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(benepanbHOE rocy1apcTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
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HNucturyr Dueprermyeckuii (QHUH)
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Kadenpa DiexTpocHad;keHue NpoMblnIeHHbIX npeanpusaTuii (M)

MATUCTEPCKAS JUCCEPTALIMA

Tema padoTbl

HNOBBIIIEHUE SHEPTETHUYECKOM Y®PEKTUBHOCTH BIOKETHBIX
YUYPEXJIEHUU (HA IPUMEPE 8 KOPIIYCA DHEPTETUYECKOI'O HHCTUTYTA

TILY)
YK 621.31.031-027.236:061.1
Crynent
I'pynna DPUO Ioanuce Jarta
SAMSY Uepnast AHacracusi AJeKCaHIpOBHA
PykoBoguTens
Jo/:kHOCTD (04 (0] YueHnas cTeneHb, Hoanuce Jarta
3BaHHe
OLEHT Kanmosa IN'anmna KTH.. TOUEHT
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3BaHHE
OLEHT Knanmosa I'anmna KTH.. TOUEHT
Hukonaesna N
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JOIIYCTUTD K 3AIIIUTE:
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3BAaHHUEC
DJleKTpoCcHAOKeHHe
NMPOMBIIIJIEHHBIX CypxoB ML.A. K.T.H.
npeanpusTHil

Tomck — 2017 1.



IINIAHUPYEMBIE PE3YJIbTATBI OBYYEHHUSA 110 OOII

Kon Pe3yabTaTr 00yuyeHus
pe3yJbTara (BBIMYCKHUK J10JIZKEH OBbITH T'OTOB)
ObuwekynbmypHsle KomnemeHyuu
OK-1 CrnocoOHOCT, K aOCTPakTHOMY  MBINUICHHIO, OOOOINCHUIO, aHAJH3Y,
CHCTEMaTH3aLUH U IPOTHO3UPOBAHHIO
OK-2 CriocoOHOCTH ~ JI@HCTBOBaTh B HECTAHAAPTHBIX  CUTYyallliX, HECTH
OTBETCTBEHHOCTb 32 MMPHUHSATHIC PEIICHUS
OK-3 CrocoOHOCTP K CaMOpPa3BUTHIO,  CaMOpEalM3allid,  HCIIOJIb30BAHUIO
TBOPYECKOTO MOTEHIIMATA
OouwenpogheccuonanibHbvle KOMREMEHYUU
OIMK-1 CriocoOHOCTE  (OPMYIUPOBATh LENM M 3aa4d  HWCCICIOBAHUS, BBISBIATH
NPUOPHUTETHI PELICHUS 3a/1a4, BEIOMPATh U CO3/1aBaTh KPUTEPHU OLICHKH
OIK-2 CriocoOHOCTh IPUMEHSTH COBPEMEHHBIC METO/IbI UCCIICAOBAHMS, OIICHUBAThH H
i NPEACTABIATh PE3yJIbTATHI BBIIIOJIHEHHON paboThI
OIIK-3 CriocoOHOCTh UCTIOIB30BATh HHOCTPAHHBIN S3bIK B PO ECCHOHANBHOM cepe
CriocoOHOCTh HCIIONB30BATh YTITyOJIEHHBIE TEOPETHYECKHE W TPAKTHYCCKHE
OIIK-4 3HAHUS, KOTOPBIE HAXOIATCS Ha IIEPEIOBOM pyOerke HAyKH M TEXHUKH B 001aCTH
npodeccHoHaAIEHON AESITEIbHOCTH
Ilpogheccuonanvuvie Komnemenyuu
Cnoco0HOCTh TUTAHUPOBAaTh U CTaBUTHh 3aJaudl HCCIEAOBaHUS, BHIOMpPATH
[K-1 METOJIbI AKCIEPUMEHTATBHON pabOThl, WHTEPIPETUPOBATH W TPEICTABIATH
pe3yJIbTaThl HAYYHBIX HCCIIEIOBAHUM
[IK-2 CnocoOHOCTh CaMOCTOSITENTLHO BBITIONHSTH UCCIIEIOBAHUS
K-3 I'oToBHOCTH NPOBOANTE  OKCHEPTH3bI Hpe/IAraeMbIX  MPOCKTHO-
KOHCTPYKTOPCKHX PEIICHUI ¥ HOBBIX TEXHOJOTHYECKUX PEHICHUM
CnocoGHocTh  (hopMynHMpoBaTh TEXHWUYECKHE 3a/aHus, pa3padaThiBaTh W
[K-4 UCTIOJIb30BaTh  CpPEACTBA  aBTOMATH3allMM  TPU  TPOCKTUPOBAHWUH U
TEXHOJIOTHYECKOH MOATOTOBKE MPOU3BOJICTBA
K5 CnocoGHOCTh NPUMEHATL METOJIbl aHAMHM3A BAPHAHTOB, pa3pabOTKu U MOUCKa
KOMIIPOMHCCHBIX PEIICHUH
CrnocoOHOCT,  MPUMEHSTh METOABl CO3JaHMS M aHajuu3a MOJIENCH,
[IK-6 MO3BOJISIIONIMX ~ TPOTHO3MPOBAaThH  CBOMCTBA W TOBeJEHHE  OOBEKTOB
npodeCCHOHATBHON AESITeTbHOCTH
IK-7 CnocoGHOCTh OCYIIECTBIATh TEXHUKO-I)KOHOMUYECKOe 000CHOBAHUE MMPOCKTOB
CriocoOHOCTh yNPaBIATH JACHCTBYIOIIMMH TEXHOJIOTMYECKHMHU MPOIECCaMH,
[K-8 00ECTIeYNBAONIMMI  BBITYCK  MPOAYKIMH, OTBEYAIOMIeH TpeOOBaHUAM
CTaHJIaPTOB U PHIHKA
K-9 Cnoco6H00T£, K peaju3ald MEPONPUSTHI MO 3KOJOTHUYECKONW 0e30MacHOCTH
NpeINPUITHN
K-10 CrocoOHOCTh  OCYIIECTBISITH MAapKETHHI OOBEKTOB MPOQecCHOHATEHON
JeSITeJIbHOCTH
K-11 CriocoOHOCTh OpraHu30BaTh pabOTy IO TMOBBIIICHUIO MPO(HECCHOHATEHOTO
YPOBHSI pa0OTHHKOB
IIK-12 CriocoOHOCTB K peasn3aliy Pa3IudHbIX BUIOB Y4eOHOU pabOThI
K-13 Cnoco0HOCT, TMPUHUMATHL peElieHHS B OONACTH  DIIEKTPOIHEPTETHKH U
ANEKTPOTEXHHUKH C YIETOM YHEPIo- U pecypcocOepexeHus
CriocoOHOCTh  pa3pabOTKH IUIAHOB, TMPOrpaMM ¥ METOAWK TIPOBEICHUS
[IK-14 VCIIBITAHUM DJIEKTPOTEXHUYECKUX M IJIEKTPOIHEPTETUUECKUX YCTPOWCTB U

CHCTEM




MunucrepcTBo o0pazoBanusi M Hayku Poccuiickoii ®enepauun
(benepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE
yUpEekKICHUE BBICIIETO 00pa30BaHUs
«HAIIMOHAJIBHBIN UCCJEJOBATEJIbCKHM
TOMCKWI MOJIATEXHUYECKUA YHUBEPCUTET»

HNucturyr Dueprermyeckuii (QHWH)
Hamnpasnenune moaroroBku  13.04.02 — DjieKTPOIHEPreTHKA U YJIEKTPOTEXHUKA
Kadenpa DiiexTpocHadkeHue NpoMbINUIeHHBIX npeanpusaTuii (M)

YTBEPXIAIO:
W. o. 3aB. kapenpoii DI

CypkoB M. A.
(IToamuce) ([lara) (®.1.0.)

3AJIAHUE
HA BBINOJIHEHHE BHINMYCKHOH KBATU(UKANMOHHONH PadoThI
B dopwme:

‘ MAarucTepcKoi qucceprauuu

Crynenry:

I'pynna DdUO

SAMSY UYepnast Anacracusi AlleKCaHIpOBHA

Tema paboThI:

[ToBblieHHE 3HEPreTH4YecKoil APPEKTUBHOCTU OIOMKETHBIX YUpexkAeHuil (Ha mnpumepe 8
Kopiyca DHepreTuueckoro uaHctutyTta TIIY)

YTBepkaeHa MPUKA30M IUPEKTOpa (JaTa, HOMEP) | 13.02.2017 r. Ne 719/c

CpoOK cl1au¥l CTYICHTOM BBITIOJTHCHHOM pa0OThI:

TEXHUYECKOE 3AJJAHHE:

Hcxonnble 1aHHbIE K padoTe OOBEKTOM HCCIICIOBAHUS SBISCTCS 8 Y4eOHBIH
Kopnyc OJHepretwdyeckoro mHcTutyta TIIY. B
KaueCTBE MCXOIHBIX JAHHBIX BBICTANAIOT JaHHbBIE
HOTPEOJIIEMBIX ~ JHEPreTHYECKUX  PEecypcoB
(amexTpHuuecKas YHEPrusi, TEIUIOBask YHEPIUSA).

Hepeqeﬂb nmoaJIeKalmux MCCJICJ0BaAaHUIO, ﬂeTaJ’ILHHﬁ aHamM3 O0OBeKTa HUCCJIICAOBAHUs,

NMPOEKTHPOBAHUIO U Pa3padoTke aHan3 CTPYKTYPBI SHEPromoTpeOIICHuS,
BOIIPOCOB OMHCAaHWUE BO3MOXHBIX DHEProcOCPEHAIONINX
MEpOIPUSTUL; OINMCaHue TEXHUYECKOU
peanuzanuu MPETI0KEHHBIX

9HEeprocOeperamumx MeponpUsTHIA;
9KOHOMMYECKHH aHaJIn3 MPOEKTa; UCCIIeI0BaHNE
BPEIHBIX U OMACHBIX (PaKTOPOB paboyero MecTa;

3aKJTFOUCHUS TI0 paborTe.




Ilepeyens rpaguyeckoro Mmarepuasa

IIpesenTanus

KoHcyabTaHTBI 110 pa3aejaM BbINYCKHON KBATU(PUKALIMOHHOI padoThI

Paznen

KoHncynabTant

DduHAHCOBBINM MEHEKMEHT

Knumosa "'anuna HukomaeBHa

COL[I/IaJ'ILHaSI OTBCCTBCHHOCTD

Knumosa I'aimmaa HukonaeBHa

MHOCTpaHHBIN A3BIK

Tapacosa Exarepuna Cepreena

A3BIKAX:

Ha3Banusi pa3jesioB, KOTOpbIe JA0JKHbI ObITh HAIIMCAHBI HA PYCCKOM M HHOCTPAHHOM

BBenenue

Onmcanue 00bKTa HCCJICAOBAHNC

AHanu3 BO3MOXKHBIX 3HEprocOeperaroIux MeponpHusITuit

PCSyJ'ILTaTBI HUCCICA0BaHUA

3akiroueHne

JaTa BbI1auM 3a1aHUS HA BbINOJHEHHE BBIIYCKHOM
KBATU(UKANNOHHON padoThl 0 JIMHEHHOMY rpaduky

3anaHue BbIIAJ PYKOBOJIUTEIIb:

JIoKHOCTH DdUO Yuenas creneHb, Ioanucen Jara
3BaHHe
Knumona IManuna
JOLCHT K.T.H., AOOCHT
HuxonaeBna
33[{3]11/[6 NPUHAJ K UICITIOJTHCHHUIO CTYJACHT:
I'pynna DdUO Ioanucey Jara
SAMSY UepHast AHactacusi AJeKcaHIpOBHA




_ 3AJAHUE JJUIA PA3AEJIA
«PUHAHCOBBIM MEHE/IZKMEHT, PECYPCO®®EKTUBHOCTDb U

PECYPCOCBEPEXEHHUE»
Crynenry:
I'pynna [0 (0)
SAMSY Uepnast AHactacusi AleKcaHApOBHA
DnexTpocHabKeHNE
Hucruryr OHepreTu4ecKuii Kadenpa MIPOMBIIUIEHHBIX
npennpustui (JI1I)
13.04.02 —
Yposenb o6paszoBanus Maructparypa Hanpassenue/cnenuanbiocts | DJIEKTPOIHEPTETUKA U
QJICKTPOTCXHUKA

pecypcocOepekeHne»:

Hcxonnblie naHHbie K pazaeny « PHHAHCOBBIH MEHEIKMEHT, pecypcod(pPeKTHBHOCTD U

1. Cmoumocmv pecypcos nayunozo uccieoosanusi (HH):
MamepuanbHO-MeXHUYeCKUX, IHePeemuecKux,
PUHAHCOBBIX, UHPOPMAYUOHHBIX U YETOBCHECKUX

Ilpubnusumenvras — cmouMocmv — pecypcos
HAYYHO20 UCCeO08AHUS, 8 MOM YUCTe HAYYHO-
MmexHuueckozo  060py008anus,  COCMaAgIsem
0K0710 3 MAH. pY6.

