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JlesmioB A.B., /Lkypa C.I'., bepmiagckuii U.A. BBeneHne B 3IEKTPOTEXHUUECKUE
CAIIP rpynmnst komnanuit CSOFT. — Honenk : IOHHTY, 2017. — 152 c.

[locoOue comepXUT CBEIEHUS O COBpEeMEHHbIX diekTporexHuyeckux CAIIP.
ITokazano mecto CAIIP B XKM3HEHHOM LMKIIE HU3JEIUS, PACKPBITHI OCHOBHBIE MPUHIUIIBI
CUCTEMHOTO T0JIX0J1a, TPUBEJCHBI OCOOCHHOCTH YPOBHEW, CTAJUil U MOJIEJIeH, MPUHATHIX B
CAIIP. OtnenbHo paccmotpensl anekrpoTexnuueckue CAIIP, cneman o030p u KpuTepuu
Bbi0Opa CAIIP u aprymentupoBan Boi6op CAIIP rpynmnel komnanuu CSOFT.

B nocobun npuBenena 6iarogapHocts ot kadenpsl, dpakynasrera u JoHHTY rpymme
kommanuii CSOFT, kotopass B HeJerkoe BpeMs TPakJTAHCKOW BOWHBI MPOTSHYJA PYKY
MOMOILIM, M TENepb CTYIEHTHI 3JEKTPOTEXHUYECKOro (AKyJIbTeTa UMEIOT BO3MOKHOCTh
paboTaTh He TOJbKO Ha eBpomneiickux u cobctBeHHbIX CAIIP, Ho u Ha myumux CAIIP
Poccuniickont @enepaumn m ucnons3oBate [OCTer PO B KypcOBOM M JMIUIOMHOM
MPOEKTUPOBAHKH, YTO 0coOeHHO BaxkHO B JIHP u JIHP.

Kaxnaplii w3 moApa3fenoB COJACPKUT TEOPETUUECKYH0 HHGOpPMAIUIO, a TaKKe
MepevyeHb BOIMPOCOB M 3a/JaHMI, HaANpaBJICHHBIX Ha 3akperieHue matepuana. Ilocobue
JOTOJHSAET TJIOCCapUil, PacKpbIBAIOIIMN  coAepKaHue (PYHIAMEHTAIbHBIX TMOHSITHMA
anektporexuudeckux CAIIP. YuebHoe mocoOue mpenHa3HAu€HO I COBEPIIICHCTBOBAHUS
3HAHWM CTYJCHTOB BBICIIMX TEXHUYECKUX YYE€OHBIX 3aBeleHH 1Mo Teme «Bormpockl
KOMITBIOTEPHOI'O TMPOEKTUPOBAHUSA», A TAKXKE I BCEX HMHTEPECYIOIIUXCSA COBPEMEHHBIM
cocTositHueM 3nekTporexunueckux CAIIP.

YyeOHoe mocoOue OpUEHTHMPOBAHO Ha peanu3aluio 3afad, chOpMYJIHPOBAHHBIX
rOCyJapCTBEHHBIMA  O0pa30BaTEIbHBIMA CTAHIAPTAMHU  BBICHIETO TPO(ECCHOHATHEHOTO
oOpazoBaHus il nonydeHus: kBanupukanuu «bakanaBp» u «Maructp» 1no HamnpapJIE€HUIO
13.04.02 «2n€eKTpOIHEPTETUKA U DIEKTPOTEXHUKAY.

ABTOpBI MocoOus cepaedHo OmaromapsaT npenogaBareneit kadenpsr DI JlonHTY
Onwsry AnapeeBny llleBuenko u Anapest BuktopoBuua 3rapOysa 3a HEOLIGHUMBIN BKJIAT B
KaueCTBEHHOE BHEApeHHEe B YyueOHbI mnpouecc snekrporexHudeckux CAIIP rpynmel
komnanuit CSOFT.

VYBepeHbl, UTO WCIOJB30BaHUE HAa TPAKTHUKE PACCMOTPEHHBIX B 3TOM MOCOOWHU
MPOTPAMMHBIX MPOAYKTOB MOCIYXUT AAJIbHEHIIEMY TBOPUECKOMY Pa3BUTUIO MH>KEHEPHOMU
Mbicau Jlorbacca.
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1. BBenenue

Jlonenkuii HarmoHANbHBIN TexHUueckuid yHuUBepcuteT ([lomHHTY) umeer OGombrioin
ONBIT B peAIN3alMid MEXIYHApOJHBIX IPOEKTOB, B TOM YHCIE€ W 1O CO3JaHUIO
aBTOPU3UPOBAHHBIX IICHTPOB BeAymux ¢GUPM MHpPa, B UYAaCTHOCTH B  00JacTH
anektposHepretuku /1/. Tak B JoHHTY ycnemHo QYHKIMOHHUPYIOT UEHTPHI TaKHUX
MHUPOBBIX TMPOMBIIICHHBIX JHAECPOB JJIEKTpodHepreTuku kak Simens, Schnider-Electric,
Muller-Electric /2/. B ¢Bs3u ¢ HauaBIeics rpayKAaHCKOW BOHHOM U HCTOPHUUECKHM BEIOOPOM
Jlonbacca Ha BoccoenuHeHue ¢ bonpmmm Pycckum Mupom, a Takke OpHEHTaruein
Hounenkont Haponnoit PecryOnuku Ha cranmaptel Poccuiickoit ®denepauuu, JonHTY
MOMcal J0rOBOP O COTPYJHUUYECTBE C BEAYIIEeH poccuiickoil rpymnmnoi kommanued CSoft,
KOTOpasi OCYIIECTBISIET KOHCAJITUHT U BHEJPEHHWE KOMIUIEKCHBIX pEUICHHH B 00JacTH
cucteM aBToMaTu3upoBaHHOTO TpoekThpoBaHus (CAIIP), TeXHOIOrMYEeCKOW MOArOTOBKH
npousBojactea (TIIIT), mokymeHToobOopora wu reoumHdpopmarnmoHubix cucrem (I'MC) /3.
bonpmass 4yacth ee pemieHuit 0a3upyercs Ha YHUKAIBHOM COYETAaHUM MHPOBBIX
U OTeUeCTBeHHBIX pa3paborok ot CSoft Development, «Hanocodr», Bentley, Oracle, CEA
Technology, Siemens, Canon, Contex, Oce u npyrux Bexymux kommanuid /3/. Ilo qoroBopy
0 coTpyaHuuecTBe rpymmna komnanuii CSoft mpenocrapmia JJonHTY ydeOHbIC TUIICH3UN Ha
9 mpOIyKTOB MO MPOEKTUPOBAHUIO DJICKTPOCHAOKEHUS MPOMBIIUICHHBIX MPEINPUITHM,
kakgas Ha 30 pabounmx MecT. DTO OOJbIIAsi MOMOIIL BO BPEMSI T'PAKIAHCKOW BOWMHBIL.
Crynentsl u npenogaBatenn JoHHTY cepaeuno Onaromapst komnanuto CSoft 1 akTUBHO
BHEJPSIOT €€ MPOIYKTHl B y4eOHBIN mporecc /4/. OdeHb BaXXHO, YTO MPOJAYKTHI KOMITAHUH
CSoft ocHoBanbl 1 peanuzoBaHbl, B ToM 4yucie U Ha ['OCT-ax P® u meTomukax pacdyeToB
Benylmux By30B Poccun. 3aech ecTh OOJbIINE NEPCIEKTUBBI Al COTPYAHUYECTBA, TAK KaK
Ha »sJekTpoTexHuueckoM (¢akynprere JoHHTY pa3paboTaHbl yHUKaNbHBIE METOJIUKH
ANEKTPOTEXHUYECKUX PACYETOB, YPOBEHb KOTOPHIX TMOJTBEPXKICH 3alIUIICHHBIMU
KaHIUJATCKUMHU U JOKTOPCKUMH aucceprauuamu. OO0 yHukanbHOM nape kommnanuu CSoft
onoectuin Beayue CMU JIHP /4-7/.

[lenpro HamucaHuUsl TaHHOTO YYEOHOTO MOCOOUS SIBISIETCS KPaTKOE BBEJICHUE B KypC
anektporexuudeckux CAIIP nHa mnpumepe mnpoayktoB kommnanuu CSoft, kotopsie
3apEKOMEHJIOBali  ceOsi Ha caMOM BBICOKOM YpOBHE BO BCEX OTHOILIEHHUSAX
(BBIUMCTUTENBHOM, METOAMYECKOM, allapaTHOM M JPYruX), KOTOpOE HEOO0XO0IUMO
UCIIOJIb30BaTh COBMECTHO C JPYTMMHM METOJIWYECKUMH pa3paboTkamu kKadenpsr Ol
JonHTY (kypcoM 1ab0opaTOpHBIX M KYPCOBBIX padOT) AJIsl U3YYEHHUS CaMOTO COBPEMEHHOTO
Y TIEPEIOBOTO OMBITA TPOCKTUPOBAHKS CUCTEM DJIEKTPOCHAOKEHHUSI.

TpeboBanust nmpoexTHbIX HHCTUTYTOB JIHP, TecHo corpynuuyaromux ¢ PO u npyrumu
CTpaHaMH ¥ YCIICITHO BBITIOJHSIONIMMHU TPOCKTHbIE pabOThl, B TOM YHCIE H TIO
AIEKTPOCHAOKEHUIO, TPEOYIOT 3HAHUS CIAEAYIOMUX MTPOTPAMMHBIX MPOIYKTOB /8/ B KOTOPBIX
MBI BHIMM H TpoaykThl kKommanuum CSoft. Tak u3 HEOOXO0IUMOrOo MPOTPAMMHOTO
oOecrieueHus, KOTOpPbIA JOJDKEH 3HaTh paOOTHUK, HANpuUMEp BEAYLIErOo IMPOEKTHOTO
uHcturyta B JIHP Ily6muunoro AxnuonepHoro Oo6mectBa « ucTtutyT FOKHUMTUIIpOrasy,


http://www.csoft.ru/about/vendors/csoft-development.html
http://www.csoft.ru/about/vendors/nanosoft.html
http://www.csoft.ru/about/vendors/bentley.html
http://www.csoft.ru/catalog/soft/oracle/oracle.html
http://www.csoft.ru/about/vendors/cea-technology.html
http://www.csoft.ru/about/vendors/cea-technology.html
http://www.csoft.ru/about/vendors/siemens-plm-software.html
http://www.csoft.ru/about/vendors/canon.html
http://www.csoft.ru/about/vendors/contex.html
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(Ha odwunmanbHOM caiiTe ykazaHo 210 HaMMEHOBaHWIi), M0 MHEHHIO SKCIEPTOB 3TOTO

HHCTUTYTA, 00s13aTeNLHO HGO6XOI[I/IMO SHAHUC MW TaKUX IMPOAYKTOB KaK HIPCACTABICHO B

Tabn.1:

Tabmuua 1. @parMeHT cnrcka UCnoJib3yeMbIX nporpaMm «HOKkHUHUTUIIpOrasy.

158

ElectriCS Light

3A0 "CuCodt", .
MockBa, Poccus

Cucrema
CBETOTEXHUYECKUX
pacu€ToB Ipu
MIPOEKTUPOBAHUU
OCBETUTEIbHBIX
YCTaHOBOK
MTPOMBIILICHHBIX
NPEATPUATUHIA

159

EnergyCS Pexum

3A0 "CuCodrt",
r. MockBa, Poccus

I1K 1 BeITOTHEHUS
AIEKTPOTEXHUUECKUX
MIpY MPOCKTUPOBAHUHU

Y JKCIUTyaTaluu
AJIEKTPOIHEPTETUUECKUX
JIFOOOM CIIOKHOCTH.

160

Electrics ESP

3A0 "CuCodrt",
r. Mocksa, Poccus

IIK mna
aBTOMAaTHU3HUPOBAHHOTO
pacuerta
AJIEKTPOXUM3AITUTHI

161

EnergyCS TK3,
EnergyCS JuiekTpuka

3A0 "CuCodrt",
r. Mocksa, Poccus

IIK ns1 BRINOJIHEHUS
AIEKTPOTEXHUUECKUX
pacueToB

MIpY MPOCKTUPOBAHUU

Y JKCIUTyaTaluu
AJIEKTPOIHEPTETUUECKUX
CHCTEM

JIFOOOM CIIOJKHOCTH.

162

Model Studio CS
MoJinue3aniuTa

3A0 "CuCodrt",
r. Mocksa, Poccus

IIporpamma pacuera

U TPEXMEPHOTO
MHTEPAKTUBHOTO
IIPOEKTUPOBAHMS
MOJIHUE3AIUTHI
31aHUN, COOPYKEHUUN U
OTKPBITBIX
TEPPUTOPHUNA.

Crynentsl JIonHTY, nmpoxons mpakTuKy, B TOM YHCIE W Ha 3TOM MNPEANPHUITHH,

MMOJY4YarOT HABBIKK IMPAKTHUYCCKOIO IPHUMCHCHHSA CBOHUX 3HAaHUN " Ha6I/IpaIOTC$[ OIIbITa

peaTbHOTO TIPOCKTHPOBAHUS CHUCTEM JJIEKTPOCHAOKEHUS.

OxBaTUTh BECh IEPEUCHD

NPOAYKTOB HE MPEACTABISCTCS BO3MOKHBIM, KOO TaKOM OTBIT y»Ke ObLT Y HAIIero mapTHepa
MI'TY um. H.D.baymana /9/.




2. KoppekTnpoBKka nejieBoil yHKIUN BbICIIET 0
TEXHUYECKOro 00pa3oBaHus

BBenenmne. JloHeukuii HauMOHANBHBIA TexHUYeckuil yHuBepcuteT (JoHHTY)
TPYAUTCA Ha ocTpue OWTBHI 3a bombmioit Pycckuit Mup um mMeHHO 31ech GOpMHpYETCs
HOBOE€ MHUPOBO33PEHHE, C KOTOPHIM TECHO CBSI3aHO (hOpMUpPOBaHME HAEOJIOTUU JlOHENKOi
Haponnoit Peciy6onuku. [IpobiemMa cocTOMT B TOM, YTO 3allpoOC MHUPOBOTO PbIHKA TpyJa —
MOJrOTOBKA crienuanucTa (0akanaBpa wid Maructpa) 6e3 GopMUpOBaHMS HACOIOTUYECKON
HaIPaBJICHHOCTH aBTOPaM HE BUIMUTCS BO3MOXKHBIM. HBIHEITHSS TII00QIHCTCKAsT TCHACHITUS
crapaercsi chopMHpOBaTH OOpaTHOE HANpPABJICHHWE, TOTOBS, IO CYTH «BHHTHK» WIH
«raeuyKky» B MHUPOBYIO 3KOHOMHUYECKYI0 CHCTEMY 0€3 MHPOBO33PEHUYECKOTO BEKTOpa M
MOHATUS O J00pe W 37e (PBOJIOLMM W HWHBOJIOLMH). TakoMy MOJIXO01y HPOTHUBOCTOUT
MO3ULHS KAK IIEPEeIOBbIX MUPOBBIX YUYEHBIX, HO, TJIaBHOE, yueHbIX Poccuiickoii denepannn
/10/.

Ananu3 npodjembl. Jns JonHTY Onmke Bcero mo3uids U BEKTOP Pa3BUTHUSA
BeNylIero TexHudyeckoro By3za PO — MITY wum. H.D.baymana. Ha xoudepenuuu B
CeBacTomnosie €ro MHOTO JIET MPEACTABIII BEAYIIUN YYE€HBIM 3TOTO YHUBEPCUTETA H
OTBETCTBEHHBIN 3a jgoroBop ™Mexay JJomHTY u MBTY wum. H.D.baymana mpod.
JI.N.Bomukesuu /11/.

Ero npexpacHbie 1 MHOTOTpaHHbBIE TOKJIAAbl BCErJa UMEJIM CaMyl0 BBICOKYIO OLICHKY.
UTo OH mbITajiCsA JOBECTU? DTO, MPEK/IE BCETO:

1) He pbIHOK OJDKEH CTaTh 3aKa34YMKOM TJIABHOTO «IIPOAYKTa» BBICIIETO 00pa30BaHUs,
a TOCyZapcCTBo.
2) He «oOpa3oBatesbHbIC yCIyru», a oopazoBanue ot ciioBa O6pas.
3) KoMmOuHanust moaxoJ0B C akIEHTOM Ha TOCYJapCTBEHHOM IOAXOJe, MO0 IieseBas
(GyHKUIMS 00pa30BaHUs — 3TO MOJTOTOBKA 3JIMTHI TOCYIapCTBA U HUKAK MHAYE.
AprymentupoBan Jleonun IBaHoBHMY BOJYKEBUY ONBITOM CBOEro BYy3d, KOTOPBIH

NbITAJICA YAOBIETBOPUTH PbIHOK U gaxe emy (MI'TYum.H.D.baymana) He ynanoch 31O
cIenaTh CWJIAMHU CBOMX IIPENOAABATENIEd M UM MPHUIIOCH MPUIJIAIIaTh CO CTOPOHBI, HO H,
BBITYCTUB onHYy rpynmny, MI'TY mpekpaTun 5TH MOMBITKM W BBIpAOOTa i ce0si HOBYIO
1eJTb — MOJITOTOBKY UMEHHO 3JIMThI rocynapctsa /10/.

ABTOpBI 3TOrO MOCOOMS TOJHOCTBIO PAa3AESAIOT 3TOT MOAXOJI U XOTeldH Obl ero
pacliMpuTh M II0KAa3aTh IEPCIEKTUBBl €r0 W aHAJOTWYHBIE BBIBOJBI, CJICJIAHHBIE Ha
anekTporexHuueckoM ¢akynsrete JoHHTY Ha xadenpe I1IT.

AHanoruyHocts mnpodsem B P® u JHP. Oneir npenonaBaHus pa3iidyHBIX
nucuuiine B JJoHHTY 10 rpaxaaHckodM BOWHBI IOKa3aj, YTO DJIAThI TOCYJapCTBa B €€
BBICOKOM TIOHMMaHUU B YKpauHe HEeT KakK U 3ampoca rocyapcTBa Ha (OpMUPOBAHUE TaKOU
anuthl. Ha oaHOM M3 KOHCyNIbTaMil OAMH U3 aBTOPOB CTaTbH KOCHYJCS MPOOIEMbI
OIIMOOYHOrO Kypca YKpaWHbl, Ha UYTO TMOJYYHJI OTBET M3 CTYJEHYECKOW Cpenbl, 4TO
MpenojaBarelib HE BEPHO BUAUT Kypc TOCYJapcTBa, KOTOpOe MIIO TOrga IIo
HaIlMOHAJIMCTUYECKOMY Kypcy. [l aBTOpPOB CTaThy 3TO ObUI OYEHb CEPbE3HBIN yaap, 0o C



TOYKH 3pPEHHUS YHCTO TEXHUYECKMX IUCHMIUIUH K 3TOMY CTYIEHTYy HE OBLJIO HHUKaKHX
BOIIPOCOB, HO BOT i€ OH celvac U ¢ KeM OH ceifuac — 0ombiioi Bompoc. To ecTh HAMUIO
HEBEPHBI KypC M HCKaKE€HHas IeneBas (yHKUUs oOpa3oBaHMs Ha YKpauHe. Mbl He
MoJ9ain 00 3ToM U B TO Bpems /12,13/.

3ameuaTenbHO, 4TO JloHOacc yxe caenan cBoi BeIOOp U 370 yxe JloHenkas Hapoanas
PecniyOnuka W IOJHOCTBIO OpPUEHTHUPOBAHA BO BCEX  CMBICIaX (B TOM 4YHCIE U
oOpazoBarenbHOM) Ha bonbmoit Pycckuii Mup, yacteio koToporo oHa siisiercs. B JlonHTY
cpa3y HadaJld BHEPAThCS cTaHAapThl PO, a umMeHHO «['0CyapCcTBEHHBIN 00pa30BaTEIbHbIN
CTaHAApPT», B KOTOPOM YETKO BBIJECJICHBI:

1) OOIIeKyIbTypHbIC KOMITICTCHIIHH;

2) O6mienpodeccuoHanbHbIC KOMIICTCHITUY;

3) IIpodeccroHalbHbIC KOMIIETCHIUH.

K mnepBoii kaTeropuum OTHOCSTCS HE TOJIBKO TyYMaHUTApHbIC IUCHUIUIMHBI, HO U

cIieruajbHble, OO MBI IT0jJaraéM, 4TO Ha 3aHATHUAX IO 3THUM IHCIUINIMHAM O0S3aTeIIbHO
HYKHO YACJISITh BHUMAHHUE B MEPBYIO OYEPE]b UMEHHO OOIIEKYJIbTYPHBIM KOMIIETEHIIMSIM,
100 OTCYTCTBME HX (Aake B KaueCTBE MOCTAHOBKM 3a/1aud) MPUBOAMUT K TOMY, UTO ceilyac
IIPOU30LLIO HA YKpauHe.

IlocranoBka 3amaum. K kakomy Kiaccy COBPEMEHHBIX 3aJad CIEIyeT OTHECTH
MeIaroruueckyo 3aaady? Mpl mojaraeM, 4TO 3TO MpeporatuBa 3a7ad ONTHMU3ALIMU.
ITouemy umMenHo ontumu3anuu? IloTomMy 4uTo MH000M OOBEKT NMPOEKTUPOBAHMS, J1a U CaM
MPOIECC MPOSKTUPOBAHUS HWHXKEHEP CTapaeTcs IMPOBECTH ONTHMaIbHO. JIt00oH uemoBek
cTapaeTcs MPOXKUTh JKU3Hb ONTUMAJIBLHO M ONTHMAJIbHO B KaXKIOM €€ acmekTe (1o CyTH,
SBJISIICH APXUTEKTOPOM U TJIABHBIM PEXHUCCEPOM CBOEM ku3HM). JlJIsI ATOr0 HYXHO
MPaBWJIBHO MOCTABUTH ATy 3ajJauy (TO €CTh MPABUILHO BHIOPATh IEJEBYI0 (PYHKIIMIO CBOECH
xu3Hu). MO0, Kak W3BECTHO, IS KOpalisi, HE 3HAIOIIEr0 CBOEH Ienu Jo00d MNyTh
HEeBEpHBIM. M3 TEXHMUECKUX JUCIUIUIMH HM3BECTHO, YTO IIOCTAHOBKA 00O 3amadyu
OTNITUMHU3AIIMN COJICPKUT JIBE COCTABIISIONIME: IIEJICBYIO (PYHKIIMIO U OrpaHuYeHus. Permenue
COCTOMT B TIOMCKE OJKCTpemMyMma IiejaeBord (yHKIMU (TOro, 4YTO JKeJaeT IOJIYYUTh
HCcCIIeIoBaTellb) B TpaHUIAX OrPaHUYCHUH. DTO MOXKET OBbITh, HaNpUMep, MHHUMYM
CTOMMOCTH U TOTPEOJIIeMOM MOIIHOCTH — OOBIYHBIM KPUTEPUH I TEXHUUECKUX OOBEKTOB
WJIU K€ MaKCUMYM DKCILUTyaTallMOHHON HaAeKHOCTH. CXEeMaTUYHO 3TO BhIpaXeHO Ha puc.l,
rje JUIS MpuMepa MOoKa3aH MOMCK ONTUMAIbHOTO ceueHus kabens. 3aech: C-CTOMMOCTH
kabens, [1-morepu B xabene. B mocTaHOBKY KiIacCHYECKOM 3ajayvl ONTUMU3AIMHI BXOIUT:
1) ®D: F (C, ) => min / max
2) OI'P: C1<C <C2, ITI<II <I12, ...

OnTuManabHOE 3HAUCHUE CEUCHMs Kabelsi COOTBETCTBYET MUHIMYMY IOTEPh B Kabeme
M CaMOM CTOMMOCTH Kabelis. ITO THUIIOBasl 3ajiladya, KOTOPYIO MBI peIIaeM IMOCTOSIHHO, HE
Ha3bIBasl €€ TaKOBOM U HE MpoBOAs kiaccudukanuio. [locmorpute caMmu, HampuMep, BCE MbI
efaeM Ha paboty. M myTh crapaemcst BeIOpaTh onTuUMaibHO. Halll moaxoa Takke oTpakaet
npuBeneHHBIM pucyHok. Ha »tom xe rpaduxe «C» - CTOMMOCTh Mpoe3da B Pa3HOM
TpaHcnopte, a «[I» - mycTs Oyaer Bpems npoe3na. Yem BbINIE CTOMMOCTD, TEM HU)KE BPEMSL.
B rpanumnax orpanuuyeHuil (3TO B HAIIeM Ccliydae OOJDKET TOE3IKM W TEXHHYECKHE



BO3MO>XHOCTH, KOTOPBIMH MOKEM BOCIOJIb30BaThCsA) HIleM pemieHue. OObIYHO 3TO HEYTO
cpenHee (3070Tas cepearuHa) U (PakTHUEeCKU KOMIPOMHUCC MEXTY CTOMMOCTBIO U BPEMEHEM B
HaiieM ciaydae. [lockonbky o01el Teopuu ONTHMU3ALMU He pa3paboTaHo, a ecTb Oosiee 700
METOJOB ONTUMHU3AlMM M HECKOJbKO YAaCTHBIX TEOPUM ONTUMHU3ALUU, TO JaHHOE
HampaBJIEHUE KJIET CBOMX HccliefoBareneil. ABTopaM 0COOE€HHO OJM30K OAMH M3 METOJI0B
pelIeHusl 3a7ad ONTUMHU3ALMU — 30JIOTOIO CEUYEHUs, MOCKOJIbKY OH OCOOEHHO XOpOILIO
CTBIKYETCSI C T'YMAaHUTAPHBIMU JUCLUUIUIMHAMUA U OCHOBAaH HAa TPAHCLIEHIEHTHOM YHCIE.
Opnako MeTa-3HAaHME M 37E€Ch JlaeT HaMEK Ha pEIIeHHEe W TMOUCK O0mIel Teopuu
ONTHMH3ALUU.

v

Puc. 1. Pentenue 3a1aum onTUMHU3aIum.

Pemenune 3amauu. Ml yxe jaenanu Jokjaaj Ha KoHpepeHuuu B 'ocynapcTBEHHOM
Opmutaxe PO Ha Temy BbiOOpa BekTopa pa3Butusa oduiectsa B JJHP (HoBopoccun) /14/ roe
MOKa3aJd, YTO TOMHMO PAKETHO-SIEPHOTO IIUTAa TOCYJapCTBY OOA3aTENbHO HYXEH
IyXOBHO-HPABCTBEHHBIN MIUT. OTCYTCTBUE TAKOTO IIUTA HA YKpauHe MO HAllleMy MHEHHIO U
Ja0 TaKOW pe3yJbTaT, KOTOPBIA MBI BHJAMM cedldac, MO0 KyJIbTYpHBbIC KOMIIETEHITUU
OTBEUAIOT 3a KYJbTYpY OyyIIEero CrenuaiyucTa B eJI0M, KOTopasi B CBOKO OUepe.lb SBISETCS
UMMYHHOU cHcTeMoii oOmiectBa. M 3mech oOpa3oBaHMe uUrpaer KiodeByro pousib /15/.
[TocTapaemcst 0600UUTH yKa3aHHOE SBJICHUE, YTOOBI IOJYUYUTh TOJOTpadUUIECKyI0 KapTUHY
B JJMHAMHKE.

O06o00menne pemenns 3axa4u. Kak M3BeCTHO, NMpaBUIbHAS MOCTAHOBKA BOIIPOCA JA€T
yxke 50 mporeHToB ycriexa. CoBpeMeHHbIC JOKTOpCKUE aucceptanuu /16/ mpencraBisitor
TaKyl CXeMy MOCTHKeHUs1 VICTHHBI TOMCK KOTOPOM M €CTh 3ajlaya yuyeHoro (puc. 2). 31ech
He yKkazaHa cama VctuHa, n00 oHa He M300pakaeMa, IMOCKOJIbKY OHa SIBJISIETCSI aHAJIOrOM
bora B penurmo3Hoil cucremMe koopauHatr, a CokpaT Npu MOAXOAE K 3TOMY MOHSTHIO
3aMoJIKal, 7a0bl CBOMMU BBICKa3bIBaHUSIMHU HE OCKBEPHUTH €TO.

3necb MOXHO cocnaTbesi Ha CNHMHO3Y O TOM, YTO «CJIOBa 3aTEMHSIOT CMBICT» (Kak
CJIOBO Kak MOJielIb SBJEHUS cama SBJISETCS JIUIIb YIPOUIEHHBIM MPEJACTaBICHUEM



pPEaTbHOCTU U MO3TOMY «3aT€MHSIET CMbBICI» MO0 €CTh MOTEPU B OTPAKEHUU U BHIPAKCHUU
ATOM caMOM peajbHOCTH, a B HalleM citydae McTuHsl).

KonrtekcTHO-
He3aBHCHMbIeE Myapoctn
4 A Tonumanue
NPUHIMIIOB

3Hanus
i v IMonumaHue

3AaKOHOB

Nudopmauns

/" Tlonumanue
OTHOLIEHHUS

Jannbie = [lonumanue

Puc. 2. Cxema 3TanoB MOHMMaHHUS B KOTHUTHBHBIX HayKax.

Kak ckazano B Mmera-3Hanuu: «Bpicmiee Co3nanue 3Haer MctuHy, 1 MBI rOTOBBI
ONOBECTUTh 3Ty VICTMHY 4elIOBEYECTBY, HO MJII 3TOr0 YEJIIOBEUYECTBO JOJKHO CTaTh Ha
BhICHIYIO cTyneHb. 9.10.1929» /17/. To ecTh 37eCh yka3aH MyTh MOCTHKEHUSI dTOM caMoi
HNctuHbl B COBEpIIEHCTBOBAaHMM €05, UYTOOBI CTaTh JOCTOMHBIM 3TOMl  WTHHBL
[TonTBepxAECHUEM 3TO MBICIIH ABISETCS: «SIBiIeHUE BbICIIEH MICTMHBI MOXHO 1aTh TOJIBKO
YUCTBIM cepauaM u uyTkuM ayxam. 20.01.1930» /17/. U 3neck Mbl HajieeMcsi TPUOIU3UTHCS
K BBINOJIHEHUIO 3ajaun Yuutened YenosedecTBa: «[7aBHOE 3aJaHHE YEIOBEUECTBY —
COCIMHUTh MAaTE€pUaIbHBIN MHpP C AyXOBHbIM» /17/. BbpINONHEHHIO 3TOM 3aJayu aBTOPHI
MOCBATUII CBOM TPyl «ITHYECKHUE aITOPUTMbI MuUpo3faHus» /16/, koTopbiii mepenaH B
OCHOBHbIE OnbOIMOTEKN PD.

BoiBojabl. [Tonaraem, 4to BekTop 00pa3oBaHus U €ro IiejaeBast GyHKIHUS JOJKHBI ObITH
OpHEHTHUPOBAHBI TPEXJE BCEero Ha (OPMHUPOBAHUS IJIUTHl TOCYHApCTBA, 0€3 KOTOPOH
MOCTPOUTH CTPaHy HE BO3MOKHO. ['JTaBHOW JBIKYIIEH CHIJIOW 3TOr0 Tpoliecca SBIISIIOTCS
JTUCHUTUIMHBI TYMaHUTapHbIC, HO U B OOMICTEXHUYECKUX AUCIUIUIMHAX HYXKEH TaKOW Ke
MOAXOJ] TpenojaBaTh Kak «OONIEKYJIbTYPHYIO KOMIIETEHIIMIO», Hapsay C Tnepeaadyeit
OOIIETEXHNYECKUX M TEXHUYECKMX KomrereHiui. OOs3aTeNbHO HAa 3aHATHIX HYXHO
VACTIATHh BpeMsl HMEHHO OOIIEKYJIbTYPHBIM BOIIPOCAM MPOIILIOTO U OyAyIero crpansl. Torma
HE HYXHO OYyJeT BOCCTAaHaBIIMBATh €€ W3 PYWH, KaK 3TO MPEJACTOUT YKpauHe. Pe3ynbTaTsl
COIIMOJIOTHYECKUX HCCIIe0BaHus o PD He yTemuTensHbl B 3TOM cMbicie /18/.

CoBetom  PexktopoB JIHP npunaTo 0000IIMTH  OMBIT  JOMOJHUTEIBHOTO
T'YMaHUTaApHOTO 00pa30BaHUs U PACCMOTPETh BO3MOXKHOCTh co3fianus Muctutryra KynbTyphl
JIonHTY Ha 6a3e By3oB JIHP /19/. Otdersl mo romaM MOKHO mocMOTpeTh 3aech /20/.
[Ipurnamaem Kk COTpyAHUYECTBY MO 3TOMY BOIIPOCY.



3. Beeaenue B CAIIP

Mecrto CAIIP (cuctembl aBTOMaTU3HPOBAHHOTO IPOEKTUPOBAHHUS) B ) KU3HEHHOM
[UKJIE MPOMBIIIJIEHHOTO U3AENHs U300pakeHo Ha puc. 1. 37ech u ganee B 3TOM paszfere,
MaTepuan B3AT u3 /21/.
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Puc. 1. )Ku3HeHHBIN LUK MIPOMBIIUICHHBIX 34NN

CRM, CRM-cucrema, cokpamenne ot  anmi Customer  Relationship
Management) —  mpukIagHOe  OporpamMmHoe  oOecredyeHwe  JUIs  OpraHU3alui,

NpcaHasHa4YCHHOC JII aBTOMATHU3AllMH CTpaTeFI/Iﬁ BBaHMOHeﬁCTBHﬁ C 3axKa3dyMKaMH

(kIMeHTaMU), B YACTHOCTH JUJISl TIOBBIIICHHS YPOBHS MPOAAX, ONTHMH3AIMNA MapPKETHHTA M
VIIY4IICHUs] OOCTY)KMBAaHMS KJIMEHTOB IMyTEM COXpaHEHUss WHOOpMAIMU O KIUEHTaX |
HUCTOPUU B3aUMOOTHOIICHUN C HUMH, YCTAHOBJICHUS W YJy4IIEHUsS OU3HEC-MPOIIECCOB U

MOCJIEAYIOIIETO aHAIN3a Pe3yJIbTaTOB.
ERP (auri. Enterprise Resource Planning, nianuposanue pecypcos npeonpusimus) —
OpraHu3allMOHHAs CTpATerdsi HWHTErpalldd I[POW3BOJCTBA MW OINEpalyid, YIPaBICHUS

TPYAOBBIMH  PECYpCaMu, (bI/IHaHCOBOFO MCHCIKMCHTA MW VIIPABJICHHUA AKTHBAMH,

OpPUEHTHPOBaHHAs HAa HEMPEPHIBHYIO OalaHCUPOBKY U  ONTHMH3AIUIO PECYpCOB
NPEANPUATUAS  TIOCPEACTBOM  CHEUHAIM3UPOBAHHOTO  HMHTEIPUPOBAHHOIO  IAKeTa

MPUKJIAJIHOTO MPOTPAMMHOTO O0ecreyueHus, 00eCeunBaromero o0y MoJie/ib JaHHBIX U
[12]

IPOIIECCOB TS BCeX cep AeSITENbHOCTH

[aKeT, pean3yromui crpareruto ERP.
VYupapjenue unensiMu mnocraBok (anri. supply chain management, SCM) —

yIpaBliCHYECKass KOHIICMIMS W OPraHM3al[MOHHAsl CTPATerus, 3aKIIOYaloNIascs B

. ERP-cucTema — KOHKpEeTHBIN MPOTpaMMHBIN

WHTETPUPOBAHHOM TOAX0/I€ K MJIAHUPOBAHUIO U YIPABICHHUIO BCEM MOTOKOM MH(OpMAIIHH O
ChIpbE, MaTepuajax, MPOAyKTaX, YCIyrax, BO3HHUKAIOIIMX © MpeoOpasyrolmxcs B
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JOTUCTUYCCKUX KW MNPOU3ZBOJACTBCHHBLIX IIpoHCCCax MpCANPUATHA, HALCICHHOM Ha

M3MEPUMBI COBOKYITHBIN 3KOHOMUYECKHHN 3()PeKT (CHIKEHNE U3ACPKEK, YIOBICTBOPEHUE
CIpoca Ha KOHEYHYIO IPOIYKIIHIO).

MRP I (amr. manufacturing resource  planning—  mIaHupoBaHHE
IPOU3BOJICTBEHHBIX  PECYpCOB) —  CTpaTerusi  MPOM3BOJCTBEHHOIO  IUIAHUPOBAHUS,
oOecreunBaroNiasl Kak OMNEepalMoOHHOE, TaK U (PMHAHCOBOE IUTAHMPOBAHUE MPOU3BOJICTBA,
oOecrieunBaronias 0osee MUPOKUNA 0XBAT pecypcoB npeanpusatus, Hexxean MRP. B otinuune
oT MRP, B cucteme MRP Il npou3BOaUTCA TIJIAHUPOBAHUE HE TOJIBKO B MATEPUAIIBHOM, HO U
B JICHEKHOM BBIpaKeHUN . Peann3yeTcs: BHEIPEHHEM IIPHKIAIHBIX [IPOrPAMMHbIX [AKETOB.
Crpareruss ERP cuuraercs passutuem MRP II. MRP II 3amaér nmpuHuunel geTanbHOTO
IJIAHUPOBAHMS MPOMU3BOJICTBA MPEANPUSITHS, BKIIOYAKOIMIas y4€T 3aKa30B, IUIAHWPOBAHUE
3arpy3kd IMpPOU3BOJICTBEHHBIX MOLIHOCTEW, MIIAHUPOBAHUE MOTPEOHOCTH BO BCEX peECypcax
MIPOU3BOJACTBA (MaTepualbl, ChIPbE, KOMIUIEKTYIOIIME, OOOpYyJOBAaHHE, IEPCOHAI),
IJIAHUPOBAHKME MPOU3BOJICTBEHHBIX 3aTpaT, MOJECIUPOBAHUE XOAa MPOU3BOJICTBA, €r0 YYET,
IJIJAHUPOBAHHUE BBIITYCKA TOTOBBIX W3MIENINN, ONEPATUBHOE KOPPEKTUPOBAHUE IUIAHA U
MIPOU3BOJICTBEHHBIX 33/IaHUM.

PLM-cucrema (anri. product lifecycle management) — npukiagHoe mporpaMMHOE
oOecrieueHue Uil  yIpaBiIeHUS SKU3HEHHBIM IMKJIOM MNPOAYKIHMH. JKU3HEHHBIM MK
BKJIFOYAE€T TIEPHOJ] OT BO3HUKHOBEHMSI MOTPEOHOCTH B CO3JaHUU MPOAYKIHMH 10 €&
JUKBUIAIMH BCJIEICTBUE UCUEPIIAaHUSI TOTPEOUTEIHCKUX CBOMCTB.

OCHOBHBIE ATallbl KU3HEHHOTO IIHUKJIA: TPOCKTUPOBAHKE, IPOU3BOACTBO, TEXHUYECKAS
AKCIUTyaTanus, yruimsanus. [IpuMeHsiercs 1o OTHOIIEHUI0 K MPOIYKIIMU C BBHICOKHUMU
NOTPEOUTENBCKUMH ~ CBOMCTBAMHM M K  CIOXKHOM  HAYKOEMKOM  MNPOAYKIUU
BBICOKOTEXHOJIOTUYHBIX MPENPUSITHIA.

CAE (anrn. Computer-aided engineering) — oOmiee Ha3BaHWE ISl OpOrpamMM U
[IPOTPAMMHBIX MAKETOB, MPEIHA3HAYEHHBIX ISl PElICHUs Pa3IMYHbIX WHXKCHEPHBIX 3aJ1a4:
pacy€ToB, aHAM3a U CUMYJSIUUKA (PU3HYECKUX MpolieccoB. PacuéTHast 4acTh MAKETOB Yallle
BCETO OCHOBAaHA HAa YMCIEHHBIX METOoJax pemieHus audQepeHInanabHbIX YPaBHEHUN (CM.:
METOJI KOHEYHBIX JJIEMEHTOB, METOJ KOHEYHBIX 00BEMOB, METOJ KOHEUYHBIX Pa3HOCTEH U
np.). CoBpeMEHHbIE CHUCTEMbl HWHXEHEPHOTO aHainu3a (WM CUCTEMbl aBTOMATU3ALMHU
umxeHepHbix pacu€toB) (CAE) npumensitorcsi coBmectHo ¢ CAD-cucremamu (3adactyro
WHTETPUPYIOTCS B HUX, B ATOM citydae noiy4atorcs ruopunnsie CAD/CAE-cuctemsr). CAE-
CUCTEMBI — 3TO Pa3HOOOpa3HbIE MPOrPAMMHBIC MPOAYKTHI, MO3BOJISIONINE TPU TTOMOITU
pPacyYETHBIX METOJOB (METOJ] KOHEYHBIX D3JIEMEHTOB, METOJ| KOHEUHBIX Pa3HOCTEH, METO]
KOHEYHBIX OOBEMOB) OIEHUTH, KaK MOBEAET ceOsl KOMIbIOTEpPHAas MOJENb HW3JeTus B
peanbHBIX YCIOBUSX AKCIuTyaTanuu. [lomoraroT yoeauTbest B paboTOCIIOCOOHOCTH U3EIHS,
0e3 mpuBleYeHUs] OOJILIIMX 3aTpaT BPEMEHU M CPENCTB. B pycckoM si3bIKe €CTh TEPMHUH
CAIIP, xotopsrii moapazymeBact CAD/CAM/CAE/PDM.

Computer-aided design (CAD) - CHCTeMa aBTOMATH3HPOBAHHOIO
NPOEKTUPOBAHUA — aBTOMATU3MPOBAHHAsA CHUCTEMa, peaju3yiomas HHPOPMalMOHHYIO
TEXHOIOTHIO  BBIIONHEHHS  (YHKOWHA  [POCKTHPOBAHMAL,  MPEACTABISIET  coOOi
OpPraHU3alMOHHO-TEXHUYECKYIO CUCTEMY, PEIHA3HAUYCHHYIO JI1 aBTOMAaTU3allMKU Mpolecca
MPOEKTUPOBAHMS, COCTOSAIIYIO M3 MEPCOHANa U KOMIUIEKCA TEXHUYECKUX, MPOTPAMMHBIX U
JIPYTHX CPEACTB aBTOMATU3ALIH €ro AesTeIbHOCTH A, TakoKe /it 0003HAYCHHS TOJOGHBIX
CUCTEM IIUPOKO Hcnonb3yercsa abopesuatypa CAIIP.

CAM (auri. Computer-aided manufacturing) — aBToMaTu3upoBaHHAas cUCTEMA, JTHOO
MOJ1yJ1b ABTOMATU3UPOBAHHOW CHCTEMBbI, TPEeIHA3HAYCHHBIN ISl IOJTOTOBKH YIIPABIISIOLINX
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nporpaMm it ctaikoB ¢ UITY. [loxg TepMMHOM TOHMMAIOTCS KaK caM IpOLECC
KOMIBIOTEPU3UPOBAHHOW MMOJTOTOBKY MPOU3BOJICTBA, TAK U MPOrPAMMHO-BbIYUCIUTEIbHBIE
KOMIUIEKCHI, UCIIOJIb3YEMbIE MHKEHEpaMU-TEXHOJIOramMu. J{Jisi HOATOTOBKHA TEXHOJIOTUYECKOI
JOKYMEHTAIH, B TOM YHUCJIe U coryiacHo ¢ TpedoBanusimMu ECT/I, ncmonb3yrOTCsl CHCTEMBI
ABTOMATU3MPOBAHHON TEXHOJIOTHYECKOMN MOATOTOBKH MPOou3BocTBa. Kak mpasusio,
OOJIBITMHCTBO MPOTPAMMHO-BBIYMCIUTENbHBIX KOMIUIEKCOB COBMEIIAIOT B ceO€ pelIeHHe
samaau CAD/CAM, CAE/CAM, CAD/CAE/CAM.

PDM-cucrema (anri. Product Data Management — crucreMa ynpaBieHHs JaHHBIMU
00 u3/1eNun) — OpraHUu3allMOHHO-TEXHUYECKAasi CUCTEMa, 0OecrieunBaloas yrnpaBlieHue
Bcel nHdopmanueit o0 uznenuu. [lpu 3ToM B KauecTBe U3IETUN MOTYT pacCMaTpUBATHCS
pa3NyYHbIC CIOKHBIE TEXHUUYECKHUE O0BEKTHI (KOPAOIH U aBTOMOOMIIN, CAMOJIETHI U PAKETHI,
KOMITBIOTEPHBIE CETH U JIP.).

B PDM-cucremax 00001IEHBI TAKHE TEXHOJIOIUH, KaK:

e yIpaBJICHUE HH)KEHEPHBIMU JTaHHBIMU (engineering data management — EDM)
yIpaBJE€HUE IOKYMEHTaMU
ynpasienue uadopmaiueit 00 uzaenuu (product information management — PIM)
yIpaBjicHUE TEXHUYCCKUMH JaHHBIMU (technical data management — TDM)
yIpaBJicHUE TeXHUUeCKOH nHpopMmarmeii (technical information management — TIM)
yIpaBiieHHe U300paKEeHUSIMU U MAaHUTTYJIMpOBaHUE UH(GOpPMAIIUEil, BCECTOPOHHE
ONPENENSAIOIEN KOHKPETHOE U3/EIINE.

bazoBbie PpyHKIIMOHAIbHBIE BO3MOXKHOCTH PDM-ccTeM 0XBaThIBAIOT CIAEAYIONINE
OCHOBHbIE HaIlPaBJICHMUS:
yIpaBJ€HUE XPAaHEHUEM JaHHBIX U IOKYMEHTaMU
yIpPABJICHHE MOTOKaMHU paboT U MpoueccaMu
yIpaBJIE€HUE CTPYKTYPOI IPOIyKTa
aBTOMAaTHU3aIlMsI TeHEepaIui BEIOOPOK M OTYETOB
MEXaHU3M aBTOPHU3ALNU
MES (or anmrn. manufacturing execution system, cucremMa  yIpaBJICHHUS
MIPOU3BOACTBEHHBIMH MpOILIECCAMHU) — CIELHAIU3UPOBAHHOE MNPUKIAJHOE MPOrPaMMHOE
obecrieueHue, MNpeAHa3HAYEHHOE IS PEIICHUs] 3aad CHUHXPOHU3AINH, KOOPIWHAIWH,
aHaJM3a U ONTHUMU3AIIMY BBITYCKa MPOIYKIIUUA B paMKax Kakoro-imbo mpousBojactea. MES-
CUCTEMBI OTHOCSITCS K KJIACCY CUCTEM YIPABJICHHS YPOBHSA 11€Xa, HO MOTYT HCIIOJIb30BaThCA
Y JUISl UYHTETPUPOBAHHOTO YIPABJIEHUS MPOU3BOACTBOM Ha MPEAIPUATHH B LIETIOM.

SCADA (abbp. ot anri Supervisory Control And Data Acquisition —
JMCIIETYEPCKOE YIPABICHHE M COOP JaHHBIX) — MPOrPAMMHBIN MAKET, MpeaIHa3HauYCHHBIN
JUTsL pa3pabOTKK UK oOecrieueHust paboThl B pealbHOM BpEMEHU cUcTeM cOopa, 00paboTKH,
OTOOPAXKEHUS U aApXUBUPOBaHUS MH(DOpMaAIuu 00 00bEKTE MOHUTOPUHTA WIIA YIPABJICHHUS.
SCADA wmoxer gaBiaathbes dacTeio ACY TII, ACKVYD, cHCTEMBI JKOJOTHYECKOTO
MOHHUTOPHUHTA, HAYYHOT'O SKCIIEPUMEHTA, aBTOMaTu3auuu 3aanus u T. 1. SCADA-cucTeMsl
UCIIOJIB3YIOTCSL BO BCEX OTpACIsAX XO35AMCTBa, Tle TpeOyeTcsi o0ecreunBaTh OnepaTopCcKuil
KOHTPOJIb TEXHOJOTMYECKUX MPOLECCOB B pealbHOM BpeMeHHU. JlaHHOe mnporpaMMHOE
o0OecreyeHrne yCTAaHABIMBAETCS HAa KOMIBIOTEPHI M, ISl CBSI3M C OOBEKTOM, HCIOJIB3YET
npaiiepsl BBonma-BeiBoga uin OPC/DDE cepsepsl. [IporpamMmHbIil KO MOXKET OBITh Kak
HamWcaH Ha OJHOM W3 S3bIKOB MPOrpaMMHUPOBAHMS, TaK M CrEHEPUPOBAH B Cpele
MPOEKTUPOBAHMSI.

YucsoBoe nporpaMmmuoe ynpasienue (cokp. UITY; aari. computer numerical control,
cokp. CNC) — koMIploTepr30BaHHAs CHCTEMA YIIPaBJICHHUS, YIIPABJISIONIAs MPUBOIAMHA



https://ru.wikipedia.org/wiki/%D0%A7%D0%B8%D1%81%D0%BB%D0%BE%D0%B2%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D1%83%D0%BF%D1%80%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%95%D0%A1%D0%A2%D0%94
https://ru.wikipedia.org/wiki/CAPP
https://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8_%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%BD%D1%8B%D1%85_%D1%80%D0%B0%D0%B1%D0%BE%D1%82
https://ru.wikipedia.org/wiki/Computer-aided_engineering
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D0%B5
https://ru.wikipedia.org/wiki/%D0%90%D0%B1%D0%B1%D1%80%D0%B5%D0%B2%D0%B8%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BA%D0%B5%D1%82_%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%8B%D1%85_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
https://ru.wikipedia.org/wiki/%D0%90%D0%A1%D0%A3_%D0%A2%D0%9F
https://ru.wikipedia.org/wiki/%D0%90%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D1%8F_%D0%B8_%D1%83%D1%87%D0%B5%D1%82%D0%B0_%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%BE%D1%80%D0%B5%D1%81%D1%83%D1%80%D1%81%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/OPC
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80

TEXHOJOTMYECKOro 000pya0BaHus, BKIIOYasi CTAHOYHYIO ocHacTKy. Obopynosanue ¢ UITY
MOKET OBITh MPEJCTABICHO:

CTAHOYHBIM MAPKOM, HAIIPUMEp, CTAHKAaMU (CTaHKH, 000PYOBAaHHBIE YHCIOBBIM
MPOrpaMMHBIM yIIpaBlieHHEM, Ha3biBalOTCs cTaHkamu ¢ UITY) nns o6paboTku MeTamios
(Hanpumep, (pe3epHble WM TOKapHBIE), AepeBa, MIIaCTMAcCC;

IPUBOJIAMH ACHHXPOHHBIX 3JIEKTPOABUIATEIIEH, UCIIOJIB3YIOIINX BEKTOPHOE
YIPABJICHUE;

XapaKTepHOW CUCTEMOM YIpaBJIEHHsI COBPEMEHHBIMU IPOMBIIIIEHHBIMU pOOOTaMH;

[Tepudepuitnpie yerporicta, Hanpumep: 3D-mpunTep, 3D-ckanep.

Cucrembl cozganusi UDTP (IETM) (IETM — Interactive Electronic Technical
Manual, HWOTP — uHTEepakTUBHBIE JJIEKTPOHHBIE TEXHUYECKHE PYKOBOJCTBA) —
OpPraHU3alMOHHO-TEXHUYECKUE CUCTEMBI, IPEIHA3HAYEHHBIE JUIi AaBTOMAaTHU3UPOBAHHOU
IIOATOTOBKM CONPOBOJAUTENIBHOW JOKYMEHTAllMM Ha CJOKHBIE TEXHUYECKHE H3ICIUSA B
anekTpoHHoM Buje. Camu MOTP Moryr coxmepxkaTh TEKCTOBbIE, rpauyeckue, ayiuo U
BHJIEO TAHHBIE.

CALS-trexnoaorun (aura. Continuous Acquisition and Lifecycle Support —
HelpepbIBHASE UH(OPMAIIMOHHAS TOAJIEPKKA MOCTABOK M KU3HEHHOTO IUKJIA U3ENUi), UIH
HUITH (uvHopMaloHHAas MOAJIEpKKa MPOLECCOB )KU3HEHHOTO LIMKJIA U3/ENUI) — MOJAX0[ K
IIPOEKTUPOBAHUIO W TPOM3BOJCTBY BBICOKOTEXHOJOTMYHOM M HAYKOEMKOHN IPOIYKLHH,
3aKJIIOYAIOLIMICS B HCIHOJb30BAaHUM KOMIIBIOTEPHOW TEXHUKM M HMHPOPMAIMOHHBIX
TEXHOJIOTHI Ha BCEX CTAAUAX KM3HEHHOTO ITMKJIA U3JICIUS.

3.1. ITonsiTHE NPOEKTUPOBAHUS

Ilpoexmuposanue TEXHUYECKOTO  O0BEKTa —  CO3/IaHHe, TMpeoOpa3oBaHUE U
MIpEICTaBICHUE B IPUHATON (hopme 00pasza ITOro eIie He CylecTByromero oobrekra. Oopas
00BEKTa WM €ro COCTaBHBIX YaCTe MOXKET CO37aBaThCi B BOOOPKEHHHM YEJIOBEKAa B
pe3yabTare TBOPYECKOrO MPOILECCAa WM T'€HEPUPOBATHCS B COOTBETCTBHHM C HEKOTOPBIMHU
aITOPUTMAMH B TIpoIlecce B3auMOJielcTBUs delnoBeka u OBM. B mobom ciydae
WHXEHEPHOE TMPOCKTUPOBAHME HAYMHACTCS TMPU HAJIUYUKM BBIPAKEHHOW MOTPEOHOCTH
o0IlecTBa B HEKOTOPHIX TEXHUYECKUX OOBEKTaX, KOTOPHIMH MOTYT OBITh OOBEKTHI
CTPOUTENIHCTBA, MPOMBIILJICHHbIC W3JCNUS WIA Mpolecchl. [IpoekTupoBaHUE BKIIIOYAET B
ce0s1 pa3pabOTKy TEXHUYECKOTo MpemyiokeHuss u (uim) mexnuuveckoeo 3aodarnus (T3),
OTPAXKAIOUIUX ITH NOTPEOHOCTH, U peanu3ainuio T3 B BUJI€ MPOSKTHON JOKYMEHTAIIUHN.

OO6bruHo T3 MpencTaBisIOT B BUJIE HEKOTOPHIX JTOKYMEHTOB, U OHO SIBJIIETCSI UCXOHBIM
(mepBUYHBIM) OmMMCaHUEM OOBEKTa. Pe3ynbTaToM MpOEKTUPOBaHUS, KaK MPaBUIIO, CIYKHUT
MTOJTHBIM KOMIUIEKT JOKYMEHTAIINH, COJICPIKAIUA T0CTaTOYHBIE CBEICHUS VISl U3TOTOBJICHUS
00BEKTa B 33JIaHHBIX YCIOBHIX. DTa JOKYMEHTAIUS U €CTh 1P 0eKnl, TOUHEee OKOHYATEIIbHOE
omucanne 0O0beKkTa. boiee KOPOTKO, MPOEKTHPOBAHWE — IMIPOIIECC, 3AKITIOYAIONTUNCST B
MOJIYYCHUH U TIpeoOpa30BaHUM MCXOAHOTO OMUCAHUS OOBEKTa B OKOHYATEILHOE OMHCAHHE
Ha OCHOBE BBHITIOJHEHUS KOMIUIEKCA pPabOT HMCCIEI0BATEIBLCKOTO, PACYETHOTO M
KOHCTPYKTOPCKOT'O XapakTepa.

[IpeoOpazoBanne HWCXOMHOTO OMHCAaHUS B  OKOHYATEIHLHOE TIOPOXKIACT P
MPOMEXYTOUHBIX  OMMCAHWN, TMOJABOJAIIMX WTOTM PEIICHUS HEKOTOPhIX 3ajJady |
HCIIOJB3YEMBIX ISl OOCYXKJICHUSI U TIPUHSATUS PEIICHUIN JJIs1 OKOHYAHUSI WK MPOJAOJIKEHUS
MPOCKTUPOBaHUS.  TakWe  TPOMEXKYTOUHBIE  ONUCAHUS  HA3BIBAIOT /1P OEKMHbIMU
peueHusIMU.
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[IpoekTupoBanue, Mpu KOTOPOM BCE MPOEKTHHIE PEIICHUS WJIM MX YacTh IMOTYYaroT
MyTeM B3aWMOJICUCTBHsI 4YeloBeka ©  OBM, Ha3wbIBaIOT agmomamu3uposanHblm
npoexmuposanuem, B OTIWYUE OT pydHoro (06e3 wucnomp3oBanus OBM) wmu
aBToMaTU4eckoro (0e3 ydJacThsi deloBEeKa Ha TNPOMEKYTOUHBIX OJTamax). Cucrema,
peanu3yonias aBTOMATU3UPOBAHHOE MPOECKTUPOBAHME, NPENCTaBIACT COOOM cucmemy
aemomamusuposarnrnozo npoexmuposarnus (CAIIP, B anrmoszpiyHoMm Hanucanuu CAD
System — Computer Aided Design System).

ABTOMAaTHYECKOE NMPOSKTUPOBAHME BO3ZMOKHO JIMIIIb B OTACJIBHBIX YACTHBIX CIy4asx IS
CPaBHUTEIBHO HECJOXKHBIX 00BEeKTOB. [IpeBaiupyromyM B HACTOSIIEE BpeMs SIBIISETCS
aBTOMATU3UPOBAHHOE MPOEKTUPOBAHUE.

[IpoekTupoBaHue CIOXKHBIX OOBEKTOB OCHOBAaHO HA TMPUMEHEHHH HWACH M TIPHUHIIUIIOB,
W3JIOKCHHBIX B psAAe Teopuid ©  moaxomoB. Hawmbomee  o0mmM — mOIX0I0M
SIBJISICTCS] CACTEMHBIA  TTOJXOJ, HACIMH KOTOPOTO TIPOHM3AHBI PA3IUYHBIC METOIAUKU
MIPOCKTUPOBAHMSI CIIOKHBIX CUCTEM.

3.2. [IpUHIUIIBI CHUCTEMHOT0 MMOAX01a

[IpoekTupoBaHue CIOKHBIX OOBEKTOB OCHOBAHO HA NMPUMEHEHUU HJEH M MPUHLUIIOB,
M3JIOKEHHBIX B psfge Teopud u  moaxonoB. Haubosee  oOmuM  moaXoaom
ABJISIETCS CUCMEeMHbIU N00X00, WUAESIMHU KOTOPOTO MPOHHU3aHbl PA3THYHBIE METOJMKHU
MIPOEKTUPOBAHUS CIIOKHBIX CUCTEM.

Jlist cienmranucra B 00J1aCTH CUCTEMOTEXHUKH MJIEW M MIPUHIUIBI CHCTEMHOTO MOIX0/1a
ABJISIFOTCS. OYEBUAHBIMHA M €CTECTBEHHBIMH, OJJHAKO UX COONIOECHUE U peallh3alisl 3a4acTyI0
CONPSKEHBl C  ONPENEICHHBIMU TPYIHOCTSIMH, OOYCIIOBIMBAaEMbIMU OCOOEHHOCTSIMU
npoektupoBaHus. Kak M OOJBIIMHCTBO B3pOCIBIX OOPAa30BAHHBIX JIOJEH, NPaBUIBHO
UCHOJB3YIOUIMX POJHOM S3bIK 0O€3 TMpUBJIEUEHUS TMpaBWI TpPaMMaTHKH, HWH)KEHEPHI
UCIIOJIB3YIOT CUCTEMHBIN MOAX0J 0e3 oOpalieHus K MOCOOHSM M0 CHUCTEMHOMY aHaju3y.
OpHako MHTYMTHUBHBIM NOJAXOJ ©0€3 NPUMEHEHHUs MpaBWJI CUCTEMHOIO aHajn3a MOXKET
0Ka3aThCsl HEJOCTATOUHBIM I PELIeHUs] Bce OoJiee YCIOXKHSIOUIMXCS 3a7ad MHKEHEPHON
NEeSATENBHOCTH.

OCHOBHOI1 001U MPUHLKIT CHCTEMHOTO TOJIX0/1a 3aKJIF0YAETCA B PACCMOTPEHHUH YacTen
HCCIIEyEMOTO SIBJICHHS WA CJIOKHOW CUCTEMBI C YUYETOM MX B3auMOJeUCTBUSA. CHCTEMHBIN
MOAXOJ BKJIIOYAeT B ceO0sl BBISBICHUE CTPYKTYpbl CHCTEMbI, THUIHM3ALUIO CBS3€EH,
ompeneneHue  aTpuOyToB,  aHANM3  BIUSHUA  BHEIIHEW  cpelbl, popMUpOBaHUE
MOJIEJIA CUCTEMBI, UCCIIEIOBAHUE MOJIEIN U BO3MOXKHO ONMUMU3AYUI0 €€ CTPYKTYpPhl U
(YyHKIMOHUPOBAHUS.

