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CUCTEMA LIEHTPAJIN30BAHHOI'O TEIIVIOCHABKEHUA
C IPUMEHEHWEM TEITVIOBbIX HACOCOB

DISTRICT HEATING SUPPLY SYSTEM USING HEAT PUMPS

B cmamve npedcmasneno mexnuueckoe peutenue, paspadomannoe Ha OCHOGe sHeope-
HUSL MENJIOHACOCHBIX YCMAHOBOK, HANPAGIEHHOE HA NOBbIUEHUE IKOHOMUUHOCTNU CUCTEMb]
YEHMPAaTU308aHHO20 MENIOCHAOINCEHUA YOALEHHbIX nompebumeneli meniogoil dHepeuu.
Ilpugedenvl noxazamenu menio6ou SKOHOMUUHOCU, NO3GOAAIOWUE CPAGHUNb PAZTUYHbIE
cxembl NPUMEHEHUs MEN0bIX HACOCO8 8 CUCTNEMAX MeNniloCHAONCeHUsL (8 Kauecmeae NUKOBbIX
UCMOYHUKOS, OJIsl CHUIICEHUS MEMNEPAMYPHO20 2pAGhuKa meniocemu, a makdice npumMeHeHue
MENI0BbIX HACOCOB, UCNONBIYVIOWUX OOPANHYIO Cemesylo 600y 8 Ka4ecmee UCHOUHUKA HU3-
KONOMEHYUATbHO20 MeNia).

The paper presents a technical solution aimed at improving the efficiency of the district
heating system of remote heat consumers through the introduction of heat pump systems. The
indexes of thermal efficiency that allow to compare various schemes of application of heat
pumps in heating systems(the use of heat pumps as peak sources, the use of heat pumps with
the reverse network water as a low-grade heat source, the use of heat pumps for reducing the
temperature chart of district heating) are performed.

KIIFOYEBKIE CJIOBA. Cucmema yeHmpanu3o8anHo20 meniocHabiceHus, menioou
Hacoc, meniogvie cemu, IHepeocoepedcetue.
KEY WORDS. District heating system, heat pump, heat supply networks, energy saving.

Bb100p OCHOBHBIX HCTOYHHKOB SHEPTHH MTPU MIPOSKTUPOBAHHUH U CO3JIAHUH dHEP-
r03()(PEKTUBHBIX CHCTEM TETUIOCHAOKEHUS JKUIBIX W OOIIECTBEHHBIX 3MaHUN SIBIIS-
eTCsl, 10 CyTH, HanOollee OTBETCTBEHHOW 3ajaueil, MOCKOIbKY OCHOBHOW IICNIBIO
®enepanpHoro 3akoHa ot 23.11.2009 Ne 261-D3 [10] stBisieTcst yMEHbBIIICHHE 00beMa
HCTIOJIb3YEMBIX PECYpCOB, MOTPEOSIEMbIX Ha HYXKIIbI TEIUIOCHAOKEHHUS IIPH COXPa-
HEHHUHU COOTBETCTBYIOIIETO MOJIE3HOTO dPPEKTa OT MX HCIOIb30BAHHS.

Ienpro AaHHOM CTAThU SIBJISETCS HOBOE TEXHUYECKOE PELICHUE, HAIIPABJICHHOE
Ha TOBBIIIEHHE YKOHOMHUYHOCTH CHUCTEMBI IIEHTPAIN30BAHHOTO TETIOCHAOKEHMS
yIAJIEHHBIX MTOTPEOUTENeN TEeIJIOBON SHEPTUH C MCIIOIb30BAaHUEM TETIOHACOCHBIX
YCTaHOBOK.
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N3BecTHO OOMBIIIOE YUCIIO CUCTEM TEIUIOCHA0KEHHUS C TPUMEHEHUEM TETUIOBBIX
Hacocos [7]:

— B Ka9E€CTBE ITUKOBBIX HCTOYHHUKOB [2];

— HCTIONB3YIOIINX OOPaTHYO CETEBYIO BOAY B KaueCTBE MCTOYHHIKA HU3KOTIOTEH-

nuanpHoro tera [1, 3, 4, 5];

— JUISL CHIDKCHUS TEMIIepaTypHOro rpaduka TermioceTH [6].

