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PE®EPAT

Brinycknas kBanudukainronHas padbora Bkiaodaer 137 ctpanun, 35
pucyHkoB, 13 Tabiu1, 53 UCTOYHUKA, 2 TIPUITOKCHUSI.

KintoueBbie  ciioBa: aBTOHOMHOE »HeprocHadxkenwe, MuUHU-TIC,
HAJIEKHOCTh, XAPAKTEPUCTUKU HAJEKHOCTH, OPraHUYECKUN TEMIOHOCUTEND,
KOH/ICHCAITUS, TIOJIITUITHUKHA CKOJIb)KEHUS.

OOBEKTOM WCCIIEIOBAHUS SBIISICTCS aBTOHOMHAs JHEPrOyCTAaHOBKA —
MuHH—TIC ¢ opranndueckum ukjioM PeHkuna.

[lens paboThl — aHaNW3 BIUSHUS BHEINIHUX U BHYTPEHHUX YCIIOBUM
JKCIUTyaTalliM Ha  OCHOBHBIE  XapaKTEPUCTUKU  HAJACKHOCTH  PabOThI
ABTOHOMHOI'0O UCTOYHHUKA IHEProcHabkeHus razonpoBoaoB Boctounoit Cubupu
u JlanpHero Bocroka.

B mnporiecce uccnenoBaHusi MPOBOAWINCH PAcUEeThl JJISI ONMPEETICHUS
OCHOBHBIX  XapaKTEPUCTUK  HAJEKHOCTU  ABTOHOMHOIO  HMCTOYHHKA
SHEProCHAOXKEHMS, a TakKe HeOoOXOJUMBIX TmapamMeTpoB pabouero mJis
HaJeKHOH paboTel MuHH—TOC, 4YHCICHHOE MOJCIHMPOBAHUE IIpoIecca
KOH/ICHCAITUU padoyvero BEIIeCTBa B COOTBETCTBYIOIIEM Y3Jie YHEPTrOyCTAHOBKH.

B pesynbTare uccneqoBaHus onpeneaeHbl XapaKTepUCTUKN HAAEKHOCTH
pab6otrel  MuHM-TOC,  BiausHHEe  pa3aU4HbBIX  (PaKTOpoB  (MOIIHOCTH
HSHEProyCTaHOBKH, TEMIEpaTypbl HApY>KHOTO BO3/lyXa) Ha XapaKTePUCTUKU
HAJICKHOCTH (BpeMeHM HapaOOTKM Ha OTKa3, HWHTEHCUBHOCTH OTKa30B,
napamMeTrpa MoTOKa OTKa30B) MPH KOHJEHCAIIMU padouero BellecTBa B TPyOKax
KoHAeHcaropa MuHN—TOC.

Boeinmycknass kBanudukalMoHHas padoTa BBINOJIHEHA B TEKCTOBOM
penaktope Microsoft Word 2010, Microsoft Excel 2010 u penakrope dopmyn
Math Type, nns pacueToB ucnoib3oBanack mporpammel Math Works MATLAB
10.



BBenenue

Tenaenuuel pa3BUTHsS DHEPreTUKH, Kak B Mwupe, tak u B Poccun
ABJSIETCS IIOCTOSIHHOE BHEAPEHUE HOBBIX TEXHOJIOTHMM, ONTHUMU3alUsA |
MOJIEPHU3ALIMS CTaPBIX.

DHeprooOecneueHne IIPOMBIIIJIEHHBIX MpeANpUsATUL ABJISIETCA
BakHeHmMM  ¢akTopom  OecmepeboriHoro U 3PGEKTUBHOTO  UX
¢yukuunonupoBanuss [1-2]. B ocHOBHOM »3HeprocHaOXeHHEe OOBEKTOB
IPOMBIIIJIEHHOCTA OCYIIECTBIISIETCS OT LIEHTPAJIU30BAHHOW HSHEPrOCHCTEMBI,
TaKu€ UCTOYHUKHU I10 MPAaBy UMEIOT MAcCy MOJOXKHUTENbHBIX Kau4€CTB, OJTHAKO HE
BCEr/la BBITOJHO U II€ecOo00pa3HO MX UCHOJb30BaTh. B yacTHOCTH,
HEleNnecoo0pa3HO MCIOJIb30BATh LEHTPAIM30BAHHbIE HCTOYHUKH DHEPrUU B
reorpauueckd yJajdeHHbIX Toukax Poccun. DT0 00ycliOBIE€HO O0OJbLION
ce0EeCTOMMOCTBIO BO3BEICHMSI KPYITHBIX MCTOYHUKOB SHEPTHM, TPAHCHOPTHOM
CUCTEMBI, a TaKKe OOJIBIIMMH 3HEPronoTepsIMU MPU TPAHCIOPTHUPOBKE
TETUIOHOCHUTEIISI/3JEKTPOdHEprun 10 morpedutens [4-5]. B cBs3u ¢ atum
NPENNPUSATUS, WCHBITHIBAIONINEG TOTPEOHOCTh B OKCIUTyaTallMM  yAaJICHHBIX
OOBEKTOB, JOJKHBI ~HAWTU  aJbTEPHATHBHBIM  HMCTOYHHUK,  CIIOCOOHBIN
BbIpa0aThIBaTh KAUECTBEHHYIO AJIEKTPOIHEPIHI0. 3a4acTylo ¢ TaKOW CUTyaluen
CTaJIKMBAIOTCSl KOMITAHUH, OCHOBHBIM Ha3HAY€HHEM KOTOPBIX SIBJISIETCS 100bIYa,
TPaHCIIOPTUPOBKA T'a3a U HEPTH, MPEIOCTABICHUE YCIYT CBSI3U.

Tepputopuss Bocrtounoit Cubupu u JlaneHero BocToka coaepxut
0O0JBIIOE  KOJUYECTBO  3AJE€KEH  YIJIEBOJOPOAOB,  pACIOJIOKEHHBIX B
TPYAHOIOCTYIHBIX reorpapuueckux Mecrax. [Ipeanpusarus, 3KCruryaTupyromme
Ha STOM TEPPUTOPUH CBOM OOBEKTHI, CTAJIKHBAIOTCS C MpoOIeMOil BBIOOpPA
ABTOHOMHOI'O ~ MCTOYHMKA, KOTOPBIA MO3BOMSI OBl B KOHKPETHBIX
KJIMMAaTHYECKUX  YCIOBUSIX  OCYIIECTBISATh IOJayy  HEOOXOAMMOW IS
peaau3aliy TEXHOJOTHYECKOro TMpolecca JJIEKTpUUecKoi sHepruu [2-3].
YuuThIBasi OrPOMHBIE 3aMachkl PECYPCOB B HEApaxX HAIIEH CTpaHbl, aBTOHOMHAs

OHCPICTUKA HMCCT OoJIbIIINE IMCPCIICKTHUBLI PA3BUTHA.



['moGanbHble  3Hepretudeckue kommanmun WHK  (uaTerpmpoBaHHas
Hedrerazonas kommnanus) Pocuedts, OAO «Hosataky, ITAO «"aznpom» u ap.,
OCHOBHBIM  HAaINpaBJICHUEM [IEATEIBHOCTU KOTOPBIX SIBJIsieTCS  J0ObIYa,
TPAHCTIOPTUPOBKA, XpaHEHUW W TepepaboTka He)TH W Tasza, IKCIUTYaTHUPYIOT
00bIIOe KOJUYECTBO DHEPrOYCTAHOBOK C Pa3IMYHOM MOIIHOCTHIO B
reorpaguvecKky yIaJeHHbIX Toukax Poccum. B wactHOCTH, 17151 oOecrniedueHus
OecniepeOOMHOro CHaOKEHHS YIaIeHHBIX 00BEKTOB JIEKTPUUECKON U TETIOBOU
SHEprued  MCMOJIB3YIOTCS ~ DHEProycraHoBkn  MuUHU-TOC  (TeruioBas
ANEKTPOCTAHIINSA).

BonbmMHCTBO — aBapUilHO-TEXHUYECKUX  MNPOUCHIECTBUA B pabote
KOT'€HEPaIlMOHHBIX YCTAaHOBOK (YyCTaHOBKH, BhIpAOaThIBAIOUIME W TEIJIOBYIO, U
ANEKTPUUECKYIO SHEPTHI0), YCTAaHOBJIEHHBIX Ha Tepputopun JlanbHero Boctoka
u Bocrtounoit Cubupu, CBsI3aHO C HEMPUCIOCOOJEHHOCThIO K AKCIUTyaTallud B
CIOXHBIX KJIMMATHYECKUX YCIOBHSAX (C HW3MEHSIOMEHCS TeMIepaTypou
HApYXHOTO BO31yxa oT — 50 °C 1o + 50 °C). HenoarorosineHHOCTD YCTaHOBOK K
paboTe B TakuX YCIOBHUSAX OOYCIIOBIIEHa TEM, YTO MapaMeTpPhl HAPY>KHOTO
BO31yXa BocTouHbIX pernoHoB Poccuu pe3ko oTiMyaroTcs OT mapaMeTpoB, IpH
KOTOPBIX HCIBITHIBAIUCh 3TU yCTaHOBKHU. [IpoGiiema 3akitoyaercss B TOM, 4YTO
NoJIaBJisitoliee  OOJBIIMHCTBO  DHEPrOYCTAHOBOK,  PACIIONIOKEHHBIX  Ha
Bocrounbsix tepputopusix Poccum, coOpaHbl U NpHOOPETEHBI B 3apyOEKHBIX
CTpaHax W HE COBCEM aJalTHUPOBaHbl K JOKCIUIyaTallud B YCIOBUSIX
paccMaTpuBaeMbIX pEruoHoB. B cBs3M ¢  3TUM 109 ONTUMU3AIUU
TEXHOJIOTHYECKOro mpouecca padboTel MUHU-TOC HE0OXOAUMBI U3MEHEHUS B
HACTpPOIIKax mapamMeTpoOB HHEPrOyCTAHOBKHU, 3aJaHHBIX TMOJI KOHKPETHBIC
yCIIOBUS OJKCIDTyatanuu. Eciau W3MeHeHue mapaMeTpoB HE MPUBOIUT K
ONTHMM3AIMK  Tporiecca paboThl, TO CIEAyeT BHECTH HW3MEHEHUS B
KOHCTPYKIIMIO TypOoarperaros.

OmauM u3 Hambosee YacTO BCTPEYAIOIIUXCS aBapUHHO-TEXHUYECKHUX
NPOUCHIECTBUNA SIBJSIETCS BHEIUIAHOBBIA OTKa3 MUHU-TOC 1o mnpu4uHe

neperpeBa pabodero BellecTBA B KOHAeHcaTope. Pabouas »KUIKOCTh, HE
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yCHeBIIas OXJAAUTCS 0 HEOOXOJUMBIX MapaMeTpoB (yKa3aHHBIX 3aBOJIOM-
U3rOTOBUTENIEM), SIBJIAETCS NPUYMHOM [JIs BBIXOJA U3 CTPOS OCHOBHBIX
3JIEMEHTOB YCTAHOBKH MuHU-TIC. HccnenoBanne IIEPBONPUYUH
BO3HUKHOBEHHUS] TEXHUYECKHX MpoHcuIecTBUN B pabore MuHu-TOC sBnsercs
aKTyaJIbHOW 3a7ja4eii, pelieHne KOTOPOr 00ECIIEYUT MOBBIILICHUE HA/IEKHOCTU U
yBEJIMYEHHE CpoKa O0e3aBapuiHON IKCILTyaTallui YHEPTOyCTaHOBOK.

HGJ’II) Da6OTI>I: IMPOBCACHNC YHCIICHHBIX I/ICCJ]e,Z[OBaHI/Iﬁ HJIsL OIIPCACIICHUA

napamMeTpoB paboyero BemiectBa MuUHU-TOC Ha CcTaauud CMa3bIBaHMS
NOJIIMITHUKA  CKOJIBKEHUA ~ TypOoreHeparopa Mpu  OKCIUIyaTalud B
KJIIMMaTU4eCcKux ycioBusx Bocrounoit Cubupu u Jlansnero Boctoka Poccun.

JIng  JOCTOKEHMS  TIOCTABJIEHHOW HEIM  IMPeIaracercsa penieHue

CICAYIONHNX 3a1a4.

1. AHanu3 Hay4HbIX MYOJIMKALUN 110 TEMATHKE UCCIIETOBAHHUS.

2. AKTyanuzanusi TEXHUYECKHUX TMPOUCIHIECTBUH B padore muHu-TOC B
nepuoj ¢ 2012 mo 2015 rr.

3. OmpeneneHue JIOKATbHBIX M KOMIUIEKCHBIX TOKa3aTelnell Haa&KHOCTU
pabotel MuUHHU-TOC CBS3aHHOM C MEXaHWYECKONW HEUCTPABHOCTHIO
MOJAIIUITHUKA CKOJIbKEHUS.

4. OnpeneneHue ¢  NPUMEHEHHUEM  YHUCJIEHHOIO  MOJEIHUPOBAHUS
3aBUCUMOCTEM  Temmeparypbl pabodyero BeHlecTBA Ha BXOJAE B
MPOCTPAHCTBO MEXKAY BAJIOM M MOJIIUITHUKOM OT BHEIIHUX (TeMIieparypa
HAapy>KHOI'O BO3/lyXa) M BHYTPEHHUX (MOIIHOCTh HHEPrOYCTAaHOBKH)
(dakTopoB, pu KOTOPbIX PpyHKIHOHUpPYET MUHU—TIC.

5. Ompenenenune pexkuMoB padoTel MUHU—TIC, MpU KOTOPBIX CYIIECTBYET
PUCK BO3HMKHOBEHUSI OTKA30B BCIIEICTBUE MPEACIbHON TEMIIepaTyphl HA
MNOAIIUITHUKAX.

6. Ompenenenne aabTEPHATUBHOTO paboyero BEUIECTBA, MapaMeTpbl
KOTOpOro oOecreyaT HAaWMEHBIIUW PHUCK BO3HUKHOBEHHS OTKAa30B B

paboTe KOoreHepalMOHHON YCTaHOBKH.



/. Pa3zpaboTka pekOMeHAAlMil 10 TMOBBIIMICHUIO HAJEKHOCTH pPabOThI
MuHU—-TOC B ycnoBusix Boctounoit Cubupu u [dansHero Bocroka
Poccun.

OOBeKT uccleIoBaHusl — aBTOHOMHAs SHEpProycraHoBka — MUHU—TIC ¢

OpPraHU4CCKUM IUKIOM Penkuna.

HDGI[MGT HCCJIICAOBAHUA — BJIMAHHUC BHCIIHHUX WM BHYTPCHHHX YCHOBHﬁ

OKCILTyaTalluid Ha HIpOoHCCC KOHACHCAIIUMH OPraHUYCCKOI'O TCIUIOHOCUTCIIA Ha
CTaaun CMA3bIBaHHA ITIOJIIHUIIHUKOB CKOJIBKCHHA Typ60reHepaT0pa IIpu
OKCIUTyaTallud B KIIMMATHYCCKHUX YCJIOBUAX BocTounoit CI/I6I/IpI/I )41 I[EU'II)HGFO

Boctoka Poccun.

HayuHast HOBH3HA pabOThI: BIIEPBBIE OYIYT ONPEAEIEHbI PEXXUMBbI pA0OThHI

MuHn—TOC (nuana3oH 3HAYECHHN TemIlepaTypbl BHEIIHEH CPelbl U BBIXOJHOM
MOIITHOCTH), TIPOBOIUPYIOIINE BOSHUKHOBEHNE OTKA30B B pabOTE YCTAaHOBKH IO
NpPUYMHE MEXaHWYECKOW HEUCNPABHOCTU TypOoarperara (3akJIMHUBAaHHE

TypOuHBI Ha Bally) B ycioBusix Bocrounoit Cubupu u lansHero BocTtoka.