CucremHbIN TTOAXOA SABIsIETCS 0a30i Jyuisi 0000mMAroIel TUCIUTITUHEL "Teopusi CUcTeM"
(npyroe wucmnoiib3yeMoe€ Ha3BaHWE — "CHUCTeMHbIM aHamui"). Teopusi cucmem —
OUCLUUIUIMHA, B KOTOPOH KOHKPETHU3UPYIOTCS TOJOKEHHS CHCTEMHOIO NOJAXO0Ja; OHa
MOCBSIIEHA MCCIEIOBAHUIO U MPOEKTHPOBAHUIO CIOKHBIX 3KOHOMUYECKHX, COLMUAIbHBIX,
TEXHUUYECKUX CHCTEM, Yallle BCEro cIaboCTPpyKTypHUPOBAHHBIX. XapaKTEPHBIMU IIPUMEpaMH
TaKUX CHUCTEM SIBIISIFOTCSI POM3BOJCTBEHHBIE CUCTEMBI. 1IpH MPOEKTUPOBAHUM CHCTEM LIETU
JOCTUTAlOTCSI B MHOTOIIATOBBIX MPOLECCaX TMPUHATUS pelieHu. MeToabl NpUHITHS
pElIeHNII 4YacTo BBLACNAIOT B CaMOCTOSITENIbHYIO JTUCUUILIMHY, Ha3biBaemyro "Teopus
MIPUHATHS pEIICHUN"

B TexHuKe AMCUMIUIMHY, B KOTOPOM HCCIEAYIOTCS CIOXKHBbIE€ TEXHUUYECKUE CUCTEMBI, UX
POEKTUPOBAHUE, U AaHAJIOTUYHYIO TEOPUHM CHCTEM, Yallle Ha3bIBAIOT CUCHMEMOMEXHUKOLL.
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[IpeAMETOM CHUCTEMOTEXHHMKHU SIBISIIOTCS, BO-IIEPBBIX, OpraHU3alys Ipolecca CO3JaHus,
WCIIOJIb30BAaHUSI M Pa3BUTHSl TEXHUYECKHUX CHCTEM, BO-BTOPBIX, METOAbI M IMPUHLUIIBI HX
MPOEKTUPOBAHUS U HCCIeA0BaHuA. B cucTeMoTeXHUKE BaXKHO YMETh CHOPMYIHPOBATH LIETH
CUCTEMBI U OPTraHU30BaTh €€ PACCMOTPEHHUE C MO3ULIANA MOCTABIEHHBIX LEeNer. Torna MoKHO
OTOpPOCUThH JIMIIHUE M MAJO3HAUYMMBIE YAaCTU IPU MPOECKTHUPOBAHUM M MOJECINPOBAHUH,
HNEPENUTH K IOCTAaHOBKE ONTHMHU3ALMOHHBIX 3a/1a4.

CucreMbl aBTOMaTU3MPOBAHHOTO IPOEKTUPOBAHUS U YNPABICHUS OTHOCITCS K YHUCITY
HauOoyiee CIOXKHBIX COBPEMEHHBIX HCKYCCTBEHHBIX cHCTeM. MX TNpoeKkTUpoBaHUE U
COIIPOBOXACHUE HEBO3MOXKHBI 0€3 cucTeMHOro mnoaxona. IlosToMy uaen M MOJOKEHUS
CUCTEMOTEXHUKH BXOJSAT COCTABHOM 4YacThi0 B JUCLUIUIMHBI, MOCBSIIEHHBIE W3YYECHHIO
COBPEMEHHBIX aBTOMATU3UPOBAHHBIX CUCTEM U TEXHOJOTUNA UX CO3AAHMS U IPUMEHEHHS.

WHTepnperanisi M KOHKPETH3aLMs CUCTEMHOIO IOAXOAAa HMEIOT MECTO B psje
M3BECTHBIX MOJAXOJ0B C JPYTMMHU Ha3BaHUSMHU, KOTOPHIE TAKKE MOKHO pacCMaTpHUBaTh Kak
KOMITOHEHTBI CUCTEMOTEXHUKHU. TakoBbI CTPYKTYpHBIH, OJIOYHO-UEpAPXUUECKUNA, OOBEKTHO-
OpPUEHTHUPOBAHHBIN MOIXOIBI.

[Ipu cTpyKTYpHOM MOJXO0/€, KaK pa3HOBUIHOCTH CUCTEMHOT0, TPEOYETCS CHHTE3UPOBATh
BAPUAHTHI CUCTEMBI U3 KOMIOHEHTOB (OJIOKOB) M OLIEHHBATh BapUAHTHI MPU UX YACTUYHOM
nepedope ¢ npeABapUTEIbHBIM IPOrHO3UPOBAHUEM XapaKTEPUCTUK KOMIIOHEHTOB.

brnouno-uepapxuueckuti no0xo0 K NIPOEKTUPOBAHUIO UCTIOIb3YET UIECH IEKOMIIO3ULIH
CJIOKHBIX ONHMCAaHUM OOBEKTOB M COOTBETCTBEHHO CPEACTB MX CO3/IaHUSl Ha MEepapXUUECKHe
YPOBHH U aCHEKThl, BBOJUT MOHSATHE CTUJISI IPOEKTUPOBAHUSI (BOCXOAILEE U HUCXOAIIEE),
YCTAHABJIMBAET CBA3b MEXAY ITapaMETPAMU COCEHUX HEPAPXUUECKUX YPOBHEM.

Psan  BaXHBIX  CTPYKTYpHBIX  NPUHUMUIOB, HCIHOJB3YEMBIX IpU  pa3paboOTKe
MH()OPMAIIMOHHBIX CUCTEM M MPEkKIE Bcero ux nporpammuoro odecneuenus (I10), BeipaxeH
B TI0JIXOJIe, HA3BIBAEMOM 00vekmHo-opuenmuposannvim npoexmuposanuem (OOII).
Takoll MOAXOA HMMEET CHEAyIolMe MPEeUMYIlecTBa B PEUICHUH MpoOJIeM YNpaBIICHUS
CH0XHOCTHhIO U uHTerpauu [10:

® BHOCUT B MOJIETM NPUIIOKEHU  OOJIBIIYIO  CTPYKTYPHYIO  OIpPEIECICHHOCTb,
pacnpenesnsis NPEICTAaBICHHbIE B IPUIOKEHUU JIAHHBIE W MPOLEAYPBl MEXIY
KJ1accaM# 0OBEKTOB;

® cokpamaer o0beMm crnenudukanui, Oyaromaps BBEACHUIO B OINMCAHHS HUEPAPXUU
OOBEKTOB M OTHOIICHHWI HACIIEIOBAHUS MEXKIY CBOMCTBAMH OOBEKTOB Ppa3HBIX
YPOBHEN NEPAPXUHU;

® YMEHbIIAET BEPOSITHOCTh UCKAKEHUS JAHHBIX BCJIEJICTBHE OIIMOOYHBIX JEHCTBUU 3a
CYET OrpaHUYEHUs JOCTyNa K ONPEIEeIECHHBIM KaTErOpusiM JaHHBIX B 00bEKTaX.

Onucanue B KaxJA0M Kiacce OOBEKTOB JOMYCTUMBIX OOpalleHUd K HUM M NPUHSATHIX
dhopmaToB coobieHuit obierdaeT corjacoBanue u uaTerpamnuio I10.

JUiss Bcex MOAXOAOB K NPOEKTHPOBAHUIO CJIOXKHBIX CHCTEM XapaKTEPHBI TaKXKe
CJIeIYIONTHE OCOOEHHOCTH:

1. Crpykrypuszanuss mnpouecca MNpPOEKTUPOBAHUS, BbIpakaeMas JIEKOMIO3ULMEN
IIPOEKTHBIX 3a/lad M JOKYMEHTALMH, BBIJEICHUEM CTaJMil, 3TaroB, IPOEKTHBIX
npoueayp. OTa CTPYKTypHU3alus SBISETCS CYIIHOCTbIO OJIOUHO-HEPAPXUUECKOTO
M0JIX0/1a K MPOEKTUPOBAHUIO.

2. UtepalluOHHBIN XapaKTep MPOCKTUPOBAHMUS.

3. Tunuzauus v yHu(UKaUs MPOSKTHBIX PEIICHUN U CPEACTB MPOEKTUPOBAHUSI.

B Teopumn cuctemM M CHUCTEMOTEXHUKE BBEIECH DPsii TEPMUHOB, CpPEIU HUX K 0Oa30BBIM

HY>KHO OTHECTH CJIEYIOIINE TOHITHSL:


javascript:termInfo(%22%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B8%22)
javascript:termInfo(%22%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D1%8B%20%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%22)
javascript:termInfo(%22%D0%B0%D0%B2%D1%82%D0%BE%D0%BC%D0%B0%D1%82%D0%B8%D0%B7%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D1%85%20%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%22)
javascript:termInfo(%22%D0%91%D0%BB%D0%BE%D1%87%D0%BD%D0%BE-%D0%B8%D0%B5%D1%80%D0%B0%D1%80%D1%85%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4%22)
javascript:termInfo(%22%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC%D0%BD%D0%BE%D0%B3%D0%BE%20%D0%BE%D0%B1%D0%B5%D1%81%D0%BF%D0%B5%D1%87%D0%B5%D0%BD%D0%B8%D1%8F%22)
javascript:termInfo(%22%D0%BE%D0%B1%D1%8A%D0%B5%D0%BA%D1%82%D0%BD%D0%BE-%D0%BE%D1%80%D0%B8%D0%B5%D0%BD%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%BD%D1%8B%D0%BC%20%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%D0%BC%22)
javascript:termInfo(%22%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%22)
javascript:termInfo(%22%D0%BD%D0%B0%D1%81%D0%BB%D0%B5%D0%B4%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8F%22)
javascript:termInfo(%22%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%BD%D1%8B%D1%85%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D0%B4%D1%83%D1%80%22)
javascript:termInfo(%22%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%BD%D1%8B%D1%85%20%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D0%B4%D1%83%D1%80%22)

Cucmema — MHOXKECTBO 3JIEMEHTOB, HaXOJSIIUXCSA B OTHOILICHHSIX U CBS3X
MEXTy COOOM.
DneMeHT — Takas 4YacTh CHUCTEMBI, NPEJICTABIIEHHE O KOTOPOW HeIerecoo0pasHo
MoJBEpraTh MpU MPOCKTUPOBAHUHU TAJIbHEUIIIEMY YJICHEHHUIO.
Croowcnas cucmema — CACTEMA, XapaKkTepuzyeMas OOJIBIINM YUCIOM 3JIEMEHTOB H,
yTO Hanbosee Ba)XHO, OOJBIIMM YHCIOM B3aUMOCBsA3EH aeMeHTOB. CI0KHOCTh
CUCTEMBl ONPEACISIETCS TAKKE€ BHIOM B3aWMOCBS3E€H DIIEMEHTOB, CBONCTBaMU
LEJICHAIIPABICHHOCTH, LEITOCTHOCTH, YJIEHUMOCTH, MEPaApXUYHOCTH,
MHOT0acnekTHOCTH.  OUeBUOHO, 4YTO  COBPEMEHHBIE  ABTOMATH3WPOBAaHHBIC
UH(GOPMAIIMOHHBIE CHCTEMbl M, B YAaCTHOCTH, CHUCTEMbl AaBTOMATH3WPOBAHHOTO
MIPOEKTUPOBAHUS, SIBISIOTCS CJIOKHBIMA B CUJIy HallMUUs y HHUX MEPEUYUCICHHBIX
CBOWCTB M IIPU3HAKOB.
Iloocucmema — 4acTb cUCTEMBbI (ITIOAMHOKECTBO 3JIEMEHTOB M MX B3aUMOCBS3EN),
KOTOpasi UMEET CBOMCTBA CUCTEMBI.
Haocucmema — cucreMa, M0 OTHOLIEHHIO K KOTOPOW paccMaTpuBaemasl CUCTEMa
SIBJISIETCSI TOCUCTEMOM.
CtpykTypa — OTOOpa)K€HUE COBOKYIMTHOCTH 3JIEMEHTOB CUCTEMbI M UX B3aUMOCBSI3EH;
MOHSATUE CTPYKTYPBI OTJIWYAETCS OT MOHATHS CaMOW CHCTEMBI TaKK€ TE€M, UTO IPHU
OMHCAHUM CTPYKTYPhI MPUHUMAIOT BO BHUMAaHUE JIMIIIb TUITBI 2JIEMEHTOB U CBsI3€il €3
KOHKPETHU3ALMY 3HAYCHUI UX MapaMeTPOB.
[TapameTp — BeJMYMHA, BbIpaXkarolllas CBOWCTBO WJIM CUCTEMBI, I €€ YacTH, WU
BIUSIONICH Ha cucteMy cpeiibl. OOBIYHO B MOJIENSIX CUCTEM B KAa4eCTBE IMapaMeTpoOB
paccMaTpUBAIOT BEJIUYUHBI, HE U3MEHAIOUIMECS B MPOLECCE UCCIEIOBAHUS CUCTEMBI.
[TapameTpsl moJpa3AeisiOT Ha BHEIIHUE, BHYTPEHHUE M BBIXOJHBIC, BhIpakalolllue
CBOMCTBA 3JIEMEHTOB CHUCTEMBI, CaMOl CHUCTEMbI, BHEIIHEH Cpeabl COOTBETCTBEHHO.
BekTopsl BHYTpeHHUX napaMeTpoB, BHIXOAHBIX napaMeTpoB U BHEITHUX

nmapaMeTpoB 0003HAYAIOTCS X=01,%2, . %u) Y=0152, Y,

Q=(g1, 92, - 9% coorsercTBEHHO.

dazoeas nepemerHas — BEIWYUHA, XapaKTEPHU3YIOIIash SHEPreTHUECKOE WU
UH(OPMAITMOHHOE HATIOJIHEHHE DJIEMEHTA WIIH TOJACUCTEMBI.

CocTrosiHue — COBOKYITHOCTh 3Hau€HUM (ha30BBIX MEPEMEHHBIX, 3a()UKCUPOBAHHBIX B
OJIHOM BPEMEHHOU TOYKe Tpoiiecca PyHKITMOHUPOBAHUS.

[ToBenenue (IMHAMHKA) CHCTEMbl — W3MEHEHHE COCTOSHUS CHUCTEMBI B TMPOIECCE
(GYHKIIMOHUPOBAHUS.
Cucrtema 6e3 mocieeiicTBUs — ee MoBejeHue mpH : * L0 onpenensercss 3amaHueM

COCTOSIHHSI B MOMEHT {0 u BEKTOPOM BHEITHUX BO3JICUCTBUI Q). B cucremax c
MOCJIEACUCTBUEM, KpPOME TOTO, HYKHO 3HAaTh NPEABICTOPUIO TIOBEJACHUS, T.C.
COCTOSIHUSI CUCTEMBI B MOMEHTBHI, TIPEAIICCTBYIOIINE tn |

BekTop mnepemMeHHBIX Vv, XapakTepU3ylUUX COCTOSIHUE (BEKTOp MEPEMEHHBIX
COCTOSIHUS) — HEHU30bITOYHOE MHOXKECTBO (pa30BBIX NMEPEMEHHBIX, 3aJaHHE 3HAYCHHN
KOTOPBIX B HEKOTOPBIM MOMEHT BpPEMEHHU IIOJHOCTBIO OIpeesseT IOBEICHUE
CHUCTEMBI B JIaJIbHEMIIIEM (B aBTOHOMHBIX CUCTEMax 0e3 MocIeIeHCTBUSA).
[IpocTpaHCTBO  COCTOSIHMM — MHOYECTBO BO3MOHBIX 3HAQYEHHM BEKTOpa
MEPEMEHHBIX COCTOSTHUS.

dazoBasg TpaekTOpus — IMPEACTABICHHE Ipoliecca (3aBUCUMOCTH V'@') B BHJIE
MOCJIEIOBATEIBHOCTH TOUEK B IPOCTPAHCTBE COCTOSHUM.
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K xapakTepucTHKaM CIO0KHBIX CHCTEM YacTO OTHOCST CJIETYIOLIUE TOHITHS:

o llenenampaBl€HHOCTb — CBOMCTBO HCKYCCTBEHHOM CHCTEMBI, BBIPAKAIOLIEE
Ha3HAYEHHE CHCTEMbl. JTO CBOWCTBO HEOOXOAUMO IJsi OLEHKH 3(P(PEKTUBHOCTH
BAPUAHTOB CUCTEMBI.

o llenocTHOCTP — CBOMCTBO CHUCTEMBI, XapaKTEPHU3YIOLIEE B3aWMOCBSI3aHHOCTh
AJIEMEHTOB W HaJW4YME€ 3aBUCUMOCTH BBIXOJHBIX IIapaMETpOB OT I[apaMETpPOB
AJIEMEHTOB, MPHU 3TOM OOJBIIMHCTBO BBIXOJHBIX MapaMeTPOB HE SBJISETCS MPOCTHIM
NOBTOPEHUEM UII CYMMOU MMAPaMETPOB JIEMEHTOB.

o HepapXu4HOCTh — CBOMCTBO CIJIOKHOM CHCTEMBI, BBIpaXXarollee BO3MOXKHOCTb M
[EJeCO00pa3HOCTh €€ HMEepPapXMUeCKOro OINMUCAHUs, T.€. MPEICTaBICHUS B BUJE
HECKOJIbKMX YPOBHEW, MEXJy KOMIOHEHTAMH KOTOPBIX UMEIOTCSI OTHOILICHHMS LI€JI0e-
YacTh.

CocTaBHBIMU YacTsIMU CUCTEMOTEXHUKH SBJISIOTCS CIEAYIOIINE OCHOBHBIE pa3/ieiibl:

® HEpapXUUecKas CTPYKTypa CUCTEM, OPTaHU3aLHUs UX MPOEKTUPOBAHUS;

® aHaU3 U MOJICINPOBAHUE CUCTEM;

® CHHTE3 U ONTUMHU3ALINS CUCTEM.

MopenrpoBaHuE UMEET JIBE YETKO Pa3aInyrMbIe 3a/1a4u:

CO3JIaHNE MOJICJICH CIIOXKHBIX CHCTEM (B aHIJIOS3BIYHOM Hanmucanuu — modeling);

aHaJIN3 CBOMCTB CHCTEM Ha OCHOBE MCCIIeIOBaHMS UX Mozelel (simulation).

CuHTE3 Takke NOAPa3ACISIOT Ha JIBE 3aa4u:

CHHTE3 CTPYKTYPbI POCKTHUPYEMBIX CHCTEM (CTPYKTYPHBIN CHHTE3);

BBIOOp YMCIIEHHBIX 3HAYEHHH IMapaMETpPOB 3JEMEHTOB CHUCTEM (IlapamMeTpUyYECKHid

CUHTE3).

OTHU 3a/1a4M OTHOCATCA K 00JIaCTH MPUHATUS MPOCKTHBIX PEIICHU.

MopaenupoBaHue ¥ ONTUMHU3ALUIO KEIATEIbHO BBINOJIHATH C YYETOM CTATHCTUYECKON
MIPUPOABI CUCTEM. [leTEpMUHUPOBAHHOCTh — JIMUIb YaCTHBIM citydai. [Ipu mpoektupoBanum
XapaKTepHbl HEXBATKa JIOCTOBEPHBIX MCXOJHBIX JaHHBIX, HEONPENECICHHOCTh YCIOBUM
MPUHATHUS PEHICHUH. YYeT CTAaTUCTHYECKOIO XapaKTepa aHHBIX MPU MOJEIUPOBAHUU B
3HAUUTETFHOM Mepe OCHOBAaH Ha METOJIE CTATUCTUYECKUX HCHbITaHuN (MeTone MoHTe-
Kapino), a mpuHsATHEe pemieHuid — Ha UCIOJIb30BAaHUU HEYETKUX MHOMKECTB, SKCHEPTHBIX
CUCTEM, 3BOJIFOLIMOHHBIX BHIYUCICHHI.

3.3. YPOBHHU NPOEKTHPOBAHUS

IIpu UCIOJIb30BaHUU OJIOUHO-UEPAPXUIECKOTO
IIOAX0/1a K MPOEKTUPOBAHUIO NIPEACTABICHU O IPOCKTUPYEMOM CHUCTEME PACWICHSIOT Ha
uepapxudeckue ypoBHU. Ha BepxHEM ypOBHE HCIOJIB3YIOT HAUMEHEE IETaIu3UPOBAHHOE
MPEICTABJICHHUE, OTPaXKAIOIIEe TOJIBKO CaMble 00IKEe YePThl U OCOOCHHOCTU MPOECKTUPYEMOM
cucteMbl. Ha ciienyronmx ypoBHSX CTeNeHb MOAPOOHOCTH OMMCAHUS BO3PACTAET, IIPU ITOM
paccMaTpUBAIOT YKe OTJEIbHbIE OJJOKU CUCTEMbI, HO C YU€TOM BO3JICUCTBUN Ha KaXKIbIM U3
HUX ero cocener. TakoW IOAXOA TIO3BOJSET HA KaXJOM HMEPapXUYECKOM YpPOBHE
dbopMyIUpOBaTh 3a/layd MPUEMIIEMOMN CIIOKHOCTH, MOAJAIONIMECS PEHICHUI0 C MOMOIIBIO
MMEIOIIMNXCS CPENICTB MPOECKTUpOBaHUs. Pa3OneHre Ha ypOBHU JOJKHO OBITh TAKUM, YTOOBI
JOKyMEHTaIsi Ha OJOK Jr00oro ypoBHS ObUla 0003pHMa W BOCTPHUHHMAaeMa OJHUM
YEJIOBEKOM.

Jpyrumu cnoBamu, OJI0OYHO-UEPAPXUUECKHUNA MOAXO0/ €CTh IEKOMITO3UIIMOHHBIN TOIX0]]
(ero MOXXHO Ha3BaTh TAKXKE JUAKONTUYECKHUM), KOTOPBHIA OCHOBAH Ha pa3OMEHHH CII0KHOMN


javascript:termInfo(%22%D0%BC%D0%BE%D0%B4%D0%B5%D0%BB%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5%22)
javascript:termInfo(%22%D0%BE%D0%BF%D1%82%D0%B8%D0%BC%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F%22)
javascript:termInfo(%22modeling%22)
javascript:termInfo(%22simulation%22)
javascript:termInfo(%22%D1%81%D1%82%D1%80%D1%83%D0%BA%D1%82%D1%83%D1%80%D0%BD%D1%8B%D0%B9%20%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7%22)
javascript:termInfo(%22%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7%22)
javascript:termInfo(%22%D0%BF%D0%B0%D1%80%D0%B0%D0%BC%D0%B5%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9%20%D1%81%D0%B8%D0%BD%D1%82%D0%B5%D0%B7%22)
javascript:termInfo(%22%D0%BC%D0%B5%D1%82%D0%BE%D0%B4%D0%B5%20%D1%81%D1%82%D0%B0%D1%82%D0%B8%D1%81%D1%82%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D1%85%20%D0%B8%D1%81%D0%BF%D1%8B%D1%82%D0%B0%D0%BD%D0%B8%D0%B9%22)
http://bigor.bmstu.ru/?met/?doc=190_CAD/0003.mod/?cou=140_CADedu/CAD.cou/?bck=190_CAD/0003.mod
javascript:termInfo(%22%D0%B1%D0%BB%D0%BE%D1%87%D0%BD%D0%BE-%D0%B8%D0%B5%D1%80%D0%B0%D1%80%D1%85%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE%20%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4%D0%B0%22)
javascript:termInfo(%22%D0%B1%D0%BB%D0%BE%D1%87%D0%BD%D0%BE-%D0%B8%D0%B5%D1%80%D0%B0%D1%80%D1%85%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%BE%D0%B3%D0%BE%20%D0%BF%D0%BE%D0%B4%D1%85%D0%BE%D0%B4%D0%B0%22)
javascript:termInfo(%22%D0%BF%D1%80%D0%BE%D0%B5%D0%BA%D1%82%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D1%8E%22)

3amaun OOJBIION Pa3MEPHOCTH HA TOCIEIOBATENbHO W (WJIM) MapajuIeNIbHO peliaeMble
Ipynmnbl  3a7ad  Majodl pa3MEpPHOCTH, YTO CYLIECTBEHHO COKpamaer TpeOoBaHuA K
HCIIOJIb3YEMbIM BBIUMCIUTEIIBHBIM PECYPCAM WUJIM BpEMsI PEIICHUS 3a/1au.

MOXHO TOBOPHUTH HE TOJIBKO 00 HEpapXHUEeCKUX YpPOBHSX crienudukanuii, HO U 00
UEPApPXUUECKUX YPOBHSX NPOECKTUPOBAHUS, MOHUMAsS IMOJ KaXIbIM M3 HUX COBOKYITHOCTh
cnenuuKanuii HEKOTOPOro MEPAPXUYECKOTO YPOBHSI COBMECTHO C MOCTAaHOBKAMHM 3ajad,
METOJaMU MOJTYYEHHs] OMUCAHNUN U PENICHUS BO3HUKAOIINX MMPOEKTHBIX 33/1a4.

Cnucok uepapxuveckux ypoBHEH B KaXKJOM MPUIIOKEHUH MOXKET OBbITh CIIeU(DUUHBIM,
HO U1 OOJIBIITMHCTBA MPUJIOKEHUM XapaKTepHO clieAyroliee Haubosiee KPYIHOE BbIJCICHHE
YPOBHEU:

® cucmemHblli  YpO6eHb, HA KOTOPOM pemalT Haubojee oOmMe 3a1ayu
MPOEKTUPOBAHUSI CHUCTEM, MAIIMH M MPOIECCOB; PE3YyIbTAThl MPOCKTUPOBAHUS
MPEJCTABIIAIOT B BUJE CTPYKTYPHBIX CXEM, T'€HEpaJbHbIX IJIAHOB, CXEM pa3MelleHUs
000pynoBaHus, TUarpaMM MOTOKOB JIAHHBIX U T.I1.;

® MAKpoypoeeHb, HA KOTOPOM MPOEKTUPYIOT OTACIbHBIE YCTPONUCTBA, y3JIbl MAIIUH U
puOOPOB; pe3yabTaThl MPEJCTABISAIOT B BUAC GYHKIIMOHATBHBIX, TPUHIIUITHAIBHBIX U
KMHEMaTHYECKUX CXeM, COOPOUYHBIX YepTEKEeH U T.11.;

® MUKPOYPOBEHb, HA KOTOPOM MPOEKTUPYIOT OTAEIbHBIE AETAIHN U 3JIEMEHTHI MAIIMH U
npruOOpOB.

B xaxx/10M NpuoXeHUU YUCIIO BBIICISIEMBIX YPOBHEH U X HAMMEHOBAHUS MOT'YT OBbITh
paznuuHbiMU. Tak, B paguodJIeKTPOHUKE MUKPOYPOBEHb YAaCTO HA3bIBAIOT KOMIIOHEHTHBIM,
MAaKpOYPOBEHb — cXeMomexHudeckum ypoernem. Mexay CXEMOTEXHHYECKUM U
CUCTEMHBIM YPOBHSIMU BBOJST YPOBEHb, Ha3bIBAEMbIN ()VHKYUOHAIbHO-102UYECKUM
ypoeneMm. B BBIUACIUTENbHOW TEXHUKE CUCTEMHBIM YPOBEHb MOAPA3JECISAIOT HAa YPOBHH
NpoekTUpoBaHuss OBM (BBIUMCIHUTENBHBIX CHUCTEM) W BBIYUCIUTEIBHBIX ceTeil. B
MAaIIMHOCTPOEHUU UMEIOTCSI YPOBHH JIETAJICH, Y3TI0B, MAILIMH, KOMIIJIEKCOB.

B 3aBHCHMOCTM OT MOCIENOBATEIBbHOCTH PEIICHUS 3aJad HEePaApXUUYECKUX YPOBHEU
pa3MYaloT  HUCXONAIIEe, BOCXOJIAINIEE W  CMEIIAHHOE MPOCKTHUPOBAaHHUE  (CTUIU
npoexktupoBanusi). [locnenoBareIbHOCTh PENICHUsS 3a7a4 OT HIDKHUX YPOBHEH K BEPXHUM
XapaKTEPU3YET 60CX00sUjee npoeKmupoesanue, oopaTHas oCIeI0BaTENbHOCTh MPUBOIUT
K HUCX00AWeMy NpoeKmupoeanuio, B CMEHIAHHOM CTHJIE HMEIOTCA D3JIEMEHTHl Kak
BOCXOJSIIEro, TaK W HUCXOJAIIETO MPOEKTUPOBaHUA. B OOJBIIMHCTBE CiIy4yaeB IS
CJIO’KHBIX CUCTEM MPEANOUUTAIOT HUCXOASIIEe MPOeKTUpoBaHue. OTMETUM OJIHAKO, YTO MPHU
HaJIMYUU 3apaHee CIPOCKTUPOBAHHBIX COCTABHBIX OJIOKOB (YCTPOMCTB) MOKHO TOBOPUTH O
CMEIIIaHHOM MPOEKTUPOBAHUMU.

HeomnpeneneHHOCTh M HEYETKOCTh  HMCXOJHBIX  JIAHHBIX MPU  HHUCXOJAIIEM
MPOEKTUPOBAHUM (TaK KakK €Ile HE CIPOEKTHUPOBAHBI KOMIIOHEHTHI) WM HMCXOJHBIX
TpeOOBaHMI MPU BOCXOSIIEM MPOSKTUPOBAHUH (TTOCKONIBKY T3 MMeeTcs Ha BCIO CHCTEMY, a
HE Ha €€ 4acTH) 00yCIIOBIMBAIOT HEOOXOAMMOCTh ITPOTHO3UPOBAHUS HEJIOCTAIOITUX JTAHHBIX
C TOCIEOYIONIUM WX YTOYHEHHEM, T.€. IIOCJIEIOBATEILHOTO MPHUOIMKEHUS K
OKOHYATEILHOMY PEIICHUIO (UTEPAllMOHHOCTh MPOEKTUPOBAHUS).

Hapsny ¢ npexkomnosuimend ONMCAaHWM HA WEPAPXUYECKHE YPOBHU MPUMEHSIOT
pazziesieHue NPeICTaBIEHUN O MPOEKTUPYEMBIX OOBEKTAX Ha ACHEKTHI.

Acnexkm onucanus (CTpaTa) — OINKMCAaHUE CHUCTEMBI WM €€ YacTH C HEKOTOpOM
OTOBOPEHHOM TOYKHW 3pEHMS, onpeaensieMon (PyHKIMOHATbHBIMU, (PU3NYECKUMU WU UHOTO
THIA OTHOLIEHUSIMU MEXKy CBOMCTBAMU U DJIIEMEHTAMH.
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Pasnuyaror acmekTbl  (QYHKIMOHANbHBIN, WH()OPMALMOHHBINA, CTPYKTYPHBIH H
noBeeHYeCKuH (TporieccHbIi). OyHKIIMOHATBFHOE OMUCAHUE OTHOCST K (DYHKIUSM CHCTEMBI
M yamie BCEro MPEACTaBIAIOT €ro  (yHKIUOHAJIbHBIMU cxeMamu. [lomydenue
(GYHKIIMOHATBHBIX OMMCAHUI YaCTO HA3BIBAIOT ()YHKYUOHALbHBIM NPOEKMUPOBAHUEM.

WNH(popmalilnoHHOE OINKCAaHUE BKJIKOYAET B CE€Os OCHOBHBIE MOHATHS IPEAMETHOM
o0nacTu (CyIIHOCTH), CJIOBECHOE IOSCHEHHWE WJIM YMCIOBBIC 3HAUEHUS XapaKTEPUCTHK
(aTpuOyTOB) UCIIONB3YEMBIX OOBEKTOB, @ TAK)KE OMMCAHUE CBSI3EH MEXy STUMHU IMOHATUAMU
U Xxapakrepuctukamu. UHQopMalMoHHbIE MOJEIN MOKHO MPEACTABIATh Ipaduuecku
(rpadbl, auarpamMmsl CYIIHOCTb-OTHOLIEHHE), B BMJE TaOMUL WM crnuckoB. IlomydeHue
MH(POPMAIIMOHHBIX ONKCAHUN YacTO Ha3bIBAIOT MH(OPMALMOHHBIM MPOEKTUPOBAHUEM WU
MPUMEHUTEIHHO K CO3aHMI0 0a3 TaHHBIX — MH(POJIOTUIECKUM MPOCKTUPOBAHUEM.

CTpyKTypHOE OIMCaHUE OTHOCUTCA K MOPQOJIOTUHA CHCTEMBI, XapaKTepU3yeT
COCTAaBHbIE YaCTH CHCTEMbl U HMX MEXKCOCJAUHEHUS M MOXET OBITh NPEICTABICHO
CTPYKTYPHBIMM CXEMaMH, a TaKKE€ Pa3JIMYHOTO POJAa KOHCTPYKTOPCKOM JTOKYMEHTAlMEH.
[lonmyyeHue KOHCTPYKTOPCKOM [TOKYMEHTalUH, T.€. ONHCAaHUE TIEeOMETPHYECKUX (opm
W3JCINM,  COCTaBa  KOMIIOHEHTOB M HMX  IPOCTPAHCTBEHHOTO  pPa3MEIICHMS,
HAa3BIBAIOT KOHCMPYKMOPCKUM NPOEKMUPOBAHUEM.

IToBenenueckoe ONMCAHUE XAPAKTEPU3YET IIPOLIECCHI (GYHKIIMOHUPOBAHMUS
(anropuT™Mbl) CUCTEMBI U (WIJIM) TEXHOJIOTUYECKUE MPOIIECCHI CO3/1aHus cUcTeMbl. PazpaboTka
aIrOPUTMOB " IIPOTrPaMMHOTO oOecrieyeHusl CUCTEM SBJIETCS
IPEIMETOM A120PUMMUYECKO20 NPOEKMUposanus, a pa3padoTKa TEXHOJIOTUYECKUX
IIPOLIECCOB U3TOTOBJIECHUS U3AEIUN — IPEIMETOM /7 EeXHOI02UYEeCKO20 NPOEeKMUPOBAHUA.

WNHorna acmekTsl ONHMCAaHUM  CBA3BIBAIOT € MOJCHUCTEMaMH, (PYHKIIMOHUPOBAaHUE
KOTOPBIX OCHOBAHO Ha Pa3JIMYHBIX (DU3NUECKUX MPOLECCAX.

OtMmeTuM, 4TO B OOLIEM Cllydae BBIJAEIEHHE CTPAT MOXKET ObITh HEOJHO3HAUHBIM. Tak,
MMOMUMO YKa3aHHOTO IMOAXO0Ja. OYEBUIHA I11€J1eCO00pPa3HOCTh BBIJECICHHS TaKUX ACIEKTOB,
Kak (pyHKIMOHANbHOE (pa3paboTKa MPUHLHUIIOB IEUCTBUS, CTPYKTYPHBIX, QYHKINOHAIbHBIX,
MPUHIUIIUAIBHBIX CXEM), KOHCTPYKTOpPCKOE (ompeneneHue (GopM U MNPOCTPAHCTBEHHOTO
pacnoJIoKeHUs] KOMIIOHEHTOB U3JIENUi), alropuTMuyeckoe (pa3paboTka aJropuTMOB
U IPOrpaMMHOTO  O0ecredeHusi) M TEXHOJOTH4YecKkoe (pa3paboTka TEXHOJOTUYECKUX
MpoIeccoB) mpoekTupoBanue cucrtem. lIpumepamu crpat B ciaydae CAIIP MoryT cinyXuTh
TaKK€  paccMaTpuBaeMble  jJajiee  BHAbI ~ OOecledeHHsT  aBTOMAaTU3UPOBAHHOTO
IIPOEKTUPOBAHHSI.

3.4. CTaguu NpoeKTUPOBAHUS

Cmaouu npoexmuposanusi — HauOoOJee KPYMHBbIE YaCTU MPOCKTUPOBAHUS, Kak
mpoIiiecca, pa3BUBAIONIETOCS BO BpeMeHU. B o0imieM ciydae BBIACNSIOT CTAlUU HA)UHO-
uccneoosamenvckux pavom (HAP), 3cCKM3HOTO MpOEKTa WM ONBITHO-KOHCTPYKTOPCKUX
pabotr (OKP), texnuyeckoro, pabo4yero MpOEKTOB, MCHBITAHUNA OMBITHBIX OOPa3lOB WITU
onbITHBIX NapTuid. Ctaauio HUP nHoraa Ha3bIBaloT NpeapOEKTHBIMU UCCIIEI0BAHUSIMU WIH
CTaauell TEXHUYECKOTo MpeioxkeHus. O4YeBHIHO, YTO MO MEPE Mepexoja OT CTaauu K
CTaJAWM CTEMEeHb MOJAPOOHOCTH W TINATEIHHOCTh MPOPAOOTKH MPOEKTa BO3PACTAIOT, H
pabourii MPOEKT YXKe JIOKEH ObITh BIOJIHE JOCTATOYHBIM JIJI1 U3TOTOBJICHUS OINBITHBIX WJIU
cepuiHbIX 00pa3noB. biIM3kuM K OMpeaeieHut0 CTaAuu, HO MEHEE YE€TKO OrOBOPEHHBIM
MOHATHUEM, SIBJISIETCS TOHSATHE 3Tama MpoeKTHpoBaHUs. [IpoekTupoBaHWE Ha HavalbHBIX
sTamax, B MpPOIIECCe KOTOPOTO MPUHUMAIOTCS MPUHIIMIHAIbHBIC POEKTHBIE PEIICHUS 110
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OOJMMKYy W  NpUHOUOAM  JEUCTBUS  NPOCKTUPYEMBIX  YCTPOMCTB M CHCTEM,
HA3BIBAIOT KOHYEeNMYyailbHblM NPOEeKMUPOBAHUEM.

Cragum  (9Tambl) NOPOEKTUPOBAHUS  MOAPA3JEIsAIOT HAa  COCTaBHbIE  YacCTH,
Ha3bIBAEMBIE NpPOEeKMHbIMY npoyedypamu. IlpumepamMu NPOEKTHBIX MNPOUEAYP MOTYT
CILYKUTh MOJTOTOBKA JETATUPOBOYHBIX YepTekKeH, aHaIu3
KUHEMAaTHKHU, MOJIETMPOBaHUE MEPEXOTHOTO MPOIECCca, ONTUMU3AIMS TapaMETPOB U PYyrue
IPOEKTHBIE 3a7jauu. B CBOIO ouepenib, MPOEKTHBIEC MPOLEAYPhl MOKHO pacujIeHUTh Ha OoJee
MEJIKHME KOMIIOHEHTBI, Ha3bIBAEMbBIC /1D 0 eKMHbIMU Onepayusimu, HapuMep, Ipyu aHaIu3e
POYHOCTH JI€Tall CETOYHBIMU METOJAMH OIepalusiMd MOTYT OBITh MOCTPOCHHE CETKH,
BHIOOD WJIM pacueT BHEIIHUX BO3JIEHCTBUI, COOCTBEHHO MOJEIUPOBAHUE IMOJEH
HaANpsDKeHUH U JedopManuii, mpeicTaBIeHIe pe3ybTaTOB MOACTUPOBaHUs B TpaduiecKon
U TekctoBoil ¢opmax. IlpoexkTupoBaHue CBOAMTCS K  BBIMOJHEHUIO HEKOTOPBIX
MIOCJIETIOBATEIBbHOCTEN MPOEKTHBIX MPOLEAYP — MAPULPYINOE NPOEKMUPOBAHUSL .

CtpemMieHue COKpaTHTh BpPEMEHHBIE 3aTpaTbhl Ha MPOEKTHUPOBAHUE IMPHUBEIO K
pa3paboTke METOJMK NapalieibHO20 npoexmupoeanus (COBMEIIEHHOTO
MIPOEKTUPOBAHUS), TP KOTOPOM MapajjIeIbHO BO BPEMEHHU PEIIAIOTCS 3a/layd, CBSI3aHHbIE
APYT C IPYrOM O BXOJAHBIM U BBIXOJIHBIM JaHHBIM TaKMM 00pa3oM, 4TO JJI PEIIEHUsS] OJTHON
U3 HUX TpeOyeTrcs 3HAHWE pEe3yJbTaTOB pelleHus apyro 3amauu. [lockonbky 3TH
pe3ynbTaThl K Hayaldy IPOLELypbl NapajuIeIbHOIO ITPOEKTUPOBAHMS €IIE HE IOJYYEHBI, B
METOJIMKE MapajuIeIbHOTO NMPOESKTUPOBAHUS JIOJKHBI OBITh yKa3aHbl CIIOCOOBI 33aJaHUs €Il
HE ONpEIECICHHBIX 3HAaYeHUN napameTpoB. [Ipumepam mnapauiesbHOrO MPOEKTUPOBAHUS
MOTYT CIYXUTh TMapajuielibHas pa3paboTKa amnmapaTHbIX W MPOTPaMMHBIX CPEICTB
BBIUHUCIUTENBHBIX CHUCTEM WM OJHOBpPEMEHHAasl pa3paboTKa caMojeTa U CpEeACTB €ro
a’pPOJIPOMHOTO 0OCITYKUBaHUSI.

NHorna pa3paboTKy TEXHMUECKOTO 3a/laHus Ha MPOECKTUPOBAHUE HA3BIBAIOT GH EULHUM
NpPoeKmuposanuem, a peatu3anuio 13 — eHympeHHuM npoeKxmupo8aHuem.

B T3 Ha mnpoexTupoBaHMEe OOBEKTa YKa3bIBAIOT, MO KpaWHEW Mepe, CIeIyoIIue

JIaHHBIE:
1. Hasnauenue o0beKTa;
2. VYcenoBus skcruryararuu.  Hapsgy ¢ KadeCTBEHHBIMH — XapaKTEPUCTHKAMM

(npencraBneHHBIMH B BepOanmbHOM  (popMe) HMMEIOTCA  YHUCJIOBBIE  MapameTphl,
HAa3bIBAEMBIC 6HEUHUMU napamempamu, NI KOTOPBIX yKa3aHbl 00JIACTU JTOMYCTUMBIX
3HaueHuil. [IpuMepbl BHEIIHMX MapaMeTpoB: TEMIIEpATYpa OKPYKAKOUIEH Cpelbl, BHEIIHUE
CHWJIBI, DJICKTPUUYECKHUE HAMPSHKEHUS, HATPY3KH U T.I1L.;

3. TpeGoBanus K 8blx00HbIM napamempam,  T.C. K  BEJIUYMHAM,
XapaKTEPU3YyIOIINM CBOWCTBA OOBEKTA, HUHTEPECYIONIME MNOTpeOuTens. OTu TpeOOoBaHUS
w: Yi RT; ,

BBIPAKEHBI B BHIIC VCI068ULL pabomocnocobHocm rae Vi — I-ii BBIXOZHON

rapamerp, Re{=<>932} BUI  OTHOIICHHS; 1 i —  HOpPMa {-TO  BBIXOZHOTO

nmapametpa. B ciydae, ecnu X — OTHOLIEHWE pAaBEHCTBA, HYXKHO 33JaTh TpeOyeMyro
TOYHOCTH BBITIOJTHEHUSI PAaBEHCTBA.

[Ipumepsl yciioBuid paboTOCIOCOOHOCTH:

« pacxoj ToriuBa Ha 100 kM npobera aBTomoomIst < 8 J1;
e KOO PUITMEHT yCUTIEHUS YCHIINTENS HA CpeIHuX yactorax > 300;
« ObICTpOJICicTBHUE TIpotieccopa > 40 Mdutoric.
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3.5.  Moaean u ux napametrpsni B CAIIP

B aBTOMaTM3MpOBAaHHBIX IPOEKTHBIX MPOILEIYypax BMECTO €€ HE CYIIECTBYIOLIETO
IPOEKTUPYEMOT0 OOBEKTA ONEPUPYIOT HEKOTOPHIM KBAa3HOOBEKTOM — Mo0eblo, KOTOpas
OTpa)kaeT HEKOTOpbIE MHTEPECYIOLINE HMCCIEIOBATENS CBOMCTBA 00bekTa. Mojaenp MOKET
ObITh (pu3mueckuM O0OBEKTOM (MakeT, cTeHa) win crneundukanuein. Cpenu Mozenei-
crenu(puKanui pa3nnyaioT GbyHKIIMOHAIBHBIE, NOBEJECHYECKUE,
uH(POPMAILIMOHHBIE, CTPYKTYPHBIE MozeNd (OIUCaHus). Otn MOJEIN
Ha3bIBAIOT MamemMamuyeckumu MooeasMu, €ClId OHU (OpMaM30BaHbl CpEACTBAMU
amnmapara ¥ si3blka MaTeMaTUKH.

B cBoio ouepenp, MareMaTH4eCKHE MOJAETHM MOTYT OBITh TE€OMETPUYECKUMH,
TOMOJOTUYECKUMH, JIUHAMUYECKUMH, JIOTMUYECKUMU M T.I., €CIM OHHU OTPaKaroT
COOTBETCTBYIOIIME CBOIICTBA O0BEKTOB. Hapsigy ¢ maTemMarnyecKuMu MOJEISIMH TNpU
IPOEKTUPOBAHUU HCIIONB3YIOT (DYHKIIMOHAIBHBIE MOJEIN, UH()OPMALIMOHHBIE MOJENU B
BUJE  JMarpaMM  CYIIHOCTb-OTHOLIEHHE, FTEOMETpUUECKUe  Mojenu (ueprexu). B
JaJbHEHIIEM, €CIM HET CIEUUalbHONM OrOoBOPKM, INOJ CJIOBOM '"Mozens" OyneMm
1oJipa3yMeBaTh MATEMAaTUYECKYIO MOJIEIIb.

MaremaTtnueckass (pyHKIMOHAlbHAs MOJENb B OOILIEM clyyae MpeacTaBisieT co0oii
aNTOPUTM BBLIYUCIEHHS BEKTOPA BLIXOAHBIX IapaMeTpoB Y IpH 3aJaHHBIX BEKTOPAX

TIApaMETPOB dIEMEHTOB (6HYmpeHHUX napamempos) X U BHENTHUX apaMeTPOB Q.
MareMaTtuyeckue MOJEIM MOTYT OBbITh CHUMBOJMYECKUMHU U 4YHCICHHbIMU. [lpu
WCIIOJIb30BAaHUM CHUMBOJIMYECKUX MOJEJIEH ONEpUPYIOT HE 3HAYCHUSMM BEJIWYMH, a HX
CUMBOJIMYECKUMHU 0003HaueHUsIMH (UaeHTu(uKaropamu). YucaeHHbIE MOJAEIN MOTYT
OBITb aHaiumuyeckumu Mooeisimu, T.e. UX MOXKHO TIPEJICTaBUTh B BHUJIE SIBHO
BEIPAKEHHBIX 3aBUCHMOCTEH BBIXOAHBIX IAapaMeTpoB Y OT MapaMeTpoB BHYTPEHHHX X U

pHemHnx @, wm aneopummuyeckumu Mooensmiu, B KOTOpeX cBa3b Y, X u Q sanana
HEIBHO B  BHUJE  QITOpPUTMA MoOeauposanus. BaxHeWMmMid  YacTHBIA  ciy4yai
AITOPUTMHYECKUX MOJENeH — umumayuorHrvle Mooe, OHA OTOOPaKaroT MPOIECCHl B
CUCTEME IIpM HAJMYMU BHEIIHUX BO3JCUCTBUM HA cucremy. J[lpyrumm crioBamy,
MMUTAIMOHHAS MOJIENb — 3TO aJrOPUTMHUECKAs MOBEACHUYECKAS] MOJIEIIb.

Knaccudukanuio MareMaTuuecKuxX MOJIeJICH BBIMONHSIIOT TaKXe IO PAIy JIPYrux
MIPU3HAKOB.

Tak, B 3aBUCUMOCTH OT MPUHAJIECKHOCTH K TOMY WJIH UHOMY MEPAPXUUYECKOMY YPOBHIO
BBIJICJISIIOT MOJIEIM YPOBHEW CHUCTEMHOTO, (PYHKIIMOHAIBHO-JIOTUYECKOTO, MaKpPOYPOBHS
(cocpeloTOYeHHOT0) M MUKPOYPOBHS (pacipeieIeHHOTO).

[To xapakTepy HUCHOIB3YEeMOTO JJIsi OMUCAHUS MAaTEMaTUYECKOrO armapara pa3jiudarorT
MOJIEIM JIMHTBUCTUYECKHE, TEOPETUKO-MHOXKECTBEHHbBIE, a0CTpaKTHO-aJireOpandecKue,
HEUYETKHE, aBTOMATHbIC U T.II.

Hanpumep, Ha cucTeMHOM ypOBHE MPEUMYIIECCTBEHHO NPUMEHSIOT MOJICIN CUCTEM
MaccoBOro oOcnyxkuBanus U cetd Ilerpu, Ha QyHKIIMOHATHHO-JIOTUYECKOM YpPOBHE —
aBTOMATHBIE MOJEIIM Ha OCHOBE ammapara MNepelaTOYHbIX (YHKINN WM KOHEYHBIX
aBTOMATOB, Ha MAaKpOypOBHE — CHCTeMBbI aireOpo-nuddepeHmanbHbIX ypaBHEHUH,
Ha MUKpOYpOBHE — auddepeHIuanbHble YPaBHEHHUS B YaCTHBIX MPOU3BOIHBIX. Ocoboe
MECTO 3aHUMAIOT T€OMETPUUECKHUE MOJIEINN, UCIIOIb3YEMbIE B CUCTEMAX KOHCTPYHUPOBAHHSL.

Kpome Toro, BBeneHbI MOHSATUS NOJNHbIX MoOenel U MaAKpomooeneil, MOIeIen
CTaTUYECKUX M JTHUHAMUYECKHUX, NETEPMUHUPOBAHHBIX U CTOXACTUYECKUX, AHAIOTOBBIX U
JTUCKPETHBIX, CHMBOJINYECKUX U YHCIICHHBIX.
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[Tonnast Mozenb 00BEKTA B OTIAMYME OT MAKPOMOJIEIH OMHUCHIBAET HE TOJBKO MPOIECCHI
Ha BHEIIHUX BBIBOAAX MOJIEIHPYEMOro 00BEKTa, HO M BHYTPEHHHE I 00BEKTA MPOLIECCHI.

CraTudeckre MOJENU OMHCHIBAIOT CTATUYECKHE COCTOSHUS, B HUX HE MPUCYTCTBYET
BpeMs B KaueCTBE HE3aBUCHMOW NIEPEMEHHOW. J[MHAMUYECKHME MOJEIM OTPaXKaIOT
MIOBEJICHUE CUCTEMBI, T.€. B HUX 0053aTEJIbHO UCIIOJIB3YETCS BPEMSL.

CroxacTudecKkue U JETEPMUHUPOBAHHBIE MOJIENIN Pa3IMYatOTCs B 3aBUCUMOCTHU OT y4yeTa
WIN HEey4eTa CllydyallHbIX (PaKTOpOB.

NupopmanmoHHbie MO/JIEJN OTHOCATCSA K MH(pOpPMaLlMOHHON
CTpaTe aBTOMATU3UPOBAHHBIX CUCTEM, UX HCIOJIB3YIOT MPEXK/IE BCETO MPU UH(POIOTHUECKOM
npoekTupoBaHuu 6a3 nanHbix (bJl) Ay onuvcanus cBA3eil MeXAy eAMHULIIAMU HH(GOpPMaLIUK.

Haubonpimme TpyTHOCTH BOSHHUKAIOT MPHU CO3AAHUU MOJeNel cI1aboCTpyKTypUPOBAaHHBIX
CHUCTEM, YTO XapaKTEpHO MPEXKJE BCEro JUIsi CHCTEMHOTO YpPOBHS MPOEKTUPOBaHUA. 3/1€Ch
3HAYUTEIbHOE BHUMaHUE yIemsieTcs AKCIEPTHBIM METO/IaM. B teopun
cucteM c(hOpMyJIUPOBAHbI OOLIME PEKOMEHJALMH IO MOA00PY 3KCHEPTOB IpPH pa3padOTKe
MOJIETIN, OPTaHU3AlUU SKCIEPTU3bI, 0 00pabOTKE MOTYYCHHBIX pe3ynbTaToB. JloCTaTOYHO
oOImMi TOAXO0A K TOCTPOCHUIO MOJENEH CIOXKHBIX CIa00CTPYKTYPHUPOBAHHBIX CHUCTEM
BbIpaxkeH B MeToaukax [IDEF.

OOBIYHO B HMMHUTALMOHHBIX MOJENSIX (QUIYPUPYIOT BEJIWYUHBI, XapaKTEpU3YIOLINE
COCTOSIHME MOJEJIMPYEMOIl CHCTEMbl M Ha3bIBa€Mble (pa306biMu nepemenHvimu. Tak, Ha
MakpOypOBHE HMMHTALIMOHHBIE MOJEIU TMPEACTABIAIOT co00M  cuctembl  anredpo-
muddepeHnnanbHbIX ypaBHEHUN

@(ﬂ—f,v,m:c},npm:ﬂﬁ:w, (1)

rac v — BeKTOp (1)33OBBIX HepeMeHHLIX; f— BperI; VD — BGKTOp HaYaJIBHBIX
YCJ_IOBI/H\//I. K CI)&SOBBIM HepeMeHHbIM MOKHO OTHECTHU TOKHU U HaHpH)KeHHH B BHCKTpI/IquKI/IX
CI/ICTeMaX, CUIIBI " CKOpOCTI/I — B MexaHI/IquKI/IX, JAaBJICHUA U paCXO):[BI — B
FI/II[paBHI/ILIeCKI/IX.

B AHAJNlo206bIX MOO@]Z}ZX (1)3,30]3]516 HepeMeHHBIe e HerepLIBHLIe BeHI/IqI/IHBI,
B OMCermel.x MOO@]Z}ZX— ,Z[I/ICerTHBIe, B YaCTHOM CJIyIIae I[I/ICerTHBIe MOJCIN

SBJISIIOTCSL  JIOTUYeCKUMU (OyJIeBbIMM), B HHUX COCTOSIHHE CHCTEMBI M €€ DJJIEMEHTOB
OMHCHIBAETCS OyJIEBHIMU BeIMUYMHAMU. B psiie ciaydyaeB MoJIe3HO MPUMEHEHUE CM el aHHbLX
Modenel, B KOTOPbIX OJIHA YacCTb MOJCHUCTEM XaPAaKTEPU3YETCSd AHAIOTOBBIMU MOJIETISIMH,
Apyras — JIOTUYECKUMH.

Brixo/iHbIE TapaMeTphl CUCTEM MOTYT OBITH ABYX THIOB. Bo-mepBbIX, 3TO mapamMeTphbi-

(GyHKUMOHANBIL, T.€. (YHKIHOHAJIBI 3aBUCUMOCTEHN Vit) g ciay4yae wucnoiab3oBanus (1).
[Ipumepsl TakuX HapaMeTPOB: aMIUIMTYAbl CUTHAJOB, BPEMEHHbBIE 3aJCPXKKH, MOLIHOCTH
paccenBaHusl U T.M. BO-BTOpBIX, 3TO NapaMmeTphl, XapaKTEpHU3YIOLIUE CIOCOOHOCTD
MPOEKTUPYEMOTO O00beKTa paboTaTh MpPHU OINpPENEICHHBIX BHEIIHUX YCIOBUAX. OTH
BBIXOJHBIE TApaMeTpbl SBIAIOTCS TPAHUYHBIMM 3HAYCHHMSIMH JHMAlla30HOB BHEUIHHX
MEPEMEHHBIX, B KOTOPBIX COXPAHSETCS] pad0OTOCIIOCOOHOCTh OOBEKTA.

3.6. IIpoekTHBIE MpPOLEAYPHI

Co3znath MpoekT o0beKTa (M37eNusl WM TIpoliecca) O3HAadaeT BBIOpaTh CTPYKTYPY
00BEKTa, OMPENENNTh 3HAYECHHS] BCEX €ro IMapaMeTpOB U TPEJICTABUTh PE3YJIbTATHl B
ycTaHoBJIeHHOU (hopme. Pe3ynbrarsl (MpoeKTHAsI TOKYMEHTAIMs) MOTYT ObITh BBHIPAKECHBI B
BHUJIC UYEPTEXKEH, CXeM, TMOSCHUTEIbHBIX 3allMCOK, TMPOTpaMM i MPOTPAMMHO-
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YIPABJISIEMOTO TEXHOJIOTMYECKOTO 000PYIOBAaHMS U APYTHX JOKYMEHTOB HAa Oymare Wid Ha
MAaITUHHBIX HOCUTENISIX WH()OpMAITUH.

Pa3pabotka (umum  BBIOOpP) CTPYKTYpPhI OOBEKTa €CTh MPOEKTHAs  TPOLEIypa,
Ha3bIBAEMasi C/mpyKmypHuvlM CUuHme3oM, a pacder (WM BbIOOp) 3HAYEHUH MapaMeTpoB
MEMEHTOB X — MPOIEAYPA NapaMempuiecko20 CUHmMe3d.

3amada CTPYKTYpHOTO CHHTE3a (POpMYyIHpyeTcs B CHCTEMOTEXHUKE KaK 3a/1ada MPUHSATHUS
pewenuii (3I1P). Ee cyTh 3akmtouaercss B ONpPEEICHUM IIEJIM, MHOKECTBA BO3MOXHBIX
PEILICHUI U OTPAaHUYMBAIOIINX YCIOBUMU.

Knaccudukanuto 3I1P ocymecTBisitor mo psay npuszHakoB. [lo uyuciy kputepues
pa3IMyaoT 3aJadyd OJHO- WU MHOTOKpUTepuaibHble. [lo CTeneHW HeonpeaeIeHHOCTH
pazimmuaror 3IIP nerepmunupoBanHble, 3[IP B ycnoBHUAX pucka — NpU HAJIUYUU B
(bopMyIMpOBKE 3a/1auu ciay4yalHbIX mapaMmeTpoB, 3[IP B ycioBHsSX HEOINpEAEIeHHOCTH, T.€.
P HETIOJIHOTE UK HEJOCTOBEPHOCTU UCXOIHON MH(MOPMAIIIH.

PeanpHble 3amaun NMPOEKTUPOBAHUsS, KaK IPABUIIO, SBJISIOTCS MHOTOKPUTEPUAIBHBIMU.
OnHa W3 OCHOBHBIX MPOOJIEM MOCTAHOBKA MHOTOKPUTEPHUATBHBIX 3a]lad — YCTAHOBJICHUE
MpaBWJI MPEANOYTEeHUs BapuaHTOB. CrocoObl CBEACHUS MHOTOKPUTEPHAIBHBIX 3a7ad K
OJHOKPUTEPUAIBHBIM W TOCJHEAYIOINE IYTH PEIICHUS MW3Y4YalTCsd B JIUCIUILIAHAX,
MOCBSIILIEHHBIX METOAAM ONTUMHU3ALNU U MATEMATUYECKOMY IIPOTPAMMHUPOBAHUIO.

Hanuuue cnyvaiinbix ¢aktopoB ycnoxHser peimieHue 3[IP. OcHOBHBIE TOAXOIBI K
pemennio 311P B yciioBHsAX pHCKa 3aKIIFOYAKOTCS WIKM B PELIEHUH ' IJIsI HAUXYIILIETO Ciryvas',
WU B y4yeTe B IeJeBOM (DYHKIIMM MATEMAaTUUYECKOTO OXHUIAHUS W JUCIEPCUU BBIXOIHBIX
napaMeTpoB. B mepBoM ciydae 3a/1ady pemaroT Kak IeTEPMUHUPOBAHHYIO ITPU 3aBbILIEHHBIX
TpeOOBaHUAX K KAueCTBY PEIICHMS, YTO SIBISETCS TJIAaBHBIM HEJOCTAaTKOM mojxona. Bo
BTOPOM CJIy4a€ JOCTOBEPHOCTH PE3YyJbTATOB PELICHHWS HAMHOI'O BBIIIE, HO BO3HUKAIOT
TPYIHOCTH C OlEHKOW 1eneBor ¢yHkiuu. [lpumenenne metoga Monte-Kapio B
CIy4ae alrOPUTMUYECKUX  MOJIEJIEW CTAHOBUTCA  €IMHCTBEHHOW  aJIbTEPHATUBOM W,
CJIEIOBATENILHO, JIJISl PEIIeHUs TPEOYIOTCS 3HAUNTEIIbHBIEC BEIYUCIUTEIBHBIE PECYPCHI.

CymectByrot aBe rpynnsl 3I1IP B ycnoBusix HeonpeaeneHHoctr. OaHa U3 HUX PEIIACTCS
MpA HAJWYMUA TPOTUBOJCUCTBHS PA3yMHOrO0 MPOTHMBHUKA. Takue 3aJaud U3y4dyaroTCs B
TEOPUH UTP, IS 3a]1a4 MPOCKTUPOBAHKS B TEXHUKE OHU HE XapakTepHbl. Bo BTOpoi rpymnmne
TOCTWKCHUIO 1EJIU MNPOTUBOJCUCTBUE OKA3bIBAIOT CUJIbI TpupoAbl. JlIsi uUX pemeHus
MOJIE3HO UCIIOJB30BATh TEOPUIO U METO/IbI HEUETKUX MHOXECTB.

[Ipu cuHTE3€ CTPYKTYphI ABTOMATU3UPOBAHHON CHCTEMbI MOCTAHOBKA 3aJadyu JOJIKHA
BKJIIOYATh B KAYE€CTBE UCXOIHBIX JTAHHBIX CICAYIOIIUE CBEICHMUS:

® MHOXXECTBO BBITIOJIHIEMBIX CHUCTEMOW (YHKIUN (IpyrdMU CJIOBaMH, MHOXKECTBO

paboT, Kaxkaas W3 KOTOPBIX MOXET COCTOSITh W3 OAHOW WM Oojee oreparuii);
BO3MOYKHO, YTO B 9TOM MHOECTBE UMEETCS] YaCTUYHAS YIOPSIOUYCHHOCTh padoT, UTOo
MOXET OBITh MPEACTABICHO B BUJIE OPHUEHTHPOBAHHOTO rpada, B KOTOPOM BEPIIUHBI
COOTBETCTBYIOT paboTaM, a TyT' — OTHOILICHUSIM MOPSIKA;

® THUIIBI JOMYCTUMBIX JJISI UCTIONB30BaHUs CEPBEPOB (MAIIMH), BHIIOJHSAIOMUX (QYHKIUH
CUCTEMBI;

® MHOXECTBO BHEUIHHX UCTOYHUKOB U NMOTpeOUTENEH HHPOPMAIIH;

® BO MHOTHX CIydYasX 3a/1a€TCsl TakK€ HEKOTOpasi NCXOHAsI CTPYKTypa CUCTEMBI B BUJIE
B3aMMOCBSI3aHHONW COBOKYITHOCTH CEPBEpPOB OTMPEICIICHHBIX THIIOB; 3Ta CTPYKTypa
MOYKET paccMaTpHUBaThCs Kak 000O0IIeHHass M30bITOYHAs WM KaKk BapuUaHT IEPBOTO
NpUOIKEHNS;
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® Da3IMYHOTO poOJla OrPaHUYCHMs, B YACTHOCTH, OIPAHMYECHHS HA 3aTpPaThl
MaTepHUAIbHBIX PECYPCOB U (WJIM) HA BpEMEHA BBINOJHEHUS (PYHKIINI CHCTEMBI.

