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BBEJEHUE

Y4eOHO-MeTOoIM4YecKoe TOoCco0ue JUIsi TPOBEACHHS JAOOpaTOPHBIX, MNPAKTUYECKUX
3aHATUN U OpraHU3aIMU CAMOCTOATEIbHOM pabOThl MpeAHA3HAYCHO AJIS CTYIEHTOB AUCLUUILIHHY
«MoJenupoBaHue MNPOIECCOB U OOBEKTOB». YUEOHO-METOIMYECKOe MOCOOME COCTaBJICHO C
yueToM TpeboBaHUU (eaepanbHbIX rOCYAapCTBEHHBIX 00pa30BaTENbHOTO CTAaHIApTa BBICIIETO
obpazoBanus (PI'OC BO) no nanpaBinenussm noxaroroBku: 11.03.03 KonctpyupoBanue u
TEXHOJIOTHS AJIEKTPOHHBIX cpeAcTB, 20.03.01 Texnocdepnas 6e3omacHocts, 05.03.06 Dxonorus
Y IIPUPOJIOIOIb30BAaHUE U YPOBHIO NOATOTOBKU «bakanaBpuary.

B pesynbrare u3ydeHHs AMCUUILIMHBI «AHAIW3 HAYyYHO-TEXHHUYECKON HHGOpMaIum»
CTYJEHb JIOJIKEH:

3namo:

— OCHOBHOE MPOrpaMMHOE oOecreueHue UIsi MOACTHPOBAHUS MPOLIECCOB U OOBEKTOB B
pamkax temaruku ['TIO;

— OCHOBBI ITOCTPOEHUS (PU3UKO-MATEMAaTHUECKUX U IPYTHX MOJECIICH;

— OCHOBBI O(pOPMIICHHUS PE3YJITATOB MOJCIUPOBAHHUS.

Ymems:

— BbIOMpaTh MporpaMMHOe obOecriedeHue JIJIsl MOJCIHUPOBAHUS MTPOLIECCOB U OOBEKTOB B
pamkax temaruku ['TIO;

— pa3pabatbiBaTh MoJenu B pamkax tematuku ['T1O;

— 0(hopMIIATH pe3yabTaThl MOJIETUPOBAHUS.

Braoemo:

— HaBBIKAMM aHajJM3a M BBIOOpA MPOrPaMMHOrO OOECIEeUEHHs [ MOJEIMPOBAHUS
MIPOLIECCOB U OOBEKTOB,;

— HaBBIKaMH pa3padoTKu Mojenu B pamkax temaruku ['TI1O;

— HaBBIKAMH O0(OPMIICHHS PE3yJIbTaTOB MOJCIUPOBAHHUS.

B pamkax rpynmoBoro mpOEKTHOTO OOYYEHHUS CTYACHTHI IOJIYYalOT TEXHUYECKOES
3aJaHie Ha BHIMONHEHHE paboT. [laHHOe y4eOHO-METOAMYECKOe MocoOWe HamNpaBiICHO Ha
MIOMOIIlb CTYJICHTaM TIPU BBIMOJIHEHUH PabOT MO BTOPOMY 3Tamy TPYIIOBOTO MPOSKTHOTO
oOyueHust «MoJleNMpoOBaHUE MPOIECCOB W OOBEKTOB)» CIEAYIOMIEMY 3a JTalnoM «AHaIW3
HAYYHO-TEXHUYECKOW MH(DOpMAIHI».



OCHOBHBIE ITOHATUA 1 OIIPEAEJIEHW A

B coomeemcmeuu ¢ I'OCT P 57412-2017 Komnviomepuvie modenu 6 npoyeccax
paspabomku, npou3soocmaea u sxkcnayamayuu uzoeauil. Obujue noiodceHus.

Mopenb — CyIIHOCTb, BOCIPOM3BOJSIIAS SBJICHHE, OOBEKT WJIM CBONCTBO OOBEKTa
pealbHOTO MUpA.

OOBeKT MOICTTUPOBAHUS — SIBJIICHUE, OOBEKT HITU CBOMCTBO OOBEKTA peaTbHOIO MUPA.

AcHeKT MOAENUPOBAaHUSA — OTAEIbHOE CBOWCTBO WJIM COBOKYIHOCTH CBOMCTB OOBEKTa
MOJICIIUPOBAHMSL, SBIISIOMIUXCS TPEIMETOM HUCCIIEIOBAHUS C TOMOIIBIO MOJECIUPOBAHHUSL.

Matemaruueckass MOJENIb — MOJIENb, B KOTOPOM cBeleHUs 00 00beKTe MOACIUPOBAHUS
MIPEJICTABJICHBI B BUJIC MATEMATHYECKUX CUMBOJIOB M BBIPDAKEHUH.

Nudopmannonnas Mozenb — MOJI€b, B KOTOPOIl cBelleHUsI 00 00bEeKTe MOACIUPOBAHUS
MPEJICTABJICHBI B BUJIC COBOKYITHOCTH 3JICMEHTOB JAHHBIX U OTHOIICHUN MEX]Ty HUMHU.

MopnenpoBanue — HU3y4e€HUE CBOMCTB W/WJIM TOBEIEHUS OOBEKTa MOJIEIHPOBAHUS,
BBINOJIHEHHOE C UCTIOIB30BAHUEM €TI0 MOCTIEH.

KowmmerorepHas Monenb (37IEKTpOHHAas MOJENb) — MOJENb, BBIIOJHEHHAs B
KOMITHIOTEPHOH (BBIYMCIIUTENBHOM) Cpeaie U MPECTaBIIAIomas CoOO0H COBOKYITHOCTh JaHHBIX U
MPOrPaMMHOTO K0J1a, HEOOXOAUMOTO AJis pabOThI C TaHHBIMH.

[IpoBepka anekBaTHOCTH KOMIIBIOTEPHON MOJEIIN — COBOKYIIHOCTb ACUCTBUI C MOJEIBIO,
pE3yNbTaTOM KOTOPBIX SBISIETCA MOATBEPKACHHUE €€ COOTBETCTBUSA MOICIUPYEMOMY OOBEKTY
pearpHOr0 MHpa.

KoHTpoib pe3ynbTaToB KOMIBIOTEPHOTO MOJECIUPOBAHMUS — COBOKYITHOCTH IEHCTBHIA,
pE3yIaBTATOM KOTOPBIX SBISIETCS MOJTBEPKICHUE COOTBETCTBHUS KOMIBIOTEPHOH pean3aliiuu
MOJIeJIH UCXOTHOM MaTeMaTH4eCKO! Wi WH(OPMAIMOHHON MOJIEIH.

KomnbroTepHas Moaens u3enusi — KOMIBIOTEpHAass MOZENb, B KOTOPOH OOBEKTOM
MOJICTTUPOBAHUS SBJSETCS U3AeTHe(Us).

KomnbproTrepHoe MonaenupoBaHWE W3IENWsS — MOJCIHPOBAHWE, BBHIMOJIHEHHOE C
UCIOJIb30BaHNEM KOMIIBIOTEPHON MOJIEIH U3IEIHSL.



1. KIIACCUDUKALIMSA KOMITLIOTEPHBIX MOJIEJIEN

B cootBerctBuu ¢ [1], Momeab — CYIIHOCTh, BOCIIPOM3BOJAIIAS SBJICHHE, OOBEKT WU
CBOMCTBO OOBEKTa peaJbHOrO MUpa. MoJenupoBaHHE H3yYEHHUE CBOWCTB /WM TIOBEICHUS
00beKTa MOJICTUPOBAHMS, BBIMOJHEHHOE C MCIOJB30BaHUEM ero mojened. KommbroTepHoe
MOJICIIUPOBAHNE W3NS BBIMOJHSIOT C IEJIbI0 TOJYYCHHs] JaHHBIX, HEOOXOIUMBIX IS
OPUHITHS ~ pPEUICHWH B Mporeccax  pa3padOTKH, TMPOSKTUPOBAHUS,  IPOU3BOJICTBA,
COTIPOBOXACHUS IKCILTyaTallMK M IPYTUX 3a7a4 B XO€ )KU3HEHHOTO ITUKJIA U3]ICITHSI.

KomnerorepHass Mozaenb u3nenus KIACCUPUIUPYIOT MO CIEAYIOIIMM IpHU3HAKaM: I10
UCCIIETyeMOMY aCIEeKTy MOJICIHPOBAHUS (HMCCIIETyeMbIM CBOMCTBAM OOBEKTa MOJICIHPOBAHUS;
UCIOJIb3YEMOMY CIoco0y ornucaHusi 00beKTa MOJICTUPOBAHUS.

[Io wuccnegyeMoMy acmekTy MOJEIUPOBAHUS KOMIBIOTEPHBIE MOJACIN  HM3JCIHS
MOAPAa3ACIIAIOT:

a) Ha (YHKIIMOHAJIbHBIC, ACTICKTOM MOJICIIUPOBAHMS B KOTOPBIX SIBIISETCS BBIICICHUE U
onucanue GyHKIUN U3AENUsl, UX CTPYKTYPBI U B3aUMOCBS3H;

0) CTpYKTYpHBIE, aCIIEKTOM MOJCIHUPOBAHUS B KOTOPBIX SBIISIOTCS CTPYKTYPBI H3ICIHUS
(HampuMmep, KOHCTPYKTOPCKas, TEXHOJIOTMYECKas, HKCIUTyaTallMOHHAsI AJIEKTPOHHAS CTPYKTypa
uznenus o 'OCT 2.053, noructudeckas ctpykrypa uzaenus o 'OCT P 53392);,

B) TEOMETPUUYECKUE, ACTIEKTOM MOJEIUPOBAHMS B KOTOPBIX SBIISIOTCS MPEUMYIIECTBEHHO
dbopMma, pasMepsl W CBOHCTBA, CBsI3aHHBIC ¢ (OPMON M pasMepamu (HAIpUMEp, pa3Mephbl H
nomycku o 'OCT 2.307, mepoxoBarocts o 'OCT 2.308, momycTumbie OTKIOHEHUS (OpMBI
o 'OCT 2.309 u ap.);

r) (pu3mKo-MexaHM4ecKHe, acleKTOM MOJCIMPOBAHMS B KOTOPBIX SIBISIOTCS (PU3UKO-
MEXaHWYECKHUE CBOMCTBA M3CNMS W B3aUMOJCHCTBHUE HW3JIETHUS C BHEIIHEH cpenoi (cTaTuka,
KMHEMaTuKa, JUHAMHKa TBEpAOro Tena, TUAPO- M Ta30QuHaMuKa, naedopmanuu,
TEIJIONPOBOIHOCTD H JIP.);

1) GU3NKO-XMMHUYECKHEe, aClIeKTOM MOJETUPOBAHUS B KOTOPBIX SBJISIOTCS W3MEHEHUS
CBOICTB MaTepHuaioB u3zenus (KOppO3MOHHOE pa3pylLIeHHe MaTepuala, CTapeHue U T. [1.);

€) TEeXHUYECKO-DKOHOMUYECKHE, AacCIeKTOM MOJEIHPOBAHUS B KOTOPBIX SIBISIOTCS
B3aUMOCBSI3aHHBIE TEXHUUYECKHE W HKOHOMHUYECKHE CBOWCTBA U3JeNus (HarpuMep, MOJIEb
CTOUMOCTH KH3HEHHOTO ITUKJIa U3JENHs, MOJENIb CTOUMOCTH TMOCIENPOIAXKHOTO OOCTYKHBAHUS
W3JIeNUi);

) TPOILIECCHBIE, ACMEKTOM MOJEIUPOBAHUS B KOTOPBIX SBISIOTCA MPOIECCHI,
HEINOCPE/ICTBEHHO CBSI3aHHBIE C U3JENHUeM (HampuMmep, MOJedb TEXHOJOTMYECKOro Ipoliecca
W3TOTOBJICHHSI MU3/IETUS WIIK MOJIEJh MPOIlecca TEXHUYECKOM IKCILTyaTalluy U3ENNs).

[lo wucnonb3yemomy crnoco0y omnucaHusi OObEKTa MOJEJIHMPOBAHUS  Pa3INyYaloT
MaTeMaTHuyecKrue U HHPOPMAIIMOHHbBIE MOJIEIH.

MareMatuueckre MOJEIM B 3aBUCMMOCTH OT METOJAa HAXOXJEHUS PEIICHUS
(ompeneneHus BUa 3aBUCUMOCTH OJHHUX MapaMeTPOB MOJIETH OT IPYTHX) MOIPa3AeIIsIoT:

a) Ha AHAIUTHYECKHUE, ONMHUCHIBAIOIIME CBOMCTBA OOBEKTAa MOJIETUPOBAHUS CHCTEMOMU
YpaBHEHUU, AJIi KOTOPOW MOKET OBITh HAWMIEHO aHATMTUYECKOE pEIIeHHWE B SBHOM BHJE
(Hampumep, OTAETbHBIE MOJIETTH MEXaHUKH TBEPJIOTO TeJla Ha OCHOBE YPAaBHEHHM TUHAMUKH);

0) 4KCIIeHHBIE, OMMHICHIBAIOIIUE CBOWCTBA 00BEKTAa MOICTTUPOBAHUS CUCTEMON YpaBHEHUH,
JUIT  KOTOPBIX HAXOXKACHUE PEIICHHUs] OCYIIECTBISIETCS C  HCIOJIB30BAHHEM METOJIOB
BBIYMCIIUTEIbHOM MATeMAaTUKU (HAlpuMeEp, Pa3HOCTHBIX METOAOB WM METOJOB KOHEYHBIX
AJIEMEHTOB, KOHEUHBIX WJIM TPAHUYHBIX OOBEMOB U T. [I., UCTOJB3YEeMbIX JIJISl PEIICHUs 3aaad
MEXaHUKH  JeOpMUPYEeMOro  TBEpAOTO  Tela, TeMJI0oOOMeHa, TUAPOAMHAMHUKH U
AJIEKTPOJIUHAMUKH U T. [1.);

B) HMHTAlMOHHBIE, B KOTOPHIX ¢opMy U KOIDPHUIMEHTH 3aBUCHUMOCTH OIHHX
nmapamMeTpoB MOJEIW OT JPYruX HAXOOAT TYTeM MHOTOKPATHOTO WCIBITAHUS MOJIETH C
pa3IMYHBIMH BXOJHBIMH JTaHHBIMU (HAIPUMEpP, MOJEIH MAacCOBOro OOCTYKMBaHUS, MOJEIH,



OMUCBIBAKOINHEC TUHAMUKY U3MCHCHHA CKIIAICKHUX 3aHac0}3).

