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BBEJAEHUE

N3BecTHO, YTO PHEPreTUKAa CYUTAETCS OCHOBOW COBPEMEHHOM IMBUIIU3ALIMH.
MoskHO 6e3 npeyBeNMYeHHsI CKa3aTh, YTO 0€3 TEMIOBOM U AJIEKTPUUECKOU SHEPTUU
HEBO3MOXKHA HOpMaJlbHasi KU3Hb COBPEMEHHOro oOmiecTBa. TemioBas U
ANIEKTPUYECKAasi DHEPrusl IIMPOKO HCIOJIb3YEeTCsl B MPOMBIIUIEHHOCTH A
NpUBEACHUS B JEHCTBUE CaMbIX PA3JIMYHBIX MEXAaHU3MOB M HEMOCPEACTBEHHO B
TEXHOJIOTHYECKHUX MpoIieccax, Ha TPAHCTIOPTE, B OBITY.

DHepreTka -  OTpacib  HApPOJHOTO  XO3SUCTBA,  OXBATHIBAIOIIAS
DHEPreTHUECKUE  Ppecypchl, BBIpAOOTKY, mpeoOpazoBaHue, Tmepegady U
WCIIOJIb30BAaHNE PA3IMYHBIX BUAOB JHepruu. [loHATHE SHEpreThka BKIIOYACT B
ce0s 1 HAyYHO-TEXHUUYECKOE HAIPABJICHHUE, 3aHUMAIOIIEECs] N3yUYeHUEM CYyTH BCEX
DHEPTeTUYECKUX TPeoO0pa3oBaHWil, a TaKKEe CO3aHUEM HOBBIX HaNpaBICHUN
UCIIOJIb30BAHUS YHEPTUU B UHTEPECAX YEIOBEKA.

Temnbl Hay4HO-TEXHUYECKOTO Mporpecca, HHTeHCU(UKAIUs 0OUIECTBEHHOTO
IPOU3BOJICTBA, YJIYUYILIEHUWE YCIOBUM Tpyda M pEIIEHWEe MHOTMX COLMaIbHBIX
npo0ieM B 3HAUUTENBHOM Mepe OMNPENENsIIOTCS YpPOBHEM HCIOJIb30BaHUS
ASHEPreTUYECKUX PECYPCOB.

B yueOHBIX Mm1aHax SHEPreTUYECKUX CIEeUUATbHOCTEN OTCYTCTBYIOT YUeOHbBIE
JTUCIUIUIMHBI, OXBATHIBAIOIIME TOJHBIA TEXHOJIOTHYECKUN IUMKI [MOJy4YEHUs
ANEKTPUYECKON M TEIJIOBOW SHEPTHH, pabOTy OCHOBHOTO OOOPYIOBaHHUS, YTO, B
CBOIO OY€pe/lb, YMEHBINIACT OOIINN YPOBEHb TEXHUYECKOM MOTOTOBKHU CTYJEHTOB.

VYka3aHHO€ OOCTOSITENBCTBO MPEAOIpenesieT HEOOXOAUMOCTh HACTOSIIETO
y4eOHOTO TIOCOOHMSI, B KOTOPOM W3JIOKEH MaTepHall, KacCalomUHC OOIuX
BOITPOCOB SHEPTECTUKHU:

® DSHEPreTHYECKUE PECYPChl U UX PAIMOHATBHOE UCITOIH30BAHNUE;
® OCHOBBI TEXHUYECKON TEPMOJMHAMUKH U TEOPUH TETLIOOOMEHA;
® TEXHOJIOTHSI MPOMU3BOJICTBA TEIUIOBOM M DJIEKTPUYECKOW SHEPruu Ha
Pa3JIMYHBIX BUAAX DJIEKTPUYECKUX CTAHIMU: TemioBble 3ekTpoctaniuu (TIC) B
BHUJIE KOHJEHCAIMOHHBbIX »AnekTpocTtaHuuii (KO3C) u TennosnekTpoleHTpalie
(TBOL); runposnextpoctraniuii (I'IC); atomHbIx 3nekTpoctanimii (ADC) u ap.;
® MPUHIUINBI PAa0OTHl W XaPAaKTEPUCTUKU OCHOBHOTO 3JHEPTETHYECKOTO
o0opynoBaHus AIIEKTPOCTAHLIUN UCIIOJIb3YIOIINX TpaJAUIIMOHHbIE u
HETPAAULIMOHHBIE HCTOYHUKH SHEPTHH.
Jlexuuu Mo 3TOMy KypCy YMTArOTCsi aBTOpoM Ha kadenpe «TemnoTexHuka,

TUpaBIMKa M DHEProoOecCreyeHre MpearnpusTUI CTyJIEHTaM MpOQuIs
«DNEeKTPOCHAOKEHHUE) 1o HaIpaBJICHUIO «DNEKTPOIHEPreTUKA U
ANEKTPOTEXHUKAY.

O3HakoMiieHHE C JCKIIUAMUA 6}’I[6T MMOJIC3HO i1 CTYACHTOB BCCX
OHCPIreTUICCKUX CHeHI/IaHbHOCTeﬁ KaK C OCHOBOM HUX y3KOﬁ cricnyuaJimM3anuu.



Jlexknus 1.
SHEPI'OPECYPCBHI U UX UCITOJIB3OBAHUE

OOmiecTBO B 1LEJIOM M KaXIbIiI 4YEJIOBEK B OTICIbHOCTH HE MOXKET
o0xonuTbest 0e3 morpedsieHns sHepruu. VCTOUHMKAMU SHEPTUM MOTYT CIIYXKHUTh
BEILIECTBA M CHUCTEMBI, IHEPTETHUYECKUN MOTEHIHAT KOTOPBIX TOCTATOYEH IS
NOCJEAYIOIETO LEJIEHANPABICHHOTO UCIIOIb30BaAHUS.

JHeprusi — 95TO CIOCOOHOCTh CHUCTEMBI COBepiiaTh paboTy. Pazmmvaror
MHOKECTBO (QopM »dHepruu (KUHETUYECKasl, TMOTEHIMalIbHAs, TETUIOBasd,
MEXaHHuYecKas, dJIeKTpuueckass U T.4.). OCHOBHAsA €IMHUIA U3MEPEHUS] IHEPTrUuu
JIx (xoynb), HO Ha NPAKTHUKE HCHOJB3YIOTCS M BHECUCTEMHBIC €IUHUIIBI
U3MEpEeHUs 3Hepruu, Hanpumep, KBru (1 kBtu = 3,6 M/Ix); kanopus (1 xan =
4,1868 JIx); anexrporBoist (1 5B = 1,60219-10" JIx).

C noHsATHEM DHHEPIrHs TECHO B3AMMOCBA3AHO JPYroe, HE MEHEE BaXKHOE
NOHATHE — MOMIHOCTH. OYeHb BAXKHO Pa3iIvyaTh 3TH JABA MOHATUSA (SHEPIHUs U
MOIIIHOCTh) U 3HaThb HMX (U3MYEcKOoe OTIMYMhe. MOIIHOCTh — 3TO BEJIMYMHA
POU3BECHHON (MJIM U3PACXOJO0OBAHHOW) SHEPTUU B €UHUILY BPEMEHU, €IUHUIIA
u3mepenus momHocty Batt (1 Bt =1 JIx/c).

JHepreTu4ecKMid MOTEHUHAJ SBISIETCS MapamMeTpoM, OLECHHUBAIOIINM
BO3MOKHOCTh HCHOJIb30BAHUSI HWCTOYHMKA DHEPTUH, BBIPAXKAETCS B EAWHUIAX
sHepruu — J[>KOyJsiX Wid KUioBaTT-4acax.

JHepreTnyecKkne Ppecypcbl — BCE JOCTYIHbIC IS MPOMBIIIJIEHHOTO M
OBITOBOI'O HCIOJL30BAHUS MCTOYHHUKH MEXaHWYECKOM, TEIIOBOH, XMMHYECKOM,
ANEKTPUYECKOU, SIACPHOU DHEPTUU.

DHEpPreTUYeCcKue pecypchbl MOKHO Pa3JeIuTh Ha:

MIEPBUYHBIE DHEPTOPECYPCHI, UCTOUHUK KOTOPBIX — MPHUPOJHBIE PECYPChHl U
IPUPOJIHBIE SBJICHUS;

BTOpUYHBIE (T0OOYHBIE) AHEpropecypchl (BOP) - 3T0 HOCUTEnu sHepruw,
oOpasyrolecs B XOJie MPOMU3BOJACTBA, KOTOPbIE MOIYT OBITb IOBTOPHO
UCIIOJb30BaHbl ISl TIOJIYYEHUsS] SHEPTMM BHE OCHOBHOIO TEXHOJOTHYECKOTO
npouecca. K mnpumepy, 3TO MNpPOMEKYTOUHbIE MPOAYKTHI OOOrameHuss u
COPTHPOBKM YIJI€H; TYIpPOHBI, Ma3yTbl M JPYTru€ OCTAaTOYHBIE IPOIYKTHI
nepepabOTKU HE(PTH; IIENKH, ITHU, Cy4bsl MPHU 3arOTOBKE JPEBECUHBI, TOPIOYUE
raspl; TEIUIO YXOASAIIMX Ta30B; Tropsiyasi BOJAa U3 CHUCTEM OXJAXKIACHUS;
OTpabOTaHHBIN TP CHJIOBBIX MMPOMBIIIICHHBIX YCTAHOBOK.

Cpenu TEpBUYHBIX BJHEPrOpecypcoB  pa3jiMyalOT: TPAJUIMOHHBIE U
HETPaJAUIMOHHBIE, BO30OHOBIIIEMbIE M HEBO30OHOBIISIEMbIC NCTOUHUKHU YHEPTHUH.

Bo3o0HoB/IsIeMbIe (BOCIPOU3BOAUMBIE) HCTOYHUKHU JHepruu (BUI) — 310
MCTOYHUKM HAa OCHOBE TMOCTOSHHO CYIIECTBYIOIIUX WJIH TNEPUOAUUYECKU
BO3HUKAIOIIMX B OKPYXKAIOUIEH Cpelle NMOTOKOB HSHEPruu. TUIMHUYHBIA NpUMEp
TaKOrO0 HCTOYHHMKA — COJIHEYHOE H3JIYYEHHE C XapaKTEPHbIM MEPUOIOM
noBTopenus 24 4. Bo3oOHOBisieMass »HeEprus He SBJISETCA CIEACTBUEM
LEJICHAINIPABICHHOW AESATEIbHOCTH YEJIOBEKA, U ITO SIBIIAETCS €€ OTINYUTEIIbHBIM
IPU3HAKOM.

HeBo0300HOB/IsIeMble (HEBOCIIPOU3BOAUMbBIE, HCKOIIAeMble, HCTOIIAeMbI€)
HCTOYHHUKHM JHEPIruH — 3TO MPUPOJIHBIE 3aIaChl BEMIECTB U MAaTEPUAIOB, KOTOPbHIE



MOTYT OBITH WCITOJIb30BaHBI YEJIOBEKOM I MPOHW3BOACTBA dHEepruu. Hampumep,
AJIepHOE TOIUIMBO, YroJb, HEPTh, Ta3. DHEPrusi HEBO30OHOBISIEMbIX UCTOUHUKOB B
OTJINYUE OT BO30OHOBIISIEMBIX HAXOIUTCS B MPUPOJE B CBSI3aHHOM COCTOSIHUU U
BBICBOOOXAAETCS B pe3yJibTaTe 1eJIeHANPABICHHbBIX IEWCTBUI YeI0BEKa.

[loHsiTUS TpaAMIMOHHBIE U HETPATUIUOHHBbIE OOBACHSIOTCS B OCHOBHOM
CJIOKUBILIEHUCA K HACTOSIIEMY BPEMEHHU CTPYKTYpOH SHEPreTUYeCKOM OTpaciiu.
[lepBbIMU HMCTOYHMKAMHM OJHEPrud i TpeoO0pa3zoBaTENbHOM AESTEIBHOCTU
gyenoBeka Obutn BUD — MyckynbHas cuiia )KWUBOTHBIX, BETEP, PEKH, MPHIHBHI
3aTeM B XOJ MOUUIA 3amachl MCKONAEMOT0 TOIUIMBA, B TOM YHCIE SIEPHOE
roprouee.

CTpyKTypa MHPOBOI0 JHEProxo3siiicTBa Ha CETrOAHS CJIOKUIACh TaK, 4YTO
80% moTpeOasieMol AIEKTPOIHEPTUH TOTYYAETCS MPU CKUTAHUU HCKOIMAEMBIX
BHJIOB TOIUIMBA Ha TEIJIOBBIX 3ekTpocTaHiuax (TOC), rae xuMmudeckasi SHeprus
TOIUIMBA MPEBPAIIAETCS CHayayla B TEIJIOTY, TeIioTa — B paboTy, a pabora — B
anekTpuueckyro sHepruto. Okono 15% moTpebasieMoil  3yeKTpOsHEpruu
nojiydaercsi Ha  ruapaBiauueckux — anekrpoctaHumsax  (I'D3C),  ocranbHOE
sHepronoTpebienre (okoso 5%) TOKpbIBaeTCS APYTUMH HCTOYHUKAMHU, B
OCHOBHOM aTOMHBIMU 3jieKTpocTaniusamMu (ADC).

O} PeKTUBHOCTh HCIMONB30BAHUS SHEPTOPECYPCOB OMPEAEISIETCS CTETEHbIO
npeo0pa3oBaHus MX SHEPreTHUECKOro MOTEHIMala B KOHEYHYIO HCIOIb3YEMYIO
MPOIYKIIUIO WM TOTpPeOsiseMble KOHEYHBIE BHUIBI SHEPTHH (DJIEKTPUUECKas
DHEPTHUS, MEXaHNYECKasi DHEPTHUS IBMKCHHS, TEIJIOTA JJIS CUCTEM OTOIUICHUS WA
TEXHOJOTUYECKUX HYXJI U T.JI.), 4YTO Xapakrepuzyercsi Ko3¢duiuueHTom
M0JIE3HOr0 MCI0JIb30BAHNS JHEPIOPECYPCOB 7,y

Hop=Mn * M "M » (1.1)
rae #, — KodpduuueHt 100bIYM, W3BICUEHUS MOTEHIMAIBHOTO 3amaca
sHEpropecypca (OTHOIIEHHE TOOBITOTO KO BCEMY KOJIMYECTBY pecypca);

Ny — KodpunueHT npeodpazoBaHus (OTHOIICHHS MOJYUYSHHOM SHEPTHH KO
BCEU MOJIBEICHHOMN YHEPTOPECYPCOM);

Ny — KOODPUIIMEHT KCIOIb30BaHUS PHEPTUU (OTHOIICHHE HCIOJIb30BAHHOM
SHEPIruu K MOJIBEICHHOM K MTOTPEOUTEINIO).

st nedgtu 7 = 30...40%, nyst raza — 80%, yris — 40%.

CoBpeMeHHbIE TOMOYHbIE YCTPOMCTBA MPU MOIYYEHUH TEIIOBOM SHEPTUU U3
XUMHUYECKON IMyTEM CHKUTAHMSI TOIUIMB MO3BOJIAIOT MOIYYUTh #, = 94...98%; npu
nepenavye TEIUIOThl NOTPEOUTENIO Yepe3 CUCTEMbI TEIJIOCHA0XKEHUS ), CHIDKAETCS
1o 70...80%.

Ecom e w3 TEwioBOM »JHEPrMM IPOAYKTOB CrOpaHUs MOJy4aeTCs
MEXaHW4eCcKass C TIeNbl0  BBIPAOOTKM  DJIEKTPOdHEPTHH (HA  TETUIOBBIX
anektpoctanuusx — TOC), Tto #, = 30...40%; nuga nBurarenss BHYTPEHHEIO
cropanus 7, = 20...30%. BenuunHa #, 3aBUCHUT OT THUIIA KOHKPETHOIO
noTpeOuTeNsl U YCIOBHM 3KcIulyaTaluu (oTonuTelbHble cucteMbl — 50%). B
CPEAHEM 7], = 36%.

bricTpoe pazBuTue MUPOBOW HEpreTHku B 20 BEKe ONMUPaNOCh HA LMIUPOKOE
UCIIOJIb30BAHUE YTJIEBOJOPOJAHOIO0 HMCKOMAEMOTo TOoIuiMBa (He(TH, MPUPOIHOTO
ra3a u yrisi). Ux no6siua 10 cepenunbl 70-X r.Tr. OblIa CPaBHUTENIBHO HEOPOTOW U
nojis HepTM W Tra3a B MHUPOBOM TMOTPEOJEHUU SHEPreTHUYECKUX PpPEeCcypcoB



nocturana 60% u gonst yras — cBbimie 25% (B 1950r. pons yrist cocraBiisiia
50%). CnenoBatenbHO, CBbIlIe 85% CyMMapHOTrO MOTPEOJIEHUS YHEPTEeTUYECKUX
pECypcoB B MHUpE B TOT MEPUOJ MPUXOIUIOCH HA HEBO30OHOBISIEMBIE PECYPCHI
(opranuyeckue TOIUIMBA) W JIMIIb OKOJO 15% — Ha BO30OHOBISIEMBbIE PECYpCh
(TruzposHeprusi, IPOBsIHOE TOILIMBO U JIp.).

C 70-x r.r., KOra CI0KHOCTh MU CTOMMOCTb J100BIYM He(TH M Tra3a cTaju
PE3KO YBEIMYMBATHCS B CBSI3M C HMCUEpPIAHUEM MX 3aMacoB B JIETKOJOCTYITHBIX
MECTOPOXKACHUSIX, MOSBUIACH HEOOXOIUMOCTh WX KECTKOM IKOHOMHH M CTPOTO
OTPAaHWYCHHOTO HCIIOJIH30BaHUSI B KA4eCTBE TOIUIMBA. | JTaBHBIMU OOJACTIMU
MPUMEHEHHUsS PECYpCOB HEPTH M Ta3a KaK IEHHEUIEro TeXHOJOTHUECKOTO ChIPhS
CTajla XHWMHYECKass W HEPTEXUMHUYECKass MPOMBIINIICHHOCTh (TPOU3BOJICTBO
CHHTETUUYECKHUX MAaTEPHAJIOB).

BakHbIM MEPBUYHBIM SHEPrOPECYPCOM ISl SIEKTPOIHEPIETUKU CTAHOBUTCS
B KOHIIe 20 Beka M B MMEPCIIEKTUBE siJIepHas sHepreTuka. B cepenune 80-x rogoB Ha
aTOMHBIX DJIGKTPOCTAaHIMSAX MHpa ObUIO BbIpaboTaHo cBbie 12% Bcel
AJIIEKTPOIHEPIUH, MPOU3BEAEHHON Ha IaHeTe, a B Hadaie 21 Beka e€ 1oy B
MHUPOBOM 3JIeKTpoOanaHce ypenuuures emg B 2-2,5 pasa.

bonpmiass  ponb B NPOM3BOJACTBE  DJIEKTPOIHEPTUU  MPUHAJICIKUT
TUAPOIHEPTETUYECKUM pecypcaM, MCTOYHUKOM KOTOPBIX SIBJISIETCSI MOCTOSIHHOE
TeyeHue pek; B cepeaune 80-X IT. Ha A0 THAPOIIEKTPOCTAHIUNA MPUXOIUIOCH
23% Bceil 3JIeKTPOIHEPTUHU, BHIPAOOTAHHOU B MUpE.

3HAYUTEIBLHO BO3PAcCTaeT POJb TAaKUX BO300HOBISIEMBIX HETPATUIIMOHHBIX
SHEPreTUYECKUX PECYpPCOB, KAK: COJHEYHAs] JHEPrus; reoTepMalibHas 3HEPrus;
TEIIoBasi 3Heprusi MUpOBOro OKeaHa; PHEPrus MOPCKUX MPUIMBOB U SHEPTUA
BOJIH, BeTpoBasi dHeprus; oHeprus Ouomaccel. Ilo mporHozam, mons
BO300OHOBIISIEMBIX DHEPrOPECYpPCoB (TUAPOIHEPTETUUECKUX U TEPEUUCICHHBIX
HETPAJUIIMOHHBIX) JOCTUTHET B 1-if ueTBepTH 21 Beka nmpumepHo 7-9% B MUPOBOM
CyMMapHOM HCIIOJIb30BaHUM BCEX BUIOB MEPBUYHBIX dHEPropecypcoB (cBbimie 20-
23% Oyner NpUXOAUTHCS HA AaTOMHYIO SIAEpHYIO HHepruro u okono 70%
COXPaHUTCS 32 OPraHUYECKUM TOILJIMBOM — YTJIEM, Fa30M U HE(PTHIO).

B oOmeMm ciydae, moTpeOHOCTH 4YeIOBEKAa PACTYT, JIHOJEH CTAaHOBHUTCS BCE
OOJIbIIIE M 3TO BBI3BIBAET TMTAHTCKUE OOBEMBI MPOU3BOJICTBA SHEPTUU U TEMIIbI
pocta ee motpeOienus. B cBsizu ¢ 3TUM sHepretuueckas npodieMa Oblia U
OCTaeTCsl OHOM M3 BaKHEHIIHNX TTI00aTBHBIX MPOOJIEM COBPEMEHHOCTH.

JluHAMMKY pocTa noTpedieHusi JHEPTrUM TTOKa3bIBaeT rpadK MOTPeOICHUS
sHepruu B pyHkuuu BpemeHu (puc. 1.1).

W3 mpuBenenHoro rpaduka BUIHO, YTO MHPOBOE MOTPEOJECHUE TOIUIMBHO-
sHeprernyeckux pecypcoB (TOP) ynBamBaercsa kaxasie 25...30 ser. IIpornos
mpernoiaraeT JalbHEWIee YBETUUYECHHUS MOTPEOIeHUs SHEPruu B 0003pHUMOM
OyayiieM, BBIPaKEHHOE B TMOTPEOJEHUU KOJMYECTBA YCIOBHOTO TOIUIMBA
(YCIIOBHOE TOIUIMBO 3TO HEKOTOpPOE aOCTPAaKTHOE TOIUIMBO, KOTOPOE HUMEET
ternoty cropanus 29,3 MJDx/kr). EcrecTBeHHO, YTO MpU 3TOM BO3HUKAET
MHO>KECTBO BOIIPOCOB CBSI3aHHBIX C HCTOIICHHEM 3allacOB MCKOMAEMbIX BUJIOB
torumBa (Tabn. 1.1), ucnosb3oBaHUEM BO30OHOBIISIEMBIX MCTOYHHUKOB 3HEPIHH,
OXPaHOW OKPYKAIOILIEH CPEAbI U T.II.
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Puc. 1.1. lnunaMuka pocta norpedJieHusi JHEpPruu B MuUpe

Tabmuma 1.1.
OpuEeHTUPOBOYHBIE MUPOBBIE 3aM1ACHl OPraHUUYECKOTO TOIIMBA
Pa3BenanHblie 3anacel H3Biiekaemble 3anachl
Bun TonnuBa

MIIPA T Y.T. % MIIPA T Y.T. %

Bcero 12800 100 3800 100
B Ttom uucne: yroJib 11200 87,4 2900 76
HeDTh 740 5,8 370 9,7

ra3 (IpUpOIHbIIT) 630 4,9 500 13,3

npoune (Topd, CIAHIIBI U T.IT) 230 ~1,9 30 ~1,0

VYxe ceromHss psAA  MECTOPOXKIEHUM M3-32 KCTOLIEHUS OKa3bIBAaeTCA
HEMPUTOAHBIM JIJIS1 IPOMBIIIEHHON pa3paOoTKU, U 32 HEPTHIO U Ta30M, HAPUMED,
OPUXOAUTCS UJITH HA TPYJHOAOCTYIHBIC, OT/IaJIEHHbIE TEPPUTOPHUH, HA OKEAHCKUE
menb@bl. [[porHo3bI MOKa3bIBAIOT, YTO MPU COXPAHEHUU HBIHEITHUX TEMIIOB pOCTa
sHepronoTpedienus B 3...5% B rog (a oHu 06e3 COMHEHHs OyAyT €Il BBIIIE)
3amacbl OpraHUYECKUX TOILIUB MOJHOCTHIO UCCIKHYT uepe3 70-150 ner.

HpyruMm (pakTopoM, OTrpaHMUMBAIOIIMM yBEIWYEHHE OOBEMOB BBIPAOOTKH
SHEPrUM 3a CUeT CXKUTAHMA TOIUIMB, SIBIISIETCS BO3pACTAloOlIee 3arps3HEHHE
OKpY>KaroIllen cpeabl 0TXO0JAaMU YHEPreTUYECKOTO MPOU3BOACTBA. Tak, Hampumep,
npu npomssozcTee 10° kBT-4 anexrposHeprun Ha TAC (paboTaromeii Ha TBePIOM
TOIUTMBE), B OKPYXKAIOIIyl0 cpeny copacwiBatorcs 14 1 mutaka, 80 T 30mb1, 100 T
auokcuaa yriepona, 14 T nuokucu cepbl, 4 T OKUCIOB a30Ta, 100 T BOASHBIX
apoB, a TAKXKE COeNUHEHHs (TOpa, MbIIIbSIKA, BAHAAUS U JPYTUX DJIEMEHTOB. A
BEb KOJMYECTBO BbIpaOATHIBAEMONW B TOJl AJIEKTPOSHEPTUU HCUYUCISETCS
ThICSTYaMU  MWJUIMAPAOB KUJIOBaTT-yacoB! BOT 0OTKyaa KUCIOTHBIE HOXKIH,
OTpaBJICHUs CENbX03yroaui u BojmoeMoB. IIpupoga yxke He B COCTOSHUU



€CTECTBEHHBIMU (PU3UKO-XUMUYECKUMA W MHUKPOOMOJOTUYECKHUMH CIOCO0aMuU
nepepadoTaTh 3TU 3arpsi3HEHHUS] 1 CAMOBOCCTAHOBUTHCS.

He MeHee BpeHBIM SIBISIETCS U TEIJIOBOE 3arpA3HEHHUE OKPYKAIOLIEH Cpeabl,
CIIOCOOHOE TMPHUBECTH K TIJ00aJbHBIM M3MEHEHHUSM KiIuMaTra 3eMJId, TasHUIO
JEJHUKOB W IOBBILIEHWIO YPOBHS MHUPOBOTO OKeaHa. ECTECTBEHHBIN TEMIOBOM
OaJlaHC TUTAHEThI OMPEENSIeTCs MOCTYIUICHHEM Ha 3€MIII0 COJTHEUHOM pajualuu B
KOJIMYECTBE 0KOJo 60x10% JIx B rog. 3a CUET 3TOTO MOIJICPKUBACTCS CPEIHSS
TeMmreparypa HOBEepXHOCTH  3emiu. DyHKIMOHUPOBAHUE  TPAJAUIIMOHHOU
SHEPreTUKU MPUBOJUT K BBIICICHUIO JOMOJHUTEIIBHOTO K COJIHEUHOW pajualuu
terua. CerofHs 3To JIOMONHHTEIbHOE TEILUIOBBIIETICHNE COCTaBIseT 0Ko1o 4x10%
JIx B roa, T.e. B 15000 pa3 meHblile nocTymnarmnieil coaHeynoil paguanuu. [loka
AHTPOMNOT€HHOE TEIJIOBBIICIICHUE OTHOCUTENILHO MaJIo U B rJI100aIbHOM MaciiTade
rjaHeTra ¢ HUM crupasisiercs. Ho sHepreTuka pa3BuBaercsi OypHbIMU TEMIIAMHU, U,
I Bepel, 00 TOM HaJl0 33 yMbIBATHCS.

31eCh YMECTHO OCTAaHOBHUTBHCS Ha TOHSITUU «IMAPHUKOBBIA 3¢ derT».
[TapHukoBbIi 3hPeKT — 3TO ecTecTBEeHHBIN hu3ndeckuii 3G PeKT, 3aKToUaronuncs
B TOM, YTO HCXOASALIEEC OT MOBEPXHOCTH 3€MJIM TEIUIO COXPAHSETCA B CIOAX
aTMoc(epbl, YTO MPUBOJAUT K YBEIUUYEHHUIO TEMIEPATYPhbl OKpPYKAIOLIEH Cpeibl.
Paznuyaror ecrecTBeHHBIH (MPHUPOJHBIN) W AHTPONOTreHHbI NAPHUKOBLIE
3¢ ¢exThl. biarogaps ecrecTBeHHOMY MAPHUKOBOMY 3D PEKTY — BO3ZMOXKHA KU3HD
Ha 3emse. Ecam Obl OTCYTCTBOBaNM TakK Ha3bIBa€MbIE MAPHUKOBBIE Ta3bl, TO
rIaHeTa 3eMiIs 3a HOYb MOTJia Obl TIOKPBITHCS JIbOM. [[apHUKOBBIE Ta3bl UTPAIOT
BAKHYIO pOJb, MOMOTrasg COXPAaHUTb YAaCTb DJHEPIUH, H3IIy4aeMOM 3E€MIIEH.
[TapuukoBbie ra3pl (YriaEKUCHbIA Ta3, METaH M JIp.), a TaKKe BOASHOW map
MPENSTCTBYIOT JUIMHHOBOJHOBOMY (WMH(paKpacHOMY) H3IYYEHHI0O B KOCMOC.
Takum 00pazoM, MPOUCXOIUT YACTUYHOE COXPAHEHWE DHEPTUH, YTO IMO3BOJSET
COXpaHHTh JKW3Hb Ha 3emsie. OpHAakKo, B TIOCIEIHEE BpPEMsS YCUIIUICA
AHTPOIOTCHHBIA MAPHUKOBBIN 3(h(PEKT, KOTOPHIN SABISETCA CIEICTBUEM Mporpecca
B Pa3BUTHUM YEJIOBEYECTBA U YBEIMYEHUsS MOTPEOJICHUS] UCKOMAeMOTro ToruiiBa. B
pe3ynbTare 3Toro B armMocdepe yBenuumiach koHuentpauus CO,, CHy u apyrux
NAapHUKOBBIX Ta30B, YTO MPHUBEJIO K HAPYLIEHUIO paJualMoHHOro OanaHca
aTMocdepbl, U KaK CIEJCTBUE K II100aIbHOMY MOTEIUICHUIO.

CymiecTByIOT BO3MOXHOCTH CO3/1aHUsl 0o0jiee 3KOHOMUYHBIX CIOCOOOB
nepepaboOTKA ypaHa, a TaKKe TEPMOSJIEPHBIX MpeoOpa3oBareneil, KOTOphIe
JOJDKHBI MO3BOJUTh PELIUTh MPOOJEMY CHAOXKEHUs 4YeIOBEYECTBA SHEpPrUEil Ha
TBICSYENICTHS, HO 3TO HE CHUMET MPOOJIeM TEIUIOBOTO 3arpsi3HEHHUS, MPoOJieM
XpaHEHUs O0TX0JI0B, MPO0JIEM BO3MOKHBIX aBapUidl SHEPTreTUYECKUX TUTAHTOB.

B cBete u3nokeHHOTO BbIIIE BCe 00JIee aKTyaJdbHBIM CTAHOBHUTCS IIUPOKOE
MPAKTUYECKOE HCIIOIH30BAHNE MCTOYHUKOB BO30OHOBIISIEMOW SHEPTHH, MPUPOJIA
KOTOpBbIX ompeaensercss mnpoueccaMu Ha ConHie W B INIyOMHax 3emid,
rpaBUTALIMOHHBIM B3aumojeictBuem Comnnia, 3emiu u JIyHsl (puc. 1.2).

B o00603puMoM OynylieM OCHOBHBIM MCTOYHHUKOM JHEPrUU OCTAHYTCA
YIJIEBOJOPOJHBIE TOINIMBA M siAepHOe Toprouee. Ho demoBeuecTBO  yxke
npuOIMXKAETCS K TakoMy Tpeliefly TOBBIIIEHUS CYMMapHOW MOIIHOCTH
TPAJAUIIMOHHBIX YHEPrOYCTAHOBOK, MPEOJO0JIEHUE KOTOPOTO HEM30EKHO MOBJICUET
AKOJOTMYeCcKylo  Karactpody. IloaTroMy coBpemMeHHass «HETpPaAUIMOHHAS



SHEpPreTUKa — JTO TOT PE3EPB, KOTOPHIA JA€T HAJIEKIy U BO3MOXKHOCTH
PEO0JI0JIETh MHOTHUE HEpa3pelnMble MpoOJieMbl M 00ECHeuuTh BO3PACTAIOIINE
noTpeOHOCTH yesoBeka B OyayieM. [lo Mepe coBepilieHCTBOBaHUS TEXHOJOTUIA U
MacmTaboB  MPAKTUYECKOTO  HUCIOJIb30BAHUS  YacTh  «HETPAJAUIIMOHHBIX)
HSHEProyCTAHOBOK NEpeeT B pa3psia TPaaULMOHHOM «OOJNBIIONY» 3HEPreTHKH,
Jpyrasi 4aCTh HalJET CBOIO HUIILY B «MaJIOi» dHEPreTHKE JIJIsl SHEproodecneueHus
JIOKaJIbHBIX OOBEKTOB.

OTpaxeHue B 80000 _| Tennosas YCTaHOBKM CO/THEYHOM
KOCMUYecKoe "| aHeprus 3HepreTuku
NPOCTPAHCTBO
MNpespaweHHasn
T 40000 | | PeBPal r .
SHeprua Morno- » TensoBas L TngposHepreTn
ConHua ConHeuHoe weHne SHeprus YecKue yCTaHOBKM
(R —>
unsnyyeHue 3emnen
300 | KuHetwueckas | BoaHo-uBeTpo-
"| sneprus aHepreTuyeckme
YCTaHOBKM
30
»| doTtocuHTes |—— bBuroaHepreTnyeckme
YyCTaHOBKM
JHeprua
3emau FeoTepmanbHasn 30
E—— SHEDIUs L 5 Temmosas | leoTepmanbHble
P SHEPTUsd YCTaHOBKM
DHeprua
naaHeTapHoro
ABWKEHUA 3Heprua 3| Npuaussl — lpuansHbie
%
rpaBuTauum i CTaHUUK

Puc. 1.2. Bo3o0HoBJIsIeMbIe 3HEPropecypchl M UX HCNOJIb30BaAHME.
3neck, unciaa 0003HAYAI0T MOIIIHOCTh HCTOYHHKA B TEPABATTAX (10'* Br).
Crnenyet 0OpaTuTh BHUMaHHUE HA OOJIBIIOE Pa3JInYMe B MOIIIHOCTH
rcTounnkoB (1:10%) ¥ Ha JOMUHHPYIOIIYIO POJITh COTHEUHOIO H3TyUCHHS.

KoHTpPOJLHBIE BOIPOCHI:

1. Yto Takoe sHeprusi, Kakue BUbl SHEPTUU Bbl 3HaeTE?

2. Kakue eauHUIIBI U3MEPEHUS] SHEPIMU Bbl 3HAETE, KaKUE MEXAY HUMHU
COOTHOIIEHU? YeM oTamyaeTcsi MOIHOCTh OT SHEPTUU?

3. KakuM mapamMeTpoM OLIEHMBAETCS BO3MOXKHOCTH  HMCIIOJIb30BaHUS
HMCTOYHUKA YHEPTUU?

4. Kakue MCTOYHUKH SHEPTUH HA3bIBAIOTCA BO30OHOBISIEMBIMU?

5. HazoBute 0cHOBHbIE BUIbI BO30OHOBIISIEMBIX HCTOUHUKOB SHEPIHUU.

6. Uro xapakrepu3yerT KOdPQOUUIHUEHT TMOJE3HOT0  HUCIOJIb30BAHUS
HHEPropecypcoB U KAKOBO CpeIHEE 3HAUeHHE 3TOro KoadduienTa?

7. Ilepeuncnute OCHOBHBIE TPAAUIIMOHHBIE HUCTOUHUKHU YHEPTUU.

8. Kakue cyiecTByroT npo0yeMbl B COBPEMEHHOM TPAJUIIMOHHON SHEPTEeTUKE
U KaKue MPUYUHBI 3TUX TTpodiem?

9. Uto Takoe mapHUKOBBIN 3P HeKT?
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Jlexknusa 2.
HEBO3OBHOBJISIEMBIE U BOSOBHOBJISIEMBIE UCTOYHUKHN
SHEPI'UUN

2.1. O0urue MOHATHS 0 XaPAKTEPUCTUKAX TOIJIMBA

Te WCTOYHWKKM DHEPTrUU, KOTOPHIE CBOK MOTEHIMATBHYIO OJHEPTHIO
NPEICTaBIAIOT B BHUJIE XUMHUYECKOW HSHEPTUU M BBIACISIOT €€ NpPHU CrOpaHuH,
Ha3bIBAIOT TOMJIMBOM.

bonee 90% morpebnsieMoit 3Heprum  oOpaszyeTcs TMpU  COKUTAaHUU
€CTECTBEHHOT'0 OPraHMYECKOro TOIUIMBA TPEX BUIOB: TBEPJOE TOIIUBO (YroJb,
Topd, ClaHIbl); >XKUJIKOE TOIMBO (HEe()Th M Ta30KOHJEHCAThI); Ta3000pa3HOe
TOILTUBO (ITPUPOJIHBIN Ta3, TOMYTHBIN ra3 HePTH).

OCOOHSIKOM CTOUT SJI€PHOE TOIUTUBO, KOTOPOE OOBIYHO OTHOCST K TBEPIbIM
BHJIaM TOIUIMBA, XOTS B YIIOMSIHYTOM BBIIIE€ CMBICJIE ATO HE TOILJIMBO, HOO CIIOco0
W3BJICUCHUS U3 HETO DHEPTUU HE CBS3aH C TOPCHHUEM.

C 9T0i#1 TOYKHM 3pEHUS TOIIMBO ObIBACT:

a) TOprYee — BBIACISACT TETUIO MPU OKUCICHHH (OKUCIHUTENb — OOBI9HO O,,
N,, a30TuCTast KUCIOTA, IEPEKUCH BOJIOPOJA U MP.);

0) pacuienuisionieecs WiM SAEpPHOE TOIIMBO (OCHOBA SIIEPHON IHEPreTHKH,
00bIYHO ypaH 235).

['oprouee gensT Ha opraHuveckoe U HeopraHmdeckoe. OpraHuyeckoe
roprouee — yriaepoj] u yriaeBoaopon. ['opiouee ObiBacT mpupomHoe (100bITOE B
HeJpax 3eMJIM) U MCKYCCTBeHHOe (TiepepaboTaHHoe npupoaHoe). ckyccTBeHHOE
B CBOIO O4Yepelb JACIUTCS HAa KOMIO3UIMOHHOE (MOJYy4YeHHOE MEXaHWYECKOU
nepepaboTKON e€CTECTBEHHOr0, OBIBAET B BHJIE TPaHYJ, dMYJIbCHUMA, OpPUKETOB) U
CHHTeTHYecKOe (IIPOU3BEIACHHOE TYTeM TEPMOXMMHYECKON TmepepaboTKu
€CTECTBEHHOTO - OEH3UH, KEPOCUH, AU3€JIbHOE TOIUIMBO, YTOJbHBIN a3 U T.1.).

Oo6menpuHaTOE CIOBO 'TrOprouee" - 3TO TOIUTMBO, TMPEIHA3HAYCHHOE IS
ckuranust  (okucnenus). OOpyHO  cimoBo  "torumBo" W 'roprodee”
BOCIPUHUMMAIOTCA Kak aJieKBaTHbIE, T.K. dalle Bcero "TOImMBO" U ObIBaeT
npeacTtaBieHo "roprounM”. OQHAKO cienyeT 3HaTb W APYrHe€ Pa3sHOBUAHOCTH
TOIUIMBA. TaK, METaJUIbl ATFOMUHHM, MAarHUM, KEIE30 U AP. IPU OKUCIEHUH TaK KeE
MOTYT BBIJIETISITh MHOTO TEIJIOThl. OKUCIUTENEM BOOOIE MOTYT OBITh KHCIOPOJ
BO3/lyXa, YUCTBIA KUCIOPOA U ero Moauduxanuu (aTroMapHbIid, 030H), a30THas
KHUCIIOTA, IEPEKUCHh BOJIOPOA U T.I.

Ceifuac B OCHOBHOM HCIIOJIb3YETCS MCKOMAEMOE OPraHUYECKOe roprouee ¢
OKHUCJIUTENIEM - KUCIOPOAOM BO3/1yXa.

CocTaB TBEpAOIro M KMJIKOTO TOTUIMBA BbIpaxaeTcs B % IO mMacce, MPU 3TOM
3a 100% mnpunsita paboudass Macca - HCHOJb3yeMas HEMOCPEICTBEHHO MJis
cxuranus. OpraHMYecKkoe TOIUIMBO COCTOMT M3 CJEAYIOLIUX COCTaBJISIOIINX:
roprovasi cocrapistomas (oprannueckue wuHrpenuentsl - C, H, O, N, S) u
HEroprovasi COCTaBIISIIONIAsA (COCTOUT U3 Biaru W, MUHEpaJIbHOU 4acTu A):

C'+HP+S"+ NP + AP+ WP =100 (2.1)

OCHOBHOI1 3JIEMEHT, BBIJEISIOMUHN TEMIOTY IPU OKUCIEHHUH - 3T0 yriaepon C,
meHee - Bogopoa H. Ocoboe BHUMaHMe cheayeT yaensaTh cepe S. OHa 3akioueHa
KaK B TOpIOYEH, TaK U B MUHEpaIbHOU YacTu TormBa. [Ipu cxxuranuu cepa BiausieT
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Ha KOPpPO3MOHHYKO AaKTHUBHOCTb IPOAYKTOB CrOpaHus, IO3TOMY 3TO -
HEXKeJaTeNbHbIN 3JIEMEHT.

Bmara W B mnpoaykrax cropaHus IpejcTaBiieHa BHemHed ("Mokxpoe”
TOIUIMBO), KPUCTAJUIOTUJIPATHOM, OOpa30BaHHOM MpU OKHUCIEHUH BOJOPOA.
MuHepanbHas 4acTb A - 3TO pa3auyHble OKUCIBI, COJU U APYTUE COCIUHEHUS,
oOpa3yroliue Mpu CKUTraHuu 307y.

CocraB TOIIMBAa HEOOXOAUM ISl ONPE/ICTICHUST BaXKHEHIIIEH XapaKTEPUCTUKU
TOTIMBA — TEIJIOTHI CTOPAHUS TOIUIMBA (TEIUIOTBOPHAs: CIOCOOHOCTH TOIUIMBA).

Tensiora cropanus TONJIMBA — 3TO KOJIMYECTBO TEIJIOBOM 3HEPIUH, KOTOpas
MOXET BBIJEIUTBCS B XOAE€ XUMHUYECKHX PEAKUUHA OKHUCIEHHUS TOPHYHX
KOMIIOHEHTOB TOIUIMBA C ra3000pa3HbIM KHUCIOPOJIOM, u3Mmepsercs B JIK/Kr ans
TBEPJIOTO U KHIKOTO, B J[K/M° — JUI Ta3000pa3HOro TOILTHBA.

P
Pa3nuualoT BBICIIYIO yAEIbHYIO TemoTy cropanus O — Temnory,

MOJIy4aeMyIO MPHU MOJHOM CTOpaHHM | KT TOIUIMBA C YYE€TOM, YTO OO0pa3yrouiuecs
Opy CropaHUM BOJASHBIE Mapbl KOHJAEHCUpPYIOTCs. Temora, 3aTpayeHHas Ha
peBpallleHue BOJbI, COACPIKAIIECICS B TOIIMBE, B ITap BO3BPAILIAETCS.

p
Husmas yYAcCbHasdA TCIIOTa CropaHus QH OoNpcACIIICTCA B IIPCAIIOJIOKCHUU,
4TO TCIIOTA, 3aTpavdCHHAasd Ha IPCBPAIICHUC BOJLI B I1ap, HC BO3BPAIIACTCH.

2.2. HeB0300HOBIsIEMBbIE JHEPTrOpecypPChl

K HeB0300HOBIISIEMBIM (HEBOCTIPOU3BOIMMBIM, UCKOMAEMbIM, HCTOIIAEMBIM)
MCTOYHMKAM DSHEPIHH OTHOCAT T€, KOTOpPhIE WMEIOT OTpaHWYCHHBIA 3amac, u
BO300OHOBJICHHE JTHX 3allacOB HE MPOUCXOAUT WU MPOUCXOTUT JOCTATOYHO
MEJIEHHO.

K HuM otHOCSTCS:

- KAMEHHBIH YT0JIb, BKJIFOYAsi BCE €r0 Pa3HOBUIHOCTH;
- HeTh;

- IPUPOJIHBIN Ta3;

- TOPIOYHE CIIAHIIBI;

- S,IEPHOE TOILJIUBO.

bonee 90% morpebnsieMolt 3Heprum  oOpaszyeTcs TMpU  COKUTAHUU

€CTECTBEHHOT'0 OPraHU4YEeCKOTO TOIIMBA 3 BUIOB:
¢ TBEp/I0€ TOILIUBO (Yyrojb, TOp(, CIaHIIb).
¢ KUJIKO€ TOTUIMBO (He(Th M Ta30KOHCHCATHI).
4 ra3000pa3HoOe TOIIUBO (TPUPOJIHBIN Ta3, CH4, MONYTHBIN ra3 HePTH).

Yroab. C TOYKM 3pEHHMS DHEPreTUYECKOM  LIEHHOCTH, TIJIaBHOU
XapaKTEPUCTUKON YTIJIEBOJOPOAHBIX BUAOB TOIUIMBA SIBJISAETCS TEIJIOTA CTOPAHHUS.
Hapsany ¢ TennoToi cropanusi, BaXKHOW XapaKTEPUCTUKOM, BIHSIONIEH Ha MPOLECC
TOPEHHsI YIJIA, ABISETCS BBIXOJ JIETy4yuX BellecTB (yObUIb MacChl TOIUIMBA MpHU

HarpeBe ero 6e3 KuCiopoja mpu 850 C B Teuere 7 muH). [lo 3TOMy mpu3HaKy
yrau aenar Ha Oypeie (Bbixon seryumx Oosee 40%), xamenssie (10...40%),
anTpauuTsl (MeHee 10%). BocruiamMeHseMOCTh aHTPALMTOB IO3TOMY XYK€, HO
TEIIOTa CTOPaHUs BBIIIIE.
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Tabmura 2.1.
TexHuYecKass XapaKTepUCTHKA Pa3IMYHbIX BUJIOB YIS

Yrons Cocras B % BB;’;(;HBH:/;W' TISE:,OK/?IE;:;EI? )
C S H O N
Bypsrit 64-78 | 0,3-6 | 3-6 15 1-2 40-60 15-30
Kamennsiit | 75-90 | 0,5-6 | 4-6 | 2-13 | 1-3 9-50 22-33
AHTpauur 93-94 2-3 2 1-2 1 3-4 33-35

MupoBoi#i 3amac yris ouneHuBaercs B 9...11 TpaH.T. (YCIIOBHOTO TOILJIMBA)
pu A00b14e 6osee 4,2 MIPA./TO/I.

Haubosnpine pa3BeaHHble MECTOPOXKACHUS HAXOIATCA Ha TEPPUTOPHU
CHIA, CHI', ®PI', ABcTpanumu.

Obmereonornueckue 3amacel yrias Ha Ttepputopun CHI' coctaBmsror 6
TpiaH.T. (50% MupoBbIX), B T.4. KaMeHHbIe yrau 4,7 u Oypeie yriu — 2,1 TpiH.T.
Exxeronnas no6srua yris — 6osnee 700 MiH.T., u3 HuX 40% OTKPBITHIM CIIOCOOOM.

Tabnura 2.2.
Pa3BenanHbie n M3BIEKAaEMbIE 3aMMachl YIS

Pa3Benannble 3amachl yriisi, MIpA. TOHH

MupoBslie 909

Poccun 200

H3BiexkaeMoe KOJIUUECTBO yrijis U3 HEAP 3€MJIN, MJTH TOHH:

I'on 1970 | 1980 | 1990 | 2000 | 2001 | 2004 2006

Bceero 804 1028 | 1214 877 894 - -

B Poccun 127 141 137 86 83 283 308

Hed1s.