3ajaya 3aKilO4aeTcss B CHUHTE3€e (WM KOPPEKIMH) CTPYKTYPBI, ONpPE/EJIECHUU THUIIOB
CepBEpOB (MPOrpaMMHO-aNMNapaTHBIX CPENICTB), pachpeneineHuu (QyHKIUI 1o cepBepam
TakKUM 00pa30oM, 4YTOOBI JOCTUTAJICS SKCTPEMYM I1IeJIeBOM (PYHKIMW MPU BBIMOJHEHUHU
3aJIaHHBIX OIPAaHUYCHUH.

KoHctpynpoBanue, pa3paboTka TEXHOJIOTHUYECKUX MPOLIECCOB, O(popMIIeHHE MPOESKTHOM
JOKYMEHTAIIMN — YaCTHBIE CIIy4au CTPYKTYPHOIO CUHTE3a.

3ajady napaMeTpuYecKoro  CHHTE3a Ha3bIBAIOT  NApaMETPUYECKOW  ONTHMH3ALUEN
(WM oNTUMU3ALMEN), €ClIM €€ PEIIal0T KaK 33Jady MaTEMaTHYECKOTO MPOrpaMMHUPOBAHUS,
T.€.

extr (X0, X e Dy,
roe £X) yenesas pyuxyus, X — BEKTOP VNP ABILAEMbLX
napamempoé (Ha3bIBAEMbIX TaKxke MPOCKTHBIMU W

D, ={X|tp(}{)=:c], yX=0}

BapbUPYEMBIMH ); JOITyCTUMAs

o6mnacts; X0y W) pyukuuu-orpannyenus.
IIpumep 1.
DJIeKTPOHHBIA YCUINTENb: YIIpaBiseMble MapaMeTphl X = (mapaMeTpbl PE3HCTOPOB,

KOHJIEHCATOPOB, TPAH3UCTOPOB); BHIXOHBIE TAPAMETPHI ¥ = (fB nJu — BEPXHSASI U HUKHSIS
IPaHUYHBIE YACTOTHI IOJIOCHI MPOINYCKaHMs; & — KO>()QUIMEHT yCUIEHHMS Ha CPEIHMX

qacToTax, RBX — BXOJHOC COHpOTI/IBJIeHI/Ie). B kadectBe I.[GJIGBOﬁ (bYHKI_[I/II/I F(X) MOJKHO

BBIOpATh TapameTp fB, a yclioBusi pabOTOCTIOCOOHOCTU OCTaJbHBIX BBIXOJHBIX MapamMeTPOB
OTHECTH K QYHKIIUSAM-OTPAHUYCHUSM.

Crnenyromast mocjae CHHTE3a Tpylila MPOEKTHBIX NPOLEAYp — MNPOUEAYpPbl aHaAIU3A.
Lens ananmuza — modydyeHHe uUHoOpManuu O XapakTepe (YHKIMOHUPOBAHUSA U
3HAYEHHUAX BHIXOJHBIX TApaMeTpoB Y TIPH 3aJaHHBIX CTPYKType OOBEKTa, CBEICHMSX

O BHEIIHUX IapaMeTpax Qu mapaMeTpax 3leMeHTOB X. Ecim 3amaHbl (pUKCHPOBAaHHBIE

3HAYEHHs [apaMeTpoB X 1 Q. 1o nmeer mecto npoLeaypa 0OHO8APUAHMHO20 AHAIU3A.
OpHOBapHAHTHBIN aHAIM3 YaCTO BBITIOHIETCS C IIOMOIIBIO MOCITUPOBAHUS.

MonaenupoBanie  COCTOMT W3 3TamoB popmuposanus  mooeau (modeling)
U uccredosanus moodenu (pemenus, simulation). B cBoro ouepenn, hopmupoBanue Moaean
BKJIFOYAET JIBE MPOIIEYPhI: BO-TIEPBIX, pa3pabOTKy MOJENIeH OTACIbHBIX KOMIIOHEHTOB, BO-
BTOPBIX, POPMUPOBAHUE MOJICTTA CUCTEMBI U3 MOJIeNIeil KOMITOHEHTOB.

[lepBas u3 3THX MPOIEAYP BBHIMOIHSIETCS MPEIBAPUTEIHHO MO OTHOIIEHUIO K THIIOBBIM
KOMIIOHEHTaM BHE MapuIpyTa MPOCKTUPOBAHUS KOHKPETHBIX 00BeKTOB. Kak mpaBmio,
MOJICJId KOMIIOHEHTOB pa3palaThIBAIOTCS CIEITUATMCTAMH B MIPUKIIATHBIX 001aCTsIX, MPUYEM
3HAIOUIMMU TpeOoBaHUs K MozensM u ¢opmam ux mnpexacrasienuss B CAIIP. OObiuHO B
noMonis paspadotunky mojeneid B CAIIP mpepyararoTcss METOIUKHA U BCIIOMOTaTelIbHBIC
CpeICTBa, HAMpUMeEp, B BUAE NPOTpaMM aHalW3a ISl SKCIEPUMEHTAIBHON OTpabOTKU
mozenel. Co31aHHbIe MOAEIH BKIIIOYAIOTCA B OMOTMOTEKH MO/Ieiel MPUKIIAHBIX TPOrpaMm
aHanu3a.

Ha mapmpyTe NpoeKTHUpOBaHUS KKJIOTO HOBOTO OOBEKTAa BBIMIOJHAECTCS BTOpas
nporieaypa (puc. 3) — GopMHPOBAHUE MOJCIIA CUCTEMBI C HCITOJb30BaHHEM OHMOIMOTEUHBIX
Mozeneld KoMroHeHTOB. Kak mpaBuio, 3Ta mporeaypa BBITIOTHSAETCS aBTOMATHYECKU IIO
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aIropuTMaM, BKJIIOUEHHBIM B 3apaHee pa3paboTaHHbIE MporpamMmbl aHanuza. llpumepsl
TaKUX MPOrpaMM MUMEIOTCS B PA3JIMYHBIX NPUIIOKEHUSIX U MPEXKAE BCErO B OTPACIAX OOLIEro
MAaIIMHOCTPOEHUS U PAIUOIEKTPOHUKH.

FlaqssamsTERE  +
WcxopgHoe onucaHue PeaynbTaThl
aHanuaupyemMoro ofbekra aHanW3a
MopMUpoEaHHE Pewenune
MOOENH * YpaBEHEHWRA
ofbekTa MOOENH
BufnwoTeka Mopenen Faspaliorimy
— -
KOMMNOHEHTOE MG ETEHN

Puc. 3. ®opmupoBanue Mo CUCTEMbI

[Tpu mpuUMEHEHHH ATHX TPOTPAMM TI0JIH30BATENIb OIMMCHIBACT MCCIEAYEMbI 0OBEKT Ha
BXOJIHOM SI3BIKE€ TMPOTpPaMMbl aHajiW3a HE B BHUJAC CHUCTEMBl ypaBHEHHH, KOTopas Oymer
MOJTyYeHa aBTOMATHUYECKH, a B BUJC CIHCKA JICMEHTOB CTPYKTYPBI, SKBHBAJICHTHOW CXEMBI,
ACKU3a WM YePTEkKa KOHCTPYKITUH.

Bropas mnporeaypa MoxmenupoBaHus — Simulation — cBoaguTCS K pEHICHHUIO
YpaBHCHHI MaTeMaTHYECKOW  MOJICNIM,  HAlpUMep, CHCTEeMbl  JH(QEpeHIInaTbHBIX
YpaBHEHHi1, U BEIYUCIICHUIO BEKTOPA BBIXOHBIX TAPAMETPOB ¥ .

Eciu 3a1aHBI CTATHCTHYECKHE CBEIEHHS O MapaMeTpax X M HY)KHO MOJIy4UTh OLEHKHU
YHCIIOBBIX XapaKTEPUCTUK pPaCIpe/CICHHH BBIXOJHBIX MapaMeTpoB (HAIpHUMEpP, OICHKH
MaTEeMaTHYECKUX OXHUIAHUH W JUCTIEPCUil), TO JTO MPOUEIypa CMAMUCUYECKO2O

ananuza.  Ecim  TpebyeTcs — paccuMTaTh  MaTpHIBl  abcomoTHOM A m  (uwim)
otHOCcuTenbHOI B uyBcTBHTENTBHOCTH, TO UMeeT MECTO 3amava aHaiu3d
YY8CMEUMENIbHOCMU.

Drement ‘L MaTpUIbl & HA3BIBAIOT aOCOJIIOTHBIM K03 () huyuenmom

yyecmeumesibHocmu, OH IIPCACTABILACT coOoM YaCTHYIO IIPOHU3BOJHYIO J -I'O BBIXOIHOI'O

rapamMerpa Y mo I-oMy mnapameTpy <i. JIpyrHMH CJIOBaMH, Aj SABJISIETCS  DJIEMEHTOM

BEKTOPa IPajMEHTa < -TO BBIXOAHOTO MapaMerpa. Ha mnpakTuke ygoOHee HCIONb30BaTh

Oe3pa3MepHBIC OTHOCHTEIbHBIE KOA(D(UIIMEHTHI 4yBCTBUTEILHOCTH B , XapaKTEePU3YIOIINE
CTEINEHL BIUIHUSI U3MEHEHUU napamMeTpoB JJICMCHTOB Ha HMW3MCHCHHA BBIXOAHBIX
IapaMeTPOB:

A i %5 HOM

Bi= Y jmom

rie ¥ imom g YJHM — HOMHHATBHBIC 3HAYCHHUS napameTpoB *i U YJ cooTBeTcTBEHHO.

B mpouenypax mrozcoeapuanmnozo  anaiuza ONPENEIACTCS  BIUAHUE BHELIHUX
napaMeTpoB, pa30poca M HECTaOWIBHOCTU IApaMETPOB DJIEMEHTOB Ha BBIXOJHbBIE
napamerpbl. Ilpoueaypsl CTaTUCTUYECKOIO aHajav3a M aHaiau3a YyBCTBUTEIBHOCTH —
XapakTepHbIE MPUMEPBI IPOLEYP MHOTOBAPUAHTHOTO aHAJIN3A.

BeinonHeHne aHanu3a M CONOCTABJICHUE IOJNYYEHHBIX pPE3YyJIbTATOB C JKEIAeMbIMU
3HAYEHUSIMU HA3bIBAIOT NPOLEYPOH 6epuduxayuu.
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3.7. AKu3HeHHBIH UK U3AeJTU

KuzHeHHbIH 1TUKI npombiluieHHbIX u3aenuid (JKLI) Bkimtovaer psig 3TanoB, HAYUMHASL OT
3apOKICHHUS] HUIEM HOBOTO TMPOAYKTa JO €ro yTWIM3allid [0 OKOHYaHUM CpoKa
ucrnoyib3oBaHusi. OCHOBHBIE JTalbl >KU3HEHHOTO IMKJIA MPOMBIIUICHHON MNPOAYKIIMH
npeactaBieHsl Ha puc. 1. K HUM OTHOCATCS 3Tambl MPOSKTUPOBAHUS, TEXHOJOTMYECKOU
noarotoBku mnpousBoacTBa (TIIII), coOCTBEHHO MPOHU3BOACTBA, peATU3ALMHU MPOLYKIUH,
JKCIUTyaTallMy ¥, HAKOHEL, YTHJIM3aluHU (B YHCIIO 3TANOB KU3HEHHOIO IIMKJIA MOTYT TAKXKe
BXOJIUTh MAapKETUHT, 3aKyIIKM MaTE€pPUaJIOB M KOMIUIEKTYIOUIUX, MPEJOCTABICHHUE YCIYT,
YIaKOBKa M XPaHEHUE, MOHTAX U BBOJ B AKCILIYaTaIIHIO).

PaccmoTpum conepxanne ocHOBHBIX dTanoB JKIIU s uznenuii MalmmHOCTPOEHUS.

Ha »sTane npoexkTHpoBaHUSI BBIMOJIHSIOTCS MPOEKTHBIE MPOLEAYPhl — (OPMUPOBAHUE
OPUHIMIIMAIBHOTO — pEIICHMs, pa3pabdoTKa TeOMETPUYECKUX  MOJEJIe U YepTexkeH,
pacyeTsl, MOJIETMPOBAHUE MPOIECCOB, ONTUMM3AIMUS U T.11.

Ha sTane moAaroTtoBku mpou3BOACTBA pa3palaTHIBAIOTCS MapIIpyTHas M ONEpariMOHHAs
TEXHOJIOTMM W3TOTOBJICHUS JETajlei, peanu3yemble B Tporpammax st craHkoB UYITY;
TEXHOJIOTHSI COOPKH M MOHTa)Ka U3JIETUI; TEXHOJIOTHS KOHTPOJISL U UCTIBITAHH.

Ha sTane npou3BoACTBa OCYHIECTBISIIOTCS: KAJICHAAPHOE U ONEPATUBHOE TUIAHUPOBAHUE;
NpUOOpETEHUE  MaTepHaJioB W KOMIUIGKTYIOIIUX C HMX  BXOJHBIM  KOHTPOJIEM;
MEXaHOOOpaboTKM U Jpyrue TpeOyeMble BHABI O00paOOTKH; KOHTPOJIb PE3YyJbTAaTOB
00paboTKH; COOpKA; UCTIBITAHUS U UTOTOBBIN KOHTPOJIb.

Ha  TIOCTIPOM3BOJCTBEHHBIX  JTamax  BBIMOJHAIOTCS  KOHCEpBalMs,  YIaKOBKa,
TPAaHCIIOPTUPOBKA; MOHTaX y TOTPEOUTENs; OHKCILTyaTanus, OOCIYKUBAHHE, PEMOHT;
YTHIIA3ALUA.

Ha Bcex sTamax >KM3HEHHOrO IMKJA MMEIOTCA CBOM II€JieBble YCTaHOBKU. [Ipu sTom
YYAaCTHHUKHU KU3HEHHOTO ITUKJIa CTPEMSITCS JOCTUYb MOCTABJICHHBIX IIeJIel ¢ MaKCUMaJIbHOU
s dextuBHOCTHIO. Ha 3Tamax npoextuposanusi, TIIII u nmpousBoacTBa HYKHO 00ECIIEYUTh
BBITIOJIHEHHE TPEOOBaHUI, TPEIBIBIAEMBIX K MPOU3BOJUMOMY MPOAYKTY, MPHU 3aJaHHOM
CTENICHU HAJICKHOCTH U3JICIUS U MUHUMHU3AINN MaTEPUAIbHBIX U BPEMEHHBIX 3aTpaT, 4TO
HEOOXOAMMO ISl JOCTHMIKEHHUS yclexa B KOHKYPEHTHOUM OOpbOe B YCIOBHUSX PHIHOYHOMN
skoHOMUKHU. [loHATHE >(PPEKTUBHOCTH OXBATHIBAET HE TOJIBKO CHIDKEHHE CEOECTOMMOCTH
MPOJIYKUHUHA U COKpAIICHHE CPOKOB MPOEKTUPOBAHUS M MPOU3BOJCTBA, HO U OOECIEYEHHE
ya00CTBa OCBOCHMSI U CHUXKEHHUS 3aTpaT Ha OyAyllylo 3KCIUTyaTanuio uaenuil. Ocodyro
BAKHOCTH TpeOOBaHUs yA00CTBa SKCIUTyaTallud UMEIOT AJIs CIIOKHOW TEXHUKHU, HAIpUMED, B
TaKMX OTPACIIAX, KaK aBUa- WJIM aBTOMOOMIIECTPOCHHE.

JlocTrKeHrne TOCTaBJICHHBIX IIeJied Ha COBPEMEHHBIX MPEANPUATHSAX, BBIMYCKAIOITUX
CIIOKHBIE  TEXHUYECKHUE  W3JENUs, OKa3blBa€TCS HEBO3MOXHBIM  0€3  LIMPOKOTro
UCTIONB30BaHUA agmomamuzuposannvix cucmem (AC), OCHOBaHHBIX HAa MPUMEHEHUU
KOMITHIOTEPOB W TPEIHA3HAYCHHBIX [IJISI CO3/IaHMsI, MEepepabOTKU U HMCIOJIL30BAHUS BCEM
HEeoOXxoauMol WHGOPMAIIMM O CBOWCTBAX W3JIEIMH MU COMPOBOXKIAIOIIMX TMPOIECCOB.
Crnenmduka 3amad, pemiaeMblX Ha Pa3IMYHBIX JTamax >KU3HEHHOTO IHMKJIa W3ICIUH,
oOycioBnuBaeT pazHoodpasue npuMmensembix AC.

Ha puc. 4 yka3zanbsl ocHOBHblIe THIIBI AC ¢ MX MPUBS3KOM K TEM WM UHBIM 3Tanam
’KU3HEHHOI'O [TUKJIAa U3JCIIUH.
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Puc. 4. OcHOBHBIEC TUIIBI ABTOMATU3UPOBAHHBIX CUCTEM
ABTOMaTH3aIUA MIPOCKTUPOBAHUSA ocymectnisierca CAIIP. B CAIIP

MAaIIMHOCTPOUTEIBHBIX ~ OTpAci€il MPOMBIIUICHHOCTH MPUHITO BBIIEIATh CHCTEMBI
(YHKIIMOHAJIBHOTO, KOHCTPYKTOPCKOTO M TE€XHOJIOIMYECKOTo MpoeKkThpoBaHus. Ilepsbie u3
HUX HAa3bIBalOT CHUCTEMaMH pacye€TOB W WHXEHEPHOTO aHalh3a WIMU cucmemamu
CAE (Computer Aided Engineering). Cucmenmwl KOHCMPYKMOPCKO20
npoexmupoeganus HazpiBaloT  cuctemamu  CAD  (Computer  Aided  Design).
[IpoekTupoBaHHe TEXHOJOTHMYECKHX MPOLECCOB BBIMOJIHAETCS B ABTOMATHU3UPOBAHHBIX
cHCTeMaX TEXHOJIOTUYEeCKONH TOATrOTOBKM mpousBoactBa (ACTIIIT), BXomsmux Kak
cocraBHas 49acth B cucmemwvr CAM (Computer Aided Manufacturing).

Jist  pemieHust mpoOjeM COBMECTHOro (GyHKUHOHUpOBaHUS KoMmroHeHToB CAIIP
paznuyHOro HaszHaueHus, koopauHaruu padotel cuctem CAE/CAD/CAM, ynpasiernus
NPOEeKmMHbIMU OAHHbIMY U TIPOCKTUPOBAHUEM DPa3pabaThIBAIOTCS CHUCTEMBbI, MOJTYYUBIINE
Ha3BaHUE CHCTEM yIpaBieHHUs nmpoekTHbIMU adaHHbIMU PDM (Product Data Management).
Cucrempt PDM nu6o Bxomsat B coctaB Mopayied koHkperHoit CAIIP, nubo wumeroT
CaMOCTOSITENIbHOE 3HaUE€HUE U MOT'YT paboTaTh coBMECTHO ¢ pa3HbimMu CAIIP.

Ha GonbuimHCTBE ATAnoB XKU3HEHHOTO IIMKJIA, HAYMHAS C OMPEICICHHS MPEITPUSTHI -
MTOCTABIIIMKOB MCXOJHBIX MaTE€PUAJIOB WU KOMIIOHEHTOB M KOHYas peajiv3aluend NpoayKIHH,
TpeOYIOTCS  YCIYT'M CHCTEMBI yIpaBJieHUs IienmodkamMu moctaBok —  Supply  Chain
Management (SCM). Ilens mocTtaBoK OOBIYHO OMPEAENAIOT KaK COBOKYMHOCTb CTaaui
YBEJIMYECHUS] J00ABJIEHHOM CTOMMOCTM MPOAYKUHUHU TpPU €€ JBWKEHUU OT KOMIIAHUM-
MOCTABUIMKOB K KOMIAHUSAM-TIOTPEOUTENSIM. YTIpaBiI€HHUE 1ENbI0 MOCTABOK MOAPa3yMeBaeT
MPOJIBMKEHUE MaTEpUATILHOTO TTOTOKAa C MUHUMAJIbHBIMU U3JIepKkaMu. [Ipu miianupoBaHuu
npousBojicTBa cucrema SCM ympaBiisieT cTpaTerue mo3uIMOHUPOBAHUS TPOAYKIHMHU. Eciun
BpeMsl ITPOU3BOJICTBEHHOTO ILIMKJIA MEHbBIIE BPEMEHU OXKUJAHUS 3aKa3UMKa Ha MOJTy4YeHUE
FOTOBOM MPOJYKLIHH, TO MOXHO HPUMEHATHh CTPATETHIO "M3roToBJIeHUE Ha 3aka3". MHaue
MPUXOJIUTCS UCIMOJb30BaTh CTpaTervio '"W3rororiieHne Ha ckian'. Ilpu s3TtoM Bo Bpems
IIPOU3BOICTBEHHOI'0 LIUKJIA JOJHKHO BXOJAUThH BPEMs Ha pa3MEIICHUE U UCIOJHEHUE 3aKa30B
Ha HEOOXOAMMbIE MaTepUalbl M KOMIUIEKTYIOIINE HA TPEIIPUITUAX -TIOCTABIIKAX.
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B nocneaHee BpeMsi yCuiIMST MHOTUX KOMIIAHUM, MPOU3BOJAIIMX MPOrPAMMHO-
amnmapaTtHble CPEeACTBa AaBTOMATHU3UPOBAHHBIX CHUCTEM, HAIpPaBJICHbl Ha CO3/IaHHE
cUCTeM dJIeKTpoHHOTro On3Heca (E-commerce). 3amaun, penaemble cuctemamu E-commerce,
CBOJISITCSI HE TOJIbKO K OpraHM3alMu Ha caiftax Internet Butpun ToBapoB u yciyr. OHH
OOBEUHSIOT B €IMHOM HH(POPMAIIMOHHOM MPOCTPAHCTBE 3alPOChl 3aKa3UYMKOB U JaHHBIE O
BO3MOXHOCTSIX MHOECTBA OpraHU3AlMMA, CHEHUATU3UPYIONUXCS Ha MPEJOCTABICHUU
pPa3NUYHBIX YCIYr ¥ BBINOJHEHWHM TEX WIM WHBIX TMPOLEIyp U oOlepanud 1o
POEKTUPOBAHUIO, W3TOTOBJICHHUIO, TMOCTaBKAM 3aKa3aHHbIX wuznenuil. [IpoexTupoBanue
HEMOCPEJICTBEHHO MOJ 3aKa3 MO3BOJISIET JAOOUTHCS HAWIYUIIUX MapaMeTpOB CO3/1aBacMOil
OPOAYKIMK, a ONTUMAJIbHBIA BBIOOpD WCIOJHUTEICH U IEeNoYeK IOCTAaBOK BEIET K
MUHHAMH3AIIIA BPEMEHH M CTOMMOCTH BBITIOJHEHUS 3aka3a. KoopauHamws paboThl MHOTHUX
MPEANPUITUN-TIAPTHEPOB C MUCMOJIBb30BAHMEM TEXHOJIOTHN Internet Bo3nmaraercsi Ha CUCTEMBI
E-commerce, Ha3bIBaemble cucmemamu ynpagienus OAHHLIMU 6 UHMe2PUPOBAHHOM
ungpopmayuonnom npocmpancmee CPC (Collaborative Product Commerce)

VYrhpaBiieHre B TMPOMBIIUICHHOCTH, KAaK M B JIOOBIX CJIOXKHBIX CHUCTEMaxX, HMEET
HEpapXUUECKyI0 CTPYKTypy. B 00mieit cTpykType ympaBieHUsI BBIJCISIOT HECKOJBKO
HepapXUYEeCKUX YypOBHEH, TOKa3aHHBIX Ha pHC.d. ABTOMATH3alMs YIOpaBICHUS Ha
pPa3IMYHBIX  YPOBHSX  pEAIM3YyeTCs C  MOMOIIbI aBTOMAaTU3UPOBAHHBIX  CUCTEM
ynpasiienust (ACY).

YnparleHHe pecypcaMu
NpeqIpHATHA
(ERP)

YhpaeleHHe pecypcaMu
IPOH3BOJCTEA

(MRP)

HDDHSBD,I[CTBEHHEIH
HCIIOJMHHTEJILHAA CHCTCMA

(MES)

COop MaHHBIX H
JHCTeTHEPCKHI KOHTPOIb

(SCADA)

YrapapneHHe TeXHOJOTHIECKHM
0DOpYIOBaHHEM -
YpOBeHb KOHTPOJLIEPOR

(CNC)

Puc. 5. OOmias cTpykTypa ynpaBiieHus

Nudopmarnmonnas MOJ/IePKKa JTamna MIPOU3BOJICTBA MPOYKITUU
OCYILIECTBIISIETCS aBTOMATU3UPOBAHHBIMU CUCTeMaMu yripaBiienus npenanpustuem (ACYII)
1 aBTOMaTU3UPOBAHHBIMHU CUCTEMaMH yIIpaBJICHUS TEXHOJOTMYECKUMHU
nporieccamu (ACVYTII).

K ACYVYII otHocatcsi cucTeMbl IUIAaHUPOBAHUA W ympaBieHus mnpeanpusitruem ERP
(Enterprise Resource Planning), mnmanupoBaHus mOpOU3BOACTBA M TpeOOBaHUM K
matepuanam MRP-2 (Manufacturing Requirement Planning) 1 ynmoMsHyTbI€ BBILIIE CUCTEMBI
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SCM. Hawubonee pa3Buteie cuctembl ERP BbImonHsAOT pasiauubble OusHec-(QpyHKIUH,
CBSI3aHHBIC C TJIAHUPOBAHHWEM MPOU3BOJCTBA, 3aKyNKaMH, COBITOM MPOIYKIUHU, aHATU30M
NEPCIIEKTUB MAPKETUHTA, yIpaBieHHeM (UHAHCAMH, IEPCOHATIOM, CKJIAJCKHUM XO3SHCTBOM,
y4eToM OCHOBHBIX (oHI0B U T.I. CucteMbl MRP-2 opueHTHpOBaHbI, TIaBHBIM 00pa30M, Ha
OuzHec-(hyHKIIMK, HEMOCPEJICTBEHHO CBSI3aHHBIE C MPOU3BOACTBOM. B HEKOTOpBIX Cirydasix
cucteMbl SCM u MRP-2 BxoasT kak noacuctembl B ERP, B mociegHee BpeMs UX yalie
paccMaTpUBAIOT KaK CAMOCTOSITEJIbHBIE CUCTEMBI.

[TpomexyTtounoe nonoxenue Mexay ACYII u ACYTII 3anumaer npou3BOJACTBEHHAs
ucnonnurtensHas cuctema MES (Manufacturing Execution Systems), npennasHadeHHast st
pEelIeHUs] OINEepaTUBHBIX 3a/lady  YIpaBieHUS MPOEKTHUPOBAHUEM, TMPOU3BOJICTBOM U
MapKETHHIOM.

B cocraB ACYTII Bxomut cucrema SCADA (Supervisory Control and Data Acquisition),
BBITIOJHSIONIAas AucneTyepckue ¢QyHKIuUU (cOop U 00paboTKa NaHHBIX O COCTOSIHUHU
000pyZIOBaHUsI M TEXHOJOTUYECKHX MPOLECCOB) W momorarouias paspadateiBaTh [10 s
BCTPOEHHOTO 000pyaoBaHuA. /[l HEMmOCpeACTBEHHOTO MPOTrpaMMHOIO  YIPaBJICHUS
TEXHOJIOTHYeCKUM oOopynoBanueM wucnonb3yotr cuctembl CNC (Computer  Numerical
Control) Ha 0aze konmponnepos (CIEHUATU3UPOBAHHBIX KOMIBIOTEPOB, HA3bIBAEMBIX
IPOMBIIIJIEHHBIMHU ), KOTOPBbIE BCTPOEHBI B TEXHOJOTMYECKOE OOOpYIOBAaHUE C YHUCIOBBIM
nporpaMmmHbiM  yopaBieHuem (UIIY). Cucrembr CNC Ha3bIBalOT TakKe BCTPOEHHBIMU
KOMITbIOTEPHBIMU CUCTEMaMHU.

Ha srane peanuzanuu npoAyKIIUU BBITTOJHSIIOTCS (PYHKIIUU YIPABICHUS OTHOIIEHUSIMHU C
3aKa34YMKaMu U TOKYIATEJSIMU, TPOBOAUTCS aHAJIW3 PBIHOYHON CUTyalllid, OMPEHEISIOTCS
MEpPCHEKTUBBl CHOpOca Ha IUIAHUPYEMble U3JEIus. OTH (QYHKIMHA BO3JIOKEHBI Ha
cuctemy CRM.

OyHKIMKM  00y4yeHus OOCHTYKMBAIOUIErO MEpCOoHaNa  BBIMNOJHSAIOT UHTEPAKTUBHBIE
aJIeKTpOHHBIE TexHuueckue pykoBojacTtBa IETM (Interactive Electronic Technical Manuals).
C ©X TOMOIIBIO BBINOJHSAIOTCS JMATHOCTUYECKUE ONEpaluy, MOUCK OTKa3aBLIMX
KOMITOHEHTOB, 3aKa3 JIOMOJHUTEIbHBIX 3aMaCHbIX JI€TajJell U HEKOTOPbIE IPYrue Oneparuu
Ha ATarne 3KCIUTyaTallliyd CUCTEM.

VYmpasieHue JaHHBIMUA B €IMHOM HH(POPMAIIMOHHOM TIPOCTPAHCTBE HA MPOTSHKEHUH BCEX
ATANOB KMU3HEHHOTO IMKJIA M3JIEIMH BO3JaraeTcsi Ha CUCTEMY YHOPABJICHUS >XKU3HEHHBIM
nukioB mpoaykimu PLM (Product Lifecycle Management). XapaktepHas 0COOE€HHOCTh
PLM — obecnieuenne B3auMOJCHCTBUS PA3IMYHBIX aBTOMATU3UPOBAHHBIX CUCTEM MHOTHX
npeanpusatuid, T.e. TexHonorun PLM (Bkimrouas texHonorun CPC) SBISIOTCS OCHOBOW,
UHTErpupyromieil nHGOpPMaIIMOHHOE MPOCTPAHCTBO, B KoTopoM (yHKiHoHupyoT CAITIP,
ERP, PDM, SCM, CRM wu apyrue aBTOMaTU3UpPOBAHHBIE CUCTEMbI MHOTHX MPEIPUSTHI.

3.8. Ctpykrypa CAIIP

Kaxk u mro6as ciioxxnast cucrema, CAIIP coctout u3 noacucreM. Pa3anyaroT moacrucTeMBI
MIPOCKTUPYIOIINE U 00CTYKUBAIOIITHE.

IIpoexmupyrowue noocucmemvl HEIOCPEACTBEHHO BBITIOJIHSIOT TTPOCKTHBIC
npoueaypsl. IlpuMmepamMu TPOEKTUPYIOMIUX TMOJCUCTEM MOTYT CIYXUTh MOJACUCTEMBI
r€OMETPUYECKOT0 TPEXMEPHOT0 MOJICIIUPOBAHUS MEXaHUUECKUX OOBEKTOB, HM3TOTOBJICHUS
KOHCTPYKTOPCKOM JTOKYMEHTAIlMHU, CXEMOTEXHUYECKOTO aHaIu3a, TPACCUPOBKHU COCAUHEHUN
B ITI€YaTHBIX IIJIATaX.

Ob6cayacusarowue noocucmemuvl 00€CTICIUBAIOT (YHKITMOHUPOBAHHUE
MPOCKTUPYIOLIUX TMOJICUCTEM, UX COBOKYITHOCTh YacCTO HAa3bIBAIOT CUCTEMHOM Cpeaou (Wiu
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obonoukorr) CAIIP. TunuyabiMH  OOCTYXHBAIOUIMMH  IOACHCTEMaMHU  SIBJSIIOTCS

MOJICUCTEMBI YIIPABJICHUSI ~ MPOCKTHBIMH  JaHHBIMHA,  TIOJICKCTEMBI  pa3pabOTKH U

compoBokaeHuss — nporpammHoro  obecneuenust CASE (Computer  Aided  Software

Engineering), oOywaromue MOACHCTEMBI JUIsl OCBOCHHUS TOJh30BATEISIMH TEXHOJIOTHH,

peanusoBanHbix B CAIIP.

CrpyxrypupoBanue CAIIP no paznuyHbiM acniekTaM OOYCIOBIMBAET MOSBICHUE 61008
obecneuenusi CAIIP. IIpuHITO BBIICNATh CEMb BUIOB 00SCIICUCHHUS:

o mexnuueckoe obecneuvenue (TO), BKIIOHAIONIEe pa3IMYHbIC annapaTHbIE CPeIcTBa
(OBM, niepudepuiinbie yCTpOHCTBA, CETEBOE KOMMYTAIMOHHOE OOOPYIOBaHUE, IMHUH
CBS3U, U3MEPUTENbHBIE CPE/ICTBA);

® JMamemamuiecKoe obecneuenue (MO), 00BEIUHSIONICE MaTEeMaTHYECKUE
METO/IbI, MOJIEJIA U aJITOPUTMBI JIJIs1 BHITIOJTHEHUS POSKTUPOBAHUS;

o npoepammuoe obecneuernue (I10), mpencrapiasieMoe KOMIBIOTEPHBIMU MPOTPAMMAMHU
CAIIP;

o unpopmayuonnoe obecneuenue (MO), cocrosmee u3 06a3 nanueix (bJl), cucrem
yopasienuss 0Oazamu gaHHbix (CYBJ]), a Takke BKIIOUalONIee JpPYrue JaHHBIE,
HCIIOJIB3YEeMbI€ NPU MPOEKTUPOBAHUY;

o uneeucmuyeckoe obecneuenue (JIO), BblpakaeMoe S3bIKAMH OOILIECHHUS MEXIY
MpPOEKTUpOBIIMKAaMU U OBM, s3blkaMu TpOrpaMMHUPOBaHMS W sI3bIKaMH OOMEHa
JAHHBIMU MEX1y TexHuueckumu cpeacrtsamu CAIIP;

o memoouueckoe obecneuenue (MerO), BKIIOUAIONIEC  pa3IUYHBIE  METOJUKHU
MPOEKTUPOBAHMS, HHOTIA K MeTO OTHOCST TakXke MaTeMaTUYeCKOe 00eCIEUEHHE;

e opecanuzayuonnoe obecnevenue (OO), MpeACTABISIEMOE IITATHBIMU PACIHCAHUIMU,
JOJDKHOCTHBIMU ~ MHCTPYKIIUAMH M JIPYTHUMHU JOKYMEHTAMH, PErJIaMEeHTHPYIOIUMHU
paboTy NPOEKTHOIO MPEANPUITHS.

OTMeTnM, 4YTO BCS COBOKYIHOCTh MCIOJIB3YEMBIX NPU MPOECKTUPOBAHUM JAHHBIX
HasbiBaeTcst nHGopmanmoHHeiM pougom CAITIP. ba3oit naHHBIX Ha3BIBAIOT YNOPSAOUYECHHYIO
COBOKYMHOCTh JIAHHBIX, OTOOPAXKAIOIIMX CBOWCTBA OOBEKTOB W HX B3aWMOCBS3U B
HEeKoTopol mnpeaMeTrHou obOnactu. Jloctynm k BJl mis drenus, 3anucu M MoaudHUKaIAH
NaHHbIX ocymecTBigercs ¢ nomoulebto CYBJl, a coBokynHocts bl u  CYB/]
Ha3bIBatOT OankoM naHHbIX (bu/l).

Knaccudukanuto CAIIP ocymecTBasitor 1o  psiay MPU3HAKOB, HAMpUMEp, IO
MPUJIOKEHUIO, 1IEJIEBOMY Ha3HAYCHUIO, MaciiTabdam (KOMIUIEKCHOCTU PpeIIaeMbIX 3ajiaq),
xapaktepy 06a3zoBoi noacucremsl — siapa CAIIP.

[To npunoxxeHusiM HanboJiee MPEACTABUTEILHBIMUA U IITUPOKO UCIIOIB3YEMBIMU SBIISFOTCS
cnenyromue rpynmsl CAITP.

1. CAIIP pna npuMeHeHHs B OTpacisix o0iero mamuHocTpoeHus. Mx dvacto
Ha3bIBAIOT MawiunocmpoumenvHoimy  CAIIP mmu  MCAD  (Mechanical CAD)
CUCTEMaMHU.

2. CAIIP ¢ obnacmu paouosrekmponurxu. cucteMsl ECAD (Electronic CAD) wu

EDA (Electronic Design Automation).

3. CAIIP B o6macTu apXUTEKTyphl M CTPOUTEIILCTBA.

Kpome Toro, m3BecTHO Ooibiioe unciio cneruanu3upoBanabix CAIIP, nim BeIienseMbIx
B YKa3aHHBIX TPYIIAX, I MPEACTABISIIONINX CAMOCTOSTEIHHYIO BETBh B KIacCHU(UKAIUH.
[Tpumepamu Takux cuctem sBIsi0TCss CAITP Gonpmmmx nnaTerpanbpabix cxem (BUC); CAIIP
neratenbHbIX annaparoB; CAIIP snexTpuyeckux MalvH U T.11.
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I[Io wueneBomy HaszHaueHutro paznuuaror CAIIP  wmm nmoacuctemsr  CAIIP,
oOecreunBarNIfe pa3Hble acmeKThl (CTparhl) mpoekTupoBanus. Tak, B cocrae MCAD
nosiisitoTest CAE/CAD/CAM cuctemsl.

Ilo Maciirabam pa3INyYaroT OTIEIBHBIE NP O2PAMMHO-MEMOOULECKUE
komnaexcol (IIMK) CAIIP, nampumep, KOMIUIEKC aHajinW3a NPOYHOCTH MEXaHUYECKUX
U3JIETIMI B COOTBETCTBUU C METOJ0OM KOHEUHBIX 3JieMeHTOB (MKD) mim komiuiekc aHanmsa
ANEKTPOHHBIX cxeM; cuctembl [IMK; cuctembl ¢ yHUKAJIBHBIMA apXUTEKTypaMU HE TOJBKO
nporpaMMHoro (software), Ho u Texunueckoro (hardware) obGecrieueHui.

[To xapaktepy 0a30BOii MOACUCTEMBI pa3nuyaroT cienytouue paznougHoctu CAIIP.

1. CAIIP Ha 0aze MOJACUCTEMBI MAIIMHHOU rpaduKy ¥ TEOMETPUYECKOTO
MozenupoBanusi. Otu CAIIP opueHTHpoBaHBl Ha MPUIOKEHHUSA, TJ€ OCHOBHOMN
MPOLIEYpPON MPOECKTUPOBAHMS SIBISETCS KOHCTPYHPOBAHUE, T.€. ONpEAEICHUE
MPOCTPAHCTBEHHBIX (JOPM M B3aUMHOIO PACTONOkKEHHUsS 00beKTOB. [loaTOMy K 3TOM
rpymnmne cucteM otHocutcs OonbmMHCTBO CAIIP B 00macTy MalMHOCTPOEHUS,
MOCTPOEHHBIX Ha 0a3e Trpaduueckux saep. B HacTosiee Bpems HIMPOKO
UCIIOJIb3YIOTCS YHU(DHUIIMPOBAHHBIE TpauuecKkue sapa, TpUMeEHsieMble 0oJjiee 4eM B
omHort CAIIP, ato smpa Parasolid ¢upmer EDS Unigraphicsu ACIS ¢upmsr
Intergraph.

2. CAIIP na 6a3ze CYBJI. OHu opueHTUpPOBaHbI Ha MPWIOKEHHUS, B KOTOPBIX IPHU
CPaBHUTEIBHO HECIOKHBIX MATEeMaTHYECKUX pacyeTax repepadarbiBaeTcsi OOJbIION
oobeM gnaHHbIX. Takme CAIIP mnpeumyiiecTBEHHO BCTPEUYAIOTCSI B TEXHUKO-
HKOHOMUYECKUX MPUIOKEHUSIX, HAIIPUMED, NPU MPOESKTUPOBAHUN OM3HEC-TIAHOB, HO
UMEIOT MECTO TaKXKe MPU MPOEKTUPOBAHUU OOBEKTOB, MOJOOHBIX IIUTAM YIPABICHUS
B CUCTEMAaX aBTOMAaTHKHU.

CAIIP na 0a3e KOHKPETHOrO MPUKIATHOTO makeTa. DaKTUUECKH 3TO ABTOHOMHO
UCIIOJIb3yEMbIE  MPOTrPAMMHO-METOJIMYECKUE  KOMIUIEKCH, HampUMep, UMUTALUOHHOTO
MOJEJIMPOBAHUS MTPOU3BOACTBEHHBIX MPOLIECCOB, pacyeTa MPOYHOCTU MO METOY KOHEUHBIX
AJIEMEHTOB, CUHTE3a M aHajJIM3a CHUCTEM aBTOMATHYECKOTO YIpaBieHHs U T.I. YacTo Takue
CAIIP otHocaT k cucteMam CAE. [IpuMmepamMu MOTYT CIyKHTh NPOrPaMMBI JIOTUYECKOTO
MPOEKTUPOBaHMS Ha O0ase si3pika VHDL, MaremaTtnueckue naketsl Tuma MathCAD.

Kowmmnekcubie (maTerpupoBanubie) CAIIP, cocrosiue u3 COBOKYITHOCTH TOJICUCTEM
NPEAbIAYIIMX BUIOB. XapakTepHbIMU mnpumepamMu KomiuiekcHbix CAIIP  aBastorcs
CAE/CAD/CAM-cuctembr B MmamuHoctpoennn win CAIIP BUC. Tak, CAIIP BUC
BKirovaeT B cebst CYBJl u moacucteMbl MPOSKTUPOBAHUSI KOMIIOHEHTOB, MPUHIIAIIAATBHBIX,
JIOTUYECKUX M (DYHKIIMOHAIBHBIX CXEM, TOMOJOTUU KPUCTAIUIOB, TECTOB JJISI MPOBEPKHU
FOAHOCTH wu3Aenuid. Jlns ynpaBieHHS CTOJb  CIIOXKHBIMH CUCTEMAMH  MPUMEHSIOT
CHeUaIN3UPOBaHHBIE CUCTEMHbBIE CPEJIbI.
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4. Beenenue B diekTporexundeckue CAIIP CSOFT

4.1. Kpatko o komnanuu CSoft

CSoft mpuHMMaeT aKTHBHOE ydYacTHE B pa3pabOTKe MPOrPaMMHBIX MPOAYKTOB IOJ
mapkoit CSoft Development /3/.

Kommanuss CSoft sBaseTcss KpynHEWIIMM POCCHICKMM CHCTEMHBIM HHTEIPATOPOM
B 00JIaCTH CHCTEM aBTOMAaTHU3WPOBAHHOIO NMPOEKTHUPOBAHHUS, TEXHOJIOTMYECKON MOJATOTOBKU
MIPOU3BOJICTBA, TOKYyMEHTOO00POTa U T€OMH(OPMALIMOHHBIX CUCTEM.

Onno#t u3 ocHOBHBIX crnenuanu3anuii CSoft sBiseTcs aBTOMaTHU3aIMs KOMILJIEKCHOTO
MPOEKTUPOBAHUS, KOTOpas IO MpPaBy CUYUTAETCA CaMbIM CIIOKHBIM DEIICHHEM B 00JacCTH
ABTOMATU3HPOBAHHOIO IMPOEKTUPOBAHUS WU MOATOTOBKHA MPOU3BOJCTBA. J[aHHOE perieHue
BKJIIOYAET B ce0s KOMIUIEKC IPOrpaMMHO-ANIApaTHBIX CPEACTB Ul pEIleHus 3ajad
B OTJIEIBbHBIX O0JACTSAX TPOEKTHOM U MPOU3BOJCTBEHHOM JIEATEIBHOCTH, CpPENCTB
UX UHTETpaLuH, o0ecrnieueHus Y COTIIPOBOXKJICHMSI nporecca IPOEKTUPOBAHHUS
Y IPOU3BOJCTBA, A TAKXKE  OTPOMHBIA  CHEKTP  YCIYyr, CBSI3aHHBIX  C 3aIlyCKOM
Y CONPOBOXKJICHUEM JTaHHOI'O KOMILJIEKCA.

OcHoBHast ipobJsieMa, CBA3aHHas C aBTOMATU3alMEeld KOMIUIEKCHOTO MPOEKTUPOBAHMS
3aKJIFOYAeTCs B TOM, YTO JJAHHOE PEILEHUE 3aTParuBacT CIUIIKOM OOJIBIIOE KOJIWYECTBO
CHELHUATNCTOB Ha NPEINPUATUU U AOJDKHO BKIIOYATh B €0 KOMIIOHEHTHI WM PEIIEHUs IS
KOKJIOTO W3 HUX, NpH 3TOM oOecneunBass 3((HEKTUBHOE pEIICHHE 33a7ad MPEIIpHsITHS
B LIEJIOM.

CSoft wumeer MHorojeTHuil onbIT paboTel Ha peiHke CAIIP, TMC, TIIII
U JOKYMEHTOOOOpOTa,  pacroyiaraéT  BBICOKOKBAIM(DHUIIMPOBAHHBIMU  CIIELUATUCTAMU,
HIMPOKUM CIIEKTPOM MPOrPaMMHOI0 OOECIIEUEHHUs W allapaTHBIX CPEACTB. JTO MO3BOJSET
IIpeJIaraTh ONTUMAJIBHBIE PEIIEHUS JUIsl CAMOTO IIUPOKOro KPyra 3aKa3yuKoB:

¢ IPOEKTHBIX HHCTUTYTOB PA3IMYHOIO NpOouis;

¢ KOHCTPYKTOPCKHUX OIOpO;

o TEXHMYECKUX CITYKO MpeanpusTuil;

o opranmzanuii, pabotaromux Ha peiHke [MC (reorpaduyeckas HHPOpPMaIUMOHHAS

cuctema, [ IC) — cuctema cbopa, xpaHeHus, aHanu3a U rpadudecKoil BU3yannu3aiuu
MIPOCTPAHCTBEHHBIX (reorpauyeckux) AaHHBIX U CBS3AHHOW ¢ HUMHU HMH(OpMaALUU O
HEOOXOIUMBIX 00BEKTAX.

[IpumeHeHre nHOOPMATMOHHBIX TEXHOJIOTUH CYIIECTBEHHO U3MEHUIIO TPAIULIUOHHOE
pou3BOACTBO U chepy ycayr. [Ipu mogenrpoBanuu u popmuposanuu cucrem CAIIP, 'C,
TTIIT u nokymenToobopota crienuanuctsl CSoft BRIMOTHSIOT:

¢ TMPEANpOeKTHOE 00CIIEeI0OBaHHUE;

o paspabotky uapopmannonusix cucrem CAIIP, TYC, TTIIT u nokymMeHTO000pOTA;

« 1mocTaBKy u mycko-Hanaaky cuctem CAIIP, TUC, TIIII u nokymeHT0000pOTAa;

e OpraHH3aLMIO U COMPOBOXKACHUE MUJIOTHBIX IPOEKTOB;

¢ 3aIyCK KOMIUIEKCHOW MH(OPMALIMOHHON CUCTEMBI B IPOMBILUICHHYIO KCIUTyaTallHIo;

¢ COIPOBOXKJEHUE UH(OPMAIIMOHHON CUCTEMBI Ha MPOTSKEHUU BCETO €€ KUZHEHHOTO

UKJIA.

Kommnnekcubie pemenus CSoft BkiIo4aroT  oprauzanuioo  HHPOPMAIMOHHOTO

IPOCTPAHCTBA, BHEIPEHNE COBPEMEHHBIX METO/I0B aBTOMATU3UPOBAHHOTO MPOECKTUPOBAHMUS,



CO3[JaHHE CHUCTEM yIOPABJIEHUsS NPOEKTaMH, IPOEKTHBIMU JAHHBIMH, ONEPATUBHOIO
Y KQJIEHAAPHOTO TUIAHUPOBAHUS.

PaborocnocoOHOCTh ¥ HaAekHOCTh pemeHuid CSoft rapaHTUpyrOTCS MHOTOJIETHUM
ONBITOM CHENUAJIMCTOB KOMIIAHWH, A TAKKE HCIIOJIb30BAHUEM MHOTOKPATHO MPOBEPEHHBIX
IPOTrpaMMHBIX U aIlapaTHBIX CPEICTB.

bynyun kpynueimeit komnanuedt Ha psinke CAIIP, 'MC, TIIII u noxymeHTo000pOTA,
CSoft npennaraer copMupoBaTh «IOJ KIIIOU» PEIICHUE I KKIOTO 3aKa3uyuKa, BbIACISA
TPU OCHOBHBIX HAIIPABJICHUSA:

o Pemenus s mamunocrpoenus — CAD/CAM/CAE/PDM/PLM

o Penrenus 1y1si MpOMBIIIUIEHHOTO U TpakaaHckoro crpoutenbetBa — CAD u A/E/C

o T'eoungpopmanmonnsie cucremsl ([ UC) — GIS
B kaduecTBE OTHEIBHBIX HAIPaBICHU, MOXKHO BBIIEIUTH TPH, YCHEIIHO NPUMEHSEMBIX
Ha TPEINPUATHAX JII000TO MPOoPHIIL, a UMEHHO:

o Pemenns B o61acTu ToKyMeHTOOOOpOTA

o PemeHnns no co3gaHuIo IIEKTPOHHOIO APXUBA

o Pemenns no pabore ¢ HOpMaTUBHOM JOKYMEHTALIMEN U CIPaBOYHOM HHPOpManuen
3aka3zuukamu pemeHuit CSoft sBnsOTCS Beaylue pocCUiCKUE KOMIIAHUUA BO BCEX 00JACTAX
IPOEKTHON JAESITENbHOCTH YTO T[O3BOJWJIO KOMIAHUM HAKOMHUTh OECHEHHBIH OIBIT
U pa3HOOOpa3ue BhINOJIHEHHBIX TPOEKTOB.

4.2. IlpeacraBiasiem komnanuio CSoft Development

CSoft Development (panee — Consistent Software Development) — Bexymuit
pa3paboTuuk nporpaMmHoro odecrnedeHus: st peiika CAITP B o61acTu MalimHOCTPOCHMUS,
MPOMBIIIUICHHOTO W TPaXXIaHCKOTO CTPOUTENIbCTBA, APXUTEKTYPHOTO MPOEKTUPOBAHUS,
3emuieyctporictBa U ['MIC, 35eKTpOHHOTO JTOKYMEHTO000pOTa, 00pabOTKH CKaHUPOBAHHBIX
yepTeked, BEKTOPU3ALUU U THOPUTHOTO pPeIlaKTUPOBAHUS.

C 1989 roma cosznmano 6onee 60 MPUIOKEHUM, KOTOPbIE MPUMEHSIOTCS KPYIHBIMH,
CpeIHUMHU U MajlbIMU TpeAnpustusMu B Poccuu u 3a pyOexkoM. KoymuecTBO BbIJAaHHBIX
JUUEH3UA TPEBBICUIIO 32 3TO BpeMs | MUJUIMOH, pa3Mep KOMMEpPYECKO 0a3bl MHCTAJISUN
coctasiiset 400 000 pabouynx MecT.

Cpenu 35 000 npeanpusaTuii 1 opraHu3alrii, KCIOJIb3YIOLIUX TPOTPAMMHBIE TPOIYKThI
CSoft Development mo Bcemy Mupy, — npoektHbie noapazaeincaus OAO «I"azmpom», OAO
«PXKI», OAO «Tpaacuedts», OAO «Pocuedts», AK «Ampocay, O@I'VII
«PocTexuHBeHTapHu3alus», HHXXEHEpPHblE NEHTPhl, BxoauBmme B coctaB PAO EDC,
npeanpusatus OAO «OAK», xonuepust Boeing, BMW, Verizon, Shell, Toyota, Nippon
Steel, Alstom Power. Ilons3oBatensmu npoayktoB CSoft Development Takke siBisitoTCA
roCcyJIapCTBEHHbIE U MyHUIIMNIAIbHBIE CTPYKTYpbl Poccuu, Ykpaunsl, Kazaxcrana u apyrux
CTpaH.

[Ipennoxennsie komnanueir CSoft Development coBpemennbie pa3paboTku Ha Oasze
2D- u 3D-texnonormit — TechnologiCS, TDMS, Project StudioCS, Model Studio CS,
GeoniCS u MHOTHE ApyrHe — MO3BOJISSIOT MPOEKTHBIM OpPraHU3alMUSIM aBTOMATHU3UPOBATH
BBITIOJIHEHUE MHO>KECTBa MOBCEAHEBHBIX 3ajady, 3HAYUTETHHO MOBBICUTD
KOHKYPEHTOCIIOCOOHOCTh U KYJbTYpPY MPOU3BOACTBA, OTKPHIBAIOT MEPCIIEKTUBBI OCBOCHMSI


http://www.csoft.ru/solution/machine/
http://www.csoft.ru/solution/building.html
http://www.csoft.ru/solution/gis/
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HOBEHMIIMX METOAMK MPOEKTUPOBAHMS, MO3BOJIAIOT pemaTh 3amauud B obmactu CAIIP Ha
CaMOM BBICOKOM YPOBHE U C YYETOM POCCHUCKUX PEATUH.

ITponykrsel CSoft Development HEOIHOKpPaTHO OTMEYAIUCh HAMOOJEE H3BECTHHIMU
)KypHasiamu, nocssimeHHbpiMu Tematike CAITP /3/.

5. Cnmcok diekTporexHuyeckux pemennii komnanum CSOFT:

Jlis 3IeKTpOTeXHUUECKUX pacueToB y rpymmbsl komnanuii CSOFT umeetcs mmpoxuit

BBIOOP BBICOKOKIIACCHOTO MPOTrpaMMHOT0 obecnieueHus /3/:
ElectriCS 3D 6.0

£

-

o ElectriCS 3D

S

[Iporpammusbiii maker ElectriCS 3D mnpemHazHaueH is aBTOMAaTHU3MPOBAHHOM
(aBTOMATHYECKYI0 U MHTEPAKTUBHYIO) PACKIAAKy KalOened paziIuyHOro Ha3HA4YCHUS
IIpU TPOCKTUPOBAHUHU, PEKOHCTPYKLUMH U DKCIUIyaTallMM 30aHUM, COOPYKECHUU
U OTKPBITBIX TEPPUTOPHUN.

ElectriCS 3D — coBpeMeHHast 1 MOIITHAsI CHCTEMa aBTOMATH3UPOBAHHOT'O
MIPOEKTUPOBAHUS KAOEIBHOTO X0341iCTBa OOHEKTOB:

e TOIUIMBHO-3HEPIreTHYECKOIO KOMIUIEKCA;
« He(TerazoBoil NPOMBIIIICHHOCTH;

e OpPraHWYECKOI'0 CUHTE3a;

¢ XMMHYECKOM, MUIIEBON U (PapMalieBTUUECKON MPOMBIIIJIEHHOCTH;
e LEJUIIOJIO3HO-0OYMaXHOW MTPOMBIIIIJIEHHOCTH;

e  METAJUIypru4eCKOU MPOMBIIUIEHHOCTH;

o TrOpHONeEpepadaThIBAIOLIEH TPOMBIIIIEHHOCTH;

e BOJOIIOJAIOTOBKU U BOJOOYMCTKU U IPYTHX.

ElectriCS ADT

I =

ElectriCS ADT

Cucrema ElectriCS ADT npeaHa3HaYeHa VIS ABTOMATU3UPOBAHHOTO
MIPOCKTUPOBAHKUS CHUCTEM  JJICKTPOCHAOKEHUS IMPOMBIIUICHHBIX — IPSAIPUATHN
U IpyTUX OpraHu3aluiu.

Cuctema ElectriCS ADT mo3B0JISI€T MOBBICUTH MTPOU3BOAUTEIILHOCTD TPY/a MPOSKTHPOBIIHUKA-IJIEKTPHKA
Y Ka4eCTBO MPOEKTUPOBAHUSI CUCTEM IIEKTPOCHAOKEHUSI.

OcHoBuble pynkuuu ElectriCS ADT:

e pacyeT Harpy3okK Mo K03 GUIMEeHTaM PaCYeTHOW MOIIIHOCTHU (B COOTBETCTBUU
¢ «YKa3aHUSIMU 10 pacueTy AleKTpuueckux Harpy3ok PTM 36.18.32.4-92y);
e pacyer MoTephb HAMPSKEHUS! B HOPMAJIbHBIX PEKUMaX U MPHU IMyCKax JBUTATENCH;


http://www.csoft.ru/catalog/soft/electrics-3d/electrics-3d-6.html
http://www.csoft.ru/catalog/soft/electrics-3d/electrics-3d-6.html
http://www.csoft.ru/catalog/soft/electrics-adt/electrics-adt.html
http://www.csoft.ru/catalog/soft/electrics-adt/electrics-adt.html
http://www.csoft.ru/catalog/soft/electrics-adt/electrics-adt.html

¢ pacyer TOKOB KOpOTKOro 3ambikanus (B coorBercTBrm ¢ ['OCT 28249-93);

e pacyeT TemrepaTypbl HarpeBa Kabeel U MPOoBEPKa UX Ha TEPMUIECKYIO CTOMKOCTh
(B cootBerctBuM ¢ ['OCT 30323-95 n uupkymnsipom PAO EDC Poccun Nell-
02-98(9));

o TPOBEPKA 3AIIUTHBIX AINapaTOB MO PACYETHBIM U MTYCKOBBIM (MTMKOBBIM) TOKAM;

o TMPOBEPKA 3aIIUTHBIX AIMAPATOB MO YyBCTBUTEILHOCTH K MUHUMAJIbHBIM TOKaM
KOPOTKHUX 3aMbIKaHUM;

o TPOBEPKA CEJIEKTUBHOCTHU 3AIIUTHBIX aIlapaTOB U MOCTPOCHUE KAPT CEIEKTUBHOCTH;

e BBIBOJ CIIMCKa KaOesel (CHIOBBIX U KOHTPOJIBHBIX) U MMOTpeduTesei B popmate
cuctemsl ElectriCS 3D nyist mocneayroneir aBTOMaTU3UPOBAHHOM pacKiIaaKu
10 KaOEeThbHBIM KOHCTPYKITHSIM;

¢ BBIBOJ] PE3YyJIbTATOB PabOTHI B BUE TAOJUYHBIX U TpaUUECKUX JOKYMEHTOB.

ElectriCS ECP 3.0

WM ElectriCS ECP

Cuctema ElectriCS ECP mnpenHa3naueHa [jisi aBTOMAaTH3UPOBAHHOTO pacuera
aneKTpoxuM3aluTel  (DX3) MarucTpalibHbIX TpPyOOIPOBOJOB U MO3BOJISIOIIAS
3HAUYUTEIBHO  TOBBICUTH  MPOU3BOAUTENBHOCTh  TpyJa  MNPOEKTUPOBIIHKOB
Y CYIIECTBEHHO YJIYYUIUTh KA4€CTBO MPOEKTA 3a CUET MPOBEICHNUS MHOTOBapUAHTHBIX
pacueToB DX3 1 BbIOOpa HauboJee PalOHAIBHOIO PEILICHUS.

ElectriCS Light 2.1

W ElectriCS Light
S

Cucrema FElectriCS Light npegHazHaueHa uisi CBETOTEXHMUYECKHX pacyETOB MPH
MPOEKTUPOBAHUM  OCBETHTENBHBIX YCTAHOBOK IPOMBIIUICHHBIX TMPEANPHUATHH.
ElectriCS Light no3BosisieT BBINOTHATH pacyeThl KAK BHYTPEHHETO OCBEILECHUS 3JaHUI
U COOPY)KEHUH, TaK U Hapy>KHOTO (IIPOXKEKTOPHOT0) OCBEILEHUS MPOMILIOMIAOK.
Pacuetsl npousBonsaTcs Ha ocHOBe «CIIpaBOYHOM KHUTH IO CBETOTEXHUKE» (MO PEl.
10.b. Aiizenbepra, 20006).

ElectriCS Pro 7.2
iR (¥
R =, ‘/‘ %
T E--.?'VctriCS Pro

CAIIP ElectriCS Pro mpenHa3zHadyeHa AJisi MPOEKTUPOBAHUS 3JIEKTPOOOOPYAOBAHMS,
NPUMEHSIEMOrO B Pa3fIMYHBIX  OTpacisix  MpOMBIIIIEHHOCTH.  ObecrneunBaeT
pa3paboTKy MNPUHIMUIHAIBGHBIX M MOHTQXHBIX CXEM, CXEM COEJIMHEHUH pAIOoB
3QKMMOB, CXEM TOAKJIIOYEHHs BHEIIHUX CBA3EH, aBTOMAaTHYECKOE IOJIy4eHUE
MIPOEKTHOM Y MOHTa)KHOW JIOKYMEHTAIMH.

ElectriCS Pro 7 égnaunﬂ

o FiectriCS Pro
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ElectriCS Pro ABuanus — o0ecrneunBaeT cO3JaHUE MOJHOM IU(PPOBOl Mojenu
OOpPTOBOTO  3MEKTPOOOOPYNOBAHUS  JIETATEIbHBIX aNNapaTroB, MPOEKTUPOBAHHUS
OPUHLMUIIMATIBHBIX CXEM M CXeM COCAMHEHHMH DJIEKTPHUUYECKHX CHUCTEM, CXeM
MOHTa>KHBIX KOPOOOK, BBIITYCK CONPOBOIUTENBHON JOKYMEHTAIIUHU, TEXHOJIOTUYECKOM
JTOKYMEHTAIUH, TyOIUKAINI0 TEXHUYECKUX TaHHBIX.

