Jlexuus |J. Bropu4Hbie JHEPreTHYECKHE PECYPChI

B sHeprernueckux OamaHcax mpeanpusTHI 0COOCHHO HEPrOEMKHX OTpacieil 3HauYUuTeIbHOe
MECTO 3aHMMAaIOT BTOPHYHBIE SHEpreTrueckue pecypesl (BOP).

DKOHOMHS TOIUTUBHO-dHEepreTudeckux pecypcoB (TDOP) Moxker ObiTh peanu3oBaHa B JBYX
HalpaBJICHUAX. Bo-NepBbIX, 3a CUYET YCOBEPLICHCTBOBAHMSA TEXHOJOIMYECKHX IIPOLECCOB H
anmnapaToB (HOBBIX 3HEProcOEPEraroliuX TEXHOJIOTHIT), Onarojaps 4eMy JOCTUTACTCS IOBBIIICHHE
KIIZI u cHuxaercs pacxoj TOIUIMBA W JHEpPruu. Bo-BTOphIX, mocpeAcTBOM yruiuzanuu BOP,
KOTOpBIE HEM30€KHO BO3ZHHKAIOT B OOJBIINX 00beMax 0COOEHHO B SHEPrOE€MKHX NMPOU3BOJICTBAX, U
3a cYeT KOTOPBIX MOXKHO TosryduTh 30 — 35% cOepexenus TOP.

[log BTOPHMYHBIMM 3HEpPropecypcaMu IOHMUMAKOT JHEPreTHUUECKUN MOTEHLIHMAT OTXO0J0B
HOPOAYKIMH, NMOOOYHBIX U IMPOMEXKYTOUHBIX MPOAYKTOB, 0Opa3yIOLIMXCS B TEIIOTEXHOJOIMYECKUX
arperarax (yCTaHOBKax), KOTOPBIH MOXET OBbITh YacCTHYHO WJIM IOJHOCTBIO HCIOJIB30BaH JUIs
SHEpProcHadKeHUs APYrux arperaToB WM B CAaMOM aIlapare.

DHepreTudyeckue OTXO[bl, KOTOpbIE BO3BpAIAIOTCS OOpAaTHO HA BXOJ B TEXHOJIOTMYECKUI
arperar, HaspiBatoTcsi BOP BHyTpeHHero wucnosb3oBanusd, a BOP, yrunusupyemele B Ipyrux
YCTaHOBKAaX — BHEIIHEro HCHOJb30BaHusA. CaM TEXHOJOTMYECKHIl arperar, KOTOpBIA SIBISETCS
MCTOYHUKOM 3HEPreTUYECKUX OTXOAO0B, Ha3bIBAacTCAd NCTOUHUKOM BOP.

Bce BOP nonpa3zaenstor Ha Tpu OCHOBHBIE TPYIIIIBI.

Ioproune (ToniauBHble) BIP — xumuueckas BHEprus OTXOJOB OT OTHETEXHHUYECKOTO
o0opynoBaHusA. OTO Troproure Tas3bl IUIABWIBHBIX II€Yed, BarpaHoOK M T.JI., TOPIOYUE OTXOJIbI
IPOLIECCOB XUMUYECKOH M HEeYTEXUMHUECKON NPOMBIIIICHHOCTH, TOPIOYUE OTXOIbl YEpHOH U
LBETHOM METAJUIYpruH, T'a30BOM NPOMBIIUIEHHOCTH. McrouHukoMm roprounx BOP sBistorcs Taxoke
JecHas ¥ epeBooOpalaThIBaIOIIas HPOMBIIIICHHOCTb.

TennoBbie BOP — ¢dusnueckas Temiora oTXoASIIUX ABIMOBBIX a30B M TEIJIOBBIX OTXOJI0B
OT TEIUIOTEXHOJIOTMYECKUX alllapaToB B BHJE TEILIOTHl I'OPIOYEW BOABI, I1apa, MapoOBO3LYIIHOU
CMecH, TeIlla KOHJeHcaTa napa u T.J1.

BOP u30b1TOYHOTO JaBJICHHS — DHEPrUs ra3oB, JKUIAKOCTEH, Mapa, MOKUIAIOIINE arperarsl ¢
n30bITOYHBIM JaBiieHneM (P>Pam), koTopoe He0OX0aMMO CHMKATh MPHU BBIOpoce B atMochepy. Bee
BUbI BOP B 3aBUCHMOCTH OT UX CBOMCTB MOT'YT HUCIOJIb30BAaThCs MOTPEOUTENIEM KaK B BU/IE TOIUINBA
WIA U1 BBIPAOOTKHM TEIUIOTHI, XOJIOJA, IEKTPOIHEPIHH M MEXaHMYECKOW paboThl MOCPEICTBOM
CHEHMATM3UPOBAHHBIX YTUIN3aLHOHHBIX YCTAHOBOK.

Ha xaxzmom oJrane TEXHMYECKOIO PAa3BUTUSA CYLIECTBYIOT HSKOHOMHUYECKHE IPENENbI
noBeimenus: KI1J[ saeproucnonb3oBanust. Ho npaktuka rcnons3oBanus BOP B paznuyHbIx oTpacisax
IPOMBILUIEHHOCTH, OCOOCHHO B OSHEPro€MKHUX IPOM3BOJACTBAX, IMOKAa3bIBAET, 4YTO pPE3EPBHI
noBeIieHUsT Koddduiuenta mnonesnoro wucnonb3zoanus (KIIM) odens Benuku. CoBpeMEHHBIH
YPOBEHb pa3BUTHUS MPOU3BOJCTBA U TEXHUKHU IMO3BOJIET CBECTU motepu sHepruu g0 10 — 15 % ot
pacxona mepBuuHbiXx TOP. Tonbko TpUMEHEHHME HOBEWIIMX HSHEProcOEperarmmmnx TEeXHOJIOTHI
HO3BOJIMT JOMOJHUTEIBHO YMEHBUIUTh PacXo]l 3HEPropecypcos B 2 — 4 pasa.

Oco0OeHHO 3HauWTeNbHbIE DSHEPreTUYeCKHe TMOTepu B JOMEHHOM TPOM3BOJCTBE, Ha
MAIIUHOCTPOUTENbHBIX NPEANPUATHIX, HedTenepepadaThIBAONINX 3aBOJAX, B IPOU3BOJICTBE
CTPOUTENIbHBIX ~ MaTepHalioB, B XUMHUYECKOW TMPOMBIIUIEHHOCTH. B gaHHBIX  oTpacisax
npomsiieHHocTH KIIW He mpesbimaer 10 — 20 %, a moTeHuuman sHeprocOepexeHus naxe 0e3
BHEJPEHUS HOBEUIIIMX TEXHOJIOTHH, a TOJBKO 3a CYET MCIOJb30BaHUs BOP o4eHb BEIMK U MOXKET
coctaByATh 35 — 40 % ot pacxona nepBu4HbIX TOP.

[IpumenntensHo kK BOP nenons3yroTcs cienyromue NoHATHS U TEPMUHBI:

OO111e SHePreTHYeCKUe OTX0/Ibl — 3TO SHEPreTUYECKUH MOTEHIMal BCEX MaTepHaJIbHBIX
MOTOKOB Ha BBIXOJIE M3 TEIUIOTEXHOJOIMYECKOTO arperara (ammapara) U BCe MOTEPH SHEPTUU B
arperare.

OO011ue 3HepreTUYeCcKre OTXOIbI MOAPA3IEISIFOTCS Ha TPU MOTOKA!

1. Heu3OexHbIE MOTEPU SHEPTUH B TEXHOJOTUYECKOM ammapare;

2. DHEPreTHUUECKUE OTXOJbl BHYTPEHHETO HCIIOJIB30BAHUS, - KOTOpBIE BO3BpAILAIOTCA
00paTHO B arperar 3a CU4eT PereHepaluu Wi pelupKyIsLny,




3.  DHepPreTMYecKHe OTXOJbl BHEIIHEro HCIOJIb30BAHUS, - KOTOpBIE HCIIONB3YIOTCS B
JIPYrUX arperarax.

[Honneii BEIxo1 BOP — mMacca BTOPUYHBIX 3HEPrOpPECypcoB, KOTOpPbIE 00pa3yrOTCs B JaHHOM
YCTaHOBKE 3a OIPE/IEICHHBIN IEPUO BPEMEHHU.

Bo3mosknbii Beixoq BOP  — Bo3MokHOE (MakCHMalabHOE) KOJHYECTBO DSHEPTHH, KOTOPOE
SKOHOMMUECKH 1[€1€CO00Pa3HO MOKHO MCIOJIb30BaTh B YTUIM3ALMOHHBIX YCTAaHOBKAX.

Koadhdunmentucnosipzoanus (BeipadoTkH) sueprumn3acuetBOP — oTHomieHHe hakTHYeCKOro
UCTIOJIb30BAaHUS SHEPTUH, IOJTydeHHOM 3a cuer BOP, k miuanupyemoii BeipaboTKe.

PesepB yrunmzanun BOP  — koimyecTBo OHEPIruHu, KOTOPOC MOKET OBITE JOIIOJIHUTCIIBHO
BOBJICUCHO B IPOU3BOJICTBO.
Bo3MoskHas SKOHOMHS TominBa 3a cueT BOP  — konmuecTBO OHCPIrur, KOTOPOC ObUIO OBl

MOJIYY€HO TPU MOJHOM UCTIOIB30BAHUM BCETO Bbixo1a BOP.

Kosddurment yrunuzamuu BOP  — oTHomieHne ¢akTHUueckoi 3KOHOMHHM TOIUIMBA 3a CYET
BOP k Bo3MmoxHO#. Ompenensiercs Kak Jyuisl OJHOIO arperara-ucrouHuka BOP, Ttak u rpymnmbl
arperaTtos, Tak ¥ CyMMapHoO il Bcex BUuaoB BOP.

JI1st XapakTepUCTUKHU COCTOSIHUSA MCIONIb30BaHusi BOP, nmpuroaueix misi HEMoCcpeacTBEHHOTO

UCIOJIb30BaHUA 0e3  mpeoOpa3oBaHHMs  SHEPrOHOCUTENEH, MPUMEHSIOT  CIEAYIOLIUe
nokaszarenu. Bbixol BOP; daxtuueckoe wucnons3oBanue BOP; pesep yrunmzanuum BOP;
9KOHOMHUS ToIIMBa 3a cueT BOP; koagdumment yrunuzanuu BOP.

BTOpI/I‘lHI)Ie IHEPIreTUIECCKUE PECYPCHI Ha IPECANPUSATHAX TeKCTHJIbHOM NMPOMBIINUICHHOCTH

JI1sl TEeNIOMCIOB3YIOUX YCTAHOBOK TEKCTUIIBHOM MPOMBIIJIEHHOCTH TJIABHBIMU SIBIISIFOTCS
terioBele BOP. TermoBeie BOP — 3T0 TemioBble OTXO/bI, NMPEACTABISAIONIAE COOOW SHTAJIBITUIO
OCHOBHOHM, NOOOYHOH, NPOMEXKYTOYHOM MPOAYKIMH, OTXOJOB IPOMU3BOJCTBA, paboO4YMX Tel
CHUCTEM OXJIQXKJCHHs  TEXHOJIOTMYECKUX  arperaroB, TEIUIOHOCUTENEH, OTpaboTaBIIMX B
TEXHOJIOTMYECKUX YCTaHOBKAX, TEIUIA OTXOIAIIMX Ia30B OT OTHETEXHWYECKUX ammaparoB, TeIuia
ropstuedl BoJibl U BTOPUYHOIO Iapa U Jp., KOTOPble MOTYT HCIOJb30BATHCS A TEIJIOCHAOXKEHUS
JPYTUX MOTpeOUTENEH.

K ocHoBHBIM Bujam TeruloBbIX BOP TekcTHMIBHON NPOMBIIIIEHHOCTH OTHOCATCSA TEIUIOTa
COpOCHBIX PAaCTBOPOB OT KPacWJIbHBIX W NPOMBIBHBIX allapaToB, TEIJIOTA MAapOBO3AYIIHON cMecH
OT CYLIUJIBHBIX, 3allapHbBIX YCTAHOBOK, TEIUIOTA KOHJEHCATa «TJIyXOro» Iiapa OT YCTaHOBOK,
WCIIOJB3YIOIIUX BOJSHOW Map Kak TEIUIOHOCHUTENb, OTXOAIIME TOMOYHBIE Tra3bl OT KOTEIbHBIX
arperaToB M ONAJIbHBIX MallMH, (puU3MyecKas TemIoTa pa3IMYHBIX MaTepHalioB, BBIXOJAIIMX U3
TEIJIOUCIIOJB3YIOIUX MAIIVH.

OOmire sHepreTHYeckre OTXOJbl — 3TO PHEPreTHUECKU MOTEHIMall BCeX MaTepHalIbHBIX
IIOTOKOB Ha BBIXOJE M3 TEXHOJOTHYECKOIO arperara M BCE MOTEPU DHEPIMM B arperare.
KommuecTBeHHO 001IMEe SHEpreTHYeckue OTXOJbl PaBHBI PA3HOCTU MEXJy SHEprue, mocrynaromen
B TE€XHOJIOTUYECKHI anmapar, U MOJEe3HO UCIO0JIb3yeMOol sHeprueil. O0mue 3HepreTuyecKue 0TX0 Ibl
JeATCS HA TPH TOTOKA: HEW30eXKHbIC MOTEPU DHEPrHU B TEXHOJOTHYECKOM arperare (MOTepH B
OKPYXKAIOIIYIO CpEIy), SHEPreTHYeCKHe OTXOJbl BHYTPEHHEIrO HCIOJb30BaHHS, T.C. TE OTXO/IbI,
KOTOpbI€ BO3BpAIAIOTCS OOpaTHO B TEXHOJOTMYECKUH arperar 3a cyeT pereHepauud Win
PELUPKYIALNH, JHEPTETUYECKHE OTXO bl BHEIIHETO MUCIIOJIb30BAHUS.

Crenenp yrunuzanuu BOP 3aBUCHT OT BEeIMUYMHBL, CTPYKTYpPBI U PEKUMa SHEPTONOTPEOICHUS
OpeNnpusITHs, a TakkKe OT BHUJA IapaMeTpoB M KouuyecTBa oOpazyromuxcs BOP. Jlns pacuera
BbIXOJa TemuoBbix BOP HeoOXoaumo 3HATh XapakTepUCTHUKH OOOPYIOBaHUS — HMCTOYHHMKOB
TeIoBbIX BOP, K KOTOpbIM OTHOCATCA B TEKCTUIBHOW IPOMBIIIJIEHHOCTH PAa3HbIE BUAbI
TEIJIONCTIOJB3YIomero obopynosanus. [Ipu ananuze BunoB BOP, pacuere Bo3mMokHOTO BRIXO72a BOP
U IyTell mpUMEHEeHHsl uX, 0co00e BHMMaHHE clieAyeT oOpaiiarh He TOJBKO HAa MX BBIXOJA, HO U
noka3arenu kadectsa BOP. [lon nmokazarensmu kadectBa BOP moHMMarOT COBOKYMHOCTH CBOMCTB,
OTIPE/ICISIIOINX TEXHUKO-9KOHOMUYECKYIO I€JIeCO00pa3HOCTh HanboJiee MOJHOTO MCIOJIb30BaHUS
nanHoro Buja BOP. K ocHoBHBIM nokazarensim kauecTBa BOP oTHocsTCS TemnepaTypHbIN ypOBEHb
BDOP, noctwxumplii K03(QPUIHMEHT TEIIOOTAAYH, IUIOTHOCTb, BA3KOCTh, XMMHMYECKas aKTUBHOCTH,
HaJIM4yKhe MpUMeEcel, 3arpsA3HSIOMIUX MOBEPXHOCTh TEIJIOOOMEHa, pabouee AaBlieHUE U PN APYrux
nokazateneil. HeoOGxomumble naHHbIE Ui pacyeTa BbIXOJAa TeIUIOBBIX BOP B TekcTHiIbHON
IPOMBIIIJICHHOCTH MOJy4al0T HAa OCHOBE TEXHUYECKHUX IAcCIOpPTOB OOOpYHOBaHMS, a TaKXkKe IO
pe3ynbraTaM 0anaHCOBBIX W HAJIQJAOYHBIX HCIIBITAHUI YCTAHOBOK — HCTOYHHKOB BOP.



OTHOCUTENFHOE MAaKCHMAJIbHO BO3MOYKHOE KOJIMYECTBO TEILIOBOM OHEpIruu, nep€aaBacmMoc OoT
OJIHOT'O arperara K ApyromMmy, onpcCiacirsicTcsd YypaBHCHUCM

th _tBbD( (l)
tex — 1o
rae tgx, tepix — TeMmepaTtypa BOP Ha Bxone u BbIXOlE YTHIIM3allMOHHOW yctaHOBKH, °C, to
— TeMIIepaTypa OKpYKarolleu cpepl.
KoaddummenT yrunmsamnuu TerioBslx BOP npencrasisiercs BeIpakeHUEM
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Ha ocHoBanuu ¢opmynbl (1) MOXKHO 3amucaTh BBIPKCHHE IS ONPEACICHUS TEIIOTHI,
UCIIOJIb3YEMOM B YTHIM3AI[HOHHON YCTAHOBKE

Q :QBBIX 1_M 3)
tgx — 1o
rae Qgpix — KOJIMYECTBO TEIUIOTHI, KOTOPhIM oOnanaroT BOP Ha BXojae B yTHIIM3AIlMOHHBII
armapart, (k/[x/4); Q — KOJIMYECTBO TEIJIOTHI, KOTOPYIO MOXKHO YTHIIU3UPOBATh.
Bo3moxHas BbIpaboTka TemioBbiX BOP B yTHIM3aIIMOHHOI YCTaHOBKE OMPENENSETCS IO
dopmyie (1), a xko3pduUIMEHT, YIUTHIBAIOUINI HECOOTBETCTBUE PESKHMMa M YKCIa 4YacOB PabOTHI
YTUIU3aLUOHHON YCTAHOBKH M TEXHOJOTHYECKOro 000pyI0BaHUS MOKHO OINPEACTUTH 110 YPaBHEHHUIO

BOP BOP

p :TyT.yCIGHCH. / (TTex.yCIGHCH. ) 4)
rae Yym.yem., Cmex.ycm. — TPOJOIDKUTENHHOCTH PaOOTHI YTHIIM3AIUOHHOW YCTAHOBKU M

TEXHOJIOrHYeCKOro  obopynosanus, (1), GP}?C?TP - KoauuyectBo BOP, wucnoib3yeMbix B

YTHIIM3aLMOHHON yCTaHOBKeE (Kr/4).

KoaddummeHT HecoOTBETCTBUS peXuUMa pPabOThl  YTWIM3ALUOHHOTO 00OpyaoBaHus b
BBIOMPAETCS O CIPABOYHBIM JIAHHBIM B 3aBUCHUMOCTH OT THIA U TE€XHOJIOTMYECKOTO IMKJIA PabOThI
TETUIOTEXHOJIOTMYECKOTO 000PYAOBaHUSI.