Bce npuBesieHHBIE CIIOCOOBI TEILIIOCHAOKEHHSI UMEIOT CBOM JJOCTOMHCTBA, HEl0-
CTaTK{ W 00JIacT! IpuMeHEeHsI. Ho 11 yaaeHHBIX TOTpeOnTENeH TEII0OBOM YHEp-
THH OHH yCTYTIAIOT CUCTEME TETI0CHA0KEH S, B KOTOPOI BTOPHYHBIE SHEPTETUIECKIE
pecypebl TOI ucnonp3yroTess B KaueCTBE UCTOYHUKA HU3KOMOTEHIIMAIBHOTO TEILIa
JUUISL TETIJIOBBIX HAcocoB [8, 9].

Pa3paboTranHoe TeXHMYECKOE PelIeHrne MPUBOIUT K SIKOHOMUIHOCTH CHCTEMBI
LIEHTPATN30BAaHHOTO TETIOCHAOKEHUSI. DTO JOCTUTAETCS 3a CYET TOTO, YTO TaKas
cuctema Britouaet TOLl, coennHEeHHYI0 TPyOOIIPOBOAOM CETEBOM BOBI C yIaleH-
HBIMH TEIIJIOBBIMU ITyHKTAMH, B KaXKJIOM M3 KOTOPBIX COJIEPIKATCS TEINIOHACOCHEIE
YCTAaHOBKH JUISI CHCTEMBI OTOIUIEHUS W TOpsiaero BomocHaOkeHus. CereBas Boja
HarpeBaeTcs B TerutooOMeHHuKax TOL] 3a cuer yTunu3anuu Tersia, OTBOANMOLO OT
KOHJICHCATOpa MapoBOW TYpOUHBI, U OT OXJIAXK/IAOIIEH BOJIbI 000OPYIOBaHUS U Me-
XaHU3MOB dHeprooyoka. YacTh TEMIOHOCUTENS, OTAABIIETO CBOE TEIUIO TEIUIOHA-
COCHBIM yCTaHOBKaM TETUIOBBIX ITyHKTOB, Bo3Bpamiaetcs Ha TOLl mo oOparHOMy
TPYOOIPOBOTy CETEBOI BOJIBI, @ YACTh 3a0MPaeTCsl CUCTEMON rOpsSYero BOAOCHA0-
KeHUs nmoTpedureneii. Ha BXox ucnapuresns TEIIOBOTO HACOCA CUCTEMbI TOPSIYETO
BOJIOCHAOKEHHUS HAIpPaBisieTCsl BOja OBITOBBIX CTOKOB MOTPEOMTEIIS, a MpsMast
ceTeBas BOJa — B HCIIAPUTENH TOJIHKO MPU OTCYTCTBUH WJIM HEXBAaTKe TeTuia ObI-
TOBBIX CTOKOB.

TerioHacOCHAst yCTAHOBKA CHCTEMbI OTOILICHHSI BKITFOUACT B CE0SI KaK TEIUIOBOM
HAcoC, C UCIIAPUTEIEM M KOHJIEHCATOPOM, TIPUIEM BXO UCTIAPUTEIIS MTOAKIIOUECH K
TPyOOTIPOBOY MPSMOMN CETEBOM BOJBI, BBIXOJ MCHIAPHUTENS MOIKIIOYEH K TPyOO-
IIPOBOAY OOpaTHBIN CETEeBOI BOJBI, & KOHJESHCATOP MOAKIIOYEH K TEIUIOBOMY TI0-
TpeOuTeNo.

TerioHacocHasi yCTaHOBKA CHCTEMbI FOPSYEro BOJAOCHAOKECHMS BKIIFOUACT B
ce0s TEeTIoBOM HACOC C MCIAapUTEeIeM W KOHAEHCATOPOM: BXOJ UCTIAPHUTENS TOJ-
KJIFOUCH K TPYyOONIpPOBOAY MPsIMOI CeTeBOil BOABI M K TPYyOOIPOBOIY OBITOBBIX
CTOYHBIX BOJI, OTBOJIMMBIX OT ITOTPEOUTEIIS; BBIXO HCIIAPUTENSI — K TPyOOIpOBO-
Jly OOpaTHBIM CETEBOM BOJbI; BXOJ] KOHJIEHCATOpa — K TPYOOIPOBOY HPSIMOU ce-
TEBOH BOJIBI; BBIXOJ KOHACHCATOPa — K 0aKy-aKKyMYJSTOPY TOpsSdeil BOIBI.