WudopmanroHHble MOJIENIN TOAPA3IEINISAIOT:

a) Ha (dopmanbHbie (3HAKOBBIC), B KOTOPHIX OIHMCAHHE OOBEKTA MOJCITUPOBAHMS
BBITIOJHSIOT C TOMOINBI0 CHEIHMATM3UPOBAHHBIX SI3BIKOB (HAIIPUMEpP, OMHCAHWE TEOMETPHUH U
cTpykTypbl m3aenus corsacao 'OCT P ICO 10303-1);

0) onucarenbHbie (0Opa3HbIC), B KOTOPBIX ONHUCAaHUE OOBEKTAa MOJCITHPOBAHUS
BBIMIOJHSIOT C TOMOIIBI0O €CTECTBEHHOTO S3bIKa WU HW300paKeHWH (Hampumep, TEeKCT,
OMHCHIBAIONINI CBOWCTBA WIIM TOBEACHUE OOBEKTa MOJCIUPOBAHMS WM €r0 BU3YaJIbHOE
nzoopaxenue (pororpadus)).



2. [IPOTPAMMHOE OBECIIEYEHUE JUUIA ITIOCTPOEHUA MOJAEJINA J1JIA
NCCIIEAOBAHMA CBETOTEXHUYECKNX XAPAKTEPUCTHUK

2.1 IIporpammuoe obecneuenue Dialux [2]

ITIporpamma DIALux evo 3Tto coBpemeHHbI mnpoxykr kommanumu DIAL GmbH
(Fepmanmst), mpeqHa3HAYEHHBIH JUIS IPOSKTHPOBAHMS, pacyeTa U BU3yaIH3allui OCBEIICHHUS.

Ha cerogssuHmii MOMEHT peain30BaHbl CIEAYIOIINE HAIPABICHHS TPOSKTUPOBAHMS:

pacder 31aHus (CTPOCHHUS) LIEIUKOM;

pacyeT OTAEIbHOTO MOMEIEHUS 3AaHus (CTPOCHUS);

pacdeT B3aMMOJICHCTBUS HApY>KHON U BHYTPEHHEH CUCTEM OCBEIICHUS;

pacyeT JOPOKHOTO OCBEIICHNUE;

pacdeT THEeBHOTO CBETa, B TOM YHCIIE C YI€TOM CHCTEM YIPABJICHUS JTHEBHBIM CBETOM.

[Tpuniun paboThl MPOrpaMMBbl IMOCTPOEH MO O0BEKTHO-OPHEHTUPOBAHHON TEXHOJOTHH,
uJiesl KOTOPOH 3aKITI0YaeTCsl B OPraHU3alMy CPEJIbl, 1€ OCHOBHBIM JIEMEHTOM SIBIISETCS OOBEKT.

OOBeKThI 00pa3yloT co000i HepapXUUECKyI0 CTPYKTYPY, CPAaBHUMYIO C F€HEATOrHYECKIM
JIepeBOM, OCHOBAHHYIO Ha B3aMMHBIX CBA3SX U MOJTYNHEHHU.

2.2 IIporpammuoe obecnieuenue TracePro [3]

KoHCcTpykinsi cuCTeMBI OCBEUICHHS TpeOyeT CTpPOroro COOJIOACHUS KpUTEpUEB
3¢ (EeKTUBHOCTH, BKJIIOYAsi IPOCTPAHCTBEHHOE U YIJIOBOE paclpesieiieHne CBeTa, OJHOPOAHOCTb,
WHTCHCUBHOCTh W CIEKTPAIbHBIE XapPaKTEPUCTHUKH, HAPSIy C JCTETHUECKUMH (haKTOpaMH,
TAaKUMU KaK OCBEIEHHbIN. Pe3ynbTraToM sBiIseTcs peHTa0elbHbIN AU3aiiH, TOTOBBIN K BBIITYCKY.

TracePro — 3To BceoOBEMIIOIIMNM YHUBEPCAJIbHBIM MPOrpaMMHBIA HWHCTPYMEHT JJIs
MOJICJIUPOBAHMs paclpocTpaHeHus ceera. Mogenu cospatorcss nyreM ummnopra u3z CAD-
OporpaMMbl  WJIM IIyTEM HEMOCPEJICTBEHHOTO CO3/aHUsl CIUIOMIHOW reomerpuu. Jlyum
pacIpOCTPaHAIOTCS 1O MOJEIM C YacTHIIAMU IOTOKA KaX/JIO0TO JIyda, BbIIEIEHHBIMU [UIs
MOTJIOIIEHHS, 3ePKAITBHOTO OTPaKEHUS U MIPOIYCKaHUs, (PIIyOpECIICHIINT U PACCESTHHUSL.

AHanus:

pacripenielieHue CBETa B CHCTEMAaxX OCBEIEHHS U BU3YaJU3alliH;

MIOTJIOIEHUE CBETOBOT'O MOTOKA HA YPOBHE KOMIIOHEHTOB U CUCTEM;

pacripesielieHue CHUJIbl CBETa;

onrtuyeckas 3pPpeKTUBHOCTD, IPKOCTh U CUSHUE,

(hoTOpeanuCTUUHbBIN PEHIEPUHT;

¢yopecuieHTHbIE 3((HEKThI TIOMHUHO(POPOB.

[IporpammHOe oOecrieueHHe UCIONB3YeTCsT I TPOCKTUPOBAHUS MHOTHX THIIOB
IPOAYKTOB: CBETOJUO/bI, JIAMIIbI, CBETUJIBHUKU U JKalI03U, TPAHCIIOPTHBIE 3HAKU M aBapUiHOE
OCBEIICHNE, ECTECTBEHHOE OCBEIICHHE, apXHTEKTypHOE OCBEUICHHE, IHCIICHHOE OCBEIICHUE,
NOTPEeOUTENBCKUE TOBAphI, ABTOMOOMIIBHOE OCBEIICHUE, aBUOHMKA, MEIUIMHCKOE OCBEIlEeHHE,
OCBETUTEIFHOE OCBEIICHHUE.

2.3 IIporpammuoe obecnieuenue LightTools [4]

LightTools obecrieurBaeT MCTHHHBIC BO3MOXKHOCTH JIM3aifHa, TOYHBIN aHAJIN3 U MOIIHBIC
(GYHKIIUM BU3yaTU3alldd TPOJYKTA, KOTOPHIE IMOMOTYT OBICTpPEE MOJYIUTh MOJCIH CHCTEMBI
ocemieHusi. IIpouynble KOHCTpykTUBHBIE »diemeHThl LightTools momoraror ObicTpo U
3¢ (}eKTHBHO CO37aBaTh W W3MEHATH JW3aiiH Balleld CHUCTEMBI OCBEIICHHS, Ha4YWHAS C
NEPBOHAYAIILHBIX (ha3 KOHIICTIIIUU ¥ 3aKaHYMBas MOCIICIYIONUMHI HHXCHEPHBIMU UTEPALUSIMHU U
YCOBEPIIICHCTBOBAHUSIMH.

KnroueBble 0COOCHHOCTH IHU3aliHA:

CJIOKHOE TBEPJIOTEIHLHOE MOJICTUPOBAHUE C ITOJTHON ONTHYECKONW TOYHOCTHIO;

COBpEMEHHAsi CKOPOCTh TPACCUPOBKH JIy4el C TMOJHBIM MOJB30BATEIHCKUM KOHTPOJIEM
TOYHOCTH ¥ TPEOOBAHHM K pa3pelIeHHUIO;

CO3/1aliTe MCTOYHUK CBETa M3 JO0OW TeoOMETPpUYECKOM MOJENH, JUIsi HEOTpaHWUYECHHOU



TUOKOCTH JJIsl CO3/IaHUS HACTPAUBAEMBIX HCTOUYHUKOB;

HIMPOKHE OMOIMOTEKH MCTOYHMKOB M MaTepUAlIOB, BKIIIOYAs CBETOAMOIbI U U3MEpPEHUs
BSDF,

HaJIeXKHas OI/IepKKa 0OMEeHa TaHHBIMU JUIsl MeXxaHnndeckux nanHbix CAIIP;

WHTepakTuBHas AuHamuveckas cBsi3b ¢ SOLIDWORKS;

MHOKECTBEHHOE TIOTpYKE€HHE Ui MOJCIMPOBAHUS BHEAPEHHOro JIOMUHOGOpa B
MHKAICYJIUPOBaHHBIM CBETOIUO;

ONTUMU3HpPYEMbIE  OOOJIOUKM Il co3laHusi  3(PQPEKTUBHBIX  CBETOJUOJHBIX
COCIMHUTEIICH, COJIHEUHBIX KOHIICHTPATOPOB U JPYTUX CI0KHBIX ONTHUYECKUX MOBEPXHOCTEH;

M0JIb30BATEIbCKUE MaTepHalbl JJIsi MOIEIUPOBAHUS OENbIX CBETOAMOIOB HAa OCHOBE
TroMUHOQOPa;

TekcTypel - 2D, 3D u monb3oBaTelbCKUE — C THOKOCTBIO JUIsi M3MEHEHUs (OpPMBI,
pa3Mepa U pacCTOSHUS MEXIY JIEMEHTaMH TEKCTYPHI;

BbIUKcIIeHHe uHjekca 1Beronepeaayu (CRI) Ha 11060M MprUeMHUKE;

oOMEH MJaHHBIMH C JPYTUM MPOTPAMMHBIM OOECIEYEeHHUEM IS TMPOCKTHUPOBAHUS
ocpernieHus yepe3 ¢popmartsl gaHHBIX [ES u LDT;

TpaccupoBka jydei Point-and-shoot 111 MTHOBEHHON 00paTHOM CBSI3U IO CBETY BAIlIEro
YCTPOMCTBA BO BPEeMsI MPOCKTHBIX UTEPALIHIA.



3. [TIPOI'PAMMHOE OBECITIEYEHUME JUTA ITOCTPOEHW A MOJIEJIN JJIA
NCCIIEAOBAHNMA TEIIVNIOBBIX XAPAKTEPUCTHK

3.1 IIporpammuoe obecneuenue Autodesk CFD [5]

DJIEKTPOHHBIC MPUOOPHI U KOMITOHEHTBI MOCTOSHHO MEHSIOTCS WU YCIOXKHSIOTCS, MPH
9TOM KaXKJbIi pa3 HEoOXOJAMMO oOecrevnBaTh TPEOyeMbId YpOBEHb OXJIAXKIACHHS KakK BCEH
CHCTEMBI, TaK U OT/ICIIbHBIX KOMIIOHEHTOB. Y CTPOMCTBO COBPEMEHHBIX AJICKTPOHHBIX MPUOOPOB
SIBJIICTCS. KOMIUIEKCHOM M CJIOKHOM 3ajladeid JUIs WHXKCHEPOB, TaK KaK HEOOXOJMMO BCerja
[OHMMAaTh B KaKHX YCJIOBUAX OyneT (DYHKIMOHHPOBATH YCTPOHMCTBO M YYHMTBHIBATH 3TO IPH
MPUHITHHA TPOSKTHBIX PEIICHUH.

Autodesk CFD o6mamaer crenuaibHBIMH BO3MOXHOCTSMHU, MPEAHA3HAYCHHBIMH IS
VIPOIIEHUS MOJCIIMPOBAHHS TEILIOBOIO PeXMMa pabOThI AJIEKTPOHHBIX YCTPOUCTB. 11 3TOTO B
nporpaMMe COJCpIKaTCs CICHUAIbHBIC MOJEINM MaTepPHajoB Ui BCECTOPOHHErO aHaIn3a
TEIIOBOT'O peXKUMa padOThl MPUOOPOB U ICKTPOHHBIX CHCTEM:

Moaenu neuatHeix miaT PCB, Bkirouass mHorocaoiinsic MPCB;

KOMITOHCHTBI aKTUBHOT'O M TTACCHBHOTO OXJIAXKJICHUS (BEHTHIIATOPHI, PaJUaTOPBI);

AKTHUBHBIC TEIUIOBBIACIIAIONIMNEG KOMIIOHEHTHI (MHKPOCXEMBI CTaHJapPTHBIX pPa3MEpOB,
KOHJICHCATOPbI, CBETOUO/IbI, TPAH3UCTOPHI);

MO/ICJIA TIOPUCTOM cpe/ibl (PHIBTPBI, CETKH, IEPETOPOJKH U IPYTOE).

Autodesk CFD npenocraBisier HHXEHEpaM BO3MOXKHOCTb YBHIIETh CKPBITBIC OT MX TJia3
napameTpsl paboThl pa3pabaThiBaeMbIX H3Aeiui. VICHOnb3ys 3TH BO3MOXHOCTH B 3ajaadax
oOecrieyeHHsT MPaBHIBHOTO TEIJIOBOTO PEXHMMa pPa0dOThl MPHOOPOB, BBl MOXKETE IOIYYUTh
YIUBUTEIIbHBIC PE3yJbTaThl. biiarogapsi CIOCOOHOCTH BHM3YalIM3MpPOBAaTh W aHAJIM3HPOBATH
MIOTOKH BO3/lyXa M TEIUIOBBIC YCIIOBHSI Pa0OThI, MPOSKTUPOBIIUK CIIOCOOCH ONTHMHU3HPOBATH
KOHCTPYKIIMIO HAa CAMOM PaHHEM 3Tarle MPOSKTa.