[IpakTHyeckasi 3HAYMMOCTb:

o uHpopMaluss O pexumax pabOThl YCTaHOBKM B  00JacTu
NIOBBIILIEHHOTO  pHCKa BO3HUKHOBEHUS OTKa30B YCTAaHOBKH ITO3BOJIUT
pa3paboTaTb pPEKOMEHJIALMU 1O CHIDKCHHIO  KOJMYECTBA  aBapUMHBIX
TEXHUYECKHUX MMPOUCIIECTBUM B pabore MUHU—TIC;

o NOJTyYEHHbIE CBEACHHUS O MapaMeTpax albTEPHATUBHOIO paboyero
BEIIECTBA IMOMOryT mogoOparb HauOosiee MOAXONAIIEE BELIECTBO IS

UCIIOJIb30BaHus B pabote MuHu—TIC;



1. O030p aBTOHOMHBIX IHEPrOreHEPUPYIOIINX YCTAHOBOK HA TEPPUTOPHUU
yIQJIeHHOH OT IEHTPAJTU30BAHHOI0 YHEPIrOCHADKEH U

B mnHactosmee Bpems Oonblioe BHHMaHHE VACIACTCS MpodiemMam
AKCIUTyaTaIiy JEIEHTPATN30BAHHBIX HCTOYHUKOB SYHEPTHH, UCTIONB3yEeMbBIX IS
CHA0XEHUS TEIUIOBOW U AJIEKTPUUECKON IHEPTrUel KOHEUHBIX morpedutenci. B
OCHOBE palOThl TAaKUX YCTAaHOBOK JIEKAT KaK TPATUIIMOHHBIE HCTOYHUKH
SHEPruu, Tak U HeTpaaunuoHHble. [logpoOHBIE maHHBIE 00 HCIOIB30BAHUU
HETPAIUIIMOHHBIX HMCTOYHUKAaX dHepruu (dHeprus ConHila, BeTpa U T.1.)
npejacTaBicHbl B padorax [6-18]. Ha cHoBaHMUM mpeCTaBlICHHBIX MaTEPUATIOB
MO>KHO CJI€J1aTh BBIBOJI, YTO MCIOJIb30BAHUE BETPOIHEPTETUUECKUX YCTPOUCTB U
COJTHEYHBIX TMaHejed Malod(p(EeKTUBHO HA TEPPUTOPUH C PE3KOMEHSIONAMCS
KJIMMAaTOM, a BbhIpabaThiBaeMOE KOJIMYECTBO SHEPTHUH KpailHE HECTaOWUIBHO, YTO
HEJIOMYCTUMO JJIsi oOecrieueHus: OecriepeOOHON pabOThl TEXHOJIOTHMYECKOTO
000py10BaHUS.

B pa6otax [9-28] mmpoko mpeacTaBieHa nHopmaims 00 aBTOHOMHBIX
UCTOYHUKAX DHEPTHUH, HCIONB3YIOMUX TMOTEHIMAN MPSMOro Ipeodpa3oBaHuUs
XUMHUYECKOM HHEPruM TOIUIMBA B JJIEKTPUUECKYIO »HHepruto. OCHOBHOM
COCTABJISIIONICH TaKUX YCTAHOBOK SIBJISIETCS TOIUTUBHBINA AJIEMEHT (B YACTHOCTH,
HU3KOTEMIIEpAaTypHbIE 3JEMEHThl CO CBOOOJIHBIM M CBSA3aHHBIM HIEIIOYHBIM
ANIEKTPOIUTOM U TOIUTMBHBIM 3JIEMEHTOM C TBEPOTIOTUMEPHON HOHOOOMEHHOM
MeMOpaHoIt), a Tak e BOJOPOJ] WU KUCIOPO/, 3a1mac KOTOPBIX MPOOJIeMaTUIHO
o0ecrieynTh B yAAJCHHBIX TOYKAaX Hamied cTpaHbl. JlaHHas mpoOiema
NPEMSITCTBYET MCIOMB30BAHUIO 0€3aBapHHON OSKCIUTyaTalldd TaKUX THIIOB
YCTaHOBOK, OJJHAKO HE UCKJII0YAET TaKol BO3MOXKHOCTH [27—28].

Hawnbomee dYacTo WCMONB3YIOTCS TPATUIMOHHBIC HSHEPrOyCTAHOBKH,
paboraromue Ha yrieBogopoax (MPOayKThI mepepadoTKu HEPTH, TPUPOTHBIHN
ra3). Takoil coco6 opraHuzanuu sHeproodecrneveHrs 00bEKTOB, YIATCHHBIX OT
[EHTPAJTIM30BAHHOW HHEPrOCUCTEMBI, SBISIETCSI HauOoJiee ONTUMAJIbHBIM Ha

TCPPUTOPUHU BocTtounoii Poccun B ¢BSI3M ¢ OOJBIIMMMU 3aIllacaMyu OpPraHUYCCKOI'o

ToruiBa [29-41].



CoBpemeHHass Ta3oBass W HepTsAHAS MPOMBINUIEHHOCTh Poccum
UCIOJIb3yeT Ooublloe Koau4ecTBO MUHU-TOC Ha OpraHuyeckoM TOIUIMBE B
Pa3IMYHOM HCIIOJTHEHHH, KOTOPhIe MOKHO KiaccupuuupoBath [42]:

e ["a3zoBas MUKpOTYpOMHa;
e [ 'a30IIOpIIHEBOM arperar;
e [lapoBoii koTen ¢ mapoBoOi TYpOUHOI;

Kaxgas #3 mepednciaeHHBIX BBIIIE TEXHOJIOTHH HMMEET CBOH
MOJIOKUTENIbHBIE U OTPUIATENbHBIE KauecTBa. Takue KauyecTBa M OMPEICINIAIOT
001acTb BO3MOXHOCTU U 3((HEKTHBHOCTH WX MPUMEHEHHUS B TOM WM HWHOM
cdepe MPOMBIIIIICHHOCTH, B TEX WX MHBIX KIMMAaTUIECKUX YCIOBUSX.

Munu-TOC Ha OCHOBE Ta30BOM MUKPOTYpOUHBI UMEET B CBOEM COCTaBE
JMIIb OJHY BpalllalOLIyloCcsl JefaTh — BaJl, Ha KOTOPOM pPacloiIO0KEH
AJIEKTpOreHeparop, TypouHa u kommpeccop. KoHCTpykTHBHasE 0COOEHHOCTB
TaKOM yCTaHOBKM BBIPAXaeTcs B OTCYTCTBUU PEAYKTOPA WIIM KaKUX-JIMOO MHBIX
MEXaHWYECKUX TMPHUBOMOB. B  KauecTBe CMa3bIBAIOIIETO BEIIECTB  HE
UCTIOJIB3YETCS MAclio, YTO YIPOoIIaeT dKCIuTyaTauio noamumaukoB [43]. Takoi
BUJI YCTAHOBKM HCIONb3yeT Kommanus «Capstone Turbine Corporationy»
(puc. 1.1), koTopasi 3apekoMeHI0Balia ce0si B MUPE KaK YCTAaHOBKY C JIOBOJIbHO
oonpmm KIIJ[ — 1o 35%. OnHako npUMeHEHHE TaKOi YHEproreHepupyrolei
YCTaHOBKM Ha 00BEKTax Ta30BOM M HEPTSIHOW MPOMBIIIJICHHOCTH HE OIMpaBAaHo,
B CBSI3U C HEOOXOIUMMOCTBIO H3MEHEHHs BbIpadaThiIBa€MOM MOIIHOCTH B
IIAPOKOM JAuana3zoHe. M3MeHeHuss MOmHOCTH Ben€T K cHukeHutro KIIJ]

OHCPIrOyCTAHOBKH.
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Pucynok 1.1 — BHemHuit Buj MUKpOTYpOUHBI «Capstoney

[Ipumenenue  raszomopiiHeBbix  yctaHOBOK  (I'TIY)  oOwscHsiercs
cienyrommumu  npeumymiectBamu:  [TIY  uMeer gocTaToyHO — OOJIBIIYIO
HPOJIOIKUTENBHOCTh PaboThl (20-30 51eT), MMeeT MEHBITYI0 YyBCTBUTEIILHOCTh
K 4YacThiM Imyckam u octaHoBkam. [TIY B ornumyme oOT ra3oTypOMHHBIX
YCTAaHOBOK MEHEE 3aBHUCHUT OT TEMIIEPATypbl OKPYXKAIOLIErO BO3AYyXa, TaK XKe
OJIHUM W3 OCHOBHBIX IUIIOCOB SIBJISIETCS He3HauuTenbHOe cHukenue KII/ npu
CHW)KEHHMH DJIEKTPUYECKON HArpy3KH B Auana3zoHe perynupoBanus, oommi KI1J]
xe cocraBisieT okoino 40 %. KoHcTpykius ra3onopuiHeBOM YCTaHOBKH
HAllOMUHAET KOHCTPYKIIMIO JBUraTeisi BHYTpeHHero cropanus. IlpuHiun
JICWCTBUS 3aKJIIOYAETCS B PACUIMPEHHM CTOPAeMoro TOIUIMBA, MPU KOTOPOM
BBIJICIMBINASACS DHEPrusi cooOljaercs MopuiHio. B KOoHeYHOM  cyerTe,
MEXaHWUYEeCKas  dJHEPrus  COoOOIIaeTcs  DJIEKTPOTeHEepaTopy,  KOTOPBIHA
BbIpa0aThIBAET JIeKTpuyeckyto sHepruto. Buemnuit Bun ['TIY npencrasnen na

puc. 1.2.

11
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Pucynok 1.2 — Baemnuii Bug ['TTY

[TopaBnsitoniee  OOJIBIIMHCTBO —~ DHEPrOr€HEPUPYIOLIUX  YCTAHOBOK,
JKCIUTyaTupyrommxcss Ha tepputopun [aneHero Boctoka u  Bocrounon
Cubupu, paboratot no 1Ky Penknna. [Ipumepom Takoi yCTaHOBKU SIBISIETCS
paspaboTka  u3pawibCcKoM  kommaHuu — «Ormat».  DTOT  HCTOYHHK
HHEPrOCHAOXKEHHUSI TOJHOCTHIO AaBTOMATH3MPOBAH, HCIOIb3YeT B KauecTBE
TOIUIMBA TPAHCIOPTUPYEMOE IO Ta30IpPOBOAY CBIPBE M XapPaKTEPU3YETCs
JUINTEJIbHBIMU MEKPEMOHTHBIMHM NIEPUOJAMU MPU KCIUIYyaTAlMH B IPOEKTHBIX
ycnoBusix. Mcnonb30BaHne Takol yCTaHOBKH JOCTaTOYHO YAOOHO JJisi Fa30BbIX
U HE(TAHBIX KOMIIAHUH, MOCKOJIBKY HMPHUPOJHBIN ra3 sBISETCs NMPOIYKTOM HX
OCHOBHOM JI€ITEILHOCTH.

Beicokomopusbiii B.C. B cBoux paborax [44—46] roBopuT O TOM, 4TO
razoBasg komnanus IIAO «['a3mpom» sKcmutyaTupyeT Ha TeppuTopun Poccun
6omnee 100 muan-TOC Manoit MOIIHOCTH C 3aMKHYTHIM TEPMOIWHAMUYECKUM
LMKJIOM, a B CBSA3M CO CTPOUTEIBCTBOM HOBBIX TIa30IPOBOJIOB KOJMYECTBO

YCTaHOBOK PacTeT exXeroaHo. Buenrnuit Bux takoil MuHu-TOC mokas3aH Ha puc.

1.3.

12



Pucynok 1.3 — Buemnuit Bua munu—T3IC komnanuu «Ormat

OnHako KIMMaTUYECKHE YCIOBHS Ha TEPPUTOPUU BOcTOKa Poccun
XapaKTEepU3YyIOTCA 3HAYUTENIbHBIMU NEpenajaMyu TEMIIEpATyp BO3AyXa U TaKUe
yCIIOBUS AKCIUTyaTaluu SABJISIFOTCS IPUYHHOU BO3HUKHOBEHHS
HEperjJaMeHTUPOBAHHBIX OTKa3oB B pabore MuHU-TIOC, CBSI3aHHBIX, B
YaCTHOCTH, C  HECOOTBETCTBUEM  TeMIlepaTypbl  paboyero  BellecTBa
(opranuyeckasi KHUIKOCTb), HCIOJIb3YEMOTO0 B TEPMOJUHAMHUYECKOM IIHKIIE,
MPOCKTHBIM 3HAYEHUSAM. YKa3aHHOE HECOOTBETCTBUE 3a4acTyIO SIBJISIETCS
NpUYUHOM 0TKa3za MUHU-TIC BclieICTBUE BHICOKOW TeMIIEpaTyphbl Ha BBIXOJE U3
BO3JyIIHOIO  KoHaeHcaropa [l, 6]. Kpome TOro, KOHCTpyKUIHA
paccMaTpuBaeMOro AaBTOHOMHOI'O MCTOYHHMKA JHeprocHaOxenus (puc. 1.3)
MpeayCcMaTPUBAET UCIIOIb30BAaHME B KAUECTBE CMA3bIBAIOIIEH MOAIIMITHUK Baja
TYpOUHBI KUAKOCTH OpraHWYecKoe paboyee BellecTBO, BO3BPAIIAEMOE B LMK
nocjie OXJIAXKJEHUs B KOHAeHcaTope. B ycloBusx, korjga Ttemmeparypa

HaHpaBJI}IeMOI\/'I Ha CMAa3Ky MOAIIMUITHHUKA XHUAKOCTH IPCBLIIIACT PCTIIaMCHTHEBIC
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3Ha4YeHMS [5], BOBHHKAET PUCK BOSHUKHOBEHUS cO0s B paboTe TypOoreHeparopa
YCTaHOBKH.

Cxema tunmunor muan—13C npencrasieH Ha puc. 1.4. ['maBHas ropenka
3 HarpeBaeT OpraHMYECKyI0 pabouyro KHJIKOCTh B maporeHeparope 6. YacTb
KUJKOCTH HCHApSIETCS W Tap, paclIupssICh, NPUBOAMWT BO BpAIlCHUE KOJIECO
TypOUHBI 8 U COCTMHEHHBIN C HUM POTOp TeHepaTopa 9. 3aTem map MoCTymaeT B
KOHJeHcaTtop 12, rae oxiaxkaaercss U KonaeHcupyercs. [lonydeHHas KUAKOCTb
BO3Bpanaercss Hacocom 10 B maporeHepaTop, OXJaxaasl dJIEKTPOreHepaTop U
CMa3bIBasi MOAMIMUIHUKYU. LMK MOBTOpsieTCS HEMpPEepBhIBHO O TEX IOp, MOKa
IPOMCXOJIUT HArpeB pabouel KUAKOCTH B MApOTreHepaTope.

TypOoreneparopom BbIpabaTbiBaeTcsi Tpex(da3HbIl MEPEMEHHBIN TOK,
KOTOpPBIA 3aTeM BbIIpsAMISIETCS W (QuiibTpyerca. BbIXoj MHOCTOSIHHOTO TOKa
peryjiupyercss B 3aBUCUMOCTH OT Harpy3kKd OHEpProyCTaHOBKH 3a CYET
ABTOMATHYECKOTO0 M3MEHEHHUsI KOJIMYECTBA TOIUIMBA, MOJABAEMOIO B CHUCTEMY
3axkuranus [47].