2. Hopmbl u Hopmamugsl pacxo006anus pecypcog

B coomeemcmeuu ¢ TOCT 14.322-83
«Hopmupoeanue pacxoda mamepuanosy u
TOCT P 51541-99 «OHnepeocbepescenue.
Onepeemuueckas 3P pekmusHocmvby

3. HCI’!OﬂhB’ye‘Maﬂ cucmema H[l]l02006]l0.?fC€Huﬂ, cmaeKku
HAJl02086, omquc’ﬂeHmZ, auCKOHmMpOGaHl/l}l u erdumoeam{ﬂ

IlepeyeHnb BONPOCOB, MOIJIEKANUX UCCIET0BAHNIO, MPOEKTHPOBAHUIO U pa3padoTKe:

1. Ol;eHKa KOMMEPUEeCKO20 U UHHOBAYUOHHO20 nomeryuaia
HTH

Onpedenenue KoHyenyuu npoekma, Pakxmopos
MUKPO- U MAKpocpeobl, — aHaAu3 — PbIHKA
npooyKma

Pa3pa60m1<a ycmaeda Hay4Ho-mexHu4eckozco npoekma

He paspabamuieaemcs

3. Inanuposanue npoyecca ynpasnenus HTHU: cmpykmypa u
epaguk nposedenusi, 6100cem, pUCKU U OP2aHu3ayus

Paspabomxka KaneHOapHo2o naana,
@opmuposarue 6100xcema npoekma

3aKYNOK
4. Onpedenenue pecypcHoll, QUHAHCOBOU, IKOHOMUUECKOU Oyenka  5KOHOMUYECKO20 — dgekma  om
apexmusnocmu 6HeOpeHuUs Meponpusamusl no
9HepeochepedsceHuo

Hepeqeﬂb rpa(]mqeucoro MATEPHUAIIA (c mounvim yrasanuem obasamenvblx yepmediceil):

1. «Ilopmpemy» nompebumens pesynomamos HTHU
2. I'pagpux npoeedenus pabom
3. Bwoodxcem npoexma

4. Ouyenxa pecypcnoi, gpunancoeoii u sxonomuueckoi sgpgpexmusnocmu HTH

| JlaTa BbI1a4yM 3aiaHNs VIS pa3aelia 1o JUHEHHOMY rpaduky |

33}13]—[](le Bbl1AJI KOHCYJIbTAHT:

JlOJZKHOCTH DdUO Yuenas crenen, Ilonnuceh Jara
3BaHNe
OLEHT Kmumosa I'annna K.T.H., IOLEHT
HuxkoiaeBHa T
33[{3HI/IC INPUHAJ K HCITOJTHCHUI0 CTYJICHT:
I'pynna DdUO Hoanucey Hara
SAMSY Uepnast AHacracusi AJeKCaHIpOBHA




3AJIAHME JJIS1 PA3JIEJIA
«COLIMAJILHASI OTBETCTBEHHOCTb»

Crynenry:
I'pynna D®UO
SAMSY Uepnas Anactacusi AinekcaHIpOBHA
OnekTpocHabXeHre

Hncruryr OHepreTu4ecKuil Kadexpa IIPOMBIIIUIEHHBIX

npennpustuii (I1I1)
13.04.02 —

YpoBeHb 00pazoBaHus MarHCTpaTypa HamnpasieHnue/cnenHajibHOCTh 3J‘[eKTp03HepreTI/IKa u

INEKTPOTEXHUKA

HcxoaHble JaHHBIE K pasaeay «ConuaabHasi 0TBETCTBEHHOCTDb»:

1. Onucanue pabouezo mecma (paboueti 301bl, MEXHOLOSUUECKO2O
npoyecca, Mmexamuyecko2o o000pyooeanus) Ha npeomem
B03HUKHOBEHUSL:
®  BPEOHbIX NPOABIEHUL PaKMopos NPou3e00CMEeHHOU cpedbl
(MUKpOKIUMAm, OC6eujenue, Wymbl,, dNEeKMPOMAHUMHbIE
NOJA, UOHUBUPYIOWUE UTYYEHUs)

®  ONACHBIX NPOSGNIEHUT YAKMOPO8 NPOUZBOOCMEEHHOU CPEbl
(Mexanuyeckoli  npupodvl, MEPMUHECKo20  Xapakmepd,
2NeKMPUUECKOU, NONCAPHOLU U 83PbIEHOU NPUPOObL)

®  He2amugHO20 8030EUCMEUsL HA OKPYIHCAIOULYIO NPUPOOHYIO
cpedy (ammocghepy, cuopocghepy, rumocgepy)

®  upe3sbluaUHbLIX cumyayull (MexHO2eHHO020,
9KONO2UHECKO20 U COYUATTLHO20 XapaKmepa)

CMUXUIIHO2O0,

3axpeimoe cyxoe nomewjenue, ¢ XOpoOwUMU
ycnosusmu  ocgewjenHocmu. B nomewenuu
ycmanosneno 7 OBM, I[lomewenue ochaweno
8EHMUNAYUOHHO cucmemot, umeemcs

ecmecmeennoe oceeujeHue. Ypoeeno uiyma
50 obA.

2. 3nakomcmeo u 0m60p 3AKOHOOAMENbHbIX U HOpMAMUu6HblX
()OKyMe‘HI’nOG no meme

Cpeocmea 3awumsl om 6peOHbIX U ONACHBIX
gaxkmopoes nepeuucieHvl Ha OCHO8E CIEOVIOUUX
ooxymenmog: CanlluH 2.2.4.548-96, CanlluH
2.2.2/2.4.1340-03, CanlluH 2.2.1/2.1.1.1278-03,
I'OCT 12.1.003-83 (1999), CHull 23-05-95, CII
2.2.1.1312-03, ®eoepanvhuiii 3axon 123-D3
«TexHuueckuti  pecnameHm o mMpedOBAHUAX
NOXHCAPHOU HE30NACHOCIUY

IlepeyeHb BONPOCOB, MO/JIEKALUIMX HCCIETOBAHUIO, IPOEKTHPOBAHUIO U pa3padoTke:

1. AHanu3 6viA6NEHHBIX BPEOHLIX (PAKMOPO8 NPOEKMUpyemol
NnpouU3800CMBEEHHOU cpeovl 8 creoyrouyetl
nocne0o8amenbHOCM:

o usuKo-xumMuyeckas npupooa peoHOCmU,
paspabamuiéaemor memot;

e Jeilicmsue pakmopa Ha OpeaHusM YeroeeKa;,

® npusedeHue  OONYCMUMBIX ~ HOPM  C  HeobX0ouMol
PA3MEPHOCIBIO  (CO  CCOLIKOU HA  COOMBEMCmeyouuil
HOPpMAMUHO-MexXHU4ecKuli OOKYMeHm);

® npeonazaemvie CPeOCMEa 3aujumbl
(cHauana KOJIEKMUBHOU 3awumet,
UHOUBUODY ATIbHBIE 3AUWUMHbIE CPeOCMEa)

eé c6s3b ¢

zamem -

Pabomul sedymest 6 nomewgenuu ¢ HOPpMAaiIbHbIM
YposHeM Ocgeljerus (ToMUHeCyeHmHble TAMNbI C
CYMMAPHBIM YPOBHEM OCBEUJEHHOCNU He HUdMCE
200 noxc 6 coomeemcmeuu co CHull 23-05-95,
a maxoice ecmecmeennoe oceewenue). Yposeto
wyma 6 npeoenax Hopmbi.

2. AHanu3 ulsGNIeHHbIX ONACHBIX (PAKMOPO8 NPOEKMUPYeMOoll
npou36e0EHHOL cpedbl 8 cledyioujell nocie008amelbHOCmu
® MexaHuueckue onacHocmu (UCMOYHUKU, Cpedcmsa

Ipu eévinoanenuu pabom na IIBOM, 603m00cHO
KOpOmKoe  3aMblKAHUe  NEeKMPONPOBOOOK
(6newnue snekmponpoeooku ¢ [1BX uzonsayueii 6

3auumol; IIBX ob6onouke). B ceau ¢ omum 6
® mepmuuecKue onacHoCcmu (UCMOYHUKY, cpedcmaa 9NIEKMPUYECKYIO yenv YCMAano8ieHbl
sawumot); asmomamuyeckue 8bIKI0UaAment, umeruue ece
HeobXooumbvle  MeXanusmvl — paspvléd  yenu

(91eKMPOMACHUMHDLY,  Meniosot U Op.

6




®  91eKmpoOe30NaAcHOCmb (8 m.4. cmamuyeckoe
NEKMPULECTNEO, MOTHUC3AWUMA — UCHIOYHUKU, CPeOCMBEA
3auumol);

®  100ICapO83PLI60DE30NACHOCTNG (NPUYUHDL,
npogurakmuueckue Meponpusmusl, nepeutHvle cpeocmed
nodcapomyuietus)

pacyenumenu), @ maxice 8 NOMeujeHUU UMeencs
oecHemyuwiumens xumudeckuti nennviti OXI1-10..

3. 3awuma 6 ype36bluaiHbIX CUMYAYUSX:
o nepeuerd 6o3moxcHuix YC na obvexme;
e 6b160p Haubonee munuunou 4YC;
®  paspabomka npeseHmMusHbIx mMep no npedynpexcoeruro 4C;
L]

paspabomka mep no NOBLIUEHUIO YCMOUYUBOCHU 00beKma
x oannou 4C;

Paspaboman  pso Oeiicmeuii 6 pezynrbmame
B03HUKHOBEHUS NOXCAPA U Mep N0 TUKEUOAYyUU
eco nocneocmeuil. B nomewenuu umeemcs
ocHemyuwiumens xumuyecxuti nennwiii OX11-10, u
paspaboman niam 38aKyayuu.

4.Ilpasosvie U  OpeaHU3AYUOHHbBIE  BONPOCHL  ObecneyeHus
bezonacnocmu:
® cneyuanvHble (xapakmephvle 08 Npoekmupyemot paboyet
30Hbl) NPABOGbIE HOPMBL MPYO0BO20 3AKOHOOAMENbCNEA,
®  OpeaHU3AYUOHHBIE MEePONPUAMUSL NPU KOMHOHOGKe pabouei
30Hbl

Ilepeuens rpaguyeckoro MaTepuaa:

Ilpu Heobxooumocmu npedcmasums 3CKU3Hble epaguueckue
mamepuanel K pacyémuomy 3a0anuio  (00s3amenbHO  Ons
CHeYUanucmos u Mazucmpos)

o [Inan nomewenus
e [Inan ’saxyayuu

| JaTa BpI1aum 3aiaHus AJs pasaesia no JuHeHHomy rpapuky ‘

33}13]—[](le Bbl1aJ1 KOHCYJ/IbTAHT:

Jl05KHOCTD ®UO VYuenas creneue, Moamuck Hara
3BaHHe
Kmumosa I'anmaa
JloueHT K.T.H., JOLICHT
Hukonaesna
3aianue NPUHAJI K MCTIOJHEHHUIO CTYEHT:
I'pynna DdUO Ioanucey Jlara
SAMSY UYepnas Anacracust AlekcaHApOBHA




PE®EPAT

Brimycknas kBanudukanuonnas padora 132 c., 56 puc., 32 tadn., 42 uCTOYHHUKOB, | mpuI.