[Ipy nmaHMpOBaHUHM HUCMOJIB30BaHUS TeIUIOBBIX BOP u ompezneneHHn BO3MOXKHOTO BBIXOJA
B3P "Heo6xommMmo:

U3Y4UTh M TPOAHAIM3UPOBATH TEXHOJOTMIO MPOU3BOJICTBA M paboTy 0O0OpylZOBaHUS B
TEXHOJIOTUIECKOM LIUKJIE;

BBIJIEJIUTh OCHOBHBIE TEXHOJIOTHYECKHE TIPOLIECCH, CBSI3aHHbIE C BbleneHuemM BOP;

COCTaBUTh MaTepHajbHBIC M TEIJIOBBIE OATaHCHI arperatoB - UCTOYHUKOB BDOP; ompenenuth
HarpaBJIeHus Hcnoib3oBaHust BOP 1 BbIOpaTh THIT yTHIM3AIMOHHOTO 000PYI0BaHMS;

paccuuTaTh BO3MOXHBIM BbIX0J BOP mno kaxaomy TeXHOJIOTMUECKOMY OO0OpYI0BaHUIO,
SKOHOMUYECKUH 3dekt oT yrwmszauud BOP U cpok OKymaeMOCTH KamMTaJOBIOXEHHUH OT
SHeprocOeperarIx MepOIpUITHL.

K ocHoBHBIM BHaaM TeroBbIX BOP TeKCTUIBHON NPOMBINUIEHHOCTH OTHOCATCS TEIUIOTa
KOHJICHCATa TITyX0To Mapa, TEIioTa NapoBO3IYIIHONH CMECH, TETIOTa COPOCHBIX PACTBOPOB.

1. Konzgencar rimyxoro mapa kak Bua BOP momyuaercs npu paboTe MamuH s 00paboOTKU
MaTepHuala B )KHMJIKOCTH, CYLIMJIBHBIX MAIIMH, MAIIUH JJs BIAQXXHO-TEIJIOBOM 00pabOTKH MaTepHaia.

Konzmencar riyxoro mapa, BBIXOAAUIMH W3  PEKyNEpaTHUBHBIX  TEIJIOOOMEHHHMKOB
TETUTOMCIIONB3YIOIUX YCTAHOBOK TP HOPMAIIbHON paboTe KOHAEHCATOOTBOMYHMKOB, KaK IPABHUIIO,
umeer nasienue 0,3-0,8 MIla u maccoByro pomto mposaernoro mapa 0,03-0,05, cienoBarenbHo,
SHTAIIBIINS KOHJAeHcaTa MoKeT cocTaBisiTh 600-800 xJIk/kr.

IIpu sTOoM ypoBeHBb Temreparypbl KonaeHcaTa cocrasisier 120-160 °C, a koaddwuimeHt

TEIUIO0T/Ia4YM JIOCTUTaeT 3HaueHui mopsika 5000-10000 BT/MZ'FpaJI.

Bbicokast mIIOTHOCTB, CPAaBHUTENIBHO HU3KAs BSI3KOCTh, OTCYTCTBUE 3arpsI3HAIOIINX IPUMECEH,
HE3HAUMTENIbHAS XHMHWYECKass AaKTHBHOCTh IIO3BOJISIET HCIIOJIB30BATh JUIS  YTHIIM3AlMW  TEIUIa
KOHJIEHCaTa OOBIYHBIE pPEKYIepaTUBHBIC TEIUIOOOMEHHBIC ammaparbl W TPYyOONpPOBOJBI U3
JIETIEBBIX KOHCTPYKIIMOHHBIX CTaJICH.



CoOBOKYITHOCTh BC€X OTHX I[IOKa3aTejell [aeT BO3MOXKHOCTb YTUIM3UPOBATh TEIUIOTY
KOHJICHCATa, WCIOJIb3YyS MPOCThIE TEIJIOOOMEHHHKU C HEOOJIBIIONW MOBEPXHOCTHIO TEIUIOOOMEHa, a
CJIeIOBATEeNIbHO, M MPH MUHUMAIbHBIX KAaNUTAJIbHBIX M OKCIUTyaTallMOHHBIX 3aTparax. Takoif
BBICOKMI SHEPreTUYeCKUi IMOTEHIMA KOHAEHCAaTa IMPH HUCIOJIb30BAHUM €ro B YTHIIM3ALMOHHBIX
YCTaHOBKAaX I03BOJISIET SKOHOMHTH PacXo/1 MIEPBUYHOTO Tperoriero napa Ha 10-25 %.

Ha TeKCTUIBHBIX NpEAnpUATUSAX TEIUIOTY KOHAEHCaTa Iapa MPUMEHSIOT JUIS HarpeBa
TeXHOJIOTu4Yeckoi Bonbl. [lpu 3TOM OxiaxaeHHe KOHJEHcaTa MPOU3BOJUTCS IO TEeMIEpaTypbl HE
Hmwke 70-80 °C, mocne yero koHAeHcAT Bo3BpamatoT Ha TOLl win B KOTENbHYIO JUISI UCTIOJIb30BAHHUS
€ro B KayecTBE MUTATEIbHOW BOJABI KoTyoarperaToB. Ilepeoxnaxnenune konaeHcara Huxe 70 °C He
JOMYCTUMO, TaK KaK MPUBOJHUT K TMOBBIIICHUIO PACTBOPUMOCTH B HEM PA3JIMYHBIX Ta30B M BHI3BIBACT
KOPPO3UI0 TOBEPXHOCTEH TpyOONpOBOJOB U  TEIUIOOOMEHHHKOB. Bo3Bpar KoHzaeHcaTa C
temmeparypoit 120-160 °C, a Tem Gonee ¢ HaaMUMEM MPOJETHOTO Tapa, MPUBOJUT K YBEITUYCHUIO
pacxojia Tperollero mapa Juisi TeIIOCHAOXKEHUs YCTaHOBOK, OOpaOOTKM MUTATENbHON BOJIBI IS
KOTJIOB, YBEIMYEHHUIO IMOTEph TEIja MpU TPAaHCIOPTUPOBKE KOHJEHCATa, BBI3BIBACT YXYALICHHE
TUAPABINYECKOTO peKrMMa pabOThl HACOCOB U KOHAEHCATOOTBOAYMKOB. [losTomy TOII 1 koTenbHbIE
KOHJICHCAT TIOBBIIIEHHBIX MapaMeTPOB HE MPUHUMAIOT. [IpH 3arps3HeHNH KOHACHCATa B MallMHAX C
pa3orpeBOM JKUIKOCTEH M pacTBOPOB TIUIYXMM MapoOM B KPaCHIBHBIX ammaparax OXJaKIeHHE
KOHJICHCATa MPH YTHIIM3AalUU Tpou3BoIUTCS 10 temieparypbl 3540 °C u 3atem cOpachiBaeTCs B
KaHaJIU3alHIo.

Pa3znu4aroT OTKpBHITYIO M 3aKpBITYyIO CXeMbl cOopa KouaeHcaTa. [lo OTKpbeITON cxeme
KOHJICHCAaT OT TeIUIOMCHOJB3YIOIUX YCTAaHOBOK TIOCTYMaeT B KOHAEHCATOCOOpHBIN  0ak,
coobmaromeii ¢ armochepoit. [Ipy cHMKEHWU NaBIEHUs KOHAEHcara oOpa3yercsl map BTOPHUYHOTO
BCKHIIaHMs, C KOTOPBIM Oecrojie3Ho TepsieTcst Terio B atrmocdepy. Ilpsamoil KOHTakT Bo3gyxa c
KOH/ICHCAaTOM TPU- BOJMT K Pa3BUTHIO KOPPO3UHU TEIUIOOOMEHHHUKOB U TPYOOIIPOBOJIOB.

[To 3akpeiTOoil cxeme cOopa KOHIEHcaTa KOHAEHCATOCOOpHBIN Oak He cooOmiaercs ¢
atMocdepoil.  Mcronmp3yloTcsi CXeMbl C  MPEIBAapUTENBHBIM  OXJAXKJICHHEM KOHJEHcaTa B
pEeKynepaTope-yruianu3arope U ¢ KOHJEHCATOPOM IMapa BTOPUYHOrO BekumaHus. C TOYKU 3pEHHS
IPOCTOTHI M3TOTOBIICHUS M OOCITY)KMBaHUS W 0OoJiee MOJHON YTHIIM3AIMU TEIlIa MPEANOYTUTEIbHEES
cXeMa C IpeBapUTelbHBIM OXJIaXICHUEM KOHCHCaTa.

Jnst cxeMbl C KOHJICHCATOPOM Tlapa BTOPUYHOTO BCKHUIIAHUS XapakTepHO CHIDKCHHE
MHTEHCUBHOCTH TEIIOOOMEHA.

Tennora KoHIEHCaTa Mapa, Kak MPaBUIIO, UCTIONB3YEeTCs U HarpeBa BOIbBI, UCIIOJIB3YeMOM Ha
TEXHOJIOTUYECKHUE HYXKABl WM JJIs ropsdyero BojocHaOxkeHus. IIpu 3TOM B TEIIOYTHIN3ALMOHHON
CXeMe€ MPUMEHSIOTCS CEKIMOHHBIE WM KOXKYXOTpyOuarbie TeriooOMeHHUKU. KoHaeHcar kak Oosee
YHUCTHIM TEMJIOHOCUTENb MOJAeTCs B MEXTPYOHOE MPOCTPAHCTBO, a HarpeBaemas BOJa B IOJIOCTH
TpYyO TpyOHOTO MyyKa.

2. OnHuM u3 HauOollee KPYIMHBIX MOTpeOUTENel Terna B TEKCTHIBHON MPOMBIIIIEHHOCTH
ABJISIETCS] OT/IEJIOYHOE MTPOU3BOJICTBO. ['Opsiurie cOPOCHBIE PaCTBOPHI SIBJISIFOTCS] BUZOM TEIIOBbIX BOP
OT MamuH JUisi 00paboOTKH Marepuania B KUAKOCTH. Tak, Hampumep, A MONydeHHs 1Kr TKaHH
3arpaunBaetrcs oT 5 10 10 xr mapa u ot 50 mo 200 n ropsueit Boasl. Okono 80% moaBeneHHON
TEIUIOTHI TepsieTcs ¢ oTpaboTaHHOW cOpocHO# Bojoi. Huskoremmneparyphas cOpocHass Boja c
Temnepa- Typoit nopsiika 50-90°C sBisieTcst XapaKTepHBIM ISl TEKCTHIILHBIX TPEINPUSATHH BUIOM
teryioBbIx BOP. Takast Bojia He MOXKET UCIOJIb30BATHCS B TEXHOJOTHYECKOM MPOLIeCCe U HEMPUTOTHA
10 DHEPTeTHYECKHM ITapaMeTpaM, BBICOKOW XHUMHYECKOW aKTUBHOCTBIO, M 3arpsi3HEHHOCTBIO IS
CHUCTEM OTOIUIEHHUS, TOpSYero BOJOCHAOKEHUS H BEHTWIALMU. HecMOTps Ha HEBBICOKHMH
TEMIEepaTypHBId HAmop COPOCHBIX pPAacTBOPOB KOI(PPUIMEHTHI TEIUIOOTAAYN HWMEIOT TOPSIOK

2000—4OOOBT/M2TpaI[, YTO TMO3BOJIAET MCIOIB30BATh TEIIOTY COPOCHBIX PAacTBOPOB ISl TIOJIOTPEBA
TEXHOJIOTUYECKON BOJIBI C TIOMOIIHIO0 HEOOJBIIUX MO MOBEPXHOCTH TETNIOOOMEHA TETIIO0OMEHHHUKOB
— YTHJIN3aTOPOB.

K Haumbonee cnoXxHBIM BONpOCAM HCIOJIb30BaHUS TeIuloBbIX BDOP cOpocHbIX pacTBOpOB
OTHOCHUTCS BBIOOpD KOHCTPYKIMH TEIUIOOOMEHHHMKOB, pabOTAIOUIMX B YCIOBHSIX 3HAUYUTEIBHOTO
COJIep)KaHUsl XMMHUYECKH aKTUBHBIX BemlecTB (KkparieHue, OelieHHe, MPOMBIBKA), 3HAYUTEIHHOU
3arps3HEHHOCTH OCTAaTKaMU HUTEW, BOJIOKOH, IyXa, O4ecaMu U JAp. IPUMECSIMHU, KOTOPbIE CHHXKAIOT
3¢ deKTUBHOCTH PabOTHI TEI00OMEHHUKOB. Hannune MexaHnueckux npumeceii, arpeccuBHas cpeia
U HHU3KUH TEMIIEpaTypHBIM MOTEHIHal COPOCHBIX PacTBOPOB NPEABSBISCT BBICOKHME TpeOOBaHMS K



Tem1000MeHHOH amnmnapaTrype. KOHCTpYKTHBHBIE 3J€MEHTBHI TEIUIOOOMEHHOM ammaparypbl IOJIAKHbI
BBINIOJIHATBCS. U3 KOPPO3UECTOMKMX MAaTepHalIOB, CTOMKMMH K BO3JCHCTBUIO KHUCIIOT U ILEJIOYEH, C
BBICOKUMH  KO3((UIMEHTaMH  TEIUIONPOBOAHOCTU.  TEIUIOOOMEHHUKH  JIOJDKHBI  OBITh
JEeTKOpa30OpHBIMY, YAOOHBIMH JJISi YUCTKH C HaJUYMEM CMEHHBIX (UIBTPOB JUIS OYHUCTKH
MEXaHUYECKUX IIpUMecei.

Hawnyqmumu  cBoiicTBaMu 00JIaaloT IJIacTUHYAThIE TeriooOMeHHMKH. OHM TPOCTHI B
U3TOTOBJICHUH, JIETKO U OBICTPO MOHTUPYIOTCS, KOMIAKTHBI C HEOOJIBILIMM PAaCX0JIOM MeTalla, UMEIOT
BBICOKUH K03()(DUIIMEHT TeIIonepesaud, He3HAYUTEIbHOE THAPABINIECKOE COTIPOTUBIICHUE.

B TekcTWIBHOM MNPOM3BOACTBE HauOOJIblIEe MPUMEHEHHE IMOJY4YHUIM MMEHHO TakKue
KOHCTPYKIIUU TEINIOOOMEHHUKOB, KOTOPHIC MO3BOJISIOT OBICTPO M C MHHUMAJIBHBIMH 3aTpaTaMiu
OCYILLIECTBIIATH COOPKY M pa30OpKy ammaparoB IPU OYUCTKE MOBEPXHOCTEH OT 3arps3HeHuil. U3
KOHCTPYKIMI TUTACTUHYATHIX TEMJIOOOMEHHUKOB MIMPOKOE MPHMEHEHHE MOIYYWIId CIUpajbHbIE U
[aKeTHO-pa300pHbIE, KOTOpbIE IIOYTH B JBa pa3a KOMIIAKTHEE OOBIYHBIX KOXXYXOTpyO4aThIX
TEMI000MEHHUKOB.

Bei0op Tunma TemnooOMEHHHMKA JUIsl YTWIM3AalMU Terja cOpPOCHBIX PACTBOPOB ONpeAesseTcs
TEXHOJIOTUYECKUM TMpolieccoM. Hampumep, Ui KpacWJIBHBIX II€XOB M OTAEIKE CHHTETHYECKHX
TKaHell PEeKOMEHAYETCS MCII0JIb30BaTh IJIACTUHYAThle TEIUIOOOMEHHUKHM B IPOU3BOJACTBAX, I[€
OKpalIMBaeTCs HATypaJbHOE WM MITAlleIbHOE BOJIOKHO JIyYII€ MPHUMEHATh TpyOdYaThie
TEINIO0OOMEHHUKHU. B TpyOuaThiX TemnooOMEHHMKax 3arpsi3HEHHas BOJA JBHXKETCA IO TIVIAJAKUM
TpyOaM B TOPH30HTAJIFHOM HAIPaBICHHUH, YTO 3aTPYAHACT OCaXJECHHE TBEpAbIX yacTull. OuucTka
TpyOUaThIX TEINIOOOMEHHUKOB MPOILE, YEM IIACTUHYATBHIX.

Tak xak cOpoc pacTBOPOB W3 MaIIWH s 00pabOTKH MaTepHaia B KUAKOCTH (aBTOKJIABOB)
OCYILECTBIISICTCS MEPUOJUYECKH, UMEET 3alNOBBIA XapakTep, TO B CUCTEME YTMIM3ALUM JaHHOTO
BUJa TEmyIoBbIX BOP HeoOXomumo mpenycMarpuBaTh Hauudne Oaka-aKKyMYyIsITOpa, CIIY)KaIlero
0aKOM-HaKOINUTEJIEM pacTBOpa, OOECHeYMBaIOIUM IOCTOSHCTBO pacxojia pacTBopa uepes
TETI00OMEHHUK-yTHIN3aTop. TernnooOMeHHbIe anmaparsl CMEMIMBAIOUIET0 THIIA B TaKUX CXeMax
yrwinzauun - tera  BOP  He  mpuMeHsioTCs, Tak  Kak  [OpSAMOM  KOHTAaKT HarpeBaeMoro
TETUIOHOCHUTEINSI CO COPOCHBIM PAaCTBOPOM HEJIOMYCTHM.

3. McrouHukoM OTpaboTaBIIel MapoOBO3AYIIHOM CMeCH SBISIOTCSA CYUIMJIBHBIE MAIIUHBI U
MaIllHbl U1 BJIQKHO-TEIJIOBOW 00pabOTKM MaTepuaia. YIENbHBIM BeC TEIJIOTOTPEOIeHUsT Ha
IPOLIECCHl CYIIKH B TEKCTHJIBHOM MpomblluieHHOCTH aocTturaetr 30 %, mpu 3TOM KOJIMYECTBO TEILa,
BHIOPACKIBAEMOTO W3 CYIIMJIBHOTO OOOPYIOBAHHS C MapOBO3AYIIHOW cMechio cocraBisieT 50 u —

70% or mnoaseneHHoro Temia. IlosToMy  yrmiM3anus  TEIUIOTHI  OTPabOTaHHOM
MApOBO3IYIITHONH CMECH UTpaeT BAXHYIO POJbh B SKOHOMHH TOTUIMBHO-PHEPTETHUECKUX PECYpPCOB B
TEKCTHJILHOW MpPOMBIIIIEHHOCTH. [lapoBo3ayiHas cMech, Kak BuA TeruloBelx BOP mo nokasaresnsm
Ka4yecTBa CYIIECTBEHHO YCTYIMaeT KOHjAeHcary mapa. Jlims oTpaboTaBIIero BO3/AyXa CYIIMIBHBIX
MallliH XapaKTEepHbl CpaBHUTENIbHO BbIcOKas Temmeparypa 90-150 °C, nuzkuit ko3dduiment

terootnaun 2040 BT/MZTpaI[, HU3Kasg TUIOTHOCTh, HAaJW4YUE TPUMECEH, 3arps3HSIONINX
MOBEPXHOCTH TEMJIO0OMEHa, Mallble yAeNbHbIe TUIOTHOCTH TEIUIOBBIX MOTOKOB. COBOKYITHOCTH ATHX
nokaszatesneil TpedyeT UCIMOIb30BaHUS IS YTHUIIM3AIMHM TeIUla MapoBO3AYITHON CMECH TPOMO3IKUX
TEII0O0OMEHHUKOB, MPUMEHEHHE CMEHHBIX (UIBTPOB, CO3JaHUSl CHEIHAIBLHON BEHTHIISIIMOHHON
CHUCTEMBI Ul KOHIICHTPAllUM TEIUIOBBIX TMOTOKOB. (COOCHHOCTHIO WCIIOJIb30BAHUS TEIJIOTHI
MapOBO3IYIIIHONH CMECH SIBISIETCS TO, YTO TPU €€ OXJIKICHUM HUXKE TOYKA POCHl HAYMHAETCS
KOHJIEHCAIIUsS, a 5TO TPUBOJUT K KOPPO3UH TEIJIOOOMEHHUKOB. [lepedncieHHble TPUYHHBI
3aTPYAHSIOT HCHOJB30BAHME TEIJIOTHl MapoBO3AYIMIHOM cmecu. OJHAKO B HACTOSIIEE BpeMs
YTUJIW3AIs JAHHOTO BUa TeruioBbIXx BOP HeoOxoanma, Tak kak Bbixoq BOP sroro Buaa comsmepum
C CyMMapHbIM BBIXOJIOM BC€X [JPYrUX BHUIOB BTOPHYHBIX JHEPrOPECYPCOB TEKCTUIHHOM
TIPOMBIIIJICHHOCTH.