['azocHabxkenne MuHU—TOC oOCyIIecTBIsETCS 4Yepe3 peAylHUpYIOui
NYHKT (SBISIOMIMIACS YacThI0 HHEPrOyCTAHOBKH, HO PACIOJIOKEHHBIH B
OTJICIbHOM  TOMEIIEHUHU), OCHOBHBIM HA3HAYEHHEM KOTOPOTO SIBIISETCA
cHIKeHue aasinenus raza ¢ 100 6ap (1aBiieHHe MOXKET MEHSTHCSA B 3aBUCUMOCTHU
OT YyJIaJlEHHOCTU WMCTOYHMKA) 10 BBIXOAHOro 3HaueHusi 1 Oap. [lomaua raza
MIPOU3BOIUTCS ABYMS IOTOKAMU Yepe3 JIBa OTACIbHBIX 50-MUKPOHHBIX PUIBTpa
TBEPJIbIX YaCTHUIl, OOBEIUHSAIONIUXCS B OONMH MOTOK, MOCTYNAIOIIUA B
AJIEKTPUYECKUN HarpeBaTellb. B 3JIEKTpUUECKOM HarpeBaTele MPOUCXOAUT
nojmorpeB raza mo temmneparypel Beime 0°C (B cwry addexra Jxoyns-
TomricoHa mpH TaKOM YMEHBIIIEHUU AABICHUSA TEMIEpaTrypa ra3za MOHUKAeTCs

Ha 40°C).
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1 — mMarucTpans MOABOA OPraHUIECKOT0 TOIUINBA; 2 — MAHEeIb yIPABICHUS
moJiaueit Toprovero; 3 — ropeska; 4 — TepMocTar; 5 — opraHn4decKast KUJIKOCTb;,

6 — maporeHnepatop; / — mapornpoBo; 8 — TypouHa; 9 — reHepaTop NMEPEMEHHOTO TOKa;
10 — nacoc; 11 — Tpy6ka nogauu napa B KoHaeHcaTop; 12 — konnencarop; 13 —
TpyOKa BbIBO/A KOHAECHCaTa; 14 — npimoBas TpyOa; 15 — kabenu BXxoja mepeMeHHOT0
TOKa K BBIIPSIMHUTENO0; 16 — DJIEeKTpUUECKUi IIUT

BrixonHas Temneparypa noaaep;kuaercs paBHoil 2°C, 4ToObl B ciiydyae
HaJIUM4MsT B Tra3e KOHAEHcaTa He oOpa3oBbiBasics Jien. Ha Beixome wu3
AJIEKTPUYECKOTO0 HArpeBaTess MOTOK ra3a CHOBA PAa3JEiseTCs HA JIBE 4YacTH, U
KaXJasi MPOXOJIUT Yepe3 CBOM PEAYKIMOHHBIA KiamnaH. [lamee ra3 mopaercs B
CHCTEMY 3QKUTaHHUsI, COCTOAIIYIO U3 IJIaBHOW U 3allaJIbHOM TOPEIIOK, 3AIIUTHOTO
BBIKJIFOUYATEIIS,, CHCTEMBI PYYHOI'O M MOBTOPHOTO 3a)KUraHus. [ J1aBHasi ropenka
BBITIONTHACT (PYHKIIMU MCTOYHHMKA TEIUIOTHI IS MaporeHeparopa. Ee padotoii (B
3aBUCHUMOCTH OT Harpy3kud Ha DHEProyCTaHOBKY) YIIPaBIISET aBTOMaTHYECKas
cuctemMa.  3anajibHas  TrOpelKka  MCHOJBb3yeTCsd  JJIi  MHOTOKPAaTHOIO
BOCIUJIAMEHECHU S TJIABHOM. 3alIUTHBIN BBIKJIFOYATENb YIIPABIISIET
DJICKTPOMArHUTHBIM ~ KJIAIIAHOM  [IOJJa4M Tra3a W TMPUBOJUT B JCHUCTBUE
TEPMOINIAPY, U3MEPSIONUIYI0 TEMIIEpATypy IUIAMEHU 3alajlbHOM TOPEIIKU
(3aIIUTHBIN BBIKJIIOYATENh OOECIIEUMBAET MOTOK ra3a K 3amajlbHOM M TJIABHOM
ropeikaM TOJbKO NPU HAJIWYMM IUJIAMEHHM Ha 3amalibHoM). PydHast cucrtema
3QKUTAHUSI BBIPAOATHIBACT DJICKTPUUECKHM pa3psii IS BOCIUIAMEHEHHSI
3anajabHOU TOpenkHu (IIpU MyCKe SHEPrOyCTaHOBKH).

Cucrema aBTOMATHYECKOIO IOBTOPHOI'O 3a)KUTaHUSl TMPUBOJIUTCS B
JEeNUCTBHE JaTYMKOM HOHM3AIMM, BbIPAOATHIBAET DJIECKTPUUYECKUN paszpsia s
MOBTOPHOTO BOCIUIAMEHEHMs 3alajbHON TOpPENIKH, €CIIM BO BpeMsl paboThl
TOPEHHE MO KAaKOU-THO0O0 MPUUYUHE MTPEKPATHUIIOCH.

VYnpasnenue paboTtoil Bcex cucreM MUHU—TOC B COOTBETCTBUHU C
3alpOrpaMMHUPOBAHHBIMHU  AITOPUTMAMM  BBITIOJTHEHUSI JIOTMYECKUX ONEpalnil

oOecnieunBaeT HuQppoBoit 010K yrnpasieHus (puc. 1.4).
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BbiBOABI 110 IEPBOH IJ1aBE

[To pesynbraTaM MOHUTOPHHIA MyOJMKAIMK MO TEME HCIOJIb30BaHUS
JEUEHTPATU30BaHHBIX JHEPrOyCTAaHOBOK JJIi SHEPrOCHAOXKEHUS YIaJIE€HHBIX
TEXHOJOTUYECKUX OOBEKTOB HE(MTIHOW W Ta30BOM MPOMBINLICHHOCTH,
BBIABJICHBl  MPEUMYIIECTBA W HEIOCTATKU PA3JIMYHBIX THUIIOB YCTaHOBOK,
KOTOPBIE U OMPEAEISAIOT 001aCTH UX TPUMEHEHHS.

Tax 6maronaps psany npeumyiiectB MUHU-TIC ¢ OpraHUYECKUM ITUKIIOM
Penkuna mHe BUauTCs Haubosiee MPUTOAHON 11t 3G (HEKTUBHON IKCILTyaTalluu
B peruoHax Bocrounoit Cubupu u [ampHero Boctoka Poccuu. Cpenu
OCHOBHBIX IPEUMYIIIECTB TAKOW YCTAHOBKU MO>KHO BBIICIIUTH CJIETYIOLIHE:

. NPUMEHEHHE OpPraHWYeCcKoro BeIlecTBa — JUXJIOpOEH30Jla B

Ka4yCCTBEC pa6oqero BCIIECTBA,

® BO3MOXXHOCTb pa6OTBI YCTAHOBKH B dBTOMATHUYCCKOM PCIKUME;
° HCIIOJIb30BAHHUC B Ka4YCCTBC HarpcBa TCIIJIOHOCUTCIIA
YTJIIEBOAOPOJAHOI'O TOIIINBA, ABJIAIOIICTOCA OCHOBHBIM IMPOAYKTOM

NEeATeTbHOCTH He(Tera3oBoM MPOMBIIIUICHHOCTH, YTO CYIIECTBEHHO COKpAIlaeT
pacxo/ibl Ha COJIEP)KAaHUE YCTAHOBKHU;

. HaJIMYUE€ JJIUTEIHHOIO MEXPEMOHTHOTO MIEPUOA.

OnHako HEOOXOAUMO OTMETUTh, YTO HAPSAAy C MPEUMYIIECTBAMU MUHH-
TOC ¢ oprann4yeckuM UIUKIOM PeHKMHa HMEET W HENOCTAaTKH, OJHUM U3
KOTOPBIX SIBIISIETCA M HHU3Kas aJanNTUBHOCTh K OKCIUIyaTallid B PE3KO
MEHSIIOIIUXCS KIMMAaTUYECKUX YCIOBUSX.

OcHOBHBIC TIPOOJIEMBI, BO3HUKAIOIINE B XOJE IKCILTyaTallii yCTAHOBKH,

0osee mopoOHO PacCCMOTPHM B CIIEIYIOIIEM Taparpade.
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2. AHaaM3 HHTerpajbHbIX TmoKa3aTejeil HaaéxkHoctu MuUHN—TIC
YAAJICHHBIX JJMHEHHbIX 00bEKTOB ra3oTPaHCIOPTHOM cucTtembl Poccuu

CoBpeMeHHbIE SHEPIroreHepUpyIoIIne YCTaHOBKU JTOJI>KHBI
COOTBETCTBOBATh OOJBIIOMY KOJUYECTBY TpeOOBaHUM, 00eCTIEeUMBAIOIINX
OecriepeboitHyro u  Oe3zaBapuitHyro paboTy o0OpymoBaHWs, a TaKxKe
OTpEJIENICHHBIM MapaMeTpaM, KOTOPBIE MPEIbABISIIOTCS JJIs1 KaXKI0H YCTAaHOBKH
UHIUMBHUAYaIbHO. Kak mpaBuiio, 4YMCIOBbIE TapaMeTPhl YKa3bIBAIOTCS 3aBOJIAMHU-
U3rOTOBUTENSIMU B macrnopTe obopynoBanus. CpaBHUBaAs mapameTpbl 3aBOOB-
U3roToBUTENEH € (PAKTUYECKUMM MapaMeTpaMu YCTaHOBKH, MOKHO OILICHHUTD
3¢ ()EKTUBHOCTh UCIOJB30BaHUSI JAHHOM YCTAHOBKM, a TaKXKe MPEAYNPEAUTh
BHEILITATHBIC CUTYAIlMH, BbI3BAaHHBIC MPEEIbHBIM OTKJIOHEHHEM (haKTUUECKHUX
napaMeTpoB OT MapaMeTpPOB, YCTAHOBJIEHHBIX 3aBOJAAMU-W3TOTOBUTEIISIMHU.
[ToMuMO 3TOro, MOXXKHO OLIEHUTh Ha CKOJIBKO YCTAHOBKAa IMPUCIIOCOOJICHA IS
AKCIUTyaTallil B PETrUOHE, KIMMATUYECKHE YCIOBUS KOTOPOTO 3HAYUTEIHHO
OTIMYAIOTCA OT TeX, B KOTOPHIX OBLI CHPOSKTUpPOBAaHA M HCIBITAHA
sHeproyctanoBka. K ocHOBHBIM TpeOOBaHMSIM, MpeAbsBiIsieMbiM K MUHU-TIC,
otHocsTcs [48-49]:

» Haoescnocmv pabomwvl ycmanogku. B OONBIIMHCTBE CiydacB
NIPOU3BOJUTEIN YCTAHOBOK 3asIBISIOT OOJIBIIME TMEPUOABl MEXKIY IUIAaHOBBIM
TEXHUYECKUM OOCIYyKUBAHUEM, OJIHAKO MO CYIIECTBY MPUXOAUTHCS JOBOJIBHO
YacTO CTaJIKUBAaThCS C HE PErJIaMEHTHBIMH pabOTaMu B MEXKOOCITy)KHMBaeMble
nepuonbl. Takue BHEIUIAHOBBIE TEXHUYECKHUE TMPOUCIHIECTBHUS C YCTaHOBKAMHU
BIUSIOT Ha 3asBJICHHYIO HAJIEKHOCTh YCTAHOBKH. JTO MOXXHO OOBSCHUTH
UCIIOJIb30BAaHUEM JAHHBIX YCTAHOBOK B ycioBusix Boctounoit Cubupu u
JansHero Boctoka, KOTOpbIE PE3KO OTJIMYAIOTCSA OT YCJIOBHiL, B KOTOPBIX ObLI
CO3/1aH JJAHHBIN TUIT YCTAHOBOK (Hampumep, Npou3BoAcTBO N3paunis).

= Jloneoseunocmsv  pabomel  ycmanoeku. (CBOWCTBO YCTaHOBKH
COXpaHATh PabOTOCIOCOOHOCTh JO HACTYIUIEHUS MPEIEIbHOTO COCTOSHUS,

N3MCHAIONIIAA YCTAHOBJICHHYIO IIPOU3BOJUTCIIBHOCTh YCTAHOBKH.

18



* Onmumanvnas paboma munu-TOC 6 KoceHepayuoHHOM pedicume.
B0O3MOXXHOCTP  YCTAHOBKM  NOJAJEPKHBATh  ONTUMAJIbHOE  COOTHOILECHHE
BbIpa0aThIBAEMOIN ANEKTPUYECKOM U TEIUIOBOW 3HEpPrueH, MO3BOJSIOIIEH
o0ecrieuynBaTh (GYHKIIMOHUPOBAHHE OCHOBHOTI'O TEXHOJIOTMYECKOI0
000py10BaHus, KOTOPOE UCIIOIB3YET 3Ty SHEPTHIO.

" Aoanmayus ycmanosku K ocobvim ycrogusam sxkcnayamayuu. Kak
OpaBUJIO,  JHEPrOyCTAHOBKM  TNPOM3BOAATCS  CEPUMHBIM  CHOCOOOM,
aJaNTHPYEMbIM K HOMUHAJIbHBIM YCJIOBHUSIM 3KCIUTyaTallMH, KOTOPbIE HE 3aBUCST
OT reorpauueckoro MecTa HCIOJIb30BAHMS YCTAHOBKH. YUUTBIBAas CYpPOBBIE
KJIMMaTUYECKHUE YCIIOBUSl YAAQJIEHHBIX OOBEKTOB Tra30TPAHCHOPTHOM CUCTEMBI
Poccuun, mnpuxomumrcs cTalkuBaTbCd C OOJBIIMM YHUCIOM TEXHUYECKUX
OpOMCHIECTBUA W cOOeB. OTO  CBA3aHO €  HENOJArOTOBJIEHHOCTBIO

OHCProyCTaHOBKH OKCIITYAaTHUPOBATLCA B JJAHHLIX YCJIOBUSAX.

2.1 IToka3zaTejiud HAACKHOCTH
Jlist olleHKW HaAeKHOCTH padboTbl MuHU-TIC OyaeM HCIOIb30BaTh
CIICIYIOIIHE TIOKa3aTeNH:

Eounuunvie noxazamenu naoexchocmu:

NHTEHCUBHOCTh OTKAa30B — YCJIOBHAs IJIOTHOCTh BEPOSITHOCTU OTKa3a K
MOMEHTY BpPEMEHH t MPHU YCIOBHH, YTO JO 3TOIO MOMEHTA OTKa3 3JIEMEHTa He
npowusoien [49]:

A=)/ P(t), (2.1.1)
rje f (t) — II0THOCTH pacnpeeieHns CIIy9aiiHOW BETUYNHBI,
P (t) — BepOoSITHOCTh OTKA30B Ha OTPE3KE BPEMECHHU.

Orcroma craemyer, uro At) XapakTepu3yeT YHCIOBOE 3HAUYCHHUE
HAJeKHOCTH B HEKOTOPBIM 3aduKcUpoBaHHBI MoMeHT BpemeHu [47].
®u3znyeckoe UCTOJIKOBAaHME 3TOr0  IOKaszaTelsd JOCTaTOYHO  MPOCTOE.
NHTEHCHBHOCTD OTKa30B A(t) XapakTepu3yeT BEpPOSTHOCTb TOrO, YTO

YCTPOUCTBO, JopaboTaBiee OE30TKa3HO JO MOMEHTAa BpEMEHHU t, OTKaXKET B
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CIEAYIOINM 32 HUM MOMEHT 4Yepe3 JOCTATOYHO MaJIbld OTPE30K BpemeHu At
[50, 51]:
A=An/(At-n), (2.1.2)
€ N — YUCIO HCOPABHBIX DJJIEMEHTOB K MOMEHTY HaCTYIUICHUS
WHTEpBaja BpemeHu At

AN — 9UCJI0 OTKA3aBIIIMX 3JIEMEHTOB 3a BpeMs At.

[TokazareneM, XapaKTEpHU3YIOIIUM CBOMCTBO OE€30TKA3HOCTH, SIBISETCS
BpeMsi HapaOOTKu YCTpoilcTBa Ha OTKa3z Ty, KOTOpPOE SBISIETCS CPEIHUM
BpEMEHEM pabOoThI DJIEMEHTa MEXTy oTkazamu [50-52].

Cpennss HapaOOTKa Ha OTKa3 — OTHOLIEHHE cyMMapHOW HapaOotku T, 3a

3aJIaHHBIN EPHOJI BPEMEHU K CPETHEMY YUCITY OTKa30B 3a A3TOT nepuo/ [49]:
T,=T,/n. (2.1.3)
[Tapamerp TOTOKa OTKa30B  D3JEMEHTOB  OIEHUBACTCS  YHCIOM
MOBPESKICHNUN (BBIXOJOM €3 CTPOsl) DSJEMEHTOB B CIWHUIY BPEMEHU U
OTIpeIeNSIeTCS KaK OTHOIICHUE YHCIIa OTKA3aBIINX JIEMEHTOB Ng 3a Mepruoa AT K

o0IeMy 4uciay OAHOTHIHBIX 3JeMeHTOB n. Ecim 3a Bpemsi HabmomeHuit At

Ka)KJ[bIM 21eMeHT 13 N HaOIro1aeMbIX OTKasan n, pas, To [50]:
N
=Y n(t) |/(N-At)=n_(t)/At. (2.2.1.4)
i=1

rae Nep(t) - cpenHee YMCIO OTKA30B 10 HAPAOOTKH.

PasmepHocTh ®,paBHa OTK./rof. IlpuHuMnuanbHas pa3HuLa Mexay A U
®, COCTOMUT B TOM, YTO B ClIy4yae (,4UCI0 HAOIIOJaeMbIX y3J0B HE 3aBUCHUT OT
BPEMEHH, T. K. MOCJIE OTKa3a MPOMCXOAUT BOCCTAHOBJICHHE OTKAa3aBIIETO y3Jia
WIK 3aMe€Ha €ro HOBBbIM, €CJIM OH He BOCCTaHaBiMBaeMblidl. Yucno y3ioB Ni
MIOCTEMEHHO YMEHBIIIAETCs, MOCKOIbKY HE MPOU3BOIUTCS WA HE YYUTHIBACTCS
MIPOLECC BOCCTAHOBJIEHUS OTKa3aBmiero ysua [S0].

