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YTO TAKOE «HE BE3ET_)> N KAK C HUM BOPOTbCHA,
UIN KAK OBECINEYUTb HAOEXHOCTb P3C INPU PABPABOTKE

Yactb 1

Koeanée Bnagnmup BukrtopoBuy
Oupekmop OO0 "Hosyc-/1ab" /"Novus-Lab" Ltd./

OnbITHBLIM 0Dpasel, oTkasan B CaMbll HEMOOXOAALWMIA MOMEHT? Balle ycTpoMCTBO He npoLuso
KOMMNJIEKCHbIE UCMbITaHUA y 3akadumka? «Crnioumn» MobunbHbI TenedoH, nocne nepeesga Cropen
«TENeK», a B caMyto Xapy criomasncs koHguuuoHep? Ox, He Be3éT! BoamoxHo. Ho MoxeT ObITb npuynHa
B HedoCTaTO4HO MNpopaboTaHHOM CXeMe WM KOHCTPYKUUWM YCTPOWMCTBA, BO3MOXHO Npu paspaboTke
yMyLweH KakoW-TO krodeBoM MOMeHT? Ecnm Bbl unTanu npegbigyllyto cTatbio «MoYemMy TexHuKa
floMaeTcsi», TO HaBepHoe Ye AoraablBaeTecb ... Aa, TO caMoe 3abblToe MOHATME «HAOEXHOCTbY.
[aHHas cTaTbs HM B KOEN Mepe He MPeTeHAYeT Ha MOSHOTY OCBELLEHMS CTOMb OOLIMPHOW TEMbI, Kak
NPOEKTUPOBAHNE PaaMO3aNEKTPOHHbIX cpeacTB (PAC), HO B Hew s mocTapatoCb OCBETUTb TUMUYHBLIE
OLIMOKN MPOEKTMPOBaHUS, NPUBOAALIME K MOTEeHUMansHoOMy (M B OONbLUMHCTBE CrlyYaeB pearibHoOMYy)
CHWXKEHMIO HaOEéXHOCTU paspabaTtbiBaemon annapaTypbl. HakonveB HekoTOpbii OMbIT B paspaboTke
PaAnOSNEKTPOHHBIX YCTPOWCTB, X044y MOAENUTBCA MM C Konneramu-paspaboTtyvkamm. KoHeyHo, BUOETb
«rpabnu» He 3HaAUWUT He HacTynmaTb Ha HUX, TYT KaXXOblA MPOXOAMT Yepe3 CBOW «LUMLLKM», HO dymato
naewn, N3NoXeHHbIe Ha 3TUX CTpaHuLax, HakayT OTKIMK B yMax MHOrMx pa3paboTymkoB. [JaBanTte BMecTe
nonpobyem pas3obpaTbCsi, YTO e Takoe «He BE3ET» U Kak C HUM GopOoTbCS.

Kak n3BECTHO «BE3EeHWe» — KaTeropmsi He CTOSIbKO «BE3YYMX», CKOIbKO YMOPHbIX U
TpyOonobuebix. B 4aHHOM criydae MMEHHO Tak U ecTb, Tak Kak ycnex pa3paboTku BCeLeno 3aBuUCUT OT
OTBETCTBEHHOCTM MOAXOAa K NPOEKTUPOBaHWIO, €ro  KOMMJIEKCHOCTM W LWMPOTbl  OXBaTa,
LieneycTpeMnEHHOCTU U KkBanudpukaumm paspaboTyumnka. Kak yxe Obino onncaHo B npeaplaylien ctatbe
«MoyemMy TeXHUKa NTOMaEeTCs, UNKN YTO Takoe 3abbiToe NOHATME «HAAEXKHOCTbY, HAOEXHOCTb — KaTeropus
KOMMIEKCHas, XOTS U BblpaXkaeTcsl OO4HWUM, BNOSHE KOHKPETHbIM YACIIOBbIM NapaMeTpoOM — BEPOSITHOCTbIO
6e30TkasHo paboTbl. Tak BOT, MPWU MNPOEKTUPOBAHWM HYXHO YAENSTb BHUMaHME BCEM acriekTam,
BMMSIOLLMM Ha MokasaTenu HaaéxHocTu. PaccmaTtpuvBaemble B 3[4eCb BOMPOCHI MEPEKNMKAOTCA C
nepeyncrieHHbIMM B Mpeablaywen crtatbe. byaem cuntatb, 4TO uuTaTenb YXKe O3HAKOMWIICS
npegabloywen nybnukaunein. Mrtak, HayHéM. YTOObI He 3anyTaTbCs MOMbITAEMCS pasdenuTb Bce
«MPOCTPaHCTBO Mpobrem» Mo kaTeropusim (B ckobkax OyaoyT ykasaHbl CBA3M C npobrnemamu,
OMnMCcaHHbIMK Bbl NpeablayLLel cTaTbe).

. OpFaHMSaLI,VIOHHbIe aCleKTbl

e CXxemOTexXHUYeCKMe acreKTbl
o (HapexHOCTb CXeMOTEXHUYECKMX pelleHuii. HagexHoCTb anemMeHTHol 6a3bl.)

e KOHCTpYKUMOHHbIE acnekTbl
o (HapexHOoCTb KOHCTPYKLMOHHBIX pelleHuidi. HageXHoCTb arnemeHTHol 6a3bl.)

e [lporpammHble NPoGrnembl
o (HagexHocTb nporpammMHOro obecneyeHus.)

e [Ipobnembl on3anHa
o (HagexHocTb nonb3oBartens.)

. 3agaun TeCTUpOBaAHUA
o) (Haﬂ,e)KHOCTb TEXHOJTOrM4YeCKnx npoueccos CGOpKVI. HagexHocTb I'IOJ'Ib3OBaTeJ'I‘r'I.)

e  OdbopmneHmne KOHCTPYKTOPCKOWM M MONb30BaTENbCKON AOKYMEHTaLMK
o (HagexHocTb nonb3oBarens.)
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OPIrAHU3ALINOHHBIE ACIMEKTbI

OcTtaBvM 3a pamkamu 3TOW CTaTbW MHOTME OpraHm3aLMoHHble NPOBNemMbl U CKOHLLEHTPMPYEMCS
Ha odHON — Hambonee BaHOW ANs pa3paboTymka — TexHu4yeckoe 3apaHue (T3). BTo cokpalweHne Ha
KOro-TO HaBOAMT yXKac, KTO-TO B O4EPELHON pas3, yBUASA €ro, 0TMaxmMBaeTCs, Kak OT HAa30MMMBOM MyXu, a
KTO-TO BOCMPMHUMAET €ro Co BCEN OTBETCTBEHHOCTLIO U «B nopsgke Bewen». Ho, kak Okl To HM BbIno, ¢
T3, B TOW wunu wuHOM OpMeE, MNPUXOAUTCA cTankmeatbcs BceMm. [lonHoe T3 — CcRoXHbIA W©
MHOFOCTPaHWUYHbIA OOKYMEHT, BO MHOIOM WHAMBWAYyanbHbIA ONS KaXgow paspaboTku. Bo3amoxHo, 4To
BoOOLLe YyHuBepcanbHoro T3 He ObiBaeT, HO BCE e ecTb 0a3oBble MyHKTbl, KOTOPbLIX CTOWUT
NpUAEPXKNBATBLCA NPU €ro CoCTaBneHun. MI3aBeCcTHO 13 onbiTa, YTO r4e-To nocepenmHe Nyt K OKOHYaHUIo
paboT, HauMHaT pPOXOATbCA KpamosibHble MAeW O TOM, YTO BOOOLLE HYXHO ObINO AenaTtb Bce Mo-
apyromy. beiBaeT, 4to T3 no xogy paboT HEO4HOKPATHO YTOYHAETCS U COrMacoBbIBAETCS, U Kak MpaBuIio,
NOATBEPXAAETCA OAMH U3 3aKoHOB Mepdu: « Torbko 8 KoHUe pabombi Mbl OBbIYHO y3HAeM, C Heao Xe
HYXHO 6b170 HavYuHamby». Ho, Tem He MeHee, T3 nos3BonseT BbIOpaTb HY)XHOE HanpaBrieHue
OEeATEeNbHOCTN, ONPEeOEeNnUTb CPOKU W  KKOHTPOSIbHbIE TOYKUY», TPE3BO OLEHUTb OOBbEM paboT u
pacnpegenutb cunbl. A NoTomy, ABNsAsiCb 6a30BbIM JOKYMEHTOM Anda Hadana pabot T3 TpebyeT k cebe
NpuCcTanbHOro BHMMaHusi. Heobxoaumo noMHuTb, 4To T3 Kak AOKYMEHT OT 3akasyunka pa3paboTymky, Tak
n oT paspaboTyuka — 3aka3umky. Ero coctaBneHve npouecc obowgHbIi M UTepaumoHHbii. B xope
cocTtaBrneHuss T3 HeobXxoOuUMO BBISICHUTbL BCE CMOPHbIE MOMEHTbLI, B MPOTUBHOM Cllydae corfacoBaHue
3TMX MOMEHTOB C 3aKa34MKOM Ha 3Tane OKOH4YaHWsl paboT MOXET ferko NepenT B MPaBOBYO NIOCKOCTb.
OtcyTtctBue T3 npu paspaboTke CPoAHM OTCYTCTBMIO LOroBopa B rpaxpaHckoMm npase. CocTaBneHve
rpaMmoTHoro T3 — Lenoe UCKYCCTBO, HO MHOrve npeHebperatoT gaxe ero obner4éHHon Bepcuen, a 3psi.
YT06bI MOXHO ObINO OLIEHUTE BaXKHOCTb OAHHOIO AOKYMEHTa, NpMBeayY TUMUYHbIE MYHKTbI T3:

— OCHOBaHuda onsa pa3pa60TKM N Ha3Ha4YeHne pa3pa60TKM
— obLee onucaHne nagenus

— TpeboBaHus K U3genuio
- TpeboBaHWs K XapakTepucTrKam
- TpeboBaHWs Mo HAagEXHOCTU
- yCNoBUS 3KCNnyaTauum
- cneuuarnbHble TpebGoBaHus

—  TEXHWKO-3KOHOMMYECKME NokasaTenu (B T.4. U npeanonaraemMble 3atpatbl Ha TO)
—  NOPSAOK KOHTPOSS U NPUEMKM
—  NPUNOXeHUst (onucaHus, NpefBapUTENbHbIE pPacYéTbl, CXEMbl U T.M., KOTOpble MOryT ObITb
NCMNonb3oBaHbl Npu paspaboTke)
CocTaeneHne T3, kak S y)Ke roBopwus, BbIXOAMT 3a paMku AaHHOW cTaTbu. WHTepecyowmmes
MOXHO TOCOBETOBATb W3Y4YWTb COOTBETCTBYKOLLUME HOPMATUBHbIE [OKYMEHTbl, a Takke MNOCETUTb
TEMaTU4Yeckne calTbl, MOCBSALLUEHHbIE pa3paboTke KOHCTPYKTOPCKOM AOKYMEHTaLMK.

Wtak: T3 ecTb, YTo ganblie? Tenepb Ha OCHOBaHWM 3Toro T3 pa3paboTynK AOIKEH COCTaBUTb
ana cebsa (M Ons sakasyuka Toxe) «mnaH paboT». lnaH gomkeH cogepxaTb MNpUMEpHbIe CPOKM
BbINOMHEHUA  KIIOYEBbLIX 3TanoB paboT, CPOKM MNPEACTaBNEeHUs MPOMEXYTOUHbIX KOHTPOSbHbIX
pe3ynbTaToB, N KOHEYHO CPOK OKOHYaHWs paboT. B nHTepBane oT Hayana paboT A0 caauu pesynbTaTta
pa3paboTyMK BONEH BapbMpOBaTb CPOKM MPOMEXKYTOYHBLIX 3TarnoB, O4HAKo, GOrblIOe OTKIIOHEHWE OT
Ha3HA4YeHHbIX CPOKOB B KOHTPOJSIbHbIX TOYKax — TPEBOXHbIA cCUrHam. Ha npakTuke, KOHEYHOo, penko
yOaeTcs BblaepaTb B TOYHOCTU yKasaHHble CPOKU, HO, MO KpaliHel Mepe, HyXKHO CTPEeMUTLCS MonacTb B
OTBeAeHHblE BpeMEeHHble paMKW. Tak YTo TyT Ge3 nnaHa HUKak, MHave paspaboTka pUCKYeT 3aTsHYTbCS
Ha HeonpeaenéHHoe Bpemsi. YkasaHHble Bbille NpoGneMbl 0ObIMHO OTCYTCTBYIOT BO «B3pochbix KB» (Ho
rae OHM ceiyac?) W, Kak Npaeumo, NPOsiIBNSOTCH B HEOOMNbLUMX KOMIEKTMBAX, B YaCTHbIX NPEAnpUsATUSIX,
Koux Tenepb GonbwMHCTBO. Ho gaxke npu Hanuymum T3 1 nnaHa paboT — Hanbonee TUNMYHas U onacHas
ownbka — 3aHWKEHWE CPOKOB paspaboTKW. [puuMHbI, MO KOTOPbLIM 3TO MPOUCXOAMWT, COBEPLUEHHO
pasnnyHbl, OT NPOCTON HEeQOOLEHKN TPYAHOCTEN, A0 XenaHusa NpearioxuTb 3akaszyunky Goree BbiroaHble
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yCnoBus cOTpyaHu4ecTBa. PesynbTtat oanH — paboTa B LLENTHOTE U B KOHEYHOM CYETE — CPbIB CPOKOB U
yxygluleHue kadecTtBa pabot. Ecnn y paspaboTtumka 3a nnedamy HeT XOTsl Obl HECKONbKUX KPYMHbIX
NpoekToB (Ha KOTOpble 3aTpayeHO MO nofroga paboTbl), TO MOXHO CMENO YMHOXaTb KaXyLUMecs
pasyMHbIMWU CpOKM pas3pabotkm Ha 1,5 wunn pgaxe 2. «Hy 310 yx cnuwkom!» — pymaete?
MpoaHanuanpynTe Bce «y3kMe» U «CKomnb3kue» Mecta B T3 m Bbl No4Tn HaBepHsika cornacurechb. He
cnewmvTe — nydwe NUWHUMA geHb nogymanTe. bonee onbiTHblE pa3paboTymky oWMBaTCA C OLEHKOM
CPOKOB 3HauuTenbHo pexe. Hy BoT: T3 m nmaH paboT ecTb Tenepb MOXHO MpUCTynatb K CaMoMy
WHTEpPECHOMY.

CXEMOTEXHUYECKUE ACIIEKTbI

C yero HauvMHaeTcs CTpPoUTENbLCTBO 3AaHua? [paBunbHO, € dyHOameHTa. Tak BOT Ans
NPUHUMMNMANbHON CXeMbl, (PyHOAaMEHT — CXxema CTPYKTypHas u dyHKumoHanbHas. Ecnn 6onblumMHCTBO
CreumanncToB OeNCTBUTENBHO 06nagalT AOCTAaTOYHON KBanudwukaumen, 4ytobbl He genaTtb oWwnboK B
OTOENbHbIX Yy3rax W Kackagax MNpUHUUNMANbHOM CxeMbl, TO B oOLEeM M Lenom, npu OTCYTCTBUU
CTPYKTYPHOW CXeMmbl, pa3paboTymMk 4acTo [OBWUraeTcd He B ONTMMAarbHOM HarnpasBneHun. Hanwudune
CTPYKTYPHOW CXeMbl MO3BONSET HaYyaTb NPOEKTMPOBaHME YCTPOMUCTBA Ha «BEPXHEM YPOBHE Uepapxumy,
BYAETb €ro npuHUMnuanbHble HeOOCTaTKM U OOCTOMHCTBA. B TO Bpems, kak e€ OTCyTCcTBME, 4acTo
«3aUuKNMBaeT» pa3paboTyMka Ha «4YaCTHOCTSXY», MNPEMATCTBYS CO34aHMIO ONTMMarbHOM CTPYKTYpbI
ycTpoictBa. A B [JanbHenleMm, OTCYTCTBME CTPYKTYPHOW CXeMbl 3HaYUTENbHO MOXET OCMOXHUTb
mMoaudmkaumio paspaboTku, aHanma3 OoTKasoB M peMoHT. [lonpobyinTe, Hanpumep, onucaTb paboTy
CNOXHOW TexHu4deckon cuctembl (gonyctum MK) 6e3 aenexHns e€ Ha dyHKLUMOHanbHble 6noku. Bpsag nn
Mony4mTCs, a eCrnn 1 MNONYYUTCS, TO BCE PABHO BOSEN-HEBOSEN ONEPUPYEM MAKPOMOHATUSMU: «HMMCETY,
«MpoLeccopy», «WuHa» U T.M. To ecTb, CTPYKTYPUPYEM CMOXHYIKO cucTeMy. OTO BMOMHE eCTECTBEHHO. Ho
noyemy-to npu pas3paboTKe YacTo MOSNHOCTBI  WUFHOPUMPYETCA  CTPYKTYpHOE MpeacTaBreHue
pa3pabaTtbiBaemMoro ycTponcTea. «BanuTtb BCE B 0OHY Ky4y» eLé BO3MOXHO MNpu BeAeHWMU NpoekTa (XoTs
HaBepHsika OyaoyT owwmbku m3-3a OTCYTCTBMS BMAEHWS B LIEMOM), @ YK MO MNPOLIECTBUN BPEMEHM
pa3obpaTtbCA B Takon «kawey» 6e3 geTtanbHOro onMcaHnst U CTPYKTYPHOW CXeMbl ObIBAET O4YeHb TAXKENO.
[a n aHanua Taknux cxem KpanHe u KpaviHe 3aTpyaHuUTeNneH (0CO6eHHO, ecriv OH NPOBOAUTCS HE aBTOPOM
OaHHOW pas3paboTkn, Oa W ewe W Npu OTCYTCTBMM MOSICHUTENBHOW 3anucku). EOQUHCTBEHHbIM
OnpaBOaHNEM OTCYTCTBUS CTPYKTYPHOW CXEMbl MOXET ObiTb, Ha MOW B3NS4, TOMbKO MPOCTOTa MpoekTa
(rmyno 6bino Obl pucoBaTb CTPYKTYPHYIO CXEMY, HAanpumep, ANsi HECINOXHOIO MCTOYHMKA NMUTaHus).