TemnoTy otrpaboTaBiieii TapoBO3AYIIHOW CMECH MOXKHO HCIOJIb30BaTh Kak JJIs MOJOTPeBa
CBEXKETO BO3/yXa, IOCTYMAIONIEr0o Ha BXOJ B CYIIWIBHYIO MAallWHY, TakK W Ui TOJOTpeBa
TEXHOJIOTUYECKOW BOJBI, WJIM BO3AYXa JUISI HYXKJ BEHTUISANUU. C TOYKH 3pEHUS YBEIUUYCHUS
ko3 durmenta YTHJIU3aluA BOP, SKOHOMHUYECKOU s dekTUBHOCTH HUCIIOJIb30BaHUA
KalUTaJIOBIOKEHUH M KOMIAKTHOCTH TEIUIOOOMEHHOW amnmapaThl BapHaHT IMOJOTPEBa BOJIBI
MapoOBO3AYITHOM CMECBhIO TpeA- TMOYTHUTEeNbHEe, TaK Kak KOMOHWHAIMA TEIUIOHOCHUTENeH
NapoBO3AYIIHAS CMECh — BOAA MMeeT KOd((UIMEHT Tervlonepeaayd MpUuMepHO B 2—3 pasa BBILIE,



YeM IpU KOMOMHALMHU TEIUIOHOCUTEIEH IapoBO3AyIIHAs cMech — Bo3ayx. Ilpu atom, yem Oosiblie
MaccoBasi Z0JIg Tapa B CMECH, TeM BbIIIe KO3()(UIMEHT TemnooTnaud OT Hee K IMOBEPXHOCTU
TEINIOOOMEHHUKA, M TEM BbIIIE 3KOHOMHYECKas 11eJecOO0pPa3HOCTh MCIOJIB30BaTh B KauecTBE
HarpeBaeMoro TeIUIoHocuTeNss BoAy. Kpome Toro, mpu Takoii KOMOMHAIMM TETUIOHOCHTENIEH
BO3MOXKHO NPUMEHEHHE B cxemax yruiauzanuun BOP cmecuTenbHBIX TernooOMEHHHMKOB, KOTOpbIE
OTJIMYAIOTCSI TMPOCTOTOW M3rOTOBJIEHUS M KOMIAKTHOCTHIO. JlaHHOE yTBEp)KJIEHHUE SIBIISIETCA
CHpaBEJIUBBIM 11 KOMOMHAIMU TEINIOHOCUTEIIEH IbIMOBBIE I'a3bl — BOJA.

OpHako MPAaKTHYECKOE MCIOJB30BaHNE TEIJIOTHI OTPabOTaBIICH MApOBO3IAYIIIHONW CMECH IS
IIOIOTPEBa BOJBI HE BCErZa OKa3bIBAa€TCsl BO3MOXKHBIM. ['opsdas BoJa B TakOM KOJIMYECTBE, B
KOTOPOM OHa MOJKET OBITh MOJy4eHa, OKa3bIBaeTCsl He HyKHa. [103TOMy BapuaHTHI MCHOJIb30BAHUS
TEIUla NapOBO3AYLIHOW CMECH PELIaloT HE TOJIBKO Ha OCHOBE SKOHOMHUYECKOH 11€71ec000pa3HOCTH, HO
Y UCXOJS U3 MPAKTUUYECKUX HYKJ KOHKPETHOTO Npeanpuatus. Ilpu npumeHeHnn pekynepaTopos uis
yruwmzanun  BOP  mapoBo3aymiHOM cMecHM MOBEpPXHOCTb TEINIOOOMEHAa €O  CTOPOHBI  CMECH
00s3aTeNIbHO  OpeOpsieTcst I yBEIMYCHHUs  IOBEPXHOCTH  TerooOMeHa. B kadectBe
TEIJIO0OMEHHHUKOB TTapOBO3AYIIHAS CMECh — BOJIa MIUPOKO HcIojb3yeTcs kanopudepsr KOC, KOB,
CTHA u np. Ilpu stom OGosiee TpeANOYTHTENbHEE MPUMEHEHHE KaJOpH(EpOB C IUIACTHHYATHIMU
peOpaMu, KOTOpble JIeTKO moajaroTcs ouuctke. lllupokoe mnpumeHeHue A MOAOTPEBA BOJIBI
NapOBO3YIIHOW CMEChIO MOJY4Yuaud OapOOTaKHbIE CMECHUTENbHBIE alIapaTbl, B KOTOPBIX CMEChH
O6apOoTHpyeTcsl CKBO3b CIOW HarpeBaeMoil BoJbl. B HarpeBaemyro BOAy IONAafa0T MPUMECH,
coJepKalMecss B MapOBO3AYIIHOW cMecH. [l moJiydeHus ropsdedl BOJBI, YIOBJIETBOPSIOLIEH
CaHUTApHBIM HOpMaM, IPUMEHSIOT CXEMbl YTHIIN3ALMK C IPOMEXYTOUHBIM TEIUIOHOCUTENEM. B aTOM
cllydae cxema yTWJIM3alUU BBIIIAIUT Tak: O0apOoTupyemas cMech — IPOMEXYTOUHasi ropsyas BOJa;
OpOMEXyTOuHasi ropsyas Boja — ropsyas Boaa. Cxema yrwmmszauuu BOP Oymer wumers
JIOTIOJIHUTEIbHBIM CMECUTEIIBHBIN aIlapar.

B cnyyae ucnonp3oBaHMsI TEIUIOTHI OTpabOTaBIIEH MAapOBO3AYLIHOW CMecH MJIsi HarpeBa
BO3[lyXa ULIMPOKO HCIIOJIb3YIOTCS pEreHepaTUBHbIE TEIIOOOMEHHBIE —ammapaTrbl, a TaKxKe
IUTACTUHYAThIE TEIUIOOOMEHHUKH, KOTOPhIE UMEIOT MO CPAaBHEHHIO C PEKyIepaTopaMu JPYrUX TUIIOB
HauOO0JIbIIYIO B €IMHUIIE 00bEMa IOBEPXHOCTh TEMIO0OMEHA.

JUist M3roTOBJIEHUS OBEPXHOCTU TEIUIOOOMEHA IUIACTMHYATOTO PEKyIepaTopa MCIOJIb3YIOTCs
JUCTBHl U3 KOHCTPYKIIMOHHOM CTalld C KOPPO3UECTOMKUM IMOKPBITHEM, HCHOJIb3YIOTCS aTOMUHUH,
CTEKJIa, IOJIMMEpHbIE IUIEHKM M Jp. MaTepuanbl. [IOBEpXHOCTH TEMIO00OMEHa BBINOIHIIOTCS
IUIOCKUMHM WU TOGPUPOBAHHBIMHU.

HauOounbmieit TenoBoil 3¢ ¢GekTUBHOCTRIO NMpH yTuiau3anuu BOP TemnoTsl mapoBo3aymiHoM
cMecH 00J1a1al0T BpallalolIie PereHepaTuBHbIE TEMIOOOMEHHUKN U TIPOCTHIE, JEIIEeBble KOHTAKTHBIE
TEIIOOOMEHHUKH, B KOTOPBIX MPOILECCHl TEIIOMAaccoOOOMEHa IMPOTEKAIOT MPU COMPUKOCHOBEHHUH
JIBYX TEMJIOHOCUTEIEH.

OnHako HEOOXOJMMO OTMETHUTh, YTO TEPCIEKTUBHBIM HANpPaBICHHEM B OSKOHOMUU
TOTUIMBHORHEPI€TUUECKUX PECYPCOB B CYIIWIbHBIX YCTAHOBKaxX sIBisieTcs He yrwiuzanus BOP
NIapOBO3IYIIHOW CMECH B PA3IMUHBIX YCTAHOBKAX, @ COKPALIEHUE MOTEPH TEIIA, 3@ CUET IPUMEHEHHUS
PELUPKYISAIIMM WJIM MHOTOKPAaTHOTO MCHOJIb30BaHUS CYIIMJIBHOTO areHTa ¢ OCYIIKOW €ero B
CIEIMAJIBHBIX almaparax.

Onpenesnenue Bbixoga BOP u 3xoHOMMS TOIJIMBA 32 CYET UX MCIOJIb30BAHUS

I[Ton BbIXOAOM BOP nNOHMMAKOT KOJMYECTBO BTOPUYHBIX SHEPrOPECYpPCOB, KOTOpHIE
00pa3yroTcs B arperate — uctounuke BOP.

VYnenvHbIN BeIX0a BOP paccunThIiBacTCsS MM B €AMHUILY BpeMeHH (4) paOOThl arperara i
Ha eIMHUILY IPOIYKIIMH. Y IeNbHBIN BbIX0 Juid roprounx BOP onpenensiercs popmynoit

Q§H =Gppix Q. (lw/a) (5)
s TermoBerx BOP

q§T/;1 =Gpx C(t1 o), (x[x/4) (6)

st BOP n30bITOYHOTO JaBIICHUS



q}BJI =Gppix |, (kIx/4) (7

3,I[CCB - nglx YaCoOBO€ KOJIHMYCCTBO OHCPIrOHOCUTCIA B BHUAC TBCPABIX, XHIAKHUX WX

ra3000pa3HbIX IPOAYKTOB (Kr/4) win (M3/q); C — TermnoeMKoCTh 3HeproHocurens (kJK/Kr rpai. wiu

KI{)K/MS rp); | — pabGora wuzosHTponmHOoro pacmmpenus (x/Dx/kr); t1, m t0 — Ttemmeparypa

SHEPrOHOCHUTEIIS HA BXOJIE B TEIUIOOOMEHHHK — YTHIM3aTOP M TEMIIEPATypa OKPYXKAIOIIEH CPe/Ibl.
O61umii 00beM Boixo1a BOP

Qpex = 0r™M, (I'Ix) (8)
rie M — BBIXOJ SHEPrOHOCHTENS 3a paccMmarpuBaeMblii mepuoj (Mecsn, ron), (I'JIx); T —
YHCIIO0 YacOB PabOTHI YCTAaHOBKHU — ncToyHnKa BOP; 0 — ynenbuslii Beixox BOP, (kx/kr).

OOBIYHO oOmpeAeNAoT Toa0BoM BbhiIxoa BOP. OmHako TOABKO 4YacTh DHEPTUU M3 OOIIETO
BBIXO0/1a MOXKET OBITh TIOJIE3HO HCIIOJIb30BaHA.

Jlns onieHKH peanbHOrO noreHuuana BOP, BO3MOXXHOro K MCHOJIB30BaHUIO, PACCUUTHIBAECTCS
BO3MOJKHasi BbIpaboTka »dHepruu 3a cueT BOP. Paznuuaror BO3MOXHYIO, IUTAHUPYEMYIO
SKOHOMHYECKH 11eTIECO00pa3HyI0 U (paKkTUUYecKyro BeipaboTKy BOP.

Bo3moxnas BbipaboTka BOP — 3T0 MakcuManbHOE KOJIMYECTBO TEIJIOTHI, 3JEKTPOIHEPTUU
WIM MEXaHUYECKON paboThl, KOTOPOE MOXKHO MOJTYYUTh MPAKTUYECKHU 3a CUeT JaHHOTo Buaa BOP, c
Y4E€TOM PEXXUMOB palbOThI arperara — ucrounrka BOP u yrunuzannonHoi ycraHoBku. daktuueckas
BBIpa0OTKAa — JICHCTBUTENIHO TMOJyY€HHAsh DSHeprus 3a oT4deTHbll nepuod. KoadduiumeHt
BBIPAOOTKM WJIM HCIOJIb30BaHus 3a cder BOP orHomenue ¢akrtuyeckoidr BOP k Bo3MOXXHOU
BBIPa0OTKe

o= ©)
Qo3
Wcnonb3oBanne BOP cTaBUT KOHEUHOW 3ajgadyeldl JOCTHKEHHE SKOHOMHH TEPBUYHOTO

TOIJIMBA U COKPAIEHUE 3aTpaT Ha NpUOOpeTeHHe TOIUMBA. [Ipu MCMOJIB30BaHUH TEIJIOBBIX BOP
SKOHOMUS TOTUTMBA OTIPEICIISIETCSI

0,0342 0,0342
AB=———Qpp36 =——— Qg (Ty.1) (10)

N3zam Nszam

rae 0,0342 — koadpuumnent skeuBanentHoro nepepoga 1 I'Jlk B T.y.T.; Qg — dakruueckoe
ucrnosp3oBanue TemioBsix BOP (I'/Ix/ron); nzam — KIIJI 3ameriaemMoii SHEpreTHIeCKOi yCTaHOBKH,
C TMOKa3aTelsiMU KOTOpOW cpaBHUBAaeTCsl A(P(EKTUBHOCTh YTHIM3ALMOHHON YCTaHOBKH pabOTHhI
TEIUIOPHEPreTUYECKOro arperara — ucrouHnka BOP. Kak mpaBmio, B KadecTBe 3aMelaeMoil
YCTaHOBKH pacCMaTpUBAaETCs MpoMblIlIeHHas koTenbHast uiu TOLI.

Koapduuuenm ucnonviosanus 6pipadonmku G 3aBUCUT OT HECOBIAAECHUS PEXXKUMOB PabOTHI
YTUJIN3aLMOHHOW YCTAaHOBKM M TEIUIODHEPreTUYECKOTO0 arperara — HMCTOYHMKOB BOP, kortopsie
OTIpe/IEISIIOTCS MOTPEOUTENIEM TETLIOTHI.

[Ipn wucnonb3oBanuu TemoBbIX BOP mpenmpustusiMmu, KoTopble CcHaOXalTCid TEIIoOM
neHTpanu3oBaHo oT TOILl sxoHoMus TorumBa 3a cuer BOP ompenensercs ¢ yd4eTOM yBEIUYEHHUS
pacxoja TorumBa Ha TOL]

0,0342 .
AB=Qp| ———% o, (656, 107° (11)
oI

rae  Mpoy — KIL korensroit  TOLL, 9y0— ynenbHas BbIpaboTKa 31eKkTposHeprun Ha TOL[
(xkBr-u/T'/Ix); 6 — VyOCHAbHBIA pacxol TOIUIMBA Ha BBIPA0OTKY OJIEKTPOIHEPTHH  TIO
TETUIO(UKAIIMOHHOMY IUKJIYy, TpaMM YCJIOBHOTO TorumBa Ha 1 kBt1/u4; 6ér — ymenpHBIA pacxon

TOIJIMBA Ha BBIPAOOTKY JJIEKTpOIHEpPTrHH Ha 3amemaemor TOLI, rpamMm ycioBHOTO TorimBa Ha 1
kBT1/u4.



[Ipu ncnonwszoBanuu roprounx BOP skoHoMuUs ToruiBa omnpeaensercs mo Gopmysie

B=0,0342Qp" L (ry.r) (12)
n2

r
rjae Q(b ¢aktuueckue roproune BOP(I'x/rox); m,/m,- KIIJI TommmBoucnonp3yromero arperara
npu padote Ha roprounx BOP u KIIJI Toro *e arperarta npu padote Ha IEPBUYHOM TOILJIUBE.
OrHomenne m;/M, — 3aBHCHT OT (U3WYECKUX CBOWCTB roptounx BOP. [lns
BBICOKOKAJIOPUIMHBIX roprounx BOP 310 oTHONIEHNE paBHO eUHULE.

JxoHomuuyeckasi 3QPPeKTUBHOCTh HCNOJAb30BAHUS BTOPHUYHBIX JHEPreTUYECKUX PeCypcoB

HamnpaBnenne wucnonb3zoBanuss BOP  3aBUCUT OT BEJIHWYMHBI, CTPYKTYphl U pPeXHMa
DHEPromoTPEeOICHHUST MPEANPUATHS, a TaK)Ke OT BHJA, MAPAMETPOB M KOJIUYECTBA OOPa3yIOLIUXCS
BOP. B kaxJ1oM KOHKpPETHOM Cllydae HampaBj€HUE UCIOJb30BaHus BOP npousBoauTcs Ha OCHOBE
pa3pabOTKM  ONTUMAJIBHOTO  TOIUIMBHO-PHEPTreTUYECKOro OamaHca MNPEanpusTUsS C  y4EeTOM
JOCTIKEHUS! MAaKCUMaJIbHON 3KOHOMUYECKOW A(PGEKTUBHOCTU MPU MUHUMAIBHBIX KalUTaIbHBIX
3aTparax Ha yruiuzaiuio BOP.

Heobxonumble manHble i pacdyera Beixoga BOP, o0Opasyembix mnpu  pabote
TEIIOAPHEPTEeTUUECKUX arperaToB, MOJIY4Yal0T Ha OCHOBE TEXHUYECKUX MACIIOPTOB 00OPYIOBAHUS UITU
1o pe3yinbTaraM OajlaHCOBBIX M HAIAJOYHBIX HCIBITAHWNA YCTAHOBOK — MCTOYHHKOB BOP. Bbixon
BOP oT ycTaHOBOK 3aBHCHUT TakXke OT psana (PaKTOpOB TEXHOJIOTHYECKOrO XapakTepa, MOITOMY
rpaduk Boixona BOP oueHb 4acTo MOXKET UMETh 3HAYUTEIHHYIO HEPABHOMEPHOCTb.

B pacuerax O0OBIYHO HCIOJIB3YIOT BO3MOXHYIO BbIpab0oTKy BDOP B yrmnmsanuonHoit
YCTaHOBKE ISl YCTAHOBUBIIIETOCS TEXHOJIOTHUECKOTO PEKUMA.

