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Comment on Text
Энергосбережение - реализация правовых, организационных, научных, производст-
венных, технических и экономических мер, направленных на эффективное использова-
ние энергетических ресурсов и на вовлечение в хозяйственный оборот возобновляемых
источников энергии.
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Топливо-энергетические ресурсы (ТЭР) - совокупность природных и произведенных
энергоносителей, запасенная энергия которых при существующем развитии техники и
технологий доступна для использования в хозяйственной деятельности.



PA3/IEJI 1. Akmyanonocms Inepzocoepescenusn ¢ Poccuu u ¢ mupe.

1.1. CocTosiHMe ¢ NPoOu3BOACTBOM U NOTpe6rieHneM TONNIMBHO-3HEPreTM4eckMx pecypcoB
(T3SP) B Mupe n B Poccun.

1.1.1. Bwuabl NnepBUYHbIX 3HEPropecypcos. MoHsTns YCINOBHOIO TOMSMBa, NepBnUYHOIO yCI10BHO-
ro Tonnmumea, HGQ)THHOI'O SKBMBaAleHTa.

1.1.2. [uHamwuka TonnmMBHO-3HepreTnyeckoro 6anaxca (T3B) B mupe, B Poccun.
1.1.3. TeHaeHUMM M NPUYMHBI 3MEHEHNS CTPYKTYpbl TOB Poccun.

1.1.1. Bwuabl nepBUYHbLIX 3HepropecypcoB. [ToHATUS yCNOBHOro TONNuBa,
NepBUYHOrO YyCITOBHOIO TOMJIMBA, He(hTAHOro 3KBUBaneHTa.

TennoTta cropaHus Tonnuea

Ons nony4yeHua TEennoBom QHEeprmn n ee BO3MOXHOIO hanbHeunwero npespawieHnda B MeXaHU4YeCKyo ”n
QIIEeKTPUYECKYHD 3HEepPruo ngn CXKuUrakoT opraHn4eckoe TOrnyiMBO B 3HEpreTudeCknx KoTiax, npoOMbILL-
JIEHHbIX NneYax U TPaHCNOPTHLIX ABUraTesnax.

Ternsioma ceopaHusi mornuea - 3TO KOMYECTBO TENnsoThl, BblaensawoLwieecs npwn NoOJIHOM CropaHnun 1 kr
TBEepaoro unuv Xnakoro tonnimea unn 1 M3 ra3006pa3Horo Tonnmea. Yacto TennoTy CropaHna Ha3blBakOT
TakKxe TeI'IJ'lOTBOpHOIZ CNOCOBHOCTbLIO TONNMBA.

Ha npakTuke TennoTa CropaHua 4Yalle BCero onpenendeTca 3KkCnepuMeHTarbHbIM NyTeM. [Ona Tonnuea
MN3BECTHOIO XMMNYECKOro coctaBa MOXHO I'Ipl/I6J'II/I)KeHHO onpepgennTtb TeOpeETUYECKN Mo cbopmynaM, Ta-
KUM, Hanpunmep, Kak n3secCtHad cbopmyna MeHnpgeneeBa.

Bbicwas mennoma czopaHusi monauea — 3T0 MakCumarbHOe KONMYecTBO TensoThl, KOTOpO€ MOXHO Nno-
Ny4UTb B pesyribTaTte XUMUYECKOM peaKkunn ropeHna Tonnnea.

Huswas mennoma caopaHusi mornnuea OTNMHYaeTCca OT BbICILIEN Ha TO KOMMYECTBO Tenna, KoTopoe 3a-
TpauMBaeTCcs Ha ucnapeHne BOAbl, CoAepXallenca B TOnnvee, a Takke obpasyloleinca B pesynbrare
XUMUYECKOMn peakunn ropeHna Tonnnea.

Ecnn Mbl cxuMraem abCcomnOTHO CyXOW Yrorb, KOTOPbIA MO XMMUYECKOMY COCTaBy NpeacTaBnsaeT cobon
yrnepog, TO 3HaYeHWs HM3LWel 1 BbiCLUEeN TeNnoTbl cropaHus byayT coBnagathb.

OpgHako, ecnn Mbl Bygem cxuraTb Cyxow NPUPOAHbLIV ras, COCTOSALWMIN, B OCHOBHOM M3 MeTaHa, TO BoAa
obpa3syeTcs B pesynbTate XMMUYECKOW peakumm.

CH,4 + 20, = CO;, + 2H,0.
Ha ucnapenue aton Boapl TpebyeTtca onpeaeneHHoe KonM4ecTBO TENNOThI U BbICLLAs TennoTa cropaHns
He ByaoeT paBHa HU3LLEN.
MockonbKy TennoTa, 3aTpavyeHHas Ha ucnapeHue Bnaru yaiie BCero yaansercs U3 SHepreTuyecknx yc-
TaHOBOK B BMAe NapoB C AbIMOBbLIMW rasamMu, TO OHa pedKo NonesHo UCnonb3yeTca Ha npakTuke. MosTto-

My B TEMJIOTEXHUYECKNUX pacyeTax TensioThl, nonyqaemoﬁ npu CXnraHnn Tonnmea NCNoJib3yeTCA HMU3LWad
TennoTBopHad CMOCOBHOCTL TOMNNMBA.

YcnoBHOe TonnmMBo

[nsa conocTaBneHns 3HepPreTMYeckon LLEHHOCTU pPasfiMyHbIX BUOOB TOMMMBA M €ro CyMMAapHOro ydeta
BBELEHO MOHSATUE YC/I08HO20 monusa. B kayecTBe eanHULbI YCIIOBHOMO TOMNMMBA NMPUHMMAETCS TOMMK-
BO, KOTOPOE MMEET HU3LLYIO TENSOTY cropaHust, pasHyto 7000 kkan/kr (29,33 MIx/kr).

BBegeHne noHATuA YCIIOBHOIo tonfiMBa no3BosideT, Harnpumep, CconoCTtaBUTb 3HepreTudeckne 3atpartbl
ABYX pa3fiMyHbIX PErMoHOB CTpaHbl, HE YTOYHAA KaKoe KOJIM4eCTBO TEX UIMN NHbIX KOHKPETHbIX BUOOB TO-
nrmnBa CXuraeTca B 3TUX permoHax.

OTOT cnocob npyMeHnM 1 Ans nepesoa TEMMOBOW U 3NEKTPUYECKON 3HepPrumn B yCrOBHOE TOMMMBO. Tak
kak 1 lkan paBHa 1000 Tbic. kkan, a 1 T y.T. UMeeT TENNIOTBOPHY cnocobHocTb 7000 ThIC. Kkan, TO 1



lkan akBmBaneHTHa 0,143 T y.T. QKOHOMUIO 3HEPrUMKN Takke yaobHO NpeacTaBnsATb B TOHHAX YCIOBHOIoO
Tonnuea (T.y.T.).

3Hasi TENNOTBOPHYH crnocobHocTb Ntoboro Buga Tonnmea, MOXHO onpenenntb ero 3kBmBarieHT B yCJ10B-
HOM TOnsmBe.

1 m.y.m. skgusaneHmHa: 1,2—1,8 TOHH KaMeHHOro yrns
1,8-3,2 TOHHbI Oyporo yrns
0,7 — 0,75 TOHHbI Ma3yTa
0,8 — 0,9 ky6.M. NnpupogHoro rasa.

Hapeemcs, yntaTento NoOHATHO, YTO pa36poc Ll,I/I(bp CBA3aH C TeéM, YTO pasyindyHble MapKu yrmnd, Mmasyta U
Opyrnx TonjimeB UMeroT pasyinyHyro HU3LWYIO TENJIOTYy CropaHus.

HedTtAHOM 3KBUBaneHT

[Opyroi yHuBepcanbHOW Mepon noTpebneHns TonnmMea 1 aHeprumn, ABNSeTca HeMTAHOW 3KBMBANEHT. JTO
MOHATUE Yalle BCTpeyaeTcs B 3apybexHon nutepartype. PasnunyHble Mapkm HeddT MMelT pasnuyHbI
XMMUWYECKMIN COCTaB, a CrneaoBaTenbHO M PasfUYHY0 TENIOTBOPHY CNOCOBHOCTbL, YTO BO MHOIOM Ornpe-
AensieT UX LeHy Ha MMPOBbIX PblHKaxX aHeproHocutenen. B cpeaHem, 1 TOHHa HedTM MMeeT TennoTBop-
Hyto cnocobHocTb 11000 ThIC. Kkan, 1 OHa akBMBaneHTHa 1,57 TOHH ycrnoBHoro Tonnuea (T y.T.). 3Has aTy
undpy nerko BbIpa3uTb Moboe KoNMYecTBO ApYroro TonnmeBa B HedTAHOM 3KkBMBaneHTe. Hanpumep
1000 ky6. M. MPMPOOHOro rasa ¢ HMU3LEN TENNOTBOPHOM cnocobHoCTbio 8400 ThIC. KKan 3KBUBaNEeHTHa
0,76 T B HePTAHOM 3KBUBArNEHTE.

I'IepBMque ycnoBHoe TonnmBo

[Mpu Mcnonb3oBaHUM B NOHATUS YCITIOBHOMO TOMMMBA AF1S1 OLEHKM MOSNTyYEHHOW TEMMOBOW N SneKTpuye-
CKOW 3HEPrnn Mbl HE YYMTbIBAEM TOrO 0BCTOATENBCTBA, YTO KOIMMULIMEHT NONE3HOIO AEUCTBUSA 3HEpre-
TMYeCKUX ycTaHoBOK Bcerga meHblue 100%, T.e. npu npeobpa3oBaHuy TOMMMBa B TEMNMOBYIO U NEKTPU-
YECKYI0 SHEPruio Mbl TEPSIEM CYLLIECTBEHHYIO YacTb MoNy4yaeMon npu ero cxuraHum tennotsl. Kpome To-
ro, npyu gobblye TOoMMMBa, €ro TPaAHCMOPTMPOBKE NMOTPEOMTENO, ero NOAroTOBKE MU nepepaboTke Mbl
OOIMKHBI TAKKEe NCMONb30BaTb AHEPTUIO.

YuecTb 371 06CTOATENBECTBA NPY aHanM3e aHepronoTpebrieHns No3BoNsieT BBeAEHUe APYroi eanHULbl —
1 TOHHbI NePBUYHOTO YCINOBHOMO TOMMUBA.

Yrto paet aTta eguHuua namepenus? lNMpeacrtaBum cebe, YTO Mbl paccMaTpyMBaeM 3HepronoTpebrieHne
KOHKPETHOro NpPOMbILLUIEHHOIO NpeanpuAaTuA. Ham mn3BecTHO KONMM4YecTBO UCMONIb30BaHHOMN AneKkTpuye-
CKOWM 3Hepruu, TEMMOBOW 3HEPrUM B BuOe Napa M ropsyer BoAbl, MNOCTynawLwWwmMxX Ha Npeanpustue ot
BHELUHWX MCTOYHMKOB TEMSIO U SMEKTPOCHAbXEHUs, a Takke KONMMYECTBO PasfM4YHbIX BUOOB TOMSMBA,
CXuUraembiX B KOTEJ1bHbIX N nNeYvYax HenocpenCcTtBeHHO Ha npeanpuaTtun.

MyTem nepeBoda BCex COCTaBMSALMX 3HEPronoTpebneHns npeanpuaTusi B NEPBUYHOE YCIOBHOE TOrM-
NMBO, Mbl MOXEM OMpeaenuTb akTuyeckue 3atpaTbl TONMBa ans obecneyeHust paboTbl NpeanpUaTUs.
Mbl MOXeM comnocTaBuUTb hakTUHeCKUe SHepreTUdeckue 3aTpatbl NPeanpUSTUA UMEKLUMX pasfnyHble
WCTOYHMKM 3HEProcHabXeHNs 1 pasnuyHyto CTPYKTYpbl NOTPeBeHns aHeprum.

MepecyeT pa3nuyHbIX BUAOB 3HEPropecypcoB B NepBUYHOE YCIIOBHOE TONMIUBO.

(mo knHure: WNcakosuu IA., Cniyukun HKO.5.OKOHOMUSA TOMMMBHO-3HEPrEeTUYECKUX PECYPCOB B CTpouTenbcTBe. -M.:
Crtponmsgar, 1988. —214 c. —(3KoHOMMS TONNMBA U 3NEKTPOIHEPrN).)

Tonnueo. Ha nobbivy 1 T HedbTn Bcemu cnocobamm pacxogyeTcs B HacTosiwee Bpems 80,8 kBT-Y anek-
TpoaHepruu, 0,225 Nkan TennoBon aHeprun 1 74,3 Kr y.T. KOTENbHO-NEYHOro Tonnmea. B nepecyete Ha
YCNOBHOE TOMNMBO B Lieniom pacxod TOP Ha gobbivy 1 T HedbTu coctaBnsaeT 154,5 kr y.T. PacyeTbl noka-
3anu, 4To Ansg nonyyvyeHus 1 T y.T. MadyTa Ha BCe NMepeyncrneHHble Hyxabl HeobXo0aMMO N3pacxo4oBaThb
107 Kkr y.T., T.e. AnNsi NONE3HOro UCNonb3oBaHusa 1 T y.T. MasdyTa Heobxogumo AobbiTb 1,107 T y.T., unun B
pacyeTe Ha 1 T ma3yta —1,46 T y.T.

Ha pobbivy 1 Thic. M kyD. ra3a B cpegHeM Mo cTpaHe pacxoayetcst 0,6 kBT-4 anektpoaHeprumn, 0,0057
kan TennoBow aHeprum 1 5,5 kr y.T. KOTENbHO-NEYHOrO TONNMBA. B nepecyeTe Ha ycnoBHOe TONMBO Ha



nobbiuy 1 Thic. M Ky6. rasa 3atpaumnBaetca 7 kr y.T. Ha nepepabotky 1 Tbic. M Kyb. rasa pacxog T3P co-
crasnseT 16,9 kr y.T., B TOM yncne anektpoaHeprun 14,5 kBT-4 Tennoson aHeprum 0,023 Nkan n koTenb-
HO-MeYHoro Tonnmea 6,5 Kr y.T. QHeproemMkMM MpoLLECCOM SBMSIETCA TpaHCNopTUpOoBaHue rasa. Beero xe
CyMMapHas BenunuyuHa 3atpaumBaemMbix TOP Ha gobbidy, TpaHcnopTMpoBaHne M nepepabotky 1 T y.T.
NPUPOAHOro rasa coctaBnseT 167 kr y.T. TO 03HA4YaeT, YTO AN NONE3HOro ncnomnb3oBaHus 1 Ty.T. rasa
HeobxoamMmo JobbiTb 1,167 T y.T., nn B pacyeTe Ha 1 TbiCc. M Ky0. npupogHoro raza — 1,35 T y.T.

Mpu ncnonb3oBaHWK YIisi B KAYeCTBE KOTENbHO-MEYHOro TONnmuBa HanbonblumMe aHeprosaTpaTbl pacxo-
OyloTCA Ha ero fobbivy: anekTpoaHeprun — 32,4 kBT-4, Tennoson aHeprum — 0,0265 Mkan u koTenbHO-
neyHoro Tonnuea — 26,5 kr B pacyete Ha 1 T yrns. Kpome Toro, sHeprosartpaTsl pacxogytoTcs npu 06o-
raweHnn yrns, a Takke Npu ero TPaHCNopTUPOBaHMM XKENe3HOAOPOXHbIM, aBTOMOOUIbHBIM Y PEYHbBIM
TpaHcrnopToM. CyMMapHbIA pacxod NEPBMYHOrO TOMMMBA Ha BCE NepeyncrieHHble HyX bl cocTaBnseT 65
Kry.T. Ha 1 T y.T. yrnNg aHepreTM4eckoro, T.e. ANs UCNONb30BaHUsa 1 T y.T. yrNsa B Ka4yecTBe KOTENbHO-
neyHoro Tonnnea Heobxogmmo AobbiTe 1,065 T y.T., unu B pacyeTe Ha 1 T yrns aHepreTu4eckoro (C ka-
nopuiiHocTbio 4400 Thic. kkan) — 0,655 T y.T.

Taknm obpasoM, koacpduruMeHTbl nepecyeTa NOTPEBEHHOrO KOTESbHO-MEYHOro TOMMMBa B NEpPBUYHOE
COCTaBnsAoT: ana 1 1y.7. masyta — 1,107;

aona 1 1y.7.rasa—1,167;

ana 1 1y.7. aHepreTnyeckoro — 1,065 Ty.T.

B 1985 r. gnsa nonesHoro notpedneHus 1 T y.T. KOTENbHO-NEYHOrO TonfMBa Heobxoanmo ObiNo 4oObLITh
1,134 T y.T. NEPBUYHbBIX 3HEPrOPECYPCOB, T.€. yCPeaHEHHbIN KoadduumneHT nepecyeTa paseH 1,134.

TennoBas 3Heprusa. B 1985 r. Ha gonto TOL 1 kpynHbIX KOTENbHLIX MOLWHOCTLIO 6onee 50 Mkan/v npw-
xoaunock 6onee 50% BbIpabOTKM TENSOBOW 3HEPTUN.

B HacToswee Bpems KoadhduLmMeHT nonesHoro gencrems TOL coctaBnsieT:
T3l = 0,82 + 0,88 — Ha TBEpAOM TOMNNUBE;
TaU = 0,88 + 0,92 — Ha »knuakom Tonnuee.
K[ cooTBETCTBEHHO PaNOHHbIX U MECTHbIX KOTEfbHbIX COCTaBNAET:
ONsi paoOHHbIX: K.p.=0,75+ 0,80 — Ha TBEpAOM TOMSNBE;
K.p. = 0,80 + 0,85 — Ha rase v >XMakom Tonnmee
NSt MECTHBIX K.m. = 0,50 + 0,55 — Ha TBepOOM TOMNUBE;
k.M. = 0,60 + 0,70 — Ha rase 1 Xnakom TOMNNMBE.
MoTepu Tenna B ceTsax Npu pasgade SHeprnm onpeaensaTca Ha ocHoBe nokasatenen K[ ceten, senu-
UYMHA KOTOPbIX B HAcCTOsILLiee BpeMsi COCTaBnseT:
KMA rennosbix ceten ot TOL — 0,9 + 0,95;
KM TennoBbix ceTen oT panoHHbIX KoTenbHbIX — 0,92 + 0,96;
KI[ TennoBbixX ceTen OT MECTHbIX KBapTarbHbIX KOTeNbHbLIX — 0,98 + 0,99,
YcpeaHeHHbIn KOadhULMEHT MOME3HOro AENCTBUA CUCTEM TENMOCHAGXEHUs, YYUTLIBAKOLUA CNOXUB-

LUYOCA CTPYKTYpYy reHepaTtopos Tenna (TOL, KoTenbHbIX 1 T.4.), a Takke BUAbl NPUMEHSEMOro TOMNnmBea,
paBeH:

0,819x0,36 +0,775x0,18 + 0,615 x 0,24 + 0,55 x 0,22 = 0,704

Cpegnuin no CHI™ pacxon nepBUYHOro yCrOBHOMO TOMMMBA Ha BbIPAabOTKY TEMITOBOW SHEPTUN U JOCTaBKY
ee notpebutento ¢ y4etom ycpeaHeHHoro KI cuctem TennocHabxeHus, a Takke C y4eTOM pacxoa
TONnMBa Ha ero Aobbivy, nepepaboTKy U TPaHCNMOPTMPOBAHNE COCTaBMSET

_1x10(1+0,134)

=0,230 nn.y.T,
7x10x 0,704

roe 1x10 — konnyecTBo Kkan B [kan; 0,134 — koahdUUMEHT, yunMTbIBaKOLWUIA pacxon NepBUYHOIO yCroB-
HOro Tonnmea, Heobxoaumoro ans fobbluun, nepepaboTkM N TpaHCNOPTMPOBaHMS 1 T YCNOBHOIO TONMMBa



00 mecTa ero notpebnenus; 7x10 — konnyecTBo kkan B 1 T y.T.; 0,704 — pacyeTHbIN yCcpeaHEeHHbIW No
CcTpaHe Ko3(hdULMEHT NONE3HOro AENCTBMSA CUCTEM TENNOCHAOXEHMS.

Takmum o6pasom, koadduumneHT nepecyeta 1 ['kan TennoBown 3Heprun B YCNOBHOE TONMNBO B HacTosLLee
BpeMs paBeH 0,230 T n.y.T., T.e. ANs TOro, 4Tobbl MOXHO ObINO Ucnonb3oBaTth y NoTpedbutensa 1 MNkan Te-
NnoBoWn 3Heprumn, Heobxoanmo JoobITe 230 Kr M.y.T.

CnefnyeT OTMETUTb, YTO NPU ITOM pacyeTe He YYUTbIBAETCA UCNONb30BaHNE BTOPUYHBLIX 3HEPropecypcoB
O51s NonyyeHnst TennoBon aHeprum. C yyeTom 3Toro gpakropa koadpduumeHT nepecyeta 1 MNkan Tenno-
BOW 9HEepruu B NepBuyHOE TONNMBO ByaeT Hmxke. Tak Kak ypOBHWU UCNOMb30BaHNS BTOPUYHbLIX 3Heprope-
CYypCOB B OTpacnsax HapOAHOro XO3AWCTBa Pe3KOo OTNUYaTCs, TO dpakTuyeckue KoadpduLneHTbl nepe-
cyeTa TENoBOW 3HEPTNW B NEPBUYHOE TOMMMBO Takke OyayT OTNINYHBI.

PacueTbl nokasanu, 4to B 1985 r. KoachduumneHTbl ObINM paBHbI:

B CpegHeM Mo MPOMBILLNEHHOCTM (LLeHTpanu3oBaHHbIe UCTOYHMKM TennocHabxeHna — TOL n kpyn-
Hble KoTenbHble) — 1 'kan TennoBow aHeprnn — 0,176 T y.T.

B TOM umucne:
yepHas metannyprua — 0,124 Ty.T.

uBeTHast metannyprusi — 0,169 1 y.T.

XuMmu4deckasi NnpombILLIneHHocTb — 0,150 T y.T.

MawmnHocTpoeHve — 0,190 T y.T.

ocTarbHble OTpPaciy MPOMbILLSIEHHOCTU — TpaHCNopT, cBsA3b — 0,191 Ty.T.

npw NPoOM3BOACTBE TEMNMOBOW 3HEPTNN B MECTHbIX KOTENbHbLIX U nevax — 1 Mkan — 0,237 Ty.T.

npu NpPOW3BOACTBE TEMNMOBOW 3HEPrMM Ans WUCMOoNb3oBaHMA e€e B KOMMYHanbHO-ObITOBOM CeKTope
1Tkan-0,199 Ty.T.

AnekTpoaHeprus. Mpu onpegeneHnm pacxona NepPBUYHbLIX TOMMBHO-3HEPrETUYECKNX PECYPCOB, HEOO-
XOAMMOrO A1 MPOU3BOACTBA ANIEKTPOIHEPTUN, MOXKET ObITb PACCMOTPEHO ABa cryyas. B nepBomM MOXHO
onpegenaTb pacxon NEPBUYHOIO OPraHMYEcKOro TOMMMBaA Ha BbIpabOTKy 3neKkTpoaHepruun. [pu aTom,
YeM Bblle A0MSA 3Heprun, BolpabaTbiBaeMOM Ha MMAPOCTaHUMAX, TEM HUXE YAENbHbIN pacxod notped-
n{emoro opraHu4deckoro Tonnumea. B 1986 r. oH Obin paBeH:

326,2x (1+0,134)x 0,75x 1094 = 304 ry.T./kBT-y,

roe 326,2 — cpegHWiA pacxog YCIMOBHOro Tomnnvea, Heobxogumbin anst 1 kBT-4yac anekTposHeprum Ha
AMEeKTpOoCTaHumMsIX obuiero nonb3oBaHus, r; 0,134 — KO3PUUNEHT, yUNTLIBAKOLWLMIA pacxon NePBUYHOIO
YCIOBHOrO TONnuBa, Heobxoaumoro Anga Aobblun, nepepaboTkm U TpaHCNOPTUPOBaHUA1 T YCNOBHOIO TO-
nnveBa Ao anekTtpocTaHumu; 0,75 — yaenbHbI BeC 3NEKTPO3Heprun, BbipabaTbiBaeMoW Ha TEMnoBbIX
3AneKkTpocTaHumsix obuiero nomnb3oBaHus; 1,094 — k03O PUUNEHT, YUNTLIBAIOLLMIA MOTEPU SHEPTUN B CETAX
obLero nonb3oBaHus.

Bo BTOpoM crnyyae 311 3aTpaTtbl OLEHNBAOTCS.

YcpeOHeHHbI pacxof, TOMMMBHO-3HEPreTUYECKUX PECYPCOB (@ HE NEPBUYHOMO TOMMMBaA), HEOOXOAMMBIN
ans BelpaboTkm 1 KBT 4 aHepruum, paBeH:

326,2x (1+0,134)x 0,75x 1094 + 123 x 0,25 x 1,094 = 337,6 ry.T.,

roe 0,25 — yaenbHbI BEC 3NEKTPO3HEPTUW, BbIpaboTaHHOM Ha rMapO3NeKTPOCTAHUMAX U aTOMHbIX CTaH-
umax B 1985 r.; 123 — skBMBanNeHT And nepecyeTa B yCrioBHoe Tonnmeo 1 kBT-4 aHeprun, BoipaboTaHHOM
Ha rMapPO3NEKTPOCTAHLMSAX U aTOMHBIX CTaHLUMSX.

lMpu BTOpOM MeToAe, a OH Hambonee pacnpoCTpaHeH, NPMHMMAETCS YCMOBHO, YTO AN NPOM3BOACTBA
AMEKTPOIHEPIMM N HA aTOMHbIX CTAHUMAX, U HA MMOPO3NEKTPOCTAHUMNAX TPebyeTCs Takoe e KONM4ecTBo
TOMIMBHO-3HEPreTU4ECKMX PEeCcypcoB, Kak M Ha TENMoBbIX, TO €CTb pacyeT BedeTCs No 3amMmeLlaemMoMy
Tonnmey. B aTtom cniyyae ycpegHeHHbin pacxog TOP, Heobxogmmbin anst BoipaboTkm 1 KBT 4 aHeprum
Oynet paBeH 326,2 x (1 +0,134) x 1,094 = 389 ry.T.

KOS(*)(*)I/ILI,I/IGHTbI nepecyeTa passfiMyHbiX BMOOB TOoMnmMBa W 3HEPrMn B nepBuU4YHOE YCIOBHOE TOMJSIMBO
MOXHO HanTK B cnpaBO4YHOM mMaTepuane K JaHHOMy nocobuio.



1.1.2. [OwvHamuka TonnuBHO-3HepreTnyeckoro 6anaHca (T3B) B mupe, B Poccun.

Temnbl MMPOBOIo NPOM3BOACTBA M MOTPEeObNeHNs SHepreTMYecKknx pecypcoB 3a nocrnegHee gecatunetue
NMMerT TeHOeHUUKO K CHWKEeHUHO. OLI,HaKO CyMMapHOe KONnn4yecCcTBO Npon3BOAUMMbIX B MUPE NEPBUYHDbIX
3HEPropecypcoB HeMpepLIBHO BO3pacTaeT.

CornacHo gaHHblM MexayHapOo4HOro SHepreTU4eckoro areHTCTBa, MUPOBOE MPOU3BOACTBO MEPBUYHBLIX
3HEpreTMYEeCcKUX PecypcoB, BKMYas pacTutenbHyto buomaccy, gocturno 13,4 mnpg. T.y.T. unun B pacye-
Te Ha 1 xuTensa nnaHetbl 2,36 T.y.T./yen. CymmapHoe notpebneHne anekTpoaHeprum coctaBnsaet 12,1
TprH. kKBT-yac unun 2187 kBt-4yac/uen. Poccuiickas ®epepauus, Boiias us coctaBa Cosetckoro Cotosa 1
COXpaHuB 3a COOOI ponib OOHON M3 BedyLUMX SHEPreTUYECKNX OepXKaB M1pa, K COXarneHuo, UMeeT UHble
TeHaeHuum (puc. 1, Tabn. 1).
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Puc. 1 MponssoacTso u noTpebnexHne NepBUYHON SHEPrun

Tabnuua 1
TonnueHo-aHepreTuyecknii banaHc

O61bem npousBoacTBa
MokasaTtenu

1995 1996

[Mpon3BOACTBO NEPBUYHBIX TOMMMBHO- 1737.0 1408.,0 1398.4 1362,0
SHEPreTUYECKNX pecypcoB, MITH.T.y.T
[ob6blya HedTM € ra3oBbIM KOHOEHCATOM, MITH.T. 462,0 306,8 301,2 305,6
[obbiva rasa, Mnpa.ky6.m. 643 595,5 601,5 5711
[obblya yrns, MinH.T. 353,0 262,8 256,7 244 .4
MocTtaeka B cTpaHbl CHI
— Hed TN, MITH.T. 106,5 26,1 20,6 17,1
— rasa, Mnpa. kyb.m. 81,9 68,3 68,5 68,0
— yrng, MAH. T 22,4 7,9 6,4 3,8

AHanunsnpysi OCHOBHblE Moka3aTenu paboTbl TOMMMBHO-3HEPreTMYECKOro KOMMJeKca 3a MnocrnegHue
10 NeT, MOXHO OTMETUTb, YTO HauMHas ¢ 1985 roga gobblva HeddTU B CTpaHe cHM3unach ¢ 542,3 MnH. T
0o 301,2 mnH. T B 1996 roay. B 1997 rogy Bnepsble Nony4YeH NpupocTt 4obblumn Ha 4,4 MIH. T, ee ypoBEeHb
BMeCTe C ra3oBbIM koHgeHcaTom coctaBmi 305,6 mrH. T (101,5% k 1996 r.).

3a npegenel Poccum 6bino BeiBE3€HO MOYTU 126 MAH. T HedTH (Ha 2,7 MiH. T 6onblie, yem B 1996 1.), u3
aToro obvema -17,1 MnH. T - B cTpanbl CHI™ n okono 109 mnH. T - B ganbHee 3apybexbe. 3a 11 mecsueB
1997 r. oT akcnopTta Hed TN N HedTenpoaykToB nonyyeHo 19,2 mnpa. gonnapos CLLUA.

B 1997 roagy B Poccun 6bino gobeito 571,1 mnpg. ky6. m npupogHoro rasa (94,9% k 1996 r.). CHmwkeHne
A00bluK B LIeNIOM NPOM30LLMIO U3-3a8 CHWKEHUUSI CNpoca CO CTOPOHbI OTEYECTBEHHBIX U 3apybexHbIX no-
Tpebutenen



MocTaBka rasa 3a npegensl Poccun coctasuna 188,8 mnpa. ky6. M, 4to Ha 3,9% Huxke, yem B 1996 T.
MocTaBka rasa B CHI™ coctaBuna 68 mnpa. ky6. m (99,4% k yposHto 1996 r.), a B CTpaHbl g4arnbHero 3apy-
Bexbsa n bantun 120,8 mnpa. ky6. m (94,3%).

Ha 1997 r. B uenom no Poccuun npegycmaTtpuanoch obecneuntb foObidy yrnsa B oobeme 262 MIH. T
(102,7% k 1996 r.), NPOAOIMKUTE peanu3aumio NporpaMmMbl PECTPYKTYpU3aLumn yroribHON NPOMbILLNIEHHO-
CTU 1 Ha ee OCHOBE NOBbLICUTb APAEKTUBHOCTb €€ AEATENbHOCTN U 0CnabuTb couuanbHoe HanpspkeHue
B TPYAOBbIX KOSNEKTMBAxX OTpacnm.

dakTnyeckn gobbiTo 244,4 MnH. T, 4to Ha 12,3 MnH. T (4,8%) Hwxe, yem B 1996 r. TeHOEHUMS K CHUXe-
HUIO JOObIYM YISt NPOJOIHKAET COXPaHATHCS.

B obuwiem nponsBoacTBe NEPBUYHBLIX IHEPrOPECcYpcoB [oNA rasa Bospocrna ¢ 49% B 1995 r. go 50% B
1996 r., gonsa HedTn coctaBuna 31, yrna - 13, anektpoaHeprnn (ASC n MNBC) - 6%. CTpykTypa npous-
BOACTBa 3nekTpo3aHeprum B 1996 NBC- 18, TOC - 69, ASC - 13%.

BmecTte ¢ TeM nageHve npousBoACTBa 3HEPropecypcoB M 3TW oAbl OKasanocb MEeHbLUMM, Yem obLumin
cnaj B 3KOHOMMKE, YTO NOBLICUITO 3HeproemkocTb BBl noutn Ha 50% (Tabn. 2).

Tabnuua 2
3koHoMuKa n aHepreTuka Poccum B 1991-96 rr. (1990r.=100%)
1991 1992 ‘ 1993 1994 1995 1996
BanoBon BHYTPEeHHWUI NpoayKT 95 84 74 65 62 58
[MpombiILLEeHHON NPOM3BOACTBO 92 75 65 51 50 47,5
Cenbckoe X0351MCTBO 95 86 83 73 67 62
KanutanbHble BNoxeHusi 85 55 45 34 30 25,5
Mpoussoacteo TOP 94 89 83 77 76
MoTtpebnexHne TOP 99,5 93 87 77 73

1.1.3. TeHAEHUUN U NPUYMHbI U3MEHEHUA CTPYKTYpbl TOB Poccun.

Bbicokas aHeproeMKocTb POCCUWACKOM 3KOHOMMKM obycrnoBneHa uenbiM psaom (akTopoB, FMaBHbIMM
cpeam KoTopbix 6binn KpaviHe crnabblin y4eT, KOHTPOSb U perynupoBaHue pacxofoBaHNS SHEPreTUYecKunx
pecypcoB BO BCex cdhepax, UCKYCCTBEHHO 3aHWMXEHHbIE Tapudbl Ha 3NEKTPOSHEPIUIO U LEeHbl Ha Apyrue
9HEeproHocMTenu, OTCYTCTBME 3aMHTEPECOBAHHOCTM 3HepronoTpebuTenen B pauMoHanbHOM WCMOSb30-
BaHWM N 3KOHOMHOM PacXO40BaHUW SHEPropecypcoB, NMPaKTUYECKN MONHOe OTCYTCTBME HaLMOHANbHOro
Npon3BOACTBa 3HeproaddekTmBHOro obopyaoBaHus, npeobrnagaHue MOHOMONBHON CUCTEMbl 3HEpPro-
cHabxeHnsa n psag opyrux. B nocnegHue rogbl yaenbHas 3HEproeMKocTb BO3pocHna elle U3-3a HeJorpys-
KM Uy NpOCTOS MPOMbILLSIEHHbIX NPEANPUATUN.

Bbicokasi 3HEProeMKOCTb M HEMPOU3BOANTENbHbLIE PacXodbl 3HEPrMU 0BYCIOBUIM CHUXKEHWE SKCMIOPTHOrO
noTeHuMana TOMMBHO-3HepreTu4yeckoro komnrekca Poccun kak MuHMMyM Ha 100 MAH. T.y.T., CHM3MNachb
KOHKYPEHTOCNOCOOHOCTb OTeYeCTBEHHOW npoAykumm npumepHo Ha 10-15%. OHepropacTouMTensHOCTb
BO Bcex cdepax Npon3BoACcTBa U ObiTa Bbl3blBAET HEOOXOAMMOCTb AOMOMHUTENbHOW A00bLIYM TONMNBHO-
3HEepreTMyeckux pecypcoB B oobeme He meHee 170 mnH. T.y.T. [pn BoccTaHOBNEHUN 06beMa NPOMbILLI-
NEeHHOro nponsBoacTBa Ha ypoBHe 1990 r. cTpaHe noTpebyeTcst AononHMTENbHO He MeHee 300-350 mrH.
T.y.T., Aobbl4a KOTOpbIX abcontoTHO HepeanbHa. PacyeTamu gokasaHo, 4YTO ANns nogaepkaHua gobbium
Ha YpOBHE CErofHsILLIHEero gHs Heobxoaumel 3atpaTel B pa3mepe 65 mnpa. gonn. CLUA, B To Bpems Kak
ans obecneveHms skoHomumn 100 MIH. T.y.T. Heobxoaumo Bcero nuwb 5 mnpa. gonn. CLUA.

MpopomkaroLwmncsa pocT 3HEProeMKOCTM Bbi3blBAET yBenuyeHne pacxodos degepanbHoro biogxerta Ha
copepxaHvue n TonnvesoobecneveHe coumanbHon cepbl, KOMNEHCAUMN YacTy KOMMYHarnbHbIX nnaTe-
Xen HaceneHus 1 CBA3aHHOW C 3TUM CouMaribHON HanpsXeHHOCTU. POCT 3HeproemkocTn NpOMbILLfeH-
HOM MPOAYKLUUWM NMPUBOAUT K CHMKEHWUIO KOHKYPEHTOCMOCOBHOCTN OTeYeCTBEHHbIX TOBaponpom3BoauTe-
nen.



1.2, CocTosiHMe 3HepreTUKM CTpaHbl.

1.2.1. TlpnunHbl, coepxyBaroLme TEXHUYECKN HeoBXoauMbIA POCT A0BbI4M NEPBUYHBIX SHEPro-
pecypcos.

1.2.2. BOdPeKkTMBHOCTL MCNONB30BaHNS IHEPrOpeCYpcoB B Mupe 1 B Poccun.

1.2.3. CBs3b Mexay NPoOn3BOACTBOM U MOTPEDBNIEHNEM SHEPrOPECYPCOB M COCTOSIHUEM OKPY-
XatoLen cpeapl.
1.2.4. AxTyanbHOCTb U MOTEHUMAN aHeprocbepexeHns B CTpaHe.

1.2.1. TpuuunHbI, caepXuBalOLWMe TEXHUYECKN HEOOXOAUMbIN POCT [OOLIYM NEPBUYHbLIX 3HEpPro-
pecypcoB.

BbI,EI,eJ'IFHOT HECKOJ1bKO Q)aKTopOB KPU3NCHOIo COCTOAHUA SHEPIreTUKN:
— cnap npou3BOACTBa BO Bcex oTpacnsax TIK;

—  HM3KMIN TEXHUYECKMIN YPOBEHb OCHOBHOrO o6opyaosaHuns TIK, BbICTPO pacTyLlasa ero N3HOLWEHHOCTb
W, KaKk cneacTeue, BbICOKas CTOMMOCTb Npou3BoanMbix TOP;

—  aKomnornyeckoe Hebnaronony4yme Bokpyr 06bekToB TOK;
— cnag uHeectMumin B otpacnn TOK;

— HapyuweHud 3Hepr00Ha6)KeHVIFI n3-3a HennaTexen, a B pAane permoHoB uU3-3a He4oCTaTOYHON MOLLHO-
CTN NCTOYHUKOB 3HEPTIUNN;

— pacTouuTenbHoOe 3aHepronoTpebneHue: Bbicokasa aHeproemkoctb BBI1, ckpoMHble ycnexu B
paboTe no aHeprocoepexxeHuto.

CerofHs noyTn Kaxxgasi BTopas TOHHA CXXMraeMoro TOMnuBa pacxofyeTcsl HENpOU3BOAMTENbHO. Yaenb-
Hasa aHeproemkocTb BBl B PP noutn B 3 pasa Bhiwe, yeM B cTpaHax 3anagHon EBponbl 1 B 1,8 pasa
Bbile, yem B CLLUA.

1.2.2. 3ddheKTUBHOCTbL NCNONIb30OBaHUS IHEPropecypcoB B mupe 1 B Poccum.

OHepropacTo4MTENbCTBO, COXPaHUBLLEECS CO BPEMEH MCKYCCTBEHHOW AELLEBU3HbI PECYpCoB, yCyryons-
eTcs obLLMM SKOHOMUYECKMM KPU3MCOM U OTCYTCTBMEM MHBECTULIMIA AN1S NEPEeCcTPoniku cdepbl Npon3Boa-
cTBa u notpebneHns Tonnmea n aHeprun. 1o 40% Bcex MCMONb3yeMbIX B CTPaHEe SHEProHOCUTENEN pac-
X04yeTCsl HepaumoHanbHo, nMMbo B BuAe NpsiMbIX NoTepb, NMM60 B 9KOHOMMKE, KOTOpas He AaeT KOHKpeT-
HOro nonesHoro agdekta y noTpebutens, oTarowlasi pacxogHyt YacTb OLOOKETOB BCEX YPOBHEN.

3a nocnegHve rogbl No AaHHbIM MWH3HEPro SHEProeMKOCTb OTEYECTBEHHOW 3KOHOMMKM BO3pocna Ha
46%, B cpegHem Ha 30% yBenunuunucb 3aTpaTtbl IHEPropecypcoB Ha MPOU3BOACTBO MeTanna u gpyron
Ba3oBon aHeproeMkon Npoaykuun, Ha 25% cokpaTtunocb noTpebrneHne anekTpo- U TeNno3HepPrun Ha ay-
wy HaceneHus. [oTepn anekTposHeprum B ceTu odLero nonb3oBaHua Boeipocnn oo 120 mnpg. kBT-yac B
rog, unm go 13,5% ot obbema npousBoacTBa. ExerogHble notepu HedTn oueHmBaroTes B 10+12 MnH.
TOHH, @ MOTOPHbIX TOMNMB - B 11+12 MIH. TOHH, 4TO cocTaBnseT 3,7% n 5,7% ot o6bema nx Npon3Boa-
CTBa COOTBETCTBEHHO. B TO e Bpems Kaxabli NPOLEHT 3KOHOMUKU 3HEepropecypcoB obecneynBaeT npu-
pocT HauuoHanbHoro goxoga Ha 0,35% [1, 2, 5].

OCHOBHbIMM MPUYNHAMN YXyOLWEHUS SHEProMCcrnornb30BaHMs ABNATCA cnaj NPOMbILLNEHHOro NPon3Boa-
CTBa, U3HOC AHEPronoTpednstoLwero n 3Hepronpon3BoaaLLero obopygoBaHns, KoTopbli goctur 63+75%.

MocTosiHHO pacTeT ona CTOMMOCTU 3HEPropecypcoB B CTPYKType 3aTpaTt Ha Npon3BoACTBO NpOoayKUUN.
Wx oonsa B 3aTtpartax Ha onnaty KOMMYHallbHbIX nnarexen cocrtaBnsieT B pPa3HbIX permoHax oT 40 po
70%.

YaenbHaa 3HeproemMKoCcTb BanoBOro npoaykra B Mupe coctasuna 443 kr y.T. B pacyete Ha 1000 gonn.
CLWA (1990 r.). Ina cpaBHEHMS MOXHO yKasaTb, YTO MO METOAMKe pacyeTta, NnpuHATon B MexayHapona-
HOM 3HEpPreTM4YeckoM areHTCTBe, CyMMapHOE MPOM3BOACTBO MEPBMYHBLIX 3HEPreTUYECKMX PecypcoB B
Poccum B 1995 r. coctaBmno 1361 MiH. T.y.T., @ UX BHyTpeHHee noTpebnenune - 898 MmnH. T.y.T. YaoenbHas



9HEepProeMKoCTb BanoBOro BHyTpeHHero npoaykta B Poccumn B 1995 r. 6bina noytn BTpoe Bbille cpeaHe-
MMWPOBOrO Nnoka3aTtens u coctasuna 1287 kr y.7. B pacyeTe Ha 1000 gonn. CLUA (1990 r.).

3a nocnegHune 15-20 net QHEProemMKoCTb B BGonbLUMHCTBE nHAOyCTpnaribHO pa3BuUTbiX CTOHAaxX MUpa CHU-
3nnachb, Torga Kak aJ1IeKTpoeMKOCTb BO MHOIMNMX CTpaHax nposasuiia TeHOeHUN K POCTy (Taﬁ]’l. 3).

Tabnuua 3
YnenbHble nokasatenu cTpaH Mupa

SHeproeMKocTb, T y.T. Ha 1000 aonn. CLUA ‘ AnekTpoeMkocTb, KBT-4 Ha 1 gonn. CLUA
~ 1995rop  1973rop |  1995rop | 1973rop
Benbrus 0,40 0,33 0,48 0,36
ABcTpus 0,21 0,24 0,29 0,28
Benbrus 0,36 0,4; 0,36 0,30
Benukobpur. 0,30 0,31 0,32 0,40
epmaHus 0,27 0,31 0,29 0,34
WNTannsa 0,20 0,21 0,23 0,21
KaHnapa 0,54 0,59 0,38 0,38
Hupepnangpl 0,33 0,37 0,29 0,27
CLIA 0,49 0,53 0,55 0,54
DdpaHumsa 0,27 0,26 0,31 0,22
Lsenuapus 0,16 0,14 0,23 0,19
Lseuns 0,31 0,30 0,58 0,70
AnoHusa 0,23 0,24 0,30 0,30

OHEeproemMKoCTb MUPOBON 3KOHOMMKN K 2020 T. COKpaTMTCsl NOYTM Ha YeTBEPTb, NMPY 3TOM, Kak npeanona-
ratoT NPorHo3ncTbl EBponenckoro coobuiecTsa, camor 3HeproadpeKkTUBHOM OCTAHETCS SKOHOMMKa Arno-
HuKM n ctpaH EBponenckoro coobliecTsa, Toraa kak Hanbonee sHepropacTounTensHon GyaeT octaBaTtb-
cs akoHoMuka ctpaH CHIT, sHeproemkocTb koTopown 1 B 2020 r., cornacHo 3anagHbiM oueHkaMm, byaeT B 6
pas 6onbLue, 4em B AnoHuK, 1 noyTn B Tpoe Bbiwe, Yem B CLUA. MNMporHosupyemas gnHamuka ygensHoro
9HepronoTpebneHns 1 9HeproeMKOCTU MUPOBOW IKOHOMWKU MO HEKOTOPbIM CTPaHam WIu pernoHamM B
nepwog po 2020 r. npuBeneHa B Tabn. 4.

Tabnuua 4
YpenbHoe aHepronoTpebnexHve

2000ron | 2010ron = 2020 roa

B MUpPE, Kr.y.T./uen 2200 2240 2290

OHEeproemMKocTb MUPOBON IKOHOMUKM, T.y.T./MIH akto (1985 r.), 540 470 410

B TOM YuCle B :
CtpaHax CHI 1770 1425 1180
CLA 410 370 340
EBponevickom cotose 390 330 290
Anoxnn 250 220 200
TlaTnHckon Amepuke 520 420 350
Adbpuke 740 690 630
Asun (6e3 AnoHun n Kutas) 970 700 530
Kutae 1290 800 540
BrnvxkHem BocToke 410 470 340

CocTosHMe noTpebneHnsa NepBUYHON SHEPIrMK Ha eOuHULY BHYTPEHHEro BanoBoro npoaykra (BBI1) no-
KasblBaeT puc. 2.
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1.2.3. CgsA3b Mexay NpoM3BOACTBOM U NOTPeGsIeHneM 3HepropecypcoB U COCTOSSHUEM OKpPY-
Xarouen cpeabl.

C oGbemamu noTpebneHnst 3HepruM HanpsiMyto CBsA3aHbl HEKOTOPbIe NMoKasaTeny kadecTBa XWU3HU Yerno-
Beka Ha 3emrnie. OgHMM M3 TakuMxX NokasaTenein NpuHsTa NPOAOIHKUTENIBHOCTL XXM3HU YernoBeka. B npo-
LUNIOM CTONETUM MO Mepe pocTa yAernbHOro noTpebrieHnst S3HeprMu OT MUHMMANbHOTO 3HaveHus Ao 4
T.y.T./4ENOBEKa CpeaHss NPOAOIKUTENIBHOCTb KMU3HM YesioBeka NpsiMo NPONnopLMOHanbHO Bbipocna ¢ 30
4o 56 net. Bbicokuit ypoBeHb 3HepronoTpebreHusi B pa3BUTbIX CTPaHax COMPOBOXAANCS BbICOKMMMU MO-
KasaTensaMu Ka4ecTBa XWU3HWU B 3TUX CTpaHax.

Habntogaetca onpefeneHHasa cratucTmyeckasa 3aBucuMocTb 1 anga Poccun, Tak npu nameHeHmm B Poc-
cum aHeproobecneveHuns npumepHo ot 300 kBty/uen (1900 r.) po 6500 kBty/ven (1990 r.) npupoct
cpegHern NpoaomKNTENBHOCTM XU3HK cocTaBun noyvtn 40 net. Cnoxuewasca nocne 1991 roga aKoHo-
MUYeckas cuTyaLms crnocoOCTBOBara CHUXKEHMIO YPOBHS 3HeproobecneyeHusl, 4To ckasanocb Ha cpef-
Hewn NPOAOIMKUTENBHOCTU XU3HKW, KOTOpas cHM3Mnach 3a nepuog ¢ 1991 roga Ha 4-6 ner.

Takasi 3aBUCYMOCTb [BYX MokasaTernei CyLecTBYyeT, ecni o6paTHO CBS3bl0 34eCh ABMNSAITCS NokasaTte-
NN pocTa BHYTPEHHEro HauMoHamnbHOro NpoAyKTa, CrnocoGCTBYIOLErO ycnexaMm B MeauUMHCKUX U OpYruX
Hay4HbIX aucuunnvHax. Ho gake npu GraronpusiTHOM CTeYeHuu OGCTOSTENLCTB B POCTE MokasaTens
KauyecTBa XXM3HM MOXeT HabnogaTbCs HacbllleHue, a 3ateMm u cnag. OgHa uM3 NMpUYMH 3TOro TecHast
B3aVMIMOCBSI3b MeXAy POCTOM NMPOU3BOACTBA SHEPTMU W 3arpsi3HEHNEM OKpY»KatoLeln cpeapbl.

[Mpu oxUraHMn pasnuyHbIX BUAOB TONNMBA B aTMOCHEPY C OTXOAALWMMMU rasamu nonagaroT BpedHble
BellecTBa, Takne Kak okcug yrnepoga, AMoKCua cepbl, OKCUabl a3oTa, YrneBoaopodsl, nbifiesblie BblOpo-
Cbl, KONMYECTBO KOTOPbIX 3aBUCUT OT BMAa Tonnuea (tTabnuua 5.).

Tabnuua 5.

YaenbHble BeIOPOCHI NPOAYKTOB CropaHusi Npu akesibHOM CXWUraHWM OpraHUYeckux TOMMMUB B 3HepreTndeckux kotnax. Tennota
cropaHusi Tonnuea, QHp, MIOx/kr

BbIBPOCHhI TOMNMBO
A3, rim® Maasyrt, kr/T Yronb, Kr/T

Sox (SOy) 0,006-0,01 21xSP 17-19xSP
Nox (NO3) 5-11 5-14 4-14
CO 0,002-0,005 0,005-0,05 0,10 - 0,45
Yrnesogopogbl 0,016 0,1 0,45-1,0
H,O (nap) 1000 700 230-360
CO; 2000 3000 2200-3000

— 10xAP 10xAP
Q"p, MOxx/xr 32-35 38-40 15-25

Sp — HOpMa coepXaHus cepbl B cyxoM Tonnmee (B %)
Ap - HOpMa coepXaHusi 301bIB cyxoM Tornmee (B %)

lMpakTnyeckn NpoONoOpLMOHanbHO Konu4ecTsy notpebneHHowm sHeprum HabnwgaeTca pocT BbIOPOCOB yr-
nekucnoro rasa B atmocdepy (CO2). MNMpn mnpoBomM NOTpebneHnn saHeprum, sKkBuBaneHTHon nopsaaka 10-
11 mnpg. T.y.T. B rog aM1ccusa guokcuaa yrnepoga cocraenset 6onee 6 mnpa. ToHH B ro4. Hanbonbwimin
pOCT BbIOPOCOB AMOKCMAA yrnepoaa HabnogaeTcs B NocrneaHMe OecaTuneTusl NpoLusioro Beka (BblOpo-
Cbl YFNEKMCNOro rasa BbIPOCNM B TPU pasa Mo cpaBHeHuto ¢ ypoBHem 1950 roga). Okonorm npenckasbl-
BalOT, YTO HAKOMIIEHWE YITEKUCITONO rasa B aTMocdepe NpMBOAUT K BO3HUKHOBEHWKO MAapHUKOBOrO adb-
dekTa 1 rnobanbHOMY MOTENMEHNIO KNMMaTa C katactpodmyeckummn nocnegcteusimu. MageHne B 90 —x
rogax npoussoacTtBa B Poccum npyBeno K HEKOTOPOMY COKpaLleHWo MpOW3BOACTBA U NOTpebneHust
3Heprnn, 4To NouTh Ha 40 % CHM3MIO BBIOPOCHI aTMOCKEPHBIX 3arpsi3HEHUI OT CTALMOHAPHBLIX UCTOYHM-
KoB. pu aTom ygenbHble BbIBpOCH! B r/Thic. pyb. octanucb Ha ypoBHe 1990 roga. 910 cBMaeTensCcTByeT
0 ToM, 4TO B 90-x rogax nokasaTenu aHeproadEKTUBHOCTM 3HAYMTENBHO YXYALWWIUCE, DTO crieqyeT u3
aHanmsa TabnmyHbIX gaHHbIX (Tabnuua 6). Nog nepBMYHONM SHEPrnen NMOHMMAETCH 3HEPrusi, 3aKITYeEH-
Hasi B TONIMBO—3HEPreTNYECKNX pecypcax.

B 1990 rogy o6bem BpeaHbix BbIBpocos B atmocdepy coctasun B Poccun 65 mnH. ToHH. Pacnpegene-
HWe MexXay UCTOYHMKaMK 3arpssHeHun npuseaeHo B Tabnuue 7.
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Tabnuua 6.

[nHamunka HEKOTOPbIX IKOHOMUYECKUX, IHEPTETUYECKUX M IKOMOrMYecknx nokasartenen Poccun.

lNokasaTtenb EavHunubl  n3me- 1996 r. K

peHus 1990r. B %

BHyTpeHHU BamoBbIi NpO- | MNpA. AONapoB 1018 735 625 61,4

OYKT CLUA 1995 r.

MpoussoacTtso NepBUYHON | MIH. T.y.T. 1862 1539 1390 74,7

3Heprum

MoTtpebneHne NEPBUYHON | MIH. T.Y.T. 1602 1158 978 61,05

3Hepruu

OHeproemkocTb BBl — HeTTO* | T.y.T./1000 1,57 1,58 1.56 99,4
USD 1995 r.

YpenbHble BbIOpoChI 7/1000 USD 34,1 33,7 32,6 95,6

*) OHeproemMKocTb — HETTO PacCYUTLIBAETCS NO BeNUYMHe NoTpebneHns NepBUYHOR SHepruu:
OHeproemkocTb — HeTTo = [NoTpebneHne neperYHON 3Heprun/ BHyTpeHHWI BanoBbIA NPOAYKT (MO Kypcy Aonnapa yka3aHHOro ro-
na).

Tabnuua 7.
McTouHMKM 3arpsasHeHnii atMocgepHoro Bosayxa, %
WcTouHmkn Ownokeng cepbl Oxkcuabl asoTa Okeng Yrnesogopoabl MbineBble
yrnepoga BbIGpOCHI
1.9nekTpocTtaHumm, | 78 44 2 2 26
KOTENbHbIE
MpomblILneHHoe 20 1 11 41 51
Npou3BOACTBO
3.TpaHcnopt -- 51 58 52 3
Moxapsbl -- 1 19 -- 9
[Mpoyne UctoyHnkmn | 2 3 10 5 11
Bcero 100 100 100 100 100

Okonornyecky BpedHbiM (hakTOPOM, HaMpPsIMy CBA3aHHBIM C 06beMOM 3HepronoTpebnenns, ABnaeTcs
Tennosoe 3arpssHeHune. [ipyrve akonornyecku BpedHble akTopbl CBA3aHbl C yPOBHEM 3HepronoTpebne-
HUA onocpefoBaHHO, Tak, ypoBeHb 3arpsisHeHuUst aTMocdepbl feTyden 3050 npegonpenensieTca He
TOSbKO MOLLHOCTbIO YCTAHOBKM MO NPOU3BOACTBY TeMna, HO U TEXHONOMMEN CKUraHmsa Tonnmea, KadecT-
BOM YCTPOWCTBA MblNeynaBnmMBaHms U paccesHus BoIbpocoB. B yactn TennoBoro 3arpssHeHnsa atmocde-
pbl, MOXHO CKa3aTb, YTO 0OBbEMbI aHepronoTpebneHms (Tonnmea, ropsver Boabl, napa) OAHOBPEMEHHO
obbemamu TENNOBOro 3arpsA3HeHUs oKpyatollen cpeapl. [lnHamMyka TennoBoro 3arpsi3HeHs B MyMpe oT
3HepreTMYecKnx NPoM3BOACTB NpeacTaBneHa B Tabnuue 8.

Tabnuua 8.

[unHamuka TennoBoro 3arpsisHEHUs: B MUpe OT dHepreTM4ecknx Npom3BoaCTB.

MokasaTenb 1972 1985 2000
MowHoCTb noToka TennoBoro 3a- 6,0 9,6 32,0
rpsi3HeHns, MnH. MBT
OTBOA Tenna B OKpyXatoLLyto cpeay, 45200 72300 241000
MnH. [kan™*

**)OTBOA Tenna B OKpyXXatoLLyto cpeay, MiH. [kan = MoLWHOCTb NOTOKa TeNnoBOro 3arpsdHeHus, MinH. MBTx365x24x3,6=45200.

MocnenHee ocoGeHHO akTyanbHO AN BOAHON dayHbl M Onopbl, MOCKONbKY MO CHOXMBLLEHCA TEXHONO-
rmn cbpoca M3BbITOYHOrO Tenna 3HauMTenbHas YacTb ero OTBOAMTCA B BOAOEMbl, YTO NMPUBOOUT K UX
3HaYMTENIbHOMY MOJOrPEBY.

MNpobnema TennoBoOro 3arps3HeHns MMeeT ABa M3MmepeHus: rnobanbHoe un nokanbHoe. MoxHo gonyc-
TUTb, CTO B rmobanbHoM MacwTabe 310 3arpssHeHve (yposeHb 2000 r.) coctasnset nuwb 0,019% ot
YPOBHSA MOCTynatoLLien Ha 3emnio  CONHEYHOW pagmaummn, To eCTb He npeBsbiaeT oauH npoueHT. C apy-
roM CTOPOHbI 3HEpreTka XO3AWCTBEHHON AEATENbHOCTU YerioBeka AOCTUIMNa YPOBHS 3HEpPreTu4eckux
npoLEeccoB, NPOUCXOASALLMX B MPUPOAE, HaNpPUMepP 3HepreTnyeckne 3atpatbl B NMPUPOAHbLIX npoueccax
doTocuHTE3a cocTaBnsAoT BennuuHy nopsagka 100 mnH. MBT, a kak cnegyeTt ns Tabnuupbl, MOLLHOCTb MO-
TOKa TENSIOBOro 3arpsi3HeHnsa coctasndaet 32 mnH. MBT.
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lopas3go Gonee BnevaTnsoWM NokarnbHbIE 04arM TENMNOBLIX 3arps3HeHUn. [Ansg npumMepa mMakcumarbHasi
MMOTHOCTb MOTOKA COSIHEYHOW paguauumn BO6NM3M 3eMHONM MOBEPXHOCTU cocTaBnsieT 935 B1/m2 . Inot-
HOCTb MOTOKa Temnmna OT XO3AWCTBEHHOW OEeATENbHOCTM YernoBeKa COCTaBMsSET BENUYUHY B CpeaHeM Mo
lepmannn 1,62 BT/M2, gocturas B psige paniioHOB BenuuuHbl 17 BT/M2, 4TO cOCTaBNAEeT BENUYUHY MO-
psgka 1, 8% OT NoTOKa CONHEYHON paguauun.

Bopbba ¢ TennoBbIM 3arpsi3HEHNEM C UHXEHEPHOW TOYKM MAEHTUYHaA paboTe no 3HeprocbepexeHuto,
Yem Ha Bonee BbICOKOM YPOBHE HaxXOAMTCS 3Heprocbeperatowime TexHonornm, Tem 6onee MHTEHCUMBHO
BegeTcs 6opbba € TennoBbiM 3arpsi3HeHMeM okpyxatowen cpedbl. CBA3b 34ecb npsMas. YMeHbLUUB
3HepronoTpebneHne B kakon-nMbo oTpacnu B ABa pa3a, Mbl YMEHbLUAeM CBA3aHHOE TensoBoe 3arpsas-
HeHuve B ABa pa3sa. W Tak ganee no nobom yns HanpaBneHun aHepronoTpebneHus.

3arpsisHeHne rugpocdepsbl. ExxerogHoe notpebneHne Boabl B Poccun coctaenset 105 mnpa. ky6. m., us
HuUx okono 40% vnn 42 mnpg. ky6. M. NoTpebnaT sHepreTnyeckne oobekTbl. Mpu aTom 1 Mnpa. Ky6. m.
BOAbl 3NIEKTpUYECKNE CTaHLMM cOpacbiBalOT XMMUYECKN 3arpa3HeHHoN. [dpyrum HebnaronpusTHeIM dhak-
TOPOM SBMSIETCS TEMMOBOE 3arpsi3HEHME BOAbl — MOBLILWEHNE TemnepaTypbl Bodbl B Bogoemax. OCHoB-
HbIM (hakToOpoM, yXyALaoLWmMM KayecTBO BoAbl, SIBNSETCA CHMKEHME pacTBOPMMOCTU K1cnopoda (Ha oa-
Hy TpeTb Npu NoBbIWeHn Temnepatypbl 4o 30 C).

Psag HeraTuBHbIX NokasaTenen B MmposoM mMacwitabe. 3a nocrnegHme 100-130 net 6ypHOro pocrta aHep-
ronotpebneHns nponsownn rnobanbHble U3MEHEHNSI B NPUPOAE:

-6onee 4YeM B Tpu pasa Bblpocria KOHLEHTpaLWs YrieKUcnoro rasa B atMmocdepe;

-cofepxaHue guokcuaa cepbl B atMoccepe Bolpocno nodty Ha 80%;

-CoepXXaHue okcuaa yrrnepoga B atmocdepe Bblpocno noytn Ha 100% (yBennuunockb BOBOE).
3arpsisHeHne okeaHa HedhTeNPOAYKTaMn BO3POCIIO MO CPaBHEHMIO C NpUpoaHbIM 6onee Yyem B 3500 pas.

Bbicokunii YpOBEHb 3HEProeMKOoCTn B COY4eTaHun C npeo6na,u,aHMeM B aHepro6anche OpraHn4ecKkux Tor-
JIMB BEOET K ONnacHbIM nocnegcTteBmnamM and r|p|/|po,£|,H0|7| cpenbl 1 YernoBekKa.

Modx00bI K peweHuUro nNpobriemMsil.

lMpoBeaeHme akcnnyaTaunoHHbBIX U OPraHn3aLMOHHO-3KOHOMUYECKNX MEPONPUSTUN.
lMepexon Ha MeHee aHeproeMkoe obopygoBaHUeE, TEXHONOMMM U MPOU3BOACTBA.
Peannsauunsa npupogooxpaHUTESbHBIX MEPONPUATUN.

B nepBom cnyyae 3a cyeT NOBbILIEHWS YPOBHA dKCNiyaTauum AencTeylolero obopyaoBaHus, npuMeHe-
HMS TaKux METOAOB YNpaBrieHUs dHepronoTpebneHneM, Kak opraHusaumns y4eta u KOHTpOrsl, HOpMUpPO-
BaHWe yJdenbHblX pacxodoB TONMMBA U S3HEPrOHOCUTENEN, NOOLLPEHNE dHeprocoepexeHns MoXHO obec-
neuntb peanusaumio o 30% oT obwero noteHumana asHeprocbepexeHus. KanutanbHble BAOXeHUSs
34eCb MUHUManbHbI, 3EKT 3a4acTyto AOCTUraeTCs 3a CUYET «4eNoBEeYECKoro dakTopar.

OcranbHble 70% aHeprocbeperatoLlero noTeHumana mMoryTt ObiTb JOCTUTHYTHI B pe3dyrnbTaTe A0CTaTOYHO
BbICOKMX MHBECTULNIA CO CPOKOM OKYNMaemocTu Ao 2-5 neT. B uMcne meponpusitTuini No BHEAPEHUIO SHEP-
rocbeperatoLmx TEXHONOMMA CneayeT BblAENUTb:

¢ BHepeHne TEXHOMOMNI C ManbIiM CPOKOM OKynaemMocCTn Ao 1,5 ner;

¢ Co3[aHne CUCTEM IKOHOMMUYECKOrO CTUMYIMPOBaHWUA peanusaumu aHeprocbeperarowmnx MeponpusaTuit
(cozpaHve BHEOOOKETHBIX POHAOB, AEMOHCTPALUMOHHBIX 30H U Ap.);

4MoAroToBKa LeneBbiX nporpamMmm aHeproc6epe>KeHv|ﬂ Ha cbe,u,epaanOM, pernmoHarnbHbIX 1 MyHUUMNAlb-
HbIX YPOBHAX UCMNOJIb30BaHME HETpPpaAUUMOHHbLIX UCTOYHUKOB 3HEPInn, pa3BnUTne aBTOHOMHbLIX UCTOYHU-
KOB 3HepFOCHa6)KeHVIFI, pa3BuTne CUCTEM perynmpoBaHmna pacxoga aHeprum n p,p.).

K yncny npupoaooxpaHuTenbHbIX MeponpUsTUN MOXHO OTHECTU:

¢ PYMEHEHNE TEXHOOMMYECKMX MeTOAOB NoAaBieHnss 06pa3oBaHNs OKCUOOB a30Ta;
4 COo3[aHne 3aMKHYTbIX LMKIOB BogocHabeHnst 6e3 c6pocoB 3arpsi3HEHHbIX CTOKOB;
¢ MoBbILLEHNE 3 PEKTUBHOCTY CYLLIECTBYIOLLIMX MbiNeyNoBUTENEI;

¢ I3BMEHEHWEe CTPYKTYpbl reHepupyemon aHeprv ap.

N3meHeHWe CTpYKTYpbl reHEpUPyEeMO aHEpPrM noapas3yMeBaeT:

4 3aMelleHne 4actu opraHM4yeckoro TonfmBa 3KONIOrM4eCcKn YNCTbIMU BO30OHOBNSAEMbIMU UCTOYHMKAMM
QHEpPIrmu;
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4 3aMeHa peayKUMOHHbIX YCTaHOBOK Ha TypboreHepaTopbl Manow MOLLHOCTH;

+3aMeHa perynsaTopoB AaBfieHUsi NPUPOAHOrO rasa B rasoperynmpylolmx NyHKTax Ha rasopacLumpu-
TenbHble TYpOOYCTaHOBKY;

4 1ICMNONb30BaHME MNOTEHUManbLHON SHEeprnn passiMyHbIX ra3oBbiX NMOTOKOB AnA BblpaGOTKVI ANEKTPO3HEepP-
'u;

¢ YyTUNnU3auna TennoBbIX OTXOO0B SﬂeKTpOCTaHLLMVI B TOM 4ucne:

® OpPOLLEHNE CENbCKOXO3ANCTBEHHbIX YrOAWM

e/ICMOSIb30BaHMe B TEMNNUYHOM XO3SNCTBE

erieperoHka mMasyTa u TsKenblxX HedpTenpoayKToB

erlony4yeHne ,EI,OI'IOJ'IHI/ITeJ'IbHOI7I ANEKTPOo3Heprnn, Hanpmmep, ¢ NOMOLLBbK TEPMO3JIEMEHTOB

e[OJOrPEeB CBEXEN BOAbI, NOCTYNAOLWEN Ha 3NeKTPOCTaHUMIO, AN NpeaynpexaeHns ocaxaeHus conen
Ha CcTeHKax TpybonpoBoaos.

YTunusaumsi TensoBbIX OTXOAOB 3MIEKTPOCTaHUMI npeacTaBnseT cobovi npumep 6opbbbl ¢ TENNOBLIM
3arpsisBHeHMeM OKpyKatoLen cpedbl MyTeMm NonesHoro NpYMEHeHUs!, a He NPOCTOro copackiBaHUS OTXO-
[IOB B OKpYXXaloLLyto cpesy.

1.2.4. AxTyanbHOCTb U NOTeHLMan aHeprocbepexxeHns B cTpaHe.

OHepeocbepexeHue — 3TO yMeHbLUeHne notTpebneHus Tonnnea, TENNOBOW U 3NEKTPUYECKON IHEPrnn 3a
cYeT Mx Hambonee nonHoro u paunoHanbHOro NCnofib3oBaHMA BO BCEX c¢)epax AedaTernbHOCTU YernoBekKa.
OHeprocbepexeHne UMeeT BaXHOe 3HayeHue A5S pasBUTUS MUPOBOWN SKOHOMMKN U B 0OCOBEHHOCTU Ans
pa3BUTUSI SKOHOMUKW HaLlel CTpaHbl. 9TO 06yCNoBMEHO CneayoLMM OCHOBHBIMU NMPUYNHAMMU:

1. lNocTeneHHOE NcToweHme 3anacos, YCIOXHEeHune [o6blun 1 yBernnyeHne CtTommoCT npupoagHoro opra-
HNUYECKOro Tornyimea, KOTopoe B HacCTodllee BpemMda TpyagHO 3aMeHUTb OPYrMMu, B T.4. BO300OHOBISAEMbIMU
NCTOYHUKaMN 3HEepPrun.

OOwee notpebneHune Tonnmea B mupe B 2000 rogy coctaBnsaeT NnpuMepHo 17 MMraToHH YCNOBHOIO TOr-
nmBa. PocT MmnpoBoro notpebneHns TonnmeBa NPoAoIHKaeTCsl, HECMOTPSI Ha MepPbI MO ero orpaHUYeHuto,
npeanpuHMMaemMbie MMPOBbLIM COOOLLECTBOM. OTO 0OYCMOBEHO O6LIMM POCTOM NMPOU3BOACTBA U TPaHC-
NOPTHbLIX NepeBO3OK.

Jons BO306HOBNSAEMbIX UCTOYHMKOB 3Heprum B obLueM KonmdecTBe BblpabaTbiBaemMon aHeprum B 6nu-
Xanwee BpeMs He npeBblcuT 10 % (3TO He 3HaYWT, YTO MX HE HYXKHO pa3BMBaTb, HAOBOPOT, UX HYXKHO
MCMonb30BaTb B NOMHOW Mepe), N OHN HEe CMOTYT CYLLECTBEHHO M3MEHUTb OOLLYy0 cuTyauumto ¢ notpebne-
Hvem Tonnmea. Kpome TOro, MHOro TonnvMBa UCMONb3yeTcs HanpsMylo - Npy Bbinnaeke 1 o6paboTke Me-
Tanna, B ABUraTensx TpaHCNopTHLIX CPEACTB, AN NPUroTOBEHUS NULLX Ha ra3oBbIX MiMTax.

BHOBb OTKpbIBaeMble MeCTOpOXaeHUst TpedyoT 6onblUMX 3aTpaT Ha UX OCBOEHWE U MPOKMNaaKy Marncr-
panew gns TpaHcnopTta Tonnmea. PocT notpebneHmsa n ycnoxHeHne 4odblium NpuMBOAAT K POCTY LEH Ha
Tonnmeo. Tak, B 2000 rogy Habnoganock 6ecnpeLeHgeHTHOE MOBbILLIEHNE LIEH HA HE(Tb, KOTOpOe Mo-
BIEKNO 3a cOOOW pOCT LEeH Ha Apyrne sHeproHocuTenu. o oueHKkam MHOrMX SKCMepTOB OTKAT LIEH Ha
TOMMMBO A0 YpoBHA 1999 roga Bpsag N BO3MOXEH, M UX POCT B AONITOCPOYHON nepcrnekTuse 6yaeT npo-
pomkaTtbes. PedynbTatom pocTa LeH Ha TOMMMBO CTaHOBUTCS POCT LIEH Ha TOBapbl U ycnyru un obuiee
3amMeaneHne TEMMNOB S3KOHOMUYECKOro pocTa, NMMBO NPsSIMOE CHMXKEHME XXU3HEHHOTO YPOBHS.

2. YCnoXxHeHne 3KOMNormyeckom cutyauumn, CBA3aHHOE C yBENMYEHNEM BblOPOCOB TOKCUYHBIX U KaHLLEepo-
rEHHbIX (BbI3blBaOLLMX BO3HUKHOBEHUE 310KAYECTBEHHLIX OMyXOnewn, Hanpumep, 6eH3-a-nNMpeH) npoayk-
TOB CropaHus, a Takke BeLLecTB, pa3pyLUaloLLmnX 030HOBbIN Crior aTMocdepsbl.

BeiGpacbiBaemble Npu cxuraHum tonnmea B atMocdepy Belectsa (CO,, NoO,) u NpoayKTbl UX XMMUYe-
CKUX MpeBpalleHun B aTMocdepe MpUBOOAT K pa3pyLLUEHU0 O30HOBOIMO CrOSl, YCUIIEHUIO MAapHMKOBOMO
acbdekTa, NOABNEHUIO KAUCMOTHBIX JOXAEW. YBENUUYMBAS POCT AMUCCUM YIMEKUCIIONO ra3a, YenoBe4yecTBo
BHOCMWT CBOI [OM0 B oOLlee MoBbiLeHMe TemnepaTypbl 3eMHON MOBEPXHOCTU U M3MEHEHME Knumara.
CyuwiecTBytoLime MeToabl OYUCTKM - HE MOTYT MOMHOCTLIO N36aBUTb OT HEFATUBHbLIX NOCNEACTBMI BbIOPO-
coB. OOHOBPEMEHHO 3arpsA3HSATCS U NMOBEPXHOCTHbIE BOAOEMbI — Kak 3a CHET MX HarpeBa, Tak u npwm
NPOMbIBKE MPOOYKTOB CrOPaHus.
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3HaunTeNbHbIN Bpeq OKpyXalolle cpeie HaHOCUTCA He TOMNbKO MPU CXKWUraHuu TOMmMBa, HO U NpU ero
no6blye, 06paboTke, TPaHCMOPTUPOBKE, 3aXOPOHEHMN ero OTXodoB. Kpome MOCTOSIHHOro, Tak ckasaTb
"nnaHupyemoro" 3arpsisHeHNs!, BCe Yallle NPOUCXOaaT Ype3BblyaiiHble Crlydau, Takux Kak pasnmBbl HEdTU
npu aBapusix TaHKEPOB, paspbiBax HETENPOBOAOB, YTEYKN ra3oB U3 eMKOCTel, camMoBO3ropaHve 3ana-
COoB yrns v T.4. MHOMMe 13 HMX He TOJIbKO HaHOCHT Bped OKpyKalowwel cpede, HO U NMpPeacTaBnsatoT onac-
HOCTb NSl XKU3HWU 1 300PO0BbS Noaen.

Ocobyr akmyanbHOocmMb 80NpPOchkl 3Hep2ocbepexeHuUss umerom Onsi Poccuu.

1. Mo KNMMaTU4eckum ycrnoBusiIM 3aTpaTbl TONMMBA Kak Ha obecrneyeHne HaceneHust Tensiom, Tak M Ha
BbINyCK nNpoaykuun B Poccumn Hanbonee BbiCOkU. Poccust - camast xonogHasi B Mupe CTpaHa, kak no anu-
TENbHOCTN OTOMUTENBHOIO CE30Ha, Tak U AoNne HaceneHus, NpoXxuesatowen B obnacrax, rae HabnwogaeT-
csl oTpuuaTenbHasi cpegHerogoBas temnepartypa. Oborpes, cHabXeHne ropsven BO4OW U TensbiM BEH-
TUIMAUMOHHBIM BO3AYXOM Kaxzgoro »xwutens Poccum TpebytoT Gonblumx 3atpat Tonnvea, Yem KaHage u
CkaHanHaBumn. bonblue sHeprm TpebyeT o6orpeB OOLLECTBEHHBLIX 34aHWA U NPOMBILLNEHHbIX Npeanpu-
ATuiA. Bosgyx, HanpaBnseMbll Ha CxXuUraHve TOMMMBa M Boda vayllas Ha noanuTKy CUCTEM TennocHab-
XeHus, nobbiBaemMoe B XOnoaHoe BpeMsl roga NpupoaHoe TOMMUBO M ChipbeBbIE Pecypchl MMelT bornee
HU3KYlO TemnepaTypy, Yem B OpYyrMx cTpaHax. bonblimMMu HenpousBoAMTENbHBIMU 3aTpaTaMn SHEpPrum
COMNpoOBOXAAeTCsl TPAHCNOPTMPOBKA TEMNNOHOCUTENEN NO TEMNMNOBbIM CETSIM.

2. Mo cpaBHeHUtO co cTpaHamu 3anagHon EBponbl 1 CoeguHeHHbiMK LUTaTamu Amepukn sHepretude-
CKWe pecypchbl UCMONb3YTCA HegoCTaTovHO addekTnBHO. Kak noka3aHo Bbille, HEKOPPEKTHO HanpsAMyto
CcpaBHUBaTbL 3HepronoTpebneHne Poccun ¢ aHepronoTpebneHnem cTpaH ¢ cyllecTBeHHo 6onee Tennbiv
knumaTom, Takmx kak CLUA. (Hanbonee 6nuskon k Poccum no KNMMaTnyeckum xapakTepuctukam sBnsieT-
cqa KaHaga.) OgHako, U C y4eTOM MONPaBOK Ha KNMMaT yaerbHble 3aTpaTbl HA eQuHWULy NpoAayKuun B
Poccum cywectBeHHO Bbilwe. Halwa ctpaHa obnagaeT cambiM BbICOKMM MOTEHLMAaNoMm aHeprocbepesxe-
Huh. Mo pas3nuuHbIM OLEHKaM A0MS SHEePruun, KOTOPYH MOXHO CIKOHOMUTL cocTaendeT oT 30 go 40%
TONMBHO-3HEPreTUYECKOro BanaHca CTpaHsbl.

B HacTosee BpeMs MMeeTCs CyLeCTBEHHasi pa3Hula Mexay CTOMMOCTbH 3HEPreTUYeCcKUX pecypcoB B
Poccun n 3a pybexxom. CTOMMOCTb anekTpoaHeprimn Ha Hadano 2001 r. B Poccun npumepHo B ABa - ABa
C MOJIOBMHON pasa HUxXe, Yem B EBpone, CTOMMOCTb NPMPOAHOro rasa - B 5 pa3. 9ta pasHuua npmBoguT K
NMOCTOSIHHOMY POCTY [ONN SHEpPreTUYecKon COCTaBMSIOLWEN B CTOMMOCTM OTEYECTBEHHbIX TOBApOB U yC-
nyr. Ang Toro, 4to6bl 06€CNEeYnTb KOHKYPEHTOCNOCOBHOCTL MPON3BOACTBA, NOABEM SKOHOMUKU U YPOBHS
XW3HWN HaceneHns HeoBxoAMMO CHWKaTb 3HEepros3aTpaTthl Ha eauHULY Npogykumm n notpebnexHue Tenno-
BOW U 3NEKTPUYECKON IHEPTNN B KOMMYHAarbHOM XO3SNCTBE.

3. MecTtopoxaeHusa Tonnvea B Poccun cocpeoTodeHbl B OTAANEHHbIX U TPYAHOAOCTYNHbIX MecTax (3a-
nagHass Cubupb, 3anonspbe). B pesynbraTe 3atpaTtbl Ha foObldy TOMnuMBa, €ro TPaHCMOPTMPOBKY, Ha
OCBOEHME HOBbIX MECTOPOXAEHUI Bbille, YeM B ApYrux HedpTeaoObIBaoLWMX cTpaHax: cTpaHax apabeko-
ro Boctoka, NpaHe, Mekcuke, BeHecyane, BpyHee.

B HacToswee BpeMA 3aTpaTtbl HA 3KOHOMUIKO SHEPIMKN B MeCTax €€ NUCMNOoJIb30BaHNA B 4-6 pa3 HnXe, 4emMm
Ha D,O6b|‘-|y NepBUYHOro Tornnnea.

4. CtapeHue 1 yMeHblueHVe 3hheKTUBHOCTA IHEPTreTUYECKOro OGOPYAOBaHUA: SNEKTPOCTaHLUIA, KO-
TerbHbIX, TEMMOBbIX CETeN, TernyoUCnonb3yrLMX YCTAaHOBOK. HegocTaTtok cpeacTB Ha CTPOUTENbCTBO
HOBBbIX 3HEPreTUYECKMNX OB BEKTOB.

KpuancHoe coctosiHne sHepreTuku, CBA3aHHOE CO cnagom NpPomn3BOACTBa Bo Beex oTpacnax TOK; HM3kum
TEXHUYECKUM YPOBHEM OCHOBHOro obopyaoBaHusa TOK, GbICTpO pacTylien ero U3HOLIEHHOCTbI UM, Kak
cnencTeue, BbICOKOM CTOMMOCTBIO Npou3Boaumbix TOP; cnagom uHsectuumii B otpacnu TAOK u T.4., CHY-
aeT aHeprobe3onacHOCTb CTpaHbl. [oBbilleHne 3dhPEKTUBHOCTM UCMONb30BAHNS SHEPTUN MOXET CTaTb
asuratenem yCToM4MBOro 9KOHOMUYECKOro pocTta B Poccum, NOCKOMbKY 3HepreTuka - OCHoBa 3KOHOMUKMU
N CyLLECTBOBaHUSA NMto6GOro LUMBUNN30BaHHOMO rocy4apcTaa.

CornacHo MmeLmMMCcst NPOrHo3am C y4eToM (hakTUYeCKOro pocta MpPOMbILLIIEHHONO NMPOV3BOACTBA fe-
duumT Tonnmea B 2000-2002 rogax MOXeT CnoXuTbcs B o6beme 11-38 MnH. T.y.T. B rof, KOTOpbI ganee
Oynet Hapactatb. OgHako, Npy yBenuumBatLLencs notpebHocTn B TOP oXnaaeTcs CHUXKEHWE Mpous-
BOACTBA NMPMPOLHOro rasa.

HameTtmBwwniica gedpmumt B Tonnmee u sHeprum Ha 2000-2002 rogbl cnegyeTt KOMMNEHCUMPOBaTb POCTOM
[o6biun 1 rnybrHbl nepepaboTku yrnsg, a Takke BKIOYEHUMEM B COCTaB NpuxogHow Yactu GanaHca TOP
cTatbh «3JHeprocbepexeHne», npegycmaTpmBaloLen cokpalleHne noTpebHOCTU B 3Hepropecypcax 3a
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cyeT noBbIWEeHNsT 3PEEKTUBHOCTU UX UCMONBb30BaHUA. MI3BECTHO, YTO NOTeHUmMan aHeprocbepexeHns B
cTpaHe gocturaet ~ 40-45% oT noTpebnsiemMbix 3HEPropeCcypCcoB.

1.3. Mpobnema noBblweHNA 3 peKTMBHOCTU Ucnonb3oBaHuA TOP B cTpaHe U OCHOBHbIE Ha-
npaBlieHUs ee peLUeHus.

1.3.1. CucTtemHbIi NOAXo4 peLLeHns npobnembl sHeprocbepexeHus.
1.3.2. Ponb rocyaapcTBeHHbIX OPraHoB B peLleHnn NpobrnemMbl S3HeproctepexeHns.

1.3.1. CucTeMHbI Noaxon pelleHUs Npobnembl aHeprocoepexxeHus.

B TeueHune AByx nocrnegHux gecatunetuii B Poccum He Nponcxoamno CyLeCTBEHHOrO OOHOBINEHNS SHEp-
reTudeckoro obopygoBaHusi. Poccuinckasi aHepretTuka B COBPEMEHHOM COCTOSIHMM He CMOXeT obecre-
YNTb 3HAYUTENbHBIX TEMMNOB POCTa NPOMBILLIIEHHOTO NPou3BoAcTBa. [Jns ee OOHOBNEHUSA U PEKOHCTPYK-
LUK HYXHbl OFpOMHbIe cpeacTBa. [posegeHne aHeprocbeperaowmnx MeponpuaTun obxoanTcss HaMHOro
Jewesrne n BbICTPO okynaeTcs. BBog B AeNCTBME HOBbIX, COBPEMEHHbIX dHEPreTUYecknx obbLEeKToB Tpe-
OyeT elle n BpemeHn. Bbixogom 13 cosgaBLieiics cuTyaumm MoxeT BbiTb aHeprocbepexxeHue.

OKOHOMUS 3HEPrMn HepaspbIBHO CBA3aHA HE TONbKO C COCTOSIHMEM OKpYXKatloLlen cpeabl, HO 1 co cbepe-
XeHnem pecypcoB. Ha gobbivy pyabl U BeiNNaeBky MeTanna, Ha Npou3BoAcTBO Bymaru, TkaHu, MULLEBbLIX
npoayKkToB TpebyeTcs 3HAYMTENbHOE KONMYECTBO TOMMMBA, TEMMOBOW WM 3NEKTPUYECKON 3Heprun. Bax-
HEMLIMM PEeCYpPCOM, KOTOPbIA MOXHO U HY>XHO S3KOHOMUTb, SIBMsieTCsl BoAa. OKOHOMUS PECYPCOB BO BCEX
oTpacrisix X03ANCTBEHHOW AeATENbHOCTU BreYeT 3a COBOoM CyLLeCTBEHHYH SKOHOMUIO NMEPBUYHOMO TOM-
nunBa. JHeprocbepexeHne - 3TO He TONbKO TexHMYeckasi npobnema. OHa MMEET 1 coumanbHy N BOCMNU-
TaTenbHyl CcTOpoHy. CnegyeT NOMHUTb, YTO BMNYCTYIO TPATUTb SHEPTUIO, MUTLEBYIO BOAY, MEeTans, apyrue
pecypcbl He MeHee amoparbHO, YeM BblbpacbiBaTh xneb. Vx BoipaboTka TpebyeT He MeHblUe Tpyada, a
Xonog v oTCyTCTBME CBETa HE MeHee CTpallUHbl And YenoBeka, YeM ronoa.

OHeprocbepexeHne MOXeT SSBUTbCS OAHUM U3 FMaBHbIX pbl4aroB Anst nogbema 3KOHOMMWKW, O4HAKO Mo-
BCEMECTHOE MPUMEHEHNe 3HeprocbeperatoLwmx MeponpuaTUiA AOMKHO CONPOBOXAATLCA UX BCECTOPOH-
HAM W Cepbe3HbiM aHanuaoM. W aTOT aHanu3 OOSKEH BKMYaTb HE TOSMbKO TEXHWKO-3KOHOMWUYECKUI
aHann3 adeKTUBHOCTN aHeprocbeperatowmx MEPONPUATUIA Y OOHOIO KOHKPETHOro nNoTpebuTtens aHep-
rmn. Heobxoammo 3HaTb, Kak CKayTCa 3TV MeponpusaTust Ha paboTe UCTOYHMKA TennoTbl U APYrMx no-
Tpebutenen, Ha paboTe ceTen TennocHabtxeHnsi. BoaMoXHbI Takne HeraTMBHbIE MOCNEACTBUSA Kak pabo-
Ta MOLLHOCTEN Y UCTOYHMKOB SHEPrMU Ha HEHOMMHAIbHbIX PEXUMaXxX (C YMEHbLUEHMEM K.M.4. U CPoOKa
cnyxObl), pasbanaHcupoBka TennoBbix ceten un T1.4. OQHOBPEMEHHO HEODXOAMMO paccMaTpuBaTb TEX-
Homorm4eckue, aKonorndeckne, coumarnbHble NOCNEACTBUS BHEAPEHUSA 3HeprocbeperawLwmx Meponpus-
Tvin. Takum obpasom, BONpoOChl 3HeprocbepexeHnss He06Xo0ANMMO paccMmaTpuBaTbh B KOMMSEKCe, TO €CTb
npu NX peLLeHnn HeobxoauM Tak HasblBaeMbli CUCTEMHBbIV MOAXOA.

1.3.2 Ponb rocypapcTBeHHbIX OPraHOB B pelueHnU NpobnemMbl aHeprocoepexeHus.

locynapcTBO, pervoHarnbHble U MyHUUMNAnbHbIE OpraHbl MPUHMMAKT Mepbl NpPU3BaHHbIE pasBuBaTb
aHeprocbepexeHne. BbIlunn B CBET TakMe BaXHble 3akoHoAATENbHblE OOKYMEHTbI, kak deaepanbHbiii
3akoH "Ob6 sHeprocbepexeHun", "AHepreTnyeckas ctpaternss Poccumn Ha nepuog oo 2020 roga”. bonb-
LWas ponb B peLleHnn 3agaymn aHeprocbepexeHns OTBOAMTCS NOATOTOBKE KaapoB.

Cneunanuctam B obnactu TENNMO3HEepPreTnkn HeobXxo4MMO 3HaTb OCHOBHbIE nyTn NCNoJib30BaHNA Tenso-
BOW QHeprmm n OCHOBHbIE Crnocobbl €e 3KOHOMUUN B TEX UMW NHBIX Tennoncnosnb3yrwmnx yCTaHOBKax.

TexHn4eckn TpyaHee Mo CPaBHEHUIO C JNEKTPUYECKON 3Hepruein OcCyllecTBWTb mepedady Tenna Ha
JarnbHue pacctosiHusl, obecneunTb ero y4eT v perynvmpoBaHue. Hanbonblune HENPOM3BOAUTESIbHbIE 3a-
TpaTbl CBA3aHbl C NPOLIECCaMM CXXUraHUsi TOMMUBA, a Takke BbIpaboTKW, Nepeaayn u UCnonb3oBaHus Te-
nrnoeor aHeprun. C 4YUCTO TEPMOAMHAMUYECKOW TOYKM 3PEHUS TENNOTY, Kak MEHee OpraHM3oBaHHYH
hopmy SHepruv TpyaHee NoresHo UCNonb3oBaTh.
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B TexHuke n TexHomnormn paspabotaHo 60MbLUOe YMCo aHeprocbeperatowmx meponpuatuin. MHorve ns
HMX CBSA3aHbl C NepepacnpegeneHemM NoTOKOB TEMNSIOBOW 3HEPrMn BHYTPY YCTaHOBOK MNW NpeanpusTui.
Ons nx ocywecTBneHns LIMPOKO WMCMOSb3yTCA TennooOMeHHble annapatbl. B HacToswem nocobum
paccmaTtpvBalTCA BONPOCHl MPUMEHEHUs TeNnooOMEeHHbIX annapaToB AN 3KOHOMWUM 3HEepreTu4ecknx
pecypcoB B MPOMbILLNEHHbIX TEMNMOUCTONb3YIOWMX YCTAaHOBKaxX M B KOMMYHarlbHOM XO3AWCTBE, 3HaHWe
KOTOpbIX HEOBXOAMMO ANS NpakTUYecKon peanu3auun aHeprocbeperarownx meponpusatui. Kak ogHo ns
HanpaBneHn CHWXEHNS IHEeProeMKOCTN BariloBOro BHYTPEHHEro npoayKTa, paccmaTpuBatoTCs BOMPOCHI
pecypcocbepexeHns npu NPoOeKTMPOBaHMN U N3rOTOBIEHUM TENNOOOMEHHbIX annapaToB, KOTOPOe MOXeT
ObITb JOCTUTHYTO C MOMOLLIbIO MHTEHCU(PMKALMM NPOLIECCOB TEMMO- 1 MaccoobmeHa B UX NPOTOYHOW Yac-
T, a TaKke 3a c4ET NPMMEHEHNS Pa3BUTbLIX MOBEPXHOCTEN TennoobmeHa.

B uensix ctabunusaummn KpuUsncHbIX SABMEHNIA B 9HEProoOecnevyeHn POCCUNCKON SKOHOMUKN U coumarnbs-
How ccpepsbl MpaButenbcTBo B 90-e rogbl NPUHANO Mepbl K hOpMUPOBaHMIO HAy4YHOW 1 NpaBoBo Gasbl
aHeprocbepexeHusl.

«3QHepreTnyeckon ctpaternen Poccum» Ha nepuog Ao 2010 roga, npuHaTton NpaBuTenbcTBoM 7 aekabps
1994 r., B Ka4eCTBe BbICLLUENO NPUOPUTETA SHEPreTUYECKOW MOMUTUKM MOCTaBfeHa 3ajada MoBbILEHMWS
KM3HEHHOIO YPOBHS HaceneHusi 3a CYET pocTa MPSAMbIX IHEPreTUHECKUX YCIyr, OCyLLEeCTBASEMbIX Mpu
yrnybnexHumn anektpndukaummn n raaudukaummn 6eita, cena n obwecTBEHHOro TpaHCNopTa, 1 NOBbILLEHWN
APPEKTUBHOCTU MCMONB30BAHUS SHEPTUMN.

3 anpens 1996 roga B LensAx co3gaHus 9KOHOMUYECKMX Y OpraHU3aLnOHHbIX YCNOBUA AN 9 eKTMBHO-
ro MCNonb30BaHWS 3HepreTnYecknx pecypcos Obin NpuHAT PegepanbHbin 3akoH «O6 aHeprocbepexe-
Hu» Ne 28-33, KoTopbIN perynupyeTt OTHOLLEHMS, BO3HMKaOLWME B npouecce AesTenbHoCTn B obnactu
aHeprocbepexeHusi. ITMM 3aKOHOM onpeernieHbl OCHOBHbIE MPUHLUMIbBI 3HeprocbeperatoLlen nonmTuKkn
rocygapcTea, ycTaHoBMeHbl TpeboBaHus K cTaHgapTusauum, ceptudpukaumm u MeTponorum B obnactu
aHeprocbepexeHus, onpeaeneHbl OCHOBbI FOCYAapPCTBEHHOIO yNpaBreHns aHeprocoepexxeHneMm, BKIo-
Yyas OcyLlecTBfeHNe rocyaapCTBEHHOro Hagsopa 3a 3dheKTUBHOCTLIO 3HepronoTpebneHns, nposeae-
HVMe aHepreTuyecknx obcrnegoBaHWM OpraHM3aunin n yveT dHepreTudeckmux pecypco. OnpeaeneHbl oc-
HOBHble (hMHAHCOBbIE N IKOHOMUYECKNE MEXAHU3MbI U NbroThl.

Ykasom lNpesngeHTta u noctaHoBneHuem [pasutensctBa Ha MUHTON3HEPro BO3MOXEHbLI B TOM YUCHE U
Takue (OYHKLNKN Kak:

. pa3paboTka 1 peanusauusi COBMECTHO C befepanbHbIMM OpraHamy UCMOMHUTENbHOW BNacTu ro-
Cy[apCTBEHHOW NMONUTVKM B 06rnacTu aHeprocbepexeHns;

. paspa60TKa 1 KoopanHauuna peanm3aunn OCHOBHbIX HaﬂpaBJ’IeHMVI NOJINTUKN 3Heproc6epe>|<eHV|H,
noaroToBkKa HpeﬂﬂON(EHMVI no nx (bI/IHaHCMpOBaHVII'O;

. Haa30p 3a 3 EKTUBHBIM UCMONb30BaHMEM SHEPrOPECYPCOB.

MocTtaHoeneHueM lMpasutenscTBa Poccuiickon ®epepaumm Ne 80 ot 24 aHBapsa 1998 r. «O degepans-
HOW LieneBow nporpaMmme «HeprocbepexeHne Poccumny Ha 1998-2005 roabl» yTBepxaeHa paspaboTaH-
Has MuHTonaHepro Poccun ykasaHHasa degepanbHas uenesas nporpamma.

Llenbto denepanbHOi LeneBon nporpaMmMbl « QHeprocbepexeHne Poccumny, yTBepXOeHHOW NoCTaHOB-
nexvem [Npasutensctea Poccuiickon ®epepauun ot 24.01.98 r. Ne 80, aBnseTca yCKOPEHHbIN nepeBos,
POCCUINCKOM 3KOHOMUKU Ha 3Heprocbeperalowun nyTb pasBuTus, JOCTMxeHWe B nepuog no 2005 rog
CYMMapHOMN 3KOHOMWW 3HEepreTu4ecknx pecypcoB B obbveme 365-435 mMnH. TyT, cHwxeHune Ha 13,4%
aHeproemkocTu BBI1 Poccun, cokpawenune Ha 50-60% OtogKeTHbIX A0TaLMIA HACETIEHUIO MPU CHUKEHUN
LeH 1 TapudOB Ha TOMNJIMBO U 3HEPIUIO.

CoBpemeHHOe cocTosiHMEe B 06nacTy 9HeproadddeKTUBHOCTM MOXHO OLEHUTb Kak Nepuod nepeeoga oc-
HOBHbIX HamnpasneHun paboT OT POPMMPOBaAHUSA MOEOMNOrMU U HOPMAaTMBHO-MPaBOBbLIX MOMOXEHUN B
chepy NpakTU4eckon OeaTenbHOCTH, NOCcreaoBaTeNbHOM NO3TanHoN oTpaboTKM TEXHONOMMKN «peanbHOro
3HeprocbepexeHns». OCHOBHbIM NPOBOOHWKOM 3TON paboTbl AOMKHbI OblTb OpraHbl rocygapCTBEHHOrO
3HepreTudeckoro Hagsopa MuHTonaHepro Poccuu.

Peanusaunss akTMBHOW rocydapCTBEHHOW MOMWUTUKMA MOBbIWEHUS 3KOHOMUYECKON 3(PEKTUBHOCTU UC-
Nonb30BaHNS 3HEPrUK, COYETAaloLWEN KaK rocyfapCTBEHHOE yrnpaBneHue, Tak U PbIHOYHbIE MEXaHU3Mbl
3aVHTepecoBaHHOCTM B 3HeprocbepexeHnm No3BONUT:
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3)
4)
5)

6)

7)

CyLleCTBEHHO COKpaTUTb obLeHaunoHarnbHble 3aTtpartbl Ha obecneyeHne HagexHoro 3Heproc6e-
PeXeHud, NOoCKOJ1bKY 3Heproc6epera+ou.|,l4e NPOEKTbl B CpeaHeM B 5 pa3 MeHee KanutariyioeMKu,
4YeM MPOEKTbl N0 NPON3BOLACTBY SHEPIrnn;

COKpaTUTb M3OEPXKKM MPOU3BOACTBA M PACXOAbl HACENEHUSA Ha 3HEProHOCUTENU, U TEM CaMbiM
CMSArYnTb (PUHAHCOBBLIN KPU3NC U MHAPASLMOHHBIN 3dEKT NOBbLILLEHWS LIEH HA 3HEPrOHOCUTENM;

MOBbICUTL 3KCTIOPTHBIN NOTEHUManN cTpaHbl 6e3 yBenuyeHns 4o6bumM TONNUBa;
MOBbICUTE KOHKYPEHTOCMNOCOBHOCTb POCCUMICKNX TOBAPOB M YCIYT Ha BHELLUHUX PbIHKAX;

CYLLLECTBEHHO COKPaTUTb HEraTMBHOE BO3OEWNCTBIE SHEPIEeTMKM Ha COCTOSIHME OKpYXKatoLLen cpe-
Obl 6e3 OoMoNnHMTENbHbI 3aTpaT Ha OCHAllLleHWe OGbLEKTOB, MPOM3BOASALLMX U MOTPEeGNSALMX
3Hepruo, o6opyaoBaHMeM Mo yNaBnNMBaHWIO BPEAHbIX OTXOA0B;

NPOANUTbL CPOKM UCMONb30BaHNA HEBO30OHOBIAEMbIX SHEPreTUHECKUX PECYPCOB, MMEILLNXCA B
Heapax Poccuinckon depepaumu;

YBENMUUYUTb 3aHATOCTb, MOCKOMNbKY Kaxabli pyGrib, BOXEHHbI B NMPOW3BOACTBO 3Heproaddek-
TUBHOrO 0GopyaoBaHus, co3aaeT B 8 pa3 bosblue paboynx MecT, YeM pyGIib MHBECTUPOBAHHbIN
B NMPOW3BOACTBO 3HEPTUN.

CkasaHHOe Bblle onpegensieT akTyanbHOCTb COBEPLUEHCTBOBAHWS CUCTEMbI YNPaBIeHNs peanvsaunen
deaepanbHON NOSIUTUKU NOBbLILLEHNS 3KOHOMUYECKON 3EKTUBHOCTU UCMONb30BaHNS HEPTUN.
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PA3JIEJI 2. T'ocyoapcmeennas noaumuka 6 oodnacmu noevluienus hgex-
MUGHOCMU UCHOJIb306AHUA IHEP2UU. Ynpaenenue jnepzocoepe-
sncenuem ¢ Poccuu mupe.

21. FocypapcTBeHHasa aHepreTMveckasa nonutuka Poccun.

2.1.1. DHepreTuyeckas cTpaTerns cTpaHbl B Nepros CTaHOBIEHNS AEMOKpaTUW.
2.1.2. 3HepreTtuyeckas ctpaterus Poccum Ha nepuog go 2020 roga.

211. 3HepFeTM‘-IeCKa$I cTpaTernsa CTpaHbl B nepnog CTaHOBJIeHUA OeMOKpaTUun..

OHepropacTounTenbCTBO, COXPaHMBLLEECS] CO BPEMEH UCKYCCTBEHHOW AeLUeBU3HbI PECYPCOB, yCyryons-
eTcsl 06LLMM SKOHOMUYECKUM KPU3UCOM M OTCYTCTBUMEM MHBECTULMIA ANsi NEPECTPOKUN cchepbl NPOn3BOA-
CcTBa u notpebneHns Tonnmea n aHeprun. 1o 40% Bcex MCMONb3yeMbIX B CTpaHe SHeproHocuTenen pac-
XOLyeTcsl HepaLuuoHanbHo, NMbo B BMAE NPSIMbIX MOTEPL, MO0 B 3KOHOMMKE, KOTOpas He AaeT KOHKpeT-
HOro nonesHoro agdhekta y notTpebutensd, oTarowlasi pacxogHyr YacTb OIOAXKETOB BCEX YPOBHEN.

MoBblweHne ahHEKTUBHOCTU UCMONb30BAHUSA SHEPTUN HA BCEX 3Tanax OT A06bIYM NEPBUYHBIX SHEPrO-
pecypcoB [0 UX peanu3auuyM B NPOMBbILLMEHHbIX TEXHOMOMUSX ABNAETCA OLHOW M3 OCHOB YCTOWYMBOrO
3SKOHOMMYECKOIo pocTa B CTpaHe, MOBbIWAET 3KOHOMUYECKYHD 6e30NacHOCTb, ABMNSETCA BaXHbIM ¢hakTo-
POM CHWXEHMS SMUCCUU NAPHUKOBBIX Fa30B B OKPY>KaIOLLYIO cpeay.

3akoHoaaTenbHO ohopMiIeHHoe aeneHve OYyHKLMIA Mo YNpaBieHNo NPOLEeCCOM MOBLILLEHUS] 9KOHOMMU-
yecko 3PDEKTUBHOCTU UCMOSIb30BaHMS SHEPIMM MeXdy opraHamu rocyaapCTBEHHOIO yrnpaBrieHUst Ha
dheneparnbHOM ypoBHe 1 ypoBHe cybbekTa Poccuiickoi degepaumnn B HacTosiLLee BPEMSI OTCYTCTBYET.

B uensax crabunusauumn KpuMsMCHbIX SBEHUIA B 3HEpProobecnevyeHnmn poCCMMCKon 3KOHOMUKM 1 coLmarb-
Hon coepsbl MNpaButenscTBo B 90-€ rogbl NPUHANO Mepbl K OPMUPOBaHNIO HAY4YHOW M NpaBoBOW Gasbl
3HeprocbepexeHus.

"OHepreTuyeckon ctpaternen Poccun" Ha nepuog o 2010 roga, npuHaTon MNpasutensctBoM 7 gekabps
1994 r., B KayecTBe BbICLLErO NPUOPUTETA SHEPreTUYECKON NMONMUTUKM MOCTaBreHa 3ajaya NoBbILLIEHWUS
XWU3HEHHOrO YPOBHS HacerneHus 3a CYET pocTa MPSAMbIX SHEPreTUYEeCKUX YCnyr, OCyLecTBAseMbIX npu
yrny6neHun anektpudukaummn n rasudukaumm obita, cena n obLLeCTBEHHOIO TpaHCNopTa, Y NOBbILLEHUN
3(PHEKTUBHOCTU UCMONB3OBAHUSA IHEPTUN.

3 anpena 1996 roga B Lensx co3gaHUs 3KOHOMUYECKNX U OpraHU3aumMOHHbIX YyCnoBun Ans acheKkTUBHO-
ro MCMONb30BaHUSA 3HEPreTUYECKMX pecypcoB Obin MpuHAT ®eagepanbHbii 3akoH "O6 aHeprocbepexe-
Hun" Ne 28-D3, KOTOpbIN PErynupyeT OTHOLLEHUS, BO3HMKAKOLME B NpoOLEcce AeATENbHOCTM B 00nactu
aHeprocbepexeHnsi. ATM 3aKOHOM OMNpeAerieHbl OCHOBHbIE MPUHLMNBI 3HEprocbeperatoLLen NoNnTHKN
rocygapcrBa, ycTaHOBMEHbl TpeboBaHuWs K CTaHgapTu3aumu, ceptudukauum u meTponorum B obnactu
3HeprocbepexeHnsi, onpedeneHbl OCHOBbI rOCY4APCTBEHHOIO YNpaBreHnss aHeprocbepexeHnem, BKIHO-
Yyasi OCYyLLEeCTBIEHNE rocygapCTBEHHOro Hags3opa 3a 3(pdeKTUBHOCTBIO 3HepronoTpebneHns, nposege-
HUe 3HepreTu4eckMx obcrneaoBaHUn OpraHU3aunn U yyeT aHepreTmdecknx pecypcos. OnpegeneHsl oc-
HOBHble (YMHAHCOBbIE N AKOHOMUYECKNE MEXaHMU3MbI U JTbrOThI.

Ykasom I'Ipesw,u,eHTa 1 noctaHoBneHmnem npaBMTeﬂbCTBa Ha MVIHTOHSHepFO BO3J10)XXEHbI B TOM 4uUCIe ”n
Takue (byHKLI,Ml/I KakK:

paspaboTka 1 peanusaums COBMECTHO C dheeparnbHbIMU opraHaMy UCMOMHUTENBHONW BNacTu rocyaap-
CTBEHHOW MONMTUKM B 06riacTi aHeprocbepexeHus;

paspa60TKa 1N KoopanHauuna peann3aumnn OCHOBHbIX HaﬂpaBJ’IeHMVI NOJINTUKN 3Hepr0069pe>KeHMﬂ, noaro-
TOBKa I'Ipeﬂ,J'IO)KeHVIﬁ no nx q)VIHaHCVIpOBaHVIIO;

Haa30p 3a 3P PEKTUBHBIM UCMONb30BaHMEM 3HEPropecypCcoB.
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MoctaHoBneHuem lNpaButensctea Poccunckon ®enepauun Ne 80 ot 24 ansapsa 1998 r. "O denepans-
HoW LeneBon nporpamme "OHeprocbepexeHne Poccun" Ha 1998-2005 rogbl" yTBepxaeHa paspaboTtaH-
Hast MuHTon3Hepro Poccun ykasaHHasa degepanbHas uenesas nporpaMmma.

Llenbto doegepansHON LieneBow nporpammbl "OHeprocoepexeHme Poccun”, yTBepXOEeHHOW NocTaHoBMe-
Huem [lpaButensctBa Poccuiickon ®epepaumm oT 24.01.98 r. Ne 80, sBnseTca yCKOPEHHbIN NepeBoA
POCCUINCKOM 3KOHOMUKM Ha SHeprocOeperamwmi nyTb pasButus, 4OCTxkeHne B nepuog no 2005 roa
CYyMMapHON 3KOHOMWW 3HEepreTuyecknx pecypcoB B obveme 365-435 mnH. TyT, cHwkenne Ha 13,4%
aHeproemkoctn BBI1 Poccun, cokpawenune Ha 50-60% GroaKeTHbIX A0TaLMIA HACENEHUIO MPU CHUXKEHUN
LeH 1 TapudOoB Ha TOMSIMBO N SHEPTUIO.

CoBpeMeHHOe cocTosiHMe B 06nacTu SHeproadddEeKTUBHOCTM MOXHO OLEHUTb Kak nepuod nepesoga oc-
HOBHbIX HanpasrieHun paboT OoT hopmMMpOoBaHMA MOEONOTMM U HOPMATMBHO-NPABOBbLIX MOMOXEHWUNA B
cdepy NpakTM4ecKon AeATeNnbHOCTU, NocneaoBaTenbHOW No3aTanHon oTpaboTkM TEXHONOrMK "pearnbHOro
aHeprocbepexeHns". OCHOBHbIM NMPOBOAHUKOM 3TOW paboTbl AOMKHbI BbITb OpraHbl roCy4apCTBEHHOMO
9HepreTnyeckoro Haasopa MuHTonaHepro Poccun.

Peanusauns akTMBHOW rocygapCTBEHHOW MOMUTUKMA MOBbLILEHUS 3KOHOMUYECKOW 3(PEKTUBHOCTU UC-
NMONb30BaHNS SHEPIUKM, COYETAKLEN KaK rocyaapCTBEHHOE ynpaBrieHue, Tak U PbIHOYHbIE MEXaHU3MbI
3aMHTEPECOBAHHOCTM B 3HEProcbepexeHnn no3BosnT:

CYLLLECTBEHHO COKpaTUTb ObLLeHaLuoHanbHble 3aTpaTbl Ha obecneveHne HagexHoro aHeprocGepexe-
HUWS1, NOCKONbKY 3HeprocteperatoLime NPoekTsl B CpeaHeM B 5 pa3 MeHee KanuTanioemku, Yem NpoekTbl
No NPOV3BOACTBY SHEPTUW;

COKpaTUTb N3OEPXKKM NPOM3BOACTBA M pacxobl HACENeHUs Ha SHEProHOCUTENN, U TEM CaMbliM CMSTYNTb
dUHAHCOBBIN KPU3NC YN MHPAALMOHHBIA 3O EKT NOBLILLIEHUS LLeH Ha 3HEPrOHOCUTENNMU;

NOBbLICUTb SKCI'IOpTHbIIZ noTeHuwnan cTpaHbl 6e3 yBenn4eHuna [o6bluM TONNUBA;
NOBbLICUTb KOHKypeHTOCﬂOCOGHOCTb pOCCMVICKI/IX TOBApOB U YCIyr Ha BHELWHUNX PbIHKAaX;

CyleCTBEHHO COKpaTUTb HeratnBHoe BO3OencTBmE QHEPreTnkn Ha COCToAHUE or<py>|<arow,el7| cpenbl be3
AOONOJIHUTENbHbI 3aTpaT Ha OCHalleHne 00BHEKTOB, npon3soaALmnx n |'|0Tpe6n$nou.|,|/|x QHEPInIo, 060pyp,0-
BaHMEM NO ynaBnnBaHUIO BPEOHbIX OTXOO0B;

NPOANWUTb CPOKM MCMONb30BaHUS HEBO30OOHOBMNSEMbIX 3HEPreTUHYECKUX PEeCYpPCOB, MMEHLLMXCS B He-
apax Poccwuinckon depepaumm;

YBEMNYUTb 3aHSATOCTb, MOCKOSbKY KaXKabli pyOrb, BIIOXEHHbIA B MPOM3BOACTBO 3HEProadpekTMBHOro
obopygoBaHus, co3gaeT B 8 pas bonblue pabounx mMecT, Yem pybnb MHBECTUPOBAHHLIN B NPOM3BOACTBO
3Heprum.

CkasaHHoe BblILLe onpenendeT aktyallbHOCTb COBepLUEHCTBOBAHNA CUCTEMbI ynpaBlieHUA peanwsaumeﬁ
cbep,epaanoﬁl NOSIUTUKN MOBbILLEHNSA 3KOHOMUYECKOW Gd)d)eKTI/IBHOCTI/I NCNoJ1b30BaHUA 3HEPrnn.

2.1.2. HepreTnyeckas ctparerua Poccum Ha nepuog ao 2020 ropa.

Ha coBpemeHHOM aTane 6a30BbiM (hakTOPOM, OnpefensownumMm AUHaMUKy BHYTPEHHEro 3HepronoTpeod-
neHus1, cTana 3BosioLUS KU3HEHHOTO YPOBHSA 1 00pa3a Xn3HU HaceneHusa. B QHepreTuyeckon cTpaTterum
NPeayCMOTPEHO, YTO 0bLLMI OOBEM M OylieBble NokasaTenu notTpebneHns ceMen, CoKpaTUBLUNCH Ha of-
Hy TpeTb ¢ 1990 no 2000 rr., AOCTUIHYT JOKPU3MCHOIO YPOBHSA Mpu 6naronpusaTHeix ycnosusx kK 2010 ., a
k 2020 r. yBenuyaTtcs B TpM pasa OTHOCUTENBHO CYLLLECTBYHOLLETO YPOBHS.

MoBbILIEHNE XN3HEHHOIO YPOBHS CYLLECTBEHHO U3MEHUT OOBbEMBI U CTPYKTYPY OYLUEBOro notpebneHns
aHeprun. OHo ynano ¢ 8,5 o 6,2 T y.1.( Ha 27 %) B 1990-1999 rr. MNpun GrnaronpusiTHbIX YCrOBMAX pa3Bu-
TWS1 3KOHOMUKM POCT OYLUEBOro 3HepronoTpebneHns 6yaet OCTaTOMHO MHTEHCMBHBIM — B 1,3 pasa 3a
nepuog. B pesynbtate B 2020 r. oHo coctaBuT 8,3-8,4 Ty. T. U BAMOTHYO NPUBNIM3NTCS K AOKPUSUCHOMY
YPOBHIO, HO Tak €ro u He JOCTUIHET. B MOHWkeHHOM BapuaHTe obbeM OyLIeBOro noTpebneHns aHeprum
BblpacTteT K 2020r. [O 7,6 Ty.T.
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TeHaeHUUN oyLleBoro NOTPeBbNeHns aNeKTpoIHePrM OTnMYatoTca Tem, YTo nocrie cnaga Ha 21,5 % me-
xay 1990 n 1999 rr. oHo BygeT cucTtemMaTM4eckn pacTu, NPEBLICUB OOKPU3NCHBIN ypoBeHb yxe o 2010 .
B uenom npouecchl 3nekTpuduKkaLumn CyLecTBEHHO MHTEHCUMLMPYIOTCS.

PacyeTbl NOTpeBGHOCTU CTpaHbl B 3HEPreTUYECKUX pecypcax B CTpaTernm BbINOMHEHbI MPU pasHbIX Bapu-
aHTax aHeprocbepexeHusi. Mpu 3TOM, UCXOAA U3 NOTUKU Pa3BUTUS, POCT SKOHOMUKU B BrnaronpuaTHbIX
YCNOBUSIX COYMETAETCS C BbICOKMM 3HeprocoepexeHuem (Tabn. 6.).

OOHUM 13 BaxKHbIX (DAKTOPOB, OMnpedensowmx oblme pasMepbl U CTPYKTYPY aHepronoTpebneHus, sie-
NATCA NePCneKTUBHbIE YPOBHM LIEH TONMMBA U SHEPTUN.

B npeactoqawmn nepnog Hanbonee anHammnyHo 6yaet pacty noTpebneHne anekTpoaHeprum - Ha 21-35 %
B nepwog k 2010 r. n B 1,4 -1,8 pasa k 2020 r. no cpaBHeHuto ¢ yposHem 1995 r. SnektpoemkocTs BBI
nocne 2000 r. 6BygeT cuctemMaTMyeckn CHXKaTbLCS.

[MporHo3upyeTcst O4eHb YMEPEHHbIW POCT LIEHTpanM3oBaHHOro TennocHabxeHus: k 2020 r. gaxe B bna-
rornpuUATHOM BapuaHTE OHO NpeBbICUT ypoBeHb 1995 r. Tonbko Ha 11-12 %. OTO cBA3aHO CO CTPYKTYPHbI-
MU CABUraMy B 9KOHOMWKE, peanu3aumeit HakoNIeHHOro noTeHumana 3KoHOMUM Tenna v ¢ NPeMMyLLecT-
BEHHbIM Pa3BUTUEM MHAMBUAYASbHbBIX €r0 UCTOYHMKOB.

MoTpebHOCTb B HEPTSIHOM MOTOPHOM TOMJIMBE, XOTSI U BbIpacTeT no cpaBHeHuto ¢ 1995 r. 3a paccmart-
puBaemblii nepuog Ha 25 - 62% , HO TaKk U He JOCTUrHET OOKPM3UCHOIO YPOBHS, HECMOTPS Ha LLUMPOKYHO
aBToMOOMNM3aumio cTpaHbl, 0coBeHHO HaceneHus. B kayecTBe MOTOPHOro Tonnunea B NPeacTOALLMIA ne-
puvoa 6yayT Takke LUMPOKO MCMOMb30BaTbCA CKMKEHHBIN U CKaTbl NPUPOAHLIV ra3 (B 3KBMBaneHTe 4o 5
MITH. T HedptenpoayktoB kK 2010 r. n go 10-12 mnH. T B 2020 r.) 1 nony4at pacnpocTpaHeHue B MOburb-
HOW SHepreTuke 3NeKTPOoNpMBOL, BOAOPOAHbIE ABUraTENUN Y TOMINBHbLIE 3NEMEHTbI.

OHepreTnyeckon cTpaTternent npegycMaTpyMBaeTCsl pauuMoHanmusauusi CTPYKTypbl NEpPCneKTUBHOrO Tor-
NNBHO-3HEpreTM4Yeckoro banaHca cTpaHbl. Tak, 3a NpeacTosiliee ABaguatureTve npu oblem pocTe
aHepronoTpebneHus Ha 13-35 %, noTpebneHne npupogHoro rasa BospacTeT Ha 9-19 %, HedTenpoayk-
TOB — Ha 9 — 37 %, a yrnsa — Ha 21-54 %, anekTpoaHeprun, BoipaboTaHHon Ha AQC — B 1,8 — 2,6 pa3a. B
pesynbTaTe O0Ms ra3a B CTPYKType noTpebneHns NepBUYHbIX SHEPrOpecypcoB CHU3NUTCA € NodTh 48 % B
2000 roay oo 42-45 % B 2020 r., a Torga kak gons yrnsi Bo3pacteT ¢ 20 % po 21-23 %, a anekTpoaHep-
mn ASC —c 4 % po 6 %.

Poccusa pacnonaraet 60nblwinMM NOTEHUMANOM OpPraHM3aunoOHHOIO U TEXHOMOMMYECKOro aHeprocbepexe-
HusA. Ero akcnepTHasi oueHKa C y4eTOM COCTOsIHMS MPOM3BOACTBEHHOM 6asbl oTpacnen HauMoHarbHOM
9KOHOMMKM K Hadany 2000 r. gaHa B Tabn. 6. Peanu3aums OCBOEHHbIX B OTEYECTBEHHOWN (HWKHME 3HaYe-
HWS1) U MUPOBON (BEPXHWE 3HAYEHUS) NPAKTUKE OPraHU3aLMOHHbBIX U TEXHOMNOMMYECKUX Mep Mo SKOHOMUMU
3HEPropecypcoB CNOcoOHa YMEHbLUUTL COBPEMEHHbLIN MX pacxod B cTpaHe Ha 40-48 % wnu Ha 360-430
MITH. T y.T. B rod. OKorno TpeTu 3Toro noTeHumana skoHoMuu umetoT otpacnu TIOK, apyras TpeTb cocpe-
[OTOYeHa B OCTarbHbIX OTPACNAX NMPOMbILLIIEHHOCTU U B CTPOUTENLCTBE, CBLILLE YETBEPTU — B KOMMY-
HanbHO-OLITOBOM CekTope, 6-7 % Ha TpaHcnopTe n 3 % B CENbCKOM XO35IMCTBE.
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[NokasaTenun

OnekTposHeprus,
mnpa. KBty

TO Xe,
%% k 1998 r.

AnekTpoemkocTb BBIT,
kBT.4/monn.

TeI'IJ'IOSHepFVIﬂ LUeHTpann3oBaHHas,

MnH. [kan

TennoemkocTtb BBIT,
[kan/gonn.

MoTopHoe Tonnueo,
MIH. T

B T. 4. 6€H3MH
[n3enbHoe TONnMBO

[MepBuYHbIE 3HEprO-
pecypchbl - BCEro MIH. T Y.T.

TO Xe,
%% k 1998 r.

OHeproemkocTb BBIT,
Ty.T./TbIC.AONN.

Tabnuua 1.

BHyTpeHHee noTpe6rieHne Tonnvea u aHeprum*

1990 1995 2000 2005 2010 2015 2020
945 1020 1100 1200
1073 841 864 995 1135 1315 1545
117 126 136 148
132,5 103,9 106,8 123 140 163 191
1,28 1,17 1,07 0,98
1,08 1,37 1,39 1,25 1,06 0,94 0,86
1485 1520 1570 1620
2076 1634 1468 1555 1640 1730 1820
2,0 1,8 1,5 1,3
2,1 2,7 2,37 1,95 1,54 1,24 1,01
114 68 66 71-73 75-80 80-95 85-110
34 26 24 26-27 27-30 30-35 30-40
57 30 33 34-35 35-40 40-45 40-55
970 995 1020 1045
1257 930 921 995 1050 1135 1240
110 112 115 118
1421 105,2 104,2 113 119 128 140
1,31 1,15 0,99 0,86
1,27 1,51 1,49 1,25 0,98 0,81 0,69

* B uncnurene Ans NOHWXKEHHOro, B 3HamMeHaTtene ans 6J'IaFOI'IpI/IFITHOFO BapmnaHTa pas3BnUTUA 3KOHOMUKN.




Tabnuua 2.

MoTeHumMan opraH13aLMOHHO-TEXHOOMMYECKMX Mep 9KOHOMMUK 3Hepropecypcos (2000 r.)

OnekTpoaHe UexTpanu- Bcero
Otpacnu prusi, Mnpa.

30BaHHOE Tonnwueo,
Tenno, MITH. T y.T.

MITH. T Y.T.
MIH. [kan.

KBT.4

TonnMBHO-3HEPreTUYECKNIA KOM-

e, e P 29-35 70-80 99-100 120-135

B T.4. — SJIEKTPO3HEpPreTnKa 1 TeNo- 23.98 67-76 70-77 90-100 2593
cHabXxeHune

[MpOMBILLNIEHHOCTb N CTPOUTENBCTBO 110-135 150-190 49-63 110-140 31-37
TpaHcnopT 7-11 — 22-26 23-30 6-7
CenbcKkoe X03anCTBO 4-5 5 9-11 12-15 3
KomMmyHanbHO-6bITOBOI CEKTOP 70-74 120-135 46-50 95-110 27-26
Wtoro 220-260 345-410 230-270 360-430 100

MpumepHo 20% noTeHumana aHeprocbepexeHus nnu 70-85 MiAH. T y.T. B FO4 MOXHO peanu3o-
BaTb Npu 3aTpaTtax go 15 gonn. 3a 7 y.T., T.€. y)Xe Npu JeNCTBYIOLNX B CTPaHE LieHax KOTeNbHO-NEYHOro
Tonnuea. Hanbonee goporve meponpusitus (CTOMMOCTbLIO cBbiwe 60 Jon. 3a T y.T.) COCTaBMsAOT OKOJO
15% noteHuunana aHeprocbepexxeHus.

Peanusaunsa meponpusatun ctommocTtblo oT 15 go 60 gonn. 3a T y.T., obecnevmBaoLLnx OCTaBLLUMECSH ABE
TpeTn noTeHumana aHeprocbepexerums (220-280 MnH. T y.T. B rof), KOTOpble CONOCTaBUMbl C PaCYETHbLIM
OB6BLEMOM CTPYKTYPHON 3KOHOMWUW 3HEPropecypcoB, NOTPedyeT 3HaYMTENbHbIX LerneBblX UHBECTULNIA: OT
7 0o 17 mnpa. gonn. B nepuog 8o 2010 r. n ot 25 go 50 mnp

4. gonn. B nocnenywuiee gecatuneTtune.

Ta6nuua 3.
MporHo3bl 3kOHOMUK 3Heprun (oTHocuTensHo 2000 r.)

B TOM uncne anekTpoaHeprus,
mnpg. kBT. 4

Bcero, MiH. T y.T.

30-55 20-40*
105-140 60-130
185-200 130-230
300-420 190-300

* He meHee



2.2. ®depepanbHbIi 3aKoH "0O6 aHeprocbepexeHnn™.

B dhenepanbHomM 3aKkoHe 06 3HeprocbepexeHUu npeacTaBneHbl:

*

*

*

cocTtaB 3akoHogatenbcTBa PO 06 aHeprocbepexeHuu;

obnacTb NPUMEHEHNsT HacTosILLEro dheaeparnbHOro 3aKoHa;

nepeYyeHb 0OBLEKTOB rocyAapCTBEHHOMO PerynimpoBaHus B 06nacTn aHeprocbepexeHus;
OCHOBHbIE MPUHLUUMBI 3HeprocbeperatoLLen NONUTUKN FOCYAapCcTBa;

NPUHUMNBI CTaHOapTM3aunM 3HepromnoTpebnsioLllen Npoaykumn, ceptudmkauuy npoaykumm u
3HEepreTNYecKMX pecypCcos;

OCHOBHbIE NPUHLMMbI YNPaBrieHnst B 06ractu sHeprocbepexeHus;

nopsiAoK pa3paboTkm aHeprocbeperatoLLen NONUTUKN;

nopsigoK NPOBEAEHMS SHEPreTUYecknx obcrneaoBaHWn OpraHn3aLmnin, NoTPeONALLMX SHEPTUIO;
nopsigoK opraHn3aumm yyeTa SHepreTUHECKNX pecypcos;

MopsAOK OpraHM3aLMmn CTaTUCTUYECKOrO HAabMOAEeHUS 3a BEJIMYMHOWN U CTPYKTYPOW NoTpeGneHns
3HEepreTUYeCcKMX pecypcoB 1 nx 3pdeyKTUBHbLIM UCMOSNb30BaHNEM;

9KOHOMUYeCcKne un (bI/IHaHCOBbIe MeXaHU3Mbl aHeproc6epe>KeHv|ﬂ ((bI/IHaHCVIDOBaHI/Ie nporpamm,
NbroThbl ﬂOTpGGMTeﬂﬂM N npon3BoanTeENAM 3HepreTn4ecknx pecprOB);

OCHOBHbI€ HanpasJlieHnAa MexayHapoaHoro coTpyaHm4ecTsa B obnactn aHeproc6epe>KeH|/|s=|;

BOMpOCbI 06pa3oBaHWs M MOArOTOBKM kaapoB, nponaraHdbl 3PEeKTUBHOrO UCMONb30BaHUS
3HEepreTNYeCcKnx pecypcos;

OTBETCTBEHHOCTb 3a HapyLleHune NONOXEHNN HAaCTOSALLEro cbe,u,epaanoro 3aKOHa.

3akoHopaTenbcTBO Poccurickon ®epepaumnm od aHeprocoepexeHUn COCTOUT U3:

HacTosilwero ®eaepansHOro 3akoHa U NPUHMMaEMbIX B COOTBETCTBUM C HUM APYrnx defepasnbHbiX 3aKo-
HOB, MHbIX HOPMAaTUBHbIX NPaBoOBbIX akToB Poccuickon ®enepauun, a Takke 3aKOHOB U UHbIX HOpMaTUB-
HbIX NMPaBOBbIX aKkTOB CyObekTOB Poccuiickon ®Pefepaumm no BonpocamM aHeprocbepexeHusi, npuHumMae-
MbIX B COOTBETCTBUM C JOroBOpaMu Mo pasrpaHUYeHuto NpeaMeToB BeAeHUS U NOSTHOMOYUIA Mexay op-
raHamu rocygapcrBeHHorn Brnactu Poccuiickon ®egepaumm n opraHamy rocygapcTBEHHOW BNacTu cyOb-
ektoB Poccunckon ®egepaumn.

O6BLeKToM rocygapCTBEHHOrO perynupoBaHUA B OOGNacTu 3HEpProcoepexeHusi siBNAOTCA OTHO-
LWeHUs, BO3HUKaloLwme B npouecce AeATeNILHOCTU, HanNnpaBfiIeHHOW Ha:
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¢

3hPEKTMBHOE UCMONb30BAHNE SHEPrEeTUYECKMX PECYPCOB MNpU X AobbIve,
npounsBoAcTee, NepepaboTke, TPAHCNOPTUPOBKE, XpaHEHUUN U NOTpebneHny;

OCYLLECTBNEHME FOCYapCTBEHHOro Haa3opa 3a 3PdEKTUBHBLIM UCTONb3OBaHNEM 3HepreTuye-
CKMX PECypCoB;

pa3sutune [o0blun 1 npon3soacTBa alibTeEpHATUBHbLIX BMAOOB TOMJIMBaA, CNOCOOHBLIX 3aMEHUTb
aHepreTn4vyeckme pecypcbl Oonee aopornx n ﬂ,e(bVIU,I/ITHbIX B1OOB;

co3aHne N UCNOoNb30BaHNe aHEProddEKTUBHBIX TEXHOMOMIN, TONNMBO-, 3HepronoTpedbnsatoLe-
ro U OMarHOCTU4EeCKOro o6opyaOBaHUA, KOHCTPYKLMOHHBIX U U30NSAUMOHHBIX MaTepuanos, npu-
BopoB ANnd yyeta pacxofa SHepreTn4eckmx pPecypcoB U Ans KOHTPOMs 3a UX UCMOMb30BaHK-
€M, CUCTEM  aBTOMAaTU3MPOBAHHOIO yNpaBIieHNsi SHepronoTpedneHnem;

obecneyeHne TOUYHOCTH, OOCTOBEPHOCTU N eANHCTBa U3MepeHnd B 4aCTh ydeTa OTnyCKaeMbIX U
I'IOTpe6ﬂF|eMbIX 3HepreTn4eckmnx pecypcos.



OCHOBHbIe npuHUUNbI 3Heproc6eperarou.|,el7| NOJNINTUKU rocyaapcTBa.
SHeprOCGGDGFaI-OLLI,aFI NONMNTUKa rocygapcrtea OCHOBaHa Ha crieyrLwnx npnHymnax:

¢ rippopuTeT Sd)(beKTI/IBHOFO MCNoJ1b30BaHUA 3HepPreTu4eCknx pecypcos,;

#0CYLLIEeCTBIEHNE FOCYdapCTBEHHOIO HaA3opa 3a 3dEKTUBHLIM UCMONb30BaHUEM SHEPreTMYecKnx
pEecypcos;

+005a3aTenbHOCTb y4yeTa ropngn4ecknMin nmuamMmm npon3sognmMbiX UK pacxogyeMbiX MU SHepreTun4e-
CKMX pecCypcCoB, a TaKke y4deTa (*)VI3I/I'~1€CKVIMI/I nnuamm nojtyvaemMbiX MU 3HEepPreTn4eCKkmnx pecypcos;

#BKITIOYEHNE B rOCYAapCTBEHHble CTaHdapTbl Ha obopydoBaHue, MaTepuarbl U KOHCTPYKUMMK, TpaHC-
NopTHbIE CPeACTBa NokasaTtenen ux aHeproaddpeKkTUBHOCTY;

+cepTudmrKaLmsa TONNMBO-, SHEPronoTpednsowWwero, aHeprocGeperaLLero U agnarHocTmyeckoro o6o-
py&OBaHWs, MaTepUarnos, KOHCTPYKLMIA, TPAHCTIOPTHBLIX

CPEACTB, a TaKkKe dHEepPreTMYEecKnX PecypCcos;
¢ coyeTaHne MHTepecoB noTpebuTenei, NOCTaBLIMKOB 1 NPOU3BOAUTENEN SHEPTreTUHECKUX PECYPCOB;

4 3aNHTEPECOBAHHOCTb HOPUANYECKUX MWL - MPOM3BOAMTENEN U MOCTABLUMKOB SHEpPreTMYeckux pecyp-
COB B 3(p(heKTUBHOM MCMONb30BaHUM SHEPreTUYECKUX PECYPCOB.

CrtaHpaptusaums, ceptudmkaumus u MeTposiorusi B o6ractn aHeprocoepexeHums.

B rocynapcTBeHHble CTaHOapTbl Ha 3HEPronoTpebnsaowyo NPOAYKUUIO BKIOYAKTCA Nokasatenu ee
3HeproadhpekTMBHOCTM B Nopsigke, yCTaHOBNEHHOM 3akoHogaTenbcTtBoM Poccuiickon ®egepaumn. Mpu
nobbiye, npousBoacTee, nepepaboTke, TPaHCMOPTUMPOBKE, XPaHEHUM U MOTPEONEHUN 3HEPreTU4eckux
pecypcoB nokasatenn mx 3dEKTMBHOIO UCNONb30OBaHWA, a Takke nokasaTenu pacxofa 3Hepruv Ha
06orpeB, BEHTUNALMIO, ropsiyee BOAOCHADXeHWE M OCBELLEHWE 3[0aHWWA, MHbIE MoKasaTenu 3Hepromno-
TpebneHns Npou3BOLACTBEHHbIX MPOLECCOB B YCTAHOBIIEHHOM MOPSOKE BKMOYAKTCS B COOTBETCTBYHO-
LLLYtO HOPMAaTMBHO-TEXHUYECKYIO LOKYMEHTaLMIO.

TpeboBaHus, ycTaHaBnNuMBaeMble B 00nacTu aHepronoTpebreHnsi rocydapCTBEHHbIMM CTaHAapTaMu, Tex-
HUYECKMMN HOpMaMMK U npaBunamm, obs3atenbHbl ANs BbINOMIHEHUST HA BCen TeppuTopun Poccuimnckon
depepaumm.

OHepronoTpebnsaLan NPoAyKUMA Moboro HasHavyeHus, a Takke 3HepreTmyeckue pecypcbl noanexart
obsA3aTenbHON cepTudukaumn Ha COOTBETCTBYHOLUME nokasaTtenu aHeproaddektusHocTn. ObsasaTens-
Has cepTuduKaLmsa ocyLecTBnsaeTca B Nopsake, YCTaHOBEHHOM 3akoHodaTtenbcTBoM Poccunckon ®e-
Aepauum.

CooTtBeTcTBUE npon3soanMoOro ObITOBOrO 060pyﬂ,OBaHMﬂ Tpe6OBaHMﬂM, YCTAHOBJ1EHHbLIM FOCya4apCTBEH-
HbIMMU CTaHOapTaMn B 4YacTu nokasaTtenem 3Hepror|0Tpe6neH|/|ﬂ, noareepxXxgaeTcda nytem ob6s3aTenbHOro
MapKMpoBaHNA YKa3aHHOIo OGOpyﬂ,OBaHMH.

Mpu pobbive, NnpousBoacTBe, nepepaboTke, TPAHCMNOPTUPOBKE, XPaHEHUN U NOTPeBNeHNn 3HepreTuye-
CKUX PECypCoB, a Takxke Npu Ux cepTudukaumm ocyLLecTBnsieTcss 06s3aTenbHbIA rocyaapCTBEHHBIA MET-
POJIOrMYECKMIA KOHTPOMb U HaA30p B 06nacTu aHeprocbepexeHus.

OcHOBHbIe NPUHLMMNbI yNpaBreHusi B o6nactu aHeprocbepexxeHus. OHeprocbeperato-
Las nofnMTuKa rocygapcTBa OCYLLUECTBMSETCA HA OCHOBE peanusaumn defepasbHbiX U MeXpernoHarbs-
HbIX Nporpamm B o6racTu aHeprocGepexxeHus nyTem:

¢ CTUMYINMpOBaHUA nNpon3eBoacTea 1 UCMNOJNb30BaHUA TONTNBO- U aHeproc6epera}ou.|,ero OGOpy,D,OBaHI/IFI;
¢ OpraHmn3auunun ydeTa pacxoga aHepreTn4eckmnx pecypcoB, a Takke KOHTPOIA 3a UX pacxoaom;

4 OCYLLECTBINEHNA rOCYdapCTBEHHOIO Haa3opa 3a 3(pdeKTUBHLIM UCMONb30BAHUEM SHEpPreTUYecKnx
pEecypcos;

4 npoBegeHna saHepreTn4eckmnx obcnepoBaHui OpFaHMSaLJ,VIVI;



4 NpoBedeHNs IHepreTUYecKomn aKCnepTusbl NPOEKTHON AOKYMEHTauUMmn Ais CTPOMTENbCTBa;
¢ peanusauny 4eMOHCTPALMOHHBIX NPOEKTOB BbICOKOW dHepreTnyeckon adekTnBHOCTY;

¢ peanusaumy 3KOHOMUYECKUX, MH(OPMaUMOHHbIX, OBpasoBaTenbHbIX U APYrMX HanpasneHun ages-
TensHocTn B 0651ACTN aHEeprocbepexeHus.

®unHaHcupoBaHue deaepanbHbIX U MEXPErmoHanbHbIX MPOrpaMm B 0651aCTH 3HeprocoepexeHus.
OcyLiectBnsaeTca 3a cHeT CpeacTB rocygapCcTBEHHOM (bMHAHCOBOW Noaaepxku begepanbHoro GogkeTa,
cpencTB OlOOKETOB COOTBETCTBYOLLMX CyObekTOoB Poccuiickon depepaumm, CpeacTB pOCCUACKUX U UHO-
CTpPaHHbLIX MHBECTOPOB, a TaKKe 3a CYET APYrMX UCTOYHWKOB B NMOPSAKE, YCTAHOBEHHOM 3aKkoHO4aTemNb-
ctBom Poccuiickon Pepepaumm, 3akoHaMuM U MHBIMA HOPMAaTUBHbLIMW MPaBOBLIMU akTamMu CyObeKkToB
Poccunckon ®egepaumn.

MoTpebutenam n nNpouM3BOAUTENSAM 3HEPreTMYECKMX PECYpPCOB, OCYLLECTBASIOWINM MEpOnpuATUS Mo
3HeprocbepexeHnto, B TOM YMCre 3a CYeT NMPOM3BOACTBA M MOTPEONeHMs NpoaykumMmn C NyyYlmnmun, Yem
npeaycMoTPEHO rOCy4apCTBEHHbIMM CTaHA4apTaMu, NokasaTensamu, NnpeaocTaBnsTCs NbroTel B Nopsaa-
Ke, onpenensiemom lNpasutensctBomM Poccuickon degepaumn.

NMpoBeageHue aHepreTUYeCKNX oo6cnegoBaHMn opraHu3aLun.

OHepreTnyeckme o06crnefoBaHUsl NPOBOAATCSA B LENSAX OLEHKM 3¢hdEKTUBHOIO UCMONbL30BaHNSA SHEPreTyU-
YECKMX PECYPCOB U CHWXKEHUS 3aTpaTt NoTpeduTenen Ha ToNnMBo N aHeproobecneveHne. Obs3aTenbHbIM
aHepreTMyeckum obcrnenoBaHMaM NOANEXaT opraHvM3aunyM He3aBMCMMO OT MX OPraHM3auvoHHO MpaBo-
BbIX oOpM 1 hOpM COBCTBEHHOCTU, €CMNY FOA0BOE NOTPEONEHNE NMN SHEPTETUYECKUX PECYPCOB COCTaB-
nsieT 6onee WeCTU ThiCAY TOHH YCITOBHOMO TONSMMBA Mn 6onee 0aAHON ThICSYM TOHH MOTOPHOrO TOMNNMBA.
OHepreTnyeckme ob6crnefoBaHNs opraHu3aumn, ecrnvm roqoBoe NoTpedneHne uMmn aHepreTU4eckux pecyp-
COB COCTaBIiSieT MEHEee LIECTN ThbICAY TOHH YCIOBHOMO TOMMMBAa, NPOBOAATCS MO PELUEHUI0 OpraHoB MC-
nonHUTENbHOM BnacTu cybwekToB Poccuinckon denepaumm, OTBETCTBEHHbIX 3a KOOpAMHaUMIO paboT no
3P eKTMBHOMY MCMONb30BAHMIO 3HEPreTUYECKMX pecypcoB. [MopsAoK U CPOKN NpoBedeHUs aHepreTuye-
ckux obcnegosaHuii onpeaenstotes Npasutensctsom Poccunckon egepaumm.

YyeT aHepreTU4ECKMX pecypcoB.

Becb 06beM [06biBaEMbIX, NPOM3BOAMMBIX, NepepabaTbiBaeMblX, TPAHCNIOPTUPYEMbIX, XPaHUMbIX U NO-
TpebnsiemMbIx aHepreTudeckux pecypcoB ¢ 2000 roga noanexuT obsisatensHomy yyeTy. OuyepefHOCTb U
npaBuna ocHalLEeHUsi opraHu3auuin npubopamu Ons yde Ta pacxofa SHEpreTUYeckMX pecypcos, a Takke
npaeuna nosib30BaHWs 351eKTPUYECKOI U TeMNOoBOW SHEPTen, NPUPOOHBLIM W CKIKEHHBIM ra3oM, NPoayK-
Tamu HedTenepepaboTku ycTaHaBNMBaOTCA B nopsake, onpedensiemMomM MNpaButensctBoM Poccuiickol
depepaummn. Yuet notpebnsemMbix 3HEPreTUYECKNX PECYPCOB OCYLLECTBIISETCS B COOTBETCTBMU C yCTa-

HOBJTIEHHbIMU rocyaapCTBEHHbIMU CTaHOapTaMn 1 HOpMaMn TOYHOCTU M3mepeHm7|.

2.3. YnpaBneHue aHeprocoepexeHnem B mupe n Poccum.

2.3.1. YnpaBneHue aHeprocbepexeHnem B AnoHum

2.3.2. YnpaeneHue aHeprocbepexerHmnem B CLLUA

2.3.3. YnpasneHue aHeprocbepexeHnem B 3anagHon Esnpone
2.3.4. YnpaBneHue aHeprocbepexeHnem B BoctouHor EBpone
2.3.5. CrtpykTypa ynpasneHusi aHeprocbepexeHem B Poccum

CtpaHbl 3anagHon Esponbl, CLWA, AnoHua ctanm obpawats npuctanbHOe BHUMaHWE Ha npobnemy
3HeprocbepexeHus yxe bonee Tpex OeCATKOB neT Ha3ah. LleneHanpaBneHHoe co3faHne HOPMaTUBHO-
NpaBoOBbIX JOKYMEHTOB B 06nacTu aHeprocbepexeHus, rocy4apCTBEHHbIX OpraHoB ynpaBfieHusi paspa-



OOTKOM 1 peanusaumen NONUTUKN 3HeEProcoepekeHns NO3BONUIN ITUM CTPaHaM AOOUTLCS CHUXKEHUSA U
©e3 Toro masnov 3HeproeMKoCT! BHyTPEHHErNO BarloBOro npogykTa B cBoux ctpaHax Ha 20+30%.

2.3.1. YnpaBneHue aHeprocbepexeHnem B ANOHUU.

MoTpebneHue B ANOHMM NEPBUYHOW SHEPTMM HA €AMHULY BHYTPEHHErO BarioBOro NpoayKTa no OaHHbIM
NockomcTaTta (1993 r.) 6bin0 NoyTn B 6 pas HMXe, Yec B Poccun. B HacTosdwee BpemMs 3TOT paspbiB BO3-
poc ewe Ha 30%. Beagywas ponb B npoBegeHWM NONMUTUKN 3HeprocoepexeHns B ANOHUN NpuHagnexuT
rocygapcTBy. 3akoHogaTenbHas 6a3a aHeprocbepexxeHus 3vKOeTCA Ha OBYX 3aKOHaX: 3akOHe O paumo-
Hanusauun notpebnenns sHeprum (NpvHAT B 1979 rogy) v 3akoHe O COAEVCTBUM 3HEpProcbepexeHuto
(npuHaT B 1993 roay).