KmroueBbie  cnoBa:  9HeprodpPeKTHBHOCTh,  IHEpProcOepekeHue,  MOTpedIcHNE
JHEPropPECypCoB, aHaIu3 CTPYKTYPHI noTpeOIICHUS AJIEKTPUUECKON SHEPTUH,
sHeprocOeperaronme MEpOnpUaATrs, aBTOMaTU3MPOBAHHAS CUCTEMA YIIPABICHHUS OCBEIICHUEM

OOBEKTOM HCCIIEOBaHUs SBISETCS 8 Y4eOHBIH KOpIyC DHEPreTHUecKOro MHCTUTYTA
ToMCKOro NOJIUTEXHUYECKOTO YHUBEPCUTETA

Llenms paboTel — pa3paboTka JHEProcOEperaruX MEPONPHUSATHHA, OMHCAHUE WX
TEXHHYECKOM  peanu3allud M DKOHOMHYECKas  OLEHKa BHEAPEHHUS  NPEAJIOKEHHBIX
9HEeprocOepeHaroIuX MepONpHITH.

B npouecce wuccrnenoBaHMs NPOBOAWINCH — aHAIM3  CTPYKTYpbl  NOTpeOJICHUS
JIEKTPUYECKON IHEPIUu, MPOTHO3UPOBAHUE MOTPEOJICHUS 3IEKTPUUECKOW SHEPruH y4eOHbIM
KOPITyCOM, BBISIBIEHHE OCHOBHBIX MOTpeOUTENEH.

B pesynbraTe wucciepoBaHMs ObUI  IPOBENEH pacyeT 3aMeHbl CYIIECTBYIOIIHMX
TpanchopmatopoB Ha Oonee 3HEprodp(EKTHBHBIC, pacueT CHCTEMBl OCBEHICHUS W OIMCAHWE
TEXHUYECKOH peanus3anuy aBTOMaTU3UPOBAHHON CHCTMBI YIIPaBJIECHUS OCBEILIEHHEM.

OCHOBHBIE ~ KOHCTPYKTHUBHBIC, TEXHOJOTMYECKHE ¥  TEXHHKO-DKCILTyaTallMOHHBIC
XapaKTepUCTUKU: OBUIO TMPEUIOKEHO W3MEHHTh CHUCTEMY OCBEIICHUS, 3aMEHUTh HCTOYHHKH
cBeTa, W s OoJiee HKOHOMHUYHOTO WCIONB30BAaHUS CHUCTEMBI OCBEIICHUS — BHEIPUTH
aBTOMATH3MPOBAHHYIO CUCTEMY YIIPABICHHS OCBIICHUEM

CreneHb BHEPEHUs: pa3paboTKa MporpaMMbl 3HEprocoepekeH s i yueOHOro Kopyca
B COOTBETCTBHUH C TpeboBanusimu P3-261.

OOnacTe mMpUMEHEHMs: pa3pabdOoTaHHas MporpaMMma 3HEprocOepe’keHHs MOXKET ObITh
MPUMEHEHA K JII0OBIM OOILECTBEHHBIM YUPEKICHUSIM.

OxoHomHueckass 3(()EeKTUBHOCTH/3HAUUMOCTh pabOThI: peanu3alys MpeI0KEeHHbIX
MEPOIPHUSITUN TT0 PHEPTOCOEPEKESHHIO TIO3BOJIUT CHU3UTH dEKTponoTpedneHue Ha 147929 kBtu
B T'OJT M IJIATY 32 3JICKTpodHepruto Ha 472971 py6/ro.

B Oynymem ruianupyercs JanbHeimas pa3paboTka W BHEIPEHHE 3HEpProcOeperaromx

MEpPOTPHUATHH, TPEOYIOMINX OOJBIINX BPEMEHHBIX U MaTEePHATBHBIX 3aTpar.
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BBenenne

B Hacrosiee Bpemsi B OOIIECTBEHHBIX 3TaHUSX DHEPTETHUECKHUE PECYPCHI
UCIIONIb3YIOTCA HepaluoHaibHo. B coorBercTBUe C TpeboBanusmu MC ISO
50001:2014 [1] xaxmas opraHu3alMs JOJKHA TPOBECTH CHUCTEMHBIM aHAIN3
MOTPEOIAEMBIX JHEPreTHYSCKUX PECypcoB Ha TmpeaMeT uX dPQPEeKTHBHOTO
UCIONIb30BaHUA. B ngaHHOW pabore ObUT MPOBENEH aHadu3 MOTPeOIeHUS
OHEPTETHYECKNX PECYpCOB 00pa3oBaTENbHBIM  YUPEXKJACHUEM Ha TMpUMEpe
DHEPreTnyecKoro MHCTUTYTa TOMCKOTO MOJIUTEXHUYECKOr0 YHUBepcuTeTa [2].

Cormacao ®@enepasibHOMy 3akoHY OT 23 HOsOps 2009r. Ne261-D3
oOpa3oBaTeIbHbIE YUPEXKICHUS JTOJIKHBI obecreunThb CHIKCHHUE
sHepronoTpebiaenus (oObema MOTpeOaIEeMON BOABI, MU3EIBHOTO WA HWHOTO
TOIUIMBA, Ma3yTa, MPUPOJHOTO Ta3a, TEIUIOBOM W 3JIEKTPUYECKONM BSHEprun)
MHHUMYM Ha 3% B roJ B TEUEHUE IATH JIET [2, 3].

B nmanHO#W paboTe paccMaTpPWBAIOTCS BO3MOXHBIE TYTH CHHKCHUS
notpebneHus sieKkTpudeckord sHepruu (3D) Ha mnpumepe o0pa3oBaTEIHLHOTO
yapexaenus. OJHAM U3 CIIOCOO0B CHIDKEHHUS MOTPEOJICHHsT DD SABJISETCS 3aMeHa
cTaporo o0opynoBaHHs Ha HOBoe, Oojee ’HeprodddexktuBHoe. Tak kak 40% ot
oOuiero od0bema norpedseHuss 9D MPUXOJIUTCS Ha OCBEIICHHE, TO HEOOXOIMMO
MPOBECTHU OICHKY A (HEKTHBHOCTH UCIIOIB30BAHUS OCBETUTEIBHBIX YCTAHOBOK [5].

B pabote mnpemioxkeHsl pas3Hble CIOCOOBI yBenudeHUs 3((HEKTUBHOCTU
WCIIOJIb30BAHNS  OCBETUTENBHBIX YCTaHOBOK. OTHUM U3 TMPOCTHIX CIIOCOOOB
ABJIIETCA 3aMEHAa HCTOYHUKOB CBETAa M PEKOHCTPYKIIMS CHCTEMbl OCBELICHUS B
nenom. Taxke g Oomee d(PPEeKTUBHOTO WMCHOTB30BAaHUS €CTECTBEHHOM
OCBEILIEHHOCTH B paboTe MpeuIokKeHa CUCTeMa aBTOMATHUYECKOIO YIPAaBJICHUS
OCBEIIICHWEM, KOTOpas B 3aBUCUMOCTH OT €CTECTBEHHOW OCBEIIEHHOCTH
MTO/ICPXKMBAET OCBEIICHHOCTh B IIOMEIIEHUHN Ha TpeOyeMoM ypoBHE [6].

C wuenpl0 KpaTKOCPOYHOIO M JIOJITOCPOYHOrO IUIAHUPOBAHMS JIMMUTOB
OIOKETHBIX CPEACTB, HEOOXOAMMBIX IS OTIATHl MOTPEOJICHHBIX YHEPTOPECYPCOB

B pabore paccMaTpuBaeTcsi MPOTHO3 MOTpedbneHns DD ¢ ydeToM
10



sHeprocOeperawmero 3¢¢dexkra, TOCTUTaeMOro OT MOJCPHU3AIUU CUCTEMBI

OCBCHICHUAI.
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1 Anauau3 cymecTByromeil 00CTaHOBKH

PaccmoTpum

noTpedIeHue

OHCPIreTUICCKUX

pecypcos

MOJIMTCXHUYICCKUM YHUBCPCUTCTOM HaA ITPUMCPEC BOCbMOT'O yqe6H0r0 KopIryca.

ToMckum

B Tabmmme 1 mpencraBieHbl JaHHBIE 32 8 JIET O MOTPEOJEHUN TEIUTOBON U

AJICKTPUYECKOU SHEPTHUU.

Tabnuna 1 — JlanHble 0 MOTpeOIeHUN TEMIOBOM U AIEKTPUUECKON IHEPTUN

3a 8 j1er
2007 2008 2009 2010 2011 2012 2013 2014
Horpebnenue | 509503 | 558010 | 8220464 | 821382 | 799271.7 | 559279 | 599028.1 | 578920
929, kBtu
Temno, T'kan | 3850,68 | 4087,43 | 3863,384 | 3741,36 | 2768,25

JIns HaArJISIAHOTO TPENCTaBICHUSI MMEIOIIMXCS JTaHHBIX TEpPEBEIeM HUX B

Kr.y.T.(Tabnuma 2).

Taxum o6pazom, 1 kBtu=0,32 xr.y.T.; 1 I'kkan=172 kr.y.T.

Tabnuua 2 — JlanHble 0 MOTPeOIEHUN TEIUIOBOM U 3JIEKTPUUECKON SHEPTHH,
IIPEACTABICHHBIC B KI.Y.T.

2007 2008 2009 2010 2011 2012 2013 2014
Totpebnenme | 115041 4 | 1788514 | 263342.8 | 262842.4 | 2557669 | 1789693 | 191689 | 185254.4
9D, KI.V.T.
Terno, kr.y.T | 662317 | 703038 | 664502 | 6435139 | 476139

Ha PUCYHKC 1 npcACTaBJICHA AOWUHAMUKaA HOTpe6J'IeHI/ISI OHCPIreTUICCKUX

pecypcoB 8-M y4eOHBIM KOPITyCcOM TOMCKOTO MOTMTEXHUYECKOTO YHHBEPCHUTETA.
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Pucynok 1 — JluHamuka moTpeOaeHNs SHEPTEeTHUYCCKUX PECYPCOB

Kak BuHO 13 pucyHka, HaOII01aeTCs TeHICHIINS yMEHBIICHUS TOTPEOIeHUS
TETIOBOW JHEPTUH. DTO MOXKET OBITh CBS3aHO C YCTAHOBKOW HOBBIX OKOH C
XOpOUIeH TEMIOU30JSIIUEH, PeryJIupoBaHUEM TEIUIOCHAOKEHHUS, YMEHbIIEHUEM
TEMIIEpaTypbl OTOIUTEIBHOIO nepuoaa [28].

Yro kacaercs mOTpeOICHUS AIEKTPUUECKON dHEPTUH, B TIEPUOJ BPEMEHHU C
2009 mmo 2011 rox 6611 ckavok B morpedneHun O3, ¢ 2011 roga norpedierne 29
MIOIIUIO HA CMAaJ U B HACTOSIIEE BPEMsSI HAXOJUTCS MPUMEPHO HA OJJHOM M TOM XK€
ypoBHe. [laHHBII crmiag MOKET OBITH O0YCJIOBJICH MPOBEIECHUEM MEPOIPHUITHN IO
3HEPropHEeKTUBHOCTU U SHEPTOCOEPEKECHUIO.

[Tpu ananuze notpedaeHUss 9D HEOOXOAUMO YYUTHIBATh U3MEHEHHUE IIeH Ha
3D, Tak KakK U3BECTHO, YTO C KaXKIBIM rojoM Tapud Ha D0 yBennuuBaercs. Hmxke

MpeJcTaBlIeHa JMHAMUKA U3MEHEHUS 1IeH Ha D0.
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Pucynok 2 — J/lunamuka u3MeHEHHs LIeH Ha D9

C yderom notpebisieHuss 9D ydueOHBIM KOPIyCcOM, IjlaTa 3a Hee MEHsJIach

CIIEAYIOUIIM 00pa3oM.
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Pucynok 3 — J[uHaMuKa U3MEHEHHUS TIJIaThI 32 D0

N3 rpadwuka BuHO, uTO Tak Kak B 2012 romy Obu1 cria moTpediaeHus 93, To

U IIaTa 3a Hee MeHblie, TeM Ooiee, uro Tapud 2011 u 2012 roga HaxoauIuCh Ha
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omaoM ypoBHe. C 2012 roma morpebneHue O3 MPUMEPHO OCTABAJIOCh HA OJTHOM
YPOBHE, HO TTOCTETICHHOE YBEIUYCHHE Tapruda MOBBICHIIO TUIaTy 3a 20.

