M%

bW}
IIPU 3TOM

2. Cnyxba peMOHTa NpeanpusATHs cnocoOHa BOCCTAHABIMBATH OJHOBPEMEHHO 00a
HEHCIPABHBIX 3JIEMEHTa YCTPOUCTBA (HEOTPaHMYCHHOE BOCCTAHOBJICHHUE), IPH ATOM



oleaMe MY

B peanpHBIX YCTpOHCTBaX M CHCTEMax OOBIYHO HCHOJB3YETCSl CMEUIaHHOE pPe3epBUPOBAHHE,
IpeJcTaBstoee coooi KOMOMHAIIMIO PACCMOTPEHHBIX BhIIIEe BHIOB. B kauecTBe mpumepa Ha
puc. 15.mpuBenmeHa cxema ycrpoiicTBa  OecriepeOOMHOrO  3IEKTPONUTAHUS  CYAOBBIX
AJIEKTPOHHBIX CUCTEM, COJICPIKAIIETO BA MICHTUIHBIX UMITYJIbCHBIX HCTOUHUKA uTanus U1 u
NII2. BXx0o/1bl ICTOYHUKOB MOJIKJIFOUEHBI K OCHOBHOM M pe3epBHOM

. vor
OCHOBHES CETh M1 _a_-’
—>
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Puc.15. Cxema ycTpoiictBa  OecriepeOOMHOrO  SJIEKTPOMMTAHUS  CO  CMEIIAHHBIM
pe3epBUpPOBAHUEM

cersaM anekrponutanus. MII1 u UII2 BkirodeHsl Mo cxeMe MOCTOSIHHOro pesepBupoBaHus. C
TOYKH 3PEHHUS HATPYKEHHOCTH Pe3epBa BO3ZMOXKHBI CIEAYIOIINE BapUAHTBHI.

1. HarpyxeHHBIHi pe3epB — B HOPMaJbHOM COCTOSHMM KaX/blii MCTOYHUK OOecreduBaeT
IIOJIOBUHY TOKa Harpysku. IIpu nmpomnaganum HampspkeHHst Ha BeIxone ogHoro w3 MII Bropoit
UCTOYHHUK 0e3 rmepephiBa aBTOMAaTHUECKH BO3bMET Ha ce0Os BCIO HArpy3Ky.

2. OOnerueHHbI pe3epB — B HOPMAJIBHOM COCTOSHUM BECh TOK Harpy3ku oOecreyrBaeT
ocHoBHOI uctouHuk UII1. V pesepBHOro ncrounuka MII2 BeIx0qHOE HANpspKEHUE CAEIAHO HA
0,5 B mens1e, nostomy auoa VD2 Gyzaer 3akpbitT. B aTom obneruennom pexxume y UI12 Oyaer
paboTaTh TOJILKO CXEeMa yIpaBJieHMs, HAMMEHee HaJle)KHasl CUJIoBasi yacTh Oy/eT HaXOAMUTHCS B
pexxuMe xonoctoro xona. IIpu mponaganuu HanpsbxkeHust Ha Bbixoae MII1 Bcio Harpysky 6e3
nepeppiBa  Bo3bMeT MUII2. bnaromapss TOCTOSHHOMY pE3EpBHPOBAHUIO TMOTPEOUTENH HE
MIOYYBCTBYIOT NPOIAJAaHHs HANpPsDKEHUS Ha BBIXOAE OJHOIO M3 HMCTOYHUKOB IO NPHUYMHE
OTCYTCTBHsI CETEBOI0 HampsbkeHus win orkaza gaHHoro UII Ilpm ortkaze ognoro uz UII ero
3aMEHSIIOT PE3EPBHBIM, B3STBIM M3 KOMIUIEKTAa 3allacHBIX yacTed unpuHamiexHocren (3UII).
BcerpoeHHsble cpencTBa aBTOMaTUYECKOM JTUAarHOCTUKY U CUTHAJIM3ALMMHEUCIIPABHOCTH, @ TAaK¥Ke
MOJYJIBHOE IIOCTPOCHUE YCTPOMCTBA IIO3BOJIAIOT COKPAaTUTh BpeMs OT BO3HUKHOBEHUS
HEHMCIIPAaBHOCTH JI0 3aMEHbl OTKa3aBLIETro OJioka (BpeMsl BOCCTAHOBJIEHHUS) O HECKOJIBKUX
MuHYT. [l 3ameHbl Oioka He TpeOyeTcs OTKIIYeHHEe ycTpoiicTBa. OTkazaBmuid OJ0K



moABeEpraeTcs peMoHTy W Tmomenraercss B kommuiekt 3UIL. 3xech B oTHOmIeHMHM OJI0Ka,
Haxonsmerocss B komiuiekre 3UII, ucmonp3yercs cxema pe3epBUPOBAHUS 3aMEIICHHEM C
HEHArpyXEHHBIM PE3EPBOM.

§ 5.5.5. ObecneyeHne HA/IE:KHOCTH HA ITale NPOEKTHPOBAHUS

Hanexnocts DA obecrieunBaeTcsi Ha 3Tane NPOEKTHUPOBAHUS, IPOU3BOJICTBA U HKCIUTyaTalHH.
Ortan NpPOEKTUPOBaHMUS HMMEET HaumOoJbllee 3HAYeHHE, MOCKOJIbKY MMEHHO B 3TOT IEPHOA
3aKJIaJbIBA€TCd OCHOBA JUIsl KAa4eCTBEHHOI'O M3TOTOBJIEHHUS Aalaparypbl M MUHUMHU3ALUU
BIMSIHUSL YCJIOBUHM OKCIUTyaTalli Ha ee (YHKIMOHAJIBHYIO HaJexHOCTh. Kak mpaswuio,
COOTBETCTBUE TIOKa3aTeiel HaJe)KHOCTH YCTPOHCTBa TpPeOOBaHHMAM TEXHUYECKOTO 3aJaHHS
HOATBEPXKIACTCA pacdeTHhIM IyTeMm. ObecneueHue TpeOyeMOoro ypoBHS HAJI€KHOCTH MOXKET
CTaTh OCHOBOIOJIAraloIUM IIPU BBIOOPE CTPYKTYphl YCTPOMCTBA WM cUCTeMBbl. B GonblInHCTBE
CJlyyaeB 3aJJaHHbIE IT0KA3aTeNIN HAJEKHOCTH yAaeTcss 00eCeUnTh HCII0JIb30BaHUEM CIIeIYIOIIUX
IIPUEMOB.

1. HpI/I BBI60pe 9JIEMEHTHOH 0a3bl CJICAYyCT OpPUCHTUPOBATHCA HA KOMIIOHCHTBI, Y KOTOPBIX
WHTEHCUBHOCTb OTKa30B X B 3aJaHHbBIX YCIOBUAX 3KCIUTyaTallUd MUHHMAJIbHA. HaHpHMep,
HHTCHCHUBHOCTb OTKA30B HHTCTPAJIBHBIX MHUKPOCXEM B INUIACTMACCOBBIX KOPITyCaxX IpU IMPOYHUX
PaBHBIX YCJIOBUAX B TPHU pa3a BbILIC, YEM Y aHAJIOTUYHBIX MUKPOCXEM B KOPITYCaX U3 METaJlJIa U
KCpaMUKHU. HOE)TOMy JJIs1 KECTKUX yCJIOBI/Iﬁ OKCILTyaTallukh MHKPOCXEMbI B IIIACTMACCOBBIX
KOopmycax KCJIaTCJIbHO HC UCII0JIb30BAaTh.

2. IHTEHCUBHOCTH OTKa30B KOMIIOHEHTOB 3aBHCHT OT CTEIIEHU X CI0KHOCTH. 3aBUCUMOCTH 3Ta
HC CJIIMIIKOM CHJIbHAsA: HIpHU YBCIMYCHUU 4YHCIA J3JICMCHTOB MHUKPOCXCMbI Ha MHNOPAAKH, €€
HHTCHCUBHOCTb OTKa30B BO3PACTAa€T B pPa3bl. HOBTOMy, KakK IIpaBuJIO, 3aMCHa COBOKYITHOCTH
JUCKPETHBIX KOMIIOHCHTOB MPIKpOCX@MOfI, BBIHOJ'IH?IIOHIGI\/'I TC XK€ q)YHKHI/II/I, YBCINYHBACT
HaaACKHOCTD.