He mMeHee BaxHa UM cxemMa QyHKUMOHanbHas. [aBaiTe BHECEM SACHOCTb B TMOHATUSA
YHKUMOHANBHOM U CTPYKTYPHOW CXEM, TaK Kak MHOTME He BUASAT MeXAy HMMMK pasHuupbl. CTpyKkTypHas
cxema OormkHa oTobpaxaTb YCTPOWCTBO B BUMAE 3aKOHYEHHbLIX (PYHKUMOHAmNbHbIX OMOKOB, MOKa3biBaTb
B3aMMOCBA3b MeXOy HMMM M oTobpaxaTb obwwui npuvHUMn paboTbl BCero yctpowcTea. nsga Ha
CTPYKTYPHYIO CXeMy, AaXe HaYMHAIOLLMUA CNeunanmncT, 3HakoMbIV C a3amun NpegMeTa, LOITKEH MOHATb Kak
«3TO» paboTtaeTt. Ecnv Takoro NoHMMaHKSA HET, TO MOXHO CKa3aTb, YTO Takasi CTPYKTypHas cxema HUKyaa
He rogutcs. PyHKUMOHanbHasi cxeMa — 6onee nogpobHasa cxema OyHKUMOHaNbHbIX Y3r10B (BO3MOXHO
OaXe C anemMeHTamMu NpYHUMNManbHOM cxembl). QyHKUMOHANbHAsA CXxeMa pacKpbiBAeT NPUHLMMN OENCTBUS
dyHKUMOHanbHoro 6noka vnu yana. OHa, Tak cka3aTb, 6ornee HM3KMIA YPOBEHb Mepapxum, Yem cxema
CTPYKTYpHasi, HO eLLé He SBNAETCA NPUHLMUMMAnNbHON CXEMON.

To4YHble CTPYKTYpPHbIE U (bYHKU,VIOHaJ'IbeIe CXeMbl, Kak U ToyHoe T3, Kak npasuno, MoryTt
«POoOUTbCA» TOJIbKO MOCJiIE€ OKOH4YaHUA paapa60TKV|, HO 3TO He MewaeT co3gatb WUX B «MNepBOM
I'IpVI6]'II/I)KeHVII/I» B CaMOM Ha4ane pa60T. 3T cxembl 6yp,eT conpoBoXxaaTtb Bac Ha NPOTAXEHUN BCEro
BpEMEHN pa60TbI Hag MNMpPOEeKTOM (VI Oaxe nocrie, npun rnoucke ownbok n aHanuse 0TKa3OB). Tak 4TO
PeKoMeHO Yy OTHECTUCH K 3TOMY OYE€Hb U OYEeHb Cepbé3H0.

YT06bl OaTb YMTaTEN0 BO3MOXKHOCTE YMCTBEHHO NOpasMsTbCs M yb6eauTbesl B 3TOM, pacCMOTPUM
KakoWi-HMOY4b HETPUBMANBHbINA CIOXHBIN NPOEKT, HanpuMep poboTa (puc.1).
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Cwuctema aatynkos
BHELUHUX BO3AENCTBUI
(okpyxatowas cpeaa)
Moacucrtema o6pa6oTku
" " Haeuraunonnas
AaHHLIX C "BHEWHUX'
noacuctema
AaTYMKOB
\ A
\
. o — Moacucrema
. WUHTennekTyanbHbIn 6nok (Al) - XpaieHAA HAHABDE
A A
Y Y Y
Moacuctema o6paboTkun
AaHHbIX C "BHYTPEHHHUX" Moacuctema ynpasnexus
AaTYUKOB MexaHu3Mamm u Bnok uHtepdeiicoB
BHYTPEHHUMM cUCTEMaMU
Cuctema AaTunkos ! YenoseKko-MalUMHHbIA MaluHHbe uHTepdeiic
camoanarHocTukn BHyTpere WHTepdeiic H HTepdeias!
MexaHu3mbl
cucTemsl
PucyHok 1

AHanuanpys [OaHHyl CTPYKTYpHYyl0 cxemy, ©6e3 ocoGoro Tpyda MOXHO YBUAETb Y3KMe WU
HeHaOéxXHble MecTa, a Tak ke MOHSATb NoTeHLManbHble BO3MOXHOCTM CUCTEMbI, OLIEHUTb TPYOOEMKOCTb
NPOEKTUPOBaHUSA KaXKaoro pyHKLMOHANbHOro yana v T.m.

CTpykTypHasi cxema no3BomnseT 4YETKO BWOETb B3aMMOCBSI3b BCEX CTPYKTYPHbIX 3BEHbLEB
MPOEKTUPYEMOro TEXHUYECKOro obbekTa. Bceraa nosBonsieT oUeHUTb MX B3aUMOBIUSIHUE W BaXKHOCTb,
0COBEHHO 3TO LIEHHO MpW CTPYKTYPHOM aHanuae HagéXHOCTU CUCTeMbl, T.K., BO-MepBbiX, NO3BONSeT
YyBUOETb «Yy3KMe MecTa», MPUCYTCTBME WU BNWSIHUE AecTabunuavpylolmx (akTopoB, a BO-BTOPbIX,
a[leKBaTHO BHECTU KOPPEKTUBLI B CTPYKTYPY CUCTEMBI. TO e OTHOCUTCS M K cXemMaM (PYHKLIMOHATbHbIM,
HO Ha Gonee AeTanbHOM ypoBHe. CTPYKTYpHasi cxema 3a4vacTylo Mo3BonsieT pasgenvTb MPOeKT Ha
«060CobeHHbIE» YYaCTKU, NOPYyYMTb paboTy Had HUMM pasHbIM MHXeHepam WUnu rpynnam. K Tomy xe,
CTPYKTYpHasi cXxema Mo3BOJISieT He 3anyTaTbCsl B CIOXHOM MPOEKTe U He MonacTb LEWTHOT, rPamMoTHO
pacnpedenue cunbl U Bpems. Kaxabld paspaboTyMk NPOXOAWIT B CBOEN XWU3HM cuTyauun paboTbl B
yCrnoBusiX aeduunta BpeMeHM, Koraa cunbl Obinv OpolleHbl «He Tyday, a Ternepb NpuxoauTcsl, Koraa
CPOKM NOAXKMMAIOT, «THaTb» paboTy, Aernas nonyTHo maccy ownbok. Kak npaBuno, HU4eM, Kkpome notepu
HEepBOB, 3[0POBbS M AOBEpPUsl 3aKasunka, 9TO He 3akaHuMBaeTcs. Ho Gyaem cunTtath, YTO C co3daHuneMm
CTPYKTYpbl MPOEKTUPYEMOA CUCTEMbI UM C (PYHKUMOHANbHBIMA CXEMaMW Mbl CrpaBUnUCh, Tenepb
TpebyeTcsl «<HabUTb» 3TOT CKENeT «MSICOMY.

