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IpeauciaoBue

Ha coBpeMeHHBIX MPeANpUATUSIX MePEepadOTKU CEIbCKOX035HCTBEHHOM
MPOIYKIIMH, TUIIEBBIX TPOU3BOJICTB U MPEANPUATHUIX OOLIECTBEHHOTO TH-
TaHUsS IKCILTyaTUPYETCs OOBIIOE KOJUYECTBO TEIJIOBOTO 000pYA0BaHUS,
U MOTPEOJICHUE TEIUIOBBIX YHEPTOPECYPCOB SABJISIETCS MpeoOiIaaaronuM B
oO1eM sHeprodanance STUX TPEANPUITHH.

YMeHue paimoHaaibHO UCIOJIb30BaTh TEIUIOBBIE SHEPrOpECYpCHI, Mpa-
BUJILHO TOAOUpATh TEIUIOBOE 000PYIOBAHHUE C YYETOM OCOOCHHOCTEH pe-
aJM3yEeMbIX TEXHOJOTHMYECKUX MPOLIECCOB U I'PAMOTHO €ro 3KCILTyaTHUpO-
BaTh TPEOYET M OT TEXHOJOIOB U PAOOTHUKOB, HEMOCPEICTBEHHO CBSI3aH-
HBIX C JKCIUTyaTalledl TEXHOJOTUYECKOr0 O0OpY/IOBaHUs, 3HAHHS OCHOB
TETUIOTEXHUKHU.

B npeagnaraeMoM nmocoOMM M3JIararoTCsi OCHOBBI TEIUIOTEXHUKHU C yde-
TOM TOJIrOTOBKM OakaniaBpoB 1o HampasieHuto: 260200. 62 — [IpoaykTsl
MUATAHUSL KUBOTHOTO TpoucxoxaeHus, npopuinbl «TexHomnorus msca u
MSICHBIX TPOAYKTOBY», OOecreunBaronme (GOpMUpPOBAHUE OOIIEKYIbTYP-
HBIX U MPOPECCHOHANBHBIX KOMIETEHIINI: CIOCOOHOCTHIO K CAMOOPTaHU-
3aiuu 1 camooOpazoBaHuio (OK-7); crocoOHOCThIO H3ydaTh HAy4YHO-
TEXHUYECKYI0 MH(POPMAILUI0 OTEUYECTBEHHOTO U 3apyOE€KHOTr0 ONbITa IO
tematuke uccienoBanus (I1K-3); cmocoOHOCThIO MPUMEHSTH METPOJIOTH-
YECKUE MPHUHIMIBI WHCTPYMEHTAIbHBIX H3MEPEHUM, XapaKTEepHBIX IS
KOHKpEeTHOU npeameTHoi oomactu (I[TK-4).

[TocoOue MOXKeT UCIONB30BATHCS TAKKE MPU MOJTOTOBKE OakajIaBpOB
0 JAPYTrMM HamlpaBJICHUSIM, CBS3aHHBIM C TEXHOJIOTHEUW mepepadaThIBaro-
IUX W MUIIEBBIX MPOU3BOJCTB, a TAKXKE AKCIUTyaTanuer o0opy0BaHUS

NPEANPUITAN ITUX OTPACIIEH.



BBenenue

TemmoTexHuka — 3TO OTpacib HAYKU U TEXHUKH, KOTOpas 3aHUMAETCS
BCEMHU BONPOCAMMU IPOU3BOJCTBA M HCIOJIB30BaHUA TEIUIOTHI B CAMBIX
pa3IMYHBIX LEesIX. TernoTa ke, B CBOIO OYepellb, SBISIETCA OJHUM M3 Ca-
MbIX BOCTPEOOBAHHBIX BHUIOB SHEPrUHU, KOTOpas HEMOCPEICTBEHHO HC-
MOJIB3YETCS JJIsl YIOBJIETBOPEHUSI OBITOBBIX MOTPEOHOCTEN UesioBeKa (000-
I'PEB, MPUTOTOBJICHUE MHIIH U T.I.), B TEXHOJOTUYECKUX MPOILECCAX pa3-
JUYHBIX MPOU3BOJCTB, & TAKXKE Il TpaHCHOpMaLMK B MEXaHUYECKYIO U
ANEKTPUYECKYIO SHEPTHUIO.

TennorexHuka 06a3upyeTcsi Ha pe3ysbTaTax MPAKTUYECKOTO0 U HAy4YHO-
TEXHUYECKOI'0 MOMCKA MHOTHX TOKOJICHUI TaJaHTIUBBIX U300peTaTene,
KOHCTPYKTOPOB, UCIIBITATENIEW W YYEHBIX, TBOPUBIINX B PA3HBIC MMEPHUO]IBI
pPa3BUTHS IPOU3BOIUTEIBHBIX CHJI OOIIECTBA.

TennoTexHrKa Kak HayKa BO3HUKJIA B PE3YJIbTATE MTOMCKA YHUBEPCAIb-
HOTO TEIUIOBOTO JABUTATENIs, KAKOBBIM CTaJl TapOBOM JBUTaTenb. B co3na-
HUE TaKOTO JBUTATENsS CIEAYET OTMETUTH BKJIAJ aHrindaH HerokoMmeHa,
J1. Yarra u namero cooreuectseHnuka WM. U. Tlonmsynosa. HeoOxoaumocTs
COBEPILICHCTBOBAHMS MMAPOBBIX JIBUTATEIEH CTUMYIMPOBAJa UCCIECIOBAHNUS
CBOWCTB BOJSIHOTO T1apa, a 3aTEM U PA3JIMYHBIX Fa30B.

VY UCTOKOB HAy4YHOTO MO3HAHUA MPUPOABI TEIUIOTHI CTOUT BBLAAIOIIH -
C PYCCKUM ydeHbIM akageMuk Muxaun BacunbeBnu JlIomoHocoB. OH sB-
JSI€TCSl aBTOPOM KMHETUYECKOM TEOPUU TEIUIA, CIECACTBUEM KOTOPOU SIBHU-
JIaCh TEOPHS TEIUIOBBIX SIBJIEHUI, OCHOBAHHAS HA MIPEACTABICHUU O TEILIO-
T€ KaK pe3yJbTaTe XaOTHYECKOrO ABHKEHUS aTOMOB M MOJIEKYJI BELIECTBA.

Kunernueckast Teopusi marepur JIoMOHOCOBa JaeT TEOPETUUECKOE OCHO-



BaHMUE JIJI1 TOCTAHOBKHM JBYX IMPUHIUIHAIBHBIX TPoOJeM — TpoOeMbl
MPEBPAILICHUSI TEIJIOTHI B MEXAHUUYECKYI0 PadOTy U MPOOJIEMBbI MPUPOIBI
roperusi. O0e 3Tu mpoOJIeMbl OBUIH MOCTABJIEHBI U PEIIATUCH KaK PYCCKHU-
MU, TaK U 3apyOeKHBIMU yueHbIMU U uHkeHepamu XV cTtonetus.

TennmoTexHuKa Kak Hayka OKOHYaTeIbHO chopmupoBaiach B XIX Beke
B 3TMIOXY MPOMBIIICHHO-TEXHUYECKON PEBOJIIOIIUM, KOTOpasi XapaKTepHU3y-
€TCS MacCOBBIM MCIIOJIb30BAHUEM TEIUIOBBIX JBUTATENICH, B pe3yJibTaTe
Yero TEIioTa Obljla MOCTaBJICHAa Ha CITYXO0Y UesloBeKa.

TeopeTndyeckoil OCHOBOM TEIUIOTEXHHUKU SIBJISIETCS TEXHHYECKasl Tep-
MOJIMHAMHUKa U OCHOBBI TEIJI00OOMEHA U MacCOOOMeHa.

TepmonnHamMuka U3ydaeT 3aKOHBI MPEBPAIICHUS YHEPTHH B PA3IMUHBIX
mpoIeccax, MPOUCXOAANIUX B MAKPOCKOITMUECKUX CUCTEMaX U COMPOBOXK-
Jaromuxcs: TerioBeIMU 3¢ dextamu. [Ipu 3TOM MO MaKpOCKOMUYECKOMN
CHUCTEMOU MOHUMAIOT JIF0OOM 00BEKT, pasMephbl KOTOPOTO HECOU3MEPUMO
Oo0JIbIlIe pa3MEpPOB MOJIEKYJI U aTOMOB.

B 3aBucuMoCTH OT 3alady HCCIEAOBAHUS PA3TUYAIOT TEXHUUYECKYIO
TEPMOJIMHAMUKY, XUMHUSCKYIO0 TEPMOJNHAMUKY, TEPMOJINHAMHUKY OHOJIO-
TMYECKUX CUCTEM H T. TI.

Texuuueckas TepMOAWHAMHKA H3ydaeT 3aKOHOMEPHOCTH B3aWMHOTO
MPEBPAILICHUS TEIJIOThl 1 MEXaHUYECKOW SHEPTUU U CBOMCTBA TEJ, y4acT-
BYIOIIIMX B 3THX IpeBpaiieHusx. IMeHHo Ha 6a3e OCHOBHBIX 3aKOHOB TEX-
HUYECKON TEepPMOIMHAMHUKH MPOU3BOJUTCS pa3padOTKa M COBEPIIECHCTBO-
BaHWE PA3JTUYHBIX TEIUIOBBIX JIBUTATElEH, XOJOIUIBHBIX YCTAaHOBOK H
KOMIIPECCOPHBIX MAIIIHH.

Havanom pa3BuTHs TEXHHUYECKOW TEPMOIMHAMUKHA KaK TEOPETUYECKOTO

pazjiena TeTIOTEXHUKHA MOYKHO CUYUTATh OMyOJIMKOBaHHYIO B 1824 romxy pabo-



Ty ¢paniry3ckoro yueHoro Canu KapHo «Pa3mbliiieHUst 0 cujie OrHs». JT1a
paboTa nana ocCHOBaHUE AJis1 (POPMYJIUPOBKH BTOPOTO 3aKOHA TEPMOIMHAMMU-
k. KapHO BBICKa3ai MOJOXKEHUE O TOM, YTO MOSBJICHUE ABWKYLIEH CHIIBI B
MapOBBIX JBUraTelsIX OOYCIOBICHO HE TOJIbKO PacXOAOBAHUEM TEILIOTHI, HO
Y HAJIMYUEM XO0JIOAA (XOJIONHOTO MCTOYHUKA), U YTO TOJIbKO MpPU HAIMYHUU
Pa3HOCTH TEMIIEPATYp MOXET BO3HHMKATh JIBWKyllas cwia. KapHo cuenman
NPUHLIMITHAIBHBIN BBIBOJ O LIMKIMYHON padOTe TEIUIOBBIX ABUraTeseH U pas-
padoTan MOHSATHE O KPYrOBOM 3aMKHYTOM TE€PMOJUHAMHYECKOM IIPOLIECCE.
OH 1npeyIokKni TaKOW KPYrOBOM 3aMKHYTBIN MPOLIECC, BIOCIEACTBUH MOTY-
YUBIIMK Ha3BaHWE LHKJIA KapHO, IpH KOTOPOM MEXIY BYMS YpPOBHSIMU
temnepatyp (m3orepmamu T u T,) MOKHO MOTYYUTH MAKCUMYM PaOOTHI.
Tennora sBnsieTcss HauOosiee yHUBEpCAIbHOW (POpMOHM 3HEprum, mo-
CKOJIBKY JIt00ast (hopMa sHepruu (MexaHuyeckasi, XuMuuyecKasi, 3JeKTpruye-
CKasl, i/iepHas U T. I1.) TpaHCPOPMHUPYETCS, B KOHEUHOM CUETE, YACTUYHO,
JM00 TOJIHOCTBIO B TEIJIOBOE JABUKEHHE MOJIEKYJ, TO €CTh B TEIUIOTY.
Paznuunble Tena MOryT OOMEHMBATBHCS BHYTpPEHHEH 3Hepruei B (opme
TEIJIOThI, YTO KOJMYECTBEHHO BBIPAYKAETCS NEPBBIM 3aKOHOM TEPMOJIMHA-
MUKH, KOTOPBIN SIBJIIETCS YACTHBIM CIIy4aeM OOILEro 3aKOHA COXpPaHEHHUS
U TIPEBPALLCHHUS YHEPTUH, OJHOTO U3 BAXKHEHIINX 3aKOHOB €CTECTBO3HA-
HUA. OTKpBITHE 3aKOHA COXPAHEHHS W NPEBPAILLCHHUS IHEPTUU SIBUIIOCH
00001IeHNEM MHOTOYHUCICHHBIX HAYYHBIX UCCJIEI0BaHUMN U OTbITA, HAKOII-
JIEHHOTO MPAKTUKOU, U B 3TOM TPYAHO yMaJuTh posib M.B. JloMmoHOCOBaA.
B no0bIx cuctemax, rjie UMEeTCsl pa3HOCTh TEMIIEpaTyp, MPOUCXOST
IOPOLIECCHl MEPEHOCA W PACIPOCTPAHEHUS TEIUIOTHI, WU3YYEHUIO KOTOPBIX
MOCBSIIACTCS, MOXKaNTyl, Hauboyiee CIOXKHBIM pasziesl TEMJIOTEeXHUKU —

TEOpHs TeTNIOOOMEHa.



Teopust Terio00OMeHa paccMaTPUBAET MPOIECC PACIPOCTPAHECHUS TETl-
JIOTHI B IPOCTPAHCTBE KaK CaMOIPOM3BOJILHBIM HEOOpATUMBIM IMpOIIECe,
IIpU KOTOPOM IPOUCXOJUT OOMEH BHYTPEHHEHM SHEprueii Mexay OTIeib-
HBIMM 3JIEMEHTAMH U MEXIy O0JIaCTSIMH paccMaTpuBaeMoil cpenpl. Y cTa-
HOBJICHO, YTO MEPEHOC TEIJIOThI OCYIIECTBIACTCS TPEMSI OCHOBHBIMM CIT0-
cobaMM: TEIUIONPOBOIHOCTBHIO, KOHBEKIIMEH M TEIJIOBBIM H3JIyUYEHHEM.
IIpu 3TOM TEIJIOOOMEH SBJISETCS CI0XKHBIM MPOIECCOM, KOIJa BhIIICHA-
3BAHHBIE MEXAHU3MbI IEPEHOCA TEIJIOTHl MOTYT AEWCTBOBATH OJIHOBpE-
MEHHO. Tak KOHBEKLHS, KOTOpPAask BO3MOXHA JIMIIb B TEKy4Y€u cpele, BCe-
rJ1a COMPOBOKIAETCS TEIUIONPOBOJHOCTHIO U TAKOW COBMECTHBIN ITPOLIECC
MEPEHOCA TEIJIOThl KOHBEKIIMEHM W TEIIONMPOBOJIHOCTHIO HA3BIBAIOT KOH-
BEKTHBHBIM TEINIOOOMEHOM.

Teopus TemmooOMeHa CTaBUT CBOEHM 3adadell HE TOIBKO OOBSCHHUTH
MEXaHU3Mbl IIEPEHOCA TETJIOTHI B MPOCTPAHCTBE, HO U YCTAHOBUTH OCHOB-
HbIC 3aKOHOMEPHOCTHU PA3IUYHBIX CIIOCOOOB TEII000OMEHA, a TAKXKE KOJIU-
YECTBEHHBIE XapaKTEPUCTUKH ATUX MPOIIECCOB B PA3JTUYHBIX YCIOBUSX.

TenmoTexHrWKa B CBOUX HCCIICIOBAHUAX TMOJIb3YeTCs Kak (hEHOMEHOII0-
THYECKUMM, TaK U CTATUCTUISCKUMHU METOIaMH.

ITo GospbImielt cBOEH YacCTH TEIIOTEXHUKA HCMOJb3yeT (DEHOMEHOIOTU-
YECKUM METOJ, KOT1a OTBJIEKAIOTCA OT MUKPOCKOMUYECKOTO CTPOEHHUS BE-
IIIECTBA, a M3y4aeMOoe SBJICHHE pacCCMaTPUBAETCS B 11eJIoM (Kak (heHOMEH),
Y YCTAHABJIMBAIOTCA COOTHOIIEHUSI MEXKAY IMapaMeTpaMu, XapaKTEepU3yto-

IIMMMH SIBJICHUC Ha OCHOBAHHWU OIIBITHBIX JaHHBIX.

HpH CTAaTUCTHUYCCKHUX MCTOJaX HCCIICAOBAHUA CUCTCMaA pacCMaTpHUBa-
CTCA KaK COBOKYIIHOCTb OOJBIIOT0 YHCJIIA MUKPOCKOIIMYCCKHUX 00BEKTOB

(aTOMOB, MOJIEKYJI, HOHOB) C OMPEJAEICHHBIMU CBOMCTBAMH U 3aKOHAMHU UX



B3auMoOJiecTBUSA. Ha OCHOBaHMYM NMOBEACHUSA TaAKOW COBOKYITHOCTH MHUKPO-
YaCTHI] CTABUTCS 3aJla4d MOJYYECHUS MAKPOCKOMUYECKHUX XAPAKTEPUCTHUK
cucteMbl. Bo3MOXHOCTh TTONTYy4uTh (HEHOMEHOJIOTUYECKUE COOTHOIICHHUS
Ha OCHOBE CBOMCTB MHKPOCKOIMHUYECKOW CTPYKTYPBI Cpeabl 0€3 AOMOTHHU-
TEJIbHOTO MPOBEACHUS IKCIIEPUMEHTA SIBJISIETCS IOCTOMHCTBOM CTaTHCTH-
YECKOro Meroga uccienoBanus. OQHAKO HEIOCTATKOM 3TOT0 METOJA SB-
JISIETCA €Tr0 CJOKHOCTh, YTO OTPAHUYMBAET OOJACTh €r0 HCIOIb30BAHUS
JIUIIB JJIs1 TPOCTEUINX (PU3NUECKUX MOJIeSICH BEIEeCTBa.

TennooOMeH WM Terjonepesaya — CPaBHUTENBHO MOJIOAAas Hayka,
OOJBIIION BKJIaJ B Pa3BUTUU KOTOPOW BHECIH COBETCKHE ydeHbie B.M.
Kuprninues, M.A. Muxees, A.A. I'yxman, C.C. Kyratunanze, A.B. JIbikoB
Y MHOTHE JPYTHE.

Terora CyKUT 4EIIOBEKY HE TOJBKO B YHEPrE€THKE, HO U BO MHOTHX
TEXHOJIOTUYECKHUX MPOIIECCaX CaMbIX PA3JIMYHBIX OTPACEl MTPOU3BO/ICTBA.
[Ipu 3TOM CcenbCKOE XO35IUCTBO U MepepadaThIBAIOIINE OTPACIHU SIBJISIIOTCS
KPYIHEHUIITUMHU MOTPEOUTENN TEIUIOBOM 3Hepruu. OTHAKO TII00aIbHOE UC-
MOJIb30BAHUE TEIUIOTHI KAK MCTOYHUKA SHEPTUH B YCIOBHUSX MOCTOSTHHOIO
pOCTa 3HEPronoTpeOIeHNs] MPUBOJIUT K BOSHUKHOBEHUIO CEPHE3IHBIX HKO-
JIOTUYECKUX TPOOJIEM, CBSI3aHHBIX C CYLIECTBYIOIIUMHU TEXHOJIOTUSAMU
MIPOU3BOJICTBA U UCIIOJIb30BaHUS TEILIOTHI.

Pemienue 3tux npoOiaeM cBA3aHO ¢ 00Jiee MUPOKUM BHEIPEHUEM SHEP-
rocoeperaronmx TexXHOJIoru, Oonee 3(PPEKTUBHOMY HCIOIB30BAHUIO
TEIJIOTHI, KaK B TEXHOJOTHYECKUX MPOIEccax, TaK U TpU €€ TpaHcpopma-
AW B JIPyrMe€ BUIbI SHEPTUU. PemieHne 3Tux 3ajad BO3MOXKHO JIMIIb Ha
3HAHWH U UCTIOJIb30BAHUU TEOPETUUECKUX OCHOB TEIUIOTEXHUKHU KaK HAYKHU
U JaJbHEHIIEro €€ Pa3BUTHUSL B TECHOM CBSI3M C BO3HUKAIOIIUMU MPUKIIAI-

HBIMH BOIIpOCAaMHM HUCIIOJIb30BaHUA TCIJIOTHI.



TENJIOCHABXEHUE NPEANPUSTUIA

1. CucreMbl TeIJIOCHAOKEHUS MPEANPUSTHI

1.1. Obuwue ceedenusn o cucmemax menaoCHAbICEHUA

npeonpusamuil

Cy1iiecTBOBaHHE COBPEMEHHOTO OOINECTBA CBS3AaHO C TOTPEOICHHUEM
Oompioro KonudectBa 3Heprun. Cpenu pa3IuyHbIX BHIOB SHEPrUH, HC-
MOJIb3YEMBIX YEJIOBEUECTBOM, HAaM0O0JIE€E BOCTPEOOBAHHBIM BUIOM, HAPSY
C MEXaHUYECKOW, SABJIAETCA TEIUIOTa. B OCHOBE COBPEMEHHOW YHEPreTUKU
JSKUT Tpanchopmalus TEIUIOTHI B MEXaHUYECKYI0 paldoTy (MeXxaHHuue-
CKYIO SHEPIHIO), UCIOJIb3yEMYIO JJIsl IPUBOJIA PA3JMYHBIX MAIlIMH U MEXa-
HU3MOB, a TakKXe 3JJIEKTPOT€HEPATOPOB, BbIPAOATHIBAIOIIUX SIICKTpUYE-
CKYIO DHEPIHI0, YI0OOHYIO JIJIsl Iepe/laud Ha PACCTOSTHHE.

Kpome sHepreTnueckoro HarpaBi€HHs] UCIIOJIb30BaHUS TEIUIOTHI, BaX-
HOE€ 3HAUYCHUE MMEET TEXHOJOTMYeCcKoe ee mpuMeHeHue. [Ipu Texnomoru-
YECKOM MCIIOJIb30BAaHUM TEIUIOTA CIIYXKHUT JJI LEJICHAITPABIECHHOTO U3Me-
HEHUS CBOWCTB WJIM arperaTHOrO COCTOSHUSA ChIPbSd U MaTE€pHUATIOB B TEX-
HOJIOTMYECKHUX TMPOIECCAX PA3TUYHBIX MPOU3BOJICTB.

B ycrmoBusiIX Hamiew cTpaHbl 3HAYUTEIBHOE KOJIWYECTBO TEIJIOTHI pac-
XOJIy€TCsl Ha OTOIJIEHUE U TOpsSuee BOJIOCHAOXKEHUE, TO €CTh Ha KOMMY-
HaJbHO-OBITOBBIC HYXIbI.

B nacrosiiee BpemMsi OCHOBHYIO YacTh MCIOJb3YEMOM TEIIOTHI MOJY-
YalOT OT CKUTaHUSI UCKOIMAEMbBIX OPTaHUYECKHUX TOIUIMB, U 3TO CBSI3aHO, C
OJIHOM CTOPOHBI, C OTPAHUYEHHOCTHIO 3aIM1aCOB 3TUX PECYPCOB, a C APYroi
C HENBIM PSAIOM HEOJArOMPHUSATHBIX KOJIOTHMUYECKUX TOCIEACTBHI 3TOTO

crocoda IMpOn3BOACTBA TCIIJIOTHI.



HanexxHoe »sHeprocHaOXeHUE SBISIETCS HEMPEMEHHBIM  YCIOBUEM
(YHKIMOHUPOBAHUS MPEANPUATHH B JIH000H oTpaciu. s mpeanpusTuii
nepepaboTKU  CENbCKOXO3SIUCTBEHHOW MPOAYKIUM U TMHIIEBBIX MPOU3-
BOJICTB B OOIIIEM JHEPronoTpeOIeHUH BeUKa OIS TEXHOJOTHYECKOTrO
MCIIOJIb30BAaHUS TEIJIOThI, TOATOMY BOIPOCHI TETJIOCHAOXKEHUS B 3TOU OT-
paciii IMEIOT 0COO0YIO BaXKHOCTb.

TemnocHaOkeHUe MPEANPUITHH COCTOMT B OOECIICUCHUU TEILIOTON ¢
MMOMOUIBID TEIUIOHOCUTEJIEW CHUCTEM OTOIUICHUS, BEHTWIIALUHU, TOPSYETO
BOJIOCHA0KEHHUS 3IaHUN U TEXHOJIOTUUECKUX MOTPEOUTEIICH.

JI7d oCymecTBIEHUS] TEXHOJIOTUYECKUX MIPOLIECCOB B MUILEBOW TEXHO-
JIOTUH UCTIOJIB3YETCsI OOJIBIITOE KOJTMYECTBO TEIJIOBBIX allapaToB, B KOTO-
PBIX B KAYECTBE UCTOYHUKOB TETIJIOTHI IPUMEHSIOTCS PA3JIMYHBIC TEILIOTE-
HEPUPYIOUIHE YCTPOUCTBA U MPOMEKYTOUHbBIE TEINIOHOCUTENU. B KauecTBe
TEIJIOHOCUTEIIEN BBICTYIIAIOT BO3/yX, BOJA, BOJASHOM Map U TaK Ha3bIBae-
MBI€ BBICOKOTEMIIEPATYPHBIE TEIJIOHOCUTENIM, TAKUE KaK MUHEPAJIbHBIC
Macna, TIULIEPUH, KPEMHUUOPTAHUYECKUE )KUJIKOCTH.

K TennoreHepupyromumM yCTPOMCTBAM OTHOCATCSA JJIEKTPUUYECKUE
HAarpeBaTEIbHBIE DJIEMEHTHI, & TAKXKE YCTPOKWCTBA, B KOTOPBIX OCYIIECTB-
JIAETCS CKUTAHUE PA3JIMYHBIX BUAOB TOIUIMBA.

B 06mieM ciydae cuctema TemaoCHA0KEHUs MPEANPUITHS BKIIOYACT B
ce0s1 UCTOYHUKHU TEIJIOThI, TEIJIOBbIE CETH C TETUIOBBIMU MyHKTaMU, BbI-
MOJHSIOMMMU (QYHKIIMM KOHTPOJISI, PETYJIUPOBAHUS U PACTIPEICTICHUS T10-
TOKOB TEIUIOHOCUTEJIEH.

TeroBble ceTH NMPEANPUSITHS MPEACTABISAIOT COO0H CHCTEMY TPyOOnpo-
BOJIOB JUTsI TTOJIa4M K MOTPEOUTENISIM TETUIOHOCUTENIECH, a TaKKe OTBOIA KOH-

JIEHCATa C PACIIPEAEIUTEIBHBIMU YCTPOMCTBAMU U COOTBETCTBYIOIIEN apMa-
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Typoi. OCHOBHOM 3aJlayeil TEIJIOBBIX CETEH NpeNNpusiTUs SBIsieTCA Oecre-
peboiiHoe cHa0XeHre MOTpeOUTeNel TEIIOBOM SHEPTUE B BUE Mapa U ro-
psYeil BOABI, MOJAJICPKAHUE 3a/JaHHBIX MAapaMEeTPOB TEIUIOHOCUTENICH, BCe-
MEpPHOE CHIKEHUE YTEUEK apa U ropsiueii BOJIbl ¥ TEIUIOBBIX MOTEPb.

CucrteMbl TEIUIOCHAOXKEHUS TPEANPUITUH MOXKHO Pa3/IeiUuTh Ha ICH-
Tpajdu30BaHHbIC (BHEIIHUE), JICIICHTPAIN30BaHHbIC (MECTHBIC WU BHYT-
peHHue) u cMmenianHbie. [Ipu BHEIIHEM TEIIOCHAOKEHUU TETJIOHOCUTEh
(0OBIYHO TOpsAYasi BOJA WM BOJSHOM Map) HYKHOTO MOTEHIMaja (TeMiie-
paTyphl U JIaBJICHUS ) TOCTYyNAET Ha MPEANPUITHE OT KAaKOr0-TO LEHTPAIH-
30BaHHOTO McTOYHUKA (TOL] mim KpyrmHas KOTelbHas), pacrloiOKEHHOTO
BHE mpeanpusatus. [Ipu BHYTpeHHEH CUCTEME TEIJIOCHAOXKEHHUSI BCE MC-
TOYHUKH TEIJIOTHI PACTIOJIAralOTCA Ha IPEAPUATUM.

[Ipu cMemianHOM crUcTeMe TEIJIOCHA0KEHUS 4acTh MOTpeOuTeNne Ten-
JOTHl (HAmpUMeEp, CHUCTEMbI OTOIUICHUS W TOPSYEro BOJOCHAOKEHUS)
00ecneynBarOTCsl TEIUIOHOCUTEIISIMA OT BHEIIHETO IEHTPAIU30BAHHOTO
MCTOYHUKA, a JJIs MPOU3BOJICTBA JPYTUX TEIUIOHOCUTENECH (Hampumep,
TEXHOJIOTMYECKOT0 Mapa) UCHOJIb3YIOTCI COOCTBEHHBIE TEIJIOT€HEPUPYIO-
1€ YCTAHOBKH.

B cBoto ouepenib, B 3aBUCUMOCTH OT OpPTaHU3aIlMU MOABOJA TEIJIOTHI K
HETMOCPECTBEHHBIM TIOTPEOUTENSIM BHYTPU TMPEANPUITUHS PA3TAYAIOT
[EHTPAJIN30BaHHOE TEIJIOCHA0KEHNE, aBTOHOMHOE (JIOKQJIIbHOE) U KOMOU-
HUPOBAHHOE.

[Ipyu neHTpaIM30BaHHOM TEIJIOCHA0XEHUM TOABOJ TEIUIOHOCUTEIS K
HETOCPEICTBEHHBIM MOTPEOUTENSAM TEIUIOTHI OCYILECTBIISAETCS OT OJHOTO
UCTOYHUKA. [IpM aBTOHOMHOM TEIUIOCHAOKEHUM HMCTOYHUK TEIJIOTHI

OOBIYHO SIBJISIETCSI COCTaBHOM YacCThIO TEIJIOBOTO ammnaparta. B GoibIinH-
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CTBE CJIy4aeB Ha MPEANPHUATHN HCIOJB3YIOTCSI KOMOMHHPOBAHHBIC CHCTE-
MBI TEIJIOCHAOKEHHUS, codeTarolue B cebe 00a crocoba oOecreueHus

TEIUIOBBIX aIlapaToB TEIJIOBOW YHEPTHUEH.
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Puc. 1.1. Cxema cMeIaHHOM CUCTEMBI TEIJIOCHAOKEHUS TPEANPUSITHSL:

1 — TermoBast cets TELl miam palioHHONW KOTEIBHOM, 2 — TEPPHUTO-
pus NpeanpusTua: 3 — TEIJIOBOM MYyHKT; 4 — mojarouias Maru-
CTpajib CUCTEMbI OTOIUJICHUSI; 5 — TpyOONPOBOJ XOJOJHOU BOJIBI;
6 — BomomojaorpeBaresb; 7 — MOJAIOUIUA TPYOOMPOBOA CUCTEMBI
ropsiuero BoJAOCHA0XEHUs; 8 — BOAOpPa30OpHbIE KpaHbl; 9 — mup-
KYJISILIMOHHBINA TPYyOOTPOBOJ CHUCTEMBI TOPSIYETO BOJOCHAOXKEHUS;
10 — otomutenbHbIe TpUOOPHI; 11 — 0OpaTHBIN TPyOONPOBOJ CH-
CTeMbI oTorieHus; 12 — mapoBo#t koten; 13 — momaromuii mapo-
npoBoJ; 14 — anmapaThl, UCIIOIB3YIONIME Map B KAUYECTBE TPErOIIle-
ro TEIUIOHOCHUTENs; 15 — KOHAEHCATOOTBOMYUKH; 16 — cOOpHUK
KOHJAeHcaTa; 17 — KoHJIeHcaTonpoBoa; 18 — mUTaTeNbHBIN HACOC;
19 —anmapatbl ¢ 3JIEKTPUUYECKUMH HAarpeBaTeIbHBIMU JJIEMEHTAMH;
20 — TernoBbIe anmnapaThl, UCTIOJIb3YIOIIUE TOTIIIUBO
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1.2. Kpamkasa xapaxmepucmuka meniozeHepupyouiux ycmpoucmae

Ha npeanpusitusix nepepabOTKH UCMOJIb3YIOTCS pPa3IMYHbIC TEIIore-
HEPUPYIOIIHNE YCTPONCTBA, KOTOPhIE MOXKHO Pa3JeiuTh Ha JIBE€ TPYIIIbI:
ANEKTPUYECKHE U pabOTAIOIIUE 3a CUET CKUTAHUS KAKOTO-IH0O0 TOTUIMBA.

B anekTpuueckux TEMJIOTCHEPUPYIOMUX YCTPONUCTBAX HCTOUHUKOM
TEIJIOTHI SIBJISIIOTCS HAarpeBaTeNbHbBIE JIEMEHTHl — IPeoOpa3oBaTENM dJIEK-
TPUYECKOUN PHEPTUH B TEILIOBYIO.

B 3aBucumMoctu 0T crnocoba TpaHCcHOPMUPOBAHUS DIECKTPUUECKOM
SHEPrUU B TEIUIOBYIO HArpeBaTENIbHBIC SJIEMEHTHI JIENATCS Ha DJIEKTPO-
HarpeBaTesbHbIE CONMPOTUBIICHUS (DJICKTPOJAHBIC U PE3UCTOPHBIC) U DJICK-
TPOMArHUTHBIC H3JIy4YaTeIM CBEPXBBICOKOYACTOTHOTO M MHAYKIIMOHHOTO
Harpesa.

B snextpoHarpeBaTensix COMpOTUBICHUS peann3yercs 3 PeKT HarpeBa
MPOBOJHUKA MIPU MPOXOKICHUHU MO HEMY JIIEKTPUUYECKOTO TOoka. Ecin B
Ka4eCTBE TOKOIMPOBOJISIIETO JIEMEHTA HarpeBaTesl UCIOIb3YeTCsl METall-
JUYEeCcKas MPOBOJIOKA, a TAKXKE€ METAINIMYECKUUA WM HEMETAJUTMYECKUI
CJIOM, UTPAIOIIUMN POJIb ANEKTPUUECKOTO COMPOTUBIICHUSI — PE3UCTOPA, TO
TaKue 3JIEKTPOHArPEeBATEIbHBIE 3JIEMEHTHl HOCIT HA3BAaHUE PE3UCTUBHBIX.
HemeTtannuyeckue 3J€KTpOHArpeBaTENd HCIOJIB3YIOTCS B KayeCTBE HH-
bpakpacubix uznyudareneit (MK-uznmydarenei). B HuUX OCHOBHasl 4acThb
TEIUIOTHI, BBIJCIAIOUIEHCS TIPU MPOXOKACHUU TOKA, MEPEAacTCsa HarpeBa-
e€MOM cpee JYYUCThIM TEIJI00OMEHOM B Jualia3oHe MH(PAKPaACHOTO H3-
aydyeHus (U3IydeHus B Auana3zoHe IiauH BosiH ot 0,76 mo 750 mxm). B
MUIIEBON TEXHOJOTUU UCTIONB3YyIoTCs annapatel ¢ MK-uznydarensimu, pa-

ooTtaromuMu B 001act uzinydeHus ot 0,76 no 0,4 Mmxm.
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B 351eKTpOAHBIX HArpeBaTEIbHBIX JJIEMEHTAX B Kau€CTBE MPOBOJHUKA
TOKa (3JIEKTPOCONPOTUBIICHHUS) HMCIIOJB3YETCSl caMa HarpeBaemas TOKO-
MPOBOJALLIAA JKUJKAsL CpelIa.

DIJIEKTPOMAarHUTHBIE U3ITy4YaTeI CBEPXBBICOKOYACTOTHOTO U MHIYKIIH-
OHHOTO HarpeBa MPEACTaBIAIOT CO00Il MPeoOpa3zoBaATEIM IICKTPOIHEPTUU
B DHEPIUIO0 AJIEKTPOMATHUTHOTO TOJIs, KOTOpas 3aTeM IpeoOpaszyercs B
TEIUIOBYIO DHEPTUIO0 MO0 HEMOCPEJCTBEHHO B CaMOM MPOJYKTE, JTUOO B
MOCYI€, B KOTOPOU HAXOAUTCS MPOIYKT.

IIpunnun peiictBus cBepxBbicokouacToTHOro (CBY) HarpeBa ocHOBaH
Ha 3¢ (PEKTUBHOM IMOTJIOIICHUN BJIaroi, CoJEeprKallleiicss B HarpeBaeMom
MPOJYKTE, CBEPXBBICOKOYACTOTHOW AJIEKTPOMArHUTHOM 3HEPrUM, MOIBO-
TUMOM B pabouyro KaMmepy ammaparta ot reHeparopa CBY - maruerpoHa u
MIPEBPAIICHUH €€ BO BHYTPEHHIOIO SHEPTUIO (TEILIOTY).

B MHAYKIIMOHHBIX HAarpeBaTEIsX OCHOBHBIM 3JIEMEHTOM SIBJISIETCSI WH-
OyKIIMOHHAs KOH(OpKa, SBIISIONMIASICA HCTOYHUKOM BBICOKOYACTOTHOTO
[IEPEMEHHOI0 MAarHUTHOTO TIOJIs, CO3/1aBaéMOro HHAYKTOpoM. Harpes
MPOAYKTa OCYIIECTBISAETCS OT JHUINA MOCYbI, U3TOTOBJICHHOTO U3 (ep-
POMAarHUuTHOrO MaTeprayia OMPENCIIEHHON TOJIIMHBI, KOTOPOE, B CBOIO
o4epenlb, Pa3OorpPEBAECTCS 3a CUET UHAYKTUPYEMBIX B HEM TOKOB IOJI JICH-
CTBHMEM 3JICKTPOMArHUTHOTO MOJISI KOH(POPKH.

OCHOBHBIMU TEIJIOTCHEPUPYIOIIUMH YCTPOUCTBAMH, PAOOTAIOINMU 32
CUET CXKUTaHUS TOIUIMBA, HA IPEANPUATUIX MUIIEBBIX OTPACIEU SBJISIOTCS
MIapOBBIE U BOJIOTPEMHBIE KOTEIBbHBIC, TI€YH, BAPOUYHBIE KOTJIBI U T'a30BbIC
IIATHI. B KadecTBa OCHOBHOTO BHJA TOIUIMBA Ha MPEANPUATHUIX MEpepa-
OOTKM HCHOJIB3YeTCsl TPUPOIHBIN Ta3, a B psAc CAy4acB JKHUAKOE WIH

TBEPJI0€ TOIIMBO. DP(HEKTUBHOCTh UCHOIB30BAaHUS TOT'O WJIM MHOTO TOII-
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JUBA ONPEACIACTCS YCIOBHAMH €TI0 CKUTAHHS ¢ IIPUMEHEHHUEM CIICIHalIb-
HBIX TOPEJIOK U TOIMOYHBIX YCTPOUCTB.

Y4uTeIBas MpEeHMYIICCTBEHHOES HCIOJIH30BAaHUE HA MPEANPUITHAX IIc-
pepaboOTKH ra3000pa3HOTrO TOILUIMBA, CHUCTEMY Ta30CHA0KEHHUS MOKHO

CUUTATh JIEMEHTOM OOIIEH CUCTEMBbI TEMJIOCHAOKEHUS TTPEATPUATHS.

Tecmoesble KOHMPpO/ibHbIEe 80NPOCHI U 3adaHusa

1. Yto coboit mpeacTaBiIsieT cucTeMa TEIUIOCHAOKEHUS, 1 KaKOBbl €€ OCHOBHBIE
3amaun?

2. IlpuBenuTe KiIaccu(PUKAIIMIO CUCTEM TEIUIOCHAOKEHUSI.

3. Kakue BUJIbI TEIIIOT€HEPUPYIOIIUX YCTPOUCTB UCTIONB3YIOTCS HA IPEAIPUITH-
AX TiepepabOTKH CeNbXO3MPOAYKIIUN U THIIEBBIX TPOU3BOCTB?

4. Ha3oBuTe OCHOBHbBIE BU/IbI TETIJIOHOCUTENEH, UCTIOIB3YIOIIMXCS Ha MPEANpUsi-
TUSX TIEPEPaOOTKH CETbXO3MPOIYKIINU U MUIIEBBIX TPOU3BOACTB.

5. HazoBute BUABI AMEKTPUUYECKUX HATPEBATENBHBIX 2JIEMEHTOB B 3aBUCHMOCTH

oT croco6a TpaHchopMaIiK EKTPUUECKON IHEPTUHU B TEIJIOBYIO.
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TEXHUYECKASA TEPMOINHAMUKA

2. Tennora Kak BUJ IHEPTrUU

B3auMHbIe NpeoOpa3oBaHMs TEIJIOTHI U MEXaHUYECKOH JHePruu

2.1. Ob6wue ceeoenus o meniome

Termiora — 3TO BUJ YHEPTUU, KOTOPBIM MPOSIBIAECTCA B TEIJIOBOM JIBH-
XKECHUU MHKPOYACTHIl, COCTABJSAIOIIAX BEHIECTBO. TEIJIOBOE NBUKECHUE —
ATO XAO0THUYECKOE, TO €CTh Pa3HOHAINPABICHHOE U C PA3HOW CKOPOCTHIO,
JBIDKCHUE MOJIEKYJI BellecTBa. Takum oOpa3om, menioma — Imo 6uo
IHep2UU, ACAINOUWUICA POPMOIL RPOAGTIEHUA U KOJTUYECHBEHHOU MepOoll
mMenn06020 08UIHCEHUAL.

[ToreHuManoM TEIUIOTHI Kak BHUJA SHEPTUM SIBJISETCS TEeMIeparypa.
TemnnoToit obnagaer a000€ TEJNO, TeMIepaTypa, KOTOPOTO BhIIIE HYJIS 10
KenpBuHY, 1 OHa MOXET pacCMaTpPUBATHCS KAaK 4acTh BHYTPEHHEH 3HEP-
ruu Tena. Temnora MOXKET MpeoOpa3oBLIBATHCSA B JAPYTHE BUJILI SHEPTUU
WJIY TIEpE/IaBaThCs APYTUM TeJlaM WM CPeJaM TEIUIONPOBOJHOCTHIO, B Pe-
3yJbTaTe€ KOHBEKTUBHOTO TEIJIOOOMEHA U TeriooOMeHa u3nyyeHuem. O0-
MEH TEeIUIOTON OCYIECTBISAETCS Ha MUKPO(PU3NUECKOM, TO €CTh MOJICKY-

JSIPHOM YPOBHE.

2.2. llonamusa mepmoounamu4eckoll cucmemsl u padouezo mena

B3auMHbIe npeoOpa3oBaHMs TEIJIOTHI U MEXaHUYECKOM AHEPTrUM Mpo-
UCXOIAT B TEPMOMEXAHUYECKUX CUCTEMAX, SABJIAIOIIAXCA MPEIMETOM HU3Y-
YCHUSI TEXHUYECKOU TEPMOJIMHAMUKH, KOTOPasi BMECTE C TEOPUEH TEILIO-
oOMEHa SBIISICTCS TEOPETHYECKOM 0a30il TEIIOTeXHUKH. TexHuueckas
TEPMOJMHAMUKA PACCMATPUBAET 3aKOHOMEPHOCTH B3aMMHOIO IpEBpallle-

HUS TEIUIOBOW M MEXaHWYECKOW dHEpruu. B kpyre 3amay, peuracMbix TeX-
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HUYECKON TEPMOJMHAMUKON — pa3paboTKa TE€OPUU TEIUIOBBIX JIBUTATENCH
Y YCTAaHOBOK TaKuX, KaK JIBUraTEJIW BHYTPEHHETO CTOPaHUs, MapOBbIC U
ra3oBble TYpOMHBI, PEAKTUBHBIE U PAKETHBIC ABUTATEIHU, XOJOAWUIbHBIE U
KOMIIPECCOPHBIE MAILIVHBI.

Ilon mepmoounamuueckoni cucmemoil TIOHUMAOT BEIIECTBO WIH CO-
BOKYITHOCTb TEJ, HAXOMSIIMXCA BO B3aUMOJCHCTBUU MEXKIY COOOU U C
OKpyxaronien cpegoi. OKpyxarolield Cpelol Ha3bIBAIOT TeJia, HE BXOMS-
e B cucteMy. ['paHuLiel cuCTEMBI SBISETCS KOHTPOJIUpYyeMas MOBEpPX-
HOCTb (000JI0UKa), OTACIISIIONIAs €€ OT OKpy X aroIiei cpenbl. [TpocTeiimum
MIPUMEPOM  TEPMOJUHAMUYECKON CHCTEMBI MOXKET CIYKHTh a3, HaXxOHds-
WHANCA B LMUWIMHAPE C NMOPIIHEM. BHEIIHEH OKPYKArOIMK CpPelon 3/1ECh
ABJISIETCS BO31yX, HAXOIALIMICSA BHE LUIMHIPA, @ CTEHKU LUJIWHIpA C
MOPIIHEM SABJISIOTCA KOHTPOJIMPYEMOU MOBEPXHOCTHIO.

Mexy Temamu BHYTPU CUCTEMBI, a TAKXKE MEXAY CUCTEMOM U OKpY-
KAIOIIEN CPEeJIoN OCYIIECTBISETCS TEIIOBOE U MEXAHUYECKOE B3aUMOJIEH-
CTBUE, TO €CTh MIPOUCXOIUT OOMEH TEIUIOTONM M MEXaHUYECKOW dHEprueH,
NPOSIBIISIIOIEHCS B BUJIE PAOOTHI.

Mexanuueckasa paboma — popMa NPOSBICHUS MEXaHUYECKOW 3HEP-
U, KOTOpas SIBISAETCS KOJWYECTBEHHOW MEPOM MEXAHHYECKOTO JIBUMKE-
HUsl (YHIOPSIIOYEHHOTO JIBHXKEHUS TE WM MakpooObeMOB BemiecTBa). To
€CTh OOMEH MEXaHUYECKON SHEeprued MpouCXOoIUT Ha MaKpo(pU3nuecKoM
YPOBHE U MPOSIBISETCSA B BUJE COBEPILICHUS pabOThl cCaMOil CUCTEMOU WU
OKPY KarOIIEW CPENOM 10 OTHOLIEHUIO K CUCTEME.

OCHOBHOU enuHUIIEH U3MEpPEHUS TENJOThl KaKk M paboOThl SABISETCA
IKOYIb (/I’K) WM KpaTHbIE €My BEIIMYUHBI — KUJIOJKOYJIb (KJK) 1 Me-

rajpkoyib (MJIx).
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[To ycnoBusM B3aMMOJCUCTBHUS C OKPYXKAIOIIEW CPEIOU PA3IUYAIOT

CIcaAyromuec BUJAbl CUCTCM:

OTKPBITBIC,

3aKpBITHIC;

agua0aTHEBIE;

3aMKHYTBIE WJIM U30JMPOBAHHBIE.

OmKpovimsle cucmemsl — 3TO CUCTEMBI, KOTOPHIE MOT'YT OOMEHHUBATHCS
C OKpY>Karoliel cpeioi 1 BEIIECTBOM U SHEpPrueu (TemIoTo u MexaHuye-
CKO1 paboTOit).

3axkpovimote cucmemvbt MOTYT OOMEHUBATHCS C OKPYIKAIOIIEH cpeion
SHEPrUeH, HO HE BEIIECTBOM.

Aouabamnsle cucmemwvl SBISIOTCS TEIUIOUM30JMPOBAHHBIMU, TO €CTh
HE OOMEHMBAIOTCA C OKPY’KAIOIIEH Cpeoi TeTIOTOM.

3amkHymeole unu u3oaupoeanHvle cucmemvl HEe OOMEHUBAIOTCS C
OKPY’KaroUIEW CPEION HA BEIIECTBOM, HU JHEPIHUEH.

BemecTBo, BXojdiiee B TEPMOJUHAMUUYECKYIO CHUCTEMY, Ojaromaps
U3MEHEHUIO COCTOSIHUSI KOTOPOTO B PA3JIMYHBIX MPOIECCAX U MPOUCXOIST
B3aMMHBIC TIPEBPAIICHUS TEIJIOTHI U MEXaHMYECKOW PadOThl, HA3BIBAIOT
pabouum menom.

B kadectBe pabouero Tena B TEPMOAMHAMHYECKHUX CHCTEMax dallle
BCETO HUCHOJIB3YIOTCS Ta3bl, @ TAKXKE )KUJIKOCTH U UX Mapbl. ITO CBSI3aHO C
TeM, 4TO T'a3 U Map B HAaUOOJBINEH CTENEHH pearupyeT M3MEHEHUEM CBOE-
IO COCTOSIHUS HA MOJBOJI M OTBOJ TEIUIOTHI 1 MEXAHUYECKON SHEPTHUH, UYTO
obecrieynBaeT OJarompHUsITHBIC YCIOBHS JIJiE B3aUMHOTO MpeoOpa3oBaHUS
ATUX BUJIOB SHEPTUH.

JIoBOIbHO yAOOHOM TEOPETUUECKOM MOICIBI0 Ta3000pa3HBIX PabOvMX
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TEJI SIBIISIETCS WJICAJbHBIA Ta3, IMO3BOJSIONICH CYIIECTBEHHO YIPOCTUTH
aHaJu3 TEPMOJAUHAMHUYECKUX cUCTEM. 1100 uodeanvrvim 2azom OHUMAKOT
ra3, MOJICKYJIbI KOTOPOI'O SIBJISIFOTCS MaTe€pUAIbHBIMM TOYKaMHU (TO €CTh
MMEIOT MacCy, HO HE UMEIOT Pa3MepoB), U B KOTOPOM OTCYTCTBYIOT CHJIbI
B3aUMOJCUCTBUS MEXJy MojekynaMu. [Ipu 3ToM moBeneHHE peabHBIX
ra3oB BO MHOTHUX CiTy4asiX (IpU CPaBHUTEJILHO HEBBICOKUX JABICHUIX U HE
CIIMIIKOM HHU3KHX TEMIIEpaTypax) JOCTATOYHO XOPOIIO MOJYUHSECTCS 3a-
KOHAaM MJEaJIbHOTO Ta3a, YTO U MO3BOJIIET IIUPOKO MCIIOIB30BaTh 3TH 3a-

KOHBI JJIA IIPAKTHYCCKHUX PACUYCTOB.

2.3. TepmoduHamu4eckue napamempubl COCMOSIHUS

U ypasHeHUe cCOCMOsIHUSA 0151 Udea/1bHbIX 2a308

Tepmoounamuueckue napamempuvl COCMOAHUA — ITO WHTCHCUBHBIC
WK yAeIbHBIE (TO €CTh HE 3aBUCSIIME OT KOJIWYECTBA BellecTBa) puznye-
CKHE€ BEJIMYUHBI, OJJTHO3HAYHO OMNPEACIAIONIME COCTOSTHUE pabodyero Tena
WA TePMOJMHAMUYECKOW cucTeMbl. [Ipu 3TOM 1oJ MHTEHCUBHBIMU Tapa-
METpaMU MOHUMAIOT (PU3MYECKHE BEJIUYMHBI, HE 3aBUCSIIUME OT KOJIUYe-
CTBa BEIllECTBa MO CBOEH mpupoje (Harpumep, JaBJICHHUE WM TEMIIepaTy-
pa), a MoJi yJAeJbHBIMU — MapaMeTpPhl, IPUXOAIIMECS HA €IUHUIY MaCChl
pabouero tena (1 xr).

K mapamerpaMm cOCTOSIHUSI OTHOCATCS MEPMOOUHAMUYECKAA MeMne-
pamypa, oaeénenue u yoeavHslil 00vem. BMmecTo yaenbHOro oobema B Ka-
YeCTBE NapaMeTpa COCTOSHHUS MOKHO MCIIOIb30BaTh OOPATHYIO €My BEJIH-
YUHY — NJIOMHOCHb.

Temnepamypa xapakTepu3yeT CTEIeHb HarpeTOCTH Tejla WK ero Tem-

JJOBOC COCTOAHHUC, IPOABIACMOC B MHTCHCUBHOCTHU TCIINIOBOI'O JBWKCHU
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MUKpodacTull. Ha npakTuke 00BIUHO TeMIepaTypy U3MEPSIOT B rpaaycax
Henbcus (°C), ogHAKO MapaMeTPOM COCTOSHHUS SIBJISISTCS TaK Ha3bIBacMas
abCoJIIOTHAs WJIM TEPMOJAMHAMUYECKasi TeMIlepaTypa, u3MepsieMas B Kelb-
BuHax (K). TepMoanHamMuyecKkyro TemIeparypy MOXKHO pPaccMaTpHUBaTh
KaK KOJIMYECTBEHHYID MEPY HMHTEHCHUBHOCTH TEILUIOBOTO JBHKEHUS, TaK
KaK €€ 3Ha4€HUE MNPONOPUUOHAIBHO CPEAHEW KUHETUYECKOW JHEPrUu
MHKPOYACTHUIl BEIIECTBA, COBEPIIAOIINX TEIJIOBOE ABUKEHUE.

Kak egunuiibl uamepenus kenbBuH ( K ) u rpagyc Lenscusa (°C) mexay
co00i1 paBHbl. COOTHOILIEHUE XK€ MEXAY Temreparypoil T, ui3MepeHHOH 10
TEPMOJIMHAMUYECKON TEMIIEPATYPHOM IIKaJe, U TeMIepaTypou t mo mkarne
Llenbcus nmeer BUI:

T=t+27315 K

Jlaenenue (P) npencTaBiseT cOOOH CHITy, MPUXOIAIIYIOCS HA CAMHUILY
IJIOIA Y TTOBEPXHOCTH M HAMPABIEHHYIO 110 HOPMAJIH K 3TOW MOBEPXHOCTH.

B KHUIKOCTSX M razax JaBJ€HUE MPOSIBISAETCS KaK pe3ysbTaT COBOKYII-
HOT'O JEHCTBUSI MOJIEKYJ, COBEpIIAIONIUX TEIUIOBOE ABWKEHUE. Bceren-
CTBHE 3TOr0, JIaBJICHUE B JIIOOOM TOYKE MPOCTPAHCTBA, 3AMIOJIHEHHOTO
KHUJKOCTBIO WJIM Ta30M, JEUCTBYET OJJMHAKOBO BO BCEX HAIPABICHHUSIX.

OcHoBHOW enuHuLEe n3mepenus nasieHus B CU gBiugeTcsa nmackainb —
[Ta (H/m?). ITackaip — emquHUIIa MaJeHbKAsI, IIOPTOMY Ha MPAKTHKE Yallle
MOJIB3YIOTCS KpaTHBIMU efauHuiiamMu: kuitonackanb (1klla = 10°TIa) u me-
ramackanb (1MIla = 10°ITa ).

JlaBiieHrEe U3MEPSIIOT C MOMOIIBI0 MPUOOPOB — MAHOMETPOB, OAPOMET-
pOB U BakyymMmeTpoB. [Ipu 3Tom OapoMeTpsl mpeaHa3HAYEHBI ISl U3Me-
peHust aTMOoc(PepHOro Uik 6apoMeTpUIECKOTO JIaBJeHUS — B , MaHOMETpHI

HCIIOJB3YIOTCA IJIA U3MCPCHUA JaBJICHUSA, KOI'Ida OHO BBIIIC aTMOC(I)epHOI‘ (0]
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1 TIOKa3bIBAIOT €r0 MPEBBIIICHUE HaJ aTMOC(PEPHBIM — Pyay » @ BaKYyM-
METPBI UCIOJB3YIOTCS IS M3MEPEHUS JaBJICHUS HIDKE aTMOC(EpHOro u
MOKAa3bIBAIOT pa3psiKeHUE (BaKyyM), TO €CTh HEJIOCTATOK JIABJICHUS /1a aT-
MOC(HEPHOTO Py IIpu 3mom cnedyem yuumoreams, 4mo napamempom
COCHMOAHUA AGIAEMCA ADCOIOMHOe 0asleHue, mo ecmb O0agjieHue, Om-
CUUMAHHOE Om HYAA, KOTOPOE MPU UCIOJIb30BAHNH MMOKA3AHUM MAHOMET-
pa onmpenesaoT Kak p = B + Py, a IPHU UCIIOIB30BAHUHA MMOKA3aHUM Ba-
KYyMMETPa — P = B — Ppyy.

Yoenvnwiit o6vem (V) — 370 00bEM, 3aHMMACMBbIH €IUHUIICH MaCChI
BEIIICCTBA, M/kr. VYaenbHbIlli 00bEM SBISETCS BEIMYUHOM, OOpaTHOM
IJIOTHOCTH BEIIIECTBA.

ITnomnocmo éewmecmea (p) — 5T0 Macca €IUHUILI BEIIECTBA, KI/M’.
[110THOCTD SBJISETCS BEIUUYUHOW, 0OpaTHON yACILHOMY 00BEMY.

g cucteMbl, HAXOIAIIEUCS B PABHOBECHOM COCTOSIHUH, MapaMeTpbl
COCTOSIHUSI CBSI3aHBI MEXJY COOOW COOTHOIICHHUEM —ypPaBHEHUEM COCTOSI-
HUS, KOTOPOE JJIsl WACAJTBbHOIO Ta3a HOCUT Ha3BaHHWE ypaBHeHus — Kia-
nempoHa — Menzeneesa 1 KOTOpOe UMEET BUL:

JJIs1 OJHOT'O KT ra3a
pv=RT ; (2.1)
JJI ITIPOU3BOJIBHOI'O KOJIMYCCTBA I'a3d, BBIPA’KCHHOT'O Maccou
pV=mRT ; (2.2)
AJI ITIPOU3BOJIBHOI'O KOJIMYCCTBA Ira3dd, 3a1aHHOI'O B KHJIOMOJIAX

pV=MRT. (2.3)

B 3THX BBIpaXKEHUSX:
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p — naBnenue, I1a;

V — yaeJbHbIN 00beM, M*/KT;

R — ra3zoBas nocrosiuaas, JIx /kr-K;

T — TepMoiMHAMHYECKas TemIieparypa, K;
V — 00BeEM, M’;

M — mMacca, Kr;

M — KOJIM4eCTBO KMJIOMOJIEH Ia3a, KMOJIb,

R - yauBepcanbHas razoBas nmocrosiauast, I /kmousb -K.
YHuBepcalibHasA ra30Bas MOCTOSHHAS UMEET OJWHAKOBOE 3HAYCHUE IS

BCCX I'a30B —

R == 8314 JIxx /xmons-K.

I'azoBas IIOCTOsAHHAsA, B O6I].I€M CJlIydac, A KaXXKIO0Iro rada MMECT CBOC

3HAYEHHE, KOTOPOE MOKET ObITh HalJIeHO Mo hopMyJie

R=R/u =8314/u, Jx /xr-K, (2.4)

rae u — MoJisipHas Macca (Macca 1-ro Kuiomodis ) raza, Kr /KMOJIb.
@U3UYECKUI CMBICI Ta30BOM IMOCTOAHHOW COCTOMT B TOM, YTO OHa
YUCJIEHHO paBHA paboTe, COBEpIIacMOM OJHUM KT Ta3a B U300apHOM IPO-
Iecce MpU YBEIMUSHUU ero TeMiieparypsl Ha oguH K (°c). s yHuBep-

CaAJILHOM Ta30BOM ITOCTOSIHHON — TO K€ IS OTHOT'O KUJIOMOJIS.

2.4. DYyHKYuu COCMoOsIHUA

Kpome TepMoaMHaMUUYECKUX MapaMETPOB COCTOSAHUS CYLIECTBYIOT
TaKX€ ONPEACICHHBIE BEJIWYHUHBI, XapaKTEPU3YIOIIUE COCTOSHUE TEPMO-
IMHAMUAYECKOW CHUCTEMBbl WM paboyvero Teja, KOTOphble HAa3bIBAIOT (PYHK-

oMM COCTOSHUA.
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OYHKINUU COCTOSHHUSA — 3TO KOJTHMYCCTBEHHBIC XapaKTECPUCTUKH TEPMO-
TUHAMUYECKOW CHUCTEMBI, 3HAUCHHSI KOTOPBIX OJHO3HAYHO OIMPEISSIOTCS
nmapaMmeTpamMu cocTosSHUsS. OCHOBHBIMHM (DYHKIIUSIMH COCTOSIHUS SIBJISIOTCS:
BHYMPEHHAA IHEPZUS, IHMANbRUA U IHMPOonUs. B IpaKTHIECKUX pacue-
Tax Yaiie MOJb3YIOTCS YACTbHBIMU (TIPUXOSIIIUMUCST Ha EIUHUIY Mac-
Chl) 3HAYCHUSAMH (QYHKIUHA cocTosiHUS. OOBIYHO, MMPU pacueTe WX 3HaYe-
HUW 3a YCIIOBHBIM HYJIb NMPUHUMAIOT cocTosHue npu maBieHun — 0,101
MIla wu temneparype —0 °C.

Buympennss snepeun U, (JIX) npeacraBiseT co0oi CyMMy KHHETHYC-
CKOM DHEPruM MHKPOYACTHIl BEIIECTBA, COBEPIIAIONINX TETUIOBOE JBHIKE-
HUE, U DHEPTUU MX B3aMMOJICHCTBUSA. BHYTpeHHSS 2HEPrusi OJHOTO KHIIO-
rpamMmMa BeIlIECTBa Ha3bIBaCTCs yJICIbHON BHYTpEeHHEH sHepruei U, (J[x /kr).

Aumanvnua (ee eme HazpiBalOT TemaoconepxkanueM) |, (JIx) mpen-
CTaBJIsieT cO00H CyMMY BHYTPEHHEH SHEPIUU M NPOU3BEICHUS JaBIICHUS
Ha 00BhEM. DTO IPOM3BEICHUE MOKHO HMCTOJIKOBATh KaK IMOTCHIIMAIBHYIO
DHEPTHIO, 3aKIIOYEHHYI0O B OoOBbeMe BemecTBa. Takum oOpazom, s

yaenbHO# sHTanbuu 1, ( [k /KT') MOXKHO 3amucaTh:

I=U+ pv. (2.5)

Iumponua — QYHKIUS COCTOSAHMS, C MOMOIIBI0O KOTOPOMl BO MHOTHX
CIy4asiX yI0OHO pacCUMTHIBATh KOJUYECTBO TEIJIOTHI B MpOIECCax U KO-

TOpasi MOXKET OBITh ONpeiesicHa U3 BhIpakeHus ee quddepeHnmana:
ds =dq/T, (2.6)

Tac dq — 3JICMCHTAPHOC KOJINYCCTBO TCILJIOTHI ,

T — TepMoiuHaMUYeCcKas Temmneparypa.
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IIpu aHanmmM3e CTeNEeHW COBEPIICHCTBA TEIJIOBHIX allllapaToB M YCTaHO-
BOK JOCTATOYHO ITUPOKO MCIOJB3YeTCs (PYHKIHSA COCTOSHUS, Ha3bIBacMasl
aKcepruen. Ixcepeusa (paboOTOCIIOCOOHOCTh) — MaKCUMajbHas paboTa, Ko-
TOPYIO MOKET COBEPIIUTH pabouee Tello (CucTema) Mpu peaar3alnuu oopa-

THUMBIX TCPMOJIWMHAMHUYCCKHUX IIPOOCCCOB A0 AJOCTHIKCHHUSA PABHOBCCHUSA C

OKpY>Karollel cpeou ¢ napamerpamu [, ’To-

2.5. Tenaoemkocmuo

TenmnoeMKOCTh SIBISETCS OJHOM M3 BaXKHEUIINX TEMI0(QU3NYECKUX Xa-
PAKTEPUCTUK BelleCTBA. TEMI0EMKOCTh Tela MPEACTaBISIET COOOM OTHO-
HIEHUE BJIEMEHTAPHOTO KOJUYECTBA TEIJIOTHI, TOIYYEHHOTO TEIOM (KOIH-
YecTBa TEIUIOTHI MPU OECKOHEYHO MajoOM H3MEHEHUU €Tr0 COCTOSIHUS) K

CBA3aHHOMY C OTUM IIPUPAIICHHUIO TCMIICPATYPbI, TO €CTh
C = dQ/drT. 2.7)

OOBIYHO mennoemKocHb TOHUMAIOT KaK KOJUYECTBO TEIUIOThI, KOTO-
pO€ HYXHO COOOIIUTH TEJIY, YTOOBI M3MEHHUTH €ro TeMIepaTypy Ha OJUH
KeJIbBUH WU rpaayc Llemscus.