Muposbsie 3anackl HepTr okosi0 840 MIIpA. TOHH YCJIOBHOTO TOIUIMBA, U3 HUX
10% - nocroBepHbie 1 90% - BEpOSATHBIE 3aMaChl.

3anacel HedTn B Poccuiickoit deneparuu okoio 6,3 mipa. ToHH. JloObrua
cocTaBisieT 0KoJ0 300 MJIH. TOHH.

OCHOBHOHM MOCTAaBIIMK HE(TH HA MHUPOBOU PBIHOK — CTpaHbl bimkHero u
Cpennero Bocroka. OHu pacrnonarator 66% MupoBbix 3amacoB HedTH, CeBepHas
Awmepuxka — 4%, Poccust — 8...10%.

OtcytcTByrOT MecTopoxaeaust HehTr B Anonun, OPI', Opannum 1 MHOTHX
JIPYTUX Pa3BUTHIX CTpaHaX.

Hedtp B ChipoM BHIE pENKO HCMOIB3YETCS KaK TOIUIMBO, Yallle BCETO IS
ATOM LIeNM UAYT MPOIYKThI epepabOTKH HEPTH.
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B 3aBucumocTu OT TemmepaTypbl MEPEroHKH HEPTENPOMYKTHI NEISAT Ha
dbpakiuu:

oenszuHoBeie  (200...225°C); kepocunoBbie (140...300°C); nu3zenbHbIE
(190...350°C); comspossie (300...400°C); mazytasie (6onee 350°C).

W3 mpoaykToB niepepaboTku He(TH ISl SHEPTETUKH UCTIONB3YIOT JTU3EIIbHOE
TOTUIMBO M Ma3yT (B KOTJIAX KOTEIbHBIX U JJIEKTPOCTAHIIUN OOBIYHO CIKUTACTCS
Ma3yT, B OBITOBBIX OTONMHUTEIHHBIX YCTAHOBKAX - IEYHOE OBITOBOE — CMeECh
cpenHux (paxiuii). XapakTepucTUKa HCIONb3yeMbIX B OJHEPreTUYECKHX
yCTaHOBKax He(TENPOAYKTOB IpecTaBiIeHa B Ta0. 2.3.

Tabmuma 2.3.
XapakTepucTuKa MpOoAyKTOB MepepadoTKu He(TH UCTIOTIb3YyEMbIX B
HYHEPreTUUYECKUX YCTAaHOBKAX

T CocraB B % Tennora cropanus,
OTUIMBO MITx/kr
C H S O+N
Masyt 84...87 | 11,5...12,5 | 0,5...3,5 0,5...0,7 40...41.5
JIn3. TOImmBO 86,3 13,3 0,3 0,1 42.4

Ma3zyT paznuuarot 1o Bszkoctu: M20, M40, M60, M&80, M100, M120, rue
nudpa o3HAYAET BA3KOCTH B Tpagycax DHIIepa.

I'a3bl.

Paznuyaror ra3 npupoaHBIM M HCKYyCCTBEHHbIM. K mpupomHsiM rasam
OTHOCUTCA Ta3, JOOBIBAEMBI W3 YHUCTO TAa30BBIX MECTOPOXKICHUM, Ta3
KOHJEHCATHBIX MECTOPOXKIAEHUM, IIIaXTHBIM METAH U Jp.

OcHoBHOI KOMIOHEHT mnpupoaHoro raza — metan (CH,;). B sHepreruxe
UCIIOJIb3YeTCsl MPUPOJHBIN ra3, koHieHTpauuss CH; B xotopom Bbeime 30% (3a
npenesaMu B3pbIBOOIACHOCTH).

HckyccTBeHHBIE TOPIOYME Tra3bl - Pe3yJbTAT TEXHOJOTMYECKHUX IMPOLECCOB
nepepaboTku HepTH M APYTUX TOPHOYUX HCKomaeMbIX (HedTe3aBOJCKHE Tasbl,
KOKCOBBI M JJIOMEHHBIN Ta3bl, CKUKEHHBIE T'a3bl, T'a3bl MOJI3€MHOM Trazudukanuu

yTIIs U Jp.).

Tabmuma 2.4.
XapaKkTepucTrKa ra3000pa3HbIX BUJOB TOIIJINBA
0
Biix rasa Cocras B % Temnora
Cropanus,
CH; |H, |CO|[CO; |CiHn |02 |H:S |N, ML
[TpuponansIit 94,9 - - 0,4 3.8 - - 0,9 36,7
KoxcoBsli 22,5 | 57,5 | 6,8 2,3 1,9 08 04 7,8 16,6
JloMeHHEBIH 0,3 2,7 | 28 10,2 - - 0,3 | 58,5 4,0

14



MupoBble 3amachl OPUPOIHOTO Trasza oneHuBarotcs B 300...500 TpmH M,
exerofHas 100b4a okono 598 mupa. M. OTCIOAA CIEAYeT, YTO PasBeJaHHBIX
3armacoB XBaTUT NpuOan3uTenbHO Ha 80 yer. OgHaKo, €CTh HAAEKAA, 9TO OYIyT
OTKPBITHI HOBBIE 3aMachl MPUPOTHOTO Ta3a.

Apyrue  Buabl ___TomauBa. Kpome  BBIIEPACCMOTPEHHBIX  BHJIIOB
YIJIEBOJIOPOJHOTO TOIIMBA, K HACTOSIIEMY BpPEMEHHM HaXOASAT TNPUMEHEHHE
CJICTYFOINE BUIBI TOTINBA:

Tabmuma 2.5.
XapakTepUCTUKA BUIOB TOILINBA
Cocras B % Brixong Huzmas
Tomnuso JeTy- TeIIoTa
C N H 0 N qnx, % CropaHus ,

MJIx/kr

loprounii | 60-75 | 4-13 | 7-10 12-17 | 0.3-1.2 80-90 7.6
CJIaHeI]

Topd 58 0.3 6 33.6 2.5 70 8.1
peBecuna 51 - 6.1 42.2 0.6 85 19

2.3. Pacyer Temyi0Thl CrOPaAaHUS TOIJIMBA

@opmyner JI.M. MenneneeBa mius pacuera yAENbHOM TEIIOTHI CrOpaHUs
BBITTISIAAT — cledyromuM  obpazom (B 3tux  (opmynax  Kod(h(UIHUEHTHI
NPOMOPLUMOHATIBHOCTY ~ MPHUHATHL TakuWe, YTOOBI B  pe3yJbTaTe IOJIY4HT
pa3sMepHOCTh KJ[K/KT):

JUis TBEPIOTO U JKUIKOTO TOIUIMBA:

0p=338C+1249-H-108,5(0 - 9), (2.2)
Op=338C+1025-H—-108,5(0—-S5)—25W. (2.3)

Jlis cyxoro razo00pa3Horo TOIUIMBA:

On=127-CO+108-H,+358 ' CH, 591 C,Hs+911-CsHg 234 H,S. (2.4)

B stux ¢opmynax Bce cocTaBisIOLIME TOMJIMBA yKa3aHbl B % OT oOmIero
KOJIMYECTBA.

PaccMoTpum npuMepsl pacueTa TeII0Thl CrOpaHUs A7 ABYX BHIOB TOILJIMBA.

Bypsiit yroas (cM. Tabnuily yrieit — tabm. 2.1) uMeer cocTas:

yraepon C =75 %,

cepaS=15 %,

Bogopon H =135 %,

kuciopon O =15 %.

TemnnoTa cropanust Oyporo yris corsiacHo Gopmyie (2.2):

Op = 33875 + 1249'5 — 108,5-(15 — 5) = 30510 k/lx/kr = 30,51 MJDx/kr,
4TO OJIM3KO COBNAAAET C JaHHBIMU TaOnuLbI 2.1.

Bropou npumep — npupOIHbIN Ta3:

CocraBraza: CO=0,H,=0,CH,=94,9, C,H,,=3.8, H,S=0,

TennoTa cropanusi npupoOIHOTro ra3a coriacHo Gopmyie (2.4):

Ou=127-0+ 1080 + 358:94,9 + [(591+911)/2]°3,8 = 36,8 MIx/KT.
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Jlnst comocTaBiieHUs TEIUIOBOM IIEHHOCTH PA3JMYHBIX BUIOB TOIUIUBHO-
DHEPreTHUECKUX pecypcoB UCTIONB3YETCSI pacuérHas eIMHUIIA,
Ha3bIBacMasl YCJIOBHBIM TOIUIUBOM (YCJOBHO€ TONJIMBO, HMMEIOIIEE TEIIIOTY
cropanus 29338 kJx/kr unu 7000 kkan/kr).

Jlis mepecdera peaNbHOTO TOIUIMBA B YCIOBHOE TOIUIMBO HCIOJIB3YETCS
TETJIOBOM KBUBAJICHT:

p
K=
29308

Benuunna TemoBoro skBuBajieHTa Ui yrias B cpegHeM — 0,718; rasa
npupojnoro — 1,24; nedgtu — 1,43; mazyt — 1,3; Topda — 0,4; apos — 0,25.

(2.5)

2.4. KpaTkasi XapaKTepUCTHKA BO300HOBJIIeMbIX HCTOYHUKOB YHEPTrUu

K Bo30OHOBIsieMbIM ucTOYHUKaM »sHepruu (BUD) oTHOCAT HCTOYHMKH,
KOTOpbIe (PYHKIIMOHUPYIOT W OyAayT (YyHKIIMOHHUPOBAThH B TEUECHHWE BPEMEHH Ha
MHOTO TIOPSAKOB  OOJbIE, YeM BpeMs CYIIECTBOBAHHS  YEJIOBEUECKOU
uBuiIu3anuu. K HuM oTHOCST:

AIIEKTPOMATHUTHYIO SHEPTUIO COJTHIIA;

HHEPTUIO BETPA;

TUIPOIHEPTHIO;

reoTepMaibHyI0 SHEPTHIO;

HHEPTUI0 MOPCKHUX U OKEAHWYECKUX MPUJIMBOB, OTJIMBOB U BOJIH;
SHEPIUI0 OMOMACCHI;

HEPru0 Topda TpHU YCIOBHHM, YTO BpeMs PEKYIbTHBAIUA OOJIOT
OyZeT TOCTaTOYHO JJI1 BO30OHOBJICHUS 3a1macoB Topda.

AN N NN NN

CoJsiHeYHas JHEpPrus.

Hctounuk conHeuyHoW sHepruu — 3Be3na no umeHu Connue. BeneactBue
TEPMOSJIEPHBIX Peaklvil B akTUBHOM siipe CoHIA IOCTUTAIOTCSl TEMIIEPATYPhI 110
10’ K, a Bo BHemHux HeakTuBHbIX ciogax a0 6000 K, B pesynprare CosHie
HEMPEPHIBHO U3Ty4aeT (BBIAEISAET) OTPOMHYIO SHEPTHIO.

CoJlHeYHOe M3Iy4eHHe PaclpOCTPaHIETCs CO CKopocTbio 3x10° km/cek,
y’Ke uepe3 8 MUHYT JOCTUraeT 3eMHOU aTMoc(ephl B BUE HAIIPABICHHOIO MOTOKA
U3ITYYEHHUsI, COCTOSIIIETO U3 BUIUMBIX CBETOBBIX, HEBUJIUMbIX YIbTPAPHUOIETOBBIX
1 UHGpaKpacHbIX JTyye.

[TpubnusutenbHo 7% Bcel COJMHEYHOM paavallMd  OPUXOJUTCA  Ha
ynbTpaduoieToBoe uznyueHue ¢ anuHou BoiHbl A = 10...380 HM, okxono 47,3%
HaxoJUTCA B criekTpe Buaumoro cBera (A = 380...750 um) u 45,7% npuxoautcs
Ha CTHEKTp MH(PpaKpacHOro U TerioBoro u3nydenus (A =750 um ... 1 Mm).

B Bepxneit wactm atmocdepbl 3eMIIM MOIIMHOCTh H3JIYYCHHS OT COJIHIIA
coctaBmstet 1353 B/M® (3Ta BeMUMHA HA3BIBACTCS COTHEUYHOI MOCTOSHHONN).

HetpynHo nocunTtaTh 001110 MOIITHOCTD U3JIYYSHUS COJTHIIA.

CymectByet cBsi3b d3Hepruu (W, JIx) ¢ Maccoii, Beipakaemasi (GOpMYyIIOi:
W=m-c*, (2.6)
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r7ie m — Macca MaTepHalbHOTO Teja, KI; ¢ — CKOPOCTh CBETa B BaKyyM€, paBHas
299792458 m/c ~ 300000 km/c = 3-10° m/c.
Pasnyc 3eMHOit opOuTHI cocTasisier R = 150 v kM (1,5:10"" ).
[1no1aap MOBEPXHOCTH 111apa C 3TUM PATUyCOM COCTABUT:
S=41R=43,14(1,510")"=2,82610" m".
MOIHOCT U3ITyYEHHSI COTHIA C YYETOM BEJIMUYMHBI COTHEYHOU MOCTOSIHHOM:
P.=1353-2,826:10% = 3,846:10°° Br.
Tenepb MOXHO ONPEAEIUTH KOJIUYECTBO BEILIECTBA COJIHIIA PACXOyEMOI0 Ha
U3ITyYeHUE, UCTIONb3ys (hopmyity (2.6) B UCUUCICHUH Ha MOIIIHOCTD:
P.=m'"¢, (2.6)
e m’ - CeKYH/IHBII PAaCXOJ BEIIECTBA COIHIIA, KI/C.
Ortcrona cienyer:
m'=P,/ = (3,846:10%)/(3-10°)* = 4,27-10° kr/c = 4,27-10° 1/c.

Jlatee HeTpyaHO mHpoBeputh, uto 3a 1 mupx et (31,32°10° ¢) 6Gyzer
u3pacxoaoBano 13,31- 10 KT, 4YTO TIpU Macce coHia 1,985 10°° kr cocrasuT Beero
0,006 %. Otcroma MOKHO cJiejaTh BBIBOJI, YTO COJIHIIE MOJKHO JICHCTBHUTEIHLHO
CUUTATh BO30OHOBIISIEMbIM UCTOUHUKOM 3HEPIHH.

JHeprusi Berpa.

Berep mpeacraBnsier cobOoit nBmkeHue Bo3ayxa B atmocdepe. [Ipuunnoi
BO3HUKHOBEHHUSI BETpa SBIAETCS COJHEYHOE W3JIyYeHHE, TMPUBOJALIEE K
HEPAaBHOMEPHOMY HArpeBY BO3/AyXa U MOSBJICHUIO KOHBEKTUBHBIX TeueHuil. Ha 310
TEPMUYECKOE SBJICHUE HakaabpiBaeTcs 3(dekT BpameHnus 3emin. Kpome stmx
CUHONTHYECKUX 3aKOHOMEPHOCTEW WMEIOT 3HAYEHWsS MECTHbBIE TeorpapuiecKue
ocobeHHOCTH. OmpeneneHHyl0 pojib UIrpaeT 3arpsA3HeHue  atMocgepsl,
MPUBOJISIIEE K JOTOTHUTEIBHBIM TEUCHHUSIM BO3IYIITHOW Cpebl (BOJIU3H KPYITHBIX
MIPOMBIILICHHBIX [IEHTPOB).

dakTUYECKU SHEPrus BETpa, MO CYTH, MpeoOpa3zoBaHHAsS PHEPTUs COJIHIIA.
O6muit 06beM LUPKYIUPYIOLICH BETPOBOH SHEPrUM OLEHMBaeTcst okono 3°10"
kBT'4 B roji, 4T0O COOTBETCTBYET CPEAHETOJOBOM MOIIHOCTH 3,42'108 MBT. DOT1a
BeIMurMHAa OHKBUBaJIeHTHa 342000 MWIIHOHHBIM DJHEPreTHUECKUM OJIOKaM.
CrnenraiycTbl OIEHMBAIOT BO3MOXHOCTh HCIIOJIb30BAaHUS 3TOM MOIIHOCTH HE
oonee yem 1/1000. OCHOBHOM HEIOCTATOK IHEPTHM BETpa 3aKJIIOYACTCS B €€
HEPABHOMEPHOCTHU U HEMPEICKA3yEMOCTH MOIIHOCTH BETPOBOIO MOTOKA.

I'maposHepreTuyecKMii NOTEHUMUAJ.

I'maposHepreTHyeckuii MOTEHIMAal COCTOMT W3 SHEPrUU PEK, SHEpPruu
MPUIIMBOB-OTIUBOB U SHEPTUU MOPCKUX BOJIH U OKEAHUYECKUX TEUCHUIA.

MupoBOM TMAPOIHEPTreTHYECKUN NOTEHHHMAT PEK OLEHUBAETCSI B pa3sMepe
oxo110 33:10° TBT-4acoB B rox = 33°10'> kBT-4 B T01. DTO COOTBETCTBYET CpEHEH
momroctr 1,45°10° kBt = 1,45-10° MBT, 4to 3kBHBajeHTHO 1450 MHJUTMOHHBIM
OJI0KaM.

Poccuiickuii  TUAPOSHEPreTUUECKUM  TOTEHUHMAT  PEK  OLIEHUBAETCH
MomHOCTEIO B 450000 MBt, mmu B 450 MmwummoHHBIX Onoka. TexXHHKO-
HPKOHOMHUYECKAss JOCTYMHOCTh oOlleHuBaeTcs mnpumepHo B 10 % oT monHoro
NOTEHIINAIA.

DHEpPreTUYeckuil  MOTEHUMal  NPUIMBOB-OTIIMBOB.  ['paBUTaIlMOHHOE
B3aMMOJIEUCTBHE 3€MJIM, JTYHbl U COJIHIIA TTOPOXKIAET MPWIMBHYIO BOJIHY, KOTOpas
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BCJICJICTBUE BpAILECHUS 3€MJIA JBWXKETCS BJOJb IOBEPXHOCTH 3€MIIM. OITO
BOCIIPUHUMAETCS KaK MEPUOJUYECKUE NPWIMBBI U OTJIWBBL. YPOBEHb BOJBI B
3aBUCUMOCTH OT penbeda mMectHocTH u3Mmensiercs ot 0,5 mo 25 M. B Poccuu
TUAPOIHEPrETUYECKU MOTEHIMAl MNPWINBOB-OTIMBOB OLICHUBAETCS B pa3Mepe
okono 16 teic MBT. OnHako, cieayeT OTMETUThb, YTO TEXHUKO-DKOHOMHUYECKAs
JOCTYITHOCTh BECbMa MaJa.

IloHsiTHe 0 KaYeCTBEe MCTOYHMKOB JHEPIUH.

[Ipu BBIOOpE HCTOYHMKOB SHEPIHH CIIEAYET MMETh B BUAY HMX KadyecTBO.
[locneqHee oneHUBAETCs AOJNEH SHEPrUU HCTOYHHMKA, KOTOPask MOXKET OBITh
IpeBpalieHa B MEXaHUUECKYIO padoTy.

OnexTposHeprusi  o0namaeT  BBICOKMM  KauecTBOM. C  MOMOIIBIO
anexTpoaBurateis 6omiee 95% ee MOKHO TPEBPATUTh B MEXAaHUYECKYIO paboTy.

KagecTBO TENI0BOM 3HEPrUH, MOIYYaEMOU B PE3YJIbTATE CHKUTAHUSA TOIIMBA
Ha TEIJIOBBIX 3JIEKTPOCTAHIIUAX, JOBOJBHO HU3KOE - 0K0JI0 30%.

Bo300HOBIsIEMbIE UCTOYHUKHM AHEPTUU MO KX KAuyeCTBY YCJIOBHO JENAT Ha
TPH TPYIIIIBL:

1.MlcTOYyHMKM MEXaHMYECKOW H3HEpruu, OoO0JaJaronivie JAOBOJBHO BBICOKUM
KaueCTBOM: BETPOIHEPreTUYECKUE YCTAaHOBKU - mopsiaka 30%, ruIpoyCTaHOBKH -
60%, BOJIHOBBIE U NIPUJIMBHBIE CTAHIUU - 75%.

2./ICTOYHMKHM TEIUIOBOM OJHEPrUU: NPSIMOE UM PACCESHHOE COJIHEYHOE
u3NyyeHue, OMOTOIUIMBO, 00Iaiatolee KauecTBoM He 6oiee 35%.

3.McTouHuKHM 3HEPTUH, UCHOIB3YIOMIHE (POTOCHUHTE3 U (OTOAIEKTPUUECKHUE
SBJICHHSI, UMEIOT PA3JIMYHOE KAYECTBO HA Pa3HbIX YAaCTOTaX U3IY4YEHUs; B CPEIHEM
KIIJ doTtonmpeobpaszoBareneii cocraBnset nopsaka 15%.

KoHTpPOJLHBIE BOIPOCHI:

1. Yto Takoe TOIIMBO, KaKHe BUIBI TOILIMBA BbI 3HACTE?

2. VI3 KakuX OCHOBHBIX KOMIIOHEHTOB COCTOMT OPraHU4E€CKO€E TOILIIUBO?

3. Yrto Ha3pIBaeTCid TEIUIOTOW CrOpaHHsl TOIUIMBA, HU3IIEH W BBICIIEH
TEIUIOTON CropaHusi?

4. IlepeunrcnuTe OCHOBHBIE BUJIbI HEBO30OHOBIISIEMBIX SHEPTOPECYPCOB.

5. Kakue Buzbl yriied Bbl 3Ha€T€ U O KAaKOMY MpPHU3HAKy OHHU  (YIJIn)
nensarcsa?

6. Kakue mnpoaykTel mnepepaOOTKu HePTH Bbl 3HAETE, W KaKUe M3 HHX
UCIIOJIB3YIOTCSl B DHEPTeTUKE?

7. Ha3oBuTE OCHOBHBIE BUIbI FA3000pa3HOr0 TOILIMBA.

8. UTO Ha3bpIBa€TCs YCIOBHBIM TOIUIMBOM U TEILUIOBBIM SKBUBAJICHTOM?

9. YUto siBNsieTCS MPUYUHOMW MOSABJICHUS COTHEYHOTO U3IIy4EHUs?

10. Kakas BennumHa Ha3bIBA€TCA COJTHEYHOM MOCTOSTHHOM?

11. UYem oneHuBaercss KauyecTBO HMCTOYHUKA DHEPrUHM, KadyecTBO
ANEKTPOIHEPTHUH BBIIIE WA TETJIOBOW SHEPTUun?

12. Kak pa3aensroTcsi BO30OHOBIISIEMbIE HCTOYHUKHN YHEPTHU TI0 UX Ka4eCTBY?
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Jlexkuusa 3.
OCHOBHBIE NOHATUS TEXHUUYECKOU TEPMOJIUHAMMUKU

TexHuueckas TepMOAMHAMMKA M3y4aeT 3aKOHOMEPHOCTH  B3aUMHOIO
IIPEBPALLECHUS TEIJIOBOM M MEXAHUYECKOW sHepruu. Ha ee 0CHOBE OCYyIIECTBIISIIOT
pacdeT U IPOECKTUPOBAHME BCEX TEIUIOBBIX JIBHIaTelEd — INApOBBIX M TIa30BbIX
TypOMH, pEaKTHBHBIX U PAaKETHBIX JBUIaTelel, JBUraTesiei BHYTPEHHETO
CrOpaHHs, a TaKKe BCEBO3MOXXHOTO TEXHOJIOTUYECKOTO O0OpyIOBaHUS —
KOMITPECCOPHBIX MAIlIMH, CYIIHJIBHBIX U XOJIOAWIbHBIX YCTAHOBOK U T.J.

Hac  Oynyr  uHTepecoBaTh  HEKOTOPBIE  pa3fenbl  TEXHHUYECKOH
TEPMOJMHAMMUKH, TPUMEHUTEIBHO K HW3YYEHUIO BONPOCOB  BJEKTPO- H
TEIUIODHEPTETUKH.

B TEPMOIMHAMUKE UCITOJIb3YIOTCS MOJIEKYJIIPHO-KUHETUYECKUE
IPENCTABICHUS O CTPYKType BewiecTBa. OCHOBHBIE IIOJOXKEHUS MOJIEKYJISIPHO-
KWHETUYECKOW TEOPUHU: a) BCE TENa B IMIPUPOAE COCTOIT U3 MOJIEKYJ; 0) MOJIEKYJIbI
HaxoasTcss B OECHpephlBHOM  XAOTHYECKOM  JBMIKEHMM; B)  MOJIEKYJIbI
B3aUMOJICHCTBYIOT MEXKTy COOOM.

TepmonmHamMuyeckass cucrtemMa — COBOKYIIHOCTb MAaTEpPUAJIBHBIX  TEI,
HaXOJSIIUXCSI B MEXaHUYECKOM U TEIUIOBOM B3aMMOJECHCTBUAX APYT C IPYTOM U C
OKPYXXAIOIIMMH CUCTEMY BHEIIHMMM Telnamu. Tena, HE BXOIALIUME B CHCTEMY
Ha3bIBAIOT OKpyXxaromen cpenoid. CHcTeMy OTAENSAIOT OT OKPYXKAIIEH Cpeabl
KOHTPOJILHON OBEPXHOCTHIO (000JIOUKOI).

[Ipumep mpocTenmen CUCTEMBI: T'a3, 3aKIOYEHHBIA B TOHKOM LUAJIMHIPE MO
nopmHeM (puc. 3.1). BaemHeill cpenodl sBISETCS OKpPYXarOIUMH  BO31YyX,
KOHTPOJIbHBIMU TOBEPXHOCTSIMU CITYXAaT CTEHKU LUJIUHAPA U MOPILIEHb.

Puc. 3.1. Illpocreiimas
TepMOAMHAMHYECKAs CHCTEeMAa

Pabouee Teno
(ras, nap, naporasoBas cMecb)

B TexHudeckoil TepMOAMHAMHKE HW3YYAIOTCS CUCTEMBI, OCYIIECTBIISIONINE
B3aMMHOE TPEBpAIICHHE TEIUIOTH M padoThl. OOBIYHO ATO Ta3el W maphl. Mx
HAa3bIBAIOT PA0OYMMHU TEIAMHU.

I[lapameTpbl _cOCTOSIHMS Padoyero Tejaa — BEJIWYUHBI, XapaKTEPU3YIOIIHNE
TEJIO B IAHHOM COCTOSIHUU: JaBieHue (p, [1a), TepmonunamMuydeckas Temeparypa
(T, K), ynenbHblit 00beM (v, M’/KT), BHyTpeHHsst sHeprust (u, JUK), sutansnus (k,
JIx) u saTponus (s, JHx/K).

[laBjieHue p oOYCJIOBJICHO B3aMMOJEHCTBUEM MOJIEKYJl paboyero Ttena c
MOBEPXHOCTHIO M YMCIEHHO PAaBHO CHJIE, ACHCTBYIONIEH HAa €IUHUILY ILJIOIIAIU
MMOBEPXHOCTH TeJla I0 HOpMaiu K mnociennerd. B MexayHapogHou cucreme
enuunt (CU) p mmepsiror B mackamsix (1ITa = 1 H/m®). TIockomnbKy 3Ta eQMHALA
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2
mana (lkrc/em” = 1 at = 98066,5 Ila) Ha mpakTUKE NMPUMEHSIOTCA Pa3TUYHBIC
BHECUCTEMHBIC €TMHUIIBI u3MepeHus (Tadm. 3.1).

Tabmuma 3.1.
CooTHoI1IEHUI MCXKY CANHUIIaMUN U3MCPCHUA JaBJICHUA
Enuanna I1a Oap MM PT.CT. MM. BOJ. CT. Kre/cm?
H3MEPEHUs
Tackanb 1 107 7,5024-10” 0,102 1,02x107
Bap 10° 1 7,5x10° 1,02x10" 1,02
Munanmerp 133,322 | 1,33x107 1 13,6 1,36x10”
PTYTHOTO CTOJI0a
MumMerp 9,8067 9.8x10° | 7,35x107 1 10
BOJSIHOTO CTOJI0A
Kunorpamm-cuna | 9,8x10" 0,98 7,35x10° 10° 1
Ha CM2

ATMmocdepHoe naBlieHHE (P,r) HU3MEPSIOT OapoMeTpamu, J1aBJICHUE BBIIIIC
aTMOC(EpPHOro U3MEPSIOT MAHOMETPAMHU, HIXKE aTMOC(EPHOTO — BaKyyMMETPaMHU.
[lokazaHusi MaHOMETPOB JAalOT M30BITOK JIaBJIEHUS H3MEPSEMON Ccpeabl Hal
aTMOC(EpHBIM  JaBI€HUEM — H30BITOYHOE JaBICHUE (Dyau), TOKa3aHUs
BaKyyMMETPOB — BEJIMUUHY PA3PEKEHUS (Dyar)-

B TepMoamHamMuke mapamMeTpoM COCTOSIHHSI paOOydero Tena SIBISIETCS TOJBbKO
a0CoJIIOTHOE IaBJIEHHUE (Dag.).

B ciaydyae u30bITOYHOTO NABICHUS: Page = Pyan T Paru-

B ciiyuae pa3pexxeHust (BaKyyMa):  Pase = Parv — Psax-

Temnepatypa — Mepa WHTEHCUBHOCTH TEIUIOBOTO JBIXKCHHS MOJIEKYIL.
[TapameTrpoMm coctosiHUsSI pabodero Tena SBISIETCS a0COIOTHAs TEeMIeparypa,
o0o3Hauaemas cumBosioM 1 u u3mepeHHas B kenbBuHax (K). Temmneparypa B
rpanycax Llenscusa onpenensiercs Beipaxxenuem =1 —273,15.

YieabHblii__00beM  (V, M3/I<r) — 00BEM €eOUHUIIBI MacChl BEIIECTBA.
Benuuuna, oOpaTtHas yaenbHOMY oObeMy, MPEACTaBIsET cO00M Maccy eAuHUIIbI
0o0beMa 1 Ha3bIBAETCS IIOTHOCTHIO:

D _1 :%, kr/p. OTcrona cieayert, 4yto vp = 1.
A%

JUis CpaBHEHMs BEJIMYMH, XapaKTEPU3YIOLIUX CUCTEMBI B OJUHAKOBBIX
COCTOSIHUSIX, BBEJIEHO IIOHSATHE  «HOPMAJbHBIE  YCIOBUA»:  (U3HUYECKUE
HopMmalibHbIE ycnoBus (p = 760 mm pr.cT.=101,325 klla; ¢ = 0°C) u TexHUYeCKue
(p = 735,6 mm pr.ct.= 98klla; ¢ = 15°C). B Texuuueckoil TepMOAUHAMUKE IS
pacyeToB HCMOIB3YIOT PU3NUECKUE HOPMATIbHBIE YCIOBUSI.

Ecnu Bce TepMOAMHAMUYECKHE IMapaMeTpbl MOCTOSSHHBI BO BPEMEHU H
OJIMHAKOBBI BO BCEX TOYKAX CHUCTEMBI, TO TAKOE COCTOSIHUE CHCTEMbI Ha3bIBAOT
paBHOBECHBIM. Ecinum Mexay pa3iudyHbIMA TOYKAMU B CHUCTEME CYIIECTBYIOT
pPa3HOCTU TEMIEPATYP, AABJICHUH U T.1., TO OHA SIBJISIETCS] HEpaBHOBECHOU. B Takoii
CUCTEME IOJ JCHCTBUEM TI'PAJMEHTOB MapaMETPOB BO3HUKAIOT NMOTOKU TEIUIOTHI,
BEIIECTBA U T.J., CTPEMsSILUECS BEPHYTb €€ B COCTOSIHUE DPABHOBECHUS.
N3onupoBaHHas cucTeMa C TEUYEHUEM BpPEMEHHU BCETJa MPUXOAMUT B COCTOSIHHME
paBHOBECHSI U HUKOI'/1a CAMOIIPOU3BOJIBHO BBIMTH U3 HETO HE MOXKET.

20



B TepMoauHamMuke UCHONB3YETCS TMOHSITHE  «UJICATbHBIA  Ta3z» —
BOOOpakaeMblii ra3, B KOTOPOM OTCYTCTBYIOT CHJIBI TPHUTSDKCHHS MEXIY
MOJIEKYJIaMH, a COOCTBEHHBIM 00bEM MOJIEKYJ Majl MO CPAaBHEHHIO ¢ 00BEMOM
MEXMOJIEKYJIIPHOTO TMPOCTpaHCTBA. PeanbHble Ta3bl NpU HU3KUX JIaBJICHUSX
OJNIM3KM K HUJeaJbHbIM, MO0 B JTHUX YCJIOBHUSX CHJIAMH MEXKMOJIEKYJISIPHOTO
B3aMMOJIEUCTBHS U 00BEMOM MOJIEKYJ MOYKHO MPEeHEeOpeyb.

BHyTpeHHsis 3Heprus — 3TO CyMMa BHYTPEHHEH KHHETHYECKON U
MOTEHI[UATBHOW SHEPTUH TENIA.

BayTpeHHsis KHHETHUYECKast SHEPTHS Fa30B 3aBUCUT OT CKOPOCTH ABUKEHHUS U
Macchl MOJIEKYJ, T.e. BKIIOYaeT B Ce€Os DSHEPIUI0 MOCTYNaTeIbHOro U
BpaIaTeJIbHOTO WX JIBIDKCHHS, a TaK)Ke JHEPTHUI0 KOJeOATEIbHOTO JBUIKEHUS
aTOMOB B camux MouieKyjax. COracHO MOJEKYISIPHO-KMHETHYECKOW TEeopuun
KMHETUYECKasi SHEPIUs 3aBUCUT TOJIBKO OT TEMIIEpATypPhl Tea.

BHyTpeHHsq noTeHIManbHas 3Heprusi 00yciIoBIIeHa CHUJIAaMU B3aUMOJIEHCTBUSA
MEXAY MOJIEKYJIaMU W 3aBHCHUT OT pacCTOsSHUSA Mexay HuMu. CreaoBaTelbHO,
BHYTPEHHSISI SHEPIUsl pPeajbHOr0 raza 3aBUCUT OT OCHOBHBIX MapamMeTpoOB €ro
COCTOSIHUSL: p, v, 1. BHYTpeHHssl 3HEprusi UJeajbHOTO raza paBHa BHYTpPEHHEH
KUHETUYECKOW HHEPruM HU3-3a OTCYTCTBUS CHJI B3aUMOJEUCTBHUS MEXKIY
MOJIEKYJIAMHU.

YpaBHeHHE COCTOSIHUS WIEAJbHOI0 ras3a.
VYpaBHEHUE COCTOSIHHSI MICATLHOTO Ta3a CBS3BIBACT MEKIY COOOW OCHOBHBIC
MapaMeTpbl COCTOSIHMSI — JaBjeHue, oObeM W TemIieparypy M nis | Kr rasza
3aIlACHIBACTCS B BUJE:

pv=RT (3.1)
re p — JaBJieHue rasa, [la;
v — yIeIbHbI 00beM Ta3a, M°/KT;
R — ra3oBas noctosiHHas (KOHKPETHOTO paccMaTpuBaemMoro rasa), Jx/(kr-K);
T — TepmoinHaMuueckas remneparypa, K.
VYpaBuenue (3.1) O6buto BeiBeneHo B 1834 roxy ¢paHIly3cKuM (QU3HMKOM
KrnamnelipoHOM U Ha3BaHO €ro UMEHEM.
Jlist mpou3BoJbHOM Macchl raza (ans M Kr raza) ypaBHEHHE COCTOSHUSA
CJIeIyIoNIee:
pV=MRT (3.2)
rae V' — o0beM rasa, M ; M — macca rasa, Kr.
VYpaBHeHue coOCTOSTHUS 17151 | KUIIOMOJIs Ta3a:
pVy=wRT (3.3)
rae V,— obwvem 1 xmond rasa, M°/KMOJIb; /1 — MOJIEKYJISIPHAs Macca ra3a, KI/KMOJIb;
wR = R, — ynuBepcanpHas rasosas nocrosnsas, J[x/(kmonb-K). Unciennoe
3HA4YEHHE YHUBEPCAIBLHON ra30BOM MMOCTOSHHON paBHO Ry = 8314 Jx/(xmoib-K).

3aKoHbI (HAYaJ1a) TEPMOAMHAMHUKH.
Cy1iecTByeT TpH 3aKOHA, U3 KOTOPBIX MEPBBIC ABA UTPAIOT MPUHIIUITHATBHYIO
poJib B CO3JJaHMM W ONHCAaHWU PpabOThl TEIUIOBBIX MAIIMH W JPYTIHX
npeoOpa3oBaTEIbHBIX YCTPONCTB.
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IlepBbiii 3ak0H TepMoAMHAMUKU. DakTHYECKH 3TO 3aKOH COXPAHEHUA U
NPEBPALLEHUS] SHEPIUM, MNPUMEHUTEIBHO K TEIUIOBBIM mpoueccaM. Hekoemy
pabouemy Teny (Boae, Mmapy WIM BooOIIe JIOOOMY Tra3y WIH >KHJIKOCTH)
coo0mIaeTcsi HEKOTOPOE KOJIUYECTBO TEIUIOTHI — ¢. JIo 3TOro MomMeHTa 310 pabouee
Teao 00J1aja’io BHYTPEHHEN HEprueil u, B pe3yjbTaTe MOSIBUIOCH MPUpPAILCHHUE
9TON BHYTpeHHeW oHeprun Awu. Pabouee Tenmo mpu pacuiUpeHUd U
B3aMMOJCHCTBUM C BHEIIHEN Cpeod, KOTOPOE HAa TEJIO OKa3bIBAac€T JaBJICHUE,
MIPOU3BOAUT MEXAHUUYECKYIO paboTy /. Mex Iy HUMU CYIIECTBYET B3aMMOCBS3b:

q=Au+l (3.4)

VYpaBHeHue (3.4) sABAsSETCS MAaTEMaTUYECKUM BBIPAKEHUEM INEPBOrO 3aKOHA
TepMoauHaMuKu. DOpMyIUpPOBKA NEPBOro 3aKOHA TepMOAWHaMHKU: Temora,
MO/IBEICHHAS K paboyeMy Teily, pacXoIyeTcs Ha M3MEHEHHE BHYTPEHHEH dHEPTrun
pabodero Teja U Ha COBEPIIICHUE BHEUTHEHN pabOTHI.

Bropoii 3akoH  (Hayano) TtepmoauHamukd. CyllecTByeT HECKOJIBKO
(dbopmyIupoBOK 3TOr0 3aKoHa. Hanpumep:

1) B kpyrosom rmpoiiecce moJBOJUMAsE TEIJIOTa HE MOKET OBbITh MOJHOCTBIO
npeBpailieHa B padboTy.

2) TemmoTa HE MOXET cama CcOOOW TEpPeXOoauTh OT Tel C HU3IIeH
TeMrepaTypoH K TejiaMm ¢ 0ojiee BEICOKON TeMIepaTypoi.

3) HeB03MOKHO OCTPOUTH BEUHBIN JBUTATENH BTOPOTO POJIA.

Beunslii gBuraresnb NEpBOro pojia HEIb3sl MOCTPOUTH MOTOMY, 4YTO €ro
MOCTPOEHNE TIPOTUBOPEUHUT TIEPBOMY 3aKOHY TEPMOJIWHAMUKH, (aKTUIECKH
3aKOHY COXpaHEHUs W MpeBpaileHusi sHepruu. [loctpoeHne BEeYHOro JBUTATENs
BTOPOTO poOJila HE MNPOTUBOPEUUT NEPBOMY 3aKOHY. Jl€HCTBUTENHHO, B MOPSX,
OKE€aHax M 03epax 3e€MJIM COJAEP>KUTCS TPOMAIHOE KOJIMYECTBO YHEPTUU, KOTOPYIO
B MPUHIUIE MOXKHO ObLIO ObI MCIOJb30BaTh. OAHAKO OMBITHI MOKA3bIBAIOT, YTO
NONBITKA WCHOJIb30BAHUS TEIUVIOTHI 3TUX BOJOEMOB C TEMIEpaTypOM, HalpuUMep,
10°C nyist HarpeBaHusl TIOMelIeHus 10 TpeOyeMoi 0osiee BBICOKOM TeMIIepaTyphl,
Harpumep 20°C oOpedensl Ha Heymady. Ckopee OyneT MpOMCXOAUTH Iepenaya
TEIJIOTHl OT TOMEIEeHHUsI K Bojgoemy. Takum oOpa3oM, BTOpOM 3aKOH (Haydaso)
TEPMOJMHAMUKHA TOBOPUT O HAMPABIEHHOCTH TEIJIOBBIX MPOLIECCOB.

Tperuii 3aKkoH (Hayag0) TEPMOJMHAMMKHU TJIACUT, YTO HEJIb3S JTOCTUTHYTh
TeMIiepaTypbl paboyero Teja, paBHOW aOCONIOTHOMY HYNIO (IO COBPEMEHHBIM
JaHHbIM 3TO0 MuHYC 273,15°C) myteM OTHSATHS OT Tena TemIoThl. [Ipyrumu
CIIOBaMH HEJIb3sl CO37aTh TaKyl TEIUIOBYI) MAaIllWHy, KOTOpas OTHsUIa Obl BCE
TEIIO OT TeJa.

IloHsITHE 0 TENMJI0EMKOCTH, JHTAJLIIMA U SHTPOIIUH

Teni0eMKOCTBI0 HA3BIBAETCSI KOJMYECTBO TEIJIOTHI, KOTOPOE TpeOyeTcs s
M3MEHEHUS TEMIIEPATYPhl SAMHUYHOTO KOJIMYECTBA BellecTBa Ha 1 Tpamyc.

B cooTBeTcTBHHM C BBIpOKEHHEM EAMHUYHOTO KOJIMYECTBAa BEIIECTBA B
KWJIOTpaMMax, KyOWYeCKMX METpax WU KWIOMOJISIX CYIIECTBYeT TPHU BHJA
TETJIOEMKOCTH: MaccoBasi, 00beMHAas U MOJIbHASI.

Mbsi  OygemM  UCHONB30BaTh  TOJBKO ~ MAacCOBYH)  TEIUIOEMKOCTb,
MPEICTaBIISIONIYI0 CO00M TemI0eMKOCTh 1 KT BemiecTBa. MaccoBas TEI0EMKOCTb
ob6o3HavaeTcs OykBoi ¢ u uzmepsercs B Jx/(kr-K).
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J171s1 Ta30B pa3INyaroT:

- TETJIOEMKOCTBD IIPH OCTOSIHHOM JIaBJIEHHH (M300apHYI0), 0003HAYAIOT Cp;

- TETJIOEMKOCTb IPHU MTOCTOSTHHOM 00beMe (M30XO0PHYI0), 0003HAYAIOT ¢,

- CPEIHIOI TEIUIOEMKOCTh JUIl JAaHHOTO MHTEpBaja TEMIEpAaTyp Cep,
NPAaKTHYECKH B TaOJIMIAX JAaeTCs 3HAYEHHE DTOHM TEMJIOEMKOCTH JJI WHTEpBala
temneparyp 0 — ¢ °C.

N3006apHasi TEII0OEMKOCTh Ta3a OOJbIIEe €r0 M30XOPHOW TEIIOEMKOCTH Ha
BEJIMUMHY Ta30BOM MOCTOSAHHOU (ypaBHEeHHE Maiiepa):

c,—c,=R. 3.5)

OTtHomieHne n300apHON TEIVIOEMKOCTH ra3a K €ro M30XOPHOM TEIIOEMKOCTH

Ha3bIBACTCs MOKa3aTeaeM aanadaThl 1 0003HaYaeTCs OYKBOM k:
C
k=-+ (3.6)

c

v

Jns ciyuas HarpeBa BeIIECTBA MACCOM m OT TEMIIEPATYpPbl ¢ 1O
TEMIIEPATYPHI £, CHPABEIIMBO CIEAYIONIEE YPABHEHNE TEIUNIOEMKOCTH.

O = mc(ts— 1), Ik (3.7)

JHTAABNHUSA (TEIUIOCOAEPKAHUE) MPEACTABISIET COOOM CymMMy BHYTPEHHEHR
SHEPruM paboyero Tenaa ¥ Mpou3BeAeHHUs a0COIIOTHOTO JABJICHUSI CUCTEMBI Ha €€
o0BbeM:

H=U+pV, (3.8)
rae H — satansnus, Jx;
U — BHyTpeHHsIs dHEprus, JIK;
p — nasienue, Ila;
V — 00beM, M.

EnuHnna u3MepeHus 3HTalnbIUU — JXKOYJb, 3TO MOHATHE TOBOPUT O MOJIHOM
BHYTPEHHEM KOJIMYECTBE TEIJIOThl M KOJIMYECTBE SHEPrUM MOJYYEHHOH IyTEeM
BO3JICICTBUSI BHEIIHEH cpeAbl Ha pabouee Teslo, HalpuMep MNYTeM OKa3aHUs
JIABJICHHS HA HETO.

JuTponus. CyllecTBYeT HECKOJIBKO OMNPEACIICHUIl H3TOTO  MOHSATHS.
Hanpumep, sHTpornust €CThb Mepa ILEHHOCTH TEIUIOThI, SHTPOIHUS €CTh Mepa
HEOOpaTUMOCTH TEIUIOBBIX TMPOIECCOB, JHTPOMHSI €CTh Mepa Oecrmopsiaka
TepMOJAMHAMHUUYECKOU cucteMbl. [loHsiTue sHTpOonMK ObLT0 BBeaeHO P. Knay3unycom
(1865 r.), OHO UMEET KOJTMYECTBEHHOE OIpeIeICHuUE:

ds = d—Q
T

rje s — 3Hadenue saTponuu, JHx/K.
Kak ¢u3ndeckyro BeTUYNHY SHTPOIHUIO HETIOCPEACTBEHHO U3MEPUThH HENb34,
OJTHAKO, ATO TOHATHE OKA3aJIOCh TMOJIE3HBIM MPU OMMCAHUU PA3TMYHBIX TETIOBBIX
mporeccoB. B 9acTHOCTH, TMOHSATHE SHTPONMHMH TO3BOJISIET BOCIOJIB30BAThCS B
TEPMOJIMHAMHYECKUX HCCIEAOBaHUSIX 1, § — KOOpPAMHATAMH, WU JTUATrPAMMBI
temriepatypa — oHTporms  (7,s—amarpamma), B KOTOPBIX  TEILJIOTa
TEPMOJIMHAMHYECKOTO TIpoliecca n300pakaeTcsl TUIOIaabi0 (UTYpHI C BBHICOTON T

Y OCHOBAHUEM ds.
PaccMmoTpum apyrue npuMepsl UCIob30BaHus SHTponwH. M3 (3.9) cnenyer:

(3.9)
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2
do 4 4
s:!7=sz—sl——2——1 (3.10)

Lo

VYcinoBHbIE Mpenenbl MHTETPUPOBAHUS O3HAYalOT HOMEpPA COCTOSIHUS

pabouero Tena. Ecnu npuHATH, YTO MEPBOE COCTOSIHUE COOTBETCTBYET COCTOSIHUIO

npu aOCOJIIOTHOM HyJe, TaKKe Y4ecTb, YTO W3 TPEThEro 3aKoHa (Haydasa)

TEPMOJUHAMHKHU cienyeT, yto npu 7 — 0  lim s = 0, To AN CTaTUYECKOTrO
coCTOsIHUS § — TO Tena ¢popmyiy (3.10) MOkHO 3amUcaTh B BUJIE:

(3.11)

T
Hanpumep, nyctp 1Ba tena nMmeroT napamerpsl: 77 = 500K, g, = 100 MIx, 7,
= 300K, g, = 50 MIIx. Otu nBa Tena oObemuHsroTcs (cmemmBarorcs). Jlo
CMENIEHUS KaXK0€ U3 HUX 00J1a]1a710 SHTPOIUEH:
51 =100/500 = 0,24; s, =50/300=0,16.

[locne oOBeAMHEHUS ATUX JBYX TeJl TemImeparypa OOBbEAMHEHHOTO Tela
Oyner HaxomutThes B mpeaenax: 17 < 499K, T, > 301K, a Koau4ecTBO TEIJIOTHI
COCTaBUT: ¢ = ¢ + ¢, = 100 + 50 = 150 M. DHTponus 00bEAMHEHHOTO TEJa
Oynet HaxoauThes B peaenax: s’ = 150/499 = 0,300; s” = 150/301 = 0,498.