Bosmoxnas BeipaboTka BOP B yrunnzanuonHoil yctaHOBKe onpezaenseTcs no Gopmyne

BOoP
QBBP:GBLD(.C(tl_tZ)BTIyTTIp (xlx) (13)
rie Qgop — KOJNHMYECTBO TEIUIOTHI, MOJIyYCHHON B yTHINM3AIMOHHOW YycraHOBKe (k/XK);

G]?L%f -Bbix01 BOP (kr/4); ¢ — TEII0€MKOCTh TEIUIOHOCHTEISI Ha BBIXO/IE U3 TEIUIOTEXHOJIOTHYECKOTO

arperatra — wucroununka BOP (x/x/kr-rpanm); t; — Temmeparypa Ha BXoxe W BhIXOonme t, W3
YTHJIU3AIMOHHONW YCTaHOBKH; D — K03(p(HUIIMEHT, YUYUTHIBAIOUIMI HECOOTBETCTBUE PEKUMA M YHUCIIA
9acoB PabOTHl YTHJIM3AIMOHHOW YCTAaHOBKM M TEXHOJIOTHYECKOTO OOOPYIOBaHHS - HWCTOYHHKA
BOP (b = 0,8-0,95); Nyr - KILJ. yraimsanuoHHOH ycTaHOBKH (nYT: 0,75-0,96); t; —

JIEUCTBUTEIbHOE BpeMs HCmoib30Banus BOP (u).

[Ipu paspaboTke MEpPONPUITHIA MO MOBBIMIEHUIO 3()(HEKTUBHOCTH HUCIIOJIB30BAHUS TOILIMBHO-
sHepretrueckux pecypcoB (TOP) wmnm BbiOOpe BapuaHTOB ucmoib3oBanusi BOP HeoOxoammo
OTIPENENATh NPUBEACHHbIE 3aTpaThl. [IpuBeieHHbIE TO10BbIE 3aTPaThl OMPECIIAIOTCS 110 YPABHEHUIO

3=KEy + Cyxe (14)

rie 3 — TOJIOBble mpuBeAeHHbIe 3arpathl (y.e.); Ey — HOPMATUBHBIH KO3(DdHUIHEHT

CpaBHUTENLHOU dPPeKTHBHOCTH KanurtanoBioxkenuit (Ex= 0,15); K — xanutanosnoxenus (y.e.);
Csxc — TOJIOBBIE KCILTyaTallMOHHBIE pacxopl (y.e.).

OxoHomuueckast 3(h(EeKTUBHOCTh HUCHONAb30BaHus BOP umm meponpusTHil CBSI3aHHBIX C
MoJiepHU3anueil 000pyI0BaHMs OIpeNeNsIeTcsi MUHUMYMOM IIPUBEICHHBIX TOJOBBIX 3aTpar Hpu
BBIOOPE TOTO WJIM MHOTO BapUaHTa MPHU YCIOBUH UX COMOCTaBUMOCTH.

3a HanboJiee SKOHOMHYECKHU BBITOJHBIA MPUHUMAIOT BAPHAHT, COOTBETCTBYIOIIUN MUHUMYMY
NPUBEACHHBIX TOJIOBBIX 3aTpaT. B COOTBETCTBMM C OSTUM TpU pacyeTe HSKOHOMUYECKOU
3¢ PEeKTUBHOCTH UCHOJIb30BaHUs BOP yunThIBaeTcs 3KOHOMMS TEKYIIUX U3/epKeK Ha TomuBo. [Ipu
9TOM CPaBHUBAIOT [[Ba BapHaHTa dHEProcHatKkeHus (TerocHa0XKeHus):

1. Ob6ecneuenue noTpedUTENs IHEPTUEH C yUETOM UCIIOJIB30BaHus BOP;

2. OoOecniedyeHne MOTPEOUTENS YHEPTHEH B TEX ke 00beMax 0e3 ucnoiib3zoBanus BOP.



BapuaHTbl HOKHBI CPaBHUBATHCS B OJIMHAKOBBIX YCIOBUAX IO 00BEMY M PEXHUMY MOJA4U
SHEPTUU TOTPEOUTENIO, MPH OAWHAKOBBIX MO TEXHUYECKOMY COBEPIICHCTBY TEIUIOBBIX CXEM U
000pyI0BaHHUs, IO HAJIEXKHOCTH SIHEPIOCHAOKEHUS.

Eciu Bbixon BOP mno3Bonsier oOecneduTbh IPOU3BOJACTBO DSHEPTMM B KOJIMYECTBE,
IPEBBIIIAIOIIEM TOTPEOHOCTH JAAHHOTO MPEANPUATHS, TO B pacyeTe SKOHOMUYECKOH 3P PEeKTUBHOCTH
CllelyeT HUCXOAUTb U3 HEOOXOIUMOCTH HucHoib3oBaHus BOP B mosHoM o0beMe 3a cuer
SHEpProcHaOXKeHUs JpYyroro OJIM3JIEKAIIEr0 IPOMBIIUIEHHOIO Mpeanpustus. B npuBeneHHbIX
3aTpaTax II0 BapuaHTy C MCHOJb30BaHHeM BOP yuuThiBaroTCsi 3aTpaThl Ha COOpPYKEHUE U
JKCILTyaTallMI0 yTUIN3AUOHHON YCTAHOBKHU.

OxoHomuueckuid 3ddexkt ot wucnoip3zoBaHus BOP  paccunmThiBaeTcs Kak — pa3HOCTh
IPUBEACHHBIX I'OJIOBBIX 3aTPAT 110 CPABHUBAEMBIM BapUAHTaM:

5.
A9 =S Y, + By (Ko.yr— Kyr), (v-c/ron) (15)

Hcnonp3oBanue BOP 3xoHOMUYECKH OIpaBIaHO B TOM Ciydae, €CJIM BeJMYMHA SKOHOMUHU O
UMeeT MOJIOXKUTENbHBIN 3HaK. MHaekcs “0.yT.” U ”yT.” 0003Ha4al0T BapuUaHThl YHEPrOCHAOKEHUS
0e3 yrunusainuu u ¢ yrunusanueit BOP.

@®opMyny MOXKHO 3alucaTh B CIEIYIOIIEM BUJE:

b

AD = By Cron + AC+ Ey(Kg yr— Kyz), (y.e./rom) (16)
rae Box — SKOHOMHS YCIIOBHOTO TOIUIMBA MpH ucnojib3oBanuu BOP (1.y.1./ron); Crom —
3aMBIKAIOIIME 3aTpaThl Ha EAWHHUILY COKOHOMJIEHHOro torumBa (y.e./ T.y.T1.); C — pa3HOCTb

JKCIUTyaTal[MOHHBIX 3aTpaT B CPAaBHHUBAEMbIX BapHaHTax 0e3 yuera 3aTpar Ha TomiuBo. Benuunna C
YYUTBIBAET U3MEHEHUE 3aTpaT Ha BOAY, SIEKTPOIHEPIUI0, TEKYLIUI PEMOHT U T.II.

3aMbIKalOIIKe 3aTpaThl Ha TOMJIMBO (IPUPOIHBIA ra3, Ma3yr) MokHO mpuHuMaTh 10 100 y.e.
Pacuer 3xoHOMMUeCcKON 3(PPEKTUBHOCTH KAIUTATOBIOKEHUN B 3HEProcOEeperaronie MeponpusTHs
OILICHUBAIOTCS] CPOKOM OKYITAa€MOCTH KalMTAIbHBIX 3aTPaT 10 3aBUCUMOCTH

K
AD — Cyxe
rae K — tpeOyeMblii 00beM KanmUTaAJOBIOKEHUH B MEPONpPHUATHS MO HCMoib3oBaHuio BOP
(v.e.); AD— rogoBasi 5KOHOMHSI, IOCTUTAaeMasi B pe3yJbTaTe MEPOIPHUSITHII 10 UCmoIb30BaHui0 BOP

WM MOJIEpHU3AIMU 000PYI0BaAHUS.
Bo3MoskHas 3KOHOMMS YCIOBHOTO TOIUIMBA OT yruinzanuu BOP onpenensercs

, (et) a7

B}];D’C?IP = m (xr/ron) (18)

H.yCJ
rae QH_chl = 29300 (x/[x/xr) - TerutoTa cropaHust YCIIOBHOTO TOTLIHBA.

OxoHOMUYecKUi 3PdeKT 3a cueT sHeprocOeperarux MEpONpUsATUi pu yrunuzauuu BOP
OTIpeNeTsIeTCs

BOP
AD= Bycn Uycnr (v.e) (19)
rae l[ycﬂ_ m. — 1IeHa 1 TOHHBI YCJIOBHOTO TOTUTHBA.

IIpu pacuere pacxoaa yCIOBHOIO TOIUIMBA Ha BBIPAOOTKY Telja B 3aMENIAEMOI YCTaHOBKE
(mpompInuieHHas kKoTenbHas, TOLL), pacxoa yCIOBHOTO TOILIMBA ONPEACIISIETCS

B}],B(%P = & , (kr/Tom) (20)
29300m Nk

rae 1. — KILJM. remossix cereit (he =0,8-0,96); n, — K.IL.A. xorensroi (1, = 0,75-0,9).

Bo3moxHas BbIpaOOTKa JIEKTPOIHEPTHU B YTHIM3AIMHOHHOM TypOOTeHepaTope 3a cueT
ucnoiyib3oBanus BOP B Buie M30BITOYHOTO JaBJICHUS Mapa onpeaensercs Gopmynoit



BOP
W =Dy 9 |a;[TJ:moinMnr (xkBt-4/roxm) (21)

rie Dr][gap- CeKyHIHBIH pacxox mapa Ha TypOuny (kr/c); lag. — pabora ammabGatHOTO
pacumpenus napa B Typoune (k/DK/Kr); t;— neHcTBUTENbHBIA (POHI BpeMeHH pabOThHI arperara-

ucrounnka BOP, (4); n,j — BHyrpenuuii orHocutensuelii K.ILJ[. TypOuHBI, M, — MeXaHWYCCKHUiH

K.ILA. typ6unsl; n.— K.IL/. anekrporeneparopa. Ilpu BeipaboTke snexTposnepruun Ha KOC nnm
TOIl ynmenpHBIH pacxoa YCIOBHOTO TOILJIMBA 6yCH_:O,36—O,38 Kr/kBT-u. OmHOW M3 BaXXHEUIIUX
3a/1a4 COBEPILICHCTBOBAHUS TEIUIOTEXHUYECKUX IPOIIECCOB SIBIISCTCS, BO3MOXKHO, 0o0Jjiee MOJIHOE
BbIsIBJICHHE pe3epBoB BOP, um skoHOMHYECKH, a Takke SKOJOTHYeCKH O0OOCHOBAaHHOE HMX IOJHOE
UCIIOJIb30BAaHUE JIs 1eleil mpou3BoAcTBa. JkoHoMus TOP mpu ucnonb3oBanuu pesepsoB BOP
MOXeT cocTaBATh 25-30% OT mEepPBUYHBIX SHEPTOPECYPCOB.

B cnydae wucmonp3oBaHUsS BOJSHOTO TMMapa OT YTUJIM3AIMOHHOW YCTAHOBKH BBIPAOOTKA
JIIEKTPOIHEPTUU

BOP,. -
_Dn (;160:)2)11Mn3 , (kBT-4/rom) (22)

W

rie Dr]? op pacxol mapa Ha BBIPAOOTKY 3JI€KTPOSHEPTHH. THIC.T. B TOJX;, i Mio SHTAIBIHA
napa Ha BXOJI€ U BBIXOJIe M3 MapoBoil TypOuHbl (k/[k/kr), onpenensercs no i-{ quarpaMmme BOJSIHOTO
napa.

[Ipu cunoBom HampaBlieHUH UCTIONB30BaHMs BOP skoHOMUS TOIUIHMBA OTIpeaensieTcs

Box = 631'W, (1.y.1./rO 1), (23)

I7I€ 637 — YIEIbHBIM pacxXo] TOIUIMBAa Ha BbIPAOOTKY 3JIEKTPOIHEPTUU B IHEPreTUUYECKOUN
CHCTEME WJIM Ha 3aMellaeMOl YCTaHOBKE, C MOKa3aTeIsIMH KOTOPOH cpaBHUBaeTCA 3()(HEeKTUBHOCTD
ucnolsis3oBanus BOP, rpamm ycnoBHoro TorumBa Ha 1 kBT-u.

OxoHOMUYeCKU 3¢ peKT oT ucnonb3oBaHus BOP MoxeT onpenensTecs pasHULIEH B TOJ0BBIX
IPUBEACHHBIX 3aTpaTax 3a CUeT COKOHOMJICHHON NPU YTUIIM3AIL[UU SHEPTUU

Oyr=A2-KEy, (v, (24)

rae AD — cTOMMOCTb PHEPTHH, COKOHOMJIEHHOM B Iiponiecce yruauszauuu BOP;
CTouMOCTh COKOHOMJIEHHOW SHEPTUN HAXOJIUTCS U3 BBIPAKEHUS

A3 =3600AQp3p T2y, (v-¢.), (25)

3nech. AQppp — dHeprus, IojydeHHas 3a cdeT yruinusauuu BOP (xBrt); ayn — ynenbHas

CTOUMOCTb PHEPTUH, MOJYYEHHON B yTUIM3ALMOHHOM ammapaTte. CTOMMOCTh €IWHHUIIBI YHEPTUU 3a
cuet yrwinzauuu BOP onpenensercs mo CTOMMOCTH COKOHOMIJIEHHOTO YCIIOBHOTO TOIJIMBA

A
ABycy = Q11)39P_ , (k1/¢) (26)
QH.yCJI * lgri6

rie Igpi0. — DHTAIBIHS BHIOPACHIBAEMOTO B arMocdepy TEIUIOHOCHTENS 3a YTUIM3aTOPOM
BOP, (xIx/xr).
['omoBast CTOMMOCTh COKOHOMJICHHOTO YCIIOBHOTO TOTLIMBA

Hon =3600ABy ;L (y.e.) (27)

rjae [/ —ueHa 1 TOHHBI YCIIOBHOTO TOTLJIUBA.
VY aenpHas CTOMMOCTb 3HEPTHH, IIOJYYEHHOH 3a cueT yrunuzauuu BOP



dyp = L&? (y.e/xJx) (28)
AQpop" "

31ech: AQngroﬂonpez[eﬂaeTca B (x/lx) 3a pacyeTHBI mMepuoj padOThl YTHIM3AMHOHHOTO
000pyI0BaHUs

AQprp' = 3600AQ1; , (x/Ixk/romx) (29)

Hcnonp3oBanne BOP  sBiasieTcsi SKOHOMHYECKH IEJECOO0OpPA3HBIM TIPH  MOJOKHUTEILHOM
sHaueHuu pasHoctu (Jyr.> 0) B dpopmyne (24) u cpoke OKymaeMOCTH KanuTajlopioxeHud T 3-4

roja.
IIpumep pacuera IKOHOMUYECKOI dPPeKTUBHOCTH OT McOab30BaHus BOP.

Hcxoanbie TaHHbBIE TJIsI JKOHOMUYECKOT0 pacyera:

1. TEIUIOTA, OJTYYeHHAs B YTHJIM3AIIMOHHON YCTaHOBKE

AQpnrp =500 xBT;

2. JEHCTBUTENBHBIH (OHA BpeMeHH padOThl YTHIIM3AIMOHHOTO OOOpYHOBaHUS Tj -
6000y;

3. 1eHa 1 ToHHbI yenoBHOTO ToruiuBa [ = 95 y.e.,

4, KaIUTAJIOBJIOKCHUS B YTHIIH3AIMOHHOE 000pyI0BaHUE

K =40000y.e.;

5. SKCIUTyaTanoHHbIe pacxoapl Crkxe= 5000 y.e.

Pemenmue:

DKOHOMHUS YCIIOBHOTO TOIIJIMBA 32 cUeT yrunuzanuu BOP

A 500
ABycy = QBop _ 0,017 ,(kr/c)

P -
Quyer 29300

I'omoBast CTOMMOCTB COKOHOMJIEHHOTO TOTIIIMBA
2sn =3600ABy ;] =3600-0,017 6000 11073 =34884 (y.c.)
VY aenpHas CTOMMOCTb SHEPTUH, BEIPa0OTaHHON B YTUIIN3ALMOHHON YCTaHOBKE
o)t 34880
dyn= ron 8
AQprp'°" 108-10
CrouMoCTh COKOHOMJIEHHOW SHEPTUU

9=3600 AQgyp T, 9y, =36OO~6OOO~O,3238~10_5=34884, (v.e.)
DOxoHomuueckuit 3pdext ot ucnoapzoBanuss BOP

=0,323-107°, (y.e./kIK)

Oyt = AD - EgK = 34884-0,15-40000 = 28884, (y.e.).
CpOK OKyImaeMOCTH KalUTaJIOBJIOKEHHI B yTrin3amuo BOP

,__ K 40000
AD—C, 34884-5000

=1,34(rona)

Hcnonb3osanne BOP siByisiercs nenecooOpasHbIM Tak Kak BeinuduHa (Dyr>0) mosoxurenbHa
U KalKTaJI0BJIOKEHHUS OKYAIOTCs 33 JOCTaTOUYHO KOPOTKHUI MEPUO/I.



Yruanzanusa BOP

Tenja000MeHHbIE almnapaTsl IJid YTUWIN3AIlUU BTOPUYHBIX JHEPTOPECYPCOB

HaubGonpimee pacrnpocTtpanenne mnpu yrunuszauuu BOP  momydwnm — pekymepaTuBHBIE
TEIUIOOOMEHHUKH C TIOBEPXHOCTBIO  TEIIOOOMEHa, BBIMOJIHEHHOM u3 Tpyd. B Takux
TEII0O0OMEHHUKAX BO3MOXKHBI 3HAYHMTEIbHBIC TMEPerajbl NABICHUS MEXKIY TEIUIOHOCHTEISIMU 0e3
nepopManuii M paspylleHUN TOBEpXHOCTeH TermooOMeHa. PekynepaTuBHBIE KOXYXOTpYOHbIE
TEII0O0OMEHHBIE allapaThl MOTYT padoTaTh C 000 KOMOMHAIMEW TEIIOHOCUTENICH: KHJIKOCTh —
KUAKOCTb, Ta3 — JKUIKOCTb, raz — ra3. OOmUM Al BCeX KOXYXOTPYOHBIX TEIJI00OMEHHUKOB
SBJISICTCS HaJU4ue OOJIbIIOTO 4Yuciaa Tpyod (TpyOHOro mydka), KOHIBI KOTOPBIX TI'E€PMETHYHO
YKPEIJICHbI B OTBEPCTHSIX JOCOK, M HAJTMUYUE OOIIEro kokyxa (Kopryca), 0XBaThIBAIOIIETO TPYOHbIH
My9OK.

B npoMBIIIIEHHBIX KOKYXOTPYOHBIX TEIUIOOOMEHHUKAX HUCIIONb3YIOTCA TPYObI ¢ BHYTPEHHUM
He meHee 12 u He Gonee 38 mm. OrpaHuveHuUs: CBA3aHBI C BO3MOXXHOCTHIO OYMCTKH BHYTPEHHEU
MOBEPXHOCTH TPYO, U CHUIKEHHUEM YIEIbHON MOBEPXHOCTH TEIIOOOMEHaA.