B mnpaktudeckux pacuerax, Kak MIPaBWIIO, TMOJb3YIOTCS 3HAYCHUSIMU
YVIEJIBbHBIX TEIUIOEMKOCTEH. Pa3nmuuaroT yodenvHyr maccogyio, yoeibHy1o
00bEMHYI0 U YOEIbHYI0 MOJAPHYI0 (MOJBLHYIO) MEn10eMKOCmU, TO €CTh
TEIJIOEMKOCTH COOTBETCTBYIOIICH €IWHMIIBI KOJIMYECTBA BellecTBa. Ta-
KM 00pa3oMm:

Yoenvnaa maccosasn mennoemxocms ¢ (Jx/ xkr-K) — xoaudecTBo Ter-
JIOTBI, KOTOPOE HY>KHO COOOIIUTH OJHOMY KI' BEIIeCTBA, YTOOBI U3MEHHUTH

ero remneparypy Ha 1 K (°C).
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Yoenvnasa oovemnaa mennoemkocmo ¢ (Jx/ M K) — KommuecTBo
TEIJIOThI, KOTOPOE HY>KHO COOOIIUTh OJJHOMY M’ BEIIeCTBa (11 Ta30B — M’
, IPUBEJCHHOTO K HOPMAJIbHBIM YCIIOBUSAM, T. €. P = 760 MM pT. cT. U t =
0 °c), yToObl U3MEHHTD ero Temmepatypy Ha 1 K (°C).

Yoenvnan monapuas mennoemxocms 1C ( JIx/ kmoan- K ) — konmue-
CTBO TEIUIOThI, KOTOPOE HYKHO COOOIIUTH OJJHOMY KHJIOMOJIbIO BEIIECTBA,
4TOOBI U3BMEHUTH ero Temneparypy Ha 1 K (OC ).

Yacmo yoenvHyl0 menioemkocms 01 KPpAmKOCMU HA3bI8AIOM NPOCHO
MenioemMKoCmvlo, m. e. ynompeoJisilom HA36AHUSL — MACCOBAsl, 00beMHAas U

MOJAPHASL MENI0eMKOCMb.
Jlns ra3oB maccoBasi ¢, oObeMHast ¢ W MoiisipHas (C TETIOEMKOCTH

CBA3aHbI MCIKIY CO6OI>’I CiacAyromuMn COOTHOMICHUAMM:
c=uC/u;, ¢ =uC/224, ¢ = p,c, (2.8)

rie A — MOJIsIpHas Macca, Kr/ KMOJIb;
Ly — IUIOTHOCTh BEUIECTBA IPU HOPMAJILHBIX YCIIOBHUAX, KI/M’.

TermnoeMKoCTh Ta30B 3aBUCHUT OT pojia raza, OT TeMIlepaTypbl, B HEKOTO-
poii CTENEHU OT JABJICHUSI U OT Xapakrepa mpouecca. [lpu stom naubdons-
uiee 6IUAHUE HA MENT0eMKOCHb 0KA3bléaem npoyecc, B 3aBUCUMOCTH OT
KOTOPOTO 3HAYEHHUE TETNIOEMKOCTH MOXKET MEHSTHCSL OT —O0 10 +©00.

TemnoeMKoCTh onpeaessieTcss oObIYHO ONBITHBIM IyTeM. B crmpaBou-

v 4
HOM JIUTEpaType NPUBOIATCS 3HAYCHHMA M30XOpHBIX (C,,C,, ,uCV) U U30-
6 c.,c ,uC i i
apueix (C,,C, p) TCIIOEMKOCTCH, TO €CThb TEIIOCMKOCTCH UL

MpouecCCoOB IIPHU MOCTOAHHOM o0BeMe U IMpHu MOCTOAHHOM HAaBJICHUH.
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B npakTuueckux pacuerax, He TPEOYIOIIUX 0COOON TOUHOCTH, 3aBUCH-
MOCTBIO TEIUIOEMKOCTU OT TeMIIepaTypbl MpeHeOperaroT. B mpoTuBHOM
Clly4dae MOJIb3YIKTCS CPEAHEN U1 JAHHOT'O UHTEpBaja TEMIEPATyp TEILIO-
€MKOCTBI0, KOTOPYIO HaXOST C UCIOJIb30BAaHUEM dMIIUPUUECKUX (HOPMYII
WJIU CIIPABOYHBIX TAOJIHII.

Mex iy n30X0pHOM U M300apHON TEINIOEMKOCTSMH CYIIIECTBYET CBS3b,

BbIpaKkacMasl 3aBUCUMOCTAMMU:

c,=C,+R; EB=_P=2_P=k, (2.9)

rae R — raszoBas nocrosiHHAs, /{oic/ke K;
Kk — mokasareinn agra0arsl.

IlepBasi W3 TPUBENCHHBIX 3aBUCUMOCTEH HOCUT Ha3BaHUE (DOPMYJIbI
Maiiepa.

JI71st uaeanbHBIX TA30B B 3aBUCUMOCTH OT aTOMHOCTH T'a3a MPUHUMAIOTCS
CIIeAYIOIIME 3HAUYCHUS TTOKa3aTelIsl aAuadaThl:

k=1,67 — w1t OQHOATOMHBIX I'a30B |

k=1,4 — nns IByXaTOMHBIX Ia3oB ;

k=1,29 — nisd MHOrOaToMHBIX Ira30B.

JInst vaeanbHOTO raza yAeabHYI0 MAacCOBYIO M30XOPHYHO TEIIOEMKOCTb

MOHO HaXOJUTh 10 hopMyJie

C =

v

R
R (2.10)
k-1

2.6. Tazoewvie cmecu

B TCPMOAMHAMHUYCCKUX CUCTCMAX YACTO B KA4YCCTBC pa60qer0 TCJIa UC-

MMOJIB3YCTCA HC XUMHNUYCCKU O,Z[HOpOI[HBIﬁ ras, a CMCCHU pPa3JIMYHbIX I'da30B.
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AHanIu3 1 pacueT TaKUX CHCTEM BEJIETCS TaK K€, KaK U B CIydasX C OJHO-
POAHBIM Ta30M IIPH yYE€Te€ COOTBETCTBYIOIIMX XapaKTEPUCTUK TIa30BOM
CMECH, KOTOPBIE 3aBUCAT OT XapaKTEPUCTUK I'a30B, BXOSAIINX B CMEChH.
YTo0OBI 3a1aTh Ta30BYI0 CMECh HEOOXOUMO Ha3BaTh KOMIIOHEHThI CMe-
CH W yKa3aTb JIOJI0 KaXJ0ro KoMInoHeHTa B cmecu. Cocmae cmecu 3aoa-

mom maccoebvimu, o0veMHbIMU UU MOJIAPHBIMU oonsamu.

Maccoeoii donen xomnonenta (; Ha3bIBAIOT OTHOIIEHHE MAacCChI I-TO

raza M., BXoas11ero B cMech, K Macce Beer cmecu M

g=m./m_ .

Obvemnoit doneri komnonenTa I Ha3pIBarOT OTHOLICHHUE NIPUBEIECHHO-

ro obbema i-ro rasa V., Bxojsuiero B cmeck, k 00beMy Beeii cmecu V|

r=V./V_ .

HpI/I 9TOM IIOJ NPHUBCIACHHBIM 00BbEMOM Tra3za MOHMMAIOT TOT 06’beM,

KOTOpBIﬁ 3aHsI OBl OJIUH 3TOT I'a3 IIPpH TEMIICPATYPC U JaBJICHUU CMCCH.

Monapnoii 00.1€it KOMIIOHEHTA Ni HAa3bIBAIOT OTHOIICHUE KOIUYE-
cTBa Kmiomoueit i-ro raza M i, BXOJISILEro B CMECh, K O0IIEMY KOJINYE-

CTBY KWJIOMOJIEM CMECH M o
N, =M/M_ .

Jlnst 1:000# ra30BOM CMeCH, COCTOSAIIEH U3 N KOMIOHEHTOB, BBIOJ-

HSIETCS YCJIOBUE:
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>g;=Xr=YN=1. (2.11)

JloIu KOMIIOHEHTOB MOT'YT YKa3bIBaThCsl B MPOIIEHTaX, U TOT/Ia CyMMa
noJen Bcex komroHeHToB paBHa 100 % .

PaznuunHbie BHABI 10JIEM KOMIIOHEHTOB HaXOJATCS B OINPEACICHHBIX
COOTHOIIICHUSX, YTO MO3BOJISIET MEPEUTH OT OJHOTO CrIoco0a 3a1aHuUsI CMe-

CH K JIpyromy. YUuTbIBasi, 4TO, KaK CJIEACTBHE 3aKOHA ABOTAJPO, JIJIs JITO-

6oit cmect = N. |, cMecu 06GBIUHO 337aI0T MACCOBBIM MIIH OOBEMHBIM

| |
COCTaBOM, TO €CTb yKa3bIBas 100 MacCCOBBIC, 1100 00BEMHBIC JOJIHN KOM-

IIOHCHTOB. HpI/I 9TOM 3TH OOJIM HAXOAATCA B CIACAYIOINX COOTHOLICHUAX

7
%ri:ui

I = % (2.13)

0 = (2.12)

i = n !
> g,
i1 /M
rae M; — MojspHas Macca i-TO rasa, BXOIAIIErO B CMECH

N — 41CJI0 KOMIIOHEHTOB, BXOSIIINX B CMECh.
IToBeneHue ra3oBbIX CMECEU MOAUYUHSIETCS 3aKOHY JlanbTOHA, COTJIAaCHO
KOTOPOMY KaKIbIM a3, BXOASAIIUN B CMECh, BEJIET ce0s Tak, Kak OyATO OH

OJIUH 3aHUMaeT BeCb 00bEM, B KOTOPOM HaxoAuTcsi cMech. [lo 3akoHy

HanbToHa naBneHue cMecu [, paBHO CyMMe IAapUUaNIbHBIX JaBICHUN

€€ KOMIIOHEHTOB [);
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pCM:Z pi ) (214)

i—1

[Tpu 3TOM 1OJ MapIMaIbLHBIM AaBJICHUEM ra3a MOHUMAKOT YacTh 00IIIe-
ro JaBJICHUS CMECH, KOTOpas CO3/Ja€TCs JaHHBIM KOMIIOHEHTOM. TO €CTh
MapluUaIbHBIM JaBJICHUEM rasza, BXOASIIEr0 B CMECh, HA3bIBACTCS TO J1aB-
JIEHUE, KOTOPOE YCTAaHOBUJIOCH Obl B JJAHHOM O0BEME, €CIIM U3 HEro yja-
JIUTh BCE JPYTU€ KOMIIOHEHTHI CMECH, TIPU TEMIIEPATypPEe CMECH.

[TaprmanbpHOE AaBJICHHE I-T0 ra3a MOXET OBITh HAlACHO 1O GopMyIie

p=rp,. (2.15)

K OCHOBHBIM XapakTEpUCTHUKaM WIIH IMAPaAMETPAM T'a30BBbIX CMECEH, KO-
TOPBIE UCTOJIB3YIOTCS B pacyeTax, OTHOCATCS KaXYyIIascs MOJIApHAs Mac-
ca, IUIOTHOCTh, Ta30Basi IMOCTOSIHHAS W TEIUIOEMKOCTb. JTH IapaMmeTPhl
CMECH MOTYT OBITh HalICHBI IO CJIEAYIOIIUM (POopMyJiam.

Kaxymascs MmoisipHas macca CMecu

II;moTHOCTH CMecH

Pev= Zpiri : (2.17)

I'a3oBasg mOCTOSIHHASA CMECH

RCM: ZRigi ’ (218)
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WIIH R, = =R K, = 8314 (2.19)

lLl M

VY nenpHasg MaccoBas TEILIOEMKOCTb CMECH

Cow = Zgici : (2.20)

Cp = 2NC; - (2.21)

B atux dopmynax

I' 1 §, — cooTBeTCTBEHHO 0ObEMHAasi U MaccoBas O I-ro KOMIIO-
HEHTa CMECH,

U, Ri e ,Ci' — COOTBETCTBEHHO MOJISIPHAS Macca, ra3oBasi OCTOSHHAS,

YACIBHBIC MaCCOBasa " 00BEMHAS TEINIOEMKOCTH i-TO ra3a, BXOJALICTO B

CMCChb.

3. TepmoauHaMHuuyecCKHe MPOLEeCChI

3.1. O6wue ceedeHUs1 0 MepMOJUHAMUYECKUX hpoyeccax

Tepmoounamuueckum npoyeccom Ha3bIBACTCS JIFOOOE€ M3MEHEHHUE BO
BPEMEHH MAPaMETPOB COCTOSTHHSI TEPMOJIUHAMUYECKON CUCTEMBI .

PaznuyaroT paBHOBECHBIE U HEPABHOBECHBIE, OOpaTUMbIE U HEOOpATH-
MBIE MPOLIECCHI.

Ilon PABHOBECHBIM TIOHUMAIOT IIPOLECCC, B XOAC KOTOPOro CuUCTcMa
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MPOXOIUT MOCIEA0BATEILHOCTh PABHOBECHBIX COCTOSIHUM. ( PasHosecHbim
CUUMAaemcs. COCMosIHUe CUCmeMbl, K020a 80 8cex ee moyKkax napamempol
COCMOSIHUSL UMETOM 0OUHAKOBbLE 3HAYEHUsL. )

B nipoTuBHOM citydyae Mbl UMEEM HEPABHOBECHbLI TIPOLECC.

Oopamumbimu SBISIOTCS TIPOLIECCHI, MPOTEKAIOIMKEe 0€3 pacCesHUs
sHepruu. JJisi Takux MpoIEeCcCOB, €CIM U3MEHUTh X011 Ipoliecca Ha o0paT-
HbI, CUCTEMA IPOUJIET TE€ YK€ COCTOSHUSA, KaK U IPU MPSIMOM TEUYECHUU
MpoIecca, U MOXKET BO3BPATUTHCS B UCXOJIHOE COCTOSTHUE 0€3 KaKUX-JIM0O
MOTEPHh SHEPTUU.

Ilpu neoopamumwix_tiporieccax NpPOUCXOAUT PACCEUBAHUE DHEPTUU U
JUI BO3BPALLEHUST CUCTEMBI B UCXOJIHOE COCTOSIHUE IIPU TAKUX ITPOLIECCAX
HEOOXOMMBI JIOTIOJTHUTENIbHBIE 3aTPAThl SHEPTUH.

OO6paTuMBIMH MOTYT OBITH TOJIBKO PaBHOBECHBIE Mpoliecchl. OOparTu-
MbIE€ TEPMOJMHAMHYECKHUE MPOILECCHI MOTYT OBITh MPEACTaBICHBI Tpadu-
YeCKHM B KOOpJIMHAaTax P-V u T-S.

N3o0pakeHue npoiiecca B KOOpJAMHATaX P-V HaA3BIBAIOT padoueit oua-
2pammoii, TOTOMY YTO IUIONIA[b IMOJ rpadukoM mporiecca B COOTBET-
CTBYIOIIIEM MacITabe paBHa padoTe, COBEPIIIaeMOil B Mpoliecce.

N3o0paxkeHnue mpoliecca B KOOpAUWHATAX [-S HA3BIBAIOT MENJ1080i
ouazpammoii, ToToMy 4TO TIIOMIaAb Mo TpaduKoOM IpoIlecca B COOTBET-
CTBYIOIIIEM MacIlTade paBHa TEIJIOTE B MPoOIecce.

Cpenu 0eCKOHEYHOTO MHOKECTBA TEPMOJIMHAMHUYECKHX IPOIIECCOB BhI-
JIEJISIIOT YEThIPE XapaKTEPHBIX (MX HA3bIBAIOT TAK)KE OCHOBHBIMM ) IPOIIECCA:

U30XOPHBLIL — TIPOIIECC, TPOTEKAIOIIUNA MPU MOCTOSIHHOM 00BhEME;
U300apHwlil — MPOIIECC, MPOTEKAOIINHN MTPU MOCTOSTHHOM JIaBJICHUM;

uzomepmuyeckuil — npouecc, NpoTEeKaoIUid ITPpU MOCTOSSHHON TeMIe-
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paType;

aduadammwlii — MPOLIECC, NMPOTEKAOIINI 0€3 TernaooOMeHa C OKpYKa-
IOIIEH CPEIOH.

[Ipu peanm3zanuu TEPMOIUHAMHUCCKUX TPOIIECCOB MPOSBIISICTCS ACH-

CTBHUC OCHOBHBIX 3aKOHOB TCPMOJNHAMUKH.

3.2. Ilepevlii 3aKOH MEPMOOUHAMUKU 015 3AKPLIMBIX CUCHIEM.

Onpeodenenue meniomol u padomosl 6 0Ouwem cayvae

[lepBrIif 3aKOH TEPMOJIUHAMUKH TIO CYIIIECTBY SBIISETCS 3aKOHOM COXpa-
HEHUSI PHEPTrUU MPUMEHHUTEIHLHO K TEPMOMEXaHHMYECKHM CHUCTEMaM W JJis
3aKPBITHIX CUCTEM MOKET OBITH CHOPMYJIUPOBAH CIACAYIOIINM 00Pa30M:

Tennoma, coobwiennan cucmeme, uoenm Ha npupaujeHue ee 6HympeH-
Hell IHepzuu U cosepuienue padomol.

Marematrueckoe BhIpaKEHHE MEPBOro 3akoHa B Aud(epeHInanbHOMI

dbopMe uMeeT B

dq = du + dl (3.1)

Y B KOHEUHOH (popme —
q=Au+I. (3.2)

B 3TuX BBIpaOXKEHUAX
 — yZenbHas TemioTa ;
U — yJeabHas BHYTPEHHSS SHEPTHS ;
| — ynmenpHas pabGora pacuiupeHus.

[IpuBeaeHHbBIC BRIPAXKECHUS 3aIIMCAHBI I OJTHOTO KT paboyero Teja u B
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OOJIBIIIMHCTBE Cly4yaeB jaayee (opMyJibl OyAyT NMPUBOJIUTHCSA B pacueTe Ha
OJIH KT pabo4ero Tesna, TO €CTh JJIs YACIbHBIX TapaMeTpPOB.

[Tpu sTOM B BbIpakeHuu (3.1) KOIUYECTBO TEIUIOTHI MPU OCCKOHEUHO
MajOM HM3MEHEHHUU COCTOSHHS CHUCTeMbl (( Ha3bIBalOT 3JEMEHTAPHOU
yAeIbHOU TEII0TOM, a BenmnuuHy dl — sneMeHTapHON yaelbHOM pabOTOM.
B Beipaxkenuu (3.2) AU mOpeactaBiseTr coOOM H3MEHEHHUE YACIbHOU
BHYTPEHHEU YHEPTUH.

Eciu ydyects CBSI3b MEXJy BHYTPEHHEN DHEPIMEU U DHTAJIBIIMEN MOX-
HO MaTeéMaTU4YEeCKOE BBIPAXKCHUE MEPBOTO 3aKOHA TEPMOJWHAMUKH 4YEpe3
SHTAJIBIIHIO.

HeiicTBUTENBbHO, €ClU [ = U +p v, TO di = du + pdv + vdp , unu

du =di — pdv — vdp . (3.3)

YuuTeiBas, 4TO 3JEMEHTapHAs yAelIbHas padoTa pacliupeHus

dl = pdv , (3.4)

u nojictaBuB Boipaxkenus (3.3) u (3.4) B (3.1), momydaeM BeIpakeHUE TIEP-
BOT0 3aKOHA TEPMOJMHAMHUKH 4Yepe3 HHTAIbNUI0 B AudPepeHInaIbHON
dbopme

dg=di—-vdp, (3.5)
WM B KOHEYHOH (dopMme

q=Ai — fpplz vdp . (3.6)

OnHrMU U3 BAXKHEWINWX 3aJ1ad IIPU aHAIIM3€ M pacuyeTe TEPMOJIHNHAMH-
YECKHUX MPOLIECCOB SIBJIAIOTCS 3aJa4d ONpPEACICHUS TEIUIOThI U paboThl B

ATUX Tpoiieccax. s TemioTel U paboThl B TEPMOAMHAMUKE MIPUHATO ClIE-
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JyIoIIee MPaBuiIo 3HAKOB.

Tennoma cuumaemcs noJ0MNCUMEbHOU, €C/lU OHA NO00BOOUMCA K
cucmeme u OMpPUYAMeENbHOU — eClu OMEOOUNCA OM CUCHEMDbL.

Paboma cuumaemca nonoxcumenvHoll 6 nPOYeccax PacuiupeHus u
OMPUUAMENBLHOIU — 8 RPOUECCAX CHCAMUAL.

To ecTh paboTa IMOJOKUTEIbHA, KOTJIa OHA COBEPIIACTCS CHUCTEMOM C
pacxo/IoBaHUEM MEXaHHMYECKON PHEPruy Ha IMPEOJ0JICHUE COMPOTUBIICHUS
BHEIITHEHW cpelbl IIpU pacmupeHur padouero tena. OTpumaTeIbHON CUH-
TaeTcs paboTa, KOrja OHa 3aTpayuMBacTCS BHEIIHEH Cpeoi Ha ckaTHhe pa-
0OYero Tela CUCTEMBI.

KonuuecTBo TemiaoThl B Mpolieccax B OOJBIIMHCTBE CIydaceB ompeie-
JSIIOT Yepe3 TermnoeMKocTh. [Ipu aTom popmynia g pacyeTa TEIUIOTHI BbI-
TEeKaeT U3 ONpeACICeHHs caMoro NmoHATus termaoeMkoctH (1.7). B pacuere

Ha OJINH KT pa6oqer0 TCJ1a, TO €CTh IJIA YI[GJIBHOfI TCIUIOTHI, ITOJTyHacM
= [Zc-dT (3.7)
q - Ty ' .

rl€ C — yIeJdbHasi MaccoBas TEIUIOEMKOCTb JJISI COOMEEm CMEyOUule20
npouyecca ;

T, u T, — COOTBETCTBEHHO HadajbHas M KOHEUHAsi TEMIEpaTypa B
npoliecce.

[Ipu MOCTOSTHHOM 3HAYCHHUU TEIUIOEMKOCTU BhIpakeHue (3.7) mpuobpe-

TaeT BUI:

q=c(T, —T;) =c-AT. (3.8)

TennoemMKoCTh HE 3aBUCUT OT TEMIIEPATYPHI ISl UIICATbHBIX ra3oB. Kpo-

MC TOIo, y4dThbIBas CJIa6YIO 3aBUCHUMOCTDb TCINIOCMKOCTH OT TCMIICPATYPHI,
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3TOM (hOPMYJION TOJIL3YIOTCSl U MPU, HE TPEOYIOUIUX 0CO00I TOUHOCTH, pac-
geTax CHUCTeM C peajbHBIMU razaMu. B ciydasx, korga TpeOyeTrcsl MOBBI-
IIICHHAs] TOYHOCTh PAcCYeTOB, HEOOXOIUMO YUUTHIBATh 3aBUCHMOCTH TEILIO-
€MKOCTH OT TeMIIepaTyphl U UCIONb30BaTh (popmyiny (3.7). Ha nmpaktuke B
TaKuX CIydasx OObIMHO MOJb3yroTcs (opmysoit (3.8), moacraBiss B Hee
3HAYCHHUE CPEAHEH TETUIOEMKOCTH JIJIsl IAHHOTO MHTEpBaia TEMIIEPATYDP.

CrnenyeT OTMETUTD, UTO 3HAUCHUS TEMIIEPATyPhl B BHIIICIPUBEICHHYIO
dbopMyITy MOKHO TTOACTABIIATH B rpaxycax Llembcus.

KonndgecTBo TEIIOTH MOKHO OTPENEIUTh TakK)Ke, UCIIOIb3Ys BBIpaxKe-
Hue nuddepennuana a3aTponuu ds = dq/T , 0OTKyaa 3JIE€MEHTapHOE KOJIHU-
YECTBO YJICIbHON TEIJIOTHI

dgq=T-ds, (3.9

a yYICJIbHAs TCIJIOTA

q=['T-ds. (3.10)

DnemeHTapHas yaenbHas paboTa paclIupeHust HaXOAUTCS 1o hopmyJie
dl=p-dv. (3.11)

Takum oOpazom, 11 Ir000ro npouecca yaeiabHas padoTa MOXET ObITh

paccurTana no ooiieit popmyie
| = fv”f p-dv, (3.12)

I U4 U UV, — COOTBETCTBEHHO HAaYaJIbHBIM U KOHEUHBIN YJICIbHBIN 00h-
€M B IPOIIECCE.

[Ipu HEOOXOAMMOCTH OMPEACTUTh TEIUIOTY U PabOTy ISl CUCTEMBI C

MPOU3BOJIBHBIM KOJMYECTBOM pabouero Tena HEOOXOIWMO BBIPAKECHHS

(3.8) 1 (3.12) ymHOXHUTH Ha Maccy M. B pe3ynbraTe NOJy4uM:
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JUTS KOJTMYECTBA TETUIOTHI
Q=m-c-AT ; (3.13)

1St paOOTHI

L=mf:12p-dv=f£2p-dV, (3.14)

rae V; u V, — COOTBETCTBEHHO Ha4yaJdbHbIA U KOHEUHBIA 00BEM B IPO-

ecce.
3.3. Uzmenenue hynKyuit cocmoanus 6 npoyeccax

[Ipu aHanu3e TepMOJIMHAMUYECKUX MPOLECCOB HAC MHTEPECYET HE a0-
COJIFOTHBIC 3HAYCHUS (PYHKIHMM COCTOSHUSA, a UX M3MEHEHHE B IpOIlEcCe.
N3menenue xe GyHKIUN COCTOSHUSI HE 3aBUCHUT OT TOTO, KAKUM 00pa3om
CHCTEMA MEPENLIA U3 OJTHOTO COCTOSIHHS B APYTO€, a ONPEAEIAETCS TOIBKO
HAYAJIbHBIMU M KOHCYHBIMU 3HAYCHUSAMU MapaMeTpoB cocTosiHus. [1oaTo-
My U3MEHEHUE (QYHKIUNA COCTOSIHUS JJIsl JTFOOBIX MPOIIECCOB OMPENEIAETCS
10 OJIMHAKOBBIM (pOopMyJiam.

®opmyny Iy pacyeTa U3MEHEHUS BHYTPEHHEW YHEPIUH IOIYUYUM C
MCIIOJIb30BAHUEM BBIPAYKEHUS MIEPBOr0 3aKOHA TepMoauHamuku (3.2). Ec-

JIM y4EeCTh, UTO B M30XOPHOM MpoIriecce padoTa paBHA HYJIIO (3TO CIEAyET

v
W3 BBIpAKEHHs 11 pabotel | = [ *p - dv ), To nojydaercs, 4o H3MEHe-
1

HUE BHYTPEHHEN PHEPrUU PaBHO KOJHUUYECTBY TEIUJIOTHI B U30XOPHOM MPO-
uecce. To ecTb 014 1100020 npouecca uzmenenue yoeabHoi 6HympeHHell

IHEPSUU MONHCEm OblMb PACCHUMAHO RO (opmyne:
Au = c,(T, —Ty) = ¢, " AT, (3.15)

rac C, — yaciibHasd MaCcCoOBas U30XOpPHad TCIINIOCMKOCTb,

T; m T, — COOTBETCTBEHHO HaydaJlbHAsl U KOHEYHas TeMImeparypa B
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nporecce.
dopmyity I pacdera U3MEHEHHUS SHTAJIBIHMH TOJIYYHM C UCIOJIb30Ba-

HUEM BBIPKEHHUS TIEPBOTO 3aKOHA TEPMOJIMHAMUKH Yepe3 SHTAIBINIO (3.6).

p
J11a n306apHOTO IpoIecca BTOPOE CIaraéMoe B 3TOM BBIPAKCHUH — fp > vdp
1

pPaBHO HYJIIO, ¥ 3HAYUT U3MCHEHUE YHTAJIBITMY PABHO KOJMYECTBY TEILJIOTHI B
n300apHOM mporecce. Takum o0pazom, 014 106020 npoyecca usmenenue

YOeIbHOU IHMATIbRUU MOICEM ObIMb PACCHUMAHO RO hopmyie:
Ai = c,(T, —T;) = ¢, - AT, (3.16)
TA€ Cp — yHelbHas MaccoBas n300apHas TEIIOEMKOCTb.
dopmyiy 1 U3MEHEHHUS SHTPOIIUH MOXXHO TIOJIYYHUTh M3 BBIPAKCHUS
(1.6) mudbdepennmana s3tok GpyHKnuu, To ectb — ds = dq/T.
DieMeHTapHOe KOJWYECTBO TEIUIOTHI JUIA JII0OOTO IMpoIecca MOKHO
onpenenuTs Kak dq = ¢ - dT, rae ¢ — yaenbHas MaccoBas TEIUIOEMKOCTh

JUIsl COOTBETCTBYIOMIEro mporecca. C ydeToM 3TOro BbIpakeHue audde-

peHIrana yieJabHOW SHTPOIUU TPUOOpETAET BU/L:

ds =c-dT/T . (3.17)
JIJ11 KOHEYHOTO U3MEHEHHSI SHTPOITUHU B TIPOIIECCE MOTyIaeM BhIpaKCHUE
2 4T
As = f c—. (3.18)
r. T
1

Eciv npuHATH 3HAYEHHUE TEIVIOEMKOCTHM MOCTOSHHBIM, B TOM YMCIIE
PaBHBIM CPEHEW TEIJIOEMKOCTH JUISI 3aJJaHHOTO MHTEpBAJIA TEMIIEPATYP,
TO TOCJIe MHTETPUPOBAHUS TTPABOM YaCTH BBIPAXKEHUS TTOTydaeM (popmyiy

JUIS pacyeTa U3MEHEHUs yIeTIbHOM SHTPONHH B JIFOOOM IpoLecce:

T.
As=c-ln—2

) 3.19
0 (319)
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rac¢ ¢ — yacjabHasa MacCCoOBas TCIINIOCMKOCTL I coomeemcmeyruie2o
npouecca.

4. Anaau3 TEPMOIUHAMHUYICCKHUX IIPOHECCOB B HACAJIbHBIX Ira3dax

4.1. 3aoauu ananuza mepmoouHaAMUYECKUX NPOUECCos

[Ipy aHanu3e TEpMOAMHAMHYECKUX IPOLIECCOB HAC MHTEPECYIOT Cle-
IOYIOIIUE BOIPOCHL:

® YpaBHEHHME Ipolecca, KOTOPOE BBIPAXKAET CBA3b MEKIY TEPMOIU-
HAMUYECKUMU MMapaMeTpaMH COCTOSHHUSI Ha JI0OOH MOMEHT BpeMme-
HU B XOJI€ MPOILECCa;

® COOTHOUIICHUS MEXAY MapamMeTpaMu COCTOSIHUS B Havalle U B KOHLIE
npoiiecca;

e TerioTa U paboTa, coBepliaeMasl B Ipolecce;

® u3MeHeHue (QPYHKIUN COCTOSIHUS B MPOLIECCE;

e rpaduyuecKkoe MpeACTaBICHHUE MPOIIECCOB B KOOpAMHATaX P-V u T-S.

4.2. Ananu3z 0CHOBHBHIX MEPMOOUHAMUUECKUX NPOUECCOB

K OCHOBHBIM TEpMOJMHAMHUYECKUM MPOLIECCAM OTHOCST HM30XOPHBI,
M300apHBIf, U30TEPMUYECKUN U aanadaTHBIN npouecchl. OCHOBHBIE 3a/1a-
YK aHaju3a MPOLECCOB PEIAIOTCS ¢ UCIOJIb30BAHUEM YPAaBHEHHUS COCTOSI-
HUS1, IEPBOTO 3aKOHA TEPMOJMHAMUKH, OOIIETO BBIPAKEHUS ISl TEIIOThI
1 paboThl, a TakXke M3MEHEHUs] PYyHKIMU cocTosHMS B mponeccax. [Ipu
3TOM ypaBHEHHUE U30XOPHOT0, H300apHOTO U U30TEPMHUYECKOTO MPOLIECCOB
BBIBOJSITCS U3 YpaBHEHUS cocTOsiHUA (yYpaBHeHUs1 KianelipoHa) mytem re-

pPEHOCa IEPEMEHHBIX B OHY CTOPOHY, a IMMOCTOSIHHBIX — B APYTYIO.
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W3meHneHne BHYTpEHHEH SHEPIHMM W SHTAJBIIUM JJII BCEX IPOIIECCOB
PacCUMTHIBAETCS JUIS BCEX IMPOIECCOB IO OJHUM W TeM XKe (opmyiaM
(3.15)u (3.16), TO ecThb

Au = c,(T, —Ty) = ¢, " AT,

Al == Cp(TZ - Tl) == Cp ' AT

4.2.1. Hzoxopnwtit npoyecc

YuureiBas, 4TO Il K30XOPHOIO Ipolecca V = COoNnst , rmocie nepenoca
B YPABHEHUHU COCTOAHUA PV = RT TEepeMEHHBIX B JIEBYIO CTOPOHY, a IO-

CTOSIHHBIX — B MPaBYIO MOJIy4aeM YpaBHEHHE U30XOPHOTO IMpoliecca:
p
T const . (4.1)

N3 ypaBHEHUS Mpoliecca BHITEKAET COOTHOIICHUE MEXY 3HAUYCHUSIMU
nmapaMeTpoB B Hauajie ¥ B KOHIIE Tpoiiecca. B nanbHelemM 0yaem 000-
3Ha4aTh MapaMeTphbl, COOTBETCTBYIOIINE HAYaTy MpoIecca UHACKCOM « 1) ,
a OKOHYAHHIO Tpollecca UHAEKCOM «2». Takum oOpa3oM, Ha OCHOBAaHUU

ypaBHeHus (4,1) umeem:

T
Pr_P2 . P2_12 (4.2)
T, T, p1 T

KpomMme Toro no onpeneneHuto npouecca — v, = V5.

To ectb 6 uzoxoprnom npouecce npu nocmosannom odveme Oaenenue
pacmem nPOnOPUUOHAILHO POCHY MEPMOOUHAMUUECKOL MeMNepamypbl.

Ncxons u3 odmmx Gopmyit s TermwioTsl U padotsl (3.8) u (3.11) nns

HN30XOPHOI'0o IIpoueccca NMCCM:
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yJieJbHas TEIIOTa B IPoIecce

q = Cv(TZ - Tl) = ¢, " AT, (4-3)

rac C, — yacjbHasd MacCoOBas M30XOpHasd TCINIOEMKOCTD

yaenbHas pabora

[=0. (4.4)
N3meHeHne yaelibHOW DHTPONMU B M30XOPHOM IMPOLECCE, UCXOAS U3
obmeit popmys (3.19) paccuuThiBaeM MO BHIPAKEHUIO

T
As = ¢, In—. (4.5)
Iy

['paduueckoe npeacTaBieHUE U30XOPHOTO TMpoIlecca IaHO Ha PUCYHKE
4.1. [lockonbky mpu n3o0OpaxkeHnu 0e3 MaciTaba HEKOTOPhIE MPOIIECCHI B
OTPENIETICHHON CUCTeME KOOPAWHAT BBITJISIAT MPAKTUYECKU OJMHAKOBO,
JUISI TaKUX CIy4aeB MPUBOJUTCS CPABHHUTEIHHOE H300pa)K€HHE APYroro

mporiecca.

De

1%

LT

Puc.4.1. 3oxopHbIil ipo1iece B koopauHaTtax P-V u T -S
(Ha pucynke B koopauHatax T —S IITPUXOBOW JIMHHUEN
JUISl CpaBHEHUS U300pakeH 300apHBIN MpoIIecc)

4.2.2. H3zobapmuwlii npouecc

B u306apHOM mporiecce AaBiICHHUE SIBISETCS BEIWYMHOW MOCTOSHHOM,
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IIOATOMY II€PEHOCS MTOCTOSIHHBIC B MPaBYyI0, a IEPEMEHHbBIC B JICBYIO YaCTh
YpaBHEHUSI COCTOSIHUSI, MOJYYUM YpaBHEHHE U300apHOTO IpoIlecca, KOTO-

poe UMeeT BHU/I:

v
- = t. 4.6
7 cons (4.6)

N3 3TOro ypaBHEHHs MOJy4yaeM COOTHOLICHUS MEXAY MapaMeTpaMu

COCTOSIHMS B HauaJje U B KOHIIE M300apHOro mpoliecca

L T ) v, T;
— = — Wiy —=— 4.7
T, T, v, Th (47)
Kpome Toro mo onpeaenenuto npoiecca — Dy = Dq.
Y nenbHast TEIUIOTa B IIPOLECCE
q=c,(T, —Ty) =c, AT, (4.8)

rac Cp — YACJIbHaA MaCCOBasd N30XOPpHAA TCINIOCMKOCTD.

VY nenpHas pabota onpenenseTcs u3 oo1eit GopMybl 111 pabOThI —

— (V2
| = fvl p-dv.
YuuTBIBas, 4TO 11 M300apHOTO TIPOIIECCA JABIICHUE SBJIACTCS BEJIH-

YUHOM MTOCTOSSHHOM, B PE3yIbTaTe MHTETPUPOBAHUS TIOTyUaeM
l=p(v,—v) =p-Av. (4.9)

N3meHeHue yienbHON SHTPONUU B U300apHOM MPOLIECCEe PacCUUTHIBA-

etrcs 1o gpopmyiie
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T,
As = Cp In—

T (4.10)

['padrrueckoe npencTaBicHHe H300apHOTO MPOIIEcca JaHO Ha PUCYHKE 4.2.

/)4 T 2

|

J —2> (% : #S

Puc.4.2. N306apHbIif npoliecc B KoopauHatax P-V u T -S
(Ha pucynke B koopauHatax T —S IITPUXOBOM JJMHUEH AJIsI CpaBHE-
HUS U300pakeH N30XOPHBIN MPOIIECC)

4.2.3. Hzomepmuueckuit npouecc

B uzoTepMuyeckoM mpoliecce MOCTOSHHOM SIBIISIETCS TeMIeparypa.

C y4eTom 3TOro u3 ypaBHEHHUS COCTOSIHHS MOJIy4aeM YPaBHEHHE MPOLIECCa:

pv = const . (4.11)

OTcro1a COOTHOLICHUE MEXy MapaMeTpaMH B HAYAJIE U B KOHIIE MPO-

necca.

%
P1V1 = PV, WIH P_1 : (4.12)

pP1 V3

IToCKONIBKY TEIUIOEMKOCTh B U30TEPMHUUECKOM IPOLIECCE PaBHA £ ©0, TO
UCIOJIb30BaHUE (POPMyIIBI AJi ONpeesieHUs TeIoTl q = ¢ * AT = oo -

0 nmaet HeomnpeeIeHHOCTh. Eciin e y4ecTh, UTO B U30TEPMHUUYECKOM IPO-
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[IECCE U3MEHEHNUE BHYTPEeHHEU d3Heprun Au = ¢, * AT paBHO HYJIIO, TO U3
BBIPAKEHHUS MIEPBOTO 3aKOHA TEPMOJIUHAMUKY (3.2) 012 uzomepmuuecko-
20 npouecca (=1.

B cBoI0 ouepenn, paboTa B 5TOM IPOIECCE
— (Y2.,. _ (Y2RT -dv/ _— V2 dv
l—fvlp dv—fv1 /v—Rva1 /.
ITocsie HHTErpUPOBAHUS HOTYIaEM

% %
q=l=RT-ln—2=p1v1-ln—2=p1v1-ln&. (4.13)
1 V1 P2

I[J'ISI N3MCHCHMUSA OHTAJIBIIMHU B U30TCPMHUYCCKOM IIPOLCCCC NMCCM

2
d 1
As=f q/T=T-q.
1

Otkyna c yuetom (4.13) nomyyaem

(%
As=R-In2=R-InEL, (4.14)
(%1 b2

['padukn U30TEPMUUECKOTO MPOIECca MPEACTABICHBI HA pUCYHKE 4.3.

Pﬁ 1 | )

|
YT >

Puc.4.3. U3oTepmuueckuii npouecc B KoopauHatax pP-VvV u T —S
(Ha pucynke B koopuHaTax p -V IITPUXOBOU JIMHUEH
TSl CpaBHEHUS W300pakeH aanadaTHBIN MpoIiecc)
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4.2.4. Aouabammuwlii npouecc

AnrabaTHBIN MPOLIECC — NPOIecC, TPOTEKAIIU 0€3 TeII000MeHa, TO
€CTh MPOTEKAIOIIHNK B aOCOJIOTHO TEINIOM30JUPOBAHHBIX cucTtemax. [[ms
aguabaTHOTO mpoliecca KOJWYECTBO TEIuloThl B mporecce g = 0. Ilpu
ATOM JyIsi 0Opatumoro aauadarHoro npouecca u As = 0, mosTomy adua-
Oammuwlil npoyecc HA3bIEAIOM MAKHCe U30IHMPONUIIHBIM.

K agmabGaTHBIM MOXKHO Tak)Ke€ OTHECTH MPOIECCHI, MTPOTEKAIOIINE 10-
CTaTOYHO OBICTPO, KOT/Ia TEIJIOOOMEHOM 3a BpeMs MPOoIecca MOKHO Tpe-
HEOpeUb.

VYpaBHeHHe aanabaTHOTO MPOIECCa MOXKHO TMOJYYUTh, UCTIONB3YS BbI-
pakeHUsl TIEPBOTO 3aKOHA TEPMOJMHAMHUKHA YE€pPe3 BHYTPEHHIOIO YHEPTHIO
(3.1) usaramemuio (3.5): dg=du+dl wu dg=di—vdp.

IIpunumas Bo BHMManue, uto du = ¢,dT a di = c,dT , 5Tu BbIpa-

KEHUS JIJI aIMa0aTHOTO Mpoliecca MPUOOPETAIOT BU:
c,dT +dl =0 U c,dT —vdp =0,

II€ C, U Cp — COOTBETCTBEHHO YJENIbHAs MaccoBas U30XOpHas M U30-
OapHasi TEIIOEMKOCTb.

PaznenuB BTOpOE ypaBHEHUE HA TIEPBOE, TTOTYUUM:

cpdT vdp dv dp
= — , WM k—=——.
c,dT pdv % p

3nech BenuunHA k, paBHas OTHOIICHUIO M300apHON TEIJIOEMKOCTH K
M30XOPHOM, HA3bIBAETCS MTOKA3aTEIEM auadaThI.
IIpu mocrositHHOM k B pe3ynbTaTe MHTETPUPOBAHUS TOCIEIHETO YpaB-

Henus umeeM: k - In(v,/v,) = In(p1/p,). TloTeHuupys 310 BeIpakeHUE,
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HOJIyqHuM: (vz/v1)k = (p1/p2) , nm Plvf = pz”§ :

To ecTh ypaBHEHHe anabaTHOTO MPOLIECCA MOKHO MPEACTABHTD B BUIE:
pv* = const. (4.15)

CooTtHomieHue MCIXKIY AaBJICHUCM U YACIIbHBIM 00BEMOM B Hayvaje U B
KOHIEC MpoHccca BBITCKACT HCIIOCPCACTBCHHO M3 YpPaBHCHHA IpOoHCCCa U

HNMECT BUA:

K K P2 v1\¥
p1V; = PaV; WIM — = o) (4.16)
2

JIns TOny4YeHHs COOTHOLICHUW MEXIY TEMIIEpATypPON M YIEIbHBIM
00bEMOM M MEXK]ly TEMIIEPATYpPOil U JaBJICHUEM BBIPA3UM JABICHUE YEpe3
TEMIIEpaTypy M YHAEIbHBIH OOBEM W3 ypaBHEHUS COCTOSHHS, TO €CTh

p = RT /v. llocne moacranoBku B (4.16) moaydaem:

RT2 - vl _ (Ul)k
1% RTl B %) .

[Tocne coOOTBETCTBYIOMIMX MPEOOPA30BaHHI COOTHOILIEHUE IPUOOPETAET BUI:

== (—1) . (4.17)
Ty ()

Ecnu oTHOlIeHHE 00BEMOB BBIPA3UTh YE€pPE3 OTHOILICHUE JIaBJICHUN U3
(4.16), TO IOTy4YUM COOTHOIIEHUE MEXKIY TEeMIEpaTypoull U JIaBJICHUEM B

HavaJIC 1 B KOHIIC IIpouccca:

;—j _ (@)T. (4.18)
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BeipaskeHue i paboThl B a1HabaTHOM MPOIECCe HAMIEM C HCITOJIb30-
BaHMEM IIEPBOr0 3aKOHA TEPMOIMHAMUKH, Ha OCHOBAHHU KOTOPOI'O IS
annabaTHoro mporecca mmeeMm: [ =—Au , wm [ =—c,(T, —T;) =
c,(Ty — T,). TlockonbKy as uaeanbHoro rasa ¢, = R/(k — 1) , Beipaxe-
HHUE I YICIbHOW paboThl B aaqnabaTHOM MPOIECCE MOXHO 3alKcaTh B
BHUJIC:

R 1
l = k—1 (T, - T,) = k—1 (p1v1 — P2v2) - (4.19)

Ecnu B 3TOM BBIpaXEHUN BBIHECTU U3 CKOOKM T; M y4ECTh COOTHOLIE-
Hue (4.18) monyuum crienyroliee BbIpaXeHue sl padoThl B auadaTHOM

nponecce:
k-1

P1V1 P2\ k
[ = 1-— (—) ) 4.2
k—1 D1 (4.20)

rpa(I)I/I‘IeCKOG MMpEaACTAaBJICHUC aI[I/Ia6aTHOFO Impouecca J1aHO Ha PUCYHKE 44,

PI{ —” d

—-F""S

Puc.4.4. AnuabaTHblii mporiecc B KoopauHaTtax pP-VvV u T -8
(Ha pucynke B koopauHaTaX [P —V IITPUXOBOM JIMHUEH JJIs1 CpaBHEHUS
HN300paKeH M30TEPMHUUECCKUM MPOIIECC)
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4.3. Ilonumponnvie npoyeccol

Brimie paccMOTpeHBI YEThIpE TEPMOAUHAMUYECKUX IPOLIECCa, KOTOPHIE
HA3bIBAIOT OCHOBHBIMH. B JEHCTBUTEIBLHOCTH CYIIECTBYET OECKOHEYHOE
MHOKECTBO IMPOLIECCOB, XapaKTEP MPOTEKAHUS KOTOPBIX 3aBUCHUT OT YCIIOBHI
X ocymectBieHus. [lpm 3ToM Bce MHOrooOpasue TEpMOIWHAMHUYECKHX
IIPOIIECCOB OOBEIUHSICTCS TAKUM TTOHITHEM KaK IMOJIUTPOITHBIN MPOIIECC.

Honumponneim Ha3pIBaeTCs 0000IIAIOMWN  TEPMOIUNHAMUYSCKUN
IIPOIIECC, YAOBICTBOPSIOIMINK YpaBHECHHIO PV™ = CONSt , 11 KOTOPOTO
N0  TEIUIOThI, UAYIIAsl HAa W3MEHEHHUE BHYTPECHHEW SHEPIUHU, SIBISCTCA
BEJIMYMHOM MOCTOSHHOM.

B npuBeneHHOM ypaBHEHMU Ipoliecca N — moka3aTeslb MOJUTPOIIbI,
MMEIOIINN MOCTOSIHHOE 3HAYEHHE JIJISI TAHHOTO MPOoIlecca. 3HAaUY€HUE MOKa-
3aTeJIsl TOJUTPONBI B 3aBUCUMOCTH OT XapakTepa Mporecca MOKET HaXo-
IUTHCS B TIpEIeSIax OT — o0 JI0 + 0.

PaccMoTpeHHBIE BBIIIE TTPOLECCHI SBISIOTCS YaCTHBIMU CIy4asMH MO-
JUTPOIHOTO MPOIIECCa, KAXKIOMY U3 KOTOPBIX COOTBETCTBYET CBOE 3HAUE-
HUE MOKA3aTeNs MOJUTPOIBL. TO €CTh MBI UMEEM :

Ipu N =100 — U30XOPHBIN MIPOLIECC ;

npu N=0  — u300apHBIN poIiece ;
mpu N=1 — U30TEPMHUYECKHUM TIPOLIECC ;
npu N =K  — aamabaTHBIN Tporiecc.

Jlong TennoTel B mpolecce, uayllas Ha N3MEHEHHE BHYTPEHHEN SHEP-

T'MH1 CUCTEMbI HA3bIBACTC xapaxmepucmuxoﬁ nojiumponHozco npouecca

o=—". (4.21)
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JIJ1sl KaK10T0 TIOJIUTPOITHOTO MPOIECCa TETNIOEMKOCTh UMEET TTOCTOSH-
HOE 3HaYCHUE, KOTOPOE MOYKHO HAMTH C UCIIOJIb30BAHHEM XapaKTCPUCTUKHU
JTAHHOTO TOJUTPOIHOTO TMpoliecca. J(eHCTBUTEIbHO, €CIU YYECTh, UTO IS
aroboro mpouecca Au=c, AT ,a q =c-AT (rne ¢, u ¢ — COOTBET-
CTBCHHO YJACJIbHAsA MACCOBAA HM30XOpHaAd W YIACJIIbHAA MaCCOBas TCIIJIOCM-

KOCTh JAHHOT'O MOJUTPOITHOIO mpoiiecca), To u3 (4.21) crnenyer:

c = 5 . (422)

ITokazarennb MMOJIUTPOIIbI U TCIINIOEMKOCTL IMPpOoHecCa CBA3daHbI COOTHO-

HICHUEM

Cp—C

n = (4.23)

c,—C
Y4uThIBas COOTHOIICHUE MEXITY U300apHON M M30XOPHOU TEIIIOEMKO-

CTSIMH, a TaKxke cooTHouieHue (4.22), Boipaxkenue (4,23) MOKHO MPUBECTH

K BUY

ko -1

= F )

KOTOPOC BBIPAXKACT CBA3b MCIKAY IMOKA3aTCJICM IIOJHUTPOIIbI U XaPaKTCPHU-

n (4.24)

CTUKOU MOJIUTPOITHOTO MpoIecca.
N3 (4.24) MOXHO BBIPA3UTh XapAaKTEPUCTUKY MOJUTPOIHOTO MpoIecca

yepes3 MoKa3aTeb MOJIUTPOIIBL:
n—1
n—k’

Q= (4.25)

Ecnu noactaButh 310 BhIpaxeHue B (4.22), TO NOTyYUM JJIsI TETIOEM-

KOCTH Ipoliecca GopMyiay BUaa
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c= Cp - (4.26)

n—1
KoHKpeTHBIV MOTUTPONHBIN TPOLECC ONMPEAEISAETCS €ro YPaBHEHUEM,
TO €CTh O CYHIECTBY 3HAYEHHUEM IOKA3aTeNsl MOJUTPOIBL. DTOT MOKa3a-
TeJIb MOKET OBbITh 3a/1aH, WX €r0 3HAYCHUE MOXKET OBbITh HaWJEHO C HuC-
MOJIb30BAHUEM BBILICTIPUBEICHHBIX COOTHOUICHUN I10 WM3BECTHOM TEILIO-
€MKOCTH IIPOLeCcCa WU €0 XapaKTEPUCTHUKE.
CooTHomieHHnsT MEXy MTapaMeTpamMy B Ha4Yaje U B KOHIIE mpoliecca Io-
Jy4aeM M0 aHAJIOTHHU ¢ aAuabdaTHBIM MPOIIECCOM Ha OCHOBAHUM YPaBHEHMUS

npouecca U ypaBHCHUSA COCTOSHUA. OTH COOTHOIICHUSI UMEIOT BHU/.

k _ k b2 _ U1 k
p1V; = Pvy; wim —=|—] ; (4.27)
P1 ()
Tz vy k-1
T_1 = (17_2) ; (4.28)
T k-1
T—j = (%) “ (4.29)

KonunyecTBO TemIoThl B mpolecce onpeaenserca no oomeit popmyse

qepe3 TCINIOCMKOCTDb

q=c(T, —T)) = c, AT . (4.30)

n—1

dopMyny s onpefenieHuss yASIbHOM paboThl B MOJUTPOITHOM TIPO-
[[ECCE MOXKHO TOJIYYUTh W3 OOLIEro BBIPAKEHUS JJisl paOOThI B JIOOOM
npoiiecce (3.12), ecnu nOpeAcTaBUTh JaBICHHE KaK (PYHKIUIO YIEIbHOIO

oObemMa. YUuThIBasi, YTO BUJ ATOM (YHKIMU aHAJIOTMYEH (YHKIHUU B
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aauabaTHOM MpPOIIeCcCEe C 3aMEHOM MoKazaTens aauadaThl kK Ha Moka3aTelnb

IMOJIUTPOIIbI N, TO 11O AHAJIOTIMH MOXKEM 3aIlluCaThb:

n-1
1 P1V1 P2\ n
l= S (p1v1 — p2v2) = n—1 1- (E) (4.31)
N3MeHeHne yaenpHOM S3HTPOIIUU B MPOLIECCE PACCUUTHIBAETCS
ps=c 2=t L 432
s=c nTl_n—lcv nTl. (4.32)

['paduk npouecca B koopauHaTax P-V U | —S onpeaensiercs ypas-
HEHUEM Mpoliecca, TO €CTh 3aBUCUT OT 3HAYEHUS MOKA3aTessl MOTUTPOIIbI
WJIM OT TEIIOEMKOCTH Tpoliecca. B 3aBucUMOCTH OT 3TOT0 rpad)Ku MOTYT
pacrosiaratbCsi B OJJHOM U3 TpeX 30H (CMOTpH puc. 4.5.), TpaHUIIaMU KOTO-

PBIX ABJIAKOTCS 9Y€TBIPE OCHOBHLIX ITPOLICCCA.

n:=0;{:0p:dg>0.dT>0 2

2=

de<0.d4T<0

q dowal Oowall  Oowa Il v
dg >0 dg<0 dg>0, dT<0
dT >0 dT <0 dﬂ <0,dT>0,

c »>0(C=0++) €<0(C=0+-=)
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Puc.4.5. [TonuTpomnHsie Oporecchl B KOOPAUHATAX

p-v u T-5

5. KpyroBble TepMOAMHAMUYECKHE MPOLLECCh] NN HUKJIbI

5.1. O6wue ceedeHus1 0 Kpy208bIX Npoyeccax uau Yukaax

Kpyzo6vbim npoueccom vnv yukjiom HA3bIBAETCS COBOKYIHOCTbH I0O-
CJI€AOBATENIbHBIX TEPMOAMHAMUYECKUX IMPOLECCOB, B PE3YJbTATE OCY-
HIECTBJICHUSI KOTOPBIX CUCTEMA BO3BPAILAETCS B UCXOJIHOE COCTOSIHUE.

PaznuuatoT odpamumeie v neodpamumbvie UVKIbL, npAMble N 00pam-
Hble TIUKITIBI.

Oopamumbslii TUKIT COCTOUT U3 OOPATUMBIX MPOIIECCOB.

Ecnu xoTst Ob1 OMH U3 MPOLECCOB, BXOAIINUX B IIUKII, SIBIISIETCS HEOO-
pPaTUMBIM, TO U IIUKJ OYJIET HeoOpamumoim.

Ecnu nzobpaxaeMble B KoopauHatax P—V U T —S  MOpoOLECCHl UK-
Jla OCYUIECTBIISIIOTCS M0 YacCOBOW CTpEJKE, TO TAKOW LUK Ha3bIBa€TCA
NPAMBIM, B IPOTUBHOM CIIy4ae — 0OpamHuiMm.

Paznuiia Mexay oOpaTUMbIMU U HEOOpPATUMBIMH IIUKJIaMU OYEBHUHA U
COCTOMT B TOM, UYTO B OTJMYUE OT OOpAaTUMOTO IMKJIAa B HEOOPATUMBIX
[UKJIaX MPOUCXOJUT pacceMBaHue SHEpPruu. To ecTh Mpu BO3BpATE CUCTE-
MBI B UCXOJHOE COCTOSIHUE TMOCJI€ 3aBEPIICHUS] HEOOPATUMOTO LUKJIA UMe-
€T MECTO MOTEPU IHEPTUM (TETIOTHI UK PAOOTHI).

Paznuure Mexay npsMbIMA U OOpAaTHBIMU LUKJIAMHU €lle 0oJiee MPUHIIU-

51



MMAAJIGHO U COCTOUT B PA3JIMYHBIX BO3MOXKHOCTSIX OJTHOTO M JIPYTOrO IUKJIA
M0 B3aUMHOMY IIPE0O0Pa30BaHUIO TEIIOTHI U MEXAHUYECKOUN padOTHI.

JIr0001# 1TUKIT COCTOUT U3 HECKOJbKUX MPOIIECCOB, YACTh U3 KOTOPHIX
ABJSIETCS MPOLIECCAMU pacIIMpeHust (B X0J€ ATUX MPOILECCOB COBEPIIA-
€TCsl MOJIOKUTENIbHAsA padoTa), a 4acTh — MPOLIECCAMHU CKATHUS C OTPHUILIA-
TeJIbHOU paboToil. B TO ke BpeMs psii NpoIecCOB, BXOASIIUX B IIHUKII,
COCTaBJISIFOT MPOLIECCHI C MOABOJAOM TEIUIOTHI (TEIJIOTa B TAKUX IPOLEC-
Cax CUMUTAETCS MOJIOKUTEIbHOM), a PsiJl MPOLIECCOB C OTBOJOM TEIIOTHI
(TenyoTa oTpULIaTEIbHAS).

Pabota 3a mukn /, ompenenserca anreOpandeckoid CyMMON padOT BCEX
MIPOIIECCOB, COCTABJISIONINX ITUKII. AHAJIOTUYHO, TEIJIOTA, UCIIOJIb30BaHHAS B
1KKJIe, 4, paBHA AIreOpanyecKoi CyMMe TEIUIOThI BCEX MPOIIECCOB IMKIIA.

Jl71st 0OpaTUMBIX ITUKIIOB

l,=0,=0,-0, , (5.1)

rae (;, — cymmapHO€e KOJMYECTBO TEIIOTHI, MOABEIEHHOE K paboueMy
TEJIy 3a LUK,
(, — oTBEenEHHOE 3a IMKII KOJUYECTBO TEILIOTHI.

JIIst IpSIMBIX UKJIOB padoTa IMKJIA IMOJOKHUTEIIbHA, M TaKUE ITUKIIBI
peaM3yIoTCs B TCIUIOBBIX JBUTATEISIX — YCTAHOBKAX IS TIOJNYYCHUS Me-
XaHUYIECKOM pabOTHI 3a CUST MOABOAMMON K paboueMy Ty TEILIOTHI.

OOpaTHbIC MUKJIBI PEATM3YIOTCS B XOJOAMIBHBIX YCTaHOBKaX, B KOTO-
PBIX 3a CUET 3aTpavueHHON PabOThI TEIUIOTa OTBOIAUTCS OT XOJIOAHOTO HC-
TOYHHUKA (OXJIaXKIaeMOro oobemMa ) U oTAaeTcs 00jee HarpeToMy.

OddeKkTUBHOCT, MNpSIMOro LUKiIa oleHuBaetcs Tepmudeckum KIIJ]
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IIUKJIA, MPEACTABISIONIUM COO0M OTHOIICHHUE PAOOTHI IIMKJIA K KOJIUYECTBY

TCIJIOTHI, IOABEICHHOM 3a LIUKII.

77'[ = i. (5'2)
G
Jlnst obpatumoro nukia ¢ yuaerom (5.1) nomydaem
=t =gt (53)
O O

st oOpaTHOTO LMKJIa B KadecTBe MoKazaTens 3(h(EKTUBHOCTH HC-
MOJIB3YIOT XOJOJUIBHBIA KOI(POUIIMEHT, MPEICTABISIONUNA 000 OTHO-
[IEHUE TETUIOTHI, OTBOJMMOM OT OXJIAKJIaeMOoro oobema, K pabore, 3aTpa-

YUBAaEMOU B ITHKJIC.

g =J (5.4)

Jj1st 06paTUMOTro LMKIa, COOTBETCTBEHHO

g = (5.5)
ql _qz

Tac ql — KOJIMYECTBO TCIIJIOTHI, OTAaBACMOC Oonee Harperomy Teiy.

5.2. IIpsamoil o6pamumslii yuka KapHo

B 1824 rony dpanuysckuit puszuk Caau KapHo omyonukosan padboTy,
B KOTOPOH PaccMOTpPENI BO3MOXHOCTh MOJTYUYCHHUs] MEXaHUYECKOU paboThI
CKOJIb YTOJIHO JOJTO, pealiu3ys KpyroBol TepMOJAMHAMHYECKHUI Mpolecc,

COCTOSIIIMA U3 ABYX U30TEPM U JIBYX aauaodar.
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Termiora B MKIIE MOJBOAUTCS OT TOPSYErO0 MCTOYHUKA MPU MOCTOSH-
HOM TemmepaType T;, a OTHAaeTCs XOJOJHOMY MCTOUYHHUKY MPU MOCTOSIH-
HOM Temmepatype T .

['paduueckoe mpeacTaBiaeHrEe UK TaHO HAa PUCYHKE 5.1.

pl T
,/'?r T

/9.

— -

v 51 S2 S

Puc. 5.1. Hukn KappoB p-Vv u T—S KoopauHarax

1-2 — uzorepMuyeckoe pacuperue (MoaABO TeIUIOTHI );
2-3 — aguabaTHOe paciidpenue; 3-4 — u3oTepMuUecKoe cxaTtue (0TBOI
TEII0ThI); 4-1 — aguabaTHOE CXKaTHE

OddexkTuBHOCTD 1UKIA onieHUBaeTcs: TepmuueckuMm KIIJ] nukia, koto-

phIil HaxoauTCs 1o oomied hopmyne (5.3), To ecTh

qz
Ne=1——.
‘ q1

KosmuecTBO TEIUIOTHI B M30TEPMHYECKOM IIPOLIECCE HAXOIMUTCS Kak
[IPOU3BEICHUE TEPMOJAUHAMUYECKON TEMIEpaTypbl HA U3MEHEHUE DHTPO-
nuu. TakuMm 00pa3om, MOKEM 3alUCaTh:

g1 =Ti(s; —51) 1 qy =To(53 —54) = Ta(s; — 51) -
[ToacTaBnsia 3TH BeIpaxkeHus B ooyt dopmyny mina KIIJI nukna, mno-

JTy4aeMm
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ne=1——, (5.6)

rne T3 u T; — COOTBETCTBEHHO, TEMIIEpPATypa rOPSIYETrO U XOJIOHOTO

UCTOYHUKA, K.

Taxkum obpazom, KIIJ[ nukna KapHo He 3aBUCHUT OT KOJIMYECTBA IO/I-
BOJIMMOM TEIUIOTHI B LUKJIE, & 3aBUCUT TOJIBKO OT COOTHOLIEHUS TEMIIEPA-
Typ TOPSAYETO U XOJOAHOrO0 UCTOUHUKOB. [Ipn aTom KIIJ] pacter npu yBe-
JIMYCHUN TEMIIEPATYPhl TOPSYErO UCTOYHUKA U MAJACT NMPU YMEHBIICHUU
TEMITEPATYPBI XOJOAHOIO UCTOYHHKA.

[ukn KapHo 3amMedareneH TeM, 4YTO MMEET HAWBBICIIAN TEPMHUYECKUN
KII/] n3 BceX HMKIOB TEIMJIOBBIX ABUIATENIEH, PEATU3YEMBIX B 3aJaHHOM
WHTEpBaje TeMneparyp. AHanu3 Bbipaxenus (5.6) nmokaseiBaeT, yto KIIJ]
[UKJIa HE MOXKET JOCTUTHYTh €UHUIIbI, TOCKOIBKY JIJIi 3TOr0 HEOOXOIHU-
MO, 4TOOBI TemIeparypa ropsiuero MUCTOYHHKA ObLIa OECKOHEYHO OO0JIb-
1I0#1, 100 TeMIieparypa XOJOAHOTO UCTOYHUKA PABHSIACH A0COIIOTHOMY
HYJIO, UTO B IIPUHIUAIIE HEBO3MOXKHO.

B cBoto ouepenn, paBeHcTBo KIIJ[ equHuIle CBUIETEILCTBOBAIO OBI O
BO3MOKHOCTH MPeoOpa3oBaHus BCEM MOJBOIUMON TEIIOTHI B IIUKIIE B Me-
XaHUYECKYI0 padboTy. O HEBO3MOXKHOCTH 3TOr0 YTBEPKIAETCS U BO BTO-

POM 3aKOHE TEPMOJUHAMUKH.

5.3. Bmopoii 3aKoH mepMOodUHAMUKU

Ecnu nepBbIid 3aKOH TEPMOJUHAMUKH ONPEAEISAET KOJTUYECTBEHHBIE CO-
OTHOIIICHUS NPU TIepexoae OAHUX (HOPM PHEPTUU B IPYTHUE MPU OCYIECTB-

JCHUHU TCPMOIUMHAMHNYCCKHUX IMPOOCCCOB, TO BTOpOfI 3aKOH TCpMOJNHaAMU-
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KU OIpeJeNsieT BO3MOKHOE HAIPaBJICHUE TEUCHMS MPOILIECCOB WM OIpe-
JIESIeT YCIOBUSI, MPU KOTOPHIX BO3MOXKHO UX OCYIIIECTBIICHHUE.

Cy1iecTByeT HECKOIBKO (POPMYITMPOBOK BTOPOT0 3aKOHA TEPMOIMHAMUKHU.