Ha ocHOBaHMHU cTaTUCTUYECKHX UccCienoBanuil [19] oneHnM HaeKHOCTD
padorel mMuHU-TOC (101 arperar) wucnonab3ys €IWHUYHBIE MOKAa3aTEIn

HAaACKHOCTHU JUJII OTKAa30B, IPOU3OHICAINIHNX B PE3YJIbTATC MEXaHUYECKOM
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HEeHCIpaBHOCTU TypOoarperara. Pacder mokazareneit OyaemM NpoOU3BOAUTH IS
Tpex cayyaes (TO — 1, TO — 2, nepuon skcmtyatanuu ¢ 2012 — 2015 roga):

e TO — 1 napa6otka 10 8000 yac:
— _ . 10-5
WTo-1 = 1018000 1,73 - 10">0oTKa30B/4.

2 B 14
TO1 ™ (101 — 14) - 8000

8000
TT0—1 = 7 =571

=2,01-107%1/u.

e TO - 2 napa6otka 10 16000 yac:

Wro—p = % = 1,23 -10"°0TKa30B/4.
_ 20 B s
Aro-2 = o1 =20y - 16000 _ > 10T/
16000
Tro-p = —55— = 800 u.
e B nepuo dkcruryataruu ¢ 2012 mo 2015 romer:
40
W2012-2015 = 797 2 368 27~ V13 107°0TKa30B/4.
- 40 - .
A2012-2015 = (101 _ 20 - 4365 24 ) 10/
4-365-24
T2012-2015 = 20 876 u.

[Tony4yeHHble JaHHbIE WMHTEHCUBHOCTH OTKa30B TypOoarperata B
pe3yJbTaTe MEXaHWYECKOW HEHUCHPABHOCTU COIMOCTABUMBI C AaHAJIOTWYHBIMU
nanabiMa  3a  niepuoy 2008-2012 romoB, paccMoTpeHHBIX paHee [50].

CoBOKYMHOCTH JJaHHBIX 3a 00a Mepuojia MPUBEICHBI HIKE B Tabimie 2.1.1.
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Tabmuma 2.1.1 — VHTEeHCHUBHOCTh OTKa30B MUHU—TOC B pe3yibTare

MexaHndeckor HeucnpaBHocTH B mepuon ¢ 2008 mo 2011 roma u ¢ 2012 mo

2015 rona.

Bapuant HapaboTku Ha O0TKa3
Tlokazarens
TO-1 TO-2 [lepuon skcruryaTanuu
HaACKHOCTHU
2008-2011 | 2012-2015 | 2008-2011 | 2012-2015 | 2008-2011 | 2012-2015
A, 1/a 2,35-10° | 2,01-10° | 1,74-10° | 1,54-10° | 2,62-10° | 1,87-10°
A% 14,47 11,49 28,62

Taxke B Tabmume 2.1.1 npuBeneHO 3HAYEHHUE  OTKIOHEHUS
WHTEHCUBHOCTH OTKa30B B PE3yJbTaTe MEXaHMYECKOW HEUCTPABHOCTH JBYX
MIEPUOJIOB  AKCIUTyaTalldd dSHEPrOYCTAaHOBKH A, T.e. Pa3HOCTh 3HAYCHHM
WHTEHCUBHOCTEH OTKa30B B pacCMaTpPHBaeMbIe TIEPHOJLI OTHECEHHOE K
3HAYEHUI0 MHTEHCHUBHOCTH OTKa3a 3a mepuoa ¢ 2008 — 2011 roma. Ucxons u3
MOJyYCHHBIX  JaHHBIX, MOXXHO KOHCTaTHPOBaTh, 4YTO B  PE3yJbTaTe
c(hOpMYITUPOBAHHBIX PEKOMEHAAIMN MO TOBBIIICHUIO HAJSKHOCTH B padoTe
ycTaHOBOK MUHH-TOC CHU3UIOCH YUCIO OTKa30B B paboTe TypOoarperara 1o
NpUYKMHE 3aKIMHUBaHHWS TypOuHbI Ha Bany (Ha 28%) [50]. PaccmorpenHas
aBTOpPOM TeMa OTKaza paboTel MUHU-TOC B pe3ynbTaTe NPENeabHO BBICOKOM
TeMIepaTypsl pabodero BelIecTBa Ha BBIXOJAEC W3 KOHACHCATOpa YCTAHOBKH
BIMSET W Ha OCTaHOB TypOoarperara IO TPUYMHE MEXaHUYECKOM
HeucnpaBHOCcTH. OMHAKO cOpPMYyIHpPOBAHHBIE PEKOMEHIAIMA HE IO3BOJISIOT
MOJTHOCTBIO HWCKIIFOUYWTh BO3HUKHOBEHHE OTKa3za B paboOTe yCTAaHOBKU W3-3a

MEXaHW4YeCKOM HEMCIIPaBHOCTH TypOoarperara.

2.2. CTaTMCTHKA TeXHUYECKHX MPOUCIIECTBUH

[Ipu pabore munu-TIC, ucnons3yembix kommnanusmMu [TAO «"azmpom»
HA TEPPUTOPUM JOOBIYM W TPAHCIOPTHUPOBKU YIIIEBOAOPOAOB Ha JlambHeM
Bocroke u B permonax Boctounoit Cubupu, nepuoanuecKud MTPOUCXOMST
pa3JIMuHbIe aBAPUMHO-TEXHUUYECKUE TMPOUCIICCTBUS, KOTOPBIE 3aHOCATCS B
KypHAJI OTIEPATUBHBIM MEPCOHATIOM. 3a BpeMsl SKCILUTyaTalluyd YHEPTOyCTaHOBOK

YK€ HAKOILUICH apXHWB JdaHHBIX, KOTOpBIﬁ IMO3BOJIICT IMPOBCCTU aHAJIN3 pa6OTBI
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yCTaHOBOK. PaHee yxe nccinenoBauch aBapUHHO-TEXHUYECKUE MPOUCIIECTBUS,
Bo3HUKIMe B mepuon ¢ 2008 mo 2012 rox [50], a takke Obul mpoBenEH
MOPOOHBIN aHAIW3 ATUX MPOUCIHIECTBUNA. B maHHO# paboTe akTyanm3upoBaHa
uHboOpMals O TMPOU3OMICANINX ABAPUIHO-TEXHUYECKUX MPOUCIIECTBHUIX 32
nepuon ¢ 2012 roma mo 2015 rox. COBOKYNHOCTh BCEX TEXHHUYECKUX
IIPOUCIIECTBUM npencTaBieHa B [Ipunoxennn A.

Ha ocHoBanum coOpaHHON uHpoOpManuu, MPEACTABICHHOW B
[Ipunoxenuun A, yCTaHOBIJIEHO, YTO TPEMSI OCHOBHBIMHU IIPUUMHAMH aBapUIHBIX-
TEXHUYECKUX IIPOMCIIECTBUI Ha paccMarpuBaeMblx MHUHU-TOC SBIAIOTCS:
OOpbIB IJIAMEHH TOPEIOYHOTO YCTPOWCTBA, MEXaHUYECKas HEHCIIPABHOCTD
TypOoarperara u npeielibHO BBICOKask TeMIlepaTypa B KoHJeHcaTope. [eranbHas

uHopMaIus npeacTaBieHa Ha puc. 2.2.1.

40

30

20

10 -

Jpyrue TexaEE4YecKHe Obpeie mIaMenn Mexanangeckas IlpegennHO EBICOKARA
HpPOHCIeCTBHNA FOpPeIoYHOro HEeHCHpPaBHOCTE Temmeparypa
VCTpolicTEa Typboarperara B KOHZeHcaTope

Pucynox 2.2.1. Cratuctuka Haumbojee TUIHUYHBIX AaBapUHHBIX

TEXHUUYECKUX MpouciiecTBuit 3a nepuoj 2012 — 2015 roast
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B xone ananmuza ObUIO BBISIBICHO, 4TO 46% aBapUHO-TEXHUYECKUX
MPOUCIIIECTBUN 32 pacCMaTpUBaeMbIe MEPUOBI MPUIILIOCH Ha OOPHIB IJIaMEHU
TOPEIOYHOr0 yCTpoilcTBa. BbicOkasi 107 BO3HUKHOBEHHSI TaKOW MPOOJIEMBI
oOyciioBlieHa HECTAaOWJIBHOCTBIO TOAAYM MPHUPOJHOTO Taza B TOPEIOYHOE
YCTPOUCTBO, a TaKK€ HEOAHOPOAHOCTHIO KOMIIOHEHTHOI'O COCTaBa MPUPOIHOTO
raza, rnojaBaeMoro Ha ropenodyHoe yctpoiictBa MuUHU-TIC. Ilopsaka 35%
ABAPUMHO-TEXHUYECKUX TMPOUCHIECTBUN NPUXOJUTCA HAa MEXaHHYECKYIO
HEUCIIPABHOCTh TypOoarperara, 4ro OOYCIIOBJIEHO BBIXOJOM H3 CTPOs JABYX
KOMOMHUPOBAHHBIX THAPOCTATUUECKUX—TUAPOAMHAMUYECKUX TOAIIUITHUKOB,
CMa3blBaeMbIX pabouei kuakoctbio. B 9% cinydaeB ycTaHOBKa BBIXOAMUT U3
CTpOsI MO MPUYMHE MPENeIbHOM TeMmmepaTypbl B KOHAeHcaTope. | aBHOM
OPUYMHON  3TOr0 NPOUCIIECTBUSI  SABJISIETCS  MNPEBBINIEHUWE  MPEACIIbHOM
TEMIIEpATYpPhl B KOHJICHCATOPE MO/ BIUSHUEM BHYTPEHHUX U BHEIIHUX YCIOBUIA
paboTel  TypOOYCTAaHOBKHM,  HCIONB3yeMOH  HAa  OOBEKTaX  €IWHOMN
ra3oTpaHCcIopTHOM cucteMbl Poccun.

HccnenoBannbie paHee gaHHbie BwicokomopueiM B.C. [50] B wactu
CTATUCTHKU MPOMUCHIECTBUM, MO3BOJUIN MPOBECTU CPABHEHUS PE3yJbTATOB 3a
2008 — 2012 mepuwonm c¢ pesynapraramu 3a 2012 — 2015 mepuoxn. Tabmura
MOJIY4YE€HHBIX PEe3yJIbTaTOB MIPUBEAECHA Ha pucC. 2.2.2.

[Ipoananu3npoBaB cpaBHUBAaEMbIC JAHHBIE MOXKHO CJENIaTh PsiJl BHIBOJIOB.
Bo-niepBhIX, pe3KO0 YMEHBIIWINUCH PA3IUYHOrO poOja aBAPUUHO-TEXHUUYECKUX
IPOUCHIECTBUN, 00bEIMHEHHBIE B OJHY IPYIIY (Ipyrue TEXHUYECKUE OIIUOKH).
K takum npoucmiectBusiM oTHocATCS: HEKoppekTHas padora KUIIuA, Beicokas
TeMIleparypa B [apOreHepaTope, KOPOTKOE 3aMbIKaHUE, HEUCIIPABHOCTH
CHUCTEMBbI MOXKAPOTYIICHHS, HECTAOUIIbHOE HAMNpSKEHUE Ha aKKyMYJSITOPHBIX
Oatapesx u apyroe. Eciam ToBOpUTH O IONHM 3THX OTKa30B MO OTHOIICHHUIO K
o01eMy 4ucay oTkaszoB, To 3a mepuoa 2008 — 2012 roxa 1015 MPOUCIIECCTBUM
coctasisiia 42%, B nepuojse 2012 — 2015 rona 10514 aHAJTOTMYHBIX OTKA30B YKE
cocrapiser npumepHo 10%. JlanHbiii (akT yka3bplBae€T HAa ONTUMM3AIHUIO

paboThl IHEPrOoyCTAaHOBOK. Takke MPOIEHT OIMUOOK YMEHBIIWICS 3a CYeT
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NPaBUJILHONW HACTPOMKM OCHOBHBIX Y3JIOB JHEProyCTaHOBKU. Bo-BTOpBHIX,
MOJIOKUTENIbHAST JAMHAMUKA BBISBUJIACh OTHOCUTEIHLHO TaKOro aBapHiltHO-
TEXHUYECKOr0 TMPOUCHIECTBUS KaK TMpEeAeiabHO BBICOKAas TeMmIlepaTypa B
KOHJIEHCATOpEe. DTO CBSI3aHO C COOJIIOJACHUEM PEKOMEHAAIMU MO MOBBIIICHUIO
nokasaresiell HaJleXKHOCTH U pecypcodddexkruBHOCTH MUHU—TIC, paboTaronmx
10 OpraHnyeckoMy nukity Penknna. Ha ocHOBaHMM pekOMEeHalui KOJIUYECTBO
MIPOUCIIECTBUN CHU3WIOCH B 4,9 pa3za. UTo KacaeTcsl TaKuxX MPOUCHIECTBUH Kak,
MEXaHH4YecKasi HeUCIPaBHOCTh TypOoarperara u oOpbIB TNIAMEHU TOPEIOYHOTO
YCTPOMCTBA, TO TUHAMUKHU POCTA/CHUKEHHUS HE HaOmromaercs. B cBsi3u ¢ 3TuM,
BUJUTCS HEOOXOJUMBIM HCCIEAO0BAaTh MEPBONPUYMHBI BOSHUKHOBEHHSI TaKOIO

poJia MPOUCIIECTBUHN U CITOCOOBI UX MUHUMU3AIIUH.
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Pucynok 2.2.2. Craructuka HanOosiee TUITMYHBIX aBAPUMHBIX TEXHUYECKUX MPOUCIIECTBUH 3a 2 MepHUoa.



3HAYUTENBHBIM  SBJISIETCA ~ BJIWSHUE  BHEIIHUMX  YCIOBUM  HA
pecypcodPpheKTUBHBIN TpollecC padOThl YHEPTrOreHEpPUpPYIOIIe ycTaHOBKU. B
COCTaBE SHEPrOyCTAHOBKM MMEIOTCA JIEMEHTHI, TECHO B3aUMOECHCTBYIOUIUE C
OKpyXXalollled cpeaod B pe3ylbTare IMpolecca KOHJEHCAMU pabodero
BEILIECTBA. Y CJIIOBUS OKPYKAIOLIEH CPENbl, @ UMEHHO, U3MEHEHNE TEMIIEPATYPHI
Hapy»XKHOro BO3JyXa (B 3aBHCHUMOCTHM OT BpPEMEHHU ToOfa) BIUSET Ha paboTy
yctaHOBKU. IloaToMy HEOOXOAMMO OTCIEAUTh 3aBUCHUMOCTb W3MEHEHUS
KJIMMATUYECKUX TIapaMETpOB Ha KOJMYECTBO M  XapakTep aBapHilHO-
TeXHUYeCKuX mnpouciiectBuil. I[lpu o00paboTke MaHHBIX CTaTUCTUKUA BCE
aBapuiiHO TEXHUYECKHE TMPOUCIIECTBUS ObUIM pa3fielieHbl Ha 2 TpYIIIbI,
XapakTepu3ywIue BpeMsl roja (3UMHUN W JIETHUU Tepuoibl). Pe3ynbraTh

aHaNM3a B 3aBUCUMOCTH OT TIEpHOJIa Toja MpeCTaBIeHbI Ha puc. 2.2.3.

¥ 3uMEHAE nepHOT

M leTani nepraox

Pucynox 2.2.3 — OOmee KOIMYECTBO TEXHUYECKUX MPOUCIIECTBUI B

3aBUCHUMOCTH OT BpeMeHH rojia 3a 2012 — 2015 roapl



Taxk >xe npuBeneHsl pe3ynabrathl 3a 2008 — 2012 nepuox Ha puc. 2.2.4:

M 3aMEEE DepHOX

M leTnnii nepuox

Pucynok 2.2.4 — OOmee KOTUYECTBO TEXHHUYECKHX TMPOHCIIECTBUN B

3aBUCUMOCTH OT BpeMmeHH roja 3a 2008 — 2012 roabl

Pe3ynbraThl aHanu3a MOKa3aJid, YTO TEXHUYECKUE MPOUCIIECTBUS
MPAKTUYECKA B PaBHOM J0JIE pacHpeNesieHbl KaK B 3UMHUM, Tak W B JIETHEM
NEPUOJIAX, YTO TOBOPUT O CYLIECTBEHHOM BIIMSIHUU KIMMAaTHUYECKUX YCIOBUM Ha
npoiiecc padotsl TypboycTaHoBKU. Heo0X01MMO OTMETUTH, YTO MEPUOT PaOOTHI
yctaHoBku 3a 2008 — 2012 rr. HaOmromaercss 3HAYUTENBHOE YBEIMYCHUS
KOJINYECTBO OTKa30B B 3UMHUW mnepuoa, B mnepuoa c¢ 2012 — 2015 rog
pacrpeeneHne KoJu4ecTBa 0OTKa30B B OTUETHBIE MEPUOIbI BEIPABHUIOCH.