3. IHTEHCUBHOCTH OTKa30B JIEMEHTOB CYIIIECTBEHHO 3aBUCHUT OT PEKHUMOB MX DJIEKTPUUECKON
Harpy3ku. Ilon xoadduimentom snexkrpuyeckodt Harpy3ku kH moHMMaeTcs oTHoIleHUe
paboyero 3Ha4YeHHs] AJIEKTPUYECKOTO TapaMeTrpa K €ro MpeAesbHO JONYyCTUMOMY
(HOMUHATBHOMY) 3HAUEHHUIO, YCTAHOBJICHHOMY HOPMAaTUBHO-TEXHUYECKON JokyMeHTaruei. J{mns
KQXJIOTO THUIIA 3JIEMEHTOB NPU OLIEHKE MHTEHCUBHOCTHU 3JIEKTPUUYECKON HArPy3KU CYHIECTBYIOT
CBOM ONPEJENAIONINE TapaMeTPbl, B YACTHOCTHU:

— 175 uHTerpaiibHbIX MuKpocxeM KMOII — HanpsikeHue nuTaHus;
— JJIs1 TUOJIOB, CTAOMIIMTPOHOB, TPAH3UCTOPOB, TAPUCTOPOB

— paccenBaemasi MOIIIHOCTD (TOK) U paboyee HaMpsHKEHUE,

— JUTsl KOHJIEHCATOPOB - pabouee HaMpsKEHHE,

— JUTsl TpaHC(OPMATOPOB — MOIITHOCTH;

— JUIs Apocceliell — TOK 0OMOTOK.

[Tyrem cHmxeHUsT KOA(G(GUIUEHTOB 3IEKTPUUYECKON HArpy3KH 3JIEMEHTOB YIAaeTCs YMEHbBIIUTH
MHTEHCUBHOCTh UX OTKA30B B HECKOJIbKO pa3. Hampumep, HHTEHCUBHOCTH OTKa30B KPEMHUEBBIX



nuonoB npu moBbimeHnn ki ot 0.2 go 0,9 Bo3pacraer Oosiee yeM B JAEBATH pa3 (mpu
temneparype 30 °C). B mobom cinyyae 3HadeHus kH mo BceM mapameTpam, XapaKTepHU3yIOIIUM
NpeaAcCibHO JOMMYCTUMBIC PCIKHUMBI SKCILTyaTalluX 3JIC-MCHTA, HC JOJIKHBI IIPCBBIIIATH 0,8

4. HeoOX0auMO YYUTHIBATh 3aBUCUMOCTH HAJICKHOCTH 3JIEMEHTOB OT HAINPSDKEHHS MHUTAHUSL.
Hampumep, nia mukpocxem KMOII npu pacdere skcriiyaTalluOHHONM MHTEHCHUBHOCTH OTKa30B
UCTIONIBL3YETCSI CIEAYIONUI OBBIIAOIIHKA KodduimeHt KV.

Hanpsxenne nuranns, KV
B

10 10,0 1,0

10,0...12,6 3,0

12,6...15,0 10,

0.

I[J'ISI MHKPOCXEM, HU3IOTOBJICHHBIX II0 JAPYIrUM TCXHOJIOTHUAM, CTOJIb ABHOI'O CHUWIKCHHS
HaJIC)KHOCTHU IIPH BBICOKUX HAIIPAXKCHUAX ITUTAHUA HC OTMCUACTCA:

5. Eme ogHuM BakHBIM (DaKTOpOM sBIIsieTCS TeMIepaTypa Kopiyca 3iaeMeHToB. He cienyer
3a0J1y’KIaThCsl MO MOBOJY TOTO, YTO 3JIEMEHThl OJMHAKOBO HAJEKHBI BO BCEM JIOIYCKaeMOM
nuanasoHe Ttemmeparyp. IlpuBeneM Bcero ABa TUIMYHBIX NpuMepa. VHTEHCHBHOCTh OTKa30B
MHTETPAIIbHBIX MUKPOCXEM M JIPYrUX MOJYIPOBOJHUKOBBIX MPHUOOPOB mpu temmneparype 60 °C
BaBoe, a pu 90 °C mouTu B YeThIpe pas3a mpesblmaeT 3HadeHue npu 25 °C. Jlns okcuuaHo-
DIIEKTPOIUTUIECKUX AIIOMUHUEBBIX KOHIEHcaTopoB K50—68 ¢ momyckaempIM quama3oHOM
temneparyp or —40 no +85 °C mpuBOIATCS ClIEQYIOIIME JaHHbBIE 10 Ha/leKHOCTHU, KOTOpHIE
JIOCTaTOYHO TUITUYHBI:

Temneparypa, °CMunuMansHas HapaboTKa, 4
-40...+55 15 000

-40...+70 10 000

-40...+85 1000.

HeoOxonquMo MOMHUTB, YTO HarpeB Kopiyca »3JeMEHTa OIpeaenseTcss CyMMapHBbIM
BO3JICUCTBUEM TEMIIEPATypPhl OKPYKAIOLIEH CpeAbl U TEIJIOBOM MOIIHOCTH, BBIICISIOLIEHCS
BHYTpH 3ieMeHTa. [1o3ToOMy nomyckaeMas MOIIHOCTb, pacceuBaeMasi 3JIEMEHTOM, HE SIBIAETCS
IIOCTOSIHHOM U CHUYKAETCs IMIPOIOPLIUOHAIBHO TEMIIEpAType OKPYKAIOIIEH CPEbI.

JUis  yMeHbIIEHUS TeMIepaTypbl 3JEMEHTOB o00ecnednBaloT H(PQPEKTUBHOE OXJIAXKIECHHE
ycrpoiictBa. Haunbonee HarpeBaromuecsi 3J€MEHThl IPU HEOOXOJUMOCTH YCTaHABIMBAIOT Ha
paauarop.

6. CnengyeT BCAYECKM CHW)XATb MHTEHCUBHOCTH BHEIIHUX MEXAHUYECKUX BO3AECHCTBUH Ha
YCTPOMCTBO: BUOpalmii, yaapoB, yckopeHuil. [laHHas 3ajauya pemiaeTcst Ha 3Tame pa3paboTKH



KOHCTPYKIIMU TIyTeM IpuMe-HeHHs aMmopTu3atopoB. Hapsany ¢ a3tum oOecneunBaercs
YCTOMYMBOCTh YCTPOMCTBA K MEXAHWYECKUM BO3JCHCTBUSM IYyTEM IMOBBILIEHUS NIPOYHOCTU U
JKECTKOCTH KOHCTPYKLMH, JIOINOJIHUTEIBHOIO KpPEIJEHUS D3JEMEHTOB K I€YaTHBIM ILIaTam,
3aJIMBKH 3JIEKTPOHHBIX Y3JI0B KOMIIAyHJIaMH, I1OJABJIIEHUEM PE30HAHCHBIX SIBJICHUN C ITOMOIBIO
BUOPOTIOTIIONIAIOINX OKPBITUH U T. 1.

7. HomxHO OBITH YAENEHO [OJHDKHOE BHUMAHME 3allUTE anmaparypbl OT BOABI, IBUIH,
arpecCUBHBIX BEIIECTB, MOHU3UPYIOLINX U3ITyUYEHUN U JPYTUX MOJ0OHBIX BO3AEHCTBUM.

8. Ecau Bech apceHall NEPEYMCICHHBIX CPEICTB YK€ HCIOJIb30BaH, a HAJEKHOCTb BCE K€
HEJI0CTaTOYHO BBICOKA, UCIOJB3YIOT CTPYKTYPHOE PE3EPBUPOBAHUE.

9. B mpomecce pa3pabOTKH cJelyeT OpPHEHTUPOBATHCS HAa MPOTPECCUBHBIC TEXHOJOTHH U
COBpEMEHHbIE Npeanpustus aias Bbimycka DA. Emie Ha sTame KOHCTpyHpOBaHMsI OOJbIIOE
BHHUMaHUE JIOJDKHO OBITh Y/IE€JI€HO MCKIIOYEHHIO MOTEHIUAIbHBIX MCTOYHUKOB Opaka Ha BCEX
sramax npousBojacTBa JDA. Ilpu oTakeHHOW TEXHOJOTMM MPOM3BOACTBA OTHAAAET
HEOOXO/JUMOCTh B MHOTOUYUCIIEHHBIX M JOPOTrOCTOSIIIMX ONepalusx KOHTPOJsSl KayecTBa
npoaykiuu. KauecTBo JOMMKHO —oOecreuMBaThCs TEXHOJIOTHEH, a He MOCIeAYIIIUM
THIATEJIbHBIM KOHTPOJIEM F'OTOBOM MpoayKLuu!