B CUCTEeMY rocyaapCTtBeHHOro ynpasreHua aHeproc6epe>KeHv|eM BXOOAT NpaBUTENbCTBEHHbIE OpraHmn3a-
unmm n MMHUCTEPCTBA:. KOMUTET NO peann3aunmn 3HepFeTI/l‘-IeCKOl7I nonutuku, CoBeT no (bOpCI/IpOBaHI/IlO
OKOHOMUN 3HEPINMN N CbipbdA, CO3OaHHbIE B 1997rop,y, a TakKxke MI/IHVICTepCTBa — MPOMBILLJIEHHOCTN U
BHELLHEN TOProBJ1X, CTPOUTENbCTBA, TpaHCcnopTa, (bI/IHaHCOB.

CBs3yloLLyl0 ponb Mexady NpaBUTENbCTBOM U NMPOMbILLIIEHHOCTLIO BbIMOMHAET AMNOHCKUIA LEHTP SHEpro-
cbepexerus (ALJ). CosgaHnio BbICOKO3(hEKTUBHOMO 000PYAOBaHUA NyTEM BbiAENEHUS NpaBUTENbCT-
BEHHbIX CPEACTB U pacLUMPEHNs COTPYOAHUYECTBA B TEXHOSOMMYECKMX UCCNEAOBAHNUSIX CO CTOPOHbI NPo-
MbILLUSIEHHOCTU CNOCOBCTBYET OpraHM3aLmsl N0 pasBUTUIO SHEPTETUYECKMX U MPOMBbILLNIEHHbIX TEXHOMOMMIA
(NEDO).

KomuTeT no peanusauun aHepreTnyeckon nonutukm n CoseT No POPCUPOBAHNIO SKOHOMUWN IHEPTUN U
Cblpbs onpeaensaoT OCHOBHbIE HaMNpaBneHns aHeprocbepexeHus, a Hag3op 3a peanusaumnent NONUTUKA U
nporpamm sHeprocbepexeHus sBnsetca dyHkumen LieHTpa aHeprocbepexeHns u opraHusauum no pas-
BUTUIO SHEPreTUYECKNX U NPOMbILLMIEHHbIX TEXHONOMMN.

B coctaBe MI/IHI/ICTepCTBa NPOMbILLUJTIEHHOCTU U BHELLHEN TOProBJn CyLlecTByeT areHTCTBO no npupona-
HbIM pecCypCaM n 3Heprmn, B KOTOPOM psAL oTaerioBs (omenu nnaHnpoBaHUA SHGDFETMLIGCKOIZ NOJINTUKWN,
Me>|<p,yHapo,qH017| 3HepFeTVI'~IeCKOl7I NOJINTUKMN, SHepFOCGEPG)KeHVIFI N anbTepHaTnBHbIX UCTOYHUKOB 3HEpP-
FVII/I) HanpAaMyr OTBEYakoT 3a NOJINTUKY 3Hepr006€pe)KeHl/IFl.

Mop armpgon MuHUCTEpPCTBA MPOMBILLIIEHHOCTU U BHELUHEW TOPrOBMM BbIXOAAT MHCTPYKUMU MO paumo-
HanbHOMY MWCMOMb30BaHUIO 3HEPTUW, MPU HapyLUEHWU KOTOPbIX MPeanpuaTMs B MPUKa3HOM nopsiake
OOMKHbI COCTaBMATb NMaHbl paunoHanbHOro aHepronoTpebnexus. MNpeanpuatusa ¢ roqosbiM noTpebne-
Huem Tonnumea cBbiwe 3000 THS unu 12 mnH. KBTx4yac cocTtaBnsaT ¢ noMouwpbio ALLD nnaHbl no sHepro-
cbepexeHunto n oTYNTLIBaKOTCHA 06 UX BbiNonHeHnM B MuHucTepcTBe.

BrogxeTHoe dmHaHcupoBaHue nporpamm aHeprocbepexenusa B 1996+1997 rogy coctaBuno 630 MiH.
gonnapos, 6onbliasi YacTb KOTOPbIX M3Pacxo4oBaHO Ha pa3paboTKy HOBbIX dHeprocoeperarLmnx TeXHO-
norun. Okono 10% 3aTpayeHHON CyMMbl MCMNOMNb30BaHO HA MOMOLLb MPOMBILWMEHHBIM NPeanpuATUaM B
onpeaerneHny BO3MOXHOCTEN ONTUMU3aLnnM NPoOn3BoACTBa N NOTPebneHns sHepruu.

Cpeam crnocoboB 3KOHOMUYECKOTO CTUMYTMPOBAHNA 3HEProcbepekeHns MOXHO OTMETUTD:

CHWXEHME Hanora Ha npubbinb Ha CyMMbl, 3KBUBANEHTHYIO 7% OT CTOMMOCTU NPUODPETEHHOIO 3HEpro-
abdekTBHOrO 060pyaOBaHNS (HanoroBas fnbrota He JofmkHa npesbiwatb 20% OT CyMMbl Hanora nog-
nexaltiero ynnare);

cneuuarnbHble HOPMbl aMOPTU3aLMKN SHEProaddeKTUBHOIO 0GopyaoBaHns — amopTusaums 30% cToumo-
cT 06opyaoBaHus B rod ero NpuobpeTeHus B 4OMNOSTHEHUE K 0ObIYHBIM HOPMaM aMopTU3aLMNU;

NbroTHble kpeauTbl nop 3,95+4,1% rogoBbix AnoHckoro 6aHka pasBuMTUS U APYTMMU (PMHAHCOBBLIMW UH-
CTUTyTamu 3a CHET CpeacTB, akKKyMynMpoBaHHbIX Ha CneunanbHOM HEPTSHOM CYETE;

ucnonb3oBaHne obnuraumn PoHaa ynyyleHUn B MPOMBILNEHHOCTM ANS (PMHAHCUPOBAHUSA KPYMHbIX
3hpEeKTUBHBIX MICTOMHUKOB Tenna, Bknovast TAL,.

Benuka n MHopmaunoHHas noaaepxka OesTenbHOCTM MO 3HeprocbepexeHuto. Tonbko B AnNoHuM ¢
mapTta 1980 r. Nposogntcs B HauuoHansHOM MacwTabe [leHb aHeprocbepexeHns, n HamevaroTcs nna-
Hbl Ha Oyaywee. C 1976 r. B ctpaHe npoBogutca Mecsy aHeprocbepexeHusa (dpespanb). B okTabpe
1998 r. bbin Takke BBeAeH oauH eHeparnbHbIN AeHb NPoBepkM aHeprocbepexeHus (B gekabpe). B go-
nonHeHune k Hemy B 1990 r. BBenu JleTHWiA MeHepanbHbIN OeHb NPOBepKM aHeprocbepexxeHus. Takum ob-



pas3om, B AnoHun peryndapHo noBogAaTCcA MmaccoBble I/IHd’.)OpMaLI,VIOHHbIe KOMNaHUM no pacnpocTtpaHeHnto
3HaHWN O npenmMyujecrteax 3Hepr006€pe)KeHl/IFl.

2.3.2. YnpaBneHue aHeproc6epexeHuem B CLUA

depepanbHas CTPyKTypa ynpaBneHus aHeprocbepexxeHnem Hadana opmMmpoBaTbCHA MOCne 3HepreTu-
yeckoro kpusnca 1973 roga. B AgMuHmucTpauum no nccrnegoBaHusaM 1 pa3BUTUIO B HEPreTUKe NosiBUncs
Odmc aHeprocbepexeHnsa, OCHOBHas 3afaya KOTOporo CBoaunach k paspaboTke n peanusaumm oblue-
HauMOHanNbHOW NONUTUKK aHeprocbepexeHus. MNosxe, B 1977 rogy, cosgaHo MMHUCTEPCTBO SHEPreTUKM,
cpean 18 OCHOBHbLIX Lienen cosgaHns KOTOporo Ha YeTBepTOM MeCcTe 3anucaHbl pa3paboTka u peanunsa-
UMsi KOMMMEKCHOW cTpaTermm aHeprocoepexXeHus Kak BbICLLIEro NpuoputeTa HauMoHanbHOW SHepreTuye-
CKor nporpammbl. ATMM B MuHucTepcTBe aHepreTukn 3aHnmaetcss Odmc sHeprocbepexeHus n Bo3ob-
HOBNSIE€MbIX MCTOYHUKOB 3HEPrM, UMEIOLLMIA B CBOEM COCTaBe AeCATY0 YacTb pabOTHUKOB MUHUCTEPCT-
Ba.

B HacToswee Bpemsi deagepanbHasa CTpyKTypa ynpaBrieHUsi aHeprocOepeXeHnem BKIHOYaEeT KOHIpecc,
KaK 3aKkoHofaTernbHbIN OpraH B obnactu aHeprocbepexenuns, AoMuHMcTpauuto NpesngeHTa, kak opraH,
OCYLLECTBNSOWUNA obLlee pyKOBOACTBO pa3paboTkon M peanu3auven nonmutuku sHeprocbepexeHus,
MWHNCTEPCTBO SHEPreTUKW, Kak OpraH, 3aHuMMaroWwuMincss paspaboTkon u peanusaumen deneparnbHbIX
nporpamm sHeprocbepexenus, u psg MuHUCTEpPCTB U AreHTCTB, 3aHMMaloLWNXCA YaCTHbIMU Hanpasrne-
HUAMKW CTaHgapTu3aumm B obnactn aHeprocbepexeHus n BBeAeHUS B NPakTUKy nporpaMmm aHeprocbe-
pexxeHnsa Ha o6bekTax enepanbHo CO6CTBEHHOCTM.

HopmaTtueHo-npaBoBas 6a3a no Bonpocam aHeprocbepexeHua B CLUA, Buanmo, Hambonee emkas. 3a
nocnegHve 20 net npuHsaTo 6onee 20 dhepepanbHbIX 3aKOHOB, OTHOCALLMXCS K Mpobneme aHeprocbepe-
XeHus. MNokasaTteneH 3akoH «O HaLMOHaNbLHOW 3HEepreTU4ecKkor NONUTUKE», NpUHATLIN B 1992 roay 1
cogepxawmn 30 pasgenoB n 308 ctarten. NepBbiM OCHOBOMNOMaraLWmMMm pa3genomM 3Toro 3akoHa sBns-
eTcsl «QHepreTudeckasi adodekTMBHOCTb». Ero 50 ctatei pa3buTbl Ha 7 NoapasaenoB: 30aHusl, 3Hepro-
CUCTEMbI, CTaHOapTbl 3HEepreTnyeckon 3aPQEKTUBHOCTM Ha Mpubopbl 1 0b6opygoBaHUE, NPOMbILLSIEH-
HOCTb, MOMOLLb WTaTaM U MECTHbIM OpraHam YnpaBIieHWsi, SHEPreTUYECKNA MEHEIXKMEHT B doeaeparb-
HbIX areHTcTBax M npodvee. Kaxabi nogpasgen sSBnseTca OAHOW M3 doeaepanbHbiX NporpamMm 3Hepro-
cbepexeHus. Hanpumep, B nogpasgene «30aHusa» Kaxabli WTaT NPUHY>XOAETCS K NPUBEAEHMIO B COOT-
BeTCcTBME pedepansHoOro n mectHoro CHwulloB, npuyem paspeluaeTcs NpUHATUE MECTHbIX Bonee aHep-
rO9KOHOMUYHBLIX TpeboBaHum n HopMm; NpaBuUTENbLCTBY Nopy4vaeTcs pa3paboTka MEeTOAMKM SHepreTuye-
CKOW cepTuduKkaumn 3gaHun; co3faeTcs CeTb LIEHTPOB 3HepreTudeckn 3peKTUBHOMO OCBELLEHUS U
3[aHu1K, NPU3BaHHbIX BbICTYNaTb B TOM YUCIE N JEMOHCTPALMOHHBIMU 30HAMU BbICOKOW aHEPreTUYeCcKon
apdpekTnBHOCTL.

B aTom n KaxxgoM nocnegyowem nogpasgerne ykasaHbl YCnoBusl, 06bemMbl U CPOKM oMHAaHCUPOBaHUSA 13
denepanbHOro OromkeTa KOHKPETHOW peanu3auun oTaenbHbiX Npodnem aHeprocbepexeHms. Ha nosbl-
WweHne ahdPEKTUBHOCTU NCMONb30BAHUS 3HEPTUN B 34aHMSAX HanpaBfieHbl HE TONbKO 3aKOHOAAaTEeNbHbIE
aKkTbl, HO 1 JOOpPOBONBHOE corfaweHve mexagy degepanbHbIMU OpraHamMy 1M Bnagenbuamun 3agaHum.
[MpumepoMm MOXET CNyXuTb Nporpamma «3eneHble OrHuy, peanudyemas AreHTCTBOM MO OXpaHe OKpy-
Xatowlen cpefbl, KOTOpoe MognucbiBaeT corfaweHne Ha obcrnegoBaHMe UM MOCMeayoLWy MoAepHu3a-
LMI0 OCBELLEHMS YacTHOro 3gaHns. 34aHuI0 ¢ aHepreTmdeckn 3P eKTBHBIM OCBELLEHNEM MpUCBanBa-
eTcs norotun «3eneHble OrHUY, I'I03BOJ'IFHOLLI,VII7I peann3oBaTb 3KOHOMUNYECKN BbIroaHble Mepbl NO OCBe-
LLIEHMIO 34aHMA U NocnenyoLwen ero MogepHu3aumumn.

BropxkeTHOe hmHaHCMpOBaHME NporpamMmm aHeprocbepexernst gocturaet 25+28% rogoBoOro rpaxgaHcKo-
ro 6opketa MuHnctepcTea sHepreTvku. [O0cygapCcTBEHHbIE pacxofbl HA peanu3auuio MNOfMTUKA NOBbI-
LeHWs 3HeproahekTMBHOCTM cocTaBnatoT 2,5+3 aonnapa Ha ogHoro Yyenoseka (B Poccun atu 3atpaTsl
B 75 pa3 MeHbLLE), YTO NoAYepKnBaeT 3HaYMMOCTb Npobnemsl aHeprocbepexerns ans CLUA. Mocynap-
CTBEHHbIE YCUMUS U PbIHOYHbIE MEXaHW3Mbl SKOHOMWKM MpUBENU 3a nocnegHue 25 neT K CHMKEHUIO
3HEpProeMKoCTU BHyTpeHHero Banosoro npoaykra Ha 33%.

2.3.3 .YnpaBneHue 3Heproc6epexeHunem B 3anagHon EBpone

Cuctema ynpaBneHusi aHeprocbepexeHvem B 3anagHoi EBpone otnuuyaeTcs pasHoobpasnem. Cpeau
rocy4apCTBEHHbIX OpraHoB, OTBEYaloLLMX 3a pa3paboTKy NONMUTUKKA dHeprocbepelkeHunsi, MoryT ObiTb oa-



Ho (ABcTpusi, MNopTyranusa u gp.) unn Heckonbko (®PpaHuusa, Benukobputanus, MonnaHgmsa v gp.) MUHK-
CTEepCTB.

3a peanusaumio rocygapCTBEHHON MONUTUMKN 3HEpProcOepexeHnss OTBEYAT UM CaMOCTOATENbHbIE TO-
cynapctBeHHble areHTctBa (AOEME, ®paHuusa; HOBEM, lNonnavauna; HYTEK, Weeuuns; OPEH, Llsen-
uapus 1 gp.), Wnu crneumanm3mpoBaHHble nogpasgerneHns B NpaBUTENbCTBEHHbBIX CTPYKTYpax (3HepreTu-
YecKkoe areHTCTBO, [aHus; oTaeneHne NoaaepXku 3HEpreTuyecknx TexHomnoruin, Benukobputanus; [e-
napTameHT 3HepreTukn, PMHNAHOUA 1 Op.), UM HeKOMMepYeCcKne opraHmdauumn (ABCTPUIACKOE 3HEpPreTu-
YecKoe areHTCTBO M Ap.) UMK CMELLUEHHble KOMMNaHWM (perMoHanbHble areHTCTBa, ['epmaHust; koMnaHus
CCE, MNoptyranus).

Cpeam OCHOBHbIX roCy4apCTBEHHbIX OpraHn3aLmnn, peanusyowmx nporpaMmmel aHeprocbepexerus B 3a-
nagHon Espone, moxHo Hasgatb AJEME (®PpaHuus), umerowyto 26 permoHarnbHbIX NPeacTaBUTENLCTB.
Takum obpaszom, BoO PpaHuUmmM CyLLeCTBYeT TPEX3BEHHAs cUCTeMa ynpaBrieHus dHeprocoepexeHem: Tpu
MUHUCTEPCTBA PYKOBOAAT LieHTpanbHbiM oducos AJEME, koTopbin peanuayeT rocyfapCTBEHHbIE KOH-
Lenuun Yyepes CBOM pernoHanbHble NpeacTaBUTensCTBa.

BrogxeT aTon opraHusaumu, dopmmpyembin Ha 40% 3a cuyeT crneumnarnbHOro Hamora Ha aTMocdepHoe
3arpsisHeHme B aspornopTax, okono 300 mnH. gonnapoB. PuHaHCMpoBaHME NogobHOW opraHuM3aumu B
LWeeumn (HYTEK) Ha nopsagok MeHbLUe, XOTSl Ha NyLy HacereHus NpuxXoaMTCa OKOMO ABYX OONNapoB B
rogd.

3agayy cbepexeHnss IHeprMn n CbipbeBbIX PECYPCOB B [0nnaHaMm pellaeT areHTCTBO NO 3HepreTuke u
oxpaHe okpyxatwwen cpeabl (NOVEM). BrogxeT aton opraHusauum copmmpyeTt rocygapcteo. 3a no-
cnegHee gecatuneTve ABagLaToro Beka otaen npombiwneHHoctn HOBEM gobuncsa nosbieHns aHep-
reTndeckon agpdekTMBHoCTU Ha 19%.

B WcnaHun rocygapCrtBeHHble npeanpudatneMm, pelarwmm 3agadvy pauumoHallbHOro Mcnosfib3oBaHUA
3Heprmm n CTUMynmpoBaHnUA UCNOJb30BaHUA BO300OHOBNSAEMbIX MCTOYHUKOB QHEepPrmn ABNAEeTCA KaTtanoH-
CKuin WHCTUTYT SHEPIrun.

Kak pesynbTaT ycunuii no aHeprocbepexeHmio MOXHO Ha3BaTb CHUXKEHWE 3HEProeMKOCTU BHYTPEHHEro
BarioBOro nNpoAdykra B cpegHem Ha 24%, npu 3TOM 3HEProeMKOCTb MPOMbILLFIEHHOrO MPOM3BOACTBA CHU-
3unacb bonee 3HauMTeNbHO (~ Ha 40%).

2.3.4.YnpaBneHue aHeproc6epexeHuem B BoctouHon EBpone

XOTs1 3HEepropacTouMTeNnbLCTBO B CTpaHax BocTouHon EBpOMbI OTHOCUMTCS K YMUCITY OCHOBHbLIX nMpobnem,
06yCcnaBnNUBaoLLMX HEKOHKYPEHTOCNOCOBHOCTb UX NPOAYKUMM B MUPE, OOHAKO, pearbHOro npucTarnbHOro
BHMMaHWs K peanusaumm aHeprocbeperaromx nporpamm B 3TMX CTpaHax He HabnogaeTcs.

B psge cTpaH npuHATBI OCHOBOMNONarawLmMe AoKyMeHThl Mo npobneme aHeprocbepexenuns («O6 aHepro-
cbepexeHumny, YkpauHa; «OHepreTMdeckuin 3akoH», Yexnst u gp.) cosgaHbl opraHbl rocyaapCTBEHHOMO
ynpaBrneHus. PazpaboTka OCHOBHbIX HanpaBreHUn aHeprocbepexeHns ocTaeTcs 3a pasnmyHbIMn MuHu-
crepctBaMy (MUHUCTEPCTBO MPOMBILLNEHHOCTN, PyMbiHMS; MUHUCTEPCTBO MPOMBILLIIEHHOCTN U TOProB-
nn, Yexmsa u 17.4.), @ NpakTnyeckas peanv3aunsi aHeprocbeperaroLen nonMTnkM nepegaeTca Takmum opra-
HaM rocyaapCTBEHHOW BnacTu, Kak ['ocygapCTBEHHbIV KOMUTET MO 3HeprocbepexeHuto (YkpanHa), yeL-
CcKkoe aHepreTmdeckoe areHTcTBO (Yexus), PymblHCkoe areHTCTBO BO aHeprocbepexeHuio (PymbiHMSA),
BeHrepckuii aHepreTudeckuin ogouc (BeHrpus) n T.4.

Kak npaBuno, B pelleHnn BOMpPOCOB 3HeprochepexeHns y4acTBYOT opraHbl 3HeproHaasopa. Bospacta-
Hue gonu paboT No aHeprocbepeXeHUo B opraHax sHeproHagsopa SpKo NPOosiBUIOCH Ha YKpauHe, KOTo-
pas nepemmMmeHoBana 3HeproHaa3op B [0CyaapCTBEHHYO MHCMEKLMIO MO SHEProcbepexeHuto.

Bo Bcex cTpaHax ocyLecTBnseTca rocygapcTBeHHas hnHaHCOBas noaaepka paumoHanbHOro UCnosb-
30BaHNsi SHEPropecypcoB, NOPON AOCTUrast YpoOBHA pa3BuTbix cTpaH (Yexusa. ~ 1 gonnap Ha yenoBeka).
OpHako, 4+5 neT, B Te4eHne KOTOPbIX B 3TUX CTpaHax pa3BopaynBaeTcsd paboTa no aHeprocbepexeHunto,
HeaoCTaTo4Ho, YTOOBbI OWYTUTb yCTOI7I‘-II/IBO€ CHMXeHne sHeproeMKoCT BHyTpeHHEro BaqioBoro npoaykra.



2.3.5. CtpykTypa ynpaBneHus aHeprocbepexeHuem B Poccumn

PaccmaTtpuBas pelueHne npobnemMbl pauMoHanbsHOro MCNONb30BaHUS TOMMMBHO-IHEPrETUYECKNX pecyp-
COB, crnegyeT OTMETUTb, YTO 3aKOHOTBOPYECKAsi U KOHLENTyaribHasi COCTaBMAOLWME 3HEPreTUYecKon no-
NUTUKM HaxoadATcs B pykax "ocygapcteenHon Oymbl, CoBeta ®epepaunn m MNMpasutenscrea Poccun.

M3gaHHble K HacTodAwemy BpeMeHW 3akoHbl, Ykasbl [MpesnaeHTa un lNocTaHoBneHus [NpaButenbcTBa,
MMetoLLMe OTHOLLEHWNE K Npobneme aHeprocbepexeHus, npueseaeHsl B MNpunoxenun 1.

MpaKTU4Yecknii KOHTPOMNb 3a peanusauueit aHeprocbeperatolleli NMoNMTUKL BO3MaraeTcs Ha CTPYKTypy
ynpaBrieHnsi aHeprocbepexxeHneM, UMEIOLLIYIO TPEX3BEHHYIO MepapXuio.

MoctaHoeneHuem lNpaBuTtenbctBa Poccuiickon ®epepauumn oT 2 Hoss6ps 1995 r. Ne 1087 «O HeoTnox-
HbIX Mepax Mno aHeprocbepexxeHnto» Ha MUHTON3HEPro BO3MOXKEHbI:

PaspaboTka 1 peanusauusi COBMECTHO C APYrMMU 3aMHTEPECOBaHHbIMK hedepanbHbIMU OpraHamn Uc-
MONHMTENbHON BNAcTV rocyapCTBEHHONM NONMUTHKK B 06racTy sHeprocbepexeHus;

PaspaboTka n koopAMHaUus peanusaumn OCHOBHbIX HanpaerneHn NoNUTUKN 3HeprocbepexeHns, Noaro-
TOBKa NpPeAnioxXeHni no ux MGUHaHCMpPOBaHWIO.

Ykasom lNpesmageHta PO Ne 1010 OT 11.09.97 r. Ha MMHUCTEPCTBO TOMMMBA U SHEPreTUKU Takke BO3Mo-
XeHbl (PyHKUMKN Haa3opa 3a APdEKTUBHBIM UCNONb30BaHNEM SHEPTrETUHECKMX PECYPCOB.

OTOT Haa3op o3Ha4vaeT OCyLleCTBIIEHNe KOHTPOIA 3a:

nposeaeHnemM npeanpuatTnamMmn, opraHmdaumamMmm mn ydpexneHnamm Meponpmmwﬁ no c6epe>KeH|/no anekK-
TqueCKOVI N TENnoBOM SHEepPrnn n CHMXXeHUK ee pacxoga Ha egnHuly npoaykumm;

3 HEKTMBHOCTBLIO UCMOSb30BaHUS CpedcTB pecnybnukaHckoro Giogxketa PP, Hanpasnsiembix Ha Lenu
3HeprocGepexeHus;

MpencTaBuTensIM OpraHoB FOCYAapCTBEHHOTO SHEepreTMYyeckoro Haasopa Ans WUCMONHeHWs MX 3agad
npefocTaBnsieTcs Npaeo:

JaBaTb npeanucaHns o6 yctaHoBke NpubopoB yyeTa, CUCTEM KOHTPOISA U perynupoBaHns pacxoga anek-
TPUYECKON N TEMNNOBOW SHEPrN;

NpPOBEPSITb COOTBETCTBME MPOEKTOB HOBbLIX U PEKOHCTPYMPYEMbIX YCTAaHOBOK TpebGoBaHMAM paumnoHanb-
HOrO MCNOMb30BaHWUSI SHEPTNW U AaBaTb NpeanucaHns 06 yCTpaHEeHUN BbISIBIIEHHbIX HAPYLLEHWA.

OpraHbl rocyJapCTBEHHOIO 3HEPreTMdeckoro Hagsopa paspabaTtbiBaloT U M34aKT  HOPMATMBHO-
TEXHUYECKYH LOKYMEHTaUU0, Befy MHAOPMALMOHHY OESATENbHOCTb; OpraHuM3yoT U NpoBoasaT paboTty
no cepTudmKaumm 3aNeKTPUYECKNX YCTAHOBOK, NPUBOPOB 1 cucTem ydeTa (COBMECTHO ¢ [loccTaHaapTom),
NMLEH3UPYIOT opraHM3auun, nognagatowme nop 3akoH «O NULEH3MPOBAHMKN OTAENBbHBLIX BUAOB AesATENb-
HOCTU».

Takum 06pa3om, OCHOBHbIE hYHKLIMM, 3aKpensieHHble B 3akoHe «O6 aHeprocbepexxeHun» 3a MNpaeutens-
ctBoM P® no copmupoBaHuio 1 peanu3auum NonuTUKU 3HeprocbepexeHmnsl, Bo3noxeHbl Ha MuHTon-
3Hepro PO.

B cTpykType MuHTON3HEpPro co3gaH [enapTaMeHT rocyaapCTBEHHOIO 3HEPreTUYECKOro Haa3opa 1 SHep-
rocoepexeHus.

CTpyKTypa ynpasneHus sHeprocbepexeHnem Ha hegepanbHOM YPOBHE NpeacTaBneHa Ha puc.1.

MusnromsHepro Poccun Acconuarys 5KOHOMHYECKOT0 AnmMuHKcTpauus cyObekra
B3aumoneiicTBus Poccuiickoit ®enepanuu
HenaprameHT PerunonaneHbie ynpaBiaeHUs VISH
rocy1apCTBEHHOTO I'ocanepronanzopa
9HEPreTUYECKOro Ha30pa

Puc.1

depeparnbHbii YPOBEHL YNpaBreHUs a3HeprocbepexeHNeM OCyLLECTBSETCS CreayrolMMM opraHamu m
opraHu3aumsiMm.



depepanbHble opraHbl Poccuiickon Pepepaumm, ynpaensoLme sHeprocbepexeHneM:
MMWHUCTEPCTBO 3KOHOMMUKM

MMWHUCTEPCTBO TONMNBA U SHEPTETUKM

MMWHUCTEPCTBO Haykn N TEXHONOMMMI

"ocygapcTBeHHbIM KomuTeT Poccuiickon ®egepauum no XUnnHOM U CTPOUTENBbHOM NONUTUKE
OpraHbl MnHTON3HEPrO, 3aHMMaloLLMECs] SHEProcbepexeHneMm:

JenapTameHT rocygapCTBEHHOIO 3HEPreTMYecKoro Hag3opa u aHeprocbepexeHus.

MexBegoMCTBEHHbIN KoopaMHAaUMOHHbBIA COBET MO BOMpocam 3HeprodddeKkTMBHOCTU U peanusaumu
denepansHoi Lieneson nporpaMmmel "OHeprocbepexeHme Poccun”.

@Iy "Poccuiickoe areHTCTBO SHeproateKTUBHOCTH.

M "MpaBneHue Poccuiickoro BHeOIKETHOrO MeXoTpacneBoro oHaa aHeprocbepexeHus.
"'YT "T'ocynapCTBEHHBIN MEXPErmoHarbHbIN LLEHTP 3HeproctepexeHus”.

OpraHbl M'occTpos, 3aHnMaroLwmecs aHeprocbepexeHNeM:

OTtpen pecypcocbepexeHust YnpaBneHust XUnmLHO-KOMMYyHanbHOM cgepbl.

depnepanbHbIN LEHTP SHEPropecypcocoepeXeHns B XUNULLHO-KOMMYHaNbHOM XO35INCTBE.
HenpaButenbCcTBEHHbIE OpraHn3auun denepanbHOro ypoBHS

LleHTp no agpdheKkTMBHOMY MCMONb30BaHUIO aHeprun (LLOHJI D).

Poccuiicknin Coto3 3HeproadppekTMBHOCTM.

Poccuiickas mexpermoHanbHas accoumaumst no BEeHTUNAUMM, KOHAMLMOHMPOBAHWIO BO3dyxa, Tenno-
CHabxeHuto u ctpouTensHon Tennodusnke (ABOK).

Accoumnaums sHepromeHeaxepos (ACOM).

Accoumaunmsa "Poccunckue AeMOHCTpaLUOHHbIE 30HbI BbICOKOW 3HepreTudeckon adpdpektnsHoctn" (POC-
OEM).

Poccuicko-[atckuin MHCTUTYT no aHeprocbepexexuio (POUNMDI).

Hay4yHO-TeXHWYECKNI NHHOBALMOHHbIV LIEHTP 3HeprocbeperatoLwmx TexHonorum n Texumnkn (HTUL 3TT).
3AO0 "OHeprotect BTA"

LleHTp aHepreTnyeckon nonutukm (LLOIT).

Accoumaumsa "MIHCTUTYT npaBoBbIX OCHOB 3HeproaddektuHocTn" (UMPO3Hepro).

Hekommepueckoe yupexaeHue "MIHCTUTYT npobnem aHeproaddpektusHoctn” (AMN).

[MpOEKTHO-U3bICKATENbCKAN U Hay4YHO-UCCNeaoBaTeNnbCkUA MHCTUTYT MO MPOEKTUPOBAHUIO 3HepreTuye-
CKMX cuctem un anektpudeckmx ceten (OAO "SHeproceTbnpoekT").

OcHoBHble yHKUMM OCaHeproHaasopa B cdepe aHeprochepexeHuss popmmnpyeTcss U3 Tpex KpynHbIX
O110KOB.

K nepBomy Onoky OTHOCWUTCSI KOOpAMHauus paboT MO BLINOMHEHWUIO MporpaMmMm aHeprocoepexeHus. K
3TUM nNporpamMmmamM OTHocuTcs deaepanbHas LeneBas nporpamma "OHeprocbepexeHne Poccun”, otpac-
neBble U perMoHarbHble NporpaMmmbl aHeprocbepekeHust.

Ko BTOopomy 6noKy @yHKUMI OTHOCATCA paboTel MO NUMUTMPOBAHUIO MOTPEONEeHUs TOMMMBHO-
3HEpPreTMYeckUx pecypcoB obbekTamm OromKeTHOM cdepbl N 3Heproayanty. HeobxoammocTb pelueHus
3aaud, OTHOCALLMXCA KO BTOpOMY Grioky, obycrosneHa tem, Yto Komuccuen lNMpasutenbctea Poccunckom
depepaumm no onepatmeHbiM Bonpocam ([potokon ot 27.10.98 Ne 14), a B nocneaytowem lNpaBuTens-
ctBoM Poccunckon depepauun (Mpotokon ot 04.02.99 Ne 4) GbIN0 NPUHSTO pelleHre O NPOSOIHKEHUN
NPaKTUKN NMMUTUPOBaHUA 3HepFOFIOTp66]'IeHVIF| (*)eﬂepaj'leblMVI OopraHamum WUCMOMHUTENbHOM BRacTu U



noaBegomMCTBEHHbIMU MM OpraHun3aunsamMu, cblechwpyeMblmm 3a C4eT cpencrts (bep,epaanoro Grooxe-
Ta.

K TpeTbemy 610Ky pyHKUMI OTHOCSTCS paboThbl, CBSA3aHHbIE C MHPOPMAaLMOHHO-aHaNUTU4eckum obecne-
YEHMEM paLMOHanbHOrO U 3PEKTUBHONO MOTPEBEHNsT TONNMBHO-SHEPreTUYeCcKMX pecypcoB. K aTon
YHKUMM OTHOCUTCS YYeT U BCECTOPOHHUI aHanu3 NoTpebneHns 3HepreTMYeckux pecypcoB, BKOYas
3MNEKTPUYECKYIO M TEMMOBYK 3HEPrUI0, NMPUPOOHBIA U CXWXEHHbIA ra3, yronb, NPoAyKTbl HedTenepepa-
©oTkun n gpyrue.

CornacHo lNMocTtaHosnenuo MNpasutensctea P® ot 12.08.98 Ne 998 Tpex3sBeHHas CTpyKTypa ynpasneHus
rocyaapCTBEHHOIO 3HEPreTUYeCcKoro Haasopa BoirnsaanT cnegytowmum obpasom (Puc. 2).



PA3JIEJI 3. Hopmamuenasn 6aza snepozocoepesricenust.

3.1.

3.2

10.

11.

12.

13.

HOpMaTVIBHO-ﬂ paBOBblie OKYMEHTbI.

3akoHbl Poccutickol ®edepayuu u nocmaHosneHus [lpasumernscmea
Poccultickol ®@edepayuu rno sHep20cbepexeHuro.

Yka3 Npe3ungeHta Poccuiickon ®egepauum ot 7. masa 1995 r. Ne 472 “O6 ocHOBHbIX Hanpaene-
HUSIX QHEPreTUYECKON NOMUTUKN W CTPYKTYPHOW NEPECTPOMKN TOMITMBHO-3HEPreTUHECKOrO KOM-
nnekca go 2010 roaa.

MocTtaHoBsneHue lMpasutenscTea Poccuinckon ®egepauun ot 12.10.98 Ne 998 “O rocynapcrteen-
HOW nogaepxke co3aaHus B PO aHeproadeKkTUBHbIX 4EMOHCTPALMOHHBLIX 30H”.
MoctaHoBneHue lMNMpaButenscrtea Poccuiickon depepaumm ot 2 HoA6pst 1995 Ne 1087 “O HeoT-
NOXHbIX Mepax Mo 3HeprocoepexeHno”.

MocTtaHoeneHue lNpasutensctBa Poccuinckon denepaumm ot 6 mapta 1996 r. Ne 263 “O dene-
panbHou nporpamme “Tonnueo n aHeprus” Ha 1996-2000 rr.”.

MoctaHoeneHue lMNMpaButenscrtea Poccuiickon Peaepaumm ot 8 nronsa 1997 Ne 832 “O nosbiwe-
HUM 3P DEKTUBHOCTU NCMONBb30BAHUSA SHEPTETUYECKMX PECYPCOB M BOAbI NPeanpusaTUsiMU, yyupe-
XOEHUSMU N opraHusaunsammn 6rogpxkeTHoM caepbl”.

depepanbHbivi 3akoH PO o1 3 anpensa 1996 r. Ne 28-d3 “O6 sHeprocbepexeHnn”.

Yka3 lNpesungeHta Poccuiickon ®epepauum ot 11 ceHTsdopsa 1997 r. Ne 1010 “O rocypapcTBen-
HOM Haf3ope 3a 3 PEKTUBHLIM MCMOMb30BaHNEM IHEPreTu4ecknx pecypcos B Poccunckon de-
aepauun’.

MocTtaHoBsneHue lMpasutensctea Poccuiickon ®egepauun ot 27.12.97 Ne 1619 “O pesusnm
CPefCTB y4eTa 3NEKTPUYECKON SHEPTUM U MAPKMPOBAHNM X cneumnanbHbIMU 3Hakamu Bu3yarnb-
HOro KOHTpons”.

MocTtaHoBneHue lMpasutenbcrTea Poccuiickon ®enepauum ot 05.01.98 Ne 5 “O cHabxeHun Ton-
NNBHO-3HEpreTUYEeCKUMU pecypcammn opraHmsauun, puHaHcnpyemolx B 1998 rogy 3a cuet
cpeacTe cdheaepanbHoro Grogxeta”.

MoctaHoeneHue lMNMpaButensctBa Poccuiickon Peaepaumm ot 24.01.98 Ne 80 “O denepanbHoi
ueneBon nporpamme “QHeprocoepexeHne Poccnn” Ha 1998-2005 rr.

MoctaHoeneHue lMNMpaButenscrtea Poccuinckon denepaumm ot 15.06.98 Ne 588 “O gononHuTens-
HbIX Mepax No CTUMYNMPOBAHUIO aHeprocbepexeHusa B Poccun’.

MoctaHoBneHue MNMpaButensctea Poccuiickon depepaumm ot 12 aBrycta 1998 Ne 938 “O rocy-
[apCTBEHHOM 3HepreTM4yeckom Haasope B Poccuinckon ®egepaumn’.

depepanbHada uenesasa nporpamma “OQHeprocbepexenne Poccun” Ha 1998-2005 rr. (AHHOTa-

ums).

HopmatusBHo-TexHUYeckasa 6a3a aHeprocobepexeHus.

HopmaTuBHble AOKyMeHTbI F0CcyAapCTBEHHOro 3HepreTU4eCcKoro Hag3opa

Lndpp [ata YTBEPXKAEH HavmeHoBaHue
26.12.1995| MuHnctepcTBo Tonnuea u aHep- [pasuna CuctemMbl cepTUdUKALUN SNEKTPOYCTAHO-
retmkm P® BOK 34aHu. OCHOBHbIE MOMOXEHUS.
26.12.1995| MuHuctepcTso Tonnmea u aHep- |Npasuna CucteMsl cepTUdUKaLmm aneKTpoycTaHo-
retmkm P® BOK 3aHui. MNMopagok nposegeHns cepTudumkaumu.
9.8.1996 |locctaHgapT Poccun O nopsigke NpeacTaBrieHMs 3asiBOK Ha akkpeauTauumto

OpraHoB No cepTuduKkauum n ncnbiTaTenbHbIX Nabo-
paTtopun B cucteMe cepTrdmkaumm anekTpoycTaHo-
BOK 3aHUN.

10.11.1995| NocctaHgapT Poccun Cuctema akkpeguTaumMm opraHoB Mo cepTudunkaLmm,
MCMbITaTeNbHbLIX U U3MEPUTENbHBIX NabopaTopuii.
O6wune TpeboBaHus.

16.8.1995 | MuHcTtpon Poccun PelueHne o peanusauumn meponpusitTuin no obecneve-
HWUIO HOPM 3reKTpobe30nacHOCTH B 3NEKTPOYCTaHOB-
Kax >KUIbIX U OBLLECTBEHHBIX 3AaHUN.
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3.8.1995

MuHMCTEPCTBO TOMMMBA U 3HEP-
retukn P®

PelueHve o peanusaummn MeponpuaTuii no obecneye-
HMI0 HOPM 311eKTPO6GE30NacHOCTU B 3NIEKTPOYCTaHOB-
Kax XWUMbIX 1 OBLLECTBEHHbIX 34aHWUNA.

30.12.1899

["asrocaHeproHagsop Poccun

NHCTPYKUMSA NO 3NeKTPOCHaGXKeHUIO NHAMBUAYa b-
HbIX >KWUINbIX JOMOB U OPYIMX YaCTHBIX COOPYXEHUI

14.3.1996

FoccraHpgapt Poccun

Onnata paboT no ceptudumkauum n ycnyr

11.11.1996

"masrocaHeproHansop Poccumn

O BHeCEeHUN U3MeHeHu B nepeYdeHb 34aHun, noane-
bkalLmx obsi3aTenbHom cepTudmKaLmm

9.8.1996

["asrocaHeproHagsop Poccun

O nopsigke NpeacTaBrieHMs 3asiBOK Ha akkpeauTauumto
opraHoB no cepTudmkaumm u ucnbiTaTenbHbIX nado-
paTtopun B cucteMe cepTrdmkaulmm anekTpoycTaHo-
BOK 34aHUN.

1.1.1989

["asrocaHeproHagsop Poccun

MpaBuna TexHUKK ©GesonacHocTH npu akcnnyartaumn
QNIeKTPOYCTaHOBOK.

30.12.1899

'vaponpoekT

HopMbl TEXHONOMMYECKOro NPOEKTUPOBaHUS TAPO-
SMEKTPUYECKUX U TMAPOAKKYMYUPYIOLLMX CTaHLUIA.

30.12.1899

OHeproceTbnpoekT

HopMbl TEXHONOMMYECKOro NPOEKTUPOBaHMWS 3Mnek-
TPUYECKUX CETEWN 1 NOACTaHLMNA.

1.1.1992

["asrocaHeproHagsop Poccun

MpaBuna 3Kcnnyatauuun TenJ'IOI'IOTpeGJ'IFIPOLIJ,VIX yCTta-
HOBOK 1 TEMMOBbLIX CETEN r|0TpeGV|Tene|71.

1.1.1992

"asrocaHeproHagsop Poccun

MpaBnna TexHUKN Ge30MacHOCTM NpK SKChnyaTauum
TENNONOTPEONSIOLLMX YCTaHOBOK M TEMMOBbLIX CETEN
notpebutenen.

24.11.1992

MuHUCTEpPCTBO TONMMBA U 3HEP-
reTukn Po

NHCTpyKuma 0 nopaake cornacoBaHusi TPUMEHeHUs!
9MEeKTPOKOTNOB U APYrMX 3NeKTpOHarpeBaTenbHbIX
npnbopos..

1.1.1992

"naBrocsHeproHagsop Poccumn

MpaBuna akcnnyaTauum anNeKTpoycTaHOBOK NOTpeou-
Tenen.

2.10.1996

"masrocaHeproHansop Poccumn

O KOMMbIOTEPU3ALIMM OpraHa no cepTumKaLmu.

1.8.1995

["asrocaHeproHagsop Poccun

PelueHne o BHeCEHUN N3MEHEHW U JONOMHEHUI B
rn. 1.7 "3asemneHune 1 3allinMTHbIe Mepbl 3NEKTPO-
6esonacHocTn" 1 rn. 2.1 "Onekrtponposoaku” Mpasun
YCTPOWCTBA 3MEKTPOYCTaHOBOK, LIECTOe U3fgaHue,
nepepaboTaHHoe 1 gononHeHHoe (Mocksa, QHepro-
aTomusgart 1986 r.)

24.7.1996

MwuHucTepcTBO TOMMMBA U JHEP-
retukn PO

PelueHne o BHECEHUN N3MEHEHWIA U JONOMHEHUI B
rn. 1.7 "3asemMneHne n 3almTHbIE Mepbl 3NEKTPO-
GesonacHocTn" 1 rmn. 2.1 "OnekTponposogkun" MNpasun
YCTPOWMCTBA 3MNEKTPOYCTaHOBOK, LIECTOe n3fgaHve,
nepepaboTaHHoe u gononHeHHoe (Mockea, QHepro-
aTommusgart 1986 r.)

30.12.1899

"naerocaHeproHaasop Poccumn

PykoBogsdLmne matepuarnsl no cepTudukaumm anek-
TpoycTaHoBOK 3aaHui (CH6opHuK 2)

2.8.1995

YnpaBneHue TeXHU4eckom nonu-
TWMKM B 06nactu ceptudmkauum
occtaHgapTa Poccun

PelueHne o BHECEHUN N3MEHEHWIA U JONOMHEHUI B
rn. 1.7 "3asemMneHne n 3almTHbIE Mepbl 3NEKTPOo-
GesonacHocTn" 1 . 2.1 "SnekTponposogkun" MNpasun
YCTPOWCTBA 3MNEeKTPOYCTaHOBOK, LLUECTOe n3fgaHve,
nepepaboTaHHoe 1 gononHeHHoe (Mocksa, QHepro-
aTommusgart 1986 r.)

30.12.1899

AK "3nekTpomoHTax"

PelueHne o BHECEHUN N3MEHEHWIA U JONOMHEHUI B
rn. 1.7 "3asemneHne v 3aliMTHbIE Mepbl SNEKTPO-
GesonacHocTn" 1 . 2.1 "OnekTponposogkun" MNpasun
YCTPOWCTBA 3MEeKTPOYCTaHOBOK, LLIECTOe U3fgaHve,
nepepaboTaHHoe 1 gononHeHHoe (Mockea, QHepro-
aTomm3par 1986 r.)

24.8.1995

Foccrangapt Poccun

PelueHne o peanusauun meponpusitTuin no obecneye-
HUIO HOPM 3NeKTPo6E30NacHOCTM B SNEKTPOYCTAHOB-
Kax XMnbIX N 06LECTBEHHbIX 3OaHWN.

29.2.1996

FoccraHgapt Poccun

O6wume TpeboBaHus K UcnbiTatensHbIM naboparopu-
am

30.12.1899

[‘maBHOe vnpaeneHne ctaHOan-

PelleHne o BHECEHUU N3MEHEHUI N NOMNONHEHU B
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TM3aLmMn, TEXHUYECKOTO HOPMUPO-
BaHWs 1 cepTudmkaumm MumHcT-
posi Poccuu

rn. 1.7 "3asemneHune 1 3allinMTHbIe Mepbl 3NEKTPO-
GesonacHocTn" 1 rmn. 2.1 "OnekTponpoogku” MNpasun
YCTPOMCTBA 3NEKTPOYCTAHOBOK, LLeCToe usaaHue,
nepepaboTtaHHoe u gononHeHHoe (Mocksa, OHepro-
aTomusgart 1986 r.)

30.12.1899

YnpasneHve ctaHgapTusaumm un
cepTudmkaLnm MHPOPMaLMOHHbIX
TeXHOMOMn, NPOAYKLUN 3NEKTPO-
TEeXHUKM 1 Npnbo

PeLueHne o BHECEHNU 3MEHEHUI U [OMONHEHWUI B
rn. 1.7 "3asemMneHne n 3almTHbIE Mepbl ANEKTPOo-
6esonacHocTn" 1 rn. 2.1 "Onekrtponposoaku” Mpasun
YCTPOWCTBA 3MNEeKTPOYCTaHOBOK, LLIECTOe n3fgaHue,
nepepaboTaHHoe 1 gononHeHHoe (Mocksa, QHepro-
aTommusgart 1986 r.)

29.2.1996 | locctaHpapT Poccun O6Lwune TpeboBaHUsI K opraHam no cepTudmKaumm
npoaykumun un ycnyr

10.7.1996 | lNocctaHgapT Poccun OnekTpoycTaHoBKW 30aHui. TpeboBaHus Kk cneuu-
anbHbIM 3M1EKTPOYCTaHOBKaM. BaHHble 1 gylieBble
nomMeLLEeHusI.

10.6.1996 | Mocctangapt Poccumn OneKkTpoycTaHOBKM 34aHuin. TpeboBaHusa K cneuu-
anbHbIM 3MekTpoycTaHoBKaM. [MomelleHns, cogep-
pKalllye HarpeBaTenu Ans cayH.

10.7.1996 | Mocctangapt Poccumn OneKkTpoycTaHOBKM 34aHuin. TpeboBaHusa K cneuu-
anbHbIM 3reKTpoycTaHoBkaM. CTeCHEHHbIE NomeLLe-
HWUsSi C NPOBOASALLMM NOSIOM, CTEHAMW U MOTOSKOM.

10.7.1996 | Mocctangapt Poccumn ONEeKTPOyCTaHOBKM 30aHu. [lnanasoHbl Hanpshke-
HUS.

10.7.1996 |locctaHpapT Poccun OnekTpoycTaHoBKM 3aaHuin. YacTtb 5. Beibop 1 MOH-
Tax anekTpoobopynosaHusd. [Nasa 54. 3asemnsto-
LLMe YyCTPONCTBA M 3aLUUTHbIE MPOBOAHUKM.

10.11.1995| N'occTtaHpapT Poccun O6Lwume TpeboBaHUS K aKKpeaMTHpPYIoLLEeMY OpraHy

BHTM 81 17.8.1981 | HTC MuHaHepro CCCP HopMbl TEXHONOrMYECKOro NPOEKTUPOBAHMS TEMNIIO-
BbIX 3NIEKTPUYECKUX CTaHLIMNA.

BCH 97-83 25.3.1983 | MunaHepro CCCP MHCTPYKUMS NO NPOEKTUPOBAHMIO FOPOACKMX U MO-
(CernKOBbIX AMEKTPUYECKUX CETEN.

MocTtaHoBneHne |25.7.1996 | NocctangapT Poccum NameHeHre N 1 "Mopsaka npoBeaeHns ceptuduka-

15 Lmun npoaykuumn B Poccuiickon degepaumn’

MNocTtaHoBneHne |5.11.1993 | NocctangapTt Poccun O Mepax no NoBLILLEHUNIO 3reKTpobe3onacHOCTH

19 anekTpoobopyaoBaHus ObITOBOro Ha3HaYeHWs!

nne-C 21.3.1994 | FmaBrocaHeproHaasop Poccun  [MpaBuna TexHukn 6€30nacHOCTM Npy 3KchyaTauum
9NeKTPOyCTaHOBOK NoTpebutenen

nya 1.1.1985 MpaBuna ycTponcTBa 3neKTpOyCTaHOBOK.

PO 34.09.101- |2.9.1994 | [nasrocaHeproHaasop Poccun  [TunoBas MHCTPYKUMS MO YYETY 3MEeKTPO3IHEPruun npu

94 ee Npon3BOACTBE, Nepenaye 1 pacnpeneneHmm

PO 34.20.185- [7.7.1994 | MuHUCTepCTBO TONNMBA M 3Hep- |IHCTPYKUMS NO NPOEKTUPOBAHMIO FTOPOACKUX ANeEK-

94 reTukn P® TPUYECKUX CETEN

PO 34.20.185- |31.5.1994 | PAO "EQC Poccun” MHCTPYKUMS NO MPOEKTMPOBAHUIO FOPOACKUX 3ITEK-

94 TpUYEecKux cetemn

PO 34.20.501- |24.8.1995 | PAO "ESC Poccun” MpaBuna TexHU4ecKkom aKcnyaTaLmmn SreKTpUYeCcKnX

95 cTaHuun n ceten Poccunckon ®egepaumm.

PO 34.21.122- |12.10.1987| MmaBTexynpasneHve MuHaHepro |IHCTpyKUMS NO YCTPOMUCTBY MOSMHNE3ALLUUTbI 30aHUIN U

87 CCCP COOPYXXEHWI.

CH 174-75 29.8.1975 | Mocctpon CCCP VHCTPYKUMS NO MPOEKTMPOBAHUIO 3N1EKTPOCHAbXeHUs

NPOMBbILLIIEHHbIX NPeANPUATUIA.
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PA3JIEJI 4. Memoowvt u Kpumepuu oueHku 3pghexmuenocmu IHepzocoepesice-
Hus.

4.1 O6LwWume nonoxeHns

Ona Toro, 4Tobbl OXapakTepuaoBaTb MNPOLLECC MNPOU3BOACTBA, Nepedayn unm notpebneHms aHepruu,
OLEHWTb MOoTeHUMan aHeprocbepexxeHnss Ha pasnuMuHbIX 0ObekTax (ycTaHoBKa, Lex, npeanpuatne, Xu-
1oV palnioH, pernoH, rocyaapcTao), 060cHOBaTk NpaBUIbHOCTL BblOOpa aHeprocbeperarowmx Mmeponpus-
TUA NPUMEHSAIOTCA KPUTEPUN SHEPreTUYECKON 3DAEKTUBHOCTH.

BcnomMHuM, 4YTO 03Ha4YaeT NOHATUE «KpuTepui». Kputepuii — aTo HekoTopasi, 4OCTAaTOYHO obLast xapak-
TepucTMKa npouecca, KOTOpPYH MOXHO BblpasvTb B umucrieHHon dopme. Kputepuin gormkeH obnagatb
YHMBEpcarnbHOCTb0. Hanpumep, kputepunn PenHonbgca, npeactaBnsalowmi coboOn OTHOLUEHME CuIl
MHepummn K cnunam BA3KOCTU B NMOTOKE XMAOKOCTU, XapaKTtepusyeT rmgpognHamMuyeckne notepun Ha TpeHune
a TaKke TennoobmeH npu TeYEeHUs PasnUYHbIX XUOKOCTEN B NMOTOKaxX pasnuyHOW reomMeTpun npu pas-
JIMYHbIX TeMnepaTtypax, AaBreHnax n 1.4.

Korga mMbl UMeeM [eno ¢ aHeprueit, Mbl OOMKHbI paccMaTpuBaTth pasnuyHble dusmyeckne npoueccbl —
ee BblpaboTKy, NpeobpasoBaHue, XpaHeHue, nepeaadvy Ha pasnuyHble PacCTOSHUA M HaKoHel, NoTped-
nexve. MpuMeHsieMble Ha NPaKTUKe BUAbI 3HEPTUM — TENOBasi, ANEKTpUYeckasl, MexaHmyeckasi — OT/u-
YaloTcs Mo CBOMM CBOWCTBaM. PusMyeckne MpoLEecchl NPOU3BOACTBA U MOTPEONeHUs aHeprun Takke
OYeHb MHOrooGpa3sHbl: 3TO CXKUraHuWe TOMnuBa, NnaerieHne, TepMuyeckas obpaboTka MeTansos, pasnuny-
Hble cnocobbl 0GorpeBa 3aaHui, BbiNapuvBaHWe, CyLlKa, NEepPeroHka, pekTudukaums u MHorve apyrve.
OueBunaHO, YTO AN ONMUCaHMS BCEro 3TOro MHOroo6pasusi NPoLLeCCoB NPUAETCS UCMONb30BaTh HE OAWH,
a MHOIO pasfnyHbIX KpUTEPUEB.

OTMeTuM, 4TO ecnu paccMmaTpuBaTb OESATENbHOCTb YeroBeka B LenoM, To Hanbonblune HepaumoHanb-
Hble noTepw aHeprun HabnogaTes nNpu ee notpedneHunn. MNpu BeipaboTke U TPAHCNOPTUPOBKE NOTEPU
3Heprnm MeHbLue. IMeHHo noTpebneHne aHeprum, B NPOMbILLIIEHHOCTU, CENbCKOM XO3AMUCTBE, B BbITY 1 B
obLLecTBEHHOW AeATenbHOCTV NpeacTaBnseT rMaBHbIA pe3epB aHeprocbepexerus. V3 atoro cnepyer,
YTO HaMbOonNbLUMIN MHTEPeC NPeACTaBNST KPUTEPUM SHEpreTuyeckon adheKTMBHOCTU, CBA3aHHbIE C Mo-
TpebneHnem aHepropecypcos.

OnpepneneHue nokasaTens aHeproaddekTnBHocTM aaHo B PepgepancHom 3akoHe «O6 aHeprocGepe-
KEHUNY.

MokasaTtenb aHeproadEKTMBHOCTU — abComMoTHAA UNW yaenbHasi BenvynMHa noTpebneHuns unm notepu
3HEpPreTUYecKnx PecypcoB ftoboro HasHayeHUs!, yCTaHOBIEHHAs! rOCyAapCTBEHHbIMU CTaHaapTaMu.

Llenb nokasatenenn adphheKTMBHOCTU WUCMOMb30BaHMA 3HEPrMM — YCTaHOBKA OPUEHTUPOB, K KOTOPbIM
HY>KHO CTPEMUTBCS, BbiABIIEHNE Cnabbix MECT B pacxo4oBaHUN 3HEPrnn, onpeaerneHne pe3epBos.

OOuH 13 Takux OPMEHTUPOB — TEOPETUYECKM HEOOXOAMMOE KONMMYECTBO 3HEPreTUYECKUX PecypcoB AN
npoBeAeHMsa TOro MM MHOro npolecca. TeopeTudeckn Heobxoaumble 3aTpaTtbl TENMOBOW IHEPTUU AN
NonyyYeHnss MexXaHU4YeCcKom 3HepPrum MoxHo onpegenuTb Yepes Tepmudeckui KMO unkna KapHo. 3atpa-
Tbl TENNA Ha HarpeB AeTanu nepen TepMnyYeckonn 06paboTKoM BbIYUCIISAIOTCS Kak NMpou3BeaeHne pasHo-
CTW HayanbHOM W KOHEYHOW TemnepaTyp Ha TEMroeMKOCTb U Maccy mMaTepuana getanu. 3aTpaTtbl Ha
nnaefeHne MeTanna — kak Npov3BeeHne yaenbHOM TeNNOThl NIIaBNEHNS HA ero Maccy u T.4.

OpgHako ucnonb3oBaTb 3TOT OPMEeHTUP Ha NpakTuke He BCerga npencraBiaeTCAd BO3MOXHbIM MOCKOJ1bKY
TeopeTN4YeCKmMe 3aTpaTtbl 3HEPTr NO pa3HbIM NMpUYNHaM ObiBaeT TPyAHO onpenennTb.

Mpumep: B cywmnbHOW ycTaHOBKe 3aTpaThbl TEMa Ha CyLKy MaTepuana He MoryT ObiTb BCcerga Bblpa-
XEHbl TONbKO Yepes TennoTy napoobpa3oBaHus. M3BECTHO, YTO CyLLUEeCTBYEeT SHEpPrusi CBsi3en Braru u
maTtepuarna, KoTopble MOXET UMEeTb pPasfnnyHyto usmyeckyto npupody. Bnara moxeT yaepxuBatbes Ka-
NUNNSAPHBIMU CUNaMKU, CUnaMm copBLMmM, MOTYT BO3HMKATb XMMUYECKME CBSA3W, KakK B KpucTanmnornaparax
n 7.0. Torga AnsA yaaneHus BrnarM A0 KOHEYHOro COCTOSIHMS MOryT noTpe6oBaThbCa OONOMHUTENbHbIE
3aTpaTbl 9HEPrun, KONMYECTBO KOTOPbLIX 3aBUCUT OT BMAA Matepuana, ero nepsoHavanbHON BNaXHOCTU 1
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T.4. TO Xe kacaetcs pa3geneHna B peKTMCbVIKaLI,I/IOHHOIZ yCTaHOBKe MHOTFOKOMMOHEHTHOW CMECK, C HEU3-
BECTHbIMW CBONCTBaMM.

Tem He meHee, NOCKOJIbKYy TeOpeTn4eCKkme 3aTtpaTthbl Tenia Ha ncnapeHue Brnaru Onn3ku TEOpPETNYECKM
3aTtpartam Ternsia Ha CyLIKY UX H4aCTO UCNOJIb3YHT AOJ1A XapakKTePUCTUKU Sq)(bEKTVIBHOCTVI npouecca.

KpuTepuin 4acTo He MOMHOCTLI0 oTpaxaeT 3dhdEKTUBHOCTL MpoLiecca UCNoSb30BaHNA 3HEPruun, a nNuilb
[aeT uHdopmauuio ans ero aHanusa.

Mpumep. Mogosoe notpebneHve TEnnoBOWM SHEPrMM Ha OTOMMEHMEe HaceNeHHOro MyHKTa, OTHECEHHOoe K
efuHuLe oTannuBaemown nnowann, He roBopuT 06 3PHEKTUBHOCTN UCMOMNBL30BaHNS IHEPTNN, MOCKOSb-
Ky HEM3BECTHa CpeaHsas TemnepaTtypa Bo3gyxa v ANUTENbHOCTb OTONUTENBHOMO Neprnoaa.

OCHOBHbIE TUMbI UCNOSb3YEMbIX KPUTEPUEB U MOKa3aTeNeN.

Ha NPaKTUKe MUCMNOJIb3YHTCA GonbLLOE KONMYECTBO pa3sIMyHbIX KPUTEPUEB KPUTEPUEB, KOTOPbIE MpUME-
HAKTCA B Pa3JyIN4HbIX CllyYasX. OcCHOBHble TUNbI Kputepues — TepMmoanHamMmmn4eckme, HatyparnbHbl€ , 3KO-
HOMUYECKHne. HeKOTOpre 13 HUX NnpnBedeHbI B Tabnuue 1.

Tabnuua 1
HaseaHue Tun MaTemaTtuyeckoe Bbl- Ob6nactb
paxeHue [MpumeHeHus
KoadhmumeHT nonesHoro ncnosib3oBaHus TepmognHamuyeckun | OTHOLIEHWE
Tenna
OHepreTnyeckun Krg TepmognHamuyeckun | OTHOLLUEHUE NOME3HO

UCMONb30BaHHON 3Hep-
rmu k obLiemy ee pac-

xogy
OkcepreTnyeckuin Krma TepmoanHammnyeckmin
YpenbHbIn pacxod Tonnvea (TensnoBowu, YaoenbHbIn HaTy-
3NEKTPUYECKON 3HEPTUN) HA eANHULY Bbl- panbHbI

nyckaemomn npoayKuum

YaenbHbIn pacxod Tonnvea (TENsIOBOW, YaenbHbIN HaTY-
3NEKTPUYECKON SHEPTUN) HA EAMHNULLY ne- panbHbIi
pepaboTaHHOro Cbipbsi

YpenbHbln pacxoq Tonnuea (TensnoBowu, YaenbHbIN HaTY-
ANEKTPUYECKON SHEPTUN) HA €ANHULY panbHbI

CTOMMOCTU BbIMyCKaeMOWn NPOAYKLMN

onoBON (MECAYHBIV, CYTOYHBIN U T.4.) YnenbHbI abcontoT-

pacxof 3HEPropecypcoB Ha NPeanpuATUM, | Hblil
PETMOHe B T.y.T. UMK B TOHHAX NEPBUYHO-
o YCIIOBHOIo Tonnmea

Cpok oKynaemocTu OKOHOMUYECKUI
YucTas coBpeMeHHas CTOMMOCTb OKOHOMMYECKNI
KoadpdpumumeHT unctonm npuBeaeHHom OKOHOMUYECKUI
CTOMMOCTH

[ons 3aTpaT Ha aHepreTUdeckue pecypcbl | OKOHOMUYECKMIA
B ce6eCTOMMOCTY NPOAYKLMN
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TepmoaMHaMuUyeckne KpuTepum.

B kauecTBe Takoro Kputepmna MOXHO NCNOJb30BaThb:

¢ Tepmudeckmin KMNO umknoB TennoBbix ABuUrateniei (UMKMbl NapoTypOUHHbIX, ra3oTypOVHHbIX, Na-
porasoBbiX YCTaHOBOK, ABUraTenieil BHyTPEHHEro CropaHnsl) U XONOAUIbHbIX MaLUVH.

¢ HaTtyparnbHble Kputepumn oueHkM 3MEKTUBHOCTU NCMONMb30BAHUS SHEPTMM Ha MPOMBbILLIEHHbIX
NpeanpusTUsX.

¢ Y[oenbHbIA U COBOKYMHbIN YAENbHbIN NPUBEAEHHbIV pacxo YCNOBHOIMo TONNmMBea.

¢ VHOvkaTopbl (YacTHble KpuTepumn) achbdeKTUBHOCTM WCMONb30BaHNA 3HEPrMM Ha OGbekTax Ku-
NMLLHO-KOMMYHarbHOIO X03sICcTBa.

¢ OKOHOMUYECKME KPUTEPUM OLIEHKM 3PHEKTUBHOCTU UCMOSIb30BAHUSI SHEPTUN

®opmbl Ncnonb3yembix Kputepues 3MEKTUBHOCTU UCMONBb30BAHUSA 3HEPTMM HA MPOMBILLNEHHbIX NPea-
NpuATUSAX OYeHb MHOrooobpasHbl. YacTto aTo nopepensieTcs BUAOM MOfydyaemMon nNpoAayKUuuK, ee Ho-
MEHKNaTypon, CTEMNeHb NCMOMb30BaHNS COBCTBEHHBLIX N BHELLHWX MCTOYHUKOB 3HEprun, notpebneHns
BTOPUYHbIX 9HEPreTUYECKNX PecypcoB, BblOENEHUs BHYTPEHHEro Tenna B TEXHONOrMYecKMx npoueccax
(Hanpumep, TennoTbl 9K30TEPMUYECKUX peakunin) n T.4.

Cnep,yeT MMETb B BuMAyY, YTO npouecc C Hanny4dlwmmMmmn 3HepreTu4eCKMMmn xXapaktepuctmkammn He Bcerga
ABNAETCA BbIrOAHbIM 3KOHOMUYECKN.

Mpumep: TpyGonpoBoa, No KOTOPOMY NepeaAaeTcsl BoAa MOXHO MOKPbITb CIOeM A0POrocTosiLLen U3ons-
UMM 1 CBECTU K MUHUMYMY TEMMOBbIE MOTEPU, OOHAKO CTOMMOCTb TaKOW M30MALMM MOXET HE OKYNUTHLCS
32 BECb CPOK €€ Cyx0bl.

B aTom cnyvae B kavecTBe KpUTepuUs, XxapakTepusytoLero Mepbl no aHeprocbepeXxeHno NCnonb3yrTCs
3KOHOMUYECKME KpuTepun. DTN KPUTEPUU UMEIOT NEpPBOCTEMNEHHOE 3HaYeHue MOCKOMbKY ahdeKTnBHOE
ucnonb3oBaHne 3HepreTndeckmx pecypcos (cornacHo NOCT) — 9ToO JOCTUXKEHUE SKOHOMMUYECKN Onpas-
AaHHON 3OPEKTUBHOCTU NCMOMb30BAHUSA IHEPreTUYECKNX PECYPCOB MPU CyLLIECTBYOLLEM YPOBHE pa3Bu-
TUS TEXHUKM M TEXHONOrMN 1 cobrntogeHnn TpeboBaHuin K OXpaHe OKpyXatoLlen cpeabl.

HanGonee pacnpocTpaHeHHbIM U3 HUX ABMNSETCA CPOK OKYNnaemocTu dHeproctbeperaroLlero Meponpus-
™S.

B pacueTe cpoka oKynaemMoCTu yYMTLIBAOTCA KanuTarbHble 3aTpaTbl — CTOMMOCTb MUCTONb3yeMbIX MaTe-
pvianoB 1 oGopyaoBaHus, NPOEKTHbIX paboT, MOHTaXa, Nycka B SKCMyaTauuio U SKCnyaTauuoHHbIe 3a-
TpaTbl: HaNpumMep, 3aTpaTbl Ha O6CMYyXMBaAHME YCTAaHOBIIEHHOrO dHeprocbeperatollero obopyaoBaHus,
€ro pemMoHTa, pacxXoAHblX MaTepuanos, TOMMMBA U 3HEpPruK Ha ero paboTy 1 T.4. Yepes onpegeneHHoe
BPEMSI CTOMMOCTb 3KOHOMMUW SHEPreTUYECKUX PECYPCOB CTaHET paBHa CTOMMOCTM KanuTambHbIX U 3KC-
nryaTauMoHHbIX 3aTpat. Toraa roBopsit, YTo AOCTUMHYT CPOK OKYNaeMoCTy.

Mpumep: B cucteme TennocHabXeHnst yCTAaHOBIEH TEMSIOBOM HACOC, NO3BOMSIOLMA NOyYaTb ropsiyyro
BOAY 3a CHYeT noBbllleHnA noTeHuuana tenna CTOYHbIX BOA4 NMPOMbILIEHHOIo npeanpuAaTua. Kanutanb-
Hbl€ 3aTpaTbl BKINKO4YaloT pa6OTbI no NpPoeKTUupoBaHUIoO TENNIOHACOCHOM YCTaHOBKW, CTOMMOCTb MOHTa-
XXa, Hanago4Hble pa60Tb|, NyCKOBbl€ UCMbITaHUA. 3KCI‘IJ‘IyaTaLLI/IOHHbIe 3aTpaTtbl BKNKOYAKT — CTOMMOCTb
o6CcnyXvBaHWA TEMNOHACOCHOW YCTAHOBKM, CTOMMOCTb 3fIEKTPUYECKON SHEPIUM Ha NPUBOL KOMMPECCco-
pa, CTOMMOCTb TEMMOHOCUTENS, TEPSIEMOrO B NpoLiecce PeMOHTOB U 3KcnnyaTtaumu, CTOMMOCTb 4ONoS-
HUTENbHON 3NEKTPO3HEPrMM, HEOOXOAMMON AN MpPOKayMBaHWA TEMMOHOCUTENS Yepe3  ucnaputenb 1
KOHAEeHcaTop TEMMOBOro Hacoca.

Mpu pacyeTe KanuTanbHbIX U 3KCNIyaTaUMOHHbIX 3aTpaT HEOOXOAUM yYeT MHMMAUMM, a Takke U3MeHe-
HMSI CTOMMOCTV 3HEPreTUYEeCKNX PecypcoB (a Takke CTOMMOCTU OGCrnyXMBaHWs) 3a BpeMsi dKcnyaTa-
umm. MockorbKy ypoBEHb MHMISUMM M OyayLLy0 CTOMMOCTE 3HEPreTUYEeCKNX PecypcoB He BCeraa MoX-
HO npepckasaTb 3apaHee, Ha MPaKTUKe UCMOSb3YITCA NMPOrHO3bl PasBUTUS CUTyauunM — HanpuMmep, nec-
CUMUCTUYHBIN, PeanmuCTUYHbIA, ONTUMUCTUYHBIN, KaXXOOMY M3 KOTOPbIX COOTBETCTBYIOT CBOM 3HAYeHus
Tapudos. [lanee cpok OKynaeMoCTh PacCUUTLIBAETCA MO KaXKOOMY U3 3TUX MPOrHO30B.

CoBpemMeHHas npuBegeHHasa CToMmocTb (net present value) - opyror He MeHee BaXkHbli S3KOHOMUYECKUIA
Kputepuin. OH npeactaBnseT cobow pa3HOCTb MOMYyYEHHOW 3KOHOMUWM U CyMMapHbIX 3aTpaTt Ha npoBe-



OeHune Toro Unm KMHOro aHeproc6epera+ou.|,ero MeponpuATnA Ha paCCManMBaeMbIVI MOMEHT BpPEMEHMN.
I'IpV| 9TOM CTOMMOCTb 3aTpaT N SKOHOMUU GEPYTCH B ANCKOHTUPOBaHHOM BUAE, TO €CTb C y4ETOM VIHCbJ'Iﬂ-
umun. o HaCTyrnJrieHnA Cpoka OKynaemMmocTun Yncrtad npmBegeHHasda CTOMMOCTb oTpuuaTteribHa, nocre — no-
JTOXUTEIbHA.

B oTnunume oT cpoka okynaemocTu COBpeMeHHas NpMBEeAEHHast CTOMMOCTb 3aBUCUMT OT MOMEHTa Bpeme-
HW B KOTOPbLIA Mbl €e paccMaTpvBaeMm u MoxeT OblTb NpeacTaBneHa B Buge tabnuyHonm unu rpaduye-
CKOW 3aBMCMMOCTU. XapakTep 3TON 3aBMCMMOCTU 3aBUCUT OT YPOBHS MHpNSAUMM 1 OT ByayLuen LeHbl Ha
3HEepropecypcbl, NO3TOMY AN €e NOCTPOEHMSI UCMOMb3YTCSA NPOrHO3bl PasBUTUS CUTYaLMM Ha PbIHKE
3Hepropecypcos.

Kak cpok okynaemocTu, Tak M COBpPEMEHHas NpuMBEAEHHas CTOMMOCTb OObIYHO 3aBUCAT OT GoMbLUOro
KOnu4yecTBa TEXHUYECKMX, CTOUMOCTHbIX M OPYrMX nokasaTenew, B YacTHOCTM OT pexuma paboTbl ycTa-
HOBKM, €€ KOHCTPYKLMOHHbIX NapameTpoB.

Mpumep: Cpok OKynaemocTU CYLUUITbHOW YCTAaHOBKM 3aBMCUT OT YPOBHS TemnepaTyp M pacxoda cy-
LUMIBHOTO areHTa, OnpedensoWero pexum cylku. Cpok oKynaeMocTu TenrnoobMeHHVKa Ans yTunmaa-
UMM Tenna BbITSXKHOTO BEHTUISILMOHHOMO BO3dyXa 3aBWMCUT OT MJOLLaAM MOBEpPXHOCTU TennoobmeHa,
CTeneHn opebpeHnsi MOBEPXHOCTU U APYTUX KOHCTPYKTUBHbBIX NapaMeTpoB.

OKOHOMUYECKME KPUTEPUU MOTYT ObITb ONTMMU3MPOBAHbLI 3a CYET NoAGopa ONTUMarnbHbIX 3Ha4YeHUN pe-
XMUMHBIX M KOHCTPYKLUMOHHBIX NapameTpoB npouecca C UCMOoNb30BaHMEM COOTBETCTBYOLMX MaTemaTu-
YeCcKMx MeTooB. [pM 3TOM MOXHO NONYYUTb 3HAYUTENBbHbLIN AKOHOMUYECKNIN IDEKT.

MoppobHee 3T N apyrue SKOHOMUYECKME KpuTepun ByayT pacCMOTPEHbI B rnaBe, Kacalolwencs aKOHO-
MUYECKOWN OLeHKM 3DPEKTUBHOCTU 3HEprocbeperaoLwnx MeponpusTuia.

4.2 JHepreTnyeckum G6anaHc NPOMLIWIEHHOrO NpeanpuATUA (YCTaHOBKM, nogapasfeneHus, pe-
rMoHa, CTpaHbl)

SHepFeTMHeCKMVI ©anaHc npeanpuaTnAa, nogpasgeneHua, TEXHOJIOrM4YecKkom YCTaHOBKMK (ero pacxoaHada
l-IaCTb) SIBMSIETCA OCHOBOW A4 onpeneneHna yaernbHblX nokasartenen Sd)(*)eKTVIBHOCTVI 3Heproc6epe>|<e-
HUA.

B rnaBe paccmoTpeHbl Lenu paspaboTki 1 aHanusa aHepreTuyeckoro GanaHca npoMbILLNIEHHOro Npea-
NpuATUA. OnncaHbl UCTOYHUKMA Y OCHOBHbIE NMOTPEGUTENN SMEKTPUYECKON U TEMNNOBOW 3HEPTN, KOTEMb-
HO-NEYHOro M MOTOPHOrO TOMNMBa Ha npeanpuATMKU. [daeTca 06bsACHEHNE MOHATUSAM CUHTETUYECKOro U
aHanuTu4yeckoro 6anaHca, NOACHATCA UX OTAENbHbIE CTaTby.

PacxogHas 4actb HepreTn4eckoro GanaHca paccmMmaTpmBaeTCAd KakK OCHOBa OJ14 onpeneneHua nokasa-
Tenen Sd)(beKTVIBHOCTI/I MCNoJ1b30BaHNA 3HEPIrMn Ha npegnpnaTtin, B Ka4eCTtBe KOTOPbIX pacCMaTpmuBaloT-
CA yaernbHoe n0Tpe6neHMe TonnuMea, Tenina wun 3NEeKTPO3HEePrmn. Ha egnHuuy nepepa60TaHHoro CblpbA
nnn Ha eanHuLy BbIHyCKaeMOVI npoaykumn, a Takxke 4oJ4 3Hepro3aTtpart B CTOMMOCTU NPOAYKUNN.

MoTpeGneHne sHeprumn NpeanpuUsaTUEM.
OCHOBHbI€ CTaTbyW UCMNOMb30BAHNUA 3HEPTUM Ha NPEATNPUSTUN.

OueHka 3hPEKTUBHOCTMN MUCTIONB3OBAHNS SHEPTUM HA MPEANPUATUAN, B TEXHOMOTUSIX, annapaTax.

MHTeHCcMBHOE aHeprocbepexeHune.

B HacTosLlee Bpems pa3pa60TaH MeToaMYeCKUA noaxon K aHeproc6epe>KeH|/|ro B TEXHOJTOrM4ecKknx
npoueccax n yCtaHoBKax MUCNOJb3yHOLWNX TEMNOBYK 3HEPIUIO, COCTOSALMNA B onpegeneHnn TeopeTnyeckn
BO3MOXHOIo ypOBHA 3KOHOMWUWU 3HEPIrMn B paMKax AaHHOW TexHonorun, u Hambornbluero I'IpI/I6J'II/I)K8HVI$'-|



CcyulecTByrulero TeXHonorm4eckoro npouecca K 1 MmakCummaribHO AOCTUXXKMMOMY YPOBHKO 3KOHOMUU SHEP-
'n.

HanGonbluee npuMeHeHVWe OH MONyYMn AN aHanu3a TEXHONOrMYecKUX MPOLIeCCOB B BbICOKOTEMMepa-
TYPHbIX YCTaHOBKaXx (MraeneHune, oGxur, nonyyeHne npokaTta u T.4.), OAHAKO OH MOXET ObITb NPUMEHEH
W ANa OpYyrux TEXHOMOTUIA.

BaxHbIM 311EMEHTOM [aHHOro NoAxofa SIBMSIETCS aHanu3 TemnepaTypHbIX PEXUMOB TEXHOOMMYECKMX
MPOLIECCOB Ha OCHOBE MOCTPOEHMS UX TEeMMepaTypHbIX M TEMoBbIX (3HepreTndeckux) rpacukos. Mo-
cnegHve NpeacTaBnsaloT coboit 3aBUCMMOCTU U3MEHEHNsI TemnepaTypbl U KonMyecTBa npedaHHon Ten-
NOTbl BO BPEMEHW B Pa3NNYHbIX TEXHOMOMMYECKUX OMnepaumsix B pamkax paccMaTpMBaemMoro TeXHOMNoru-
Yyeckoro npovecca.

B naHHOM meToamuveckom nogxone Kpome 00bIYHO NPpUMEeHAEeMbIX KpUTepneB WNCNOJNb3yrTCA cCneun-
alibHO BBEOEHHbIE KpUTepun 3HepFeTI/I‘-IeCKOl7I Scbd)eKTI/IBHOCTI/I, TakKne Kak: KOSd’)(bVILI,VIeHT ncnosnb3oBa-
HUA pe3epBa MHTEHCUBHOIO 3Heproc6epe>|<9HV|9|, VIHTeraJ'IbeIIZ KOSCbCpVILI,VIeHT NnoJ1e3HOro ncnosib3oBa-
HUA I'IepBI/ILlH017I SHEpPrun n T1.4.

B ntore moxeT ObITb NOCTPOEH anropnTtMm amarHosa 3HepI'ETVI‘-IeCKOl7I Sq)(beKTVIBHOCTVI 3aaHHOro 06bEK-
Ta U caenaH BblBO4 O TOM, Kakune pes3epBbl 3HepFOC66pe)KeHVIFI nmMeeT 3agaHHada TeEXHOJ10InA.

SKcepreTquCKMe 6anaHCbl TenNOTEXHONIOrNYeCKNX YCTaHOBOK.

B rmaBe paccmoTpeH aKcepreTMyeckuin Metoq aHannsa apeKTMBHOCTU UCNONb30BaHUS TennoTbl B yC-
TaHoBKkax. OB6bACHEHbI MOHATUSA 9KCEpPrun 1 aHeprum. PaccoTpeH akcepretTudeckuin 6anaHc, ABnsoLwmncs
[OMNOMNHEHNEM 3HepreTmyeckoro 6anaHca u gawwmn OOBEKTUBHYKD TEPMOOUHAMUYECKYIO OLIEHKY CO-
BepLUEHCTBa TeNnoBbIX npoueccoB. OnncaHbl OCHOBHblE HEOOPaTNMblE NPOLIECCHI, Bbi3blBalOLLME IKCEP-
reTMyeckvMe noTepu nNpv NPoM3BOACTBE U notebneHun aHeprum.PaccmoTpeH akcepreTudeckuin 6anaHc u
akcepreTmdeckuin KINO pekynepaTtMBHOro TeN000MeHHUKa

OHeprus, aKceprus, aHeprus.
MeToabl onpeaeneHnsl TepMUYECKO COCTaBISIOLLEN SKCEPTrUN.

OkcepreTnyeckmn banaHc n akcepretudeckun Ko pekynepatmBHOro TennoodMeHHMKa.

"ocymapCTBEHHbINM cTaHAapT «QHepreTudeckast 3pdeKTMBHOCTb. COCTaB nokasaTenemy.

CsefeHusa 0 nokasaTensax saHepreTmdeckon 3pheKTUBHOCTU, UX Krnaccudukaumoo, pekoMeHaauum no mx
Bblbopy u npumeHeHuto aaet [OCT 51541-99. «OHepreTuyeckasn adpdektnBHocTb. CocTaB nokasare-
neni»,BBEeAEHHbIV B AencTteue 29 aekabpsa 1999 r. 3T0T JOKYMEHT HanpaeIieH Ha peanu3auuto nosoxe-
Hu ®PepepanbHoro 3akoHa Poccuiickon ®epepaummn «O6 aHeprocbepexxeHnn». OCHOBHBLIE MONOXEHUS
[aHHOro cTaHgapTa B BUAE BblAEPXKEK NPUBEOEHbI HNXKE.

Besepgenue

B HacToswee BpemMsA MMeeTCss HECKOMNbKO OECHATKOB rOCyAapCTBEHHbIX CTaHO4APTOB Ha MPOMbILLIIEHHOE
obopygoBaHue, MaluuHbl, NPUBopPbI, KOTOPbIE C MOMHbIM OCHOBAaHMEM MOXHO OTHECTM K CTaHgapTam
3HepreTMyeckon ahPEKTUBHOCTU, NOCKOSMBbKY OCHOBHOE UX HasHayeHue B perfiameHTaumm nokasartenemn
3HepronoTpebneHns (aHeproadeKTMBHOCTIN) 3TOro 0bopyaoBaHud. PaspaboTtaH psg HOpMaTUBHBLIX U
METOAMYECKNX OOKYMEHTOB MO 3HEpreTMyecknm obcrneaoBaHMsM M 3HepronacnopTusaumm, B KOTOPbIX
HaLLMM OTpaXeHue nokasaTenu aHepreTuyeckonm apPeKTMBHOCTU TEXHONMOMMYECKMX npoLeccoB. B rocy-
[apCTBEHHOW M OTpacrneBon CTaTUCTUMKE MMeeTcs bonee gecaTtka hopM, B KOTOPbIX OTPaXKeHbl NMokasa-
Tenu aHepronoTpebneHns n adhPEeKTMBHOCTM 3HEPrONCMONbL30BaHMSA Ha NpeanpuaTmax, B oTpacnsax, pe-
rMoHax, Ha MakpOypOBHE SKOHOMMUKN.



Takum 06pa3oM, MOXHO BbIAENUTb TPWM OCHOBHbIE TPYMMbl MokasaTenei (MHAMKATOPOB) peanvaauuu
3HeprocGepexeHus:

¢ HOpMUpyeMble nokasaTenu 3HepreTMYeckon IMEKTUBHOCTU NPOAYKLMM, KOTOPble BHOCATCA B
rocyaapcTBeHHble CTaHAapTbl, TEXHUYECKMe nacnopTa NPOAYKUMU, TEXHUYECKYIO U KOHCTPYKTOp-
CKYI0 JOKYMEHTaUMIO U MCNONb3YITCA Npu cepTudmkaumy npoayKumMmn, SHepreTM4eckon aKenep-
Tn3e n aHepreTndeckux obcnegosanusx (PO 50-374—82 [I]);

¢ NoKazaTtesnun 3HepreT|/|qu|<0|?1 Sde)eKTMBHOCTVI NpPon3BOACTBEHHbIX MPOLIECCOB, KOTOPblE BHOCAT-
CA B CTaHOapTbl 1 3HepronacnopTa ﬂpep,ﬂpMﬂTMlZ N NCNOJb3YKTCA B XO04e OCYyLUeCTBIeHnA rocy-
AapCTBeHHOro Hag3opa 3a Sq)(beKTVIBHbIM MCnoJsib3o0BaHMeM TOMIMBHO-3HEPreTu4eCknx pecyp-
COB 1 npoBeaeHnn 3Hepr006CJ'IED,OBaHVIIZ OopraHamum rocygapcCteBeHHOro Hagsopa;

4 nokasaTtenu (MHOMKATOpbl) peanu3aumm aHeprocobepexeHus (OTpaxalTcsi B CTATOTYETHOCTU,
HOPMaTMBHbIX MPABOBbIX U NMPOrPaMMHO-METOANYECKUX OOKYMEHTAX, KOHTPOIMPYIOTCS CTPYKTY-
pamu rocyaapCTBEHHOrO ynpaBneHus n Haasopa).

Llenbto HacTosiLero ctaHgapTa siBnsieTcss opMMpoBaHNE €4MHOMO TEPMUHOIOMMYECKOTO TONKOBaHUS U
YHUULIMPOBAHHBIX METOAMYECKMX MOAXOAOB K MPEeacTaBMNeHU0 MnokasaTenen aHeprocbepexeHunss u
aHepreTnyeckon adpheKTUBHOCTM NpU pa3paboTke HOPMATUBHBLIX (TEXHUYECKMX, MPABOBbLIX) U MeToguYe-
CKUX JOKYMEHTOB B 0bnactu aHeprocbepexeHus B COOTBETCTBMM C TpeboBaHusAMKU 3akoHa Poccuiickoi
depepaumm «O06 aHeprocbepexeHnm» [2].

1) O6nacTb NnpumeHeHus

HacTtosilwmin ctaHOapT ycTaHaBnMBaeT OCHOBHbIE BMAObl MOKasaTenieil aHeprocGepekeHnst U aHepreTuye-
CKON 3P(PeKTUBHOCTM, BHOCUMbIX B HOPMATMBHbIE (TEXHUYECKME, METOAMNYECKUE) AOKYMEHTbI, TEXHUYE-
CKYI0 (NMPOEKTHYH0, KOHCTPYKTOPCKYH0, TEXHONOMMYECKYH0, SKCMyaTaLUMOHHY0) AOKYMEHTaLMI0 Ha 3Hepro-
NoTPe6nsAOLWYI0 NPOAYKLUMIO, TEXHOSOMMYECKNe NPOLECChl, PaboTbl U YCIyri.

CrtaHgapT pacnpocTpaHsieTcs Ha Bce BuAbl NPOAYKLUUWM, BKMOYas TOMNMMBHO-3HEpPreTu4eckne pecypchbl
(nanee — TOP), matepuanbl 1 U3genus, NCNoNb3oBaHWE KOTOPbIX MO HA3HAYEHWUIO CBA3aHO C pacxono-
BaHuem (notepsimm) TOP, Ha TexHomormyeckne npouecchl, conposoxgarlwmecs notpebneHnem (note-
psmn) TOP, a Takke Ha BCce BUAObI AEATENbHOCTU, HAMpaBreHHbIe Ha paLMoHanbHOE MCNoNb3oBaHWeE U
3koHomuio TOP.

CraHgapT npegHasHayeH Ans UCnonb30BaHWs IopUaNYeCcKUMN 1 PU3NHECKMMUN NULLAMU B UX AeATENbHO-
CTM No 3HeprocbepexeHuto, Npu pas3paboTke HOBbLIX U NEpecMoTpe AENCTBYIOLUX HOPMATMBHBIX OOKY-
MEHTOB B 4acTu, KacaloLLencs HOPMUPOBaHWS MokasaTenen aHepreTmdeckon acpdeKTMBHOCTH, NpuU pas-
paboTke u npoBedeHMU (SHEPreTUYecKOoW) SKCNEepTU3bl MPOEKTHOW [OOKYMeHTauuu, Mpu NpoBefeHuM
3HepreTnyecknx obcrenoBaHnn (SHEPreTUYeCcKoro ayaura) u SHepreTU4eckon nacnoprTmsaumm notpebu-
Tenen TOP, npn paspaboTke HOPMaTUBHBLIX U METOOUYECKUX AOKYMEHTOB B obecrneveHue nporpamm
3HeprocbepexxeHns n CTaTMCTUYECKON OTYETHOCTM B 0BnacTu sHeprocbepexeHus.

2) OnpepeneHusi U COKpaLleHus
B HacTosiLem cTaHaapTe MCMOomnb3yoT Creayowme TePMUHbI C COOTBETCTBYHIOLLIMMU ONpeaeneHnsiMu:
1. sHeprocbepexeHune: Mo TOCT P 51387 .
2. 9HeproHocutensb: Mo TOCT P 51387.
3. TonnusHo-3HepreTudeckumn pecypc (TOP): Mo FOCT P 51387.
4

3HepronoTpebnatowas npogykuus: Mpoaykuns, kotopas noTpebnsaet TOP npu ee ucnonb3osa-
HMK MO NPAAMOMY (DYHKLIMOHANbHOMY Ha3HaYeHWHo.

5. 3ddekTMBHOE WCNOMb30BaHNE SHEPreTMYecKUX pecypcoB: [OCTMKEeHME 3KOHOMUYECKU onpaB-
AaHHOW 3h(EKTUBHOCTA MUCMONB30BaHMS SHEPTETUYECKMX PECYPCOB MPW CYLLECTBYIOLLEM YPOB-
He pa3BUTUSI TEXHWKM 1 TEXHOMOMMK 1 cOBNtogeHUn TpebGoBaHMI K OXpaHe OKpyKatoLlen cpedbl.

6. nokasaTtenb aHeprocGepexeHusi: KayecTBeHHas UMMM KONMMYECTBEHHAs! XapakTepucTuka npoek-
TUPYEMBIX UNU peanmnsyemMbix Mep Nno SHepProcbepexxeHuto.

7. nokasaTtenb aHepreTudeckon agpdpektmHocTu: Mo FOCT P 51387.

8. nokasartenb 3KOHOMWYHOCTU aHepronoTpebnenus: Mo FOCT P 51387.



9. 3HeproemMmkocTb npoussoacTea npoaykumm: Mo FOCT P 51387.
10. akoHomus TOP: Mo TOCT P 51387.
11. TexHonorn4veckme npouecchl: Mo FOCT 3.1109.

B HacTosilem cTaHaapTe UCMOMb3YHT CreayoLLmne COKpaLLEeHUS:

KMO — koahbpmumneHT nonesHoro AencTaus.

TOP — TONnNmMBHO-3HEPreTU4eCcKnin pecypc.

3) OcHOBHbIE NONOXeHUSA

1. NokasaTenu aHeprocbepexeHns xapakTepusyoT AeaTeNbHOCTb (Hay4Hyo, NPOU3BOACTBEHHYO, Opra-
HU3ALMOHHYIO, 3KOHOMUYECKYHD, TEXHUYECKYIO) HOPUAMYECKMX U PU3MYECKMX UL, NO peanusaumm Mmep,
HanpaeneHHbIX Ha 3h(PEeKTUBHOE NCMOMNBb30BAHME N AKOHOMHOE pacxogoBaHue TOP Ha Bcex cTagusax mx
XW3HEHHOrO UMKna.

MokasaTenu aHeprocbepexxeHnst UCNOmb3yT NPU:
¢ NfaHMpoBaHMM U oueHKe 3hEKTUBHOCTU paboT No 3HeprocbepexeHuo;

¢ nNpoBeAeHMM IHepreTMyecknx obcrneaoBaHUn (3HepreTMyeckoro ayauta) notpebutenen sHepro-
pecypcos;

. (bOpMI/IpOBaHI/II/I CTaTUCTMYECKOM OTYETHOCTM MO Sd)d)eKTVIBHOCTI/I QHEepPromncnosib3oBaHuA.

MokasaTenu aHeprocbepexeHns pasnuyatoT No YPOBHIO MHTErPUPOBAHHOCTU paccMaTpuBaeMoro obb-
ekTa gesatenbHocTU. OGBEKTOM AeATEeNbHOCTU MO SHeprocbepexeHnto MoXeT ObiTb onpeaeneHHas npo-
OYKUWS!, TEXHONOMMYECKMI NPOLECe, y4acTok, Lex, NponsBoACTBO, Npeanpusitue — noTpebuTens aHep-
ropecypcoB, per1oH, cy6bekT defepaumm, Poccuiickas ®egepaumsi B LENOM.

2. OpraHu3aumoHHY0, TEXHUYECKYH), Hay4HY, 3KOHOMUYECKYHD OeATeNnbHOCTb B 06nacTtn aHeprocbepe-
XXEHWA XapaKTepu3ytoT nokasatensamu:

¢ (pakTnyeckon akoHommm TOP, B T.4. 3a CHET HOPMUPOBAHUS 3HepPronoTpebrneHnsa Ha OCHOBE Tex-
HOMOrM4YeCckUX pernaMmeHToB 1 CTaHgapToB (OTpacneBblX, PErMOHanbHbIX, NPEANnPUATUR); SKOHO-
MUWYECKOro CTUMYNUPOBaHUA (OTpacnen, perMoHoB, NpeanpuaTui, nepcoHana);

¢ CHwXeHus noTepb TOP, B T.4. 3a c4eT ONTMMM3aUNMN PEXUMHBIX MAapaMeTpoB aHepronoTpebne-
HWSI; MPOBEAEHUS He TPebyoLWwmnX 3HAYMTENbHBIX MHBECTMUUIA 3Heprocbeperaowmx meponpus-
TMM NO pes3ynbTaTaM 3HepreTudecknx obcrnegoBaHun; BHegpeHus NpubopoB M cUCTEM yyeTa
TOP; noaroToBKM kKagpoB; NPOBEAEHNST PEKITAMHbIX U MHPOPMALIMOHHBIX KaMMNaHWA;

¢ CHWXEHUS 3HeproemMKoCTU Npou3BOACTBa NPOAYKUMM (Ha NPeanpusTUnN) U BarioBOro BHYTPEHHErO
npoaykTa (B permoHe, B CTpaHe), B T.4. 3a CYET BHEOPEHUS SNIEMEHTOB CTPYKTYPHOW NepecTpon-
Kn 3aHepronoTpebneHns, cBA3aHHOW C OCBOEHWEM MeHee SHEeproeMKkux cxem aHeproobecneye-
HWS, BOBMEYEHNEM B aHepreTnyeckuii 6anaHc HeTPaaMUMOHHBLIX BO30OHOBMSEMbIX UCTOYHMKOB
SHEeprum, MecTHbIX BMAOB TOMMMBA, BTOPMYHBIX 3HEPropecypcoB; peanu3aunmn npoekTos v npo-
rpamm 3HeprocbepexeHus, aHeprocbeperarowmx TexHonoru, obopyaoBaHus, OTBeYaloLLero
MWUPOBOMY YPOBHIO, U T.M.

3. Mpomn3BoACTBEHHYO (XO3ANCTBEHHYHO) OEATENBbHOCTb B 00MnacTn sHeprocbepexxeHmst xapakTepusyroT
CpaBHUTESNbHLIMU NOKa3aTeNsIM1 SHEPronoTpebeHnst N SHEProeMKOCTU NPOU3BOACTBA NPOAYKLMN B OT-
YETHOM roZly B CpaBHEHWUM C 6a30BbIM FOAOM B COMOCTABUMbIX YCMOBUSIX — MPU NPUBEAEHUM K PaBHbIM
obbemam 1 CTPyKType NPou3BOACTBA NPOSYKUUN.

Mpon3BOACTBEHHYIO (XO3ANCTBEHHYI) OEATENBHOCTL B 0DOMacTn 3HeprocbepexeHus XxapakTepusyoT
Tawke abCOoMOTHbIMKY, YyAEeNbHbIMU U OTHOCUTENbHBLIMU MOKa3aTensamMu aHepronoTpebneHns, notepb
3HepreTUYecKMx pecypcoB B X0Oe XO3AWCTBEHHOW AeATeNbHOCTU 3a onpefeneHHbI NPOMEXYTOK Bpe-
MEHMW.

4. TpuMeHUTenbHO K n3genuam, obopynoBaHuio, matepuanam, TOP (ganee — npodykums) U TEXHOMO-
MYeCcKNM npoLeccaM AN XapakTePUCTMKN aHeprocOepeXeHns CNomnb3ykoT NoKa3aTenu ux aHepreTnye-
CKOM 3P EKTUBHOCTM.

Pasnunyatot cneayrouime OCHOBHbIE NMoKasaTesnu 3HepFeTW~IeCKOl7I Sd)(*)eKTVIBHOCTVIZ



¢ 3KOHOMWMYHOCTb NnoTpebneHus TOP (ans NpoAyKuMu Npu ee UCNosib30BaHWMKM MO NPSMOMY (OYHK-
LMOHanNbHOMY Ha3Ha4YeHuo);

¢ 9HepreTnyeckas addeKTMBHOCTb Nepeaayn (xpaHeHms) TOP (ana npoaykuum 1 npoLeccos);
¢ 3HeproemKocTb MponsBoAcTBa NPOAYKUUK (A8 NPoLEeCccoB).

5. MNokasaTtenn 3KOHOMUYHOCTH SHeprOHOTDGGJ'IeHVIﬂ npoaykumm m 3HepFeTMHeCKOVI Sd)(beKTVIBHOCTI/I npu
nepegade, XxpaHeHun TOP XapakTepunlyrnT TeEXHNYECKOE COBEpPLUEHCTBO NpoayKUunun 1N Ka4eCTtBo ee U3ro-
TOBIMEHUA N onpenendarTCcA Ka4eCTBOM KOHCprKTOpCKOVI N TEXHONOMMYEeCKON I'IpOpa6OTKl/I n3genun.

6. MNokasaTeny SKOHOMUYHOCTW 3HEPronoTpebneHns n aHepreTudeckon aEKTUBHOCTU Nepeaayun (xpa-
HeHus) TOP:

¢ YyCTaHaBnMBakT B HOPMATUBHbLIX AOKYMEHTaxX No ctaHAapTu3auun Ha npoayKkuuio B BUae HopmMma-
TUBHbIX 3HAYEHUIA, onpegendaemMblX B pernaMmeHTMpoOBaHHbIX YCIOBUAX;

¢ BBOAAT B TEXHUYECKYIO (MPOEKTHYI, KOHCTPYKTOPCKYIO, TEXHOSOMMYECKYIO, 3KCMTyaTaLUoHHY0)
[JOKYMEHTaLMIO Ha NPOAYKUMIO B BUAE:

a) HopmaTMBOB MoTepb (pacxoga) aHeprum (3HeproHocuTenei), onpeaensieMbix B perna-
MEHTMPOBaHHbIX YCITOBUAX UCTONb30BaHNUSA NPoOyKLNK,;

b) Hopm noTepb (pacxoda) aHepPreTUYECKNX PecypcoB (IHEProHOCUTENEN) NSt KOHKPETHbIX
YCMOBUIA UCMOSIb30BaHMUS NMPOAYKLMM (peanv3aunm TeXHONOrMYECKoro npoLecca).

7. MokasaTenu aHeproeMKoCTU NMPOM3BOACTBa MPOAYKLUUM BBOOST B HOPMATUBHYIO U TEXHUYECKYIO [OKY-
MEHTaUMIo Ha MaTepuarbl, U34ennsl, TEXHONOrMYeCcK1e NpoLecchl.

8. HopmaTtuBHble nokasatenu sHepreTnyeckon ahpeKkTMBHOCTHY, yCTaHaBNMBaeMble B HOPMaTUBHbIX AO-
KyMeHTax no ctaHgapTtusauuy, paspabaTbiBaloT Ha OCHOBE:

¢ [JOCTUXEeHUNA 3KOHOMUNYECKU OﬂpaBﬂaHHOVI Sd)(*)eKTVIBHOCTVI NCMNOJ1b30BaHNA 3HEPreTn4ecKnx pe-
Cypcos npu cywecrteyrolniem MMpoBOM YPOBHE pa3BUTUA TEXHUKU U TEXHOMOIMI;

¢ cobnoaeHnst HopMaTUBHBIX TPeGOBaHWI MO OXpaHe OKpYKatoLLeln cpeabl;

¢ 1CMNOMb30BaHNA MMEILLErocs OrnbliTa HOPMWPOBAHMA MNokasaTenen 3HeprodddEKTUBHOCTA U
060CHOBaHMSA NPYHUMAEMbIX 3Ha4YEeHWA COOTBETCTBYHOLLUMW pacyeTamu, SKCNEPUMEHTaMM, UC-
NbITAHUSIMU;

¢ rapmMoHusaumm ¢ mexayHapoaHbiMu, permoHarnbHbIMU, 38py6e)KHbIMI/I HauunoHalnbHbIMU CTaHOap-
TaMu.

9. HopmaTtumBHble nokasaTenu 3HeproddEKTMBHOCTM MPOAYKUMM YCTaHaBNUBAKT C yKasaHnem Tpebo-
BaHUW K AOMYCTUMOMY U3MEHEHMI0 HOPMUPYEMbIX 3HA4YeHWUn nokasaTenen 3a nepuog HopManbHOW JKC-
nnayatauun daHHon npoaykuuu. lNoaTrBepaoeHue COOTBETCTBMS MoKasaTenen aHeprodaeKkTMBHOCTU
NPOAYKUUN YCTAaHOBMNEHHBIM CTaHAapTaMyM HopMaTtmeam ocyLecTernsaioT ¢ yyetom FTOCT P 51380.

4) BbI6GOp HOMEHKNaTypbl U 3HAa4Y€HUN NOoKa3aTenen 3IKOHOMUYHOCTU IHEpPronoTpedeHus

1. MNokasaTenu 3KOHOMWUYHOCTU 3HepronoTpebneHns MoryT ObiTb BblpaXeHbl B aOCOMOTHOM MUK yaenb-
Hon chopme.

AGcontoTHas dopma xapaktepusyeT pacxos TOP B pernaMeHTUpoBaHHbIX YCOBUSIX (pexumax) paboTbi.

YpenoHasa ¢opma xapaktepusyeT oTHoweHue pacxoga TOP k BblpabaTbiBaemMon unu notpebnsiemon
3HEprnn, NPoM3BE4EHHON NPOAYKLUUK, NMPON3BEAEHHOW paboTe B pernameHTUpOBaHHbLIX YCroBusix (pe-
Xnmax) paboThbl.

2. B kayecTBe nokasartesieil 3KOHOMUYHOCTY SHePronoTpebneHnss NpeanoYTUTErNbHbI YaerbHble Mokasa-
TEnu, T.€. KONMMYEeCTBO 3HEPrUM UNn TONJMBA, 3aTpauMBaeMoe MalUVHOW, MEXaHW3MOM Ha NMPOV3BOACTBO
eaVHULBI NPOAYKLUMMN UNn paBoThl.



HEMMEQ: B kadecTBe nokasatens 9KOHOMWYHOCTMU 3Hepron0Tpe6neHv|ﬂ ans aBToMoouns BbI6Mpa}OT
pacxon Tonnmea Ha nepeBO3KYy 17 rpys3a Ha 1 k™M nyTu, T.€. pacxod Tonsimea Ha eanHuLy pa6OTbI.

3. Ecnu notpebnsiemasa mawmHon (MexaHn3momM, obopyaoBaHNEM, YCTAaHOBKOW) MOLLHOCTb 1 pa3BuBae-
Masi eto nonesHasi MOLWHOCTb OTHOCUTENbHO HEU3MEHHbI BO BPEMEHW ONS ONpeAesieHHOro pexuma pa-
00Tbl, TO B Ka4ecTBe MokasaTenss SKOHOMUYHOCTU SHepronoTpebneHnss NpeanoyTUTENbHO BbIOpaTh OT-
HOLLIEHME NOJSIE3HOM MOLLHOCTM K NOTPEBnsieMOn MOLLHOCTM.

Mpumep: B kayecTBe nokasartensi 3KOHOMUYHOCTU 3HepronoTpebneHns gnsi HacocoB BbiGupatoT KI1L,
T.€. OTHOLLEHNE MNONEe3HON MOLLUHOCTM HacocCa K MOLWHOCTU Ha NpuBOAHOM Bany.

4. Ecnn coBepluaemasd nonesHas paborta He MOXeT ObITb NOACHMTAHA HENOCPELACTBEHHO B (hM3MYECKNX
€aMHMLax, TO B Ka4eCTBe yaernbHOro nokasartens BolOMpaloT OTHOLIEHME pacxoda TOMnMBa U SHeprm
K BENUYMHE, KOCBEHHO (MO OOHO3HAYHOCTUN) XapaKTepU3yHoLLE CoBepLUaeMyto paboTy, UM OTHOLLEHUE K
eiH1LLE NpoayKUUu.

Mpumep: [ns cnoXHoro MeavuUMHckoro o60pyaoBaHMs B kKa4ecTBe nokasaTensl 3KOHOMUYHOCTU SHEpPro-
noTpebneHns MoXeT BObiTb BbIGpaH pacxon 3MEeKTPO3HEePruM Ha perfiaMeHTUPOBaHHbIN HaGop npoueayp
AN 0QHOro nauneHTa.

[na cylwunbHbIX arperatoB B Ka4yecTBe MokasaTens 3KOHOMWYHOCTU 3HepromnoTpebrneHnst moxeT BbiTb
BblGpaH pacxof Tenna Ha UcnapeHune onpeaeneHHoro Konmyectea Bnaru.

5. Ina psiga v3genuii KONMYecTBO MOfe3HoW paboTbl OLIEHMBAKOT OOCTUKEHMEM MNone3Horo addpekTa
(pesynbTaTta paboThl), T.€. BO3MOXHO HOPMUPOBAHME TOMNbKO abCONOTHOrO 3HaA4YEeHUs nokasarTens aHep-
ronotpebnexus.

Mpumep: [ns GbITOBLIX XONOAUMNBHMKOB B KayecTBE NnokasaTens 9KOHOMUYHOCTU 3HepronoTpebneHus
MOXeT ObITb NPUHAT PACXOL 3NEKTPOIHEPTUN 3a 1 CyT., KOTOPLIN HEOOX0AUM OIS NOAAEPXKAHUSA cpeaHeln
TemnepaTypbl B XONOAWMbHON Kamepe (Hanpumep, MvHyc 5 °C), TemnepaTypbl B HU3KOTEMNepaTypHOM
oTaeneHuun (Hanpumep, muHyc 16 °C) npu onpegeneHHon TemnepaTtype okpyxatoLen cpeabl (OKpyxato-
Liero Bo3gyxa, Hanpumep, 25 °C).

[ns GbITOBLIX MbINECOCOB B KaYecTBe MNokasaTens 3KOHOMUYHOCTU SHEepronoTpebrneHns BO3MOXHO Bbl-
GpaTb pacxoq aMeKTPOSHEPrM Ha YMEHbLLEHWE Ha 3adaHHy0 BenuyuHy (Mo macce) KonuyecTtsa Mbinu,
nMeloLLel 3aaHHble XapakTepuUCTUKK (Mo KPYMHOCTM, COCTaBy, NIOTHOCTU, NIMNKOCTM U T.4.) U pacnpo-
CTpaHeHHoI 3aAaHHbIM 06pa3oM Ha onpedeneHHol nnoLlaam nona sagaHHoro kayecTea.

6. B HopmaTMBHOM OOKyMEHTaUUN Ha n3genus, notpedbnsiowme ogHOBPEMEHHO pasfnnyHble BUAbl TOMMKW-
BalaHeprvm nnn Tonnmea M 3HeEPrumn, OOSMKHbl YyCTaHaBNMMBATLCA NMoka3atesin SKOHOMUYHOCTU 3HepProno-
TpebneHus:

¢ 10 Kaaomy Buay TONNMBa OTAENbHO;

¢ [0 BCEM Buaam TOMnMBa B CyMMe B NepecyeTe Ha YCrOBHOE TOMMMBO;

¢ 0 KaXXaoMy BUAY SHEpPrum oTaenbHo;

¢ 0 BCEM BMOAM 3HEPruM B CyMME B NepecyeTe K OQHOMY BUAY eaNHUL, U3MEPEHUS.

7. TexHn4eckme HopMaTUBbI pacxoda TONMMBa U 3HEPTM yCTaHaBNMBaIOT B BUAE NpeaerbHbIX 3HaYeHni
nokasaTeneil 3KOHOMUYHOCTU SHepronoTpebneHns Npy AaHHbIX (PernameHTMPOBaHHbIX) YCIIOBUSAX 3KC-
nnyatauum usgenuii.

B kauecTBe pernaMmeHTUpoBaHHbIX yCﬂOBMVI YKa3blBakoT:

¢ XapakTepucTuky nepepabaTtbiBaeMbIX MaTepranos U Cbipbs, NepemeLlaeMbIX XUAKOCTEN 1 ra3oB
W T.N. (Hanpumep, BNaxHOCTb, TBEPAOCTb, NNOTHOCTb, COAEMKaHNE MpUMecen, arperatHoe Co-
CTOsiHWe, Temnepartypa u 1.4.);

¢ onucaHue ycrnoBuii (pexumoB) paboTbl Madenusa (NocriegoBaTenbHOCTb onepauuu, NPoaoIKU-
TenbHOCTb onepauuun, Bua paboTbl, CTerneHb 3arpy3ku, MPOM3BOAUTENIbHOCTb, YCIOBUS OKpPY-
Xarollen cpeabl U T.4.);

¢ Bua, CBOWCTBa NPOWU3BELAEHHON NPOAYKLUKM, ONUCaHUEe Npoun3BeeHHOW paboTbl, NpoLlecc nepe-
Aauu, TpaHcdopMauumn nnvm npeobpasoBaHns aHepriu.



Ycnosus, yCTaHaBnMBaemMble B CTaHOapTe, AOJIKHbI ObITb BOCMNpon3BoAMMbl Ha NPakTUKe.

B pasgenax craHgapToB (VI.I'IVI OoTAENIbHbIX HOPMAaTUBHbIX D,OKYMEHTaX) Ha MeToAbl UCMbITAHWUN OOSTKHbI
ObITb OroBopeHbl MeTOAbl MPOBEPKN 3Ha4YeHWI nokasaTenen 3KOHOMUYHOCTU SHepFOI'IOTpe6J'IEHVI$-|, yCTa-
HOBJIEHHbLIX B CTaHOAapTe Ha 3Hepr0ﬂ0Tpe6J’Iﬂl0LU,y|'0 npoayKkunio.

8. YcTraHaBnuBaemble B JOKYMEHTAX 3HA4YeHMs rnokasarernen 3KOHOMUYHOCTM 3HepronoTpebneHnsa gormk-
Hbl OXBaTbIBATb (Kak MpaBuIio) BeCb pabounii ananas3oH nsgenusa. [Ansg nsgenuin HenpepbiBHOMO AeNCTBUSA
[OIDKHbI ObITb YCTAHOBIEHbI NMOKa3aTenn SKOHOMUYHOCTU 3HepronoTpebneHns B JONYyCTMMbIX MHTEPBa-
nax U3MeHeHUs CKOpOCTeN, MPOM3BOAUTENBHOCTM, MONE3HON MOLLHOCTU 1 T.4. [Ina uagenun nepuogude-
CKOro OEencTBMs yCTaHaBNMBAOT MokasaTenu Ha psg OTAENbHbIX Onepauun, COCTosAHUIA, BUOOB paboT,
OXBaTbIBaOLLMX PEXUMbI IKCnnyaTauum (paboTsl) nsgenus.

lpumeyaHue: [JonyckaeTcs B ka4yecTBe TEXHWYECKOro HopmaTuMBa yCTaHaBnMBaTb NpeaenbHO A0nyCTu-
Mble 3Ha4YeHWs nokasaTernien 3KOHOMWUYHOCTM 3HepronoTpebneHns He onga Bcex, a Ans Haubonee Bepo-
ATHBIX YCMOBUIA 3KCNiyaTauuyM Wnu ycrioBui, Hambonee MONHO XapaKTepUu3ylLwwmx (oTpaxaroLwmx) 3Kc-
nnyaTauuoHHble CBOWCTBA u3fenus. B kayecTBe TakmMx ycrnoBuiA MOryT ObiTb OOMH UIM HECKOMBLKO PEXW-
MOB paboThl (3KCMnyaTauuu) N3genun.

Mpumep: [1na anektpoasuratenen cnegyet ycraHosuTb K[ B 3aBUCMMOCTM OT pa3BuBaeMoKr NONE3HON
MOLLIHOCTW Ha Bany.

TexHn4ecknin HopMmaTUB pacxofa dMeKTPOIHEePrUn NHAYKLMOHHOMN TUreNTbHOW NeYbio And niasku antomMu-
HNA yCTaHaBnnBaeT yp,eJ'IbeII7I pacxon SNeKTpo3Heprmm Ha 17 XnAakKoro metarnia B 3aBUCUMOCTU OT CKO-
POCTU NNnaBKun.

TexHndeckni HopMaTMB pacxoda Kokca B BarpaHkax Ha 1 T NMUTEMHOro YyryHa ycTaHaBnmMBaeT pacxon
KOKCa Ons Tpex YpoBHeN TeMnepaTypbl BbiMycKa XMUAKOro YyryHa npu AByX AuanasoHax Temnepartyp Ha-
rpesa AyTbeBOro Bo3ayxa.

TexHun4yecknin HOPMAaTUB pacxoaa J3JIEKTpOo3Heprun ansa I/IH,D,yKLI,I/IOHHOIZ BaKyyMHOIZ arieKTpone4yn ycrta-
HaBJMBaeT yﬂeﬂbeIVl pacxoa 3N1eKTPO3HEPrnn Ha pacnnasieHne n neperpes B 3aBMCMMOCTU OT €MKO-
CTn ne4yun.

9. TexHM4eckMe HopmaTUBblI pacxoda TOMNMBA M 3HEPruyM AOSKHbI YCTaHaBNMBATLCA B HOPMAaTMBHOM
OOKYMeHTaLun ¢ ykazaHueM TpeGoBaHui K 4ONYCTUMbIM Npeaenam N3MeHeHUsi HOPMUPYEMbIX 3Ha4YeHWI
nokasaTeren 9KOHOMUYHOCTM 3HepPronoTpebreHunst 3a Nepuog HopMarbHON 3KCMyaTauun U3genui.

MNpumep 3anucu: «CHmxkeHne KINL razoBon TypOUHbBI B MpoLecce HOpMarbHOW SKCMnyaTaumm B Te4eHne
MEXPEMOHTHOMO nepuoaa AomkHO 6biTb He Bonee 3% OTHOCUTENBHO NepPBOHAYANbHOIO 3HAYEHUSY.

10. Jonyckatotca cnegytowime hopmbl 3anucein TEXHUYECKMX HOPMaTMBOB pacxoga Tonnmea U SHEPruu:
¢ B BWAE YMCNOBLIX 3HAYEHMWI NOKa3aTenen 3KOHOMUYHOCTU SHeEpPronoTpebneHus;
¢ B BuAe Tabnuuy YMCnoBbIX 3HAYEHWIA NokasaTenen SKOHOMUYHOCTU 3HEProNoTPeONeHns;

¢ B BuAe rpadnyeckmMx 3aBUCMMOCTEN YUCIIOBbIX 3HAYEHUN NoKasaTenen 3KOHOMUYHOCTU SHEPro-
notpebnexHus;

¢ B Buae beHKLI,I/IOHaJ'IbeIX MM WHbIX 3aBMCUMOCTEN MNoKasaTenen 3KOHOMWMYHOCTMU aHeprono-
TpeGﬂeHMﬂ, Bblpa>X€HHbIX aHaNnMTUn4eCKMMn nnn NHbiIMmn cbopmynaMM.

Npumep: KM anektpuyeckoro reHepaTtopa MOXeT ObITb 3a4aH B BUAE YMCIIOBOrO 3Ha4YeHUs (0QHON Tou-
KW) ONs yCnoBusi HOMUHANbHOro pexuma Harpysku. KMQ moxet 6biTb 3agaH 1 B BUAe rpadmka (KpMBoi)
B OMpefeneHHOM Avanas3oHe Harpysku. B gaHHOM cnydae npeanoyTuTenbHO MMEeTb rpaduyeckyto 3a-
nucb (Mnu Tabnuynyo), gawwyo 6onee NoMHY MHAOPMALUIO O MOTEPSIX B 3aBUCMMOCTU OT pexuma
Harpysku reHepaTtopa, Tak kak reHepaTop npakTuyecku paboTaeT B OAHOW TOYke pexuma (B T. 4. HOMU-
HanbHOr0) OTHOCUTENbBHO HEMPOOOIKUTENBHOE BPEMSI.

5) BbiOOp HOMEHKNaTypbl U 3HaYeHUM NoKasaTenen 3¢p¢peKTMBHOCTM Nepepaym aHeprum

1. MNokaszatenu adpeKTMBHOCTM Nepeaayn dHepruun 3agatoT B Buae abCOMNTHLIX UMK YAENbHbIX 3Haye-
HWUM NOTEPb 3HEPTNN (SHEPrOHOCUTENS) B CUCTEME Nepeaayn IHeprnun.



2. YpgenbHble nokasartenu 3deKkTUBHOCTY Nepedaqn 3Heprun NpeactaBnsaoT cobon oTHowweHne abco-
MIOTHBIX 3HAYEHUIN NOTEPb SHEPIMU B CUCTEME K XapakKTepHbIM NapameTpam cucTembl. B kayecTBe xa-
paKTepHbIX NapamMeTpOB NUCMOMb3YHOT:

¢ paccTosiHue, Ha KOTOpOe NepeaaroT SHEPrUI0 (3HEProHOCHUTESb);
¢ VICXO[HbI SHEPreTUYECKUin NoTeHLman (UCXoaHble napameTpbl 3HEProHOCUTENS);
¢ pasMepHble XapaKTepUCTVKM KaHana nepeaaqm saHeprvu.

Mpumepbl:

a) B kauecTtBe nokasatensi Sq)d)eKTVIBHOCTI/I nepegaydmn aHeprun ana CUCTemMbl TENnnocHabXXeHns NCNonb-
3YHOT BEJIMHMNHY TENJIOBbIX NOTEPb (CHI/I)KeHVIe TennocoaepXxaHmna pa6oqero Tena) Ha 1 KM TennoTpacchbl.

6) B kavecTBe nokasaTensi 3OPEKTUBHOCTM Mepenadr SHEprMn Ansi CETU 3MEeKTPOCHabXeHUsT MoXeT
ObITb MCMOMb30BaH AOMYCTUMBIV MPOLIEHT NOTEPb SHEPTUM B CETU.

3. B HopMaTMBHOM [OKyMEHTaLMM Ha CUCTeMy nepefayv SHeprv ycTaHaBMvMBalOT HOpMAaTUBbLI NMOTepb
3HEeprumn (SHepProHocuUTenNs) B pernameHTUPOBaHHbIX YCIOBUSAX paboTbl CUCTEMBI.

B kayecTBe pernameHTUpOBaHHbIX YCIOBUI YKa3bIBaIOT:
¢ UCXOAHBI 3HEpreTUYecKnin noTeHuman (Ha BXoae B CUCTEMY);

¢ onucaHue ycroBuii paboTbl CUCTEMBbI (BUL SHEPrOHOCUTENS, HOMUHASIbHbIE NapaMeTpbl SHepro-
HOCUTENS!, YCIOBUSI OKpY)KatoLLel cpeabl 1 ap.);

¢ XapaKkTepucTuKu NoTpebutens aHepruu.

4. YcTaHaBnuBaemble B OOKyMEHTaUUW 3HayeHus nokasaternen adPeKTMBHOCTM nepedadun dHeprum
OOMKHbl OXBaTblBaTb BeCb pabouvini Anana3oH napameTpoB CUCTeMbl (MCXOAHbIN 3HEPreTUYecKUn no-
TeHUman, pexvM pacxo4oBaHWUs SHEPTUMN, PEXUM «NOANUTKA» CUCTEMbI SHEepruen u ap.)

5. HopmaTtumBHble nokasatenu acpdekTMBHOCTY Nepeaayn SHepruy yctaHaBnmMeatoT B oopme:
¢ YMCNOBBIX 3HAYEHWI 1 Tabnmy YANCMOBLIX 3HAYEHUIA;
¢ rpadunyeCcKUX 3aBUCMMOCTEN MOTEPb SHEPTUM B DYHKLINM XapaKTEPHbIX MapaMeTpoB CUCTEMBI;

¢ aHanNUTUYEeCKUX 3aBUCUMOCTEN.

6) BbiGop HOMeHKNaTypbl M 3HAa4YEHUN NOKa3aTerien 3IHeProeMKoCcTH

1. lNokasatenu HpOVI3BOﬂCTBeHHOI7I OHEeProemMKoCT WU3roToBJiIEHNA NpoayKUUn (VI3£I,€J'IVIFI) MOryT ObITb
npencrtaBiieHbl B abcontoTHOM 1 y,u,ean0|7| cbopmax aona BHeCeHud B CTaHA4apTbl, TEXHOJIONM4YeckyHh,
NPOEKTHYH U OPYryro OKYyMEeHTauuto.

2. ABContoTHble 3HA4YeHUs1 nokasaTenen 3HepProeMKOCTU M3TOTOBMEHUS NMPOAYKUMM XapakTepusyloT 3a-
TpaTbl TOMNMMBA U S3HEPIMU HA OCHOBHbLIE W BCMOMOraTesibHble TEXHONOMMYecKne NpoLecchl M3roToBNeHUs
npoaykuun. OHM BblpaxatloTcsi B aOCOMIOTHLIX 3HAYEHUsX 3aTpaT SHEepPropecypcoB, NPUXOASLLUUXCA Ha
eouHuUy npoaykuun. B kadecTBe eavHUL NPOAYKLUM UCMONb3YIOT NPUHATLIE ANS AaHHOTO BUAA €AMHW-
Ubl U3MEPEHUSI — METPbI, TOHHbI, KBaApaTHbIe METPbI, LUTYKW U T.4,.

lMpumeyarus:

a) OHeproemMKoCTb M3roTOBMNEHUS eaVHULbI NPOAYKLUMM He paccMaTpUBaloT Kak yaenbHylo BenuunHy. Mo-
HATMe Tvna «[pou3BOACTBEHHAs 3HEProeMKOCTb BCei MPOAYKUMM» MOXET MMETb CMbICN AN onpene-
NeHHOro YCTaHOBIIEHHOTO MHTepBana BpeMeHU (3a rod, keapTas, Mecsil U T.4.) U B 9TOM cryyae 6yaet
oTpaxaTb He TEXHUYECKYIO UM TEXHOMOMMYECKYI0 XapaKTEPUCTUKY U3OENns, a NiaHoBYO UK dakTuye-
CKYI0 NepeMeHHy0 NPON3BOACTBEHHOIO NpOoLIEcca 3a HasBaHHbI MHTEpBar, KoTopasl He NOANEXUT CTaH-
aapTusauun.

6) B o6LeM criydae NoHSATUE «3HEPrOEMKOCTb» MOXET UMETb pasfMyHoe coaepXkaHne B 3aBUCUMOCTM OT
CTEMNEHN MHTErpaLuM No pasnnyHbIM acrnekTaMm PpacCMOTPEHWS.

Mpumepbl:



a) ViHTerpaumst no ypoBHAM ynpasneHus. «[pon3BoaCcTBEHHAs SHEPTOEMKOCTb M3rOTOBIEHUS NPOAYKLMM
(v3menusa)» — ypoBeHb MPeAnpUsTUsl, «3HEPrOEMKOCTb HALMOHANBHOMO [0Xo4a», «3HEepProeMKoCTb Ba-
nosoro o6LLecTBEHHOro NpodyKTa» — ypoBeHb doedepaLmu.

0) VHTerpaumsa no KOHeYHOW npoAykumu. «llonHas SHeproeMKoCTb M3rOTOBMEHUSA npogykuum» (T.e.
BKItovas pacxog TOP Ha gobblvy, TpaHCNOPTMPOBKY, NepepaboTky NONe3HbIX UCKOMaeMbiX, MPOU3BOACT-
BO Cblpbsl, MaTepuanoB, geTanemn, KOMNIEKTYIOWNX n3genmim ¢ y4eTom KoaduumeHTa ncnosnb3oBaHna
mMaTtepuarnos).

3. YgenbHoe 3HayeHve nokasaTteneit 3HeproeMKoCTM U3roTOBMEHWUS NPOAYKLMN XapaKTepuayeTcsl OTHO-
LeHMeM abCoNOTHOrO 3HaYEHUs] SHEPrOEMKOCTM 3TOM NPOAYKUMU K OQHOMY M3 MNokasaTenen, oTpaxato-
LLIMX OCHOBHbIE 3KCMyaTalUMOHHbIE CBONCTBA U3ENus.

Mpumepbl:

a) YaenbHas QHEProeMKOCTb 3NeKTpoaBUraTena MOXeET XapakKTepn3oBaTbCA OTHOLUEHUMEM 3HEProemMko-
CTW ero N3roToBfIEHNSA K HOMWHANBbHOW MOLLHOCTU, KBT-4/KBT (FIOKa3aTeﬂb [aeT npeacrasrieHne o ToMm,
BO 4TO 0OX0AMTCS B QHEpPreTn4eCckom cmbicrne npon3BoacTBoO 1 kBT aBurarensHom MOLLI,HOCTM).

6) YpenbHasa QHEProeMKOCTb »KeJ1e3HO4OPOXHOIro BaroHa MOXeT XapakTepn3oBaTbCA OTHOLLEHNEM 3HEpP-
rOEMKOCTU ero n3rotoBlieHnda K rpysonogbeMHOCTM BaroHa, KBT-u/T (I'IOKa3aTeJ'Ib [aeT npencraBrieHne o
nporpecCcMBHOCTU KOHCTPYKUMN N TEXHONOIMMN B CpaBHEHNN C aHANOINMYHbIMU U3gennamMm ¢ TOYKN 3peHnd
JHeprosarpart npu npon3sBoacrtee 17 rpysonogbeMHOCT NOABUMXHOIO COCTaBa).

4. TNokasaTenu 3SHeproemMKoCTM NPOAYyKUMM MOryT ObiTb OMpederneHbl U YCTaHOBIEHbl B CTaHoapTax
NpeanpusiTUin, KOHCTPYKTOPCKOW, TEXHONOIMYECKOM U MPOEKTHOM OOKYMEHTauun ang npogykuuun (n3ne-
nnin) BCEX BUOOB.

5. B gokyMeHTaumm Ha npoaykumio (M3genwvs), npy U3rotToBneHMM KOTOPON PacXOAYHTCA pasnuyHble BU-
Obl TOMMMBa U 3Heprumn (TONNMBHO-3HEPreTUYECKMX PECypPCcoB), AOIMKHbI YCTaHaBMMBATLCHA MokasaTenu
3HEepProemMKOCTU N3roToBNEHNs NPOAYKUUN (M3genus):

¢ 10 BCeM BMAaM Tonnuea B CyMMe B nMepecyeTe Ha yCroBHOE TOMNMBO;
¢ 10 BCEM BMAaM 3Heprum B Cymme B NepecyeTe K OAHOMY BUAY €ANHUL, U3MEePEHNs;
¢ CyMMapHas 3HeproeMKocTb no Bcem Bugam TOP B cymme B nepecyeTe Ha yCroBHOE TOMNSUBO.

6. Mpu pacyeTe 3Ha4YeHMI NokasaTernen SHeproemMKoCTM N3roTOBMNEHUS NPoayKunn (M3genvi) y4mTbisaoT
pacxog TOP Tonbko Ha OCHOBHbIE M BCMOMOraTesnbHble npouecchl npounssoactea. Pacxog TOP Ha oTo-
nrneHne, oceelleHre, pasnnyHble XO3ANCTBEHHbIE U NPOYME HYXObl HE MOAMNEXMUT BKIOYEHNIO B 0OBbEM
3aTpart npuv noacyeTe 3Ha4YeHU nokasaTernen SHeproemMKoCTy.

7. BenuunHbl nokasatenen 3HEeproemMKkoCT, BHOCMMbIE B CTaHOAPTbl, KOHCTPYKTOPCKYO, TeXHOJlorn4ye-
CKYIO, NPOEKTHYH 1 OPYryrd OOKYMEeHTauuko, yCTaHaBMMBAKT npederibHble 3Ha4YeHUA SHEepProeMkoCTu npu
N3roToBI1IEHUN N3Oenn4d onpenerieHHoro smaa B onpegenieHHbIX TEXHONTONMYeCKMUX yCrnoBusx.

B kauecTBe Takux yCrnoBuit MOTyT BbICTyMNaTb:
a) onuncaHne KOHCTPYKTUBHBIX TEXHONOMMYECKMX 0CODEHHOCTEN 1 XapakTepucTuK U3aenws;

6) onucaHne ocobeHHOCTe U XapaKTePUCTMK OCHOBHOIO M BCMOMOraTeslbHOrO TEXHONOMMYECKUX Mpo-
LLECCOB Ha AaHHOM NpeanpusTUX, BKIoYatoLlee:

¢ onncaHme nocnegoBaTesibHOCTU U PEXUMOB TEXHONMOIM4YeCcKnx onepau,vlﬁ Nno BCEM COCTaBHbIM
anemMeHTam, eguHuuam n n3aernunio B LieryioM;

¢ XapakTepUCTUKM UCXOOHOro Cbipbd, MaTtepuanoB, BInAOLME HA 3aTpaTbl pecypcoB TonnmMea u
QHEPIrmn npn nx ncnoJjib3oBaHnMn n rlepepa60TKe Ha AaHHOM npeanpuaTnn,

¢ XapakTepuCTUKW AeTanemn, 3aroToBOK, KOMMMEKTYOLWMX U3AeNni, BMAIOLNE Ha 3HeprosaTpaTbl
npu ux nocnegytowen obpaboTke 1 UCNONbL30BaHMM B NPOLLECCE UITOTOBMEHUS KOHEYHOWN Npo-
AyKLUMK;

¢ XapakTepucCTnkm OCHOBHOIO 060py,L'J,OBaHVIFI (I'IOKa3aTeJ'IVI €ro 3KOHOMMYHOCTN B OTHOLUEHUWN 3a-
TpaT TonnmMBa U 3Heprun npu SKCI'IJ'IyaTaU,I/IVI), y4vyacTByrLwlero B TeXHOJ1I0rm4eCKnx npoueccax oc-
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HOBHOIo u BCNomMoratesibHOro UMKIoB, BKIKOYaaA 3aTtpatbl TONNMBa U 3HEPrMn Ha noaroToBKY
TEXHOSOMMYECKOM OCHACTKM U MHCTPYMEHTA;

B) XapakTepucTtuka n CTpPpykTtypa TexXHOJTIOrM4YeCKnxX noTepb Tonnmea U aHeprmn B TEXHOJIIOrM4YeCkKoM npo-
Lecce and HopmMalibHbIX YCJ'IOBVII7I npouns3soacTtea NpoaykKuun Ha AaHHOM npeanpuaTuin.

B cooTBeTCTBYIOWMX pasgenax AoMmKHbI OblTb OrOBOPEHbI METOAbI NMPOBEPKM YCTAHOBEHHbLIX 3HAYEeHUM
nokasaTerien 3HepProeMKOCTy.

8. YcraHoBneHne B AOKyMeHTax rnokasaTernen SHeproeMKOCTN MOXET COMpPOBOXOATbCH yKasaHwem Jo-
NyCTUMbIX NPeaenoB N3MEHeHUs 3Ha4YeHUn nokasaTens No OroBOPEHHLIM KPUTEPUAM (Hanpumep, name-
HEeHWe XxapaKTepuCTMK UCXOOHOrO Cbipbs U MaTepuarnoB, UBMEHEHWE XapaKTePUCTUK OCHOBHOMO TEXHOSO-
rmyeckoro obopyaoBaHus, U3MEHeHNe YCroBuin BHELLHeN cpeabl U T.4.).

9. 3an1ck 3Ha4YeHNiA NokasaTenel dHepProeMKoCTV NPOAYKUMKN (U3Oenuii) B cTaHAAPTbl, KOHCTPYKTOPCKYHO,
TEXHOINOTMYECKYH0, MPOEKTHYIO M APYrylo OKYyMEHTaLMIO NpeanoYTUTeNbHee OCYyLLECTBNSATL B opMe:

¢ - YMCMOBbIX 3HAYEHUN;
¢ - Tabnuy YMCNoBbIX 3HAYEHWIA.
8) Knaccudmkaumsa nokasatenem aHepreTuyeckom achppekTMmBHOCTH
MokasaTenu aHeproadEeKTMBHOCTU NPOAYKLUN KITacCMULMPYIOT MO:
a) rpynnam Of4HOPOAHON NpoayKLUnN.
Mpumep: nokasartenu aHeproaddEKTUBHOCTY SNEKTPOABUraTeNen, NapoBbIX TYPOWH, XONOANMbHUKOB;
©) BMAay Mcnonb3yembliX 3HEPropecypcoB (3HEProHOCUTENEN).

MNpumep: nokasatenu 3HeproadEKTUBHOCTU WUCMONb30BAHUS 3NEKTPOSHEPTUW, TOMnMBa (KOTENbHO-
ne4yHoe, MOTOPHOE), TEMMOBOWM 3HEPrM (ropsiyasl Boda, BOASHOWM Nap, XrnafareHThl), CKaToro rasa, BoAb|,
Haxopsiwenca nos AaBreHneM, sHeprun hrUsnYeckmx nonen (anekTpoMarHMTHoOe, akycTuyeckoe, pagua-
LMOHHOE) 1 T.N.;

B) MeTOAaM OrnpeaeneHns nokasaTtenen:
¢  pacyeTHO-aHaNUTUYECKUH,
¢ OMbITHO-3KCMNEPUMEHTANbHbIN,
¢ CTaTUCTUYECKUN,
¢ NpuBOpPHbLIN,
¢ CMELUaHHbIN.

PacuyeTHO-aHanMTM4Yecknin MeToa OCHOBbLIBAETCS Ha MCMNONb30BaHUN METOAMNK onpepeneHna pac4eTHbIX
3Ha4YeHu nokasaTtenemn npu NpoeKkTnpoBaHnn n3genun.

OnbITHO-3KCNEepPUMEHTalbHbIN METOL OCHOBLIBAETCSA Ha AaHHbIX CreLManbHO OpraHn3oBaHHbIX 3KCMepu-
MEHTaXxX C OMbITHbIMU OGpasLamMn dHepronoTpebnsowen NpoaykuMM ¢ NpoBegeHNeM creumnanbHbIX Us-
MEpPEHUIA XapaKTePUCTUK AN OLEHKM NokasaTenein aHeproadpeKkTUBHOCTU.

CratmucTnyecknin MeToa OCHOBbLIBAETCsl Ha nogbope n o6paboTke CTAaTUCTMYECKMX AaHHbLIX MO NnokasaTe-
nsiM aHeproadpeKTUBHOCTN NpoayKLMK, BbIGpaHHbLIM B kKa4ecTBe NPOTOTUMNOB Uccrneayemoro obpasua.

MpuBOpHLIN METOA OCHOBBIBAETCA Ha NPOBEAEHMUN cneumanbHbIX NCMbITaHUA NPOMBILLIIEHHBIX 06pa3sLOoB
NPOAYKUUN 1N N3MEPEHUI PAKTUYECKUX 3HAYEHUIN NOKa3aTenen aHeproadHEKTUBHOCTH.

CwmellaHHbIM MeToA npeacTaBnseT cobon kombuHaumoo OBYX Mnn BOMbLUEro YyMcna BbilenepeyvncreH-
HbIX METOAOB;

r) obnactu Ucrnonb3oBaHus:
¢ MpOrHosupyemeble nokasaTenu,

¢ NNaHupyeMble noKasaTenu,
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¢ q)aKTVI‘-IeCKVIe nokasarTtesn;
D,) YPOBHKO MHTETPUPOBAHHOCTU paccMaTpnBaemMoro 00bekTa;

Mpumep: nokasateny aHeproadpeKTMBHOCTM CTaHKa, NMPOVU3BOACTBEHHOIO TEXHONOMMYECKOTO KOMMIIEK-
ca, cMcTeMbl 3HepProcHabkeHVsl NpeanpuUsaTUs, pervoxHa u T.n.

4.1. CTpykTypa 3HepreTnyeckoro 6anaHca NpOMbILLNIEHHOro NPeanpUsTUS.

4.2. MHTeHCcMBHOE 3HeprochepexeHue.

4.3. OkcepreTnyeckne GanaHcbl TENNOTEXHONOMYECKUX YCTaHOBOK.

4.4. HaTypanbHble 1 3KOHOMUYECKNE KPUTEPUN OLIEHKU 3P EKTUBHOCTM MCNONB30BaHNSA SHEPTUN.

12



PA3JIEJI 5. Ocnoegwl Inepzoayouma o0veKmoe menioIHePZenuKu.

5.1.

3akoHoaaTenbHas 6asa npoBeneHUsA saHepreTu4eCKux obcnegoBaHun U dHeproayguTa.

[loKyMeHTbI, pernameHTMpyoLLMe NopsiaoK MPOBEAEHUs SHepreTuiecknx obcrenoBaHniA, NpeacTaBeHbl:

¢

*

HOPMAaTUBHO-NPaBOBLIMUN AOKYMEHTaMU;
rocyaapcTBeHHbIMU cTaHgapTamu (TOCTamu);
CMpaBOYHbIMU U METOOUYECKMMIN MaTepmanamm

[OroBOPOM Ha MpOBeAEeHMe 3Heproayamta mexay obcrefyemon opraHusaumen u opraHusaunen —
3HeproayguTopom;

TEXHUYECKUM 3aflaHneM (Nporpammon) NpoBeaeHNs aHeproayaunTa.

HOpPMaTWMBHO-NPaBOBblE AOKYMEHTbI:

dhenepanbHbIe U pervoHanbHbIe 3aKOHbI;

nocrtaHoBneHus MNpasutensctea PP n Npasutenscts cybbekToB PO;

ykasbl MpesugeHTa PO;

denepanbHble U pervoHanbHbie NporpamMmmbl Mo dHeprocbepexeHuio;

npuKasbl, pykoBoAsLLMe AOKYMEHTbI U MpaBuna, yTeepxaeHHble MMHUCTEPCTBOM 3HEPreTuku;

LOOKYMEHTbl permoHarsribHbIX ynpaBneHM|7| rocygapCTtBeHHOro aHepreTn4eckoro Haasopa, (bep,epanb-
Hbl€ N pernoHarnbHbl€ NporpamMmmsbl no aHeproc6epe>KeH|/|+o.

[MepeyeHb OCHOBHbIX N3 HUX:

1.

© © N o

11.

12.

MocTtaHoeneHue MNpaButensctea PO Ne1087 ot 02.11.95 r. "O HeOTNOXHLIX Mepax no aHeprocbepe-
XeHuo".

depepanbHbii 3akoH Ne28-P3 o1 03.04.96 r. "O6 sHeprocbepexeHun".

MoctaHoeneHune lNpaButenbctBa PP Ne80 oT 24.01.98 r. "O denepanbHOM LENeBOr Mnporpamme
"OHeprocbepexeHne Poccun” Ha 1998-2005 rr."

MoctaHoeneHue MNpasutensctea PO Ne588 ot 15.06.98 r. "O gononHUTEnNbHbIX Mepax no CTUMYIn-
poBaHuto aHeprocbepexeHns B Poccumn”.

MoctaHoBneHune [lMpasutensctea P® Ne938 ot 12.08.98 r. "O rocynapCTBEHHOM 3HEPreTUYECKOM
Hagsope B Poccunckon degepaumn”.

depnepanbHasg LeneBas nporpaMmma "OHeprocbepexeHne Poccumn” Ha 1998-2005 rr.
MonoxeHue o rocyaapCTBEHHOM 3HEPreTUYECKOM Haa3ope
MoctaHoBneHus MpaBuTenbcTB cybbekToB Poccuickon deaepaunm.

PernoHanbHble nporpamMmmsbl no aHeproc6epe>KeH|/uo.

. BpeMeHHble pykoBoZsLLME YKa3aHWsa Mo opraHusaummn paboT B cdepe aHeprocOepexeHusl B yrnpas-

NEeHNAX rocyfapCTBEHHOrO 3HEPreTUYeckoro Hagsopa B cybbektax Poccuiickon denepaumu, yteep-
XOEHHbIe 3aM. MMHUCTpa TonnmBa 1 sHepreTukn Poccunckon ®epepaumm 15.04.99 r.

MpaBuna npoBeaeHUst 3HEpPreTMdecknx obcrneaoBaHUn opraHn3aumin. YTBEpXOEeHbl 3aM MUHUCTpa
Tonnmea aHepreTnkn Poccuinckon depepaumm 25.03.98 r.

MpaBuna npoBedeHUs 3HepreTudeckux obcrnepoBaHui, YCTaHOBMNEHHbIE dedepanbHbIM OpraHoMm,
YNOMTHOMOYEHHbIM OCYLLECTBATL HEProHaa3op.
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[OCTht:

1. TOCT P 51379-99 O3Hepretnmyeckuin nacnopT MPOMBILLIIEHHOIO MNOTPEOUTENS  TOMIMBHO-
aHepreTmdeckux pecypcoB. O6Lme nonoxeHud. Tunosblie OpMBbI.

2. TOCT P P51514-99 3Hepretnyeckas addpektuBHocTb. CocTaB nokasaTtenen.

3. TOCT P 51387—99 OHeprocbepexeHne. HopmaTtmeHo-meToanyeckoe obecneyeHne. OCHOBHLIE MO-
NOXEHUS.

CnpaBo4HblE U METOONYECKME MaTEepMalbl:

¢ MeTOoAMKM npoBedeHusa 3HepreTn4ecknx obcnenoBaHuiA U COCTaBINEHUs 3HepreTn4eckoro nacnopTta
n0Tpe6|/|Ten$| TOMIMBHO-3HEPreTn4eCknx pecypcos;

¢ MeToam4veckune nocobus anst paboTHMKOB SHEProHaa3opa U 3Heprocny6b NpeanpusaTUi;
¢ y4yebBHble NOcoOuMsi NO 3HeproayauTy U SHEProcOepexXeHuio;
4 CrpaBoYHble NOCOBUS NO AHEpPreTUKe N aHeprocoepexxeHunio;

¢ npaBuna TEXHUYECKON SKCnyataunn n TeXHUKU ©e3onacHocTu npun aKkcniyataunn a3nekTpoycrtaHo-
BOK " TeI'IJ'IOI'IOTpe6ﬂFIIOL1J,I/IX YCTaHOBOK;

¢ TexHun4yeckne HopmMaTUBHbIE MaTepuanbl.

[Mprmepbl NnpuBeaeHbl HUXE:

1. MeToavka npoBeaeHUsa aHepreTudeckmx obcrnefoBaHU NPeanpuaTUA U opraHmM3auunin. YTeepxaeHa
HavanbHuKoM [nasrocaHeproHagsopa P® B.I. BapHasckum 23.12.98.

2. bB.I. BapHaBckuin. QHeproayamT NPOMbILLIIEHHBIX U KOMMYHarbHbIX NpeanpuaTui. YuyebHoe nocobue.
3. Tocobue no kypcy "MeTogonorus npoBefeHnst aHepretTmdeckoro ayamra”. Mocksa, ACOM, 1997.

4. MeTtoamyeckme martepuansl Ans aHeproayguta. Metogudeckoe nocobue nog pea. A.l. Bakynko,
B.M. Bacuneesa, O.J1. Janunosa, A.l. JluBnHckoro. Mocksa, MO, 1999.