PaccmoTpeB Gosee meTanbHO CTAaTUCTUKY TEXHUYECKHUX MPOUCIIESCTBUMA B
3aBHCHUMOCTH OT BPEMEHH Tofa, ObUIM MOJY4YeHBI CIEAYIOIIHNE AaHHbIe (puc.

2.2.5). 1151 3MMHEro nepuojia XapakTepHO TEXHUYECKOE ITPOUCILIECTBUE,
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[Tpegeneao BRICOKAR
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OSprIE mIaMesH
TOPEIoTHOTO
YeTpoiicTEa

JpyTHE TEXHHISCERS

OpPOHCIISCTERR

KoauyecTso omuboR
0 5 10 15 20 25 30 35

1 - S OSprIE mIaMeHH Miexanuueckan [Tpeneneao BRICOEAR
—— TOPEIoTHOTO HEHCIPaEHOCTE TeMOEpaTYpa
YCTPOHCTES TypOoarperara E KOHOEHCATODE
m JleTHui nepron 3 17 26 9

W 3 HNHEEH nepHom 3 34 14 2

Pucynok 2.2.5 — CraTuctuka HanOosee THIMUYHBIX aBApUUHBIX TEXHUYECKUX MPOUCIIECTBUI B 3aBUCUMOCTH OT BPEMEHH r'ojla



CBS3aHHOE C OOPHIBOM IUIAMEHU T'OPEIOYHOr0 YCTPOMCTBA, CBUIECTENBCTBYIOIIEE
0 mpobiieMax cOCTaBa rOprOYero BEIECTBA, a TaK K€ O HEKOPPEKTHOM pabdore
TOPENOYHBIX YCTPOMCTB, JMOO O HENPaBWIbHOM HACTPOMKE JIAaHHOTO
o0opynoBanusi. HeoqHOpoiHBI KOMIOHEHTHBIN COCTaB ra3a, MOCTYMAOIINI

B PEAYLUPYIOUINIl TYHKT, COAEPXHUT B cebde MOCTOPOHHHE COCAMHEHHUS
YTJIEBOJIOPOJIOB C BOJOM (METaH, MpoMaH, YIJIEKUCIIbIM ra3) 4TO MPUBOJIUT K
HEpEriiaMeHTUPOBAHHOMY IIPOLIECCY CIKUTAaHMSI IPUPOTHOIO rasa.

B cnen 3a orkazom B pabore MuHu-TOC no nmpuunHe oOphIBa IMJIaMEHU
TOPEJIOYHOI0  YCTPOMCTBA  CIEAYyET IPOUCIIECTBUE,  XapaKTEPHU3YIOIIEe
HEUCIIPABHOCTh TYpOWHBI BCIEACTBUE aBAPUMHOIO COCTOSIHUS TOJIIUITHUKOB.
Takoe cOCTOSIHMSI BBI3BAHO HECTAOMJIBHOW paldoTOi mpolecca CMa3blBAHUA
NOJIIIMITHUKOB padoyeill KUAKOCTbIO, & COOTBETCTBEHHO M HE KOPPEIHPYIOLIUX
napaMmeTpoB pabouell >KUIKOCTU C NapaMmMeTpaMH 3aBOJA-U3rOTOBHUTENA. IJTO
NPUBOJIUT K 3aKJIMHUBAHUIO TYPOWHBI HAa Baly, ¥ BBI3BIBACT MOJHYIO OCTAHOBKY
muHu-TOC Ha HeompeneneHHbld cpok. OcTtaHoB TypOoarperata HEraTUBHO
BAMSIET HAa OOmMH mporecc padoOThl BCIIOMOTraTEIbHOTO TEXHOJIOIHMYECKOTO
000py/IOBaHUSI MarucTpalbHBIX Ta30MpoBOAOB. Bo3Hukiyio mnpobdiemy He
pemnTh cOpachbiBAHUEM aBaAPUMHO-TEXHUYECKOTO MPOMCIIECTBUS C TOMOIIBIO
KOHTpPOJIepa, YCTAaHOBJIEHHOIO Ha MpobiieMHOM TypOoarperate. B Takoii
CUTYyallul HEOOXOJMMO MPOU3BOJUTH MOJIHYIO 3aMEHY TypOMHBI U Bajia, a Tak
XK€  JPYrMX  DJIEMEHTOB  DJHEPrOyCTaHOBKM  JUIsI  BOCCTaHOBJICHMS
paborocnocooHoctn MUHH-TOC. Takas mnpoueaypa 3aHUMaeT OOJIBIION
IPOMEXYTOK BpEMEHH, a TaK k€ TpeOyeT OOIbIINX MaTEepUaIbHBIX U TPYJOBBIX
3aTpar.

[Ipu paccMOTpeHHH JIETHErO NEPHOJA Ha NEPBOM MECTE MO KOJIMYECTBY
OTKa30B HaXOAMUTCS MpobiieMa MEXaHMUECKON HEMCIIPABHOCThIO TypOoarperara.
KonudectBo mpowuciiecTBUil MpakTHUECKH B 2 pa3a OoJbliie MO0 CPAaBHEHUIO C
3UMHUM IEPUOAOM. DTO YKA3bIBAET HA TO, YTO BBICOKME TEMIIEpPATyphbl BO3/1yXa
B JIETHUH TMEPHUOJI, OXJIaXAaroNe pabouyyro KUAKOCTh B KOHJIEHCAaTOpe, Ooee

KPUTHYHBI YE€M HHU3KHE IMMAPAMETPBI OKPYKAKOLIErO0 BO3AYyXa I KOPPEKTHOM



paborel MuHM-TOC. Ilpu BBICOKOH TemIepaType OKpY>KaIoIIEero BO3ayXa
paboyas )KUAKOCTb, MPOTEKAIOIAsl B KOHJIEHCATOPE, HE YCIEBAET OXJIAXAAThCS
70 HYXHBIX MapamMeTpoB, B CBSA3H C 3TUM HE OOECIEUYMBACTCA ONTHUMAaJbHas
paboTa MOAMIMITHUKOB CKOJIbXKEHUSI.

HToroBast 3aBUCHUMOCTB, CBSI3bIBAIOLIAsl BBl aBAPUHHO-TEXHUYECKUX
MIPOUCIIECTBUN B 3aBUCUMOCTH OT BPEMEHH T'0J[a U paCCMaTPUBAEMOr0 Mepruoaa
npeAcTaBieHa Ha puc. 2.2.6. JlaHHasg CTAaTUCTHKA HAIJISIAHO IMOKAa3bIBAE€T BCE
u3MeHeHus, npousomenmue B TeueHue 2008-2015 ronos, spko BhIpaKCHHBIC
OTKa3bl B paboTre TypOOYCTAaHOBKM, a TaK € KaK OTH MPOUCIIECTBUS

N3MCHAJINCH B TCUCHNUC BPCMCHU.

31
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MPOHCHIECTERA -
YCTpoficTEA Typboarperara E KOHIEHCATOpE
B JleTmsi nepuon 2008-2012 37 4 31 36
W 3mvmgi nepuon 2008-2012 65 30 22 18
B [letmui nepuon 2012-2015 17 26 9
B Sl mepuog 20012-2015 34 14 2

Pucynok 2.2.6 — Cratuctika Han0oyiee TUIMUYHBIX aBAPUHHBIX TEXHUYECKHUX MPOUCIIECTBUI B 3aBUCHMOCTH OT BPEMEHH T0Jla U

BPEMCHHOI'O ITPOMCIKYTKaA




BbiBoABI 110 BTOPOIi Iy1aBe

1. AkryanusupoBaHa, 0OpaboTaHa U CUCTEMaTU3UpOBaHa UH(OpMAIIUS 1O
OCHOBHBIM TE€XHWYECKUM IMPOUCHIECTBUSAM HAa TUNUYHBIX MUHU—TIC 00BEKTOB
Enunoit cuctemsl razocHadxenus Poccun 3a nepuoa ¢ 2012 o 2015 roasl.

2. [llpoananm3upoBaHbl TEPBOTPUYMHBI BO3HHUKHOBEHUS OCHOBHBIX
ABapUIHBIX TEXHUYECKUX TMPOUCIICCTBHM (OOpPHIB IUTAMEHH TOPETOYHOTO
YCTPOMCTBA, MeEXaHWYECKass HEUCIPaBHOCTh Typboarperata u MPeaeIbHO
BBICOKAsi TeMIleparypa B KOHIEHCATOpE), Ha KOTopbie nmpuxoautcs 85 % Bcex
MIPOUCIIIECTBUM.

3. IlpoBenén pacu€r mokaszarered HaJa&KHOCTHU M pabouero pecypca
paccMmatpuBaeMbiXx MUHU—TOC OTHOCUTEIBLHO BBIXOJIa U3 CTPOsI 000PYAOBaHUS
KOI'€HEpallMOHHONW YCTAaHOBKU MO MPUYMHE MEXAHUYECKOW HEUCIPABHOCTU
TypOuHbl. CpaBHEHBbI YCTAHOBJICHHBbIC 3HAYEHUS MApaMETPOB HAJEHKHOCTHU C
paHee TIONYYCHHBIMH 3HAYCHUSMU (CHMKEHHWE YHCIIa OTKa3oB B paboTe
TypOoarperara 1o nNpu4rHe 3aKJIMHUBAHUS TypOWHBI Ha Basry Ha 28%).

4. VYcraHOBIEHbl BO3MOXXHBIE IPUYMHBI  ABAPUWHO-TEXHUYECKUX
MPOUCIIECTBUN, HCCIEIOBAHUE KOTOPBIX BO3MOXHO TIPU MHUHHMAaIbHBIX
3aTparax OJKCIUTyaTUPYIOIIEH opraHu3anuu. B yacTHOCTH, NOpeacTaBisieTcs
1e1eco00pa3HbIM U3YUYEHHUE MPOIECCa CMA3bIBAHUS TIOJIITUITHUKOB CKOJIbKEHHUS,
YCTAHOBJIEHHBIX Ha Baly MUHU-TOC U omnpenerneHue MPUYUH BBIXOJA UX U3
cTposi (OCOOCHHO MPH AKCTPEMATBHBIX YCIOBHUSIX OHKCIUTyaTallMd — JICTHUM

HIEPUOI).



4 DuHAHCOBbINI MEHEe)KMEHT, pecypcod(pPeKTHBHOCTD 7
pecypcocoOepexkeHue
Bsenenne
TexHUKO-PKOHOMHUYECKOE OOOCHOBaHUE HAYYHO-UCCIEA0BATEIbCKOM
padotel (BKP) mpu maTremaTHuecKOM MOJACIMPOBAHMM aHAIW3a HaJIEKHOCTH
pabotel MuHH-TOC ¢ 3aMKHYTBIM ITUKJIOM Iapa Ha TeppuTopuu BocTouHoit
Cubupu u [lanpHero Boctoka mpoBoauTCs JUisi aHANIKM3a JEHEKHBIX U TPYIOBBIX
3aTpar, KOTOpbIE HaNpaBieHbl Ha peanu3annio BKP
B nanHoii pabore paccMarpuBaeTcsi MaTeMaTUYECKOE MOJECIMPOBAHUE
JUTSl aHaJu3a HaJIe)KHOCTU pabOThl aBTOHOMHBIX SHEProyCTaHOBOK. J1Jist paboThI
ucronb3zyercs  nporpammHoe — obecrieuenue = MATLAB.  Pesynbrathi
UCCJIEJIOBAaHUS TMPEJCTABICHbl B BHJIE MAruCTEpCKON JHUCCEpTAlluu  C
npuMeHeHueM nakera nporpamm Microsoft Office.
JlocTikeHue 1einn o0ecrneynBaeTcs PeIeHUEM 3a/1a4:
1. Ompenenenue 3TanoB pabOTHI, a TAKKE UX MPOIOJDKATEITLHOCTH.
2. Pacuer 3arpart HeoOoxoaumbix st BKP.

3. OrieHka Hay4YHO-TEXHUYECKOU pe3ynbTaTuBHOCTH BKP

4.1 Xo3siiicTBeHHOE IPUMeHeHHe YCTAHOBKU MUHU-TIC

M3paunbckas kommanus ORMAT SYSTEMS LTD 3anumaercs
POU3BOJICTBOM JKCIUTyaTHpyeMbIX B ycnoBusix Bocrounoit Cubupu u
HNanbHero Boctoka mMunHu-TOC ¢ opranundeckuMm 1ukiom Penkuna (OLIP-
TexHosaorus). Ecnu B nukie B KayecTBe pabOYero BELIEeCTBA MCIOJIb3YETCS HE
nap, a TEIUIOHOCHUTENIM C TEMIEPAaTypOd KHUIIEHMs BBIIIE WIM HUXE BOJBI,
OPECTABISIOMNE COOOW OpraHW4YecKue WIM CHUHTETUYECKHE BEIEeCTBa, TO
Takas yCTaHOBKa (DYHKLIIMOHUPYET 110 OPraHuYecKoMy UKy PeHkuHa.

VYcranokn MaHu-TOC Hanumm IMMPOKOE MPUMEHEHWH Y KOMIIAHUMI
rpynnsl ITAO «"aznpom». [Ipennpusitue 1o TpaHCIOPTUPOBKE T'a3a UCIIOIb3YET
101 TypboycTaHoBKyY Juist o0ecnieueHus: QyHKIHOHUPOBAHUS BCIIOMOTaTENbHOTO

o0opynoBaHus (KpaHOBBIE y3JIbl, ITYHKTHI TEIEMEXaHUKU U JIP.) MATUCTPATbHBIX

34



razonpoBogoB B Bocrtounoit Cubupu u Ha J[lanpHem Boctoke Poccun.
KorenepainronHas ycTaHOBKa BbIpa0aThIBAET AJIEKTPUUECKYI0 MOUIHOCTHIO B 4
KBrT, obecneunBaroniasi norpedurenell Tpexga3HbIM NEPEeMEHHbIM TOKOM. Tak
XK€ O MHUMO JJIEKTPUYECKOM  SHEPruM, YCTAHOBKA  0OECHEYHBAET
00CITy’KUBAIOITUN MEPCOHANT HEOOXOAUMBIM KOJIMYECTBOM TEILJIOBOM SHEpPrUEH.
Cua0xenne HeoOX0IMMOMN TEIUIOBOU U AJIEKTPUUECKOM dSHEPrUel moTpeduTenei
SBJISIETCSI  OCHOBOTIONIATAIONIMM KPUTEpHEM TMpU BBIOOpPE [AHHOTO THIA

yCTaHOBKH Ha Tepputopusx Bocrounoit Cubupu u Jlansaero Boctoka.

4.2 Opranu3anus 4 IJIaHUPOBaHUE PadoT

[InanupoBanve — JEATENbHOCTb, CBSI3aHHAsh C IIOCTAHOBKOM 3ajay
(uemneit), JOCTUTAEMOE 3a CYET ONTHUMAIBHOIO PaclpeiesIeHUsl PECYPCOB.

[InanupoBanue pabOT BKJIIOYAET B ceOsi: COCTaBJIEHUE NEpeuHs pador;
ONpEEIICHUE YYAaCTHUKOB KAXKJIOH OTAENbHOM padOThl; YCTAHOBJICHHE
IPOJIOJKUTENBHOCTH pabOT. B  paMkax IJIJaHMPOBAHUS HAYYHOTO IPOEKTa
HEOOXOMMO MOCTPOUTD JIMHEWHBINA WK CETEBOM rpaMKH MPOEKTA.

JInsi oCylIecTBIIEHUS BBIMIOJIHEHUS MAruCTEpPCKON AUCCEpPTaldUd Kak
MUHUMYM HEOOXOIMMO JBa HCHOJHUTENS — Hay4dHbld pykoBomutenb (HP) wu
cryneHt (C). 3amaya Hay4yHOro pyKOBOAMTENS CHOPMYIUPOBATH OCHOBHYIO
UJICI0 MPOEKTA, a TaK ke TpeOoBaHus K Hemy, momumo 3Toro HP obecneunBaer
TEOPETUYECKYIO TMOAJEPKKY M KOPPEKTHOCTh BbINoOJMHEHUd. Ha cryaeHra
JIOXKATCS CIIEAYIOUIME 3aaun: pa3padoTKa MPOEKTa, BHINOIHEHUE BCEro 00bema
3aIJIaHUPOBAHHBIX PadoOT.