10. Kpome 6e30Tka3HOCTH BaxHO 00eCnedyuTh OBICTPOE BOCCTAHOBJIEHHE PabOTOCIOCOOHOCTH
yCTpoOCTBa MpH OTKa3ze. Ecnu He yaenuTh AOHKHOTO BHUMAHHS PEMOHTOMPUTOTHOCTH, MOYKHO
OKa3aTbCsi B CHUTYAllMH, MPH KOTOPOH YCTPOMCTBO C BhICOKMMH 3HaueHusMu P(t) u Tumeer
MEHBIIHNHN KO3(PPHUIMEHT TOTOBHOCTH, YeM DA ¢ Xyameld 0e30TKa3HOCThI0, HO 0oJiee BBICOKOMH
PEMOHTOIPUTOAHOCTHIO. BpeMs BoccTaHOBieHHsT DA TIPH PEMOHTE OIpPEICNSIeTCS TJIaBHBIM
00pa3oM BpEMEHEM TIOMCKa HEWCIPABHBIX DJJEMEHTOB W BpPEMEHEM, 3aTpau€HHbBIM
HEMOCPEICTBEHHO Ha YCTpaHEHHWE HeucnpaBHOCTH. K  KOHCTPYKTHBHBIM  (pakTopam,
00€ecCTIeunBarOIIUM COKpAIIeHHE BPEMEHU BOCCTAHOBJICHHS, OTHOCSTCS:

— JIOCTYITHOCTb 3JIEMEHTOB JIJIs1 KOHTPOJIS, IPOMUIAKTUKY U PEMOHTA;
- IPEUMYLIECTBEHHAs! IOCTYITHOCTb U Y100CTBO 3aMEHbI HAaMEHEe HaJIeKHBIX 3JIEMEHTOB;
— MOAYJbHBIN IPUHLUII IOCTPOEHU DA, B3aUMO3aMEHIEMOCTb MOAYJIEH;

— 3AIUIIEHHOCTh OT OIMOOK M 0€30MacHOCTh MEPCOHANIA MPHU TEXHUYECKOM OOCITY)KUBAaHUU U
pEMOHTe;

- BOBMOXHOCTb HE3aBUCUMOT'O BBITIOJIHCHUA PETYIIUPOBOK;

— TpUMEHEHHUE OBICTPOPA3bEMHBIX COCTMHEHUN 1 KPETIJICHUH;

— HUCIIOJIb30BAHHUEC BCTPOCHHBIX CPCACTB JUArHOCTUKU U MHAWKAIIUN HGHCHpaBHOCTeﬁ.
§ 5.5.6. PacueTr Ha/1e5KHOCTH 3J1eKTPOHHOM annapaTyphbl

BONBIIMHCTBO 3JIEKTPOHHBIX YCTPOMCTB aBTOMATUKH, CUCTEM YIIPABICHUS U BBIYUCIUTEIBHOU
TEXHUKUSBIISAIOTCA HEpEe3epBUPOBAHHBIMU BOCCTaHAaBIIMBAEMBIMHU 00BEeKTaMH,
npeIHa3sHAYCHHBIMH JIUIs1 paOOThl B 3aKPBITHIX MoMeleHusX. [loaToMy HIDKe paccMaTpuBaeTcs
METO/MKA OLICHKH HAJIeKHOCTH alIaparypsl TOJBKO 3TOrO Kiacca.



[Ipu BBINIOJIHEHUHU pacueTa CUMTAEeTCs, YTO BpeMs paboThl yCTPOMCTBA COOTBETCTBYET MEPHOTY
HOPMAaJIbHOM SKCIUTyaTallid, WHTEHCUBHOCTH OTKa30B JJIEMEHTOB SIBJISIOTCS IMOCTOSHHBIMH,
pacripeniesieHue BpeMeHH Oe30TKa3HOW paldoThl MOAYMHSIETCS HSKCHOHEHIMAJIbHOMY 3aKOHY.
[Ipeanonaraercst Takke, YTO OTKa3bl JJIEMEHTOB SBJISIIOTCA BHE3ANHBIMH, IOJIHBIMU U
HE3aBUCUMBIMHU, TpPUYEM DJIEMEHTHl M YCTPONCTBO B 1LIEJIOM MOTYT HAXOJIUThCA B JIBYX
COCTOSTHUSIX: pabOTOCIIOCOOHOM MIIM HEpaboTOCTIOCOOHOM. IHTEHCUBHOCTH OTKAa30B 3JIEMEHTOB
3aBUCAT OT HX DJEKTPUYECKOM Harpy3Ku, TeMIIepaTypbl OKpYXKaromlel cpeabl U JIpYrux
(bakToOpoB, YYHMTHIBAEMBIX C TIIOMOIIBIO MOMPaBOUHbIX Kod(pduuuentos. Ilpu pacuere
9KCIJTyaTallMOHHOM  HAJEKHOCTU  SJIEMEHTOB  JJIEKTPOHHBIX  YCTPOHCTB  HCHOJB3YIOTCA
MaTeMaTHUYECKUE MOJIEIH CIEAYIOLIEr0 BUAa

hy =hok, [ T
J=l

raeAD — SKCIUTyaTallMOHHAsh MHTEHCHUBHOCTH OTKAa30B 3jieMeHTa; Ab — wucxomnas (6azoBast)
MHTEHCUBHOCTh OTKAa30B 3JIEMEHTa NPU HOMMHAIBHOM ayekrpuueckoi Harpyske (ku = 1) u
Temreparype okpyxarouei cpensl 25 oC; kp — Ko3QPHUUMEHT pexrMa, Y4YHUTBIBAIOLIHI
u3MeHeHue Ab B 3aBHCHMOCTH OT 3JIEKTPHUUYECKOM HArpy3ku M TeMIepaTypbl OKpyXKarolen
cpenbi;Kj — K0A(pUIMEHTBI, YYUTHIBAIOIINEC M3MEHEHHE YKCIUTYaTAlHOHHOW WHTCHCHBHOCTH
OTKAa30B OT pa3jIMYHbIX (PAKTOPOB (CTENEHU KECTKOCTH YCIIOBHM 3KCIUTyaTalluu, MHTEHCUBHOCTH
MOHU3HPYIOMIMX W3IYYeHUH W Jp.); T — YUCIO YYUTHIBAeMbIX (akTopoB. [y Ha3eMHOM
CTallMOHApPHOM amnmapaTypbl B KaueCTBE HCXOAHBIX JAHHBIX NPUHUMAIOTCS MHTEHCUBHOCTU
OTKa30B TPy 3JIEMEHTOB B TUIIOBBIX YCPEAHEHHBIX YCJIOBUSAX SKCILIyaTalluM, YKa3aHHbIE B
tabs. 1.10 [35]. JlanHble 1M@pbI paccuUTaHbl IO IPUBEIEHHON BhIIE (GOpMYJIe A CIASAYIOLUINX
ycIoBHiA: Temneparypa okpyxatwomeil cpensl 30 °C, k03 PULIUEHTHI EeKTPUYECKON Harpy3ku
KH = 0,4, MexaHnuueckue BO3ACUCTBHS W HOHU3HUPYIOIIME H3JIYYEHUS NPAKTHUECKU
OTCYTCTBYIOT.

Ta6n1/1ua 11.IlHTEHCHBHOCTH OTKa30B DJJIEMCHTOB B THIIOBBIX YCPECAHCHHBIX YCIOBUAX
SKCILUTyaTaluu

Bu siiemenTa VHTEeHCHBHOCTH OTKA30B
X,,x10-\1/ua

HnTerpanbubie mukpocxembl (MMC): 019 1.40
uugppossie UMC wmanoil u cpenHel creneHu ’ ’
UHTETpaluu MUKPOIIPOIIECCOPHI, 0,40 0,80
MUKPOIIPOLIECCOPHBIE KOMILJIEKTHI,
%(/}%‘)&MMI/IPYCMBIG JIOTUYECKUE  MaTpPHIIBI,

namsaTd asHajorosele IMC ¢ uynciom
sneMeHToB He Oosiee 100 (omepannoHHbIE
YCUJIMTENH, CTA0MIIN3aTOPBI HANIPSKEHUS U [T 0)
agasioroBele IMC ¢ 4uciioM 37€MEHTOB 18 -

1000

Tpan3ucTopsl OUTIONIAPHBIC U MTOJIEBHIE 0,17
THUpHUCTOPBI U CHMUCTOPBI 0,22
OnTOTUPUCTOPBI 0,80
JIno6I BEIIPSIMATEITLHBIC 0,10
Jnonapl uMIynbCHbIE 0,04
Jlnoabie cOOpPKH 0,016
CTaObUINTPOHBI 0,0076

OnTonaps! (ONTPOHBI) 0,12




CBeToanoabl 0,08
WniukaTopbl  BakyyMHBIC JIFOMHHECLIEHTHBIE|7 00
nHU(GPOBLIE H OYKBEHHO-IIU(MPOBEIE
WHAMKAaTOPBI KUJIKOKPUCTAIUTMYECKHIE 8,80
MuaukaTopbl MOMYNIPOBOJHUKOBBIE LU(PPOBLIE|(,40
1 OYKBEHHO-IM(POBLIE
WMuukaropsl NoaynpoBoJHUKOBBIE mKanbHbie |0,23
Doroanonet 2,00
DOTOTPAH3UCTOPBI 1,50
DOTOPE3UCTOPHI 18,00
Konnencaropsl: kepaMuyeckue 0.02
OKCHJHO-3JICKTPOJIMTUYCCKHUC AJIIOMUHUEBBIC 0,26
00BEMHO-TIOPUCTHIE  TAHTAJIOBBIE  OKCHJIHO- 0,19
IIOJIYIIPOBOIHUKOBBIE ITOJIMCTUPOJIbHBIE 0,17
0,06
NOJMKAapOOHATHBIE W IMOJUIPONHUIICHOBBIC 0.014
¢dTopoIIacToBbIE
o
noNudTHIIeHTEpeTaTaTHple  HU3KOBOJBTHBIC 1,00

MOJIMATHIICHTEpe P TaTaTHBIE BBICOKOBOJIBTHBIC




[Tponomxenne Tabdm. 11.