OHeproayaut npoBoauTca B cooTBeTcTBUM ¢ PeaepanbHbiM 3akoHoM "O6 aHeprocbepexeHumn”, nocra-
HoBneHneM [NpaButenbctBa Poccuiickorn ®epepauumn "O HEOTNOXHBLIX Mepax Mo aHeprocoepexeHuo" n
"MpaBrnamu NpoBeaeHns aHepreTmydecknx obecrnegoBaHnin”.

MoctaHoeneHuem lNpaBuTtenbctBa MyMHMCTEPCTBO TOMMMBa M aHepreTukn Poccunckon ®epepauun obs-
3bIBanochb paspaborartb U yTBEpAUTb MOJOXKEHME O PEryNspHOM NpPOBeAeHUN aHepreTudecknx obcnego-
BaHWI opraHm3auun Bcex oopM coBCTBEHHOCTM NpW ro40BOM NOTPeOdneHnn NMn aHepreTU4ECKMx pecyp-
coB 6onee 6000 T1.y.T. unn 6onee 1000 ToHH MoTOpHOro Tonnumea. MNpoeefeHue obasaTenbHbIX 3Hepre-
TMdeckux obcnegosaHuin HopmaTueBHO oopmneHo PegepanbHbiM 3akoHoM "O6 aHeprocbepexeHun 28-
®3 ot13 anpens 1996 roga.

Komnnekc BonpocoB, onpeaensiiolmx obLume nosroXeHus, opraHnsaumio, nopsaok npoBeaeHns aHepre-
Tndeckux obcneoBaHNA, UCTOYHUKU (DUHAHCMPOBaHUS, NpaBuna oOPMIIEHUS OTYETOB 1 OPYron JOKy-
MeHTauuMn onpegeneHsl gencteyowmmmn "TpaBunamm NnpoBeaeHns 3HepreTnyeckux obernegoBaHun”, yT-
BepXaeHHbIX MUHMCTEpPCTBOM TONNUBA U 3HepreTukn B 1998 roay.

MeToavka npoBedeHNs1 3HeEpreTUYecknx obcnegoBaHW OpraHu3aunn yTeepxaeHa HadanbHuKom [nas-
rocaHeproHagaopa b.1. BapHaBckum 23.12.1998 r.

Mopsook NpoBedeHUss SHepPreTuyecknx obcnenoBaHuin XUMMLLHO-KOMMYHASbHBIX XO3AWCTB onpeaenex
ykasaHuem [nasrocaHeproHaasopa ot 10.06.97 r. Ne42-6/11-p.

MoctaHoBneHuem lMpaButenscrea "O rocygapcTBEHHOM 3HepreTu4eckoM Hagsope B Poccuiickon depe-
pauun: Ne938 ot 12.08.98 roga opraHbl 1 yuYpexaeHus rocyaapCTBEHHONO 3HEpPreTU4eckoro Hagsopa B
COOTBETCTBMM C BO3NOXEHHBbIMW HA HUX 3adadYaMy OpraHu3yloT U NMPOBOAAT 06s3aTenbHble aHepreTuye-
ckue obcnenoBaHua (3HeproayamuT) opraHu3auuin He3aBUCUMO OT MX (POPMbl COOCTBEHHOCTU B YacTu
3P EKTUBHOIO MCNOSNB30BaHUS TOMSIMBHO-3HEPrETUHECKNX PECYPCOB.

14



Mopsaok NpoBefeHUsI aHEepPreTUdecknx obcnenoBaHuin onpenenseTca Takke "BpeMeHHbIMK pykoBoAas-
LWMMW yKa3aHUsIMU MO opraHu3auumn paboT B obnactu aHeprocbepexeHuns B ynpaBneHusx rocygapcTBeH-
HOrO 3HEpPreTM4eckoro Hagsopa", yTBepXAeHHbIX MUHMCTEpPCTBOM TonnmBa aHepretTukn PO B anpene
1999 ropga.

Llenb 1 3agayum npoBeaeHUs1 SHEpPreTM4eCcKux obcnegoBaHum.

OHepreTnyeckne obcrneaoBaHVs NPOBOAATCS C LeNbi0 OLEHKM 3hMEKTUBHOCTN UCMONb30OBaHNSA OpraHu-
3auMaMU M NPEeanpUATMAMU TOMMMBHO-3HEPreTUYECKNX PECYPCOB, CHWXEHWA 3atpaTt notpebutenen wu
peanusaunm aHeproadEKTUBHBLIX PeLLEHU.

OHeproayauT pacnpocTpaHAeTcs Ha NpeanpuaTus U opraHmM3aumuv, SBASIOWMECS puanYeckumm nuua-
MM, HE3aBUCMMO OT (DOPM COOCTBEHHOCTU W MX hunmarnsl, UCNONb3YIOLWNE TOMMMBHO-IHEpPreTnyeckne
pecypcbl Ans NPOU3BOACTBA NPOAYKLUMN U YCIYr, a Takke Ha cobCcTBeHHble HyxXabl. O6a3aTenbHOMYy 06-
crnefoBaHMI0 noanexart nNpeanpusTns n opraHusaumu, notpebnsiowme 6onee 6000 T1.y.T. B rog nnm 6o-
nee 1000 ToHH MOTOpHOro Tonnuea. o pelweHnto opraHoB NMCNONMHUTENbLHOM BnacTn cybvektoB depe-
paumu npoBoadaTcs obcrnefoBaHUs opraHu3auui, noTpebneHve aHepropecypcoB KOTOPLIMU COCTaBnseT
meHee 6000 T.y.T. (1000 T MOTOpPHOrO TONMMBA) B FOA.

OHeproayauT pellaeT crieaytoLmne OCHOBHbIE 3a4auu:

¢ oueHka (haKTU4eCKOro COCTOSIHUSI 3HEProMcrnonb30BaHWA Ha MpeanpuaTuM (opraHuM3aumun), Bbl-
SIBMIEHVME NPUYMH BO3HMKHOBEHWUSI HEMPOM3BOACTBEHHbIX MOTepb TAP M KX KONMYEeCTBEHHAas
OLIeHKa;

¢ paspaboTka nnaHa MeponpusATUiA, HarpaBneHHbIX Ha CHKeHMe noTepb TOP

¢ BbISIBNIEHME M OLIEHKA Pe3epBOB SKOHOMUM TOMSIMBHO-3HEPrETUYECKNX PECYPCOB (OLIEHKA MOTEH-
umana sHeprocoepexeHus);

¢ OLeHKa paumMoHanbHOro 3HepPronoTpebneHnss TEXHONOMMYECKUMIN YCTaHOBKaMU M Ha coBGCTBEH-
Hble HYXAbl;

14 paspa60TKa Tpe6OBaHI/Il7I no Co3gaHNK Ui CcoBepLUEeHCTBOBAHUKD CUCTEMbl ydeTa U KOHTPOIiA
pacxoaa TOnfIMBHO-3HEPreTn4eCKnx pecypCcos;

¢ paspaboTka pekomeHaauui Mo MOAEPHU3ALMN SHEProncronbaytoLlero 0bopyaoBaHns U cosep-
LUEHCTBOBAHWIO TEXHOMOTMYECKMX NMPOLIECCOB C LIEMNb0 CHIDKEHUSI SHEPronoTpebneHus;

¢ onTMMU3aumsi CTPYKTypbl BanaHca sHepronoTpebneHus.
OpraHusauus npoBeAeHUs 3aHeproayauTa

OpraHusauusi NnpoBefeHNs aHeproayauTa pernameHTupyetcs «lpaBunamu NpoBeAeHUS 3HEPreTUHECKMX
obcnepoBaHUn».

OO6Lee pykoBOACTBO M KoopAMHaums paboT no nNpoBeAeHWI0 3Heproayauta ocyllecTBnsieTcs [enapTta-
MEHTOM MO rocyaapCTBEHHOMY SHEPreTUYeckoMy Haa3opy M aHeproctepexxeHnto MuHUcTepcTea aHepre-
TNKN PO.

OpraHusauus paboT no sHepreTudeckoMy obcrnenoBaHuio Ha TeppuTopun cybbektoB PP ocyuwlectBng-
eTCcsl opraHamm u ydpexaeHusiMm FocaHeproHaa3opa - peroHanbHbIMU U TeppuTopranbHbBIMU ynpasne-
HUSIMW rOCY4,apCTBEHHOrO 3HEPreTUYeckoro Hagaopa.

OpraHbl 1 yypexaeHnsa rocygapcTBEHHOrO 3HEpPreTU4ecKkoro Hag3opa nNpoBoaaT obsa3aTenbHble 3Hepre-
Tnyeckne obcnenoBaHust NO nNnaHam, yTBepXXAeHHbIM MWHUCTEPCTBOM 3HEPreTUKM COrnacoBaHHbIM C
agMUHUCTpaLMAMKU COOTBETCTBYHOLNX cyObekToB P®. CBogHas MNporpamma npoBeneHns ob6sa3aTenbHbIX
3HepreTuyecknx obcriejoBaHNn 3HEProeMkmx npeanpuatnin PO Ha 1999-2003 rr. cornacoBaHa ¢ agMu-
HUCTpaumsammn cybbektoB PP 1 yTBepxkaeHa npmkazoM MuHUCTepCTBa TonnvBa 1 3HepreTukn ot 18 mas
199 roga Ne161. Bcero B atoi nporpamme 5028 npeanpusTuin ¢ rogoBbiM notpedneHnem TAOP 517 mnH.
T.y.T. B rog (obuwee notpebneHne Bcemn oTpacnsiMm akoHomukn TOP B Poccunckon ®egepaunm oueHu-
Baetcsa B 950 MnH. T.y.T.).

OHepreTnyeckne oberefoBaHusl NPOBOAATCS MO rpaduky, yTBEPXKAEHHOMY OpraHamy MCMOSTHUTENbHOM
BracTu cybbekta PP ans npeanpusaTuin u opraHM3auuni, HAXO4SLWMNXCA Ha ero TeppuTopun.

OHeproayamT ocyLLECTBNSAETCS:
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¢ pervioHanbHbIMW W TeppuUTOpManbHLIMU YNPaBNEHUAMIU FOCYOAaPCTBEHHOTO 3HEPreTUYECcKoro
Hagsopa;

¢ OpraHuMsauusIMm, OCyLLECTBRAIOLWMMU SHEpreTuyeckne obcnenoBaHus (SHeproayanTopsl).
OHeproayauTop AOJMKEH OTBEYaTh crieaylowmm TpeboBaHNaM:

¢ 06nagaTb NpaBamu LOPUAMYECKOTO NULA;

¢ UMeTb HeObBX0AMMOE MHCTPYMEHTanbHoe, NPMBOPHOE N METOAONOIMYECKOEe OCHALLEHME;

¢ pacnonaraTb KBanMuLMpoBaHHbIM 1 aTTECTOBaHHbIM NEPCOHANOM;

¢ VMeTb ONbIT BbINOMHEHMS paboT B 06nacTu aHeproayanTa;

¢ WMETb NMNUUEH3NI0 Ha NpaBo MNnpoBeaeHne aHepreTn4ecknx obcnenoBaHui, BblAaBaemyto permo-
HarbHbIMU ynpaBlieHNAMU roCyJapCTBEHHOIo 3HepreTM4eCckoro Haa3opa;

¢ UMeTb aKKpeguTaumio ynpaBrieHUsi rocyaapCTBEHHOTO SHEPreTUYecKoro Haasopa.

B cBoelt gestenbHOCTV [enapTaMeHT, opraHbl U yYpexaeHns rocaHeproHagsopa, opraHusaunm - aHep-
roayauTopbl PyKOBOACTBYHOTCS HOPMaTMBHO-NPaBOBLIMU akTamu, nepevymcrieHHbIMu B 5.1.

OHeproayantop pyKkoBOACTBYETCS HOPMAaTUBHbLIMW MPAaBOBbIMWM akTaMmy OpraHoB rocyAapCTBEHHOW Bra-
ctn P® n cybbektoB PO, a Takke cOBCTBEHHBIM YCTaBOM.

OHeproayauTop 00 Hayana oTYeTHOro neproaa MHOPMUPYET O NpeacTosLLeM o6crneaoBaH OpraHbl 1
yupexaeHUsl rocyapcTBEHHOTO SHepreTUYeckoro Haa3opa.

MepuoanyHocTb NpoBefeHnsi obsi3aTenbHbIX aHepreTMyeckux obcnenoBaHuii notpebutenen TAOP - He
pexe OfHOro pasa B Tpu roaa.

dUHaHCMpPOBaHe 3HEPreTMYEcKNX obCrefoBaHnii opraHM3aLmin NPoOM3BOANTCS 3a cHeT CpeacTs deae-
panbHOro, MECTHOTO GIOIKETOB M BHEBIOIKETHLIX WCTOYHMKOB, @ TaKkKe 3a CYET UX COBCTBEHHbIX
CpeacTs.

Opratbl 1 yupexaeHns FocyaapCTBEHHOMO HepreTM4eckoro Haa3opa MpPOBOASAT SHeproayauT no MeTo-
OVKaM, yTBepXKaeHHbIM [lenapTaMeHTOM rocy[apCTBEHHOrO dHepreTUYeckoro Haasopa U aHeprocbepe-
XKEHMS.

OHeproayanTopbl NPOBOAAT 3HepreTnyeckme obcrnenoBaHusa No MeToamkam [ocygapCTBEHHOro aHepre-
TWUYECKOro Hag3opa Mnn no cobCTBEHHbIM METOAUKaM, COrNIaCoBaHHbIM C PerMoHanbHbIMU UM TeppuUTo-
puvanbHbIMWU OpraHammn rocaHeproHaasopa.

I'Iepep, nposeaeHnem obcnenoBaHus ayouTop CoCTaBnAeT TeXHn4eckoe 3ajaHne Ha BbINOoJIHeHNe pa60T
B COOTBETCTBUA C Bbl6paHHOIZ METOAMKOW N COrnacoBbLIBaET ee 060ﬂe,D,yEMbIM I'IOTp66I/ITeJ'IeM TOP.

Mo 3aBepLeHnn 3HepreTnvecKknx obcnepoBaHui 3Heproayamtopom O(bOpM.I'IFIeTCFI cnegywowada OOKy-
MeHTauunaA:

¢ aKT (OT4eT) 0 NpoBedeHHOM obcrnefoBaHUM YCTaHOBAEHHOW (POPMbl, NOAMUCAHHBLIN NpeacTaBu-
TensMn aHeproayamtopa u obcnegyemoro notpebutena TOP (oTyeT nepenaetca notpebutento
T3P);

¢ UHCTPpYMEHTallbHO - ﬂOﬂ,TBepM(,D,EHHbIVI TOFIJ'IVIBHO-C-)HepI'eTVI‘-IeCKVIVI 6anaHc;

¢ 3HepreTMYeckuit nacnopT (nepenaeTcs sHeproayauTOpPOM B pervoHanbHoe unu Tepputopuars-
HOe ynpaBreHune rocaHeproHaasopa);

¢ pekomeHAauMu No MNoBbIWEHN0 3PEKTUBHOCTU UCNoNb3oBaHUa TOP 1 cHMXeHuto 3aTpaTt aHep-
ropecypcos.

CornacHo «[NpaBunam NnpoBedeHUs 3HeEPreTU4ecKkUx 06cnenoBaHMny He LONYCKAaeTCA KOCBEHHAs OLleHKa
3(pPeKTUBHOCTM UCMOMb30BaHUS SHEPropeCypPCoB.

Pe3ynbraTthl 3HepreTn4yeckoro obcneaoBaHns AOMKHbI coaepkaTb:

¢ OUEHKY 9 dEeKTMBHOCTU ncnonb3oBaHns TOP noTpebutenem sHepropecypcos;
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¢ MPUYMHBI BbISIBNIEHHBLIX HAPYLLEHUI B UX UCMOSb30BaHUK;
¢ OLEHKY pe3epBOB 3KOHOMMUW SHEPrOPECYPCOB;

¢ MpeanoXeHve no NpoBedeHMI0 TEXHUYECKUX U OpraHM3aLmoHHbIX MeponpuaThin nNo aHeprocoe-
PEXEHMWIO C yKasaHueM NporHo3ampyemoro sHeprocbeperaioliero apdekra B manyeckom 1 ge-
HEXHOM BbIPaXXEHUM 1 CTOMMOCTU paboT No NPOBeAEHUI0 SHeprocBepraLLmx MePONPUATIIA.

OHepreTUYECKUM NAcnopT NPOMbILINIEHHOro NoTpebuTtens
TONNMBHO-3HEpPreTUYECKUX pecypcoB.

OcHoBHble TpeboBaHMA K MOCTPOEHUIO, M3MOXEHMIO U COOEPXKaHUKO 3HEPreTU4eckoro nacrnopta npo-
MbILLIIEHHOIO NOTPEOUTENS TONNMMBHO-3HEPTETUYECKUX pecypcoB nanoxeHsl B FTOCT P 51379-99.

OHepreTnyecknn nacnopt notpebutensa TOP paspabartbiBaoT Ha OCHOBE 3HepreTudeckoro obcnenosa-
HUS, NPOBOAMMOrIO C Lefblo OUeHKN 3hdeKkTMBHOCTM mncnonb3oBannst TOP, pa3paboTkm n peanusaumm
3HeprocbeperapLLmMx MEPONPUATUN.

PaspaboTtky n BegeHve nacnopta obecneuvnBaeT notpebutens TAOP. MeToanyeckne pekomeHgaumm no
3arnosiHEHNIO N BEAEHMIO 3HEPreTMYeckoro nacrnopTa paspabaTbiBaloT SHEProayaMTopbl U COrnacoBbiBa-
10T ¢ degepanbHbIMU OpraHamMyM MUCMOSTHUTENBHOW BracTU, YNOMHOMOYEHHBIMU AN rOCY4apCTBEHHOMO
Haa3opa 3a ahPekTUBHBLIM UCMornb3oBaHuem TIP.

OTBETCTBEHHOCTL 3a OOCTOBEPHOCTb AaHHbIX 3HepreTn4eCkoro nacnoprta HecyT nuua, nposoauBLune
dHepreTn4yeckmne obcnepoBaHus, aAMUHNCTPaTUBHOE PYKOBOACTBO I'IOTp66VITeJ'IFI TOP.

OHepreTuyecknin nacnopt noTpebutens TOP OomKeH XpaHUTbCA Ha NPEeAnpuUsSTAM, B TeppuToprarnbHOM
opraHe rocyapCTBeHHOro 3HepreTMYECKoro Haasopa v B opraHusauun, NpoBOAMBLLEN SHEProayauT.

OHepreTMYecKnii MacnopT COCTOUT U3 CreaYLLIMX Pa3aenos:

1) OBwue cBepenns o notpebutene TOP;

2) CepgeHus o notpebneHnn TOP:

¢ obuwee noTpebneHne aHeproHocuTenen,

¢ noTpebneHne aneKkTpoaHepru,

¢ noTpebneHne TENNOBON 3HEPrK,

¢ noTpebrneHune KoTenbHO-NEYHOro TonnmBea,

¢ noTpebrneHne MOTOPHOro TOMMMBA;

3) CeeneHus 06 adpcpekTMBHOCTM ucnonb3oBaHnst TOP;

4) MeponpusaTus Mo aHeprocbepexxeHnto 1 NOBbILWEHNIO 3PEKTUBHOCTU Ncnonb3oBaHus TOP;
5) BeiBOAbI

3aknoumTenbHbI pasaen aHepreTMyeckoro nacnopta notpedbutensd TOP formkeH BKNoYaTh:

¢ nepeyeHb 3adumkeupoBaHHbLIX Npy 06cnefoBaHun NoTpebutensa akToB HENPOU3BOAUTENbHBLIX pac-
xogoB TOP ¢ ykasaHueM nx BenMynHbl B CTOUMOCTHOM M HaTyparbHOM BblpaXeHuu;

¢ npegnaraemble HanpaBneHus NoBblleHNA 3PHEKTUBHOCTM NCNonb3oBaHns TOP ¢ oueHKON 3KOHO-
MWW NocneaHnx B CTOMMOCTHOM M HaTypanbHOM BbIpaXeHUU C yKaszaHueM 3aTpaT, CPOKOB BHeApe-
HWUS1 U OKYNaemocCTu;

¢ KONMMYECTBEHHYIO OLIEHKY CHWXKEHMSI YPOBHS HEMpPOM3BOAUTESNbHBIX pacxogoB TAP 3a cuyeT BHegpe-
HWS1 3HeprocGeperatLLMX MeEpPONPUATUIA:

¢ 6633anaTHbIX N HU3KO3aTpPaTHbIX;
¢ CpeaHe3aTpaTHbIX;

¢ BbICOKO3aTpaTHbIX.
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5.2 Bupabl aHeproayauTta

B yTBepxaeHHbix MuHTOnaHepro «[lpaBunax npoBedeHUsi SHepreTUdYeckMx obcrieqoBaHWUii opraHu3a-
UMy, OPMEHTMPOBaHHLIX B MepBylo oyepedb Ha obecnedeHne 6e30MacHOCTY aKChnyaTauuy aHepreTu-
YeCKMX YCTaHOBOK, MPeayCMOTPEHbI LECTb BUAOB SHepreTUdeckux obcrnedoBaHuin opraHusauuin: npea-
MyCKOBOE W NpenaKcrniyaTaunoHHOe; NEPBUYHOE; Nepruoanyeckoe (NMoBTOPHOE); BHEOUYEepeaHOoe; NoKarb-
Hoe; aKcnpecc-o6cneaoBaHue.

CornacHo aTum npasunam nepeg nyckom 1u BBOAOM B 3KCMyaTauuio TONNMBO- U dHepronoTpebnsoLwero
obopynoBaHus, perMoHanbHble (TeppuTopuarnbHble) opraHbl [nasrocaHeproHagsopa Poccun nposogaTt
obcrnegoBaHne CMOHTUPOBAHHOTO 060pyAOBaHMS C LEeNblo NPOBEPKM COOTBETCTBUS MOHTaXa M Hanagku
TpeboBaHWsM rocyaapcTBeHHbIx cTaHaapToB U CHulMoB no nokasaTensm aHeproadpeKTMBHOCTH.

K QHEPreTn4eCKnm obcnenoBaHMsM, NO3BOMSAOLIMM OLIEHUTb Sde)eKTVIBHOCTVI MCnoJib30BaHNA 3Hepro-
pecypcoB MOXXHO OTHECTU HECKOJIbKO BMOOB obcnenoBaHuWiA.

Tak, npy nepBMYHOM 06CnenoBaHNM NPON3BOAMUTCS OLeHKa 3deKTMBHOCTM ncnonb3oBaHus TOP (npo-
BepsieTcs aheKTUBHOCTL paboThl 06opyaoBaHUs, ncrnonbaytowero TAP, cocTosHUe y4éTa ucrnonbaye-
Mbix TOP, OTYETHOCTb MO MX WUCMONb30BAHMIO, aHanM3 3aTpaT Ha TOMMMBO - U 3HeproobecneveHne u
T.4.).

Mpw nepuoamnyeckom (NOBTOPHOM) 0BCrneaoBaHMM NPOBEPSETCH BbINOMHEHWE paHee BblAaHHbIX npeanu-
caHun (pekoMeHgaumin), oueHmBaeTca guHamuvka notpebneHmna TOP n nx yaenbHbIX 3aTpaT Ha BbIMyCK
NPOAYKUUN (3HEPrOEMKOCTb, CTOMMOCTb TOP B 06LLMX MaTepuanbHbIX 3aTpaTtax NpoM3BOACTBa).

BHeouepegHoe obcrnegoBaHve NPOBOAUTCS, Kak NpaBuUIio, MO MHULMATMBE PEermoHarnbHOro (Tepputopu-
anbHOro) opraHa FmaesrocaHeproHagsopa Poccun nnv agMmHucTpaumm cybbekta Pegepaumm B crnyyasx,
€Cnv No psgy KOCBEHHbIX Mpu3HakoB (pocT obuiero u yaensHoro notpebneHuns TOP, cebectoumocTn
NPOAYKLUUN 1 TOMIMBHOW COCTABMSIOLLEN B HEW, BLIOPOCOB B aTMOcdepy U T.4.) Y HUX BO3HUKNN Npeano-
NOXEHMUS O PE3KOM CHMKEHUWN 3DEKTUBHOCTM ucnonb3oBaHus TOP, ecnu pesynbTaTthl 0b6cnenoBanus,
npoBeaéHHOro SHEProayaMTOPOM, BbI3blBAOT COMHEHUSI B MX AOCTOBEPHOCTU, @ Takke B criyyae obpa-
LeHna noTpebutens TOP B opraHbl rocy4apCTBEHHOM BNAacTu 3a NpeaocTaBNeHNEM NbrOT, CBSI3AaHHbIX C
NCMONb30BaHMEM TOMSMBHO-3HEPreTUYECKNX PECYPCOB.

JlokanbHble 1 akcnpecc-06cneaoBaHNs HOCAT OrpaHUYEHHBIN MO 06BLEMY U BpEMEHU NPOBEOEHUS Xapak-
Tep. lNMpn 3TOM Npom3BOaUTCSA oOLeHKa 3¢PEEKTUBHOCTM MCNONb30BaHUs NMbo ogHoro m3 BugoB TOP
(anekTpuyeckas n Tennosas dHepruu; TBEpAOE, Xnakoe Unm razoobpasHoe TONMMBO), BTOPUYHbLIX IHEP-
ropecypcos, nMbo no oTAeNnsLHOW rpynne arperaToB (OTAENbHbLIM arperatam), MMbo no oTAeNbHbIM NoKa-
3aTensam 3¢pPeKTUBHOCTHU.

MepBuyHoOe, Nepuoaunyeckoe (MOBTOPHOE), BHEOYEpEQHOe, MNoKanbHoe 1 aKcrpecc- obcrneaoBaHne nme-
0T NpaBo NPOBOAWTL Kak opraHbl [MaBrocaHeproHaasopa Poccuu, Tak U aHeproayamTopsl.

KoHTponbHoe sHepreTudeckoe obcrneaoBaHne NpeanpusaTnsg COCTOUT:

+ B cbope nHdopmauun: o6 opraHnsaumm padboT No BCeM BMAaAM TEKYLLMX MIaHOBbIX 3ag4aHui (B Yactu
ncnonb3oBaHusa TOP, npegnucannin n nporpaMm, a Takke CBe4EeHUA O XO4E BbINOMHEHMS COOTBETCT-
BYIOLLIMX 3TaMoB 3TMX 3adaHui; o6 obbeme u xapakTepe SHepronoTpebneHus Ha 3agaHHOM KOH-
TPONbHOM MHTEpBane BpeMeHU Mo 3a4aHHON KOHTPOIbHON BbiIbopke obcregyembix 06BHLEKTOB; O No-
KasaTensix 9HepreTnyeckon 3(PHEKTUBHOCTU TEXHOMOrMYECKMX npoueccos U obopyaoBaHus
(FTOCT P 51541); o TexHONOrM4YeCcKkon 1 NPOU3BOACTBEHHON AUCUUNIMHE, KBanudukaumm nepcoHana,
COCTOSIHM HOPMaTUBHO-TEXHUYECKON M NpaBoBoW 6a3bl aHeprocbepexeHns, COOTBETCTBYHOLLEN pa-
boTte ¢ Kagpamu; 0 (bMHaAHCOBbLIX 3aTpaTax, CBA3aHHbIX C 06cnyxuBaHueMm notpebHocTen npeanpu-
atma B TOP;

¢ B aHanuse cobpaHHoOl MHGOPMaLUMK: ANt OLEHKM XoAa BbINONIHEHWS! MaHOBbLIX 3a4aHuii Mo SHepro-
chepexeHuio; ans BblpaboTKM AOMOSTHUTESNbHBIX PEKOMEHAALMA U MEPONPUSATUIA, HAaNPaBMeHHbIX Ha
CHVKEHWE aHeprosaTtparT; Ans YKPYNHEHHOW OLEHKM NoTeHuMana saHeprocbepexxeHnst npeanpusitus u
BO3MOXHOCTEW UCMONb30BaHMsA 3TOro noTeHuuana;

¢ B Mnoarotoeke n OCbOpMJ'IeHVII/IZ OTHETHbLIX MaTepunarioB n peKomer,au,m?l; CO6paHHOIh ﬂepBI/ILIHOIZ NH-
cbopmau,vlw N NMPOMEXYTOYHbIX aHalTUTUYECKMX MaTepunarnos.
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OHepreTM4eCcKMn ayanT NpeanpusaTUs cornacHo ynomsiHytomMy Bblwle npoekty [OCTa cocTtouT:

¢ B cbope nHopmMaummn: 0 TEXHUYECKOM COCTOSIHUW 34aHUIN, COOPY>KEHUI, 0B0OpYAOBaHNS, YCTAHOBOK,
TEXHUYECKNX KOMMMEKCOB, TEXHNYECKUX CUCTEM W APYIUX TEXHUYECKUX dNeMeHTOB (06bekToB ayau-
Ta); 0 pexMMax (PyHKLUMOHMPOBAHUSA CTPYKTYPHbLIX 3MneMeHToB: 06opyaoBaHus, YCTaHOBOK, 30aHUN,
COOPYXXEHUN, TEXHUYECKUX KOMMIEKCOB N TEXHUYECKNX CUCTEM, TEXHONMOMMYeCcKUx NpoLieccoB, Tex-
HOMOrMYEeCKUX MNVHUIA 1 NPomn3BoACTB; 06 ypoBHe, obbeMe 1 CTPyKType aHepronoTpebneHus npea-
NpUATUS B LIENTOM U ero CTPYKTYPHbIX, TEXHUYECKNX U TEXHOMNOrMYECKUX 3NeMeHTOB (06BbekToB 06-
cnepoBaHusl); 06 opraHM3aumnn 1 KynbType aKchyaTauum 1 TEXHUYECKOro o6cnyXnBaHus anemMeHToB
N TEeXHUYECKUX CUCTEM, O HOpMaTMBHOW 6a3e BbINOMHEHUSA 3TuUX paboT, TPyAOBOM, NPOU3BOACTBEH-
HOW M TEXHOMNOMMYECKON AUCUUNITUHE; O (PMHAHCOBLIX 3aTpaTax 3a MOCTaBMEHHbIE dHEPropecypchl 1
[OroBOPHO-NPaBOBbIX OTHOLUEHWAX C MOCTaBLUMKaMM 3TUX PECYpPCOB; O BbINOSHEHWU HOPMAaTMBHbIX
TpeboBaHWMI 9KOHOMMYECKOro, COLMArnbHOro, 3KONOrMYEeCcKOro xapakrepa, a Takke TpeboBaHui K Ka-
4YecTBY NPOAYKLUMM, paboT u ycnyr;

¢ B aHanuse coOpaHHbIX AaHHbIX: AN OLEHKN YPOBHS 3KCMNIyaTaluu, TEXHUYECKOro OBCNyXMBaHUSA,
TEXHOSMOMMYECKNX PEXNMOB C LieNbio COCTaBrneHust 3HeprobanaHcos ¢ yyeTom pekomeHgaumm FOCT
27322 v BbiABNEHUsI NOTEHLUMana sHeprocbepexxeHnsa ansa BeIGOPKM NOCNeayLNX NPeasIoKEHUN No
noabopy v BHeApeHUIo aHeprocbeperarLLnx MeponpuATUIA, MogepPHN3aLMU N PEKOHCTPYKLMM NPOU3-
BOACTBA, NepenoaroToBke KaapoB U ApYrnx OpraHuU3auuoHHbIX U TEXHUYECKUX Mep; AONA cocTasne-
HUSA UK KoppeKkumn aHepreTudeckoro nacnopta npeanpusatusa (no FOCT P 51379; ons oueHkn BO3-
MOXHOCTEN ONTMMM3auMM OMHAHCOBLIX 3aTpaT MO pacyeTaMm 3a MOCTaBMIEHHbIE 3HEPropecypchbl U
ynopsigoyeHne B3aMMOOTHOLLIEHUIA C MOCTaBLUUKaMM U NOTPEOUTENAMN; ANst OLEHKU BO3MOXHOCTEN
1 nocriegyloLlen NpoeKTHOM NpopaboTku BONPOCOB ONTUMMMU3ALUN BHYTPM3aBOACKOrO y4eTa 1 cTatu-
CTUKM aHepronoTpebneHus;

¢ B NnoarotoBke u O(*)OpMJ'IeHI/II/IZ OTYEeTHbIX MaTepuanoB M AaHHbIX ONA nocneayrowmx paapa60T0K;
CO6paHHbIX NnepBUYHbIX aHHbIX 1 aHalMUTU4YEeCKUX MaTtepunarnos.

OcHOBHOM Uenbio nNpegayauTa opraHusauumn, npegnonaralwmx Ha 4O6poBONbLHON OCHOBE peluaThb 3a-
Aady noBblweHnst 3dEKTUBHOCTN MCMNOMb30BaHNA 3HEPropecypcoB, ABMSETCA onpeaeneHne Heobxo-
OVMOCTW NPOBeAEeHNs 3Heproayamta TOro UM MHOro YpoBHS. [ns 3TOro npoBOAMTCS OLeHka Aonu du-
HaHCOBbIX 3aTpaT Ha 3Hepropecypchl (TONNMBO, ANEKTPOIHEPrUs, TENNOBas 3Heprus, Boga n Ap.) B Cym-
MapHbIX 3aTpaTax NpeanpusiTusi, BbiiBNeHne AUHaMUKN N3MEHEHNs 9TOM AONM 3a nocnefHune 2+3 roaa.

MpoBeneHune npegayauTa. OueHKy Heo6XoAMMOCTU NPOBEAEHNS 3HEeproayauTa Toro UM MHOTO YPOBHS
Ha cTaguu npegayauTta NPOBOASAT UMM MyTEM CpPaBHEHWS 3HAYeHWI yaenbHoro (Ha eavHWLYy MpPOoM3BO-
OVMMOW MPOAYKUMW) SHEPrornoTpebreHnst co cpeaHecTaTUCTUYECKUMM, MOSyYeHHbIMU Ha pasHbiX npej-
NPUATUSX, NPOU3BOAALLMX OOMH U TOT Xe BUA NPOAYKLMM, MO CXOAHON TEXHOMOMUK, Uin NyTeM Bblyucre-
HWS1 oMM (PUHAHCOBbLIX 3aTpaT Ha 3Hepropecypchl B ce6eCToMMOCTM NMPOAYKLMN.

MPUMEHNTENBHO K CEroAHsILLHEMY COCTOSIHWMIO SKOHOMWKW CTpaHbl MOXHO WCMOSb30BaTh Cleaylolime
pekoMeHgaumn: ecnvu gonsa sHeprodatpart coctaBnset 5+10%, ToO 3HeproayantT MOXHO NMoKa He NpoBO-
OUTb; Mpu Bo3pacTaHuy onu aHeprosaTpat oo 11+15% npoBegeHne sHeproayauTa CTaHOBUTCA Liene-
coobpasHbIM; fanbHelwee yBenuyerHme gonu o 16+20% v 6onee TpebyeT NpoBeAEHNS CPOYHOMO 3Hep-
roayguTa.

C VHXeHepHOW TOYKM 3peHus Bornee rpamoTHO CpaBHEHWE 3HaYeHUn (CpeaHecTaTUCTUYECKMX, HOPMMU-
pyembIX 1 PaKTUYECKNX) YAENbHBIX dHEPronoTpebrieHni Ha NPon3BoACTBO eQUHMLbI MPOSYKLUNN.

AHann3 nony4eHHbIX BENUYMH NO3BONSET caenartb 060CHOBAHHLIN BbIBOA, O LienecoobpasHoCTM npose-
OeHunda aHeproayauTa.

lMokaxem 3TO Ha npumepe AaHHbIX Tabn. 5, B KOTOpOIZ npmuBeaeHbl 3Ha4YeHna yaenbHoro aHeprorl0Tpe6-
NeHnd npu Npon3BoACTBE HEKOTOPLIX BUOOB NPOAYKUNN.

Tabnuua 5
YpaenosHoe aHepronoTpebneHme Npou3BoaCcTB

‘ EpvHuua Xopowee @ CpegHee @ [lnoxoe

Kotnbl OKBP-2,5-13+-KBP-20-13 Kry. T./Tkan 155 159 165
Kotnbl MTBM-30+ NMTBM-100 | kry. T./lkan | 158 | 160 | 164
Meun TyHHENbHbIE ANst 06Xura Kepammyeckux NAMTOK | Kry. 7./M3 u | 2,0:2,3 | 2,0-2,8 | >3,0
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‘ EonHuua Xopoluee CpepHee [lnoxoe

Koo nepuommeciors aefcruu S oOpaSon XEne: |y | ass | aso | s
nghiﬁ;:lepﬁg_lar)mnomaTepmanos (NMpw cyLike YCnoBHOro [/ M3 | 0.94 | 1,05 1,15
Mony4eHwve vyryHa | kBTxyac/t | 10 | 12 | >15
[Mony4eHnsa cnupTa aTUNOBOro | kBTxuac/t | 1000 | 1200 | >1350
MonyyeHne LuemeHTa | kBTxyvac/T | 90 | 120 | >150
MonyyeHne caxapa-padmHana | kBTxyac/t | 55 | 70 | >90
Mony4eHne aBTOCTEKNA | kBTxuyac/m2 | 32 | 38 | >45

OuyeBMAHO, 4YTO CpaBHEHME MOMyYeHHbIX Ha obcrnegyemMom npeanpuaTUM 3HaAYeHUI (haKTUYEeCKOro
yOernbHOro aHepronoTpebnenns ¢ nmerowmmmuca B 1abn. 2.1 nokasarenammu no3BonuT NPeanonoknTb O
CYLLECTBYIOLLEM HepaLMOHanbHOM MCMOMb30BaHUM 3HEPropecypcoB U o60cHOBaTb NpUHUMaemoe pe-
LLEHNE O NPOBEAEHMN 3HEpProayamTa NepBoro 1 BTOPOro YPOBHSI.

WHorga nogobHbIM cpaBHEHUEM (Tabn. 6) MOXHO BbIACHUTL HEOBX0OUMOCTL NpoBeaeHus aHeproay [MNpu-
BeAeHHble B Tabn. 6 gaHHbIe Noka3biBaloT Lienecoobpa3HOCTb NPOBeAeHMS 3HeproayauTa Nnpon3BoacTBa
TOBapHOro xenesobeToHa, KepPaM3UTOrpaBusl, MEeTanMoOKOHCTPYKLUMIA, NOCKOMbKY YyKa3aHHble B CKoOKax
undpbl COOTBETCTBYIOT (DAKTUYECKUM yOerbHbIM dHeprosaTpataM Ha OAHOM M3 MOCKOBCKMX 3aBOAOB
Xene306eTOHHbIX KOHCTpYKumi [13].

[na nony4yeHusi ykasaHHbIX B Tabn. 6 AaHHbIX Ha cTaguu nNpegayauta onpeaenstoTcs OCHOBHbIE Xapak-
TEPUCTMKM NPEeanpusiTUst - aCCOPTUMEHT BbINyCKaeMon NpoayKumMm, cocTaB noTpebrsieMbix aHepropecyp-
COB, NPON3BOACTBEHHAsS CTPYKTypa, YUCIIEHHOCTb PAGOTHMKOB, COCTAB OCHOBHOIrO 060pyAOBaHUS U 34a-
HWI, pexrMm paboTbl, CTPYKTYpa yNpaBneHusl, CBEAEHUs] O BeNNYMHE COCTaBMsIoLLEN aHepro3aTpar B ce-
6eCcTOMMOCTM BbiNycKkaemMol NPOAYKLUMNA 1 T.4.

Ha aTom aTtane cnepyeT 4YeTko ONpegenuTb AOCTYMHYK WMHAOPMAaLMIO MO 3HEProMCrnoNb30BaHUI0 Ha
NPeanpuUsiTUA, OLLEHUTL CTEMNeHb ee AOCTOBEPHOCTU, BblAENUTb Ty €€ YacTb, KoTopas OyaeT Mcnonb3o-
BaTbCHA B 3Heproayaute. OueHKy OOBLEKTMBHOCTU MoslydaemMor UHdopmaumMm MOXHO MMETb Mocre oc-
MOTpa NPeanpusaThs; 3HaKOMCTBa CO CXEMaMM 3HEProCHaAbXeHWS; 3HaKOMCTBa C CUCTEMaMM y4eTa aHep-
rOPeCcypCcoB U C TEXHONOMMYecknMm cxemamu. MNpu 3ToM criegyeT yKe Ha aTane 3HaKoMcTBa C Npeanpu-
ATVEM BblAensATb Hanboriee 3HepProemMk1e noapasfeneHunsl, TEXHONOorMYeckme LnKbl U Mecta Hambornee
BEPOATHbLIX MOTEPb SHEPrOPECYPCOB, YTO MO3BONUT OOOCHOBATL MEper PYKOBOAUTENAMU NpeanpusTus
Heo6XoAMMOCTb AarbHENLLEro SHeproayauTa.

Tabnuua 6

CpenHerogoBble yaenbHble HOPMbl 3HepropecypcoB 3aBodoB Kb

Pacxop aHeprum

Bua npoaykuum Eaunnubt
AP M3MepeHus AnekTpoaHeprusi, TennoBas 3Hep- Tonnueo
kBTx4yac rmsa, Mkan Kr.y. T.

ToBapHbIN ene3obeToH m> 18,72(40) 0,41 (0,75) —
ToBapHbI 6ETOH | M | 4 | 0,0363 | —
ActhansToGeToH | T | 424 | o033 | —
KepamsuTorpasuii | m° | 13,25 | — | 124,5 (250)
MeTannokoHCTpyKL MK | T | 99,7 (400) | — | —
Bbipa6oTka CxXaToro Bo3ayxa | m> | 0,24 (0,12) | — | —
BeipaboTka Tenna kotensHomn | Mkan | 22,7 (10) | — | 166 (160)
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MpenayauT 3akaHuMBaeTCsl HanMcaHMEeM KpaTKoro oT4yeTa, coaepkallero npeasaputernbHbld aHanus
CTPYKTYpPbl U 3PPeKTUBHOCTM IHEPronoTpebrieHns, a Takke NPOEKT NporpaMMbl MPOBEAEHUS YIyGneH-
HOro 3HeproayauTa.

OHeproayauT NepBoro YpoBHA MMEET Lenu: onpeaenutb CTPYKTYpPY SHeprosaTpaTt u CTPYKTYpy SHepro-
NCMNOMb30BaHWs; onNpeaenuTb 1 ybeanTenbHO NokasaTb PYKOBOACTBY NPeAnpuSTUSA MOTeHUMan dHepro-
cbepexeHus; BbIBUTb y4acTKW, e HepaumoHanbHO UM pacTouMTENbHO PacxodylTCa SHEPropecypchl;
paccTaBuTb nNpuopuTeThl Oyayuien paboTbl; BbISBUTE M AOKa3aTb PyKOBOACTBY NPeAnpusaTus Lenecoob-
pasHOCTb NpoBeaeHus yrinybneHHoro obcnenoBaHus.

OHeproayauT nNepBoro ypoBHs. B COOTBETCTBMM C yKka3aHHbIMY Bbille LensMu 1 3agadvammn sHeproayauta
NnepBOro ypoBHA criefyeT YCTaHOBUTb (PakTUYECKMN U pacyeTHbI TOMMMBHO-3HepreTnyeckni 6anaHc
opraHmsaumu. VICTOYHMKamMn nepBUYHON MHAOPMaLMK, NO3BONSIOWMMU YCTAHOBUTL (PakTUYECKUIn Tor-
NMBHO-3HepreTuyecknii 6anaHc, MoryT ObiTb: MHTEPBbLIO M aHKETUPOBaHME PYKOBOACTBA U TEXHWYECKOro
nepcoHana; Cxembl 3HEProcHabXeHnsA 1 y4yeTa 3HepropecypcoB; OTHETHAA AOKyMEHTaUMs No KOMMepYe-
CKOMY M TEXHWYECKOMY y4yeTy SHepropecypcoB; cyeTa OT MOCTaBLUMKOB 3HEPropecypcoB; CYyTOUHbIEe, He-
AenbHble N MecsAYHble rpaduknM Harpysku; AaHHble No 06bemy Npon3BedeHHON NPOAYKUMMK, LieHaM U1 Ta-
pudam; TexHMYeckas AOKYMEHTaLUms Ha TEXHONOrMYeckoe M BCnomoraTernsHoe obopyaoBaHme (TeXHOMo-
rmyeckne cxembl, cneumduKalun, pexxumHble KapTbl, pernameHTbl U T.4.); OTYeTHas AOKyMeHTauus no
PEMOHTHbIM, HanadoYHbIM, MCMbITaTeNbHbIM U 3HeprocbeperaowyMm MeponpuUATUAM; NepPCrnekTUBHbIE
nporpammbl, TOO, NpoekTHas AOKyMeHTaums Ha niobble TEXHOMOrMYecKMe 1 opraHn3aumMoHHbIE ycoBep-
LLEHCTBOBAHMS, yTBEPXAEHHbIE NNaHoOM pa3BuTus npeanpuatus [13].

MpeanpuaTve OOMKHO NPefoCTaBUTb AN paboTbl BCIO UMEIOLLYIOCA AOKYMEHTanbHy0 UHGOpMaLuo He
MeHee YeM 3a Tak HasbiBaeMbli 6a30BbIN 1 TeKyLLMA roabl No MecsAuam. [Noa 6a3oBbIM rogomM nogpasy-
MeBatoT 12 mMecsaueB rofa, npeaLllecTByloLero rogy nposefeHus obcnegosanus. Npu atom obcnepye-
MOe npeanpuaTue oTBevaeT 3a JOCTOBEPHOCTb NPefoCTaBeHHON nHopmaLlmn.

MprMepPoM KapTuHbLI NOTPEGEHNST 3HEPTOPECYPCOB MOTYT CIY>KWUTb AaHHble Tabn. 7.

NHgpopmaumio o6 aHepronoTpeGneHny npyu yCTaHOBMEHUN NMPUOPUTETHOCTU obcredoBaHusl noTpebne-
HME TeX UMM UHbIX 3HEproHocuTenen criegyeT NPeACcTaBnATb B BUAe, NpMBeeHHOM B Tabn. 8 .

Tabnuua 7
CBepneHus o noTpebneHnmn aHeproHocuTenen obcnegyemoro npeanpustus B 1998-1999 r.r.

MNotpebneHue | MoTpe6bneHue

MoTpe6neHue aneKTpo- cxXaToro Bo3ay- Tennonotpe6n Boponotpe6-

lNoa, mecsay rasa, 3Heprum, xa, eHue, NneHwue,
MJTH. M3 MAH. KBTxuac I Tbic. [kan Tbic. M3

1 22,887 42,643 20,109 209,323 134,912

2 | 21379 | 3219 | 18718 | 183131 | 122614

3 | 22315 | 38623 | 20084 | 182774 | 13269

4 | 21416 | 30107 | 17796 | 180763 | 126368

5 | 15218 | 43985 | 1686 | 159930 | 125107

6 | 12250 | 41170 | 16528 | 132002 | 11008

7 | 12272 | s7es2 | 177a2 | 124831 | 115514

8 | 15038 | 43sso | 18727 | 1set4s | 121423

9 | 15811 | 4313y | 18332 | s7e49 | 116122

10 | 18964 | se911 | 19012 | 60262 | 119730

11 | 22313 | 42012 | 18200 | 184763 | 119807

12 | 24587 | 44033 | 19831 | 203167 | 110784
Beeroza1998r. | 224450 | 480049 | 222052 | 2034752 | 1455997
1 | 26035 | 4ss80 | 19281 | 219285 | 113210
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2 | 22488 | 30131 | 17332 | 185376 | 100238

3 | 22870 | 45130 | 18er2 | 19044 | 116219

4 | 17450 | 4421 | 17006 | 174454 | 11062

Beerosadmec1999r | 85743 | 74671 | 73191 | 777150 | 448838
Tabnuua 8

[NoTpebneHne 3HepropecypcoB U Nx CTOUMOCTb

%

OHepro

OHepropecypc '_ MoTpebneHue cro‘aq)'z;:;. 33:::_?;“( 3:|:V;I)- C::;'_w:;g”
SneKTposHeprUs kBrxu. | 97514400 | 0,0036 | 351052 | 357 | 24758010 | 63,7 | 70.05
MpMpOAHBIi ra3 | M3 | 1832900 | 0,0382 | 70017 | 7.1 | 1030090| 27 | 10.47
Ansenvoe Tonnmeo | n | 2692000 | 00401 | 107985 | 11,0 | 4739500 | 122 | 40.39
MasyT | n | sssassoo | 00411 | 3528835 | 350 | 0007870 | 154 | 1070
Cxwvenwiiras | « | 286100 | 00495 | 14162 | 14 | 702000 | 18 | 4096
Kokc | « | 3038600 |o02875| s73c0 | 89 | 1619570 42 | 1085
BCEFO | | | | 983411 | 100,0 | 388509040 [ 100,0 |

opoBoe noTpebneHne pasnUyYHbIX SHEPropeCYPCOB MMMNOTETUYECKOTO NPEeAnpUaTUS NPUBOASAT K €ANHOMN
eavHuLe namepeHusd, Hanpumep, Nk, T.y.T. n 1.0.

Tabnuvua nokasbiBaeT He TOMbKO [0MeBoe NOTpebneHne pasnuyHbiX 3HEPropecypcoB Ha NPeanpuUaATUn,
HO 1 (OUHaHCOBbIE 3aTpaThl HA HUX.

MOXHO 3aMeTUTb, YTO B TO BpeMsl kak Ma3yT gaet novtn 36% Tpebyemown aHeprum, ero CTOMMOCTb CO-
ctaBnseT Bcero 15,4%. Takon e ypoBeHb NMOTPeObneHNst aNeKTPO3HEPTMN COOTBETCTBYET 64% obLwen
CTOMMOCTW.

B kauyecTBe uLenel aHeproayauMTa BTOPOro YPOBHS MOXHO Ha3BaTb: HaxoXAeHNe BO3MOXHOCTE BHeape-
HMs1 aHeprocbeperaroLmnx NPOEKTOB; OLEHKY UX TEXHMUKO-3KOHOMMYECKYH 3P(heKTUBHOCTb; 00beanHeHne
B OOHY CUCTEMY pEeKOMeHAaUWi U TEXHUYECKUX PELUeHWI MO pauMoHaribHOMY 3HEpPronosib3oBaHUIO U
aHeprocbepexeHnto; cosaaHne nNpeanockku Afsi NOArOTOBKM AONTOBPEMEHHOIO KOMMIIEKCHOMO NiiaHa
peanusauum sHeprocbepexeHnst Ha NpeanpusaTUn.

Mpu npoBeaeHMM pasnuyHbIX NO rMybuHe BMOOB 3HeproayauTa CyLleCTBEHHOE 3HaYeHue Hapsgy C Tex-
HU4eckuMm obcrnefoBaHNEM LOMKEH 3aHMMaTb U PUHAHCOBLIN ayauT, OCYLLECTBASIEMbIN NPUBMNEKaEMbI-
MU K NpoBepke cneumanuctamu. 1o HeoBXoauMO, MOCKOMbKY pe3ynbTaTtoM o6crneaoBaHUs AOMKHbI
ObITb peKoMeHaaUun Kak TEXHUYECKOro, Tak 1 (OUHAHCOBO-3KOHOMMYECKOrO XapakTepa.

YrnybneHHbI aHeproayauT (3HeproayamT BTOPOro ypoBHsl). Ha aTon ctagumn obcnepoBaHusi Heobxoau-
Mo cobpaTb criegylolmne cBeeHns:

¢ O BbIMyCKE OCHOBHOW W [OMOMHUTENbHOW MPOAYKUMM MPEANPUSTUEM, O HaNMYuM SHEepPreTUHecKoro
nacrnopTa, Hanmu4nM OpraHN3aLMOHHO-TEXHUYECKNX MEPOMPUSATUIA MO SKOHOMUM SHEPrOPECYPCOB;

¢ 00 aHepronoTpebnenunn, tTapmudax M (pMHaAHCOBLIX 3aTpaTtax Ha JHEPropecypchbl (SMNEKTPOIHepPrus,
TEnnoaHeprus, TONAMBO, BoAa, CKaTbIi BO34YX, CKaTbl a30T, XONOA);

¢ 06 y4yéte noTpebreHns sHepropecypcos;

¢ 00 uctouHukax sHeprocHabxeHuss n napameTpax asHeproHocutenewn (MM, TrM, T3OL, kotenbHas,
KOMMNPECCOPHbIE N XONOAUIbHbIE YCTaHOBKM)

¢ O KOMMYHUKaUMAX NpeanpuaTud;
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¢ 00 ycTaHOBMNEHHOW MOLLHOCTMW 3M1EKTPOYCTaHOBOK MO HanpaBfeHNsiM MCNONb30BaHNS;
4 O TEXHONOrMYEeCcKOM TenmonoTpebnsoem obopyaoBaHuK;

4 0 TEXHOJSIOrMYECKOM TOMMMBOMOTPEONAOLEM 060PYA0BaAHNN;

¢ 00 uctoyHnkax BOP;

¢ 0 cucteme cbopa v Bo3BpaTa KOHAEHcaTa;

¢ 0 XonoaurbHOM 060pyaoBaHUK;

¢ 0 KOMMNpeccopHoM 06opyaoBaHMM (CXKaTbI BO34YX, a30T);

+ o nopgorpeBaTensx, [BC, otonneHus;

¢ O MPUTOYHO-BBITSHPKHOWN BEHTUNALNM;

4 0 cucTeMax OTOMMEHMS 30aHUIN, COOPY>KEHUI, NPEAnpPUATUR;

¢ O Ccuctemax ropda4yero m xosnogHoro BOOOCHAOXEeHNs, 0 KOnM4ecTBe OyuweBblX CETOK U Bop,opa360p-
HbIX KPDaHOB;

¢ O cuCTeME OCBELLEHMS, dNEeKTPONPUEMHMKAX 3AaHNSA, COOPYXEHNS;
¢ 06 ygenbHbIx pacxogax TOP Ha Bbinyckaemyto NpogyKuuio;

¢ O TeXHUYEeCKOM COCTOAHWUN 3HEepreTnveckoro 060py,D,OBaHI/I‘i|, ypoBHE aBTOMaTu3aunn pa6OTbI Toro
060py,D,OBaHI/I$-|, Hann4inm TtexHUn4eCKnx nacnopTtoB, npoBeaeHUn 0©anaHCcoBbIX WCMbITAHUA W KOH-
TPOJ1bHbIX 3aMepoOB.

Mo KaXXaomy pasgerny 3anosiHAKTCA COOTBETCTBYHOLLne Tabnuupl.

[na peanusaumm Ueneii aHeproayauTa BTOPOro YPOBHS criedyeT AaTbh KONMYECTBEHHYIO U KAaYeCTBEHHYIO
OLIEHKY COCTOSIHUSI (DAaKTUYECKOrO 3HEProMCroNib30BaHMs BCEX BUAOB 3HEPrOPECYPCOB M PACYETHBIM My-
TEM onpeaenuTb pacyeTHO-HOpMaTUBHOE NOTPeGeHne aHepropecypcoB. PasHuua dakTnyeckoro u pac-
YeTHO-HOPMAaTMBHOIO MOTPEGNEHNs] IHEPrUM COCTABMT OCHOBHYIO BENIMYMHY pe3epBa 3KOHOMWM 3HEpro-
pecypcoB. cnonb3oBaHue ANs NOKPbITUS SHEPTeTUYECKUX Harpy3oK BTOPUYHBIX 3HEPreTUYECKMX pecyp-
COB YBEMUYUT pe3epB 3KOHOMUMN IHEPTMU. AHANM3 TOMSIMBHO-3HEPreTUYECcKoro HGanaHca NPOMbILLIIEHHbIX
NpeanpusiTUA U COCTaBIIEHWE Hay4YHO-O0GOCHOBAHHOMO TOMMMBHO-3HEPreTMYecKoro GanaHca 4acto mno-
3BONSAIOT BbIABUTL 3HAYMTENbHbIE Pe3epBbl SKOHOMUM SHEPTUN.

MoMMMO yKa3aHHbIX BUOOB 3Heproayauta ocoboe MecTo 3aHMMAaeT Tak HasblBAEMbIA MHCTPYMEHTAlb-
HbI ayauT.

Mop nHcTpymeHTaneHbIM ayamtom (MA) cornacHo [12] noHumMatroT obcnegoBaHme oObekTa UM ero vac-
TeW, BbIMNOSIHAEMOe KBanuduuMpoBaHHbIMK (MOATOTOBEHHBIMW, UMEOLWNMY NINLEH3NI0 Ha NpaBo Npo-
BEAEHWA 3HepreTnyecknx obcnenoBaHnin) He3aBNCMMbIMK CrneumanucTammn, ¢ NOMOLLBIO cepTudunumpo-
BaHHbIX N MOBEPEHHbIX UHCTPYMEHTOB (CPeACTB M3MEPEHUI, Kak NpaBuo, aBTOHOMHbIX), KOTOpoe nMeeT
Lenbio nonyyeHne AOCTOBEPHOW MHpopMauun o noTpebneHmn pecypcos, napameTpax COCTOsAHUSA 06o-
pyooBaHUSA M KOMMYHUKaUM 0bbekTa, obbeMax M kavecTBe BblpabaTbiBaeMblXx MNPOAYKTOB, CTENEHU
NCMNOMb30BaHNS OTXO40B.

WHcTpymeHTanbHoe obenegoBaHue (MIA) npumeHsaeTcs Ansg BOCNONMHEHUSA OTCYTCTBYOLWEN Hdopmaumu,
KoTopas Heobxoauma Ans OLeHKM 3PEKTUBHOCTU SHEPIOMCTIONb30BaHNSA, HO HE MOXET ObITb Mony4eHa
13 JOKYMEHTOB UNW BbI3blBaET COMHEHUE B JOCTOBEPHOCTMU.

B uncne 3apay, pewwaembix ¢ nomoLbo MA MOXHO Ha3BaTb: onpeaerneHne Konmy4eCcTBEHHbIX 3HAaYEHNI 1
KadecTBa NoTpebnsembiX pecypcoB (B 4acTHOCTU - 3HEProHocUTENeN, BoAbl U T.4.) KaK B CTATUYECKUX
MoZensx, Tak U B AUHAMUYECKMX; OMArHOCTMKA U MOHWUTOPUHI NapameTpPoB COCTOSIHUSI 0bopydoBaHUs
o6bekTa npombILLneHHoro npeanpusTna unm XXKX; onpeaeneHne KONMYECTBEHHbLIX 3HAYEHWI U KavecTBa
BblpabaTbiBaeMbIx NPOAYKTOB (B YACTHOCTU TakMX, KOTOPbIE MOTMYT BbICTYNaTb B POSN BTOPUYHbBIX pecyp-
COB) M OLIEHKA KONMYecTBa 1 cTeneHn (KayecTsa) yTunmsaumm OTXOAO0B.

K 3agayam VA oTHOCATCS M aKcnpecc-usMepeHns (Mnv OgHOKpaTHbIe U3MEPEHUS) - OTAENbHbIE pa3oBble
3agayun nonyyeHns o6beKTMBHON MHGOPMaLMKM O NapameTpax COCTOAHMSA obbekTa.
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OpHoKpaTHble M3MepeHust - Haubornee NPOCTO BUA U3MEPEHUIA, NMPU KOTOPOM UCCreayeTcs aHeproad-
(heKTUBHOCTb OTAENbHOro o6bekTa npu paboTe B onpedeneHHOM pexume. [prMepomM MOXET CIyXWUTb
namepenue KM kotna, obcnegoBaHne HacOCOB, BEHTUIATOPOB, KOMMPECCOPOB U T.4. ONA 0fHOKPaTHbIX
N3MepeHUin JocTaTodeH MUHUMArbHBIA Habop M3MepUTenbHbIX MPUBOPOB, OcHAaLLleHWe KOTOPbIX 3anuchbl-
BalOLLMMK YCTPOWCTBaMMU He 0ba3aTenbHO.

B 3aBmcmMMOCTM OT nocTaBneHHbIX 3agad, cneundukn obbekTa, BblaeneHHbIX PUHAHCOBbBIX CPEACTB, Bbl-
fupatoTcs nogxodbl K BeinonHeHnto NA. Ecnu ctaBuTcs 3agada KOpOTKOro pa3oBoro MHCTPYMEHTAaIbHOMO
obcnepoBaHusa (IKCMPECC-M3MEPEHUIN), TO NpU 3TOM OBBIYHO MCMOMb3YITCA CTaTUyYeckne Mogenu npo-
LLEeCCOB U BbIMOJIHAKTCA, KaK NpaBuo OAHOKpPaTHbIe NpAMble UM KOCBEHHbIE N3MEepPEeHUA. Takon MeTo[
NA MHOrga Has3blBakOT ,IJ,I/IaFHOCTI/IKOVI B OTInn4Me OT MOHUTOPUHra, B KOTOPOM MUCNOJb3YHTCA YyXe AUNHa-
MUYeCKMe MOLEenu OoOBLEKTOB U TpebyeTcsa onpefenutb NOBEAEHUE UCCNEOYEMbIX BEMUYUH B TEYEHUE
[OCTaTOYHO ANUTENbHOrO BpeMeHU (Hanpumep, B TeYeHne Heaenu).

B npouecce VA NpoMbILLIIEHHBIX NPEANPUATUN U OTAEMNbHbBIX €0 06BEKTOB BO3HWKAET HEOOXOOUMOCTL B
N3MEPEHUN: CTaTUYECKMX (OQHOKpATHbIE) N OUHAMUYECKUX (ONUTENbHAsA PerncTpaumsi) KOHTaKTHbIX W
DECKOHTaKTHbIX M3MEPEHUI TeMnepaTypbl; CTaTUYECKMX (OAHOKPaTHbIE) U AMHAMUYECKUX (AnMTenbHas
perucTpaumsi) U3MepeHun pacxoa XugkocTun; CTaTUYECKMX (OOHOKpaTHbIE) U3MEPEHMIN BNAXXHOCTU, TEM-
nepaTypbl, CKOPOCTV BO34YLUHOIO MOTOKAa, AaBNEHMWs, OCBELLEHHOCTU Kak BHYTPM NOMELLEHWUA, TakK U CHa-
py>XW; aHanu3a cocTaBa ras3oB [Afis OLEHKM MpoueccoB ropenus, oueHkn KIO kotna u onpepeneHus
yOenbHbIX HOPM pacxoga Tonnmea Ha BelpaboTky 1 kan Tenna u 1.4.

B 3agauy onutenbHbIX U3MEPEHUI MOTyT BXOAMTb: PerucTpaums YacoBbIX, CYTOYHbIX, HeAeNbHbIX rpa-
PUKOB Harpyskm ogHO- 1 TpexdasHbIX ANEKTPUYECKMX CETEN (aKTUBHOM U PEAKTUBHOW MOLLHOCTW N 3Hep-
ru); oLeHKa OCHOBHbIX MokKasaTenen kavyecTBa 3NEKTPOIHEPrun; permcTpaums MycKoBbIX napameTpoB
3MeKTponpmMBoAa U CKOPOCTN 06OPOTOB; rPadIMKOB Harpy3oK, CUMMETPUN Harpysku cas; npoBepka napa-
METPOB 3EKTPUYECKON U30NALNM M 3a3EMMEHUSA; MHOTOKaHarnbHasi permcTpauuns CyTOYHbIX U HedemnbHbIX
rpadmkoB TemnepaTtypbl, BNaXHOCTU, pacxoaa >XMAKOCTEN W rasoBs; OLEHKa COCTOAHUSA TennoTpacc, no-
UCK AedbeKToB, MecCT yTeuek, onpeaefnieHne Kayectsa usonsaumu 1.4.

BeinonHeHne WA npoxoguT B o6LeM criydyae B HeCKONbko 3TanoB [12]: aHanun3 3agad obcnefoBaHus;
BbIOOP M3MEPUTENBHOIO M KOMMbIOTEPHOIO 060pPYyA0BaHMS MO (OYHKLMOHANbHBIM BO3MOXHOCTSAM, METPO-
NOTMYECKMM W SKCMITyaTaUMOHHbIM XapaKTepucTMkaMm; BblOOp KOMNeKTMBa CrneLManvMcToB WUHCTPYMEH-
TanbHOro ayguta (MnvM nogrotoBka COGCTBEHHOW Opuragbl); MOArOTOBKA SKCMEPUMEHTOB; BbIMOMHEHNE
aKkcnepumMmeHTOoB; obpaboTka u NpeacTaBneHe pesynbLTaTos.

5.3. MHcTpyMeHTanbHbIN 3HeproayanT

Mpubopbl Ans aHeproayauTa

MaTemaTnyecku TennoBas SHeprus M3MeHSIoLLEerocs TEennoBOro MoToka TennoHocuUTens, npolleallas
Yyepes TpybonpoBoa 3a onpeneneHHbIn MHTepBarn BpeMeHu, B 06LLEeM criydyae MoXeT ObiTb NpeacTase-
Ha, KaK

Q= tJlmhdt = TVhdt

to to

roe m - MaccoBbIn pacxoa TenrOHOCUTENA, V - 06beMHbIN pacxoa TenrnoHOCUTENA, h - aHTanbnua Ten-
noHocurtens, to n ty - MOMEHTbI BpeMeHH, COOTBETCTBYOLME HAYalny U OKOHYaHUIKO M3mepeHm71.

OHTanbnusA sBnaeTca yHKUMen TemnepaTypbl U AaBneHus TennoHocutens. Takum obpasom, Tennosas
3Heprys 3aBUCUT OT TEKYLLMX NapaMmeTpoB TenroHocuTensi (MaccoBoro pacxoga, Temnepartypbl U aaBne-
HVS1) U VHTepBana BPeMEHU, B TeYEeHME KOTOPOro NPOBOASTCS 3MEPEHUs. YpaBHEHNE U3MEPEHUI Ten-
NOBOWA 3HEPrN MpY peanu3auuv B CPeACcTBax M3MepPeHuin, MeToankax BbIMOSIHEHUSI U3MEPEHUiA Npeos-
pasytoT, 3aMeHsisi MHTerpan KOHeYHbIMY CYMMaMM, a SHTaNbMUIO U MITOTHOCTL TEMNSIOHOCUTENS BblpakatoT
Yyepes COOTBETCTBYHOLLME YPaBHEHUS COCTOSIHUS.

Q=Gh
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roe Qi-TennoBasi aHeprusi, COOTBETCTBYOLLAsA i-OMy WHTepBany BpemeHu, Gi-macca TennoHocutens,
npoweawero Yepes Tpybonposog 3a i- uHTepBan BpeMeHu, hi-sHTanbnusa TennoHocuTensi, COOTBETCT-
BYtOLLLAS i-OMY WUHTEpBany BPEMEHM, N-KONMMYECTBO MHTEPBASIOB BPEMEHU M3MepeHus. [orpelHocTb 13-
MEpEeHWIN B pe3ynbTaTe 3aMeHbl MHTerpana CyMmown ykasblBaeTcs B nacrnopTe npubopa unu npuBoantcs
B METOAMKE BbINOSIHEHNST U3MEPEHUIA. BblUMCNNTENBHBIV anropuTM, 3anoXeHHbIN B Npnbop, LOMKEH Co-
OTBETCTBOBATb CXeMe MOoAKMYeHus noTpedbutensa n obssaTtenbHO COOTBETCTBOBATHL [lpaBunam ydyeta
TENI0BOW aHEprnn.

YHuBepcanbHbIM ypaBHEHMEM pacyeTa noTpebneHHOW TENNOBON 3HEPrMM, KOTOPOE OOMKHO pPeanv3oBbl-
BaTbCs B CUCTEME y4yeTa TEMMOBON IHEPTUN, ABMAETCA CreayoLLee:

Q=G1(h1 _th)_G2(h2 _th)’

roe G, - pacxod TennoHocuTens no nogarowemMy Tpybonposoay, hy - aHTanbNUA TennoHocutens B no-
Jdatowem Tpy6onposoae, G, - pacxoq TennoHocuTens B o6paTHOM TpybonpoBoae, h, - aHTanbnus Ten-
noHocutens B obpatHom TpybonpoBoae, hgy - 3HTanNbNUs XONOAHOro TEMNOHOCUTENS, NMOCTyNaloLLero B
cucTemy.

YpaBHeHNe Ha3BaHO yHMBEepcanbHbIM NMOTOMY, YTO MPUMEHNMO KaK ANSA 3aKpbIThIX, TaK U AN OTKPbITbIX
cuctem TennocHabxeHusi. CxeMa 1 anroputMm M3mepeHns noboro TennocyeTymKka A0MKHbI peanv3oBbl-
BaTb YHMBepcarnbHoe ypaBHeHue. [Ing aToro Ha npsiMoM 1 obpaTHOM TpybonpoBodax M3MepsioTcs mac-
COBble pacxofbl, TeMMepaTypbl U AaBneHusi TenroHocuTenen. ANropuTM pacdeTa COAepPXUT onpeaerne-
HMEe 3HTanbNUM (UK NAOTHOCTU) ANSt KAXAOro NMoToka Mo U3MEPEHHLIM TemnepaTypaM U AaBreHUsIM U
BbIYUCMEHNIO PA3HOCTU B KaXObl MOMEHT BPEMEHW, B KOTOPLIN PEFMCTPUPYHOTCS TEKYLLIME NapameTpbl, U
BblYMCHIsieTCst NOTpebrisiemas Tennosasi MOLLHOCTb.

Knaccudukaumsa tennoc4eT4MKoB

Mo 3anoXeHHOMY B KOHCTPYKUMIO y3ra y4YeTa anroputMy BbIYMCIEHUS CnedyeT pasnuyaTb KOMMSEKTb,
npegHasHadeHHble Ans paboTbl TONMbKO B 3aKPbITbIX CUCTEMAX M YHUBEpcanbHble, KOTppble OyayT npa-
BUIMbHO paboTaTb Kak B 3aKpbITbIX, TaKk B OTKPbLITbIX cMCTEMax. 3a pyGekoM pacrnpocTpaHeHbl TONbKO 3a-
KpbiTble (B TOM 4uCle U MHOMBUAYanbHbIE) CUCTEMbI TennonoTpebneHus. Mo3aTomy npakTU4ecku Bce
npubopbl yyeTa BbiMyckaeMble 3anagHbIMM oupMamn npegHasHaveHbl Ansi paboTbl B 3aKpbITbIX CUCTE-
Max TennonoTpebnenus.

Opyras knaccudukaumsi TENSIOCHETYMKOB - MO TUMy NPUMOOPOB, U3MEPSIIOLLUMX PacXOdbl U BXOASLMX B
KOMMMEKT TennocyeTynka. Mo npuHLMNYy eNCTBUA pasnuyatoT pacxogoMephbl:

1) Ha cyxatowem ycTponcTee (guadparma, conno, Tpy6a BeHTypn)

2) poTauMoHHble (KpblfibyaTble) pacxogomepbl

)
)
3) anekTpomMarHuTHble
4) ynbTpasByKoBble

)

5) wapukoBble pacxogomephl
6) BuxpeBble.

MMepBbIi TMN TEMMOCYETYNKOB METoANYECKM Hambonee oTpaboTaH M MPUMEHSIETCS B Te4YeHMe OTHOCU-
TeNnbHO ANMTENbHOro BpemeHn. K HegocTaTky crieqyeT OTHECTU UX OTHOCUTENBHYIO CITOXHOCTb U Hanu-
yme BMOJTHE OMNPEeAENieHHOro rmapaBnNMYeCcKoro CONpPOTUBIIEHUS, YMEHbLUAIOLLErO pacrnonaraemMbiin nepe-
nag OaeBneHust B cucteme TennonoTtpebneHus. He Be3ge BO3MOXHO MPUMEHEHME TaKoro Tuna Tenso-
cyeTymka 6e3 orpaHMyeHNst KayecTBa TennocHabKeHns.

BTopol Tvn TennocyeTYNKOB OCHOBAH Ha POTALMOHHOM NpuHUMNe 1 TpebyeT rapaHTUPOBAHHOIO KavyecT-
Ba TENIOHOCUTENS MO YNCTOTE OT B3BECEN U BPeOHbIX UMK arpeCcCUBHbIX MPUMECEN.

Tennoc4yeTumKkM, OCHOBaHHLIE Ha ANEKTPOMarHMTHOM npuHUuMne namMepeHusa pacxona YyBCTBUTEIbHbI K
coaepXaHu XeJlie300KUCHbIX OTNOXEHUN B pr6onpoaop,ax. B ycnosuax Poccumn pacnpocTpaHeHbl cuc-
Te€Mbl CO CTallbHbIMU pr6OI'IpOBO,D,aMI/I N CTalribHbIMU OTOMUTENIbHbIMW r|p|/|6opaMM. Camun cucrembl nme-
0T HEeYyAOBNEeTBOPUTESIbHbIE NOKa3aTesiM Nno coaepXaHunto BO3ayxXa (I/I chnopop,a) B LI,VIpKyJ'II/IpyIOLLI,eVI B
cucremMax soge.
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MeTpOJ'IOFI/I‘-IeCKI/I Hanbonee NepcCrneKkTnBHbI YyNbTPa3BYKOBbIE pacxogoMepbl B COCTaBe TEMJ10CHEeTHYMKOB.
CyLIJ,eCTBeHHbIM npenmMmyulecTtBOM 3JIEKTPOMArHUTHbIX U yINbTPa3BYKOBbIX npeo6pasoBaTenel7| AaBJieHnA
ABNAETCA TO, YHTO OHU HE NPeacTaBIIAOT rMapaBSIM4ECKOro COnpoTUBIIEHNA.

LWapukoBble pacxogoMepbl 065aaalT JOCTAaTOYHON TOYHOCTbLIO Y MPOCTOTOM KOHCTPYKLUMK. Kpome Toro,
OHM He NPeabsBMSIOT KECTKMX TPeGOBaHUIA K Ka4ecTBY TENNoHocuTens (BOAbl).

MoaBoast utorm K BbibOopy TuNa npeobpasoBaTtens LaBMEHUS B COCTABE KOMMIIEKTA AN U3MEPEHUST KO-
nu4yecTBa TENJIOBOW 3HEPrnM CriefyeT OTMETUTb, YTO Hanbonee npopaboTaHHbIMM B METOANYECKOM Ma-
He 1 OOCTOBEPHLIMM B CBOEM [Mana3oHe M3MEepPEHU SBNSATCS TEMMOCHETYNKN UCMONb3yowmne Tpaau-
LMOHHBIA METOA M3MEpEeHUs nepenaga AaBfeHus Ha cyxatowem ycTponcTtee (Hanpumep, CIT-920,
CIT-941, CI1T-960). Ero Hanagka v akcnnyaTtauusa TpebyeTt onpeaeneHHon NOAroToBKM NoSb3oBaTens.
Mpubopkl, OCHOBaHHbIE Ha APYIMX MPUHLUMNAX M3MEPEHUS OABMEHUSA: BUXPEBOM, 3NIEKTPOMArHUTHOM U
yNbTpa3ByKOBOM WMMEKT Psifi YKa3aHHbIX NPEMMYLLECTB, HO U 00nagalT MHOMBMAYaNbHBIMU CriabbiMu
CTOpoHaMu. Hanpumep, anekTpoMarHUTHbIe OAaTYMKM HYyBCTBUTESNbHbI K COAEPXaHUIO COEAMHEHWI Xene-
3a B BoJe, ybTPa3ByKOBbIE PAacX04OMEPbl YyBCTBUTENbHbI K TBEPALIM B3BECAM U ra30BbIM BKITHOYEHUSAM,
Yy pacxo4oOMepoB TUMa BEPTYLUEK HEHAAEXHA MexaHu4eckas 4acTb.

Mpw BbIGOPE TENIOCYETUMKA BaXKHO YOEAMTLCS, YTO 3a5I0KEHHbIV B HEM BbIYMCIIUTENbHBIN arropuTM Co-
OTBETCTBYET CXeMe noAknoyeHns notpebutens. Kpome Toro cnepyet obpaliate BHUMaHve Ha TpeboBa-
HMS aTYMKOB K KayecTBY BOAbl, 3TO 06ecneunt HagexHyto paboTy gaTyuka B Te4YeHve BCcero nepuoaa
akcnnyartaumn. Mpubopsl, paccynTaHHbIE HA MAcCOBOro NoOMb30BaTenNs A0MKHbI GbiTh MPOCTLI B SKCMMya-
TauUMKU U OOCTYMHbI ANA 06CNyXUBaHUS.

[ocTaTtoyHO XOpOLIO M3BECTHO OKOMO OEeCATU YNbTPa3BYKOBbIX MOPTATUBHbLIX PACXOOOMEPOB, UCMOSb-
3ylOLLMX B Ka4yecTBe NepBMYHOro npeobpasoBaTens Nbe3oanekTpuieckme agatyvku, paboTtatwowme B ynbT-
pa3BykoBoM auanasoHe. Hanpumep, Portoflow -300 MK-IIR (cpmpmbl Mikronics, Benukobputanus), UFM-
600 (pmnpmbl KROHKE, MepmaHus), UDM-100 (cpupmbl Seba Dinatronic, NepmaHusa), DDF-3088 (cupmbl
Peek Measurement, CLUA), OHenp-7 (Poccus).

MpuHUMN M3mMepeHnsa pacxoga OCHOBaH Ha 6a30BOM MOHATUM 3XONOKaLum NoToka. M3BecTHO, Y4To Bpems
pacnpocTpaHeHMs aKyCTUYECKUX BOSH BOOSb TEYEHNS XXUOKOCTM MeHbLLE BPEMEHWN NX PaAcnpOCTPaHeHNs
NPOTUB TEYEHUS U MEeHblUe BPEeMEHW PacrnpoCTPaHEeHWs BOMH B HENOABWXHOW Xuakoctu. Pacxogomep
COCTOMUT M3 reHepaTtopa ynbTPa3BYKOBbIX MMMYNbCOB, U3NyYaTens CMrHanos, MPUEMHUKa CUrHanosB, de-
TEeKTopa U U3MepuTensa BpeMeHHbIX UHTepBasioB. ['eHepaTop hopMUpyeT KOPOTKUIN yrbTPa3BYKOBOW UM-
nynbC, KOTOPbLIN OAHOBPEMEHHO 3anyckaeT M3mepuTenb BPeMeHHbIX UHTepBanos. Nanyyatens Hanpas-
nseT chopMMPOBaAHHbLIV UMMYNBbC BAOMb M3MePSeMOoro notoka. MNpuemHuK ynaesnmBaeT 3XO-UMMNynbC U
OCTaHaBnuBaeT U3MepuUTenb BpeMeEHHbIX MHTepBanoB. Mamepsaemas 3agepxka d; 9xo-MMmnynbca obpaTHo
nponopuMoHarnbHa CKopocTu V MoToKa XuAKoCcT B Tpybe. 3Has CKOpOCTb 3Byka B U3MepsieMol cpefe,
nnowagps ceyeHus Tpybol S M NNOTHOCTL Cpedbl p, MOXHO BbIMUCNINTL OOBEMHbBIA U MacCoBbIA Pacxoa
TennoHocuTenNs.

L=V-S-dt, roeV 1/dt-o6bemHbIn pacxon
G=p-V-S-dt - maccosbin pacxop

Pacxogomep PortoFlow-300 npegHasHayeH ans U3MepeHns CKOPOCTU OBWKEHMUS XMOKOCTM MO LUMHA-
puyeckuMm TpybonpoBogam M O0GBHLEMHOrO pacxoga MeTOAOM, OCHOBAHHBIM Ha PerncTpaumm pasHuubl
BPEMEHN MPOXOXAEHMS YyNbTPA3BYKOBOrO CurHarma no noTOKy XWOKOCTU M NpOoTMB ee aBwkeHus. [Mpe-
MMYLLIECTBO 3TOro npmbopa sBNAeTCs To, YTO U3MEPEHUA MOTYT NMPOBOAUTLCS Ha TpybonpoBogax, U3ro-
TOBIEHHbIX M3 MOBOro maTepmana u npakTuyecku nodoro anamertpa. [na namepeHusa HeT HeobxogmMmo-
CTM BBOOUTb C NOMOLLIbIO BPE3KU NEPBUYHBIX NpeobpasoBaTtenen (M3nyyatenen n NpUeMHNKOB CUrHanoB)
B TpybonpoBoa, Tak kak AaTYMKM HaKNaablBalOTCA Ha HapYXHY0 MOBEPXHOCTb.

Pacxopomep DDF-3088 npegHasHayeH OnNs U3MepeHUst CpedHer MO CeYEHUI0 CKOPOCTU ABUXKEHUS U
06bEMHOro pacxofa TEMNOHOCUTENS B LMMMHOUYECKUX TPyOONpoBOAax MeTo4OM, OCHOBAHHOM Ha ad-
dekte Jonnnepa. MNpeumylecTsa Te Xe, YTO U NOPTaTMBHbIX pacxogomMepos Tuna PortoFlow, a Hegoc-
TaTKOM SIBRsieTcs criabas YyBCTBUTENbHOCTb NPU Mario CKOPOCTU OBWKEHUS U3MEPSEMON cpefpbl U He-
BO3MOXHOCTb perMcTpaumm HyneBoro pacxoga.

[MopTaTMBHLIV OONNEPOBCKUIA YNbTPA3BYKOBOW pacxogoMep-cHeTynk [Henp-7 asnsietca npubopom ob6-
LLeNPOMBILLIIEHHOTO Ha3HAYEeHUSA C LUMPOKMM AMAana3oHOM KOHTPONUPYEMbIX cped U HaKnagHbIM MOHTa-
)KOM yrnbTPa3BYKOBbIX AaTUYNKOB. FABneHvem [onnepa HasblBaeTCA 3aBMCMMOCTb YacTOTbl BOSTH, BOCMpU-
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HUMaeMbIX NPUEMHUKOM, OT CKOPOCTEN ABMXEHUS NCTOYHMKA BOMH NPUeMHMKa NO OTHOLLEHMIO K cpefe, B
KOTOPOW pacnpocTpaHsieTcsa BorHa. YacToTbl BOMH, B KOTOPbIX paboTatoT yNbTpa3ByKOBblE pacXO4oMeEpbI
coctaBnsgeT go 50 MI'y. MNonoxutensHble U oTpuLaTenbHbIE CBOMCTBA Takue e, Kak U y nepBbiX ABYX
pacxogomepoB, PaclwumpeH ananasoH usamepsiemblx cpef. B kavectBe KOHTponuMpyemon cpegbl MOXeT
ObITb BOAa (4ncTas NuTbeBasd, CTOYHasi, ropsivasi (Kpome 060pPOTHOWM) peyHasi, C MPUMECSMN, a3pUpPOBaH-
Has 1 T.4.), KUCMOTbI, Wenoyun, CNMpTbl U UX PacTBOPbl M T.4., @ TAKKe HaCbIWEHHbI BOAAHOW Nap npuv
Temnepatype ot 100 °C go 200 °C. Npu nHanesuayansHON rpagynpoBKKE BO3MOXHa paboTa Ha MasyTe U
Bo3gyxe. Npunbop no3sonseT npoBoAUTb M3MEPEHMs pacxoda B TpybonpoBogax ¢ oTnoxeHusamu. Pacxo-
nomep obecneunBaeT HeEMNPEPbLIBHOE 30HANPOBAHUE XMAKOCTU YNbTPa3BYKOBbIMWU MMMYNbCAMU MOCTOSIH-
HOWM YacToTbl N Npeobpa3oBaHMe OOMNNEPOBCOKIO CABUIa YaCTOTHOMO CMeKTpa OTpaKeHWn, 3aBUCSLLENO
OT CKOpPOCTM NOTOKA, B MMMYMbCHbLIA CUrHaN nNponopuMOHanbHOW YacToThl, ero 06paboTky U uMdposoe
n3mMepeHne N NHANKaLUu MrHOBEHHOIO 3HAYEHUS pacxoaa XUAKOCTU.

O606Lasi TexHnyeckme AaHHble Pas3nMYHbIX Pacxo4OMEpPOB MOXHO yKa3aTb OCHOBHble MX MapameTpbl
(Tabnuua 1).

Tabnuvua 1
OCHOBHble XapaKkTepuUCTUKn NnopTaTUBHbLIX pacxoaomepos
[OuameTpbl ycrnoBHOro npoxoga tpyoonpo- | 20-5000 mm
BOJOB Mpu TOMLMHE CTEHKN OT 2 Ao 20 Mm
CKOpOCTb ABWXKEHWUS XKNOKOCTH | no 12 mlc
OGbemHbIii pacxon | o7 0,05 30 140000 m3/4
[MorpelHocTb 3mMepeHus | 2-3%
TemnepaTypa paboueii cpegbl | -10-+150 0C
TemnepaTypa oKpy><atoLLen cpeabl | -10-+55 0C
BbiBOAg MHpopmauun Oucnnen, aHanorosbln UM UMMNYNbCHBLIN BbIXOA. BO3MOXHOCTb
apx1MBMpoBaHusa MHopMaLNK, CBSA3b C KOMMbIOTEPOM.
MNuTtaHne | 220 B, kOMNNEKTYTCA aBTOHOMHbBIMU UCTOYHUKAMMW NUTaHUSA

OcobeHHoCcTH NPUMEeHEHNA NoPTaTUBHBLIX pacxoaoMepOoB.

[na nepecyeTta cpefHel CKOPOCTU XKMOKOCTU B BENMMYMHY O6bEMHOIO pacxoda HeoGXOAMMO 3HaTb Nrlo-
Wadb nonepeyvHoro cedeHusi Tpybonposoda. lMockonbKy HernmocpeacTBEHHOE W3MEPEHUE BHYTPEHHEro
AvameTpa TpyGonpoBoaa HapyLUeHWsl ero LefoCTHOCTU HEBO3MOXHO, TO NMPUMEHSIIOT KOCBEHHbIN METOA;:
N3MEPSIOT HapyXXHbI AMamMeTp U TOSLWMHY CTEHKM TpyGonpoBoda YrbTPasByKOBbIM TOSMHOMEPOM, a
3aTeM BbIMUCTISIOT BHYTPEHHWIA AnameTp.

Mpouecc namepeHuii BKNIOYaET B cebs:

¢ BbIOOp MecTa yCTaHOBKM AaTYMKOB Ha TpybonpoBoae

¢ YCTaHOBKY AaT4YMKOB

+ obecrne4yeHne 3ByKOBOro KOHTaKTa Co CTEHKOM TpybonpoBoaa
¢ onpegeneHne HapyxHoro avameTpa Tpybonposoaa

¢ onpepgeneHune TONLWWHLI CTEHKM TpybonpoBoaa

¢ Bbl4ucneHue nnowaan nonepeyHoro cev4eHus.
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Kaxgast 3 aTux onepaunii MOXeT cTaTb UICTOYHMKOM HETOYHOCTU U MOBMNUSTH HA TOYHOCTL onpeaeneHns
pacxoga. Hanpumep, ycrnoBnem npaBuibHOMO BbiGOpa MecTa YCTaHOBKM OATYMKOB SIBMSIETCS Hanuyne
npsimoro yvacTka Tpybbl He meHee 10 [y nepen mectom yctaHoBkM M 5 [y - nocne mMecta yCTaHOBKM.
[aTtumkm ycTaHaBnNMBalOTCS Ha MOBEPXHOCTb, OUMLLEHHYIO OT rpsidn, Kpacku U pxaB4yuHbl. MecTto ycTa-
HOBKM ANs NyYlero 3ByKOBOrO KOHTaKTa MOKPbIBAETCS CheuManbHOW CMaskol. MaMepeHns HapyXHOro
OnameTpa TpybonpoBoaa OCyLLEeCTBAKTCA WwTaHreHumpkynem (Jy<200 mm) B ABYX B3aMMHO nepnenau-
KyNApHbIX HanpaeneHusx nnu pynetkon (y>200 mm) B OBYX CEYEHUsIX, B NMOCMEAHEM Cllyyae anameTp
BblHUCIIAEeTCA MO cpe/J,He|7| msmepeHHon ONnHe OKPYXHOCTW. TOJ'ILLI,VIHy CTEHKM pekomMmeHayeTCcAa onpene-
NATb, KakK CpegHK No HEe MeHee 5 M3MepPEeHNAM B pasfiMyHbIX TOYKaX MO OKPYXHOCTU pr6bl, npunyem
pesynbTaT KaXaoro M3MepeHust He JOSMKeH oTnudatbes 6onee 4yem Ha 5% OT cpeaHero 3HadeHus. Kak
npaBumo, ykasaHHble MeToamdeckme TpeboBaHUS MO3BOMSOT NPOBOAUTL M3MEPEHUST pacxoda cpenbl B
npegenax 3-5% B gnanasoHe pacxogos ot 3 go 100% n temnepaTtype xumakoctn ot 3 go 150 °C.

3apaun NPpUMEHEHNA NOPTAaTUBHbIX M3MepI/ITeﬂeIZ pacxoda B npouecce aHeproayguta:

¢ aKcnpecc-o6crieqoBaHue yana TENOBOro BBOAA Aflsl onpeaeneHusl akoHoMuyeckoro adpdpekra, no-
nyyeHVne KOTOpPOro BO3MOXHO B pesynbTaTe YCTaHOBKM MpUBGOPOB y4yeTa noTpebnsemMoii TennoBoi
3Heprum

¢ npoBefeHMe M3MepeHuii C Lenbio NpaBunbHOro nofGopa Turnopasmepa CTauMOHapHOro AaTyuka
pacxoga

¢ [poBepKa MmatepunaribHOro GanaHca B To4Ke TennoceTn

¢ onpepaeneHve noTpebrieHnsl TeMnmoBoi SHepPrMn obbEKTOM (3gaHueM, opraHusaumeid, NPOMbILLNEH-
HbIM NpeanpuUaTMEM) NPV NPOBEAEHUN Er0 3HEPrETUYECKOro 06CrenoBaHus.

Mpwn akcnpecc-06crnenoBaHnM TEMNMOBOMO y3rna [0 ero PEKOHCTPYKUMM C MOMOLLbIO NEPEHOCHbIX Npubo-
POB NPOBOOATCA U3MEpPeHus NoTpeGnsaemMoin TennoBoW JHEpruu, Ha OCHOBaHWM KOTOPbLIX MPOBOAATCA
pacyeTbl YacoBblX, MECAYHbIX M TFOAOBbLIX PacXodOB TENnoBOW 3Hepruu. PesynbTaTtbl 3TUX pacyeToB
CpaBHMBAIOTCA C AEWCTBYIOLMMMU [OroBOPaMu C 3HeprocHabXatLWmMMn opraHM3aunamMmmn 1 nnaTexxHbIMu1
TpeGoBaHUAMM, BbICTaBNAEMbIMU HAa OCHOBaHWMM 3TOro AoroBopa. Takoe cpaBHEHWe No3BoNseT caenatb
BbiBoA 06 adhdpekTe, KOTOpLIA Mony4nut notpebutens B pesynbTaTe nepexoda Ha npubopHbIn cnocob
pacueTa 3a NoTpebnsiemyo 3HEPTUHO.

BONbLIMHCTBO TUMOB CTaLMOHAPHbLIX PACXOAOMEPOB MMET AO0CTAaTOMHO Y3KUA OAManas3oH U3MepsieMoro
pacxoga. MoaTomy Ans NpaBuIbHOIO ero Bblibopa NpeaBapuTeribHO Hado U3MepUTb akTUYeckuii pac-
Xo[, TEMIOHOCUTENS B pearibHbIX PeXuMax akcriyataumum ceTu. MamepeHusi B 9TOM crlyyae MoryT ObiTb
BbIMOSTHEHbI C HEBOMbLLOW TOYHOCTBIO, BaXKHO BbISIBUTL AMarasoH M3MepsieMbiX PacXo4oB.

Mpv npoBepke maTepuanbHOro GanaHca ceT USMepeHUsi MPOBOASATCA C MAKCUMaribHO BO3MOXHOW TOY-
HOCTbl0. B 3TOM cryyae cpaBHMBAOTCS pacxodbl B MPsiMOM M 06paTHOM TpyGonpoBoaax yydacTka ceTu.

BeckoHTakTHbIe (MH(ppaKpacHble) TepMOMETPbI
lMNepeHoCHble BeCKOHTaKTHbIE TEPMOMETPLI NpegHasHavYeHbl A

¢ TemnepaTypHOro KOHTpONA B nogarowmx un 06paTHbIX pr60ﬂp080ﬂ,aX, KamMepax TennoBbIX ceTen, B
Y3IOBbIX TOYKax ceTen, B LEeHTpalnbHbIX N HOUBUAOYAJIbHbIX TEMJIOBbIX MYHKTAX;

¢ roucka MecT NMpPOXOXAEHWUs TEMNO- U BoAoMarucTparnei;

¢ roucka MecT yTeuek ropsiyeit Boapl;

¢ NpPOBEPKM TEMMOU3ONALMMN 30aHUIA U COOPYXKEHWUIA;

¢ onpegeneHvs MECT NOBPEXOAEHUS TEMMOU3ONALMN U MTPOMEP3aHUs! CTEH;
¢ U3MepeHusi TemrnepaTypbl yaarneHHbIX U TPYAHOAOCTYMHbIX OO LEKTOB;

¢ M3MepeHus Temnepatypbl YacTeln, He JOoNycKalWwmxX NPUKOCHOBEHWNE (OedEKTHBIX 3NIEKTPOKOHTAKT-
HbIX coeAVHEHWN, TpaHCOPMaTOPOB, ANeKTpoaBUraTenen u apyrmx yCTaHoBOK 6e3 OTKIMYeHNs Ha-
NPsHKeHNs).

[NpnHUMN oencTBuA.
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BbeckoHTaKkTHble TepPMOMETPbI NCNONb3YT NPUHUKN OETEKTopa I/IH(bpaKpaCHOFO (TeI'IJ'IOBOFO) N3ny4yeHua.
MHTEHCUBHOCTL © CNEeKTp unanydyeHua Teria 3aBUCAT OT ero temMnepartypbl. |/|3MepFIFI XapaKTepUCTukun
CneKkTpa unanyvYeHund tTena B I/IH(*)paKpaCHOM ananas3oHe BOJIH, I'Ipl/l60p KOCBEHHO ornpenendeTt teMnepary-
Py ero noBepxHOCTH.

OCHOBHbIE XapaKTEPUCTUKN

1) [nanasoH Temnepartyp v 4fiMHa BOSHbI.

Pabouunin ananasoH TemnepaTtyp 3aBUCUT OT ANUHBLI BOMHbI U3MyYEHWS, Ha KOTOPYIO pearmpyeT AeTekTop
npubopa. Yem Bblile TemnepaTtypa Tena, TeM Kopoye AnvHa BOMH B MHGpakpacHOM AunanasoHe. Bbico-
KoTemnepaTypHble Npubopbl MMeloT bonee KOpOoTKy ANuWHY BONH. MNoTpebuTtens uHTepecyeT Temnepa-
TYPHbIV AnanasoH paboTbl TepmomeTpoB. Pabouunin gnana3oH 6ecKOHTakTHbIX TepmomeTpoB OT -30 go
900°C. CyLLecTBYIOT TEPMOMETPbI CreumanbHOro HadHayveHus (C pacLUMpeHHbIM Uuana3oHOM M3mMepeHus
- 0o1-30 go 1200 °C n BbicokoTEMMEpPaTYpHbIE ¢ AnanazoHoM oT 600 go 3000°C) .

2) BeicTpogericTeue.

BbicTpoaencTBMe oLeHMBaeTCa BpeMeHeM JoCTuxeHus 95% yCcTaHOBMBLLETOCH COCTOSHUA (BpeMs ycTa-
HOBMNeEHUs nokasaHun). Bpems ycTtaHOBRNeHWs nokasaHui onga atux npubopos coctaenset ot 0,3 go 0,5
CeKyHa,.

3) YcTaHoBKa koadduLmMeHTa n3nyyeHuns.

TOYHOCTb M3MEPEHUst TemnepaTypbl 3aBUCUT OT YCTAHOBKM KO3DMLUMEHTA U3NYyYeHUss Tena (CTeneHu
YepHOTbI). BONbLUMHCTBO NOBEPXHOCTEW MO 3TOW XapakTepucTuke NpubnmkarTcs K abComnoTHO YepHOMY
Teny, HO HEKOTOpble CYLLECTBEHHOrO OT HEro OTnuyarTcs (Hanpumep, NONMpPOBaHHbIE MOBEPXHOCTH).
MpocTtbie npubopbl MMET OUKCMPOBAHHbIN KO3dhdmumeHT nanyydenna (0,95), norpelHocTb n3mepenns
npun 3TOM MOXeT OOCTUratb HeCKOJ1bKUX rpagycos. Bonee cnoxHble I'Ipl/l60pbl No3BONAKT €ero ycrtaHaB-
nvBaTtb, KOMMEHCUPYS MOrpeLlHOCTb U3MepeHu. TepMOMeTpbl C perynmpyemMon CTeneHbio Y4epHOThI
umetroT GonbLuyto yyBcTBUTENBHOCTL (0,1 °C No cpaBHeHuto ¢ 0,2 °C ansg TepMoMeTpPoB C (PUKCUPOBAH-
HbIM KO3 ULNEHTOM USMNYYEHNS).

MorpewHocTb namepeHun 1-2% oT nokasaHui.

OnTuyeckoe paspelleHue.

TemnepaTtypa okpyxatoLien cpeabl 0-50 °C.

OTobpaxeHne n3aMepeHHbIX 3Ha4YeHU B LMCPOBOM BUAE Ha 3KpaHe aucnnes.
HdononHuteneHble PYHKLMK.

B 3aBucumocTtn oT TMna TepMomMeTpa noMmmmMmo OT06pa)KeHI/IFI TeKyLLI,eVI TeMnepaTtypbl BO3MOXEH HaGOp
AONOJTHUTENTbHbIX CEPBUCHbIX (byHKLI,VIIZZ

¢ -3aMoMMHaHVe pasHOCTU TeMnepaTtyp, MUHUMAarnbHOW, MakCUManbsHOW 1 cpegHen TemnepaTypsl;
¢ -BCTpOeHHas Tabnmua koahdOULIMEHTOB U3NYyYEHNS;

¢ -aHanoroBbIN 1 LMAPOBON BbIXOAbl U3MEPEHHOIO 3Ha4YEHUS;

¢ -3BYKOBOW M CBETOBOM CUrHas Npu U3aMepeHun TeMmnepaTypbl HUXe 3agaHHom;

¢ -namdAtb Ha 100 3HaveHW TemnepaTypbl;

¢ -pernctpauus TemnepaTypbl C 3a4aHHbIM UHTEPBAaroM BPEMEHH;

¢ -NOpT A8 NOAKIIOYEHNST KOMMbIOTEPA UK NPUHTEPA;

¢ -JOMNOMHWTENbHbIA BXOA AN NOAKMYEHMS TepMOonapbl.

KoHTakTHble TepMOMETpbI

lMpegHasHaveHbl ONs U3MEpPEHUI TemnepaTypbl KOHTaKTHbIM MeTOAOM. TepMOMETpP COCTOUT U3 3rek-
TPOHHOro 6rioka n Habopa JaTyMKOB TemnepaTypbl, NpeacTaBnsoLWmMX cobon Tepmonapbl U TEPMOMETPbI
COMPOTUBNEHNS B Pa3NIUYHbLIX KOHCTPYKTUBHBLIX MCMOMHEHUAX. TUMOBOW KOMMMEKT KOHTAKTHOrO TepMOo-
MeTpa, Kak NpaBumno, NpeacTaBrieH:
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¢ Tepmonapol Ans U3MepeHns TemnepaTypbl NOBEPXHOCTY;
¢ MOrPY)XHOWM TepMonapow Afist USMepPEeHUsi TemnepaTypbl ChIMyYnx 1 XKUOKUX Cpes;
¢ BecKopnycHoi TepMonapoit Ans u3MepeHusl TeMrnepaTypbl Bo3ayxa.

KOHCprKTMBHO TepmMonapbl MOryT ObITb BCTPOEHbI B KOPMNYC C Py4YHbIM OepXaTenem. B 3aBucmmocTtu ot
TUNa Kopnyca OHM nogpasfendrTcd Ha BO3,D,yLLIHbIe(,D,.FIF| n3MepeHna Temnepartypbl Bo3gyxa U OpYyrnx
Fa3OB), NOBEPXHOCTHbIE (,U,ﬂﬂ n3mepeHna Temnepartypbl NOBEPXHOCTU TBEPAbIX Ten) N NOrpyxHble (D,J'IH
n3mepeHnd tTemnepaTtypbl B ob0bemMe XMUOKux u Cbiny4yunx BeLIJ,eCTB).

CyLLI,E‘CTByPOT cneuynalnbHble KOHCTPYKUMX KOpnyCa TepMonap, Hanpumep Knewu, npegHadHa4yeHHble O5d
3aKkpernsieHna Ha pr6ax CUCTEM TENIOCHAOXEHUS1, NN MarHUTHbIE TepMonapbl, KOTOPble KpendaTCcA Ha
mMeTannmyeckme noBepxHOCTU C NOMOLLbIO MarHunTa.

Bbinyckatotcss 6eckopnycHble Tepmonapbl, npeactaensiowme coboi ABa CBUTLIX NPOBOAA B U30MALMU.
OHM xapakTepuayloTcs ObICTPO TEMMOBOW peakumein U NMPUMEHSIIOTCS AN 3aMepoB TemnepaTypbl Ha
NOBEPXHOCTU UN B 06 beMe cpesbl.

B kayecTBe CMeHHbIX AaT4YMKOB TEMMEPaTypbl NCMONb3YIOTCA CTaHAapTHbIE TepMonapsbi:

¢ Xxpomenb-antomernb (Tvn K no mexayHapogHou knaccudumkaumm, auanasoH M3MepeHust TemnepaTypsl
coctaBnset o1-50 go 1000 °C)

¢ Xpomernb-konenb (Tvn J no MexayHapoAHow Knaccudmkauum, ananasoH U3MepeHus Temnepatypsl
coctasnget o1-50 go 600 °C)

OnNeKTPOHHbIe GII0KM TEPMOMETPOB MOTYT UMeTb A0 ABYX MNepekntovaeMblX AManasoHoB u3MepeHus. bo-
ree y3Kkuii ouanasoH U3MepeHns xapaktepmayeTcs 60ree BbICOKMM paspeLleHeM U TOYHOCTbIO.

BeinyckaroTcs 3anvcbiBaroLme
KOHTaKTHble  TEPMOMETPbI,  UMetLmne
namaTe AN XpaHeHus pesynbTaTtoB [0 [ManasoH namepeuii -50-1000 °C
6000 mn3mepeHun, a Takke BO3MOXHOCTb
npoBeaeHNss W3MEPEHUA C  3afaHHOM Paspeluenne 0,1-10C *)
YacToTon (NEPUOAMYHOCTb U3MEPEHUn OT
1 ¢ po 24 vacos). Takne TepMOMETPbI
MOryT paboTaTb B KOMMEKTE C KOMMbIOTE-

Tabnuua 2

TOYHOCTb M3MEPEHUN 0,5-1 0C*)

*) PaspelueHne n TOMHOCTb U3MEPEHUI 3aBUCUT OT AManaso-

pom. Ha u3MepeHus. Bonee y3koMy AWanasoHy COOTBETCTBYeT
nydllee paspelueHre U Gonee BbICOKAs TOYHOCTb. HibkHee

OcCHOBHblE  XapaKTEPUCTUKN  KOHTAKTHbIX 3HayeHne oTBeyaeT AnanasoHHy —50-200 °C.

TEPMOMETPOB, KOMMMEKTYIOLLMXCS

Tepmonapamu Tuna K npeacrasneHsl B

Tabnuue 2.

5.4.. MeTogonorus JHeproayaunTa NpomMbIlNIeHHOro npeanpuaTus

HeCMOTpFI Ha CywecTtBOBaHNE HOPMaTUBHO-TEXHUYECKMX OOKYMEHTOB, onpenendrowmnx npasuia npose-
AOEHNA 3HEepreTn4yecKknx obcnegoBaHun npeanpuAaTua, sHeproaygnuTopbl B HacTodlee BpeMda HE MMEKT
KOHKPETHbIX Y3aKOHEeHHbIX MeTOOUK npoBeneHUA obcnepoBaHuin Kak I'Ipep,l'lpVIFlTVlVl B UeJioM, TakK N OT-
AenbHbIX ero CUCTemM U yCTaHOBOK.

Hwxe paccmaTtprBaeTcs Ha Npumepax pasnuyHbIX NPeAnpUSTAA METOLONOMMS aHanusa cTaTucTYeckon
OTYETHOCTM MPEANPUSTUS, NonyvYaemasi SHeproayamMTopaMm Ha atane cbopa nHdopmaumu.

[na oco3HaHHOro onepupoBaHns C UCXOOHOW MHOpMaumen cregyeT B Hayvane npeactaBuTb MPUHLN-
nuanbHyl CXeMy MaTtepuarnbHbIX W 3HEepreTu4eckux MoTokoB (Hanpumep, puc.2). lNMpeactaBneHHble
30€eCb U HWXKe rpaduyeckme nNpMMepbl AalT Nuwb obwune npeacTaBneHns O Noaxodax K aHanmsy u He
HY>XOaloTCs B paclUnMpoBKe Ha3BaHUA KaXaom TEXHONOrK, uexa u T.n.

Kak 6blrno nokasaHo BblLLe, aHeproayguT npeanpuatua uenecooGpaaHo Ha4ynHatTb C aHann3a CTaTucTtTu-
Yyeckom I/IH(bOpMaLI,I/IVI N OMPOCHbLIX JTUCTOB, 3aMOJIHEHHbIX pa6OTHI/IKaMI/I npeanpuaTnA.
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AHanus nHdopMaumn cnegyet HauyMHaTb C OGLUMX NpeacTaBneHnii 06 aHeproobecrneyeHn n aHeprorno-
TpeGneHnn npeanpuaTus (MpUHUMNMarnbHasi cxeMa aHeproobecrneyeHmsi, TONMBHO-3HepreTuyeckunii 6a-
NaHC B HaTyparibHbIX Y YCMOBHbLIX eQuHULIAX, COMOoCTaBneHne CTOMMOCTM €AUHULILI YCIIOBHOIO TOMMMBa
NoaBOAVMMON C MOMOLLIbIO Pa3fMYHbIX dHEProHOCUTENEN).

MprMepoM KapTUHbI MOTPEBNIEHNSA 3HEPrOPEeCYpPCOB MOTYT CAYXXUTb AaHHble Tabn. 1.

Tabnuua 1

CBefeHus 0 noTpebneHnmn sHeproHocutenen obenegyemoro npeanpusaTns B 6a3oBoM 1 TekyLem rogax

o, mecsu [NoTpebnenne MoTpebneHne MoTpebneHune TennonoTpe6b- BoponoTpeb-
rasa, 3MNEKTPO3HEp- cxaToro Bo3gdy- = neHue, neHwve,
MITH. M3 SOl 2L TbiC. MKan ThiC. M3
MIH. KBT-yac MITH. M3

1 22,887 42,643 20,109 209,323 134,912

2 21,379 33,219 18,718 183,131 122,614

3 22,315 38,623 20,084 182,774 132,699

4 21,416 39,107 17,796 180,763 126,368

5 15,218 43,985 16,864 159,939 125,107

6 12,259 41,170 16,528 132,092 110,908

7 12,272 37,652 17,742 124,831 115,514

8 15,038 43,559 18,727 156,148 121,423

9 15,811 43,137 18,332 157,649 116,122

10 18,964 39,911 19,012 160,262 119,739

11 22,313 42,012 18,209 184,763 119,807

12 24,587 44,033 19,831 203,167 110,784

Bcero 6a3oBbii 224,459 489,049 222,052 2034,752 1455,997
rog

1 26,935 45,580 19,281 219,285 113,219

2 22,488 39,131 17,332 185,376 109,238

3 22,870 45,139 18,672 198,044 116,219

4 17,450 44,821 17,906 174,454 110,162

Bcero 3a 4 mecs- 85,743 174,671 73,191 777,159 448,838
ua
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NHdbopmaumio 06 aHepronoTpebrieHnn Npy yCTaHOBIIEHUN MPUOPUTETHOCTM obcredoBaHus noTpebneHne Tex
WK MHBIX 3HEeProHoCcuTENe crieayeT NpeAcTaBnsATh B BUAE, NPYBEAEHHOM B Tabn. 2 .

opoBoe noTpebneHne pasnuyHbIX SHEPropecypcoB MMNOTETUYECKOTO NPEANPUATUS NPUBOAAT K €4MHOW ean-
HuLe namepeHus, Hanpumep, Nk, Ty.T. 1 T.0.

Tabnuua nokasblBaeT He TOMbKO OOMeBoe NoTpebneHne pasnuyHbiX SHEPropecypcoB Ha NPeanpusiTum, HO M
uHaHCcoBbIE 3aTpaThl HA HUX.

I'IpM 3TOM cnegyeTt NOMHUTb, YTO B aHeproo6ecnequMM npeanpmnAaTna MoryT y4actesoBaTb U BTOPUYHbIE SHEP-
ropecypcsbl. Hanpvlmep, Ha npeanpunaTnax LI,EJ'IJ'HOJ'I03HO-6yMa)KHOl7I NPOMBbILUNEHHOCTUN CYLLECTBYHOT ropro4une
BOP B Buge YEepHbIX LLETOKOB, APEeBECHbIX OTXOO0B. Wx FIOTp86J'IEHVIe JOJIMKHO ObITb Y4YTEHO B ﬂpVIXO,D,HOIZ CTa-
Tbe aHepro6ancha npeanpuaTna, ecnm B hanbHenwem npeanonarakoT pacyeT yaesibHbIX pacxogoB SHEPrun.

MonesHyto MHpOPMALMIO MOXHO NOSYYnUTb, €Cnn rpaduyeckn NpeacTaBUTb CTPYKTYPY NOTPEGNeHns 3Heprum
MO OCHOBHbIM Lexam npeanpuaTus (puc. 3.). Kak BUMAHO, OCHOBHbIE YCUNNA 3HEpProayanTopoB OCOBEHHO Ha
YPOBHE 3KCnpecc-o00cnenoBaHnst MOryT Kacatbes Lexa aspod)oHTaHHon cywku (APC) 1 uexa kayctusauum u
pereHepaummn nssectn (LIKPW).

Tabnuua 2

MoTpebneHne sHepropecypcoB u NX CTOUMOCTb

OHepropecypc En. MoTtpebne- OHepreT. % CtoumocTtb, % ToiC.

n3m. Hue 9KBUB. 3Hep = ThiC. pyb. cton- | py6/
ok rmm mocTn | ok

OnekTposHeprus KBTx 97514400 0,0036 351052 35,7 24758910 63,7 70.05
y.
MpupoaHbIn ras M3 1832900 0,0382 70017 71 1030090 2,7 10.47
[OunsenbHoe Tonnu- n 2692900 0,0401 107985 11,0 4739500 12,2 40.39
BO

MasyT n 85844800 0,0411 3528835 35,9 60007870 15,4 10.70
CXXWKEHHbIN ras Kr 286100 0,0495 14162 1,4 702090 1,8 40.96
Kokc Kr 3038600 0,02875 87360 8,9 1619570 42 10.85

BCEIo 983411 100, | 388509040 | 100,0

0
a I

Cmpykmypa Inepzonompeonenus
N0 OCHOBHBIM Hexam

Beim. medn.
29,36% [{KPU uss, Bapka uemr.
Or0en. nen.

26,56%

ADC
1,29% Cymika ued.
18,68%

Bceeo pacxoo swepeuu 371587 m y.m.

\ %
Puc. 3

daKkTUYeCKUin TOMNMBHO-3HEPreTUYECKMN GanaHc NpPeanpusaTUS MOXHO pacnpedennTb Mo HanpaefeHusaM uc-
NoJSib30BaHWs: TEXHOMOMMS, MPOM3BOACTBO TEMMa W 3MIeKTPOSHEPIK, OTOMNEHME, BEHTUNALMS, ropsiuee BOAo-
cHabXxeHue, obecrneyeHne aHeprvei couuarnbHON cdepbl NPeanpuaTUsi, CTOPOHHME MoTpebuTenu, npoyue
aHeprosaTtpaTbl U HENpPOU3BOAUTENbHbIE 3aTpaTbl SHEPrMU Kak HeGanaHc Mexay noTpeGnsemMoin aHepruen u
CYMMOV NOTPeBNeHUs: SHEPrMN BCEMU NEPEUNCTIEHHBIMI HANPaBNEHUSMU.
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HanbHenwmnii aHanm3 MOXHO U HY>KHO BECTM Kak Mo OTAENbHbIM SHEPrOHOCUTENSIM, TaK U MO OCHOBHbLIM LieXam
(puc. 4,5,6,7, 8).

Cmpykmypa 20006020 IHep2OnoOmped1eHus

DNEeKTpOIHEPT U
16,07%

I'opsiuas Bopa

9,70%

TexHou., nap
74,23%

Puc. 4
Hcnonvzoseanue npupoduozo 2a3a Ha npednpu;lmuu
Ha noyepHue
TexXHororuo npeanpusTus
3,70% 1,40%
TOMMANBO Ha
T34
94,90%
Puc. 5
Cmpyxmypa pacnpedeﬂenu}l Menioeoil IHepzuu
CTOPOHHVWE
Ha oTonneHwe, noTtpeGuTenu
BeHTUnAumio 1 MBC (npoune) 128488
214639 lNkan/ron Ikan/rop, fovepHue
5,60% 3,30% npeanpusTus
217441 'kan/ropg,
5,55%
06BbeKTbI
Xunkomxosa 537744
Ha TeXHOMornw kan/ron
CIMK 2786671 13,85%
kan/ron,
71,70% CymmapHoe 2odogoe nompebrieHue
3884993 kan
Puc. 6
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Cmpykmypa snepzonompeodnenus 6 yexe 6apKu

I'BC+0.B.

OcselieHue,
11,02%

BEHTHIISILIHS
DeKTpO3Heprust 0,76%
Ha TEXHOJIOTHIO
13,05%
ITap Ha
TEXHOJIOTHIO
75,18%

Bcezo snepeonompebnenue 84023 m y.m.

Puc. 7
d I

Cmpykmypa pacxooa menjia no 0CHOGHbIM UeXam

1IKPH u3s.

Beim. mei. 2.07%

Bapka nem.
32,49% P

20,85%

ADC
1,12% Or0en. nen.
CymKa eI, 25,10%

18,38%
Bcezo pacxoo menna 2287266 ['kan

\ %
Puc. 8

[lNsi OpUEHTUPOBOYHON OLIEHKM MOTEHUMana aHeprocobepexxeHnsi, MeloLLLerocs Ha npeanpustium, 6es peanvsa-
LMK LeneHanpaBnieHHbIX 3HeprocbeperaLmMx MeponpUsATUA U KOCBEHHON NPOBEPKN JOCTOBEPHOCTU OTYETHBIX
AaHHbIX UCMOSb3YHOT AaHHbIE MO YAENbHbIM pacxof4am SHEPrK Ha BbiMyck Npoaykuun (puc. 9).

MpuBeas yaenbHble 3aTpaTbl TEMNSOBOM U 3NEKTPUYECKOW SHEPrun K eQnHON eduHuue nsmepenus (T y.T./eq.
npoa.) n crtpos 3asucumoctb q=f (), rae N — BbINycK NpoayKumMM 3a Mecsu, nonyvyaT BO3MOXHOCTb OLLEHKN
MUHMManbHOro noTeHumana sHeprocbepexeHus TONbKo 3a cyeT obecrneyeHuss pUTMUYHOW paboTbl ydacTka,
uexa, npeanpuatusa (puc. 10, 11).

3a 6a3y cpaBHEHUs NMPUHUMAOT MUHUMaIbHOE 3HaYeHre yaenbHOro pacxofa B KOHKPETHOM TEXHONMOrMYeCKoM
LMKNe UM Ha npeanpuaTMK, peanusoBaHHOe B OTYETHOM nepuoge. [MoTeHuman aHeprocGepekeHns paccum-
TbIBaKOT KaK BENMYMHY COBOKYMHbIX FOAOBbLIX NOTEPL SHEPropecypCcoB 3a CYET yBeNnuYeHusl yaernbHbIX nokasa-

Tenen, BCreacTBME HeraTMBHbIX NpPOn3BOACTBEHHbIX CbaKTOpOB.
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AQ:Z(qi —q

~
Yoenvuvie pacxoovt menna u snexkmponepzuu
0,85 HA 8APKY Ue110J103bl 0,170
- 0,160
0,80 - - 0,150 &
= -k:r‘
= &
§ 0,140 2
~ g
¥a)
0,75 A - 0130 ©
T+ 0,120
0,70 : : : : : ! ! ! : : 0,110
: f 5 3 F 305 LB & &G
: £ 2 B E §E § § ¥ % %
& 5 5 < £ g g 5
= g 5 3 = =
—B— y 1. pacxon tema, ['kan/t —&— Y/I. PACXO/1 JIEKTPOIHEPTHUH, THIC. KBT*U/T P
Puc. 9
3aeucumocmo yo pacxoda JHep2uuU HaAa MEXHOJ102UI0 OM 6blNYCKA
npooyKuyuu 6 yexe 6apKu
0,140
0,136 -
£ 0,132
E_4
>
= 0,128 -
»
0,124 - ¢
0,120 T T T \
30000 35000 40000 45000 50000 55000
y =-6E-07x + 0,1611 T
Puc. 10
7 A YaenbHoe Tennonorpeﬁneuue
kan/T
61
51
4
.
3 _dpakr=2,54 ¢ %
, |_min.cpakr=1,74 N * ’?‘ % ¢
1 min=1,32
0 i _npoaykums, T/mec
0 2000 4000 6000 8000
Puc. 11

min
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qi ' ’qd)akm ' qmin
roe - 3Ha4YeHne yaenbHOro pacxoga B otaesibHbie MecHubl, Cpeﬂ,Healeq)MeTVlLleCKoe

3a OTYETHbIV ¥ MUHUMarbHOE 3a paccMaTpuBaeMblii MEPUOAbI.;
P, 3, y
- MOMECSIYHbIN BbIMYCK NPOAYKLUMM U NOTpebrieHne 3Hepropecypcos;
- TOJOBOW BbIMYCK NPOAYKUMMW Y TOA0BOE NOTPebneHne aHepruu.
OTHOCHTENbHBIN NoTeHUMan aHeprocbepexxeHnsi, B NPOLEHTaX, BbIYUCTISIOT B COOTBETCTBUM C BblpaXXeHNEM:

100%22 =[1-q £ |x100%
9 min 3

KocBeHHOW npoBepKon 4OCTOBEPHOCTU OTHETHbLIX AaHHbLIX MOTYT CNYXWUTb, Hanpumep, rpadukmn (puc.12). Ove-
BMOHO, YTO C yBEMMYEHMEM NPOM3BOAUTENIBHOCTU COKpallaeTcs OONS HEMPOU3BOAUTENbHBIX 3aTpaT 3Heprum
Ha NycKk 1 ocTaHoB 060pyAOBaHNS U, COOTBETCTBEHHO, YAENbHbIA PAcXof OOJPKEH CHDKATBCS.

3agucumocms y0. pacxooa neKmpoIHePZul 0m 6blNYCKA NPOOYKUUU 6
yexe vin. uie.

0,024
0,023
0,022 -

TBIC. KBT*U/T

0,021

0,020 T T ‘ ‘
60000 65000 70000 75000 80000 85000 90000

y = 4E-08x + 0,0185

Puc. 12

Mpu npoBeaeHun yrnybrneHHOro aHeproayaunTa criegyeTt onpeaenaTb He TONMbKo (hakTU4eckne aHeprosaTparsl,
HO M HOPMATUBHbIE U COCTaBMATb PacYETHO-HOPMATUBHLIN B6anaHc (puc. 13).

Hwxe npuBedeHbl MeTodbl pacdeTa HEKOTOPbIX COCTaBMSAOLMX pacyeTHO-HOPMaTUBHOrO GanaHca TennoBon
SHEepruu.

OnpepneneHuve pacxoga TennoTbl HAa oTonneHne. MakcnumanbHbIM pacxoq TennoThl HA OTONNEeHne onpeaensoT
Mo Tak Ha3blBaeMOMY pacYeTHOMY 3HAYEHUIO HApYXHOW TemnepaTypbl Ans oTonneHns tHo, paBHOMY 3HaYeHUIo
cpegHen TemnepaTtypbl Hanbonee XonoAHbIX NATUAHEBOK, B3ATbIX U3 BOCbMU Hanboree XonogHbIX 3um 3a 50-
TW NETHUN nepuoa no copmyne:

QO = qO (tBH - tH.O) VH!
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Cmpyxkmypa pacnpedenenus menia npu pacuyemHo-

HOpMAamMUBGHbBIX YC/IOBUAX
CyMMapHble
pacyeTHo-
TOBapHbIN OTMYCK HOpMUpYyEMble
83065,3kan/rog, noTepu B ceTsAX
21,40% 47184,2kan/ron
1,20%

HepaLMoHanbHbI
e noTtepu
262912l kan/rop
6,76%

oTonreHue,

BEHTUNAUNIO U TeXHOJ10rn4ecknn

ropsidee pacxof
BoAOCHabXeHne c . 3 2535176,1
209057, 4Tanfron yMMapHbIl pacxod menna Mkan/ron
5.34% 3884983 kan 65,30%
Puc. 13

roe tBH - pacyeTHas TemnepaTtypa BO3Zyxa BHYTPWU OTannvMBaeMbiX NOMELLEHUA, NPUHUMaeMas Ons XumblX U
o6uecTBeHHbIX 3gaHuin 180C, a Anst NPOM3BOACTBEHHbIX 3aAHMI MO XapaKTePHOW TemMnepaType B NOMELLEHMSAX
npon3BoACTBeHHbIX LexoB, 0C; qo - yaenbHbIA pacxod Tenna Ha 1 M3 3gaHus nNo HapyXHoMy obmepy (oTonu-
TenbHas XxapaKTepucTuka 34aHusl, paBHasi TENIONOTEPSIM OOHOro M3 30aHWS MPU Pa3HOCTU BHYTPEHHEN U Ha-
pyxHon Temnepatyp 10C), B1/(M3-K) unu kkan/(m3-4-°C); VH - HapyHbli CTPOUTENbHLIN 00beM 3gaHuin (6e3
nogsanos), M3.

YaenbHble OTONUTENbHbIE XapPaKTEPUCTUKN XKWUMbIX, OOLLECTBEHHbIX U NPOM3BOACTBEHHbIX 34aHWUIA MOXHO Bbl-
OupaTb, Hanpumep, no [13].

[Npn oTCYTCTBUKN CBEAEHWNN OTONUTESbHBIE XapaKTEPUCTUKM XUIbIX 34aHUI onpeaenatoT no popmyne:

Qov=ap/V,",

rae VH — ob6bem 34aHusa no HapyxHOMy obmepy, M3; o - MOCTOSIHHbIV KOIMMULIMEHT, 3aBUCALLMIA OT TUna
CTPOUTENBLCTBA; @ - KOAPDULMNEHT YUUTLIBAIOLLMIA, KITMMaTUYECKNE YCIOBUS.

KoadhdhUUMEHT o MOXHO OPUEHTUPOBOYHO MPUHUMATL paBHbIM, [k/(cxm2,83xK): AN KUPNUYHBLIX 34aHUN —
1,85, ansa 3gaHum u3 cbopHoro xenesobetoHa — 2,3...2,6.

KoadhdUumneHT ¢ 3aBUCUT OT pacyeTHOW HapyXHoW TemnepaTypbl Ans oTonneHus tHo: npu tHo> -100C ¢ = 1,2;
npu -100C> tHo>-200C ¢ = 1,1; npu -200C> tH0>-300C ¢ = 1,0; npu tHo< -300C ¢ = 0,9; npn HennNoTHon 3a-
CTPOWKe KBapTarna notepu TennoTsl Bo3pacTtatoT Ha 5+10%.

AN KnMMaTU4ecknx pamoHOB, MMEILUX pacyYETHOE 3HayeHMe HapyXHOW TemnepaTypbl, OTIMYHOE OT
tHo= - 250C, BBOOAT B BENWYUHbI yOESIbHOW OTOMUTENBHOW XapaKTEPUCTUKU MOMNPaBOYHbIN kKO3 durumeHT K
(tabn. 3).

Tabimma 3
[TonpaBounslii K03 dUIHEHT IS KUIbIX 31aHui K

PacuyeTtHas Pac4yeTtHas

Temneparypa HapyXHoro Temrneparypa Hapy>XHoro
Bo3ayxa tuo, °C Bo3gyxa tuo, °C

0 1,90 -30 0,92

-5 1,55 -35 0,88

-10 1,34 -40 0,83

-15 1,19 -45 0,79

-20 1,08 -50 0,76

-25 1,00 -55 0,74

CpenHuin 3a OTONUTENBHbIN CE30H YaCOBOW pacxof TenSoTbl HA OTOMNSMEHNE onpenensaiT no dopmyne:
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— t°P
QY =Q A
o ~ Xo t —t
B.H H.0
roe th.OCp - CpegHAda 3a OTONMUTENbHbIN CE30H TemMnepartypa HapyXHOro Bo3ayxa, oC.
FOHOBOVI pacxoa TennoTbl Ha oTonneHune:

|

rae No — NpPoaoIKNTESIbHOCTb OTOMUTENIbHOIo nepuoaa B 4acax

OnpepeneHne pacxoda TennoTbl Ha BEHTURAUMIO. [INs ynpoLLEeHHOro onpeeneHns MakcMarbHbIX YacoBbIX
pacxofoB Tenna Ha BEHTUMNAUMIO MPUMEHSIOT yAerbHble BEHTUMAUMOHHbIE XapaKTepUCTUKW 34aHWN QB
(yoenbHbI pacxof Tenna Ha 1 M3 BEHTUAMPYEMOrO 30aHUSA No Hapy>XHOMYy o6bemy Ha 1K pasHocTu Temnepa-
TYp Mexay ycpeOHEeHHOW pacdeTHOW TemnepaTypon BO3ayxa BHYTPU BEHTUNMPYEMbIX MOMELLEeHU tB.H 1 pac-
YeTHOW TeMnepaTypon HapyXHOro Bo3ayxa tH.B).

MakcumanbHbI YacoBon pacxon TenynioTbl HA BEHTUNALINIO:
QB = QB (tB.H - tH.B) VH

Mpy TeMnepaType HapyXHOro BO3ayXa HUXKE pacyeTHOM MPUHUMAIOT Pacxod TEMNOThbl Ha BEHTUNALMIO PaBHbLIM
MaKkcyMaribHOMY YaCoBOMY pacxony TennoTbl no dopmyre.

Mpy TemnepaType HapYXHOTO BO34yxa Bbllle pacYeTHOM MPWHUMAIOT pacxod TensoTbl HA BEHTUMSALMIO Mpo-
NOPLIMOHANBHBIM PacYeTHON Pa3HOCTU TelvlnepaTyp MO BbIPAXEHUIO:

— tx
t
CpenHuit 3a OTONUTENbHbBIA CE30H YacOBOW pacxod TEMMOThl HA BEHTUNSALMIO onpeaensiioT no opmyre:
cp
Q¥ =0Q ﬁ
B B t —t
B.H H.B
fogoBoK pacxod TeNNOThl HA BEHTUNALMIO:
-Z t —t?
Q=% Ze fn el (o, )
24 t,, —t

p
roe ¢ - cpedHsis TemnepaTypa Hapy)XHOro Bo3ayxa B AuanasoHe OTONUTeNbHOro nepuoaa Ans BeHTUNAUmK,
°C; no - NPOAOIMKUTENBHOCTbL OTOMUTENLHOMO Nepuoaa B Yacax; NB - YMCIO YacoB B OTOMUTENbHOM nepuoae ¢
TeMnepaTtypamMu HapyXHOro Bosdyxa Ans BEHTUNAUMU HUXKe pacdeTHoW (mpwu tH.B=tH.0, nB = 0); ZB - 4Mcno
YyacoB paboTbl BEHTUMALUN B TEYEHNE CYTOK.

Onpe,qeneHMe pacxoda TennoTbl Ha ropadee BOAOCHabXeHue. Cpe,u,Heqacosoﬁ pacxon TennoTbl 3a CYTKU
HanbonbLuero BO,CI,OI'IOTpGGJ'IeHVIFI ana ropda4ero BOAOCHabXeHnst onpenenarT no cbopmyne:

m-a-(t,, —t_)
cp — 1,2 2.6 X.6
Qu 24

rae m - KOnM4yecTBO eAvHUL, MOTpebneHus; a - HopMa pacxofa ropsiyert BoAbl B NUTpax nNpu TemnepaType
65°C; tr.B - Temnepartypa ropsyen Bofbl; tx.B - TeMmnepaTypa XonogHon BoAbl, NogaBaeMor B CUCTEMY ropsye-
ro BOO4OCHabXeHus.

Mo CHuI Temnepatypy ropsivyen BoAbl B MecTax Bogopasbopa npuHuMatoT He Bbiwe 750C ans nobbix cuctem
ropsiyero BogocHabxeHust 1 He Hwke 550C anga cuctem LieHTpannM3oBaHHOIO ropsiiero BOAOCHabXeHus, npu-
COEAMHEHHbIX K OTKPbITbIM CUCTEMaM TEMNSIOCHAOXEHUSA, U CUCTEM MECTHOIO ropsAYvero BOAOCHaAOXEeHUS; He HU-
xe 500C anga cuctem LieHTpanuM3oBaHHOMO ropsivero BOAOCHa0XeHWs, NPUCOEOVNHEHHBIX K 3aKpbITbIM CUCTEMaM
TennocHabxeHus.

TemnepaTtypy XONOAHOW BOAbI MPU OTCYTCTBMM AaHHbIX NpuHMMatoT 3umon + 50C, netom - +150C.
"ogoBoK pacxod TennoThl Ha ropsvee BoOOCHAbXeHUe onpeaenstor:

— e | .0 . t26 _t[x.s.J . _
Q, =Q7-n,+08-Q" Fe— (8400—n,)

26 X.8.3
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roe tx.B.3 - TeMnepatypa xonogHon oAbl 3umon (+5°C); tx.B.n - TemnepaTypa XOno4HOW BOoAbl NeTOM
(+15°C); no - NpoooMKUTENBbHOCTL OTONUTENBLHOIO Nepuoaa B Yacax;

Cymmaprle pacxodbl TEMNOTblI HA OTOMJ1IEHNEe, BEHTUNALNIO U ropavyee BOAOCHABXEHME XUIbIX N 00LEeCTBEH-
HbIX 34aHUN MOXHO onpegennTtb 4Yepes KoJIN4eCcTBo nogen N.

Mpn M3BECTHBLIX PacYEeTHbIX TEMMOBbLIX Harpy3kax Ha OAHOro XXWUTens AN pasHbIX KIMMaTU4eckux panoHoB
Qob6xo0 rogoBble pacxodbl TEMMOTbl Ha OTOMMEHUE U BEHTUNALMIO ODOLLECTBEHHbIX 3[4aHWi onpeaensoT Mo

dopmyne:

QO = (QO6>K0 + Q)KFBC )XN,

rae Qobxo— yaenbHasa Tennosas OTONUTENbHAs U BEHTUNSALMOHHAA Harpyska obLeCcTBeHHbIX 30aHU Ha OfHO-
ro xutens; QXrec— yaenbHasa TeNnoBas Harpy3ka Ha ropsyee BOAOCHabXeHne Ha OQHOro XuTens.
5.5. SQHeproayaut cnctembl Bo3gyxocHabxeHus (CBC)

CxaTbln BO34yX — CaMblii pacnpoOCTPaHEHHbIN 3HEProHOCUTENb Ha MOOOM MPOMBILLNEHHOM NpeanpuaTun, a
CBC saBnsieTcs ogHUM U3 caMblX HEProeMKnx noTpeburtenen.

BmecTe ¢ Tem, cxaTue Bo3gyxa - ManodaddekTMBHbIA npouecc. B npombiwneHHbix komnpeccopax 80...90%
noTpebnseMon MOLLHOCTU BbIAENSIETCA B BUAE TeNna u TepsieTcsa npu ero oteogde. AHanus aHepronoTpebne-
HWsi BO BCEW CMCTEME LIEHTPanM3oBaHHOIO MPOM3BOACTBA M pacnpefenieHnst CKaTtoro Bo3dyxa MoKasbiBaeT,
YTO NOTPEdUTENM CO CXXaTbiM BO34YXOM MCMONb3ytoT He 6onee 10% nogaBaeMon Ha KOMMPECCOP SHEPIUN.

CtpyktypHo CBC (puc. 14) coctouT M3 kKomnpeccopHon ctaHuum (1-6), TpybonpoBogHOro n GanmoHHOro
TpaHcnopTa 4S9 No4ayn CxXaToro Bosayxa k notpebutenam (7) n notpebutenen cxaroro Bosgyxa (8).

> > > > > >

1 2 3 4 5 6 7

Puc. 14 . bnok-cxema NponsBoAcCTBa M pacnpeneneHns cxxaTtoro Bosgyxa
1 - BOo3gyxo3abopHble unbTpbl, 2 - KOMNPeccopsbl, 3 - BO34yxooxnaguTens, 4 - BNarooTaenuTenb (MOXeT yc-
TaHaBnuBaTbCsl BMecTO (6)), 5 - BO3A4yLUHLIN pecuBep, 6 - Bo3ayxoocyumTenb (HeobsisaTenbHo), 7 - pacnpege-
nuTenbHas ceTb, 8 - noTpebuTtenu.

B 3aBMCUMOCTU OT HEOOXOAMMBIX MOTPEOUTENSIM pacxoda Bo3ayxa U ero AaBlEHUsi KOMMPECCOPHbIE CTaHLMK
obopyayroTcs LeHTPOOEXHBIMM KOMMpeccopamu ¢ n3bbITOYHBIM AaBreHmeM cxartoro Bosayxa 0,35...0,9 MlMa n
eAVHNYHOM npousBoanTenbHocTbio 250...7000 M3/MWMH unu NOPLUHEBBLIMA KOMMpPEeccopaMmn C OaBliEHNEM
0,9...20 MINa n egnHMYHON NPOM3BOAUTENBHOCTLIO HEe 6onee 100 m3/muH. [8].

Llenbto aHepreTuyeckoro obcrneaoBaHns KOMMNPECCOPHOro 06opyAOBaHUSA, CUCTEM pacnpedeneHns u notpeb-
NNeHUA CXaToro Bo3ayxa Ha npeanpuatun AaendeTcAa aHanua 3aTtpat, B OCHOBHOM, SﬂeKTpMLIeCKOVI SHeprmm Ha
€ro npon3BoACcTBO, a TakKke OoueHKa BeJIMYMHbl HENMPOU3BOOUTESIbHbIX NOTEepPb CXaToro Bo3gyxa u 3(b(beKTMB-
HOCTU €ro UCMorb30BaHWs y noTpebutenei.

B npowuecce obcnenoBaHust BbISIBNSAOTCS pe3epBbl 3KOHOMUK 3aTpavYMBaeMbIX Ha NPon3BOACTBO CXKAToOro BO3-
ayxa TonfmmBHO-3HEpPreTn4eCcknx pecypcos (T3P) N BO3MOXHOCTU palnOHaribHOro McnoJjib3oBaHUA Bblpa6aTbI-
BaemMoro un I'IOTpSGJ'IFIeMOI'O Ha npeanpuAaTtum CXXaTtoro so3agyxa.

Ha aTton ocHoBe OocyLlecTBndeTCA paapa60TKa HpeﬂﬂO)l(eHVIVI, HanpasJieHHbIX Ha NoBbIlLEHNE Sde)eKTI/IBHOCTVI
ncnonb3oBaHua TOP n cxaToro BO34yXa, peann3aynio KOHKPETHbIX 3Hepr0066pera+ou.mx MepoanHTMVI, a Tak-
Xe OLleHKa 3aTpaT Ha X BHeapeHue.

Ha o3HakomuTenbHoM aTane obcrneaoBaHUs 3Heproayautopy pekoMeHAyeTcs COCTaBWUTb CXEMY MPOM3BOACT-
Ba, pacnpefeneHns cxaToro Bo3gyxa C ykasaHWem pa3mepoB BO3AYXONPOBOAOB W AaBfeHWs B MecTax no-
TpebneHus, a Takke nepevyeHb NOTpebuTenen (TexHonornyeckme npouecchbl, MHEBMOUHCTPYMEHT, CUCTEMbI
aBToMaTtukM u T.n.). MNpn 3TOM XenaTenbHO UMeTb NpeacTaBneHns 06 SHepProxo3ancTee NpeanpuaTua 1 gone
3aTparT 9Heprum Ha NPOM3BOACTBO CXaTOro Bo3ayxa B obwem aHepronotTpebneHun npeanpusTus.

Ananus I'IpoeKTHOIZ LOOKyMeHTauumn (nacnopTa N pernameHTbl KOMNpPeccopoB “ n0Tpe6|/|Tene|7| n T.,D,.) N OaHHbIX
CTaTUCTUYECKON OTYETHOCTU (FOLI,OBbIe N MecCAYHble OTYEThbI O pa60Te CBC, pPEXUMBbI pa60TbI KOMIMpeCccopoB “
p,p.) (o]9] SKCnyatauunn CBC, a Takxke KOHCTPYKTUBHbIX 0CcoBEHHOCTEN CUCTEM pacnpeneneHna cXXatoro so3gyxa
Nno3BOJIAET NO UTOraM O3HAaKOMUTEJIbHOIo 3Tana MMeTb AaHHble O ﬂaCﬂOpTHOVI n q)aKTVIHeCKOVI npon3soaun-
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TENbHOCTU KOMMPECCOPHON, yAENbHbBIX pacxogax 3fIeKTPO3HEPrMN Ha NPUBOL KOMMPECCOPOB, O MakCMMaribHO
BO3MOXHOW, MakCMMarbHO ANUTESNTbHON U cpeaHen Harpyske KOMNpeCCOPHON.

Ha atom aTane oGcrenoBaHMsi OCHOBHLIMW 3agadamMu SIBNSOTCSA: ONpeAeneHne yCTaHOBMEeHHoW, paboyer u
pe3epBHON NPOU3BOAUTENBHOCTM KOMMPECCOPHOW CTaHLMKU, PacXO4OB 3MEKTPO3HEPrM Ha NPUBOA, PacXO4oB
oxnam,qarou.l,eﬁ BOAbl N BCNoMoraTtesibHbIX MaTepmanoa, ,EI,I/IaMeTpOB BHyTpI/ILI,eXOBbIX n MexXuexoBblX pr60-
NMPOBOAOB CXaTOro BO3Ayxa, yCTaHOBMNEeHue hakTnyeckmx yaernbHbIX PACXO40B 3rEKTPOSHEPrMn Ha BbIpaboTKy
CXXaToro Bo3gyxa, Ha BogocHabXeHne 1 COOCTBEHHbIE HYXAbI.

dakTyeckas Npov3BoaAUTENbHOCTL KOMMPEeccopa, koTopas onpedensieT U Bce yaernbHble dHepreTuyeckune no-
KasaTenu, okasbiBaeTcs Mpu NPOBEpKE 3HAUMTENbLHO MeHbLUe NacnopTHOW. [MPUYMH, BbI3bIBAIOLLMX 3aHUKEHUE
MPOV3BOONTENBHOCTU KOMMPECCopa, MHOrO: YBENUYEHHOE MPOTUB HOPMbI BpedHOe MPOCTPaHCTBO, HEMMOTHO-
CTM BCaCbIBAKOLMX M HArHeTaTerbHbIX KrnanaHoB, HEMNMOTHOCTY MOPLUHEBLIX KOMeL, HEMMOTHOCTU CarnbHUKOB,
3aHMKEHHbIE CEYEHMs KnanaHoB, 3aBbllUeHHbIe NMOABLEM U TOMLLMHA KnanaHHbIX NAacTuH, 3aBbllleHHas Temne-
paTypa BcacbiBaemMoro Bo3ayxa v ap.

CyLLecTBYIOT pasHble METOAbl OrnpedeneHnsl MPOM3BOAMTENBHOCTM KoMrpeccopa. Hanbonee npocTeiM U TOu-
HbIM METOZOM SIBMSIETCS ONpeaesieHne NPOn3BOAUTENIBHOCTY NPY NMOMOLLM APOCCESIbHOMO pacxodomepa.

Ons ucnbiTaHns MoxXeT BbITb UCMONb30BaH APOCCENbHLIV NPUBOP, NMELNIACA Ha HarHeTaTernbHOM BO34yXO-
NpoBoAe KOMMpeccopa 1 CnyxalimMn Ans aKCcnnyaTtaunoHHbIX nsmepeHui. K gpoccensHomy npubopy nogkrto-
YaeTcsa agudpmaHomeTp nabopaTtopHoro Tuna.

B komnpeccopHoii, 060pya0BaHHOW HECKOMNBKMMM KOMMNpeccopamMmm, ApoccernbHbIi Npubop Ans uenemn ucnbita-
HWS OOMKeH ObITb YCTAHOBIIEH HA HArHeTaTeNbHOW NIMHUM KaXaoro Komnpeccopa.

an onpepgeneHnn CbaKTquCKOVI npon3BoAUTENIbHOCTU TaKXe UCMOJIb3YIOT:

1. MpyXUHHBbIE MAHOMETPbI ANS U3MEPEHUST AABIEHMS CXKaToro Bo3ayxa, Boabl U Macna. MoXxHO nonb3oBaTbCsl
YCTaHOBJIEHHLIMW Ha KOMMpeccopax 3KChnyaTauuoHHbIMU Npubopamu nocre MOBEPKU WX B U3MEPUTENbHOWN
naboparopum.

2. PTyTHble TepMOMETPbLI ANA U3MEPEHNa TemnepaTyp Bo3dyxa, BOAbI U Macna.

3. bapomeTp.

4. TaxomeTp AN U3MepeHns CKOpOCTU BpaLLeHNs Bana komnpeccopa.

5. QnekTpousmepuTensHbIA NPUBOP OIS N3MepPeHNss MOLLIHOCTU, NOTPebnsemMon KOMNPECCOPOM.

MpoussoauTenbLHOCTL KOMMNPeccopa Nno YCnoBusaM BcacblBaHud, M3/4, onpegensercs no dopmyne

leAdzq/thlPlx%
0'1

roe A - KO3MULMEHT, 3aBUCSLLUIN OT: BHYTPEHHEro AnameTpa TpyObl, AnameTpa oTBepcTus anadparmbl, Lie-
pOX0oBaTOCTW TPYObl, 320CTPEHUSA BXOAHOW KPOMKM AnadparMbl, paclUMpeHns Bo3dyxa npv NpoxoxgeHun ye-
pes gnadparMy 1 paclumpeHus guadgparmbel B cpege ropsyero sosgyxa. BennumHa A npuHumaeTca B 3aBUCU-
MOCTM OT OoTHoweHus d/D ( D - BHyTpeHHWUIA guameTp BO34yxonpoBoda, cM, d - guameTp oTBepcTus gnadpar-
Mbl, CM), h - nepenaa gaBneHnsa Ha gvadparme, nokasbiBaembli gudhMaHOMETPOM, MM pT. cT., PO, P1 — abco-
NIOTHOE AaBrfeHve BO34yxXa Ha Bcace M CxaToro Bo3gyxa nepen guadpparmon, kr/icm2 (ata), TO, T1 — abco-
NTHasA TemnepaTypa Bo3yxa Ha Bcace 1 cxaToro Bosayxa nepeg agnadparmon, K.