BnepBbie BTOpOW 3aKOH TEpPMOJMHAMHUKH ObLT CPOpMYJIHpPOBAH B
1850r. B Buae nocrtynara P. Knay3uyca, KOTOpbIil MOXKET ObITh BBIPAXKEH
TAK: MEnJa0ma He MOMHCem cama codoii nepexooums om 0oJiee X0,100H0-
20 mena K o0onee nazpemomy. Taxas GopMyIupoBKa BOBCE HE UCKIIOYA-
€T BO3MOXKHOCTH MEPEX0/ia TeIUIOTHI OT Teja C MEHBIIIEH TeMIepaTypou K
Teay C OOJIbIIEH TeMmepaTypoid, HO TOJbKO HE B KaKOM-TO CaMOIIPOM3-
BOJILHOM €CTECTBEHHOM MPOIIECCE, a MPU CO3/ITaHUU OMPEIEICHHBIX UCKYC-
CTBEHHBIX YCIJIOBUH, 3aKJIOYAIONIUXCS B COMPOBOXKJICHUU JIPYTHUMHU KOM-
MEHCUPYIOITMMHU TIPOIECCaMU, B YACTHOCTH, TPEOoOpa30BaHUEM MEXaHUYe-
CKOM paOOoThI B TEILIOTY.

®opmynupoBky Tomricona (KenbBHHA) TPUMEHHUTEIBLHO K KPYTOBBIM
TEPMOJMHAMUYECKUM TIPOIECCAM MOXKHO H3JIOKUTh TaK: HEBO03MOMNCHO
nOCMpOUmMb NEPUOOUUECKU OeliCEYIOUYI0 MAWUHY, eOUHCHIBEHHbIM
pe3yiomamom oOeicmeus Komopoi 0vlio 0vl nojiyueHue padomovl 3a
cuem OMHAMUA MENI0Mbl OM HEKOMOPO20 UCHOUHUKA.

B. OctBanpa npeasioxkua Takyro (GOpMYIUPOBKY BTOPOrO 3aKoHa Tep-
MOJUHAMUKH: OCYyUieCme1eHue 6eUH020 osuzameisn (nepnemyym mooune
) 6mMOpP0O20 pooa HEBO3MOMNCHO.

[Ton BeyHBIM ABUTATENIEM HEPBO2O pooa TIOHUMAIOT MAIIMHY, KOTOpas
npousBoauia Obl paboOTy, HE MOJydas SHEPTUU M3BHE WM MPOU3BOIMIA
ObI ee OOJIbIIIE MTOTy4YaeMON SHEPTHH.

[Ton BeYHBIM JBUTATEIEM 6MIOPO20 POOA TIOHMMAIOT TEIUIOBYIO Malllu-

HY, KOTOpasi BCIO MOJYUYECHHYIO TEIJIOTY MpeBpaiiaia Obl B MEXaHUYECKYIO
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padory.

Opnxa u3 HanOojee o0mux GopMyIUPOBOK MPUHAJICKUT boJbIMaHy —

JTwobasa cucmema cmpemumcea K nepexooy om meHee 6epOAMHbBIX CO-
CMOAHUIL K D0.]1ee 6ePOSAMHbBIM.

B KOHEYHOM HTOre CyTh BTOPOrO 3aKOHA TCPMOIMHAMHUKH MOKHO CBE-
CTH K YTBEPXKICHUIO, YTO BCE pPeajlbHbIC CaMOIIPOU3BOJIbHBIC ITPOICCCHI
SIBJISIIOTCS HEOOpPAaTUMBIMH, @ JHTPOITHS M30JUPOBAHHBIX CHCTEM, B KOTO-
PBIX OCYIIECTBIISIOTCS TAKKE MPOIIECChI, BO3pacTaeT.

Maremarrdeckass (popMyITHMpOBKa BTOPOTO 3aKOHA TEPMOJIUHAMHUKHA MO-

KET 6BITB HpeI[CTaBJ'ICHa BBIpa)KeHI/IHMI/I
dS>dQ/ T,
NI 1J1s1 H3OHHpOBaHHOﬁ CUCTCMBI

dS>0.

"n_n

B sTux BBIPpAKCHUAX 3HAK = OTHOCHUTCA K O6paTI/IMBIM Imponeccam,

a3Hak ">" — K HEOOpaTUMBIM.

5.4. HoeasavHble YyuK/abl NOpUIHe8bIX dguzamedell

6HympeHHez20 czopaHus (/IBC)

[TopiiHeBbie ABUTATEIM BHYTPEHHETO CrOPaHUs SIBJISIOTCS OJHUMH U3
CaMbIX PaCIPOCTPAHECHHBIX TEIUIOBBIX JIBUTATEIEH, UCTIOIB3YEMBIX B Kaye-
CTBE€ HMCTOYHMKA MEXAaHWYECKOW DHEPIUM HA TPAHCIOPTHBIX CPEACTBAX,
MOOMJIBLHOM MOTPY30YHO-PA3TrPY30YHON TEXHUKE

ITox nacanbHBIM [IUKJIOM TEIIOBOTO JIBUTATENS MOHUMAKOT LIUKII, OCY-
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IIICCTBIISIIONIMICS TIPH IEJIOM Pse YIPOINAOIIUX A0myIeHni. OCHOBHBIE
JOIYIIEHMS 3aKJII0YA0TCS B CICAYIOMIEM:
® IUKJI SIBISECTCS OOPATUMBIM, TO €CTh COCTOSIIHM H3 OOpaTHMBIX
IIPOIIECCOB;
® IUKJ SBIIICTCSA 3aMKHYTBHIM, TO €CTh OCYIIECTBIISIOIIUMCS C OTHOM
U TOM e mopIiuen padouero Tena;
e B KadecTBe pabodero Teina NMPUHUMACTCS HJICAIBHBIN ra3 C IOCTO-
SIHHOM TEIIOEMKOCTBIO;
® TIOABOJ TEIJIOTHI OCYIIECTBISACTCS OT BHEIIHETO NCTOYHHKA;
® IIPOIIECCHI BEHIMTyCKa pabodyero Teima 3aMEHSIOTCS 0OpaTUMBIMH MPO-
I[eCCaMy OTBO/IA TCILIOTHI.
B TepMoamHaMuKe paccMaTpHUBAIOTCS CIEAYIONTNE ITUKIIBI IIOPITHEBBIX
JIBC:
- IMKJ C ©30XOPHBIM MTOABOAOM TEIUIOTHI (UK OTTO);
- IMKJ C ©300apHBIM IOJIBOJIOM TEILIOTHI (TTuKI Jluzesns);

- DIHUKI C I/IBOXOpHO-I/I306apHBIM IIOABOJAOM TCIIJIOTHI (HI/IKJ'I TpI/IHKJ'Iepa).

TepMOIMHAMUYECKNN aHAIU3 WUICATBHBIX IIUKJIOB HAIPABJIICH HA OIpe-
NEJICHUE YCIOBUM W IMApaMETPOB ULHKIIOB, IPU KOTOPBIX TEIIIOTA C
HanOoJbIIeH 3POEKTUBHOCTHIO MPeoOpa3yeTcsi B MEXaHUUYECKYIO padoTy.
Pe3ynbTaThl TAKOTO aHAIM3a CIYXKAT TEOPETUUECKOM 0a30il JJisl KOHCTPY-
UPOBAHMS U COBEPILICHCTBOBAHUS pPalOOThl peajbHbIX JABUTATENICH BHYT-
PEHHEr0 CropaHusl.

O¢dexTuBHOCTh UKIOB olleHuBaeTcs Tepmuueckum KIIJI, Ha koTto-
pBIil BIMSIOT TApaMETPbl IIUKIIOB pa3indHbiM 00pa3oM. [ToaTtomy ux cpas-

HCHHUC JOJIZKHO IMPOU3BOAUTHCA IIPHU COITOCTABHUMBIX YCIIOBUAX.
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HaubGonwmee Bausinue Ha Ttepmudeckuil KIIJ[ 1ukiioB okasbpiBaeT cre-
IIeHb CXKATHsI, TOITOMY JIM3€]IM, B KOTOPBIX oOecreunuBacTcs 00jiee BbICO-
Kasi CTENEHb CXKaTus, 0oJiee PKOHOMUYHBI. [Ipu OJMHAKOBBIX CTEMEHSX
cxkatust HauOonbiuit KITJ umeeT MUK ¢ M30XOPHBIM MOJBOJIOM TEIIOTHI
(ukn OTTO), HAUMEHBITUN — UK ¢ U300apHBIM MOABOAOM (1K [{u3e-
as1). IIpu oaMHAKOBBIX K€ MaKCHMMAJIbHBIX JaBjeHHsIX Tepmudeckuii KITJI
nukia Orro menbine, yeM KITJ nukna Juzens. Hukn Tpunknepa 3aHumaet
npomexxkyTouHoe nosnoxenue. [Ipuuem KIIJ[ aToro nukiia ysenuumBaercs €

YMCHBIICHUCM NOJIX TCIJIOTHI, HOI[BOI{PIMOﬁ B I/I306apHOM npouccce.

6. TepMoaMHaMH4YeCKHE CBOMCTBA peasibHbIX ra30B

B mpenpraymux paszgenax pacCMaTpUBAIUCh MPOLECCHl B UACATBHBIX
razax. B peanbHbIX razax mpu NOBBIIICHHBIX JABJICHUSAX W MPU CHUKECHUU
TEMIEPaTypbl YMEHBIIAIOTCS PACCTOSAHUS MEXKIYy MOJIEKYJIAaMU, U BCE B
OOJIbIIICH CTEMEeHU MPOSBISIOTCS CHUJIbI B3aUMOJCUCTBHUS MEXAY HUMH,
BCJICJICTBUE YETO MOBEJCHUE PEAIbHOTO ra3a Bce OO0JIbIIE OTKIOHSAETCS OT
MOBEJICHUS UjeaibHOTO. ECin 1Jisl ujeanbHbIX ra3oB KOAPUIIMEHT CKU-
MaeMocTu X= pv/RT paBeH eauHUIIC, TO JIJI1 PEeaIbHBIX Ta30B OH 3aBU-
CUT OT TeMIIepaTyphbl U JABJICHUS U MOXET OBITh M OOJIbIlIC €IUHUIIBI U
MEHbIIIE, MPUOOpeTasi 3HAYCHUE PABHOE €AMHUIIC TOJIBKO MPU MAJIbIX J1aB-
neHusx. Maio toro, B psje ciiydaeB pabodee TeI0 MOXKET NePEeXOAUTh U3
OJIHOTO arperaTHOro COCTOSIHHUSI B JIPYro€, W MPU 3TOM CYIIECTBEHHO W3-

MEHSAIOTCS €ro (PU3NYECKre CBOMCTRA.

6.1. dda3osbie nepexodul
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XUMUYECKU YUCTHIC BEMIECTBA B 3aBUCUMOCTH OT YCIOBUM MOTYT
HaXOJIUThCS B OJTHOM M3 TPEX arperaTHhIX COCTOsHUM ((a3) — razooodpas-
HOM, XKUJKOM U TBepAoM. CyIIECTBYET TaKke€ YETBEPTOE COCTOSIHHUE Be-
IeCTBa — IJIa3Ma, HO B KJIACCHMYECKON TEXHHUYECKON TepMOIMHAMUKE 00-
JacTh IJIa3Mbl HE paccmarpuBaetcs. [lepexos BemiecTBa 3 oaHOM (a3bl
(arperaTHOro COCTOSIHMSI) B JIPYTYIO Ha3bIBaeTcsl (Pa30BBIM TEPEXOJ0M.
@da30BbIi Iepexo/1 OOBIYHO CBSI3aH C MOJABOJAOM WJIM OTBOJOM TEILJIOTHI.

JIJ1s1 TEpMOAMHAMUYECKONW CUCTEMBI, HAXOAIIEUCS B PABHOBECHH, AECU-
cTBYeT npaBuio ¢ga3z ['nb0ca, KOTOpoe yCTaHABIUBAET, CBA3b MEXKIY UHUC-
JIOM CcTemneHer cBo0O bl (HE3aBUCUMBIX MEPEMEHHBIX ), YUCJIOM (a3 U yuc-
JIOM KOMIIOHEHTOB CHUCTE€MbI. JTO IMPAaBUJIO MOXKHO 3amucaTh B CIEAYIO-
IIIeM BUJIE:

w=Nn—-r+2, (6.1)

rac y — 4uciio CTeIeHEU CBO6OI[BI;

N — 41CiI0 KOMIIOHEHTOB,;

I' —yucno ¢a3 B cucreme.

OO6nacTu cyuiecTBOBaHMUS BEUIECTBA B TOM WJIM MHOM arperatHoM (da-
30BOM) COCTOSIHUH YJOOHO MPEACTaBIISITH Ha Auarpamme (ha3oBBIX TEpe-
xoz10B. KadectBeHHO auarpaMma (pa3oBBIX NMEPEXOJ0B BBITJISAIUT OIWUHA-
KOBO JJIs JIFOOBIX BEUIECTB, OTIWYASICh JIUIIb KOHKPETHBIMU 3HAYEHUSIMHU
napameTpoB, ONPEETAIONIMNX MOJI0KEHUE XapaKTEPHBIX TOUEK U JIMHUM Ha
auarpamme.

Ha nuarpamme ¢a3oBbIX Mepexo/ioB B KoopAuHaTax P — T u300paxe-
HBI JIMHUM (pa30BbIX NEPEeX0a0B. JlnarpaMma no3BoSIET YCTAaHOBUTD, B Ka-

KOM arpe€raTHomM COCTOAHHHN B 3aBUCHUMOCTH OT TCMIICPATYPBI U JTaBJICHUSA
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HaxoJuTCA BellecTBO. Bua nuarpammel (pa3oBbIX NEPEX0I0B MPEICTaBICH
Ha pUCYHKe 6.1.

['panuniamu 061aCTU HAXO0XKICHUS BEIIECTBA B TOM WJIM MHOM arperar-
HOM COCTOSIHUHU CJYy>KaT JUHUM (KpuBbIe) Pa3oBbiX nepexoaoB. Ha pucyH-
K€ CTpeJIKaMM yKa3aHbl BUIbI U MPHUBEACHBI Ha3BaHUs (Pa30BBIX MEPEXO-
noB. Cienyer oOpaTUTh BHUMAHUE, YTO (ha306ulii nepexoo, ocyuiecmeii-

eMblil npu NOCHOAHHOM OAG/ICHUU, NPOUCXO0OUM NPU NOCHOAHHOIU

memnepamype.
F
P A
TDAE=H e ?
L ’
=3 '."'E'E'F'E-E' Ea Hee Fx IL K
Tespnan dass napoofpa socnimre
EOHOSRCIIENR
O
cybmnamm
T 1_' : II' i1
‘_/ necybmnmymes i
B
>
T

Puc. 6.1. Jlnarpamma ¢a3oBbIX MEPEX0OI0B
O — tpoiinas Touka; K — kpuruueckas Touka; OK — KpuBasi KUIEHUS
(konpencanun); OA — KpuBasi IUIaBJICHUS (3aTBEPACBAHUS);

OB — kpuBas cyonumanuu (1ecyoaumarn).

KonnuecTBo TEmiaoThl, KOTOpOe HEOOXOIUMO MOJIBECTH (OTBECTH) K O/I-
HOMY KWJIOTpaMMYy BEIIECTBA MPHU MOCTOSHHOM JaBJCHUU, YTOOBI TIEpPEeBE-
CTH €r0 W3 OJHOT0 arperaTHOr0 COCTOSIHUSI B JIPYTO€ HA3bIBAIOT TEILJIOTOM

¢dazoBoro nepexoaa. Temnora pa3zoBoro nepexona 3aBUCUT OT pojia Bele-
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CTBa, OT BHa (Pa30BOro nepexojia u OT BEJIUYMHBI JaBjaeHUs. Da30BbI 11e-
pexon — oOpatuMblil niporiecc. To ecTh ecnu Pa3oBblid EPEXOJ] MPOUCKO-
JIWJT TIPY TIOJIBOJIE TEIJIOTHI, TO JJIsl 0OpaTHOrO Mepexoaa MNpyu HEU3MEHHOM
JABJICHUU HEOOXOIMMO OTBECTH TAKOE YK€ KOJTMYECTBO TETUIOTHI.

C mepexoaoM M3 KHUJKOTO B ra3000pa3HOE COCTOSIHUE CBA3aHBI J1BA
TepMHHA — UCTIapeHue U napoodpazoBanue. OJIHAKO MO STUMHU TEPMUHA-
MH KPOETCS Pa3INuyHbId CMbICI. McnapeHne npoucxoauT ¢ MOBEPXHOCTH
KUIKOCTU TIPU JIFOOOW TeMreparype, eclii MapuuajbHOE JaBJEHUE Mapa
MEHBIIIE JTaBJCHUS HACBIIICHUS JJIsl JaHHOM TEMIIEpaTyphl, a mapooopaso-
BaHHUE OCYIIECTBISCTCS IO BCEMY 00BEMY KUIKOCTH U MPOUCXOAUT MPU
€€ KUMEHUH, TO €CTh NPOUCXOAUT MPHU TEMIIEPATYPE KUIICHUS, KOTOpas 3a-
BHUCUT OT JIaBJICHUSI.

[lepexon BemiecTBa M3 TBEPAOTO COCTOSIHUA B ra3zo00pa3HOe, MHUHYS
KUIKYI0 Qazy, Ha3bIBaeTcs cydaumayuen. Cyomumaiius, Kak 1 0OpaTHBIN
npoiecc — aecyOauManus BO3MOXKEH MNpPU JIaBJICHUU HUXKE JIaBJIICHUS
TPOMHOM TOUKH «O».

Tpounon moukoit Ha3pIBACTCA COCTOSIHUE BEIIECTBA, IIPU KOTOPOM B
TEPMOJMHAMUYECKOM PaBHOBECUHU HAXOATCS BCE TpU (Pasbl.

Kpumuueckaa mouka «K» sBIsgeTCS KOHEUHOW Ha JIMHUU TapooOpa-
30BaHUs (KOHJICHCAIIMU) M COOTBETCTBYET TeMIIepaType, BBIINIE KOTOPOM
BEIIECTBO MOXET HAXOJIUThCS TOJIBKO B Ta30BOH (haze.

B kadecTBe mpuMepa MOXHO MPUBECTH MApaMETPhl XapaKTEPHBIX TO-
YeK quarpaMmbl (ha30BBIX TIEPEXO0I0B ISl BOBI:

st kputudeckon toukn — 1 = 647,3 K (374,15 °C) u p = 22,129
MIla; nns tpoiHo# Touku — 7'=273,16 K (0,01 °C) u p =610,8 I1a.
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6.2. YpaeHeHue cocmosHus pea/ibHbIX 24308

[To mepe npubIMKEHUS PEeaTbHOIO ra3a K COCTOSHHIO KUAKOCTU (TIpH
MOBBIIIEHHBIX JABJIICHUSAX U MPU CHUKEHUU TEMIEPATypPbl) YMEHBIIAIOTCS
PACCTOSTHUS MEXKAY MOJIEKYJIaMH, U BCE€ B OOJIBIIICH CTENIEHU MPOSBISAIOTCS
CUJIbl B3aUMOJECUCTBUS MEXKYy HUMU, BCIEACTBUE YETO MTOBEACHUE PEalb-
HOTO rasza Bce OOJIbIlIe OTKJIOHSIETCS OT MOBEACHUS HacalbHOro. B Takux
CIy4asix MCIIOJb30BaHue ypaBHeHus Knamnepona — MenaeneeBa s onu-
CaHMs MOBEJACHUS PEATIBHOTO ra3a MOYKET IMPUBECTH K CYIIECTBEHHBIX IO-
rpemHOCTSIM. He cymecTByeT ypaBHEHUsI COCTOSHUS PEAIbHOIrO rasa, Ko-
TOpoe 00Jagano TakoW >Ke OONIHOCThIO, Kak ypaBHeHue Kiameiipona —
MengeneeBa sl uaeanbHbIX Tra3oB. Cpeau NMPEIIOKECHHBIX YPaBHEHUU
HanOOJIBIIIYIO U3BECTHOCTH MpHOOpeso ypaBHeHue Ban-nep-Baanbca.

Ypaeuenue Ban-oep-Baanbca KaueCTBEHHO BEPHO OTPAXKAET MOBEJIE-
HUE pPeaAIbHBIX Ia30B, OTJIMYAsICh IIPU 3TOM JOCTATOYHOU IMPOCTOTOM. [

OJJHOT'O KT Ta3a OHO UMEET BH /L
d
p+v—2 -(v=b)=RT, (6.2)

rae d u b — BeaWYuHBI, IOCTOSTHHBIE JJI JTAHHOTO rasa, onpeense-

MbIC SKCIICPUMCHTAJIBHO.

a
B npuBeeHHOM ypaBHCHWM TIONpaBKa —. YYUTHIBACT BIIMAHHE CHII
\Y

B3aMMO/JICUCTBUSI MEXKY MOJIEKYJIaMH, a b npencraBiser coOoil monpaBKy

Ha 00bEM MOJIEKYJI. 3HAYCHHUSI & U D MOXHO HAWTHU U IO GopMyJiaMm :
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a=23vgp, ; bzv% :

rae V, U P, — HapaMeTpbl COCTOSHUS KPUTHYECKOU TOYKH.

Cnedyem ommemums, 4mo cywecmeayom Oojiee ClONHCHble YPABHEHUs,
Komopbvie noJiHee y4umsl8aiom C8OUCMBa peaibHblx 2a308. Ilpu smom éce
OHU codepoicam IMnupudecKue Kodpouyuenmsl, 3HAUEHUS KOMOPBIX
uMerm ceou 3HaveHusl OJisl Kaxncoo2o 2a3d.

6.3. BodsaHoii nap

BonsgHoli nap siBJISIETCS OJHUM M3 HamOoJiee paciupOCTPAHEHHBIX pa-
O0ouuX TeJ, MPEXKJE BCErO B TEIUIOPHEPIeTUKE, a TAKKE IIUPOKO UCIIONb-
3yYEMBIM TEIUIOHOCUTEJIEM B TEIUJIOBBIX MPOLIECCAX MUILEBON TEXHOJOTUU U
nepepadateiBaromux orpaciei AIIK.

Paznmnuaror cyXou HacChILLEHHBIM, IEPETPETHIN U BIIAXKHBIN I1ap.

Cyxoii nacvluiennblil nap NpeacTaBiIseT co0oil map, B KOTOPOM OTCYT-
CTBYET >Kujkas (aza, a ero Temieparypa paBHa TeMmIepaType KUIIECHUS
(HachlllleHUsI) AJi1 JaHHOrO AaBieHus. Hepenko mis KpaTKOCTH CyXoi
HACBILIEHHBIN [1ap Ha3bIBAIOT POCTO HACHIILIEHHBIM.

Ilepecpemobiii nap — >TO0 CyxXOW map, TEMIEpaTypa KOTOPOTO BBIIIE
TEMIIEPATYpPbl KUIIEHUS U1 JAHHOTO JaBJICHUS.

Bnaasicnwiit nap npenctasiseT coO0l CMECh CyXOro HACHIIEHHOTO Ta-
pa u Biaru ( Kugkou dassel ).

BrnaxHblli 11ap XapakTepU3yeTcsl CTENEHbI0 CYXOCTH X, KOTOpasi mpex-
CTaBJIsIeT COOOM MacCOBYIO JIOJIFO CyXOI'0 HACBIIIEHHOTO Mapa BO BJIA>KHOM.

To ecTb
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rac mn — MaccCa CyXoro HaChbIIICHHOI'O ITapa B CMCCH ;

M. . — macca Biaru ( >KHIKOW (assl ) B CMECH.

BaxxHoii xapakTepuCTUKOM mapa sIBJsSeTCA TeIIOTa NapooOpa3oBaHusl.

Tennomoui napooopazoeanusn I Ha3pIBAIOT KOJUYECTBO TEIUIOTHI, HE-
00X0IMMOE€ 1JIsl TPEBPAILICHUS | KT dKUJKOCTH, HATPETOM 10 TEMIIEPATYPHI
KUIICHUS, B CYXOM HACBIIICHHBIA Nap IIPY MMOCTOSIHHOM JABJICHUH.

IIpn yBenn4eHnu NaBIEHUS TEMIIEpaTypa KUIIEHUS PACTET, a TEIUIOTA
napooOpa3oBaHUs YMEHBIIAETCA.

IIpouecc mepexona BOAbI, B IEPETPETHIN AP MPHU MOCTOSIHHOM JIaBJie-
HUU TPEJCTABIICH HA PUCYHKE 6.2. DTOT MPOIECC B OOIIEM CITy4ae COCTOUT
W3 TPEX HTAIlOB: HArpeBa BOABI JO TEMIIEPATYPHI KUIIEHUS MPU COOTBET-
CTBYIOILIEM JaBJICHUU, TTapooOpa3oBaHusl U meperpesa mnapa. [Ipu 3tom B
MpeACcTaBIeHUN B KoopauHatax p —V kpuBas OK Ha pmarpamme ¢azo-
BbIX IepexoaoB (puc.6.1.) tpancpopmupyercs B 00J1aCTh, OrPAHUUYECHHYIO
MMOrPAaHUYHOM KPUBOU C BEPIIMHOM B KpuTHUeCcKOr Touke «K». JIeBas BeTBb
KPUBOM CO CTENEHBIO CYyXOCTH X = 0 COOTBETCTBYET KHMSIIECH KUIKOCTH,

IpaBasi BETBb CO CTENEHBIO CYXOCTH X = 1 — CyXOMY HACBIIIIECHHOMY T1apy.
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P

0t

Puc. 6.2. Ilpomecc napoobpazoBaHusi B KoopAuHaTax P-V u T —S:

-
S

1 — 2 — nporiecc HarpeBa BOJIbI 0 TEMIIEPATYPhl KUTICHNUS,
2 — 3 — mpoliecc napooOpazoBaHus;, 3 — 4 — mpoliecc meperpena mnapa.
IIpouiecc mapooOpazoBanus 1-2 mpeacTaBiaser cOOOM MEepexoi KHIIs-
el KUIKOCTH B CYXOM HACBIIMICHHBIM map. OTOT MPOIECC MPOUCXOAUT
IpU MOCTOSHHOM TeMmIepaType, paBHOM TeMIiepaType KUMeHUs (HachIIe-
HU) JJIs1 TAaHHOTO JaBjieHus. B mporiecce mapooOpazoBaHus Mpu MOABOJEC
TEIJIOTHI CTENEHb CYXOCTH Tapa MOBBIIIAETCS, IOCTUTasi B TOUKE 3 3HaYe-
Hua X = 1. [lmomane nox nuHuen 1-2 Ha auarpamme T — S B COOTBET-
CTBYIOIIIEM MacIITade YMCIECHHO paBHa TEIJIOTE MapooOpa3oBaHMUs.
Cy1ecTBYIOT TaOIUIIbI, B KOTOPHIX B 3aBUCMMOCTHU OT JABJICHUS WIH OT
TEMIIEpaTyphbl IPUBOSATCS OCHOBHBIE MapaMeTphl Mapa, B TOM YHCIIE 3Ha-
yeHus: QyHKUUA COCTOSIHMSI M TEIIoTa MapooOpa3oBaHMs. 3a HA4yallo OT-
cyeTa PHTAJIBIIUUA M SHTPOIHUH BOJIbI U Mapa MPUHUMAETCSI COCTOSTHUE TPOM-
oMt Touku: t = 0,01°Cu p = 610,8 Ila. Ilpu sToM 3HaAUEHUE YyICIBHOMN
BHYTpPEHHEN SHEPTUHU B ATOM TOUKE TaK)Ke MPAKTHUECKH PaBHSCTCS HYJIIO.
IIpu pacuerax, CBSI3aHHBIX C HCIIOJB30BAHUEM BOJISTHOTO IMapa Kak pa-

Oouero Tena, HanboJIee MKUPOKO UCTIONIB3YETCS yACIbHAS YHTAIbITHU.
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YIIGJH)HYIO OHTAJIBIIMKO KOHACHCATA IIPH OTCUCTC OT YCJIIOBHOI'O HYJIA

(t = 0°C) MoXXHO HaWTH 11O hopMyIIe

| = Cg'[ , (6.3.)
rIe
C, — yaenbHas MaccoBas TEMJIOEMKOCTh BOJBI ;

t — remnepaTtypa KoHeHCcaTa ( BOABI ).

B 4acTHOCTH, SHTANBNUS KUIIAIIECH BOBI

!

I'=cCt |, (6.4.)
rae [ — remneparypa kunenust (HachlEeHHs).

VY nenpHas SHTAIBITUS CYXOT0 HACKIIIEHHOTO TIapa HAXOIUTCs 1o (popmyie
i"=i'+r, (6.5.)

rae | — ynenbHas SHTANbIUS KWISAILEH BOMBL,
I' — TeroTa nmapooOpa3zoBaHus.

VY nenbHast 3HTANBINS BIAKHOTO NTapa HaXOQUTCs Mo Gopmylie
- 1!
I, =1 +XI, (6.4.)

rume X — CTEIECHb CYXOCTH BJIQAXKHOT'O I1apa.

VY nenbHas SHTANBINS MEPETPETOro Napa HaXoAuTcs o Gopmyse

i, =i"+c,,(t—t,), (6.6.)

rae
I” — ymenpHas SHTANBNKMA CyXOr0 HACKIIIEHHOTO Hapa;

t - Temmeparypa meperperoro napa;
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tH — TeMIlepaTypa HachIeHUs (KUTICHHUS);

C,, — yAenbHas MaccoBasi H300apHast TCILIOEMKOCT Iapa.

IIpu 5TOM cClleAyeT YyUYHUTBIBATh, YTO TEILUIOEMKOCThH IMEPETPETOrO IMapa
3aBUCUT HE TOJIBKO OT TEMIEPATYPbl, HO U B CYIIECTBEHHOW CTEHEHHU OT

JaBJICHUA.

6.4. Juazpamma i-s napa u napoesie npoyeccsl

Jlnarpamma i-S BOJSIHOTO Iapa JOBOJIGHO INMUPOKO HCIOJIB3YeTCs B WH-
KEHEPHBIX pacueTax, Korjga pabouuM TeJIoM SBJISIETCSl BoJsHOW map. Ha
auarpaMMe MOTPAaHUYHBIMU KPUBBIMH BbIJIEJIEHA OOJIACTh BIAXKHOTO Mapa,
BBIIIE KOTOPOM JIEKUT 00NacTh mneperperoro mapa. Ha aguarpamme mpen-
CTaBJICHO CEMEMCTBO M300ap (JIMHMIA MOCTOSHHOTO JABJICHHUS), U30X0p (JIH-
HUI MOCTOSTHHOTO YIEJIBHOTO 00beMa), U30TEPM (JIMHUK MOCTOSTHHBIX TEM-
neparyp) B 00JIaCTU MEPErPETOro napa v JIMHUA MOCTOSIHHOM CTENEHU CyXO0-
CTH B 00JIacTH BIIaxHOTro mapa. [Ipu onpeneneHun temnepaTrypbl BIaXHOTO
napa no guarpamMme HeoOXOJMMO MOMHUTh, UTO B 0OJIACTH BJIAXXHOTO Mapa
KakJas r300apa OJHOBPEMEHHO SIBJISIETCSI U30TEPMOM M, CIIEIOBATENIBHO,
3HAUEHUE TEMIIEPaTypbl MOXKHO OIPEICIUTh M0 TOYKE MEPECEUCHUS] COOT-
BETCTBYIOIIIEH N300aphl C BEPXHEU MOTPAaHUYHON KPUBOH.

Hwxe Ha pUCYHKE MPEACTABIICHA CTPYKTypa AWarpamMmbl i-S mapa u

M300paKeHbl OCHOBHBIE TAPOBBIE MTPOIIECCHI.
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S, k¢
Puc. 6.3. Jluarpamma i-S mapa
1-2 — uzoxopHsIii nporiecc; 1-3 — nzobapHsIil npouecc; 1-4 — nuzo-
TEpMUYECKHI npouiecc; 1-5 — aguabaTHbIN poliecc.

[To nuarpamme MOKHO OMpPENENTUTh BCE MapaMeTphl Mmapa Mo MOJIoXKe-
HUIO TOYKM Ha JHUarpaMme, COOTBETCTBYIOIIEH COCTOSIHHIO mapa. Jlms
OTIpeJICNICHUsI TIOJIOKEHUSI TOYKA HEOOXOIUMO 3a7aTh JBa HE3aBHCHUMBIX
napamerpa napa. Jyis onpenenaeHus: yaenpbHOM BHYTPEHHEH SHEpruu mapa
Mo Juarpamme i-S mapa HeoOXOIUMO JUIsl TOYKH, COOTBETCTBYIOIICH CO-
CTOSSHHIO TIapa, HAaWTU 3HAYCHHUE YCIBbHOW HHTANBIHNH, JaBJICHUE U
yAENbHBIN 00BEM TIapa W PacCUUTATh YICIbHYIO BHYTPEHHIOI JHEPTHUIO
o ¢hopmyie

u=i-pv.
[Tonp3ysich mUarpamMMoii, HECIOXKHO OMPEACITUTh KOJIMUECTBO TETUIOTHI

B MPOILIECCax, MPEJICTABIECHHBIX HAa pucyHke 6.3. EctecTBeHHO, 4TO ISl
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aauabaTHOro mpoiiecca 1-5 KOJIMYECTBO TEIUIOTHI paBHsieTCs Hyo. Jlis
HM30XOpHOTro Imporecca 1-2 yaenapHas TEIUIOTa HAXOJIMUTCS KaK Pa3HOCTh
yAEIbHOW BHYTPEHHEN SHEPTUM B TOUKax 2 v 1, TO ecThb g1, = U, — U4. B
n3o0apHoM mporecce 1-3 ynenpHas Temiora — ¢q3 = i3 — i1 , @ B U30TeP-

MHNYCCKOM — q13 = Tl(S3 - Sl) .

6.5. BiaajicHblil 8030yX

Bo3nyx, KOTOpBI HAaC OKPY¥KAET, SIBJISIETCS ra30BOM CMECHIO, B KOTO-
PYIO CpeIM MPOYUX KOMIOHEHTOB BXOJWT W BOJSIHOM Tap. XOTs €ro J0Js
HEBEJIMKA, OJIHAKO €r0 HAJIMYKME OKAa3bhIBACT CYNIECTBCHHOE BIUSHUE HA OT-
JIETIbHBIE CBOMCTBA BO3AyXa U MPOTEKAHUE TAaKUX IMPOIIECCOB KaK KOHJH-
IUOHUPOBAHUE W TOAJAECPNKAHUE MHUKPOKJIMMATA, KOHBEKTHMBHAs CYIIKA.
[ToaTomMy, KOrJja XOTAT MOAYEPKHYTH BAXKHOCTH MPUCYTCTBUS B BO3yXE
BOJISTHOTO Mapa, BO3yX HA3bIBAIOT BJIAXKHBIM.

Bnasicnvim 6030yxom Ha3bIBaIOT CMECh CyXOTr0 BO3ayXa (BCEX KOMIIO-
HEHTOB, BXOJSIIUX B BO3AYX, 3a UCKIIOUCHUEM BOJASHOIO Tlapa) U BOASHO-
ro napa.

[Tap, conmeprkaimuiicss B BO3yXe, MOKET ObITh JIMOO CyXHM HACHIIICH-
HBIM, JINOO TneperpeTbiM. Eciu map B Bo3ayXxe SBISETCS CYXUM HACHIIICH-
HbIM, TO U BO3JyX HA3bIBAKOT HAcbluieHHbIM. HaChIIEHHBIN BO3IyX CO-
JIEPKUT MAKCUMAIIbHOE KOJIMYECTBO BOJSHOTO Tapa ISl TaHHOW TeMIepa-

TypbI ¥ JaBJIEHHS M UIMEET OTHOCUTENLHYIO Baaxnocts ¢ =100%.

Bo3ayx, B KOTOPOM COJIEpKAIIMICA B HEM Tap ABISETCS NEPETPETHIM,
HA3bIBAIOT HeHacbluieHHbIM. OTHOCUTEIIbHAS BIAKHOCTh HEHACHIIIIEHHOTO

Bo3ayxa menee 100%.
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Kpome naBneHust m Temmneparypbl BIAXKHBIA BO3JAyX XapaKTEPU3YIOT
TaKue mapaMeTpbl Kak aOCOIIOTHAasE U OTHOCUTENbHAsI BIaXXKHOCTh, BJaro-
COZEp)KAHUE W BIIATOEMKOCTH, MAPLHUAIBHOE AABJICHHE BOISHOIO mapa H

SHTAJIBIINS, paCCUUThIBaeMas Ha 1 Kr cyxoro Bo3ayxa.

Abcontomnon enaxcnocmeio 0, HA3BIBAETCA Macca Iapa, CojepiKa-

3
mascs B 1M BiaaxHOTO BO3ayxa. AOCONIOTHAs BIIAXKHOCTh MMEET pPa3-
MEPHOCTh IIOTHOCTM M pPaBHA IUIOTHOCTH Iapa IpU €ro mnapluuajbHOM
JABJICHUH U TEMIIEPATYPE BIAXKHOIO BO3yXa.

OmHuocumenvHoul 6142 CHOCMbIO ( Ha3bIBACTCsl OTHOLICHHC JICCTBU-
TEJIBHOU a0COIIOTHOM BJIQYKHOCTHU IOn K MakCHMaJIbHO BO3MOKHOM abco-

JFOTHOW BIAKHOCTH BO31yXa O, Njsd JaHHOH TeMnepaTypbl. OOBIYHO OT-
HOCHUTEJIbHAS BIAXKHOCTh HaX0aUuTCs B %o.

VYuureiBasi, 4To aOCOJIOTHAS BJIAKHOCTh (IJIOTHOCTH Mapa) MpOoIopIu-
OHaJIbHAa MaplyaIbHOMY JAaBJICHUIO Mapa B BO3JyX€, €€ 3HAYECHHUE MOXKET
OBITH HaiAEHO 110 PopmyIie

gp:&loo:&loo %. (6.7)
an an

3nece [, — mapumanbHOE JAaBiIeHME IMapa B BO3ayxe, a P, — maie-

HUE HACBILIECHUS Mapa JJisi JaHHOM TeMIIepaTyphl (MapiuaibHOE JaBICHHUE
mapa B HaCHIIIICHHOM BO3JIyXe).

Bnazocooepicanuem d Ha3piBaeTcs Macca mapa, Ipuxojsimascs Ha 1 kr
cyxoro Bo3ayxa. OObIMHO BIArocoiepKaHue UMEET pa3MEPHOCThb — /K C. 8.

Bnarocoaep:kanue MOXKHO paccUuTarh 1o (opmyiie
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d=622- P (6.8)
p-p,

rae P,— mapumanbHOE JTaBIECHUE 11apa;
P — JaBJICHUE BIIAXKHOTO BO31yXa.
MaxkcuManbHOE U1 JAaHHOW TEMIIEPATYPhI BJIATOCOJAECPKAHUE HA3bIBa-

CTCA 6/1A20€MKOCMDbIO d TO €CTb BJIArOCMKOCTb paBHA BJIAroCoACpiKa-

max 2
HHIO HACBIIEHHOTO BO3/1yXa.

JIsi BIa)KHOTO BO3/1yXa BBOJMUTCS TAaKXKE€ MOHATHE — «TOYKA POCHI».
Toukoit pocer HA3bIBACTCS TEMIEPATypa, OO KOTOPOM HYKHO OXJIAJAUTH
HEHACBHIIIIEHHBIN BO3/yX, YTOObI OH CTaJl HACHIIIEHHBIM, TO €CTh 10 JO-
CTHKEHUS OTHOCUTENBHOU BiaxxHOCTH 100%.

[Ipu nanpHENIIEM CHUKEHUU TEMIEPATypPhbl, COJICPKAIIMICS B BO3AYXE
BOJISIHOW Map HAYMHAET KOHJAEHCUPOBATHCS, U 3TOT KOHJECHCAT BBIACISAETCS
M3 BO3JyXa B BHJE POCHI WJIM TymMaHa. Takum o0pa3oM, NJisl CHUKEHUS
BJIAr0COJICPKaHUsS BO3yXa HEOOXOJUMO MOHU3UTh TEMIIEPATypy BO3ayXa
HIKE TOYKH POCHI.

YaenbHast SHTAIBINAS | BIIAXKHOTO BO3JyXa PAacCUMTHIBACTCS Ha 1 Kr
CyXOT0O BO3/1yXa

i=i_ +0,001d-i_, (6.9.)

rae ic.@. — yJI€JIbHAS DHTAJIBIIAS CYXOr'0 BO3/1yXa;

d — BmarocomepkaHue Bo3ayxa, e /ke c. 6. ;

i , — YJenbHas SHTAJILIIH [1apa, COAEPIKALIETOCS B BO3AYXE.
YUuTBIBas, YTO yHENbHAs SHTaJbIHUA CyXOro BoO3jayxa — i =c, t=t

(31ech c,, ~10 k/l[oic/ke — ynenbHas MaccoBasi M300apHas TEIJIOEMKOCTh
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BO31lyXa, a t— remnepaTypa Bo31yxa,’C ), U yAeJbHAs SHTAJIbIUS Hapa —

I =2501+1,93-t x/lowc/ ke , TO ynenabHas SHTANBIMA | BIAXKHOIO BO3/yXa

MOKET OBITh paccurTaHa o dhopMyJie

i =t+0,001d (2501+1,93-t) , K{oic/ ke c. 6. (6.10)

st u3MepeHrss OTHOCUTEIIBHOU BIIAXKHOCTH MCIIOJIB3YETCS IICUXPOMET]
— MpUOOP, COCTOSIINN U3 IBYX TEPMOMETPOB, OJIUH M3 KOTOPHIX CYXOil, a
apyrov — cmodeHHbId. [lokazanus "MOKporo" TepMoMeTpa B HEHACHILICH-
HOM BO3JlyX€ OyIyT HUXKE, TaK KaK ¢ HEr0 Oy/IeT MPOUCXOIUTh UCTIapEHNE,
KOTOPOE COMPOBOXKAAETCA MMOIJIOMIEHUEM TEIUIOTHL. YeM MEHBIIE OTHOCH-
TelbHAsl BIAXKHOCTh BO3/yXa, TeM OOJIbIIE pa3HUIIA TTOKa3aHuil "cyxoro" u
"MOKporo" tepmomeTpoB. MMes mokazaHus 3TUX TEPMOMETPOB, MOKHO
ONPEACIUTh BCE BIAKXHOCTHBIC XapaKTEPUCTUKM Bo3ayxa. [lpm BeIBOAE
pacyeTHbIX (OopMyJl MOjaraercsi, 4YTo B 00JIACTU «MOKPOT0» TEPMOMETPA
BO3AYX SIBIIIETCS HACBIIICHHBIM, TO €CTh €T0 BJIArOCOAECPKaHWE PABHO BJla-
TOEMKOCTH 11 TEMIEPATYpPbl, COOTBETCTBYIOWIEN MOKA3aHUSIM 3TOTO TEp-
MOMETpA. DHTAJIBIINS K€ BIIAXKHOTO BO3/lyXa B pacuere Ha | Kr cyxoro
MMEET OJINHAKOBOE 3HAYEHHE B 30HE OOOUX TEPMOMETPOB, HECMOTPS Ha
pPa3HUIy MX MOKAa3aHUW. DTO CBSA3aHO C TEM, UYTO YMEHBIIECHUE YAECIbHOU
SHTAJIBIIMU CYXOTr'0 BO3AyXa B 30HE «MOKpPOTr0» TEPMOMETPA M3-3a CHUKE-
HUS TEMIEPaTypbl KOMIIEHCUPYETCS 3a CUET YBEJIWYEHHS BIIATOCOACPHKA-
HU, @ 3HAUUT W SHTAIBIIAN Napa, MPUXOIAIIETOCA Ha | KT CyXoro Bo3ayxa.

Ecau npunsTh ycnoBue i, = i , To ¢ yuetom (6.10) MOxkHO 3anucars:

t. + 0,001d(2501 + 1,93¢,) = t,, + 0,001d,,,4, (2501 + 1,93t,,),
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rge t. U t,, — COOTBETCTBECHHO IOKa3aHUSA «CYXOTI'0 U «MOKpPOT0O» Tep-
MOMETPOB, °C ;
d — BIarocojiepkaHue Bo3ayxa, I/ Kr C. B.;
dmax.m — BITarOEMKOCTh BO3/IyXa MPHU TeMIIEpaType MOKPOTO TE€PMO-

MeTpa, T/ KT C. B.

N3 3TOr0 BhIpaKEHUS MOJIyYAEM:

Ao (2501 + 1,93¢t,) — 1000(t, — t,,)

d =
2501 + 1,93t,

(6.11)

Bxonsmyto B Beipaxkenue (6.11) Benuuuny d,qxnm » MOKHO paccyu-
TaTh MO JABJICHUIO HACBIIICHUS MIPU TEMIIEPAType «MOKPOT0» TepMOMETpa

Pum»> KOTOPOE HAXOAUTCS IO CIIPABOYHBIM TaOJIHUIIAM

Pum
p— pHM’

dmax.M —

rl€ P— JaBJICHUE BIAXKHOTO BO3ayxa (0apoMeTpruyecKoe JaBJICHUE).

IIo HafII[eHHOMy BJIAroCOACPKAHUIO MOKHO PACCHHUTATH IIApIHUAJIBbHOC

JABJICHUE BOJSIHOTO Tlapa 1o BhITEKaroIIel u3 BeipakeHus (6.8.) popmyie:

d

Pn =P ta

B cBoro oucpcab napuruaiabHOC OABJICHUC IIdpa IO3BOJIACT OIIPCACINTD

OTHOCHUTCIJIbHYIO BJIA’JKHOCTb:

Pn
pHM

0 =—= -100%,

IZI€ — IaBJICHUE HACBHILIECHUS MPU TEMIIEPATYPE BO3AYyXa, TO €CTh COOT-
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BETCTBYIOIIEH MTOKA3aHUAM «CYXOTr0» TEPMOMETpA.

6.6. Juazpamma i-d enazxcHo20 eo3dyxa

Ha pucynke 6.4. npuBeicHa CTPYKTypa AuarpaMmbl 1 - 0 BIaKHOTO
BO31yxa. Ha nuarpamMme mpeacTaBlieHbl TakKe MPOIECCH HarpeBa BO3IyXa
1 YBJIAXHECHHUS IIPU OTCYTCTBUHU ITOTEPh TEIUIOTHI (IIPOIECC CYIIKH B HIE-
AJBbHOM CYIIUIIKE).

Juarpamma |1 - d BIaXHOrO BO3AyXa IO3BOJIICT JIOBOJILHO ITPOCTO
ONPECISITh MapaMeTPhl BIAKHOTO BO3ayxa. OCOOCHHOCTBHIO JAHArpaMMBbl
SBIIIETCS TO, YTO OHA IOCTPOCHAa B CHCTEME KOOPJHMHAT C YIJIOM MEXTY
ocsiMu 135", mOATOMY JTMHHM TOCTOSSHHOM SHTAJBIIMKA HA JAHarpaMMe pac-
noJiararotcs moj yriom 45°. Ha quarpaMMe mpoBeAEHO CEMEMCTBO JIMHUN

MOCTOSIHHOM OTHOCHUTEJILHOM BJIAXKHOCTHU @, a4 TAKXKC U30TCPMbI, COOTBCT-

CTBYIOIIME MOKA3aHMUSAM CYyXOr0 U MOKPOTO TEPMOMETPOB. B HMXkHEW yacTu
IarpaMMbl pacroJIOKEHA JIMHUSA 3aBUCUMOCTH MTAPIHAAIBHOTO JAaBJICHUS OT

BJIarocojiepkanus (0Ch NapiuaIbHOTO JAaBICHUS MIOMEIIAETCS CIIpaBa).
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Jluarpamma, CTpyKTypa, KOTOpoM IpemioxeHa mpodeccopom JLK.
Pam3uHbIM, MOCTPOEHA MO PACUETHBIM JIAHHBIM [IJI1 JTABJICHUS BO3yXa
745 MM PT. CT. M IIMPOKO HCIIOJB3YETCA B pacyerax MpOIECCOB B aTMO-
cheprom Bo3zayxe. [Ipu 3ToM 00ObIUHBIEC KOJIEOaHUST aTMOC(EPHOTO JaBie-
HUS CKA3bIBAIOTCSA HA 3HAYCHUSX SHTAJBIIUU U BIIATOCOJICPKAHUH BO3yXa
HE3HAYUTEIBHO.

&

KDELN NN\
krelé, NN\

— 4 Y%rc.bos.

Puc. 6.4. Jlmarpamma i-d BiaXHOTO BO3TyXa

1-2 — nmporniecc HarpeBa; 2-3 — MpoLECC YBIAKHESHUS

JI1s1 HaXOXKAEHUS TOYKHU HA AUarpaMme, COOTBETCTBYIOIIEH COCTOSTHUIO
BO3/yXa HE0OXOIMMO 3a7aTh JIB€ HE3aBUCHUMbIC KOOPAUHATHI (Harpumep, t
nd;tuge;t.ut, ).

IIportecc HarpeBa OT UCTOUHMKA, HE BHOCAIIIETO B BO3yX Biary, u3oo-
paxkaeTcsi Ha JAuarpaMMe BEPTHUKAJIbHOW JIMHWEW, HAIPABICHHOW BBEPX,

COOTBETCTBEHHO MPOLECC OXJIAXKICHUA — BEPTUKAIBHOU JIMHUEW, HAIPAB-
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JeHHoi BHU3. Ilpouecc yBmaxkHeHHs 0€3 MOTEPh TEIUIOTHI (B OKPYKalo-
IIyI0 CpeAy Y Ha HarpeB maTepualia, YTO COOTBETCTBYET MPOIIECCY CYILIKHU
B HJIeaJIbHOM CYIIUJIKE) U300pakaeTcs 10 JIMHUM IMOCTOSHHOM SHTAJIBIIHNH,
HamnpaBJICHHON BHU3, TO €CTh MPOTEKAIOIIUM C YBEIIMYCHUEM BJIarocojiep-
’KaHUS U OTHOCUTEJIbHOMN BJIQXKHOCTH IIPU CHHKEHUHU TeMIIepaTyphl.
Jlnarpamma | - d BJa)XHOTO BO3JyXa Yallle BCETO MCIOIb3yETCS IPH
pacueTax KOHBEKTHBHBIX CYIIMJIOK, a Tak)Xe MPOIIECCOB KOHJIUIIMOHU-

pOBaHUS.

7. HWcTeuyeHMe ra3oB M [IapoB

7.1. Ilepeviii 3aK0H mepmoOUHaAMUKU 011 NOMOKA 2a3a

Ha npakTrke 4acTo mpUXOAUTCS UMETH JIEJIO C YCTPOMCTBaMu, paboTta
KOTOPBIX CBsI3aHa C JBUKEHHEM pabodero Tena. Yaine BCEro 3TO IBUXKE-
HUE€ OCYUIECTBIISIETCS B BUJIE TEUCHUS Ta30B WM MapoB 1o kaHanam. [lpu
ATOM BO MHOTHMX CJIy4yasiX KHUHETHYECKasi SHEPrusi MOTOKA HMCIOIb3YETCs
IUTsl COBEPILICHUS MTOJIE3HOW pabOThI ( TapOBBIE U FA30BbIE€ TYPOUHBI, peaK-
TUBHBIE JBUTATEIIN, PAKETHI U JP. ).

TeyeHre MOXET MPOUCXOAUTH KaK MO KaHajaM (Tpybam) MOCTOSITHHOTO
CEYEHUsI, TaK U B CIICIIMAIBHBIX KaHaJlaX MEPEMEHHOr0 CEUCHUsI, Ha3bIBae-
MbIX comuiamu U auddyzopamu. Kanan, B KOTOpOM C YMEHBIIIEHUEM J1aB-
JIEHUSI CKOPOCTh MOTOKA BO3PACTAET, HA3bIBAIOT COIJIOM, a KaHall, B KOTO-
pOM IO MOTOKY CKOPOCTh YMEHBIIAETCS, a JaBJICHHE PAcTET, HA3bIBAIOT
nuddyzopom.

[TepBbIil 3aKOH TEPMOJAMHAMUKHU JJIsi TOTOKA raza MOXHO chHOpMyiIu-

pPOBaTh CIEIYIOIIUM 00pa3oM.
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Tennoma, nodgoouman K NOmMOKy 2a3za, uoem HA UBMEHEHUE e20
GHYMpPEHHEeU IHePIUU, cosepuieHue padomsl N0 NPOMAIKUCAHUIO 2a3A
no Kanaay u Ha npupauieHue 6HeutHell KUHemu4ecKoul IHepzuu 2a3a.

MaremaTtndeckas 3anuch MEPBOro 3aKOHA TEPMOJIMHAMUKHU JJIs TTOTOKA

B nuddepeHimaisoi popMe UMeeT BU/L;

dg =du+di'+d(®; ], (7.1)

rae dg — a;meMeHTapHOe KOJUYCSCTBO YACIBHON TEIIOTHI;
du — nmpupaieHue yaeabHONH BHYTPEHHEH SHEPTUH r'a3a ;

dl’ - snemenTapnas ynensHas paboTa IpoTaNKUBaHuUS;

2 o v
d (CO A ) — IpHUpalCHUC BHCITHECH KHHCTUYCCKOM SHEPTHUH ITOTOKa,

@ — CKOPOCTh MOTOKA.
Pabota mpoTankuBaHus MpeaCTaBIsIET COO0M padOTy MPOTUB BHEIIHUX
CUJI TIpY MEPEMEIICHUH ra3a Mo KaHally (OHa He paBHa paboTe pacumpe-
Hus). Jloka3bpIBaeTcs, 4YTO 3JEMEHTapHasi pad0oTa MPOTATKUBAHUS MOXKET

OBITH HafmeHa ITO BBIPAKCHUIO

dl’ =d(pv). (7.2)

IIpupamieHre BHEIIHEW KWHETUYECKOW DHEPTUM IIOTOKA HA3bIBAIOT
pacnonazaemoit paéomoil, TOCKOJIbKY MPUOOPETEHHBIN 3amac KHHETHYE-
CKOM DJHEPIrHM IOTOKAa MCIIOJIb3YETCSI BO MHOTHUX TEXHUYECKHUX YCTPOU-
CTBax JJIsl COBEPILICHUS TOJIE3HOU pabOTHI.

Takum 00pa3zom, aieMeHTapHas yAellbHasl pacioyiaraeMas pabora paBHa

dl, =d[e’ ) (7.3)
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COOTBETCTBEHHO,

_ 0, -] (7.4)

l, 5

Pacnionaraemast paboTa MOKET ObITh BhIpaKEHA Yepe3 mapaMeTpbl COCTO-
sSHUSL padodero Tena. J[eWCTBUTENBHO, M3 COMOCTABJICHUS MNPHUBEICHHOIO
BBIIIIC BBIPAKEHUS MEPBOT0 3aKOHA TEPMOJIMHAMUKHU JIJIs1 TIOTOKA C BhIpaXKe-

HHUCM IICPBOT'O 3aKOHA TCPMOANMHAMUKUA I 3aKPBIThIX CUCTCM CICAYCT:

dl =di'+d(®*] )= di'+ dl,.

YuursiBas, uto padota pacmupenus dl = pdv, a pabora mporankuba-

aus dl’ =d(pv) =vdp+ pdv, MoJIy4yaem

dl, = pdv—-d(pv) =—vdp. (7.5.)
COOTBETCTBEHHO,
P1
Lo =j vdp. (7.6.)
b2

Ha ocHoBanuu BbIpakeHus (7.5.) MOXKHO YCTAaHOBUTH CBS3b MEXIY
CKOPOCTBIO M JIABJICHHEM B MOTOKe. YuuThBasd, uto dly = d(w?/2), no-
Jy4aeMm

w-dw =—-vdp.

Takum 00pa3zoM, ckopocmb yeenuvueaemcs npu CHUNCEHUU OasJie-
HUA NO NOMOKY, A NPU CHUNCEHUU CKOPOCHU NOMOKA 0asjleHue noebl-
waemcs.

Ecnu ydecTh, 4uTO »ieMeHTapHass paboTa MNPOTAJIKUBAHUS  paBHA

dl’ =d(pv) mMoxHO BbIpaxkeHue (7.1.) IMepBOro 3aKOHa TEPMOIMHAMHKH
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AJIAA IIOTOKA 3alliuCaTh 4CPE3 OHTAJIBIIUIO!

dg=di+d(@’ ). (7.7)

Takum 00pa3oM, TEpBBIA 3aKOH TEPMOJMHAMHUKHU I ITOTOKA MOXKHO
chopmynupoBaTh CASAYIONIUM 00pa30M.

Tennoma, coobuiaeman nomoky 2aza, uoem Ha yeeiudeHue €20 IH-
mMaibnuu U npupauieHue eHeulHell KUHemu4ecKkoll IHepuu.

BrIpakeHune mepBoro 3aKkoHa TepMOJIWHAMUKH IS ITOTOKA IPH COBEP-

IICHUU UM I10JIC3HOM TEXHHUUYECKOM pa6OTBI HUMCCT BU/L:

dg =du+di'+d[@’ )+ dl, . -

dg=di+d(@ |+ dl,.

3nech d|m — 3JIEMEHTapHasl TexHu4eckas padora. TexHuueckast padora

OOBIYHO CBSI3aHAa C IEPEMCIICHUEM KaHaJIa, 110 KOTOPOMY ABHKCTCS IIOTOK.

1.2. Aouadammnoe ucmeuenue 2aza

IIpu TeyeHnu raza o KOPOTKAM KaHaJaM C BBICOKOM CKOPOCTBIO TET-
J00OMEHOM C OKPYXAIIIEH Cpelod MOXKHO MPEHEOpeUb U CUUTATh MpOo-
necc aauadaTHbIM. BeipakeHre MepBOro 3aKkoHa TEPMOAUHAMUKH JIJIsl TIO-

TOKa B 3TOM ClTy4ae MpuoOpeTaeT BU:

0=di+d(®’})-di+dl,.

Otcrona —
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dl, = d(“%)= —di- (7.8)

CooTBeTCTBEHHO, pacmoiaraemasi pabora

(7.9)

351ech o na, , i1 51 i2 — CKOpPOCTb U DHTAJIbIIMA I'a3a COOTBET-
CTBCHHO B IICPBOM U BTOPOM CEYECHHH ITOTOKA.

Pacnonaraemyio paboTy MOKHO BBIPa3UTh uepe3 paboTy pacmupeHus |
U MapaMeTpbl COCTOSIHUA. Y UYHUThIBast, 4T0 dl, =—vdp, pacrnonaraemas pa-

P,
oora — | 0= j vdp. [pu aanabaTHOM MCTEUCHHUH pacliojlaraemasi padoTa B
P,

K pa3 Goubliie, yeM paboTa pacIIMPEHUs B COOTBETCTBYIOIIEM aIMa0aTHOM

rporecce, To ectb | =Kkl . D10 HETPpYAHO MOKa3aTh C WCIIOJIB30BAHUEM
0

rpaUuecKoro MpeCTaBICHUs] paOOThl PACHIMPEHUs] U PpacoyiaraeMoi

paboThI B KOOpAUHATAX P-V.

Vs
& B
ap é%?ﬁ?ﬁﬁx

f

pf £ i
S E——-
P o -

Y ‘*%ﬁf b2 sl v
o U]

Puc. 7.1. K onpenenenuto pacrojaraéMoi padoThl
L4 p
JIeCTBUTEIBbHO, UHTETpAII fp 1 vdp rpadudecKku TpeaACTaBISICTCS Ha
2
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pucyHke 7.1. miomaaeo ¢urypsl 4-1-2-3, a pabora B agnadaTHOM Mpo-

1ecce pacmupenus [y — miomaaeio Gurypsl 5-1-2-6. OTcroga cienyer

" 1
= IVdp =1+ PV, — BV, = k—(pl p2V2)—|— (p1V1 - pzvz) =
P,

:m(plvl_ pzvz) =k-1

910 BBIPpAKCHUC MOKHO IPCACTABHUTDb B BUJIC

k Kk
IO - m plvl l—[sz ’ (710)

rae P, u V], — COOTBETCTBEHHO, IaBJICHUE U yJICJIbHBIA 00BEM HA BXO-
JIe B COILIO;
P, — naBienue Ha BBIXOJE U3 COILIA.

Ha ocHOBaHuM nepBOro 3akoHa TEPMOAMHAMHUKH MPHU aguadaTHOM HC-
TEUEHHU U3 BhIpakeHUd (7.9) MOKHO HAlTHU CKOPOCTh MOTOKA HA BBIXOJE

H3 COoIlIAa:

= Jo? +2(i, i) =Jaf + 21, . (7.11)

Bo mHorux ciyvasx (kak, HampuMmep, Ipu UCTEUCHUH U3 OOJIBIION eM-

KOCTH) HayajbHasg CKOPOCTb (U, BECbMa Majla II0 CPABHEHUIO C KOHEYHOM

(), ¥ ee 3HAYEHUEM MOXKHO IpeHeOpedb. Torma CKOpOCTh MCTEUEHUS W3

coIrjia

0, =w0=2(,—1,) = /2, = 2 1 (E,Z)k' (7.12)

82



Kak crneayer n3 3TOro BBIpOXEHMS, CKOPOCTh MCTCYEHMSI 3aBUCUT OT
IapaMeTPOB COCTOSIHUS HAa BXOJIE€ B COIIO U OT OTHOIICHUS JAaBJICHUN Ha
€ro BXOJI€ U BBIXOJE.

KuneTnueckast sHeprusi mOoTOKa 3aBUCUT HE TOJIBKO OT CKOPOCTH IOTO-
Ka, HO ¥ OT MacCOBOTO Pacxo/ia ra3a B MOTOKE.

MaccoBbii pacxojJ rasa INpu HMCTCYCHHWH M3 COMJa MOXXHO HAWTH,

YMHOXHB CKOPOCTb I'a3a Ha IIOIIaAb CCUCHUA A W IUIOTHOCTH Tra3a Ha
BBIXOJI€ N3 COILlJIa pZ‘ YMHOXKEeHNE Ha TUIOTHOCTh MOKHO 3aMEHUTH HCIIC-
HHECM Ha YI[eHBHBIﬁ O6’B€M, KOTOpBIﬁ IIpu aI[I/Ia6aTHOM HCTCUYCHHUH PABCH
1
Vo, =V, 1] k '
P,

C YHCTOM BBIPpAKCHUA JIsI CKOPOCTH UCTCUHCHUA MacCCOBBIU pacxoa 4e-

peE3 COIIO COCTABJISICT

k+1

2 k+1
m= A 2—k& Py [ P2 , Ke/c. (7.13)
k-1 Vi Py Py

Kak crnemyetr u3 3TOro BeIpakKeHUs, pacxo]i rasa rnpu aguadaTHOM HC-
TEUEHUU 3aBUCHUT OT BBIXOJIHOIO CEYEHHUS COIUIA, MOKaszaTessl aauadarsl,
IUIOTHOCTHU I'a3a U JIaBJICHUS HA BXOJE B COIUIO, a TAKXKE OT COOTHOIIEHUS
JaBJICHUM Ha BXOJI€ U BBIXOJI€ U3 colula. lccinemoBaHue Ha 3KCTPEMyM
IIPUBEICHHOIO BBIIIE BBIPAXKEHUs MJIsI MACCOBOIO pacxoja rasa vepes

COILIO IMOKAa3bIBACT, YTO pacxoa JOCTHUI'aCT MaKCUMYyMa IIPHU OTHOIICHHUH
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ke
Po_ Py _ (ZJH. (7.14)
PP (k+l

HaBnenue [J,, COOTBETCTBYIOLIEE STOMY PACXOy, HA3BIBAIOT KPUTHYE-

CKUM D, . B wactHOCTH, TIpHM moOKazaTene aauadaThl k =14 — D=

0,528p,.

CKOpOCTh UCTEUEHHUSI B 3TOM CIIy4ae MMEET MaKCUMAaJIbHOE 3HAUYCHHE
Y HOCUT Ha3BaHUE KPUTHUYECKOIA.