[lommuTouHast Boja il BOCIIOIHEHUsS OTOOPAHHOTO TETUIOHOCHUTENS U yTeYeK
Iepe]l XMMBOJIOOYHCTKOW MOCTYIAET B TEIUNIOOOMEHHUK, IJIe HArpeBaeTCs 3a CUeT
YTHIM3AIUHU TEIUTA CUCTEMBl OXJIKICHUS Y3JI0B U MEXaHU3MOB JJICKTPOCTAHIIUU U
TeIuTa, OTBOJMMOTO OT KOH/IEHCATOpa MapOBOW TypOWHBL.

Cucrema BriIo9aeT B ce0si 0aKH-aKKyMYIISITOPBI: TOPSYEH BOIIBI CUCTEMBI OTO-
mwieHust, Boasl cucteMbl XBC u ropsiueit Bogst cuctemsl I'BC.
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Ha pucynke 1 n300paxeHa oHa U3 BO3MOXKHBIX CHUCTEM IIEHTPAIU30BAHHOTO
TEIUIOCHAOKEHUS, PeaT3yoMIas Mpe/iaraeMblii Croco0.

Hcxonnas Bona mogaercs mo TpyOOIpoBoAy yepes TeIo0OMeHHUK (2) Ha ycTa-
HOBKY JUIsl OYUCTKU BOJbI (3) M jmo0OaBisieTcs B O0ak 3amaca Boubl (4), Kylda Takxke
MOCTYIaeT Bojia U3 o0parHoro Tpydonpooza (6). CereBast Boga u3 Oaka 3amaca BOJbI
(4) narpeBaeTcs B KOHJAEHCATOpe MapoBOi TypOuHBI (1) W TpaHCHOPTUpPYETCS MO
ceTeBoMy TpyOornpoBoay (3) 70 ymalieHHBIX TEIJIOBBIX IMyHKTOB, 000pPYIOBaHHBIX
KOMITPECCHOHHBIMU TEIUIOBBIMU HACOCAMHU, @ HEBOCTPEOOBaHHAS BOJIA OXJIAXKIAETCS
B rpanupHe (5).

B TennoBoM Hacoce cUCTEMBI OTOIUICHHS] HU3KOIOTEHIINATBHYIO TEIUIOTY BOJABI
TpyOONpoBoOa MPSAMOIA CETEBOM BOIBI IIEPEJAIOT padoueMy Tely TEeIJI0BOro Hacoca
B HCIIAPHUTEIIC; OXJIK/CHHAS B PE3ybTaTe 3TOTO BOJIA TIOCTYIAET B OOPATHBIN TPY-
6onposon. KonzpeHcanuio pabodero Teia TEIIOBOIO HACOCA CHCTEMbI OTOILICHHS
IIPOU3BOAAT 00PATHOW BOJOM OT TEIIoBOro motpedurens (11).

B TemnoBoM Hacoce cUCTEMBI TOPSYEro BOAOCHAOKEHUS pabodyeMy Tery Terio-
BOT'0 HACOCA B HCIIAPUTEIE MIEPEIAI0T TEIIOTY OBITOBBIX CTOUHBIX BOJ U/HIIK TPYOO-

Ha IBC

BodoombBedeHue

Puc. 1. Cucrema TeruiocHa0XKeHHsI C UCI0JIb30BaHHEM TEINIOBBIX HACOCOB!
KOHJIeHCcaTopa napoBoii Typounsl TOL] (1), Term1000MEHHUKA CHCTEMBI
OXJIQXKICHUS Y3JI0B M MEXaHU3MOB (2), yCTAaHOBKH U1 OYUCTKHU BOABI (3),
Oaka 3araca Boapbl (4), rpagupsu (5), npsimoro (6) u odparHoro (7)
TpyOOITPOBOIOB CETEBOM BOJIBI, YAAJICHHBIX TEIUIOBBIX ITYHKTOB
u temoBbIx norpedureneit (11). Kaxplii Takoi MyHKT COAEPIKUT
TEIMJIOHACOCHBIE YCTAHOBKH CUCTEMBI OTOIUIeHUs U cuctembl [ BC,
Oak-akkymyJssitop ropsiaeit (12) u xonmogHo# Bozsl (13),
0ak-aKKyMYJISITOp Topsided BoJibl cucTeMbl oToruieHus (10)
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MPpOBOJA NPSIMOK CETEBOM BOJIbI; OXJIAKICHHYIO B PE3yIbTaTe ATOr0 BOAY MOJAIOT B
TpyOONpPOBOJ 0OpaTHON CETEBOW BOJBI, @ CTOYHBIC BOJBI YXOJSIT B KaHAIH3AIUIO.
Konnencanuto pabodero Teia TeIIoBOTO HACOCA CHCTEMBI TOPSYETO BOIOCHAOKEHHS
OCYIIECTBISIIOT BOJOHM, TIOIaBaeMOi M3 TPyOOIpoBo/ia IPSIMOI ceTeBoil Bofbl (3).
CeTeBy10 BOLLy, HATPETYIO B KOHAEHCATOPE [0 TEMIIEPATyphbl FOPsUero BOIOCHAOKEHUS,
HAIMpaBIISIOT B 0aK-aKKyMyJsTop ropstueit Boas! (12).