ElectriCS Storm 5.0

!
!

W ElectriCS Storm
Cucrema  ElectriCS  Storm  mnpennazHadeHa  Juis  aBTOMAaTU3HPOBAHHOTO

IMPOCKTUPOBAHUA MOJIHUC3AINUTBI, 3a3CMJICHUA U BHCKTpOMaFHHTHOﬁ COBMCCTHMOCTH
IMPOMBIINIJICHHBIX U QHCPTCTHYCCKUX 0OBEKTOB.

EnergyCS 3

EnergyCS Line 3
[~ o

Kommnekc  mporpamm  EnergyCS,  mnpenHasHayeHHbIA 71 BBINIOJHEHUS
DNEKTPOTEXHUYECKUX  PacCyeTOB npu IIPOEKTUPOBAHUH Y JKCIUTyaTaluu
IEKTPOIHEPIeTUYECKUX  CUCTEM  JIHOOOM  CIIO)KHOCTH UM COCTOSIIIMA U3 TPEX
HE3aBUCUMBIX MOJIYJIEH, KaXIbI M3 KOTOPBIX pEIIAECT OIPEACICHHYIO0 3ajady
B €IMHON MH(POPMAIIMIOHHON MOJIENIN paccMaTpUBaeMOMN JIEKTPUUYECKON CETH.

[Iporpammusbiii  kommiiekc EnergyCS Line mnpenHasHadeH s aBTOMaTH3alUU
MPOEKTUPOBAHMUSI MEXAHMYECKOW YacTH BO3IYILIHBIX JMHUK anekTporepenad (BJI),
BOJIOKOHHO-onTuueckux JuHuM cBs3u (BOJIC), nmomeemmBaembix Ha omopax BJI,
a Takke THOKHMX OIIMHOBOK OTKPBITBHIX pachpeieauTeNbHbIX ycrpoicTtB (OPY)
BJICKTPUYECKUX CTAaHIMHN U OACTAHIIUAM.

EnergyCS Ilorepu v.3

"
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IIporpammusbiii  komiieke EnergyCS Ilotepum mnpeaHa3HaueH [is  BBITOJIHEHUS
pacyeToB  IOTEpPh  DJJIEKTPUYECKOM  DHEPrMM  IIpU  Iepejaye IO CETAM
AIIEKTPOIHEPTETUYECKUX CHCTEM JIFOOOM CIIOKHOCTH, a TaKXKe ISl IPOrHO3UPOBAHMUS

MOTEPb.

[Iporpammusbiii  kommuieke EnergyCS Pexum npenHasHaueH JUisl  BBINOJTHEHUS
pacyeToB yCTAHOBUBIIMXCS PEXKHMOB MPHU IPOEKTUPOBAHUM U IKCIUTyaTallMU


http://www.csoft.ru/catalog/soft/electrics-storm/electrics-storm-50.html
http://www.csoft.ru/catalog/soft/electrics-storm/electrics-storm-50.html
http://www.csoft.ru/catalog/soft/energycs/energycs-3.html
http://www.csoft.ru/catalog/soft/energycs/energycs-3.html
http://www.csoft.ru/catalog/soft/energycs-line/energycs-line-3.html
http://www.csoft.ru/catalog/soft/energycs-line/energycs-line-3.html
http://www.csoft.ru/catalog/soft/energycs-loss/energycs-loss-3.html
http://www.csoft.ru/catalog/soft/energycs-loss/energycs-loss-3.html
http://www.csoft.ru/catalog/soft/energycs-regim/energycs-rezhim-v.5.html
http://www.csoft.ru/catalog/soft/energycs-regim/energycs-rezhim-v.5.html

QJICKTPOIHCPICTUICCKHUX CUCTEM JI1000H CJIOKHOCTH, a TAKKC JJJIA PCIICHUA CMCIKHbBIX
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[Iporpammusiii komiuieke EnergyCS TK3 npenHazHaueH 1Sl BBIIOJHEHHS PacyeToB
TOKOB  KOPOTKOTO  3aMbIKaHHMsSI  NpPU  HPOECKTUPOBAHMM W 3KCIUTyaTaluu
AJIEKTPOIHEPTETUUECKUX CUCTEM JIFOOOH CIIOKHOCTH.

EnergyCS Dnexrpuka 3.0

[Iporpammubiil koMiuieke EnergyCS DOnekTpuka npeaHa3HadyeH I BBIITOJTHEHUS
DNEKTPOTEXHUYECKUX  PacCyETOB npu IIPOEKTUPOBAHUH Y DKCIUTyaTaluu
paclpenenuTENbHbIX CETEN IMEPEMEHHOTO TOKAa M IMOCTOSIHHOTO TOKa C IMMTaHHEM
OT aKKyMYJIATOPHBIX OaTapen.

HaMm ynanock npoTecTUpoBaTh U BHEAPUTH B YUEOHBIN MPOLIECC CIETYIOUIUE MPOTYKTHI
HauOoJsee BaKHbIE ISl 00yUEHHs] HHKEHEPOB-AJIEKTPUKOB, IPOTPaMMBI:

I'pynna EnergyCS:
e [Iporpammuoe obecrnieuenue EnergyCS Dnekrpuka v.3;

e [Iporpammuoe obecnieuenue EnergyCS Pexum v.4;
e [Iporpammuoe obecrnieuenue EnergyCS TK3 v.3;

e [Iporpammuoe obecneuenue EnergyCS Ilorepu v.3;
I'pynna Model Studio CS:
e [Iporpammuoe obOecnieuenne Model Studio CS OrtkpeiThie pacnpeneauTeNIbHbIC

yCTpOMCTBA V.2;
e [Iporpammuoe obecnieuenne Model Studio CS JIDII v.2;
e [Iporpammuoe obecnieuenue Model Studio CS Tpy6GonpoBoibl v.2;
e [Iporpammuoe ooecnieuenue Model Studio CS Monuauesaiura v.2;
e [Iporpammuoe obecneuenne Model Studio CS KabenbHoe X035HCTBO V. 1;
e [Iporpammuoe obecneuenue Model Studio CS KoMmnoHOBIIUK UTOB V.1;
e [Iporpammuoe obecnieuenue Model Studio CS TexHonmornueckue cxemsal v.1;
e [Iporpammuoe obecrieuenue Model Studio CS CrpoutenbHbie pemienus v.1;
e [Iporpammuoe obecrieuenue CADLib Moaenb u Apxus v.1.
I'pynma Project Studio CS:
e [Iporpammuoe obecnieuenue Project Studio CS Diexrpuka 10.0.



http://www.csoft.ru/catalog/soft/energycs-tkz/energycs-tkz-3.html
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6. baaromapnocts rpynmne komnanuu CSOFT

Kadenpa DIIT" /22/ («DnexkrpocHabx)eHHe MPOMBIIIICHHBIX MPEeINpUsATHIY J[oHeKoro
HAIIMOHAJILHOT'O TEXHUYECKOTo yHuBepcuteta /1/) cepueuno omarogaput komnanuo CSOFT
3a IJIOAOTBOPHOE COTPYAHUYECTBO M MOMOIIb B TPYJIHOE BPEMS TIPAKIAHCKONM BOWHBI B
00eCreyeHnr JIy4llIUM MPOTPaAaMMHBIM MPOAYKTOM JJii OOyYeHHs] CTYACHTOB IO
AIIEKTPOTEXHUYECKUM crennanbHocTIM. Kadenpa rotoBa noaenuTscsi CBOMMH HapaOOTKaMu
Y BKJIIOYUTHCS B COTPYJHUYECTBO MO pa3padOTKE HOBBIX MPOTPAMMHBIX NPOAYKTOB, a TAKKE
BHEJIPEHUIO MMEIOIIMXCS KaK U1 IPOMBIIIJIEHHOCTH, TAK U JJII BCEX JKeJarommx. Tak ke
OyneM pazabl TOTOBUThH CTYIEHTOB I HYX1 He Toibko Jlonenkoit HapoxHoii PecryOmmkwy,
HO U Bcero bombmoro Pycckoro Mupa, a eciin moHagoOuThCs TO U Bcero mupa. OmbIT B
TOM OTHOILIEHUWU Yy (QakynbTeTa, Kadeapbl U BCEro0 YHUBEPCUTETA HMMEETCS CaMbli
nepenoBoit. JIoHHTY Owu1 Harpaxknen IlepBoit ['ocymapctBennoii Ilpemueit B obGnactu
MEKIYHapOJIHOI'O COTPYAHUYECTBA.

PaccmoTpum BBeneHHME B HEKOTOpPBIE NMPOMYKTHI IIEPBOM M TPEThEN JIMHEMKH. BTopas
JMHEWKa SBIIAETCS TaKXKe KpallHe MHTEPECHOM, HO TpeOyeT BPEMEHH I OCBOEHUS, KaK BCE
npoayKThl. IlockonbKy 3TO HE ydeOHbIE MNPOAYKTBI, a peajbHbI€, MPOMBIIUICHHbIE, U
03TOMY TpeOyroT 0c000T0 MOJAX0Aa U BHUMAHUS AJIsl O0yUeHUsl.

[. IlpuHsATBHIE COKpaIeHus (TJI0CCAPUH):

[lo ymomuaHui0O B IPOrpaMMHOM KOMIUIEKCE paliOHBI MEPBOro (BEPXHET0) YPOBHS
Ha3BaHbl CUCTEMbI, BTOPOTO YpPOBHSI — CETH, TPETHETO YPOBHS — pPallOHBI IIEKTPUUYECKUX
ceteit (POC), werBeptoro yposus — noacranmuu (I1C).

«baza YI'O» - 6a3a ycioBHBIX rpaduyeckux 00O3HAUYEHMI, COEPKUT B cede Habop
TOTOBBIX OJIOKOB Pa3IMYHOTO JIEKTPOTEXHHUECKOTO 000PYyI0BAHUSI.

ADB - akKymMyJIsITOpHBIE OaTapeu.

BpemeHna ocHOBHOI#1 3amUTHI NP MUHUMAJIBHBIX ToKax K3 (Tm1, Tm2, Tm3) — 3T0
BpeMeHa cpabaTbIBaHUsl pacLEnuTeNeld aBTOMAaToB, OOYCIOBJIEHHbIE MHMHHUMAaJIbHBIMU
ToKamu cooTBeTcTBeHHO (IM1, Im2, IM3).

B/l - 6a3a maHHBIX.

BCK - GaTapeu cTraTuueckux KOHJEHCATOPOB;

BJIC - 6a3a JaHHBIX CHCTEMEI

BJIM - 6a3a maHHBIX MOACIH

BJI - BBICOKOBOJIbTHAS JIMHUS.

BH - mnpusHak cOCTOSIHHST KOMMYTAllMOHHOTO ammapara B Hayajle BeTBU. He
3aKpAIICHHBIA NPSIMOYTOJIBHUK COOTBETCTBYET BKJIOUEHHOMY COCTOSIHUIO, & 3aKPallCHHBIN
MPSIMOYTOJIBHUK - OTKIIIOUeHHOMY. [lepekiirouenre cocTosTHUS (BKITFOUEHO/OTKITIOUEHO)

BTX — BpeMs-TOKOBasi XapaKTEpUCTHKA.

Bpemena ocHoBHBIX 3amuT nmpu K3 (To3) — 310 BpeMst OTK/II0YEHNS OCHOBHOM
3allUThI PU MakCcUMalIbHOM Toke K3 B Hauasie BETBHU.

Bpemena pe3zepBHbIX 3amuT npu K3 (Tp320) — 570 Bpemsi OTKIIOUEHHUS PE3EPBHOM
3alUThl pyu MakcumainbHOM Toke K3 B Havasie BetBu. [ xabeneit Touka K3 nst ouieHku



BPEMEHU DPE3EPBHOM 3aIUTHl MOXKET BHIOMPATHCS HAa HEKOTOPOM PACCTOSIHMM OT Hadaja
y4JacTka, Hanpumep, B 20 M.

BpemeHna 3amuThl Kak pe3epBHON NP MUHUMAaIbHBIX Tokax (Tmlp, Tm2p, Tm3p) —
3TO BpEMEHA cpabaThIBAHMS PACLENUTENCH aBTOMATOB, OOYCJIOBJICHHBbIE MUHUMAJIbHBIMHU
tokamu nipu K3 B KoHIIe pe3epBUpyeMoro ydactka coorBeTctBeHHO (Im1p, Im2p, Im3p).

Bpemena ocnoBHbIX 3ammuT npu K3 B konue (To3K) — sTto Bpemsi oTkitoueHus
OCHOBHOM 3aILIUTHI ITPU MAaKCUMAIIbHOM TOKe K3 B KOHIIE BETBH.

EMkocTHbIi Tok yTeukn mas orctpoiiku Y30 (Ic) — BenmumHA MKOCTHOTO TOKA
yT€UKH, HeoO0XoauMmas Juisi BBIOOpA YCTaBKM CpabaThIBaHUS YCTPOMCTB 3alllUTHOTO
OTKJIFOUECHHS.

3aneiictBoBaHHbIe (a3bl (kwibl) daeMeHTa (Da3bl) — BBIBOJ 33J€HCTBOBAHHBIX KU
KOHKPETHOIO Yy4yacTKa CE€TH, OIpeAesIeMbIX HCXOAs U3 pacopeneneHus no (daszam
MOJKIIFOYEHHBIX 3IEKTPONPUEMHUKOB.

HII — ucToYHMK NUTAHUS.

HNurerpan Jxoynas - (TEIUIOBOM MUMIYJbC) — A KaXKJIOTO AJIEMEHTa — 3HAUYE€HHE C
YYETOM HW3MEHSAIOMIMXCA IEPUOJNYECKOM U alepUOJUYECKOW COCTABJISAIOMMX TOKOB
kopotkoro 3ambikanus (TK3). Bcero mist xaGenelt BbIBOIUTCS 4 3HAU€HUsS: JUIsl TOUKH B
Hayajie Kabeys MpU OTKJIIOYEHUH OCHOBHOW 3alllMTOM, Ui TOUYEK B CEpEIUMHE U B KOHIIE
Ka0eJs MpU OTKIIOYEHUH PE3EPBHOM 3alIUTON. DTH BEIMYMHBI HEOOXOAUMBI JIJIsl IPOBEPOK
10 TEPMUYECKOU CTOMKOCTH U HE BO3TOPAHUIO.

KTII - komriekTHast TpaHchopMaTopHasi MOJACTAHIINS.

KJI - kabenbHas TUHUA.

Makcumanbubie Toku K3 (I”) — s1to nHambonpmive Toku npu K3 B Hagaie
paccMaTpuBaeMoOro ydactka (11 kabeneit s K3 B o1HOM MeTpe oT Havasa).

Maxkcumanbnbie Toku K3 s pezepBubix 3amut (17°20) — aiig kabeneit Ajig npoBepKu
TEPMUYECKOTO JEUCTBUS TOKA KOPOTKOTO 3aMbIKAHUSl Pac-CUUTHIBAETCS TOK HE B CAMOM
Hauaje kaless, a Ha HEKOTOPOM PAaCCTOSIHUU (KOTOPOM MOXKHO 3aJaTh B OOIIMX JAHHBIX,
3nech B 20 MeTpax OT Hayaia).

Maxkcumanbnbie TOkd K3 B konue kadens (I”K) — ato HanbosbIre HayaabHbIE TOKH
npu K3 B KoHIIe Kabensi paccMaTprBaeMOro y4acTKa.

Munumanbubie TOkM K3 pesepBupyemoro yuwacrka (Imlp, Im2p, Im3p).
MuHuManbHble TOKA Tpu ojnHodaszHoM, aByxdaszHom u tpexdaznom K3 umu K3 B cetn
MOCTOSIHHOTO ToKa (obast ramouka). Touka K3 B KoHIE ydacTka, pe3epBHPYEMOro
3allUTOMU.

Munumanbubie Tokun K3 (Im1, Im2, Im3). Munumanbuble TOKH TpU OJHOGDA3HOM,
nByxdaznom u tpexdaznom K3 unu K3 B cetn noctossHHOTO TOKa (1r00as ranmouka). Touka
K3 B koHIe 3amuimaemMoro ydactka. HeUyBCTBUTENBHOCTh 3allUThl K O3TOMY HE
nomyckaetrcsi. TOKM yKa3bIBalOTCS Ha MOMEHT OTKIIIOUEHMs 3amuThl. Eciu 3amura He
yyBCTBUTENbHA K TokaM K3, TO 3HAaueHHs NaHHBIX BEJIUYMH 3aHWKEHbI W CIYy>KaT s
MPUOIMHKEHHON OIICHKH.

HH — notepu B cetu 0,4 xB.

BB - nepexmtouenue 6e3 Bo30yxkaeHus. OCyIIECTBISETCS TOIBKO HAa OTKIIFOYCHHOM
tpanchopmarope. [IbB umeer menbie cryneneit perynmupoBanus (00srano 3 uinum 5, y PITH
owBaet 15). [Ipumensercs Ha TpanchopmaTopax, Ha KOTOPBIX HAMPSHKEHUE PETYIUPYETCs
PENKO, HAIIpUMEP, CE30HHO.



IMotepu DI — c MOMOUIBIO 3TOM KOMAHABI MOKET OBbITh BBIMOJIHEH pacyeT MOTeph
AIIEKTPOHEPTUU B (uaepe MO 3aJaHHOMY OTIIYCKYy SHEPrUM B TOJOBHOM Yy4YacCTOK 3a
pacueTHbIl MHTEpBall BpeMeHM. JlJi1 pacueTa MCNONb3YeTCs METOJl CPEIHEKBAIPATUYHOTO
TOKa, KOTOPBII ompenensiercs Mo cpeiHed Harpy3ke u koddduumeHnty ¢opmsl rpaduxa
Harpy3Ku T'OJIOBHOT'O y4acTKa.

IToTepu 3JIeKTpPO3HEPIruu 3a pacyeTHBIH NMEPHOJ C Pa3/JEICHUEM UX IO YEThIpEM
ctynensm Hanpsbkenusi: BH — norepu B cetn 110 kB u Boie; CHI — notepu B cetu 35 kB;
CHII — notepu B cetu 6-20 kB;

IIC - noacranuus.

PIIH - perynupoBaHue 1oJ HaNpsHKEHUEM TpaHcPopMmaTopa, TO €CTh 0€3 OTKIIOYEHHUS
Harpy3Ku ¥ UTaHus TpaHchopmaropa.

Pacuernbie Toku (Ip) — TOKM, paccUMTaHHBIC MO OJHOMY HM3 METOJOB OIPEICIICHUS
pacyeTHBIX Harpy3oK, HallpUMEpP, METOIOM HMHCTUTyTa TermnosnekTponpoekT. To ecTs s
YY4aCTKOB CETH, IHTAIOIMIMX KOHEUYHBIE JJIEKTPO-IPUEMHHMKH, 3TO HOMHUHAJIBHBIE TOKH,
BO3MOXKHO C y4€TOM KO3(QpuUuMEeHTa 3arpy3kd ABUTATENs, a Il YYaCTKOB, MUTAIOLIUX
COOpPKH M pacmpenyCTpoHMCTBa — 3TO CYMMbI TOKOB C YYETOM HEOJHOBPEMEHHOCTH HX
MaKCUMYMOB.

Pacuernsnie HanpsikeHusi (Up) — 3TO HampspKeHUs Y3JI0B, MOJTy4aeMbIe B pe3ylIbTaTe
pacyera ycTaHOBHUBILIErocsi pexxkuma. Ilpu pacué€re cereil, MUTaEMbIX AKKyMYJISTOPHBIMU
OarapesdMH, Ha CXeMy BbIBOAUTCA emE oauH napamerp: «Up-MUH» — MHUHHUMAJIbHOE
HaIpsHKEHUE TPU IIYCKOBOM TOKE M Pa3psDKEHHOW aKKyMYJIATOPHOM Oatapeu (HarpsiKeHue
OTIPE/IEIISAETCS U3 Pa3psIHbIX XapaKTEPUCTHUK).

Pe:xxnM «OCTOPOXKHBINY - CHIEIUATIBHBIA PEeXUM AJ11 pad0Thl HEONBITHOTO pacyeTYnKa

c OomnpIIOi pacyeTHOM cxemoW. B 3ToM pexume TpH KIMKE MBIIIBI0 Ha MapKepe
BBIKJIIOYATENsl BETBU IEpel HM3MEHEHHEM €ro COCTOSIHMS OyAeT BblJaBaThCs 3ampoc.
«3aMOpO3UTHY» - YBEIUYMBAET YMCIO (UKCHUPOBAHHBIX CTOJIONOB ciieBa. DTOT ke AP PexT
MoJIy4aeTcsl MpPU HaXKaTUW KiaBuUIIM co cTpenkoi BrpaBo + Ctrl. «Pa3zmopo3urs» -
YMEHBIIAET YUCIO (PUKCUPOBAHHBIX CTOJIOLOB clieBa. DTOT k€ 3PQEKT Moiydaercs Mnpu
Ha)KaTUM KJIABUIIIU CO cTpeikoi BieBo + Ctrl.

CX - crarnueckas XapaKTepUCTHKA.

CK - cratnueckue KOHIEHCATOPBL;

CXH — HOMEp CTaTUYeCKON XapaKTepUCTHKU, MO KOTOPOW MOJACIHPYETCS Harpyska
y3ila. B mporpaMMHOM KOMILUIEKCE NPEIyCMOTPEHAa BO3MOXKHOCTH 3aJaHus 7/ TUIIOB
CTaTUYECKUX XAPAKTEPUCTUK HArpy3KHM — 3aBHCUMOCTEH MOIIHOCTA HArpy3ku OT
HaIpspKeHUs B BUjie morHoMa (cM. komanay «CX Harpysku» nozunmu « CepBHC» TJIaBHOTO
MEHI0). B 3TOM mosie mpou3BOIMTCA 3aJaHUE HYXKHOTO JUIS TEKYIIEro ys3jia HoMmepa
CTaTMYECKON XapaKTepUCTHKU TIyTeM BbIOOpa U3 JOMOJHUTENBbHOrO MeHwo. Jlis
Oamancupyronmx y3i1oB Bmecto Homepa CXH 3mech BoiBoauTcs mpuszHak «bY». IToT
pU3HAK J00aBIsETCSl aBTOMAaTUUECKH NP MOJKIIOYSHUH K Y31y 00bekTa «CucreMay, a s
€ro CHATHSA HEOOXOAMMO OTKIIFOUUTH OT y3Jia 3TOT 00BeKT. i y3710B, KOTOPhIE HE UMEIOT
CBA3U ¢ OaJaHCUPYIOIIMMHU y3JaMH, B 3TOM MOJI€ BBIBOJUTCS NMPU3HAK «OTKILY (Takue y3Jbl
HE y4YacTBYIOT B PacyeTe YCTAHOBUBILETOCS PEXUMA, XOTS M MPUCYTCTBYIOT B PACUETHOU
Mozenu). JlaHHbl mpu3Hak J00aBlIIE€TCS U CHUMAETCSl aBTOMATUYECKHU MTPU KOMMYTalMIX B



pacyeTHON cxeme (OTKIIOUEHHUAX M BKIIOYCHUSX BETBEH WM 00BEKTOB). OTKIIIOUCHHBIE
Y376l BBIIETSIOTCS OCOOBIM IIBETOM, KOTOPBIN ONpeaenseTcs KoMaHaoil «@opmaT JaHHBIX»
no3uniu «CepBHUC» TIaBHOTO MEHIO MPOIPAMMHOIO KOMIUIEKCA.

«Tabauna»/«®@opmay - nepexitoyaer TabIUIly U3 OOBIYHOTO pexuMa TaOIUIBI C
MHOTHMH CTPOKaMH - 3alIUCSIMU U C IIAMKOW CBEpPXY B pekuUM (HOpMBbI ¢ Tabiuiel HA OJTHY
3aIuCh U ¢ MAIKOU ciieBa. FiMeeTcsi COOTBETCTBYIOIIASI KHOIIKA HA NTAHEJIM NHCTPYMEHTOB

TII - TpancopmaTopHas MoACTAHIHS.

OTkyioHeHUsl pacueTHbIX HampsikeHuwit (dUp) — BenwumHBI, omnpenesieMble Kak
OTKJIOHEHUE B % OT HOMHHAJIBHOTO HAaIpPSHKEHUS UCTOYHMKA nuTaHus). [IporpamMmma moxet
MPOU3BOJIUTh PACKPACKY CXEMBI MO BEJIMYMHE OTKJIOHEHUS HampsbkeHus. Hampumep, s
MOBBIIIEHHBIX HAIPSIKEHUU — KPACHBIC TOHA, a JUIsl TOHMKEHHBIX — CUHE-3€JICHBIE.

IIyckoBble TOkM (Im) — TOKM mpW HOpPMaJbHBIX ITyckKax JaBurareneit. s
MPUCOEAUHEHUN OTIEIBHBIX 3JIEKTPOIPUEMHUKOB — 3TO MYCKOBOM TOK, B KOTOPOM MOTYT
OBITb Y4YTEHBl TapameTpbl ceTu. i1 TpymnmoBOro yuacTka, 5TO HauOOJbIIas CyMma
MTyCKOBOTO TOKA OJIHOTO 3JIEKTPONPUEMHHUKA MPU BKIIOUYEHHBIX U HOPMAJIBHO Pa0OTAIOIINX
octanbubix OIl. Hampsbkenus npu myckax (Im) — Bo Bcex y3iax HampspKEHUS B MOMEHT
MPOTEKaHUs HaWOOJBIIUX IMYCKOBBIX TOKOB B MHUTAIONIMX MX BETBAX. sl Kakaoro ysnia
ompenesieTcss HanOONbIINI MTyCKOBOW TOK U JIJISi HETO COOTBETCTBYIOIIEE HANIPSIKEHUE.

Temnepatypsbl Kuj B HOpMajibHOM pexkuMe (Top) — TONbKO s KaOEIbHBIX,
MPOBOAHBIX U BO3AYIIHBIX JIMHUM.

Temmneparypsl ki1 npu orkiawdennn K3 ocHoBHoii 3amuroi B Havyae (Too3) —
TOJBKO JJIsl KaOEJbHBIX, TPOBOJIHBIX M BO3IYIITHBIX JTUHUM.

Temmneparypsl xkuJ1 npu oTkiIrYennu K3 pesepBHoii 3ammToii Havauae (Top320) —
TOJBKO JJIsI KaOEJIbHBIX, MPOBOJHBIX U BO3AYIIHBIX JUHUN. K3 Ha 3a1aHHOM pacCTOSHUU OT
Hauasa, Harpumep, 20 M.

Temmnepatypsbl xu1 npu orkiawyennu K3 ocnoBnoii 3amuroii B konue (ToosK) —
TOJIBKO JIJ1s1 KaOETBHBIX, TPOBOHBIX U BO3YIIHBIX JIMHUH.

Toku B MOMEHT OTKJIIOYeHHs pe3epBHOii 3amuToil npu K3 B konue ka6ens (lotki)
— 910 TOokM mpu K3 B KkoHIe kabens paccMaTpUBaEMOTO y4acTKa C Y4ETOM H3MEHEHUS
COTIPOTHUBIICHUS Ka0ess U3-3a HarpeBa TOKOM KOPOTKOTO 3aMbIKaHUSI.

Toxu um nHanpsxenusi camo3amycka (Uc3, Ic3) — olleHKa TOKa W HaNpsKEHUS
caMo3aIrycka Jijisi OTCTPOMKHU PEJICHHBIX 3aIIuT.

Toxu ¢a3 (la, Ib, Ic, 10) — BeIBoasATCS TOKH 1O azam B Amnepax. BeiBoasTcs Ha
CXEMY, €CJIM HE 3aKa3aH BBIBOJ TOTOKOB MOITHOCTH WJIH MOTEPb.

JKBHUBaJIeHTHbIe OJHOCeKYHIAHble TOKU (I203, [9p320, I[203K, I»p3K) wunu
CpPEIHEKBaAPATUYHBIE 3a BPEMS OTKIIFOUEHUS], TPUBEAECHHBIE K OJTHOM.

Koxddunuents! 3arpy3kn (K3) o6opynoBanus mo 10nycTUMOMy TOKy. OTHOIICHHUS
Ip/Imon. Ilporpamma MO3BOJIAET PACKPACHTH CXEMYy IO BEIWYUHE JOMYCTUMOTO TOKA.
KpacHele TOHa COOTBETCTBYIOT TE€PErPYKEHHBIM DJEMEHTaM, a CHHE-3€JICHble —
HEJIOTPYKEHHBIM.

Koagppunuenrnl momHocT (Cos®) — OTHOIIEHUS TTOJTHON MOITHOCTH K aKTUBHOM.

Ko3¢p¢. UyscrBurenabnoctu (Ku) — k0d3pduiineHT 9yBCTBUTEIHHOCTH 3AIIUTHBIX
arnrapaTroB MOET BbIBOJIUTHCSI BMECTO [K MUH.

MunuMmajibHOe HampsikeHue npu mycke camoro momuoro JII (UmnA, UmnB,
UmnC) — HampsbkeHHEe BO BCEX ydacTKax CEeTH BO BpeMs IyCcKa camMoro MOIIHOTO
ANEKTPONPUEMHIUKA (HalpUMep NPUBOJIa BHICOKOBOJILTHOTO BBIKITIOUATES ).



JInneiinbie Hanpsokenusi (Uab, Ubc, Uca) — kaxkioe JmHEHHOE HamNpsHKEHUE B
BonbTax.

IMoToxn MomHocTH (S unu Sa, Sb, Sc) — BeMMYNHBI MOUTHOCTEH MO y4acTKaM CETH B
kBA. Ecnu ycTtaHOBIIEH BBIBOJI TOKOB IO (pa3aM, TO MOIIHOCTU MPEICTABISAIOTCS TaKkKe 1O
(dazam, nHaYe YKa3bIBAIOTCS CyMMAapHbIE MOIIHOCTH (€CJIHM BBIBOJAATCS MOTOKHU, TO TOKHU IO
(hazaM HE BBIBOJISITCS).

IMorepu momHocTu (dS wmimm dSa, dSb, dSc) — BenMYMHBI MOTEPh MOIIHOCTH B
KaXJ0M 3JeMeHTe ceTu B KBT. Ecnu ycTaHoBieH BBIBOJ TOKOB MO ¢ha3zam, TO MOUIHOCTH
NPE/ICTAaBIAIOTCS Takxke 1o (a3zaM, MHAYe YKa3bIBAIOTCA CyMMapHbIE MOIIHOCTU (€CiH
BBIBOJISITCS] IOTOKH, TO TOKH 110 (ha3aM HE BBIBOJATCS).

Cucrema Hanpsi’KeHUH MOXET ObITh CMEIIECHA MO0 OTHOIICHUIO K HYJI0 MCTOYHHKA
MMATaHUsA, HO 110 JJMHEHHBIM HAMPSHKEHUSM OCTaBaThCS OJM3KOM K CHMMETPHYHOM.

Cummerpuunblie cocrapiaswomue (Ul, U2, UO) nanpsixkeHuil B Touke. 3HAYCHUS
HaIpsHKEHUHN TpsIMOid, 00paTHOM U HYJIEBOM MOCIEI0BATEIBHOCTEM.

Conporusienust BerBeii (Z1, Z0, Kt) — 3HaueHHS CONPOTUBIICHUI, BEIYHCICHHBIC BO
Bpemsi pacueta. /[l kaOeneill, W30JIMPOBAHHBIX TPOBOJOB W BO3AYIIHBIX JIMHUMA,
COTIPOTUBJICHUSI COOTBETCTBYIOT TEMIIEpAaType ONPEICICHHOW B MCXOTHBIX JIaHHBIX
(Temmeparype cpeabl WIM TeMIepaType >KUJbl MPU MPOTEKAHWHW PACUYETHOTO TOKA WIIH
JIOITYCTUMOM ~ TeMIlepaType TMPOBOJHHMKA II0 CIPABOYHMKY). 37E€Ch IKE€ BBIBOISTCS
kod(urmeHTs Tpanchopmalu TpaHchopMaTOpOB UK CTAOUIN3aTOPOB.

Conporuienuss u IAC nasa K3 (Zk, Ta, E”) — 3nauenus DJIC qnsa A/l u CJI B
BonbsTax ¢a3Hbx 3HaueHUN MpH pacueTe MakcuMalbHBIX TokoB K3. Bennunna HyxHa J1s
MIPOBEPKH MPABUIBLHOCTH PACUE€TOB B «COMHHUTENIBHBIX» CIIy4asiX. 3HAYEHUs CONMPOTUBICHUIM
KOPOTKOTO 3aMbIKaHUS Y MMOCTOSIHHOW BpeMeHH Ta.

Cocras Toka K3 (Cucrema/AJl/CJ1) (Iam, Ik1c, Ik3c, Ikd) — ayis kaxaoif TOUKH TOK
K3 packnansiBaercs Ha coctaBisttomre Tok oT A/l, Tok ot C/] 1 reHepaTopoB U TOK OT
CUCTEMBI. DTH 3HAUYEHHUS IPOrpaMMa UCTIOIB3YeT ISl MPUOIMKEHHOTO yUeTa 3aTyXaHHsI
TOKa MOATMTKH OT COOTBETCTBYIOITUX MAIIIVH.

¥Y3en HH1 — HamMeHOBaHME y37la MOAKIIOYEHHUS NEPBOM pPACILIEINIEHHONM OOMOTKHU

HU3IIET0 HANpsOKeHHs. AHAJIOTMYHO MPEAbAyIIEMY, JaHHOE MOJie MO3BOJSET BHIOpATh U3
CIIMCKa BBEJCHHBIX PAHEE Y3JIOB PACUECTHON CXEMBI COOTBETCTBYIOILMM Y3€El.

¥Y3en HH2 — HauMeHOBaHME Yy3lla TMOAKIIOYEHHUS BTOPOM pacHISIIICHHOW OOMOTKHU
HUBIIET0 HANpsKeHHs. AHAJOTMYHO NMpEeAbLAYIIEMY, TaHHOE I0JIe MO3BOJISIET BBIOpATh U3
CIIUCKAa BBEJCHHBIX pAaHEE Y3JIOB pACUCTHOM CXEMbl Yy3€ll IOAKIIOYEHUS BTOPOU
pacuierieHHOM OOMOTKH. ¥Y3e MOAKII0UEHUs 00erX 0OMOTOK HU3IIEr0 HAPSHKEHHSI MOYKET
OBITH OJMH U TOT KE.

¥Y3eana BH — HanMeHoBaHHWE y37a, K KOTOPOMY TMOJKIIOYAETCS OOMOTKA BBICIIETO
HarnpspkeHust. [Ipu BEIOOpE TaHHOTO TOJIA HA DKpaH BBIBOJIUTCS TabJIUIIA CO CITMCKOM Y3JI0B
pacyeTHOM CXeMbl JJIsl ONpEAENICHUS WU MepeonpeesieHusl y3iia MOIKII0YeHUs] 0OMOTKU
BBICIIIETO HAIIPSYKCHUSL.

¥Y3ea CH — HauMeHOBaHME y3J1a OAKIIOYEHUS] OOMOTKH CPEIHETO HANPSHKCHHUS.

¥Y3en HH - HauMeHOBaHHE y3ja TOIKIIOUYECHUS OOMOTKM HH3IIETO HAIPSKEHUS.
AHanoruyHo NpeaplayieMy, JTaHHOE MOJIe MO3BOJIIET BBIOpATh U3 CIKMCKA BBEACHHBIX paHee
Y3JIOB PACYETHOM CXEMBI COOTBETCTBYIOIINM Y3€El.

YP - CTaHOBUBLIMICS PEKUM.



YcranoBiennsle MomHOcTH (PH) — CyMMbl HOMUHAIBHBIX  MOIIHOCTEM
ANIEKTPONPUEMHHUKOB, MUTAIOIIUXCS 110 BETBHU.

YCTII - ycTpo#icTBO CTaOMIM3AIMK TOKA IIOCTOSTHHOTO.

Ynapubie Toku K3 (iyn) — makcumanbHble MrHOBeHHbIe 3HaueHus TK3. 3nauenue
UCIIOJIb3YEeTCS JIJIsl IPOBEPKHU 00OPYIOBAHMS 110 NEKTPOIMHAMUYECKONU CTOMKOCTH.

daznpie nanpsxenus (Ua, Ub, Uc) — nanpsokenns Ha kaxaoi ¢aze B BoiabTax 1mo
OTHOUIEHUIO K HYJII0 HCTOYHHUKA TUTaHUSI.

®dupep - (anri. feeder ot feed — nutaTh) — 3MEKTpUYECKas eNb (JTUHUS TIEPEAAUN) U

BCIIOMOTATEIbHBIE  YCTPOMCTBA, C IOMONIBIO KOTOPBIX SHEPrus MOABOJUTCS K
paccMaTpuBaeMOMy yCTpoucTBy. PDuuep - 3TO NUTAOWIAS JUHUA, OTXOLAIIAsl OT IIWH
nojctaHim. Ho uMeHHO 37ech HAYMHAIOTCS BOMPOCHL. UTO Ha3bpiBaTh (UAEPOM TOIBKO
rOJIOBHOM y4YacTOK CETH OT BBIKJIIOYATENs HAa CEKUMHM mojactaHuuu a0 nepoBoil TII? Ha
IIPAKTUKE PUMEHSAETCSA 3TOT TEPMUH B CIIydasx:

- OTKJIIOUEHHUS OOILEro BBIKIIOYATEIS Ha DJIEKTPOIOACTAHIMHU, MUTAIOUIEr0 BCE
TpaHchOpPMATOPHI;

- CHSTHS HAarpy3ku (GUIEPHOMN CeTH C MOJCTaHLIMU. TOBpEXAeHUE Puaepa (Oonee y3koe
MOHATHE — y4YacTKa KaOeJisi OT BBIKJIIOYATENS K IEPBOMY TpaHCchopMaTopy).

Takum oOpazom, ¢puaep — 3TO JUHUA, MUTAIOLIAs MOTPEOUTENEH OT KOHKPETHOM sTYeKU
ANEKTPUYECKON MOJCTAHIMU. | JTaBHOE, YTO HYKHO 3HATh IEKTPUKY — JAHHBIA TEPMUH
MPUMEHUM HMMEHHO B CllydyasX MOHUTaHUs 00O0pylnoBaHus. TO €cTb 3TO Ta YacThb CXEMBI
(MarucTpaisp), KOTopasi UAET OT IEKTPONOJICTAHIINU K PaCIPEIeIUTEIbHOMY Y3IIy.

XX - xonoctoit xof. Yuer XX TpaHcPopMaToOpoB — OINpPEACIIeT HEOOXOIUMOCTh yueTa
npu pacuete YP mornepedyHbix BETBEW CXEM 3aMelIeHUs TPaHCPOPMATOPOB, OTPAKAIOIIUX
IIOTEPU XOJOCTOrO Xoha. B psae cilydaeB 3TO MOXKET NPUBECTH K IUIOXOW CXOAUMOCTH
UTEpaIMOHHOIO Tpouecca npu pacuere YP. Jli11 usMeHeHus: He0OOXOJMMOCTH y4eTa MOTEPh
MOIIIHOCTH XOJIOCTOTO X0/1a B TpaHc(hopMaTopax cieayeT YCTAHOBUThH WIIM CHSTh MPU3HAK V
B IIPABOM IOJIE ATOTO MTapaMeTpa.

III — eKTpUYECKUIl TPUEMHUK.

*.CSV - (ot anrn. Comma-Separated Values — 3HadeHus1, pa3eiéHHbIC 3aMAThIMU) —
TEKCTOBBIN (hopMaT, MpeTHA3HAYCHHBIN ISl IPEICTAaBICHUS TAaOMUYHBIX JaHHBIX. MIMs mosis
M ero HazHaueHWE  ONpejensercs  MoJiokeHneM B cTpoke.  OcoOeHHOCTh
(MomuUIIMPOBAHHOCTE) peain3au GopmMaTa COCTOUT B TOM, YTO BCE TAOJIHUIIbI BHIBOJIATCS
B oAuH (ailn, a A BBIJACNEHHUS TPYNN CTPOK, COOTBETCTBYIOIIMX PAa3HBIM TaOJIuIaM
HCIIOJIb3YIOTCSl CHEIUaIbHbIE CTPOKH-PA3IEIUTENN, KOTOPbIE HAUMHAIOTCS C CUMBOJIA «#»,
colepKaT MMsl TaOJHMIBI, a TakXe CIUCOK HMMEH TMojeill (KpoMe HMMEHHM MEepBOro IOJs).
[Mpumep:  #Node,Descript,Keyl/Key,Room,X,Y,Z,Unom,Ko0/Ko,KeyName  //.  Tlo
yMonuanuio (aitn B jaHHoM (opmare MoxkeT oTkpbiBaThes MS Excel, a undopmanus u3
HEro MOXKET 3arpy>KaThCsi B MPUIIOKEHUS 0a3 JaHHBIX.

* XML — ( ot anrn. eXtensible Markup Language) — pacimpsieMblii 361K pa3METKH.
Jlnst onvcanusi MaHHBIX Ha si3bike XML mpuMmensitotrcs nBa BapwaHTa ¢opmMara: B OJTHOM
nmoyist  TaONMUIl TPEACTABISAIOTCS OTACIbHBIMA TETaMH, B JPYrOM BapuUaHTe MO
MPEICTABISIIOTCSA Kak aTpuOyThl Tero Tabsmil. Jlanaeie B mepBoM dopmare MS Access
MOXET (OpMaIbHO MpPeoOpa3oBaTh B COOTBETCTBYIOMIME TaOiuibl. [laHHBIE BO BTOpOM
dopmare XML Access He nogaep:xuBaeT, HO nojaepxuBaetr CYBJl SQL-cepsep. [lanubie


https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BA%D1%81%D1%82%D0%BE%D0%B2%D1%8B%D0%B9_%D1%84%D0%B0%D0%B9%D0%BB
https://ru.wikipedia.org/wiki/%D0%A4%D0%BE%D1%80%D0%BC%D0%B0%D1%82_%D1%84%D0%B0%D0%B9%D0%BB%D0%B0
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%82%D0%BA%D0%B8

BO BTOpOM (popmaTe UMEIOT 0oJiee KOMIAKTHOE MpeCTaBIeHUE U 00Jee MPOCTON aITOPUTM
oOpabotku. JIr0OOW BapuaHT TPEACTABICHUS 10 YMOJYAHUIO MOXKET OTKPBIBATHCS
nporpammoit MS Internet Explorer.

Xd” - peakTUBHOE CBEPXIIEPEXOIHOE COMPOTUBIIEHUE JBUraTes (0.€.).

X2 - peakTUBHOE COMPOTHUBIICHHE 00pPaTHOM MOCJIEI0BATEIHLHOCTH (0.€.).

8. BBeieHue B JIMHEIKY MPOrpaMMHOI0
koMmIiekca EnergyCS

Ha3nauyenue u Bo3Mo:xxkHOCTH. [Iporpammusiii kommuieke «EnergyCS» npenHa3zHaueH
JUISl BBITIOJIHEHUSI DJIEKTPOTEXHUYECKUX PACUETOB MPU MPOCKTUPOBAHUM M SKCIUTyaTalluu
AJIEKTPOIHEPTETUUECKUX CUCTEM Jt000H clokHOCTU. OH COCTOUT U3 TPEX HE3ABUCUMBIX
MOAYJIEH, KaXIbIH M3 KOTOPBIX pelIaeT OJIHYy M3 3a7ady Ha eIuHONW HHGOPMAIMOHHON
MOJIEIU PACCMATPUBAEMOM IIIEKTPUUECKOU CETH.

1. Pacuer u® aHanM3  YCTAHOBUBIIUXCA  PEKHUMOB, KaK  Pa3OMKHYTHIX
pacipenenuTeNbHbIX CETEH, TaK U CII0KHO3aMKHYTBIX CHCTEMOOOPa3yYIOIIUX CETeH;

2. Pacuet u aHaJIM3 MOTEPH JIEKTPOIHEPTUU B PA3OMKHYTHIX PacCIpeIeTuTEIbHbIX U B
CJIO)KHO3aMKHYTBIX CHCTEMOOOPA3yIOIINX CETX;

3. Pacuet ToKOB TpexdaszHoro, 0qHO()A3ZHOTO Ha 3eMJTIO, ABYX(Pa3HOTO Ha 3EMITIO U
nByx(ha3HOTO 0€3 3eMJIM KOPOTKHUX 3aMbIKaHHI 3aMbIKaHHUs, a TAKXKE TOKOB 3aMbIKaHUS Ha
3EMJIIO B CETSX C M30JIMPOBAHHON HEUTPAJIBIO.

OcHoBHbIE (PYHKITMOHAJIEHBIE BO3MOKHOCTH ITPOTPAMMHOTO KOMILJIEKCA!

e COYETaHUE OOBEKTHOrO MPEJCTABICHUS PACUETHOM MOJENU DJIEKTPUYECKOM CETH B
BHJI€ MHOXXECTBA TPaHC(HOPMATOPOB, JIMHUI, TEHEPATOPOB U APYroro 000Py10BaHUS C
TPaAULIMOHHBIM €€ MPEJCTABICHUEM B BUJIE Y3JIOB U BETBEI;

e HCMOJBb30BAHME JJII BBOJA pACUYETHOW MOJENH CIEIHAIBHOTO TpaduyecKkoro
penaKkTopa ¥ BCTPOCHHOW CIpPaBOYHOM 0aszbl JaHHBIX AJIEKTPOTEXHUYECKOTO
000pyIOBaHUS;

e pacyeT ypOBHEH HANpPSKEHUI, TOKOB, TOTOKOB U MOTEPh MOIIHOCTU MpPHU 3aJaHHBIX
Harpy3kax W TEHepallud B y3JIaX WJIM MOIIHOCTH B TOJIOBHBIX y4dacTKax (PuaepoB
Pa30MKHYTOM CETH;

e aHAJIMU3 PSKUMHBIX IMAPAMETPOB MO KJIaCCaM HOMUHAJIBHBIX HAMPSKEHUH, IO pailoHam
U mojjpaiioHam (MpeaxycMOTPEHO 10 4-X ypOBHEH mepapXuu moJpaiioHOB) - OAIAHCOB
MOIITHOCTEH, MOTEPh MOIIHOCTH, MOTEPh DJIEKTPOIHEPTHHU, OTKIIOHCHUN HAMPSIKEHUS
OT HOMUHAJILHBIX 3HAYCHUH;

o OIpe/eSiCHHE HAaYaJIbHbIX 3HAYEHUI TOKOB Tpex(a3HbIX KOpOTKUX 3ambikanui (K3) ¢
y4eTOM pexuma, mpeamecTByromero K3, a Takke 3HauYeHHM yAapHBIX TOKOB
KOpPOTKOI0 3aMblKaHus 1o ctanaapty MOK 909-1;

o TMPUONMKEHHBIN pacueT 3HaUYCHUN TOKOB ABYX()Aa3HOTO 3aMbIKAHMUS;

e OIICHKA TOKOB 3aMbIKaHUS HA 3€MJIIO B CETAX C U30JMPOBAHHON HEUTPAIIBIO;

e 0TOOpaX€HUE OIMEPATHUBHOTO COCTOSHHUS CXEMBbI, a TAKXKE €€ CXEMHBIX M PEKUMHBIX
MIapaMeTPOB C PACKPACKOM:

- 10 HOMUHAJIbHBIM HaIPSIAKEHUSM;

- TI0 TIPUHAJIC)KHOCTH paliOHaM;

- 110 YPOBHIO PACYETHOTO HAMPSIKEHMUS;

- 1o ko3¢ dulMeHTaM 3arpy3ku 000py10BaHUS;



- 110 CBSI3HOCTH C OANAaHCUPYIOIIMMHU Y3JIaMH;

- 110 CBA3aHHOCTH C 3a/IaHHBIMU y3J1aMHU.

o HaONIO/IEHUE TPU HMCMIOJIB30BAHUM (PYHKIMU «aBTOpPAcCUeT» W3MEHEHUS 3aBHUCHMBIX
PEXKUMHBIX MapaMeTpoB (TOKOB, HANPSHKEHWA U T.II.) NPU U3MEHEHHSIX COCTOSHUN
KOMMYTAI[MOHHBIX aIlllapaToB, a TaK)Ke MPU U3MEHEHUSIX CXEMHBIX UM HE3aBUCHUMBIX
PEKUMHBIX MMapaMeTpoB 00BEKTOB (HapUMep, MapOK U CEUEHHM Kabeseil, MOIHOCTH
TeHEPATOPOB, MOJOKEHUN PETYIMPOBOUYHBIX OTIAEK TPaHC(HOPMATOPOB U T.11.);

e TMPOCMOTp JIIOOOr0 yyacTka rpauyecKoro H300paKeHUsT CXEMbl C HU3MEHEHUEM
MacmTaba wu300pakeHUsT B IIMPOKOM JUana3oHe, MpU OSTOM pa3MEP CXEMBI
YBEJIMUMUBACTCS aBTOMATHYECKH 110 MEpe BBOJIa HOBBIX 3JeMeHTOB. [[1s1 oOecnieueHus
KOM(OPTHOTO MPOCMOTpa UCHOIB3YIOTCS BCE CPEJCTBA JUHAMUUYECKON MPOKPYTKU U
MacIITaOUPOBaHUs, CBOMCTBEHHBIE COBPEMEHHBIM TpaUUeCKIM peaaKkTopam;

e COXpAaHEHHE TpaPUUYECKOr0 HM300paKEHUS CXEMbl C HAHECEHHBIMU pE3yJibTaTa-MH
pacuera B (aitne dpopmata DXF (popmar oOMena ueprexxkamu st rpaduyuecKoit
cuctembl AutoCAD), wiu WMF (dbopmar Windows Metafile). Kpome Ttoro,
M300paKeHHE WM €ro 4acTb MOXKET ObITh CKONMMPOBaHO uepe3 Oydep oOMeHa B
moboe Windows mnpuoxenue, nogaepxuparomee ¢gopmar WMF wnun EWMEF.
N300paxeHne cxeMbl MOKET ObITh IEPEJAHO HEMOCPeACTBEHHO B cucteMy AutoCAD
(w1 moo0HYI0) NIl pYyYHOU JOpaOOTKM WIIM BBIBOJIA HA IPadOrOCTPOUTENH, MUHYSI
IPOMEXYTOUHbIE (pOpMaThI;

o Iepenavya TaOJMYHBIX JIaHHBIX HemocpeacTBeHHO B MS WORD wu co3nanue
JOKYMEHTOB Ha OCHOBe I1a0JOHOB (template), coenuaibHO 3aroTOBJICHHBIX,
OpeaycMaTpuBalOUMX OQOpPMIICHHE pe3yJbTaTOB IO MpaBUiaM, I[PUHATHIM B
opraHu3zanuu uiau 0e3 Takux 1madmoHoB. Kpome Toro, irobas Tabiauia MOXET ObITh
AKCMOPTUPOBaHA B TeKCTOBbI (¢aiin ¢dopmara XML, CSV wm TXT s
MOCJIETYIOUIErO €€ UCIOJIb30BAaHUS B PA3TUYHBIX MPUIIOKECHHSIX;

e OOMEH JaHHBIMU C JPYrMMH TporpaMMmamu 4yepe3 (ailibl yHU(DUIIMPOBAHHOTO
dopmara AaHHBIX UISI AJNEKTPOTEXHUYECKUX pacueToB, pazpabdoranHoro BI[ I'TY
Ay ESC Poccun (Hampumep, Mycranr, PACTP u np.) u ¢aitnel M3BeCTHBIX
TekcToBbIX PopmaToB (CSV, XML).

[Tporpammusiii  komruiekc «EnergyCS» mMO3BOJIIET CIOXKHYIO CXeMy pa3OuTh Ha
IIOJICXEMBI, CBSI3aHHBIE 10 MEPAPXUHM, U PAaCCMATPUBATH €€ MO YaCTSIM C BO3MOXHOCTBIO
000011IeHNs] UTOTOBBIX Pe3yJIbTaTOB. MakcuMaibHasi pa3MEPHOCTh OJTHOM PACUETHON CXEMBI
0e3 pa3ouBku Ha nojcxeMbl 6osee 100000 y3moB u 120000 BetBeit. OOIIEe YHCIIO TOACXEM
HE OTPaHUYMBACTCH.
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Puc. 6. OTHomIEHNE MCKAY MOAYJIAAMHU, paCYCTHBIMHA MOACIISIMA U CIIPABOYHHUKOM.

8.1. Pemenue KoppeKuun OMMOOK MPH BBO/IE TaHHBIX

Pemute po6iiemMy omuOOK pu BBOJIC JAHHBIX MMO3BOJIAET UCIOJIb30BAHUE B KAUECTBE
HCXOJIHBIX JAaHHBIX TEPBUYHBIX JIOKYMEHTOB (MAacHOpPTHBIE JaHHBIE OOOpPYJOBaHUS,
MPOTSHKEHHOCTh M MapKa MIPOBOJIOB, BHJI OTOP U T.11.) JJIsi DJIEMEHTOB JIETPUYECKOMN CEeTH U
ABTOMATHU3aLIMS ONIPEACIICHNUS PACYETHBIX [TAPAMETPOB UX CXEM 3aMELICHMUS.

B komruiekc BHEApEeHA CrIpaBOYHAs CUCTEMA MO UCIIOJIb3yeMOMY 000PYI0BaHUIO.

HepBI/I‘-IHBIe JaHHBIC O60pyI[OBaHI/I$I MOI'YT 3aHOCHUTLCA B BHCKTpOHHBIﬁ CIIpaBOYHHUK H
HCIIOJIB30BaTLCA BCEMU MOAYJIAMHU IMIPOTPAMMHOI0 KOMIIJICKCA.
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Puc. 7. BBoa TaHHBIX C KOPPEKIIUEH.
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Puc. 8. Jlorotun nporpammuoro komiuiekca EnergyCS Pexum v.4.
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CS( )i l OcobeHHOCTM pacueTa

EnergyCS pexum

»PacueTt Ha ocHOBe coveTaHuUs crneumdpuyecKMx MeToaoB aAns
Pa3oOMKHYTOW M 3aMKHYTOM CETH.
Pacuert CJ'IO}KHO—3aMI{HyTOI71 CETU METOAOM Y3J10BbIX HElI'IpFI)KEHMFI,
3anucaHHbIX B hopme BanaHca MOLUHOCTWU (peLleHMe CUCTEMBI
YpaBHEHUA MeToooM HbloToHa).
Pacuert paSOMKHyTOVI CeTn Tononorn4ecKMMm MetogomMm Ha OCHOBe
aHalnu3a gepeBbeB.
»>MoxeT yunTbiBaTbCA MHOXECTBO DanaHCUpyHOLMX Y3NOB.
»>Mpu pacyeTe MOXET YYUTLIBATLCA Hanu4yue WYHTUPYHOLLNX
peakTopoB, 6aTapen KoHAeHCATOpPOB, ¢ha3onoOBOPOTHLIX
TpaHcdOpMaTOpOB.
»Pe3ynbraTthl peXumMa COOTHOCATCA CO CXEeMHbIMU
napameTpamMum — AONYCTUMbIMU TOKaMM JIMHUA U
TpaHccdopMaToOpOB.
»Pe3ynbrathl HAHOCATCA Ha CXeMYy U NPeACTaBNAIOTCA B
TabnuyHom BuAe
»Pacuyet Umin-Umax
~PacuyeT banaHcoB

©3A0 «CH
Puc. 9. OcobGennoctu pacuera B mporpamMmmaoM komiuiekce EnergyCS Pexum v.4.

8.2.I1peacraBjieHre PACUETHOM CXeMBbI JJIEKTPHUYECKOM CeTH

Bce pacyeTsl B mporpaMMHOM KOMILJIEKCE BBITIOJIHSIOTCS HA OCHOBE PACUETHOM MOJEIH
AIEKTPUUECKOM CceTH (pacyeTHOM CXEeMbI), KOTOpas COJIEPXHUT HH(OpMAIUI0 O
KOH(HUrypaluu CcXembl, €€ MmapaMmeTrpax, u mnapamerpax pexkuma. KoHdurypaius cxembl
AIEKTPUYECKOM CETH  OMUChIBAeTCA TpadoM, KOTOPBIA COCTOMT H3 MHOXECTBA
B3aMMOCBSI3aHHBIX Y3JIOB U BETBEH.

Kaxnas BerBb Tpada COOTBETCTBYET KaKOMy-THOO OOBEKTY CeTH (JUHUU
aieKTponepeaadu, TpaHchopMaTopy, peakTopy, ABUTATEN0 W T.M.) U MNPEACTABISETCS B
MOJIEJIM PACUYETHBIMU TlapaMeTpaMHU CXEMbl 3aMEIEHUs] ITOr0 OOBEKTa: AKTUBHBIM H
PEAaKTUBHBIM COINPOTUBJICHUSMHU, TOMEPEUYHBIMH MPOBOJUMOCTIMHU, KOADPUIIMEHTAMU
Tpancopmaruu (B BUAEC MOIYJISI U, TPU HEOOXOAMMOCTH, YIJIa), BEIMUYMHAMH JOIMYCTUMBIX
TOKOB.

VY3161 — 3TO TOYKH COCNMHEHMsSI IBYX WJIM OoJiee BETBEH (Hampumep, COOpHBIC IIMHBI,
TOYKH OTHAWKH OT BO3MYIIHBIX WM KaOETbHBIX JIMHUMA U T.A.). B pacdeTHOl Momenu oHU
comepkaT MHPOPMAIMIO O PEKUMHBIX TapamMeTpax: MOAYJISX W yriaX HanpsHKeHHS,
MOIIHOCTAX Harpy3ku u reHeparuu. OIWH WA HECKOJBKO Y3JIOB JIOJDKHBI  OBITH
ompesneneHbl Kak OaJlaHCHPYIONIUE, B KOTOPBHIX 3a7aloTcs Oa3uCHBIE HaAMpPsHKEHUS,
HEW3MEHHBIC TI0 BeNWYWHE W (Dase, U HA KOTOPBIE CIUCHIBAIOTCS HEOATAHCHl MOIIHOCTH B
cetu. B kauecTBe OanaHCHPYIOIIMX Y3JIOB OOBIYHO MPUHUMAIOTCS Y3Jbl MPUMBIKAHUSA K
MOIIHBIM 3HEPrOCUCTEMAM, IIMHBI YaCTOTOPETYIUPYIOUIUX 3JIEKTPOCTAHIUHI U T.II.



PacyeTHas cxema 31EKTPUYECKOM CETH MOXKET ObITh OJATOTOBJICHA 3apaHee Ha Oymare,
Ha OCHOBE CXEMbl JJIEKTPUYECKUX COCIUHEHUN CETH W CXEM 3aMEIICHHs] OT-IEJIbHBIX
o0bekToB. [Ipym 3TOM JOMKHBI OBITH MPOHYMEPOBAaHBI BCE Y3JIbI U OINpPEACNCHBI BCE
HEOOXOJMMBIE pacyeTHbIE MapaMeTpbl BeTBeW. JIJIsl BBINOJHEHUS PacyeTOB MCXOAHAs
MH(pOpMaIus M0 y3/l1aM U BETBAM BBOJAUTCS B COOTBETCTBYIOIKE TAOJIMIIBI IPOIPAMMHOTO
KOMIUIEKCA, a KOH(UIypalus pacueTHOW CXEMbI, KpOME TOTO, MOXET ObITh M300pa’keHa
(HapucoBaHa) ¢ MOMOILBIO BCTPOEHHOT'O TpauuecKoro peiakropa.

Kpome Takoro TpaauuMOHHOTO (OPMHUPOBAHUS PACUETHOM CXEMBI, B MPOrpPaMM-HOM
komiuiekce «EnergyCS» mnpeaycMOTpeHO OOBEKTHO-OPUEHTHUPOBAHHOE MOJEINPOBAHUE
AIIEKTPUYECKON CETH B BUJE MHOXKECTBA TPaHCPOPMATOPOB, JIMHUN, TE€HEPATOPOB U JPYIHX
CETEBBIX OOBEKTOB.

Cxema m000#1 3IEKTPUUECKON CEeTH COCTOMT M3 MHOXECTBA CBSI3aHHBIX MEXIY COOOit
00BEKTOB (JIMHUHM 3JEKTpomnepesadn, TpaHCPOopMaTOpOB, T€HEPATOPOB U T.II.), HO B IEJIOM
YUCJIO BUAOB (KJIACCOB) OOBEKTOB B 3JEKTPUYECKOW CETHM OrpaHHueHo. B mporpamMmmHoM
koMiuiekce «EnergyCS» nmpenyCMOTpEHBI ClIeIyIOIIUE BUIbl 0OBEKTOB:

e JIMHUU D3JEKTPOINEpedauyd, COCTOSIINE W3 OJHOTO WJIM HECKOJBKUX YYacTKOB C
OJINHAKOBBIMM KOHCTPYKTHUBHBIMU MapaMerpamu. Moxet ObiTh 3anana BJI, KJI wmmn
IIMHOIIPOBOI;

o TpaHcopMaTopsl (IByXOOMOTOUYHBIE, C PAaCUICINIECHHBIMA BTOPUYHBIMU OOMOTKaMH,
TPeXOOMOTOYHBIE, PETYIUPOBOUYHBIE U ABTOTPAHC(HOPMATOPHI);

« Tpanchopmatopusie noactaniuu (TII u KTII);

e peaxkTOphl (TOKOOTPAHUYMBAIOIIME U IIYHTUPYIOIIKE);

« OaTapeu CTaTUYECKUX KOHJEHCATOPOB;

e CHHXPOHHBIE KOMIIEHCATOPBI;

o TEHEepaTopBhl;

¢ DJIEKTPOJBUTaTEN (CHHXPOHHBIE U ACUHXPOHHBIE);

o 0000ULIEHHBIE HATPY3KU;

¢ BBIKJIIOYATEIIN;

e BETBW, 3ajJarolIuecs NPoaoiabHbIM comnpotuBieHueM (R+jQ) u mnomnepeuHoit
npoBoguMocThio (G+jB);

e CHCTEMBI;

o TIOJCUCTEMBI.