3.2 Ilporpammuoe obecnieuerne ANSYS [6]

Komnanus ANSYS, Inc. mpeiaraer mMupoKuid CHEKTpP MPOrPpaMMHBIX MPOAYKTOB IS
pelIeHNs HMHXEHEPHBIX 3a7au C MCIOJIb30BAaHUEM TEXHOJIOIMI YMCIEHHOTO MOJEIMPOBAHMSL.
['maBHBIMM JOCTOMHCTBAMM IPOrpaMMHBIX HpoaykKToB ANSYS sBisercs BbICOKas CTENEHb
UHTETpali OTAEJbHBIX MPWJIOKEHUN, WHTYUTHUBHO TOHSATHBIA HHTEpeiic U mojaepxka
BBICOKOITPOU3BOIUTENIBHBIX BEIYACICHHMN.

[IporpamMmMubie mpoaykTsl ANSYS Moryr ObITh KiIacCUQUIMpPOBaHbl HAa OCHOBE
(bu3nUecKuX TUCHUIUIMH U UHXEHEPHBIX IPUI0KEHUH, HA KOTOPble OHU OPUEHTHPOBAHBI:

BBIYHCIIUTENbHAS THIPOIUHAMUKA;

MeXaHUuKa 1e(hOpMUPYEMOT0 TBEPIOTO TENA;

ANEKTPOMarHeTu3M;

TEIJIOBOM aHaJIN3;

MHOTO/IMCLUUIIIMHAPHBIA aHAJIN3.

Kpowme Toro, B coctaB nporpaMMHbIX IpoaykToB ANSYS BXoAaT cnenuain3npoBaHHbIE
NPWIOKEHUsT JJI1 TOJATOTOBKM DPACUETHBIX Mojenei, paboTel ¢ reomerpuedt u K3-ceTkoii,
MOJIEJIMPOBAaHUS HA CHCTEMHOM YPOBHE, ONITUMHU3ALINN U YIIPABJICHUS HHKCHEPHBIMU JaHHBIMU.
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4. ITIPOTPAMMHOE OBECIIEYEHUE JJIA ITIOCTPOEHWA MOAEJIN IS
NCCIIEAOBAHMA PACITPOCTPAHEHIA PAIMOBOJIH

4.1 TIporpammuoe obecrieuenue (SystemVue) [7]

[IporpamMmmHoe obecrieueHne SystemVue mpencTaBiseT cOO0H CrenuaaTn3upOBaHHYIO
cpeny CAIIP, npeanasHaueHHYIO AJi MPOSKTUPOBAHUS AIEKTPOHHBIX YCTPONUCTB Ha CUCTEMHOM
ypoBae. CAIIP SystemVue 1mo3BoJisieT CHCTEMHBIM HH)KEHEpaM M pa3padoTYHKaM ajJrOpuTMOB
onTUMU3NPOBaTh (pusnueckuil ypoenb (PHY) OecripoBOAHBIX CUCTEM CIIETYIOIIETO MOKOJICHHS
U CPEICTB CBS3M a3pPOKOCMHMUYECKONH/O00POHHOM OTpaciH, a Takke 00ecleunBaeT YHHUKAJIbHbIE
MHTETPUPOBAHHBIE BO3MOXKHOCTH JJIsi pa3pabOTUUKOB, KOTOpbIE MPUMEHSIIOT BU-KOMIIOHEHTHI,
udpoBsie curHanbHeie mporeccopsl, [IJIMC u crnenuanu3upoBaHHbIE HHTEIPAIbHBIE CXEMBI.
SBasisch crienuanu3upoBaHHOW IIaT(GOPMON 171l MPOEKTHUPOBAHUS HA CHUCTEMHOM YpPOBHE U
00paboTku curHanos, SystemVue 3ameHseT nu(ppoBbie, aHAJOTOBbIE U MAaTEMAaTUYECKHE CPEIbl
oOmiero HasHaueHus. SystemVue mO3BOJIIET BIBOE COKPATUTh BpeMsl NPOCKTUPOBAHUSA Ha
du3nyecKkoM ypoBHE U BepUUKALUUA YCTPOKMCTB, a TakkKe O0O0eCleYrBacT BO3MOXKHOCTH
UMIIOPTUPOBAHUS PE3YIHTATOB B OCHOBHOM MapIIPyT MPOESKTHPOBAHUS.

OcHosuble npeumyuiectsa CAIIP SystemVue:

Jmy4iiasi B CBOEM KIJIAcC€ TOYHOCTh MOJICIMPOBAHUS CpEld CYIIECTBYIOLIMX CPEACTB
NPOEKTHPOBaHUs Ppu3ndeckoro yposss, BU u nudpoBoii uacreit ycTpoiicTs;

MHTETpaIus ¢ U3MEPUTEIbHBIM 000pyI0BaHUEM MO3BOJISET COKPATUTh CPOKH pa3paboTKu
U ONTHMHU3UPOBATh OCHOBAHHBIM HAa MOJAEIM MAapHIPyT MPOSKTUPOBAHHUS OT CO3AAHHS
ApPXUTEKTYPHI 10 BepU(UKAIINH [TPOCKTA;

BO3MOKHOCTh B3aMMOACUCTBUS Pa3IMYHBIX TPYI WHKEHEPOB MpH padoTe HAJ| eIUHBIM
MPOEKTOM TIO3BOJISIET YBEIMYUTh 3((HEKTHUBHOCTh pa3padOTKH CHUCTEM CO CMEIIAHHBIMHU
CHUTHAJIAMH.
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5. IPOTPAMMHOE OBECIIEUEHHME JJIA ITOCTPOEHUA MOIEJIA JIJIA
NCCIIEAOBAHNMA CBY XAPAKTEPUCTHK

5.1 IIporpammuoe obecnieuenue Microwave Office [8]

Microwave Office npexncraBnsier co0oil yHHMBEpCalbHOE MPOrPAMMHOE PEIICHUE JUIs
pa3paboTKu BceX BUIOB paaumodacToTHeiX M CBY ycrpoiicTB, HaumHas ot ciokHbix CBY
cOoopok u koHuas uHTerpanbHeiMu CBUY Mukpocxemamu. BbicOko 1ieHMMasi 34 MHTYMTHUBHBIN
[0JIB30BATEIbCKHI  HHTEpdEiic, yHuKaabHas apxutekrypa Microwave Office cmoco6na
0€3yKOPU3HEHHO MHTETPUPOBATh COOCTBEHHBIC BBICOKOI((EKTHBHBIE U HOBATOPCKHE
IpPOrpaMMHBIE CPEJICTBA CO CHELHATU3UPOBAHHBIMU IPOTrpaMMaMHl KOMITaHUN-TIApTHEPOB,
CHOCOOCTBYST TE€M CaMbIM OBICTpEHIIEMY 3aBEpUICHHUIO CTaguH  Pa3pabOTKu  JH0O0ro
BBICOKOYACTOTHOTO MPOIYKTA.

BO3MOXKHOCTH ITporpaMmmHoro mnpojaykra Microwave Office:

MHTEPAKTUBHBIA BBOJ MPUHIIUIHAIBHBIX CXEM U TOMOJIOTUYECKUX OMUCAHMUIA;

MOJICTIMPOBAHUE JINHENHBIX U HEJTMHEHUHBIX CXEM;

AIEKTPOMArHUTHOE MOJICTUPOBAHUE;

CUHTE3, ONTUMHU3ALUSA U CTATUCTUUECKUI aHAIN3 BBIX0/1A TO/IHBIX;

MIPOBEPKa COOTBETCTBUS CXEMBI €€ TOIMOJIOTMYECKOMY OMHCAHHIO; KOHTPOJIb TOIMOJIOTUU
Ha YJIOBJIETBOPEHUE TEXHOJIOTMYECKUM OTPAHUYEHUSIM;

UCIOJIb30BAaHWE MHOTOUYHUCIICHHBIX CHEIHAIM3UPOBAHHBIX OUOIMOTEK MoJened s
IPOAYKIMH BeXyIUX (paObpUK 110 U3TOTOBIEHUIO MUKPOCXEM.

5.2 Iporpammuoe obecnieuerne ADS [9]

Cucrema ADS sBisieTcs caMoil IEpeNoBOil B OTPACIN CUCTEMOM aBTOMaTU3UPOBAHHOIO
npoektupoBanuss (CAIIP) BUY-, CBY- u BBICOKOCKOPOCTHBIX IH(PPOBBIX 3IIEKTPOHHBIX
yctpoiicte. B CAIIP ADS BnepBble MCHOJIB30BaHbl TAaKME€ WHHOBALIMOHHBIE U KOMMEPYECKHU
YCIICITHBIC TEXHOJOTHH, Kak X-napamerpsl™ u 3D snektpomarautHoe (OM) MoaenupoBaHue,
IpUMEHsIeMble BelyIIUMH KOMITaHUSMHU B chepe OecipoBOAHOM CBSI3U, KOMIIBIOTEPHBIX CETeH, B
a’POKOCMHUECKON U 0OOPOHHON IPOMBINUIEHHOCTH. biarogaps mupokomy Habopy OuOiInoTex
U KO-CUMYJISILIMM Ha YPOBHE «CXeMa-cucTtema-OM aHainu3» B €JUHOM IPOIrPaMMHOM IIAKETe,
cuctema ADS oOecreunBaeT MOJHBIA LMK TNPOESKTUPOBAHUS U BEepUPUKALNMU YCTPOMCTB
WIiMAX™_ LTE, BBICOKOCKOPOCTHBIX YCTPOWCTB Iepegaud JaHHBIX, PaJHOJIOKAIMOHHBIX U
CIIyTHUKOBBIX CUCTEM.

Ocnosuble npeumymiectsa CAIIP ADS:

MIOJIHBII MHTErpUPOBaHHBIA HAOOpP MPOCTHIX B MCIOIB30BAHUM MPOrPaMM JJIsi TOYHOIO
MOJIEJTUPOBAHUS CUCTEM, CXEM U DJIEKTPOMATHUTHOI'O MOJIETIUPOBAHUS;

cnenuanu3upoBanuble Ilomomuuku koHcTpykTopa (DesignGuides) s pa3inyHBIX
IIPWIOKEHUN aKKyMYJIUPYIOT MHOTOJIETHUH OIBIT IPOEKTUPOBAHMSI AJIEKTPOHHBIX YCTPOMCTB;

B OTJIMUME OT ApYyrux cucreM npoektupoBanusi, CAIIP ADS obecrieuena 3KCKI03UBHON
paHHEN MOANEPIKKON BEAYIIUMH POU3BOAUTEIIMU MUKPOCXEM U KOMIIOHEHTOB.
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6. IPO'PAMMHOE OBECTIEYEHHWE JUJISI ITOCTPOEHMSI MOJIEJIN JULS
NCCIIEAOBAHMA CXEMOTEXHUYECKHNX PEHIEHW

6.1 IIporpammuoe obecneuenue P-CAD [10]

P-CAD cocTtouT 13 AByX aBTOHOMHBIX Moaynel — Schematic (penakTop 3JIeKTpUIECKUX
cxem) u PCB (pemakTop meudaTHbiX miat). [IpoekTel cxeM MOTyT coaepkarh 0 999 nuctos, a
npoekTel MmiaT — 10 999 cnoeB pasmepom 60x60 mroiimoB. CyllecTBYIOT BO3MOKHOCTH
WHTEPAKTUBHON pa3BOJAKU Au(PepeHuanbHbIX nap A8 MUHUMH3AIUH AJIEKTPOMAarHUTHBIX
IIOMEX, MyJbTUMapUIpyTHasi TpPAacCUpOBKAa 110 3aJaHHBIM IIapaMeTpaM, OpPTOrOHAIbHOE
neperackMBaHue  MpoBOJHMKOB. Kpome  ocHoBHbIX  mnoamnporpamm  P-CAD  umeer
BcriomorarenbsHbie: Library Executive (Mmenemkep Oubmmorek), Symbol Editor (pemaktop
CUMBOJIOB 3yieMeHTOB), Pattern Editor (pemakTop mocagoyHbIX MECT, KOPITYCOB 3JIEMEHTOB) U
HekoTopele  apyrue. bubmmoreku P-CAD  xpanar ©Oonee 27  TbicA4  3JIEMEHTOB,
ceprudunupoBanHbix 1o ctagaapty ISO 9001. ITomHocTreio oanepxkuBatotcst popmater Gerber
u ODB++.

6.2 [IporpammHuoe obecrieueHue Layout [11]

[Ipocroii, HO B TOXe BpeMs O4YeHb OJ(PGEKTUBHBI NPOrpaMMHBIA MaKeT Ui
MIPOCKTUPOBKU U PYYHOM PA3BOJIKU MEUYATHBIX TUIAT MAJION M CPEHEHN CIOKHOCTH.

OcCHOBHBIM JOCTOMHCTBOM Sprint-Layout siBNsieTCSi MHTYUTUBHO MOHSTHBIN MHTEpdeiic,
BKJTIOYAIONTUH B ce0s JIMIIL CaMble HEOOXOJMMBIC MHCTPYMEHTHI JJISi MOJTOTOBKH ITEYATHBIX
mwiatr pazmepom 300 nHa 300 mMm. Ilporpamma mo3BoisieT paboTaTh C JBYMS CIOSIMHU
(TpOBOAHUKOB M MAPKUPOBKH) JJI KaXKJOW CTOPOHBI TUIaThl. JJONMOMTHUTEIbHBIE BOBMOXXHOCTH —
CIOW MasAbHOM Macku, MeTtamu3aunus, SMD-macka. BcTpoeHHBI TpacCUPOBILIMK TOJIBKO
MOMOTAeT pPa3BOAUTH MPOBOAHUKHA, M HE SBISETCS AaBTOMAaTHYECKUM. B momomHseMoin
Ooubnuoreke conepkarcs Hambosiee paclpoCTpaHEHHBIE SJEKTPOHHBIE KOMIOHEHTH. B Sprint-
Layout peanm3oBaHa BO3MOXXHOCTH JKCHOPTHPOBATH pPE3yJdbTaThl pabOThI B MOMYJISIPHEIC
dopmarsl Excellon u Gerber, a taxke co3gats daitn HPGL qist oTnenku nmedatHoOW miaThl Ha
IPOrPaMMHO-YIIPABIIIEMOM (Ppe3epHOM cTaHke. [TakeT mMpoOKo MPUMEHSIETCS TSl H3TOTOBIICHUS
wiat JIVT cnocobom.