NHTencuBHOCTH
Bup snementa OTKa30B
Hx-M/q

Pesucropsr:

IIOCTOSIHHBIE IIJIEHOYHEBIE 0,19

MIOCTOSIHHBIE MTPOBOJIOYHBIE HATPY30YHbIE 0,054

MTOCTOSIHHBIC IPOBOJIOYHBIC MTPEITU3HOHHBIE 0,017

MIEPEMEHHBIE METAJUIOOKUCHBIE U KEPMETHBIC 0,05

MEPEMEHHBIE KOMITO3UIIMOHHBIC TUICHOYHBIE 0,018

TepEMEHHBIC MPOBOJIOYHBIC 0,038
Tepmope3ncTopsl 0,60
Habops! pesuctopos 0,044
Pe3onatopsl KBapIieBbIC 0,20
DIIEMEHTHI TTbE303JICKTPHUSCKUC 0,40
Pene JJIEKTPOMArHUTHEIE: cpenHen 0,130,083
MOII[HOCTH CJIa00TOYHBIE HU3KOYACTOTHBIE

TepKOHOBBIC 0,003
Pene KoHTpOJIS 1 3aIIUTHI 6.10
KoHTakTOoph! 0,29
ABTOMATHI 3aIIUTEl ¥ BBIKJIFOYATEIN aBTOMATHUECKIE 3,00
[TepexirouaTen TBUKKOBBIC 0,70
MukponepekiroyaTenu 0,17
TymOnepsr 0,30
KHOIKY 1 KHOITOYHBIE TIEPEKITI0YATEIIH 0,50
DIIEKTPUUECKUE COSTUHUTEIH:

HU3KOYACTOTHBIC MWIMHIpHUECKHe 111 o0beMHoromonTaxa (0,012

HU3KOYACTOTHBIC MIPAMOYTOJIbHBIE Tl o0beMHOroMoHTaXxka (0,024

HU3KOYACTOTHBIE MPSIMOYTOJIbHBIE JJIs1 I€YaTHOTO 0,026

MoHTaxapaauodacTOTHBIC 0,06
TpanchopMaToOphI:CHUIIOBEIE, B TOM YUCIIE CTATHUYECKUX

npeoOpazoBarenen 0,12

HMITYJIbCHBIE 0,01

COIJIaCOBAHUS 0,02
Hpoccenn 0,01
DIIEKTPOABUTATEIN ITIOCTOSHHOTO TOKA: 4,001,10
C BO30YXK/ICHHEM OT MOCTOSIHHBIX MAarHUTOB 15.00
c ANEKTPOMArHUTHBIM BO30YKICHUEM oe3 |
CTaOMIIN3AIMUYACTOTHI BpAIICHUSIC AJIEKTPOMArHUTHBIM

BO36y>KIleHI/ICM Cco CT&61/IJ'II/I3aI_II/IeI\/JI‘-II/ICTOTBI BpalICHUA




OkoHuaHue Tabda. 11.

B diieMenTa NutencuBHOCTH

0TKa30B X,,x10-\1/g9

Dnekrpoasurarenu 6eckoHTakTHbie MOMeHTHEIE |0,40

DJIEKTPOABUTATEIN MIEPEMEHHOT O TOKA: 5,00 4,20 5,60

ACHHXPOHHBIE CHUJIOBBIC

ACHHXPOHHBIC MaJIOMHEPIIUOHHBIE

YIpaBasIeMble CHHXPOHHBIE

DJIEKTPOABUTATEIIN AT OBbIC 0,70

DJIEKTPOBEHTHIIATOPHI IEPEMEHHOTO TOKA 1,30

Taxoreneparopsl 1,00

CenbCUHEBL 2,00

ITpoBo/1a MOHTAXKHBIE JTTUHOM J10 3 M 0,06

BcraBku ruiaBkue 0,10

JlepkaTeny BCTaBKHU IJIABKOM 0,03

CoenvHeHWss  TaMKoOW Ha  OJHOCTOPOHHEH |0 0007

revyaTHoH iare (Ha OJHO coeauHeHue)™*

CoenMHeHHE TIAMKOM TIpU 00BEMHOM MOHTake|( 0014

(Ha OHO COEeqUHEHHE)

HpnMeanne. *IHTEeHCUBHOCTh OTKa30B ABYCTOPOHHHUX IIC4YaTHBIX IiaT C
MCTAJUIN3UPOBAHHBIMU OTBEPCTUAMHA PACCUUTBHIBAIOT 110 (bOpMy.]'IC

Ay = 0,0004 - 10-7 (Ny + 14A),

raie N1 — KOJM4ecTBO CKBO3HBIX OTBEPCTHH, MPOMAsHHBIX BOJHOM; N2 — KOJIWYECTBO
CKBO3HBIX OTBEPCTHH, IPONAsSHHBIX BPYYHYIO. IHTEHCUBHOCTB OTKA30B YCTPOMCTBA B LIEJIOM

A= i}\'m'ml'j
f=l

r7ie A31,— MHTEHCUBHOCTh OTKA30B 3JIEMEHTOB i-i IPyMIMbl B COOTBETCTBHU ¢ Tabiu. 11.; mi,~—
YHCJIO 3JEMEHTOB B i-il TpyINe; M — YUCIIO TPYII JIeMEHTOB. Pe3ynbTaThl MpOMEXyTOUHBIX
BBIYUCIIEHUH opopMIIsitoTes B TabauuHoi popme (Tadm. 1.11).

Tabmuua 12.

Twun snementa |Yucio X,,1/a
AJIEMEHTOB, M

BeposiTHOCTE 6€30TKa3HOM pabOTHl yCTPOMCTBA PACCUUTHIBAETCS 1O (hopmyIie
P(r) = e,

rae Bpems / Beioupaercs u3 psga: 1000, 2000, 4000, 8000, 16 000 gacos. Cpennsisi HapaboTKa Ha
0TKa3 ONpeAeIseTCsS U3 COOTHOIICHUS

T=1/A.



BpeMst BoccTaHOBJICHHS YCTPOMCTBA MPU OTKA3€ BKIIIOYAET B ce€0s1 BpeMsl MOMCKa HEUCITPABHOTO
AJIEeMEHTa, BPEMsl €ro 3aMEHbl WJIM PEMOHTA U BpeMsl IPOBEPKU PabOTOCIIOCOOHOTO COCTOSHUS
anmnapatypsl. BpeMs oxxuianus crienuaiucTa-peMOHTHHUKA, BpEMs TIOJIYUCHHS 3allaCHBIX YacTen
U JIpyrue TMoaoOHBIe (akTOpbl HeydyuThiBarOTCs. CpegHee Bpems BoOcCTaHOBIGHUsS TB
KOHKPETHOT'O YCTPOMCTBA 3aBUCUT OT CTENIEHU €r0 PEMOHTONPUTOIHOCTH U BBIOUpAETCS U3 pslia
1; 2; 4; 6; 8; 10; 12; 18; 24; 36; 48 u. Menpmue 1Udpsl COOTBETCTBYIOT DA C BBICOKOH
PEMOHTOIIPUTOTHOCTBIO, OOJIBIIME —  ammapaType ¢ HHU3KOH PEeMOHTONPHUTOAHOCTHIO.
[Ipu3HakaMy BBICOKOW PEMOHTOINPUTOMIHOCTH SIBJSIOTCS MOJYJIbHAass KOHCTPYKILHS, ObICTpas
coopka W pa3dOpKa, JOCTYMHBIM MOHTaX, BCTPOCHHBIC CpPEICTBA JTUATCHOCTHUKUA U JIp.
CranuonapHoe 3HaueHue K03 PUIHEHTa TOTOBHOCTH OIpeAeTseTcs Mo hopMyie

T
T+T,

§ 5.6. YpoBHU pa3yKpylHeHHUs 3JIeKTPOHHON annmaparypsbl

DJIEKTPOHHBIE YCTPOMCTBA W CHUCTEMBI CTPOSATCA M3 OTAEIBHBIX COCTAaBHBIX YaCTEH.
Pasykpynnenue (T. e. geneHue Ha 4yacTu) DA — HE UCKYCCTBEHHBIN NpUEM, a OTpakeHUE
BHYTPEHHUX CBOMCTB CIIOXKHBIX U3JI€THI U 00YCIOBICHO PsiioM (GaKTOPOB, B UUCIIE KOTOPBIX:

— Tp€60BaHI/I$[ OProHOMHKH, YYHUTHIBAIOIINEC chxocpmnonomqecmle U aHTPOIMOMCTPUUCCKHC
BO3MO>XHOCTH 4YCJIO0BCKA,