HomuHanbHas NpoM3BOAUTENBHOCTL MOPLUHEBBLIX U POTALMOHHBLIX KOMNPECCOPOB yKa3blBaeTCHa B nacrnoprax u
KaTanorax oObl4HO B M3/MUWH, MO3TOMY NPW CPaBHEHUW OEWCTBUTENbHOM npou3BoguTensHocTn Q1 ¢ HoMM-
HanbHOW, BeNnunHy Q1 Hy>xHO aenuTb Ha 60.

dakTmyeckas Npon3BoaNTENBLHOCTbL KOMMpeccopa AommkHa ObiTe He MeHblie 90% oT HoMUHanbHon. Ecnn dak-
TM4eckas NPoOU3BOAUTENBHOCTb MOPLUHEBOrO MK POTALMOHHOIO koMnpeccopa MeHblue 90% OT HOMUHaNbLHOMW,
a Typbokomnpeccopa meHbLue 95%, To KoMnpeccop AOMKEH ObITb OCTAHOBMEH Ha KanuTanbHbIA PEMOHT.

YaenbHbI pacxog anekTpoaHeprum Ha 1000 HM3 Bo3gyxa onpenensieTcs no gaHHbIM UCMbITAHUA KOMMPEeCcCco-
pa, NPOBOAUMBIX AN ONpPeAeneHns ero NPon3BoANTENBHOCTH, MO opmyne

3_3><a><1000
QxC

’

rae O — 3aTpaTbl 371EKTPO3HEPTMI MO KOMMPECCOPHOW U HACOCHOK 3a BpeMsi UCbITaHui, KBT-u,

Q - chakTnyeckasi NPon3BOANTENBHOCTL KOMMPECCOPA, YCTaHOBMEHHAs MCTbITaHWEM MO YCIOBKSM Bcaca, M3/4,
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a-— KOSd)(*)VILI,VIeHT nepesoga OEeNCTBUTENBHOIO COCTOAHNSA BO34yXa B HOpMalibHOe,
C — 4NMTEnNbHOCTb UCMbITaHKUS, \.

KoadhpuumneHT «a»" onpegenseTcs no goopmyrne
, 1293 _279x (273 +1,)
4 B

roe y - NI0THOCTb BCAcbiBAEMOro Bo3ayxa, Kr/m3,
to - Temnepartypa BcacbiBaemMoro Bo3ayxa, °C,
B - bapomeTpuyeckoe gaBneHme HapyXxHoOro Bo3gyxa BO BpeMS UCMbITaHUA, MM pT. CT.

BenununHa 3 3aBMCKT OT TUNa KOMMpPeCccopa, pa3BMBaeMOoro UM AaBrieHusl, Hanuunst UM OTCYTCTBUSI OXnaxae-
H1A 1 meHsieTca B npegenax 80...140 kBT-4/1000m3 cxxartoro Bo3agyxa. B ntobom anemeHte CBC mexay Kom-
npeccopoM 1 noTpebutenem aTa BenuYMHa yBenuyMBaeTcs BCreacTBME NOTepb B cMcTeMe, a y noTpebuTtens
MoxeT ObITb B 1,5-2 pasa BbllLe NPUBEAEHHOTO 3HAYEHNS.

CyLliecTtByeT U pacyeTHbIM MeTO onpeaeneHus yaenbHOro pacxoaa anekTposaHeprun Ha NPUBOA KoMnpeccopa
N HAcoCcoB cncTeM 06OPOTHOIrO BOAOOXNAXAeHUS, 6asnpyoLminca Ha pacyeTe paboTbl CxaTust Ans naearnbHo-
ro u ganee OencTBUTENBHONO Npouecca cxatusa [12].

Ha nocnegytowmx atanax sHeproayamta CBC coctaBnsatoT 6anaHc cxatoro Bo3gyxa B LIEfoM Mo NPeAnpUaTrio
N NPOBOAAT COMNOCTaBMEHNE HOPMUPOBaHHLIX U AENCTBUTENbHLIX PACXO4OB CXaTOro BO3Ayxa, onpeaensioT
Henpou3BoAUTENbHbIE pacxodbl (YTEYKN) Bo3ayxa B CETAX U y noTpebutenen. NpumepHbii B1a 6GanaHcoB BO3-
ayxa npusegeH Ha puc. 15.

Pacnpeoenenue cycamozo 6030yxa

roy LB Ha cTopoHy unac

PM3 01%  64% 8,0%

0,3%

BapoyHbin
Lex
5,9%

Ty
4,9%

P
BB 6,2%

5,9%

OT16enbHbIN

BOM-5 o
10.6% 14,6%
BOM-4
10,6%
™ BAM-1
s g 7,9%
13.1%
Puc. 15

AHanu3 6anaHca no LefneBoMy HarnpaseHNo MO3BONSAET ONPeaenuTb YAeNbHbIA BEC pa3NINYHbIX HanpaBrieHun
(noTeHumanbHas U KMHeTUYecKasa 3Heprusi) NCNonb30BaHNs CXKaToro Bo3dyxa no nNpeanpusTuio B LIENOM U Mo
OTAEnNbHbIM LexaM, a Takke [OM0 pas3nuyHbiX noTpebutenen (MHEBMOMEXaHM3MOB) B paMKax KaXgoro Ha-
npaeneHus. AHanu3 faHHbIX O BENUYMHE NOTepb IHEPrMM U yTeukax Npu Npoun3BOACTBE, TPAHCNOPTUPOBKE U
pacnpegeneHmn cxaTtoro Bo3gyxa no oTAernbHbIM Lexam 1 noTpebnTensm no3sBonsaoT OLEHUTL pe3epBbl, CBSI-
3aHHble C NoBblweHeM 3dEKTUBHOCTM NOTPEONEHNsT U NPOM3BOACTBA CXKATOro BO3gyxa Ha npeanpuaTtuv B
Lienom, o KOMMNPECCOPHbLIM CTaHLMAM U MO OTAENbHLIM Hanbornee KpynHbIM NOTPeOBUTENsIM CXXaToro Bo3ayxa.

ﬂyTeM CpaBHEHUA (baKTVI‘-IeCKVIX nokasatenen c HOpMaTUBHbIMWU, aHallorM4HbIMMN Ha SHepFOSde)eKTVIBHbIX
npeanpuaTnax, NnpoBoAAT aHaJn3 Sq)(beKTVIBHOCTVI NCMOJ1b30BaHUA CXKaToOro BO34yxa, a TakkKe 3JIeKTPO3Heprun
n 3HepFOHOCI/ITEJ'Iel7I Ha ero npomn3eBoacTBo.

Mpy MHCTPYMEHTaNbHOM ONpPeAEeneHn yTeuek Bo3ayxa UCXOAAT M3:

_ erp

]
Tp+TX
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roe Q — pacxon Bo3ayxXa B BXOA4e B KOMMpeccop,

Ty, T
prox_ cpeaHne 3a HeCKOJIbKO LIMKITOB NMPOAOITKUTETbHOCTHU pa6OTbI KOMMNpeCccopoB B pa60HeM N XOJTOCTOM
pexnmax.

[na WHCTpyMeHTanbHOro onpefeneHus Q HeoOXO4MMO BKMIOYUTL BCe MHEBMaTuyeckoe obopyaoBaHue,
BKITHOYMTb KOMMPECCOP M OOXOAaTbCs, noka OyaeT AOCTUMIHYTO MONHOE OAaBMEHUEe B JIMHWMM M KOMMNpeccop ne-
pengeT Ha XOrocTon xon (YyTeyku BbI30BYT NageHune OaBrfieHusi, U1 KOMMPEeCcCop CHOBa BbIMAET B pabounn pe-

T
M1M), 332 HECKONbKO LIMKIIOB BbIYUCIINTL CpeaHee Bpemst paboThl B paboyem pexume (P ) u cpeaHee Bpemst

TX
paboTbl B X0NocToM pexume (- X).

YTeukn BO34yXa CBA3aHbl C HENPOU3BOAUTESIbHbIMU 3aTpaTaMn 3I1IEKTPO3IHEPTINN (Taﬁ]’l. 4).

Tabmnumna 4
OunameTp oTBEp- [aBneHue B TpybonpoBoae
CTVSA NOBPEXAEHU 4 6ap 6 6ap 8 6ap \ 10 6ap
d, Mm Pacxopn Molwu- Pacxopn MoLwu- Pacxopn MoLwu- Pacxopn Mouw-

VAL HOCTb, YTeuKn HOCTb, YTeuKn HOCTb, YTeuKn HOCTb,

kBT nlc kBT

Ha aTtane pa3paboTkv mMeponpusiTuii No NoBbIWEHNIO 3(PMEKTUBHOCTN UCNOfNb3oBaHns TAP aHeproaygutopy
nonesHo 3HaTk, 4TO B CBC 3Ha4uMbl: @) MEPONPUATUS MO CHUXKEHUIO PAcXOO0B ANIEKTPO3HEPTUN Ha BbIpaboTKy
cxKaToro Bo3gyxa, 6) MeponpusaTMA MO CHUXEHMIO HENPOM3BOAMTENBHBIX MOTEPb BO34yXa Ha BCEX y4acTKax
CBC, B) paunoHarnbHasi aKkcnayaTaums OCHOBHOIO U BCOMOraTesnibHoro obopygoBaHus.

K mMeponpusitTusiM rpynrbl «a» MOXHO OTHECTU: YCTAHOBKY CUCTEMbl peryriMpoBaHusl 4aBreHUsi , CEKLMOHUPO-
BaHME KOMMPECCOPOB, MEXCTYNEHYaTOe OXMaXaeHVe BO3ayxa, CHWKEHNE HOMMHaNbHOro paboyero gaBneHus
B CBC, aBTOMaTM3aLMI0 OTKPbITVSI BCACbIBAIOLLMX KIaNaHoB, yry4lleHue paboTbl KOMMPECCOPOB NpU perynu-
POBaHMKN NPON3BOAUTENBHOCTU, NMPUMEHEHNE SKOHOMUYHBIX KOMMPECCOPOB U Ap.

Cpegu meponpuatuii rpynnbl «6» MOXHO Ha3BaTb: CUCTEMATMYECKOE YCTPaHEHNE HEMNMOTHOCTEN B carlbHUKAX,
BO34yX0BOAAX, COEAUHUTENBHOM N 3anoOpHON apMaType, OTKMYEHNEe OTAENbHbIX HEMCMNOMNb3YEMbIX Y4acTKOB
BO3ayxopacnpeaenuTenbHON ceTu, OTKIIoYeHMe Bcel ceTu B Hepaboyee Bpemsi, OcylleHue Bo3gyxa npeao
NOCTynfeHnem ero B ceTb U Ap.

K TpeTbel rpynne OTHOCHAT: CHUXXEHUE NOTepb CO COPOCHBLIM BO34YXOM, B CUCTEME 060POTHOrO BOAOOXNaXae-
HUSI, UCMOMb30BaHWE aBTOHOMHOIO BO3[4yXOCHabXeHus yaaneHHbix (6onee 0,7...1,0 KM) OT KOMMPECCOPHOIA
noTpebuTenen, paboTarLmx No nepemMeHHoMy rpacuky ¢ ManbiMy pacxogamu Bo3ayxa u ap.

PaccmoTpym nogpobHee npumMepbl MEPOMNPUSTUN MO CHWXKEHMO 3Hepro3aTtpaT B CBC.

B CBC c notpebutensmm ¢ pe3ko NepemMeHHON CyTOYHOM U HeOEeNbHOW Harpy3Kow Yallle BCEro UCnosib3yercs
OOVWH M3 CaMblX HE3KOHOMMUYHBIX CMOCOOOB perynupoBaHus — cbpoc n3bbITOYHOrO CXKaTtoro Bo3gyxa B aTMo-
ccepy, UYTO sBMsSieTCA NPAMON NOTeper 3aTpayvnBaemMon B Komrpeccope aHepruun. [pakTtuka akcnnyaTtauum
KOMMpPEeCcCcopoB nokasbiBaeT, YTO aTa noteps moxeT coctaenaTb 10...15% u gaxe gocturate 30% [12].

Mcnonb3yst npv NOKPbITUM OCHOBHOM HEM3MEHHOW Harpy3ku TypboKOMNpeccopbl, a NepeMeHHON COCTaBnsto-
e — NopLUHEBbIE KOMMPECCOPbl MEHbLUEN MPOU3BOAUTENBLHOCTU, UMEIOLLNE CKOPOCTHOE perynupoBaHue u
Aaxe BblKMoYaeMble B Nepuo ONIMTENbHOrO CHUXXEHNUS Harpy3ku, MOXHO AOOUTBCA CHUXEHWUS aHeprosaTpar B
CBC..

Kak 6bI/10 Moka3aHO BbIlLE CHUKEHUE TeMnepartyp Bosgyxa Mexay CTyrneHAMn komnpeccopa npmuBoauT K 3Ha-
YNUTEJIbHOMY aHeproc6epe>|<eH|/uo.

CHmxeHne TemnepaTypbl Bo3gyxa Ha 8...10°C no3sonseT cHM3nTb noTpebnsemMyo MowHOCTbL Ha 5...8% wnu
(ans ogHoro komnpeccopa K-250 ¢ HomuHanbHoOM MmolHocTblo 1600kBT) mpumepHo Ha 128kBT1, y4to npwm
h=6000 4ac/rog coctaBuT 0,8 MnH KBT-4/rop.

Mpu akcnnyaTauumM cuctem o6OpPOTHOrO BOAOCHAGXEHMSI BO3MOXHO OTNOXEHWE 3arpsisHSIlOLLIMX BELLECTB Ha
MOBEPXHOCTSAX MPOMEXYTOYHbIX OXMaduTenen, BbIXo4 M3 CTPOsi OTAENbHbIX TPYOOK 3TOr0 TennooOGMeEHHMKa,
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CHWXEHME pacxofa oxnaxparolen BoAbl, YTO NMPUBOAUT K NOBLILIEHUIO TeMMepaTypbl BO34yxa Mexay cTyne-
HAMK Ha 15...200C BblIlEe HOMUHANBHOIO U, KaK CNeacTBMeE, K HENPOM3BOAUTENbHLIM 3aTpaTam SHEPTUN.

YnyyleHnto paboTbl CUCTEMbI MPOMEXYTOYHOIO OXNaxAeHWs Bo3ayxa CnocobCTByeT UCMONb30BaHNE 3aMKHY-
TbIX CUCTEM BOAOCHABXEHUS XOMNOAUIMBbHUKOB C TaK Ha3biBAEMbIMU «CyXUMWU» rPagupPHAMKU. OTO NULLb HEKOTO-
pble U3 BO3MOXHbIX HanpasneHui aHeprocbepexerus B CBC.

5.6 QHeproayauT TeNNIOTEXHONIONMYECKON YCTAaHOBKMU

AHanu3 aHepreTUYecKknx 3aTpaT U BbiSIBNIEHNE CPean HUX AO0NM HEMPOWU3BOOWTENbHLIX 3aTpaT Ha OTAErbHOW
TEMOTEXHOJIOMMYECKON YCTaHOBKE, Kak NpaBumo, TpebyeT He TOMbKO HanmMuusi WTaTHbIX U3MepSoWmnX npubo-
POB, HO ¥ JOMOSTHATENbBHBIX U3MEPEHUI, onpeaensieMblX crieundUKon yCTaHOBKM.

PaccmoTpym meTtogonorvio yrny0brneHHOro aHeproayamta TEMSOTEXHOMOMMYECKON YCTaHOBKM Ha NpuMmepe He-
NpepbIBHOAENCTBYIOLLEA NIEHTOYHON KOHBEKTMBHOW YCTAHOBKW, MpefHa3Ha4YeHHOW ANs CYLWKM BOMOKHUCTbIX
(amMcnepcHbIx) MmaTepranos.

JIeHTOYHaga cylwmnka coCTOMT M3 N OOHOTUMHBLIX CEKUUI, BKITHOYAIOLLMX ra3onpoH1LaeMbli KOHBENEP, HarHeTa-
Tenb C 3MeKTPONpMBOAOM, NapoBow kanopudep. MNpn paboTe B kaxaon cekunn HabnogaeTcs HepaBHOMeEpPHOe
rnone CKOpoCTeln Bo3ayxa, NpuBoAsLlee K HepaBHOMEPHOMY NO LUMPUHE KOHBenepa BbICbIXaHUIO MaTepuana.
[nsa BblpaBHMBaHUA BNarocofepXaHnsa maTepmana ocyLecTBSOT ero KOHAULMOHMPOBAHWE B AOMOMHUTESb-
HOM annapare 3a c4eT Brpbicka Boabl AW.

anIHLI,VII'IVIaﬂbHaFI CxXeMa yCTaHOBKK npeacTtaBfieHa Ha pucC. 16

Cj’I[[[’]I\’IBII‘"I MMaTepHaJI

t,

ap Pl BOIa

i P BICYINeHHEBIEL
1 Jinn- = fine- AT apHaTl
A
BEO3O¥X
H3 0KDPY@ECaAroIe
KOHIeHCaT cpeabl

Puc. 16
1 — mapoBoii kanopudep, 2 — cynmika, 3 — yCTaHOBKA KOHAUIIMOHUPOBAHUS MaTepUaia

MHCTpyMeHTanbHbIN 3Heproayaut AOMKEH AaTb UCXOAHYI0 MHAOPMAaLUMIO ANA COCTaBNeHns MaTepuarnbHOro u
Tennosoro 6anaHca He TOMNbKO BCEW YCTAHOBKM B LENOM, HO U OTAENbHbLIX ee YyacTen: kanopudepa (nogorpe-
BaTens), CyLUbHOW KaMmepbl, kKamepbl KOHAMLNMOHMPOBaHUSA MaTepuarna.

MaTepMaanbM ©anaHc CyLIJI/IﬂbHOﬁ YCTaAHOBKMW. Cuntaetcs, 4to CyLLII/IMbIIh matepuan un HarpeTb||7| BO34yX CO-
CTOAT U3 CyXOIh 4acTun 1 Bnaru:

G,w = Gc + GSM
G(; = LC.«. +Gn
Ke Ke Ke

G, v G uw G . v
roe M - pacxoq maTtepwuana, , ¢ - pacxopg Bo3gyxa, ) ¢ - pacxof cyxou 4yactu martepwana, ,
Ke

L . G
@ - KONWYECTBO Bnarv B matepuane, “ , ¢ - pacxod CyXOM yacTu Bosdyxa, " - KONMYEeCTBO Bfaru B
Ke
Bo3gyxe, *
PacueTHble COOTHOLLEHMSI, UCMOSb3yeMble NpU pacyeTe CTaTUKK CYLLKU:

Bnarocop,epx(aH ne Bosgyxa:
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d :1000.&:1000, M, . Py 2.6l

C, M, B-p, «Kecyxeo30yxa

Ke

C,.C, 1 Ml
roe - KOHLEHTPALMM1, COOTBETCTBEHHO, BOASHOrO Napa M CyXuUX rasos B rasa (Bo3sayxa), ,
K2

M

M
v'a_ MonsipHble Macchl, COOTBETCTBEHHO napa u rasa, MOMb | B - Gapometpuyeckoe aasneHue, Ha,
by_ napuuanbHoe AaBrneHne HeHacbILWeHHOro napa, Ila

BnaxHocTb MaTepuarna Ha CyXyto Maccy:

m = % . (100%) _ GMG_ Gc . (100%) K2.6]1. (%)

Ke.cyx.mamepuaia

W

c c

BrniaxxHocTb MmaTepmana Ha o0Lyo maccy.

o GSM GSM 6L,
Wm = G_ . (100%) = m . (100%) Ke.6 (%)

Ke.6Jl1doCHO20.Mamepuaila

M c M

CDOpMyﬂbI and nepec4yeTa Bl1aXXHOCTU MaTepuana:

. 100 ° Wmo o _ 100 * Wm K2.61.

B 100 — Wm" ’ B 100 + W,  Ke.81adxcHo2o.mamepuana

m

KonnyecTtBo ncnapeHHom snaru:

Wm1 - sz K2

2100+ W,,,

) )
:GMl'Wm _GMZ'sz e Wml_sz

W Ml A AR~
100 100 100 + W,

[lnsi KOHBEKTNBHOM CyLLIl/IﬂbHOIZ YCTaHOBKM MaTepMaﬂbelVl ©anaHc BbIrNSanUT cneagywowmm 06pasoM.

Ke
Lc.el + Gnl + Gc + Geml = LC.82 + GnZ + Gc + Ge.wZ _
KonuuyecTtBo BNaru, uCnapeHHom us matepmana B CyLUMUIIKe.
d,-d K2
W = GBM]. _Gs,wZ = Gn2 _Gnl = Lc.e. =2 : _
1000 y

Takum obpasom, Ans oueHKn MatepuanbHoro 6anaHca HeobxoauMbl U3MEPEHUS BNAroCoaepXaHusa matepma-
na Ha BXO[e€ 1 BbIXo4e U3 YCTaHOBKW U pacxof MaTepuarna Ha BXoAde WUnu Bblxoae.

Ons NpoOBEPKN N3SMEPEHHOIO MaTepunarnbHOro GanaHca HeobxoauMbI n3mMepeHnda sriarocogepxaHnd Bo3gyxa Ha

BxXoge Op BbIXoae 2 n3 CyLLIVIﬂbHOIZ KamMmepbl N pacxoda CyLUUIbHOro areHta 4epes3 CyLUUIKY. HOCKOHbe
ncnapeHHasa snara naMeHdeT pacxon CyLUUIibHOro areHTta, To pacdeTbl MaTepuaribHOro n TenfnoBoro GanaHcoB
BeOyT C ncnosibaoBaHMemM pacxona abconTHO Cyxoro sosgyxa L.

G G

B1 B2

L= 3= 3
1+d,x10™ 1+d,x10
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d, —do

[ns aKCnepyMeHTanbHOro onpefeneHns BlaroCoaepXaHna CyLUUIbHOTO areHTa — 0’ = 2 1cnonbayioT nokasa-
C M
HWUSI BYX TEPMOMETPOB (XCYXOro» 2 K «MOKPOTO» 2 Ha BXOAE W BbIXOAE CYLIMMbHOM yCTaHOBKMW. 10 3TuM
d,,d

nokasaHusmM Ha H-d gnarpamme HaxoaosaT 2 (puc. 17).

t

|

/A, d
Puc. 17

Tennosor banaHc kanopudepa COCTaBMAT Kak No napy, Tak U No BO34yXy.

B nepsom crniyyae

QM_zD><hH—k><hK—]Y><hl'T

h,h,

raoe D, k, I — o6wuin pacxop napa, koHaeHcaTa v nponeTHoro napa, 1’ K' T — cOOTBETCTBEHHO 3HTamNbMMK

napa, koHgeHcaTa U NponeTHoro napa.
OyveBugHo k+lN=D.

3HayeHunsa aHTanbnun GepyT U3 Tabnuy BOAAHOro napa, OAHaKo, Ans 3TOro HeobxoaMMbl U3MEpPEHUs aaBne-

h,=f(P.t,); ho=f(t); h,=f(P).

HWS U TEeMNepaTypbl:

Tennosor 6anaHc Mo CyLWnITbHOMY areHTy:

Q, =G,, (City — Coty)
do, to.do.

Cl y CO tl y
roe — yOellbHble TEMNOEMKOCTU BO34yXa Nnpu

ﬂpe/:l,nhoMTeano Tennoeon 6anaHc no BO34YyXYy 3anncblBaTb:

Qg = L(Hl - Ho)

roe 1 0 — SHTanbNMn BNa)HOro BO34yxa Ha BbiXo4e U BXoae Kanopwd)epa, OTHECEHHbIE K OOHOMY Kr
CyXxoro sosgyxa.

H =c,t+dx107(r, +c,t)

C.,C f
roe B'UT — ynerbHbIE TENOeMKOCTM abCoMTHOMO Cyxoro BO3ayxa M BOAAHOro napa, O — ckpbiTas Tenro-
Ta napoobpasoBanus npu 00C.

t,t
NamepeHns ¢’ M Ha Bxoge W Bbixoge kanopudepa (puc. 18) nossonsieT ycTaHOBUTb FEPMETUYHOCTb Karo-
pucepa (OTCyTCTBME MNEpPeTeYkM napa B BO3QYLIHOE MNpOCTpaHcTBa) € nomouwpto H-d gnarpammebl:

d =0, 4,0,

Kanopudep HerepmeTnyeH.

Tennosou 6anaHc CyLWMbLHON yCTaHOBKM [5,6]:
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B o6wem Buae Tennosoi 6anaHc CyLIMIbHON YCTAHOBKM BbIrMAONT crieayowymM o6pasom:

Que tQ+Ly-He+G, - Cppt g +Wec,, - t,,+G, ;- =L, H,+

mpl tmpl

GM2 ) CMZ tw2 + Gmp2 ) CmpZ 'tmp2 + Q5

roe nHaekeol «0», «1», «2» - COOTBETCTBEHHO napameTpbl nepen nogorpesartersiem, nocrie nogorpesartensa ne-
pen CyLUl/IJ'IbHOI7I Kamepoﬁ, Ha BbIXO4e U3 CYLLUIIKWN.

H
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CocTaBHble YacTu TennoBoro 6banaHca.

MpuxoaHas YacTtb

QM = (H1 — Ho ) L0 TennoTa, nepeaaHHas Bo3ayxy B nogorpesatene, Bm .
Q 5 Tennota, AOMNOMHUTENbBHO NoABedeHHas K BO3AYXY B CYyLUUIIKe,
LO . H0 TennoTa, BHocuMmas Bosayxom, Bmi .
. . _ . . . TennoTa, BHOCMMas BMaXHbIM MaTepuarnom, cocToslasa U3 c
GMl C,wl t,wl - GM2 le tml +W Cen
puana v Bnaru, Bm .
Gmp1 “Cop -tmpl TennoTa, BHOCMMas TPaHCNOPTHLIMM YCTpoiicTeaMn, B .
PacxogHast yactb
L2 -H ) noTepu TEeNnoThkl C YXOASLIMM BO3ayxXoMm, Bm .
G 2°Coot, noTepm TennoThl C yXoasLwmM MaTtepuanom, Bm .
Gmp2 “Cop2 -tmp2 noTepm TEeNMOThl C TPAHCNIOPTHLIMM YCTpocTEaMI, B .
Q5 noTepu TENMOThI B OKpyXatoLLlyto cpeny, Bm .

MNpuHuUmaeTcs, 4YTo

LO = LZ = L’ Cl = CZ = CC Clmp = C2mp = Cmp

W
Ecnn oTHecTu Bce cocTaBnsitowmne TennoBoro 6anaHca k KOJM4eCcTBy ncnapeHHoun snaru , TO BblpaKeHne

(11

MOXHO 3anncaTb B criegyrulem snae:
I (Hl - HO): I (H2 - HO)+qM +qmp +q5 _C&v .tMl _qd

BaxkHbIMM XapaKkTepuCTMKaMKn CYLUMIIbHOM YCTAaHOBKU SIBMSOTCA YAENbHbIA pacxod CYLWSbHOTO areHta u
yAenbHbIA pacxod Tensa Ha eAuHULY Macchl UCMapeHHOoN Briaru, COOTBETCTBEHHO:

L 1 K2.6030.

W z,-2, keucneracu

q= ?/v - L'(H\;\/_HO):"(Hl—H ) e
Ke.ucn.enacu

Takum obpasom Anst onbITHON MPOBEPKM MaTepuanbHOro U TENNOBOro BanaHca CyLWUbHON YCTaHOBKU HEO6-
XoOAuMa UHCTpYMeHTanbHas anarHoctuka (puc. 19, Tabn. 5)
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Konpencar \y

Puc. 19

TO — kanopudep, CK — cywmneHasn kamepa, KK — kamepa koHanumoHmposaHus, KO — KoHOeHCaTOOTBOAUNIK,
Ol — anektponpusoa, CA — cywunbHbIn areHT, CM — cywmnmbln maTepuan

Ne M3amepsieMble BENWYUHBI U AManasoHbl U3MepeHns

BblGupaemble  M3MepUTENbHbIE

Tabnuua 5

npuoopsbl

No (Tvnbl)

1 Temnepatypa (+100 °C ...+300 °C) KoHTakTHbI TepmomeTp KM44
2 HaeneHune ( )

3 Pacxon napa ( ) BuxpeBon pacxogomep

4 Temnepatypa (+100 °C ... +120 °C) KoHTakTHbI TepmomeTp KM44
5 OaBnenune ( ) MaHomeTp

6 Temnepatypa (0°C ... +30 °C) KoHTakTHbIn TepmomeTp KM44
7 OTHocuTenbHasa BnaxHoctb (30%...60%) MamepuTens BnaxHocTu

8 Pacxop (ckopocTb) Bo3ayxa (1 m3/c...10 m3/c) AHEMOMETP

9 Temnepatypa (+80 °C ... +150 °C) KoHTakTHbI TepmomeTp KM44
10 OTHOCUTENbHAsA BNaXHOCTb MamepuTens BRnaxHocTu

11 Temnepatypa KOHTaKTHbIN TEepMOMETP

12 OTHOCUTENbHAs BNAXHOCTb N3meputensb BRaxHOCTH

13 Pacxop BeluectBa (macca) M3meputenb pacxoga

14 Temnepatypa KOHTaKTHbIN TEpMOMETP

15 OTHOCUTENMbHAsA BRNAXHOCTb M3meputenb BRaXxHoCTH

16 Pacxop BeulecTtBa (macca) M3meputens pacxoga

17 CkopocTb 060poTOB TaxomeTp

18 MapameTpbl anekTponpusoa PernctpaTop / aHanusatop

19 Temnepatypa KOHTaKTHbIN TepMOMETP

20 Pacxon Bogbl YnbTpa3ByKOBOW pacxofoMep
21 [aBneHue MaHomeTp

npOBe,D,eHHaﬂ WHCTPYyMEeHTalnbHaa ANMarHoOCTUKa No3BONIAET He TOJIbKO NpearioXnTb aHeproc6eperalou.|,V|e Me-
ponpunaTtna, HoO U 4OCTAaTO4YHO TOYHO onpeaennTb SHGDFETMLIGCKI/IIZ noTeHunan ot nx peann3auun.

MogpobHO BO3MOXHbIE 3HeprocbeperatoLmne MeponpuaTus U NX Knaccudukaumsa U3noxeHsol B [6].
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B kadecTBe npunmepoB paCcCMOTPUM HEKOTOPbIE N3 BO3MOXXHbIX MepOFIpVIFITVIIZ.

PaumnoHanbHoe cHuXeHne gaBneHus rpetolero napa. [lasneHue n Temneparypa rpelowero napa, nogasae-
MOro B Kanopudep, Kak npasuno, Bbille Tpebyembix NO TexHonoruu. Vicnonb3oBaHue Ans pauMOHanbHOro
CHWKEHWS OaBreHuns napa Ans OTAENbHON TEXHOMOMMYEeCKo YCTaHOBKU MPOTMBOAABEHYECKNX TYpOUH Tuna
P He onpaBgaHO akoHOMuYecku. lNMosiBMBLUMECH Takke NPOTMBOAABIEHYECKME NApOBblE POTOPHO-OBBLEMHbIE
mMaLwwmHbel (NMPOM) obnagatoT psaoM HEOCNopUMbIX NPEVMYLLIECTB MO CpaBHEHU0 ¢ TypbuHamu P, B HacTos-
LLlee BPeMs KOHCTPYKTMBHO HegopaboTaHbl.

VMcnonb3oBaHne Ans cHmkeHus aaenerHmnst POY n tem 6onee PY meHee achdekTBHO, YEM NpUMEHEHNE Napo-
CTPYMHbIX 3KEKTOPOB.

[octuraemas npu 3TOM 3KOHOMUA 3HEPIrnn ornpegendaeTtca CHUXeHMeM Ha 10...20% pacxoga OCHOBHOro
rpewouwero napa BOCMNOJIHAEMOro BTOPUYHLIM NapOM BCKUMNaHUA, CHUXEHMEeM TemMnepaTypbl BO3BpallaemMoro
KOHOEeHCaTa (I'Ipl/l noBbIlWLEHUN TeMnepaTtypbl KOHOEHCaTa U OTCYyTCTBUA bakoB cGopa KOHOEeHCaTa TpeGyeTCFI
OonoJsiHnTenbHoe ero 3aXOJ'Ia)KVIBaHVIe).

Peunpkynsiumst cywunbHoro areHTa. HanGonee oyeBngHoe aHeprocbeperatowiee Meponpusitue B KOHBEKTUB-
HbIX CYLUMJIbHBIX YCTAHOBKaxX CBSI3aHO C BO3BPATOM YacTW YXOASLLEro CYLUMIIbHOMO areHTa B KOHTYP ero uup-
Kynsaumm (peumpKynsaumns CyLUMIbHOTO areHTa).

Bo3moxHble cxembl npuBedeHbl Ha puc. 20 a n 6.

CyLliecTByioLLee sBNEHNE NHBEPCUU, UHTEHCMBHOCTU UCMApeHUs Npy KOHBEKTUBHOWM CYLLKE, CBSAA3AHHOE C TEM,
4YTO Npu Temnepatypax cylunbHoro so3ayxa Bbiwe 180...2000C MHTEHCMBHOCTL UCNApeHUst B BO34yX C Mo-
BbILLUEHHbLIM BrarocogepXaHmem Bblille, YEM B CyXOW, NPUBOAUT K HEOAHO3HAYHLIM peLLeHnsaM no aHeprocoe-
pexxeHuto: npu t > 180...2200C BbirogHa cxema puc. 20 a, npu t < 1800C BbirogHa cxema puc.20 6 ¢ yctaHoB-
KO JOMOMHUTENBHOrO YTUNN3aLMOHHOIO pekynepaTopa.

YnpaBneHve HepaBHOMEPHOCTbIO Cywku. K ynucny Hanbonee 3HauyMMbIX 3Heprocbeperarowmx MeponpuaTui
OTHOCUTCS, Kak NpaBuro, yCTpaHeHWe HePaBHOMEPHOCTW pacnpeaerneHnss napaMeTpoB CyLUUIbHOMO areHTa no
nonepeyYHoOMy CEYEHUIO CyLUNIIBHON Kamepbl [6].

[na oueHkn noTeHumana aHeprocbepexeHns OT Takoro MeponpusaTua HeobxoamMmbl cneumduyeckne oonon-
HUTEMNbHbIE NHCTPYMEHTASbHbIE U3MEPEHNS AMOP TEMMEPATYP U CKOPOCTU CYLUUIIBHOrO areHTa.

l-nogorpesa TemNk
l CVIFINIEHOD D IC2HTA ;

7 Z—C¥LIMIEHA A
! %, Earepa ;

3 -THMHMA
PELMPE Y JITALIMM ;

F [
\\3 d-garepa cHeSeHMA.
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Puc.20
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l-noaorpeEa TeNE
CYVLIMABHOC G SCEeHTS ;

Z2—-C¥IIMIBHI A
EaMMepma

I-mHMHMA
PEIMBET AL ;

d-pareps CHeLSHMA ;

S—peRyrepa Top.



PA3/TEJI 6. Memoowsl 3HepzocOepercenus npu npou3soocmee u pacnpeoesieHuu
Menno6oll u INeKMpUYecKoil IHePIull.

6.1. OHeprocGepexeHne B cUCTeMaAX TPAHCNOPTUPOBKU TEMNJIOBON 3HEPruun.

OHeprocbepexeHne Npy TPaHCMOPTUPOBKE TEMOBOM SHEPTUM (XONoAa) XUOKMMU U ra3o00pasHbIMU TEMTOHO-
cuTendamMm B pasriMdHbIX OTpacnAax NpPOMbILLUNEHHOCTU MOryT 6a3VIpOBaTbCF| KaK Ha 06LIJ,I/IX 3aKOHOMEPHOCTAX
npoun3BoAcTBa M 3kCnsyataunm TexHU4eckoro o6opy,u,oaaH|/|;|, Tak U Ha 0CoODeHHOoCTAX XapaKTepHbIX TOJ1bKO
ONS AaHHOW OTpacinn NpoMbILLIEHHOCTU, obnacTty paboynx TemnepaTtyp, MecTe pacrnonoxeHuns Tpybonposoaa,
nepegaBaeMon MOLLHOCTU 1 T.4.

K 0bLMM 3aKOHOMEPHOCTSAM 3HeprocobepexxeHnst OTHOCATCS:

1. 3Heproc6epe>|<eHv|e N 3KOHOMWUYHOCTb MNpun co3gaHnn CUCTEM TPaHCMOPTUPOBKKU, PEMOHTOMNPUIroaHOCTb
KOHCTPYKUUKN, No3BOJA0LWad 6bICTpO O6Hapy)KVITb N YyCTPaHUTb Henonagkn n OTkasbl B HageXHom pa60Te.

2. OdheKkTMBHAA TeNmonsonsaums KaHana, HagexHo U JonroBeyHo paboTatolas npu yCrioBusiX KchyaTa-
Lun.

3. Mano rugpaBnnyeckoe COnpoTUBIIEHNE KaHara, Mo KOTOPOMY NMPOXOAUT TPAHCMNOPTMPOBKA TENSIOHOCUTENS,
yTO 0GecneyrBaeT Masy MOLLHOCTL, 3aTpayrBaeMyto Ha NPOKaYKy TEMMOHOCUTENSI.

4. [epMeTMYHOCTb CUCTEM TPaHCMOPTUPOBKKU, YTO obecneuymBaeT 3HeprocbepexeHne Ha BOCNPOU3BOLCTBO
TensioHocuTens.

Hwxe GyayT paccMOTpeHbl BOMPOCH! 3HEProchepexeHust Npy TpaHCNopTUPOBKE Tenna W Xorofa Kak ra3oob-
pasHbIMM, TaK U XUOKAMW TEMNOHOCUTENSAMM.

1) MeToabl 3aHeprocoepexxeHMsa Npu NoA3eMHON U BO3AYLIHOW NpOKnagKe TenyonpoBoaoB (XNagoHOB)

C TOYKM 3peHns TOMNMBO 3HepreTnyeckoro banaHca cTpaHbl TennoBoe NoTpebneHne — 0AHO U3 OCHOBHbIX CTa-
Ten. MNMoaTomy adpdekTMBHAA SKCMnyaTaumsi TENSIONPOBOAOB NMO3BOMSIET OCYLLECTBUTL 3HEProchepexxeHne npu
TPaHCMOPTMPOBKE Tenna, KOTOPOE B HACTOSILLEE BPEMSs! COCTaBMsieT okoro 8% | 1| oT nepenasaemoit sHeprum.
TpaHcnopTMpoBKa TENSIOBON 3HEPrM MMEEeT MEeCTO MPaKTUYECKU B KaxKOOW OTpacrv NPOMBILLMEHHOCTU, HO
Hamboree LIMPOKO OHa npefcTaBrieHa B cucTtemax Tennodwmkaumn. Tak, Hanpumep, B cucteme «MocaHepro»
Ha 01.01.98 r. AnvMHa TennoBbIX ceTen B ABYXTPYOHOM HauyucneHum coctasnseT 2314 kM, B TOM 4ucne BoAs-
HbIX ceTeil 2279 km. | 2.

TennonpoBodbl MOryT pacnonaratbCs NoA 3emrnen unv NponoxeHsl No Bo3ayxy. Nog 3emnen oHW MOryT pac-
nonaraTbCs B MPOXOOHbIX, NOMYNPOXOAHbIX, HEMPOXOAHbLIX KaHanax u HenocpeacTBeHHO B rpyHTe. Camble go-
porve 1 CnoXxHble 3TO TEeNonpoBOAbl B NPOXOAHLIX KaHanax. lNpolle n gelesne ocyLWeCcTBNAETCS Npoknaaka
B rpyHTe. B npoxoaHbIx kaHanax (BblcoTa KOTOpbIX = 2.5 M) 06cnyXuvBaloLWmMin nepcoHan MoXeT Npou3BoaUTb
PEMOHT 1 CBapoyHble paboTbl, B MOMYNPOXOAHbIX YAaCTUYHO, @ B HEMPOXOAHbIX Haxoautcst Tpybonposoa. Opa-
HaKo B HEKOTOPbIX Cryvasx NpokKnagka B rpyHTe NpakTU4Yeckn HeBO3MOXHa. Tak B ropofax PeMOHT TennoTpacc
n3-3a BblEMKW FPyHTa 3aTpyaHeH. [oaToMy B ropogax, kak npaBurio, MpUMeHsAeTCa Npoknaaka TensoBbiX ceTen
B MPOXOAHbIX KaHarnax, B KOTOPbIX pacnonaralTcsa Takke CUIMOBble anekTpuyeckue kabenw, kabenm cBA3N U
Bogonposod. 370 obecneynBaeT KOMMNMEKCHOE peLleHne BOMpoca SHEPro- 1 BOAOCHAOXEeHUs, U, B KOHEYHOM
cyeTe, BeAeT K aHeprocbepexxeHuio.

OpHoli U3 cyLLIeCTBEHHbIX HeJOCTaTKOB NOA3eMHOV NPOKMNaaK/ TENMOBLIX CETe ABNSeTCA paspyLleHne Tenmno-
N3onsAUMK nog, AeVCTBMEM Brark rpyHTOBbIX BOZA M BMaXHOro BO3dyxa B kaHamax, YTo nMpuMBOAUT K GOmbLUMM
TEennoBbIM NoTepsiM. [Mo3ToMy YacTo, rae 3To BO3MOXHO, NMPUMEHSIIOT BO3OYLLHYIO MPOKNaAKy TENMONPOBOAOB C
MeTannuyeckon 3alluUTon OT A0XAeN, YacTo 3TO LMHKOBaHHOe xene3o. OHa npolle B U3roTOBNEHUM U PEMOH-
Te, W, crnegoBaTenbHO, B 3TOM MnaHe obecneumBaeT aHeprocbepexerHne. OQHaAKO OHa NPUMEHSIETCA TOMbKO Ha
OoKpavHax ropofoB UMu Ha TEPPUTOPUSIX MPOMBILLNEHHLIX NpeanpuaTUiA. Bonpoc o BbiGope TMna Tennonposoaa
(BO3OYLWHBIA MNW NOA3EMHbIN) PELlaeTcsl C Y4€TOM MECTHbIX YCIIOBUI U TEXHMKO - 3KOHOMUYECKoro obocHoBa-
HUA.

3HeprocbepexeHne npu TpaHCNOPTUPOBKE TEMOBONM SHEPTMU B MepBY0 o4yepenb 3aBUCUT OT KayecTBa Tenso-
Bol usonsummn. OHa JOMKHA MMETb HE TONbKO HU3KYH TEmNonpoBOAHOCTb, BO3AYX0- U BOAOMNPOHMLAEMOCTb, a
TaK )K€ HU3KYI SNEeKTPOMNPOBOAHOCTb, YTO YMEHbLIAET 3M1EeKTPOXMMUYECKYI0 KOPPOo3uio MaTepuana Tpyobl, BO3-
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OyXO- U BOAOMNPOHMLAEMOCTb, T.€. YBENUYEHMNE BNAXHOCTU U30MALUM MOXET HE TOMBbKO YXYALUWUTb TEMNMOMNpo-
BOAHOCTb u3onsumn donee 4Yem B 3 pasa, HO 1M cnocobCTBYET paspyLlueHuto Tpyb. B pesynbTaTte cpok cryxobl
cokpatutbcsa go 4-5 net Bmecto 30. | 3*| .N03TOMy camMu Tpybbl UMEKOT aHTUKOPPO3MOHHOE MOKPLITUE, HaMNpw-
Mep, B BUAE CUMMKATHbLIX AManeun, usona u ap. MHorga cBepxy TEMMOBOW M30MNAUMM yKNaabliBaloT acbouemeHT-
Hble PyTnApbl C METaN/MYECKUMM CETKaMM, MOKpbITble acOOLEMEHTHONM LWITYKaTypkon. Takne dyTnspbl npe-
NATCTBYIOT NOCTYNMEHWIO BNarn M3 BO34yxa M rpyHTa. 3Ta OTHOCUTENbHO CROXHAas KOHCTPYKUMS XOTH 1 Tpeby-
€T JONONHUTENBHBIX dHepro3aTpaTt Ha U3roToBMNeEHME, HO 3aTo Bonee AONrOBEYHbI U 3a CYET 3TOro 6onee Bbl-
rogHbl.

B nocnegHue rogbl Havany LWMPOKO BHEAPATLCS TEMNONPOBOAb! TUna «Tpyba B Tpybe» ¢ neHononMypeTaHoBOW
nsonsaumen B rmgposalimtHon obonouke |3]. Takas KOHCTPYKUMA npegycmaTpuBaeT NpUMEHEHNE He TOSMbKO
npefBapuTeNIbHO M30NIMPOBAHHBIX NEHOMONMYPETAHOM M 3aKIIOYEHHBLIX B MOMMATUIEH TPYD, HO 1 BCEX KOMMO-
HEHTOB CUCTEMbI (LLIAapOBOW apMaTypbl, TEPMUYECKNX KOMNEHCATOPOB M T.A4.). Takas KOHCTPYKUUA MOXET ykna-
ObIBaTbCs B 3eMIt0 Ge3kaHanbHO U obecneynBaeT CyLLeCTBEHHOE 3HeprocbepexeHne 3a cyeT npeaBapuTerb-
HOrO N3roTOBIIEHUS OTAENbHbIX M30JSIMPOBAHHBIX 3NIEMEHTOB B 3aBOACKUX YCITOBMSAX M MPaKTUYECKM MOSTHOW ee
TEPMUYHOCTU U BNAroHEMPOHNLIAEMOCTH.

Mpn TpaHCNOPTMPOBKE HU3KOTEMMNEPATYPHbIX TENNIOHOCUTENen (obnactb TeMnepaTyp XONO4HOW U KPUOTEHHOW
TEXHWUKM) BOMPOCHI KayecTBa TENMoBOW U30nsuumn BCTaloT 6onee 0CTpo, YeM Npu BbICOKMX TemnepaTypax. 3To
CBsI3aHO C TeM, 4To BbipaboTka 1 KBT xonoaga npw HM3konm Temnepartype (Hanpumep t= -100°C) ropasgo 6onb-
e aHeprun, Yem BoipaboTka 1KBT npu Beicokon Temnepatype (Hanpumep t= 100°C). Tennounsonupyowme ma-
Tepuanbl Ans obnact HU3KNX TemnepaTyp AOJKHbI YAOBNETBOPSITb OCHOBHbIM TPe6OBaHMAM TEMNON30NALM-
OHHbIM MaTepuanam, KoTopble paboTalT Npu BbICOKMX TeMMepaTypax Kak, Hanpumep, HU3KMM 3Ha4YeHUsIM A,
He3HauUTENbHON rMrPOCKONUYHOCTBLHD, OTHECTOMKOCTBIO, OOHAKO Heo6x0aUMO YTOObI MPU HU3KMX TeMnepaTypax
Tennonsonsauun obnagana MOpPO30CTOMKOCTBIO U 3MacTUYHOCTBIO. B 0BnacTu KproreHHbIx TemnepaTtyp LUMpo-
Koe NpYMeHeHne HaxoAAT MOPOLLUKOBble MaTepuansl (Hanpumep Ha OCHOBE AMOKCUAA KPEMHMWS) U pasnuyHble
BMAbl BakyyMmHoOM nsonsumm. CrnegyeT OTMETUTb, TEMMO B MOPUCTON U30NALMM NepeaaeTcst OT YacTUYKM K Yac-
TUYKE KaK KOHAYKTUBHbIM MyTeM, Tak M 3a cyeT Ny4mctoro TennoobmeHa. NosTomy co3gaBas B MOPOLLKOBON
N30MAUUN BaKyyM, YMEHbLLAIOT TEMMONPOBOAHOCTbL HAXOASLErocsi B NOPMCTOM crioe Bo3ayxa. [pu octaTtouy-
HOM JaBneHun

1.33 Ma (1-10-2 MM.pT.CT.) TENNONPOBOAHOCTb BO34yXa B AECATb pa3 MEHbLUE, YEM Y BO3yxa B HOPMarbHbIX
ycnosusix, T.e. 0,0023 B1/(m-K). BTopbim BUAOM BakyyMHON M30MSLMKN ABRSETCS M30NAUMS, COCTosLWas M3 OBYX
repMeTudHbIX Tpy6 (Tpyba B Tpybe), Mexay KoTopbiMM co3gaeTcs BakyyMm. Ta ke TennonposogHocTb (0.0023
B1/(m-K)) pocturaetcs npu octatodyHom gasnerHum 1,33-10-3 MNa. TpeTu TN BakyyMHOW M30MsLUMN Ha3biBaeT-
CSl 3KpaHHO-BaKyyMHOW TEMNNOU3O0NALMEN: OHA COCTOUT U3 YEePEeaYIOLMNXCS CrOoeB, HanpuMep, CTEKNOBOMNOKHA U
anomuHmeBon donbrn. Ha 1 cm. TonwuHbl nsonsaummn npuxogntcs ot 20 go 30 cnoes. B Takon msonsauuu
donbra BbIMOMHAET POfib 3KPAHOB U CYLLECTBEHHO YMEHbLUAET MYyYUCTYIO COCTaBAOLWYO B TEMMONPOBOAHO-
CTW, a 3a CYeT BaKyyMa CyLLeCTBEHHO YMeHbluaeT TennonpoBoAHOCTbL BO3Ayxa B nopax. MNoatomy B obnactu
KPUOreHHbIX TemnepaTtyp AaHHas Tennousonsauus cuntaetcs Haumbonee apEeKTMBHOM M HaxXOOWT LUMPOKOe
NPUMEHEHWE Ha NpakKTukKe.

B xonogunbHoM TEXHMKE AOBOSBHO YAaCTO NPUMEHSIETCS CXEMA XaJ0CHABXEHNs1 ¢ NPOMEXYTOYHbIM XJaA0HO-
cuteneMm. (CM. puc 1.) gaHHY0 CXemMy NMPUMEHSIIOT, Kak NpaBuio, Torga, Koraa UCTOYHUK NoTpebneHns xonoaa
pacnonaraeTtca Ha yaaneHHOM PacCTOSIHUW OT XONOAWUITbHOW CTaHUMM (pacCTosiHME MOXeT ObiTb OO0 1 KM.).
CXGMy C NPOMEXYTOYHbIM TensioHoCcuTeneM 4Yacto MUCNOoNb3YyKT B CMCTeMax KOHOMUMOHMPOBaAHMA BO34YXa,
Korga B ucnapurtene XOJ'IOp,VIJ'IbHOI7I MaLlUUHbI OXInaXXgaeTCAd )KVI,EI,KI/IVI TenJioHocUuTe b LI,I/IpKyJ'IVIpyIOIJJ,I/IVI B npome-
XKYTOYHOM KOHTYpe U OXMaxkaatloLmMin BO3aAyLLUHbIE Kanopudepbl HaxogdWwmxcs B KOMHaTax nomewleHus. B gan-
HOM criyyae Anst LMPKynsaumMm B NPOMEXYTOYHOM KOHTYpE XUOKOro TENNOHOCUTENS HeO6X0AMMO 4OMNOMHUTENb-
Hoe obopynoBaHue (Hacoc, TeNIO0OMEHHMKU U Ap.) MO CPaBHEHUIO CO CXEMOW OXNaXXAEHWsl BO3dyXa KOHAM-
LIMOHMPOBAHWS HEMOCPEACTBEHHO B MCMapUTENe XONOAMINbHOM MalUMHbI U NOgaYven 3TOro Bo3ayxa B KOMHAThI
nomelueHusi. OgHako TpaHCMOPTMPOBATbL TEMSIO XUAKMM TEMNSIOHOCUTENEM BbIFOAHEE, YEM BO3YXO-, TaK Kak
XKMAKOCTb MMeeT BONbLUYH TEMMOEMKOCTb U MAOTHOCTL, YeM BO34yX, U MOLLHOCTb 3aTpayMBaeTCsl Ha NpoKayky
XKMOKOro TEMMOHOCUTENSA MEHbLUE, YeM Ansi ra3006pa3HOro nNpy O4MHaKOBbIX NepefaBaeMblX KONMYecTBax Te-
nna. Cxembl C NMPOMEXYTOYHLIM TEMNSIOHOCUTENEM [OBOJIBHO LUMPOKO MPUMEHSIOTCA B PasfiMyHbIX OTpacnsax
NMPOMBILLNEHHOCTH, Kak B 00M1acTu HU3KMX, TaK 1 BbICOKMX TeMNepaTyp.

2) dHeprocbepexeHne 3a CHET YMEeHbLUeHUS MOLLHOCTH, 3aTpauyMBaeMomn Ha NPOKayKy TeNJIOHOCUTESS.

Mpy ABMXEHUU XUOKOrO M razoobpasHoro TennoHocuTensa no TpybonpoBogam MOLLHOCTb, 3aTpayMBaemas Ha
€ro Nnpokayky paBHa:

N—%, (1)

~pen,
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raoe G - pacxoq TennoHocuTens, Kr/c; AP - rugpasnuyeckoe conpoTueneHne TpybonpoBoga, Ma; p - nnoTHOCTb,
kr/m3; n, - KM HarHeTaTenbHOro yCTponcTBa.

Tenno, nepegaBaemoe No TENSIONPOBOAY, PaBHO:

Q=G-Cp-At,
roe Cp- TennoemkocTb TennoHocutens, Kx/(kr-K), At- nepenaa Temnepatyp Ha BXO4Ee U BbIXOAE TennoHocu-
Tens y notpebutens, °C; N = (G-AP)/(Cp-At -p-nH)

Otcloga crnegyeT, YTO NMPU OAMHAKOBLIX NMepedaBaeMbiX TEMnoBbIX Harpyskax Q nepenagax Temnepatyp At
MOLLIHOCTb, 3aTpayMBaemMasi Ha MpoKauyky TennoHocuUTens, GydeT TemM MeHblle, YeM Bbille TEMOeMKOCTb U
MAOTHOCTb TEMJIOHOCUTENS MPU MPOYMX PaBHbIX YCroBusiX. [103TOMY Xuakue TenyioHOCUTENW UMEIOT, B 3TOM
nraHe, NPenMyLLEeCTBO MO CPABHEHUIO C ra3006pasHbIMK, O YEM YKe FOBOPUIIOCH BhILLE.

O6uwee rmgpaennyeckoe conpotmerieHne AP cknagbiBaeTcs u3 notepb Ha TpeHue APT , HA MEeCTHble COmnpo-
TMBneHus APmM 1 yynTbiBaeT M3MeHeHne rmgpocTaTuiyeckoro ConpoTUBIIEHNS CUCTEMbI(ANS ra3oBbIX TEMIIOHO-
cuTenen MMM MoxHoO npeHebpeus). CnegoBaTensHO 6e3 yyeTa nocrneaHer CocTaBnsaLWwen MOXHO 3anucaThb:

AP= APT + APM
MoTepw gaBneHns Ha TpeHue
AP= & ((p-W2)/2)-(I/d) (2)
Ioe ¢ — koaPULMNEHT TpeHUs;
W — ckopocTb, M/C;
D — gnameTp, m;
| — eQuHMLA ANWHHEI, M;
noTepu AaBneHnsl N3-3a MECTHbIX COMPOTUBIIEHNIA:
APM=Z ¢ ((p-W2)/2) (3)
F'oe AM — K0a(pbpMLMEHT MECTHOIO COMPOTUBIEHNS;

[nsg yMeHbLUeHUa MeCTHbIX COMPOTUBIIEHUA B MOCMNEeAHUE rodbl MPUMEHSIIOT BMECTO 3a4BWXKEK LLApOBYHO 3a-
MOPHYIO apmaTypy, KOTOpble XOTH U JOPOXE paHee NPUMEHSIOLMXCH, HO MMEIOT rmgpaBnmyeckoe conpoTuere-
HME Ha NOPSAOK HUXE paHee NPpUMEHAeMbIX.  |2]

Kak BugHo 13 ypasHeHun (2) u (3) noTepw AaBreHuns, a, cneaoBaTeribHO, U MOLWHOCTL 3aTpadvMBaemMas Ha npo-
Kauky TennoHocutena N 3aBUCUT npexae BCero OT CKOPOCTU, U cnefoBaTtenbHO OT AnameTpa. Cneagyet oTMe-
TUTb, YTO YBENUYEHNE AnameTpa XoTa U ymeHbliaeT N HO 3aTO yBENMYMBAETCH METaNIOEMKOCTb KOHCTPYKLIMM
N 3HeprosaTpaTbl Ha MPOM3BOACTBO M MOHTaX TpybonposBoda U T.4. MO3TOMY yBenuunsas guameTp U yMeHb-
LWas MOLLHOCTb 3aTpayMBaemylo Ha MPOKayKy TenfoHOCUTENs BMECTO OXWOaeMoW 3KOHOMWWM 3Heprosartpar
MOXXHO NOMyYnTb UX yBenuyeHne. OBbIMHO CKOPOCTU ABWKEHMSA TennoHocuTenen Npn ux TpaHCnopTUpPoBKe Mo
Tpy6am B pasnuyHbIX OTPACAX TEXHWKW 3aBUCAT OT YCMNoBMIN paboTbl M pabounx napameTpos

[4],15]. Hwke B Tabnuue 1.1. AaHbl cnpaBOYHbIE 3HAYEHUS CKOpPOCTEW, Hanbonee 4acTo BCTpevawlmecs Ha
npakTuke.

Tabnuua 1.1.
CI'IpaBO‘-IHbIe 3Ha4YeHud CKOpOCTeI7I.
HanmeHoBaHwue Ckopoctb W, m/c

Ma3 npu P=20 Mna 0,8+0,3

a3 npu P=2,0-3,0 Mna 3+8

a3 npu P=0,1 Mna 5+25
XWOKOCTb B HAMOPHbIX JIMHUAX 0,8+3
neperpeTbIvi Nap B NaponpoBoaax 30+50

(dH<200 mm, P=0,7+1,4 Mna)
neperpeTbin Nap B naponpoBoax 20+70
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(dH >200 mm, P=<5 Mna)
B Ma3yTo- M MacronpoBoAax Ha Hanope 0,8+1,2

Ha cnvBe 0,2+0,3

CnepyeT OTMETUTb, YTO B OTAEMbHbIX CNy4asx, korga oCoBGeHHO OCTPO CTOSAT BOMPOCHI 3HeprocGepexeHus
MOLLHOCTM 3aTpayMBaeMoi Ha MpoKayky TennoHOCUTENS, CKOPOCTU TENNOHOCUTENEeN MOryT CYLLEeCTBEHHO OT-
nMYaTbCs OT BbllleyKasaHHbIX U BbIGMPaTbCA U3 TEXHUKO- SKOHOMUYECKUX NoKasaTerei Bcero usnenvs. Tak Ha
KOCMUYECKMEe neTaTerbHble annapatbl, oe 3MeKTPUYEcKylo MOLLHOCTb BbipabaTbiBaloT conHeuHble GaTtapeu
CKOPOCTU XUIKUX TENNOHOCUTENEN B CUCTEMAX XU3HeobecneueHuss MoryT Gonee Yem Ha NOpPsSAOK ObiTb MEHb-
LWe, YeM ykasaHHo B Tabnuue 1.1. 3a cyeT 3TOro CyLEeCTBEHHO YMEHbLUAETCS MMAPaBNUYECKOE CONPOTUBIIEHME
1 3aTpayvBaemasi Ha MPoKayKy MOLLHOCTb.

3) BbiGop TONWWHBbI TENNOU30NALUOHHOIO CIIOS.

TonwumHa n3onaunmM onpeaenseTca TeXHUYECKUMU N TEXHUKO- SKOHOMUYECKUMU COoobpakeHusmMu. TexHude-
CKMe COOBpaKeHus CBS3aHbl C TeM, YTO 3aJaHHas No TeXHUYecKOMy 3aAaHuio TemnepaTypa AOfmkHa UMeTb
CTPOro onpeferneHHoe 3HayeHne B OnpeferieHHbIX ToYkax Tennonposoda (X0nodonpoBOAa) U AOIMKHbLI ObiTb
CTPOro BblAepXXaHHbl TennonoTepb (TENONPUTOKOB), NMPU 3TOM MOrYT BbITb OrpaHMYeHus, Koraa TemnepaTypa
NMOBEPXHOCTU UIONALUUN HE OOMKHA NPEBLIWATL CTPOro onpeneneHHoe 3HaveHme (Hanpumep 40°C B paboumx
NoOMeLLEeHUAX) NN He JOoMKHa BbITb HUXKe TeMnepaTypbl TOYKM pockl tP npy TpaHcnopTupoBke no Tpybonposo-
Ay xonogoHocutens. lNMocnegHee TpeboBaHMe CBA3aHO C TeM, YTO Npu Temnepatype tP Ha noBepxHoOCTM Ten-
noM3onauMM KOHAEHCUPYETCH Bnara, KOTopas MOXET BMNUTLIBATbCS B MOPUCTYHO MU3OMSLUIO, YTO NPUBOAMUT K
yXydLeHUo ee KayecTBa. Ha ocHOBaHUM BCex TEXHUYECKMX TpeboBaHWIM onpeaenseTca MUHUManbHasa TONLLM-
Ha Tennousonsumu. Bonpockl Lienecoobpa3HOCTU pasHOCTM YBENUYEHUS ee TOSWUHbLI peLlaeTcd TeXHUKO-
9KOHOMUYECKMM pPacyeToM.

PaccmoTpyM nepeHoc Tenna Yyepe3 GOKOBYHO CTEHKY TpyObl, korga TennoobMeH Mexay NOBEPXHOCTbIO U30Mis-
LMK 1 OKpY>KatoLLel Cpeaoit OCyLLIeCTBNSETCA KOHBEKTUBHBLIM MyTeM. BeipaxeHue ans TENoBoOro Notoka umMe-
eT BuA;

g=At/R
30ecb At —nepenaj temnepatyp Mexay TemMnepartypon TennoHocuTens B Tpybe u okpyxatollen cpegoi, °C;
R — obuiee Tepmumyeckoe conpoTmenexne, (M2-K/BT);

ConpoTtuBneHne R y4nTbiBaeT TEPMUYECKOE COMPOTUBIIEHME HenocpencTBeHHO usonsaumm Rk (R=Ru +Rk).
MpeHebperas TepMnYECKMM CONPOTMBIIEHMNEM BbipaXkeHne and R3anuwem B Buge:

R=(d1 / 2A)-In(dH / dT)+(dT / adH)

30ecb a-b kKo3ahMLMEHT TENNOOOMEHa MeXAY OKPY>KatoLLen cpeaon n NoBEpPXHOCTLI0 nsonaumu, Bt / (mM2-K);
dT — HapyxHbI guameTp Tpybonposoaa, M;

dH — guameTp TENNON3oNALMN, M;

Mpun paccMOTpeHM BONPOCOB 3HeprocbepexxeHnst KOHKPETHOW TpyObl, Koraa n3BecTHbl U pukcMpoBaHbl A, dT,
a 1 At BcTaet Bonpoc 0 Bbibope Hanbornee paunoHansHOW TOMWMHBI Tennonsonaumun. [ina aToro ctpouTcs 3a-
BMCUMOCTb TEPMUYECKOrO CONPOTUBMEHNSA R OT TOMNWUHBI U3onsauun (auameTp u3onsuuun, Bug KOToporn npea-
CTaBrieH Ha puc.2.
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CnegyeT OTMETUTb, YTO NMPU ECTECTBEHHOIA
R A KOHBEKLMN O 3aBUCWUT OT TemnepaTypsbl
MOBEPXHOCTUN M30MSALMN, KOTOPasi MEHSIeTCs
C u3aMeHeHneM dH , 0HaKO OHa MeHsleTcs
He3HaYUTENbLHO U NPU MHXEHEPHbIX
pacyeTax MOXeT BbITb BblYMCIIeHa No

TeMnepartype TenfioHocuTenAd. onad Gonee

p dH TOYHbIX pacyeToB NPOBOAUTCS UTepaLms.
OKp

Mpu manbix 3Ha4YeHuax dH (dH< dkp) TepMuyeckoe CONpOTMBIEHME M3ONALMOHHOIO Crosi HE BENIUKO, a TepMU-
YecKoe COMpOTUBIIEHNE MOBEPXHOCTM 3HAYMTENBHO. [Npn dH > dKp HA0OOPOT, NUMUTUPYIOLLEN COCTaBMASIOLLEN
ansetca Rus , a Rk mano. V3 puc. 2. BuaHo, 4to npu dH< dkp yBenuyeHue TONWMHbI Tennonsonaumm paet
oTpuuaTesnbHbIn 3hdEKT, T.e. TepMmnYeckoe conpoTmereHne R ymeHbliaeTca 1 Tennosble NoTepun yBenudmnea-
toTca. B 6onblumnHCTBE NpuknagHbix 3agad dH > dkp , T.K. Mpy Manblx dH TemnepaTtypa NoBEPXHOCTU OObIYHO
BbICOKa 1 He yAOBNETBOPSET YCrOBUAM TEXHNYECKOrO 3aaHus.

3HayveHue dkp onpegensieTcd no ypasHeHuto | | u3 ycnosusa OR / dkp = 0 n umeet Bug dkp=(2 A\) / a .

Kak y>xe ynoMmMHanochb BbilLe MO0 TEXHUYECKOMY 3a[aHWI0 MOTYT MMETb OrpaHUYeHus No Temnepartype nosepx-
HOCTU m3onsauum tn . ITa TemnepaTtypa MoxeT ObITb onpefeneHa U3 ypaBsHeHusa Tennosoro 6anaHca. lNpu cTa-
uMoHapHon paboTe TennonpoBoda Tenno nepegaBaeMoe OT ropsiHero TEnnoHOCUTEnNs ¢ TemnepaTypon tr k
NMOBEPXHOCTM M30NSAUMU C TeMnepaTypon tn paBHO Tenny, KOTOpoe nepefaeTcs OT NMOBEPXHOCTU M30NSAUMU B
oKpyxatoLyto cpegy ¢ TemnepaTypon t0. [Ina ogHOCNONHON Tennou3onaumu, npeHebperast TEPMUYECKMM CO-
NPOTMBMEHNEM CTEHKM TPYObl monyvaem:

((tr-tn) / ((d7 / 2A)In(dH /dT)))=(((tn- t0)-a-dn) / dT)

Mo AaHHOMY ypaBHEHWNIO MOXXHO HaWTV MUHUMANbHO AOMNYCTUMBIVA AMaMeTp TENSIOU30NSUMM, NPU KOTOPOM, Ha-
npumMep, TemrnepaTypa NOBEPXHOCTU U30SUMM tv He NpeBbILLAeT 3a4aHHY0 MO TEXHUYECKOMY 3afaHuHo.

Kak yxe ynoMuHanoch Bbille, NPy TPaHCMOPTUPOBKE XONOAOHOCUTENSI TeMnepaTtypa NOBEPXHOCTU U30Nsumm
He [oMmkHa OblTb HWKe TeMnepaTypbl TOUKM POChl tp. paccyxaasi aHanorMyHo npeabiayleMy B 3TOM crnyyae
MOXHO MONyYnTh:

((tp- tx) / ((dT / 2A)-In(dH /dT)))=(((t0- tp)-a-c) / dT)
rge tx — TeMmnepatypa XonoaHOro TensioHocuTens.

3Has 3HaveHue tp No JaHHOMY YPaBHEHWUIO MOXHO HaWTU MUHWMarbHbIA guameTp Tennousonsumm dMuH npu
KOTOPOM HauMHaAETCs BbiMageHWe Brarn M3 Bo3dyxa OKpyXKatoLen cpefbl Ha NOBEPXHOCTU usonsauun. na Ha-
AeXHocTn paboTbl xonogonpoeoga Heobxoaumo, 4Tobbl AnameTp du 6bin 6onee dMuH..
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Puc. 1. Crera nogrmoyeHHa MNPOMEFRYTONHOMND KOHTYPS K WCN3pHTER $0000 AEHOE MaLkHb
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PA3JIEJI 1. DHepzocoepezaroujue meponpusmus 6 RPOMulUL1eHHOCHIU.

71. 9 heKTMBHOCTb UCMONbL30BaHUSA 3HEPrMM B OTPACiAX TenSIO3HepreTMYECcKOro KoMmnsiekca u
TUNOBble 3HeprocGeperalowme MeponpuATUA

71. OHeprocbepexxeHne B TENNIOTEXHONOMMUAX.

7.1.1. PauvoHanbHoe 3HepProncrnonb30BaHNe B HU3KOTEMMEPATYPHLIX TEXHOSOMNSIX.

7.1.2 Tennoas 3KOHOMUYHOCTb CYLUMIbHBLIX YCTAHOBOK N NPUEMbI €€ NOBbLILLEHNS.

7.1.3. Wcnonb3oBaHune TennoobMeHHbIX annapaToB Ang ytunu3aumm Tenna BOP.

7.1.4. Tennosble Hacockl

7.1.5. Cnocobbl yTunusaumm TensioTbl B CUCTEMAX BEHTUNALMM U KOHAMLMOHNPOBAHWS BO34yxa

7.1.1. PaumoHanbHoe dHeproumcnosfib3oBaHMe B HU3KOTeMMNepaTypPHbIX TeXHOJTOrnAX.

Cnoco06bl 3Hepoc69pe>KeHm| B BbIMAapHbIX annapaTtax NnoOBepPXHOCTHOro tuna

BbinapHble annapaTbl NOMyYMnu LWNMPOKOE NPUMEHEHUE A4S KOHLEHTPUPOBaHNS pacTBOPOB COMeNn U HeneTyunx
XMAOKOCTEN B XMMWUYECKON, NULLIEBOW NMPOMbILLIIEHHOCTU, NPOMBbILLNIEHHOCTN MUHEpanbHbIX yaobpeHun. Yaane-
HVMe Bnarm u3 pacTBOpoOB B annapartax 60nbLon NPOM3BOAUTENBHOCTU TPebyeT O4eHb 3HAYNTENbHBIX dHepre-
TUYECKUX 3aTpaT, CBA3aHHbIX C MO4OIPEBOM U UCnapeHnem BonbLIMX Macc XUAKOCTH.

Ha coBpeMeHHbIX KpyMnHbIX NPeanpuUsaTUAX BbiMapuBaHue BedyT B MHOTOKOPMYCHbIX (MHOTOCTYNeH4YaThbIX) ycTa-
HOBKax HenpepbiBHOro AencTeus. Mpu 3ToM NpoucxoauT UCMonb3oBaHWe 06pasyioLLerocs Hag pacTBOpPOM Tak
Ha3blBAEMOro BTOPMYHOIO Mapa KaKOoro kopryca B rocrneaylowmx Kopnycax ¢ 6onee HU3KUM OaBreHueM B
KayecTBe rpetoLLero unm ¢ nepefdaveit 4acTv BTOPUYHOIO napa (3KcTpa-napa) ApyruM TEnroBbIM NoTpeduTte-
nam. PacTBop B Takux yCTaHOBKax nepeTekaeT U3 Kopryca B KOPMycC, BbiMapuBasicb NPy 3TOM YaCTUYHO B Kax-
[OM Kopryce [0 onpeaeneHHo KOHLEHTpaumu.

OKOHOMMSI SHEPIM B BbIMAPHbIX YCTAHOBKaX MOXET JAOCTUraTbCs CreayoLLMMM OCHOBHBIMU crnocobamu:
MCNonb30BaHWEM TEMNNOTbI BTOPMYHOMO Napa B MHOFOCTYNEHYaTbIX BbiNapHbIX YCTaHOBKaX;
MPUMEHEHNEM CXKaTWsi MApPOB NMPU MNOMOLLM CTPYMHOMO 3)XKEKTOPa MIM MeXaHU4Yeckoro KoMnpeccopa,
NnoJOrpeBoOM pacTBopa, HanpaBMsSeMOro Ha BbiNapKy BTOPUYHBLIM NapoM UM KOHAEHCaTOM.

Kpowle TOro, BO3MOXHO MUCNOJIb30BaHWE TenroTbl BTOPUYHbIX 3HEpPreTu4eCkmnx pecypcos, nomny4vyaembixX npu Bbl-
napuneaHumn (BTOpMHHbIVI nap, KOHﬂ,eHcaT) B TENNocHabXeHUN unu OPYINX TEXHOJNOMM4YEeCKMX YCTaHOBKaxX (BHeIJJ-
Hee ncnosib3oBaHne TeﬂJ'IOTbI). TeOpeTVILIeCKI/I BO3MOXHO TaKXe UCMNoJib3oBaHME TeNOoTbl KOHLUEHTPUPOBAHHO-
ro pacteopa, 04HaKO 3TO He BCerga MOXXHO OCYLLEeCTBUTb Ha NPaKTUKE.

B TexHonornyeckux cxemax Ofisi KOHLEHTPUPOBaHUS PacTBOPOB CYLLECTBEHHYI0 SKOHOMUIO Mapa AaeT npumMe-
HEeHVEe MHOIOKOPMYCHBIX BbiMapHbIX YCTaHOBOK. [pu aToM 06pasytoLmniicsl BTOPUYHBIA Nap U3 NepBoro Kopnyca
HanpaBnsieTcs B Ka4eCTBE rpeloLlero Bo BTOPO, U3 BTOPOTO - B TPeTWI 1 T.4. B pesynbrate pacxop rpetoLLero
napa Ha yCTaHOBKY OT BHELUHEro MCTOMHUKA CHUXKAETCS U MOXET ObIiTb paccymTaH no gopmyrne

D=—, 9)

roe W — konn4yecTtBo pacTBopuTend, yganeHHoro n3 pacrteopa; n — KoJin4eCTtBO KOpPMNyCoOB BblMapHbIX annapa-
TOB, BKIIOYEHHbIX NOCNeAoBaTENbHO NO Napy; ¢ — NONPaABOYHbLIN KOIMMULNEHT AN ydYeTa yBENNYEHUs TENo-
BbIX NMOTEPb NPU YBENIMYEHUN YMcrna KOprycoB. [Ons Tpex-4eTbIpexKOpnyCHbIX ycTaHoBOK ¢ = 0,9, ana nsatu-
LLIECTUKOPNYCHbIX ycTaHoBOK ¢ = 0,85.

Takoe TexHWYecKoe pelleHne He yaaeTcs peanusoBaTb B MarlOTOHHAXHbIX MPOM3BOACTBAX MO TEXHWUKO-
3KOHOMMYECKMM CcoobpaxkeHusaM. Y annapatoB Manon Npou3BOAMTENBHOCTU CYLUECTBEHHO Bbille yAerbHbIN
pacxof mMeTanna Ha ux U3rotoeneHue. NoaToMy CHWXeHue 3aTpaT Ha rpelowmn nap npu yBenuyeHun ymcna
koprycoB 6yaeT conpoBoxaaTb 6onee 3aMeTHbIM POCTOM CTOMMOCTU CaMOW YCTaHOBKW. PereHepaTtuBHbIln no-
AOrpeB MCXOOHOro pacTBopa KOHAEHCaTOM rpetoLero napa no3sonseT CHU3WTbL pacxopn nocnegHero He 6onee
yem Ha 5-10 %, NO3TOMY OCHOBHbLIM pELUEHUEM A1 OOHOKOPMYCHBIX BbINAapHbLIX YCTAaHOBOK SIBNSAETCH BHELUHEE
3HEeproucnonb3oBaHne, HanpyMMep OTMYCK BTOPUYHOMO Napa B KavyecTBe TEMNOHOCUTENS BHELIHUM noTpebuTte-
nam.
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[ns 3KOHOMUM TpetoLLEro napa B CXEME BbIMAPHON YCTAHOBKM MOXHO WCMOMb30BaTh MAPOBOW 3)KEKTOP MM
MexaHu4eckuii komnpeccop. MNpy 3TOM BTOPUYHBIA Map CKMMAETCs C MOMOLLBIO Mapa BbICOKMX NMapaMeTpoB
WK 3a CYET NOABOAA MEXaHWYEeCKOW 3Heprun OO AaBrieHus, koTopoe obecneynBaeT Heobxoaumyto Temnepa-
TYpY KOoHAeHcauun B 1-M Koprnyce. O)XeKTop UMM KOMMNPeccop MOXHO YCTaHaBnMBaThb 3a NoGbIM KOPMycoM yc-
TaHOBKWU. YeM HUXKe JaBreHne BcackbiBaemoro napa, TemM noriHee ytunusauust TennoTbl, Ho 6onblie TpebyeTcs
9HeprMm Ha cxaTue. MecCTo YCTaHOBKM CTYMEHU CXaTusl OOMMKHO OMNpeaensitbC Ha OCHOBAHWMM TEXHUKO-
9KOHOMMYECKMX pacyeToB. VIMetoTcsi CBeAeHMsl, YTO YCTaHOBKA MapOBOro 3)KeKTopa B TPEXKOPMYCHOW Bbinap-
HOW yCTaHOBKe MO3BOMSIeT JOOUTLCS TaKoW e 3KOHOMMU Napa, Kak YCTaHOBKa elle OAHOro AOMOSHUTENBLHOMO
kopnyca.

MpuMeHeHMe MexaHU4eckoro komnpeccopa 6onee BbIFOAHO, YEM WCMONb30BaHME MapoBOro 3)KekTopa us3-3a
Huskoro KM nocnegHero. Kpome Toro, B cxeme C NPUMEHEHUEM MApPOBOr0 3)KEKTopa HEBO3MOXXHa MorHas
yTUNM3auma TENNOTbI, Tak Kak AOMOMHUTENbHOE KOMMYECTBO Mapa, NoflydYeHHoe OT MapoBOro KoTna, AOMMKHO
ObITb CKOHAEHCMPOBAHO.

MpaBunbHbIN BLIGOP TMMOBOW CXeMbl BbINapHON YCTaHOBKMN NO3BONSET CYLUECTBEHHO CHU3MTL TennonoTpebne-
HWe Ha npouecc BbinapusaHnsa. Hanbonee pacnpocTpaHeHHbIe CXeMbl YCTaHOBOK C MOBEPXHOCTHLIMY annapa-
Tamu npuBegeHsl Ha puc 13.

B yctaHoBkax ¢ Hymnb-kopnycoMm (puc.13, r) KpoMe HanpaBrsiemMoro B Hero napa BbICOKUX NapameTpoB, B nep-
BbIl KOPMYC MOXHO nodasaTtb nap 6onee HU3KOro AaBneHus. ATOT Nap MOXET noctynatb He oT TOL, unu ko-
TENbHOW, @ OT KOTMOB-YTUIM3aTOPOB, MCNOMb3YIOWKX TENMOTY BTOPWUYHBLIX PECYPCOB, KOTOpble MOTYT MOJy-
YyaTbCA Ha JaHHOM npeanpuaTun. B pesynbTaTe peluaetcs 3agaya 3amelleHnss 4acTu NepBUYHOro Tonnmea
BTOPUWYHbIMK 3Hepropecypcamu (BOP).

MpyMeHeHMe NPOTMBOTOYHBLIX cxeM (puc.13 k) cnocobCTBYeT 3amensieHWo NMpoLuecca OTIIOKEHUS conel Ha
NMOBEPXHOCTSX HarpeBa W, Kak crieacTBue, YMeHbLUEHWIO TENJIOBbIX NMOTEPb Yepes HapyXKHble MOBEPXHOCTM an-
napaToB. Ho ans nepemelleHns pacTeopa 13 kopriyca B KOpMyc, B OT/IMYME OT NPSIMOTOYHbIX YCTAHOBOK, HEOO-
XO0OMMO MCronb3oBaThk Hacockl. boree Toro, B 3TMX yCTaHOBKAxX MPaKTUYECKU MCKIOYeHa BO3MOXHOCTb pere-
HepaTMBHOIO MOJOrPeBa pacTBOpa, MO3ITOMY CHWXKEHME TEMoBbIX MOTEPb COMPOBOXAAETCS YBENUYEHUEM
pacxoda aNeKkTposHeprn Ha yctaHoBKy. OKOHYaTeNbHbIN BbIBOA O LIENecoobpa3HOCTV TAKOro PeLleHnst MOXHO
caenatb TONbKO HAa OCHOBE TEXHUKO-3KOHOMUYECKOrO CpaBHEHUS BapUaHTOB.
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Puc.13. CxeMbl BbiNapHbIX YCTaHOBOK.
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a — NpsIMOTOYHAsl C KOHAEHCATopoM; 6 — NPSAMOTOYHasi C NPOTMBOAABIIEHUEM; B — C YXYALEHHbIM BakyyMOM; I — C HyIlb-
KOprycoMm; 4 — AByXCTaguiiHasi, ¢ 060rpeBoM kopryca BTOPOM CTaguu OCTPbIM MapoM; € — AByXcTafuiiHas ¢ o6orpesom
Kopryca BTOpPOW CTaaun BTOPUYHLIM MapoM NepBOW CTYNEHW; X — NPOTUBOTOYHAS; 3 — C NaparnsenbHbIM TOKOM; U — ¢ 0T6o-
POM 3KCTpa-napa; K — CO CMeLUEHHbIM TOKOM.

YcTaHoBKM ¢ O0TGOpOM 3kcTpa-napa (puc.13) OTHOCATCA K Kraccy 3HeproTexHOSormM4Yeckux MocKorbKy Kpome
peLLeHNs1 YNCTO TEXHONOMMYECKON 3a4aun — NOBbILEHWS! KOHLEHTPAaLUMN pacTBopa OHU CINyXaT 0JHOBPEMEHHO
N UCTOYHMKOM TensoTbl (IKCTpa-nap) Ans BHeLHMX noTpebuTenei.

[ns npegBapuTenbHOro MoOAoOrpeBa pacTBopa, MOCTyMNalwLWero Ha BbiMapuBaHUe, KOTOPOE OCYLLECTBMST
NpaKkTUYecKn 40 TeMnepaTtypbl KUNEHUs 0ObIMHO UCMOMb3YIOT TENSOTY KOHAEHCAaTa rpetoLLero napa n3 nepBoro
Kopnyca 1 KoHZeHcaTa BTOPUYHOTO napa 13 nocneyLwmx KopnycoB. Tem cambiM obecneunBaeTcs pereHepa-
TMBHOE (BHYTPEHHEE) NCMOoNb30BaHMe TENMOThbl B CXEMe, YTO BEAET K CHMDKEHMIO pacxoda rpeoLlero napa ot
TOL| nnn KoTenbHOM Ha YCTaHOBKY. Takoe pelueHMe NO3BOSISIeT CHU3UTb pacxo rpetoLwero napa, Hanpaense-

D MOro Ha OAHOKOPMYCHYIO YCTaHOBKY Ha 5-15 %. B Tom cniyyae, ecnn
pad NPUMEHSAETCS MHOrOKOpnyCcHas yCTaHOBKa, MNOAOrpeB MWCXOAHOro
pacTBopa NpMBOAMT K elle Bbonee 3HaYMTENBHOM 3KOHOMUK napa. B
< > YACTHOCTU, B YETLIPEXKOPMYCHOW YCTaHOBKE ANsi SKOHOMUM rpetoLLe-
D ro napa ot TOL vnn kotenbHon moxeT gocturatb (5 — 15)-ngp = 18 —

HHK u30 54 %.

lMpumMeHeHne cxem C KOHOEHCAaTOpOM 3a nocriegHen CTYMNeHbio
(pnc.13 a, paBnenne napa B koHgeHcatope 0,01 — 0,02 Mrlla) no-
DCM 3BOMSET nogaBaTb B NePBbIN KOPMyC nap 6onee HU3KOro OaBMNEHUS,
HEeXenu B yCTaHOBKaxX C NPOTUBOAAaBMNEHMeM. OTO paclumpsieT BO3-
MOXHOCTM MCMONb30BaHMs BTOPMYHbLIX 3HEPropecypcoB ANS Bbinap-
HOW YCTaHOBKW, B 4YaCTHOCTM napa OT KOTNOB-yTunn3aTopos. B 1o xe
camMoe BpeMs YCTaHOBKM C npoTuBopaBneHnem (puc 13 6) moryt
CMYXWTb NCTOYHMKOM Napa 13 nocnegHen cTyneHu Ans BHeWHWX notpeburtenen, pabotatowmx npu donee HM3-
KOM AaBneHuu.

Mpy aHanuse AEWCTBYIOLWMX CXEM BbIMAPHbLIX YCTAHOBOK BAXXHO MPMHMMATb BO BHUMaHWe, YTO pelleHus o6
UCMOMb30BaHUM CXEM C OJHOCTYMNeH4YaTbiMU BbiMApHLIMK YCTAaHOBKaMKU MPUHMManunck B nepuop, korga Aons
3Hepropecypcos B ce6ecToMMOCTX NpoayKUmMM He npeBsbiwana 5% 1 ¢ TEXHUKO-3KOHOMUYECKON TOUKU 3peHus]
mMornu GbITb onpaBaaHHbIMK. B HacTosLee Bpemsi, BCrieACTBIE OnepexaroLllero pocta TapudoB Ha aHeprope-
CYpCbl B 9TWX e MPOW3BOACTBAX A0Sl SHEPropecypcoB B cToMmocTu npoaykunm gocturaeTt 30%, 40% un 6o-
nee. MoaToMy NepcnekTUBHbLIM SBISIETCS NEPEX0 K CXeMaM C HECKOIbKUMU CTYNEHSIMW BbiNapuBaHus.

Cnocobbl 3Heproc6epe)KeHm| B BbiNAapHbIX annapatax C NOrpy>xHbIMU ropenkamm

Ecnu npouecc BbinapuBaHUs OCyLLECTBSETCH B BbiMapHbIX annapaTtax ¢ MNOrpy>KHbIMWU ropernikamu, B KOTOPbIX
TeNnnoHOCUTENb - MPOAYKTbl CTOPaHUs ToNnMBa HENOCPEACTBEHHO KOHTAKTUPYIOT C BbiNapuBaeMbIM pacTBOPOM,
a nx TemnepaTypa Ha BbiIXxo4e M3 annapaTa npakTU4eckn paBHa TemnepaTtype pacTBopa, NPUMEHEHNE MHOro-
KOPMNYCHbIX YCTAHOBOK C MOCMeAoBaTeNbHbIM BKIIOYEHUMEM annapaTtoB Mo TennoHocuTento Boobue GeccMmblc-
neHHo. Bca Tennota npoaykToB CropaHuvs, 3aTpavyeHHas Ha ucnapeHue, yHocuTcs M3 annapara obpasytoLlenics
B npouecce BbiNapnBaHMa NaporasoBov cMecbio. Ha npeaBapuTenbHbIA NOAOrPEB pacTBopa MOXeT ObiTb U3-
pacxogoBaHo He Gonee 10-15% TennoTbl 3Ton cMecu. [ns BHELLIHEero SHeproucnonib3oBaHNsA OHa UMeeT He-
O0CTaTOYHO BbICOKMI noTeHuman. Ee Temnepatypa obblvHO cocTaBnsieT 85-95°C. B cuctemax otonneHusa Tpe-
OyeTtca Boaga ¢ pacyeTHon Temnepatypon 0o 110-150°C. KoHeuHo, 3TOro ypoBHsi TemnepaTyp 4OCTaTOYHO Angd
CMCTEM ropsiyero BogocHabxeHus. CornacHo AencTBYyOLMM HOpMaTMBaM TemnepaTtypa CaHTEXHUYECKOW ro-
psyert Boabl 55°C. B MOEYHbIX MalUMHAX MaluMHOCTPOMUTENbHbLIX, NIMKEPOBOAOYHBIX U ApYyrux 3aBogoB — 60-
80°C. Ho 3aTtpaTbl TennoTbl Ha ropsiyee BOAOCHabXeHe ONsi CAHUTAPHO-TEXHUYECKMX Lernen obbl4HO He npe-
BbIWAOT 2-3 % OT 3aTpaTt Ha OTOMNMEeHMEe N BEHTUNALMIO. BO3MOXHOCTU NCMONMb30BaHMA ropsyein Boabl B TeX-
HOMorMmM Toxe orpaHunyeHbl. [loaTomy Ha kadpeape TennomaccoobmeHHbIX NpoueccoB 1 yctaHoBok MOW Gbina
paspaboTaHa cxema, No3BOMsLLLAs BECTM NPOLIECC BbIMapUBaHUS NPWU HEMOCPEACTBEHHOM KOHTAKTE MPOAYK-
TOB CropaHus C ynapvBaembiM pacTBOPOM Tak, YTOObI MaporasoBasi CMeCb Ha BbIXOA4e M3 annapaTta umena 6o-
nee BbICOKY0 TemnepaTypy. [ns aToro 6610 NpeanoXxeHo BbIXOQHOE COMIIO FOPENKN He MorpyXaTtb B pacTBop,
a pacnonaraTb ero Bbllle YPOBHSA pacTBoOpa Ha pacCTOSHUM, AOCTaTOMHOM AMs nogaepXaHusa He 6apboTaxHo-
ro, a CTPYMHOro pexmnma TeyYeHus NPOAYKTOB CropaHusi B ra3oXMAKOCTHOM MpocTpaHcTBe. MeHdAs yka3aHHoe
paccTosiHMe, MOXHO yCTaHaBnNuBaTb Noby0 HeobxoaMMyo TemnepaTypy naporasoBorn cmecu. Pacxop Tonnvea
Ha ynapuBaHue pactsopa npu 3TOM Bblille, YeM B OObIYHbIX annapaTtax ¢ NorpyXHbIMU ropernikaMmu, HO C y4eTOM
3aMeLLEeHUs BHELHUX UCTOYHMKOB TeNnoThl A58 ropsyero BoAOCHabXeHusi, OTONMNEHUA U BEHTUNALMM UCMOSb-
30BaHWe TennoTbl CropaHns Tonnvea okasbliBaeTcs 6onee adpdekTnBHbIM. [JeNCTBUTENBHO,
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roe Q- TennoTta pacTBopeHus; Q.- TenmoTa Napora3oBOil CMECU, U3PacxodoBaHHasi Ha MOSlyYeHne ropsiyen
BoAbl; B- pacxop Tonnuea; Q° — HM3LWas TennoTa cropaHusi TONMBa.

Cxema ycTaHOBKW npuBedeHa Ha puc.14. XonogHasa Boga, nocTynaroLwas B Bogonogorpesartens u3 obpatHon
NUHUN CUCTEM OTOMMEHMUS, BEHTUMNSALUMM WUNU FOPAYEro BOAOCHAOXEHUHA, MpoxXoauT cHadvana ckpybGepHyto
yacTb, rae HarpesaeTcst 40 85...95 °C npu HenocpeaCTBEHHOM KOHTAKTE C NMaporasoBoil CMEChIo U 3aTeM - pe-
KyrnepaTuBHYt0, B KOTOPOI TENNOOOMEH OCYLLECTBNSETCSA Yepe3 TEMNonepeaatoLLyo CTeHKY. TemnepaTtypa na-
porasoBoW CMecU 3a pekynepaTUBHOM 30HOW NOAOEpKUBAETCH Ha YPOBHE, JOCTAaTOMHOM ANSA npeaynpexaeHns
KOHOeHcaumm napa, 4Tobbl CHM3UTL ONacHOCTb pa3pyLUeHMs MOBEPXHOCTM BcreacTemne kopposuun. KoHaeHca-
UMs napa 13 naporasoBor CMECU NpoucxoauT B cKpybOepHow 30He. TemnepaTtypa YXOAsLWMX ra3oB Ha BbIXxoae
N3 Hee 3aBWCUT OT YPOBHS TemnepaTypbl BOAbl, MOCTyNawLen B BOAONOAOrpeBaTENb, U MOXET OMNycKaTbCH A0
35 °C. Mpwn 3TOM 3P DHEKTUBHOCTb UCMOMBb30BaHMA TennoTel Tonnmea gocturaet 90-95 %.
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Puc.14. Cxema BogorpenHomn ycTaHOBKU

» I'B

1 — 6ap6oTaXHO-CTPYMHBIN UCNapuTenb; 2 — roperka unm TonoYHoe YCTPOMUCTBO; 3 — KOHTAKTHO-MOBEPXHOCTHbLIN Bogonoaorpesarenb; 4 —
ckpy66epHas 3oHa BogonoaorpesaTens; 5 — pekynepaTtMBHas 3oHa Bogonogorpesarens; 6 — Hacoc; T — Tonnueo; B — Bosayx; Py n P, —
MNCXOAOHBIN 1 KOHLEHTPUPOBaHHbIN pacTeopsbl; MNIC- naporasosas cmeck; YI — yxogsiwume rasel; XB — xonogHas soga; N'BC — Boga Ha ropsi-
Yyee BofoCcHabxeHue; B — ropsiyas Boaa B CUCTEMY OTOMNMEHUSI U BEHTUNALMK

Cnoco6bl 3HeprocbepexeHns B peKTUPUKALMOHHbIX YCTaHOBKaX

PekTucmkaumMoHHbIe YCTaHOBKM LLUMPOKO NMPUMEHSAOTCA NpU NOMyYeHuM NpoaykToB nepepaboTkn HedTh, B Xu-
MWUYECKOW NMPOMBbILLITEHHOCTM M B MULLIEBLIX NPOM3BOACTBAX (MPOU3BOACTBO cnvpTa). PasgeneHue Xuoknx cme-
Celn ABNSIETCA O4eHb 3HEProemMKMM npoleccoM. o onbITHEIM JaHHLIM HedTenepepabaTthiBaloLWLme 3aBoabl Ha
nepepaboTky HedTV U NPON3BOACTBO HEHTENPOAYKTOB NOTPEONSAOT B BUAE TOMSMBA, TENMOTbI U SNEKTPO3HEP-
rmn 8-12% obbema nepepabaTtbiBaeMon HedTH.

B TexHonornyeckux cxemax ¢ pekTMuUKauMoHHbIMU KOoHHaMKM (M. puc.15) Takke Bo3HUKaeT npobrnema uc-
MoJSIb30BaHMsl HU3KOMOTEHLUMANBHON TeNnnoTbl. BTOPUYHBIMU SHEPreTUYEeCKUMI pecypcamy B peKTUUKaLMOH-
HbIX YCTAaHOBKax SIBMSIOTCS TENSoTa NapoB HU3KOKUMSLLMX KOMMOHEHTOB, YXOASLUMX U3 BEPXHEN YacTu KOJOH-
Hbl, @ TaKKe TennoTa KyGoBoro octaTka.

Pacxog TennoTbl Ha NnpeaBapuTenbHbIA NOAOrPEB UCXOAHON CMECH, NMOCTYNalLWen Ha pekTudurkaumio, man no
CPaBHEHMIO C TeM KOMWYECTBOM TEMnOTbl, KOTOPOE OTBOAMTCA C OxNaxjawlwen BOOOW M3 KOHAeHcaTopa
dnermbl 1 KOHAEHcaTopa roToBoro nNpoaykra. bornee Toro, Ans npeasapuTenbLHOIO NOOrpeBa CMECK BOSHE
[OCTaTOMHO TENNoTbl KOHAeHcaTa rpetoliero napa. B atmx ycnoeusx BaHbIM Cnocob6OM 3KOHOMUWM TOnnuBa
ABMNSETCA BHELLHEEe 3Heprovcnonb3oBaHue. Hanpumep, Ha NMKepOBOAOYHBLIX 3aBO4aX BCTPEYAOTCA CXEMbI, B
KOTOpbIX OxNaxpgalwLlas Boa HarpeBaeTcs B KOHAeHcaTopax hrnerMbl U rotoBoro npogykra o 65 °C un uc-
nonb3yeTcsl 3aTeM B MOEYHbIX MaLlUMHaXxX, B CUCTEMaXxX ropsyero BOAOCHAOXEHUS CaHUTapHO-TEXHWUYECKOro Ha-
3HayeHus n ap.
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Puc.15. Cxema peKktudurkaumoHHOM YCTaHOBKU Af1si pereHepaumm opraHuiecknx pactsopurenen

1 — pekTudmKaLMOHHAs KOMOHHA; 2 — kyD; 3 — KoHaeHcaTop drermol; 4 — aednermaTop; 5 — KOHAEHCATOP rOTOBOro NpoAaykTa; 6 — COopHUK
roToBOro npoaykTa (auctunnsTta); 7 — sogonogorpesaTernb; 8 — HACOC LMPKYNSLUOHHbBIN

Cxema pekTndUKaLMOHHOW YCTAHOBKW AMNsi pereHepaumm pacTBOPOB OpraHMYeCcKUX pacTBOPUTENEN nokasaHa
Ha puc.15. OTtpaboTaHHbIA pacTBop B konndecTBe Gr Npu TemnepaType tr nocTynaeTt Ha pasgeneHne B KOJNOH-
Hy, Ky6 koTopown oborpeBaetcda napom. Pacxog napa Dy aHTanbnms hg. Mapbl NeTy4ynx KOMNOHEHTOB M3 KOSOH-
Hbl OXNaXAalTCHa NOCnefoBaTeNbHO B KOHAEHCATope rermsl 3 1 KOHAEHCATope rOTOBOro NpoaykTa 5, mexay
KOTOpbIMK yCcTaHoBMNeH Aedrnermatop 4 Ana oTAeneHus Xxugkon gasel - nermol B konudectse Gg, BO3Bpa-
LLLaEMOWN Ha OpoLUEHMEe KOMOHHbI. QucTnunnart B konuvectse D npu Temnepatype tp HanpaBnseTca B COOPHbIN
0ak 6 1 BO3BpaLLaeTcs B TEXHOMNOIMYECKNIA LINK.

HarpeTaﬂ B KOHOeHcaTopax (bﬂeFMbI M TOTOBOIro NpoAyKTa BOAa HanpasnAeTCA B CUCTEMY ropdadvero Boao-
cHabxeHust n obecneynBaet pa60Ty MOEYHbIX MalUMH. YacTb ropﬂqeﬂ BOAbl, nocne gononHUTesIbHoro nogor-
peBa napom T3L|, W KOTENbHOW B BoaonogorpeBsarene 7 HanpaBndaeTcAa B CUCTEMY OTONNEHNUA.

YpaBHeHVIe Tennosoro 6anaHca YCTaHOBKM MOXHO npeacrtaBsuUTb B BUOE
Doy —cn=GpCp -ty =G -Cr -t + G, -C,y -,
+ Gos “Cos "Cos (tOBZ - toa1)+ ZQOC

roe t — TemnepaTypa KoHZEHcaTa rpetoLero napa; Cy, Cp, Cr, Cw, Cos — YAENbHbIE TEMNOEMKOCTM KOHAEeHcaTa
rpetoLlero napa, AUCTUINATA, UCXOLHOW CMecK, KyGOBOro octaTka u oxnaxgarowen Boabl; tog1 U tosr — TEMME-
paTypbl oxnaxgatoLen Boabl 40 U NOCNe KOHAEHCATOPOoB. Tak Kak Gygq Cog (tos—tos) = (Gr+Gp)(hn—hew), rae hew —
aHTaNbMUA U Gygo Cos (tos2—tos1)=Gr(hn2—Cp tp), MOHATHO, YTO pacxopg rpetowero napa Tem 6onblue, Yem GonbLue
dnermoBoe umcno R=Gg/Gp. O6bI4HO R = 3-4. [oaToMy Ha nonyyeHue 1 T gUCTUNNATa pacxogyeTcs HECKOIb-
KO TOHH rpetoLLero napa, bonblias 4actb TEMNOTHI KOTOPOro (8o 85%) nepefaeTcs oxnaxgalLLlen Boae B KOH-
AeHcatopax. Tenno aTow BoAbl YacTo cbpackiBaeTCs B OKPYXKatoLLy0 cpefy Yepes3 rpaavpHio. OTo Tenno mMo-
XeT ObITb MOME3HO MCMOMB30BaHO MO0 HanpAMyo A51s paboTbl MOEYHbIX MALLMH U rOpsiHero BOAOCHabXeHws,
KaK 9TO NokasaHo Ha puc.15, nny nocne noBbILWEHUS ero NoTeHuuana nyTeM AOMofIHUTENbHOrO NoAorpesa nu-
60 c nomoLplo TENIOBOro Hacoca. B atom crniyyae Ttepsietcs He 6onee 15% TennoTbl Yepes HapyXHble Mo-
BEPXHOCTW annapaToB u Tpybonposoaos.
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a [5) B

Puc.16. MpuHumunmanbHble cxembl pasgeneHnst GrIM3KokUnsaLLMX cMecei

a — obbl4yHasi cxema; 6 — cxema C TEnnoBbIM HACOCOM Ha BEPXHEM MPOAYKTE; B — CXEMa C TEMSOBLIM HACOCOM Ha HWXHEM npoaykTe; | —
pasgensiemass cmecb; || — BepxHun npoaykt; Il — HwkHWA npogykT; 1 — KoOmoHHa; 2 — pednermartop; 3 — pwuboiinep;
4 — xomnpeccop, 5 — gpoccernsb.

B Tex ycrtaHoBkax, rae nogorpeB Kyba KONMOHHbI OCYLLIECTBNSAETCA MApOM C OTHOCUTENbHO HU3KOW Temneparty-
pOW, MOXXHO UCMNOMb30BaTh AMs 3TOW Lenv NpeaBapuUTESibHO CXKXaTble MEXaHWYECKUM KOMMPECCOPOM MIN napo-
BbIM 3XEKTOPOM MNapbl, YXOASALME M3 BEPXHEN 4ACTU KOMOHHBbI, T.€. UCMOMb30BaTb CXEMbl C TEMSIOBBIM Haco-
com. NMprmMepbl NPUMEHEHNS TaKMX CXEM NMpuBeAEHbl Ha puc.16 [5].

7.1.2. TennoBas 3KOHOMUYHOCTb CYWUINbHbIX YCTAHOBOK U NpueMbl ee NoBbIlWeHUA.

Tennosas cyLlKa, ABMNSSCb COCTABHOM YaCTbi0 MHOMMX TEXHOMOMMI, OTHOCUTCS K Yncry Hanbornee aHEProeMkux
TexHonorui. Mo gaHHbIM KoMuTeTa no cyLluke 3aTtpaTbl TONNMBHO-IHEPreTUYECKUX PECYPCOB Ha CYLLKY COCTaB-
nsaT okono 12% Bcex 3atpaT aHeprum B NPOMbILLNEHHOCTU U CENbCKOM X0351McTBe. LLnpokas pacnpocTpaHeH-
HOCTb NPOLIECCOB CYyLLKN U HU3kue (B cpegHem 30-35%) koachdunumeHTbl MONE3HOro MCNONb30BaHUS SHEPTUK B
HMX 00yCnaBnMBAlOT aKkTyarlbHOCTb 3HEProcOepeXeHnsa B CYLUUITbHbIX YCTAHOBKaX, YTO OMOCPEAOBAHHO CKa-
XeTcs Ha CHWXeHUU aHeproemkocTun BBI.

MockonbKy KOHBEKTMBHbBIE CYLUMMbHbIE YCTAaHOBKM NpeobnagatoT B obLiem napke 06e3BOXUBAOLLNX YCTPONCTB
(pnc.1.), byoem npobnemy aHeprocbepexeHus paccmaTtpyBaTb NMPUMEHUTENBHO K KOHBEKTMBHOW CYyLUKe, Ha-
npumep, ANCNEPCHbIX MaTepuaros.

KOHAYKTMBHbIE
4% npouve

pagvalnoHHble

1%

\ KOHBEKTUBHbIE

94%

Puc.1. OcHoBHblE TUMbI CYLUUIIBHBIX YCTAHOBOK, MCMoNb3yeMbix B Poccun n ctpaHax CHID

B nepsom npubnmkeHun TexXHonornyeckne npoLecchl, BKNIOYaoLMe KOHBEKTUBHYIO TEMMOBYO CYLLUKY, MOXHO
npeacTaBnTb COCTOALLMMM U3 Tpex cTagui: 1) NOAroTOBUTENbHOW, HA KOTOPOW MCNOMb3YOT annapatbl NOAro-
TOBKM CYLUMIIBHOIO areHTa v CyLIMMOro matepwuana; 2) OCHOBHOWN, peanusyemoun nNpy NoOMOLLM CYLUWMbHbIX (04-
HOW UNWN HECKONbKNX) Kamep; 3) 3akniovMTeNnbHOW, B KOTOPYO MOMYT BXOAUTb YTUNU3aLMa BTOPUYHBLIX SHepre-
TUYECKUX PECYPCOB, YNaBnuBaHWe Nbinv n T.M.

B cootBeTCTBUMN C Takum YKPYNHEHHbIM npeacTtaBiieHneM rpynn TexHOoNIorm4eCkmnx npoueccoB Ha KaXkaown cTa-
Onn CylecCcTByKOT B 3aBUCMMOCTM OT BuAa CylIMMOro martepuana cBou cneu,mcbmqecme cnocobbl NOBbILLEHUS
TENOBOWN 3KOHOMWYHOCTH.

AHanua3 nuTepaTypHbIX UCTOYHUKOB MO TEOPWUU, TEXHUKE W TEXHOMOMMU CYLLKM NMO3BOSSIET Ha3BaTb Takue cro-
cobbl CHUXKEHUSI YAENbHbIX 3aTpaT Ha 00e3BOXMBaHUE MaTepuana Ha NoAroToBUTENBHON CTaaum, Kak npeasa-
puTenbHoe HarpeBaHWe, neHoobpasoBaHve, ApobneHne, BO3OEWCTBME MOBEPXHOCTHO-aKTMBHOMO BellecTBa
(MAB), BMGpoo6paboTKa, CHUKEHNE SHEPTUU CBSI3N Briarn CO CKENeToM MaTepuarna, COBepLUEHCTBOBaHME Ter-
NOBbIX reHepaTopoB U Ap.

Ha 3aknountenbHOM cTagmMmn CHDKEHWe TENnoBbIX 3aTpaT AOCTUraeTcsi, B OCHOBHOM, 3a CYET yTunm3aumm Ten-
NOTbl YXOASALIMX ra30B M BbICYLLEHHOIO MaTepuana. 3Ta TennoTta ¢ NOMOLLbIO peKynepaTUBHbIX, pereHepaTuBs-
HbIX UM KOHTAKTHbIX TENNOOOGMEHHUKOB MUCMNOMNb3yeTCs AN HarpeBa BO3ayxa, NO4aBaeMoro B TOMOYHYIO Kame-
py, TEMNOMUKALNOHHON MMM TEXHOMOMMYECKOW BOAbI, NPeaABapuTENbHOro nogorpesa CylwMMOro mMaTtepuana.
JocTtaTto4Ho adhdeKkTMBHA YyTUNN3aumst TENNOTbI CYLUUBHOTO areHTa B KOHTaKTHbIX TEMNOOOMeHHMKaXx.

Ons knaccudmkaumm MeTo4oB MOBLILEHNUST TEMNIOBON 3KOHOMUYHOCTU COOCTBEHHO CYLUMIOK Ha Oa3e aHanusa
PM3NYECKON CYLLLHOCTM MPOMCXOALLMX B HUX NPOLECCOB OTMETUM BHayane, 4YTo NpoLecc CyLUKu onpeaensdeT-
CS1 CTaTUKON U KNHETUKOMN.
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Mop cTaTMKOM CYLUKU MOHUMAIOT MaTepuanbHbii U TEMNOBOW GanaHChl CyLIUIKKX, KOTOPbIe NO3BOMAIT onpeae-
NUTb pacxodbl CYLUMIBHOMO areHTa 1 TennoThl, a TaKkkKe OLEHUTb TEMNMOBYIO SKOHOMUYHOCTL CYLUUMKN. I3MeHe-
HVWEe BO BpPEMEHU CpefHenHTerpanbHblX BriarocogepkaHusa Matepuana u ero TemMmnepaTypbl HasblBalOT KUHETU-
KON cywkun. 3HaHWe nocrnegHen nossBonsdeT onpeaenvTb NPOAOIPKUTENBHOCTb CYLWKU M rabapuTbl YCTaHOBKM.
[[@abapuTbl yCcTaHOBKM BO MHOrOM OnpeaensitoT TennoBble NOTEpU B OKPYXaloLlylo cpedy, a, cnegosaTenbHo,
TENMnoBY 3KOHOMWYHOCTb CYLUMNKW. Takum obpasoM, Npu aHanm3e BO3MOXHOCTEN NOBLILLEHNUS TEMNNOBOWN 3KO-
HOMWYHOCTU CreayeT yunTbiBaTb PakTophbl, BIIMSAOLWNE HA KUHETUKY CYLLKU.

Mpouecc cyLwkn B obLLEM CnydYae cOCTOUT U3 nepuoga nogorpesa, | u 1l nepMogoB CyLKU, UHTEHCUBHOCTL Yaa-
NIEHMs BMNarn B KOTOPbIX 3aBUCUT OT pasnnyHbIx pakTopoB. B nepBom nepuoge MHTEHCUBHOCTL CYLLKWU onpeae-
NSieTCsl CKOPOCTbI0 MOABOAA TEMMOThI K CYLUMMOMY MaTepuany M oTBOAAa Macchl C €ro MOBEPXHOCTU B OKpY-
XKaloLyo cpeny Quenew (BHELLHSI 3ajada Cyllku), BO BTOPOM Mepuoae — CKOPOCTbI0 nepedayn TennoTbl B
rnybb matepmana n NoABoAA MAacChl M3 BHYTPEHHUX CIOEB MaTepuana B 30HY UCNAPEHUS Qu.euyrp (BHYTPEHHAS
3agava CyLuKn).

OpaHa 13 BO3MOXHbIX Krnaccudukaumi NnpuemMoB sHeprocbepexxennst npuesedeHa Ha puc.2.

|—- JHeprocdepeskeHHe B CYIINIbHBIX YCTAHOBKAX "

A Y A

DHeprocoeperarmnme Kunernueckue TemnorexHonornueckme
TEXHOJIOTHU CIIOCOOBI CITOCO OBI
Hcnonb3oBanue NureHcu pukanus —»| TermroreXHUYECKHE
HETPaJUINOHHBIX U »| BHEIIHETO TEII0-
BO300HOBIISIEMBIX U MaccooOMeHa KOHCTpYKTHBHO-
HCTOYHUKOB DHEPTHH TEXHOJIOTUYECKHE
Wutencu pukarms
—»’ [MpepbIBUCTBIE PEKUMBI | »| BHYTpEHHEro Teruio-
U MaccooOMeHa
—P‘ Ileperpertslii map |
.| Knnernueckas
—b\ JKuakue TenoHO CUTENN | ONTHUMM3AL U

Puc.2. YactHasa knaccudmkaums aHeprocbeperatomx MeponpusiTUin B CyLUUIbHBIX YCTaHOBKaXx

Kak BugHo 13 puc.2, Bce aHeprocbeperatoLme MeponpuaTus MOXHO pa3butb Ha 3 rpynnbl: TeNAoTEeXHOMNOorn4e-
CKue, KMHeTUYeckme 1 aHeprocbeperatoLne TEXHONOrMu.

K nepeol epynne, kacarouwelics CywurnbHOU yCcmaHO8KU 8 UesIOM, MOXHO OmMHecmu:

*

TennoTexHn4yeckme (Bbl60p TENSIOBOWN CXEMb, PEXUMHbIX MapamMeTpoB CYLLUKM — TemMnepaTtypbl, CKOPO-
CTU 1 BNnarocogep>XXaHma CyLUnIbHOIo areHTa, pexxmmos pa6OTbI YCTaHOBKMU, KOSd’)(*)VILI,VIeHTOB peunpky-
nauun, ynpasneHne KoOHe4YHbIM BriarocogepXaHua CyLlnibHOro areHTa 1 T.,El,.);

KOHCTPYKTUBHO-TEXHOJIOrn4eckmne (OI'ITI/IMI/I33LI,VIF| 4ymcna 30H NpPoOMeXyTovHOro nogorpesa CyLUIbHOro
areHTa, Bbl60p HanpaBneHna B3anMHOro Bm>XXeHuna CyLUnnbHOro areHta n matepumana, coBepLleHCTBO-
BaHMe cuctem nogsoda TennoThl, yny4ylleHune aapOﬂMHaMMHeCKOPI 0obCcTaHOBKM B CyLIJMJ'IbHOIZ KamMepe n

T.4.).

Ko emopol epynne memodoe omHocsimcs:

¢

MeToabl MHTEHCUMUKAUMM BHELLHErO TeMnno- U mMaccoobmMeHa (NOBbILLIEHWE TeMnepaTypHOro Hamnopa,
MOBbILLEHME OBWKYLLUEN CUIbl MaccoobmeHa, koahduLMeHTa TENNOOTAAYM K CYLULMMOMY MaTepuany,
NMOBEPXHOCTU TEMJIO- 1 MaccoobmeHa 1 T.4.);

MeTOoAbl MHTEHCUAUKALMN BHYTPEHHENO TEMNMNO- 1 MaccoobmeHa (NoBbileHe TemnepaTypbl MaTepua-
na B NepBOM nepuone CyLLKWU, CHUXKeHne Tepmoanddy3noHHOM COCTaBMSOLWEN NOToKa Macchl Npu ee
pasHoHanpaBneHHOCTU C ANGEY3MOHHOW COCTaBMSAIOLWEN, NUCNONb30BaHNE BHELUHUX NOMen — anek-
TPUYECKNX, MAarHUTHbIX, 3BYKOBbIX, UCcnonb3oBaHue MNAB n 1.4.);

MeToabl KUHETUYECKOW ONTMMM3auMu (ynpasreHue npodunem cKopocTu, TemnepaTtypbl U Braroco-
OEepXaHUS CyLUUIIbHOTO areHTa Ha BXOA4e B YCTAHOBKY, NMHeapu3aumsi KMHETUKM CYLLKW U3MEHEHMEM
(POpMbI CYLUMMBHOW KaMepbl, akTMBM3aLMsa npolecca B3aMMOOENCTBUS CYLUWMbHOIO areHta u maTte-
pwana, peBepcus u ap.).

K mpembel epyrnne memodo8 MOXHO OmHecmu:
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¢ /CNOMb30BaHUE HETPaAMLMOHHBLIX Y BO30OHOBMSEMbIX UCTOYHWKOB 3HEPTUW, NPUBOASLLEE K 3aMeLlle-
HUIO OpPraHU4ecKoro ToMnuBa (COMHEYHbIE CYLUMIbHbIE YCTaHOBKM, UCMOMb30BaHNE BETPOBOW SHEPrnu
ANs CYLUKN MaTepuanoB pacTUTENbHOIO NPOUCXOXAEHNSA U Ap.);

¢ Ucnonb3oBaHWe NpepbiBUCTbLIX peXnMoB nogBoaa Tenna 3a cyeT pagnaluoHHOro uanydyeHusa, pesep-
ChA NOTOKOB CYLUUITbHOIO areHTa 1 ﬂ,p.);

¢ UCMorb3oBaHWE B Ka4eCTBE CYLUUIIBLHOMO areHTa NapoB PacTBOPUTENs, BOASHOMO napa aTMoctepHOro
AaBreHus u ap.

MpvBeOEHHbI NepeYyeHb MEeTOAOB MOBbLILEHWS TEMNOBOM SKOHOMWYHOCTM CYLUMJSIOK HE MOJIOH, HO U OH gaeT
npeacTaeneHe o GoMbLLIOM KONMMYECTBE BO3MOXHbIX HanpaBreHWin nomucka pauuoHarnbHbIX U ONTUMarnbHbIX C
TOYKM 3PEHUsA 3HeprosaTpaT BapuaHTOB OpraHn3aLmMmn NpoLiecca CyLLKW.

MepBas rpynna MeToA4oB, OTHOCALLMXCA K TPaAMLMOHHBIM MeToaaM aHeprocbepeeHuns, ocHoBaHa Ha Bbibope
paumoHanbHON TENNOTEXHOMOrMYECKo CXeMbl YCTaHOBKM, NapaMeTpoB pexuma CyLKu, BbiBneHnn BOP 1 nx
UCMOMb30BaHUM B TOM e CaMOM (pereHepaTVBHOE 3HEpProucrnonb3oBaHWe) UM APYroM (BHELUHee 3Heproumc-
nosib30BaHMe) TEXHOMOrMYEeCcKoM npolecce. Takoi noaxon Nno3BonseT BMMSATb Ha MOCTOSIHHbIe 3aTpaTbl nep-
BMYHoOro Tonnuea. OgHako, peanusauusi MEPONPUATUIA TpebyeT, Kak MpaBuio, Co3aaHuUs YTUIM3aLUUOHHOTO UK
TexHorornyeckoro oGopyaoBaHus. B aToMm crnyyae gocTturaemasi 9KOHOMWMSI MOCTOSIHHbIX 3aTpaTt 3Hepruv
YMeHbLLIAEeTCs 3a CYET YBENMYEHUS] pacxoda ApPYrX PECYPCOB.

COOTHOLLEHME HENPOU3BOAUTENBHBIX 3aTpaT 3HEPTUM B KOHBEKTUBHBIX CYLUUIBbHBIX YCTAHOBKAX MPW UCMOMb30-
BaHMM TakNx METOO0B 3HeprocbepexeHnsi NpuBeaeHo Ha puc.3.

C CyLUMMbIM MaTepuanom
1 4yepes orpaxneHua
10% npoyue
5%

C YXOAALMM
C NPONETHLIM Napom CYLUMIbHBIM areHTOM
15% 70%

Pwuc.3. Tpa,ElVILlVIOHHOG pacnpeneneHne HepaunoHalbHbIX 3HEPreTU4YeCKnUX 3aTpar.
PaccmoTpyM npumepbl 3HeprocbepexxeHnsi B KOHBEKTUBHbIX CYLLUMITbHBIX YCTAHOBKaX.

M3 aHanusa TennoBbix 6anaHCoB KOHBEKTUBHbLIX CYLUUMNbHBIX YCTAHOBOK (puc.4) cnegyeT, 4To HambonbLlmne no-
Tepu TennoTbl 06YCNOBNNBAIOTCA OTXOASALMM CYLUUIbHBIM areHTOM U NOTepPsSIMMU TENSOThl B OKPYXatoLLyto cpe-
ay. Takum o6pasoM, CTAaHOBATCH OYEBUAHLIMU MPUHLMNNANBHBLIE NYTU MOBBILLEHUS TEMOBOW SKOHOMUYHOCTU
KOHBEKTUBHbIX CYLUWUIbHBIX YCTAHOBOK: CHIDKEHWE MOTEPb TEMMOThI C YXOAALNM CYLUMIbHBIM areHToM (Mnu pa-
LUMOHarnbLHOE MUCMoNb30BaHUe 3TOro BUAA BTOPUYHLIX SHEPreTUYECKUX PECYPCOB) U B OKPYXaloLLyto Cpeay KOH-
CTPYKUMSIMM yCcTaHOBOK. O4YeBMAHO, YTO NEPCNEeKTUBHLIM HanpaBneHMemM B 3KOHOMWW TONMMBA N 3HEPTUN MpU
06e3BOXXMBaHMMN BNAXHbIX MaTtepranos B KOHBEKTUBHbIX CY ABNsSeTcs He pauuoHanbHOe UCMoNb3oBaHue Ten-
NOThl YXOAALEero CyLWUibHOMO areHTa B pasfMyHoOro poaa yTunvM3auMoHHbIX YCTaHOBKaxX, 8 BCEMEpPHOe COoKpa-
LLleHVe aToro BMaa noTepb. [locnegHee B nepByto ovepedb OCTUraeTcs 3a CHET peumpKynsaumMmn Yactm otpabo-
TaBLUEro CYLUMIBLHOMO areHTa, YTo CoKpallaeT pacxodbl yXOAsLLero CyLUMbLHOrO areHTa B AeCATKN pas.

Qn Qn

4 > 4 ’
ts t2 th to
# /n c > A/ # c

\

A

to to
a) 6)

Pvc.4. MpyHuMnuanbHble CXeMbl KOHBEKTMBHbIX CYLUUMbHBIX YCTaHOBOK (CYLUWMbHBIN areHT - BO3AYX)
I - nogorpesatens; C -cylumnbHas kamepa

CyLlecTBYIOT ABE BO3MOXHOCTM OpraHvM3auun peumpkynsuum B yCTaHOBKaX, MCMOMb3YOLWMNX B KavyecTBe Cy-
LUMIIBHOTO areHTa Bo3ayx (puc.4):
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a) 4acTb oTpaboTaBLUero Bo3fyxa BO3BpaLlaeTcs B 30HY Nepes NofgorpeBaTenieM TaK, YTO BECb CYLUMITbHbIN
areHT (CBeXuin 1 0TpaboTaBLLNIA BO3AYX) NOAOrPEBAETCA A0 TemnepaTypbl Ha BXOAE B CYLUUSIKY;

6) 4acTb oTpaboTaBLero Bo3gyxa NogaeTcs B 30HY NMocre nogorpesaTtesisi, CMELUMBAETCS C HarpeTbiM cBe-
XKMM BO3OyXOM U arnee nofaeTcs HeNnocpeacTBEHHO Ha CYLLKY.

Hanbonee pacnpoctpaHeHa nepBas cxema, XoTa n Tpebyiowas nogorpesa BCEro CyLWUMbHOMO areHTa, HO A0
Bornee HM3KMX TemnepaTyp, YeM BO BTOPOW CXeMme.

KayecTBeHHO aHanuavMpoBaTb M3MEHEHWE YAernbHOro aHepronotTpebneHns q, kKIX/Kr ucn. Br., MOXHO, UCMNOSb-
3ys n3obpaxeHne N3MeHeHUss COCTOsIHMSA Bo3ayxa B H-d anarpamme (puc.5).

a) 6)

Puc.5. 'ameHeHue cocTosHUSA CYLINNbHOro areHTa B CyLUurnkax c peuMpKynﬂuMeVl
TaHreHc yrna HaknoHa nuHui AD, AD’ nponopumMoHaneH yaenbHbIM 3Hepro3aTtpaTtam (.

KayecTBeHHbIi aHanW3 TennoBoOW 3KOHOMWYHOCTM CYLUUIOK C PeuupKynsiuMer nokasblBaeT, YTo AN CXeMbl
puc.4a npu t;, t, M A, ocTaloLMXCA NOCTOSIHHBIMK, YBENUYEHNe KoadhduLmeHTa peumnpkynsaumm K, (no cyect-
BY, YBeNYeHVe BNarocoaepkaHns CyLUMbHOTO areHTa Ha BbIXOAE W3 CYLUWITKM) BEAET K CHKEHUIO YAENbHOro
pacxoda TennoTbl. CHUXeHMe yaenbHbIX TenmonoTepb A0 HyNs npu ty=const u t,=const Takke NPUBOAUT K CHU-
XKEHWIO q.

Yeenunyenue t; npu d, = const u t, = const He namMeHseT yaenbHOro pacxoga TensnoThbl. YKasaHHble YCrnoBus
peanuayloTca Npu ymeHblUeHnn KoadduumneHTa peumpkynaumun. lNocnegHee npMBoguT K KOMMNEHcaumm npe-
MMYLLIECTB MOBLILIEHUS Ha4YanbHOW TemnepaTypbl CyLUUIbHOrO areHTa. PeanbHble 3aBUCMMOCTM ONnsi g B Cy-
LMKax C PeumpKynsiuMen npu M3MeHeHUn pasnuyHbiX napameTpoB npuBeneHsbl Ha puc.5. MNpu Hen3MeHHoW
HayanbHOW TemnepaType CYLUUIIbHOTO areHTa CHWKEeHWE KOHEYHOW TemnepaTypbl NPUBOAUT K COKpaLLeHWUto
yaenbHbIX pacxoaos Tennotbl. Tak, npu K, = 4 n ty = 200°C cHnxexme t; co 130 go 70°C npnsBoauT K pocTy n €
0,68 pno 0,95. ObpaTum BHMMaHWE Ha TO, YTO MpU Tex xe UcxoaHbix ycrnosusax K[ cywmnok ¢ ogHOKpaTHbIM
ncnonb3oBaHneM Bo3ayxa uamensietca ot 0,3 go 0,57. NpeacTtaeneHHble Ha pyc.6 3aBMCMMOCTM Npy BoMbLUKX
koabhmLMEHTaxX PELMPKYNSALMN aCUMITOTUYECKM CTPEMSTCS K MUHUMYMY.

qx10'3,|<,D,>K/Kr

\ Puc.6. BnusHne napameTpoB pexvma cyLu-
8 \ KW Ha yaenbHble 3Hepro3aTpatbl B CyLUUIKE
\ C peumpKynsumen Bo3ayxa.

\ 6 1,2,3 —t; = 200°C,

tz = 7000,
5 N 4,56 —t;=200°C,

N ~————— Bl ————— t2=1300C,

\\

\/

N
~—

\g e 1,4 — A = 1000 kK,

—
2 e —_—t—— 25-4=0,
YA~ s | N

3,6 — A=-1000 kdx/kr,
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KoadhdnumeHT peumpkynsaumum ans cxembl a (puc.4) npu 3agaHHbix tq, t, 1 tg UMeeT NpeaenbHoe 3HayeHue, on-
penensemMoe BblpaXeHVeMm:

~ h-A
P c(ti - ty)

(1)

rae hy, C, - 3HTanLNUS 1 yaenbHas TENNOEeMKOCTb napa npu TemnepaTtype CyLUMNbHOro areHTa t, Ha Bbixode n3
CYLLUUNBHOWN Kamepebl.

Mpu nsBecTHbIX ty, t, n A KO3PDULMEHT peumpkynsaumnm moxeT BbibupaTbes B npegenax ot 0 Ao K . Mpn atom
criegyeT NOMHUTB, 4TO Yem Bnmxe Ky k K, o, Tem 6nnxke n k eanHuue. Xapakrep nameHenns K, o, npvseaeH Ha
puc.7.

40
Kap
Puc.7. BnuaHne napamMeTpoB pexuma CyLIKU Ha
3HavyeHve npeaenbHoro koadduumeHTa peunp-
30 1 Kynaumm
——=150°C,
2
24+ - /S e~ = || aeea-- =250°C,
3 1,1 = A =-2000
10 - 4 2,2—A=-1000
3,3-A=0
S 5
— ——— T T 4,4 — A=1000
0 1 1 1 1 ¢
2 5,5 — A =2000
70 150 ’

PaCCMOTpMM euie ogHO 3Ha4vYnMmoe HanpasrieHune aHeproc6epe>KeHMﬂ — KMHeTn4yeckada ontuMmmnsauunsa, LerneHa-
npaerieHHOe ynpaslieHne nokanbHON KMHETUKOWN npoueccos, B 4aCTHOCTU npouecca CyLWKK, npnu Hann4mum, Ha-
npumep, HepaBHOMEPHbIX MO nnowagn CyLLIVIJ'IbHOI?I KamMepbl I'IpO(bVIJ'IGVI napamMmeTpoB CYLUUIIbHOIo areHTa.

KnHeTnyeckas ontummsaumsa CyLLIVIJ'IbHOIZ YCTAHOBKM MOXET 3aKrn4aTtbCA B CO34aHUMN ONTUMalibHOro I'IpOCbVIJ'IFI
O[HOro n3 napameTpos O4HOBpPEMEHHO C COKpalleHnemM ee AJMHbl, CHUXEeHNeEM MacCOBOro pacxoga CyLiuib-
HOro areHta uin MOoLHOCTU KOHBEKTUBHOIO NOTOKa Tensa CyLunibHOro areHTa.

PacyeT HeckonbKkMX CyLUbHBIX YCTAHOBOK C pasHbiMU NpounsMmM napameTpoB CYLUMILHOMO areHTa no3Bo-
nseT OLUEHUTb He TOMbKO HanpaBfeHHOCTb BO3AENCTBUS 3MEHEHNS NPoduns, HO 1 ero paumoHanbHbIN C TOY-
KM 3peHus aHeprocbepexeHus Bug. STOMy xe crnocobCTByeT U MHTEHCUMUKALMA HepaBHOMEPHOro TennomMac-
coobmeHa.

CwmbICn MHTEHCUMUKALMK FIOKaNbHOrO TEMSIOMaccoobMeHa 3aknto4YaeTcst B TOM, YTO nyTem Typbynusauumm no-
Toka pabouyen cpefbl, U3aMeHeHUs yrna HaberaHust paboyer cpeapbl Ha paboyne 3nemMeHTbl TEXHONOMMYECKOro
annapara 1 T.M. U3MEHSIeTCH foKasbHbIA 3aKOH TennomaccoobmeHa. Npy MHTeHCcMdUKauum HepaBHOMEPHOTO
TennomaccoobMeHa NoKarbHbIN 3aKOH TENIOMaccooOMeHa OCTaeTCs HEM3MEHHbIM, a N3MEHAETCA NPOCTPaH-
CTBEHHO-BPEMEHHAs HEPaBHOMEPHOCTb MOMEN U3MEHSIIOLLMXCS (PU3NYECKUX BENMMYMH B paboyen kamepe Tex-
Homoru4eckoro annapata. K aTon rpynne mMoxeT ObITb OTHECEHO MHOXECTBO pa3HOObpasHbIX onepauun, Tpa-
OVLUMOHHO 3a4yacTylo daxe He paccMmaTpuBaeMbiX Kak pecypcocbeperaiolime, HanpuMmep, BbipaBHUBaHUE He-
paBHOMEPHbIX NPOdUNEeN NAOTHOCTU NOTOKA MACChl U HAYanbHbIX NapaMeTpoB pabounx cped Ha BXOAE B Tex-
HOMOTMYECKUI annapaT, U3MEeHEHNe CxeMbl OBWXKEHUsT pabounx cpeq u T.4. [2].

Heobs3aTenbHO, 4TobBbI KMHETUYECKAs ONTUMMU3aLms conpoeoXxaanacb USAMEeHeHMeM TOJ1IbKO OAHOro napameT-
pa. BoamoxHo OoAHOBpPEeMeHHOEe coriacoBaHHOE M3MEHeHMEe HECKOJIbKMX MapamMmeTpoB, B YeM HaxoauT cBoe
BblpaXeHne MHoronapameTpmn4yHoCTb 3aga4vyn ontuMmnsadmin.

MoTeHuuan aHepro- u pecypcocbepexeHns B NpoLieccax 1 annaparax NpPOMbILLINEHHON TENNO3HEPreTUKU, CBSA-
3aHHbIA C ONTUMMU3ALNEN KUHETUKU — CO3JaHMEeM PaBHOMEPHOCTM UMW ONTUManbHOW HepaBHOMEPHOCTMU MpPo-
LieccoB TennomMaccoobMeHa ABNSETCA CKPbITbIM, TO €CTb HE MOXET OblTb 0OHapYXeH Hanbornee LUMPOKO pac-
MPOCTPaHEHHbIMU UHXEHEPHBIMM MeToAaMu pacyeTa annapaTtoB, UFHOPUPYHIOWMMUK pearbHYlo0 KMHETUKY Mpo-
LieCCOB.

TeopeTuyeckn NoTeHLman aHepro- u pecypcoctepexxeHunsi, CBA3aHHbIA ¢ ONTUMU3aLMeE HEPaBHOMEPHOIO Ten-
noMaccoobMeHa, B oTAeNbHbIX TENNOTEXHONOMMYECKMX annapartax, MoXeT BbiTb Ckofb yrogHo Benuk. Kak no-
kasanu paboTbl [1, 2], 3aTpaThl 3HEPrUN N OPYIMX PECYPCOB B Pa3NMYHbIX CYLUUSIbHBIX YCTAHOBKaxX B pe3ynbTa-
TE ONTUMU3aLNN HEPABHOMEPHOIO TenrioMaccoobmMeHa MoryT GbITb COKpalleHbl B 1,5-2 pasa.
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YueT KMHETUYECKOr0 HEeCOBEpLUEHCTBA MpoLecca CyWKU B ApYroM CBeTe MpeacTaBnsieT pacnpeneneHve He-
MPOV3BOAMTENbHBIX 3aTpaT 3HEPrM B KOHBEKTMBHOW CYLUUIBbHOW YyCTaHoBKe (puc.8).

33 CYET KMHETMYECKOro Heco-
BEPLLEHCTBA YCTaHOBKM C yX0AsALMM
55% CYLUMITbHLIM areHToM
31%

C NPONETHbLIM Napom
%

C CylWnmbIM MaTepuarnom n

Yepes orpaxaeHuna

npoune
2%

Puc.8. I'Iepepacnpe,qeneHme HepauMoHarbHbIX 3aTpaT 3Heprun npn y4yetTe KUHeTU4eCKoro HecoBepLleHCTBa npouecca CyLIKU.

OpHako, ons criyyasi, Korga onTMMu3aunsi HepaBHOMEPHOIO TenyioMaccoobMeHa NPpMBOAUT K OA4HOBPEMEHHOMY
NPONOPLMOHANIbHOMY YMEHbLLUEHUIO €AMHOBPEMEHHbIX M MOCTOSIHHLIX 3aTpaT Ha OpraHvM3aumilo TeXHosormye-
CKOro npotiecca, B Ka4eCTBe YaCTHOrO TEXHNUYECKOro KpUTepusi onNTMMM3aLnm MOXeT ObiTb MCNOMb30BaHO OTHO-
CUTEeNbHOE NapasuTHOE YANMHEHNE.

OTOT YacTHbIN TEXHUYECKNIA KpI/ITepVIIZ onTMMmn3auun npeacrtaBndeT coboli OTHoLLeHne NpoOOJIKUTENTBHOCTU
CyLWKN Npu HepaBHOMEPHOM pacnpeneneHnn ynpasndwero napameTpa K npogoJKUTENIbHOCTU CYLUKU MpU
paBHOMEPHOM pacnpeaerneHnn 3Toro napameTpa:

=t (2)

MwuHMMM3aumusa aToro nokasarens COOTBETCTBYET MUHMMYMY SHEPreTU4eCKMUX 3aTpar.

PaccMoTpyM HekoTopble NPUMEpPbLI YCTPaHEHNS 3TUX HEPaBHOMEPHOCTEN MPMMEHUTENBHO K CYLUUIIbHBIM yCTa-
HOBKaM U MeTofbl OLEHKM aHeprocbeperatoLero acpdekTa.

YnpaeneHve npoduieM CKOPOCTU CYLUMIIbHOMO areHTa. PaBHOMepHOe pacnpeferneHne CylUibHOrO areHTa B
MOMNepeYHOM CEYEHMMU CYLUMITbHON KaMepbl, BbIpaBHMBaHWE NPOMUIs CKOPOCTU CYLUMITBHOTO areHTa siBnsieTcs
OOHUM M3 METOAOB YCTPaHeHWsl HEPaBHOMEPHOW CYLLKM, MAapasUTHOIO YANMHEHUS, COKPALLEHUs KanuTarbHbIX
N SHEpreTUYecKnx 3aTpaT Ha CYLLKY.

HepaBHOMEPHOCTb MPOdUIst CKOPOCTM CYLUMIIBHOrO areHTa B MOnepeyHOM CEeYEHMU CYLUUIBbHOW KaMepbl 3Ha-
ynTenbHo Gonblue npyv GOKOBOM NOABOAE CYLUMIBHOIO areHTa K CyLUMMOMY MaTepuany, Korga noToK CyLusb-
HOro areHTa pas3BopavyMBaEeTCsl BHYTPW CYLUMIIbHOW Kamepbl, YeM Npu (OpOHTanbHOM NoABOAe, Koraa noToK Cy-
LUMNbHOro areHTa HaberaeT Ha CyLUMMbIN MaTepuan, He U3MEHSS HanpaBreHe ABWXKEHNUS. YMEHbLUEHUIO He-
paBHOMEPHOCTM CMocobCTBYeT 3aMeHa MPSAMOYroflbHOrO MONepeyvyHOro CeYeHnst CyLUNMbHON Kamepbl Ha Tpe-
YrorbHoe.

HepaBHOMepHOCTb Mpochuns MNOTHOCTM NOTOKA Macchl (CKopocTu) pabodert cpedbl Npyu GOKOBOM MOABOAE
BO3HMKaeT BCreacTBme obpasoBaHUs OOLUMPHBLIX 30H 0BGpaTHbIX TOKOB (puc.5, a). KayecTBeHHOe n3meHeHue
HepaBHOMEPHOro MPodus NIIOTHOCTU MOTOKa Macchl (CKOpocTu) paboyert cpedbl NyTeM M3MEHEHUS hopMbl
pabouel kamepbl NokasaHo Ha puc.9, 6.

Punc.9. HepaBHOMepHBIN Npodunb cKOpocTn paboyen cpeabl B CyLUUIb-
HOW Kamepe.

a — npodub CKOPOCTU NPU NPSIMOYroNbHOM hopme paboyen kamepbl;

6 — Npodnnb CKOPOCTU Npu TpeyronbHou popme paboyei kKamepsl.
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Puc.10. BblpaBHMBaHNe HepaBHOMEPHOro Npoduns cKopoctTu paboyen

i cpeabl Npn NoOMOoLLM HanpaenAawLwero annapara.
T ..

a a

Mpu npsmom nogsoge paboyer cpedbl HEPAaBHOMEPHOCTb NPOMMIIA NNOTHOCTU NOTOKA MaccChl (CKOPOCTH) BO3-
HMKaeT u3-3a Toro, YTo NMonepeyHoe cevyeHne TpybonpoBoA4oB, NoaBoAALmMX paboyyto cpedy B paboyyto kame-
py TEXHONMOrMYEeCcKOro annapara, MeHbLUe NonepeyHoro ceyeHnsa paboyen kamepbl. B mecte BHe3anHoro pac-
LUMPEHUS KaHana BO3HUKAeT OTPbIB MOTOKa OT CTEHOK C 0Opa3oBaHMEM 3aTOMMEHHON CTPyM U 30H 06paTHbIX
TokoB (puc.10, a).

YMEHbLUEHMIO HEPABHOMEPHOCTU CMOCOOCTBYET Takke YCTAaHOBKA BHYTPW CYLUUIbHOW KaMepbl HAaNpaBrstoLLmX
annapartoB B Buae neperopogok (puc.10, 6).

I'IpM (prHTaﬂbHOM noasoae CyWuInbHOro areHta K CylumMmomMy martepuany HepaBHOMEPHOCTb FIpOd’.)MJ'IS'-I CKOpO-
CTU CYWWWJTIbHOTO areHTa MoXeT ObITb TaKKe CHWKeHa nyTemM yCTaHOBKWM B nonepe4yHom ceYvYeHun KaHana, nog-
BoAALLEero CyLIJVI.I'IbeIIZ areHT, pacnpegeneHHbiX a3apoanHaMnyecKmnx COI'IpOTVIBJ'IGHI/IVI.

Pa3nnyaloT TOHKME 1 TONCTblE a3po- UMK MMAPOANHAMUYECKME CONPOTMBEHUS. [prMepoM TOHKOrO COMpOTHB-
NeHVst MOXKET CY>KUTb NMPOBONIOYHAs ceTka, MPUMepPOM TOJSICTOTO — COTOBasi CTPYKTYpa, XOHENKOMO.

[nsa TOHKOro conpoTMBREHMS CyLLEeCTBYET ONTUMarnbHOE 3HavyeHue Ko3dpduUMeHTa aspo- Unu rmgpoamHamu-
YECKOTO COMpPOTUBIEHUS, C . =2, MPU KOTOPOM MPOUCXOAMT MOSHOE BbipaBHWBaHUE HEPABHOMEPHOTO Npodu-
s NNOTHOCTU NOTOKa Macckl (ckopocTn) (puc.11, 6). Mpu MeHbLUMX 3HaYeHNAX KoadhduLmMeHTa CoONpOTUBIIEHNS
HabnogaeTcs HEMNonHoe BblpaBHUBAHWE HEPABHOMEPHOrO Mpodus MAOTHOCTM MOTOKA Macchl (CKOPOCTM)
(pnc.11, a). MNMpu NpeBbILEHMN ONTUMANBLHOIO 3HAYeHUs HabnaaeTcsi «KONPOKUALIBAHWE» HEPABHOMEPHOMO
npodunsi NIOTHOCTU MOTOKA MAcChl (CKOPOCTK).

#.

Puc.11. 'ameHeHne HepaBHOMEPHOro Npoduns CKOpoCcTn paboyen cpe-

e (| e (ot £ i ToKOM BOPOAMHAMSECKOM COMPOTMBNGHI (xooOAIGHT T
A o flll] oo comeere G <G <o e = Eenr

a : ‘
"""'lm“““h""“' .....||||HHH|I||..... M PVC.12. VI3MeHEHME HEPaBHOMEPHOTO PO CKOPOCTH paBodeit cpe-
[T §1 """;"""§2 IR @g Abl Ha TONCTOM a3pOAMHAMMYECKOM COMPOTUMBREHUM (Ko3DULMEHT
ruapoanHammdeckoro conpotuenenmns G, < &, < C3).

a 7] &

KauectBeHHOE BnusiHME pocTa koddhdumumeHTa aspo- Unu rmgpoanHamMmMYeckoro COnpoTMBIIEHUS Ha CTENeHb
paBHOMEpPHOCTM NPOUIA NAIOTHOCTU NOTOKA MaccChbl (CKOPOCTU) NoKa3aHO Ha puc.12.

BblpaBHVIBaHI/Ie ﬂpOd’)MJ’Iﬂ CKOpPOCTH NpMBOOUT K COKpaLLEHUKO NapasnTHOro yarmMHEHUA TOJNIbKO NpU MOJIHOM
OTCYTCTBUU aKTUBU3NPYHOLLINX MepoanﬂTVlVl Tna nepemMelunBaHna Mmartepumana.

OKOHOMMIO Tenna M yCroBHOIO TOMMMBA 3a CYET M3MEHEHMs NPoduNA CKOPOCTU MOXHO MmogcymtaTb Mo che-
aylowmm gopmMmynam:

o-1
; AB, = , 3
T v = 3)

AQ, =Q

rae: AQ, — rogoBast 9KoOHOMUWS TennoThl, [kan; AB, — rogoBasi 3kOHOMUS YCIOBHOTO TOMMMBA.
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lMpun aTom cnegyeT Mcnonb3oBaTh creaylolue BXOAHbIE NapaMeTpbl U NPOMEXYTOYHble BennynHbl: W,, - Ha-
YanbHoe BrarocofepxaHue matepuana kr/kr; W, - KOHe4Hoe BnarocogepxaHne matepuana kr/kr; W, - pasHo-
BECHOE BIaroCoAepxaHue matepuana Kr/kr;; T - YMCro yacoB paboTbl ycTaHoBKM 3a rog; U; - ckopocTb cy-
LUMSIBHOMO areHTa B NpaBOM YacTh CYLUUITbHOW Kamepbl, M/c; U, - CKOPOCTb CYLLMITbHOrO areHTa B JIEBOW 4acTu
CYLLUMNBHOW Kamepsbl, M/C; m — nokasaTtenb cTenenn npu Re; wy - HAYanbHOe NpyMBedEeHHOe BnarocogepXaHue,
W, - KOHEYHOE NpUBEAEHHOE BriarocoaepxaHue.

wo =W, -W,, w, =W, -W, 4)

® - OTHOLWlEeHNe BpeMeHN CYLUKK B npouecce bes BblpaBHMBaAHNA KO BpeMeHU CYLLUKM B npouecce C BbIPOBHEH-
HbIM I'IpO(bl/IﬂeM CKOPOCTHU CYLUMUITbHOIO areHTa

L Wo-2w, (Ur +up U, +U,)" L [[wo—2w, “(ur +up FU, +U, ) LW U
WO _Wk 22+mU;nUgm WO _Wk 24+2mU12mU§m WO _Wk 22+2mU;nU21

KnHeTtnueckas NIMHeapusauna — BTOpOIZ T™MN ONTUMUINPYIOLLUNX TEeXHOJIOIrM4YeCKmnx onepaumﬁ, yBennyneaeT
Anana3oH NnoTeHunanoB pa6oq|/|x cpen, B KOTOPOM MX NMOTEHUMANOEMKOCTb NOCTOAHHA, YTO NPUBOANT K CHUXE-
HUIKO BpegHOro BrnnAHnA HepaBHOMEPHOCTU Ha ONMUTENTbHOCTb TEXHOIOrM4eCckKoro npouecca n gaxe rnpu paBHo-
MEPHOCTU - K yBEJTUHEHUIO cpe,u,Helh MHTEHCUBHOCTU TEXHOJNOrM4ecKoro npouecca U K ymeHbLleHNK ero npo-
OOJMKXNTENbHOCTHW. ﬂI/IHeapI/I3aLI,I/IF| KUHETUKN CYLLUKMN NMPpUBOOUT K CHUXKEHUK KPUTUYECKOro BriarocoepXxaHud, K
yBEITMYEHNI0 NPOAOIKUTENTIbHOCTU NepBOro nepmoaa CyLUKW. B pe3ynbTate yMeHbLUaeTCA He6naroanﬂTHoe
BInnAHne nonepequVl HEePaBHOMEPHOCTU Ha CYLIKY, COKpallaeTCa napa3ntHoe yaliMHeHne.