6.3 IIporpammuoe obecnieuerne Altium Designer [12]

CocraB nporpammuoro nakera Altium Designer BkiIto4aeT Bechb HE0OXOAMMBIN HaOOp
UHCTPYMEHTOB JUISl CO3/IaHUs, PEJAKTUPOBAHUSA U MPABKU pabOT HA OCHOBE INEKTPUUECKUX U
IPOrpaMMHUPYEMBIX HHTErpaJbHBIX cxeM. Pemakrop cxeM mo3BojsieT paboTaTh € MpPOEKTaMHU
ar000r0 pasmMepa U CIOXKHOCTH, IMpeoOpa3oBbiBas UX B Mpoctedmme noadnoku. Lludpo-
AQHAJIOTOBOE MOJIETMPOBAHUE YUYMTHIBAET MOYTU BCE pealibHbIE MapaMeTpbl U MPEIOCTaBISET B
pacnopspKeHHE KOHCTPYKTOPAa OIPOMHOE KOJMYECTBO PA3IMYHBIX AHAIU30B, BKIIIOUYAs aHAJIN3bI
NEPEXO/IHbIX MPOILIECCOB, YACTOTHBIM, IIYMOB, NepeAaTouyHblX (yHKUuH, DPypbe, METOIOM
Monte-Carlo, ¢ wu3MeHeHHMeM 3HaueHUM TemmepaTypbl. Ha CcXeMOTEXHHMYECKOM YpOBHE
IIPOBEPSIIOTCS M YCTPAHSIIOTCS pa3jMyHble UMIEAAHCHI U MEPEKPECTHhIE OTpakeHus. PempakTop
NEYAaTHBIX IUIAT MPOTrpaMMbl COAEPKUT YHUKaJIbHBIE CpEACTBA I aBTOMATUYECKOTO
(mporpammsl Statistical Placer, Cluster Placer) 1 mHTEepakTUBHOIO pa3MeleHUs] KOMIIOHEHTOB.
Tononornueckuii TpacCUPOBLIMK Situs UCMOIB3YET MOTHOCTHIO HACTPAUBAEMBIN aTOPUTM IS
peleHus 3a/1a4 pa3BOJKU MEYaTHBIX IUIAT ¢ OOJBIION TIOTHOCTHIO YCTAHOBKH 3J1eMEHTOB. OH
MOXET paboTaTh M0 HEOPTOTOHAJIBHBIM HAIPABICHHUSIM U C CAMOCTOSATEIbHBIM BEIOOPOM CIIOEB.
[TocTossHHO OOHOBINsieMble OMOMMOTEKH MporpamMmbl XpaHAT Oosjee 90 ThICSY KOMIIOHEHTOB.
MHorue u3 HUX UMEIOT MoJienn ocaaouHbix Mmect, IBIS u SPICE-monenu, a taxke 3D-moaenmu.
Kaxxayro U3 HUX MOXHO cO3[aTh B MPOTrPaMME CAMOCTOATEIbHO ¢ MMHMMAJIbHBIMH 3aTpaTaMu
BPEMEHH ITyTEM I10CIIEOBATEIBLHOIO BBOJIA CBEACHUM O KOMIIOHEHTE.
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7. ITIPOTPAMMHOE OBECIIEUEHUME JUIA ITOCTPOEHUA MOJEJIA
APXUTEKTYPLI U INTAHUPOBKH ITOMEHIEHU S

7.1 IIporpammuoe obecnieuenue ArchiCAD [13]

Kommnanuss GRAPHISOFT® mnpowussena peBomtonuio B BIM-unmyctpuu, paspaboras
ARCHICAD® - mnepemnoBoe BIM-pemenne st apXuTeKTOpoB. VCmonb3ys TEXHOJIOTHIO
Nudopmannonnoro MonenupoBanus 3panuiit GRAPHISOFT ARCHICAD, apxutekTopsl
MOTYT TMOJIHOCTBIO COCPEJOTOYUTHCS Ha TBOPYECKOM IIPOLIECCE, 3HAasl, YTO KaXKIbIH 3JIEMEHT
npoekTa OyAeT aBTOMATUYECKH OTCIEKHBATbCI M OOHOBIATHCS B JOKYMEHTAIIHH.
GRAPHISOFT mnpomomxkaeT AMAMPOBAaTH HA PBIHKE AapXUTEKTYPHOTO IPOrPaMMHOTO
o0ecrieyeHus, co3/1aBasi TaKkke HHHOBAaMOHHBIE TPoayKTHl, Kak GRAPHISOFT BIM Cepep™ -
NepBOe B MUpE PEICHUE, HAMIPaBICHHOE Ha OpraHu3aluio coBMecTHOro BIM-npoexTupoBanus
B PSKHMME peallbHOTO BpeMeHHU. lIpoexTupoBaHue ¢ ucmnoib3oBaHueM crangaptoB Open BIM
MO3BOJIIET OCYILECTBIATh 3(PPEeKTUBHOE B3aUMOJICHCTBHE HA YPOBHE HWHTEIUICKTYaJbHBIX
MoJIeNiell MEXJy YYaCTHHKAMH KOJUIEKTHBA IMPOEKTUPOBIIMKOB M KOMAaHJIOH apXHTEKTOPOB,
paborarommx B ARCHICAD.

Pa6orast 8 ARCHICAD, BHI coznaere TpexmepHyto Muadopmanmonnyto Moxens 3nanus,
Ipy 3TOM TeHepalus Bcell HEoOXOMUMOWM MOKYMEHTAlMW U H300paKEHUN MPOUCXOIUT B
ABTOMATHYECKOM pexume. HOBbIe TNPHOPUTETHBIE COCNWHEHHS W HHTEIUICKTyaJlbHbIC
CTPOUTEINbHbIE MaTepHalibl 00€CIIeYNBAIOT IPaBUIIbHOE rpadrueckoe 0ToOpakeHHUEe HIIEMEHTOB B
ceueHMsIX (IITPUXOBKM CEYEHHWH), TMOKphITHA B 3D-Bumax u wucnoibp3oBaHue (PHU3HUECKUX
CBOMCTB MaTEpHAJIOB IJIsi BBIMOJHEHUs OleHKU sHeprodddexruBnoctu 3panuii. ARCHICAD
IIPEIOCTABIsAET €CTeCTBEHHYI cpeay BIM-npoexktupoBanust W JTOKYMEHTHPOBAHHS —AJis
BBIMIOJTHEHHSI TMPOEKTOB PEKOHCTPYKLIMU U TepeoOOpyloBaHUs 3[JaHUIl B COOTBETCTBUU C
TpeGoBaHUAME 1000 cTpanbl Mupa. MomrHble Bo3MokHOCTH HacTpolriku BuoB B ARCHICAD
U YHUKaJbHbIE BO3MOXXHOCTHU Pa0OTHI C UYEPTEKaMHU COBMECTHO CO BCTPOCHHBIMH (DYHKIUSIMU
MyOJIMKAIUH MTO3BOJISTIOT MOMEHTAJILHO BBIBOAMWTH HA TE€YATh WM COXPAHATH HAOOPHI YepTeKei
HenocpeacTBeHHO u3 MHdopmarmonnoit Mojenu 3nanusi.
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8. IPO'PAMMHOE OBECIIEYEHME JIJISI OBECHEYEHWS ITOAIEPKKH
VIIPABJIEHUA OXPAHOU TPYIA B OPI"TAHU3ALIMNA

8.1 IIporpammuoe obecrieuenue 1 T: Ypasinenue oxpanoii tpynaa [14]

«IT:Ynpasnenue oxXpaHoi Tpyaa» — 3TO IPOrPaMMHBIN IIPOIYKT, IPEAHA3HAYEHHBIN JUIs
cOopa M aHanM3a Pa3HOPOAHOM HMH(OpPMaUM O pabouyuM MeCTaM M CBSI3aHHBIM C HUMH
pabouuM eauMHUIAM, OOOPYAOBaHMIO, WpOIECCaM, IO HUX COCTOSHHUIO, IO JEHCTBHUAM B
otHomieHnH uX. «IT:YmpaBienue oxpaHoi Tpyna» CTPOMTCS Ha OCHOBE PEAIBHOM CTPYKTYpBI
OpraHu3aliy, TMPU ITOM FJIEMEHTAPHON eauHMLEH sBisiercs pabouee mecto. «IT:Ympasnenue
OXpaHOW TpyAa» — OSTO BBIIOJHEHHE BCEX OCHOBHBIX HOPMATUBHBIX TpeOOBaHUM
roCyJapCTBEHHOM CUCTEMBI YIIPABJICHUSA OXPAaHOU Tpyaa:

IUIAaHUPOBaHWE, TIPOBEACHWE U  KOHTPOJIb 3a HMHCTPYKT@XKaMHu, OOy4YEHHEM,
MEA0CMOTpPaMHU, aTTeCTalMeN pab0YMX MECT 110 YCIOBUSIM TPY/a;

TPEXCTYNEHYATbI KOHTPOJIb B PEKUME PEAIbHOTO BPEMEHU;

BHYTPEHHUE ayJUThl, IPEANUCAHNS;

obecreyeHre cpeicTBaMu MHIUBU1YyaJIbHON 3aIUThI;

YTBEPKACHHAsI OTYETHOCTb;

pacciieZJOBaHUE U yYET HECYACTHBIX CIIy4acB.

«IT:YmpaBneHue OXpaHOW TpyHa» — OTO YIPaBICHWE HHIUACHTAMH COOBITUAMU
(peructpanusi, ONOBEIIEHUE, pacciel0OBaHMEe, Y4YeT) U CBSI3aHHBIX C HUMH MaTepUalbHbIMH,
TPYAOBbIMU U (prHaHCOBBIMU 3aTpaTamu. «IT:YnpaBneHue oxpaHoi Tpyaa» — 3TO ONEpaTUBHBIN
AQHAJIN3, BBIBICHUE TOUYEK XO35HCTBEHHBIX, MATEPUAIIbHBIX, JIFOJCKHUX, FOPUIUYECKUX IIOTEPD:

JICHEe)KHbIE U MaTepUajbHble IOTOKHU, CB3aHHBIE C OXPaHOU TPYAa;

00yCIIOBJIEHHAs YCIOBUSAMH TPY/a 3a001€Ba€MOCTb;

U3JIEP’KKH C TpaBMaTU3MOM, UHIIUICHTAMU;

obecneuenne CU3 muianpl, OCTaTKH, CIUCAHUE, BbI1AYa;

aHaJIU3 COOTBETCTBUA TPEOOBAHUSAM HOPM OXpaHbl TPY/a;

IIPOU3BOJICTBEHHBI M OINEPALMOHHBIM MEHEIDKMEHT MU COKpAICHHUS H3JEPKEK,
MOBBILICHUS IPOU3BOAUTEIIBHOCTH U COXPAHEHUSI 3/10POBbsI pAOOTHUKOB.

«T:Ynpasinenue oxpaHou Tpyaa» - 3T0:

— MOIIHBIM HMHCTPYMEHT MAJis ONTHUMH3ALMM JIeSTEIbHOCTH IEepCOHala, MMeEeT OJIOK
aHaJIM3a BUJIC03aIIMCEN TPYIOBOTO MpoLEcca.

— COJIEP’KUT CIIPABOYHYIO CHCTEMY IO BPEAHBIM M OMACHBIM BEILLECTBAM, XapakTepy UX
BO3/JCHCTBUSA U CPENCTBAM 3ALUTHI.

— HE TOJIbKO JIeJlaeT PYTHHHYIO paboTy mo cOopy u oOpaboTke HHPOpMAIHUH, HO
npenocrasisieT BaM  BO3MOXKHOCTE NPUHMMAThb  y4acTHE B YNPaBICHWHM, TOTOBUTH
yIpaBJICHYECKHE pEUIeHUs, TOBbIMIAas CBOIO A(P(PEKTUBHOCTh, 3PPEKTUBHOCTh OH3HECa,
6e30macHOCTb nepcoHana. YTo MoxeT ObITh BbIIE? !