— TpeOoBaHUS PEMOHTONPUTOAHOCTH DA, obecrieyMBaeMble MPUMEHEHHEM JETKOCHEMHBIX
B3aUMO3aMEHSIEMBIX MOMYIICH;

— obecrnieyeHne MmapauieIbHOW pa3pabOTKM M W3TOTOBJICHHS OTIEIBHBIX dYacTe DA, 4To
HE00XO0UMO JUIsl ONTUMAJIbHOM OpraHu3aluy JaHHbIX paloT;

— TrabapuTHblE OrpaHUYEHHs, OOYCIOBIIEHHBIE YCIOBHUAMM OSKCIUTyaTalliM; HalpuMep
TEXHUUYECKHUE CPEICTBA, UCIIOJIb3yeMble Ha (IIOTE, JTOJKHBI IPOXOAUTh Yepe3 JIIOK JAUaMeTpOM
594 wmMm. Ilpu pasykpynmHEeHUH O0053aT€IbHO COOJIIOJCHUE HWEPApXUUYECKOTO MPUHIUMNA, B
COOTBETCTBUM C KOTOpPBIM ammapaTypa JeJNUTCS Ha CTPYKTypHbIE YpPOBHM, OOJajaromye
KOHCTPYKTUBHOW  OAHOpOJHOCThIO. K  Hu3IIEMYy CTPYKTYpHOMY YpPOBHIO  OTHOCSTCS
«HEAETUMBIE» H3JIeNIUs — 3JeMEHTHasl 0a3a, B KaueCTBe CTapIIEro ypoBHsS MOXET BBICTYHAThb
YCTPOMCTBO, KOMIUIEKC MJIM cuUcTeMa. HenenmMocTh TeXHHYECKUX CpPEeACTB yclloBHA. Tak, JUIs
U3rotoBuTeNe DA MHTErpajgbHas MUKpOCXeMa MPeCTaBlIsIeT cCOOON HeJeInuMoe U3Jenue, a ais
IOPENNPUATHI 3JIEKTPOHHON MPOMBIIIJIEHHOCTH — H3/eJIMe BBICIIETO YpPOBHS, COCTOSIIEE W3
00JBIIOrO YKcCia AeTanei.

B coorBerctBun ¢ I'OCT P 52003-2003 ypoBHEM pasykpynHeHHss DA omnpenenser HxX
GyHKIIMOHAIbHAs WJIM KOHCTPYKTHUBHASI CIIO)KHOCTb. JIaHHBIM CTaHIapTOM YCTaHOBJICHBI
CJIEMYIOIINE YPOBHH pasyKpymHeHUs DA 1o GyHKIIHMOHATHHOU CIIOKHOCTH:

— PaAMO’JIEKTPOHHBI (DPYHKIMOHAIBHBIN y3e1 — (QYHKUMOHAIBHO M KOHCTPYKTHUBHO
3aKOHYEHHas: cOOpOYHas €IUHUIIA, BBIMOJHAIONIAS PATUOTEXHUUYECKHE W/WIN 3JIEKTPOHHbIE
(GYHKLINU ¥ HE UMEIOLIasi CaMOCTOSTENbHOTO IPUMEHEHUS;



— PpaaMOdIEKTPOHHOE YCTPOWCTBO — COBOKYIHOCTH (YHKIHMOHAJIBHO W KOHCTPYKTHBHO
3aKOHUYEHHBIX COOPOYHBIX CTUHUII;

—  pPagMONIEKTPOHHas  cucreMa —  (YHKIUOHAIBHO  3aKOHYEHHas  COBOKYIHOCTb
pPazvodJIEKTPOHHBIX KOMIUIEKCOB U YCTPOUCTB;

— pa,I[I/IOBJ'ICKTpOHHHﬁ KOMIIJICKC — CPYHKHI/IOHELTIBHO 3aKOHYCHHAsA  COBOKYITHOCTH
PaaruoO3JICKTPOHHBIX YCTpOfICTB, HE COCAUMHCHHBIX HAa MPCANPUATHU-U3TOTOBUTEIIC C60pO‘IHbIMI/I
oncpanursiMu, BbIIIOJIHCHHAA C UCIIOJIb30BAHHUEM HHTGp(I)CfICOB.

YpoBHU pa3ykpynHeHHs] DA 10 KOHCTPYKTMBHOH CII0)KHOCTH COOTBETCTBYIOT YpPOBHSIM
HECYIIMX KOHCTPYKLHN, HA OCHOBE KOTOPBIX MOCTpoeHa ammnaparypa. Jias DA B HEMOAYJIbHOM
WCIIOJIHEHUH YCTAHOBJICHBI TPU CTPYKTYPHBIX YPOBHSI:

— siYeiika — paJHolTEKTPOHHOE YCTPONCTBO WIN PAIHO3IEKTPOHHBIN (YHKIIMOHATBHBIN y3e,
BBITMIOJTHEHHOE (BBITIOJIHEHHBIH) HA OCHOBE HECYyIleld KOHCTPYKIIUU IIEPBOTO YPOBHS;

— OJIOK — pa/In03JIEKTPOHHOE YCTPOICTBO MM PATUO3IEKTPOHHBIA (YHKIMOHAIBHBIN y3el,
Ipe/CTaBistomee coO0i COBOKYIHOCTh SYEEK BBINOJIHEHHOE (BBIIOJHEHHBIM) Ha OCHOBE
HECyIlleW KOHCTPYKIIMH IIEPBOI0 UM BTOPOr'0 YPOBHEM;

— mKad — paAHoOd’NIEKTPOHHOE YCTPONCTBO, MPEACTABIISAIONIEEe COO0M COBOKYITHOCTh OJIOKOB H
(unmn) siueex, BHIMOJIHEHHOE Ha OCHOBE HECYIEH KOHCTPYKIIUH TPETHETO YPOBHSI.

CnoxHasgs DA MMeeT MOJYJIbHOE MCIIOJIHEHME M CTPOMTCS Ha OCHOBE CTaHJapTU30BAHHBIX
6a3oBbix Hecymux KoHcTpykuuit (BHK), mmerommx yposan BHK1, BHK2 u BHK3. Ilox
AJIEKTPOHHBIM MOJyJIEM MOHMMAaeTcsd (YHKLUMOHAIbHO U KOHCTPYKTHBHO 3aKOHYEHHAas 4acTh
DA, BbIMONHEHHas Ha 0a30BOM HeCylled KOHCTPYKIIMHM U 00dajarolias CBOHCTBOM
B3alMO3aMEHSIEMOCTH. AnmapaTypa B MOAYJIbHOM HCIIOJIHEHUH IO KOHCTPYKTUBHOMN CIOKHOCTHU
UMEET YEThIPE CTPYKTYPHBIX YPOBHS:

* 3JIEKTPOHHBIM MOAYJb HYJIEBOTO YpoBHsS (OMO) — 351eKTpOHHBIN MOJYJIb, BHIITOJIHEHHBIH Ha
OCHOBE W3JIEIMM D3JIEKTPOHHOM TEXHUKM U DIIEKTPOTEXHUYECKUX U3JIENHUH, pa3MepHO
koopauaupyemslii ¢ BHK1;

* JJIEKTPOHHBIA MOJYJb MEepBOro ypoBHA (OM1) — 37eKTpOHHBIM MOJyJb, BBIIIOJHEHHBIM Ha
ocaoe BHK1;

* JJIEKTPOHHBIA MOJyJb BTOPOro ypoBHS (OM2) — 3eKTpOHHBIH MOJYJb, BBHIIIOJHEHHBIH Ha
ocaoBe BHK?2;

* JIIEKTPOHHBIN MOJYNb TPEThEro ypoBHS (OM3) — SIEKTPOHHBIA MOYJb, BHIMIOTHEHHBIN Ha
ocHoBe bBHK3.

CpaBHeHHE YpPOBHEH KOHCTPYKTHMBHOTO Pa3yKpYIHEHMs [Jsi anmapaTypbl B HEMOJYJIBHOM U
MOJIyJIbHOM MCIIOJTHEHUH TOKa3bIBACT, YTO sueiike cooTBeTcTBYeT DM, 610Ky — DM2, mikady
— OM3. Moaynmu OMO ¢dakTHYECKH TPEACTABISIOT COOON AJIEKTPOHHBIE Y3JIbI HAa OCHOBE
MEeYaTHbIX IUIaT, BXOJfAIME B cocTaBsiueiku. KoHCTpykTuBHas uepapxuss DA CcXeMaTUYHO
nokaszaHa Ha puc. 16. [12]. MukpocOopk#, B OTIIMYUEOT APYTUX U3ACIUNA dJIEKTPOHHON TEXHUKHU
(37IEKTPOHHBIX KOMITOHEHTOB), HEPEJIKO pa3padaThIBAIOTCS U



U3TOTOBIIAIOTCS caMUMM  Ipou3BoauTessMu  DA. OpHako Mocie BBITYCKa MHKPOCOOpPKH
UCIOJIb3YIOTCSL Hapsay C JIPYIMMH MOKYIHBIMU JIEKTPOHHBIMU KOMIIOHEHTaMu U K OMO He
OTHOCATCS.