BbeiBon, mocie OoO0BEAMHEHMS [IBYX TeJl JHTPONUs OOBEIMHEHHOIO Tela
rapaHTUPOBAHHO OOJbIlE, IO CPaBHEHUIO C OHHTPONMHMENH KaXJAO0ro Teila B
OTJIEJBbHOCTH.

B kadecTBe BTOpPOro HpUMEpPA PACCMOTPUM MPOLECC TAassHUS CHEra H
3aMmep3aHusl Bojabl. B o0oux 3tux ciydasx 7' = const. B nepBom ciyyae, npu
TasHUM cHera dQ > 0 W SHTPOINHUS YBEIMYMBAETCS, BO BTOPOM Ccllydyae, MpH
3aMep3aHuu BOJbl, OHA OTAaeT Teriory, dQ < 0 u sHTponust ymeHbinaercsa. Eciu
paccMaTpuBaTh XaOTHUUYECKOE JIBJKEHHE MOJIEKYJ BOJBI Kak «Oecropsok» IO
CPaBHEHHUIO C PACHOJOXKEHHEM TeX >K€ MOJIEKYJ] B KpHUCTAIE JbAa, MOXKHO
CUMTATh YBEITMYEHUE SHTPOIIUU KaK MEpy yBeJIMUYEHUs Oecropsika.

KoHTpo/1bHbIE BONIPOCHI:

1. Uto n3y4aeT TeXHUYECKAS] TEPMOIUHAMUKA?

2. Yto Ha3bIBaeTCSI TEPMOAMHAMUYECKON CHCTEMON?

3. HazoBuTe OCHOBHBIE TapaMETPbl COCTOSTHUS pabOyero Tena.

4. Hanumwute ypaBHEHHE COCTOSIHUS HJAealbHOTO raza s 1 Ko,
MIPOU3BOJIBHOM MAacchl ra3a, 1 KMoJIs.

5. Uemy paBHO YMCIIEHHOE 3HAYEHUE YHUBEPCAJIBHOW I'a30BOM IOCTOSHHOM,
KaK BBIPA)KAETCA YEPE3 HEe Ta30Basi HOCTOSHHAS TOI'O WJIM MHOTO rasza?

6. ChopmynupyiTe NepBblii 3aKOH TEPMOJUHAMUKH.

7. Kakue Bbl 3HaeTe HOpMyJIMPOBKU BTOPOTO 3aKOHA TEPMOIMHAMUKHI ?

8. Uro Ha3pIBaeTCcs TEIIOEMKOCThIO? JlaliTe ompeaeneHrue MacCOoBOM
TEIMJIOEMKOCTH, HAMUILIUTE €ro 0003HAY€HHE U PA3MEPHOCTD.

9. Hanmmure ypaBHeHUe Maliepa 1 ypaBHEHHUE TEINIOEMKOCTH.

10. Jaiite onpeaeneHusi BHYTPEHHEW SHEPTUU, SHTAIBIINYA U SHTPOIIHH.
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JEKIAS 4.
TEPMOJUHAMUYECKHUE HPOLIECCHL, HCIIOJIb3YEMBIE ITPU
MPOU3BO/ICTBE TEIJIOBOM Y DJEKTPUYECKOI DHEPTUH

JIto6oe M3MeHeHre TEPMOJMHAMHUYECKOTO0 COCTOSIHUSI CUCTEMBI BO BPEMEHU
Ha3bIBAETCA TEPMOAMHAMUYECKUM IpolieccoM. Tak, npu nepeMelieHuu MopuHs B
UIMHApPE 00bEM, a C HUM JaBJIEHUE U TeMIlepaTypa HaXOJsALIErocs BHYTPHU ras3a
OyAyT U3MEHATHCSA, OyAET COBEPIIATHLCS MPOIIECC PACIIUPEHUS UITU CHKaTus rasa.

Bce TtepmommHamuueckue TpoHEecChl 0azMpYyIOTCS Ha TpPeX 3aKOHax
TEPMOJMHAMHUKUA. B CBOIW0O ouepeap 3aKOHbBl TEPMOJUMHAMUKH  OIHKCHIBAIOT
MPOLIECCHl MpeoOpa30BaHusl PHEPTUH WIM B MpeeiIax OJHOTO BUJA SHEPTHH WIN
mpoleccsl MpeoOpa3oBaHMsl OJHOIO BUAA dHeprun B apyrue. Ilpomeccsl
npeoOpa3oBaHUs JHEPrUM JIOKATCA B OCHOBY CO3JaHMS COOTBETCTBYIOIIHMX
YCTPOUCTB, C MOMOIIBID KOTOPBIX YIAETCS MOJYYUTh TOT BUJ IHEPTHH, KOTOPHIN
HY>KEH MOTPEOUTEISIM.

OcHOBHBIC TEPMOJAMHAMHUYECKHE TPOLECCHI.

Bce wW3noxkeHHbIE HWXKE TEPMOAMHAMHYECKHE TMPOLIECCHI  SIBIIAIOTCSA
UJcaIn3aluell peajJbHbIX TEIJIOBBIX MPOLECCOB, KOTOPbIE HMEIT MECTO B
npoliecce npeodpa3oBaHus IHEPTUU B MAPOBOM KOTJIE, BOOOIIE B MapOTreHepaTope,
TypOHHe, BOOOIIE B TEIJIOBOW MalIMHE U B, KOHEUHOM MTOTE, B 3JIEKTPUUECKOM
reHepaTope.

W neanu3npoBaHHbIE TEPMOJMHAMUYECKHE MTPOLIECCHI MO3BOJIIOT PA3I0KHUTh
Ha COCTABJISIIOIINE CIIOKHBIE MPOLIECCHI, YTO SBISETCS HEOOXOAUMBIM STarioM
U3y4yeHus: (3TanoM aOCTPAaKTHOrO MBIIUIEHUS) C TeM, YTOObI MOTOM CO3/aTh
MPaKTUYECKH TpuemieMyro Teoputo. lIpuHATO mpoueccel uM300paxarb B BUAEC
qyarpaMM ¢ KOOpJMHATaMH: JABJICHHE — YIEIbHbIA 00beM (p, v—Iuarpamma) u
TeMIiepatypa — surponus (7,s—auarpamma).

OCHOBHBIMM TEPMOJIMHAMUYECKUMU MTPOLIECCAMH SIBISFOTCS:

® 30XOpHBIN, MPOTEKAIOLIUI MPU MOCTOSIHHOM 00BEME;

®  1300apHbIN, TPOTEKAOIIMI MPU MOCTOSTHHOM JIaBJICHUM;

®  U30TEPMUUECKUI, TPOUCXOISIINN PU MOCTOSHHOW TEMIIEPATYPE;

e anguadaTHBII — TPOLIECC, MPH KOTOPOM OTCYTCTBYET TEIUIOOOMEH C
OKPYKarOIIEN CPEION.

Meron wucciaeaoBaHUs OCHOBHBIX TEPMOAMHAMUYECKHX IPOLECCOB, HE
3aBUCALIUHN OT UX OCOOEHHOCTEN U ABJISIFOIINIICS OOLIUM, COCTOUT B CJIEAYIOLIEM:

1) 3anuchk ypaBHEHHUs MPOIIECCa;

2) uzo0OpakeHue mporecca B p, v — u 1,s—1uarpammax;

3) onpeneneHue B3aMMOCBSI3H OCHOBHBIX [TAPAMETPOB COCTOSIHUS B ITPOLIECCE;

4) onpeneneHne U3MEHEHUS] BHYTPEHHEW dHeprun Au;

5) ompeneneHue BHENTHEH pabOTHI, COBEpIIaeMOl B Tiporiecce /;

6) ornpeiereHre TEIIOThI, Y4aCTBYIOIIEH B ITPOIECCE ¢;

7) onpeniereHue U3MEHEHHUSI YAEIbHOU SHTPOIHH As.
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N3oxopHblii npouecc. M30xopHbIe MpoIiecChl OOBIYHO CBSI3aHBI C MOBOIOM
TEIUIOTHI K Ta3y, 3aKJIIOYEHHOMY B JKecTkuil (HemedopMupyemblil) 00beM.
N30X0pHBIE IPOIIECCHI MPOUCXO AT B KaMepax CrOpaHus ABUTaTEIeH BHYTPEHHETO
CTOpaHHUS C UCKPOBBIM 32KUTaHUEM, HEKOTOPBIX Ta30TYPOUHHBIX YCTAHOBOK H T.J.

YpaBHEHHE U30XOPHOTO Tpoliecca: v = const, T.e. dv =0.

JlmarpamMmbl ©30XOPHOTO TpoIiecca n300pakeHbl Ha puc. 4.1.
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Puc. 4.1. p, v —u T,s —tuarpaMmmbl H30XOPHOTr0 mporecca.

[TockonbKky 00bEM Tena MOCTOSIHEH, TO BEpPTUKalbHAas JIMHHUS Ha MEpBOU
auarpaMMe oObsiICHUMA.
JIJist ©30XOpHOTO Tpollecca U3MEHEHUE JABIECHUN MPSAMO MPONOPLUHUOHATBHO
M3MEHEHUIO a0COIIOTHBIX Temneparyp (3akoH [ap:s):
Py _ Ty 4.1
P T,
N3MeHeHne BHYTPEHHEH SHEPrUU I BCEX OCHOBHBIX TEPMOJUHAMHYECKUX
IIPOLIECCOB ONPENEIIAETCA Kak:
Au=c,dl =c, (T,-T)) 4.2)
Jlist u30X0pHOro mpoiiecca BHEIIHssE pabota [/ = 0, Tak Kak HM3MEHEHUs
o0bema He TPOUCXOUT, T.€. dv =0.
B Ttakom ciyuyae ypaBHeHue (3.4) mepBOro 3aKOHa TEPMOJUHAMMKHU JJis
M30XOPHOTO Mpoliecca UMEET BU/L:
g=Au=c,- (I,—-T)) 4.3)
VYpaBuenue (4.3) mokas3bIBa€T, YTO B U30XOPHOM IMPOIECCE BCS MOJIBOIUMAs
K Ta3y TeIioTa UJET Ha U3MEeHEeHUE (yBEIUUYEHHE) €r0 BHYTPEHHEW 3HEPruu, T.€.
Ha TOBBINICHUE TEMITEPATyphl; BHEITHSS paboTa HE COBEPIASTCSI.
[Ipu nonBome Teria Kk pabodeMy Telny MPOUCXOAUT H3MEHEHHE €ro
Temmeparypsl: dq = ¢, dT.
C nmpyroii ctopoHbl U3 BelpaxkeHus (3.9) cieayer, 4TO UBMEHEHUE YIEIbHOU
SHTPOINUU As ONpeAeNsaeTcs Kak:

T T

OTa 3aBUCUMOCTh u300paxkeHa Ha T,s—auarpamme (puc. 4.1) B Buue
norapuMHUUECKOW KpUBOW, KOTOpas HaszbIBaeTcss wu30xopou. Ilnomans,
3aKJII0YEHHAss MOJ M30XO0po Ha T.s—auarpaMMe OTpPa)KaeT BEJIMYHMHY TEIUIOTHI,
Y4acTBYIOILIEH B IIPOLIECCE ¢.

q2 T2
AS=S2—S1=I%=fﬂ=cvln£=cv(lnTz—lnTl) (4.4)
gl T1
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N306apHblii_ poLEecC MPOUCXOTUT TP TIOCTOSSHHOM JaBiIeHUU (p = const).
K mpumepy, 3T0 mporiecchl, MPOTEKAIINE B KaMepax CropaHusi ra30TypOMHHBIX
JBUTATEJICH U B TETUIOOOMEHHUKAX, CTOpPAaHNE TOIUTUBA B IN3EIbHBIX ABUTATEIISAX C
CaMOBOCIUTAMEHECHHUEM.

[Tnomank, 3akirodyeHHas Moj u300apoi Ha p, v — auarpamme (puc. 4.2)
OTpa)kaeT BEJIMUMHY paboThI /, COBEpIIIaeMOi B pacCMaTpUBaeMOM TIPOIIECCE.

P1=p2
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N

Puc. 4.2. p, v — nmarpamma u3o00apHoro npoiecca
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Puc. 4.3. T,s—iuarpamma u300apHOro nmpouecca:
a —u3zobapa, 6 — uzoxopa.

[lockonbKy 3Hay€HUE TEIMJIOEMKOCTH Ta3a MpU IOCTOSIHHOM JIaBJIEHUU
OoJIbIIIE €r0 TEIUIOEMKOCTH IIPH MOCTOSIHHOM 00BeMe (¢, > ¢,), TO H300apa MeHee
kpyTas (puc. 4.3).

B3auMocBs3p MmapaMeTpoB COCTOSHMSI Ta3a il K300apHOro Impolecca
BbIpakaeTcs 3akoHOM | en-JIroccaka:

v T
Yo _ 1y 4.5
ST (4.5)
PaboTa, coBepriaemasi B n1300apHOM MpOIIECCE, OMpeaAeseTcs mo GopmyIe:
[=p(—v)=R(T,-T)). (4.6)

TennoTa, yyacTByromiasi B mpoliecce corjiacHo ypaBHenusim (3.4), (4.2) u
ypaBHeHH0 Maiiepa:
g=Au +1=c¢,(L-T)+R(:-T)=¢, (T2 T") (4.7)
VYpaBHeHue Uil ONpENENICHHs] W3MEHEHHUsI SHTPONUU As  aHAJIOTMYHO
ypaBHeHUIO (4.4), B KOTOpPOM H30XOPHYIO TEIUIOEMKOCTh pabouero Tena
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HEOOXOJMMO 3aMEHHTb HAa M300apHYI0 TEIIOEMKOCTh (c,). B pesynbrare
MOJIy4aeTcsl ypaBHEHUE N300aphbl:
q2
As = jgch 1n%=cp(1nfz—1nfl) (4.8)
gl 1
N3oTepMuueckuii_npouecc. B sHepreTnyeckux ycraHoBKax, pabodee Teso
KOTOPBIX IO CBOMCTBaM OJIM3KO K HACATILHOMY Ta3y, U30TEPMHUYECKUE MPOIIECCHI
MPAKTUYECKH OTCYTCTBYIOT. OJHAKO make NPHOMMKEHHAS WX peanu3aius
MO3BOJISIET 3HAYUTEIHLHO TOBBICUTH J(P(GEKTUBHOCTh MHOTHX JHEPTeTHYECKHUX
YCTaHOBOK, MTOATOMY pacyeT MporeccoB mpu 7' = const MpeacTaBIseT HHTEPEC KaK
peneNbHO TOCTUKUMBIM.
[lockonbKy TemmepaTrypa OpH STOM TMPOIECCE TIOCTOSIHHAS, YpaBHEHUE
MU30TEPMHUYECKOT0 MPOLIecca UMEET BU/L:
p v =const (4.9)
JlmarpaMMbl ©30TEPMHUYECKOTO TpoIecca n300pakeHbl Ha puc. 4.4.

8y 51 8

Puc. 4.4. p,v—u T,s—nuarpaMmbl H30TepPMHYECKOr0 npouecca.

CooTHOLIEHNE TIAPAMETPOB M30TEPMHUYECKOTO IPOLECCa  ONPEIAEIAETCS
3akOHOM boins-Mapuorra:
YR (4.10)
P, W
[TockonbKy TEMIEpaTypa npyu 3TOM NPOLECCE TOCTOSHHAS, CIEAYET:
pv=RT. (4.11)
Otcrozia ypaBHEHHE KPUBOIl IEPBOM JuarpaMmsbl (TUrep0odisl) Ha puc.4.4 :
p=RL 4.12)
\%
B wu3orepmuyeckoM IMpolecce W3MEHEHUsI BHYTPEHHEW DSHEPruu HeE
IIPOUCXOJIMT, T.€.:
Au=c, (T, —T) =0, Tak kak T = const.
Pabora, coBepiiaemas B H30TEPMUUECKOM IPOLIECCE:
/=RTIn-2=RTInL:. (4.13)
Vi P,
Temnora, y4acTBYIOIIasi B M30TEPMUYECKOM IPOLECCE COrJACHO IMEPBOMY
3aKOHY TEPMOJIUHAMUKHU:
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g=1=RTIn2=RTIn L g (4.14)

Vi D,
VYpaBHeHue s onpeneneHust As B U30TEPMUUYECKOM MPOLIECCE:
As=RIn2 . (4.15)

vl

CymecTByeT J1Ba BapHaHTa pealu3allid H30TEPMUYECKOro Ipolecca,
UMEIOIIe TpakTHueckoe 3HaudeHue. |)M3orepmmueckoe cxarme. OT pabouero
Tena (ra3a) OTBOAMTCS TEIJIOTa B KOJUYECTBE pABHOM paboTe CxKaTHs.
2)3otepMuueckoe pacmupenue. M3oTepMHUEecKOe pacHIMpeHUE CBSI3aHO C
MO/IBOJIOM TETUIOTHI, KOTOPAsi COBEpIIaeT padoTy, PaBHYIO MOIBEICHHON YHEPTUU.

AnuadaTHBIl_Npoliecc — 3TO MPOIECC, COBEPIIAIONTUICS 0e3 TerioooMeHa
MeX1y pabourM TEJIOM U OKpy»karomei ero cpenoit (¢ = 0 u dg = 0). Ha npaktuke
«a0CoMIOTHO anuabdaTHBIX» TPOILECCOB HE HAOMIOAAeTCs, HO  MPOIIECCHI,
JOCTaTOYHO ONU3KMEe K aauabaTHBIM, pPACIpPOCTPAHEHBI IIMPOKO: Ta3bl,
o0Jaaronue CBOMCTBAMU HJCANBHBIX, CKUMAIOTCS B MOPIMTHEBBIX JBUTATENSAX U
KOMIIPECCopax, pacHIUpsIOTCs B TYpOMHAX MOYTH aquabaTHO.

YpaBHeHHe aarabaTHOTO MPoIlecca UMEET BHI:

pV=const, (4.16)

rae k — nokasareib aguadartsl, k= cp /cy.

S
=

V; vz ¥ Si= 482 5

Puc. 4.5. p,v—u T,s—nunarpamMmmbl ainadaTHOI0 nmpouecca.

VYpaBHEHUST B3aMMOCBSI3M MEXIAy IapaMeTpaMH COCTOSHUS B aJua0aTHOM
mporiecce:
1) MeX1y naBIeHUEM U yIeTbHBIM 00BEMOM

P (Lj (4.17)

2) MeXay TeMrepaTypou U yaeJbHbIM 00bEMOM
k-1
L_(»n 4.18
T (sz ( ' )

3) MexX1y TeMIiepaTypou U JaBICHHUEM
k-1

d :(&j" (4.19)

I \p
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s agmaGatHOrO TMpoliecca, U3 MEPBOr0 3aKOHA TEPMOAMHAMUKH CIIEAYeET,
yto: g = Au + [ = 0, T.e. paboTa coBepIIaeTcs 3a cueT U3MEHEHUs BHYTPEHHEU
AHEPruu paboyero Tena:

l:_AM:_CV(Tz—Tl):CV(Tl—Tz) (420)
C Y4€TOM B3aMMOCBSI3€H BEJIMUNH Cy, R, k MO’KHO 3ammucaTh:
R 1
lzm(ﬂ_];)zﬁ(plvl_pzvz) (4.21)

DTO O3HayaeT, YTO U3MEHEHHWE BHYTPEHHEH SHEpPruu CBA3aHO C paboToii,
coBepmaeMoi padbouuMm tesoMm. Creyer Takke, 4YTO NpPU PaCIIMPEHHHM Tras3a
OPOUCXOAUT €ro OXJaXJACHWe, a NpHU CXKATUW TMPOUCXOAUT HArpeBaHHe,
yBeInueHue TeMreparypsbl. [lockonbky npupaiieHue TerioThl PaBHO HYJIO, TO U3
OTIpEe/ICNICHUS] SHTPOIIUHU CIIETYET:

d
AS=I?Q+C:C:const, (4.22)
4TO M M300pa)keHOo Ha NPaBoOil AuarpaMmme puc. 4.5.
Bce BBIIEYNOMSHYTHIE IIPOLIECCHI MOTYT ObITh 00OOIIEHHI B BHJE TaK
Ha3bIBACMBIX IMOJUTPOIIHBIX IMPOLECCOB, OAHAKO MX HM3YUCHHC BBIXOAUT 34 paMKH

TUCHUTUIMHBL «OO0111as1 SHEPTETHUKAY.

KoHTpPOJLHBIE BOIPOCHI:

1. laTb onpeneneHus OCHOBHBIX TEPMOJAMHAMUYECKUX MPOLIECCOB.

2. Kakoit TepMoIMHaMUYECKHI MPOIIECC HA3bIBAIOT aJua0aTHBIM?

3. Hanucatb ypaBHEHUSI OCHOBHBIX TEPMOJIMHAMUYECKHUX MPOLIECCOB.

4. Kak rpaduueckn n300paxaroTcs Ha p, v—auarpamme H30xopa, u3odapa,
u30TepMa u aauadara?

5. Hanumumre (opmynbl COOTHOLIEHUH MEXIy mapameTpamu p, v u 1 s
KQ)KJIOTO U3 OCHOBHBIX TEPMOJIMHAMHYECKHUX ITPOLIECCOB.

6. [1o xako¥ ¢opMyne pacCUMTHIBACTCS W3MEHEHUE BHYTPEHHEU JHEPTUU B
TEPMOJMHAMHYECKUX MpoLeccax?

7. Hanuiure BbIpaXKEHUS JIJIsl BBIUUCIICHUS MTOJABEICHHONW TEIUIOTHI, padOThI
paclIMpeHns ra3a B pa3jInyHbIX TEPMOJIUHAMUYECKHUX MTPOLECCAX.

8. OOBICHUTH yBEJIIMUEHUE TEMIIEpATyphl MPU PACIIMPEHUH ra3a B ©300apHOM
nporiecce.

9. Ilouemy B anuabaTHOM TIpoOllECC€ pACIIMPEHUs] Tela TeMIlepaTypa
yObIBaET, a MPU CXKATUU YBEIMYUBACTCS?

10. ITo kakuM ypaBHEHHUSIM BBIYUCISETCA U3MEHEHUE SHTPOIIMHU B H30XOPHOM,
n300apHOM, U30TEPMHOM H aIuabaTHOM MpoIieccax?
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Jleknusa 5. _
PEAJIBHBIE I'A3bI1. BOASIHOMU I1AP.

Bo Bcex o00sacTsaX NPOMBIIIJIEHHOIO MPOU3BOACTBA MOJYUYMIM OONBIIOE
IPUMEHEHUE PEAJIbHBIC Ia3bl B BUJE 1apa pa3jIM4HbIX BEILECTB: BOABI, aMMMAKA,
YIIEKUCHOThl U Jip. M3 HuX HauOosblliee pacnpoCTPAHEHHWE B SHEPreTUYECKUX
YCTAaHOBKAX MOJIy4HJI BOJSIHOU Map.

BopasHoli map mupoko ucnoabs3yeTcs Kak padouee Teio B MapoBbIX TypOUHaX,
MapOBBIX MAalIMHAaX, B AaTOMHBIX YCTaHOBKAaX, a TaKK€ KaK TEIUIOHOCHTENb B
Pa3IMYHBIX TEMIOOOMEHHHUKAX.

N3 kypca ¢u3MKu H3BECTHO, 4YTO BCE BELIECTBA B 3aBUCHMOCTH OT
TEMIIEpaTypbl M JABJICHHS MOTYT HAaXOAMTBbCS B TBEPAOM, KUIKOM WIH
razo00pa3HoOM COCTOSTHUH.

IIpouecc mapoodpazoBanusi. OCHOBHBbIE OHATHS U ONpPeIeIeHUS.

[Ipouecc mpeBpalleHUs] BELIECTBA U3 JKUIKOTO COCTOSIHUSL B Ta3000pa3zHOE
Ha3bIBACTCS NApPO00Pa30BaAHUEM.

Mcnapenuem Ha3biBaeTcs napooOpa3oBaHME, KOTOPOE MPOMCXOIUT BCEraa
npu J1r000H TemmepaType co CBOOOJHON MOBEPXHOCTH KUAKOCTU WM TBEPAOIO
Tena. IHTEeHCMBHOCTD MCHIapeHus 3aBUCHUT OT CBOMCTB JKHJKOCTH U BO3PACTACT C
YBEJIIMYECHHUEM €€ TEMIIEPATypPBhI.

[Ipouecc KumeHHMs 3aKIOYAECTCd B TOM, YTO €CIAM K JKUJIKOCTU IOJIBECTH
TEIUIOTY, TO MPU HEKOTOPOW Temmeparype, 3aBUCALICH OT (U3MUECKUX CBOWMCTB
pabodero Tena W JaBJICHHA, HACTyMaeT MpolLecc mnapooOpa3oBaHHs KakK Ha
CBOOOJHON TOBEPXHOCTH, TaK M BHYTpU €€, T.. KHIEeHHe — 3TO
napooOpa3oBaHUE, MPOUCXOJAIIEe IO BCeMy OOBEMY IKHAKOCTH TIpU
ONpEIEICHHON TeMITepaType, 3aBUCSIIECH OT JaBICHHUS.

[lepexon BemiecTBa M3 ra3o00pa3HOrO COCTOSIHUSL B KUJAKOE WM TBEPIOE
Ha3blBacTCsd KOHAeHcaunuen. [Ipomecc koHAeCHCAlMM, TaKk XK€ KaKk M IPOLECC
napooOpa3oBaHHe IPOTEKAET IMpPH IOCTOSHHOM TeMIepaType, €cild MpU ITOM
naBiaeHue He MeHseTrcs. JKHIKOCTb, IOJY4EHHYIO IpH KOHIEHCAauuu Iapa,
Ha3bIBAIOT KOHAEHCATOM.

PV — IMarpaMma BOISIHOIO mapa. PaccMOTpuM Mporecc MOJydeHHusl mapa B
3aKpBITOM eMKOCTH. bBynmem wu300paxkars mporecc mapooOpa3oBaHusl, T.€. IPOLIECC
MPEBPAILEHNST BEIIECTBA U3 KHUIKOIO COCTOSHUS B Ta3000pasHOE B p,v — JUarpamMme
(pucyHok 5.1).

HauanbHoe cocTossHME BOIBI, HAXOIAIICHCA MOA [ABJICHHEM p W UMEIOLIEH
temrieparypy 0°C, n300pa3urcsi Ha AuarpaMme TOUYKOH a,. [Ipy momBoie TemoTs! K Bozie
ee TeMrieparypa MOCTENEHHO MOBBIIIAETCS 0 TEX MOp, MOKA HE JOCTHIHET TEMIIEPaTyphbl
KUIIEHUsl f, COOTBETCTBYIOLIEH IaHHOMY JaBieHuto. [Ipu 3ToM yzaenbHbIA 00bEM
KUJIKOCTU CHa4ajla yMEHbIIAETCsl, JOCTUTaeT MUHUMaJIbHOIO 3HaueHus rnpu t =4 °C, a
3aTeM HauuHaeT Bo3pacrarb. (COCTOSHME JKUIKOCTH, IOBEICHHOW 10 TEMIIEPaTyphl
KHITEHHS, N300paXKaeTCs Ha JUarpaMMe TOUKOi d .

IIpn nanmbHENIIEM MOABOAE TEIUIOTHI HAYMHACTCS KMIICHUE BOJBI C CHJIBHBIM YBe-
JrueHneM o0beMa. B 3aKphITOi eMKOCTH Terlepb HaXOauTes IByX(asHas cpefa — CMech
BOJZIbI Y T1apa, Ha3bIBacMasl BIAXKHBIM HACBHILEHHBIM IapoM. [lo mepe momsoma TemoTsl
KOJIMYECTBO JKUIKOM (ha3bl yMEHBIIIACTCs, a TIApOBOM — pacTeT. Temmeparypa cMmecH
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IIPU 3TOM OCTAaeTCsl HEM3MEHHOW M PaBHOM #, TAK KaK BCA TEIJIOTa PacXOAyeTcsl Ha
ucnapenue kuakoi (asel. CrienoBaresibHO, MPOLECC MapooOpa3oBaHus HA ATOM CTaauH
ABISIETCST U300apHO — M30TepMUYecKUM. HakoHel, B HEKOTOPbII MOMEHT BpEMEHH
MOCJIE/THSISL Karuis BOJIbI MPEBpAILaeTCsl B Map, U LMJIMHIP OKA3bIBACTCS 3aIOTHEHHBIM
TOJBKO TMApOM, KOTOpPBIA HAa3bIBAETCS CYyXUM HAachllleHHbIM. (COCTOSIHUE —€ro
M300pakaeTcsi TOUKOM a".

Puc. 5.1. p,y — imarpamma BOASIHOTO napa.

Ecnu mapooOpa3zoBaHue >KUJIKOCTH MPOUCXOAUT B 3aKPBITOM COCYIE, TO
BBUIETAIONINE U3 KUAKOCTH MOJIEKYJIbl 3aIIOJIHSIOT CBOOOJHOE MPOCTPAHCTBO HAJl
HEH, MpU ATOM YacTh MOJIEKYJ, JBIXKYIIMXCS B IMApOBOM IMPOCTPAHCTBE HAJl
MOBEPXHOCTHIO, BO3BpALIAETCS OOPATHO B JKUIKOCTh. B HEKOTOPBHII MOMEHT
MEXIy mapooOpa3oBaHrEeM M OOpPAaTHBIM MEPEXOJAOM MOJIEKYIN U3 Mapa B JKUIKOCTh
MOXET HACTYNUTh PABEHCTBO, MPU KOTOPOM YHUCIO MOJEKYJ, BBUICTAIOLIUX M3
KUJAKOCTH, PABHO YHUCITY MOJIEKYJ, BO3BPAIIAIOIIUXCS OOpPaTHO B JKHUIKOCTb.
Hactymaer TepMoaMHaMUYecKOe paBHOBECHME, M Map B O3TOM COCTOSIHUU
MPUHUMAET MAKCUMAaJIbHYIO IJIOTHOCTh MPHU JAHHOUN TeMmIepaType U Ha3bIBaeTCA
HACBIIIEHHBIM.

C u3MeHeHHeM TeMrepaTyphl KUJIKOCTH PABHOBECHUE HApPYIIAETCsl, BbI3bIBAs
COOTBETCTBYIOIIIEE U3MEHEHHUE TIOTHOCTH U JIaBJICHUS HACHIIIIEHHOTO Mapa.

Haceprennsii nap, B KOTOpOM OTCYTCTBYIOT B3BEIICHHbBIC
BBICOKOJIUCTIEPCHBIE (MeJIbYallline) YacTULlbl KUAKON (a3bl, HA3BIBAECTCS CYXHM
HACBIIEHHBIM NapoM. COCTOSIHHE CYXOro HACBHIIIEHHOrO Mapa OmpeesseTcs
TOJIbKO OJHUM MapaMeTpoOM — JIaBJICHUEM, WJIM TEMIIepaTypoil, WU YAEIbHBIM
00bEMOM.

HacplieHnblii map, B KOTOPOM COAEPKATCS B3BEIIIEHHBIE BHICOKOIUCIIEPCHbBIE
YaCTHUIIBI KUAKOW (a3bl, paBHOMEPHO pacmpeeieHHbIe N0 BCEM Macce Tmapa,
Ha3bIBAETCS BJAKHBIM HACHIIEHHBIM IIAPOM.

OTHOLIEHHE MAacChl CYXOr0 HACBIIIEHHOTO0 Tlapa K CyMMapHOM Macce
BJIQJKHOTO  HACHIIIEHHOTO TMapa Ha3bIBAETCA CTENEHbK)  CYXOCTH WU
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napocojep:;kaHueM u o6o3Havaercs x. JIJis Kunsiei KuaKoCTH Py TeMITepaType
HachinieHusa x=0, a 111 CyXOro HachIIEHHOIO Mapa x=1, cIegoBaTEIbHO CTENEHb
CYXOCTH MOXET MEHAThCA TOJNbKO B mpeaenax oT 0 go 1. CocTosiHue BIaKHOTO
napa omnpenesieTcss AByMsl BEIMYMHAMU: TEMIIEPATypOr WJIM JABICHHEM U KAKUM
100 IPYruM mapameTpoM, HallpUMEP CTENEHbIO CYXOCTH Mapa.

Eciu cyxomy HachlllleHHOMY Tapy COOOIIUTh HEKOTOPOE KOJIUYECTBO
TEIJIOTHl MPU MOCTOSTHHOM JaBJIEHUHU, TO TeMIlepaTypa ero OyJeT BO3pacTaTh.
ITap, momydaembli B 3TOM IIpolEecce, Ha3bIBACTCA HeperperbiM. Touka a
M300pKAET COCTOSIHME MEPErPEeTOro mapa M B 3aBUCMMOCTH OT TEMIIEparypbl IHapa
MOXKET JISKaTh Ha Pa3HBIX PACCTOSAHUSIX OT ToukH a". Takum 0OpazoM, meperperbiM
Ha3bIBACTCA Map, TEMIIEpATypa KOTOPOro NPEBBIIAECT TEMIEPATYPY HACBHILIEHHOTO Iapa
TOT'O K€ JIABJICHUSL.

Kputnueckoii Toukoit B p,v — muarpamme (puc. 5.1), Ha3piBaercs Touka K, B
KOTOPO# yJelibHbIe O0BEMBI JKUIKOCTH U Mapa CpaBHAIOTCA. Tak Kak Bce pa3innyus
MEXIY Tra30M W KUAKOCTBIO CBSI3aHbI C PA3HUIEH B IUIOTHOCTH (MJIM YAEIbHOM
o0bemMe), TO B KPUTUYECKOM TOYKE CBOMCTBA JKUAKOCTM M Ta3a CTaHOBSATCA
OJIMHAKOBBIMHU. J[7151 BOJIbI MAPAMETPBI KPUTUUECKOW TOUKH K COCTaBIISOT:

DPip = 221,29 10° ITa, tp = 374,15°C, v, = 0,00326 M°/KT.

ITox TpOHHOM TOYKOM IIOHUMAETCSI TO EAMHCTBEHHOE COCTOSIHUE, B KOTOPOM MOT'YT
OJTHOBPEMEHHO HAaXOIUTHCS B PaBHOBECHM Tap, BoJa U Jieq (Touka A' Ha pucyHke 5.1).
[Tapametpsl TpoitHOM TOUKHM 11t BOIBI: py = 611 Ila, £,=0,01°C, v, = 0,001 M/KT.

B pyv — mmarpamme Bce TOUKM Topu3oHTaNer Mexnay kKpuBbiMu I um I
COOTBETCTBYIOT COCTOSIHMSIM BJIQKHOTO HACBIIIEHHOIO Iapa, TO4YKA Kpuson Il
OIPEAEISIIOT COCTOSIHMS KWITAIIEH BOAbL, TOYKM KpuBoM III — cocrosHums cyxoro
HACBIILIEHHOTO napa. Bieso ot kpuBoil II 10 HyneBoi M30TEPMBI JISKUT 00JacTh He-
KUTISIIEeH oMHO(A3HOM KHUIKOCTH, BIpaBo oT KpuBoii Il — obmacTs meperperoro mapa.
Taxum o6pazom, kpublie 11 u 111 onpenemnsiror 001acTh HACKIITIGHHOTO Tapa, OTALISIS €€ OT
00J1aCTH BOJIbI M TIEPErPETOTO Mapa, U MOITOMY Ha3bIBAIOTCS MOTPAHUYHBIMU.

[leperperblii map mo CcBOMM (PU3UYECKUM CBOMCTBaM MpUOIMKAETCS K
UcaIbHOMY Ta3y U TeM OJIMXKe, YeM BBIIIEe CTENEHb MeperpeBa, COOTBETCTBEHHO
OH MOJIUMHAETCS ypaBHeHHIO KnamneipoHa:

pv=RT, (5.1)
rie p — abcomoTHoe naBienue, I1a; v — yaenbHbli 00beM, MY/KT; R — rasosas
noctostaHas, Jx/(kr-K); T — abcomroTHas Temmeparypa, K.

B nelcTBATENBHBIX TpoLeccax NPU BBICOKMX JABJICHHUSX BOJSHOM Map
CIeAYyEeT pacCMaTpPUBaTh KaK peaIbHbINA ra3. MOIEKysbl peasbHOTO ra3a B OTJINYNE
OT HUJEaJTHLHOTO UMEIOT KOHEUHBIM 00hEM M B3aUMOJCHCTBYIOT MEXIy coboit. M3
YPaBHEHUH COCTOSIHUN PEAbHOTO Ta3a HauOoyiee MPOCTHIM SIBISETCS YpaBHEHHE
Ban nep Baanwca, npennoxxenHoe um B 1873 r.:

(p+‘%j-(v—b):R-T, (5.2)

r7ae a — KodpPuImeHT, 3aBUCSIINANA OT CHIT CIICTIIICHUS;
b — BeNIMUMHA, YIYUTHIBAIOIIAs COOCTBEHHBI 00HEM MOJICKYIT,
V — yIeIbHbINH 00bEM.
Hcnonb30BaHne ypaBHEHHS COCTOSIHHSI PEaTbHBIX Ta30B B MPAKTHUYECKUX
pacderax CBS3aHO C OOJBIIUMH TpyAHOCTAMHU. [loaToMy st ompeneneHus
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nmapamMeTpoB HAYabHOTO W KOHEYHOTO COCTOSHUSI BOJSHOTO Tapa B
TEPMOJMHAMHYECKUX TPOIECCaX MCIOJIB3YIOT TaOJUIBl W DHTPOIHIHBIC
JarpamMMbl BOJSTHOTO Tapa.

MeTo/bl HcciieJ0BaHMs POLIECCOB BOASIHOTO Mapa.

B 3amauax, CBs3aHHBIX C TEPMOJUHAMUYECKHUMH IIpolleccaMu B 00JacTu
HACBIIIIEHHBIX U MEPETPETHIX MapOB OOBIYHO OMPEACIISIIOTCS:

® HayaJbHbIC U KOHEUHBIE TTapaMeTphl Napa;
® W3MCHCHHUS BHYTPEHHEW YHEPTUHU, YHTAIBIINH U SHTPOIIHH;
e paboTa U KOJIMYECTBO TEIJIOTHI, YHACTBYIOLIEH B MpoOIECCe.

[Ipu ucnonb3oBaHUM TAOJMI] JJISI pacUuE€TOB MPOILIECCOB BOJSHOIO Tapa BcCe
HEOOXOJMMbIC HCXOJHBIC JaHHbIE, a TaKXe MapamMeTpbl Iapa B KOHEYHOM
COCTOSTHUM OepyTcs U3 TabJuIl TEIIOPU3NIECKIX CBOMCTB BOJIbI U BOASIHOTO Tapa ¢
y4eTOM YCJIOBUM MpoTeKaHus mpoiiecca (p = const, V' = const, S = const).

B 3Tix Tabnmiiax TepMOIMHAMUYECKHE BEIMUMHBI C OJHUM IITPUXOM OTHOCSTCS
K BOJIe, HATPETOW 10 TEMIEpaTyphl KUICHWS, a BEIMYMHBI C JBYMS INTPHUXaMUA — K
CYXOMY HACBIILIEHHOMY Mapy.

3a HyJIeBOE€ COCTOSHHUE, OT KOTOPOTO OTCUUTHIBAIOTCS BENMWYMHBI /', h", ', s"
IIPUHATO COCTOSIHUE BOJIbI B TPOMHOM TOUKE.

Tak Kak COCTOSIHME KUITSAIIEH BOABI M CYyXOTO HACHIIIEHHOTO Tapa OIpeesieTcs
TOJILKO OJTHUM TIapaMeTpOM, TO 110 U3BECTHOMY JIABJICHUIO WM TeMIlepaType 13 Tabsuil
BOJIbI M BOJITHOTO Tapa OepyTcs 3HaueHus V', v"', i', h", s', s", r.

[TapameTpbl BI@XXHOTO mMapa B ATOM Cjydae BBIUUCISAIOTCS Ha OCHOBAaHUU
TaOJUYHBIX JIAaHHBIX IO MPUBECHHBIM HIDKE (POpMYyJIaM.

Vi=V+V' = Vyx, M/xr; (5.3)
hy = H+(h" = hyx, xJx/kr (5.4)
S, = S+(S" = 8)x, kJx/(xr’K) (5.5)

MeTton pacdera mpoIECCOB MO TaOiMIIaM BOJABI M BOASHOIO TMapa SBISETCS
HanOoJiee TOYHBIM W TMPUMEHSAETCS BO BCEX CIydasX, KOTJIa HYXHO TOJYYUTH
TOYHBIC  BeMWuuMHBL.  OpHAKO TPU  OTOM  TPUXOAUTHCS  3aTPaynBaTh
JIOTIOJTHUTEIPHOE BPEMSI Ha HAXO0XKJACHUE HY>KHBIX BEJIMYUH T10 TAOJIHIIaM, a TaKKe
Ha BBEIYHCIIUTEIHLHBIC OTIepaIiu.

bonee mpocThIM W HATJAIHBIM, HO MEHEE TOYHBIM SIBIISETCS TpaduuecKuid
METOJ pacyeTa IMPOILEeCCOB MO PHTPONHMIHBIM JMarpaMMaM BOISHOTO Mapa, Ha
KOTOPBIX HM300paKkaloTCS COCTOSHUS W TPOIECCHl BOASHOTO Tapa. JTOT METO.
MO3BOJIICT CJIEAWTh 32 W3MEHEHHWEM arperaTHOro COCTOSIHHS Tapa B JIFOOOM
nporecce, He Tpuderas kK Gopmynam. Hanbonee pacnpocTpaHEHHBIMH SIBISIOTCS
T's-nmuarpamma BoJisiHOTO mapa (puc. 5.2) u As-guarpamma (puc. 5.3).

Ts-nuarpaMMa BOJASIHOIO Iapa.

W3menenue sHTpommu BOABI B M300apHOM mporiecce rpadudecku Ha 7T5-
ayarpamMMme MpeCTaBISIETCs BEJIMUUHON S (8 npouecce AB) (puc. 5.2). Ilnomans
oJ KpHUBOW Tmporecca AB Oyner B HEKOTOPOM MAacIUTadEe ONpEeAesiaTh C
HEGOIIBIIIIM IOIYIICHHEM SHTATIBINIO KAISIIEH BOIBI 7.

ITocne nHarpeBa BOJBI 10 TEMMEpPATypbl KHUIIEHUS HAYMHAETCS MPOLECC
mapooOpa3oBaHus MPHU TOCTOSHHOM JaBJICHUM W HEU3MEHHOW TeMmriiepatype Ty
(munaus BCO).
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KonuuecTBo TemnoThl, MOJBEACHHOE NpH MNapoOOpa30BaHUU U PABHOE 7,
rpaduyecKu onpeneseTcs Mmioaabio noa npsmoit BC:

(S"-SyT,=r. (5.6)

a7

T

Bl
PRy O
273,15 i | B
: i v -

Puc. 5.2. Ts-nuarpamMmma BOASIHOTO mapa

Touka C uzo0paxkaeT 3aBeplIeHUE Mpolecca napoodpa3oBaHus (COCTOSHUE
CYXOT'0 HACBILIEHHOTO Mapa). Ecnu B KoHIlE MCTapeHus Moay4yaeTcs BIaKHbBIN map
CO CTENEHbID CYXOCTH X, Hampumep Touka M, TO KOJHUYECTBO TOJIBEICHHOMN
TEIJIOTHl OYyJET OMpeAensaTbCcsl MEHbIleW Iulomaablo. VM3MeHenue sHTponuu B
npoliecce neperpesa napa rpapudecku uzoopaxaerca kpupo CD. Ilnomans non
kpuBoil CD n300pakaeT TeIoTy neperpena napa (puc. 5.2).

B rtexnuke 7s-auarpamMma IIMPOKO HCIOJB3YEeTCS NPU HCCIEI0BaHUU
TEPMOJIMHAMUYECKUX MPOIECCOB U LUKJIOB, TAK KaK MO3BOJISIET BUIETh U3MEHEHHE
TeMIrepaTypbl pabodero Tejla U HaXOJWTh KOJMYECTBO TEIJIOTHI, YYACTBYIOIIEE B
nporecce. HeKoTopeiM HEYJ1I0OCTBOM JAaHHOW AMArpamMmbl SIBISETCS TO, YTO MPU
ONPENICIICHUN KOJIMYECTBA TEIUIOTHI MPUXOAUTCS HU3MEPSITh COOTBETCTBYIOILIWE
miomaau (Guryp HENpaBWIBHOW (OPMBI, UYTO YCIOXKHSAET OIPEACICHHUE
HEOOXOIUMBIX BEIHYHH.

hs-nuarpamMmMa BOJASIHOTO Iapa.

OOBIYHO BCIO As-TUarpammy JUisl BOASHOTO Mapa (puc. 5.3) He BBIIOJHSIOT, a
CTPOSIT TOJIKO €€ BEPXHIOK 4acTh, HaOOJee YOTPEOUTEIbHYIO B TIPAKTUKE PACUETOB.
DTO 1aeT BO3MOXXHOCTh M300paKarh ee B Oosiee KpyrmHoM maciirrade. J{ist 1000l Touku
Ha 3TOH JarpaMMe MOYKHO HalTH p, v, t, A, S, X.

BornbIioe 10CTOMHCTBO As-MarpaMMbl COCTOMT B TOM, YTO KOJIMUYECTBA TETIOTHI
(mpu p = const) n300paKarOTCs OTPE3KAMH, a HE TUIOMIAAAMU, Kak B T,s — nuarpamme,
MOATOMY /,S — JAuarpaMma HCKITIOUYMTENBHO HIMPOKO HCTIONIB3YETCSl MPU MPOBEICHUH
TETJIOBBIX PACUETOB.
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N306apsbl (p = const)

h, xJx/xr
700"

VTG LN N3oTepmbl
JOGLY (t = const)
2700

800

00 |—

J

i T S § ey Y S § RN 7 ey Y iy

Puc. 5.3. hs-qnarpamma BoasiHOro napa.

Pacuer npoueccoB BOASIHOIO 1apa.

[lepBasg Touka (Ha4ajgoO MPOLIECCOB) 3aJACTCS JIABJIICHUEM p; U CTENEHBIO
cyxoct x; Konen n3o0apHOro, M30XOpHOTro, ainadaTHOro MpoiieccoB (puc. 5.4,
5.5 u 5.6) orpaHMYMUBAETCS TEMIEPATYpPOH 7;.

1. OmnpeneneHue Ha4YaJbHBIX M KOHEYHBIX MapaMeTpPOB Mapa B
npoueccax mo TadJauiamM BOASIHOIO mapa. J(aHHbie 11 TOYKU 1H BBIOMpArOTCS
u3 Tabmuibl « TepmMoaguHaMuUecKie CBOMCTBA BOJBI U BOJSHOTO Mapa B COCTOSHUU
HACBINIEHHs (apTYMEHT — JIaBJIEHWE)», a JJIT TOYeK 2p , 2y, 25 BBIOUpAIOTCS U3
tabmuupl  «TepMonuHaMuyeckue CBOWCTBA BOJBI W TMEPErperoro mapa» Hu
3aHocsTCS B Ta0miy 5.1.

2. OnpeneseHne HAYAJIbHBIX U KOHEYHBIX IAPAMETPOB Mapa

B Ipoueccax no ss-nuarpaMmme

OO6mmit MmeTo1 pacyera 1o /s-IuarpaMme COCTOUT B cienytonieM. Hanocurcs
HayaJbHOE COCTOSIHHE Mapa IO HM3BECTHBIM MapaMmeTrpaMm. lIpoBomutcs nuHUA
MpOLECCa, OMPEAEISIOTCS NapaMeTpbl Napa B KOHEYHOM TOYKE M 3aHOCATCS B
tabnuiy 5.2. [lanee BbMHMCISETCS W3MEHEHHE BHYTPEHHEW SHEPruM, OMPeIesIsIFoTCs
KOJIMYECTBA TEIJIOTHI M pabOThI B 33]aHHOM TPOLIECCE.