ABTOMaTH3UpPOBaHHAs MOACUCTEMA MOAJEPKKH YIIPABICHUS OXPaHOH TpyAa U NPUHATHS
pelIeHNI IpeJHa3HAYEeHA JIS:

COKpalleHHe 3aTpaT paboyero BpeMEH!U PYKOBOAUTENEH U CIIEUATNCTOB Ha BBHIIIOJHEHUE
BCIIOMOTATeNbHBIX (PYHKIMI B 0071aCTH OXpaHbl TPYAA, PETIAMEHTUPYEMBIX FOCYJapCTBOM;

ONTHMHU3ALIMOHHOE YIpaBlieHue (PMHAHCOBBIMU U MaTe€pHabHBIMH TOTOKaMHU B cepe
OXpaHbl TPyZla B 00JIaCTH OXPaHbI TPYAA, pEeriIaMEHTUPYEMbIX TOCYapCTBOM;

COKpalleHHe M3JepKeK Ou3Heca, CBA3aHHBIX C  YCTPaHEHHEM  IOCIEJCTBUMI
HECOOTBETCTBH, MHIIUJICHTOB B Pa3IMYHBIX MOJCHCTEMAX YIPaBICHHUs OM3HECOM;

o0ecrieueHrne CTPOroro COOTBETCTBHUSI TOCYNAapCTBEHHBIM TPeOOBAHMSIM OXpPaHbI TPyIa,
IPOMBIIIJICHHON 0€30MacHOCTH — MUHHMM3ALUS IOPUIUYECKUX PHCKOB M CBSI3aHHBIX C HUMHU
MaTepuaIbHBIX U PEMYTAMOHHBIX U3/IEPKEK B 00JIACTH OXpaHbl TPY/a;

o0ecrieyeHrne MPO3PAaYHOCTH, AKTYaJbHOCTH U OOOCHOBAHHOCTH IPOLECCOB, IUIAHOB,
penieHuit B 00J1acTH OXpaHbl TPY/Ia.
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9. IPO'PAMMHOE OBECTIEYEHHUE JIJISI ABTOMATU3MPOBAHHOI'O
OTCIEXUBAHNWA U AHAJIM3A COCTOAHMA ITPOMBIIIVIEHHOW BE3OITACHOCTH
N OXPAHBI TPYJIA B PEXXUME PEAJIBHOI'O BPEMEHU

9.1 INporpammuoe obecnieuerune UCY I1buOT [15]

[IpeumyiecTBa cCUCTEMBI:

pa3zpaboTana ¢ yderoMm TpeOOBaHUU ACHCTBYIOIICH Poccuiickoi W MEXTyHapOIHOM
HOPMAaTUBHO-TIPAaBOBOM 0a3bl;

cobMectiMa ¢ ERP-cucremamy u OONBIIMHCTBOM NPOTpPaMM, HCIIOJIB3YEMbIX Ha
NPEANPUSITHSIX;

alanTHPYETCs] K OCOOCHHOCTSIM MPOM3BOJICTBA, CTPYKTYPBI OpraHU3aluy 3aKa3zyuKa U ee
CHUCTEMBI YIIPaBIICHUS;

UMEET OTKPBITYI0 apXWUTEKTypy M oOOecleyrBaeT pacimupeHue (yHKIHHA 3a CYeT
00aBICHUS TOMOTHUTENBHBIX MOTYJIEH;

obecrieunBaeT (OPMHUPOBAHUE YUETHON M OTYETHOW MH(POPMALIUU C YIETOM CHEIH(PHUKH
MpoLEeccoB 3aKa3unKa U TpeOOBaHHUM HaJ30pPHBIX OPTaHOB;

o0ecrieynBaeT TIIAHUPOBAHKUE M KOHTPOIIb padoT;

cUCTeMa MacluTabupyemMa - OTCYTCTBHE OTPaHMYEHUN B KOJMUYECTBE OPTraHU3YEMBIX
pabouux MecT;

MO3BOJISIET HEMOCPEICTBEHHO MEPEeUTH K OIJKETUPOBAHHIO OCHOBHBIX MEPONPUSTHH,
CBSI3aHHBIX ¢ 00ECTICYCHHEM POMBIIIIICHHOW 0€30MacCHOCTH U OXPaHBI TPY/IA;

HU3Kasi CTOUMOCTD BIIQJICHUS: COIIPOBOXKIEHUE, 0OCITYKUBAHUE, IKCILTYaTallHs;

IIPOCTOTA UCIIOJIb30BAaHUS IPOIPAMMHOI0 00€eCTIeUeHUS;

KOH(UIEHIINATBHOCTD JOCTYNa K MHPOPMAIMK B UHTEpPECcax MPeaIpUITHUS;
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10. ITIPOI'PAMMHOE OBECIIEYEHUE JUUTSA PACYETA ITOXAPHBIX PUCKOB

10.1 TIporpammuoe obecnieuenue Shell Shepherd [16]

Shepherd — »3T0 mporpaMMHBI  HHCTPYMEHT ISl YOpPABJICHUS  PUCKAMHU,
Npe/HA3HAYCHHBIN JIJIsl aHAJIM3a PUCKOB JIIsl HA3EMHBIX OOBEKTOB M ONEpalUii. ITO MO3BOJISET
OBICTPO M HAJEKHO MPOTHO3UPOBATH PHUCK, CBS3AHHBIH C TAKUMHU HHIUICHTAMH, KaK BBIOPOCHI
JIETKOBOCIUIAMEHSIOIENCS UIIM TOKCUYHOM JKUJIKOCTH, II0KAPbI U B3PBIBBI.

Shepherd nocrosinno paspabareiBaercs u nposepsiercst Shell ¢ 1990-x rogoB u mMpoKo
UCTIONB3YETCsI HE(TAHBIMU, T'a30BBIMU U HEPTECXUMHUCCKUMH KOMITAHUSMH, IOAPSIYHMKAMH,
CTPaXOBIIMKAMHU U PETYISATOPAMH IO BCEMY MUDY.

[Ipennasnauenue:

KOJIMYECTBEHHBIN aHaan3 puckoB (QRA);

OINITHMU3AIHMSI KOMIIOHOBKH O0OBEKTOB;

n3ydeHue BIUsSHUS dPPeKTa CKaIaluu JOMHUHO.

OcCHOBHBIE IPEUMYIIECTBA!

MPEOCTABIISICT MOJIH30BATEISIM KPATKUH 0030p pUCKa st 00BEKTa, NESITEILHOCTH I
NPOCKTA;

MO3BOJISIET MOJIb30BATEIISIM OTPAXKATh (PAKTHUECKUE OTICPAIIMOHHBIE METO/IbI, @ HE 00IIHE;

obecrieunBaeT ObICTPBIN aHAIN3 YYBCTBUTEIBHOCTH JUIS IAPAMETPOB MaKeTa;

MO3BOJISICT TOJIL30BATEISAM JIETKO JOKYMEHTHUPOBATh W 3allUChIBATh CBOW BapUaHTHI
Ju3aiiHa ¥ TPUHAMATh PELICHUS Ha OCHOBE PUCKOB, OOECIeYMBasi MPO3PaYHOE OTCICIKHUBAHUE
npoiiecca MPUHATHS PEUICHUN Ha MTPOTSHKEHUH BCETO )KU3HEHHOTO ITUKJIa 00bEKTa;

MO3BOJIICT ~ ONEPAI[MOHHBIM  KOMIIAHUSIM ~ KOHTPOJIMPOBAaTh ~ KOHTPOJIb  PHUCKOB,
NPOBOJUMBIX  KOHCYJbTAHTAaMU W  MOAPSAYMKAMH, IIYTEM BIQJCHUS MPOrPaMMHBIM
UHCTPYMEHTOM YIIPABICHHS PUCKAMU, KOTOPBIA UCTIOIB30BAJICS.
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11. IPOTPAMMHOE OBECITEYEHUE JJIA IIOCTPOEHNWA CUCTEM
OTOIUIEHMA, BEHTWIIAINN, KOHAUITMOHWUPOBAHIMA BO3IYXA 1
TEIIUIOCHABXEHUA

11.1 TIporpammuoe obGecnieuenrne MagiCAD Bentwisuus ans AutoCAD (MagiCAD,
Allklima 2000) [17]

MagiCAD Bentunsmus s AutoCAD — 3To MOIIHBI HHCTPYMEHT I IPOSKTHPOBAHUS
CHUCTEM BEHTWIALMHU, IO3BOJSIOIIMN YBEIUYUTh CKOPOCTb pPabOThl IMPOEKTUPOBLIMKA B
HECKOJIBKO Pa3. YHHUKAJIbHOE coueTaHne (PyHKIUI YepueHUs: U pacueToB MO3BOJSET OJUHAKOBO
3(PEKTUBHO BBHITOITHATEH MPOSKTHI JTFOO0H CII0KHOCTH.

OCHOBHBIE BO3MOKHOCTH:

yo0HbIe U 3()(peKTHBHBIE GYHKIMU YepPUEHHs U PEJAKTUPOBAHUS BO3/1yXOBOJIOB;

oOmmpHas 6a3a JaHHBIX 000PYIOBAaHUS PA3IMYHBIX IPOU3BOANUTEIICH;

CYMMHPOBaHHE PACXOA0B U M0A00p CEYEHUI BO31yXOBOJIOB;

OIIpE/ICJIEHUE CAMOT'0 HarpyKEHHOT'O Yy4acTKa CETH;

ObICTpOE CO3/laHKe U OOHOBJIEHHUE Pa3pe30B;

0aJaHCUPOBKAa CETH C ONPEAETICHHEM HACTPOWKH PEryJIHPOBOYHBIX KIAMAHOB (YTJIBI
IIOBOPOTA, IIepena/ibl AaBJICHHS);

pacuer 1yma;

ObICTpOE MEepEeKIIoUeHIE MeX Ty peskumamu yepuenus: 1D, 2D umu 3D;

0OMEH JJaHHBIMH C IPYTHMHU IPOTPAMMHBIMU TPUIIOKEHUSIMH,

BO3MOKHOCTh 3a/1aBaTh HACTPOMKHM 4YepyeHUs M CIOCOObI OTOOpakeHUs OOBEKTOB
OTJIENIFHO ISl KaXKJIOTO BUJIOBOTO SKpaHa;

IIMPOKHE BO3MOXKHOCTH CO3/1aHUS M YCTAHOBKH aJIalITUBHBIX HAJMMCEH HA YepTexax;

CO3/1aHKE JETAJIbHBIX crienu(UKaIii 000pyJOBaHUS U MAaTEPUAJIOB;

aBTOMaTHYECKOE CO3/JaHHe aKCOHOMETPHUYECKUX CXEM C BO3MOXXHOCTBIO BBIOMPATH OHY
13 HECKOJIBKUX MTPOEKIIMIA;

IIPOBEPKAa KOMIIOHEHTOB CHUCTEM Ha IEpPEeCceYeHUs, B TOM YMCJIE BO3MOXKHOCTb 3a/1aBaTh
MUHHMAJIBHO JIOITYCTUMOE PACCTOSTHUE MEXAY Pa3IMIYHBIMU KOMIIOHEHTaMU;

BO3MO’KHOCTb IIPUCBAUBATh OOBEKTAM YepTeka pa3IMyHbIN CTaTyC.

11.2 TIporpammuoe obecnieuerne MagiCAD Tpy6onpoosi [18]

MagiCAD TpyOompoBoabl TNpeaHa3HAuYeH i TPOEKTUPOBAHHMS U pacueTa CHCTEM
OTOIUICHUsI,  XOJIOJAOCHAOKEHUS, KOHIMIIMOHUPOBAHUS, BOJOCHAOXKEHUs, KaHAJTU3aIHH,
CIPUHKJIEPHBIX U JPYTUX CHCTEM.

OCHOBHBIE BO3MOYKHOCTH:

yno6HbIe ¥ 3 PexTuBHBIE QYHKINN YEPUECHUS U PEJaKTHPOBAHUS TPYOOIIPOBOJIOB;

BO3MOKHOCTh YE€PTUTh HECKOJIBKUMHU TPYOOIIPOBOIaMH OTHOBPEMEHHO;

aBTOMATHUYECKUI MOJ00p 1uaMeTpOB TPyOOIIPOBOIOB;

pacueT THAPABINYECKUX XapAKTEPUCTUK CUCTEM;

pacuer M 1moAOOp AMAMETPOB CUCTEM BOJOCHA0XKEHHS C YYETOM HEPAaBHOMEPHOCTH
noTpeOJIeHus BOJbI;

HacTpoiika W OalaHCUPOBKA CHUCTEM OTOIUICHUS U XOJIOJAOCHAOXEHHUs TPH TMOMOIIH
paIuaTOpHBIX M 0aJJaHCUPOBOYHBIX KJIAallaHOB;

pacdeT oObemMa TETUIOHOCUTES;

no100p U MOAKIIOYEHHUE PAHATOPOB;

BO3MOKHOCTh YepUEHHUS TPYOOTIPOBOIOB C H3OJISIITUEH.

11.3 Iporpammuoe obecnieuenre MagiCAD Dnekrpocuadkenue [19]

MagiCAD DOnexktpocHabkeHHE — 3TO HAIECKHBIH HMHCTPYMEHT MJisi OBICTPOro U
3¢ (PEKTUBHOTO MPOEKTUPOBAHUS ANEKTPUICCKUX, CTAO0TOYHBIX CETEH M OCBEIICHHS.

OcCHOBHbBIE BO3MOXHOCTH:
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YHHUBEpCaJbHble MHCTPYMEHTHI IMPOEKTUPOBAHUS M PENAKTUPOBAHMS IJIEKTPUUYECKUX U
cl1a00TOYHBIX CETCH;

MIPOEKTUPOBAHKUE B TPEXMEPHOM MPOCTPAHCTBE C BOZMOKHOCTBIO IMOMCKA IepeceyeHuit ¢
JIPYTUMH WHXEHEPHBIMH CHCTEMaMU;

BO3MOXXHOCTh CO3/1aBaTh U PeJaKTUPOBATh COOCTBEHHBIE CHUMBOJIBI M 000PY/I0BaHHE;

coeanHeHue Kabeneil 1 KaOelbHBIX MTAaKETOB MEXKIy dTaKaMH;

MIPEIYNPEXKACHUS O MPEBIIICHUU MAKCUMAIIBHO JOMYCTUMOM JUTMHBI KaOes;

KaOeNbHbIN )KypHaI,

CO3/1aHUe CHelu(pUKaIuii;

CO3JIaHHE OJHOJMHEWHBIX CXEM LIUTOB, B TOM YHCJIE [0 POCCUICKIM CTaHIapTaM;

aBTOMAaTHYecKoe OOHOBJICHHE U3MEHEHUI U3 YepTexka B CXeMy, 1 Ha000poT;

ya00HBIE HACTPOIKN MacIITAOMPOBAHUS HAAMTUCEH U CHUMBOJIOB,;

BO3MOXXHOCTh OJHOBPEMEHHO YCTaHABIMBAThb W MOJKIOYATh HECKOJIBKO €IMHUIL
000pyI0BaHNS;

BO3MOXXHOCTh COXpaHATh HauOoJiee 4YacTo HUCHOJb3yeMoe O0OpyAOBaHHE Ha MaHEIH
«30panHOeY;

(GyHKIUS TIOKMCKA U 3aMEHbI KOMIIOHEHTOB U 000pY/10BaHUS;

aBTOMAaTHYECKasi TeHepalys pa3pe3oBs;

oOMeH JIaHHBIMHU ¢ TpriokeHueM Dialux aiis pacueTra OCBEIIEHHOCTH;

MHTEIJUICKTYaJIbHbIE HHCTPYMEHTHI MTOIKIFOUECHUS 3JIEMEHTOB CIIA00TOYHBIX CETEH.