BosmoxHas mHa TpyOHOTO ITydka MoxkeT coctaBisath 0,9 6 M, Toymauaa cTeHOK Tpyo 0,5—
2,5 MM,

B cBsi3u ¢ TeM, 4TO Temmeparyphl TPEIOMIEr0 W HArPEBaeMOTO TEIUIOHOCUTEIICH pPas3JIMyHBbl,
Pa3IMYHBIMU SIBIIIOTCS TeMIlepaTypa Kopiyca M TpyOOK B TPYOHOM IydyKe U MO 3TOH MpUYUHE
BO3HHUKAIOT pa3jUYHBIC TEMIIEPATypHBIC YIIUHEHUS. J[7s CHIDKEHUS BO3HHUKAIOIIUX B TPYOHBIX
JOCKaxX HaNpsKeHUH B TEIUIOOOMEHHHKAX MPUMEHSIOT pa3ldyHble METOJbI  KOMIIGHCAIUU
TEMIIEPATYPHBIX Je(opMaIuii: TUH30BbIE KOMIICHCATOPHI, CAIbBHUKOBBIC YILIOTHUTEIH, IJIaBAIONINE
kamepsl, U-oOpasubie TpyObl u ap. [lo TexHONmOrmyeckum mMpHUMHAM TPYObl B TPYOHOM ITydKe
KOKYXOTPYOHOTO TEIUIOOOMEHHHMKA HE MOTYT OBITh PACIIONIOKEHBI OJIM3KO OJJHA OT JIPYroi, MO3TOMY
IUIOLIAb MPOXOJHOTO CEYEHUS MEKTPYOHOTO MpOCTpaHCTBa B 2,5-3 pasza Ooblie, 4eM TPyOHOTO.
COOTBETCTBEHHO B MEKTPYOHOM MPOCTPAHCTBE 00JIce HU3KUE CKOPOCTH JIBUIKCHHS TCTUIOHOCUTEIIS U
WHTEHCUBHOCTh TeruiooOMeHa. C 1enbpl0 MOBBIIIECHHS HHTEHCHMBHOCTH TEINIOOOMEHA CKOPOCTH
TEIUIOHOCHUTENICH YBEIMYMBAIOT IyTEM YCTAHOBKH TMOTIEPEUHBIX TEPErOpoJIOK B MEKTPYOHOM
MPOCTPAHCTBE U OpraHH3aIlel MHOTOX0IOBOTO JBUKEHUS TETIJIOHOCUTENS B TIOJOCTH TPYO.

TerutoHOCHTENH, CIIOCOOHBIC 3arpsI3HATH MOBEPXHOCTH TETUIOOOMEHA, HAPABIISIOT B IMOJIOCTH
TpyO TPYOHOTO My4YKa, TaK KaKk B MEKTPYOHOM IPOCTPAHCTBE MEXAaHUUYECKAsi OUMCTKA HEBO3MOKHA.

CeKIMOHHBIE TEIJIOOOMEHHUKH COCTOSIT M3 TIOCIIE0BATEIHLHO COSTUHEHHBIX CEKITUH, KaXK1as
U3 KOTOPBIX SIBISIETCS KOKYXOTPYOHBIM TEIIIOOOMEHHMKOM C HEOOJBIIUM KOJIHYECTBOM TpyO B
My4Ke W TIPEACTABISIOT OO0 MHOTOXOJIOBOM ammapar ¢ HamOoJiee BBITOJHON CXEMOU IBMKEHUS
TEIUIOHOCUTENEH — TPOTUBOTOYHOU. CEKIMOHHbIE TeI00OMEeHHUKH dJ(PPEeKTUBHBI, KOTIa
TETJIOHOCHUTEIU JIBFKYTCS C COM3MEPHMBIMU CKOPOCTSIMHU H 0€3 U3MEHEHUS arperaTHOTO COCTOSIHUS
TETMJIOHOCUTEIIS.

B cBsI3U ¢ OTCYTCTBHEM TEPErOPOJIOK XapaKTepHO HU3KOE THPABINIECKOE COMPOTUBIICHUE U
MEHBIIIasi CTENEHb 3arpsi3HEHUS MEXTPYOHOTO mpocTpaHcTBa. [loBepxHOCTH TeriooOMeHa OJHOM

cexru cocrasiser 0,75-30 M2, a gucio Tpyod ot 4 o 140.

OCHOBO# TEIJIOOOMEHHUKOB THIA Tpyda B TpyOe SBJISIOTCS JBE COOCHOPACIIOJIOKCHHBIE
TPYOBI, B KOJBIIEBOM 3a30P€ KOTOPBIX JBHXKYTCS TeIIOHOCcHTENU. Kak mpaBuio, TEmiooOMEeHHUKH
9TOrO THUMA COCTOST M3 psla IMOCIEI0BATEIBHO COCJAMHEHHBIX KOJCHaMHU («KajladyaMuy) CEKIUH.
Heob6xonnMbie ckopocTy ABMXKEHHUS TEIIOHOCUTENIEH 00ecreunBatoOTCsl BBIOOPOM COOTBETCTBYIOLIUX
JMaMETPOB BHYTPEHHEW M HapyxkHOU TpyO. [IperMyiecTBOM TaKHX TEIIOOOMEHHUKOB SIBIISCTCSI
HpOCTOTa N3IrOTOBJICHUA, BO3MOXHOCTH pa6OTI)I HpI/I BBICOKHUX Hepenanax HaBJ’IeHI/Iﬁ
TETUIOHOCHUTEJICH, BHICOKHE KOI(D(MUIIMEHTHI TEIUI00TAa4Yr. HerocTaTku — BhICOKAsk METAJUIOEMKOCTb,
HU3Kasi KOMITAKTHOCTD, CJIOKHOCTh MEXaHMYECKON OUMCTKU KOJIBIIEBOTO 3a30pa MEXKLy TPYOaMHU.

[TorpyxHble 3MEEBUKOBBIC TEIUIOOOMEHHUKH COCTOST M3 IUIOCKUX WU BHTBIX 3MECBHKOB,
NOTPY)KEHHBIX B €MKOCTb C HarpeBaeMoW JKHAKOCTbIO. Takue TermI00OMEHHHUKH HIUPOKO
NPUMEHSIOTCS B Pa3JIMYHBIX OTPACISIX MPOMBIIIJICHHOCTH, B TOM YHCJIe B cXeMax yruimzanuu BOP.
HarpeB MOXeT OCyIIECTBISATBCS 3a CUET KOHJCHCAIIMM Mapa B TpydaX, WIM TOpPSYCH BOJOH.
OCHOBHoe HpeI/IMyHIeCTBO TaKUX TGHHOO6MGHHI/IKOB HpOCTOTa KOHCTPYKHI/II/I, HEOAOCTATKU — HU3Kaid



MHTEHCUBHOCTb TEIUIOOOMEHA, ISl MOBBIIIEHUS KOTOPOM MpHOEraroT K YCTAaHOBKE pa3IUYHBIX
MEMIAIOK B @MKOCTH C HArpeBaeMOM )KHUIKOCTHIO.

lupokoe npuMeHEeHHe MOTYYUIIU TEIIOOOMEHHUKH U3 OpEOpPEHHBIX TPYO ISl yBEIUYCHHS

MOBEPXHOCTH TEMJI00OMEHa CO CTOPOHBI MAJIbIX 3HAUCHHH KOA(PQHIMEHTa TEIIO0TAAYH.
Takue TermooOMeHHUKH (Kamopudepbl) UCHONB3YIOTCS B CYIIMJIBHBIX YCTAHOBKAX JUIS HAarpeBaHUs
BO3[yXa W mpu yrunusanuu BOP ot mapoBo3mymHON cmecu. BakHBIM ycroBHEM pabOTHI TaKUX
TEIIO0OMEHHHUKOM SBIISIETCS PAllMOHAIBHOE PACIONIOKEeHHE pedep, a TakKe MX IJIOTHBIM KOHTAKT C
TpyOoii. Koncrpykumu pebGep TpyO pa3HOOOpa3sHBI M CBS3aHBI C TEXHOJIOTHEH HMX HM3TOTOBJICHUS.
Kosddunuentst opedpenns (F2/F1)= UIsT KajmopudepoB, MPUMEHSEMBIX B CHCTEMax HarpeBa
BO3/ayxa 3—4, a sl TEIUI0OOOMEHHBIX aIllapaToB XOJOAWIbHON TexHuKu 8—12. Pebpa, kak mpaBuio,
BBITIOJIHSFOTCS] M3 MaTE€PHUAJIOB C OOJIbINEH TEIJIONPOBOTHOCTHIO, YeM MaTeprall OCHOBHOM TPYOBI.

Jpyro#i  pa3HOBUAHOCTHIO PEKYIEPATUBHBIX amllapaToB SBIAIOTCA  TEMIOOOMEHHHUKHU
pyOaleyHoro THIA, CHOUpAlbHBIE W IIacTHHYaThie. PyOarieudbie TEmIOOOMEHHUKHA OOBIYHO
UCIOJIB3YIOT Ul HarpeBaHUs WIH OXJIKICHUS KUIAKOCTH B €MKOCTH. TeIJIOHOCUTENb MOJAeTCs B
3a30p, 0Opa30BaHHBIA JBYMS JIMCTAMHU, OJHUH W3 KOTOPBIX OMBIBAETCS HArpeBacMOW WITU
OXJIAXKJIaeMO# KUIKOCThIO. [IpenmyriecTBo: He 3arpoMoskaaercss oObeMm Oaka, oOleruyeHa O4HCTKa
MOBEPXHOCTH TEIUIOOOMEHA, MPOCTOTa KOHCTPYKIMHM ammapara. HemocraTok: wmamas Iuiomaab
MOBEPXHOCTHU TEIIOOOMEHA, HU3KKE 3Ha4eHHsI Kod(h(hUIlMeHTa TerooOMeHa.

B mnacTMHYATBIX TEMIOOOMEHHHKAX IMOBEPXHOCTh TEIUIOOOMEHa o0pa3yeTcss MaKeToM
IUTACTHH, KaX/Jas UX KOTOPBIX MO MEPUMETPY CHA0XKEeHA YIUIOTHUTEISIMU. TEeIrIOHOCUTENN ABHKYTCS
B 3a30pax, oOpa30BaHHBIX COCETHMMH IuUTacTHHaMHU. C Lenbl0 WHTeHCH(UKAIuU TeruiooOMeHa u
YBENIUYEHUS TUIOLIAJAM TOBEPXHOCTU IUIACTUHBI BBIMOJHSIOTCS rodpupoBaHHbIMU. KoMOuHarms
TEIJIOHOCUTENIEH MOXET OBITh Pa3HOOOPA3HOM: JKHAKOCTh-KUIKOCTh, Ta3-)KUIAKOCTh, Ta3-ras.
HenocratkoMm siBisieTcst HeoCcTaTOUHAs TEPMETUYHOCTh U OTPAaHUYEHHBIN Tepenaj] JaBIeHUH MexIy
TEIIOHOCUTEIISIMHU.

HaubGonee »¢d(deKTHBHBIMH YTUIM3AIMOHHBIMU YCTAaHOBKAaMH JUIsl HCIHoOJb3oBaHus BOP
BBICOKOTEMIIEPATYPHBIX ABIMOBBIX Ta30B ¢ t > 600 °C sBASAIOTCA KOTIBI-YTHIIM3AaTOPHI, a TaKKe
BOJSIHbIE DKOHOMaW3ephl Uil HarpeBa MUTATENbHOM BOJbl KOTJIOB M BO3AYXOIMOJOTPEBATENH IS
HarpeBa JYThEBOTO BO3JyXa, MCIIOJIBb3YIOIINE TBIMOBBIE Ta3bl CPEHETO MOTEHIMAIA C TEMIIEPATypOn
500— 600°C. Kotnbl-yruiau3atopbl 00ecreuuBaoT OOJNbIIYI0 HSKOHOMHIO TOIJIMBA 3a CYET
TeHEPUPOBAHUSI DHEPTreTHUECKOTO WJIM TEXHOJOTHYECKOTO Iapa, a TaKXKe HarpeBa CETEBOW BOJBI
JUIS TETIOCHA0XKEHUS ¥ TOPSIYETO BOIOCHAOKEHHUSI.

B Tex cmywasx, Korza JOIMyCTUMO CMEIIEHHE HAarpeBaeMoOW Cpejbl ¢ MapOBBIM KOHJECHCATOM,
HIMPOKO HCIIONB3YeTCs] HarpeBaHUE OCTPHIM MapoM, KOTOPBIA BBOAMUTCA B HArpeBaeMyO KUAKOCTb
yepe3 meppOpHpOBaHHYIO TpyOy WM COIMJIOBOM cMmemmBaronwmii  auddysop (6apboTax).
[IpenmyIecTBOM TaKWX CMECHTEIBHBIX amlapaToB SBISETCS MPOCTOTAa KOHCTPYKIIMM W BBICOKAs
WHTEHCUBHOCTh TeruiooOMeHa. [J1aBHBIM HEIOCTaTKOM CMECHTEIBHBIX TETNIOOOMEHHHKOB SIBISETCS
KOHTAKT TEIUIOHOCHUTENICeH. MOXKET TPUMEHAThCS KOMOHWHAIMS Ta3-KUAKOCTh, KOTJa ra3
OapOoTupyeTcs yepes KUAKOCTh. Takas KOMOMHALMS MMO3BOJIsSIET Oosee AP(HEeKTUBHO YTUIM3UPOBATH
TeruioBbie BOP, mpuMeHsIsl CXeMBI ¢ IPOMEKYTOYHBIM TETUIOHOCUTENIeM. [Ipu yITUIu3ainy TeTioBBIX
BOP ¢ Toukum 3peHus yBenauueHus kodpdummenta yrunuzanmu BOP M koMmmakTHOCTH
TEMI000MEHHUKOB U UX CTOMMOCTH BapUaHT HarpeBa BOJIbI MPEANOYTUTEILHEH, YeM HarpeB BO3IyXa.
[Ipu paBHBIX YCTOBHUSAX MPU HATPEBE BOJBI TEIIOOOMEHHHMK OYyAeT MPUMEPHO B 2—2,5 paza MEHbIIe
10 TIOBEPXHOCTH TeIuiooOMeHa. HekoTophle THIBI KOXYXOTPYOHBIX PEKYNEPATHBHBIX aIllapaToB
n300paxeHsl Ha puc. 1 u 2. Jlnst mpoBeieHNsT TEXHOJIOTHYECKUX MPOIIECCOB, CBSI3aHHBIX C ITOIBOIOM
TEIIa, HCIOJB3YIOTCI  Pa3HOOOpa3HBIE  TEIUIOTEXHOJOTMYECKHE  YCTAaHOBKH, B  KOTOPBIX
MPUMEHSIFOTCS OJTUH HJIM HECKOJIBKO TETUIOHOCHUTEIICH.

Tensi000MeHHbIe annapaThl JIs1 YTHIN3AaLUM BbICOKOTeMIIepaTypHbix BOP
K BbeicOkoTeMneparypHpiM BOP B IPOMBIIIJIEHHOCTH OTHOCAT JBIMOBBIE Ta3bl C
temneparypoil Bbime 600 C, koTOpble MOKHAAOT pabouee MNPOCTPAHCTBO OrHETEXHUYECKUX
arperaToB M I10- ’TOMY YHOCST C cO001 3HAUNTENbHOE KOINYEeCTBO Teria. OCHOBHBIMHM HCTOYHUKAMU
naHHbelx BOP sBnsiorcs yepHas M IIBETHash METATyprusi, XUMHUYecKas M HePTeXUMUYECKas
IIPOMBIIIEHHOCTD, IIPOMBIIIJIEHHOCTh CTPOUTENIBHBIX MaTepuasos, CTEKJIOBApEHHAsI
IIPOMBIIIJICHHOCTD U T.[I.



[Torepu Temna ¢ yxomsSIIMMHU Ta3aMH TakKuxX arperatoB Moryt cocrtaBisith 20 — 80%.
YTunuzanus TemIoThl YXOIAIIUX Ta30B MPUHIUIHAAIBHO MOXET BBIOJIHATHCS ABYMsSI CIIOCOOaMHM: C
BO3BpAaTOM OTOOpPAHHOIO Telja y Tra30B Ha BXoa B jaHHblid arperar (BDP BHyrpeHHero
UCToNIb30BaHus) U 0e3 Bo3Bpata (BOP BHemnero ucnosb3oBanus). ius yruinusanuu 3tux BOP
IIMPOKO HCIOJIB3YIOTCS Pa3HOOOpa3HbIe TEIUIOOOMEHHUKH PEKYIEPAaTUBHOTO M PEreHEepPaTUBHOTO
THUIIA, MCIOJIb30BaHUE KOTOPHIX Mo3Bojsier moBbicuth KIIJ[ arperaroB ma 15 — 20%, yBenuuuthb
TEMIIepaTypy TOPEHHS U COKOHOMHUTH TOTUIHBO.

Teruiota BOP  npIMOBBIX Ta3oB ¢ BO3BpaTOM Ha BXOJ B arperaT OKa3bIBAaeTCs
3HAYHUTEIBHOIICEHHEE TeIlIa, MOJIYdeHHOTO B Pe3yJIbTaTe CrOpaHMs TOIUIMBA, TaK KaK BHOCHMMOE TEILIO
HE BJICYET MOTEPH TeIia C ABIMOBBIMU T'a3aMHU U MOBBIIIAET TEMIIEPATYPY CTOPAaHUS TOIUIMBA.

[lpakTHyeckn yTWIM3HPOBATH BCE TEIUIO OTXOMAIIMX Ta30B HEBO3MOXHO, H3-32
3HAYUTEIBHOTO HELEeIecCOOOpa3HOTr0  YBEIMUYEHHS IOBEPXHOCTH HAarpeBa TEIIOOOMEHHUKOB.
Vrunuzamnus Tersia OTXOMSIIMX Ta30B OCYIIECTBISIETCS B TEIJIOOOMEHHHKAX PEreHEepPaTUBHOTO U
pEeKyIepaTUBHOTO THIIOB. PereneparuBHbie pabOTAlOT NpPU HECTAIMOHAPDHOM TEIUIOBOM DPEXHME,
pEeKyIepaTHBHbBIC TIPU CTAIIMOHAPHOM.

TennooOMEHHUKM  pereHepaTHMBHOTO  THNAa HWMEIOT  CJIEAyIOUIMEe  HEJAOCTaTKH.:  He
00eCIeYnBaAIOT MOCTOSHHYIO TEMITEpaTypy IMOJOTPEBAEMOr0 TEIJIOHOCUTENs (BO31yXa); Ha BpeMs
NEPEKITIOUYEHUS KIIalaHOB MPEKPAIIaeTcsl MUTaHUE arperara TeIIoM, NOTEepH TeIula 4epe3 JBIMOBYIO
TPpYOy; CMEIICHHE TEIUIOHOCUTENICH H3-32 HETUIOTHOCTEH; OOJIbIIUE pa3MEPhl U Macca PEereHepaTopoB.
OpHako, HECMOTPsI HA HENOCTATKH pereHepaTHBHBIC TEIUIOOOMEHHHUKH IIUPOKO HCIIOJB3YIOTCS Ha
BBICOKOTEMIIEPATYpPHBIX arperarax, TaK KaK OHHM MOTYT pa0oTaTh NpPHU BBICOKOW TeMIEpaType
npiMoBBIX Ta3zoB (1300 — 1500 C). Ilpu Takoi#t BBICOKOW TemIepaTrype pEKylneparopbl HE MOTYT
paboTaTh YCTOWYHBO.