Bompocel  opranuzanuu, IUIAaHUPOBAHUSI M YIHpaBlIEHHS PpabOTOM
TpeOyIoT YETKOTO paCTpeleNieHHs] COCTaBISAIOMUX €€  MPOIECCOB B
IPOCTpaHCTBE U BO BpeMeHu. CBeneHus 00 3Tamax, uxX MpOAOIKUTEIBHOCTU U
COTPYIIHUKAX, pa0OTAIOIIMX HAJl BHIIOJIHEHHEM NPOEKTa, MPEJCTaBICHBI B TA0JI.
421

Tabmuma 4.2.1 — CBenenust 00 OCHOBHBIX dTanax U MPOOJHKUTEIIbHOCTh
VX BBITOJIHEHUS
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3arpyska UCTOJHUTENEH, %o Tpoposmiut

Dranbl paboThI €JIbHOCTb,
HP C
TTHH
Br100op akTyanbHO# poOsIeMbl 100 0 4
CocTaBiieHHE TEXHUYECKOTO 3aIaHusI 100 0 7
W3ydenue nurepaTypsl 0 100 30
Bri0op HampaBiieHus Mccae10BaHus 60 40 8

AHau3 ITEPaTyPHBIX JAHHBIX 110
TEMAaTHKE UCCIIeIOBaHMs, HATMCAHKE 0 100 60

0030pHO TJIaBbI

Peanu3anus nporpaMMHOro KOMILIEKCa €

NpPUMEHEHHEM TPOTPAMMHOTO 10 90 120
obeceueHus
CpaBHUTEIIBHBIN aHATN3 TTOYYECHHBIX
10 90 60
pe3ynbTaToB
Hanucanue paznenoB «ConuanbHas
OTBETCTBEHHOCTELY U «PUHAHCOBEIN
0 100 15
MEHEJKMEHT, pecypco3(HeKTuBHOCTD U
pecypcocOepekeHue»
Hanucanue 3akiIo9nuTeIbHOM YacTH
0 100 20
paboThI
Hamucanue pasznena Ha ”THOCTPAHHOM
0 100 5
SI3BIKE
OdopmiieHne pacueTHO-TIOSCHUTEIBHON
5 95 20
3aIUCKHA
HUTOI'O: 358

B ocHOBHOM, mpu pa3paboTKe NPOrpaMMHBIX MPOIYKTOB OOJBIIYIO
4acTh CTOMMOCTH pa3pabOTKU COCTAaBISIOT — TPYAOBbIE 3aTpatrbl. [lpu sToMm
BaYKHO OIPENEIUTh TPYJAOEMKOCTh PA0OT UCTIOTHUTEIS.

OmnpeneneHue 0KUIAEMOr0 3HAYEHUS TPOJIOJKUTETBHOCTH PA0OT toy:

3t 20t

tO)K
5

, (4.2.1)
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rae t_. — MUHUM. TPYAOEMKOCThL paboT, Y€/ aH.;
t__ — MaKc. TPyJI0EMKOCTb PabOT, Yell/IH.

OnpenenuMm JJIMTENBHOCTh 3TANOB, KOTOpash U3MeEpsAETcsd B pabouux
THSAX I IOCTPOEHUS JIMHEWHOro rpaduka. CleayromuM maroM rnepeBeieM B
KaJICHJapHbIE JHHU.

Pacuer mpomomKUTENbHOCTH BBINOJHEHUS Ka)XAOro 3Tama B pabodux

JTHSIX :
T =t/ K, K,, (4.2.2)
rae T, — TpyIOeMKOCTb paboThl, YeEN//IH. ;
K,,— K0O((GULKEHT BBIIOIHEHUS PaboT (K, =1);

K — xo3(¢uIment, KOTOpBIH yYUTBIBACT JOIOIHUTEIBHOE BpEeMs Ha

corsnacoBanue pabor u komnencaunn (K, =1,2).

Pacuer OPOAOJDKUTCIBHOCTH dTalla B KAJICHIAAPHBIX THAX.

To=T, T (4.2.3)
rae T — Koaqaq)HuI/IeHT KaJI€eHJapHOCTH.

Koaddunment kanennapHocTu:

T =T /(T —T,-T,)=365/(365-52-12)=1213, (4.2.4)
rae T, — KajleHgapHsle auu (T =365);
T,,— Boixoxusie auu (T, =52);

T,,— npasganunsre guu (T, =12).
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Tabmuma 4.2.2 — Tpyno3aTparsl Ha BEIOTHEHNE HAYIHO-UCCIIENOBATEILCKON PAaOOTHI

Oransl padboThl Hcnonaurenn IIpo0oKUTEIBHOCTD JIIMTENbHOCTD JInuTenbHOCTh
pabot, 1HU pab6ot Tpn, pab6ot Tk,
yes./aH. Yes./aH.
t i tax tox HP C HP C
Br160p akTyanbHON POOIIEMBI HP 2 4 2,8 3,36 0 4.07 0
CocraBiieHHE TEXHAYECKOr0 3a0aHus HP 5 7 5,8 6,96 0 8,44 0
N3ydenne nurepaTypsl C 27 30 28,2 0 33,84 0 41,05
Br16op HampaBiIeHUS UCCIICTOBAHUS HP, C 6 8 6,8 4,89 3,26 5,93 3,95
AHanmu3 ITUTepaTypPHBIX JAHHBIX 110 TEMaTHKE C 50 60 54 0 64,8 0 78,6
WCCJICTIOBaHMS, HAIMCAaHUE 0030PHOM T1aBbl
Peanuzanust mporpaMMHOTO KOMILIEKCA € HP, C 110 120 114 13,68 123,12 16,59 149,34
IPUMEHEHHUEM ITPOrPAMMHOT0 00eCTICUCHUS
CpaBHHUTENBHBIN aHAIN3 TTOJTYICHHBIX HP, C 55 60 57 6,84 61,56 8,29 74,67
pE3yIbTaTOB
Hamnucanue paznenos «ConuaibHast C 13 16 14,2 0 16,84 0 20,21
OTBETCTBEHHOCTH» U «PUHAHCOBBIN
MEHEKMEHT, pecypcod(hPekTHBHOCTE U
pecypcocOepeKeHHEe
Hanucanwne 3akmountensHoOM 9acTu paboThl C 15 20 17 0 20,4 0 24,74
Hanucanue pasziena Ha MHOCTPAHHOM SI3BIKE C 3 5 3,8 0 4,56 0 5,53
OdopmieHne pacyeTHO-TIOSCHUTEIBHON 3aITUCKU HP, C 17 20 18,2 1,08 20,52 1,31 24,89
HUTOI'O: 302 349 320,8 36,81 347,9 44,63 421,98

Ha ocHoBanuu 1a6i1. 4.2.2 cTpouM JuHEHHBIN Tpaduk padboT (puc. 4.2.1). ®opmyisr (4.2.1)-(4.2.4) npuMeHSIOTCS

coryiacHo [78].
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O opruernte pacdeTHO-TIOACHHTENEHO SaITICHH
O oprumersze pacueTHO-TIOACHHT NEHOH JaIBICHH
Harnrearste pasmena Ha MHOCTPaHHOM A3BIKE

Hamcame saimosHIenb o 4acTi paboTsl

Hammcame pazgenoe «CoLMATEHAT OTESTCTESHHOCTES H
w OHMHAHC OBBTT MeHeIHMeHT

CpaEHNTeNbHBI] AHAMS TOMYYeHHBI PesyIbTATOR

CpaEHHTeNbHBET AHATE [IATYUeHHBE PesyIbTAToE

Peamrzaimia IporpanvHoro KoONMIUIERCA & ITPHNMEHEHFIER
nmporpanmEroro obecmeueHIA

Peammarmra IporpanFHoro EOMITIERCA & ITPHIMMEHEHFIER
nmporpan»IEoro obecreuesa

AHAMTI MMTEPATYPHBI TAHHBIN [10 TEMATHEE HCCIETOEAHIIA,
Harmcame ob30pHO IaEs!

Bribop Hanmpaene A HCCIeT0EAHIA
EBribop Hanmpakme i HoCTeTOEANIA
Hzsyerme miTeparypel

CoCTABNRHIE TEXHITHECKOTO SATAHIA

Bribop axryansHoil mpobmens:

O CTtyaeHT

[T B HayuHBIH pYKOBOOHTEIb

|
" Txn, Hel/OH.

0 50 100 150 200

Pucynok 4.2.1 — JIuneiinsiii rpaduk paboT Ha OCHOBE PACCUMTAHHOTO JUISI MHKEHEPa U HAYYHOT'O0 PYKOBOAMTENS BPEMEHU

Tix
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4.3 PacyeT cMeTBI 3aTPaT HA HAYYHOE HCCJIEIOBAHNE

[Ipennpon3BOICTBEHHBIMU 3aTpaTaMU SABJISIFOTCA — UCCIIEIOBATEIBCKUE
Y onbITHBIE. [Ipennpon3BOICTBEHHBIE 3aTPATHI COCTOSAT U3: MOCTAHOBKA 33a/1a4M
uccienoBanus (0030p JIUTEpaTyphl, U3ydeHNE TEXHOJIOTHUN U T. 11.); 3aTPAThl HA
MPOBEJACHUE HCCIEAOBAaHUM B 1a0OpaTopuu; 3aTpaThl Ha MPOEKTUPOBAHHUE,
VICTIBITAHUE TIPOAYKTA MOJIYyYAEMOI'O OINBITHBIM ITyTE€M, TEXHUKO-3KOHOMHUYECKAS
OLICHKA MPOLIECCa U UCCIIEIOBAHNUE OTXO0/I0B B IIPOLIECCE IPOU3BOACTBA; 3aTPaThI
Ha IIPOEKTUPOBAHKE B YCIOBUIX MPOMBIIUIEHHOCTH.

B OonpmmHCTBE CiydaeB BBIMYCKHBIE KBAIU(PUKALUOHHBIE PAOOTHI
(mamee BKP) HocsaT ¢yHmameHTanbHbIE M TOWCKOBBIA xapaktep. BKP
OXBaTBHIBAIOT TOJIBKO JIBE MEPBBIE CTAJUU HCCIEAOBAHMS, MMOITOMY B CMETHOM
CTOMMOCTH 3aTpat Ha BeinosiHeHue BKP G6epytcst nuiib 3atpatsl Ha 3apabOTHYIO
miaTy, MaTepualibl, JIEKTPOIHEPrui0, U eauHbld conuanbHbii Hajor (ECH),
IPOYUE PACXOMBL.

3ampamul na mamepuanvl

Ouennm 3atparsl Ha MaTtepuainsl. K 7aHHOM cTaThe pacXo0B OTHOCUTCS
CTOMMOCTh MaTepHuajoB, MpHOOpeTaeMble M3ACIUS U JIPYTUX MaTepHUabHBIX
[IEHHOCTEW, KOTOpBhIE pACXOAYIOTCS MO Mepe BbimonHeHUs pabdor. llena
MaTepUaJIbHBIX PECYPCOB OMPEAEISIETCS MO CPEAHEN PHIHOYHOW CTOMMOCTH Ha
2016 rox (Taba. 5.3.1) [79-81].

Ta6auma 4.3.1 — Pacxoasl

HaumenoBanue ‘ Ilena 3a ex., pyoO. ‘ KonunuectBo ‘ Cymma, pyo.
OducHasi TEXHUKA
HoyTbyxk 24000 1 24000
Mprika 1 600
[TpunTep 1 3900
Oducnas mebdenb
Cron 3500 1 3500
Cryn 2000 1 2000
IIporpamMmMHoe oOecrieueHue
MATLAB 48000 1 48000
Microsoft Office 2010 4000 1 4000
Uroro: 86200

Pacxoasr Ha maTepuansl coctaBmim C,.,,=86200 pyo.



OcHosHas 3apabomuas niama
Omnara Tpyaa paOOTHUKOB, KoTopele yuyacTtByorT B BKP,
onpenensercs: sl HayYHO-TEXHUUECKOro MnepcoHana (MHXKEHEPHhI, JJa0OpaHThI)
— Ha OCHOBE JIOJDKHOCTHBIX OKJIAJO0B, YUUTHIBAs Hag0aBkaMu. [yt maructpanra
3TO CyMMa CTUNCHIMM 32 BpeMs MPEAJUIUIOMHOM  NpakTUKU U
JTUTUTOMHAPOBAHUSL.
CpennenneBHas 3apabOTHas IJIaTa:
3.=3,1F, (4.3.1)
rae 3, — MECSIYHBIN JODKHOCTHOM OKIIa, pyo.;
F. — romoBoii (oHa pabodero BpeMEHUM HAYyYHO-TEXHHYECKOIO
nepcoHaina, pad. JaH.

[Ipu pacyere yuutbiBajgoch, 4to B roay 302 pabouux pAHS W,
cienoBarenbHO, B Mecsne 25,17 paboumx naHs. 3aTpaThl BpPEMEHHU Ha
BBITIOJTHEHUE PAOOTHI 110 KXKIOMY UCIIOTHUTEN0 Opanuck u3 1adi. 4.3.2. Takxke
OBUI IPUHAT BO BHUMaHUE PalioHHBIN KOdpPuument K,=1,3.

Tabnuma 4.3.2 — 3aTpaTsl HA OCHOBHYIO 3apabOTHYIO IIaTy

VIO TEIE Oxnan, | CpenHegHeBHas 3aTpatbl K. douHp 3/1U1aTHhL,
py0./Mec.|cTaBka, py0./1eHb | BpeMeHH, THH | ¥ pyo.
HP 20400 810,49 37 1,3 38 961
C 1900 75,48 348 1,3 34 147,15
Htoro: 73 108,15

Taxum 00pazoM, 3aTpaTbl Ha OCHOBHYIO 3apaboTHYO 1iaTy Co,=/3 108,15
pyo.

Hononnumenvnas  3apabommuas  niama  HAYYHO-NPOU3BOOCMBEHHO2O
nepcouana amo:

CyMMa BBIIUIAT, MPEAYCMOTPEHHBIX 3aKOHOJATENbCTBOM O TpYIE,
HarmpuMep, oriaTa OYePeTHBIX U JOTIOTHUTEIBHBIX OTITYCKOB; OIUIaTa BpEMEHH,
CBS3aHHOTO C  BBINIOJHEHHMEM  TOCYNApCTBEHHBIX M OOIIECTBEHHBIX
00s13aHHOCTEM; BBIIJIATa BO3ZHATPAXKICHUS 32 BBICIYTY JET U T.N. (B CPEIHEM —

12 % OT cyMMBbI OCHOBHO¥} 3apaboTHOM Tu1aThl) [82].
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I[OHOJ'IHI/ITCHBHaH 3apa60THa51 Iji1atTa HUCXoAas H3 OCHOBHOM Sapa6OTHOﬁ
IJ1aTHI, pa6OTHI/IKOB, HCETIOCPCACTBCHHO YYAaCTBYIOIIHMX B BBIITOJHCHUC TCMBbI:

3., =3 K, =7310815-012=8772,98 py6.,  (4.3.2)

re  3yon — JOMOIHUTENBHAS 3apadoTHAs TUIaTa, pyo.;
Kion — KO3(pPHUIIMEHT TOMOTHUTEIHHON 3apILIaThl;
3o — OCHOBHAas 3apaboTHas 1ata, pyo.