3HayeHre KPUTHYECKOH CKOPOCTH MOKHO PACCUMTATh, IOJCTABHB B
BBIpAKEHHE IS CKOPOCTH UCTEUEHUST KPUTHUECKOE COOTHOIIEHHE JaBJie-

Huii. PacueTHast hopmyiia B 3TOM ciydae IpuoOOpEeTaeT BU:

2K 2K
\/k s \/k +1 7 Pery (719

w,,

[Tocnennee BhIpaskeHUE U MpENICTABISAECT 000 Gpopmyiny Jlannaca ass

pacdera CKOPOCTH 3BYKa B cpee ¢ mapamerpamu p v, . To ecms, kpu-

muuecKkas CKOpoOCmb pasHa CKOpoCmu 36yKa 6 cpeode ¢ napamempamu

PiprVip

[IpakTuka TMOKa3bIBAaET, YTO MPU CHUKEHUM JABICHUS CpEJbl, KyJla
MPOUCXOJUT UCTEUECHHUE, HUKE KPUTHUYECKOTO Pacxo] rasa OCTaercsi Io-
CTOSIHHBIM. DTO CBSI3aHO C TE€M, YTO MPU UCTEUECHHUH ra3a B CPEay C JaBje-
HUEM MEHbBIIE KPUTUYECKOTO B BBIXOJHOM CEUEHUHU COIUIA BCE PaBHO
YCTAHABJIUBAECTCS JABJICHUE DPaBHBIM KpUTHUUECKOMY. OOBACHSETCS 3TO
TEM, YTO UMITYJIbC JIaBJICHUS PACIPOCTPAHSIETCS B MAaTEPUAIBHOM Cpejie Co

CKOPOCTBIO 3BYKa, MO3TOMY MPU JOCTHKCHUU KPUTHUYECKON CKOPOCTH ra-
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3a, TO €CTh CKOPOCTH 3BYKa, CKOPOCTh PACIPOCTPAHEHUSI JABJIICHUS U CKO-
POCTh JBMIKEHHUS T'a3a CPAaBHUBAIOTCS, M HUKAKOE YMEHBIIICHHE BHEIIHETO
JaBJICHUSI HE MOJKET MOBJIMATh Ha paclipe/iesieHrue JIaBjeHus B comie. Ta-
KUM 00pa3oM, B CY>KMBAIOIIEMCS COIUIEC HEJb3s JOCTUYb CKOPOCTHU, Ipe-

BBILIAIOLICH CKOPOCTH 3BYKa B CPE/IC C MAPaMeTpaMu p,_,v, .

JlocTHub CBEPXKPUTHUECKUX CKOPOCTEM MOXHO B KOMOMHUPOBAHHOM
COIUIE, COCTOAIIEM U3 KOPOTKOM CYXKAIOIIEWCS U KOHUYECKOW PACIIUPSIO-
niercs yactu. JMHa cyXarolencs 4acTu JI0JKHA ObITh TaKOW, 4YTOOBI B
€€ KOHIIE JOCTUTAJIACH KPUTHUECKASL CKOPOCTb, ITOCJIE YETO JTOJKHA CIEN0-
BaTh PACIIMPAIOMIASICSA YaCTh, HA NPOTSKEHUU KOTOPOU MPOUCXOJUT Jalb-

HelIlee CHIKEHUE JdaBJICHUS.
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Puc.7.2. Como JlaBang U uCTE€UEHHE Ta3a B COILJIE

7.3. /poccenuposanue

JpoccenupoBaHue — MPOLECC CHUKEHUSI TABJICHUS TIPU ITPOXOXKICHUM Ta-
30M (ITapoM) MECTHOTO CYy>KE€HHs KaHaja (MECTHOTO COMPOTHBIICHUs) 0e3 co-
BEpPIIICHUS BHEIIHEH pa0boThl. OOBIYHO TEIJIOOOMEHOM C OKPYKAroIIeH cpe-
JIOW TIPH POCCETMPOBAHUH MPEHEOPETafOT ¥ CYMTAIOT MPOIIECC aqruadaTHBIM.

JlpoccenupoBaHUE IIMPOKO MCIIOJB3YETCS B XOJOAUJIbHBIX YCTaHOB-
KaxX JJIs CHIDKCHHSI TeMIIepaTyphbl pabouero Tema (XjiajoareHra), B ycTa-
HOBKax JIsl COKIDKCHUS Ta30B, IS PETyIMPOBAHUS pabOTHI MapOCHIIOBBIX
YCTaHOBOK, B PACXOJIOMEPHBIX YCTPONCTBAX U B PsJE APYTUX CIydacsB.

[Ipn agma®aTHOM APOCCETMPOBAHUN DHTAIBIINS COXPAHSET CBOE 3HaUe-

HHE, TO €CTb i, =i, . 1Ipu 3TOM IpoccennpoBaHne HEb3sT OTOKACCTBIIATH C

M309HTAIBIIMUHBIM IIPOLIECCOM, ITOCKOJIBKY IIPU HENOCPEICTBEHHOM IIPO-
XOKIEHUN MECTHOTO COITPOTHUBIICHHUSI SHTAJIBIINAS TPETEPIICBAECT N3MEHEHNS,
HO €€ 3HAYCHHE BOCCTAHABIIMBAETCS IOCIE Apoccens. J[aBienne B pe3ynbra-
T€ IPOCCEIMPOBAHUS CHUYKAETCS IO OIPENEICHUI0, YAEIbHbBIM 00BEM BO3-
pacTaer, a TEMIIEpATypa MOYKET YBEIWYMBATHCS, YMEHBIIATHCA WM OCTa-
BaThCSl HEM3MEHHOM. JlpoccenupoBaHue SIBISIETCS TUITMYHBIM HEOOPATUMbBIM
IPOLIECCOM, ITPU KOTOPOM BCETIa MPOUCXOIUT YBETUYEHUE SHTPOIIAN, U Pa-
00TOCIIOCOOHOCTH paboyvero Tena yMEHbIIACTCH.

[Ipu npoccenupoBaHUM MAEATBHOTO Ta3a TEMIIEpaTypa BCETIa OCTAET-
CA4 HEU3MEHHOW. XapaKTep U3MEHEHUsS TEMIIEPATYPHI MPU JIPOCCEIUPOBA-
HUU peajbHOro ras3a (mapa) 3aBUCHUT OT COCTOSIHHS pabouero Tena 7' Tie-

pen apoccenem. s peanbHOTO ras3a (mapa), eciu
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T >T,_ ,TO TEMIIEpaTypa pacTerT,

T <T,_ — TemIepaTypa najiaer,

T =T, — TEMIIEpaTypa OCTacTCs HEU3MEHHOM.

3meck T, — TeMIEpaTypa MHBEPCHH, KOTOPask 3aBMCHUT OT poja pado-
Yero TeJjia v OT JIaBJICHUS.

TeMnepatypa HHBEpPCUU — 3TO TEMIIEPATYPa, COOTBETCTBYIOIIAsI COCTO-
SHUIO Ta3a, TP KOTOPOM TeMIIepaTypa ra3a Impu aauadaTHOM JIPOCCeu-
pPOBaHUU HE U3MeHsieTcs. [ OOMBIIMHCTBA ra30B TeMIEpaTypa HHBEPCUU

BbICOKasA t >600°C, xotrsa y Bomopoaa t . =57°C, a y Trenus

t =-239°C.
BaxxHoll XapakTEpUCTUKOW IIpoLIEcCa APOCCEIUPOBAHUA SBIISAETCS
apoccenb-3dpdext. Paznuuaror auddepeHnmanbHblii M1 MHTETpPaIbHbIN
npoccenb-3¢h PeKT.

Huddepennmansubiii npoccenb-3gdext (3ddext Jxoynst — Tomcona)

MPEJCTABISIET COO0M YACTHYIO MPOU3BOAHYIO OT TEMIEpaTyphl MO JIaBie-

HHUIO HpI/I HOCTOHHHOP'I OHTAJBITNU
oT
ai = | — .
op ).

Huddepenumanbubiii Apoccenb-3¢hPeKkT oTpa)kaeT xapakTep H3MEHe-
HUS TEMITEpaTyphl pabodvero Teia Mpu JIPOCCeIMPOBaHIH. J[eHCTBUTEIBHO,

€CJIM TEMIIEpaTypa IpH JIPOCCENUPOBAHUM pacTeT, To ¢, <0 , ecnu Teme-
parypa Ipu JPOCCENIUPOBAHMM MANaeT, — ¢, >0 , €CIM TEMIEparypa
Py IPOCCENUPOBAHUHM pacTeT, — ;, =0.

HNuTterpanbHbIM Jpocceiib-3PGEeKTOM Has3bIBae€TCA Pa3HOCTh TeMIlepa-

87



Typ MOCJIE U JI0 JPOCCETUPOBAHUS
pZ

T,-T, = jaidp'
pl

8. XosioagnbHBIE YCTAHOBKH

8.1. Obwue ceeoenus 0 xX0100UNbHBIX YCHAHOBKAX

B XonoaunbHBIX YCTaHOBKAaxX peaiu3yeTcs OOpaTHBIM LMKJ, KOrja 3a
CYET MOABOAUMON K paboueMy Teiry 3Hepruu (paOoThl WU TEIUIOTHI) TEII-
JI0OTa OTBOJUTCS OT XOJIOJHOTO MCTOYHHMKA (0XJIaXAaeMOro oobema) u oT-
JaeTcs B cpely ¢ Ooisiee BbICOKOW TemmepaTypoi. Takum oOpa3om ycra-
HOBKa Kak Obl BbIpaOATHIBAET XOJIO/, IKBUBAJIECHTHBIN KOJIUYECTBY TEIIO-
Thbl, OTBOJIUMOM OT XOJIOJHOT'O UCTOYHHUKA.

B 3aBUCMMOCTM OT IIpUMHIMIIA JEUCTBUSA XOJOAUJIbHBIE YCTAHOBKU J€E-
JISITCA Ha KOMIIPECCOPHBIE, TAPOIKEKTOPHBIE U A0COPOLIMOHHBIE.

B xoMIpeccopHBIX XOJMOAWIBHBIX YCTaHOBKaxX JIsl IPOU3BOJICTBA XO-
Joa B IIMKIIE 3aTpadyMBaeTcs paboTa Ha cxaTue pabouero Teina B KOM-
npeccope. KomrpeccopHble XOJIOAWIBHBIE YCTAHOBKM B CBOKO O4Y€pEdb
AENSITCS 1O BUY paboyero Teja Ha ra3oBble U MapoBbie. B mapoBbIX XoO-
JONWJIbHBIX YCTAaHOBKAX B KadecTBe pabouero Tena (XjaJ0areHTa) Hc-
NOJIB3YIOTCS Mapbl )KUJIKOCTEN C HU3KOM TEMIEPATypOor KUTIEHUS (aMMUaK,
IBYOKHUCH yIiiepoja, pa3inuHble (PPEOHBI).

B 1mapo3KeKTOpHBIX XOJIOAWIBHBIX YCTAHOBKAX CXKAaTHE XJIa0arcHra
IIPOU3BOJUTCS B IMAPOBBIX MKEKTOPAX 34 CUET KUHETUUECKOW SHEPTUU CTPYH
pabouero mapa. B 3Tux yctaHOBKax »HEprus 3aTpaynuBaeTcs He B (popme me-
XaHUYECKOM paboThl, a B hopMe TEIUIOTHI AJIs MOJydYeHUs padodero napa.

B a0copOIMoHHBIX XOJOAUIBHBIX YCTAaHOBKAX JJis MPOU3BOJICTBA XO-
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J0/1a TaKXe 3aTpavyrBaeTCs TEIUIOTa B Iukie. [k B 3TUX yCTaHOBKax
OCYILIECTBIISIETCSl C MCIOJb30BAaHUEM Mpoliecca adcopOIuu B OMHAPHBIX
CMECAX, KOTOPBIE CITYKAaT padO4YrM TEJIOM.

Haubonee mmpokoe NpUMEHEHUE MOIYUYWIH MAapOBbIE KOMIIPECCOPHBIE
XOJIOIWJIbHBIE YCTAaHOBKH, Kak 00Jiee COBEPIIICHHBIC B TEPMOJUHAMUYECKOM
OTHOIIEHUU IO CPAaBHEHUIO C a0COPOIMOHHBIMU W MApONKEKTOPHBIMHU.

Haumenee PacinpoCTPpaHCHHBIMHU SABJIAIOTCA ITAPOIKCKTOPHBIC YCTAHOBKH.

8.2. Ilpunyunuanvnas cxema u YUK napoeoil

KOMRPECCOPHOU X0100UbHOU YCMAHOBKU

[TpuHuMOManpHasg cXxeMa ¥ UK MapOBOM KOMIIPECCOPHOU XOJIOAUIIb-

HOW YCTaHOBKHU MPEJCTABJICHBI HA pUCyHKax 8.1 m 8.2.

Puc. 8.1. TlpuHnunuanbHas cxema napoBO KOMIIPECCOPHOU
XOJIOAUIIBHOW YCTAHOBKH
1 — xoMmpeccop; 2 — X0JIOUIIbHAS Kamepa; 3 — UCIIapUTEIb;
4 — mpoccenb; 5 — KOHIEHCATOoP.

89



K

-Ss
Puc. 8.2. Ilukn napoBoil KOMIPECCOPHOUN XOJIOIWIBHON YCTAaHOBKHU
PaboTta x0101MJIbHON YCTAaHOBKHU MPOTEKAET CIAEAYIONIUM 00pa3oM.
Konpaencar pabouero Ttena (xjajgoareHra) U3 KOHJIEHCaTOpa dYepes
JpOoCCeNb HalpaBsgeTcsl B UcnapuTelb 3. B pesynbrare apocceaupoBaHus
( mporecc 1 — 2) ero naBjieHUE W TeMIlepaTypa najaroT U KOHJACHCAT mpe-
BpalllaeTcsl BO BJIAXKHBIM Map ¢ TeMIIepaTypoi 0oJjiee HUZKOM, YeM TeMIIe-

parypa OXJaXXAacMOoro oonema. B HUCIIAapUTCIIC 3a CUCT IMOABOAA TCIIOTHI
q2 MPpOUCXOAUT HPOLECCC Hap006p330BaHH$I U CTCIICHb CYXOCTH IIdpa BO3-

pacraer (mponecc 2-3 mmm 2-3"). Jlanee 5T0T map aguabaTHO CKUMAETCS
KOMIIPECCOPOM, B pE3yJIbTATE YEro OH MPEBPAIAETCS B CyXOW HACHIIICH-
HBIN WM TIEPErpeThIi map ¢ 0ojiee BHICOKUM JIABJICHUEM M TEMIIEpaTypoi
(mponecc 3 - 4 umu 3' —4") u moctynaer B KoHAEeHCAaTOp 5. 371€CH, B pe-
3yJbTaTe€ OTBOJA TEIJIOTHl B OKPYXKAIONIYIO CPEAy WM OXJIaXAAIoleMy

TCIVIOHOCUTCIIIO, ITIAp HPCBPAIACTC B KOHACHCAT U HUKJI IIOBTOPACTCA.

8.3. Cxema u npunyun oeiicmeus adcopoUUOHHOIL

X07100UIbHOUL YCIMAHOBKU

B a6COp6HI/IOHHBIX XOJOAUJIBHBIX YCTAHOBKAX IHKJI OCYIICCTBIISACTCA

C HCTOJIb30BAaHUEM IIpoliecca abcopOumu. AOcopOIus — 3TO IMpolecC I0-
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IJIOIIEHUST BellecTBa (raza WM Tapa) BCEM O0BEMOM APYroro (GKUAKO-
cThi0). B kadecTBe pabouero Teia B 3TUX YCTAaHOBKAX HCMOJIb3YETCS OU-
HapHasi CMECh — PACTBOP KUIAKOCTEU C PA3HOU TEMIIEPATypOU KUIICHUS.
Jlerkokumsiias *)UJAKOCTh SIBJISETCS XJaJ0areHToM, a Jipyras abcopOeH-
TOM (TIOTJIOIIArOITUM BemecTBOM). OOBIYHO MCTOJB3YIOT TaKHE CMECH:
BOJIa (XJa0areHT) — OpOMUCTBIN TuTHUM (a0copOeHT) 1 amMmuak ( XJajao-
areHTt) — Bojia (abcopoeHT). AGCOPOEHT CIIOCOOEH MOIJIoNIaTh Maphl Xja-
J0areHTa, UMEIOIINE HU3KYI0 TeMIEpaTypy U OTACNSICTCS OT XJIaJoarcHTa
IIPU BBICOKHX TEMIIepaTypax.
[TpuHnunuanbpHas cxema abCopOIMOHHON XOJOAMIBHOM YCTaHOBKH

MpEJICTaBJICHA HA PUCYHKE 8.3.

7 8 %
! — P
] -6
X 1 “
PALN N
P ent I
i7.-_ T ~
2 3

Puc. 8.3. IlpuHuunuansHas cxema a0COpOIIMOHHON XOJI0AMIBHOMN
YCTaHOBKH
1, 7 — apoccenu; 2 — Xon0AuIbHAsA KaMepa; 3 — UCITapUTEb;

4 — abcopbep; 5 — Hacoc; 6 — maporeHeparop; 8 — KOHJAECHCATOP.
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Pabora aMmmmuadHo#t aOCOPOIIMOHHOW XOJIOMUIBHOW yCTAHOBKU MPOTE-

KaeT CJIEIYIOIUM 00pa3oM.

B maporeneparope 6 moz AencTBMEM NMOABOAMMON Temnotel (, , u3
00OranieHHOr0 BOJHOIO PACTBOpA AMMUAKA IIPH JIaBJICHUM [ ¥ TemIiepa-

Type T1 BBIJICTISICTCS] TOYTH YUCTHIA aMMUAYHBIN TIap (XJ1aJ0areHT). ToT

CyXOW HACBHIIIEHHBIM TMap MOCTyHaeT B KOHIEHCATOp 8, T/i€ MOJHOCTHIO
KOHJICHCUPYETCS B pe3yJibTaTe OTBOJIA TEIIOTHI B OXJIAXKJAIOIIYIO0 BOJY.
OOenHEeHHBIM pacTBOpP aMMHuaka W3 TaporeHeparopa 4depe3 JIpocceib 7
BO3Bpamaercss B adbcopbep. KoHpeHcaT ammuaka uepe3 jnpoccenb |
HarpaBJsieTcsl B ucnaputenb 3. B pesynbraTe ApOCCETMPOBAHUS €TI0 J1aB-
JIEHWE W TeMIlepaTypa MajJarT U KOHJEHCAT MpEeBpallacTCs BO BIAXHBIN

nap ¢ TeMnepaTypoﬁ 0osee HI/ISKOP'I, 4eM TeMIICpaTrtypa OXJIAXKIAaCMOIo
oonema. B HUCIIApUTECIIC 3a CUHCT IMOABOJA TCIIOTHI q2 IMPOUCXOOUT ITPOUICCC

mapooOpa30BaHUs U CTENEHb CyXOCTH Mapa Bo3pacTaeT. Cyxol HacChIIIEH-
HBIU MMap aMMHaKa U3 UCIIApUTEN MOCTyNaeT B abcopOep, riie noraonaet-
cs1 (abcopOupyeTcs) HaXOASIIMMCSI TaM pacTBOpOM. Brigenstomiasica npu
a0bcopOIMKU TEemI0oTa OTBOJMUTCS OXJIAXKIAIOUIEH KUAKOCThIO. KOHIleHTpa-
Mg aMMHUaKa B pacTBOpe B mpoliecce abcopOumm ypeanuupaercsa. O0ora-
MICHHBIA PaCcTBOP HACOCOM MOAAETCA B MapOreHepaTop, rje U MPOUCXOAUT
BBIJICJICHUE XJiajoareHTa (mapoB ammuaka). TakuMm oOpa3oM UK 3aMbl-
kaetcs. Creayer OTMETUTh, 4TO B aOCOPOIMOHHBIX YCTAaHOBKaX JJIS TO-
BBIIIICHUS JABJICHUSI U TEMIIEPATYpPHI Mapa XJIaJl0areHTa UCIOIb3YETCsl HE
KOMIIPECCOP KaK B MAPOKOMIIPECCOPHBIX XOJIOAWIbHBIX YCTAHOBKAX, a TaK

Ha3bIBa€MbI a0COPOLIMOHHBINA y3€JI, cocTosAmui u3 abcopbepa 4, Hacoca
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5, maporeneparopa 6 u apoccens 7. IIpu 3Tom paboTa Ha NMpUBOJ Hacoca,
TIOBBIIIAIOIICTO JABJICHUE KUIKOCTH, MPEHEOPEKMMO Majia 110 CPaBHEHUIO

c paboToii, 3aTpaunBaeMoi KoMmpeccopoM. OJHAKO BMECTO MEXaHH4Ye-

CKOHl paboThI 37€Ch 3aTpaunBaeTCs TENIoTa B maporeHeparope (], ,. Orta
TEIIOTa MOABOJUTCS NIPU TEMIIEpAaType KUIEHUsI KUJIKOCTH |, COOTBET-

CTBYIOIEH naBieHuio [); B maporeHeparope. Bceumeacrsue toro, 4ro B
apoccernie 7 TPOUCXOIUT APOCCEIMPOBAHNUE PACTBOpa CIa0OM KOHIIEHTpA-
IIMH, €TO TEMIIEPATYPa MPAKTUYECKH He MeHsieTcs, To ectb 1) ~ 1. B ne-
JIOM K€ IJIs1 IUKJIA — T2 <T|| <-|_1 :

OddexkTuBHOCTh 1UKIa a0COPOIIMOHHON YCTAaHOBKH OIICHUBAETCS KO-
3O PUIIMEHTOM TEIIOMCIIONB30BaHMS (IKBUBAJICHT XOJOJMIBHOTO KO3(-

dunrenTa)

ne

Tac qZ — TCIJIOTAa, OTBOAMMaAA OT OXJIAXKIACMOI'O O6T>€Ma;

(,,— Temnora, nogBOAMMAas B IIAPOr€HEPATOPE.

8.4. Tennoewvie nacocol

TennoBo HACOC — 3TO YCTPOMCTBO JJI MEPEHOCA TEIIOThI OT UCTOY-
HUKa TEIUIOTHI ¢ 0ojiee HU3KOW TEeMIIepaTypor TejlaMm C 0oJjiee BBICOKOM
TeMnepaTypor. LUk TemioBoro Hacoca He OTJIMYAETCA OT LMKJIIA XOJIO-
IUIIbHOM ycTaHOBKU. [lo cymiectBy, 3TO XOI0OAUIbHAsA YCTAHOBKA, HO HC-
noJib3yemasl He JIJIsi BRIpaOOTKH X0JI0/a, a IJis MOJIy4eHHUs TEIIoThl 0osiee

BBICOKOI'O IIOTCHIMAJIA 3a CUCT HCIIOJIb30BaHMA TCIIJIOTBI HU3KOIIOTCHI M-
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aJIbHOTO0 MCTOYHMKA U JOMOJHUTEIBHBIX 3aTPAaT MEXAaHUYECKON padOThI
au00 TEIUIoThl B LMKJIE. B KadecTBe HU3KOMOTEHIIMAIBHOTO MCTOYHHUKA
MOXET HCIOJIb30BaThCS TEIUIOTA TPYHTA, BOJIOEMOB, TEPMAJIbHBIX BO/I,
TEIUIOBBIE OTXObI PA3JTUYHBIX YCTAHOBOK, MPOW3BOJICTB U T. II.

O (DHEeKTUBHOCTD TEIMJIOBOIO HACOCA OLICHUBAETCS OTOIMUTEIBHBIM KO-
s punrmenTom (koddduimenToMm npeodpazoBaHus), KOTOPBIM sl Mapo-
KOMIIPECCOPHOTO TEIJIOBOTO HACOCA HAXOAUTCS MO (popMyie

_%_ %t
I I

Y Y

178 =8x+l,

Irac ql — TCILIOTA, OTAaBacMasid 3a ITHUKII HOTpe6I/ITeJIIO;

q2 — TCIIJIIOTA, OT6I/IpaCMa${ OT XOJIOAHOT'O UCTOYHHUKA,

| —pabora, 3aTpaunBaemasi B IUKJIE;
14 9

. — XONOAWIbHBIN KOO()(PUIINEHT.

3HaYeHrWE OTOMUTENIBHOr0 Ko3(uilmeHTa KoJyiedeTcss B mpeaenax
3...7 u, TakuM 00pa3zoM, MOTPEOUTEIb TEIUIOTH TPU UCIOIb30BAaHUU TETI-
JIOBBIX HACOCOB IMOJYYaeT TEIUIOTHI CYIIECTBEHHO OOJIbIIIE 3aTPaT SHEPTUU
Ha OCYIIECTBICHHE IMKJAa TEIUIOBOrO Hacoca. [IpuMeHeHue TermoBbIX
HACOCOB MO3BOJIAET UCIIOIL30BaTh B KAYECTBE MCTOYHUKOB TEIUIOTHI HU3-
KOIMOTEHIMAJIbHbIE BTOPUYHBIE TEIJIOBBIE YHEPTOPECYPCHl U BO3OOHOBIISA-

CMbIC HCTOYHHUKHU SHCPTUH.

Tecmogble KOHMPO/IbHbIE 80NPOCHI U 3A0AHUS

1.Yto takoe terora? 2.YTo ABAsSETCA NMPEAMETOM M3YYEHHS] TEXHHUUYECKOM TEP-
MoauHaMuku? 3.YTo Takoe TepMmoauHamuueckas cuctema? 4. HazoBurte BUIBI CH-
CTEM IO YCJIIOBHUSM B3aMMOJEHUCTBUSA C OKPYKAIOLIEW CPEAOU U TAUTE UX XapaKTepu-
ctuky. 5. UTto Ha3pBalOT pabovYnM TEJIOM B TEXHUUYECKOU TepMoanHamuke? 6. Uto
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OOBIYHO HMCTIONB3YETCs B KauecTBe paboyuero Teja B TePMOMEXaHUYECKUX CUCTEMaX U
nouemy? 7. Uto Takoe uaeanbHblil ra3? 8. Ha3zoBuTe mapameTpbl COCTOSHUS TEPMO-
JTUHAMUYECKON CUCTEMBI M JaiiTe ux ompeneneHue. 9.Yrto takoe GyHKIHUUA COCTOS-
Husi? Ha3oBuTe ocHOBHbIE (DYHKIIMM COCTOSIHUA U JaiTe ux omnpenenenue. 10. Yto
TaKoe TEeIUI0eMKOCTh? Ha3oBHTE BHIbBI yAEIBbHON TEIJIOEMKOCTH M MPUBEIUTE HX
pasmepHocTh. 11. OT kakux (akTOpOB 3aBUCHUT yIeibHas TermioeMKocTh? Kakoii
¢dakTop OKa3bpIBaeT HaMOOJIbIIIEE BIUSHUE HAa TEINIOEMKOCTh ra3oB? 12. Kakum obpa-
30M 3a/ar0Tcs ra3oBbie cmecu? 13. IlpuBenuTe COOTHOIICHUSI MEXTy MACCOBBIMU H
00BEMHBIMHU JIOJSIMU KOMITOHEHTOB ra3oBod cmecu. 14. Yrto Takoe mapruaibHOe
JaBJICHUE U IPUBEACHHBIM 00beM KOMIOHEHTa ra3oBoil cmecu? 15. [lpuBenurte BbI-
paKeHUs I OTpEeIeIICHUsI XapaKTepUCTUK razoBoi cmecu. 16. [lpuBeaure ypaBHe-
Hue Knanelipona-MeHnneneeBa fuist | Kr raza v Juist IpOU3BOJIBHOTO KOJIMYECTBA Iasa,
BBIPQ)KEHHOI'O Maccol W B KwioMoisix. 17. Yrto coOoii mpeacraBisieT ra3oBas Io-
CTOSIHHAsl M YHUBEpcaibHas ra3oBas noctrosiHHag? [IpuBenure ux pazmepHocTh. 18.
Jaiite popMynHpOBKY U MPHUBEAUTE MATEMATHUYECKOE BBIPAXKEHHE MEPBOr0 3aKOHA
TEPMOJMHAMUKHU JJIs1 3aKpBIThIX cucTteM. 19. Uto coboif mpencTaBiiseT TepMOIuHA-
muueckuit nporecc? 20. B yem 3akimrovaercs pa3inuure paBHOBECHBIX U HEPaBHOBEC-
HBIX, 00OpaTHUMBIX U HEOOpaTUMBIX mporieccoB. 21. HazoBuTe ocHOBHBIE TEpMOMHA-
MUYECKHUE MPOIIECCHl, YKa3aB UX OTIMYUTENbHBIN Mpu3Hak. 22. Jlaiite onpenencHue
MOJUTPONHOrO mpouecca. 23. Kak omnpenensercs TEIIOEMKOCTb IOJIUTPOITHOTO
nporecca? 24. B 4em COCTOMT aHaIM3 TePMOIMHAMHUYECKHX mporeccoB? 25. Kak
OMpeaeNsieTcsl KOJIMYECTBO TEIJIOTHI B MPOLIECCE C UCIOJIB30BAHUEM TEMIOEMKOCTH?
26. Kak B 0011em cirydae omnpesensieTcs MexaHndeckas padoTa, coBepiiaeMas B Mpo-
necce? 27. Kak onpenensercs nu3meHeHne QyHKIIMNA COCTOSHUS B JTI000M mporiecce?
28. Kak Ha3bIBalOT N300pakeHUE 00paTUMBIX TIPOIIECCOB B KOOpAMHATaX P-V U T-S
u nouemy? 29.Yto coboil mpeacTaBisieT KPYyroBOM TEPMOAMHAMUYECKUN MPOIIeCC
wi uukna?  30. B yeMm cocTOMT OTiIM4Me MpsSMOro M odpatHoro 1ukia? B kakux
ycTpoiicTBax oHU peanusytotrcsi? 31. Kakum nokazartenem oneHuBaercs 3QGeKTuB-
HOCTb MPSIMOTO LIMKJIA U UTO OH co0o# npeacrapiser? 32. KakuMm nokasaTesnem orie-
HUBaeTcs 3PGEeKTUBHOCTh OOPATHOTO IMKJIA M YTO OH coOoil mpezacTaBiser? 33. B
YeM 3aKIII0YaeTCsl CyTh BTOPOro 3akoHa TepMoanHaMuku? IlpuBeaure matemaTuye-
CKO€ BBIpKEHHUE BTOPOTO 3aKoHA TepMmoauHamMuku. 34. YUto Takoe ¢da3oBbie mepe-
XOJIbl BEIIECTBA U C YeM OHM cBsizaHbl? 35. HazoBuTe BUIBI Mapa U JalTe UX OMpe-
nenenue. Yto Takoe TemiaoTa mnapooOpa3oBaHUs U OT 4ero oHa 3aBucut? 36. HazoBu-
T€ OCHOBHBIE XapaKTEPUCTUKU BIAXKHOTO Bo3ayxa. 37. [IpuBenure HhopmMyaupoBKy U
MaTeMaTUYeCKOe BhIpaXKEHHUE MEPBOT0 3aKOHA TEPMOJIMHAMMKY JUIsl IOTOKA rasza. 39.
Yro Takoe KpUTHUECKasi CKOPOCTh, M KaK OHa OMpeAeNseTcs Mpu aanabaTHOM UCTe-
yeHuu raza? 40. Uto Takoe ApoCCETUPOBAHUE U KaK U3MEHSAETCS TEMIleparypa pe-
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aNBHBIX Ta30B TpH ApoccenupoBanun? 41. [IpuBenure NPUHIUIUATBLHYIO CXEMY U
IIUKJI TIApOBOH KOMIIPECCOPHOM XOJIOAMJIBHOH yCTaHOBKH. [losSICHWTE NpHHIMI ee
neiictBusa. 42. UTo HMCIoiIb3yeTcss B KauecTBE XJIaJ0arcHTa B MapOKOMITPECCOPHBIX
XOJIOMUIBHBIX ycTaHOBKax? 43. Onuiiurte NMPUHLIMN JSHCTBUS aOCOPOIIMOHHON XO-
noaAwIbHOW ycTaHOBKHU. 44. Uto co0oil npeacrapisieT TermioBol Hacoc? C kakoil 1e-
JBI0 WCTIONB3YIOTCS TEIIOBbIe Hacochl? 45. Kakum mokasareneM oreHuBaeTcs d¢-
(heKTUBHOCTH TETNIOBOTO HACOCA U KAaKOBO €T0 BhIpaKEHNE?

OCHOBbI TEII'TIOOBMEHA

9. O0mue cBeACHHUA O TEILJIO0OOMEeHe

Tennooomen — caMonpOU3BOJIbHBII HEOOpPATUMBIN HpoLEece MepeHoca
TEIUIOTHI B IPOCTPAHCTBE C HEOHOPOIHBIM IIOJIEM TEMIIEPATYP.

Temnepamypnvim nonem Ha3bIBACTCS COBOKYIHOCTb 3HAYECHUM TEMIIE-
paTyp B JaHHBIM MOMEHT BPEMEHHM BO BCEX TOUYKaxX NPOCTpaHCTBa. Ecin BO
BCEX TOYKAax IPOCTPAHCTBA TEMIIEPATYPbl OJMHAKOBBI, TO TaKOE TEMIIEpa-
TYpPHOE I10JI€ HA3bIBACTCS OOHOPOOHBIM, B IPOTUBHOM CIIy4ae — HEOOHOPOO-
Hbim. ECiy TeMiiepaTypHOE II0JIE HE MEHSIETCSl CO BPEMEHEM, TO TaKOE I10JIe
HA3bIBACTCSA CHMAUUOHAPHBIM, B IDOTUBHOM CIIy4ac — HECHAUUOHAPHBIM.

Kpome 3HaueHnit remimeparyp TEMIIEpATypHOE MOJIE XAPAKTEPU3YETCS
IPagUEHTOM TeMIeparypsl. I paouenm memnepamypsl XapaKTepU3yeT
UHTEHCUBHOCTb U3MEHEHUS TEMIIEPATYPBI B MPOCTPAHCTBE U MPEICTABIISA-
€T coOOM BEKTOp, HAIPABJICHHBIA MO HOPMAIU K M30TEPMHUUYECKOUN MO-
BEPXHOCTU B CTOPOHY YBEIMYEHUS TEMIIEPATYpPhI, CKAISIPHAs BEIWYWHA
KOTOPOr0 paBHA YAaCTHOW IMPOU3BOAHOM OT TEMIIEPATYpPhI MO HAIIpaBJie-

HUIO HOpMau. ToO ecTh
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gradT =n, 2—; JK/m (el m), (9.1)

rae Ny — eTMHNYHBINA BEKTOP, HAIIPABJIEHHBIM 110 HOPMAIU K U30TEPMHU-

YECKOHM MOBEPXHOCTHU B CTOPOHY BO3pACTaHUS TEMIIEPATYPHI.

OCHOBHBIMHU KOJMYECTBEHHBIMU XapaKTEPUCTUKAMHU IPOIECCOB TEII-
JIONIEPEHOCA SABIISIIOTCSA HIENA060H HROMOK W NIAOMHOCHIL HIENn1068020
nomoka.

TenmoBoit moTok Q mpencrtaBisgeTr coO0N KOIUYECTBO TEIUIOTHI Mepe-
JaBaeMoe 4Yepe3 Kakyro JTMOO MOBEPXHOCTh B €IUHUILY BPEMEHU U UMEET
Pa3MEpPHOCTh MOITHOCTH — BT.

[110THOCTH TETJIOBOTO MOTOKA ( MIPEACTABIISIET COOO0M TEIJIOBOM MOTOK,
MPUXOAAIINNCS HA €AUHUIY IUIOLIAAN MOBEPXHOCTH, YEPE3 KOTOPYHO OH

IMpOXOaHUT. To ecThb

ng—g , BT/ m?, (9.2)

WJIK IIpU pAaBHOMCEPHOM PACIIPCACIICHUN TCIIJIOBOI'O IIOTOKA ITO ITIOBCPXHOCTHU

ng , Bt/ M. (9.3)

IJTOTHOCTH TEMJIOBOTO MOTOKA — BEIWYMHA BEKTOPHAs, U  BEKTOP
IJIOTHOCTHU TEIUIOBOTO MOTOKA HAIPABJIEH B CTOPOHY MPOTHUBOIOJIOKHYIO
IrPagyeHTy TEMIEPATYyphl, TO €CTb B CTOPOHY YMEHBIICHUS TEMIEPATYpPhI

10 HOPMAJIM K H30TEPMUYECKON MOBEPXHOCTH.
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T+ AT

T-AT

Puc. 9.1. K omnpenenenuro rpagueHTa TEMIIEPATYPHL.

TennooOMeH ABISETCS CIOXKHBIM MPOLECCOM, KOTOPBIM B 00ILEM CITy-
4ae OCYIIECTBIIETCS MENna0npPO8OOHOCHIbIO, KOHEEKMUBHBIM MENna000-
MEHOM VI MeNn1000MeHOM UZTLYYUEHUECM.

Tennonposoonocms — MOJEKYJSPHBINA CIOCOO MEpeHoca TEIIOTHl B
CIUIOIIIHOM CpeAe NMpU HAIWYHUM TPaJUECHTa TEMIEPATypbl MOCPEICTBOM
TEIJIOBOTO JIBMXKEHUSI MUKPOYACTHUI] U OOMEHAa KUHETHUYECKON SHepruei
IPU UX HEMOCPEICTBEHHOM B3aUMOJECHCTBUMU.

Koneexkmuenwtii mennoodOmen OCYUIECTBIIETCS COBMECTHBIM JEH-
CTBHEM MOJIEKYJISIPHOTO MEPEHOCA TEIUIOTHI — TEMJIONPOBOAHOCTH U KOH-
BEKI[MU — TMEPEMEIIMBAHUsI MAKPOOOBEMOB CpPEJIbl C Pa3IMYHON TeMIiepa-
Typoi. KOHBEKTUBHBIN TEIJIO0OOMEH MPOUCXOIUT B TEKYUUX Cpeaax (Kui-
KOCTSIX WJIM ra3ax) C HEOAHOPOIHBIM MOJIEM TEMIIEPATYPHI U CKOPOCTH.

Tennooomen uznyuenuem OCyIIECTBISICTCS 3a CUET JIBOMHOIO Mpeodpa-
30BaHMS SHEPIUU: NPEBPALLICHHS YaCTU BHYTPEHHEW SHEPIUM Tella B SHEP-
TUI0 U3Ty4YeHus (3HEepTrui0 (OTOHOB WIIM 3JIEKTPOMArHUTHBIX BOJIH), pacmpo-
CTPAaHEHHMS DHEPTUU U3ITYUYEHUS B IPOCTPAHCTBE U MOTJIOMIEHUS SHEPTUU 13-
Jy4eHUs APYTUM TEJIOM, IPU KOTOPOM MPOUCXOAUT 0OpaTHOE MpPEBpAICHHUE

SHEPI'HU U3JTYUYCHUS BO BHYTPEHHIOIO DHEPIHIO Tea (Cpe/ibl).
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10. Tem10mpoOBOSHOCTH

OCHOBHO# 3aKOH TEIIONPOBOAHOCTH (3aKOH Dypbe), yCTaHOBIECHHBIN
OMNBITHBIM MYTEM, TJIACUT O TOM, YTO IJIOTHOCTh TEIJIOBOTO MOTOKA, TIEepe-
JAaBAEMOT0 TEIUIONPOBOJHOCTHIO TMPSIMO MPOMNOPIMOHATBHA T'PAAUEHTY
TeMmnepaTypbl. MaTtemaTuyeckasi 3anuch 3akoHa Dypbe BBIMISIUT Cleny-

IOIITUM 00pa3oM:

qg=-4-gradT, (10.1)

rie A - Ko3pUIMeHT TeIUIONPOBOAHOCTH, Bm/ M K.
KoadduineHT TemionpoBogHOCTH XapaKTepru3yeT CIIOCOOHOCTh Bellle-

CTBA NEPENABATh TEIUIOTY TEIUIONPOBOJHOCTBIO U YUCIEHHO PAaBEH IUIOT-
HOCTH TETUIOBOTO ITOTOKA MPU TpajineHTe TemrepaTypsl 1 K/ wu.
Ko duimeHT TernionpoBoJHOCTH OMPEAESETCS ONBITHBIM MyTEM U 3a-
BHCHUT OT CBOMCTB MaTepuasa, TEMIIEPaTypbl, TaBJICHHUS, BIIAXKHOCTH U T. II.
BosbIIMHCTBO 3a/1ad TEIUIONPOBOJHOCTH PEIIAOTCS HAa OCHOBAaHUH
mudepeHInanbsHOr0 ypaBHEHUST TEIJIONPOBOJHOCTH (YpaBHEHHS TEIIO-

npOBOJTHOCTU Dyphe):

oT o°T o0°T 07T
Poiks BN RN
ot ox® oy® oz

, (10.2)

rae a — KodpUIMEeHT TeMIepaTypornpoBOAHOCTH, M/ C |
T — Bpemd, ¢ ;
X, Y, Z — IPOCTPAHCTBEHHBIE KOOPAUHATHI, M.
Koaddurment temnepaTyponpoBOIHOCTH (TeMIEPaTypOIPOBOTHOCTH)
XApaKTCpU3yCT CKOPOCTb HM3MCHCHUA TEMIICPATYPblI B HCCTAIWMOHAPHBIX

npoiieccax TEIIONPOBOJHOCTH U ABJISETCS (PU3MUECKUM MapamMeTpoOM Be-
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mecTBa

a= 2 /e, (10.3)

rae C, — yaenbHasi MaccoBas H300apHas TeMIOeMKOCTs, /o / ke K;

0 — IUIOTHOCTb BELIECTBA, K2 / M’.

Pemenne ypaBHeHus TerionpoBoAHOCTA Dypbe ¢ y4eTOM HaYallbHBIX
Y TPAaHUYHBIX YCIIOBUU IMO3BOJISIET MOJYYUTh KAPTUHY TEMIEPATYPHOTO
noJs. Takoe pemeHne sl HECTAaHOHAPHBIX ITPOLECCOB TEIIOMPOBOIHO-
CTU (HarpeB W OXJIAXKJCHHUE TeJ, NEPUOAUYECKUE MTPOLECCHI) MPEICTABIIS-
€TCSl JJOBOJIBHO CJIOKHBIM U TPOM3BOJUTCA MPUOTUKEHHBIMA U YUCIICH-
HBIMU METOJIAMU.

JIns cTauMOHAPHOIO PEKMMa U OJHOMEPHOT'O TEMIEPATYPHOTO IOJIA
(TUIOCKWE W IUJIMHJPUYECKUE CTEHKH) MOJIYYE€Hbl KOHKPETHbIE (DOPMYIIbI
IUISL pacyeTa IIIOTHOCTH TEIUIOBOTO MOTOKA. B 4acTHOCTH, INIOTHOCTH TETI-
JIOBOTO TTOTOKA, MEPEIaBaEMOTO TETUIOMPOBOIHOCTHIO YEPE3 IUIOCKYIO OJ-

HOPOJIHYIO CTEHKY, HAaXOAUTCA 1o (popmyJie

y)
M —t), 0.
v 5(t1 t,) (10.4)

rae A — Kod(pPuueHT TerionpoBOIHOCTH MaTepualia CTeHKu, Bm/ m-K

o — TOJIIIIUHA CTCHKU, M ,
t, u t,— TeMneparypbl moBepxHOCTH CTEHKH, °C.

3aK0H U3MEHEHUS TCMIICPATYPHI IO TOJIMIUHE CTCHKU ABJISICTCA JIMHEHUHBIM.

Bennuuna # HaspiBaeTcs TEMUIOBOM IPOBOAMMOCTBIO CTEHKH, a 00part-
o
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o
Hasl BCIIMYMHA —— TCIIJIOBBIM WJIKM TCPMHUYCCKHUM COIIPOTHUBIICHUCM CTCHKH.

A
Jlns citydass MHOTOCIIOMHOM IJIOCKOM CTEHKHU U3 N Pa3HOPOJHBIX CJIOEB

pacuetHas ¢popMyJjia UMEeT BHU/I;

q :tln—t;l , (10.5)
3o
T A

0.
rne U ul, ,— Temmeparypbl Ha HapyKHBIX TOBEPXHOCTSX CTEHKH, C ;
5} — TOJIIIUHA I-T'O CJIOS CTCHKH, M |

il — KO3()(PHITUCHT TEILIONPOBOAHOCTH MaTepraia i-ro ciost, Bm/m K.

Kaptuna cranmoHapHOro peXuma TEIJIONPOBOJIHOCTH YEpe3 IIOCKYIO
MHOT'OCJIOMHYIO CTEHKY IpeJicTaBlieHa Ha pucyHke 9.2. [lpu sTom Temmnepa-

Typa Ha ITIOBECPXHOCTHU I-r0 CJI0SI CTEHKU MOKET OBITh Haﬁz[eHa I10 (I)OpMy.]'Ie

o)
tig1 =t — q;‘ (10.6)

i

N

N

~g

TR

Puc. 10.1. TennonpoBOJHOCTH IUIOCKON CTEHKHU
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TerioBo# MOTOK, NEepe1aBaeMbli TETUIONPOBOIHOCTHIO, ISl | M IJTHHBI

HAJIMHIPUYECKON CTEHKHU (TPYObl) pacCUUTHIBACTCS IO opMyJie

g = 274 =) By /| (10.7)
In d /
rae A — Kod(ppuIueHT TeronpoBOIHOCTH MaTepuaa CTeHKku, Bm/ m-K
d , H dl— Hapy>XKHBIK U BHYTPEHHUH JUaMETP TPYOHI.

COOTBETCTBEHHO IJIOTHOCTH TEMJOBOTO ITIOTOKA JJIA BHYTpGHHGfI I10-

BEPXHOCTH TPYOBI

Bm /M. (10.8)
h= d
d, In /

JI11s1 BHEIIHEN TOBEPXHOCTH —

"y Ind/

Pacripenenienue temnepaTypsl MO TOJIMIWHE OWJIMHIPUYECKOW CTECHKH

Bm /M. (10.9)

MPEJCTaBISIET COO0I TorapuPMUUECKyI0 KPUBYIO.

T
1 ¢
=

ter
tere
aﬂ, \
o,

'
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Puc. 10.2. TennonpoBOIHOCTh HWIMHAPUYECKON CTEHKHU

J1J1s1 MHOTOCTIOMHOM HIMJIMHAPHUYECKOU TPyOBbl, UMEIOIIEH N ClIOEB

Zﬂ(tl B tn+1 )

q =
“InTi+
leﬂ,i d,

rae ﬂfl — K03(h(HUIIMECHT TEIIONPOBOHOCTH MaTepuaia i-ro ciost, Bm/m K.

Bm/m, (10.10)

di PR di— HapY>KHBI U BHYTPEHHUM TUAMETPHI I-TO CIIOST TPYOBI.

11. KOHBEeKTHBHBLIN TEeNJI0O00MEeH

[Ipu KOHBEKTHMBHOM TEIJIOOOMEHE HanboJiee pacpOCTPaHEHHBIM SIB-
JsSeTCA Cilay4dald TermiIiooOMeHa MEXIy IOBEPXHOCTBIO TBEPJOTO Tella U
OMBIBAIOIIEH €ro TeKydeil cpenoi (KUIKOCTbIO WM Ta30M), KOTOPBIM
HAa3bIBACTCS Menioomoaueil.

IIOTHOCTE TEMJIOBOTO ITOTOKA MHPU TEIUIOOTAAYE PACCUUTHIBACTCS B
COOTBETCTBUM C 3aKOHOM HproroHa — Puxmana, BbIpakK€HHE KOTOPOTO

UMeeT BU/I;
g=calt. -t ) B/ v, (11.1)
riae & — kodgpuuueHT Termootnauu, Bm / m* K,
t. — Temmeparypa moBepxHOCTH TBEPHOTO TeNa (CTEHKH), °C ;
. — Temmeparypa B sape MOTOKa KUIAKOCTH (32 MPEENaMH TeTl-
0
JIOBOT'O MOTPaHUYHOrO ciost), C'.
Bemmuuny At=1, —1  waseator Temneparypubiv namopom. ITpu

pacueTax €ro BEJIMYMHY IPUHUMAKOT M0 MOIYJr0. TEeIioBOM MOTOK BCEraa
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HAaMnpaBJICH B CTOPOHY MEHBIIEH TEMIIEPATYPBL.

e T

At
tx

e

7

e

Puc.11.1. IInOTHOCTB TEMIOBOTrO MOTOKA MPU TEMIOOTAAYE
Kos(duiuent Temmoornauum xapakTepu3yeT WUHTCHCUBHOCTh KOHBEK-
THBHOTO TEIJIOOOMEHA MEXKIy TEKYUYel Cpesioil M TOBEPXHOCTHIO TBEPIOTO
TeJla U YUCJIEHO PABEH IJIOTHOCTHU TEIIOBOTO MOTOKA MPU TEMIEPATyPHOM
namope 1 K (°C).
Koadduiment tennooriaun 3aBUCUT OT MHOTUX (PaKTOPOB U OOBIYHO
ONPEAEISIETCA C UCIIOJIb30BAaHUEM TEOPUU TTOAO0HS U Pa3MEPHOCTEN.
Hcnonb3oBanue Teopun Moo0ust MO3BOJISIET MPEICTABUTH B 0000IIICH-
HOM BHJE HKCIEPUMEHTAIBHBIE 3aBUCUMOCTH, MOJYYEHHBIE ISl KAKUX-TO
KOHKPETHBIX YCIOBHI U pacIpOCTPaHUTh UX Ha Jpyrue nogoonsie. [Tomo-
Oue yCTaHaBIMBAETCS MO PABEHCTBY OINPEICIICHHBIX O€3pa3MEPHBIX YHCEN
uiu kpurepueB. Kpurtepuu nogodust ¢ puznueckord TOYKU 3pEHUS BbIpa-
KAIOT COOTHOIICHUS MEXAY pa3IuyHbIMU (usndeckuMu 3¢dexramu,
OnpeeAI0IINMU UccienyeMblil porece. Kpurepuu (ducna) moaoous co-
CTaBJISIIOTCSI U3 OMPEACIICHHBIX BEJIMYMH HA OCHOBaHWHU aHanu3a audde-
PEHIMANBHBIX YPABHEHUI MAaTEeMaTHUUYE€CKOW (PU3UKH, OMUCHIBAIOIIMUX pac-

CMAaTpUBAaCMBIC ABJICHHA. OTH 663p3,3MepHBIe KOMIIJICKCHI CBA3aHbI KPUTC-
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pUaTbHBIMU YPaBHEHUSIMH, KOHKPETHBIN BUJI KOTOPBIX 3aBUCUT OT HMCCIIE-
ayeMbIX mpoiieccoB. [Ipu 3ToM Bce KpUTEpUH MOJ00MS MOKHO Pa3IeiuTh
Ha OmpeAe/sieMble, K KOTOPBIM OTHOCSTCS KPUTEPHUH, COACPIKAIINE MCKO-
MYIO BEJIMYUHY W OMPEACIISIONINEe, KOTOPhIE COCTABIICHBI U3 BEJIMYHH, 3a-
JaHHBIX NMPY MaTEeMaTHIECKOM OITMCAHUH MPOIECCOB.

Yucia momoOust MPUHATO Ha3bIBaTh KMMEHAMU KPYITHBIX YYEHBIX B 00-
JIACTU TETUI0OOOMEHA U TUAPOIMHAMUKH.

[Ipu uccnenoBaHnr KOHBEKTUBHOTO TEIJIOOOMEHa Hanbosee 4acTo Hc-

MOJIB3YIOTCA HUXKCIIPUBCIACHHBIC KPDUTCPHUH.

a-l
Kpurepuii (uncno) Hyccenbra NU=——, (11.2)

rae o — ko3 duireHT Temiootaaun, Bm / m * K;
|- xapaktepHsIit pazmep, m ;
A— KO3(P(UIHMEHT TEIJIOMPOBOIHOCTH CPeAbl (KMIKOCTH WM Ta-
3a), Bm/m K .
Kpurepuii HyccenpTa XapakTepu3yeT HHTCHCHBHOCTh KOHBEKTHBHOM

TEIJIOOTJAYM U MO CYIIECTBY SIBJISIETCS Oe3pasMepHBIM KO3 UITMEHTOM

TCIIJIOOTAAYH. OOBIYHO OH SABIISIETCS onpCcaACIBLICMBbIM KPUTCPUCM.

Ap
=

yolt]

Kpurepuii Ditnepa Eu =

(11.3)

rae AP — nepenan nasnenus, Ila |
© — INIOTHOCTb XKUAKOCTH, K2 / M’ ;

(@ — CPEIHsSI CKOPOCTh KUJIKOCTH B MOTOKE, M / C.
Kpurepnit Dunepa xapakTepuzyeT COOTHOLICHUE CUJI JABJICHUS U CHII

150501007078
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Kputepuii Peiinonsaca Re=—, (11.4)

I7€ (@ — CPEJHSSI CKOPOCTh KUJIKOCTHU B MOTOKE, M / C |
|- xapakrepHsIit pazmep, u ;
V — KMHEMaTu4decKas BI3KOCTb, M2/ C .
B kadecTBe XapakTepHOIro pazmepa IpU ONPEAETICHUN Ynuciaa PernHomb-
7ica OOBIYHO MPUHUMAETCS TUAPABINYECKUN THAMETP.
Kpurepuii PeitHonbaCca XapakTepu3yeT pexUM JBUKEHUS KUIKOCTU U

BbIPpAXAaCT COOTHOMICHHUC CHUJI MHCPLUHUHU WM CHUJI BA3KOI'O TPCHHA B IIOTOKC

KUIKOCTH.

Kpurepuii [Ipanaris Pr=—, (11.5)

| 4
a
rIe V — KHHEeMaThu4yecKas BSI3KOCThb, M2/ C

a — K03 (PUIUEHT TeMIIepaTypOnpOBOJHOCTH, M*/ C .

KoaduuumeHt remnepaTyponpoBOIHOCTH ONIPEACIISIETCS BhIpaXKCHUEM

A
C,P
rae A — Ko3(pPUIHEHT TeITUIONPOBOIHOCTH CpeAbl ((KUAKOCTH WM Ta-
3a), Bm/m K,

C, — yAeJIbHas MaccoBast n300apHas TEIIOEMKOCTb cpefibl, o / ke K,

© — IUIOTHOCTb CpeAbl, k2 /M’ .

Kpurepuii [Ipannris oTpaxkaeT mojgodue moyie remmnepaTyp U CKopo-
CTE! TeKyudeW Cpelbl U MO CYIIECTBY SIBISETCS TEIUIOPU3NUECKON Xapak-

TEPUCTUKOU CPEJIbI.
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|3

Kpurepwuii I'pacroda Gr=gp -At—, (11.7)
1%

riae J — YCKOpeHHe CBOOO HOIO majeHus, m / c? ;|
£ — TeMIepaTypHbIi K0d(QGHUIUEHT 00bEMHOI0 pacupenus, (s

raza p=1/T), K.

At — TeMneparypHbIi HaIop, °C;
| — xapakrepHbIii pazmep, M ;
V — KUHEeMaTu4ecKas BsI3KOCTb, M’/ ¢
Kputepuit I'pacroda xapaktepusyeT COOTHOIIEHUE MOIBEMHOU CHUJIBI,
BO3HUKAIOUIECH BCIIEACTBUE PA3HOCTU IUIOTHOCTH JKUIAKOCTU C PAJIMYHOU
TEMIIEPATYPOU, U CHJI BA3KOT'O TPECHUS.

Jlns pacdera kodduiMeHTa TEIIOOTauld B YCJIOBUSAX €CTECTBEHHOU

KOHBEKIIMH OOBIYHO MCIIONB3YIOT KPUTEPaIbHbIC YPaBHEHUS BH/1a
Nu = B(Gr, Pr)", (11.8)

rae kodgdunueHT B W mokazaTenb CTENeHH N 3aBUCUT OT KOHKPET-
HBIX YCJIOBHUH TEII000MEHA.
B wacTHOCTH, 1J11 TOPU3OHTAIBLHON TPYObI KpUTEpUATLHOE YpaBHEHUE

npu Re = 5...1.10° umeer BUJI
Py 025
Nu = 0,5(Gr - Pr)%?> (—) , (11.9)
P
rae kpurepun Gr v Pr ONpenensitoTcs Ajs TEMIIEPATypPhl CPEIBI 3 TIpe-
JIeJIaMU TTIOTPAHUYHOTO CJIOS, TO €CTh B SIAPE MTOTOKA OMBIBAIOIIEH KUIKO-
CTH, a P1.. — 11 TeMnepaTypbl CTEHKHU (Hapy»XHOW MOBEPXHOCTHU TPYOHI).

[TonyuuB 3Hauenue kputepusi Hyccenbra, koappuumeHT temiooraa-

91 HaXOAAT 110 hopMyIie
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a@=—-, (11.10)

rie d — HapyXHbIA ITUamMeTp TpyObl B METpax, KOTOPHIM B JAHHOM

ClIydae SIBJISICTCSl XapaKTEPHBIM Pa3MEpPOM.
12. Tem1000MeH M3J/IyYeHUEM

Kak ObuI0 OTMEUEHO BbIlIE, B MPOLECCE TEMIO00OMEHA H3IyYEeHUEM
IIPOUCXOIUT JIBOMHOE NpeoOpa30BaHUE SHEPrUU: MPEBPALICHUE YacTH
BHYTPEHHEN SHEPIrUM B YIHEPTUIO UBIIYUYEHHUS (SHEPTHUIO 3JIEKTPOMArHUTHO-
ro MoJisl) Y U3JYyYarolllero Tejla U MPEBPAIIECHUSI YSHEPTUU U3ITYUCHUS, O-
IIaJTAOIIEN HA TEJIO B €T0 BHYTPEHHIOK JHEPIHUIO, TO €CTh TEILIOTY.

[Ipu TennooOMeHe U3IIyYeHHEM MEPEHOC PHEPTUU B IPOCTPAHCTBE IIPO-
VCXOJUT B BUJE DHEPIUU DIEKTPOMATHUTHOTO ITOJIsI, UMEIOLIETO KBAHTOBO-
BOJIHOBYIO CTPYKTYypy. Bce mpupoaHbie Tena ¢ TeMnepaTypoil BhIlIe adco-
JIIOTHOTO HYJIA U3Ty4YaroT U MOTJIOMIA0T SHEPTHIO B BUJIE KBAHTOB AJIEKTPO-
MarHuTHOTO MOJisi. BOJTHOBBIE CBOMCTBA 3JIEKTPOMArHUTHOTO TOJIA MPOSIB-
JISIFOTCSL B TOM, YTO M3JIyYEHHE XAPAKTEPU3YETCsl JJIMHOM BOJIHBI M YaCTOTOU
kosie0aHuil. HTEHCUBHOCTDh M XapakTep M3JyYeHHUs 3aBUCUT OT TEPMOJIH-
HAMUYECKOM TEMIEPATypbl U ONTHYECKUX CBOWCTB Tena. IIpm stom, yem
BBIIIIE TEMIIepaTypa Teja, TeM OOJIbIIE SHEPrus U3IyUYEHUs, MOITOMY B CH-
CTeME TeJl C Pa3IMYHON TemrepaTypoul mpu TErI00OMEHe M3JIy4eHHUEM Iie-
PEHOC TEIIOTHI POUCXOAUT OT 00JIee HArPETHIX TE K MEHEE HAarPEThIM.

Crektp usnydeHusi y OOJBIIMHCTBA TBEPBIX WIN KUIKUX TEJ SIBISCT-
Csl CIUIOIIHBIM, TO €CTh 3TH TE€Ja U3Jy4YarOT SHEPTHUI0 BO BCEM JIHAMNA30HE
JUTMH BOJIH. /{711 YMCTBIX METAJJIOB M ra30B XapaKTEPHO CEJIEKTUBHOE (M3-

OuparenbHOE) U3TYYEHHUE, TO €CTh Y HUX CIEKTP U3TYyUYEHUS JIMHEeUUaThIN.
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B 3aBucMMOCTH OT IJIMHHBI BOJHBI M3JIYYE€HHE YCIIOBHO JICIIAT Ha ClIe-
ayromue Buabl: kocmuueckoe (A, = 0,05 nm); y — usnyuenune (4, = 0,5
...1 nm); peatrenoBckoe (A, = 1 nm ...20 wm); ynpTpaduoneroBoe (A, =
20 Hm ...0,4 mxm); Bugumoe (A, = 0,4 ...0,8 mxm); nuadpakpacHoe (A, =
0,8 mxm ...0,8 mm); u paguoBoHbL (A, > 1 MM).

[Ipu TermmooOMeHe M3TyYeHHEM OCHOBHOE KOJHWYECTBO SHEPIUU Iepe-
HOCHUTCS B AuanazoHe JuH BoyH 2 = 0,8 mxm ... 0, 8 mm (uHppakpacHoe
WJIM TETJIOBOE U3JTyUYEHHUE).

N3nydenne y TBEPABIX U KUIKUX TEJI MIPOUCXOJIUT C MX IMMOBEPXHOCTH.
[Iporecc m3aydeHNs ra30B SABISAETCS OObEMHBIM.

OCHOBHBIMHU KOJWYECTBEHHBIMH XapaKTEPUCTUKAMH TIpoIlecca U3myde-
HUS SIBJITFOTCS TIOTOK M3JIYYCHHS U IDIOTHOCTD IMMOTOKA MU3ITYUCHHUS.

Iomox usnyuenua Q (Bm) npencrapiser coOOH dHEPIUIO HU3ITyde-

HUSI, IEPEHOCUMYIO Yepe3 KaKyr0-Tu00 MOBEPXHOCTh B €IMHUILY BPEMEHHU.
Iosepxnocmnan niomnocmes nomoka usaydenus (AHTErpaibHas) E
(Bm/ m*) paBHA TTOTOKY M3Iy4YEHUs, MPUXOIAIIEMYCS HA SIUHUITY TUTOIIA-
11 TIOBEpXHOCTHU F , uepe3 KoTopyro OH MPOXOIHUT.
E— %; Uil E = aQ,
F dF
[Ipu TermiooOMeHe M3TydYeHHUEM YacTh MOMAJAOIICH Ha MOBEPXHOCTH

TeJla JIyYUCTOM SHEPruM MOXKET moryomarses tenoM (E,), gacte otpa-

xatbca (E;), a yacTe mpoxoauts depes Teno ( ED ). ITo BocnpusiTHto J1y-

YUCTOM PHEPIUU TEJNO XapakTtepusyercs Kod(hPuIUeHTaMH MOTJIOMICHUS
(4), orpaxkernnst (R ) u mponyckanus (D ), 3HaYCHUS KOTOPBIX OIpeIes-

I0TCS 10 (hopMyJIam:
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3necs E,E,,E,E, — COOTBETCTBEHHO IMIOTHOCTH, MAJAOLIETO HA

MMOBEPXHOCTh TEJIa, MOTOKA HU3JIyYEHUs], MOTJIOMIEHHOTO, OTPA)KEHHOTO W
MPOMYIIEHHOTO YEPE3 TEJIO.

[Ipu stom A+R+D = 1.

Teno, anst kotoporo A=1, Ha3pIBalOT A0OCOIOTHO YEPHBIM; €Clii R =1,
TaKOE€ TEJIO Ha3bIBAIOT 3€PKAJbHBIM WJIM a0CONIOTHO OenbiM; eciu D =1,
TE€JIO Ha3bIBAIOT A0COJIIOTHO MPO3PAYHBIM.

B npuposae abcomr0THBIX TE€I HET, U BCE Teja cuuTaroTrcs cepbiMu. Ce-
pbI€ TeJa XapaKTEPU3YIOTCS CTENEHbIO YEPHOTHI, KOTOPAsk paBHA OTHOIIIE-
HUIO TJIOTHOCTH MOTOKA COOCTBEHHOTO HM3TYyYEHHUS K IUIOTHOCTH TMOTOKA

M3JIyYEHHS a0COIOTHO YEPHOTO TeJa IMPH TOM Ke TeEMIIepaType

&E=—-
EO

B cooTBeTCTBUM C 3aKOHOM Knpxroq)a OTHOIICHUC IINIOTHOCTHU ITOTOKA
H3JIYYCHUS K €Tro KOS(l)(pI/II_II/IEEHTy IMOTJIOIICHUA IIPH I[aHHOfI TeMIICPATypC
HC 3aBUCUT OT MNPUPOAbI TCJIa U PABHO IIOTOKY H3JIYYCHUA a0COJIFOTHO

YEPHOTO TeNa MPU TOU KE TEMIIEPATYPE :

N3 3akona Kupxroda ciemyer, 4To CTE€NEeHb YEPHOTHI CEPOTO Teia
paBHa ero K03 PHUIMEHTY MOTJIONICHUS, TO €CTh & = A.

[Ipu pacuerax TenaooOMeHa U3TyYeHUEM B OCHOBHOM MCTIOJB3YIOT 3a-
koH Credana-bonbimana, 3akod Kupxroda u 3akon Jlambepra.

3akoHn Credana-boybliMaHa yCTaHaBIMBAET CBA3b MEXKIY MIOTHOCTHIO
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MOTOKA M3JTyYeHHs aOCOJIIOTHO YEPHOTO TEJIa M ero TeMIeparypoi. Mare-

MaTHU4YECKaid 3aIlluCh 3TOIro 3aKOHa UMECT BU /.

T
E.=oc T’ E . =c,| — |, 12.1
0 0 W 0 °l 100 ( )

rae O, — IOCTOSIHHAs U3Iy4eHUs a0COIIOTHO YEPHOIo Tea
-8 2 pray.
(0,=567-10"Bm/m"-K");
C,— K02 puueHT usirydyeHnus abCoI0THO YEPHOTO Teja
2,4
(¢, =567Bm/m”-K")
Jns ceporo Tena 3akoH CredaHa-bonbiiMaHa 3amuchIBaeTCs CIEAYIO-

IIIUM 00pa3oM:

T 4 T 4
EesE =¢ | =g.c[ ], 12.2
0 (100) ¢ °(1ooj (12:2)

rae C=¢& - Cy — KoapPpuuneHT U3aydeHus CEporo Tena;

& — CTEIECHb YEPHOTHI CEPOrO TENA.
3akoH JlambOepra ycTaHaBIMBAE€T 3aBUCUMOCTh MHTEHCHUBHOCTH H3IY-

YCHUA OT €0 HAIIPABJICHHUA 110 OTHOIICHHUIO K ITIOBCPXHOCTHU U3TTYUCHHA.
E,=E,-cosp,

rac E(p — INIOTHOCTDb IIOTOKA H3JIYUYCHHA B HAIIPpABJICHHHU, COCTABJIATO-

meM yroji ¢ 1o OTHOIICHHIO K HAIIPABJICHUIO HOPMAJIN K HBquaCMOI;‘I I10-

BEPXHOCTU;
En — IUIOTHOCTH MOTOKA U3IyYEHUs B HAINPABICHUM HOPMAaJU K U3Iy-

4aeMOU ITOBEPXHOCTH.