PekyrnepaTuBHBIN TPUHIUI YTHIIM3ALUU TEIUIA OTXOMSAIINX Ta30B 00ECIIeYNBACT OCTOSHHYIO
TEMIIepaTypy MOJ0rpeBa HArpeBacMOro TEIJIOHOCUTENs, HE TPEOYIOTCS TEepeKIIoYaronue KiarnaHa,
OTCYTCTBYET YHOC TEIUIa B ABIMOBYIO TPYOY, MEHbINIAsi METALIOEMKOCTh M pa3Mephl 10 CPaBHEHHIO C
pereHepatopaMu. OCHOBHBIM HEJIOCTaTKOM PEKYIEpaTOpPOB SBISETCS HHU3Kas OTHECTOWKOCTh
METAJUIMYECKUX TETJI00OMEHHUKOB M HU3Kasl Ta30IIOTHOCTh KEPAMUYECKHX PEKYIIEPaToOpoB, a TAKKE
YTEUKH Yepe3 HEIUIOTHOCTH MEXy ABYMsI CTOPOHAMH TEIJIOHOCHUTENEH U3-3a Mepernaaa JaBIeHHH.

K pekymeparopaM mNpenbsSBISIIOT CIEAYOIUME TPeOOBaHMSA: OOecredeHue MaKCUMalIbHOU
CTETIEHU YTUIM3AIMM TeIUla JBIMOBBIX TIa30B C BBICOKOM TeMmmepaTypoil; MakcuMaibHas
KOMIAKTHOCTh KOHCTPYKIIMH; MAaKCHUMaJbHAas WHTEHCHUBHOCTh TEIUIOTIEpEIaul; HaWMEHBIIIee
TUJIPaBINYECKOE CO- POTUBJICHUE; JOCTATOUHAS T€PMETHYHOCTb.

Pekyriepatopbl M3rOTOBISIOTCS W3 METala M KEpPaMUYECKHX MarepuanoB. Kepamudeckue
pexynepaTopsl 0osiee TPOMO3JKH, 3aHMMAIOT MHOTO MECTa, OJHAKO MOTYT YCTOHUMBO paboTaTh Mpu
BeIcokuX Temneparypax 1200 — 1350 C u oGecnieunBarot noorpes Temtonocutens 10 800 C.



Puc. 1. KoxxyxoTpyOHBIE peKynepaTUBHbIE TEIIO0OMEHHHIKH:
a, O- C ECTKUM KPETUICHHEM TPYO; 6 - C JIMH30BBIM KOMIIEHCATOPOM; 2, 0 - ¢ U u W-00pa3HusiMu TpyOamu; e - ¢ HIDKHEH T1aBaroIei KaMepoii;
JiC - C BEpXHEH TTaBarolei KaMepow; 3 - ¢ CATbHUKOBBIM YIUIOTHHUTENEM: U - ¢ TpyOamu Duiib/a; K, /1 - C CETMEHTHBIMH MOTIEPEYHBIMHU TTEPETOPOIKAMHU
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Puc. 2. HekoTopsie TUIIBI TETUIOOOMEHHUKOB:
a. - CeKIIMOHHBIN TETJIO0OMEHHHK: O - TEIMJI00OMEHHUK TUIIa TpyOa B TpyOe; 6 - MOrPYKHOI TEITNIOOOMEHHUK: 2 - pyOarieyHbli
TEMI000MEHHUK; O -CMECHTEBbHBIN TETTIO0OMEHHHK C COTLIOBBIM CMEIIUBAOIINM AU Qy30poM
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[lenplo pacuera peKylmepaTOpOB SIBIISETCS OMPEACICHUE pPa3MEpPOB TEIUIOOOMEHHUKA IS
oOecrieueHHs MOJIOTPeBa HEOOXOJAUMOTO KOJHMYECTBA HArPEeBAEMOIr0 TEIUIOHOCHTENS (BO3iyXa) 10
HEOOXOAMMO TEMIIepaTypPHI.

JUJis yTHIIM3aluy TeTJIOThl TBIMOBBIX ra3oB ¢ TemmepaTtypoir 800 — 900C gacTo mcmosb3yres
UTOJIBYATHIC PEKYIEepaTopbl, KOTOPbIE COOMPAIOT M3 OTACIBHBIX TPYO, HA KOTOPBIX UMEIOTCS HIJIBI.
Wrnel MoryT OBITH Kak HAa BHYTPEHHEH, TaK U HA HAPY)KHOI CTOPOHE TPYOHI.

Wrnel yBenMYMBAIOT JIEHCTBUTEIBHYIO MOBEPXHOCTh HArpeBa, TypOYIH3UPYIOT MOTOK Ta3o0B,
YTO TNPHUBOJUT K CYIIECTBEHHOMY YBEIHMYEHUIO HMHTEHCHUBHOCTH TEIUIONEPENauyd W YMEHbIIAeT
rabapuThl TEIII00OMEeHHUKA. VTropuaThlii peKynepaTop cOOUparOT U3 OTACIBHBIX TPYO ¢ (uiaHIIaMH,
COCMHSIEMBIX MPH MOMOUIM 001TOB. YHCIO XOOB peKyneparopa 3aBHCUT OT TeMIIEpaTyphl MOJIOT-
peBa HarpeBaeMoro TeIJIOHOCHTeNs (Bo3ayxa) . Yarie BCero MPHUMEHSIOTCS JBYXXOJOBBIC
pexynepaTtopsl ¢ nogorpeom Bozayxa 10 300 — 400 C mpu temneparypax ApiMOBBIX razoB §00-900
C.

CkopocTH [IBMXKEHHMS [JbIMOBBIX Ta30B W BO3AyXa MPUHUMAIOTCS: IS METAUIMYECKHX
PEKYIEpaTOpOB CKOPOCTh JBMXKEHMS ra3oB 3 — 5 w/c, ckopocth Bo3ayxa 7 — 10 w/c, mis
KEePaMUYECKHUX

PEKYIepaTopoB M3-3a HU3KOW Ta3oMIOTHOCTH CKOpocTh ra3oB 0,8-1 m/c, ckopocTh BO3myxa
0,8-2 Mm/c I UTOJIBYATHIX PEKYIIEPATOPOB CKOPOCTH IBIMOBBIX Ta30B 5 — 14 M/c, ckopocTh BO3ayXa
6-10 m/c, 9yTO AMKTYETCS THIPABIMYECKUMH COMPOTUBIICHUSIMH IO Ta30BOW M BO3AYIIHON CTOpOHE
TEII000MEHHUKOB.

PereHeparuBHbIe TEIUIOOOMCHHHUKH TNPUMEHSIIOTCS B  HarpeBarelbHbIX Tmedax. OHu
NPECTaBISAIOT cO00# NMMIMHAPUIECKNE KaMephl, 3aII0THEHHBIE KUPITUYHON MHOTOPSTHOM HACAIKOM,
BBUJIO)KEHHBIE U3 OTHEYIOPHOTro Kupnuya. CHavaia uepe3 pereHepaTop MpoIyCcKarT JbIMOBBIC Ta3bl,
a 3areM B OOpaTHOM HampaBJICHWH Harperas no0ena Hacalka OTAAeT aKKyMYJIMPOBAHHOE TEILIO
TEIIOHOCUTEO. [IepekintoueHre OCyIIeCTBISECTCS TPU TOMOIIHU KJIAlaHOB.

Oco0ble TpeboBaHMs MPEABIBISIIOT K HacaakaM pereHeparopa. OHU AODKHBI 00ecTIeYnBaTh

OKCIUTyaTallMOHHBIE  KAauecTBa,  SKOHOMHYHOCTb,  MHHUMAJIBHOE  THAPABIMYECKOE
COTIPOTHUBIICHHE,

BBICOKYIO HHTEHCHBHOCTH TEIUIOOOMEHA, CTPOUTEIbHYIO YCTOWYHBOCTb.

Marepuan  Hacagkd  JIOJDKEH ~ 00JlaaTh  OTHEYHOPHOCTBIO,  TEPMOCTOWKOCTBIO,

COIIPOTHBIIEHUEM K JIeopMalMsaIM O] Harpy3KOi MpH MOBBIIIEHHBIX TEMIIEpaTypax.

[Ipu BHELIHEM HCIIOJIb30BAHUU BBICOKOTEMIEpPATypHbIX BOP NbIMOBBIX ra30B NMPUMEHSIOTCS
koTibl-yrunu3atopsl (KY), mpenHasHayeHHbIe Jjis TMOJYYeHHsT BOJASHOIO Iapa ¢ JaBieHHeM oT 14
1o 45 6ap u gaxe 100 6ap ¢ remnepatypoii mapa 300 — 450 C u gaxxe 550 C (puc. 2.9, 11I).

Hcxons u3 3TOro KOTIbI-YTUIN3ATOPbI KIACCUPHUIMPYIOT 110 CIEAYIOIIUM MPU3HAKaM:!

1. Tlo Temmeparype oTxomsmux Ta3oB Ha Bxoge B KY mnpum 750 — 900 C
HU3KoTemneparypHsie, npu Temnepatype 1100 — 1200 C BeicokoTeMnepaTypHBIE.

I'pannma temnepatyp B 1000 C, pazmensromasi 3TH BE TPYIIBI KOTJIOB, BBIOpaHa MO YCJIO-
BUSIM TEIUIOOTIA4YM OT Ta30oB K cTeHke TpyOsl. [Ipu Ttemmneparypax Himke 900 C mpeoGmagaer KOH-
BEKTUBHBIN TermiooOMeH, pu Temneparypax Boime 1000 C — TepMopaanaiuOHHBINA TETIIO0OMEH.

2. Ilo cnocoby unupkymsuuu Boabl KY nensT Ha KOTJIABI C MNPUHYIUTEIBHOW U C
€CTECTBEHHONIIMPKYISIIIUEH.

3. Ilo xouctpykumu KY pgenst Ha razoTpyOHbIE, 3MEEBUKOBBIC, KOHBEKTHUBHBIE U
paanalOHHO-KOHBEKTHBHBIE.

ITo xomnoHoBke ObiBatoT I1 — 00pa3Hble, OaleHHbIE U TOPU3OHTAJIBHBIE.

lazorpyonsle KVY wHcnonbs3yloTcss B HOPOMBIIJIEHHOCTH  CTPOUTENBHBIX — MaTepHalioB
(cTeknmoBapeHHBIE TIEYH, TIEYH 00KHUTa KEPAMHUKH, MAPTEHOBCKHE T1E€YHN).

KounBexktuBueie KV ycranaBnmuBaroT B HedTenepepadbaThIBaOUIei MPOMBIIUIEHHOCTH, B
YEepHOI METAJUTYPIHH.

PannannonHo-kOHBEeKTHMBHBIE KY MCIONB3YIOT B IBETHOW METAJIYPTHH 32 OTPaXKaTeIbHBIMU
Ne4aMH, B XMMHUYECKON IIPOMBIIIEHHOCTH.

Bce KOTNBI-yTUIN3aTOphl B OTJIMYUE OT TPAJUIIMOHHBIX HapOBBIX KOTJIOB OTJIMYAKOTCS TOJIBKO
TeM, 4To B KVY OTCyrcTByeT TOmo4Has Kamepa, a BCE OCTalbHBIE HCIAPUTENbHBIE MOBEPXHOCTH
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HarpeBa (KOHBEKTHBHBIC ITyYKH TPYO, maporneperpeBaresid, 5KOHOMAai3ephl U T.1.) MPUHIMITHATIHLHO HE
OTJIMYAIOTCS OT OOBIYHBIX KOTJIOArPETaToB.

B Tex cnywasx, Korga uCHOJB3yHOTCA roproure BOP, B koTiax-yruwim3atopax
YCTaHABJIMBAIOTCS TOTIOYHOE YCTPOUCTBO WIIM KaMEPbI JOKUTAHHUS.

Tenj1000MeHHbIE almaparThbl 1Jisl YTUWIN3alUd HU3KOIIOTCHIUAJIbHBIX BOP

K HuskotemneparypHeiM uctouyHukam BOP oTHocAT pasznuusble Buibl TemoBelXx BOP ot
TEIUIOTEXHOJIOTUYECKUX anmapaToB ¢ Temneparypoir meHee 300 C (oxiaxknaromas BoJa OT
Pa3JIMYHBIX II€4€H, BIJIAXKHBIM BO3QyX OT CYLIIWIbHBIX YCTAHOBOK, BOJSHOW IIap BTOPUYHOIO
BCKMIIaHMs], TEILUIOTA KOHAEHCATa IPEIOILEro napa, TEeIIoTa «MSATOro» 1apa OT CHIJIOBBIX YCTaHOBOK U
T.1L.).

HuskoremneparypHslie TerioBsle BOP Moryr ObITh MCIOJIB30BaHbl B CaMbIX Pa3HOOOpPA3HbIX
TEXHOJIOTUYECKUX MpoIeccax, a TakkKe Uil TEIJIOCHAOKEHHUS, CUCTEeMax BEHTWIALMUHU, TOPSYEro
BOJOCHAOXEHHUS.

YTunuzanus TEIIoThl HU3KONMOTeHUMadbHbIX BOP BO3MOXKHa [ByMs MYTSIMHU. IEpBbIi
npeaycMaTpuBaeT TpaHC(POPMALIMIO Tella OT 0osiee BBICOKOrO ypoBHs TemioHocutens BOP k Gonee
HU3KOMY TEMIIEPaTypHOMY YPOBHIO HOTpEOHTENs; BTOPOH — TpaHc(opmMamusi Teria OT MCTOYHUKA
BOP ¢ 6011ee Hu3K0M TemnepaTypoil k 0oJiee BHICOKOMY YPOBHIO TEMIIEpATyphl Y IOTPEOUTEIS.

[lepBrlii myTh peanu3yeTcss IMpU NOMOLIM  TEIJIOOOMEHHMKOB  PEKYNEpaTUBHOTO,
PEreHEpPaTUBHOIO WJIM CMECHUTEIBHOIO THIIA, BTOPOM OCHOBBIBAETCS HA HCIIOJIB30BAHMM TEILIOBBIX
HAaCOCOB.

IIpn yrunmsanuu Hu3koTeMmneparypHslx BOP BcieacTBue HU3KMX TEMIEpaTypHBIX HAllOpOB
Helesnecoo0pasHo MPUMEHATh JBYXCTYIEHYATbIE CXEMbl C MPOMEXKYTOUHBIM TEIUIOHOCHUTENEM, TaK
KaKk 3TO MNPHUBOJUT K PE3KOMY YBEJIWYECHHUIO IOBEPXHOCTEH HAarpeBa TEIUIOOOMEHHUKOB, WH3-3a
0O0JIBIIOr0 CHMXKEHMSI TEMIIEPATYPHOTO Haropa B 000UX CTYIEHSX CXEMBI.

IIpn peann3anuu mepBOro IyTd HCNOIb30BaHUus BOP  oOka3pBaloTCs SKOHOMUYHBIMU
TEIJIOOOMEHHUKU KOHTAKTHOTO THUIIA, B KOTOPBIX 00OECHEYMBAETCS HCIOJIb30BAHWE BCEH TEIUIOTHI
BOP, B ToM uyMcie U TemIoThl MapooOpa3oBaHUs, €CIM TelJIOHOCHTeNneM siBisercs ra3. OcoOeHHO
SKOHOMMYHBI U YIOOHBI TaKHWE€ TEIUIOOOMEHHMKH JUIsl YCTAaHOBOK IIPU TEIUIOBIaKHOCTHOM
00paboTKe MPUTOYHOTO BO3/yXa B CHCTEMaX BEHTUJISLIH.

KoHCTpyKIIuM KOHTAaKTHBIX TEIUIOOOMEHHUKOB OYE€Hb pPa3sHOOOpa3Hbl M BHIOMPAIOTCS B
3aBUCUMOCTH OT MPOU3BOIUTEILHOCTH U HA3HAYECHUS.

Hanpumep, Bo3ayxomoaorpeBaTenb MPOU3BOJUTENHHOCTRIO MO Bo3ayxy MeHeel0000 M3/q

UCTOJB3YIOT JUII MECTHBIX OTONUTEIbHO-BEHTWISIMOHHBIX cucTeM, a ©Ooxee 10000 M3/q
MIPUMEHSIOT IS EHTPAIM30BAHHBIX OTOIMTEIBHO-BEHTHIIALIUOHHBIX YCTAHOBOK.

B kauecTBe HacaJ04HBIX MAaTE€pHaAOB B KOHTAKTHBIX TEMJIOOOMEHHHKAX HCIOJIb3YIOTCS
Koublia Pammra (OTOMUTENbHO-BEHTHIISILIMOHHBIC arperarhl), POTOPHbIC HACAJIKU B BHIEC CKPYYCHHOI
[0 CHOUpaIM JEeHTbl U3 OeJoW JKEeCTH, BOJHUCTO-TIApajUleNibHAs Hacagka B BHJAE IaKeTa
acOOIEMEHTHBIX JIUCTOB TOJIIHNHOM 5,5 MM.

KoHTakTHBIE TETUIOOOMEHHHUKH TSI YTHIIM3AIMA HU3KOTIOTEHIIUATBbHBIX BOP MHOTO00pa3HbI
[0 KOHCTPYKIIMU M MO Ha3HadeHuio. [1o3ToMy HEOOXOIMMO NMPUBECTH MepeueHb Hauboliee MHUPOKO
IIPUMEHSAEMBIX KOHTAKTHBIX TEIUIOYTUIN3aTOPOB.

OTonuTeNFHO-BEeHTHIISIIMOHHBIE CHCTEMBI: POTOPHBIM BEHTHWIISIMOHHBINA arperat (APB) (puc.
3), oromuTenbHO-BeHTWIANMOHHBIH arperar (OBA), oTONHMTENbHO-BEHTHIISAIIMOHHBIN arperar ¢
BOJIHUCTO-TTapauiebHol  Hacankoit (KBII), otomutenbHO-BeHTHIsAIMOHHBIN arperat (OBA-15),
KOHTaKkTHO-oBepxXHOCTHBINH Teroyriau3arop (TKIIIT — 10), GnouyHbIi KOHTAKTHBIH SKOHOMaH3ep
(OK-BM) mist HarpeBa BOJbI YXOISIIMMHE ra3aMH, KOHTAKTHBIN TEIUIOYTHIIM3AaTOP € POMEKYTOUHBIM
terooOMeHHNKOM (koHCTpykimu HUWCT) ans yruiaM3anuy TEIUioThl OTXOSIIMX ra30B U HAarpeBa
BOJIbI, KOHTaKTHBI BOJOHArpeBaTelb YTWIM3aUMOHHBIA Ta30Bblii (BYI-1). HekoTopbie THIIBI
KOHTAKTHBIX TEIJIOYTHIIN3aTOPOB MPE/ICTABICHBI HA pUCYHKAX 3—6.