MprHUMNManbHbIE CXEMbI MOXHO paccMaTpuBaTh Kak Haunbonee HU3KUI YPOBEHb MEpPapPXMMN CXEM
nobblX BMAOB (B TOM 4UCMEe CTPYKTYPHbIX M OyHKUMOHanbHbIX). O6LWas npuHumMnuanebHas cxema
€CTeCTBEHHbIM 006pa3om npeacTaBnsieT cobow COBOKYMHOCTb MPUHLMMNANBHBIX CXEM (OYHKLIMOHAMbHbBIX
y3noB u 6nokoB. O KNacCM4eCKUX OLIMOKax CXEMOTEXHUKM He T[OBOpWMM, MoApasyMeBaeM, 4TO
pa3paboTyrK JOCTAaTOYHO KBanMuLMpoBaH, YTobbl X He gonyckaTb. KctaTu, Bcerga cnegyet NOMHUTL
OOMH 13 3aKkoHOB Mepdu, KOTOpbIA FMNacuT: «KeamuguyuposaHHbIl crneyuanucm ydaqyHo u3bezaem
MeJIKUX OWUbBOK, HEYKITOHHO 08U2asiCb K KakoMy-HUbyOb ernobanbHomy 3abrny0eHu». OTO K pa3roBopy
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[0} CprKTypHOVI cxeMme. 3HaHME OCHOB CXEMOTEXHMKM OTHIOAb He obecneyrMBaeT ONTUMAIbHOMO
NOCTPOEHUA CTPYKTYPbl CUCTEMbI B LIEITOM. Heﬂ,apOM €CTb ABe cneunanbHOCTU CO CXOXMMUN Ha3BaHUAMU
KCXEMOTEXHUK» W «CUCTEMOTEXHUK». B COBPEMEHHbIX YyCnoBuAax 3T ABe cneunaribHOCTK 4acTto
coBmMelaroTcd OAHMM cneunanncTtom, KOTOprIZ He yaendetr OOJKHOINO BHUMMaHUA CUCTEMOTEXHUKE.
NomHuTEe, ecnn Yy BaC BO3HUKITN Kakune-nmobo HenpeonoIMMble TEXHUYEeCKne TpyaHOCTU, TO BO3MOXHO
CTOUT NepecMOTPETb CTPYKTYPHYH CXeMy. Bceraa noaoTeepXxgaetca MyopoCTb: «ecsiu 4mo-mo He
rosiydaemecs, 3Hadum Bbi Oenaeme He mo unu He mem criocobom».

HaunHaem «BasTb» npuHUMNManNbHy0 cxeMy. WTak, paspaboTumk obGnagaeT akTyarbHOW
MHpopMaLmMed O COBPEMEHHOW 3reMeHTHON 6a3e W TexXHOmNorusix, nepen HWUM CTPYKTypHasi cxema,
KBanudukaums OoctaTtodHa Ans Toro, 4ToObl BOMMOTUTL BCE 3TO «B kenese». Ho u 3gecb ero
nomkuaaeT «4EPTUK» TONKaIOLWNUIA «NOL PYKY».

BoT Tunu4yHble ynyuieHUss Ha 3TOM 3aTane paspaboTke, Kak MpaBWmo, BEAYLUME K CHUXKEHMWHO
HaOEXHOCTU:

e HenpaBunbHasa HTepnpeTauus napameTpoB paanoaneMeHToB (P3) U3 cnpaBoYHbIX AaHHBIX.
¢ UrHopupoBaHue nokasaTerneit HagéXHOCTU U «HacunoBaHne» P3 B npedenbHbIX pexumax.

L] Owmnbkn MoaennpoBaHnA CXemMm B CUCTEMax Tuna PSpice, OTArOWEHHbIE HEeOOCTaTOYHbIMM
NHXEHEPHbIMA paC‘-IéTaMI/I.

e HepooueHka anekTpomarHuTHoM coBmecTumocTu (OMC) y3noB M arperaTtoB YCTPOWCTBa U
BOOOLLE BNUAHUA MOMEX U AECTAOUNM3NPYIOLLMX (DaKTOPOB.

e [peHebpexeHne UMYECKUMU SBMEeHSIMU B PO 1 cucTteMe B LIENOM.
e OTCyTCTBME @aHanm3a TMna «a 4To, eCrnu ...»

HenpasunbHas uHmepnpemauusi napamempos P3O u3 cripagoyYHbIX 0aHHbIX

MHorue npounsBoaunTesn P3O, B peKnamMHbIX UeNnAX npmMBOoAAT Ha 3arfnaBHbIX JIMCTax
TeXOOKyMeHTauunnm Ha PO mMakcMmanbHO AOCTWXUMbIE, nyyumne napameTpbl. M MHorne pa3pa6OTLIVIKI/I
MCNoJNib3yrT MMEHHO 3TU NnapameTpbl, 3abbiBast NOCMOTPETb, MNMPU KaKuUX YCIrioBUAX OHU OOCTUXUMBbI. A
KpOME Hauny4ywmx ecCcTb ele M Haumxyauue. KTo ckasan, 4yto Bam nonancsa anemeHT c nyywmnmm
XapaKTepI/ICTI/IKaMI/I? XopOLuee npasuio — Bcerga NcxoanTb U3 HaMXygLnx napameTpos PQ. bbiBaerT, 4TO
pa3p860T‘-II/IK BooOLLe UTHOPUPYET TakKne HedBHble napamMeTpbl, Kak onyCTuMada MOLLHOCTb pacCeAHus
Kopnyca PO, 00onyCcCtuMoe HanpsxXeHue Ond pe3mctopoB Uin ,D,OI'IyCTI/IMbIVI TOK AJ1A KOHOEHCAaTOpPOB. Ons
HEKOTOPbIX OTKPOBEHNEM ABJIAETCA U TO, YTO KpoOMe cpe,u,He|7| MOLLIHOCTU €CTb eLle 1 NnMKoBasd, KoTopad
TaK Xe pernamMmeHTupyeTcA. HeKOTOpre npon3BoanTeNnn BbliOyMbIBAalOT CBOWM Ha3BaHUA XapPaKTEPUCTUK,
yTo Torga genatb? CoOBET OAWH — BHMMATENbHO 4YMTaTb OOKYMEeHTauuo, BAyMbiBaTbCA B (bl/l3|/|‘-IeCKI/II7I
CMbICIT NapaMeTpoOoB, PyKOBOACTBOBATLCA 3PpaBbiM CMbICIIOM.

UaHopuposaHue nokazamersieli HAOEXXHOCMU U «HacusiogaHuey P3O 8 npedenbHbIX pexumax

3avacTyto pacyéT HaoéxXHOCTU M3enus He AenaeTcsl BOBCEe, HO 3TO He camoe CTpallHoe, T.K.
npu cOGMOAEHUN HECTTOXHBIX MpaBuIl, B 6ONbLUMHCTBE CMy4aeB NnokasaTeny HagéXHoCTU BCEro n3aenus
OyayT BronHe yOoBMNeTBOpUTENbHbIMKM (UCXoAA W3 nokasatenen HagéxHoctn P3). Begp PO
NPOEKTUPYIOTCA Anst paboTbl «KHOPMASIbHbIXY» YCIIOBUSIX Y UMEIOT MpU 3TOM BECbMAa HEMNSOXME NokasaTenm
HapéXHoCcTN. 3ajada — He BbIXOAWUTb 3a rpaHuLbl «HOpMarbHbIX» YCMOBMWI akcnnyaTtauun PO, n Toraa
BCE OyaeT xopoLwo. Peyb kKOHEYHO He NAET 00 OTBETCTBEHHbIX pa3paboTkax, rae oTkasbl MOryT MoBfeyb
KaTacTpoduyeckne nocnenctevs U MOMHbIA pacyéT HagéxHocTu obsizaTeneH. Kcratm, ObiBaeT, 4To
OaHHble, Heobxoaumble AMs NOMHOMo pacyéta HagEéXHOCTU, HAaWTU BeCcbMa NpobreMaTnyHo, T.K. PeAKo
KaKkoW npounssBoauTenb NyonvkyeT 3Tn NapameTpbl B CTaHAAPTHBIX «datawuTtax». B atom cnydae, Takke,
cobnoeHne psga HECNOXHbIX NpaBun No3BonsSieT ObiTb JOCTATOMHO YBEPEHHbIM B HagéXHow paboTte
MPOEKTMPYEMOTO y3rna.
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C moen Toukn 3PEHNA npaBuna 3T 3By4art Tak:

1) KoadbdwmumeHT Harpy3skm anementa no U, I, P (kak no cpegHemy, Tak U MO MMMYNbCHOMY
3Ha4YeHuI0) He JorkeH npesbiwaTh 0,75 OT 3asBNEHHOrO.

2) Harpe kopnyca P3 Takke He gorkeH npesbiwatb 0,75 OT MakcMMmanbHO JOMYCTMMOrO
(cnenyet BoobLLe nzberatb HarpeBa P3 Bobiwe 70°C).

3) CooTHoweHne BpemeHn paboTbl PO npu cpegHem JonycTMMOM W MUKOBOM 3HAYeHUU
napameTpoB He AoimkHO ObiTb Gonee 10:1 (B crniyyae, ecnu Takoe COOTHOLUEHME He
OoroBapuBaeTCs B TexAoKymMeHTaummn Ha PJ).