PacueTsl TemooOMeHa HU3JIY4CHUCM OOBOJIBHO CJIOKHBI. AHanuTuue-
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CKME PEUICHHS TOJIYYEHBI JIAIIb JUISI HEKOTOPBIX MPOCTEUINHNX CIy4YaeB.
OOBIYHO TJIOTHOCTH MOTOKA, MEPEaaBaeMOro U3JIyYCHUEM MEXKITY JIBYMs
MMOBEPXHOCTSIMU B MPO3PAYHOI Cpesie, ONPEeNeIstoT o Gpopmylie

T 4 T 4
Ees c.of 1| [ Lo 123
» 20" P 100) 100 (12:3)

rae &,, — NPUBEJCHHAS CTCIICHb YCPHOTHI CHCTCMBL,
@ — K03ppuureHT o0y4yeHHOCTH (YIJIOBOM KO3(pPULMEHT), 3aBU-

CfIIU,'HfI OT B3aUMHOTI'O PACIIOJIOKCHUA HOBCpXHOCTCfI.

(DOpMy.III)I AJIA pacdcTa Enp n @ [j COOTBETCTBYIOIINUX CHCTEM TCII-

7000MeHa N3TYYCHHEM MOYKHO HaNTH B CTICIIMAIIBHOM JINTEPATYpE.

13. Telmorlepe,aaqa U OCHOBBI pacdeTa TEeNnJI0O0OMEHHUKOB

TGHHOHGpGI{&‘ICﬁ Ha3bIBAKOT IPOUCCC IMECPCHOCA TCIUIOTBI OT 0I[HOI>1

cpenbl (TEMIOHOCUTES) K IPYTOM Yepe3 pa3IesIonly0 CTCHKY.

B To0 xe BpeMs CJIICAYCT OTMCTUTL, YTO 4aCTO TCPMHH " TCIUI0IICpCaa-

ya" HCIIOJIb3YCTCs B 0oee IMPOKOM TOJIKOBAHHUHU, KOI'lJd 11OA TCILIOIICPC-

Jadyei MOHUMAIOT JIF00O0H TpoIlece TeII000MeHa.

OCHOBHO€ YpaBHEHHUE TEIJIONEPEIaul UMEET BUL:

Q=K-F-At, (13.1)

rae Q — TemioBoi NOToK, Bm |
K — ko3 dunirieHT Teronepenayu, Bm/ »*K ;
F — muiomais moOBEpXHOCTH TEIUIONEPEaAdH, »’;

At — TeMIepaTypHblid Hanop (pa3HOCTb TEMIIEPATYP TEIJIOHOCH-
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Tenei), ’C .

Koaddurment temnonepenaun xapakTepu3yeT HHTEHCUBHOCTH IPO-
1ecca Terionepeaayd U YUCICHHO PaBEH IUIOTHOCTH TEIJIOBOTO MOTOKA
IIpU TEMIIEpaTypHOM Hamope 1 °c.

s MIIOCKOM pa3fefisroel CTeHKH Ko3((UIMEHT Teruionepeaadn

paccuuThiBaeTCA 1Mo Gpopmyiie

1
K 1 5 1 (13.2)
a, A a,

rae o, &, — KO3QOUIHMEHTHI TEIIOOTAAa4H C OJHOW U APYrOl CTOPO-

A4 2
HbI pasjenstonieii crenku, Bm/ m° - K;
O — TOJIIIMHA CTCHKH, M
A — Kod(QUIMEHT TEIUIONPOBOAHOCTH MaTepuana CTEHKH,

Bm/lm- K.

JIJ1s1 MHOTOCJIONHOM CTEHKHM U3 N CJI0EB

1

K= , 13.3

1 o o 1 (13.3)
—+>, 4+

a 1 A a,

e é‘l ,ﬂvl — TOJIIMHA U KO3()(DHUIIMEHT TEIJIOMPOBOJIHOCTH | -0 CJIOS

CTCHKMU.

B ciydae nunmmHapUdecKor pa3Aessionied CTEHKU MOJIb3YIOTCS JIMHEW-
HBIM KO3 (UIIMEHTOM TeIulonepeayu Kl , Bm/m-K, KOTOpPBIM IIpU

MHOT'OCJIOMHOM CTEHKE pacCUMThIBAETCA 1Mo popmyiie
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1

K, = 13.4
' 1 a1 d, 1 (134)
> In" 4
ad, T2 d a,d_,
31ech di 17| di 4 — BHYTPEHHUH M HAPYKHBIM JUAMETPHI (-0 CJIOS

CTCHKH.

IIpy wucnonap30BaHUU JHUHEHHOro Ko3¢@duiueHTa Teronepeaadn
yACNbHBIN TETIOBOM MOTOK, MPUXOASAIIUNACS HAa 1M JIJIMHBI, TPyObl HaXO-
IAT 110 hopMyJie

q =K, -At-7 ,Bm/m, (13.5)

rae At— TeMmIeparypHblii Harmop (pa3sHOCTh TEMIIEPATYP TEIIOHOCUTE-
oy 0

neit), C.
Koo durenT termmonepenayd OTHOCHTENLHO PACUETHON MOBEPXHO-

CTH B 3TOM CJIy4a€ HAXOOAT CJICAYIOIIUM 06pa30M .

KZ%,BM/MZ'K, (13.6)

rae  d — amaMeTp pacyeTHOM IOBEPXHOCTH, M.

413

Puc. 13.1. Tennonepenaya yepe3 NUINHIPUUECKYIO CTEHKY
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Jlns mepeaauu TemIOThl OT OJHOTO TEIJIOHOCUTENS (TOpSAYEro) Apyro-
My (XOJOJHOMY) HCHOJIb3YIOTCSl TEIJIOOOMEHHBIE amlaparbl — mena0oo-
MEHHUKU.

ITo IMPUHIHUITY I[GfICTBI/IH TEIUIOOOMEHHHUKHU ACIIATCA Ha PEKYIICPATHUB-

HBIC, PECTCHECPATHUBHBIC U CMCCUTCJIBbHBIC.

B pexynepaTuBHbBIX TEIJIOOOMEHHUKAX MEPEHOC TEIUIOTHI OT OJHOTO
TEIUIOHOCUTEIISI K IPYTOMY MPOUCXOIUT YEPE3 Pa3LEIAIONIYIO CTCHKY.

B perenepaTuBHBIX TEIIOOOMEHHUKAX XOJOAHBIM U TOPSAYUNA TETIOHO-
CUTEIM MOOYEPEAHO IMOCTYNAlOT B TEIMIOOOMEHHBIN ammapaT WIH €ro
yacTh. [Ipr 3TOM TEmIOOOMEHHUK BBICTYMAET KaK aKKyMYJISITOpP TEIJIOTHI,
KOTOPBIM HAKAIUIMBAET €€, KOrJAa B HEM HAXOJUTCS TOPSYUN TEIJIOHOCH-
TEJIb U OTHAET €€ XOJIOJHOMY TEIJIOHOCUTEI0, KOTJa OH IOCTYIIAET B TEII-
71000MeHHUK. TUMMMYHBIM MIPUMEPOM PETCHEPATUBHBIX TEIII0O0OMEHHUKOB
ABJISIIOTCS BO3[yXOHArpeBaTeIu B ra30TypOUHHBIX YCTaHOBKAX.

B cMecuTenbHBIX TEMIOOOMEHHHMKAX MEPEHOC TEIJIOThI OT TOPSIYEro
TEIJIOHOCUTEIA K XOJIOMHOMY OCYLIECTBIISIETCA NPU HX HEMOCPEICTBEH-
HOM KOHTAaKT€ M CMeIIUBaHUM. [[puMepamMu Takux TEMI00OMEHHUKOB SIB-
JISIFOTCS CMECUTEIIBHBIE KOHJEHCATOPBI, TPAJAUPHU U T. II.

Haubonee mmpokoe pacnpocTpaHEHUE HAIIM PEKYNEepaTUBHBIE TeEIl-
JOOOMEHHHKHU, KOTOPbIE€ KIACCUPUIUPYIOT 10 Ha3HAYEHUIO, POAY TEIUIO-
HOCUTEIICH, XapaKTepy WX JBUKEHHS OTHOCUTEIBHO TEIUIONEPENAOIICH
NOBEPXHOCTH W MO OPraHU3alMU JBHKEHUSA TEIIOHOCHUTENEH OTHOCH-
TEJIBHO APYT ApyTa.

Pacuerbl TEmIOOOMEHHBIX anmapaTroB BKJIOYAIOT TEIUIOBOW pacyer,
TUAPaBINYECKUE, KOMIIOHOBOYHBIE U IPOYHOCTHBIE PACUETHI.

OcHOBHOM 3a71a4eil TEMJIOBOTO pacyeTa TEeIMI000MEHHUKA TP €ro mpo-
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CSKTUPOBAHUH SBJISCTCS ONPEICIICHUE TUIOMAIN TTOBEPXHOCTH TEITIOOOMe-
Ha JIJIs 3aJJaHHOM TEIJIOBOM MOIIMHOCTH TEITIOOOMEHHHKA (TEIIOBOTO IT0-
TOKa, IIEpPeaaBacMoro 4epe3 MOBEPXHOCTh TertoooMeHa). [Ipu mposepou-
HBIX pacdeTax OOBIYHO IS 3aJaHHBIX KOHCTPYKTHUBHBIX ITApaMETPOB TCII-
J000MEHHHKA ONPEACIACTCS TEIJIOBOM IOTOK, IIepelaBaeMbId depe3 Io-
BEPXHOCTh TEII0OOOMEHA, WM TeMIICPaTyphl TEIIOHOCUTEIICH Ha BBIXOC
W3 TEII000MEHHHUKA.

TennoBoi pacyeT TEIIOOOMEHHUKA BEIYT C MCIIOIh30BaHUEM ypaBHE-
HUS TETUIOBOTO OaylaHca W OCHOBHOT'O YpaBHEHHS TEIUIONEepeadu. Y paB-

HEHHE TEIJIOBOro OajlaHca UMEET BHU/

Ql = QZ +Qn0m J (137)

rjae Ql — TEMJIOBOMW IOTOK, OTJABA€MbBIM TOPSYUM TEILNIOHOCHUTEIIEM,
xkBm,

Qz_ TEIUIOBOM MOTOK, BOCHIPUHUMAEMBbIA XOJIOAHBIM TEIUIOHOCUTE-
jeMm, kBm,

Qnom — MOTEPHU TEIUIOTHI B OKPYXKAIOUYIO CPENY B €IUHUILY BpeMe-

HU, kBm.

Y4uuThiBasg, YTO BEJIMYHWHA TEIUIOBBIX IMOTEPh Maja IO CPABHEHHUIO C
TEIUIOBBIM ITIOTOKOM, IIepelaBacMbIM Yepe3 ITOBEPXHOCTh TEIIOOOMEHa
MEXIY TEIJIOHOCUTEIISIMM, YacTO ypaBHEHHUE TEIJIOBOTO OajlaHCa UCIIOJIb-

3yIOT B BU/JIC

Q:leQz-

31ech BEIMYUHY Q MOXHO CYMTATH TEMIOBON MOIIHOCTBIO TEILIOOO-
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MEHHHKA.

Kak nmpaBumo, nporecc TernaoooMeHa B TEINIOOOMEHHUKE OCYIIIECTBIIS-
€TCsl TIPU TIOCTOSTHHOM JIaBJICHMH. B 3TOM cilydae KOJIMYECTBO TEIUIOTHI,
OTJIaHHOE WJIM TIOJIYYCHHOE TEIJIOHOCHTENIEM, MOYKET OBITh HaWIEHO IO
Pa3HOCTH DHTANBIIUNA TEIUIOHOCUTENICH Ha BXOJI€ W BBIXOJE M3 TEIUIO00-
MEHHUKa U YpaBHEHUE TEIUIOBOTO OajaHCa MOXKET ObITh 3allMCAHO CJICTY-

IOITUM 00pa3oM:
Q=m, (i, —1))=m,(i; -1;) , (13.8)

rne M, m M, — maccoBeIii pacxos 4Yepe3 TEIIOOOMEHHHMK, COOTBET-
CTBEHHO, TOPSYETO M XOJIOJHOTO TETUIOHOCHUTENS, K/C;
il' U i1” — yJieJIbHAsI SHTAJIBIIUS FOPSYETO TEIJIOHOCUTENS, COOTBET-
CTBEHHO, Ha BXOJIC M BBIXOJIC U3 TCIIOOOMEHHHUKA, K/[oic/Ke,

=/ -/
|ZI/I I2— yIenbHAsA SHTANBIUSA XOJOAHOIO TEIUIOHOCUTEIS, COOT-

BETCTBEHHO, HAa BXO/I€ U BBIXO/JI€ U3 TEINIOOOMEHHHUKA, K/[oc/Ke.
[Ipu otcyTcTBUM (pa30BBIX MPEBPAIICHUI TEIIOHOCUTEIEH B TEMI000-

MEHHHMKE YpaBHEHUE TETUJIOBOTO OajaHca MOXKHO 3alKcaTh B BUJIE
Q=mpc,(t —t)=myc,,(t; -t;) (13.9)
rae C, uC,, — yaenbHas MaccoBas M300apHas TEIIOEMKOCTb, COOT-
BETCTBEHHO, TOPSYETO M XOJOJHOTO TeIUIOHOCUTENs , K/{oic/ke K,

! "
t, u t| — remneparypa ropsuero TemIOHOCHTENS, COOTBETCTBEH-

0.
HO, Ha BXOJA€ " BbIXOJEC N3 TCHHOO6MCHHHK3, C )

! "
t, u 1,— TemnepaTypa X0J0HHOIO TEMIOHOCUTENS, COOTBETCTBEH-

0
HO, Ha BXOJIE€ U BbIXOJE 13 TeruiooOMennuka, C .
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VYpaBHEHHE TEIIOBOrO OajlaHca OOBIYHO UCIIONIB3YETCS JISl Ompeese-
HUS TEIUIOBOM MOIIHOCTH TEII00OMEHHHKa, JUOO pacxoja OJHOrO H3
TEIJIOHOCHUTEJICH, TNOO mepernaaa TeMIeparyp.

Jl1st pacdera monaan Terionepenadn 0ObIYHO UCIIOIB3YIOT OCHOBHOE

ypaBHEHHE TEIIONepeaaun

Q=K-F-At 107 , (13.10)

rae Q — TemnoBoii MOTOK, MepenaBaeMblii 4epe3 IMOBEPXHOCTD TEILIO-
oOmeHa (TerioBasi MOITHOCTh TEIIOOOMEHHUKA), KBm;
K — ko> unmenT Tennonepenaun, Bm / MK

2,
F — IJ1omanab IMOBCPXHOCTH TGHJ’IOO6M€H3, Mo

Atcp — CpeIHUI TeMmnepaTypHbIil Hanop (yCpelIHEHHas MO MOBEPX-

HOCTU TEIJIOOOMEHHHUKA PA3HOCTh TEMIEPATyp TOPSYEr0 M XOJOIHOTO

0
Terutonocurens), C.

[Tomaas MOBEPXHOCTH TEIUIONEpeIaull U3 YPaBHEHHsI TEIUIoNepeaadn
paccuuThIBaeTcA 1o hopmyiie

3
- _ Q10

= : 13.11
K-At, —

BennunHa pacdyeTHOro TeMIEPaTypHOrO HAMoOpa 3aBHUCHUT OT OpraHM3a-
WU JIBU>KEHUS TETUIOHOCUTEIIEH IPYT OTHOCUTEIIBHO JIPYTa U OT HAYAJIbHBIX
Y KOHEUHBIX Temneparyp temionocurenend. Ha pucynke 9.6. nmpencraBiieHsl

OCHOBHBIC CXEMBbI IBUKCHUA TEIUIOHOCUTEICH B TEIJIOOOMECHHHUKAX.
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Puc. 13.2. CxeMBbI ABH)KCHUSA TEILIOHOCUTEIIEN
a — IPSIMOTOK; O — MPOTHUBOTOK; B — CMEIIIAHHOE JIBUKCHUE;

I' — ICPCKPECT, MO,C — CJI0KHBIN ICPCKPCCT.

JI1st MPOCTEUIIINX CXEM JIBUKEHHUS — NPSIMOTOKA U MPOTUBOTOKA PacyeT-

HBIM TEMIIEPATYPHBIN HAIOP OMPEEAETCS KaK CpeaHeorapuMudecKui

AL At

P At
In—2
At

M

At , (13.12)

rne At, u A, — Gonbuiee n MeHbIee 3HAUEHME TEMIEPATYPHOTO
HAIIOPa Ha BXOJIE M BBIXOJIE M3 TEILIOOOMEHHUKA.
Ipu uesnauntenshoii pasaune Al, u At (At /Al <1,7) pacuernsrii

TeMIEPaTypPHBII HAIIOP MOXKHO ONPEACNISATh Kak cpeaHeapuMeTHUeCKui

At,, =0,5(At; +At,) .
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Jlnst Toro, 4toObl U30€XaTh OMIMOKUA MPU OMpPEIACICHUU At6 u A'[M,

PEKOMEHIyeTCS U300pakaTh KapTUHY U3MEHEHUSI TEMIIEPATYPhI TEIJIOHO-
CUTEJIeH BJIOJIb MOBEPXHOCTH TEIUIOOOMEHA. XapaKTep HU3MEHEHUSI TeM-
nepaTyphl TEIIOHOCUTENIEH BI0JIb MMOBEPXHOCTH TEINIOOOMEHA 3aBUCUT OT
CXEMBI JIBUKEHUSI TEINIOHOCUTEIICH, COOTHOIICHUS TEIJI0OEMKOCTENH Macco-

BBIX PACX0J0B TEINIOHOCHUTEICH M Hajauuus (pa30BBIX IPEBpAISHHUI TEIl-

1 t
“ t‘i CpalMy 2LCpelNg q CpyITy (l:pzmg_
|
t
]
1y atm
] . F !
t
F F
t ¢ Q).
¢ CpiMy >CpaMy ty Copam, < Cpp™,
AtM i‘lf
ty te
{"'r. Atm
Ats 1,
1y
F 3. CF

JIOHOCHUTEJIEH B mpoliecce TemtoooMena (cM. pucynku 13.3., 13.4.).
Puc. 13.3. M3MmeHeHre TeMnepaTrypbl TEIUIOHOCUTEIIEN 110 TIOBEPXHOCTH
TEMI000MEHa TIPU OTCYTCTBUH (ha30BBIX MPEBPAIICHUN TEIIIOHOCUTENCH

a) — MPAMOTOK; 0) - IPOTHUBOTOK
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Puc. 13.4. I3meHenue TemMiiepaTypsl TEIDIOHOCUTENEN 110 HOBEPXHOCTH
TEII000MEeHa MpH (Pa30BbIX NPEBPALICHUSIX TEMIIOHOCUTENEH:
a) — MPU KOHJEHCAIIUU TOPSIYETO TEIIOHOCUTEIISI; 0) — MPU UCTIAPEHUH
XOJIOAHOTO TEIJIOHOCUTENS; B) — IIPH (ha30BBIX MPEBPAIICHUAX 000UX

TEILUIOHOCUTEIIEH

IIpu coXHBIX CXxeMax IBWKEHHUS TEIJIOHOCUTEIIEH CPEeIHUN TeMIlepa-
TYPHBIN HaIop OIPEACIAT, YMHOXAasi TEMIEPATYPHbIA HANOp, paccyu-
TaHHBIM I OPOTHUBOTOKA, HA MOMPaBOYHBIA KO3(P(OUIIMEHT, KOTOPBIU
HaXOJST MO0 HOMOTpaMMaM, NMPUBOJAUMBIM B CIIELIMAJILHOM JIUTEpATypE, C

Y4CTOM CXCEMbI IBUKCHUA TCIJIOHOCUTEIEH U mepeiagoB UX TCMIICPATYP.
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Tecmosvsle KOHMPpO/ibHblIEe 80NPOCHI U 3adaHusa

1. Yro takoe TermmooOmeH? 2. HazoBurte Tpu crocoba mepeHoca TeIUIOThl. 3.
Yro coboii mpeacTaBisieT TEIIonpoBOAHOCTh? 4. UTO Takoe KOHBEKTHBHBIA TEIJIO-
oomen? 5. Uto coboii mpeacTasiseT TeriooOMeH uznyuenneM? 6. HazoBurte oCHOB-
HbIE KOJMYECTBEHHBIE XapaKTEPUCTUKH MpOleccoB TeriooOMeHa. 7. Uto coboi
MPEACTABIISIET TEIUIOBOM NMOTOK? 8. YTO Takoe MIOTHOCTh TEIIOBOro noroka? 9. Yro
takoe temneparypHoe noie? 10. Uro takoe rpaaueHT temnepatypsi? 11. B yem co-
CTOMT OTJIMYME CTAlMOHAPHOIO M HECTAlMOHAPHOIO TeMIepaTypHoro moss? 12.
[IpuBenuTe BbIpak€HHE OCHOBHOI'O 3aKOHA TEIIONPOBOAHOCTHU (3akoHa Dypee). 13.
Yro coboil npeacrasnsieT KOAPGUIUEHT TEIJIONPOBOJHOCTH, U KaKOBa €ro pazmMep-
HocTh? 14. Kakoi mpouecc HaspiBaroT teruootnaden? 15. IlpuBeaure BbIpakeHUE
3akoHa HpioToHa - PuxmaHa [j11 KOHBEKTUBHOM Termootaayu. 16. Uto coboit npen-
CTaBJsieT KO3(P(ULIHUEHT TEIJIO0TAAuH, U KakoBa ero pazmepHocTh? 17. Kak 00ObIYHO
onpeaensaoT kodpouuueHT temtoornaun? 18. Uto Takoe TemmepaTypHbIH Harop
npu temnootaade? 19. Kakoil cioxHbIi mpouecc TenjaooOMeHa Ha3bIBAIOT TEIUIOoNe-
penaueii? 20. IIpuBenure OCHOBHOE ypaBHEHUE Temionepenayu. 21. Uto Ha3pIBatOT
TEMIIEPATYPHBIM HanopoMm Iipu Temionepenade? 22. Yro coboil mpeacTaBiser Kod3¢-
(ULMEHT Terulonepeaayn, U KakoBa ero pazMepHocTs? 23. Kak paccuuThIBaeTcst KO-
aduiMeHT Tensonepenadnd B ciydae MiaocKod pazaesnstomei cteHku? 24. Uto co-
OOl MpeAcCTaBIsIET MHTErpalibHasl MJIOTHOCTh MOTOKa u3nyueHus? 25. IlpuBenure
BbIpakeHue 3akoHa Credana - bonbliMaHa AJi TUIOTHOCTH MOTOKA MU3JIydyeHUs abco-
JIIOTHO YEPHOTO Tena.
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IMMPOU3BOACTBO TEIIJIOTHI

14.  TonJmBO U OCHOBBI CTOPAHMS TOILJIUB

14.1. Ob6uwue ceéeoenusn o monnuge

B nacrosiiee Bpemsi 00IbIITYIO0 YacTh TEIJIOBOM SHEPTUU MOJIYYalOT Y-
TE€M CXKUTaHUs TOIUIMBA, MPU 3TOM B OCHOBHOM HCIOJIB3YIOTCSI OpraHuye-
CKHME UCKOMaeMbI€ BUbI TOILIUB.

[log monaueom noHUMAIOT roproyYee BEIIECTBO, KOTOPOE SKOHOMMUYE-
CKH 11€JIeCO00pa3HO HUCMOJB30BaTh ISl MOIYYEHHS] 3HAYUTEIIBHOTO KOJIH-
YeCTBa TEIJIOTHI MPU €TI0 CKUTAHUH.

OcHosénbimu mpebdosanuamu, nPeOvACIAEMbIMU K MONIUCAM, A6~
romcs.

® BBLICOKAs TEIJIOTBOPHAS CIIOCOOHOCT;

® CpPaBHUTEIIBHO JIETKAasi BOCIUIAMEHSIEMOCTb;

® MUHHUMYM BPEJIHBIX BEIIECTB, BBIJCISIEMBIX DU CTOPAHUH;

® 3HAYUTEJIHHBIC 3aMackl B IPUPOJIE;

® TEXHOJIOTUYHOCTh B J0OBIYE€ U TPAHCIOPTUPOBKE M HEBBICOKAs
CTOUMOCTb.

TomnuBo KnacCUPUIMPYIOT MO aArperaTHOMY COCTOSIHUIO, MPOUCXOXK-
JICHUIO, & TAKXKE Py PU3UMKO-XUMHUYECKUX CBOMCTB (cMOTpH Tabi. 14.1).

B coctaB oprann4eckoro TOIUIMBA BXOJSAT KaK TOprOYUE, TaK U HETO-
prourne KOMIOHEHTbl. OCHOBHBIMHU 2OPHOYUMU IJIEMEHMAMU MONIUBA
AGNANOMCA:

yraepon — C ; Bomopon — H ; cepa neryuas wim roproyas, Kotopas

BKJIFOUAET B C€0ST OPraHUYECKYIO U KOTUenanuyo — S, (S,,+S,).
n \Pop ' Yk
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Heroproune KOMITOHEHTHI:
kucnopoa — O; a3oT — N; 301a (MUHEpabHBIN ocTaToOK) — A ; Biara — W.
Tabnuua 14.1

Knaccuduxkamus Tormms

Arperarsoe [Ipoucxoxnenue

COCTOAHHC NpUupoaHOC HCKYCCTBCHHOC

a3l reHepaTopHbIN, H0-
I'azoo0pa3znoe | IlpupoaHblii MEHHBIA, CBETHUJIbHBIM, KOK-

Y IOy THBIN T'a3bl COBBIN, OMOTra3 u JIp.

TomouHble Ma3yThl, MEYHOE
Kunkoe Hedtb OBITOBOE TOIJIMBO, COJISIPO-
BO€ MAacJio, JAU3EJIbHOE TOT-
JUBO, OEH3WH, KEpPOCHH,

CUHTCTHUYCCKHUC TOIIJIMBaA H

Ap.

Autpanut, kameHHble | Kokc, mMOIyKoKc, OpHUKETHI
TBEpnoe yriavu, Oypblid  yroiib, | U3 TOpP(QSIHOW W YroJbHOU
TOpd, TOPIOYUE CIIAHIIBL, | KPOIIKM M OTXOJOB CEllb-

JpoBa XO03IMPOU3BOACTBA

CocTaB TOIIMBA MPU pacdeTax 3aJaéTCd MAacCOBOW JOJIEM 3JIEMEHTap-
HBIX KOMIIOHEHTOB, BBIPAXKEHHOM B MPOIEHTAX (7151 ra3000pa3HbIX TOILUINB
— 00bEMHOM JT0JI€H Ta30B, BXOSIINX B Ta30BYIO0 CMECH).

JInst TBEPAOTO U )KUIKOTO TOILUIMBA BBOIATCS IOHITHS OP2AHUYECKOU, 20-
proueii, cyxoii u pabdoueii maccel. IIpu 3ToM, 0003HaYasE MacCoOBBIE J0JIU

KOMIIOHCHTOB B 3THUX CJIy4dasdX, IIOJIb3YIOTCA COOTBCTCTBYIOIIMMU HHACKCAMMU.
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B cocTtap paboueit Macchl BXOJSAT BCe KOMIIOHEHTHI TOILIMBA. B cocTaB
CyXOM MaccChl BXOJST BCE BEILIECTBA 32 UCKIIIOUEHHUEM Biaru. B coctas ro-
proueil Macchl KpOME TOPIOYMX KOMIIOHEHTOB YCJIOBHO BKJIIOYAIOT KHUCJIO-
poa U a30T (Tak Ha3bIBaeMbI BHYTpeHHMI OaiutacT). B opranudeckoi
Macce JIONOJHUTENILHO UCKIIIOYAeTC KoJlueanHas cepa. Takum oOpazom,
COCTaB TOILJIMBA 3aIUCHIBACTCS B CIECIYIOIIEM BUJIEC.

Pabouas macca:

CP+ HP+ S P+ OP +NP + AP + WP =100 % .

Cyxas macca:

C+H+S,S+O“+N°+ A° =100 % .

I'oprouas macca:

C'+H+S,/ +0 +N"' =100 % .

Oprannyeckas macca:

C°+H°+S°+0°+N° =100 % .

3Has MaccoBBIE JI0JM KOMIIOHEHTOB B paboueil Macce, HETPYAHO Tepe-
CUMTATh 3HAYEHUSI MACCOBBIX JI0JIE KOMIIOHEHTOB JUJISI CYXOM, TOPrOYEN U
OPraHUYECKOU MaCCHI.
Basicneunmumu mexnuueckumu XxXapakmepucmukamu monauea Ae-
AAIOMCA:
® TEIUIOTA CTOPAHMS;
® TeMIlepaTypa BOCIUIAMEHCHUS;
® BBIXO/JI JIETYYUX BEILIECTB;
® CoJIep>KaHHUE 30J1bI U BIard (BHEIIHUM 0asiacT).
Tenora cropanus sBIAETCA BAXHEUIIEH YHEPreTUYECKON Xapakre-

PUCTUKON TOIJIMBA W TPEJACTABISACT COOOM KOJIMYECTBO TEIUIOTHI, BBIJE-
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JSTOIICHCS TIpU cropanuu 1 Kr TorinBa (s razoobdpasHoro — 1 M, pu-
BEJIEHHOTO K HOPMAaJIbHBIM YCIOBUSM).

PaznnyaroT BBICIIYIO M HHU3IIYIO TEIUIOTY cropanus. Husmras temiora
CrOpaHMs OTIIMYACTCS OT BBICIICH Ha BEIIMUMHY 3aTpaT TEIJIOTHI HA HCIa-
pPEHHE BJIard, COJIEpIKAICCs B TOIUIMBE, M BOABI, 0Opa3OBaBIICHCS IIPU
cropanuu Toruiusa (anementa H).

Cpennue 35auenus Q,° HEKOTOPBLIX BUIOB TOILUIMBA IPUBEAEHBI B Ta0-
munax 14.2 u 14.3.

Tabmuna 14.2

CpeI[HI/Ie SHAYCHMHS TCIIJIOTBI CIrOpaHHA TBCPAbIX TOILIMB

Tennora cropanus, Tenmnora cropanus,
TonnuBo TonnuBo
MJx/kr M/Jx/kr
posa 10...15,5 KameHHbIl yToJb 23...314
Topd 8,4...12,6 Koxke 23...30,2
Bypsiii yroib 8,4...18,8 KaMeHHOYTONbHBIIM
OpuUKeT 26...31,8

Ta6muma 14.3

CpeI[HI/Ie S3HAYCHHUA TCIUIOTHI CTOPpAHUA KUIAKHUX U T 33006p213HBIX TOIIJINB

Tenora cropa- ["az000pa3znoe Temnora cropa-
Kuakoe Tormmao 3
Husi, MJx/Kr TOILIMBO Hust, MJx/m
bensun 44,0...44,5 [IpupoHbIii ra3 33,0...36.0
Jln3eapHOE TOMIUBO 42.1...42,6 CoKMKEHHBIN ra3 23...30,2
Maszyt 39.9...40,7 buoras

TGHHOTy CropaHusd HaXOIAT OIILITHBIM HyTéM HJIX pACCHUTBIBAIOT 110

dbopmyne MeHnaeneena.
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dopmyna Ui pacdy€Ta HU3ZMICH TEIUIOTHI CTOPaHUs TBEPIOTO WU KUJI-
KOI'0O TOIJIMBA UMEET BUL:
Q.” =339CP + 1030HP — 109(0P — S,”) — 25WP | klforc /2. (14.1)

Bricuiasg n Hu3m1as Tenjiora CropaHus CBsA3aHbl COOTHOIICHHUCM

Qs = Q" —25(9H" + WP). (14.2)

B stux ¢popmynax CP, H® u T. 1. — MaccoBble IO COOTBETCTBYIOLINX
KOMIIOHEHTOB B paboueii Macce TomuBa, % .
HusIIyI0 TEmIoTy CropaHus ra3o000pa3sHOro TOIIMBA PACCUMTHIBAIOT IS

3 .
1m CyXOro rasa, npuB€cACHHOIO K HOpMaJIbHbIM YCJIOBHAM, 110 (I)OpMy.He

Q.” = 358CH, + 638C,Hg + 913C3Hg + 108H, + 126CO + 590C,H, +
+ 234H,S , ko /m°, (14.3)

rae CH; , CoHg u T. 1. — 00bEMHBIE 107U COOTBETCTBYIOIIUX KOMIIO-
HEHTOB T'a30BOI0 TOILINBA, % .

JIist cpaBHEHUS pa3IMYHBIX BUAOB TOILIMBA 10 SHEPIETUYCCKON IICH-
HOCTH BBOJUTCS MTOHSATHE YCIOBHOTO TOTUIHBA.

Ilo0 ycnoenvim moniueom TOHUMAIOT TOIUIMBO, HU3IIIAS TEILIOTA CTO-
paHus KoToporo pasHa 29,35 M/ /kz (29,35 Mo /m° — 11t Ta3006pas-
HOTO TOIUTMBa). ITOHATHE YCIOBHOTO TOILIMBA BBEISHO IS COTIOCTaBJIe-
HUS W TPHUBEICHUS PA3IUYHBIX TOIUIMB K OJHOMY 3KBHBAJICHTY. Maccy

JIF0O00T0 TOINIMBA MOKHO IMPUBECTU K MACCC YCJIOBHOI'O TOIJIMBA, YMHO-

JKUB €€ Ha TOIUIMBHEIN DKBUBAJICHT — 3m ;. To ecTb

p

m =m -9 . D =_=m
ver =My “Fpi, THE i = Soars - (14.4)
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14.2. I'openue monnuesa

TI'openue — cnoXxHbI OBICTPONPOTEKAIONIUNA XUMHUUYECKHN TPOIIECC
OKHCIJICHUSI TOPIOYMX KOMIOHEHTOB TOIUIMBA, COMPOBOXKAAIOIIMICS HH-
TEHCUBHBIM TEIUIOBBIJICICHUEM M TOSIBIICHMEM IulaMeHH. [lnams mipen-
CTaBJIsIeT COOOM pa3orpeThie 10 CBEUCHUS MPOTYKTHI CTOPaHUI.

[Ipy MOJIHOM CropaHuy MPOUCXOAUT MOJTHOE OKUCIECHUE FOPIOYNUX KOM-
MIOHEHTOB TOIUIMBA. B pe3ynbraTe cropanusi OpraHnyeckoro TOIIMBA I0-
Jy4arTcsl Ta3000pa3Hbie Heroproune npoaykTel okuciaenus (CO, , H,O
SO, u ap.) u TBEPABINM HETOPIOYUI OCTATOK (30J1a U IIIJIaK).

B xauectBe okuCIUTENS PYU TOPEHUU OOBIYHO MCIIOIB3YETCS KUCIOPO.
Bo3ayxa. [Iponiecc ropeHust CymecTBEHHO 3aBUCUT OT arperaTHOro COCTO-
sSHUS TOTUTHBA. Pa3znuyaioT roMoreHHoe ropeHue (71 ra3000pa3Horo Tom-
JIMBA) U T€TEPOTr€HHOE TOPEHUE (IJ1s1 AKUJKOTO U TBEPAOTO TOTUINBA).

CKOpOCTh TOPEHUS 3aBUCUT OT MPUPOJIBI U KOHIIEHTPAIIMU pearupyro-
IIUX BEILIECTB, TeMIEpaTyphl U AaBiiceHus. Hanbomnpliiee BIUSIHUE HA CKO-
POCTb TOpPEHUSI OKa3bIBAET TEMIIEPATYPA.

B mporecce ropeHnsi MOXHO BBIICIUTH JIBE (Da3bl: MPOILIECC B3aUMHOMN
i Py3un OKUCTUTENS U TOPIOYMX KOMIIOHEHTOB TOILIMBA (CMeceo0pa3o-
BaHHE) U COOCTBEHHO (ha3y OKHUCIUTENbHBIX peakiuii. B 3aBucuMocTu oT
MPOJOJIKUTEIIBHOCTH 3TUX (Pa3 pas3iMyaroT KMHETUYECKOE TOpeHHe (CKO-
POCTh Tpoliecca OMpPeAesieTCs, TJaBHBIM 00pa3oM, CKOPOCThIO XHUMUYE-
CKHUX peakiuii), nud@y3ruoHHOE (CKOPOCTh TOPEHUS ONPEACISIETCS CKOPO-
cThi0 UG (PY3UOHHBIX MPOILECCOB) U cMemanHoe (auddy3noHHO-
KMHETHUYECKOE TOPEHUE).

JI71s1 TOro 4T0OBI TOTUIMBO 3aropesioch, €ro CMECh C OKUCIUTENIEM HEOO0-
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XOJIMMO HarpeTh JI0 ONpeaeaéHHON TeMIepaTypbl. Hadmo ropeHus MoxeT
OBITh OCYIIECTBJICHO MYTEM CaMOBOCIIAMCHEHHUS IIPH CXKATHU TOPIOYCH
CMECH WM IPUHYIUTCIbHBIM BOCIUIAMEHCHHEM (OT JJICKTPUYCCKON HC-
KpbI, BCIIOMOTaTeILHOTO (pakena uin packaJ€HHOIo IIpeaIMeTa).
[TockonbKy Temmeparypa KUIICHHS KUJIKUX TOIUIMB HIDKE TeMIIepary-
PhI BOCIJIAMEHEHHUS, UX CTOpaHUE IMPOUCXOJIUT B ITapoBoi (razoBoii) dasze.
IIpu cropanum TBEPABIX TOIUIMB MOJKHO BBIJICIIUTh TaKHUE YaCTUYHO
HaKJIaJIBIBAIOIIMECS OJIHA Ha JPYTYIO CTaJIMM KaK BBIXOJl M BHITOPAHHE JIe-

TydHuX BCIICCTB, BOCINIAMCHCHHUC U TOPCHUC TBépI[OFO KOKCOBOI'O OCTAaTKa.

14.3. Ocnoewl pacuéma npouecca ccopaHus moniuea

[Ipu pacuére mporiecca cropaHus TOTUIMBA OOBIYHO PEIIAIOT CIETYIO-
II€ OCHOBHBIE 3a1a4U:
® ONpeAcsieHuE KOJIWYECTBAa BO3/yXa, HEOOXOAUMOIO JJIsi CTOpPaHUS
TOIUIVBA;
® OIpEACICHUE KOJINYECTBA IIPOJAYKTOB CrOpaHus;
® OIpEAEIICHUE TeMIIEPATYPHI IPOAYKTOB CTOPAHUS.

Konuuecmeo 6030yxa, HeoOXoquMoe JUisl CTOPaHUs TOTUINBA, PACCUUTHI-
BACTCS HA OCHOBAaHUM CTEXUOMETPUYECKUX YPABHEHUM XMMHUYECKUX pEak-
ITUN OKUCJICHUSI KOMIIOHEHTOB TOTuiiBa. OOBIYHO MOIB3YIOTCS GOopMyIamMu B
pacyére Ha |Kr )KUAKOTrOo Wi TBEPOTO TOIUIMBA U | M ra3000pa3Horo.

XUMHUYECKUE YPAaBHEHUS OKHCIIEHHUS TOPIOYMX KOMIIOHEHTOB KHJIKOTO

" TBCPAOI'O OPTraHUYICCKOTO TOINNIMBA MOKHO 3dIIMCATh B BUJIC
C +02 = C02
4H + O, =2H,0
S+ 02 = SOZ

129



Ecnm yuecTb aTOMHBIE Beca KOMIIOHEHTOB, YUAaCTBYIOIIUX B PEAKIIUAX,
a Tak)K€ MAcCOBYIO JOJI0 Kuciopoja B Bozayxe (23,2%), To moiryuyum
dopMyity 111 ompesielIeHUs] TEOPETUUECKOT0 KOJIMYECTBA BO3AyXa, HE0O-

XO0IUMOro I CropaHus I xr TormuBa

8/3-CP+8H" +SP-0O°
My = 232 , K& 6030./K2 mon.., (14.5)

rnie CP,HP,SP,OP— maccoBbie 10 COOTBETCTBYIOIIMX KOMITOHEH-
TOB TOIJIMBA, %.

3
Teopernyeckoe KOIMIECTBO BO3ayXa, HEOOXOAUMOE SIS cropanus 1 M

ra3006pa3H0r0 TOIINIMBA HAXOIHUTCA I1O (I)OpMYJIC

05(CO +H,)+ > (n,+4m;)C H, O
Vo = : 21 o , M° 6030./m° monn., (14.6)

rne CO,H,,C, 0, 06béMHBIE 101TM COOTBETCTBYIOIIMX KOMITIOHEH-

TOB TOIJIMBA, %.

OObIyHO 1151 0OECIIEUeHMS] TMOJHOTO CropaHusl TOIUIMBA KOJHUYECTBO
MOJaBa€MOTO BO3yXa NPEBBINIAET KOJIUYECTBO, TEOPETUUECKH HEOOXO-
IUMOE JIJIs CropaHusi 3Toro tormimea. CocTaB roproveil CMECH B 3TOM CITy-
gae OIeHUBAIOT KOd(PhUIIMEHTOM U30BITKA BO3TyXa.

Koagppuuuenmom uzovimka 6030yxa Ha3bIBAIOT OTHOIIEHUE JICUCTBU-
TEIHHOTO KOJMYECTBA BO3yXa B TOPIOYEH CMECH K TEOPETUYECKH HEOO0XO-

AUMOMY JIs1 ITIOJIHOT'O Cr'OpaHrsA TOINUIMBA, HAXOIAIICTOCA B CMCCH. To ecTb:

0‘:—:%, (14.7)
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rae M u V — nelicTBUTENRHOE KOJIMYECTBO BO3ayxa (IO Macce U I1o

00BEMY);

m, u Vy— TeopeTnueckd HeoOXOJUMOE KOIMYECTBO BO3yXa VIS

MOJTHOTO CrOpaHus TOIUIHBA.

3HaueHue ko3¢ uireHTa u30bITKa BO3yXa 3aBUCUT OT BHJA TOILIMBA U
criocoba ero cxkuranus. OObBIYHO €ro 3HaYCHHE KOJeOJeTcs B mpeiaenax
a =105...15.

Konuuecmeo npodykmoe czopanusa TOIUIMBA MO MAacCe€ PaBHO CyMMeE
Macchl BO3AyXa, 0JAaBaeMOro JJisi CrOpaHus U MaccChl TOTuMBa. JIJIst Ku -
KX U TBEPABIX TOIUIMB MPUBEAEHHBIM K HOPMaJIbHBIM YCJIOBUSIM OOBEM
MPOAYKTOB cropanusi 00bidHO Ha 15-20% mnpeBsbiliaeT NpUBEAECHHBIN 00b-
€M BO3Iyxa, HojaBaeMoro s cropanms. To ects V. =(115-125)-V,,
DTO 00BACHSETCA TEM, YTO B IMIPOIECCE CTOPAHUS U3MEHSIETCA XUMUYECKUI
COCTaB U KOJIMYECTBO MOJIEM CUCTEMBI. M3MEHEHHE KOJIUYEeCTBA MOJIEU
P CTOPAHUHU YUUTHIBAIOT KOA(DPUIIMEHTOM MOJEKYJISIPHOTO U3MEHEHHUS
roproyei cmecu. 3HaueHHe Kod(p(PUIreHTa MOJICKYJISIPHOTO U3MEHEHMS,
KOJINYECTBA KUJIOMOJIEH MPOAYKTOB CTOpaHHs U UX 00bEMa B pacué€re Ha
lxr TorumBa (lM3 — JUIsl Ta3000pa3HOr0) MOKHO PAacCYMTaTh Ha OCHOBE
CTEXMOMETPUUECKUX YPABHEHUM XUMHUECKUX PEAKIMN OKUCIEHUS] KOM-
MOHEHTOB TOIUIMBA. [Ipy 3TOM, ¢ LENbI0 JaTbHEUIIETO ONMpEAEICHUsI TEll-
JTOEMKOCTH TMPOJYKTOB CrOpaHUs M pacyéra MX TEeMIIEpaTypbl OTICIBHO
ONPEACIISIIOT KOJUYECTBO KIUJIOMOJIEH U 00BbEM CYyXUX TPEXATOMHBIX T'a30B,
JIBYXaTOMHBIX U BOJISHOTO Tapa.

Temnepamypy npoodykmoe cecopanus ONPENCTSAIOT U3 YPAaBHEHUS TEIl-

. 3
J0BOro Oajnanca B pacuéte Ha 1 kr (IM”) cropaemMoro ToIinBa:
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0 100-q, —-q,

100 + iT +a- mOiB ZVFC}tF , (14.8)

rne Q) — Husmas Temora cropanus TommMBa, K/ /ke |

0, — XUMHYECKasl HETIOJHOTa CropaHus TOruBa, % ;
g, — MexaHndeckas HEMOJIHOTA CrOPaHHUs TOILIUBa, % |

i iy — yAebHAasl HTAJBINS MOCTYIAOUIEr0 TOIUIMBA U
BO3AyXa, K/ic /ke;

a — ko3 PULIHEHT U30BITKA BO3/YXA;

M, — TEOPETUUECKOE KOJIUYECTBO BO3AyXa, HEOOXOAUMOE s

cropanus 1 Kr TOIJINBA, K2 8030. /K2 MONIL.

V. — 06béM mpoIyKTOB CropaHusi, IPUBEASHHBIN K HOPMAlb-
3.
HBIM YCIIOBUSIM, M

4 . . 3
Cr — o0bEMHas n300apHas TEIIOEMKOCTD, K/[oic /m” K;

0
U - TeMmneparypa ra3os, C.

Tecmogble KOHMPO/IbHbIE B0NPOCHI U 3A0AHUS

1.Yto takoe tomnuBo? Ilepeuncnure oCHOBHbIE TPeOOBAHUS, MIPEABSBISAEMbIE K
TorumBy. 2. Ha30BUTE OCHOBHBIE TEXHUYECKHE XapaKTepUCTUKH TormBa. 3. [Ipu-
BeuTe Kiaccupukaiuio Tormaus. 4. YTo Takoe TemioTa cropaHus TOILIMBA, U KaKo-
BbI €IMHUIIBI €€ u3MepeHus? 5. B 4yeM coCTOUT OoTaudne BhICIIECH U HU3IIECH TeII0ThI
cropanus tormuBa? 6. HazoBuTe OCHOBHBIE KOMIIOHEHTHI OPTaHUYECKUX TOIUIUB C
pa3esieHneM MX Ha roprouue u Heroprouuwe. 7. Kakum oOpa3zom 3amaercs cocTaB
TBEPJAOr0, XKUAKOTO U razoodpasznoro tomuBa? 8. Kakum 006pazom paccunThIBaeTCs
TEOPETUUECKOE KOJINYECTBO BO3AyXa, HEOOXOAMMOIO AJIs MOJHOTO CTOpaHUs TOILIHU-
Ba. 9. Uro Takoe ko3 puimeHT n30bITa BO3AyXa U B KAKUX Ipe/iesiax OH BHIOMpPAETCS
IIpY OpraHu3alnuy mnpouecca cropanus tommsa. 10. [IpuBenure ypaBHEHuUE Temio-
BOT0 OajnaHca JyIsl pacyeTa TEMIEPATYPhl IPOYKTOB CTOPAHUSI.
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15. TemsoreHepupymwomue yCTaAaHOBKH

15.1. Obugue ceeoenus o mennozeHepupyrouux yCmaHo8Kax

Iloxn TtennoreHepupyromer yCTaHOBKOM ITOHMMAKOT YCTPOWCTBO IS
MPOU3BOJACTBA TEIUIOBOW SHEpruu. Yaiie BCEro B TEIIOTCHEPHUPYIOIIUX
YCTAHOBKAX ISl TIOJIYYEHHS TEIJIOThI UCIOJIb3YETCSI XUMUYECKAsT IHEPIUs
CKUTAEMOT0 TOTUIUBA.

Cy1iecTByeT OBOJBHO OOJIBIIOE KOJIHMYECTBO TEIJIOTCHEPUPYIOIIUX
YCTaHOBOK, KOTOPBIE MOKHO KJIaCCU(PUIUPOBATH MO BUAY TETIIOHOCUTENS
(Boaa, map, BO3AyX), 10 KOHCTPYKIIHMH, IO HA3HAYEHUIO U HEKOTOPBIM JIpy-
ruM npusHakaM. KpaTkue cBefeHUs O TEIIOTCHEPUPYIONIUX YCTAHOBKAX,
MPUMEHSEMBIX Ha MPEANPHUATHAX TEepepabOTKH CEeIbCKOXO03IMCTBEHHON
MPOAYKIHUH U B MUILEBBIX TEXHOJIOTUSAX, MPUBEACHBI B pazneie 1.

Cpenu 001b1I0TO pa3HOOOpa3Usl TEMJIOTCHEPUPYIOUIUX YCTAHOBOK O/I-

HHUMHU U3 OCHOBHBIX SABJIAIOTCA KOTCIIbHBIC YCTAHOBKH.

15.2. Komenwvnvie ycmanoexku

Komenvnaa ycmanogka npenctaBisieT cOOOM KOMIIEKC YCTPOWMCTB U
arperaroB, MPeIHA3HAUYCHHBIN [ TOTYYCHUS TTapa WK ropsideil BOAbI 3a
CYET CHKUTAHUS TOIUIMBA WJIM UCIOJIb30BaHMS MOCTOPOHHUX HCTOYHUKOB
(KOTJIBI-yTUIIA3ATOPHI).

KorenbHasi ycTaHOBKAa COCTOUT U3 KOMEAbHO20 azpezama N 6CHOMO-
2amenvHo20 000pydoeanusn. BcromorarenbHOE 000pPYJAOBAHUE CIYKUT
JUTsl IOJITOTOBKY M TOJIa4d TOIUIMBA, BOJIBI U BO3yXa, YAAJICHUS U OUUCT-
KU JBIMOBBIX Ta30B, YJAJICHUS 30Jibl M IUIaKa MPU CXKUTAHUU TBEPIOTO

TOILJINBA.
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Komenwvnwtii acpezcam Wi Komén SBISIETCS TJIAaBHONW COCTaBHOM 4Ya-
CThIO KOTEJIbHOM YCTAaHOBKHU U MPEJCTABISAECT COOON KOMILJIEKC YCTPOMCTB
JUTSL TIOJTyYEHUS Mapa Wik ropsuei Bogbl. OH COCTOUT OOBIYHO U3 TOIIKH,
MpeHa3HAYCHHOU JJIsSl COKUTaHUs TOIUIMBA U 00pa30BaHUs BBICOKOTEMIIEC-
paTypHBIX MPOJYKTOB CTrOpaHusi, COOCTBEHHO KOTJIA, MPEJCTaBIISIONIETO
EMKOCTb JUIS BOJIBI C PA3BUTOM TEIIOBOCIPUHUMAKOIIEH MOBEPXHOCTHIO,
BOJISIHOTO DKOHOMaif3epa, BO3JYyXOIOJ0TpeBaTessi, Kapkaca, 0OMypOBKH,
OOIIIMBKH, apMaTyphl, a TAK)KE MPUOOPOB KOHTPOJISI 1 aBTOMATUKH.

BoasiHoit sxoHOMai3ep mpeACcTaBiIsIeT cOO0N pPEeKYNepaTUBHBIM TEILIO-
OOMEHHHK, KOTOPBIM MCHOJIB3YETCS JJIsi MOAOTpeBa MUTATEILHOW BOJIBI.
I[IpumMeHeHue sKOHOMaK3€epa, KaKk M BO3AYyXOIIOJOTPEBATENS, ITO3BOJISET
0oJiee MOJTHO MCHOJIb30BATh TEIUIOTY YXOISAIIMX ra3oB W moBbicuTh KIIJ]
KOTEJIbHOM YCTAHOBKHM.

B 3aBuUCHMOCTH OT BbhIpa0aThHIBAEMOI'0 TETUIOHOCHUTENS KOTJIbI ICJISIT Ha
MIapOBBIEC U BOJIOTPEUHBIE.

[TapoBbIle KOTIJIBI MOAPA3AEIAOT B 3aBUCUMOCTH OT HOMHWHAJIBHOTO
JaBJICHUS Tapa Ha KOTJbl HHU3Koro namieHus (mo 1 MlIla), cpegnero
(1...10 MIIa), Beicokoro (10...22,5) u CBEpXKPUTHUUECKOTO IaBJICHUS
(BobImIe 22,5 MIla).

[To Ha3HAYEHUIO PA3INYAIOT CIECAYIOIIME BUIBI KOTEJIBHBIX YCTAaHOBOK:
SHEpPreTUYecKre, MpeaHa3HauYeHHbIe IS 00CTy)KUBAHUS TEIIJIOBBIX JJICK-
TPOCTAHIIUM; OTOMUTEILHO-TIPOU3BOJACTBEHHBIE — [JIs TEIJIOCHAOKECHUS
OpEANPUATHIN; OTONMUTENbHBIE — JUIsI OOECIEYeHUs] TEeIJIOTOM CHUCTEM
OTOILJICHUS U TOPSIYETO BOJOCHAOKEHUS TOTPEOUTEIIEH.

[IpyHuMIIManbHAss CXeMa KOTEJIBHOTO arperara NMpUBEACHA HA  pPU-

cynke 15.1.
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Puc 15.1. Cxema BepTUKaIbHO-BOJOTPYOHOT0O OapabaHHOIO MapOBOTO
KOTJIa C €ECTECTBEHHOW LIUPKYJISALIUECH:

IIB — nojaya nuTaTebHOM BOIbI; HII — TMHUS HACBIIIEHHOTO Tapa;
IIIT — oTBOA TIeperpeToro mapa; 1 — nojaaya TOIUIMBA K TOpEJKe; B —
IIOJIBOJ, BO3AyXa K BO3AYyXOIIOJOrpeBaTento; /B — ropssuyuid BO3IyX;
IIC — VI' — TpakT NpOAYKTOB CTOpaHUA U YXOIAIIMX ras3oB; [I] —
nuiak; 1 — sxkpanubie TpyOsI; 2 — Oapaban; 3 - maporneperpeBareis; 4 —
BOJSTHOM dKOHOMaM3ep; 5 — BO3AyXOMOI0TPeBaTENb; 6 - KOJUIEKTOPHI;
[ — ropenka; 8 — Tonka; 9 — KOHTYp (CTeHa) TONKU U razoxoaos; 10 —
omyckHas TpyOa; 11 — Termonsmyyaronuii pakern.
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15.3. Ocnoenvie xapakmepucmuxku KOmJjioe

BaxHenmuyMu XapakTEPUCTUKAMU BOJOTPEUHBIX KOTJIOB SIBJISKOTCA
TEIJIoBass MOIIHOCTh (kBm, MBm), pabouas TemriepaTypa ropsueid BOAbI
(OC) U pacu€THoe naBieHue B Kotie (k/la, Mlla), a nis mapoBbIX — apo-
MIPOU3BOAUTEIBLHOCTD (K2 /4, m /4), pabouee naBnenue (xlla, MIla) n TeM-
neparypa napa (°C).

Baxkneiimei xapakTepucTUKOM KOTJIa SBIAETCS e€ro Kod((HUIMEHT 1mo-
Je3Horo aeuctBusa. Paznuyator koaddunmeHT nonesnoro aerctaus (KITJI)

kotna opyrro u KIIJ kotna Herro. KIIJI koTina OpyTTO YMCIEHHO paBeH

op __
JI0JI€ TMOJIE3HO UCIIOJb3yEMOM B KOTEJILHOM arperare, To €CTh n. = qnu

KIIJI xoT/ia HETTO YYMTHIBAET 3aTPaThl SHEPTUU HA COOCTBEHHBIC HYKIIbI
(3aTpaThl Ha MPUBOJ HACOCOB, BEHTWJISITOPOB U JIMOCOCOB, YTO COCTABIIS-
eT okoyso 5% TO0JIE3HO MCIOIB3yeMOl TemnoThl). Takum oOpazom
n' =0,94..0,961n%

KIIJl kotna ompezaensercst €ro TEIIOBbIM OanaHcoM. TeruioBoi OanaHc
KOTEJIBHOTO arperaTa MpeAcTaBisieT COOOM PaBEHCTBO KOJIMYECTBA TETUIOTHI,
BHOCUMOM B KOTEJIBHBIN arperar, (pacrojaraeMon TeIUIOThI) U TEIUIOTHI, 3a-
TPAYMBAEMOU HA MPOU3BOACTBO Mapa WIH rOpsiuei BOABI C Y4ETOM MOTEP.

TennoBoi OanaHc OOBIYHO 3AMKCHIBAIOT B BUJIC YPABHEHUS TEILJIOBOTO
Oaylanca B pacu€re Ha ke TBEPAOro WIM KUJIKOTO TOIUIMBA U Ha 1 M® Ta-
3000pa3HOro TOIUIMBA, MPUBEAEHHOTO K HOPMaJIbHBIM YCIOBHSIM. B 00-

IIEM CJIy4Yae ypaBHEHHE TEIIOBOTO OajaHCa UMEET BUJ:

Qp :Qnu +Q1+Q2 +Q3+Q4 +Q5
WA 100%:qnu+q1+q2+q3+q4+q5.
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[Ipu BTOpOM (opMe 3amucCH COCTABISAIONIME YPABHEHUSI TEIJIOBOTO
MPEACTABISAIOT COOON BBIPAKEHHBIE B MPOIEHTAX OTHOCUTEIbHBIC BEJIU-
gpHBI (4acTHBIE OT aeerus Ha Q) ).

B npencraBiieHHBIX BRIpOXKEHUSAX 0003HAYCHBI:

Qp — pacmoJjiaraemMas TerioTa, K/ /xe ;

Q,.. — ToJIe3HO HCToNb3yeMas TeroTa, K/ic /ke |

Q) — morepu TemwI0TH ¢ yxomImMMH Tazamu, ki /ke (G, = 6...15%):

Q, — mOTepH TEMmIOTHI OT XUMUYECKOH HEIOMIHOTHI CrOPAHUS,

ke /xke(d; = 0..2%);

Q;— moTepH TEemIOTHI OT MEXaHWUECKOH HEMOIHOTHI CrOpaHus, K/ic/ke

(0, =1..12%);

Q,— moTepH TEIIOTHI B OKPYKAKOIIYI0 cpeny, k/xc /ke (d, = 3...9%);

Qs — motepu TemIOTH ¢ yaaTseMbIME HUTaKam, kJxc/ke (g =1...5%).

JIs KUAKUX U ra3006pa3HbeiX Tormme coctapistomme Q; u Qs (45 u
05 ) mpuHUMAIOTCA paBHBIMU HYJIIO.

Pacmonaraemas temiora COCTOMT W3 HU3IIEH TEIUIOTHI CTOpPaHUS TOII-
JIMBA, SHTAJBIIMKM TOIUIMBA W BO3AYyXa, MOCTYMAIOMIUX B KOTEIBHBIN arpe-
raT, ¥ QHTaJIBIIUU TyTHEBOTO Mapa (MpHU MCTOJIb30BAaHUH €T0 ISl PACTIBIIH-
BaHMUSI )KUJIKOTO TOTUIMBA). [l0CKONMBKY HU3IIAS TETUIOTA CrOPAHMS TOILIUBA
3HAYUTENILHO MPEBBINIACT MPOYUE COCTABIISIOIINE PacIoiaraéMon TeTIo-
ThI, 0OBIYHO TTPUHUMAIOT Qp ~ Q).

[Tone3Ho wucronb3yeMasl TEIIOTa COCTOMT W3 TEIUIOTHI, IOJIYYSCHHOMN
TEIJIOHOCHTEJIEM (BOJIOM M TTapOM) B BOJITHOM dKOHOMaM3epe, KOTJIE U T1a-

poreperpenarere.
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15.4. Ilpouue mennozenepupyroujue ycmpoiicmeda,

ucnojib3zyemole Ha npednpuﬂmuﬂx nepepaﬁomku

Ha npennpusatusx nepepaOOTKH NUIIEBBIX OTpAcied NPUMEHSETCS
TEIJI0OBOE O0OPYOBAHHE, HCIOJB3YIOUIEE 3JIEKTPUUECKUE TEIJIOT€HEpU-
pyloUMe ycTpoicTBa, 000pyJ0BaHHWE, B KOTOPOM HCTOYHUKOM TEIIOTHI
ABJISIIOTCS TEIJIOHOCUTENH (BOJA WJIM BOJSHOW Tap), MPOU3BOJUMBIE KO-
TEIbHBIMU YCTAHOBKaMH, a TaKKe 00O0pyJOBaHUE C HEMOCPEICTBEHHBIM
TEHEPUPOBAHUEM TEIUJIOTHI 34 CYET CKUTaHUs TOIUIMBA. B yucie takoro
000Opy/I0BaHUSI MOXHO HAa3BaTh BapOUYHbBIE KOTJIbI, Ta30BbIE IJIUTHI MEYU
Pa3IMYHOr0 HA3HAYEHUS U JAp. B HEKOTOPBIX CilyyasX MOTYT MCIIOJIb30-
BaThCsl TEIJIOTEHEPATOPHI U Ta30BbIE€ TOPEJIKU UHPPAKPACHOTO U3TYyUCHHUS.
B kadecTBe TOIUIMBA 4Yallle BCErO MCIIOJIb3YETCS NPUPOIHBIA a3, pexe
KUJIKOE WA TBEPIOE TOIUIUBO.

Jist 3pPekTUBHOTO CKUTaHUS TOIJIMBA HCIOJIB3YIOTCS Pa3IMYHOTO
pOJa TOPEIKHA U TOIIOYHBIE YCTPOKCTBA.

[Iporiecc ropenus raza IpOUCXOAUT MPU 0OPA30BAHUM T'a30BO3IYIITHOM
CMECU C KOHIIEHTpAalMeW B Mpeiesax BOCIUIaMEHEHUs. ['a30Bo3aylIHas
CMECh MOKET 00pa30BBIBATHCS B PE3YJIbTATE CMEIIMBAHUS BBITEKAIOIIETO
U3 TOPEJIKU ra3a ¢ OKPYKAKOIIMM TOPEIKY BO31yXOM. Takoil BO314yX Ha3bl-
BalOT BTOPUYHBIM, TOPEHUE B TAKOM CTydae Ha3bIBalOT AU(P(Y3MOHHBIM, a
ropenku — AU Py3noHHBIMU.

I'opeHne Ha3bIBAIOT KUHETUYECKUM, KOTJa U3 TOPEJIKMA BBITEKAET ra3o-
BO3JIyIIIHAsl CMECh, MPEIBAPUTEILHO MPUTOTOBJICHHAs, MO0 00pa3oBaH-
Has B CaMOU T'OPEJIKE, KOTOpass COAEPKHUT BO3AYyX YACTUYHO WU IOJHO-

CTBIO O6CCH€‘IHB3IOHIHI>1 OKHUCJICHUC TOPHOYUX KOMIIOHCHTOB TOILJIMBA. Ta-
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KM€ TOpPEJIKM Ha3bIBalOT KMHETUYECKUMU, a BO3AYyX, BXOASIIMI B COCTaB
MPEABAPUTEIIBHO TPUTOTOBJIEHHON Ta30BO3AYIIHOM CMECH, HAa3bIBaIOT
NEPBUYHBIM.

JUist cKUraHusl JKUAKOTO TOIUIMBA MCHOJIB3YIOTCS >KUAKOTOIUIMBHBIE
(opCcyHKH U ucnapuresibHble ropenku. Cropanue KUAKOro TOIIUBA MPO-
HCXOJIUT B ra30Boil (haze, MO3TOMY OHO MPEABAPUTEILHO PACTIBUINBACTCS U
ucrnapsiercs. Ecii yCTpoMCTBO MJisl COKMTaHMsl TOIUIMBA OOECIEeUYMBAET
TOJIbKO PacHbUIMBaHUE TOIUIMBA, TO TAKME YCTPOKUCTBA HA3BIBAIOT POPCYH-
kamu. [Ipyu ux MCMoOAB30BaHUU NPOUCXOAUT IU(DPPYy3HOHHOE TOpPEHUE, TO
€CTh JIJIs 00pa30BaHUsI TOPIOYEH CMECH MCIOJIb3YEeTCs] BTOPUYHBIN BO3/YX,
U Takue (popcyHKH Ha3bIBAIOT TU(PHY3MOHHBIMU.