[TpuHrMasi BO BHUMaHUE YUCIEHHOCTh CTYICHTOB, MOKHO OIIEHUTH YEIHHOE
noTpebiaenue DD, mpuxonsmeecs Ha 1 cTymeHra. B tabmumne 3 mpeacramieHa
YUCJIICHHOCTh CTYJICHTOB JHEPTeTHUYECKOTO HHCTUTYTA.

Tabmuna 3 — UncneHHOCTh CTYyIEHTOB DHEPTeTUIECKOTO HHCTUTYTA

T'ox 2007 2008 2009 2010 2011 2012
YucieHHoCcTh
CTYJICHTOB, 2168 2094 2099 2313 2171 2098
yeJl.

JlnHaMyKa W3MEHCHMS YJEIBbHOTO IToKazaTens moTtpetmeHus OO Ha 1
CTYJIEHTA MpEJICTaBIeHA HA PUCYHKE 4.
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Pucynok 4 — JIlunamuka nusMeHeHus notpedinenus 99, NPUXOIAIIasicss Ha OHOTO

CTY/ICHTA

Tak kak B 2008-2009 romax YMCIEHHOCTb CTYJEHTOB YMEHBIIWIACH,
CJIEZIOBATENIBHO, yeJIbHOE MOTpeOIeHrne Ha OJHOTO CTy/eHTa yBenudmioch. Cnan
ynenabHoro norpedsenus B 2012 rogy oObsCHAETCS YMEHBIIEHUEM NOTPEOIIsieMOit
90.

Ha pucynke 5 npencraBiieHa cxemMa BHEIIHET0 3JIEKTPOCHA0XKEeHHs y4eOHOTO

KopITyca.
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Pucynoxk 5 — Cxema BHENTHETO 3JIEKTPOCHAOKEHHS YIeOHOTO KOopITyca

[Mutanue yuebHoro kopmyca ocymectsisercs oT AByx [1C — TIT 671-2 u TII
671-2a. ¢ ycTaHOBICHHOW MOIIHOCTBIO NoTpeduteneil Py,,=650 kBt. B yueOHOM
Koprmyce HaxoguTcs cemMb BPY. VYcraHoBieHHas MOIIHOCTH HOTpeOUTENeH

yuebHoro kopnyca Py=650 kBt [29].

1.1 Anaau3 (akropoB, BIMSAMIUX HA NMOTPedJeHHE IJIEKTPHYECKO

JHEPruu

['maBHBIM  00pa3oM Ha TMOTPEOJICHHE DIICKTPUYECCKOM HDHEPTHH B
00pa3oBaTeIbHBIX YUPEIKIACHUAX BIUICT dP(HEKTUBHOCTh OPraHU3ANNHA y4eOHOTO
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nporiecca. Y4eT BIUSHUS TUHEHHOTOo rpaduka (Tabnmma 4) yae6HOTO mporecca Mor
Obl OoJiee TOYHO OTPa3UTh CTPYKTYPY MOTpeOiaeHus DD W IMOBBICUTH TOYHOCTH
MPOTHO3a Ha KPATKOCPOYHYIO U JOJITOCPOYHYIO MTEPCTIICKTUBEI.

Kax moka3piBaeT quHEHHBIN TpaduK, MPUBEICHHBIN B Ta0auIe 4, y4eOHBIH
npoIecc MPOXOTUT HETMPEPHIBHO B TeueHHe ydeOHoro roma. Takum obOpazom,
ayaIUTOPHBIN (POHJ SIBISIETCST BCerJa BOCTPEOOBAaHHBIM W W3MEHEHHE Y4eOHOTO
npoliecca HEBO3MOKHBIM.

K mpyromy ¢akropy, oka3pIBaroeMy BIMSHUE HA TOTpeOeHne 99, MOXKHO
OTHECTH MPOJIOJDKUTEIIBHOCTS CBETOBOTO JIHS. [IpOT0IKUTEIFHOCTD CBETOBOTO JTHS
OCCHBIO M BECHOW OOJbIIle, YeM 3HMMOH, CIICJOBATEIbLHO, HCIIOJIH30BAHKE
OCBETHTEIFHBIX YCTAaHOBOK 3WMOW 0Oojiee MPOAOKHTEIBHO, YTO TMPHUBOAUT K

OonblIeMy NOTpedaeHUI0 3.
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Pucynok 6 — MI3MeHeHHe MpOoA0HKUTEIIFHOCTH CBETOBOTO JIHS B HOSIOpE MecsIie
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Tabnuia 4 — Jluneinbiii rpaduk yueOHOTro mporecca

bakanaBpsl
Kypc\Hememn] 1[2[3[4]5[6[7]8] 9 [10[11]12[13]14]15[16[17]18][19]20]21]22]23[24]25]26]27[28] 29 [ 30 [ 31 [ 32 [ 33 [ 34 [ 35 [ 36 [ 37 38 [ 39 [ 40 [41]42[43]44]45]46[47]48]49]50[51]52
1 K- K[=[:]:]=]= K- K- === === =]
2 K- K[=[:]:]=]= K- K- [:]:]o]olo]=]=]=][=]=
3 K- K-[=]:]=]= K- K- |- XX X[X[X[=][=]=]=]=
4 K- K-[=]:]=]= K- - [T/ 1 d=1=1=1===]=]=
MaructpanTsl
1 K- K-[= =]= K- K- XXX X[ =]=]=]=]=
2 K- K-|= = | X X[ X[ X X X XoaXoaXoaXoagXogXoagXoiXoaXoXoaXoXoq /| /| /| / [=]=|=|=|=|=|=|=
bakayiaBphbl (3a04HUKH)
1 nznznznz [ FLE : =1==|=
2 nzjnznznz| =|= : |0]0|0|= _
3 nznzmnzmnzj el == . =|=|=|=[NnzZnznz
4 =|= X[ X[ X | X ]| X ]| =|=]|=|=nznznzlnz|nz|nz
5 =|= L L] nznzinz
Oobosnauenus:
Teopernueckoe oOyueHHe
: DK3aMEHAaIMOHHAsl CECCHUs
0 VYueOHas mpakTHKa
X [IpousBoacTBEHHAs MPaKTUKA
/ ['ocynapcTBeHHas aTTecTamms
= Kanukyibl
K- Kondepenm-neaens (He BXOIUT B TeopeTuueckoe ooyuenue) [30].
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be3ycnoBHO BpeMsi CyTOK SIBIISIETCSI OJTHAM M3 OCHOBHBIX (DAKTOPOB.
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Pucynok 7 — Cpegnee cyrounoe noTpedsienue 33 3a cpenHuil pabouunii IeHb 3a

HOsI0pb Mecst 2015 .

I'paduk mokazpIBaeT, YTO MaKCUMalbHOE MOTpedIeHUE DD MPUXOIUTCS Ha
BpemeHHoi wuHTepBan ¢ 11:00 mo 20:00. B ngaHHOM ciydae HCHOJb30BaHUE
JATYUKOB JIBIJKEHUSI M aBTOMATHYECKOW CHCTEMBI YIPABJICHHUS OCBEIIEHHOCTHIO
MO3BOJIUT CHU3UTH MOTpebieHne I0.

[IpuMeM BO BHUMaHUE CPEIHECYTOUHOE U3MEHEHHE TEMIIEpaTyphl B HOSIOpE

MCECAILIEC.
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Pucynok 8 — J/luHaMrka u3MEHEHHS CPEAHECYTOUHOUN TEMIIEPATypbl HAPYKHOTO

BO3/IyXa M MOTPEOJICHHS SJICKTPHUSCKOM SHEPTuH 3a HOsIO0ph 2015 T.

B nHos16pe mecsne B nepuos ¢ 10 mo 24 yucio Habmr0aeTcss TeMIeparypa
HIDKE HYJIS, CIIEAOBATENIFHO, B 3TOT MEpHO ] NoTpedneHne 3D ObUIO OOJIBIINM IT0
CPaBHEHUIO C OCTAIBHBIMH JHAMU Mecsna. Craasl motpediaeHus 93 00bICHIIOTCS
CE30HHBIM XapaKTepPOM MOTPEOICHUS IIEKTpHIECcKOi sHeprun. U3 rpaduka BUIHO,
9yTO0 B pabouyne IHU TPU YMEHBIIEHWH TEMIIEpaTyphl HAPYKHOTO BO3AyXa
norpedienne DD yBEIUYHMBACTCS, a MPH YBEIWYCHUU TEMIIEpaTypbl HAPYXHOTO

BO3/AyXa MoTpediaeHnu 9D YMEHBIIAETCS.

5 DUHAHCOBBIN MEHE/IKMEHT, pecypcod(p(prTHBHOCTH "

pecypcocOepexenne

C 1enpl0 COKpamieHHs OOBEMOB TOTPEOJICHHS DJIEKTPOIHEPTUU U
COOTBETCTBEHHO TIUIAThl 3a Hee OBUIM MPEIUIOKCHBI MEPOTPHUATHS  TI0
9HEProcOEepPEKEHNIO0, K KOTOPBIM OTHOCHUTCS 3aMEHA CTapbIX TpaHc(hopMaTopoB Ha
HOBBIC, Oosiee 3HeprodPQeKTUBHBIC, 3aMEHA CHUCTEMBbI OCBEIICHHUS (yCTaHOBKa
CBETOJIMO/THBIX HCTOYHHUKOB CBETA, M YCTAaHOBKA AaBTOMATUYECKOH CHCTEMBI
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OCBEIICHHUS, TO3BOJISIONICH ONTHMH3UPOBATH YPOBEHHh OCBEIICHHOCTH B YYEOHOM
ayIUTOPUH, UYTO B CBOIO OYEpelb CYIIECTBEHHO COKpalllaeT 3aTpaTbl Ha
noTpeOIEHNE HIIEKTPOIHEPTUH.

JIJis OIIEHKY BIUSHUS MTPEATI0KEHHBIX MEPOIIPHUATHI TT0 YHEPTroCcOEePEIKEHUTO
ObUIO TMPOAHATU3UPOBAHO TOJOBOE NOTPEOJIEHUE 3IEKTPOIHEPTUU YyUEOHBIM
KOPITYCOM.
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Pucynok 54 — 'omoBoe moTpebieHNE IIEKTPOIHEPTHH

Kak mokas3piBaeT BBINICIPUBENCHHBIA Tpaduk, B TMOCIETHEE BpEMS
HaOJIIOaeTCsl TCHACHIIUS POCTa MOCTPEOJICHHS STIEKTPUUECKON IHEPTUU YUSOHBIM
KOPITYCOM, YTO TIPUBPAUT K HEOOXOAMMOCTH BHEAPEHUS MEPONPHUITHA TI0
sHeprocOepekeHnto. B maHHOM paszzene paccMaTpuBaeTcs TpaduK BHEIPCHHUS

SHEprocOeperarx MEpONpUsITHIl U IKOHOMUYECKUH A (DEKT OT UX peain3aluu.

5.1 Pazpaborka rpajuka  peanMzanuM  MEPONPHUATHH 1O

IHeprocoepeKeHuIo

B kauectBe HarJiIAHOTO IPCACTABIICHUSA 3TAIIOB IIPOBCACHUA MepOHpI/IﬂTI/Iﬁ

0 3HeprocoepexeHn o OyIeM HCIOIb30BaTh AuarpaMmy I anTa.
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Juarpamma ['aHta mnpencrtaBisieT co0OW TOPU3OHTAIBHBIA JIEHTOUYHBIN
rpaduK, KOTOPBIA HUCIONB3YETCS IS WUTIOCTpalluu IulaHa, rpaduka padoT Mo
KakoMy-In0o mpoekry. JlaHHas amarpaMma SIBIS€TCS OIHHM U3 METOJOB
TUIAHUPOBaHUs MPOEKTOB [37].