B TeKCTUIIBHOM U JIETKOHM NPOMBILIJIEHHOCTH IPUMEHSIOTCSA PErepepaTuBHbIE U CMECUTEIILHBIE
annapatel. B kadecTBe HacaJku B pereHepaTUBHBIX ammapaTax HCHOJB3YIOT TO(QpPUPOBAHHYIO
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METaJUIMYECKYI0 JeHTY. Tak Kak B HHX IPOIECC Mepefadyd TeIula OT TOpsSYero TEeIIOHOCHUTENS K
XOJIOJHOMY TIPOMCXOJMT 3a [Ba TMEpUoJa, TO JUIsi OOECleYeHHs] HENpPEephIBHOW MOJa4yH
TEIUIOHOCUTENEH B Ciydae HENOJBIKHOW HACaJKd COBMELIAIOT [Ba PErCHEPATUBHBIX alllapara, C
JBYMS NIEPEKUIHBIMU Kianianamu (puc. 7, 8).

a o 8
Puc. 2.3. CxeMbl 0TONUTENbHO-BEHTWIIALIMOHHBIX arperaroB
@- KOHTaKTHasl KaMepa OTONUTEIbHO-BeHTHIIsIIIMOHHOTO arperata (OBA); 6- poTopHsIii
BEHTWIISAMOHHBIN arperat (APB); 6- koHTaKkTHas KaMepa C BOJIHUCTO-MAPAJUICIbHON HACAIKOM
(KBII)

Puc. 8.4. OtonuTtenbHO- BEHTHWISALMOHHBIN arperat
OBA-15:

1- xanopudep, 2— cTyneHb NPOMEKYTOUHOTO Harpena, 3— CTYIEHb
NpEBAPUTEIHHOTO HarpeBa, 4— BOAOPACIPEACTUTEN, S5— TOTOTHUTEIBHBINA
BOJIOpacIipeieNuTelNb, 6— onopHas pemerka, /— rpewoiuas py0aiika, 8— kamieyioBuTeab, 9—
noanoH, 10— BeHTHIATOP, 11— MpOoMe)XyTOUYHBIH TemmooOMeHHUK, 12— Hacoc, 13—
naTpyOoK MmojBoaa BOJbl, 14— npeHakHbIN NaTpyOOK, 15— nepenuBHOIi naTpy6oK
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[permyIecTBa U HEAOCTATKHA PEreHEPATHBHBIX TEIIOOOMEHHUKOB IMOPOOHO  PacCMOTPEHBI
BBIIIIC.

B cMecHTENnBHBIX TEIIOOOMEHHBIX —amaparax TeIUIOOOMEH OCYIIECTBISAETCS IyTeM
HEMOCPEACTBEHHOTO CMEIICHHUs TEIUIOHOCHTENeH. B CBsI3M ¢ TeM, 4TO B O3THX ammaparax B
TEIUIOOOMEHE HE yJYaCTBYIOT TBEpJble MOBEPXHOCTH WHTEHCHBHOCTH TEIIOOOMEHa B HHX
3HAYMTEIHHO BBIIIE, Y€M B IIOBEPXHOCTHBIX TEIIOOOMEHHUKAX. I10 KOHCTPYKIIMHM Pa3IHYaroT
CIIETYIOIIME BUIbI CMECHTENIBHBIX armapatoB (puc. 8).

Besnacanounbie kamepbl (KOJOHHBI), B KOTOPBIX KHIKOCTh PacHbUIIETCS (BOPCYHKaAMH B
rasoByl0 Cpely M KOHTAKT MEXKIYy JKHIAKOCTBIO W Ta30M IPOMCXOJUT Ha MOBEPXHOCTH Karlelb
YKHIKOCTH.

Hacamounble kamepbl  (KOJIOHHBI) — CONMPHKOCHOBEHHE Ta3a C JKUIKOCTHIO IMPOMCXOHUT Ha
MOBEPXHOCTH IUICHKM >KHJKOCTH, CTeKarolleid 1o Hacagke (Koiblla Pammra, KycKH KOKca,
JICPEBSHHBIC PEHKN).

Puc. 5. KontakTHO-noBepXHOCTHBIH TeroyTunuzatop TKII-10:
1- KOHTaKTHAas YacTh, 2— TEIJIOBON MOJYIb, 3 — TIOBOPOTHAs Kamepa, 4— MPOMEKYTOUHBIH
TETI000MEHHHK, 5— Y3€ll OUUCTKH, 6— Hacoc, 7— maTpyook, 8 — meperopoika,
9 3acnonka moBopotHast, 10— ko3sIpek (Hampapisronwii, 11— Bogopacnpeaemresb
JIOTIOJIHUTENBHBIN, 12— BomopacipeneuTens OCHOBHOM

Hacamounple ammapaTel 0ojiee KOMITaKTHBI, YeM O€3HAcCaJ0uHbIe, HO UMEIOT TOBBIIIEHHOE
T'UJIPABINYECKOE COTIPOTUBIICHHUE.

Kackannple anmapaTbl WMEIOT BHYTPH KOpITyca TOPH3OHTAJIbHBIE M HAKIOHHBIC ITOJIKH,
KHUJIKOCTb CTEKAeT C MOJKU Ha IOJIKY CBEPXY BHHU3, 00pa3ys IJICHKY.

CrpyifHbIE CMECHUTEIbHBIE alapaThl — BOJIA HATPEBACTCS MKEKTHPYEMBIM MTAPOM.

[IneHouHbIe CMENIMBAIOIIKE TEJIOOOMEHHBIE amnapaThl — HarpeB BOJBIBOJISHBIMIIAPOM.

[MpenmymiecTsa TaKuX mojorpeBareyeid 1Mo  CpaBHEHUIO C  TOBEPXHOCTHBIMHU
TEMI00OMEHHUKAMH MPOCTOTA KOHCTPYKIMH, KOMIAKTHOCTb, MEHbIIIAsi METANIOEMKOCTb.
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[leHHble anmaparsl — MPUMEHSIOTCS UIsl YIaBIWBaHUS W3 Ta30B WIM 3albIJICHHBIX MOTOKOB
MJI0X0 CMAa4MBAEMOM THLITH.

[TpumensieTcs 6apOOTaXkK Ta3a 4epe3 CIOH KHUIKOCTH.

[Iupoko mpHUMEHsETCSI HarpeB JKUIAKOCTEH M pacTBOPOB OCTPHIM MapoM 0apOOTHpPOBaHHEM
nmapa 4epe3 neppopupoBaHHy0 TpyOy (Tpyba ¢ oTBepcTHsMH). [JIaBHBIM HEIOCTATKOM
CMECUTENPHBIX alNapaToB SIBJSIETCS 3arpsi3HEHHE HAarpeBaeMOro TEIJIOHOCHUTENS, MPEUMYILIECTBO
POCTOTa KOHCTPYKIIUU, KOMITAKTHOCTb.

HaubGonee nenecoobpazHo B cuCTEMaxX YTWIM3AlUU HU3KOMOTCHIMATBHBIX TEIUIOBEIX BOP
NPUMEHSTh TEIIOOOMEHHHKH Ha TEIUIOBBIX TPyOaX, KOTOpbIE OOJIAAIOT PSJIOM YHHUKAIBHBIX
CBOMCTB. BO3MOXXHOCTH TMPUMEHEHHUS TEIUIOOOMEHHUKOB Ha TEIUIOBBIX TPYOaxX OMPEAEISIOTCS UX
TEXHUKO-3KOHOMUYECKUMH TIOKA3aTEISIMA CTOUMOCTBIO.

TemnoBas tpyda (TT) (puc. 9, IV)— ycrpoiictBo o6Onanaroiiee OYCHb BBICOKOM
3pPEKTUBHOCTRIO TepefAayd TeryloThl. [IpuHIMI paboThl — Ha BHYTPEHHEHW CTEHKE TpPYOBI
YKpersieTcsi GUTHIIb, BEITIOJTHEHHBIN U3 TOHKOW CETKU.

Tpyba 3amosHseTcs HEOOJBIIUM KOJMYECTBOM TEIUIOHOCHTENs (paboyast IKHUIKOCTB),
OTKAuMBaeTCS BO3JYX M IUIOTHO 3akpbiBacTca. OIMH KOHEN TPyObl HArpeBaeTcCsi, YTO BBI3BIBACT
UCTIAPCHHE YKUJIKOCTH U JBIIKECHHE Mapa K XOJOJHOMY KOHIYy TPYObI. 3/1eCh Map KOHACHCHUPYETCS H
BO3BpAIaeTCs K TOpSYeMy KOHIy TPYObl IOJ BO3JACHCTBHEM KaNWULAPHBIX cui. Yem Oosblie
TEIUIOTa MapooOpa3oBaHUsi PabOYEro TEIUIOHOCUTENS, TEM OOJIBIINKA TEIUIOBOW MMOTOK MOXET
nepeaaBarh TEIUIoBas TPyOa NOake MpH Majlod pa3HOCTH TeMIlepaTyp Ha KoHmax tpyoel. B TT
pa3InyarT TPH yYaCTHUKA. 30HY IMMOJBOJA TEIUIA, WIM Y4aCTOK WCIIAPCHHUsS, 30HY IEpPEeHOca Teruia
(aguabaTHBIN y4acTOK), 30HY OTBO/Ia Teruia (y4acTOK KOHJICHCAIIUH).

Puc. 8.7. Cxembl pereHepaTuBHBIX TEIII00OMEHHUKOB:
a- JIEBBII KOPITyC —TI€pHO HarpeBa, O- MpaBblif- NEPUOJT OXJIKICHHS.
1- xopmyca, 2- Hacaaku, 3- IepEeKUAHbIE KIaNaHa, 4- KianaHHbe KOPOOKH

Tennonepenatormas crocobHocts TT Moker ObITh oueHb Oosbmiod. Tak, ecnmu B TT
UCIIONIb3YeTC B KadecTBe pabouero BemiectBa JuTui mpu Ttemmeparype 1500 C B oceBoMm

HaIpaBJICHUH TiepeaeTcs TerioBoi morok 10-20 KBT/CM2

B kauecTBe TEMJIOHOCHTENEH HCMONB3YIOTCS alleTOH, aMMHUaK, (PPEOHbI, BOJA, LE3UH, KaIHi,
HaTpUi, JINTHI, CBUHEL, Pa3JIUYHbIE HEOPTAHNYECKHUE COJIH.

HauOosbiee  nmpuMeHeHHE TEIUIOOOMEHHHMKHM Ha TEIUIOBBIX TpydaxX MOJY4YWId HpU
YTUIIM3AIMA  HU3KoNOoTeHIManbHbix BOP  (Temneparypax 50 — 200 C), Tak Kak TpH Takux
TeMIepaTypax He TpeOyeTcss IPUMEHEHHsI JOPOTOCTOSIIIUX MAaTePUAIOB U TEINIOHOCUTENEeH
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Puc 6. Cxema BomonarpeBatensiBYT-1 (a): 1- npeHaxkHbIiT MaTpyOOK, 2- MaTpyOOK JJIsl OTBOJIA BOJIBI, 3- Y3€JI MOAMUTKH, 4- OpPOCUTE,
5- B3pBIBHOM KJiamaH. 6- mTyrep BoJI0yKa3aTeJIbHOro Mpubopa, 7- 3aciioHKa, 8- maTpyOoK 10/1Boj1a ra3oB, 9- pabouunii HacaaHOM CIOH,
10- xaruteyaBIMBAIOIIHMIA HAacaI0UHBIN CITOMH, 11- j1r0K, 12 OKHO 0TBO/IA T'a30B, 13- omopHas pemeTka; (0) KOHTAKTHBIN TEIIOYTHIN3ATOP C
MIPOMEKYTOUHBIM TETNIOOOMEHHUKOM: 1- KOHTAKTHBIE KaMephl, 2- AbIMOBas TpyOa, 3- BEHTHIIATOP. 4- IPOMEKYTOUHBIH TEIIIO0OOMEHHHUK, 5- Hacoc,
6- IpIMOCOC.



Puc. 8. Tunsl cMeCUTENbHBIX TEMIOOOMEHHUKOB!
a- 6e3HacaiouHbIi ¢ popcyHkamu: 1- Hacoc, 2- GopcyHKH, 3- HIUTFOMUHATOPBI-CENapaTOPhI
BJary, 4- mojorpeBaTesb, S5- LHEHTPOOEKHBIM BEHTUIIATOP, 6- 3IIEKTPOABUIaTeNb; O- HACaIO0YHBIMH:
1- Hacanka, 2- pacnpenenuTensHas Tpyoa, 3- AIEKTPOABUTaTENh, 4- OCEBON BEHTHIISTOD;
6- KaCKa/IHbIN: 1- kackajipl, 2- pacrpesenuTenbHas Tpyoa; r- cTpyiHBbIid: 1,2- comuia nepBoil u Bropoi
CTYIEHHU CTPYHHOTO CMECUTEJNS; O- TUIEHOYHBIN: 1- KoaKkCuanbHbIE TPYOHI.



Puc. 8.9. |- TernnooOMeHHUK ¢ TPOMEKYTOUHBIM TEIUIOHOCUTETIEM,
I1— TerutoBo# HAcOC /sl YTHIM3AIUN HU3KOMOTEHIIMATBHON TEIUIOTHI POMBIIIICHHBIX CTOYHBIX BOX (1- McmapuTenb, 2- KOMIIpeccop, 3-
KOHJIeHcaTop, 4- npoccens); Il1- cxema korna yrunmzaropa (1-naporeneparop, 2- ucnapuTelIbHbIC TTAKETH, 3- OapabaH-cenapaTop, 4- SKOHOMaii3ep);

IV— cxema TemioBoii Tpy- ObI (a— MpOIOTbHBIA pa3pe3: 1- GuTHib, 2- cTeHKa TpyOBbl, 3- BO3BPAT XKUAKOCTH 1O GUTHIIO, 4- map, 5- yuacTok
KOHJICHCAIY, 6- anabaTHBINA y4acToOK, /- Y4aCTOK HCIapeHus; O— monepedHoe ceueHue: 1- creHka, 2- GuTHib, 3- mapoBoe MPOCTPAHCTBO)



TerumooOMennukn Ha TewioBblXx Tpybax (TTT) sBustoTcss  pa3HOBUIHOCTBIO
PEKYIEpaTUBHBIX TEIIOOOMEHHHKOB C MPOMEKYTOYHBIM TerutoHocuteaem (puc. 8.9, 1). s
JIIOCTYKEHHUS BBICOKOM PKOHOMHYHOCTH M HEBBICOKON crouMocTd TTT HE0OXOIMMBI JEIIEBLIE
KOHCTPYKIIMM TEIUIOBBIX TpyO, Majble raGaputel M pabouyde BeIlecTBA € XOPOUIMMHU
TerioTexundeckumu xapakrepuctukamu. K takum TTT oTHOCSTCS riankocTeHHble (PUTHIIBHBIE
U LIEHTPOOEKHBIE, HO MOT'YT IPUMEHATHCS U JIPYrUe BUJIbI TEIUIOBBIX TPYO.

Koncrpyktusno TTT Bemonnstorcs u Habopa TTT. B 3aBUCMMOCTH OT arperatHoro
cocrosinus teroHocurens TTT paspenstorest Ha Tpu Tuna: 1) ra3-ras (Bo3ayx-Bo3ayx); 2) ras-
KUIKOCTB; 3) )KHUIKOCTh-KUIKOCTD.

TTT nepBoro Tuma MNPUMEHAIOTCS B KadyeCTBE BO3JYXOIOJOTpPEBATENEeH Ul
IIPOMBILIJICHHBIX arperaroB, B CHUCTEMax OTOIUIEHMS M BEHTWDLILHH, B YTHIM3aTOpax
KUBOTHOBOJUYECKUX (epM.

TTT BTOpPOro THNa MUCHOJIB3YIOTCS B YCIOBHMAX MCKIIOYAIOIIMX B3aUMOJCHCTBUE raza U
xuakocTd. Ot TTT npuMeHAroTCs Kak KOHIEHCATOPhl, HArPEBATEIN U OXJIAUTEIIN KUIKOCTEH.

TTT Tperpero THuma HUCHOIB3YIOTCS B XUMHUYECKOW IPOMBINUICHHOCTH, B aTOMHOM
JHEPreTHKEe, KOIJAa  MCKJIIOYAeTCs  B3aMMOJEHCTBUS ~ MEXKIYy  TEIUIOOTAAOIIEH U
TEIJIOBOCIIPUHUMAIONIEH JKUJIKOCTSMM B IIMPOKOM JHMANAa30HE W3MEHEHHs JaBICHUH U
temriepatyp. Mcnonb3zoBanue TTT png yrunmzaumu BOP naer BO3MOXKHOCTH HE TOJIBKO
MOBBICUTh  TEIUIOBYIO 3(PQPEKTUBHOCTh DSHEPIeTUYECKUX YCTAHOBOK, HO M YMEHBILIUTH
3arps3HEHUE OKPYXKALIUM (aKTOPOM, MPEMATCTBYIOIIKUM OoJiee MUPOKOMY HCIHOJIb30BAHUIO
TTT B HPOMBILUIEHHOCTH SIBISETCS UX CTOMMOCTb 3HAYUTENIbHO OO0Jblllas, YeM CTOMMOCTH
PEKyNepaTuBHbIX TEINIO0OMEHHUKOB.

B Hacrosmiee BpeMs BOINPOCH MCIOJIb30BaHUS HHU3KOTEMIIEPATYPHBIX HMCTOYHHKOB
TeIuia JUIsl OTOIUIEHHs], FOPSYEro BOJIOCHAOKEHUS HarpeBa BOJIbI Ul TEXHOJIOTMYECKUX HYXK
HauOoJiee YCIEIIHO pEelIaloTcsi ¢ moMompio TemioBbix HacocoB (THY). Haubombimee
pacpoCTpaHeHUE TMOJYYHIA KOMIIPECCHOHHBIC TEIUIOHACOCHBIE YycTaHOBKH (puc. 9, ).

PaGounmu Temamum B THY cuyxar ¢peoHsl — BemecrBa, HWMEIOIMIHE HHU3KYIO
TeMIepaTypy KWIIEHUs 1pu JaBleHUsX Onu3kux K arMmochepHomy. Kosddunuent
npeoOpa3oBaHus Tera ¢= Q1/N> mpu TemrepaTypax CTOYHBIX BOJ HJIH BO3-

nyxa oT BeHTWISHHOHHBIX cucteM 20 — 50 C moxer ObiTh 3 — 6, a TerIoBas MONIHOCTH
coctaBnaTh 50 — 5000 kBrt. Ilpu 3aTpate anekrpuueckoit MomHoctd Ny=1 kBT nmoTpeburesnto
MOJ/IaeTCsl Yepe3 KOHJCHCATOp TeIuioBass MOMIHOCTE B 3 — 6 kBT. MuHHManbHBIC 3HAYCHUS
K03 duureHTa npeodbpa3zoBaHus TeIUIa, IPH KOTOPOM JIOCTUTAETCS SKOHOMUS dHEpruu 2,3 mpu
anekrpocHabxkenun ot KOC u 2,8 — ot TOLI.

TennoBble Hacochl NpeAHA3HAYEHBl I YTHIIM3ALMU HU3KOTeMIeparypHbsix BOP ¢
temmeparypoit 20 — 50 C, ¢ monmaueii ropstaeit Bogsr 60 — 100 C.