4) [HonycTMM OOHOBPEMEHHO TOMbKO OAWMH MMKOBbLIA NapameTp (Hanpumep U unu |, Ho He U n |
OQHOBPEMEHHO).

a

) HarpeB Ha kaxgble 20°C B oBa pa3a yBeNM4MBaET UHTEHCUBHOCTb OTKA30B «A»

) 3aBMCMMOCTb A OT MPUNOXKEHHOTO HAMPSHKEHMS UMW NPOTEKAILLLErO TOKa — KBagpaTu4Hasl.

) He crtaBuTb B cxeMy «abbl 4TO» (C HEU3BECTHbLIMW NapamMeTpamm).

8) He nonaratbcs Ha «aBOCb» (TOMBKO YECTHbIA MHXEHEPHbIN, XOTS Obl NPUKUOOYHbINA, PACYHET).

~N O

HekoTopble MOryT BO3pasuTb, YTO BCE 3TO «aHaAXpPOHM3M», YTO TaK MOCTynanu BO BpPeEMeHa
CoBetckoro Coto3a, a cenvac PO npekpacHo paboTtatoT n npu 100-150°C. Ara, 1 «...4MCNO © B BOEHHOE
BpEMSI MOXET AOCTUraTb 3Ha4YeHUs 4», TONMbKO BOT 3aKOHbI (PM3NKM 06 3TOM He 3HatoT. U cbopmynbl ans
pac4éta A kakumm 6binn 20 neT Hasag, TakMMM M OcTanucb. Tak 4To 51 Obl peKkoMeHaoBan BCE Xe
npuaepXmnBaTbCA BbiLLENPUBEAEHHBLIX MPOCTbIX NPaBUIT.

Hanpvmep, Ons nonynpoBOOHWKOBBLIX MNPUOOPOB WMHTEHCMBHOCTbL OTKA30B, KakK (OYHKUMSA
TemnepaTypbl, MPUIIOXEHHOTO HAMPSDKEHUS UM TOKa, MpUONU3NTENBHO BbipaXaeTcs (OPMYIIONn,
nokasaHHOW Ha puc.2.

MT Ul =A(Tymax,Umax,Imax)- {L.’,.r"L.'nmx]z-{l,-"'lmax}E'E[-B'U /Tu-1/Tumax)]

rac B = 6000k
Ty Tyymax g K
i.{Tnln:tx,l_.'-ln:u,Iln:n} HHTCHCHEHOCTh OTKAZOR MTPH MAKCHMAABHEY HATPVIKAX H TCMITCPaTYpL

PucyHok 2

HeTpyaHoO 3aMeTuTb YTO MHTEHCUBHOCTbL OTKa30B A pacTET B 2 pa3a Ha kaxgble 20°C n nveet
KBagpaTuyHyto 3aBucumocte OoT U mn |. To ecTb Npu CHWXKEHUU NPUNOXEHHOro Hanpsbkenus (U) wmnu
npoTekatowero Toka (1) B 2 pasa, A nagaet B 4 pasa. CobniogeHvne npasuna HarpyxaTtb PO He Gonee
75% obecne4vnBaeT yMeHbLUEHNE UHTEHCUBHOCTU OTKa30B bonee vyem B 3 pasa! CHmxkeHne TemnepaTypbl
YMeHbLLAEeT BEPOATHOCTU OTKa30B BCEX BMAOB, a Takke yMeHblUaeT gerpagaumio napametpoB PO Bo
BpemeHn. CHkeHne pabodero HanpsikeHUss 0CODEHHO akTyanbHO A1 BbICOKOBOSbTHLIX NPMOOPOB, T.K.
3HAYMTENbHO YMEHbLUAET BEPOSATHOCTb 3MEKTPUYECKOTO Npobosi, a CHWKEeHWe TOKOB — Ans
CUITbHOTOYHbIX, T.K. MPENnsATCTBYET Mpoueccy Aerpajauum MeTaninsauuini U KOHTaKTHbIX COeAUHEHWIN.
KoHeuHO, 3TO He JormMa M ecTb WUCKIKYUTENbHbLIE Criydau, rae Takue npaBwuia HEBLIMONTHUMBI, HO
TEHAEHLMW SICHBI.

OQuwubku moldenuposaHusi cxem 8 _cucmemax_muna PSpice, omsi2ouwéHHble HedocmamoYHbIMU
UH)XeHepHbIMU pacyémamu

Cpeﬂ,l/l Konner nonagarTca TpU BOaA MHXEHEPOB. I'IepBble HanBHO MnoJiaraktT, 4YTO CUCTEMBbI
CXEeMOTEXHUYECKOro mMoaenmposaHna mMoryTt BCE. BTOpre, H8060p0T, HE BEPAT UM BOOOLLE, U TPETbUN —
pa3yMHO UCNOJIb3yKT Takne CUCTEMbI, B3AB Ha BOOPYXeHue 3D,paBbIIZ CMbICI1, TEOPUKD N N3BECTHYIO
ponto ckencuca. KoHeYHO cuCTeMbl CXEMOTEXHNYECKOIO mMoaennpoBaHna Tuna PSpice He naHauedA, HO
O4YeHb MOLLHbIN MHCTPYMEHT B YMeEJbIX pyKax. n TYT HeobxoaMMO MOHUMAaTb, YTO ecTb pan yCJ'IOBI/IIZ,
KOTOpbIe HeobxoaMMo NOMHUTL 1 cobnoaaTh.
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BO-I'IepBbIX, CylleCTByeT KOHe4YHadaA TOYHOCTb MalUMHHbIX BbIYMCIEHUN, N TOYHOCTb arropmTMoB
YUCIIEHHOW MaTeMaTUKM, OCODEHHO 3TO CKa3blBaeTCS npun aHanuse nepexoaHbixX npoueccos. «HaprTI/IB
He 3Hal4n» napamMmeTpbl MoAerIMpoBaHMA MOXHO MNONYy4YUTb abconTHO HecCypa3Hble pe3ylbTaThl,
NOBTOPHOCb, 0COBEHHO Ha nepexonHbIX npoueccax.

BO-BTOprX, npaBuUIibHOCTb pacqéTa onpenendeTcd eweé u KOPPEKTHOCTbIO MNMpeaocTaBi1€HHbIX
NCXOAHbIX AaHHbIX. OTO OTHOCUTCS KaK K I'IpVIHLI,I/II'IVIaJ'IbHOIZ cxXxemMe ana mMopgenunpoBaHuA, Tak U K
MaTemaTuyeckum mogensm P3, n 3mecb, K coxaneHuo, ganeko He Bcerga AOCTWXKMMA Xenaemasi
NnoNnHoOTa M AO0CTOBEPHOCTb WUCXOAHbIX OaHHbIX. Cxema ans MOAENMPOBaAHNA MOXET OTIn4yaTbCA OT
peaanon CXeMbl, Hanpumep, BBeOEHUNEM (bI/IKTI/IBHbIX COﬂpOTI/IBJ'IeHVIIZ, rlpeHe6pe>K|/|M0 Marnblix,
BKITIOYEHHbIX nocnegoeatenbHo ¢ PO wnn npeHe6pe>K|/|M0 OOonbLUNX, BKMHOYEHHbIX napannernbHO
HEKOTOpPbIM Yy3J1laM CXEeMbl. Martematnyeckne mogenun PO MOIyT Yy4duUTbiBaTb Aalneko He BCe Uux
napamMeTpbl. Hanbonee I'IpaBI/IJ'IbeIIZ nyTb - Mcnonb3oBaThb mMaTteMaTundeckme moaenu,
npegocrtaBjidemMble NMpon3BoaAUTENAMN PQ3, HO paxe n B aTOM Clny4yae Helb3A rapaHTupoBaTb MOJTHYHO
OOCTOBEPHOCTb MOAENMNPOBAHUA.

Cuctembl CXEMOTEXHUYECKOTO MoenmpoBaHnA — CIlOXKHble MporpaMmMbl U MU HYXXHO YMETb
nonb3oBartbcs. Jaxe KBaJ'II/I(bI/ILI,I/IpOBaHHOMy cneunanncTty ganeko He Bcerga nog cuiy cMmonenmpoBaTtb
HEKOTOpblEe CXEMbl NpaBUIibHO. B Takux Ccny4adx A Bcerga BCnoMMHAK KpbliaTyro (bpasy «HEe 3Hamb — He
CMbIOHO, CMbIOHO He yqumbcs» . CerogHst ecTb Macca nnTepaTtypbl No Teopun W TMpakTuke
MoaennposaHunAa B CUCTEMax C paC‘-IéTHbIM A0pPOM Spice, HO, TéM He MeHee, He Bcerga BO3MOXHO
OOCTOBEPHO paccynTaTb NnoBeAeHNe CXeMbl.