B tabmuue 28 mpeacraBneHa quarpamma ['aHTa, WILTIOCTPUPYIOMIAS BPEMs,
Tpedyemoe JUisi BHEAPEHUS PEAT0KEHHBIX MEPOIIPUATUM.

N3 nuarpamMmbl BUAHO, 4YTO MPOJOJKUTEIBLHOCTh peaTU3allK IMPOEKTa
cocrtapisier 17 net. [Ipuaem HEKOTOpBIE pabOTHI POU3BOIATCS MAPAILICIHHO.

YuuthiBasi BEPOSITHOCTHBIA XapakTep OLEHKU TPYAOEMKOCTH, pealibHas
MIPOJIOJKUTEIIBHOCTh  pabOT MOXeT OBITh KaK MeEHbIne (IpH OJaronpusTHOM
CTEYEHUU OOCTOSITENIbCTB), TaK M  HECKOJbKO TPEBBICUTh  YKA3aHHYIO
MPOJOIKUTEIEHOCTH (ITPH HEOIArOMPUATHOM CTEUECHUH OOCTOSATEIBCTR).

B cootrBercTtBuu ¢ muarpammoit I'anta (Tabnuma 28) Ha pucyHke 55
npeAcTaBiIeHa JUHAMUKA U3MEHEHUS TOTPEOICHUS SJIEKTPOIHEPTUH, C YIETOM TOTO
dakTa, 9ro peanmuzarnus npoekta HawyHercs B 2017 romy, 3a 0a30BBIH TOJ
notpebnenus anexTposnepruu Obut B3AT 2017 ron. Ilpu mocTpoeHun TUHAMUKHU
W3MEHEHHS MOTpeOIeHnss DD BO BHUMaHWE Obljla PUHATA TCHACHIIAS YBEINICHUS

notpebdnenus 39.
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Ta6mmma 28 — Jluarpamma ["anTta

T'on

11

12

13

14

15

16

17

No HawnmenoBanue sramna IIponomxk.,
MEPOLPUSTHS JeT
| IlepBblit 5Tan peKOHCTPYKINN 3
CHUCTEMBbI OCBEILLICHHUSI
) BTtopoii 3tan pekoHCTpYKIIUU 3
CUCTEMBI OCBELLIECHMUSI
3 IlepBbIil 3Tan ycTaHOBKU 4
ACYOY
4 Bropoii atan ycTaHOBKH 4
ACYOY
5 | 3ameHa TpanchopMaTopoB 10
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5.2 Jxonommuuecknii IPdeKkT peanMzanUu  MEPOPUITHH MO

IHeprocoepeKeHuIo

B nmamHOM  pasmene  mpuBeNEH — aHANW3  BIWSHUSA ~ BHEIPCHHS
SHEprocOeperawIux MEpONpHUsITH Ha IUIaTy 3a MNOTPEOJEHUE 3IIEKTPUUYECKOU
DHEPIHH.

Ecnu ydects Temn yBenuueHus tTapuda Ha 33 Ha 12% coryiacHO IporHo3am
UHOIAIMA MUHACTEPCTBA SKOHOMHYECKOTO pa3BuTHs Poccuiickoit denepanmm [12]
U pean3alyi0 MEPONPUITUH MO 3SHEProcOEepeKeHUI0, TO JUHAMHUKA HW3MEHECHMS

miaThl 32 99 OyIeT BBINISACTH CIEIYIOIIUM 00pa3oM (PUCYHOK 56).
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Pucynoxk 56 — Ilunamuka u3MeHeHHUs TU1aThl 3a 90

Kak MoxxHO BuIeTh W3 Tpaduka, pa3HHWIA B IUIaTe 3a MOTPEOJICHUE
ANEKTPUYECKON DHEPTrUM CO BpPEMCHEM YBEIMYMBACTCS, YTO TOBOPUT O
MOJIOXKUTETHHOM 3 dekTe BHEAPECHHS dHEProcOeperarommx MEPOIPUSTHH.

B Tabmune 29 B 4YMCICHHOM BBIP@XEHUHM IPEACTABICH SKOHOMHYCCKHIMA

s dexT ot meponpusTuii [Iporpammel 3HEprOoCcOSpEKEHUS.



Tabmuna 29 — DxoHomuueckuit 3pPexT peanrzanuu NporpaMmsl Mo

DHEPTOCOEPEIKCHHIO
OKOHOMHSL | DKOHOMHUS Cpok
3aTpartsl,
Ne Oramn MeponpusTUs 32 Brog, I1aThl 3a 6 OKyIIa€MOCTH,
kBTu 303, py6. Py JeT
1 | 3amena TpancdopmMaTopoB 29 097 105 426 840 160 10
2 | 3aMeHa UCTOYHHMKOB CBETA 92912 281329 7224 264 4
3 | YcranoBka ACYOY 25 920 86 216 5460 000 3
Hrtoro 147 929 472 971 13 524 424

Takum 00pa3oMm, BHEApPEHUE MPEAJIOKEHHBIX MEPOINPHUSTUNA TO3BOJSET
CHU3HUTh T0JIOBOE MOTPEOJICHHE AIEKTPOIHEPrUuu npumepHo ¢ 555739,5 kBtu no
407810,5 kBtu, uTo B CBOIO ouepeab COKpaTHUT miaty 3a O3 Ha 472971 py6./rox

100 TIO3BOJIUT COKPATUTH JIMMHT OFOPKETHBIX cpencTB Ha 23%.

6. ConaJIbHAA OTBETCTBEHHOCTh

Lenpto paHHOrO pasaena sBISETCS OIEHKA YCIOBUW Tpynaa, aHaiu3
BO3MOJKHBIX BPEIHBIX U OMACHBIX (PaKTOPOB, BO3JEHUCTBYIOIIUX HA CTYACHTa MPHU
BoinojHeHnn BKP. B nanHom paspene pa3paOoTaHbl MEphI 3aIUThI OT BPEIAHBIX U
OomacHbIX (aKTOPOB, TAKXKE PACCMOTPEHBI BOMPOCHl TEXHUKH OE€30MaCHOCTH,
MoKapHOW TPO(UIAKTHKKA ¥ OXpaHbl OKPYKAmMIeH cpeasl npu pabore 3a

KOMIIBFOTCPOM B y‘-Ie6HOM IIOMCIICHHUH.

6.1 IlpousBoacTBeHHas1 0€30MACHOCTH

Ha ocHoBe anHanmu3a BBIMOJHAEMBIX pPAbOT K OCHOBHOMY HCTOYHUKY
OTIACHOCTH MOXKHO OTHECTH TIEPCOHAJBHYIO AJIEKTPOHHO-BBIYUCIUTEIBHYIO
Mamuny (II9BM) ¢ BunmeoaucruieitneiM tepmunanom (BJT) na 6aze mimockux
JTUCKPETHBIX KPAHOB.

B nporiecce paboThl Ha YeIOBEKa BO3ACHCTBYIOT MapaMeTphl YCIOBUHM Tpy/a
B paboueit ooctaHoBke. OT yCIIOBHIA Tpy/Ia 3aBUCUT OTHOIIIEHUE YEJIOBEKA K TPYIY
U, CIIeIOBATeIbHO, pe3yabTaThl Tpyha. [Ipu IUIOXuX yCIOBHSIX Tpylda pe3Ko

CHIKAETCs paboTOCIIOCOOHOCTD, a TaKXKe HOBBIIIAETCSA MIPOLIEHT
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npodeccuoHaNbHBIX  3aboneBaHuid u  TpaBMm. llog  ycrmoBusiMu  Tpyna
Mo/Ipa3zyMeBaeTCs COBOKYITHOCTb dbakTopos, XapaKTEePU3YIOLIUX
MPOU3BOJCTBEHHBIN MPOLIECC U MPOU3BOACTBEHHYIO Cpeay, BO3JEHCTBYIOLIUX Ha
YeJI0BeKa B IpoLiecce Tpyaa.

JlJis co3maHusl ONTUMATBHBIX YCIOBHU TpyAa MOMENICHHs, 000pyJI0BaHHBIC
I[I19BM, cormacHo [37] AOMKHBI COOTBETCTBOBATH CIECAYIOIIUM CAHUTAPHO-
TUTHEHUYECKUM TPEOOBAHUSIM:

— 3ampelneHo pacmoiiarate paboune mecta ¢ [IO9BM u BJT B
MOABAIBHBIX MOMEIICHUSX;

- MOJT TOMENICHHUS JOJDKEH OBITh POBHBIA, C AHTHCTATUYECKUM
MTOKPBITUEM;

- OT/IeJIKa MOMEIIIEHUS MOJIUMEPHBIMU MaTepruaJiaMy HeXKeaTeNIbHa;

- paccTrosiHie MeXJIy OOKOBBIMU IMOBEPXHOCTSIMH MOHUTOPOB JIOJKHO
ObBITH HE MeHee 1,2 M;

- OCBEIICHHOCTh Ha MOBEPXHOCTH CTOJIA B 30HE pa3MEIIeHUs pabodero
nokymeHnTa aomkHa ObiTh 300 — 500 JIk. OcBenieHHOCTh TOBEPXHOCTH IKpaHa HE
nomxkHa ObITh Oosee 300 JIk;

- MOMENICHUSI C KOMITBIOTEpaMH JIOJDKHBI UMEThH IUIONIAJlb HE MEHEe

4,5 M?> Ha OJJHOTO pabOTAIOILETO.

6.2 AHa/1U3 ONMACHBIX ¥ BPEJAHBIX MPOU3BOICTBEHHBIX (PAKTOPOB

Cornacno [38] Bo Bpems pabotsl ¢ [IDBM Ha oneparopa Bo3aeHCTBYIOT
CJIEIYIOUINE TOTEHIUAIbHO OINACHblEe U BPEIHBbIE MPOM3BOJICTBEHHBIE (HAKTOPHI

(OBII®):

- @HBHHGCKHGZ HHU3KOYaCTOTHBIC DJICKTPUYICCKUC 1 MArHUTHBIC T10JISA;
CTAaTUYCCKOC JJICKTPHUYCCTBO, IMOBLIIICHHAA TCMIICpATYpPA, MOBBILLICHHBIN YPOBCHb
CTaTHYCCKOT'O JJICKTPUYCCTBA, HCAOCTATOYHAA OCBCIICHHOCTD pa60qel71 30HBI,

OITaCHOC HAIIPSKCHUC B SHGKTPHHGCKOﬁ CCTH.
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- NCUX0(U3HOIOTHIECKHE: HANpsHKEHUE 3pEHUST W BHUMAHWS,
VMHTEJUIEKTYaJIbHbIE WM 3MOLIMOHAJIBHBIE HArpy3KW; [UIMTENbHBIE CTAaTHYECKUE
Harpy3Kyd 1 MOHOTOHHOCTb TpYy/Ja.

PaccMmoTtpuM ocHoBHble W3 HauOoisiee BepossTHbIXx OBII® mpu paborte 3a
[19BM:

1. OTKNnOHEHKE NoKa3aTeaei MUKpOKIMMaTa

CormacHo [39] paboThl JensaTcs Ha TPU KATETOPHHU TSDKECTH HAa OCHOBE
o0mux sHepro3aTpar opranusMa. Pabora, BwITONHSEMas COTpyAHHKaMHU odruca,
OTHOCHUTCS K Kareropuu Jierkux padot la. CpaBHuM (pakTHueckue U JOIMyCTUMbIE
3HAaYEHUs MUKPOKJIMMATa, 3HaYeHHsI 3aHeceM B Ta0mmiry 30.