B kauecTBe npumepa MOXeT paccMaTpuMBaTbCA KaMepHasi CyLMIbHas YyCTaHOBKa C MEPEMEHHBIM NMOMEPEYHbIM
cevyeHneM, NPMBOAALLUM K YBENTUHYEHUIO CKOPOCTU CYLLUUIIBHOTO areHTa Mo BbICOTE KaMepbl U, Kak cneacTaue, K
yBenMyeHunto koacpdpuumeHTa TennomaccoobmeHa.

OKOHOMMIO Tenna u YCNOBHOIo TOM/iMBa MOXHO noAacynTaTb aHarorm4Ho npegbiayliemy criyydato, eciim BblHUC-
NNTb Napa3nTtHoe yalIMHeHue:

2
_ Ci—-2,w,+wyw,
2 ’
C,-2,w, +Wyw,

(6)

C1 = WKp1 - Wp ’ CZ = WKp2 - Wp ’ (7)

roe Cq, C, - KpMTUYECKOE NpUBEAEHHOE BriarocodepXaHve MaTepuana 4o U nocre KMHeTUYeCcKon NuHeapusa-
umnm; W1, Wiz - KpUTUYECKOE BMarocofepxaHne matepuana 4o 1 nocne KMHeTUYeCKo NmHeapmsaumm.

[lnsa oueHkM sHeprocBeperatolero agdekTa no TosLLMHE CINosA OT pacrnpeieneHns OoNoNMHUTENbHBIX UCTOYHU-
KOB 3HEprum npu KOHBEKTUBHO-paanaLmnoHHol cylike Lanosanosoit I".I1. npeanoxeHo napasutHoe yarnvMHeHve
BPEMEHM CYLLUKN ONpeaensiTe Mo CreayollemMy COOTHOLLIEHMIO:

_Wo—2w, (qT +q?XQ1 +Q2)m

= 2+4m _m .m +
Wo =W, 277y -q,
2 - (8)
+ (WO_ZWK] .(q1 +0 )2(q1+q2)2 oW (9 +a,)"
Wo =W, 20 gl wo-w, 22 qf -

roe q,, =%%—2 A =0,005-S-In 2, +00e8 +0622 -L-r, Q1 - KOHBEKTUBHbIV TEMMNOBOW NOTOK, Qs - KOHBEKTUBHO-
"2 A
z,+0,622

paguaunoHHbIN TEMNMOBOM NOTOK.
Kak n B paccMOTpeHHbIX Bbille 3HeprocoeperaroLLmx MeponpusaTusX, HaMbonbLune 3HaYeHnst SKOHOMUKU Tenno-
Tbl 1 YCNOBHOIO TOMMMBa AOCTUrAOTCA NPU YBENMYEHUM HavYanbHOro BRnarocoaepXaHud, pacxoga marepuana,

NPOAOIHKMTENBHOCTN PaboThbl YCTAHOBKM U YMEHbLUEHUM KOHEYHOro BriarocodepaHus, npuyem 3aBUCUMOCTM
MMEIoT NPaKTUYECKUN NTMHEVHbIN XapaKTep.

7.1.3 MWcnonb3oBaHue TenyIo0OMeHHbIX annapaToB AnsA yrunusauuu tenna BOP

M3BECTHO, YTO TENNOOOMEHHbIE annapartbl NPUMEHAIOTCA B TEXHUKE OJ14 TOrO, YTOOBbI;

¢ npugaTb HarpeBaeMol UNv oxnaxaaemon cpefle HeobxoauMyl TeMmnepaTtypy, Hanpumep, NocTynato-
LLLleMy B MoMeLlLleHMe NPUTOYHOMY BO3ayXy UNW Bode, NOCTYNatoLLei B CUCTEMY OTOMIEHUS UMK ropsive-
ro BOAOCHaGXEHUS XXUINOro 34aHus;
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¢ OCYLLECTBUTb Nepexon cpeapbl B Apyroe ¢hasoBoe COCTosiHMeE (Hanpumep, dasosbii nepexon paboyero
areHTa B UuKiiax TenfioBbiX /J,eraTene|7| M NapoKoMMNpPeCCUOHHbIX XONO0AUIbHbIX MaLIJI/IH);

OTBECTU TENSO OT OXNaXXAaeMblX 3fIEMEHTOB KOHCTPYKLMIA, TENNOBLIAENAOLWEN annapaTypsbl;

NoJyie3HO NCNOJIb30BaTb TEMNJI0TY yXOOALWNX U3 TEMNTOreHEPUPYHLWNX N TEMNTONUCNOSIb3YHLWNX YCTAaHOBOK
SHEepreTn4eCkmnx OoTxXo4oB - TaK Ha3blBa€MblIX 8MOPUYHbIX 3HEPp2emu4YeCKuUx pecypcos (BSP).

PelweHune aTux 3ag4ay4 MOXET NPONCXOAUTb OOHOBPEMEHHO.
BTopuyHble aHepreTnyeckne pecypchl pasgenstoTt Ha cnegyrowme 6onbluve rpynnel [1]:

¢ 2oproyue (monnusHbie) BOP: ropioune oTxodbl TEXHOMOMMYECKMX NPOLECCOB nepepaboTku yrnepoau-
CTOr0 M YrneBOOOPOAHOro Cbipbsi, 6uoras, TBepable M XKuaKkMe TOMNUBHbIE OTXOAbI, OTXOAb!, HENpUroa-
Hble ANS AanbHenwWen TeXHONorMyeckon nepepaboTkm (06pesku, wena, OnuIku) U T.4.;

¢ mennosbie BOP: (bVISVI‘-IECKOG Tenyno OTXOoAALWNX ra3oB TEXHOJIOTMYECKUX arperaTtoB, Terso 0Tpa6o-
TaBLWIEero napa un FOpFI‘-IGVI BOAbl, TEMJO WJaKoB, 30J1bl, TBEPAbIX TEXHOJIOTMYECKMX NPOAYKTOB;

¢ BOP u36bimo4yHo20 daerneHust: NnoTeHUManbHas n KMHeTu4eckas JHEeprma rasos 1 XNOKOCTEN.

Yxogsiwpne n3 YCTaHOBOK TenioBble BTOPUYHbIE SHEPreTu4eckne pecypcCbl HECYT, KaK npasuno, 3Ha4YnTeribHoe
KONMYECTBO TENSOThLl. ATa TENnoTa MOXET ObiTb NOME3HO UCMNoNb3oBaHa OBymMaA cnocobamu:

¢ BO3BPaTOM TEMsa B YCTAHOBKY — PE2eHepamueHoe mensoucroib308aHUe;
¢ 1CMOnb30BaHMEM €ro B OPYrol YyCTaHOBKE — 8HELHEE MEn/IouUCroNb308aHUE.

MpyMep pereHepaTMBHOIO UCMOSb30BaHUS TEMOThI B CYLUMbHON yCTaHOBKe M306parkeH Ha puc 1.

XonoaHbln I

BO3YyX

—» @ >

<

Puc. 1. PereHepatnBHoe MCNONb30BaHNE BTOPUYHBIX SHepropecypcos.

1 — noporpeBaTensb, 2 — CylUMNbHAas yCTaHOBKa, 3 — peKynepaTUBHbIN TENNO0OMeHHUK (yTunmsaTop)

B kauvectBe B3P ncnonb3yeTtcs oTpaboTaBlumMi CYLUUNBHBIA areHT, TennoTta KOTOporo Ucnonb3yeTcsa Ansa npea-
BapuTENbHOro Harpesa Bo3dyxa B peKkynepaTuBHOM TennoobmeHHuke-ytunusatope 3 [8].

PereHepaTuBHOe Tennoucnonb3oBaHe NPUBOAUT K MOBLILEHUIO SHEPreTU4eckon 3(peKTUBHOCTU YCTaHOBKN
N yBENUYEHNO KO3 ULIMEHTA NOME3HOr0 UCMONb30BaHUA TEMMOThLI, MPEACTaBNAILMIA COOO OTHOLLEHNE MO-
NEe3HO UCMOSb30BAHHOM TEMMOTLI B CYLUUIIBHON YCTAHOBKE 2 K TeNNoTe, NOABEAEHHON K ycTaHoBKe Q, B Mogor-
peaTtene 1.

B onpeneneHHbIX criyyasix BO3MOXHO MCMOSIb30BaHWE TEMNoTbl BTOPUYHBLIX 3HEPropecypcoB 3a CYeT Hemno-
CPEeACTBEHHOTO BO3BpaTa UX YacTu B yCTaHOBKY. Hanprmep, Tensblii BEHTUMSLMOHHBIA BO34YX U3 MOMELLEHUS
MOXXET YacTMYHO BO3BpaLLATbCsA TyAa yKe B KayecTBe NpUTOYHOro Bo3ayxa. OcylLecTBsieTC Tak Ha3biBaemast
peyupkynsyusi. Peumpkynsaumsa — Hambonee npocToi v AelleBblii crnocob pereHepaTMBHOMO MCMOSb30BaHMS
BTOPUYHbIX 3HEpreTu4yecknx pecypcos. Ee ocyliecteneHmne TpebyeT MUHUManbHBLIX KanuTanbHbIX 3aTpar. Mon-
Has peLMpKyNaALUa yXOaALWMX U3 TEMNOUCTONb3YIOLLIMX YCTaHOBOK ras3oB U XMOKOCTen 6e3 UX AOoMNONHUTENbHOMN
06paboTkn HeBo3MoXHa. OHAKO AaXke YacTUYHas peumpKynsauus BO3MOXHAa Aaneko He Bcerga. Hanpumep,
3anblfeHHbIA, UMEIOLLMIA TOKCUYHBIE MPUMECK UMW HEMPUSATHBIA 3anaxX BEHTUMSALUMOHHLIA BO3OyX He AOIHKeH
BO3BpaLLaTbCA B MOMELLEeHMe NO CaHWUTapHbIM HopMaMm. B aTux criyyasix ana yTunusaumu Tenna BTOPUYHbIX
SHEepropecypcoB nyTemM MoJdorpeBa BeLecTB, NOCTyNaoLmMX B YCTaHOBKY, UCMOSb3YHOT TennoobMeHHble anna-
paTbl.

Bo:sBpaLu,aemylo B YCTAHOBKY TEM10TYy MOXHO UCNOJiIb30BaTb AJ14 Harpesa:
4 KMgkoro mnu ra3006pasHoro TONNMBA;
¢ BO34yXa, Ucnosjib3yemMoro B npoLecce ropeHna B Ka4eCTBe OKUCINTENA,
¢ BOAbI, Hal'lpaBJ'IFIeMOIZ B KOTEJ1IbHYH0 YCTaHOBKY;,

¢ TMPUTOYHOIo BEHTUNALMOHHOIO BO34yXa,

70



¢ CYLUMNbHOIO areHTa;
4 TEeXHOJI0r’M4ecKoro cblpba 1 Ap.

BHellHee Tennoucnonb3oBaHME — UCMONb3oBaHWe TennoTel BAOP yxXooAawmnx U3 yCTtaHOBKU ONA HYXO OpPYrnx
3HEeproncnosib3yrumnx yCtaHOBOK. an/IMep BHELUHEro Tenyfioncnosib30BaHNA — NCnofib3oBaHne TeNOoThbl Napo-
KOHZEHCaTHON cMecH, yXOD,ﬂLLI,Eﬁ M3 ceTeBoro nogorpesarena anda nonyvYeHnd napa, HanpabndemMoro Ha Tex-
HOJOrM4eckne Hyxaibl, |/|306pa>|<eH Ha puc 2.

_>
MutaTenbHas
BoAda
5 1 2
P
F :
«— €—
Ha TexHonornyeckne
HYXObl
XonoaHas
BoAa
4

Puc.2. BHelwHee ncnonb3oBaHne BTOPUYHBLIX 9HEPrOpeCcypcoB

1 — naporeHepaTop, 2 - Tennoucnonb3yLMin annapar (CeTeBo nogorpesaTens),
3 — koHAeHcaTocOopHbIN Bak; 4 — KOHOAEHCAaTOOTBOAYMK; 5 - MapoBOW 3XKEKTOP

B kayecTBe BTOPUYHOIrO 3HEpropecypca MUCrnonb3yeTcs KoHAeHcaT, NocTynarLwmini nocne ceTeBoro nogorpesa-
Tens 2 B KoHAeHcaTocbopHbI 6ak 3. BcnegcTeue Toro, YTo AaBrieHne B 6ake MeHblUe, YeM JaBreHUe Hacbl-
LLeHNsa KoHOeHcaTa (KoHOeHcaT nocTynaeT no TpybonpoBoAdy Mof BbICOKMM AaBfEHUEM), MPOUCXOAWNT MIHO-
BEHHOE BCKMMNaHMe KoHaeHcaTa. [lap BTOpnYHOro BckunaHusa P, (MHXeKTUpyeMblil) NoAcackiBaeTcs B MapoBOW
axekTop. [lanee nap cMmelleHHbIX napameTpos P (P, < P; < P,) ngeTt Ha TexHonornyeckne Hyxapl Unu Ha ten-
nocHabxeHue (OTonneHune, ropsuee BogOCHabXeHne).

B HekoTOpbIX Cryvasx Npu BHELIHEM TENfoMCnonb30BaHUN MOXHO Mcnonb3oBaTtb BOP Hanpsamyto (He ncnonb-
3ysa TennoobmeHHble annapatbl). Hanpumep, ropsyne AbiMOBbIe rasbl nocrne pa3baBneHns BO3AYXOM MOXHO
HanpaBUTb B CYLUWIbHYO YCTAHOBKY. ECnu ke AbIMOBbIE rasbl BCEACTBME UX 3arpsi3HEHHOCTU HEMNb3S UCMOSb-
30BaThb 4S9 CyLIKM MaTepmana no TpeboBaHMsIM TEXHONOMMYECKOro NpoLecca, X HanpaensaT B TENNOOOMEH-
HWK ONs HarpeBa BO34yXa, KOTOPbIA UCMONb3YETCA B Ka4eCTBE CYLUUIbHOrO areHTa. [epBbiii U3 3TMX cnocobos
3KOHOMWYHEE, NMOCKOSbKY He TpebyeT BombLUMX KanuTarnbHbIX 3aTpar.

Kpome pereHepatnBHOro U BHELLUHEro TEnoncnosib3o0BaHNA BO3MOXHO TaKXe KOM6UHUp068HH09 meririouc-
rosib3oeaHue, Korga 4actb TennoTbl BO3BpaLlaeTCd B YCTAHOBKY, a Apyrad 4acCTb — MoJie3HO UCMOJ1b3yeTCH B
/J,pyr0|7| SHepFeTM‘-IeCKOVI UIN TEXHOSOrMYeCcKomn YCTaHOBKe.

He Bce aHeprocbeperatowime meponpusatns adeKTMBHbI SkOHOMUYeCkU. KanntanbHble 3aTpaThbl, CBA3aHHbIE C
npuobpeTeHnemM M yCTaHOBKOW TennoobMeHHUKa, a Takke 3aTpaTbl Ha ero aKchnyaTauuioo (GOononHuUTenbHas
SMEKTPOIHEPrUA Ha MPOKaYKy TEMnOHOCMTEnNs, TeXHWYeckoe o6CryXuBaHME) MOryT NPEBbICUTb 3KOHOMMUIO,
0BYCOBEHHYIO UCMONb30BaHWEM TEMMOTbl BTOPUYHBLIX 3HEPropecypcoB. Takum obpasom, npu nnaHMpoBaHuu
MeponpuaTUn Heobxoaumo npegycMmaTpuBaTb NPoBeAeHMNE UX TEXHUKO-SKOHOMUYECKON oueHKn. B coBpemen-
Hor Poccun LeHbl Ha TEMMOBYO SHEPIUIO CYLLIECTBEHHO HWXe, YeM B eBpOnenckux ctpaHax. Mpu atom Habnio-
[aeTCs eXerofgHbll poCT LeH M nNpubnukeHne WX K eBpOMnenckoMy YpoBHIO. [Mpu npoBefeHWM TeXHWKO-
9KOHOMUYECKMX OLLEHOK 9TO 06CTOATENbCTBO HEO6X0AMMO 06A3aTENBbHO YUNTHIBATD.

YTunusauyuma tenna BTOPUYHbLIX dHEpPreTu4eCKmMX peCcypcoB B peKynepaTuBHbIX TennoobMeHHUKax

TennoBble BTOPUYHbIE 3HEPTOPECYPCHI MMEIOT pa3fMyHble TemMnepaTypHble napameTpbl U NoapasaensoTca Ha
TPV rpynnbi:

1. Topsiume rasbl (yxoasiume rasbl KOTENbHbIX YCTAHOBOK, AbIMOBbIE ra3bl BbICOKOTEMMEPATYPHbIX YCTAHOBOK,
[BuUratenein BHyTPEHHEro CropaHus U T. 41.), TemnepaTypa KoTopblx gocturaet 1000 °C.

2. TpoayKTbl TEXHOMOIMYECKOro npouecca (Harpetble CUTKM, LUNaK, packaneHHbIi KOKC W T.4.), umeroLime
TemnepaTtypy Ao 1500 °C.

3. HuskoTemnepaTypHble BTOPUYHbIE 3HEPrOPeCcypChl, MMetoLLMe TemnepaTypy, kak npasusio, o 200 °C:
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¢ nap, oTpaboTaBLUKiA B ABUraTeNsIX, @ Takke BTOPUYHbIN Nap;

¢ ropsiyas Boga (Boda OT OXNaxaaloLmX YCTPOWCTB, NPON3BOACTBEHHbIV KOHAEHCAT, CTOKM);

¢ TennoTa HarpeToro Bosfyxa (Tennbi BO3AyX, yAansembln U3 Npon3BogCTBEHHbIX MOMELLEHUN, Cy-
LUMIbHBIX YCTaHOBOK).

Mep.ble aBe rpynnbl BOP asnawTca BbicokoTEMNEPATYPHBLIMU M UX MOMNEe3Hoe UCMOoNb3oBaHWe ABMNAETCH Hau-
Gonee npocToii 3agadeit. Hanpumep, oHM MOryT BbITb UCMOMb30BaHbI B KOTNAX-yTUNMU3aTopax Ans nonyYyeHus
napa aHepreTnyeckux napameTpoB. Vcnonb3oBaHue xe BOP TpeTbeli rpynnbl — 6onee crioxHasa npobnema,
MOCKOSNbKY WX TemnepaTtypa HegocTaTouyHa, 4ToGbl UCMOMb30BaTb MX ANA GONbLUMHCTBA TEXHONOrMYECKUX
Hyg. Kpome Toro, npu nepegave Tenna ApYrMMm TENIOHOCUTENSIM B TENI00OMEHHNKax, HeU30eXxHO AOMONHU-
TENbHOE CHIPKEHNE TemnepaTypbl.

3HaunTenbHas YacTb TennoBbix BOP coctaBnseT dmandeckast TennoTa rasos. Vcnonb3oBaHne 3TON TeNnOThl
nmeeT cBOM 0COBEHHOCTU. MaBHOW M3 HUX SBMSIETCA TO, YTO ra3000pasHble TEMOHOCUTENN UMEIOT HU3KWI
KoadppmumeHT Tennootgaum (K=10-50 BT/(M2 rpag)) n ons ytmnusauum Tennotbl Heo6xoauMbl TENIoooMeH-
Hble annapaTtbl ¢ 60MbLMMM NOBEPXHOCTSIMU TennoobmeHa. Kpome Toro, 13-3a mManoi nNioTHOCTU ras3oBbIX Te-
nrnoHocuTenen Bo3ayxoBOAbl U ra3oxoAbl UMetoT Borblume nonepeyHble pasmepsl. VX TpygHO noBopayvBaTh B
nomMeLleHnAX orpaHn4YeHHoro o6be|v|a, TPYAHO OCYLUEeCTBNATb nepeaady ra3oB Ha galribHne pacCTtoAaHUA. B cBs-
31 C 3TUM, ONAa yTunms3auum TennoTbl ra3oB paunoHarnbHO MCNOSIb30BaTb B OCHOBHOM [Ba TuNa peKynepatue-
HbIX TEMNIOOOMEHHbIX annapaToB: MracTUH4YaTble opedpeHHble TennoobMeHHUKM U TpybyaTble opebpeHHble
TENNOOOMEHHMKN C MPOMEXYTOYHBIM TEMNIOHOCUTENEM.

6 5

: /[

bt
NN, 2

Puc.3. MpuHumMnuanbHaa cxema LeHTpanbHOro KOHAMLMOHepa ¢ yTunv3aumen Tenna sosayxa, yaansieMoro u3 noMeLeHus:

1 — KOHAMLMOHEP; 2 — NPUTOYHBIN N BbITSXKHOW BEHTUNATOPbI; 3 — NPUTOYHBIN BO3AYXOBOA; 4 — BbITSHKHAs peLleTka; 5 — BbIBpoC BbITSHKHOMO
BO3ayxa; 6 — TennonsenekawLmin TennoobMeHHUK; 7 — coeaMHUTENbHblE TPYOONPOBOAbI YCTaHOBKM YTUMM3aLMM BbITSXKHOTO BO3AyXa; 8 —
LMPKYNSLUMOHHbBIA HAcoc; 9 — TeNNOOTAAOLLMI TennoobMEeHHNK

lMnactnHyatble 0p66peHHbIe TENNooOMEHHUKN NPUMEHAKTCA B TeX CrlydasXx, Korga Bo3ayxoBobl C ropa4vnm un
XOnio4HbIM BO3yXOM pPacnosioXeHbl 6nmsKko apyr ot gpyra.

Ecnv BozayxoBogbl (ra3oxofbl) pa3HeceHbl U Ans nepeaayu Tenna HeBO3MOXHO MCMONb30BaTh NiacTUHYaThbIN
TENNOOOMEHHUK, TO UCMOSb3YIOT TeNI00GMEHHMKM C MPOMEXYTOUHbIM TennoHocuTenem (puc. 3). Mcnonb3osa-
HVe TennoTbl YXOASLLEro Bo3ayxa, NokasaHHoe Ha puc. 3 MO3BOMSIET YMEHbLUUTL NOTPEeGeHne Tenna ropsiyen
BOAbI AN NOAOrpeBa NPUTOYHOIO BO3ayxa B nodorpesaterne KoHaMumoHepa 1.

F00BYIO 3KOHOMWIO SHEPTUU MOXHO BbIPa3WUTh CrEAYIOLLMM 0B6pa3oM:
AQ=(H,~H,) L, 3600 [K]Ix]

rae Hy — sHTanbnua Bo3ayxa, YXOASALWEro U3 noMeleHns, KIpK/Kr; H, — aHTanbnus Bo3adyxa, BbIXOASALLEro u3
TennoobMeHHUKa-yTUnmnsaTopa, KIK/kr; L, — MaccoBbli pacxod Bo3ayxa Yyepes TeNnooOMEHHUK, Kr/C; T — rodo-
BOE YKCIIO YacoB UCTONb30BaHUSA YCTaHOBKM, Y.

Cxewma, npefcrasneHHas Ha puc. 3, no3sonseTt Ha 60 % cokpaTuTb pacxod Tenna Ha HarpeB MPUTOYHOro Ha-
py>xHoro Bo3ayxa [2]. Kpome Toro, oHa faeT BO3MOXHOCTb MCMNOMb30BaTb B COCTaBe KOHAMLMOHEpa nogorpe-
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BaTefNlb C MEeHbLUEN NMowaabo NOBEPXHOCTU TennoobmeHa. nOCKOJ'Ibe npn McnoJjib3oBaHUn 3TON CXEMbI B
3UMHEee BpeM4d CyLLleCTBYyeT ONaCHOCTb 3aMep3aHuaA, B Ka4eCcTBe NpoOMeXyTO4YHOro TensioHocnuTena B nogo6HbIX
YCTaHOBKaX UCMOJ1b3yeTCA CMeCb BOAbl U 3TUNEHITIUKONA.

Ecrnm un totn ,u,pyr0|7| cnocob yTunudaumm TennoTbl ABNAETCA TeEXHNYECKN peann3dyemMmbiM, TO BO3SHMKaAeT BOMPOC,
Kakon U3 Hux bornee ahpeKkTUBEH C TOYUKMN 3peHns aHeprocbepexeHns n pecypcocbepexeHus.

B cxeme ¢ NpoMeXyToYHbIM TEMMOHOCUTENEM UCMONb3YIOTCA OAHOBPEMEHHO ABa TeNNoobMeHHUKa 6 1 9, Kax-
Obl N3 KOTOPbIX NepeaaeT TO e CaMOe KONMYECTBO TEMMOTbI YTO U NfacTUHYaTbI opebpeHHbIN TennoobmeH-
HUK.

Bosgyx

\ XXugkocTb

Puc.4. PacnpeneneHvie TemnepaTyp B TENI00OMEHHVKE-YTUNMU3ATOPE C MPOMEXYTOUHLIM TEMMOHOCUTENEM Ha NIMHUM:
— Tennoro Bo3ayxa (TennoobMeHHuK 6);

———————— XOnoAHoro Bo3ayxa (TennoobmMeHHuK 9)

3anuwem ypaBHeHne Tennonepegayun onsg nnactmHyaToro tennoodbmeHHnka Q=Koy-Fy-ATy n TennoobMeHHNKOB,
BXOASLLMX B COCTaB CUCTEMbI C MPOMEXYTOYHbIM TennoHocutenem Q=K;-F-AT,. Pacnonaraembii Temnepa-
TYPHBIN HaMop B KaXOoM M3 3TUX TeNNooOMEHHWKOB, Kak NoKasblBaeT MpakTuKa, HUXEe NpUMEpPHO B ABa pasa
(c™m. puc. 4): AT, =~ 0,5 - AT,. KoachbdurumeHTbl Tennonepeaayn B Kaxgaom U3 TennioobMEHHNKOB C MPOMEXYTOY-
HbIM TEMMOHOCUTENEM BbILLE, MOCKOMbKY OOHUM W3 TENMOHOCUTENEN ABMseTCs BOAA, NPU TeYEeHUU KOTOpPOW
HabnogaeTcs BbICOKUIA KO3 pMUmMeHT Tennootgadn. MNpu Gonblimnx ckopocTax BoAbl KO3ULMEHTI Tenno-
nepegayn B paccMaTpmMBaeMblX TUMNax TENMOOOMEHHMKOB TaKKe OTNNYAKOTCA NoYTU B ABa pa3a: Ky~ 2 - Ky .

Torpa nnowaap TennonepenatoLleil MOBEPXHOCTU KaXaoro u3 AByxX TennoobMeHHbIX annapaTtos, BXOASALWNUX B
cocTaB TennoobMeHHMKa-yTUnmM3aTopa ¢ NPOMEXYTOUYHbIM TEMNIOHOCUTENEM, COM3MepMMa C MIoLWaaplo Mo-
BEPXHOCTU NNnacTuHYaToro opebpeHHOro TennoobMeHHMKa (Ha caMOM [enie — HECKONbKO MeHbLLE, NOCKOMbKY
CXema TeYeHUs1 B TenyI006MEHHMKE C MPOMEXYTOUYHbIM TEMMOHOCUTENEM BIvKe K NPOTUBOTOYHON). Takum 06-
pa3oM, C TOYKM 3peHUsi cOepexeHUs pecypcoB MracTuHYaTble opebpeHHble TEeMnNooOMEHHUKN-YTUIN3aTopbI
nyywe TennoobMeHHUKOB-YTUIM3aTOPOB C NMPOMEXYTOYHLIM TEMNIOHOCUTENEM, NMOCKOSIbKY CyMMapHasi NMoBepx-
HOCTb MocreaHux NpUGNM3UTENbLHO B ABa pa3sa Goriblie, YeM Y NepBbiX.

Ha npaktuke yacto BCTpevalTCcsa Cryyau, korga B OOHOW YCTaHOBKE MMeEETCH cpaldy Heckonbko BOP, tennoty
KOTOPbIX MOXHO NOMe3HO Ucnonb3oBaTth. [pn 3TOM BO3HMKAET BONPOC O NOCNeaoBaTenbHOCTU UX MCNONb30Ba-
Hus. PaccMoTpyM 3TOT BONPOC Ha NpuMepe O4HOCTYNeHYaTon BbiNapHOW YCTaHOBKM (puc. 5).

BTopuyHbIn nap

[petowmnii nap

g
Kpenwn
pactBop

KoHpeHcaTt

Puc.5 Vicnonb3oBaHue Tenna BOP B ogHOKOpNYyCHOM BbINapHON yCTaHOBKE.
1 — BbINapHoOW annapar; 2 — TennioobMeHHble annapaThbl
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B ycTaHOBKY BXOOWUT MCXOAHbIV NPOAYKT — cnabbii pacTBOp COMu, W rpeowmn nap, obecneunsatrowmi ygane-
Hue Brarnm M3 crnaboro pacteopa. V3 BbIMapHOW YCTAHOBKU BbIXOAUT BTOPWUYHLIN Map, KPENKUi pacTBop, siB-
NALWNACSA TEXHONOTMYECKMM NPOAYKTOM, M KOHAeHcaT paboyero napa. Cnabbivi pacTBop, NOCTYMaLWMN Ha
BblNapuBaHue, HeobxoAnMo HarpeTb A0 TemnepaTypbl KuneHus. [ns aToro MOXHO MCNonbL30BaTh NGO 4acTb
pabouero napa, nnbo yxogsLine n3 yctaHoskm BOP.

Bce Bbixogdwue ns ycraHoBkn BOP umetoT pasnuyHoe TennocoaepaHue n pasnuyHble pacxoabl. Hanbonb-
Lee TennocoaepxaHne nmeeT BTOPUYHBLIN nap. TennoBon MNOTOK, KOTOPbIA MOXHO NOMIE3HO UCMONbL30BaTbL CO-
CTaBnserT:

Q=W (r+ c,AT),

rae W — pacxop BTOPUYHOrO napa, r — yaenbHasi Tennota napoobpas3oBaHusi, ¢, — TENNOeMKOCTb Boabl, AT —
pa3HOCTb TeMnepaTyp BTOPMYHOro napa u cnaGoro pacteopa. OgHako TemnepaTypa BTOPUYHOMO napa Huxe,
YyeM TemnepaTypa KUMEHUss pacTBopa M3-3a Hanuuna TemnepaTypHON aenpeccumn U HarpeTb UM cnabblii pac-
TBOP A0 TEMMNepaTypbl KUMEHUS HESb3S.

VMcnonb3oBaHne TennoTbl KOHAEeHcaTa Ans nogorpesa crnaboro pacTBopa He NpUBEAET K XKernaemMomy pesyrib-
TaTy. HecmoTps Ha To, YTO KOHAEHCAT MMEET BbICOKYID TeMMepaTypy, ero Kofmyectsa HeAOCTaTOYHO, YTOObI
nogorpeTb cradbil pacTBOpP A0 HYXHOW TemnepaTypbl. Kpenkun pacTBop Takke He MMEET HUM LOCTaTOYHOM
TemnepaTypbl, HU JOCTAaTOYHOrO pacxoda, Ytobbl obecneunTb HeobxoomMmMyto TemnepaTtypy craboro pacTeopa.
PewwnTb 3agavy no3BonseT nocrnegoBaTenbHOCTL Ucnonb3oBaHna BOP, nsobpaxeHHast Ha puc. 5. Npu Hanu-
YN B YCTAHOBKE HECKOJ1bKUX B3P BaXxHO NOMHUTb O TOM, 4YTO NO BO3MOXHOCTU CHayana cnenyet Ucnosrnb3o-
BaTb TENIO CaMOro HM3KOro NoTeHumana - T.e. TEeNNo cpeibl, UMEKLLEn camyto HU3KYL0 TemnepaTypy. Yem Hu-
xe Temnepatypa BOP, Tem 6onee orpaHuyeHa obnactb ero ucnonb3oBaHud. Tennota BOP ¢ Bbicokon Temne-
paTypon umeeTt Oonblue BO3MOXHOCTEN ANsi BHELUHEro ucrnonb3oBaHus. OgHako crnegyeT MMETb B BUAY, YTO
NCMNOSb30BaHNE HECKOSbKMUX TENNOOOMEHHbIX annapaToB MOXET ObITb HE OnpaBAaHO 13-3a BbICOKMX KanuTarnb-
HbIX 3aTpaT. Hauny4dwuin BapnaHT BbibnpaeTcsa U3 oNTUMU3ALMOHHBLIX TEXHUKO-3KOHOMUYECKMX pacyeToB.

anMeHeHMe OpOoCUTENIbHbIX Tennoo6MeHHMKOB Ans yTunusauum Tenna orxogsawumx rasos

OOHUM 13 cnocoGOB NOBLILLEHNS 3IEKTUBHOCTA UCMOMb30BaHUS TOMNMBA B TOMMBOMCMOSB3YIOLWUX arpera-
Tax, B TOM YuClie B KOTESIbHbIX YCTAHOBKAX, SBIISIETCA YTUNM3aLMs TEnna yxoaswmx rasoe (tennoeble BOP)
MyTEM WCMOMb30BaHUA PeKynepaTMBHbLIX, CMECUTENbHbIX, KOMOUHUPOBAHHLIX anmnapaToB, paboTalolwmux npu
pasnnYHbIX MpYemMax UCMosib30BaHUS TEMOThI, COAEPXKaLLencs B yXOASLLIMX rasax.

lMpumeHeHne pekynepaTuUBHbLIX TEMNOOOMEHHMKOB ANA yTUNn3auumn Tenna yxoasiimx ra3oB U3 KOTENbHOW yc-
TaHOBKM 06ecneyvmBaeT MoBbllEHME KO3hPULMEHTA MCNOMb30BaHUA Tomnnmea m. CHWXeHWe TemnepaTtypbl
yXoAsaLWmx rasos Ha 15+20°C npu UCNonNb30BaHWM B KaYeCTBE TOMMMBA NPUPOHOro rasa COOTBETCTBYeT yBe-
nnyeHnto n Ha 1%. [ns oxnaxxgeHns napora3oBov CMEeCH, UCMONb30BaHNe pekynepaTuBHbIX TENNO0OMEHHNKOB
paboTaloLmx B KOHOEHCALUMOHHOM pexume (TemnepaTtypa peKkynepaTVBHON MOBEPXHOCTU HUXE TemnepaTypbl
TOYKM POChI) NPUBOANT K YBENMYEHUIO 1 HA 1% YXKe Npu CHMXKEHWUW TeMMepaTypbl yXoOawmx ra3os Ha 3+4°C.

MN3BeCcTHO, 4TO TemnepaTypy yXoaaLmMX U3 KOTNa rasos npuHuMaroT He meHee 120+130°C no Asym NpuynHaMm:

—  ONS UCKIIOYEHUS KOHAEHcaUun No rasooTBOAsALLEMY TPaKTy BMNOTb A0 BbiXoda B aTMocdepy BOAAHLIX Mna-
poOB;

—  Onsa yBENUYEHMS eCTECTBEHHOW TAM, CHUXKaIOLLEN HEOBX0ANMBI Hanop AbIMOCOoCa.

Hanbonee BaxHas nepsas 13 oTMeYEHHbIX NPUYKH. MNMoKaxxeM TeopeTnyeckne BO3MOXHOCTU CHUXKEHUSA Temne-
paTypbl YXOAALUX ra30B HWXEe YKa3aHHbIX Bbllle 3Ha4YeHWA, He MPUBOASALLMX K MOSIBMIEHUIO KOHAEeHcaTa Ha
CTeHKax rasooTBofsllero Tpakta. [Ana npegynpexaeHnsa KOHAeHcaUMM BOAsSHbIX MapoB B rasoxodax U AbIMO-
BOM Tpybe MOXHO MCMNOMb30BaTb YacTUYHOe OarnacnpoBaHue ropsumnx rasos (puc. 6).

M3 puc. 6 oueBMAHO, YTO pasfeneHve Ha ABa NOTOKa YXOAALWMX U3 KOTNa rasos, MMeLUX Temnepatypy t,
(Touka E) nossomnsieT nytem oxnaxaeHus n OCyLUeHNs OOQHOMO U3 HUX B KOHAEHCALMOHHOM TennoobMeHHVKe 40
’['y (Todyka M) nmeTb nocne cmelleHus (Touka Y) 6onee HU3KUe 3HaYeHUs TemnepaTypbl ty BnarocogepxaHusi

d, 1 TeMnepaTypbl TOUKU POCHI t"; )
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Oco6eHHOCTBI0 MPOLECCOB MYGOKOro OXnaXaeH sl NaporasoBbiX CMECeN SBMAETCH U3MEHEHNE UX KONMYecTBa
BCMNeACTBME KOHAEHCALMM YacTu BOASHbLIX MapoB, AN pacyeTa Ko-
TOPOro MOXHO UCMONb30BaTh BblpaXeHue:

B aTM.
AW} = W+ W (o, - 1d, - d; Jx 10,
th roe:
ty k\ te AW‘; - NpuBegeHHOe KOoNn4ecTBO nosty4aemMoro m3 npoaykTtoB Cro-

Sy Y

-—
paHus KoHaeHcaTa;
t. ¢
y

WC"BO- npuBeaeHHbIN TEOPETUYECKUN pacxon CyXoro AyTbeBOro BO3-

Ayxa W =1,415;

W°- MpuvBeAeHHOEe TEOPETUYECKOE KOMMYECTBO CYXMX MPOAYKTOB

cropaHus, Wi =1,333;

o, - koadbduumeHT n3bblTKa BO3ayXa MPOAYKTOB CropaHusi B raso-

xoae nepeg KT;

d'y- HavanbHOe BnarocogepkaHve NpoAyKTOB cropaHus (nepeg te-
NAoyTUIM3aTOPOM), /KT C.I.;

d d, - BnarocoaepxaHie HacbILEHHbIX NPOAYKTOB CropaHns (Ha Bbi-

d, I d, Xofe W3 TennoyTunmaatopay), I/kr cyxoro rasa.

Puc. 6. MpuHuunmansHasa cxema Gannacupo-
BaHVSA YXOOALLAX ra30B U noGpaxeHme nave- | IPVIBEAEHHbIE XapaKTEPUCTUKW PaccynTaHbl MO OTHOLIEHUIO K HU3-

HeHusi ux cocTosiHus B H-d- fuarpamme Wwen TennoTe cropaHus Ttonnuea Q;, Kkan/m>. 3HaueHus d'y n d;

MOryT GblTb paccynTaHbl No NPUGIIKEHHbIM dopmynam J1.I. Ceme-
HIoKa

d'y =(013 +d, a,,)/(a,, —0,058),
roe do - BnarocogepaHue OyTbeBoro Bo3ayxa, I/Kr Cyxoro Bo3ayxa

. 00006382 +0,004c,,
YU 0199 +ay,

xexp(0,62t,),

roe ty - TeMnepartypa yxoodawmnx npoaykTtoB CropaHna Ha BbiXo4e U3 TennoyTunmnaartopa, °C.

Mo BenuunHe AW paccunTbiBaeTcs abCoMOTHOE KONMMYECTBO koHaeHcaTa AW, , KOTOpoe MOXeT BbiTb Mo-
NYYEHO NPV OXNaKAEHUN MPOAYKTOB CropaHusi, 06pasylolyXcs Npu Cxuranun 1 M° npupoaHoro rasa. Hanpu-
Mep, npu o = 1,3; t; = 40°C; dy = 0,01 kr/kr cyxoro Bo3gyxa nony4aem: d'y = 0,1053 kr/kr cyxoro rasa; d; =

0,0465 kr/kr cyxoro rasa; AW, =0,10334. B atom crniyyae npwu cxuranum 1 M

pVpOAHOro rasa ¢ TennoTon cropaHus QF = 8523 Kkan/m® BblgensieTcst abConioTHOE KOMMYECTBO KOHAEeHcaTa
AW,, = 0,10334x 8000/1000 = 0,83 «r.

Mpouecchl Tennonepegayn B NogobHbIX TENOOOMEHHUKAX, Kak MokasbiBalOT 3KCMNEpPUMMEHTarnbHbIE Uccneno-
BaHuA A. KyamHoBa, NpoTekatoT 6onee MHTEHCUBHO, YeM MNpK «CyxoM» TennoobmeHe (puc. 7) [11].
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k, Br/(M*K)
65 -
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1,15 1,725 2,3 2,875 3,45  pv, kr/(m%c)

Puc. 7. 3aBucumocTb koadpchmumeHTa Tennonepeaayn k OT CKOpoCTM rasoB v U MIIOTHOCTY opolleHus V
1—V=2,28:3,57 kr/M>u; 2 — V = 2,83+3,67 kr/m>u; 3 — V =3,19+4,03 kr/M>u; 4 - ins BO3AYXa («CyX0it» TennoobmeH)

[ns onpegeneHns KOHCTPYKTUBHBIX pa3MepoB KOHAEHCALMOHHOIO TensioobMeHHMKa-yTUnmM3aTopa MOXHO MC-
nonb3oBaTb criegytoLlee cooTHoweHune [11]:

Nu = 4,55 Re”*"® K% pr¢",

Mpun BbluMCEHUN KpUTEpUEB Nogodbusa 3a onpenensaoWwnii MMHENHBLIN pasmMep NPUHAT BHELLHWA AvameTp Tpy-
Obl, @ CKOPOCTb NMOTOKA OTHECEHA K CaMOMy y3KOMY MONepevyHoOMy CeyeHuto TennoobmMeHHuka (kaHana). Onpe-
Aensilolen TeMnepaTtypon SABNAETCA CpefHas TemnepaTypa NpoaykToB cropaHus. BeegeHue kputepus opo-
weHua K = VD/u no3sonsdeT yCTaHOBUTb 3aBUCUMOCTb Ge3pasmepHoro koadpduumeHTta Tennootgaum Nu =
oD/)\ OT NNOTHOCTM opoLleHus V, CBA3aHHON CO CTENEHbI0 OXNaXAEHUS YXOAALWMX NPOAYKTOB CropaHus B KOH-
AEeHCaLUMOHHOM TennoyTunm3aTope NoBepXHOCTHOro Tuna.

MpumMep NpUMEHEHUSA KOHAEHCALMOHHOIO TEMNOOOMEHHMKA ANst NOBbILWEHMS 3¢hdEKTUBHOCTU UCMONb30BaHUS
NPUPOAHOro rasa B KOTENbHbLIX YCTaHOBKax nokasaH Ha puc. 8 [11].
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Puc. 8. Mpumep NnpumeHeHNsi KOHTaKTHOro TenIO0OMeHHMKa A5 NOBbIWeHUs 3P (EKTUBHOCTU UCNONb30BaHNs ToNnuea
B KOTENMbHOW YyCTaHOBKe

MpooyKTbl cropaHWst MPUPOAHOro rasa nocne Kotna 7 nNpoxogdT BOASHOW 3KOHOMam3ep 2, oxnaxgawTcs Ao
TemnepaTypbl 135-150 °C u 3aTem pasgenstorcsa Ha aea notoka. MNMpubnmsnrtensHo 70+-80% rasoB Hanpasns-
eTCcs No rmaBHOMY rasoxoay 15 u noctynaeTt B KOHAEHCALUMOHHLIN TennoyTunusatop 6 NnoBEpXHOCTHOro Tuna,
ocTanbHas— B GawnacHblii rasoxoq 14. B tennoyTtunusaTtope 6 NpoayKTbl CrOpaHUs OXNaxaalTcs Cbipon BO-
aon go 35+40 °C, npu 3TOM NPOMCXOOUT KOHAEHCAUMSI YaCTU COAEPXKALUMXCHA B HUX BOASHbLIX MapoB, YTO MO-
3BOSISIET NOMNE3HO UCMONbL30BaTh Kak h3MYECKyIo TENNOTY AbIMOBbLIX ra30B, TaK U CKPbITYO TEMMOTY KOHAEHCa-
LM YacTu codepXKallmMxcs B HUX BOASHbIX NapoB. OxnaxaeHHble NpoAyKTbl CropaHus nocre KanneotaenuTens
9 cMelmBaloTCa ¢ npoxoaawmmmn no 6arnacHoMy razoxogny 74 HeoxnaXAeHHbIMU NPOAYKTaMU CTOPaHUst U Npwm
TemnepaType 65+70 °C otBOAsTCA AbiMococom 10 4epes abiMoBYyo Tpyby B atmocdepy. [Nogorpetas B KOH-
AeHCaLuMoHHOM TennoyTunuaatope 6 Boda nocrnefoBaTeribHO NPOXOAUT Yepe3 CUCTEMY XMMBOOOOYUCTKU 5,
KOXXYXOTPYOHbI TEMNOOOMEHHMK 4, TEpMUYECKUIA easpaTop 3, BOOSHOW 3KOHOMan3ep 2 U nogaeTcsa Ha Nog-
nNUTKY B Naposon koten 7.

BbipabaTtbiBaeMbii B KOTRe 7 nap MOXET MOCTynaTb B KOXyXOTPYOHbIN TennooOMeHHWK 12, roe B mpouecce
TennoobmMeHa KOHAEHCMPYETCH, a KOHAeHcaT OTBOAUTCH B COOPHbLIN KOHAEHcaTHbIM 6ak 171. YacTe napa Ha-
npaBnaeTca B peayKUMOHHYIO YCTAaHOBKY 73 1 MOCne NOHWKEeHWUs AaBreHUs NogaeTCs B KOXYXOTPYOHbIN Ten-
NooOMeHHWK 4 Ans NogorpeBa XMMMYECKN OYMLLEHHOW BOAbl, @ Takke B Aeadpatop 3 Ans geaspaumv noanu-
TOYHOW BOAbI U KOHAEHcaTa, nocTynatowero ua 6aka 717. Nogaya no Tpybonpoeoay 76 Bbinapa geaspartopa 3 B
OCHOBHOW razoxof 15 k TennoobMeHHWKy-yTUnmM3aTopy 6 no3sonseT AONOMHUTENbHO MHTEHCMAULMPOBaTL Te-
nnoobMeH 3a c4eT KOHAEHcauun Bbinapa v OpoLLEHMS MOBEPXHOCTM TennoobMeHHuKa. Yepes rugpasnmyeckui
3aTBOP 8 BbINap COBMECTHO C KOHOEHCATOM MPOAYKTOB CropaHus noctynaet B COOpHMK 7 1 oTBOAMTCHA B COOp-
HbI KOHOEeHcaTHbI bak 717.

CymMMapHas 9KOHOMWSI SHEPIUN OMPeaenaeTcs CHUKEeHNEM TemnepaTypbl yXoasaLwmx rasos Qu,, KoHAeHcaumen
13 HMX BOASHbIX NapoB Qy, YTUnMsauven TennoTbl Bbinapa geaspaTtopa Qs, a Takke UCrosib3oBaHWEM Tenno-
Tbl 0Opa3oBaBLUErocs KoHAeHcaTa Ans NoAorpeBa, Hanpumep, XMMOYMLLEHHON BOAbl HA NOAMUTKY koTna. U3-
BECTHO, YTO NPV yTUAM3aUUn TENSOTbl YXOASLIMX U3 MPOMbILLIIEHHBIX annapaToB Napora3oBbIX CMECEN B pPeKy-
nepaTMBHbIX TENNOOOMEHHNKaX-yTUIM3aTopax UHTEHCMBHOCTb Tensfonepeaayn HeBenvka mus3-3a HesHaumTenb-
HbIX KO3(hPULMEHTOB TENIOOTAAYM CO CTOPOHbLI Mapora3oBbix NOTOKOB. KoadhdMUMEHT TeNNooTAauYmM OT ra3oB K
BOAE B KOHTAKTHOM TEMNOOOMEHHMKE U OT ra3oB K MOBEPXHOCTU HarpeBa B KOHAEHCaLVUOHHOM MOBEPXHOCTHOM
TENNOOOMEHHUKE CYLLECTBEHHO Bhille (MPY NPOYUX PaBHbIX YCNOBUSAX), YEM NPU «CYXOM», TO €CTb YNCTO KOH-
BEKTUBHOM TennoobmeHe. YuntelBasg nocriegHee, NpeacTaBnsaioT MHTepec Tennonepeatolime annapaTbl no-
BEPXHOCTHOrO TUMa, B KOTOPbIX ANA MHTEHCMMUKaLMM TENNOOTAAYM CO CTOPOHbI NApora3oBon cpeabl UCMOosb-
3yIOT pacnbifieHne Xuakoctu. Takue annapaTbl Ha3biBalOT KOHTAKTHBIMW TEMIO0OMEHHUKAMN C aKTUBHOW Ha-
cagkon (KTAH) [12]. NpuHumnnuanbHasa cxema KTAH nokasaHa Ha puc. 9 [13].
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Puc. 9. MpuHunnuansHas cxema KTAHa-ytnusaTopa:

1 - aKTMBHas Hacafka; 2 - opoluatoLas kamepa; 3 - NoABOA opoLualoLlen BoAbl; 4 - NOABOA U OTBOA HarpeBaeMou BoAbl; 5 - kopnyc; 6 -
OTBOZA OpoLLaoLLEel BoAbl; 7 - cenapupytoLiee yCTponcTBo.

[lbiMoBbIe ra3bl MOCTYMaloT B YCTAaHOBKY CBEPXY, NPOXOAAT KaMepy OpOLUeHWs, akTMBHYI0 HacaaKy, npeacras-
nsatoLlyo cobol, kak NpaBuIo, TpybyaTbll pekynepaTVBHbIN TEMNOOOMEHHUK cenapaTop M OTBOASTCS B aTMO-
chepy. HarpeBaemas Boga npoxoauT akTUBHYO HacagKy NpOTUBOTOKOM.

YcTaHOBKa KOHTaKTHbIX TENIO0OOMEHHUKOB C akTUBHOWM HAcaZKoW Ha ra3oxogax KOTemNbHbIX MO3BOMNSAET 3a CHeT
CHWXEHMS TeMnepaTypbl AbIMOBbIX ra30B M 3a CYET TEMNOThbl KOHAEHCALMM BOASAHbLIX NApOB, COAEPKALLUXCS B
ObIMOBBIX rasax, noBbICUTb 3(PEPEKTUBHOCTbL MCMOMBL30BaHUSA NMPUPOAHOro rasa Ha 8+12%. YTunmnsmpoBaHHoOe
Tenno ucnonb3yeTcs AN Harpesa Boabl ¢ Temnepatypon ot 5 ao 50° C ang pasnuyHbIX HYXA.

KoHTakTHble TennoobmeHHWKN ¢ akTuBHOM Hacagkow (KTAH) vMeloT onpeaeneHHylo YHMBEpPCarbHOCTb: WX
MO>XHO WUCMOMb30BaTh B KAYECTBE yTUNM3aTopa 3a KoTnamu, NpoMbILLNEHHbIMY NeYyamMn 1 cylumnkamm ans ytm-
nmMsauun TennoTbl Naporas3oBbIX MOTOKOB, @ TakkKe B KayecTBe noporpesaTens Bo3gyxa fnpu BO3AyLIHOM OTO-
NAEeHNM NPOMBbILLMIEHHbIX KOPMYCOB B CUCTEMAX OTONSIEHUS U BEHTUNALMN.

OpHoBpeMeHHO ¢ npoleccamy TennoodtmeHa B KTAH npoucxoauT ouucTka ObIMOBLIX ra3oB OT BpedHbIX CO-
eOVHEHWIA, COAePXaLUMXCA B HUX, C BO3MOXHbIM MOJSyYeHNeM MPOAyKTa, UCMOSb3yeMoro B AarnbHeinleM Ans
HapOAHOXO3ANCTBEHHbIX HYX.

YkpauHckum otaeneHnem BHUMWaHepronpoma u 'vapononumMmepom ¢ uesnbio 3pgekTMBHOro McnonbL3oBaHns
TENMoTbl 0OpaTHOWM BOAbI TEMNIIOBOW CETU NP OOHOBPEMEHHOM OBeCcneyYeHnn BbICOKOW SKCMyaTauMoHHON Ha-
AexHocTn obopyaosaHus pa3paboTaH yTUNM3aUMOHHbIN OTOMUTENBHO-BEHTUNALMOHHBIN arperaT (YOBA) (puc.
10.), KOoTOpbIN NpefHasHadyeH ANA TEennoBMaXXHOCTHONM O0BpaboTKM MPUTOYHOrO BO3AyXa CUCTEM BEHTUNALMM
[13].
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Puc. 10. Cxema yTUnn3aumoHHOro OTONUTENbHO-BEHTUIMSILMOHHOIO arperaTa.

OTonUTENBHO-BEHTUNALMOHHBLIA arperat cOCTOUT U3 kanopudepa 1, Hacago4HOW KOHTaKTHOW Kamepsbl, pasae-
NEHHOW Ha CTyneHu NPOMEXYTOYHOro 2 1 npeaBapuTernbHOro 3 Harpesa, Bogopacnpegenutensa 5, ycraHos-
NEHHOTO MexXxay cTyneHsmu 2 u 3. Arperat MMeeT cucTemy 3almTbl OT 0OMep3aHusl, cocTosILyo u3 oborpe-
BaeMOW OMOPHOW peLleTkn 6, Hacagku CTyNeHn npeaBapuTenbHOrO Harpesa 3, rpetoLen pyballkm 7 HDKHEWN
yacTu cTyneHu 3, kanneynoesuTens 8, noggoHa 9, BeHTUnATopa C anektpoasuratenem 70, NPOMEXYTOYHOro
MOBEPXHOCTHOTO TENNOOOMEHHMKA 171, LMPKYNALUMOHHOrO Hacoca 12 ¢ perynMpoBOYHbIM KnanaHoMm 13 1 nuHuto
14 gnsa nogayun BoAbl B rPaavpHIO.

OTONUTENBHO-BEHTUMNALUMOHHBLIN arperaT paboTaeT kak B 3MMHee BpeMs, Tak 1 B neTHee. MI3aMeHeHue cocTos-
HUSA BO3dyxa B 3MMHee BpeMsi nokasaHo B H-d guarpamme BnaxHoro Bo3sgyxa (puc.11) HapyxHbin Bo3gyx C
oTpuuaTtensHon Temnepartypon t,, nogaeTtca BeHTUnNaTopoM 10 MoA Hacagky cTyneHu 3 npegBapuTenbHOro
HarpeBa. B Hacagke OH KOHTakTUpyeT ¢ BOOOW, NoAaBaeMon Yyepes AONoMnHUTENbHbIM Bogopacnpegenurtens 5,
N BOOOW, CTeKalowen C Hacaakn 2 NpoMeXyToYHOro Harpesa. [pyn 3ToM BO3ayx HarpeBaeTcs U yBNaXxHSeTcs
npakTUyYecKkn OO MOSHOrO HacbIWEeHWUs, 4OCTUras OTHOCUTENbHON BnaxHocTn ¢~90%. JanbHenwee yBnaxHe-
HWe 0o napameTpoB ToYkM K npoucxoauT B Hacagke CTyneHu 2 NpOMEXYTOYHOro Harpesa npu KOHTakTMpoBa-
HUM C BOOOW, MofjaBaeMon Yepes Bogopacnpegenutens 4. lNocne NpoxoxaeHWs Yepes Kanneyrnosutens 8
BO34yx nogorpeBaeTca Ao Tpebyemon Temnepatypbl B kanopudepe 7 n nogaeTcs B CUCTEMY NMPUTOYHOW BEH-
Tunsaumm (Todka B).
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Puc.11. OQnarpamma npoueccos 06paboTtku Bozayxa B YOBA

HarpeTtasa oxnaxgatowias Boga, nocrtynarollas M3 npou3BOACTBEHHbIX LEXOB OT OXMaXAeHunst obopyanoBaHus,
pasgenseTcs Ha ABa MOTOKa: MepBbl NOCTynaeT B Bogopacnpegenutens 5, n, otaaBas Tenno XorogHoMy
BO34yXy B Hacagke 3, cTekaeT B MOAAOH 9, a BTOPOW — HanpaensieTcs B TennoodmMeHHuk 171, rae nogorpesa-
eTcs obpaTHOM BOOOW U HanpaBnsieTcs B Bogopacnpeaenutens 4.
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OxnaxgeHHas Boga M3 nogaoHa 9 UMpKynsUMOHHBIM HacocoM 12 nogaeTcs B HarpeBaTerbHbIN TPakT npomMe-
XKYTOYHbIX NMOBEPXHOCTHLIX TennoobmeHHnkoB 17 1 15. 3atem OCHOBHas YacTb HaArpeTow BoAbl HanpaBnseTcs
Yyepes BogopacnpegenuTens 4 Ha Hacagky 2 KOHTaKTHOW Kamepbl, oCTanbHas 4acTb — B CUCTEMY 3alUWTbl OT
obmMep3aHusa (Ha NoAKNoYeHHbIE napannensHo oborpeBaemylo ONOPHYIO peLleTKy 6 1 rperoLuyto pybaluky 7) u
panee, Yepes JOMONHUTENBHBIA Bogopacnpeaenutens 5 — Ha Hacaaky 3.

TennoHocutTenb M3 NogaroLen MarucTpanm cMcTeMbl TENocHabXeHns nocrneaoBaTenibHO NPOXOANUT Karnopu-
dep 7 U NPOMEXYTOYHLIN NOBEPXHOCTHLIA TEMNOOOMEHHMK 17 LIMPKYNAUMOHHOIO KOHTypa arperata v npu
20+30°C noctynaeT B obpaTHyt0 MarmcTparnb CUCTEMbI TENIOCHADXEHNS.

MocnepoBaTtenbHas cxema BKMtoveHUs kanopudpepa 7 u TtennoobmeHHuka 717 nossonsieT acpdekTUBHO UC-
nonb3oBaTb MOTEHUMan NogBOAMMOrO TENMoHOCUMTENS. B oxnaguTenbHbli TPakT AOMOSTHUTENBHOIO NPOMEXY-
TOYHOro TennoobmeHHMKa 15 MOXeT NofaBaTbCs Takke u cOpocHas Tennas Boga (Hanpumep, U3 CUCTEMbI OX-
naxaeHus TexHonormdeckoro o6opyaoBanHust). NpomexyTodHble TENI00OMEHHMKN MO3BOAOT 0b6ecneynTb Ka-
YeCTBO BOAbI LMPKYIISILMOHHOIO KOHTYpa arperaTta, COOTBETCTBYHOLLEE NMUTLEBOWN BoAe, (YTO HEOOXO0OUMO, yuun-
TbiBasi nogady NPUTOYHOrO BO3Ayxa B NMOMELLEHMS C MOCTOSIHHBIM UIWM BPEMEHHBIM NpebbiBaHMeM ntogen). Ans
rny0OoKoro oxnaxgeHusi BOAbl BHELIHMX MCTOYHUKOB TEMOThbl MPOMEXYTOUYHbIE TEMITOOOMEHHUKM BKITHOYAKOTCA
No NPOTMBOTOYHON CXeMe.

Mpn nonoxutenbHbIX TeMnepaTypax HapyXHOro Bosdyxa cuctema 3alimTbl OT 06Mep3aHus OTKMYaeTcs, U
BCS BOAa MOCne HarpeBaTenbHOro Tpakta NpoMeXyTOYHbIX TennoobmMeHHnkoB 17 u 15 nogaeTca Ha Bogopac-

pepenutens 4. B nepexogHbIi Nnepuod, KOrAa BraroCoAepKaHne HapyxHoro Bosgyxa d; paBHO WMnu MpeBbl-

3

LaeT BriarocoepxaHue NpuToYHoro Bosdyxa d>, mogada Boabl B KOHTAKTHYH kaMepy npekpallaeTcsi, U Ha-
rpeB BO3ayXa OCYLLECTBAETCS TOMbKO B kanopudepe 7.

Harpes Bo3gyxa B KOHTaKTHOM KamMepe B XOfIO4HOE BpeMs roga AaeT BO3MOXHOCTb MogdepXusatb B NpOU3-
BOACTBEHHbIX MOMELLEHNSAX HeOBXOAMMYIK0 OTHOCUTENbHYI BMaXHOCTb BO3AdyXa, T. €. obecneyvBaTtb KOHAW-
LMOHMpoBaHWe BO3Ayxa. B oTaenbHbIX cnyvasx npy 3HaYUTENbHbIX TEMMOBbLIAENEHNAX U MarnbIX Briarosblae-
NEeHNAX MOXET OoKa3aTbCs JOCTATOYHbIM NPUMEHEHWNE TOSbKO OOHOW KOHTaKTHOW Kamepbl A4S Harpesa npuTou-
Horo Bosgyxa. Torga TennoHocuTenb NocTynaet B TennoobmeHHuk 11, MyuHysa kanopudep, no obsogHon nu-
HUK.

Kak nokaseiBatoT aBTOphbl [13], B Tennoe Bpemsi roga B arperate YOBA paboTaeT TONbKO KOHTaKTHasi kamepa,
KyAa noctynaeT HapyXHblil BO3ayx ¢ napameTpamu t., d., a BeIXoguT 13 Hee ¢ napametpamm t;, dI, ¢ koTo-

PbIMU 1 HanpaBnsieTcs B NomelleHue, rae gocturaeT napameTpos t;, di, (puc. 11). Boga umpkynsiuMoHHoro

KOHTYpa KOHTaKTHOW Kamepbl NPOXoAWUT, MUHYS TenrioobmeHHWkn 17 n 15, no cOOTBETCTBYHOLMM 0GBOAHBLIM
NMHUSIM, B BO3A4YX — MO 06BOAHOMY BO34YLLUHOMY KaHarny Yy kanopudepa, 4to cHmkaeT obliee aspoanHamumye-
ckoe conpoTueneHue arperara [13].

OueHuBas aHepreTnyeckun adhpekT oT ncnonb3oBaHust arperata YOBA 3a cUeT CHKeHUs Temnepartypbl 06-
paTHOW CeTeBON BOAbI, aBTOPbI pas3paboTku yTBepXA4atoT, YTO ANS KOTENbHOW S3KOHOMUS TONNuBa cocTasnseT
okono 0,5% Ha kaxgple 10°C cHukeHusa TeMmnepaTtypbl Bogbl B obpaTtHOM Tpybonposoae.

Mpu TennocHabxeHun oT TOL cHwxeHue TemnepaTtypbl obpaTHOW BOAbl MO3BOMSET YBENUYUTL BbIPabOTKY
3MNEeKTPO3HEPrMM Ha TENNOBOM NoTpebneHnm.

C noHwxeHnem TemnepaTypbl oTBoAa Tenna ao 60°C cHuxeHue Ha 1°C npuBOAUT K NOBLILEHUIO YAENbHOW
KOMBWHUpoBaHHON BbipaboTkn Ha 1,5 kBT-u/ (FOx-K).

7.1.4. TennoBble Hacochkbl.

TennoBble HacCOCbl, UX Ha3Ha4YeHNe N OCHOBHbIE TUMbI

Tennoson Hacoc — npeacTaBnsieT cobon yCTPOMCTBO, NO3BOSNAOLLEE NepeaaTb TennoTy oT 6onee XonogHoro
Tenna Kk 6onee HarpeToMy 3a CHET UCMONb30BaHUS AOMNONHUTENBHON 3HEPrUK (Yalle BCEro — MexaHU4eckon).
lMpuMeHeHMe TENNMOBLIX HACOCOB — OAMH U3 BaXKHbIX NyTEN YTUNN3aLMU TENNOTbl BTOPUYHBIX 3HEPTrEeTUYECKMX
pecypcoB.

M3BeCcTHO, 4TO TenmnoTa HWU3KOro MoTeHumana SBnAeTcs MPOAYKTOM TEXHUYECKOW AeATernbHOCTU 4YerioBeka,
npuyeM, Yem HUXe ee TeMnepaTypHbIi YpoBEHb, TeM Borblue 3TON TennoTebl 6e3B03BpaTHO TepseTcH, pacceu-
BasiCb B OKpyxatwen cpege. [prmepom HocuTenen Takom TennoTbl MOXET CRYXWUTb HarpeTbii BO3AyX, YXO-
AAWMA B aTMOocdepy M3 CUCTEM BEHTUNALMM U KOHOULMOHUPOBAHUS, UNW Tennble ObITOBble U NPOMbILLUIIEHHbIE
CTOYHble BOAbl, MMetoLme Temnepatypy npumepHo 20 — 40 C. OyeHb YacTo eAMHCTBEHHBIM 3KOHOMWYECKN Orl-
paBAaHHbIM CMOCOOOM yTUNM3aLUMM TENMOTbl TAKUX BTOPUYHBIX 3HEPreTUYECKNX PEeCypCoB ABNSETCS NpUMeHe-
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HVe TEenmnoBbIX HAcOCOB. TEMNSIOBbIE HACOCHI MOTYT UCMOJSIb30BaTb HE TONbKO TEMSIOTY, BblpaboTaHHylo B pas-
JINYHBIX TEXHUYECKUX YCTPOWMCTBAX, TaK WU TEMMOTY MPUPOAHLIX MCTOYHUKOB — BO34yXa, BOAbl €CTECTBEHHbIX
BOJOEMOB, TpyHTa.

[(MaBHOE NpMMeEHEHMEe TEMMOBLIX HACOCOB B HACTOSsILLIEE BPEMS — HAarpeB TEMNIOHOCUTENS ANsl CUCTEM OTomMse-
HUS, BEHTUNALUN N ropsiyero BogocHabxeHusa 3gaHnin. OgHako Ux MOXHO MCMOSb30BaTb U AN TEXHOMormye-
CKUX Lienen.

Tennosble Hacockl pa3nn4yaroTcAa npexae Bcero cnocobowm, KOTOprIZ npuMmeHaeTca and npeo6pasosava Ten-
NOTbl. HOCKOﬂbe TennoBble HACOCbl U XonoauribHble YCTAaHOBKU UMEIKOT OAVNHAKOBbLIN npuHUnn OencTeus, 10
TUMNbI TENJ1I0BbIX HACOCOB coBnaadarT C TUNamMm XOonoAuibHbIX YCTaHOBOK. anMeHFHOT NapoKOMMNPECCUOHHbLIE,
ra3okoOMMnpeccuoHHbIEe, COp6LI,VIOHHbIe, NapoO3XEKTOPHbIE, TEPMOINETPUHECKNE TEMIIOBbIE HACOChI.

[pyron BaxHbI BUA KnaccudmkaLmm TEMNMNOBbIX HACOCOB — TUM UCTOYHMKA 3HEPIrUM, KOTOPbIA MCNOMb3yeTcs
ans npeobpasoBaHns TENNOTbI. ATO MOXET ObITb ANeKkTpoaBuUraTenb, ra3oBas TypObuHa, oBurateny BHyTpEeHHe-
ro CropaHusi, MexaHu4eckasi 3Heprus cTpyu napa v 1.4. Yacto TennoBble HAacoChl pas3aensioT no Buay padoye-
ro areHta (¢ppeoHoBble, aMMuadHble, BO3AYyLWHbIE W Ap.), U TUMY TENroHOCUTENen, OTAAalLWmMX U BOCNPUHN-
MatoLuX TennoTy (Bo3ayx-Bo3ayx, Boga — BO3A4yX, BoAa-soaa u 1.4.).

Hanbonbluee pacnpocTpaHeHue B HACTosLee BPEMS MOMYy4Ynniv NapoKOMMNPECCUOHHbIE TEMNMOBbLIE HACOChI, UC-
nonb3ylLime B kayectBse paboyero areHTa OavH N3 PPeoHOB UK UX cMecb. VX Tak MHOro, 4YTO B nuTeparype,
€Cnn HeT cneLmanbHbIX OrOBOPOK, MOA CNOBOM «TEMMOBOW HACOC» 4valle BCEero UMEeT B BMAY MMEHHO napo-
KOMMNEPECCHMOHHbLIN TENMOBOW HAcocC.

MpuHUMN AEeNCTBUA U OCHOBHbIE XapaKTepPMCTUKN TENNOBbIX HACOCOB

Takke Kak U XonoAunbHble MallVHbI, TEMMOBbIE HACOChl OTHOCAT K TpaHcdopmMaTopam Tenna. MpuHumunuans-
HOro pasnuumsl B paboTe U B KOHCTPYKLMM MEXOY HUMK He cyllecTByeT. PasznuuyaeTcs NUb HasHayYeHwve, U,
TeMnepaTypHbI ypoBeHb Mory4aemon TennoTbl. Lienb XonoaunbHOM MalluHbl — NoyYeHne TennoThbl C Temre-
paTypoii HUXEe YPOBHS TEMNEepaTypbl OKpyXatoLLlel cpeapl, T.€. MPOM3BOACTBO Xonoda. Xonod B napokoMrpec-
CMOHHOW XONoAWbHONM YCTAHOBKE MOJy4YaeTcsl B BUAE OXMaXKOeHHOro TensioHocuTens (paccoribl, aHTUgpusb,
BO34YX, BOAA) BbIXOASALEro 13 ucnaputens. Llenb TennoBoro Hacoca — nonyyeHue TennoTbl, KOTopas B cryyae
NapoKOMMPECCMOHHOIO TEMMOBOro Hacoca Nomny4aeTcs B BUAE Harpetoro TennonHocutens (BoAbl, Bo3ayxa),
BbIXOASALLIEro U3 KoHAaeHcaTopa.

MpuHUMN encTBMSA NapOKOMMPECCUOHHOMO TEMMIOBOrO HAacoca MOXET OblTb NPOWMMOCTPUPOBAH MPU MOMOLLM
puc.23, Ha KOTOPOM u300paXKeHbl ero cxema U TePMOAMHAMUYECKUA UMKIT B guarpamme T-s («Temnepartypa-
3HTponusA»). TennoBor Hacoc AENCTBYET 3a CYET NOABELEHHON B KOMMPEccope MexaHuyeckon pabotsl. Mpu-
BOA KOMMpeccopa MOXET OCYLeCTBMATbCS OT 3MeKTPUYEecKoro unm TennoBoro asuratend. B komnpeccope
(npouecc 1-2) nosbiwaeTca gaBneHne paboyero BelLlecTBa, HaxoAdWerocs B napoobpasHOM COCTOAHMM OT
Aasnenns P, po gaeneHus P,. 3atem B koHOeHcaTope (npouecc 2-3) Npu NOCTOSAHHOM AaBreHUn NPoUCXoanT
KoHAeHcauumsa paboyero BellecTsa. [NonyyaeMoe npu KOHAEHcaLMM TeNo nepegaeTcst NoTpeduTento Npu Tem-
nepatype T,, Hanpumep, HarpeBas BoOAy, HanpaBnsiemyil B CUCTEMy OTOMNneHwus. B gpoccene npoucxogut
paclumpeHne pabodero BellecTBa 40 AaBrneHus Py ¢ ero YactuyHbiM ncnaperHvem (npouecc 3-4). Nanee, pa-
Gouee BelLLEeCTBO MOMHOCTBLIO MpeBpaLlaeTcd B nap nNpu temnepartype T4 B ucnapwrtene, rae otbupaerca Ten-
noTa OT ee UCTOYHMKA, HanpuMep OT HarpeToro BEHTUMALUOHHOIO BO3AdyxXa Uiy NPOAYKTOB CropaHus.

QV’III

/',

Pwnc.23. Cxema napoKOMMpeCcCMOHHOro TENMOBOrO Hacoca M ero UMkn B T-s — guarpaMmme.
| — ncnaputens, Il — komnpeccop, Il — koHaeHcatop, IV — gpoccens.

OCHOBHbIMKU XapakTepucTMkamm TEMMOBOro Hacoca ABMSTCA — KoadhduumeHT npeobpasoBaHusa (TpaHcdop-
Maumm) Tenna, tTepmoanHammndeckun Krp, yoenbHass CTOMMOCTb, T.€. CTOMMOCTb, OTHECEHHAs K TEMmonpouns-
BOAMTENBHOCTW TENMOBOrO Hacoca.
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KoadhdmumneHT npeobpasoBaHusa Tenna npeactaBnseT cobolr OTHOLEHWE NONy4aeMon TEMNSIOBOM MOLLHOCTM K
3aTpayMBaemMon MOLLHOCTM Ha npuBog komnpeccopa. OH Bbile eanHULbI, U CYLLEeCTBEHHO 3aBUCUT OT Temne-
paTypbl XONOAHOrO UCTOYHMKA TENnoTbl T4 U TeMnepaTypbl NOAy4aemoro ropsyero tennoHocutens T,. B pe-
3ynbTate paboTbl TEMMOBOro Hacoca Mbl MOXEM MOMYyYnTb NPUMEpPHO B 2 - 8 pa3 bonblue TennoThl, Yem B Cry-
Yae HenocpeaCcTBEHHOro Nodorpesa TENNOHOCUTENS B ANEKTpokanopugepe.

& :%:—-I-2
TN T,-T,

Ons nogen, He 3HaKOMbIX C paboToON TEMMOBLIX HACOCOB, 3TO OOCTOATENLCTBO KAXETCS HapyLUEHUEM NEPBOro
3aKoHa TepMoaMHamukn. Ha camom gene — a1o He Tak. B gaHHOM crniydae Mbl nuib TpaHcgopMupyem TEMnoTy
bGonee HM3KOro MoTeHumana B TennoTy 6onee BbICOKOro noTeHuuana — T.e. Apyroro TeMnepaTypHoOro ypoBHS.
KoadhdpuumneHT npeobpasoBaHus Tenrna He siBnsieTca kKodMULNEHTOM MONE3HOro AENCTBUS TEMSOHAaCOCHOWM
yCTaHOBKW. /3BECTHO, YTO KQ4eCTBO BMAA SHEPTUN 3aBUCUT TO €ro CNOCOBHOCTU npeBpalaTbCa B APYron BUg
3Heprun. Ecnn mexaHuyeckasa paboTa B ngeanbHOM npoLecce MOXET ObiTb NONMHOCTBLIO NpeBpaLlleHa B ApYron
BMA 3HEprum, To TENMoTa Aaxe B uaeanbHOM npouecce fvilb YaCcTUYHO NpeBpaLlaeTcs B MEXaHWYECKYHO pa-
60T1y. CTeneHb NpeBpaLleHus TENNOTLI B paboTy xapakTtepmnsyeTtcs paboTocnocobHOCTLIO UK SKCEPrner noTo-
Ka TennoTbl U CYyLLeCTBEHHO 3aBMCUT OT TeMnepaTypHOro ypoBHS NOTOKa TENMoThl, @ Takke OT Temnepartypbl
OKpyxatoLlen cpeabl.

TepmogmHamMmMyecKoe COBEPLLEHCTBO TENOBOrO Hacoca onpeaendetca ero akcepretndeckum KA. OH moxeT
ObITb BbIYMCEH Cneayowmum obpasom:

(40)

(41)

3aecb w - TeMnepatypHas yHKLMSA nnm KoadpduumeHT paboTocnocobHOCTM TeNNOThI, onpeaensieMas kak
W = T2 - Toc
T,
Kak BugHo, akcepretmnyeckun K TennoHacocHOM yCTaHOBKN BCerga MeHblue eanHuLbI.

MpuMepHasa 3aBUCMMOCTb KoadduUMeHTa TpaHcdopmauun Tenna oT TeMnepaTtypbl NpeAcTaBneHa Ha puc 24.
Kak BuaHoO, B criyyae maroi pasHOCTV TemnepaTtyp B UcNapuTene v KoHaeHcaTope KoadULUMEHT TpaHcdop-
MauumM MOXeT AOCTUraTb 60MbLUMX 3HAa4YeHWn. Ha npakTuke Npu cCOBpeMEHHOM YPOBHE LieH Ha o6opyaoBaHue U
SHEProHOCUTENN PEeKOMEHAYIOT MPUMEHSITb TEMSIOBbIE HACOChl C KO3(MULUMEHTOM TpaHCHOPMaLUUM He HUKe

25,
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Puc.24. 3aBncumocTb xonoaunbsHoro koadduumeHTa (a) n akcepretudeckoro Krpa (6)
OT TEMMepPaTyp KOHAEHCaLMM U UCMapeHust.

(42)

——
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YaenbHaa CTOMMOCTb TennoBblX HACOCOB, BblNMyckaeMblX B Poccumn no gaHHeiM [9] ansa mowHocTten ot 100 oo
10000 kBT coctaBnsietr 6000-7000 pyGrnen 3a kmnoBaTT YCTAHOBIEHHOW TEMMOBOW MOLLHOCTU (BKIHOYask MOH-
Tax). CTOMMOCTb TEMnnoBbIX HACOCOB, BbIMyCKAEMbIX 3apybexHbiMU hvpMamu Heckonbko Bbiwe. Criegyer
OXnaaTtb, YTO C YBESIMYEHMEM YMCa OTEYECTBEHHbIX NPOM3BOAUTENEN yaenbHAaa CTOMMOCTb TEMSIOBbIX HACco-
coB OyaeT NoHmxaTbCA.

XapaKTepMCTMKI/I TennoBoro Hacoca BO MHOINromMm 3aBUCAT OT NPUMEHAEMOro pa6oqero BellecTBa. B atom kade-
CTB€ 4aule BCero npuMMeHarnTCA passyinyHble (*)pGOHbI (XJ'Iaﬂ,OHbI) — rarnoreHonpon3BoAHblie rnpenersribHbiX yrrne-
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BOL4OPOAOB. Vicnonb3ytoTcs Takne dpeoHsl, kak R-22, R134a, R-407C a Takke 030HO6e30nacHbI ppeoH R-
142B. lNMpumeHeHne gppeoHa R-22 paspelweHo MoHpeanbckon koHBeHumen nuwb o 2005 roga. Xapakrepu-
CTUKM (bpeoHOB BO MHOFOM onpegensoT koadduuneHT npeobpa3oBaHns Tenna u crnegoBaTernibHO, 3KOHOMUY-
HOCTb TENMOBOro Hacoca. Tennoduanyeckne n TepMogmHaMmmnyeckme ceorcTea opeoHOB MOXHO HanTu B [10].

MprmeHeHMe TennoBbIX HACOCOB ANIA dHeprocbepexeHUs
B NpOMBILLNEHHOCTU U B XWUMULLHO-KOMMYHaNbHOM XO3ANCTBE KaK UCTOYHMK TEMNoThl AN paboTbl TENMNOBbLIX
HacoCOB MOTYT ObITb UCMOMb30BaHbI CrieayoLne Buabl TENMOBbIX BTOPUYHBIX SHEPTrEeTUYECKMX PECYypPCOB:

¢ TennoTa oxnaxkaarwllen Boabl napoBbIX Typ6I/IH TEennoBbIX N aTOMHbIX SJ'IeKTpOCTaHLI,VIVI, NPOMbILLNEH-
HbIX NeYyen, KOMMNPECCOPHbIX YCTAaHOBOK, annapaTtoB XUMMNYECKOM TexHonornn. Yacrto ata Boga uUcnosb-
3YeTCA NOBTOPHO N HanpaBlid€eTCA Ha oxnaXxaeHue B rpaaupHn U annapatbl BO3OYLWHOIo oxXnaXxaeHus
(ABO);

¢ TenmnoTa CTOYHbIX BOA PasfUYHbIX MNPOMBIWEHHBIX MPeanpuaTui U NpeanpuaTuid  XXKUMULWHO-
KOMMYyHarnbHOro xo3sanctea (baHu, npayeyHble, 6acceiHbl);

¢ TennoTa NPOAYKTOB CropaHusi B KOTENbHbIX YCTAHOBKAxX M MPOMbILLIIEHHBLIX NeYax, a Takke nevax no
CXKUTaHuo TBEPObIX U XKUOKNX OTXOLOB;

TEnnoTa NpoayKTOB CropaHus B ra3aoTypOUHHbBIX YCTAHOBKAX M AU3ENbHbIX ABUraTensix;

TennoTa BOASHbIX NApOB HU3KOro AaBneHusi, BbibpacbiBaeMblx B aTMocdepy (Bbinap);

TennoTa oTpaboTaHHOro CYLUMIBHOrO areHTa B CyLUMIbHbIX YCTaHOBKaX;

TENnoTa ropsynx pacTBOPOB B BbiMAPHbIX U PEKTU(PMKALMOHHBIX YCTaHOBKAX;

TennoTa macna, UCnornb3yemMoro B TypOMHax aMeKTPOCTaHLMI 1 B ANEKTPUYECKMX TpaHcopmaTopax;

* & & o o o

TennoTa Bo3ayxa, YXOASALWEro U3 CUCTEM BEHTUNALMM U KOHAMLMOHUPOBAHUA BO3AyXa XWUrbiX, obLue-
CTBEHHbIX U NMPOMBbILLUMEHHBIX 3AaHUI;

¢ TennoTa BbITAXHOIo Bo3gyxa CTaHuunmn MEeTpOonoJsinTeHa n Bo3yxa KaHasrioB MeTpo.

Ons pa6OTbI TennoBbiX HACOCOB MOryT ObITb UCNONb30BaHbl Takke cneaywowme npnpoaHble UCTOYHUKK Tenro-
Tbl:

TENNoTa Hapy>XHoro Bo3ayxa (Mpy NONOXUTENbHBLIX TeMnepaTypax);

BOJa ECTECTBEHHbIX U MCKYCCTBEHHbIX BOAOEMOB (pEK, 03ep, MOpeN);

TENNO reoTepmMarnbHbIX MCTOYHUKOB;

TENsoTa rpyHTa, KOTOPYH NOMyYatoT NpY NOMOLLU cneuuarnbHbiX TpybUaThiX TeNnooOMEHHNKOB;
TennoTa noa3emMHbIX BOA;

* & & o o

¢ Tenno, nonydyaemoe B pe3ynbTate UCNosib30BaHUA COJTHEYHON SHEpPrun.

HVI3KOI'IOTeHLI,I/IaJ'IbHy}O TENNOTY BTOPUYHbLIX 3HEPreTu4eCKnx pecypcoB MOXHO UCNOJSb30BaTb HanpAmMyk npu
NOMOLLM TEMNNOOOMEHHbIX annapartoB, Hanpumep, Onda nogorpesa NpPUTOYHOIoO BEHTUNALMOHHOINO BO3AYyXa,
npeaBapuTernibHOro nogorpesa BO34yxXa, HanpabBnAeMoro B TOMNOYHbIE yCTpOVICTBa, nogorpesa CyLuiibHOro
dreHTa B yCTaHOBKaXx A514 CyLWK/N MaTepuanos 1 T.4., OOHAKO AaneKko He Bcerga 3TO OCyWeCTBMMO Ha NMPakTUKe.

TennoTta NoBbILWEHHOrO NOTEHUMana, norlyyaeMas B TennoBbIX Hacocax, MMeeT Boree wnpokve obnactu uc-
nonb3oBaHus. Kpome ykasaHHbIx obnacten notpebneHnss oHa MOXEeT UCMNOMb30BaTbCA TakkKe Ha OToMfeHue,
ropsiyee BogocHabxeHue, NogorpeB TEXHOMOMMYECKNX ra3oB M XXMOKOCTEN B annapatax XMMUYecKonW TEeXHOIO-
T, BbiNApPHbIX, MEPErOHHbIX U PEKTUMKALMOHHbBIX YCTaHOBKaX, B NpoLieccax Bapku, Npu pekomnpeccum napa.

Hanbonee uenecoobpasHo npumeHaTb TH B cnegyrowmx cny4asx:
¢ 1MeeTCs CTabunbHbIN BO BPEMEHN NCTOYHUK TENnoThl ¢ Temnepatypon 10-50°C.

¢ ecTb noTpebuTene Tennotbl ¢ Temnepatypon 60 — 120°C. Bo MHOrmx cny4asx MMEHHO OTCYTCTBME MO-
Tpebutensa TennoTbl 3aTPyAHAET NPUMEHEHWEe TENoBbIX HACOCOB.

nMeeTCcA NCTOYHUK Hep,opor0|7| SﬂeKTpMHeCKOVI QHEPIrnn npu D,e(bVILI,VITe Tenna.

€Cnv pasHuua Mexay TemnepaTypamMym UCTOYHUKA U noTpebutens — HeBenuka. B atom cnyyae Tenno-
BOM Hacoc nmeeT 6onbLuorn KoaddnLMeEHT Npeobpa3oBaHus.

¢ €eC/IM UCTOYHMKOM TennoTbl ABNAETCA ropsa4asa sBoaa Unn KOH,EI,eHCI/IpyPOLLI,MIZCﬂ nap wnn napora3oBad
CMeCb. JTU TENNOHOCUTENWN, B OTNNYME OT BO3ayXa, MMeroT BbICOKUN KOSd)d)I/ILI,I/IeHT TennooTtgayun, 4To
obecneunBaeT Marble ra6apMTb| ncnaputensa TenyoBoro Hacoca.

¢ ecnu HeobxoomMma OJHOBpEeMeEeHHadA BblpaGOTKa TEennoTbl N Xonoaa. Hanpmmep, oxnaxgeHme MoJioyd-
HbIX NPOAYKTOB N OTONJIEHNE Lexa.

¢ ecnn B rneTtHee Bpemd TENNOBOW HACOC MOXHO WUCMOMb30BaTb B CUCTEME KOHOWUMOHMPOBAHUA, a B
3nMHee — B CUCTEME OTOIINEHUA.

PaCCMOTpI/IM HEKOTOpPblEe CXEeMbl, B KOTOPbIX MOTyT ObITb MCMOMbL30BaHbI TEMIOBbLIE HACOCHI.
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Pwuc.25. NprmeHeHne TennoBoro Hacoca Ans yTunu3auumu Tenna o6opoTHON BOAbITENNOBOW 3NEKTPOCTaHLMN.

Ha puc.25 npeacraeneHo uUcnonb3oBaHWe TEMSIOBOrO Hacoca Ans oxnaxaeHust o6opoTHOM BOAbI, oxnaxaato-
LLer KOHOeHcaTop NapoBOn TypOWHbI TENMOBOW 3NEKTpoCcTaHuun. [ns oxnaxaeHus ob6opoTHON BoAbl OObIYHO
NPUMEHSATCA rpaampHu. TemnepaTypa BoAbl, MOCTyNatwLWen n3 KoHgeHcaTopa B ucnapvTenb TenoBoro Haco-
ca MOXeT COCTaBMsATb B 3aBMCUMOCTU OT ce3oHa oT 20 go 35°C, 4yTo no3BonsieT nonyvaTtb BbICOKUN KO3hdu-
LUMEeHT npeobpa3oBaHns U KOPOTKWUIA CPOK OKynaemocTu. [NpumeHeHue TennoBOro Hacoca no3BOSSiET CHU3UTb
3aTpatbl BOAbl, NOCTyNalLWen Ha NOANUTKY CUCTEMbI BOOOCHAOXKEHUS, YyYlUUTb 3KONOMMYECKy0 0OCTaHOBKY
BOMM3KM rpagupHK. YMeHbLUeHne TemnepaTypbl BOAbI, NOCTyNatLlen B KOHAeHcaTop 3a cdeT 6onee rmybokoro
ee oxnaxgeHus nossonseT ysennuntb KM ctaHumu.

Ha puc.26 npeacraeneHo Mcnonb3oBaHWe TEMnoBOro Hacoca ANS YTUNU3auun Tenna BeHTUNSALUMOHHBIX Bbl-
GPOCOB NPOMbILLNIEHHOrO NpeanpuaTus. Hanuuve BpedHbIX BELLECTB, NapoB XMUOKOCTEN Unu TBEpAbIX YacTuy B
BEHTUNAUMOHHBLIX BbliOpocax OenatoT HEeBO3MOXHbIM MPUMEHEHUE PeuMpKymnsiuMU BbITSHKHOrO Bosgdyxa. Wc-
nosib30BaHWe TenjIoBOro Hacoca B TaKOW CXeMe MO3BONSeT OTKa3aTbCs OT TPaAMLMOHHOIO B TaKUX Cryyasx
NCMOMb30BaHUsSI TeNNO0OMEHHNKOB-YTUNN3aTOPOB. TENMoThl, BbipabaTbiBaeMol HacoCoM OBbIYHO OKa3blBaeT-
csl OCTaTOYHO AN NogorpeBa Boabl, obecneynBatoleri paboTy kanopudepos, HarpeBatoLMX NPUTOYHBIA BO3-

AyX.
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Puc.26. MNpumeHeHne TennoBoro Hacoca Ansi NoAorpesa NpMTOYHOrO BO34yxa B CUCTEME BEHTUNAALUNN.

1, 2 — BeHTUNATOPLI, 3 — NogorpeBaTens BO3ayxa,
4 - TenNNOBON Hacoc, 5 — NPOMBbILLNEHHOE 3[AaHNeE.

YacTo UCTOYHMKOM ANis pa6OTbI TennoBOro Hacoca ABNATCA CTOYHble BOAbl MPOMbILLUNEHHOro npeanpuaTmua.
O6bI4HO 3TK BOAbI KPpOM€E pacCTBOPEHHbIX UK B3BELUEHHbIX npmmeceﬁ MMEIOT eLle U BbICOKYH TemMmnepartypy.
I'Iepep, CNnnMBOM B NPOMBbILUNEHHYIO KaHannsauuo 3T BOAbl AOJTKHbI ObITb npeaBapuTeribHO OXnaXxaeHbl, 4YTOObI
He OKa3aTb BpegHOoro BO34ENCTBUNA Ha cucremy OronormyecKkom O4YUCTKN. TennoBom HAacoC He TOMbKO OXMax-
AaeT CTOYHble BOObl, HO U HarpeBaeT TEMNJIOHOCUTESb AJ1d CUCTEMBbI TennocHabXeHus.

lMpumeHeHne rasoTypOUHHLIX YCTAaHOBOK Ans BbIpaboTku anekTpoaHeprum (puc.27) agaet BO3SMOXHOCTb UCNOfb-
30BaTb TEMMOBbIE HACOCKI KaK ANl OXNAXAEHMS YXOOALWMX NPOSYKTOB CropaHua (Mpu 3TOM YacTb Tenna uene-
coobpasHO MCMOMNb30oBaTh B KOTNax-yTunmMsaTopax UM pekyrnepaTuBHbIX TENNO0OMEHHMKaX), Tak U Anst NoHW-
XXEeHUs TemnepaTypbl TENIOHOCUTENS, obecnevmBaloLEero NPOMEXYTOYHOE OXJTaXAeHNEe CTYMNEHER KOMMPeCcco-
pa. NMpoMexyTo4yHoe oxnaxaeHue cTyneHer komnpeccopa ysenuuusaet Kl rasoTypOVMHHOM YCTaHOBKK U Cy-
LLIECTBEHHO YMeHbLUAeT BbIbpoc B aTmocdepy okucrnoB aszota. Cama rasoTypbuHHaa yCcTaHOBKa MOXET CIly-
XWUTb KaK MCTOYHUK SMEKTPUYECKON MM MEXaHUYECKOW SHEeprum Ans TENoBOro Hacoca. [[a3oTypbuHHble ycTa-
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HOBKM LUMPOKO MPUMEHSIIOTCS He TONbKO AN BblpabOTKM 3NEKTpo3Heprn. Yaile vx UCnomnb3yloT nepekayku
rasa no MaructpanbHbIM rasonpoBoAaM, O4HAKO MPUMEHeHMEe TEMNOBLIX HACOCOB Ha rasonepeKkavnBaloLmx
arperatax 3aTpyAHEHO, NOCKOMbKY OHM 0BbIYHO pacnonaralTcs Boanu oT noTpedutenei TennoTol.

B CHCTEMY
TEIIOCHA0KEHH S
4
3 TOIUIHEO B CHCTEMY
TEIJI0CHA0KEHU ST

Wﬁ * /5 4

1 2 6 | »ﬂpoﬂy]{'ﬂ)l CropaHus
B atMocepy
T 7
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arMocdepbl

Pwuc.27. MNprumeHeHne TennoBoro Hacoca COBMECTHO C ra3oTypOVHHOWM YCTaHOBKOW.

1,2- CTyNneHn CxXatua Bo3gyxa B KoMrnpeccope, 3- I'IpOMe)KyTOHHbIVI BO,EI,OBOS,D,yLLIHbIVI TennoobMeHHMK, 4 — TennoBble Hacockl, 5 — kame-

pa cropaHusi, 6 — rasosasi Typ6uHa, 7 — KOTes-yTunmMaarop.

Ocobo cnenyet pa306paTb Cny4dau, Korga npuMeHeHue TenioBblX HAaCOCOB HE onpaBAaHo.

1.

B kayecTBe UCTOYHUKA TENNOTbI AN paboTbl HeLenecooGpa3Ho NPUMEHSATL TENNOTY CreumarnbHO Cxurae-
MOro Ansl 9TUX Lienei TONnvBa, AaXe B TOM Cryyae, ecrnv 3To TOMNMUBO SIBMSETCS OYeHb AeLleBbIM. TeM-
nepaTtypa ObIMOBbIX ra3oB M Tak AOCTATOYHAa Ans TOro, YToGbl HEMOCPEACTBEHHO HArpeBaTh TEMMOHOCK-
Tenb B KOTeNbHOW ycTaHoBke. [pu paboTte ke TENNOBOro Hacoca, nofydYeHHas noTpebuTenem Tennorta
(6e3 yyeTa notepb) GyAeT paBHa CyMMe MOMYyYEHHOW TEMnoThbl OT NPOAYKTOB CropaHvs u paboTsl, 3aTpa-
YyMBaeMON Ha MpMBOZA KoMMpeccopa. B aTom cnyyae oHa npoussoautcs ¢ KM ropasno Huke eguHuLb.
370 BOBCE HE 03HAYaeT TOro, YTO TENNoTa NPOAYKTOB CropaHusi He MOXeT ObiTb Ucnonb3oBaHa B Tenmno-
BbIX Hacocax, ofHako LienecoobpasHo MCMornb30BaTb ee B TEX Cryyasix, Kora OCHOBHas ee YacTb yxe 3a-
TpayeHa Ha HenocpeACTBEHHbIV HArpeB TEMMOHOCUTENS U NPOAYKTbI CrOPaHUs CYLLLECTBEHHO OXMaXaeHbI.

McTouHMKOM TennoTsl Ans TEeNnoBOro Hacoca He cneayeT 6paTb «oBGpaTHyO» BOAy CUCTEM TemnnocHabxe-
HUSA, OTAABLUYIO TEMMOTY B OTONUTENbHLIX Npubopax. ATO CBA3AHO C TEM, YTO BOAa U3 CUCTEMbI Tenro-
cHabXeHUst HeMoCpPeOCTBEHHO HArpeBaeTCs 3a CYET MEPBUYHOrO TOMMMBA M NOTPEBUTENb TENNOThl HECeT
ABOWHbIE 3aTpaTbl: OH OMfadYvMBaeT CTOMMOCTb TOMMIMBA U CTOMMOCTb IMEKTPUYECKOW SHEPrUM Ha MPUBOA,
KoMnpeccopa.

Mpu ncnonb3oBaHWM B KAa4eCTBE UCTOYHMKA TENMOThl BO34yXa OKpyXalollen cpeabl criegyeT UMeTb B BUAY,
YTO CyLLECTBYET MOPOr TeMnepaTtypbl KUNEHUs paboyero areHTa M COOTBETCTBYIOLLEN TemnepaTypbl Ha-
PY>XHOro Bo3gyxa, kKorga pabota TEMnOBOro Hacoca CTaHOBUTCA HEBO3MOXHOW. 3HayeHve 3Ton Temnepa-
Typbl onpegenseTcs TUNoM NpUMeHsieMoro paboyero areHTa 1 faBrneHMeM B UCnaputene TensoBOro Haco-
ca. Takum obpasom, Mpu HU3KMX TemnepaTtypax Bo3gyxa paboTa TakMx TennoBbIX HAaCOCOB CTAHOBUTCS
CHavana He3KOHOMWYHOW (BCreACTBME YMeEHbLUEHUsT KoaddmumeHTa npeobpasoBaHusi), a 3aTtem dusnye-
CKMN HEBO3MOXHOW.

JlocTOMHCTBA TennoBbIX HACOCOB LUMPOKO WM3BECTHbI: 3TO BO3MOXHOCTb CYLLECTBEHHOW 3KOHOMWM TOMNMBA,
aKomornyeckasi unctota (npu paboTe TennoBbIX HACOCOB HE CXUraeTcs TOMSIMBO), BO3MOXHOCTb paboTaTb Kak
B LIEHTPasiM30BaHbIX Tak U HeLIeHTPanM30BaHHbIX CUCTEMAaX TensiocHabxkeHus 1 ap. Mpo HeaocTaTku TENNoBbIX
HacOCOB YNOMUHAIOT pexe, MO3TOMY OCTaHOBMMCS Ha HMX nogpobHee.

1.

MICTOYHMKN BTOPUYHbIX 3HEpropecypcoB He Bceraa cTabunbHbI BO BpeMeHN N X He Tennonpon3BognTenb-
HOCTb He Bcerga gocTaTodHa afis Toro Ytodbl 00ecneunTb TENNTOTON FIOTpSGVITeJ'IFI B XONo4HOM nepuop ro-
aa. HOSTOMy B CMCTeMax TemnnocHabXeHns ONsi HaoeXHoN pa6OTbI KpomMe TensioBoro Hacoca Heobxoamm
OONOSTHUTENbHbIA UCTOYHWK TEMMOTHI.

LUyM OT KOMMNPEeCCOPOB TeNMOBbIX HACOCOB 3aTpyagHAET UX NPUMEHEHNE B XUIbIX U 00LLEeCTBEHHbIX 30aHN-
§1X, 0COBEHHO B Tex Ccny4dadx, Korga npuMeHArTCA TennoBble HaCcoChbl ©0MbLLOM MOLLHOCTM!.

®peoHsbl, Ncnonb3yemMble Kak paboyee Teno, 4oCTaTouHo goporu. [Npu pasrepMeTusaunm KOHTypa TennoBo-
ro Hacoca ¥ npu NPoOBEAEHNN PEMOHTHbIX PaBoT UX NMPUXOOAUTCA MEHATb U NOTPeduTenb HeceT AOMOMNHU-
TenbHbIE 3aTparThl.

Ha HacTosiLmii MOMEHT CTOMMOCTb TEMMOBbLIX HACOCOB BbICOKA M CPOK MX OKYNAeMOCTU MPW HbIHELLHUX Lie-
Hax Ha aHeproHocuTenu (okono 280 py6. 3a kan TennoTbl 1 60 kKoneek 3a KBT/4 aneKTposHeprumn) MoxeT
ObITb OOMbLIMM.
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MacwTtabbl n nepcnekTuBbl NTPUMEHEHUA TenyioBbiIX HACOCOB B Poccumun s Mupe

LLinpokoe npumeHeHne TeNNOBbLIX HACOCOB B Mupe Havanack B 20-30-e roabl npowsnoro croneTtus. lNepBbin Te-
NMoBOW Hacoc Ansi TennocHabxeHnsa 3gaHusa 6bin ucnbitad B AHrmnm B 1930 rogy. MNepBas kpynHasa TensnoHa-
cocHas yctaHoBka B EBpone 6bina BeegeHa B gencteue B Lsenuapuu B 1939 rogy. OHa ncnonb3oBana Ten-
NOTy peyvyHon BoAbl U MMena MoLHOCTb 175 KBT.

CwvnbHbIN TONMYOK K UCMOMb30BaHMIO TEMMOBbLIX HACOCOB B CUCTEMAX OTOMMIEHUSA Aan SHEePreTU4EeCKUn Kpuanc
Hayana 70 rogoB NpPOLUSIOro Beka, BO BPEMsI KOTOPOro CYLLECTBEHHO YBENUYUIUCH LieHbl Ha Tornmeo. B 1993
rogy obuiee KONMMYeCTBO TEMNJTOHACOCHBIX YCTAHOBOK, paboTatoLmx B pa3BUTbIX CTpaHax NpeBbicuIio 12 MiH., a
€XerofHbIv BbIMyCcK cocTaBnsAn 6onee 1 mnH. B HacToswee Bpems TONbKO B ANOHWM BbiNycKkaeTcd 3 MIH. Ten-
NnoBbIX HacocoB B rog U 1 MrH. HacocoB BbinyckaeTcs B CLUA. MNpasga, npu aToM criegyeT MMeTb B BUAY, YTO
3HAYUTENBHYI YacTb U3 HUX COCTaBNSAOT KOHAULMOHEPDI, KOTOpble MOryT paboTaTbh B pexume TEnnoBoro Ha-
coca B nepexoaHbiin nepuogd roga. B nogaensiowiem 6onbLUMHCTBE CyvyaeB TEMNMoBble HACOCh!I MPUMEHSAOTCS
COBMECTHO C AOMOSHWUTENbHbIM HarpeBaTenem (3MeKTPUYECKUM UMW Ha OpraHU4eckoM TOMMMBE), KOTOpPbIA
KOMMeHCUpyeT HegoCTaToK Tennonpon3BoAMTENbHOCTY TEMMOBOrO HAcoca B XOMOAHbIA Nepuoa unv npu Bpe-
MEHHOM OTKITHOYEHMN UCTOYHMKA TENMOThI.

MHorve rocyaapcTsa 4OTUPYIOT NPUMEHEHME TEMMOBbIX HACOCOB, YCTaHABNUBAA MNbrOTHBIA Tapud Ha 3MNeKTpo-
SHEPrui Ans npeanpusTuii, KOTOpble X NPUMEHSIIOT, NMMBO NPefoCTaBnsis UM NbroTbl MO HANOrOOONOXEHUIO.
Mpu 3TOM rocygapcTBO NonyyaeT onpeaeneHHble Bbiroabl: YMEHbLLIAETCS ero 3aBUCMOCTb OT BHELLUHUX NOCTa-
BOK TOMNMBA, ynyyllaeTcs 3Korormyeckas cutyauus B CTpaHe, NoAAepKMBAOTCS OTeYeCTBEHHbIE MPOM3BOAN-
Tenu BbICOKOTEXHONOMMYHOro 060pya0BaHus.

Mo nporHo3y MupoBoro aHepreTudeckoro kommuteta k 2020 r. B nepedoBbIX CTpaHax [ons TenrocHabXeHus ¢
MOMOLLIbIO TEMMOBBLIX HACOCOB COCTaBMUT A0 75 %.

3a pybexom nvgepamu B MpOU3BOACTBE TEMSOBbLIX HACOCOB siBNstoTCcA: «Carrier», «Lennox», «BecTuHrayay,
«[xeHepan anektpuk» (CLUA), «Hitachi», «Daikin» (AnoHus), «Sulzer» (LUsenuapus), «Klimatechnik» (F'epma-
HWs1). MHOMMe 13 HUX NpeacTaBeHbl U Ha POCCUACKOM PbIHKE, B MEPBYI0 0Mepedb Kak Mpou3BoauTenm MECTHbIX
KOHOVLMOHEPOB, CnoncobHbix paboTaTe B pexume TEMNMOBOro Hacoca B NepexodHoe Bpems roga v TennoBbiX
HaCOCOB Maron Tennonpom3sBoanTensHocTH (5-15 kBT), coBMeELLEHHbIX C OTHEBOW CUCTEMOW OTOMNMNEHUS.

B Poccun TennoBblie HacoCkl NCMOMb3YOTCA CYLLECTBEHHO MeHblue, YeM B CLUA, ctpaHax EBponbl n AnoHun.
Takoe COCTOsiHME Oerl CIOXMIOCh nctopuyecku. MNpumeHeHnto TennoBbix HacocoB B CCCP npenatcreoBanmu
HU3KME LEeHbl Ha TOMMIMBO, a TaKkKe OpPMEHTaUUs Ha LiEHTpanvM3oBaHHOe TensocHabxeHne. bornee xonogHbin
KnumaT Hallen CTpaHbl HE AaeT BO3MOXHOCTM TaKke LUMPOKO, Kak Ha 3anage Mcnonb3oBaTb NPUPOAHbIE UC-
TOYHUKM Tenna n TpebyeT HanMunsa OONONHUTENbHBIX KOTEMbHbIX, KOTOPbIE AOIMKHbLI paboTaTk BMECTE C TEMSOo-
BbIMU Hacocamu n obecneumBatb NOTpedUTENS TENNOM NPU HA3KUX TeMNnepaTypax Hapy>XHOro Bo3ayxa.

B HacTosiLee Bpemsi, C pOCTOM LieH Ha TOMMMBO, CUTYaLUsl CyLLECTBEHHO MeHsieTcs. CnocobCTByeT NpUMeHe-
HUWIO TENMOBbLIX HACOCOB U POCT CTOMMOCTU CcTponTenbcTBa TALL M KOTENbHBIX, NPOKNaZAKM U PEMOHTA TEMMOBbLIX
ceTen.

lMpuBeaeM NpuMMepHbIA pacyeT cpoka OKynaeMoCTy TEMnoBOro Hacoca B ycrnosusix Poccun. MNpu aTtom Gyaem
NpUHMMaTb BO BHMMaHWe KanutanbHble 3aTpaTbl, 3aTpaTbl ANIEKTPUYECKON SHEPrUM Ha NPUBOA KOMMpeccopa U
CTOMMOCTb NOMy4aeMoi TEMMoBOW SHepruu. 3aTpaTbl SHEPrMU Ha NPUBOL HACOCOB, NMPOKAYUBAKLLMX TEMMOHO-
cuTenb, 3aTpaTbl Ha 06CNYXXMBaHME M PEMOHT TENSIOBOrO HACOCA, a Takke MHNALMIO yuuTbIBaTh He Byaem.
CTOMMOCTb M3roTOBIIEHNS U MOHTaXa TEMMOBOro Hacoca TennoBow npoussogutenbHocTbio Q = 1000 kBT (nnu
0.859 lkan / yac) npy CTOMMOCTM OJHOrO KUoBaTTa YCTaHOBMEHHOW TEMMOBOW MOLLHOCTU C Y4ETOM MOHTaxa
6000 py6. 3a 1 kBT coctaBurT:

CK = 6000 - Q = 6,0 mrH.pyb. (43)
Honyctum, 4to koadpduumMeHT npeobpasoBaHusa Tenna Ans ycrnosui paboTbl paccMaTpuBaemMoro TensoBoro
Hacoca paBeH 4.
OnekTpuyeckas MOLLHOCTb, Nofly4yaemMas 3a cyeT TENMOBOr0 Hacoca COCTaBMT MpY 3TOM
1000
€

N =

=250 KBT. (44)

Mpun ueHe 1 MNkan Tennotbl — 280 py6. 3a Nkan., CTOMMOCTb TEMMOBOW 3HEPrMKn, Nosy4yaeMomn TEnNoBbIM Haco-
COM 3a rog npu 6e30CTaHOBOYHOW KPYrnoroanyHom pabote coctaBuT

CT=Q-250-24-365=2,107 mnH. py6./roa. (45)

lMpumMeM LeHy aneKTpU4ecKon aHepruum, 3aTpadnBaemon Ha npmeog Komnpeccopa — 62 kon. 3a 1 KBT 4. u pac-
cyMTaeM CTOMMOCTb 3MEKTPUYECKON SHEpPrnn, 3aTpavyeHHon Ha paboTkl Hacoca 3a rof

C3=N-0,62-24-365=1,358 mnH. pyb./rog. (46)
[MpMMeEpHBIN CPOK OKYNaemMoCTV B HaLLEM Crlydae COCTaBuT:
T= _CK 8,01 ner. (47)
CT-C3
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YueT HoYHOro Tapuda Ha 3MNeKTPOSHEPTUI0 NMPUBOAMT K YMEHbLUEHUIO OBLUMX 3aTpaT Ha 3M1eKTPUYECKYHo SHep-
rMio. He yyTeHbl B pacyeTe Takke UHQMALMS M POCT CTOMMOCTU 3HEPreTUYECKUX PECYPCOB B TEYEHME CpOKa
OKynaemocCTu.

ﬂpw nposeageHnn noao6HbIX pacyeToB cnenyet MeTb B BMAy, YTO LUEeHa Ha 3Hepropecypcbl B Poccum nocto-
AHHO pacTeT. B 6nvxanwee BpeMA NpMeHeHne HacoCcoB CTaHeT ©onee BbIrOAHLIM.

Haunbonee n3BecTHbIN OTEYECTBEHHbIN Npon3BoauTenb Tennosbix HacocoB — OO0 «3Heprusay r.HoBocmMBupck.
Kpome aToro npeanpusaTust TENMOBbIE HACOCHI MPOU3BOAAT Takke 3aBoAbl «3Akomall» r. CapaTtoB n «Komnpec-
cop», r. MockBa. TexHU4eckMe xapakTepUCTUKM TeMnnoBbIX HACOCOB, Bbinyckaembix 3A0O «3Heprua» (r. Hoso-
cmbupck), npuBedeHsbl B Tadn.1 [11].

Tabnuua
TexHn4yecKkne xapaKTepUCTUKU TEMMOBLIX HACOCOB, BbinyckaeMbix 3AO «3Heprus» (r. HoBocnbupck)
Tun TennoBoro Hacoca HT-500 HT-1000 HT-3000
TennonponsBoanTENbHOCTL, KBT
Bopga uctoyHnka 12 C 455,3 905,2 1810,5
Bopga uctoyHuka 25 C 685,4 1358 2716,4

MoTpebnsaemas anekTpuyeckas
MOLLHOCTb, KBT

Bopa uctouHuka 12 C 149,7 297,3 596,4

Bopa uctoyHuka 25 C 161,4 315 630

WcnonHeHne MoHobno4Hoe PasnenbHoe PasnenbHoe
[abapuTHble pasmepbl, MM

Arperata KOMNPEeCCOpPHOro 4100x2300x2400 4100x1740x2290 45200x1900x3000
ArperaTta ncnapuTtenbHo-

KOHEHCaTOPHOro

3800x1560x2600 5550x1885x2930
O6Lwas macca, Kr 9700 13000 24000

B 3akniodeHue criegyeT oTMETUTL, YTO NPUMEHEHWe TennoBbIX HacocoB B Poccun Byget HensbexHo paclum-
PATLCA Kak ANs Lenen TennocHabXeHns, Tak U B 9HEePreTUKe U MPOMbILLNEHHBLIX TEXHOOMMNAX C HEN3BEXHbIM
paclwmpeHmemM ux Npou3BoACTBa M Hay4YHbIX UCCNeaoBaHWU B 3Ton obnactu (paspaboTka HOBbIX CXEM yTWUMM-
3auum TennoTbl, CNOco60B NHTEHCMMMKALMN TeMnooOMeHa, co3aHne HOBbIX paboyunx Ten u T.4.).

7.1.5. Cnocobbl yTunusaumm TennoTbl B CUCTEMAX BEHTUNALUM N KOHAMLIMOHMPOBaHUA BO3ayXa

OcrtaHoBuMcs nop,poGHee Ha HEeKOTOpbIX N3 MepOHpMHTMVI, CBA3aHHbIX C yTI/IJ'IVI38U,I/I617I TEeNNoTbl BTOPUYHbIX
3Hepropecypcos. an/IMeHl/ITEJ'IbHO K cuctemMam BEeHTUNALMn n KOHOUUMOHNPOBAaHNA BO34yXa pacCMOTpUM Cno-
coObl yTunnsaumn TennoTbl BEHTUNMALUMOHHBLIX Bbl6pOCOB.

YTunvsaumsi TennoTbl BEHTUINALMOHHBIX BbIGPOCOB MOXET OCYLLECTBINATLCSA CreayoLmMMy crocobamu:
¢ peuupkynauueit YacTu BbITSHKHOIO BO3ayXa;
¢ MpUMEHeHVEM peKynepaTMBHbLIX TeNIO0OMEHHVKOB-YTUIIN3ATOPOB;
¢ MpUMEHeHVEM pereHepaTMBHbLIX TeNNOOOMEHHVKOB-YTUIIN3ATOPOB.;
.

npuMeHeHnem OBYyX peKynepaTtuBHbIX TEeNnNooObMEHHUKOB, ncnonb3yrwmnx FIpOMG)KyTO‘-IHbIVI Tenno-
HOCUTEIb;

¢ NpuMeHeHuemM TennonepenaroLinx pr6.

MpuMeHeHWe peunpKYNALUN BbITSHKHOrO BO3AyXa C LeNblo 3HeprocGepexeHusi B LeHTparbHON cucre-
Me KOHAWLIMOHUPOBAHUA BO3ayxa

HasHnauyeHne LICKB — cosgaHve n nogaepaHve HOPMUPYEMOW YMCTOTbl M METEOPONOrMYECKNX YCITOBUIA BO3-
ayxa B obcnyxmBaeMon mnu paboyen 3oHe nomeLleHnin. Bosgyx BHyTpyM NOMELLEHMS OOIPKEH UMETb NapameT-
pbl MMKPOKIMMaTa B COOTBETCTBMM C CaHUTapPHO-TUIMEHNYECKMMU HOpMaMu. STW HOPMbl PernameHTUpyoTCs
CHwl 2.04.05.-91* n He moryT 6bITb 3aaHbl MPOM3BOSIbHO. HopMMpyemble napameTpbl, Temnepartypa t; n oT-
HOCUTENbHAas BMAXXHOCTb BO34yXa (s, HA3bIBAIOTCA pacyYeTHbIMM NapamMeTpaMu BHYTPEHHEro Bo3gyxa. Temne-
paTypa n OTHOCUTENbHAasA BNaXXHOCTb HAPYXXHOIO BO3dyXa MOryT U3MEHATbCS, 3TO BNMSET Ha TennonoTtpebne-
HMEe CUCTEMOMN KOHOANLMNOHNPOBAHUS.

YctaHoBka LICKB npegcrtaBneHa Ha puc.17, a cxema — Ha puc.18. YcTaHoBKa npeacTtaBneHa OBYMSA BEHTUNS-
TopamMy MNPUTOYHOW (7) U BbITSHKHON BeHTUnAuMM (1). NMpUTOYHO-BLITSIKHOW GNOK obecrnevmBaeT CMeLleHne
ABYX NOTOKOB BO34yXa W perynvpoBaHMe pacxoAoB CBEXEro HapyHoro Bosayxa (L), oTpaboTaHHOro Bo3gyxa,
HanpaBnsemMoro Ha cMelleHne co cBexum (Ly), n Bosayxa, yaansemoro Hapyxy. Bosgyx npoxoguTt ovucTky
dunbTpom (4) n nogorpeBaeTcs B Kanopudepe 1-on ctynexn (5). MNogorpeB Bo3gyxa OCYLLECTBISAETCA rops-
Yen BOAOW, LUMpKynupytoLen B Tpybkax kanopudepa. YBnaxHeHne Bo3gyxa B XONOAHbIM Nepuod roga npouc-
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XOAUT B COTOBOM yBRaxHuTene (6). OkoHYaTenbHas oBoAKa BO3dyxa A0 TpebyeMblx KOHAULMIA (TeMnepaTypbl
N OTHOCUTESNBHON BNAXXHOCTW) NPONCXOANT B Kanopudepe 6rioka Bo3gyxoHarpeBaTens BTOPon CTynenun (6).
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Pwuc.17. YctaHoBka ueHTpaanon CUCTEeMbl KOHONLNMOHNPOBAHNA BO3ayXa
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Punc.18. Cxema ueHTpanbHOM yCTaHOBKM KOHAMLMOHMPOBaHWS BO34yXa.

Ha puc.2 obo3HayeHbl cneqyolime napameTpbl BaXHOr0 Bo3gyxa: f, -Temnepatypa HapyxXHoro Bo3gyxa, °C;
¢y — OTHOCUTENbHAsA BNaXHOCTb HApPYXHOro Bo3ayxa, %; f, — TemnepaTypa BO3gyxa MOCMe CMELIEeHUs OBYX
NoTOKOB (ecrnu cTeneHb peunpkyndaumm pasHa 0, To oHa coBnagaert c t,), °C; t,.-TemnepaTtypa Bo3gyxa nocne

o B
nogorpesaTens nepeoi cTyneHu, °C; ty.-TeMnepaTypa Bo3ayxa nocre yenaxuutens, °C; tp.u tr[2 — Temnepa-

Typbl BO3gyxa Mocrie nogorpesaTtens BTOPOW CTyneHn (napameTpbl MPUTOYHOrO BO34yXa) MO CYXOMY M BRax-
HOMY TEPMOMETpaMm, COOTBETCTBEHHO, °C; f,.1 t,° — TeMnepaTypbl BO3dyxa B 06CNYXVMBAEMOM MOMELLEHUM MO
CYXOMY N BNaXHOMYy TEpMOMEeTpaMm, COOTBETCTBEHHO, °C; G, = pyl, - MaccoBbIli pacxof NPMTOYHOro BO34yXa,
(kr/c); Gs — MaccoBbI pacxop ropsiden BoAbl B kanopudepe nepsoi CTyneHn nogorpesa sosayxa, (kr/c);, G, —
MacCOBbI pacxXod PeumnpKynupyroLLero Bo3ayxa, (Kr/c); tuy.M tauxi.- TEMNEpaTypbl BOAbI HA BXOAE M Ha BbIXOAe
13 kanopudepa.

Mpouecchbl TennoBnaxHOCTHOM 06paboTkn Bo3gyxa NPpUHATO Npeactaenate B H-d guarpamme. [1ns HaHeceHus
Ha AvarpamMmy TOYKM, COOTBETCTBYIOLLEN €ro COCTOSIHUIO, HaAo 3HaTb ABa U3 Crneaylwmnx YeTblpex napamert-
poB: Temnepartypa t (°C), oTHocuTenbHasa BrnaxHocTb ¢ (%), abcontoTHoe Bnarocogepxanue d (r/kr cyx. Bo3g,.)
n anTtanenua H (kx/kr K). Ha guarpamme aTn napameTpbl npeacTaBneHbl JIMHUAMK, BOOSb KOTOPbIX COOTBET-
CTBYIOLLMIN NapameTp OCTaeTCH NOCTOSHHbIM.

lMonoxeHne TOYKM, OTBEYAOLLEN TEKYLLEMY COCTOSHMIO BO34yXa, MOXHO OMpeaenuTb Takke, 3Hasi 3aKOHOMep-
HOCTU MpOTEeKaHus U n30bpaxeHns npoueccoB o6paboTkM Bo3gyxa Ha Auvarpamme. Tak mpouecchl Harpesa
(Mnn oxnaxaeHus) Bo3gyxa B pekynepaTuMBHbIX TennoobMeHHMKax OCYyLLEeCTBNSAITCA NPy NOCTOSHHOM Bnaro-
cogepxaHuu d. Ha gnarpamme Takue npouecchl nsobpaxarTcsa oTpeskamu nuHmumn d = const, rpaHuLLbl KOTOPO-
ro COOTBETCTBYIOT HavarbHOMY W KOHEYHOMY COCTOsSIHMIO Bodgyxa. K Takum npoueccam OTHOCATCS MpoLecehbl
HarpeBa BO3dyxa B nogorpeBaTensx NepBov M BTOpOM CTyneHw. lNpouecc yBnaxHeHus BO3gyxa nponcxogut
Npu NOCTOSIHHOW 9HTanbNMM (agmabaTtHoe yBnaXHeHue) 1 usobpaxkaeTcs Ha AvarpaMme OTPEe3KOM NMHMKU Mo-
cTosHHOWM aHTanbnun (H = const). B koHUe npouecca agnabatHOro yBnaxHeHWs OTHOCUTENbHas BNaXHOCTb
Bo3ayxa HaxoauTcs B npegenax 90-95% (TeopeTtnyeckoe 3HayeHne 100%).

Mpouecc obpaboTkmn Bo3gyxa npeacTaeneHbl Ha puc.18. Ha guarpamme nsobpaxeHbl crnegyoLlime npoLecchl
06paboTkun Bo3ayxa B MPSAMOTOYHON CUCTEME KOHAMLMOHNpoBaHWA Bo3ayxa: H-M1 — npouecc Harpesa Bo3gyxa
B nogorpesarerne nepsow ctynenn, 1-O — npouecc yBnaxHeHUs BO3gyxa B COTOBOM yBnaxHutene, O-M2 —
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npoLecc Harpesa Bo3dyxa B nogorpesaTene BTOPOM cTynenu, M2-B — npouecc nonuTponHoro Harpeea v yB-
NaXHeHus1 Bo3ayxa B obcrnyxuBaemom nnm padoyen 3oHe.

Ons paboTbl yCTaHOBKM KOHOULMOHMPOBaHMSA BO3ayXxa HeOoOX0auMbl MCTOMHWMKKM Tenna (HarpeB Bo3gyxa) U Bo-
Abl Ang yBrnaxHeHus. [ina nepemMelleHns Bo3gyxa B pesynbraTe paboTbl BEHTUNATOPOB YCTAaHOBKA HyXXaaeTcs
B nogade aneKkTponutaHus. HarpeTbii 4O HYXXHOW TemnepaTypbl HAPYXXHbIN BO3AyX nodaeTcsa B obcnyxuBae-
Myl0 MnmM pabo4yto 30HY, rae ero COCTosiHME M3MEHSIeTCs B pe3ynbTaTe MOonMTPOMHOro npouecca, B KOTOPOM
BO34yX HarpesBaeTcs u3-3a u3bblTka Tenna B NOMELLEHUN UNW OXNaxaaeTcs, ecny Tennoson banaHc nomete-
Hus oTpuuateneH. OQHOBPEMEHHO U3MEHSETCH B TY UMW UHYIO CTOPOHY M BRarocogepXaHue Bo3ayxa, B 3aBU-
cumocTun oT 6anaHca Bnaru B nomelleHun. [lanee, oTpaboTaHHbIN BO3AYX BbITSXKHLIM BEHTUNATOPOM yaanseT-
ca Hapyxy. Takas cxema pabotbl LICKB HasbiBaeTca npamoTodHon. C ygansdembiM BO3OyXOM Hapyxy Bblbpa-
CblBaeTCsa M TENnno, NO3TOMY Takas CXxeMa HEe3KOHOMUYHA U pacToduTerbHa C TOYKU 3peHUs aHeprocbepexe-
Hua. [ns Toro, 4Tobbl MCNONBb30BaTh TEMOTY BEHTUISLMOHHbLIX BbIGPOCOB MPUMEHSIIOT pasnunyHble MeToAbl.
OfHUM 13 Taknx MeToO0B ABMNSAETCH PeLUpKynsaumns.

Peunpkynsunen HasbiBaeTcs 4YacTuyHas nogadya oTpaboTaHHOrO BbITSKHOIO BO34yXa, MMEHLEro 06beMHbIN
pacxof L,, B MPUTOYHO-BLITSXKHON 610K (2) ANsi CMELLEHNs ero CO CBEXUM BO3[YXOM, MOCTYNAIOWMUM CHapyxu
1 umetowmm pacxopg Lo. Ecnun crenenb peunpkynaumm (a = Ly/L,) pasHa 0, To ecTb L, =0, To Takas cxema LICKB
Ha3blBaeTCa NPAMOTOYHOW. Pacxon npuToyHOro Bosayxa (L,) paBeH CymMMe pacxofoB PELMPKYnMpyoLLero u
CBEXEro Bo3gyxa M B pesynbTarte CMeLLeHUs ABYX MOTOKOB MMeeT napameTpbl (TemnepaTypy M BMAaXHOCTb)
cpeaHvie Mexay napameTpamy CMeLLMBAIOLLMXCA NOTOKOB Bo3ayxa. Ecnu cteneHb peumpkynsauum a = Ly/L, = 0,
TO notpebHocTn LICKB B Tennote 6yayT MakcMmarnbHble.

YBenuuneas CTeneHb peumpKynsauu, MOXHO CHU3UTb 3aTpaTbl TennoTbl HAa NMOAOrPEeB HapyXHOro BO3dyxa U
AOBefieHVe ero napameTpoB A0 HYXHbIX KOHAULMIN — TemnepaTypsbl f;; 1 OTHOCUTENLHOW BNAXHOCTU @ny NPU-
TOYHOro Bo3ayxa. 34ecb cnegyet OTMETUTb, YTO CTENEHb PEeLUpPKYnsauunm He MOXeT ObiTb yBenuyeHa Bbille
onpegeneHHoro npegena. OTOT npeden 3aBUCUT OT HOPMMPOBAHMSA pacxoda CBEXEro MpUTOYHOro BO3ayXa,
pernameHTupyemoro CHull. MNapameTpbl NpUTOYHOro Bo3gyxa Heobxoaumo nogaepmBatb NOCTOSAHHbIMM, He-
3aBMCUMO OT M3MEHSIIOLLIMXCS YCIOBUI HaPYXXHOW cpefbl. OTO MOXHO 06ecneuntb, N3MeHsis CTeNneHb peLunpky-
NAUMKU UMK pacxof rpetoLlert Boasl B nogorpesaTene nepeov cTyneHu. MNpu 3agaHHON CTeneHn peumpkynaumm
HY>KHble napaMeTpbl MPUTOYHOIO BO3AyxXa CO34aloTCs B pesynbTaTe perynmpoBaHns pacxoda BoAbl B nogorpe-
BaTene, cuuTas, YTo TemnepaTtypa BOAbl HA BXoAe B Kanopudep-nogorpesarefl U1 B 06paTHON fIMHWM NoAa-
AepXnBaeTcs NOCTOAHHON.

OKOHOMWSI TENSIOBON MOLLHOCTW HarnsgHO AEMOHCTPUPYETCSH U MOXET BblTb KOMMYECTBEHHO OLEHEeHa C uc-
nonb3oBaHvem H-d guarpammbl. BHoBb obpatumcs Kk puc.19, Ha KOTOPOM OOMONHUTENBHO K npoleccy obpa-
6OTKM BO3Ayxa B NPSMOTOYHOMN CMCTEME NOKasaHbl NPOLECChl NPY YaCTUYHON PELIMPKYIIALMN C pasfM4HoO CcTe-
neHbto. B aTnx cnydasx Heob6xogumMo MokasaTb MPOLECChl CMELLEHUS MOTOKOB HAaPYXXHOro M OTpaboTaHHOro
(BbITSXKHOrO) BO3dyxa. To4ka, COOTBETCTBYIOLLAS Ha AuarpaMMe COCTOSIHMIO Bo3gyxa nocne cmeweHus («C'»
nnm «C"» Ha puc.3), NpUHaanexuT oTpesKy, coeamHsoLemMy Toukn «H» n «B». YkasaHHble TOYKM OoTBevaroT
COCTOSIHMSIM HapY»XHOTO 1 BbITSXKHOIO Bo3gyxa. [apameTpbl MPMTOYHOrO BO34yxa Nocre CMELIEHUs MOryT ObiTb
BbIYMCMEHbI MO 3a4aHHON CTENeHW peuuvpkynsaumu. Opyron nyTb — HENOCPEACTBEHHOE U3MEpEeHne OOHOro u3
napameTpoB, Hanpumep, TeMnepaTtypbl. Pac4yeTHble 3HaYEeHNsT AHTaNbLMMKU 1N BNaroCoAepKaHnsa Nomny4arTcsa u3
MaTepuansHOro 1 Tennosoro 6anaHca.

Poln =Pl + Pl (12)
anan = pHLHHH + pBLpHa (1 3)
anndn = pHLdeH + pBLde (14)

B npvBegeHHbIX ypaBHeHUSX L — 06beMHbIN pacxoq Bo3ayxa
(M3/c), H — sHTanbnusa (kx/kr), d — BnarocogepxaHve Bo3ay-
xa (r/kr cyx. Bo3ga.), p- NNOTHOCTb BO3ayXxa (KF/M3). OHTanbnusa
W BRarocogepxaHve nepep nogorpesarternieMm nepsBon cTyne-
HK cornacHo (12)-(14) 6yayT:

H, =aH, +(1-aMH, (15)
d, =ad, +(1-a)d, (16)

roe a = pelo/pnly —CTENEHb peumpkynauun. N3 ypasHeHus (4)
cneayeT, 4YTo

Hc B HH _

HB - HH
Pacuet ﬂOTpeGHOCTVI CUCTeMbl KOHOULUMOHNPOBAHUA B Ten-
norte.

U3 anarpamMmmbl cnenyeT, YTo And Harpesa BO34yxXa B NpAMO-
Puc.19. Mpoueccsl 06paboTky TOYHOW cucTeMe HeobxoamMma TennoBas MOLLHOCTb (KBT),

Bo3ayxa B LICKB. paBHasa

a (17)

d,= const
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an = ann(HO - HH)+ ann(Hn2 - HO) = ann(Hn2 - HH) . (18)

Mpy NpuMeHeHWn Takoro aHeprocbeperaroLero MeToaa, Kak peLuupkynaumsl, Heobxognmas onst Harpesa BoO3-
ayxa TennoBasi MowHocTb (kBT) Oyapet

Qp = ann(HO - Hc)+ ann(an - HO) = ann (Hn2 - Hc) (1 9)
OHeprocbeperaowunin ekt OT NPUMEHEHUSA PELMPKYNALUN COCTaBnUT
AQS = an - Qp = ann(Hc - HH) (20)

C yuyeTom (15) u3 ypaBHeHus (18) cnegyert, 4Tto
AQS :pI'ILn(aHB+(1_a)_|H_HH):pI'ILI'Ia(HB_HH) (21)

3asucumocTtun (18)-(21) nony4yeHbl Npu ycrioBuu, YTO NapameTpbl NPUTOYHOro Bo3ayxa (Touka «[12») nogaep-
XMBaOTCH MOCTOSAHHLIMW HE3AaBUCUMO OT U3MEHSIOLLUXCA BHELLHUX YCNOBUMW U CTEMEHU peuupkynsauun. 370
COOTBETCTBYET AENCTBUTENBHOCTU, MOCKONbKY 3TV MapameTpbl 3aBUCAT TOMbKO OT CaHUTapPHO-TMIMEHNYECKNX
HOpM, NpeabsaBnaeMbIX K BO3ayxy B paboyen 3oHe, 1 n3bbITkoB Tenna (AQ, kBT) u Bnaru (AW, r/c) B obecnyxu-
BaeMoOM nomeLleHnn. B yactHocTH, ANg U3BECTHLIX 13 TENNOBAaXXHOCTHLIX 6HanaHCoB NoOMeLLeHns BeNUYMH AQ
n AW 3HadeHus napameTpoB NPUTOYHOrO Bo3ayxa (T. «[12») paccunTbiBalOTCA NO 3aBUCUMOCTSIM:

Hn2 = HB - AQ ’ dn2 = dB - AW . (22)

pl’lLI'I pI'ILI'l

HeunameHHble napameTpbl NPUTOYHOIO BO34yxa NPy pasnunyHbIX CTENEHSX PeumpKynsaumm MOXHO obecneydnTs,
N3MEHSAS KONMYeCTBO TEMMOTbI, NOABOAUMON K BO3AYXY B nogorpesaTene nepson ctyneHun (Qg), 310 crneayeTt us
ypaBHeHus (19):

QB = ann ’ a(HB - HH) [% - 1J : (23)

OTa Tennosas MOLHOCTL obecneynBaeTcs perynMposaHmeM pacxoa ropsven BoAbl, KOTOPbIN onpeaenseTcs
13 ypaBHeHUs Tennosoro banaHca TennoobMeHHUKa nepBoro nogorpesa:

H, —H
QB = ann : a(HB - HH) [M - 1] = GBCp(th1 - tBbIX1) . (24)

rae Gg-maccoBblii pacxog (kr/c) Bogbl, Cp- TENNOEMKOCTb BOAbI, foxt U laux1 - TEMMEPATYPLI HA BXOAE U HA Bbl-
Xo[4e 13 TennoobMeHHUKa.

TennoBble GanaHckl A51s1 NOMELLLEHUS, CUCTEMbI KOHONUMOHNPOBaHUA BO34yxXa U OA5A nNnoMeLleHna n CUCTeMbl
KOHAOANLIMOHNPOBaAHUA 3annCbiBalOTCA TakK:

Q,-Q,+AQ=0 (25)
Q,+Q, +AQ-Q,-Q, =0 (26)
Q,=Q, -AQ-Q, (27)
YpaBHeHue (27) nony4eHo Npu COBMECTHOM paccMoTpeHun (25)-(26). CoctaBnstowwme Tennosoro 6anaHca (27)

cnegywowue:
Q, =GH, -H,), Q, =G(1-aH,, Q,=G(1-aMH,, AQ=G(H, -H,).

C y4yetom (6) KO3hPMUMEHT NONE3HOr0 OENCTBUSA YCTAHOBKN KOHOMLMOHUMPOBAHUSA BO34yxXa MOXHO onpefe-
nnTb No popmyne:

_ HB - Hn2
Hr12 - Hc

3asucumocTb (18) nokasblBaeT, YTO MUHUMAIbHbIV KOIMMULMEHT NONE3HOro 4ENCTBMA NN NokasaTenb dHep-
reTuyeckon adpdpektuBHoctn CKB 6yaet npu a = 0 (H, = Hy), TO eCcTb Anst NpAMOTOYHON cuctembl. C pocTom
CTeneHn peuupKynauum pacteT pasHoCcTb sHTanbnun (H, — H,), 1, cnegosaTternbHO, Takon nokasartenb dHepre-
TUYECKON 3(pHEKTUBHOCTH, KaK KN YCTAHOBKU.

PacueTtbl aHeprocbeperatoLiero addekta u 3aTpaT TEMMOBOW MOLLHOCTM NO Harpesy BO3gyxa B nogorpesaTe-
ne nepBoW CTyneHu nposoasaTtca no dopmynam (21) n (23). banaHc TennoobmeHHMKa-nNogorpesaTens Nepeou
CTYNEHM NPOBEPSIETCH MO COOTHOLWEHMUIO (24), a 6anaHC yCTaHOBKM B LLEeNIOM — MO COOTHOLWeHuo (27). Mony-
YeHHble pesynbTaThl No3BonsT paccunTaTtb Kl ycTaHoBKM MO COOTHOLLEHUIO (28).

(28)

NMpuMeHeHMe Tennoo6MeHHMKOB-YyTUNU3aTOPOB B CUCTEMAaxX BEHTUNSILUM U KOHOULMOHUPOBaHUA BO3-
ayxa.

Peunpkynsums npeactaensieT coboit Hanbonee AOCTYNHbIA U AeLIEBbI CNoco® yTunusaumm TenmoTbl BbITSK-
HOro BO3ayXa, HO CTEMEHb PeLMpKynsLMA, Kak OTMe4yasriocb Bbille, orpaHuyeHa B cuny TpeboBaHuii K YnctoTte
nputouHoro Bosgyxa. O6beMHbIi pacxos PeLMpKyNsLVOHHOTO BO3ayxa OrpaHWYeH COoTHoleHneM L, < L, —
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L™, B koTopoMm L,"" — MUHMManbHBIN Pacxof CBEXEro HapyXHOro Bo3dyxa, BENMYMHa KOToporo onpeaenseT-
CS1 CaHUTaPHO-TUMMEHNYECKMI HOPMaMMU.

EcTecTBeHHOE XenaHne UCnonb3oBaTb TENMOTY BbITSXKHOrO BO34yXa C HaMbonbLUEen NONb30M B 3TOW CUTyaumu
TpebyeT pa3geneHust NOTOKOB NMPUTOYHOTO M BbITSHXKHOTO BO3dyxa B TEMNOYTUNM3MPYIOLWLEM YyCTpoicTee. JTO
peanuayeTcsi Npy NPUMEHEHUN pekynepaTnBHbIX (puc.20,a) N pereHepaTUBHbIX TEMNOOOMEHHUKOB — yTUNN3a-
TopoB (puc.20, 6) nnn OByx TENNOOOMEHHUKOB C MPOMEXYTOYHbIM TennoHocutenem (puc.20, B). MNpuHUmMnn-
anbHble CXEMbl CUCTEM BEHTUNALUK, B KOTOPbIX NMPMMEHEHbI YKa3aHHbIe CMocobbl yTunusaumm TennoTsl, Npu-
BeaeHbl Ha puc.20.

Pnc.20 (a) n (6) ncnonb3yeTcs, Koraa NpUTOYHBIA U BbITSXXHOW BO34YXOBOAbI MOryT ObiTb CBEAEHbI B OOHOM
MecTe (B MecTe yCTaHOBKM TennoobMeHHuKa-ytunusaTopa). lNpumeHeHne BO34yx0-BO3AYLUHOMO TEMOOOMeH-
HuKka (puc.20 a) npeacTaBnsgeT camoe MpPoCcToe M 3KOHOMHOe pelueHune. Cpok oKynaemocTu cocTtasnseT 1-2
roga. KOHCTPYKTMBHO BCe aneMeHTbl CxeMbl () KOMMOHYTCA B BMAE eamHoro 6rnoka obweobMeHHON BEHTU-
NAUMK € NNacTUHYaTBLIM TENNOOOMEHHMKOM-YTUNN3aToOPOM, CXxeMa npusedeHa Ha puc.21.

Hanunuune npegBapuTesibHOro nogorpesartend Ha pI/IC.2O (a, 6) CBA3aHO C 3KcnnyaTau,Me|7| CUCTEM TMPUN HU3KNX
TeMnepartypax HapyXHOoro sosayxa. Ecnu TeMneparypa ygandemMmoro so3gyxa Ha BbiXxoade 13 TennoobMeHHUKa
noHmxkaetca Huxke 0 °C, To KOHOEHCMPYKLaACA Bnara BbITAXXHOIO BO34yxXa 6yp,eT npespawaTtbCcd B nea n 3a-
KynopumBaTtb NpoxogHoe ce4vYeHune Arid BOo3ayxa. B atom Ccny4Yyae Hago unnm nyckatb I'IpVITO‘-IHbIVI BO34yX Nno 00-
BOOHOMY KaHany, unu npeasaputesnibHO, 0 TennoobMeHHMKa, nogorpesaTtb €ero. B cxeme ¢ OByMA Tennooo-
MEHHUKaMnN N NPOMEXYTOYHbIM KOHTYPOM B Ka4eCTBe TeNnJIOHOCUTENA NPUMEHAETCA aHTVIq)pI/I3.

CreneHb yTvnu3aummn TennoTbl 3aBUCKUT OT 3P(PEKTUBHOCTM TennoobMeHHUKa, KoTopasi MoxXeT OblTb onpese-
neHa, Kak
t, -t
g=-H2__nl (29)
ty - tH‘1
[ns nnacTuHYaTbiX BO34YyX0-BO34YLUHbIX TEMNOOOMEHHMKOB 3TOT NoKa3aTtenb Haxoautcsa B npegenax ot 0,4 oo
0,7.

Bonee BbICOKME MokaszaTenu UMEKT pereHepaTuBHbIE TENNIOOOMEHHMKN C BpalakLlenca Hacagkon (e = 0,7-
0,85). lNoBblweHNe 3PDEKTUBHOCTN pEreHepaTUBHOrO TENITIO0OGMEHHMKA MO CPABHEHMIO C NNACTUHYATBLIM PEKy-
nepaTuBHbIM TENI00OMEHHNKOM 0BBbACHAETCA AOMONHUTENBHBIM NEPEHOCOM TEMMOThl M3-3a KOHAEHCaLUMW BO-
OSHOro napa v3 ygansiemoro Bosgyxa. B atom cnyyae adpdeKkTMBHOCTb pereHepaTuBHOro TennoobmeHHuKa
3anucbiBaeTCs Yepes pa3HOCTM SHTanNbNMIA NOTOKOB BO34yXa

H,, —H
€= H2 Hl (30)

2 AQ

a)
7
@)
Al
|
AN I >

ty

O



v
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Puc.20. MNpuHuunmanbHble CXeMbl CUCTEM BEHTUAALMM C TENNOOOMEHHMKaMU-yTUnnm3aTopamu.

1 — npeaBapuTenbHbIA NogorpeBaTtenb, 2 — pekynepaTtuBHbIA TennoobMeHHKK, 3 — nogorpeBaTtens (kanopudep), 4 — NPUTOYHbLIN BEHTUMSA-
TOp, 5 — BEHTUNMPyeMoe NoMeLLeHne, 6 — BbITSDKHOM BEHTUNATOP, 7 — pereHepaTUBHBIN TEMNMOOOMEHHMK C BpallaloLlencss Hacagkon, 8 —
pekynepaTuBHble TENNOOOMEHHUKN «BO3AYX-XUOKOCTb», 9 — LIMPKYNALMOHHBIA Hacoc.

HanmeHblwyto ahdeKkTUBHOCTb YyTUNM3aUMn TennoTel MMeeT
cxema C AOBYMS TennoobMEeHHMKaMM M NPOMEXYTOYHbIM
KoHTypom (g = 0,4-0,5). lNpumeHeHne aTon cxembl onpasaa-
Berrskka HO, €Cn BbITSKHOM U MPUTOYHBIA BO3QYXOBOAbI pPacrorio-
KEHbl Ha 3HaAYMTENbHOM yaaneHuu Apyr ot gpyra. B atom
Cclnyyae cBefeHue X B MeCTe YCTaHOBKW TennoyTunusaum-
IpuTox OHHOW YCTaHOBKM CBSA3aHO C MNPOKMaaKoM BO3OyXOBOAOB
OOonbLUOA  MPOTSPKEHHOCTW, POCTOM  a3pOAMHAMUYECKOTro
COMPOTUBMNEHUSA CETU U MOLLHOCTU BEHTUNATOPOB.
3 2
Puc.22. Cxema pereHepaTUBHOro TensioobMeHHUka ¢
Bpaljatouienca Hacaakou.
1 — kopnyc, 2 — BpawjatoLmincs poTop, 3 — neperopoaka,
4 — naTpy6ku.

OHeprocb6epexxeHne Npu NPUMEHeHUN peKynepaTUBHOIO
Tennoo6bMeHHUKa-yTUNn3aTropa TennoTbl BEHTUNSILMOHHbIX BbIGPOCOB.