Ecnu ropenka o0ecrneunBaeT HE TOJIbKO pacHbUIMBAaHUE TOILJIMBA, HO U
o0pa3oBaHuE CMECU MapoOB TOIUIMBA C BO3AYXOM, TO €CTh MpU cMeceoOpa-
30BaHUU MCMOJIb3YETCs KaK MEPBUYHBIN, TAK U BTOPUUYHBIN BO3AYX, TO I'0-
peHue OyAeT KMHETHYECKUM, M TaKhe€ TOPEIKU Ha3bIBAIOTCS >KUAKOTOIM-
JMBHBIMUA KUHETUYECKUMU TOPEIKAMHU.

Huddy3nonnsie GoOpcyHKH B 3aBUCUMOCTH OT CIIOCO0a paclbUIMBAHUS
TOIUIMBA JIENSATCS HAa MEXaHWYECKHE, MapoBble W BO3AyIlIHbIE. [IpakTrue-
CKO€ MPUMEHEHHE HAlUIM B OCHOBHOM MEXaHMYECKHE 3JIEKTPUPULIUPO-
BaHHbIE ()OPCYHKH, B KOTOPBIX PACIbUIMBAHUE OCYILECTBIISIETCS C MOMO-
b0 Bpamjaroeiicss TypOMHKY, KOHYyca, TUCKa WA KaKOTO-TM0O0 IPYyroro
pabodero oprasa.

Cropanue TOIUIMBa OCYUIECTBISETCS, KaK MPaBUIIO, B TOTIOYHON KamMe-
pe UM Tomke arperara (ammapata), oopma U pa3Mepbl KOTOpPOM ompenie-
JISIOTCSL BUJIOM M HazHaueHueM oOopynoBaHud. [Ipu »ToM B 3aBUCUMOCTH

OT BHUJA TOINKHU MOAOUPAETCS COOTBETCTBYIOUIUN THUIT TOPEHUS U TOPEJIOK.
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OngHuM M3 OCHOBHBIX TMOKa3aTeNied TONMKH SIBISETCS YISIbHOE TEIJIOBOEC
HanpsHKeHUEe TOMOYHOro obbema Ty (BT/M3), MPEJICTABIISIONIETO CO00it
OTHOIIIEHUE KOJIMYECTBA TEIUIOTHI, BBIACISIIONMIEHCS B CAMHUILY BPEMCHH
IIPU CTOPaHUHU TOIUIMBA, K 00BEMY TOIIOYHON KaMepHhl.

KuneTndeckue >XUAKOTOTUIMBHBIC TOPETKH 00€CIICUnBalOT KauyeCTBEH-
HOE KOPOTKO(aKEeITHbHOE CrOpaHre TOIJIMBA B MaJIbIX TOIIOYHBIX KaMepax U
HCITOJIB3YIOTCS B TEIJIOBOM OOOPY/IOBAaHMH ¢ KOCBEHHBIM OOOTPEBOM CTE-
HOK paboueil KaMephl.

B TemoBeIX ammaparax ¢ TONKaMH OOJBIIOTO0 00beMa M HEMOCPEI-
CTBEHHBIM OOOTPEBOM CTCHOK pabodeil Kamepbl TOTIOYHBIMHU Ta3aMHu HC-
noib3yroTes auddy3uonHbie HOPCYHKH, MOCKOIBKY (OPMUPYIOT IJIHH-
HBIM ¥ CPAaBHUTEIHLHO HU3KOTEMITEpaTyPHBINA (pakes IiIaMeHH .

HcnapurenbHble MHKEKIIMOHHBIE KUIKOTOIIUBHBIC TOPEIIKH, KOTOPBIC
UMEIOT MH)KEKTOP CMECHUTENIh M HAcaJIKy ¢ OTHEBBIMH OTBEPCTHAMU, (-
(eKTUBHO PabOTAIOT MaJbIX TONMKAX ¢ OOJBIINM TEIIJIOBBIM HAIPSIKEHUEM
TOTIOYHOT'O 00bEMa, YTO TO3BOJIAECT CO3/IaBaTh aBTOHOMHBIC TEIIOBBIC all-
naparThsl, paboTaromue Ha KUJIKOM TOINIMBE. B KauecTBe MCTOYHHMKA TaKo-
ro TEIJIOHOCHTENISI KaK HarpeThli BO3AyX MOTYT HCIIOJIB30BaThCS
TEIJIOTCHEPATOPHI.

TenmorenepaTop, Kak MpaBUIIO, MPEACTABISIET COOON MOTHOCTHIO aB-
TOMATU3MPOBAHHYIO YCTAaHOBKY JUISI HarpeBa BO31yXa MPOAYKTaMHU CIo-
paHUs TOIUIMBA B PEKYINEPATUBHOM TEINIOOOMEHHHUKE. TerioreHepaTopsl
PUMEHSIOTCS JUIS HarpeBa areHTa CYIIKH B CYIITHIBHBIX YCTaHOBKAX, JJIs
aKTUBHOTO BCHTHJIMPOBAHUS HArpeThIM BO3IyXOM 3€pHA, a TaKXKe s
BO3JIYIITHOTO OTOTUICHHS W BEHTHJISAIIUH TMPOU3BOACTBEHHBIX MOMEIICHUN

MpU OTCYTCTBUM LIEHTPATIU30BAHHOTO TeIUIOCHa0XeHus. B kauecTBe ToOm-
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JIMBA B TEIJIOTEHEPATOPAX MOXKET UCHOJIB30BATHCA IPUPOIHBIN a3, KEPO-
CHUH, IU3EJIbHOE U NIEYHOE OBITOBOE TOILIUBO.

Tennoreneparop MMEET UWIMHAPUYECKUN KOPIIYC U3 KAPOCTOMKOHU
HeprKaBerlIel ctanu. BHyTpu kopmyca pacnojaraercsi TEII000MEHHUK C
KaMEpPOM CrOpaHus U TIIABHBIM BEHTWIATOP C AJIEKTpojaBUrarenem. Temn-
JIOTeHepaTop 000pyayeTcsa CUCTEMOM TOIJIMBOINOAAYH, YCTPOUCTBAMU aB-
TOMATUKHU U 0€3011aCHOCTH.

JInst OTOTIUIEHU M CO3aHUS 30H MUKPOKJIMMAaTa B IIPOU3BOJICTBEHHBIX
MOMEUIEHUAX MOTYT HMCIOJIb30BAaThCSI Ta30BbI€ TOPEIKH HMHQPPAKPACHOTO
V3JIyYEHHS

["a30BbIe TOpesKUM MH(PaKpacHOro H3IYUYEHHUs MPEACTaBISAIOT COOOM
OTOINUTENbHbIE MPUOOPHI AJisi OECIIaMEHHOTO CXKWUraHus raza. B stux
npubopax obecrnedynBaeTcsa cMeceoOpa3oBaHUE UM CrOpaHHE TaKUM 00pa-
30M, YTO CTOpaHUE MPOUCXOAUT HA MOBEPXHOCTH KEPAMHUECKOTO OJIOKA C
o0pa3oBaHUEM POBHOTO KOpOTKOdakeibHOro miameHu. [Ipu sTom mpak-
TUYECKU OTCYTCTBYIOT NMPOIAYKTHI HEMOJHOI'O CrOpaHus, a TeMmIleparypa
Hapy>KHOM MOBEPXHOCTH KEPAMUYECKOro OJIOKA JOCTHUraeT 800...900°C.
OcC00EHHOCTBIO ATUX TOPEJIOK ABJISIETCS TO, YTO OOJIbIIAsl YACTh TEIJIOTHI,
BBIACIISIIOLIEHCS PpU cropaHuu TommBa (okosio 60%), moctynaer B BUIE
uHdpakpacHoro uznydeHuss. OHUM U3 NPEUMYIIECTB OTOIUICHUS C MPHU-
MEHEHHUEM TOpEJIOK UHPPAKPACHOTO U3TYyUCHHUS SBIISIETCS Majlas TeIuioBas
WHEPLHs, YTO MO3BOJIAET MOJIb30BaThCA MMHU TEPHOJMYECKH MO MEpE

HEOOXOIUMOCTH.
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Tecmosvsle KOHMPpO/ibHblEe 80NPOCHI U 3adaHusa

1. Ha3zoBuTe OCHOBHBIE TEIJIOTEHEPUPYIOIIUE YCTAHOBKH, IPUMEHSEMbIE Ha Iie-
pepabaThIBAIOIIUX NPEAIPUATUAX U IPEIIPUIATHIX NUIeBor oTpaciau? 2. HazoBure
OCHOBHBIE 3JIEMEHTHI KOTEJIbHOM yCTAaHOBKU C YKa3aHHWEM MX Ha3HaueHus. 3. [laiite
KJIaCCU(PHUKALUIO KOTENbHBIX arperatoB. 4. Ha3oBuTe OCHOBHbBIE TEXHMYECKHE Xa-
pPaKTEpUCTUKHU BOJOTPEMHBIX U MapoBbIX KOTJIOB. 5. [IpuBeaurte ypaBHEHHE TEMJIO-
BOro OanaHca korenpHoro arperata. 6. Kak paccuutsiBaercs KIIJ] xotna OpyrTo u
KII/] xotna Herro. 7. Kakue THIBI TOpPENOK MCHOIB3YIOTCS AJI CKUTAHUSA ra3000-
pazHoro u kujakoro TormBa? 8. Urto coOoif mpencTaBisieT yIENbHO TEIIOBOE
HaIpspKeHUEe TOonovHoro oosema? 9. Urto coboil mpeAcTaBisieT TEIIOreHepaTop, 1
i 4ero oH ucnoib3yerca? 10. Uto coboil mpeacTaBisitoT co00i ra3oBble TOPEIKU

MH(}PaKpacCHOTO U3IIyYECHHS], 1 KAKOBA UX OCHOBHAsI 0COOEHHOCTH?
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OTOIVIEHUME, I'OPAYEE BOJOCHABKEHUE U BEHTWJIALIUA

16. Oromiaenue

16.1. Obwue ceeoenus o cucmemax omonieHus

3aTpaThl TEIJIOTHl HA OTOIJIEHHE COCTABIISIIOT OCHOBHYIO JOJIFO PacXo-
JIOB TEIJIOBOM SHEPIUU Ha KOMMYHaJIbHO-OBITOBBIC HYK/bI. JJ1s1 000orpeBa
3MaHUN TPUMEHSIOTCS CHUCTEMBI  BOJSIHOTO, MapOBOTO, IMAHEIbHO-
JYYUCTOTO, BO3IYLIIHOTO ¥ MEYHOTO OTOILICHUS, a TAKXKE OTOIJIEHHUE C MO-
MOIIIBIO TA30BBIX OTOMUTEIBHBIX TPUOOPOB.
K cucmemam omonnenus npeovaenaomca ciedyroujue OCHOGHbIE
mpebosanus:
® BO3MOYKHOCTh PETYJIMPOBAHUS U MOAAEpKaHUE TPeOyeMoro TeIio-
BOIO peXHUMa B TOMEHIEHUSIX TIPU KOJICOAHUSIX TEMIIepaTyphl
Hapy>KHOTO BO3/yXa;
® HAaJEKHOCTbD,
e oOecreuyeHue CaHUTAPHO-TUTUEHUYECKUX HOPM B OTaIIMBAEMBIX
MOMEILCHUSIX;
® 3KOHOMHUYHOCTb;
® M0Xap0o0e30MaCHOCTb.
Bri6op cucTteMpl OTOTUICHUS TTPOU3BOAUTCS Ha OCHOBAHUHW aHAJW3a TO-
ro, B KaKoil Mepe CUCTeMa OTBEYAET NMEePEUUCICHHBIM BBIIIE TPEOOBAHUSIM.
Booanoe omonnenue peKOMEHIyeTCd B MOMEUIEHUSAX C JUIMTEIbHBIM
npeObIBAaHUEM JIOJCH, Tie TpeOyeTcs cTaOuIbHAs TeMIepaTypa Bo3ayxa B

T€UEHHE CYTOK (JUISI NETCKUX U JIEYeOHBIX YUPEKICHHH, KUIBIX JOMOB,
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TOCTHUHMII, OOIIEKUTHH, YUeOHBIX 3aBeCHUM, OaHb, ITpauyeyHbIX, aIMUHHU-
CTPATUBHBIX U MPOU3BOJACTBEHHBIX MTOMEILICHU).

Ilaposoe omonienue TEXHUYECKH OMpPaBIAHO B ClIydasx, KOrjaa rap
BbIpa0aThIBACTCS JJIs1 TEXHOJIOTHYECKHX Ienei. OIHUM U3 OrpaHUYCHUMN
JUIs. TIPUMEHEHHS MapOBOI0 OTOIUICHUS SIBJISETCS IMOBBIINICHHBIH YPOBEHBb
IIIyMa, CO3/IaBaeMblIii IIpU JABM)KEHUHM T1apa B cucTteMme oTorieHus. [lapoBoe
OTOIJICHHE HCIIOJIB3YIOT B MPOU3BOJACTBEHHBIX IMOMEIICHUAX, OaHaX, Ipa-
YEYHBIX, PEMOHTHBIX MAacCTEPCKUX M BCIIOMOTAaTENIbHBIX MOMEIICHUIX pa3-
JUYHBIX MPEATPUITHI.

IHanenvno-1yuucmoe omonnenue oOecTieUMBACT TOJACPKaHUE PaB-
HOMEpPHOU TEMIIEpaTyphbl BO3JyXa MO BBICOTE MOMEIICHUS U MOXKET HC-
I10JIL30BAaThCS B IMMOMEIICHUIX M 3JaHUIX JI000ro HazHaueHus. Hemocrat-
KOM TaKOH CHUCTEMbI OTOILICHUS SBIISICTCS HU3Kasl PEMOHTOIIPUTOHOCTD.

Cucmemy 6030yuiH020 OMONIEHUA VICTIONB3YIOT B OCHOBHOM JIjIsl 000-
rpeBa MOMEIIeHU O00JbIIOro 00hEMa (CIIOPTUBHBIX 3aJI0B, KI1yOOB, Mara-
3MHOB, BOK3aJIOB), a TaKXe MOMEIIEHUN ¢ OmpeaciE¢HHBIMU YCIOBUIMU
MUKPOKJIMMAaTa, B KOTOPBIX OTOIJIEHUE COBMEIIACTCS C BEHTUIISAIIUEH (K-
BOTHOBOJIUECKHE W TNTHUIEBOAYECKHE (PepMbl M KOMILIEKCHI, OBOILE- U
bpyKTOXpaHUIIUILA U T. I1.).

OrpanvueHreM B TMPUMEHEHUM BO3IYIITHOTO OTOIUICHHS  SIBISETCS
TPYAHOCTh PETYJIMPOBKH TEMIIEPATYPHI B OTACIBHBIX MTOMEIICHUSIX OTall-
JINBAEMBIX 3JaHUH.

JI71s1 OTOTIIeHHST IPOU3BOICTBEHHBIX TTOMEIIEHUM ¢ YCIIEXOM MOTYT HC-
MOJIL30BATHCA  2A306ble 20penKU UHPpakpachozo usayuenusna. Taxoe
OTOIUICHUE 00J1a7aeT Majoi TEeTIOBOM MHEPIIMEH, YTO MO3BOJISET UCIIOb-

30BaTh TOPEJIKU MEPUOANUECKH 110 Mepe HeoOXoaAuMOCTH. VX npuMeHeHune
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MO3BOJISIET TAKXKE JOCTATOYHO MPOCTO CO3/1aBaTh B MOMEIICHUH JOKaJIb-
HbIC 30HbI MUKPOKJIIMATA 110 TEMIIEPATYPHOMY PEKUMY.

Ileunoe omonnenue Jaie BCero MPUMEHSIOT B WHIWBUAYAIbHBIX J0-
Max W HM3peJKa B KOHTOPCKHX M OOIIECTBEHHBIX MomerleHusx. Ilednoe
OTOIUICHUE HE 00ECIEeUYMBAaET CTAOMJIBHOCTh TEMIIEPATYPHOI'O PEXKUMA B
TEUEHUE CYTOK, YXY/IIAeT THTHCHUYECKUE YCIIOBUS B TTOMEIIEHUU, UMEEeT
HU3KYI0 SKOHOMHUYHOCTD U MOBBIIIIEHHYIO MOKaPOOIaCHOCTb.

[To COBOKYMTHOCTH KaueCTB HAubonbuiee pacnpocmpanenue noayuuiu
cucmemsl 800AH020 omonjenus. Bo MHOTUX Cily4yasix CUCTEMa BOJSTHOTO

OTOILICHUS COBMEIIACTCS C CUCTEMOU ropAa4dcro BOI[OCHa6)KCHI/I$I.

16.2. Cucmembvt 600aH020 OmonjieHus

CucreMsl BOJAHOI'O OTOITJICHU KJ'IaCCI/I(I)I/IHI/Ipy}OTCH 1o pAay IPpU3HAKOB.

IIo CHOCO6V HUPKYJANWUU BOABI Pa3JIM4ar0OT CUCTCMbI C ecmecmeeHn-

HOU U NPUHYOUMEIbHOU YupKyaayueu. B nepBoM ciayyae UUPKYIALNAS
BOJbl B CUCTEME MPOUCXOJUT 32 CYET PA3HOCTHU IUIOTHOCTHU TOPAYEN U
oxXJIaXJIEHHON BOJbl. BO BTOpOM cilyyae HUPKYJISLMS BOJABI 00ecTed r-
BAETCS HACOCAMM.

B 3aBHCHMMOCTH OT CXEMBbI NPUCOCANHCHUA HAI'PEBATCJIbHBIX HDI/I6ODOB K

INOABOJAAIIIMM M OTBOIAAIIINM TDV6OHDOBO)13M CUCTEMEI BOJISAHOI'O OTOILJIC-

HUS TOJPA3JCsAOT HA 0OHOmMpyOHble U 08yxmpyoHvle. B NByXTpyOHBIX
CHUCTEMax CYIIECTBYIOT IMOJA0IIas U oOpaTHAs MarucTpaiv, U K KaXIoMy
HarpeBaTeILHOMY MIPUOOPY Tropsyas BoAa MOABOJAUTCS OT MOABOASAIICH Ma-
TUCTPAIH, a OXJIAXKIEHHAS BOJIa OTBOJUTCS B OOpaTHYIO MarucTpab.

I1o CHOCO6V Inoaa4ym TCIJIOHOCHUTCIISA BOAAHBIC CUCTCMbI TeIIoCHa0Ke-
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HUSI TIOJPa3/ICNISIIOTCS] HAa 3aKPBIThIE U OTKPBIThIE. B 3aKpBITHIX cUCTEMax
TEIUIOHOCUTEJIb HE OTOMPAETCA U3 CETU, & B OTKPBITHIX OTOMpaETCs s
ropsi4ero BOJIOCHAOKEHUS U TEXHOJIOTUYECKUE HYKIbI.

B OTKpBITBIX CUCTEMaX MOXHO MPUMEHSATh OJHOTPYOHBIE CXEMBI C
HU3KOIMOTEHIMAIbHBIMU TEIJIOBBIMU PECYpCaMH; OHU UMEIOT 00Jiee BbI-
COKYIO JIOJITOBEYHOCTh 00OPYyJ0BaHUS BBOJOB K morpedutensiMm. K He-
JOCTaTKaM OTKPBITHIX BOJSHBIX CHCTEM OTHOCHUTCS HEOOXOJIMMOCTh
YBEJIMYEHUS MOIIHOCTH BOJOMOJATOTOBUTEIbHBIX YCTAHOBOK, HECTa-
OMJIBLHOCTh CAaHUTAPHBIX IMOKA3aTeJaed BOJbI U YCIOKHEHHUE KOHTPOJIS
FePMETUYHOCTU CUCTEMBL.

I1o CHOC06V IIPOKIAJAKHN MAIr'uCTpPaJIbHBIX TDV6OHDOBOI[OB CHUCTCMBI

OTOIUICHUSI OBIBAIOT € HUMCHENl U 6epXHell pa38oo0Koll (MarucTpaiu pac-
MI0JIaratoTCsl COOTBETCTBEHHO HUKE U BBIIIE OTOMUTEILHBIX IPUOOPOB).

I1o CHOCO6V IIPUCOCAMHCHUSA HAI'PEBATCJIBHBIX HDI/I6ODOB K TDV6aM 41

pactioJIOKCHHUA UX B ITOMCHICHUAX 3JAHUA CUCTCMBI ACJIAT HA 6€pMUKAlb-

Hble (C BEPTUKAIBHBIMH CTOSIKAMHU) U 20pU30OHmMAIbHble (B 3IaHUSX
OOJIBIIION MPOTSHKEHHOCTH ).

B 3aBucumocTtu ot HallpaBJICHUA IBUKCHUIA BOJbI B nona}omeﬁ "1 00-

paTHOM MarucTpajau pa3InvdarOT mynuKoevle CUuCmembl U CucCmembsl ¢ no-

RYMHbBIM O0BUIICCHUEM.

B 3aBucHMOCTH OT crioco0a TeIIOCHAOXKEHUS pPa3IudaloT UHOUBUOY-
anbHoe menaocHaodicerHue (171 KaXIOTO 3/IaHUs MPETyCMOTpPEHA CBOS
KOTEJIbHAS) U UEHMPANU306aHHOE MenaocHadiceHue (0T NEHTPATBHOU
koTeapHOU nim TOL).

Hwuxe npuBeieHsl npuMepsl CXEM BOASHOTO OTOILJICHHUS.
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Puc. 16.1. CxembI IByXTpyOHO# CHCTEMBI OTOIICHHS C NCKYyCCTBEHHOMN
HUAPKYJISIHACH:

a — C BepXHel pa3BOJKOM; O — C HIKHEH pa3BOJKOH; 1 — MCTOYHMK
TEIJIOTHI; 2 — TJIABHBIM CTOSAK; 3 — pacHIUPUTENbHBIN Oak; 4 — mopa-
IOI[asi MarucTpaib; S — BO3AYXOCOOPHUK; 6 — BO3MYIIHBIN KpaH; 7 —
MOJAIOMKKN CTOSIK; 8 — OOpaTHBIN CTOSAK; 9 — OTOMUTEITBbHBIA MPUOOP;
10 — o6patHas maructpane; 11 — nupkynsuuoHHslid Hacoc; 12 — pery-
mupyromuil kpaH; 13 — nupkynauuonHas tpyoa; 14 — coequnuTenbHas
TpyOa; 15 — BenTunb; 16 — curHanpHas TpyOka; 17 — mepenuBHas
TpyOka; 18 — Bo3aymHas quHUs; 19 — BO3MylIHBIN 3aTBOP
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Puc. 16.2. Cxema ofTHOTpYOHOM CHCTEMBI BOASHOTO OTOILICHUS
C BEPXHEU Pa3BOJKOM:

1 — cTosik; 2 u 4 — oTonuTENLHBIC IPUOOPHI; 3 U 6 — 3aMbIKAIOIIKE
YYaCTKH; O — BO3JyXOCOOPHUK 7 — TPEXXOA0BOM KpaH
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Puc. 16.3. Cxema ropu3oHTaILHON OJHOTPYOHOM CUCTEMBI
OTOIICHUS:
a — C 3aMbIKAIONIMMHU y4acTKaMH; O — nmpoToyHas; 1 — cTosik; 2 - Harpesa-
TeJIbHbIC MPUOOPHI; 3 — PEryIUpyONIUi KpaH; 4 — BBIIYCK BO3yXa
JIsi IprCOeAMHEHUsS] CUCTEMbI OTOIUIEHUS 3/1aHUSI K TEILUIOBOW CETH C
MeperpeToi BOAON MpHU LEHTPAIMZOBAHHOM TEIJIOCHAOKEHUU HUCIIOJIb3Y-
IOT TEIUIOBbIE MyHKThI. C UX MOMOIIBIO CHUXKAIOT TEMIIEpATypy BO/IbI, IO-
CTyHaroIIedl U3 TEIUIOBOM CETH B CHUCTEMY OTOIUICHUS, U OOECIEUUBAIOT
HEO0O0XoauMOe JJIsl UPKYJISIUUU BOABI aBieHue. Huke npuBeneHa cxema

TCILJIOBOT'O HYHKTa C SHCBaTOpOM.
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Puc. 16.4. Cxema TEIJIOBOrO MyHKTA:

1 — ropsiyas Boga TeruioBoit cetu; 2, 4, 7, 8 — 3aABMKKU; 3 — 3JI€BaTOD;
5 — ropsiuasi BojJia B CUCTEMY OTOILICHUs; 6 — oOpaTHas BoJa U3 CUCTEMBbI
OTOILJICHUS
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B mocnennee BpeMs Bce Ooublliee NMPUMEHEHHE ITOJYYalOT CHUCTEMBI
WHIUBUIYATbHOT'O TEIIOCHAOKEHHS. [Ipr 3TOM CHMKAIOTCS MOTEPH TEII-
JIOTBI B TEIJIOCETAX, CO3HaETCS BO3MOKHOCTH B OOJIBIIICH CTEIeHU oOec-
IICYNTHh HEOOXOJAUMBIN OTIEIBbHBIM IOTPEOUTEIIIM TEIUIOBOM PEXHUM, U B
IIEJIOM IIOBBIIIAETCS HAAEKHOCTb TEINUIOCHAOKEHHMS. Pa3BUTHIO CHCTEM
WHIUBUYaIbHOT'O TEIUIOCHAOKEHHUS CITOCOOCTBYET TaKXKe MOSBJICHHE BhI-
COKOPKOHOMHUYHBIX KOTEJIbHBIX arperaTtoB HEOOJBIION MOIIHOCTH, CIIO-

COOHBIX pa6OTaTB B aBTOMATHU3UPOBAHHOM PCIKHUMC.

a 0
Puc. 16.5. OTtonurensHbIe pauaTOPHI:

d — YYI'YHHBIC, 0 — cTaJbHBIE IIITAMIIOBAHHEIE

BaxXHbIM 3JI€EMEHTOM CHCTEM OTOIUICHUS  SBJISIIOTCS OTOMMTENIbHBIC
npubopel. OTonUTENbHBIE TPUOOPHI JOJKHBI UMETh BBICOKUN KO3 PUIn-
€HT TEeIJIO0T/Iauu, ObITh KOMIAKTHBIMU M OTBEYaTh HEOOXOJMMBIM CaHU-

TapHO-TUTUEHUYECKUM TPEOOBAHUSIM.

149



B cucteMax BOJASHOTO OTOIUICHHS] MPUMEHSIIOTCS CJICAYIOIIUE HarpeBa-
TeJIbHbIE MPUOOPHI: PEOPUCTHIE TPYOBI, paAaTOPhl, MPUOOPHI U3 TIIAJAKUX
TpyO (3MEEBUKHU U PETUCTPHI), KOHBEKTOPHI U OTOMUTEILHBIC TTAHEIIH.
Hanbonee npocTbiIMM OTOMUTEIBHBIMU MPUOOPAMU SIBISIOTCS UYyTyHHBIE
pebpuctbie TpyObl. [IpOMBINIEHHOCTh BBIMTYCKAET pa3jiUuHbIC YYT'YHHbIC
Y IITAMIIOBAHHbBIC CTAJIbHBIE PAIUATOPHI.

brnarogapss Hannuuio péOep MOBBIMIACTCSA TEIJIOOT/ada, HO MPU ITOM
CHIDKAIOTCSI CAHUTAPHO-TUTHEHUYECKHUE KauecTBa Mpubopa, Tak KaK MEex-
ny p€OpaMu CKaruIMBaeTCsl TpyAHOYAaIsieMas MblUib. PaguaTtopsl sSBISIIOT-
cs1 HanboJiee pacIpoCTPaHEHHBIMU OTOMUTEILHBIMU IPUOOPAMU B JKHIIBIX,
aIMAHUCTPATUBHBIX U KOMMYHQJIbHO-OBITOBBIX IOMEIICHHUSX.

HarpeatenbHbie mpuOOPHI U3 AKX TPYO — 3MEEBUKHU U PETUCTPHI —
qarie NPUMEHSIOT B 3alIbUICHHBIX TTOMEICHUSIX.

JInst oTorsieHUs: KOMMYHaJIbHO-OBITOBBIX 37aHUM B TIOCJIEAHEE BpeMs
JOCTATOYHO IIMMPOKO MPUMEHSIOT KOHBEKTOPHBI, KOTOPBIE COCTOSIT W3
CTaJbHOW WJIM YyTYHHOU TpyOBl quameTpom 15...20 MM ¢ opebpeHueM u3

CTAJIbHOM JICHTHI.

16.3. Ilpoexmupoeanue cucmem omonjieHus

OCHOBHBIMU 3a1a4aMU IIPU IPOEKTUPOBAHUM CUCTEM OTOIUICHUS SBJISI-
TOTCS:
e BBIOOp THIA CUCTEMBI OTOIJICHNUS,
® OIIPEIEIICHUE TEIJIOBOM MOILIHOCTA CUCTEMBI;
e BBIOOp THUIMA OTONMUTENBHBIX TPUOOPOB U paCUET UX KOJUYECTBA;

® BBHIOOp UCTOYHMKA TETJIOCHAOXKEHUSI.
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Bblﬁop cucmemsl omonjieHusa NMPpOU3BOAUTCA C YUCTOM THUIIA U HA3HA-

YCHU OTallJINBA€MOI'O OG’BGKTa, TOT'O, B KaKOHW CTEIICHU Ta WJIM WHAas CH-

CTEMa OTOIUJICHUS MO3BOJIIET 00ECIEUUTh TPEOYEMBbIil TEIIIOBOM PEXKUM U

CAHUTAPHO-TUTUCHUYCCKUC HOPMBI B OTAIZIMBACMBIX IIOMCIHICHUAX, 4 TAK-

K€ YKOHOMUYECKUX, KTUMATHYECKUX U psiia Ipyrux GakTopoB.

CHull narot pekoMeHAAIlMM MO0 BHIOOPY CHCTEM OTOILUICHUS B 3aBHCH-

MOCTH OT BHAa noMereHus (tadauma 16.1).

Tabmnura 16.1.

PGKOMGHI[EII_[I/II/I 110 BBI60py CUCTCMBI OTOIINICHUA

1 OTOIIMTCIBHBIX HpI/I60pOB

[Homemenns

Cucrema OTOINICHUA, OTOIINTCIIBHBIC
HpI/I60pBI, npcaciibHasA TCMIICparTypa TCII-
JJOHOCHUTCIIA NJIN TGHJ’IOOTI{&IOHleﬁ I10-

BCPXHOCTHU

1. JKumelie, oOmiecTBEHHBIE U

aI[MI/IHI/ICTpaTI/IBHO'6I>ITOBI>IC

Bonsgnas ¢ paguaropamu, MaHEIsIMU H
KOHBEKTOpPAMH IIPU TEMIEPAType TEILIO-
HocuTenst st cucteM: 95°C — IBYXTPYO-
upix u 105°C — OJTHOTPYOHBIX.

BoasiHas ¢ HarpeBatenbHBIMU 3JIEMEHTA-
MH, BCTPOCHHBIMM B HApPY>KHBIC CTCHBI,
MEPEKPBITUS. U TOJIBI (B COOTBETCTBUU C
m. 3.16 [8].

Bonsinas mectHast (KkBapTUpHasi) ¢ pajaua-
TOpaMH U JIM KOHBEKTOpaMU MPU TEMIIE-

parype TeIIOHOCUTEIS 95°C.
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2. Jlerckue  JIOUIKOJIbHBIC

YUPEKICHUS

BonsiHas ¢ paamatopamu, TaHEISIMU H
KOHBEKTOpPaMH IIpU TEeMIIEpaType TEmio-
mocurens 95°C .

BoasiHas ¢ HarpeBaTenbHBIMU 2JIEMEHTA-
MU, BCTPOCHHBIMM B HApPY>KHBIC CTCHBI,

MIEPEKPBITUS U TTOJIbI

3. Ilpennpustust o0OIIECTBEH-
HOI'O MUTaHHUS (KPOME pPecTo-

PaHOB)

Bonsinas ¢ paamatopamu, NaHEIsMH,
KOHBEKTOPAMU U TJIAJIKUMH TpyOamu mpu
TEMIIEPATYpPEe TEMIOHOCUTEIS 150°C.

Boasinas ¢ HarpeBaTeIbHBIMU 3JIEMEHTA-
MU U CTOSIKAMH, BCTPOCHHBIMHU B HapyX-

HBIC CTCHBLI, IICPCKPBITHUA U I10JIbI (B CO-

OTBETCTBHUH C 1. 3.16 [8].

4.3anbl 3pUTEIBHBIE U PECTO-

paHbI

BoasHas ¢ paagmaropamu, NaHENSIMU,
KOHBEKTOPAMU U TJIAJIKUMH TpyOamu mpu

0
Temneparype reronocurens 115°C .

5. IIpon3BOACTBEHHBIE, CEJb-
CKOXO3SIHMCTBEHHOI0 Ha3Haye-

HUA

Bonsinas n mapoBast (B COOTBETCTBHH C
n.3.9, 3.19 [8] ) npu Temmeparype Ten-

nonocurest: Boast 150°C , mapa 130°C .

YpaBHEHUE TEIUIOBOTO OajaHca 37aHUS JJIA ONpeeSICHUs TEIJIOBOU

MOIIHOCTHU CUCTEMBI OTOIICHUA NMECT BU .

@OT - @TH - @T&

(16.1)

riae @,,— MOLIHOCTh CUCTEMBI OTOILICHUS, Bm,

®;; — cyMMapHbI€ TEIUIOBbIE TOTEpU 3AaHus1, Bm;

@, — TEIJIOBLIJIEJIEHNUS B IOMEILICHUU, Bm.
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[ToTepu TENIOTHI MOMEIICHUEM CKJIAJIBIBAIOTCS U3 OCHOBHBIX MOTEPh
TEIUIOTHI Y€pe3 BCE HAPYKHbBIC OTPaXJICHUS U JO0OABOYHBIX MOTEph. OHU
ONPEACIISIIOTCS YTEM CYMMHUPOBAHUS MOTEPh TEIJIOTHI YEPE3 OTHEIIbHBIC
OTpaXAAOIIME KOHCTPYKIUK ¢ OKpyTiieHueM 10 10 Bm. OCHOBHBIE U J10-
O0aBOYHBIEC MTOTEPHU TEIUIOTHI YEPE3 OIPAKAAIOLIYI0 KOHCTPYKIIMIO HAXOJAT
o opmyiie

O = F t —t )1+
—R—O(g— DA+ZF)-n -y, (16.2)
rie Ry — compoTruBieHue Temionepeaade orpaxaaronieii KOHCTPYKIIUH,
MZK/Bm;
F — [UI0Iab IOBEPXHOCTH OTPAXICHUS, M;
t,u t, — pacueTHbIC TeMIepaTypbl BHYTPEHHETO U HAPYKHOTO BO31TY-
Xa, °c :

B; — 1006aBOYHBIE TOTEPH TEILIOTHI B JOJISIX OT OCHOBHBIX IOTEPb;

N — ko3 PULIMEHT, 3aBUCSIIINN OT MOJOXKEHUS HAPY>KHOTO OTpaK]ie-
HUSI IO OTHOIICHUIO K HApy>KHOMY BO3IYXY.

CornpoTHuBJEHUE TEIUIONEPEaYe OrPaXKIAIOIIEH KOHCTPYKIUU CIIETYET

onpenensath mo CHull 11-3 — 79 (kpome mosioB Ha rpyHTe). s Kaxaoro

OTpaKJICHHUS B OOIIIEM ClTydyae OHO MOKET ObITh HalijieHO 110 hopMyJie
m S
— _!
R,=R +Z;% +R,, +R, L 2k/Bm (16.3)
i=1

rac Rg — COMMPOTHUBIICHUC TCINIOOTAAYC OT BO3AYyXa IIOMCIHICHUA K BHYT-

PEHHEN MOBEPXHOCTH OTPAXKICHUS;

5i — TOJIIIIMHA CJIOSI OTPAXKAAIOIIEH KOHCTPYKIIUH, M.

153



li — TCINIOMPOBOAHOCTL MAaTCpHaia COOTBCTCTBYIOIICTIO CJIOA OI'paiK-

neuus, Bm/mK,

M — YKUCJIO CIIOEB OTPaXKIACHUS.

R, — TepMHUYECKOE CONPOTUBIIEHUE 3AMKHYTOM BO3IYLIHOM IPOCION-

KU (MpU HAJTMYUU TAKOBOM B OTPaXKJACHUN);

R, — comporuBieHHE TEIIOOTAAYE OT HAPYKHOM IOBEPXHOCTH

OTPaXKJICHUS HAPYKHOMY BO3AYXY.

ITpu 3TOM KOA(PPUIMEHTHI TEIIOOTJAYH COOTBETCTBEHHO C BHYTPECH-
HEW M HapyXKHON IMOBEPXHOCTH OTPAXKICHHUS OINPEICISIOT MO COOTBET-
ctBytonuM Hopmam — CHull 11-3 — 79,

Jlo6aBoUYHbIE TOTEPU TEIJIOTHI YEpe3 Orpa)KJaloIIue KOHCTPYKIIUU
npuaumaroT o CHull 2.04.05 —91 B 10515X OT OCHOBHBIX MOTEPb.

[Tpu onpeneneHuu TEMIOBOM MOIIIHOCTH CUCTEMBI OTOILIEHUSI YUYUThIBA-
€TCsl TaKXKe PacxXol TEIUVIOTHl Ha HarpeBaHue MHOUIBTPYIOMIETOCs BO3AyXa
@, , Bm, xoropsiii onpenensiercss B coorBerctBuu co CHull 2.04.05 — 91,

[Ipyu oTCyTCTBMM HEOOXOIWMBIX HAHHBIX J00ABOUYHBIC TEILIONOTEPHU
Ha HAarpeB MHQPUIBTPYIOMIETOCS BO3AyXa NMpUHUMAIOT paBHbIMU 30% OT
OCHOBHBIX TTOTEPH TEIIOTHI YEPE3 BCE OTPAXKICHMUSI.

TennmonocTymieHus B MOMEIICHUN CO3Ial0TCS YCTAHOBJIEHHBIM B I10-
MEIIeHUH paboyuM OoO0OpyJOBaHHWEM, MPUOOpPaAMU OCBEIICHMS, a TakKKe
TETJIOBBIJICTICHUSIMUA OT JIFoJiel. BennunHa TerionpruTOKOB OINpeaessaeTcs
C YYeTOM THMa, MOUIHOCTH M 3arpy3kud oOOpylnoBaHMs, (PU3MUECKOM
Harpy3KH JIFOJIeH U TeMIIepaTyphl BO3IyXa B IOMEIICHUHU.

[Ipy OTCYTCTBUM JIOCTAaTOYHBIX MPOCKTHBIX JAHHBIX JJIsi BHIOOpA HC-

TOYHHMKA TEIJIOCHAOXKEHUS W MPOEKTUPOBAHMS TEIUIOBBIX CETEH pacyeT
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TEIUIOBOM MOIIHOCTH MOTPEOUTENIeH TEIIOThl MOXHO BECTH MO YKpYyI-
HEHHBIM TIOKa3aTeJIsIM pacxojia TEIJIOThl U TEIUIOHOCUTeNs. B 3aBUCUMO-
CTH OT MCXOJHBIX JAHHBIX TEIJIOBYIO MOIIHOCTb MOTPEOUTENST Ompeacs-
10T MO0 pa3au4HbIM hopmynam [2,3].

TernoBass MOIIHOCTh CUCTEMBI OTOIUIEHUS >KWIOrO 3JaHUS «,, Bm,

MOKET OBITh HaiifieHa o ¢hopMyJjiam

Dy =qyV - (t, —t,)-a, (16.4)
niin

@o = %F . (165)

3.
rae Uo— ymenbHast oTonuTenbHas XapaKTepucTuka , Bm/m” K ;

V — crponTtenbHsblii 06beM COOPYXKEHHS IO HAPYKHOMY 00MepY, M
t, 1 t, — pacdeTHble TEMIEpPaTypbl BHYTPEHHETO U HAPYKHOI'O BO31yXa, o°C:
a — MOMNpPaBOYHBIA KOAIPPUIIMEHT, KOTOPHIM YUUTHIBAECT BIUSHUE TEM-
IepaTypbl HAPY)KHOr'O BO3/1yXa;
¥y — YKPYIIHEHHBIN 1OKA3aTelb, OTHECEHHBIN K €IUHULE KUIOM ILIO-
maau (tadi. 4.2), Bm/w’;
F —>xunas moomanp, M
3Ha4YCHUS YJIEIbHBIX OTONMUTEIBHBIX XapAKTEPUCTUK U YKPYITHEHHBIX
nokasaTesieii npuBoAsaTcs B Tadaunax [1,3].
TenmoBble MOIIHOCTH CHUCTEM OTOIUICHUS M BEHTWISLMH P, 0Oliie-

CTBCHHBIX, BCIIOMOI'aTCJIbHBIX U ITPOU3BOJCTBCHHBIX COOpY)KCHI/Iﬁ BbIYHC-

JS0T 110 hopMyiamM
Do =gV - (t, —t,); (16.6)

3 ,.
rae Jo— ynenbHas oTONUTENbHAS XapakTepucTuka, Bm/m” K ;
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V — crpouTenbHBI 065EM COOpPYKEHHS IO HAPYKHOMY 0OMeEpY, M
t,u t, — pacueTHbIe TEMIIEpaTypbl BHYTPEHHETO0 U HAPYKHOTO BO3/1yXa
[IpU [IPOEKTUPOBAHNH OTOILICHUS, "C ;
VY enbHbIE TEIMJIOBBIE XapaKTEPUCTUKHU 3JaHUN Pa3IMYHOrO Ha3HaYe-
HUS TaK)K€ MOYKHO HAWTH B CIIPaBOYHBIX TaOmmIax [3,].
TpeOyemyto momaab MOBEPXHOCTH HArpeBa (Mz) npuOOPOB OPUEHTHU-

POBOYHO OMPEACIISIOT 1Mo (hopmyiie

(2, -2,,)5.5,
np knp (tnp . tg) ! (167)

rae D,.,D,,, — TEIIO0T1a4a HArPEBATEIbHBIX IPUOOPOB, Bm,
®D,,, — TEMI00Ta4a OTKPBITBIX TPYOONPOBOJOB, HAXOJAIIUXCSA B OJI-
HOM MOMEILCHUHU ¢ HarpeBaTeIbHBIMU MprOOpamu, Bm;
Ky, — K03 bUIIMEHT Terlonepenaun mpuodopa, Bm/(m* 2C), onpenaes-
€TCSI IO CITPABOYHBIM TaOJIMIAM;
t,, — cpenHsas TeMnepaTypa TemjaoHocuTeNs B npupone, *C.
Jlist BogsiHoro otornenust t,,=(t+1)/2; t; u ty — pacuernas remnepa-
Typa TopsYei M OXJIKICHHOW BOJIBI B MPUOOpE; 1Sl MapOBOT0 OTOTI-
JIEHUs] HU3KOTO JaBnenus npuaumMaror t,,=100'C, B cucremax BBICOKO-
ro JaBieHus t,, paBHA TemIepaType napa nepes npudopoM Ipu COOT-
BETCTBYIOIIIEM €TI0 JIaBJICHUH,

{; — pacueTHas TemIepaTypa Bo3ayxa B momenieHuu, 'C;

f, - monpaBOYHBIA KOA(P(GUIMEHT, YIUTHIBAIOIINKA CIIOCO0 YCTaHOBKH

HarpeBaTeJIbHOTO mpuodopa.

B, - MOIPAaBOYHBIN KOA(PHUITMEHT, yUYUTHIBAIOIINN OCTHIBAHUE BOJIbI B

TpyOOINpOBOIAX.
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TerutoBoi MOTOK, OTAABAEMBIA TOMEIIEHUIO OTKPBITO MPOJIOKECHHBIMU

HEU30JIMPOBAHHBIMU TPYOOIIPOBOJAMHU, ONIPEIEISAIOT 110 (hopMyIie
D+ F ke (tp-ts) 7, (16.8)

rae @,== 1 d | —niomans Hapy>KHO! IIOBEPXHOCTHU TPYOBHI, M

d u | — HapyXHBIF AUaMeTp W JJIMHA TPyOOIpoBOja, M (IHaMeTphl
MarucTpajibHBIX TPYyOOIPOoBOAOB 00BIYHO 25...50 mm, cTosiko 20...32 mm,
MOJBOJIOK K HAarpeBaTeIbHbIM mTpuoopam 15...20 mm;

Kip — K03 uLueHT Temonepenayn Tpyos! | Bm/(m2 *C) ] ompenens-
€MbIil B 3aBUCUMOCTH OT TEMIIEPATyPHOIO HAIOpa U BUJ1a TEIJIOHOCUTETIS;

t;, — CpeAHAs TeMIepaTypa TEINIOHOCHTENS B Tpybomnposoze, °C,

1l - xo3(pduLKMEeHT, paBHBIN JJIs1 OJAIOIIECH JTUHUU, PACTIOIOKEHHOMN
o notoJjikom, 0,25, niis BEpTUKAIBHBIX CTOAKOB — 0,5, 1151 TpyOOIpoBO-
JI0B, PACTOJIOKEHHOM Haja 1ojom, - 0,75, 11t MoJBOIOK K HarpeBaTeIbHO-

my npudopy — 1,0.
17. Topsiuee BOJOCHAOKEHUE

['opsiuast Boga ucnoib3yeTcs sl KOMMYHaIbHO-OBITOBBIX U TTPOU3BO-
CTBEHHBIX (T€XHOJIOTUYECKHX ) HYXK]I.
B 3aBHCMMOCTH OT UCTOYHHMKA U CIIOCO0a pazgadyul ropsiyei BOAbI CH-
CTEMBI TOPSIYETO BOJIOCHAOKEHUS JICTATCS Ha:
® [ICHTPAJM30BAaHHbIC C BHEIIHUM MCTOYHUKOM TEIUIOTHI, KOTJa TeM-
JI0Ta TIOJIy4aeTCsl OT CeTel TerIo(PUKAITMOHHBIX CUCTEM;
® [ICHTPAJU30BaHHBIC C BHYTPEHHUM HCTOUYHHKOM TEIJIOTHI, TO €CTh
C TOJIYYEHUEM TETJIOTHI OT MECTHOW KOTEJIBHOM;

¢ JICHCHTPAIN30BAHHBIC C IMPUIOTOBJIICHUCM FOpH‘ICfI BOJbI BO BHYT-
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PEHHHUX TeHepaTopax TEeIJIOTHl (ra30BbI€ U DJEKTPHUUYECKHE BOMO-
HarpeBaTelin).

B cucremax ropsdero BoJIoCHaA0KEHUSI KOMMYHAJIbHO-OBITOBBIX ITOTPE-
ouTese UCIONL3YIOT TPU IMPUHIUIIHAILHBIE CXEMbl IIPUCOCIUHEHHUS I10-
JOrpeBaTesicd BOJAbI — MapauieibHY0, ABYXCTYICHYATYH IIOCJIEA0Ba-
TEJIbHYIO M JBYXCTYNEHUYATYIO cMellaHHyr. HanbonbInee pacopocTpaHe-
HHUE TIOJy4YWJia mapajjielibHas cxXeMma IOJKIIOYEHMS MOJ0TpeBaTeyie K
TCIJIOBOM CETH.

Ha npeanpustusx, rae ropssayro BOAy UCIOIb3YIOT B TEXHOJIOTHYECKUX
LEJISIX, IIMPOKO MPUMEHSIOT TYIHKOBYIO CXEMY C BEPXHEH pPa3BOJKOU

TpyOOIPOBOAOB K 0AKOM- aKKYMYJIITOPOM rOpsiueil BOABI.

Puc. 17.1. TlpuHuunuagbHasi cxemMa MmapajjieJbHOro MOAKIIOUCHUS
IIOJIOTPEBATENIEN K TETIJIOBOU CETH:

1—- nonaromuii TpyOOIPOBOI TEIJIOBOM CETH; 2 — TPYOOIPOBO XOJIO0I-
HOW BOJAOTPOBOHOU BOJBI; 3 — MOAOTPEBATENb XOJIOIHON BOJBL;, 4 —
MUPKYJAILUOHHBIN TPYyOONPOBOJI CUCTEMBI TOPSAYETO BOJIOCHAOKEHUS; 5 —
NoAAIOINN TpyOOIIPOBOJ CUCTEMBI TOPAYETO BOJOCHAOXKEHMUS; 6 — BOJO-
pa30opHbI€ KpaHbl, 7 — YCTPOMCTBO AJIsl yajeHus BO3AyXa; 8§ — Harpe-
BaTeJIbHBIC TPUOOPHI CUCTEMBI OTOILICHUS;, 9 - 00paTHBIN TPYOOIIPOBO/T
cucteMbl oToruieHust;, 10 — To ke TEemJIOBOM CETH.
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Puc. 17.2. TynukoBas cxemMa CUCTEMBI TOPSIYETO BOJOCHAOKECHHUS:
1 — cMmecuTennb; 2 — peryasaTop pacxonaa; 3 — 6ak-aKKyMyJIsTop;
4- Bo10pa300pHBIE KPaHBI; 5 — MOAAIOIIUN TPyOOIIPOBO/I;

6 — 0OpaTHBI TPYyOONPOBOT

HpI/I HEOOJILIIIOM paanyce I[GﬁCTBPI?[ MOTI'YT HPHUMCHSATBCS CXEMBI I'OPsI-

4ero BOJOCHA0KEHUS C €CTECTBEHHOM [TUPKYIISIIIUEN BOIBI.
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Puc. 17.3. CxeMa cucTteMbl ropsuero BOJI0CHA0KEHUS

C €CTECTBCHHOU LIUPKYJISALACH:

1 — TemI00OMEHHUK; 2 — PETYIATOP pacxoa; 3 — 0aKk-aKKyMyJIsITOp;
4- Boopa300pHBIEC KPaHbI; 5 — MUPKYJISLIHUOHHBIN TPYOOIIPOBO/I;

6 — mogaromuii TpPyOOIpoBOI; 7 — 0OpaTHBIN TPYOOTIPOBO
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TennoBast Harpy3Ka CUCTEMbI TOPSIYETO BOJOCHAOKEHUS MPEK]IE BCE-
ro 3aBUCHUT OT pacxojia BOAbl. Pacxol BoJbl Ha ropsiuee BOJOCHAOKEHUE
KUJIbIX, OOIIIECTBEHHBIX W aJMUHHCTPATUBHO-OBITOBBIX 3/IaHUI OIpe/ie-
JAKOT 10 HOpMAaMm pacxojia ropsderd Bojbl. Pacxoa BoAbl Ha HMPOU3BOI-
CTBEHHbBIC HYXKJbl IPUHUMAIOT B COOTBETCTBUU C TEXHUYECKUM 3aJIaHUEM
Y YKa3aHUAMH 10 NIPOCKTUPOBAHUIO PEANPUATHNA OTPACIIH.

CpenHsist TeII0Basi MOITHOCTh CUCTEMBI TOPSIYETO BOJIOCHAOKEHUS

KUJIBIX U OOIIECTBEHHBIX 3IaHUMN OompeensieTcs mo popmyie

1,2-n-(a+b)-(55-t_)-c,
243600 , kBm

o _
®FB -

(17.1)

rie N — pacyeTHOE KOJMYECTBO JIIOAECH, OOCITYKMBAEMbIX CUCTEMOMU
ropsiYero BOJIOCHAOKEHUS;

a u b — cyrounsle HOpMBI pacxoaa TOpsSYEH BOABI TEMITEPATypPOi

+55'C B KUJIBIX M OOIIIECTBEHHBIX 3/IaHUSAX M3 pacueTa Ha OJHOTO Ye-

JIOBEKa, K2/ cymKu,
L., — pacuetnas Temmeparypa xonomHO# BOIBI 3UMOit (1= +5°C);

yJeabHas TEII0eMKOCTh BoJIbI ( C, = 4,19 k/[oic/xke K).

MaxkcumaibHas TeIIoBas MOIDHOCTBb CUCTCMBI I'OpAYCTO BOI[OCHa6-

KCHUA

D, =(2..2,4)- D, (17.2)

CpenHecyTOUHBIE HOPMBI ITOTPEOICHUS TOPSYEH BOJBI MIPU TeMIIepa-
Type 55°C M CUCTEM ILEHTPAJIM30BAHHOTO TOPSYEro BOJOCHAOKEHUS,
MPUCOCAMHIAECMBIX K 3aKPBITBIM CHCTEMaM TeIUIOCHAOXKeHus (1 /cym.)

ycraHaBiavBaroT no CHull.
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18. BeHTWJISIMA U KOHAUIIMOHUPOBAHUE

18.1. Oobwue ceeoenusn o eenmunayuu

Benmunayuen Ha3pIBalOT COBOKYITHOCTh MEPOIPHUATHN U YCTPOWCTB,
o0ecreunBaroluX pacyeTHbIM BO3yXO00OMEH B MOMEIICHUIX JKUIIBIX 00-
IICCTBEHHBIX U TPOU3BOJICTBEHHBIX 3/IaHUM.

BenTtwsmus ciyXuT Ui NOAACPKaHUS CaHUTAPHO-TUTHEHUYECKOTO
COCTOSIHMSI BO3/yXa 3a CYET YAAJICHHS U3 IMOMEIICHHH M30BITOYHOM Terl-
JIOTHI, BJIaT¥ M BPEAHBIX BBIJCICHUHN.

CucTeMbl BEHTWISAINN KIACCU(PUIUPYIOT 10 PA3TUIHBIM MPHU3HAKAM.

IIo Ha3HAYEHUIO CUCTEMBbI BEHTUJISIIIUU moaApasaACIArOT Ha npumovdHble

U 8bIMANCHBLE, 00UICOOMEHHbIE U MECHIHbLE.

CucreMbl BEHTWIALIMY, HATHETAIOIIKE BO3TyX B MOMEUIEHUE, HA3bIBAIOT-
CSl HPUMOYHBIMU, A YAATSIOUINE 3arPA3HEHHBIN BO3IYX — 6bIMANCHBIMU.

Oouweodbmennan BEeHTUIALNS OOECIIEUMBAET BO3IyXOOOMEH BO BCEM
00beMe BEHTUIIUPYEMOTO TOMEIICHUSI.

Mecmnaa BEHTWISILUS CILYKUT JUJIsl yIaJ€HUS 3arpsI3HEHHOTO BO3lyXa
HEMOCPEJACTBEHHO OT MCTOYHMKA BPEAHBIX BBIICICHUN WIM MOJAYU YH-
CTOTr'0 BO3/yXa B ONPEEIICHHYIO 30HY ITOMEILIEHNU.

B psge cnydaeB NPpUMEHSIIOT CMEUWAGHHY0 CUCTEMY BEHTUIISLINY, TIPE-

CTaBJISIOIYIO0 COOOM coueTaHue 001meoOMEHHON U MECTHON BEHTHIISIIUM.

ITo criocoOy moOyKIeHUs IBUKESHHS BO3AYyXa Pa3INYalOT eCHechi6eH-
HYI0 U RPUHYOUMEIbHYI0 CUCTEMbl BEHTHIISIIIUY.

Ecmecmeennaa BeHTUISLMS IPOUCXOINUT 33 CUET PA3HUIIBI TNIOTHOCTH
Hapy>XHOTO BO3/lyXa U BO3/yXa BHYTPH MOMEIICHHS, a TAKXKE 3a CUET JCH-

CTBMS BETpA.

161



B npuHyauTenbHOM cucTeMe BEHTUIISIMM JBHXKEHUE BO3/lyXa oOecrie-
YUBACTCS BEHTWISATOpPaMHU, pabOTAlOIIUMU B pPEKUME HarHeTaHus (Mpu-
TOYHBIE CUCTEMBI) WJIK PA3PSKEHUS (BBITSXKHBIE CUCTEMBI).

Haub6onee a3 hexTiBHOM SABISETCS IPUHYAUTEIbHAS CUCTEMA BEHTHIISIIUY.

Baxnenen xapakTepUCTUKON CUCTEM BEHTWISLMU SIBISICTCSA 603-
0yX000MeH U KPAmHOCHb 8030YX00MEHA.

[Ton 6030yx0006menom OOBIYHO MOHUMAIOT 00BEM BO3yXa, MOjaBae-
MOT'0 B TIOMEIIICHUE WU yAISEMOro U3 HETO 3a OJIMH Yac.

Kpamnocmu1o 6030yx000mena Ha3bIBalOT OTHOIIEHUE BO3yX00OMEHa

K BHYTPCHHCMY O6’beMy BCHTUJINPYCMOI'O ITIOMCUICHHUA.

Ve

3 3
roe V, — BO3Iyx000MeH, M>/u H V., - 06bem ITOMEILICHUS, M.
[Ipu pa3paboTke CHCTEMBbI BEHTHJISIMN HEOOXOAMMO peIiaTh CICAYIO-
i€ OCHOBHBIE 3a1a4H:

® BBIOOP TUIIA CUCTEMbI BEHTHIISIITUY;
e ompeaereHue TpedyeMoro Bo31yXxo0o0MeHa;
® a’POJMHAMUYECKUN pACUET CUCTEMBI;

® 110100p BEHTWIATOPOB (ITPU NPUHYAUTEIBHOW CUCTEME BEHTUJISILINN ).

18.2. Bwioop u pacuem cucmemovl 6eHMUIAUUU

Bb100p crucTemMbl OTOTUICHUS! TPOU3BOJUTCS C YUYETOM THUIIA U Ha3Haye-
HUSL  BEHTWIMPYEMBIX TIOMEIICHUH, TpeOOBaHUI K  CaHUTAPHO-
TUTMEHUYECKOMY COCTOSTHUIO BO3/yXa B HUX, HAJIWYUs BPEIHBIX BBIIEIIE-

HUM U UX HMHTCHCHUBHOCTH, 4 TAKXKC M30BITOYHOM TEIUIOTHI M BJIAard B IIO-
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MeImeHuAX. [Ipu 3TOM yIUTHIBaeTCS SKOHOMHYECKas IIeJIeCOO00pPa3HOCTh
MIPUHAMAEMBIX PEIICHUM.

B OonpmMHCTBE ciydaeB JJIsS BEHTHIIAIUU KUJIBIX, OOMIECTBEHHBIX U
aIMUHHCTPATUBHBIX 3JIaHUN HCIOJB3YIOT €CTCCTBCHHYIO BEHTHIISIIHIO,
KOTJla MPUTOYHBIA BO3AYX IOCTyMaceT yepe3 GopTouku U GpamMyrH, a 3a-
I'PSI3HCHHBIN BO3YX YIAISIETCS Yepe3 PEIICTKH, PACIION0KEHHBIC O/ IT0-
TOJIKOM, a 3aT€M HAIpaBJIsIeTCS 10 BEHTHISSIMOHHBIM KaHAJIaM B BBITSIK-
HbIE HIAXTEL.

B caydasx umcnonb30BaHHS NMPUHYIUTEILHON BEHTHIISIIUA BO3MOJKHA
KaK IPUTOYHAS, TaK U BRITSDKHAS BEHTWIANMA. [Ipy 5 TOM BEHTHIISTOPHI U
BO3JIyXOBOJIBI CTPEMSITCS pacriojarath TakK, 4TOObI CBEKUU BO3IyX PaBHO-
MEpHO TIOCTYMaJI B 30HY HEMOCPEJACTBEHHOTO Pa3MEIICHMsI KUBOTHBIX. B
psIe CITydaeB MOXKET UCIIOIB30BaThCS MPUTOYHO-BBITSHKHBIE CHCTEMBI.

B cnydae mcnonb30BaHMs MPUTOYHON WJIM MPUTOYHO-BHITSHKHON CHCTE-
MBI BEHTHISIIUN BEHTHJISAINS MOYKET COBMEIIATHCS ¢ CHCTEMOM BO3IYIITHOTO
OTOIUICHHUS, KOTJIa TI0JIJaBa€MbIii B IOMEIICHHE BO3IyX B XOJOJTHOE BpeMs
rojia MoA0rPeBaeTCs OTONMUTEIILHO-BEHTHIISAIIMOHHBIMHU arperaTaMu.

Croco0 BEHTHIISAIIMN TTPOU3BOJICTBCHHBIX 37aHUN (PEMOHTHBIX MacTep-
CKHX, TPEINPUATHHI M0 MepepadoTKe CEIbXO03MPOAYKIIMN U Jp.) 3aBUCUT
OT XapakKTepa TEXHOJOTHUYECKUX IPOIIECCOB, MOIIMHOCTH MPEINPUATHSI U
psina Apyrux GpakTopos.

JIOBOJIBHO 9acTO Ha MPEATPHATHUSAX HCIOJIB3YyEeTCs KOMOWHUPOBAHHBIC
CHUCTEMBI, TIPEACTABIISIIONINE COO0M coueTanne 00Ie0OMEHHON U MECTHOM
BEHTHUJISLIH.

Mecmnasn eenmuiayus UCTIONB3YETCS IS YIAAJICHUS BPEIHBIX BBIJIC-

JIEHUM B CIIy4asX JIOKAJIBHOTO XapaKTepa 3THX BBIACIECHUU U MPENOTBpA-
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LICHUS UX PACIPOCTPAHEHUS MO BCEMY MOMEIICHU0. OHa Yalle BCEro BhI-
MOJTHSIETCS B BUJE PA3JIMUHBIX IO YCTPOUCTBY BBITSIKEK (OTCOCOB) U3 30HBI
BPEIHBIX BBIJACICHUN.

MectHass BeHTWISILUSL 00JafaeT psjoM MNPEUMYIIECTB: MPOCTOTa CH-
CTEMBI; JTOKAJIM3ALMsl BPEIHOCTEN; MaJIble PACXO/bl BO3AyXa.

ITo KOHCTPYKIIMK CUCTEMBI MECTHOM BEHTWISILIMU MOAPA3ACIISIOT HA 3a-
KPBITBIE, IMOJIYOTKPBITHIE U OTKPBITBIE.

3aKphIThIE CHUCTEMBI (T€PMETUYHBIC KOXKYXH WJIM KaMepbl JIS pa3Mme-
IIEHUSI TEXHOJIOTHUYECKOTO O0O0OpPYJIOBaHUS) B YCJIOBHUSX CEIbCKOXO3Sii-
CTBEHHOTO MPOM3BOJICTBA OOBIYHO HE UCTIOJIb3YIOTCS.

B kauecTBe yCTPOWCTB MONYOTKPBITBIX U OTKPBITBIX CUCTEM MECTHOM
BEHTWISIIIUA UCTIOJIb3YIOTCSI BBITSDKHBIE 30HTHI, BBITSDKHBIC MaHETH, O0p-
TOBBIE OTCOCHI U BBHITSDKHBIC MIKa(bl. CXeMbl YCTPOUCTB MECTHON BEHTH-

JIOWUHA ITPUBCIACHBI HUXKC.

\ b
"2

| ey —— e o]

a 6 8 2

Puc. 18.1. YcTpolicTBa MECTHOM BBITSKHOW BEHTUJISAINM :
a — BBITSDKHOM 30HT; O — BBITSDKHAS MMaHE b, B — OOPTOBOM OTCOC,

KOJIBIIEBOI; ' — OOPTOBOM OTCOC C MOTYBOM.
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BuITsSKHBIE 30HTBI YCTaHABIMBAIOTCS HaJl JIOKAJbHBIM COCPEIOTOUYCHH-
€M BPEJHBIX BBIJICICHUM, KOTJla OHU UMEIOT INIOTHOCTh HUXKE IUIOTHOCTH
OKPY’KaroIllero Bo3/lyxXa U MOJJHUMAIOTCS BBEPX.

B cinyyasx, korja 30Ha BpEJHBIX BBIJICICHUM OTHOCHUTEIBLHO BEJIMKA U
BBITSDKHBIC 30HTHI IIPUMEHSATh HE IIEJIECO00pa3HO, YCTAaHABJIMBAIOT BbI-
TSOKHBIC TTaHEIH.

BopToBbIe OTCOCHI yCTaHABIMBAIOT HAJl OTKPBITHIMUA BaHHamMU. OTCOC B
HUX OCYIIECTBIJISICTCS M3 KOJBILIEBOH IIEHU U B HEKOTOPBIX CIIyUYasiX MOXKET
JOTIOJIHATHCSI aKTUBUPOBAHHBIM MO YBOM.

bonee s3(phekTUBHBIMU yCTPOMCTBAMU SIBJISIIOTCSI BBITSDKHBIC HIKAQBbI,
KOTOpBIE MPAKTUYECKU MOJHOCTHIO YKPBHIBAIOT UCTOUYHUK BPEIHBIX BbIJIEC-

JICHUU.

LN

rd
\
\

N

Puc. 18.2. BeiTsbxHbIC MIKA]HI:
a — C BEpXHUM OTCOCOM; O — C HUKHUM OTCOCOM;

B — C KOMOMHUPOBAHHBIM OTCOCOM BO3/IyXa
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IIpu Hanmuuuu Ha padoyeM MeECTe JIOKAJIbHBIX N30BITOYHBIX TETUIOBBIIC-
JIGHUH TPUMEHSIOT BO3JYIIHbIC AyHmIH. IIpr 3TOM CKOPOCTh NBHMKEHHUS
BO3/yXa U €ro TeMIiepaTypa B pabouei 30He JOJDKHBI HaXOJUThCS B JIOMY-
CTUMBIX MIpeeax.