Tabmuna 30 — JlonycTrMble HOpMBI MUKPOKJIMMAaTa B paboyeil 30He
IIPOU3BOJCTBEHHBIX IOMEILIEHUI

Kareropus 0 OTHOCHTENNBHAS CKOpOCTh ABUKECHUS
Temmnepatypa, C N
Ce3oH TSKECTH BJIAXKHOCTb, % BO3/yXa, M/CEK
rona BBIMOTHACMBIX | Daktuu | [Jomyctum. | @Daktuu. | Homyctum. | Paxtud. | Jomyctum.
pabor 3HAUCHWE | 3HAYCHHE | 3HAYCHHWE | 3HAYCHHWE | 3HAYCHHE | 3HAYCHHUC
XOJIOAHBIH Ia 21 20-25 30 15-75 0,1 1o 0,1
TEIUTBII la 23 21-28 30 15-175 0,1 0,1-0,2

Takum 00pazom, kak BUIHO U3 Tabmuiel 30 momeieHue, re HaXOIATCs
pabourie MecTa, COOTBETCTBYIOT TPEOYEMBIM HOPMAaM.

B cootBerctBum ¢ [37] B momenieHusnx, oobopynoBanueix [I19BM, momknaa
MIPOBOJIMTHCS ©KETHEBHAS BIaKHAs yOOpKa M CHCTEMATHYECKOE MPOBETPUBAHHE

nociie Kaxxaoro yaca padotel Ha [I9BM.

Pa3mepbl momerieHnsT AOHKHBI COOTBETCTBOBATH KOJMYECTBY padOUYUX H
pasMmenieHHoMY B HeM obopynoBanuto. CornacHo [40] momiaab Ha 0JHO pabouee
Mecto mnonb3oBateneil [I9BM ¢ BJIT nHa 0a3e MIIOCKUX IHCKPETHBIX IKPaHOB
JOJDKHA COCTaBIATh He MmeHee 4,5 m°. Tarke s obecriedeHHs HOPMAJbHBIX
yCIIOBUH TpyJa YCTaHABIMBAIOT, YTO HA OJHOTO pabOYero AOIKHO MPUXOIUTHCS 15
M> 00bema Bosayxa [40].

[Tomenienue uMeeT clienyromue pa3Mepsl: yiMHa A=8 M, mupuHa B=6 M,

BeicoTa H=3,5 m. [Inomaas noMmemeHus:
S=A-B=8-6=48 Mm%
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OO6beM MOMEIICHUS:
S=A-B-H=8-6-3,5=168 m*
VYuurteiBas, 4To B y4eOHOM MMOMEIIEHUU padoTaeT 7 4el0BeK, TO Ha KaXKI0Tro
W3 HUX MPUXOAUTCS 1O 6,8 M’ TUTOIIAAM TTIOMEIeHHs U 1o 24 M° o6bpema BO3/yXa,
YTO COOTBETCTBYET HOPMAM.
2. llym
B y4eOHOI aymuTOpHUN HCTOYHUKOM IITyMa siBiisieTcst paborta [IDBM.
B mipon3BoCTBEHHBIX M YI€OHBIX TTOMEIEHUSX TTPH BHITTOJTHEHUH OCHOBHBIX
WJIM BCIIOMOTaTeNIbHbIX padoT ¢ ucnonb3zoBaHuem [19BM ypoBHU 1yma Ha pabouux
MeCTaX HE€ JIOJDKHBI MPEBBIIATH  MPEAETbHO  JOMYCTUMBIX  3HAYCHU,
YCTaHOBIICHHBIX /IS JaHHBIX BUJAOB PabOT B COOTBETCTBUHU C JEHCTBYIOIIMMH
CaHUTAPHO-3INUIEMHOJIOTNYECKUMHU HOPMATHBaMMU.
Cornacho [41] B Tabnuue 31 npuBeneHbl JOMYCTUMbIE 3HAYEHUS 3BYKOBOTO
JaBJICHHS B YI€OHOH ayaUTOPHH.

Tabnuna 31 — JlonycTuMble YpOBHU 3BYKOBOI'O JaBJICHHS U SKBUBAJIEHTHOTO
YPOBHsI 3BYKa

ypOBHI/I 3BYKOBOI'O JaBJICHUA, ,I[B, B OKTaBHBIX I1I0JIOCax CO
CPEAHECTCOMETPUICCKUMHU YaCTOTAMU, FLI

PaGoune mecta

31,5 | 63 | 125 | 250 | 500 | 1000 | 2000 | 4000 | 8000

YpoBHU 3ByKa U
SKBUBAJICHTHBIC

Koncrpykropckne
oropo,
HPOTrPaMMHUCTHI,
nabopaTopun

86 71 61 54 49 45 42 40 38 50

VYpoBeHb 3ByKOBOTO JIaBI€HUS HAXOAUTCS B Mpeerax HOPMBI.

3. OueHka ypoBHEN 2JIEKTPOMArHUTHBIX MOJIEN

DNEeKTPOMAarHUTHBIE  TOJSI,  XapaKTePU3YIOLIUECs  HaNpsSKEHHOCTSIMU
AJIEKTPUUECKUX U MAarHUTHBIX MOJIeH, Haubosee BpeIHbI A7 OpraHu3Ma 4eloBeKa.

[Ipu pabGore ¢ KOMIBIOTEPOM JOMYCTHUMBIE YPOBHU 3IIEKTPOMArHUTHBIX

nonieit (OMII) ykazanbl B Tabnuiie 32. OHU HOpMUPYIOTCS coriacHo [37].

29



Tabnuia 32 — Bpemennslie nonyctumbie ypoBau DMII, coznaBaembix [I9BM

HanMeHoBaHue mapamMeTpoB BAY OMII

B auara3oHe yactor 5 ['m - 2 k' 25 B/™m
HanpskeHHOCTh 3JIEKTPHUYSCKOTO TIOJIS

B auara3zoHe yacToT 2 KI'ir — 400 k' 2,5 B/m

B nuamna3one yacTtot 5 ' - 2 k' 250 uTn
[110THOCTH MArHUTHOTO MOTOKA
B auarma3oHe yacToT 2 K[ — 400 k' 25 HTn
HamnpsieHHOCTh 37I€KTPOCTAaTHYECKOTO MO 15 kB/m
ONeKTpOCTaTHUECKUH NOTEHIMAI SKpaHa BUJCOMOHUTOPA 500 B

Onpenenenne BenmnunHbl ypoBHEH DMII Bo3mMokHO TyTeM 3amepoB. [Ipu
OTCYTCTBUH M3MEPUTENBbHBIX TPUOOPOB BBIBOBI O COOTBETCTBUH BearuruHbl DMII
HOPMATUBHBIM 3HAYEHUSAM MOKHO CZEJIATh 110 MAaCIOPTHBIM JaHHBIM KOMIIBIOTEPA
YU MOHMTOPA, B KOTOPBIX oTMeYaeTcss ux coorBercreue Hopmam TCO-99, TCO-03 n
T.J.

ITo macnopTHEIM JAHHBIM KOMIBIOTEP U MOHUTOP COOTBETCTBYIOT HOpMam
TCO 1999 u MPR — II, 3Hauut BenumunHa OMII cOOTBETCTBYET HOPMATHBHBIM
3HAYEHUSIM.

4. CtaTndeckoe 3IEKTPUIECTBO

CraTuyeckoe 2JEKTPHUUYECTBO — NIEKTPUUYECKUH 3apsijl, BOSHUKAIOUIMN caM
no cebe, MpuU TPEHUHM PAa3IUYHBIX MOBEPXHOCTEWU. 3aps] MOXKET HOSBHUTHCS
IpaKTHYECKH Ha I000M Marepuane, HO ciiabee WIM CHIIbHEE, 3aBHUCHT OT
PaCIOJIOKEHUSI MAaTEpUAJIOB TPYIIUXCS MOBEpXHOCTEH ONacHOCTh BO3HUKHOBEHMS
CTAaTHMYECKOTO DJIEKTPUYECTBA MPOSBISETCS B BO3MOXXHOCTH 00pa3oBaHUs
IEKTPUYECKON HMCKPbl M BpPEJHOM BO3JCHCTBUM €ro Ha OPraHM3M YEIOBEKa,
NpUYEM HE TOJBKO MPU HEMOCPEJACTBEHHOM KOHTAKTE C 3apsiioM, HO U 3a CYET
JEHCTBUS SJIEKTPUYECKOIO MOJIsI, BOSHUKAIOIIEM ITPH 3apsKEHHOM I10JIE.

Jnst 3ammThl OT CcTaTUyeckoro anektpuyectBa [IOBM nomkHa OBITH
3a36MJICHA, a TAKXKE€ €XKEAHEBHO B MOMENICHUM JOHKHA IPOBOAMTHCS BIIAKHAS

yoopka.
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6.3 Ilo:xkapHas 1 B3pbIBHAsI 0€301aCHOCTDH

[To>)xapoM Ha3bIBaIOT HEKOHTPOJHMPYEMOE TOpPEHHE, Pa3BUBAIOIIECECS BO
BPEMEHHM W TMPOCTPAHCTBE, OMACHOE JUIsl JIIOJIEH M HAHOCSAIIEe MaTepUalbHbIN
ymiep0. IloxkapHast u B3pbhIBHAsT 0€30MaCHOCTh — 3TO CHCTEMa OPTaHHU3aIMOHHBIX
MEpOTPHATHI W TEXHUYECKUX CPEJICTB, HANpaBICHHAs Ha NPO(HIAKTHKY U
JIMKBUJIALINIO TOKAPOB U B3pBIBOB [41].

YuyeOHOE NOMEIIEHHE M0 CTEMEeHH TMOXKAPOOMAaCHOCTH corlacHO [42]
OTHOCHUTCSI K Kjaccy B, Tak kak B HEM HaXOASTCS TBEpJbIE TOpHOYUE U
TPYAHOTOPIOUME MaTepHalibl (IpeBECHHA).

Bo3nukHOBeHME MmoXxapa npu paboTe ¢ AJIEKTPOHHOU armapaTypoil MOXKET
OBITH BBI3BAHO IO TMPUYMHAM KaK JJIEKTPHUECKOT0, TaK M HEICKTPHUECKOTO
Xapakrepa.

[TpuurHbBl BOSHUKHOBEHHUS MOXKAapa HEAJIEKTPUUECKOTO XapaKTepa: XajaaTHOe
HEOCTOPOKHOE OOpalleHre ¢ OTHeM (KypeHHe, OCTaBJIeHHbIe 03 MpHucMoTpa
HarpeBaTelbHbIe MPUOOPHI, HCIOIH30BAHUE OTKPHITOTO OTHS), HEUCIPABHOCTh
MTPOU3BOJICTBEHHOTO OOOPYIOBAaHUS W HAPYIICHHE TEXHOJIOTHYECKOTO ITpoIlecca;
HEMPaBUIILHOE YCTPONCTBO U HEUCIIPABHOCTH BEHTUIISIIMOHHOW CHCTEMBI.

K npuunHam BO3HUKHOBEHHS TOKapa AJMEKTPUUECKOTO XapaKTepa OTHOCHT:
KOPOTKO€ 3aMbIKaHHUE; MEPErpy3Ku MO TOKY; UCKPEHHE M DJICKTPUUECKUE IYTH;
CTATUYECKOE DIICKTPUUECTBO.

B  cinyyae  BO3HMKHOBEHMsS ~ MOXKapa  HEOOXOAWMO  OTKIHOYHUTH
AJIEKTPONMUTAHUE, BbHI3BATh TMOXKAPHYIO KOMAaHIy, DSBaKyHpOBaTh JIOJEH U3
TIOMEIIICHUS U MMPUCTYIUTH K JIMKBUIAIMY MOKapa OTHETYymuTensIMu. [Ipu Hanmuuuu
HEOOJIBIIIOTO OYara rmiaMeHu MOKHO BOCIIOJIB30BAThCS MOJPYYHBIMU CPEICTBAMU C
LIEeJIbIO TIPEKPAIICHUS TOCTYyTa BO3AyXa K O0BEKTY BO3rOpaHusI.