Mpun aHanm3e aHeprocbeperatoLero acpdekta OT NPUMMEHEHNS PeKynepaTUBHOIO TENIOOOMEHHMKa B cucteme
MexaHnyeckon obLLeoOMeHHHON BEHTUNALMKM Byaem nonaratb, YTO B NMOMELLEHWUM NPUCYTCTBYIOT BHYTPEHHNE
TennosblaeneHns obwen MoLWHOCTbO, paBHoM Q (BT). MOWHOCTL TennoBbIX MOTepb Yepes orpaxpaioLlme
KOHCTPYKUMM 0603HauMM Qor. [ANst ONPEAENEHHOCTM NONOXNUM, YTO Q > Qnor. OGBbEMHBLIE pacxodbl NPUTOYHOIO
W BbITSKHOrO BO3yxa paBHbl, COOTBETCTBEHHO, L, 1 Ly, a maccosble pacxodbl — G, 1 G, (Mpumem G, = G, = G).
OcTanbHble 0603Ha4YeHUsI COOTBETCTBYIOT 0603Ha4YeHUsAM Ha puc.4 (a). Torga ypaBHeHUs Tennosbix 6anaHcos
ONs TennoobMeHHVKa-yTMnm3aTopa, BEHTUITMPYEMOro NOMELLEHNSI U CUCTEMBI B LIENOM ByayT:

Q, =G(H,, ~H,.)=GlH, —H,.) (31)
GH, —H,,)+Q-Q,, =0 (32)
GH, +Q, +Q, + GH,, —~GH, ~GH,, =0 (33)

rae Q; u Q, — TennoBble MOLLHOCTK, NMoaBoAMMble K BO3A4yXy B nogorpesaTensx. C yyeTom (22) Tennoeol 6a-
naHc Ans CUCTEeMbl MOXHO 3anucatb, Kak

GH,,-H,)+>Q,+AQ=0 (34)
rge ZQy = Q1 + Q2 - CyMMapHaﬂ MOLLHOCTb, NoaBoAMMMAadA K BO3,U,yXy OT BHeLUHero NCTo4YHuKa tenna, HanpmmMmep
OT UEeHTpalnim3oBaHHO CUCTEMbI TenﬂOCHa6)KEHV|ﬂ, AQ — V|36b|T0L|Haﬂ TenjioBad MOLWHOCTb B BeHTI/U'IVIpyeMOM

nometyeHumn. M3 ypaBHeHus (34) cneayeT, 4To 3aTpaTtbl TENINOBOW MOLLHOCTU MO 060OrpeBy BO3ayxa B CUCTEME
BEHTUIALMU C TENNOOBMEHHUKOM YTUNM3aTOPOM paBHbl

3 Q, =GH,, -H,)-4Q (35)

[na npsMOTOYHON cucTembl 06LL,e0OMEHHON BEHTUNSALMM 3aTpaThl TEMMOBON MOLLHOCTM No 06orpeBy Bo3ayxa
nony4yatoTca U3 ypasHeHun 6anaHca (32)-(33), ecnu npuHATb Hy, = Hy

3 a=6H, -H,)-4Q (36)
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OHeprocbeperaolmini apdekT oT NPUMEHEHUs TennooOMeHHUKa-yTUImM3aTopa, B abCOMOTHOM WUCYUCTEHUN
(3KOHOMMUSI TEMSIOBOW MOLLHOCTM, MOABOAMMOMN OT BHELLHEro UCTOYHMKa TennocHabxeHus) AQa Gyaet

>.Q,=X0-%Q,=GlH,-H,)=4q, (37)
CooTHoleHure (37) MOXHO nepenucaTb € y4eTOM 3ahdEKTUBHOCTU TeNNoodMeHHnka ytunmnsatopa (30)
Z Qa = Ga (Hy1 - HH1) (38)

Mpy HeMsMeHHbIX NapameTpax BO3dyxa Nocre NpeaBapuTENbHOrO MoaorpeBaTens M Bo3gyxa Ha Bbixoge U3
nomelleHnsi aHeprocbeperaowmin addekT OGyaeT npornopumoHaneH 3PMEKTUBHOCTU TeNNoobMeHHUKa-
yTunmsaTopa.

Ecnu B kayecTBe nokasarensd 3HepreTI/I‘-IeCKOIZ 3(b(beKTVIBHOCTI/I Bbl6paTb Kng CUCTeMbl BEHTUNALUKU, TO 3ann-
CaTb €ro MOXXHO Tak

. AQ
>'Q-G,H,,—H,)

roe 3atpatbl TENOBOM MOLWHOCTU X Q patotca doopmynon (36).

(39)
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PA3JIEJI  8.2muepzocoepezarowue meponpusamus Ha 00beKMaAx HCUTUUHO-

KOMMYHAJIbHO20 xo3saicmea.

8.1. TennocHabxeHne 06 bLEKTOB XUITULHO-KOMMYHarNIbHOIro XO03sIMCTBa.

8.1.1. LleHTpanuaoBaHHOe TennocHabxeHne n Tennodukaums.
8.1.2. AkTyanbHOCTb M NOTEHUMan aHeprocbepexeHns B XUMULLHO-KOMMYHarbHOM XO3SNCTBE.
8.1.3. HekoTopble NpakTuyeckne pesynbTaTbl IHEProcoOepexxeHusl.

8.1.1. UeHTpanu3oBaHHOe TenyiocHabxeHue un Tennodukayms.

OpraHu3auuoHHble NpoobrieMbl.

OnpeaensiwoLwmM SBNAETCss UICTOPUYECKN CITOXUBLUMIACA KOMMSEKC NpobfiemM B pasBUTMM TeNOCHabXaroLLero
XO3§MCTBa CTpaHbl: OpPraHU3auMOHHbIX, HOPMAaTUBHO-TEXHUYECKMX, COLMANbHO-IKOHOMUYECKMX, TOMMUBHO-
akonormnyecknx. Hmwke B petpocnektuee pasputus CLIT B1991-2000 rr. paccmaTpmBatoTcs Bce YeTbipe rpynnbl
npobrnem 1 OawTca pekoMeHZauuu Mo mx paspelleHuto. K opraHnsaunoHHbIM npobrnemMam crnegyet OTHeCTH,
npexage Bcero, MaclTabHOCTb pasBUTUSA TennocHabxeHus B Poccum n pasoblueHHocTb 3BeHbeB CLIT. K 1990
r. obwas rogoeasa noTpebHOCTb B Tennoson 3Heprum B Poccum npesbicuna 11 mnpa Nk (tabn. 1). Mpu aTom
6onee 80 % TennoBbIX HAarpy3oK y4OBMETBOPSIOCH OT MCTOYHMKOB TEMMa CUCTEM LIEHTPaNM30BaHHOIO TEMNIo-
cHabxeHus (puc. 1.2).
Tabnuua 1
[nHamuka NoKpbITUSA NOTPEOHOCTM B TEMNMOBOM SHEPIUM OT PasnnYHbIX S3HEProMcTouHnkoB Poccum, mnpg MOx

MoKpbITME NOTPE6GHOCTN Pa3NMYHbIMU TEXHONOTUAMMU
LleHTpanu3soBaHHOe TennocHabxeHune

MoTpe6-
HOCTb B nape

W ropsiven- Tennocpuka- OT KOTENLHBIX Ha 6ase OT anek- | OT MECTHBIX
S e o S
o T A pnge | g | wemen QI T
1990 11,04 3,99 | 0,03 1,20 3,88 0,41 0,03 1,50
2000 9,60 3,00 | 0,03 1,05 3,52 0,18 0,02 1,80
[MporHo3 (oNTUMUCTUYECKNIA)
2010 11,70 5,35 | 0,05 1,46 2,30 0,63 0,03 1,88
MporHo3 (MeccMMmncTUYECKnin)
2010 11,00 3,90 | 0,03 1,30 3,80 0,25 0,02 1,70

B 1990 r. 42 % cymmapHO Tennonpon3BoauTENbHOCTM BCEX UCTOYHMKOB TEMMa CUCTEM LEeHTPann3oBaHHOMO
TennocHabxeHus obecneunnu 4,02 mnpa MNx. K 2000 —tennodukaunoHHbIe YCTaHOBKM TEMIOBbLIX 3J1EKTPO-
ctaHumn (TAC) r. otnyck Tenna cHuamnca oo 3,03 mnpg MNIx. ObLee KONMYEeCTBO TEMSOBbLIX 3MEKTPOCTaHLNIA

Poccun, otnyckaBwimx Tenno BHewHUM notpebutensam B 2000 r., coctaBmno 483 (tabn. 2).

Tabnuua .2

KonnyectBo 1 MOLHOCTb TENMNOBbIX anekTpocTaHumn Poccum (6onee 5 MBT), otnyckaswum Tensno B 2000 r.

HaumeHoBaHue T3C \

YcTaHOBNeHHas anekTpu4yeckas MOWHoOCcTbL, MBT

> 1000 601-1000 | 101-600 <100 Bcero
1.TOC>5 ,|,\/|BT oTpacnu “9Onekrpo- 35 26 160 136 357
3HepreTuka
B Tom uncne TOC c oTnyckom Tenna 17 29 150 130 319
N TENJIO3MEKTPOLEHTPANN
2. TOC gpyrux BeAOMCTB C OTMYCKOM 7 y 15 141 164
Tenna v TENNO3MeKTPoLEeHTpanm
UToro c otnyckom Tenna 24 23 165 271 483
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OuHamunka pacxoga Tonnmea no UCTOYHUKAM TennocHabXXeHus, MiH. T.Yy.T.

300

250

200

150

100

Pacxop tonnmea

50 —

.

1950 . 1960 . 1970 . 1980 . 1990 . 2000 .
@ TennodmkaumoHHble ycTaHoBkM M KoTenbHble O [leueHTpanmM3oBaHHOe TensiocHabxeHne

Puc.1 OuHamuka pacxoga Tonnmea no MCTOMHUKaM TennocHabxeHus.

[ons ueHT panu3oB aHHOro 1980 rog
TennocHabxeHuns B 1970 rogy
17%

34%

83%

66%
W LleHTparnnaos aHHoe TennocHabxeHne W LleHT pan1soBs aHHoe TenrocHabxeHne

O ,D,eLleHT pann3oBaHHOe TennocHabxeHue ] }J,eueHTpanmaoB aHHoe TennocHabKeHue

1990 ron 2000 roa
15% 19%

81%

B LieHTpanu3oB aHHOe TennocHabxeHne

M LleHT pannsoBaHHoe TennocHabxeHve
O [AeueHT panu3os aHHoe TennocHabxeHne
0O [eueHT panu3oBaHHoe TennocHabxeHne

Puc. 2 [Jonsi cuctem LeHTpann3oBaHHOIO TennocHabxeHus B Poccun.

CuncTembl LeHTpanmM3oBaHHOIO TEMMOCHabXeHMs OT KOTeNbHbIX B HACTOSILLEE BPeEMS yOOBNETBOPSAOT NoYTn 43
% Tennonotpebnexus Poccun. N3 obuiero konuyectsa koTenbHbIX (242000) 98 % uMerT eauHUYHYo Tensno-
BYtO MoLLHOCTb MeHee 20 Mx/c n Tonbko 2 % [0CTaTOYHO KpynHble koTenbHble. OcHoBHOE obopyaoBaHue
KOTENbHbIX MapoBble M BOOOIPENHbIE KOTIbI OTAMYatTcst 60nblwmMM pasHoobpasnem, kak no npov3BoOaUTENb-
HOCTM, TaK 1 Mo TEXHUYECKMM XapakTepuctukam. MNogaenstoiee 60MbLIMHCTBO NX (OU3NYECKM 1 MOParbHO yC-
Tapeno, TpebyeT 3amMeHbl. YAernbHbIN pacxod YCMOBHOMO TOMMMBa Ha oTnyweHHbIn 1 X, kak npaeuno, npe-
BblwaeT 40-57 kr y.T. B OTHOCUTENBHO KPYMHbIX KOTEMNbHbLIX MPUMEHSAIOTCA NPenuMyLLIEeCTBEHHO NapoBble KOTIbl
cepunn OKBP, [OE, KE, BogorperiHbie kotnbl KBI'M, KBTC, MNTBM, TBI. Ob6opyaoBaHue MefKMX KOTeSlbHbIX
npepcrtaeneHo 6onee yem 50 TMnamu KOTNoB. MHOroNeTHeM NPakTUKON SKChyaTaumum MENKMX KOTENbHbIX yC-
TaHOBIIEHO, YTO KO3(MULIMEHT NONE3HOro AENCTBUS Manblx KOTroB (YHuBepcarn, QHeprus u T.n.) nocre 5-10
NeT aKcnnyaTaumm Ha NpUpPOAHOM rase cHuxaeTca Ha 5—7 %. OgHOBpeMeHHO BO3pacTaeT BblOpPOC BpeaHbIX
BELLECTB B aTMOCEPY C yXOOdLWMUMN razamu. XapaktepucTuka kotenbHbix Poccun npysegeHa B 1abn. 3.
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Tabnuua 3.

XapaKTepVICTI/IKa KoTenbHbIX Poccun

HanmeHoBaHue KonuuecTtBO YcTaHoOBneHHasa MOLWHOCTb, Tbic. MOx/c

KOTeJbHbIX Map \ BoAa
[MpombilneHHble, Bcero 82000 344 185
N3 HUX MOLLHOCTbIO: | | |
110 20 Mx/c | 79000 | 205 | 108
110 50 MI/c | 2000 | 69 | 20
cBbilwe 50 MIx/c | 1000 | 70 | 57
Mpoune, BCero | 160000 | 143 | 341
N3 HUX MOLLHOCTbIO: | | |
110 20 Mx/c | 158000 | 115 | 268
110 50 MIxw/c | 1500 | 15 | 21
cBbiwe 50 MIX/C | 500 | 13 | 52
Bcero | 242000 | 487 | 526

lMpumeyvaHue. YCTaHOBMEHHAA MOLLHOCTb KOTIIOB KOTENbHbIX HE MEHee YeM B 2 pasa npeBbilaeT Tpebyemyto
Mo TENSOBLIM Harpy3kam.

MpoTskeHHOCTb TennoBbix ceTen k 2000 r. gocturna 257 Tbic. KM B ABYXTPYOHOM ncumncnenunn (tabn.4).
Tabnuua 4

npOTH)KeHHOCTb TENNOBbIX CETEN, ThIC. KM

HaunmeHoBaHue ucrtou-

HVKa Tenna MaructpanbHble | PacnpepenutenbHble KBapTanbHble Bcero
T3C 25 12 56 93
KoTenbHble: | | | |
> 100 /e | 5 | 5 | 30 | 40
< 100 /e | - | 18 | 106 | 124
Wroro | 30 | 35 | 192 | 257

CymmapHoe TennonoTtpebneHne B Poccumn 3a gecarmnetme cHusunock Ha 13 %. TennonoTtpebneHne npomblLL-
nexHHoctn ynano 6onee yem Ha 31,3 %. XKnnuiiHo-KOMMYHanbHbIA CEKTOP NPOAoImKan pa3BuBaTthbcs. Tak, 3a
TOT ke nepuog 6bin oTMeyeH pocT Ha 9,8 %. MNageHne TennonoTpebneHnst B CeNIbCKOXO3SIMCTBEHHOM CEKTOpE
npesbicuro 13 %. HecmoTps Ha To, 4To otnyck Tenna ot CLT Poccun k 2000 r. cHuaunca go 7,8 mnpg NAx, oH
B 1,77 pasa npeBblllan cymmMmapHbin oTnyck Tenna ot CUT 19 Befgyuimx eBponencknux ctpaH BMecTe B3ATbIX
(4,4 mnpg 'Ox). Mo macwrabam passutnsa CUT cpeau ctpan 3anagHow EBponel Beigensatotca OaHua (50 %),
®duHnangua (50 %), Weeumnsa (35 %), PpaHumsa (28 %). B octanbHbix CTpaHax npeobnagjaeT geueHTpanmnso-
BaHHoe TenmnocHabxeHne n CLUT He npeBbiwaeT 15 % (4na npuMepa Ha puc. 2 NpuBeAeHa CTPyKTypa Tenno-
cHabxeHus Mepmanun). B ctpaHax BoctouHon EBponbl CLIT nonyunnu 3HauymMtenbHO Gornbluee pacnpocTpaHe-
Hue (YkpavHa — 50 %, JlIntBa — 54 %, Monbwa — 52 %, SctoHna — 52 % un 1.4.). TennourkaunoHHbIe CUCTEMBI
(CUT Ha 6a3e KOMOBUHMPOBaHHOW BbIpabOTKN Tenna 1 3NeKTPOIHEPTMN) B Takmx CTpaHax, kak epmanHug, pe-
uus, Oanns, Utanusa, HuoepnaHabl, PUHNAHONSA, COCTaABNSAT HE MeHee NOoNoBMHbI 06LLen moliHocTy CLT.
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LleHT pann3oB aHHble

onekT PO3Heprusa NCTOYHUKHN a3
6% 12% 40%

Yronb
10%

Xwnagkoe Tonnueo
32%

O a3 @ XXuakoe Tonmmeo O Yronb O OnekTpoaHeprusi B LieHT pann3os aHHbIe CT OYHUKK

Puc. 2. CTpykTypa TennocHabxeHus FepmaHnm no NCTOYHUKAM.

OpHako macwTtabHoctu passutus CLIT B Poccum He cooTBeTcTBOBana pearnbHas HageXHOCTb U SKOHOMUY-
HocTb. OCHOBHas MpuMyYMHa BEAOMCTBEHHAs Pa30OLLEHHOCTL—ATOro (M OTNMYMe OT 3anafgHOEBPOMENCKUX
CUT) otaenbHbIX 3BEHBEB CUCTEM.

Kak n3BecTHO, poccuiickoe TenmnocHabxarollee X039MCTBO MHOMVe AeCATUNETUs pa3BmBanock Mno nyTu cosfa-
HUSI CPeOHMX U KPYMHbIX CUCTEM LIEHTPanvM30BaHHOro TennocHabxeHusi. B Takux cucremax obblYHO SHeprouc-
TOYHWK W MarucTparsbHble TeNnoBble CETU NPUHAAMEXaNN OAHNM BEAOMCTBaM, NMKOBbIE 1 NapannensHo pabo-
TaloLWMe 3HEPrOMCTOYHMKM — APYrMM, pacrnpeaenuTerbHble TeNMoBble CETU U LeHTPasibHble TEMMOBbIE MYyHKTbI
— TPeTbUM, KBapTarnbHble TENSOBbIE CETU YETBEPTLIM, @ abOHEHTbI — BCEM BegomcTBaM. B pesynbTaTte ypo-
BEHb OpraHu3aumm CTPoOUTENbCTBA M OCOOEHHO 3KCMIyaTaumm, obecneveHns TEKYLLMX U KanuTarnbHbIX PEMOH-
TOB, CHabXeHusa matepranamu n obopyaoBaHMeEM, Y B KOHEYHOM UTOTe, KAYECTBO M CPOKU FOTOBHOCTU OTAENb-
HbIX 3BEHbEB CUCTEM K O4EPESHOMY OTOMUTENBHOMY CE30HY CYLLECTBEHHO OTNNYanuck. Takoe NONoXeHne yxe
B CBOEW CYTW COAEPXKUT NOBLILLEHHYH BEPOATHOCTb TEX UM UHbIX OTKA30B.

OHeproobopyaoBaHue 1 TENIONPOBOAbLI BOBPEMSI HE 3aMEHANMUCH M cenvac B CBOeM GONbLUMHCTBE, OTpaboTas
CBOWN TeXHMYeckun pecypc, Ha 60—85 % usHoLLeHbl husnyeckn n moparnbHo. OBbeMbl TEXHUYECKOTO NEPEBOO-
PY>XEHUSA n3-3a HeJocTaTka KanuTanoBnoXeHU He Bceraa npegycMmaTpusanv BHEAPEHME HOBbIX aHeprocbepe-
rarowmx TexHonornn. Tennounsonsaumsi TpybonpoBogoOB TEMNMOBbLIX CETEN, BbINOMHEHHAsA, Kak NpaBuro, U3 He-
KOHAMLMOHHbIX, HEKa4YeCTBEHHbIX MaTepuanoB, MOYTU NMOBCEMECTHO YACTMYHO UMK MOMHOCTBLIO MpuLuna B He-
rogHocTb. B pesynbtaTe Tennosbie NoTepu B 2—5 pa3 npeBbILaloT NPOEKTHbIE. AKTyanbHenwmne 3agayqm aHep-
rocoepexeHnss 1 3Heproucrnonb3oBaHNUs B TenrnocHabaloleM X03SIMCTBE pellanucb paspo3HeHHo, Geccuc-
TEMHO.

Bbixog 13 co3aaBLIErocs NOMOXEHMS B YCNOBUAX Pa3BUBAOLLNXCS PbIHOYHBIX OTHOLLIEHUI MOXET ObiTb HaaeH
B COOTBETCTBYHLLEN BPEMEHU MEPECTPOMKE OpraHM3auVOHHOW CTPYKTYpbl TennocHabXxaroLwero Xxo3sincTea.
OcCHOBOV NEPECTPOKMN (PECTPYKTYpU3aLIMM) OOIMKHO CcTaTb co3aaHne Ha 0a3e OeCTBYHOLLMX MCTOYHMKOB Tenna
N TEMMOBbLIX CETEN OT HUX aKuMoHepHbIx obwecTB (AO) — pPUONYECKM CAMOCTOSTENBHBIX UMM OOYEPHUX
npeanpuUaTUA MyHULMNANUTETOB, NMPOMbILLNEHHbLIX Npeanpusatuin n AO-aHepro. XapakTepHOn OCODEHHOCTLIO
3TON PEecTpyKTypu3auun CyLLecTBYoLLEN pa3obuieHHon cTpykTypbl CLUT sBnaetcs 710, YTO B GOMbLUMHCTBE
cny4aeB peydb NovaeT O CNnsaHMKU, cocpeaoToveHnmn Bcex 3BeHbeB CLIT B eanHom AO ¢ COOTBETCTBYHOLLEN On-
TMMM3aumen yrnpaenenns. BeposiTHee Bcero nony4yat pacnpoctpaHeHue Tpu tuna AO:

AO CUT, obbeaunHsiolume Bce TpU 3BeHa OTHOcUTenbHO Hebonblmnx CLIT: NCTOYHUK Tenna—TennoBas ceTb—
notpeduTens;

AO UT, skcnnyaTmpytowme TOfbKO MCTOYHMK Tenna, paboTalowmn Ha JOroBOPHON OCHOBE COBMECTHO C ApYru-
M AO UT Ha obLue Tennosble ceTu;

AO TC, akcnnyaTtupytowme kpynHble CLIT ¢ pa3BeTBNEHHbIMU TEMMOBLIMU CETSIMU U €4MHBIM OUCNETYEPCKUM
MYyHKTOM, YNpaBnsioWmMM COBMECTHOM paboTON HECKONbKUX MPUCOEOUHEHHbIX K CUCTEME UCTOYHMKOB Ten-
na: AO TC + AO UT.

PeCprKTprSaLI,I/I‘;I NO3BOJIUT:

06beanHNUTL NMPOM3BOACTBO M TPAHCMOPT Tenna HernocpeacTBEHHO A0 noTpebutenei Temnna, UCKMYUTL Mo-
CPeOHUKOB, U 06ecneynTb HaeXHYH MOHETapPU3aLMI0 PacyeToB;

ynpocTtutb ynpasnexHve CLT;
obecneunTb CMHXPOHHOE pa3BuUTUE BCeX 3BeHbeB CLIT;

co34aTb ycrnoBua ana npuBried4eHna Kanutanos B TennocHabXxarwee X035MCTBO, CHU3UTb HeonpeneneHHoCTb
Ou3Heca gnst noTeHuManbHbIX MHBECTOPOB;

peanu3oBaTtb C NOMOLLBHD MHBECTOPOB MNMpOorpaMmMy LLMNPOKOro BHeOpPEHUA aHeproc6eperalou.|,MX MepOHpMHTMVI,
CHMU3NTb B pegyribTate cebecTonmocTb Tenna u nonyTHO Bblpa6aTbIBaeM0l7l npu KOM6I/IHVIDOBaHHOl7I Bblpa-
boTke ANIEKTPO3HEPINN;

BHEOPUTb rmbkoe LeHoBoe perynuposaHune coo6pa3Ho MECTHbIM YCINOBUAM; NOBbICUTb OTBETCTBEHHOCTb, Ka4ye-
CTBO TEMIIOCHA0XEHMS 1 B LIENOM coumarnbHbI aBTOPUTET rOPOACKOIro TenjioeHepreTn4eckoro KomMmmnrekea,
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of6ecneunTb NpoBedeHVe Hay4yHOW U TEXHUYECKON MONUTUKU, OGHOBMEHME TEXHOMOruiA 1 06opynoBaHus,
CTUMYINUPOBaHNE UHHOBALIMOHHOrO NpoLecca.

HopmaTtuBHO-TexHUYeCKMe npodnemsbi.

MacwTabbl 1 nocnepcteusa aBapun B CLIT 3T0 - Takke pe3ynbTaT HECOOTBETCTBUSA OENCTBYOLLEA HOPMATUB-
HoM ©a3bl MPOEKTUPOBAHMWS, CTPOUTENBCTBA M IKCMMyaTauum CUCTEM LEHTPanM30BaHHOIO TEMNOCHabXeHns
TpeboBaHMsIM coLMarnbHOrO YCTPONCTBA CTPaHbl M Hay4YHO-TEXHUYECKOro nporpecca B TennocHabxeHun. Heob-
xoauma paspaboTka HOBbIX HOPM 1 NpaBui Ha YPOBHe heaepanbHbIX:

CHwuIT «Cwnctembl TennocHabXeHnsa» (aHanoroB HeT);
CHwuIT «TennoBbie ceTny;
CHul «TennoBas nsonauus TENIOBbIX CETENY.

BoT Heckonbko npumepos. Odewnctaytowwmii CHull 2.04.07-86* CCCP no npoekTMpoBaHUO TEMMOBLIX CETEN YC-
Tapen v COAEPXUT Maccy HeTodHocTeln. Kak n3BecTHO, B Ka4ecTBe pacyeTHOWM TeMnepaTypbl HapPYyXHOrO BO3-
ayxa Onsi NpoeKTMpoBaHNs oTonneHns B Poccun npuHMmaeTcs cpefHsis TemnepaTtypa Bo3ayxa 3a Haubonee
XOMOAHY NATMAHEBKY. [MoaTomy ntoboe HepacHeTHOE CHIKEHNE TemnepaTypbl HAPY>KHOrO BO3AyXa Bbi3biBAET
HeJonyCcTMMO ANUTENBHOE MOHMXKEHVE TeMnepaTypbl BO3ayxa B nomMelleHusx. [NonoxeHne ycyrybnsercs Tem,
YTO, OrpaXkaarLume KOHCTPYKLUN MHOMMX 34aHUIA HE paccyMTaHbl Ha SKCTpeMarbHble norogHble cutyauun. Kak
npaBunio, HopmaTuBHo-meToandeckme AokymeHTel CCCP MHOrne gecatuneTvusi OpueHTMpoBann NpPoeKTUPOoB-
LLUMKOB, CTpoMTENen 1 aKCnryaTauMOHHUKOB Ha efuHble Ansg Bcer Poccum KOHCTPYKUUWM, HOPMbl M nNpasuna.
Hanpumep, CHull 2.04.18-88 no tennounsonauuv TpebyeT NpMMeHATb eAuHble AN Bcew TeppuTtopum Poccun
HOPMbI TEMMOBLIX MOTEPb TEMnonpoBodamu. B pesynbTate TonwmHa M3onsauuMm TenronpoBOAoB B CUOMPCKMX
CUT meHbLUe HeobxoouMONM 1 NoTepu Tenna COOTBETCTBEHHO Gorblue, YeM B eBponenckmx. B ycnosusx pbi-
HOYHOW 3KOHOMMKM KPUTEPUEM YPOBHS TEMSIOBLIX NOTEPL MOXET ObITh TONLKO NPUOLINL. Unu Hanpumep, egu-
Hasi Hopma pPe3epBHOWN TEMMOBOW MOLLHOCTU 3HEPrOMCTOYHUKOB MPaKTUYECKM npueena K ToMmy, 4YTo OonbLuas
yacTb TOL, 1 KoTenbHbIX CTpaHbl cenyac He oTBeYaeT TPeboBaHUAM HaLEXHOCTU.

TonnuBHbIe Npobnembl.

CTpemneHune K CHmxeHNo cebecToMMOCTN NMPON3BOACTBA TEMNMA U 3NEeKTPOSHEPTMN MPU OLHOBPEMEHHOM Yae-
LUEBMNEHMN CTOUMOCTU cTpouTenbcTBa TOLL 1 KoTenbHbIX, @ Takke HeOBXOAUMOCTbL Yy4LLIEHUS KONOrMYECKOWN
0OCTaHOBKM B ropofax MpMBENO K NOCTENEHHON 3ameHe Ha ropoackux TOL, yrnsa Ha ra3—masyT Ha BCEW eBpo-
nevickon 4Yactn Poccuu, Ypana, KaBkasa n 3anagHon Cubupu. [Ins aTMx permoHOB NPUPOAHbIA ra3 ocTaHeTCcs
elle AnuTenbHOe BpeMs peHTabernbHbIM, Hanbonee AeLleBbIM 1 3KOMOMMYHbBIM TonNnmMBoMm. HadnHasa ¢ nocne-
BOEHHbIX NeT, posib MPMPOAHOro rasa 1 masyTta B 3HepreTuke Kak adeKkTnBHbIX BMOOB Tonnuea (Tabn. 5, puc.
3) Bo3pacTana no mepe yBenuyeHusi JoObluM 3TUX BMAOB TOMMMBA WM PasBUTUS UHAPACTPYKTYpbl AarbHEro
TpybonpoBogHoro TpaHcnopTa B npegenax CCCP. Kak BugHo 13 1abn. 5, TOL, B TennoguKaumoHHbIX CUCTe-
mMax Poccumn 0o wmpokomacwtabHoro passutus 40ObIUM NPUPOLHOro rasa U Co34aHus pa3BeTBEHHOro raso-
NPOBOAHOro TpaHcrnopTa paboTany B OCHOBHOM Ha MECTHbIX U AanbHENpuUBO3HbIX yrnsx n topde (85 % B 1950
r.). B ropofckux n NpOMbILLNIEHHBLIX KOTEMbHBLIX HA ypoBHe 1950 r. TBepable BUALI TOMnMBa 3aHnmanu 6onee 60
%. MoTpebneHne masyta He npesbiwano 20 %. B geueHTpanM3oBaHHOM TensiocHabxeHnM ocobeHHO B cenb-
CKOW MECTHOCTU M HEDOMNbLUMX HACENEHHbIX NMyHKTax 3HAYMTENbHYH POrb Urpanu, Tak HasbiBaeMble «camo3a-
rOTOBKM» TOMMMBA: APOBa, kambliw, Topd, wena u T.n. (19-22 %), HO 1 3aeck yrnun ABASANUCL OCHOBHBIM UCTOY-
Hukom Tenna (60—70 %).
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Tabnuua 5

M3meHeHwme cTpykTypbl TONNMBHOro 6anaHca B TennocHabxarLwem xossictse Poccum

Mokasarenb 1940 r. 1950 r. ‘ 1960 r. 1970 r. 1980 r. 1990 r. 2000 r.

TennocukaumoHHble ycTaHoBKU TIC
Pacxop Tonnmea*, MInH T y.T. | 18 | 41 | 67 | 187 | 243 | 278 | 207
[MpupogHbin ras, % | - | - | 25 | 60 | 63 | |
MasyT, % | 5 | 8 | 37 | 14 | 12 | |
Bcero: ras + masyt, % | 5 | 8 | 30 | 55 | 62 | 74 | 75
Teeppoe TonNnMBeo | 91 | 85 | 68 | 38 | 89,9 | 25 | 24
Mpoune Buabl TONnMBa | 4 | 7 | 2 | 7 | 2,43 | 1 | 1
| KoTenbHble
Pacxop Tonnuea, MNH T y.T. | | | | 92 | 192 | 235 | 203
MpMpOAHbIY ra3, % | - | - | 1 | 3 | 4 | 52 | s
MasyT, % | 10 | 20 | 2 | 20 | 18 | 1. | 15
Bcero: ras + MasyT, % | 10 | 20 | 4 | s | e | e | 70
TBepaoe Tonnmeo | 76 | 60 | 46 | 40 | 26 | 25 | 25
[Mpouue Buabl Tonnvea | 14 | 20 | 14 | 10 | 8 | 7 | 5
| DeueHTpanu3oBaHHoOe TennocHabxeHne

Pacxopn Tonnuea®, MInH T y.T. | | | | 91 | 87 | 90 | 98
MpupoaHbI ras, % | - | - | 5 | 10 | 31 | 42 | 51
MaayT, % | 8 | 12 | 15 | 15 | 17 | 15 | 14
Beero: ra3 + maayT, % | 8 | 12 | 20 | 25 | 48 | 57 | es
Teepaoe Tonnmeo | 70 | e | e | a5 | 3 | 3 | 25
Mpoume BiuaLI TONMNBa | 22 | | 20 | 30 | 14 | 12 | 10

* C yyeTOM pacxofa Tonnmea Ha BbIpaboTKy aNEKTPO3Hepruu.

Becbma GnaronpusaTHble PU3MKO-XMMUYECKME, SKONOTMYECKME N SKOHOMUYECKME MOoKa3aTenun NpUpogHoro rasa
Kak ToOnnnBa Ansg NCTOYHUKOB TEMSTOCHAOXEHNSA ABUITMCh B CBOE BPEMSI MOLLHBIM CTUMYJIOM K MEPECMOTPY BCEW
KOHLIeNuMm TONnmMBOCHabXXeHMs TEMNSIOBOro X03AMcTBa B CTpaHe. [londa rasa u »xugkoro tonnmea B Poccun co-
ctaenseT npumepHo 70%, B TO BpeMs Kak B pa3BUTbIX CTpaHax EBponbl OHa CyLecTBEHHO MeHbLUe (puc. 4, 5).

Mycop un npoyne
BWabl TOMMMBA
7%

XX naokoe Tonnmeso
2%

Bypbin yronb
12%

MpupoaHbIv ras

KameHHbIn yronb 45%
34%
O MNpupopaHbI ras B KameHHbIn yronb
0O Bypbin yronb 0O Xwunagkoe Tonnme o

B Mycop v npoyne Buabl Tonmmea

Puc. 4. TonnueHbI 6anaHc TOL, n Apyrvx UCTOYHMKOB LIEHTPanM30BaHHOro TennocHabxeHusi Ffepmanuu.

OpueHTauust Ha NPUPOAHbIV ra3 NPUTOPMO3MIa HayYHO-TEXHUYECKUI NMPOrPECC B CO3A4aHMN HOBbIX TEXHOMOIMI
CXKUraHusi TBEPAOro TOMMMBA U KOHCTPYMPOBaHMS aHeproobopyaoBaHus Ans TeepaotonnmeHbix TOC. Ho raso-
Basi oTpacnb B Lenom byget TpeboBaTtb Bce Gonblue 1 6onblue MHBECTULMIA ANS AanbHenwero passutus. o-
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1970 ron

13%

47%

B [NpypogHbIv ra3 + masyT B TBepgoe Tonmmeso

O Mpoyee Tonmmeo

1990 rop

3TOMY C KaXkObIM rofIoM BCe aKTyarnbHee CTaHOBUTCA BO3BpaT K NPUOpUTETaM U TEXHOIOMMSAM CXUraHus TBep-
[J0ro Tornnmea.

1980 rop

6%

33%

61%

B [NpupoaHbIv ra3 + MasyT @ TBepaoe TONmMmMBO

O lNpoyee Tonnmeo

2000 rog

5% 4%
26%

69%

B [NpupogHbIvi ra3 + masyT B TBepgoe TonmMBoO

O Mpouyee TonnmMs o B [pypoaHbI ras + masyT B TBepaoe Tonmso

O MNpoyee TonmmBe o

Puc. 5. Ctpyktypa notpebneHusi Tonnmea B Poccun Ha Hyxxabl Tennodukaumum.
8.1.2. AKTyanbHOCTb U NOTEHLMan 3HeprocoepexeHns B XXUMULLHO-KOMMYHarbHOM X035IMCTBe.

AKTyanbHoOCTb

HKunuwHein dpoHg Poccumn npesbiwaeT 2,6 mnpg k8. M obwen nnowagn. B cpegHeM Ha OQHOro poccusiHnHa
npuxogutcsa 18,9 k8. M obwen nnowaau. Cebiwe 20% ropoacKkoro XuUnuLHoro gooHaa HebnaroycTpoeHHo, a B
MarblX ropogax Kaxablli BTOPOM AOM He uMeeT uHxeHepHoro obecneyeHus. bonee 290 mrH kB. M (11%) xu-
NULWHOrO (hoHAA HYXOAKTCA B HEOTNIOXKHOM KanuTanbHOM PEMOHTE U nepeobopyaoBaHUM KOMMYHarbHbIX
KBapTMp B oTAaenbHble, 250 MiH kB. M (9%) - B pekoHCTpykumn. N3 roga B rog yBenuuMBaeTcs noanexaliui
CHOCY BETXMIA U aBapwiiHbIi oHA ¢ n3Hocom 6onee 60%. Tonbko 3a nocnegHve rogpl NO BETXOCTU BbIObLINO
cebiwe 40 mnH kB. M. B BeTxom choHae nNpogormkatoT Npoxmeatb 2 MITH YernoBek. 75 % CyLecTBYOLEro Xu-
nuwHoro doHaa ropogoB Poccum CoOCTaBnsOT caMble 3HeprosatpaTHble B MUpe AoMa M3 COOpHOro xene3obe-
TOHa.

[oma un3 Opyrux matepuanos, B CUITY X KOHCTPYKTUBHbIX 0COBEHHOCTEN, TaKkke He OTNnYarTCs 3Heproc6epe-
XEeHnew.

Ha TennocHabxeHne aToro xmnuHoro oHaa B HacTosiLLee BpeMs 3aTpaymBaeTcsa He meHee 45% aHeprope-
cypcoB (okono 430 MIH. T YCNOBHOrO TONMBa), 4To B 2,3 pasa bonblue, YeM pacxo4ytoTcs TonnmMBa Ha Npous-
BOLCTBO 31eKkTpoaHeprnn. B xonogHble 3nmbl NOTPEOHOCTL € TONNMBE Ha TennocHabeHne Bo3pacTtaeT Ha 10
% v bonee.

B cyuwecTBytoLem XunuHoMm doHae ropoaoB pacxobl TennoTel Ha otonneHve 1 M2 B 2,5-4,5 pasa 6onblue,
Yyem B LBeuun n PUHNSHAMK, MO KNMMATUYECKUM YCNOBUSAM BrM3KMM K eBponenckon Yyactu Poccuu.

dakTnyeckme TennonoTtepu 34aHUN 3HAYMTENBHO BbILLE HOPMaTUBHbIX 1U3-3a HU3KOIro Ka4ecTtBa CTPOUTESIbCTBa
M aKcnnyartauun.

KommyHanbHas aHepreTuka notpebnsiet 6onee 20% anektpudeckon n 45% TennoBon 3Heprumn, Npon3BoanMbIX
B Poccuun. Jednumnt MOLLHOCTEN NCTOYHUKOB TEMNNOBOW 3HEpPrum coctasnseT cBbiwe 13 Thic. [kan - yac.

Bbonee yem B 100 KpynHbIX ropogax Boga nogaetcsa B foMa no rpaduky, npm atom 25% ee tepseTtcs, a bonee
40% He cooTBeTCTBYeT TpeboBaHWsaM caHUTapHoro Hagsopa. eduunt MOLLHOCTEN BOAONPOBOAOB NpeBbILLa-
eT 10 mrH ky6. M, nnn 15% BCcex yCTaHOBIEHHBbIX.

Mo paHHbIM [occTpos, huUanYeckuin M3HOC BOAONPOBOAHLIX ceTen foctur 54,2%, o6bekToB TenfocHabXeHns -
56,7, anekTpocHabxeHns - 68, a B LeNIOM MHXEHepPHbIX KOMMYyHMKaumin - 60%. CpoyHor mogepHusauun Tpe-
BytoT 7% TennosbIx ceTen n 16% BogonpoBoaHbIX. CyMmMapHble NoTepn B TENMOBLIX CETAX, B TOM YuCre 13-3a
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nsHoca Tpy6, gocturatot 30% Npov3BeOEeHHON TEMMOBOW 3HEPIMM, YTO SKBUBANEHTHO 65—68 MMH T YCIOBHOMO
TOoNnmBa B rof.

KonunuectBo aBapun Ha 100 kM MHXeHepHbIX ceTen yBenuuunocb ¢ 15-20 B cepeanHe 90-x rogos ao 70 Ha
ceTsAX BOAOCHabXeHMsA 1 kaHanm3aumm 1 go 200 aBapui Ha ceTdax TennocHabxeHus (B EBpone - B cpeaHem 3)
B 2000 r. B npownom rogy npousoLwwno 77 KpynHeix aBapui B 40 perroHax - No4Tu Ha TpeTb 6onblue, Yem ro-
aom paHee. CuTyaumsi obocTpunack He Tonbko B lNMpumopke, Ho 1 B KpacHosipckom kpae, bBypsatum, HoBocu-
Oupckon, ApxaHrenbckon, KanuHuHrpagckonm n gpyrmx obnacrsax. B ogHux obnactax Tpybbl nonaroTca m3-3a
W3HOLLUEHHOCTU, B OPYIUX - €Lle U MO NPUYMHE OTKIIYEHUS Tenna. B cnoxuBLInXCA yCnoBusAX BNOMHE peaneH
KpynHOMAaCLUTaOHbIN MHPACTPYKTYPHbIN KPU3UC, CBA3AHHBIA C MAacCOBbIMKM aBapusiMm Ha obbekTax XKKX.

B ropogax yepe3 kOMMyHarnbHble CUCTEMbI KaHanMsaumMm ouMaeTcsa A0 YCTaHOBMIEHHbIX HOPMATMBOB TOSMbKO
30% cTokoB. [eduunTt MOLLHOCTEN KaHaNM3auMoHHbIX ceTen cocTasnsaeT 9 MiH Ky6. M B cyTku (16,5%), kanu-
TanbHOro pemoHTa TpebytoT 17% ceTen, a AeHer Ha 3TW Lienn NpakTUYeckn He BbiaenseTcs.

Mo oueHkam NoccTposi, obHapogoBaHHbIM B Hadane 2001 r., Ha MoaepHM3aL Mo CeTeBOro TeEMMo- U BOAOCHab-
XeHus TpebyeTcsa 136 mnpg pyonen, reHepmpyloLWmMx MOLLHOCTEN - okorno 162,7 mnpa, BogocHabXeHus U ka-
Hanusauum - 135 mnpa.

B cTpykType KOMMyHarbHbIX MnaTexen nnata 3a 9MekTpo3Hepruo, Tenno u Body coctasnseT okono 70%.
Ba)kHO CHM3UTb U3OEP>KKM NO ATOM COCTaBNAOLLEN, HO CAeNnaTb 3TO AOBOMbHO CMOXHO, yYNTbIBAS POCCUINCKYHO
npakTuky. [1o nocneaHero BpeMeHu nNpu CTPOUTENLCTBE 34aHMI 3aTpaThbl HA NOCNEayOLLY0 UX SKChnyaTaumo
N CTOMMOCTb NOTPEeBnSeMbIX NMPU 3TOM 3HEPropecypcoB HE MpUHMManucb B pacyeT. NpegnoyTeHve oTpaBa-
Nocb JelleBbIM Matepuanam, KoTopble MMenu OonbLUy TEeNonpoBOAHOCTb, M MPOCTENLLNM CTPOUTENbHBLIM
TexHonorvam. B pesynbrate no TENNOTEXHUYECKMM CBOWCTBAM Halu 34aHus B 2—3 pasa ycTynatoT 3apybex-
HbIM. He npyaaBanocb 3Ha4YeHust y4eTy U 3KOHOMWUM pecypcoB. Ecnn oHu gelueBble, HET CMbICNa CTaBUTb AO-
porne cYeTYMKW. Hemanbi BKNag B pacTOMMTENBCTBO BHOCUT MNavyeBHOE COCTOSIHME MHXEHEPHbIX ceTel. Ha
TENMOoBbIX MarncTpansax exerogHo tepsietca oo 10% Bcer NponsBoaMMON TEMNJTOBOW 3HEPTUMN.

MoTepu 1 Teun Ha Tpaccax, HepauuoHanbHbIN pacxo MasyTa, rasa, yrnsg npu nNpousBoACTBE U TPaHCNopTU-
POBKe Tenna BKYalTcs B Ce0eCTOMMOCTb NPOAYKUUN U HOpMaTuBbl NoTpebneHus. B pesynbtaTe HopmaTuBbI
pacxoaa Boabl B Poccumn coctaenstot okono 300 n Ha yenoBeka - BaABoe Oorblue, Yem B 'epmanumn nnv Benu-
KoOpuTaHun. A HEKOTOpbIE HOPMAaTKBbI NPeBbILAT 3apybexHble aHanorn B 5—-10 pas, nockonbKy HOpMaTuB-
Hasi 6a3a, cOpMMPOBABLLASCA B 3MOXY NAHOBOW 3KOHOMMKM, 3aBblllana HeobxoamMMble 3aTpaThl.

3atpatbl Ha nponsBoacTBo XKKY B cpegHem no Poccum coctaBunu B okTsbpe 1999 r. 12,7 pybnst Ha 1 kB. M
obuwen nnowaamn (penepaneHebinn ctaHgapT Ha 2000 r. - 12,8 pybns, Ha 2001 r. - 14,2 py6ns). Ha obcnyxuBa-
Hue 1 KkB. M B Hallel cTpaHe Tpatutca B 3—7 pa3 6onblue 3Hepropecypcos, Yem B cpefHem B 3anagHon Espo-
ne, 3aTpaTtbl 3MEKTPO3HEPINM Ha MPOU3BOACTBO M peanu3aumio 1 ky6. m Bogpl Bbiwe Ha 30%, yaensHoe no-
TpebneHve Boabl HA OOHOrO poccusiHMHA - B 1,5—2 pasa, ymcneHHocTb nepcoHana XXKX, 3aHatoro obenyxma-
HMeM 1 TbIC. XMIbLOB, Takke B 1,5—2 pasa 6onblLuUe - MPU HECONOCTaBUMOM KayecTBe.

AHanu3 LOroBOpoB MOKa3blBaET, YTO OTNyCKaemble ropody obbeMbl Tenna 3asblwatotcs. K npumepy, Tenno-
cHabXarolwasa opraHmM3aums 4acTo MCXOAUT M3 TOro, YTO CUCTEMbI rOpsivYero BoAoCHabxeHust paboTtatoT npwu
MaKCMMarbHON NPOEKTHOWM Harpyske Kpyrmbiv rof, «3abbiBas» 0 TOM, YTO JIETOM ropsyvyro BO4Y OTKIOYaT MU-
HUMYM Ha Tpu Hegenu. Ectb n gpyrme xutpoctu. Ckaxem, ropofdy npogaeTtcsi TENo, KOTOPOe HUKoraa He Bbl-
pabaTbiBanock, B pe3ynbtate ero o6bembl 3aBblwarTcs Ha 20-25%. Taknm 06pa3om, BHYLUMTENbHOW 9KOHO-
MUN MOXHO 0obuTbCca aaxe 6e3 Tennocbeperaowmx MEpPONPUATUIA, JOCTAaTOYHO NPUMBECTU LOMOBOPbLI B COOT-
BETCTBME C peanvsmMmn 1 BBECTU YYeT.

3aBbIlLaloTCsA He ToNbko 06beMbl OTNyCKaeMoro Tenna, Ho u ero cebectonmocTb. Tak, TennocHabxatowwue op-
raHu3auuy onpeaensitoT CBOM U3LEPXKKM MO caMOMy XOSIO4HOMY BPeMeEHM rofa W 3aknagbliBaoT ux B Tapudbl.
Hepegkv n npocto 3noynoTpebneHus, koraa Ha cebecToMMoCTb CNMCIBAOT COAEPKaHNe BEAOMCTBEHHbIX [0-
MOB oTAbIxa, 6acceiiHoB, 06y4eHNe crieumManncToB 3a pybexom. B Hee BKMOYatoT Takke HEONpaBAAHHO BbICO-
KMe TpaHCMOPTHbIE M3OEPXKKM, KPYINOCYTOYHOE OTOMMEHWE B AHEBHOM pEXMME MYCTYHOLUX OETCKMX Canos,
LUKOS, MOMUKIMHKK U APYrUX yupexaeHuin. MNMoatoMy ctommocTb 1 Mkan Tenna B pasnuyHbIX perMoHax koneob-
netcsa ot 60 go 300 py6nen.

lMpuBeaeHHble hakTbl CBUAOETENBCTBYIOT 00 aKTyanbHOCTU 3HEpProcOepexeHns B XKWUMULHO-KOMMYHarnbHOM
XO35I1CTBE.

OcHOBHOE HarnpaBneHue B 9KOHOMUW 3HEPropecypcoB 3aHMMaeT TennocHabxeHue. [MpoBeAeHHbIN aHanms
(nporpamma pecypcocbepexerus, paspabotaHHasa OenaptameHTom XKKX n aHepretuku r. PoctoBa-Ha-[JoHy)
nokasblBaeT, CHUXKEHME NOTPeOeHnss NepBUYHbLIX 3HEPrOPECYPCOB MPU NPOM3BOACTBE TEMMOBOW 3HEPTUN NpU-
BOAWT K cneayoLLen 3KOHOMUN (PMHAHCOBbLIX CPeacTB:

CHMXeHne noTpebneHus SkoHOMMUYecknn adpdekT

OkoHomus 1 Kr. ycnoBHOro Tonnuea Ha npoussoacTso 1 [kan. Ten-

NOBOW 3HEPrn 1,0 MrH.py6. B rog.

OkoHomus 1 1. Bogbl Ha Mpon3BoacTBo 1 [Karn. TENNOBOW SHEPrnn 0,31 mnH.py6 B rog.
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3koHomuMsA 1 KBT/Y anekTposHeprum Ha Npon3BOACTBO U TpaHCMop-

TMpoBKy 1 kan. TennoBow aHeprum 0.1 MnH.py6. B roA.

OkoHoMusi notpebnenns 0.005Mkan. Ha 1 M.kB. 0bLLEel unon

nrowaam B MecsiL, 6,3 MH.py6 B rog

O6ecneyeHre 6e3HAKUMNHOIO peXMMa 3KCMyaTaumm KOTnoBbIX
arperaToB (Mpy MHTEHCUBHOCTU 0Opa3oBaHusa Hakunu 1 MM, nepe- 11,2 MnH.py6 B rog
pacxog Tonnuea - 10% To rogoBoro noTpebnexHus)

TennocHabxeHne BNAETCA cambiM GONbLUMM CEKTOPOM XUMMLLHO-KOMMYHarbHOro X03sincTea no obvemy no-
Tpebnsembix aHepropecypcoB - 6onee 400 MAH. T y.T. B rod, 4YTto coctaBndeT 44% oT obuero notpebneHus
3Hepropecypcos B Poccuun. TennoBas aHeprnst NponssognTcs CUCTEMaMn LEHTPaNM30BaHHOMO 1 AeleHTpanu-
30BaHHOro tennocHabxeHunsa. Okono 70% Tenna npousBoAUTCS CUCTEMaMu LieHTPann3oBaHHOro TennocHab-
XeHWs, ocTanbHas 4YacTb KOTenbHbIMU. B AeleHTpann3oBaHHbIX CUCTEMAX, K KOTOPbIM YCITOBHO OTHECEHbI CUC-
TeMbl MoLLHOCTLI0O MeHee 20 Mkan/y (23,3 MBT), npoussogutcsa okono 15% Bcero TenmnoBon aHEPruun, U3 HUX
MpaKkTUYECKM BCE KONMYECTBO Tensia Npov3BOAUTCS KOTENbHBIMW U NULWb He3HauuTenbHast Yactb (1-3%) npo-
n3soaat TAL, Mmanoi MoWHOCTMK.

[MpuMepHO Takoe e KONMYecTBO TennoBon 3Heprum (okorno 15%) nponssoamTca uHAMBUAYanbHLIMW KOTENb-
HbIMW U TennoreHepaTopamu, MOLLHOCTb KOTOpbIX He npeBbiwaeT 0,5-1 MNkan/y (0,58-1,16 MBT). Kpome aToro,
He3HauMTenbHasi YacTb Cnpoca Ha TENMOBYI 3Hepruio (2-4%) yOooBNeTBOPSETCA 3a cHeT yTunmsauum copocHo-
ro Tenna oT TEXHONMOIMYECKUX YCTaHOBOK, a JONA Tenna, Nony4aeMoro OT reoTepmarbHbIX, COMTHEYHbIX U T.M.
NCTOYHMKOB, NPEHEDpEeXMUTENBHO Mana.

HecmoTps Ha To, YTO TennocHabXkeHne ABMSeTCs CaMblM TOMMBOEMKUM CEKTOPOM TOMNMIMBHO-3HEPTEeTUYECKOTO
KOMMrekca, OHO B OTnuuMe OT Apyrnx otpacnen TOK He wvmeeT eguHOW TEeXHWYECKOW, CTPYKTYpPHO-
WNHBECTULMOHHOW, 3KOHOMUYECKOW M OpraHn3aunoHHON NONUTUKK. Mpo3payHbl NUwb TeNNOMUKaLNOHHbIE CUC-
TEeMbl U CUCTEMBI LIEHTPaNM30BaHHOroO TennocHabxeHns B pamkax AO-aHepro n xongunHra PAO “EQC Poccun’.
MyHuumnanbHble cucTembl TEMOCHabXeHUSA U cdepa AeLeHTpanM3oBaHHOro TennocHabXeHust No cyLecTBy
npegocTaBneHbl camu cebe.

He BepgeTtca paspaboTka cBOAHOro TennoBoro 6anaHca cTpaHbl. B pesynbrate psa HanpasneHUn Npon3BOACT-
Ba U UCMNOMNb30BaHUSA TEMMOBOW SHeprnn He y4vntbiBaeTcd n, crnegoBaTtesibHO, He OUueHUBaeTCA 3HepreTu4eckmn
N 3KOHOMUYECKN.

YuuntblBas rpoMagHyto CoumanbHy0 3HAYMMOCTb TennocHabxeHus B Poccun n ee TONNMBOEMKOCTb, MOBbILLIE-
HVWe 3(PDEKTUBHOCTN B CEKTOPE TEMNfOCHabXeHNs - 3TO He MPOCTO CNOCOB CHWKEHUS U3OEPXKEK B IKOHOMUKE
KKX, NpOMbILLNEHHOCTU U CENMbCKOM XO35IMCTBE, @ MOLLHbIVA pblvar nogbemMa 3(pHEKTUBHOCTN IKOHOMUKN Poc-
CWM B LIENOM.

CymMmapHbI pocT Tennonotpebnernst B ctpaHe B 2020 r. no cpaBHeHuto ¢ 1999 r. nporHo3npyetca 1,3 1,17
pasa (o 2650 mriH. ['kan) co CHMKEHNEM yaerbHOM TEMMOEMKOCTM 3KOHOMUKM B 2,1-1,6 pa3a. Npn aTom gons
OeUeHTpann3oBaHHOro TennocHabxeHus BoipacteT k 2020 r. go 33-35 %.

CornacHo «3HepreTunyeckon ctpatermn Poccum Ha nepuog ao 2020 roga» OCHOBHbIMW HanpaBreHUsIMU CO-
BEPLUEHCTBOBAHMS N Pa3BUTUS CUCTEM TENNOCHabXeHnsa byayT:

onTnMmn3auma u.ene0006pa3H017| cTeneHn ueHTpanmsauun cuctem TennocHabxeHus ¢ y4eTOM KOHUEHTpaunn
crnpoca, N3MEHEHNI CTPYKTYpPbI cebecTonmMoCTM TENNoBOMn QHEpPrmm n ee TpaHcnopTa, PbIHOYHbLIX yCJ'IOBI/IIZ
X03SMCTBOBAHUSA U CTPYKTYpPbI CcoBCTBEHHOCTU ﬂOTpe6VITeJ'Iel7I SHEPIrnn;

COBEpPLLEHCTBOBAHME CXeM 1 060pya0OBaHMS CUCTEM TEMNNMOCHAOXEHUS (B YACTHOCTU — MOBCEMECTHbIN NEPEX0s
Ha COBpPEMEHHbIE NpeaBapuUTENibHO M30MMpPOBaHHbIe TPYObl Ha TennoTpaccax), a Takke YPOBHS UX 3KC-
nnyatauumn B LEnsxX CHUWKeHNs cebecToMMOCTU SHEPTMN U PE3KOr0 CHWKEHUS A0NN yYacTus rocyaapcTea B
PUHaAHCUpOBaHUKN TennocHabxeHnsa ObiTa;

NMOBCEMECTHOE BHE[pEeHne CUCTEM aBTOMaTUYECKOro U py4YHOro peryrnvpoBaHns CUCTEM OTOMMEHUS, OCHaLLe-
HME NX U3MEPUTENBHOW 1 perynupytoLen npubopHon n apmaTypHON annapaTtypon;

paclmnpeHmne ncnornb3oBaHNA MECTHbIX HeTpaaAULMOHHbIX BO30OHOBISIEMbIX WUCTOYHMKOB QHEPrnn - reortep-
MaribHbIX, COJTHEYHbIX, 6M03Heprl/ll/l.

CyMmapHoe npon3BOACTBO TEMSIOBOW SHEPrUM COrNacHoO NporHo3am GyaeTt pasBuBaTbCs, Kak NokasaHo B Tab-
nuue. 1

Tabnuua 1

[MporHo3 npon3BoAcTBa TENNOBOW 3HEPrK

MNMokasaTtenu
CymmapHoe NpoOn3BOLCTBO 2120 2200 2300 2420
TensosHeprum, MiH. Mkan 2060 2185 2315 2470 2650

102



* B uncnurene gnsi NOHWXEHHOro, B 3HaMmeHarene ans 6J'IaFOI'IpI/I9|THOI'O BapunaHTa pa3BnUTNA 3KOHOMUKN

MoTteHuman aHeproc6epexeHuUs.
Mo cocTosiHuio npom3BoAcTBeHHOM 6a3bl oTpacnew k Havany 2000 roga noteHuwan aHeprocbepexeHns (no
3KCMNepPTHOWM OLEeHKe, NpeacTaBNeHHOM B NPOEKTe «AHepreTnyeckon crpatermm Poccumn Ha nepuog oo 2020 ro-
4a») pacnpegenseTcsa Mexay oTpacnsMu HapogHOro XO3AMCTBa, Kak Noka3aHo B Tabnuue 2.
Tabnuua 2.
[MoTeHunan opraHn3aLMOHHO-TEXHOMNOMMYECKMX Mep 3KOHOMUK aHepropecypcos (2000 r.)

OneKkTpo3Heprus, LleHTpanu3oBaHHOe Tonnueo,

OTtpacnu
mnpAa. kKBt.4 Tenno, mnH. Nkan. MIH. T Y.T.

TonnMBHO-3HEPreTUYECKNIA KOM- 29-35 70-80 99-100 120-135 | 33-31
nnekc, Bcero

B TOM 4yucre: | |
3IEeKTPO3HEepreTuka u TeMo- 23.08 67-76 70-77 00-100 | 25-23
CHabeHne

gfgg"b'm“e”“o‘”b v cTponTene- 110-135 150-190 49-63 110-140 | 31-37
TpaHenopT | 7-11 | ; | 2226 | 2330 | 67
CernbCKoe X035MCTBO | 4-5 | 5 | 9-11 | 12-15 | 3
KOMMYHarbHO-6bITOBOM CEKTOP 70-74 120-135 46-50 95-110 | 27-26
Ntoro 220-260 345-410 230-270 360-430 100

MeHbLlee 13 npuBeOeHHbIX 3HAYEHUI OTHOCUTCS K peanu3aumm aHeprocbeperaowmx MeponpusaTui, OCBOEH-
Hbix B Poccun, Bonbluee 3HavyeHne - K peanusauum MeponpusTUiA, OCBOEHHbIM MWPOBOW dHepreTukon. Kak
BMAHO U3 Tabnuupl, noTeHuman aHeprocbepexeHnsa B XXKX coctaBnseT nodtu TpeTb OoT obuwero noteHunana
BCex oTpacrew xo3dancTea. [Npegnonaraetcs, 4yto 6onee 70% sKOHOMUM aHepropecypcoB ByaeT AOCTUrHYTO 3a
CYeT 3KOHOMWUW TONNUBAa U TENNoBon aHeprumn (puc. 1, 2), B TOM YnCe SKOHOMUS TEMMOBOW 3HEPTUN 1 rasa co-
ctaBnseT npumepHo 30% (B abcontoTHOM ncuncnexnn, coorsetcteeHHo 20 un 10,1 mnH. T.y.T). B 2005 rogy no
OaHHbIM nognporpammbl «AHeprocbepexeHune B XKKX» aKOHOMMUS SHEPropecypcoB B XUITULLHO-KOMMYHAITbHOM
XO3ANCTBE AOMKHA COCTaBUTb 22-25 MIH. T.y.T., YTO COCTaBUT NpUMeEpPHO 25% OT obLLel 3KOHOMUKM NO oTpac-
nam, a 3a nepuopg, 1998-2005 r. — 93-110 MAH. T.y.T..

[nga npumepa oueHVM noTeHuuman 9KOHOMUM ra3oBOro ToMnvBa Mpu NPOU3BOACTBE Tenna AeLeHTpanvM3oBaH-
HbIMW UCTOYHUKaMn aHeprum B Poccuu. Npu npomsBoacTee Tenna ykasaHHbIMU uctodHnkamum B 1990-2000 ro-
Jax Jons rasa cocTaensna B TonnuBHoMm 6anaHce oT 42 0o 51%. Ecnn npegnonoxuTe, YTo CTpyKTypa Oanax-
ca noTpebneHust ToNMBa COXPaHMTCH, TO AKOHOMUS TEMMOBOW 3HEPrun, akBmBaneHTHast 20 MiH. T.y.T, paBHO-
CUnbHa 3KOHOMWM (0,42-0,5'])*20*106=(8,4-10,2)*1O6 TOHH YCINOBHOro rasosoro tonnuea unu (7,3 — 8,9)~']O9 M
npupogHoro rasa. NpsamMas 9KOHOMMUS NMPUPOLHOrO rasa npu peanusauuun aHeprocbeperarLwnx MeponpuaTUi
coctasngeT 10,1 MAH. T.y.T. N npumepHo 8,8 *10° M. Takum 0o0pas3oM, noTeHuuanbHasi SKOHOMUS NpUpoa-
HOro rasa B macwrabax Poccum moxet COCTaBVITb Ha nepwog ao 2005 roga (no coctosiHuio Ha 2000 r.) npu-
MEpHYH BenuunHy ot 16,1 go 17,7 an,u. m> [ns CpaBHeHus, rogoBoe notpebneHve npupogHoro rasa B r. Mo-
CKBE COCTaBISIET MPUMEPHO 25 MNpA.M°. Takasi SKOHOMUSI, pasyMeeTCsi, MOXKET BbiTb JOCTUTHYTa B pe3yrbTa-
Te peanusauuu BCEro Kommrekca Mep no dHeprochepexeHuto, NpeayCcMOTPEHHbIX NPOrpamMmon, HauuHas oT
pauMOHanbHOrO CXUraHus TOMMMBa W KOHYas HEenpou3BOAUTENbHbIMKM MNOTEPAMWU TENfOBOW 3HEPrUn npwu
TpaHCNoOpTUPOBKE U y noTpebutens. Mo oueHkam [0S 9KOHOMUK 33 CYET BbIMONHEHWS NOANPOrpaMMbl «AHEp-
rocbepexeHve B >KXWUMMWLLHO-KOMMYHaNbHOM XO3ANCTBE» B 00Lien 3KoHOMUM cocTaBuT 46% (puc. 3), Tak 4To
NporHo3mpyemas 9KOHOMUS NPUPOLHOrO rasa 3a ykasaHHbIN NepUoA NOTEHLMANbHO MOXET COCTaBNTL 35-38,5
MIpA.M°, 4TO COOTBETCTBYET FOOBON 3KOHOMMM B 7-7,7 MApA.M°.

CaoenaeM oueHKy akoHoMuM npupogHoro rasa B 2005 rogy. CornacHo nognporpamme «9QHeprocbepexeHve B
XWMULHO-KOMMYHarbHOM X03AMCTBE» 3KOHOMUSA 3Hepropecypcos B 2005 rogy AomKHA COCTaBUTb 22-25 MIH.
T.y.T. N0 OoTHoLeHuto Kk 1995 rogy. C y4eToMm TOro, YTO B CTPYKTYpe noTeHumana aHeprocbepexenus (puc. 1, 2)
Tennosasa aHeprusa coctasnseT 20-25%, Ha ee gonto npuxoamtca npumepHo 5-5,6 T.y.T. lNpu npomnssoacTee
Tenna ueHTpanu3oBaHHbIMU U AeLeHTPanM3oBaHHbIMM UCTOYHUKaMK [0S ra3a coctaBnsaeT npumepHo 70%,
9KOHOMMSI YCIOBHOIO ra3oBoro Tonnmea coctaeuT 3,5-3,9 T.y.T. 3a cueT SKOHOMVIVI Tennoson 3Heprun B 2005
rofly NpeAnonaraeTcs CHU3NTL NOTPeGneHne rasa MPUMEpPHO Ha unn 3-4 mnpa. M°. SKOHOMVIFI TONAMBA JOJMKHA
obecneunTb CHUKeHUe NoTpebreHns rasa elue Ha [(22-25)*0,47*0,10]/1,15=(0,9-1) mnpa. m°.

YuuTbiBas O0OMN0 3KOHOMUM 3@ CYHET BLINONHEHMST NoAMNPOrpaMMbl, OLEHKa MOXET OblTb CKOPPEKT! fosaHa. C
y4eTOM 3TOW [ONN NOoTeHUManbHas 3KOHOMUW rasa MoXeT ObITb oueHeHa, kak (9,6-10,7) mnpg. m” /rog. lMo-
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CNefHsAS oLeHKa oTnmnyaeTcsa oT npeabigywen Ha 38%. 3aeck cnegyeT yvecTb, YTo oueHka B (9,6-10,7) mnpa.
m® /roa BKITHOYAET 3KOHOMMIO NMPU TEMSIOCHABXEHNN OT BCEX MCTOYHUKOB Tenna.

Tonnueo
47% OneKkTpoaHepUns
28%
Q i LleHTpanuso-
BaHHOeE Tenmno
25%

@ OnekTpoaHeprua M LieHTpanusosaHHoe Tenno O Tonnueo

Puc. 1. MoTteHuunan aHeprocbepexeHns B XKKX. JkoHOMUSI pa3nmyHbIX 3HEPropecypCcoB.

OneKTpoaHeprus MpvpogHbIv ra3
28% 10%

HedorenpoaykTbl
22%
Tennosas aHeprus

20% Teepgoe TonnmMeo
20%

@ MNpupoaHbIn ras m HedorenpoaykTbl 0O Teepgoe TonnMBeo

0O TennoBas aHeprus W SNeKTpO3Heprus

Puc. 2. MoTeHumnan skoHOMUM 3HEPropecypcoB. XKXUNMLLHO-KOMMYHarbHOE XO3AMCTBO U CENbCKOe XO3ANCTBO.

OKOHOMMUA 3HEepropecypcoB B OTPacnsxX HapoOAHOro X03A1NCTBa 3a cyeT
BbINONHEe HUS NporpaMmmbl "OHeprocbepexeHue Poccuu” B 2005 rogy

S NN

Puc. 3. [Jons 3KOHOMWM OT BbINOSHEHMS NPOrpammbl «3Heproc6epe>KeHV|e Poccun» B 06Lem o6beme akoHOMUM B oTpacnax.

8.1.3. HekoTopble NpakTU4eckue pesynbTaTbl 3HeprocoepexeHus.

BbILIJeﬂpVIBe,D,eHHbIe OaHHble OTHOCATCA K OLleHKe noTteHunana 3Heproc6epe>KeH|/|ﬂ BCEM XKUJTULLHO-
KOMMYHalilbHbIM CEKTOPOM Poccuu, TO eCTb K OLEHKE 3KOHOMUM aHepropecypcoB B Cliyydae yCI'IGLIJHOVI peanu-
3aunn Lernioro KomMmniiekca 3Hepr006eperarou.|,l4x MeporlpVIFlTVIVI. PeanbHo nony4yeHHble pe3yrbTaTbl B obnactn
SHepFOCGE‘pe)KeHVIFI B XUJTNLLHO-KOMMYHalrIlbHOM X03ancTBE paccMoTpuM Ha rnpumepe BbINOJTHEHUA d)ep,epanb-
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HOW LeneBow nporpaMmmbl «OHeprocbepexenne Poccum» (1998-2005 rm) n HEKOTOPbIX PervoHarnbHbIX Mpo-
rpaMm Mo 3HeprocoepexeHunio.

CymMMapHas 9KoHOMUS TOMNUBHO-3HepreTudeckmnx pecypcos B 1998 rogy (A..MN. JiusuHeckui «O pesynbtaTax
peanu3aunn B 1998 rogy ®eaepansHon Leneson nporpammbl «QHeprocbepexeHne Poccum»») coctasuna 5,5
MITH. T.y.T., 4TO cocTaBurno 85% oT 3agaHusa nporpammbl Ha 1998 rog n 26% oT (PaKTMYECKOrO COKpaLLEeHUS
obbema sHepronoTpebnexHus (cpegHsas uudpa no nporHosam cocTtaensetr 54%, puc. 3). B xunuwHo-
KOMMYHarbHOM XO3SIICTBE BeNIMYMHA SKOHOMUW 3HEpPropecypcoB no 72 cybwektam Poccuiickon denepauum
coctaBuna 3,7 MIiH. T.y.T.

OKOHOMUYECKNIA Gd)d)eKT OT peanuniauunum SHepFOCGGperaPOLLI,I/IX Meporlpl/lﬂTl/IIZ OUEeHMBaEeTCAd, KakK npueeaneHo
HXe.

OHeproayanTt KoTenbHbIX, TEMMOBbLIX MYHKTOB U TENMOBbIX ceTen. B YnbsiHoBCKoM 06nact CIKOHOMMEHO 25,5
MITH. pybnen, B MypmaHckon obnactu - 15,1 mnH. pybnen, Pecnybnuke Mopgosus - 5,0 mnH. pybnen. O6wuii
3KOHOMUYecKknin adpdekT — 45,6 MnH. pyo.

PekoHcTpyKumsi 69 KoTenbHbIX — 50,6 MnH. py6.

MogaepHuzaums 32 koTenbHbIX M NepeBo Ha ra3 58 kotnoB B MockoBckoi obnactu — 15,7 mnH. py0. NepeBoa
Ha ras 6 kotenbHbIx B Pecnybnuvke Yamyptusa — 9,8 mnH. py6. O6wwmnii akoHoMmnyeckmin agpcpekt —25,5 mnH. pyo.

Utorm BeinonHeHus Mopoackon nporpaMmbl no aHeprocbepexennto Ha 2001-2003 roabl B Mockse (M3noxeHb! B
ctatee M.A. Nanvpa «O BbinonHeHns "opoackor nporpaMmmbl MO 3HeprocbepexeHnto Ha 2001-2003 rogsl B
Mockse», QHeprocbepexeHune, Ne3, 2002 r.) galoT npeacraBneHne o maclitabax pecypcocbepexeHus B yc-
NOBHOM TOMNMMBE UMM CTOMMOCTHOM BbIpaXXeHUW B TAKOM KPYMNHOM ropofe, kakum gasnsietca Mocksa. Utoru
npepctaeneHsl 3a 2001 rog v oxBaTbIBAOT XKUIMMULLHO-KOMMYHarbHY0 ccepy 1 npomblwneHHocTb. ObLwas ako-
Homus cocTaBuna 160 Teic. T.y.T. unm 77,12 mnH.pybnen. bonee nogpobHas nHgpopmaumsa no oTaenbHbIM Npo-
BOAMMbIM 3HeprocteperatoLmmM MeponpusaTuaM npeacrasneHa B Tabnuue 3. B TOM yncne akoHOMKMS, CBA3aH-
Hasi C COBEpLUEHCTBOBaHMEM TennocHabxeHus (Tabnuvua 3), coctaBngaeT BenuynHy nopsgka 50 T1.y.7. unn 30%
OT 00LLIEN SKOHOMUM.

Tabnuua 3.
MeponpusTusi o aHeprocGepexxeHnio. SKOHOMUA SHEPrOPECYPCOB 1 IKOHOMUYeckKasi 3PEKTUBHOCTb

OKOHOMMUS 3Hepropecypcos

TennoBaa  JdnekTpo YcnoBHoe SKOHO=
Meponpusatue p Bopa MWYECKUMN
3Heprus 3Heprua TONNUBO
acphekT
Tbic. [kan ‘ MnH. kBT LA'A Tbic. M3 MITH. py6.
MogepHu3auunsi KoTnoB 11,0
BHegpeHue KoHTponmepoB Ang aBToMatmsaumm m 130
aucnetyepmsaumm LITTI
BHeapeHue perynvpyemoro anekrponpmeoaa | | 6,5 | | |
CHWXeHWe noanuTKn TEeNoBbIX ceTen | | | | | Bonee 1,0

Ontummnsaums npouecca ropeHuna npu npuMmeHeHnn

1,5
MH(OPMALMOHHBIX KOMINIEKCOB ’

3ameHa PTYTHbIX J1aMn ynn4yHOro oceelleHna Ha

3,57
MeHee 3Heproemkue

PeKoHCTpYKUMSI CxeMbl TENNOCHaBXeHUst rop6onb-

1,06
HULbI

[NepeBoa cnucteMbl OTOMNNEHNS C Napa Ha rops4yo

7,0
BOAY (TpW NpeanpuaTns)

PekoHCTpykums cnuctembl 060pOTHOrO BOogOCHabxe-
Hus. MNMepeBon cucteMbl BoAOCHabXeHNs Ha apTe3u- 500
aHCKylo Boay.

3ameHa NPOMBbILUIIEHHOIO 060pyﬂOBaHVIF| Ha MeHee

15,5
3HEeproemMkoe

OpFaHVI3aLl,I/10HHO—TeXHW—IeCKVIe MeponpuATnUAa Ha

3,2
MeTpononuTeHxe
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8.2. TunoBble 3Heprocbeperalowmne MEPONPUATUSA B XKUITULLHO-KOMMYHaNbHOM XO3sIACTBE.

®DyHKLMOHANbHOE Ha3Ha4YeHWe CUCTEM OTOMSMEHUs), BEHTUIAUUN U KOHAMLUMOHMPOBAHMS BO34yXa COCTOUT B
obecneyeHnn 3agaHHbIX MapaMeTPOB MUKPOKITMMATa B 30aHUSAX U COOPYXEHUSIX pa3HOro Ha3Ha4vyeHus. 3gaHue,
Kak aHepreTuyeckas cuctema, npeacraBnaet coboM COBOKYMHOCTb MOMELLEHUI, KaXaoe N3 KOTOPbIX XapakTe-
pusyeTtca MHAMBMAYanbHbIMU ocobeHHoCcTAMU. [MapameTpbl BHyTpeHHen cpefbl hOPMUPYIOTCA B YCMOBUSIX
BO3JENCTBMSA Ha NOMeELLEeHNe NOTOKOB Tenna, Bnarv n sosgyxa. lNocrtynneHne noTokoB obycnoBneHo Bo3aen-
CTBUEM HaPY>XHON U BHYTPEHHEN (TEXHOMNOrMYeckon) cpeabl NOMELLEHNS.

B npouecce yHKUMOHUMPOBaAHNS cUCTEMBI NOTPEBNAIOTCA 3HEPropecypcbl. IHeprocoepexxeHme Kak KoMmnnekc
Mep, HanpaBfeHHbIX Ha COKpaLleHne pacxofa SHeprum OT BHELUHUX MCTOYHWKOB, NOApasyMeBaeT B MEpBYHO
oyepefb UCMONb30BaHUE Takmx CUCTEM, KOTOPbIe 3aBeAOMO 3KOHOMMYHee apyrnx. O6bem aHepronoTpebneHns
onpeaenseTcs COBOKYMNHOCTbIO 60MbLIOro Yncna hakTopoB U NepeMeHHO BO BpeMEeHW CyTOK U roga. [ns o6b-
€KTVBHOW OLEHKN 3HepreTnyeckon apdeKkTMBHOCTU creayeT Nonb3oBaTbCs CYMMapHbLIM (BO BPEMEHMW) MoKa-
3aTenem, KakoBbIM SBMSETCA rogoBon pacxoA. [nsg cuctem OTOMMEHUs, BEHTUNSALUN U KOHONLMOHUPOBAHUSA
BO34yXa MMEHHO rof SIBMseTCs NOSiHbIM UHTEpPBanoM BpeMeHMW, Ha KOTOPOM peanuayeTcs BeCb Habop pexu-
MOB 3HepronoTpebneHus.

CyMMapHbIN pacxof, 3Heprum cuctemamm OTOMMEHNs, BEHTUNALUN U KOHAMLMOHMPOBaHUSA BO3ayxa cknaabliBa-
eTcsa u3 aByx Yacten. [epBas cocTtaensowas HanpasneHa Ha HeMTpanMsaumnio BO3MyLLaoLWmnX TeNoBbIX BO3-
OeVCTBUA Ang ctabunusaumm TemnepaTypHbIX YCNoBUin (OTOMMEHNe-oxnaxaeHve 3gaHus). BnvsHue HapyxHoW
N BHYTPEHHEN Cpea Ha 3Ty JONI0 Pacxo4oBaHUSA 3HEPrMU — KOCBEHHOE W NPOSBISIETCSH NOCPeaCcTBOM TENOBO-
ro U BO3AYLLHOro pexvumMa 3gaHus.

BTopas coctaBnsioLias cBa3aHa ¢ TennoBon 06paboTkon n nepemMelleHmem Bo3ayxa B CMCTeMax BEHTURAUnn
N KOHOWLMOHMPOBaHWS BO3ayxa W npeacTtasBnseT cobor pacxod SHeprun Ha BeHTUNAumio. 3aBUCUMOCTb BTO-
poW YacTu pacxoda 3Hepruv oT napameTpoB Hapy>XHOW cpedbl — Npsimas. Vimes B Bugy HeogHO3HA4YHyH0 B3au-
MOCBSI3b [BYX COCTaBMsAOLWMNX IHepronoTpebnexHus, Ansa o6bekTMBHOM OLEHKM criedyeT onepupoBaTb CyMMap-
HOWN BENMYMHON pacxoaa.

Cuctema TexHMYeCKnx Mep 3HeprocbepexeHusi (opraHM3aLMOHHbIE Mepbl 34eCb He 3aTparmBarTcd), npeg-
cTaBrneHHada Ha Puc. 1 ucxogut n3 onpeaeneHHbIX NpMopuTeToB 1 6asnpyeTcsa Ha CTPYKType 3HepronoTpebne-
HUA.

CnepyeT OTMETUTb, UYTO COKpaLLeHWe SHepronoTpebrieHnss cuctemamm OTOMNSEHUS, BEHTUNALMM U KOHOULMO-
HUPOBaHMSA BO3dyXa HE MOXET OCYLLeCTBMSATbCH B yuwlepb kayecTBy MUKpoknMmaTa. Kpome Toro, CHuXeHue
3HepronoTpebrneHnst OomKHO OblTb ONpaBAaHO SKOHOMUYECKM, TO €CTb AOMKHbI UCMONb30BATLCS PELUEHUS, He
TpebytoLme OoONONHUTENbHbLIX MHBECTUMUMIA. CyLLECTBYIOLWMIA B HACTOsILLIee BpeMsi apceHan cpeacTs No3eonseT
CYLLECTBEHHO MOHM3UTL NOTpebneHne aHeprum. OgHaKo BO MHOMMX CRydasx peanusauuns BCero komrnsiekca mep
COMnpsbkeHa CO 3HAYMTENbHBIMU KanuTanoBIOXKEHUSIMU U B KOHEYHOM MTOre MOXET okasaTbCsi HepeHTabenb-
HOM.

[oBOpsi 0 npuopuTeTax aHeprocbepexeHusi, crieayetT UMeTb B BMAY, YTO Mpexae BCero AOMKHbl OCyLLEecTB-
NSATLCSA Mepbl MO CHMKEHUIO TEMNMOBOW rof0BON Harpy3kn Ha CUCTEMbI OTOMMEHUS!, BEHTUNSLUMM U KOHOULMOHK-
poBaHusi BO3ayxa. ATo TpebyeT peanusaumm nNpu NPOEKTUPOBAHMM KOMMIIEKCA apXUTEKTYPHO-MIaHNPOBOYHbIX
Mep U YCUNEHUS Tenno3almTbl 34aHus.

Mpy NPOEKTUPOBaHWM CUCTEM OTOMMEHUS, BEHTUMSAUMU M KOHOULMOHWPOBAHUA BO3dyxa criedyeT oTaaBaTb
NpeanoYTeHne pauuoHanbHbiM BuaaM cuctem. OQHOBPEMEHHO crieayeT 3aknanblBaTb Mepbl MO CHMKEHUIO
SHepronoTpebreHns B 3KCMyaTaLMOHHbIX YCIOBUSIX. Takne MeponpusiTUsi CBsA3aHbl C peryriMpoBaHneM MoOLL-
HOCTW CUCTEM.

ﬂepep,OBon OnbIT NMOKa3blBaA€T, YTO C NOMOLLUBH NepeyvYncrieHHblX CpeacTB, KOTOpPble ABJIIAOTCA TpaaAUUMNOHHbI-
MU, y,El,aéTCFI CHU3NTb yaerbHOe aHepron0Tpe6neHMe cuctem Ha 70%.

JIwb BO BTOPYK Ovepenb noanexart peanusauum Mepbl N0 BOBMEYEHU0 B 060pOT BTOPUYHBIX 3HEPropecyp-
coB. Hambonbluee pacnpocTpaHeHne B AaHHOM 0BnacTu TEXHUKU MOSYyYMIUM akTUBHblE CNocobbl yTunusaumnm
B3P c nomowbio TennoobmeHHbIX annapaTtoB. Hapsagy ¢ akTuBHbIMU, 3pdEeKTUBHBIM NpeacTaBnsaeTcs Naccms-
HbI CNOCcob yTunM3aumMm — 3a c4eT CoBMeLLeHNs DyHKUMIA orpaxkaeHusa n cuctemsl. Mcnonb3oBaHrne BO306-
HOBMSIEMbIX MCTOYHUKOB 3HEPrMu Ansi obecrnevyeHns MUKpOKNMMaTa He sIBMSIeTCH NepBOOYEpeHON 3afadven,
0[HaKO, 3TO OOMH M3 CMOCOBOB CHUXEHUS YAENbHOro 3HepronoTpebneHns 1 MoXeT paccMaTpyBaTbCs B Kade-
CTBE NEepCrNeKTUBHOTO.

SHeproc6epe>KeH|/|e 3a CYET CHWXEHUs TEennoBom Harpy3kn Ha CUCTeMbl OTOMNeHnA, BEHTunauum n KoHguuno-
HMUPBaHNA BO3yXa.

Vcnonb3oBaHne apxXUTEKTYPHO-NNAHUPOBOYHLIX MEP 1 Tenno3almTbl 3aaHus. [NotpebneHve Tenna cuctemamm
OTOMMEHUHA, BEHTUNALUM U KOHAMLMOHUPOBaHUS BO3dyXa 3aBUCUT OT BMAA CUCTEMbI, €€ YCTaHOBOYHON MOLLL-
HOCTW, TeKywen TennoBoW Harpysku. [lepeuncrnieHHble akTopbl  OnNpeaensTcs  KOHCTPYKTMBHO-
NNaHMPOBOYHLIMW NapaMeTpaMu 34aHusl, YPOBHEM €ro TennosalmTbl, TEXHONOrMYeCKMM MpoLeccom, npoTe-
KaloLmM B NOMeLLEHUSAX.

BbiGop apXUTEKTYPHO-MNAaHNPOBOYHbBIX M TENSIO3ALLMTHBLIX MApaMeTpoB 34aHNA BeAETCS NPU ero NpoekTupoBa-
HUN.
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dopma 30aHna BNUSET Ha BenUYMHY TennonoTepb. Hanbonee BbirogHow siBnsietcs doopma, Npu KOTOPOM OT-
HOLLEHMe NMoLLaaN HapPYXXHOW NMOBEPXHOCTU K OGBEMY MUHUManNbHO. TakuMu SBNSOTCA 3aaHUs B popme Ky-
Oa.

BaxHon aBnsaeTcsa BbICOTa 34aHUs. I'IpM COXpaHeHunn ob6béma 3gaHus yBelin4eHne ero BbiCOTbl B 4 pasa (Ha-
npmmep, c 15 oo 60 M.) npnuBOAUT K OABYKPATHOMY yBeJIM4YEeHUI0 rogoBOro pacxoa tensa Ha otonsfieHume.

Ha BenuunHy aHepronoTpebneHns 3gaHusa Takke BIUSET ero opMeHTaums (4ns 34aHuin ¢ BbITAHYTbIMK dhaca-
Aamu). OpMeHTUPOBaHHbIE Ha I0XKHYHO NMOMOBMHY FOPU3OHTa hacadbl NosyyaroT 4OCTaTOYHO BonbLune nocTyn-
NEeHNsi CONHEYHOW paamaumm, KoTopble 0COGEHHO OLLYTMMbI B Ha4arne 1 B KOHLLe OTONUTENbHOro nepvoaa.

BaxHbIM dpakTopoM 3HepronoTpebneHns 3aaHna SBnseTcs ypoBeHb TennosalwmTbl 34aHNs, KOTOPbIN onpeae-
ngeTcsa koadduuneHTammn Tennonepeaadn HapyXXHbIX OrpaxaeHun n cTeneHblo ocTekneHus gacagos. Tenno-
3alUMTHbIE CBOWCTBA OKOH 3HAYUTENbHO HWXE, YeM Y CTeH, MO3TOMY YBENUYeHWe NroLliaam OKOH NpUBOAUT K
yBENUYEHNIO pacxoda dHeprum Ha otonneHue. lNpu nodacagHoOM U MHAMBMOYaNbLHOM perynnmpoBaHvumn yBenu-
YeHue CTeNeHN OCTEKINEHUs NO3BOMSEeT CHU3UTb Pacxof Tenmna 3a cyeT YBENMYEeHHOro TENMOonpuToka oT Cor-
HeYHOW paguauun, ogHaKo Takoh dEEKT OLWYTUM FULb B IOXHbLIX perMoHax. YBenuyeHHas nrowaab OKHa
CHWXaeT pacxop, SMNeKTPOSHEPrnM Ha UCKYCCTBEHHOE OCBelleHne. B To xe Bpems, yBenuveHne nrowaam oc-
TEKNeHWs NPMBOOUT K PE3KOMY YBESNTMYEHMWIO TEMMOBOW Harpy3kn Ha CUCTEMbl BEHTUMAALMM U KOHAMLMOHNPOBA-
HWS BO3dyxa B Tennoe Bpems roga. TexHUKO-9KOHOMUYECKMe pacyeTbl, OCHOBaHHble Ha KOMMIEKCHOM pac-
CMOTPEHWM 30aHuns, MOKa3blBalOT, YTO IKOHOMMUYECKN LienecoobpasHa MUHMManbHas cTeneHb ocTekneHus da-
cajoB, COOTBETCTBYOLAsA MUHUMANbHON €CTECTBEHHOW OCBELLEHHOCTH.

3apgava BbIOOpa Tenno3awmTbl CTEH U NEPEKPLITUN — TEXHUKO-3KOHOMMYEecKas. YcuneHme Tenno3awmTbl CTeH
JocTuraeTcs yBenuyeHmem TOMLWUHbI TEMMOM30MALMOHHOMO Cros B €€ KOHCTPYKUUKU (ONS COBPEMEHHbIX MHO-
FOCMOVIHbIX KOHCTPYKUWMA) MU CaMOW KOHCTPYKUUWM (ANs OQHOCHOWMHbIX). Mpy yBENUYEHUN TOMWUHBI CTEHbI
BO3pacTaeT €€ CTOMMOCTb, HO COKpalllaeTcs TennoBasi Harpy3ka Ha CUCTEMY OTOMIIEHNSI U CTOMMOCTb NOTpe6-
NeHns TennoBon aHeprun. PacyeTtbl gns ycnosuii MockBbl NOKa3bIBaKT, YTO SKOHOMUYECKM LienecoobpasHbim
SIBNSETCA OBOMHOE OCTEKNEHME B pasgeribHbiX nepennérax, a kKoadhduumeHT Tennonepegayn s CTeH B 3a-
BMCUMOCTM OT OpueHTaumm dacaga OoimkeH uameHatbest oT 1 BT/kB.M*°C ansa toxHoro dacaga go 0,85
B1/kB.M.*°C ans ceBepHoro.
OHepreTnyeckas oLeHKa pasiNYHbIX apXUTEKTYPHO-MNaHUPOBOYHbIX (DAKTOPOB Afst ABYX CNOCOOO0B perynmpo-
BaHuA B ycroBusx Mocksbl npuBoantcs B Tabn. 1.1. (ana 3ganuni nnowagbto 7200 k.M., paamepbl 12x60 M.,
10 aTaxen).
Tabnuvua I.1.
Pacxo,q Tensa Ha oTornneHune

["logoBow pacxopf Tenna Ha oTonfneHne Ha 1 KB.M. NoBepx-

Bug perynupoBaHus PaamepHocTb HOGTY Hona
A 5} A 5} A 5}
LleHTpansHoe kBT4 133 83,5 70,3
Ka4yecTBeHHoe % 100 63 52
ModacagHoe KBTY 130,1 126 82,9 80,8 68,3 67,5
% 97 95 62 61 51 51

1 — TPaAUUMOHHO NPUMeEHsIeMble NapamMeTpbl 34aHNs
2 — 3KOHOMMUYECKHM uenecoo6pasHble napamMeTpbl 34aHnA
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Puc.1 Cucrema TexHM4ecknx Mep aHeprocbepexeHus.

ApXUTEKTYypHO-
IUTAHUPOBOYHbBIE
MepBI

Br16op parmo-
HAJIBHOTO BUAA
cucrem O,B u

KR

O,Bu KB

[Ipumenenue
TEIUIOBBIX Ha-
COCOB

CoBmenienne (GyHKIHMNA
OTPAXKJICHUI U CUCTEM

30aHUN

Temno3amura

CHIXeHue TEIUIOBOU

Harpy3Ky Ha CUCTEMBI
O.BuKB

DHeprocoepekeHre B
CHCTEMaX OTOILICHHUS
(0), Bertumsuu (B)
KOHIUIIHOHUPOBAHHUS
Bo3ayxa (KB)

Hcnonp3oBanue no-
MOJIHUTEIBHBIX UCTOY-
HUKOB YHEPTHUH IS TE-
IUIOCHA0KEHUS CUCTEM

Y Tunuszanus TemIoThl
BBIOPOCHOTO BO3/lyXa

PerenepatuBHble 1
peKyIepaTuBHbIC
TEMI1000MEHHUKH

HexypHoe
OTOIIJICHUC

Ocy1uecTBieHue
DKOHOMMYHBIX

PEXUMOB pabOTHI
cuctem O).B u KR

CHmxeHmne

-

4qucija 4aCcoB

OnruMu3anms

L paboTHI cUCTEM

pacxoza BO3-
ayXa ¢ yue-
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3 - TpaguuMOHHO NMpUMeHAeMble napamMeTpbl 30aHUA C SKOHOMUYECKU LI,eJ'IeCOO6pa3HbIMI/I TennosawnTon u
CTeneHbio OCTeKNneHna 3gaHna

A — opvieHTauun pacagoB 34aHuMs Mo OCHOBHbLIM pymbam — tor, ceBep, BOCTOK, 3anag

b - opmeHTauun cdacagoB 3gaHMa MO NPOMEXYTOYHBIM pyMOaM — oro-BOCTOK, Oro-3anaf, ceBepo-BOCTOK, ce-
Bepo-3anajg

Kak BugHo 13 Tabn. I.1., npuMeHeHne aKkoHOMMYeCKM LenecoobpasHbix pasmepoB 3gaHusa Aaét 37% aKoHOMUM
TENMOBOW 3HEPTUK, NEPEXos Ha 3KOHOMUYECKW LienecoobpasHbii YpoBEHb Tenno3awmuTel obecneynBaeT ewé
10% akoHoMuu. lNMepexon Ha nodacagHoe perynMpoBaHWe B YMCTOM BuAe OAET 3KOHOMUKO 1-2%, B HOXKHbIX
parioHax 3HauuTenbHo Gonblle, Hanpumep B TawkeHTe Ao 10%. OgHako nodacagHoe Mnu UHAMBUAYanNbHOe
perynupoBaHue Nno3BosisieT NpaBuiibHO pacnpeaenvTb Tenno Mexay dacagaMu v NoBbICUT KAa4ecTBO OTomnne-
HUS.

CnegyeT nmeTb B BuAy, 4YTO npusedeHHble undpbl Obinn nonyyveHbl AN AeNCTBOBAaBLUMX paHee TapudoB U
cToumocTel. B cBs3n ¢ pedpopmamm B 3KOHOMMKE, OYEBMAHO, OyayT M3MEHEHbI COOTHOLLEHUS B CTOMMOCTM
CTPOMUTENbHbLIX MaTepranoB U 9HepProHocuTenemn, YTo Hems3bexHo ckaxeTcsa Ha pesynbTatax. OnbIT 3apybex-
HbIX CTpaH CBUOETENLCTBYET O TEHOAEHUMMN K YBENNYEHUIO TENNO3aLUTbLl 30aHNUS U, CNeaoBaTerbHO CHKEHWIO
3aTpaT SHeprumn Ha ero OTOMseHe.

CoBmelleHne byHKUMIA orpaxgeHnn n cuctem. APdeKkTMBHbIM CNOCOBOM CHMXEHUS TEMNNOBOW HArpy3ku B CUC-
Temax OTOMMEHUS, BEHTUNALUM N KOHAMLMOHMPOBAHUSA BO3AyXa B NPOMbILLUMEHHbIX U OBLECTBEHHbIX 34aHNAX
CMYXXUT yAaneHue BbITSXXHOro BO3[yxa Yepe3 MEXCTEKONbHOe MpocTpaHcTBO OkoH (Puc. 1.1.). 3toT cnocob
0COBEHHO XOpOoLL B MOMELLEHUSAX, B KOTOPbIX HE A0MNYCKAeTCs PELMPKYNALNS BHYTPEHHEro Bo3ayxa. OKOHOMUSA
3HEepruun B XonogHoe Bpems roga (Ha OTomnrneHve) 4OCTUraeTcs 3a cYeT yTunusaumm Tenna BeibpocHOro Bo3ay-
Xa, KoTopasi OCYLLUEeCTBMSAETCA B MEXCTEKONbHOM NpoCTpaHcTBe. BeHTunmpoBaHue okHa Mo3BonseT 3Hauu-
TeNbHO MOBbLICUTL TEMMepaTypy NOBEPXHOCTM OCTEKIEHMWS, YTO ynyyllaeT rMrmeHnYeckue ycrioBus B nomMeLle-
HMK B XONOAHOE Bpems roaa.

B Ténnoe Bpems roga npu BEHTUIMPOBAHUM MEXCTEKONBbHOr0 NPOCTPaHCTBA U3 HEro yaanseTcs norrowéHHoe
Tenno CoMHeYHon pagvaunn, npoHukawLwen Yyepes ctékna (cMm. Puc. 1.2.). pn aToM cHuxXaeTca TennonocTyn-
fieHne OT CONHEeYHOW paavaummn 1 TennoBas Harpyska Ha CUCTEMbl BEHTUNSALUM U KOHOAMLMOHUPOBaHNS BO3A4y-
xa.

CHWxXeHne TennoBoW Harpy3kn Ha CUCTEMbl BEHTUNSALMU U KOHOULMOHUPOBAHUSA BO34yXa MOXHO AOCTUYb UC-
NONb30BaHWEM HOYHOrO MPOBETPUBAHMA MOMeLLeHU. Takon cnocob aHeprocObepexxeHUss OCHOBaH Ha OXJlax-
AEHUM NOMELLLEHUI HAaPYXXHbIM BO3yXOM C NMOHWXEHHON TeMnepaTypon n ocobeHHO acpdheKkTMBEH B MECTHOCTH
CO 3HaYMTENbHBLIM CYTOYHBLIM XOA0M TeMnepaTypbl HapyXHOro Bo3ayxa. [Npn HOYHOM NPOBETPUBAHUN cMCTEMA
BEHTUNALMN paboTaeT HOYbLO, KOrda B NOMELLEHUN OTCYTCTBYHOT Niogu. MNMpu 3TOM nMeeT MecTo LONOMHUTENb-
HbIl PACXOA 3MEKTPOIHEPIMM Ha MepeMELLEHNe BO3ayxa B CUCTEMAX BEHTUIALMM U KOHAMLVNOHMPOBaHUS BO3-
ayxa. HoyHoe npoBeTpuBaHue No3BonseT yaansiTe U3 NOMELLEHNsS TENMO, aKKyMyrnMpoOBaHHOE 3a AEHb Orpax-
AeHnAMKU 1 00opyaoBaHNEM MOMELLEHNS U akKyMynMpoBaTb B HMX Xonod. 3a cyeT aToro Meponpuatus yaaéT-
CSl 3HAYMTENbHO MOHM3NTb TEMMOBYID Harpy3Ky Ha CUCTEMY B AHEBHbIE N OCOBEHHO B YTPEHHME Yackl, a Takke
COKpaTUTb BO3QYyX00OMEH MM pacxof nckyccTBeHHoro xonoga B CKB. OddekTnBHOCTL HOUHOrO NpoOBETPUBA-
HWS MOMELLEeHMI BO3pacTaeT, eCriM NCMNOoMb30BaTh MYCTOTHbIE MEeXAydTaXHble NEPEKpbITUS B Ka4yecTBe BO3aY-
xoBofoB (cM. Puc. 1.1.). B aTom cnyyae nepekpbiTMe urpaeT porb akkyMynatopa HOYHOro xonoga v no3sonsieT
OOMONHUTENBHO NOHM3NTL TEMMepaTypy NpPUToYHOro Bosayxa B CKB B AHEBHbIe Yachl.

MexayaTaxHble NepeKkpbITUS UKW KaHarbl B CTEHaX MOIMyT UCMOMb30BaTbCA B XONOAHOE BPEMS B KayecTBe ak-
KyMyInsiTOPOB Tenna cuctembl oTonnenns. B cnydvae, korga Ténnbin BO3ayX NpOXOAUT Yepes KaHarbl B Orpax-
OeHusIx, a 3aTeM nonagaeTt B NomeLleHne, roBopsT O NaHenbHO-BO34YLLHON KOMOUHUPOBAHHOW cucTemMe OTO-
nneHuns. Takas cuctema obecnevvMBaeT XOPOLUMIN TUrMEHUYECKUA 3(PEEKT M NO3BONSET 3KOHOMWUTb TEMMO.
MpMEHATL TENNOBYIO aKKYMYMALMIO OrpaXKaeHMIn BO3MOXHO B 3TOM Crnydae npy UCNosib30BaHUN NPepbIBUCTO-
ro OTOMMEHUs1, KOTOPOE BO3MOXHO BO MHOMMX NOMELLEHUSIX.

M3BeCTHbI cnocobbl MCMONb30BaHUSA HOYHOMO XOrofda C akkymynsumewn ero B rpyHTe vnu crneumarnbHbIX mMac-
CMBHbIX Hacagkax. B nog3eMHOM BEHTUNALMOHHOM KaHane, npedHa3HavYeHHOM Ans NoAayun B 3aaHWe Hapyx-
HOro BO3fyxa, yCTaHaBNnvMBaeTCs Hacagka U3 KpymnHoro GyrnbbkHuka. B HOYHOe Bpemsi BO3OyX C MOHWXXEHHOW
TemnepaTypown, Npoxoasa Yyepes Hacagky, oxnaxgaet eé. B AHeBHble Yachl, korga no kaHany nocTynaeTt Bo3ayx
C OTHOCUTENBHO BbICOKOM TemnepaTypon, MPOMCXOAUT ero oxnaxaeHne Ha 3 — 6 °C. Mcnonb3oBaHue Takoro
cnocoba ahdeKTUBHO B parioHax C KapKUM KOHTMHEHTAaNbHbLIM KNMMAaTOM NpK CyTOYHOW aMnnuTyae Temnepa-
Typbl 10 °C.

3HeprocbepexeHne Npu OCYLLECTBIEHUN 3KOHOMUYHBIX PEXMMOB paboTbl CUCTEM OTOMMEHWS, BEHTUNALMN U
KOHOWLMOHMPOBaHUS BO3ayXa.

PerynMpOBaHMe MOLLHOCTN CUCTEM MO3BONAET NOBbLICUTb UX IHEPreTU4eCKyto SCbeeKTI/IBHOCTb. B paccmaTtpu-
BaeMbIX CUCTEMaX cylleCcTByeT GonbLuoe YMcno cnocobos perynmpoBaHng, obecneynBaoLLMX CHUXKEHME pac-
Xo4a sHeprun. 3aecb npencrtaBneHbl NNb HEKOTOpPbIe crnocoObl, NoKasaTesibHbIE CTOYKM 3peHUA 3Hepr0069-
perarou.l,eﬁ TEXHONOIrnn.

CHwxeHne TemnepaTtypbl Bo3gyxa B Hepaboyee Bpemsi. B xonogHoe Bpems roga MOXeT ObITb JOMYLLEHO CHU-
XXEeHue TennoBOW MOLLHOCTU CUCTEM OTOMMNEHUS, BEHTUNALNN N KOHOMLMOHUPOBAHUS BO3yXa C MOHWXEHUEM
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TemnepaTypbl BO34yxa B Hepaboyee Bpemsi 4O JOMYCTMMOro npegena. B npoMbIWNEHHbIX 30aHnaX aTa TEM-
nepaTypa paBHa +5°C, a B 00LLeCTBEHHbIX MeCTax 3aBUCUT OT HaszHavyeHus nometleHnsa. OcobeHHo Lenecoob-
pa3HO CHWXXEHUE TENIOBON MOLLHOCTU AEXYPHON CUCTEMbI OTOMMEHUS B MOMELLEHMSX, B KOTOPbIX JOMYCKaeTCH
CYLLECTBEHHOE CHWXeHWe TemnepaTypbl Bo3dyxa. TennonocTyniieHnss OT CUCTEMbl OTOMMEHUA B KOHEYHOM
NTOre BXOOAT Kak OfHa MX COCTaBMSALWMUX B TENNOBYH Harpy3ky Ha CB nnn CKB. CHmxeHune Harpy3km Ha CB
unu CKB nossonsieT B XOnogHoe Bpems roga COKpaTUTb BO34yXO00OMEH 0O MMHUMAanbHOrO MO CaHMTapHOW
HOpPMe, YTO B CBOIO oYepenb AAET OLLYTMMYH SKOHOMUIO SHEPTUN.

CHWxeHMe CyMMapHOro Yncra YacoB paboTtbl cuctem. CokpalleHnsi CyMMapHOM NpoaoKUTENbHOCT paboThl
CUCTEM OTOMMEHWsl, BEHTUMSAUMU U KOHOMLMOHMPOBAHUA BO34yXa 3a CYTKM MOXHO AOCTUYb MEPUOANYECKUM
BKIOYEHMEM M BbIKIIOYEHNEM 3TUX cucTeM. [pu 3TOM BO3HUMKAIOT koneGaHusi TemnepaTtypbl U Apyrx napa-
MeTPOB BHYTPEHHEro Bo3ayxa. HopMupyemble orpaHuyeHnst Ha koneGaHusi napaMmeTpoB ONpeaensioT YCroBus
NeproanYecKoro BKNOYeHUA cnuctem. Bo3amoxkHbI Takume cuTyauuu, korga nepuoanmyeckoe BbIKMioUYeHne cucTem
HeOonyCcTMMO, U OHM JOMKHBI paGoTaTb NOCTOAHHO.

Moa nepvoaMyeckum OTOMNEHNEM MOHUMAaeTcs paboTa CUCTEMbI OTOMMEHUS B OHEBHblE Yackl U MepepbiB B
Hepaboyee BpeMsi. C MOHWKEHVMEM TeMnepaTypbl HapyXHOro BO3ayxa NEPUOAUYECKOE OTOMNEHNE BO3MOXKHO
[0 Tex Mnop, Nnoka 3HavyeHve TemnepaTypbl Bo3ayxa B Hepaboyee Bpems Bbille gonyctumoro. OxnaxaeHue no-
MelleHusi B Hepaboyee BpeMsi 3aBMCUT OT TEMMo3aluTbl MOMELLEHUS!, MOSTOMY YykasaHHOe MeporpusiTue
NpPeanoYTUTENLHO B XOPOLLO YTENNEHHbIX 34aHusix. B cBssu ¢ Tem, 4To B Hepabodee Bpemsi OxnaxaaloTcs U
orpaxaeHusi, 1 obopyaoBaHue, - Ans UX pasorpeBa kK MOMEHTY Havarna 3kcnnyaTtauum TpebyeTcs npeasapu-
TENbHbLIN HarpeB 3a c4eT paboTbl CUCTEMbI B (HOPCUPOBAHHOM PEXMME.

Vicnonb3oBaHne Nepuoanyeckoro OTOMMEHNSA B 3pUTESbHBIX 3arax KMHOTEeaTPOB, B KOTOPbIX BO3MOXHO MOHU-
XeHne TemnepaTypbl BHYTPEHHEro Bo3dyxa B Hepaboyee Bpems oo +8°C, naét akoHomuio Tenna go 7% (npu
MOBbILLEHHON TENMo3awmnTe NOMELLEHWN).

MpyHUMN OencTBUS NEPUOAMYECKON BEHTUMSALMM OCHOBaH Ha TOM, YTO NPWY BEHTUNMPOBAHUN NOMELLEHNS CBe-
XXMM BO30YXOM KOHLIEHTpaUMs BpeOHOCTW (Hampumep, Yriekucrioro rasa B OOLECTBEHHOM MoMeLleHun) yobl-
BaeT ObICTPO (MO 3KCMOHEHUMANbHOMY 3aKOHY), a Npy 6e30encTBUN BEHTUNSLMKN NOBbILLEHME KOHLEHTpauum
BPeOHOCTW B BO3AyXe MOMELLEHNs MpoTekaeT MeasieHHee (Mo NIMHEHOMY 3akoHy). Ha aTom >xe npuHumne oc-
HOBaH TPagULUMOHHbBIN N 3AEKTUBHBIA METOA NepMoanyecKoro NPoBeTpPUBaAHNA NOMELLEHUN.

Pexunm paboTbl CUCTEMBI BEHTUNALUN B OOLLECTBEHHLIX 34aHUSAX ONpeaensieTcs HakonneHemM B BO34yXe Bbl-
OensieMon NMoAbMU YINEKUCNOThI, NO3TOMYy 3(MEKTUBHOCTE NEPUOANYECKON BEHTUNSALNM 3aBUCUT OT UHTEH-
CVBHOCTM BbI4ENEHNst YIMeKNCNoThl (KONUMYecTBa Mnogen B noMmelleHmmn) n obbéma nometleHms. CkopocTb npo-
BETPUBAHUS OMpeaensaeTcs KpaTHOCTbIO BeHTUNAUMK. Bo Bcex cnydasx Tpebyemasi NnpoaomkMTenbHOCTb Npo-
BETPMBaAHMS paBHa B Yacax KpaTHOCTM BO34yx00OMeHa, nogenéHHom Ha 3. To eCcTb npu KpaTHOCTU BO34YXO-
obmeHa, paBHon 3, Tpebyetca 1 vac, 4ToObl NPOBETPUTL NMOMELLEHNE. HYacToTa BKMHOYEHUS] BEHTUMSLMM HE
3aBUCUT OT KpaTHOCTM U LIENNMKOM onpegensetca 00bEMoM nomelleHust. Moatomy adeKTMBHOCTb MNEPUOaN-
YECKOW BEHTUNSALMM OCOBEHHO Benvka B NoOMeLLEeHUsIX 6onblioro o6beéma npu nepemMeHHOM 3anofiHEHUM No-
MeLLEeHUA NoabMu. B NpoMbILINEHHbIX 34aHUSAX NepuoaMyeckas BEHTUNAUNS MOXeT 3dEKTUBHO NCMOMb30-
BaTbCH NPW TEXHOMNOMMYECKUX NpoLeccax C NepeMeHHbIM BblAeNeHneM BpeaHbIX ra3os.

Tak kak npu NeproanyYeckom BKITIOYEHMN CUCTEMbI BEHTUMALMM UMEET MecTo KonebaHne TemnepaTypbl U Apy-
rMX napameTpoB Bo3dyxa, TO TaM, rae Takve koneGaHusi He JonyckaloTcsl, TPebyeTcs CUHXPOHMU3auus paboThbl
BEHTUNSALUMWN W PEryrnMpoBaHmnsl TENIOBON MOLLHOCTY OTOMSEHUSI.

Mpy KpyrnoroguyHoOM MCMOSIb30BaHUN MEepUoaNYEcKor BEHTUNAUMKN e€é aHepreTuyeckass apdeKTUBHOCTb BO3-
pacTaeT. PaboTa cucTeMbl BEHTUNSALUM B peXUMe NMepuoanyeckoro BKITHOYEHNS MOXET OCYLLECTBISTbCS BPYY-
HYl0, C MOMOLLbI0 TakiMepa U BECTUCb MOJTHOCTbIO aBTomaTudecku. Hanbonee ygo6Ho aBTomMatuyeckoe pe-
ryriMpoBaHMe BKIIOMEHWSI BECTU MO CUrHamy AaTyMka KOHLEeHTpauuW YrieKMCIioro rasa wnv gpyrovi rasoBoMu
BPEAHOCTW.

YUET KOHLUEHTpaLun ra3oBblX BpeAHoCTeN. CHMKEHUSI pacxoda SHEPIMU B CUCTEMAX BEHTUMSALMM U KOHAMUMO-
HMPOBaHWS Bo3gyXa MOXHO AOCTUYb, 0GecneynBas ux paboTy ¢ NepeMeHHbIM pacxodoM Bo3ayxa. B nometue-
HMSIX OBLLECTBEHHbIX Y MPOMBILLIIEHHbIX 34aHWIA C TEMMO-BNaron3tbITkaMi BO3MOXHOCTb YMEHbLLEHUS! pacxoda
B 3KCMITyaTaUMOHHBIX YCIIOBMSIX OTKPLIBAETCS B CBS3W CO CHIDKEHWEM Harpy3ku Ha CUCTEMY OTHOCUTENbHO pac-
YeTHOro 3Ha4eHus. Ha cHwkeHue pacxoda umeeTcs ABa orpaHuyeHus. MNepeoe orpaHMYMBaeT MUHMMAabHOE
KOJIMYECTBO Hapy)XHOro BO3Ayxa Mo CaHWTapHO Hopme. BTopoe CBsi3aHO C orpaHuyeHnem TeMnepaTypbl npu-
TOYHOrO BO3AyXa No YCroBUAM Bo3ayxopacnpeaeneHus.

OnucaHHble Bbille CMOCOObI CHVPKEHWUS Harpy3kM Ha CUCTEMbl BEHTUNSALMM WM KOHAMLMOHMPOBAHMS BO3Adyxa
NO3BOSIAT NpeoaoneTb NepBoe NpensTcTBue. BTopoe orpaHWyeHe MOXHO 3HAUMTESIbHO OTOABWHYTb, ECIM
BBECTM YMEHbLLEHNe pacxoda NPUTOYHOro BO3ayXa Ha OCHOBE perucTpauuy KOHLUEHTpauuM BPeaHOCTM B BO3-
ayxe nomelleHus. MNpuMeHUTENbHO K 0OLLECTBEHHBIM 30aHUSM Takol BPedHOCTbIO ABMAETCA U30LITOK yrre-
KMUCIMOThI U pacxXofl Hapy>XHOro BO3[yXa MOXHO MEHSATb MO Mepe 3anofiHeHUs NoMelleHns mngbMu. ABToMaTu-
Yyecku Takoe U3MEHEHMe OCYLLECTBMAETCA MO AATYMKY KOHLeHTpauuu yrnekucrnotsl. CHXeHMe pacxoda Bos3-
[lyXxa OTHOCUTENbHO PacYETHON BENMUYMHBI BO3MOXHO KaK B TEMMOE Tak U B XONoAHOe BpeMs roaa.

3Heproc6epe>|<eHv|e npn wncnonb3oBaHUM OONOJIHUTENbHbIX NCTOYHUKOB 3HEPrnn OnsA TENnNocHabXeHns1 cuc-
TeM OoTonfeHna, BeHTunaunum n KOHANLMoOHNpoBaHMA BO3ayxXa.
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YTunusaumsa TennoTsl BbIOpocHoro Bosayxa. Cpeam MHOXECTBA BTOPUYHBIX SHEPropecypcoB, 0OpasyroLmMXcs
npyn paboTe pasnMYHbIX TEXHOMOrMYECKNX YCTAHOBOK M 3HEpretTudeckoro obopynoBaHnsi HA MPOMbILLSIEHHBIX
NpeanpuaTUSX MOXHO BblAENNTb OCHOBHbIE, NPUrOAHbIE ANA YTUNN3aUuMn: TeNsoTa YXOAsLWMX ObIMOBbLIX ra3oB
KoTrnoarperaToB, neven, Apyrnx TEMNOMCNOMb3YOWNX YCTAHOBOK; TENMOTa CKaToro BO3gyxa KOMMPECCOPOB;
TennoTa oxnaxgawLllen BoAbl OT TEXHOMNOrMyeckoro obopyaoBaHWs; TennoTa MnaporasoBbiX MOTOKOB OT Cy-
LWUMMBHBIX YCTAHOBOK; TEMNMOTa BbITSHKHOMO BO34yXa CUCTEM BEHTUNAUMW U KOHAMLMOHUpOBaHuA u gpyrue. C
TOYKN 3pPEHUS TEMNOCHAOXKEHUS CUCTEM BEHTUNSLUU M KOHOULMOHMPOBAHWUSI BO3gyxa YTUnM3aumsi TENNOThI
BbIOPOCHOro BO3ayxa npeacraBnseT Hambonbwmii nHTepec. CrniegyeT OTMETUTL, YTO K HACTOSILLEMY BPEMEHU B
Hallen cTpaHe OTCYTCTBYEeT KpyrnHOCEepuMHOEe MPOM3BOACTBO LUMPOKOW HOMEHKNaTypbl TEnnoyTUNn3aTopoB.
HeT ogHO3Ha4HO onpeaeneHHon obracTy uenecoobpasHoro NPUMEHEHNA TeEX UMK UHbIX UX BMaoB. OTe4vecT-
BEHHbIe 06pa3upbl yTUIM3aTopoB TENNO0OMEHHMKOB cBedeHbl B Tabn.lll.1.

MpyvHUMNWansHO ANa yTunM3auumn TennoTbl BbIBPOCHOMO BO3AyXa MCMNOMb3yeTCs LWeCTb BUAOB YTUIN3aTOPOB,
nmetowmnx pasHyto acdekTnBHocTb. Hanbonee Bbicokon 3hdeKTUBHOCTLIO 00nafaloT pereHepaTuBHbIE Ter-
NOOOMEHHMKN C BpaLlatolencs Hacaakon. Hala npomMbILNEHHOCTb TakMe YCTAHOBKM He BbinyckaeT. Ha Puc.
[ll.1. nokaszaHo ycTponcTBO Takoro annaparta gpupmel PJIBKT (LLBeuus). TennooOMeHHWK yCTaHaBnMBaeTCs B
napannenbHbIX MOTOKax MPUTOYHOrO M BbITSXKHOIO Bo3gyxa (cm. Puc. 111.2.), pasgenéHHbIX CTEHKON 1 nepegaét
Tenno (a npu onpegenéHHbIX YCNoBUsAX 1 Bnary) n3 BbIOpOCHOro Bo3gyxa B NpUTOYHLIN. MMpuyéM npouecc Ten-
noobmeHa ngeT HenpepbIBHO.
Tabnuua lll .1.
XapaKTepI/ICTVIKa TennoyTunn3aunoHHoOro o6opyu03ava.

OHeprocbeperatoLlee obopynoBaHue Tun, mapka 3aBo-M3roToBUTENb
TennoytTunuaatopbl pekynepaTvBHble Ha 0Gase TennoBbiX KpamaTtopckun 1 JomonenoBckui
TpYyO 3aBoabl "KoHanumoHep"
TM.2,5-TIPK.02
TrM.10-TIPK.02

CeBepooHEeLKNA ONbITHbIN 3aBoj|

TennoobMeHHVK C NPOMEXYTOYHbIM TEMMOHOCUTEM
P T HIMO "Texaneproxumnpom"

TennoyTunusaTopbl pekynepaTMBHble ONA CUCTEM C MpPo- Koctpomckon kanopudepHbin 3a-
|MeXyTOYHBIM TENOHOCUMTENEM Tr.05-TI.PK.03(04) BOA

TMN.16-T1.PK.03(04)

Tr1.25-T1.PK.03(04)

KocTtpomckon kanopudepHbin 3a-

TEI'IJ'IOYTVIJ'IVI3aTOpr nnactnH4yaTble peKkynepaTtuBHble Bon

TM.05-T2.PK.01

KocTtpomckon kanopudepHbln 3a-

TennoyTunmnsatopbl pereHepaTBHbIE BpaLlaroLmnecs TrM.10-32PT.01 Bon

TM.16-32PT.01

T11.25-32PT.01

T1.40-32PT.01

TI1.60-32PT.01

Tr1.80-32PT.01

XapbkoBCcku 3aBog "KoHamumo-

KoHOMUMOHepbI-yTUnmM3aTopsl KTLI2-10 Hep"

KTL|2-20

KTL{2-30 go

KTL{2-250
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MnacTuH4yaTble TennooOMeHHUKN

FOCT 15518-83

MaBnorpagckuin 3aBog XMMUYECKO-
ro MaLMHOCTPOEHUS

TpybyaTtbie pagMaynoHHble pekynepaTopsl

CeBepooHEeLKNIA ONbITHLIA 3aBof|
HMNO "TexaHeproxumnpom"

Cnmpaanble TEennoobMeHHMKN

TY 26-01-268

MO um. dpyH3se, Cymbl

KoHTakTHble 3KoHOMan3epbl ¢ Hacaakon us koney Pawura

OK-BM1-1

JleHnHabaackmn  3asog  "BHIMO
Cotosnpomras

OK-BM1-2

KTAH®bI - ytunusatopbl (ras)

KTAH-0,05YT

JleHnHabanckmn  3asog  "BHIMO'
Cotosnpomras

KTAH-0,1¥T

KTAH-0,25YT

KTAH-0,5YT

KTAH-0,8YT"

KTAH-1,5YT

KTAH-2,3YT"

KTAH-4,5YT

KTAH-6YT

KTAH-12YT

KoHTakTHble nogorpesaTenm

APB-10

HUNCT (Kues)

ACK-10

OBA-2

BEHTUNALNN

KTAHbI - BO3gyxonogorpaBatenn CUCTEM OTOMNSIEHUA U

KTAH-15BI1 n gpyrue

JlaTrunpnpom

KTAHbI - BO3ayxonogorpasaTenu 4yTbeBOro Bo3agyxa

KTAH-3,6 Bl

Jlatrunpnpom

KTAH-6 Bl

KTAH-9 Bl

KTAH-13 BNAa

KTAH-25 BINAa

KTAH-40 BNAa

KTAH-60 BIlAa

B 1982 r. 8 CAHTEXHUUIMPOEKT 6bin pa3paboTaH TEXHUYECKUA MPOEKT KPbILLHOW NPUTOYHO-BBITSXKHOM yCTa-
HoBkM (cm. Puc. 111.3.). B BepxHen 4acTn kaMepbl rOPU30HTaIbHO PacnosioXKeH BpaLLaloLWMIACs pereHepaTBHbIv
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Tennoytunmaartop, pa3padoTtaHHbii coBmecTHo 3UJT 1 MHUUTOII. TennoobmeHHWK npeactaenseT cobon b6a-
pabaH, 06pa3oBaHHbIN NIeHTaMu N3 rocpprMpoBaHHON W rMagkon antoMmuHneBon donbrn. Yactora BpaieHust 10
06/mMuH. K BHYTpeHHEMY BO34yxOBoOAY MpesyCMOTPEHO npucoeauHeHue Boagyxopacnpegenutens BBP. O6-
nacTb NPUMEHEHMUST KPbILHbIX MPUTOYHBLIX TEMSIOYTMUM3AaTOPOB B OCHOBHOM — OOLLECTBEHHbIE 34aHus (Npoun3-
BOAMTENBHOCTb NO BO3ayXxy 5-20 Thic.Ky6.M./4.). Kak n niobow yTunmsaTtop Takoro Tuna, ero He criegyeT npume-
HSITb NPW 3arps3HEHNM BO34yXa TOKCUYHBIMU, B3PbIBOOMACHbLIMU 1 NaxHyLWMMK BelwecTBamu. [Mpu TemnepaType
BblOpocHoro Bosgyxa +20°C u HapyxHoro -20°C ycTtaHoBka obecrneymBaeT HarpeB HapyXHOro BO3agyxa A0
+8°C 1 umeeT npu 3TOM TENSOBYIO MOLHOCTb OT 47 go 187 kBT B 3aBMCMMOCTU OT BO34yXONPOM3BOAUTENBHO-
CTL.

MoMMMO pereHepaTUBHbIX TEMNOOOMEHHMKOB C BpalLaloLWencs Hacaakon N3BEeCTHbI KOHCTPYKLMKN C HEMOOBWK-
HbIMM Hacagkamu. MNpuHUMN UX OeNCTBMS OCHOBaH Ha MOMEPEMEHHOM OBWKEHWW HarpeToro U HarpeBaemoro
MOTOKOB BO34yxa Yepes TennoobMeHHUKU. B kayecTBe npumepa KOHCTPYKLUMUS OOHOrO M3 MpOCTEMWUX Tenmno-
obMeHHUKOB nokasaHa Ha Puc. 111.4.

HdocTtaTtovyHo BbICOKOW 3(hdEKTUBHOCTBIO 06riagatoT MracTUH4YaThble BO34YXO-BO34YLUHbIE TEMOOOMEHHUKN —
yTunm3aTopbl. B HUx obMeHnBatoLLmMecs TENNOM NOTOKM BO3adyxa pasfderneHbl CTEHKOW, MO3TOMY HET OorpaHuye-
HUIW Ha coCTaB BO3ayxa.

Vicnonb3oBaHWe TENNOTbl CONTHEYHON pagnauunn. I'Ipﬂmoe MCNONb30BaHME COSTHEYHOMN pagnauun cynmt cylle-
CTBEHHbIE BbIrogbl. ConHe4vHas pagnauna obnagaeT 3KONOrM4eckom YNCTOTOMN, OOCTYNHOCTbHO. OpgHako npa-
MO€ ucnoJib3oBaHMe Tensa CoJiHua 3aTtpygHeHO Mn3-3a OTHOCUTESTbHON CITIOXXHOCTWU MOrfOLWEHNA U Tpchq)Op-
Mauuun, a Takxke n3-3a HecosnaageHnAa BoO BpeMeHu npnuxona n n0Tpe6neH|/|;| SHEpPrun.

Bce renuouncnonbaytolme yCTaHOBKM NogpasaensatoTcs Ha naccuBHble U akTuBHbIE. [epBble — Hanbonee npo-
CTble 1 AelleBble NO3BONSAOT UCMONb30BaTh CONMHEYHOE TEMmo 3a CHET apXUTEKTYPHO-MMNaHUPOBOYHLIX Mep. B
KayecTBe npumepa Ha Puc. lI.5. nokasaHo yCcTpONCTBO Tak Ha3biBAEMOW CTeHbl Tpomba, No3BONALLEN yNnaB-
nMBaTb M akKymMynupoBaTb TEMso COSIHEYHOW paguaumym B OObIYHOW HApPYXHOW CTEHe 34aHusl, UMetoLen no-
NOJSTHUTENBHLIN CNON OCTEKMEHUS.

AKTUBHbIE CUCTEMbBI UMEIOT pa3Horo poga FeJ'II/IOI'IpVIéMHVIKI/I, B KOTOPbIX HarpeBaeTCA TenioOHOCUTEerb. Takue
CuCcTtemMbl nogpasnendrTcd Ha BO34yLWHbIEe U BOAAHbIE MO BMAOY TENIOHOCUTENA, nony4varuwlero tenno. Boaoa
ABNAeTCA yﬂ,OGHbIM TennoHocuTenem, oaHako MMeeT CyLLl,GCTBEHHbIVI HEeOOoCTaToK — 3aMep3aeT. B mecTHOCTSX
C HU3KOW TeMHepaTyp0|7| HaPYyXHOro Bo3ayxa MUCnosb3yTCA CUCTEMbI CO CNMPTOBbIMU pacTBOpaMn B Ka4eCTBe
TENOHOCUTEIA. BO3£I,YX B 3TOM OTHOLLEHUN obnagaeT npenmMmyLwecTtsomM, OHAKO OH MMeeT Manyrw yaesibHyrH
TENNOEMKOCTb, YTO Tpe6yeT YBEJTMYEHHbIX FaGapMTOB YCTAHOBKMW.

OCHOBHbLIM 31IEMEHTOM CUCTEMbI SBNAETCA renMonpuEMHUK. PasnnyatoT HECKONbKO BUAOB 3TUX TENNOobMeH-
HVKOB. KoHUEHTpUpYoLWne rennonpuémMHUKA CoOCTOAT N3 chepruyeckux Unu LMNMHAPUYECKUX NMOBEPXHOCTEN, B
doKyC KOTOpbIX NOMeLLaeTcs HarpeBaeMbli anemeHT (cMm. Puc. 1I1.6). Takme npnémHmnkn moryt obecnedmsaTb
HarpeB TennoHocutensa go 100°C.. OHu adpdekTuBHO paboTaloT TONbKO Npu NpsAMom obnydeHun u TpebytoTt
nepuoanyecKon O4UCTKN.

Hanbonbluee pacnpocTpaHeHue Mnomyyunmn MrocKMe renmonpuéMHMKMA UM COSMTHEYHbIE KOMNEKTOPbl, COCTON-
LUMe M3 CTEKMSAHHOIO MMM MAacTUKOBOro MOKPbITUS (OOWHAPHOrO, ABOMHOMO, TPOMHOrO), TEMMOBOCMPUHMMALD-
Len naHenu 1 Tennoson nsonsauum obpaTHOW CTOPOHbI NaHenu. [log OencTBMEM COMHEYHbIX Nydyen noBepx-
HoCTb HarpeBaeTca go 70-80°C. Onsa ysenuueHns apdeKTMBHOCTU NOBEPXHOCTEN MX MOKPbIBAKOT chneuunanbs-
HbIMW NNEHKaMW UNN BakyyMUPYIOT 06bEM Hag NOBEPXHOCTLIO. TEXHUYECKNE XapaKTePUCTUKK, BbiMyCKaeMbIX B
CHT konnektopos, npuBeaeHbl B Taon. 111 .2.

Ta6bnuua lll .2.
TexHnYeckas XxapaKTepUCTMKA CONTHEYHbIX KOJTIEKTOPOB.

Morno- = OOBLEM CytouHasa Cpok cnyx- Jko-
. MaTepu- LlawowWas TenrnoHo- npou3soaun- = Obl, rodbl | HOMUS
ConHeuHbiit konnekTop an noBepx- | CuUTens, KnA TE€NbHOCTb, I TONNU-
HOCTb,KB.M. n Ba, TyT
BbpaTtckoro 3aBoaa Cranb 0,8 5 0,5 65 2 0,15
Knes3HNNAMM Cranb 0,7 8,6 0,5 70 3 0,12
BakunHckoro 3aBoga Antomu-
HUEBbIN 0,63 0,65 0,55 70 15 0,2
™n 1 cnnas
T™n 2 0,82 0,9 0,55 75 15 0,25
WA AH Knprusum To xe 0,5 12 0,6 75 15 0,25
OTU AH Y3bekucraHa
Cranb 0,62 0,8 0,35..0,4 65 3 0,15
CO WTamMnom paguaTtopa
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TMna nucT-Tpyba Ctanb  |0,61 1,3 0,3..0,35 60 5 0,12

Bonee npocTbie ycTponcTea Ansi NOrMOLWEeHNst CONHEYHON paamnaummn HasbliBalOTCA CONMHeYHbIMK abcopbepamu.
OTW TennooOMEHHUKN HE MMEIOT 3aLLMTHOro OCTEKMNEHUS, B CBA3WN C YeM HEeT HagobHOCTK B Kopnyce, repmeTu-
3aumm, ounctke crekna (cm. Puc. 111.7). B oTnnume OT CONHEYHbIX KONnekTopos, abcopbepbl MoryT pabotatb
NULWb B COYETaAHUN C TEMSIOBLIM HACOCOM.

CucTeMbl rennocHabxeHus 6bIBalOT UHAMBKAYANBbHLIMU U LEHTPanM30oBaHHbIMU. N5t BblpaBHUBAHUS HECOOT-
BETCTBMS MOCTYNNEHUst U NoTpebrieHns Tenna oHWM obopyayloTea akkymynsitopamu. NocrnegHue, B CBOK ove-
penb, B 3aBUCYMOCTM OT Ha3HAYeHWs!, MOTYT BbITb CYTOYHBIMU U CE30HHBIMU.

TennoBble Hacochl. Fenwowcnonbsyrou.me YCTaHOBKU, YTUNN3ATOPbl HU3KONOTEHLUMAlIbHOIoO Tensia BKIO4YakT B
cBomn KOHTYpP TenJyioHaCOCHbl€ YCTaHOBKU (THy). 3HaunTenbHble SKOHOMUYECKME U 3KOSOrMyecKkmne npenmytlie-
ctBa THY genatot nx nepcnekTnBHbIMn B obnacTtu Tenno-xonogocHabXeHus.

OHepreTnyeckasn adpcpekTnBHOCTL THY oueHuBaeTcs k0adULMEHTOM NMpeobpa3oBaHnsi, paBHbIM OT-
HOLLIEHUIO NONYYEHHOW TENmnOTbl B KOHAEHCATope K TenfoBOMY 3KBMBANeHTYy 3aTpadyeHHOM Ha NpUBOA KOM-
npeccopa anekTpoaHeprnn. OB6bIMHO 3TOT KOIPDULNEHT paBeH 3+4, T.e. HA eQUMHULY MOLLHOCTU NpMBoAa U3-
BnekatTcs 3+4 eguHMLbI TENSTOBOW MOLLIHOCTM HM3KOMOTEHLManbLHOro Tenna.

PaccmoTpeHHble Bbille 3HeprocOeperaolive Mepbl NpeAcTaBnsioT coGOM NUlWb YacTb OGLLEro KoMmrnekca
CPEACTB MOBLILIEHNA SHEpreTU4eckon acPeKTMBHOCTU CUCTEM OTOMIEHUS,, BEHTUNALMN U KOHAMLMOHMPOBA-
Hus Bo3ayxa. OcyllecTBreHre 3TUX UK ApYrMxX aHeprocbeperatowmnx peLleHnin nogpasymeBaeT HopMarsbHYyLo
3KCMyaTauuio CUCTEM, CMPOEKTUPOBaHHbIX U CMOHTUPOBAHHBLIX B COOTBETCTBUM C CYLLECTBYIOLMMU HOPMaMMU.
B peanbHO Xn13HK, K COXaNeHMo, 4acTo AOMYCKaloTCs HapyLUeHUs NpaBun akcniyaTauui. HaBegeHve nopsag-
Ka B OTOMUTENbHO-BEHTUISILMOHHOM XO3ACTBE OpraHu3auun unv npeanpustns — a3To ogHa u3 Hanbonee ag-
(heKTUBHBIX Mep B 3HeprocbepexxeHnn. Bropoe BaxkHOe ycrnioBue 3HeprocGepexeHnss COCTOUT B y4E€Te pacxona
3HepropecypcoB. Peanusauus aTux ycroBuii OTKpbIBaeT NyTb K BHEAPEHUIO SHEProcbepexeHns.
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3A0AYHUK

N o oA w N

MOHSATMSA YCIOBHOMO TOMNNMBA, NEPBUYHOIO YCNOBHOMO TONMNBA.

OueHKa noTeHumnanoB aHeprocoepeXeHust B KOTENbHbIX.

OHeprocbepexeHne B cucTtemax pacnpegerneHust napa v ropsideii Boasbl.

MeTofbl OLleHKM NOTEePb SHEPTNM U SHEPrOHOCUTENEN NpK NPOBEAEHUN 3HEpProayauTa.
OHeprocbepexeHne Npy NPON3BOACTBE U pacnpeneneHnn 3Heprun 1 SHEProHOCUTENEN.
OHeprocbepexeHne B NPOMbILLIIEHHOCTH.

OHeprocbepexeHne Ha 06 bEKTaX XKUMULLHO-KOMMYHarNbHOMO X035MCTBa.
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1. HHonamusn YC106HO20 monJjinea, NePBUUHO20 YCJIO6HO20 monjuea.

HanomHyM ynTaTento HeKOTOpbIE MONOXEHNS, KOTOPbIE YNPOCTAT YCBOEHME NPEeANoXKEeHHbIX MPUMEPOB 1
pelleHune 3agay.

PasnuyHble BuObl OpraHMYeckoro TOMMMBa, MCNonb3yemble Ans dHeproobecneyeHus noTpebutenen,
Npy CKUraHuM egrHuLbl 06bema Unu Macchl BbIAENAT pasnuyHoe KonmyecTso Tennotbl. KonnyecTtso Ten-
NOThI, BbIAENSIOLIEECS NPY NONHOM CropaHnui 1 Kr TBEPAOro UMM XUAKOro Tonnmea unm 1 M° razaoo6pasHoro
TONMMBA, Ha3blBAOT MernsIomoul ceopaHusi mornsuea unv TENNOTBOPHOM CNOCOBGHOCTLIO TONNMKMBA.

[ns conoctaBneHns aHepreTMYeckon LIEHHOCTU pasfuyHbLIX BUOOB TOMMUMBA U UX CYMMapHOro y4e-

Ta BBEAEHO NOHATME yCr108H020 morsusa. B kayecTBe eanHWLbI YCIIOBHOMO TOMMMBA NPUHMMAaETCs TONMBO,
KOTOPOE UMEET HM3LYI0 TennoTy cropaHus, pasHyto 7000 kkan/kr (29,33 Mx/kr). 3Hast TeNOTBOPHYO CrMo-
cobBHocTb nMoboro B1uaa Tonnmea, MOXHO ONPeaenuTb ero 3KBMBaneHT B YCIIOBHOM TOMNSMBeE.

P
_ Hi (1.1)

B .=B. ,
y 1l 7000

roe By,- — pacxopg [~TOro Bmga TonnvBea B yCNnoBHOM TOMInBeE, B.; QI_II?I— pacxoa n TennoTeBopHas cnoco6-

HOCTb (KKan/kr) i~Toro Buga Tonnvea B HaTyparbHbIX eguHuLax.

Onsi npsamoro n obpaTHOro nepecyeTa €4MHUL, KONMMYECTBa SHEPTUM MOXHO MCMNOMb30oBaTb Auarpammy
(cm. npunoxexue 1). Mpu coctaBneHun anarpaMMmbl ANs nepecdeTa eavHuL NoTpebneHust anekTpudeckon
3Heprum MCnonb3oBaHbl TeopeTudeckun aksuBaneHT 0,123 kr y.T./KBTx4y (KoadbduUMeHT Hag nuHUEn) u
cpedHMn no CcTpaHe YAenbHbll pacxXod YCNOBHOMO TOMMMBa Ha BblpabOTKy  3MNeKTPOIHeprum
0,320 kr y.7./ kBTx4. Ha pgmarpamme nNpuHATbI BenMYMHa TEnnoTBOPHOM CMOCOBHOCTM NPUPOAHOro rasa

p_ 3 p_
QH =7950 kkan/ M”, a masyTa QH = 9500 kKkan/Kr.

[Mpn ncnonb3oBaHMM NOHATUS YCNOBHOMO TOMMMBA HE YYUTBIBAIOT 3aTpaTthl dHEPrMM Ha 4oObi4y TONNUBA,
€ro TPaHCNOpPTUPOBKY NOTpebuTento, ero NoaroToBKy Unm nepepaboTky.

YyecTb 9TK 3aTpaTbl NpU aHanu3e aHepronoTpebneHns no3sonseT BBeAeHNE OPYron eaAnHWLbI — OOHON
TOHHbI IEPBUYHOZ0 YCII08HO20 MOMIUBa.

KoadhdpuumneHTbl nepecyeta notpebrneHHOro KOTenbHO-NEYHOro TOMMAMBa B NEPBMYHOE COCTaBMSAOT A1
1 T opraHmnyeckoro Tonnmea: masyta — 1,107; rasza — 1,167; aHepreTuyeckoro yrna — 1,065 1 y.T1.

MPUMEPBI PELLEHUSA 3A0AY

Mpumep 1.1
YcnoBue

rlpOMbILIJJ'IeHHoe npeanpuaTne B Te4eHne roga I'IOTpe6J'IFIeTZ

npupogHoro rasa (QP. = 7950 kkan/um®)  Gr=|20,000,000 | HM®

MasyTa (QSM = 10000 kkan/kr) M= 1,200,000 |T

yrns (QPy = 4500 kkan/kr) Y= 180,000,000 |T

OnpegenvTe NoTpebHOCTM NpeanpusaTHAs B NEPBUYHOM TOMUBE.

PewieHue

,D,J'Iﬂ onpepeneHna pacxoaa aHeprum B nepBM4HOM YCITOBHOM TonnnBe cnenyetT nepeBectn pacxodbl ToO-
nnuBa 13 HaTypalbHbIX e4ANHUL, B YCITOBHOE TOMJINBO.

p p p
QHF +MXQHM +yXQHy_

7000 7000 7000
22,714,286 + 1,714,286 + 51,428,571 = 75,857,143 T.y.T.

BZ :G['X

MCI'IOJ'Ib3yFI KOSd)d)VILI,VIeHTbI nepec4yeTa yCrioBHOro tornsinea B nepBn4HoOE yCriIoBHOE TOMIMBO, NOJTy4YUM:

BgT =22,714,286 1167 + 1,714,286 x1107 + 51,428,571 x1,065= 83,176,714 T.M.y.T.
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MepecyeT B NepBUYHOE YCITOBHOE TOMSIMBO MPOM3BOASAT C Y4ETOM 3aTpaT SHEPrn Ha Jobbivy, oGnaropaxm-
BaHWe 1 TpaHCMopT ToNnmBea.

Mpumep 1.2
YcnoBune

MpeonpuaTne Ha TEXHOMOIMIO 1 BbipabOoTKy TEMNIOBON M NEKTPUYECKON 3HEPrMn Ha cobcTBeHHon T3AL
nucrnornb3yeT MasyT ¢ Q: = 12100 kkan/kr.

[ononHntensHoe NoTpebneHne SNeKTPO3HeEPrun NpeanpuaTuem coctaenseT Aao= 80 MnH. KBTxu/roa.
MoTpebneHne masyta Ha TexHomormo coctaBnseT M=400 1/rog. TOU BeipabatbiBaeT Q=50x10°
lkan/rog TENnoBOW 3HEPTMM C YAENbHbIM PACXO4OM YCITOBHOIO TOMMUBA 8,,,=160 kr y.T./[Kan n 3=20x10°
KBTx4/rog ¢ yaenbHbIM pacxo4oM yCIOBHOMO Tonnmea 8,=320 r y.T./ KBTxu.
OnpegenuTe rogoBoe notpebneHne NpeanpuaTMemM SHeprm B YCIIOBHOM TOMIUBE.
PeweHune

"ogoBoe noTpebnexHne sHeprmu:
Bs=B7+B75+tBs3tByo, T y.T./I'OFI,
roe Br — pacxon yCnoOBHOIo TONMMBA Ha TEXHOMOIMKO, T y.T./rog;
Br5— pacxof yCnoBHOro TonfvMBa Ha NPOM3BOACTBO TEMNSOBOW 3HEpPrin, T Y.T./ro4;
Bs5— pacxopn, yCnoBHOIo TONnnBa Ha NPON3BOACTBO SMEKTPUYECKON 3HEprun, T Y.T./ro4;
Bao— noTpebneHne anekTpoaHeprum U3 SHeprocucTemsl, T y.T./ro4.
"opoBoe noTpebneHne MadyTa B YCIIOBHOM TOMMMBE HA TEXHOSOTMIO:

? 400x12100

H

7000 7000
Fouosoe n0Tpe6neHMe 3Heprnn B yCrioBHOM TonnnBe Ha BblpaGOTKy TennoBoun QHEpPrmnun:
Br5=Qx 8,mn=50x10°x160=8x10° kr y.T./roq
Foaosoe FIOTpGGJ’IEHVIe 3Heprmm B yCl1I0BHOM TOMMBe Ha Bblpa6OTKy ANIEKTPO3HEPINN Ha cobcTBEeHHOM
TOU:

=691,4,vy.1./ron

BT=MX

B5>=3x 85=20x10°x0,32=6,4x10° kr y.T./rop
FopoBoe noTpebneHne sHeprm B YCIIOBHOM TOMJIMBE U3 SHEPrOCUCTEMBDI:
Bao=340x 637=80x106><0,123=9,84x106 Kry.T./roq
rae 8st — TEOPETUYECKUIA SKBUBANEHT B YCIOBHOM Tonnuee 1 kBTxu.
Torpa
Br=691,4+8x10°+6,4x10°+9,84x10°=24931,4 T y.T./ron
MpymeyaHue:
1. [Mpw nepecdeTe pacxodoB TEMSIOBOM U 3NEKTPUYECKON SHEPTUM B YCIOBHOE TOMSIMBO MOXHO
ObINI0 BOCMOMb30BaTLCA Anarpammon (npunoxenue 1). [na nepecyeta noTpebneHHOro Ha Tex-
HOMOrno MasyTa crefyeT UCNorb30BaTh HOBbLIN KOSMULIMEHT, MOCKOMbKY Ha Auarpamme MasyT

nmeet Qlf = 9500 kxan/kr.

2. TlepeBof B YCrOBHOE TOMSIMBO WUCMOSMb3yEMYHO 3NIEKTPOIHEPIVIO CrEeAyeT OCYyLIeCTBNATbL pas-
OenbHO, MOCKOMbKY YAENbHBLIA pacxod YCrOBHOIMO TOnnuBa Ha BblipaboTky 1 kBTx4, Ha T3l
8,=320 r y.1./ KBTx4, a TeopeTuyecknii IKBUBaNeHT 85r =123 r y.T./ KBTxu.

Mpumep 1.3
Ycnosue
Mognexut nu notpebutens TOP cornacHo ®enepanbHoMy 3akoHy «OO6 sHeprocbepexeHun» obsa3a-
TenbHbIM 3HEepreTu4ecknm obcrneaoBaHVsM, eCnm B TeYeHre roga noTpebnser:

NPUPOZHOrO rasa Gr=15x10° um® (QP = 8100 kkan/m®),
3NEKTPO3HEPTUM 9=25x10° kBTxy,
TEMMOBOIi SHEPrUK Q=7,5x10° T'kan,

BTOPUYHBIX 3HEPTOPECYPCOB (ropHoYUmMX)

caMoro npeanpusTUs Gar=15x10° 1 (Q 5y = 3500 kkan/r)

PewieHue

CymmapHoe rogosoe FIOTpGGJ'IeHVIe B YCJTOBHOM TOMJinBE 3HEPIrnm COCTaBIIAET:
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P br 15x10° x8100 .

=G, x—_+9x +0Qx +G,,. x =
2 =Crxggng T2 Gor T Q6 + G X200, 7000
3
+25x10°x0,123+7,5x10°% x143 + 15x10" %3500 > 6x10°, kr y.T./rox
OpHako
p
uBT

B:—Gpp X 0 <6x10°% «r y.T./ron

[MpumeyaHue:
OTBeT Ha NOCTaBMEHHbIV BONPOC OTpULaTENbHbIN, MOCKONbLKY cornacHo ®enepansHomMy 3akoHy «O6 aHepro-

cbepexeHnmny obsaszaTenbHbIM 3HepreTuyecknm obcnegoBaHuam nognexat notpebutenn TOP, noTpebnsio-
wre Gonbwe 6000 T y.T./rog, ogHako, 6e3 yyeta noTpebneHns cobCTBEHHbLIX BTOPUYHBIX SHEPropecypCoB.