OkoHoMmuyeckas 3(dekTuBHOCTh Hcnoib3oBaHud THY 3aBucAT HE TOJIBKO OT
TEXHHYECKOTO COBEPIICHCTBA HACOCOB, HO M OT COOTHOHICHMS IieH (TapudoB) Ha
AIIEKTPUUYECKYIO0 U TEIIOBYIO

sHepruto. CylecTByeT KPUTUYECKOE COOTHOIICHHE IIEH, MPH KOTOPOM HCIIOJIb30BAaHHE
THY cranoButcs HeBbIroaHbIM. ['o10Bo# don Bpemenn THY nomken ObiTh 60s1ee 3000 yacos.

Cxempl ucnonb3oBanust THY g yrunuzanuu HuzkoTemmneparypHbix BOP Hacrosbko
pa3sHOOOpa3Hbl, UTO paccCMaTPUBATh UX Jake B OTPAaHMUYEHHOM 00beMe HEBO3MOKHO.

B crpanax 3anannoit EBpombl, Anonmn, CIIA, Kanangsl cepuilHO BBIMYCKAKOTCS
teronacocHble  craHimu (THC) MmimmoHaMu SK3EMIUIIPOB Pa3iIMYHOTO Ha3HAYCHUS U
TETUIOBOW MOIIHOCTH, KOTOPBIE IUPOKO HCIOJIB3YIOTCS B KaU€CTBE WHAWBHIYAIBHBIX CHCTEM
o0orpeBa KUJIbIX IOMOB, OTJENBHO CTOSIIMX 3AaHUH.

Hexoropsbie npuMepbl 3KOHOMHUM TENJIOBOI JHEPrUH 32 CYeT UCNoab30BaHusa BIOP
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Hcnonv3zosanue HU3KONOmM eHyUanIbHOU MeEn1080i IHEPUN OMONUM ENIbHO-
6CHMUNIAYUOHHBIM AZPE2AM oM.

[IpenycMOTpEeHO  HCIIONIB30BaHUE TEIUIOBOW HSHEPIMM  OXJIAXJAIOMIEH BOJABI €
temreparypoit 28...35 °C OT TEeXHOJIOTHYECKOTO 000PYIOBAHUS JJIs MOAOTPEBA B CIICIIHAIBHOM
arperare HapYKHOTO BO3/AyXa, IIOCTYMNAIOUIETO B TMPUTOYHBIE KaMepbl OTOMUTEIHHO-
BEHTUJISIIITUOHHBIX CUCTEM.

OTtonuTenbHO-BeHTUISAIMOHHBIN arperar (puc. 10) cocrout wu3 kamopudepa 1,
HACaJI0OYHOW KOHTAKTHOM KaMmepbl, pa3[elieHHON Ha CTYNeHH MPOMEKYTOYHOrO 2 U
IpeBapUTeNbHO 3 HArpeBa, BOJOPACIPEACTUTENS S, YCTAHOBIEHHOTO MEXIY CTYIEHsIMU 2 U 3.
Arperar uMeeT CUCTEMY 3allluThl OT OOMep3aHHs, COCTOSIIYI0 U3 00OrpeBacMoOil OMOPHOM
pemieTkd 6, HacaIKkd CTyneHH 3, Tperomed pyOamku 7 HWKHEW 4YacTh CTYNeHd 3,
KareynoBurenss 8, moamoHa 9, BeHTUIsATOpa C 3jekTpoasurareneM 10, mpomexyrodHoro
MOBEPXHOCTHOTO TeriooOMeHHNKa 11, mUpKymsiuMoHHOrO Hacoca 12 ¢ perymmpoBOYHBIM
KkjanaHoM 13 715 moiauu BoJbl B TPAAUPHIO.

Puc. 10. [IpuHnmnuanpHas cxema OTOHUTENbHO-BeUTHIISIIIMOHHOTO arperara:

1- xanopudep; 2 - cTyneHb NPOMEKYTOYHOTO HarpeBa; 3 - CTYNEHb MPEBAPUTEILHOTO
Harperna: 4 - BOAOpacipenenuTesb, S — JOMOJTHUTEIbHBIA BOIOpACIPEIeTUTENb; O - OmopHas
pemeTka; 7/ - rperomas pyoamika; 8 -kamieynoBUTenb, 9 - MoUI0H; 10 - BeHTHIIATOD C
anekrpoasurareseM; 11- teruooomennuk; 12 - Hacoc; 13 - xnanan; | -imuaASI 000POTHOH BOJIBI
ot obopynoBanusi; |l- TMHUKM BBICOKOTEMIIEPATYypPHOTO TEINIOHOCHTENS (Topsiuasi BOAa U3
tertocetn); |1 - muHMs 00- paTHO# BOMBI B TerioceTh; |\V- MTHHUS BOJBI HA TpAUpHIO; V -
JUHUA XOJIOAHOTO Bo3ayxa; VI - TMHUS HarpeToro Bo3ayxa.

OTonuUTENbHO-BEHTUIISIIIMOHHBIH arperar paboTaeT CleAYIOIUM 00pa3oM.

HapyxHbIii BO3MyX C OTpHIIATENBHON TeMIepaTypoi mozmaercss BeHTHIsTopoM 10 mon
HACaJKy CTYyNEHU 3 NpeABapUTeNbHOro HarpeBa. B Hacajke BO3QyX KOHTakTHUPYET C BOJOH,
0J1aBaeMO# depe3 JTOTIOTHUTEIBHBIN BOJIOPACTIPEICITUTENb S, U BOJOH, CTEKAIOIICH ¢ HACAIKH 2
IPOMEXYTOUHOro HarpeBa. HarpeBaHue W yBIaXKHEHHE NPOMCXOJAT B HAcCaJIKe CTYHNEHH 2
IIPOMEXYTOYHOIO  HarpeBa MpH KOHTAKTUPOBAHMM C  BOJOW, ITOJaBaeMoOM  4epes
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Bojopacnpeaenutens 4. [locne npoxoxaeHus yepe3 KarjeyloBUTEIb 8 BO3IyX MOJ0TpEBaeTCs
10 TpeOyeMoi TeMIiepaTypsl B Kajmopudepe 1 1 mogaercs B CHCTEMY IPUTOYHON BEHTUIISAIINU.

Harperas oxmaxparomas BoJa, NOCTYNAoOLas W3 IPOU3BOJACTBEHHBIX LIEXOB OT
OXJIaXJeHusT oOopynoBaHuUs, pa3lensercds Ha JBa [OTOKA: TMEpPBBIM IOCTYyMaeT B
BOJIOpACHpEACTUTENb 5, M OT/aBasi TEIJIO XOJIOJAHOMY BO3JyXy B Hacajke 3, CTEKaeT B MOJIOH
9, a BTOpOH - HampamiseTcs B TermwooOMeHHHMK 11, rae momorpeBaeTcs oOpaTHOM BOJOW U
HAIpPAaBJISETCS B BOJOPACIIPENEIUTEND 4.

Bona u3 nognona Hacocom 12 HampasiisieTcs o o6paTHOMY TpYOOIIPOBOIY B IT'PaJAUPHIO.

BeicokoTeMIIEpaTypHBbIl  TEIUIOHOCUTENb W3  IOJAIOIICHM  MAarucTpaid  CHCTEMBbI
TEIUIOCHAOXKEHHUsI ~ IOCJIEOBATeIbHO  NPOXOAUT  Kamopudep 1 W IPOMEKYTOUHBIM
MOBEPXHOCTHBIA TerI000MeH- HUK 11 mupkynsnuoHHoro KoHTypa arperara u npu 20...30 °C
MOCTYMNAeT B 00paTHYIO0 MarucTpalib CUCTEMBI TEIJIOCHAOKEHUS.

I'otoBast 5KOHOMMS OT €T0 MCIIOJIb30BaHus coctaBiigeT 14 Toic. I'JIk TemioBoii u 66 Thic.
kBTeu snextpuueckoit sHepruu. Cpok okynaemocTd 3arpar — 2 rojaa. llpumensercs Ha
OPENPUITUAX MAUTMHOCTPOCHUS U JPYIUX OTPaciei MPOMBIIUIEHHOCTH.

Hcnonvzosanue mennomol yxoo0auwjux 2a3zo8 6 NPOU3EOOCHIEEHHOU KOMEIbHOI.
Temnocuabxenue ogHoro u3 nexos 110 MocnpoMmexaHu3aus OCYIIECTBISAETCS OT KOTEJIBHOM,
B KOTOpPOH YCTaHOBIIEHBI TpU MapoBbiX KoTiaa M3K-7 mpousBoauTENbHOCTHIO 1 T/4 KasKIIbIi.
KoTsibl OcHallleHbl TrOpeIoYHbIMU YCTPOMCTBAMHU AJisi pabOThl HAa MPUPOJAHOM TIa3e HU3KOIO
naBieHus (pe3epBHOE TOIUIMBO — Ma3yT). KOHCTPYKIHUSA KOTJIOB MpeIycMaTpUBacT UX padboTy
10T HAJUTyBOM, OCYIIECTBIISIEMbIM WHAWBUAYAJbHBIMU JTYTHEBBIMH BEHTWJISATOpAMH. Y JallCHHE
OPOAYKTOB CrOpaHUsi U3 KOTJIOB IMPOU3BOAUTCS 3a CHUET JaBJICHUS HaJayBa 4epes
WH/IMBUyaJIbHBIE METAJUTMYECKUE TBIMOBBIC TPYOBI.

C 1enpl0 HMCHOJB30BaHUS TEIUIOBOM SHEPTrUU YXOISIIUX Ta30B Uil HYXKJ TOPSYEro
BOJIOCHA0KEHUSI M HarpeBa BOJbI JUIsl KOTEJIbHOM Oblla CIIPOEKTUPOBAaHA M CMOHTHUpPOBaHA 3a
OJHMM W3 KOTJIOB TEIUIOYTHJIM3AIIMOHHAS YCTAHOBKA C KOTAKTHBIM SKOHOMai3epoM (cM. puc.
11), pacnosio’keHHBIM HaJ KOTJIOM Ha oTMeTke 3 M. [[iis moga4m ra3oB uepe3 SKOHOMai3ep Ha
BBIXOJIC HX YCTaHOBJCH otTcacbBatommii BeHTwiaTop L[13-50 Ne 3 (n=1440 o06/muH).
[TpenycMoTpeHa BO3MOKHOCTh pabOThl KOTJIA KAaK C YTHJIM3ALMOHHOM YCTaHOBKOM, Tak u 0e3
Hee (C MOMOIIBIO MEPEKITIOYAONIMX 3aCIOHOK). [Ipy OTKIFOUCHHOM KOHOMal3epe 3aciioHKa 3
3aKphITa, a 3acjIOHKa 2 OTKphITa. [Ipy MOAKIIOYEHUN SKOHOMAif3epa 3aciiOHKa 2 3aKphIBAeTC,
OTKpBIBaeTCs 3aCIOHKa 3, BKJIIOYAETCS OTCACHIBAIOIIMHA BEHTHJIATOpP 5, M ra3sl u3 kotia 1
HaINpaBJIsIOTCS B SKOHOMaii3ep 4.

Puc. 8.11. TenmoyTuiau3aoHHas yCTAHOBKA ¢ KOHTAKTHBIM DKOHOMAaK3epoM:
1- xoren; 2, 3 -3acnoHky; 4 - FIKOHOMaK3ep; S5 - BEeHTWIATOp: 6-0ak; 7- Hacoc;,
8 — rermooOMeHHHK; 9 - mapoBoasiHOH Ooitnep; 10 - perymupyrommii knamnas; 11 - 6ak ropsueit
BojbI, 12 - Hacoc; 13 - nymieBsie
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YcranoBka paboTaeT cieayronuM 00pa3oM. YXoasmiue ra3pl u3 Komia 1 mocTynaioT B
HUKHIOIO 30HY SKOHOMai3epa 4, mMpoXoJsT Yepe3 ClIoi HacaJKku M BbIOPAChIBAIOTCS B JBIMOBYIO
TpyOy. [loanexanias HarpeBy BoJia U3 OPOCUTENS CTPYAMH TMOJAETCS HA CIOM HACaJIKM, CTEKaeT
B IOJUIOH, U3 KOTOPOro MO MEPEeTOYHON TpyOe ciMBaeTcs B MPOMEXKYTOUHBIM Oak O, oTTyna
MUPKYSIIIUOHHBIM HAaCOCOM 7 HAmNpaBIIIETCS B BOJO-BOASHOW TeIIOOOMEHHUK 8, 3areM
OXJIQXKJIEHHAas BOJa Yepe3 OpOCUTENb IOCTyMaeT B HJKOHOMaizep. XoJioJHas BOJa U3
BOJIONIPOBOJIA HAIPABISICTCS B TEIUIOOOMEHHUK 8, HarpeBaeTcs B HEM M CIUBaeTcs B 0Oak
ropstueit Boawl 11. Otcroma Harperast Bojia HacocoM 12 HampaBiisieTcsl B aymieBbie 13.

HcnbiTaHus 1oka3aiy, 4YTO IIPU MCIOJIB30BAHMM KOHTAaKTHOro sKoHoMmamsepa KII/]
M3K-7 yBemuumics ¢ 82 go 93 % (mo BeICIIEH TEIUIOTE CropaHus ToIutMBa). Hapsay ¢ sTum
ObLI BBISBIICH W CYIICCTBEHHBIM HEIOCTATOK YCTaHOBKH. [lpu skcrumyatanuu HabOIHOIaIMCh
KpaifHe HU3KHE CKOPOCTH JBIKEHHs HarpeBaecMoii Boasl B TpyOkax (0,05...0,09 m/c) u ocobento
rperoiieit Bojibl B MexTpyoHom npocrpanctse (0,01...0,014 m/c).

B cBs3u ¢ ykaszaHHBIM HENOCTAaTKOM TEIUIOYTUJIM3allMOHHAs YyCTaHOBKa ObLia
0o00opylnoBaHa  CEKIMOHHBIMH  BOJO-BOASHBIMU  TEIUIOOOMEHHHKAMH C  TpeOyeMbIMU
XapaKTepUCTHKAMU. AUaMeTp Tpyook cekuuii 57/50 MM, miawHa -4 M, IJIOMIAab MOBEPXHOCTH
HarpeBa cekmuii -0,75 M , uumcio cekmmii - 7. CorilacHO HOBOHW cXeMe NPEIyCMOTpPEH
JIBYXCTYIEHYAThId HArpeB BOJOMPOBOAHONW BOJABI B BOJO-BOJSHBIX TEIIOOOMEHHUKAaX 8 H
napoBosiHOM Ooitnepe 9. Ilpu HcnbITaHUM MOJEPHU3UPOBAHHON CXEMBI OBUIO YCTaHOBJICHO,
YTO B BOJO-BOJSHBIX TEIUIOOOMEHHHMKAaX BOJOMPOBOAHAS BojAa B KoiuyectBe 2,4 M /4
HarpeBanach 10 44...45 °C, KI1J] ycranoBku cocraBuil 95 % (mmo BBICIICH TEIUIOTE CropaHusI
toruBa). Jlorpes Bobl 10 Oosiee Bbicokoi Temmeparypsl (50...60 °C) qomkeH npou3BOAUTHCS B
apoBo/IIHOM Ooiinepe. M3MeHeHue no- gauu mapa Ha Ooilyiep MPOU3BOJIUTCS PETYIUPYIOLIUM
kinanaHoM 10 mo uMMynbCHOMY CHUTHAlTy O TeMIleparype BoAbl B Oake-akkymynsitope. s
MPOM3BOJICTBEHHBIX JIYIIEBBIX HOPMATHWBHAs TeMIiepaTypa Bojabl coctaBimsier 37 °C, T. e.
JOCTaTOYEH HarpeB BOJABI TOJHKO B BOJO-BOJSHBIX TeIiooOMeHHHMKaX. Ecnmu ke TpeOyercs
Oozee ropsigasi BOJA, TO TIOCIE BOJO-BOASHBIX TEIJIOOOMEHHHKOB €€ CIIEAYEeT OTpeBaTh B
napoBoAsiHOM Ooitnepe. Tak, B cmydae HarpeBa Bojbl 10 50 °C Ha map npuxoAuTcs HeOObIas
4acTh MMOJIC3HON TETUIOTIPOU3BOIUTEIHHOCTH.

KOHTpO.]'II)HI)Ie BOITPOCHI

Uro Takoe sHepreTHYecKrue 0TxXo1bl? Ha30BUTE WX THUIIBI M BUJIBL.

Yro takoe BOP? IIpuBenute knaccuduxamnuto BOP.

Kak paccunrare 001uii 1 BO3MOXHBIN BbIx0oa BOP?

Kak oneHuTh 5KOHOMHUIO TOIUIMBA 32 CYET MCIOJIb30BAaHUS TEIJIOBBIX WJIM TOPIOYHMX

el A

BOP?

5. Kaxkue ucrounuku u Bubl TemoBsix BOP umerorcs B npomsliieHHOCTH?

6. Kakyto posb urpatot TeriooOMeHHbIe anmnapaTsl B 3HeprocoepexeHuu?

7. Ha3oBuTe OCHOBHBIE THUIIBI TEMJIOOOMEHHBIX alllapaToB Il YTHIW3ALHUU TEIIOTHI
HU3KOTEMIIEPAaTYPHBIX U BBICOKOTEMIIEpaTypHbIXx BOP?

8. HazoBute ocHOBHBIE TeTI0BbIE BOP TeKCTHIIEHON TPOMBIIIIICHHOCTH.

9.  OObscHMTE MPUHLUMI PabOThl KOMIIPECCUOHHOTO TEMJIOBOTO HAacoca M TEIIOBOM
TPYOBI.

10. IIpuBeauTe NpUMEphl UCIIOIL30BaHUA TEIIOBBIX BOP.

11. HazoBuTE OCHOBHBIE CXEMBI UCITOJIH30BAHUS KOH/IEHCATA Tapa.

12. Kakue BUIbI TEIUIOOOMEHHUKOB UCIIONIB3YIOTCS B cUcTeMax yruiuzanuu BOP?

13. HazoBuTE OCHOBHBIC TPYJHOCTH TPH yTHIIM3AIHMH TEIUIOTHI COPOCHBIX PACTBOPOB U
MIapOBO3YIIHOM CMECH.

14. Kakue ¢daxTopsl BIMSIOT Ha BBIOOp THMA TEMIOOOMEHHOrO amnmapara s
yrunuzanuu BOP?
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15. HazoBuTe OCHOBHBIE TEIUIOTEXHUYECKHME YCTAHOBKM — MCTOYHUKU TEIJIOTHI
COpPOCHBIX PacTBOPOB M MMapOBO3TYLIHOM CMECH.

16. HazoBuTe OCHOBHBIE TpEeUMyIIECTBA M HEIOCTaTKM 00OrpeBa  KUIKOCTH
«TIYXUM» U «OCTPBIM» MapOM.

17. Ha3oBuTE OCHOBHBIEC MPEUMYIIECTBA U HEAOCTATKA CMECHTENIBHBIX TEIIOOOMEHHBIX
anmaparoB. KakoBa o0nacTb Ux npuMeHeHus?

18. Ha3zoBuTe  OCHOBHBIE  NpPEUMYIIECTBA M  HEAOCTaTKU  PEreHEepPaTUBHBIX
TEMI000MEHHBIX anmnaparos.
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