11.4 Tporpammuoe obecnieuenure Allklima 2000 [20]

Allklima 2000, CAIIP wuHXEHEpHBIX ceTel (BEHTHWJIALMS, OTOIUICHHWE, CAHTEXHHKA,
AIIEKTPO), MO3BOJISIONIAasE BaMm 3a KOpoTKoe BpeMsi pa3padarhiBaTh CIOXKHOE 00OpYIOBaHUE B
TPEXMEPHOM BHJIC M IIPOM3BOJIUTH Bce HeoOxomaumMbie pacuetsl. O0Men manubiMu Allklima 2000
ABJIIETCS COCTABHOM YacThblO NPOrpaMMHBIX HpoaykToB Nemetschek. D10 3Haumrt, 4YTO
pe3yibTaThl MPOCKTUPOBAHUSA TEXHUYECKOTO 00OpYNOBaHMsS MOXKHO 0e3 mpolsieM mnepeaars B
UCXOIHBIA TpoeKT 3manus. Haxaruem kHomku Bbl mepeceuiaere manusie n3 Allklima 2000 B
npyrue cucrtembl Nemetschek. biarogapss 3Toil uHTerpauMu noTepu JaHHBIX OCTAIUCh B
IPOILIOM. YTIPOIICHHBIH OOMEH JaHHBIMH CO BCEMH YJaCTHUKAMH TpoIlecca MPOSKTHPOBAHUS U
CTPOMTENBCTBA MOJHOCTBIO 00ECHeUMBACTCA C MOMOIIbI0 OMPOOOBAHHOM, HAJAECKHONW TEXHUKH
ODX-unrepdeiicor (DXF, DWG, DGN) Nemetschek AG. HMHTerpupoBaHHbIE pacdeThl 0e3
untepdeiicoB. Pematromum mnpeumymectBoM Allklima 2000 sBnstoTcs HWHTErpUpOBAaHHBIE
pacueTpl. DTO 3HAYUT, YTO HA OCHOBE Tpa(uKH MPOU3BOAATCS paCUeThl C IOMOIIBIO
MHTEJUIEKTYaJIbHON KOHIENIUU YCIOBHBIX JTMHUH. C nmomMolbio QyHKIMM «3aJaHHs HaualbHbIX
napaMeTpoB I CUCTEM» BBl MokeTe OBICTPO CO3/1aBaTh pa3IMyHbIC BAPUAHTHI CHCTEM, OBICTPO
UX PaCCUUTHIBATh, U MPH HEOOXOAWMOCTH ONTHMHU3UPOBATh. PeHTaOenbHOCTh TapaHTUPOBAHA.
Pemaromum  mpeumymecteom  Allklima 2000 sBhsitoTcst  cpeAcTBa Ui ONTHMU3AIMH
KOHCTPYUPOBAaHMs, HAIpUMep, OOIIMpHbIE OMONIMOTEKH NPUOOPOB M YCTPOMCTB, a Takke
MHTEJUIEKTYaJIbHBIE CHMBOJIBI, YIPOIIAIOIINE paOdOTy MOIB30BaTeNs. BBIMOMHIEMBIE pacyeTsl, U
BO3MOXKHOCTh HMHTEJUIEKTYaJbHOI'O aHAJIM3a CO3JAl0T TMOJHYI0 HpPO3payHOCTh B paboTe Haj
npoekToM. TpylnoeMKue pyTHHHBIE PAa0OTBI CTAHOBSATCS OOBIYHBIMH OJiarofapsi IHUPOKOMY
cnexkTpy GyHkumil st ontuMmuzanuu. CoctaBieHue criequdukanuii. Baxxasie, HO Tpy10eMKHe
pabots! Allklima 2000 BbINONHSIET MUMOXO/I0M: IIPABUIIbHBIE KOJTMYECTBEHHbIE XapaKTEePUCTUKU
00BEKTOB, CIEU(PHUKAIMUA C TpadUUYeCKUM IpeICTaBICHHEM, aJTOPUTMBblI PacueToB, MPOCTast
nepefavya JaHHbIX B CMeTHble mporpammbl, Hampumep, Allright FT. KonuuectBeHHsie
XapaKTEepUCTHKHN BCEr/a akTyajbHbl. llpeacraBeTe ceGe: HET OoJblle IMTENBHBIX PACUYETOB.
Haxxatmem kHomkum BbI momydaere B j000€ BpeMsi aKTyalbHBIE, TOYHBIC KOJIHYECTBEHHBIC
xapakTepucTuku. PaboTsl B mro0bix Buzax. B Allklima 2000 Ber moxxete pabotaTh B 11000M
okHe. Eciim BbI X0THTE M3MEHHUTH MO3UIMIO CUCTEMBI, TO JIYUIIe BCETO CAENAaTh 3TO B OKHE, B
KOTOpOM BBl nydiiie Bcero Moxere peJakTHpoBaTh 3Ty Mo3ulHio. Pasymeercs, ocTalibHbIe BUJIbI
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COOTBETCTBYIOLIMM 00pa3oM U3MEHsOTCS. J{ake B M30METPpUH MK IEPCHIEKTHBE MOKHO JTFOOBIM
o0pa3zoM mepeMeniatb M KONUPOBaTh »dJeMeHThl. OnThManbHas OpraHu3alus JaHHBIX
Harnsgnas u scHas crpykrypa Baiueid NpOEKTHOM IOKYMEHTALMHU SIBJISIETCS PEIIAOIINAM
dakTopoM aJii BO3MOXHOCTH OBICTPOro peaakThupoBaHHs MpoekTa. C MOMOLIbIO MOHSITHBIX
TEPMHHOB: IIPOEKT, YEPTEXK U CIIOH Ul IUIAHOB U BUJOB JaHHbIE MOAPA3JIEISIIOTCS TaK, 4To Bbl
cpa3y Bce moiiydaere rotoBbIM. IIpoekTHass pabota — 310 paboTa komanabsl. OJUH U TOT XK€
IPOEKT MOTYT OJHOBPEMEHHO pPENAaKTHpPOBaThb HECKOJIBKO COTPYJHUKOB. brnaronaps
00JlyMaHHOMY TNPUHIUIY pabo4yuX TPYHI BCEr/a COXPAHSAETCS €IUHCTBO JAHHBIX IPOEKTA.
YcTaHOBIIEHHBIE IpaBa JIOCTyIa MO3BOJSIOT M30€XaTh HEAOpPa3syMEHUH U JBOMHON paboOThI U
pa3nenuth paboTy Bameit komauabl 0 MpodeccuoHAIbHOMY MPU3HAKY U C YYETOM PECYpPCOB.
bnaromaps Allklima 2000 npobnema BpeMeHHM TepsieT CBOIO OCTpPOTYy. MHTerpmpoBaHHBIE
oOuienpuHATbIe CTpoUTeNbHbIe MpaBuia Kak oOpa3mepuBaeTcs KOJIEHO WM PACCUUTHIBACTCS
nepexon? Kak mnpoBomwics pacder pgeraneil cnenuanbHoi (opmbl? C  aBTOMATHYECKUM
COCTaBJICHHMEM BEJIOMOCTEH MHTETPUPOBaHbI OOLICTIPUHATHIE CTPOUTENIbHBIE HOPMBI U TIpaBHIa!
[TporpammMubie Moynu 1uist hupm-usroropureneld. CrienuaabHO Ui TPOU3BOICTBA BEHTUIISAINN
CO3/1aH MpOrpaMMHBIA MOAYIb. OH cOCTOUT U3 QyHKIMH «PyyHOro 3a7aHUs MPUITYCKOBY» ISt
an(aBUTHO-IIM(PPOBON  PETHCTPALlMM  CHCTEM  BEHTWIAIMH, pacdyeTa MPHUIYCKOB IO
OOLIENPUHATBIM CTPOUTENBbHBIM HOpMaM U mnpaBuiaMm, Cneuunduxanumu No dyeprexa
Crnenudukanuu mpoduIbHBIX 3aroToBOK, Crienupukanuu Ha u3rotopiieHue n Crenudukanun
dbopMoBaHHBIX JeTaneld. Baxneimue uHTEphENHCh H3TOTOBICHHS YK€ WHTEIPUPOBAHBI B
Allklima 2000: moxxHO BBIOpaTh paznuuHbie Qopmarel, cpenu Hux: Lockformer, Suter
Cybermation, Klimax, L-Tec, Bystronic, CR-Electronic, Thelen.Allklima2000 ITaker OB/BK
ABJIIETCS. XOpOILIO CKPOEHHBIM NPO(ECCHOHATIbHBIM PpEHIEHUEM JUISl POEKTHPOBILUKOB
oToryieHns u  caHTexHuku. [lporpammubie  makersl:  [laker  Bentwrsauus-llaker
Oromnenue/Cantexnuka; [Taker Dnekrpo; [Taker OB/BK/3.
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12. IPOTPAMMHOE OBECIEYEHUE JIJISI PACUETA KOHIIEHTPAITUI
SATPASHAIOINX BEIHECTB B ATMOC®DEP

12.1 TIporpammuoe obecrieuenne YIIP3A «Dkomor» 4.50 [21]

VIIP3A «3konor» 4.50. bazoseiii monyns VYIIP3A «Oxomor» 4.50 mnoszBosser
paccuuTaTh MaKCUMajbHbIE MPU3EMHbIE KOHLEHTPALUU 3arpsA3HSIONIMX BELIECTB B aTMochepe
0e3 yuera BIMSHUSA 3acTpoiiku B cooTBeTcTBUM ¢ Metonamu 2017 u OH/I-86. Orpanuyenue Ha
KOJIMYECTBO HCTOYHUKOB BbIOpOca (3000).

12.1 TIporpammuoe obecneyenne Ab3-Dkomor 2.0 [22]

[Iporpamma peanu3yer "MeTOOMKYy TPOBEACHHS  HMHBEHTapU3allil  BBIOPOCOB
3arpsI3HAIOLIUX BelIecTB B atMocdepy OT ac(hanbToOETOHHBIX 3aBOJOB (PacueTHBIM METOA0M)",
Mocksa, 1998, cornacoBannyio ['ocynapcTBeHHbIM KomHuTeTOM Poccuiickoit ®eaepanuu 1o
oxpaHe oOkpyxatomei cpeabl 26.08.1998 u yTBepxkIaeHHYO MUHHCTEPCTBOM TpaHCHOPTA
Poccuiickoit deneparuum 28.10.1998.

PaccunthIBatoTCs BETMYHMHBI BHIOPOCOB 3arps3HSIONINX BELIECTB OT ac(haibTOOETOHHBIX
3aBoJiax JUIsl CIAEAYIOIIMX Oleparuil:

acdanbTocMeCUTeNbHasl YCTAaHOBKA;

OUTYMHOIIIaBIJIbHAS YCTAHOBKA,;

KaMHEPOOMIbHO-COPTUPOBOYHAS YCTAaHOBKA;

MOTpy3Ka, pa3rpy3Ka U XpaHEHHUE;

KOHBeHepHas JICHTA,

peakTopHasi yCTaHOBKA;

pasrpys3ka u XxpaHeHue Outyma.

[lonyuyeHHble 3HaueHUs MOryT ObITh nepenansl B nporpammbl YIIP3A "Oxosor" u
"IJIB-Dxosor".

12.1 TIporpammuoe obecreyenne ATII-Dkomor 3.10 [23]

[Iporpamma  ATII-Okonor peanusyer  CleIyHOIIME  HOPMATHBHO-METOJUYECKHE
JOKYMEHTBHI:

— «MeroauKka TPOBEACHHUS HWHBEHTApU3allMH BHIOPOCOB 3arpsA3HSIONINX BEIIECTB B
aTMocdepy Ul aBTOTPAHCIIOPTHBIX NMPEeNNpUATH (pacdeTHbIM MeToZIoM)». M., 1998. (pa3nensr:
2,3.1,3.3,3.12-3.15).

— «MeroauKka TNPOBEJACHHUS HHBEHTApU3aLMU BbIOPOCOB 3arpsA3HSIONIMX BELIECTB B
atMocepy Uisi aBTOPEMOHTHBIX MPEANpUATUi (pacueTHbIM MeToaoM)». M., 1998. (pa3nmenst:
3.5, 3.12).

— «MeroauKa TPOBEIACHHUS HWHBEHTApU3alMU BHIOPOCOB 3arps3HSIONINX BEIIECTB B
aTMocdepy Ui 6a3 TOpOKHON TEXHUKH (pacdeTHbIM MeTooM)». M., 1998. (paznensr: 2, 3.3).

— Jlonmonnenuss k wMeromukaMm, 1999 u «Meroauueckoe mMocoOMe IO pacuery,
HOPMHPOBAHUIO U KOHTPOJIIO BBIOPOCOB 3arps3HSAIONIMX BEIIECTB B aTMOC(HEPHBIM BO3TYX».
CII6., 2012.

CropaBounuku. CrpaBouHble TaONUIBI COJEPXKAT CpEeIHEMECSYHbIe TeMIepaTypsl
BO3/yXa IOYTH BO BCEX PEerrHoHax Poccuu, BEMMYMHBI YAECTHHBIX BEIOPOCOB M BPEMEH MPOrpeBa
JBUTaTeNell aBTOMOOMIIEH, JaHHBIE O BEIECTBAaX, BEIOPAChIBAEMBIX aBTOTPAHCIOPTOM U APYTYIO
nH(pOpMaIHIO.

OnvH W3 TOMONHSAEMBIX CIPAaBOYHMKOB coaepkuT koasl u  [IJIK  paszauunbix
YIJIEBOAOPOAOB, YTO TIO3BOJSIET TPOTPaMMeE IPOU3BOJHUTH pPAacdeT BBIOPOCOB KaK CYMMBI
YIJIEBOAOPOAOB B 1I€JIOM, TaK U OTJEIBHBIX COCTABIISIOIINX.