HN300apubiii npouecc (puc. 5.4). 3amaHo cocrosHue mapa 1 (p; U x)).
KoHeuHoe cocTosiHUE €ro XapakTepu3yeTcs TeMIIepaTypon 4. 13 touku 1 uaem no
u3zobape P; mo Touku 2 ee mepecedeHust ¢ M30TepMoi 4. B aToM mporecce npu
COOOILIEHUY TeIJIa BIAKHOMY Mapy YMEHBIIAETCS €r0 BIAXXHOCTh, U OH MEPEXOIUT
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B CyXOHW HACBILIICHHBIM, IPUYEM TEMIIEpATypa €ro OCTAETCs ITIOCTOSHHON U PaBHOU
t,=ty. Ilpn nanpHeimem nozasojae Terwia nap neperpesaercs. [Ipu orBoxe teria
IIPOLIECC UJIET B OOpaTHOM HalpaBiICHUM.

Tabmura 5.1.
K pacuery mporieccoB BOJSIHOTO mapa.
Touxka 1u: p1, 0ap X ty, °C
V, M/KT i, kKJ[K/KT s, kJIx/(xr-K)
x=0:
v, M /xr i, kxJIx/Kr s, kJIx/(xkr-K)
x'=1:
v = v/+(v//— v/)-X, MO/RT, By = h/+(h// — h/)-X, kJDK/KT; §) = s/+(s//— s/)-X, kJx/(kr-K)
Touka 2p P1= P2, 0ap t, °C
Vv, MP/Kr n, xJ[x/xr s, kJx/(xr-K)
P =D
VM kr h', xJIx/kr s, kJIx/(xr-K)
P =D

a=p -p)@'-p)

vap = V= V) a, M/ hop= W+ - h/)-a, KJDK/KT;,  sop= s+H(s" = §') a, kIlx/(xrK)

Touka 2 VI= vy, M /KT 1, °C
VvV >V
p, 6ap V, M/KT n, xJx/xr s, kJx/(xr-K)
V/<V1
p’, 6ap v, M /xr k', x]Jx/xr s, kxJIx/(xkr-K)

a = = W)Y =)

par=p+(@" —pya 6ap; hyy=h+(' — Ky a xJix/xr;  soy=5+(s" - 5)a kIl (xrK)

Touka 2g | s1= 87, KJx/(xr-K) ‘ | 1, °C
s >81.

p, 6ap V, M/KT h', x]JIx/kr s, kJIx/(xr-K)
.S/< S1

p, 6ap Vv, M /kr h", xJx/xr s, kJIx/(xr-K)

a=(s1—s)(s" -5
e . il 1) . N . 3
ps=p+p —p)a, 6ap;, hys=h+(h"—h)a xx/xr-K; vs=v+O0'—Vv)a, m/kr

IIpumeuanue: [Tockonbky B 00JaCTH BIIQXKHOTO MTapa HEBO3MOXHO MPOTa0yIupoBaTh BCE
BEJIMYMHBI, XapAKTEPHU3YIOLIHE €ro COCTOSIHUE, UX 3HAYCHMsI HaXOISAT METOJIOM MHTEPIOJIALIH

0 3HAYCHWSM B COCTOSHHH HACBINICHHS, T.c. mpu X=0 u X=1, a — Kod(pduumeHT
MHTEPIIOSLHH.
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Tabmuia 5.2
[TapameTpsl BOASHOTO Mapa

Touka 1H: p1, 6ap X Vi, M/KT hy, xJIx/kr s1, KJIx/(xr-K)

Touka 2p: | P17P2 0ap 12, °C |y MK | B, KIBK/KT | 52, 11/ (k1K)

Touka 2y : V1=V, M3/KF t, °C D, 6ap hoy , Sav, KIL)K/(KI‘K)
kJx/Kr
Touka 25 : S1=S2, t, °C P»g, 6ap hos , KIL)K/KF 25, M3/KI‘
kJ[x/(kr-K)

h,

hy

)

Puc. 5.4. U306apHblii npouecc BOASHOIO napa.

N3oxopubiii npouece (puc. 5.5). [Ipu 3amaHHOM COCTOSIHUM Tapa (p; U X|)
COOTBETCTBYIOIIEM TOYKe 1, TpeOyeTcsi H30XOPHBIM IMPOLIECCOM JOBECTU Map A0
TeMneparypsl . g atoro n3 touku 1 maem no uzoxope V) no ee nepecedeHus ¢
U30TEpMON £, B TOouke 2. B u30XOpHOM mporecce MpH COOOIICHUM TeIuia
BJIQKHOMY TMapy TOBBIIIAIOTCS €ro JaBieHue u Temieparypa. [lpu sTom
BJIQXKHOCTh Tapa YMEHBIIAETCSA, U OH MPEBPAILIACTCs B CYyXOW HACBHIIIECHHBIN, a
3ateM B meperpethiif. [Ipu oTBoNE Tema OT meperperoro mapa mpoiuecc UAET B
0oOpaTHOM HampaBICHUH.

AnuabdaTHelii mpouecc (puc. 5.6). 3agaHo cocTosiHME mapa (p; U X))
COOTBETCTBYIOIIEM TOYKe |. AnuabaTHBIN TPOIECC MPOTEKAET MPH TOCTOSTHHOM
3HaYEHUHW DSHTPOIIMH, MOATOMY OH H300pa)kaeTcs BEpPTHKAIbIO, M3 TOYKK | 10
TIepeceUeHMsI C U30TEPMOH /, B TOUKE 2.
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[Tpu annabaTHOM paclIlupeHUr [IaBICHME U TeMIeparypa Imapa
noHmwxkatorcs. [leperperblii map mnpu STOM NEPEXOAUT OOBIYHO B CyXOW
HACBIIICHHBIA U 3aTeM BO BIaXHBIN. [Ipu cxkaTuM BIaXHOTO Mapa Mpoiecc UIeT B
00OpaTHOM HaIpaBJICHUU.

—— S (— — — | —

h,

hy

0 5

Puc. 5.6. AnmadaTHbIi Mpouecc BOAAHOIO Mapa.
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3. OnpenesneHne U3MeHeHNE BHYTPEHHEH JHEPIrUH, TEIJIOTHI U padoThl
BOJSIHOI'O Iapa

V3MeHeHne yJenbHOM BHYTPEHHEW OJHEPIMM BBIUHCISETCS IO  00Lemy
YPAaBHEHHUIO JUIsl BCEX IPOLECCOB (BCE BEIMYMHBI JIOJKHBI OBITH BBIPAYKEHBI B
cucteme CH):

Au = U — U1 = (hz —szz)—(hJ —plvl) (57)
Onpenensercs yAeIbHOE KOJIUYECTBO TEIJIOTHI:
B M30XOPHOM IIpoLecce

qv=u;—u; = Au, (5.3)
B M300apHOM Mpoliecce:
qp=hy—hy (5.9)

B aguabaTHOM mporiecce ¢,=0
Berumcnsiercss  ynenpHas BHEIIHSsSI paboTa IO OOIIeMy YpaBHEHHIO IS
BCEX MPOIIECCOB:
[=qg—Au (5.10)
PesynbraThl pacuera mo 000MM METO/IaM CBOJATCS B TaOIHILy 5.3.

Tabmura 5.3
Pe3ynbraThl pacyeToB MpoIecCOB BOASHOTO Mapa

Au, xJ[>x/KT q, KJIx/Kr h, xJIx/kr

IIpoueccsr
TaoJI. JUarp. TadJI. arp. TadJI. arp.

N306apHbIit

N3oxopHbIi

AnnabaTHbIi

KoHTpPOJLHBIE BOIPOCHI:

1. Yem peanbHbI€ ra3bl OTIMYAIOTCS OT UA€AJTbHBIX?

2. Yto Ha3bIBaE€TCSl KUIIEHUEM, HCIAPEHUEM, KOHIEHCAIluen?

3. U3oOpasute n 00BACHUTE p, V—TUarpaMMy BOASHOTO Tapa.

4. Kakue TOYKHM pacroyiaratoTcs Ha MOTpaHUYHBIX KPUBBIX KUIKOCTHU U mapa’?

5. Uto Takoe KpUTHYECKAsl TOUKA, UeMY PaBHbI €€ mapaMeTphl JJis1 BOJSHOTO
napa?

6. Kakoll map Ha3bpIBaeTCs BJIAKHBIM HACBIIIEHHBIM, CYXUM HACBIIICHHBIM,
neperpeTbiM?

7. UTo Takoe CTeNneHb CyXOCTU?

8. 300pa3ute u o0bsicuute 7, s—auarpaMMmy BOJSIHOTO mapa.

9. Urto Takoe TemioTa >XUAKOCTH, TEIJI0Ta MapooOpa3oBaHus?

10. O0BscHUTE h,s—AHarpaMMy BOJISIHOTO Tapa.

11. Hanummre ypaBHeHue Ban-nep-Baanbca u oObsicHuTe (usnueckuit
CMBICJI BXOJSIIIINX B HEE KOHCTAHT.
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Jlexuusa 6.
OCHOBbBbI TEOPUU TEIIJIOOBMEHA. TEIIJIOITIPOBO/IHOCTb.

CormacHo BTOpPOMY 3aKOHY TEPMOAMHAMHUKHA CaMOIIPOU3BOJIBHBINA  IPOLIECC
NEpEHOCca TEIJIOThl B MPOCTPAHCTBE BO3HUKAET MO, JIEWCTBUEM PA3HOCTH TEMIIEpATyp U
HAIIPaBJIEH B CTOPOHY YMEHBILIEHUS TEMIIEPATYPbl. 3aKOHOMEPHOCTH MEPEHOCA TEIUIOTHI
U KOJIMYECTBEHHBIE XapaKTEPUCTUKHA 3TOr0 IMPOLECCa SBISIIOTCA IPEIMETOM HC-
CIICZIOBAHYS TEOPUH TETTIOOOMEHA.

OcCHOBHbIE IOHATHSA U OTIpeieIeHUsl.

TenmoobmMeH — 3TO camMOMPOM3BOJBHBIN HEOOpPATUMBIM MPOIECC TEpeHoca
TEIUIOTHI B MPOCTPAHCTBE C HEOJAHOPOIHBIM pacHpeAcCHUEM TeMIepaTyphl.
[lepeHoc TemjaoOTBI B TPOCTPAHCTBE OCYIIECTBISETCS TpPEeMs CHOCOOAMHU:
TETIONPOBOAHOCTHIO, KOHBEKIMEN W W3MydeHueM. Kaxkaplii U3 HUX UMEET CBOM
MEXaHU3M IIEPEHOCA U CBOU 3aKOHBI JIsl MATEMATUYECKOTO OMUCAHUS MTPOIIECCa:

TennonpoBOHOCTE — 3TO MOJIEKYJISIPHBIA TEPEHOC TEIJIOThl B CIUIOLIHOMN
cpene, 00yCIOBIIEHHBIN HATMYKUEM IPaIM€HTa TEMIIepaTyphl;

KonBekiusg npeacTtasisieT co00i NepeHoc TEII0Thl B Cpeie C HEOJHOPOIHBIM
pacrpeneneHueM  TEMIIEpATyphbl,  OCYILIECTBISIEMBIA  MaKpOCKOIMYECKUMHU
o0beMaMHU cpeibl IPU UX MepeMEIICHUY;

TennooOMeH  w3aydYeHWEM —  3TO  TEIIOOOMEH,  OOYCIOBJICHHBIN
MPEBpAILEHUEM BHYTPEHHEW 3HEPruM OJIHOTO BELIECTBA (M3TydaTesisi) B SHEPTHUIO
M3JIYYEHUsI, IEPEHOCOM HU3JIyYEHUs B MPOCTPAHCTBE U €O IMOIJIOIIEHUEM JIPYTUM
BEILIECTBOM.

BaxkneHmmMy KOJIMY€CTBEHHBIMU XapaKTEPUCTUKAMU NIEPEHOCA TEIIOThI
SIBJISIFOTCS TEMJIOBOM NOTOK M IJIOTHOCTh TEIJIOBOTO MOTOKA.

KomuuecTBo TemioTsl, nepeaaBaeMoe B €IMHUILY BPEMEHH 4Yepe3 MPOU3BOJIBHYIO
MOBEPXHOCTh F, B TEOPUM TEIJIOOOMEHA MPUHITO HA3bIBaTh MOIIHOCTHIO TEIIOBOTO
MOTOKA, WM MPOCTO TEIJIOBBIM NOTOKOM, U 0Oo3Hauyaercst OykBod (. Exunuiia
U3MepeHHs1 TeIIoBoro noroka JLx/c, T.e. BT.

MHTEHCMBHOCTD MEPEHOCAa TEIUIOThl XAPAKTEPU3YETCS IUIOTHOCTBIO TEMJIOBOIO
IOTOKA, T.€. KOJMYECTBOM TEIUIOTHI, MEPENABAEMON B €IMHUILY BPEMEHU Yepe3 €au-
HUYHYIO IUIOMIAh TOBEPXHOCTH. JTa BEIMUMHA M3Mepsiercss B BT/M® 1 00bIdHO 060-
3HAYaeTCs ¢:

q = O/F. (6.1)

TemonpoBogHocTb. Pa3znuyaloT CTallMOHAPHYI0O M HECTAIMOHAPHYIO
TEIUIONPOBOAHOCTS. IIpy CTallMOHAPHOW TEMJIONPOBOAHOCTU B PA3IMYHBIX TOUKAX
TeJa TeMIepaTypa MOXKET ObITh OJJUHAKOBOW WJIM Pa3HOW, HO OHA HE M3MEHSETCS
BO BpemeHU. lIpyu HecTallMOHApHOW TEILUIONPOBOAHOCTH TEMIIEpAaTypa TOUYEK Tella
MU3MEHSETCS] BO BPEMEHH.

Ecnu coeanHUTh BCe TOYKM Tella C OAMHAKOBOM TEeMIEpaTypou, MOJy4YUM
U30TEPMUYECKHE TOBEPXHOCTH Tela.

Tak xkak B OJIHOW M TOM K€ TOYKE MPOCTPAHCTBA OJITHOBPEMEHHO HE MOXKET
ObITh JBYX pa3jIMYHBIX TEMIIEpaTyp, TO H30TEPMHUYECKUE IMOBEPXHOCTU JPYT C
JIPYrOM HE MepeceKaroTcs, BCE OHU, UM 3aMBIKAIOTCS HAa ce0sl, UJIM KOHYAIOTCS Ha
rpanunax tena. CrienoBareabHO, U3MEHEHHUE COCTOSHUE Tejla U TEMIIepaTyphbl B
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Tele HaOMIOMAEeTCsl JUIIb B HAMPABJICHUSX, MEPECEKAIOIMINX H30TEPMUUYECKUE
MOBEPXHOCTH (HampuMep, HalpaBJIeHUE X, pUCYHOK 6.1).

[Ipu »TOoM Hambonee pe3Koe HM3MEHEHHUE TEeMIepaTypbl IMOIy4YaeTcs B
HaIpaBJIeHUU HOPMAJIH /1 K U30TEPMUYECKON TOBEPXHOCTH.

ot/on

At Ax
An

L —~

Puc. 6.1. K onpeneseHuI0o TeMnepaTypHoro rpajuenra.

[Ipenen oTHOWICHUS W3MEHEHHS TeMIepatypbl At K pPacCTOSHUIO MEXIY
M30TepMaMy TI0 HOpMaju An Ha3bIBACTCS ZPAOUEHMOM MeMnepamypvl W
ob6o3Havaetcs grad

AV
grad t=lim — K/u. (6.2)

An—0 Ap

TemnepaTypHbIil TpalueHT SBISETCS BEKTOPOM, HAMPABICHHBIM [0 HOPMAaJU
K HM30TEPMHUUYECKOW IMOBEPXHOCTH B CTOPOHY BO3pacTaHUs TEMIIEpaTyphbl, €ro
pasmepHocTh K/m.

[lepeHoc TEMIOTHI TEMJIONPOBOAHOCTHIO B TBEPAOM TEJIE U B HEMOABUKHOU
KUJKOCTH (Ta3e) ONUChIBAeTCs 3aKOHOM Dyphbe.

3akon _@Dypbe: BekTop MIOTHOCTH TEIUIOBOTO IMOTOKA MPOMOPHUOHATIEH
BEKTOpY IpaJi€HTa TEMIEPATYPbI U HAIIPABJIEH B IPOTUBOIOJIOKHYIO CTOPOHY:

g=—-A-grad t, (6.3)
rae A — Ko3pGUIUEHT TEIIONPOBOIHOCTH, XapaKTEePU3YIOMUN CIIOCOOHOCTh Tell
MPOBOAMUTH BHYTpH cebds Teriory, Br/(Mm-K).

BekTop IUIOTHOCTH TEIUIOBOTO IIOTOKAa ¢ HampaBieH N0 HOpMaiu K
U30TEPMHUYECKON TOBEPXHOCTH B CTOPOHY TMOHWXKEHUs Temmeparyp. Takum
o0Opa3oM, BEKTOpPHI ¢ U grad ¢ JiexaT Ha OJIHOM MPAMOMN, HO HANPABJICHBI B Pa3HbIE
CTOPOHBI. DTUM M O0BACHSETCA 3HAK "MHUHYC" B MpaBoil yactu 3akoHa Dypre.

PacyeTHble ypaBHEeHHS TeIJIONPOBOTHOCTH Yepe3 MJIOCKYI0 CTEHKY.

PaccMoTpuM  OHOpPOIIHYIO CTEHKY TOMIMHONM O (puc. 6.2), koddduiment
TETUIONPOBOTHOCTH KOTOPOW TOCTOSHEH W paBeH A. Ha HapyXHBIX MOBEPXHOCTIX
CTCHKHU MOJICP>KUBAKOTCS MOCTOSIHHBIE TEMIIEPATYPHI 4 U f. Temreparypa U3MEHsIETCs
TOJBKO B HAMpaBlIeHWH OCH X. B 3TOM cilyyae TemrepaTrypHOe MOJie OJHOMEPHO,
M30TEPMHUYECKHE TIOBEPXHOCTH TIOCKHE U PACHONIAratoTCsi HEpHEeHUKYIISIPHO OCH X.
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141

15)
Puc. 6.2. TemnonpoBogHoOCTH

OTHOPOJHOM IJIOCKOH CTEHKH.

v

Cornacto 3akoHy ®Dypbe, IIIOTHOCTH TEIIOBOIO MOTOKA MPSMO MPOHOPIMOHAIBHO
K03 UIMEHTY TEIIONPOBOJHOCTH A M pa3HOCTH TEMIIEPATyp HAPYKHBIX MOBEPXHOCTEH
At 1 06paTHO MPOTTOPITMOHAILHO TOMITMHE CTEHH O:

q:iﬁzitl_tz :tl_tz
o o o/ A"

DOTO ypaBHEHHE SBISETCS pacdYeTHOM (OPMYJION  TEIJIOMPOBOIHOCTH
OJIHOCJIOWHON TIJIOCKOM CTEHKH, KOTOpas CBSA3BIBAET MEXKIYy COOOM dYeThIpe
BEJIMYUHBL: ¢, A,0 1 At. 3Has U3 HUX JIFOOBIE TPU, MOKHO HANTH YETBEPTYIO.

OTHOLICHHE A /0 Ha3BIBACTCS TEIUIOBOI IPOBOXMMOCTBIO cTeHkH [Br/(M*K], a
oOpaTHas BeMUMHA 8/A — €8 TEPMUUECKIM COIpOTHBIeHHeM [M™+K/Br].

MHorocnoiHas CTeHKa.

CTeHKH, COCTOSIIIME W3 HECKOJIILKUX OJHOPOJHBIX CJOEB, HAa3bIBAIOTCS
MHOTOCJIONHBIMHA. VIMEHHO TakvMu SIBJISIFOTCS, HAIPUMEpP, CTEHBI JKWIBIX JIOMOB, B
KOTOPBIX HAa OCHOBHOM KHPITMYHOM CJIO€ C OJHOW CTOPOHBI MMEETCS BHYTPEHHSS
MTYKaTypKa, C IPYro — BHENIHsS o0uioBka. OOMypoBKa Tieueid, KOTJIOB U APYTHX
TEIUIOBBIX YCTPONCTB TAKKE OOBIMHO COCTOST U3 HECKOJIBKHX CIIOEB.

[TycTh CTeHKa COCTOUT U3 TPEX Pa3HOPOIHBIX, HO TUIOTHO MPUJIETAIONINUX APYT K

Ipyry cioes (puc. 6.3).

(6.4)

o
R
SRR »
T A

S
S q
Iy

h

Ry
R
R
SRR
]
]

3 ]
]
]
SRR ]

R 5 t
R 4
ey
S

e N 5N )

5 5 5 X

v

Puc. 6.3. TensionpoBOgHOCTH
MHOT'OCJIOHHOM IMJIOCKOM CTEHKH
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Tommua mepBoro ciost paBHa d;, BTOPOTro — d, M TPEThEro — d3. COOTBETCTBEHHO
K03(h(UIMEHTHI TEIUIONPOBOIHOCTA CJIOEB PaBHBI A, 4y, A;. Kpome 3TOro, M3BeCTHBI
TeMITEpaTypbl HapPYKHBIX TOBEPXHOCTEH CTEHKH #; U f;. TEIIOBONW KOHTaKT MEXIY
MIOBEPXHOCTSIMU  TIPEJITIONIaracTcsl UICabHbIM, TEMIIEpaTypy B MeCTaX KOHTAKTa MBI
0003Ha4YMM Yepe3 H U f3.

[Ipu crarioHapHOM pEXHME TUIOTHOCTh MOTOKA ¢ TIOCTOSTHHA M TSI BCEX CIIOCB
omuHakoBa. [losTomy Ha ocHoBaHMM 3akOHa Dyphe MOKHO HAIMCAThH CICTYIOIIYIO
dopMyTy I pacdera IUIOTHOCTH TEIUIOBOro moToka (¢, BT/M) depes miIockyro
CTEHKY, COJIEPKaILYIO 71 CIIOEB:

_ tl _tn-i-l
Z”:é} (6.5)
i=1 li

TI¢ O;— TOJIIWHA CJIOEB CTCHKH, M;
A; — K03(h(pULIMEHT TemIOnpOBOIHOCTH MaTepuanoB crenku, BT/(MK).

q

Temneparypa Ha TpaHULE CONPUKOCHOBEHHUS JBYX COCEOHUX CIIOEB
OIIPEAEIIAETCS KaK:

Lian=1t —4q P (6.6)

3) TemoBoii notok Q, BT, mpoxoasmuii 4epe3 CTeHKY oMb F
omnpenaensieTcs mo hopmyiie:
O =qF. (6.7)
[To aHamorny ¢ U3I0KEHHBIM, MOYKHO Cpa3y HalMcaTh pacdyeTHbIe (OpPMYJIbI IS
pacueTra TEIIONPOBOJHOCTH 71 — CIIOMHOW LIUIMHIPUYECKON CTECHKH.
PacueTrHble ypaBHEHHSl CTAIIMOHAPHOM  TeIJIONMPOBOJHOCTH _ uepe3
IUJIHHIPUYECKYIO CTEHKY:
KomdecTBo Terua, mpoxosiee yepe3 ITHHIPUISCKYI0 CTEHKY B BHIE TPYOBI,
MOYKET ObITh OTHECEHO K €IMHUIIC UTUHBI / , TP 3TOM:
1) JluHeliHass TJIOTHOCTH TEIJIOBOro TmoToka (g, Bt/M) depes
HWIMHAPUYECKYIO CTEHKY, COJIEPKALLYIO /1 CIIOEB:
— 2”(t1_tn+1 6.8
ql Zn: L In % ’ ( . )
A d

i=1 i i
rne d;, d;+;— BHYTPEHHUN U HAPY>KHBIM TUAMETPBI i-TO CIIO0A, M.
2) TemmnepaTypa Ha I'paHULIE CONPUKOCHOBEHUS JABYX COCEIHHUX CJIOEB:

QI di+1
t., =t — In
i+l i Zﬂ_ﬂl di . (69)
3) CooTHOILIIEHHE Pa3MEPOB:
d,'+1: di+2§i- (6 10)
4) TennoBoii noTok O, Bm, NpOoXOoAsIINil Yepe3 CTEHKY JIJTUHOM /:
0 =ql (6.11)
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Hekoropble cBeaeHUs 0 KOI(pPuuMEeHTe TenJIonpoBOIHOCTH BeLIECTB
Pa3JIHYHON CTPYKTYPbI.

KoadduimeHT TemionpoBoAHOCTH A XapaKTepU3yeT CIOCOOHOCTh JAHHOTO
BEILIECTBA MPOBOJAUTH TEIUIOTy. KoaPUIIMEHT TerionpoBOJHOCTH A B 0OIIEM
Cllyyae 3aBUCUT OT TeMIEpaTyphl, TUIOTHOCTH Marepuaia, poja BElIecTBa U, B
cly4ae ra3os, OT JaBJICHUSI.

TBepable Tena. X MOXKHO pa3fenuTh Ha TPU TPYIIIBL:

1) A = 5... 420 Bt/(M'K) — c BBICOKO# TEMIOMPOBOAHOCTHIO (METAIBI U
crutaBel); 2) A = 0,5...5 Bt/(Mm'K) — ¢ mManoil TerionpoBOIHOCTHIO (KEpaMHKa,
orueynopsl); 3) A = 0,001...0,5 Bt/(Mm'K) — wmarepmansl ¢ oOuYeHb HH3KOU
TETJIOMPOBOAHOCTHIO (TETUION3OJISIITIOHHBIE MATEPHUAIIBI ).

utst udaekTpukoB: A = 0,023...2,9 Bt/(m- K);
s sxuakocrei: A = 0,07...0,7 Bt/(m-K);
1 Ta3oB: A = 0,006...0,6 Bt/(m-K).

Marepuainsl ¢ HU3KuM 3HadeHueM A [Menblie 0,2 Bt/(m-K)] npumenstoT as
TETJIOBOM M30JIALIMK U HA3bIBAIOT MENI0U30AAYUOHHBIMU.

C  yBenuyeHueM  Temmeparypbl  KO3(PQGUIMEHT  TEMIONPOBOJIHOCTH
OONBIIMHCTBA TBEPABIX TEN BO3PACTAET, YTO OOBICHSAETCA YBEIUYECHUEM
koddduleHTa TEemIONPOBOJHOCTH Ta30B B IMOpax JTUX MaTepuaoB U
YBEJIMUEHHEM TEIUIONEpeaud H3Iy4eHUEeM B TOpax. Jist  ynporeHus
MIPUHUMAETCS JTMHEIHAS 3aBUCUMOCTb.

TermnonpoBOIHOCTS B Ta3ax C yBEJIMYEHHUEM TEMIEPATyphl Ta3a BO3PACTACT.
HaunGonpiryro TemaonmpoBOAHOCTh HMMEIOT Ta3bl C MajOd MacCcod MOJIEKYII
(BomopoI, Tenuii) MOCKOJIBKY ATH MOJIEKYJIbI UMEIOT CaMyH BBICOKYIO CKOPOCTh
nepeMenIeHus.

Jlnst  OONMBIIMHCTBA KUAKOCTEH C yBEJIMYCHUEM TEMIIEPATYPhl CHIIBI
B3aMMOJICUCTBHUS MEXIY YacTHUIAMHU >KUJIKOCTH OCIa0eBalOT U A >KUIKOCTEH
nagaeT. ICkiItoueHus: COCTABIISIIOT BOJIA U MIUILIEPUH, Y KOTOPBIX A BO3pACTaeT.

TernonpoBOIHOCT, MOPUCTBIX MATEPUAIOB CWJIBHO 33aBUCUT OT HX
BiIaXHOCTU. [l BiakHOoro wmartepuaga Ko3()PUUIUEHT TEenIonpoOBOJAHOCTH
3HAYUTETHHO OO0JIbILE, YEM JIJISi CYXOI'0 U BOJBI B OT/IECJILHOCTH.

Hanpumep, nns cyxoro kupnuva A = 0,35 Bt/(M'K), nns Boast A = 0,60
B1/(Mm'K), a s Bnaxuoro kupnuda A = 1,0 Bt/(m-K).

KoHTpoJbLHbLIE BOIPOCKHI:

1. Kakumu cnoco6amMu TeIJIoTa paclpocTpaHseTcs B MPOCTPaHCTBE?
OxapakTepusyiTe ux.

2. YUTo Takoe TenjIoBO MOTOK U TNIOTHOCTh TETIOBOTO MOTOKA?

3. Jlaiite ompeneseHWe NOHATHIO «TPAJAMEHT TEMIIEPATypb», KAKYIO
pa3MepHOCTh UMEET IPATUEHT TEMIIEPaTyphl?.

4. CdopmynupyiiTe 3akoH TeruionpoBogHocTH Dypbe U maiTe ero
MaTeMaTHYECKOEe BhIPAKECHHUE.

5. Hanumure u oObsicHUTE (OPMYIBI sl BBIUYUCICHUS TEIJIOBOTO MOTOKA
Yyepes MIIOCKYIO U IWIMHIPUYECKYIO CTEHKH (OAHOCIONHYIO U MHOTOCIIONHYIO).
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Jleknusa 7.
KOHBEKTHUBHBIN U IYUYUCTHIN TEILJIOOBMEH

KOHBEKTUBHBIN TEIJIO0OOMEH - MEPEeHOC TEIUIOThl B ABUXKYIIEHCS Cpelne
(KMIKOCTM WJIM Ta3e) 3a CYET COBMECTHOIO JACHCTBUS JBYX MEXaHHU3MOB —
KOHBEKI[MU U TEIIONPOBOJHOCTH.

KouBeknusg npeacrasisieT co00i NepeHoc TEIIOThl B CPeie C HEOJHOPOIHBIM
pacrmpesieieHneM  TeMIepaTypbl,  OCYIIECTBISEMbI  MaKpOCKOMHMYECKHUMHU
o0beMaMu cpeibl IPU UX MEePEMEILICHUH.

PaznmnuaroT cBoOOIHYIO (€CTECTBEHHYIO) U BBIHYKICHHYIO KOHBEKITHIO.

CBoOoHas (ecTecTBeHHAasl) KOHBEKLUS — MEPEHOC TEIUIOTHI M3-3a PA3HOCTH
IJIOTHOCTEM B ra3oBoM cpene. Hampumep, nBuKeHME BO3ayXa B IIOMEIICHUH,
00orpeBaeMoOM ropsiIuMHU OaTapesiMu.

BolHyX/IeHHasT KOHBEKIUSI — I[I€PEHOC TEIUIOThl MpPU  BBIHYXICHHOM
JBWKEHUW Ta30B 3a CYET BHEIIHUX CHJI (BEHTUJISATOP, KOMIIpeccop H T.A.).
Hampumep, nBuxeHue razoB B paboyeM NPOCTPAHCTBE MEYM 3a CUET CTPYH,
BBITEKAIOIIUX U3 FTOPEJIOK.

JUisi  TpakTUKU TPEACTAaBISIET HWHTEPEC KOHBEKTHUBHAs TEIJIOOTJaya.
TennooTnaueld Ha3bIBaeTCAd IMPOILIECC KOHBEKTMBHOIO TEIJIOOOMEHA MEXIY
MOTOKOM Ta3a (IBUXKYILENCs Cpeoil) U TBEp0i MOBEPXHOCTHIO (TBEPABIM TEIOM -
cTeHkoil). Hampumep, BO3Ayx B MOMEIIEHUH TpeeTcsi OT TOpsSUYUX MpHOOpOB
OTOIUICHHUS U T.JI.

JIJIsi MpakKTHYEeCKUX PacYeTOB KOHBEKTUBHYIO TEIUIOOTAAUYy OMPEACISIOT 10
3akoHy HproroHa-PuxmaHa, B KOTOPOM IUIOTHOCTh TEMJIOBOIO  IOTOKA
MPOMOPLMOHANIbHA PAa3HOCTH TEMIIEPATyp ra3a u CTCHKHU:

g = o (tx — tor), BIAL, (7.1)
e o — koadduupment remmooraayn, Br/(m> K);
tx » ley — TEMIIEPaTypbl, COOTBETCTBEHHO, TEIUIOHOCUTENS (KUIKOCTH) H
crenku, °C.

Koaddumuent Ttemnoornaynm mnpeactaBiasieT coOOM KOJIUYECTBO TEMJIOTHI,
nepemaBacMoe | M> TBEpHOH MOBEPXHOCTH B CAMHHUIYY BPEMEHH IPH Pa3HOCTH
TeMIlepaTyp rasza u MoBEpXHOCTH B 1 rpaxayc.

Ha koadduiment TemmooTnadn BIMSIOT pa3HOOOpas3HbIe (DaKTOPHI: CKOPOCThH
MOTOKA KUAKOCTH, XapaKTep CHJI, BBI3BIBAIOLINX €€ JBIKEHHE, (PM3UUECKUE CBOMCTBA
CaMoM >KUIKOCTH (TUIOTHOCTb, BSI3KOCTb, KOI((PUIMEHT TETUIONPOBOAHOCTH) U MPEXKIC
BCETO PEXKUM TEUCHUSI )KUAKOCTH.

Kax ycranoBun O. PeliHonbjc B cBoux ombitax (1884 r.), cnemyer pazimmuars qsa
peKMMA JIBIDKCHUS KUIKOCTUA: JIAMHUHAPHBIM W TypOYJICHTHBIM, OIMUCHIBACMEBIC
Pa3TUYHBIMEA YPABHEHUSMH.

B moroke 1aMuUHApHOrO JBMKEHHS BCE YACTULIBI YKUAKOCTH JBMXKYTCS IO Ta-
PaUIENBHBIM TPAGKTOPUSIM U YACTHIIBI SKUJIKOCTA HE MEPEMEIIMBAIOTCS JPYT C APYTOM.
[Ipu sTOM mepenaya TEeTUIOThl OT CTPYMKHU K JPYrod MPOUCXOIUT TOJIBKO TEMJIONPOBO/I-
HOCTBIO, a TaK KaK KO3()(HUIIMEHT TEIUIONPOBOJHOCTH >KUIKOCTEN (KarelnbHbIX U ra30B)
HEBEJIMK, TO ¥ PACHpOCTpaHEHHE TEIUIOTHI MO BCEH Macce >KUIKOCTH B JIAMHUHAPHOM
MOTOKE MPOUCXOTUT MEAJIEHHO.
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B notoke TypOyneHTHOro peKuMa YacTUIIbI )KUAKOCTU ABMXKYTCS OECTIOPSIOYHO:
Kak/iasl YacTHLIa TIEpEMELIAETCsl BOJIb KaHala ¢ HEKOTOPOM CKOPOCTBIO, a KPOME TOTO,
COBEpLIACT JBIKEHMS MEPIEHAMKYISIPHO CTeHKaM KaHaia. [Ipu 3ToM mpowucxoaut
HepeMEIBaHUE YacTUL] KUAKOCTU U MEPEHOC TEIUIOThI U3 00JacTH ¢ 0oJiee BBICOKMMU
TeMIiepaTrypaMu B 00JacTb C MEHEE BBICOKUMH TEMIIEpaTypamH, T.€. IEPEHOC TEILIOThI
KOHBEKIIHEH.

Koadpdunuent tennoornaun omnpenensercs 3KCHEPUMEHTANIbHBIM IIyTEM H,
00BIYHO, 0000111aeTCs B BUI€ KPUTEPHUATBHBIX 3aBUCUMOCTEN BUA!

Nu = f(Re, Pr, Gr), (7.2)
rae Nu — xpurepuii Hyccenbra; Re — kputepuid PeliHonbaca; Gr — kputepuit
['pacroda; Pr — kputepuii [Ipanaris.

Kpurepuii Hyccenbra (KpuTepwii TEMIOBOTO MOA00MS) XapaKTEpHU3yeT

YCIIOBUS TETJIOOOMEHA Ha TPAHULIE MEXKTY CTEHKOU U TeTNIOHOCUTENIEM:

ad
Nu=— 7.3
- (7.3)
rie A — kodddumument temronpoBogHocTH, BT/(M K); d — ompenenstomuii

(XapakTepHbIil) TMHEWHBIN pa3Mep MOBEPXHOCTH TEIJIO0OMEHA, M.

Kputepuii  PeifHonbaca  (KpUTepuil  TMIPOJUHAMHYECKOTO  MOJO00US)
XapaKTEpU3yeT THAPOJAMHAMHYECKUH  PEXKUM  BBIHYXKICHHOTO  JBUKEHUS
TETUIOHOCUTEJIA:

Re=2L (7.4)

N
1€ W — CKOpPOCTb JABWXEHHUS TEIJIOHOCUTENs, M/C; Vv — KO3 UIIHEHT
KHHEMATHYECKON BSI3KOCTH KHIKOCTH, M/C; | — ONpeIeIsIommii (XapaKTepHBbIii)
JIMHENHBIN pa3Mep MOBEPXHOCTU TEMIO0OMEHA, M.

Kputepuii ~ I'pacroda  (kpuTepuili  THAPOJAMHAMUYECKOTO  MOJOOUS)
XapakTepu3yeT  TUAPOAMHAMUYECKUH  PEXKUM  CBOOOJHOTO  JABIKEHUS
TEIMIOHOCHUTETIS:

Gr =

3
¢/ d V(ic ) (7.5)
IJie g — YCKOpeHHe CBOGOIHOTO MaACHNUs, M/C’; f — TeMIIepaTypHbIil KO3 MUIUEHT
00bEMHOTO paciupeHus Kkuakoctu, 1/K.
Kpurepuit  Ilpanaras  XxapakTepusyeT  TeIUIOpU3MYECKHe  CBOICTBa
TETUIOHOCUTEIIS:

AY; C
Pr=— (unm ad ) (7.6)
a A
2,
rie a — KO3(pGUIUEHT TEeMIIepaTypONmpPOBOTHOCTH, M/C”; 4 — KOIPHUIUECHT
JAMHAMUYECKOH BA3KocTH, I1a-c; ¢, — u3obapHas remnoeMkocts, JLx/(xr-K).
[TapameTpsl TETUIOHOCHUTEINS, BXONAIIME B KPUTEpUHM MOA00Us OepyT u3
CIIPAaBOYHUKOB JUIsI JAHHOTO TETUIOHOCUTENSI TIPH CPEIHEU TeMIepaType MEXIy
TEMIIEPATYPAMHU IIOBEPXHOCTH M TETUIOHOCUTENS: fop= 0,5 (7 + £y).
Hcnonb3yst B3SATYI0 W3 JIMUTEPATypPbl 3aBUCUMOCTH ISl COOTBETCTBYIOILETO
cily4yasi Takoro pojia Teryio00MEHa, BBIYUCISIOT 3HAYeHUE Nu, U ONpenesitoT
KOA(PPUIIMEHT TETIO0TAa4H 0, TI0 opMyJIe:

Nu A
a= T

(7.7)
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IlopsiioK penieHus 3124 M0 KOHBEKTHBHOMY TeIJI0O00OMEHY:

1) OnpenenuTsb BUI ABUKECHUS KUIKOCTU (CBOOOTHOE MIIH BBIHYKJICHHOE).
2) BreiOpate onpenenswonuii pazmep (OObIYHO It TpyO ONpenessronuM

pa3MepoM SBIISIETCSl AMAMETP, ISl TJIOCKUX MOBEPXHOCTEH — JIMHEWHbBIN
pa3Mep B HalpaBJICHUU ABUKEHUS KUIKOCTH).

3) Paccuurath OTIPEICIISIFOLILY IO (cpenHiom) TeMIeparypy KaK

4)
S)
6)

7)

8)
9

cpenHeapu(pMeTHUeCcKyIo TeMIlepaTypy MEXIY TeMIlepaTypamu
TIOBEPXHOCTH M TETUIOHOCUTENS (KUIKOCTH): fp= 0,5 (1o + #,).

[lo BenmnurMHE ONpENENSAIONIEM TEMIIEpAaTypbl MO CHPABOYHMKAM HAWUTH
OCHOBHBIC TEIJIOPU3NUECKHIE CBOUCTBA XUIKOCTHU (A, v, Pr).

Boruncnute onpenensomue kpurepun: Pr -Gr ansi ¢cBOOOJHOTO JBHKEHUS
XKUIKOCTH, Re NJ1s1 BBIHYKJIEHHOTO JABMKCHUS YKUIKOCTH.

[To kpurepusim Pr -Gr wnu Re onpenenuTh PEXUM JIBHKEHHUS KUIAKOCTH
(JlaMUHApHBIN, TYPOYJICHTHBIN WJIM TIEPEXOTHBIN).

B 3aBucumocTH OT BHUJla U peXKUMa ABUKEHUS KUIKOCTH C YUYETOM
0COOCHHOCTEH TemIoo0MeHa (JIBM)KEHUE KUIKOCTU B TpPyOe, OMBIBAHHE
TpyOBl WM MMy4yka TpyO W T.1.) BBIOpaTh pacyeTHOE YypaBHEHUE IS
onpeneneHus uncia Hyccenbra u paccuutars yncio Nu.

N3 yucna HyccenbTa onpenennts KO3GGUIMEHT TEMII00TIAuH.

[To ypaBHEHHUIO TEIIOOTIaYU PACCUUTATDH TEIJIOBOM MOTOK Q.

Jns pacuera kod(dduiMEeHTa TEIUIOOTAAaYM B YCIOBUSX €CTECTBEHHOMN

KOHBCKIIMHU B 0OJBIIOM 00BEME TEIIOHOCHTES HCIIOJIB3YCTCA KPUTCPUAJIbHAA
3aBUCUMOCTB BH 4.

Nu,,.= ¢ (Pr-Gr)" -¢. (7.8)

B »3TOM ypaBHEHMHM OIIpPENENAIOIIEN TEMIIEPATYpPOU SBISIETCA CPEIHSSA
TEMIIEPATYPaA KUAKOCTH B IOIPAHUYHOM CJIO€, BEIMUUHBI KO3()(PUIIMEHTOB ¢, n U &
OIpeAesstoT 1o Tabnuue 7.1.

Tabmuma 7.1
3HadyeHus K03 OUIIMEHTOB ¢, 1 U € B KpUTEPHAIbHOM 3aBUCUMOCTH (7.8)
VYcnoBus TEMI00TAaYH c n e Ompenersronmi
pasmep
BepTukanbHas 1iacTUHa U BEpTHKAITbHAS
TpyOa:
JIAaMUHAPHBIM MOTPaHUYHBINA CIOU [1 141/JP 2} Jlnuea TpyOHI,
Gr-Pr=10°...10° 0,80 | 0,250 “lie1rer) ITACTHHEL
TypOYJICHTHBIN TIOTPaHUYHEIN CITOH
Gr -Pr>10° 0,15 | 0,330 1
T'opuzonTanpHas TpyoOa:
10°< Gr-Pr <10°| 0,18 | 0,125 1 H“%“STP
10°< Gr-Pr <10° | 0,50 | 0,250 1 Py
T'opuzoHTanbHas miacTuHa,
oXJIaXKJlaeMasi CBEpXY:
JaMUHapHBINA pexum tedenud | 0,54 | 0,250 1 Koportkas
TypOynenTHeiid pexkuM Teyenus | 0,14 | 0,330 1 CTOpPOHA IUIACTHUHBL
T'opuzoHTanbHas miacTuHa,
oXJIaKaeMasi CHu3y, JaMuHapHbeId pexxum | 0,27 | 0,250 1
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TemnooTnaya npu BRIHYKJICHHOM IBHKEHUU KUIKOCTH

Temmootnada mpu  MOPOJOJEHOM  OMBIBAHMU — IUIOCKOM — TIOBEPXHOCTH
(ompenmensiomMii  pasMep — JUHEWHBIA pa3Mep B HANpPaBICHUU JIBIDKEHUS
KHUJKOCTH):

a) TaMHHAPHbIN PEXKUM JBIKEHUS skuaKkocth (Re < 510%; 0,6 < Pr < 15)

0,25
pr A\
Nu = O,664Pr0’33ReO’5[ Pr J , U1 Bo3ayxa Nu = 0,57Re"; (7.9)
rC
6) TypOyIEHTHBIH PEXUM JBIDKECHHS XUAKOCTH (Re > 510°)

Nu = O,O37Pr0’43ReO’8[ i J | , 1151 BOo3ayxa Nu =0,032Re"®. (7.10)

Pr

c

2) Tennmootnava npy ABUKEHUU KUAKOCTH B TpyOax (3/1eCh ONMpenesstomuni
pa3Mep — BHYTPEHHHI TuamMeTp TpyObl):

a) JJAMUHAPHBIN PEXUM JBUKEHUS KUAKOCTH (Re < 2300)

0,25
Nity= 0,17Pr0’43Gr0’1Re0’33[§LJ & (7.11)
T,
(37ech MompaBKy & BHIOMPAIOT U3 TaOIUIBI 7.2 B 3aBUCUMOCTH OT COOTHOIIEHUS
MEXy IJIMHOU U TUaMETPOM TPYOhI).
Ta0muma 7.2

3HayeHus ko3 duIreHTa &; B KpuTepuaabHor 3aBUcUMocTH (7.11)
L/d 1 2 5 10 15 20 30 40 50
&l 1,90 1,70 1,44 1,28 1,18 1,13 1,05 1,02 1,00

0) mepexoaHbIN pexuM ABUKeHUS KUAKOCTH (2300 < Re < 104)

Nu= koPrO’“(Pr_j " (7.12)
Pr,
(koaddurneHT ky BIOMpaOT U3 TaOIUIBI 7.3 B 3aBUCUMOCTH OT uuncia Re).
Tabmuma 7.3
3nadenus koddduirenTa ky B KputepuaibHOU 3aBUCUMOCTH (7.12)
Re:107 | 2.2 2,3 2,5 |30 35 4 5 6 7 8 9 10
ko 2,2 3,6 49 | 17,5 10 12,2 | 16,5 20 24 | 27 | 30 | 33
B) TypOYJIEHTHBIN PEKUM JBKEHUS KUIKOCTH
mpu 10°< Re < 510°, 0,6 <Pr<2,510°
Nu= O,O21Pr0’43ReO’8( br J e (7.13)
Pr,
TTonpaBKy &, ¥ £ ONPEAEIAIOT MO GOPMYJIaM:
. 2700 _
g =1+3 o 00814, (7.14)
Re ’ '
rnae / — nuHa Tpyosl, d, — TuaMeTp TpyObl;
er=1+1,77d,/R, (7.15)

rae R — paauyc KpUBHU3HBI ISl H30THYTHIX TPYO (11 IpsIMBIX TPYO z=1).
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Ten000MeH u3JayYeHHEM

TennoBoe W3Iy4YeHHE MPEACTABISET PACIPOCTPAHEHUE SIIEKTPOMATHUTHBIX
BOJIH B UHTepBayie JyIMH OT A; = 0,4 MkM 10 A, = 400 mxm. TermioBoe u3ydeHue
MOXHO paccMaTpuBaTh M KaK IOTOK (POTOHOB WM KBAHTOB, JETSIIUX CO
CKOpOCThIO cBeTa. [Ipn nonagaHny TeruioBbIX JTydel (BOJIH) Ha APYTOe TEJIO0 UX SHEPIUs
YACTUYHO TIOMJIOIIAETCS WM, CHOBA MPEKpalasch BO BHYTPEHHIOKO. Tak
OCYUIECTBIISIETCS JTYYUCThIM TEIIIO0OOMEH MEXy TeJIaMHU.

[Ipu Temmeparypax, ¢ KakuM{ OOBIYHO WMEIOT JENO0 B TEXHHUKE, OCHOBHOE
KOJIMYECTBO 3HEPruu m3iydaercst mpu A ot 0,8 1o 80 MKM. DTH JIydu MPUHATO HA3bI-
BaTh TETUIOBBIMU (MH(PAKPACHBIME ). BOIBIITYIO TIMHY HIMEFOT PaTMOBOJIHBI, MEHBIITYIO —
BOJIHBI BUIUMOTO (cBeTOBOrO) M3nyueHus (0,4 — 0,8 Mkm).

TeroBoM OTOK, U3ITy4aeMbli Ha BCEX JUIMHAX BOJH C €IMHALILI [IOBEPXHOCTH TENA
[0 BCEM HAIpPABICHUSM, HA3bIBACTCS MOBEPXHOCTHOM IUIOTHOCTHIO MOTOKA WH-
TErpajibHOrO M3ITy4YeHus B, BIAfL. N3imyyarenbHas CrioCOOHOCTD OTPENIENSETCsl IPUPOION
JTAHHOTO TeJIa ¥ €ro TeMIIepaTypoil. IT0 — COOCTBEHHOE U3ITyUeHHE Tea.