Jnst  TymieHWsl TMOXapoB B TOMEIICHWM JOJDKEH OBITh YCTAHOBJICH
YIIEKUCIOTHBIN OorHeTymuTeNb Thna OY-2, KOTOphIi MpeHa3HAUYCH JIJISl TYIICHUS
Pa3IMYHBIX MATEPHATIOB M DJIEKTPOYCTAHOBOK I10J] HAMpPSHKEHUEM, KOTOPBIi

obnanaeT BbICOKOUN 3(PEeKTUBHOCTHIO OOPHOBI C OTHEM.
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JakJI4YeHue

B cootBerctBumn ¢ ®enepansabiM 3akoHoM OT 23.11.2009 Ne 261 — 3 «O6
SHEProCcOEPEeKEHUH W O TIOBBIINICHUH JHEpreTuueckoi 3¢p(EKTUBHOCTH U O
BHECEHHM W3MEHEHUWW B OTICIbHBIC 3aKOHOJATEIbHBIE aKThl Poccuiickon
Odenepanu» [3] B gaHHOW paboTe Ha TpUMeEpe y4eOHOro KOpryca ITOKa3aHbI
BO3MOXKHOCTU U 3 (PeKT oT 3HeprocOeperaronux MeporpUsTUid, KOTOPbIA MOXKET
OBITH IOCTUTHYT B OFOJDKETHBIX 00pa30BaTEIbHBIX YUPEKICHUAX MPU TpeOyeMom
(hMHAHCUPOBAHUHU U LIEJICHAIIPABICHHOM PAaCXO0J0BAHUH BBIIETISIEMbBIX CPEJICTB.

B pabote ObLT TpOBEICH aHAU3 CTPYKTYPHI TOTPEOJICHUS DIICKTPOIHEPTHH,
BCJIEJICTBHE YE€ro ObLIO BBISIBJICHO, YTO OCHOBHAs YacTh JJICKTPONOTpeOseHus, a
uMeHHO 49%, MpUXOAUTCS HA OCBEIICHHE, TAKXKE B CHCTEME 3JIEKTPOCHAOKECHUS
y4eOHOTr0 KOpIyca HaOJIOJAI0TCS 3aBBIIICHHBIC TIOTEPU DJICKTPOIHEPTUU B BUIY
yCTapeBLIETO 3JIEKTPOOOOPYI0BaAHUSL.

[IpoBenss aHanmu3 TMOTPEONCHHUS DICKTPOIHEPTHH OBLUTH  MPEUIOKCHBI
BO3MOJKHBIE ITYTH CHIDKEHUSI TOTPEOICHUS AJIEKTPOIHEPruu. JlaHHbIE MepOTIpUSTHS
BKJIIOYAlOT B ce0s 3aMEHy CHCTEMBI OCBEUICHHs, a WMEHHO 3aMeHy
JIOMUHECHEHTHBIX  JIaMI, HMEIONUX KOPOTKUM JKU3HEHHBIM LUKI, Ha
CBETOJMOJIHbIE HMCTOYHUKH CBETAa, TaKKe JUIsI ONTUMAIbHOTO TMOTPEOICHHS
DIIEKTPOIHEPTHH OCBETHTEIBHBIMH yCTAaHOBKAMHU C YYE€TOM E€CTECTBEHHOU
OCBEIIEHHOCTH OBUIO TMPEJIONKEHO YCTAHOBUTH aBTOMATHUYECKYH) CHUCTEMY
VIOpaBIEHUS OCBEIICHHWEM, KOTOpash pEryaupyeT dSIEKTPOmnmoTpeOieHne B
COOTBETCTBUE C TpeOyeMbIM YPOBHEM OCBELIEHHOCTH, 00JIee TOrO 3aMEHa CTapbIX
TpaHcopmMaTopoB Ha HOBBIe, Oojee dHeprodddekTuBHBIC, paboTarommue B
SKOHOMUYECKOM PEXHUME, TIO3BOJIUT CYIIECTBEHHO CHUZUTH MOTEPH.

Peanm3arust JaHHBIX MEPOTIPUATHN TTO3BOJIUT CHUZHUTH JIEKTPOIIOTpEOICHNE
Ha 147929 xBtu B rox m miary 3a ayekTposHepruio Ha 472971 py6/ronx. O6mas
CTOUMOCTB 3aTpaT cocTaBUT 13524424 py6., a pakTHYECKU CPOK OKYIAEMOCTH IIpU

peali3aluy TaHHBIX MEPOTIPUATHI COCTABUT 17 JeT.
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Introduction

Nowadays energy resources in public buildings are not used rationally.
According to requirements of MC ISO 50001:2014 each public organization have to
provide system analysis of consumed energy sources to distinguish the rate of their
effective usage. In my work, I conduct a detailed analysis of energy sources
consumption by educational building located in Russian Federation.

According to Federal law from 23.11.2009 N 261-FZ in educational buildings
there have to be created measures which will allow decreasing of energy and
resources consumption (volume of consumed water, diesel fuel or other types of
fuel, natural gas, thermal and electrical energy) minimally by 3% per a year during
the next five years [1]. Based on the law the main purpose of my work is analyzing
of all possible measures which can be implemented in educational building and
designing of energy saving measures which will be applicable for considered
educational building in current conditions.

My work consists of five main parts. Firstly, [ provide the analysis of electrical
energy consumption throughout the world and explain the meaning of energy
efficiency concept and the reason why energy efficiency measures have to be
implemented. In the second part of my work I provide the analysis of existing
situation of energy efficiency measures implementation in considered country based
on issued government lows. The next part of my work includes detailed description
of current conditions of considered building. It includes general description of the
building (location, size, plan, climate in the region and ext.), detailed analysis of
electrical energy consumption structure in the educational building, analysis of
factors which influence on electrical energy consumption and analysis of the main
electrical energy consumers in the educational building. Then, I analyze all possible

energy efficiency measures which can be implemented in educational building.
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1. Review of the main issue in the field of energy efficiency

1.1 The analysis of world energy consumption dynamic

According to research provided by US Energy information administration the
world net electricity generation from 2012 till 2040 has been increased on 69%, from
21,6 trillion kWh in 2012 to 25,8 trillion kWh in 2020 and 36,5 trillion kWh in 2040.
Electricity consumption rate is the fastest growing type of end-consumers utilities
[2].

Electricity level consumption demand rate rise is strongly connected with
economic growth of a country. As it is noticed in International Energy Outlook 2016
report world gross domestic product (GDP) rise is gradually slowing down in
comparison with the last 20 years, however, electricity demand is continuously
increasing, especially among countries which are not parts of Organization of
Economic Cooperation and Development (non-OECD countries). According to
statistic data in 2012, electricity generation rate in non-OECD countries was almost
a half from electrical energy generation in the entire world. Moreover, with constant
economic growth in non-OECD countries electricity demand is growing as well [3].

Over the past several decades throughout the world a set of primary electrical
energy sources has been a little bit changed. Nevertheless, according to statistical
data coal is considered to be the fuel which is the most widely used in electricity
generation, but due to bad influence to environment and tries to implement other
energy sources the coal started to be not so popular in usage. It is possible to notice
that the rate of electrical energy generated by nuclear power stations is significantly
increased from the 1970s till the 1980s, and electrical energy generated in a way of
natural gas-firing is increased after the 1980s. However, during this period of time
the use of oil for electrical energy generation decreased due to significant oil prices
growth [2].

Environmental consequences of greenhouse gas emissions and rapid growth

in development of renewable energy sources brought the main influence on electrical
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energy consumption rate in the early 2000s. On the same time, natural gas started to
be more widely used due to the fact that this fossil fuel emits significantly less
amount of carbon dioxide than oil or coal per 1 kWh generated. The IEO2016
Reference case promotes support of electrical energy generation from natural gas,
nuclear, and renewable energy sources. Moreover, the most prospective direction in
electrical energy generation changes are considered renewable energy sources
which, nowadays, are the fastest-growing source of electrical energy generation.
During the period from 2012 till 2049 according to forecast of IEO2016 Reference
electrical energy generation by renewables increased in average on 2,9%. As well it
is reported that non-hydropower renewable energy sources are one of the fastest
growing sources of electrical energy generation. In 2012 such renewables have been
taken 5% of total world electricity generation and as it is estimated in IEO2016 that
in 2049 the share of non-hydropower renewables will be 14% [2].

According to IEO2016 Reference, after renewable energy sources, natural gas
and nuclear power are the next fastest growing sources of electricity generation.
Based on forecast during the period 2012-2040 the rates of increasing natural gas-
fired electricity generation and nuclear power generation are 2,7% per a year and
2,4% per a year, consequently. Thus, it is possible to notice that till 2040 electrical
energy generated by renewable sources will be the world’s largest source of
electrical energy [3].

The figure A.1 shows constant growth of the world electrical energy

consumption which was provided by Global Energy Statistical Yearbook [3].
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Figure A.1 - World electrical energy consumption [24]

The electrical energy use in the world is rising significantly due to increasing
energy consumption, the growing of population, constantly developing society, the
rapid growth of modern technologies and ext. The figure 1 shows world electricity
consumption. There is constantly growing dynamic and it is simply to notice that
from 2000 till 2015 electrical energy consumption increased significantly. All these
factors lead modern world to invent measures, which from one hand will allow to
decrease level of energy consumption and energy generation and from another hand
to reduce cost of the energy. There is a necessity of reducing energy consumption
since it could lead to irrational resources use. Irrational energy consumption can lead
not only to bad influence on business running but as well to irreversible

environmental consequences.

1.1 Energy efficiency concept

Analyzing the existing situation of the rapid worldwide energy growth rate, it
is possible to say that there is a necessity in implementation measures which will

allow to contribute reduction of energy consumption level.
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Energy saving methods mean controlling and reducing organization's energy
consumption. Exactly these factors are important because it can lead to:

. Cost reduction — due to the fact of cost increasing this is becoming
significantly important.

. Carbon emissions reduction and caused by it environmental damage -
as well as the cost-related implications of carbon taxes.

. Risk reduction — the more energy is consumed, the greater the risk that
energy price increases or supply shortages could seriously affect on company. With
energy management this risk can be eliminated by reducing demand for energy and
by controlling it so as to make it more predictable [4].

One of the most important factors is that the energy saving program should be
applied to all buildings or to a group of buildings in such case the output of this
program will be observed because only one unit will not allow to have preferable
result. The big role in this field plays scale of energy saving measures
implementation.

Nowadays energy efficiency notion is lying in the basis of energy saving
concept. To be energy efficient means to use less energy for the same amount of
work. The example provided below shows a clear explanation of the notion to be
energy efficient. For instance, there is a good insulated house. That house keeps heat
better, therefore, less heat needs to be used for creation of comfortable environment
in the house. This example shows what does it mean to be energy efficient. However,
energy efficiency can be achieved in different ways. Firstly, existing buildings can
be insulated by using of up-to-date insulation materials. Another opportunity is
windows replacement with implementation of new three-glazed windows which
eliminate heat losses. The next opportunity could be applied to industrial buildings.
By using modern technologies there is a possibility to reuse heat which is produced
during technological process and such heat can be used again in the industrial
purposes [4].

Before the development of energy efficiency program, it is a necessary to

know the current energy efficiency situation in the country. Because exactly this
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information is lying in the basis of energy efficiency program. Such basic
information includes the existing level of energy efficiency implementation in a
country, possible support from the government site and potential obstacles on a way

of energy efficiency measures implementation.

2. Analysis of energy consumption and description of given public

building conditions

First of all, it is necessary to know current conditions of the object of research.
Based on the building description and energy consumption analysis possible energy

saving measures will be offered.

2.1 General description of the subject of research

The subject of my work is Tomsk polytechnic university educational building
number eight.
The building is located on Usova 7 street, Tomsk. The location of educational

building is provided on the figure A.2.

R et

Ay B,

Figure A.2 - Educational building location [30]
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The building has four levels: ground floor, the first floor, the second floor and
the third floor. Each level has the same plan. Mainly the building has small rooms
for practice classes. I analyzed structure of the building and concluded that all rooms
in educational building can be divided into four main categories: lecture rooms,
small practice rooms, teacher rooms and corridors. Figure A.3 shows the educational

building rooms subdivision.

35% small
practice rooms

15% lecture
rooms 25% teacher
rooms

Figure A.3 - Structure of educational building rooms

As figure A.2 shows the main part of educational building are small practice
rooms (about 35%). That means that for every type of room special measures have
to be created.