N3 tpybompoBomga oOpaTHOM CeTEeBOH BOABI MPU HEOOXOTUMOCTH 3a0MpacTCs
XOJIOJTHAS BOJIa, KOTOPAst 3aroTHsAET OaK-akKyMyssTop (13) 1 HacocoM HarmpaBIsieTcst
MOTPEOHUTEIIO.

OneHka MpeIoKeHHBIX CXeMHbIX pemeHuil npumenenus TII npenmaraercs
OCYIIECTBIIATH 10 TTOKA3aTEISIM TEIUIOBOHM SKOHOMUYHOCTH cucTteMbl [II'Y-TOIl —
terorpacca — L[TIT — morpeburens:

— M3MEHEHHE KO PUIIMEHTa UCTIONB30BaHus TeIuToThI TorumBa (KUTT) — mons
TEIUIOTHI, COZIEpIKaIllelics B TOIIIMBE, MTOJIE3HO MCIIONB3yEeMOi Ha BEIPAOOTKY
AIIEKTPOIHEPTUH U TETIA;

— W3MEHEHHE Y/IENbHON BBIPAOOTKH 3JIEKTPOIHEPTHUU HaA TEIJIOBOM TMOTpediie-
vuu D [MBt1/T'kan]| [MBTD3/MBTT3].

PaccMoTpuM J1aHHBIC TIOKa3aTeld MPU U3BECTHOM TEIUIOBOM TOTPEOJICHUH U

MOJIEPHU3HPOBAHHOU CXEME.

1a) Ucmonp3oBarre THY, B KOTOPOH HCTOYHUKOM HHU3KOIIOTCHIIHATEHOTO TeIla
SIBIISIETCSl 0OpaTHas ceTeBas Boja, win npuMmenenue THY s momorpesa TerioHo-
cutens, npumieniiero ot TOLI.

Heob6xonnmas moTpeOuTesiM Harpy3Ka BbIpadaThIBaeTCs ¢ UCIoib3oBanneM TH,
TP ATOM CHIKAIOTCS TIOTEPH T10 TPpacce, a TAKKE pacXoi Napa, BISKYITHi yBeTnde-
HUE BBIPA0OTKHU AJIEKTPOIHEPTUH, HO YacTh €€ 3aTpayuBacTCs Ha MPUBOJ KOMIIpec-
copos THYV.

DJeKTpudecKasi MOITHOCTh, JOTIOJHUTENFHO 3aTpayuBaeMas B CBSA3U C UCIIOIb-
3oBanueM THY B IITII Ha npuBoj KOMIpeccopa, paBHIETCA:

N, = ) anyL[TH.

q)mny HTI1

Cymmapnas TeroBasi MOITHOCTh THY ckimanbpiBaeTCst M3 KOJIUYECTBA TEIIOBOM
SHEPTUH, IPUXOASIIEH U3 HCTOUHUKA HU3KOTIOTEHITUATBHOTO TETUIA U DIEKTPUIECKOU
MOIIIHOCTH Komrpeccopa. T. K. TEeTIOBOH HAcOC UCTIONB3YeT He COPOCHOE TEIuio, a
teruto ot TOLI, To 5KOHOMUS €€ TETIOBOM SHEPTHH COCTABUT JIUIIB TY JIOJ0, KOTOpast
MPUIILIA OT AJIEKTPOIHEPTUU:

Qray = Qromrip + QuanT, Qxomriip = 1/¢

1

AN . THY I Pray nm . QTHy LTI
nr2 — - .
P11 O1a11 * Pray nm

THY 1T’
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Wzmenenus B BbpaboTKe 21ekTposHepruu 3a cuetr THY B LITII:

Z QTHy LTI _ 2 QTHy LTIIT

P1o11 * Pray urn @y utTn

ANTHy utn — AN]'ITZ - NKZ =

DnexTpuyueckas MOITHOCTh, BBIpadaThIBaeMasi IOTIOTHUTENFHO 33 CYET CHIDKEHHS
OTeph MPH TPAHCTIOPTE:

ANm _ Qmp - Qmp ’

Pron

rie O, — MOTepH NPH TPAHCIOPTE TEIUIOBOI SHEPIUH C HU3KOW TeMIepaTypoii
TETJIOHOCHUTEIIS.