PacueTHbIi BO31yX000MEH HAXOJAUTCS U3 YCIOBHUS O0OeCIeUeHUs KOH-
IIEHTPpAIlMU BPEIHBIX BEIIECTB B BO3AyXEe MOMEIICHHUS HE MPEBBIIIAIOIICH
JOIMYCTUMYI0 CAaHUTAPHO-TUTMEHUYECKMMH HOPMaMHM, a TakKe IMoaAep-
KaHUs TEMIEPATYPHOTO M BJIAXXHOCTHOIO PEKMMa B BEHTHUJIUPYEMOM
nomMenieHuu. Pacuer BeeTcs Ha OCHOBE YPaBHEHUM MaTepUabHOTO Oa-
JaHCa MO MPUTOYHOMY M YJAJISIEMOMY W3 MOMEIICHUS] BO3AYXY W BpE -
HBIM BBIJACIICHUSIM.

PacueTHbIil BO3yX000MEH, TpeOYIOIMUACS i1 pa30aBieHUs 10 JOIMYy-
CTUMBIX KOHIIEHTPAIIMM BBIACIISIONMIMXCS B IOMEIICHUH BPEIHBIX Ta30B

WIH MapoB, a TAKXKE MbUTA OMPEACIISIOT 10 (GopMyJie

Vp=—" M (18.1)

rne M, — KoMMYecTBO BPEIHBIX BBIJCIICHUH B TIOMEIIICHUH, JI/4 (2/4);

Ao 3
Cy,— momycTHMas KOHIIEHTpAIMs BpPEIHOCTEH B IOMEINEHUH, JI/M
3y.
(e/m);
. — KOHIIEHTPAIIKs BPEAHOCTEH B HAPYIKHOM BO3IyXe, /M~ (2/m”).

N3 ycnoBus yaaneHust H30bITOYHON TEMIOTHI —

Q
V= FROED) s (18.2)
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rie Q — cymMMapHOe KOJNMYECTBO TEILIOTHI, BBIAEASIEMON B MOMEIIE-
HUM, KL [c/4;

3.

£ — IJIOTHOCTh BO3JyXa, Ko/M",

|, — ynenbHas 3HTAIBINS BO3AyXa B IMOMEIICHHH (IIPU HOPMHUpPYE-
MBIX 3HAUCHUSX TEMIEPATypbl U BIAKHOCTH), K/[oic/ke c. 6030;

|, — yaenbHas HTaJbIUS HAPY>KHOT'O BO3AYyXa, K/[oic/ke . 8030.

N3 ycnoBus yaaneHuss n306ITOYHOM BiIard —

v 1000 - W 3 (18.3)
= S M° /4, .
’ p - (dy —dy)

rne W — cymmapHOe KOJIMYECTBO BJIArH, BBIJICISIEMOM B IOMEILIEHUH, Ke/u,
— TJIOTHOCTH BO3/yXa, K2/M>
d, — BIarocojep:kaHue BO3Iyxa B TOMEIIEHUH (TPH HOPMHUPYEMBIX
3HAYEHUSX TEMIEPATYPhl U BIAKHOCTH), 2 /K2 C. 8030;
|, — BIarocoepxaHne HapyKHOTO BO3YXa, & /K2 C. 8030.

[Tocne onpenenenus HEOOXOAUMOIO BO3AYX00OMEHA MO KaXXAOMY BUTY
BPEIHOCTEN 3a pacUeTHBIM BO3yXOOOMEH MPUHUMAIOT MAaKCUMAIIbHBIN 13
HAWJICHHBIX.

[Ipu OTCYTCTBUM AAHHBIX JJI1 pacueTra BO3ayXOOOMeHa MO MPUBEJCH-
HBIM BBIIIE (JOpMYJiaM €ro HaAXOMASIT MO0 HOPMATUBHOMY JIJI JAHHOTO THUIMA

MOMEIIICHUM 3HAaYEHUIO0 KPATHOCTH BO3yX000MEeHa

Ve =K-V, | (18.4)

-1.
rie K — KpaTHOCTh BO3AYyX00OMEHa, u |

V 6 3
»— 00BbEM IMOMEICHUS, M .
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OIHUM U3 3TanoB MPOCKTHUPOBAHUS CHUCTEMBI BEHTWIISAIMUA SABJISCTCS
adpOIMHAMUYECKUN pacyer.

A>3pOJIMHAMUYECKUN PACYET 3aKJIFOYACTCSA B OMPEICIICHUNA ONIEPEYHOTO
CEUCHHUs BO3AYyXOBOJIOB, & TAKXKE IOTEPH JABJICHUSA HA OTACIbHBIX y4acT-
Kax U B CHUCTEME B 1IeJIOM. PacueTy OObIYHO MPEIIIECTBYET COCTABICHUE
CXEMBbI BO3yXOBOJIOB.

B kadyecTBe OCHOBHOM MCXOJHOW BEJIWYMHBI ABJISIETCA PACUETHBIA BO3-
OyX0O0OMEH.

JIst cucTeM eCTeCTBEHHOM BEHTHJISIIMM PACCUUTHIBAIOT HEOOXOIUMBIE
TUIOIIAAH TTONEPEUYHBIX CEUEHUM KAHAJIOB U BBITSIKHBIX II1AXT.

IIpu ecTecTBEHHOM W MPUTOYHOW BEHTWISILUM JJISl YAAJICHUs BO3yXa
Y3 MOMEIICHUS YCTAHABIUBAOTCS BBITSKHBIC IIAXTHI.

OO011yto IIOMIAAb BBITSHKHBIX IIAXT HAXOJAT MO Gopmylie

_ Y
36000 ° (18.5)

3
rae Vg — Bo3ayxoo6MeH, M/4 ;
(@ — CKOPOCTb BO31yXa B BBITSDKHOM IIIaxTe, M/C .

3HaYECHUE CKOPOCTH MPU €CTECTBECHHOM TATE

w=22-/ht, —t,)/273 , (18.6)

rac h — BeIcOTa BBITSHKHOI IMaXThl, M,

t, u U,— pacuernas Temmeparypa Bo31yXa, COOTBETCTBEHHO, BHYTPH

0
MOMENICHUs U HapykHOro, C.

OOBIYHO INPUHUMAIOTCA BBITAKHBIC IAXThI CJICAYIOIIUX CCUCHUM:

400400 mm ; 5004500 mm ; 6004600 mae ; 700700 v
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B cucremax ¢ mpuHyJIuTEIbHOW BEHTUIISLIMEH BO3yXO000MEH obOecrie-
YUBACTCSl BEHTUJISATOpPaMHU. B cucremMax BEHTHIISIIMU MPUMEHSIOTCS IICH-
TPOOEKHBIC WM OCEBbIC BEHTIIISITOPHI. BeHTHIsITOP MOI0MparoT 1o a’po-
TUHAMAYECKUM XapakTepucTukam. [Ipu 3ToM momada BEHTWIATOPA JTOJK-
Ha COOTBETCTBOBATH TPeOyeMOMY BO3IyXO000OMEHY, a HaImop, CO3/1aBaeMbIM
BEHTUJIATOPOM, C JICCATHIPOILICHTHBIM 3aI1aCOM COOTBETCTBOBATH MOTEPSIM
JaBJICHUS B BEHTUJISIIMOHHON CHCTEME.

MOMHOCTD 3JEKTPOABUTATENS IS MMPHUBOJIa BEHTHIATOPA ONPEISIAIOT
o hopmyJe

_ V- p, K
3600 . 776 . 77” y (187)

3.
rae Vg - nmojavya BEHTHIIATOPA, M /4,

P,— Hamop, co3aaBaeMblii BEHTUIATOPOM, [1a;
K — ko3¢ dunueHt 3anaca monHoctH (x =1,1...1,5 — 114 neHTpOOEK-

HBIX BEHTWISITOPOB, Kk = 1, 05...1,2 — 1151 OCEBBIX);

11 — KI1J1 BenTHIIsITOpA;

1n,— K11 npuBoaa.

18.3. Konouuuonuposanue 6o3oyxa

Konouuuonuposanue 6030yxa — npouecc aBTOMaTH4ECKOrO MOIEPHKa-
HUSL B MOMEIICHUAX OIPENEICHHOrO, 3apaHee 3aJaHHOIO COCTOSIHUSI BHYT-
peHHEro Bo3ayxa (Kak MpaBuiio, Hanbosiee KOMPOPTHOTO sl MpeObIBaHMS
JIFOJIEN WITU KMUBOTHBIX ) HE3aBUCUMO OT BHEILIHUX U BHYTPEHHUX (PAKTOPOB.

[To Ha3HA4YEHUIO KOHIWIMOHUPOBAHHWE BO3/yXa IMOJPA3ICISCTCS Ha
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KOM(]OpTHOE, MPUMEHSIEMOE B JKHIIbIX, OOIIICCTBEHHBIX W aJMUHHUCTpa-
TUBHBIX 3/IaHUSX; TEXHOJOTHYECKOE — B MPOU3BOJACTBEHHBIX MOMEIICHHUIX
s obecrieyeHus TPeOYEMbIX YCIOBUM MNPOTEKAHUS TEXHOJIOTMUYECKUX
MPOIECCOB U KOM(POPTHO-TEXHOJIOTHYECKOE — B MPOU3BOJCTBEHHBIX IMO-
MEIIICHUAX, KOT/Ia YCIOBUS MPOTEKaHUS TEXHOJIOTMUYECKUX MTPOIIECCOB Ma-
JI0 OTJIMYAKOTCA OT KOM(OPTHBIX.

[Ipy KOHAMIIMOHWPOBAHUM OCYIIECTBIISIETCS TEIUIOBJIAXKHOCTHAs 00pa-
O0O0TKa BO3/JyXa W €ro OYKMCTKA. YCTPOMCTBO, B KOTOPOM OCYIIECTBIISICTCS
TEIJIOBJIAXXHOCTHAsI 00pabOTKa BO3/lyXa U €ro OYMCTKA, HA3bIBACTCS ycma-
HOBKOUl KOHOuyuonuposanus 6ozoyxa (YKB) unu konouyuonepom.

VY cTaHOBKH 1J1s1 KOHAUIIMOHUPOBAHUS JOJIKHBI 0OECIICUUTD:

® OYHCTKY BO3/yXa OT IbUIH;
® HarpeB WU OXJIAKJICHHUE J0 ONTUMAIbHOU TeMIIEpaTyphl;
® YBJIAKHEHHE WM OCYIICHHUE.

B psne ciaydaeB Kk KOHAMIIMOHEPAM MPEIbIBIISIIOTCS Takue TpeOOBaHUS
KaK OYMCTKa BO3/yXa OT 3alaxoB, MOHU3AIUS U YMEHBIIICHUE IIIYMOB.

Komruieke TEXHUYECKUX CPEeNCTB, OCYIIECTBISIONMX TpeOyemMyto oopa-
OOTKYy BO3/lyXa, €ro TPaHCIOPTUPOBAHUE U paclpejiesieHue B 00CTyKUBa-
€MBIX MMOMEIIEHUX, BKIIOYask KOHTPOJIb, ABTOMAaTHYECKOE PEryJIMpOBaHUE
Y YIIPABJICHUE COCTABJIISECT cucmemy Konouuuonuposanus eo3oyxa (CKB).

Ha pucynke 18.3 mpuBeaeHa cxeMa MPSIMOTOYHOUW CHCTEMbI KOHIUIIH-
OHHPOBaHUS 0€3 PEeIUPKYJISIIUH.

Hapy>xHbIil BO31yX MOJOTPEBACTCS B Kajopudepe nepBout crynenu 1.
B neTHuii mepuoa Bo31yX 1o 00BOJHOMY KaHally MUHYeT Kayopudep. B
COBPEMEHHBIX Kayopudepax OpeaycMaTpUBACTCS BO3MOMKHOCTH PEry-

JUPOBAHUA KOJWYECTBA BO3/YyXa, MPOXOJAIIEro uyepe3 Kajopudep u 1mo
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00BOJTHOMY KaHamy.
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Puc. 18.3 IlpunnunuanbHas cxema IpsIMOTOYHONU CUCTEMBI
KOHAWLINOHUPOBAHUSL:
1 — kanopudep nepBoil CTymeHu; 2 — cemaparop; 3 — HarHera-
TEJbHBIM TPYOOIPOBOJ CUCTEMbl YBIAXKHEHHUA, 4 — Kamepa Opo-
IIEHUS; 5 — HarHETaTEJIbHBIN TPYyOONPOBOI CUCTEMBI OCYIIIEHUS; 6
— cemapatop; 7 —kajnopudep BTOpOi CTYIIEHH MOJ0TPEBa; 8 — IeH-

TPOOEKHBIN BEHTHIISITOP; 9 — 00CTy>)KUBaEMOE TTOMEIICHUE.

[Tomorpersiid BO3AYX uUepe3 cemaparop 2 MOCTYNaeT B OPOCUTENBHYIO
kamepy 4. [Ipu sTom npaBelil psg popcyHok 3 mpeaHa3HAYEH I MEIKO-
JUCIIEPCHOTO PACHBUIMBAHUS BOJABI, UMEIOIIEH TeMmeparypy, OJIU3KYy0 K
TeMIepaType BO37yXa M CIOCOOCTBYET €ro yBIaXHEHHIO. JIeBbIM psn
(OpCYHOK MCTOJIb3YETCs B JIETHUM MEPUOJ, KOrja TpeOyeTcsl MOHMKEHHE
BJarocojiepxanusi Bo3ayxa. MOpPCyHKH 3TOTrO psiia MPOU3BOIAT TpyObIit

pacibul XOJIOOHOW APTE3UAHCKOW BOJBI, HAIIPABJIAA CTPYH BOJBI HABCTpE-
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4y MOTOKY BO3ayxa. Bo3ayx mpu 3TOM OXJIaXKJ1aeTcs, U COAEp KaIIuics B
HEM BOJISHOM Map KOHACHCUPYETCSA Ha MOBEPXHOCTHU Kameib. CenapaTopbl
2 1 6, YyCTAaHOBJICHHBIE JI0 U TOCJE€ KaMepbl OPOIICHUS MPEAOTBPAIIAOT
BBIHOC Kamenb u3 Hee. [Ipu HeoOXOoauMOCTH BO3AYyX MPOXOJUT BTOPYIO
CTyIeHb nojorpena B kasopudepe 7. O6padboTaHHbIN TaKUM 00pa3oM BO3-
yX BEHTWIATOPOM 8 MOAAETCS B TIOMEILICHUE.

VY CTaHOBKM KOHJUIIMOHUPOBAHUS OCHAIIAIOT YCTPOUCTBAMU KOHTPOJIS
M aBTOMAaTHUYECKOTO PETYJHUPOBAHUS MapaMETPOB BO3/yXa BHYTPH IOMeE-

ICHUs, TCMIICPATYPhbI, BJIA)KHOCTH, AABJICHUA U paCX0/1a BO3yXaA.

Tecmoegble KOHMPO.1bHble 80NPOCHLI U 3d0AHUS

1. Ha3oBuTe BUABI CUCTEM OTOIUIEHHWS W OCHOBHBIE TPEOOBAHMS K CHUCTEMaM
ororuieHus. 2. [IpuBeaure kinaccuukanuio CUCTEM BOoAsSHOro oToruieHus. 3. Hazo-
BUTE OCHOBHBIE BU/Ibl OTONUTENbHBIX TPUOOpoB. 4. [lepeuncnure OCHOBHBIE 3a/1a4M
IPOEKTUPOBAHUS CHUCTEM OTOIIeHUs. 5. M3 kakoro ycinoBusi BHIOMpPAETCsl MOIIHOCTD
cuctem otoruieHus? 6. IlpuBenute ypaBHEHHE TEIIOBOro OajlaHca Ul pacuera
MOIIIHOCTU CUCTEMBbI OTOIUIeHUs. 7. Kak paccunmThIBaeTCss TEPMUYECKOE COMPOTHUB-
neHne orpaxiaeHuii? 8. Kak paccunThIBarOTCA CHCTEMBI OTOILUIEHUS MO YKPYIHEH-
HbIM nokazarensiM? 9. Uto coOolt mpencTaBiseT U JJIsl YEro CIY>KUT TEMIOBOU MyHKT
B cuctemax ororuieHus? 10. Kak kimaccupuiupyroT CUCTEMBI TOPSYEro BOJOCHAO-
xenus? 11. Kak paccuuThIBaloT pacxo]l TEIUIOTHI HAa Topsiuee BojgocHabxkenue? 12.
KakoBo Ha3HaueHHe cucTeM BeHTWIAIMH? Ha30BUTE OCHOBHBIE 3JIEMEHTHI CHCTEM
BeHTwisinuu. 13. IlpuBenute knaccudukanuio cucteM BeHTWIUO? 14, B kakux
Clly4asix MpUMEHsIeTCsl MecTHas BeHTWiALus? Ha3oBUTe OCHOBHBIE YCTpOWCTBA CH-
cTteM MecTHOM BeHTWsinMK. 15. Kak paccuntsiBatoT TpeOyeMblii BO3TyXO00MEH IS
nomenieHnit? 16. Uro takoe KpaTHOCTh Bo3ayxooOMeHa? 17. Kak paccuuTbiBaeTcs
IUIONIA/Ib CEUYEHHUS BBITSDKHBIX IIAXT NMpHU 001meoOMenHoi Bentuisiiuu. 18. Kak pac-
CUMTBIBAETCS MOLIHOCTh MPUBOJA BEHTWISATOpPA CUCTEMBI BeHTWIsILuKU? 19. Uro Ta-
Koe KoHmunuoHupoBanue Bozayxa? 20.. Ilepeuucnurte OCHOBHBIE TpeOOBaHWMSI,
MPEABSBISIEMbIE K CUCTEMaM KOHAWIMOHHpOBaHuA. 21. Ha3oBuTe OCHOBHBIE 3I1€-
MEHTBI CHCTEMbl KOHIUIITMOHUPOBAHHUSI.
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TEXHOJIOTTHYECKOE UCITIOJIB3OBAHUE TEIIVIOTBI

19. O01mme cBeeHNs 0 TEIJIOBBIX NMPoOLECCAX MEePePaAdOTKH

NPOAYKIIUH U TEXHOJIOT MM IMNIIEBLIX IMIPOU3BOJACTB

Ha npennpusitusix nepepaboTKU CENbCKOXO035IUCTBEHHON MPOAYKIIUU U
MUILEBBIX MPOU3BOJICTB MCIOJIB3YETCS OOJbIIIOE KOJUYECTBO TEXHOJIOTHU-
YECKUX MPOIIECCOB, TPEOYIOMMX 3HAYUTEIbHBIX 3aTpaT TeIIoTel. B
IIEPBYIO OYEpEAb CIEAYET Ha3BaTh LIEJBIM PsJ MPOLECCOB, CBA3AHHBIX C
TEIJIOBOM 00paOOTKOM ChIPhS M MPOJAYKTOB: HarpeB, Bapka, *apka, TyIIe-
HUE, 3all€KaHHWe, MACTEepU3alMsl U CTEPUWIN3AUA U T. I. DHEPrOEMKHUMU
ABIISIIOTCSA IIPOLIECCHI BBIITAPUBAHUS U TEILUIOBOM CYIIKH ITPOTYKTOB.

JI7d OCyILIECTBICHUS 3TUX MPOLIECCOB MPUMEHSIOTCS PA3JIMYHBIC arIa-
paThl COOTBETCTBYIOIIETO HA3HAYEHUS, B KOTOPBIX TEIUIOTa K 00padaThiBa-
€MBIM CUCTEMaM MepenaeTcss MO0 HEMOCPEACTBEHHO OT TEILIOTE€HEPUPY-
IOIIMX YCTPOMCTB, HUCIIOJB3YIOIIUX CKUTAHUE TOIUIMBA WU DIIEKTPUYE-
CKMX HarpeBaTeJIbHBIX 3JIEMEHTOB, BKIIOUAsi T€HEPATOPhl MH(PPAKPACHOTO
m3nyuennsi u CBU-renepaTopsl, 1100 4yepe3 MoCpeCTBO MPOMEXYTOUHO-
ro TeIIOHOCHUTENs (Topsdasi BOAa, Nap, BHICOKOTEMIIEPATYPHBIE TEIIOHO-
CUTEIU, HArPEThI BO3yX). [Ipu 3TOM JOJIKHBI BBITIOIHATHCSI TPEOOBAHUS
K peXUMaM IOJABOJA TEIUIOTHI U TEMIIEPATypaM TEIUIOHOCUTEIS, ONpeEe-
JII€MbI€ TEXHOJIOTUEN COOTBETCTBYIOLIETO MPOLECcca.

OnHuM W3 BaXKHBIX BONPOCOB MPHU MPOCKTUPOBAHUU W OCYILIECTBICHUH
TEIUIOBBIX TEXHOJOTMYECKUX IPOLECCOB SBIETCS OIPEACICHUE pacxoaa
TEIUIOTHI K SHEPTOHOCUTEIIEH. DTH BOIIPOCHI PEIIAKOTCS JUISl Pa3IUYHBIX IPO-

IIECCOB C YYETOM MX KMHETUKH, TPEOYEeMOI NPOU3BOJUTEIILHOCTH U KOHKPET-
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HBIX YCIJIOBHUI OCYIIIECTBICHUS, B TOM YHUCJIE UCIIOJIb3YEMOTO 000PYI0BAHUSI.

20. Cyuka npoaykToB

20.1. OOuue cBeAeHUs O CyIIKe

IIponecc Ccylmiku MKUPOKO MPUMEHSETCA KaK B CEIbCKOXO3MCTBEHHOM
MPOU3BOJCTBE, TaK U B PA3JTUYHBIX TEXHOJIOTUSIX MEPEPAOOTKU CEIHCKOXO0-
3ICTBEHHOM MPOAYKIIUH.

Cywika — ipoliecc yJajeHus BJIArd U3 Marepuana. Y TaJleHUE BJIAry U3
Marepuasa MOXXET OCYIIECTBIATHCS PA3IUYHBIMU CIIOCOOAMH:

- mexanuyeckum (oTxaTue, NeHTpudyrupoBanue, GUILTPOBAHUE);

- copoyuonnvim (IyTEM CMEIIUBAHUS BBICYILIMBAEMOr0 MaTepuaia ¢
TUTPOCKOMUYECKMMH MaTe€praliaMy - BJIArONOTJIOTUTEIISIMU);

- mennoebim (IIyTEM UCHAPEHUS BIIaru, COIEpXkAIICICs B MaTepuae,
MO/ ISUCTBUEM MOJBOANMOMN TEIJIOTHI M OTBOJIa OOPAa3YIOIIUXCS TAPOB).

[Tpu 3TOM MOJ CymIKONW OOBIMHO MOHUMAIOT TEIJIOBOM CIOCO0 yxaane-
HUs BJIarW U3 Marepuana. B cBOw ouepenpb, B 3aBUCUMOCTH OT criocoda
MOJIBOJIA TEIUIOTHI K BBICYIIMBAEMOMY MaTe€pUally pa3iMyaroT CIECAYIOLINe
METOABI CYILIKH :

- KOHBCKTUBHBIN (HOI[BOI{ TCIJIOTBI HCIOCPCACTBCHHO OT arcHTa

CYIIKUA — HarpeToro Bo3/yxa WM Ia30BO3YIIHON CMECH);

- KOHJIYKTUBHBIA MM KOHTAKTHBIN (HO,HBOI[ TCIIOTBI ITYTCM HCIIO-

CPEACTBEHHOTO KOHTAKTa C HAarpeTON MOBEPXHOCTHIO);

- paJValMOHHBIA (HArpeB COJIHEYHBIM WJIM UCKYCCTBEHHBIM HH(pa-

KPaCHBIM U3JIYYEHUEM );

- amnekrpuyeckui (CBY-cymika);

- cyOJMMAaIlMOHHBIA (CyllKa B TJIYOOKOM BakyyMe 3aMOPOXKEHHBIX
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MPOAYKTOB).

Ha mpouiecc cymiku 00b110€ BIUSIHUE OKA3bIBAET BUJ BHICYIINBAEMO-
ro Marepuaina u (hopMma CBsI3U BJIard C MaTEPUAIIOM.

BOJbIIMHCTBO BBICYIIMBAEMBIX MAaTEpPUATIOB B MepepadaThIBAIOIINX
TEXHOJIOTUSX OTHOCSTCA K KOJJTIOMIHBIM KallWJUISIPHO-TIOPUCTHIM TEJIaM.

CBsi3p BJIATM C MAaTEpPUAIOM MOXKET OBITh XWMHYECKOM, (U3UKO-
XUMHUUYECKON U (PU3UKO-MEXaHWUYeCKol (MexaHuueckoit). TemnoBoil cyiii-
KOM ynansieTcs Biara ¢ (U3MKO-XMMUYECKON U (U3UKO-MEXaHUUECKOU
dbopmoii cBsa3u. K Biare ¢ Pu3HKO-XMMHYECKOU CBSI3bIO OTHOCST aJIcOPO-
MOHHYIO U OCMOTHUYECKYIO BJary. AJICOpOIIMOHHAs Blara yJIepKUBAETCs
Ha TTOBEPXHOCTU KOJUIOMAHBIX YaCTHI[ CUJIaMU MOJEKYJISIPHOTO MPUTSIKE-
HUSI U YJIaJIIeTCsl TOJIbKO mpu ucnapeHuu. OcMoTuueckas Biara (Bjara
HaOyXxaHUWs) HAXOJUTCS BHYTPU SIYEEK TeJia C MOJYNPOHUIIAEMBIMH 000-
JIOYKaMHu U MOXeT AU PyHAUPOBATh BHYTPU Tejla MPU HATUYUM TpaIucH-
Ta KOHIeHTpaluu Biaru. K Biare ¢ pusnko-MexaHUYECKOM CBS3BIO OTHO-
CAT KaNWULIPHYIO M TMOBEPXHOCTHYIO Biary (Bjlara CMadWBaHWsi). DTOT
BUJI BJIaTM UMEET HAUMEHBIITYIO MPOYHOCTh CBSA3U C MAaTEpUaAIOM U 0O0JIb-
I1asi 4aCTh €€ MOKET OBbITh yAaJIeHa MEXAaHUYECKHUM CIIOCOOOM.

CocrosiHHEe BJIaXKHOTO MaTepHalia OLEHUBAETCS TAaKMMU MOKa3aTeIsIMU
KaK BJIQXHOCTh U BJIArocojiepkaHue.

Bnasxxcnocmes mamepuana \W — OTHOILLIEHHE MacChl BJlaru, COJAEpKa-
mieiicsa B MaTepuaje, K Macce BIaXHOTo Martepuaa ( 0ObIYHO BhIpaKaeT-
Csl B IPOLICHTAX )

m
W=—"-100, % , (20.1)
m_ +m,

rne M — macca Bnaruy;
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M. — macca cyxoro marepuaia.

Bnazocooepicanue nipencraBisier coOOM OTHOIIEHHE MAacChl BJIard K

Macce Cyxoro Marepuania. Brmarocojaep:kaHue BbIpa)KaeTCsi B OTHOCUTEIb-

HBIX equHANax ( Kr/ kr ) — X , 1160 B nmponentax — W °

X = M, ,  KI/KT; (20.2)
mC
¢ M
W"=—=.100, % . (20.3)
m

C

MC)KI[y BJIAroCOACPKAHUCM MU BJIAXKHOCTBHO MATCpHUAJId CYHICCTBYCT

ciacayromias 3aBUCUMOCTD:

W
100—W

c

% (20.4)

Cy1iika 00BIYHO MPOUCXOJUT B BO3AYILIHOW WIIM ra30-BO3AYIIHOW Cpe-

1€, KOTOpasi XapaKTEpU3yeTCs OTHOCUTEIBbHON BIAXHOCTBIO ¢ ,%. Kax-

IOMY 3HAUYEHUIO OTHOCUTEIBHOM BIIAXKHOCTU BO3yXa COOTBETCTBYET
ONpEeEIICHHAasl BJIAXXHOCTh MaTepualia, IPU KOTOPOM IMPEKpaIlaeTCs Biia-
rooOMeH MEXIy MaTepualioM M OKpyKawouen cpeaoil. Takoe coctosHue

TEPMOJIMHAMUYECKOTO PaBHOBECHS HACTYIIAET, KOTJa MapUUajJbHOE JaB-
JIEHUE TIapa Ha NMOBEPXHOCTH MaTepuayna [J paBHO mapuuanbHOMY JaB-
JeHuIo mapa [J, B OKpy>KalolIeH Cpene, U COOTBETCTBYIOLIAS 3TOMY CO-
CTOSIHUIO BJIQKHOCTh MAaTepualia Ha3bIBAC€TCS PAaBHOBECHOM Wp. PaBHO-
BECHAsI BJIAQXKHOCTh MaTepuasa Py OTHOCUTEIBHON BJIIAJKHOCTH BO3AYyXa ¢

=100% Ha3bIBaETCS TUTPOCKOMUYECKON BIIAXKHOCTHIO We.

3aBUCHMOCTh MEXK/y PAaBHOBECHOM BIIAJKHOCTBIO MaTepHuajia U OTHOCH-
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TEIHHOUN BIAXKHOCTBIO BO3AYyXa IPH OINPEISICHHON TeMIlepaType Ha3bIBa-
10T u3oTepmoit copouum (necopoiuu). Ha pucynke 20.1 mpencraBieHa
nzorepMa copOmuu (AecopOiuu), XxapakTepHas Ui KamWJUISIPHO-

nopucTteixX Ted. Cnesa HaJ KpUBOW PaBHOBECHOM BJIAXKHOCTH pacmloyiaraet-
cq o0nacte copbumu (yBnaxkuenus). B sroit oonactn P, < P,, n mare-
puai MorjollaeT Biary M3 OKpysKawmiero Bozayxa. CrpaBa moja KpuBOH
Haxogurcss obnacth aecopOuuu (cymku). B sroit obmactu P, > P,, u

BJIara M3 Marcpuajia B BUJAC IIapa IICPCXOJUT B OKpY)KaIOHII/Iﬁ BO3YX.

PIracme euzpocnonuvecndzo Ddnacme Srammnozo
EOCTTIRHHLUR MITPEDUITLT o, COCTITANUR MOTTEEL,

PadnxoSrcroe Srnozocodepmance [

__ L YTanxemar Eaawrosme |

Fuzpocmonuvernan MXA

— A — — — — —

AT CUMBAEINOE SUSTCENCTUNECHOE
Irazocodeonamue

- -

Puc. 20.1. M3otepma copOLmuun-aecoponmnu

KaITUJIJIAPHO-TIOPUCTHIX TCJI

HOI[ KUHemuKou CyuwiKu I110HUMArOT HN3MCHCHHC BO BPCMCHHU TCII-
JIOBJIAJKHOCTHOT'O COCTOAHHA BBICYHIMBACMOI'O MaTCpHaJia. AHanu3 KMHETH-
KN CYHIKH IIPOBOIAT IO KPUBBIM CYIIKH, IPCACTABIIIOIIMM 3aBHCUMOCTD
BJIaroCoACpKaHuA (BJ'IEDKHOCTI/I) Martcpurajia OT IPOAOJDKHUTCIIbHOCTHU CYIIKU.

Ha KPHUBBIX CYHIKH MOXCT IMPHUBOJUTHCA TAKIKC 3aBUCUMOCTb TCMIICPATYPbI
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TeNa OT NPOAOJDKUTENBHOCTH CYIIKH (BJIAroCcoIep KaHusl MaTepraa).

w. %) dwi
4 quauoﬁ_ I nepuod [, ar
dl l v*“‘) ’
G |
R I
|I x \\ £
Al LTS .
d i i
Puc. 20.2. KpuBas cymku Puc. 20.3. KpuBasgs ckopoCTH CyLIKH

KpuByro cKOpOCTH CyIIKH MOJy4YaroT myTeMm auddepeHimpoBaHus 3a-
BUCUMOCTH BIJIArOCOJEPKaHUsl (BIaKHOCTH). TUNIHYHBIE KPUBBIE CYIIKH U
CKOPOCTH CYILIKH KOJUIOMAHOTO KaMWJUIISIPHO-TIOPUCTOrO0 MaTepuana Mnpe-
craByieHbl Ha pucyHkax 20.2 u 20.3.

Ha xpuBoi1 Cymiku 10 paBHOBECHOM BIIAXKHOCTU MOKHO BBIAECIUTH TPU
CTaJMU: CTaJuI0 IporpeBa Marepuana - (AB), cTaguio MOYTH MOCTOSTHHOMN
ckopoctu cymku - (BC) u craguto yosiBaromieit ckopoct — (CE). Ilo-
CKOJIBKY Ha CTaJIMU MPOrpeBa MaTepuaia yAanasieTcsl HE3HAYUTEIbHOE KO-
JIMYECTBO BJIArv, y4acTOK MOCTOSIHHOW CKOPOCTH CYIIKH Ha3bIBAIOT MEp-
BBIM MEPHUOJIOM CYIIIKH, & YYACTOK YyOBIBAIOIIEH CKOPOCTH — BTOPHIM TI€-
PHOJIOM CYIIIKH.

B niepBblii 11epUOA CYLIKH, MPOJOJLKAOIIUANCA 0 KPUTUYECKOU BIIAXK-
HOCTH, U3 MaTepualia yialsieTcs cBoOo Has Biara (IIOBEPXHOCTHAS U BJla-
ra, coJiepkaiascs B Makpokanuiuisipax). CKoOpocTh UCIIapEHUs 3TOUM Biia-
I'M paBHA CKOPOCTH MCHApeHUs BOABI CO CBOOOJIHOW MOBEPXHOCTU U TEM-
neparypa Tena B 3TOT IIEpUOJl paBHA TEMIIEPATYPE MOKPOTO TEPMOMETPA.

Bo BTOpO#i nepuoj yaaisieTcs CBsi3aHHAs Bjara (Bjara U3 MHUKpPOKa-
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MULISPOB, OCMOTHYECKAs U aJCOPOIMOHHAs). DTOT IEPUO]I IPOJOIIKALT-
Cs 10 JOCTHIKEHHS PAaBHOBECHOM BJIQXKHOCTH M COIPOBOKIACTCS ITaJICHHU-
€M CKOPOCTH CYIIKH. TeMIieparypa Teia B 3TOT MEPHOJ PaCTeT, TOCTUTAs
K KOHITY TIepHO0Jia TeMIIEPaTyphl OKPYKAIOIIEH CPEeIbI.

TemmoBast cymka KanWIISPHO-TIOPUCTHIX MaTE€pUaioB — 3TO OJHH M3
Han0oJIee CIIOKHBIX MPOIIECCOB, KOTOPHIN O CYIIECTBY SIBIISETCS TEIUIO -
MaccooOMeHHBIM TporieccoM. [lepemerieHue Biaru B Marepualie MOXKET
OCYIIECTBIIATHCS OJHOBPEMEHHO TIOJ JISHCTBUEM TPaJIMCHTOB KOHIIEHTpA-
A U TeMIEepaTyp, TO €CTh B TAKUX CIIy4dasx UMEET MECTO SIBJICHUE Tep-
Moauddy3uu. [I1OTHOCTH MOTOKA MAcChl BJIard MPU MOCTOSHHOM JaBJie-

HUH TOr1a MOKHO BBIPA3UTDH I[I/I(b(l)epeHHI/IaﬂBHBIM YPaBHCHHUCM

= Fk (6X+5OT) 20.5
] - pT an an ) ( - )

rie

k — xoaddurmeHT MacconpoBOIHOCTH, M/c

P — INIOTHOCTH a0COJIFOTHO CyXOT0 MaTepuania, KO/M®
X — Brarocojiep>kaHue Matepuasa, Kr/Kr c. Mart. ;

N — HOpPMaJib K M30KOHIICHTPAIIMOHHOW MOBEPXHOCTH, M
8 — koo durenT TepMoBIaronposogHocth, K™ ;

T — remneparypa B Touke Teina, K .

ITepBbiii wien ypaBHeHus (20.5) BbIpakaeT MEPEHOC Bjaru noja AcH-
CTBUEM TI'paJiM€HTa KOHIIEHTPALIUK BJIard, BTOPOW — MOJ| ICUCTBUEM TpaJIH-
eHTa temmepatypbl. Kunetnueckrue Ko3(pPUIUEHTHI U SBISIOTCS (QYHKITUS-

MU TeMIEepaTyphl U BIAXKHOCTU TeJa, O3TOMY NIEPEHOC BJIaru B TeJie HEO0-
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X0aAuMO paccMaTpuBaTb COBMCCTHO C PACIIPOCTPAHCHUCM B HCM TCILJIOTHI.

20.2. Bapuanmult KOHBeKMUGHOU CYWIKU

KoHBekTHBHAs cylIKa sBisieTCs Hanbojiee pacpoCTPaHEHHBIM CIIOCO-
OOM TeIIoBOM CYHIKH. B MUIIEBBIX TEXHOIOTHUAX KpOME OOBIYHOM CYLIKH
MMOJOTPETBIM BO3AYXOM C OJHOKPATHBIM B3aUMOJIEVCTBHUEM €r0 C BBICY-
IMBAEMBIM MAaTEPUAJIOM MCHOJB3YIOT CIEAYIOIIUE BAPUAHTHl KOHBEKTUB-
HOW CYIIKHU: C MHOTOKPATHBIM IIPOMEKYTOYHBIM HArpeBAHUEM BO3AYyXa; C
YaCTUYHOW PEUMPKYISAIHUEH OTpaOOTAHHOTO BO31yXa; ¢ MHOTOKPATHBIM
MMPOMEKYTOUYHBIM HArpeBaHUEM BO3AyXd; M YACTUYHOU PEUUPKYISILIHACH
€ro B OTAEJbHBIX 30HaX; C 3aMKHYTON LUUPKYJISUUENA CYINMIIBHOIO areHTa.

Cywika ¢ MHOZOKDAMHBIM RPOMENCYMOUYHBIM HAZPEBAHUEM 6030yXa
MPUMEHSIETCS U1l CYLIKHA CyXaped W MakapoOHHbIX m3nennil. [lpu Takomn
TEXHOJIOTHH CYIIKUA TeMIepaTypa CYIIMJIBHOTO areHTa U3MEeHseTCsl 00bIY-
HO B aMamna3oHe ot t, 1o t,. CHayasma BO3yX HarpeBaroT A0 Ly, a MOCIIe
B3aUMO/JICHCTBHUS C BBICYIIMBAEMbBIM MATEPUATIOM €TI0 TEMIIEpaTypa NajgacT
00 t,. 3aTemM BO3MyX OISITh MOJOTPEBAKOT 10 TEMIIEPATYPHI L, U IMOCIE
OYEPEIHOTO B3aUMOJICMCTBUS C MATEPUAJIOM BO3IyX OXJIAXKAAETCA 110 ty, U
T. 4. Takyr CXeMy CYIIKU HPUMEHSIOT JJISl CYIIKH MUIIEBBIX TPOAYKTOB,
KOTOPBIE HE JOJKHBI MIOJABEPTATHCS BO3JAECUCTBUIO BBICOKUX TEMIIEPATYP.

Cywika ¢ uwacmuyunou peyupkynayuen OmpadomanHHoz0 6030yxa
TAK)K€ MO3BOJISET CHU3UTh TEMIIEPATYpPy arcHTa cywmku. [Ipu Takom Bapu-
aHTE CYIIKA K MCXOJHOMY BO3JyXy YAacCTHYHO IOJMEIIMBAETCS OTpPabdo-
TaHHBIM areHT CYIIKHU, a 3aTeéM CMECh IMOJ0TpeBaeTcs B kajgopudepe 10
HYXKHOU Temneparypbl. Cylllka TPOUCXOJIUT TMPU IMOBBIIMICHHOM HadaJlb-

HOM BJIArOCO/ICP>KaHUM areHTa CYIIKHU U C BBICOKOW CKOPOCTBIO Ta3a B CY-
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muiake. Pacxos TEmIoThl B CYHIMJIKE C YaCTUYHOM PEUUPKYIISIIUEH U B
CyHIwike 0e3 MUPKYISALUU BO3AyXa OYIyT OJJMHAKOBBIMU IIPHU TEX K€ Tpe-
7ierax U3BMEHEHUS] COCTOSIHUS BO3/1yXa.

Cywika ¢ uacmuunou peyupKyiayuei ompadoomanHozo0 6030yxa u
HPOMENHCYMOYHBIM HAZPEBOM 8 Kanopughepax NpenCcTaBiIsieT co00M coue-
TaHWE OIMCAHHBIX BBHIIIE BAPUAHTOB U IMO3BOJIIET OOECIEUUTHh MSTKHE
YCJIOBUSI CYIIKHA TMPU MOJBEICHUM HEOOXOIUMOTO KOJMYECTBA TEIJIOTHI.
Bricokas ke CKOpOCTh Ta30BOTO MOTOKA B CYIIUJIKE MIPUBOIUT K BO3pacTa-
HUIO K03 (UIIMEHTAa MACCOOTIAUYU U YBEJIMUYECHUIO CKOPOCTH CYIIKH B IEP-

BOM TIEPHOJIE.

20.3. Ycempoiicmeo cywunok

Cyluiaku, TpuMeHsieMble B MUIIEBOM MPOMBIIIIIEHHOCTH, OTINYAIOTCS
OOJIBIIUM Pa3HOOOpa3UeEM KOHCTPYKIHI U TOAPA3IETSIIOTCS

® 110 croco0y MoJiIBoJia TEIIOTHl (KOHBEKTUBHbBIC, KOHTAKTHbBIC, pajua-

LIUOHHBIE U T. [1.);

® 10 BUJY HCIIOJIB3yEeMOIro TEIUIOHOCHUTEN s (BO3JyX, Map, TOMOY-

HBIC Ta3bl);

® 10 BEJIMYWHE JIaBJICHUA B CYIIWIKE (aTMOC(EpHbIE U BAKYYMHBIC);

® 110 CIoco0y opraHu3aiyu mpoiecca (IepuoJIUIecKoro U HelpephiB-

HOTO JICUCTBUS);

® 10 CXEME B3aUMOJCHCTBUSI MOTOKOB (MPSMOTOYHBIE, MPOTUBOTOU-

HBIE, IEPEKPECTHOTO U CMEIIAaHHOTO TOKA).

HauGonbmmm pa3zHooOpa3ueM KOHCTPYKIUNA OTIIMYAIOTCA KOHBEKTHB-
HbIE CYIIWIKH, CPEIU KOTOPBIX MOKHO Ha3BaTh KaMEpHbIE, TYHHEIbHBIC,

JICHTOYHBIC, 6apa6aHHbIC, MaxXTHBIC, CYIIUJIKHU C IICCBAOOXKMNKCHHBIM CJIO0-
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€M, BUOPOCYIIUIIKH, PACHBUIMTEIbHBIE CYITUIKA U HEKOTOPBIE APYTHE.

Kamepuwvie cymunku OTINYAOTCA MPOCTOTON KOHCTPYKIIUU U SIBIISIOT-
Csl CYIIMJIKaMH MEPUOJANYECKOTO JeUCcTBUSA. OHM COCTOSIT U3 Kopmyca (Ka-
MEphbI), BHYTPh KOTOPOTO MOMENIAIOTCS BATOHETKHU C BBICYIIMBAEMbIM Ma-
TepuaigoMm. Harpertsiii B kanopudepe Bo31yX N0J1aeTcs B CYIIMIKY U IPOHU-
3bIBACT PACIOJIOKECHHBIM Ha MOJKAaX Marepuai, oOecreuuBas HCHapeHue
BJIATW, COJIEprKaIleiicsi B MaTepuajie U OTBOJ OOpa3yIoIIUXCs MapoB, MPU
ATOM HCIOJIb3YETCA YaCTHYHAsI PEUUPKYJISIUSA CYIIMIIBHOTO areHTa. Takue
CYIIWJIKHA MPUMEHSIOTCS B MAJIOTOHHAXKHOM MTPOU3BOJACTBE I CYLIKH Ma-
TEpUAJIOB NIPU HEBBICOKUX TemmepaTypax. K ux HemocTaTkam OTHOCSTCS
HU3Kas MPOU3BOAUTEILHOCTh U HEPABHOMEPHOCTH CYIIIKU MPOIAYKTA.

Jls cymiku cyxapeil, MakapoH, OBOIIEH, (PPYKTOB U psijia IpyTrux Mpo-
IYKTOB IIMPOKO MPUMEHSAIOTCS MIYHHEIbHblIE CYUIUTKU, KOTOPbIE OTHO-
CATCS K CYIIMJIKAM HETPEPHIBHOTO AeHCTBUS. TyHHENbHas CyIImiKa (puc.
20.4) nmpexacraisieT coO0OM yIMHEHHBIM KOPITYC, B KOTOPOM IepeMela-

FOTCs 110 PCJIbCaM TCJIC)KKH C PACITIONIOKCHHBIM HaA ITOJIKAX BbICYIIMBACMbIM

ompadomannsld

Gosdyx  Boadyx

Z J 4 J 5
/
rd

!

Puc. 20.4. TyHHenbHas CyIINIKA:
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1 — nBepu; 2 —razoxona; 3 — BEeHTHWIATOD; 4 — Kanopudep;
5 — Kopryc; 6 — TeJIeKKHU C MaTepHaIoM
MarepuaiioM. [lepeaBrkeHNE TENEKEK MPOUCXOIUT C TOMOIIBIO TOJKATE-

75, 1 BpeMsi TIpeObIBaHUSI TEJICKKU B CYUIMJIKE BBIOMpAETCS M3 pacuera,
4YTOOBI CyIIKa JOCTUTalach 3a ofauH mpoxona. Cymika obecrieynBaeTcs 3a
CYET MOAa4M MOJAOTPETOro B Kasopudepe Bo3ayxa, B3auMOACHCTBYIOIIETO
C MarepuajoM B MPAMOTOKE JMOO B MPOTUBOTOKE. B HEKOTOPHIX CYIIINII-
Kax MOXET NPENyCMATPUBATHCS YACTHUYHASA PEUUPKYIISLNAS areHTa CylIKU
Y IPOMEKYTOYHBIN MMOJIOTPEB B CYIIMJIBHON KaMEPE.

Jlenmounvie cywiunku UCNIONB3YIOTCS U1l CYIIKU TOW K€ TPYIIIbI Ma-
TEpHUAJIOB, YTO U TYHHEIIbHBIE CYIIWIIKU. Yalle BCEro JICHTOUYHBIE CYIIIIKA
ObiBatoT MHOTOsSIpycHbIMU (puc. 20.5). Jlng mepechiliaHusi maTepuania ¢
JICHTBI Ha JICHTY YCTAHABJIMBAKOT Hampapisaromue JOTKU. [Ipu nepeceina-
HAW MAaTEpHUaJIa C JICHTHI HA JICHTY MMPOUCXOJUT MEPEMEIINBAHNE MaTEpHUa-

J1a, 4YTO COCOOCTBYET YBEINUYECHHUIO CKOPOCTH CYIIIKHU.
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Puc. 20.5. JlenTouyHas cymuika:
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1 — kopmyc; 2 — JICHTOUYHBIN KOHBelep; 3 — Beaylre OapadaHbl; 4 — BeIO-
Mble OapabaHbl;, 5 — Kagopudepsl; 6 — OyYHKEP € 3arpy30YHbIM YCTPOMCTBOM
JleHTOUHBIE CYIIUIKA OBIBAIOT MPSIMOTOYHBIMU MPOTUBOTOYHBIMHU U C

MEPEKPECTHBIM TOKOM. B TakuMX CyIIMJIKaX MOXET MPeyCMaTPUBATHCS
PELUPKYJIAIMA BO3yXa, Ojarogapsi 4eMy BMECTE C MPOMEKYTOUYHBIM IO-
JOTPEBOM CYIIMJIBHOI'O areHTa JOCTUTAETCA MATKHUN PEXKUM CYIIKH.
bapabannwvie cywiunku npuUMEHSIIOT I CYIIKHA 3€pHA, CBEKJIOBUYHOTO
KoMa, 3epHO-KapTodeapbHON Oap/bl, caxapa-TieCka W APYTHX MPOJYKTOB.
bapabannbie cymmnku (puc. 20.6) UMEIOT UUIUHIPUYECKUN TOJIBIA Oapa-
0aH, SBISIONIMICS CYIIMILHON KaMepou, KOTOPBI yCTaHABIMBACTCS O]
HEOOJBIITUM YIJIOM K TOpU30HTy. bapaGan mmeeT mpuBoj, oOeCrieUrBaro-
MK €T0 BPAlICHHUE C YaCTOTOU 3S...8 MUH 1 Buytpu 6apabana ycraHnaBiu-
BalOT CIECLHUAJIbHBIE HACAJKW, KOTOPBIE CHOCOOCTBYIOT MEPEMEIINBAHUIO
Marepualna U yJydllatoT 00TEeKaHHE €ro CYIIWJIbHBIM areéHTOM, B KaueCTBE
KOTOPOTO BBICTYMAET MOJOTPEThIA BO3AYX JIMOO CMECh BO3JyXa C TOMOY-

HBIMU Ta3aMu. Tun HaCcaJlKu BI)I6I/IpaIOT B 3aBUCHMOCTH OT CBOMCTB BBICY

Ouutyennsia
Goadyx
Bnamusid
mamepuan S
{ 2 3 /4 J 4 7
U
P i - 1“_ = -// Newnry
P il Ty

77 %
7DD B ICULEHHBIG

Mamepuan

Puc. 20.6. bapabannas cynmika:

1 — Tomka; 2 — 3arpy3ouHblii OyHkep; 3 — Oapaban; 4 — OaHIaXH;
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5 — 3y0uaroe Koyieco; 6 — BEHTUIATOP; 7 — LUKJIIOH; 8 — IPUEMHBIN
OyHkep; 9 — nuir030BbIi nuTaresnb; 10 — onopHbie poauku
IMBAEMOT'0 MaTepuasa, U HacaJgka KpoMme MepeMenInBaHus 00ecreunBacT

MPOABWKEHUE MaTepralia K BbIXOAy. /[BMKEHHE ra30B U Marepualia B Cy-
[IMJIKE MOKET OBITh OPraHU30BaHO MPSMOTOKOM JIMOO MPOTHUBOTOKOM.
Hlaxmuvie cywiuaku TPUMEHSIOT JUIsl CYIIKM 3€PHA, )KOMA, OBOLIEU U
OPYrMX MarepuangoB. Marepuan B IIAXTHBIX CYIIMJIKAX JBHKETCS MOJ JIEW-
CTBHEM CWJIBI TSDKECTH, & €r0 JBWKCHHUE 3aMEJUISCTCS YCTAHOBICHHBIMU B
KOPITyCE MEPErOpOJKaAMU WJIM MOJKaMu. KpoMe TOro MMErTCsl pa3iindHOro
poJia pacpeaeuTeNbHbIE YCTPOMCTBA JJIsl areHTa CYIIKU, KOTOphIe o0ecre-
YMBAIOT NMPOHU3BIBAHWE UM BBICYyIIMBaeMoro marepuana. Ha pucynke 20.7
MPEACTABIICHA CXEMA IIAXTHOM CYIIWIKH ISl CBEKJIOBUYHOTO JKOMA.

B npencraBienHon  Ha

Ompa6omaBuwuii
8osdyx CXEME€ CYIIHJIKE CBIPOH KOM
N\ MPOXOJIUT Yepe3 psAll PeuieT-
N [~ 2
{I! ‘ YaThIX IOJIOK C IEHTPaIbHbI-
i Z
: Z
| Z MU OTBEpCTUsIMU. YUepe3 3Tu
| 2
.1 7 ;IH / OTBEPCTHS MPOIYIIEH BaJl C
i ‘ ' 4
1 i
’l[ Y . npuBogoM. Ha Bamy 3akpen-
| {1 JIEHBl PaCMPENEIISIIONIUE KO-
ii] N pacipca I
< fill A\ 7
e h] F % 2 Hychl co ckpebkamu. Ckpeb-
it 2
R :]! =Y %[Fg KM MOArpe6aoT Mnajaronmi ¢
.' N “ '/ %
2l L
% -
Bencymennil KOHYCOB MaTepuall K IIeH
maomepuon VY /
Bo3dyx TPaJIbHBIM OTBEPCTHSM PEIIle-
Puc. 20.7. IllaxTHas cymmika TOK. ATEHTOM CYIIKH SIBJISI-

JJ1s1 CBEKJIOBUYHOI'O KOMaA: [OTCS o6pa3yr0nmec;1 B UM

1 — BepTUKaJIbHBIN KOBIIOBBIA TPAHCIIOP-
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Tep (Hopus); 2 — GuIbTp; 3 — CKpeOKM; TOMOYHBIE ra3bl, KOTOPBIE OT-
4 — xopryc; 5 - neub CaCBIBAIOTCS BEHTHIIATOPOM.

CYwunku ¢ nceeoooNCUNCEHHLIM C/loeM TIPUMEHSIOTCS IS CyIIKH
3epHA U MEIKO3EPHUCTHIX MATEPHAJIOB.

IIcegdoorcuricenue — >To Tporiecc IPUBEIEHHS CI0S CHITy4ero Mare-
pHala, KOTJa OH MPHOOpeTaeT HeKOTOPBIE CBOMCTBA KHIAKOCTH (TEKY4eCTh
¥ MHTEHCHBHOE IlepeMelIMBaHUE YacTUIl MaTepHana). IIceBrooKIKeH e
CIIOCOOCTBYET MHTEHCU(DHKAIIIHN CYIIKH.

ITo cBoeif KOHCTPYKIIMU CYNIMJIKHU C TICEBIO0KIKEHHBIM CIIOEM ObIBa-
FOT TOPU30HTAIbHBIMU U BEPTUKAIBHBIME, OXHOCEKIIMOHHBIMY UM C He-
CKOJIBKUMH CEKIUAMHU. B 3THX CYNIMIKAX areHT CYIIKH, MPeICTaBIAIOIIHA
HArpeTHlii BO3MYX HIIM CMECh BO3IyXa C TOINOYHBIMH Ta3aMH, IOIAcTCs
IO/l Ta30paCIPEIENTUTENBHYIO PEMIETKY U OJHOBPEMEHHO SBIISIETCS OXKH-
’KAIOIIIUM areHTOM. BBICYIICHHBIH MaTepHaa BEIHOCHTCS Ta3aMU U3 KaMe-
pBI CYNIMJIKY Yepe3 MaTpyOoK B IUKJIOH, IJIe IIPOMCXOMUT OT/ICICHHE Ma-

TCpHuajia oT OTpa6OTaHHBIX ra3oB. I[J'ISI IMOBBIIICHUS PABHOMCPHOCTH CylI-

KN IMPUMCHAIOT MHOTI'OCCKIIMOHHBIC CYIINJIKH.

gmpadomanneie eaas

Bnammusic
mamepuan —
)
J 8
Tonoywsie {
eagsi nvd 4 [ '
J~X: '
- .'f‘:A S 7 -
35 G5, Boicytwennbiu
Mamepuan

- ) 8 o =

Puc. 20.8. OaHOCEKIIMOHHAS CYIIWIKA C TICEBI00KUKEHHBIM CIIOEM:

186



1 — BenTHIIITOD; 2 — Kanopudep; 3 — OyHKep; 4 — ITHEK; 5 — [UKJIOH;

6 — KopIyC CYHIIUIIKA: 7 — BBITPY3HOM MaTpyOoK; 8 - razopacrpe/ienu-
TeJIbHasA pelieTka; 9 - KOHBeuep

Js cymku MaTepuasoB, IJIOXO MOAJAIOIIMXCS TCEBIO0KUKECHUIO:

BJIAXKHBIX TOHKOJMCIIEPCHBIX, MOJUIUCIEPCHBIX, KOMKYIOIIUXCSI U T.II.
NPUMEHSIOT eudpocywunku. Hanbonee pacrpoCTpaHEHHBIMH SBISIOT-
Csl JIOTKOBBIE CYIIUJIKH, B KOTOPBIX HAKJIOHEHHBIA MOJ] HEOOJBIIUM YT-
JIOM K TOPU30HTY JIOTOK MOJ BO3JACHCTBUEM BHOpaTOpa COBEPIIACT HU3-
KOYaCTOTHBIE KoyiebaHus. biarogapsa coueTaHn0 HU3KOYACTOTHOW BHO-
pallud ¥ TPOIMYCKAHUIO YEpe3 MaTepual IMOTOKa Tra3za CO3JaeTcs
BHOPOA’PONCEBIO0KMKEHHBIN (BUOPOKUIIAIINI) CI0M Marepuala, B KO-
TOPOM HMHTEHCU(HUIUPYIOTCS TEMIOMacCOOOMEHHBIE Mpolecchl. Takue
CYIIMJIKH WCTOJIB3YIOT I CYIIKH KapTo(helbHON KPYyNKH Ha KapTode-
nenepepadaThIBAIOMINX 3aBO1aX.

Pacnovinumenvhvle cymunku TPUMEHSIIOTCS Ui CYIIKA PAacTBOPOB,
CYCIE€H3UI U MacTOO0pa3HbIX MAaTepHaoB. B Takux CylIMJIKax MOJy4arOT
CyX0€ MOJIOKO, MOJIOYHO-OBOIIHBIE KOHIEHTPATHI, MUIIEBbIE U KOPMOBBIE
TPOXIKH, SIMYHBIN TOPOIIOK U P APYTUX MPOAYKTOB.

OOBIYHO pacHbUIUTENbHAS CYIIWJIKA MPEICTABIsAET COOOM KOHMYECKO-
MUJIMHJPUYECKUNA anmnapaT, B KOTOPOM B MOTOK TEMJIOHOCUTENS MOAaeTCs
TUCIIEpTUPOBAHHBIN MaTepuai. [[ns nucneprupoBaHusl MaTepualia mpuMe-
HSIOT IEHTPOOEKHBIC PACIBUINTENN, MHEBMATUYECKUE U MEXaHUYECKHE
dbopcynku. TermnomaccooOMEHHBIE MPOLIECCHl B TAKUX CYIIWJIKAX MPOTe-
KalOT C BBICOKOW CKOPOCTBIO, U BpeMsl NIPEObIBAHUSI MaTEpUalia B CYLIUIIKE
He nipeBbImaeT 50 ceKyHA. ITO MO3BOJISIET UCIIOIB30BaTh ar€HTHI CYIIIKH C

BBICOKOU TeMIlepaTypoil gaxe sl TEpMOIaOMIbHBIX MATEPUAJIOB.
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HenoctaTkoM pacnbUIUTENBHBIX CYIIUIIOK SIBIIIETCA CPABHUTEIBHO HE-
OOJbIIION yJenbHbIM CcheM Biaru (1o 20 Kr/M° 4) ¥ 3HAYUTEIbHAS MaTepU-
aJ10- U SHEPrOEMKOCTb.

Ha puc. 20.9 npeacrapiena cxema CyIIHJIKH C JUCKOBBIM PACHbLINTE-
JeM. BpICylmMBaeMbli paCTBOp IIOJACTCA Ha BpAIIAIOIMIMKCA JTHUCK, Kyla
HaIpaBJISIETCS] TAKXKE MOTOK HArpeToro Bo3ayxa. biarogapsi neHTpoOek-
HBIM CHJIaM W B3aUMOJICMCTBUIO C MOTOKOM BO3/1yXa MPOUCXOJUT IAHUCIIEP-
TUPOBAHME MaTepHaia U €ro BhICYIIMBAHUE. BHICYIIEHHBIN MPOIYKT OCe-
JaeT Ha JHO CYIIWJIbHOMW KaMephl M Jajee 4Yepe3 3aTBOp MOMajaeT Ha
BUOPOXO0JIOAUIBHUK. OTpabOTaHHBIA BO3AYX Yepe3 IEHTPAIbHYIO TPpYyOy ¢
KO3BIPHKOM U IUKJIOH YJaJsIeTcs B aTMoc(depy, a MOPOIIKOBBIA MPOIYKT

N3 KaMCPbI 8u [MUKJIIOHOB ITHCBMOTPAHCIIOPTOM IIOHAACTCA HA YIIAKOBKY.

x —— %\
2 3 4 5 l
O y 6 8
E‘E i " |
=y : . l
Pacraop , f / |
‘ 9 10
: -
o 311
i '
12
—e
Hpo ym"

Puc. 20.9. Cxema pacubUIUTENBHON AUCKOBOM CYIIUIKH:

1 — eMKOCTB; 2 — Hacoc-103aTop; 3 — GuIbTp; 4 — BEHTUIIATOD;
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5 — kanopudep; 6 — pacnpenenauTeNb BO3ayxa; 7 — IPUBOJI C PacIibl-
JISAIOIIAM JUCKOM; 8 — KaMmepa; 9 — BeHTWIATOp cymmiku; 10 — BeH-
TUJIATOP MMHEBMOTpaHcnopTa; 11 — nukinoH; 12 — BUOpOXOI0IUIIBHUK

JIis CyIIKM SKUIKAX M TIACTOOOpPa3HBIX MAaTEpPHAJIOB HAPSAY C PaCHbLIM-
TEJIbHBIMU CYIIWJIKAMU MCTOJIB3YIOTCS TAK)KE BaIbLOBBIE CYIIWIIKH, KOTOPBIE
1o crnocoOy MoABOIa TEIUIOTHI OTHOCATCSI K KOHTAKTHBIM (KOHTyKTUBHBIM).

Ha puc. 20.10. nmpencrapiieHa 1ByXBajbllOBasi KOHTAKTHAS CYIIWIKA, B KO-
TOPOM BBICYIITMBAHUE MaTepraa MPOUCXOAUT B TOHKOM CJIO€ 32 OJIUH 000pOT

BaJIbLIOB, BPAIIAIOIIMXCS HABCTPEUY APYT APYTyY ¢ 4actoTou 2...10 MUH .

Jazpysna a3

W

]\_\
- O

Kowdexcam

Puc. 20.10. BanenoBas cymmunka:
1 — nocymuBarens; 2 — Kopiyc; 3 —opuBoj; 4 — BeaylIuil BaJiell;
5 — cudonnas TpyOka; 6 — HOX; 7 — BEIOMBIN BaJseI]

['peromuii map moCTynaeT BHYTPh BAJIBIIOB uyepe3 MoJible mHandsl, a
KOHJICHCAT BBIBOJIUTCS 4epe3 cudoHHble TpyOku. [loacyieHHblid MaTepu-
ajl CHUMAEeTCs HOXaMH, YCTAaHOBJICHHBIMHU BJOJIb OOpa3ylolel KaKI0To
BAJIBIIA.

JInsl CyIIKH HEHHBIX MUIIEBBIX MPOIYKTOB, KOTJIa K BEICYIICHHBIM IPO-

AYKTaM IPCABABIAIOTCA BBICOKUC Tpe6OBaHI/I$I B OTHOIICHHUHU COXPAHCHUA
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X OMOJIOTMUECKUX CBOMCTB, IPUMCHSIIOT CyOIuMayuoHHvle cymuiku. B
ATUX CYHIMJIKaX IMPEABAPHUTEIHHO 3aMOPOKCHHBIN MPOAYKT CYIIAT B TIIy-
O0okxoM Bakyyme (rmpu adbcoaroTHoM jaBiaeHuu 1,0...0,1 MM pT. CT.) U npu
HU3KUX TemmeparypaX. IIpm 3ToM IIpM moaBOAE TEIIOTHI BOJAa B BHIC
JbJ1a TIEPEXOJUT HEIOCPEICTBEHHO B TIap, MUHYS KHIKYIO (a3y.

[IpumepoM CyONMMAIMOHHOW CYIIHUIKH MOXET CIIYXKHUTh CYIIHIKA,
cxema KOTopou npejacrapieHa Ha puc. 20.11.

B sToM cymmike npomyKT

X dax_ﬂn-ﬁamc'ﬁ pa3sMeIaloT Ha IMPOTHUBHSIX,
4

lapryas yCTaHABJIMBAEMbIX HaJl 000-
fdoda
anodunexsiu IPEBACMBIX TOpSIYEN  BOJOWU
2: 7 jf agenm
. | mmTamMu. Teruiora OT IUIMT

nepenaeTcs  MPOTUBHAM — 3a
cuet paguauuu. OOpasyromnias-

fopﬂqag Ci IMpU CYHIKE IMapOBO3AYyIIHAA

da .
00 CMECCh U3 CYI]_II/IJ'IBHOI/I KaMepBI

Puc. 20.11. CybnumanroHHas CyuiusKa: (cyOnmmaropa) mOCTymHaeT B

KOHEHCATOP-BEIMOpAXKMBATE-
1 — cymniibHas kaMepa; 2 — IJIuTa;

3 — MpoTHBEHB, 4 — KOHJeHcAaTOp-  JIb, I'I€ NPOHUCXOAUT KOHJIEH-
BRIMOPA)KHBATCIIb, caluysi U BBIMOPA)XKMBAHUE BO-
JISTHBIX TIapOB.