§ 5.7. 3apaun U MeTOAbI KOMIIOHOBKH 3JIEKTPOHHOM anmaparypbl

[TepBpiM 1 Hambosee BaXKHBIM TAllOM KOHCTPYHUPOBAHHUS AJIEKTPOHHOH ammaparypbl sSBIsSETCS
KOMIIOHOBKa. KOMHOHO6Ka — 3TO TPOIECC CO3/JaHUS U3 OTIENIbHBIX COCTABHBIX YacTel
(YHKIMOHAIBHO 3aKOHYCHHOM KOHCTPYKLUMH YCTPOWMCTBA WJIM CHCTEeMBl. B mporecce
KOMIIOHOBKH OCYIIECTBIISIETCS PELIEHUE CIEAYIOINX B3aUMOCBSI3aHHBIX BOIIPOCOB:

— BBIOOp KOpITyca yCTPOMCTBA C yU4ETOM 3aJJaHHBIX YCIOBHM SKCILTyaTallUu;

— obecrnieyeHne YCTOMYMBOCTH OJIOKa K JIeCTaOMIIM3HUPYIOIIMM BO3JEHCTBUAM (Biare, IMbUIH,
BUOpaLMsM, yapaM, 3JIeKTPOMAarHUTHBIM IIOMeXaM U J1Ip.);

— BBI60p TUIIOB U MECT PacCIIOJOXCHUS ISJICMCHTOB YIHPABJICHUA U HMHAUKALUK C YYCTOM
OKCITYaTallTHOHHBIX U 3PTOHOMHNYCCKUX Tpe60BaHPII>i;

@ KOHCTPYHpOBakHe IAEKTPDOHHBIX YCTPORACTB CHCTEM aBTOMATHIAUMK. ..

Hynesoi yposeHs
(3MO) C\?
Mepeuiii yposers i i | | | |
(nyedixn, IM1) MuxpocGopku
J
Bropoi#i yposeHs o
(Gnoxm, IM2) 33
—— §
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KOMNAEKCH

Puc. 16. KoncrpykTuBHas nepapxus A

—pacupCACICHUC SJICKTPOHHBIX KOMIIOHCHTOB IO IICYATHBIM ILJIaTaM, BBIGOp pPasMEpoOB U YHCJia
IICYaTHLBIX IJIaT,



— o0OecreucHHe OXJIAXKIACHUA 0710Ka B OCJIOM M €10 OTACIBbHBIX 5JICMCHTOB,
— KOMITIOHOBKA COCTaBHBIX YacTel OJIoKa BHYTpPHU KOpITyCa,

— pa3pa0oTKa MEeYaTHOr0 M OOBEMHOIO 3JIEKTPUYECKOro MOHTaxa. OT TOro HacKOJBKO
yJIa4HOIl OKa)keTcs BbIOpaHHAs KOMIIOHOBOYHAs CXeMa, 3aBUCIAT MHOIME CBoilcTBa DA:
(YHKLMOHAJIbHBIE  XapaKTEPUCTUKU U  HAAEKHOCTb, Macca, TrabapuTHblE pa3Mephl,
TE€XHOJIOTMYHOCTh IIPHU NPOU3BOACTBE M JKCIUlyaTallMM, BHEIIHWN BUA M 1p. bosee Toro, or
KOMITOHOBOYHOTO PEIICHHS 3aBUCUT KOJMYECTBO U CIOKHOCTh pa3padaThIBaeMbIX JeTanen
anmnaparypbl, TO €CTb TPYAOEMKOCTb CaMOro IIpolecca KOHCTpyupoBanus. KoHcTrpyupoBanue
DIIEKTPOHHOM  ammapaTypbl, Kak W JIIOO0OH Jpyrol TBOPYECKUH IpOLECC, SBISETCS
uTepaoHHbIM. OKOHYATENbHOE peIleHHe, KaK MpaBHIIO, HE TOJy4aeTcs: cpady M Tpelyercs
popaboTaTh HECKOJIbKO BO3MOKHBIX BAPUAHTOB.

Hepen Ha4vYaJIOM KOMIIOHOBKH OOJI2)KHO OBITH IIPUHATO PCIICHHUEC O TOM, B KAKOM KOPITYCEC 6YI[€T
BBINIOJIHEHO YCTPOWCTBO: YHH(PHIMPOBAHHOM WM CIEIUalbHO pa3padoranHoM. Kopmyc
COOCTBEHHOW KOHCTPYKIIMM YacTO CIIOCOOEH HamOoJiee MOJHO YIOBJIETBOPHTH TPeOOBaHUS
TEXHHYECKOTO 3a/JaHMs, HO /IS HEro HYXHO pa3padaTbiBaTh padOYyr0 JTOKYMEHTAIHIO WU
TEXHOJIOTUIO M3TOTOBJICHHS, IPUOOPETaTh MaTepualibl U KOMIUIEKTYOLIHE nu3aenus. B cBssu ¢
9THM MpU NPOCKTUPOBAHWUHU DICKTPOHHOH ammapaTypbl IIUPOKO HCIIONB3YIOTCS 0a30BbIC
HEeCyllue KOHCTPYKIMHU. BakKHBIM TpeuMymniecTBOM 0a30BBIX KOHCTPYKLHMH SIBISIETCS TO, YTO
OHU TIPOM3BOJAATCA CHCUHUAIHU3UPOBAHHBIMU HNPCANIPUATHAMA 110 OTpa6OTaHHOI7I TEXHOJIOI'nu.
9t0 rapaHTUpPyCT BBICOKOC KAY€CTBO U OTHOCHUTCIIbHO HCBBICOKYIO CTOUMOCTDL 3THX I/I3ILCJ'II/II7L

[Ipy KOHCTpYMpPOBaHMM AJIEKTPOHHBIX CUCTEM B 3aBUCHMOCTH OT BapHaHTa PaCIOJIOKEHUs
OTJIENbHBIX OJIOKOB BO3MOXKHBI LIEHTPAJIN30BaHHAs U JCLIEHTPAIN30BAHHAS CXEMbl KOMIIOHOBKH.
[Tpu neHTpann3oBaHHON cxeMe OJIOKM CHUCTEMbl YCTaHABIMBAIOTCS B OJHOM MecTe (B mKady,
CTOWKe, MynpTe, cTeiaxe W T. A.). llpenmyiiectBa 3TOH cXeMbl: MUHUMAalbHas JUIMHA
COCJMHUTENBHBIX Kabesel, BO3MOXHOCTh HCIOJb30BaHUS OOILIEro HWCTOYHUKA IHUTaHMS,
YIpOLIeHHE KOHCTPYKLMU OJIOKOB, KOTOpPbIE MOTYT HE MMETh HapyKHOTO KOXyXa, yI00CTBO
oOciyxuBanus. Hemoctarkamu — SBIAIOTCS  YCIOXKHEHHE  €CTECTBEHHOTO  OXJIAKICHHUS
anmaparypbl M yXyJIIEHHE 3JEeKTPOMAarHUTHOM COBMeCTMMOCTH OJIokoB. B psne ciydaeB
MOHTHUPOBATh OJIOKH B OJTHOM MECTE HelleJIeco00pa3Ho J1M00 mMpocTo HEBO3MOXkKHO. Hampumep, B
pacmpeneNeHHbIX cucTeMax cOopa U 00pabOTKM HMHQpOpMALUHU JUIsl YCTPAHEHHUS BIMSHUS
JUIMHHBIX JIMHUW Ha pe3yjbTaTbl HM3MEPEHHUs DJIEKTPOHHBIE IPeo0pa3oBaTeIN KeJIaTelIbHO
yCTaHaBIMBaTh pAoM c JlaTumkaMu, CMOHTHUPOBAaHHBIMU Ha OOBEKTE KOHTPOJsA. B momoOHbIX
CUTYallUsX OTJeNIbHbIe OJOKHM pa3MEeIaloTCs B TEX MECTax, IJIe 3TO HEOOXOAUMO MO YCIOBUSAM
(YHKIMOHUPOBAHUS CUCTEMBI. JIpyroil MpUUMHON UCIOIB30BAHUS JEIICHTPATM30BAHHON CXEMBbI
SBIISIETCS OTCYTCTBHE HEOOXOAMMOTO MPOCTPAHCTBA JJISl YCTAHOBKU BCEW amlmaparypbl B OJTHOM
MecTe, YTO XapakTepHO JUIsi OOpTOBOro 00OpYHOBaHMS TMOABHMKHBIX OOBEKTOB (CaMOJIETOB,
Kopabineii, aBTomoOwiedt u np.). Ilpu neneHTpanu3oBaHHON cXeMe OTHeNbHbIE OJOKH
BBITMIOJHSIOTCS B BHJI€ KOHCTPYKTHBHO 3aKOHYEHHBIX YCTPOMCTB, 3alIUIIEHHBIX OT BHELIHUX
BO3/JCICTBUIl. B peanbHBIX CHCTEMax 4YacTO MCIOJB3YIOTCS MPUHIMIBI LEHTPATU3aluud U
JeleHTpaIn3ai oAHOBpeMeHHo. [Ipu koHCcTpynpoBaHuu DA npuUMeHs0TCS QYHKIIMOHAIBHO-
MOJAYJbHBIN, MOHOCXEMHBIN, CXEMHO-Y3JOBOM NPUHIMUIBI KOMIOHOBKH. MOHOCXEMHBIN
IPUHLMII [OJpa3yMeBaeT pa3MEUICHUE BCEX 3JIEKTPOHHBIX KOMIIOHEHTOB Ha OJHOM ME€YaTHOU
riate. [Ipu aTom ympormaercst cOOpka U CHUKAETCSI CTOUMOCTh YCTPOMCTBA, HO MOTYT BO3pacTu