Bce 00BbeKThI ceTu YCI0BHO ACATCS Ha TP TPYIIIIB:

1. OOBeKThI, KOTOpbIE MOJEIHPYIOTCS OJHOM BETBBIO, CBS3BIBAIOLICH JBa Yy37a
(Bo3mymiHble W KaOenbHBIE JIMHUHM, UIMHOIPOBOABI, OJAMHOYHBIE PEAKTOPHI, JIBYXOOMO-
TOYHBIE TPaHCPOPMATOPHI U T.I1.).

2. OOBEKThI, MOACIUPYEMBIE OJHOM BETBBIO HAa 3eMIIIO (IIYHTHUPYIOIIHE PEAKTOPHI,
OaTtapen KOHJEHCATOPOB, TeHEPATOPbI, IBUTATENN, HATPY3KH U T.11.).

3. OOBeKThl, MOJeNHpyeMble Tpemsi WU OoJsiee BETBAMH (TpaHCPOpMATOpPHI C
pacUIeIVICHUEM BTOPUYHBIX OOMOTOK, TpPEeXOOMOTOYHBbIE TpaHCPOPMATOPHI M  ABTO-
TpaHc(hOpMaTOpPhl, CIBOEHHBIE PEAKTOPHI).

B nporpaMMHOM KOMIUIEKCE MPEANOIaraercs, 4YTo CIOXKHbIE OOBEKTHl UMEIOT CXEMY
3aMeIleHHs — 3Be3/1a (Jale Bcero, Tpexiydenas). [Ipu 3ToM oHa BETBb SBISETCS TJIABHOM,
OCTAJIbHBIE BETBU JOMOJHUTENbHBIE. [ TaBHAS BETBb PErNIAMEHTUPYETCS] IPUHATON MOJAECIIBIO.
Tax nns Bcex TpaHcOpPMATOpPOB TJIaBHAs BETBb COOTBETCTBYET OOMOTKE BBICILEIO
HanpspkeHus. JUUIsi CIBOEHHBIX PEAKTOPOB — BETBb BBIBOJA CPEAHEW TOYKMU peaktopa. llpu
MOJIETTUPOBAHUU CJIOKHBIX OOBEKTOB MpEANOJaraeTcsi Hajludhe BHYTPEHHero ysna (ysna



LEHTpa 3Be3/bl). Takoil y3es NpUucyTCTBYET B MOJIENIN, OH HYMEPYETCSl U €My ITPUCBAUBAETCS
uMs (C UHACKCOM «P1»).

OOBEKTHl BHJIA «CHUCTEMa» U IOACUCTEMA» IMO3BOJSIOT CIOXKHYIO 3JIEKTPUUYECKYIO
ceTh pa3outh Ha psaa noacxeMm (Puc. 1), cBA3aHHBIX MO MEpapXuu, U pacCMaTPHUBaTh BCIO
CETh I10 YaCTSM C BOBMOXKHOCTBIO 0000IIIEHHSI HTOTOBBIX PE3YJILTATOB.

Ha puc. 10 ceru 1.1 m 1.2 BXOmIT B cOCTaB CeTH 1, HO SBISIOTCSA YaCTIMH
(moacxemamu) Oosiee HU3KOTO MEPAPXUUYECKOTO YPOBHS (Hampumep, CETsIMU 00Jiee HU3KOIro
kiacca HanpsbkeHus). Cets 1.1.1 sBisercs moacxemoit mis cetu 1.1. Iloacxemsl pa3HbIX
UEpapXUYECKUX YPOBHEHN CBs3aHbI MexAy coOoi uepe3 obmme y3ibl K, L, M, N. Otu cetn
MOYHO PacCUUTHIBATh MO OTAEIBHOCTH, HO C YYETOM 3HAUYECHHUI PEKUMHBIX IMAPAMETPOB B
00IIUX y37axX.

[Ipu pacuere pexxrMa CETH HUIKHETO HMEPAPXUUYECKOrO YPOBHS TaKHe Y3ibl OyayT
ABIATHCA OajaHcUpyrOmUMHU. [ 3amaHusi CBOMCTB OallaHCHPYIOLIETro y3ia (B YaCTHOCTH,
MoAydsl W (pa3pl HANpsDKEHWs) K HEMy MOJKIIoYaerca OoOBeKT cucrteMa. B pesynbraTe
pacyera pexxuma Juisi OaTaHCUPYIOLIETrO y3J1a ONPEENsIeTCs] MOTOK MOIIHOCTH (BXOIAIIUN B
y3€J WU BBIXOASIIMKA M3 HEro). JTOT MOTOK OIpeAeNsercs Mo OalaHCy MOLIHOCTH B
paccMaTpuBaeMoll 4acth cxembl. Ilpu pacuere pexuma MOJACXEMbI  BEPX-HETrO
MEPapXUYECKOr0 YPOBHS 3TOT NOTOK MOIIHOCTH IIEPENAETCS B €€ PACUETHYI0 MOJEIb C
MOMOUIbI0 O0BEKTA «IOJCUCTEMA», MOJAKIOYEHHOrO B obmeM y3ine. C oaHOM moacxemon
HIDKHETO YPOBHSI MOXKET OBITh CBSI3aHO HECKOJIBKO OOIMX y3710B (Hampumep, y3isl L, M Ha
Puc.10). B sToM cinyyae KO BCEM TaKUM Y3JlaM JOJDKHBI OBITh IMOAKIIOUYEHBI OOBEKTHI
MOJICXEMBI C OJJUHAKOBBIM 0003HAYEHHEM PAcuE€THOM MOJEINH, MPEACTABIAIOMEN OJICXEMY
HIDKHETO YPOBHSI.

Kpome Toro, B mporpaMMHOM KOMILIEKCE MCIIOJIb3YETCsl TAKOE MOHATHE, Kak duuep -
COBOKYIMHOCTb CBSI3aHHBIX MEX]y c000i 00bekTOB (00bIYyHO nuHUK U TII), oOpazyrommx
Pa30MKHYTYIO CETh B BHUJE J€PEBa OTHOCUTENIBHO KaKOro-JIW0O y3Jla UCTOYHUKA MUTAHUA.
Pacuer pexuMa WM NOTEPh JJIEKTPOIHEPTUU Uil (PUAEPOB MOXKET BBITOJHITHCS
YOPOLIEHHBIMU METOJAMM: N0 33JaHHBIM HAarpy3kam B JIMCThAX J€PEBA WJIU MO MOIIHOCTH
(?HEprum) roJIOBHOTO y4acTKa C paclpeAesieHHeM €€ MPONOPIUOHAIIBHO HAarpy3KaM JINCThEB.

/ A —

/ | vsenL / ™

| CeTb 1 | )
f €Tb || I . CeTb 1.2
B y

/

— Yaen M

CeTb1.1 I |/ CeTtb 1.1.1 |

Puc. 10. TIpumep BO3MOKHOM pa30MBKU SJIEKTPUIECKON CETH HA MOJCXEMbI



JUis KaXXaoro Kiacca OOBEKTOB B MPOrPaMMHOM KOMIUIEKCE MPEAYCMOTpPEHAa OTAENbHas
Ta0nuIla OMHWCAHWS XapaKTEPHBIX CBOWCTB (MapaMeTpoB) OOBEKTa, a Takke Tabmuia
KaTaJIO)KHBIX JAaHHBIX B OTAENbHON Oasze maHHbIx crpaBounod wuHpopmanuu (BIC).
Hanpumep, 1151 00beKTa «BO3AYIIHAS JIUHUS OCHOBHBIMU CBOMCTBAMHU SIBJISIIOTCS: MapKa U
CEUYEeHHE MIPOBOJIOB; CPEAHETCOMETPHUUECKOE PACCTOSIHIE MEXAY (pa3aMu; YUCIO MPOBOJIOB B
¢daze U mar paciiersieHus; JUIMHA JUHUU. B 0a3e naHHBIX crpaBOYHOM HHGOpMAIMK B
TabNuIle MPOBOJIOB JIsi PA3IMYHBIX MAapOK NPUBEACHBI 3HAYCHUS CEUCHHUH U JTUaMETPOB
MPOBOJIOB, TOTOHHBIX AKTHUBHBIX COINPOTHUBJICHUM W JIOMYyCTHUMBIX TOKOB. I[lompoOHoe
OmMHMCaHWe BUJA BCEX TaOJMI] M COCTaBa IMapaMEeTpPOB [HJisi Pa3IUYHBIX OOBEKTOB
AIEKTPUUECKON CETU MPUBEJCHO B MOCIEAYIOIIUX Pa3eiax.
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Puc. 11. ITpumep 3amanus 6azucHoro (0aHaJICHPYIOMIETO) y3IIa.

BBoja nH(popmannm o cxeme 3JIeKTPUIECKOW CEeTH MPOU3BOAUTCS B €CTECTBEHHOM JIJIsS
MOJIb30BaTENsl BHUJE IMyTeM J00aBlCHHUS HOBBIX OOBEKTOB B HHTETPUPOBAHHOM
rpauyecKoM pelakTope, a TAKXKe 3aJaHU UM HEOOXOIUMBIX CBOMCTB B COOTBETCTBYIOILIUX
tabnuuax. Ilpu 3TOM aBTOMaTHMYECKH CO3/4al0TCS HEOOXOAMMBbIE Y3JIbI M BETBH CXEM
3aMeleHus: o0beKToB. [lapaMeTpsl cxembl 3aMelleHus] KaKI0ro 00bEeKTa pacCUUTHIBAIOTCS
aBTOMATUYECKM Ha OCHOBE 3a/JIaHHBIX CBOWCTB M CIIPaBOYHOW HWHGOpPMAIUH, KOTOpas
xpanutcs B oTAenbHbIX Tabiunax bJIC. B mporiecce BBOAa MOCTOSHHO 0OOECHEYMBACTCS
CBSI3b MEXIY OOBbEKTaMH M COOTBETCTBYIOIIMMH y3J1aMH U BETBSIMH PacCu€THOM CXEMBI. DTO
MO3BOJIICT 3HAYUTEILHO YIPOCTUTH TMPOIECC MOATOTOBKM HCXOTHOW WHGMOpMAaNuu AJis
pacueToB PEKUMOB CIIOKHOUM IMEKTPUUECKON CETH U UCKIIOYUTH BO3MOXKHBIE OIIMOKU MPH
OIIpeJIeICHNH TapaMeTPOB CXEeM 3aMEIICHMs, a HApUCOBAHHAS CXeMa CTAaHOBHUTCS MOXOXKEH
Ha CXeMY 3JIEKTPUUECKHUX CoeInHeHui cetu. M300paxkeHne cxeMbl MOXKET ObITh pa3oUTO Ha



BU3yaJlbHO HE3aBUCHMBIE MOJACXEMbI (CTPAaHMIIbI) C COXPAHEHHEM EJMHCTBAa PpPacUETHOU
MO/IEIIH.

Jlnst ymoOcTBa aHanmm3a pe3yJabTAaTOB PACUYETOB CIIOKHBIX CXEM B TPOrPAMMHOM
KOMIUIEKCE MPEIyCMOTPEHAa BO3MOXKHOCTh pa3feleHuss OOBEKTOB MO MPUHAMICKHOCTU K
pa3NUYHBIM palioHaM U MojJpaiioHaM (10 YEThIPpEX YPOBHEH HepapXuH).

Bces BBeneHHass uHpopMainus XpaHUTCS B €IMHON 0a3e JaHHBIX MOJENU JJIEKTpHU-
yeckoit cetu (BJIM), koTopasi opraHn3oBaHa MO MPHUHIMITY PEISIIUOHHON 0a3bl JAaHHBIX, U
BBIJAETCA Ha DJKpaH Il MPOCMOTpPAa M PENAKTUPOBAHMS B pPA3JIMYHbIE OKHA, KaK B
TaOauYHOM, Tak U B TpaduyeckoMm Bujae (Puc. 8). Tabmuipl ¢ MCXOMHBIMH J@HHBIMU U
pe3yJbTaTaMu pPacyeToOB MOTYT NOCTOSIHHO IPUCYTCTBOBATh HA JKpaHE IUCIUIES W HE
MIePEKPHIBATh N300pAKEHNE CXCMBI.

Yansel BeTtBu

PacueTHasa mogenb

PaitoHbl Ob6bvektel +—Pp Cxema

Puc. 12. CtpykTypa pac4eTHOI MOAEIHN IEKTPUIECKON CETH

B mpouiecce pabotel mporpammHoro komiiekca Bes uHdopmarus bJIM xpanutcs Ha
JIMCKE B OJTHOM (pailyie U MOJATPYkKAETCS B MaMATh CTPAHMUIIAMH 0 Mepe HEOOXOIUMOCTH.
Ecnu crnoxHas snexkTpudeckas ceThb pa3dWTa Ha TMOJCXEMBI C UCIOJIb30BAHUEM OOBEKTOB
BHJIa TIOJCHUCTEMa, TO IS ONHCAHHUS KaKJIOH MOJCHCTEMBbI co3gaeTcs cBor daitn BJIM,
KOTOPBIH MOXET OBITh HCIOJB30BaH M HE3aBUCUMO OT npyrux. Jlms Bcex ¢aiioB c
pacYeTHHIMU MOJICTISIMU MOJKET OBITh OMpEeieH OOIWN WM OTIEIbHBIN (aitnm ¢ 0a3oit
JAHHBIX CIIPABOYHOM (KaTalI0KHOM) HHPOpMALIUU.
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Puc. 13. [Ipumep pacuera B nporpammHom komiuiekce EnergyCS Pexum v.4.
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Puc. 14. Bua rinmaBHOro MEHIO U NTAHEIU HHCTPYMEHTOB IIpH OTKpbITON B/IM.
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CywecTtsyouwas || [emoHTax BJ Hosas BN B
Msmenenme HArpy3OK NO NEpPHosam BN B 2015 roay 2015roay
Saxpeire
Ne | Haumenosanue nepuona| Moa | Kpocra| Puarp| Quar @) | cos(®) . ——NF /‘L—" e
neEee 2011 1 36 174\ - 09 > 1 )‘ s proml
| 1 | Nepewii nepion 2015 11 | 396 192 Uwe —_— x |ac1s0
[ 2 | Bropoi nepuoa 2020 12 | 432 209 0434 HEERNTE—— D et ™
' 20 4
Mepuoasi ee0aa. lanHue < %
3axpeims C-70 :
Ne | Hawmenosauwe | Mog |Liser| ) K™ (;‘,']0
0 |Ba3sosuit 2011 N AC-120
1 Mepewii nepwos | 2015 | 0.5104
2 | Bropoit nepwog 2020 R
Kinsie qoma Xunwie noma,
MaraimHe! MaATa ke
( TA-40000 TA1-40000 T/IH-16000 T11.4000
CocTOossHMe Ha Un=6 3 Un=6.3 Un=6 6 Un
2015 rop Hogas NC B ][ NemoHTax NC ][ Hoeas NC B ]
2015 rogy B 2015 roay 2020 roay

MpuMeHeHne dyHKUMOHaNbHOCTU «[TpOEKTUPOBAHME BO BPEMEHU»
Y Takmnx obbekToB Kak «Harpyska» u «TIT n KTT» nmeeTtcs [ONONHUTENBHBIN Na-
pameTp «Koadhdh. pocTar, KOTOpLIM MOXHO 3a4aTh B Tabnuue:

Wsmenenne Harpysox no nepmojam @
3aKpbiTe
Ne | Haumenosanme nepuoga| Mog | Kpocra | Pharp | Quarp [ tg(®) [ cos(®)]
0 | BazoBblil 2011 1 06 0436 0726 0.809
1 | Mepcnektuea 2015 | 1.1 0.66 | 0.479 | 0.726 JE:IE]

Tabnuua «M3meHeHne Harpysok no nepunogam»
Puc. 15. U3yuyenue cuTyannu BO BPEMEHHU.

8.3.001mme NpPUHOUNBI BBOAA TIpaUUEcKOro H300paKeHUus
CXeMBbI

Cxema BblYepuuBaeTcs Ha paboueM mosie okHa “Cxema”. B oOmem ciydae cxema
COCTOMT U3 Y3JIOB U BETBEH. Y3IIbl CBSI3aHbI MEXKIY cO00M BeTBAMU. BBOJ CXEMBI COCTOUT HE
B IIPOCTOM PHUCOBAHUM CXEMbl, a MMEHHO B €€ cOopke M3 3JeMeHTOB. lIpocredmmmu
AJIEMEHTaMH SIBJIIOTCS y3/bl U BETBU. Y3IJIbI MOJEIUPYIOT COOpHBbIE IIMHBI WU TOYKH
COEIMHEHMsI JByX U Oosiee BeTBeil. BeTBM MoOryt mopaenupoBaTh paszinyHble OOBEKTHI.
Takxe OHUM MOTYT pacCMaTpUBAThCS, KaKk aOCTpaKTHBIE BETBU DJICKTPUYECKON cxembl. Bce
BETBM HMMEIOT aKTUBHOE€ M HMHAYKTHUBHOE MPOJOJIBHOE CONPOTUBIICHHE M AaKTUBHYIO U
PEAKTUBHYIO MONEPEUHYI0 MPOBOJUMOCTH, MPUIOKEHHBIE K HAYaJly U K KOHILy BETBU IJIsi
BEeTBel 0e3 TpaHcpopManMu WIA TOJBKO K Haudaly Ui BETBEW C TpaHchopmalruei.
AOGCTpakTHas BETBb MOXKET UMETh Kod(h(puLneHT Tpanchopmannu, 3aJaHHbIH KOMIUIEKCHBIM
YKUCJIOM B BHJIE MOAYJIS M yIJIa B rpagycax.

OOBEKTHI AIEKTPUUECKON CETH MOICIUPYIOTCS OAHOM, TpeMs WM OOJIbLIE BETBSIMHU.
Bce 00bekThI ceTr yCI0BHO MOKHO Pa3eIUTh HA TPU TPYIIIbL:



o 00BEKTHI, KOTOPHIE MOJECIUPYIOTCS OJHON BETBBIO (YUaCTKH JIMHUH, TBYXOOMOTOUHBIE
TpaHchopMaTopbl, TOKOOTPAHUYUBAIOILIUE PEAKTOPHI U T.11.);

o OOBEKTHI, MOJEIUMPYEMBIE OJHOM BETBbIO Ha 3emu0 wuiau BeTBhlo ¢ OJIC
(WIyHTUPYIOIIKE PEaKTOphl, OaTaped KOHACHCATOPOB, HArpyska, MoOelupyemMas
IIIYHTOM, T€HEPaTOPbl, JIEKTPOJIBUrATEIN);

o OOBEKTBI, MOJEIUPYEMBIE TpeMs WM Oosree BETBIMHU (TpPEXOOMOTOUYHBIE
TpaHcopMaTopsl, aBTOTpaHC(HOPMATOpPBI, TpaHCPOPMATOPBl C  PpaACIICIIICHUEM
BTOPUYHON OOMOTKH, CIBOCHHBIE TOKOOTPAHUYUBAIOLIUE PEAKTOPBI).

OTu O00BEKTHI MO-PAa3HOMY H300pa)katoTcsi Ha pacdyeTHOil cxeme. OOBEKThI MEPBOrO
BUJA Ha cXeMe M300pakaroTcs, JIMHUEH, CBs3bIBatoIlel ABa y3ia. Ha aToil muHMM MoXxeT
pa3Meniatbcsi 3HA4O0K, 0003Ha4aromuii BUA 0O0beKTa M Haanuchk. llomokeHue 3Ha4YKa MpH
HAaHECEHUHU BETBU ONpenessieTcs BOJINU3U cepelnHbl TMHUU. [lociie HaHeCceHUs] BETBH 3HAYOK,
MO>KHO NOJIBUHYTh B HanOoJiee yI0OHOE C TOUKHM 3pEHMS n3aiiHa MECTO B MpeJiesax BETBU
(kak OycuHKY 1Mo HUTKE). Hanmuce Takke MOXKET ObITh pa3MelleHa B J000N TOUYKE BETBH.
[Ipu 3TOM B coJiep>KaHUM HAAMKUCH OyAET YUTEHO €€ MOJO0KEHUE OTHOCUTENIBHO 3HauKa. Tak,
3HAUYEHHUS TOKAa W CONPOTHUBIICHUSA, BBIBOJUMBIE B TOYKE 1O 3Hayka TpaHchopmaTopa,
NpUBEAEHbl K HampsbkeHuto oOMoTku BH. CooTBEeTCTBEHHO, BBIBOAMMBIE ITOCIE 3HAYKa
TpaHcpopmaTopa — K HanpsbkeHuto ooMoTku HH (HampaBineHue BeTBH OT y3i1a Hayaia K
Y31y KOHILIA).

OOBEKTBl BTOPOTO BHJA Ha CXEME H300pakaroTCsl JIMHUEH, CBSA3BIBAIOLIEH Y3el
MOAKIIOYEHUST CO 3HAuyKoM. Ha Takol BETBM 3HAYOK BCErJa INMPUBA3aH K KOHIY BETBHU.
OpueHTanus 3Ha4yKa ONPEIECISIETCS HANpPABICHHEM IIOCIEIHET0 CETMEHTa TaKOM BETBHU.
M3MEHNTh NOJIO)KEHUE 3HAYKA MOXKHO, HO 3TO CBSI3AHO C U3MEHEHHMEM II0JIOKEHUS TOYKH
KOHLIa BeTBU. Haamuce Takod BETBHM MOKET pacIoJiaraThbCsi Ha JUHUU MEXAY Y3JI0M
MOAKIIOYEHUS! U TOYKOM MPUBA3KH 3HauKa. BETBb MMEET TOJIBKO MapKep KOMMYTAallHOHHOTO
anmnapara Hayaja BETBHU.

OOBEeKThl TpPEThEro BHUJA HA CXEME H300paXaroTCs HECKOJbKUMH BETBSIMU,
CBA3aHHBIMHM CO OJHHMM 3Ha4yKoM. [Ipu n3o0OpaxkeHuu y3en (UKTUBHAA TOYKA HE HAHOCHUTCH
Ha cxeMmy. BusyanbHO ero (yHKUIUU BBINOJHSET 3HAYOK OO0BekTa. OAHAKO HOCHUTENEM
3Hayka 00bEKTa SIBJSETCS IJ1aBHasi BeTBb. OpUEHTALUS 3HAYKa ONPEIENAeTCs OpUEHTAlen
MOCJICIHETO CErMEHTa IJIaBHOW BETBM 0OBbeKTa. MI3MeHeHMEe MOJIOKEHUS 3HauKa CBS3aHO C
W3MEHEHUEM IOJIOKEHUSI KOHIA BeTBU. Haanuch riIaBHOM BETBM MOXKET paclioiaratrbcs Ha
JUHUU MEXAY Y3JIOM NOJAKIIOYEHHWS M TOYKOW INMPUBA3KHM 3HAuKa. [J1aBHas BETBb MMeEET
Mapkep KOMMYTAIlMOHHOI'O  ammapara Hadajga BETBU. JIONOJIHWUTENBHBIE  BETBU
M300paxaroTcsl JJOMaHbIMH JIMHUSAMM, Ha4aJl0 KOTOPBIX PACHOJIOKEHO B TOYKE MPUBS3KHU K
3Ha4YKy, a KOHEL CBS3aH C COOTBETCTBYIOIIMM HAHECEHHbIM y3ia0M. Haanuce
JOTIOJTHUTEIbHOW BETBM MOXKET pAaclojararbCsi MEXAY 3HAYKOM U y3J0M KOHIA.
JlooHUTENbHBIE BETBU HMEIOT MapKep KOMMYTAI[MOHHOTO arapaTa KOHIIa BETBH.
N300paxkeHre NONMOJHUTENBLHON BETBU «HE 3HAET» CBOEM TOYKM MPUBA3KM Hayana. B
pe3ynbTaTe NnepeMelleHrss TOUKM Hayaja TaKoW BETBU MOTYT OKa3aThCsA HE MPUBS3AHHBIMU.
N300pakeHre TIAaBHOW BETBU «3HAET», KaKUe JOIMOJIHUTENIbHbIE BETBU JOJDKHBI OBITh
CBA3aHbl cO 3HaukoM. [locie wW3MeHEeHMs] TOJOXKEHHUSI TJIaBHOM BETBH MPUBSI3KU
JOTIOJTHUTENBHBIX BETBE BOCCTAHABIIMBAOTCS.
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Puc. 16. ITpumeps! n300pakeHUs IBYX0OMOTOUHBIX TpaHCHOPMATOPOB, TpaHCHOPMATOPOB
C pacuierieHueM, TPEXOOMOTOUHBIX TPpaHC(HOPMATOPOB U aBTOTpaHCHOpPMATOPOB

B mo0oMm ciydae 0OBEKTHI WJIM aOCTPAKTHBIE BETBH JIOJDKHBI OBITH TOJKITIOYCHBI K
y31y. OOBEKTHI WJIM BETBH MOKHO HaHECTH HA CXEMY, MOJKIIIOUYHNB MX K Y37y, TaK KaKk OHU
BCETJla CBsI3aHbI XOTsI Obl C OAHUM y370M. JIo TOrO Kak HapucOBaTh BETBb WM OOBEKT
JIOJKEH OBITh CO37]JaH M HAHECEH Ha CXeMy XOTs Obl OAMH y3el. TOT 3JIeMEHT CXEMBl,
KOTOPBIN B JaHHBIM MOMEHT PUCYETCS, CYUTACTCS BbIICIICHHBIM.

EnerquS

Pacyem u ananus nomepe 3HepauU € 3NeKMpPO-3HED2eMUYECKUX cucmemax

“pasom ucNoNe308aHUA 06naa3eT
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Puc. 17. Jlorotun nporpammuoro komiuiekca EnergyCS Ilotepu v.3.



Obuwue gaHHbie
MpumernTs
PaamepHocTe MOLLHOCTH | MBt u Meap
ToyHocTe banaHca MOLLHOCTH
HauanbHble npubniskeHus Tekyuwiue
Hucno utepaumnii M.3eigena Ha crapre 0
Metog pacueta HeroToHa
MakcumanbHoe Yucno urepaumii 20
PacueTHblit yac rpamka Harpyakm 0
OtaentHblil pacyet hugepos O
Yyer XX TpaHcopmatopos O
ABTOpacyeT Npu U3MEeHeHNAX O
[potokon pacuerta O
KoatduumeHt TpaHchopmatimn Ur/UH
BHewHuii cnpaBoYHNK N0 YMONYaHUKO Energy.SPR
Lramn
Crporoe co0TBETCTBME MOAENN U CXEeMbl |
MeTtog pacyeta notepb 33 BepoAaTHOCTHBIN
PacyetHblil nepuog, Yac 24
Otnyck 3a pacuetHbiil nepuog, MB1*y 1
Otnyck 3a KoHTponbHele cyTkn, MBT*y 1

Puc. 18. Ilpu navane cozmanus moaenu komiieke EnergyCS Ilotepu v.3. npennaraer

OIIPCACIINTHCS C O6H_II/IMI/I JaHHBIMHU pacucTa.

Obuive gaHHbie
MpumernTe
Pa3mepHOCTb MOLLLHOCTH MBT1 u Meap
ToyHocTb banaHca MOLLHOCTH 1
HauanbHble npubniskeHus Tekyuwiue
Hucno utepaumii M.3eigena Ha crapre 0

Metog pacuerta

MakcumanbHoe Yucno utepaumii

Mo napametpy

PacueTHblit yac rpagmka Harpyakm EhoToHEHOp il L
OtaentHblil pacyet hugepos O

Yyer XX TpaHcopmatopoB O
ABTOpacyYeT nNpu M3MeHeHuAX [l
[Mpotokon pacueta O
Koapdhuuyment TpaHcthopmaumn Ur/Un
BHewHWit CNpaBoYHKUK N0 YMONYaHUK Energy.SPR
LLramn

Crporoe co0TBETCTBME MOAENN U CXEeMbl |
MeTtog pacyeta notepb 33 BepoAaTHOCTHBIN
PacueTHblil nepuog, yac 24
Otnyck 3a pacuetHbiil nepuog, MB1*y 1

O1nyck 3a KoHTponbHele cyTkn, MBT*y

1

Puc. 19. Bei6op MeToma pacdera B mporpaMMaoM komruiekce EnergyCS Ilorepu v.3.

Meroapl W TPUHIHUIIBI  pacdeTa CHUCTEM JJICKTPOCHAOKEHHUS PacCMaTPUBAIOTCS
MPEABAPUTEIHHO B IBYX Kypcax «KoMIbloTepHOE MOACMpOBaHUE (PU3UIECKUX TIPOIIECCOBY



n «MareMaThuyeckue 3aJadyd 3HEPreTUKW», KOTOPbIE YHMTAOTCS MapajulesIbHO C APYTUMHU
npOoQUIBHBIMU AUCIUILITHHAMH.

Cnpasoyruk “Energy.SPR™

Meuyate BoiGpate 3akpeith
Bug obopysosanua
3HaK HaumeHoBaHue |
Kabenu
MpoBoaa

PDd LODMaloODbl A8 DOMOTO =11

TpaHctopmatopel ¢ paclienneHnem
TpaHcdopmaTopel TpeXobMOTOYHLIE
AetoTpaHchopmaropel
TpaHcthopmaTope! perynipoBoYHbIe
PeakTopbl TOKOOrpaHuunBarLL e
PeakTopbl ciBOEHHbIE

PeakTopb! WyHTUpYHOLW e

Barapewn koHgeHcaTopos
CHHXPOHHBIE KOMNEHCaTopkI
["eHepaTopel

CWHXPOHHLIE ABUraTenu
ACWHXPOHHBIE ABUraTenn
lWuHonpoeoAakl

Onopel BI

o O - @ Ppie | D &) Wi F e e

Puc. 20. Bri6op Buma o6opyaoBanus B nporpammaom komruiekce EnergyCS Ilotepu v.3.

B ErergyCs Norepn 35041 NN T o ) S

Oaiin [paska Cxema [anrble Pesynstater Ougepei 3amepsi Cepsuc Cnpasounmk Okea 2

D@ o|x|m(e(en] e [T @] o8eole| & =

B Cpasouni "Energy SPR" (S &= | & Yane. Mooaneie garm... (2|
3 o] = Homep yana qeee
Ne Tun SHom I Us | Un | Px [ Px Uk | Ix f;K |Np| Ro | Xo [ rpynna Koa -
TpaHcthopmatopa kBA | kB | kB | kBr | kBr % % | % Om | Om |coegw | uagenua | | ARAORNE
1 63 | 6 04 026 128 55 28 25 2 116 292 | YOD | 284247040 oH
[ 2 |TcM320 320 63 04 135 485 45 55(25/2| 0 0 | YIYO | 287392768 FnaiTened
| 3 |TCcMA320 320 63| 04 135 485 45 56(25(2| 0 0 | DIY0 | 287392769 -!rem
[ 4 |T™400 400 | 6 04 | 1 57| 5456 21 25 2 0 | 0 | YO | 288443392 Unow %0
| 5 |TC0.7506 750 | 6 |04 25 87| 789 |15 252 0 0 | YIYO | 289489920 P warp., MBr
| 6 |TC3-630 630 | 6 04 14| 8 55 2 25 2305 958 Y/YO | 289489921 QAT MEED
| 7 |™™-0.75/6 750 | 6 04 | 25 87 55 15262 0 0 | YIYO | 289491968 P ren.. MBr
| 8 |TM-630 630 | 6 | 04 155 8.05 55 2 |25(2| 0 0 | YIYO | 289491969 Qrew, Maa
| 9 |TC1.008 1000 6 04| 3 112 55 15(25(2| 0 0 | YIYO | 290538496 —LMKB
[ 10 |TC3-1.0/6 1000 | 6 04| 3 | 12 8 2 |25(2| 0 0 | YIYO | 290538497 Q min, Msap
| 11 |TC3CY-1.008 1000 | 6 | 0.4 | 245 104 8 1]25(|2| 0 0 | YIYO | 290538498 QB NED
[ 12 |TC3-1.6/6 1600 | 6 04 | 42 16 55 1525 2 0 | 0 | YIYO | 291587072 b
[ 13 | T™-63 63 | 10 04 026 128 45 28 25 2| 322 637 | D/YO | 351357952 Wa, MBra
| 14 |TM-100 100 | 10 | 04 036 197 45 26 25 2 197 | 405 | D/YO | 352406528 W, Msap™s
| 15 | TM-160 160 | 10 | 0.4 | 046 265 45 25 25 2 104 | 262 | D/YO | 353455104
[ 16 | T™-250 250 |10 04 | 066 3.7 45 23 25 2 592 17 | D/YO | 354503680
| 17 | T™-400 400 | 10 | 04 | 092 55 45 2125 2 344 | 107 | D/YO | 355552256
[ 18 |TM-630 630 |10 | 04 142 76 45 2 25 2 191 688 D/YO 356600832
| 19 |TC-1000 1000 105 04 | 2 946 8 30 0 104 876 D/YO 357647360
| 20 | ™™-1000 1000 | 10 | 04 | 21 122 55 14 |25 2 122 536 DIYO | 357649408
[ 21 | ™™-3150 3150 | 10 042 0 @ 25 5777 04 25 2 0252 221 D/YO | 359746560 e ]
| 22 |Swom3.15MBA | 3150 | 11 345 0 268 75 00 0 0 0 YO/Y0 | 359858176 - - i
| 23 | TM-6300/10/6 6300 (105 63 | 9 | 30 (10510105 06 25 2| 0 0 | DY | 362020864 LoMApa Y3508 £
| 24 | TAHC-10/10 10000 105 63 12 60 8 076 15 6 0 0 | YD | 363085824
| 26 | Xapra-18000 18000 (18 69 0 | 0 0 00 0 0 | 0 DD | 566493184 Hkziysnaatzy
| 26 |Swom 126MBA | 12500 22 115 0 | 92 8 00 0 0 0 | D/YO | 632619008 Yhir ez kol
| 27 | T™MH-2500 2500 35 63 51 235 6.5 1115 6 461 315 YD | 695487488 2
| 28 | ™MH4000 4000 |35 63 | 67 335 75 115 6 256 228 Y/D | 696536064 Bua
| 29 | TMH-6300 6300 |35 63 92 465 75 09 16 6 144 145 YD | 697584640 B.K
| 30 | TA-10000 10000 (385 63 145 65 75 08 25 2 0963 111 Y/D | 698630144 REON
| 31 |TAHC-10/38 10000 |36.8 63 125 60 8 06 15 8 0813 108 YD | 698630145 4 Od
| 32 | TMH-10000 10000 (368 63 145 65 75 08 13 9 08 101 YD 698633216 DKM
| 33 | TAHC-16/35 16000 (368 63 18 | 85 10 055 15 8 045 845 | YD | 700727296 [BucCu |
| 34 |Xucea-32/33 32000 (345 105 0 | 0 105 0 25(4| 0 0 | YOD | 701825024 ii Kr
35 | Xucsa-40/33 40000 (345 105 0 | 0 105 0 25 4 0 | 312 YOD | 702873600 |~ 2l il Yron, Keo
— - [Moacema1/t | |laon.A |

[Vanoe-1 Berseii-0

Puc. 21. BriGop KOHKpPETHOTO THIA TpaHcHopMaTopa sl KOHKPETHOTO MPUCOECTUHEHHUS B
nporpaMmHoM komiuiekce EnergyCS Ilotepu v.3.

Panee mpu mpoeKTUPOBAHUM CHUCTEM B3JIEKTPOCHAOKEHHUs Oe3 MOMOIIU KOMIIbIOTEPOB
MOJIB30BAIMCh OyMa)KHBIMH CITPABOYHHKAMHU OOOPYAOBAaHMS, YTO OBLIO HAKIATHO U HE
omepatnBHO. Temepp OOMMM MPaBWIOM IS TMOAOOHBIX  MPOTPAMM  SIBIISCTCS



pacnpocTpaHeHue 0a3 JaHHBIX 00OpyIOBaHMS Beaymux (GUPM MUpa U OECIUIaTHOE WX
MPEIOCTaBICHUE JIJII MPOTPAMMHBIX KOMIUIEKCOB, ITOAOOHBIX OIUCBIBAEMBIX B OITOM
nocooun. [ToaToMy 3/1€Ch ecTh Takas e BO3MOXKHOCTH IOAKITIOUYCHHE 0a3 JaHHBIX pa3HBIX
MIPOU3BOIUTEIICH JIJISl CO3JaHUS MOJIENN pacyeTa.

Cnpasoynuk “Energy.SPR™

Beibop Otmena Vlcnonbzosate cnpasodHuk mogenn (Ctri+D)
CHMHXpPOHHbIE ABUraTeni
In/lKH | Mm/MH

Unom | PHom | Cos®H

geurarens n3genua

0.2 | 0.167

1 | cO-12-24-6A : : 00236 | 73506816
2 CO-12-424 6 500 0.9 1500. | 935 | 7 1,8 | 0,0225 02 0,143 0,0202 272744448
3 COH-15-49-6 6 2000 09 1000 959 55 21 0,0225 0,2 0,181 0,0256 274866176
4 C[H-16-80-8 6 4000 09 750 | 96,7 6,3 2 0,0225 0,2 0,154 0,0218 276975616
5 CAOH-18-71-12 6 6300 09 500 | 96,7 | 6,7 21 0,0225 0,2 0,169 0,0239 348282330
6 CAOH-15-39-6 10 1250 09 1000 944 51 2 003 02 0,118 00191 348282831
Puc. 22. TIpumep BbIOOpa THIIa CHHXPOHHBIX ABUTATEICH
B nnporpammHoM komiuiekce EnergyCS Ilotepu v.3.
PesynbTatel NO y31aM-BETEAM &
Mpaska [leuate 3akpbiTe
’ Peaynkrarsl pacyeta yCTaHOBMBLLErOCH Pexuma
Ne _|Haumenoeanue |Up _|Pu | QH |:Pr | Qr - Y] - | Qmin -| Qmax s
. Ne : Pe|. Qe|. dPe|. dQe|. Qc I K3
1 1 0 0 0
- —@ 0,45 0,257 0 0 0 299
2 2 —@— -0,295 -0,18 0,0236 0,0434 0 19,97 3,46
- % -0,155 -0,0775 0 0 0 10
2 2 0,349 0 0
- —@ 0,272 -0.132 0 0 0 499
1 1 —@- 0,272 0,132 0,0236 0,0434 0 499 3,46

Puc. 23. Tlpumep pacyeTa moTeph MOIIHOCTH TI0 BETBSIM CXEMBI

B nnporpammHoM komiuiekce EnergyCS Ilotepu v.3.



9. Beenenue B nporpaMMubiii komiieke EnergyCS TK3 v.3

O nporpamme M

BEEZEM [ oy CS

Pacyem u aHanu3s MoKO0e KODOIMKO20 3aMbiKaHUSA € CIIOXHbLIX 3NEKMPUYECKUX Cemsax
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DonNTU
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Puc. 20. Jlorotun nporpammuoro komruiekca EnergyCS TK3.

9.1. Ilepeyenn BbIMoIHsIeMBbIX pacueToB EnergyCS TK3 v.3:

o Pacder HavanbHBIX 3HaYEHUN TOKOB TPEX(}a3HBIX KOPOTKOTO 3aMBIKAHUS B CJIIOKHO-
3aMKHYTBIX CETSX;

o Pacuer HauanbHBIX 3HAYEHUI TOKOB OJTHO(A3HBIX HA 3EMITIO KOPOTKUX 3aMbIKaHUH;

o Pacuer HauaJgBHBIX 3HAYEHUM TOKOB ABYX(a3HBIX HA 36MJII0 KOPOTKHUX 3aMbIKaHUH;

o Pacuer HauaabHBIX 3HAUYCHUM TOKOB ABYX(a3HBIX 0€3 3eMJIM KOPOTKUX 3aMbIKaHUII;

o Pacuer eMKOCTHBIX TOKOB OJHO(A3HBIX 3aMbIKAHUW Ha 3EMJII0 B CETAX C
M30JINPOBAHHON HEUTPAJIBIO;

o Pacder ygapHBIX TOKOB KOPOTKOTO 3aMbIKaHUs 1pu Tpexdaznom K3 B cooTBeTCTBUY C
I'OCT P 52735-2007;

o Pacder 3HaueHMs TEPUOAUYECKOM M amnepuoguyeckoi coctaBigrommx Toka K3 B
3a1aHHBIII MOMEHT BPEMEHU;

o Pacuer gelicTByroniero 3HaueHus Toka Tpexdaznoro K3 B MOMEHT OTKIIFOUECHUS;

o Pacuer wHrerpama J[xoyis Ha MOMEHT OTKJIIOYEHMS, a TaKKe TEPMUUYECKU
SKBUBAJICHTHOTO ¥ SKBUBAJICHTHOT'O OJTHOCEKYH/IHOTO TOKOB KOPOTKOI'O 3aMbIKAHUSI;



[Iporpamma no3zBosisieT it 3aaaHHOW Touku K3 paccMoTpeTs pacnpeneneHue TOKOB U

HaIpsKCHUM!
¢ 10 BCEM BETBSIM MAaKCHUMaJIbHbIX 3HAYEHUM;
e TIO KQXI0U (ase;
e IO K&XKJIOW CUMMETPUYHOW COCTABJIIAIOIICH;

Cxema HyJNEBOW IMOCIEAOBATEIBHOCTH MPU PACYETE TOKOB HecMMMeTpuuHbIX K3 s
KOKIO0M TOYKHM aBTOMATHYECKH (POPMHUPYETCS Ha OCHOBE TOIOJOTHYECKON CTPYKTYPHI
pacyeTHOW CXeMbl M MH(POpPMAIUA O CXEMaX COCAMHEHHS TPaHCHOPMATOPOB M COCTOSIHHS
3a36MJIGHHOCTH HEWTpalld Kakaoro TpaHchopmaropa, ¢ yuetoM kopunopoB BJI u pexuma
3a3eMJICHUS TPO303alIUTHBIX TPOCOB;

Pe3ynbTaThl pacueToB MOTYT OBITh BBIBEICHBI HEMOCPEACTBEHHO HA CXEMY WU B
Tabnuibl. OKOHYATENbHBIE JOKYMEHTHI MOTYT OBITh CO3/IaHbI C MCIOJIb30BaHreM Microsoft
WORD Ha ocHOBe 3apaHee 3aroTOBJIEHHBIX 1a0JIOHOB;

OneHKa TOKOB 3aMBIKaHUS HA 3EMJIIO B CETAX C U30JIMPOBAHHON HENUTPAJIBIO;

C nomonipio GyHKIMHM «aBTOpacueT» HAOIIOJEHUE U3MEHEHUS 3aBUCUMBIX PEKUMHBIX
rnapaMeTpoB (TOKOB, HANpPSKEHUW U T.M.) MPU U3MEHEHHUSX COCTOSSHUM KOMMYTallMOHHBIX
armaparoB, a TAKXKe MPU MU3MEHEHUSIX CXEMHBIX WMJIM HE3aBUCUMBIX PEKUMHBIX MMapaMeTPOB
00BEKTOB (HampuMep, MapoOK M CEUEHU Kabeyel, MOIIHOCTH T€HEPaTOPOB, MOJIOKEHUN
PETYJIUPOBOYHBIX OTIACK TPaHCHOPMATOPOB U T.11.);

[Ipocmotp nr06oro yuactka Tpaduueckoro H300paK€HUs CXEMbl C H3MEHEHUEM
MacmTaba U300pakeHUs B IIMPOKOM JHMAMA30HE, IPH 3TOM pa3Mep CXEMbl YBEIMYHBACTCS
aBTOMATUYECKH 110 MEpEe BBOAA HOBBIX 3JIeMEHTOB. Jlnsg oOecneyeHuss KOM(OPTHOTro
MIPOCMOTpPa UCIOJIB3YIOTCS BCE CPEACTBA JTMHAMHUYECKOW MPOKPYTKH M MacIITaOMpOBaHUS,
CBOMCTBEHHBIE COBPEMEHHBIM Ipa)UueCKUM peaKTOpaM;

Coxpanenne rpaduyecKoro H300paKEHHUS CXEMbl C HAHECEHHBIMU pe3yJibTaTaMu
pacuera B (daitne dopmara DXF (popmar oOmeHa uepTekamu aiis rpaduueckoil CUCTEMbI
AutoCAD), wm WMF (popmar Windows Metafile). Kpome Toro, nzobpakeHre WA €ro
4acTh MOXKET ObITh CKOMUpOBaHO 4epe3 Oydep oOMeHa B iroboe Windows mpuioxeHue,
noaaepxusatoiniee popmatr WMF unmn EWMEF. M3006paxkenue cxeMbl MOXKET ObITh TIEpeIaHO
HermocpencTBeHHO B cuctemy AutoCAD st pydyHod JopaOOTKM WM BBIBOJA Ha
rpadonoCTPOUTEIb, MUHYSI IPOMEXKYTOUHBIE (hOpPMATHI;

[Tepenada TabmuuHbIX JaHHBIX HemocpenctBeHHO B MS WORD wu cosnmanue moky-
MEHTOB  Ha  OCHOBE  CHEIUAJIbHO  3aroTOBJICHHBIX  I1aOJOHOB (template),
MpeayCMaTpUBAOIINX 0()OPMIICHHE PE3yJbTATOB IO MpaBUiiaM, MPUHSATHIM B OpPTaHHU3AIUU
uim 6e3 Ta-kux mabmoHoB. Kpome Toro, mobast Tabinita MOXKET OBITh DKCIOPTHPOBAaHA B
TekcToBbIN (aitn popmata XML, CSV wim TXT ais nocienyromero ee ucrnojib30BaHus B
Pa3JIMYHBIX TPUIOKEHUSIX;

OOMeH JaHHBIMU C JPYTUMH TporpamMmamMu. Huke mpuBeeHbl MpUMEpPHl Mepeaadu
HaOpaHHOW MOJIETM B OJHOW W3 PACCMOTPEHHBIX BbIIe cucteM EnergyCS (mo0oit u3
PACCMOTPEHHBIX BBIIIE, OHH CBSI3aHHI IPYT C APYTOM BHYTPEHHUM (HOPMATOM JTaHHX MOJICTTH
*.ENR) Bo BHemHIO10 porpamMmy (B HamieM cirydae rpadudeckyro cucremy AutoCAD), s



NPEJCTAaBICHHUS €€ Ha YepTe)KaX M KOPPEKTUPOBKH, a TAKKE BHECEHUS W KOMIIOHOBKH
obopymoBaHusi cpeiacTBamu mporpammuoro ooecreuenus Model Studio CS OtkpeiThie
pacnpeaenurTenbHbie yeTporcTsa V.2; Model Studio CSJIDITv.2 ; Model Studio CS
Tpy0onposoasl V.2; Model Studio CS Momnuuesammra v.2; Model Studio CS KabensHoe
xo3saiicteo V.1; Model Studio CS KowmmonoBumk mmwmros V.1; Model Studio CS
Texnomornueckue cxemsl V.1; Model Studio CS Crpoutenshsie pemenus V.1; Model Studio
CS CADLib Mogens u Apxu V.l1.) K cioBy cka3arb, HAa MOMEHT HAIMCaHUS 3TOTO
1ocoOusl, yKa3bIHHBIE POYKTHI SIBISTIOTCS (pIIarMaHCKuMu) /22/.
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Puc. 21. Ilepenaua cxembl MoJienH U3 mporpaMmmaoro komruiekca EnergyCS TK3 v.3.
B AutoCAD.
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Puc. 22. TlpeacraBnenue pacdeTHON Moenu mporpaMMHoOro komriekca EnergyCS TK3
B AutoCAD.
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Puc. 23. Ilpeacrasnenue pacyeTHOM MOjieH mporpaMMuoro komriekca EnergyCS TK3
B AutoCAD.

Oc00EHHOCTBIO KaX0T0 pacyeTa SIBISETCS TO, YTO MPOEKTUPOBIIUK JOJIKEH TOHUMATh
OCOOEHHOCTH 3JIEKTPOTEXHUYECKUX PACUYETOB U XOTh MPOTrPaMMHBIA KOMIUIEKC YCTpPaHSET
paccoryiacoBaHie ¥ BO3MOXHbBIE OIMIMOKH IIPU BBOJE JaHHBIX (ITOAKIIOUYEHNE TPUEMHUKOB B



OJIHY TOYKY C Pa3HbIM HOMUHAJIbHBIM HAMps>KEHUEM M T.J.), HO TEM HE MEHee, COOOIIeHne
CHUCTEMbl MOXXET TOHHMMaTh OOpa30BaHHBIM YEIOBEK B OO0JIACTH JIIEKTPOTEXHUKU U
ANEKTPOdHEPreTuKU.  TakuM  o0Opa3oMm, O3TO  YEJOBEKO-MallMHHAs  Mpoueaypa
MPOEKTUPOBAHUS (HE aBTOMATUYECKOT0, 3 aBTOMATU3UPOBAHHOTO MPOSKTUPOBAHMUS).
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Puc. 24. Tlpumep BBO/A TaHHBIX METO/A pacyeTa
B niporpammHoM komruiekce EnergyCS TK3.

Bribop meronm pacuera ompenensieTcss JIOCTOMHCTBAMU M HEIOCTaTKaMU KaxKJ0TO
KOHKPETHOTO METO0/Ia, KOTOPbIE paccMaTpUBAIOTCS B MpEeABAPSAIONIMX OOy4YEeHUE HSTUM
MPOTPAaMMHBIM ~ KOMIUIEKCaM JWCIUIUIMHAM. B  mpuHIUNE, TPOSKTUPOBIIUK MOXKET
paccuuTaTh MOJICNIb BCEMH JOCTYITHBIMH METOJaMHU U CPABHUTH UX, HO HY’KHO MTOMHUTb, YTO
BBIOOP OKOHYATEILHOI'O PEIICHUSI OCTACTCS 32 HUM M CJIeroe JIoBepue K nudpam, 6e3 yuera
OMbITa TPEABIAYIUX MPOEKTOB Majod(p(EeKTUBHO M MOXKET NPHUBECTH K ommoke. J[ms
YCTPAHEHHS OSTOTO pHUCKAa HEOOXOAWMMO TIIATEIILHO TMPOBEPSATh H  aHAJIM3UPOBATh
MOJYYEHHbIC PEIICHUS! JIOMOJTHUTEIBHBIMUA METOJaMHU, KOTOpbIE paccMaTpHBAIOTCS Ha
nocaeAyrnux auciuminHax Ha kageape DI JlouHTY /.

Mpbl nonaraeM, 4TO HEOOXOIUM BIYMYHUBBIA MOAXOJ K H3YYEHUIO MPOTPAMMHBIX
MIPOAYKTOB, PAaCCMOTPEHHBIX B 3TOM IOCOOMH, C Pa3HBIX CTOPOH W Pa3HBIX JIUCLMIUIMH,
yTOOBI MPEIOTBPATUTh BO3MOXKHBIE aBapHUM, KOTOPHIC MOPOM CIIy4aroTCsl MO BCEMY MHUDPY.
Benp Bce-Taku, Bce npoektupyercs mo 'OCTam u cTpouTcst 10 HUM K€ U IKCILTyaTUPYETCs
Ka HaJ0, a aBapuu ciaydaroTcs. [103ToMy HYKHO OTBETCTBEHHO MOJJONTH KO BCEM PEIICHUSM,
KOTOpPBIE MPUHUMAIOTCS B MMPOLECCE B TAHHOM CJIy4ae, IPOCKTUPOBAHMUS.
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Puc. 25. IIpumep BbIOOpa ToukH pacuera K3 B mporpaMmHoM kKomruiekce EnergyCS TK3.
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Puc. 26. Pe3ynbpTaThl pacueTa k3 B mporpaMMHoM komruiekce EnergyCS TK3.

AHanmu3 TOJIyYEHHBIX PE3YJIbTATOB HYKHO IOBOAWTH IIOCIIE O3HAKOMJIEHUS C

pacueramu TOKOB K3 aHAIUTHUYECKU U YUCIEHHO.
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Puc. 27. PesynpTaTsl pacueTa k3 B mporpaMMHoM komruiekce EnergyCS TK3.
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Puc. 28. Pe3ynbpraThl pacueTa k3 B mporpaMMaoM komruiekce EnergyCS TK3.




10. BBeaeHune B NporpaMMHbIii KOMILJIEKC
EnergyCS JuiekTpuka v.3

[Iporpammubiil koMIuieke EnergyCS OnekTpuka npenHa3HayeH [l BBINOJHEHUS
pPacyeTOB JIEKTPUUECKUX CETEW HU3KOTO M YACTUYHO CPEIHETO HANPSKEHUS MOCTOSIHHOTO U
MIEPEMEHHOI0 TOKOB IIPU AHAIN3E CYIIECTBYIOIIUX U MPHU MPOCKTUPOBAHUHN HOBBIX CHCTEM
anekTpocHaOxkeHus. [IpUuBOaUTCS ONMHMCaHME BO3MOXKHOCTEH MPOTPAMMHOTO KOMIUIEKCA U
moApoOHast HHCTPYKITUS 110 paboTe C HUM.

EnergyCS 3nextpuka

3.0.045
T exHWYECKaA NOAAEP3HKKa MNpagoM UCNoNL30BaHWA 06AaaaeT
Internet: wiww.csdev.u epg
e-mail: support@csdev.iu DonNTU

CS Of t Kiow: ECA3005137

© 3A0 CuCodrt Odesenonment, 2012

Puc. 29. Jlorotun nporpamMmmuoro komruiekca EnergyCS Dnexrpuka v 3.

[Ipy TpOEKTHPOBAHUU CHUCTEM DJEKTPOCHAOKEHUS BO3HUKAET IEJbIH  pAl
B3aMMOCBSI3aHHBIX 33/1ad [0 OMPEAENICHUI0 JJICKTPUUECKUX HArpy30K d3JEMEHTOB
AIEKTPUUECKOUN CETH, pacueTy TOKOB KOPOTKOTO 3aMbIKaHUsI, BHIOOPY JIEKTPOTEXHUUYECKOTO
0o00OpyZIOBaHUSI M pacyeTy pa3uvHbIX pEXKUMOB €€ paboTel. B cBs3m ¢ Tem, UTO
pacnpenenutenbHbie cetn Hu3koro (Hmwke 1000 B) u cpemnero (6-10 xB) nampsoxenus
paboTarT, KaK MPaBHUIIO, B PA30MKHYTOM PEXHUME, pacyeT TaKOW CeTH OOBIYHO HE SBIISICTCS
CI0)KHOM MAaTeMaTHMYeCKOW 3aj]adeil, OJHAKO TaKue 3aJayd MPUXOIAUTCS pelIaTh
MHOTOKPATHO M JUIsl OOJIBILIOTO YKCIIa 3JIEMEHTOB. [Ipr 3TOM 4acTo MPUXOAUTCS YUYUTHIBATh
CJIOXHBIE (PU3MUECKHE MPOLECChl, MPUOIMIKEHHOE MOAECIUPOBAHUE KOTOPHIX MPU PYUHBIX
pacyeTax, CBA3aHO C OOJIBIIMMU TPYA03aTpaTaMH U Ja€T 3HAYUTEIbHYIO MOTPEIIHOCTb.

[Ipu MpOEKTUPOBAHUH CIOKHBIX OOBEKTOB OJITHOIM M3 HanOoJiee OTBETCTBEHHBIX 3a/1a4
MPOCKTUPOBAHUS  SBJISIETCS  BbIOOp KOHGUTrypaluu ceTh. BbpiOOp  ONTUMaIbHOM
KOH(Urypal HEeU30€KHO BEJET K MHOTOBApUAHTHBIM pacyeTaM. B 3THX ycloBUsX
MPUMEHEHNE CHEIUATN3UPOBAHHON pPACYETHOM MPOTPAMMbl CTAHOBHUTCSI ONMPABIAHHBIM M
BBITOJTHBIM, YTO MPUBOUT K 3HAUUTEITLHOMY COKPAIIEHUIO TPY103aTpaT Ha MPOSKTUPOBAHUE
CHUCTEM 3JIEKTPO-CHAOKEHHSI POMBIIINIEHHBIX O0BEKTOB.



[Tporpammusiil komiuieke EnergyCS DinekTprka npeHa3HaueH ISl aHaJIN3a PEKUMOB
paboOThl  CIOKHO  PA3BETBICHHBIX PA30MKHYTBIX Tpex(a3HbIX YETHIPEXIMPOBOIAHBIX
AIEKTPUYECKUX CETEH, a TaKkKe ABYXIPOBOJHBIX CETEH MOCTOSHHOIO TOKA, MOJIYYaOIIHUX
MUTaHUE OT aKKyMYJISITOPHOU OaTapew, B T.4. U ¢ HHBepTOopamMu. CeTu ¢ HyJ€BbIM ITPOBOJOM
Wi 0e3 HEero; OAHO- W JABYX(a3zHble CETH paccMaTpUBAIOTCA KaK 4YacTHBIE Cllydau
Tpex(da3HoN uyeThlpexnpoBogHON ceTh. EnergyCS DneKkTpruka MOKET HUCIOJIb30BAThCA IpU
IPOEKTUPOBAHUHU CUCTEM COOCTBEHHBIX HYX] IIEKTPUUECKUX CTaHILIMMH,
pacnpeeuTeNbHbIX CETEH MPOMBIIUICHHBIX NMPEANPUATUI, aMUHUCTPATUBHBIX U KHIIBIX
3/IJaHUM, ceTel AJIEKTPOCHA0KEHUS IOCEJIKOB CEIbCKOT0 THUIA M KOTTEDKEH, a Takke AJis
ONEpPaTUBHOIO  KOHTPOJS M  IPOBEPKHM BO3MOXKHBIX PE-)KMMOB  CYILIECTBYIOIINX
ANEKTPUYECKUX CETEed NEPEMEHHOr0 TOKa MpH pa3padOTKE TEXHUYECKHX YCIOBUU Ha
MOJKIIOYEHUE HOBBIX MOTPEOUTEIIEH.

10.1.PemaemMpbie 3a1a4u:

[IporpamMmMHBIN KOMILIEKC O3BOJISIET PEIIATh CIEAYIOIINE 3a0a4H:

® ONIpPE/ICJIEHUE  PACUYETHBIX  TOKOBBIX  HAarpy3oKk  JJIsi  BCEX  3JIEMEHTOB
pacnpeeIuTeIbHOM CeTH PAa3NUYHBIMU MeToAaMH (10  KO3(pPUIMEHTaM 3arpys3Ku
ayeKTpoaBUraTesned u Kos(p@uuueHTaM OJHOBPEMEHHOCTH MaKCUMYMOB B y3JaX CETH, IO
METOJly MHCTUTYTa «Terao3ineKTponpoekT», o Kodd@uireHTaM pacdyeTHONM MOILIHOCTH B
COOTBETCTBHHM C «YKa3aHUSAMHM M0 pacueTy eKTpuueckux Harpy3ok PTM 36.18.32.4-92);

e pacyeT paboYMX TOKOB BO BceX (pazax M B HYJEBOM IIPOBOJIE YETHIPEXIPOBOAHOM
CETH 110 33/IaHHBIM Harpy3Kam;

e pacyeT (a3HbIX U JMHEHHBIX HANPSKEHUUA B KAXKIOM TOYKE CETH, CUMMETPUUYHBIX
COCTaBJISIOLIUX HAMPSLDKEHUN U COOTBETCTBYIOIIUX KO3(PPHUIIMEH-TOB HECUMMETPUH, a TAKXKe
orpesesieHue HauOOJbIINX OTKIIOHEHUH HaIpsi-)KEHUSI B yCTAHOBUBLIEMCS PEXKHUME;

® pacyeT IOTOKOB MOIIHOCTM W NOTEPh MOIIHOCTH BO BCEX JJIEMEHTaX CETU B
YCTaHOBUBIIEMCS PEXKUME padOTHI;

® pacyeT BEJIMYMHBI TEIUIOBBIICIEHUNH B AJIEKTPOOOOPYIOBAHUHM B  3aJaHHBIX
MOMENICHUSX;

® pacueT MUKOBBIX (IIyCKOBBIX) TOKOB M BPEMEHHU UX MPOTEKaHHUS BO BCEX JIEMEHTaX
CETH, a TAK)KE HANPSHKEHUM B KAXIOM TOUYKE MPU MPOTEKAHWHU NMHUKOBBIX TOKOB C OLIEHKOMN
HanOOJIBIITNX OTKJIOHEHUH HAMIPSHKEHUI OT HOMUHAIBHBIX 3HAYCHUH;

® OIIEHKA BPEMEHU PabOThI aKKYMYJISITOPHOU OaTapeu;

® ONpe/ieNIeHuEe I KaXKJOro 3JEMEHTa CEeTH MaKCUMaJbHBIX TOKOB B HadaJbHbBIN
MOMEHT BpeMeHH npu Tpexda3sHoM U ojaHoda3sHOM KOpoTkoMm 3a-mbikaHuu (K3) u
HauOospiero 3uadeHus yaapuoro toka K3. st 3-x ¢aszupix K3 y4uThIBaroTCS BO3MOKHBIE
MOANUTKM OT CHUHXPOHHBIX W ACHUHXPOHHBIX [IBU-TATe€IEl C Yy4YeTOM U MapameTpoB
YCTaHOBUBILIETOCA pexuMa, npeamectpyromero K3;

e ompezelieHne Uil KaXJA0ro 3JeMEeHTa CETH MHUHMMAJIbHBIX TOKOB MPHU OJHO(A3ZHOM,
nByxdaznom u tpexdaznom K3 ¢ ydeToM CONMpOTHUBIECHHS AYT'M M C Y4E€TOM HarpeBaHUs
TOKOBEIYIIUX 4YacTed pabounm TOKOM M TokoM K3 (yder TemnoBoro cmana), mpu 3TOM
CONMPOTHUBJICHUE TYyTU MOKET OBbITh 3a/IaHO WJIM PACCYUTAHO PA3HBIMU METOJAMH COTJIACHO
I'OCT;

e onpeieNieHue Ui KaKJI0M BO3MOXKHOM TOYKHM KOPOTKOTO 3aMbIKaHUSI BPEMEHHU €ro
OTKJIFOYEHUS] OCHOBHBIMM M PE3E€PBHBIMHU 3alllUTaMH MO 33JaHHBIM XapaKTEPUCTHUKAM
cpabaTbIBaHUSA 3AIUTHBIX aIMIapaToB;



® OIICHKA TEeMIIEpaTyphbl KU MPOBOJOB U Kabenel npu pabouyux TOKaX U Ha MOMEHTHI
oTKII0YeHUs] TOKOB K3 OCHOBHBIMHM M pE3epBHBIMHU 3allUTAMHU JUIsl POBEPKU Kadeseill Ha
TEPMHUUYECKYIO0 CTOMKOCTh U HEBO3TOPAHUE;

® ABTOMATHUYECKHUI BHIOOP M3 BCTPOEHHOM 0a3bl JaHHBIX CEUEHHM MPOBOJIOB U KabeseH,
KOMMYTAIIMOHHBIX Y 3aIIUTHBIX allaparTos;

® [IPOBEPKY CEJIEKTUBHOCTU Cpa0aThIBaHMS 3AILWTHBIX allapaToB C 3aBUCUMOM WIIU
HE3aBUCUMOI OT TOKA XapaKTEPUCTUKOW BPEMEHH Cpa0aThIBaHUs, & TAK)KE MOCTPOCHHUE KapT
CEJICKTUBHOCTH;

® AaBTOMATHU3UPOBAHHBIA BBHIOOP YCTABOK aBTOMAaTOB M HOMHHAJIBHBIX TOKOB IUIABKHX
BCTABOK MPENOXPAHUTEIICH;

® ABTOMATHU3UPOBAHHBIA BHIOOP AKKYMYJISTOPHOM OaTapen ¢ y4€TOM MHO-KECTBA
BHEITHUX U BHYTPEHHUX (haKTOPOB.