TUTIBI y9aCTKOB. PacdeTsl MOTYT TPOBOIUTHCS IS PA3IMYHBIX THIIOB YYaCTKOB:

OTKPBITas! MJTU 3aKPbITasi HEOTAINIUBAaeMasl CTOSHKA;

OTKpPBITasi CTOSTHKA, 000pYJOBaHHAS CPEICTBAMHU T10/IOTPEBA;

TeIruIas 3aKphITasi CTOSHKA (Tapax);
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MHOTO3Ta)KHAsI HEOTAIUTHBaeMasl CTOSTHKA;

MHOT03Ta)KHasi OTKPBITAsl CTOSIHKA CO CPECTBAMU MOJIOTPEBA;
TEIIasi 3aKpbITasi MHOTO3TaXHasl CTOSTHKA (rapax);

BHYTpPEHHUH MpOe3];

JIOPO’KHAsl TEXHUKA Ha HEOTAIUIMBAEMOMN CTOSIHKE;

JOPO’KHAsl TEXHUKA Ha 3aKPhITON OTaIlJIMBAeMON CTOSIHKE;
y4acTOK TeXOOCITyKHUBaHUS U TEKYLIETO PEMOHTa aBTOMOOUIICH;
Y4aCTOK MOWKH aBTOMOOMIICH;

MOCT KOHTPOJISI OTXO/ISIINX ra30B aBTOMOOUIICH;

Y4acTOK TeX0OCTy>KUBAaHUS U TEKYILIEr0 peMOHTa JOPOKHON TEXHUKU;
oOKaTKa M UCIBITAHUE JABUTATEJICH MOCIEe PEMOHTA;

MOIKa M OYHCTKA JIeTallel, y3JI0B U arperaTos;

UCIBITAaHNE U PEMOHT TOILIMBHOM armaparypsl;
aBTOIOTPY34HKH.
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13. TIPOTPAMMHOE OBECIHEYEHUE JULS1 OUEHKH ITYMOBOI'O
BO3AENCTBHA HA TEPPUTOPUAX

13.1 TIporpammuoe obecrieuenue Dxomor-1lym [24]

Pacuer pacnpoctpaHeHus IIiyMa OT BHEIIHMX MCTOYHUKOB BbINOJHsSETCs coriacHo CII
51.13330.2011 «3amura ot myma. AxryanusupoBanHas peaakuus CHull 23-03-2003», TOCT
31295.2-2005.

[IporpaMMa MoOXeT OBITh HCHOJb30BaHA MPH MPOBEACHUH MPOEKTHBIX paboT Mo
pPa3sMEIICHUIO HOBBIX OOBEKTOB C YYETOM CYIIECTBYIOIICH TIPaJOCTPOUTENLHOW CUTYAllMH WU
OLICHKE BJIMSIHUS LIIyMa CYIIECTBYIOIIUX OOBEKTOB Ha OKpYKalollylo cpeny. Pacdyer nrymoBoro
BO3/ICUCTBUS OT COBOKYITHOCTH MCTOYHUKOB B JIF00O0M TOUKE BBIMOIHACTCS C YI€TOM JU(PPaKIUU
U OTpaKEHUs 3BYKa MPEMSATCTBUAMH B COOTBETCTBHUM C CYHIECTBYIOIIMMH METOJMKAMHU,
CIPAaBOYHMKAMU M HOPMATHUBHBIMU JOKYMEHTaMH. Pe3ynbTaroM pacdeToB SBJISIOTCS YPOBHU
3BYKOBOT'O JIaBJICHMsI B OKTABHBIX T0JI0CAaX CO cpeaHereomerpuueckumu yacrotamu 31.5 — 8000
I'u, a Takke ypoBHH 3ByKa La. MHpopmanus npencraBiseTcst Kak B TAOJIMYHOM BUJE, TaK U HA
LIBETHOM IITyMOBOM KapTe.

[IporpaMMHBII IPOAYKT MpeHA3HAYEH /ISl BBIIIOJIHEHUS CIEIYIOINX 3aay:

OLICHKa ILIYMOBOI'O BO3JECHCTBUA HAa TEPPUTOPHUAX, NPHUIIECTAIOLIUX K MPOMBILUICHHBIM
HOPEIIPUATHSIM U TPAHCIIOPTHBIM MarucTpasim;

pa3paboTka u oueHka 3¢ (HEeKTUBHOCTH IIYMO3AIIUTHBIX MEPOIPUITHI;

OTIpEJIeICHUEe CAaHWTAPHO-3AIMUTHBIX 30H N0 (AaKTOpy IIyMa MPOCKTUPYEMBIX U
CYILECTBYIOIIMX MPEAIPUITHII;

9KOJIOTMYECKUN ayAUT MPOMBIIUIEHHBIX, KOMMYHAJIBHBIX U TPAHCIOPTHBIX IPEAIPUIATUN
1o (pakTopy MPOMBINIJICHHOTO U TPAHCIIOPTHOTO LIyMa.

OcoGennoctu nporpammsl "Ikonor-1Tym"

I'padmueckuit  umaTepdeiic  mporpammbr  "Dxomsor-lLllym"  mo3BONSET  3aHOCHUTS,
IPOCMaTpUBAaTh U PENAKTUPOBATh BCE JaHHBIC, OIMUCHIBAIOLIME OOBEKThl, OTHOCSIIUECS K
pacuery miyma (MCTOYHUKM IIyMa, NPENATCTBUSA, PACUETHbIE TOYKM M IUIOMIAAKU U T.1.),
OJTHOBPEMEHHO B Tabinm4HOil ¢opme u Ha kapte. IIpenycMOTpeHBI Takke HHCTPYMEHTbI
peAaKTUPOBAHUS KapT, B TOM YHCJIE U C MCIOIb30BaHUEM rpaduueckoil noanoxku. Bo3moxHo
UCIOJIb30BaHUE KapT, MOJIrOTOBJICHHBIX paHee B (hopmate "Dkoor".

Pacyer mpoBOOUTCS OT TOYEUHBIX, JMHEWHBIX U OOBEMHBIX HCTOUYHUKOB IIyma. Jlis
y00CTBa 3aloJIHEHUs] XapaKTEepPUCTHK HCTOYHHUKOB IPEAYCMOTPEH CIPAaBOYHHK IIYMOBBIX
XapaKTepUCTHUK MCTOYHUKOB IIyMa, KOTOPBI MOXKET IOMOJHATHCS MoJjib3oBareneM. Jls
HEKOTOPBIX BHJIOB MCTOYHHMKOB IIyMa IPEAYCMOTPEHBbl CHELUAIN3UPOBAaHHBIE METOAMKH,
ONpeeNsoNMe [IYMOBbIE XapaKTepUCTHKH, Hampumep, "Pacuer mryma OT TpaHCHOPTHBIX
NOTOKOB" M "Pacuer ypoBHS BHEIIHErO IIyMa CUCTEM BEHTUJIALUM".

B pacuere yunThiBatoTCs mpensaTcTBUs nryMa. [ yno0cTBa 3anoinHeHHs XapaKTepUCTUK
IPEMSATCTBUNA MPESYCMOTPEH CIIPAaBOYHUK 3BYKOIOIVIOUIAOIIMX U 3BYKOOTPA)KAIOIIUX CBOMCTB
MaTepuaioB, KOTOPBI MOXKET MOMOIHATHCS I10JIb30BATEIIEM.

Pacuer mpou3BoAMTCA MO pacyeTHbIM TOYKAM, MO TMOMIO (PacyeTHOW IUIOMIAJKE) C
3a/laHHBIM IIaroM, a TakXe M0 TOYKAaM Ha I'paHuIEe OCOOBIX 30H (OXpaHHOMW, MPOMBIIIEHHOMH,
CaHMTapHO-3ALUTHOM U kKJI0M). PacueT MoXKeT MpoU3BOIUTHCS Ha JH000I BBICOTE.
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14. ITIPOI'PAMMHOE OBECIIEYEHUE JUUISI PACUET KOJIMYECTBA
OBPA30OBAHIA OTXO/J0B

14.1 TIporpammuoe obecreyenne Orxosr 5.0 [25]

[IporpamMma  siBisieTcss  yAOOHBIM ~ HMHCTPYMEHTOM,  TIO3BOJISIIOIIUM  OBICTPO U
KBJIM(ULIMPOBAHHO MOATOTOBUTH MIPOEKT HOPMATHUBOB 00pa30BaHMs OTXOJIOB U JIMMUTOB Ha UX
pasmemienue (IIHOOJIP) B coorBeTcTBUM ¢ npukazom Munucrtepersa Ilpuponnsix Pecypcos u
skosorun Poccuiickoit @eneparn N 349 "OO yTBEp)KIEHUHM METOJWYECKUX YKa3aHUU I10
pa3paboTKe IPOEKTOB HOPMATUBOB 00pa30BaHUs OTXOJI0B U JUMUTOB Ha UX pa3MelieHue"

[IporpamMMa mO3BOJIIET MPOU3BECTH pacueT KOJMUYECTBA OOpa3OBaHUS OTXOAOB IIO
MaTepUaIbHO-CBIPEEBOMY OalaHCy NPEINPUSTHS, TO YICIbHBIM OTpPACICBBIM HOpPMATHBAM
o0pa3oBaHMsl OTXOJOB M pacueTHO-aHAJIUTHUYECKUM METOJIOM U  cpopMHpOBaTH BCe
HeoOxoaumeble Tabmuibl mpoexkta HOOJIP.

Pacyer mo ynenbHBIM OTpaciieBbIM HOpPMAaTHBaM pEaju30BaH B COOTBETCTBHUH C
paznenamu 2, 3.1, 3.3, 4.1 — 4.4 «COopHUKa YyIENBbHBIX TOKa3aTelell 00pa3oBaHUS OTXOJOB
MIPOM3BOICTBA U oTpedenus», Mocksa, HULIITYPO, 1999 r.

JIOTIOTHUTENBHO B MPOTrpaMMy BKJIIOYEHBI CIEAYIOIIME METOJUKH II0 pacyeTy
KOJIMYECTBA 00pa30BaHUS OTXO/OB:

0TpabOTaHHBIX JIFOMHHECIIEHTHBIX M PTYTHBIX JIAMIT;

OBITOBBIX OTXOJIOB;

He(TENUIaMOB P 3a4UCTKE PE3EPBYaPOB;

JIAKOKPACOYHBIX OTEPaLUii;

METATIO00Pa0OTKH.

14.2 Iporpammuoe obecnieuenue Pacuer kinacca onmacHoctu 4.1 [26]

[IporpamMma BKJIIOYAET YHHKAJIbHYIO CIpPaBOYHYIO 0a3y HaHHBIX 1o 9824 omacHbIM
KOMITOHEHTaM OTXOZOB CO CChUIKAMH Ha UCTOYHUK MH(OPMAIMU IO COCTOSIHHIO Ha anpens 2017
r. B cpennem no kaxaoMy U3 KOMIIOHEHTOB IPUCYTCTBYET OKOJIO 2 TIOKa3aTeseld OnacHOCTH (0T
1 mo 11). Ilporpamma peanusyer npukaz 536 MIIP Poccun ot 04.12.2014 «Kpurepun
oTHeceHHst OTX010B K | - V Kiaccy OIacHOCTM IO CTENEHH HETaTMBHOTO BO3JCHCTBHS Ha
OKpYKaromyro cpeay». IlporpamMMa mo3BOJSIET pacCuUTaTh B COOTBETCTBUH ¢ «Kputepusmm»
KJIacC OMAacCHOCTHU OTXOJOB Ul OKpYXarollled NMpHUPOJHOM Cpeabl Ha OCHOBAHUH IOKa3aTess
CTETIEHU OIACHOCTH OTXOJa TNpPU €ro BO3JCHCTBHHM Ha OKPYKAIOMIYI0 MPHUPOIHYIO Cperdy,
paccYMTaHHOIO MO0 CyMMe MOKa3aTesiell OMaCHOCTH BEIIECTB, COCTABIISIOIIUX OTXO/I.

[lepeyeHb KOMITOHEHTOB OTXOZa M MX KOJHMYECTBEHHOE COAEP)KaHUE yCTAaHABIMBAIOTCS
[0 COCTaBy MCXOJHOTO ChIpbS M TEXHOJIOTMYECKUM IpolieccaM ero mnepepaboTKu WM IO
pe3yabpTaTaM XUMHYECKOTO aHAJIN3a U OTHOCSTCS K UCXOIHBIM JJAHHBIM TOJTb30BaTEIIs.

B pesynbrate paboTsl mporpammbl Gopmupyercs otdetr B (opmare Microsoft Word,
KOTOPBI COJEPKHUT HE TOJIILKO CBEACHHUS O pacyeTe Kiacca OIMacHOCTH, (hOpMYJIbl U TIEPBUYHBIC
NoKa3aTeau OINAaCHOCTH KOMIIOHEHTOB OTXO/Aa, HO M CIHMCOK JHMTEparyphl, KOTopas Oblia
UCTIOJIF30BaHa JUISl MOMCKA UCXOIHOW MH(POPMAIINH.