ero rabapuTHbIE pa3Mephl H3-3a HEpaIMOHAJIBHOTO HCIIONb30BaHMs oO0beMa Kopiyca. Mo-
HOCXEMHBIM TPHUHIUI LIMPOKO MPUMEHSETCS B OBITOBOM M TMPOMBIIIJICHHONW ammaparype ¢
OTHOCHUTEJIbHO HEOOJBIIUM YHCIOM KOMIIOHEHTOB.

CXeMHO-y3JI0BOM  MPUHIMI  WCIONB3YyeTCs NpH  JpOOJIGHWHM HA  YacTH  CIIOKHBIX
(YHKIIMOHATBHBIX Y3JIOB M TIPEIIONAraeT paclojOXKeHUEe Ha OTISNbHBIX TEUATHBIX IUTATax
yacTeil CXEeMbl, HMMEIOIIUX YETKO BBIPAKCHHBIC BXOJHBIE W BBIXOJHBIC XaPaKTEPUCTUKH.
Jpobnenue HyHKIIMOHATBHBIX Y3JI0B Ha YACTH HEXKENIATeIbHO U JOHKHO OCYIIECTBISATHCS JTUIIIb
B 000CHOBaHHBIX ciiydasix. Haubosnee yacTo anmapaTypa cTpoUTCs Ha OCHOBE (yHKIIMOHAIBHO-
MOAYJIBHOTO TpPHUHIMIA, IPU KOTOPOM OTAEJbHBIE JJIEKTPOHHBIE MOIYJIH  SIBIISFOTCS
(GYHKIIMOHAIBHO U KOHCTPYKTHBHO 3aKOHYEHHBIMH. [IprMepoM MOXET CIIy)KMTb MOCTPOEHUE
MEPCOHAIBHOTO KOMITBIOTEPA, B COCTaB KOTOPOTO BXOJAT CIEAYIOIINE MOAYIH: OJOK MUTAHMUS,
Mpolieccop, MaTepUHCKas Ij1aTa, )KeCTKUI IUCK, TPUBOJ ONTUYECKUX JUCKOB U JP.

HpI/IMeHeHI/Ie (I)YHKLII/IOHB.J'IBHO-MOILYJ'ILHOFO IIpUHIMIIa KOMIIOHOBKH ITO3BOJIACT:
— CBCCTHU K MUHUMYMY YHUCJIO CBsA3EH MCIKAY MOAYJISIMU;

— OCYIIECTBIATh MAapauIeNbHO COOPKY, PEryJIMpPOBKY M IIPOBEPKY pa3HbIX MOJIYJEH, 4YTO
COKpAILaeT [UIMTEIBHOCTh TEXHOJIOIMUECKOT0 IUKJIA U3TOTOBICHUS U3/1EIINU;

— o0ecneunTh TOJHYI0 B3aMO3aMEHSEMOCTh, OJaronaps 4eMy HEUCTIPABHBIA MOJYJIb MOXET
OBITH OBICTPO 3aMEHEH 3aITaCHBIM 0€3 MOATOHOK U PETYIHPOBOK;

— IPOU3BOAUTH MOJACPHU3ALUIO YCTPOUCTBA IIYTEM YCOBEPIIEHCTBOBAHMS OTAEIBHBIX MOIYJIEH
HE3aBUCUMO OT IPYI'HX;

— pealu30BbIBaTh Ha OJHOM M TOM K€ 0a3uce TEXHUYECKHX CpPEICTB Pa3InYHYIO
KOH(UTypaluio anmnapaTypsl.

Kak yxe oTMeuanoch, 3eKTpOHHas almaparypa KOMIIOHYETCS ¢ Y4eTOM IpPHUHIIUIIA UepapXHH,
MOJIPa3yMEBAIONIECTO Pa3JIe]ICHHE YCTPOWCTB M CHCTEM Ha OJIHOPOIHBIE CTPYKTYpPHBIC YPOBHU
(pa3ykpymnHenue). B mpoiiecce KOMIIOHOBKHM TPOUCXOAUT TOCTEAOBATEIbHOE OOBEIUHEHUE
0oJ1ee POCTHIX JIEKTPOHHBIX JIEMEHTOB H y3JIOB B 00JIee CIIOKHEIE.

MeToabl BLINOJTHEHUS KOMIIOHOBKH.

PaznmnyaroT TpM OCHOBHBIX METO/JAa KOMIIOHOBKH, B3aUMHO JOMNOJHSIOIUX JApYyr Jpyra:
aHAJIWTUYECKasi, MOJeNbHAs U rpaduueckas KOMIOHOBKa [34]. AHaiuTudeckass KOMIIOHOBKa
MIPOBOAMTCS HA HAYaJIbHOM JTare KOHCTPYUPOBAHMS Ul PELICHUS CIEeIyIOMIMX 3a/Jad: BBIOOP
TUIIOpa3Mepa YHU(PHUIIMPOBAHHOTO Kopmyca OJioKa, OlleHKa JIMHEWHBIX pa3MepoB U o0bema
ycTpoiicTBa, 000CHOBaHHE HEOOXOJUMOT0 KOJIMYECTBA U Pa3MepOB MEeYaTHBIX IUIaT U T. 1.

B nmpomecce  aHanuTHUeCKOH ~ KOMIIOHOBKM  OOOOLIEHHBIE  IMapaMmMeTphl  yCTpPOHCTBa
pPAacCUHMTHIBAIOTCS IYyTEM CYMMHPOBAaHHUS YCTaHOBOYHBIX IUIOMIAJIEH WM OOBEMOB €ro
OTJIEIbHBIX KOMIIOHEHTOB. YCTaHOBOYHbIE OOBEMbI (TUIOIIAAU) — 3TO OOBEMBI (ILIOLIAIN)
HKBUBAJIEHTHBIX (QUTYp MPOCTOH (POPMBI, ONTMCAHHBIX BOKPYT PeaTbHBIX KOMIOHEHTOB C YUYETOM
UX BBICTynaromux dvacreil.Hampumep, mimomanp mneyatHodl mwuaTel S, HeoOXoaumas Uis
pa3MeleHUsI KOMIOHEHTOB, PACCUUTBIBACTCAIIO (popmMylie



rae Sycti, — ycTaHOBOYHBIE IUIOMIAAH KOMIIOHEHTOB, KS — KO3((HUIMEHT 3armoIHeHHs
TIJIOIIA U TUIaThl. AHAJIOTUYHO MOYKET OBITh HalJIeH 00beM 3JIEKTPOHHOTO OJ10Ka V'
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rae Vycti,— ycraHoBouHble 00beMbI KOMIIOHEHTOB; KV— ko3 duineHt 3amonHeHus oobema
OJ0Ka.