[Tamaromass  gydncrass  SHEpPrusi  YacTUYHO  IOIJIOUIAETCA  TBEPAOU
NOBEPXHOCTBHI0, YaCTUYHO OTPAXKAETCA OT MOBEPXHOCTH M YACTUYHO IMPOXOJUT
4yepes Tedo.

TernuoBoit 6ananc 11 nagaronero u3nydeHust Oy, 3aMuIIeTCs B BUAE

Qnorn + QOTp + anon = Qnaﬂ (716)
WA
A+R+D=1, (7.17)
rae A = Onorn / Onay — TOINIOMATENBHASA CIOCOOHOCTD TeNa; R = Qo / Onan —
oTpakaTenabHass crnoco6HocTe Tena; D =  QOnpon/Oman — TPOIyCKaTeNbHas

CcrocoOHOCTH Tena. Y TBepabix Ten D, =0, torna R, =1 — A4,.

AOCOJIOTHO 4YepHOE TeNo o00JagaeT MaKCUMaJIbLHOM IOIIOIIATEIHLHOM
crioco6HocThI0. OHO ToTHOCTRIO (Ha 100 %) moromaer najarouye Ha Tejo Jydu
C IJIMHOM BOJHBI OT A = 0 10 A = o0.

CymectByer 3akoH Credana-bonpliMaHa, XapaKTepU3YIONIUNA H3ITydeHUE

pealIbHOTO Tea:
7\ 7\
E:U(ﬁj :5‘00(@) R (718)

e E — IOBEepXHOCTHAS INIOTHOCTh MOTOKA M3IydeHns [Br/m’];

6 — KO3 bULHEHT H3TydeHns peanbHoro tera, Br/(m*K*);

€ — CTETIeHb YePHOTHI peasibHOTO Tena (€ = 6/6yp =0...1);

6o = 5,67-10° Br/(M°K*) — xoddduimenT usinydeHns aGCOMOTHO YEPHOTO
Tena.

CymectByer 3akoH M. Ilmanka st aOCONIOTHO YEepHOTO —Tena,
OTIHCHIBAIOIINI 3aBUCHMOCTh IUIOTHOCTH TEIUIOBOTO MOTOKA M3IMyYEHUS OT JIJTHHBI
BOJIHBI M3JIy49CHUS (IJIs1 a3 IMYHBIX TEMIIEpaTyp Tela MoKa3aHbl Ha puc. 7.1).

W3 nmuarpammer (puc. 7.1) BHIHO, YTO MAaKCHUMyM IUIOTHOCTH IIOTOKA
M3TydeHHs TaJiaeT Ha MH(pPaKpacHOEe HM3Iy4YeHHE (TOUHEe Na)xXe Ha 4YacTh ITOTO
JManazoHa). JTH K€ 3aBUCHUMOCTHU BBIPAKAIOTCS (OPMYIION:

C, A7
lyy=——, (7.19)
e’ —1
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2
rjie /oy — MIOTHOCTH TETIOBOTO TIOTOKA M3My4deHus1, BT/(M™"MKkMm);

A — IJTMHA BOJHBI U3TYYCHHsI, MKM; 1 — TeMrepaTypa u3iayJaromniero tena, K;
koadduumentsr: C; = 3,74:107'° [Br/™m*], C, = 1.44:107 , (m'’K).

T Br i.- \]
I, 107 f(u.m {x* il
25— i
1 111200 "
20 3 \
15 .
1 1000
10 - '
_g,,,,s NIEANNGE

0 —2 4 6 BA MxM

Puc. 7.1. 3aBHcHMOCTH VIOTHOCTH MOTOKA M3JIyYeHHS
OT JAJMHBI BOJHBI U3ay4eHus (3akoH [lnanka)

CymectByer Takke 3akoH BuHa, mOKa3bpIBalOIMi, YTO MPU POCTE

TEMIIEPATYPhI U3TYUAIOIIETO TeJa CIEKTP U3TyUEHUsI CMEIIAETCsl B CTOPOHBI OoJee
KOPOTKHUX BOJIH:

7L =2,8988-10" = const. (7.20)

KoHTpPOJLHBIE BOIPOCHI:

1. Yro Takoe cBOOOJHAs M BBIHYXJACHHas KoHBekuus? [laiiTe onpenenenue
MOHSATUI KOHBEKTUBHBIN TETJIOOOMEH U TEII00TAaua.

2. Hanumure ypaBHeHue TerooTnaun Hetotona-PuxMana u o0bacHUTE €ro.

3. Kakoil ¢usnyeckuid cmbici Kodh(dUIMEHTa TEMIO0TAauYMd, OT Yero OH
3aBUCHT?.

4. Yto Takoe umcia (KpUTEpHUH) MOJ00US, KaK MX 0003HAYAIOT M KaKue M3
HUX HCIIOJIb3YIOTCS Ui ONpeeseHns Ko uiieHTa TeraooTaauu?

5. KakoB TOpSIIOK pemieHust 3a7ad 10 KOHBEKTUBHOMY TEIUIOOOMEHY,
U3JI0KUTE €ro?

6. Kakue cymecTByIOT peXMMBbI T€UEHUS KUAKOCTH (Taza) B TpyoOax? Ilpm
KaKWX YCJIOBHUSX OHM BO3HUKAaOT? Kakoro Bupa ypaBHEHHSIMU OIMCHIBACTCS
TEIJIOOTJa4Ya TPU JBWKEHUU JKUIKOCTH B TpyOax NpH Pa3IUYHBIX PEKUMAaX
TEUEHHUS?

7. Kakyto mpupojly UMeeT NepeHoc U3Iy4eHus B IPOCTPaHCTBE?

8. B xakoMm auamnaszoHe JJIMH BOJIH 3JEKTPOMATHUTHOE M3IYyYEHUE CUMUTAIOT
TETUIOBBIM?

9. Urto Takoe «adCoNIOTHO YEPHOE TEJI0Y, CTENEHb YEPHOTHI?
10. Chopmynupyiite u 3anuiute 3akoH Credana-bosbiimana.
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Jleknusa 8.
TEIIVIOIIEPEJAYA. PACUET TEIIVIOOBMEHHBIX AIIITAPATOB.

Tennonepenaya — 3To0 mporecc TEMIOOOMEHA MEXAY ABYMsI CpelaMu 4yepes3
pa3eAIoILyI0 X CTEHKY MJIM Yepe3 OBEPXHOCTh pa3zieia Gpa3 Mex1y HUMHU.

ITyrem Temnonepeaaun OCYLIECTBISIETC TEIUIOOOMEH B CIELHUAIBHBIX
YyCTPOMCTBAX, MpEAHA3HAUYEHHBIX JUId IEpelayd TEIUIOThl OT OJHOM cpeabl K
Apyroit (TernooOMEHHbIE ammapaThl); TEIJIOOOMEH BO3[yXa IMOMEIIEHUNH ¢
HapYXKHBIM BO3AYXOM YEpe3 OrpaxAalollue KOHCTPYKIUH STHUX MOMEIICHHH,
TErI000MEeH B CUCTEMAaxX OTOIUICHUS 3[JaHUN U COOPY>KEHUH.

TermooOMeHHbIM anmapar (TEIIOOOMEHHUK) — 3TO YCTPOMCTBO, B KOTOPOM
OCYILIECTBIISIETCSI ITPOLIECC IIEPEIAYH TEILIA OT OHOI'O TEIIOHOCUTEIIS K IPYTOMYy.

[lo mpuHIMITy NEMCTBHUS TEIUIOOOMEHHBIE armapaTbl MOTYT OBbITh pasZelieHbl Ha
PEKYTIEpATHBHBIE, PETEHEPATUBHBIE U CMECUTEIIBHBIE.

PexynepaTBHbIMY Ha3bIBAIOTCS TAKUE ANIApaThl, B KOTOPBIX TEIIO OT TOPSYErO
TETUIOHOCUTENISL K XOJIOAHOMY MEPEacTCs Yepe3 pasleistoNlyo UX cTeHKy. [Ipumvepom
TAKUX aNlapaTtoB SBILIIOTCS IApOBbIE KOTIbI, MOJAOTPEBATENM, KOHAEHCATOPBI, pa-
AUaTOPBI U JIp.

PereHepaTvBHBIMU Ha3bIBAalOTCSl TAKWE aIapaThbl, B KOTOPBIX OJHA M Ta XK€ I0-
BEPXHOCTb HAarpeBa OMBIBAETCS TO TOPSYMM, TO XOJIOJHBIM TeruioHocureneM. [Ipu mpo-
TEKaHUU TOPSYEH JKUIKOCTU TEIJIO BOCIIPUHUMAETCS CTEHKAMH ammapara U B HUX aK-
KyMYJIUPYeTCsl, TIPU MPOTEKAHUH XOJIOJHON KUIKOCTU 3TO aKKyMYJIHPOBAaHHOE TEILIO
€0 BocrpuHuMaercs. [lpumepoM Takux anmaparoB SIBISIFOTCS pereHepaTtopbl MapTe-
HOBCKHX M CTEKJIOIJIABIIIBHBIX TI€UEH, BO3yXOMOAOrPEBATENN JOMEHHBIX Teyei U Jp.

B cmecurenpHBIX ammapaTtax MpoLEcC TEIUIONepenaydl IMPOUCXOAUT IyTeM
HETIOCPE/ICTBEHHOTO CONMPUKOCHOBEHMSI U CMEIICHUS TOPSYEro M XOJOHOTO TEIIOHO-
cutenied. B aToM ciywae Temonepeaya MpOTEKAaeT OJHOBPEMEHHO C MaTepUaIbHbIM
oomeHoM. [Ipumepom Takux TEmIOOOMEHHHMKOB SIBISIIOTCS OallleHHbIE OXJIAJUTENIN
(rpagupHu), CKpyoOepsl U ap.

B cenbCKOXO3SMCTBEHHOM — IPOW3BOJACTBE  IMPOKO  PaclpOCTPAHEHbI
PEKyINepaTUBHbIE TEIUIOOOMEHHBIE anmaparbl. B IMOBEPXHOCTHBIX PEKYNEPATUBHBIX
TEIUIOOOMEHHBIX arIaparax HarpeBarolias U HarpeBaeMasl KUIAKOCTH MOTYT JBUTATHCS
IO Pa3IUYHBIM CXEMaM, IOKa3aHHbIM Ha pUCYHKe 8.1.

—- ——
0
B

Puc. 8.1. Cxembl 1BM:KeHHs1 HarpeBaoieiicss 1 HarpeBaemMoi
JKMIKOCTEell B TeNJI000MEHHBIX annaparax:
a) NpSAMOTOK; 0) MPOTHBOTOK; B) NePEKPECTHbINA TOK
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Ha sToMm pricyHke HanpaBieHust ABMXKEHUS KUIKOCTEN MMOKA3aHbl CTpeIKaMu. Taxk,
cXema Ha pUCyHKe 8.1, OTHOCHTCS K CIlydyaro, KOIJla HarpeBarouas M HarpeBaemast
YKUJIKOCTH JIBWXKYTCSl B OJHOM HamnpaBJICHUU. Takoe BMKEHUE KHUIKOCTU HAa3bIBACTCS
npsmMoTokoM. Ha pucynke 8.1,0 mokazaH HOPOTHBOTOK, KOIJla HarpeBarolias u
HArpeBaeMasi JKUJIKOCTH JBIKYTCS B ITPOTUBOIIOJOKHBIX HAIIPABICHUSX. B HEKOTOPBIX
anraparax OJHa W3 >KUJIKOCTEH IBIDKETCS IO TpyOKaMm, OMBIBAEMBIM TOMNEPEYHBIM
NOTOKOM JpPYroM KUJIKOCTU. Takoe IBWKEHUE HA3bIBACTCS INEPEKPECTHBIM TOKOM
(pucyHoxk 8.1 B).

Hecmotpst Ha pasmuuus B NPUHLMIE JEUCTBUS M KOHCTPYKTUBHOM YCTPOWCTBE,
OCHOBBI TEIUIOBOIO pacyeTa OJIMHAKOBBI Uil BCEX PEKYNEPATHBHBIX TEIIOOOMEHHBIX
arnraparos.

TenioBo# pacyer Ten1000MeHHbIX anmapatoB (TOA).

TernoBoil pacuer TEMIOOOMEHHOTO armmapaTa MOXET ObITh KOHCTPYKTOPCKUM,
LEJTbI0 KOTOPOTO SIBJIAETCS OIpE/IETIeHUE MOBEPXHOCTH TEIIO0OMEHA, Y TIOBEPOUYHBIM, MPU
KOTOpPOM YCTaHABIIMBACTCA PEKAM palOOThl amnmapara M ONPENesisiioTCs KOHEYHbIE
TEMIIEPATYPbI TEIIIOHOCUTENEH.

B ocHOBy TemioBoro pacyera peKyrnepaTHBHOTO TEIIOOOMEHHOIO —armapara
MOJIO’KEHBI: YpaBHEHHE TEIJIOBOr0O OajlaHca ¥ ypaBHEHHE TEIUIONepe/Iadu.

HeoOxoaumyio  MOBEPXHOCTh  TEIUIONEpPEAaud  ONPEACNAIOT  IMyTeM
COBMECTHOTO PELICHUS] YpPAaBHEHHS TEIUIONEPENauyd W YPaBHEHHUS TEIJIOBOTO
OamaHca AJii OAHOTO W3 TEIUIOHOCUTENEW (KOrja arperaTHOe COCTOSIHUE
TEIJIOHOCUTENISI HE MEHSETCH).

TeroBoii motok (@, BT), oTnaBaeMblii TOpsSYUM TEIUIOHOCUTENEM (MpU
HEW3MEHHOM arperaTHOM COCTOSIHHH):

@:Ml'cpl’(tll —tln). (81)

Tennosoit motok (@, BT), BocnpUHUMAaEeMblii XOJIOJHBIM TEIJIOHOCUTEIEM

(IpU HEU3MEHHOM €ro arperaTHOM COCTOSIHUM ):

D :MZ'CpZ(tz_tz ) (82)
VpaBHeHHe TCILIONICPCAaun IJIs1 BCETO TEIUIOOOMEHHOTO alrmapara:
D =kAAt,, (8.3)
rne¢ ¢,y Hu Cpp — MACCOBBIC TCIJIOCMKOCTH TIPCHOMICIO MW HArpeBacMoro

teronocurenelt, J[x/(kr-K);
M, n M, — COOTBETCTBEHHO, MaCCOBBIE PACXOJbI IPEIOIIET0 U HArPEBAEMOIO
TEIJIOHOCUTENEH, KI/C;

t, ¥ t, — TeMIepaTyphl IPEIONIEro TEIIOHOCHTENS Ha BXOJE M BBIXOJE M3
TenaoooMenHuka, °C;

t2 u tz_ TEMIICPATYPbl HArp€BacmMoro TCIIJIOHOCUTCIIEI Ha BXOJAC B

TEINIOOOMEHHHMK U BBIXOJI€ U3 Hero, °C ;
k — kosbduument Teronepegaun, Br/(m*K);
A — nomaak NOBEPXHOCTH TETIOOOMEHA, M
At., — CpenHss pa3HOCTb TEMIEPATYP TEIUIOHOCUTENEH, Tpaj.
dopmyna 115 BEraucieHus K03 hUIMeHTa Teronepeayn mIOCKOH CTEHKH
MMEET BU/;

53



[ — (8.4)

I 5 1
al Z’c aZ
dopmyna  and BBIYUCIICHHS xkodpduimenTa  Temonepenadn
HHHHHHqueCKOﬁ CTCHKHU UMCECT BU.
1
ko=
1 5. . d, 1 (8.5)

+ < —1n +
o d, 27, d, a,d,
B popmynax (8.4) u (8.5) o603HaueHUS:
2 10N
oy, 0 — K03 dunments! Terootnaun, Bt/(m™-K);
0;— TOJIIIAHA CIIOEB CTCHKH, M;
A; — K03 (HUIHMEHT TETJIOMPOBOAHOCTH MaTepuanoB cTreHku, BT/(MmK);
d;, d;— BHYTpEHHUI 1 HapYXHBIA JUaMETPhl HUIMHIPUIECKON CTCHKH, M.
CpaBuenne dopmyn (8.4) u (8.5) mokas3pIBaeT, 4TO MUIMHAPUIECKYIO CTCHKY
MO>KHO 3aMEHHUTh B pacyeTax IUIOCKOMU JIUIIb B TOM cllydae, €clid AUaMeTphl d,, d;
Om3ku K 1 M, uim oTHoleHue dp/d; 6nu3Ko k enunuile (00br4HO Korna (dy/d)< 2).

OnpejieneHne CpeIHed pasHOCTU TEMIIEPATYP (i)

CpenHioro pa3HOCTh TEMIIEPATyp HarpeBarollled U HarpeBaeMoil KHJIKOCTEM
(cpemuuii TeMIepaTypHBIA HAMIOP) OMPEACIAIOT KaK CPEIHIO JIOTapU(PMUIECKYIO
pPa3HOCTh  TeMIlepaTyp ¢ yderoM rpaduka HW3MEHEHHUS  TEeMIeparyp
TEIUIOHOCUTENIEH NpPU MPSIMOTOYHOM M NPOTUBOTOYHOW CXEMAX JIBMIKCHUS
TerioHocurenen (puc. 8.2):

a) NpAMOTOK 6) NpoTUBOTOK

Al Al

W, >W
/ / Wi >W, tl/ : ?
1 1 1
xlt I p — L
b t i
E fz// |
% ﬁ— \ t,
A A
Al Al
/ Wi <W, t) W, <W,

t _—v

k‘
:3;‘ y

Puc. 8.2. I'padpuk n3mMeHeHns1 TeMnepaTyp TeIVIOHOCUTE/IeH PH
Pa3IMYHBIX COOTHOIIEHUAX UX YCIOBHBIX JKBUBAJICHTOB.

CpennenorapuMuueckuii TeMIIepaTypHBIA HAMop MpH NPSIMOTOYHOU cXeMe
ompenensiercs no Gopmyie:
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"_

N A=A (-n)-(4 1) (8.6)

Lep A - I
In A;6 In (Zl tz)

M ( Zl// _ té/)
[Ipu mpOTHUBOTOYHOI CXeMe CpeAHENOorapu(PMUUECKH TeMIIepaTypHbINA HAIOp
omnpeaensercs no popMmyie:
/!

M-, (n-6)-(0-1)

At, =
P 111% (tl/ —l‘é/) (8.7)

rae Ats u Aty — pa3HOCTH TEMIEPATYP TEIJIOHOCUTENEH (TeEMIEpaTypHbIE HATIOPHI)
B HayaJie ¥ KOHIIE TOBEPXHOCTHU TEeII00OMeHa TerooomMenHuka, °C.

B TemoBbIX pacueTax HMMEETCS HOHSITHE O TaK Ha3bIBAEMOM BOJISHOM
skBuBajeHTe temwtoHocutens (W, Bt/K), uucnenHas BenwmdmHAa KOTOPOTO
ompenensieT  coO0OM  KOJIMYECTBO  BOABI, KOTOPOE€ TO  TEIIOEMKOCTH
OPONOPLUHUOHAIIBHO  TEIJIOEMKOCTH  MacCOBOTO  pacxojla paccMaTpuBaeMOro
TEIUIOHOCUTENISL B €IMHUILY BPEMEHH:

W=m--c, (8.8)
rae m = p'wF - MaccoBbId pacxoj] TEIIOHOCUTEINS, KI/C; ¢ — TEIMIOEMKOCTb
TerIoHocHTeNeit, Jix/(kr'K); p — IUIOTHOCTh TEIUIOHOCHTENS, KI/M; W — CKOPOCTb
TeIIOHOCHTENS, M/C; F — CedeHne KaHama, M .

Untencudukanums  TemsooOMena.  JIns  yMmeHblnenuss — rabapuToB
TEIUIOOOMEHHOTO ~ ammapara W €ro  MaTepUaJOeMKOCTH  HE0OXOIUMO
MHTECHCU(PHUIIMPOBATH Mpoliecc TemooomMeHa B HeM. B cooTBeTcTBUU ¢ hopmyoit
(8.3) 2TOro MOXHO JOCTHYb YBEIUYEHHUEM JHMOO CpPEIHEro TEeMIIEPaTypHOIO
Hamopa Ai,, 1100 ko3pduunenta temnonepenaun k. [lepBwiii crmoco® OOBIYHO
UMEET TEXHOJIOTUYECKUE OTPAHUYEHHs, TMOATOMY, KaK MPaBHIIO, MPUMEHSIOT
BTOpOil croco6. [Ipu 3Tom, m3 3aBucumoctu (8.4) BUAHO, 4TO KOA(DPHUIIMEHT
TEIUIONEpasiay k MEHbIIE MEHBIIEro U3 Kod()(UIMEHTOB TEIIOOTAAYH o) U 0 ,
MO3TOMY JUId yBenuueHus Koddduiumenta Temonepagayd  HEOOXOIUMO
MHTEHCU(HUIMPOBATh  TEIJIOOTAA4y CO  CTOPOHBI  TOTO  TETJIOHOCHUTEJNS,
K03(p(PHULIMEHT TEIIO0TAaYN KOTOPOTO UMEET MEHbIIIee 3HAUECHHE.

KoHTpoJbLHbIE BOIPOCKHI:

1. Yro Ha3bIBaeTcs Teruionepenavei? B kakux ycTpoicTBax 3HEPreTHYECKUX
YCTAHOBOK TEMJIO00OMEH OCYIIECTBIISECTCS TEIIonepeaadei?

2. Kakue Ttumbl TermiooOMeHHBIX ammapaTtoB Bbl 3HaeTe? [loscHute kak oHU
YCTPOEHBI.

3. Kaxoif mopsaok TemaoBoro pacuera teriooOMeHHoro ammapara? Kaxue
napaMeTpbl IPHU 3TOM MOJJIEKAT ONPEIECITICHUI0?

4. Kak paccuutarb CpegHUM TEMIIEpATypHBIM HAmop Mg MPSMOTOKA WU
MPOTUBOTOKA?

5. Kak HailTu TEniaoBOil MOTOK, NEPEAABAEMbI XOJIOIHOMY TEMJIOHOCUTEIO,
€CJIM OH HE U3MEHSIET CBOETO arperaTHOr0 COCTOSIHUS?
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Jlexkuusa 9.
TUIIbI 3.JIEKTPOCTAHIII/II71. HUKJIbI OCHO!SHI)IX TEIIJIOBBIX
QJIEKTPUUECKHUX CTAHIIUA.

OCHOBHBIE THIIBI 3JIEKTPOCTAHIIMIA.

DJIeKTpUYECKasi CTaHIIUS — IPEANPUATHE UM YCTAaHOBKA, BbIpabaThIBAIOIIAS
AJIEKTPOIHEPTUIO yTeM NMPeoOpa30BaHUS IPYTUX BUJOB SHEPTHUU.

DNEKTPUYECKUE CTAHIIMHM BHIPAOATHIBAIOT DJIEKTPUUYCCKYI0 H TETUIOBYIO
DHEPTUIO ISl HYXKJ HApPOJHOTO XO3SMCTBA CTpPaHbl M KOMMYHAJIhHO-OBITOBOTO
o0ciy:kuBaHus. B 3aBUCMMOCTH OT UICTOUYHHMKA SHEPTUU Pa3IUYaIOT:

* TerioBbie nekTpoctaniuu (TIC);

* rusipoaiekTpuyeckue craniuu (I'2C);

* aromubie ctaniuu (ADC) u ap.

TemsioBble JjeKTpUYecKHe CTAaHOMUH. K TEMIOBBIM BIEKTPUYECKUM
CTAaHIMSIM  OTHOCSTCS  KOHJeHcauumoHHble  snekrpocTanimu  (K9C) wu
teroanekTporeHTpann  (TOL]). B cocraB  rocymapcTBEHHBIX — palOHHBIX
anektpoctanimii (I'POC), o6cmy ) uBarOIUX KPYIHBIC MPOMBIIIJICHHBIE PaliOHBI,
KaK TMpPaBWIO BXOIAT KOHJCHCAIMOHHBIE DJIEKTPOCTAHLUHH, HCIOJb3YETCS
OpraHMYecKoe TOIUIMBO M HE BbIpaOaThIBAE€TCA TEIUIOBOM HHEPrud Hapsany ¢
anekTpuueckoit. TOLl paboTaloT Takke Ha OPraHMYECKOM TOIUIMBE, HO B OTJIMYHE
ot KOC Hapsiny ¢ 3ieKTposHeprueil Mpou3BOIST TOPSUYYI0 BOJLY U Hap IS HYXK]
TeI0( KA.

I'uaposyekrpoctanmuu. ['D9C 4YacTto OTHOCAT K 3HEProycTaHOBKaM,
HCTIONB3YIOIIMM BO30OHOBIISIEMbIE UICTOUHUKH dHEPruu. OJHAKO MO CPABHEHUIO C
APYTUMH  BHUJAAMH TPUPOJHBIX PECYpCOB MpeoOpa3oBaHUE TUIPOIHEPTHH B
AIEKTPUYECTBO MPUBOJIUT K 3HAUYUTEIBHBIM BO3JCHCTBUSIM Ha OKPYKAIOUIYIO
cpeny. Hdua I'DC HeoOXoauMo cCOOpyKaTh 3HAYUTENbHBbIE BOJOXPAaHWIIMINA B
BEepXHEM Obede nepes MIOTUHOM, YTO MPUBOIAUT K CYHIECTBEHHOMY 3aTOIJICHUIO
IpUJIETalolel TEPPUTOPUH U BIMSAET Ha pelibed MoOepexbs B 30HE CTAHIUU.

B cBoé Bpems ObiBmmit CCCP 3aHuMan BTOpoe MECTO B MHUPE IO YPOBHIO
Pa3BUTHUS THIPOIHEPTETHKH.

OpHOM U3 OCHOBHBIX 3KOHOMHUYECKUX OcoOeHHocTed skcruryarauuu ['9C
ABJISIETCA BBICOKASI IMPOU3BOAMUTENBHOCTh TpyAa. 3aTpaThl Tpyla Ha EIUHUILY
MOITHOCTU Ha HUX No4TH B 10 pa3 mensiie, yeM Ha TOC (¢ yuétom 3arpar Tpyna
Ha JOObIYY TOIUIMBA U €r0 TPAHCIIOPT).

['MApOINEKTPOCTAHIIMM ~ COOPYXKAJIUCh  KacKaJaMH, TOrJa  IOJIHEE
WCIIONB3YIOTCS DHEpPreTUYecKue pecypcel. B Poccum KpynmHeMIIMMHM KacKaJaMu
I'DC sBustorca AHrapckuid 1 EHucenckuil.

ATOMHBIE 3JJIEKTPHYECKHE CTAHUMH. ATOMHBIE JJIEKTPOCTAHIMU HE
BbIOpAchIBAlOT B aTMoc(epy BpPEIHbIX BEUIECTB, BbBI3BIBAIOIINX IMAPHUKOBBIN
3G (}eKT WM KUCITOTHBIE AO0XKIU, MOATOMY HEKOTOPBIE CIEIMAIUCTHI MOCHEHININ
OOBSABUTH SAJIEPHYIO DHEPreTHKY SKOJOTWYeCKH 4YHCTOW. YepHOObUIbCKas
KatacTpoda 3acTtaBuiia IEPECMOTPETh IUIAHBI PA3BUTHUSI ATOMHOM YHEPTeTHUKUA BO
MHOTUX rocyaapcrBax. Tak, B CIIA OblTu aHHYJIMpPOBaHBI 3aKka3bl Ha 173 HOBBIX
osoka ADC, B 'epmanuu Ha 27, B Aurauu Ha 13, Bo @pannuu Ha 12.
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B nacrosimee Bpemsi B mupe pabotaet 425 aToMHBIX peakTopoB. B 1993r.
@®panuua nonydana oT ADC 72,9% snexkrposnepruu, bensrus — 65%, [IBenns —
45%, ®PI" — 30,1%, Anounus — 37,7%, Ykpauna — 25%, CIIIA — 22,3%, Kanaga —
15,2%.

IMKJIbI TEMJIOBBIX 3JEKTPOCTAHIIMMN.

OCHOBY COBpPEMEHHOM TEIUIOBOM M AaTOMHOM JHEPre€TUKH COCTABISIOT
napoTypOMHHBIE YCTAHOBKH, pAaOOYUM TEJIOM KOTOPBIX CIY>KHT BOJAsiHOU map. Jlo
Hactosimero BpemeHn TOC TPOU3BOASIT OCHOBHYIO 4YacTh BbIpabaThIBaeMoOu
sHepruu. I[lo cymectBytonuM oreHkaM TOC mTOTpeOaSIOT CBBINIE TPETH
n00BIBAEMOTO B MHpE TOIIMBA. Ha ATHUX CTaHIUAX MOTYT TPUMEHSITHCS
pa3IuYHbIE BHUJbl TOIUIMBHBIX PECYPCOB: TBEPABIC: YIIIA U TOPIOYME CIAHLBI,
KUAKWAC: Ma3yT, IU3EIbHOE U Ta30TypOMHHOE TOIUIMBO H Ta3000pa3HbIe:
PUPOJIHBIN Ta3 — Hau0oJIee IKOJIOTUUECKH YUCTOE YHEPTeTUUECKOE TOTUIURO.

N3yyeHue TEIUIOBBIX AJIEKTPOCTAHLMKA HAYMHAETCS C MPOCTEHILIEH CXEMBI,
pean3yIoIIe TaK Ha3bIBa€MbIi [IUKJI PeHKHHA, Ha3BaHbI UMEHEM IIOTJIAHACKOTO
(dbu3MKa U MHXKEHepa, MPEIOKUBIIETO aHAJIOTUYHBIN UK. CXema Takoro IuKIia
noka3aHa Ha puc. 9.1.

Ilap - IIT
/ o DNexTpH-

MK i b YoCcKan

\l'-”> — CeThb
I1H
K Oxn. | BXB
BOJIA
e
Konpencar L{H

Puc. 9.1. Cxema TIC Ha ocHoBe nmukJga PeHkuna.

31echr 0003HAYECHNU:

IIK — mapoBoii KoTes, npeoOpa3yromuili XUMHUYECKYI0 HHEPTUI0 TOIUIMBA B
TEIJIOBYIO YHEPTHUIO BOJSHOTO Napa;

T — napoBas TypOuHa, mnpeoOpasyromias TEIJIOBYIO SHEPruio0 mapa B
MEXaHHUYECKYIO SHEPIulo, epe/iaBaeMylo uepe3 Bai anekrporeneparopy (II);

K — xonzmencarop, B KOTOpOM OTpabOTaHHBIN Map KOHICHCUPYETCS,

BXB - OacceiiH XOJOMHOW BOJBI, KOTOpas TIOJACTCS B KOHIEHCATOP
UUpKyJIaioHHbIM HacocoM (ITH);

IIH — nuraTenpHbId HACOC, TOAAIOIIMN BOLY B IAPOBOM KOTE.
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Ha puc. 9.2 uzo0OpaxkeHbl Tpolecchl MpeoOpa3oBaHUs SHEPTHUH B ITUKIIE
Penkuna B Buze pv u TS quarpamm.

29

a)

Puc. 9.2. Iluxka Penkuna:
a) pv — amarpamma; 0) 7S — nmarpamma

[Tponecchl ukina PeHkrHa OMUCHIBAIOTCS CAEAYIOIIUM 00pa3oM.

1-2-3 — nurarensubiii Hacoc (ITH) 3akaunBaer Bogy B mapoBoi koten (I1K),
noaHumMasi napieHue. [IockosibKy BoAa MPaKTUUECKH HE CKUMaeMasi, 3TO MPOIEece
MOKHO CUMTaTh U30XOpHBIM. [Ipu 3TOM padoTta, coBepiaemas [1H - pabora u3BHe,
NEPEXOAUT BO BHYTPEHHIOIO SHEPTHUIO BOJIBI.

3—4 — mpouecc HarpeBa Bojbl. [loBbIIIEHHE TeMIIEpaTyphbl BOAbI MPOUCXOIUT
IpU MPAKTUYECKU TOCTOSIHHOM JIaBJIEHUH, MPOLECC MOMXKHO CUUTATh M300apHBIM.
[Ipou3BoAUTCS MOJIBOJI TEIIOTHI K BOJE.

4-5 — Ucnapenue BOJIbI, IPOUCXOAUT MPHU MOCTOSTHHOM TeMIiepaType, Ipouecc
MU30TEPMUYECKUN. Y BETUUMBAETCS BHYTPEHHSS SHEPIUs padOYero Tena.

5-6 — JloBegenune mnapameTpoB mapa 10 TpeOyembix. Ilpoucxoaut mnpu
MIOCTOSIHHOM JIaBJICHUM B naponeperpesatene. [Ipouecc n3o0apHblid.

6-7-8 — Ilponecc nepenauu >HEPrUM mapa MapoBod TypOUHE. DTOT MpoIliece
IIPOUCXOAUT O€3 MOCTYIUIEHHS TEIJIOTHl M3BHE M 0€3 OTIayu €€ BO BHEIIHIOIO
cpeny, MO3TOMY 3TOT MPOLECC MOKHO CUUTATH aIna0aTHBIM.

8-9-1 — Ilporecc KoHJEeHCAaMU OTPAOOTAHHOIO Mapa C OTBOJIOM TEIJIOTHI BO
BHEIIHIOIO CPETy C MOMOIIbIO OXJIAXKIAI0IIEH BOJIBI.

[{ukn 3amMKHYJICS.

Tenepp MOXHO OUEHUTH APGEKTUBHOCTH 3TOr0 IUKIA, OIPEACIINB
kod(punment mnosesnoro neiictBus (KIIJ]) sHeproycraHoBKH, pean3yrouien
takoi 1ukiA. OHO U3 MPEUMYIIECTB U300PAKEHUS] TEPMOAMHAMUYECKUX ITUKIIOB B
KoopJuHatax 7—S 3akiaro4yaeTcss B TOM, YTO IUIOLIAAb, oOpa3dyemasi JuarpaMMoin
MPENICTaBISIET COOOM YHEPTHIO.

N3 puc. 9.2 BHOHO, YTO ¢ NPEACTABILAET TEILIOTY, KOTOpasd
npeoOpa3oBanachk B padoTy, mepeaHHyI0 uepe3 Baj TypOuHbI reneparopy. Bropas
4acTh AUarpaMMbl 00pa3yeT TEIJIOTY ¢, KOTOpask YXOAUT C OXJIAXAAIOIIeH BOJOM.
Ucxons u3 storo, tepmomuHamuueckuit KIIJI TypOunHbI MOXHO H300pa3uth
bopmynoii:
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qu — q2 — QI (91)
q. q, * 4,
3nece g = ¢ + ¢» — KOJHMYECTBO TEILIOTHI Lukia. Ecim B Hamem
MPUKHAIOYHOM pacyeTe MPUHATH JJIs BOASHOIO Iapa CPEIHIOK TEIIOEMKOCTb,
KOJIMYECTBO TEIUIOTHI B (hopmyiie (9.1) MOKHO BBIPA3UTh CICTYIONTUM 00pa3oM:
QH:CH'TI'D; qZ:CH’Tz'D (92),
IJi€ ¢; — CPEIHsIS TEIJIOEMKOCTh Mapa, 17 — TeMIiepaTypa rnapa Ha BXoJe TYpOUHbI,
T, — TeMrieparypa napa Ha BbIXojie TypOuHsbl, D - pacxon napa yepe3 TypOuHy.
[ToncranoBka (9.2) B ypaBuenue (9.1) naer:
Nr = ﬁ-IOO% 9.3)
1
JI71st yuciaeHHoro npuMepa NpuMeM MapaMeTphl rapa OJU3Kue K pealibHbIM,
HaIpuMep:
t; =500°C, T, =500 + 273 =772 K, t, = 100°C, T, = 110 + 273 = 383 K.
Temneparypa 7, He moxeT ObiThb HMke 100 rpagycoB no llenbcuto, yToObI HE
JOIYCTUTh KOHJIEHCAIMIO mapa B TypOuHe. [loacranoska uncen B (9.3) naer:

7, :w.loo =50,38%
772

nr =

Ecin yuects KIIJI npyrux nsinemeHTOB cxeMbl (puc. 9.1), TO MOXKHO

onpenennts KIIJ[ Bcent 3HEpreTMUECKON yCTaHOBKHU:
n,=Mg MMy e 9.4)

3nech nx = 0,9 — KIIJI xotna; nr, = 0,98 — mexanuueckuit KI1/[ TypOunsi;
nr= 0,98 — KI1J] anexkTpruueckoro reHeparopa.

Pesynbsrupyrommii KI1J] 6yner:

Ny =10,9-0,5-0,98-0,98 =0,4321 =43,21%.

9rot KII/] Ha3siBaetcss KIIJL OpyTTO, pH 3TOM HE YUUTHIBAETCA, YTO YaACTh
AIIEKTPOIHEPIUH, BbIpaOaTHIBAEMOI T'€HEpPATOpOM, PAacXoyeTcs Ha obOecriedeHue
COOCTBEHHBIX HYX/I AIEKTPOCTAHIIHH.

KIIJ, yuutsiBaromuii nmotpediieHne coOOCTBEHHBIX HYK[ AJIEKTPOCTAHLIUH,
HasbiBaercst KIIJI Herro, xotopeiii Hmxke KIIJ[ Opyrro. Ecmm npuHATh
notpedyeHue COOCTBEHHBIX HYX]T 0K0JI0 6 %, To MoxHO onpenenuts KI1/] Herro:

Nyu = 0,4321-(1 — 0,06) = 0,4061 = 40,61% .

Bce u310%KeHHOE OTHOCUTCS K KOHJAEHCAMOHHBIM LIUKJIAM, UCIIOJIb3yEMBIM
Ha KOoHAeHcauHOHHBbIX 3nekTpocTaniusx (KOC). Koneuno, peanbHble TEMJIOBbHIC
cxembl KOC ropasno cioxhee. ['opa3no ciiokHee MOIy4aroTCsl U JUarpaMMbl,
ONMCHIBAIOIIME TETUIOBBIE Mpouecchl. Hano cka3are, uto npu pacuere KII/] He Bce
NOTepHU OBLIM YYTEHBI (HaIpUMep, MOTEPU B MPOTOYHON YACTHU TYpOUHBI), OAHAKO
Oojee ciOXHBIE, OOJiee COBEPLICHHBIE CXEMbI IO3BOJISIIOT MOBBICUTH KIIJ|
HSHEProyCTAaHOBKM (HampuMep UCIHOJb30BAaHUE PETEHEPATUBHOIO IOAOIPEBA
nuTateabHOr Bojbl). Ilpumepsr TermmoBoit cxembl KOC, mpubmmkaromieics K
peasIbHOM, TOKa3aHbl B CIENUAIBbHON JuTepaType. OAHAaKo NOAPOOHOE H3ydeHHE
TaKMX CXEM YK€ BXOJMT B IPOTPAMMBI CIIE[UAIBHBIX KyPCOB.

Kpome KOHIEHCALMOHHBIX AJIEKTPOCTAaHLUMWA IIMPOKO  HCIOJIB3YIOTCS
TEIUIOBBIE JJIEKTPOCTAHLIMU C KOMOMHHPOBAHHOW BBIPAOOTKOM U TEIIIOBOM
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SHEPruM U  dBJEeKTpuueckod. HX Ha3bIBalOT TeIUI03JIEeKTPOUEHTPAISIMH,
cokpatienno TILI.

Onu (TOLl) npenHasHayeHbl, B YaCTHOCTHU, HJsi LIEHTPATU30BAHHOIO
TeIJI0CHA0KEHU, OTCIO]a U Ha3BaHUE.

[Ipocreitmas cxema TOIl noka3zana Ha puc. 9.3. TenmoBas cxema TOII]
Bceraa cioknee cxeMbl KOC Onaronapsi HaJIM4MIO 3JIEMEHTOB, 00€CTIeUNBAIOIINX
CHa0»XeHUE TETIOBOW dHEpPrueH.

Ilap > [T
or ONEKTpH- Coresax
ropsiyas
MK qCCKan
| i BOII,EIT
BII
['perommi nap "
ITH >
¢ [Ipom. gr6op napa O. [
| Bosspar komjiencaTa
Xononnas
K OX.II. EX_B BOJIA
BOJA
&
TR, [{H Koniencar

Puc. 9.3. Ilpocreiimas TensoBas cxema TILL.

Ha temioBoii cxeme (puc. 9.3) NpUHATHI CleayroNMe 0003HauYeHUs.

IIK — mapoBod KoTel, AU Ha BBIXOJAE Iap ¢ TpeOyeMbIMU
napaMeTpamus;

IIT — napoBas TypOMHa O3BOJISIONIAsE OTOUPATH YACTh Napa B MPOLIECCE €To
JBUWKEHUS B TPOTOYHOM 4acTu TypOuHBL. OTOOpP BO3MOXKEH ISl ABYX LIEJICH:
MPOMBINIUICHHBIA O0TOOp mapa ¢ mapamerpamu 1...2 Mlla mns oOecrieueHus
IPOMBIIIJICHHBIX TOTpeduTeneil u oTdéop TermIopUKAUMOHHBIA C MapaMeTpaMu
0,1...0.2 MIIA nnis nmomorpeBa BOJABI, MCHOJB3YEMOHM I LEJNEH OTOIUIEHUS W
rOpsSTYEro BOJOCHA0KEHUS;

BII — BogonogorpesaTesib, HCIOIb3YEMBbIN JJIs1 IOJJOTPEBA XOJIOAHOM BOJIBI
B MOCJEAYIOIIAM MCIIOJIb30BAHUEM MOJOTPETOM BOJBI JJII OTOILUICHUSI U TOPSYETO
BOJJOCHA0KEHHS

IIIT — mpoMmbINICHHBIH MOTPeOUTENb Mapa, KOTOPhIA 00s3aH BO3BpallaTh
KOHJIEHCAT, KOTOPBIA 00pa3yeTcs Mocjie UCIOIb30BaHMs Mapa;

K — KoHzmeHcarop, B KOTOPOM OTpaOOTaHHbI TMap TypOUHBI
KOHJICHCUPYETCH,

BXB — OacceliH oxyaxkaaronield BOJbI, UCMOJb3yeMOM I KOHJCHCAIUU
OTpabOTAHHOIO Mapa;
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IHH — uupKyJIsSIUMOHHBIM HACOC, MOJAMOIIMK OXJIAXKIANIYD BOAY B
KOHJICHCATOP;

IIH — nurarensHbld Hacoc, noxaarommii Boaxy B IIK u co3pmaronuid
HeoOXouMoe JaBiieHne kKak Boabl Ha BxoJie [1K, Tak u nmapa na Beixoze I1K.

Peanbubie cxembl TOL] ropa3zio ciaokHEe HE TOJIBKO B YaCTH MCIIOJIb30BAHUS
NapoBBIX TYpOUH C U3 oTOOpamu mapa. [lemo B Tom, uyto TOL m1oKHBI coepKaTh
CXEMbl TIOATOTOBKM BOJABI I TIOJOTPEBa, CXEMbl IpuemMa Hu 00pabOTKU
KOHJIEHCAaTa OT MPOMBIIIUICHHBIX MOTPEOUTENEHN ITapa U MHOTO€ JIPYTOE.

Ha mnporskeHur MHOTHUX JIeT HaOMIOAANICs POCT MOIIHOCTEH TEIIOBBIX
AIEKTPOCTAHIIUN 1O SKOJIOTUUECKUM COOOpakeHusM. [Ipu yBenmnueHun MOIITHOCTH
ANEKTPOCTAHIIMM 3HAYUTEIIBHO CHUKAIOTCS YNIEJIbHBIE 3aTpaThl Ha COOPYKEHHUE
BOJIOCHAOKEHUS, Ha >KEIIE3HOJOPOXKHBIE IMyTH W aBTOJIOPOTH, HA MOACOOHO-
BCIIOMOTATENIbHbIE COOPYKEHMs. BoJblioe 3HaUeHHE MUMEET TaKXKe YBEIUYEHUE
€IMHUYHON MOIIIHOCTH arperaToB AJIE€KTPOCTAHIIHM.

Haunbonee »5>(P¢hekTUBHBIM TEXHUYECKUM CPEJICTBOM ISl JOCTHIKEHUS
BBICOKMX JKOHOMHUUYECKHX Tokazareneil TOC sBiseTcsl MOBBILICHUE MapaMeTpPOB
napa. DKOHOMHUYECKYIO 3(h(PEKTUBHOCTh MOIIHBIX JIHEPTOOJIOKOB C BBICOKUMU
napaMeTpaMM  Iapa = MOXHO  NPOWUIIOCTPUPOBATH  TaKUMU  JIAHHBIMU:
anektpoctaniuu ¢ 6gokamu nmo 300 MBT na 240atmM obOecriedrBarOT 3KOHOMHUIO
TOILUIMBA NOYTH Ha 44% 1O CPABHEHUIO C DJIEKTPOCTAHIUAMU, COOPYKABIIMMHUCS
no iany I'O3JIPO c arperatamu no 10...16 MBT na 16...18aTtm.

TOC oxa3pIBalOT OTPULATEIBLHOE BIUSHUE HAa OKPYXAIOIIYI0 Cpeany,
OCYIIIECTBJISIE BBIOPOCHI TIPOTYKTOB CTOPAHUS, 30JIbI TEIUIOBBIE COPOCHI, BEIOPOCHI
3arpsA3HEHHBIX CTOYHBIX BOJI.

ATtomHbIe 1ekTpocTannuu (AIC)

IlepBasg aTtomHasi 3JIEKTpOoCTaHUMs OblIa myumieHa B 1954 roay OKojdo T.
ObHMHCKa, MOIIHOCTH ee cocTtaBuia 5 MBT snektpuueckux. C Tex mop aTOMHbIE
AIIEKTPOCTAHLIMK  TPOJOJDKAIOT YBEJIMYMBATH CBOIO JOJIO B  BBIPAOOTKE
AIEKTPOIHEPIHH.

ITo cBoeit cytu ADC ecTh TEIUIOBBIE AJIEKTPOCTAHLUU, Y KOTOPBIX BMECTO
[IapoBOr0  KOTJAa MCTOYHMKOM Tlapa SBJISIETCS AaTOMHBIA  pPEaKTOp WU
IPOMEXYTOUHBIM TEMJI000OMEHHUK. B Hacrosiiee BpeMs CyIIECTBYET HECKOJBKO
tunoB ADC, pa3nu4aroIMXcs B OCHOBHOM peakTopaMu. [Ipexe Bcero pasinyaror
aTOMHBIE PEaKTOpPbl Ha MEAJICHHBIX (TEIJIOBBIX) HEMTPOHAX M aTOMHBIE PEAKTOPbI
Ha OBICTPBIX HEUTPOHAX.

ADC ¢ peakTropaMu _Ha MeJJEHHbIX HelTpoHax. B peakTopax Ha
MEJIEHHBIX HEUTPOHAX UCMOJIb3YETCs 000rallleHHOE YPaHOBOE IEPHOE TOILIIMBO C
COZIEpKaHUEM 23592U okoiio 3% wu 23892U mo 97%. BO0O3MOXHO Takxke
VCTIONb30BAHNE TLTYTOHHS ~ o4Pu.

ATOMHBIE PEAKTOPBHI, HCIIOJB3YIOIINE YPAHOBOE SIIEPHOE TOILTUBO AEIIATCS Ha
HECKOJIbKO MPUHLMIHAIBHBIX BUIOB. PaccMoTpum J1Ba W3 HHX, HauOoiee
MOMYJISIPHBIX.