10.2. IIpeacraBiaenue uHGoOpMaLnu:

Bce pacuersl B nporpammHoM komiuiekce «EnergyCS DOnekTprkay BBIIOJTHSAIOTCS C
MIOMOILIBIO PACUYETHOM MOJENH 3JIEKTPUYECKOM CETH, KOTOpas OTpa)xaeT KOH(Urypaluio
CXEMbl U OCHOBHBIE CBOMCTBA €€ OOBEKTOB (KaOENbHBIX U BO3AYIIHBIX JIMHUH,
TpaHCQOpPMATOPOB, KOMMYTAallMOHHBIX  aIapaTroB, 3JEKTPOINPUEMHUKOB U T.I.).
@OopMHpPOBAaHUE PACUYECTHOM MOJENM IPOU3BOAUTCS  ABTOMATHYECKH IIPU  BBOJE
(BuepuMBaHMM) OOBEKTOB CXEMbl C MOMOIIBIO CIELUATBHOIO IpaHUUECKOro pelakropa B
€CTECTBEHHOM /Il TOJIb30BaTeNsl BHUJE, a TAKXKE 3aJaHUs UM HEOOXOJMMBIX CBOICTB B
COOTBETCTBYyIOIIMX Tabnmumax. [lapameTrpel cxemMbl 3aMelIeHHs KaXJI0ro oOBeKTa
pPacCUMTHIBAIOTCS Ha OCHOBE 3a/JIaHHBIX CBOMCTB M CIPAaBOYHON HH(OpMaLUM, KOTOpas
XPaHUTCS BO BCTPOEHHOM CIIPABOYHOU 0a3e JaHHBIX.

B nmporpamMmmMHOM KOMILIEKCE MPEAYCMOTPEHAa BO3MOXKHOCTh MCIOJIb30BAHUSI CMEHHBIX
BCTPOEHHBIX 0a3 maHHbIX crnipaBoyHOU nHpopmanuu (bC), opueHTUpOBaHHBIX, HAIPUMED,
Ha pa3Iu4HbIX NOCTABIIMKOB 00opyaoBanus (Siemens, Schneider-Electric, ABB u 1.1.). Kak
MpaBUJIO, HET HEOOXOJUMOCTH B HCIOJIb30BAaHMU 0a3bl JAHHBIX BCEro, KOrAa-iudo U Tie-
aub0 BbITycKaBiierocs: odopyaoBanus. I[loaromy no co3pganusi pacueTHoOW mMojenu (WU
HEMOCPEACTBEHHO B npoiiecce ee co3aanus) popmupyercs BJIC Tonbko Toro o6opyaoBanus,
KOTOpPO€ MOTEHIMAILHO MOXET ObITh MPUMEHEHO B JaHHOM MpPOEKTe WM pacuere. basbl
JAHHBIX IPOrPaMMHOIO KOMILJIEKCA OTKPBITBI KAaK JJISI CAMOCTOSITEIBHOTO IOIOJHEHUS
JaHHBIX, TaK W JJI IEepeKauku HH(OpMalMKM U3 HMMEILUXCS TII00anbHbIX 0a3 JAaHHBIX
IIPOEKTHOW OpraHU3alNH.

[IpenycMoTpen mexaHu3M aBToMatusupoBaHHoro ¢opmupoBanusi bJIC Ha ocHoBe
MH(POPMALIMOHHBIX CHUCTEM, HMEIOIIMXCS B MPOEKTHbIX opranu3anusx. CchUIkM Ha
000OpyZ0OBaHUE W3 CIPABOYHMKOB MOTYT OBITh MPUBSA3aHBl K KaTajioraM 00OpyIOBaHUS,
NPUHATBIM B OpraHu3auuu. [is 3TOro uCHosib3yrOTCS TEKCTOBBIE (opMaThl OOMeHa
JAHHBIMHU MEX]y pPa3IMYHBIMHU MPOrpPaMMaMH.

BBenennas ucxonaHas nHopMmanus U pe3yibTaThl pacyeTa XpaHsATCs B €IMHON Oasze
nanubeix mojenu (bJIM) u BBIBOISATCS Ha 3KpaH JUisl MPOCMOTpa W PEAaKTUPOBAHUSA B
pa3nuyHbIe OKHA, KaK B TAOJUYHOM, TaK U B rpaduueckom Buae. B mpoiecce paboTsl Beeraa
o0ecreunBaeTcs COOTBETCTBUE IpaUUyecKoro M300paKEHUsI CXEMbl CETH M €€ pacyeTHOMN
mozenu. [Ipu 3ToM n300pakeHrne cXxeMbl MOKET ObITh pa30UTO HAa BU3YaJbHO HE3aBUCHMBIE
MTOJICXEMBI (CTPAHULBI - JTUCThI) C COXPAHEHUEM €MHCTBA PACYETHON MOJEIH.



TaOnumpl ¢ MCXOAHBIMU JAaHHBIMH W PE3yJlbTaTaMU PAaCYETOB MOTYT IOCTOSHHO
MPUCYTCTBOBATh HA dKpaHEe JUCIUICS U HE MEePEKPhIBaTh U300paxkenue cxemsl. [lpu padote ¢
rpaduyeckuM M300pakKeHHEM BO3MOXKEH MPOCMOTP JHOOOr0 ydacTKa CXeMbl C U3MEHEHHEM
Mmacimitaba u300pakeHHsT B IIMPOKOM Juana3oHe. Pa3mep cXeMmbl yBEIMYMBAETCS
aBTOMATUYECKM IO MeEpe BBOJA HOBBIX 3JeMEHTOB. [l obecnedeHuss KOM(OPTHOTO

MIPOCMOTpPa UCIOIB3YIOTCS BCE CPEACTBA TUHAMUYECKOW MPOKPYTKHM U MacIITaOupOBaHUS,
CBOMCTBEHHBIE COBPEMEHHBIM IpaUECKUM pelaKTopaM.
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Puc. 30. [Ipumep npeacTaBiacHUsT CXEMbI
B porpamMmMHOM koMiuiekce EnergyCS Dnektpuka v 3.
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Puc. 31. TIIpumep pacuera no mpecTaBICHHON cxeMe (0HO Ha)KaHHUEe KIIABUIIIBI «PacdeT)
B nporpammMHoM Komruiekce EnergyCS Dnekrpuka v 3.



Oaiin [paska Cxema [Janrbie Obvextsi Pesyneratsi  Cepenc

Cnpagourink

Oxna

2

D[] || |w|e[s[]F @2 T (6] 1 ]0n]am[E[0]e] &= sk

T Pacuernan Harpyska

VN Net bl %%
| 1 |Baknaxawss | AN | 75 085 875 857 531 014 1 XX
| 2 |GpAl1 Al 75 085 875 857 531 014 1
3 |Gp3 Al | 75 085 875 857 531 014 1 sl
| 4 |Grp4 ALl | 15 | 086 895 168 994 02 1 ]
[ 5 |cips ALl | 15 086 895 168 994 02 1
6 |Gip7 Al 15 086 895 168 994 1 | 1 5},
| 7 |G ALl | 15 086 895 168 994 02 1
8 |Grp9 Al | 185089 905 204 105 1 | 1 |
9 |Gip10 Al | 185089 905 204 105 1 | 1 00 L
[ 10 | Grp-11 AL 185|089 905 204 105 1 | 1 {g)
11 |Gp12 Al | 37 086 905 409 243 1 |1 N
(12 |Gip-13 Al 37 086 905 409 243 1 A
[ 13 |Grp-14 AL 37 086 905 409 243 1 | 1 b
[ 14 | Grp-15 Al | 15 086 895 168 994 1 | 1
| 15 | Grp-23 Al 15 086 895 168 994 1 1 WPA-73-250
[ 16 | Grp-16 Al | 75 |08 875 857 531 1 |1 S0 a i
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| 18 | Grp-18 ALl 11 088 8 125 675 1 1 bb % % % %
[ 19 | Grp-19 ALl 11 088 88 125 675 1 |1 olozo)
| 20 | Grp-20 Al 11 08 8 125 675 1 1 3
[ 21 | Grp21 Al 11 088 8 (125 675 1 | 1 ‘?
[ 22 |Gip22 AL | 75 085 875 857 531 1 |1 Iy
[ 23 | Grp-30 Al | 75 085 875 857 631 1 | 1 4
| 24 | Grp31 ALl | 75 |08 875 857 531 1 |1
| 25 | Grp29 AL | 75 |08 875 857 531 1 |1 ?wAMm S S W - S
| 26 | Grp-28 A | 30 | 084)905) 331 2141 1 |1 o ] B A G o apmee A
| 27 | Grp27 ALl 4 081 82 488 353 1 |1 b = ]
(28 |Gip26 AL 4 081 82 48 35 1 |1 O O ©O O @)
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Puc. 32. [Ipumep BbIOOpa pacyeTHBIX HArPy30K
B nporpammMHoM Komiuiekce EnergyCS DOnextpuka v 3.
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Ne | Wunel | Mpucoe- | Motpe- | Haumenosakue | PHom | Ipacy | Inyck | Tun sawutHoro | IHom | loTkn Tun Ir Ilmltm lorc| I"ann | iya | Tun kabena | lgon | Kn | lgon’ L | dUp I dun I"Hk | I"ck | I"kk |to HK|tp Ch ~
uHeHue | butens kBT | A annapata KA |pacuenwtena| AJA|c| A | kA | kKA A M % % KA | kA | KA c c [
1 kd - = o[ o] -2 ? ol = 27 695 AAWB-3x580 | 120 1,04 125 1500 0 | -0486 27 2,69 236 wo | Ho
[E28] 1 - = 0 0 - |? ? - - - 494 913 WMA4-1600 1600 - | 1600 200 0 755 | 494 - - - -
| 3 |9 - 0 0 = ¢ - = |- I - - |2 < - - - - - - = - - -
[4 |9 - s o | o |- |2 ? 0|-]- 661 101 |WPA73-250 250 = - | 250 @18 | -326 777 661 - 2 = |
| 5 |28 e A1 Grp-Allt 75| 0 - |? ? 0|-|-|-|646|999 - - - - - - - - - - -
| 6 |28 - 2 BaknaxaHbl 75 0 - |? ? 0f-|-| - 646999 |- - - - - - - - - - - -
17 |28 - 13 Grp-3 75| 0| - |? ? 0=]- 646 999 - . . - . 2 - . 5 “ |-
| 8 |28 - 4 Grp-4 15 0 - |? ? 0|-|-[=]|64]99 | - - - - - - - - - -
9 |28 - 16 Grp-6 50| - |2 ? 0/ -/ - - |64 99 . - 2 = . . . : % | s
| 10 |28 - 7 Grp7 15 0 - |? ? 0|-]|- 64 | 99 |- - - - - - - - - -
| 11(28 - 8 Grp-8 15 0 - |2 ? 0|-|-|-]64]99 | - - - - - - - - - - -
129 - s oo |- 5 sl el =] = | = |2 ’ . . . 5 . s e | 2| 2| =
113 |18 - 00 - 2 - = |=f = = - |2 2 ¢ = = - ¢ - z s | s | =
| 14 |18 - 3 0 0 - |? 2 0 - |- - 718 113 |WPA73-250 | 250 - 250 16 294 101 718 - - - -
115 |29 -3 Gp3t 750 | - [? ? 0|-|-|-|687|108]|- . 4 - 5 s . o [ | o | o | e
116 |29 - 29 Grp2 5| 0 | - |? ? of-|- 687 108 - e 4 e s || 8 | 8| =
| 17|29 - 28 Grp-28 30 0 - |? ? 0|-|-|-1]666]|105 - - - - - - - - - - -
|18 |29 - 21 Gt & | @ | = |2 ? of-|-|-|692]|109/| s | e | o= g = s s |am | o= | 2| e
1 19|29 - 26 Grp-26 4 0 - |? ? 0 - - 692 109 - - - - - - - - -
1 20 |29 = 25 Grp-25 75| 0 - |? ? 0|-|-|-]687]108 |- - - - - - - - - - -
[21]29 -4 Grp-24 750 0| - |2 ? 0| =] =|=|687 108 2 2 2 2 4 2 < 2 5 5 | =
122 |9 - T 0 0 - |? /4 0|-1|- 58 | 8.6 WPA-73-250 250 - 250 18 | -353 -783 58 = 5 5 =
1 23 |31 2 16 Grp-16 75 0 - |2 ? 0 - - - |59 907 - - - - - - - - 5 = = 3
(24|31 2 |s o | 0| - |2 ? 0|-|-|=|s98|907|- a = = 8 2 3 = e ERE
1 25 |31 - 18 Grp-18 1" 0 - |? ? 0 - - 591 896 - - - - - - - - - - -
26 |31 - 19 Grp-19 1 0 -7 ? 0|-|-|[=]591]|896 |- - - - - - - - - - - -
[ 27|31 - 20 Gp2 | | = (2 ? of-|-|-|591|89% | - - - - Sl - -] -
1 28 |31 - 21 Grp-21 1 0 - |? ? 0|-|-|-]591]8%96 |- - - - - - - - - -
29 |31 - 22 Grp-22 75 0 -7 ? 0|-|-|~]598]907 |- < - = - . : = s s <
30 |31 - 30 Grp-30 75 0 - |? ? 0|-|-|-1598]907|- - - - - - - - - - - -
1319 - = 0 0 - |? ? 0|-]- 6,65 109 WPA-73-250 = 250 - | 250 | 18 | 31 115 665 - - - -
1 32|30 - 9 Grp-9 185 0 -7 ? 0|-|-|=]|753]|125 |- - - - - - - - - - -
133 (30 - 10 Grp-10 185 0 - |? ? 0|-|-|=|753]|125 |- - - - - - - - - - - -
| 34 |30 - 1" Grp-11 185 0 - |? ? 0 - - 7,63 | 125 |- - - - - - - - - - -
35 |30 - 12 Gp12 37| 0| - |2 ? 0=~ |738|122| 2 s 5 = ¢ s < % RERE
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Puc. 33. IIpumep pacuera kabenei 1 3alIUTHBIX alTapaToB
B porpamMmMHoM koMiuiekce EnergyCS Dnekrtpuka v 3.
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Puc. 34. KaGenpHbIii KypHAI AJI PaCKIa KN
B porpamMmMHOM koMiuiekce EnergyCS Dnekrtpuka v 3.
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Puc. 35. Jlornyeckas cxema 6a3bl JaHHBIX MOAENU. [[yHKTHUPOM MOKa3aHbl BHEIIHUE 110
OTHOLIEHUIO K POTPaMMHOMY KOMIUIEKCY KOMIOHEHTHI EnergyCS DnekTpuka v 3, KOTopble
HE SIBJISIFOTCS 00513aTENbHBIMU.



10.3. OnucaHue CTPYKTYpbl 0a3bl JaHHBIX M HCXOJAHOM
UHpoOpMALMH 1) PACYCTOB:

B mnporpammHOM KOMIUIekce KOH(UTrypaiusi CXeMmbl pacHpeleNuTeIbHON CeTH
ONMKCBIBAETCS TPpaoM, KOTOPBII B OOLIEM CITydae MOXKET ObITh CII0KHO-3aMKHYThIM. Pacuer
MPOU3BOJUTCS TOJNBKO JUJISI Pa3OMKHYTOM ceTu. Pa3oMkHyTOCTH oOOecmednBaeTCs
KOMMYTAIlMOHHBIMU alllapaTaMyd U KOHTPOJMpYeTcs mporpamMmoit. I'pad cetu cocTtouT u3
MHOXXECTBa y3JI0B U BeTBed. Kaxkgas BeTBb MpEACTaBISET OJIMH OOBEKT CETH (y4acTOK
Kalensi, aBTOMar, pyOWJIbHUK, TpaHchOpMaTop, ABUTATENb M T.I.). Y3Jbl — 3TO TOYKH
COEIMHEHHUSI JIBYX WJIM OoJiee BEeTBEW (Hampumep, COOpHBIE MIMHBI, OTIMAWKK OT BO3TYIIHBIX
WM KaOelnbHBIX JUHUH U T.1.). Bce BeTBU rpada MOXKHO pa3AeuTh Ha JABE TPYIIBI - JIUCThS
U MPOCThIE BETBU. JIMCThS CBSI3aHBI TOJBKO C OJTHUM Y3JIOM, HAIIPUMED, SIEKTPOIIPUEMHUKH
WM 6aTaper KOHJEHCATOPOB, a MIPOCTHIC BETBU - C ABYMS (HAalpUMeEp, Y4aCTKH BO3IYITHBIX
1 KaOeJIbHBIX JJUHUN, AaBTOMATHI, PEAKTOPHI U T.I1.).

B cxeme pacnpenenuTeNnbHOW CETH JOJDKHBI MPHCYTCTBOBATH MCTOYHWMKHM IMUTAHUA,
KOTOpBIE paccMaTpHUBAIOTCA Kak ocoOble JUCThs Trpada. Ilpu pacuere MCTOYHMK NUTAHUSA
paccMaTpuBaeTCs Kak KOPEHb JiepeBa. JlepeBo — 3TO CBSI3aHHBIA y4acTOK ceTu. JlepeBo ceTn
MOXXET HMEThb TOJBKO OJWH KOpeHb. l[IporpaMma 3TO yCIOBHE OTCIEKHUBAET. Takum
o0pa3oM, cxema pacupeeTuTENbHON CETH pacCMaTPUBAETCS KAK COBOKYITHOCTh J€PEBBEB, B
KOpPHE KOTOPBIX HICTOYHHUKHU MTATAHMUS.

CxeMa pacnpenesmTeIbHOM CETH MOXKET COAEpPXk aTh M0 255 MCTOYHHKOB ITHTAHHUS.
Ecnu cxema, oTxonsiasi OT UCTOYHUKA MUTAHUSA, UMEET 3aMKHYThIE YYAaCTKH WU UMEETCS
AJIEKTPUYECKast CBA3b C APYI'MM HMCTOYHUMKOM, TO pacyeT HE MPOU3BOJIUTCA W BBIIACTCSH
COOOIIIEHUE O 3aMKHYTOCTH CETH.

B nporpaMMHOM KOMILJIEKCE ITPEyCMOTPEHBI CIEAYIONIUE OOBEKThI ANEKTPUUECKON CETH:
® CUJIOBbIE TPaHC(POPMATOPHL;
® Yy4acTKH KaOelbHOMU JIMHUY;
® YYaCTKH BO3JIyIIHOU JINHUMU;
® YYacCTKH MPOBOJIKU C U30JMPOBAHHBIMH ITPOBOJAMHU;
® YYACTKHU HIMHOINPOBO/IA;
® ABTOMATHUYECKHE BBIKIIIOUATEIIH;
® [IPEAOXPAHUTEIIN;
® pyOUIILHUKY;
® KOHTaKTOPBHI;
® PEaKTOPhI;
¢ TpaHC(hOPMATOPHI TOKA;
e OaTapeu KOHJIEHCATOPOB;
® 3JIEKTPONPUEMHHUKH;
e faTapeu aKKyMYJISITOPOB;
® HBEPTOPBI;
® CTa0MIIN3aTOPHI;
® a0CTPAKTHBIE BETBU C KOMIUIEKCHBIM CONMPOTUBICHUEM.

COBOKYITHOCTh Yy3JI0B, BETBEH U OOBEKTOB COCTaBISAIOT 0a3y naHHbIX moaenu (bJIM)
paccMaTpuBaeMoOil  3NeKTpudeckod cetu. [Ipu  BBIMOJHEHWHW PAcueTOB  OOBEKTHI
anekTpudeckon cetn B BJIM  npeacTaBisAIOTCA  COOTBETCTBYIOIIMMHM — PACYETHBIMU



rmapaMeTpaMu BeTBed. YacTp pacyeTHbIX NapaMeTpOB BETBEH, KOTOpas 3aBUCUT OT
MAcHOPTHBIX (KAaTaJIOKHBIX) JAHHBIX 00OPYAOBAaHHUA, ONMPENEIICTCS Ha 3Tale BBOJA ITHX
OaHHBIX B crpaBouHyio 60a3y (CBJl) u Tam XpaHuTcs. OTH mapaMeTrpbl MOTYT OBITh
U3MEHEHBl TOJIBKO IPU HW3MEHEHUM COOTBETCTBYIOLIMX NAacnopTHbIX JaHHbIX B CB/I.
[ToaTomy kaxkawiii 00bekT B/IM cBs3aH ¢ cooTBeTcTBYIONIUM 000pynoBanueM B BJIC.

IIporpaMMHBIil KOMIUIEKC JIOIIYCKAeT BBIIIOJHEHHE PAacdyeTOB, KOIZAA JJEMEHTBHI CETH
ellle He OmpeiesieHbl MOJHOCThI0. Hampumep, B cxeme MMeeTcs y4yacTOK KaOeis, JJIMHA
KOTOpOro MoeT ObITh 0T 1 10 15 M. Ho ceuenue ero HensBecTHO. MOXKHO NpPeayCMOTPETh
Kabenb Kak OOBEKT, HO HE ONPENENATh €ro TUIl U HE BBOAMUTH JUIMHY (BBecTH JHMHY 0)
BBINOJIHUTD MPEABAPUTEIbHBIA pacyeT, a MO3Hee, KOrjJa HEOoNpeaeIeHHOCTh OyIeT CHATA,
ITPOBECTH YTOUHSIOIINM pacyeT ¢ MPAaBUIbHBIMHU NTapaMETPaMH.

Jpyras 4yacth pacueTHbIX nnapameTpoB b/IM, 3aBucsimas oT paccMaTpruBaeMoro pexuma 1uiu
OT PEryJIMpyeMbIX MNapaMeTpoB O0OpPYIOBAHMS, ONPEAEIAETCS HEMOCPEACTBEHHO BO BPEMS
pacuera.

W cTOYHMKY MHUTAHKUS MOTYT OBITh CUCTEMBI, AKKYMYJISITOPHbIE OaTaped U UHBEPTOPBI.
Cucrembl HE CBSI3aHBl ¢ KOHKPETHBIM BUJIOM OOOPYIOBAHHMS, a OTPAXKAIOT XapAKTEPUCTHKY
MUTAIOIIEH CUCTEMBI, JIJIs1 KOTOPOM TOKHBI OBITH 3a/1aHbI CIIETYIOUIUE TapAMETPHI:

® HOMWHAJIBHOE HAIIPSIKEHUE;

® PaCyYETHOE HAIIPSHKEHHUE, KOTOPOE CYUTAETC HEU3MEHHBIM;

® TOKU TpeX(a3zHOTo U 0JJHO(PA3ZHOTO0 KOPOTKOTO 3aMbIKAHUS;

® [IOCTOSIHHAsl BPEMEHU 3aTyXaHUsl allepuoIMYECKON COCTABISIONIEH TOKA Tpex(pa3HOro
KOpPOTKOI'O 3aMbIKaHU;

® BpEMA-TOKOBas XapaKTEpUCTHKA cpaldaThlBaHMs 3AIMTHOTO ammapara HUTAroIIen
CUCTEMBI;

® MapKHpPOBKa WJIKM 0003HAYECHHUE IIUH IPUMBbIKAHUSI.
OOBIYHO B CHUCTEME DJIEKTPOCHAOXKEHHSI HMMeEEeTCs OOJIbIIOE YKCIO OJMHAKOBBIX 10
napamMeTpaM M 10 pPeXUMy pabOThl JIIEKTPONPUEMHUKOB. UTOOBI HE ONpenensTh
ONHOTHIIHBIE MMAPAMETPbl KaKIO0ro siekrponpueMHuka rpynnsl O, B BJIM BBenena
tabnuua «['pymnmbel  3JIEKTPONPUEMHUKOBY», B KOTOPOM HEOOXOAMMBIE MapaMeTpsl
AIEKTPOIIPUEMHHUKOB I'PYIIIBI 3a1aK0TCS OJUH Pas.

Kpome toro, B mporpaMmmuom komiiekce EnergyCS DnekTpuka, 15 ydyetra yCIOBUM
pasHBIX  MOMEIIEHWH WU Ul BBIIOJIHEHUSA  PAacuyeTOB  TEIUIOBBIACICHUS  OT
AJIEKTPOTEXHUYECKOTO OO0OpYyIOBaHUS IMPEAyCMOTpeHa Tabyuua IMepedHs MOMEUICHUM, B
KOTOPBIX Pa3MELIatoTCs JIEKTPOIIPUEMHUKH.

[IporpaMMHBII KOMIUIEKC MPEAHA3HAYEH KAK U1 MPOEKTUPOBAHUS HOBBIX, TaK M IS
aHaIM3a CYIIECTBYIOIIUX ANEKTPUUECKUX CETEN CUCTEM AJIEKTPOCHAOKEHUSI.

[Ipy MpoEKTHPOBAHNYU UCXOIHBIMH TAHHBIMU SIBJIIFOTCSA:

® Ha0Op CTaHJAPTOB U METO/OB PACUYETOB;

® [IEpPEUYEHb DIICKTPOIPUEMHHUKOB;

® [IEpEYEHb BO3MOKHBIX UICTOUHUKOB ITUTAHUS;

e [iepevyeHb 00OPYAOBAHUS, TOTYCTUMOTO JIJIsl IPUMEHEHUS B IPOEKTE;

e [IpeABapUTENIbHASI KOHPUTYpaIUsi CXEMbI CETH;

® [IepeueHb  BO3MOXHBIX  KOH(MUTypaluil  CceTH, ONpeAeNsieMbIX COCTOSHHUEM
KOMMYTAllMOHHBIX aIlllapaToB JUIsl Pa3HbIX IOCJICABAPUMHBIX PEKUMOB, CBSI3aHHBIX C
BO3MO>XHBIMHU CXEMaMH B3aUMHOTO PE€3€pBUPOBAHUS 00OPYIOBAHMSL.



OxoHuarenbHass KOH(QUTYypaluss CEeTH MOXKET TMOJYyYUThCS B  pe3yJibTaTe
MHOTOBapHUaHTHBIX pacdeToB. PemieHre 0 BO3MOXKHBIX M3MEHEHHSIX KOHQHUIYpallUU CXEMBI
MIPUHUMAET PACUETUHK.

[Ipu anaM3e CymecTBYIOEN CETH UCXOAHBIMH TAHHBIMU SIBJISIFOTCSL:

e Ha0Op CTaHJAPTOB U METOJ/IOB PACUETOB;

® [IepeUYEHb JIEKTPOIIPUEMHHKOB,

e [IepEUYCHb UICTOYHUKOB IMUTAHUS C UX MapaMeTpaMu;

e napaMeTpbl 000pyAOBaHNUs, BXOSIIETO B COCTaB CETH;
e KOH(UTYpaIHs CXEMBbI CETH.

HcxonHble naHHbIE, HEOOXOIUMBIE ISl BBIIIOJHEHUS TOIO WM MHOTO pacyeTa, Kak
IPaBWJIO, BBOJATCS B pa3jIMyHbIE TAOIMIBI MIPOTPAMMHOIO KOMILUIEKCA, a KOH(pUIypauus
CXEMBbI CETH MOXXET OBITh BBEJEHA M B IpaMuecKOM BHJE C IMOMOIIBIO CIEHUATHHOTO
BCTpOEHHOTo penakropa. llogpoOHoe omucanue Buaa TabaMII M cOCTaBa IapaMeTpoB
IIPUBEICHO HIKE B CIEAYIOIINX pa3ienax.

B nporecce paboTsl mporpaMMHOro Komruiekca Best uHpopmarus b/IM xpanutcs Ha
IUCKEe (MM B JHCKOBOM K3IIE), a B MNaMATh HOJATPYXKAETCA CTpaHULUAMU 10 Mepe
Heo0xoauMocTh. COOTBETCTBEHHO M COXPAHEHUE AAHHBIX OCYIIECTBIISIETCS CTPAHULIAMU IO
Mepe BHECeHMs W3MeHeHHH. Takol moaxoJ OOecrneurnBaeT BBICOKYIO BEPOSTHOCTD
COXPAHEHHUsI MOCIEAHUX H3MEHEHUN MOJENHU MpPU HEKOPPEKTHOM 3aBEpIICHUH paboThl,
HaIlpuMep, MPU BHE3AITHOM OTKJIFOUEHHUH NMUTAHUS KOMIIBIOTEPA.

" .
CS()Tt NMpeanocbUIKM UCMOJIb30BaHUA NporpamMMbl

1. HoBble HopMaTUBHbIe AOoKYMeHThI. [1o TOCT P 52736- {1}
2007 npu Bbibope Kabenell HeobxoanMa NMpoBepka He &
TONTBKO MO TEPMUNYECKOW CTOMKOCTU, HO U NO
HEBO3ropaHuIo NpY O0TKaze OCHOBHOM 3alUMUThI.

2. HoBble TexHO0rMM 3aWnUTHbLIX annapaTtos. MNpuxoa Ha
PbIHOK COBEpLUEHHbLIX MMMOPTHbLIX aBTOMaTUYECKUX
BbiK/loYaTenein. CopeplUeHCTBOBaHNE OTeYeCTBEHHbIX
annapaToB TpebyeT pacyeTa yCTaBOK Ha OCHOBe B
MCMOJIb30BaHNS XapakTePUCTUK BPEMEHM E
cpabaTbiBaHMA annapaTos.

3. Hann4ne nporpammHoro obecne4vyeHuns cnocobHoro
BbINOJIHATE KOMIM/IEKCHbIE Pac4eTbl C HAMMEHbLUNMU
3aTpaTaMu BpeMeHM!.

Puc. 36. [Ipeanochuiku UCTIOIB30BaHMS
nporpaMmMmHoro komiiekca EnergyCS Dnexrpuka v 3.
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3.0.032

-
Y L4 BHUMWMa30506

- EnergyCS 3

IBEIEE

Qaiin  Mpaeka Cxema [Jawwoie Obvextsl Pesyneratel

] 2= 1 e I = e - 1P ] S (=2 =1 RN Al

Cepenc  Cnpasounnk Oxwa 7

ml'nasuu — = mAl‘rouaruHec:numm... =]
= = Konmposate 3akpeith
| ? Le AB QF1 3VL4T31(2:2) QF1 3VL4T73
e . 10000 ] 3VL400/3VLY
\ eV 1 N
A :F{ 100 4 55
I \ . 3VL400/3VLS
IT[; 100 \‘ : 250
IM3=2 14357 KA : K3 N '..\ i
"=15.7328 KA K3=0,079 I \‘H\ \\“ '
IM2=1,18974 KA I 1 N ~ 1
I[.|3:_1%3Q128 KA I3 iR :
‘g |:|I =15,7328 kA El 01 o i
) ® ©) i O
Up=4122278 %}u::uzz??E Al .01 W '“'--é=_-— O
- - e : 2|
foYo) C X 0,001 a3 ,
b " 8p=32 751 kB *
Ke=01990¢ Q102 05 W, 5 1020 I, KA
0
- .CJ‘.'-.
FUp=412214B JUp=412268B JAUp=412189 B
MrHOBEHHO NOCnNe HaXaTuA KHonku «PacyeT»
-17! A6
L L1 o []. Kpome TOro MoXeT ObITh BKIIOYEH PEXUM
=14 =380 »
o0 78 A e aBTopacyeTa. MepecuyeT GygeT NnponsBoanUTCA
Sp=32,751 kBA Sp=43,9203 Kk
4 o sannas oo Anaas nocrne Kaxgoro N3MeHeHUA CTPYKTYPbl Unun
4
PRS0 P napameTpoB, BNUAKOLLUX HA PeXUM

¥3noe-119 Bereeii-157 Pexcum:"” Pacuer :MM1; N2;

CSoft

Puc. 39. [Ipumep KOMITIIEKCHOTO pacueTa peXuMOB
B nporpammMHoM Komiuiekce EnergyCS DOnextpuka v 3.

AHanus3 pe>xmMmoB

Ona aHanusa peXXuMoB UCNOSbL3YTCA crneylolwme cpeacrsBa:
1) BbiBoA pe3ynbTaToB Ha cxemy (ynpaBnsieMbi cOCTaB
napameTpoB;

2) PacuBeTka no ycrnoBusiMm:
* [To cesa3sHOCMU ¢ UCMOYHUKOM numakHus, =000
* [lo HOMUHaNbHbIM HanpPs)XXKeHUsIM, 8
* [To omkIoOHeHUSAM Hanps>keHud,
Mo kKoaghpuyueHmam 3azpy3ku obopydosaHus,
Mo pasmMeuweHUrO Mo NoMeweHUsIM,

Lisera

UHKBl I

380 W
660 W

220

OONENEEREHE
OONEEEERNE

* 1o pesynbmamam nposepKu donycmumMocmu ycsiosuu

pabomer,;

3) OnepaTuBHOEe U3MeHeHUe KOHJUrypaumm ceTu;

4) 3anomMunHaHue 0O BOCbMM KOH(UIypauum ceTu,
onpegensieMbiX KOMMYTaUUAMM;

5) CpeactBa rpacmnyeckoro npeacraBneHUs XapakTepUCcTUK

3alMUTHBLIX annapaTos.

Puc. 40. Bo3M0OXHOCTH aHaM3a peKMMOB

B nporpammMHoM komruiekce EnergyCS Dnektpuka v 3.
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Puc. 41. Ilpumep HaHECEHHS PACI[BETKU MO Pa3IMUYHOMY HAIPSHKEHUIO
U1t ynoOCTBa aHaiu3a B mporpaMMHOM koMiuiekce EnergyCS Dnektpuka v 3.
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Puc. 42. Ilpumep npencTaBiaeHus] MOAEIN Ha HECKOJIBKUX CTpaHHUIIaX
B porpamMmMHoM koMiuiekce EnergyCS Dnektpuka v 3.
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Puc. 43. Ilpumep moaenupoBaHus
B mporpamMmMHoM komiuiekce EnergyCS Dnextpuka v 3.
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B nporpamMmMe npeaycMoOTpeHO 3 MeToda BblYMCNEHUS
pacyeTHbIX Harpy3ok: K3 u Ko, T2l (ansa c.H.), TMN30
(MawWmMHOCTpOUTENbHbIE NPEeaAnpPUATUS, PEM. MacTepCcKue)
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| B | Saame xoagaceTHore samepa raza (noa. M1 135.1). A6. Beod 3 (NomMapaa Harpyaea) - 1 664103 664103 1 1 6.64103 a 441033
| 8 |KaY (UG}, Beog 1 - 1 a 0 1 1 ] [ ]
| 10 | 3aaHwe ¥03DACHBTHOM 3aMena rasa (noa. [ 136.1). A1 Baog 1 - 1 202mM9 | 202719 1 1 202719 a 410,951
| 11 | 3aamme yCTaHoBKN NPOMEISE 0 OCYLUKN raza (noa. [T 165). AZ. Beos 3 [nesapHas sarpya«a) - 1 2872951 282851 1 1 282951 [ 500615
| 12 | Wur paenpenanuTen e LF1 - 1131307 131307 1 1 131307 [0 172,415 3
| 13 | Wead azapufrore saona o1 AGC "BKAS-0.4-630-3" (noa. IT1180.2) - 1 583279  5832T% 1 1 5B3.270 1 340214
| | WM Ne2 Bana Ne2
| 1 | Saanwe yCTaHOEKN FACNPEaENeHUA N CEnapaund rasa (noz. 1 164). AZ. Beoa 4 (nowapwan Harpyska) - 1 787183 TAT183 1 1 7.67183 (i 51,9656
| 2 | 3aamme yorawosin nog roroskm wedm [ros [T1170) Ad Beog 4 (nowapuas warpysca) -1 9B7E | O6TE24 1 | 1 | 9ETEM [ 93,6102
|_3 | SA@e TexHOADMMECEOR HIGOCHOR (noa. TT118B). A3. Booa 4 (nowapuan Harpyaks) - 1 BE5E205 | 656205 | 1 1 6,56205 1 43.0605
| 4 |yt peenpesenimenshii P2 - 4 623944 521914 1 1 52331 (i 274483
| 5 |3AaHue yCTAHOBKK NPIMHER K OCYLIKA rasa (noa. [ 165). A1 Beag, 2 - 1 25386 25386 1 1 25,3B6 [ 644,248
| & |3aanme ycranoske nogroroskn wedmm (nos. [T1170). A1, Besg 2 - 1 264127 | 264127 | A 1 | 284427 [ B97.633
[ 7 | Snasne yoranoskn pacnpagenssun v canapau rasa (noa 71 164) A1 Bsoa 2 -4 420073 | 320073 4 | 1| 320079 o 1024 46
| B | 3A@ine yCTIHOEKR NPIMLIEAY 0 OCYWKA raza (noa. 1 168). A2, Boog 4 (nowapnan Harpyaa) - 1 282951 282951 1 1 26,2951 0 800,615
| 9 | Saadne xoapacueTHoro samena rasa (noa. (11 135.1) A1 Beog 2 - 1 136678 138678 1 1 13,8676 (i 192,317
| 10 | Brow-Goxe g raene+oi snewrpocranuypm BRAG 4-630-K Wy cofceensex Hywa [nos. TT1 130.2) - 1 138111 135111 1 1 136111 o 185,263
| 11 | Mposertopoe cceswenue - 1 206208 206208 | 1 1 20.6208 [ 425,216
[ 12 |KaY  Bron 2 -1 0 o 101 ] 0 ]

13 | 3aanwe xoapacyeTHoro Jamepa raza (noa. MM 135.1). A6 Beog 4 (nowapHan narpysea) - 1 AB4103 | AE4103 1 1 6,64103 7 44,1033 5 i
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Puc. 44. TIpumep pe3yabTaToOB pacueToB
B nporpammMHoM komiuiekce EnergyCS Onektpuka v 3.
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CSOﬁ Tabnuuya pesynbTaTtoB pacyeToB
Tabnuuya pacueta KJ1 n 3A

«Tabnuua pacueta KJ1 n 3A» coaepxxuTt pesynbTaThl
KOMM/IEKCHOro pacyerta, 060CHOBbIBaoLWme Bbl6Op
kabenen n 3aWMTHLIX annapaTos.

T L UMM asopotenia - Energys Bnexrpacs 30.032 o |15

Gaiin Mpaaka Crewa Jashwe  Ofuestu Posynurams Cepouc  Cnpapoumms Owia 1

= B A Y Y S T e R S = s e R Y Tl

T Tabniug pacuera kabensii M 3auyTHEX annapatee. ==
e Mpacae- ‘ Motpe- | Hanmenananie | Prow | Ipacs ||nyc= TMnaﬂLumHnrn‘ THan |mnm| Tm | P | im | m | lore | 88T | iya | Tun kabenn | laon I_;
e GuTens [l A A | amapera | A | wA | pecupmmens | A [ A e | A WA WA A |

BN EECEEE RS - - B I e - C NAGEYBY-3xs 2|

(2] - 2KTTIA-E30/10/0 448, 0 | 548256 | - IWL1110 1000 50 |3WL1110 90| - - - | 16,4944 | 33,1068 LUMMIE - 1000-1000 1000

| 3 | 5QFIVL3T25 - o 457433 | - 3VLZEOAVLI 250 55 |IVL2BQ/AVLI 250 | 15 0,01 | 2750 | 157326 | 314353 - -

[ 4 | QF13vL4731  TTI165. AT Beoa 1 | Jgawue yorawosr 497255 | 7655 - VLADDALA 400 85 |3VLA00/IVLA 250 | - - - 15,7328 | 314383 4 DBOWewr-L3-3x18 320

(5| QF2IVLE763 TTI170 A1 Baoa 1 | Jgewus yerawoss 32,751 | 4976 | - IVIGINAVLS 630 | 65 |IVLEIU/IWLS | 250 | 16 001 | 2500 | 157320 | 314357 OEGLAsriS-Ix16 80

[ 6 | oF3aviarzs ITI164 AT Beoa! |3nawwe yorawost 435203 | 6673 | - BVLZSOAVLE 250 &5 | BVLZSO/3WLA 250 | 1.6 001 | 2750 | 157328 | 314353 BEGWeAr-LS-3u50 155

| 7 | QFE3VLZ710 TT1168. A3 Beoa 3 | 3pamue Taxkonol 655205 9.97 - 3VLIB0AVL2 160 &5 |IVLIBO/3WL2 40 | 15 001 | 440 | 157326 | 314353 BBOWenrLS3-1x10 0

{5 | QFPWL2740 (TI170 A4 Bscg 3 | Jgawus yerawoss 967624 | 147 | - WVLIG0AVL2 460 | 85 |VLIG/L2 4D |15 001 | 440 | 157320 | 31.435) B6Alesrd S-1x10 60

(9 | are3vizrio TTI164 A2 Baoa 3 | 3nawue yerawost 787183 | 1196 | - 3VLIBOAVI2 160 55 |3VLIBO/3WL2Z a0 | 15 001 | 440 | 157378 | 314353 BEGWAMrLS-3x10 60

| 0 | @F10avieTie WP Wr pacnpegenn 131307 | 19.95 - AWLIBOAVLZ 160 &5 | VLIGQ/EVLZ 160 | 15 0,01 | 1760 | 157326 | 314353 BBMr-3x10 &0

11| @F113WL2710 [T 165 A2 Beoa 3 | 3gawue yorawos: 25,2951 | 4299 | - OWL160AVLZ 480 &5 |SVLIGO/3WL2 8D | 15 001 B8O | 167326 | 314353 BBGllesrL5-3x36 125

[12 | QF123WL2716 TT11351 A1Bso 1 3pamue xospacs) 202719 | 308 | -  IVLIEOAVL2 160 &5 |SVLIGL/3WLZ | 8D | 15 001 | BBO | 157328 | 314353 BEGlWAsrlS3x35 125

| 13 | QF133V12706 - a 0 - 3VLiB0avLZ 160 55 |IVLISW/3VL2 63 | 15 001 | 683 | 157328 | 314353 - -

|14 | QF153VLIT06 KAY (UG) Dsoal |KAY (UG), Bsoa 0 0 o BVLIG0AVLZ 18D 85 | SVLIBLIVLZ 4D | 15 0.01 | 440 | 157326 | 314353 DBer-3xl6 a0

[ 15 | QF163WL2710 TT1135 1 AEBaoa 3 3pamue xospacs) 664103 | 1009 | -  3IVLIEOAVLZ 160 &5 |SVLIGO/IWLZ | 4D | 15 001 | 440 | 157328 | 314353 BEGlWesrLS3x10 60

[ 16 | QF17 3WL1106 TT1 163 A3 Bena 3~ 3nauue Texvonor 133,547 | 21202 | - 3WL1106 630 50 |3WLI106 500 - - - | 157328 | 314353 2 BEAllenrLS-2504 1225 | 310

7| mems - 0 Mear - - - - - - - NAZXSEYBY-3x38 125

(96| 20F 3wL1110 wPn-2 U | 2908 | - WM 000 S0 [IWL1TI0 800 | - - | - | 161944 | 33,1068 WM - 10001000 1000

[ 19 | @rendvierio TT1165 A2 Beoa4 | 3newwe yerawosi 282951 | 4299 | - BVLIBOAVLZ 160 &5 | 3VLIGO/AWL2Z B0 | 15 001 BAO | 157328 | 314353 BEOWRMrLS-3k25 105

| 20 | QF213¥L2716 TT1135.1. Al.Beos 2 3panne xepacy: 138673 | 21.07 - 3VLIB0AVL2 160 &5 |3VL1B0/3WL2 | 80 | 1.5 001 | B8O | 157326 | 314353 DBOWenrLlS3-1x26 105

| 21 | QF223vL2TF06 - q 0 - AVLIB0AVL2 160 65 |IVLI6L/3WL2 B3 | 15 0,01 | 693 | 157326 | 314353 - -

| 22 | QF233WLE710 T 180.2-2 Bnok-Gokc gnsen 136111 | 20,68 - WLIE0AVLZ 460 &5 IVLIGI/EVLZ 100 | 1.5 0,01 | 1100 | 157328 | 314353 BEGBsrL5-3x10 60

| 23 | QF24 312706 Towwewropuos coeeu Moowekiopuoe o 208208 | 31.33 - WWLIBOAVLZ 16D A5 | VLIGWEVLZ 63 | 15 001 | B93 | 157326 | 314353 BEOWekrl5-3x10 &0

| 24 | QF253L2706 KAY Beog2 HAY  Beog 2 [ 0 - 3VL1B0AEVLE 160 85 | 3VLIGO/3VL2 4D | 15 001 | 440 | 157328 31,4353 BBMwr-3x10 60

[ 25 | QF263WL2710 TT1135 1 AEBasog 4| 3pamue xozpacs) 664103 | 1009 | - IVLIEOAVLZ 160 &5 |SVLIGI/IWLZ | 4D | 15 001 | 440 | 157328 | 314353 BEGlWeAsrLS3x10 60

[26 | @Fzraviarat TT165 A1 Beoa 2 |3nawve yorawosi 25,386 | 3857 | - GVL4DDAVLE 400 55 | SVLOQ/3VL4 250 | 15 001 | 2750 | 157128 | 314353 BEOLwrLS-3x26 10z

| 27 | QF253VLETE3 TT1170. AT Beoa 2 | 3gamue yerawost 264127 | 40.13 - JWLE30AVLE B30 65 | JVLEIUIVLS 250 | 1.5 0.01 | 2800 | 16732 | 314353 DBOWesrL3-3x16 80

| 2B | 2F293WL3F25 TT1164 A7 Beoa 2 | JgeWue yerawos 320073 | 46 63 - IVL2500aVLS 250 85 | 3VL2S0/3WLI 250 | 15 001 | 2750 | 157328 | 314353 BGOlWeHri5-3x35 125 |1~
+ ™ 0
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Daan  MNpaexs Cxema  [anwoie  OBvexior Pesyastarer Cepenc  Crpasosowe Okna 7

oy = 1= e Y Y st [ e =B |99| | 5| ==t

T Kabenaneii xypHan gna packnagt =N
N Omryaa | Kyaa | Hanmenozanne | Moz |E|m| Unom Tun Caugsnz n Baausaal L | laon | lgon’ | Ipacu | dJ MowmeL +

noTpefurena 1=} HNCIO #AN | NosMumMA | m A A A % [

ER Erag Ned 2KTTIA Tparcdopmaran B1-179 C 10000 MNAZKSEYBY | 3x35 900 125 429,749 | 21,9303 0168491

| 2 | wpn-2 L3C "BKA3-04-630-3 BKA304-630-3 N24.168 N25-168-1 380  EBGWaurls 50 180 310 0 0 0

ER wpr-2 113C 'BHAD-0 46303 BKAZ04-630-3 N2A-168 N76-1668-2 | © 380 BE6lEsrS 350 180

| 4 | wpn-2 Peazpe~4 Peaepe - [ ? ? 7 0 100 0 D 0

| 5 | P2 T 166, A2 Beoa 4 JgaHie yCTaH DB NPOMBIEKN 1 01 M4-165 C 380 EEAUawrls 325 350 105 11064 | 42898 | 467434

| 6 | wpr-2 MM1351 A1Bs0a 2 358HME XDIPACHITHOND 3aMERA 1T n2-135.1 C 380  BELEHLS 25 500 105 1068 | 2107 | -3208034

| 7 | wpr-2 [T 174. Baga 2 HaHanuaa,nonHan HacocHan cTax n2-174 c 2 ? ? 0 100 0 0 0

| 8 | Lpn-2 rm130.2~2 Bnok-boke isens=Hol snexipocta n1-150.2 C 380 EEAWowrls a0 70 60 632455 | 20068 | -1,17545

| 9 | -2 MpokexTopros ocaelje  TPOHEKTOPHOE OCBELEHHE — c 380 BERLLBHr-L5 =10 180 6D B32456 0 3133 -4.39286

| 10 | wpn-2 KAY , Baoa 2 KAY  Baag 2 H9-1 c 360 BBHr 310 T B0 632455 0 -0,0558

| 11| wpn-2 MM 135.1. A6.Beoa 4 JiaHue X03pacusTHOrD 33Mapa rz n4-135.1 C 360 EGawrls 3x10 500 B0 832455 | 10.08 | -3.20358

| 12 | wpn-2 ITH65 Al Beog 2 30EHME YCTAHDBEM NPOMLEIN W 0 Mz-165 C 380 BEALsHLS 325 350 105 11068 anar | 4qraE

| 13 | wpr-2 T 470. Al Begg 2 Jaasue yorasoman nogromoms He n2-170 C 380  EBERLawrLl2 316 140 80 84,3274 | 40,13 | 273764 n
| 14 | Lpn-2 M 164, A1.Beng 2 343H4e YCTAH0REN PACTIPEAEnEH) n2-164 C 380 EEAWowrls 6 380 126 131,762 | 43.63 | 408919 a
[ 15 | WPr-2 Pz LLLHT pacrpenenvTEns el WP2 H11 C 380 BBHr 310 500 B0 G3Z4S5 | THE | -309136

| 16 | wer-2 Peasps Feseps - C ? ? 7 0 100 0 0 0

| 17 | wpen-2 M 168, A3. Beog 4 JLEHMe TeXHONOMULCKDN HACOCH n4-168 c 380  EBollawrls 3x10 180 60  63.2456 o.a7 -1.4280

|18 | upr-2 M 170 A4 Beog ¢ 340HAE YCTAHDDKM NOATDTDORA HE r14-170 C 380 BEAlsHiS 10 40 G0 GIA4EG | 4T -153265

| 19 | wer-2 ITI164. A2 Beog 4 JaaHue yotasoma pacnpegenesy N4-164 C 360 EE6WawrlS 310 380 G0 632465 | 11,96 | 352406

| 20 | 2KTAB30/10/0.4uB, 1 c.  [13C "BKA3-04-630-3 Lead apapuinoro eaoga or [3C 1NAATYING-1THINB, C 380  EEAWawrls a0 70 TS 0 ] ]

| 21| PKTAS30M0M 4B, 12 [13C 'BKASH 46303 Wkag asapuinoro 53003 of L3C NA79:1ME-1T3 108, © 380 BE6lEsrLS 350 70

| 22 | ZKTNAE30/10/0.466, 1 c. [ 3C "BHA3-04-630-3  Weatp arspuinoro saoga o [3C 114-179,106-179,1N8, C 380 BE6GLaHrLS x50 70

| 23 | 2KTNA-G30/1000.44E. 1 c.  L3C 'BKA3-04-630-3 Wead asapuinoro esoga or [3C MAATYINE-1THINB, € 380  EEGWawrls 350 70

| 24 | PKTNAGINA0D 4B, 1. [13C 'BRAD-I4-630-3  Wead anepuiinoro 5a0aa of 3G ANAATEINE1THANG: C 300 BEAWsHLS 50 70

| 26 | 2KTNAG30M0M0.46B, 1 e, [T1165. Al Begg 1 IRSHUe yoTAHOBAN MPOMLSKN U of TH-165-1 C 360 BEGLawrLlS 316 30 320 3| TEEE | 326728

| 26 | 2KTNAB30M10/0.4E, 1c. TTI165. A1.Beoa 1 32HUe YCTAH0RM NPOMLEKA U 0 n1-165-2 C 380 EBAWowrls el 360

| 27| PKTAS30M0M 4B, 12 TT1165 A1 Beon 1 308HAE YCTAHDBRM NPOMLEKN W 01 N1-165-3 C 380  BEAlEHS 3016 350
28_ ZKTNAG30/10/0.4:6, 1 o [T1165. A1. Beog 1 JnEHHE YOTAHDBEN NPOMBEER W O T1-165-4 C 360 BE6LWaHr-LS 3x16 3460 -
B i
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Puc. 46. IIpumep pacyeTa KaOeTpHOTO XypHAIA
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Puc. 48. [lepengaua pacyeToB BO BHEIIHUE MTPOTPAMMBI

13 nporpammMHoro komiiekca EnergyCS Dnekrpuka v 3.

CSoft

Ha kapTe cenekTMBHOCTM NOKa3aHbl pacyeTHbIN

NMocTpoeHne KapT Ce/IeKTUBHOCTH

TOK 1 orubatollas NMMHUSA NMYyCKOBbIX TOKOB, KPUBbIE
cpabaTtbiBaHMA annapaTta AN MUHUMaNbHbIX U
MaKCMManbHbIX BpeMeH cpabaTbiBaHus,

XapaKTepPUCTMKA Pe3epBHOro

annapaTa. BepTukanbHbIMU

[®)

NYHKTUPHBIMU TMHUSMMU
NOKa3aHbl 3HA4YeHus
MUHUManNbHbIX TOKOB K3,
a TakKXe MakCUManbLHoro
TOoKa TpexdasHoro K3.
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Puc. 49. IIpumep mocTpoeHHS KapT CEIICKTHBHOCTH
B nporpammMHoM komiuiekce EnergyCS DOnektpuka v 3.
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B mporpaMMHoM komiuiekce EnergyCS Dnekrpuka v 3.



11. BBemnenue B mnporpammHoe oOecnedenue Model

Studio CS OTkpbIThIE pacnpeaeuTebHble YCTPOMCTBA
V.2

[TomMmuMO yKka3aHHOTO TPOrPAMMHOTO KOMILIEKCA, pa3pabOTaHbl TAKHE:

e[Iporpammuoe obecneuenne Model Studio CS JIDIT v.2 ;

e [Iporpammuoe ob6ecrieuenue Model Studio CS TpyOomnpoBoas! v.2;

e [Iporpammuoe obecrnieuenue Model Studio CS MoinHuesammra v.2;

e [Iporpammuoe obecnieuenue Model Studio CS KabenbHoe x034icTBO V.1;

e [Iporpammuoe obecrieuenne Model Studio CS KommoHoBIuk muTtoB v. 1;

e [Iporpammuoe obecrnieuenue Model Studio CS TexHonmoruueckue cxemsl v.1;

e [Iporpammuoe obecnieuenue Model Studio CS CtpoutenbHble pemienus v.1;

e [Iporpammuoe obecrieuenue CADLib Moaenb u Apxus v.1.

Ha npumepe omHOro W3 HHX, paccCMOTpUM ero paboTy, OCTajlbHbIe pPabOTaIOT
aHAJIOTUYHO, TOJIBKO CIICIUATIU3AIMS UX JpyTasl.

Model Studio CS  OrtkpbiThie  pacnpenenuTeNbHbIe  YCTPOMCTBA —  3TO
CHeIUaIN3UpPOBaHHBIN MPOAYKT, padoTatonuii Ha miaathopme AutoCAD Bepcuu 2007 u
ctapuie. Micnonp3yeTcs sl TPEXMEPHOTO MPOSKTUPOBAHUS OTKPBITHIX PAaCTIPEAeTUTEbHBIX
YCTPOMCTB, BBOJOB BO3AYIIHBIX JIMHUK DJIEKTpoIepenad Ha TOJACTAaHIMH W TPOYHe
MIPOMBITIUICHHBIC 00BEKTHI. [[poIyKT peTHa3HauCH I aBTOMATH3AIMH padOT B IPOSKTHBIX
WHCTUTYTaX U KOHCTPYKTOPCKHUX OT/EIIaX.

Model Studio CS conepXUT MHCTPYMEHTHl U (DYHKUMU [JIS1 BBIIOJIHEHUS PacyeToB,
BBITTyCKa YEPTEIKHO-TpaAUIECKON JOKYMECHTAIIMH U CTICIH(PUKAITHAH.

[Iporpammusbiii  komrmiekc Model Studio CS npeanazHaueH mjis TPEXMEPHOTO
MIPOEKTUPOBAHUS OTKPBITBHIX pacipeAeauTenbHbIX ycTpoilcTB (OPY), pacuera MexaHnueckoi
YaCTH TMOKUX OITMHOBOK OTKPBITHIX PACTIPEICIUTEIBHBIX YCTPOUCTB U BBOJOB BO3IYIITHBIX
JIMHUH 3JIEKTpoInepeaay JEKTPUIECKUX CTAHIUMN U ITOACTAHIUH.

Model Studio CS no3BossieT pemarh caeayomue 3a1auu:

epa3paboTKa IJIAHOB pa3MENIeHUs] 000pYyI0BaHUs, B T.4. Pa3MEIICHUE B TPEXMEPHOM
MIPOCTPAHCTBE;

®BEHITIONIHATh MEXaHMYECKH pacdeT MpOBOJOB B cooTBeTcTBUH ¢ [IYD-7, I1YD-6,
CHull.

o [To pesymbraram pacuera, B peajbHOM BPEMEHHU, OMPEICISIOTCS KPHUBHIC
MIPOBHUCAHUS MIPOBOJIA B 3aJJaHHOM TIPOJIETE B JIOOBIX PACUETHBIX PEKHUMAX, B TOM YHUCIE C
Y4€TOM JIEHCTBUS Ha MTPOBOJT HECKOJIBKUX BEPTUKAIBHBIX COCPEIOTOUYCHHBIX HATrPYy30K;

o MOJIyJatOTCS MOHTaXHBIE KPHUBBIE TIPOBOJA C OMNpPEAENICHHEM 3HAYCHHM
TOPU30HTAJIFHOTO M MAaKCUMAJILHOTO TSDKEHUW MPOBOJIa U MAKCHUMAJIBHBIX CTPEJ IpoBeca B
3aBUCUMOCTH OT TEMIIEPATYPhI OKPYKAIOIICH CPEIbI;

o OTIPEICTISIOTCS MOHTQ)XXKHBIE CTpPEJbl MpOBEca MPOBOJIOB U TPOCOB JISI BCEX
MPOJIETOB;

[TpoBepka KoUTM3HI (BBITOIHIETCS MPOBEPKA TOMYCTUMBIX IradapUTOB).
dopMHpOBaHHUE U BBIITYCK IMOJTHOTO KOMIUICKTa IPOSKTHOU JTOKYMEHTAITUH.

o YEepTEKU, pa3pe3bl, CEUYEHUs C TPOCTABIEHHBIMU pa3Mepamu;



0 TabnnyHas TpoeKTHas JokyMeHTamuss B (opmarax MS Word, MS Excel,
AutoCAD ajganTupOBaHHBIX M aJaNTUPYEMBIX IOJ CTaHAAPT NPOEKTHOW OpraHU3alHH C
pamMKaMmu, ITaMnamMu, SMOJIeMaMHy U T.11.

Model Studio CS

OTKpbIThIe pacnpenenmnTenbHbie yCTpoWnCTBa
CSof

Puc. 52. Jlorotun nporpammuoro komruiekca Model Studio CS OPY v.2
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B mporpaMMHoM komiuiekce Model Studio CS JIDIT v.2
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cpencTBamu mporpaMmHoro komrmuiekca Model Studio CS OPY v.2
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Puc. 62. Kaxxpiii a71eMeHT HacTpanBaeMbIi
B iporpamMHoM komiutekce Model Studio CS OPY v.2
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Puc. 63. IIpocMoTpeTs mapamMeTpsl MOKHO B CBOMCTBAX 0OBEKTA
B niporpammuom komiutekce Model Studio CS OPY v.2
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Puc. 64. Uepapxust 21eMEHTOB MOJEIN
B iporpaMmMHoM komriuiekce Model Studio CS OPY v.2
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Puc. 66. Kaxx1p1ii 371eMEeHT TTOICTAaHITMH MOKHO PAaCCMOTPETh C Pa3HBIX CTOPOH
B nporpammHuoro komiuiekca Model Studio CS OPY v.2
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MPWIOKEHHUST CPeICTBaMM MporpaMMHoro komruiekca Model Studio CS OPY v.2
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Puc. 68. [Ipumep mapaMeTpoB 3KCIIOpTa JaHHBIX
B iporpamMmMHoM komriuiekce Model Studio CS OPY v.2
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[J Mvpnaras

] Konrmam

[[] Metanmoxoxcmpyrsm

[[] OBopyaoearme

] Cesan

[[] Cucremammuecin pacuer

[[] Yaen Metannokoscpyasit

[ Yanu

] 3nement watnona

[[] Emsrian tabriua anm scex mnos 06beKToOE
[] Yanrmeats o6vers sHymp 6roxos

[] YursieaTe 051eKTs BHYTPM BHEWHMX CCHMDK
[] Yunrseats o6vexTs Bcero npoexra

Puc. 69. [Ipumep BpIOOpa HCTOYHUKOB TAHHBIX
B iporpammuom komiutekce Model Studio CS OPY v.2
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Puc. 70. Bes tpeGyemast undopmariust OyJaeT ormyoIMKoBaHa
B 0a3y manubix cucreMbl CADLib Monesias u Apxus.