®donp 3apabOTHOM IMJIATHI:

DT =3, +3,, =73108,15+8772,98=81881,13 py6.  (4.3.3)

Omuucnenus Ha coyudalbHovle HyOfCObl

CraTbhs BKIIOYACT B c€0S OTYUCIICHUS BO BH€6I-O,Z[}K€THBIC (I)OH,Z[BIZ

CHeG :k HeG (3}101'1 +3

X . ) =0,3-(73108,15+8772,98) = 24564,34 pyo. (4.3.4)
e Kpnes — K03 UIIMEHT OTUMCICHUH Ha yIJIaTy BO BHEOKOJKCTHBIC
dbonabl (meHcHOHHBIH (HOoHM, (OHI 00513aTEIIBHOTO MEAUIIMHCKOTO CTPaXxOBaHUs
u p.).
dopmyisr (4.3.1)-(4.3.4) npuMeHsIOTCS coriacHo [82].
Pacuem 3ampam na snexmposnepeuio
JlaHHBIN BUA PacxoJl0B BKIIFOYAET B ce0s 3aTpaThl Ha DJIEKTPOIHEPTHUIO
npu paboTe 00OpyIOBaHMA a Takke 3arTpaThl HAa JJIEKTPOIHEPTHIO,
MOTPAaYCHHYI0 Ha OCBEIICHHWE. 3aTpaThl Ha JJICKTPOIHEPTHIO MPHU padoTe
000pyI0BaHUS JIJI1 TEXHOJOTHUYECKUX LEeNer g
Do=Py- I, -1, (4.3.5)
rJe P . — MOIIHOCTb, IOTpedisieMast 000pyAoBaHUEM, KBT;
J,— Tapunas nena 3a 1 kBr-uac, npunumaem 17, =1,89 py6./(xBt-4);
t _— BpeMs paboTsl 000pPYA0BaHNUS, Y.
Bpems paboTel 000py10BaHUS BEIYUCIAETCSA HA OCHOBE NaHHBIX 1A 1),
Tabn. 4.2.2 115 CTylAeHTa U3 pacyeTa, YTO MPOAOKUTENbHOCTh paboyero JHA

paBHa § 4acoB:

ty=T, -8=348-8=2784 u,
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MoimHoOCTh, moTpebisieMass 000pynoBaHUEeM P.,; TPUHUMAEM PaBHYIO
MOIITHOCTH HOYTOYKa Pys=0,06 kBT.
3aTpaThl Ha 3JIEKTPOIHEPTUIO MPU paboTe 000PYTOBAHMUS:
2,,=0,06-1,89-2784 =315,71 pyo.
3aTpaTbl Ha DOJIEKTPOIHEPTHIO IS OCBEIICHUS TIOMEIICHHS, TIIe
OCYIIECTBIISUIOCH BBITTOJIHEHUE MPOEKTA Iy
O =P, 1,1, (4.3.6)

rac P . — MOIIHOCTD, HOTp€6JIHCMaSI OCBCTUTCIILHBIMHA HpI/I60paMI/I, KBT;

O

t .— BpeMs pabOThl OCBETUTENBHBIX PUOOPOB, Yac.

MommHocTs, noTpedasemas ocsemenuemM P, :

P,.=P,.. K.=0,48-0,9=0,432 Br, (4.3.7)

rne P, .~ YCTaHOBJEHHAs MOUIHOCTb OCBETUTENbHBIX IMPHUOOPOB,
npuanmaeM P =0,48 kBT, cornacuo n.4.3;

K — xo>ddunmenT cmpoca s BHYTPEHHETO  OCBEIECHHUS,

npuaumaem K, =0,9.

Bpems pabotsl ocBemenus :

t.=T,, 1, =348-8=32784 4,
rae 1, — JUTMTEeNbHOCTh PadOThI OCBEIICHHS 32 CMCHY, Y.
3,,=0,432-1,89-2784 = 2273,1 pyO.
OOmre 3aTpaThl Ha JIEKTPOIHEPTUIO I:
2=0,+3, =31571+2273,1=2588,81 pyO.

Pacuem amopmusayuonnvix pacxoooe

AMOpTU3aLlMOHHBIE ~ OTUYUCIICHHS  PACCUMTBIBAIOTCS  HA  BpeMs

HUCIIOJIb30BaHusa DBM:

C _M‘t _0,25-25000- 2784
. F" 2416

a

=7201,98 py6., (4.3.8)

rae H, —rogosasg HOpMa amopTU3aLuy, NpuHUMaeM H =25 %;
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L] ;— nena obopynosanus, u3 Tabiu. 3 npunumaem 77 _=25000 pyO0.;
F,— nelictBuTensHbIi rogoBoil GpoHx pabodero Bpemenn, F =2416

t — Bpems paOOThl BBIYUCIUTENHLHONW TEXHUKHA TIPU CO3JIaHUH

B
IPOrPaMMHOTO MIPOIYKTa, 0 Tabn. 4.1.2 t =2784 u.
Pacuem npouux pacxooos

JUis OUeHKH HEe YYTEHHBIX B MPEAbIAYIIUX CTaThAX PacXolloB
paccuuTaeM Mpoyre PacxoIbl.

[Ipoune pacxoasl cocTaBisitoT 16 % OT €IMHOBPEMEHHBIX 3aTpaT Ha

BBIIIOJIHCHHUC TCXHUYCCKOI'O IIPOAYKTaA:

C pod. :(CMaT. + COCH. + Ccou. +0+ CaM,) : 01161 (439)

10

Cipor. = (86200 + 73108,15 + 24564, 34 + 2588,81 + 7201,98) - 0,16 = 30986,12 py6.

Omnpenenum o0uryro cedbectoumocts BKP myTem cBenenus paccunTaHHBIX
cTarei pacuera B cMmery (Taou. 4.3.3).

Tabnuna 4.3.3 — Cmera 3atpar nHa BKP

Cratbs 3aTpar YcnoBHOe 0003HaUEHUE CymmMa, pyo.
1 2 3

Marepuansl ¥ TOKYITHbIE U3EIHS CMaT. 86200
®onp oruIaTH TPy COCH. 73208,15
Otuucnenus uz ®OT Ccou. 23561,4
Pacxompl Ha DIIEKTPOIHEPTUIO C) 2588,81
AMOPTU3ALOHHBIE OTYUCIEHHS C,. 7241,98
PaGoThI, BHIOTHSIEMBIC CTOPOHHUMHU C —
OpraHu3aIUsIMU cTop.
ITpouue pacxobl Cnpoq. 30996,12

Uroro: 234449 46

Takum oOpazom, pacxoast Ha BKP: (=224649,46 py0. ®opmyibi
(4.3.5)-(4.3.9) npumensroTcst cornacHo [83].

4.4 OueHka HayYHO-TeXHHMYECKOH pe3yabTaTuBHOCTH BKP

Pesynbratom BKP  saBnsercs momydeHue  HaydHOro, HaydHO-
TEXHUYECKOr0, YJKOHOMHUYECKOr0o U couuanbHoro 3¢ dexroB. Hayunsiii 3 dexr

XapaKTCPU3yeTCsad JOCTMIKCHUCM HOBBIX HAYYHBIX 3HAHUM U TI0Ka3bIBacT
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npupoctT uHPopMauuu. HaydHo-texHuueckuii  dPdekr  xapakTepusyer
BO3MOXXKHOCTh ISl TOTO, YTOOBI HCIONB30BaTh pe3yibrarbl B Apyrux BKP u
OKP, a tak xe 1151 obecrieueHus MoiaydyeHue uHpopmanuu, HeoOXOAUMON I
CO3/IaHUsI HOBOM TMPOAYKLUMHU. OKOHOMHUYECKHH d(pdekT xapakrtepusyer
KoMMepueckuil  3(p@deKT, MOoIydeHHBIH TMPU HUCHOJIB30BAaHUU PE3YJIHTATOB
npukinanaabix BKP. Corumanbabiii 3¢dGheKkT mposBisercs 3a CUeT MOBBIIMICHUS
YCIIOBUH TPY/Q, YBEIMUYEHUS IKOHOMUYECKUX XAPAKTEPUCTUK, PA3BUTHH HAYKH,
KYJIbTYpBI, 31paBOOXpaHEHUs1, 00pa30BaHMUS.

Ouennts pe3ynbraTuBHOCTH BKP MOXHO 1pu NOMOIIM CHCTEMBI
B3BEIICHHBIX OamibHbIX oreHOK. [ dynaamentanbabix BKP paccunThiBaercs
TOJIbKO KO3 UIIMEHT HaydyHOM pe3ylbraTuBHOCTU (Tabn. 4.4.1), a s
NOMCKOBBIX padOT M KOI(PPUUMEHT HAYYHO-TEXHUUYECKOH Pe3yIbTaTUBHOCTH
(tabm. 4.4.2). OreHka HAyYHO-TEXHUYECKOW PE3yJbTATHBHOCTH MPUKIIAJIHBIX
BKP mnpousBoauTcs Ha OCHOBE COIIOCTABJIEHUS JOCTUTHYTBIX B PE3yJbTaTe
BeimonHeHnuss BKP TexHuuecknx mapaMeTpoB ¢ 0a30BBIMH (KOTOPBIE MOXHO
ObLTO peanu3oBath 10 BoimonHeHuss BKP) [84].

Tabnuna 4.4.1 — Xapakrepuctuku (akTOpOB M MPU3HAKOB HAYyUYHOU

pesynbTatuBHOCTU BKP

®aKkTOp HAYYHOU Koad. KauecTtBo Xapaktepuctuka gakropa Koad.
pe3yIbTaTUBHOCT | 3HAYUMOCT | (hakTopa JOCTUTHY-
u u dakropa TOTO YPOBHS
Hosuzna 0,5 Bricokas Hosebie pe3ynbTaThl 1
MOJTYYEHHBIX MO3BOJISIOIINE CHU3UTH
pE3yabTaTOB YpOBEHb aBapUitHO-
TEXHUYECKHUX MPOUCIICCTBUN
['myOouna 0,35 Cpennsist HeBpicokas CIIOKHOCTh 0,6
HAy4YHOU pacdeToB, OCHOBaHHas Ha
popabOTKH paHee pa3paboTaHHON MOJIENn
Cremnexs 0,15 Bompias 1
BEPOSITHOCTH
ycnexa
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Tabnuua 4.4.2 — XapakrepucTuku (HaKTOPOB U MPU3HAKOB HAYYHO-

TEXHUYECKOU pe3yspTaTuBHOCTH BKP

®dakTop HAYUHOU Koag. KauectBo Xapakrepuctuka hakTopa Koad.
pe3yIbTaTUBHOCT | 3HAYUMOCT ¢bakTopa JOCTUTHY-
51 u pakropa TOTO YPOBHS
[lepcriekTHBHOCT 0,5 Baxnas Pesynbratel OymyT 0,8
b MCII0JIb30BaHUS UCIIOJIb30BAHBI IIPH
pe3yiIbTaToB pa3paboTKe HOBBIX
TEXHUYECKUX PEIeHUH Jis
CHU)KEHHUS aBapuil B pabote
ABTOHOMHBIX
YHEPrOyCTaHOBOK
Macrurrad 0,3 OtxenbHbIE Bpewmst peanuzarym: 0,4
peanu3anuu ¢bupMs1 1 70 3 NeT Ha MPEeaNPUITHIX
pEe3yabTaTOB OpEIIPUITH ra3oBOi OTpaciu
s
3aBepILIEHHOCTh 0,2 Cpennsis Pexomennanuu, 0,6
pEe3yabTaTOB pa3BEepHYTHIN aHAIH3,
NPEUI0KEHUS

B stom cnydae k0dQhuUIIMEHT HaydYHO-TEXHUYECKON Pe3ybTaTUBHOCTH

[84]:

rac KBJ‘[i

KO3 GUIMEHT BIHMSHUS

KHTp = iKBni ) Kni’
i=1

TEXHUYECKYIO PE3YyJIbTaTUBHOCTD;

Kni -

(4.4.1)

(4.4.2)

1-TO TapamMeTpa Ha HAy4dHO-

KOG)(i)(bI/IHI/IGHT OTHOCHUTEJIBLHOT'O ITOBBIIICHUS 1-TO nmapameTpa

110 CPAaBHCHUIO C 0a30BBEIM 3HAUCHHUEM.

Jl1s1 ynoOCcTBa BBIMOJIHEHUSI pacu€TOB JIaHHBIE CBOASITCS B Ta0i. 4.4.1.

Tabnuua 4.4.1 — Ouenka Hay4YHO-TEXHUYECKOU pe3yiabTaTuBHOCTH BKP

[Tapamerp K, . K, K, -K,
HoBu3Ha noay4eHHBIX pe3ybTaTOB 0,5 1 0,5
I'nmy6uHa Hay4HOI popaboTKH 0,35 0,6 0,21
CreneHb BEPOSATHOCTHU ycrexa 0,15 1 0,15
[lepcneKTHBHOCTH MCIOJIB30BAHMUS PE3YIIHTATOB 0,5 0,8 0,4
Macmirab peanwu3anuy pe3yJbTaToB 0,3 0,4 0,12
3aBepIICHHOCTh PE3yIbTATOB 0,2 0,6 0,12




Koaddunment nHayqHoii pe3ynbTaTUBHOCTH:

K, =0,5+0,21+0,15=0,86.

KoadduimenT HaydHO-TEeXHUYECKOH pe3yTbTaTUBHOCTH:

K, =0,4+012+0,12=0,64.

BeiBonm: B Xome »koHoMHUYeckoro obocHoBanms BKP mnposenena
KOJIMYECTBCHHAasl OLIEHKa Hay4yHOM pesyiabratuBHocTh BKP u  monyuen
cooTBeTCTBYOIMUA  Kodpdunuent K,,=0,86 u  KodGUIMEHT HaydHO-
TEXHUYECKOH  pe3ylbTaTUBHOCTH  Kirp=0,64, 4YTO TOKa3pIBae€T BBICOKYIO

pe3yJIbTaTUBHOCTH MpoBeaeHHO BKP.

BriBoa

B nannoil wactu paboThl ONpeneneHsl 3Tanbl U TPYAOEMKOCTh padoT,
COCTaBJCHBl IUTAH-TpaUK H CMeTa 3aTpaT, MPOBEIEHA OIEHKAa HAYYHO-
TEXHUYECKOUN PE3yIbTaTUBHOCTH HAYYHO-HCCIEA0BATEIbCKON PabOTHI.

Pe3ynpTaThl Hay4YHO-MCCIIEIOBATEIBCKOW pabOThl HAMpaBICHB Ha
CHIDKCHHE aBapUMHO-TEXHUYECKUX TMPOUCIIECTBUI B pabOTe aBTOHOMHBIX
sHeproyctaHoBok. CornacHo cMersl 3aTpar pacxoasl Ha BKP cocraBunm
(=224 649,46 py0, HecCMOTps Ha 3HaYUTEIbHBIC 3aTpaThl Ha npoBeneHne BKP, ¢
TOYKH 3pPEHUSI TEXHUKO-DKOHOMHYECKOTO OOOCHOBAHHWS B Ciydae BHEIPECHHUS
IPOrPaMMHOI0 KOMITIEKCa Ha TPEANPUATHIX Ta30BOM IMPOMBIIIICHHOCTH
MPOUCXOANT CHM)KCHHE 3aTpaT Ha MOJATOTOBKY M BbIE3N pabodero mepcoHana B
TPYAHO AOCTymHHbIe pailoHbl Boctounoit Cubupu u JlanbHero BocTtoka miis
yCTpaHEHHsI aBaphii Ha JHEProyCTaHOBKAaX, a TaKKe SKOHOMHS BpEMEHH
HEOOXOAMMOTO [UIsl yCTpAaHEHHWs aBapHif, BCIEACTBHE MPEIOTBPALICHHS
OCTAHOBOB I10 PUYMHE MEXaHMYECKOE HEUCTIPaBHOCTH TypOoarperata. D¢ dekT
OT DJKOHOMHHM BPEMEHH 3a CYET TNpPENOTBpAIlCHHs aBapuil MPUBOAUT K
CHIDKCHHUIO YHUCJICHHOCTU CIY)KalllUX, 3aHATHIX PEMOHTHBIMH paboTamu, U K
SKOHOMHMHU Ha (POHJE OIIaThl TPyAa CIYXAallMX W YJIYYIICHUIO IMOKa3aTeNeu

muHu-TOC.
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ANALYSIS OF THE INTEGRAL CHARACTERISTICS OF THE
RELIABILITY OF AUTONOMOUS ENERGY SOURCES REMOTE
LINEAR OBJECT UGSS

Abstract
The analysis of integral reliability characteristics for autonomous energy
sources in the gas pipelines of Russia is carried out. The reasons of the most
frequent failures are determined. Recommendations for increase of integral
reliability characteristics for autonomous energy sources are formulated.
Keywords: NATURAL GAS PIPELINES, POWER, AUTONOMY,
RELIABILITY, TROUBLE, FAILURE

Introduction

Reliability and safety of the equipment, ensuring the production of
electricity and heat, determine the stability of the technological process of
industrial enterprises. Particular importance is given to these issues in the
management of businesses away from the centralized power system objects (for
example, oil and gas pipelines long distance). As a rule, the only possible
method of supplying energy to such objects is the use of self-contained power
supply.

Autonomous power supply systems are implemented using different types
of sources [1-4]: CHP, heat engines of internal and external combustion engines,
fuel cells, alternative and renewable energy sources.