Peakropsr Tuma PBMK (peaktop Oo0nblIoil MOIIHOCTH, KaHAIBHBIN).
HasBanue peakTopa roBOPUT O TOM, YTO TEIUIOBbIAETstONIME 351eMeHThl (TB3JIbI)
C SACPHBIM TOIUIMBOM pPa3MEINAIOTCS B OTAEIBHBIX KaHAJIAX C WHIUBUIYAIBHON
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cucteMoil oxyaxzaeHus. B cBoro ouepenpr TBOJIbl pacmonoxeHsl cpenu
3aMeJUIUTeNell HEeWTPOHOB, B KAa4eCTBE KOTOPBIX MCIOJIB3YyeTCs Trpadur.
Ucnons3oBanue peaktopoB thuna PBMK mno3BossgeT co3gaTe OJAHOKOHTYPHYIO
CXEMY AJIEKTPOCTAHIIMH, TOKa3aHHYIO Ha puc. 9.4. [l TaKuX CXeM NPEAbABISAETCS
MOBBIIIIEHHBIE TPEOOBAaHUS K YUCTOTE BOABI, IIUPKYIUPYIOIIEH MEXIYy PEKTOPOM U
TypOuHoil. Boma MODKHBI OBITh JTUCTHIUIMPOBAHHOM, HE COJEpIKAIlEed HUKAKUX
npuMmeceid. B 3ToM ciiywae Boga, mpomieaias aKTUBHYIO 30HY peakTopa, He
SABJISIETCS PAAUOAKTUBHOM. lCMoOJIb30BaHME PEAKTOPOB ATOrO0 THUMA ITO3BOJSIOT
CO3/1aBaTh SHEpreTHIeckue 6;10ku MomHOCThIO 1500 MBT 3nekTprueckux.

Ilap >
T [ dneKTp.
e ~ cuctema
Peaktop
PBEMK | Seisip:
BOJIA.
IH =
- < 1H
Konpencar

Puc. 9.4. Huxka AIC ¢ peakropom tTuna PBMK.

dmekrp.
CHCTeMa

Xo.
BOAa

Puc. 9.5. Huxka AIC ¢ peaktopom tuna BBIOP.

Bropoii BapHaHT aTOMHBIX PEAKTOPOB (pUC. 9.5) OTHOCUTCS K KAaTeropuu
KOpIycHbIX. Takoe HaMMEHOBAaHHME PEAKTOp IMOJY4YWJI B CHJIy TOrO, 4YTO €ro
aKTHBHAasl 30HA IIOMEIIAETCS BHYTPU CTAJBHOIO KOPILyCa, PACCUMTAHHOIO Ha
JaBJICHUE TEIJIOHOCHUTENS, 00ECIeUHBAIOIIET0 OTBOJ TEIJia OT AKTUBHOM 30HBI.
Peaktopel 3TOoro tuma wumenyrorcs BBOP (Bomo-BoasHOW 3HEpreTHdecKuit
peakTop).
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3amemuTeneM HEHTPOHOB B TAKOM PEAKTOPHI SBIIACTCS OOBIKHOBEHHAS BOJIA.

Cxema sHepreTuueckoro 6ioka ¢ peakropom BBOP mokazana Ha puc. 9.5.
Cucrema Takoro sHeproOJioKka JIByXKOHTYpHas. B mepBoM KOHType LHHUPKYIUPYET
Boja mnoj AaBieHueM. OHa sBISETCS TEMJIOHOCHTENEM. JTa BOJAA, HArperas B
peakrtope, unet B naporenepatop (III'), rae oTaaer Temio Boje BTOPOro KOHTYpA.
OxJtaxxaeHHas Bojia IEPBOro KOHTypa nurateabHbiM HacocoM (ITH1) nonaercs Ha
BXO0J peaktopa. Boma BToOporo KoHTypa , IpUHSB TEIJIO OT BOABI IEPBOTO KOHTYpa
ucnapsiercs, u u3 naporeneparopa (I1I') moctymaer B Typouny (T). OrpaboTaHHbIi
nap noctynaer B KonjaeHcatop (K), mamee B Buae KOHAEHcaTa MOJAETCA
nutarenbHbiM  HacocoM ([IH2) B maporeneparop. Peaxrtopst Ttnna BBOP
XapaKTEepPU3yIOTCs MOBBIICHHON HAJEKHOCTBIO U 0e30macHOCThI0. MakcumanbHas
ANEKTPUYECKAsk MOIHOCTh TaKUX peakTopoB gocturaer 1000 MBT.

TennoByto MoutHOCTE peaktopa ADC onpenenstoT Mo KOJIUYECTBY TEIUIOTHI,
nepeaaBaeMon TEIIOHOCUTENIEM B TAPOT€HEPATOP U3 YPABHEHUS:

Onsc = m(har — 1), 9.5)
rae QOasc — TermioBass MOIIHOCTH peaktopa ADC, BT; m — maccoBblil pacxon
TEIJIOHOCUTENIS 4Yepe3 MaporeHeparop, Kr/c; hyr — yAenbHas SHTANbIUA

TEIUIOHOCHUTENISI Ha BBIXOJI€ U3 maporeneparopa, Jk/Kr; At — yaenbHast SHTaJbIINS
TETUIOHOCHUTEJIS TIPH BXOJE B Iaporeneparop, Jx/Kr.

Haubonemee Bmusaue ©Ha oOmuid KIIJ ADC (mocturaer 17...36%)
okaspiBaeT Tepmuyeckui KIIJ[ mapoBoro nukmna, KOTOpbIM B HACTOSILIEE BPEMS HE
HMEET BbICOKMX 3HAUCHUI.

KoHTPOJLHBIE BOIPOCHI:

1. Kak kmaccMpUIUPYIOT 3JIEKTPOCTAHLIMKA B 3aBUCUMOCTH OT HCTOYHHKA
SHEprun?

2. Kakue TUIOBbIE AJIEKTPOCTAHIIMY BbI 3HAETE?

3. N3oOpasute uukn PeHkrHa Ha neperperom nape B Buje pv u 1.S Auarpamm.
Kak moxHO noBbicuTh ero Tepmudeckuii KIT/?

4. KakoBO BIMSIHME HAYAJIIBHOW TEMIIEPATypbl U HAYaJIbHOTO JIaBJICHUS Iapa
Ha Tepmudeckuid KITJ[ nukia Penkuna?

5. Uto maer TemopUKAMOHHBINA UK PabOTHl TEIUIOBBIX 3JEKTPOCTAHIIHIMA
10 CPAaBHEHUIO C KOHAEHCAMOHHBIM LIUKJIOM?

6. 306pa3urte npuHunuaibHyio TerioByto cxemy KOC u TOLI.

7. Kakue osHepreTnueckue mokazaTtenu 3(G(EKTUBHOCTH  TEIJIOBBIX
ANEKTPOCTAHILIUM BbI 3HaeTe? Pacckakure 0 HUX.

8. Kakume BemectBa mnpuMeHsAOTCS B peakropax ADC s moydeHHs
BHYTpPUSAEPHON SHEPrumn?

9. Korna u rae Obu1a MOCTpOEHa MepBasi aTOMHAS AJIEKTPOCTAHIIMA, Kakas y
HEe AJEKTpUYECKast MOITHOCTh?

10. Kakue BemecTtBa mpuMEHsAIOTCS B peaktopax ADC B KayecTBe
TEIUIOHOCUTEIEH?
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Jleknusa 10.
IT'MAPOSJEKTPOCTAHIINMN.

I'unpooanektpuueckue cranuuu (I'9C) 3aHUMaOT 3HAYUTEIBHOE MECTO B
obecrieyeHUN TMOTpeOUTENeH »dJIeKTpUuueckoil »sHeprueii. B olmem oObeme
BbIPAOOTKHU 3JIeKTposHepruu B Poccuu ux gonst cocrasisger okono 20 %, koTopas
HECKOJIbKO KOJIEOJEeTCS B 3aBUCUMOCTH OT BOJHOCTH roja. Kpome oOmei
BbIpabOTKH 3aekTposHeprun ['DC wurparoT OONBLIYI0 pOJIb KaK PEryisTOpbI
MEPETOKOB MOIIHOCTH MO JMHHAM 3JIEKTpONepeaun, Kak UCTOYHUKH PE3epPBHON
MOIIIHOCTH, W, HAKOHEL, OHU WTPAIOT TJIABHYIO POJb B PETYIUPOBAHUU YACTOTHI,
KOTOpast T0JKHA noasiepkuBathed B npenenax S0 + 0.05 I'epua.

Pazmuuaror Heckonpko BuaoB ['DC: cobctBenHo ['DC, wucmomb3yromue
BOJIOTOK PEK, KOTOPBIA 0O0pa3yeT BOMSHOW HAmMop; THAPOAKKYMYIUPYIOIIHE
('ADC), nHakamnuBallue BOAY NpPU MPOBAJE HACPYy30K M HCIOJIb3YIOLIUE
HAKOIUJIEHHYIO BOJy TP MaKCUMyMe Harpy3ok; npuiuBHbie ['9C, ucnomnb3ytonme
BOJSTHOM Hamop, oOpa3yloluiica Mpy NPUIMBaX M OTIMBAX; HEKOTOPbIE JPYyrue
I'DC (BonHOBBIE, MPSIMOTOYHBIE U T.I1.).

CoctaB I'9C. B cocras I'DC Bxomir:

1) TUAPOTEXHUYECKHE COOPYKEHHMs, 3TO AaMObl, MmiuoTuHbl, 3aanus ['DC,
HAIMOpPHBIE COOPYXKEHMS, KaHallbl MOJBOJSALIME W OTBoAsAmMe. VX HazHaueHue:
CO3/1aHH€ BOJSHOTO Hamopa, oOpazoBanue 3maHus ['9C, oOpazoBaHuE CHUCTEMBI
moaBoma Boabl K 3maHuio ['DC, B KOHEUYHOM HTOTe K TypOWHE, oOpa3oBaHHE
CHCTEMBbI OTBOJIa BOJIbI IMOCIIE MPOXOJa €€ 4yepe3 TypOuHy, cOpOC BOJABI TOMHMO
TypOUH npu 00pa30BaHUH €€ U3THUIIKOB.

2) Hanee B coctaBe 'DC BBIACHAIOT THAPOMEXaHUYECKOE O00OpPYIOBaHHUE,
coCTOsiliee M3 THAPABIMYECKUX TypOWH, CIOHpANbHBIX KaMep, CHCTEM
PEryJIMpOBaHHUS.

3) Hakonen BbIIEnsOT 3ieKkTpuueckyro dYacth ['DC, cocrosiiyio wu3
ANEKTPUUYECKUX T€HEPaTOpOB, KaK MPABWIIO, PACIOJIOKEHHBIX HA OJIHOM Bally C
TypOUHOM, pacnpeeIUTeNbHbIX YCTPOUCTB.

[lo xommonoBke [DC gfensT Ha NPUIUVIOTUHHBIE, PYCJIOBBIE U
JIepUBallMOHHbIE. Pa3nnualoT Takke TOpU30HTAIBHOE PACMOJIOKEHHE TYpOUH U
TE€HEPATOPOB U BEPTUKAIHHOE.

Paccmorpum I'DC mpumiaoTuHHOTO TUMA, OOMIMKA BUJ KOTOPOM MOKa3aH Ha
puc. 10.1, a pazpe3 o1HOTrO U3 BapUAHTOB MOKa3aH Ha puc. 10.2.

IIpu Takoit kommoHoBke 3manue ['DC (1) coBmemiaeTcsi ¢ OCHOBHOM
MJIOTUHOM, KOTOPBIE BMECTE CO3IAI0T BEpXHHM OBhed,

VYposenb BepxHero Obeda (YBB) oOpasyer HOpManmbHBIA MOAMOPHBIN
ropuzoHT (HIII'). Bopa nomanmaer B crnupanbHyrO Kamepy (2), rae NpUHAMAET
BpaliaTesbHOE ABUKEHUE U TIOCTyNAEeT Ha Jionactu TypOunsl (3). Ha ogHom Baiy ¢
TypOuHO# pacnofyioxkeH rereparop (4). Boga npoias TypOuHY 4epe3 BBIXOJIHYIO
TpyOy (5) mocTymaeT B OTBOJAIIMM KaHall, 00pa3ys ypOBEHb HIDKHEro Oneda
(YHB).

Paznocte Mexxny YBb u YHbB o6pa3yet nanop nannoii ['OC:

H=YVYBb - YHb (10.1)
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Bodocauenas nromuna
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Puc. 10.2. Pa3zpe3 rugpo3/1eKTPOCTAHIIUHA

Crporo roBopsi, Hamop HE SBISAETCS MOCTOSHHOW BEIWYMHON, OH HMMEET
CE30HHBIE M3MECHCHHUS U JaXX€ CyTOYHBIC, MOCKOJIbKY u3MeHsoTcss YBb nu YHb.
3Has BEJIMYMHY HAMopa W PacXoid BOJbI uyepe3 TypOMHY MOKHO OIpPEAENIUTh
MOIIHOCTb, KOTOPYIO TypOMHA pa3BUBAET Ha BaLy U NIEPEIAET FeHEPATOPY:

P=gQpHy (10.2)
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re g = 9.81 m/c> — yckopenue cBoGoaHOro mameHus, Q — pPacxod BOABI Yepes
TypOHHY, M'/C; p — INOTHOCTB BOABL, Kr/M"; 57 — KITJ| TypOHHSL.

Hanpumep, H = 28 M, O = 100 m’/c, p = 1000 xr/m’, = 0.92. CormacHo
dhopmyite (10.2) monyuaem momHocTh ['OC:

P=9,81-100-1000-28-0,92 = 25270000 Bt = 25,27 MBT.

®opmyna (10.2) copaBegnmmBa s pacdera MoimHoctd ['DC  mroObIX
BapUAHTOB, MPUILJIOTUHHBIX JAepUBAIMOHHBIX, [[ADC u T.1.

®opmyna (10.2) cinenyer u3 mu3BectHoro ypaBHenus Jl. bepHymim, kotopoe
OMHCHIBACT JIBIDKCHHE WJICATLHON JKUIKOCTH (KUAKOCTH, BIDKYIICHCS 0e3

TPEHUS, C HEOOIBIIINM JTOMYIIEHUEM 32 TAKOBYIO MOKHO MPUHSATH BOAY):
2

p+,0 +p-g-z=const (10.3)

31ech p — CTAaTUYECKOE AABJIEHHUE, MOJYy4aeMOE MKUIAKOCTbIO OT BHEUIHEH
Cpeabl, p — IUIOTHOCTh >XUAKOCTH, V — CKOPOCTb €€ JBH)KEHUS, g — 3EMHOE
YCKOPEHHUE, z- BBICOTA PACIIOJOKEHUS IBWKYLIEHCS >KUAKOCTH HaJ YCIOBHBIM
HYJIEBBIM YPOBHEM.

Ecnu o6e yactu pasenctBa (10.3) paznenuTs Ha p°g U YMHOXUTb HA p g W,
rae W — o6beM BOABI B M’, TO (POPMyJIa OTPA3HT HEPIUIO TOTOKA BOAI. Jlis
ITOTOKOB BOJBI OJHOW U TOM k€ PEKU, HO HAXOSAIIMXCS Ha Pa3HbIX YPOBHSX JBE
BEJIMYMHBI SHEPTUH OIPEAEIIATCS KaK:

2 2
P v P v
alzp.g-W.(—l-i‘ 1 +ZI\J , 92:p-g'(—2+ 2 +ZZ\J_ (104)
pg 2-g p-g 2-g
PazHocTe 3THUX 3Hepruii ompezenser TOT 00bEM PHEPTUU, KOTOPBIA MOKHO
W3BJIEYb U3 3TOrO MOTOKA BOABI:

2 2
A3:31—32=,0-g-W-(Zl—Zz+pl_pz+v1 _Vzl . (10.5)
p-g 2z
[Ipu cBOOOTHOM JBWIKEHHHM BOJIBI CTaTHYECKOE JABJICHHWE OJIMHAKOBOE
(p1=p2), TaKKe MOXKHO MPEHEOpeUb Pa3HOCTHIO CKOopocTei, Torna Gopmymna (10.5)
YIPOCTHUTCH:

AI=3,-0,=p-g-W-(z,—z,)=p-g-W-H . (10.6)

PaznenuB o6e yactu paBeHcTBa (10.6) Ha Bpems OCYyLIECTBUM MEPEXO] K
pacxoy BOAbI U COOTBETCTBEHHO K MOIIHOCTU. Ecnu BBecTH eme Benmnunny KIT/I
yCTaHOBKH, TO mojiyuum dopmyiy (10.2).

Bona nna I'DC cobupaercs B mpezaenax BOAOCOPOCHOro OacceliHa, UMEHHO
OH XapaKTepH3yeT OOIIMii CTOK BOBI. IIpH 5TOM ONpPENENSIOT Pacxo ] BOIbI B M/C.
Ha ocHOBE MHOroneTHMX HCCIEIOBAHUM W UM3MEPEHMM CTOKa BOJBI BCEX
MCTOYHUKOB OacceifHa OMpenessiioT CyMMapHbBId CTOK BOABI M CTPOAT ruiaporpad,
T.€. TpauK 3aBUCHUMOCTH CTOKa BOJABI OT BpeMeHH. Ha ero ocHoBe ompezaemnstor
CYMMapHBI pacxoj] W OOIHMH CTOK 3a TpeOyemblid Mepuo]l BpEeMEHH (Mecsll,
KBapTai, rof):

00=2 a0, W=[00), t~4=T (10.7)

3aeck Q(t) — cyMMapHbIil pacXoJ BOAbI OT BCEX UCTOYHHUKOB,
qi(t) — pacxo Kaxa0ro OTIeJIbHOTO UICTOUYHHKA,
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t 1 t, HAYaJI0O U KOHEI[ OTCYETA,
T — yHTEpECYIOLINN UHTEPBAJ BPEMEHU.

Pacxon u cymmapHBIii CTOK BOABI B PETPOCHEKTHBE SIBIIAIOTCA BIOJIHE
ONpeNeIeHHbIMA BEIMYMHAMH, OJHAKO ATH € OyIylire BEIUYMHBI 3aBUCAT OT
MHO>KECTBA HETPECKAa3yeMbIX MPUPOAHBIX (pakTopoB. [l03TOMY MOKHO TOBOPUTH
TOJBKO O BEpPOSATHOCTH TOW WM MHOM BEJIMYMHBI PAcXoja. DTy BEPOATHOCTH
Ha3bIBAIOT 00ECMIEYEHHOCTHIO.

JepuBanuonnbie I'IC xapaktepHsl TeM, 4TOo Bojga K 3gaHuio [OC
MOJABOJAUTCS CHEHHAIbHBIM KaHaJOM, HUMEHYEMBIM JAEPUBALMOHHBIM KaHAJIOM.
Takoll kaHanm coeauHAET BoAOXpaHWwuule co 31anueM [DOC, OH J0JDKEeH
o0ecneunTh MOCTYIUIEHHE BOABI B HE00X01uMOM o0bemMe. JlJinHa A1epuBalliOHHOTO
KaHaja ObIBaeT OT COTEH METPOB JI0 I€CATKOB KMIOMETPOB. EcTecTBeHHO, UTO AJist
padotet ['DC HmwkHmMA Obed MOMKEH HAXOAUTHCS HHUXKE TOABOJIA BOJBI
JNEPUBALIMOHHBIM KaHAJIOM.

Cxema nojBosia BoJAbI B IIaHE MOKazaHa Ha puc. 10.3, cxeMaTu4HbIN pa3pe3
I'DC na puc. 10.4.

'rﬁaﬂm I3

Puc. 10.3. Cxema noasoaa Boabl nepuBaunonnoi I'IC.
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Puc. 10.4. CxemaruuHblii pa3pe3 AepuBanuonHoi 'IC.

Junanazon ucnoib3yeMbix HaropoB st ['DC mocratouno mmpok. C 3Tux
no3unuii ' 9C nenstes Ha:

- Hu3KkoHamnopusle H <25 metpo,

- cpennenanopusie H = 25 — 80 MeTpoB,

- BbIcOKOHaropusie H > 80 meTpos.

Ot Hamopa 3aBHCHT THI HUCIOJIB30BAaHHOW TypOWHBI. Ha HU3KOHAMOPHBIX
I'DC ucnonp3yloT WM OPOIEUIEpHbIE WIA 00Jiee€ SKOHOMUYHBIE ITOBOPOTHO-
nonactueie (IUUI) Typouns! (puc. 10.5 6 u 2), KOTOpble UMEIOT MOJBAPUAHTHI: ABYX
nepoBbie (1) U auaroHaidbHble (€). CpeaHeHanopHble B OCHOBHOM HCHOJB3YIOT
pamuanbHo-oceBbie (PO) TypOunbl (6), HAKOHEI BBICOKOHAMOPHBIE HCIOJIB3YIOT
KaK pajuaibHO-0CEeBbIC TYpOUHBI, Tak U KoBIeBble (K) TypOuHsI (a).

3aBUCUMOCTh BbIOOpa THUIA TYpOMHBI OT BEJIMYMHBI Hamopa MpexJe BCEro
CBsI3aHA C SIBJICHUEM KABUTAIUH.

OT0 siBjeHUE (KaBUTAIMs) SIBJSIETCS CJIEICTBUEM PE3KOro IMaJIeHUs JaBJICHUS
HUKE KPUTUYECKOTO TMpHU ABMKEHUUM BOJbI B TypOMHE B Te€X MeCTax, IJe
HaOMrOAaeTCsl yBEIWYeHUE CKOpPOCTU. [Ipu CHIKEHHHM CKOPOCTH M YBEIWYEHUS
JaBJICHUS MPOUCXOUT CKauYKooOpa3Hoe MpeBpalleHue napa B Boay. B atom mecte
BO3HHMKAET THUPABIMYECKUN yaap, a TaKXKe TMOSBJICHHE aKyCTUYECKHX BOJIH,
OTPUIIATETILHO JIEWCTBYIONMIMX Ha TOBEPXHOCTHh JIOMACTEH TypOWHBI (SBICHUE
KaBUTaIuu). B pesynprare B MeTayuie MOSBISIOTCS pPACcTylIue BO BpPEMEHU
KaBEPHBI, TPUBOISIINE K KOHEYHOM UTOTE K Pa3pyIICHUIO TYPOUHBI.

PanuanbHo-0ceBble TYpOMHBI B MEHBIIEH Mepe MOJIBEPKEHbl KaBUTALUU IO
CPaBHEHUIO B TIOBOPOTHO-JIOMACTHHIMUA (M WX PA3HOBHJIHOCTSIMHU), KOIIIEBbIE
TypOMHBI B MEHBIIEH CTENEHH TMOJBEPKEHbl KAaBUTAIMU IO CPaBHEHUIO C
paananibHO-OCEBBIMH.
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Puc. 10.5. Typouns I'2C:
1 — BepxHwmit 66ed, 2 — TpyOOTIPOBO/I, 3 — COILIO,
4 — pabouee KoJIeCO KOBIIEBON TYpOUHBI,
5 — KOXYX, 6 — peryJupoBOYHas Hria.
3nech Ha puc. 10.5a Takxe nokazaHa TEXHOJIOTUS
MCIOJIb30BaHUs KOBIIEBOU TYpOUHBI.

I'mapaBanyeckmii _yaap. Ilockonbky mnpaktuueckn Ha Beex [OC
UCTIONB3YIOTCS  TPyOONpOBOABI IJIsl TMOAAQYM BOABI K TypOWHAM, Takke
BCIIOMOTATENbHBIE  TPYOONpPOBOABI, TO  BIOJHE  BO3MOXHO  TOSIBJICHHE
TIOBBIIIICHHOTO JIABJICHUS TPU PE3KOM M3MEHEHWH pacxojia Boabl. Takoe siBieHue
CBSI3aHO C TE€M, YTO BOJIa MPAKTUYECKU HE COKUMAETCS MPH yBEIMYCHUH JaBIICHUS,
M 3TO SIBJICHHE HA3BIBAETCS TUAPABINICCKUM YIapOM.

Benuunna naBneHwsi, BOSHUKAIONIAS TPY THAPABINYECKOM yiape, He 3aBUCUT
OT BEJWYUHBI TONEPEYHOTO CEYeHHUs TPyOOmpoBOJa, IPYTMMH CIIOBAaMHU HeE
3aBHCHUT OT BEJIMYMHBI PAcX0/a BOJbI, HO 3aBUCUT OT CKOPOCTHU JABM)KCHUS BOBI.

[Tpu perynupoBanuu pexxumoB ['9C, CBSI3aHHBIX C U3MEHEHHEM PAacXo0JiOB, B
aBapuUUHBIX CIydasx, Korja Ttpedyercs OBICTpOe 3akpbiTHE TPYyOOIPOBOIOB
cOpOCOM aBapUITHBIX 3aTBOPOB, BO3MOXKHO MOSIBJICHHE THUAPABINYECKOTO yaapa.
WHCTpyKUIMKM ONEpaTUBHOMY II€PCOHATY W MPOTHBOABapHiiHAs aBTOMAaTUKa
peyCMaTpUBaIOT MPOTUBOACUCTBUE THIPABINYECKOMY yapy.
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I'mapoakkymysmpyromue djiekrpocranuuu (I'A9C).
[TpuHuMn ux aecTBus nokaszaH Ha puc. 10.6.

Puc. 10.6. Ilpnauun
padorel 'ADC.

CyTb uX pexuma paboThl 3aKIIOYAeTCS B CIEAYIOIIEM. XOpPOIIO M3BECTHO,
YTO KPYIHBIE TEIUIOBbIE M ATOMHBIE AJIEKTPOCTAHLIMU JIOJDKHBI paboTaTh B Tak
Ha3bIBAEMOM 0a30BOM peXuUMe, T.€. C IOCTOSHHOM Harpy3kod JJ0CTaTO4YHO
JUITUTENIbHOE BpeMs. B 3TOM ciyyae OHUM UMEIOT MakCUMalIbHYIO 3()(PEKTUBHOCTb.
C npyroii cTopoHbl MOTpediiieMas Harpy3ka HM3MEHSETCs B TEUEHHE CYTOK U
Hegenu. s yperyiaupoBaHHs 3TOrO MPOTHUBOPEUYHUST HEOOXOIUMbI MOOHWIIbHbBIE
PEryJsTOPbI HArPy3KH, OJJHUM U3 BapUaHTOB KOTOPHIX siBJsitoTcst 'ADC. B nepuon
cnaga Harpy3ku B sHeprocucreMe ['ADC pabGoTaeT B HACOCHOM pEXHME U
nepeKkaynuBaeT BOAy U3 HIDKHEro OacceiiHa B BepxHui. [Ipu sTom oHa notpebiusier
M30BITOK 3JEKTPUUECKON MOIIHOCTH, TeM caMbIM 1o3BoJisit KOC u ADC paboTtathb
C IIOCTOSIHHOW Harpy3koid. B mnepumoabl MakcuMmanbHbIX Harpy3ok ['ADC
NEPEXOIUT B T€HEPATOPHBIM pexXHUM, cpabaTbiBas HAKOIUICHHYIO BOAY BEPXHETO
Oacceiina. BpimaBaemass B 3TOM peXHME B CETh DSJEKTPUUYECKas MOIIHOCTh
oOecnieunBaetr noctostHCTBO Harpy3ku KOC u ADC, cpesas, Kak TOBOPST, MUKU
Harpy3oK.

Ycaosue rdpdextuBHocTr ucnosibzoBaHusi 'TADC 3aBUCUT OT COOTHOILIEHUS
OTepb, @ UMEHHO:

AWrase < AWioseiranc. (10.8)

B dbopmyne (10.8) ciera norepu KADC, B ocHoBHOM 3aBucsiue ot ee KITJI,
cripaBa — cymma norepb Ha KOC u ADC 3a cuer peryJimpoBaHUs UX HArpy3KH.
Hecmotps Ha To, yto KIIJI TADC HeBenuk (75 — 82 %) ucnons3zoBanue 'ADC
nosrydaercs BecbMa 3P HEeKTUBHBIM.

Pexxumbl pabotel TADC BHOCAT CyIIECTBEHHbIE TOMPABKU B KOHCTPYKIUIO
TypOMHHOTO M Te€HepaTopHOro obopynoBaHus. Tak, reHepaTopbl JOJIKHBI OBITH
COCOOHBIMHM pa0OTaTh B JBUTATEIBHOM PEXUME MPU MAKCUMAIBHONW MOIIHOCTH.
TypOunbsl nomkHBI paboTaTh B PEBEPCHBHOM PEXHUME — YHUCTO TYpOMHHOM U
HacocHOM. [Ipu HCMONB30BaHUK TOBOPOTHO-JIOTIACTHRIX TYpPOHMH 3TO BO3MOXHO
OCYLIECTBUTh COOTBETCTBYIOLIMM pa3BopoToM Jjomacteil. Ilpu wmcnonb3oBaHun
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paanaIbHO-0CEBBIX TYPOMH HEOOXOAMMO HW3MEHATH HAINpaBiICHHUE BPALICHHS, C
COOTBETCTBYIOIIUM TMEPEKIIIOUEHUEM MOPsAKa YepeoBanus (a3 reneparopa.

Ipuausubie 'IC (IIT'IC).

Coopyxenne npunuBHeix ['DC (III'SC) Bo3MokHO Ha Oeperax Moped u
OKEaHOB, TJI€ UMEET MECTO 3aMETHAsl BEJIMUYMHA Pa3HOCTH YPOBHEH BOJbI BO BpEMs
NpUJIMBA U OTJIHUBA.

O6mas cxema III'SC mokazana Ha puc. 10.7. Ha TII'DC kak mpaBuiio
UCIOJIB3YIOT OOpaTuMble TYpOMHBI, MO3BOJIAIOIINE pabdOTaTh Kak MpHU MPUIHBE,
3aloNHSAsl TpPU  STOM BOJOXpAHWIHWINE, KaKk W TpH OTIMBE, cOpachiBas
HAaKOIJIEHHYIO BOAY Yepe3 TYpOUHBI B MOPE (OKEaH).

B mnactosimee Bpemsi paboraetr skcnepuMeHtanbHas [II'DC na Konbckom
nonyoctpoBe MomHOCcThi0 400 kBt. Kpymnas III'DC paboraer Bo ®panuuu
MomHocThi0 240 MBrT. CymectByroT npoektsl coopyxkenus III'9C B Poccun,
Harpumep Mesenckas [1I'C B ApxaHreabckoit 00J1acTHu.

| Ypoaeub npu npuause J’poeeub e muae eume  '

: 'Yp_g_cem,npu omause|

Puc. 10.7. llpuanun padorsl IIT'IC.

KoHTpoJnLHbLIE BOIPOCKHI:

1. Kakne BHIIBI THAPOIIEKTPOCTAHIINI BbI 3HAETE?

2. Kakoe Ha3HaueHHE THIPOTEXHUYECKUX coopyxenuit ['IC?

3. YUto BXOOUT B COCTaB THJIPOMEXAHHYECKOrO0 OOOpYyAOBaHUS U
anekTpuueckoit yactu ['9C?

4. Kak xnaccuduumpyrot ['9C no komnoHoBke?

5. OObsICHUTE MPUHIUIBI PaOOTHI MPHUIIOTUHHON U nepuBarmonHoit ['DC.
Urto u3 cebs npeacrapiseT Hanop npuruioTuHHon ['DC?

6. Kak Bbl MOHMMaeTe SIBJICHHUS «KAaBUTAIUs» W «TUIPABIMYECKUN ynap»,
KaKo€ BJIMSIHME OKa3bIBAET KaBUTALIMS Ha cOCcTOsiHUE TypOuHbl [[DC?

7. O6bsacaute npuHiun padotrel ['ADC, kakue pexumbl padotel TADC BbI
3HaeTe?

8. O0BscHUTE MPUHIUIT padoThI puiuBHOM ['IC.

71



Jlexkuus 11.
BETPOOHEPI'ETUKA U COJIHEYHAS DHEPI'ETUKA.

Betposble 3s1ekrpoctanuuu (BIC).

B3C MoxeT cocTosATh U3 OAHOM, UAN HECKOJIBKUX BETPOBBIX SHEPIE€TUUECKUX
ycTaHoBok (BOY).

CymectByer 1Ba BapuaHTa KOHCTpyKIuMu BOVY: ¢ roprn3oHTanbHON OChIO U
BepTUKaIbHON ochio (puc. 11.1). IlepBrie Gosiee OBICTPOXOIHBIE, BTOPBIE OoJiee
tuxoxoausle. Haubonbiiee pacnpoctpanenue nonyunsin BOY ¢ ropuzoHTanbHOM
OCBIO.

Puc. 11.1. BapunanTel koHcTpyKuu BIY:
a) C TOPU30HTAIBLHOW OCHIO BPAIICHUS;
0) ¢ BEpTUKAJIBHOW OCBIO BpaIllEHNS,
1 — pabGouee koieco (BETPOKOIECO);
2 —roHnona; 3 — 6amHs; 4 — pyHIaMEHT.

OcHoBHbI€ 371eMeHTbI BOY.

1 — paGouee koseco BeTpoaBurarens. Hanbompinee pacnpocTpaHeHHE UMEIOT
TpexJonacTHele paboyne KoJjieca, HCHOIB3YIOTCS JABYXJOMACTHBIE W Jaxe
OJIHOJIOINIACTHBIE C POTUBOBECOM.

2 — TOHJ0JIa, B KOTOPOI PacloJIOKEeH PEIyKTOp U AJIEKTPUUECKHUI TeHepaTop.
Penykrop HeoOX0oauM JUisl MPUBEJICHUSI B COOTBETCTBHE CKOPOCTU BpAIlICHUs BaJia
pabouero koseca, KOTOpOe HaXOJUTCS B Mpejernax oT Jojied 000pOTOB B CEKYHAY
10 HECKOJIbKUX OOOpPOTOB B CEKYyHAY, U TEHepaTopa, HMEIOIIET0 CKOPOCTh
BpalleHUs] JIeCATKM OOOpOTOB B CEKyHAy. B KauecTBe TIeHepaToOpoB YacTo
UCIOJIb3YIOT ACUHXPOHHBIE JBUTATENN B T€HEPATOPHOM PEXHUME C MOCIEIYIOUUM
npeoOpa3zoBaTeIeM YaCTOTHI.

3 — OamrHs, IpeACTaBIISIIONIAs COO0M HECYITYI0 KOHCTPYKITHIO.

4 — pyngament BOVY ¢ BepTHKaNbHBIM BajOM HMEIOT JIOMACTU € Mpoduiem
OJMM3KUM K MPOQHII0 CaMOJETHOrO Kpblia (B HEKOTOPBIX SKCIIEPUMEHTAIBHBIX
BDY ucnonp3oBanuch KpbUibsi CaMOJIETOB). 3a CYET OOTEKaHUSI TaKOro MpoQuiis
CO3/IA€TCA OKPY>KHOE€ YCWJIME W COOTBETCTBYIOIIMM BpalllaTeIbHbIA MOMEHT. B
1esoM Takue KoHcTpykuuu BOY cioxuaee BOY ¢ ropu3oHTAIBHBIM BajoM.
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3
VYnenbHas (oTHeceHHas K | M~ BO31yXa) KHHETHYECKAsl SHEPIHsl BETPOBOIO

3
noToka (J>x/M”) onpenensercs mo BeIPpaKEHUIO:

2
w

E = Ps 7 , (1 1. 1)
IJIe p; — INIOTHOCTD BO3YXa, KI/M;
W — CKOPOCTh BO3AYIITHOTO TIOTOKA (BETpa), M/C;
YriensHast MomHOCTh (BT/M®), KOTOpas MEpeHOCHUTCS BETPOM B EIMHHILY
BPEMEHU Yepe3 EIMHUYHYIO IUIONIa/lb, MEPHEHANKYJISIPHYIO CKOPOCTH BETpa,
paccuuTbIBaeTcs 1o hopmyse:

1
P=E-w:5p3-w3, (11.2)

IJie p; — INIOTHOCTD BO3YXa, KI/M;
W — CKOPOCTh BO3AYIITHOTO TIOTOKA (BETpa), M/C;
[Tomras momHOCTh (BT) cTanmmoHapHOTO BETPOBOTO MOTOKA, MPOXOJSIIETO
gepes momanb A (M°), MepIeHUKYISPHYIO CKOPOCTH BETPA, COCTABHT:

N=P-A:E-W-A:%p3-w3-A, (11.3)

B cBoro ouepenp, miomans omeraemMas pabouuM kosecom BOY,
PACCUUTBIBAETCS 110 BBIPAKEHHUIO:

xD?
4 2
rae D — tuameTp JIONAaCTH BETPOKOJIECA, M.
C yuerom Bbeipaxkenuid (11.1-11.4), pacuetHas mouniHOocTh BOY ¢
TOPU30HTAJILHBIM BAJIOM MOXKET OBITh paccunTaHa cieayromei Gopmymoi:

xD? b4
4 .P.UBSYzg.pB.Dz.WS.np.nr.g Y (11'5)

A= (11.4)

NBsy =

riie P — yzienbHas MOIHOCTh BETPOBOTO MOTOKA, BT/M’;

neoy — KII /] BETpoaHEpPreTHUECKON YCTAaHOBKH, ONIpeAeisieMas Kak:

Mesy =1p " Nr* &, (11.6)

ne — KIIJI poropa, Bxitouas peaykrop; nr — KIIJ renepatopa, BkiItodasi Bce
npeoOpazoBareny; & — 1011 MOIIHOCTH, MMOJy4yaeMas BETPOJIBUTaTeleM OT MOTOKa
(k03 PUIHEHT MOIIIHOCTH).

B npumepe paccuntaem MoitHocTh BOY 1ipu AByX CKOpOCTSIX BETpa:
Wmin = 4 M/C, wmax = 20 m/c.

JIns manpHENIINX Pacuye€TOB IPUMEM:

Huametp Betpokosneca D = 10 M; miIoTHOCTH Bo3ayxa p, = 1,226 KT/M; KIIJI
poropa, BkJIw4Yasg peaykrop #neror = 0,9; KIIJI reneparopa, BKitOouass Bce
npeobpazoBarenu Nrew = 0,9; koadunment momuoctu § = 0,45 (3HAUEHUS PTOU
BEJIMYMHEI JieKaT B ipeaenax 0,4... 0,5).

Brruucnenus no ¢popmyse (11.5) narot ciaegyromniue 3HaUCHUS:

Non —%-1,226-102 -4°-.0,9-0,9-0,45=1,123 kBt

BOY

Ny =3’—;4-l,226-102 -20°-0,9-0,9-0,45=14,032 xBr _
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W3 pacuetoB, BuaHa OOJbIIasl 3aBUCUMOCTh MOIIHOCTH, pa3BuBaemMoil BOY
OT cKopocTH BeTpa. OgHAKO, MpU CKOPOCTH MPUOMMKAOIIEHCs K 25 M/c onactu
BETPOKOJIeca CTaHOBATCS B (urorepHoe (HEHTpalabHOE) IMOJIOKEHHE (€Clu OHU
UMEIOT U3MEHSIOIIUICS YroJl aTaku).

Opnum u3 cyuiecTBEHHbIX HegocTaTkoB BOC saBisieTcs nmoiHas 3aBUCUMOCTh
BBIJIaBAEMOl  MOIHOCTHM OT CKOPOCTH BETpa, BEJIMYMHA KOTOPOH HUMeEEeT
BEpOSITHOCTHBIN xapakTep. [loaromy nmpaktuuecku BOC moryt paboTaTh TOJNBKO €
APYTUMH, >KENAaTeIbHO MOOWJIBHBIMH HCTOYHHKAMHU 3JEeKTpodHepruu. I[lpumep
KOMOMHHpPOBAaHHOTO  wucmonb3oBaHuss  BOY  u  comneunoit  Oartapeu
(boTodnEKTpUUECKOTO MPeoOpa3oBaTesisi COJHEYHOW JHEPTUH) MPEACTaBICH Ha
puc. 11.2.

Xopomiee coueraHwe mnoiydaercss npu coeauHeHun ['DC, wumeromei
Bojoxpanwmie, 1 BOC, cousmepumoir momnoctu. IIpu Hammuum Betpa I'DC
HAKaIJIMBaeT BOJY B BOJIOXpaHuiuile, npu orcyrcTBuu Betpa ['DC cpabartbiBaeT
HAKOIUJICHHYIO BOJY.

Puc. 11.2. KoMOMHMPOBaHHOE HCIIOJIB30BAHME
BETPOBOIl U COJTHEYHOM IHEPIrUHU:
1 — B3V ¢ ropu3oHTanbHON OChIO BpALCHMUS;
2 — (hoTORIIEKTPUUECKHUI TIPe0OPa30BaTENH COTHEYHON SHEPTHH.

Camas kpymHast B cBoe Bpemss BOC Obima moctpoena B 1931 romy B
Kpeimckom momyoctpoe. B CHIA oxono 5% Bcelt sHeprum, morpediseMoil Ha
HYKJIbl CEJIBCKOTO XO3SIMCTBA, MPUXOIUTCS Ha 3HEpruro Berpa. Bemytcs paboTs
no cosgannto BOY cpemmeit (40...250 kBt) m OGomemioit (6omee 250 xBT)
MOIITHOCTH, PACCUUTAHHBIX Ha pabOTy mpu CKOpocTH BeTpa 9...11 M/c.

CoJiHeYHAasl JHEPreTHKA, COJTHEYHbIE 3JIeKTPOCTAHIIMY.

Cyl1iecTByeT HECKOIbKO BAPUAHTOB MPEOOPA30BAHUS COJHEYHOW 3HEPrUU B
AIEKTPUUYECKYIO.

IlepBeiit  Bapuant: Jlnsg mnpeoOpa3oBaHWs  COJHEYHOM  pagualuv B
ANEKTPUUECKYIO PHEPTUI0 B MPOMBIIIIEHHBIX MacuTabax CIyXUT MoauduKanus
oobrynoit TOC, paboTtaromieit mo 1ukiy PeHknHA, B KOTOPOH BMECTO IMapOBOTO
KOTJla HAa OPraHMYE€CKOM TOIUIMBE ISl MOJYYEHHUS W NEpErpeBa BOISHOIO Mapa
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HCTIONB3YIOTCSA KOHILEHTPATOPHI COJTHEYHOW SHEPIMU U BaKyyMHbBIE KOJUIEKTOPBI
COJIHEYHOTO U3JIy4YECHUS.

Conneunsble TeroBbie dekTpoctaniu (CTIC) comepxar Bce 0ObIUHBIE IS
TEIJIOBOM AJIEKTPOCTAHIIMM arperaThl: TypOUHY, 3JEKTPOTreHepaTop, KOHAEHCATop,
NUTATEJbHBIA HACOC, HACOCHI OXJIAYKIAOIIECH BOABI U T. 1.

KonctpyktuBno CTOC ObIBalOT JBYX THUIOB: OallleHHbIe H MOAYJbHbIE. B
o6amennoit CTOC wumeeTcss UEHTPaIbHBIA NPUEMHUK COJHEYHBIX JIy4eH,
YCTaHaBIIMBAE€MbII Ha CIIEAAIILHOM Oarue u BOCHPUHUMAOIINI
CKOHIICHTPUPOBAHHBIE COJIHEUHBIE JIy4Yd, HaIpaBiIeMble HAa HEro CUCTEMOM
remoctatoB  (puc. 11.3,a). Temmocratel pacmomararotcst moj —OamHeld U
aBTOMAaTUYeCKU MoBopauuBaroTcs Beaen 3a ComHueM. Kaxaplii Takoil rennocrar
COJCPKUT COTHU CIEHHAIBHO OPUEHTHUPOBAHHBIX 3€pKAJl, HANPaBISIOMINX
MaJlalolIMe Ha HUX COJHEYHBIE JIyYd HAa MOBEPXHOCTh IIEHTPAIbHOTO MPUEMHHUKA.
['enrocTaThl yCTaHABIUBAIOTCS C CEBEPHOM CTOPOHBI OAIIHU UM BOKPYT HEe.

1

Puc. 11.3. 3epkajibHble KOHIEHTPATOPHI COJTHEYHOM PaIualum:
| — conHEUHBIN KOJUIEKTOP; 2 — 3epKajlo; 3 — BaKyyMHBIH KOJIJIEKTOP;
4 — mapaOoOJOIMIHHAPUYECKUN KOHIICHTPATOP.

CTOC wMOoaympHOTO THMA COCTOAT W3 OOJIBIIOTO YHCIA BKJIFOYAEMBbIX
napajuieIbHO WM TOCIIEI0BATEIbHO OJHOTHITHBIX MOJyJIEH, MPeICTaBISIONIINX
co0Ol KOHIIEHTPATOPhl MapabosoruIuHapuiyeckoid ¢opmel (puc. 11.3,0), B
TpyOKax KOTOPBIX MCHApSIETCs U MeperpeBaercs: paboudee Teno, a oOpasyronuics
nap HarpaBJsieTcs 3aTeM Ha TypOuHY.

OtrnnunrensHoil 0ocodeHHOCThI0 CTOC sBAsieTcss 00A3aTENbHOE TPUMEHEHUE
aKKyMYJIITOPOB TEIJIOBOM WJIM JJIEKTPUYECKOW DHEPIrUd, YTO OOecreuynBaeT
HenpepbrIBHOE (YHKIIMOHUPOBAHHUE CTAHIIMM B HOYHOE BPEMsI UJTU B HETIOTOTY.

doToz1ekTpudeckune npeodpasosaresan (PIII)

Brtopoii nyTh UCIIOJIb30BaHUSI COJTHEUHOM SHEPTUU CBSI3aH C UCIIOIb30BAHUEM
(hOTORIEKTPUYECKUX TMpeoOpa3oBareyiel (COMHEYHBIE D3JIEMEHThI) Ha OCHOBE
kpemuus (KIIJ 8 — 24%). Ilpu 3TOoM pa3nuyaroT COJHEYHbIE SJIEMEHTHI:
moHokpuctamueckue (KIIJ 15 — 24 %), nonukpucramnnueckue (KIIJ 12 — 16
%), amopdusie (KIIA 8 — 14 %), Ha ocHOBe apceHuaa ramuius (COeIuHEHHUE
Mblibsika ¢ ramuem) ¢ KITZ 30 % u 6onee.

Conueunbii  smemeHT (DPOII) — ycTpoMCTBO, coOCTOsIIEe U3 TOHKUX
(npumepHo 50 MKM) IUIGHOK KpPEMHHS WM JPYTUX IOJXYNPOBOJHHKOBBIX
MaTEpUaJIOB U PEATU3YIONINX TaK Ha3bIiBaeMbld BHYyTpeHHUN Qorodddekrt. CyTh
BHyTpeHHero  ¢otoadp¢ekra CcOCTOUT B TOM, YTO TMpH  [ONAJAAHUU
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AIEKTPOMATHUTHOTO M3TydeHUs (B HaIleM CiIydae CBETOBBIX M HH(PaKPaCHBIX
BOJIH) Ha TMOJYNPOBOJHHUKOBBIA MaTepwal C p-n TPOBOAUMOCTHIO B HEM
noriomnarTcs GotoHs! U Bo3HUKaeT JJIC, cmocoOHas cTaTh HCTOYHUKOM TOKA JIJIst
M00BIX BHEIIHUX Harpy3ok (puc. 11.4).

| [
: A A yiy :
H E/ A m iy m ZLL
6 | Bk
2 HHHHHHHHH]\-\H\HHHHHH 5 : : _‘._/_
++n + + Ry 2 Y
=, U 7 |
BH | yiN Vi N
3 I |
4 | b ] b |
| 1
a) %zs i Y
L S el s .f’l-
6) e

Puc. 11.4. YcTpoiicTBO COJIHEYHOM OaTapen:
a) coHeyHbIN dreMeHT-DOI1; 6) comHeUHbII MOy,
| — neHka quoKcua KpEMHUS; 2 — 3JIEKTPOJ, € 7i— IPOBOJAUMOCTBIO;
3 — 3JIEKTPO/] C p— MPOBOJUMOCTHIO; 4 — KOHTAKTHAs MJIACTUHA;
5 — BBIXOJHBIE KOHTAKTHI; 6 — COJTHEYHBIA MOJYJIb;
7 — conmHeuHas OaTtapesi; 8 — IIyHTHPYIOLIHHA O/,

3aBUCUMOCTb TOKA COJIHEYHOTO 3JIEMEHTA OT €0 HAIPSKEHUS IIPU 3a1aHHON
BEJIMYMHE MOIIHOCTU IIOTOKA COJIHEYHOTO W3JIyYEHHUS] ONMCBIBAETCS BOJBT-
amriepHoil xapakrepuctukoil (BAX). Xapakrepueimu toukamu BAX (puc. 11.5)
ABJISIFOTCSL TOYKa IepecedeHus: KpuBod BAX ¢ ocbro HampspKeHW, Ha3blBaeMas
HanpspkeHueM Xxonoctoro xoja (Uy) M TOYKAa TEpeceYeHUsi ¢ OChbI0 TOKOB,
Ha3bIBa€Masi TOKOM KOPOTKOTO 3aMbIKaHus (/).