N3menenue snexrpuueckoi Mmomuoctu ITVY:

Qmp - Qmp + Z QTHy urn Z QTHy LTIl
P Po11 * Pray um Pray LTI

_ AQmp + Z QTHy L(TTI _ Z QTHy HTII
P Prou Pray UTH Qryy T

ANmau+mHy = ANmp + ANTHy uTn

Tornma n3MeHeHHe BHIPA0OTKH 3JICKTPOIHEPTUU HA TEIUIOBOM MOTPEOICHUN IS
TOI1 ¢ TH cocraBur:

AN+ ANy AN AN + ANy = AN ANy

AD=0D0-0 = = =
chm chm chm chm
_ 1 ( AQTp + Z QTHy IOTII . Z QTHy HTH) .
chm Pt Pmyurn - P11 Py T

0) B THY B kadecTBe UCTOUHUKA HU3KOMOTEHI[MAILHOTO TEIJIA HCIIOJIb3yeTCs
copocHoe Terio TIOLI, mostomy:
Z QTH LTTI
ANHTZ = : .
P1or1

W3menenue B BeipaboTKe 3nexTporHepruu 3a caet THY B LITIL:

z %
ANTI—[y uton — AN]'[TZ — N, = QTHy UTIL QTHY LTI _

OTo11 Py 1ITI

3 ZQ < 1 1 >
oy O Prayurn .

N3menenue snexrpudeckoi mowmHoctu IITY:
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wp = Qo 1 1
ANm3u+mny = ANmp + ANTHy uTn M + Z Q’I‘Hy LITIT ( - ) =
P Pron Pray T
_AQu, + X Quyurn 3 2 Quuy 1rrm
Pron (pTHy TIT

Torna n3MeHeHHe BHIPAOOTKH 3JICKTPOIHEPTUU HA TEIIOBOM MOTPEOICHUN IS
II'Y-T3L] ¢ TH cocraBur:

AD =D, -0 = AN + AN,y s muy _ AN _ AN + AN,y muy — AN _ ANmaHmH“:

chm chm - chm chm
1 (AQmp + Z QTHy ITII _ Z QTHy IJ,TH)'

chm
2. Koappunment ncnonb3oBanus TermnoTsl Tommusa (KUTT) — nons tennoTsl,

COZIepIKalLasiCcsl B TOILIMBE, [I0JIE€3HO UCIIOIb3yeMasl Ha BBIPAOOTKY IEKTPO3HEPTUU
U Teruia. J[pyrumu cioBaMu OTHOILEHHE:

Pron Py oI

KMTT — WCzl:/ICTeMbI + Q?MCTeMbI — na + I‘]T

B.. paiioHa palioHa
paiioHa ’

rae B =B, + B> — norpebnenue Tonmsa;

paiiona
B.*— pacxos TonmBa Ha MPOU3BOJICTBO U JIOCTABKY 3JIEKTPOSHEPIUH;
B *— 70 %€ no Temuy;

W= n Q* — BIIEKTPO- U TEIIONOTpeOiIcHne paiioHa.
CUCTEMbI

CUCTEMbI

Nzmenenue koahGuIireHTa UCIob30BaHUs TEIIOThI TOIIMBA — 3TO OTHOIICHHUE
JIOTIOJTHUTENIFHO BHIPAOOTaHHOM IEKTPUIECKON IHEPTUHN K TEIIOTE TOIUINBA, CHKH-
raemMoro B Kamepax CropaHusi ra30BbIX TypOUH:

AKUTT =

TOT

a) B THY B kadecTBe MCTOYHHKA HU3KOMOTECHIIMATIBHOTO TEIIa UCTOIB3YETCs
obparHas ceTeBas BOJAA, WM OCYIIECTBISETCS TEIUIOHOCHUTENb, MPHUIIEIIINANA OT
TOLI;

AN = AQmp + Z QTHy T _ Z QTHy T ’