3A0AUYN

3agava 1.1

Ha npegnpuatum gnsa Hyxg TOL m TexHonorum notpebnsertcs 500x10° m/rop npupoaHoro rasa,
400x10° m*/rop v3 KOTOpbIX ncnonb3yetcs Ha TOL ana BbipaboTku anekTpoaHeprum 1 Tenna. N3BecTHo, 4To
Ha TOL, BeipabaTbiBaeTcs 200x10° [kan/ron npv 8,,=40,6 kr y.T./I . YAenbHbIn pacxof YCNoBHOMO TONMu-
Ba 85=330 r y.T./ KBTxu.

U3 aHeprocucteMbl npegnpuatue notpebnsaet 60 mnH. kBTxy/roa.

OnpenennTe konuyecTBo BblpabaTbiBaeMon Ha TOLL anekTposHepruv u obwime 3aTpaTbl SHEpPrUv Ha
NpeanpusTUN B T Y. T.

3agava 1.2

MpeanpuaTne 3annaHMpoBano nornyynTb 3a rof co ctopoHbl 302,75 Ty.T. aHepropecypcos. Npudem n3
HUx 54% ma3syTa, 42% TennoBow aHepruun, 4% npupoaHoro rasa. 1o utoram roga OTKNOHEHME OT NITAHOBOTO
pacxofia CoCTaBWIIo Mo MasyTy: +40 T, no Tenny: +50 CIx, no rasy: + 0,1x10° Hm®.

OnpegenvTe akTUYECKUA pacxof BCEX SHEPropecypcoB, a Takke rogqoBoe aHepronoTpebneHve npea-
NpUATUEM YCITOBHOIO TOMMMBA.

3apgaya 1.3

ConocrtaBbTe pacxodbl B HaTyparnbHbIX eguHuLax AByx BUOOB Tonnmea (rasa u masyrta) ansa TOLU, anek-
Tpudeckas MollHocTb koTopon 10 MBT, a Tennosas, nepegasaemas B TennoceTb B Buae ropsyven sogpl 67
FOox/u.

3apgaya 1.4

MpeanpuaTtne notpebnsaet 3a rog 12x10° M3/ro,u, npupoaHoro rasa, 70 MnH. KBTxu/rog anekTpuyeckon
aHepruu, 40 Tbic. kan/roa TennoBon aHepruu.

Onpegennte NpuMxo4yo YacTb aHeprodanaHca NpegnpusTUS U NPOLIEHTHYIO A0S0 KaXaoro SHEProHo-
CUTENS B HEM.

3agava 1.5

MpeonpuaTtne notpebnser 40%x10° TOHH masyTta B rog. TOL npegnpuatus, paboTtatowas Ha masyTe, Bbl-
pabatbiBaeT 50x10° M'kan/rog TennoBoit 3Hepruu n 10x10° KBTxy ANEKTPUYECKON SHEPTUU B rof, Npu yKkasaH-
HbIX Ha anarpamme (npunoxeHue 1) yaenbHbIX pacxogax yCrnoBHOro TONMnmBea.

OnpegennTe pacxog TONMMBA, UCMOMb3YEMOrO Ha TEXHOSOTUIO.

3apaya 1.6

MpeanpusiTue notpebnsiet B rog 900 Thic. HM® MPUPOAHOIO rasa, TeNnoTBOPHAS CNOCOBHOCTb KOTOPOro
8200 kkan/Hm3 7 Tbic. [kan TennoBow aHeprun 1 1,5 MH. KBTx4 aneKkTpruyecKkon aHeprmu.

Onpegenute, nognexvt nu npegnpuatne obasaTenbHbIM 3HEpPreTM4eckum obcrnegoBaHMsaM COrnacHo
3akoHy «O06 aHeprocbepexxeHnny.

3apgaya 1.7

MpeanpuaTtne notpebnset n3 sHeprocuctembl 10 MIAH. KBTxY B rof anekTpoaHeprun. YaenbHbl pacxon
YCITOBHOTO TONnMBa Ha BbipaboTky 1 kBTx4 B aHeprocucteme coctaenseT 340 ry.T./kBTxu.
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Onpepenute pacxoa npupopHoro rasa (Q 7 =7950 kkan/im®) B sHeprocucTeme Ha BbIpaBoTKy NOTpe6-

nsemon npeanpuaTnemM aNeKTpoaHeprmm n KoJin4ecTteo pacnonaraemoﬁ (B YCIIOBHOM TOFIJ'II/IBe) npeanpuaTtn-
€M 3Heprun.

3apaya 1.8
Onpepennte koahdULMEHTbI NepecyeTa U MOCTPOWTE AuMarpaMMmy Ans nepecveTa eAuHWL, SHEepruu,

aHarnorn4Hy NpUoXeHuto 1, ecriv BMECTO MasyTa B3SIT yrofib C Q: =4400 kkan/kr; ecnvu BmecTo [ B3s-

Tbl ApoBa C Qf =2500 kkan/xr.

3apgaya 1.9
OnpeaenvTe 0050 KaXaoro n3 notpebnsieMblX SHEPropecypcoB B TOMMMBHO-3HEpreTMYeckom banaHce

npeanpusiTusi, eCnNn N3BeCTHO rogoBoe NOTpebneHne 3NeKkTpPO3HepPrnm 39=97,5x10° kBTxu, NPUPOAHOro rasa
G=1,85x10° M3, Jn3enbHoro Tonnmea ,El,=2,6><106 n, masyTta 85,8x10° n, cxukeHHoro rasa 0,3x10° kr, kokca
3x10° kr.

3apgaya 1.10
B ycnoeusx 3agaun 1.9 nokaxute UHaAHCOBYIO LieniecoobpasHOCTb UCMONb30BaHWUS OOHOMO0 3HEProHo-

cutensi, ecnn n3BecTHbl Tapudbl 3=1,05 py6./ kBTx4, g=750 py6./1000 M, d=10 py6./n, m= 3500 py6./T,
g+~=2500 py®./kr, k=500 py6./kr.
MoBTOPUTE pacyeTbl MpyY CYLLECTBYIOLLMX B HAcTOsILLLEe BpeMst Tapudax.
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2. Ouemca nomenuuanoe 3Hepzocﬁepeofceuu;l 6 KOmeJibHblX.

MeponpuaTnst N0 dHeprocbepeXeHnio B NPOMBbILLIEHHbIX KOTEMbHbIX padHoobpasHbl. Cpean HUX no-
BbilLEeHUNe KI‘I,EI, KOTNoarperaTtoB 3a CYET CHUXEeHUA TemMmnepatypbl yxXxoadauwmx ra3oB, UCNONb3oBaHWE Tenna
NpPoAyBOYHOW BOAbI, paLMOHanbHOE CHUXEHWE OaBneHusa napa oT AasrneHus B 6apabaHe koTna go aaene-
HWs1, TpebyemMoro B TEXHONMOMMYECKNX annapartax, paumMoHanbHoe pacnpegeneHme Harpy3kn Mexagy HecKormb-
KMMUK KoTroarperatamm, paboTalLmmm OgHOBPEMEHHO U Op.

Mpn paccMOTpeEHMN MEPOMPUATUI NO 3KOHOMUW TEMITOBOW 3HEPTUM U TONNMBa Hanboree NPUOPUTET-
HbIMU SIBMISOTCS Takue, NPUMEHEHNE KOTOPbIX NO3BONSAET HE TONBbKO 00ECNeyYnTb 3HAYUTENBHYI0 3KOHOMUIO,
HO 1 NO3BONAKOT MOBbIWATL MPON3BOANTENBHOCTb Y HAAEXKHOCTb TENNIOTEXHUYECKUX YCTAHOBOK.

HanomHMM HekoTOpble MOMOXEHNST U3 TEMNIOBOrO pacyeTa KoTnoarperatoB. KoadduumeHT nonesHo-
ro OEeNCTBUS KOTENBHOTO arperata XxapakTepuayeT CTeNeHb COBEPLUEHCTBA NpoLecca NpeBpaLLeHnst Xummnye-
CKOW 3Heprum Tonnvea B TEMNMOBYHO SHEPIMIO BbipabaTbiBAaeMOro napa unm ropsyen Bogpl.

KM OpyTTo yunTbiBAET UCMOMNBb30BaHNE TEMMOBOW SHEPrMM TOMNMBA B KOTroarperate u npencrae-
nsaet cobow OTHOoLEHME BbIpabOTaHHOrO Tensa K 3aTpadeHHoMYy.

7755 =ﬁ-100% =100% - 2q (2.1)

3aTp

g — cyMMa yAesnbHbIX (Ha eauHuLy Macchl U obbema Tonnvea) noTepb Tenna ¢ yXoAsAWMMUY rasamu, oT
XUMUYECKOM N MEXaHNYECKOW HEMONHOTLI CropaHus TONMMBa U NoTepu B OKpyxatoLyto cpeay, %.
Tennosble NOTEPU C YXOASALLMMU ra3aMm ¢q MOXXHO OLeHUTb No hopmyne:

t
q ==—[c'+(h-1)-n-k]-(100—q,), (2.2)

max

B RO™
RO, +CO+CH, ’

(2.3)

rae gs - TennoBble NoTEPU OT MEXaHNYEeCKON HEMOSHOTLI CropaHusa Tonnuea, %; fy, s, tmax — TEMNEPATYPSI
YXOAALMX rasoB; BO34yxa, NOAaBaemMoro B KOTENbHbIN arperart; MakcMmarnbHas Temnepartypa AblMOBbIX ra-
308, °C; ¢’ 1 k — nonpaBoYHble KO3APDULNEHTLI, NOKa3biBaOLWME OTHOLLEHUE CPEOHUX YOENbHbIX TENOEMKO-
cTel pasbaBfieHHbIX U He pasbaBreHHbIX BO3OYXOM AbIMOBbIX ra3oB B UHTepsane Temnepatyp oT 0 Ao fy K
CcpeaHUM yaernbHbIM TennoemMKocTsaM B uHTepBarne oT 0 A0 fnax N — KO3 PULUMEHT, NOKa3bIBaAIOLLMIA OTHOLLE-
HWe cpefHen yaernbHON TEN0eMKOCTM BO3dyxa B uHTepsane Temnepatyp ot 0 Ao t, K cpeaHen yaenbHown
TEeNNOeMKOCTU He pasbaBreHHbIX BO3OyXOM AbIMOBbIX rasoB B MHTepBane oT 0 A0 fma.; ROz — cymma Tpex-
aTOMHbIX ra3oB (3HadeHusi RO,™ Anst OCHOBHbIX BMAOB MEPBUYHBLIX SHEPropecypcoB npuseaeHs! B Mpuno-
XeHun 6).

Tennosble NOTEPU OT XMMUYECKOW HEMOMHOTLI CrOPaHMs TOMNMBA ¢z MOXHO OLEHUTL MO YNPOLLEHHON
dopmyne:

p

-h
q =—2<—.100% (2.4)
2 P
P — HM3wWas TennoTa cropaHns 1 M Cyxux NPOAYKTOB CropaHns (MOACHNTLIBAETCS NO AaHHbIM
aHanwsa), Kx/m>

» =[30,2CO+25,8H, +855CH, |- 4,19 (2.5)

H.c2

P - Hu3wasa TennoTa cropaHus paboyen Maccbl TONNMBA, OTHECEHHAs K 06beMy Cyxux MpPOAYKTOB
cropahust, kKx/M>. OpUEHTNPOBOYHBIE 3HAYEHUSI P MO OCHOBHbLIM BIAM NEPBUYHBIX SHEPTOPECYPCOB NpUBE-
aeHbl B MpunoxerHnn 6. KM 6pyTTo MOXHO onpeaenuTb MHade:

»_D:(h,=h,)+Q

np
Mia -100% (2.6)
B-Q;

roe D — naponpon3BoanTenbHOCTb KOTEMBHOMO arperara, Kr/y; hy,, h,s— sHTanbnusa napa, nMTaTensHON BOAbI,
KOPK/Kr; Qnp — MCTONb3yeMasi TENMoBas 3HePrust NPoL4yBOYHON BoAbl, kk/4; B, Q°, — pacxond, TennotBopHas
CnoCcobHOCTb TONNMUBA, Kr/Y, KIDK/KF

KrNQ Hetto y4uTbiBaeT pacxon TENNoBOW QHEeprmn Ha cobCcTBEHHbIE HY>XXbl.
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nm (D- Dcu)'(hn_hns)_'_Q
nm - BQZ

T .100% (2.7)

roe D¢, — pacxop napa Ha cob6CTBEHHbIE HYXXAbI, KI/4.

[na onpepeneHns KONUYECTBa SHEPTU, MOSIE3HO MUCMONb3YEMON NpY yTUNU3auun Tenna npogyBoyd-
HOW BOAbI, UCMOMb3YIOT BblpaXXeHue:

Q,=¢-G,-(h,-h,) (2.8)

KoathpmumneHT ncnonb3oBaHus TEMNMOBOM 3HEPTMM MPOAYBOYHON BOAbI:

Q= ﬂ( hcn _hI/[B )+( 1_ﬂ )( hcn _hV[B )

(2.9)
hKB _hMB
Hons napa, BblaensoLLerocsi B cenaparope
h_ —h
=== 2.10
'B h cn - h CB ( )

rae hs, hys, Nes, hen — 9HTaANBLNMSA KOTNOBOW, UCXOAHOW BOAbI, CENAapMpOBaHHOM Boabl M napa,  KLK/Kr.

HenpepblsHaﬂ nnn nepunogmnyeckasa npoayBka B 6apa6aHHbIX KOTnax npumMeHdaeTcda ona no-
NTy4eHnd napa 3agaHHblX napamMmeTpoB NO KOHUEeHTpauun conen, PacCTBOPEHHbIX B KOTIOBOM BOAE, npum 3TOM
YyacTb KOTIOBOM BOAbl 3aMEHSAETCA NOLAMUTOYHON BOLON.
CYMMaprIe noTepu Tonnmea 0e3 ncnonb3oBaHMs TEMMOBON QHEPIrnn l'lpO,El,yBO‘-IHOVI BOAbl COCTaBJid-
10T

_ DTpH( hK‘B _hMB)
= Qp. 65

rae T - rofj0BOe YNCOo YacoB paboThbl KOTENBHOW; P, — BENMYMHA NPOAYBKU B MPOLEHTax OT Naponpou3Boau-
TenbHoCTK. MocneaHo MOXHO onpeaenuThb:

_ Sx .HK
- SK@ _Sx

AB

(2.11)

p, -100% (2.12)

roe Sy - CyXOn oCTaTOK XMMUYECKM OYULLLEHHOW BoAbl, Mr/Kr; [, - cyMMapHble noTepu napa u KoHaeHcaTta B
[0nsxX NaponponsBoaMTENBHOCTU KOTEMNbHON; Sz — paCHETHbIN CYXO OCTaTOK KOTMOBOW BOAbI, Mr/Kr (MpUHK-
MaeTcs No Hopmam unu no MpunoxeHuto 7).

Ecnu ans ucnonb3oBaHns Tenna HENPEPbLIBHOW NPOAYBKU MPUMEHSIIOTCA cenapaTtop U TEMNoobMeH-
HUK (p1C. 1), TO 3KOHOMUSA TOMNMKMBA (C Y4ETOM BCKMMaHWSA YacTu NpoayBKW) onpeaensieTcsa no opmyne:

o D7 P [Be(he =N, J4(1-B)(hea—he, )]

A
p_,,0p
QH ka

(2.13)
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HaceimeHHslii nap

=
D.h,
-&.;?
Qs Y CenapupoBaHHBIH nap
=
i?l.'ll
w hcu
3
Y
Puc. 1

3HauMTENBbHYK 3KOHOMMIO TOMMMBA MOXHO MOSYYUTb NPW 3aMeLLeHNN napa, Nofy4eHHoro oT cobceT-
BEHHOW KOTerbHOW, napoM, oTnyckaembim ¢ TOL. Torgoa Heobxogumo yumTbiBath KM nepegpatowmx ceten
OT LeHTPann3oBaHHOIO MCTOYHUKA:

AB = 143xQ {i—L] (2.14)
77)1/1)( 77KT ' 77TC

roe Q — pacxon TennoBow aHeprum B nape, MK, Muew M Nre — KM MecTHon koTensHOW, kotensHon TOL,
TENMoBbIX ceTen; y —koadpmumMeHT pacxoda Tenna Ha Tennodukauuio (y ~ 0,42+0,82).

— QOTB

Qrong

rae Qorz QTau — pacyeTHas Tennosas Harpyaka 0T60poB TennouKaLUnoHHbIX TypouH, TOLI.

y (2.15)
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MPUMEPBI PELLEHUSI 3A0AY
Mpumep 2.1.
YcnoBue
Onpegenvte rogoBble CyMMapHble MOTEPU YCIOBHOro Tonnmea 6e3 ncnonb3oBaHus TENI0BOWN SHep-
rmn NpoayBOYHOW BOAbl B KOTernbHOW. [MaponponsBoauTensHOCTb KoTenbHon D, = 48T/4, gaBneHue Hacbl-
weHHoro napa P, = 1,3 Mlla, TemnepaTypa ncxogHoun BoApl, NocTynarwLlen B kotenbHyto t, = 10°C, rogosoe

% = (,73. Cyxoi1 OCTaToK

YMCIO YacoB MCMOMb30BaHMA Naponpou3BOAMTENBHOCTU KOTenbHON 7 = 6500 4, 77,;
XUMUYECKN OYMLLEHHOM BOAbl Sy = 515 Mr/kr, cymMapHble NnoTepu napa 1 KoHgeHcaTa B 40NSX NaponponsBo-
antenbHocTu KoTenbHon 1, = 0,41. B KayecTBe cenapaumoHHOro YCTPOMCTBA UCMONb3YHTCHA BHYTpubapa-
©aHHbIe LINKIMOHBI.
PeweHue
Ncxopsa ns ycnosus 3agauv no lNpunoxeHuto 7 onpegensem pacyeTHbI CyXOW OCTaTOK KOTMOBOW

BoAbl S =4 000 mr/kr, 3aTem no 2.12 onpegensem BeNMUYUHY NPOOYBKM Py

515.0,41
P = 2000515

Mo Tabnvuam CBOMCTB BOASHOrO HACLILLEHHOro napa HaxoguM 3HadeHue aHTanbnuum npu P, = 1,3
MMa: h,=814,7 xkOx/kr.

lopoBble MOTepu yCcnoBHOro Tonnvea 6e3 MCNonb30BaHUS TEMNSIOBOWM 3HEPrMn NPOAYBOYHOW BOAbI,
cornacHo 2.11 cocTtaensioT:

5= 48-6500-6,059-(814,7-10-4,19)
100-29,33-10°-0,73

-100% = 6,059

=682,3 Ty.T./rog

Mpumep 2.2.
YcnoBue

OueHnte cpefHerogoByro 9KOHOMUIO TOMMNMBa B OEWCTBYIOLLEN MPOMbILLNEHHON KOTENbHON, Tenmno-
npoussoamTenbHOCTb Kotopon Q=240 [x/4, 3a cHeT CHUXeHns TemnepaTypbl yxoasawmx rasos t, ¢ 190°C
1o 140°C. Tonnmeo — masyT (Q°,=39,8 MI>K/Kr), cxuraHue Tonnmea NPousBoauTcs npu gs = 0, TemnepaTypa
BO34yxa, MogaBaemMoro B KoTenbHbIN arperat {;=20°C, makcMmMarnbHas Temnepatypa AbIMOBbIX Fa30B tmay =
2060°C. ¢’ = 0,83, k = 0,78, n = 0,9. CoctaB npogykToB cropaHus masyta: CO, =10%, CO = 0,8%, CH, =
0,05%, H, = 0,06%. MogoBoOe 4ncno YacoB UCMONb30BaHMS NAapONpPOM3BOANTENBHOCTM KoTenbHoM T = 4200 .

PeweHue.
CornacHo lNMpunoxeHuto 7
Bug Tonnuea P, kOx/m° RO,™
Masyt 4061,4 16,5
16,5
Torpa h = =1,58
9,6+0,8+0,05

BenuumHa noTeps q onpegensieTcs no opmyne 2.2 1 CocTasnsieT Npu TeMnepaTtype yXoasiumx ra-
308 t,, = 190°C:

/ 190-20
9, =————[0,83+(1,58-1)-0.9-0.78]-100 = 10,23%
2060
To xe npu t,, = 140°C:
n 140-20
% =oeg [0,83+ (1,58 —1)-0.9-0.78]-100 = 7,22%

Huswas Ttennota cropaHua 1 M3 CyxXnx npoayktoB CropaHua onpenendeTca no 25 n paBHa:

? =[30,2-0,8+258-0,06+85,5-0,05]- 4,19 =29,98 xfw/m’

H.Ce

Tennosble NOTEPU OT XMMUYECKOW HEMOMHOTLI CropaHMs TONNUBa g, OLeHnBalTCs no dopmyrne 2.4:

q, = 2298198 15006 _ 1179
4061,4
Wcxops ua onpeaenenuns K opyrro:

' 4
Mpu t, = 190°C 7% =100% - q =100-10,23-117 ~15 =87%
1

4
npu b, "= 140°C % =100% - q =100-7,22 117 —15=90%
1

CornacHo 2.6 onpeaenvm rogoByk0 3KOHOMMIO TOMMMBA OT U3MEHEHUS TeMnepaTypbl YXOA4ALWMX ra-
30B, a criegoBaTensHo u KN 6pyTTo KOTENbHON:
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11 11
Dlh, =hy, )| =5 Q| =y 240-103-4200'(1_1j

o) 6, 6, o)
AB = Mea  Ma ) _ Mea  Mea ) _ 87 90
Qr QY 39.8
= 9596 T ma3yTa
B ycnoeHOM TOnnmBe rogoBasi SKOHOMWSI 3HEPTMM COCTaBMT:

240-10° - 4200 1,— 1,,
op op
AB = s M J _ 13025 Ty.T.
29,33

Mpumep 2.3
OHepzaocbepexeHue npu pedyyuposaHuu OasreHusi napa

HwxenpreeaeHHble pacyeTbl MAPOBOro 3)KeKTopa No3BoNsA0T AN KOHKPETHLIX pacxo[oB napa v ne-
penagoB AaBreHus onpeaenuTb aHeprocbeperatowmin adpdekT.
Cxema 1Cnosb30BaHUs NMOBbILEHHOrO AaBreHus napa

Brinapsoit
antapar i D¥KEKTOp Hcxonnbiii
(ummuHApEL Pc, tc Pp, tp map
KM, BTN < P i
Pu, tu ~0,85 G,
ITapo- ~0,15 G,
KOHJEHCaTHas [ )
Gew CMECh

i.w=(100-150) Kxan/kr [ —]

t=(30-50)° C
BO3BpATHBIN KOHJEHCAT
Puc. 3.4.2

PacyeT k03dhdDULIMEHTOB NHXEKLIMM BTOPUYHOIO Napa:

McxoaHble gaHHble ons pacyeTa:

Pabouui notok CwmeLuaHHbIn NOTOoK NHxeKTupyemblii NOTOK
P,=0.8 Mlla P.=0.3 Mla P,=0.05 Mlla
t,=t+50°C (220.41°C) - t,= 100°C

KoadbpuumneHThbl, pekomeHayeMble Ha OCHOBE 3KCNepuMeHTanbHbIX AaHHbIX (E. A. Cokonos, B. M.
BpoasaHckuii «QHepreTmuyeckne OCHOBbLI TpaHcopMaLmm Tenna u NpoLLeCccoB OXIaXKAEHUSA»):
Qo = 0.95; Qo = 0.975; Q3 = 0.9; Q4= 0.925.

KoadduumeHT ckopocty pabodero noToka:
K, =@, -9, ¢, =0.834
KoahpnumneHT CKOpOCTN MHXKEKTUPYEMOro NoToKa:

K,=¢, ¢;-9,=0.812
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K, =13, R,=463;, T,=1,%273=493.41K; A, =0;
Ko =1.13; T, =t,+273=373K; Ay =0;

OTHOCUKTENDBHbLIE TeMnepartypbl pa6oqero N NHXEKTUPYEMOTO NMOTOKOB:

TeMHepaTypbl TOPMOXEHUA Npn NapameTpax pa6oqero N NHXEKTUPYEMOTO NMOTOKOB:

T
Tm, =—"=493.41 K:

P
Ty
T

Tm, == =373 K
T

H

KpI/ITVI‘-IeCKaFI CKOPOCTb paGoqero N NHXEKTUPYEMOro noToKa:

2-K M
arp, = | +p1-1lRp -Tm,, =508.18 =
p

2K R Tm_ —428.065
K, +1 c

[MpomexyTouHble KO3(PPULMEHTDI:

Jo = 4P _0.842

akp,

akp, =

i:1.187

Jo
P
Ilpn = =0.125
PP
Apn =1.87 (Onpepensetcs no lNpH no Tabnuuam ra3ogrHaMmuyecknx yHKUun npm k=1.13)

1 1

1|x-1 -1 K1

OpH = o “Apn-|1— o’ - Apn’® =0.479
2 K, +1

MpoBepsem, HET N1 0bnacTn 3Ha4YeHnin qc3 B KOTOpOM paboTa KomMnpeccopa HEBO3MOXHA

P, -qpc
(qc3S% )?

c

KNH—l
Inkp = [ J =0.578
K, +1

IIps = I1ukp - [Ipn = 0.072
gps = 0.38 (Mo Tabnuuam razogMHaMU4eCcKUX yHKLIA)

P -qgps
2~ =1.013 (Mockonbky 0<qc3<1 To Npu NOBbIX 3HAYEHUsIX ByAeT BLINONHATLCS YCIOBUE
P -gpc
ge3s—-2— )
P

c

Hanee npoBOoAMM pacyeT ona paga 3HaYEHUM:

rlpVIBeD,eHHaFI MaccoBas CKOpPOCTb CMeELIaHHOro noToka B ce4eHunn 3:
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1 1
K1 - K,
qge3=| St g 1o KTt g
2 K, +1

OTHOCUTENBHOE AaBNEHNE CMELLaHHOro NoToKa B cedeHnn 3:

-1 oL
Hc?::[l— K -1032}
K, +1

KoadpduumeHT nHxekumm npyu BTOPOM NpeaenbHOM pexume:

P 1 P 1
P. g3 P, gps 1
Unp2 = .
P..1 o
P. Qqc3
Ac3 qc3 1lc3 unp2
0.5 0.721 0.875 0.294
0.6 0.821 0.824 0.154
0.7 0.9 0.768 0.078
0.8 0.956 0.707 0.036
0.9 0.989 0.644 0.014
1 1 0.578 0.00781
MpvBeaeHHan MmaccoBas CKOPOCTb UHXEKTUPYEMOro NOTOKa B CeYeHUn 2:
unp2 - Jo
qu2 =
P, 1+unp2-46 P, 1
P gc3 P, qpu
OTHOCMTENbHOE AaBMNeHNe UHXEKTUPYEMOrO NOTOKa B CeYeHun 2:
K _1 Kﬂfl
In2 =|1———=" Jcu?
K, +1
IMpomexyTouHble KO3 PULNEHTDI:
o)
P Ilc3—- FH
K3=1+¢p, —. c
P, x, Ilnkp-Ac3-Qpu
P 11c3—1lc?
K3=1+gp, —=- com ¢
P, «k,-Ilnkp - Ac3-Qu2
KoadhduumeHT nHXeKUUn NnapoBoro axekropa:
U= K1-4pn—K3- A3 1
K4 -Ac3-K2- 2 o
qu2 An2' 1In2 llc2 K3 K4 u
0.785 0.56 0.845 0.282 2.168 7.243 0.178
0.656 0.44 0.902 0.301 1.882 6.493 0.144
0.493 0.32 0.947 0.316 1.67 6.414 0.11
0.309 0.19 0.981 0.327 1.504 7.35 0.074
0.152 0.09 0.996 0.332 1.372 10.424 0.041
0.088 0.05 0.999 0.333 1.264 12.505 0.028
OnpegeneHne pacxofdoB NHXEKTMPYEeMOro napa, npuxoasiierocs Ha 1 kr paboyero napa:
G, =1 «e
G,=G,-u
G, | 0178 [ 0144 | 0.11 | 0074 | 0.041 | 0.028 |

Y am2 OTIPENIEIIACTCS 10 TAOIUIIAM Ta30 AMHAMIYCCKUX (DYHKIIUH.
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MpuBeneHHbIN pacyeT (puc. 8.2.3) NokasbiBaEeT, YTO 3a CYET MHXEKLUN BTOPMUYHOIO Napa MOXHO CHU-

3uTb pacxog pabodero napa npu 3agaHHbIX UCXOAHbIX AaHHbIX Ha 2.8 — 17.8%.

nc.3.4..3
MpumeyaHue: makcMManbHO AO0NYCTUMBbIA KOIPPULIMEHT MHXKEKLIMU HAXOAUTCA B TOUKE NepeceyveHus
rpacmkoB (0.14), yTo o6ecneymBaeT Npu 3agaHHbIX YCIoBUsAX akoHoMmuio 14% paboyero napa.

3aBucnMMocTb KoachduuneHTa NHXKEKUUN OT NpUBeaEeHHON

CKOpOCTHU

0,35
©
£ 03
2
I 0,25 =
S —o— [penencHbil
8=
5 J 0.2 KoahpunumneHT
S g NHXKEKLK
o I 0.15 1 —a— KoadhdpmumeHT
% 01 - UHXXEKLMM
T
T 005 \A\‘
) \?

0

0 0,2 0,4 0,6 0,8 1 1,2

MprBeaeHHast CKOPOCTb B CEYEHUN C-3

3A0AYM
3agaya 2.1. B TennoBor cxeme TOL, 4na ucnonb3oBaHUst TEMMOBOW 3HEPTUM HENPEPBLIBHOW MPOOYBKM
yCTaHOBMNEH cenapaTtop U TennoobmMeHHuK. OueHnTe roJoBYH SKOHOMUIO YCIIOBHOIO TOMMMBA OT MCMOMb30-
BaHWS TEMMOBOW 3HEpPrMn NpodyBoYHOM BoApl. MaponpoussogutensHocTb Dk = 50 T/4, gaBneHue HacbILLEH-
Horo napa Pn = 4 Mlla, TemnepaTypa UCXOAHOW BOAbI, MOCTyNatoLLEen B KoTenbHyto tne = 15°C, rogoBoe unc-
no YacoB ucnonb3oBaHus pabotel TAL t = 5000 4, cyxor oCTaTOK XUMUYECKN OYULLEHHON Boadbl Sx = 400
MI/KF, CyMMapHble NoTepu napa W KoHAeHcaTa B LONAX Naponpou3BoguTenbHoCcTM kotenbHon [k = 0,32.

op
KoTen nmeeT OBYXCTYMNEHYaATY0 CXEMY UCNAPEHUSI C BbIHOCHBIM LIMKITOHOM, Ma = 0,81. OHTanbnus cenapu-
poBaHHoro napa hce = 2700 k[x/kr, TeMnepaTtypa cenapupoBaHHon Bogbl tcn = 60°C.

3agava 2.2. OueHnTe 3KOHOMUIO YCITOBHOIO TOMMMBA NpW 3amMeLLeHnr napa, Nony4YeHHOro oT coOCTBEH-
HOW KOTEerbHOW, napoM, oTnyckaembiM ¢ TOL|. 3ameluaemas Tennoas Harpyska 30 ['[x/4, pacdyeTHas Ten-
noBasi Harpyska oT6opoB TennoguKaLMoHHbIX TypbuH 6 MBT, pacueTHast TennoBas Harpyska TOL, 67 'k/u,
KMO mectHon kotenbHon 70%, koTensHon TOL 85%, TennoBbix ceten 95%.

3apava 2.3
Onpenenmb SKOHOMUIKO TGI'IJ'IOBOVI 3HepFI/II/I I'Ipl/l BbIMOJTHEHUU BosapaTa KOHOEeHCaTa C oTonneHuna mexa-

Hocbopo4vHoro kopnyca, ucnonbaytowero 1700 kr/yac HacbleHHoOro napa gasneHunem P1=1,5 arta. MNMpogon-
XWUTENbHOCTb OTONMTENbHOro Nnepuoaa 470 Yacos.

3apava 2.4
OnpenennTb 3KOHOMUIO TEMSIOBOW SHEPTUM MPU UCMOSb30BaHUM Tenna NPoAyBOYHONM BOAblI ANs cre-

OYHOLLMX YCIOBUN:

YctaHoBneHo Tpu kotna [KBP—-6,5-13 obwieln naponpoundsoantenbHocTbio [0,=27T/4ac, nap HacbIweH-
HbIA, CYXOM OCTaTOK XMMWYECKM OYULLLEHHOW BOAbl S,=525Mr/kr, cymMapHble NoTepy napa u KoHgeHcaTa B
[OnaAX Naponpou3BoaAnTENBHOCTM KoTenbHon [1,=0,36, pacyeTHbIN CyxXOoM OCTaTOK KOTSIOBOMW BOAbI, MPUHU-
Maemomn no tabn. 22 S, ;=3000 mr/kr.

3agava 2.5
M3 abimoBOM TpybBbl MPOMBLILLNEHHON KOTENbHOW BbIOPACHIBAOTCA ObIMOBbIE ra3bl C TeMnepaTypon

200°C. Mpennoxnte AN MNoOBbILWEHNUS 3HepreTnyeckorn adPEeKTMBHOCTU KOTENbHOW 3HeprocbeperaroLlyo
cxemy. MNoKaxxmTe BO3MOXHOCTU OLIEHKM NOTEHUMAaNa aHeprocobepesxeHunsl.

3agava 2.6
Mpeonoxute sHeprocbeperatoLyto cxemy Afsi NOBbILLEHWS SHEPreTUYECKON 3hEKTUBHOCTA NPOMbILL-

NEHHOWN KOTENbHOW, NMetoLLEN 3aKpPbITYHO CUCTEMY cGopa KoHOeHcaTa. Nokaxmnte BO3MOXHOCTM OLIEHKM MO-
TeHunana 3Hepr0069pe>KeHMﬂ.
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3apava 2.7

Mpeanoxute aHeprocbeperatoLLyo cxemMy NPUMEHEHUS NapOBbIX MKEKTOPOB ANS YTMNM3aLumMn TennoThbl
KOHOEeHCcaTa Ha I'IpOMbILIJJ'IeHHbIX npep,npmmm;ix. I'I0|<a>|<v|Te BO3MOXHOCTU OUEHKN NoTeHunana aHeproc6epe—
XeHnd.

3apava 2.8
Onpenenvte 3KOHOMUIO YCNOBHOIO TOMNMUBA NPU YMEHbLLIEHUM TeMnepaTypbl yxoasiwimx rasos ot 190°C

0o 130 °C gns kotna , paboTaloLwero Ha NPUPOLAHOM rase npu CriefyrLmMX YCroBUAX: TENNONPOU3BOANTESb-
HocTb koTensHow 50 MBT, KM kotna 6pyTTo nkbp = 79%, q3 = 2,1%, 06bem AbiMOBbIX ra3oB Vyx = 11,2
M3, yaenbHasa TennoemMKocTb AbIMOBbIX ra3oB Cyx = 1,34 k[k/kr*K.

3agaya 2.9
Bbiumcnute KI[, koTtenbHoro arperata OpyTTO nMpu crnegylowmx UCXOOHbIX AaHHbLIX: TENSIONpoM3BOaU-

TenbHOCTb koTenbHom 200 Mx/4, rogoBoe Ymcno YacoB paboTel koTenbHon 3500 4, TOMNMBO-NPUPOLHbLIN ra3s
(QHp = 35,7 MOx/kr), rogoBon pacxog Tonnmea 3000 T.

3apgaya 2.10

OueHute rogoByto 3KOHOMUIO YCITOBHOMO Tonnuea npu nosbiweHun KO kotensHown, paboTtatowen Ha masy-
Te. Harpyska kotna 0,3 kr/c, gaBneHue B 6apabaHe kotna 1,2 MIMa. Kl 6pyTTo kKOTENLHOrO arperata B
pes3ynbTaTte aHeprocbeperatowmnx meponpustuin yeenuuuncs ot 0,77 go 0,89.
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3. DHepzocoepercenue 6 cucmemax pacnpeoeieHus napa u 2opayieil 600bul.

MeponpuaTna no sHeprocGepexxeHnto Npyu pacnpeneneHnn n TpaHCNopTe S3HEProHOCUTENEN NMEIOT He-
CKOMbKO HanpaBneHun: CHWXKEHNE MPSMbIX YTeYeK napa 1M BoAbl, CHWKEHWE TENoBbIX NOTEPb TEMSIONPOBO-
JOB 3a CYeT UX U3onauum, onTMMM3aLms rmapasnnyeckoro ConpoTMBIIEHNSA NPU TPaHCNOPTE 3HEProHocUTe-
nemunT.g.

B naHHOM mM3gaHun paccmaTpuBalOTCH, B OCHOBHOM, NPUMEpPHLI U 3a4a4K, OTHOCALLMECS K OLIEHKE Hepa-
LMOHanNbHbIX 3aTpaT 3HEPrnn Npu HanNU4UM yTeyek n HeM30NMPOBaHHbIX Y4aCTKOB TEMNNONPOBOAOB.

HanoMHUM unTaTento HeKoTopble pacHeTHble COOTHOLUEHUS, KOTOPble MCMOMb3YIT NPU OLEeHKe Hepa-
LUMOHarbHbIX 3aTpaT 3HepPrumM B cMcTemMax TpaHCnopTa SHeproHocuTernen (napa, ropsiyern Bogbl).

KonuuectBo Tenna (BT; kkan/4), nepegaBaeMoe B OKpyXXaloLLylo Cpedy HarpeTow NoBepXHOCTbI0 Tpybo-
npoBoAa, onpegensieTcs:

Qrp = mxdxax(lyap - ts) XL, (3.1)

rae tuap, ts — CPEOHAA TEMNEpATypa HapyXHON MOBEPXHOCTU U OKpyXatoLero sosgyxa, °C
d, L — pnameTp n gnuHa Tpybonposoaa, m
o — CYMMapHbI KO3(hULMEHT TENNooTAAuM, BT/mM’K (KKan/M3><qx°C)

[ns HarpeTbIX NAOCKNX NOBEPXHOCTEN:

QH = aX(tHap - te)XH1 (32)

roe H — nnoluazb NoBEPXHOCTH, M.

CyMMapHbIn KOMUUMEHT TENNOOTAAYM YYMTbIBAET TENMOOTAAYY KOHBEKUMEN o W U3NYyYEeHneMm ;.
[na pacyeTta nepBoro U3 HUX Ucnone3yloT 3asncumoctu suga Nu=f(Re, ...) nnn Nu=f(Gr, Pr).

MpubnwkeHHo Anst 0ObLEKTOB, HAXOAALLMXCS BHE NMOMELLEHNIA Ha OTKPLITOM BO34YXe, o (BT/MZXK) MOX-
HO OLEHUTD:

ac =10 + 6 Alw , BT/M*xK, (3.3)

roe w — CKopocTb BeTpa, M/C
Ons Tpy6onpoBogoB AnaMeTpoM 40 2 M., HAXOAALWMUXCS B MOMELLEHUSIX:
ac =8,1+ 0,045 x(tqp - Lo),

JNlyumncTtbiii TENNooOMeH Mexay NMOBEPXHOCTbH TEXHONOrMYECKoro 06opyAOBaHUS U OKPY)KaOLWMM Mpo-
CTPaHCTBOM OMnpeaenseTcs ypaBHeHUeM:

t t

Tnap || e
100 100
a,=¢&gcC, , (3.4)
J tHap - te

roe &, - NpueBefeHHas cteneHb YePHOTbI CUCTEMBI
Co — KO3 PULIMEHT NyyencnyckaHusa abComnMTHO YEPHOTo Tena, C,= 5,7 Br/m*xK*;
tHap n t, - abcontoTHble TeMnepaTypbl CTEHOK 0GOPYAOBAHWS 11 OKPYXKaIOLLINX CTEH.

MoTtepu Tenna (BT/M(Kkan/mx4)) Hen3onupoBaHHOWM TpyOoK B rpyHTE ONpeaensaTcs no dopmyre:
— 27Z-(tllap - tep) X ﬂ‘gp
! In(2a/r)

(3.5)

roe /Iep — KO3 PULMEHT TENNONPOBOAHOCTU IPYHTA, B1/mMx°C;
[ns BNaXHbIX rPYHTOB MOXHO NPUHUMAaTb ﬂzp =1,5; Ans rpyHTOB CpedHEeln BIaXXHOCTU ﬂzp =1,5 n gns

cyxux rpyHtos A, =0,5.

t,,— Temnepartypa rpyHTa, °C;
r — pagnyc NOBEPXHOCTU TPyObl, CONpUKacatoLLEencsa C rpyHTOM, M;
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a — rmybvHa 3anoXxeHnss ocu TennonpoBoaa OT MOBEPXHOCTU 3eMMN, M.

M3BeCTHO, 4YTO HENpPEepPbLIBHO yBnaxHsiemMas 3a cyeT aacopbupoBaHusa napoobpasHow Bnarn m3 okpy-
Xatowlen cpefpbl nsonsaumsa tepset B 3+4 pasa bonblue 3Heprum, Yem cyxas, MMeloLLas BriaroMsonupyoLwwmnn
cnou (npunoxexue 2).

N3onauma Tvna MmHBaTbl HEMPEPBLIBHO YBNaXkHAeMas NoTokaMu BOAbl TEPSieT B OKpyaroliee npo-
CTPaHCTBO 3Heprum Gornblue, YeM MOMHOCTBIO HEM30NUMPOBAHHAs MOBEPXHOCTb, €CNM TemnepaTtypa noBepx-
HocTu Tpy6bl Gonee 100°C.

Mpwn pacyeTte obLien AnvHbI HEN30NMPOBAHHLIX TPYO A51S ONpeAeneHns NoTepb Tensa BaXHO BKIHO-
YnTb B pacyeT Bce naHubl 1 3anopHytlo apmaTtypy. 1o TennoBbiM notepsm dnaHel akBuBaneHTeH 0,8 m
TpyObl, @ BEHTUNb MW 3a4BWXKKa 3KBUBANEHTHbI 1 M TpyObI.

MoxHo cuntath (Npunoxexue 3, 4), 4TO HEN3ONNPOBAHHBIV (hraHeL 3KBMBAIEHTEH MO BENNYUHE MO-
Tepb 8 meTpam, a BEHTUNb Unn 3aaBmkka — 10 meTpam n3onnpoBaHHoOM Tpy6Obl.

Mockornbky 9KOHOMUSI TEMMOBOW SHEPTNM NPUBOAMT K YMEHbLUEHWNIO (DMHAHCOBBIX 3aTpart, a U3onsauu-
OHHble paboTbl K YBENMUYEHUIO NOCNeaHMX, TO criedyeT AN KOHKPETHbIX YCIOBUIA BbIYUCISATE ONTUMAnbHYO
BENUYUHY M3onauum TpybonpoBoaos.

[lnsi 3TOro paccuMTbIBAIOT NPUBEAEHHbIE 3aTpaThl, py6./M°

t —t )2 x24mC_Ax10"°

6 om nep’ om nep
n=c + (36)
e np
REFE
0 "u
C. - eAnHOBpeMEHHbIe 3aTpaTbl; Z,y, r1ep - NPOAOMKUTENBHOCTL OTONUTENLHOIO Nepuoaa, CyTku; m -
1,05 KoachdULMEHT, yunTbiBaOWMIA MHPNSALMIO; C, - CTOMMOCTb TennoBorn aHeprun; A = 3,6, ecnu py0./TIx

n A =0,86, ecnu py6./MKan
EnnHoBpeMeHHble 3aTpaThl

Ce= 1,25 [(L} +T)k + Cy] (3.7)

Ll - onToBasi LieHa KOHCTPYKLUWA, py6./M2; T - CTOMMOCTb MOrpy304HO-pa3rpy3o4HbIX paboT; k - 1,02
KOS(PMMLMEHT, yUYnTbIBAOLLMIA CKnaackue pacxodbl; C,, - CTOMMOCTb MoHTaxa; R,™ — npuseaeHHoe Tepmu-
Yeckoe CoMpoTUBIIEHNE.

[nsa oueHKn 3KOHOMUM TENNOBOW IHEPTNM B NAPONPOBOAAX U TEMSOBbIX CETAX 3@ CHET CHKEHUS YTEYeK |
OensoT KONMYEeCTBO TEPSAEMOro napa u ero aHTanbnuio.

KonunyecTtBo napa, nonagaroLLEero B OKpY>KatoLLyo cpefy Yyepes HENMOTHOCTU 13 naponpoBoaoB Gy, (

Kr/4) onpepenstoT:

Gn =23S\pP (3.8)

roe S —nnowiagb OTBEpCTUS, MM, ¢ — KOS(MULMEHT pacxoda napa Yepes HeMmoTHOCTU, MOXHO B CPEAHEM
npuHumatb ¢ = 0,62; p — NNOTHOCTb Napa, KF/M3; P — abcontoTHoe OaBneHne napa B naponposoe, MH/m? ;
(10 ata = 1,1 Mr/m?)

Pacxopg napa (kr/4) 4yepes nonHoe ceyeHme Tpybonposoga B atmocdepy G, onpeaenstoT:

G, = 3600 SpyWop | (3.9)

roe Sy, — nnowagb NonepeyHoro ceveHns Tpyosl, M3 W — CpeaHsis CKopoCTb napa, m/c; (06bIYHO MPUHUMa-
toT ana neperpetoro napa W=50 m/c, ons HacbiweHHoro W=40 wm/c)

MPUMEPBI PELLEHUSA 3ADAY

Mpumep 3.1

Ycnosue
Onpegenvte 3KOHOMWIO TEMNIOBOW 3HEPrMv MpU HaHeceHun mnsonaumm Ha naponposof [y 108x4
anuHon 10 M, paboTalowmn HenpepbiBHO B TedeHue roga. Temnepatypa TennoHocutensa 150°C. MNaponpo-
BOZ, MPOSIOXKEH B MOMELLIEHMM, B KOTOPOM Temnepartypa +25°C n ckopocTb NoToka Bo3gyxa w = 2 m/c. Ton-
LMHa n3onsumm obecnedmBaeT TemnepaTypy Ha ee NoOBEPXHOCTU 35 °C.

PeweHue

[Ons BbluMCNUTL noTepb Tens10Tbl HEN3OJTMPOBAHHbLIM pr60ﬂpOBOﬂ,OM HaxoanMm CyMMaprIVI KOS(*)-
(bl/ILI,I/IeHT Tennootaayn ot pr6OI'IpOBOﬂ,a K Hapy>HOMY BO34yXYy:
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o =10 + 6xaJlw = 10 + 6 x1[2 = 18,5 BT/M°xK
Torpa TennonoTepn HEN30JIMPOBAHHBLIM TEMJ1I0NPOBOAOM COCTaBAT:
Q= da(t,,, —t,)L=3,14x0,108x18,5 x(150 - 25)x10 = 7842 Br
AHanormnyHo ans MN30IMpoBaHHOIO naponposoga
Q7= rdad(t,,, —t,)L =3,14x0,108x18,5 (35 - 25)x10 = 627 BT
Torga skoHOMKS Tenna 3a rof CoOCTaBuT:
AQ = (Qrp —Q'rp)x 7= (7842 — 627) x 8760 = 63,2 x 10° kBTxY

Mpumep 3.2

YcnoBue
CpaBHuTe CcpefHErofoBOE CHWXEHUE TemnepaTypbl napa B KOHLIE MaponpoBOAOB, MPOJIOXKEHHbIX B
Luexe M BHe ero Ha 3CTakaZe U He MMEILLMX BHELUHEro BraronsosIMpyoLero Cnost 3onsuuu, npu cnegyo-
LLIMX UCXOAHbIX AAHHbIX;
1. TMapameTpbl NeperpeToro napa Ha BXoA4e B NaponpoBog
P,— paBneHwune
t,- TemnepaTtypa
h; — aHTanbnuA
Us - YAENbHbIN 06beM
ts; — TemnepaTtypa HacblLeHUs
Cp - YOErnbHas TennoemMKocTb
2. CkopocTb napa Wp
3. [InwuHa naponpoBoga
l;- AnvMHa naponpoBoaa, NPOSIoXKEHHOIO B LiEXe
|- oMHa naponpoBoaa, NPONOXEHHOrO BHE LieXa Ha 3CcTakaae
4. [OnameTtp naponposoga D
5. CpepgHerogoBoe KonM4ecTBo ocagkoB Hyc, MM
CpefHerogoBasi CKOPOCTb BETpa Wy
6. CpepgHerogosble TeMnepaTtypbl: ty, — BHYTpUY Lexa
twap<O °C — BHe uexa
7. Tepmudeckoe conpoTmBreHne nsonaumm Rus
B npubnuxeHHbIX pacyeTax MOXHO MPUHMMAaTb TemnepaTypy CTEHKU BHYTpW NaponpoBoAa, PaBHYHO
TemnepaType napa, a KoagPULNEHTbI KOHBEKTUBHOW TEMNMNOOTAAYM pacCUnTbIBaTb:
ONSA UMIMMHOPUYECKMX MOBEPXHOCTEN AMAaMETPOM A0 2 M BHYTPU MOMELLEHUS:

a, =81+0,045(t, —t )

roe ter, - TeMnepartypa HapyXHOW NMOBEPXHOCTU M30NSALNM
ONS UUNUHOPUYECKUX NOBEPXHOCTEN ANaMeTPoM 0 2 M BHe NMoMelLieHNs

a, =10+64/w,

PeweHune
1. PaccmatpuBaem naponpoBOA, NPOSIOXKEHHBIN B Liexe
1.1 Onpedenum ydenbHbil mernnoeol MoOMoK ¢ rnogepxHocmu napornposoda q4
MpeHebperaem TepMUYECKUM CONPOTUBIIEHNEM METANITMYECKON CTEHKM NaponpoBoaa.

— (tl — tcmH)
ql - RM3
t -t
q, = ( : ng)
R,+—
(04

H

ot =81+0,045(t —t )
Pewas coBmecTHO npmBeaeHHble Bbllle YpaBHEHUA , onpegendeMm (4 — y,El,eJ'IbeIVI TennoBow NOTOK

¢ 1 »® naponpoBoga.
1.2 Onpedenum memrepamypy rapa 6 KOHUe rnapornposoda
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leql'Fl

F=7n-D-I,
F1 - NnoLaak NoBEPXHOCTU Naponposoaa
2
1 7-D
G=—. Wn R
4 4

G - pacxop napa B naponposoge

Ql = G Cp ) (tl _tsblx)

Pelwwasa coBMecTHO nocnegHue YyeTbipe ypaBHeHus, onpegensem i, — Temnepartypa napa Ha BbIXO-
e 13 naponposoga

Mony4eHHoe 3HauyeHue ty,x CpaBHMBaEM C TemrnepaTypow HacbilweHus napa ts; u genaem BbIBOA O
BO3MOXHOW KOHAEHcauun napa.

2. PaccmaTprBaem naponpoBoA, NPONOXEHHbIN BHE Lexa

Tak kaKk MaponpoBOA MPOJSIOXKEH BHE Liexa U He MMeeT BNaronsonupyoLLero cros u3onsumm, To Ha
€ro noBepxHOCTb OyaAyT NnonagaTe U UCNApPATLCA OCaaKW.

2.1 Onpedenum konu4yecmeo ocadkos, nonadarouux Ha rnoeepxHoCMb rnapornposoda

Cuutaem, 4TO OCagkuM MOMaZalT TOMbKO Ha BEPXHIOK MOSIOBUHY MApOMpoBOAa, CledoBaTenbHO,
nnowagp, Ha KOTOPOM MPOUCXOAUT OCaXAEHUE, paBHa:

=D-l,

F

ocao

O6bem ocagkoB, NonaBLINX Ha naponpoBoa:

V. =F_ H

ocao ocao oc

CpepnHerogoBas yaenbHasi CKopocTb (Ha 1 M2) BbIMafeHna 0CafKoB:

U I Voca() ) 1080()
n-3600-

ocao

rge ,0800 - MNJIOTHOCTb BOAbI

N - yncno yacos paboTkl NaponpoBoAa B roay

2.2. Onpedenum yderbHbIl mernnoeol NomoK ¢ nogepxHocmu napornpoeoda q;

Mpwu cpeaHerogoBolt TemnepaTtype BHe Lexa 1,,,<0°C ocagku 6yayT B BUAE CHera.

TennoBor NOTOK C MOBEPXHOCTM MaponpoBoda byaeT cknagbiBaTbCA U3 TEMIOBOro MOTOKA 3a cyeT
KOHBEKLMN 1 cyGrnmaumn.

(tl 7tua )
g, :—i+uoca() “leyon
R, +—
(04

H

roe I’cyﬁﬂ - Tennota cybnumauumn nbaa npu temnepaType tya, (M3 crpaBoYHUKa)

a, =10+6,/w,

Pelliasi COBMECTHO NOCHEAHUE [Ba yPaBHEHUS!, ONPEAEnsieM s, — YAErbHbI TENMoBOi NOTOK ¢ 1 M?
naponpoBoga.
2.3 Onpedenum memMnepamypy rnapa e KoHue naponposoda

szqz'Fz
F,=7-D-l,

|:2 - Nnowaab NOBEpPXHOCTU NaponpoBoja
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G - pacxon napa B naponposoge

Qz =G Cp '(tl _tehlx)

Pewas coBmecTHO nocneaHune YeTblpe ypaBHEHUA, onpegendem taux — TeMnepartypa napa Ha BblXO-
e 13 naponpoBsoja

I'IonyquHoe 3HaveHue ty,x CpaBHMBaAEM C TeMHepaTypon HacblweHna napa tsy 1 genaem BbIBOS, O
BO3MOXHOW KOHAEHcaunm napa.

Mpumep 3.3
YcnoBue
OueHnTe 4acoBOW pacxod HacCbILWEHHOro BOASHOrO Mapa 4Yepes HensloTHOCTM B MaponpoBOAe Mnpu
paeneHun P,=1,7 ata, ecnv cymmapHas nnoiiaab otBepctun S=15 MMZ.
PeweHune
YTeukn napa 3a 1 yac coctaensoT: Gp = 2,3><Sx¢><-\/p_-P
[Npwn gaeBneHnn HacklWweHHoro BoasiHoro napa P = 1,7 ata, - V = 1,07 M>/Kr (mo Tabnuuam Hacbl-
LLIEHHOrO BOASIHOTO napa).

1,7-1.1

[aBneHne napa B naponpoBoge, P = 10 = 0,187 MH/M>.

1
Toraa NnoTHOCTL Napa p =7;,

CnepoBaTtenbHo, G = 2,3x15x0,67 x"\ /”ﬁ -0,187 = 9,66 Kr/u.

HenpoussoanTernbHbIe NoTepu aHeprum 3a rof, COCTaBAT:
AQ=Gpxhpxt= 9,66x644,5x8760=54,5x10°

nOTepM napa faxe 4vepes HebonblLUMe HEeMNnoOTHOCTM B TeYeHue roga npmuBOAAT K 3HA4YNTEJIbHbIM MO-
TEPAM TENNOBON QHEPIrun. Hanpl/lmep, YTEYKM Nnapa Yyepes orBepctne guameTpomMm 1 MM COCTaBnAIOT:

AGConoTHOe AaBreHne B Krc/cM” 2 5 7 10 15
YTeudkn napa, Kr/yac 0,6 1,4 1,9 2,7 4.1
YTeudku napa, t/rog 5 12,2 17 24 35,5
YTeykn Bofbl, Kr/yac 4.5 7.1 8,4 10 12

3A0AUYN

3agava 3.1
Onpegenute Tennosbie notepu ¢ 10 M2 HEen30NMpPOBaHHOM MMOCKoM cTeHkn annHon 20 m n ¢ 10 M2

HensonupoBaHHoOW TpyObl guameTpom 100 MM, ecnu Temnepatypa TennoHocuTensa 170°C, Temnepartypa
Bo3gyxa +20°C n ckopocTb BeTpa w = 3 m/c (mrnactuHa u Tpyba oMbIBalOTCA BO34YXOM B MPOAOSbHOM Ha-
npaeneHumn). CTeneHb YePHOTbI MOBEPXHOCTM CTEHKMN U TPYObl NpUHATL pasHon 0,8.

3apaya 3.2
CpaBHuTe rogoBble NOTEpPU TeNna npu OTCyTCTBMU TEMMOBONM U30MSILUMK NapoBOro Konrekropa aua-

meTpoM 340 MM 1 ONIMHOW 3 M, €CIM OH HaxOAWUTCA a) B MOMELLEHUN C TeMnepaTypon Bo3gyxa +23°C ; ©) Ha
OTKPbITOM BO34yXe Mpu HapyxHon Temnepartype +23°C u ckopoctn BeTpa w = 1 m/c. Temnepartypa napa
190°C. Yucno yacos paboTtbl 8500.

3agaya 3.3
OnpegenvTte 4acoBylo yTeuky napa yepes oTBepctust B ananasoHe d=0,3+5,0 mm npu gaeneHun B
naponposoaax P=1,5+5,0 krc/cm’.

3apaya 3.4
OnpegenvTe rogoByto 3KOHOMMIO TEMMOBOW 3HEPrMM OT u3onsummn cbopHuKka KoHgeHcaTta. Temnepa-
Typa KoHOeHcaTa t=95"C. TemnepaTtypa Ha NOBEPXHOCTU N30NALMMN tu3=33OC. Jonyctumble notepu Tenna
qr=65 Kkan/m>xuac. [MoBepxHOCTL nM3onsaumn H=32 M. Matepvan usonsauumn — matbl MUHEpanbHoBaTHbIE Ha
deHonbHOM cBA3Ke. TemnepaTtypa OKpyxatoLero Bo3ayxa t,=+25°C. Yucrno yacos paboTtbl t=7200.

3agava 3.5
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Onpepenute rofoBYt0 3KOHOMMIO TENnoOBON 3HEPrMN OT M30NALUM c6opHvu<a KoHAeHcaTa. Temnepa-
Typa KOH,u,eHcaTa t=95°C. Temnepatypa Ha I'IOBerHOCTVI nsonsiumm  t,,=33°C. Honyctumble notepu Tenna
Q=65 Kkan/m’xuac. MoBepxHoCTb n3onsaumm H=32 M2, Matepuan nsonauun — MaTbl MMHEparnbHOBaTHbIE Ha
deHonbHOM cBA3Ke. TemnepaTtypa OKpy»KaroLero Bo3ayxa t,=+25°C. Yucrno yacos paboTtbl t=7200.

3agaya 3.6
OnpegenuTe rogosble NoTepw Tenna Tennonposogom agvameTpoM 250 mm u gnvHon 100 m, ecnu Ha

HeM pacnonoXeHbl NATb €ANHUL, HEN3ONMPOBAHHOW apMaTypbl U1 15 M C yNNoTHEHUEM OCHOBHOFO cnos n3o-
naumMmn Ha 75% (NpunoxeHue 2). Cpe,u,Herop,osble TemnepaTypbl BHyTpU Tennonposoja 400°C, NnOBEPXHOCTU
n3onsiumm 40°C, a oKpy>xatoLen cpeapbl +6°C. CpeaHerogoBas ckopocTb BeTpa 3 M/C.

3agava 3.7
OueHunTe rofoBble HEMPOW3BOAMTENMbHbIE 3aTpaTtbl Tenna Ha 50 M TennonpoBofa Hapy)KHOW Mpo-

knagku guameTpom 800 MM, HE UMEIOLLErO BNAronsoniMpyroLLEero Crosi U NOMHOCTbIO MOrfoLwaroLLlero aTmo-
cepHble ocagku B BMOE AOXAOS U CHera, ©CrnN M3BECTHO Bpems paboTbl 8500 Yyac, TemnepaTtypa cpegpl
BHYTpW TEMMONPoOBOAAa NOCTOSIHHA 1 paBHa 151,1 °c, NMOBEPXHOCTU N30MSLMMN 35°C, okpyxatowen cpegbl 0°C,
rogoBasi HopMma ocagkoB h=150 mm, a cpegHsas ckopocTb BeTpa 3,0 m/c. CTeneHb YepHOThLI M3ONALUKN NpU-
HATb paBHou 0,8.

OLl,eHI/ITe 005 NoTepb Tenra 3a CHET KOHBEKUMN, U3NnyvYeHna n ncnapeHuna snaru.

3apaya 3.8
Onsa ycnosun 3agaun 3.6 onpegenute TOMWWUHY CrOsi U30MAUUN M3 MeHeparnoBaTHbIX MPOLUMBHBLIX

n3genun MapKu 200, ONTUMalnbHYO U KPUTUHECKYHO TOJLWNHY 1N30N1ALUNN, Bbl6paB CaMOCTOATENIbHO 3Ha4YeHne
HeobXxoaMMbIX aAns pacyeTa BEJINYUH.

3apaya 3.9
OnpepgennTe KpuBble NOTEPL TEMNa HEM30NMPOBAHHON TPYOON, NMPOMOXEHHON B CYXOM W BaXXHOM

FPyHTE B 3aBUCUMOCTU OT AnamMeTpa TPYGbI n FJ'Iy6VIHbI €e 3alJioXKeHunA.

3agaya 3.10
B nomelyeHuun, TemnepaTtypa CTeH KOTOPOro f.,= 20°C, NPOIOXEHo 12 M HeVISOJ'IVIpOBaHHOI'O napo-

npoBoAa, HapyXHbIn agnameTp koToporo 350 MM, a TeMnepaTypa NOBEPXHOCTH tHap-ZO C, cTeneHb YepHOoThI
meTtanna £€=0,8. HaiTu rogoBble TENMOBbIE MOTEPU 3@ CHET U3MNYYEHUS U KOHBEKLIUN.

3agava 3.11
OnpegenvTe notepu Tenna oT y4acTka ropM3oHTarnbHO pacnofioXeHHoW Tpybbl 1 TeMnepy Tpy BoAbl

B KOHLIe y4acTKka, ecnn n3BecTHO: pacxo Boabl G=0,4 kr/c, Hapy>HbIh agnameTpa Tpybbl d=0,15 M, TonwmHa
CTEHKU &;n=1 MM, AnnHa ydactka L=80 m, KoadhpuLMeHT TENNONPOBOAHOCTUN CTEHKN Ay,=56 BT/MxK, Tonwm-
Ha cnos usonauum 6,,=20, KOSCD%)VILWIGHT TEennonpoBOAHOCTM udonsauum A,,=0, 046 B1/mxK, mm. Temnepary-
pa BoAbl B Havarne yyactka £,=90"C, a Temnepatypa okpyxatoLlen cpeapl t, ~=10°C
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4. Memoowvl ouenku nomepov IHepzuu U IHEPZOHOCUmMENell NPU NPOEedeHUU IHep-
2oayouma.

3agava
OnpenennTb pacxod TENMOThl HA OTOMSIEHME XXUMOro KUPNUYHOTO 30aHUs, ecriv 06bemM oTannMBaemom 4actm

30aHusa no HapyxHomy obmepy V =20493 M>; TemnepaTypa Bo3ayxa BHyTpu nomeluenun t7 =18°C;

Temnepatypa HapyxHoro Bosgyxa t/*" =—-26°C.

PeweHnue.

Pacxon TennoTbl Ha OTOMfeHWe 34aHus Mo YKPYNHEHHbIM MNoKasaTendmMm onpenendaetcda no cbopmyne:

Q,, = (1+ ﬂ) qo-a-V, -(tg —tf"’m), roe 3 =0.15; ana poma c otannueaemsim o6bemom Gonee 20000 m°

0, =0,32; =108 - nonpaBouHbIii KOIPULMEHT ANS pacyeTHOW TemnepaTypbl HapyHOro Bo3dyxa -
26°C.
Q,, = (1+015)-0,32-1,08- 20493 (18 — (— 26)) = 358368,5 Br

Q,,, =0,358 MBT=0,358- %-10_3 =0,358-0,86 = 0,308 kan/u

3agauva.
Onpepenntb MakcMarnbHyt TEMNMOBYO Harpy3ky (Mo YKPYMHEHHbIM NoKasaTensiM) Ha ropsiiee BOAOCHabXe-

HUEe B XWMOM 3[4aHUN C pacyeTHbIM KonmnyecTBoMm noTtpebutenenn M =100 yenosek. TemnepaTypa ropayen
BoAbl 55°C, TemnepaTypa XonogHon BOOONPOBOAHOM BOAbI B OTONUTENLHbIM nepunog 5°C, B NeTHU nepuog
15°C.
PeweHue.
CpenHecyTouHbIN pacxopn TEMNOThl Ha ropsyee BOAOCHAOXeHME B OTOMUTENbHbBIA NEPUOA onpenenseTcs no
dopmyne:

Q7 =12-m-a-(t, —t, )k, kwicyr,

26,3

rne a=105+120 «kr/(uen-cyT) — ONA XUNMbIX 34aHUA KBAPTUPHOMO TWMna, OBOPYOOBAHHBLIX BaHHLIMU;

cp _

o 419 kOx/(kr-K) - cpeaHsst TENNOEMKOCTb BObI;

c

Q¥ =1,2-100-120-(55-5)- 4,19 = 3016800 kx/cyT

28,3

CpeaHsas Harpy3ka Ha ropsyee BogocHabXeHne B OTONUTENbHbIN NEPUOL;:

Q. 3016800
24-3600 24-3600

CpefHsist Harpyska Ha ropsiuee BooocHabXeHue B NIETHWI Nepuog onpegensieTcs no gopmyre:

Q.= =34,92 «BT

Q7 =3492. 227> 08-34,92@r
55-15

26,1

roe [ =0,8 (ans XMnuLHO-KOMMYHaMNbLHOTO CeKTopa).

PacuyeTHas MakcuMarbHas TennoBas Harpyska Ha ropsiiee BogocHabxeHue:
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Qr =y-QF =2,4-34,92 =838 kBT, roe y, - pacyeTHbIN KOIDULIMEHT HACOBOW HEPABHOMEPHOCTH, OpU-

26,3

EHTVMPOBOYHO ATS KUMbIX 1 OBLLECTBEHHbIX 34aHuWii npuHumaiot y = 2,4

3agava
PaccuMtate pacxog Tenna Ha HarpeB WHOUNBbTPYIOLLEroCs HapyXHOro BO3dyxa, ecnv Temneparypa

HapyxHoro Bosayxa t””" =—-26°C , a BHyTpu nomewleHuin t” =18°C. PacyeTHoe konuyecTeo niopen B

nomeLyeHnn n = 157 yenosek.
PelwweHue.

MuHVMManbHbIN pacxoq MHpUNBTPYIOLLErocs Bo3gyxa MOXHO OLIeHWTb MCXOAs M3 KonnyecTBa BO3dyxa, Tpe-
Oyemoro anga obecneyeHns KOMGOPTHbLIX yCroBui Yernoseka no CHulT.

Q.. =0,28L oo(t, —t, )k
rae O - NNOTHOCTb BO34yXa B MOMELLEHUM;
C - TENNOEMKOCTb BO3/yXa;
KoahpuLmMeHT yyeTta BAMSIHUA BCTPEYHOrO TENMOBOro NOTOKA B KOHCTPyKumax npuHumaetca K =0,8 ana
OKOH 1 BGankoHHbIX ABepeli ¢ pasaenbHbIMU NepenneTaMmu.
L, =3 M/4 Ha 1 M XWUMOW MIOWAAN — Pacxop YAanseMoro BO3Ayxa, He KOMMNEHCUPYEMbIN NOJOrpPeThIM
NPUTOYHBLIM BO3yXOM. Hopma uroii nnowaamn Ha OAaHOTo Yeroseka cocTasnsieT 9 m2. OTCoAa MOXHO Of-

pefjenuTb  pacxol  Bosdyxa Ha opHoro  uvenoseka: L, =3-9=27 My,  Torma ans
WWW.4epHbIi6apxaT.rupacueTHoro konnuectsa niogent L = 3-1413 = 4239 m°/y

Q, , =0,28-4239-1,2-1,005- (18 — (-26))-0,8-10"° = 50,386 BT
ung
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5. Buepzocoeperncenue npu npouzeoocmee u pacnpeoeieHuU IHEPUl U IHEP2OHO-
cume’ei.

1.0ueHKa 9KOHOMUU TENSIOBOM 3HEpPruv B NaponpoBoAax U TensnoBbIX CeTAX

KonunyecTtso napa, nonagaroLero B OKpYyXaloLLyto cpedy Yepes3 HEMMoTHOCTM B NPOU3BOACTBEHHBIX Maponpo-

BOAAx o, onpegensieTcsi no oopmyne:
c= 2,3-f-(p-\/p73 Kr/u,
roe f — nnowapb oTBEpPCTUSA, MM2 ;
¢ — KO3huMLMeHT pacxoda napa vyepes HennotHocTn, ¢ = 0,67;

1 . .
p — MAOTHOCTb napa, Krim3 ; (p = V' FAe V — yAenbHbit 0GbEM HACKILLEHHOTO BOASIHOIO napa npu

COOTBETCTBYIOLLEM [ABNEHUN — CM. Tabn.1);
P — abcontoTHOE JaBneHve napa B NaponpoBoae, MH/M2 ;
(10ata=1/1 MH/m2 )
[ns nonHoro ceyeHns TpybonpoBoda pacxod napa B aTMocdepy o, onpeaensercs no dopmyrne:
o = 3600-fW-p Kr/y,

roe f — nnowanb NnonepevHoro ceyeHnst Tpyohl, M2 ;
W — cpefHsast ckopocTb napa, M/C;

(0BbI4HO NpuHMMatoT ons neperpetoro napa W = 50 m/c, gns HacbiweHHoro W = 40 m/c)

p -- MNOTHOCTb Napa, kr/m3 ;

Mpumep. NaBneHne napa B TennoBon cetn P = 1,7 ata. Heo6xognmo oueHUTbL YacoBOM pac-

Xo4 HacblWweHHOro BoAAHONo napa 4epe3 HenJqiIoOTHOCTU B naponpoBoge, eCcyini CyMmMapHasa nnowagb

otBepctun f =15 mMm2 .
1
YTeuku napa 3a 1 yac coctaensioT: 6 = 2,3-f-¢A/p-P . MnoTHocTsL napa p = V' abcontoTHOE JaBrneHue napa B

17-11
naponpoeoge, P = T =0,187 Mu/m2 . Mpy paBneHun HachbllWeHHOro BoasiHoro napa P = 5 aTa, - V =

1,07 M3 /kr (no Tabnmuam HacbILWEeHHOro BOASHOroO napa).
/ 1
CneposarenbHo, c = 2,3-15-0,67- 107 -0,187 = 9,66 Kr/\v. Cm. Tabn.

3aga4a Ne 1.1.
OnpegenvTe BENUYMHY YTEYEK NepPErpeToro napa 3a rof Ans NosfiHoro ceYeHus NPoM3BOACTBEHHOIO Tpy6o-

nposoaa [y 76x4 npu gasneHuun 4 krc/cm2.

2. OueHKa 3KOHOMWUM TEMJIOBOM 3HEPrumn NP1 UCNOJIb30BaHUU U30NSALUN B naponposoaax u

TennoBbIX CeTAX.
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TennoBylo M30MsUMI0 HEOBXOAMMO WUCMONb30BaTb, €Cru TemnepaTypa TennoHocutens npesbiwaeT 45°C.
MoTepu Tenna ¢ M3ONNPOBAHHbIX MOBEPXHOCTEN U C HEN3ONMPOBAHHOW HAMOPHO-perynupyloLlen apmaTypbl
(BEHTWNM, 3a0BWXKKK, KpaHbl, KOMMEHcATOpbl) MPU pasnunyHbIiX TeMnepaTypax TEMNOHOCUTENEN NpuBeaeHbl B
Tabnuuax 2,3. Mzonauusa TpybonpoBoaoB, NMPOSOXKEHHbIX B TPYHTE, CHWXaeT notepu Tenna Ha 50-55% no
CPaBHEHUIO C MOTEPSAMU HEM3ONMPOBAHHOTO TPyboNpoBoAa.
KonnyecTtBo Tenna, nepegaBaeMoe B OKPYXXaKLLYy cpedy HeM30NMpyeMoln HarpeTon NOBEPXHOCTbIO Tpybo-
npoBsoda, onpegensercs cnegyowmum obpasom:
Qu = n-d-a-(t Hap - t B)-L, BT (kkan/v);

aHanorm4Ho 4518 HarpeTbIX NOCKMX HEN30MPOBAHHBLIX NOBEPXHOCTEN:

Qu = a-(t Hap - t B)-H, BT (kkan/v);
roe t Hap — cpegHaAs TemnepaTypa Hapy»XHOI NoBepxHocTH, °C

t B — cpepHsis TemnepaTypa okpyatoLlero Bo3ayxa, °C

L — pnvHa TpyGonposoaa, M

H — nnowaab NnoBepxHoOCTH, M2

. Bt KKan
o — CyMMapHbIA KO3(MPULMEHT TENNOOTAAYMN, > NI
M<K \ M%-y.°C

[nsa o6bekToB, HaxoOsALWMXCA BHE NMOMELLEHMI HAa OTKPLITOM BO34yXe, o MPUBAMKEHHO paccyMTbiBaeTCs no
dopmyne:
a=10+6 \/v_v , roe w — CKopocTb BeTpa, M/C

[nsa TpybonpoBoAoB AnamMeTpom 0 2 M., HaxXoOsaLWMNXCs B NOMELLEHNSAX:

o=8,1+0,045- (tHap-tB)
[na nnocknx noBepxHOCTEN, HAXOAALUNXCS B NOMELLEHMUAX:

a=8,4+0,06-(tHap-tB)
Mpumep. OnpegenuTb 3KOHOMMUIO TENNOBOM 3HEPruM Ha u3onuMpoBaHHOM naponpoBoge [y 108x4
anuvHon 10 m. Temnepatypa tennoHocutensa 150°C. lNMaponpoBoa NponoxeH Ha OTKPbLITOM BO3AyXxe
npu Hapy)XHou TemnepaTtype +25°C n ckopoctn BeTpa w = 2 m/c.
Heobxooumo BbIMMCIIMTE NOTEpPU TEMNOTbl HEU3ONMPOBaHHbIM TPYOOMNPOBOAOM. Haxoamm CyMMapHbIA KO-
achduumeHT TennooTaaum ot TpybonpoBoaa K Hapy>KHOMY BO34yXY:

Kkan
=10+6+2=185—7 =
* \/_ M2-4.°C

Tennonotepun Ha HEN30NMPOBAHHOM TEMNJIONPOBOAE COCTaBAT:
Qu =3,14.0,104-18,5 -(150 - 25)-10 = 7552 kxan/v

KKan
CornacHo Tabnuue 2, TensoBble noTtepu c 1 M. 4nWHbI MN30JIMpOBaHHOIO Tenjionposoaa 68 MY Torga ako-

HOMMS! TEMMOBOWN 3HEPrUn NPU UCTIONb30BaHUM U3ONALIMK:
A Q=7552—-10 - 68 = 6872 kkan/u. CwM Tabn.

3agaya Ne 2.1.
Onpegenntb Tennosble notepu ¢ 10 M HEU3ONMPOBAHHOW MITOCKON CTeHkn u ¢ 10 m2 HEeN30NMpPOBaHHOWN

Tpybbl anameTtpom 100 mm, ecnu Temnepatypa TennoHocutensa 170°C, temnepatypa Bo3gyxa +20°C u cko-

pocTb BeTpa W = 3 Mm/c.
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3agaya Ne 2.2.
CpaBHVITb rogosble I'IOTepVI Tenna I'Ipl/l OTCyTCTBI/II/I TGI‘IJ‘IOBOVI n3ondauum napoaoro KOJ'IJ'IeKTOpa p,VIaMeTpOM

340 MM 1 gnMHOM 3 M, eCnn OH HaXoAUTCs a) B NOMeLLeHnn ¢ TemnepaTypon Bo3gyxa +23°C ; 6) Ha OTKpblI-
TOM BO34yxe Npw HapyxxHou Temnepatype +23°C u ckopoctu BeTpa w = 1 m/c. Temnepatypa napa 190°C.

Yucno vacos paboTtsl 8500. Cm.Tabn.
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6. DHepzocoepercenue 6 nPOMbIUIIEHHOCHIU.

6.1. OHeprocbepexeHne B NPOMbILLIIEHHOCTM.

6.1.1. OcHOBHbIE METOAbI pacyeTa U pacyYeTHbIE COOTHOLLIEHUS.
6.1.2. T[pumepsbl pelleHns 3agau.

6.1.3. [locnegoBaTenbHOCTb peLleHNs 3agav.

6.1.4. Ycnosus 3agad ons CaMOCTOATESNIbHOMO peLleHust.

6.1.1. OcCHOBHbIe MeToAblI pac4yeTa n pac4eTHble COOTHOLUEHUA.

6.1.2. [pumepbl peweHnsa 3apav.

3agaya 1

Onpegenntb HeobxoanMyto NnoLwanb NOBEPXHOCTM Harpesa TennioobMeHHOro annaparta Tvna BogoBo3ayLu-
HOro pekynepaTtopa ans obecneyeHus CTeneHyn yTunmsauum TennoTbl CTOYHbIX Bog, paBHon 0,8. CtouHas
BOAa MCMONb3yeTca ANS NpeABapUTENIbHOIO HarpeBaHWsi OyTbEBOro (MPUTOYHOro) Bo3ayxa. MoBepxHOCTb
HarpeBa BbINOSIHEHA B BUAE KOPMAOPHOro nyyka opebpeHHbix Tpyb. HapyxHbin anametp Tpyd d = 12 mwm;
TOMWMHA CTEHKM Tpybbl 6 = 1 MM; paboyasa gnvHa L = 5,2 m; anameTp Kpyrnbix pebep D = 23 mm; TonwmHa
pebpa 6p = 0,3 MM; cTeneHb opebpeHuns y = 8,2; rugpasnudeckun guameTtp ds = 4,7 mm. TennonpoBOgHOCTb
mMaTepuana pebpa A = 116 B1/m K. Boga gswketcsa no Tpybam, Bo3gyx — B MEXTPYOHOM nNpocTpaHcTee. Ync-
1o XodoB rpewoLero TennoHocutens z = 5. TepMnyeckm ConpoTUBIIEHNEM CTEHKM U rMapaBrvyeckum co-
NPOTUBMEHNEM MpK NOBOpOTE Bodbl B Tpybax npeHebpeyb. MOLWHOCTb, 3aTpaynBaemMas Ha NpoKadky BOdbl
no Tpybam, He JormkHa npeBbiwaTth 60 BT.

CKOpOCTb BO3[yXa MPUHSITb paBHOW 5 M/c. HauanbHylo TemnepaTypa Bogbl t; = 49 °C, Bosayxa
ty'= 6°C; pacxopg Bogpl G, = 0,65 kr/c, Bo3gyxa G = 0,3 kr/c.

PeweHune
1. TemnepaTypa Bo3ayxa Ha Bbixoge 13 annaparta npy adeKTUBHOCTU TENNIOOOMEHHMKA
n ’

-t

T '20,8;
t, —t

tr=g(t, —t;)+t, =0,8(49-6)+6 = 40,4 °C.
2. CpepgHsag TemnepaTypa Bo3gyxa

_ti+t; 404+6

=232 °C.
2

t

3. Tennoduanuyckue cesonctea Bosagyxa npum tq:
p1 = 1,2 kr/m®, Cp4 = 1005 Ox/(kr-K), M = 0,0259 BT/(Mm-K),
vy =15,6-10° Mm%/, Pry = 0,703.
4. Tennosas MOLLHOCTbL annapaTa
Q=G,-Cp,(t/ -t;)=0,3-1005-(40,4 - 6)= 10370 Br.
5. TemnepaTypa rpetoLlero TennoHocutens (Boapl) Ha Beixoae U3 annapaTa

Q ,, 10370
G,Cp, 0,65-4180

t) =ty —

=452 °C

34ech TennoeMKoCTb BOAbl B3AATa Npu cpeaHeit TeMnepaType Boabl 46,5 °C.

lMpoBepsiem 3Ha4YeHWe cpeaHen TemnepaTypbl BOObI
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10.

11

12,

13.

14.

_th+t, 452+49
2 2

t, =471 °C.

OHo 6nunsko K paHee npuHsaTomy t, = 46,5 °C, nosToMy okoH4aTenbHo t, = 47,1 °C.
Tennodumsnyeckne ceoncTea Boapl npu t, = 47,1 °C:
p2 = 985 Kkr/m®, Cp, = 4180 px/(kr-K), A2 = 0,638 BT/(M-K),
v, =0,669 10° m’/c, Pr, = 3,6.

MoLlHOCTb, 3aTpadnBaemasi Ha NpoKayky BOAbl NO Tpybam ¢ BHYTPEHHUM guameTpom d, u guHon L, mo-
XeT ObITb paccunTaHa no dopmyne

_G,-AP G,-§-W?.L
P2 N 2-n-d,

N

’

roe n = 0,65 — KN Hacoca; AP = &-p,W,L/2 d,AP — rugpasnuyeckoe conpoTuBneHme.

lMpuHMMaeM, YTO pexum TeveHus BoAbl TypOyneHTHbIW. Torga KoapdUUMEHT CONPOTUBIEHNS AN rna-
paBnuyeckun rmagkux Tpyo & = 0,316 Re®® CKOPOCTb BOAbI BHYTpW Tpyb paBHa

1

1,75
| =147 i

1
_[ 2-N-n-d'® jWS 3 2-14-0,65~(O,01)1‘25
2710,316-G, - L-v® 0,316-0,65, -5,2-(0,669 10 f

Yucno PenHonbaca ong Boabl

Re, - Wa'd: _ 145001

= - =25700,
v, 057110

T.€. COOTBETCTBYET pa3BUTOMY Typ6yﬂ6HTHOMy PeXnmy Te4eHus.

Yuncno HyccenbTta npu TypbyneHTHOM Te4eHnn BoAbl B Tpybe
Nu, = 0,023-Re‘2”8-Pr2°’4 =0,023-25700%% .3,6%* =129,7
KoadhpmumneHT Tennootaaym co CTOpOHbl BOAbI

_Nu,-%, 1297-0618

o, =8017 BT/(M*K)
d, 0,01

. Uncno PenHonbaca ons sosgyxa

w,-d, 5.00047

Re, = =
v, 156-10°

=1506.

Yuncno HyccenbTta
Nu, =0,3-Re)®®®. ¢ %%%;
Pr)*® =0,3-1506%%%° .8,27%%°.0,703%%* =117..
KoadhdhuumeHT TennooTgaym co CTOPOHbI Bo3ayxa

_Nu, A, 117-00259
d 0,0047

o, = 64,7 BT/(M*K)

ObdpekTnBHOCTL OpebpeHust:

adphekTMBHasA BbicoTa Kpyrnoro pebpa

y-Db-d 1+0,805-1g D}}_0023-0012 1+0,805-Ig 0023 =0,006751 m;
2 d 2 0,012

KOMMnekc
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0,5 0,5
mr=| 2% |y [ﬂj .0,006751=0,411;
Ay -8, 116-0,0003

3 pEeKTUBHOCTbL OQMHOYHOIO pebpa

th(ml’) _ th(0,411)

= =0947;
ml’ 0,411

ahPEeKTUBHOCTb PEBPUCTON NOBEPXHOCTMU
no =1- T_<1 —n,)=1-0878(1-0,947)=0953.

15. KoacbdpmumeHT Tennonepenaymn, OTHECEHHbIV K BHYTPEHHEN NOBEPXHOCTU TPyO

-1 1
Kk, :(L+ 1 j :( LI 1 ) = 475 BT/(M>K).
O, QMY 8017 64,7-0,953-8,2

16. Jlorapndmmyeckunin TemnepaTypHbIN HANOpP MeXay TENNIOHOCUTENSMMN

Aty - At e 39,2-86
B Aty M a 39,2
In—=> In

At 8,6

M

At 0,95=20,2 °C,

roe Atg=t'>,—-1t,=452-6,0=39,2°CuAt,=t,—-1t",=49,0-40,4 = 8,6°C;
ear = 0,95 - nonpaska Ha BUA, OTHOCUTENBHOIO JBWXEHUS TennoHocuTenemn
(815 NepekpecTHOro Toka) npu

p_ti-ti 406-60 oo o -t 490-452

St -t 490-60 t'—t"  404-60

0,11.

17. MNoBepxHOCTb TennoobmeHa

__Q _ 10370 _ .65 2
K-At 475202

3apgava 2

Ol'lpe,D,enI/ITb TennoByrww MOLWHOCTb, rmapaBiind4eCKme COonpoTuBeHNnAa U CcteneHb yTunmdaunm tennoTbl HU3-
KOMOTeHUManbLHOro NCTo4Hnka BOP — Typ6VIHHOI'O Macra npu ero oxnaxgeHun BOON, HaﬂpaBﬂﬂeMOVI 3aTtemM
B CuCtemy KOMGMHVIpOBaHHOFO npomn3soacTBa TEMOTbl U Xofoda. OxnaxpgeHue macrna OCyLLEeCTBIIAETCA B
KO)KyXOpr6HOM TENoobMeHHMKe C neperopogkammn B Me)KTPY6HOM NpPpOCTpaHCTBeE. I'Ipvl peweHnn 3agayun
ncnosfb3oBaTb METOOUKY TEMNSTIOBOIro NOBEPOYHOro pacyeTa.

Macno Te4eT B MEXTPYOHOM MpOCTpaHCTBE, BoAa — BHYTpU Tpyb. BHyTpeHHWIA gnameTp Koxyxa Do = 0,16 m;
Hapy>HbI guameTp Tpy6 dq = 0,012 m; BHyTpeHHun d, =.0,01 m; paboyas gnvHa L = 746 mm; uncrno Tpyb n =
64 WwTyK; TENNONPOBOAHOCTL MaTepmana Tpyb A, = 58 B1/(m K); noBepxHOCTb TennioobMeHa CO CTOPOHbI BO-
abl F2=.1,5 M%; uncrio neperopofok B MeXTpy6HOM npocTpaHcTBe m = 10; pacrionoxeHue TpyGoK — Mo yriam
PaBHOCTOPOHHErO TPEYronbHMKa, war mexay Tpybkamu S = 0,02 m; TonwmHa neperopogku & = 0,002 m.

Copsumi TennoHocuTEeNb (Macrno TypOuHHoe):

PACXOL, .Gy KI/C e 0,75;

Temnepatypa macna Ha Bxoge ti, °C.......cccceeennee. 45;

XonogHbIv TennoHocutens (Boaa):

PACXOL G2, KI/C..vvvvevireriieiereveieeerreseessessrsssrsssssssrnnnnns 54;
TemnepaTypa Boabl Ha Bxoge t,,°C.....cccvveeeeeennn. 25.
PeweHue
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1. [nsa onpegenenunsa Tennoguanyeckmx CBOMCTB TEMIIOHOCUMTENEN 3agagMMcsa UX TemnepatypamMmu Ha Bbi-
xofe 13 TennoobmMeHHuka. MNMprumem, 4To Ha BbIXo4e Macna u BoAbl COOTBETCTBEHHO OHM paBHbI: t1" = 36
0 0
C,t,"=26"C.

2. CpepgHue TemnepaTypbl TennoHocuTenemn

g =ttt 36445 455 oc; g =ttt 26425 55 o0
2 2 2
3. Tennodunsmyeckne CBOMCTBA TENNIOHOCUTENEN NPU CPEAHMX TEMMepaTypax:
Macno: p4= 865 kr/m®, Cp1=1930 mx/(kr K), 21=0,128 BT1/(m K),
v4=35-10° m%/c, uer = 30,3-10° kr/(m c), Pr,=421.
Bopa: p2 =995 kr/m®, Cp, = 4180 gx/(kr K), A2= 0,61 B1/(™m K),
v,=0,98510° mMc,  Pr,=6,5.
4. Lar mexgy nonepeyvHbIMN NeperopogkaMm B MeXTpyYOHOM NpoCTpaHCTBe
t, = L =0,0746 m.
m
5. CkopocTb Bogpl B Tpybax
w, =28 _ 454 _ 106 wic.
p,md;n 995-3,14-0,01° - 64
6. Yucno PenHonbaca ons Boabl
Re, = Wod2 _ 106-001 _ 5845
v, 0,985-10
7. Yucno Hyccenbta npu TypbyneHTHOM TeYeHum
Nu, = 0,023 -ReJ® Pr)* = 0,023 -10800°% - 6,5°* =817.
8. KoadhdunumneHT TEennootaaum co CTOpoHbl BoAbl
o, =Nz Py 87081 4q05 Bryuzk)
d, 0,01
9. Yucno TpyboK B cpegHEM CeYeHNM KoXKyxa TEeno0OMeHHNKa
D, 0,6
nO = —_— =
S, 0,02
Tabnuua 1
TonnmBHO-3HepreTUyeckuii GanaHc
10. MNpuHMMaem OTHOLLEHUE BbICOTbl CerMeHTa K Ana- ‘/Z
meTpy obevankn h/Dgy = 0,25. h/Do | 0,15 0,2 0,25 0,3
Tor,lJ,a and t,—,/DO = 0,0746/0,16 = 0,466 13 Tabn.1 Ha- 0,2 0,83 1,051 1,23 1,4

xoaum y, = 0,81. 0,3 | 0,67 | 0858 1,05 | 1,135

0,4 | 0,587 | 0,743 | 0,872 | 0,983
0,5 | 0,525 | 0,665 | 0,775 | 0.880

11. YKuBoe ceyeHne No MexTpybHOMY NPOCTPaHCTBY paBHO

- (L-md)S, —d,)-n, e (0,746 —-10-0,002)0,02-0,012)-8
o m - 10

.0,81=0,00408 m>.

12. CkopocTb Macna B MeXTPyOHOM MPOCTpPaHCTBE
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13.

14.

15.

16.

17.

18.

19.

20.

21.

G, 075

w, = = =0,218 wm/c
p,-Fs 865-0,00408
Yucno Req
Re, - wd;, _ O,218~0,E)612 _728.
\Z 35-10
MpuHMMas 4yncno pagoB Tpyd Z paBHbIM Yncny TPYD B CpeaHeM CeYeHMMn KOXyxa TennoobMeHHuKa ng, 13

YPaBHEHMS Haxo4uMM MOMNpaBKy Ha YMcrno psagoB TPyO Mo xody TEMNOHOCUTENS B MEXTPYOHOM NpocTpaH-
cTBe.

¢, =0816+00361-Z+0,18-10°-Re-0,143-102-Z*+0,353-10 7 -Re’+0,932:10° - Z-Re =
=0,816+0,0361-8+0,18-10°-100 -0,143-10?-8% +0,353-10"" -100% +0,932-10"° - 8100 = 1,00.

MpuHMMaem Temnepartypy CTeHkM Tpyb B TennoobmeHHuke t, =31 °C, uncno MpaHaTns npu aTon Temne-
patype Prc = 919. N uncno HyccenbTa

Pr

Nu, = 0,6Re*® Prm(P

0,25
&J -1=583.

0,25
-, =0,6-72,8%°.421°%
919

rC
KoadhdhuumeHT TennooTaadm co CTOPOHbI ropAaYvero TeNNOHOCUTENS

o _Nu,-2, _583-0128

. = 622 BT/M*K.
d, 0,01

KoadpduumeHT Tennonepenaym, OTHECEHHbIN K BHYTPEHHEN NOBEPXHOCTU TPYBOK

1

-1 _
o, =|d2 G2 jpd2 T =[ 001 0010012 1 j = 417 BT/(M>K)
do, 2. d, a, 0012622 2-58 001 4985

TennoBble 3KBMBANEHTbLI TEMSIOHOCUTENEN

W, = G,Cp, =0,75-1930 = 1450 BT/K; W, = G,Cp, =5,4-4180 = 22200 BT/K.

Tak kak Wo>W,, W, — makcumanbHbin Tennoson akBmBaneHT (Wyae), @ Wy — munnmansHbin (W,,,). O60o-

3HauMM ® = Wy / Wyae = 0,0653.

Torga 4mcno eanHn, nepeHoca

_K,F, 41715
w,c, 1450

N =0,666 .

OpdhekTMBHOCTL TENNOOBMEHHMKa (NpK YMcne xogoB Bonblue Tpex B NPOTUBOTOYHO-NEPEKPECTHOM ar-
napare MOXHO MCMonb3oBaTh 3aBMCMMOCTb ¢ = f(N;®) Ans YNCTOro NpoTUBOTOKA)
1- e—N(1—<p) 1- e—0,666(1—0,653)

€= 1. e N0~ q_ 0,0653 - @ ©866(1-0.653) =048.

TemnepaTypa ropsyero u XxonogHoro TenNfoOHoCUTENen Ha BbiIxoge U3 annapara
tr=t, —g(t;, —t,) = 45 - 0,48(45 - 25) = 354 °C;

g-W,(t, —t,) _048-1450(45-25)

=256 °C.
W, +t) 22200 + 25

t) =

MonyyeHHble 3HaYeHWs TemnepaTyp TENNOHOCUTENEN Ha BbIXOAE U3 TENNOOOMEHHMKa He CyLLEeCTBEHHO
OTNMYAIOTCS OT paHee NPUHATBIX (CM. M. 2), NO3TOMY CYATAIOTCA OKOHYATENbHBLIMU.
Tennosas MOLLHOCTL annapara 6e3 y4yeta noTepb TENMOThI B OKPYXaloLLyo cpeay
Q=W,(t; -t!)=0,212(45-35,4)= 13900 BrT.
C yyeTOM TennoBbIX NOTEPb B TeNNoobMeHHuKke (06b14HO A0 3 %)

Q*=097-Q=097-13900 = 13483 BrT.
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C yyeToM TennoBbIX NOTEPb NpK TpaHcnopTe HarpeTou Boabl (5 %) n B ycTaHOBKE KOMBMHMPOBAHHOIO
nponseoacTea TennoThbl U xonoaa (3 %)

Q**=095-097-Q*=0,95-097-13483 =11912 Br.

22. CteneHb yTynusauum TennoTbl TYpOMHHOro Macrna (MakcumarnbHO BO3MOXHOE KOMNUYECTBO yTUNnsmpye-
MoW TennoTbl Npu paboTatoLien TypbrHe onpegenseTcs guanasoHOM U3MEHEHUS TemnepaTypbl Macna B
ee cuctemax CMasku 1 perynmpoBaHuns).

Q** 11912

= =0,857
Q 13900

Pacyem 2udpasnuyeckux cornpomuseneHull

22. CpepHss TemnepaTypa CTEHKM

/4" Q 454354 13900 ...
2 a,-F, 2 622-15

cT=

[aHHoM TemnepaType COOTBETCTBYET KOI(PMPULNEHT AMHAMNYECKON BA3KOCTH
per = 61,2-10° kr/(m c).
23. KoacbchuLmeHT conpoTUBREHNS MO MEXTPYGHOMY NPOCTPaHCTBY HAXOAMM MO YPaBHEHUIO
£,=157,8 Re; %% (n/pcr)®™ = 157,8 72,8%%° (30,3 10°/61,2 10°)*"* = 2,51.

24. M'vapaBnUYeCcKOe COMPOTUBIIEHWE MO MEXTPYBGHOMY NPOCTPaHCTBY C M YMCMOM NEPEropoaok 1, crefoBa-
TenbHO, ¢ (M + 1) YUCIIOM XOZOB MO MEXTPYOHOMY NPOCTPaHCTBY

AP1= (m + 1) ng &1 p1 w4%/2= (10 +1)-8 2,51-865-0,2182/2 = 391 Ma.

25. KoadhpuUMeHT ConpoTMBNEHMS MO BOAAHOMY TPaKTy Mpu TypOYNeHTHOM pexume TeYeHUsl BHYTPU rva-
paBnMyecku rmaakoi Tpybbl TpyGbl

£,=0,316/Re, **° = 0,316/10800°?° = 0,031.

26. Fl/lp,paBaneCKoe conpoTtuerieHne no BOAAHOMY TPaKTy

. 2 . 2
Py W, L 0,031 995-1,06° 0,746 _1292 Ma

AP,=
= d, 2 0,01

6.1.3. [locnepoBaTenbHOCTL pelUeHUs 3aaad..

3agaya 1

OnpegennTs NOBEPXHOCTb TennoobMeHa PpeoHOBOro KOHAEHCa-Topa TENSIOHAaCOCHON YCTaHOBKWU, MUCMOSb-
3yeMONn Afis HarpeBa MPUTOYHOroO BO3-A4yXa B CUCTEME KOHAMLMOHMPOBaHUSA BO34yXOM, yAansemMbiM u3 no-
MelleHun, NoBepxHOCTb HarpeBa KoHAeHcaTopa HabpaHa n3 Tpyb, BHYTPU KOTOPbIX KOHAEH-CUPYIOTCA Mapbl
dpeoHa 22 (nanee xnagoH), TpyObl MMEKT HapyxHoe opebpeHne 1 OMbIBAKOTCS BO34YXOM, NOCTYNaoLWmM C
ynuubl. Cxema OBWXEHUS TennoHocutTenem — I'IepereCTHbIl/I Tok. Pacnonoxexue 1py6 B ny4ke — Kopupop-

Hoe. Temne-paTypa napoB xnagoHa Ha Bxoae T =343 K. TemnepaTypa xnagoHa Ha BbIxoae T =324 K. Tewm-
nepatypa HacblleHna xnagoHa T,=327 K, Tennota ucnapexus ry = = 148,7 k[x/kr.HpyxHbIn anametp Tpy6

d, = 12 MM, BHYTpPeHHUI dg =10 M. MMonepeyHbIn 1 NpoaonbHbIN Wwarv Tpyd S= S, = 23 mm. nameTtp none-
peyHo-crnpanbHbix pebep D = 22 mm, cpegHas TonwwmHa pebpa §, = 0,5 mm, war opebpenna S, = 0,5 mm.

TemnepaTypa okpyxatowero sosgyxa T ;=308O K. Pacxog xnapgoHa G, = 0,06 kr/c. TennonpoBogHOCTL Ma-
Tepunana noBepxHocTy TennoobmeHa u pebep A = 116 B1/(M K).

PewieHue.
1. Bcto obnacTtb n3ameHeHust napameTpoB XMnagoHa B KOHAeHcaTope pa3bumBatoT Ha TPU 30HbI:
¢ 30HY OXNaXOeHWs NeperpeTbix NapoB XMagoHa A0 COCTOSHMSA HAaCbILLEHUS;

¢ 30HY KOHOEHCaLUM HaCbILLIEHHbIX MAapOB XNaaoHa;
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¢ 30HY NepeoxnaxaeHus KoHaeHcaTa.
30HON NepeoxnaxaeHus KoHaeHcaTa Kak npaBurio npeHebperator.

2. Cxema OBMXKeHNs xnagoHa u BO3yXa B KOHAEHCAaTope nepekpecTtHad. B Me)Kpr6HOM NpoCTpaHCTBE NpO-
NCXOoANT MHTEHCUBHOE NnepemMelunBaHmne BO3ayxa. |_|03TOMy ero remMnepartypy Ha BbiXoAde M3 KOHOAeHCaTopa
MOXHO CHMUTaTb BO BCEX TOYKaX CeYEHNA KaHalla NpakTn4eckn OANHAKOBOW.

3. 3apatoTca TemnepaTypon BO3ayxa Ha BbIxode U3 KoHAeHcaTopa T,./ BbINOMHSIIOT pacyeT NepBoii 30HbI.

PacuyeT nepBow 30HbI
1) PaccuuTbiBaloT cpegHue (cpegHeapudmeTnyeckne) TemnepaTypbl TENNOHOCUTENEN B 30HE.

2) Ucnonbays Tabnuubl NnvM MHTEpNonsAunOHHbIe dOpMyIbl, onpeaenstoT Tennodusmdyeckme napos XnagoHa
¥ BO3gyxa npu Ux cpegHnx temneparypax.

3) 3apatoTcs ckopocTbio NapoobpasHoro xnagoHa B Tpybax (nopsgka 3 m/c) u paccumTbiBaloT vmcno Pei-
HonbAca.

4) Y6eouBINCb B TOM, YTO PEXUM TEYEHWUSsI NMapoB XnanoHa TypOyneHTHbIA, BbIGMpPaloT COOTBETCTBYHOLLYIO
dopMyny 1 paccunTbiBaloT KOIMPULMEHT TEMNOOTAAYM XIagoHa.

5) 3agatoTca ckopocTblo (oKomo 6 M/ ¢) n paccumTbIBalOT Yncno PeriHonbaca ans Bo3gyxa.

6) BbiGrpatoT cOOTBETCTBYHOLLYIO DOPMYMY M HAXOAAT KO3MDULMEHT TENNOOTAAYN OT CTEHKM TPYyObl K BO3-
ayxy.

7) PaccuntbiBaoT adpdpektmuBHocTb (KIM) pebpa n opebpeHHo NoBepXHOCTU, kadhdULMEHT Tennonepeaayn
OTHECEHHbIV K MafKon (BHYTPEHHEN) NOBEPXHOCTU TPYObI.

8) CpeaHuii TemnepaTypHbIA HAanop Mexay TENSIOHOCUMTENAMM 451 NEPBOW 30HbI.
9) Tennosyto Harpy3ky NEPBON 30HbI.
10) NoBepxHOCTb TennoobmeHa ¢ BHYTPEHHEN CTOPOHbLI TPyO.

11) MNMepexoaar k pacyeTy BTOPOW 30HbI

PacueT BTOpOM 30HbI

1) MpuHMMaOT BO BHMMaHWE, YTO BO BTOPOW 30HE KO3 MULIMEHT TENMNOOTAAYM CO CTOPOHbI BO3ayxa n ad-
dektuBHocTb (KIML) opebpeHHON NOBEPXHOCTH TaKME e, Kak B NEPBOW 30HE.

2) Mo ypaBHeHMto TennoBoro 6anaHca Ans BTOPOW 30HbI PAacCUMTLIBAOT €€ TEMSIOBYIO Harpysky.
3) OnpegensoT cpeaHnn TeMnepaTypHbIA Hanop.
4) KoathpUUNEHT TENMooTAauM OT KOHOEHCUMPYHOLErocs XragoHa K CTEHKE.

MockonbKy BenM4yMHa NAOTHOCTM TEMSIOBOrO NOTOKA ( UK TEMNepaTtypa CTEeHKN TpyObl HEM3BECTHLI, peLue-
HWe OCYLLEeCTBNAIT METOAOM MOCreAoBaTENbHbLIX NPUONKEeHWUA. [ns 3TOro MOXHO 3a4aTbCsl, Hanpuvep,

k03(hPULMEHTOM TENNooTaaum Npu KoHaeHcauum o, = 2500 BT/(M2 K), paccuntaTb k03hULMEHT Tennone-
pedayn, OTHECEHHbIN K BHYTPEHHEN NOBEpPXHOCTU TPyObl. 3Has cpegHuii TemnepaTypHbIN Hanop, paccyntaTb
NMOTHOCTb TEMMIOBOIO NOTOKa Yepes CTEHKY TpyObl U MO 3aBMCMMOCTU KO3 ULMEHTa TEMNOOTAA4YN XNlagoHa
OT NNOTHOCTW TEMMOBOro NOTOKa — yTOYHEHHOE 3HayYeHue koadduumneHTa tennooTtgaydn. NocneaHee cpas-
HUBAIOT C paHee NPUHATLIM. U B cnyvae ux CyLeCcTBEHHOro pacxoXaeHust pacyeT NOBTOPSAOT A0 TeX nop,
MoKa 3TO pacxoXaeHue He cTaHeT npeHebpexnmo marnbiM. MoXHO 3aaaBaTbCs HE MITOTHOCTBLIO TEMTOBOrO
noToka, a TemMnepaTypon CTeHkU. Ho Torga ncnonb3yloT 3aBUCUMMOCTb KO3 MLMEHTa TENNOOTAAYN NpK
KOHAEHCcauuy NapoB xJlagoHa OT Pa3HOCTM TeMNepaTyp XNagoHa U CTEHKW.

5) KoahdmumeHT Tennonepenayn.
6) Mo ypaBHeHMIO Tennonepeaayn — noLlaab NOBEPXHOCTM TennoobmeHa.

7) Mo ypaBHEHWIO HEPA3PLIBHOCTY U FEOMETPUYECKMM COOTHOLLEHUSIM NIMHENHbIX Pa3MepoB, NMPOXOAHBIX Ce-
YeHWI 1 Nrowaamn NoBEPXHOCTH TenioobmeHa onpeaenstoT paboyyio ANMHY, KONMYECTBO TPYO B MPOAOSIb-
HOM ¥ MonepeYHoOM psaaax nyyka.

8) PaccuuntbiBaloT XMBble CeYEHUS KaHanoBs Ana Npoxo4a napoB XragoHa M BO3ayxa B KOHOEHcaTope 1 no
YypaBHEHUAM HePaspbIBHOCTU BbIYUCTISIOT 3HAYEHUs ux ckopocTei. [pu cywectseHHOM (Bonee 5 %) oTnuynm
NOMyYeHHbIX 3HaYEHUIN CKOPOCTEN OT paHee NPUHATBIX, pacyeT NOBTOPSIOT.
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OtBerT: Nnowaab noBepxHocTh TennoobmeHa S =S4 +S,=4,0 M2,
Paboyas gnuHa Tpy©6 L=0,5m.
KonuuyectBo Tpyb B ny4ke n=44.
KonuuyectBo Tpyb B nonepeyHom psgy nydka  zq = 22.
KonunyecTtBo psigoB Tpyb no xogy Bo3gyxa Z;=2.

KonnyectBo pr6, BKITHOYEHHbIX MNapannenbHo,

I
@

B O4HOM Xo[e XNnaaoHa ng =
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4. YcnoBusa 3agay anst caMoCTOATENIbHOrO peLUueHus.

3agayva 1. PaccumTatb nnowagn noBepxHocTen TennoobmeHa kanopudepoB, NCMOMb3yeMbiX Ansi Harpeea
10 kr/c HapyxHoro Bodgyxa oT — 26 °C go + 10 °C Bo3gyxoM, yaansieMbIM U3 noMeLleHunsl, B CUCTEME YTUMK-
3aunn TennoTbl NMOCMNENHENO C XUAKOCTHO-BO3AYLUHLIMWU TENNOOOMEHHUKaMU-yTUIM3aTopammn (kanopudepa-
MMW) U UMPKYIIMPYIOLLMM MEXAY HUMWU MPOMEXYTOYHBIM TEMnoHocutenemM. B kayectBe NpomMexXyTo4yHOro Ten-
noHocutena ucnonb3dyeTca Boga. Ee MuHuManbHaga TemnepaTtypa B cucteme + 5°C, koHeyHas + 8 °C. Tewm-
nepartyp BbITSXXHOro Bosayxa + 25°C, oTHocuTenbHas BnaxHocTtb 50 %.

MopgobpaTtb cTaHgapTHbLIE Kanopudepsl.

3apgayva 2. PaccunTtaTb nnowagab NOBEPXHOCTM TeNNoobMeHa BEPTUKAIBHOIO KOXYXoTpybyaToro Bogonogor-
peBaTens. 72 T/4 BoAbl npoxoauTt no Tpybam anametpom 18/22 mm. OHa HarpeBaeTcsi ot 70 °C pgo 110 °C.
perowmin TennoHocMTENb — BTOPUYHBIN Nap M3 NepPBOro Koprnyca BbIMapHOW YCTAHOBKM MOOAETCH B MEX-
TpyOHOe npocTpaHcTBO. [lapameTpbl napa Ha onp,e B TennoobmeHHuk 0,4 Mla n 140 °C. Koscbcpmu,meHT
TennooTaayn napa npuHATb paBHbiM 5000 BT/(M K), koadbpmumeHT Tennootgaum sogpl — 4000 BT/(M K).
TennonpoeogHocTb Matepuana Tpyd — 50 B1/(m K). BbibpaTb dhopmynbl ansa pacyeTta koapULMEHTOB Ter-
nooTtgaym napa u Bogbl Npu 3afaHHbIX YCIOBUSIX U MPOBEPUTL PaHee NPUHATLIE NX 3HAYEHUS.

3agayva 3. PaccunTatb pa3mepbl rpeoLen NoBepXHOCTN U PacxOf HacbILWEHHOro BOASHOro napa, obpasyto-
Lerocs Npy BCKUMaHUM KOHAEHcaTa 1 UCNomnb3yeMoro Ans Harpesa 7,2 T BOAbI B annaparte NnepMoan4eckoro
pencteua ¢ pybawkon. HavanbHast Temnepatypa Bogbl 20 °C, koHeuHast 80 °C. [laBneHne napa 0,2 Mla.
CooTHOLEHNE BHYTPEHHEro agMameTpa Kopnyca annapapTa 1 ero pa6oqe|/| BbicoThbl 1:2. KoadhdumumeHT Ten-
nootgaym napa npuHATb pasHbiM 5000 BT/(M K), Bogbl — 800 BT/(M K). BelbpaTb chopmynbl Ans pacdeta
KO3(hDULMEHTOB TENNOOoTAAYM NPU 3afaHHbIX YCNOBUSAX U NPOBEPUTL paHee NPUHATbIE UX 3HayeHus. Pac-
cunTaTb BOAOMNOAOrpeBaTenb, €Crv NapoByto pyballKy 3aMeHUTb Ha MOrPYXHON 3MeeBMK.

3agayva 4. PaccuutaTtb nnowaab NoBEPXHOCTM TennoobmeHa Bo3ayxonogorpesatensi u3 Tpyd co crnvpans-
HbIM Hapy>XHbIM opebpeHnem. MaTepuan Tpy6 — anmtomunnii (A = 100 BT/(M K)); anametp d,/d; = 27/25 mm,
OnHameTp opebpeHua D = 75 mm, war pebep 3 MM, cpegHsasa TonwuHa pebpa 0,3 mm. MNogorpeBaTtenb Bbi-
MOSHEH B BMUAE LIAXMaTHOro nyyka Tpyb ¢ NpoAonbHbIM (B HanpaBfeHny No-Toka Bo3gyxa) warom Sy =1, 2
D n nonepeuHbim S, = 1 D. Pacxop Bosgyxa 10 kr/c, HadanbHaa Temnepatypa 20 °C, koHeudHas 70 °C.
peroLmin TeNMOHO-CUTENb — KOHOEHCAT BOAAHOIO napa M3 cucTeMbl oTonngeHus. HayanbHasi U kOHeYHas
Temnepatypa koHaeHcaTta 110 1 80 °C. KoachduumneHTbl Tennootaaum KoHaeHcaTa 1 Bo3gyxa(ans Bosgyxa
Koscbcbmu,meHT TennooTaa4m OTHECEH K MOM-HOW MOBEPXHOCTU C y4eToM opebpeHus) npuHATbL paBHbiMK 5000
n 50 BT/(M K). Bbibpate dopmynbl ans pacyeta kodMULNEHTOB TENOOTAAYN TEMNSIOHOCUTENEN NpU 3a-
OaHHbIX ycrioBusx. [MpoBepuTb paHee NPUHATBIE NX 3HAYEHUS.

3agaya 5. OnpegenunTb pacxop, rperoLero napa u Konnyecteo Tpyb B rpetoLLer kamepe annapata ans Bbl-
napmeaHusa 36 T/4 pacTBopa, NOCTYNUBLUEro Ha pereHepaumio U3 TpaBunbHOro oTaeneHns uexa. HayanbHas
KOHLUEeHTpauusa pacteopa 5 %, koHeyHas 15 %. Kamepa koxyxotpybuatoro tuna. [uameTp rpetowmnx tpyo
38x2 mm. [nuHa Tpyd 4 m. TemnepaTtypa pactBopa nepeg kamepon 100 °C, ero temnepatypa kunexms 105
°C. TemnepaTtypa HaCbILIJ,eHVIH BTOpnyHoro napa 100 °C. lMapameTpbl rpetowero napa 0,6 MMa n 165 °C.
lMnoTtHoCTb pactBopa 1,2 TI™®, TeI'IJ'IoeMKOCTb 4 kx/(kr K), KoadhpumumeHTbl Tennootaadm napa n pactesopa
NpUHATL paBHbIMKU 5000 u 800 BT/(M K). TonwuHa cnos Hakunu 1 MM, ee TennonposogHocTb 1 BT/(m K).
Matepwuan Tpy6 — ctanb ¢ TennonpoBogHocTbio 40 BT/(M K). OLueHNTb BO3MOXHYHO SKOHOMUIO IperoLLLEro na-
pa npu BbiNapnBaHWK TOrO Xe pacTBopa B NPSAMOTOYHON TPEXKOPMYCHOW BbINApHOW YCTAHOBKE.

3apgayva 6. PaccuntaTb TennooOMeHHWK Anst HarpeBa BO34yxa BOAOW U3 BOAOrPENHOro KoTna-ytunusartopa,
YCTaAHOBMEHHOMO 3a LUUKINOHHOM neybto. Havyanb-Hble 1 KoHevHble TemnepaTypbl Bo3gyxa — 10 °C u + 15 °C,
Boabl 130 °C un 70 °C. lNoBepxHOCTb TEMNOOOMEHA BbIMOMHEHA B BUAE LLAXMATHOMO Myyka opebpeHHbIX CHa-
pyxu Tpy6. Onametp Tpy6 d,/d; = 20/18 MM, nonepedHo-cnmpanbHbix pedep D = 40 mm. TonwwuHa pebpa 0,3
MM. MaTtepuan Tpy6 n pebep — ctanb. Tennonpo-BogHocTb ctanu AcT = 40 B1/(m K). Laru Tpy6 B nyyke S; =
S, = 1,5 D. 2KuBoe ceveHne KaHanoB AN Npoxo4a Bo3dyxa B MEXTPYOHOM NPOCTPaHCTBE MPUHSITb PaBHbIM
2 M?. CKOpOCTb BOAbI B Tpybax 1 m/c.

3apgaua 7. Npu pacyeTe BO3QyxonoaorpeBaTenis B CUCTEME YTUNU3auum TENOThI BeHTVIJ'IFILI,VIOHHbIX BbIOpO-
coB nonyquu crneayowme ,anHble nnowanb NoBepxHoCcTM TenrnoobmeHa 450 M2, NpoOXoAHble CeYeHUust no
BO34yXy 2 M> 1 no Boge 0,006 M. Kakum obpasom H606X0,EI,VIMO CKOMMOHOBAaTb BosnyxonouorpeBaTenb n3
kanopmndepoB ¢ NOBEPXHOCTLIO TennoobmeHa 122,4 M2, NpoxogHbIMKu cedeHmamu 1,045 m? 1 0,003 M>?

3apayva 8. Pacxop Boabl N0 Tpy6am, U3 KOTOPbIX BbINOfIHEHA MOBEPXHOCTL TennoobmeHa pasmvepom 60 M,
45 T/4, ckopocTb BoAbl 1 M/c. MNMpeanoxunte KOMNO-HOBKY TPYBHOro nyyka koHaeHcaTopa nermel, T.e. cMecu
napoB Ha BbIXO4e U3 PEKTUMUKALMOHHON KONOHHLI. OduameTtp Tpy6 22/18 mm, anvHy Tpyb BbibpaTth B npeae-
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nax 3...6 m. NMnoTHocTb rpetowero napa 2 kr/m®, ckopocTb He Gonee 10 m/c. [lons o6pasyroLerocs KoHOEeH-
carta OT Ha4anbHoro pacxoga napos — 0,8. Boga nocne koHaeHcaTopa UCMoMb3yeTcsl B MOEYHbIX MaLLUMHaX.
Onpenenmb KONnM4yecTBO yTI/IJ'II/I3I/IpyeMOl7I TennoTbl B KOHOEHCaTope, ecln TeMmnepartypa BOAbl Ha BXOo4E B
MO€eYHble MalmHbl 65°C, Ha Bbixoae 13 HUX 45°C, noTepu TennoTbl B TpPy6ONpoBoAax Medy KOHOEHCAaTOPOM
drerMbl 1 MOEYHOM MaLLNMHON 5 % NONe3Ho UCMNOMb30BaHHOW TENMNOTHI.

3agaya 9. Pacxoa AbIMOBbLIX ra3oB Yepes BosgyxonogorpesaTens coctasndet 8000 My, Temnepatypa Ha
Bxoge 300 °C n Ha BbIxoge 150 °C. Pacxopg Bo3sgyxa 6000 M>/4, HauYarnbHasi U KOHeYHast TemnepaTtypbl 20 °C
n 250 °C. lMpeanoxmntb KOMMNOHOBKY TPYOHOro Myyka BO34yxXOnogorpesatens u onpeaenvts ANuHY, waru u
KonmMyecTBo Tpyb Mpu CKOpOCTU ObIMOBbIX ra3oB 5...15 M/c 1 Bo3gyxa B MexTpybHOM npocTpaHcTtee 5...10
m/c, onameTpe Tpyob 58/54 MM un koachduumeHTe Tennonepegadn 30 BT/(M2 K). OnpenenuTtb 3KOHOMUIO TOM-
nvBa Npy OCHAaLLEHWM MApOBOro KOTNa Bo3gyxonogorpeBaTternemM. TennoTBOpHasi CNOCOGHOCTL TonnmBea
(mpupoaHbIn ra3) 35000 |<,D,>+</M3. Pacxog Bo3agyxa Ha ropeHue 10 m°/ M>. Bbixog abiMoBbIx razos 11,5 m°/ m>.
TemnepaTtypa nNpoayKkToB cropaHus nepen kotenbHbiM nydkoM 1400°C. CpefHiol0 TENNoeMKOCTb ObIMOBbIX
rasoB B AvanasoHe Temnepatyp 150...300°C npuHATb paBHon 1,35 K,El,)K/(M3 K), B guanasoHe 0...1400°C —
1,6 kOx/(M° K), Bo3ayxa — 1,3 kIx/(M° K).
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1. Iuepzocoepesricenue Ha 00bEKMAX HCUTUUIHO-KOMMYHATbHO20 X03AUCMEA.

MeponpuaTtuna no aHeprocbepexeHmto Ha obbekTax XKKX MOXHO nogpasgennte Ha MEpPoNpUATUSA No
3KOHOMWM TOMMMBA KOTENbHBEIM 060pYyLOBaHMEM, NO COEPEXEHNIO TEMMOBOW SHEPTMU NPU TPAHCNOPTUPOBKE,
pacnpegeneHum n y notpebutenen. B gaHHom 3agadHuke OygeT pacCMOTPEH Kpyr BOMPOCOB, CBA3AHHLIX C
aHeprocbepexeHnem y notpedbutenern TennoBon aHepruu. [oTpedbutensamm TensoBoW 3Hepruu ABNSHOTCSA
CUCTEMbI OTOMMEHUS], BEHTUIALUUN U KOHOMLUVNOHMPOBAHUSA BO34yXa, CUCTEMbI FTOPAYEro BOOOCHAOXKEHUSA XK-
NbiX, 06LLECTBEHHbIX N aAMUHUCTPATUBHO-ObITOBLIX 30aHUN.

HanoMHMM HeKOoTopble MOJOXEHUS COCTaBrieHUs1 6anaHCoB MOMELLEHMI N pacyeTa NpoLeccoB 00-
paboTKM BNaXXHOro BO3ayxa.

Pacuyem pacxodoe e00bI u mensoeoll aHepauu

I. CymoyHbIl pacxod 2opsivel 800k (Gyee.) U pacxod eopsivell 800bI 3a cymku Haubosbweao 8000rMo-
mpebneHust (Gye..ec) (Ke/ Cymku).

Gch-= Z(GFBC.HXN)v
roe G - HOPMa pacxofa ropsidert Boabl 0gHMM notpebutenem B cpegHue cyTku (kr/cyT.notpebutens), N-
Konu4yecTeo notpebutenen Boabl B 3gaHuu.
GHB.I’BC=Z(GHB.FBC.HXN)

roe Gusmecy- HOPMa pacxofa ropsiiert BOAbl O4HUM NOTpebuTenem B CyTKM HanbornbLuero BogonotpebnerHms
(kr/cyT.noTpebutens), N- konmyecTBo NoTpedbuTtenen Boabl B 3aaHun. CymMmmmnpoBaHMe NpoOBOAUTCSA MO BCEM
BMAaM notpebutenen, pacnonoXeHHbIX B O4HOM 3aaHun. Hopmbl BogonoTpebnenunst 6epytca ma [9].

1. MakcumarbHbIl pacdemHbil pacxod eopsideli 8 cucmeme 20psiHe20 8000CHabXKEHUSs.

MakcumanbHbIN pacyHeTHLIN pacxo ropsidert Boabl B Kr/4 B CUCTEME ropsidero BOAOCHa0XeHUS:

GMaKC.chzKHXZ(GHB.I’BC.HxN)/241

Ky- KoacbmUMeHT 4acoBOW HEpaBHOMEPHOCTU MOTPebneHus BOAbI, YYUTbIBAOLWMIA HEPABHOMEPHOCTb MO-
TpebneHna Bogbl MO Yacam CyTok. K, 3aBUCUT OT 4Mcna XuTenen B HAaCENeHHOM NyHKTe un konebnetcs, Kak
npaeumno, B guanasoHe 2,4+3.

lll. Pacyem cpedHeyacogozo pacxoda merna 3a cymku Haubosnbweao sodornompebrneHusi Quccp U
MakcumarsbH020 4acoe0o20 pacxoda merna Ha 2opsidee 8000CHabXeHUE Qec yaxe ( KKAI/Y).

Qnac.cpzd| ,ZXZ( GHB.FBC.HXN)X(tI'B-tXB)/24a
roe t,e — Temnepatypa ropsiien Bogpl, e — TEMnepaTypa Xono4HON BOAbl, MO4aBaeMON B CUCTEMY rOpsvero
BOIOCHabXeHUs1. PacueTHble TeMnepaTypbl B CUCTEME ropsiyero BogocHabxkeHus - 60/5 °C.
Ql’BC.MaKC'= Qrsc.cprq KKan/d.

PacueT rogosoro pacxoaa tenna Ha N'BC Qg ron. (KKa/1/200).

Qch.roq-= Qch.cpxno+O,8x Qch.cpx(8400'n0)x )x(trB'tXBn)/ (tFB-tXBB)a
roe n, — NPOOOSPKUTENBHOCTL OTONMUTENBHOIO Nepmnoaa B Yacax (Ny=Zyx24, Z,- NPO4OIPKUTENBHOCTL OTOMU-
TenbHOro nepuoga B cytkax no [8], te, —TeMnepaTypa XOnoaHOW BOAbl NeToM, NpuHumMaemMas +15 °c, tes —
TemnepaTypa XONoAHOM BOAbl 3UMOiA, NpuHUMaemas +5 °C.

IV. Pac4yem makcumarbHO20 4acoeozo pacxoda mernsia Ha omornieHue Q, (Kkan/d).

Qo=qoX (tz-ty)* VXK,
roe q, — yaenoHasa oTonuTenbHas XapakTepucTuka 3gaHuda (kkan/d rpag m3), f; — pacyeTHas Temnepartypa
BO3JyXxa BHYTpU nomeLlleHus [5], &, — pacdeTHas Temnepatypa Hapy>XHOro BO3gyxa Afsi CUCTEM OTOMSEHUS
[5,8], Vay — CTpOUTENBHLIN 06beM 3AaHUSA, K- KOIMMDULIMEHT, YUUTLIBAIOLIMI OTNNYME pacHeTHOW Temnepary-
pbl OT TeMnepaTypbl NpU KOTOPOW NpPUBEAEHBI YAeMNbHbIE OTOMUTENbHbIE XapakTEePUCTUKN.

MakcumanbHbI pacxof TennoBow aHepruu 3a rog (Mkan/roa):
Qo.ro,cl= Qox[(ta'tHAcp)/ (tB-tH)]an/106,

rae ty.qp — CPeaHas TemnepaTypa HapyXHOro Bo3ayxa 3a OTonuTenbHbIN nepuog [8].

PacuyeTHbIn pacxop Tenna (Kkan/v4) Ha oTonfieHWe Npu TemnepaTypax Hapy>XHOro Bo3fdyxa, oTrnmyaro-
LLIMXCHA OT pacyeTHbIX .

Q o= Qox[(ts'tus)/ (tB_tH)]a

roe t,; - TemnepaTtypa Hapy>KHOro Bo3gyxa (CpeaHss 3a mecsiu, Tekywas u T.4.).

V. Pacyem makcumasibHO20 Yacogozo pacxoda mennia Ha eeHmunsayuro (Qe e Kkan/d) u 20008020
pacxoda menna Ha eseHmunayur (Qe.200 8 kan/20d). .

AHanornyHo pacyeTy pacxogoB Tenna Ha OTOMSIEHNE BbIYUCHSIOT:

Qe=qeX (ta-1)% Vg XK, ,
roe gs — yaenbHas BEHTUSLMOHHAS XapaKTepucTvika 3aaHus (Kkan/d rpag m°).
Qo.ro,q= QonB[(tB‘tH.cp)/ (tB-tH)]an/']OG,

roe, Z;=n/24. n- Yyicno 4acoB paboTbl BEHTUNSALMM B CYTKM.

Tennoeol 6asaHc nomMeuw,eHUsi
YKunble nomelLeHns B XonoaHbIi nepuog roga notTpebnsawT TennoTy Ans KoMneHcauumn TenroBbIX NoTepsb
orpaxaeHus (Qorp) M Harpes MHUNLTPYIOLEro Bo3ayxa (Quug). B TOXe Bpems B nomellieHne nocTynaeTt TennoTa,
naemas TexHuKon (Qoeop.), MPUBopamu ocseLleHns (Qqcs) U OTONUTENBHON cucTemon (Qp). Mooaepxanne dumkcmp
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HOro 3Ha4YeHUss TeMnepaTypbl BO34yXa BHYTPU 30aHUSA BO3MOXHO TOSbKO B TEX Cry4asXx, korga CyMMapHble TEMon(
(Qorp* Quugp) BYOYT KOMNEHCUPOBATLCA TEMnonocTynneHNAMM (Qqsop. + Qocs* Qo).
Tennosow 6anaHc nomeLleHuns:
Qorp+QMH¢)=Qoﬁop. +QOCB+Q01
TennoBasi Harpy3ka OTOMUTENIbHOW CUCTEMBI (D€3 y4eTa TENNONOCTYNEHNS OT NMOLEN):
Qo=Qorp* Quugp=(Qos0p. +Qocs)-
PacueT TennonoTtepb Yepes3 Hapy>XHble OorpaxxaeHns (CTEHbI, OKHa, BEPU, NOABasIbHbIE MOMELLEHMS).

Q,,=Aft,~t,)b+X8) <.

roe A — pacyeTHad nnowanb Hapy>XHOro orpakaeHua (Mz), fg- pacdeTHas BHYTPEHHAA TeMnepartypa Bo3yxa B MNOoN

HUK (OC), t- pacyeTHasa HapyxHas TemnepaTypa Bo3ayxa (ansa r. Mocksbl fy =—26°C), Z ﬂ - KOAPPULIMEHT OPUEHT
3[aHusa B NPOCTPAHCTBE, N- KOI(ULUMEHT orpaxgatroLen KOHCTpyKunn, R- TepMudeckoe ConpoTUBIEHUE (M2~0(
Tepmunyeckoe ConpoTUBIIEHNE PABHO

1 o 1
R = +—+ ,

A+ Oy
rO€ Ogy — BHYTPEHHUIA KO3PMUMEHT TennooTaayum (BT/(MZ-OC)), 8- TonwMHa orpaxgaroLen KOHCTPYKLMKN (M), A- |
dPULMEHT TENNONPOBOAHOCTH (BT/(M-OC)), Oy~ HapYXHbIM KO3 PULIMEHT TennooTaaum (BT/(M2~OC)).

Pacuert pacxoda TensjioTbl HA HarpeBaHue I/IH(*)VIJ'IpryI'OLLI,eFO BO34yXa B XWUJIOM NMoMeLleHUn npn ectecTBe
BbITSXKHOW BEHTUNALUK, HE KOMHeHCVIpyeMbIVI nogorpeTbiM NPUTOYHLIM BO3QYXOM.

Qe =028-L-p-C (ts—tu) K-F,
roe L- pacxoq yaansemoro Bosgyxa Ha M2, (npuHuMmatoT L= 3 (M3/q)); p- NIIOTHOCTb BO34yXa, (KF/M3); C- yoenbHas

NoeMKocTb Bo3ayxa; F-xunas nnowags nomeliernst (M), K- koapduLMEHT yueTa BIMSIHUS BCTPEYHOTO TEMIOBOro
Ka KOHCTPYKUMK, (3aBUCUT OT BAA NEPENNETOB OKOH, ABEPENt; Ux KonmyecTBa (CM. B Tabn. 4.1).

Tabnuua 4.1
3aBnCMMOCTb KoadhdmLmeHTa yyeTa BINSHUS BCTPEYHOrO TEMMOBOMO NOTOKA KOHCTPYKLUMKU OT BuAa nepen
HUS..
Tun okH| Bug nepennetenns Koadhdhmume
1 [BONHOE OCTEKNEHNE U3 OepEBSAHHbIX HECNAPEHHbIX NepensieToB 0,8
2 [BONHOE OCTEKNEHNE U3 OepeBSAHHbIX CNAapEHHbIX NepenneTos 0,7
3 OpavHapHoe ocTekneHve u3 AepeBsHHbIX NepenneTos 1

PacueT TennoBon MOLLHOCTW, paccemBaeMoOn OCBETUTENbHBIMU Npubopamu.

QOCB - N npusora” Q.

roe Nnppusopa- CyMMapHasi MOLLHOCTb OCBETUTENbHbIX NpUBOpPOB B nomelleHuu, (BT), a - KO3ahpumLmeHT,

yYuTbIBaKOLLMIA apMmaTypy.

Tabnuua 4.2
3aBNCUMOCTb KO3(PPULIMEHTA, YYNTBIBAIOLLLEro apMatypy, OT Buaa namnbl.
Bua namnb! Koacpcpuument A
JIloMUHecUEeHTHbIe OTKpbITHIE 0,9
3akpbITblie 0,6
HakanveaHusi OTKpbITHIE 1
3akpbITbie 0,7

TennosblgeneHus oT 06opyaoBaHUS.

Q, =03-N-n

roe N- noTpebnsemasi MOLLHOCTb 060pyA0BaHMA No nacnopTy, (KBT), n- KONMYecTBO eAuHULL TEXHUKN.

AHanumudeckul pac4em cocmosiHUsI U npoyeccoe obpabomku enaxxHo20 eo3dyxa

Mpu pelleHnn 3agay sHeprocoepexeHns B cuctemax BEHTUASALUN U KOHAULMOHNPOBaHUSA He0bXoanmMo
paccy1TbiBaTb M3MEHEHME COCTOSHMS BNaXXHOro Bo3gyxa. B nHxeHepHOW npakTuke 3TO genaeTcs C MOMOo-
wpto H, d — guarpamm. Npn MCNONbL30BaHMM KOMMBIOTEPOB pacyeTbl YAOOHEN BECTU, UCMONb3yS UCXOAHbIE
YpaBHEHMS U 3aBMCMMOCTU, HA OCHOBE KOTOPbIX NOCTPOEHbI Anarpammbl. HekoTopble U3 HUX NpuBeaeHbl Hu-
Xe.

3aBMCMMOCTb AaBneHus HacblLWEeHHOro BoasiHoro napa, MlMa, Haa NoBEPXHOCTLIO XXMAKOCTM OT TeMne-
paTypbl MOXeT ObITb NpeAcTaBneHa B BUAE:

4054

p ) 236+t
S
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3aBNCMMOCTb BriarocogepXaHust oT aTMOCEPHOro AaBNEHUS Pary, NAPUMAnbHOrO AaBneHus napa ps
npu TemMnepaTtype Bo3ayXxa M ero OTHOCUTENbHOW BIIAXXHOCTU .

d==0622—P?
paTM - p5¢
rae ¢ = pu/ps(t).
SaBMCMMOCTb SHTaANbNM BNa>xHoro Bo3ﬂ,yxa OT ero Bnarocogep>xaHuma n TeMnepaTypbl, K,D,)K/Kr CyXOFO
Bo3ﬂ,yxa

H=Ct+d(r,+C,t),
rae Cg n C, — yaenbHble CpefHNE TEMMOEMKOCTM CYXOro Bo3ayxa v napa B MHTepBasne pabounx temneparyp,
xapaktepHom ans cuctem otonnieHus (CO), seHTunaumm (CB)m koHamumoHmnpoBanus Bosgyxa (CKB); ry —
yaenbHas TennoTa UcnapeHusi BoAbl B OKpecTHocTn Temnepatypbl 0 °C.
3aBMCUMMOCTb NapLmanbHOro 4aBneHns napa oT BNnarocoaepXXaHust o

d
Pu = Par 0.622+d
MnoTHOCTb BNa)Horo BO3gyXa
_ paTM 1+ d
PTRT0,622+d

MPUMEPBI PELLEHUSA 3ADAY

Mpumep 4.1.

Ycnosue

B cucreme koHAMUMOHMpPOBaHMA OBLLECTBEHHOro 3gaHusa (puc. 4.1) BO3Oyx OKpyXalllen cpedbl C
Temnepatypow £,=-10 C 1 OTHOCHTENBHOI BMAXHOCTHIO ¢y =40% nocTynaeT B kaMepy CMELLEHWs, rae cMme-
LUMBAETCA C YacTbio BbITSXKHOrO Bosgyxa. [1ponas TepMOBRaXXHOCTHY0 06paboTKy B LiEeHTparbHOM KOHOU-
uuoHepe 2, BO3ayx NocTynaet B obcnyxvBaemoe nomelleHve 3 ¢ napametpamu f, =20 °%Cn ©2=49%. Tem-
nepaTypy ¥ OTHOCUTENbHYIO BIaXXHOCTb BO3[dyXa Ha BbIXOAE U3 Liexa NPUHATb COOTBETCTBEHHO PaBHbIMU
t:=23 °C u 03=44%. Pacxoq nputoyHoro Bosgyxa cumtatb paBHbiM Gp=12,44 kr/c. CTeneHb peumpkynaunm
0,=0,51.

MMocTporTe npoLecc TepMOBAXXHOCTHON 006paboTKM BO3dyXa B CUCTEME KOHOVULMOHMpOBaHuA B H,d-
Anarpamme. Onpegennte, Kakyto TEMNMOBYHO MOLLHOCTb MOXHO COKOHOMUTL MPU NPUMEHEHUN PELMPKYNSALMK
B CXeMe KOHOMLMOHNPOBAHMS BO34yXa No CPaBHEHWUIO C MPAMOTOYHON CXEMOW.

<
OLpGo
——@—P ——@—P >—@
tc tg t3
t]_ ¢C P2 P3
Gy 01 Oo6cyx1BaemMoe
Kamepa Konmummonep TIOMCIICHHC
CMEILIEHUS

Puc 4.1. Cxema KOHANLMOHNPOBaHNS OOLLECTBEHHOIO 34aHus.

PeweHue.

[na peweHns 3agayn MOXHO MCMNONb30BaTh ABa MeToAa: aHaNUTUYECKUA C NPUMEHEHNEM
opMyn, ONUCLIBaKOLLMX U3MEHEHNE COCTOSHUSA BaXKHOr0 BO34yxa, U rpado-aHanMTnyeckmi ¢ NpUMMeHeHu-
em H-d gnarpammebl. BHavyane paccMoTpyM BTOPOM U3 HUX.

1. HaHocum Ha gnarpammy (puc. 4.2) Toukn 1,2 1 3, COOTBETCTBYIOLLME NapameTpamM Hapy»KHOTo, MPUTOYHO-
ro M BbITSDKHOIO Bo3ayxa. [MonoxeHne 3aTux TOYeK onpeaensercs no nepecevyeHnto COOTBETCTBYIOLLMX M30-
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TEPM W NIMHUA NOCTOSIHHOM OTHOCUTENBHOW BraXXHOCTWU. 1o gnarpamme Haxogum sHTanbnum H;=8,5 KIK/Kr
C.B., H,=39 k[Ix/kr c.B, H3=49 k[x/kr c.B., Bnarocogepxanus d;=0,7 r/kr c.B., d,=7,5 r/kr c.B., d3=10,3 r/kr c.B.
2. HaHocum Ha anarpammy Touky «O» - KOHEUHYH TOYKy npoLiecca aanabaTHOro yBRaXkHEHUsl BO3[yxa B
kamepe opoweHus. MNMonoxeHne Toukn «O» onpenensaeTcs nepeceyeHnemM NMHNN NOCTOSAHHOMO Brarocoaep-
XaHus d, U NIMHUM OTHOCUTENBLHOW BAXXHOCTU, cooTBeTCTBYOLWEN 95%. [lanee 3agava pa3buBaeTtcs Ha ABa
3Tana: NoCTPOEHUE MPOLECCOB BIIAXXHOIO BO34yXa AfMsi CUCTEMbI C PELIMPKYNALMEN U MPSAMOTOYHON CUCTEMBI.
OHTanbnMIo 1 BRarocofepXxaHve BO34yxa MOCMe Kamepbl OPOLUEHMs onpedenseMm no auvarpamme: H,=29
KOXK/Kr c.B., d,=7,6 r/kr c.B.

3. OnpenensieMm napameTpbl BO3Ayxa Nocne CMELLEHNs ABYX NOTOKOB (CBEXEro HapyXHOro ¢ napameTpamu
«1» 1 peumpkynupytowero ¢ napametpamm «3») Touyka «C» Ha guarpamme HaxoguTCS, Kak TOYKa nepeceye-
Hus oTpeska «1-3» 1 nzoaHtanbnsl He (Mnu nuHnm d.=const). YncneHHoe 3HaveHve aHTanbnun H, HaxoauTcs
13 ypaBHEHMI TENIOBOrO N MaTepuanbHoro banaHca:

G,H, =G H +G,H,
G,d, =G,d, +G.d,
B npuBeaeHHbIX ypaBHeHMAX G — MaccoBbl pacxof Bosayxa (kr/c), H — sHTanbnmsa (kOx/kr). OH-

Tanbnusi 1 BNarocoepxaHue nepeg nogorpesaTernieM rnepBoi CTYyNeHN COrnacHo NPUBEOEHHLIM YpaBHEHM-
am 6anaHca 6yayT:

H, =aH; + (- @, JH,=0,51 49+(1-0,51) (-8,5)=20,8 Kmxkr c.5.
d, =ady +([L—a, Jd; =0,510,7+(1-0,51) 10,3=5,4 rfkr c.6.

4. Haxoaum nonoxeHue Toukn «M1» (napameTpbl BO3ayxa nocne rnoporpesaTens nepsoi CTyNeH KoHOu-
umoHepa). MNMonoxeHne Toukn «MM1» Ha AnarpaMme HaxoAWUTCHA NO MepeceyYeHuto NHUKM d.=const n M303H-
Tanbnbl Ho. NapameTpbl BO3ayxa nocne nouorpeBaTenﬂ nepBoKr CTyNeHn onpeaenstnTcs MO NOMoXeHUo Ha
anarpamme To4kn «I11», oHn paBHbI fh1=27 °c, Hr1=H.=29,2 kpx/Kkr c.B.
5. [na npsamMoTOYHON CUCTEMbI MOMNOXKeHUe Toukn «[11» HaxoauTCcs Mo NEepPecedYeHUIo NUHUIA NOCTOSIHHON
3HTanNbNUU H; N NOCTOSAHHOIO BflarocogepXXaHus ds.
6. Ha avarpamme B Utore HaHeceHo crieayillee:

- cMeweHne aByx notokoB 1-C, 3-C;

- nogorpes Bo3ayxa B Bosayxonogorpesatene 1-n cryneHun 1-M1 (npamoTtodHas cuctema) u C-I1
(cuctema c peunpkynaumnen);

- apguabaTHoe yBnaxHeHue B kamepe opolueHus M1-0;

- nopJorpes Bo3fyxa B Bo3gyxonogorpesartene 2-i ctynexdm O-2;

- MONMTPONHBIN NPOLECC HarpeBa 1 yBRaXXHEHUS Bo3ayxa B 0O6CIy)>XMBaeMOM NMOMELLEHNN.
7. PaccunTbiBaeM aHeprocbeperaroLmin 3Q@eKT OT NPUMEHEHNS PELIMPKY AL,
3atpaTbl TENMOBOW MOLLHOCTU B NPSMOTOYHOWN CUCTEME:

Qnp=(Ho-H1)+(H2-Ho)=Ha-Hj
3aTtpaTbl TENNOBON MOLLHOCTU B CUCTEME C peLmpKynsauuen sosayxa:
Qp=(Ho-H;)*(H2-Ho)=H>-H,
OKOHOMUS TEMMOBOW MOLLHOCTU:
AQ= Qnp- Q=H,-H1=20,8-(-8,5)=29,3 KI/Kr C.B.

AHanumudeckul pac4yem

1. PaccunTbiBaeM 3HTanbNMIO BNaXHOro Bo3ayxa (napameTpbl Bo3gyxa 1 u 3) no opmyne
H =C,t+d(r, + C, t)Hi=-8,4 KI/Kr c.B., H3=49,5 KIK/KT C.B.

2. PaccunTtbiBaeM aHTanbnuio Bo3gyxa nocne CMeLLIeHns:
H_=aH, +(1-a)H,=0,51 49,5-(1-0,51) 8,4=21,1 Kap/Kr C.B.

3. 3OKOHOMUSA TEMNNOBOW MOLLHOCTW:

AQ= Qnp- Q=H,-H1=21,1-(-8,4)=29,5 k[x/Kkr C.B.
lpumep 4.2

Ycrnosue

OuenuTe aHeprocbeperatowmii 3pdeKT OT NPUMEHEHNST PEKYNEPATMBHOIO TEMNIOOOMEHHUKA B CUCTEME
06LLe00MEeHHOM BEHTUNALMN Mnonaras, 4To B 00Cny)XMBaeMOM NMOMELLEHNM NPUCYTCTBYIOT BHYTPEHHNE Ter-
noBblaeneHns obuen MOLLHOCTbIo, paBHon Q=70 kBT. MoLWHOCTb TENMNOBLIX NOTEPL Yepe3 orpaxkaaroLune
KOHCTPYKUMN Qnor=50 KBT. MaccoBble pacxoapbl nputodHoro Gn. v BbibpacbiBaemoro G, Bo3gyxa MpuHATbL
paBHbIMK G,=G,=G=2 kr/c. BnarocogepxaHve HapYXHOro BO3/yxa pasHO dy1=3 r/kr c.B. B Mpe/BapyuTenbHOM
nogorpeeaTene Bo3ayx Harpeeaetcs 4o t,1=5 °C. TemnepaTtypa nputoyHOro Bosagyxa t,=20 °C. O dbekTnB-
HOCTb TennoobmMeHHuKa yTunuaartopa €=0,6. Cxema BEHTUNSILUMM NpeacTaBrneHa Ha puc. 4.3.
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Puc. 4.2 'ameHeHne COCTOSHUS BIaXXHOrO BO3yXa B CMCtemMme KOHONUMOHNPOBaHUA 00LWEeCTBEHHOrO 34aHus.