PesloMupys, ckaxy, YTO CUCTEMbl MOAENMPOBAHUS MOLLHbIV MHCTPYMEHT B pyKax CXEMOTEXHMKa,
HO TpebGyloT akkypaTHOro o6palleHus, rPaMOTHOM MOArOTOBKM WUCXOAHbIX AaHHbIX W MHTepnpeTauuu
pesynbTaTtoB. XXenatenbHO caenaTtb NPUKUMOOYHLIA aHanM3 «BPYYHYlO» 4YTOObl oGesonacuTb cebsi oT
AIBHbIX MpoMaxoB. Bcerga He MellaeT MOHMMATb, YTO X€ Mbl MblTAaeMCs CMOAENMpPOoBaTb, M KakoB
oXugaembll pesynbTaT. WM 3mecb «aBoCb» TOXE He MNPOXOAWUT, WHA4Ye WHXEHEpHbI aHanus
npeBpallaeTcs B npodpaHaumtio. B npuHumne, nobas CAMP TpebyeT Kk cebe BHUMATENBHOMO OTHOLLEHUS.
MHorve CAIP (Bknioyass M cpedbl NPOrpaMMUMpPOBaHUs) UMEKT Kak MoTpsicaloliMe BO3MOXXHOCTU
pa3paboTkn, Tak U MOTpsicaloline BO3MOXKHOCTM OOMycKkaTb KpalHe KoBapHble OWwWOku (BBMAY CBOEeM
crnoxHocTtun). Ecnv yxx OeicTBUTENbHO MOMb30BaTbCsl MHCTPYMEHTOM, TO HEOBXOAMMO MOAOWTU K ero
N3YYEeHUIO Kak MOXHO TLLaTeNlbHee.

HedooueHka OMC y3nos u aspezamos _ycmpolicmea u, soobuwle, efusHuUs _rnomex u
decmabunusupyrowux ¢hakmopos

3auem unbTpylOLWLME EMKOCTU, OrpaHuMuUTENbHbIE LIenKU, cTabunusaums «paboymx ToYek» u
T.N.? N Tak Bcé OymeT pabotatb... KOHeYHO OydeT, HO TOMbKO B «TEMINYHbIX» YCrnoBusix. Haxe
HebornblUMe BHELUHNE BO34ENCTBUSI B DOMNbLUMHCTBE Cry4aeB CMOCOOHbI HApyLLMTb HOpMasbHyl paboTy
TaKMX Y3N0B, He TroBOpPSA yxe 00 WHTEHCUBHbIX MOMexax, TemnepaTypHbIX CTpeccax, U MpocTo
Bo3gencTeus BpemeHn. Bonpocbl OMC un BnuvsiHMA JecTtabunuanpylomnx ¢akTopoB, €CTECTBEHHbIM
obpas3oM oTnagarT y pa3paboTYnKoB NPELIM3NOHHON aHaNoOroBOW M CUIOBOW 3MIEKTPOHUKM, Tak Kak 6e3
y4éTa aToro, 6onblas YyacTe cxem ByaeTt npocto HepaboTocnocobHol. CerogHsa oveHb 6onbLIOe YnCNOo
WHXEHEPOB MMEKT Aeno ¢ UMdPOBOV TEXHUKOW, rOe OaHHble BOMPOCHI HE CTOMb akTyaslbHbI, Aa K TOMY
e obunune aHamnoroBbiX (B TOM 4YMCIie U MPELMU3NOHHBLIX) MUKPOCXEM BbICOKOW CTEMEHWM MHTEerpauuun
no3BosnsieT paspabaTtbiBaTb MHOIMME CXEMOTEXHMYECKME Y3Mbl MPOCTO MOMb3YyACb CTaHA4APTHbIMU
cxemMaMy 13 «datawmtoB». K coxaneHuwo, MHOTMMe WHXeHepbl OTKasbiBalTCA BuAeTb nOanblie
«AaTawmnToB» 1 3abblBalOT OCHOBbI OCHOB aHaNoroBol CXeMOTEXHUKM. KOHeYHO yaoBHO CTpouUTb CXxemy
«M3 KyOMKOB», HO Oaxe caMble COBPEMEHHbIE MUKPOCXEMbl TPEDYIOT XOTb Kakon-To 06BA3KM, U B psiae
cry4aeB OOMONHUTENBHO K CTaHOapTHOWM (Hampumep, orpaHuYMTErbHblE LienyM No BXodaM W Bbixodam,
PUNbTpbl NUTaHus, BydepHble Kackagbl). TYT-TO MHXEHep, NnaBalolMii B BOMpoOcax aHaroroBow
cXeMoTexHukn u IMC, n gonyckaeT owmnbkn. OnacHOCTb MX 3aKM4YaeTcsl B TOM, YTO OHM peako cebs
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npoAsBndrT, a noTtomMmy TpyaHO YCTpaHuUMbl, Oa eue 4Yacto U HenocrtatoYHadA KBaJ'II/Id)I/IKaLl,VIﬂ
pa3pa60TH|/|Ka NO3BOJIAET UM «YKOPEHUTbCA» B n3fgenunn ecnn He Haescerga, 1o Hagonro.

UTto kacaeTca pectabunmampyowmx akTopoB, TO Bcerga HeoOXOAMMO MOMHWTb, YTO Takue
BELUN KaK M3MEHEHWEe YCroBWI 3JKcnnyaTaumm B pamkax T3 (konebaHus Temnepartypbl, BIaXHOCTW,
OaBIEHUSI, MEXAHWYECKME Harpy3ku U T.M.), HE OOMMKHbI NPUBOAUTE K OTKa3aM CUCTEMbI UK yXYALIEHWS
€€ XapaKkTepuCTUK 00 HeJoMnyCTUMbIX 3HadeHun. TemnepaTypHbIi U BpeMeHHOW aperdbl napaMeTpos
P3, perpagauusi xapakTepucTuk W T.N. Takke He [OMKHbl ocTatbca 0e3 BHMMaHusA. Cnegyet
npoaHanmM3MpoBaTb BO3MOXHble BO30EWCTBUSA 3NEKTPOMArHUTHbIX W 3NEKTPOCTaTU4EeCKUX Monen,
HaBeOEHHbIX W KOHOYKTMBHbLIX MOMEX, MEXaHWYECKUX Harpy3ok. OTU BO3LENCTBMS MOryT ObiTb, Kak
CreHepupoBaHbl CamMoW CUCTEMOW, Tak U OeNcTBOBaTb M3BHE. B nobom cnydae, gecrabunuanpytowmne
hakTopbl HEe OOMKHbI HApyLLaTb HOPManbHOro (PYHKLUMOHUPOBaHUSA N3aenus.

[IpeHebpexeHue chusudeckuMU sierieHUsIMU 8 PO u cucmeme 8 uerom

Mpogomkasi 3aTpoHyTyl0 B npedbiaylwiemM abs3aue Temy, ckaxy, 4To npeHebpexeHue
pusnyeckmmmn sBNeHnaMn B PO 1 cxeMe B LIENOM, PaBHO, Kak M He3HaHue WX BMWSHWS, NPenogHOCUT
pa3paboTynKy MHOXECTBO ClopnpusoB. [nsa Toro, 4ToBbl BOMPOC HE Kasancsa MpoCTbIM, MPOCTO
Nepeyncriio HEKOTopPbIE U3 HUX:

Oppekmbl 8 nonynposodHukax (Munnepa, Opnu, Kpumuyeckue cKOpocmu HapacmaHus
HarpspkeHUU U MoKoe8 U m.f.), eMKOCMb U UHOYKMUBHOCMb MOHMaxa (U rne4amHo20 8 m.4.), eMKocmu,
UHOYKmMugHocmuU 6bie0008 U Opyaue napa3umHble napamempb! P3O, epadueHm memnepamyp Ha
neyamHol rame (0COGEHHO 8a)HO Orisl MPeUU3UOHHbIX CXeM), memrepamypHble KO3ghguyueHms!
napamempos P3, sonHosble aghghekmbl 8 obnacmu BY/CBY, a mak xe rnpobriemb! 3reKmpomMasHUMHoU
cosmecmumocmu, OornycmuMbi€ MIOMHOCMU MOKo8 Oris NMPOB8OOHUKO8 U OOpPOXeK nedYamHbiX raam,
rnadeHue HarnpspkeHUsi Ha rposoOHuUKax (y medu moxe ecmb conpomusrieHue), mepmo-3C crnaes,
cmapeHue Mamepuanoe u PO, Oezpadauyusi ux xapakmepucmuk (0COBEHHO 8 YCIio8USIX BbICOKUX
memrepamyp), 8peMeHHble U memrepamypHblie Opelichbl napamempos OY, efusHUEe 8/1aXHOCMmU,
3anbiieHHOCMU U memMrepamypbl 8 CUI08bIX U 8bICOKOBO/IbMHbLIX CXEMaXx, MO8EPXHOCMHbIU Mpobod,
UOHU3ayusi 8o30yxa U mnonsipudayusi dusnekmpukos u m.n. Takxke HenuwHum 6ydem MOMHUMbL PO
gusuyeckue ceolicmea Mamepuanos: MmenaonpPo8oOHOCMb, MEMNIOEMKOCMb, 2U2POCKOMUYHOCMb,
MPOYHOCMHbIE XapakmepucmuKu, MexaHU4Yeckue HanpskeHuss 8 P3O U KOHCMPYKUUsiXx 60 BCEM
OduanasoHe memrnepamyp 3Kcrayamauuu.