Py P1o11 ° Pray LTI Qruy T

1 (AQq N X Quynrn X Quayrrn

AKUTT =
Qror \ @311 @Pruy1rTn * P1o11 Qruy T

06) B THY B xauecTBe MCTOYHMKA HU3KOMIOTECHIINATHLHOTO TEIIa MCTIOIB3YETCsI
copocuoe Terro TOLI, moatomy:
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Qm - Qm ’ 1 1
ANm3u+mﬁy = ANmp + ANTl-ly urn — = + Z QTHy Jigas! ®

Pron

™  Pryurn

AKUTT = ! AQ’””+ZQ < ! ! )
Qror \ @11 oy I Py PrayuTn

BriBoabl

B nmannoii padore:

1) pa3paboTana cucTeMa TEIIOCHA0KEHUS, 3aKIIIOYAIOIIasICsl B TPAHCIIOPTE 110
CETeBOMY TPyOOIPOBOAY JI0 YIAICHHBIX TEIUIOBBIX MYHKTOB HU3KOMOTEHIIHAILHOTO
teruioHocuTenst oT TOLL (moayyeHHOro OT YTHIM3alMK TeIula, OTBOJUMOTO OT KOH-
JieHcaTopa mapoBoil TypOMHBI, M OT BOJIBI, OXJIAXKJAIOIIeH 000pyI0BaHNE U MEXaHU3-
MBI SHeprobioka). Kaskplil TErmIoBoi MyHKT 000pyIOBaH MapOKOMITPECCHOHHBIMHA
TETJIOBBIMUA HACOCAMH CHUCTEMBbI OTOIUICHUSI M TOpsYero BorocHadxeHus. Yacth Te-
IUTOHOCHUTEJISI, OTAABIIETO CBOE TEIUIO TEINIOHACOCHBIM YCTAaHOBKAM paccMarpHBac-
MBIX ITyHKTOB, Bo3Bpamaercst Ha TOL o o6parHOMY TpyOOIpOBOLY CETEBOM BOIBI,
a 4acTh 3a0UpaeTcs CUCTEMON ropsiuero BoJA0CHAOKEHHsI TOTPEOUTENCH;

2) IpeUIoKEHbI TIOKa3aTe! TEIIOBOM AKOHOMHYHOCTH cuctemsl [1I'Y-TOL] —
tertorpacca — LTI, mo3Bosstomue oneHUTs 3G PEKTUBHOCTE TPUMEHEHHS TIPEI-
JI0KEHHOW CHCTEMBbI TETNIOCHAOKEHHS: U3MEHEHNE K03 (hrLmeHTa NCI0Ib30BaHUS
TEIUIOTHI TOIIMBA U YIENbHOH BBIPaOOTKU JIEKTPOIHEPTUN HA TETJIOBOM IMOTpe-
onennu;

3) aBTOPBI MPHIIUIK K 3aKJIIOYEHHUIO, YTO HHTErPAIHsl TEXHOJIOTHH TETJIOBIX Ha-
COCOB B CHICTeMY KOMOMHHPOBAHHOM BHIPAOOTKH TETUIOBOM U DJIEKTPHUUECKON IHEPTUI
IIPUBEAET K YBEIMUEHHIO BBIPAOOTKH JIEKTPOIHEPTUH 3@ CUCT CHI)KEHUS II0TEPh B
TEMJIOTPACcCax MPH CHIPKCHUH TEMIIEpaTypbl TEIUIOHOCUTEIS B MATUCTPAISX, a TAKKE
K YBEJIMYCHUIO MMPOMYCKHOW CIIOCOOHOCTH TEIUIOBOM CETH IPH TOM ke pacxoze. I1o-
BhILICHUE (P PEKTUBHOCTH MCIIONB30BaHMS SHEPTHH TOTLTBA CIIOCOOCTBYET CHIKE-
Huto BeIOpocos CO,. Ilepexon Ha HU3KOTEMIEPATyPHBIH rPaQUK B TEMIOBBIX Maru-
CTpaJIIX MOMUMO CHMYKEHHSI TETUIOBBIX IOTEPh MPUBENET K YBEIMUCHHIO pecypca,
CHMYKCHUIO aBAPUHHOCTH TEMJIOTPACC U UX CTOMMOCTH 3a CUET UCII0Ib30BaHus Oojee
JELIEBBIX TEMJION30IUPYIOIINX MaTepPHUaIOB.
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