['padmyeckas KOMIOHOBKA MPOU3BOJUTCS IYyTEM BBIYEPKUBAHUS Ha Oymare WM 3KpaHe
KOMIIBIOTEpaieTaleld yCTPOUCTBA U MPOPAOOTKH PA3NMUYHBIX BAPUAHTOB HMX PACHOJIOKECHHS.
Pesynbrarom rpaduyecKOMKOMIOHOBKM  SIBISETCS 4epTex  ycrpoictBa. ['paduueckas
KOMIIOHOBKA, BBINOJIHSEMass BpY4YHYIO, —TpyldoeMKas omnepauus. BpyuHyro TpyaHo
IIPOPUCOBATh PsIiI BapUAHTOB C LIEJIbIO MOMCKA Jyudliero pemenus.llostomy k rpapuueckoit
KOMIIOHOBKE JKEJIaTEIbHO MEPEeXOJUTh TOrJa, KOIJa YK€ HalJIeH ONTUMaJbHbIIIBapUaHT
pacmoJIOKEHUsI COCTABHBIX YacTed ycrpocTrBa. [loMck Takoro BapuaHTa IPOBOAUTCSA
METOJOMMOJENBHON KOMIIOHOBKH.IIpH MOIENBHON KOMIIOHOBKE HCIIOJIB3YIOTCS IUIOCKHE WIIU
00BEMHBIE MOJIEIIH AJIEMEHTOB, BBHIIIOJHEHHBIEB OJIMHAKOBOM MaciuTabe. [Ipumenenue mozeneit
MO3BOJISIET HATJIAIHO MPEICTABUTh PACIOJIOKEHUE COCTABHBIX YacTel yCTPOUWCTBA, TPACKTOPHIO
UX IepeMelleHuss B mpolecce paboThl U JApyrue MOMeHThI. [lmockuemonenu Haz3bIBAIOTCS
anIIMKAUAMHA. ANMUIMKAIUA U3TOTOBJISIFOTCS M3 IUIOTHOM OyMmard WM ApPYTUXIOAXOSAIINX
MaTepuaioB. B mpomecce KOMIOHOBKM Ha JucTe Oymard BbIYEPUMBAIOT — KOHTYP
BHyTpeHHerooObema DA. Ilepemeniasi anmmkanuu B NpeAenax 3TOro0 KOHTYpa, HAaXOIAT HX
ONTUMAJILHOE PACIOJIOKEHNE,KOTOPOE BAAJIbHEHIIEM OepeTcsl 3a OCHOBY MpU Trpaduueckoi
KOMITIOHOBKE. [Ipu HpOCTpaHCTBEHHONW KOMIIOHOBKEHCIIOIB3YIOTCS TPEXMEpPHBIE MOJACIH U3
KapTOHA, NEHOIUIACTa, IUIACTWIIMHA U T. A. KOMIIOHOBKa CHCIONB30BAaHMEM BMECTO MOZEIEH
pEAIbHBIX IEMEHTOB MHOI'/Ia HAa3bIBAETCsI HATYPHOM.

§ 5.8. ABTOMaTH3a1UusA KOHCTPYHUPOBAHUS JIEKTPOHHOM anmaparypbl

KomneroTepuzanusi 4enoBeYeCKOW JIEATEIbHOCTH KapJUHAIBHO HW3MEHWJIA TEXHOJIOTHIO
pazpaboTku DAOnarojaps IIUPOKOMY HCHOJIB30BAHUIO CHUCTEM aBTOMATHU3HPOBAHHOTO
npoektupoBanus. OCOOCHHO BBICOKASCTENICHh aBTOMATH3allMM pPadOT OCTUTAETCS TpU
MPOCKTUPOBAHUM DJIEKTPOHHBIX Vy3710B Ha ocHoBe mnevarHeixmiaat (III). CoBpemennsie
cnenuanusupoBanHsle CAIIP comepkaT makeT mporpaMM, 00€CIEeYHBAIONIMXCKBO3ZHOE
MPOEKTUPOBAHUE TAKUX Y3JI0B — OT MOJEIUPOBAHUS U ONTUMM3ALUU NPUHIIUITHATBHOU CXEMBI
opa3paboOTKU TOIOJIOTMH MHOTOCIOWHON meuyaTHOW Tuiatel. C momomipio 3Toi ke CAIIP
obecrieunBaeTcsiopopMiieHHEe KOHCTPYKTOPCKOM JTOKYMEHTAllMd Ha OyMare M CO3/IaHue
ANEKTPOHHOTO  (paiila, B  KOTOPOMCOAEpP)KATCA BCE  HEOOXOAUMBIE  JaHHBIE IS
aBToMaTu3upoBaHHoro wusrotomieHus [II1. K umcmy mogoOHBIXIIPOrpaMMHBIX KOMIIJIEKCOB
otHocsates PCAD, OrCAD, DesignLab.Texunonorust koHctpyupoBanusi ¢ momoimipio CAIIP
MpeJroiaraeT M3rOTOBJICHUE IEUYaTHBIX I1aT0e30yMakHBIM MeToqoM (6e3 HCIOoNb30BaHUs
pabounx ueprexeil). [Ipu TpUMEHEHMHM aBTOMATH3WPOBAHHOTOWIM aBTOMATHYECKOTO
cOOpOYHOrOo 00OpYIOBaHUS YEPTEHKH MOTYT HE MOTPeOOBAThCSA WM TMPU MOHTAXKE HAIUIATy



JJIEKTPOHHBIX KOMIIOHEHTOB. JTO KOHEYHO HE O3HAYaeT, YTO KOHCTPYKTOPCKAs TOKyMEHTalUs
HareyaTHbIe Y3JIbl HE BBITYCKAETCS, MOCKOJIBbKY OHa HeoOXoauMa IpU MOHTa)Ke, HaCTPOUKE H
Ipyrux paboTtax,BhINONHAEMBIX BpyuHyto. B coorBerctBuum ¢ ECKJ] B kommuiekre paboueit
KOHCTPYKTOPCKOM JIOKyMEHTAallMMDA 4YepTeXH TeYaTHBIX Y3J0B OOS3aTEIbHO JIOJIKHBI
0b1Th.Cpenu koHcTpykTopoB [1I1 HanbGoubIiee pacpoctpanenue noixyumia cuctema PCAD [37]
— oxaHa nu3Haubonee MouHbIX CAIIP, opueHTHpOBaHHBIX Ha pa3pabOTKy AJIEKTPOHHBIX Y3JIOB
Ha OCHOBE IleyaTHOroMoHTaxa. OHa oOecnednBaeT MOJEIMPOBAHUE AIEKTPOHHBIX YCTPOICTB,
CO3JaHME M  PENAKTUPOBAHUEIPHHLMIIMAIBHBIX CXEM, aBTOMATHYECKOE pa3MEILCHUE
KOMIIOHEHTOB M TpaccupoBKy coenuHeHudl Ha IIII,Beimady ueprekell Ha IpuUHTEp, IUIOTTED,
doTonocTpouTeb, MOATOTOBKY JTaHHBIX JJIsi CBepJICHHs OTBepcTuiiHa crankax ¢ UITY, a Takxke
BCIIOMOTAaTeNbHbIE CEepBHUCHBIE (yHKIMU. TexHomornyeckoe o0OpyIOBaHME JISIPOU3BOJICTBA
'l amanTUpoBaHO K 3TOM MpOrpamMme, B CBSI3M C YEM HM3FOTOBUTEIM IE€YATHBIX IUIAT
OOBIYHONIPEIIOYUTAIOT IPUHUMATE 3aKa3bl B (hopmare mocnenneiit Bepcun PCAD. Tlpoexr I1I1
npezcTaBisieT coOOWTaK Ha3blBaeMbld pcb-(aiin, KOTOpbI Ha KaKOM-JIMOO HOCUTENE JaHHBIX
WIA 1O 3JIEKTPOHHOHW IOoYTe MOXKETOBITh NepedaH Ha npou3BoAcTBO.Ilpu KommoHOBKe
JJIEKTPOHHBIX OJIOKOB M IIKa(oOB, KOHCTPYHMPOBAHUU KOPIYCOB aImnapaTypbl,MEXaHUUECKUX
neraged u  y3noB, oObemHoro MmoHTaxka CAIIP wucnonb3yercss NpeuMMYILECTBEHHO B
peXUMerpaguIeckoro pemakTopa, CHa0KEHHOTO OWOIMOTeKaMH H300pKEHUN THUIIOBBIX
AJIEMEHTOB KOHCTPYKUUHU.OYeHb MOMYyJSpHBIM BO BCEM MHpPE IaKETOM MPOrpaMM JUIs
KOHCTPYMPOBAHUS JIOOBIX MEXAHWYECKUXM3IECIUN U CTPOUTENbHBIX COOPYKEHUN SABIISETCS
AutoCAD. Cucrema AutoCAD kpome pexuMarpauueckoro penakropa HMEET pPEeXHM
rpau4ecKoro MporpaMMHpOBAHHUS, MMO3BOJIAIOLUINM MOJB30BATEIIOCAMOCTOSTENILHO CO3/1aBaTh
m1a0JIOHBl  YepTexed TUNOBbIX jeraneld. [Ipm  HCmonb30BaHMM TakuxX  MIaOJIOHOBIUIS
aBTOMATHUYECKOTO TIOJIy4E€HHUSI dYepTeka HEeoOXOAMMO BBECTH TOJIBKO OCHOBHBIE pa3Mephl
neranu.llaker KOMITAC npeacraBnser co0oif mporpaMMmy OTEUYECTBEHHOM pPa3pabOTKH M IO
BBINOJIHAEMBIMOYHKIMAM U uHTep¢eiicy noxox Ha AutoCAD. B nocneanue ronst KOMITAC
cymectBeHHO notecHUIAUutoCAD B Poccun u crpanax ObiBiiero CCCP, Tak Kak OH IOJIHOCTBIO
pycubunupoBan, amantupoBaH KrpeOoBanusMm ECK]I, comepxxutr oOmmupHbIe OUOIMOTEKH
M300paXeHU TUIMOBBIX JeTayiel, MIa0JIOHOB JOKYMEHTOB, HMHTETPUPYETCS C MpOrpaMMoii-
knaccudukaropom ECKJI.