EX pe naxtupoBaHKe onpcanya GoKa !

B ok gns cosganmAa A usiaenenus

R e ) 3
TETEE] Mpeasapyrensksii npacMaTh

-
I < T e uLyAil wepTes> l
mm!

Onuzanie

[ OK ” Orrmerta ][ Capaska

LS
S )

Puc. 71. B cooTBeTcTBHM € pazmepaMu 000pyAOBaHUS
B niporpammuom komiutekce Model Studio CS OPY v.2
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Puc. 72. BeiGupaeM crmoco6 aBTOMaTHUECKON IPOCTAHOBKH pa3MepoB
B niporpammHuoro komiuiekca Model Studio CS OPY v.2
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Puc. 73. Pa3mepsl aBTOMaTHYECKH TTPOCTABIIIOTCS
B niporpammHoM komiutiekce Model Studio CS OPY v.2



COM Mmogeans 00bekTOB Model Studio CS

O0maa cxeMa oTHOmeHHH MexTy 0opexTamMu B COM-nozean Model Studio CS npeacTasiesa Ha pHCVHKe.

Puc. 74. Uepapxwust mozeneii B nporpammuoM komiuiekce Model Studio CS OPY v.2
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Puc. 75. Jlororun nporpammuoro komriekca Model Studio CS KomMmoHOBIIMK IIUTOB
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Puc. 76. Jlororun mporpammuoro komriekca Model Studio CS JIDII
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Puc. 77. Jlorotun nporpammuoro komiiekca Model Studio CS Monnuesanura



12.PadoTa moan3oBartes B Project Studio CS
DJIEKTPUKA

12.1. Ha3HauyeHHe M BO3MOKHOCTH NPOrPaMMBbI

Project Studio CS DOnexrtpuka — cHeUMAIM3UpPOBAaHHAs MporpaMma  JUis
ABTOMATU3UPOBAHHOTO MPOEKTUPOBAHUSI U BBINOJHEHUS PACUETOB B YACTIX CHUIIOBOTO
AIEKTPOOOOPYNOBaHUS, BHYTPEHHETO U HAPY>KHOTO JICKTPOOCBEIICHUS MPOMBIIIJIEHHBIX U
IPaXKTaHCKHX 00BEKTOB CTPOUTEILCTBA [34].

I[aHHaH nporpamMmma pacCuvTaHa JJIs BbIIIOJIHCHUS CICAYIOMIUX 3a1aq:

» pacy€T OCBEMIEHHOCTH U aBTOMAaTUYECKasl pacCTaHOBKA CBETUJIHHUKOB B
IOMEILICHNY;

paccTaHOBKa 000OpYAO0BaHUS U MPOKIIAIKA KaOEJIbHBIX TPAcC;
IpOoKJIaiKa Kabenel no kabelnbHbIM TpaccaMm;

IPOBEJCHUE BCEX HEOOXOAMMBIX 3JIEKTPOTEXHUUYECKUX PACUETOB;
BBIOOP YCTABOK 3aIlIUTHBIX aIapaToB U CEUCHUN Kaleew;

NIOJIyYEHHE MPOEKTHON JOKYMEHTALMH

YV VYVYY

Pa6ora B IporpamMme 1noCTpoCHa Ha ABYX 3TallaX:

a) TI0JIB30BAaTEIIb ONPEAC/IsieM IPAHHUIIBI TIOMEIICHUH Ha IIJIaHe, pa3MellacT
000pyIoBaHUE, YKa3bIBACT PACIIOIOKECHHIE KaOCIbHBIX TPAcC

0) mporpamMmmMa aBTOMaTHYECKHU BBITIOJIHAET BCE JIOCTYITHBIC PacueThl U (JOPMHUPYET
[IEPEUYCHb OTYETHOM JOKYMEHTALIUU:

» TUTaHbI PACIIONOXKEHUS 000PYIOBaHUS U MTPOKIIAIKK KaOCITBHBIX TPACC;

» OJHOJIMHEWHBIC CXEMBI PACTIPEICIUTEIIEHON U IMUTAIOICH CeTeH;

» crienuuKanus 000pyA0BaHUS, U3ICIIHIA U MAaTEPUAIIOB;

» KaOCbHBIN KypHAI;

» Ta0JIHIBI TPYIITIOBBIX IIIUTKOB;

» OTYETHI O pe3yIbTaTaX CBETOTEXHUYCCKUX M DJIEKTPOTEXHUUECKUX PACUETOB

J{nst mpaBUIIBHOTO BBIOOpA 000PYAOBaHUs, YCTABOK 3alMTHBIX allllapaToOB U CEYCHUS
ka0enel B mporpaMme peajn30BaHbl CIeAYIOUE BUIbI pACUETOB:

» pacyéT OCBEIICHUS

» Pacu€T dNEKTPUUECKUX HArPYy30K

» pacu€T TOKOB |-, 2- 1 3-a3HOTO KOPOTKOTO 3aMBIKAHHSI

» Pacu€T TOKOB yTEUKH Yepe3 U30smuo cornacHo [TYD 7 m. 7.1.83
» pacueT MoTepb HAMPSHKEHUS



12.2. Hurtepdeiic Project Studio CS DaexTpuka

IIporpamma Project Studio mnpexacrtaBiser u3 cebs BCcTpauBaeMbli MOJIy/Ibh B
nporpamMmmy Autodesk AutoCAD. Takum obpaszom, pabouuit uaTepdeiic OyaeT COCTOATh U3
JBYX OJIOKOB:

» manenb nactpymentoB AutoCAD
» maHenb nHeTpyMeHToB Project Studio

Paccmotpum Gostee moApoOHO KaKIbIM U3 3JIEMEHTOB MAHEIW MHCTPYMEHTOB MOTYJIS
CS Dnekrpuxka:

((MCHGI[)Kep IIPOCKTa» - 3Ta KOMaHJa ITO3BOJIACT CO34aBaTb HOBBIC AOKYMCHTEI,
yYHOpaBJIATh YK€ CYIICCTBYIOIIMMH IIPOCKTAMM, a TaKIKC, BbIBOAUTbL OTUYCTHYIO
JOKYMCHTAIIUIO I10 ITPOCKTY

-0 «Hactpoiiku» - HacTpolKa HWHCTPYMEHTOB NIPOrpaMMbl, MpPaBHI O(GOPMIECHUS
IIPOCKTHBIX JOKYMEHTOB

«TexHomornueckoe 3aJaHWe)» - BBIBOJ Ha DJKpPaH CIHUCKA TEXHOJIOTHYECKOTO
000py0BaHUs MO MPOEKTY, PEJAKTUPOBAHUE €TI0 TAPaAMETPOB

«DNEeKTPOTEXHUYECKasT MOJIENb» - OTOOpaXeHHWs CHHCKa O0OpyAOBaHHWsS, CXeMa
ANEKTPUYECKOM CEeTH, CIHCOK TNOJKIIOYEHHOIO O000pyHOBaHHS 1O  (QUiIbTpam
(3maHue/3Tax/KoMHATa/OTACIIbHBIN pacTIpeIeTUTEIbHbIN IIIHT)

e «baza pgaHHBIX O0OpPYIOBaHMS» - COJEPNKUT BCE JOCTYIHBIC KOMIUIEKTAIIMU
00opyI0BaHUsl, 3aHECEHHbBIE B €MHYI0 0a3y U CTPYIIITUPOBAHBI 110 HA3HAYEHUIO

a «IMnopT/3KciopT 000pYI0BaHUS» - UMIOPT WM SKCHOPT OOOPYIOBAHUS MEKIY
0a3aMy JaHHBIX MTPOCKTA M BHEITHUMH 0a3aMu JTaHHBIX

«Mopenb 37aHusA/00bEeKTa» - padoTa ¢ MOMENICHUSIMA U dTaXKaMu, PEeIaKTHPOBAHUE
HX CBOWCTB

ﬂ «MacTep MeXITaAXKHBIX COCTUHEHUI - CO3IaHUE TIEPEXO0JIOB MEXKTY ATAXKAMHU

H «Co3math 3Tax» - CO3JaHUE HOBOI'O 3Ta)ka MYTEM PHUCOBAHUS MPSIMOYTOJIbHOMN
o0xactu, 11060 BHIOOpA YKE CYIIECTBYIOIIEH 3aMKHYTON MOJMIMHUN

I:I «Co3aTh TMOMEIIEHUE» - CO3JaHME OTACIBHOTO TIOMEIICHUS TPU TOMOIIU
HECKOJIBKMX CIIOCOOOB: yKa3aHHWE BEPIIMH KOMHATBI, pPHUCOBAaHUE MPAMOYTOJIBHOU
00JacTu; BEIOOP CYIIECTBYIOIIEH 3aMKHYTON 00JIACTH Ha YEPTEXKE



EI ((COBI[&TB IMPONU3BOJIBHOC IIOMCIICHUC) - CO3JaHHUC IIOMCIICHHA ITYTCM BBI60pa
3dMKHYTOI'O KOHTYpa WJIN SaMKHYTOﬁ IMOJIMJIMHUHN

«Co3maTh 30HY pacueTa OCBEIIEHHOCTH» - CO3JaHHWe OTICIBHOW 00IacTH s
pacdera OCBEIEHHOCTH

E «Co31aTh OOBEKT 3aTCHEHUS - CO3/IaHUE Ha YePTEXKE 00BEKTA 3aTCHCHUS

s
«3anath TOPSIOK CJEAOBaHUS OOBEKTOB B MOMENIEHUW» - MporpamMma 3aJaeT
MIPOU3BOJIBHBIA TOPSJOK CJIEAOBaHUS OOBEKTOB B TMOMEIICHUM [ aBTOMATHYECKOM
MapKUPOBKU 000PY10BAHUS

EI «ABTOMAaTHYECKHA OMNPENEIUTh TOMENIEHWE» - aBTOMATHUYECKOE CO3JaHue
MOMEIICHUS U €r0 KOHTYpa IIPH BHIOOPE 3aMKHYTOM 00J1acTH Ha IJIaHe

E:I «baza YI'O» - 6a3a yciioBHbBIX rpadudecKkux 0003HAYEHU, COACPKUT B cebe Habop
TOTOBBIX OJIOKOB Pa3IMYHOTO 3JIEKTPOTEXHUUECKOTO 000pYI0BaHUS

EH «Co3nath kKoMmIuieKCHOE PY» - 00beguHeHHe HECKOJIBKUX IIKa(OB, YCTaHOBICHHBIX
HA YEpPTEXKE, B CTUHBIN IIUT

@ «Pa36uth kKoMIIekcHOe PY)» - pazouBaet kommiekcHoe PY Ha oTaenbHbIe MIKadb

G

((COSI[aTB KOMILICKCHBIM CBETUJILHUK)) - CO3aaHHC PAI0B CBCTHUIIBHUKOB

@ «Pa30uTh KOMIIIEKCHBIA CBETUJIBHHUKY - pa36I/IBa€T KOMIIJICKCHBIC CBCTHUJIBHUKH Ha
OTACIBHBIC 5JICMCHTHI

S «ITpoxkitaika KpUBOJIMHEWHON TPACCHI» - MPOKJIAKAa TPACChl HA OCHOBE CO3JaHHOM
JyTU WM CIUIaiiHA

rd «CoeuHUTh Tpaccoil OOBEKThl WM OOBEKT € TPaccod MNEPHEHAMKYISIPOM» -
COEIMHEHHE BBIJICICHHBIX JIEMEHTOB MPSMOJIMHEHHBIMA Y4aCTKAMU TPACChI

ﬁ «Macrep MOAKITIOYCeHUs 000PYAOBAHUS - BBIIOIHSICT MPUBA3KY MEXTY dJIEMEHTAMHU
B ceTH (MOAKIIOYCHHE 000PYAOBaHUS K BBIKIIFOUATEIISIM, PACIIPEACIUTEIBHBIM IIIATAM U
T.11.)

E «MacTtep co3gaHMsi KOHTPOJBHBIX COCIWMHEHUW» - CO3JaHHE KOHTPOJIbHBIX
COEeIMHEHUN



IF «IIpokmanka kaOenei/mpoBOAOB» - 3Ta KOMAaHJa BBIMOJHSAET aBTOMATHYECKYIO
IPOKJIAIKy Kalenel B Tpaccax

H «IlogkmoueHne OOBEKTOB TUICH(POM» - TOIKIIOUCHHE SJIEMEHTOB TIPH TOMOIIH
nuieida

r—
== «2D/3D» - nepexiiroueHuE MEXTY PEKMMaMU OTOOpaXeHUSI OOBEKTOB
@ «OOHOBIIEHNE MOJIENN» - OOHOBJICHHE Bcel MH(OPMALIMU TI0 TPOEKTY

= «YCTaHOBUTH PAMKy uepTeka» - CO3JaHHE Ha IUIAHE PaMKH A O(QOopMIICHUS
yeprexa

f ((CHGI_[I/IaJIBHaH BBIHOCKa» - CO31aCT BBIHOCKY H€O6XOI[HMI>IX JaHHBIX Ha YCPTCIKC

J «BpiHOCKA YmMClIa CBETHMJIBHUKOBY» - CO3/1aHNC BBIHOCKHM YCTAaHOBJICHHOI'O 4YHCJIa
CBCTHJIBHUKOB

‘F
A o
& «TeKkCTOBBIN ANEMEHT» - BCTABKA TEKCTOBOI'O JIEMEHTA B MAPKUPOBKY TPACCHI

—h-|
—#| «BbrHOCKA CEYeHMS» - YCTAHOBKA METKH CeUeHUs KabeIbHOM Tpacchl

/ «IIponoxuTh Tpaccy ¢ KaHajlOM» - OJHOBPEMEHHAs TMPOKIagKa Tpacc C
KaOeJIeHeCyIel CUCTEMOM

.-lllﬁ «YCTaHOBUTH nepenana BeICOT» - YCTAHOBKA HaA IJIaH 3JICMCHTOB IICPCIiaZia BBICOT

s
ﬂ’"’i «IIponoXuTh KaHAT B CYHIECTBYIOIIUX Tpaccax» - MPOKIIaaKa KaOeIbHbIX KaHAJIOB C
CYILLIECTBYIOIIUX Tpaccax

7
"’4 «YlanuTh KaHal U3 Tpaccy - yAaJIeHHE paHee CO3JaHHbIX KaOeIbHBIX KaHAJOB U3
Tpacc

ﬁ «YcTaHoBKa COCAMHHUTCIIbHBIX OJEMCHTOB» - YCTAHOBKAa COCAMHHTCIILHBIX
9JICMCHTOB IJIsA TpacCC

rr y
® «Ilombop  COCOMHHUTENBHBIX  DJIEMEHTOB» -  aBTOMATHYCCKHH  IMOJI00D
COCMHUTEIBHBIX 2JIEMEHTOB U3 0a3bl IAaHHBIX MTPOCKTA

§|H
«MaCTep CCUCHHUMN» - OTO6pa}KCHI/IC CCUYCHHM BCEX CYIICCTBYIOIINHA KaOCJIbHBIX Tpacc



% «Macrep packiaaku kabemns» - aBToMaTHUecKas packiaaka kadesei B Tpacax

@ «YcTaHOBKa KOpOOOK» - aBTOMAaTHYEeCKas PacCTaHOBKA Pa3BETBUTEIBHBIX KOPOOOK
Ha IUIaHe

«CBOMCTBa» - MPOCMOTP U PEJAKTUPOBAHUE TPYIIIBI CBOWCTB 3JIEMEHTOB

.
«Mactep mpocMoTpa OOBEKTOB» - MPOCMOTP BCEX OOBEKTOB, BBIOPAHHBIX 110
OTIpe/IeIEHHOMY MapaMeTpy

m «Mactep npoBepoOK» - IPOBEpPKa MPABUIBHOCTH IMOCTPOCHHUS ANEKTPUUECKON CETU U
BbIOOpa 000PYIOBaHUS

«YCTaHOBUTH TOUYKY MPUCOCTUHECHUS» - YCTAHOBJIICHUE TOUKH MPUCOCAUHEHUS MPU
cozmanuu YI'O

@ «CpoiictBa YI'O» - HacTpoiika napametrpoB YI'O.

12.3. Co3nanue HOBOro npoekra. Padbora ¢ mogocHoBoii
AutoCAD

JIst co3gaHus HOBOTO MIPOEKTAa HEOOXOIUMO 3alTH B MeHIO Mernedacep npoekma. Ha
AKpPAHE MOSIBUTCS BCIUIBIBAOIIEE OKHO:

@‘Q Meneaxep npoekra (HesaperwcTpuposantian konua. Pexum orpaHuyeHHoR GyHKUMOHANEHOCTH.) Elﬁlg

Daidin Bua Cepswc Cnpaska
ESEE fRe B 3

Ti=.
3

& 3

Puc. 78. Menemkep mpoekra



Ha »skpane Mbl BuUauM mpuBbIYHbIE BKiaaku Daiin, Buo, Cepsuc u Cnpaska.
[Tepexoaum Bo BkIanky Paiin — Cozdamsv npoexm:

Dain | Bug Cepewc Cnpaska
[ Cospars npoekr

OTkpeITe NpoekT

B

T @

MpoekTw [

Puc.79. Bknaaka MeHemKepa MpoeKkTa
B oTkpeIBIIEMCS OKHE BBOJUM CJIECAYIOUINE TAHHBIE:

® Ha3BaHHE MPOCKTA
® IyTh K MECTY XpaHEHHs IOKYMEHTa
® pACIOJIOKEHHE BHEIIHEW 0a3bl TaHHBIX (MPU HEOOXOAUMOCTH)

Haxnmaem OK.

N
CO383aHWE HOBOTO NPOEKTa E@g
""""" =
g5 =

AneKTpuka

Haseatwe: TecToBRIA NpoEKT -

Manka: E\Mpoewtel C5 Inektpuka - O6sop...

Wcnonszoeath 633y AAHHBIX N0 YMONHEHWD

Basa naxb

MpoekT “3nekTpuka” Gyoer cospad B nanke: E\NMpoexktol CS 3nekTpuka TecToBLIA NposkT

[ 0K l[ Otmena ]

Puc. 80. Co3nanue HOBOTO MPOEKTa

[Tocne Toro, Kak MPOEKT CO3/IaH B HEr0 HEOOXOJIUMO J100aBHTh HOBBIN uepTex. JIis
ATOTO BBITMOJHSIEM CJIEAYIOIIYIO TTOCIEeI0OBATEILHOCTD ICHCTBHIA.



[IpaBoii KHONMKOW MBI HAXXUMAEM I10 HA3BaHUIO IpoekTa. B Hamem ciyyae 3T0
CTpOKa C Ha3BaHWEM Iecmogwviii npoexm. B TOSBUBIIMMCSA OKHE HAXXMMAaeM Ha KHOIKY
Co30amb HOBbII OOKYMEHM.

.
ﬁ Menegxep npoekta (HesapercTpuposaitan Konua, PExKM orpaHuHeHHOR GyHKLMOHANbHOCTI.) Elélg

®aiin Bua Cepswc Cnpacka

BEcER &&& 4

4 @ Pabouan cbnacte: Tectoswid npoext' (1 projects) ‘
4 TecToBslid N

4 Tabnmup |ﬁ Co3aaTe HOBLIA A0KYMEHT

g CeolicTea
@ KabensHE
= Pesynstats pacuetcs

@ PesynsTaTel CEETOTEXHMUECKMX PACYETOE
@ PesynuTaThl 3NEKTDOTEXHUYECKMX PACHETOE

-

h e

Puc. 81. JloGaBneHre HOBOro TIOKyMEHTa

[lepen Hamu moOsIBIsAETCS HOBOE€ OKHO. HaM mpepocTaBisieTcsi Ha BBIOOpP CO3/IaHUE
OJIHOTO U3 CIEAYIOUIUX JOKYMEHTOB:

e 1I1aH

e TabJUIIA TPYNTIOBBIX IIUTKOB

® YCIIOBHBIC 0003HAUCHHUS

® OKCIIIMKAIHUSA IIOMEIICHUHN

® BEIOMOCTH IOKYMEHTOB

® BEIOMOCTb UEPTEXKEHN

e KaOeIbHBIN KypHAT

e crienuduKaius 000pya0BaHUS

® pPE3ybTaThl CBETOTEXHUYECKUX PACUETOB

® DPE3yJbTaThI JICKTPOTEXHUUECKUX PACUECTOB

Haxxumaem Ha sApnbIk ¢ HaAnuchbio [lran, BBOAUM HA3BaHUE yepTexa B moje Mws
Qaiina ookymenma. Xmem xnasuiry OK.
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Tabnmua YonoeHele  JKCnavKauma
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Begomocme  Bemomocte  KaBeneHewt  Crewduxa...

Wma qaiina pokymenTa  Mnad

[ 0K ” OTtrMeta l

Puc. 82. Co3manne HOBOTO JOKYMEHTA

CrnenyromumM maroM HeoOXOAuMO yKa3aTh mMacmTad obo3HaueHui B gokymeHte. [lo
YMOJTYAHHUIO 3TOT IMapaMeTp UMEET CICIYIOIIee 3HaUYCHUE

{7 Mopmar ueprexa =NACINL X

Macwral powymenta 1: 100 -

Macwtal mopenn 1. 1

[ OK H OTtmena ]

Puc. 83. Boibop macmraba rpoexra

JIBaXK11bl HakaB JIEBOW KHOIIKOW MBIIIIH 10 CO3/IAHHOMY YE€PTEKY, Mbl CMOKEM
OTKPBITH TOT (paitn 1j1s peakKTHPOBAHUSI.

[TockoJsbKy 11eNbI0 pabOThl B JAaHHOM MpoOrpamMme SIBISETCS aBTOMAaTU3HPOBAHHOE
MPOCKTUPOBAHUE PEATBHBIX CHUCTEM AJIEKTPOCHAOKEHHS, TO JJIsi 9TOTO0 HaM TMOHAJTO0OUTCS
3arpy3uTh YK€ CO3MaHHYI0 MOJ0cHOBY B mporpamme AutoCAD. [Ins storo B OKHE
Meneooicep npoexma HaxxuMaeM ITPaBOM KHOMIKOM MBIIIM Ha UMEHHU CO3JJaHHOTO MpoeKkTa. B
HallleM ciydae — JTO Haanuch Tecmoswliti npoexkm. BpiOupaeM mnyHKT [looknouums

cyuecmsyiowull niaH.
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Puc. 84. [loaxtoueHne CyecTBYIOMIETro MiaHa
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Puc. 85. OTKpBITH CylLIECTBYIOINHN IJ1aH

BriObupaem HeoOxonumblii (aiti 1 HaXXKUMaeM Ha KHONKY Omkpbims. AHAJIOTUYHO
BBIOMpaeM MaciiTad Jjisi HOBOro yeprexka. Creayronmm aromM mporpaMmma mnpeajiaracT Ham
CKONMPOBATh 3arpyxaemblii (paiiyl B manky XpaHeHHUs OCHOBHOro mpoekta. IloarBepkaaem
JTaHHOE JIENCTBHE.
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Puc. 86. KonupoBanue JaHHBIX B POEKT
®aitn 100aBIiIeH B POEKT. Tenepb MOXKHO HAYMHATH C HUM paloTy.

Buumanue! JlroObie 35eMeHTHI Wiau OJI0KH, co3faHHble B mporpamme AutoCAD, He
UMEIOT CBSI3W C DJEMEHTaMH, CO3JaHHBIMA B mporpamme Project Studio. Hampumep,
HapucoBaHHBIM cBeTHJILHUK B AutoCAD He OyzaeT ompenenieH BCTpanBaeMbIM MoysieM CS
DNeKTpUKa KakK JCKTPOTEXHUICCKUAN AIIEMEHT, M B pacyeTaxX YUUTHIBaThCs HE Oymet!

13. PadoTa ¢ TeEXHOJIOrHYeCKUM 3aJaHUEM

13.1. Co3xanue HOBOro nmomeienus. Pacuer ocBemIEHHOCTH

Jlns co3maHusi HOBOTO IOMEIIEHHWS BbIOMpaeM Ha TJaBHOW MaHEIW KHOIKY C
Ha3BanueM Cozdamb nomewjenue. Ilpu ynepkaHuM NaHHOW KHOIKH CTaHET JOCTYITHBIM
BBIOOP OJHOTO W3 PexKUMOB: [lo 08ym mouxam, Ilo mpem moukam, Pedxxcum nonununuu,
Peoicum svibopa konmypa.

Jist  yopouieHust pabOThl € MacTepoM CO3JaHMSI TMOMELIEHUH MpeaBAPUTEIBHO
HAaYEepTUM TMOJWIMHHIO C 3AMKHYTBIM KOHTYPOM, KaK MOKa3aHO Ha PUCYHKE:

Nonnnukna

Liger M Curimii

Cnoii 3N_NOMELLEHWE_KOHTYP
Tun aveui - Mocnoro

Puc. 87. Co3nanue moMemnieHus

Hanee nepexoaum K MHCTpyMeHTy Co30amb nomewjenue — Peoicum noaununuu.
W Bb1OMpaem HapucoBaHHBIN KOHTYp. [lepen HaMu nosiBisieTcsa quajioroBoe okHo. Bo
BKJIaike Obwue ceoticmea Mbl 3all0JIHEM UHTEPECYIOIUE HAC JaHHbIE:



® HOMEp NOMEIIECHHUS
® HaUMEHOBAHUE ITOMEIIECHUS

e HOMep 3/1aHu (ITpU HAIWMYMU 3/1aHUN Ha TUUIaHE)
® BBICOTA [TOMEIICHUS

W3 npennokeHHOoro Jajee CucKa BbIOMpaeM rnmapameTpsl oxxapo- u
B3pbIBOOE30MaCHOCTH TIoMeleHHs. Bce cpoku, moicBeueHHBIE CEPBIM I[BETOM, BEIOUPAIOTCS
IIPOTPaMMON aBTOMAaTUYECKH.

pA‘ Ceoiictea 'KoHTyp nomewwesma’ o |

OBwme cEoACTEE | CeeToTeXHMYECKME CBOMCTEa

Bwaw
4 XapaKTepuCTHEM

Homep nomewerms

HammeHosanme noMeweHmna

Mnowags, m* 4018
Mepumetg, m 29.99
Homep 3aaHmn -1
Homep stama 0
BricoTa nomeweHms, M 3000

4 XapakTepucTUeM cpeabl
Kateropua nomewenna no HMB 105-03 [ -

KETEI’SPMQ BSprECICII'IECHCI:‘I 20HB! NO... l‘EEBPbIBOOI‘IaCHEﬂ -
KETEI’OPMQ I'IG)KBPOOI'IECHCII:]‘ SOHBI NC,... "EI'IO)KBPCIOI'IECH&H -
Cpeaa Hopmanssaa -
Temnepatypa, °C 20

“ MNapameTpbl KOHTYPa
Cnoli koHTypa 2N_NOMELLEHWME_KOHTYP -

Meuarath KOHTYp Ja
OTobpaxaTe NPAMOYTONbHLIE 30HBI Her -

¥ lNapameTpbi KPYroBOH BbIHOCKN

Homep 3aanmna

Puc. 88. CpoiicTBa moMeeHus

[Tocne ykazanus 001X MapaMeTPOB MOMEIIICHUS B 3TOM K€ OKHE MEePEeX0IUM
BO BKJIAJIKy Ceemomexnuyeckue c80ucmea. ITOT SIPIAbIK OTBEYAET 3a CBETOTEXHUYECKHE
pacyeTsl U 32 BHIOOP OCBETUTENIBHBIX YCTPOMCTB B BELIOPAHHOM MOMEIIIEHHUH.

Bonbimas gacts mapaMeTpoB BEIOMpPAETCS aBTOMATUUECKH. [[pOEKTUPOBIINKY ClIeTyeT
JUIIH YKa3aTh TUT CBETUIILHUKOB, KOTOPBINA OYyJIET UCIOJIH30BATHCS B JAHHOM MIOMEIIICHHUH.
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£ Ceoiictea 'Konmyp nomewenns’ L =R éj
OBwme ceoicTea | CEETOTEXHMYECKME CBOWCTEE

B @ e
" CBeToTEXHMYECKME XaPaKTEPHCTHKA =~ |
' Paspag spuTencHex pabot VIIr A
HopMmupyemMan OCBELLEHHOCTD, MK 100 A
Pekomengyembiid mcrounnk ceeta nn A
BricoTa pafouel NOBEpXHOCTI, MM 800

" CeetoTexnuueckue ko3dpduumentol

m

KoadduuuneHt oTpaxeHwa noTonka p.. 0.7
Koadduuuent oTpaxenun cted per, o.e. 03
Koadduuuent oTpaxenws nona pnoa,.. 0.3
KosdduumenT 3anaca K3, c.e. 13

MakcumaneHan HepaBHOMEPHOCTL 0C. 1,153

4 Pacuer oceemenHoctn. Merog Kn

BricoTa YCTAHOEKM CEETUALHMKDE, MM 3000

L]

Pacuer no Mo CEETHUALHMKY
CaeTunsHmK [:]
LWar cetkn paccTaHOBKKM CEETWABHMKD... 0
BriuncneHHoe KONWYECTBD CEETUABHM... [

Y¥CTaHOBNEHHOE KONWYECTED CEETHAb...

HopMmupyemMan oCBELEHHOCTE, MK 100

Puc. 89. CBeToTeXxHNYECKHE CBOMCTBA IIOMEIIEHUS

Pabota c ocBemenuem npakTuuecku 3aBepiieHa. [Iporpamma npejiaraer
MIOJIb30BATEINIO BBIIIOJIHUTH PACYET OCBEIIEHHOCTU JIBYMSI METOAAMMU:

o ¥ Meron koddhUIIMEHTA UCTTOIB30BAHUS
e I TOUEYHBIN METO

PaccmoTpum Gosee moapodHo Meron Ku. OnpenenyuBIuch ¢ TUIIOM CBETHJIBHUKOB B

BEPXHEW YaCTH HUAJIOTOBOIO OKHA HAXXMMAaeM Ha KHOmKy . [lepen HaMM OTKpBIBaeTCS
HOBOE IMAJIOTOBOE OKHO



PacuéT oceewénHocTv metoaom Ku

4 Xapaxtepncrim

Howep nowewseri

Haumerosakme nomelLeHHa

Nrowane,
Beicota nomeuerus, Mm

“ CaeToTexHMeEcKHe XapaKTepnCTg
Paspag sputencrex pador

Hopmupyeman ceselLeHHOCTE, Nk

Kareropua

Kareropua

Cpena

Temneparypa. °C
4 CoeTorexmmecsse KoodpuupeHTs

BbicoTa yCTaHOBKN CBETULHIKDE, 1

Pacuetno

Puc. 90. Pacuyer ocsemienHoctu MmetoaoM K1

B neBoil wactm okHa moa HoMepoMm 1 3ammcaHbl Bce MapaMeTphbl MOMEIIECHHS,
HeoOXOUMBIE AJIsl pacyeTa ocBelleHHOCTU. [Ipu u3meHennu 10060ro U3 napameTpoB Oyner
IIPOUCXOJIUTH IEPECUYET OCBEIIEHHOCTH.

B Bepxmeli wactTm moj HOMEPOM 2 MOXKHO MEHSTh MapaMeTphl, Kacaroluecs
pa3MelIeHNs CBETWIIBHUKOB Ha IUIaHE: pacyeT JJi BCEro MOMEILEHUs JIMOO IS OTAEIBHOTO
y4acTKa; YCTAHOBUTb PEKOMEHJyeMoe JH00 HeoOXOJUMOE KOJMYECTBO CBETUIILHUKOB;
BBIIIOJHATh pacdyeT Mo TpedyeMoil MOIIHOCTH WM IO KOJUYECTBY HEOOXOIMMBIX
CBETHJIbHUKOB.

B o6nactu IIoJ HOMCPOM 3 HaxXoaAHUTCA OTYCT O BI)I6paHHOM THUIIC CBCTHUJIBHUKOB,
KOJIMYCCTBC JJaMII, OCBCIICHHOCTH H T.II.

CHI/I3y MpCaACTaBJICHBI CIIC IBC NHTCPCCHBLIC KHOIIKHU:

L Hepecuumamb — IIporpamMma BBIIIOJHACT HOBTOpHLIfI pacdeT € YUYCTOM HOBBIX
3aJaHHBIX ITapaMCTPOB

o [lomecmums — ONTUMAJbHOE pa3MEIEHUE HYXHOI'O KOJMYECTBA CBETHJIBHUKOB
BHYTpU BbIOpaHHON 001acTH (IOMELIEHHS)

13.2. Bba3za YI'O (ycsioBHbIE rpadpuyeckue 0003HAYEHUA)

OnnuM  BBIOOPOM  CBETHJILHUKOB pabora ¢ mnporpammoi Project Studio He
orpaHnuyuBaeTcs. braromaps BcTpoeHHOW 0a3e YCIOBHBIX TIpaHUuecKuX dJIEMEHTOB
MOJIb30BaTeIh MMEET BO3MOXKHOCTH pa3MeliaTh Ha YepTeke CUJIoBoe 000pyAOBaHUE,
pacmpeeMTeNbHbIE UTKA, KOHACHCATOPHBIE YCTAHOBKH, TyHKTHI YIIPABICHHS U T.11.



Jlnsa mepexona K 6a3e 3JIEMEHTOB HA IJIABHOW MaHENIHW HAXXMHUTE HA KHOMKY EJ baza

VI'O. B neBoil 4YacTd MOSABUBIIETOCH

OKHa
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13.3. PaccTaHOBKA CHJIOBBIX 3JIEKTPONIPMEMHUKOB HA

Puc. 91. baza YI'O

IJIAHE

BCECX

JUIsi yCTaHOBKHM Ha YEPTEX AJIEKTPOINPUEMHUKOB BOCIOJb3yeMcS 0a30i yCIOBHBIX
00o3HaueHui U . 2.1. BeibepeM HyHYIO TUIIOBYIO KOMIUIEKTAIMIO U MEPETAaCKMBAEM €€ Ha

IIJIaH.

I[OHyCTI/IM MbI XOTHM YCTAHOBUTDH Ha HAIl YCPTCK ABHUIaTCJIb B KAYCCTBC HAI'PY3KU. B

6aze YI'O mepexomuMm 1o anpecy Ycmpoticmea — Onexkmponpuemnuxu — Jleueamens. B

MIPAaBOM YaCTH HAXKUMAEM JIEBOW KHOMKOW MBIIIN IT0 UKOHKE ABUTATENsl U YKa3bIBAEM MECTO

YCTAHOBKHU Ha YEPTEXKE



Puc. 92. Pa3smemnienne geurareiis Ha IaHe

[lepen Hamu BCITBIBAET HOBOE JIMAJIOTOBOE OKHO. JIt0oOoe cuiioBoe 000py/oBaHUE
HE0OXO0MMO yKa3aTh B pa3jelie MpoekTa TexHoiocuieckoe 060pyoosanue.

QO+ % 1L AE 4B
4 [ Texvonormueckoe sanasue

PunsTPOEETE No THMy ¥T0 BriSpats M

Puc. 93. TexHOIOTHUECKOE 3aIaHUE

UTo6bl 10GABUTH HOBBIl IBHUraTelb K DTOMY CIHCKY HAKHMAeM IO SPIBIKY L .

[TosBngeTcss NKOHKA B BUJIE 3€JIEHOIO ILIIOCA . Haxxumaem Ha Hee.



TexHonoruyeckoe sagaHue EIEI&J
Crmcor TO Csoitctea TO
) LB S0 [+ Otweapmems

MosvupworHoe oSosHadyeHwe P

TexHonornyeckoe sanaHne
JJJ HazHa4etme P¥ eepero ypoEHR
Twn zgasma: T6.11 (CN31-110) He sagano -

4 Pacuetn

2 1 Pyer, kBT

Ppacu, kBt

Qpacy, kBAp

Spacu, kBA

Ip. A

K

[ PuneTposats no Tuny ¥TO

Puc. 94. Ilogxnrouenne nurareis K 13

HaxaB Ha KHOmNKY, Mbl J00aBUiiM HOBYIO 3anmuch B xypHaie TO. Ilepexoaum B
MpaByld 4YacTh  JMAJIOTOBOIO  OKHA. 3/1eCh MBI  YKa3blBaeM  HJEHTU(PUKATOP
aNeKTponpueMHnka (ero mudp), Ha3BaHHWe, BbIOMpaemM Tun Harpy3ku. [amee u3 0a3zbl

JIAHHBIX ' BI)I6I/Ipa€M IIPOU3BOAUTCIIA U MAPKY ABHUI'ATCIIA

TexHonorMyeckoe sagaHue [ =R|RE éj
Crmcoxk TO Ceoitctea TO
e#d 2 B & S&
4 TexHONerM4EcKoe SanaHne NapameTpa TO ]
4 JJJ ) Orgen. BROaBWWA 330aHHE -
B -1 KomMnpeccop SosmyLUHbIR Waesmapuiarop (N TO) o
Haumerogarne TO Komnpeccop sozoyun 3
3 Tun Harpy3KM ACMHX. IBWIETENE v 1
4 Texwmecame nanbse 31

Tun (Mapka)
HommransHaa mowHocTs, kBT 0

HomMusansHel ToK, A
HomunaneHoe Hanprxexwe, B 380
K-s0 Pas 3 -
UYncro oSopoTtoe B MuH, 1/MuH
() Kosdr. mowrocTw (cos). o.e. -1
KN, o.e. 1

Ornen, Bupaswwi sagaHne
Otnen. BLINABLINI 3308HWE

[7] ®PuneTposate no Tany ¥TO ’ Brifipath ” OTmena

Puc. 95. Beibop nBurarens u3 6a3bl JaHHBIX



/' Baza garbix obopyacEaHIA o e

38  femo ~ | * Obwme napamerpu
Haumerosatue (Tun) AWPM132M2

lemo
4 {3 3nexTponpuemHika
« [ Acumxponnsie gsuratenn Cnucanue

Cepun
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@ AMPM132M2 .
@ AVPM13254 HopmaTiessiil gokymenT
@ AMPM132M4 Koa oBopysosaHua, n3aeans, Matepi...
@ AWPM13256 Mpowssogutens
@
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@ AMPM13258 =
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@ AMPM13ZM4 KonuuecTeo a3
@ AMPM13256
@ AVPMIZIME Konudecteo nontocos
@ AKMPMI13258 HoumuHaneras MowHocTs, kBT
@

AVPM132MB HomuHaneras vactoTa spawenns, 0b., 2915
OTHOWEHWE NYCKOBOTO TOKA K HOMMH... &

KN4, oe.

Kosthduument mowHocTy, o.e.
4 MexaHWuECKHE AaHHbIE
¥ CreneHs sawmrs

Hanuume B3pLisosawmel

b Kavmatvueckoe ncnonHenne HET ABHHEIX

Omvena |

Puc. 96. baza nanabix o00opya0BaHUs

[ToaTBepxaaeM BhIOpaHHBIE M3MeHeHUs. Ham cHOBa OTKpbIBaeTcs HOBoe OKHO. OHO
CollepKUT WH(MOpPMAIUI0O O BhIOpaHHOM THUIE nBuUratens, 3anmucu B TO u T.m. Moxem
3aKPBITh 3TO OKHO 0€3 BHECEHUSI U3MEHEHU.

13.4. INoakJrwyeHue 3J1eKTPOINPUEMHUKOB K PY

AHanornyHeiM 00pazoM u3 1. 2.3 monb3ysck 0azoit YI'O ycranaBnuBaeM Ha IIaHe
m000M U3 pachpeAesIUTEeNIbHBIX MUTKOB. J[JIS CHJIOBOM HAarpy3ku Jydllle BCEro MOJONAET
CIEQYIOIINI PacCpeIeIUTEbHBIN IUT

Wkad
OfHCCTOPOHHErD
obCcnyxMEaHWA

Puc. 97. lllkad omHOCTOPOHHETO 00CITYKHBAHUS

Tenepb HGO6XO)II/IMO MNOAKIIIOYHUTL ABHUIaTClIb K IIUTKY. JIJISI 9TOro nepexoaum K

s Macmep nooknouenuss ooopyoosanusi. CHadasia Hy’)KHO BBIOpATh DJIEMEHT, K KOTOPOMY
OyIeT MOoKIIFoYaThCsl 00opyaoBanue. /[ 3Toro Ha)kuMaeM Ha KHOIIKY BBIOOpa U
YKa3bIBaeM JJIEMEHT cXeMbl. B Hamem ciydae 31o Oyzaer mkad oJHOCTOPOHHETO
obOcnyxxuBanus PV.



Macrep nogkarovenns obopyaosanua o o e S

OB bexTol Oeictema

[ PY - ] [ Brifpate

Pl i‘ Py
4 | Cevunnwmm
k- 1 (4 AE2044-100)
F- o2 8 AE2044-100)
I 38 AE2044-100)
I 4 (& AE2044-100)
F- o5 AE2044-100)
I & (8 AE2044-100)

Puc.98. Macrtep nonkiroueHusi 000pya0BaHUs

Kak mb1 BumuM Ha dotorpaduu Ham mkad umeer oAuH TpexdasHbli BBOJ, OJIMH
Tpexda3Hblii BBIBOA M TpU OAHO(A3HBIX BbIBOJAA. [lofKiItouMM Halll JBHUrareilb K MEepBOU
rpynne. HaxkumaeMm Ha HaAMKCH ep. [, cripaBa BeIOUpaeM KHOIIKY [1o0kaouumes.

Mactep nogrniouenua obopyaosaHua =NR=N X |

OfbeKTE NeitcTeua
[PY V] [ BriSpath ]
4 ﬂ Py

!{' Bepxtve saxmmer: Beog 1 (ABC, BP32-37B71250-32)
4 I Cexuma wwn
I-’- Beon 1 (ABC, BP32-37B71250-32)
I-,- rp 1 (ABC. MH-400-10)
F- 2 (A BasIF2S-1BX0
F- 3 (B BABIF23-1BXX)
I-/ rp 4 (C, BABTF23-1BXX)

Puc. 99. IloaknroueHne o60pya0BaHus K BEIOpAHHOM TPyTIIIe

[Iporpamma mpemyiaraer BeIOpaTh Bce HeoOXoAauMoe OoOOpy/IOBaHHUE, KOTOpoe OyaeT
MUTaThCA OT JaHHOW Tpynmnbl. BeiOupaem Ham nBurarens Ha ueptexe. [locime BbIOOpa
o0opynoBaHusl HAXKMUMaM KjaBuiry Enter va xnmaBuartype. ['oTroBo. M0KHO 3aKpbIBaTh OKHO
MOJIKJIFOUEHUSI 000pyI0BaHUSI.
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y’ Bepxxmwe zaxmmer: Beon 1 (ABC, BP32-37B71250-32)
4 | Ceruwmmwm
I~ Beon 1(ABC. BP32-37871250-32)
I~ o 1(ABC. NH-400-10)
k- 24 BABTIF2S-1BXX)
I rp3(B. BASTIF23-1EX)
I rp4(C BASTF29-1BX0)

Puc. 100. OxHO NOAKIIOYEHHOTO 000PYI0BaHUS

13.5. IIpokaaaka Tpacc. Ilpokaaaka npoBoaoB

CrnenyronM I1aroM Mbl JOJDKHBI MPOJIOKUTh KaOemu OT LIUTKAa K JBUTATElIIo.
[Tockonbky Bce kaOeau MPOKIIAAbIBAIOT TOJBKO B KOpoOax, JOTKAaX WM IPYTMX HECYIIMX

KOHCTPYKIUSIX, TO CIIEPBA MBI IIPOJIOKHUM TPACCy C KAHAJIOM.

JInst 3TOrO BOCIHOIB3YEMCS MHCTPYMEHTOM . Ilponoosicums mpaccy ¢ KanHaiom
Pucys nunun, ananornansl uausM B AUtOCAD, coennHseM Ba 3IEKTPONIPUEMHHKA.

Puc.101. [Tpoxmaaka Tpacc

Ha skpane mosiBnsieTcsl XapakTepHas JUHHS (HOJETOBOTO IBeTa. B mampHeimeM B

JTAHHOM KaHaJjie MOHO OyET IPOJIOKUTh Kabeb.



13.6. Co3naHue BepTHKAJIBbHBIX IIEPEX010B

[Ipy nDpOEeKTHPOBAHWM MHOTOATAXKHBIX 3/JaHMM BO3HUKAET MpobieMa mnepexoja
kabeneil Mexay sTaxkamu. Paccmorpum npumep. IlycTh y Hac aBuratenb HaXOJUTCS Ha
NEPBOM 3TaXKeE, a PaCIpeACIUTENbHBIN IUT — HA BTOPOM 3TaXKE.

JloGaBUM K 3TOMY 4epTexKy OTpe3kH KabenbHbIX Tpacc u3 1. 2.5. [lonb3yschk 0azoi
YT'O ycTaHOBHM COOTBETCTBYIOIIME OTMETKH MEPEX01a MEXAY dTaxkamu. st aToro 3aitaem
mo azapecy B 0aze YI'O VI'O:Meoxxcomasicnvie nepexodet — Tpacca:Medsicomadichbiii
nepexoo. BeiOupaeM COOTBETCTBEHHO JIBa HEOOXOIUMBIX HJIEMEHTA!

< | S

Tpacca npvxoant € || Tpacca yxomuT Ha
Gonee BLICOKON Gonee HAZKYHD
OTMETKM OTMETKY

Puc. 102. DnemMeHThI MEKITAXKHBIX TIEPEXO0B

[Ipu ycTaHOBKE KaKJI0TO U3 3TUX 3JIEMEHTOB HaM OTKPOETCSI BCILIBIBAIOIIEE OKHO, B
KOTOPOM HaM HEO0OXOJUMO MEpPEeNTH K Haanucu Mms cmoska M BBECTH Ha3BaHUE HAILETO
nepexona. Hazosem ero Ilepexoo 1.

-
CrpaHvua ceoicTe =NACAl X

CkeozHOH nepexos | qb X

& Mepexog 1 =
4 Mapxuposka

Mms croaka Mepexog 1 -

4 [poekrhbie napameTpsl
BricoTa sepxHed TOUKM, MM 0

BricoTa HUsHER TOUKM, MM 0
Tun ceazn
[nvra yuacTka, Mm

4 CAD ceoiictea
Cnoii 3N_TPACCHI -

Wma croaka

Puc. 103. OkHO co3gaHus nepexoaa MKy dTaxaMu
[ToBTOpH 3Ty Onepalyio MPH YCTAHOBKE BTOPOTO 3JIEMEHTA.

Baskno! COGI[I/IHGHI/IC Y4aCTKOB JAJIbHUMHU CBA3AIMHU Ha ITNIAHC IIPOUCXOAUT TOJIBKO I1O
HMCHHU CTOsIKa, T.C. Yy BCCX JJICMCHTOB, OTHOCAIMMUXCA K OIJHOMY CTOSAKY, HOJIZKHO OBITH
OIMHAKOBOC UM CTOAKA.



He 3a0wiBaeMm nenaTh MpUBSA3KY 00OPYIOBaHUS K pPACIpESTUTEILHBIM IUTKaMm. B
UTOT€ MBI IOJYYUM CIEAYIOLIYIO CXEMY

1 3TAX

s

/

Puc. 104. ITpumep mepexoja TpacChl MEXKIY dTaKaMH

Jlis  mpoBepKH TMPaBUIIBHOCTH PabOThl MEXKAITAXKHBIX IEPEXOJ0B PACCMOTPUM

UHCTPYMEHT m: Macmep mexcomasicHvix coedunenuti. OTKpOEM 3Ty KOMaHAY W BbIOEpeM
Halll TIepexo/1 1oj| Ha3BaHueM [lepexoo 1.

,
e = =

& B o -
4 3paHne N21 +3,000
|| Mepexos 1
STax 2 ™ 0,000/0,000 m
Om
0,000
0 A
+3,000
Om
Staxm 1 2m 0,000/0,000 m
0,000

Puc. 105. MacTep MeXITa)KHBIX COCTUHCHUM

Kak Mbl BUMM, OBLIT OCYIIECTBIIEH MIEPEXO]] MEKY dTaXKaAMHU.

13.7. Pa06ora ¢ BBIHOCKAMMU

[Ipu pa3paboTke KpyHOHBIX TMPOEKTOB C OOJIBIIMM KOJHMYECTBOM 3JIEMEHTOB
HE00X0AMMO YNpOILIATh BOCHPUSATHE BCETo depTeka B 1esoM. [l 3TOH Leau MCIoNb3yoT
BBIHOCKU.



B nmanHol mporpamme peanu3oBaHa (PYHKIHS CO3JaHUSI BBIHOCOK C BHIHOCOM JIFOOBIX
TpeOyeMbIX TaHHBIX.
Jl5is co3aanus BBIHOCKH Ha TJIABHOM MaHENH MPOrPaMMBbI MEPEXOAUM K MHCTPYMEHTY

=

= Cneyuanvnas evinocka. Cpasy *e HaM MpeiaratoT BbIOpaTh 3JEMEHT, Uil KOTOPOT'O MBI
XOTUM CJeNlaTh BBIHOCKY. BbiOupaem HeoOXonuMmblili snemeHT. W3  mpeioKeHHbIX
BapHaHTOB BBEIOMPAEM CTPOKY C HEOOXOUMOM I HAC MHPOpMAIUECH.

Hanpumep, MBI XOTHUM clenaTh BBIHOCKY IJIsl MPOJIOKEHHOTO KaOeins. BriOupaem
kabenb. [lepen Hamu MOsBISETCS OKHO BBIOODA.

BriSop BuIHOCKM ﬁ

BreiHocki

i) [Tpacca) Homep Tpaccsl

i) [Tpaccal: Homep Tpacce / KatSenw (noswuwam) | BoicoTHar oTMeTka
i} [Tpacca) Homep Tpacce: / Katenw (noswwm) / Beicota ot nana, m
i) [Tpaccal: Kafenw (noswunw) / BricoTHaR oTMeTkE

i} [Tpacca]: KaGenw (noswuam) | BeicoTa ot nona, m

i) [Tpacca] Homep Tpacce: / KaSenw (Tunel) | BricoTHan oTmeTka

i} [Tpaccal: Homep Tpaces: / Katenn (Tunel) /| BricoTa ot nona, m
i) [Tpaccal: Kabenw & Tpacce (Twnk) / BricoTHan oTMeTka

i} [Tpaccal: Katenw B Tpacce (Tunel) / BricoTa ot nona, m

i} [Tpacca]: 2acedkn sucna =un

i) [Tpaccal: KonwdecTso xan

i} [Tpacca) Bemocka mpynn

i) [Tpaccal: BuiHocKa rpynn MHOTOCTRONHER

Puc. 106. Bei6op BeIHOCKH

HomyctuMm, HaM HeoOxoauMa UH(pOpMaIKsS 0 CEYeHHUH ITOTo Kabens. [lepexoanm k
ctpoke Kabenu ¢ mpacce (munwi). '0TOBast BBIHOCKA OyJI€T UMEThH CIEYIOIIHMI BUI:

k

!
(X}

Iy
rrr

BBI-0.66-4x4.0(0x]
omm. 0,000

Puc. 107. ITpumep BBIHOCKU ceueHUs KaOes



I[J'IH BbIHOCA KOJIMYCCTBA YCTAHOBJICHHBIX CBCTHIIbHUKOB Ha rJIaBHOM ITaHEIU caciiaHa

OT/eIbHasA KHOIIKA N9 Buinocka wucna ceemunvhuxos. X0/ co3/1aHusI BBIHOCKU OyIeT
aHAJIOTUYEH

EEEss=EEEEEE

Puc. 108. IIpumep BBIHOCKH YHCITA CBETHIIBHUKOB

B HaHHOﬁ BBIHOCKC BBIBCJICHA I/IH(l)OpMa]_II/IH 0 KOJIMYCCTBC CBCTUJIbHHUKOB, UX THUIIC U
BBICOTC YCTAaHOBKH.

14. PaboTa 3J1eKTPOTEXHUYECKOM MOIeIH

14.1. CTpyKTypAa 3JIEeKTPOTEXHUYECKOU MO/IeJIN

B nmaHHO# TnaBe mpejacraBiieHa padoTa WHCTPYMEHTA Qﬂekmpomexﬂuqecmﬂ
MoOenb. ITO OKHO COCTOMT M3 TpeX BKIaaok: Qbopyodosanue, [loocoedunenus n Pacuemul.
Jlaee pacCMOTPHUM OTACIIBHO KaXKIbIH UX 3JIEMEHTOB.

IIpy OTKpBITHHM OKHA «DJICKTPOTEXHHYECKAS MOJICIIBY aBTOMATHYECKH MPOU3BOISTCS
Bce pacdeTsl. Eciu B mportecce paboThl B 7TOM OKHE OyyT BHECEHBI KaKue-Tu00 N3MEHEHUS

=W
B IMapaMeTpbl O00OpYAOBAaHUSA, CIEAYeT HaXaTb KHOIIKY ﬁilPacqem, 4TOOBI 3aHOBO
MIPOU3BECTU BCE PACUETHI.

OOmmit BUJI OKHA MpEACTaBiIeH TpeMs Ojiokamu. B jeBoil yacTM KOHA HAXOJIUTCA
nepeBo PY. Tyt moka3aHbl Bce IIMTKU, KOTOPBIE CYLIECTBYIOT BO BCEX YEPTE)KAX JAHHOIO
npoekTa. [Ipu HaxxaTuu Ha J1I000M U3 HUX OTKPOETCS €ro IPEeBOBUAHAS CTPYKTYpA.



INEKTPOTEXHUHECKEA MOAENE o e S

Mogens  3nexrpuka

@ VA
Obopyaosarie | Moacoeanmenma | Paciemsi|
Bce -

[=]% = 3

1 4 Xapakrepucruka

o1 Mosvuna (Mapkmpoexa) FY
0z

03
04 Mpuerska k 51, & BPY-3-12:9XN4 - |

»
b
b
, Hanmeroearne
b

10 I I

05 BricoTa yeTaHoBKM, MM ¥] 1
06
o7
101

5 NOMELLEHNA “ n3nenui n

BLiBoaMTL B CNSUNDHKELNID Ia -

Cuctema sasemnerna Mo npoexry -

KostapuumenT crenenm sawmmel Ker, oe. 1

TLOLLLLLELDL|E

Pacnmucsisate coctas PY 6 cneundmkawm [a -
HazHauenne pacnuceieanna coctasa PY LA wHdbopMaumu -

4 XapaKTeprcTHKN NOLKIIHEHHA

HasHauetne B npoexte llut pacnpepenuten -
Menoxerve s npoexte
CnocoS 3afaHia NapaMeTPOB BLIECTOA..  TPaHCDOPMETOP + Ki v

Tpancpopmatop [:|

M snsmme una umnnowaune o fassrses DU

Puc. 109. OkHO 2JIeKTPOTEXHUYECKON MOJIEIH

B nenTpanbHO 4acTH OKHA HaXOAUTCS CIIUCOK BCEX KOMHAT. AJIbTepHATUBOM
OBICTPOTO MOKCKA HYKHOTO 000PYI0BAaHUS MOXKET CIY>KUTh UH(OpMAIKs 0 HOMEpe
KOMHAThI, B KOTOPOW YCTAHOBJIEHO JAHHOE YCTPOKCTBO.

CnpaBa IpCaACTaBJICHBI CBOICTBA KaKkoro-jamoo BI)I6paHHOFO QJICMCHTA CCTH. HaAaUYMWHAasA
OT PaCHIpCACINUTCIIBHBIX NIUTKOB U 3aKaHYHNBAasA OTI[GJIBHOﬁ JIaMIIOM.

Bxnanka Obopyoosanue.

B nienTpasibHOM YacTy OKHA PacroJioKeH CIUCOK 000pYI0BaHUS, YCTAHOBICHHOTO Ha
m1aHbl poekTa. O0opya0BaHUE MOXKET OBITH CTPYIIIUPOBAHO O BUAAM 00OPY/IOBaHUS, 110
3JIaHUSIM | 110 TIOMEIICHUSIM.

[Tonb3ysich JaHHOM BKJIAAKON MOXKHO MOAKIIOYATh 000pY0BaHUE O€3 NCIIOIH30BAHUS
CIEIUaIbHOTO MacTepa. 37ech YK€ TNOJIKIIYEHHOEe O0OpyJOBaHUE TOJICBEUYNBACTCS
3€JIEHBIM LIBETOM, a €III€ HE MTOAKIFOYEHHOE — PO30BBIM.



3NEKTPOTEXHUYECKAR MOAENE

Mogene  3nextpuka
@ VB
OfopynosaHie ‘ MNoacoemHerna | Pacuem\l
Bce - E‘I &1 ‘;j_—_ 4 Xapaxrepucrim |
» ﬂ + & Oopynosanne B MNosnuwa (Mapruposra) i
“ ﬂ 4 23 Boimiouatenu » TO (zanmce 8 T3) 0-1  Komnpeccop B(E]
V Bepxrwe saxumer: Beon 1 (ABC, BP32-37B71 ;J Erkmiouatens BhiCOTa YCTaHOBIM, MM 0
4 | Ceawnumm il Bewxnioszrens )
are 4 TMapameTpe: Harpysim
|- Beon 1(ABC, BP32-37B71250-32) @ Bewoarens = L
4 |- m1(88C. NH-200-10) Y Brxnouarens =
- 01 4 3 Norpebutenn HomMukaneHan MowHocTs, KBT
k- w28 BASTF23-1BX & 0-1(0-] HomuHansHsii Tok, A i
I" m3E B»:\ET FZBJBXX! & 0-1[01] CucTema 33seMnesna Mo npoexTy -
|- m4(C. BASTF23-1BXX) & 0-1(0-] N rEC
4 ﬂ @ Devravens [Osuratent] e . M
] & Oevratent [devratent] LU sepr
L4 ﬂ W Harpeszrens [Harpeeaten AU o mnepa
o3eTka [PoseTra] 4 [Npoexmsie napameTps
zeTka [Possrz] BLICOTa BEPXHER TOUKM, MM
} BricoTa Hioxsed ToukM, MM L4
a) Lnuna yuactka, mmM
a) [LoGasounan anna katena Ha pasa. #  [onpoexty
| # (CAD csoiictea T
]
. 1 =
m » m »

Puc. 110. Bxmagka Ob6opyoosanue

Bxnanka Iloocoeounenue.

I[aHHaH BKJIaJdKa NACAJIBHO ITOAXOAUT IJIA 0T06pa)K€HI/I}I HO,Z[KJII-O‘-IéHHOFO

o0opyaoBaHus ¢ yueToMm Kabeneil. Tak ke, Kak U B IPEIbIyLIEM CiIydae, MOXHO BbIOpaTh
moboit ¢unep PY. Ho B 3tOT pa3 mo ueHtpy OyaeT oToOpakeHO
Kabelnel K 3JeKTPUIECKUM Harpy3Kam.

ACPCBO OTXOIAIINX

INEXTPOTEXHUYECKER MOAENE L |} é’
Mogene  3nextpuka
@ VB
Ofopyaosanue | MOACOSMMHEMA | Pacueto
Bee - ZIE < Mapraposrka =
» ﬂ P I" rp 1 (ABC, MH-400-10) . LETOMETUYECKSA MAPKMPOBKS Oa -
r B 4 ™, KaBene 9m || Mepripoeka 5
» E 4 ¥ Kopobra |4 Katens
« B 4 W, Kafene dm 3 Mapia BEl
Bepxrwve saxumel: Beon 1(ABC, BP| opofika
V i *: 4 {:} KopoGra o 10
!(' Bepxme sasumer: Beon 2 (ABC. BP| a \ Kabens: 1M [
4 | Ceruwnumm A Ceerunenng Yucno kabensi
|- Beon 1(ABC. BP32-37B71250-2 4 M, Kefene:2m Packnanka *un & kabene ANFPE
| Beon2(ABC, BP32-37B71250-] 4 ¥ Kopoixa Criocof sanatma kabena Tpynnoeoit M
» |- 1 (ABC. MH-400-10) 4 %, KaBene: 1m
I 2 ec. nHano10) & Commmmeran » Kabens BEr086-3:2 5] [ ~
v A 4 %, Kaere 214 -
n ] »
Wma kadens Yuecna Packnamka  Jnuea fv) ln.a{A) Pacy. ok THarp ks
]
LWuTok :rp 1 (ABC. MH-400-10)
BBI-0 66-3x2 Hjox) ANPE 27 28 51 Infirity
BEI-0 66-4xd Diox) AANPE 5 34 91 497485845
BEr-0.66-4x4 Djox) AAA 3 M 51 208311054..
] »

Puc. 111. Bxnaaka Iloocoeounenue

Cunum 1BeToM 0003HaUeHBI Kabenu. CBOMCTBO Jt000OTO Kabens (MapKUpOBKa, THIL,
CEYCHHE W T.II.) MOXHO YBHJIETHh CIIpaBa.
HCITOJIB3yEeMBIX KaOellel B JTaHHOUW TpYIIIe BKIIFOYAs KPAaTKyH0 HHPOPMAIHMIO O KaKIOM W3

HUX.

CHm3y Oyner moka3aHa TaOiuIla Bcex

Hcnonw3ys Bknaaky Iloocoedunenus MOXHO BbIOUpATh THUI Kabemsl KaK OTAENIbHO IS
KaXKJOr0 y4acTKa TPacchl, TaK U JAJIS 1I€JI0N TPyl MPUCOSTUHEHHSI. ABTOMAaTHYECKH OyIeT



NpOBEJIEH aHajdu3 Ha [JOMyCTUMOCTh BHIOOpa aBTOMATOB, YCTaBOK M KaOeneil Ha
COOTBETCTBHE PACYETHOMY, ITyCKOBOMY TOKY M Tokam K3.

Bximanka Pacuemei.