— {| Ptyz B L

ropsiyast

Z AQ {:BOJIEI

Puc. 4.3. MpuHuunmanbHas cxema CUCTEeMbl BEHTUNSILUK C TENNOOOMEHHNUKOM-YTUIN3aTOPOM.
1 — npeaBapwuTenbHbIN NogorpesaTens (kanopudep), 2 — pekynepaTtuBHbIN TENNOOBMEHHUK, 3 —
nogorpesaTenk (kanopudep), 4 — NPUTOYHbIV BEHTUNATOP, 5 — BEHTUNNPYEMOE NOMELLEHNE,

PeweHue
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YpaBHeHUs1 TennoBbIX 6anaHcoB AN TenoOOMEHHMKa-yTUIM3aTopa, BEHTUIMPYEMOro NOMeLLEeHUst U

CUCTEMbI B LleJTOM 6y/:|,yT:
er :G(HH2 - HHl):G(Hyl_ HyZ)
G(H,-H,)+Q-Q,, =0
-G(H,-H,)+>.Q+AQ=0

roe 2Q=Q4+Q, — cymmapHasi MOLLHOCTb, NoABoAnMast kK Bo3ayxy, AQ=Q-Qn,; — 3bbITOYHasA TennoBasi MOLL-
HOCTb B BEHTUNMPYEMOM MOMELLEeHMUN. VI3 ypaBHeHMS TennoBoro 6anaHca cuctembl cnefyet, YTo 3aTtparthl
TENMO0BOW MOLLHOCTU Mo 000rpeBy Bo3dyxa B CUCTEME BEHTUMSALMKN C TENNIOOOMEHHNKOM YTUIM3aTOpPOM paB-

Hbl
3Q,=G(H,-H,)-4Q

Ons NpsAMOTOYHON CUCTEeMbI OBLLEOBMEHHON BEHTUNALIMKM, eCrnn NpuHATL Hy,=Hyq, 3aTpaThl Tennosowu

MOLLIHOCTHU MO 060rpeBy Bo3ayxa:
ZQ = G(Hyl - HH )_AQ

OHeprocbeperaowmm apdeKkT oT NPUMEHEHNS TEMNOOOMEHHMKa-yTUNM3aTopa B abCOMOTHOM UCUUC-
NEHNN (3KOHOMUSI TENIOBOW MOLLIHOCTM, MOABOAUMONM OT BHELLHEro UCTOYHMKA TeNnocHabxeHus) AQ, byaet

zQa ZZQ_ZQY = G(Hyl_Hﬂ):AQTy
H Z_Hyl

Y.
Hﬂ_Hﬂ
ZQ3 =G 8(Hy1_ Hul)
[ns oTBeTa Ha NOCTaBMEHHbLIA BONPOC HEOBXOAMMO paccyMTaTh 3HTaMNbLMUM BRaXHOro Bosdyxa Hj,
Hn, Hy1.
H,=Ct,+d,(r,+C,t

B Hl nonl

C y4yeToM achhekTUBHOCTM TENITOOOMEHHUKA yTUNn3aTopa & =

)=1,005 5+3 10°(2500+1,807 5)=5,025+7,53=12,56 KIK/Kr C.B.
H,=C,t, +d, (r, + C,t,)=1,00520+3 10°(2500+1,807 20)=20,1+7,71=27,71 KIx/Kr C.B

OHTanbNu Hy1 Ha|7|,qu 13 ypaBHEHUA TEenoBoro GanaHca nomMeLleHunsa:
H,1=(AQIG)+H, =(20/2)+27,71=37,71 k[Ix/kr C.B.

OHeprocbeperatowmn adpdekT:

>'Q, =G &(H - H,,)=2 0,6 (37,71-12,56)=25,15 kBT.

[pumep 4. 3.

Ycnosue
dakTnyeckoe TennonoTpebneHne cucTeMon ropayero BOAOCHabXeHMS XKUMoro 3aaHnsi, BbIIBIEHHOE MO
pesynbTataM MHCTPYMEHTanbHOro aHeproayauta, coctasnset 120 kBt. OueHute noteHuman aHeprocbepe-
)XEHMS1, eCln pacyeTHoe KoNM4yecTBo noTpebutenei ropadeit Bogbl pasHo M =100 yenosek. Temnepatypa
ropauyen soabl 55°C, TemnepaTtypa XonoAHoOW BOAONPOBOAHOM BOAbI B OTONUTENLHLIN nepuog 5°C, B neTHUN
nepuog 15°C.

PeweHue
CpepHecyTo4HbIV pacxof TennoTbl Ha ropsyee BOOOCHAOXKEHNE B OTONMUTENbHbIA NEPUOA onpeaensieTcs
no cpopmyne:

Q< =12-m-a-(t, —t, ke, kxicyr,
rae @ =105+120 «r/(4en-cyT) — HopMa BOAONOTPEGNEHNS ANS XUMbIX 34aHWIA KBAPTUPHOro Tvna, o6opyao-
BaHHbIX BaHHbIMY; ¢ = 4,19 k[hk/(krK) - CpefiHsis yaenbHas TenmoemMKocTb Bofbl;

Torpa Q*r°=12-100-120- (55 - 5) 4,19 =3016800 «kOx/cyT

26,3

Cpeﬂ,Hﬂﬂ Harpyska Ha ropadee BOAOCHabXXeHe B OTONUTENbHbI nepuopa:
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oo __ Qi 3016800
7" 24.3600 24-3600

Cpeﬂ,Hﬂﬂ 3a OTOMUTENbHbIN nepuoa Harpyska onpenendeTcd no (bopmyne:

Q7 =3492. 227> 08-34,92@r
5515

=34,92 kBt

28,71

roe [ =0,8 (ans XuMnuLHO-KOMMYHamNbLHOTO CeKTopa).
PacueTHasi MakcumMarnbHas TENnoBas Harpyaka Ha ropsidee BofoCHabxeHue:
P =y-QF =2,4-34,92 =838 kBT, rae y - pacyeTHbIn KOIMDULIMEHT YACOBOW HEPABHOMEPHOCTH, OpU-

26,3
EHTMPOBOYHO A1 XWUSTbIX 1 OBLLECTBEHHBIX 30aHui npuHuMaoT y = 2,4.

MoTeHuman sHeprocGepeeHNs MOXKHO OLEHUTb, Kak PasHOCTb PaKTUHECKON N PpacyeTHOI TEeNNoBbIX
Harpysok - Qg.- Q” =120-83,8=32,2 kBT.

3A0AYM

3apaya 4.1.

B cucteme KOHONLMOHMPOBaHUS OOLLECTBEHHOIO 34aHNsl BO34yX OKpYXKaloLen cpeabl ¢ Temnepary-
pon t1=32°C N OTHOCMTENBHOW BraXHOCTbo ¢4 =80% MocTynaeT B KaMepy CMELUEeHUs], rae CMeLInBaeTCs C
YacTblo BbITSXKHOrO Bo3gyxa. [lponasa TepMoBNaXHOCTHY0 06paboTKy B LeHTparbHOM KOHAMUMOHEpe, BO3-
Oyx noctynaet B obcnyxuBaemoe NomeLLeHne ¢ napameTpamu t, =20°C u 02=55%. TemnepaTypy 1 OTHOCU-
TENbHYI BMAXXHOCTb BO3Qyxa Ha BbIXOOE M3 Liexa MPUHATb COOTBETCTBEHHO PaBHbLIMU t,=23°C u 03=65%.
Pacxon nputo4Horo Bosgyxa cuntatb pasHbiM Go=10 kr/c. CTeneHb peumpkynaumm o,=0,3.

MocTpoviTe npouecc TEPMOBIAXXHOCTHON 06paboTkM BO3dyxa B CUCTEME KOHOVLMOHMPOBaHUA B H, d-
onarpamme. Onpegenute, Kakyto XONoaunbHYH0 MOLLHOCTb MOXHO C3KOHOMWUTb MPU MPUMEHEHUN PELIMPKY-
nAuMn B CXeMe KOHOMLMOHUPOBAHMSA BO3A4yXa MO CPaBHEHUIO C MPSMOTOYHOM cxemon. Onpenenvre 3KOHO-
MM1IO YCMOBHOIO TOMMMBA 3a rof, nonarasi, YT0 UCTOYHMKOM XOSTIO4OCHabXeHMs1 YCTAHOBKU SIBNSETCH XOMno-
OunbHasi MalluHa, K.n.g. kotopou paseH 0,8, a cuctema kKoHAMLMOHUPOBaHUA paboTaeT 18 YacoB B CyTku.

3apava 4.2.
B cucteme KOHOWLMOHMPOBAHWS 30aHWA (CM. CXEMY) BO3OYX OKPYXXaloLIEen cpefdbl C TeMnepaTypou

t,=0°C 1 BnaxHOCTbIO d,=3 [/KI C.B. NOJOrPEBAETCA B YTUMM3ALMOHHOM peKyrnepaTMBHOM TEMNOOGMEHHUKE
po Temnepatypbl t,=15C. 3aTem, npolas TEPMOBMAXHOCTHYI0 06paBOTKy B LIEHTParbHOM KOHAMULIMOHEpE,
BO3yX MOCTynaeT B 0OCnyXMBaeMoe NoMELLEHNE C NapameTpamm t:,=20°C 1 0n2-=55%. Temnepatypy u oT-
HOCUTENbHYI0 BMaXXHOCTb BO3/yXa Ha BbIXOAE M3 LieXa MPUHSTb COOTBETCTBEHHO paBHbIMM £,=25°C 1
0s=65%. Pacxop ceexero Bo3ayxa paseH G,=2 kr/c. Onpegenure, Kakyrlo TennoBY MOLUHOCTb MOXHO CIKO-
HOMWTbL NPW NPUMEHEHNN B CXEME KOHOULMOHUPOBAHWS YTUNN3ALNOHHOTO TEMMOOOMEHHMKA, NO CPABHEHUIO
C NpsAMOTOYHOM cxemown. Onpegenute 3KOHOMUIO YCIOBHOIO TOMMMBA, nonaras, YTo UCTOYHMKOM TensocHab-
XeHus siengaetcs TOL,.

TemnooOMeHHUK
v
1 12 B
D > ——>

t1 tn2 tB

t 01 Pn2  O6cmyxuBaemMoe 0N

Gy . Konauuunonep TIOMEIIeHHE
QPu

3agaya 4.3.
>Kunoe 3gaHne TunoBow noctporiku tuna M31/12 nmeeT cTpouTenbHbii 00bem 24950 M 1 pacnorno-

*eHo B r. MockBa. OueHUTe rooBY0 3KOHOMUIO TEMSIOBOWA SHEPTUM, ECNN B pe3yribTaTe NpPOBEAeHUS KOM-
nnekca aHeprocGeperawLmMx MepornpusTUi, CBA3aHHbIX C YrydlleHWeM Temnso3alluMTHbIX CBOWCTB Orpax-
JatoLmx KOHCTPYKUMIA, yAanocb CHU3UTL TENIONOTEPU B OKpy»XKatoLlyto cpeay Ha 5%.

3apava 4.4.
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Onpenenvte BenMUMHY 3a30pa Mexagy CTEKNamMu OKOHHOW pambl pasmepamu h=1,5 mm (BbicoTa) un
[=2,0 MM (WwMpuKHA) Npy KOTOPOW TEnnoBble NOTEpU Yepe3 OKHO ByayT MUHUManbHbIMW. TOmnWmMHa CTeKon
d=0,003 m. lNpu pelweHnn 3agaum NPUHATL pacyeTHble TemnepaTypbl HapPY>XHOrO 1 BHYTPEHHEro Bo3ayxa no
CHuIT. XXunoe 3gaHne pacnonoxeHo B r. Mockse.

3agava 4.5
B nputouyHON cMcTEeMe BEHTUNALUN XONOAHBIN HAPYXXHbIN BO3AYX C TemMnepaTtypoum t, =-15°C nocrynaet

B kanopudep no crtanbHOMY BO34yXOBOAy KBadpaTHOro ceveHus pasmepamm (50x50) mm. TonwmHa CTeHKM
Bo3ayxoBoaa 6=1,5 mm. [inuHa yyacTka Bosp,)éxosop,a OT BBOAa B 3aaHue ao kanopudepa L=15 m. Temnepa-
Typa B MecTe npoknagku Bo3gyxosoga t,=18"C. Bo3gyx nogorpesaeTcs B kanopudepe go tB=22°C 1 nopa-
€TCs1 BEHTUNATOPOM B ObCryXmBaemoe nomelleHue. PacueTHble napameTpbl TEMSIOHOCUTENS B BOASAHOMN
cucteme otonnenus 105-70°C. MpounssogutensHocTb BeHTUNATopa 18000 M°/u. Kakas Tennoeast MOLLHOCTb
SKOHOMWTCS 3a CYeT MOoAOorpeBa BO34yxa Ha yyacTke OT BBOoAa A0 kanopudepa? Ha cKOMbKO yMeHbLUMTCH
pacxof ropsiden Bogbl?

3agaya 4.6 CpaBHMTe rogoBoe TeNnonoTpedbneHne cMcTeMon BEHTUNSALMM 0Opa3oBaTENbHOMO y4pex-
OeHus, pacnonoxeHHoro B MockBe, Mpu KpyriocyTo4YHOM paboTe C MakCMMarnbHOW Harpy3kow 1 npu paboTte B
crnegyoLlem pexvme TennonoTpebnenns:

WHTepBanbl 4acos B CyTK/ Tennosas Harpyska, B % OTQs
6-8 70%

8-18 100%

18-8 10%

MakcumanbHas YacoBasi BEHTUNSILMOHHAA Harpyska q; =1,09 Nkan/u.

3agava 4.7
PaccuuTante nnowagn noBepxHOCTEN TennoobmeHa kanopudepos, Ucnonbdyemblx Ans Harpesa 10

Kr/C Hapy>xHOro Bosgyxa ot — 26°C go + 10°C Bo3gyxom, yaansembiM N3 NoMeLeHus, B CUCTEME YyTUNmM3auum
TEeNnnoTbl NocrnegHero C XXMAKOCTHO-BO3AYLIHbIMU TeMNnoobMeHHKaMu-yTunusatopamu (kanopudepamm) u
LMPKYIMPYIOLLMM MeXOY HUMU NPOMEXYTOYHbLIM TEMMOHOCUTENEM. B kayecTBe NPOMEXYTOYHOIo TEMMOHOCK-
Tensa ncnonb3yetcs Boga. Ee mmHumansHaa temnepatypa B cucteme + 5°C, koHevHasa + 8°C. TemnepaTtyp
BbITSXXHOMo Bosayxa + 25°C, oTHocuTenbHas BnaxHocTb 50 %.

3apaya 4.8
Mpu pacuyeTe BO3dyxonogorpeBaTensi B CUCTEME YTUNM3aUUM TENNOTbl BEHTUMNSALMOHHBLIX BbIOPOCOB

nony4eHbl criegyolme gaHHble: nrnowanb NoBepxHOCTU TennoobmeHa 450 M2, NPOXOoAHble CeYeHNs No BO3-
ayxy 2 M2 1 no Boge 0,006 M. Kakum 06pa3om HeobxoaMMO CKOMMOHOBaTh BO34YXONOA4OrpeBaTerb U3 Kaso-
pudepoB C NOBEPXHOCTbIO TennoobmeHa 122,4 M2, NPoxoAHbIMK ceveHnsmn 1,045 m? 1 0,003 M>?

3agavya 4.9

Paccuntante akoHOMMIO TEMNSTIOBOW SHEPTUN B Crydae YMEHbLUEHUSA pacxofa MHUNbTPYIOLWEerocs Bo3ayxa
Ha 50% un3-3a npoBeaeHUs aHeprocbeperaoLLnx MeponpuATMn. PacyeTHble TeMnepaTypbl: HAPY>KHOro BO3-

pyxa t/*" = —26°C, BHyTpu nomelueHus - t” =18 °C. PacueTHoe KonnyecTBo niofeli B nomeLLeHnn n = 157
YyernoBsex.
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AKTyanbHOCTb 3Heprocbepexenusi B Poccun n mupe.

Focyp,apCTBeHHaﬂ nonuTnka B obnacTtu nosblEHUs Sq[)(*)eKTMBHOCTM ncnosib3oBa-
HUA 3HEepPrun. ynpaBneHme aHeprOCGepemeHMeM B Poccum.

HopmaTtueHasa 6a3a sHeprocbepexeHus.
MeTogbl 1 KpUTepUn oLeHkM 3dPeKTUBHOCTM 3HEeprocbepexeHust.
OcCHOBbI 9HeproayamTa 00 bLEKTOB SHEPTETUKN.

MeToabl aHeprocbepexxeHuss Npu NPOU3BOACTBE WM pacnpefernieHnn TENoBon U
3MNEKTPUYECKON IHEPTUN.

OHeprocbeperatoLie MeponpusaTAA B NPOMbILLNIEHHOCTH.

OHeprocbeperatoLme MeponpuaTMs Ha ODbeKTax XMITMLLHO-KOMMYHAIbHOIO XO-
3ancTea.

anMeHeHMe TEnnooOMeHHbIX annapatoB Anda ytunmsauun Ttenna BTOPUYHbIX
HepreTn4eckmx pecypcos.
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AKTyanbHOCTb 3HeprocGepexeHusi B Poccuun n mupe

Bonpoc Nel: Ykaxute npaBunbHOE COOTHOLEHWe Mexay 1 [urakanopueil n 1 kunoBaTT-4acoM 3HEprim

[ 1Br-y=0,857x103kan

[0 1kBru=0,113x10%kan

[ 1kBr-y=1,130x103 kan

] 1«Bry=4,187x10-3 Mkan
Bonpoc Ne2: Buibepute npasunbHoe yTBepxaeHue: denepanbHbiil 3akoH «O6 aHeprocOepexeHums ...

| OnpepenseT nnaH1pyemblii ypoBeHb NOTpebneHns TONNMBa 1 SHEPreTUYECKUX pecypcoB B Poccum Ha bninkaiiee byayliee
[] OnpenensieT nnaHMpyeMbiit ypoBEHb 3KOHOMUY TOMMMBA U SHEPTETUYECKUX PECYPCOB B Pocciy Ha Brvxaliluee GyayLuee
[C] OnpepensieT 0cHOBbI rocyAapCTBEHHOI MONMUTUKMA B 06N1aCTV 3HEProcOepexeHms

[T Onpeaenser koHkpeTHbIE HaNPaBIEHMS SKOHOMIUM SHEPTUM B Pa3NNYHbLIX Chepax XO3AMCTBEHHON AEATENbHOCTH
Bonpoc Ne3: YTto 13 Hixe nepeuncneHHoro SBnseTcs TENMnoBbIM BTOPUYHBIM 3HEPrETUYECKIM PECYPCOM?

I Mycop, cxuraemblit Ha 3aBoge nepepaboTku

[0 MonyTHbin HedhTaHOI raa

[] BeHtUnsumoOHHBI BO3AYX, YAANSEMbIA U3 NPOU3BOLACTBEHHBIX NOMELLIEHNI

[7] Cxareiii ras

Bonpoc Ne4: YpoBeHb M poBOro notpedneHus Tonnmea 1 sHeprin B 2000 . COCTaBnsm:

[ 27 F'vratonH ycrnosHoro Tonnuea

[] 13 ruratonn ycnosHoro Tonnmea

[] 5 TvratoHH B HehTsiHOM 3KkBUBaNEHTe

[7] 3,5 TuratonH B HehTAHOM SKBUBANEHTE

Bonpoc Ne5: YcrnoBHoe TonNnMBo COOTBETCTBYET TOMMMBY C HU3LLEH TENNOTBOPHOIA CNOCOBHOCTLIO B

O 30 MIxkr

I 25,7 MOxixr

[0 29,3 MOx/kr

[ 3geck Het npasunbHoro oteeTa

Bonpoc Ne6: Hu3wwas Tenniota cropaHus TONMBa MEHbLLE BbICLUEN TENMOTbI CropaHusi, NOCKOSbKY YYUTLIBAET TO, YTO
[] s Ttonnuee npucyTcTayioT Heropioume BeliecTaa

[] uacts Tenna Heobxonuma Ha ncnapeHue Biaru, MpUCyTCTBYIOLLIEN B TONMNBE

[] uactb Tenna Heobxoauma Ha CnapeHue Braru, npucyTCTBYHOLLEN B TOMNMBE M 06pa3yioLLeics B npoLecce peakLuv ropeHms
[ e sHaw

Bonpoc Ne7: [ins BbipaboTku 1 kunoBaTT-4aca anekTpoaHeprv B Poccin B cpeiHeM pacxogyetcs

] 128 rpamMm yCroBHOro Tonnuea

320 rpamm yCcnoBHOro Tonnuea
[] 1250 rpamm ycnosHoro Tonnuea
| [ 1500 rpamm ycriosHoro Tornvea
Bonpoc Ne8: Ha anekTpocTaHuusx kakoro Tuna BbipabaTbiBaeTcs B HACTOSLLEE BPEMS HanbOMbLLEE KONMYECTBO MEKTPOSHEPTUM B
Poccun?

] AtomHbIx anekTpocTaHLmsx

[] TwmoposnektpoctaHumsx

[] MapoTypbuHHbIX TENNOBEIX 3NEKTPOCTAHLIMAX

[] TasorypbutHbIx TENMOBLIX SNEKTPOCTAHLMAX
Bonpoc Ne9: Kakoil 13 TMNoB anekTpocTaHLMin UMeeT HanborbLLee 3HaYEHWE ANEKTPUYECKOrO K.M.A.

[ Wcnonsaytowmx uukn PexkuHa

[] Wcnonbayrowmx razoTypGuHHbIi Lykn

[] Wcnonbaytouwuit napo-rasosbiit Lukn
Bonpoc Ne10: KakoBbl OCHOBHbIE NOTEPM TEMMA HA ANEKTPOCTAHLMSAX NApOTypBMHHOTO Linkna?

[l Motepy yepes orpaxkzeHme KoTeNbHOro arperata

[J Motepu Tenna ¢ abIMOBEIMY ra3amu, YXOASLLMMIA 13 ALIMOBIX TPYD

[C] Motepu, cssaHHble ¢ OXNaxaeHnem KoHAeHcaTopa TypouHbI

MoaTBepauTe cBOM BLIGOP
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I'ocy.qapCTBeHHaﬂ NoNUTUKa B 061acT NOBbIWEHUs SqD(*)eKTVIBHOCTVI ncnosib3oBaHunA 3Hep-

run. YnpaBrneHue 3HeprocbepexeHnem B Poccun.

Bonpoc Nel: B kako u3 cTpaH aHeproemkocTb BBIT sBnsieTcs HaumeHbLLei
O cwaA

[ Tepmanus

[ Poceust

[ Anonus

BOrIpOC No2: anMepHaﬂ 00514 3Heprum B MMpOBOM 3HEPreTN4eCcKkom 6anche, nony4yaemMas 3a Cc4eT UCnosib30BaHNA HETPAAULMOHHbIX
WUCTOYHMKOB SHEPrn CoCTaBnAeT.

O 2%

O 10%

O 15%

O 20%

Bonpoc Ne3: Kakue npegnpusTvis nognexar obs3aTensHOMy 3HepreTudeckomy obcneoBanmio?
[0 Npeanpusitus, notpebnatoime 6onee 1000 T.y.T./ roa

[ Mpeanpusatusa, notpebnsioime 6oree 100 T./ rof MOTOPHONO TON/MBA

[ Npeanpustus, notpebnsiowme Goree 6000 T.y.T./ rog

[T1 Bce notpeburenu TOP

Bonpoc Ne4: Kakas 13 ykasaHHbIX MponopLuii npaBuibHEe BCEro OTPaXaeT COOTHOLLEHWE CTOMMOCTEN TapuoB Ha ANEKTPOIHEPTHI0
1 Tennoty B EBponelickoit Yactn PO:
55:1
O 22
O 11
L1 051

Bonpoc Ne5: Bo ckonbko pa3 sHeproemkocTb BBIM Poccuy npeBbIlaeT aHanornyHbIin nokasaTenb BEAYLLMX 3anaaHbIX CTpaH:
] B14-2 pasa

! 3,5-4,5 pasa

[] B65-75pasa

[] B9-10pas

Bonpoc Ne6: YkaxuTe npuMepHbIi NoTeHwLman aHeprocbepexenus B Poccum
[ 100 mnH. T.y.T.
] 200 man. T.y.T.
[ 400 man. T.y.1.
[] 800 man. T.y.1.

Bonpoc Ne7: Ykaxute ypoeHb notpebnenus TAP B Poccuu, nporHosupyemeiii ®epepanbHoil Lienesoil nporpammoit «dHeproaddek-
TUBHas 3koHOMWKa» B 2010 T.

|:| 0,5 Mnpa. T.y.T.

[ 1,1 mnpa. Ty..

O 1,6 mnpg. T.y..

[ 2.8wnpa. 1.y.1.

Bonpoc Ne8: Ykaxute fonio mHaHCOBbIX CPEACTB, HanpaBnseMblx Ha 06HOBNEHE OCHOBHbIX (HOHOB 3HepreTyeckoro obopyaosa-
Hus cornacHo PeaepanbHoil Lienesoit nporpamme «3HeproaddeKTMBHAS SKOHOMMKA.

O 40%

] 65%

[J 8%

L] 95%

Bonpoc N29: YueT kakux TOP gomkHbI BECTU BCe topuamnyeckue nuua cornacHo ®efepansHomy 3akoHy «O6 aHeprochepekeHmnn»
[0 Mpoussomumbix
[ Xpaumbix
[ Notpebnsiembix
| [ ] Boex BbiluienepeuncrieHbix

Bonpoc Ne10: Kakoi opraH ycTaHaBnvuBaeT Tapiudbl Ha 3HepreTuyeckiue pecypebl?
[] Mpasutenscrso P

[] TocaHepronaasop

[[] PervonanbHas sHepreTyeckas komucems

[ rocayma Po
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HopmaTtuBHasa 6a3a aHeprocbepexeHus

Bonpoc Nel: Kakoit n3 gokymeHTOB HOpMaTUBHOI Gasbl aHeprocbepexeHnss He OTHOCUTCS K HOPMATHUBHO-TEXHUYECKOMY:
[0 cHun
[ roct
[ Npaeuna npoBefeHns 3HepreTuyeckux obenesoBaHni
[[] Nocranoenenuns Mpasutenscrea PO
Bonpoc Ne2: Kakoil 13 JokyMeHTOB HOpMaTUBHOI 6a3bl aHeprocOepexeHnst He OTHOCUTCS K HOPMATUBHO-MPABOBOMY:
3aKoH 06 aHeprocoepexeHnm
] MocraHoenenms Mpasutenscrea PO
[] Ykas Mpesunenta
| [ roct
Bonpoc Ne3: Kak yacto cornacHo HOpMaTVBHbIM JOKYMEHTaM NPOMMPEANPUATUAM CrieyeT NPOBOAUTL SHEPreTuyeckoe obcrneaoBaHme:
ExeroaHo
[ Onu pas & nsTs net
OgawH pa3s B gecsatb net
| _[1 Mo mepe HeoGxogumocTy
Bonpoc Ne4: K kakomy YpOBHIO HOPMATUBHO-TEXHUYECKOM 6a3bl aHeprochbepexenust otHocaTess CHUTMbI:
Muposoin
®enepanbHbi
[ PervtonansHbii
[ MyHuupnanbHsiit
Bonpoc Ne5: K kakomy ypoBHI0 HOpMAaTUBHO-NpaBOBOIA Ba3kl aHeprocOepexeHnst oTHocuTcst “3akoH 06 063HeprochepexeHim
KpacHogapckoro kpas™:
Mwuposoit
®enepanbHbin
] Pervoxanshbiii
[ MynuunnanbHsiit
Bonpoc Ne6:Kakoi 13 ykazaHHbIX HOPMaTUBHBIX AOKYMEHTOB SBIIIETCS OCHOBOMOMAratoLLyM 1 JOMKEH NPUHUMATBCS BO BHUMAaHWE Npu
pa3paboTke ocTanbHbIX:
[] TOCT 51379-99 SHeprochbepexeHne. SHepreTMIeckui NacnopT NPOMBILLMIEHHOTO NOTPeBUTENs TONMMBHO-GHEPreTUYECKIX
pecypcoB. OCHOBHbIE NOSIOKEHNS.
[] TOCT 27322-87 3HepreTnyeckuit 6anaHc NPOMbILLAEHHOTO NpeanpusiTvs. OBLLME NONOXEHNS.
[C] 3ako 06 sHeprocbepeskeHnn ot 13.06.96
[] TNpasuna TexHr4eckoit akcnnyaTaLmuy TennonoTpebnsioLLmX YCTAHOBOK 1 TEMNOBLIX CETel 1 MpaBuna TEXHUKM 6e30nacHoCTM Mpu
aKcnnyartauuy Tennonotpednstowmx yctaHoBok 1 Tennosbix ceten TOCOHEPTOHAL3OPA Po.
Bonpoc Ne7: B kakom U3 HOpMAaTUBHbIX JOKYMEHTOB yka3aHa 06513aTeNbHOCTbL MPOBELEHIUS 3HEPTETUYECKIX 0BCneaoBaHNi
npeanpuaTUR:
Yka3 MNpesugeHTa
[C] 3akoH 06 aHeprocbepexeHuu
[0 MocraHosnenue Mpasutenscrea PO
[0 TOCT 51379-99 3HeprocbepexeHure. JHEPreTUIEeCKuii NacnopT NPOMBILLIIEHHOMO NOTPEOUTENS TONMMBHO-SHEPTETUYECKUX
pecypcoB. OCHOBHbIE MOMIOXEHMSI.
Bonpoc Ne8: B kakom 13 HOpMaTUBHBIX AOKYMEHTOB U3MOXeEHbI OCHOBHbIE MPUHLMMBI SHEprocbeperatoLLen NonnMTUKW rocyaapcTea Ha
onvkaiiwve rogbl:
[] TOCT 51379-99 SHeprocGepexeHie. AHepreTUeckuin NacnopT NPOMBILLTIEHHOTO NOTPEBUTENS TOMNMBHO-3HEPIEeTUYECKMX
pecypcoB. OCHOBHbIE MOMOXEHWS.
[ TOCT 27322-87 3HepreTudeckuit GanaHc NpoMbILLAEHHOTO NpeanpusiTisi. OBLLME NOMOKEHNS.
[1 3akoH 06 sHeprocGepexennn ot 13.06.96
[l NocraHosnenve Mpasutensctea PO
Bonpoc Ne9: Kakos ypoBeHb pa3paboTku sHeprocheperatoLyx Meponpusituit, npegycmatpusaemblil TOCToM Ha SHepreTYeckuin
nacnopr:
[ PexomenaaLym no BO3MOXHLIM 3HEProcGeperatoLLM MeponpUATUAM
[[] Paspabotka 61usHec nnawa sHeprocbeperatoiLyx MeponpuaTIil
[C] MpoekTHo-koHCTpyKTOPCKas AOKYMEHTALMS Ha peanu3aLyio NPeLoXeHHbIX MeponpuUsTIi
[[] Peanusauus meponpusTuit ¢ nonydeHmem peansHoro sHeprocheperaroLero ahdexTa
Bonpoc Ne10: Kakomy 13 opraHOB rocyfapCTBEHHOTO YNpaBneHns denepansHoro YpoBHS nopyveH Haa3op 3a 3 deKTUBHBIM
1CMornb30BaHNEM SHEPropecypcoB B MacluTabax rocynapcrsa:
l'ocynapcteeHHoi Jyme
Munanepro PO
MwuHakoHoMpa3BuTs PO
CueTHo Nanate PO

([
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MeTonbl u KpUTepumn oueHKU 3¢pPeKTUBHOCTN 3IHeprocbepexeHus

Bonpoc Nel: Kak uamenutcs K[ kotenbHoro arperata, eCriv npy ero pacyeTe BMECTO HU3LLEN TENMOTBOPHOM CMOCOBHOCTM ToNNMBa
1CNONb30BaTh BbICLLYIO?

[0 He navenurcs

[0 YmeHbumres

[ VYsenuuutcs

[ Moxer kak yBenu4uTes, Tak 1 yMeHbLIMTCS

Bonpoc Ne2: Kotopbiit 13 nepeuncnenHbix KM Ha TOL, umeet HaumeHbluee 3HaueHne?

] KIMA koTenbHoro arperata

[0 Snexrpuyeckwit KM TAL

[] Tennogoit (no oTnyweHHoi Tennote) KMZ TOL

[T KNA typ6oarperata

Bonpoc Ne3: Kakoil 13 nepeymcneHHbIX Hike nokasaTeneit OTHOCUTCS K HaTypanbHbIM?

[] Cospemennas croumocTs noToka nnatexeit

[] CosokynHbIi yaenbHbIl pacxoa Tonnmsa
YWCTbIA AUCKOHTUPOBAHHbIN JOX0OA

[ Sxcepretnueckuit KNA

Bonpoc Ne4: Kakoil 13 nepeumcneHHbIX HUKE KpUTEPUEB ONTUMU3ALIMM TPAKTYET TEXHONOMYECKMIA annapat Kak YepHbIA SLLMK?
OHepretnyeckuin KMo
COBOKYMHbII1 YAEbHbII PACX0A YCNIOBHOIO TONMMBA

[ 9kcepretnyeckuit KM
YaenbHbIi pacxod Tennia Ha eayHULY BbipaboTaHHO! NPoyKLMM

Bonpoc Ne5: YkaxuTe npaBunbHOE OnpegeneHne NoHATUS «yCroBHOTO TONAMBa»?

[] B xauectse eauHuLib! YCIOBHOIO TONMMBA MPUHMMAIOT TONMNBO, UMEIOLLEe BbICLLYI0 TennoTy cropaHusa 7000 kkan/kr nmm
29,3 MOx/kr

[] Moa ycnosHbIM TONMMBOM NOHMMAIOT TaKYI0 STANOHHYIO ANHULIY, KOTOpas COOTBETCTBYET BbiaeneHuto 7000 kkan/kr y. T. unu

29,3 MIOX/Kry. T

«YCOBHOE TOMMMBO» - 3TO Takas aTanoHHas eauHNLA,KoTopas CoOTBETCTBYET BblgeneHunto 7000 kkan/kr y..umm 29,3 MIk/kr y.T

He 3Haio

Bonpoc Ne6: Kakoil 13 npuBefeHHbIX Hke Ko3dhdMLIMEHTOB CNEAYET UCTOMNb30BaTh ANs NepecyeTa TENOTBOPHOM CNocoBHOCTH

Tonnuea U3 KIK/Kr B Kkan/kr

[

0,86

0,239

1,163

4,186

Bonpoc Ne7: Yto Takoe nokasaTesnb SHepreTM4eckon agekTBHOCTU?

[0 MpwaHak u3nenus w/unu TEXHOOTMN, KONMYECTBEHHO XaPAKTEPU3YIOLLMA UX CBOVICTBA, CBSA3AHHbIE C NoTpeGneHnem umu — Ton-

NVBa, TEMOBOW M/ SNEKTPUYECKOI SHEPTUM

[C] Konuyectso u CTOMMOCTB TEMNOBOIA M BMEKTPUYECKON SHEPTVN, MEPedAHHON NOCTABLLMKAMM

[0 A6coniotHas yaenbHas unu oTHOCUTENbHas BEMMYMHA NOTPEBEHNs MM MoTeph SHEPreTUYEcKMX PECYPCOB ANS MPOAYKLMN
no60ro HasHa4eHUs! UM TEXHOMOMMYECKOTO NnpoLecca

] 3koHomuyeckuit 3hchekT, MOMy4eHHbIit 33 CHET ONTUMI3ALIMM PEXUMOB PaBOThI CUCTEMbI SHEPFOCHABKEHMS

Bonpoc Ne8: [Ins nepesoga 1 kBT-Y BblpaboTaHHoi Ha TOLl anekTposHeprum B T.y.T. UCOMb3YeTCs KO3hULMEHT:

[ 7,000-10°

[0 032010

] 0123103

| [1 Heawaw

Bonpoc Ne9: Beibepute npasunbHble onpeaeneHns koauLmeHTa nonesHoro AencTens:

[0 Benunuuua, xapakrepuayiolias COBEPLIEHCTBO NPOLIECCOB NPEBPALLEHUS UMK NEPEaYM SHEPTAM, SBNAIOLLASCS OTHOLLEHUEM
MONe3HON 3Heprum K NoABEAEHHON

[] OtHoweHue Bceit nonesHo ncnonb3yemoil B SHEProyCTaHOBKE 3HEPTUN K CYMMapHOMY KONMYECTBY U3PACXOA0BAHHOM SHEpriu

[] BepHbl o6a otseta

[J Hesnaw

Bonpoc Ne10: Bribepute npaBunbHoe onpeaeneHne NosHoM 3HEPrOEMKOCTW NPOAYKLMN

[ Benuuuna notpebneHns aHeprum u/un ToNMBa Ha OCHOBHbIE W BCOMOTaTeNbHbIe TEXHONOMYECKIE MPOLIECCh! U3rOTOBNEHNS!
npoayKumm Ha 6ase 3aaaHHOI TEXHOMNOMYECKOW CUCTEMbI

[ Benuunna pacxoma aHeprim u/mnu TONMNBa Ha UTOTOBMEHME MPOAYKLMM, BKTOYas pacxod Ha A0GbiYy, TPAHCMIOPTUPOBKY, me-
pepaboTKy 1 T.A4. C y4eTOM Ko3dhdmLMeHTa UCMONb30BAHMS Chipbsi U MaTepuanos

[l

L]

l[oooo

BepHbl 06a oTBeTa
30ech HET NpaBuIIbHOTO OTBETA
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OcCHOBbI dHeproayauTa 06bLEeKTOB JHEepreTnkun

Bonpoc Nel: K tennosbim BOP oTHocuTes:
[1 MoteHumanbHas aHEprus ra3os 1 XUAKOCTEN
[ KuneTnuyeckas aHeprus ra3os u XUaKoCTeN
[ ®uandeckoe TENNO OTXOAALLMX ra30B TEXHONOTNYECKUX arperaTos
[ Xupkve TonnueHble 0TXOabI
Bonpoc Ne2: Kakas 13 chopm (Tabnuiy) He BXOAUT B COCTAB SHEPreTUYECKOro NacnopTa NpeanpusTus:
TexHuKo-3koHOMMYECKkoe 060CHOBaHWE NPOBEAEHNS S3HEProcheperatoLLx MeponpUsTMii
[0 nNepeyens aHeprocheperatoLLyx MeponpusThii
[[] OcHoBHble cBeAeHHSs O NPELnpUATIAM
] CBefeHus 0 NOTPEBNEHNN TETTOBO# SHEPTHU Ha MPEANPHSITHA
Bonpoc Ne3: Kakoit 13 ykasaHHbIX NpubopoB Npy NPOBEAEHNN MHCTPYMEHTAMNBHOMO ayauTa CYLUMIBHON YCTAHOBK ABNSETCS
OCHOBHBIM C BaLLE TOYKM 3pEHUSI:
MrpomeTp
MopTaTuBHbIN pacxogomep
] la3oaHanu3atop
OnekTpoaHanu3aTop
Bonpoc Ne4: Moxet nv aHepreTnyeckoe obcrneaoBanve NpeanpusTis NpoBOANTCS OpraHaMy 3HEproHaa3opa:
[a
[ Her
1 [a, 8 ucknioumtenbHbIx cnyyasx
Bonpoc Ne5: Kakas pabota, kak npaBurno, He NpOBOANTCS SHEProayauTopamu Npu akcnpecc o6cnesoBaHii NPOMBILLIIEHHOTO
npeanpusiTus:
[C] C6op nepBuuHbIX CTaTOTYETHBIX AAHHBIX
[J Cocraenenme Tonnuso aHepreTdeckoro banaHca npeanpusTHs
[ Cocrarnenue matepuanbHbIx 1 TENNOBLIX 6aNaHCOB OTAENbHBIX MOAPa3AeneHuil NpeanpUaTIS
[] Paspabotka HanpasneHuit aHeprocoepexeHms
Bonpoc Ne6: Kakoil 3 nepeumcneHHbIx Hike NpubopoB MCMONb3yeTcs Ans UBMEPEHIUS CKOPOCTM ra30BOr0 NPOTOKa:
[J Turpometp
[0 TNiokcometp
[J Anemomerp
[7] Nupometp
Bonpoc Ne7: Kakne 13 nepeuncneHHbIx Hike Lieneih xapakTepHbl Ans SHeproayanuTta nepBoro ypoBHs:
O Onpegenexne HeobXoaMMOCTY NPOBELEHMS SHEProayanTa
[] PaspaBotka TexHuueckmx pelieHuii
]  OueHka TeXHUKo-3KOHOMMYECKOI ShEKTUBHOCTI
] Onpenenenue cTpyKTYpbI 3HEPrO3ATPAT U CTPYKTYPbI 3HEPTOMCMIONL30BaHNS
Bonpoc Ne8: Kakoit 3 opraHoB rocyapCTBEHHON BACTH YTBEPKAAET SHEPreTUYECKMIA MACTIOPT NPeanpUATHS:
[ roc. ayma P®
[ Toc. iyma obnactu (kpas)
[] TocaHeproHansop
[ Anmunuctpaums ry6epHatopa
Bonpoc N29: Kakoe 13 nepeumcneHHbIx SHepreTnyeckux obcnefoBaHuil OCyLLECTBNAETCS TOMbKO COTPyAHMKamm [ocaHeproHaasopa
[(] Bueouepearoe
[ nNokanbHoe
[J 3xcnpecc-o6cnenosanme
[1 MpeanyckoBoe 1 npesakcnnyaTaLoHHOe
Bonpoc Ne10: AenstoTcs v 3HeprocheperatoLLme MepONpUSATYS, YkasaHHbIe B NOSICHUTENLHO 3aniCKe K SHEPreTMYECKoMY NacrnopTy
06s13aTeNbHbIMK L7151 BEINOMHEHUS HA NPEANPUATAN?
] na
[ Her
[C] Ra, ecnn cpok okynaemocTv MeponpusTis MeHbLUe Tpex neT
[la, ecnn meponpusThe He TpebyeT KanuTanbHbIX BIIOXEHMIA
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MeToAabl 3HeprocbepexeHUsi Npu NPOU3BOACTBE U pacnpenesrieHMn TennoBon u
3NEeKTPUYECKOMN IHeprum

Bonpoc Nel: Ckonbko KMMorpamMm YCIoBHOTO TONMMBA PaCcXOLYyeTCst Ha NPOU3BOACTBO 1 OTMyLLeHHOM kan TennoTsl B cpesHeM no

Poccun?

[J 100

[ 130

O 175

[ 300

Bonpoc Ne2: Kakoe 13 nepeuncneHHblx Hanpasneruii noebileHus KM TAC senseTcs Hanboree nepcnekTUBHbIM B HAacTosLLee
Bpems?

(1 Nosbiwerve napameTpoB napa nepes TypouHoil

[] YBenunuenme eamHn4HONM MOLLHOCTH TypEOreHepaTopoB

] 3amena napocunoBbIX LMKMOB Ha ra3oTypBuHHbIE

_I:I KomMBWHMPOBaHHOE NMPUMEHEHWE MAPOCUIIOBbIX M ra30TYPOMHHBIX LIKIOB

Bonpoc Ne3: Kakune 13 nepeuncneHHbIx noTepb Unn 3atpat TeNnoThl TONNMBA UMEIOT HaubonbLuee 3Ha4YeHWe Ha ANEKTPOCTaHLMN C
rasoTypOuHHLIMW yCTaHOBKaMM, BbIpabaTbiBaOLLMMM TONBKO AEKTPOIHEPTUIO?

lMoTepy TennoTbI Yepe3 orpaxaeHns Kamepbl CropaHus

MoTepy TennoTbl ¢ 0TpaboTaHHbIMKM NPOAYKTaMM CropaHus

HeobpaTMble noTepy B MPOTOYHOI YacTy ra3oTypOMHHON yCTaHOBKE

3aTtpaTbl SHEpruu Ha NpUBOL BO3AYLLHOTO KOMNpeccopa

npoc Ne4: B kakom cnyyae HeobxoaMMOo NpUMEHSITL TEMOBYHO U30MISILMI0 TPYOONPOBOAOB UMM NIOCKWX MOBEPXHOCTEN?

TennoBoi u3onsunei HeobxoaUMo NOKPbIBaTL BCE 0OBLEKTHI

TennoBas U3onsLMs NPUMEHSIETCS, ECAIM TEMNEpaTypa TenoHocuTens Bbile 45°C

lMpumeHeHWe TennoBo U3onsLmn Heobxoanmo Ans 06LEKTOB ¢ TemnepaTypoit noBepxHocTu ot 40°C fo 100°C

onpoc Ne5: B koTopom 13 0TBETOB Hambonee npaBuIbHO YkasaHbl 06beMbl MPON3BOACTBA anekTpo3Heprim (%) B Poccum Ha TAL,
reC n ASC?

70 12 13

10 10 80

65 19 16

65 35 -

Bonpoc Ne6: MpumeHeHne TennoBbIx HACOCOB Hanbonee LienecoobpasHo, ECM UCTOMHUKOM Ans WX paboTbl SBnseTcs:

O6opoTHasi Boga cucTem TennocHabxeHus

[] Boaayx okpyxatoliiei cpeap!

[] CrouHble Boab! MPOMbILLNEHHbIX NPEAMPUATHI

[[] KoHaeHcupytowwuiics nap

Bonpoc Ne7: Hasosute KIT[] sHepreTU4eckux yCTaHOBOK NaporasoBoro Lukna:

[ 25-35%

[ 35-45%

[ 45-55%

_I:I 60 - 70%

Bonpoc Ne8: Ha kakue paccTosiHus 06bIMHO TPaHCMOPTUPYHOT Map Mo TEMSIOBLIM CETAM:

O OO0

w
o

looo

w

OO0

[] cBbiwe 10 kv

Bonpoc N29: HasosuTe om0 aneKTpoaHepruv, BbipabaTbiBaeMoii B POCCUM HETPaZMLIMOHHBIMI UCTOYHUKAMA:
1-2%

3-5%

5-7%

7-8%

Bonpoc Ne10: Kakoe MeponpusiTue CyLLecTBEHHO BbIrogHee NpuMeHsITb Ha TAC, YeM B OTONMUTENbHBIX KOTENbHbIX?
[] Perenepat1BHbIi Noporpes NUTaTeNbHOI BOAb!
H lMogorpes BO3Ayxa, NOCTYNALOLLEr0 Ha ropeHne
L]

OO0

PacnbineHue razoobpasHoro Tonnvea B TypbogeTaHaepax
I'Ipe,qaapMTeanaﬂ MOAroToBKa TONMBa
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OHeprocbeperarlme MeponpuaTUS B NPOMbILLJIEHHOCTH

Bonpoc Nel: Kakie notepm aHepriv (13 nepeqncrnieHHbix Huke), no Batemy MHeHIto, SBRAKTCH HanbombLUNMK NPW KOHBEKTUBHOM
cyLke?
[J C cywmmbiv maTepuanom u yepes orpakagHns
[l 3a cyer kuHeTU4YECKOro HECOBEPLLEHCTBA YCTAHOBKN
[0 C yxomawmm cylwnnbHsIM areHTom
[1 C nponetHbimM napom
Bonpoc Ne2: B kakoit komB1HaLWMM yka3aHbl TOMNbKO BTOPUYHbIE 3Hepropecypckl (BOP) ?
] Nap ot koTenbHoit 1 ceTeras Boga
[] [Opesecble otxopbl MebenbHOro koMGuHaTa 1 Nap BCKUNaHWs KOHAEHcaTa
[C] KoHpeHcart rpetowiero napa u 06opoTHas Boga
[ Map w3 oT6opa TypOUHLI M APEBECHbIE OTXOAbI
Bonpoc Ne3: [oHsTMe napasuTHOTO YATMHEHNS BPEMEHM CYLLKM:
[] OtHowweHme BpemeHM CyLLKM B YCTIOBMSIX HEPABHOMEPHOCTU TEMMOMacCoOBMeHa KO BPEMEHM CYLLKW B YCIOBUSAX PABHOMEPHOTO
pacnpejeneHus napameTpos
[ OrHouweHve BpeMeHm CyLIKIA B YCTIOBUAX PABHOMEPHOTO pacrnpedeneHust iapameTpoB KO BPeMEHM CYLIKM B YCTIOBUAX
HepaBHOMEpPHOCTH TennomaccoobmeHa
YBenuyeHue oBLLEro BpeMeHM CyLUKK, BCIIEACTBME NPOCTOS 060pYyA0BaHMS
Bonpoc Ne4: K tennossiM BOP otHocuTes:
[] MoteHumansHas 3Hepria rasos 1 XMaKOCTe
[0 Kunetnyeckas SHEPrIs ra3oB M XMOKOCTEN
[[] duanyeckoe Tenno oTxoasLLMX ra308 TEXHOMOrMYECKIX arperaTos
| [ Kuakve TonnmeHble oTxozbl
Bonpoc Ne5: buoras, TBepable W XuaKk1e TONMMBHbIE OTXOAbI OTHOCATCS K:
[] Tennossim BAP
[] B3P usbbiTouHoro gaeneHus
[J TonnueHsIm (roprounm) BOP
[] He 3nawo
Bonpoc Ne6: OauH 13 cnocoboB ncnonb3oBaHus TennoTsl BOP — 310 pereHepaTvBHOE TENMONCMONL30BaHME, NPEACTaBNSOLLEe:
[ Wcnonb3osanue TennoTsl B Apyroit ycTaHoBKe
[] Bosspar Tenna s ycraHosky
[] Kom6uHvposaHHoe Tennovcrons3osaxie
He 3Haio
Bonpoc Ne7: B cuctemax yTunusaLmm TennoTbl BEHTUNALMOHHOMO BO3AyXa NiacTUHYaTble OpedpeHHble TeNnooOMeHHMKM
NPUMEHSKOTCA B TOM Crlyyae, Koraa:
[] Pacxon xonoaHoro TENNOHOCHTENS 3HAUMTENbHO BOMbLLE PACXOfA MPEIOLLIEro TEMMOHOCUTENS
[] BoaayxoBogb! C rops4imM 1 XonoaHbIM TENNOHOCUTENAMM YAianeHs! Apyr OT apyra
[C] Bo3nyxoBoAbl C ropsiunM 1 XONOAHbLIM TEMNOHOCUTENSIMI PACTIONOXeEHbI Ha HEBOMBLUIOM PACCTOsIHUM JpyT OT Apyra
| [ He sHato
Bonpoc Ne8: YkaxwTe npupoaHbIii UICTOYHMK, MPUMEHEHWE KOTOPOrO MeHbLLUE BCEro onpaeAaHo Ans paboTsl TeNnoBoro Hacoca:
] Tennota ecTeCTBEHHBIX 1 UCKYCCTBEHHbIX BOLOEMOB
Tennota rpyHTa, nonyyaemas np1 NomoLLm TpybyaTbix TennoobMeHHNKOB
Tennota Bo3ayxa OKpYXatoLLieit cpeabl NP OTpULIATENbHbIX TeMneparypax
] Tenno, nonysaemoe B pesynbTaTe MCTOMb30BaHMs COMHEYHOI SHEPTAN
Bonpoc N29: Tennoo6MeHHbIi annapar, B KOTOPOM Nepefaya TennoTbl OCYLLECTBSETCA NOCPEACTBOM MOOYEPEAHOTO OMbIBaHNS
MOBEPXHOCTY HarpeBa rpetoLLMM 1 HarpeBaeMbIM TEMNOHOCUTENEM Ha3blBaeTCs:
PereHepaTBHbIM TENNOOOMEHHMKOM
] PexynepatieHbIM TennooBMeHHIKOM
[] CwmecutenbHbIM TennooBMeHHUKOM
Bonpoc Ne10: YctaHoBka koHaeHcaTooTBoAuMKOB yBennimuBaeT KM naponcnonbaytollero 060pyaoBaHus Ha:
] 5-10%
[] 10-20%
O] 3-5%
O] 1-2%
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SHeprocﬁeperarou.me MeponpuaTua Ha o6 beKTax XKUNMUWHO-KOMMYHaIbHOro X03AMCTBA

Bonpoc Nel: Kakoe konn4ecTBo Tenna OpUeHTMPOBOYHO TEPSIETCS YEPE3 OKOHHbIE MPOEMbI?
[0 10-15%

[ 30-40%

[ He Tepsietca

Bonpoc Ne2: O6bI4HOE OKOHHOE CTEKNO:

[ Xopowwo nponyckaet uHcpakpacHoe uanyueHie

[C] Xopolwo normnoLaet nHdpakpacHoe u3nyyeHu1e

[C] Xopolwo oTpaxaeT nHdppakpacHoe uany4eHue

Bonpoc Ne3: Kakoe okHO MMeeT MakcManbHoe yaenbHoe NpuBeaeHHOe CONpOTUBIEHWE Tenmnonepeaaye:

[C] TpexcnoitHoe ¢ cenekTuBHbIM NOKPLITUEM CPEAHETO CTEKMa

[ TpexcnoiiHbie cTeknonakeTbl u3 06bI4HONO CTEKMa

[J C aoitHbImM ocTekneHnem

[] C oaunapHbIM ocTekneHrem

Bonpoc Ne4: Kakas BenuumHa npunumaetcs 3a 6a3oByto npy noAcyeTe MakcuManbHON OTOMMTENBHON HArpy3ku MO YKPYMHEHHbIM
nokasarensm:

[J Nnowaap 3naHws

[ Nnowank nona staxeit ananmuii

[ Yveno xureneit

[] O6wem ananus no BHeLHeMy oBMepy

Bonpoc Ne5: B kakux goKyMeHTax MOXHO HaiTV 3HaueHne ANUTENBHOCTI OTONUTENBHOTO NEPUoAa B JAHHOM PErvoHe:
[] B cTpouTensHbIx Hopmax 1 npaeunax

[] B HopmaTMBHbIX fOKyMeHTax OHeproHazsopa

[1 B canntapHo-rurueHmdeckmx Hopmax

[ 3pecs Het npasunbHoro oTseTa

Bonpoc Ne6: B kakux T1nax 3gaHuii OTCyTCTBYIOT 3aTpaThl Tenna Ha paboTy CMCTEM BEHTUAALMN:

[] B 3nanusx oBluecTBeHHOrO HasHaueHus!

[] B npomblwneHHbIx 3aaHmsx

[] B xwnbix 3gaHmsx

[1 3atparbl Tenna Ha paBoTy c1CTEM BEHTUNSLIAN HyXHbI BO BCEX TUNAX 3AaHMil
Bonpoc Ne7: Kakas cuctema otonneHuns 6onee 3KOHOMUYHA C TOYKM 3pEHNS 3aTPpaT NEepBUYHBIX SHEPTrOPECYPCOB:

BogsHoe otonneHve
[J BonsHoe oTonnenve npy NOMOLLY HACTEHHBIX OTONMTENEHBIX NPUBOPOR
[] BosaywHoe otonrexme
CHCTEMbI BMEKTPUYECKOTO JTYHUCTOTO OTONMEHMS

Bonpoc Ne8: YkaxuTe napameTp, OT KOTOPOrO He 3aBUCUT TENNOBAs Harpy3ska Ha ropsyee BOAOCHabXeHWe 3aaHNS:
[J Ywucno notpebutenei

[] Temnepatypa HapysHoro Bosayxa

[] Temneparypa xonogHo# Bogl

Bonpoc N29: Kak n3meruTcs TepmMuieckoe CONpOTUBNEHNE HAPYXKHOM CTEHbI NPV HAHECEHWM TENMOBOW M30MNALMM C HAPYXHON
CTOPOHbI
[1 Yeenmuures:
[1 He nsmenurcs
] ymeHblmTes
Bonpoc Ne10: Kakas 13 cocTaBnsitoLmx aHepreTyeckux 3atpat B XKKX Poccum notpebnsiet HaubonbLuee KonM4ecTBo 3Hepruu:
[] Oronnenve
[] Benmnaums
[ Topsuee BogocHabxeHue
OcBelleHue

MoaTteBepauTte cBOM BLIGOP

166



anI MeHeHue TensI006MeHHbIX annapaTtoB

AnA yTunu3auum Tensna BTOPUYHbIX 3HEepreTn4eCckux pecypcos

Bonpoc Nel: [ins kakux TennoHocutenei — ra3oo6pasHbIX Uim KanenbHbIX XUOKOCTEN — BbILE YAENbHbIE 3aTpaThl MOLLHOCTU Ha
nepemeLyeHve B Tpybax u kaHanax?

O Xuaxux

[ rasoo6pasHbix

[] 3anbineHHsIx razoo6pasHbix

[1 He 3Hawo

Bonpoc Ne2: B kakom criyyae Koadh(uUmMeHT TenIooTaaum UMeeT HauMeHbLUee 3HaveHne?
NPV BbIHYXAEHHO! KOHBEKLMM BO3AyXa

[] npw koHOeHcaLmMmM NapoB opraHNYeCckuX XUOKOCTEN

H npu cBO6OHON KOHBEKLMM BO3AYXa
Mpu KUNEHWM BOAbI

Bonpoc Ne3: [ins kakoro 13 nepeymcreHHbIX NpoLeccoB KO3(HULMEHT TENMOOTAAUM UMEET Hauborbluee 3HaYEHUe?
[] HarpesaHue neperpeTbim napom

[0 KonaeHcaums unctoro napa

[] OxnaxaeHue XuoKocTbo

[T] Harpesahve rasos

Bonpoc Ne4: HazoBuTe HegocTaTki BO3ayxa Kak TENNOHOCUTENS MO CPaBHEHWUIO C BOAOM.
] Bonblunit koadduumeHT Tennootaaum

BornbLuve 3aTpaTbl MOLIHOCTM Ha NEPEMELLEHIE
[[] MeHbLumit koachcpuLyeHT TenmooTaaum

3pech HET NpaBuUITbHOTO OTBETA

Bonpoc Ne5: HasoBuTe JOCTOMHCTBA BO3/yXa Kak TEMIOHOCUTENS MO CPABHEHMIO C BOAOM.
MeHblLLKe 3aTpaTbl MOLLHOCTM HA NepeMeLLEHNE
BonbLunin ypoBeHb TeMNepaTypbl

] HemsmeHHoCTb arperaTHoro CocTosHMs

[] 3geck Het npasunbHoro oteeTa

Bonpoc Ne6: Kakie 13 TennoobmeHHbIx annapatoB 0bnagaet HanbonbLUM KO3PMULNEHTOM KOMNAKTHOCTU?
[ KoxyxotpyBHbie
CeKLmoHHbIe
[C] C opeBpeHHbiMu TpybBkamu
C rnagk1mu nnactuHamm
| [] OpebperHble nnactuqyatbie

Bonpoc Ne7: B kakux cnyyasix LenecoobpasHo npumeHsTb pebpucTble TpyObl B KaYECTBE MOBEPXHOCTEN HarpeBa B TeNNooOMEHHbIX
annaparax?
Ecnu BHyTpU Tpy0 KOHLEHCMpYeTCs nap
[ Ecnvm cHapyxu TpyBbl 06TekaioTcs BO3AYXoMm
[1 Ecnm ckopocTs TennoHocutens B Tpy6ax Hesenuka
] 3necs HeT npaBunbHoro oTBETA

Bonpoc Ne8: Koraa koathdhnLmMeHT TeNNooTaaumM Npy 0AMHAKOBOW CKOPOCTY TEMMoHocuTENs byaeT Boiwe?
] Mpv nonepeyrom obTekaHn TpyBbl

Mpu TeYeHNUM XuaKoCTY B TpyDe

He 3Hato

Bonpoc Ne9: Kakne HepocTaTku UMeeT nnacTUHYaThIi TennoobMEHHUK N0 CPABHEHMIO C KOXYXOTPYOHBIM?
[0 Bonbluas komnakTHoCTb
[] Bonbluee ruppaBnmnyeckoe conpoTuBneHie
H MeHbLUMI ONYCTUMBINA Nepenas AaBneHui Mexay TENNIOHOCUTENSMM
He 3Hato

Bonpoc Ne10: YkaxuTe NpuMepHble 3HaYeHNs KoachduLMeHTa opeGpeHmst Ans opebpeHHbIX Tpy6, MPUMEHSAEMBbIX B TENMO0GMEHHbIX
annaparax.

[010..25

[ 25..30
] 30...40
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Bbl otBeTunu Ha O  BonpocoB 13 10 NnpeanoXXeHHbIX.

Mbl cuntaem, Yto Balum 3HaHMA No AaHHOMY pasgeny MOXHO OLEHUTb
B O 6annos no 100 — 6annbHOM LWKane.

Mpu nogBefeHUn UTOTOB Mbl PYKOBOZCTBOBASIUCH CIIOXHOCTHIO KOHKPETHBIX BOMPOCOB, a TakKe TEM,
HackonbKko Bbl Gbinv 6nusku (ganeku) kK npaBUIIbHOMY OTBETY.

B Tom cnyyae, ecnu Baw pesynbtat He npeBbiwaeT 80 6annos, Bam cnefyeT BEpHYTLCS K U3YUYEHWIO
maTepuana. He pacctpaviBaiiTecs! Balum 3HaHWsi OLEHNBanNUCh MalLWHOMW 1 anropuMTM OLEHKU MOKa He
[OCTaTOYHO COBEPLUEHEH.

Ecnu ke Baw pesynbTaT Bbille — NpMMUTE Hawwn nosgpasneHus! NepexoguTe K 3yyeHuo apyrmux
pasagenos.

Bawuu pesynbrathbi:

1 Bonpoc - | 3 Bonpoc - | 5Bonpoc - | 7Bonpoc - | 9Bonpoc -

2 Bonpoc - | 4 Bonpoc - | 6 Bonpoc - | 8Bonpoc - | 10 Bonpoc -

«?» — HenpasusnbHbIl omeem
«+» — npasunbHbIL omeem

Ecnu Bbl xoTuTe eLue pas3 FIOI'Ip06OBaTb CBOM CUJbl, HAXXKMUTE KHOMKY ((KOHTpOJ'Ib» OCHOBHOIo MEHH0.
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umepamypa

OHeprocbepexeHune - OT CroB K geny.

Hanunos H.U.
W3pa.2-oe, ncnpaeneHHoe u gononHeHHoe, ExkatepmHbypr: QHepro-Mpecc, 2000.

CocTosiHMe 1 nepcnekTuBbl passBuTus aHepreTuky LieHTpa Poccum.
MowwkapuH A.B.,CmupHoB A.M.,AHaHbuH B.U.

MBaH. roc. aHepr. yH-T. - Mocksa - ViBaHoBO, 2000. - 192 c.
PervoHanbHbI BEKTOP aHEprocbepexeHus.

Jlnteak B.B., Cunny B.A., Asopckun M.U.- Tomck: STT, 1999. - 320 c.

OHeproayauT n aHeprocbepexeHne Ha TOC

Boein.1/MNog pea. A.B.MowkapwuHa, E.B.BapouknHa, FO.M.MNawkosckoro. -
Mocksa - Bnagumup - MiBaHoso: UMY, 1999. -208 c., un.

OHeprocbepexeHune (cnpaBo4yHoe nocobue).

B.E.batnwes, b.I.MapTbiHeHko, C.J1.CbickoB, A.M.Llenokos.
EkaTepuHbypr, 1999.

k= | OHeprocbepexeHve. BeegeHne B npobnemy

[ H.W.Oanunos, A..EBnnaHos, B.KO.Muxannos, A.M.LLenokos. -
(T EkatepuHbypr: M "Cokpat”, 2001. - 208 c., un.

IHEPTOCBEPEXEHHE

Hay4Hble oCHOBbI 3HeprocGepexeHus.

e | [leoHumk B.W.,Janunos O.J1.
== | Yy4yebHoe nocobwue.-M.: N3gaTenbckun komnnekc MY, 2000.-107 c.
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Cnpagounuk
_N ;
. M3Las TennoTBOpHasA CNOCOOHOCTb pa3fUyHbIX BUAOB TONIMBA
— 1 H 6
TBEPAbIE W XMOKNE BUAbI TOMNMBA
razoobpasHoe TonmBo
a). 2, MepecyeT pa3nuyHbIX BUOOB TOMJIMBA U 3HEPTMU B TOHHbLI NEPBUYHOIO YCNOBHOIO TO-
- nnvBa
3 3. YaenbHble BbIOPOCHI NMPOAYKTOB CropaHvMA nNpy ¢akenbHOM CXKUraHuM OpraHM4eCcKux
(4
N TONNIMB B 3HEPreTU4ecKMx KoTnax.
a). 4. Oonsa 3HepreTMyYecKkMx 3aTpaTt B Ce6eCTOMMOCTM NMPOAYKUMU B PasfiyHbIX OTpacnsax
3; NPOMbILLNIEHHOCTH
(- 1Y
W 5. TennoTtexHU4Yeckne xapakTepUCTUKUN 30aHUN
“\ 0,/ o
> yAenbHble TEMMOBbIE XapaKTEePUCTUKM XKUIbIX 1 OOLLECTBEHHbIX 30aHWN
(e yAernbHble TENMOBbIE XapaKTEPUCTUKN NPOMbILLIIEHHbIX 34aHNUA
(™
o 6. Tennocmsunyeckme CBOMCTBA TENJTIOM3ONALMOHHbIX MaTepuanos.
(-} .
. yer OHEro K MLIMEHTa NOJIe3HOro AenCcTBMA N BaHWA TOMNuBa B
7 PacueTt cpeagHero ko3 €HTa nonesHoro Aewuc eobpa3oBa (o] a
M TEMSIOBYIO SHEPruio B CUCTEMAX TEMNSIOCHaGXKeHUs
8. Tabnuubl Tennochunsnyecknx cBOMCTB Hanbornee pacnpocTpaHeHHbIX TENSIOHOCUTENEN

Tennodmanyeckne CBOMCTBA BO3ayxa Npu aTMOCHEPHOM AaBNEHUN
Tennodmanyeckne CBOMCTBA BOAbI U BOASIHOTO Napa Ha fIMHWMMN HaCbILEHUS]
Tennoduanyeckme CBOMCTBa AbIMOBLIX ra30B MpU aTMOCEPHOM AaBEHNM
Tennodmanyeckne cBocTBa TypOGUHHOrO Macna npy aTMocgepHOM AaBneHUN

9. TennoBble noTepum
ONS N30NMPOBaHHbBIX MOBEPXHOCTEN C 1 M. ANVHbI UMNUHAPUYECKoro obbekta nc 1 m 2
MNOCKUX U KPUBOSIMHENHbBIX NOBEPXHOCTEN NPWU TeMNepaType Bo3ayxa B MOMELLEHUM
25°C
Tennoble NOTEPU ANS HEU3ONUPOBAHHON HAMOPHO-PEryNMpYyoLLE
apmartypsbl
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1. Huswasn TennoTBOpHan CMocobHOCTb pa3nnyHbIX BUOOB TOoNNMBa.

TBepable v Xunakue Buabl Tonnmea

Hu3swas Tenno- B nepecyeTe Ha ycnoB-
TBOpHasi cno- Hoe TonnuBo,
COOHOCTb, ToHHa/TOHHaA YyCNOBHO-
MOx/kr ro Tonnuea

Tonnueo Mapka, knacc

KameHHbIN yronb

A | 19,7 | 0,672
[loHeLkwiA MA | 24,0 | 0,818

A 20,9 0,713

il 22,8 0,777
KysHeLkwit cc | 23,6 | 0,805

T 25,1 0,856
KaparaHguHckui K 21,4 0,730
Oknba3CTy3cKUn cC 16,7 0,569
[loAMOCKOBHbIN [5) 10,4 0,355
BepesoBckui B2 15,7 0,535
YenabuHckmm B3 12,8 0,436
ApTemoBckoe MECTOPOX- 5 13,3 04531
nexue (Mpumopckni Kpam)
CnaHubl roptoune — 5,9-11 0,201-0,375
dpesepHbI Topd — 8,1-10,5 0,276-0,358
[poBa — 10,2 0,348
MasyT ManocepHucTbii u cepHuctein | 40,5-41,5 1,38-1,41

BbICOKO-CEpHUCTLIV 39,9 1,36
Hedh1b — 46,05 1,57
[Oun3enbHoe TonnmMBo — 42,5 1,45

FasoobpasHoe TOoNNMBO

Huswasa TennoTeop- B nepecuete
TonnueBo MecTopoxaeHue Hasi CNOCOBHOCTb, Ha ycrnoBHoOe TONMu1Bo,
MOx/ m3 M3/TOHHa YCNOBHOro TonnMBa
CapatoB 35,80 1,22
MpypoaHbIf ra Craspononb | 36,09 | 1,23
CpenHsis Aaus | 37,56 | 1,28
OpeHbypr 38,02 1,30
Mepmb 42,37 1,44
A . Kyibbiles | 41,74 | 1,42
OMyTHbIN ra3
BallKopTOCTaH | 43,04 | 1,47
TaTapcrtaH 40,61 1,38
["a3 JOMEeHHbIX neyen _ 3,80 0,13
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2. MepecueT pa3nUyHbIX BUAOB TOMNNUBA U 3HEPTUMN B TOHHbI NEPBUYHOrO
YCIIOBHOIO TOM/MBA

(no kHure: Ucakosud M.A., Cnyukuin FO.5.9kOHOMUSI TOMIIMBHO-3HEPTETUYECKNX PDECYPCOB B CTPOUTESb-
ctBe. -M.: Ctporunsgart, 1988. —214 c. —(OKOHOMUS TONSIMBA U SNEKTPOIHEPTUK).)

[nsa onpegeneHns 3HeproeMKoCT NpPOAYyKUMU NEPEBO/ KOTEMbHO-MEYHOro TONMBa, MOTOPHOTO
TOMNMBA N SHEPrMMN B NEPBUYHOE YCIIOBHOE TOMMMBO CrieAyeT MPOM3BOAUTL C MOMOLLBI CleayoLmx
KO3(hPpULNEHTOB:

OHepreTnyecku pecypc | EREREE
KO3 DULNEHT

1 T y.T. KOTENBHO-NEYHOro TONNMBa 1,134 T ny.T.
1 T y.T. KOTEMNBLHO-MEYHOro TOMNNMBa | 1,870 T n.y.T.
1 T y.T. KOTENBHO-NEYHOrO TONNNBA | 1,167 T n.y.T
1 1.y.T. MmasyTa | 1,107 T n.y.T.
1000 KBT 4 3neKkTpoaHeprm | 0,389 T n.y.T.
1 M'kan TennoBon sHeprum B CPeAHEM MO NPOMBbILLNEHHOCTU (Mpu ueHTpanu- | 0,176 T n.y.T.

30BaHHbIX MCTOYHMKAX)
1 Mkan TennoBown aHepPrun Npu NPOM3BOACTBE B MECTHLIX KOTESbHbIX 1 NeYyax | 0,237 T n.y.T.

1 l'kan TenmnoBoy SHEPTUM B KOMMYHaIbHO-ObITOBOM CEKTOPE | 0,199 T n.y.T.

3. YpenbHble BblﬁpOCbl NPOAYKTOB CropaHusa npu CbaKe.ﬂbHOM CXXUraHmm opraHnN4eckKunx
TOMJINB B dHEepreTu4eCKnx KoTnax.

BbiGpochl TOHHMBO
las, r/m MasyrT, Kr/T Yronsb, Kri/T

SO, (SO3) 0,006-0,01 21xSP 17-19xSP

NOx (NO2) | 5-11 | 5-14 | 4-14

coO | 0,002-0,005 | 0,005-0,05 | 0,10-0,45

YrneBoaopoapbl | 0,016 | 0,1 | 0,45-1,0

H,O (nap) | 1000 | 700 | 230-360

CO; | 2000 | 3000 | 2200-3000

Teepable YacTuLbl | — | 10xAP | 10xAP

SP~ cogepxaHue cepbl B cyxom Tonnmee (B %)
AP~ copepxaHue 301kl B cyxom Tonnuee (B %)

4. [ons 3HeprosaTpart B ce6eCTOMMOCTM NPOAYKLUM B Pa3NINYHbIX OTPACNAX NPOMbILL-
JNIleHHOCTH

[ons sHeprosaTpaTt
B cebecTommocTu npoaykumnn, %

OTpaCJ'Ib NPOMBbILWNEHHOCTN, BN NpoayKumnn

[MpOMBILLNIEHHOCTb CTPOUTESNBHBIX MaTepuanos 8-10
LiBeTHas meTannyprus | 18-23
MweBas NPOMBbILLIIEHHOCTb | 8-12
Mpon3BoACTBO MUHEPANbHBIX YA0OPEHWN | 18 — 30
dPapmaLeBTUYeckas NPOMbILLNEHHOCTb |3-5
LlenntonosHo-0ymaxkHas MpOMbILLITEHHOCTb | 9-20
[Mpon3Bo4CTBO NUBA M NIMKEPO-BOAOYUHBLIX U3AENNNA | 7-8
BogonpoBogHas Boga | no 45

172



5. TennotrexHnyeckue XapakKTepucTukun 34aHUN

(Mo matepuanam kHurn B.M.BapHasckuii, A.N. KonecHukoB, M.H.®enopoB «3HeproayamT MpOMbILL-
NEHHBIX 1 KOMMYHanbbIX NpeanpusaTuii». M. M3gaHne Accoumnaummn aHepromeHenaepos, 1999 r.)

YaenbHble TennoBble XapaKTepUCTUKN XUnbix n o6 ecTBEeHHbIX 34aHNUN

O603HayeHus:
Vy— oTannueaemMbiin 06bem 3aaHns, TbiC Ky6.M.
(o — yAenbHas TennoBas xapakTepucTika Ha OTOMNIEHNE 30aHus, BT/(M3 °C)
Os — YAENbHas TENoBas XxapakTepucTuka Ha BEHTUMSLMIO 3ganusi, BT/(m® °C)

3paHune VH qo s 3naHune
Jo 3 0,49 - MONUKINHMKN,
<5 | o044 | - <10 | 042 | 0,29
<10 | 04 | - <15 | 037 | 029
AKunble s3naHns, <15 | 036 | - > 15 0,35 0,26
rOCTUHNLEI, <20 | 033 | - BonbHWLbI <5 0,47 0,34
obuiexmrs, <10 | 042 | 0,33
3anbl OXMaaHNS <25 | 032 | - : :
et ek
>30 | 03 | - z : :
<5 0,5 1,02 MpayeyHble <<150 | 8gg | ggg
<10 0,44 0,09 >10 0136 0’87
AOMVUHUCTPATUBHbIE <15 | 040 | 0,08 TiooAnDTI =5 0:40 0:81
3gaHust >15 | 037 | - <10 | 038 | 075
<5 0,43 0,29 > 10 0,35 0,70
<10 0,38 0,27 —
KnyGbi, 10 | 038 | 023 YyebHble <10 0,41
OBOPUbI KynbTypbl d 2 <15 | 038 | o012
<5 0,44 0,13 <20 | 035 | 0,09
[eTckue cagbl 1 acnv >5 0,40 0,12 > 20 | 028 | 0,09
YaenbHble TENNOBbIE XapaKTePUCTUKU NPOMBbILLNEHHbIX 30aHUN
O603HayeHus:
VH — oTannueaemblit 06beM 34aHUsA, TbIC KyG.M.
g0 — yaenbHasa Tennosas xapakTepucTuka Ha otonneHune 3ganus, Bt/(m3 oC)
gB — yAernbHas Tennosasi XxapakTepucTuka Ha BeHTUNsLUMto 3aaHus, BT/(m3 oC)
3paHue NaGopatopmn | <5 | 043 | 1,16
MexaHu4eckue, 5-10 0,64 -0,53 |0,47-0,29 <10 I 0,40 I 1,10
MexaHo-cBopouHele Ml 1015 | 0,53-0,470, | 0,29-0,18 >10 ] 038 1,05
o oA | 80-100_ | 047-044 |0,17-0,14 MoxapHbie =2 L Yl
<5 | 054 | o011
HbIX LIBXOB 100-200 | 0,44-0,41 |0,14-0,09 g 023 o
Liexa npuKpbITUii <2 0,76-0,7 6,0-4,7 = 0’81 ’
(ranbBaHUYeckuii u 25 | 07064 | 4735 ’ -
ap.) 5-10 0,64-053 | 3523 || rapaxm <3 | o7 | -
<05 | 08123 - <5 | o064 | 08
051 | o7-081 | - >5 0,57 0,75
KomnpeccopHble 1-5 | 05207 | - .g.gp:sg;%le <5 0,36 0,7-0,58
25 | 047-053 | - ueﬂa 5-10 | 0,64-0,53 | 0,58-0,53
3'512 I 06470;305427 I - Pemorthble | 5-10 | 0,7-058 | 0,23-0,18
197 (-0, - exa ) . .
Cnyxe6Hble 1 agMu- 12 | 052047 | - u 10-20 | 0,58-0,53 | 0,18-0,22
HUCTPATMBHO- o | 0.47-0.38 | 016.0.14 KoTenbHble 2-10 0,12 0,35-0,6
gggzr:raTeanble 510 | 0.38-0,35 |0,14-0,13 10-20 I 0,09 | 0,23-0,47
10-20 | 0,35-029 |0,13-0,12
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6. Tennodmswqecme cBOMCTBa KOHCTPYKUUOHHbIX N TEeNNMOU3ONALNOHHbIX MmaTepunanos.

Matepwuan MnoTHOCTB,p KI/ m> KoadhpumumeHT TennonpoBogHOCTH,
A BT/(m K)

AcbecTt 5000 0,11 -0,15
BeToH 2000-2400 1,18-1,80
Bepmukynut 380 0,08-0,12
[peBecuHa 300-900 0,10-0,23
Kupnuy

AnamoToBbIN 550 0,113-0,125

KepaMnyeckunii (KpacHbIi) 1800 0.77

LaMOTHbIN 1850 0,84-01,2
MuvHepansHas Bata 150-300 0,05
NeHoOeToH 500 0,122
[leHononucTupon 10-45 0,05
[NeHononuypeTaH 20-80 0,036
CTEeKrnoBOJIOKHO 100-150 0,045-0,060
LTtykaTypka

N3BEeCTKOBas 1600 0,72

LemMeHTHas 1800 1,20
7. PacueT cpegHero koacgdmumeHTa none3Horo oencTeusi NpeobpasoBaHUA TonnuBa B

TennoByr 3HEPrmro B cmcrtemax TennocHabXXeHunsA

(no kHure: WUcakoswud I.A., Cnyukuin FO.5.OKOHOMUS TONMMBHO-3HEPrETUYECKNX PECYPCOB B CTPOUTEMb-
ctBe. -M.: Ctponmsgar, 1988. — 214 c. (SKOHOMMSA TOMMMBA N NEKTPOIHEPTUN).)

Krg Krpg o6uwen cuc- [onsa ncroyHuka ten-
KrA cetn pac- -
WcTouHuk Tenna reHeparopa TeMbl TEMMNOCHAO- na B obLlen cucteme
npeaeneHunst )
EIE] KEHUS TennocHabxeHuns, %
T3l 0,88 0,93 0,819 36
KpynHble KoTenbHble 0,82 0,94 0,775 18
Menkne KoTenbHble 0,62 0,99 0,615 24
Menkue Tennosble yctaHoBku | 0,55 — 0,55 22
8. Tabnuubl Tennocgunanyecknx CBOUCTB Hanboree pacnpocTpaHeHHbIX TeENNOHOCUTEeNen

Tennoguanyeckme cBocTBa BO3ayxa Npy aTMocEPHOM AaBneHumn

p, krim® Cp, kx/(kr-K) A 107, BT/(M-K) v x 108, MIc
20 1,205 1,005 2,59 15,06 0,703
40 1,128 1,005 2,76 16,96 0,699
60 1,060 1,005 2,90 18,97 0,696
80 1,000 1,009 3,05 21,09 0,692
100 0,946 1,009 3,21 23,13 0,688
120 0,898 1,009 3,34 25,45 0.686
140 0,854 1,013 3,48 27,80 0,684
160 0,815 1,017 3,64 30,09 0,682
180 0,779 1,022 3,77 32,49 0,681
200 0,746 1,026 3,87 34,85 0,680
250 0,674 1,038 4,27 40,61 0,677
300 0,615 1,047 4,61 48,33 0,674
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Tennocbmamqecme CBOWCTBA BOAbI HA NIMHUN HacCbIWEHNA

p, MMa p, krim® }EXT;((::.’K) vx10°%, m?c | 1, KIbKIKr
0 0,00061 | 999,9 4,212 55,1 1,789 2501 13,67
20 000234 | 998,2 4,183 60,0 1,006 2454 7,02
40 000737 | 992,2 4174 63,5 0,659 2406 4,31
60 001990 | 983,2 4,178 66,0 0478 2358 2,98
80 004740 | 9718 4,195 67.6 0,366 2309 2,21
100 010130 | 968,4 4,220 68,3 0,291 2263 1,75
120 019850 | 943,1 4,250 68,7 0,252 2203 147
140 036140 | 926,1 4,287 68.6 0,216 2145 1,25
160 061800 | 9074 4,346 68,4 0,191 2082 1,11
180 100300 | 886,9 4417 67.6 0,173 2014 1,00
220 2,32000 | 8403 4,614 64,6 0,148 1856 0,89
E————
t, °C p, MMa P, kr/m® KCE);U(KFK) }é:;(?;k) vx106, m2ic Pr
0 0,00061 0,0048 1,864 1,76 1667 0,85
20 000234 00173 1,874 1,88 511,6 0,88
40 0,00737 0,0512 1,894 2,01 188,7 0,91
60 0,0199 0,1302 1,924 2,16 80,45 0,94
80 00474 0,2930 1,969 2,31 45,39 0,96
100 0,1013 0,5980 2,035 2,35 20,02 0,99
120 0,1985 1,1210 2,216 2,60 11,46 1,09
140 0,3614 1,9660 2,315 2,79 6,89 1,12
160 0618 3,2580 2,479 3,01 4,49 1,18
180 1,003 5,1570 2,709 3,27 2,93 1,25
200 1,555 7,8620 3,023 3,85 2,03 1,36
220 2,320 7,8610 3,408 3,90 1,45 147
240 3,348 16,760 3,881 4,29 1,06 1,61
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CBOWCTBa HaCbILLEHHOro BOASHOro napa(no AaBreHuIo)

ABCOMIOTHOE faBne-  1EMNEPATYPA | ynony it 06BEM napa SHTanenis TenroTa napoo6pasosa-
he Kro/om2 HaCbL”éeH“” v e Bogbl  Mapa HUS KKan\kr
Kkam\Kr, Kkam\kr
1,0 99,09 1,7250 99,19 | 638,8 539,60
11 | 10176 | 1,5780 |101.67] 6308 | 537,90
12 | 10425 | 1,4550 104,38 620.7 | 536,30
13 | 10656 | 1,3500 |106.72| 6416 | 534,90
14 | 10874 | 1,2590 |108.92] 6423 | 533,40
15 | 11070 | 11810 |110.09] 643.1 | 532,10
16 | 11273 | 11110 |112.95| 643 | 530,80
17 | 11457 | 1,0700 |114,81| 6445 | 529,70
18 | 11633 | 0,954 | 116,60 645.1 | 528,50
19 | 11801 | 0,9462 | 118,30 645.7 | 527,40
2,0 | 11062 | 0,9018 |119.04| 6463 | 526,40
3,0 | 13288 | 0,6169 |133.40] 650.7 | 517,30
40 | 14202 | 0,4709 |123.70] 653.9 | 510,20
5,0 | 15111 | 0,3817 |152.10] 656.3 | 504,20
6,0 | 15808 | 0,3214 |150.30] 658.3 | 498,20
7.0 | 1617 | 0,2778 |165.70] 650.9 | 494,20
8,0 | 16061 | 0,2448 |171.40] 6612 | 489,80
9,0 | 1725 | 0,2189 |176.50| 662.3 | 485,80
10,0 | 17004 | 0,1980 |181.30] 6633 | 482,10
11,0 | 18320 | 0,1808 |185.70] 664.1 | 478,40
12,0 | 1s708 | 0,1663 | 189,80 664.9 | 475,10
13,0 | 10071 | 0,1540 |193.60] 6656 | 472,00
14,0 | 10413 | 0,1434 |197.30] 666.2 | 468,20
15,0 | 19740 | 0,1342 | 200.70] 666.7 | 466,00
16,0 | 20040 | 0,1261 | 204,12 667.1 | 463,10
18,0 | 20610 | 0,125 |210.20| 6678 | 457,60
20,0 | 21140 | 0,1015 | 215,90 6685 | 452,60
22,0 | 21620 | 0,0921 | 221.20] 68,9 | 447,70
24,0 | 22080 | 0,0849 | 226.20] 669.2 | 443,00
26,0 | o500 | 0,0784 | 230.90| 6694 | 438,50
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Tennoduanyeckme CBOMCTBa AbIMOBbLIX ra30B NPy aTMOCEepPHOM AaBneHnn

p, kr/m® | Cp, KOX/(krK) | A 102 BT/(MK) v x 10°, m%/c
100 0,950 1,068 3,13 21,54 0.69
200 0,748 1,097 4,01 32,80 0.67
300 0,716 1,122 4,84 45,81 0,65
400 0,525 1,151 5,70 60,38 0,64
500 0,457 1,185 6,56 76,30 0,63
600 0,405 1,214 7,42 93,61 0.62
700 0,363 1,239 8,27 112,1 0,61

Tennodwusnyeckne cBoncTea TypbuHHoro macna 22

Cp, KIK/(kr-K) A, BT/(M-K) v x 10°, M%/c
10 884,4 1,814 0,130 210,0 2600
15 881,5 1,832 0,129 135,0 1840
20 878,3 1,850 0,129 96,0 1250
25 874,9 1,870 0,129 70,0 940
30 871,6 1,890 0,128 53,8 695
35 868.,6 1,905 0,128 45,0 550
40 865,7 1,923 0,128 36,0 432
45 862,2 1,959 0,128 26,9 343
50 858,8 1,965 0,127 21,4 288
55 855,7 1,974 0,127 17,7 234
60 852,9 1,998 0,127 14,7 200
65 849,7 2,015 0,126 12,6 175
70 846.,6 2,032 0,126 10,5 150
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Tennosble NOTEpU ANA U30SIMPOBAHHbLIX NOBEPXHOCTEN C 1 M. ONWHbI unnmHapuyeckoro obbektamc 1 m 2 MNOCKUX "

MY\ m2.y

. y Kkan (/kkan
KPUBOIMMHENHbIX NMOBEPXHOCTEW NpU TeMnepaType Bo3ayxa B nomelueHun 25 °C, —— <—)

TemnepaTypa TennoHocutens, °C
Hapy»kHblii AuamMeTp HEM30NMPOBaHHbIX

TPYO, MM 100 = 150 = 200 | 250
10 7 12 18 30 41 53 64 76
20 | 10 | 16 | 23 | 37 | 50 | 64 | 77 | 90
32 | 12 | 20 | 28 | 43 | 58 | 74 | 9 | 105
48 | 13 | 22 | 31 | 49 | 65 | 84 | 102 | 119
57 | 14 | 23 | 32 | 53 | 70 | 90 | 108 | 127
76 | 15 | 25 | 37 | 58 | 78 | 99 | 120 | 141
89 | 16 | 27 | 39 | 62 | 8 | 105 | 126 | 149
108 | 22 | 3¢ | 45 | 68 | 90 | 113 | 137 | 160
133 | 27 | 40 | 53 | 76 | 101 | 120 | 152 | 176
159 | 31 | 45 | 60 | 84 | 112 | 140 | 166 | 192
194 | 35 | 50 | 66 | 93 | 124 | 153 | 182 | 212
219 | 38 | 52 | 70 | 100 | 132 | 165 | 196 | 227
273 | 42 | 59 | 78 | 111 | 146 | 183 | 218 | 253
325 | 45 | 65 | 8 | 122 | 160 | 200 | 240 | 273
377 | 50 | 70 | 92 | 131 | 175 | 218 | 160 | 300
426 | 53 | 75 | 98 | 140 | 190 | 235 | 280 | 322
478 | 60 | 83 | 109 | 155 | 205 | 253 | 303 | 340
529 | 66 | 90 | 120 | 170 | 220 | 270 | 325 | 375
630 | 82 | 110 | 140 | 195 | 253 | 310 | 370 | 425
720 | 95 | 125 | 160 | 220 | 280 | 340 | 405 | 470
820 | 110 | 145 | 180 | 250 | 315 | 380 | 445 | 515
920 | 135 | 165 | 205 | 275 | 345 | 415 | 480 | 555
1020 | 150 | 190 | 226 | 300 | 370 | 450 | 525 | 600
1420 | 210 | 260 | 300 | 400 | 500 | 585 | 680 | 780
1820 | 265 | 320 | 370 | 490 | 600 | 700 | 830 | 940
2000 | 290 | 355 | 410 | 560 | 760 | 780 | 900 | 1030
Mnockas noBEPXHOCTb | 50 | 58 | 65 | 80 | 95 | 100 | 124 | 138

y . o~ kkan
TernoBble MOTEpU AN HEN3ONMPOBAHHOW HAMOPHO-PETYNMPYIOLLEN apmaTypbl ipu t B = 25 °C, =~

TemnepaTtypa TennoHocutens, °C

[nameTp ycrnosBHoro npoxoga Tpyobl, MM
150 200 250 300 350 400 500

50 265 | 475 | 765 | 1050 | 1510 | 1990 | 2520 | 3700
100 | 372 | 660 | 1055 | 1480 | 2080 | 2740 | 3520 | 5300
200 | 630 | 1110 | 1740 | 2460 | 3360 | 4540 | 5800 | 8500
300 | 965 | 1680 | 2630 | 3700 | 5050 | 6650 | 8500 | 12500
400 | 1260 | 2250 | 3500 | 4960 | 6700 | 8850 | 11100 | 16700
500 | 1560 | 2760 | 4300 | 6150 | 8450 | 11250 | 14500 | 21200
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Y Cnosapo
§ ;
V 3D,er npmBeaeHbl OCHOBHbIE TEPMUHbI U onpeaerieHnd, NCnosib3yemMble B obnactu QHEepro-

cbepexeHus. MictouHmkn: "3akoH PO 06 aHeprocbepexeHmmn" ot 3 anpens 1996 r. Ne 28-93,
FOCT 26691, TOCT 30166.

OO6wme noHATUA
2. Mcnonb3oBaHue TONMIMBO — 3HepPreTUYEeCKUX pecypcoB B 3aHeprocbepexxeHum.
Mokasatenu 3acppeKTMBHOCTU NUCNONb3OBaHUA TOMNMMBO - 3HEPreTUYeCKMX pecypcoB.

KEHV
w

= 1. O6wme noHATHSA.

.

(o e AnbTepHaTUBHbIe BUAbI TOMJIMBA — BMObl TOMNMBA (CXKaTbIA U CKMKEHHBIN ra3, buoras, re-

as HepaTopHbLIN ra3, NPOAYKTbl NepepaboTkn BMomacchl, BOgO-yronibHoe TOMMAMBO U ApYrue), nc-
Nj‘\ NMoNb30BaHME KOTOPOro COKpallaeT uIm 3amellaeT noTpebrieHne sHepreTudecknx pecypcoB
s 6onee popormx u AeduULMTHBIX BUOOB.

@ e Bo306HOBNSAE€Mble UCTOYHUKA 3HEPrun — 3HEprust cornHua, BeTpa, Tenna 3eMsin, ecTecT-

B BEHHOIO [BWXEHMUS BOOHbIX MOTOKOB, @ TaKKe 3HEPrus CyLLeCTBYIOLLIMX B NpUpoae rpagueH-

C TOB Temnepartyp.

a)

[ -
A\
[ ]

Bo3o6GHoOBMsieMble TOMNMBO-IHEPreTUYeckne pecypcbl — MNPUPOAHbIE 3HEPrOHOCUTENM
NOCTOSIHHO MOMOSHSIEMbIE B PE3yrNbTaTe eCTECTBEHHbIX MPUPOAHbBIX MPOLIECCOB.

\Dﬂ‘

V.

(4

E

Bo3obHoBnsiemble TOP OCHOBaHbl Ha UCMOMb30BaHWM BO30OHOBISEMbIX MCTOYHUKOB 3HEp-
TMW: CONTHEYHOIO M3NYYeHWsl, SHEPTMN MOPEN, PeK, U OKeaHOB, BHYTPEHHEro Tenna 3emnu,
BOAbl M BO34yXa, SHEPIUM €CTECTBEHHOIo ABWXEHWS BOOHbLIX MOTOKOB W CYLLECTBYHOLUX B
npupoae rpagMeHToB TeMnepaTyp, S3HEPrMM OT UCMONb30BaHUS BCeX BUAOB Bromacchl, nomny-
YaemoW B Ka4eCTBE OTXOOO0B PacTEHMEBOACTBA W )XKMBOTHOBOACTBA, 3HEPIUIO OT yTUNM3aLun
OTXOZ0B MPOMbILLNIEHHOTO MPOMU3BOACTBA, TBEPAbIX ObITOBLIX OTXOAOB M CTOYHbLIX BOA, DHEp-
MM OT MPSIMOTO CXWraHusi pacTUTENbHOW GUOMacchl, TEPMUYECKOW NepepaboTkn OTXO0O0B
necHon n aepesoobpabaTbiBalOLLEN MPOMBILLNEHHOCTH.

e BTopuYHble TONMMBO - a3HepreTuveckne pecypcbl (BAP) — sHepreTuyeckuii pecypc, nony-
Yyaemblii B BuAe NoBOYHOrO MPOAYKTa OCHOBHOIO MPOM3BOACTBA MM SBMSIOWMACSA TaKUM
NPOAYKTOM.

BTopnyHble TOP moryT ObiTb B BUAE Tenna pasnuyHbix napameTpoB un Tonnmuea. K BOP B Bu-
e Tenna OoTHOCST HarpeTble oTXoasIme ras3bl TEXHONOMMYECKUX YCTAaHOBOK, rasbl U KNOKOCTU
CUCTEM OXNaXOEeHWs Ha BbIXOAE M3 TEXHOSNOMMYECKOM YCTaHOBKW, OTpabOoTaHHLIN BOOSHOW
nap, copocHble BOAbl, BEHTUISILMOHHbIE BbIBPOCHI, TEMMOTa KOTOPbIX MOXET ObITb MNONE3HO
ucnone3oBaHa. K BOP B BMae TonnmBa OTHOCAT, HanpuMep, TBEpPAble OTXOAbI, Xuakne copo-
Cbl 1 ra3oobpasHble BeIOpockl HedhTenepepabaTbiBatoLLel, HedhTegobbIBaOLWEN, XMMNYECKON
W Opyrux oTpacnemn NPOMbILLNIEHHOCTU (AOMEHHbLIN ra3, ApeBECHbIE OMNWIIKKU, TOPOLACKON MyCcop
nT.n).

e [lpypoaHbIN 3HEProHOCUTESNb — SHEPrOHOCUTENb, OOpPa30BaBLUMIACA B pe3dynbTaTte npupoa-
HbIX NPOLIECCOB.

K npupogHbiM TEMMOHOCUTENSAM OTHOCAT, Hanpumep, Boay rugpocdeps! (Mpu UCMonb3oBaHUK
9HEprumn pek, Mopel U OKeaHoB), ropsAYylo Body U nap reoTepmarbHbIX UCTOYHMKOB, BO34YX
aTMocdpepbl (MpyM  MCMONb30BaHWM 3HepruyM BeTpa), Guomaccy, opraHuyeckoe TOMMUBO
(HedTb, ras, yronb).

e [lpou3BeneHHbLIN 3HEProHocuUTernb — SHEeProHOCUTENb, MOMYYEHHbIA Kak MPOAYKT Npowus-
BOACTBEHHOrO NpoLecca TEXHOMOrMYecKoro npowecca.

K npoun3seaeHHbIM 3HEProHOCUTENTAM OTHOCATCA, Hanpumep, cxaTbln BO34YX, BOOSIHON nap
pa3nn4HbIX NapameTpos, I'IOJ'Iy‘-IeHHbIIZ B KOTellbHbIX YCTAaHOBKax 1 N Apyrmx naporeHeparto-
pax, ropayad soda, aueTuineH, NnpoayKTbl rlepepa60TKM opraHun4yeckoro tonnmea un BGruomaccsl.

TonnuBo — BELLECTBO, KOTOPOE MOXET ObITb MCNOMB30BAHO B XO3ANCTBEHHON AEATENbHOCTH
AN nonyyeHnst TeNNOBOW SHEPrM, BbIAENAOLLENCS NPU Er0 CropaHuu.

TonnuBo-aHepreTuveckue pecypchbl (TAP) — COBOKYNMHOCTb NPUPOAOHbIX M MPOU3BEAEHHbIX
3HEeproHocuTenen, 3anaceHHas SHeprusi KOTOPbIX MPU CYLLECTBYIOLLEM PasBUTUN TEXHUKK U
TEXHOIOMI AOCTYNHA A5t UCMOMb30BaHUS B XO3AWCTBEHHON AeATENbHOCTU.
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3HepFOHOCMTeJ1b — BelweCTBO B pa3finyHbIX arperatHblX COCTOAHUAX (TBepp,oe, Xnakoe ninnm
raszoobpasHoe) nnbo nHble hopmbl MaTepum (NnNasma, none, U3nyvyeHre u T.n.), 3anaceHHas
3HEPIrUsi KOTOPbLIX MOXET ObITb MCNOMNb30BaHa A1 SHEPTOCHADXKEHNS.

Mcnonb3oBaHue TONNMUBO - JHepreTu4eCcKmnx pecypcos B 3Heprocﬁepe>Keva.

AkoHomuss TAP — cpaBHUTENBHOE B COMOCTaBNEHUN ¢ 6Ga30BbIM, 3TANIOHHBIM 3HAYEHWUEM CO-
KpalleHue pacxoga TOP Ha npon3BoacTBO NPoAyKUMM, BINONIHEHNE paboT 1M OKasaHwue ycryr
YCTaHOBMEHHOIO kavyecTBa 6e3 HapyLLUeHUs 3KOMOrMYECKUX U APYrMX OrpaHUYeHnn B COOTBET-
cTBUM ¢ TpeboBaHnaMM obLiecTsa.

OTanoHHoe 3Ha4YeHue pacxoaa TOP yCTaHaBJIMBaeTCA B HOPMATUBHbIX, TEXHNYECKUX, TEXHO-
JTIOr’M4YeCKmnx, MeToan4eckmnx AOKyMeHTax u yrTeepxgaeTca YyrnoJIHOMOYEHHbIM OpraHoM rnpume-
HUTEJIbHO K NpoBepAeMbIM YCITOBUAM U pe3ynbTaTaM OeATesIbHOCTU.

3Heprocﬁepe>KeHMe — peanusauma npaBoBblX, OpPraHM3aunOHHbIX, Hay4HbIX, NPOM3BOACT-
BEHHbIX, TEXHNYECKNX N BKOHOMUYECKNX Mep, HanpaBJieHHbIX Ha Sd)d)eKTMBHOG ncnosib3oBa-
HUe 3HepreTn4eckmnx pecypcoB 1 Ha BOBJIe4YEeHNE B XO3SNCTBEHHbIN O60pOT BO300OHOBISIEMbIX
WCTOYHUKOB SHEPTIUN.

AddekTBHOE (paunoHanbHoOe) NCNONb30BaHUe 3HepPreTM4ecKUxX pecypcoB — AOCTUXe-
HMe 3KOHOMUYECKN onpaBaaHHON 3EKTUBHOCTM NCMONb30BaHUS 3HEPreTUYECKMUX PECYPCOB
npu CyLLEeCcTBYHOLLEM YPOBHE PasBUTUSA TEXHWUKM M TEXHONOrMM n cobnogeHnn tpeboBanuin K
OXpaHe OKpy>KatoLLen NpMpoaHON cpeabl.

MoHaTne paunoHasribHOro ncrnoJjib3oBaHUA TOP BkntovaeT B cebdsi:

—  BblGOp ONTUMAanbLHOW CTPYKTYpbl 3HEPrOHOCWUTENEN, T.€. ONTUMANbHOTO KONIMYECTBEHHOTO COOTHO-
LUEeHUs1 pasnMYHbIX UCTMONb3yeMblX BUAOB 3HEProHOCWUTENel B YCTaHOBKE, HA y4acTke, B Liexe Ha
npeanpusiTuK, B pervoHeY, otpacnu;

—  KOMMMEKCHOe WCMOonb30BaHWe TOMMvBa, B TOM 4YMCRe OTXOAOB TOMMMBA B KAayecTBe Chipbsa AfS
NPOMBILLIIEHHOCTU (HanpUMep, UCNOSb30BaHWeE 30S1bl U LUNAKOB B CTPOUTENLCTBE);

—  y4yeT BO3MOXHOCTU WCMOMb30BaHUSI OPraHWYeckoro TOMmnMBa B KA4YECTBE ChIpbs A5 MPOMbILLMEH-
HoCTW;

—  KOMMMEKCHOe MCCrenoBaHUe 3KCMOPTHO-UMMOPTHBLIX BO3MOXHOCTEN U APYIMX CTPYKTYPHbIX OMTUM-
MU3aLUI.

HenpousBoauTenbHbIA pacxon 3HepPreTUY4eCKUX PecypcoB — PACXOf, SHEPreTUHECKUX pe-
cypcoB, 06ycrnoBneHHbIN HecobnogeHnem TpeboBaHUN, yCTaHOBMEHHbIX FOCY4apCTBEHHbBIMU
CTaHgapTamu, a Takke HapylleHuem TpeboBaHWIA, YCTaHOBMEHHBLIX MHBIMW HOPMAaTUBHLIMM
aKTaMu, TEXHOJIONMYECKMMU perfiameHTamMu M MacnopTHbIMM AaHHbIMW ONs OEeNCTBYOLLErO
o6opynoBaHus.

OHeproc6eperalowasi NONIMTUKA rocyAapcTBa — NpaBoBOe, OPraHN3aLoHHOe U (PUHAHCO-
BO-9KOHOMMWYECKOE perynmpoBaHie AeaTeNlbHOCTU B 06nacTu aHeprocGepexeHus.

3Heproc6epera+ou.|,aﬂ TEXHONOrnsA — HOBLIN MM yCOBEpLLIGHCTBOBﬂHHbII?I TEXHONOMMYECKni
npouecc, XapaKTepVI3YIOLLJ,VIIZCFI bonee BbICOKUM KOS(*)(bMHMGHTOM NoJ1e3HOIro NCcnosib3oBaHUA
TOP.

TonnuBHO - 3HepreTUYeCKUn GanaHc — cMCTEMa NnokasaTenen, oTpaXKalwLmMx NosTHoe Konu-
YeCTBEHHOE COOTBETCTBME MEXAY MPUXOAOM U PacXOAoM TOMMMBO-3HEPreTUYECKUX PECYPCOB
B XO35MCTBE B LIENIOM U UMK Ha OTAENbHbIX €ro yyactkax (oTpacnb, PervoH, npegnpuartue,
Lex, Npouecc, ycTaHoBKa M T.4.) 3a BblOpaHHbIN MHTEPBar BPEMEHW.

TepMuH 03Ha4YaeT KONMMYECTBEHHOE PaBEHCTBO 3a ONpeaerieHHbI MPOMEXYTOK BPEMEHN Me-
XAy Pacxo4oM U M MPUXOOOM 3HEPruM 1M TONMIMBA BCEX BUAOB B 3HEPreTMYecKOM XO3SIMCTBE,
BKITtoMas nameHeHue 3anacos TOP.

Tonnueo- aHepreTM4eckuin GanaHc MOXeT COCTaBNATLCS:

—  no oTaenbHbiM Buaam TOP (pecypcHble 6anaHchbl);

— MO CcTaausiM SHepreTnyeckoro noToka (fobblya, nepepaboTka, npeobpasoBaHWe, TpPaHCNOPTUPOBA-
HWe, XpaHeHune u ucrnonb3osaHue) TOP;

—  Kak eauHbli (CBOAHbLIN) TOMMUBO - SHEpreTMyeckuii 6anaHc ¢ y4eTom NepeTokoB BCEX BUOOB 3HEp-
rn Mexay CTaausiMu U B LLeNOM Mo HapogHOMY XO3SIACTBY;

— 1O 3HEepreTnyeckum ob6bekTam (3MEeKTPOCTaHLMMK, KOTEMbHbIE), OTAENbHLIM NPEANpPUATUSIM, LiexaMm,
y4yacTkam, 3HeproyctaHoBkam, arperatam;

— 1O Ha3Ha4YeHuo (CMIOBbIE NPOLIECCHI, TEeMNoBbIE, 3NIEKTPOXUMUYECKUE, OCBELLIEHNE, N T.4.).

OHepreTuyeckoe obcregoBaHue — obcrnegoBaHve notpedutenent TOP ¢ uenblo ycTaHoB-
neHus nokasatenen addeKTUBHOCTM UX UCMOMb30BAHMA U BblpaboOTKM 3KOHOMUYECKM oGoc-
HOBaHHbIX MeP MO UX MOBbLILIEHWIO.

180



OHepreTM4eckuin nacnopT NpombllsieHHoro notpedoutens TOP — HOpMaTUBHLIN OOKY-
MEHT, oTpaxawwunin BanaHc noTpebneHns n nokasatenn 3PPEKTUBHOCTU UCMOMNb30BaHNS
TOP B npouecce X03aNCTBEHHOW AEATENBHOCTH.

OHeproc6eperalowasi NONINTUKA rocyAapcTBa — NpaBoBOe, OPraHN3aLoHHOe U (PUHAHCO-
BO-9KOHOMMWYECKOE peryrnmpoBaHne AeaTeNlbHOCTY B 0GnacTy sHeproctepeeHus.

MNMokasaTtenu 3¢pheKTUBHOCTU UCNOSIb30BaHUSA TONNIMBO-3HEPreTU4EeCKUX pecypcoB.

MokasaTenb aHeproadypeKTMBHOCTU — abCconoTHas UNK yaerbHas BenuyvHa notpebneHus
WIv NOTEPU SHEPreTUYEeCKMX PecypcoB Ans NPOAYKUMKU NoGOro HasHauyeHus, yCTaHOBIEHHas!
roCcy4apCTBEHHbIMW CTaHAapTamu.

MonHasa 3HeproemMKocTb nNpoaykKuuMu — BenuunHa pacxona aHepruv v TONNMBa Ha M3roToB-
neHvie NpOAYKUMW, BKMOYas pacxon Ha Ao6blvy, TpaHCMNopTUpOBaHuUe, nepepaboTKy nornes-
HbIX MCKOMaeMbIX 1 NPON3BOACTBO CbIpbsi, AeTanen ¢ y4eTom koadduumeHTa ncnonb3oBaHus
ChbIpbsl U MaTepuarnos.

[na onpegeneHns SHEpProemMKocTM HeOoBXOAMMO BCe BMAbl TOMMMBA M 3HEPTMM MPUBECTU B
COMoOCTaBUMBIV BUA, KOTOPbIA MOT 6bl O6GBEKTMBHO y4YecTb Mx 0COBeHHOCTU. s 3Toro B Ha-
CTOsILLee BPEMS OHU NEPEBOLATCSA B YCIOBHOE TOMMMBO, TO €CThb B TONMMBO, 1 TOHHA KOTOPO-
ro MmeeT TennoTBOPHYK cnocobHocTb 7000 ThiC. Kkan. 3Has TEennoTBOPHYK CMOCOBHOCTb
noboro B1aa TonnmMea MOXHO OMpeaenvTb ero 9KBMBAmNeHT B YCNOBHOM Tonnuee, Hanpuwvep,
HeddTb UMEET TEMNMOTBOPHYIO CMOCOOHOCTL B cpegHeM pasHyto 11000 Tbic. kkan, a 3HauuT
ofHa TOHHa HedTM akBMBarneHTHa 1, 57 TOHH yCnoBHOro Tonnmea. ATOT cnocob NPUMEHUM 1
Ons nepesofa K CONOCTaBMMOMY BUAOY TEMNMOBOW U aneKkTpuyeckon aHeprun. Tak kak 1 kan
(eaviHuua namepeHus konu4yectsa TennoThbl) paBHa 1000 ThiC. KKan, a ogHa TOHHA YCIOBHOIO
TONNMBa MMEET TEMNOTBOPHYI0 cnocobHocTe 7000 Teic. Kkarn, To oHa pasHa 0,143 T1.y.T. Op-
HaKo 3TOT MoKa3aTerb NPeACTaBMSeT YUCTO TEOPETUYECKYIO BEMUYMHY, MPU KOTOPOW KO-
dUUMEeHT nonesHoro gencrteusa yctaHoBku paBeH 100%. MMoaTomy Ha MpakTUKe MCMONb3yT
apyro Metod. 3Has pacxod MPUMEHSIEMbIX TOMMMB Ha MPOWM3BOACTBO PasfMYHbIX BUMAOB
3HEprm1, C NOMOLLbIO 3KBMBASIEHTOB, YYUTbIBAIOLLMX UX TEMNOTBOPHYK CMOCOOHOCTbL, onpe-
0ensT KONMYeCcTBO YCMOBHOMO Tonnmea, Heobxoaumoe anga npomssoactea 1 kan Tennoson
3Heprun, 1 T napa, 1 KBT. 4 NeKTpo3Hepruu 1 T. 4. B ntore onpegenstoT koapduumneHTsl ne-
pecyeTa pacxoda pasfnuyHbIX BUOOB SHEPrUU B YCMOBHOE TOMMMBO C y4eTOM haKTMYeCKoro
KoadhpmLmMeHTa NonesHoro AencTBMsa yCTaHOBKU. Hanpumep, pacxon yYCNoOBHOro Tonnuea Ha
nponssoacteo 1 Nkan Ha T3L, 1 B BbiICOKONPOM3BOAMTENBHOM KOTeNbHOW paBeH 0,173 T.y.T.
Kanopus - eguHmua konmyecTBa TEMNOThl, KOTOpoe 0003HAYaeTCst B KANOPUSX UMK DKOYIISAX.
1 kan=4.1868 Ox. 1 kkan=103 kan, 1 N'kan=109 kan. TennoTBopHasa cnocobHocTb (TennoTa
CropaHus)- Konnm4ecTso TennoTsl (B K unu kan), Belgensoweecsa npy cropaHum 1 kr Tonnu-
Ba.

KoadcdmumeHT nonesHoro AeMcTBUA — BENMUYMHA, XapaKkTepuaytoLlas COBepLUEHCTBO MNpo-
LleccoB npeBpaLleHnsi, Npeobpa3oBaHns UnNn nepegayn sHeprnm, SABMALWAACA OTHOLLEHMEM
Nones3Hom 3Heprum K NoaBeeHHON.

MoTeps aHeprum — pasHoCTb MEXAy NoABEOEHHON (NEPBUYHON) U NOTPEONSIEMON 3HEPTUEN.
a) No NpUYMHE BO3HUKHOBEHMWS NOTEPMU:

—  npv pobblve

— NPV XpaHeHun

—  MpV TpaHCNOPTUPOBaHWM
—  npv nepepaboTke

—  npv npeobpasoBaHum

— NPV UCMOSb30BaHWN

—  Mpw yTunusaumm

6) no hmamueckomy NpU3HaKy U Xapakrepy:

— noTepu Tenmna B OKPYXalLLyl cpefy C YXOAAWUMN razamm, TEXHONOMMYECKON NpoayKUnen, TEXHO-
NIOTMYECKMMU OTXOA4AMW, YHOCaMU MaTepuana, XMMUYECKUM U (PU3NYECKMM HEeO0XKOroM, OXIax-
[atoLlen Boaon u T.n.

— noTepw aHeprum B TpaHcdopmaTopax, poccensix, TOKONPOBOAaX, MMHUAX aneKTponepenay, anek-
TPOyCTaHoOBKax U T.A4.

—  NOTepwu C yTeykamu Yyepes HenmoTHOCTH

—  ImapaBnuyeckue NoTepu Hamopa npu ApoCcCenMpoBaHUKM NOTOKA, NOTEPU HA TPEHWE NPU OBWKEHUN
noToKa XXMAKOCTU Unu rasa (napa) no TpybonpoBogam ¢ y4€TOM MECTHbIX CONPOTUBIIEHUN

—  MeXaHM4ecKne NoTepU Ha TPeHWNe NOABMKHbIX YacTel MalnH 1 MEXaHU3MOB

B) MO NPUYNHE BO3HMKHOBEHUS:
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BMOCMEACTBUM KOHCTPYKTUBHBLIX HEJOCTaTKOB
B pe3ynbTaTe He ONTUMarnbHO BbIGPaHHOMO TEXHOMOIMYECKOrO pexuma paboTsl
B pe3ynbTaTe HenpaBUIlbHON 3KCMyaTaLum 3HEProucnorb3yoLmx YCTaHOBOK
B pe3ynbTaTe Gpaka NpoayKuuu.
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Hwxeropogckuin PermonanbHbin LieHTp OHeprocbepexeHunst

Tomckunin PermoHanbHbin LieHTp OHeprocbepexeHus

KanuHuHrpaackmi PervoHanbHbin LileHTp QHeprocbepexenns

YnpaBneHne aneKkTposHepreTukn n aHeprocbepexerns XaHTol-MaHcumnckoro ABTo-
HomHoro Okpyra

PagunokpoH. ocTbl No 3HeprocbepexeHnto

Mporpamma pa3BuTUS anbTEPHATUBHON SHEPTETUKM

OHeprocbepexeHne B CTpOMTENbCTBE (CTaTbs)

Cratbs C.W. JlanyHoBa n B.B. duceHko "IAHeprocbepexeHne. Ponb cneumanuanpo-
BaHHbIX KOMNaHunA"

OHeprocbepexeHne, aHeproayauT u gpyras nHgpopmaums

MHBECTULMOHHBIE NPOEKTLI B ApXaHresbCkon obriacTy No oTpacnsam ans aHeprocoe-
pPeXeHUs 1 yryyLlEeHUs SKOSOTUN.

ABOK, xxypHan "OHeprocbepexeHne”, rocTbl, CHUMBbI. ..

BupTyanbHas BbicTaBka B ob6nactu aHeprocbepexeHus

Poccunckme AeMOHCTpaUVOHHbIE 30HbI BbICOKOW aHEpreTnyeckomn adhdekTMBHOCTH

Tenno Poccuu. QHeproaygnt

LleHTp aHeprocbeperatoLLmx TeXHOMNOrMn npu Ypanbsckon focyaapCTBEHHON rOpHO-
reonorn4yeckon akagemMmmm
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www.user.cityline.ru/~energonadzor
www.nice.nnov.ru
www.es.tomsk.ru
www.kreec.ru
www.energohmao.ru
www.radiokron.ru/html/gost/energo/energo.html
www.wind-57.narod.ru
www.zodchiy.ru/s-info/archive/05.02/page9.html
www.e-audit.ru
www.dvinaland.ru/dvina/economics/Energy/inv_energy.asp
www.abok.ru/forma.php?en_mag
www.energy-exhibition.com
www.rusdem.com
www.teplorossii.narod.ru
www.energysaving.newmail.ru

Memoouueckue ykazanus

YBaxaembln YntaTtens!

B paHHOM pasgene Mbl mocTapaemcsi OTBETUTb Ha HEKOTOPbIE BOMPOCHI, KOTOPbIE MOTYT BO3HUKHYTb Y
Bac npu 3HakoMcTBe C KypCoM M AaTb peKOMeHOauUMM No ero U3y4eHuto.

[ns Koro npeaHasHadeH npeanaraemblii KOMMANEKc?

I'Ipe,qnaraeMbn?l Bamemy BHMMaHUKO KypC npeaHa3HavYeH Ond CTya4eHTOB BbICLLUNMX TEXHUYECKUX y‘-le6HbIX
3aBefeHun, npoxogdAwnx noarotoBky Mo HanpabBJfiEHUIO ((TeI'IJ'IOSHepFeTVIKa» n o6yqarou.|,mxc;| no
cneunarnibHOCTAM:

100500 TennoBble aMNeKTPUYECKME CTaHLMK;

100600 TexHonornsa BoAbl U TOM/MBA Ha TEMOBbIX U aTOMHbIX 3NEKTPUYECKMNX CTaHLMUSX;
100700 MpombIwneHHasn TeNNo3HepreTuka;

100800 OHepreTurka TeNNOTEXHOMNOII;

101600 OHeproobecneyeHne NpeanpuaTun.

MaTepuvansbl Kypca MOryT 6biTb UCMOMb30BaHbI A CAMOCTOATENIbHOM NMOATrOTOBKM MM NepernoaroToBKu
CneunanuncToB, 3aHUMatoLLMXCA BOMPOCaMU UCMOMb30BaHUS TEMNOBON U 3MEKTPUYECKOW 3HEPTUM, B TOM
yncne paboTHWKamMKn oTaeneHuit MocaHeproHaasopa MuHTonaHepro Poccun, aHeproayautopckmx doupm,
a Takke paboTHMKaMUN IHEPTETUYECKMX CITY>O NPOMBbILLNIEHHbIX NPeanpUATUA.

Yemy Bbl OJKHBI HAY4YUTbCA?

M3yumB 3TOT Kypc, Bbl 03HaKOMUTECHL C rOCyJapCTBEHHOM MONIMTUKOW M HOpMaTuBHOM 6a3oin B obractu
3HeprocbepexeHuns, yaHaeTe OCHOBHbIE METOAbl IHepProcbepexxeHnss n Kputepum ero aEeKTMBHOCTH,
Hay4yMTeCb OCHOBaM JHEPreTU4eckoro ayamta M CMOXEeTEe pacCYMTbiBaTb SKOHOMMUIO 3HEprum npu
nposeaeHnn aHeproc6eperarou.|,|/|x MGpOI‘IpVIHTVIﬁ B MNPOMbIWLUNEHHOCTN U XUITULWHO-KOMMYHallbHOM
X034MCTBE.

Uto npeacrtaBnser cobon  yyebHbI KOMMMEKC MO  Kypcy «OHeprocbepexeHve B TEXHUKE W
TEXHOMNOrnax»?

Komnnekc BKMtoYaeT SMeKTPOHHBLIN YY4EOHWK, 3MEKTPOHHbIA 3adayHuK, M NabopaTopHbIA NPaKTUKYM.
Kaxabli n3yyaemblin pasgen 3akaH4yMBaeTCs KOHTPOMeM ycBOeHus matepuana. lNepeyeHb cnpaBovHOM
nuTepartypbl, NPUBEAEH C aHHOTAUMSAMMU, @ B HEKOTOPbIX CIlydasix U C ornaBneHnsammn KHur. Kypc cHabxeH
ccbinkamm Ha WIHTepHeT-CTpaHWubl OpraHuM3auun, 3aHWMAaloLWMXCS 3HeprochepexeHneM, CroBapem
OCHOBHbIX MOHATUA W CNpaBOYHOM MHdOpMauuen, Heobxooumowm B MpakTudeckon pabote no
3HeprocbepexeHunto.

YKkasaHus AN pasnvyHbIX KaTeropui nonb3osaTenemn

B paHHOM pasgene npeacTtaBneHbl pekoMeHdauum Ons TeX Nonb3oBaTenen, KOTopble XOTAT Hambonee
apdektuBHO ncnonb3oBaTe YMK — T.e. nonyuntb Havbornbluee KONUYEeCTBO 3HaHWM 3a HanMeHbluee
KONMM4YeCTBO BpeMeHn. PacnonoxeHHble HWXe ykasaHusi npu3BaHbl MOMOYb MOMb3oBaTento Hambonee
NpaBuUbHO M pauMOHanbHO NMOJOWTM K U3y4eHWo obpasoBaTenbHOro Martepwarna, npeacTaBleHHOro B
YMK, ¢ ydeTom Lenen v 3agad, KOTopble OH CTaBWUT nepen coboi, xenast 3aHATbCA U3YyYEHUEM TaKOM
npobnemsl, kak QHeprocoepexeHue.

MpuBegem 3pecb BblAEpXKM M3 MeToamdveckon vactu YMK, kacawolmecss HEeKOTOpbIX BO3MOXHbIX
METOAMK U3yYeHWst Kypca ONns pasnuyHbiX kateropui Oyaywimx nonb3oBaTenein. Bcex nonb3oBaTenen
YMK, B 3aBMCMMOCTHU OT LieNnien, KoTopble OHM Nepen cobon CTaBAT, Mbl Npeanaraem knaccnduumpoBaTtb
cnegyrowmum ob6pa3om (HaXMUTe Ha COOTBETCTBYIOLLEN KaTeropum, 4tobbl MepernTn K MpPOCMOTPY
yKasaHun):

A. Monb3oBaTenb, XenawwMi CamMoCTOATENbHO WM 6e3 YbMx nMbOo pekoMeHdauunh 3aHATbCA
NoBbILLEHWEM CBOEN KOMMETEHTHOCTH B 0bnactu aHeprocbepexeHus.

B. lMonb3oBaTenb, peELUMBLUMIA CEPbE3HO MNOAONTU K CaMOCTOSTENbHOMY W3YyYEHUIO Kypca WU
XXenaroLLUmiA NOSTHOCTbLIO MOMOXUTLCA Ha HaLLK pekoMeHaaunn.

C. Monb3oBartens, KOTOprIZ XO4eT Nony4nTb nepBoHa4varnbHble CBeAEHUA O npeamMeTe, U CTpeEMUTCA
caenaTtb 3TO 6bICTp0 N C MUHUMaAJlbHbIMU 3aTpaTaMn BpEMEHN.
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D. CTyOeHT, cnyLlatoLLmnii NekUMmn no gaHHOMY NpeaMeTy B UHCTUTYTe

E. Monb3oBaTtenb, obnagalLWnii XOPOLIMMU MO3HAHUAMWU B JHeprocbepexeHnun, Xenawwmii ux
OLIEHUTb, a TaKXe MOBbICUTb 3PYANULINIO B AaHHOM obracTu.

OBLWMWME PEKOMEHOALINWM BCEM MOJIb3OBATEJTAM

KaTteropus nonb3oBatens A.

Monb3oBaTtenb, Xenawwmin caMmoCcToATENbHO U 6e3 Ybux NnMbo pekomeHZauun 3aHATHCS MOBbILLEHMEM
CBOEW KOMMNETEHTHOCTM B 0bnactu aHeprocbepexeHns. Ha Haw B3rnsg aToT BapuaHT XOpoLw And Tex, Yy
KOro yXe MMEeITCS 3HaHus B 06racTu aHeprocOepexeHust U y KOro OHU YXKe CBedeHbl B HEKOTOPYIO
cuctemy. Takum nonb3oBaTensM, BEPOATHO, HaLLWM PEKOMEHOAUUN HE HYXKHBbI.

Kateropuss nonb3oBatensa B.lMonb3oBaTtenb, peLIMBLUMIA CEPbE3HO MOAOWUTU K CaMOCTOSTENbHOMY
N3YYEHMIO Kypca W XXenawLwmi MOSTHOCTBI0 MOMOXMTBCS Ha Halun pekoMeHgauumu. [agmMm HekoTopble
pekoMeHdauMm Takoro Tuna nonb3oBaTtenam. [lonbiTaemcss onvcaTb NOcneaoBaTenbHOCTbL AENCTBUMN,
KoTopasi, C Hawen TOYKM 3peHus, OyaeT cnocobcTBoBaTb Jyylwlemy YCBOEHUIO MaTtepuana,
npeacTtaBneHHoOro B Hawem obpasoBatensHoM  komnnekce:O3HakoMieHne C  TeopeTUYEeCKUM
mMaTtepuanom.O3HaKOMUBLLMCE C pa3ferniom, KpaTKO NepecKaxuTe COoO4epXaHue M NOBTOPUTE OCHOBHbIE
NMOHATKSA, Tak Kak ByaTo Bbl cTapaeTecb 06bACHUTL NX HE3HAKOMOMY YenoBeky. N3yunte nmeromnecs no
JaHHoOMy pasgeny 3apadu. [lpopabotante ux. Crapantecb rnybxe BHuKaTb B CyTb BOMpoca MU
cTapantecb, YTobObl B BalMX MO3HAHUSAX He Obino "0enbix nsaTeH". Ob6aA3aTenbHO NPOMAMTE KOHTPOIb
3HaHWN NO TONbKO YTO MpoOMAEeHHOMY MaTepuany. Ecnu Bbl cMoxeTe BocnpomsBecTu He MeHee 50%
WMHopMaLMM - TO MOXHO cKa3aTb, 4YTO oOy4yeHne npoxoauT ycnewHo. Ob6sa3aTenbHO MocTapanTech
3anonHuTe obpasoBasLUMecs Npobnembl, He OTKNaAbiBasi 3TO B JONTUNA ALLKK.

CnycTa HekoTopoe BpeMsi Mocrie u3yyeHus pasgena (1-3 gHsa) nonbiTaTecb BOCCTAaHOBUTbL B NaMsATU
M3y4yeHHbIn HegaBHO MmaTtepuan. Ecnu Bbl 4To-TO 3abbiny - He CTpallHO, 06s3aTenbHO BEPHUTECH K
N3y4YeHWI0 COOTBETCTBYHIOLLMX FNaB 1 naparpados.

MocTapanTecb HanucaTb pedyepaT, Ha OAHy M3 TeM no Bawemy ycmoTtpeHuto. Bbl gomkHbl Gonee
yrnyOneHHoO 3HaTb OAWH M3 BOMPOCOB, Kacawwmncs 3HeprocbepexeHns. B metoguueckonm vactum
npeactaBneH cnucok Tem pedepatoB. Ho, coBcem He obszatenbHO BbibupaTb Temy M3 cnucka.
Monb3oBatenb cam MoxeT nogobpaTb Temy, MO CBOEMY >KEnaHuil, €eCcrim CyYuTaeT, 4YTO OHa
COOTBETCTBYET TemMaTuKe pasfenoB JnekTPoOHHOro y4yebHuka. [Onsa nogrotoBkm pedepata  Mbl
npegnaraem Bam wucnonb3oBaTb Hawy nogbopky cawtoB B Internet u cnucok nuTepatypsbl.
MpencTaBneHHsle B YMK ornaeneHuss KHAr NOMOryT MOHATH HA CKOJbKO OHW 3aTparnBaloT BbiOpaHHYyHo
BaMmu Temy. [locmMoTpuTe nepuognyeckne n3gaHusa no dHepreTuke U aHeprocbepexeHuto. 3gecb ctout
HaMOMHUTb, 4YTO pedepar - 3TO He nepeneyaTaHHble W CKOMMUITMPOBAHHbLIE KYCKM OTAENbHbIX
[OKYMeHTOB, a 06paboTaHHbI BaMy TEKCT, Balle U3NoXeHne matepuarna.

Tembl pedpepaToB:

Muposoli sHepeemuyveckul 6anaHc (sHepzaobanaHCbl pa3fiuyHbix cmpaH). TeHOeHUuu ezo
U3MEHEHUS.

BHepezemuyeckuli banaHc Poccuu (ee omoeribHbIX pe2UuoHO8).
3akoHodameribcmeo 8 obrniacmu aHep20cbepexeHUs 8 3apybexXHbIX cmpaHax.

Tapugbbl Ha omodersnbHble 8UObI 3HEP2EMUYECKUX pecypcos, OuHamMuKka U repcriekmusbl Ux
uameHeHusi ( 0 nPoMbIwIeHHbIX rpednpusmud, 0rs 06bekmos XKKX).

lMpu4uHbl 3Hepaemu4yecKkux Kpusucoe 8 omoderibHbIX peauoHax Poccuu, nymu peweHus
npobem.

BnusiHue dobbI14u aHEp2eMUYECKUX PECYPCO8 Ha 3KOM02UYECKYI0 cumyauuro 8 cmpaHe.

Meponpusimusi o ozpaHuyeHuo nompebreHuo 800kl MPOMbIWIEHHBIMU U  Gbimo8biMU
nompebumensmu. VIx cesiab ¢ 3Hep2ocbepexeHuem.

Pesepebl aHepeocbepexeHuss U 3Hepaocbepezaroujue Meporpusimusi 8 pasfiuyHbIX Ompacsisx
MpOMbILWLIIEHHOCMU.

lMpumeHeHuUe HOBbIX 3Hepaocbepeaarouiux MexHoI02uli 8 MPOMbIUWIEHHOCMU.
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lpumeHeHue HOBbIX 3HepaocbepezaroWux MmMexHo/ocuUl 8 XXUMUUHO- KOMMYHallbHOM
xoszsiicmee.

lMpakmuka ucnonb308aHuUsi HempaoOUUUOHHbIX U 80306HOBSIEMbIX 3HEP2EMUYECKUX PECYPCO8
0r1s1 sHep20cbepexeHUsl.

Kuomckuti npomokos 06 oepaHu4YeHUU 8bI6p0C0O8 8 OKPYXaroulyto cpedy.
HesmenbHocmb pe2uoHasbHbIX UEHMPO8 M0 S3HEP20COePEXEHUIO.

Pegpopma 3HepeemuKuU U ee 803MOXHbI€ 10C/1Ie0CmeuUs.

MexdyHapoOHble aHepaocbepezarouue op2aHusayuu, npakmuka ux éesmesibHocmu.
Crocobbl yMeHbWeHUs1 nomepb 3HepauU 8 Mensoebix cemsix.

OHepzaocbepexeHue 8 cucmemax oceeuw,eHuUs 30aHudl.

lMepcrnekmusbl MpUMeHeHUs1 Merno8biX Hacoco8 8 aHepaemuke Poccuu.

Hoseble cucmembl omonneHusi 30aHul: "mennbie noskl", cucmemMsl y4ucmoeao oboepesa.

Haubonee sHepzaoemKue mexHOMo2u4yeckue rpoyeccbl 8 rpoMbiluIeHHocmu U nymu
YMeHbUWeHUS UX 9HepaoeMKocmu.

Kateropus nonb3oBatens C.

Monb3oBartens, KOTOprVI X0o4eT nonyyvnTb nepBOHadalribHble CBedeHua O npeamMeTe, U CTpeMUTca
caenatb 3TO 6bICTpO M C MUHUMAlbHbIMW 3aTpaTamMun BpeMeHU. Mbl MOXem pekomMmeHOoBaTb Bam
cnep,yrou.l,mﬁ BapunaHT METOOUKN U3yHEeHUA:

1. MpounTante 3aronoBku pasgenoB W nogpasgenoB. Beibepute Te, KoTopble KaxyTca Bam
NPUOPUTETHBIMU B U3YYeHUU, UK obpaTUTECh K CMUCKY pas3geroB, KOTOpble C TOYKM 3peHUst aBTOpPOB,
ABnsaloTCA Hanbonee MHTepecHbIMU. HekoTopble pasgensl MOryT ObiTb BaXHbIMWM MMeHHO Anst Bac - ato
3aBMWCUT OT TOrO, B Kakon oTpacnu Bbl creunanusnpyeTecs:

NMPOV3BOACTBO TEMNSIOBOW SHEPTUW;
TENnocHabXeHue;
3NeKTpocHabXeHue;
NMPOMBbILLEHHOCTb;
KOMMYHarnbHOE XO35IACTBO;
arpornpombILLIEHHbIV CEKTOP;
aKoIorn4yeckme Bonpochl;
OKOHOMMKaA.

Bo3MOXHbl ¥ Opyrve BapuaHTbl - Torga BblOupaniTe pasgenbl camu. Tak UnuM uHade - peLleHve
npuHumaeTe Bbl.

2. MpocMoTpuTe N 06BACHNTE OCHOBHBIE MOHSATUS Kypca, KOoTopble Bbl cumtaeTe ocHoBomonarawmumu.
WNcnonbayiite ans pabotbl Haw cnoBapb. He HyXHO yunTb onpegenenusi. HyxHo, 4Tobbl Bbl MOrmu
MOHATb M YMETb OOBACHUTE ApPyrMM Bce (unm xoTs 6bl BOMbLUy YacTb) NPUBEAEHHBIX TaM MOHATUN U
TepMnHOB. Ecnn uHdopmaumio B crioBape Bbl cuntaete HepocTtaTtoyHOW, obGpaTtuTeCh K TEKCTY
ANEKTPOHHOro y4yebHuka. Kpome TOro, Bbl AOMKHbI 3HaTb: OPUEHTUPOBOYHbBIE 3HAYEHUSA HU3LLEN
TENMOTBOPHON CMOCOBHOCTU OCHOBHbBIX SHEPreTUYECKUX TOMMUB, MPMMEPHBIE LieHbl HA 3HEProHOCUTENM,
OPUEHTUPOBOYHbIE 3Ha4YeHune n0Tpe6neva Tenna Ha o6orpeB KUNbIX 3,D,aHVII7I N aneKkTpuyecTtBa Ha UX
OCBeLLEeHMNe, exXecyToyHoe noTpebneHne BOAbl Ha B pacyeTe Ha OOHOro 4Yernoseka, OCHOBHbIE
aHeproc6epera+ou.|,V|e MeponpuaTna B NPOMbILLUNEHHOCTU U XKUIMULLHO-KOMMYHallbHOM XO35CcTBE.

3. O3HaKkoMbTeCb C BaXXHENLINMU U3 rocyaapCrBeHHbIX JOKYMEHTOB No aHeproc6epe>KeHmo. MpounTtarte
W nocTapamTech nepeckasaTtb KpaTkoe NX coaepaHue

4. O3HaKkoMbTECH C pa306paHHbIMI/I npumepamn 3agad. Bot HeKOToprIZ MUHUMaTbHbIN Ha6op HaBbIKOB,
KOTOPbIMW Bbl AOJTKHbI obnagatb nepsoHa4asribHO:

Bbl OMKHBI YMETb cBoboaHo nepeBoanTb O4HU 3HepreTuvyeckmne eqnHuLbl B Apyrme;

Bbl JOMKHBI YMETb ONpeaensiTb, HAaNPUMep, CKOMbKO Tonnunea TpebyeTcs Ans OTOMNNeHWs Ballero
npeanpuaTus (MHCTUTYTa, AoMa, KBapTupbl) B TeveHue roga. CKkombko Tonnmea OyaeT 3aTpayeHo
Ha SmMeKTPOCTaHUMK, ecnv B Ballell KBapTMpe Ha HECKONIbKO YacOB OCTaBUTb BKITHOYEHHBLIM
3MeKTPUYECKOEe OCBELLEHUE;
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Bbl OOMKHLI HAYYMTLCS OLIEHMBATL MOTEPU SHEPreTUYECKUX PECYPCOB B PasfUYHbLIX Cryqasx:
NPV CXUraHUM TOMnMBa, NPy TPaAHCMOPTUPOBKE BOAbI M BOASHOTO rnapa rno TennoBbIM CETSAM, Npu
cHabXXeHUM 3HepProyCcTaHOBOK 3MIEKTPOIHEPrUEil;

Bbl [OOMKHBI OLEHMBATb 3KOHOMMYECKM 3deKT OoT npoBefeHus 3SHeprocoeperarLmx
MEPOMPUATUI N CPOK NX OKYNaemocCTu;

Bbl JOMKHBI YMETb MPUMEPHO paccuuTaTb KONMUYECTBO BPEeAHbIX BELLECTB BblOpacbiBaeMbix B
aTMocdepy Npu CKUraHMn pasnmnyHbIX BUOOB TOMNMMBA.

Pasbepute 3agayn, oTHOCALLMECS K 9TUM TUNam.

5. MNonpobynTe cBou cunbl B OTBETE HA BOMPOCHI AJIA CaMOMPOBEPKU M Ha KOHTPOJSbHbLIE BOMPOCHI.
Xopouwlo, Anst Hadana, 4YToObl Bbl NpaBUNbHO OoTBeYanu xoTa 6bl Ha 50% BonpocoB. C Hallel TOYKM
3pEHMUS KOHTPOIb HE ABMSieTCH XXeCcTkum. Bam, kak n Bcem gpyrum obyyaroLwmmcs, Mbl pEKOMEHOYEM [Be
BeLu:

1) N3o6pasute rpadpmueckn, xots 6ol rpybo, B camom obuiem Buge (B Buae rpada, tabnuupl,
cnucka) CTPYKTYpY Kypca, COAEpXaHWe €ero OCHOBHbIX pasferioB M npodymanTe CBSA3U 3TUX
pasgenos Mexay coboin. 3To HeobxoamMMoe yCcrnoBme 3akpenneHns 3HaHWN.

2) PasgenuTte BCHO MHGOpMaUMIO Ha Ty, KOTOPYK Bbl YETKO 3HAETE U KOTOPYK He 3HaeTe.
MocTtaparitecb nM3bexaTb NPOMEXYTOYHbLIX BapuaHTOB (KOTOpble HEeNnb3s OTHECTUM He Tyda - Hu
ctona). Ybegutech, 4TO Ta MHGOpMaLMS, KOTOPOW Bbl MOXETE OMepupoBaTh, SBMNSETCS BaXHOMN C
Bawewn Toukun 3peHus. Ecnu Bl ynycTunu BaxHbin pasgen - 3aTpatbTe elle HEMHOIo BPEMEHM,
4YTOObI U3YyUYUTb €ro.

KaTteropus nonb3osatens D.

CTyaeHT, cnywaoLwmin nekumm no gaHHoMy npegMeTy B MHCTUTyTeMbl COBETYEM MpUCAYLLATLCS K TOMY,
4YTO rOBOPUT Ball MnpenofaBaTenib, Tak Kak, uitas Bam kypc no OHeprocbepexeHuto, OH, BEPOSITHO,
MMEET Mo 3TOMY NoBOAY CBOM HapaboTkm n coeeTbl. [Momumo obLeHns ¢ npenogaBaTtenem, ctapanTech
Oonble obcyxaaTb NPOMAEHHBLIN MaTepuan cO CBOMMU Opy3bsiM, BMECTe C KOTOpbiMM Bbl cnywaete
KYPC, Tak Kak OHW MOTYT MOHSATb, TO, YTO BaM, MO pasHbIM MpuYnHaM, cnepBa MOXET NoKa3aTbCs CMLLKOM
cnoxHbeiM.Kateropus none3osartens E.

Monk3oBaTtens, 06nagatoLLmii XOPOoLMMN NO3HAHMAMM B OHeprocbepexxeHunu, XenawLimi ux oLeHnTb, a
Takke MNOBbICUTL 3pPyauUMIO B JaHHoOM obnactu. Bam Moxem nocoBeToBaThb  CriegyHoLLyto
nocrnenoBaTenbHOCTb JENCTBUN:

1. HOCMOTpI/ITe M oTMeTbTe Anga cebd Te pas3genbl Kypca, Mmatepunar KOTOpbIX Bam He3Hakowm;

2. o pasgenam, KoTopble kKaxyTca Bam 3HakoMbiMUK, NocTapanTecs:

a) gatb onpeneneHnsi OCHOBHBIX MOHATWIA WAM MPOCTO OOGBACHUTbL WX CBOMMW CrioBamu, Tak,
YyTOBbI NOHSANW Apyrve (MCNoMb3yinTe AN 3TOro onpefeneHunsi B TeKCTE M CrioBaphb);

0) OTBETUTb Ha BOMPOCHI 47151 CAMOMNPOBEPKMY;

B) MPONTW KOHTPOIb (C HaLlen TOYKN 3PEHNS - OH HE OYEHb CTPOT).

B pesynbTare, Mbl Nony4ynMm mMaTtepuarn, KOTOpbI CrneayeT U3yyYnTb AONONHUTENbHO. Ecnu ero He MHoro -
MOXHO He uMTaTb OOMOMHUTENbHYI NMTepaTypy, a UCMoNb3oBaTb MaTepuarn 3NeKTPOHHOro y4ebHuMKa.
Ecnn xe HeT - cTOUT B3ATb KHWXKY. HanomuHaem: uutaTb C 3kpaHa - He yaobHo. HaunHaem c
HeM3BEeCTHbIX pa3fenoBs, Nnocrne 3Toro nNepexoamMm K oTAenbHbIM HeU3BeCTHbIM naparpadgam U3BECTHbIX
pasgernos.

3. Te xe pekoMmeHgaunm KacarwTCcA U 3adavYHuKa. Bbl6€peM pas3nenbl, KOTOpble Bbl 3HaeTe nnoxo.
CHavana - NPOCTO MO OornaBfeHnto. 3arem - no TEKCTYy 3adau.

4. XenatenbHo nonbiTatbCs n306pasnTb CTPYKTYpYy Kypca. Tak, kak Bam ygmo6Ho. Jlyywe B Buge
nepapxu4eckon [OpeBOBUMAOHOM CTPYKTypbl (rpada), raoe OoTAenbHble  pasgensl  udobpaxatorcs
NPSIMOYTONIbHUKaMWU UMW KPYXXKamKn, a CTperkamu OTpaxaloTcs CBA3M mexgy Humu. [pu atom Bawa
CTPYKTypa BOBCe He obsf3aHa coBnagatb CO CTPYKTYPOW Hallero 3nekTpoHHOro yyebHuka. Bbl Bnpase
KOMMOHOBaTb CBOW 3HAHUA TakK, KakK CHUTaETEe HYXHbIM. BaxHo TOJ1bKO, YTOObl OHW ObINM Kak MOXHO
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fonee cTpykTypupoBaHbl. Ha aTon cxeme uszobpasute 10, 4YTO crnegyeT usyuntb. OTMeTbTE Hambonee
BaXHble MNyHKTbl. C HWX M HadHuTe, noabupas maTtepuman Wu3 SMEeKTPOHHOro y4ebHWMKa, 3agadvHuKa,
ceTeBbIX pecypcoB. NocTeneHHo cTupanTe ¢ nucTta "6enbie naTHa". OcTaHOBUTECH TOrAa, KOrga couteTe
KapTUHY 3aKOHYEHHOWN.

OBLWME PEKOMEHOALMA.

[ns Bcex nonb3oBaTenen
Ewe oanH obwinin coser.

(MaBHOE cpeAcTBO MOMyYEHUS U 3aKpenneHns 3HaHun - npakTuka. [oaTomy cTapanTech 3agymbiBaTbCA
Hap aHepreTM4ecknMm npobnemamm.

MHTepecyiTecb, CKOMbKO TOMMNMBA, Temnna, 3MeKTPUYeckol SHeprun, Bodbl (@ MOXeT ObiTb -
Xorioga, cxxaToro Bosgyxa 1 T.4.) notpebnsiet Balwa opraHusauusi, Baw BY3, Baw gom.

oe ata Heprud Bblpa6aTbIBaeTCﬂ, CKOJMIbKO BpeaHbIX BeLlecTB npu 3TOM Bbl6paCbIBaeTCﬂ,
CKOJ1bKO OHa CTOUT, Kaknm 06pa30M pocrtaBngaetcsa Bam, kak oHa n3mMmepsaeTcd, CKOJ1bKO Bbl 3a Hee
nnaTtnuTe, rae oHa TepsdaeTca U Herb3d I ee UCMNOoJ1b30BaTb bonee paLlVIOHaHbHO?

Yto GyaeT, ecnu notpebneHne sHeprumn npekpaTntca?
YUTo ByaeT, ecnu ueHbl Ha Hee BbIPacTyT B HECKOMbKO pas?

CrapanTecb crneauMtb 3a HOBOCTAMM B 06nacTy 3HeprocOepexeHus - X MOXHO MNOMy4YnTb B
XypHanax, ykasaHHbIX B HaLLEM Crucke nuTepaTyphbl, a Takke B KOMMbloTepHon CeTw.

Mbl yBepeHsbl, 4To y Bac Bce nonyuntcs !
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3NMEKTPOHHbLIV KypeC

MWHUCTEPCTBO OBPA30BAHMA POCCUNCKOW ©EQEPALIMA

MOCKOBCKWNM SHEPFVETI/IL—IECKI/II?l NMHCTUTYT
(TEXHUYECKNN YHUBEPCUTET)

Konnektus kadpeqpobl
TennomaccoobMeHHbIX MPOLECCOB N YCTAaHOBOK

nog pykosoactsom npodpeccopa O.J1. [laHunosa

JHeprocbepexeHme

B TeloaHeplrermke u' teninorexHonornsax

3anpeLueHo ncnonb3oBaHMe MaTepmanos AaHHOMO
Kypca 6e3 paspeLlueHnsi aBTOpPOB
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