14.3 Iporpammuoe obecrieuenue Pacuer kiacca Tokcnunoctu 1.0 [27]

IIporpamMma peanusyer «CaHMTapHbBIE NpaBUja IO ONPEIECIICHUIO KJIacca ONACHOCTH
TOKCUYHBIX OTXOAOB Ipou3BojcTBa U norpednenus. CII 2.1.7.1386-03», MockBa, Mun3apas
Poccun, 2003. IIporpamma BKJIIOYAaeT YHMKaJIbHYIO CIPaBOYHYIO 0a3zy JaHHbIX 1o 9500
OMACHBIM KOMIIOHEHTaM OTX0JI0B (C MH(oOpMaIHeil 1mo omacHbIM cBoicTBaM). B cpennem mo
KaKIOMY M3 KOMIIOHEHTOB INPUCYTCTBYET OKOJIO 2 mokaszaTened omacHoctd (ot 1 mo 11).
IIporpamma mno3Bosisier paccuntare B coorBerctBuM ¢ CII 2.1.7.1386-03 kmacc omacHocTH
OTXOJIOB MTPOU3BOJICTBA M MOTPEOJICHUS MO CTEMEHU UX TOKCHMYHOCTH. [lepeyeHb KOMIOHEHTOB
0TXO0/1a U UX KOJIMYECTBEHHOE COJEP)KaHUE YCTAHABIMBAIOTCS MO COCTaBY MCXOJHOTO CBIPbS U
TEXHOJIOTUYECKUM MpoIeccaM ero rnepepaboTKH MU MO pe3ylbTaTaM XUMHUYECKOTO aHaIu3a U
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OTHOCATCS K HCXOJHBIM JIaHHBIM TONb30BaTes. B pesynbrare paboThl MpOrpamMMbl
(dopMHpyeTCsl 0TUeT, KOTOPBIH COAEPKUT CBEACHUS O pacdeTe Kjlacca TOKCUYHOCTH, (POpMYJIbl,
NEPBUYHBIC TIOKA3aTENIN OMACHOCTH KOMIIOHEHTOB OTXO/a M CIIMCOK JIUTEPATyphl, KOTOpas Oblia
UCIIOJIb30BaHa JUIsl TOMCKA UCXOAHOW HH(pOPMALIUK.
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15. TIPOTPAMMHOE OBECITEYEHUE /)11 PACUETA IIPEJEJILHO
JIOITY CTUMbIX CBPOCOB BEIIECTB B BOJIHBIE OFbEKTBI CO CTOUHBIMU
BOJAMU

15.1 IMporpammuoe obecnieuenre HJC-Dkomnor 2.7 [28]

[Iporpamma «HJIC-Dkomor» pa3paborana Pupmoir «MHTETpanm» mpu  y4acTHH
cnenuanuctoB I'ocynapctBenHoro I'maponornueckoro uneruryra (I'THW) n npennasnauena nis
pacueTa HOpMaTUBOB JomycTUMbIX cOpocos (HJIC) npeanpustuii-Boonosnp3oBatenieil B BOAHbIE
00BeKThl U aBTOMaTH3auuu pacueTHoi yactu HopmaruBoB HJIC. Pacuer H/IC npownsBoautcs
JUI OTZENbHBIX BBIIYCKOB NPEANPUITUN B BOJAHBIE OOBEKTHl C NMPUMEHEHHMEM HOPMAaTHBHBIX
TpeOOBaHUI KaK K CaMUM CTOYHBIM BOJAM, TaK U K COCTaBY M KayeCTBY BOJl B KOHTPOJIbHOM
CTBOpE BOJIOIOJIb30BaHMUA. Bo BTOpOM ciydae BBIIOJHSETCS pacdeT KpaTHOCTH pa30aBiieHUs
(cMemieHus1) CTOYHBIX BOJ C BOJAaMH BOJHOTO OOBEKTa-pHeMHHKa. Pacdyer KpaTtHOCTH
pa30aBiIeHUs OCYILECTBIIAETCS Ul BOJOTOKOB, BOJOEMOB U MPUOPEXHBIX 30H MOPEH COIIacHO
HOPMAaTUBHBIM JOKYMEHTaM M peKoMeHA0BaHHbIM MeTtoaukam pacuera (I'THY, BOAI'EO u T.1.).
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16. TIPOTPAMMA JIJISI PACUETA IIJIATBI 3A HETATUBHOE BO3JENCTBUE
HA OKPYXKAIOHUIVIO CPEZY, OKOJOI'MYECKHUE IIATEXU

16.1 TIporpamma DKO-Dxkcnept [29]

«9KO-Okcniept» — MouHas nporpamma Juisi 3KOJIOTOB, IIpEeJHA3HA4YeHHas s
BBIIIOJIHEHUSI U XPAHEHHs CJIOXKHBIX PacyeToB IpHM cocTaBieHHHM Jlekiapanuu o Iare 3a
HEeraTuBHOE Bo3zelcTBHE Ha okpyxkaromyro cpeny (HBOC). Ona nomoxer moAroToBUTh BCE
HEO0XO/MMBbIE HKOJIOTHUECKUE IUIATEKU B OJHOW IporpaMMe, M €l He BaKHO, CKOJIBKO Bam
BBIJIAHO pa3pelieHuil Ha BBHIOPOC, pa3pemieHuii Ha cOpOC U JIMMUTOB Ha Pa3MEIICHHUE OTXOOB.
Wnu He BBIAAHO HU onxHOro. B 3TOM citydyae Bbl MokeTe HMCIOJIB30BaTh METOAMKH pacyera
BBIOPOCOB, METOAMKH pacueTa cOpOCOB W HOPMAaTHBBI O0pa3oBaHHMs OTXOIOB (a UX
npeaycTaHoBjeHo mopsaka 330).
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17. IIPAKTUYECKUE 3AHATUA

B pamkax ITIO Ha mnpakTHYEeCKHX 3aHATUSX CTYIEHThl COBMECTHO C HAay4HBIM
PYKOBOJIUTENEM TMpPOEKTa pa3padaTbBalOT TEXHUYECKHE TpeOOBaHHS K  pe3ylbTaTam
MOJICJTUPOBAHUS MPOIECCOB M 00BEKTOB. CTYIEHThl COBMECTHO C HAyYHBIM PYKOBOAHUTEIEM
IPOEKTa BBIOMPAIOT MPOrpaMMHOE oOecreueHue Uil MOJCTUPOBAHMS MPOIECCOB U OOBEKTOB.
CTyneHTbl COBMECTHO C HAay4YHBIM PYKOBOJWTEIEM MPOEKTa OOCYXKIAIOT pPe3yJabTaThl
MOJICIIMPOBAHUS IPOLIECCOB M OOBEKTOB.
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18. IABOPATOPHBIE 3AHATUA

[lo pa3paboTaHHBIM COBMECTHO C HAYYHBIM PYKOBOJUTEIEM IPOEKTA TEXHUYECKUM
TpeboBanusM, B pamkax [ TIO, Ha 1abopaTOPHBIX 3aHATUSAX CTYACHTBI TPOBOSAT MOCITUPOBAHHS
MPOIIECCOB U OOBEKTOB.
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19. CAMOCTOSTEJIbHAS PABOTA

CTyneHThl B paMKax caMOCTOATENIbHOM paboTsl Haj npoektoM ['TIO mpoBoasT ananus u
BbIOOp MPOrpaMMHOI0 00eCreUeHUs Uil MOJICIMPOBAaHUS MPOLECCOB U 00beKTOB. CTYAEHTHI B
paMKax CcaMOCTOSITeNbHOW paboThl O(GOPMIIIOT pPe3yibTaThl MOJEIMPOBAHUS MPOIECCOB H
00BeKTOB B coorBeTcTBHH C [30].

30



CIIMCOK UCIIOJIB3OBAHHBIX NCTOYHMKOB

1. TOCT P 57412-2017 KomnbioTepHble MOAETH B IMpoleccax pa3paboTKH,
MIPOM3BOJICTBA U IKCIUIyaTaluy u3aenuid. OOIue mooxKeHus. [ DIeKTpOHHBIN pecypc| — Pexxum
noctyna: http://docs.cntd.ru/document/1200144432.

2. Dialux - pacuér u mpOCKTHpOBAHHME OCBEIICHHS. [DJIEKTPOHHBIN pecypc] — Pexum
noctyna: http://www.dialux-help.ru/dialux-evo/o-dialux-evo.html.

3. Lambda Research Corporation. Optical Design Software leader. All rights reserved.
Created by Polyphasic Developers. [Daekrponnsiii pecypc] — Pexum nmocryna:
http://docs.cntd.ru/document/1200026224.

4. Synopsys, Inc. All Rights Reserved. [Dnexrponnsiit pecypc] — Pexum nocryma:
https://www.synopsys.com/optical-solutions/lighttools/feature-details.html.

5. «([IOUHT» — o¢wunmaneueii auctpudbtotop Autodesk B Poccum. [DnekTpoHHBIH
pecypc] -  Pexum  jgocryma: https://www.pointcad.ru/product/autodesk-simulation-
cfd/funkczional-autodesk-cfd.

6. 3A0 «KAJD®EM Cu-Aii-Oc». [Dnextponnsii pecypc] — Pexum gocryma:
https://www.cadfem-cis.ru/products/ansys/.

7. Keysight Technologies. [Dnekrponnsiii pecypc] — Pexum  jmocryma:
https://www.keysight.com/ru/pc-1297131/systemvue-electronic-system-level-esl-design-
software?cc=RU&Ic=rus.

8. National Instruments. [Dnekrponusiii  pecypc] — Pexum  jmocryma:
http://www.awrcorp.com/ru/products/microwave-office.

9. Keysight Technologies. [Dnekrponnsiii pecypc] — Pexum  jgocryma:
https://www.keysight.com/ru/pc-1297113/advanced-design-system-ads?cc=RU&Ic=rus.

10. CMHU Cair-IIAAJIBHUK. [Dnekrponnsiii  pecypc] — Pexum mocryna:
http://cxem.net/software/p-cad.php.

11. CMHU Cair-IIAAJIBHUK. [Dnekrponnsiii  pecypc] — Pexum mocryna:
http://cxem.net/software/sprint_layout.php.

12. CMHU Cair-IIAAJIBHUK. [Dnekrponnsiit  pecypc] — Pexum mocryna:
http://cxem.net/software/altium_designer.php.

13.  GRAPHISOFT SE. [OnekrtponHbiii pecypc] — Pexum  moctyna:
http://www.graphisoft.ru/archicad/archicad/overview/.

14. TK "Amromarmzamus ydera". [DnekTpoHHBI pecypc] — Pexum mocryna:
http://www.auperm.ru/upravlenie-ohranoy-truda/.

15. OO0  «bPeanlT». [Dnextponusii  pecypc] —  Pexum  mocryma:
http://asupb.ru/description.php#benefits.

16. Gexcon. [2nexTponHbIii pecypc] — Pexum JIOCTYTIA:
http://www.gexcon.com/FRED Shepherd PIPA/article/shepherd.

17. MagiCAD Bentwnsius. [Dnekrponsbiii  pecypc] — Pexum  nmocryna:
https://www.magicad.com/ru/magicad-ventilation-rus/#magicad-dlya-autocad.

18. MagiCAD TpyOonpoBoasl. [DnekTpoHHbIit pecypc] — Pexum mocryna:

https://www.magicad.com/ru/magicad-piping-rus/#magicad-dlya-autocad/
19. MagiCAD DnekrpocHaOxkeHue. [DnekTpoHHbIH pecypc] — Pexum mocryna:
https://www.magicad.com/ru/magicad-electrical-rus/#magicad-dlya-autocad.

20. StudyDoc. [DnexTponHbIit pecypc] - Pexum JOCTYyTIA!
http://studydoc.ru/doc/3805931/allklima-2000--sapr-inzhenernyh-setej--ventilyaciya--otoplenie.

21. @upma «Muterpam». [DnekTpoHHBI  pecypc] — Pexum  jgocryma:
https://integral.ru/shop/cargo/372.html.

22. Qupma «Muterpam». [DnekTpoHHBIi  pecypc] — Pexum  jmocryma:
https://www.integral.ru/shop/cargo/35.html.

23. @upma «Muterpam». [DnekTpoHHBI  pecypc] —  Pexum  jgocryma:

https://integral.ru/shop/cargo/22.html.
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http://docs.cntd.ru/document/1200144432
http://www.dialux-help.ru/dialux-evo/o-dialux-evo.html
http://docs.cntd.ru/document/1200026224
https://www.synopsys.com/optical-solutions/lighttools/feature-details.html
https://www.pointcad.ru/product/autodesk-simulation-cfd/funkczional-autodesk-cfd
https://www.pointcad.ru/product/autodesk-simulation-cfd/funkczional-autodesk-cfd
https://www.cadfem-cis.ru/products/ansys/
https://www.keysight.com/ru/pc-1297131/systemvue-electronic-system-level-esl-design-software?cc=RU&lc=rus
https://www.keysight.com/ru/pc-1297131/systemvue-electronic-system-level-esl-design-software?cc=RU&lc=rus
http://www.awrcorp.com/ru/products/microwave-office
https://www.keysight.com/ru/pc-1297113/advanced-design-system-ads?cc=RU&lc=rus
http://cxem.net/software/p-cad.php
http://cxem.net/software/sprint_layout.php
http://cxem.net/software/altium_designer.php
http://www.graphisoft.ru/archicad/archicad/overview/
http://www.auperm.ru/upravlenie-ohranoy-truda/
http://asupb.ru/description.php#benefits
http://www.gexcon.com/FRED_Shepherd_PIPA/article/shepherd
https://www.magicad.com/ru/magicad-ventilation-rus/#magicad-dlya-autocad
https://www.magicad.com/ru/magicad-piping-rus/#magicad-dlya-autocad/
https://www.magicad.com/ru/magicad-electrical-rus/#magicad-dlya-autocad
http://studydoc.ru/doc/3805931/allklima-2000--sapr-inzhenernyh-setej--ventilyaciya--otoplenie
https://integral.ru/shop/cargo/372.html
https://www.integral.ru/shop/cargo/35.html
https://integral.ru/shop/cargo/22.html

24. Qupma  «MuTerpam».  [DIEKTPOHHBIN
https://integral.ru/shop/cargo/140.html.

25. Qupma «MuTerpam».  [DIEKTPOHHBIN
https://www.integral.ru/shop/cargo/49.html/

26. dupma  «MuTerpam».  [DIEKTPOHHBIN
https://integral.ru/shop/cargo/55.html.

27. Qupma  «MuTerpam».  [DIEKTPOHHBIN
https://integral.ru/shop/cargo/81.html.

28. dupma  «Muterpam».  [DIEKTPOHHBIN
https://integral.ru/shop/cargo/42.html.

29. OO0 BUT Aospo-Codt. [DnekTpoHHBII

http://www.airsoft-bit.ru/programecologs/114-eco-expert.

pecypc]
pecypc]
pecypc]
pecypce]

pecypc]

pecypc]

Pexum

Pexum

Pexum

Pexum

Pexum

Pexum

JOoCTyna!

JOCTyna:

JOCTyna:

JOCTyna!

JOCTyna:

JOCTyna!

30. TOCT 2.052-2015 Enunas cucrema KOHCTpYKTOpcKou mokxymeHrtanuu (ECKI).
DjekTpoHHAas MoeNb u3aenus. O0mue monokenus. [DnekTpoHHbIi pecypc] — Pexum mocryma:

http://docs.cntd.ru/document/1200138639.
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