W aTtoT cnmcok elle He nmonoH. Kak e ObiTb? Hy, BO-NepBbIX, B KaKOW-TO KOHKPETHOW CXEME,
BCTPEYalTCA [Oaneko He Bce M3 HuMX. A BO-BTOPbIX, HEOOXOAMMO BbLISIBUTb B CXeme Haubornee
OTBETCTBEHHbIE Y3Mbl (HAaNpumep, MPeun3nMoHHbIE, CUMOBbLIE, BbICOKOBOSbTHBIE U T.M.) U YXe ANA HUX
paccMOTpeTb BO3MOXHble u3nveckme sBneHusl. PelleHne pAaHHbIX Npobrnem nerdye aaétcs
pa3paboTymKy C OMbITOM WU LUMPOKAM KPYro3opoMm, HO, OMbIT, K COXaNEHWo, HakannvMBaeTCs O4YeHb
MeLEHHO.

Omcymcemeue aHanu3a muna «a 4Ymo, ecrnu ...»

WHTpurylowee Hadvano, He npaeda nu? [a, ato He aHanm3 Tuna MoHTte-Kapno wnu gpyron
«KIMaccu4eckuiny, 9TO, Tak ckasaTb, aHanM3 Ha «HEBEPOSATHble» cuTyauun. Ho HacTonbko nun yx
HeBepoATHbIE? [NpnBeny NpuMepbI.

MocmoTpute Ha pparMeHT cxembl M300pakeHHOM Ha puc. 3. A Tenepb MpeacraBbTe, 4TO
MukpokoHTponnep (MK) 3aBuc, 1 ero BbIBogbl HAXOASATCA B «Z» COCTOSTHUM UMW NepenporpaMmmMmpoBaHbl
Ha BBOA. YTO Npu atom OyaeTt ¢ TpaH3ncTopom? A BOT ecrnium Obl y3en Obin YyTb-4yTb M3MEHEH, KaK Ha
puc. 4, TO HMYero Gbl HE MPOU3OLLISIO.
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Bot eule npumep. BarnaHute Ha cxemy ceteBoro Ul ¢ racawmm KoHOeHcaToOpoM Ha puc. 5, a
Tenepb nNpeacTaBbTe, YTO OyAeT C anemeHTamu ecnv opma HanpsKeHUs NUTaHusa oTNn4vaeTcss oT
CMHycOouganbHOW, HanpvuMep Buady BbIOPOCOB B ceTn unu «apebesra» B MOLACOEOVMHUTENBLHON KOnogke
Unun B Nape BUIka-poseTka’?

PucyHok 5

Cornacutecb — He Takue YX «HEeBepoATHbIe» CUTyauunn. KoHeyHo, cxema «o6paCTaeT»
NnemMeHTaMmn 3alunt OT nepeHanpﬂx(eHMVl N CTaHOBUTCA BeCbMa /J,OpOFOVI B peanusaunn, HO ropasgo
npasuribHee Aenatb «Mmak Kak HYy>KHO». Takux NnpMMepoB MOXHO NPMUBECTU MHOXECTBO. I'IvaéM Cioda xe
cnenyet BKMW4YaTb U aHanmM3 «HEBEPOATHbLIX» OENCTBMM nonb3oBaTens, HanpmMmep, HaXxatne BcCeX
KHOMOK ynpaBrieHnda ogHOBpEeMEeHHO, HeaeKBaTHble CUTyauun DEencTBus, npuHygnTeribHoe OTKIK4YeHune
nuTaHus 1 T1.n. 3adem? Hy BOT 3aXOTes10Cb Nofib3oBaTesto 3TO cAaenaTtb, (bI/ISI/I‘-IeCKI/I 39TO BEOQb BO3MOXHO.
B cxemMOTexHuke TOXe HYy>XXHa 3awuta OoT «V|306peTaTeanoro» nnn HeKBaﬂI/ICbI/ILJ,I/IpOBaHHOFO
nonb3oBaTenA.

chopmynl/lpyto HEeKOTOpble BObl aHANMM30B NMpOoBOANUMbIX OJTA «KHEBEPOATHbLIX» CI/ITyaU,I/IIZZ

1) AHanus paboTbl CXeMbl MNPU MU3bATUM U3 HEe€ nNporpaMMMpyeMbliX WM  NPOrpaMmMHO-
KOHUIypUpyembix anemeHToB. Mpu aToM Bce ocTaBlinecss P3O cxeMbl OOMmKHbI paboTaTb B LUTATHbIX
pexumax, He JOMKHO ObITb «BUCALLMX» 6a3 U 3aTBOPOB, HEAOMYCTUMbIX BbIGPOCOB HaMPSHKEHWIA U T.M.

2) AHanu3 paboTbl CXembl NpY U3MEHEHWM (YHKUMIA OBYHanpaBieHHbIX MpPOrpaMMuMpyemMblxX
BbIBOAOB (Hanpumep, NopToB MuUkpokoHTposnsepa (MK)). BarnaHuTte Ha oparMeHT CXxembl Ha puc. 6 7 un
npencraebTe, 4TO BXxodbl MK nepenporpaMmmmnpoBanmcb Ha paboTy B pexnme «BbIXOO0BY.
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PucyHok 6 PucyHok 7

UTO C HUMUK cTaHeT? A BKMIOYUTb OOMOMHUTENbLHbIA PE3NCTOP NPaKTUYECKU HUYETO HE CTOUT.
Booblue nobble AByHanpaBrneHHble NopThl criefyeT paccmaTpuBaTb Kak NopThl BbiBoda (T.e.
nepekrtoYeHne 3THX NMopTOB B PEXMM BbiBOAA C MPOU3BONIbHBLIM YCTaHOBIIEHMEM Ha HUX Kak
nor.«0», Tak 1 nor.«1» He JOMKHO NPUBOAMUTb K NeperpyskaMm aremMeHToB cxembl). Ecnu Bbl
yoensiete ocoboe BHMMaHWe HaOEéXHOCTU YCTPOMCTBA, TO CTOUT MPOBECTU TaKoW aHamnus,
Bedb HagéxHocTb MK unu apyroro npoueccopa TecHo casizaHa ¢ ero O, KoTopoe 3a4acTyto
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He BneLleT cTabunbHOCTLI0 PaboThl. o TeM Xe npuyMHaMm cxema, U3obpakéHHas Ha puc. 9,
Gonee nNpeanoYTUTENLHA, YeM NokasaHHasa Ha puc. 8.
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3) AHanu3 nepexofHbIX MPOLLECCOB NpW CTYMEHYaTOM M3MEHEHUWM BXOLHbIX CUrHaroB (B T.Y. U
MUTaOLLMX HaNpPsKeHui) 1 Harpy3ok (B T.4. 0bpbiBbl 1 K.3.). Hanbonee npocton n HarnagHeIn cnocob —
3aMeHa Bcex EMKOCTeN nepemblykamu (Mnu UCTOYHMKamu HanpsbkeHus ¢ QOC «go nepexogHoro
npowecca»), a BCex UHAYKTMBHOCTEN — 0BpbiBaMU (MNN NCTOYHMKAMM TOKa C TOKaMW «A40 NepexoaHOoro
npoueccar). CneayeTt NOMHUTb, YTO MPY NEPEXOAHOM MpoLiecce Yepe3 EMKOCTb NpOoTeKatoT Bpocku Toka
M cama EémMKoCcTb paccmatpuBaeTcsi kak K.3. (BCMOMHMTE CBOMCTBA WCTOYHMKA HanpshkeHws), a Ha
WHOYKTUBHOCTM MOSIBASIOTCA BPOCKM HanpspkeHs M cama MHOYKTMBHOCTb paccmaTtpuBaeTcs kKak X.X.,
T.e. 00pbIB (BCMOMHUTE CBOWCTBa MCTOYHMKa Toka). [lpoBegs Takyw 3ameHy, Bbl nerko ysuaute
3MeMeHTbI, NOABEPXKEHHbIE Neperpyskam.