DTa BKJIAJKa MPEJOCTABISICT ACTAIbHYI0 MHPOPMALUIO MO pacyeTaM U JTOCTYITHOM
Habope MpoBepoK s BeiOpaHHOro (unepa. Eciu He 3amaHbl KaGenu WIM HapaMeTphbl
aBTOMaTa, TO NPOBEPKH MPOCUTHAIUZUPYIOT O TOM, YTO UYTO-TO HE 3aJaHO WU HE
YAOBJIETBOPSIET MIPOBEPSEMbBIM YCIOBUSIM.

INEKTPOTEXHUYECKAA MOAENE = | B
Mogene  3nextpura
| OBopyaosaHue I Moacoemretma | PacueTsl
Bee || 4 Ij Pacu&t mownocTei “ || 4 Pacuethbie BenmunHE
» .ﬁ 4 ,,g‘ PacnpenenvrensHaarpynnosan ceTs ¥ Pycr. kBr 12
» oA g CeeTHREHIE: b Ppacy, kBT a6
» .ﬁ CeeTuneHuk:
4 = [# Ceetunesnk: b Ipacs, A 8.1
Y Bepve sz Beon 1 (ABC. BP32-378712 [# Ceerunbrnk: Ceetumbrk [H - 100 b Inyee, A 9.1
y' Bepxrwe saxmmer Beon 2 (ABC, BP32-378712¢ [# Ceemunenmg: Ceetunbhmk [TH - 100 b Kosg MowsocT 06 |
4 | Cerumnuwmm [# Ceerunenmk: Caetunbhnk [TH - 100 R o =
|+ Beon 1(ABC, BP32-37B71250-32) 4 [X] Mposepru 1 .
I"- Beoa 2 (ABC. BP32-37B71250-32) 4[] MpoBepkyt KoMMYTALMORHSN BNNEpaTos | = + Harpyaka A.l2 5.08
» |- o1 (aBC, MH-400-10) B ir>lp b Harpyska B, Ib 0
I 2 (ABC. MH-400-10) [ les = ks max b Harpyska C, lc 0
| “ Mpoeepky kaGensi
8 ‘lz‘ |z||:c‘er J::»Iwﬂﬂnen ! fyTeurm, mA 3.98 A
i iyrok - rp 1 (ABC, MH-400-10) 4 Tlanetme vanproetmn
¥ lan > Ir (BBM-0 66-32 Sjox] L eepuiee. %
E lon. = Ir (BBT-0.66-4x4. 0(ox) AU Hixres, %
[ lan. > Ir (BBM-0.66-dxd.Ofox) AU cymmaptos, %
4
Améﬂﬁjlp 1 (ABC, MH-400-10) alpioos iy
wrok - rp 1 {ABC, 00-10; + Tora K3 —

E laa. = Ip (BBI-0.66-3x2 5(0x]

] lan. > lp (BET-0.66-4xd Ofox, |2 F il pexdinm)

E laa = Ip (BBI-0.66-4xd.0(ox ~
v

n rl| e m

Puc. 112. Bxknanka Pacuemui

14.2. IloayuyeHue BbIXOAHOM JOKYMEHTAIIUU

[Tocne BbIMONHEHUS Bcel pabOTHl MOXKHO TMPUCTYNAaTh K BBIBOAY pabouei
nokymenraiuu. B Project Studio peanu3oBaH BBIBOJ CICAYIOIINUX JOKYMEHTOB:

crienuduKkaius 000pya0BaHus, U3JCTUN U MAaTEPUATIOB;
KaOeNbHBIN KypHAI;

OJIHOJIMHEIHAs CXeMa CeTH,

pe3yabTaThl pacyeTa OCBEIIEHHOCTH;

TabuIa BEIOOpa 000PYI0BAHUS;

OTYET O pacyeTe Harpy3oK.

Jlnst BBIBOJIAa OTYETOB HEOOXOIUMO OTKPBITH MHCTPYMEHT Menedoicep npoexma. B
JICBOM YaCTH HAXOAWM SPIBIKM C Ha3BaHUAMU Tabauysl, /Jokymenmayus, Pezyrvmamoi
omuemos. Kaxnplii W3 SAPJBIKOB TPEACTABISICT OTIACIBHYI) KaTETOPHIO BBIXOIHOM
uHpopmaIuu.

JonycTuM, MBI KejaeM BBIBECTH HH(POPMAIMI0O U3 KaOEIBbHOIO KypHalla MPOEKTa.
JIst 3TOTO Ha)XMMaeM MpaBOM KHOMKOW MBIK 1o Haanucu Kabenvrwiili scypruan. BeIBoI
HH(pOpMAIMH JTOCTYIIEH B ABYX BapuaHTtax: B (aitn Word miau B Excel.



F bl
#j Menegxep npoekta (Hesaperncrpupoeanian konua, Pesxum orpaHryedHon dyHKLMOHANBHOCTH.) E@g

@alin  Bug Cepsuc Cnpaska
EFER & 4

4 @ Pabouan ocbnacte! Tectoswid npoekt’ (1 projects)
4 TecToenli npoekT

4 {3 Yeprewn
Ed TFocturuua
Fd Maanl

4 3 Tabanuw
SKCMAMKALMA NOMELLEHWIA
ﬁ TaBnuua rpynnosksy WHTKOE

4 3 Joxymentauma
Cneundukanus oBopyA0EaHUA, WAENNA W METEPUE
@ KaBensHuili A
4 {3 Pesyneratal pacy

2

OtkpeiTe
= Weknrounte vs npoexTa
E.| Pesynotathl g

B ]
=hi PesynuTatsl 3 OTkpbITE MecTo xpaHeHua daiina

OBHOBUTL KaBenbHbIR XypHan

Co3aate kabenbHbii xypHan 8 CAD

Brirpysute gokyment & Excel |

Brirpyzute gokyment 8 Word

HacTpoiika wabnoxa

Ceoiicrea J————

Puc. 113. TlonyueHue BBIXOAHOU TOKYMEHTAIUU

B RFRBE® LD

|

15. IIpuMep HCMOJIb30BaAHUSI IPOTPAMMBI
Project Studio CS JaexkTpuka

B nannom paznene OyaeT moodepesHo pacCMOTPEH BECh MPOIECC CO3AaHUS MPOEKTa
MEPBOTO 3Taka TOCTUHHIIBL. [lociieoBaTeIbHOCTh KaXKIOM OIepaliy JAeTaabHO OIMcaHa B
MPEIBIIYIINAX pa3enax padoThl.

3a MOJOCHOBY JAAHHOTO MPOEKTa OBLI B3SIT CTPOUTENbHBIN TutaH. C TaHHOTO YepTexka
OBLITN yJIaJIeHbI BCE IOCTOPOHHUE DJIEMEHTHI, KPOME PACIIONIOKEHHUS CTEH U OCEBBIX JIMHUM.

Hauunaem paboTy ¢ nmporpamMmoii ¢ co3ianust HoBoro npoekrta. Hazosewm ero «lloBtop
IIPOEKTa», TIOCKOJIbKY JAHHOE 3/JaHUE YK€ ObI0O CKOHCTPYHPOBAHO, U Halla 3a7a4a COCTOUT
JMIIb B UCIIOJIb30BAaHUHU HOBBIX MHCTPYMEHTOB IPOEKTUPOBAHHUS .



& Meregxep npoekta (HesaperucTpupoBsatian Konua. PexMmM orpaHuHeHHOR GYHKLWOHANBHOCTI.) [ = | [ Z8 |

Commemas s S EET=—

Daiin

E

=l
3neKTpuKa
Hazeatne: -
MNanka: E:\Mpoercts CS 3nextpuka - Cbzop...

WMcnonezoeate 083y SBHHBIC N0 YMOMUYEHKID

Basa nattbic | v| Ofzop...

MpoekT “3nekTpuka™ Gynet cospat B nanke: E\Npoexktol C5S 3nexTpuka\losTop nposkTa

[ oK || Omess

Puc. 114. Co3nanue HOBOTO IIPOEKTA

3arpyskaem MojI0OCHOBY B ITPOEKT, yKa3biBaeM MaciTad nokymenta 1:100.

& Meneaxep npoexra (Hesapeructpuposattas konua, Pesxim orpaHu-eHHoR GyHKUMOHANEHOCTH.) Elﬂu

@alin  Bua Cepenc Cnpaska
CELEIEEHIEY

4 [@ ng=

4 a CozaaTe HOBBIFA JOKyMEHT

| Mogknto4rTE CYLLECTEYIOLLNI NAaH |

. Sy MogkAtoHnTE CYLLECTEYHOLLMI 4OKYMEHT

g CeoiicTea
4 i3 JoxymeHTauma

Creundukayra oSopyA0EIHMA, MSAENHA M MaTERKHE
@ KabensHbii xypHan
4 ‘3 Pesynsratsl pacueToe
PesynbTatsl CEETOTEXHWHECKHX PACHETOE
@ PesynnTatsl MMEKTPOTEXHMYECKME DACHETOE

Puc. 115. Tloakirodenne CyIiecTBYIOIIETO TUTaHa

OcTaBuM Ha 3TOM IUJIaHE TOJBKO CTEHBl M OCEBBIE JIMHUM, OCTAJIbHOE — YAAJSEM.
[TomywaeMm cienyromuii BUI 31aHUS
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Puc. 116. Mcxomuslii BUa 30aHUS 1715 paOOTHI

Haunnaem paboty ¢ mogocHoBoi. CriepBa ompenesnM 00JIacTH HAIUX MTOMEIICHHH.
JUIs 3TOr0 1O KOHTYPY KaXKJIOro IOMEIICHUS HAPUCYeM 3aMKHYTYIO IOJIMIIMHUIO TIpU
oMoty naetpymerToB AUtoCAD.

MNoannnHua

Leer @ Mecnowo

Cnoit 3N_NOMELEHWE_KOHTYP
Tun AuHwit Mocnow
InoGaneHan wwp... (0,0000

3amKHyTO [a

Puc. 117. OnpenensieM rpaHuLibl KOMHAT



Ha mnanenu wuHcTpymMenToB Project Studio wnaxkumaem ©a kHonky Cozoamb
NPOU360IbHOE NOMeWeHue W BBHIOUPAEM TOJNBKO YTO CO3JaHHYIO MOJWJIMHHUIO. B
TOSIBUBIIICMCS] OKHE BBOJMM HEOOXOIUMBIE MMapamMeTphbl. AHAIOTHYHO BBIMOIHACM JaHHYIO
TIOCJIEIOBATEIBHOCTD JACATEIBHOCTH IS IPYTUX KOMHAT. Bcero Takux KOMHAT y Hac Oyaer
ceMb: 6 KOMHAT U 1 KopuIop.

5 oo T (e

OBwwe ceoiicTEa | CpeToTEXHMYECKME CEOMCTEA

S ¥
4 Xapaktepmcrrkm
Homep nomewenus 01

H, HUE NOMELWEHKA Jeyxmectiaii Homep

Maowaas, m° 30,55

Mepumetp, m 353
Homep 3gaHma -1
Homep staxa 0
BricoTa NomMeLLeHa, tm

4 XapaKkTepuCTUKW Cpefbl
Kateropua nomewenus no HME 105-03 1

KaTeropua 63pLIBO0ONacHoN 30HH No...  HeespuisoonacHas
KaTeropua noxapoonacHoi 3oHsl no. HenoxapoonacHaa
Cpeaa Hopmanssan
Temnepatypa, "C 20

MapameTpel koHTYpa
Cnoil koHTYpa 2N_NOMELWLEHWE_KOHTYP

Meyatath KoHTYP Aa
CrobpaxaTe NPAMOYTONEHEIE 30HE Het
# [apameTpbl KPYTOBO#H BBIHOCKK

Puc. 118. CpoiicTBa KOHTYpa MOMEIICHHUS

IInan 34aHus IIPUHUMACT CJ'IGI[YIOHII/II‘/’I BHUA:

Puc. 119. [1nan 3nanus, pa30UThIA HA KOMHATbHI



Msbl paccmaTpuBaeM KHJIO€ 3JaHME U, COIJIACHO MPOEKTY, B KaXKIOM HOMEpe
MPUCYTCTBYeT yOOpHas. 3Has, 4YTO I KaXIOH KOMHATHI TPOBOAUTCS  CBOM
CBETOTEXHMUYECKHI pacueT, MOXKHO CJEJIaTh BBIBOJI: TPEOyeTCs MPOBECTH JiBa pacuera (OJuH
JUTSI CTIAJIbHU, a IPYTo# /Ut TyajeTa). B 1memsix ynpomienust paboThI € TIIIAHOM MBI Pa300bEM
KaK/IyI0 KOMHATy Ha HECKOJIbKO OoJiee MEJIKME 00IacTH.

Bri6upaeM KOHTYp OJJHOM M3 KOMHATHI M HAXKMMAEM 10 HEMY MPaBOH KHOMKOM MBIIIIH.
Bribupaem nyHkT Pazbums nomewenue.

MoeTopute HacTpoiika...

Mocnegunii sBOog
Eydep obmena

Wsonuposare

Crepete
MepemectnTe
KonupoeaTe BeIBpaHHBIE

Macwrab

CHl el e i

MoeepHyTe
Mopagok npopucoBku »

Tpynna

CeoiicTea (30.)

BcrasuTe BeplunHy

Yaanute sepuunHy

Cney, BeiHocka 3
PazBuTe nomeweHmne e
OToBpakaTs NPAMOYTOABHBIE 30HBI
BelHocka

Cepenc

@
o

HobaenTe eiBpaHHbIE

Eevao

Bribparte nogobHeie

&

OTmennTs BEIBOD

PuneTp Boifopa NnogofexTos

BeIcTphIii BRIEDP...
BeictpKanek

Haiiu...

Tl 5 E

Ceoilictea

EbicTphie cEoiicTEa

Puc. 120. OKHO CBOMCTB KOMHATHI

B HOBOM OKHEe HaxxuMaeM Ha KHONKY Jlo0aBUTh. 3aTeM MpHU MOMOUIIM METOJA «TpeX
TOYEK» YEPTUM HOBYIO 00J1acTh, MpUcBanBaeM el Ha3BaHue « Tyaner».

N

TMPAMOYTONEHAIKA KOMHE T

Nz Wran Oniana (L) WhapiHa (W) Mnowags (S)
1 MNpAmoyroneHan obna...  5.60 565 3164
oBaent ] [ Yoanuts ]
OTofpaxaTe NpAMOYTONEHMKM Ha NNaHE

Puc. 121. Pa3OuBaem nmomernieHue



Mma npamoyronsHoi obaactv L&J

TyaneT| oK

Puc. 122. OxHO HOBOI1 PSAMOYTOJIBHON 00JaCTH

brnaronmapst maHHOW (YHKITMM pacdeT OCBEIICHHOCTH TENeph OYJET MPOU3BOIUTHCS B
JBYX BAapUaHTaX: COBMECTHO I BCErO IOMEIICHUS WM OTACIBHO JUIA KaXJIOW €ro
nonobnactu. [IoBTopsieM TaHHYIO oneparuio Juisi OCTaIbHbIX KOMHAT.

Tenepp, mocie CO3AaHUS OTHAEJIBHBIX TOMEIIEHUN, Mbl MOYEM OIPEICIUTHCI C
HAITOJTHCHHEM KOMHAT CHJIOBOH W/WJTH OCBETUTEILHON HATPy3KOH.

VY Hac B pacnopspkeHUM 7 KOMHAT. [[s HarisiaHOro M300pa)KeHHs] BO3MOXKHOCTEH
MIPOTPaMMBbI Pa3MECTHM DJIEKTPUUYECKUE MOTPEOUTEITH CIETYIOITUM 00pa3oM:

xoMHaThI 01,04 1 07 — ocBelieHue

koMHaThl 02 u 05 — po3eTouHast ceTh

komHara 03 — ocBenieHre + po3eToYHAs CETh
komHara 06 — po3eToUHas CeTh + CHIIOBAsk HArpy3Ka

Cpazy omnpenenumcsi ¢ MPOKIAAKON KaOeel: mpeamnojaraeM, 4to Bce Kabeau OyayT
MIPOJIO’KEHBI 32 MTOABECHBIM ITOTOJIKOM.

I[aﬂee 6YIICM pacCMaTpuBATh BBIIIOJIHCHHC BCCX onepauuﬁ OTACJIBHO IIO K&)K,Z[Oﬁ
KOMHATC.

UToOBbl HarISIIHO pa3iuyaTh KaOENbHBIE TPACChl, B 3aBUCUMOCTH OT XapakTepa
Harpy3ku, B mporpamme AutoCAD co3nannm HOBBIE CIIOU:

e DJI PO3ETKU B (romy6oit) — st poseTounoii cetn
e DJI CBET B (posossiit) — mist ocBemmenns
e DJI CUJIOBOE O (PKENTBIN) — I CUIIOBOM HAarpy3KU U KOHTPOJBHBIX 1IeTen

Ha nanenu uHcTpyMeHTOB AutoCAD oTkpoem cBOiCTBa ci0s, YTOObI MPOBEPUTH
IIPAaBUJIBHOCTh CO3JaHNsI HOBBIX CJIOEB.
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Puc. 123. Cpoiicta cnoeB AutoCAD
Kak wMbI BUJIHUM HOBBIC CJIOM YCIICHIHO CO3JAaHBI. MoxeMm ONpUCTymnarb K

PCAaKTUPOBAHHIO HOMGHICHHﬁ.

Komnuara Ne 01.

Ceityac 3Ta KOMHaTa UMEET CIACAYIONTUN BUI:

Puc. 124. O6mmii Bux komHatsl Ne 01




JIBaxxnpl HaxkuMaeM 1o Homepy 01 Ha ruTaHe U mepexo UM B pasjied CBOMCTB
nomemenus. [lepexonum no Bknaake Ceemomexnuueckue c60UcCmea.

3nmech MBI yKa3bIBaeM Cleayromue napameTpsl. Yacth u3 HuX OyAeT oAMHAKOBa NS
BCEX MMOMEIIECHUH, TaKue Kak: pa3psi 3pUTEIbHBIX paboOT, HOpMUpYEMas OCBEIIEHHOCTD,
BbICOTa pabouell MOBEPXHOCTH, KOIPGUIMEHTH OTpaxeHus, kodpduimeHt 3amaca,
MaKCHMaJbHasi HEpaBHOMEPHOCTh OCBEIIICHHOCTH, BHICOTa YCTAHOBKH CBETUIILHUKOB, pacueT
ocBeméHHOCTU. CBEIEM 3TH apaMeTphl B €AMHYIO TaOIUILy.

Tabnuna 4.1 O61mue CBETOTEXHUUECKHE MTapaMeTphl

HaumenoBanue 3HaueHue
Pazpsin 3putenbHbIX paboT A2
Hopmupyemas 0CBEIIEHHOCTb, JIK 150
BricoTa paboueii moBepXHOCTH, MM 800
KoaddunmenT orpakeHus moToJika, o.e. 0,7
KoaddumumenT orpakenus cres, o.e. 0,5
KoaddummumenT orpakenus moa, o.e. 0,3
KoaddummenT 3amaca, o.e. 1,3
MakcuMalibHasi HEpaBHOMEPHOCTb OCBEIIIEHHOCTH, O.€. 1,15
BricoTa yCTaHOBKM CBETHUJIBHUKOB, MM 2500
Pacuer ocBenieHHOCTH 10 TUITY UCTOYHUKA

JIroboit u3 YKa3aHHBIX BbINIC IIapaMCETPOB MOXHO H3MCHATL B 3aBHUCHUMOCTH OT
KOHKPCTHOI'O THUIIA ITOMCIIICHHA. Otnnums B JaHHOM CJIy4dac 6YILYT 3aKJII04YaTbCA TOJIBKO B
BI>I60pe THUIIa CBCTUJIBHHUKOB.

WUtak, 17 BBINOJHEHUS CBETOTEXHUYECKHMX PACUETOB MEPEXOAUM IO aJPeECy

Cseemomexnuueckue ceoticmea — £ memoo koagppuyuenma ucnonvzosanus. OcBereHne
OyneM nenath OTIACNBHO IS KWIIOH oOjacTh W yOopHOU. UTOOBI BBIMIOJHUTH PacdeThl
OTIENBHO MMl KaXJAOoW o0JacTh HakKMMaeM Ha KHOMKY Bcsa xomumama W BBIOMpaeM
lIpsamoyeonvuas obracme. B nanHoMm ciydae OyaeT BbIOpaHa kujiash 30Ha B KOMHATe.
Haxxumaem Ha kHOTIKY [lepecuumams B HIDKHEW 4aCTH OKHA JIJISl TOBTOPHOTO BBITOTHEHUS
BCEX PACUETOB.




Pacuér cceewéntocTi metogom Kin =en X ]
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Paspan sprTensHeix pasor 82 - [Bcg KOMHATE V] [Ymﬂoamb PEKOMEHIYEMOE KOMMYECTED CEETMNLHHKOE v] [Pacue'r no TRefiyemoil 0CBEULEHHOCT v] 1
Ben komHata
HopMiupyeman oceelLeHHaCTE, Nk 150 M AMOVTONEHER OBNECTE Konwsecteo  Heofxommoe  OcsewenrocTs Pexomenmyemoe Oceewedrocts  Mnexc Kan -
Pekomer el HCTouHIK CBeTS H . Tyanet KOMMYECTED ot KOMMYECTED ot MOMELLEHAA
e MM CBETWMBHAKOE  HeofXOMAMOrD  CBETMMBHWKOE  JEKOMEHMYEMOrc
Beicota pafioueit nosepxHocTA, MM 800 KOMMHECTsa KonMiecTea
CBETUNSHHKOS CBETMNEHVKOS

Puc. 125. Beibop obnacTu 1t pacueToB

B napamerpax maHHONW KOMHATBI Mbl YKa3ajlu TUI pacueTa no muny ucmoyHukd. ITo
O3Hau4aeT, 4TO MporpaMMa OyJeT BBIMOJHATH PACUYET OCBEIIEHHOCTH JUIS BCEX THUIIOB
CBETWJIBHUKOB, KOTOpbhIE MMeloTca B 0a3ze maHHbIX. [lycTh B KuioW 30He y Hac OyayT
YCTaHOBJICHBI JJaMIIbl HakanuBaHus MomHocTei0 100 BT xaxnas, a B yoopHoit — JIH Ha 60
Br.

B urtore okHO pacuera OCBEIIEHHOCTH OYAET BHITIISACTH CIACAYIOLUIIM 00pa3oM:

Pacuér ocseugnHocTi metonom Kin oS
o i [Mpamoyronstias ofinacts )| | [Pacuer no metyemon B
Hanep nomewenna o
CaeTunsHik Tin H 0 2 s - [ -
Hautrencezmne nomeuenin Depasecnsin ove sanm KamecTso or Konectzo or  nomewernn
Mnowars, 1 NEMN  CETUNGHHKOS  HEQGKDIAMOTO CEETMSHWKOE  JSKOMBHIYEMOC
: KOnMyecTea KONMYECTBE
Bricora nomewseus, v 2500 a
J e ———— HIMO3-2e40-001 IH 2 21 157.23 25 187.18 165 4216
e —— o . HNNO3-100-001 IH 1 13 157.59 16 193,95 185 426
Hoprmpyeuan oceeierocTs. o 15 . HM032c40-003 IH 2 21 157.23 25 187,18 185 426
R —— s HMO3-100-003 IH 1 13 157.59 16 193,95 165 4216
_ | | Hnnoz-2<0-001 IH 2 21 157.23 25 187.18 165 4216
Bacora padouen nosepiocn. e 600 | i[Annoz-100001 TH 1 13 157.59 16 193.95 165 4216
4 Xapaxtepucrinar cpens HNM03-2:40-003 H 2 21 157.23 25 187.18 165 4216
Harrcropwn noseascsinn o HITG 10503 0 M HAN03-100-003 mH 1 13 157,59 16 19395 165 4216
Kareropua sontina. | H - HMM03-60-001 IH 1 24 151,88 25 15821 165 4218 L
Kareropna i sorsino.. b - HIM03-60-003 IH 1 2 151,88 25 15821 185 426
Cpena Hopmansnan - HMMD3-60-001 nH 1 24 151,88 25 15821 185 4218
Teunepanypa, °C 2 HNM03-60-003 IH 1 24 151,88 25 158,21 165 4216
4 Coerurexmriecos Kuddmeenm Ceemansrn TH - 60 TH 2 8 157.42 5 1771 165 6555
Kneomsen e noriap. 17 Commme 100 43 e 2wy e wm
« — i Hnno3-2¢40-001 IH 2 21 157.23 2 187.18 165 4216
CamepuLmenT oTpaenna cren per, o 05
K 02 HIMO3-100-001 IH 1 13 157.59 16 193,95 165 4218
P PURMGHT OTPRKEA fofka Aok U HIMO3-2:40-003 H 2 21 157.23 25 187,18 165 4216
Kosopuument sanaca Ks, o.e. 13 HIME3-100-003 nH 1 13 157.59 18 19395 165 4216
Makeumznsian HepaenomeptocTs oc. 115 HMN03-60-001 nH 1 24 151,88 25 15821 165 4216
“ Pacuer ocsemennocm. Meton Kn HNM03-60-003 IH 1 24 151.88 25 158.21 165 4216
Bricota yeranosiar ceeTinhikos, v 2500 HN03-2:40-001 H 2 21 157.23 25 187.18 165 42,16 T
Pacarn o A oL HANO3-100-001 TH 1 13 157.59 16 193,95 165 4216
= HIN03-2c40-003 H 2 2 157.23 25 187.18 165 42,16
HIMO3-100-00; H 1 1 157.59 16 193.95 185 4218 %
Nepecuurams | [ Mowecrims | [ 3axpems

Puc. 126. OxHo pacueTa OCBEIICHHOCTH

Breibupaem cpoky Cseemunvnux JIH-100 w naxumaem [lomecmums. Ilporpamma
MPEJJIOAKUT BHIOOP CBETHIILHUKOB
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Puc. 127. Beibop THIa CBETHILHUKOB

B stoM mnomemeHum i KUJIOM 00JAacTH B KauyeCTBE CBETUJIBHHMKOB BBIOEpPEM
JIIOCTPHI, a JUIsl YOOPHOM — CBETUIILHUK moiBecHOM ¢ JIH.

&

CEEeTMABHWE C

namMnan

®

fMwoctpa

HAKANWESHMA
nogsecHon

Puc. 128. Vcnonb3yemble TUTIBI CBETHIIBHIUKOB

Jlns pa3MmeleHusl CBETHJIILHUKOB B YOOPHOW MeHseM mapameTp [lIlpsmoyeonvuas
obnacms Ha CTPOKY Tyanem. OcTalbHBIC NEHCTBUS OyIyT BBITTOIHATHCS aHAJIOTUYHO.
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Puc. 129. BI/II[ KOMHAThbI ¢ YCTAaHOBJICHHBIMU CBCTUJIBHUKAMUA

UroOsl B KOMHATE€ MOXHO OBUIO YIPaBIATH HAIIUM OCBEIIEHHUEM YCTaHOBUM

BbIKJIIOUaTe M. OTKpbIBacM T baza YI'O — Ycmpoiicmea — OnekmpoycmanosoyHvie
usdenus — Buikntouamens (Onexkmpuka).

e W ol

Mocnegrmne ncnonszoeaswwecs Y10

7] o ) e L ) (o) PV E B

@@ ‘:A:‘ Buikntouatens (Inexrprka) -

4 (3 YerpoiicTea
» @ Wkadnl, Auyuka
4 (I 3nexTpoyCTaHOBOUHBIE M3LAEANA o ana Bois ana Beir ana
£ Buwmouarens (Snextpua) OTKPHITOR OTKPBITOH OTKPBITOH
@ Nepewnouarens (Fnexrpuxs) YCTAHOBKM €O CT. YCTAHOBKMW €O CT. YCTEHOBKM CO CT.
3 Passeteutens (Inextpuxa) sawpe [P20-1P23 sawpare [P20-1P23 zawwmte IP20-1P23
SnekTponpuemHiaka (317) O0AHONONFOCHBIA ABYXMONKOCHBIA TPEXNOAOCHBIH

MocTe ynpaeneHua

Ko, annaparsl 4 annapatel ynp. Eﬁ\ G@\ f

JononnuTtensioe obopyaosatue
YIO: MexsTaxHble Nepexo/s), NEPEnaskl U Paspeiss! Boixs b ans Bk et Botir o Aans

OTKPLITOR OTKPLITOH OTKPLITOH
YCTAHOSKM €O CT. YCTAHOEKW CO CT. YCTEHOBKM CO €T,
sawpe [P20-1P23 sawpare [P20-1P23 zawwmte [P44-IP55

(13 Tpacca: Mepenag swicot
13 Tpacca: MewsTanHed nepexog

o Tpacca: Pazpeis OAHONONFOCHBIA CAHONOAOCHBIR ABYXMOMOCHBI

4 @ yro:kHC CABOEHHEIR CTpOEHHEIA
2 Touxa [paseeTENeHMA (JnexTprKa)

@ duranr ‘5 J f

3 3arnywka xopoba

@ 3araywka notkos Bhiks ana Briks Aana Buikn ana
(3 ¥=zen kpennequn notka OTKpBITCH CKPEITOM YCTaHOBKM | | CKpBITON yCTaHOEKM

4 (3 vro: Tpaduxa YCTAHOBKHW €O CT. co . sawuTel IP20- || co cr. sawuTe [IP20-
S T . salwmTsl [P44-1P55 P23 P23 -

Puc. 130. Bei6op BeikmtouaTeneit us 6a3st YI'O



Jlo6aBuM Ha 1IaH OJHOITOIIOCHBINM M OJHOIIOJIOCHEINA CIBOCHHBIA BBIKIIFOYATEIIH IS
OTKPBITOM YCTaHOBKM. JlJI1 3TOro Ha)XMMaeM Ha HYKHBIM BapUaHT BBIKIIOYATENd M
YKa3bIBa€M MECTO €r0 YCTaHOBKH.

Brixntouarens ana
Brikntouatens ana -
- OTKPLITOR
DTKPH-[OM YCTaHOBKW CO LT
YCTaHOEKN Co CT. sawymTsl [P20-1P23
sawwmTel IP20-1P23 CAHOMONHOCHS
OAHOMOAHCHEIR CABOEHHEIR

Puc. 131. Tunel BeIKIIOUATENEH
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Puc. 132. Bug koMHaThl C yCTaHOBJIEHHBIMU BBIKIIOYATEISIMU

Tenepp HeoOxoaumMo u3 0a3bl JAHHBIX BBIOMpATh NPOM3BOAMUTENS U MapKy
BbIKTIOUareneil. Kak mpaBuio, okHO 0a3bl TaHHBIX OTKPBIBAETCS cpa3y e Iocie BhIOopa
THUIIA BBIKJIFOUATES.
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Hanuume B3pbIs03amuThl Be3 E3pLIE03AWMTEI -
P Knumatuueckoe ncnonHeHne #  HET A3HHEIX E]
MakcumansHoe ceuenmne nogkntouae.., -1
Macca, kr 0055 T

[ Brnroumts GunsTpe: Koa-so knasww, Cnocof ycranosks, CTenens sawme.3aw. IP ans Y0, CTMeHa

Puc. 133. Beibop Beikitogarens u3 6a3pl JaHHBIX 000PYI0BaAHUS

[lepexoaum K MOAKIIOYEHUIO CBETHIILHIUKOB K BBIKIIIOUATEISIM. 3aX0/1 B g Macmep
NOOKII0YeHUs: 000py00B8aHUsi W BHITIONHIEM BCIO MOCIEAOBATEIBHOCTh JACUCTBUHN M3 1. 2.4
JUTST 0OOMX BBIKITIOYATEIIEH.

Mactep nograoueHns obopyaosaHuA Elﬂlﬂ—hj

Ofbestsl DedicTena

’ Bk niouaTens - ] [ Brifpath CeemnbHK

- JJ] BrikniouaTens
A Cewxumn i
B Cexumn 2

[ [Nonknio4muTs ]

’ OTrniounte ]

’ O1rnicumnTs 8cé ]

Puc. 134. OKHO MTOAKITIOYEHUS CBETUIBHUKOB K BBIKJIFOYATEITIO

[Tocne Toro, kak 000pyJOBaHUE MOJKIIOUYEHO MEXKAY COO00M, MOXKEM MPUCTYIUTH K

MPOKJIAJIKE Tpacc ¢ kKaHataMu. OTKpbIBAEM UHCTPYMEHT ;’f IIponoosicums mpaccy ¢ kanarom
M COIJIACHO II. 2.5 o0BbeauHsIeM MeXIy co0oi Bce aneMeHThl. [lomydaem cieayromuil miaH
KOMHATEIL.



Puc. 135. O0mmii Bua komHaTsl Ne 01

C HepBOﬁ KOMHATOM BCE HeO6XOI[I/IMI>Ie OorIcpanr 3aKOHYCHBI. Mo3xHO ICPCXOIUTh K
cdileayromeMy nNoOMCIICHUIO.

Komnaara Ne 02.

Kaxk YK€ TOBOPUWJIOCH paHEE, B 9TOM KOMHATe JJIs IMpuMcEpa MbI CACTIaACM PO3CTOUYHYIO

ceTb. OTKpbIBaeM Ta baza YI'O. Tlepexonum Ycmpoiicmea — Onekmponpuemuuku —
Pozemxa (nexmpuxka).



m@é}

-
& Basa YTO

NocnegHue ncnons3oeaswmecs ¥TO

B 1 e g ) e L e G Y N e

BoEW

# | Pozetka (InexkTpuka)

4 [ Ycrpoiictea
v 3 Ukads, swmkn
¥ (2 3nekTpoycraHosOuHEIE M34ENMA
4 ([ 3Znektponpuemunga (3M)
3 Aswratens (InexTpuka)
(3 Harpesatens (3nextpuka)
3 CsetunsHvk (3nexTpuka)
1 Pozetka (Inextpuka)
3 Motpeéutens-PY (3nextprxa)
& MoTpefuTens KOMNAEKCHEIA (2nexTpuka)
» (O Moctw ynpasnerna
» (3 Kow. annapaTsi v annapatsi ynp.
» (3 [JonoanutencHoe ofopyaoEaHre
4 [0 YTO: MexsTakHble NEpexodsl, NEPEnagsl M paspaissl
(2 Tpacca: Nepenag swicoT
(2 Tpacca: MexsTamHuii nepexoa
2 Tpacca: Paspuis
4 (@ YTO: KHC
1 Touxa PE3BETENEHMA (JNexTpUKa)
@ ©amanr

2 Zarnywka kopoba
[ T O R

m

A

Posetka
WTEncensHan
OTKPLITOH
YCTEHOBKM €O CT.
sawwTel [P20-1P23

A

Posetka
WTENCEnsHaa
OTKPLITOR
YCTaHOBKM €O CT.
sawwTel [P20-1P23

s

Posetka
wrencensHan
CKPBITOM YCTRHOBKM
€O CT. 33WuTe [P20-
IP23 geyxnontocHan

ABYXNONKOCHER AEYXNONHCHER casoEHHaR
CABOEHHER
Pozetka Pozetka Pozetka
WTENCENBHER WTENCENbHEA WTENCENBHER
CKPBITOR YCTAHOBKM OTKPLITOH OTKPBITOR

co cT. zawuTe IP20-
1P23 peyxnontocHan
CABOSHHARA C 33l

YCTAHOBKM CO CT.
sawyutel [P20-1P23
AEYXNOMOCHAA C

YCTAHOBKM CO CT.
sauyutel [P20-1P23
TPEXNONKOCHERA ©

KOHTAKTOM 33U, KOHTAKTOM 331U, KOHTAKTOM
Posetka Posetka Posetka

3aKphiTs

Puc. 136. Beibop pozerok u3 6a3sl YI'O

B »Toi1 koMHaTe HCIIOJIB3YCEM JIBA THUIIA PO3CTOK:

2

Pozetka
WTENCENbHAR
OTKPBITCH
YCTAHOBKM CO CT.
sawwmTel IP20-IP23
AEYXNONHCHER

5

Pozetka
WTENCENEHAR
OTKPBITOH
YCTAHOBKM CO CT.
sawwmTel IP20-IP23
AEYXNONHCHER
CAEOEHHAER

Puc. 137. Tunsl po3etok B komHate Ne 02

Takum >xe oOpa3zoM, kak B komHate 01, mpokiiagsiBaeM Tpaccy st
MOAKITIOYEHUS po3eTok. Kak yke OblIo 0OTMEUEHO, pO3€TOUYHAS CETh OyAET MOKII0UeHa K
otnensHOMY cioro B iporpamme AUtoCAD. Tlonydaem clieyronryro cxemy JaHHOM
KOMHATHI.



Puc. 138. O6mmii Bux komuaTsl Ne 02

Komuara Ne 03.
[TonpoOGyem KOMOMHHPOBATH pa3MeleHNE Ha TUTAHE OCBEIIECHUS U PO3ETOK.

Haunnaem c¢ ocemenus. [loapoOHbI xom NeWCTBHM omnucaH mpu 0GOPMIICHUU
koMmHaThI Ne 01. TouHo Tak:ke M1 KMJIOM 30HBI BO3bMEM JiaMnbl HakajuBanus no 100 BT, a
st yoopnoit — JIH no 60 Br. [lenaem cBETOTEXHUYECKHE pacueThl. Y CTaHABIMBAEM Ha TUIaH
CBEeTUIBHUKH. [|00aBIIsieM K HUM BBIKTIOUATEIIH M BBITTOTHICM MX MTOAKIIOYCHUE.

CornacHo mporeaype, ONMMCAHHOW Npu cocTaBieHUH KOMHaThl Ne (02, paszmernraem
PO3ETKH.

[TpoknaapiBaeM KaOembHBIE TPACCHI OTAEIHHO K OCBEUICHUIO M OTACIHHO K PO3ETKaM.
O06s3aTenpHO oOpalaeM BHUMaHKUE Ha TOT (PaKT, YTO TPACCHI UMEIOT PA3IMYHYIO IPUBS3KY K
YCTaHOBJICHHBIM cIIOsiM. JlemaeM BH3yalbHYIO MPOBEPKY: Tpacca C OCBEUICHHEM IO0JDKHA
MMETh PO30BBIi 1IBET, a Tpacca K po3eTkaM — roiay6oii. Eciu ata mpoBepka He BBINOIHSIETCS,
TO npu nomoiuu nHcTpymeHToB AUtOCAD npurcBarBaeM BEIOpAaHHBIM TpaccaM HOBBIN CIIOH.

B koHIIe KOHITOB, HaIlla KOMHATa MPUOOPETAET BUI:



I
Puc. 139. O6mumit Bug komuats! Ne 03

Kak BHJIHO BHU3Y KaPTUHKH, U3 ATOM KOMHAThI 6YI[6T BBIXOOUTD ABC PA3JIMYHBIX
TpaccChI. HepeXOI[I/IM K CJ'ICI[YIOIIICﬁ KOMHATC.

Komnuara Ne 04.

[To ananorun ¢ komHaTtor Ne O] BBINOJIHSIEM CBETOTEXHUYECKUIN PacyeT, pa3MeIiacM
Ha IUIAHE CBETWIBHUKH, YCTAHABIIMBAEM PO3ETKUM W NPOKIAJAbIBAEM Tpaccy. B wurore
[OJIy4aeM CIICAYOUIMN UIaH TOMEILICHUS.



Komnaara Ne 05.

OTa KOMHaTa 10 pasMepy 6om>me, UM MpCAbIAYyHINC. HOSTOMy TYT MbI HCIIOJIB3YCM

TPH THTIA PO3ETOK:

Tak e, kak 1 B koMHaTe Ne 02 BBIMTOJHSAEM UX ITOJKIIOYCHHE.

Puc. 140. O6mmii Bug komuatsl Ne 04

A

Pozetka
WTENCENEHER
OTKPBITOW
YCTEHOEKM CO LT,
sawgTel [P20-IPZ3
AEYXNOAHCHAA

o

Pozetka
WTEMNCENEHEA
OTKpPHITOM
YCTEHOBKM €O CT,
sawwTel [P20-IPZ3
AEYXMONHICHEA
CABQEHHER

25

Pozetka
WTENCENEHER
OTKPHITOM
YLTAHOEKM CO CT.
sawgtel [F20-IPZ23
TREXNOAHOCHERA C
33U, KOHTAKTOM

Puc. 141. Tunsl pozerok B komHaTe Ne 05




e 2 e e e e e e |
Puc. 142. O6mwmii Bux komHatel Ne 05
Komnara Ne 06.
Bot Tyt MBI Oy/1eM KOMOMHHUPOBATH pa3MEIICHUE PO3ETOK U CUIIOBOM HArPY3KHU.

CnepBa YCTaHOBUM M TOJKIIFOYUM PO3CTKHU. HCHOJ’IB?;YGM TAKKC TpHU THIIA PO3CTOK,
KaK U B HpGI[BII[YHIGfI KOMHaATC.

Puc. 143. YcranoBiieHHbIE po3eTKH B kKoMHaTe Ne 06

B kauecTBe cuioBoro o6opyioBaHus 100aBUM Ha IJIaH J1Ba JIEKTPOABUTATENS U OJUH
anekTpoHarpeBatenb. M3 6a3pl YI'O OyneM ucnonb3oBaTh ClIEAYIOUINE AIEMEHTHI:



[

Jewratens Harpesarens

Puc. 144. Tunsl cUJIOBOM HArpy3Ku
JBuraremnu BozeMeMm mapku AVIPM132S8 co crenyromumu napameTpaMu:

e HOMMHAaJIbHasg MOIIHOCTE 4 KBT

e HOMHMHAJIBHBIN TOK 10,59 A

e HoMHHaNbHOE HampsbkeHue 0,38 kB
e 715 06/MuH

e cosp =0.7

o KIIJI=0,82

3JI€KTpOHal"p€BaTCJIB 6YII€T HUMCTb HOMHUHAJIbHYIO MOITHOCTb 5,5 KBT.

MexaHu3m YCTAaHOBKH, IIOAKIIIOUCHUSA U CO3AaHHA 3allMCHU B KYPHAJC TO HOI[pO6HO
ormcad B 11. 2.3. Eciu Bce orrcpanunu OBLIH CACJIaHbI ITPAaBHUJIBHO, TO XYpPHAaJ TO u YCPTCIK
KOMHATBI AOJIKHBI IIPUHATL BU/I:

TexHonorMHeckoe sagaHue == ﬂh

Crmcox TO Ceoitctsa TO

B 2l & &
4 [ Texronoruseckoe sananme
< i
@i H-1 3nexTpoHarpeeaTene
F @ CM-1  Crvpanbhan Mawmha
[ @ CM-2 Crvpanexas Mawnka

Puc. 145. IlonknrouenHoe obopynoanue B xypHaie TO



B B e —___II
Puc. 146. Bun xomHatsl Ne 06 ¢ yCTaHOBJIEHHBIMH PO3ETKaMHU

I[OHOJ'IHHT@J'II)HO YCTaHOBUM DPIAJAOM C KaXIBIM CHJIOBBIM 3JICKTPOIIPUCMHHKOM

MECTHBIM NYyJIBT ynpasiaeHusd. 11 3TOro oTkpoem T baza YI'O — Ycmpoiicmea —
Ilocmul ynpaenenuss — Knonounwvii nocm (Onekmpuxa). BeioepeM TyJabT YIpaBICHUS C

KHOoNouHbIR nocT

ABYM: KHOIIKaMH

Puc. 147. Tun KHOIIOYHOIO ITOCTA

Crenyrommm maroM Mbl TOJDKHBI TTOAKIIOYUTE BCE Hallle 00opymoBanue. B kauecTse
BBOJIHOTO YCTPOMCTBA MCTOJIB3YEM DIEMEHT UWKAP 0OHOCMOPOHHE20 0OCIYHCUBAHUS. ITOT
mKkad Oynmer SBISATHCS OJHOBPEMEHHO BBOJHBIM U pachpeaenurenbHbiM. OT HEro
paauaNbHBIMA OyAyT TOJKIIIOUYEHBl HarpeBaTeldb W SIMIMK C anmaparypoi (¢ AByms
nBuraTessiMi). B manHoM ciydae sk Oy1eT TakyKe BBITOJIHATH PyHKIuio PY.

Bcio ogHodaznyo Harpy3ky MoAKIIOUUM K OTACIBHOMY WUMK) 2PYNHOBO20 pabodezo
oceeujenusl, KOTOPBIM Takke OyJeT paAuaibHO 3allUTaH OT BBOJHOTO HIKada.

st 6onee ymoOHON pabOThI C DIIEKTPOTEXHHUYECKOM MOJENBI0 MEepEuMEHyeM BCe
pacrpeleUTebHbIC YCTPOHCTBA:

e 1Kad OJHOCTOPOHHETO OOCTYKUBAHUS — IIUT CUIOBOM
® IIMTOK IPYIIOBOro paboYero OCBEMICHHs] — IIUT CBET+PO3ETKU



e MUK Cc anmapaTtypoi — S-01

Bce HeoOxommmbie 3meMeHThl MOXHO HaiTu B 6aze YI'O mo aapecy: baza VIO —
Yempoticmea — [lkaghol, swyuxu. HyXHbIE HAM 3JIEMEHTHI BRITIISAAT CICTYIOITUM 00pa3oM:

Wmrok rpynnosos LWkad

pabouera Of\HOCTOPOHHErD
OCEELEHMA oBCny*MBaHNA annaparypou

Awwr ¢

Puc. 148. Tun ycTaHOBIEHHBIX MIKA(OB U SIIHUKA

[Tepexoaum K noakItoueHH0. OTKpbIBaEM ﬁ Macmep nooxnrouenus 06opyoosanus,
BbIOMpaeM moodepeHo Bce PY u mpucoenwHseM JIIEKTPONPUEMHHUKH KaK TOKa3aHO B
tabnuie, omucaHHoW Huke. [Ipu 3TOoM OyaemM NpPUAEPKUBATHCA CIEIYIOUIUX IPaBUM
MpaBuI:

¢ K KaXXIOMY BBIKIIFOYATCIIIO 6y,[[€T IIOJKJIFOYCHA BCA OI[HO(ba?)Ha}I Harpys3ka OIIHOI>'I
KOMHAaTbI

® JJIs1 KOMHAaTbI Ne 03 OCBCHICHUC M PO3CTOYHAA CCTb IIOAKIIOYAIOTCA Ha pPa3HbIC
BBIKJIIOYATCJIN

e JIIO0OM TpeX(i)aBHBIﬁ QJICKTPOIIPUCMHHUK ITOAKIIIOYACTCA paJruaJIbHO Ha OTI[GJ'II:HBIﬁ
ABTOMATUYECKHUM BBIKIIOUYATEIIb

Tabnuua 4.2 Pa3douBka Harpy3Ku Mo rpymniam

Lum cunosot

I'p. 1 [Ilut cBeT+po3eTku
I'p.2 S1-01, neurarenu CM-1 u CM-2
I'p.3 Peseps
I'p. 4 HarpeBatenb H-1

Awux A-01
I'p. 1 nsuratens CM-1
Ip.2 nsuraresib CM-2

LJum ceem-+pozemku

I'p. 1 Komuara Ne 01 (ocBemienue)

I'p.2 Komnata Ne 02 (pozeTkn)

I'p.3 Komnata Ne 03 (ocBenienue)




I'p. 4 Komnata Ne 03 (pozeTkn)
I'p.5 Komuara Ne 04 (ocBerieHue)
I'p.6 Komnata Ne 05 (pozeTkn)
I'p.7 Komnata Ne 06 (pozeTkn)
I'p. 8 Komuara Ne 07 (ocBetieHue)

J{' Bepxxwe saxmmer: Beog 1 (ABC, BP32-37B71250-32)
- I Cexumna wun
I-’- Beon 1 (ABC, BP32-37B71250-32)
I-/ rp 1 (ABC, BA 57-35-330010)
k- rp2(8BC. BA57-35-330010)
I-/ rp 3 (ABC, BA47-29-4C63)
I 4 (2EC. BA57-35-320010)

Macrep nograouermns obopygosaHus Elﬂlﬂ
O6vextsl DeiicTenA
LLuT cvnosoi hd BriGpate A0

| ="
4 (&} |l cunosoit Ch-1

MNogknicuuTe.

OTrniounTe

OTkmiounTE BCE

Puc. 149. Tlonkirouenne qBUraTesIeii K aBTOMaTHYECKOMY BBIKIIFOUATEITIO

Macrep nograroderns obopysosaHna [ |El ﬂ
O bekTsl NeficTenr
[Ll.lwr CEET+PO3ETHM v] [ Brifpate Beiknioyatens
CeeTnEHMK
P ﬂ LT ceeT+poseTrM CeemnsHMK
B - Beon 1 (ABC. BA47-29-4C53) Coemnsri
!{' epxrmne saxmmbl Beoa 1 (ABC, - ) BonioUaTE NS
4 I Cerumn whH

I Beont(ABC. BA47-29-4C53)

I-/ rp 1 (A, AE2044-100)

I-/ rp 2 (A, AE2044-100)

I-/ rp 3 (A, AE2044-100)

I-,- rp 4 (A, AE2044-100)

I 05 (A AE2044-100)

I-/ rp 6 (A, AE2044-100)

I"" p 7 (A, AE2044-100)

|- p & (a AE2044-100)
[ MNogkncuuTs ]
[ Otenoumnte ]
[ OTENHMTE BOE ]
i

Puc. 150. [TonkmtoueHne Kax10i1 KOMHATHI K OTAEIbHOMY aBTOMATHUYECKOMY BBIKITFOUATEIIO




Tenepb BBIIIOJIHUM  IIPUBA3KY  KHOIIOYHBIX IIOCTOB K KaXKXKAOMY CHJIIOBOMY

norpedurento. Jljis 3TOro BOCHOJB3YeMCS HOBBIM HHCTPYMEHTOM E Macmep cozoanus

KOHMPOJIHbIX coeounenuti. Tax BBITJIIAUT BCINIBIBAKOIICEC OKHO

=

Puc. 151. MacTep KOHTPOJIBHBIX COETUHEHUI

Haxxnmaem Ha kHOTIKY BbviOpams. Ha yepTexe BrIOMpacM KHOITOYHBIN ITOCT U 3aTeM
HaxxumaeM JJobasums. Tenepb BBIOMpaeM IIEKTPONPUEMHUK, HAIPUMED JIBUTATETb.

O6bekt KoHTponeHbie coemMHEHWA
4 ﬂ K-1 MNoswuma [oT] MNosuwyan [no]
' Kanan
4 O [MNogknroueHne
€ Mpuop [ 0am ] K-1
3 Komponesoe cosanrenne

Puc. 152. IToaxiroyeHne KHOIIOYHOTO IT0CTa

3aKTIOYUTENBHBIM ATarioM PabOThI B 3TOM KOMHATE CTaHET MPOKJIAJIKa KaOeIbHBIX
Tpacc. Kak yxe Obuto oTMeueHo paHee, Tpex(dasHas Harpy3ka MOJKIIOYAETCs paauajbHO.
Bes ognodaznas Harpy3ka M3 KakJI0M KOMHAThl OOBEAMHSIETCS B €IUHYI0 KaOeIbHYIO



Tpaccy, T.e. OT WUTKa [[{um ceem~+pozemxu IOIKHBI OTXOAWUTH [BE JIMHUU: OJHA K
OCBELICHUIO, a Ipyras K po3eTKaMm.

Puc. 153. O6mmii Bux komHaTsl Ne 06
Komnuara Ne 07.

OTa KOHMAaTa SBIISIECTCS KOpuaopom, T.C. HC J)KMJIOM KOMHAaTOM. HO3TOMy JJIA HCC
BMCCTO JIaMIl HaKaJIMBaHHSA MBI BO3MCM JIIOMHMHUHCLHCHTHBLIC JIaMIIBI. Tun CBETUIIBHUKOB

BeI0epemM ARS/R 418 (595).

DTOT THUIl CBETWJIBHUKOB MOAXOIUT K O(PHUCHO-aIMUHUCTPATUBHBIM IOMeEIIeHusIM. B
Ka)KJIBIM CBETWJIBHUK BXOJMT IO 4 Jjamibl, oOmer MomHocteio 72 Bt. B 6aze YI'O
JIOMUHHCIICHTHBIC JIAMITBI UMEIOT CJIeyIolee 0003HauYeHHUE:

—

CESTMABHWEK €
NHOMUHECLEHTHEIMKA
NamnamMn
NOTOAOUHBIA

Puc. 154. Tun ucnoyib3yeMbIX CBETUILHUKOB

Bech npornecc pazMenieHust U NoJKIIOYEHHs CBETUILHUKOB MOJAPOOHO OMUcaH
npu 3anojHeHuu KomHatbl Ne O1.

Puc. 155. O6mmii Bux komuaTsl Ne 07



BuIBOJBI:

B pesynbTaTe paboThl MporpaMM MPOUCXOAUT MOJTHOE TOKYMEHTUPOBAHUE MTPOEKTA CO
cnenuukanued U pa3OMBKON MO OOOPYAOBaHUIO M MapameTpaM ATOro 00O0pYyIOpBaHUS.
[IpoeKTUPOBIIUK MOXKET aHAIU3UPOBATH, MPOBEPATH KOJUIM3UU U YCTPAHITH UX, a TaKKe
BHOCUTH M3MEHEHUS B MPOEKT M BHOBb MOJy4YaTh MOJHYIO JOKYMEHTAIIUIO, ITOKa HE OyAeT
PUHSATO PEIICHHE O Peallh3allii MPOEKTa.

AHanornyHo pabotatoT Jpyrue nporpammbl komiuiekca Model Studio CS
(TpyOoTIpOoBOIBI, MOJIHHME3AIWTa W T.A.). Bce ocoOeHHOCTH paboThl W HCIOJIH30BAHUS
[IpOrpamMM OIKMCAHBI B IPUJIAra€MoOil K MOCTABKE MPOrPaMMHOI0 KOMIUIEKCA JOKYMEHTALUH
U BHJICO-YPOKaM, C KOTOPBIMH MOKHO TTO3HAKOMUTHKCS 110 afpecam /23,24/.

Mp1 pagsl pekoMeHa0BaTh Bce mpoaykThl komnanuun CSOFT ans pabotel 1 00ydeHus
MOCKOJIBKY OHH IO COOTHOIICHHIO KPUTEPHs KaueCTBO/CTOMMOCTH SIBIISIIOTCS CaMbIMU
JYy4YIIUMU W3 BCEX, KOTOPHIMM HaM MPUXOIWIOCH MOJb30BaThes. IIpekpacHas ciyx0Oa
HNOJIEPKKHU, PEILIEHUE BCEX MOTEHLIMAIbHO BO3MOXKHBIX BOIIPOCOB B KpaTyalIlIve CPOKHU U Ha
caMOM BBICOKOM ypoBHE. [I03TOMy moib3yHTeCh OTEUECTBEHHBIMU Pa3pabOTKaMH U MBI
yBEpEHbI, yTo coTpyaHuuectBo ¢ kommnanueil CSOFT mo3BonuT Bam peannzoBaTh camble
HEBEPOATHBIE IMPOEKTHl HE TOJBKO B 00JIACTU 3JIEKTPOCHAOXKEHHS, HO U JIIOOBIX JAPYTUX
MH)XEHEPHBIX 00JIaCTSIX U HAa BCEX dTalax KU3HU O0BEKTa IPOEKTUPOBAHUA (CM. BBE/ICHUE B
3TO yueOHOe ocodue).

[Tonnmaem, 4TO HJI€ANBHOIO INPOrPAaMMHOIO MPOJIYKTa HE CYLIECTBYET B IMPHUHIIUIIE
COrJacHO AakKCHOME O IMPOrpaMMHOM OO€CHedYeHUH (HEBO3MOXKHO CO3/1aTh CIIOXKHYIO
porpaMmy, CBOOOJHYIO OT OIMOOK) M Kaxjas BepcUs — JIHIIb NOPUOIMKEHHE K
HEJOCTIKUMOMY uaeany. [losTomy paszgeneseM MO3MLKIO 3TOW TPYMHIbl KOMIIAHUU O TOM,
YTO BCErja €CTh BO3MOXXHOCTH pOCTa, M COTJIACHBI CO CIEAYIOUIMMHU MEpPCIEKTUBAMU
Pa3BUTHS MPOTPAMMHOIO MPOAYKTA:

e (CoBepIICHCTCBAaHUE AITOPUTMOB aBTOBBIOOpA 000PYI0BAHUS;

o Coszmanue OoJee ApPYKECTBEHHOTro WHTepdeiica M MacTepoB pabOTHI 10
KKJIOMY MIPOIYKTY;

e VYder KOHCTPYKTUBHOI'O aClEKTa MpU CO3JaHUU MOJIEIH;

e ABTOMaTHYecKas COOpKa CXEeMbI U3 COXPaHEHHBIX ()parMeHTOB;

e [Ipsimoe MOKyMEHTHUPOBaHHE PE3yIbTaTOB C ucnoiab3oBanreM AUtoCAD.

Bo3moxxHO emre momeuraTh O OyaylieM MOHMMaHUM MPOrPaMMHBIM MPOJYKTOM
roJOCOBOTO BBOJA U MbICIeH pa3pabOTUMKOB, HO 3TO OyJIeT YyXKe COBCEM Jpyroi
MIPOrPaMMHBIN NPOAYKT U IO COBCEM APYrou LeHe. B 11e10M K€ Mbl OYEHb YAOBJIETBOPEHBI
Y TOpJUMCS COTpyaHnYecTBOM ¢ kKommanueit CSOFT!

"CSoft
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KoHTpoJbHbIE BOIPOCHI IO IJIABAM:

I'maBa 1,2:

Yem o0ycnoBieH BbiOOp nporpamMm kommanuu CSOFT?

B dem cocTout noctaHoBKa 3a7a4l ONTUMU3AIUN ]

Yro Takoe ueneBast GyHKIHs, TPUMEPHI?

YTo Takoe OrpaHUYEeHUs IPH PELIEHUH SKCTPEMAJIbHBIX 3a7a4?
Kaxkue rpynmnel KOMOEeTeHIINI HHXXEeHepa-3ieKTpruka Bel 3Haete?
YTo Takoe KOTHUTUBHBIE HAYKH?

Kaxkue sTansl moHMMaHus B KOTHUTUBHBIX HayKax Bam u3BecTHbI?

I'nasa 3:

B ueM cocToUT KU3HEHHBIN UKII TPOMBIITUICHHBIX H3IEITHA?
O0mbscuute ctpykrypy CAIIP?

OOBscHUTE NPUHLHUIIBI CHCTEMHOTO 1oAX0/1a?

B yem cyTh 00BEKTHO-OpPUEHTUPOBAHHOTO MPOESKTUPOBAHUS?
B ueMm oTiinume ananu3a u cuHTE3a?

Yrto Takoe BEKTOP MEPEMEHHBIX COCTOSHUSA?

Kaxwue Bunpl cuaTe3a Bam n3BecTHBI?

UYto Takoe nmapaMeTpuYECKU CUHTES?

UYTo Takoe CTPYKTYpHBIA CHUHTE3?

B dem cyTh O5104HO-HEpapXrUyecKoro noaxomaa?

Kakwne craguu npoextupoBanus Bel 3HaeTe?

st wero ucnomnp3yrorcs cetu [letpu?

Kakue npoekTHbie npouenypsl Bam n3BecTHbI?

Kaxkosa ctpykrypsr CAIIP?

['naBa 4-7:

Kaxkue snexrporexunueckue pemenus rpyibl komnanuit CSOFT Bam u3BecTHbI?
UYro o0ycnaBiauBaeT TaKoi OOJIBIION CIIEKTP KOHCTPYKTOPCKHUX PEIICHUIA?
BrryuuTs rnoccapuii.

['naBa 8:

Haznauenmne u BO3MOXHOCTH MporpaMMHoro komriekca EnergyCS?

Kakue BO3BMOXHOCTH JIa€T 3TOT MPOTrPaMMHBIN MPOITYKT?

Urto Takoe 6a3UCHBIN WK OaTaHCUPYIOIIUN y3eI1?

B ueM cocTouT CTpyKTYypa pacueTHON MOJIETH IJICKTPUIECKON CeTH?

B uem coctout B3aumoaeiicTBuEe MHTEpPeEiica KOMIUIEKCA U PACUETHOTO MOTYJIS?

['maBa 9:

Ha3nauenne u BO3MOKHOCTH TiporpaMMHoro komruiekca EnergyCS TK3 v.37

Kakoli nepeueHb BBINOIHIAEMBIX PACYETOB?

B ueM cocTtouT B3aMMOJEHCTBHE ATOTO MPOTPAMMHOIO KOMIUJIEKCA C BHEUIHUMU
nporpaMmamu?



I'maBa 9:
o Haznauenue u BO3MOXXHOCTH nporpaMMHoOro komiuiekca EnergyCS Dnekrpuka v.3?
« Kakoii nepedens peniaemMpIx 3a1ay?
o Uto Takoe kaOembHBIN KypHAIT?
o Jlornueckas ctpykrypa 0a3bl JaHHBIX MOJIENN?
o UTO moHUMAaETCs MO YYETOM CEJIEKTUBHOCTU PEJICMHOMN 3aIUThl U aBTOMATUKU?

I'masa 10,11:
o Hasznauyenue u Bo3MoxkHOCTH IIporpammHoro komiuiekca Model Studio CS?
« Kakoii nepedensb pernaemMbIx 3a/1ay BCed TMHEHKH TPOTYKTOB?
o B ueM 0coOEHHOCTH ATOM JIMHENKHU MPOrPAMMHOI0 MPOAYKTa?

['maBa 12:
o Hasnauenme u BO3MOXHOCTH mporpaMMHoro komiuiekca Project Studio CS
DIekTpuka’?

« Kakoit nepedens pemaemMpIx 3a1a4 BCEU JIMHEUKU ITPOTYKTOB?
o B ueM 0coOEHHOCTH ATOM JIMHEHKHU MPOrPAMMHOIO MPOAYKTa?