I, A P, Br

1pt ______________________ <\ ¢ Pryx

pnBaa MOLWHOCTU

: : : : ! : U,B
0,1 0,2 03 04 05 U,

Puc. 11.5. BoabT-amnepHasi XapakTepuCcTHKa M KpuBasi MomHocTH ©II1

HanpsbkeHne  XOIIOCTOTO — XOJ[a, TEHEPHPYEeMO€ OJHHUM  COJHEYHBIM
3IIEMEHTOM, cocTaBisieT okoso 0,6 B 1 He 3aBUCHUT OT pa3MepoB 3ieMeHTa. B To
BpeMs KaK TOK KOPOTKOTO 3aMbIKaHUS, a COOTBETCTBEHHO M pabouuii TOK
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COJIHEYHOTO AJIEMEHTA, MPSMO MPOTMOPIIMOHAIBHBI MHTEHCUBHOCTH MOCTYIIAIOIIETO
U3NTy4YeHUs] W pa3Mepy COJIHEYHOTO DBJEMEHTa, TO €CTh IUIOIIAJd €ro
Jy4EBOCIIPUHUMAIOIIEH MOBEPXHOCTH.

[TockonbKY COJTHEYHBIE AJIEMEHTHI TI0 TEOMETPUUYECKUM pa3MepaM HEBETUKH,
TO HX TIOJIe3HAsE MOINHOCTh Takke HeBenuka. HawuOosiee xapakTepHbl A
CYILECTBYIOIIMX Ha MPAKTUKE COJIHEYHBIEC DJIEMEHTHI cienyroiue 3Hauenust U u [:
nopsinka 0,47 B u 0,02 Alem® wm nopsinka 1,5 A 1711 COTHEYHOIO 3JIEMEHTA B
LIEJIOM, COOTBETCTBEHHO MOIITHOCTHL 0K0JIo 0,75 BT .

JIiist mosrydenusi OOJIBINIETO HAMPSHKEHUS C COOTBETCTBYIOIIMM YBEIIMUYCHUEM
MOIIHOCTH, COJHEYHBIE 3JIEMEHThl COCIMHSIOT TIOCJIEIOBATEIbHO, CO3JaBas
COJIHEUHBbIe Moaynu. Jlia TmomydeHus coyiHeuHOW Oarapeu emie OoJbiei
MOIIHOCTH OOBIYHO  CO3JAIOT JIMHEHKH MOCIEA0BATEIbHO COEIMHEHHBIX
COJIHEUHBIX MOAYJIEH U X COSAMHSIOT apayensbHo (puc. 11.4, 6).

OOBIYHO TPU TOCHEAOBATEIILHOM COEIMHEHUH 36 COJIHEUHBIX AJIEMEHTOB
MOJIY4alOT CTaHAAPTHBIM  COJHEYHBIH MOIYJIb C 3HAUY€HHEM paboyero
Harnpspbkenus okosio 16...17 B (0,45....0,47 B Ha snement) npu 25°C. Takoi
3amac mo HarpsHKEHUIO MO CPABHEHUIO C HAMpsKEHUEM MojaHoro 3apsana (14,4 B)
IPUMEHSIEMBIX COBMECTHO C COJHEYHBIM MOYJEM aKKyMYJIATOPHBIX OaTapei
(AKB) HeoOXoauM 4YacTMYHO MJiI TOTO, YTOOBI KOMIICHCHPOBATh TMOTEPU B
KOHTpoJuiepe 3apsna-paspsiga AKB, a B OCHOBHOM — CHI)KEHHE pabouero
HaIMpSOKEHUST COJIHEYHOTO MOJYJs TIPH €ro HarpeBe wu3nydeHueM. Tak, B
peabHBIX yCIOBUSX pPaOOThI  COJHEYHBIE MOJYJIHA Pa3OrpeBarOTCA [0
temmeparypbl  60...70°C, 9TO COOTBETCTBYET CMEIIEHUIO TOYKH paboyero

HaIPSDKEHUS, K IPUMEPY, IS COTHEYHOIO MOYJIS ¢ pab0YUM HaNpsHKEHUEM IPH
25°C U,= 17 B no U,= 13,7...14,4 B ipu 60°C .

KoHTpoJLHbLIE BOIPOCKHI:

1. Kak ycTpoeHa BETpOIJEKTpUUYECKAs CTaHIMS, U3 KAKUX OCHOBHBIX Y3JI0B
OHa COCTOHUT?

2. I1o xkakuM NpUYMHAM BETPOIHEPIETUUECKNE YCTAHOBKH C TOPU30HTAIIBHON
OCBIO BpallleHHUsI BETPOKOJIeca MOJIyYHJId HauOoJiblliee paclpoCcTpaHeHUE?

3. Kak paccuuTaTh yAEIbHYIO KMHETHYECKYIO DHEPTUI0 BETPOBOIO MOTOKA,
€ro yJIeJbHYI0 MOIIHOCTb U MOJIHYI0 MOLITHOCTh BETPOBOI'O MTOTOKA?

4. TlpuBenute dopmynay uisi pacueTa MOIIHOCTH, pa3BuBaeMod BDOY, m
00BsACHUTE €€.

5. Kakoil mnpuHuuMn paboTbl W YCTPOMCTBO COJIHEYHBIX TEIJIOBBIX
ANEKTPOCTAHIINI?

6. Kaxoil mnpunnmun paboTel (HOTOINEKTPUUYECKOTO MPeoOpazoBaTes
COJIHEYHOM SHEPTrUM, KaK OH YyCTPOEH U Kakoil y Hux KIT/?

7. UTo oTpa)aer BOJbT-aMIIEpHAsI XapaKTEPUCTUKA COJIHEUYHOIO AJIEMEHTA?

8. Kakue BelecTBa MpUMEHSIOTCA JJII M3TOTOBIEHUS (OTOIIEKTPUUECKUX
npeobOpaszoBaTesneil COMHEYHON YHEpTrun?
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Jleknusa 12.
OCHOBHOE OBOPYJIOBAHUE TEHJIOBI)IX
QJEKTPUUYECKUX CTAHIIUA

TOC mno Buay oTImycKaeMoll »SHEpruu JAedsIT Ha KOHIACHCAIIMOHHbIE
anekTpoctadiuu (KOC), Ha KOTOpbIX BbIpabATHIBAETCA TOJBKO SJIEKTpUYECKas
sHeprus, u TtemnodiekTpoueHtpanu (TOLl), cayxamue s NONMydeHUs: Kak
AIIEKTPUYECKON SHEpruu, Tak u TemnoTel. TOL[ oOblyHO mpeactaBnsieT u3 cels
napotypObunHyto snektpoctaniuioo, TOC ¢ ra3oTypOMHHBIMU yCTaHOBKaMU
Ha3bIBAIOT ra30TYpOMHHBIMHU djiekTpocTanmusamu (I'TOC).

OcHoBHoe o0opynoBanue TOC BKIIIOYAET: KOTEJIbHYIO YCTAHOBKY C MAPOBLIM
KOTJIOM, MpeoOpa3yloluM 3JHEPTUI0 TOIUIMBA B JHEPIHI0 BOJISHOIO IMapa;
IapoBYIO TypOWHY, MpeoOpa3yIoIlyl0 3HEPTHI0 BOJASHOTO Mapa B MEXaHUYECKYIO
AHEPTHUI0, MEPEIaBAEMYIO Uepe3 Ball AJIEKTPOTreHEepaTopy; KOHJAEHCATOP, B KOTOPOM
OTpabOTAaHHBIN NP KOHJAEHCUPYETCS.

KoreqbHble YCTAHOBKM, B 3aBUCHMOCTM OT Ha3HAuY€HUsS OBIBAIOT:
sHepreruyeckue (ucnoibdytorcs Ha TOC myis BbIpaOOTKH 3IEKTPOIHEPIHH),
OTONUTEIbHBIE (A1 1eJied OTOIUIGHHS] W TOpSYero BOJAOCHAOXKEHUs) U
IPOU3BOJICTBEHHBIE (/JI1 TEXHOJIOTHYECKOTO Mapo- U BoAOCHa0keHus1). B olmem
clly4yae KOTeJbHas YCTaHOBKA BKJIIOYAET B ceOsl MApOBOM WIIM BOJAOTPEHHBINA KOTEI
(KOTenbHBIN arperar) u BCIOMOoratrelibHoe 000py0BaHUE.

TexHonornyeckas cxema KOTEJIbHOW YCTaHOBKM INOKa3zaHa Ha puc. 12.1, raoe
MPEACTABICHB 0003HAYCHUS U Ha3HAYCHUE PJIEMEHTOB KOTEIHPHON YCTAHOBKHU:

IlapoBoii _(QHepreTuyecKrii) KOTeJ SBISIETCS OCHOBHBIM JJIEMEHTOM
KOTEJIBHOT'O arperara U NpeJcTaBisieT cO0O TErIOOOMEHHOE YCTPOMCTBO, Yepes
METAITMYECKYIO MOBEPXHOCTh KOTOPOTO MPOUCXOAUT Mepeiada Teria OT ropsiunx
OPOAYKTOB TOpPEHHs TOIUIMBA BOJ€ JUIsl TOJYYEHHUS HACBIIIEHHOrO mapa.
OCHOBHBIE XapaKTEPUCTUKH MApOBBIX KOTJIOB: MNapONpPOU3BOAUTENLHOCTh (D,
KI/C), 1aBJICHUE Tapa, TEMIEpaTypa napa u NUTaTeabHOU BOJIBI.

Knaccudukanus napoBbix KOTJIOB:

1) mo BUAy MCMOIB3yEMOTO TOIUIMBA (Fra30Ma3yTHBIE, YTOJIbHBIE U T.11.);

2) Mo MPOU3BOJUTEIBLHOCTH (Majible KOTIbI — MapOoNpOU3BOAUTEIBHOCTD 0
25 1/4; cpenneit MmomHoCTH 110 220 T/4; 60JIBIION MOITHOCTH cBbIle 220 T/4;

3) 1o TaBICHHIO TIapa, KOTOPOE KOTEN MOXKET 00eCIeUnTh (HU3KOTO JaBICHUS
— 1o 1,4 Mlla; cpennero naBnenus — 10 4 Mlla; Beicokoro aaBnenus — 10 14 MIla
¥ KOTJIbI paboTarolye Ha CBEpX KPUTHUECKHUX MapaMeTpax mnapa (1o 26 MIla).

4) MO KOHCTPYKTUBHOMY BBIMIOJHEHHIO — MPSIMOTOYHBIE M OapabaHHbBIE. Y
NEepBBIX Map, MOcje ero 0o0pa3oBaHUs Cpa3y, HEMOCPEACTBEHHO IMOCTYMaeT K
notpeburento mapa. Vcmonb3yroTcs B KaduecTBE HCTOYHHMKOB IMapa Ha KOTJax
HEOOJBIION MOIIHOCTH HE OYeHb 4YacTo. Yaile HMCHOJb3YIOTCS Ha MOUIHBIX
KOTENbHBIX arperarax. bapa®aHHbIe KOTJIBI MMEIOT CHEIHalbHBIA pe3epByap,
UMEHyeMbIil 0apabaHOM, rie MPOUCXOIUT pa3esieHHe BOJIbl U Mapa, HaKOILJICHUE
onpeaereHHoro oobema napa.
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Puc. 12.1. Cxema KOTe/IbHON YCTAHOBKHU:

1 — Oynkep yrius; 2 — MeNbHUIA U pa3MaliblBaHUs YIisl (B pe3ysbTare MOJydaercs
yroJibHAA MbLIb); 3 — BEHTHIATOP (TIOJAET MBUIEBUIHOE TOTUIMBO K TOPENIKaMm);

4 — ropenku (K HUM TMOJAETCS ¢ OAHOH CTOPOHBI TOIUIMBO, C APYrod IMOAAETCS BO3AYX;
MPOU3BOJUTCS MX CMEIIMBAHWE M Ha BBIXOJAE TOPEIKHU MOJKET TOILTUBO-BO3IYIIHOM
cMecH); 5 — Tomka KoTia; 6 — sKpaHHbIe TPYOB! (IIOKPHIBAIOT BHYTPEHHIOIO YacTh TOMKH
CO BCEX CTOPOH. DKpaHHbIe TPYObl NMPUHUMAIOT TEIUIOTY (akena M TOMOYHBIX Tra3oB
KOHBEKTHBHBIM W  PaJHallMOHHBIM myTeM. OHH K€ OCYIIECTBISIIOT  IPOIECC
TEIUIoNepelayl 4Yepe3 CTEHKH TPyO OT TOMOYHBIX Ta30B BOJE, KOTOpas LUPKYIHUPYET
BHYTpu TpyO. Ilpomcxomutr ee HarpeBanue W wucnapenue); 7 — Oapaban koria (map
MOCTYNUBIIMK B OapabaH 3aHUMaET €ro BEPXHIOI 4YacTh, HIDKHIO 4YacTh OapabaHa
3aHHMMAeT BOJla, KOTOpasi 4epe3 OMyCKHBIE TPYObI OIyCKAeTCsl B HUKHHUNA KOJUIEKTOP KOTJIa
U 3aTeM TIOCTyNMaeT B JKpaHHbIE TPYObl, NMPHU JABMKEHWH BBEpPX OHAa HarpeBaercs M
ucrnapsiercsi); 8 — maponeperpeBatenb (€ro Ha3HAUYEHHE — JOBEACHHUE TEMIIEPATyphbl U
BJIQYKHOCTH T1apa 110 TpeOyeMbIx 3HadeHui. [lap, moctymaromniuii B TypOUHY TOJDKEH OBITH
cyxoi, ¢ temmeparypoii B mpenenax 400 — 650°C); 9 — BoasHON sKOHOMal3ep (s
MPEeIBApUTELHOTO MOIOrpeBa MUTATEIBLHOM BOJIbI B OapabaH KOTJa yXOASIIUMU ra3aMu ¢
temneparypoil okosno 260°C); 10 — Bo3ayxomoaorpeBarenb (s MOAOIPEBA BO3JyXa
nepen momauyeit ero B ropenku); 11 — Gak mUTAaTeIbHOW BOIBI (MMEET Jea’palliOHHOE
YCTPOWCTBO ISl yJAJCHUs BO3AyXa M3 MUTATEIbHON BOABI); 12 — mUTaTENBHBIA HACOC,
noJlaloIuii Boay B OapabaH KOTJIa U CO3JAIOIIUKA He0OX0IMMOe aBICHUE BOJIBI M Mapa;
13 — BEHTWJISATOp, HATHETAIONIUK BO3AYX Ye€pe3 BO3AYXOMOAOTrPEBATENb B TOPEIKH KOTJA;
14 — 3panue kotrna; 15 — yCTpPOHCTBO OYHMCTKM JBIMOBBIX T'a30B OT 30JbI M JPYrHX
BEIIIECTB, KOTOPHIE HENb3sl BbIOpackiBaTh B aTtmocdepy; 16 — mpimococ, obecrieunBaet
JIBIDKEHUE JBIMOBBIX Ta3oB B JIBIMOBYIO TpyOy; 17 — npimMoBas TpyOa, ee Ha3zHaueHHUE
3aKJIIOYAeTCs B BBIOpOCE IBIMOBBIX Ta3oB B arMmocdepy; 18 — Oareprslii Hacoc,
OCYILIECTBIISIET 30JI0yJAJICHUE.

bykBamu 0603Ha4eHBI TyTH: a — TI0JIaYM CHIPOM BOJIBI, 0 — IMOCTABKH CyXOTO Tapa,
B — TOILJIUBA, I — BO3/1yXa, I — ABIMOBBIX a30B, € — IIIJIaKa U 30JIbI.

79



KIIJI mnapoBoro KkoTia TmpeACTaBiIsieT COOOW OTHOIICHHWE TIOJIE3HO
UCIIOJIB3YEMOU TEIIIOTHI Oy K PacnosiaraeMou TerioTe QOrony

n.= Q"A-IOO% ) (12'1)

TOIIJI

3nech pacmonaraemasi Teriota (.., BKIOYAET B Ce0S HUBIIYIO TEIUIOTY
CrOpaHus TOIUIMBA; TEIJIOTY BHOCHUMYIO B TOIKY TOIUIMBOM; TEIJIOTY BO31yXa,
MOCTyMaroumero B Bozayxonogorpesareisib. KIIJ[ cOBpeMEHHBIX 3HEPreTHYECKUX
KOTJIOB JIEXUT B nipenenax 90 — 95%.

IIapoBbie TypOMHBI.

[lapoBbiMH TypOMHAMHU Ha3bIBAIOTCS TEIUIOBbIE JBUTATENIH, B KOTOPBIX
NOTEHIMAJIbHASI SHEPT U Mapa cHavaljla npeodpa3yercss B KHHETUUYECKYIO SHEPTHIO
CTPYH, @ 3aTE€M DHEPTUs CTPYU — B MEXAaHUUECKYIO pabOTy BpallleHHUs Baja.

B 3aBucumoctu 0T ciocoba nmpeoOpa3zoBaHus MOTEHIMAIBLHON SHEPrUM napa
B MEXAHMYECKYI0 paboTy pa3iinyaloT aKTHBHbIe U peaKTHBHbIe TypOuHbl. B
o0oux THUMax TypOMH OCTpBIN Map MOCTyIaeT CHayaja B COIUIA, I/I€ MPOUCXOJIUT
€ro paciMpeHue u npeoopa3zoBaHue 3aKII0YEHHOW B HEM MOTEHIIMATILHON YHEPTUU
B KUHETHMYECKYI0 JHEPrui0 CTPyH. 3aKOHBI, MO KOTOPBbIM MPOUCXOAUT 3TOT
MpOLIECC, M3Y4AlOTCS B TEOPUHM HcTedeHHs. B 3Tux TypOumHax MexaHuyeckas
paboTta BpamieHHs Bajia BbIpadaThiBaeTCs Ha paboOYMX JIOMaTKaxX, KECTKO
CKPEIUIEHHBIX JHCKaMM, HacaKeHHbIMH Ha Bai. OpHako, pabouuil mpolecc Ha
JIOTIaTKAaX aKTUBHBIX TYpOUH CYIIECTBEHHO OTIMYAeTCsA OT pabodero mporecca Ha
JIOTIaTKaX PEaKTUBHBIX TypOUH.

Cxema mpocreilield akTMBHOM TypOHMHBI NoOKa3aHa Ha puc. 12.2. Takoi
OPUHIMI JEeHCTBUSI TypOUH ObLT M3BECTEH ellé B riIyOOKOM JIPEBHOCTH, MPaB.a,
peann30Bajcs OH B BUJI€ BOJISIHOTO KOJIECa, BPAIlaeMOIro TEYEHUEM TTOTOKA BOJIbI.

~_2, 3
1I/| Puc. 5.2. Ilpocreiimas
4 aKTHBHasl TypOuHa:
Wy 1 — como;
O )— 2 — BOJISHOM map;
3 — nomarTku;
5 4 — pabouee Koyieco (IUCK);

5 — Bajx TypOUHBI

OOBIYHO MOTOK MMapa WUJIM ra3a MOABOJUTCSA HE CBEPXY M MEPHEHIAUKYISIPHO
ocl TypOuHBI, a COOKy, MOJ OCTPbIM YIJIOM K IJIOCKOCTH BpauieHus. IloTok
noa€Tcs yepe3 HaNpapJsIOIIUMA anmapat B BUAE PACIOI0KEHHBIX 110 OKPYKHOCTH
HEMOJBI)XKHBIX COIUT (coruioBasi pemérka). Beixopsmiye U3 comil CTpyd Mapa
NoMajaloT Ha JIomaTku padodero Koiseca, CUASAIIEro Ha Baixy TypOuHbl. PoTtop
TypOMHBI BpalllaeTcs Ha MOANIMIIHUKAX B KOpIIyCe MAIUHbI, a COIJIOBBIC
anmapatbl COEIMHEHBI C KOPIyCOM U Tpu paboTe TypOHHBI OCTAIOTCA
HETIOJIBH>KHBIMH.
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OOBIYHO COMJIOBBIE KaHANbl OPTaHU3YIOTCS C TOMOINBIO CIEHUATbHBIX
COIUIOBBIX JIOMATOK, YCTAHABJIMBAEMBIX IO BCEM OKPYXHOCTH AMCKA, KOTOPBIN
Ha3bIBAIOT nuadparmoil. Junadparma umeeT ropu3oHTAIBHBIN Pa3bEM, a B LICHTPE
e€ MMeeTCsl OTBEpCTUE JAMAMETPOM d, 4epe3 KOTOPOe MPOXOAUT Bajl TYpPOUHBI.
CedeHue mo cpeaHeMy AUMAMETPY JIOMATOK ) HA3bIBAIOT COIUIOBOM PEIIETKOMA.
dopMa COIIOBBIX JIOMATOK TAKOBA, YTO MEXy HUMHU 00pa3yloTCsl Cy>KUBAIOITUECS
COIJIa, B KOTOPBIX MPOUCXOIUT PA3rOH MOTOKA Napa. B oTaenbHbIX Ciiydyasx MOKET
NPUMEHSThCS corio JlaBasid, MO3BOJISIONIEE PA3TOHATH Map /A0 CBEPX3BYKOBBIX
CKOpPOCTEM.

PoTops! TypOMH BBIMOIHAIOTCS UM AUCKOBOTO TUIIA, KOTJa paboyue JIONaTKu
YCTaHABIMBAIOTCS Ha CHEIUANbHBIX JHUCKAaX, COCAMHEHHBIX C BaJIOM, WIH
O0apabaHHOTO THMA, KOTJA JIOMATKH MOHTHUPYIOTCS HAa CIUIONIHOM (UTH TIOJIOM)
OapabaHe Baa.

TypOuHbI, B KOTOPBIX BECh pacrojiaraeMbli Terionepenas npeodpasyercs B
KMHETHUYECKYI0 JHEPrui0 MOTOKAa B COIJIaX, a B KaHaJlax MEXAY JOMaTKaMu
paclIMpeHHsl W pa3roHa rasa He MPOUCXOJUT, HA3bIBAIOTCA AKTHBHbIMH. B
aKTUBHOW TypOHWHE MPOXOAHOE CEUEHUE KaHalla MEXIy JIomaTKamMu TypOUHbI
JIeIaeTcsl MOCTOSTHHBIM, U CKOPOCTh U JIaBJIEHUE Tlapa TaM HE MEHSIOTCA.

B peakTuBHBIX TypOMHAax UCIHOJIb3YyEeTCS TaKXKE€ pPEaKTUBHAs  CHIIA
BBITEKAIOIIETO M3 COIUIa IMOTOKa. B 4YMCTOM BHAE — 3TO aBHAI[MOHHbBIE
TypOOpEaKkTUBHBIE TBUTATENH, TOJIKAIOIINE CaMOJET BIEPEH MPH BHIOPACHIBAHUU
MPOAYKTOB Cropanusi B atMmocdepy yepe3 cormio. OTHAKO K peaKTUBHBIM OTHOCST
mo0ble TYpOWHBI, Y KOTOPBIX pacIojiaraéMblii Teruionepenaa npeodpasyercs B
KMHETUYECKYI0 SHEPTHI0 IOTOKA HE TOJIBKO B COIJIOBOM arapare, HO M B KaHajax
Mexay pabounmu jomatkamu. s aToro mpoduias pabouux JIOMATOK JenaeTcs
TaKUM, YTO MPOXOJIHOE CEYCHHE HE MOCTOSHHO, a YMEHbIIaeTca. B peakTHBHbBIX
TypOMHAaxX pacUIMpeHHEe Mapa MPOTEeKaeT Kak Obl B JIBa 3Tara: BHAa4yajie B COMJIOBOM
amnmnapare, a 3aTeM 1 B MEXKJIONATOYHBIX KaHaJIax pabovero Koseca.

OTtHolieHue Terionepenana Ha padouunx jomarkax Ah, k pacrnosaraemomy
TEIJIoNepernaay Ha3blBaloT CTENEeHbI0 PEAKTUBHOCTH TYPOUHBIL:

Ay (12.2)
Ah,

IIpu Q = 1 — yncTO peakTHBHAsA CTyneHb, npu ) = 0 — YUCTO AKTUBHAA
cTymneHb. Yalle Bcero sHepreTuyeckue TypOounsl umerotr Q = 0,5.

[Tpu Q = 0,5 comnoBsie U paboune JONATKH UMEIOT OAMHAKOBBIN NMPOhUiIb U
¢dbopmy. [1oaTOMY OT CTYNEHH K CTYyNEHHU YBEJIMYMBAIOT TOJIBKO BBICOTY JIOMATOK,
TaK Kak IPU PACIIUPEHUH B COTUIaX 00BEM Iapa yBeJINMYUBAETCS.

[To nHazHayeHuto TypOWHBI OBIBAIOT cCieaylomuX TUroB (cepui): K —
KOHJICHCAIlMOHHbIE (BeChb OTPAaOOTAaHHBIN Map HaNpaBisIeTCs B KOHJIEHCATOP JJIst
neperayr MOIIMHOCTH Yepe3 Bajl 3JIEKTPUUYECKOMY T€HEepaTopy C MOCIeqyroen
BBIPa0OTKON 3NeKTpuueckor 3Heprun); Il — KoHIEeHCAMOHHBIE ¢ OTOOpPOM Mapa
I IPOMBINIIEHHOTO noTpebienus; T — ¢ otbopoM mapa Ha Teropukanuio; 11T
— € IByMS pEryIMpyeMbIMU 0TOOpaMu mapa (MOTPEeOUTENI0 U Ha TEIUIO(UKALINIO);
P — ¢ mporuBOJaBiE€HHEM Ha BBIXOJE M3 YCTAHOBKHM (padOTaroIIME TOJIBKO Ha
otOope mapa, UMEHHO 3TOT OTOOp oOecreunBaeT 00hEM Mmapa, MPOXOISAIINI Yyepe3
IPOTOYHYIO YacThb TYpOMHBI M CJI€I0BATEIbHO MOIIHOCTh Ha ee Bany); IIP — ¢

Q=
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MIPOU3BOJCTBEHHBIM OTOOPOM W MpOTUBOAaBIeHUEM; TP — TemnodukaionHele ¢
POTHUBOJABICHUEM.

O6o03HayeHUs] MapOBbIX TYPOHMH: YKa3bIBAETCS CEpHsl, 3aT€M JJIEKTpUYECKas
MOIIIHOCTh TeHepaTopa B MBT, u naBneHue mapa (B aTM) Ha BXOJle TYpOUHBI.
Hanpumep: [1T-60-130. D10 03Hauaer, 4To TypOMHA MMEET MPOMBIIUICHHBIN U
TEMJIO(PUKAIIMOHHBINA OTOOPHI, MOXET BpalllaTh reHepaTop MoiHocThio 60 MBT,
JaBJICHHUE Mapa Ha BXoJie J0JbKHO ObITh 130 atmMocdep (13 MIla).

Ha puc. 12.2 noka3zana B pa3pese maposast TypOuHa MoiHOCcThi0 50 MBT co
ckopoctbio Bpamienust 3000 o6oporos B Munyty (K-50-130).

8 12

10 .
13

ol s

Puc. 12.3. IlapoBasi TypOuHa:
1 — kopryc (LMauHAp) TypOUHBI; 2 — mapoBast KOpoOKa, K KOTOPOH MoaaeTcs map
M0 TAPOBITYCKHOU TpyOe; 3 — peryaupyroomuid KiamaH, peryaupyer oobeM mapa
MOCTyMNaroniero B Typouny; 4 — Jlucku TypOMHBI, HA KOTOPHIE HACAKEHBI JIOMATKH
TypOunsl ( Beero Typ6una umeet 21 crynens, T.e. 21 IHUCK ¢ JomaTkamu, OJHAKO,
nepBble 18 MpeacTaBnsioT OAHO IEJoe C BajloM TYpOWHBI UM 00pa3yrT 4YacThb
BBICOKOT'O JaBJICHUS, MOCIEAHHE CTYIEHH HMEIT paboune Kojeca OOJBIIOro
TUaMeTpa, MOCKOJBKY OJDKHBI MPOMYCKaTh OOJbIINe 00beMbI Tapa MpU HU3KOM
(oTHOCHTENBHO) MaBiaeHUU. OHU 00pPa3yIOT YaCTh HU3KOTO JaBJICHU).
5 — HeToABMXXHBIE TUadparMbl, B KOTOPHIX Pa3MEIICHbI COIUIOBHIE PEIICTKHY;
6 — BBIXJIOMHOW MAaTpyOOK TYpOWHBI, OTBOIAIIMN OTpaOOTaHHBIM Tap B
KOHJIEHCATOp; 7 — MepeHEe KOHIIEBOE YIUIOTHEHHE (1S IPENOTBPALLEHUS YTEUKH
napa u3 HWIMHApa); 8§ — 3a/JHee KOHIIEBOE YIUIOTHEHUe (i1 MpeJoTBpalleHUS
nprcoca Bo3ayxa u3 armochepsl); 9 — cTaHMHA, Ha KOTOPYIO OMHUPAETCS YIOPHO-
omopHbIN mommunHuK; 10 — MacisHbId HAcoc, oOecmevrBaeT Mojadyy Macia B
CUCTEMY CMa3Kd MOMIMMUIHUKOB; 11 —  YIOPHO-OMOPHBIM  TOIIIUITHUK,
BOCIIPUHHMAET BEC pOTOpa U (PUKCUPYET OCEBOE MOJIOKEHHUE POTOPA;
12 — 3ajHUI OMOPHBIN MOAIMIHKK; 13 — coemuHUTEeNnbHAs My(dTa, Mepeaaromas
MOMEHT Bajly TeHepaTopa.
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HeoOxomumeiii  snement TOC, pabortaromeit mno uukiny Penkuna —
konaencarop (puc. 12.4). Ilo cytu oH mpeacraBisieT coOOW TEMI00OMEHHbBIN
amnmapar, B KOTOPOM OXJIaXKIaromasi BoJa OTHHMAaeT TEIUIOTY Y OTpabOTaHHOTO
napa, KOHJCHCHUpYeT ero. Bropoe Ha3HaueHHWE KOHICHCATOpa 3aKIIIOYaeTCs B
oOecrieueHnd BaKyyMa Ha BBIXOJE TYpOHWH, KOTOPBIH U CO37aeTcs TpHu
KOHJICHCAIIUH TIapa.

o A
onana_6
Buxod T ¢
oxaawdanuseii 600ut
3

Bxod oxaaocdarouieii eods 7 Ve, 4
S EE ' ! Buixod xondencama

Puc. 12.4. IlpyHnunnaabHas cxeMa KOH/AeHcaTopa:

1 — kopmyc KoHIeHcaTopa; 2,3 — KPBIIIKA KOHJIEHCATOpa ¢ TPYOHOH JOCKO;

4 — BTOpas TpyOHas JOCKa, K TPYOHBIM JIOCKaM MPHUKPEIUIEHBI TPYOBI, 10 KOTOPBIM
IPOXOAUT OXJAKAAOWIAs BOJAA; 5 — MpsAMBbIe OXJaXJarolue Tpyobsl; 6 — duaHery
NPUKPEIUIEHHBI K BBIXOAY TYypOWHBI, uepe3 KOTOPbI OTpabOoTaHHBIA map
MOCTYIAeT U3 TYpOUHBI B KOHAEHCATOP; 7 — MecTOo cOopa KOHJIEHCaTa;

8 — marpy0OoK Ui 0Tcoca BO3/lyXa M HECKOHIEHCUPOBAHHOTO Mapa; 9 — oTaeneHHas
4acTh TPyOHOW MOBEPXHOCTH, NpEAHA3HAYEHHAs IJI1 MHTEHCUBHOIO OXJIaXIECHUS
napa; 10 — meperoponka, oTaenstonas 4acTb TpyOHOH moBepxHoctu; 11 — TpyOa,
NOJBOJALIAS OXJAXJAIlylo Boay; 12 — Tpyba, oTBOZsImas OTPabOTaHHYIO
OXJIAKJAIOUIYI0 Boy; 13 — meperopojika, pa3aeisomias BXOIAUIYI0 U BBIXOSILYIO
OXJIQXKIAIOITYI0 Boy; 14 — TOopJioBUHA—BXO0 OTpabOTaHHOTO Mapa TypOouHsr;, 15, 16,
17 — kamepsl, COOTBETCTBEHHO BXO/IHAsI, IPOMEXKYTOUHAs U BBIXOHASI.

KoHTpPOJLHBIE BOIPOCHI:

1. Kakue y31bl BKIItOYaeT OCHOBHOE 00opynoBanue TOC?

2. Kakue BHUIbl KOTEJIbHBIX YCTAHOBOK BbI 3HaeTE?

3. Uto u3 cels mpeAcTaBiseT MapoBOW KOTEN U KaKU€ Yy HEro OCHOBHBIE
XapaKTEPUCTUKHU ?

4. Kak xkiaccupuiupyroTcst mapoBbie KOTIIbI?

5. Kakue ObIBaloT Mo Ha3HAYEHUIO MApOBble TypOMHBI? Yem OTIM4aroTcs
aKTUBHBIC U PEAKTUBHbBIC MTAPOBBIE TYPOUHBI?

6. O0BsICHUTE YCTPOMCTBO U MPUHIIUIT PAOOTHI KOHIEHCATOPA.
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Jlexkuus 13.
CUCTEMBI TEIIVIOCHABXEHMUS.
OCHOBHOE TEIINIO®UKAIIMOHHOE OBOPYJIOBAHHUE.

Cucremoii TemjgocHaOXXEHHS HA3bIBAIOT COBOKYIHOCTh YCTPOMCTB IO
MOJIYYEHHIO, TPAHCTIOPTUPOBKE U UCIOJIB30BAHUIO TEMIOBOM YHEPTHUU.

Cucrembl TEIIIOCHA0KEHUS KJIACCUDUIIMPYIOT CIEAYIOIUM 00pa3oM:

1) mo BUAY NPpUMEHAEMOrO TEIJIOHOCUTENS (BOASIHBIE, TAPOBBIE);

2) B 3aBUCUMOCTH OT pa3MEIICHWsS HWCTOYHHUKA TEIJIOCHAOKECHUS
(IeHTpaIM30BaHHOE; ACIIEHTPATU30BAHHOE);

3) N0 HAJIMYMIO UK OTCYTCTBHUIO 3a00pa TETNIOHOCUTEINS U3 CETH (OTKPBITHIE
U 3aKpBIThIE CUCTEMBI). B OTKPBITHIX cHcTeMax TEMJIOHOCUTENb U3 TEIJIOBOM CeTH
YaCTUYHO WJIM TIOJIHOCTBIO pa30upaercss Ha ropsyee BOJOCHAOKEHHE WU
TEXHOJIOTMUECKHE HYX/Ibl. B 3aKpBITBIX CHCTEMAaX TEIJIOHOCHUTENb (BOJA WM Tap)
U3 CEeTM He OTOMpaercs, a B TMOJHOM OO0BbEME BO3BpallaeTCsl K HCTOYHUKY
TEIUIOCHAOKEHUS;

4) mo crmoco0y MNPUCOSAMHEHHUS] TOTPEOUTENCH TEIIOThl (OTOMUTEIbHBIX
npuOOpOB U Jp.) K TEIJIOBOM CETH: 3aBUCUMbIE M He3aBHCHMbIC. B 3aBHUCHUMBIX
CUCTEMax TEIJIOHOCUTEIh M3 CHCTEMbl HENOCPEJICTBEHHO TMOJaeTcsi B
OTOINUTEIbHBIE TPUOOPHl WIM APYrHe TEIJIOMCIOB3YIOIME anmnaparbl, a B
HE3aBUCUMBIX CHUCTEMaX TEIJIOHOCHUTEIb U3 CETH MOJAETCSA B BOJOIOJOIPEBATEND,
HarpeBarolMil BOJYy, KOTOpas 3aT€M YK€ HCIOJIb3YyeTCsl B OTONUTEIbHBIX
YCTPOMCTBAX;

5) mo uwuciay TpyO B TEIUIOBBIX CeTsIX (OAHOTPYOHBIE, NBYXTpYOHBIE,
TpexTpyOHbIe). OMHOTPYOHAsI cUcTeMa SIBIsIETCS pa3oMKHYTOW. [locTtynatomas B
ATOM ClIy4ae 10 NOJAIIEMY TPYOOIIpOBOY ropsiuas BOJa WM Map UCIOIb3YKTCS
Ha OTOIUIEHHE M Topsiyee BojocHaOkeHHWe Oe3 BO3BpaTa MX K HCTOYHUKY
TerocHaOkeHna. B ABYXTpYOHBIX cHCTEMax OJiHAa TpyOa CIYKHUT JUIsl MOAadu
TEIJIOHOCUTENS K MOTpeOuTeNto, a JApyras — g BO3BpaTa OTpabOTaBILIEro
TerJIoHOCcUTeNs (0OpaTHOM BOJBI MM KOHAEHCAaTa) B KOTEIbHYI0. B TpexTpyOHbIX
cuUcTeMax JABE TpYyObl CiyXaT JUisl MOJayd TEIJIOHOCUTENS K MOTpeOuTento, a
TPEThS — JIJIsl BO3BpaTa OTPabOTABIIETr0 TEIVIOHOCUTEINS B KOTEJIbHYIO.

KauecTBo TeninoBoii 3Heprum J0HKHO OBITh TaKUM, YTOOBI y MOTPEOUTENS
Py MOTPEOJIEHNN €€ PEeann30BAIUCh TPEOYEeMbIE€ YCIOBHUS: NPH OTOILIEHUU -
HeoOXoauMmasi TeMmIepaTypa HarpeBaTelbHBIX MPUOOPOB, BEHTHIALUU -
TEeMIeparypa BO3JyXa, Ha MApOBbIX MalIMHAX - TpeOdyeTcs MexaHHuecKas
MOIIIHOCTh, B TEXHOJOTMYECKHX MPOLECcCax - BbIBOJ COOTBETCTBYIOLIEH
OPOAYKIHMH (HApUMEP, KOJUYECTBO U KAa4eCTBO OCTOHHBIX WM KEPaMHUYECKHX
uznenuii). [loatomy ¢ Touku 3peHHs MOTPEeOUTENs TEIIoBas SHEPrus IOJHKHA
UMETh TOKa3aHUsl MO CIEAYIONIMM TapaMmeTpaM: TeMIlepaTypa TerIOHOCUTENS
(0OBIYHO BOJIBI UJIU T1apa); AaBJieHHe (OCOOSHHO Iapa); pacxoa TemJIoThl U o011ee
KOJMYECTBO TEIJIOTHI.

Temneparypa wusMepsercsa pa3IdyHbIMM TEPMOMETpPaMH, JIaBJICHUE -
MaHOMeTpaMH. Pacxoj TemiIoTel B CUCTEME TEIJIOCHAOKEHUS H3MEepsieTcs
TEIJOMEPOM (CUETUYMK TeIUIOBOM »sHepruu). Ero pgeiicTBuUs OCHOBAaHO Ha
ypaBHEHUU TEIUIOBOTO OanaHca: MOTpeOsieHHas SHEpPrus paBHA IMOABEACHHOU B
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npsiMOM TPyOONpPOBOJIe MUHYC BO3BpAIlleHHAst B 00paTHBINA TpyOONpoBOI (€ciu He
BO3BpAILAETCSA, TO MUHYC COCTOSIHHME TIpPHU TEMIIEpPAType OKPYKAIOLIEH Cpelbl).
CrnenoBaTenbHO, pacxo/l TEIVIOTHl PABEH MPOU3BEIECHUIO pacxoja TEeIJIOHOCUTETIS,
€ro TEIUIOEMKOCTH, PA3HOCTH TEMIIEpaTyp TEIUIOHOCHUTEIS Ha BXOJE M BBIXOJE Y
notpebutesns. [loaTomy Termomep npeacTaBisieT co0oi pacxoaoMep BoAbI (Tapa),
B KOTOpPOM VYYMTBIBAE€TCS YKa3aHHas pa3HOCTh Temrepatyp. KoHcTpykiuu
TEIJIOMEpOB paziauuHbl. OObBIYHO TPUOOPHI ydeTa NOTPEOJEHUS TEIIOThI
NOTPEOUTENEM HAXOJATCS B TEIUIOBBIX MYHKTaX, UX OOCITY>KMBAeT >KUJIMILIHO-
KOMMYHaJbHas CIy»K0a.

HeoOxomumo Takxke yuyuThIBaTh pacxo]l TormBa. Eciou pacxon rasa u Heptu
OTIpEeEISAETCS JOCTATOYHO TOYHO M3BECTHBIMU THUIIAMH PAaCX0JOMEPOB, TO JaHHBIC
10 PacxoJ1y TBEPAOTO TOIUTHBA (YroJib, TOp(, IpOBa) MEHEE TOUHBHI.

TemnmoBast sHeprus ¢ TOYKM 3pEHHUS MOTEPb MPH TPAHCIOPTE HAMHOTO
cioxHee. OCHOBHOE KOJIMUYECTBO TEIJIOTHI TPAHCHOPTUPYETCSA B XOJIOJHOE BpeMs
roja, T.6. TMpPU 3HAYUTEIBHOM Ppa3HOCTU TEMIEpaTyp TEIJIOHOCUTENS U
OKpYXalollled Cpellbl; 93Ta pa3HOCTh OOYCIABIMBACT BEJIUYUHY TOTEPb.
Kosdduiment temnmoornaur OT 3JIEMEHTOB TEIUIONEPEAAIONIe CUCTEMBI B
OKPYXAIOIlyl0 Cpely JaXe HOPMATUBHBIM, MPOEKTUPYEMbIA  COCTaBJISET
CYIIECTBEHHYIO BeTHYHHY: OT 8 10 35 Br/(M>-K), B yCIOBHSX SKCIUTyaTalHH OH
MOXET OBITh enle Bblle. Ecau myTh TEIIOHOCUTENS K MOTPEOUTENI0 HECKOIbKO
KUJIOMETPOB, JOJIS MOTEPh TEIUIOTHI MO OTHOIICHUIO K UCXOJHOMY €€ KOJIUYECTBY
MOXKeT cocTaBisATh 20...60%.

Ten10BOi _ceTbI0 Ha3bIBacTCs cHUcTeMa TPyOONMpPOBOAOB, MO KOTOPHIM
TEIIOBAsl PHEPTUSI B BUJIE Tropsiueil BOAbI WM Mapa TpaHcrnoptupyercss oT TOLI
WM KOTEJIBHBIX K TOTPEOUTEIISIM.

TemnoBast sHEprus pacipeaeseTcs MNPy MOMOIIY BOIHBIX TETIOBBIX CETEH:

* IIpsimoit Tok: naBnenue 4...10 atm., Temneparypa 90...200°C ;
* QOOpaTHBINA TOK: AaBjieHUE 2...4 aT™M., Temrieparypa 70°C;

TeroBble ceTu OBIBAIOT: MarucTpajibHble (IO TJaBHBIM HaIpaBICHUSIM
HACEJIEHHOT0 MYyHKTa), pachpeaeinuTelabHble (BHYTpU KBAapTajoB), OTBETBICHUS
(moaBoa K JoMam),

TennoBsie ceTu aenarcs Ha BOAsSHBIE (IpsiMasi U 0OpaTHast TpyObl) U TApOBbIE
(mapomnpoBOJl U KOHJEHCATOMPOBO), UCHOIB3YIOTCS CTallbHble TpyObl oT 20 10
600 MM nOuMaMeTpoM, MOKPBIThIE TEIUIOU3OJSIHUEH. DTH TpyObl HaXoAsTCAd B
OPOXOJHBIX  KaHanmaX  (OJHOBpPEMEHHO € JOPYTMMH  WH)XCHEPHBIMU
KOMMYHHKAISIMH ), B HETIPOXOIHBIX KaHaax (0OBIYHO KOPOOYATON KOHCTPYKLIUU
13 OCTOHHBIX OJIOKOB), WM B BHUJIE OECKaHAIBHOW MpOKIaaAKu. Yem IMHHEE
TpyOBl (OOJIbIlIE paguycC IEUCTBUS TEIUIOBBIX CETel), TeM OOJbllle PHEPTUM Ha
NPOKAuKy TEIIOHOCHUTENd, OoJibllie TeroBele mnotepu. IloatomMy paamnyc
orpanuded Ao 10 km. g nocnenyromux norpedbureneid Tpedyercs yxxe Apyrou
UCTOYHHUK TETUIOTHI.

[Io xomy TEMJIOHOCUTENS YCTPAMBAIOTCA CHEIUATbHbIE KaMephl, KOJOIIbI
(3aBMXKKU, BEHTHJIM, MAaHOMETpPbI), kommnieHcatopsl ("I1" - oOpa3Hbie, TMH30BbBIE,
CaJIbHUKOBBIE), CTOMKHM, (PUKCATOPBI W T.lI., YBEJIMYUBAIOUIME TEIIONOTEPH.
Oc00EHHO BEJMKH TEIUIONOTEPH MTPU OTKPBITON MPOKIaAKe TPYO (Tak Ha3bIBaEMbIE
"BO3yIIHBIE" TEIJIOBBIE CETH), TPEOyeTCsl OOJIBIIME PACXObl HA TEIJIOU3OJIALIMIO.
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[Tnoxas skcruryaTarusi (OTKPBITHIE JIFOKH, MOBPEXKIACHHAS W30S, BIAKHOCTD,
CKBO3HSIKH U T.J[.) YBEJIMYUBAET TEIIONOTEPH.

Bona narpeBaercs B BogorpeiiHoM komie TOIl wim korenpHOM (WMau B
CHelUaIbHBIX MOJOrPEBATENSIX) U HACOCOM IOJAETCS B TEIJIOBYIO CETh TOpOJa.
HemnnotHoctu mo Tpacce, B calbHUKaX HACOCOB BEAYT K yT€UKaM ropsiueil BObI.
Temneparypa ropsiueit BoJbl U3 LIEHTPATM30BAHHOIO TEIUIOMCTOYHUKA KOJIeOIeTcs
or 90 mo 200°C. OT TemaoHOCUTENS BOJIa BO3BPAllACTCs C PaACUECTHOU
temriepatypoir 70°C. Ilpu MeHbpmieli oOpaTHOW Temmeparype: a) HeOOXOIUMBI
0oJbIIKEe pa3Mephl HArpeBaTeNbHBIX MPUOOPOB y MOTpeduTeneit; 6) KOppOIUPYIOT
TpyOBI KOTJIOB M3-3a KOHACHCAITUN BOJSIHBIX MTAPOB U3 MPOAYKTOB CTOPAHMS.

[Tap oOpasyercs B maporeHeparopax u ¢ gaBjieHueM 1,5...2 aT™M mocTymaeT B
MapoByI0 TEIJIOBYID CE€Th, B HarpeBaTeNIbHBIX MPUOOpax TMOTpeOUTenss OH
KOHJICHCUPYETCSI, OCTBIBAET U BO3Bpaiaercs Ha TILl win koTenbHy1o.

Mecto mOICOEAMHEHUS] TEIUIONOTPEeOUTENs] K TEIIOBOM ceTu (BBOX),
HA3bIBAETCS TEMJIOBBIM IIYHKTOM, OHU TMOJPA3JENSAIOTCS HAa UHAUBUIAYaJTbHbBIE —
UTII (ang nOpUCOENMHEHMS] CHCTEM OTOIUICHMS, BEHTHJISALMH, TOPSAYEro
BOJIOCHAOXKeHUs OTAenbHOrO 3aaHusi) u ueHtpansHbie — LTII (aBa u Ooiee
31aHUN).