To power the linear objects of gas transport systems as autonomous
sources expedient choice of power plants, which are based on the engine used as
a fuel feedstock transported. In addition, the preferred source of energy
operating in cogeneration mode for providing consumers not only electricity, but
also heat energy [8-10]. Stand-alone power plants (Fig. 1-1) corresponding to
these requirements, they are characterized by high efficiency and fuel, as well as

a sufficiently long period between scheduled overhauls [8-10]. Despite this, the
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company operating the autonomous sources of power often faces with a variety
of technical failures of equipment.

The purpose of this work is to compute the integral characteristics of the
reliability of the autonomous power, used to supply linear objects operated on
gas pipelines, determine the causes of failures and develop recommendations

aimed at increasing the reliability of the power plants under consideration.

e f =
Figure 1-1. Photo of an autonomous source of power supply to the gas

pipeline the Russian Far East

Object of study
For energy distant objects Russian oil and gas pipelines are usually used [8-

10] Power Converters representing turbine generator with closed-loop steam
autonomous power unit, based on the Rankine cycle, and consisting of a
combustion system, steam generator, turbogenerator AC air-cooled condenser,
the cabinet power supply and management. The power plant is equipped with a
heating and ventilation unit container for use in different seasons. The built-in
fire extinguishing system is designed for the localization of a fire. Fig. 2-1

shows a typical power plant.
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The cycle of the power plant involves the following steps. The main burner
heats the organic working fluid in the steam generator. Part of the liquid
evaporates and the vapor expands and rotates the turbine wheel and connected
thereto generator rotor. The vapor then enters the condenser where it is cooled
and condensed. The resulting liquid returns to the steam generator pump,
electric cooling and lubricating the bearings. The cycle is repeated continuously
for as long as the steam generator is heated. Stainless steel steam and liquid
tight. No loss of hydraulic fluid occurs. Turbogenerator produced three-phase
alternating current, which is then rectified and filtered. The DC output is
controlled depending on the load power plant by automatically varying the

amount of fuel supplied to the ignition system [10].

Figure 1-2. Schematic of the power plant, which operates on a closed steam
cycle:

1 - the fuel supply; 2 - Control Panel supply of fuel, 3 - burner; 4 -
thermostat; 5 - organic liquid; 6 - a steam generator; 7 - pairs; 8 - turbine; 9 -
alternator; 10 - pump; 11 - steam condenser; 12 - the condenser; 13 - output of
condensate; 14 - chimney; 15 - AC input cables to the rectifier; 16 - electric
board.

Due to the fact that the power plant located in the vicinity of the main

pipeline, the main fuel is natural gas.
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Gas supply through a reducing item (which is part of the power plant, but is
located in a separate room), the main purpose of which is to reduce the gas
pressure of 100 bar (pressure can vary depending on the distance from the
source) to the output value of 1 bar. The gas supply is performed in two streams
in two separate 50-micron particle filter, combining into a common flow to the
electric heater. In an electric heater heating happens gas to a temperature above
0 ° C (by virtue of the Joule-Thompson pressure decreases, the gas temperature
1s lowered to 40 ° C). The outlet temperature was maintained at 2 ° C, so that in
case of a gas condensate is not formed ice. At the output of the electric heater
the gas flow is divided again into two portions and each passed through a
pressure reducing valve. The gas is supplied to the ignition system of the power
plant, consisting of the main and pilot burners, the safety switch, the system
manual and re-ignition. Main burner serves as the heat source for the steam
generator (burner operation depending on the load on the power plant operates
automatically). Ignition burner used for repeated ignition of the main burner.
The protective switch controls the gas solenoid valve and thermocouple actuates
responses to the pilot burner flame (circuit breaker allows gas to flow to the pilot
and main burner with only the pilot burner flame). The manual ignition system
generates a spark to ignite the pilot burner (when starting power plants).
Automatic reignition actuated sensor ionization produces a spark for ignition of
the pilot burner repeated if during the operation the flame for any reason
extinguished.

The operation of all systems of the power plant, including the system of gas
supply, taking into account different environmental conditions in accordance
with the programmed algorithms perform logical operations provides a digital
control unit turbine.

Although the multi-level protection, the operation of power plants under
consideration are fixed each year, dozens of technical accidents that lead to their

unregulated stoppage.
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General Description

The Equipment shelter is a custom designed unit for housing equipment in
extreme environmental conditions. The shelter features an entrance lobby
separated by a door from the main equipment room. The external structure is
made out of corrosion-resistant aluminum. The internal walls are constructed out
of thick insulated panels. The systems inside the equipment shelter are designed
to maintain a safe environment for reliable operation of the installed equipment.

The following equipment is installed in the Equipment shelter (The item
numbers are identical to those in the Equipment Shelter Layout drawings
according to type numbers as mentioned above):

1. RTU Cabinet — Remote Telecom Unit monitors and communicates
signal from the shelter equipment and from field equipment. The RTU is a free
issue item supplied by SEIC.

2. Telecom Cabinet (where applicable) — additional network cabinet. The
telecom cabinet is a free issue item supplied by SEIC.

3. Fire Suppression System Panel — Control panel of CO2 fire suppression
system, gets signals from thermal and smoke detectors, controls the CO2
release and the optical/acoustic panels. Fire suppression terminal board —
terminal board for signals coming out of the fire system to other equipment in
the shelter.

4. Cathodic Protection System (where applicable) — Provides cathodic
corrosion protection to the pipeline. The cathodic protection is a free issue item
supplied by EGOS.

5. Battery Banks — Racks with 9 or 18 batteries each, for emergency 110V
power supply in case of CCVT failure.

6. Cable Entry — (MULTI CABLE TRANSITS Type) for power cables.

7. Non-Electric Heating System — 1000W heater, transfers heat from
CCVT vapor generator into the shelter. The system is filled with heat transfer

fluid that circulates in a closed cycle.
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8. -48VDC Distribution Panel — Receives power from the 110VDC
distribution panel. Two DC/DC 110/-48 V converters in the panel provide 100%
redundancy. Powers the Telecom panel.

9. 24VvDC Distribution Panel - Receives power from the 110VDC
distribution panel. Two DC/DC 110/24 V converters in the panel provide 100%
redundancy. Powers the RTU panel, portable light charger and fans & dampers.

10. 110VvDC Distribution Panel — Receives power from the CCVT,
Batteries, or External Generator. Powers the -48V and 24V Panels, and all
auxiliaries — HPU, GPRS, Cathodic protection, Fire suppression panel,
Emergency heater, Lighting and Sockets.

11. CCVT Electrical Panel — Controls the CCVT operation — Power,
Frequency, Burner, etc.

12. Emergency Heating — Electrical heater that is switched on in case of
CCVT failure. Designed to maintain the shelter's temperature above 5°C for 24
hours on battery power.

13. Ventilation - two redundant fans 400mqg/h, 24V, for shelter's
ventilation. Controlled by room thermostat.

14. Air Inlet with spring loaded louver over the opening. Controlled by
the room thermostat.

15. CO2 Bottles — 50kg each, one electrically connected to fire system
control panel and the other for reserve.

16. Portable Fire Extinguisher

17. Normal Lighting System — Two double 36W fluorescent fixtures.

18. Emergency Light - One double 36W fluorescent fixture for
emergency.

19. Internal Socket — Internal 110VDC (10A max.) socket for the use
inside shelter.

20. Light Switch

21. External Socket - External 110VDC (16A max.) socket for the use

outside shelter.
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22. Genset Socket - External 110VDC socket for portable generator
connection.

23. Portable Light — Emergency light with 24V charger.

24. Phone Set — Phone connected to RTU for maintenance personnel.

25. Cable Trays.

26. Smoke and Heat Detectors — Two detectors for each type, fed by fire
suppression system panel. Sends alarm signals in case of smoke detection or
high temperature gradient detection.

27. Cable Entry — (MULTI CABLE TRANSITS Type) for
instrumentation cables.

28. Incandescent Lamp - 18W light fixture in the shelter's lobby.

29. Heating tubes — Non-Electric heating copper tubes from the CCVT
vapor generator. Inlet- 3/4"; Outlet- 3/8".

30. Grounding Busbars — One for general earthing (PE) and one for
instrument earthing (IPE).

31. Mechanical Thermostat — Wall mounted thermostat controls the

operation of the emergency heater.

Gas Combustion System
The Combustion System is comprised of the following components (Figure
1-3):

v" Main Burner - Supplies heat to the Vapor Generator. The operation of
the burner is modulated by the control system as a function of the CCVT load.

v" Pilot Burner - A small burner, constantly lit, in order to re-ignite the
Main Burner as part of the normal sequence of operation. Optionally there are
two pilot burners.

v’ Safety Switch - A switch, operating the gas solenoid valve, activated by a
thermocouple sensing the pilot burner flame. It will permit gas flow to the Pilot
and Main Burners only if the Pilot Burner flame is “On”. The switch is not

shown here as it is installed on the gas burner control panel.
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v' Manual Ignition System - A manually operated ignition system that
provides sparks to ignite the Pilot Burner flame during start-up.

v Automatic Re-Ignition System - An automatic ignition system activated
by an ionization sensor. The system provides sparks to re-ignite the pilot flame

if during operation the flame was extinguished for any reason.

Figure 1-3: Gas Burner Assembly

Description
Main Burner

Pilot
Manual Ignition Pushbutton
Gas Inlet

olooez

Turbo-alternator
The generator converts the rotational energy of the turbine to electrical
power. The electric power system rectifies and filters the generator output
power. The generator is an induction (homopolar) type alternator. The turbine
and generator are encapsulated in a sealed canister from which only the electric
cables extend out through the canister wall and are connected to the main power
control board.
Control System
The control system includes the components required to adjust, control
and monitor the operation and performance of the CCVT (The ORMAT® Energy

Converter). This system consists of the following major components:
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Turbine Control Unit - The Digital Turbine Control Unit is a digital
controller that monitors and controls the CCVT during all modes of operation,
considering various environmental conditions according to pre-programmed
logic sequences.

Field Control (FC) Unit - The Field Control unit maintains the generator
output voltage and the turbo-alternator speed under preset maximum values by

controlling the generator excitation.

Frame and Shelter
The CCVT unit is mounted within a steel frame assembly with the vapor
generator mounted within the CCVT shelter. The condenser with the fluid
reservoir and the turbo-alternator are placed over the shelter on top. All the
CCVT shelter entries are sealed (except for air supply) to prevent the burner
flame from being extinguished by gusts of wind. The CCVT shelter air inlet has
suitable hoods to prevent wind gusts and rain penetrating the shelter.

The CCVT Control Panel
The CCVT control panel conditions the alternating current before it is
supplied to the load and to system consumers. It also contains a safety overload
resistance to protect the turbine in case of sudden power cutoff. This panel

usually does not need access after the initial installation.

57



|FEEER v 0 7 ML E——

| -

9
| &

1A

Tl
e

Figure 1-4: CCVT Control Panel

Description
Power and Control Terminals

Choke

Main Rectifier

FC

Low Voltage system (LVS)
DTCU

Transformers

VEFD for Condensor Fans

olojo|olo|e|e|ez

The CCVT HMI Panel
The HMI panel is attached to the inside of the electric cabinet door. The
DTCU display and operating switches are seen and can be accessed from the

front of the cabinet door as seen in Figure 1-5.
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Figure 1-5: CCVT HMI Panel

The control panel includes the following components:
ON/OFF Switch
When turned to ON, CCVT operation is initiated.
The Pushbuttons
By pushing the “UP /DOWN?” buttons the displayed code and value are
changed. After 10 minutes the display will return to its default.
It is required to push the “ENTER” button in order for the DTCU to accept any
operator initiated changes. Pressing the “RESET” button will reset the DTCU
after a failure condition and will clear the FAIL annunciation from the display
panel.
Gas Burner Panel
The Gas Burner Panel is located at the bottom of the unit, close to the
burner. Theyare shown in Figure 1-6 and Figure 1-7. The Gas Burner Panel
includes the following:
« Gas Pressure Switch - If the gas supply pressure drops below the
minimum setpoint a signal is sent to shut down the unit,
« Flame-out safety valves 1(top) &2 (right) - During start-up, the red
button onone of the safety valves must be pressed to enable gas flow through the

solenoid operated gas valves. Once the pilot lights up, a thermocouple actuator
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holds the switch open. If the pilot flame extinguishes, and the automatic re-
ignition fails to light it, the thermocouple will cool and the valve will
automatically shut off the gas flow. The two valves operate in parallel for
redundant operation.

« Solenoid Valves - Electrically operated solenoid valve modulates the
gas flow during normal operation and shuts off the gas in case there is a system
failure.

« Automatic Re-ignition Unit - These units are enclosed in a sealed
housing. They are connected to spark plugs. In the event of pilot flame out, an
ionizing sensor detects the flame-out and sends sparks to reignite the pilot.
There are two units operating in parallel for redundant operation.

* Burner

» Manual Ignition Pushbutton - By pressing the Manual Ignition
pushbutton a spark is generated in order to ignite the Pilot Burner. It is located
on the burner frame. Safety valves, ignitors and temperature probe of the flame-

out safety valve are configured in parallel for redundancy.

o - :
(2} ‘ ‘ 4]
' _ >
4 Yy
R
Figure 1-7: Gas Inlet Panel
No. | Description
© | Manual Inlet Valve
[2] Filter
© | Vent
(4] Pressure
© |Plug
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Figure 1-6: Gas Burner Panel

Description

Gas pressure switch

Flame-out safety valves (upper & lower)

Solenoid valves

Automation re-ignition unit

Manual ignition pushbutton

o/oo® ez

Burner

Statistical analysis of the operation of power plants
Table 1 presents the statistical information on 12 energy installations, gas

pipelines operated in the Far East of the Russian Federation (the selection of the
most common emergency technical incident is made of statistics for the 101
power plants).

Statistical analysis of the information provided in the Table. 1, revealed
that the three main causes of accidents on the technical emergency power plants
under consideration (Fig. 3) are: an open flame burner, mechanical failure of

turbine and extremely high temperatures in the condenser.

Upon reaching the extremely high temperatures in the capacitor

characteristics of his work, as a rule, are much higher than regulatory. Power
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plant cannot function for a long time under such conditions. The object is not
completely without power supply. Time, in which the power plant will operate
in this mode, it is sufficient to leave the emergency group of specialists to

address the identified problem.

Table 1: Statistics for technical incidents that occurred in the closed-cycle steam
turbine 4 kW, powered by natural gas.

Mechanical failure of turbine is the reason that causes 40% of all
emergency stops (Fig. 3) happened at power plants.
As a result of this technical incident power plant fails, and power supply of the
object is threatened. The emergence of this reason, as a rule, due to the
malfunction of the slide bearings of turbine (according to expert manufacturer of

power plants).
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pyrue Texaugeckne ObpeIB MIaMeHH Mexanageckan Ipegensao BEICOKANH
OpPOHCIECTEHA rOpeIoYHOTO HeHCOPABHOCTE TEMOEPaTypa
YCTpofcTEa Typhoarperara B KOHIEHCATOpE

Figure 3. Statistics of the most common emergency technical incidents

The third major technical incident leading to unregulated mode or failure of

the power plants is an open flame burner. In 80% of cases, this technical
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incident occurs in the first year of operation of power plants, at the time of
commissioning of the power plant and the setting in general. This technical
incident leading to the power plant shutdown. One of the main causes of
accidents are the instability of the fuel supply and changing the component

composition (quality) of fuel.

From the technical analysis of the causes of accidents (Fig. 3) you can
select a group of factors which it is advisable to pay special attention to the
selection, launch and subsequent operation of autonomous power:

1. Climatic conditions.

2. The maximum and minimum electrical and thermal stresses.
3. Chemical composition of fuel.

4. The quality of the pre-commissioning.

5. The quality and frequency of maintenance.

When taking into account the above factors may increase the reliability of
power plants (ensuring that the values of A (t), ® (t) and TO, specified by the
manufacturer) and ensure uninterrupted power supply to the remote line of trunk

oil and gas pipelines Russia.

For example, the results of statistical analysis performed may be
recommended to provide more effective integrated cleaning and drying system
fed in a reducing gas installation point and changing the design parameters of
the spark plug in order to reduce the number of failures due to the extinction of
the flame. To reduce the number of failures due to failure of the test and
measurement equipment to provide for additional protective sleeve, with
periodic checking and calibration operations. Implementation of these
procedures will also reduce the number of failures, the reasons for the non-

regulated system works re-ignition.
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