One more important factor, which has significant influence on electrical
energy consumption, is climate conditions. Tomsk is located in variable climate
zone. There is a continental climate. It is possible to notice that seasons in Tomsk
region are changed rapidly, the winter period starts in November and lasts till April.
The summer in Tomsk is short and tepid. The average temperature in January is -
22,6 °C, the average temperature in July is +20,4 °C [9].

According to the table which represents educational process in the Tomsk
polytechnic university, educational process is going constantly from September till
July. Classes are conducted from Monday till Saturday (6 days per a week) from
08:00 till 20:00 (12 hours per a day).
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What concerns electrical energy supply, the building is powered by two
substations. On the figure A.4 a part of single line scheme of TP-671-2 and TP-671-
2a substations is represented. The scheme shows the external power supply of
educational building. Substations TS 671-2 and TS 671-2a have installed capacity
of consumers Pi, =650 kW. There are seven incoming switchgears in educational

building. Installed capacity of educational building consumers is 650 kW [10].
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Figure A.4 — Sceme of external power supply of educationsl building

2.2 Analysis of energy consumption by considered educational building

An analysis of energy consumption by Tomsk polytechnic university

educational building is provided bellow.
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In the table A.1 energy consumption data by Tomsk polytechnic university

educational building is represented. These data were obtained by counters which are

installed in an incoming switchgear.

Table A.1 - Thermal and electrical energy consumption data for 8 years

period [5]
2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 [ 2014
ﬂf;gwal energy consumption, | 5,¢ 3 559 823 821.4 | 7993 | 5593 | 599 | 579
ggi‘l’mal energy consumption, | 3e50 7 | 40874 | 38634 | 37414 | 27683 | NA | NA | NA

To have a clear possibility to compare these data I will convert it to the same

units — Gcal to MWh (table A.2).
Thus, 1 Geal=1,162 MWh.

Table A.2 - Thermal and electrical energy consumption data in MWh units

2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
ﬁ%ﬁt}flcal energy consumption, | s 3 | 559 | 823 | 821.4 | 7993 | 5593 | 599 | 579
ﬁl\fv“}?al energy consumption, | 4404 6 | 4750 | 4489.7 | 43479 | 3217 | NA | NA | NA

The figure A.5 shows the dynamic of energy consumption by the Tomsk

polytechnic educational building.
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Figure A.5 - Energy consumption dynamic [5]
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Analyzing the figure A.4 I can conclude that there is a tendency of thermal
energy consumption reduction. This reduction could be a result of changing a part
of old windows to new windows, which have better insulation against loss of heat,
another reason could be regulation of the heating and artificial reducing of heating
season as well.

What concerns electrical energy consumption, during the period from 2009
till 2011 there was a leap in electrical energy consumption. However, from 2011
electrical energy consumption started to reduce and currently it is approximately at
the same level. This reduction can be explained by implementation of energy
efficiency measures.

During electrical energy analysis there is a necessity to take into account
electrical energy prices since it is known that electrical energy tariff grows every
year. Bellow dynamic of electrical energy prices is represented [12].
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Figure A.6 - Electrical energy price changing dynamic

If take into account changing of electrical energy consumption by educational

building then the payment change the following way (figure A.7).
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Figure A.7 - Electrical energy payment changing dynamic

The figure A.7 shows that in 2012 a small decrease of electrical energy
consumption was observed and consequently the payment for electrical energy was
less, moreover, the electrical energy tariff during 2011-2012 was at the same level.
From 2012 electrical energy consumption was approximately stable but the slow

tariff growth increased payment for electrical energy.

2.3 Analysis of factors which influence on electrical energy consumption

The organization of educational process mainly influence on electrical energy
consumption in educational buildings. Taking into account an influence of linear
schedule of educational process could help to show the structure of electrical energy
consumption more precisely and increase the accuracy of electrical energy
consumption forecast.

The linear schedule of educational process shows that the educational process
goes continuously during an academic year. Thus, lecture rooms are always

demanded and changing of educational process is impossible.
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Taking into account the number of students, which was reached in statistical
documents [10], I can evaluate specific electrical energy consumption for one
student. In table A.3 the number of power engineering institute students is
represented.

Table A.3 - Power engineering institute students number

Year 2007 2008 2009 2010 2011 2012
Number of students, pers. 2168 2 094 2 099 2313 2171 2 098

The numbers in the table show that the quantity of students is changed not
significantly due to this fact I can conclude that quantity of students doesn’t
influence on electric energy consumption.

Another factor, which has influence on electrical energy consumption rate, is
duration of daylight. Daylight duration in autumn and spring is more than in winter
therefore lighting installations are used more actively during this time. During winter

there is bigger electrical energy consumption rate [14].
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Figure A.8 - Daylight duration change in November [14]

Of course, daylight duration time is one of the most important factors which

have influence on electrical energy consumption rate.
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Figure A.9 - Average electrical energy consumption for working day in
November [11]
The figure A.9 shows that the maximum of electrical energy consumption is
from 11:00 till 20:00. In this case using of motion sensors and automatic control
system will allow to decrease electrical energy consumption rate.

Let’s take into account the average daily temperature change in November.
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Figure A.10 - Average daily temperature and electrical energy consumption

change in November 2015 [11]
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From the 10" till the 24™ of November the temperature is below zero,
therefore during this period electrical energy consumption was bigger in comparison
with other days of this month. Decreasing of electrical energy consumption can be
explained by season character of electrical energy consumption. Figure shows that
during working days when there is decrease of temperature the electrical energy
consumption is increased and in the opposite when there is temperature increase the

electrical energy consumption rate is decreased [15].

2.4 The main electrical energy consumers

The main electrical energy consumers in educational building are lighting
installations, office mechanization facilities and laboratory equipment. The structure

of electrical energy consumption is presented in figure A.11.

1%
33%
laboratory 49%
quipment lighting
installations
17% office

mechanization
facilities

Figure A.11 - Structure of electrical energy consumption in educational

building

The part of consumed electrical energy by lighting installations is about 49%
in educational buildings. According to statistical data electrical energy consumption
by Tomsk polytechnic university in 2014 is 578 920 kWh [8]. Saving of electrical
energy in lighting system can be achieved as by decreasing nominal power of
lighting sources as by reduction of usage period of lighting installations and by

implementing automatic control system.
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As figure A.3 shows the main part of educational building are lecture rooms
and research laboratories which have strict requirements to lighting level. Nowadays
the level of artificial lighting in lecture rooms mostly does not satisfy the minimal
lighting requirements according to normative documents [16]. There is a necessity
in lighting system reconstruction to satisfy requirements of FZ-261 [1]. The
reconstruction will allow to reduce expenses on electrical energy by realization
energy saving measures and it will allow to reach required lighting level.

The core measures in electrical energy saving in lighting installations are the
following:

J Reduction of incandescent lamps usage and changing it for fluorescent
lamps. Another variant is changing fluorescent lamps for LED.

J Usage fluorescent lamps with higher light output.

J Implementation of energy efficient fluorescent lamps: 18W instead of
20W; 36W instead of 40 W; 58W instead of 65W.

. Efficiency rate increasing of existing light sources by regular cleaning.

. Usage of reflected light

. Implementation of automatic control system [17].

3. Identifying and designing of suitable energy savings measures for

considered public building

Government can make a significant influence on reducing of energy
consumption by developing special laws. It is necessary to notice that government
is interested in it because such measures show that technologies in the country are
developing and the country is going further. Thus, I can say that government support
plays a big role in stimulating of energy efficiency measures implementation.

According to figure A.10 the significant part of electrical energy consumption
in educational buildings is consumption of electrical energy by lighting installations.
Analyzing it there is a possibility to influence on lighting installation and reduce

power consumption. However, such measure demands relatively big investments.
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What concerns another electrical energy consumers in educational building their part
is not so big but nevertheless I can create measures to regulate it as well. Thus, like
initial data with that I can operate are following: data about electrical energy
consumption, general data about building (size, quantity and type of rooms,
availability of different technologies), data about heating, data about the source of

hot water, system of rooms air conditioning and ext.

3.1 Possible energy efficiency measures

Nowadays development of energy efficiency measures assigns more and more
popular direction. There are different papers written by different authors throughout
the world where is described tries and experience of energy efficiency measures
implementation in this field depending on different climate conditions and various
types of buildings.

Such measures I can distinguish into two categories depending on investments

(Figure A.12).

Figure A.12 - Primary categories of energy efficiency measures

For development energy efficiency measures which do not require
investments careful analysis of existing situation in the building has to be provided.
It 1s important to know what technologies are used currently in the building and
possible ways of influence on them. An example of such measures can be upgrading
of heating system, upgrading of ventilation system and any other systems which are
used in the building. During detailed analysis of electrical energy consumption
“weak places” can be revealed in the building, the places where there are energy
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losses or energy is used inefficiently. In case of measures which are demanding
investments detailed economical evaluation has to be provided along with it there is
a necessity to find the source of investments. Such measures include replacing
lighting installations, development of control system, replacement of energy source
to more efficient one and etc. [18].

Depending on the way of implementation all measures can be divided into

following five groups [19].

eEfficiency estimation of existing installations
eAnalysis of electrical energy consumption structure

eLighting system replacement
eHeating system adjustment

eWindows replacement

eUsage more efficcient materials for wall and roof
insulation

eImplementation of renewable energy sources for
electrical enery supply or water heating

*More rational usage of electrical energy by people

Figure A.13 - Core ways of energy efficiency measure implementation

Using controlling measures, I can follow and monitor the information about
primary consumption level and estimate efficiency of existing installations. Load
reductions measures mean adjustment of existing technologies in the building. For
example, I can attribute in this group lighting system replacement or heating system
adjustment. Enveloping measures include using more efficient materials for walls
and roof insulation. Moreover, the example of such measures can be windows
replacement by more efficient models. Many authors recommend using of renewable
energy sources, however, such measure can be applied not for all types of buildings.

Finally, the last category is human behavior. This measure offers development of
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stimulus for people to use electrical energy less or to use energy more rationally
[19].

Unfortunately, not all from offered ways of energy efficiency measures
implementation can be used for my object of research. First of all, I should take into
account type of the building. Such measures as enveloping, renewable energy
technologies or human behavior will work in an efficient way in residential
buildings, where the building has relatively small square and users are interested in
energy consumption reduction.

In case of public building such measures as controlling and load reduction can
be implemented and it is expected that it will bring a good result. As well in frame
of public buildings enveloping measures can be applied, however, such measures
will be more expensive and additional estimation of investment efficiency should be

provided.
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Conclusion

In this work, according to Federal law from 23.11.2009 N 261-FZ “About
energy savings and increase of electrical efficiency and about amendments in certain
legislative acts of Russian Federation” [1], I considered all possible energy
efficiency measures in frame of educational building. There is a big range of
different energy efficiency measures.

Based on the structure of electrical energy consumption in educational
building significant part of it is taken by lighting installations. Therefore, 1 offer
reconstruction of existing lighting system. There is a possibility to change
fluorescent lamps to LED which is more efficient. Changing of lighting sources does
not demand significant investments, however, LED lamps have more advantages in
comparison with fluorescent lamps. With taking into account degradation of lighting
flow, lifetime period of LED is 10 times more that lifetime period of fluorescent
lamps. However, during my calculation I identified that replacing of existing lighting
sources will be more efficient as well as implementation of lighting control system.
This system allows significant saving of electrical energy. Lighting control system
monitors lighting level and adjusts it according to minimal lighting requirement in
educational building. This system is efficient due to the fact that it takes into account
natural lighting and in case when natural lighting is not sufficient it adjusts lighting
level in lecture room to minimally required level. In comparison with existing
lighting system lighting control system decreases electrical energy consumption by
lighting installation by six times.

Implementation of offered energy efficiency measures allows reducing of
electrical energy consumption on 147 930 kWh annually and, consequently,
decreasing of payment for electrical energy consumption on 473 000 rub/year. Total
investments for energy efficiency measures implementation is 13 524 000 rub and

payback period is 17 years.
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