4) Ananus pabotbl cxembl M MO npu HewTaTHbIX cuTyauuax. Hanpumep, obecneyeHune
LIeNTOCTHOCTW OaHHbIX MpU BHE3anHoM nponagaHuy NUTaHWs U akMBHOM OOMEHe C 3HEeroHe3aBUCKMON
NnamsiTblo, 80eKBaTHOCTb peakLUMmn CUCTEMbI Ha HeNpaBuIbHblE AeiCTBUS Nonb3oBaTens v T.n. CornaceH,
YTO BCEro NpeaycMOTPeTb HEBO3MOXHO, TYT, KaK FOBOPUTCS, NPUAETCH KPEMNKO «MOMOPLLUTL peny».

5) AHanu3 paboTbl CXeMbl B HaMXyALIMX YCIOBUSIX SKCMnyaTtauuu, npeaycMoTpeHHbimMu T3,
NpuYéM, Kora Bce YCroBUs HauXyaLumMe OAHOBPEMEHHO.

6) Bcerga nonesHo NPOBECTU «CTATUYECKUAY» aHanm3 XUBYYECTU, «BO3OENCTBYS» Ha BXoAbl, a
WHOTAa W Ha BbIXOAbl CXEMbl KMMOBOMbTHLIMU MMMYySbCaMW, HAaNpUMep OT SKBUBAaNeHTa YenoBEYECKOro
Tena (nocrneposartenbHo coeauHéHHble RC 1,5k0Om/100nd +/-10kB). MNpy 3TOM YacTo CTaHOBATCS BUAHbI
cnabble MecTa, CXEMOTEXHUKY KOTOPbIX BO3MOXHO CTOUT nepecMoTpeTb. Kak M3BecTHO, BO34elcTBue
«CTaTuKM» — 0fHa 13 Hanboree YacTbIX MPUYMH BbiXxoda annapaTtypbl U3 CTPOSi, 0COBEHHO 3TO aKTyanbHO
ONsl YCTPOWCTB NpeAHasHayeHHbIX Ans paboTbl C onepaTopoM-4erioBEKOM, a Tawkke paboTarlmx B
MPOMBbILLMEHHbIX YCIOBUSIX, IO BO3MOXHO HAKOMMEHWe 3apsiioB CTAaTUYECKOro 3MIEKTPUYECTBA.

B 3akniodeHne AOOMNOMHK 3TOT pasgen paaomMm  HEeCNOXHbIX npaBwuil, KOTOpble NO3BOJIAKOT
3Ha4YUTENbHO MOBLICUTb HAAEXHOCTb pa60TbI cxem n obner4aroT X NOHUMaHue.

1) Hukoraa He BbIBOAUTDL He6y(*)epVI3le0BaHHble BXOAbl U BbiXoAbl 3a npeaersnbl nnartbl
(VICK.HPO‘-IeHVIe COCTaBINAKT KOMMNAKTHbIe MHOronsiaTHble KOHCprKLIVIVI).

2) Jlyuwee cpeAcTBO OT NOMEX MO BXOo4aM — ONTOPa3BA3KMU.
3) Huskui MnNegaHc BXOAHLIX Lienel — Henmoxoe CPeacTBO NPOTUB HaBeOEHHbIX NoMeX.
4) [OnuvHHble BHELWHWe CBA3MW BCeraa AoMKHbI ObIThb raribBaHMYECKU pa3Bsa3aHbl.

5) NMomexa no «3emne» U NUTaHUKO NPOHUKaeT B YCTPOﬁCTBO HUYYTb He XyXe, 4eM no
CUrHanbHoOMy npoBoay (CTapaTbCﬂ He BbIBOAUTb NTIMHUN NUTAHUA OaneKo 3a npegenbl Nnartbl, a
€ecnu 3To Heo6XxoAUMO, TO CTaBUTb B LieNU NUTaHUA CbVIanpbl).

6) Pesucrtopbl 30-100 Om Ha Bxogax MK (uem 6nwmxke k MK — Tem ny4we) 3Ha4uuTenbHO
NOBbILWAIT NOMEXOYCTONYMBOCTb.

7) B muKponpoueccopHoOM cucteMe obsizaTerieH CynepBU3Op MUTaAHUA, a TaKke KpawHe
xenarteneH WatchDog-Talimep (BHyTpeHHMe UNn BHELLHKUE).

8) Kaxgomy MK — cBoM GnoKMpoBOYHLIN KOoHAeHcaTop! (M He 3abbiBaTb NpoO Apyrue
uncpoBbie MC — 1 koHpgeHcaTop Ha 2-3 Kopnyca, a CY€TuYuMKam, Tpurrepam WM perucrpam —
MHAUBUAYalbHbIE).
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9) Ha BY u «vmnynbcax» npoBoga, OOPOXKWA MeyaTtHOM nnatbl UM BbiBogabl P -
MHAYKTUBHOCTU (NpumepHO 1 HI/mm).

10) Us3beraTb coBMellEeHUA B OOQHOM pa3bEéMe BbICOKOBOJIbTHbIX U CUTHAJIbHbLIX Lenen U,
€CNN yX TaK NMpPOU3OLLNO, TO M30NMPOBaTb BbICOKOBOJSIbTHbIE LENMU «XOJIOCTbIMUY» LUTbIPAMU
pa3bema.

11) MoAacTpoeyHble 3MNeMeHTbl — 3nedlWui Bpar HaJEXHOCTU U TEXHONOMMYHOCTU.
Heo6xoaumo usberatb UX UCMNONb3OBaHMWsA, Nyulle NOCTaBUTb AOMOSIHUTESNIbLHYKD MUKpPOCXeMy,
unu moauduumpoBaTb BcTpoeHHoe MMO. Jlyywasa cxema Ta, KoTopas He TpebyeT HacTpPOWMKMU
(“Cucmema, mpebyrowass HacmpoUKu U pe2ysiupoeku O6bIYHO He noddaémcsi HU MmoMy, HuU
dpyzaomy” —3akoHbl Mepdm).

12) YeM MeHblUe HOMEHKNaTYpPHbIA PSA KOMMNOHEHTOB, TEM Jyulle.

13) npeuMSMOHHbIe 3neMeHTbl AeNCTBUTENbHO HEOOX0ANMBbI TONLKO B UCKIHOUYUTENbHbIX
cny4yasx.

14) MexaHun4eckue KOMMyTaTOpPbl, KaK npaBuno, HeobX0AMMbI TaKKe B UCKMKOUYUTENbHBbIX
cny4yasx.

15) Cunosble KOHTaKTbl MeXaHU4eCKnxX KOMMYyTaTOpOB Heob6xoQuMo CHabxaTb
UCKporacAawummMmum uenamu.

16) HauepTaHme cxembl JOMKHO ObiTb 6nu3ko k NOCT (Bce x B Poccun XuBEM, ga un
Tpe6oBaHMA TaM OYeHb Aaxe pa3yMHble, Hanpumep KacaTefibHO MUHMMANbHOrO Konu4yecTBa
M3rMboB M nepeceyvyeHU, Hymepauuu 3NIEMEHTOB CBepXy-BHU3/CneBoO-HanpaBo, FpynnupoBKe U
T.Nn.).

17) HomMuHanbl naccuMBHbIX KOMMNOHEHTOB Bcerga YKa3blBaTb Ha CXeme (3aL|ac1'y+o
€AUNHCTBEHHbIN AOKYMEeHT }J,OCTyI'IHbIﬁ Torga, Korga HYXHO CpPO4YHO pa3o6paTbc;| -
npuHUunuanbHasa cxema).

18) Yb6eauTbcsi, YTO MUCMONb3yeMble B CXeMe KOMMOHEHTbI elje «KUBbI» (HeKoTopble
NpPou3BOAUTENN UMNOPTHBLIX KOMIMOHEHTOB CHMMAIOT UX C MPOU3BOACTBA YXXe Mo npolecTeumn 3-5
rneT c Hayana BbiNyckKa).

19) INlyywe He reHepupoBaTb MOMEXU, 4YeM C HUMU 6GopoTbcsa (Bompoc 6Gonblie K
KOHCTPYKTMBHOMY MCMOJTHEHUIO YCTPOWCTBA, HO U CXeMOTEeXHUKU TOoXe KacaeTcs. M3 HeckonbKkux
BapuMaHTOB WCMOSIHEHUSI y3na — MOTEeHLManbHOro WMCTOYHUKA MOMEX, MPU MPOYUX pPaBHbLIX
yCcnoBusiX, Ny4le BbIOpaTb HauMeHee «LWYMHbINY).
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