B TemnoBbIX MyHKTax yCTaHaBIIMBAaeTCs 00OpyAOBaHUE JJisi TpeoOpa3oBaHus
BUJA TEIJIOHOCUTENS WIM €ro mapamMeTpoB, KOHTpOJISI  MapaMeTpoB,
pEeryJIMpOBaHMsl pPacxojla TEIUIOHOCUTENSI W €ro paclpeesieHHs, 3allUuThl OT
aBapUHHOTO TOBBIIICHUS MTAPAMETPOB, 3aMOTHEHUS W MOAMHUTKU CUCTEM, cOopa 1
BO3BpaTa KOHJIEHCATa, aKKyMYJIUPOBAHHUSI TEIJIOThI, BOJOMOATOTOBKU JJIf
TOPSYET0 BOJOCHA0KEHUSI.

Pa3nuunble  BapwaHThl TPHUCOCTUHEHUS  TMOTPEOUTENST K  3aKPBITOU
IBYXTPYOHON BOASIHOW CHCTEME TeIIOCHA0KeHUs oKa3aHsl Ha puc. 13.1.

B cxeme, uzoOpaxxeHHoil Ha pucynke 13.la, B oTonuTenbHbIe MPUOOPHI
MOCTYIMAaeT BOAA HEMOCPEACTBEHHO W3 TMOJAIOLIEro TPyOONpoBOAa CHUCTEMBbI
terocHaOxeHud. B cxeme, mokazanHoil Ha pucyHke 13.16, Boga U3 CUCTEMBI
TEMJOCHAOXKEHNS BHAYalle TOCTYyHNaeT B 3JIeBaTOp 2, CMENIMBAETCS B HEM C
oOpaTHOM BOJIOM, BBIXOASIIEH W3 OTOMUTENBHBIX NPUOOPOB, W 3Ta CMECHh
MOCTYIAET YK€ B OTOMUTENIbHbIE TPUOOPHL. Takas cxema Mo3BOJISET UCIIOIb30BATh
0oJiee TOPSYMI TEIIOHOCUTENb B MOAAIOUIEM TPYOONMpPOBOJAE, YTO MPU OJHOM U
TOM JK€ pacxXxoJie TEIUIOHOCUTENSI J1aeT BO3MOXKHOCTh TPAaHCHOPTUPOBATH IO
TETJIOBOM CeTH OOJIBITUI TETIOBON MOTOK.

Ha cxeme, nokazanHoil Ha pucyHke 13.16, aHamoruuHasi 3ajadya CMEIICHUS
MMOTOKOB TOpsiueid M OOpaTHOW BOJBI PEMIACTCS C TOMOIIBI0 ITUPKYJISIITAOHHOTO
Hacoca. B pe3ynbraTte Temiiepatrypa BOAbI MEpPe]l MOCTYIIIEHUEM B OTONUTEIIbHbBIC
MPUOOPHI MOHUKAETCS 0 TPEOYEMOTO 0 IKCIUTYaTAllHOHHBIM HOPMaM.

Cxembl a, 6, 6 Ha pucyHke 13.1 sBIAIOTCS 3aBUCHMBIMH, TaK Kak
TEIJIOHOCUTENh, TaK KaK TEIUIOHOCUTENb B HHUX IMOAAE€TCS B OTONUTEIbHBIC
npuOOphl HETIOCPEACTBEHHO M3 TEIJIOBOM ceTH. B oTiMume OT HUX cxema 2 Ha
pucynke 13.1 uzo0paxaeT HE3aBUCHUMYIO CXEMY MPHUCOEIMHEHHUS OTOMHUTENbHBIX
npruOOPOB K TEIIOBOM CETH, TAK KaK TETNIOHOCUTEIb, IUPKYJIUPYIOUIUHN Yepe3 HUX,
HE COOOIIAETCs ¢ TEINIOHOCUTENIEM TEIJIOBOM CETH, a MOJIYy4YaeT OT HEro TEeIIOTy B
BOJ0-BOAsiHOM nojiorpesaresie 4. Ha pucynke 13.11 nokasana He3aBUCUMas CXxeMa
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MPUCOEANHEHUS TOPSUEro BOJOCHAOKEHMS] K TEIUIOBOW ceTh. XOJOAHas BOJAA
NoJIOrpeBaeTcsl B mojorpesaresie 4 u jaajnee MOCTyMaeT B aKKyMYJISITOp ropsuei
BOJBI 5, U3 KOTOPOTO OHA [0 MEPEe HEOOXOJUMOCTH OTOUPAETCS MOTPEOUTENIEM.
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Puc. 13.1. Cxembl 3aKpbITOI ABYXTPYOHO# cCTeMbI BOJASHOM CETH:
a — 3aBUCUMAs CX€Ma OTOIJICHUS C HEMTOCPEICTBEHHBIM MOJCOECIMHEHUEM K CETH;
6 — 3aBUCHMAs CXeMa OTOIUICHHSI C BOJAOCTPYIHBIM 3JIEBATOPOM;
6 — 3aBUCHMasl CX€Ma OTOIICHUSI C IUPKYISUOHHBIM HACOCOM;
2 — HE3aBUCUMas CXeMa OTOIUIEHHUs C BOJONOOTPEBATENIEM;
0 — He3aBHUCHMas CXeMa TOPsYero BOAOCHAOKEHNS,
I — ropsiyast Bojia U3 KOTENbHOM; /] — 0OpaTHasi BoJia B KOTEIBbHYIO;
1II — xonoaHas BOJ1a HA HArpeB;
1V — narpetast Bozia B CUCTEMY TOPSIYE€TO BOJIOCHAOKCHUS;
1 — oTonuTenbHBIN PUOOP; 2 — BOAOTPEHHBIH 371€BaTOP;
3 — NUPKYJISIMOHHBIN HAacoC; 4 — BOAOBOASIHON BOJONOAOTPEBATENb;
5 — akKyMyJSATOp ropsuei Boibl; 6 — BO3IyIIHUK

OcHOBHasl 4YacTh TEIJIOBOM YHEPTUHU UAET HA OTOIICHHUE.

OToruieHHne - 3TO KOMIIEHCAMS TEIJIOBBIX MOTEPh B OKPYXKAIOILIYIO Cpeay
JAHHOTO TOMEILEHUs, OO0bEKTa NpPU YCIOBHM MOJACpKaHWS B HEM 3aJaHHOU
TeMmrepatypbl. Eciu TeMmnepaTypa B MOMEIIEHHWU OOJbllle, YEM CHapyXHu, TO
BCErJa MMEETCSl TEIUIOBOW IMOTOK, HA3bIBAEMbIH TEIJIONMOTEPSIMH. DTOT IOTOK
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HUKOTJa HE PAaBEH HYJO (TOJBKO IMPU PABEHCTBE TEMIIEPATyp). T.€. BCE TEIUIO,
BBEJICHHOE B MOMEIIEHNE, B KOHIIE KOHIIOB OKAa3bIBAE€TCS B OKPY’KAIOIIEH Cpele.
[TosToMy HEyMeCTHBI BOCKJHMIIAHMS O TOM, 4TO "rpeem Hebo". Jlpyroe nemno -
BEJIMYMHA, MHTEHCHUBHOCTH 3TOr0 IMOTOKAa (KOJMYECTBO TeIUla B EIUHHUILY
BpemMeHn). OHa 3aBUCUT OT TEPMHUYECKOTO COMPOTUBJICHUS HaPYX HBIX
OTpaXJIE€HU - CTEH, OKOH, MOTOJIKA, ToJia W T.J. (TOJNIIMHA JeJeHHas Ha
TEMJIONPOBOAHOCTh). OUeBUAHO, YBEJIWYUBAs TOJIIMHY U TEpexois Ha Oosee
COBEPILEHHBIN TEIJIOM3O0JILIMOHHBINA MaTepuaj, MO)KHO YMEHBIIUTh TEIIONOTEPH,
YMEHBIINUTh HEOOXOAUMYIO MOIIHOCTh CHCTEMBI OTOIUICHUS, YMEHBIIUTh PACXO]
TOIUIMBA HA INOJIYYEHMsS] TEIUIOBOM »Heprun. OQHAKO NpU 3TOM BO3pPACTAET
CTOMMOCTb COOPYKEHUS, O3TOMY TEPMHUYECKOE CONPOTHUBICHHE HOPMHUPYETCS.
Haxoxzaenue onTuMymMa Mo MHHMMYMY 3aTpaT - HaubOosee MpaBUIbHBIA MYyThb
AHEprocOepekeHusl, HO 4Yalle HOPMBI YCPEIHSIOT pacdyeT [Uisl  pa3HbIX
notpeduteneit. [loaToMy ¢ TOUKM 3peHHs] PHEProcOEepeKEHUs! KeIaTeabHO s
KOHKPETHBIX MPAKTUYECKUX CIy4aeB YTOUHATh SKOHOMHUYECKH IIeseco00pa3Hble
TEPMUYECKHUE COMPOTUBIICHUS OTPAKIACHHIM.

B cucremax oTOIIEHHS TEIJIO TMEpPEJaeTcss B MOMENICHUH MpU MOMOIIU
HarpeBaTeNIbHbIX (OTOMUTENbHBIX) MPUOOPOB; OOBIYHO 3TO UYYT'YHHBIE U CTaJIbHbBIE
paanaTopbl U KOHBEKTOPHI.

Jist moBbitieHUst 3((HEKTUBHOCTH pabOThI OTOMUTENBHBIX MPUOOPOB CIIEIYET:

1) He orpaxaath UX JEKOPATUBHBIMU PEIIETKaMU; 2) HE 3ariayOssaTh B HULIY,
3) ucmonb30BaTh TEMHYIO OKPAacKy; 4) Mpu OOJBIIIOM KOJIWYECTBE CEKIMM ETUTh
Ha HECKOJBbKO Oarapeit; 5) He pacrosiaratb WX BBICOKO; 6) MPH YCTaHOBKE Ha
Hapy>KHbIX CT€HAaX MPUMEHITh TEIJIOU30JLHUIO CO CTOPOHBI CTEHBI; 7) HMMETh
OTKJIIOYAIOMMNA W PEryJupyIOIIMi BEHTWIb, &) CIEOUTh 32 YUCTOTOM
MeXpeOEpHOTO MPOCTPAHCTBA B KOHBEKTOPAX.

[lo  ycnoBusiM  SHEpProcOEpeKeHUsT  HENONMYyCTUMO  HCIOJIb30BaTh
ANIEKTPOSHEPTUIO Ui OTOIUICHHWS 3[aHUM, T.K. JUIsi TPOU3BOJACTBA E€AMHUIIBI
ANEKTPOIHEPTUH HEOOXOAMMO HECKOJBKO €AMHUI] TEIUIOBOM (IosTydarouieics npu
CKUTaHuM ToruuBa). KoHeyHO, ObIBAIOT €IMHUYHBIE CIIy4Yau, KOTJa BBIHYKIIECHbI
OPUMEHSTH 3JEKTPOOOOTPEB, HO HANO CTPEMUTHCA K MOJYUYEHUIO TEIJIOTHI MPHU
cxxuranuu torumba, n6o KIIJ[ B atom ciywyae Omusko k 100%. OtpuiiatenbHbie
(dakTopel IpPU 3TOM - TOIUIMBHOE XO3AHWCTBO, HEOOXOAMMOCTh OUYMCTKH TIa30B,
nokapHast Oe3zomacHOCTh. [lpu TpPaBUIBHOM HCIONB30BAHUM COBPEMEHHHBIX
TEIJIOTEHEePATOPOB OTHEBOTO TUTA (Y PEKT FIHEProcOepekeHns OE3yCIOBEH.

KoHTpPOJLHBIE BOIPOCHI:

1. Kakue 3Haere teronocurenu? OxapakTepusyuTe ux.

2. I1o xakuM npHU3HAKaM KJIaCCUPUIMPYIOT CUCTEMBI TETJIOCHA0XKEHUS?

3. W300pasute pazauyHble BapUAHTbl MPUCOENAWHEHUS MOTPEOUTENs K
3aKpbITON ABYXTPYOHO!N BOJSIHOM CHCTEME TEIMNIOCHAOXKEHUS U MOSICHUTE HX.

4. YTo MOHMMAIOT O] TEIJIOBOW CEThIO, KAKME OHU OBIBAIOT?

5. YTo Takoe TEemI0BOW MYHKT, KAKUE TEIJIOBbIE ITYHKTHI Bbl 3HaeTE?

6. Kakue (QyHKIUM BBINOJHAET TEIJIOBOW IYHKT, Kakoe OO0OpyJIOBaHHUE
pa3Meniaercs B TEIJIOBOM IIYHKTE?.
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Jlexkuus 14.
COBPEMEHHBIE HAITPABJIEHUSA PABBUTUS DHEPIT'ETUKU

CymectByer ABa NPUHUUIIHAIBHBIX MYTH Pa3BUTUA SHEPreTHKU. llepBbril
OyTh CBA3aH C COBEPUICHCTBOBAHWE TPAOULMOHHBIX, YK€ HCIOJIb3yEMbIX
TEXHOJIOTUW TMIOJIYYCHUsI JJIEKTPUUYECKOW M TEIUIOBOM HHEpruu. BTopon myTh
0a3upyeTcs Ha HOBBIX TEXHOJIOTHUIX. B HEKOTOPOI YacTH 3TH IyTH TIEPECEKAIOTCS.

IIapora3oBblie 3HepreTnyeckne yCTAHOBKH. B nocneqHee BpeMsi HaUMHAET
MoJdy4YaTh PACHpPOCTPAHEHUE MApOTa30BbIM IMKJ, KOTOPBIM MPU €ro peain3alnuu
Mo3BOJIsSIET noJiydyaTh noBbiieHHbIN KIIJ[ snepretuueckux ycranoBok (I1I'Y) mo
CPaBHEHUIO C KCIOJIb30BAHUEM TPAIUIMOHHOrO 1ukia PenkuHa. CyTh ero
3aKJrodaeTcs B cienyromeM. Ha nepBoM 3tane TOMIuBO (ra3, Ma3yT) CKUTAETCS B
ra3oBoil Typbune ¢ temmeparypoi Ha Bxone TypOunbl 1000 — 1100°C. I'azoBas
TypOHHA BpaIllaeT 3JIEKTPUUYECKUN FeHEPaTop, KOTOPBIM BBIAAET 3JIEKTPOIHEPTHUIO
B ceTb. Ha BBIXOze TypOMHBI Ta3bl UMEIOT TemmepaTypy nopsaka 400 — 600°C.
OTu ra3pl cOpachIBalOTCS B MapOBOM KOTEN — YTHIM3ATOP, KOTOPBIM SBIsSETCS
MCTOYHUKOM I1apa AJi apoBOU TypOUHBI.

Ha puc. 14.1 uzo6paxkeH napora3oBbiii uki B 7' — S koopauHarax. Puc. 14.2
JIEMOHCTPUPYET NPUHLIMUITHAIBHYIO cxemy 1Y,

12 6
T
N 3 .
q3 4 5

1 qi 7

]

1 9?2 8
S17 S2 S

Puc. 14.1. T,s — nmarpaMMa napora3oBoro ukJjia

Juarpamma cocTouT u3 TpaguuuoHHoM yactu (1-2-3-4-5-6-7-8-9) u
HAJCTPOMKH, ONMUCHIBAIOIIEH UKI B Ta3oBoi Typoune. Kommpeccop 1 peanuzyer
n30x0pHbIi npouecc 10 — 11, noBeimIas JaBaeHue BO3yXa Mepe] Nojadel ero B
ra3oByto Typouny. M3o06apusriii pormecc 11 — 12 uMeet MmecTo B Kamepe CropaHus
2, rAe TOIUIMBO NEpEeMEIIMBAaeTCs B BO3IyXoM u cropaer. Ilpomecc 12 — 13
annabaTUUeCKuii, OH CBS3aH C OTJAa4eil sHepruu (pabortoit) razoBoi Typoune (3) ¢
nocjeayiel nepeaadeit anekrpudeckoMy reHepartopy (4). Ilpomecc 13 — 10
M300apHbId, OH CBSI3aH C OTJAYed OHHEPruM yXOISAUIMMH Ta3aMu KOTIy-
yTuiuzaTopy 5 (mpoliecc oTaayu moka3aH cTpenkamu). [loctynuBiive B KOTel -
YTUIIM3aTOp Ta3bl OTAAIOT SHEPIHI0 BOJE, KOTOpash MOAAETCS NUTATEIbHBIM
HacocoMm 7.

[lap u3 koTHa-yTMAM3aTOpa MOCTymaer B TypOuHy 6. OTpaboTaHHBIN mHap
KOHJIEHCUPYETCS B KOHACHCATOPE 8 M MUTATEIbHBIM HACOCOM 7 TMOAAETCs] CHOBA B
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KOTEe — YyTWiau3atop 5. DHeprus TypOWHBI MEpeqaeTcss dICKTPUIECKOMY
reseparopy 9.

Tornuso
raz, MasyT
il
5 | Lassr 1 . e
0= et 400-600°G) 9 cTema
Bos 11p0°C
P
e
Boz,u;yx/ . 11
CHCTEMA ’ g Xon.
BOJIa
(O—1

Puc. 14.2. llpnanununansHan cxema IIT'Y.

Konpencanus oTpabOTaHHOrO Mapa OCYUIECTBISIETCS B KOHAEHcaTope &
OyTEM MOJAYM B HEro OXJIAXKIAIOUIEH BOJABI LUPKYJISIUUOHHBIM HacocoMm 10 ot
WCTOYHHUKA OXJIaXKaaromnie Boasr 11.

N3 nuarpammel (puc. 14.1) BuUAHO, YTO MOSBISAETCA JONOJHUTEIBHOE
KOJIMYECTBO TEIUIOTHI ¢3, KOTOPOE BIMBAETCS B OOIIMH Mpolecc mpeodpa3oBaHus
sHepruu. Ilpu 3TOM 53TO KOJWYECTBO TEIJIOTHI PABHO PA3HOCTU KOJIMYECTBA
SHEPIruM CropaemMoro toriuaa (Q;;) U SHEPruu, OTAABAEMOUN KOTIY — YTHIU3ATOPY
(Qxr), uTO BBIpaXKaETCs POPMYJIION:

g3 = Q1 — Oar (14.1)

Ecnu ydecTs, 4TO moctynuBimiasi B KOTEA — YTUJIN3ATOP SHEPTUs COBEPILINIIA
noJie3Hyro paboty (g;) W yuuia ¢ OXJaxJawlled Boaod (g;), TO HETPYAHO
COCTaBUTH OAJIAHC PHEPTUU U onpeaeauTs TepmoanHamuueckuit KITJ TTT'Y:

3= 01— 0x,0=0x—¢3, (14.2)
Oy=q@3+ 2= 01r =0+ 00 =2 = 01— q2. (14.3)
77nry = Qnry/ er = (er - Q2)/ er ~ (Tlr - TZ)/ TlI‘, (144)
YTO CJIEAYET U3 COOTHOIICHHH, OJIyYEHHbIX B Jekiuu 4. Ilockonpky TemnepaTtypa
ra3oB BXOJSIIMX B razoByio Typouny (7ir = 900 — 1100°C) Bbliie TemmepaTypbl
napa, Bxojsmero B Typouny (500 — 600°C), To crmeayer OXujaTh yBEIHYCHHE
tepmoanHamuyeckoro KITJ TIT'Y.
Paccmotpum mpumep.
Ilycte T =273 +1100°C, T, =273 + 20°C, torga KIIJ[ III'Y coctaBur:
Nnry = (1100 +273 — 20 — 273)/(1100 + 273) = 0, 78 (78%).

Koneuno peanshbiii KII/J| HUXkE MNOMy4EHHOTO, MOCKOJBKY B pPACUETE HE
YUTE€HBbl HEKOTOPBIE MOTEPU, OJHAKO OH MPUHIIMIUAIBHO BbBILIE, YEM Y TEIJIOBBIX
yCTaHOBKax 0€3 MpeIBKIIOYEHHBIX Ta30BbIX TYpOUH.

Cnenyer oxunatb, 4To B Ommpkaiimee Bpems III'Y monydar mgoctaTouyHo
HIMPOKOE pACHPOCTPAHEHUE.

Ceepxnposooumocms u nepcneKmugsl ee ucnoab3osanus. Hunepnanackuii
¢uszuk Kamepiunr-Onecc B 1908 romy Hayduscs mosydarh TeMIIepaTyphl OJU3KHE
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K abcoMoTHOMY HYJ0. B 3TOM ke rogy emy yaanoch MOJYyYUTh KUIKUAN Tenui
npu T = 4,20K. B 1911 rogy oxnaxnas MeTaulbl J0 HU3KUX TEeMIEpaTyp OH
OOHapy>XWJI, YTO HEKOTOPhIE W3 HUX TMOJHOCTHIO TEPAIOT CONPOTHUBICHHE U
CTaHOBSITCA cBepxnpoBosimMu. Huxe npuBenensl (tadn. 14.1) mpumepsl
TEMIIEPATYP, npu KOTOPBIX HEKOTOPBIE METaJUIbI CTAHOBUTCS
CBEPXITPOBOAHUKAMMU:

Taomuna 14.1

TemnepaTypsl peBpalieHUs] METANIOB B CBEPXIIPOBOJHUKH

Meran AnoMUHHN CBuHen PryTh Onoso JAIEI
Temneparypa, K 1,2 7,2 4...472 3,7 0,9

B cnmcke HET Takux XOpOILIMX MPOBOJHUKOB Kak cepedpo, Meab, 30JI0TO,
IJIaTUHA, KOTOpPbIE HE CTAHOBATCA CBEPXIIPOBOAHUKAMHU MO KpalHE Mepe A0
7=0,05K. ®uznueckoe MOHUMAHUE CBEPXIPOBOAMMOCTH ObLIO JOCTUTHYTO TOJIBKO
B mnociennue naecsatuietus. OHa o0yclioOBJI€HA CBEPXTEKYUYECThIO AJIEKTPOHOB B
MeTajjlax, KOTOpble TMpH HHU3KHX TeMIepaTypax oOpa3yloT CBsI3aHHbIE
AJIEKTPOHHBIE TMAaphl CO CIMHAMH, HAIMPABJICHHBIMU B pa3Hbl€ CTOPOHBI (CIIHUH —
KBaHTOBAsl XapaKTEPUCTUKA BJIEKTPOHA, CBA3aHHASL C €0 MAarHUTHBIM MOMEHTOM).
[Ipn B3aMMONEMCTBUM TaKUX TApP DJIEKTPOHOB C KPUCTAUIMYECKOW PEIIETKOU
MeTajjla MPOUCXOAUT €€ BO30YXKIEHHUE C TOJHBIM BO3BPATOM IMOJYyYEHHOW Ha
BO30Y>KJICHHE SHEPTUH.

Hcnonp30BaHne CBEPXIPOBOAMMOCTH Oa3WpyeTcs Ha HCIOJIb30BAHUU HE
YUCTBHIX METAJJIOB, a UX CIJIAaBOB. [Ipy 3TOM CBEpXMPOBOJHUKH JCIIST HA:

CBepxnpoBogHUKK | poja, 3T0O B OCHOBHOM OJHOPOAHBIE MO CTPYKTYPE,
XUMUYECKOMY U (PU3HUECKOMY COCTaBYy MaTepuaibl. Y HHUX MPOUCXOIUT IMOTHOE
BBITECHEHUE MArHUTHOTO TMOJIsl, KaK TOBOPST, OHU BEAYT ceOsi KaK MarHUTHBIN
MOHOJUT. OIHAKO UIsI HUX CYIIECTBYET MOHSTUE IMPENEIbHOTO, KPUTHYECKOTO
MAarHuTHOTO TIOJSl, NPU KOTOPOM TEPSETCS CBOWCTBO CBEPXIIPOBOAUMOCTH.
CrnienoBatenbHO, 711 HUX CYLIECTBYET MOHATHE MPEAEIBHOIO TOKA, IIOCKOJIBKY TOK
Y MarHUTHBIN [TOTOK HEPA3PBIBHO CBSA3aHBI.

CeepxmpoBoguuku Il poxa, oHM, Kak mpaBuiio, 0Opa3yloTCs U3 CIUIABOB,
HEOJHOPOJHBI IO CEUYEeHHUIO, O0Opa3yloT B CEYECHUU HOpPMaJbHBIE U
CBEPXMPOBOAAIINE 30HBI. Y HHUX OOJbIIas KPUTUYECKAs] BEIWYMHA MArHUTHOTO
nosst (0.5 — 2 kA/m). CeroaHsi mydiue CBEPXIMPOBOJHUKH UMEIOT KPUTHUYECKYIO
temneparypy 23-24K (cruiaB HMOOWST W TrepMaHMs), OJHAKO OHHM TOKa HE
JIOCTUTAIOT TeMIIepaTypbl KUMEHUs kujakoro azota (77,4K), 4ro ycnoxHseT ux
WCIIOJIh30BaHUE, MMOCKOJIBKY TPEeOyeT ABYXCTYNEHYATOW CHUCTEMBI OXJIAKICHHS —
KUOKAN a30T, )KUAKAN reanii. BMecTte ¢ TeM MOSBIISIIOTCSI CBEICHUS O CO3JaHHU
CBEpPXIIPOBOJHUKOB, IMONAJAIOIIMX B 30HY JCUCTBHUS JKHUIKOro azora. Tak
NOSIBWJIOCH ~ CBENEHHME, 4Yro B  Poccum  co3maH  CBEPXIPOBOISALIUN
(oxcnepuMeHTaNbHbIN) Kabenb ¢ T, = 64-75K mnmmnoi 200 M Hampsoxenuem 20
kB, paccuntannbiii Ha Tok 2000 A.

Ha ocnoBe cBepxnpoBonHHKOB Il poja yxe co3naroTcs peajbHble IPOBOJA,
KOTOpbIE UMEIOT CaMH MO ceOe CIOXKHYI0 KOHCTpYKIuio. M3 mMpoBOIOB CO3Aat0T
OKCIIEPUMEHTAIIbHBIE KaOeH, IIMHOMPOBOABI, JJIEKTPUYECKUE TEHEPATOpPhl |
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Opyryro  anmaparypy. PoxpgaeTrcs  HOBO€ — HAaydyHOE  HAmpaBlIeHHE -
CBEPXITPOBOJHUKOBAS JIEKTPOTEXHUKA.

OnHO M3 camMbIX MHTEPECHBIX U MEPCIEKTUBHBIX HAINPABICHUN 3TO CO31aHUE
cBepxmpoBoAsAMX MHAYKTUBHBIX Hakonurtener (CIIMHog). Takoil HakomuTesnb
NPEACTABISACT TOPOUJAJIBHYIO KATYIIKY HWHIYKTUBHOCTH, Yy KOTOpOW BCE
MAarHuTHOE TIOJIE HAaXOAUTCA BHYTpM Karymku. Karymka caenana wus
CBEPXMPOBOASIIMX MPOBOJIOB, MOTPYKEHHBIX B KUAKUAW Teluil (IBE CTyNEHU
oxnaxaenusi). [Ipm W30BITKE MOIIMHOCTH W DSJEKTPOIHEPTUU B IIICKTPUUECKON
CUCTEME OHa uepe3 MpeoOpazoBaTeNd IEPEMEHHOro Tpex(a3HOro TOKa B
nocrosiuHbld  3aronsiercs B CIIMH, raoe coxpansiercs nOpoOW3BOJIBHO JOJITO,
MMOCKOJIbKY B KaTyIIKE HET MOTEPb.

[Ipu BO3HWKHOBEeHHMH JeuIMTA MOIMHOCTA W  DJIEKTPOIHEPTUU B
ANEKTPUYECKOU cucteme sHeprus, 3anaceHHas B CIIMHe gepes nmpeobpazoBarenu
MOCTOSIHHOTO TOKa B TpeX(a3HbIil MepeMEHHBI TOK BbIAA€TCS 0OpaTHO B CETb.
HecmoTpss Ha [BYXCTYNEHUYaTyr0 CHCTEMY OXJAXIEHUA WU COOTBETCTBYIOLIUE
SHEPreTUYECKUe 3aTpaThl, pacueTbl nokazanu, yto KIIJ Ttakoro CIIMHa moxer
nocturate 97-98%. B mupe yxe umeercs psa NPUMEPOB MCIOIb30BAaHUSA TaKUX
YCTPOWCTB, B TOM YHUCJIE B CEPUECHOM BAPHUAHTE JIJII COXPAHECHHUS YCTOMYMBOU
paboThl CBEPXMOIIHBIX JIMHUM 3JIEKTporepeaayd, TMOABEPKEHHBIX OOJIbIIUM
KOJIeO0aHUIM TepelaBaeMO MOIITHOCTH.

AtomHble craHnuu TeminocHa0xkeHusa (ATC). CymecTByeT THUIIOBOM
MPOEKT TaKOW cTaHImMH TeriocHabxkeHus ¢ peakropom ATC-500, T.e. TernoBoi
motmHocThio 500 MBT. Ilo 3ambiciy pa3paOOTUMKOB TaKOW PpEaKTOp AOKEH
MMETh MMOBBIIIEHHYIO HAJEKHOCTh 32 CUET CHUIKEHUS [TapaMETPOB TEIIOHOCUTEIIS.
JleHicTBUTEIBHO IS TeIUIOCHAOKeHHsT TpebyeTcs: TemmepaTypa Boasl g0 150°C,
YTO W TIO3BOJIsIET oOecnmeuuTh paboTy MeTamia, O0OpyIOBaHHUS MpU ITHX
TeMIeparypax C TOBBIIIEHHOM  HaJeKHOCThIO. CylIEeCTBYIOT  MHPOEKTHI
ucnonb3oBanuu Takux ATC okono Apxanrenbscka, Huxnero HoBropona u npyrux
ropogoB. (OCHOBHOE MNPEUMYIIECTBO 3AKIIOYAECTCS B OTCYTCTBUHM BPEIHBIX
BBIOPOCOB, CBSI3AHHBIX C COKMIAHWEM OpraHuuyeckoro TtorumBa. K HemocTaTkam
CJIelyeT OTHECTU Bce Te MpoOJeMbl, KOTopble cBsizaHbl ¢ ADC, 3TO XpaHEHHE U
nepepadoTka OTPabOTAHHOIO SJIEPHOTO TOILIUBA.

KpoMe BblllIeyKa3aHHBIX HANpaBICHUN K TMEPCIEKTUBAM  Pa3BUTUSA
SHEPreTUKN MOXHO OTHECTH BOJOPOAHYIO SHEPIeTHKY HA TOIUIMBHBIX 3JIEMEHTAX,
ctpoutenbctBO ADC ¢ peaktopamu Ha ObicTpeix HeWTponax (PBH) u B
MEPCIEKTUBE CO3[JaHWE NPOMBIIUIEHHBIX T'€HEPATOPOB SHEPIMM Ha OCHOBE
YIPABJISIEMOT0 TEPMOSAEPHOTO CHHTE3A.

KoHTpPOJLHBIE BOIPOCHI:

1. Yro maeT mapora3oBblii LUK paOOThl 3JEKTPOCTAHIMN [0 CPABHEHUIO C
nukiIoM PenkrHa Ha neperperom nape?

2. U306pa3urte npuHnunuaabayto cxemy [TV,

3. Kakue BBITOJIbl JAET NPUMEHEHHUE CBEPXIPOBOIAIINX MATEPUATIOB?

4. Kakvue HOBbIE HETPAJWLMOHHBIC HANPAaBJICHUS PA3BUTHSI SHEPTETUKHU BbI
3HaeTe?

92



HPUJIOKEHUSI.

IMPUJIOKEHHUE 1.

CBEJAEHUSA 11O UCTOPUU TUAPO- U TEIIVIOODHEPT'ETUKU

HpeBuue punukuitiel okoso 4000 Hazan HayaiaM MCMOJIB30BaTh IMapyc, T.€.
DHEPIruI0 BETPa, JPEBHUE TPEKH HCIOJIb30BAIM SHEPIUI0 Hapa IJs JIBUKEHUS
JIBEpEU XpaMOB U JPYTUX «UYIECH.

['peuecknii yuenwnii Apxumen (ok. 287 — 212 rr. go H.3.) chopmyaupoBal
OCHOBHBIE 3aKOHbI THMAPOCTATUKH, B YAaCTHOCTH 3HAMEHUTHIN 3aKOH Apxumena.
Kpome Toro, oH BBEJ MOHATHE «YIEIBHBIA BECH.

'epon Anexcanapuiickuii (ok. 1 Beka H.3.) cdopMyIupoBajl MpaBuia
CJIO’KEHUSI CKOPOCTEM, J]ajl OMMCAHUE MHOTUX MPOCTHIX MaluH. CKOHCTPYHUpOBAI
map, KOTOPbIM Bpalajics Mmoj JACMCTBUEM Mapa, BHIXOASIIIETO U3 JIBYX M30THYTHIX
TpyOOK, IPooOpa3 MapoBLIX TYPOUH.

JIoCTOBEpHO HM3BECTHO, YTO IEPBOE BOJSHOE KOJIECO ObUIO 3amyIlEeHO B T.
Moszene B 340 . 1 OBICTPO pacrpoCcTpaHUIIOCh Mo Beelt EBporne.

IlepBble BeTpsHBIE MEJBHUIIBI TNOSBWINCH HAa BOCTOKE, IO HEKOTOPHIM
cBeaeHusM B 644 rony, B EBponie B 1105 rony.

NutepecHo, uro mnepBoe ynomuHaHue (okoso 1150 roma) o BedyHOM
JIBUraTejie Halllld B CAHKPUCTCKOW pykonucu «CUHIXaHTa CUPOMaHU», aBTOD,
VHIUNCKUN MaTeMaTUuK bxackap npeanaraer KoJieco C MOJIOCTSAMHU, 3al0JTHEHHBIMU
PTYTBIO, KOTOPOMY HEOOXOIMMO JaTh NEPBBIA TOMYEK, Jdajee OHO Oyjaer
BpaunaThCcs BeuHo. /lanee momen noTok nNpeaioKeHUii BEUHOTO JBUTATES.

B 1551 romy Mxupanomo KapnanHo mnokaszai HEBO3MOXXHOCTh CO3JaHUS
BeUHOro asurarens, a B 1775 rony Ilaprkckasi akaaemMus HayK OpUHSIIA pEeUICHUE
HE pacCcMaTpUBaTh MPOEKTHl BEUHOTO JIBUTATES.

B 1601 rony uranbsackuit pusux JxamOarucra aena [lopta ycraHOBUI BO
CKOJIBKO YacTel mapa MOYKET MPEBPATUTHCSA OHA YaCTh BOJBI.

B 1698 rogy Tomac Cepepu (AHIIHSI) MOJYy4HJI MATEHT Ha M300peTEeHUE
NapoBOM MalllMHBI, B KOTOPOW ObliIa MCIOJIb30BaHA KOHEHCAIUS Tapa.

AGGar Xan Tardeitne B 1678 romgy cran moj MOpIIEHb KJIACTh HEMHOTO
nopoxa M TMOJKUIaThb €ro, B Pe3yJbTare TMOJy4Yyusd Npoodpa3 ABUTaTens
BHYTPEHHETO CTOpPaHHSI.

HIsetinapckuit yuensiii JI. bepuymnu B 1738 roay BeIBenm U OmyOIuMKOBal
ypaBHEHUE JBWMKEHUS UICATHLHOM KUIKOCTH (TEKYIeH 0e3 TPEHUS U HEe UMEIOIICH
BSI3KOCTH), KOTOpPO€ B JajbHEWIlEeM ObLUIO YTOUYHEHO W ISl HE HJICAbHOU
AKHUKKOCTH.

Pycckuit uzobperatens u Mmexanuk Msan [lon3ynoB B 1765 roay co3nan cBoit
BAapUaHT apOBOM MalMHBI, KoTOpas padoTana B Anrtae 10 1780 roxa.

Ixeiimc Yart B 1769 roay co3nain mapoByl MallWHY, KOTOpas HUMena
EHTOOEKHBII PEeryssTop, CUCTEMY aBTOMAaTHYECKOM MOJayM Iapa B LIMJIMHIPHI,
JUISL 4E€r0 WCIIOJb30BAJICS IapajulesiorpaMM, KOTOPBIM B IOCJHEACTBUU CTAIIA
Ha3bIBaTh MapajuIeIorpaMMoM YarTa.

Camu Kapno (1796 — 1832) B 1824 roay chopmyaupoBa MOJOXKEHHUS 2T0
Hayajga TEPMOJMHAMUKH, BBEJI MTOHATHE KPYTrOBOIO MPOLECCA, MPUILIET K BBIBOLY,
YTO JJIs1 IEUCTBUS TEIJIOBOM MAIlIMHBI HYKEH XOJOANIbHUK.

93



Pobept Maiikp B 1841 rogy mpumien k BbIBOIy 00 SKBUBAJCHTE TeIia U
MEXaHUYECKON YHEPTUH.

B 1847 rony I'epman I'enbMroibIl Jail CTPOTYI0 MAaTEMAaTUYECKYIO TPAKTOBKY
3aKOHa COXPaHEHMs PHEPTUU U MOKa3all ero BceoOUHOCTh. ClelyeT cKka3aTh, UTo K
UJIeSIM COXPaHEHMSI SHEPruu paHee noaouuin: narckuil yuensiit JI. Konpaunar, M.
dapajelt, NpaKTUYECKU OJIHOBPEMEHHO OH Obu1 copmynupoBan P. Maitepom u
. Ixoynem.

Hemenxkuii ¢pusux P Knaysuyc oxono 1865 rona BBen nmonsitue sutponuu. K
aHAJIOTUYHBIM BBIBOJAM MpHILea aHrnuickuid pusuk Y. Tomcon (nmopa Kenbsun),
KOTOPBI BBEJI HOHATHE A0COIIOTHOTO HYJIS.

Awmepukanckuid pusuk Y. ['mo6c (1839 — 1903) reopernyecku oOOCHOBAN
TEPMOJIMHAMUKY, BBEJ MOHATHE TEPMOJAMHAMUYECKUX (PYHKIUH, T.. (DyHKIIUH,
OMNMCBIBAIOIINX COCTOSIHUE TEPMOANHAMUYECKON CUCTEMBI

JI. bonbiman (1844 — 1906) aBcTpuiickuii GU3MK cocAan TEOPHUIO U3TyUCHUS
U JIy4eBOTr0 OOMEHA SHEPTUEH..

B 1884 — 1885 rogax Y. ITapcoHc mocTpous NEPBYIO NAPOBYIO PEAKTUBHYIO
Typouny, a K. JlaBans B 1889 romy mocTtpousn mnepByr MapoBYH TypOHHY
AKTUBHOTI'O THIIA.

[lepByt0 mpakTUYECKHU MPUTOJHYIO THIIpaBIMYECKyl0 TypOuHy B 1827 romy
co3nan ¢panmysckuii uHxkeHep b. ®dypueiipon. B 1849 romy amepukaHckuii
runporexHuk J[. dpeHcuc co3gan paguanbHO-0CEBYIO THAPABINYECKYIO TYpOUHY,
a B 1912 rony B. Kamman pa3paboTan mOBOpPOTHO-JIOMACTHYIO TypOuHy. B
nanpHeimem IlenronoMm Obla co3fgaHa KoBIIEBas TypOuHa, paboTaromias mnpu
OOJIBIIKX HAMIOPAX.

Bex XX 53TO BeK IIMPOKOr0 IPUMEHEHHUS OCHOBHBIX TEOPETHYECKUX
MOJIOKEHUN TEIUIOPHEPreTUKH W THUIPOSHEPreTHKM Ha MpakThuke. MoniHoctu
TEIUIOBBIX U THAPABIMYECKUX arperaToB yBeIWuuBaiauch. Hawanu coopyxarbcs
napoBble TypouHbl MomTHOCTRIO 20, 50, 100, 150, 200, 250, 300, 500, 800 MBT Ha
Bay. COOTBETCTBEHHO Pa3BUBAJIOCh U KOTEJIIbHOE 000pYyAOBaHUE C NEPEXOAOM Ha
CBepXKpUTHUECKHEe TapaMeTphl mapa (24 Mlla u 5650C). ['mapoarperarbl Takxke
HapaluBajid CBOIO MouHOCTh: 12, 20, 43, 100, 200, 500 u 600 MBT, a Takxke
MHOECTBO MPOMEKYTOUHBIX MOIIHOCTEW. YBEIUYUBAJICA MCIOIb3YEMBIN HAMOP,
Hanpumep Cuma — ['9C, Hopserus nmeet Hanop nopsiaka 1100 m. B 1964 rogy no
npoekty LIKTH Oblna mymieHa mepBasi mapora3oBasi yCTaHOBKa (razoBasi TypOMHa
MomHOcThI0 4 MBT m mapoBast TypOuHa momHocThio 12 MBT). B HacTosiuee
BpEMS 3TO HaMpaBJICHHE MOJIy4aeT BCce OOblliee paclpoCTpaHEHHE.
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MMPUJIOKEHHUE 2.
HCTOPHA PA3BUTHA JJIEKTPOSHEPI'ETHKH.

SIBnieHus 3NEeKTpU3alMU ObLIM U3BECTHHI YEJIIOBEKY OYEHb JIaBHO. TAKXKE OH
CTAJKMBAJICA W C  SIBJICHUAMM  MarHUTHBIMHU, KOTOpPbIE  MPOSIBISIUCH
OPUTATUBAHUEM WM OTTAJIKMBAHUEM HEKOTOPBIX IOPOJA WM MNPUTATHBAHUEM
JKeJIE3HBIX U3JEIINI.

B 1570 rony anrnuiickuii yaeHsii Y. ['miibOEpT BBITIOTHUI OMKCAHUE ITHUX
SABJICHUM, OJJTHAKO OH MPHUILEI K OIIMOOYHOMY BBIBOJY, UTO 3TH SIBJIICHUS HE UMEIOT
CBSI3U MEX]1y COOOM.

DTy HETOYHOCTh UCHpPaBWJ PYCCKHUM ydeHbl @. DnuHyc, KOTopbid B 1758
rony B gokinane AH wusznaran uaero «O poOACTBE SIEKTPUYECKOM CHIIBI U
MarHeTUu3Ma.

AmMepukaHckuil yueHbil b. @paHKIMH CyMell NOHATH, YTO CYLIECTBYET JBa
COCTOSIHUSL HA3JIEKTPU30BAHHBIX T€J, KOTOPHIM OH MPUIAJI CMBICI ABYX Pa3IUYHBIX
3apsiioB (MOJIOKUTEIBHBIX U OTPULIATEIIbHBIX ).

1785 rtom otkpeitue dpaniy3ckoro ydenoro . O. Kymona, kotopsiit
chopMynupoBall 3aKOH B3aUMOJEUCTBUS JABYX SJCKTPHUUECKU 3apSHKEHHBIX Tel.
Kax roBopsiT coBpeMeHHbIe (U3UKU W3 3TOr0 3aKOHA MOKHO BBIBECTH TMOYTH BCE
IPYTUE 3aKOHBI DIEKTPOTEXHUKH.

B pesynbrate padot JI. I'anbBanu (okoso 1738 rona) u A. Boawra (1799 ron)
OB CO3/aH TajJbBaHUYECKUM 3JIEMEHT, KOTOPBIM ChIrpall 3HAYUTEIBHYIO POJb B
M3YUYEHHUH 3aKOHOB JIEKTPOTEXHHKHU.

Harckuii yuensii X. K. Opcren B 1819 roay ycTtaHoBWiI, 4TO CyHIECTBYET
BJIUSIHUE DJIEKTPUYECKOT0 TOKAa HAa MAarHUTHYIO CTPEJIKY Komraca, a B1920 roay A.
M. Amnep nokasas, 4TO 3JIEKTPUYECKAA TOK CO3/1a€T TOYHO TAKOE K€ MarHUTHOE
moje, Kak MW TOCTOSIHHBIM MarHuT. bonee Toro oOH omnpenenusa CUiLy
B3aMMOJICHCTBHS MEXIy COOOM IBYX TOKOB, MPOTEKAIOIIMX MO MTPOBOAAM.

Anrnmuiicknid  ydyeHsld M. @apagedl OTKpbUI 3aKOH DJIEKTPOMATHUTHOU
WHIYKUWHU, OJIMH U3 OCHOBOMOJIAraloIMX 3aKOHOB AJIEKTPOTEXHUKHU.

Pycckuii yuenbii 3. X. Jlenny B 1833 roay OTKpbUT MPaBWIO , KOTOPOE
CBSI3bIBAJIO HAINPAaBJICHWE MATHUTHOTO TOJIA, JBM)KECHHUE B HEM IIPOBOAHUKA U
HaIpaBjeHUe TOKa B MpoBoAHMKE (1in HanpasieHue J/]C B npoBogHUKE).

Pycckuii uzobperarens Skodu B 1834 romy m3o0pen ¥ mpUMEHUIT MEPBBIN
NPAKTUYECKU PUTOIHBIA AJIEKTPOJBUTATEb.

Hemenkuit yuennii I'. P. Kupxrod B 1847 roay copmynupoBai 3aKOHBI
ANEKTPUYECKUX LIETIEH.

B 1873 rony anrnuiickuii yuensli JI. K. MaxkcBemm 0000muB Bce
IpeIblayIIue 3HaHUS co3/an 0000MIEHHYIO TEOPHUIO 3JIEKTPOMArHUTHBIX SIBJICHHM,
KOTOpasi OblJla yCOBEpIIEHCTBOBaHAa HEMEUKHM YyuyeHbIM [eHpuxom [epuewm,
MMEHHO B €r0 MHTEPIIPETALINU 3Ta TEOPUS U3JIaraeTcs BO BCEX yUeOHUKAX.

B 1873 romy pycckum wuzobperarenem A. H. JlogsruaeiM  ObLI0
CKOCTpYHpOBaHa JiaMIla HaKaJHUBaHUS C BOJb(PaAMOBON HUTHIO, 3alIaTEHTOBAHHAs
BO MHOTuX ctpaHax. B 1880 rogy pycckum anektporexHukoM /[. A. JIaunHOBBIM
Obla JOKa3aHa BO3MOXKHOCTD Mepeadn dJEKTPOIHEPTUN Ha OOJIbIINE PACCTOSTHUS
yTEM YBEJIUYEHUS HATIPSIKEHUS.
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1888 roam, poccuiickuii MHxkeHep, pabortaromuii B EBporie, TeopeTnuecku
JI0Ka3ajl MpenumMyIiecTBa Tpexda3sHoro nepeMeHHoro Toka, a B 1891 roay mos ero
PYKOBOJACTBOM  ObUIa TOCTPOEHA TMepBas  dHEprocucremMa  TpexgazHoro
nepeMeHHoro Toka. OHa cocrosiia u3: Tpex(pa3Horo reHeparopa, yCTaHOBIEHHOTO
Ha ['DC, rme 1m0 3TOro Crosil reHepaTop IOCTOSHHOIO TOKa, Tpex(azHoro
MOBBICUTEJILHOTO  TpaHcpopMaropa, Tpex(}a3zHoWl JUHUU dBIEKTponepenavu
HanpspkeHueM 14 kB, Tpexda3HOro mMOHU3UTENBHOTO TpaHcpopMaropa U
Tpex(a3HOTO AaCHMHXPOHHOTO JBUTATENs, KOTOpPBIM Bpaman Hacoc (oHTaHa
OUYEPETHON AIEKTPOTEXHUUYECKON BBICTABKH B HEMELKOM ropoje Ppankdypre-Ha-
Maiine. D10 ObUT MPoOOOpPa3 COBPEMEHHON 3JIEKTPOIHEPTETHUECKOW CHCTEMBI.
[Tocne aToro Tpexda3Hbiii MEPEMEHHBIN TOK Pa30IIesCs IO BCEMY MHUPY.

B Poccun k 1913 rogy wumena Ha osaekrpoctaHuusax 1141 MBr
ycranoBiaeHHon momHoctd. K 1930 rogy nobGaBumoch eme 1750 MBt B
JNaJdbHEUIINE TOAbl PETYJIAPHO BBOAWIMCH HOBBIE DJIEKTPUUECKUE MOITHOCTHU. Tak
B 1975 romy Owbuto BBemeHo 12000 MBT 2JeKTpUYECKMX MOIIHOCTEH.
OOHOBpPEMEHHO CTPOMJIMCh JIMHUU DJEKTpONepenadyd Bce 0oJjiee BBICOKHX
Hanpspkenuit: 110, 220, 330, 500, 750 u 1150 xB. ®opmupoBanacey Enunas
DHEPreTUYECKAsi CUCTEMA.
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