Bnara u3 marepuana ynansercs B Tpu ctaguu. Ha mepBou ctaguu npu
CHUPKEHUHM JABJICHUS B CYIIMJILHON KaMepe MPOUCXOIUT CaMO3aMOPaKHBa-
HUE BJIard U CyOIMMaInusl Jibja 3a CUeT TEIUIOThI, OTJaBacMOil MaTeprajIoM.
ITpu sTom ynansierca 1o 15 % coxpepxkarierica B Matepuaie Biaaru. OCHOB-

Has 4acTh BJIArW yAaJIsIeTCs Ha BTOPOH cTaauu — cyonumanuu. Ha tpetheit
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CTAJIMU B MPOIIECCE TETIJIOBOU CYIIKH YAAISCTCS OCTABIIASCS BJIara.

JI71s1 CyIIKK 3€pHOBBIX MaTepHaloB, TAaKUX, Kak TOpox, (acojib, STYMEHb
U JIp. IPUMEHSIETCA paJhallMOHHas Cylika. B paguanMOHHBIX CYIIUIIKAX
OCHOBHAs 4acCTh TEIUIOTHI MOJBOJUTCS K MaTepuajay 3a cueT mHQppakpac-
HOTO M3Jy4yeHUus. [Ipr 3TOM MHTEHCUBHOCTH MOABOAA TEILUIOTHI U CKOPOCTH
CYIIKH CYIIECTBEHHO MOBBIIIAECTCS MO CPABHEHUIO C KOHBEKTUBHOU U KOH-
TAaKTHOM CYIIKOM. Tak, MpOAOIKUTEILHOCTh CYIIKH MaTepuajia B TOHKOM

cioe cokpamaercs B 30...100 pas.

20.4. OcHOBBI pacyera CYHIWIOK

IIpun pacueTe KOHBEKTUBHBIX CYIIUJIOK OJHOM M3 OCHOBHBIX 3a]1a4 SIB-
JIAETCA 3a7lada OINPEACIICHUs pacXoJa areHra CYyIIKU M Pacxoa TEIUIOTHI
Ha €ro HarpeB s 00ecreueHus: TpeOyeMoro ypoBHS BIaKHOCTH MaTepH-
aja Ha BBIXOJE U3 CyIIMJIKHU. Pacyer Benercs ¢ MCIOJIb30BAHUEM YpaBHE-
HUN MaTepuaIbHOTO U TEIJIOBOTO OanaHca.

B kauecTBe MCXOJHBIX JTAHHBIX JJIA pacué€ra, Kak IMPaBUIIO, 3aJaOT:
NPOU3BOJUTEIBHOCTh MO BBICYIIMBAEMOMY MaTepHaly mjp Ke/4; BIlax-
HOCTh MaTepuajia A0 Y MOCJE CYLIWIBHONW KaMEPhl U MTOCIIE OXJIAXKICHUS —
W1, W;5,W3,%; pacu€tHyio temmeparypy ty U (g OTHOCUTEIBHYIO BIIaXK-
HOCTh OKPY KaIOIIET0 BO3yXa; TEMIIEpaTypy areHTa cymku t; Ha BXOJe B
CYIIUJIBHYIO KaMepy M €ro OTHOCUTEIBbHYIO BJIAKHOCTh (P WJIM TEMIIEpa-
Typy t, Ha BBIXOJI€ U3 CYIIWJIKH.

JInst pelieHuss 3TOW 3a/1auu, NPEXKIAE BCETO, ONPEACISIETC KOJIUYECTBO
BJIar'd, KOTOPOE HEOOXOAUMO YIAIWTh M3 BHICYIIMBAEMOTO MaTepHayia. ITO

KOJIMYECTBO ONPEIEISIIOT U3 YpaBHEHUSI MAaTepUAIbHOTO OallaHca JIJIsl CYIIKU
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W1 _Wz W1 _Wz
m, =m, =m, kel u (20.6)
100 —-W, 100 -W,
rjae  mj; — KOJUYECTBO Marepuaa, MOCTYMarolero B CylmibHYIO Ka-
Mepy, Kr/4 (Kr);
My — KOJIMYECTBO MaTepuasa Ha BbIXOJIE U3 CYIIMILHON KaMephl, KI/4;
W; W, — BnaxHOCTh MaTepuaia, HOCTYNAOUIEr0 B CYIIMIbHYIO KaMepy

Ha BXOJIE€ U Ha BLIXOJE U3 HEE.

Pacxo;:[ CYIIMJIBHOI'O arcHTa OoIpeacisieTcsa 110 (I)OpMy.TIe

_1000-m,
e (d2 _dl) ! , (207)

n

rne d; U d, — Bnarocojiepkanue areHTa CyIIKH J0 CYNIHIIBHON Kame-
pBI U TIOCJIE HEE, 2/Ke CyX. 8030yXa.

[Ipu cymike Bo3ayxoM 0€3 MpeIBapuTEIIbHOTO MOA0TPEBA HUJIH MPHU T10-
J0orpeBe ero B kamopudepe Biaarocojepkanue ; areHta Cymkd mpuHUMa-
€TCsI paBHBIM BJIarOCOJICP’KaHUI0 aTMOC(EPHOTO BO3ayXa, TO ecTh ;=0 .

Ecnm cymka Benércst cMechio BO3/yXa ¢ TONOYHBIMH Ta3aMH, BJIaro-
CoJIepKaHHWE areHTa CYIIKH Ha BXOJIC B CYIIMJIBHYIO Kamepy U Kod]du-
IIMEHT M30BITKA BO3yXa JIJII TOTIOYHOT'O YCTPOMCTBA HAXOJMTCS U3 ypaB-
HEHUS MaTepUaJIbHOTO M TETJIOBOTO OajlaHca JjIsi TOTIOYHOTO YCTPOMCTRA.

Pacxon TemoTel Ha CYIIKY ONpeAeNsieTCs 3aTpaTaMH TEIUIOTHI Ha

HarpeB arcira CylmKu

Q = my(i; —ip) , (20.8)
rJe
(Q — KOJIMYECTBO 3aTPauyCHHOMN TEIUIOTHI Ha HAarpeB Bo3AyXa, K/[owc/4 |

my — pacxoJ] are’Ta CyIlKkH, Ke/y;
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{1 — ylleTbHasl SHTAJIBINS HATPETOTO BO3AYXa, K/{ow/Ke;
[p — YIeJIbHas SHTANbBINS aTMOCHEPHOTO BO3ayXa, K/ oc/ke.
OHTanbnus aTMOC(EpPHOro BO3ayXa MOXKET ObITh HaijieHa MO Jaua-

rpamme i-0d BIaKHOTO BO3ayXa, TH0O0 paccunTaHa 1o hopmyiie

i, =t, +0,001d, (2501 +1,93t, ),

rae to — Temneparypa armocdepHoro Bo3ayxa, °C;

Z
do — BIaroconepxanue Bo3nyxa, 42 - C.803

JIsise pacdeToB MPOIECCOB CYIIKHM yIOOHO IMOJIb30BaThes i-d muarpam-
MOH BJIXKHOTO BO3Ayxa. C €€ MOMOIIbI0 MOKHO JIOCTaTOYHO TOYHO OIpe-
JIEsITh OCHOBHBIC TapaMETPhl areHTa CYIIKH, Kak IMepe]l CYIIMIbHON Ka-
MEpOM, Tak U Ha BBIXOJie U3 Hee. [Ipu 3ToM HEeOOX0AMMO TPEJCTaBUTh Ha
auarpaMMe M300pakeHue Mpollecca HarpeBa areHTa CYIIKUH U JCHCTBU-
TEIBHOTO Mpoliecca CYIIKH B CYIIMIBHOM KaMepe.

N3o00paxenre paboyux MPoOILECCOB, MPOTEKAIOIMINX B CYIIUJIKE, B KO-

opauHarax i-d mpejacrapneHo Ha pucynke 20.12.
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d. 2/k2 cvx. 8030.

Puc. 20.12. Pabouue mpoiieccbl B KOHBEKTUBHOMN CYIITUIIKE
Ha guarpamme | - d Bo3myxa.
CocrostHuto atMocepHOro BO3ayxa ¢ TeMmIepaTrypou ty 1 OTHOCHUTENb-

HOU BJIQKHOCTBIO (0g COOTBETCTBYET Ha Juarpamme touka 0. mpu mogorpese
BO3MlyXa IyTEM CMEIIMBAHUS €0 C TOIMOYHBIMHU Ta3aMH, 00pa3yrOIIUMUCS
NpU C)KUTAHWU TOTUIMBA, TIPOIIECC HarpeBa n300pakaeTcss HAKJIOHHOHN JIMHU-
eit 0—1. Touka 1 COOTBETCTBYET COCTOSIHUIO CYIITIIILHOTO areHTa Ha BXOJIC B
cymibHyo kamepy  (ty, dp). (IIpu HarpeBe Bo3ayxa B Kajopudepe mporecce
HarpeBa Ha Juarpamme n300paxxkaercs BEpTUKATbHON PSIMOM).

B uneanibHO# CyIIHIIKE ITPU OTCYTCTBUH MOTEPH TEIUIOTHI B OKPYKAFOIITYIO
Cpely ¥ Ha HarpeB MaTepuala, IpoIecc IpoTeKaeT 1Mo JIMHUK | = iy = const u
COCTOSIHME CYIIWILHOTO arcHTa Ha BBIXOJIE M3 CYIIWILHON Kamephl omnpejie-
JSIETCSL TOUKOM 2' mepeceueHus JIMHU 11 = Const u ¢, = const (¢ , — oTHOCH-

TCJIbHAA BJIIAXKHOCTDH aI'CHTA CYIIKW HA BbIXOAC U3 CYIHHHBHOﬁ KaMepBI).
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JInsi MOCTpOEHUSI JIMHUM, COOTBETCTBYIOIIEW pEaTbHOMY MPOLECCY
CYIIKHA, HEOOXOJMMO W3 MPOU3BOJBHOW TOYKU €, JICKAIIEH Ha JIMHUU
Iy = CONSt OTJIOKHUTH BHU3 BEPTUKAIBHBIN OTPE30K eF, JJIMHA KOTOPOIO B

MM OTIPEIEIISACTCS CIICTYIONTIM 00pa3oMm:

el =ef - AQ % 1073, (20.12)

rae ef — nmMHa ropu30HTaIbHOIO OTPE3Ka, MPOBEACHHOIO U3 TOYKH e.
10 nepeceuenus ¢ auaMel d; = const (d, - BIarocoaepkaHue arcHTa CyIii-
KU Ha BXOJI€ B CYHUIWJIBHYIO KaMEpPY), MM;

g — MacmTad JTuarpaMMbl IO OCH BJIATOCOJCPXKaHHS, /K2 CYX.
8030. 6 MM,

K/ [orc

Ui — MacuITad 1Mo OCH PHTAJIBIINH, 8 MM,

o K/{oic
AQ — ynenbHbIE TTOTEPU TEIUIOTHI B CYIIMJIBHOM KaMepe, — — HCIa-
Ke

PEHHOU BJIAru.
BenuuunHa yaeabHBIX TOTEPH TEIIOTHI paCCUUTHIBAETCS 1O (hOopMyII€:

Q.

m

al

Aq =

+0, — ¢ty (20.13)

rae Q, — TemioTa, 3aTpadyeHHas Ha HAarpeB MaTepuana, K/,

Mg, — KOJIMYECTBO YIAISIEMON BJIaru, K2,

K/{ofC
Jn — YZAEJbHBIE IOTEPU TEIUIOTHI B OKPYKAIOILIYIO Cpeay, R -
Ke

MMapEHHOW BJIATH;

IHC IHC
C, , — TEIJIOEMKOCTb BOJIBL, uzl C, =419 uzl ;
ke - K ke K
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t,, — TemmepaTtypa MaTepuaa, moCTyIampIero Ha cymky, °C.

IIpoBens n3 Touku | psAmMytro yepe3 TOUKy £ 10 NepEeCEYEHHUs C JINHUEN
OTHOCUTEJbHOW BJIAKHOCTH (O TIOJIYYUM TOUYKY 2, KOTOpasi U OMpPEIECTsAET
COCTOSIHME areHTa CYIIKHA Ha BBIXOJIC W3 CYIIMJIKA. 3HadeHue O, u i, uc-
MOJIB3YIOTCS 171 pacyeToB B popmynax (20.7) u (20.8).

Pacuem paboueeo npoyecca 6 oxnaoumenvHou Kamepe 6e0emcs aHaio-
2UYHBIM 00pA30M.

[Ipu pacuere CyMIWIOK APYTrUX THUIOB OOBIYHO OMPEACNSACTCS PacXoj
TEIJIOHOCUTEJNICH, 00eCIIeYnBaIONTUN HEOOXOIUMBIN IO TEXHOJIOTUYECKUM

TpeOOBAHUSIM K TPOLECCY CYUIKH TEMIOBON PEKUM.

21. TlpumeHeHue X002

21.1. Obwue ceedenus o cnocodbax oxnarcoeHus

B TexHojorusx mnepepaOOTKH W MPOU3BOACTBA IMHUILIEBBIX MPOIYKTOB
Hapsiy C TEIJIOBBIMU MPOLIECCAMU ITOJIBOAA TEIUIOTHI MPOJYKTOB UCIOJIb-
3YIOTCSA TPOIECChl OXJIAKICHUSA. XOJOH SIBISETCS HaumOoJiee COBEPIICH-
HBIM KOHCEPBUPYIOIIUM CPEICTBOM M UCTIOJIb3YETCS ISl YBEIIMUYEHUS CPO-
KOB XPAaHCHUA W COKpAUICHUS IOTEPh MNPU XPAHCHUU CaAMOM PA3JIMYHOU
NpoayKuMu. Tak, MOABEPTaAOT MPEABAPUTEILHOMY OXJIAXKICHHUIO MOJIOKO,
npeaHa3HAYEHHOE JIJIs TepepaOOTKU WU peaTu3allii, OXJIaXIal0T MSCO, B
OCHOBHOM Ha nTullepadpukax, a TaK)Ke UCIOIb3YIOT Pa3IuYHbIe CUCTEMbI
OXJIQXKICHUS B XpaHWIMIIAX IS IUIOA0B U oBowie. [Ipu aTom nmpumens-

C€TCA KaK €CCTCCTBCHHOC OXJIAXKIACHHUC, TaK U OXJIAXKACHHUC C UCIIOJIB30BAHU-
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€M HCKYCCTBEHHOI'O XOJIOAA.
IIpy eCTECTBEHHOM OXJIAKJICHUM TEMIIEPATypa MPOJAYKTAa CHUKACTCA 32

CUET TEIJI00OMEHA C OKPY>KAIOIIEeH €CTECTBEHHOM cpeioit (BO31yXOM, BOJOM

WJIM TPYHTOM) ¥ MOKET TOHMXKATHCS JIUIIb JIO TEMIIEPATypPbl 3TON CPEIbl.
[Tpumepamu OxaXAEHUSI C MCHOJBb30BAHUEM HMCKYCCTBEHHOI'O XOJOJIA

ABJIAIOTCA JICAAHOC, U JIbAOCOJIIHOC OXJIAXKACHNUEC U MAIlIMHHOC OXJIAXKACHUC.

21.2. Jleoanoe oxnaxcoenue

IIpu nensitHOM OXJIaXKJAEHUM B Ka4€CTBE MCTOYHMKA XOJIOIA UCIOJb3Y-
€TCsI €CTECTBEHHBIN JIe] — JCIIEBbIA U JOCTYIIHBIM XJIAJOHOCUTEID IJIs
MHOTHX PETMOHOB Haller cTpaHbl. K 1OCTOMHCTBAM JibJa KaKk MCTOYHHKA
X0J10/1a OTHOCATCS HU3Kas Temneparypa TasHus (0 0C) 1 JIOBOJILHO BBICO-
kas Terutota mnasienus (335 x/oc/xe ). Ilpu a3ToM s1e 0OBIYHO UCTIOJB3Y-
€TCS U1 OXJIOKICHUS B XPAHUJIAIIAX, HA3bIBAEMBIX JICTHUKAMU.

JlenHuK TIpesicTaBIISIET COOOM NEPEBSIHHOE, KUPIUYHOE WK OETOHHOE
COOPYXEHHE, B KOTOPOM pa3MeEIIaloT NPOAYKT M 3arac Jibaa. Paznudaror
JISTHUKH C HUJKHUM, BEPXHUM U OOKOBBIM PACIIOJI0KEHUEM JIbJIA.

B nepgHukax ¢ HMKHUM PacIioiOKEHUEM JIbJla TPOAYKTHI YKIAAbIBAIOT
HETIOCPEICTBEHHO HA JeJ. B negHnkax ¢ BEpXHUM PaCHOIO0KCHUEM JIbAa
OH PAaCIoOJIaracTCi Ha MEPEKPBHITUM HAJ MPOAYKTOBOM KaMEpPOW, a BOHA,
oOpa3zyroniascs Mpy TassHUU JIbJla, CTEKaeT 10 OTBOAHOM TpyoOe.

Haubonee coBeplieHHBIMU SIBISIOTCS JEAHUKU C OOKOBBIM PacCIOfio-
KEHHUEM JIbJIa, CXEMA KOTOPOTO MPEICTABIICHA HUXKE.

B npoaykToBoii kKaMepe JeHUKAa OOBIYHO YCTaHABIMBAECTCS TeMIIepa-
Typa 3...4 °C.

OpnHoM U3 3a/1a4, KOTOPhIE HEOOXOAUMO PEIIUTh MPU OpraHU3aIUu Jie-
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JAHOTO OXJIAKIACHHUA ABJISACTCSA OIIPCACICHUC H€O6XOHI/IMOFO 3alriaca JibJa

JJI1 OXJIAXKICHUA.

Puc. 21.1. Jlenauk ¢ G0OKOBBIM PacHOJIOKEHHUEM JIbJIa:
1 — kaMepa Juisi IPOJYKTOB; 2 U 6 — OTBEPCTHUS 1J1s1 UUPKYJISALUU
BO3/yXa; 3 — OTACJIEHUE CO JIbAOM; 4 — JIFOK JIJIA 3arpy3KH JIbJA;
S — moAJIoH; 7 — OTBOJ BOABI TAIOIIETO JbAA.

Pacxo0 nv0a paccUuTHIBAIOT U3 YCIOBUSA, YTOOBI KOJIUYECTBO TEIIO-
ThI, 3aTPAYMBAEMOE Ha IJIABJIEHHE JIbJIa, KOMIIEHCUPOBAJIO TETJIONPHUTO-
KM B OXJIAXKJAEMOE MOMEIIEHUE U PACXO]l X0J0a Ha OXJaXKJIEHHUE Ipo-
nykTa. Pacxox Xxosnonxa B JEIHUKE 3a €AUHHUIY BPEMEHU ONPEIEIISIETCS
no gopmyie

CD = CDo +cpnp +cp00n ’ (211)

rae @, — TeIIONPUTOKH Yepe3 Orpakaaroliue KOHCTPYKIUU, Bm;

0, — pacxoJ1 X0JI0/1a Ha OXJIAKIEHHE ITPOLYKTOB, Bm;

D

oon

— AOIIOJIHUTCIIBbHBIC TCIIOIIPHUTOKHU (C BGHTHHHHHCﬁ, OCBCIIICHU-

€M, OT JIbIXaHUSs IPOAYKTOB, OT NMPEObIBAHUS IO I€H), Bm.
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TeronpuTokn 4epe3 OrpaxJarlire KOHCTPYKIHHU ONPENCITSIOT TaK
k€, KaK U NpPU PacueTe CUCTEM OTOIUIEHUS C YUYETOM TEIUIONPUTOKA OT
COJIHEUHOM paJuaIvu.

Pacxon xo0510/1a Ha OXJIaX€HUE MPOTYKTa

@, =0,278m(i, —i.)/7 (21.2)

e M — Macca OXJIAKIAeMOro MpoyKTa , Ke;
|, — HavambHAs SHTAIBINS MPOAYKTA, K/[oic/Ke,

|, — KOHeUHas SHTAIIBIIUS POIYKTa, K/ owc/Ke,
T — BpeMsI OXJIAXKICHUS, Y.
JIOTIOJIHUTENIBHBIE TEIUIONPUTOKK NpUHUMAKOT B pasmepe 20...30 % or
CYMMBbI TEIJIONPUTOKOB YEPE3 OTPAKICHUS U OT OXJIAKJAEMBIX ITPOTYKTOB.
HeoOxoauMelii 3amac jibAa Ha CE30H B TOHHaX MOXHO PacCUUTATh IO
dbopmyie

kQC€3
M =10 0 (21.3)

niu

rae Kk — koo duiment 3anaca abaa (IPUHUMAKOT paBHbIM 1,1);

chg— 00IIMii pacxo/ X010/a 3a CE30H, K/,

0,, — TeruioTa muaBieHus Jbaa, k/fowc/ke (U, =335 x/lc/xe).

21.3. JIvooconanoe oxnarxcoenue

HpI/I JbJOCOJIIHOM OXJIAXKACHUHU I ITOJIYUYCHHUA XO0JI0Ja HUCIIOJIB3YIOT

0
CMECHh JIbJIa C COJIbIO, KOTOpas uMmeeT temmneparypy TasHus Huxe 0 ~C.
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Temneparypa TasHHs CMECH JibJ]a C COJBIO 3aBUCUT OT BHJIA COJIU U €€
KOHIIeHTpanuu. KOHIIEHTpalus COoM, IPU KOTOPOH TeMIlepaTypa TasHUS
MUHHUMaJIbHA, Ha3bIBAETCS IBTEKTHUYECKON. Temmeparypa TasHus 3BTEKTHU-
YECKOM cMecH NTOBAPEHHOM coiu cocTaBisieT -21,2 °C, a XJIOpHUAa Kajablus
— -55 °C. D10 1mO3BOISET MOAIEPXKHUBATE TEMIEPATYPy B OXJIAXKLACMOI
kamepe Huxe 0 °C

XOJIOAWIBHUKYU C JIBIOCOJISIHBIM OXJIQXKJIEHUEM O00O0PYIyIOTCS CIICIIH-
aNMbHBIMH PEIICTYATHIMU KapMaHaMH I METAUIMYECKUMU pe3epByapa-
MU, B KOTOPBIX HaXOAUTCS OXJIAXKIAI0IIast CMECh.

bonee coBepiieHHON SBISETCS PACCOJIbHASI CHCTEMa JIbJOCOJISHOTO
oxJaxaceHus. B 3TUX crucTemMax KaMepbl JUIs XpaHEHUs MPOIYyKTOB OXJla-
KIAIOTCS C TIOMOIIBIO Oarapei, B KOTOPHIX HIUPKYJIUPYET XOJOIHBIA CO-
JsiHOM pactBop (puc. 21.2).

XOoJIOAHBINA paccoi MOJIYyYaroT B T€HEpaTope XoJoaa 7, HaXOASIIeMCs
BHE OXJIXKIAaeMOT0 TTOMEIIeHHs. [ 'eHepaTop Xojiofa MPeacTaBlsIeT cO00i
0ak ¢ pemeTkod S5, Ha KOTOpYI MepHoaudecku, 1...2 pa3a B CyTKH, 3a-

IPYyKarT KyCKOBOM JIEe].

;W

1 2 I % 5 8

Puc. 21.2. Cxema paccoabHOTO OXJIAXKICHUS:
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1 — oxJylaxkjaemMoe moMeNIeHne; 2 — oxXJlaxaaroias oarapes;
3 — Hacoc; 4 — dubTp; 5 — pemierka; 6 — clIMBHas TPyOa;

7 — reHepaTop X0J0/1a; 8 - COJICKOHIICHTPATOP.

ITon pemieTkoil B HIKHEH 4yacTh O0aka cOOMpaeTCs XOJOIHBIA pacco,
KOTOPBIN Yepe3 huinbTp 4 HacocoM 3 moAaeTcs B OaTapeu 2 0XJIaxIaeMbIX
kamep. B Oarapee 2 paccon HarpeBaeTrcsa Ha 2...3 °Cu BO3BpAILIACTCS B
reHepaTop X0JIoJa Yyepe3 OPOCUTEIbHYIO CUCTEMY, COCTOSIIYIO U3 OJTHOU
WU JBYX TPYyO C OTBEPCTHUSIMH, Pa3OphI3TUBAsICh MO BCEW Macce JibJa.
OxnakA€HHBINA Paccoy CTEKAET MO PEIIETKY Oaka.

YacTe MOJIy4yHBIIETO TEIJIOTY paccosia MPOIyCKaeTCs Yepe3 COJCKOH-
IIEHTPATOp 8, IJIe HACHIIIAETCS COJIbIO U CTeKaeT B Oak. biaromapst atomy
MOJACPKUBACTCSl TOCTOSTHHASI KOHIIEHTpAIIUsl paccojia U, CIe0BaTEIbHO,

HGO6XOI[I/IMa$I TEMIICPpATYpPa B OXJIAKAACMBIX ITOMCIICHUAX XOJOJNJIbHHUKA.

21.4. Mawunnoe oxnaxcoenue

[Ipr MammMHAOM OXJaXACHUU JJIsI BBIPAOOTKH XO0J10/Ja HCIOIb3YIOTCS
XOJIOMUIIbHBIC YCTAHOBKH, KOTOpBIC Ojlarogaps pealm3amui OOpaTHOTO
(XO0JOAMIIBHOTO) IIUKJIA MO3BOJISIOT OTBOAUTH TEINIOTY OT MEHEE HarpeTo-
ro Tena (oxnaxaaeMoro oobemMa) M OTaaBaTh €€ 0ojiee HarpeTomy (OKpy-
KaroIiel cpene). ManmHHOE OXJIaKICHHUE SIBIIICTCS HanOoJIee COBEPIICH-
HBIM CITOCOOOM IOJIYYCHHUSI UCKYCCTBEHHOTO XO0J10/a, IIPH KOTOPOM aBTO-
MAaTHYECKH TOJJICPKUBACTCS HYKHBIM TEMIIEpATYpPHBIA PEXHUM B OXJIa-
KJTaeMOM O0BbEeMe.

XOJ’IOHI/IJIBHI/IKI/I C MAaIIMHHBIM OXJIAKIACHHUCM MOI'YT OCHAIIATBCA KakK
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XOJIOAWIBHBIMH yCTAaHOBKAMH C PACCOJIBHBIM OXJIAXICHUEM, TaK U C
HEIMOCPEACTBEHHBIM OXJXJICHUEM XOJIOIUIBHBIX Kamep, Korja OTCYT-
CTBYET MPOMEXKYTOUHBIN XJIAJJOHOCUTEH — PACcCOJL.

XpaHuauIa ¢ HEMOCPEJICTBCHHBIM OXJIAKIECHUEM HMEIOT MEHBIINE
KalUTaIbHBIC 3aTPaThl U SKCIUTYaTaIllMOHHBIC PACXOIBI.

XonoaunpHas yCTaHOBKA BBIOUPAETCS C YUYETOM €€ Ha3HaueHHUs U Tpe-
OyeMoil XOJ0AMIBHON MOITHOCTU (XJ1aA0MPOU3BOIUTEIILHOCTH ).

Tpedyeman xon00unvHas MouyHOCHb XOJIOIWIBHON YCTAHOBKH OTIPE-
JeNsIeTCs Ha OCHOBAaHUU TEILJIOBOTO OayiaHca /i OXJIaKIaeMOTO ImoMelie-
Hus. KommdecTBo Xojoma, BeIpabaThiBaeMOE, YCTAHOBKOW JTOJDKHO KOM-
MIEHCUPOBATH BCE TEIIOMPUTOKH.

YPaBHCHlfle TEIJIOBOro OajlaHca MMeCT BHUJT

Q=P +D,+ D, +D, +D, | (21.4)

rae @ — pacxo]l X0JI0J1a B XOJOAWIbHOU Kamepe, Bm;

@1 — TPUTOK TEIUIOTHI YEPE3 OTPAXKIAECHUS C YUETOM JICMCTBUS COJTHEU-
HOU paauanuu, Bm;

@, — TPUTOK TEIUIOTHI OT NPOAYKTOB MPHU UX OXJIAKICHUU U 3aMOpa-
»KUBaHUU, Bm,

@3 — MPUTOK TEIUIOTHI OT JAbIXaHus GPYKTOB U OBOIIEH, Bm,

@, — NPUTOK TEIUIOTHI C HAPYKHBIM BO3yXOM IPHU BEHTUJIALMU I10-
MelleHus1, Bm,

@5 — BKCIUTyaTallMOHHBIE TPUTOKHU TEIUIOTHI (OT OTKPBIBAHUSA JIBEPEU,
OT OCBEIIEHHUs, OT MpeObIBaHUS JIFOACH U T.I1.), Bm.

TennonpuTok yepe3 orpakaeHusl HaXoIAT 1o Gopmyie
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D, = Zn: KiFIE, —t)+Atg] (21.5)

rae Ki — ko3 @UIUEHT TeIionepeaadn i-ro 3JeMEHTa OrpaKICHUS,
21 r
Bm/m°K;

- 2.
Fi — miomanp I-ro aIeMeHTa OrpaXKJaeHus, M,
0,
t, — pacuernas Temmneparypa HapyXHOTo Bo3ayxa, "C;
0.
l, — Temmeparypa B oxmaknaeMoM momerneHnH, ~C;

Al — n36BITOYHAs Pa3HOCTH TEMIEpPATyp, OOYCIOBICHHAS eii-

w . O
CTBUCM COJIHCYHOM paJguanuu, 1J1d 1-ro 3JICMCHTA OIr'paXXJICHU, C.

Atci YUYUTBIBACTCA OJIA KPOBJIM U CTCH, ITOABCPIKCHHBIX COJIHCYHOM

paauanvi, U NPUHUMAETCS B 3aBUCMMOCTH OT OPHUEHTAIMU 3JIEMEHTa
0
OTPAXAEHHUS U IIUPOTHI MECTHOCTH B npeaenax ot 5 xgo 20 “C.

Pacxon xomoma Ha OXJIakA€HUE MPOTYKTOB

@, =0,287(mc + m,c,)(t, —t,) , (21.6)

roe Mu My — macca mpoAykTa M Taphl, MOCTYHAIOMIMX B XOJIOINIb-
HUK, K/u,

C U C7 — MacCOBbI€ TEINIOEMKOCTH NPOJIyKTa U Taphl, x/joc/xe K,
0,
I, — Temmeparypa npoaykTa ¥ Tapsl 10 oxnaxaeHus, ~C;

0
l, — TemmepaTypa mpoyKTa 1 Tapsl mocie oxnaxaeHns, ~C.

Pacxon xonoa Ha OXJaxAeHNUE P 3aMOPAKUBAHUH IIPOTYKTOB

@, =0,287[m(i, —i,) + m,c,.)(t, —t,)] , (21.7)
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rie M u My — macca mpoaykra U Taphl, MOCTYHAOIINX B XOJIOIHIIb-

HUK, Ko/U,

Cr — MaccoBas TEIUIOEMKOCTh MaTepuana Ttapsl, x/jc/ke K;

I, — SHTaNBIUA IPOIYKTA 10 OXJKICHUS, K/[ic/Ke |

|, — SHTaIBIUSA MPOIYKTA TOCIIE 3aMOPaKUBAHUS, K/[oic/Ke |
0.

L, — Temmeparypa Tapsl 10 oxnaxaenus, C ;

0
I, — Temmeparypa Tapsl mocie oxnaxnenus, C .
[TpuTOK TEIIOTH OT AbIXaHUSA (PPYKTOB M OBOIICH MOYKHO PaCCUUTATH
no ¢opmyne
. bt
@3 - mquOe (218)

rne M,, — macca nmpoaykTa, HAXOIAIETOCS HA XpaHEHUH, M1 |

Oo — yaenbHas TerroTa asixaHus npu 0 °c , Bm/m ;

. 1,
b — TemmeparypHbIit KO3QHUIHEHT CKOPOCTH ABIXAHHUS, ¢
0
t — Temmneparypa xpaHenus npoaykuuu, C .
3HadeHus: K03 PUIIMEHTOB, UCTIOIB3YEMBIX B (POpMyIie, MOKHO HAWUTH

B CHELHAIBLHOU JIuTEpaType [2].

TenmonpuToK ¢ BEHTUIAILIMOHHBIM BO3yXOM
@, =0,287K -Vp (i, -1 ) , (21.9)
-1 .
rae K— KpaTHOCTh BO3yXOOOMEHa B OXJIAK/IAEMOM MOMEIIICHUH, ¥ |
o 3.
V — 00beM XOJO0AUIBLHON KaMephl, M ;

3.
Py — IIOTHOCTH BO3yXa B Kamepe, ke/m” |

|, — SHTanbmMsg HAPYXKHOrO BO3JAyXa NPU PACUCTHBIX YCIOBHSIX,

H
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K/{oic/ke,

|, — SHTaIbIUs BO31yXa B XOJIOAUILHON KaMmepe, K/oic/ke .
OKCITyaTallMOHHBIE TEILUIONPUTOKA MOXXHO OPUEHTUPOBOYHO NPUHATH

B pasmepe 10...20 % OT TEIONPUTOKOB 4Yepe3 OTrpakICHUSA
@, =(01..0,2)9, |

PacuetHyto pabodyro XOJOAWIHHYIO MOUTHOCTh YCTAHOBKHU OTpEaes-
10T 110 hopmyiie

D =& Dlb, (21.10)

rae $ — koG PUIMEHT, YYUTHIBAIOIIMI TEILIOIPUTOKH B TPYOOIPOBOAAX
(& = 1,05...1,07 — npu HEMOCPEINCTBEHHOM OXJIAXkICHAU XJIaJ0arcH-
_ . 1.
oM, ¢ =1,1...1,2 — Ipu pacCcONLHOM CUCTEME OXIIAKAEHUS), U |

@ — pacueTHBIN pacXo/l X0JI0Ja B XOJOAUILHOU Kamepe, Bm,

bp — Ko3(ppuuueHt pabovyero BpeMeHH (MPUHUMAIOT bp = 0,75 nus

MaJIbIX MaIlvH, bp = 0,8 — nsa mammH cpeaHed XOJOAMIBHOM MOIIHO-
CTH).
Ilo naiinenHomy 3HaueHmioo P, HONB3ysACh KAaTaloraMd MIH CIpa-

BOYHHUKAMHU I10 XOJIOAHUJIbHBIM YCTAaHOBKAM, BI)I6I/IpaIOT COOTBCTCTBYHOIIYIO

MOACIb MAIlIMHBI.

Tecmogble KOHMPO/IbHbIE 80NPOCHI U 3A0AHUS

1. B yeM 3akiar04aeTcsi TEXHOJOTHYECKOE UCIIOIb30BaHNUE TEIUIOTHI HA TIPEAIPUsI-
TUAX MepepadaTbiBaloONIel U nuieBor otpacieii? 2. HazoBuTe OCHOBHBIE TEIIOBBIC

IMPpOUECChl, UCIIOJIB3YIOIIUECA B IMHIICBLIX TCXHOJOTUAX. 3. Kaknmu cnocobamu Mo-
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KET yHaJsThCs Biara u3 marepuanoB? 4. HazoBuTe BUIBI TENIOBOW CYIIKU B 3aBH-
CUMOCTH OT cloco0a MoABO/IA K BBICYIIMBAEMOMY MaTepualy U KpaTKO OXapaKTepH-
3yiTe ux. 5. UTO Takoe BIaXKHOCTh U BIarocojaepxanue marepuana? B kakom coot-
HOIICHUHM HaXOAATCSA 3TH mokazarenu? 6. Uto coOoil mpencTaBisIlOT HU30TEPMbI
copouun - gecopbumu? 7. YTO Takoe paBHOBECHAs U TMIPOCKONMYECKAs BIIaX-
HOoCTh? 8. Kak omnpezaensercs KOJUYeCTBO yAAIAEMON BIIAru JUIsl TOCTHXKECHUS Tpe-
Oyemoii Braxknoctu marepuana? 9. Kak Haxoaurcs TpedyeMblil pacXxo]] areHTa Cylil-
Ku mpu koHBekTHUBHOM cymike? 10. Kak paccuuTeiBaeTcs pacxoi TEIJIOTHI s
HarpeBa areHTa CyIIKd B KOHBEKTUBHBIX cymnikax? 11. C kakoi Lesblo UCIOb3Y-
€TCsl XOJIOJ Ha IpeanpusaTusax nuieBor orpaciu? 12. HazoBute crnocoObl Oe3ma-
HMHHOro oxnaxaeHud. 13. Kak paccuutsiBaeTcs pacxon apaa A oxyaxaeHusn? 14.

B yem cocTouT 0COOEHHOCTD JIBIOCOJISTHOTO OXJIAXKICHMUS?

9KOHOMUSI TEIVIODHEPIOPECYPCOB
U OXPAHA OKPYKAIOIIEM CPEJbI

20. OcHOBHBIE MYTH IKOHOMMH TEIMJIOBBIX IJHEPTOPECYPCOB

M CHUKE€HUS HEraTUBHBIX MOCJIEACTBAM OT MX UCIOJb30BaHUS

20.1. Hezamuenvle nocieocmeus mpaouuyuoOHHOU IHEPeMUKU

B Hacrosimiee BpeMst OOJIBIITYIO Y4acTh TEIUIOBOM 3Hepruu (okoio 80%)

MMOJIYy4aroT IIyTCM CXKHUT'aHUS HUCKOIIACMBIX OPraHUYCCKHUX TOILJIMB, YTO IIO-
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pPOXKJIaeT psAJl HETaTUBHBIX MOCIEACTBUN, UMEIOIIUX KAK SKOHOMHYECKUH,
TaK ¥ SKOJIOTUYECKUN XapaKTED.

DOKOHOMHUYECKHE HETaTUBHBIE MOCJE/ICTBUS CBSI3aHbl C UCTOILICHUEM pe-
CYpPCOB MCKONAEMbIX OpPraHUYECKUX TOIUIMB U MX yAopoxkaHueM. Ha ygopo-
’KaHHE PECYPCOB OKA3bIBAET BIIMSHUE HEOOXOAMMOCTh BOBJICUEHHS B pa3pa-
OOTKY HOBBIX MECTOPOKJIEHUH YTIIEBOJOPOJIOB, HAXOIALIUXCA, KaK MMPaBUIIo,
B 00Jiee yIaJ€HHBIX MECTAX U C TPYAHO U3BJIEKAEMbIMU 3allacaMH.

OTpunaTeiabHble 3KOJOTHUYECKUE MOCIEACTBUS MPOSBISAIOTCS B U3Me-
HEHUU COCTaBa aTMOC(Eephl U3-3a «CHKUTAHMS KUCIOPOAa U 00pa30BaHUU
LEJIOr0 psila KOMIIOHEHTOB B MPOJYKTax CrOpaHusi, B TOM YMCIIE TAKUX
TOKCUYHBIX KaK OKCHJbl a30Ta, OKUCh YIIIEpoAa, pa3IMuHbIE YTIeBOJOPO-
Ibl, TUOKcHU cepbl U Ap. Hanbomibliee KOIMYeCcTBO BPEIHBIX BHIOPOCOB
oOpasyercst Ipy CKUTAaHUU TBEPJOTO TOIUIMBA HE TOJBKO B BUJI€ BPEIHBIX
ra3oB, HO U B BUJI€ TBEPbIX YACTHUI] B MPOJYKTaX cropaHus (caxa, MbuUlb,
307a). C>KMTaHWE TOIUIMBA COIMPOBOXKAAETCS HEU30EKHBIMU TEIJIOBBIMU
BbIOpOCaMH, a OOpa3yIoIIMecss TPEX- U YEThIPEXaTOMHBIE Ta3bl CO3/Ial0T
NapHUKOBBIA 3Q(EKT, UTO B COBOKYIMHOCTH MOXKET MPUBECTH K HapyllIe-
HUIO TEII0BOTO OanaHca 3emiu. OCHOBHBIMU 3arps3HUATENSIMU OnOC(hephI
ABJISIIOTCS TEIJIOBBIE 3JIeKTpocTaHuu u TOLl, TpaHcmopT, pa3nvyHbIE
POU3BOJICTBA U, B MEPBYIO OUEPEAb, XUMUUECKAsI MPOMBIIIUIEHHOCTb.

CokpailleHre BpEIHBIX BBIOPOCOB B aTMocdepy SBISETCS OTHON U3
BXXHEUIIUX TPOOJEeM COBPEMEHHOr0 OOIIECTBa, KOTOpas JIOJDKHA pe-

maTbCA YCUINAMUA BCCX CTPAH.

20.2. Ocnoenvie nymu CHUMCEHUA HE2ZAMUBHBIX PAKMOPO8

MpPAOUUUOHHOU IHEP2EeMUKU
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OCHOBHBIMHU MYTSIMU pelIeHUs TPOOJIEM, CBA3aHHBIX C MPOU3BOICTBOM
TEIUIOTHI TyTEM CIKUTAHUS UCKOMAEMbIX OPTaHUYECKUX TOIUIUB SIBJISIFOTCS:

e pa3paboTKa U BHEJIPEHUE YHEPTrOcOEperaronux TeXHOIOTH;

® TOBBIIICHWE SKOHOMUYHOCTHU TEIIOBBIX JBUTATENICH U JPYTUX dHEP-
F€TUYECKUX YCTAaHOBOK;

® yJIaBJIMBAHUE BPEJHBIX BHIOPOCOB 3a CUET MPUMEHEHUS Pa3IUYHbBIX
(GUIBTPOB HA BBIXOJE U3 PHEPreTUUECKUX YCTAHOBOK U TEXHOJIOTHYECKOTO
000py/1I0BaHUS;

e CoxpaHEHHE U PACLIMPEHHE 3E€JEHBIX HACAXKIECHUM, CIOCOOCTBYIO-
IIUX MMOJJEP>KAaHUIO Ta30BOr0 Oaanca arMocQephl;

® YTHJIM3ALMS TEIJIOBBIX OTXOJ0B U UCHOJIb30BAHUE BTOPUUYHBIX SHEP-
rOpecypcoB;

® JCIIOJIb30BaHHUE BO30OHOBIISIEMBIX HICTOUYHUKOB YHEPTHUH.

DHEpreTU4ecKre pPecypchl JACNAT Ha MEpBUYHBbIC M BTOpUuHbIE. [lep-
BUYHBIC WM MPUPOIHBIE PECYpPChl 00pa3ylOTCs B pe3ysibTaTe reojornuye-
CKOT'O Pa3BUTHS 3€MIIU.

K mepBu4HBIM 3HEpropecypcaM OTHOCITCS UCKOTIaeMble OPraHUYECKUE
TOTTMBA, KOTOPBHIE COCTABJISIOT OCHOBY COBPEMEHHOM, TaK Ha3bIBaeMOM
TPaAUIIMOHHOM, HHepreTuku. K mepBUYHBIM 3HEpropecypcaMm OTHOCATCS
TaK)X€ BO30OHOBJISIEMbIE UCTOUHUKHA DHEPTUH, KOTOPhIE MPAKTHUYECKU HE
MCTOIIAIOTCS MPU MX UCIIOIB30BAHUM, MU PECYPChl KOTOPHIX BOCCTAHAB-
nuBatoTcsi. OCHOBHBIMU BO300HOBIISIEMBIMU UCTOYHUKAMH DHEPTUU SIBIIS-
10TCsl dHeprus u3nydeHus: CoyrHIla, SHEPTUsl BETpa, TeoTepMaibHasi dHEp-
r'Usi, ONOJIOTUUECKHE PECYPCHI U Jp.

Bropuunsie snepropecypcel (BOP) — 310 Temnora u moTeHIuManbHas
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SHEPrusi, KOTOPhIC HE UCIOJIB3YIOTCS B CAaMOW YCTAaHOBKE, HO MOTYT OBITh
MCIIOJIb30BaHbI JIJIs1 SHEPrOCHAOKEHUS IPYTUX YCTAHOBOK U OOBEKTOB.

N3 BTOpUUYHBIX PECYpCOB HaMOOJIEE BAXKHBIMU JIJI1 BO3MOYKHOTO UCTIOJb-
30BaHUs ABJSIOTCS TerioBble BOP. TemnoBbie BTOpUYHBIE SHEPTOPECYPCHI —
ATO YXOJSIIUE Ta3bl KOTEIbHBIX YCTAHOBOK M APYIrOro TEXHOJIOTHYECKOIO
o0Opy/IOBaHus; TeIUias BOJA, MCIOJb30BaHHAs B CHUCTEMAaX OXJIAKICHUS
TEIUIOBBIX U aTOMHBIX 3JIEKTPOCTAHIIUM, a4 TAKXKE PA3JIMYHbIX TEXHOJIOTHUYE-
CKMX YCTaHOBOK; BO3IYyX, YAAJISEMbIM U3 CYIIWIbHBIX YCTAHOBOK; BEHTUJIS-
IIMOHHBIN BO3AYX U3 IPOU3BOJICTBEHHBIX TOMEIICHU, (pepM U Ap.

Hcnonp30BaHnEe BTOPUYHBIX TEIJIOBBIX YHEPrOPECYPCOB UAET MO MYTH
MIPUMEHEHUS KOTJIOB-YTHIM3aTOPOB, PEKYIIEPATUBHBIX U PETE€HEPATUBHBIX
TEIJIOOOMEHHHUKOB, a MPU HU3KOM IOTEHIIMAJE TEIJIOBBIX OTXOJO0B IPHU-
MEHEHHS TEeIUIOBbIX HAacocoB. Mcnonb3zoBanue BOP mo3BosseT HE TOJIBKO
DKOHOMUTH MEPBUYHBIE SHEPIETUUYECKHUE PECYPCHI, HO U, KaK IPABUIIO, CO-

KpalllaTh BpeJHbIE BHIOPOCKHI B aTMOCheEpy.

20.3. Hcnonavzosarnue 60300H0611€MbIX UCIMOYHUKOB IHéepcuu

HeratuBHbie CTOPOHBI TPATUIIMOHHON 3HEPrE€TUKUA MPUBOIAT K TOMY,
YTO B MOCJEAHEE BpeMs Bce OoJblliee BHUMAHUE YIEISETCS MCIO0JIb30Ba-
HUIO BO300HOBIIIEMBIX UCTOUYHHMKOB dHeprun (BUD), Takux kak cosHeu-
Hasl PHEPTrHUs, SHEPTUsl BETPA, DHEPrUsl TCUCHUS PEK, MOPCKUX TECUCHHH,
SHEPrus NMPUIUBOB, MOPCKUX BOJIH, T€OTepMasibHaAs dHEPTHs, OMOIHEPTUs
U T.11. B HEKOTOPBIX cTpaHaX J0JI BO3OOHOBIISIEMBIX HCTOYHUKOB SHEPTUH

B 00111eM sHeprobdamance cocrasisieT 20% u 6osee.
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OCHOBHBIMU JIOCTOMHCTBAMHU BO300HOBJISIEMBIX HCTOYHHKOB SHEPrUU
ABJISIIOTCSL UX MPaKTUYECKasi HEUCUEPHaeMOCTh, SKOJIOTUYHOCTh, COXpaHe-
HUE TPAJUIIMOHHBIX SHEPropecypcoB sl OyAyLIUX IMOKOJCHUH, TaKkKe
yBEJIMUCHHUE MOTPEOJCHUS ChIPhS JJIsi HEAHEPTETUUECKOTO UCIOIb30BaHUS
HMCKOTIAa€MOT'0 TOTUINBA.

Bo0300HOBIIIEMbIE UICTOUHUKHA SHEPTUM B MEPBYIO OYEPEIh MOIYT HC-
MOJI30BATHCS JJIs TOJTYUYEHHS] HU3KOMOTEHI[MAIBbHON TETUIOThI, BHIPA0OOTKHU
AJIEKTPOIHEPruu Ha ocHOBE BN 1 nosiyyeHus: MEXaHUYECKON YHEPTHUH.

ComHile SBISETCS OCHOBHBIM HCTOYHHUKOM TI€PBUYHON HIHEPruu Ha
3emiie, MOCKOJIBKY U JBM)KEHHE aTMOC(EpHOTo Bo3ayxa (BETEp), U MOp-
CKHE TEUYECHUSI, U IBUXKCHHUE BOJH, U TasHUE JIbJOB, U MIPOU3BOACTBO OMO-
MacCChl €CTh €CTECTBEHHBIC MPEOOPA30BAHUS COTHEYHOM IHEPTUH.

[TonHOE KOJMYECTBO COJIHEUHOM JHEPryu, MOCTYIAIONIEH Ha IMOBEpX-
HOCTh 3€MJIM, TIPEBBINIAET PHEPTUIO0 BCEX MHUPOBBIX 3aracoB HE(TH, Trasa,
VIJIS ¥ ypaHa U IPYTUX dHEPreTUUecKux pecypcoB. TeopeTnueckuit moTeH-
I[Majl TOJIbKO COJIHEUHOW SHEPTrUH, MPUXOIAIIUN Ha 3eMITIO B TEUCHHE TO/1a,
MIPEBBIIIACT BCE U3BJIEKAEMbIE 3aIMachl Opranndeckoro tomimaa B 10-20 pas.

ConHeuHast paauaius UCIOIb3YeTCsl B reJIMOYCTAaHOBKAaX, Ha3HAYCHUE
KOTOPBIX COCTOUT B BOCIIPUSITHU COJTHEUHON dHEPTUH, TPEOOpa30BaHUU €€
B TEIUIOBYIO, DJICKTPUUECKYIO WIIH IPYTUE BUIABI SHEPTUH.

Hanbonee mupoko HMCHONB3YIOTCS TEIUOYCTAHOBKHM ISl TOJYYCHUS
TerIoBoi sHepruu. [lpu 3TOM Hambosblllee pacpoCTpaHEHHUE MOTYUYUITU
TeIMO0YCTAaHOBKY JIJIsI MOJTYYEHUs] HU3KOTIOTCHITMAIbHOM TEIJIOThI, UCIIOb-
3yeMOM B CUCTeMaX OTOIUICHHUS M TOpsiYero BojgocHaoxkeHus. Huxke Ha pu-
cynke 20.1 npeacrtaBieHa cxeMa TaKOW YCTaHOBKH, OCHOBHBIMU 3JIEMEH-

TaMU KOTOPOM SIBIIKOTCS TE€JIMOKOJUIEKTOP, AKKYMYJIATOP TEIUIOTHI, TETI-
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JIOOOMECHHHUKH U HUPKYJIALMHOHHBIC HACOCHI.

2/:1—'

B cucreMy ropsusro

BOZOCHAD REHERA
i
B ¢ncreny oromtennn
L~ 4 5
I g §
Xonogmasa soga H3a cECTeME! 0TOTLIeHUR
i

Puc. 20.1. Cxema reinoycTaHOBKH
JUISL TIOJTyYE€HUS] HU3KOMOTEHIIMAIbHON TEIIOTHI:

1 - TEIMOKOJIIEKTOP ; 2 — PaCIIUPUTENIbHBIN 0aK ; 3 — HUPKYJIALUOH-
HBIM HAcoC ; 4 — aKKyMYJISITOP TEIUIOTHI ; 5 — OTONMUTEIbHBIA KOTE

I'ennokoiiekTOp  (KOJUIEKTOP COJIHEYHOM HHEPruM) — yCTPONCTBO
HETOCPEJICTBEHHO BOCHPUHUMAIOIIEE SHEPTUI0 M3IYUYECHUSI U Mpeodpasy-
IOIIIEE €r0 B TEIJIOBYI0. AKKYMYJISITOP TEIUIOTHI CIY>KHUT JUIsl HaKarinBa-
HUSI TETJIOBOM SHEPTHH, TOJTYUYCHHON B TEIIMOKOJUIEKTOPE B IEPUOBI MAK-
CUMAJIBHOTO €€ TIOCTYIUIEHUS U OTAa4YM €€ MOTPEOUTEINI0 B IEPUOIBI HEJO-
CTATOYHOTO €€ MOCTyIUIeHUs. TernnooOMeHHUKA 00€CTIEYUBAIOT TETLI000-
MEH MEXJy TEIJIOHOCUTENIIMU W TEIJIOAKKYMYJIUPYIOIIUM MaTepraioM
AKKyMYJISITOpa TEIOTHI. [[MpKyIAIIMOHHBIE HACOCHl O0ECIEUUBAIOT IUP-
KYJISILIUIO TETUIOHOCUTENEH MEXKy TeIMOKOJUIEKTOPOM U AKKYMYJISITOPOM
TEIUIOTHI, a TAKXKE MEXIY AKKyMYJISITOPOM TEIJIOTHI U TOTPEOUTEIEM.

JInsi monydeHusl 3JEKTPUYECKOW SHEPrUU MCIONB3YIOTCA (DOTOIIEK-

TPUUYECKUE TeJIMOYCTAHOBKH (COJIHEUHBIE OaTaper), a TaKKe COJTHEYHBIE
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AJIEKTPOCTAHIIMHU, HA KOTOPBIX COJIHEYHAs! pagualus ¢ OOJbIION MJI0IaIu
KOHIIEHTPUPYETCS Ha MOBEPXHOCTHU MApPOBOTO KOTIA M DIEKTPOIHEPTHUs
BbIPa0ATHIBAETCS C UCIOIb30BAHUEM TEPMOJIMHAMHUYECKOTO ITHKJIA.

JlJis MCnoNIb30BaHUSl DHEPTUHM BETpa MPUMEHSIIOTCS BETPOIJICKTPHUUE-
CKH€ YCTAHOBKH, MPOU3BOJSAIINE SJEKTPOIHEPTHIO, a TaKKE BETPOYCTa-
HOBKH JJI TIOJIYYSHHS] MEXaHUYECKON PHEPTUH, KOTOPbIE MPUMEHSIIOTCS B
KauecTBE BOJIONOJBEMHBIX YCTAaHOBOK, MEJBHHUII, a TAKXKE IS MPUBOJIA
pa3IUYHBIX MAIIUH OT Bajia 0TOOpa MOIIHOCTH.

bonee mmpokoe HCHOIb30BaHUE BO300HOBISIEMBIX HSHEPrOPECYpPCOB
CIEPKUBAIOT, HApPSIIy ¢ HEKOTOPHIMHU APYTUMU (DaKkTOpamMu, ¥ MPUCYIIUE
UM HEJOCTATKH:

* HU3Kas MJIOTHOCTh YHEPTUH;

* HEMOCTOSIHCTBO OOJBIIMHCTBA BUJOB UCTOYHUKOB U 3aBUCUMOCThH UX

MHTEHCUBHOCTH OT MHOTUX ()aKTOPOB;
* HECOTJIACOBAaHHOCTh WHTEHCHUBHOCTH TOCTYIUICHUS JHEPTUU C TO-
TPEOHOCTAMU TTOTPEOUTEIS;

» cpasuurenbHO HU3KUM KIITJ[ mpeoOpazoBarenei;

* JIOBOJILHO BBICOKHE KAITUTAJIOBIIOKEHUSI B PSJI€ TEXHOJIOTHI UCTIOJIb-

30BaHMSI.

JIist  cenbCKOXO034MCTBEHHOIO MPOM3BOACTBA U TMepepadaThIBAIOIINX
oTpaciieil 00JIbIlIOe 3HAUCHUE UMEIOT OUOPECYPCHI.

buosHeprusi 3aHMMaeT CyUIECTBEHHOE MECTO B o0ImieM OanaHce, uc-
MOJIb3YEMBIX B HACTOSIIEE BPEeMs BO30OHOBISIEMBIX YHEpropecypcon. B
OCHOBE OHMOPHEPTeTHUKH JIS)KUT HCIOJIb30BaHHUE OMOMACCHI, BOCTIPOM3BO-
IUMOM B pe3yJibTaTe MpoleccoB (GOTOCUHTE3A, a TAKKE ABJISIOLIEHCS Op-

FAHUYCCKUMH OTXOAdMHU PA3JINYHBIX IIPOU3BOACTB. DTa 6umomMacca MOKET
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MCIIOJIb30BaThCS JIJIsI MPOU3BOJICTBA PHEPTUM KaK TPAJAUIIMOHHBIM CIIOCO-
OOM IIyTeM HENOCPEJICTBEHHOTO C)KUTaHMS TBEpAoN Ouomacchl (JIpoBa,
KaMBbIIll, COJIOMa U T.I.), TaK U TPHU MPEIBAPUTEILHOM MIPEoOpa3oBaHUU
OMOMACCHI B )KHUJIKOE WJIA ra3000pa3HOE TOILIMBO.

B Mupe MHTEHCHBHO pa3BUBAETCS MCMOJIH30BAHUE DHEPTUU OMOMACCHI.
DTO HanpaBJICHUE UMEET 3HAUCHHUE HE TOJIBKO C TOYKH 3PEHHUS MPOU3BOJICTBA
sHepruu. Iloxanyii, emie 00JbIITYIO IIEHHOCTh OHO IPEACTABIISET C IMO3UITUI
AKOJIOTHH, TaK KaK peliaeT npoodsieMy yTHIN3aIlui BPEIHBIX OTXO/IOB.

HerpanuiimonHoe ucmojib30BaHUE OMOMACChl KaK TOIUIMBA COCTOHUT B
MpEBpAICHUN €€ B MCKYCCTBEHHOE HUJKO€ WM raz000pa3HOe€ TOILUIMBO.
Kunkoe OUOTOIIIUBO (3TAHOJ, METaHOJI, OMOIU3€eIb), B OCHOBHOM MpPUMeE-
HSETCS JUIsl IBUTATENICH BHYTPEHHETO CrOpaHusl.

OCHOBHBIM BHJIOM I'a3000pa3HOI0 TOILIUBA SIBJISIETCS OMOTas.

buoras, B 0CHOBHOM, MOJIy4arOT MyTeM aHa’poOHOTO (063 KHCIopoaa)
OpoxeHusi bmomaccol. B kauecTBe OGmomMacchl MOTYT BBICTYIIATh CBaJloY-
HBIE OTXOJIbI, OTXOJbI )KUBOTHOBOJICTBA (HaBO3) U CEJILCKOT'O XO3SHCTBa,
OTXOJIbI CKOTOOOEH, CTOYHBIE BOJIbI, HEKOTOPHIE CEIbCKOXO3SIMCTBEHHBIC
KyJbTYpbI, HallpuMep, panc. B pesynbrare OposkeHus: Omomacca pasiara-
€TCs TOJI BO3ACHCTBUEM THIPOJIM3HBIX, KUCIOTOOOPA3YIOIMIMX U METAHOO-
pa3yromx OakTepuil.

buoras mioxo pacTBopuM B BOJi€, COCTOUT U3 MeTaHa (55-85%) u yr-
nekucioro rasa (15-45%), MmoryT ObITH Clielibl cepoBOIopoaa. Ero temiora
cropanusi coctasiysieT ot 21 go 27,2 M JDx/™°. [Ipu nepepadotke 1 T cBe-
KHUX OTXOJI0OB KPYITHOTO pOraTOro CKOTa M CBUHEH (MpH BIaXXHOCTH 85%)
MOHO TOJNy4duTh OT 45 1mo 60 M 6uorasa, 1 T KYpHUHOro momera (mpu

3 3
BIaxHoCTH 75%) - mo 100 M~ 6moraza. [1o Teriore cropanus 1 M~ 6morasa
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skBUBaJieHTEeH: 0,8 M npupojHoro rasa, 0,7 xr maszyta, 0,6 kr OcH3MHA,
1,5 kr 1poB (B aOCOJIFOTHO CYyXOM COCTOSIHMH), 3 KT HABO3HBIX OPUKETOB.

buoras, xak ¥ IpPUPOJHBIA ra3, OTHOCHTCS K HauOOJIee YUCTHIM BUAAM
TOILIMBA.

buoras ucnonp3yercs I NMPUTOTOBJICHHS MHUIIU; 000rpeBa IOMeIIe-
HUM; MMPOU3BOJICTBA TEIIa M 3JEKTPOIHEPTHH ITYTEM MPSIMOTO CKUTAHHMS
Ha KOTeabHBIX H TOII, 11 mpon3BOJCTBa AIAECKTPOIHEPTHH TOIUITUBHBIMHU
AJIEMEHTAMU WM MUKPO-TypOMHAMH WJIM B KQ4eCTBE TOIUIMBA JIIS TPAHC-
MIOPTHBIX CPeACTB. MeTaH Ormorasa MOXKET OBbITh CKOHIIGHTPHPOBAH U JI0O-
BEJICH JO CTaHAApPTOB KauyecTBa HMCKOIIAEMOI0 IpUpOAHOro rasza. Ilocne
IIPOIEeCCa OYMCTKH OH CTAHOBUTCS OMOMETAHOM.

CaMbIM IPOCTHIM CIIOCOOOM HCIIOJB30BaHUS OHOrasa sSBIISCTCS IPSIMOE
C)KUTaHUE B KOTJIAX WJIM TOpeJIKaX, KOTOPhIC MIUPOKO HCIIOIB3YIOTCS IS
CKUTaHus Ouorasa Ha HeOonbpIux gepmax. [IpsMoe cxuranve B 0OBIKHO-
BEHHBIX Ta30BBIX TOpEJIKax IMMPOKO MPUMEHSETCS BO MHOTHX CTpaHax.
JIiist mpon3BoOJICTBa TeIla OWora3 MOXKHO CHKHTaTh, KaK Ha MECTE IPOM3-
BOJCTBA, TaK ¥ TPAHCIOPTHUPOBATH IO TPYyOONMPOBOIY IO APYIHMX KOHEU-
HBIX ITOJIb30BaTeNIe. B oTiimune oT Apyrux BUIOB IPUMEHEHHS, OMoras He
HY)KJIaeTCsl B IMepepabOTKe W OYHUCTKE OT 3arps3HEHUN MPH €r0 COKUTaHHUH
JUTS LIeJIEN TEIUI0CHA0KEHUS.

broras ucnop3yroT B Ka4ecTBE TOIDIMBA JIJIsl TIPOM3BOCTBA JICKTPOIHEP-
T'MH, TeIUIa WIK Tlapa, a Takke B Ka4eCTBE aBTOMOOWMIILHOTO TorumBa. Cpenu
MPOMBIIIICHHO Pa3BUTBIX CTPAH BEIYIICE MECTO B IMPOU3BOJICTBE M MCITOJB30-
BaHMM OMOTrasa 10 OTHOCHUTEIBHBIM IOKa3aTelsiM MpUHAUISKHT Januu. bro-
ra3 COCTaBJIsIeT /10 18 mporieHToB 00I1Iero SHeprodanianca 3Toi ctpausl. [1o a6-

COJIFOTHBIM ITOKA3aTeNsIM MO KOJIMYECTBY CPEIHMX U KPYITHBIX YCTAHOBOK Be-
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Jyliee MecTo 3aHumaet I 'epmanusi, 37€ch ux 00s1ee 8 MULTHOHOB.

Ha naHHBIIT MOMEHT CYIIECTBYIOT pa3jiuYHbIC TEXHOJOTUH TPOU3BO/I-
cTBa OWorasa, U3 KOTOPBIX CaMOW PacCIpOCTPAHCHHOM SIBISCTCS METOJ
aHa’pOOHOro (OECKUCIOPOJIHOr0) COpakMBaHUS B METaTaHKaX, MIIM Ke
aHa’pOOHBIX KOJOHHAX.

IIpon3BoacTBO OHOraza M OJHOBPEMEHHO YJAO0OpEHHH MOXKET OCy-
IIECTBIISIETCS HA:

* MaJIbIX YCTAHOBKaX IO MepepadOTKe CEIbCKOXO035UCTBEHHBIX U OblI-
TOBBIX OTXOJI0OB MHAMBUIYATbHBIX KPECTBhSHCKHX (EPMEpPCKUX XO-
3sICTB (9TO HampaByieHUEe oco0eHHO pa3BuTo B Kutae u Unnun);

* MOIIHBIX KOMOWHHMPOBAHHBIX yCTaHOBKax ((pabpukax) mo mnepepa-
OO0TKE OTXOJI0OB MPOAYKIIMU CEJIBCKOTO XO35HCTBA, JKUBOTHOBOJICTBA
u (pepmepckux xo3saUcTB (Takue (HaOpUKHU MONYUUIN OOJIBIIIOE pac-
npocTpaHeHue B Jlanun);

* QOJBIIMX YCTAaHOBKAax IO MepepadOTKEe TOPOJCKUX CTOUYHBIX BOJ H
KOMOWHHUPOBAHHBIX YCTAaHOBKAaX IO COpaKWBAHUIO TOPOJCKUX U
POMBINIJICHHBIX CTOYHBIX BOJI.

OCHOBHBIMH CTPYKTYPHBIMH 3JICMEHTaMH CXEMbI THITMYHOW OHOTA30-
BOH YCTaHOBKH SIBJISIFOTCS: CHCTEMa TPAHCIIOPTUPOBKHU CYyOCTpaTOB B Ipe-
7enax yCTaHOBKH; OMOpeakTophl (PepMEeHTEphl) C CUCTEMOM IMepeMeIn-
BaHMS; CHUCTeMa 00OrpeBa OMOPEAKTOPOB; CHCTEMa OTBOJA U OYHCTKH
ounorasza OT IpHMecell CEpOBOJIOPOJa M BJard; HaAKOIUTEIbHBIC EMKOCTH
cOpOXXeHHOM Macchl M Ouorasza; cucTeMa mnpuemMa U IpeaBapUTEIbHOM
MOJTOTOBKH CyOCTpPaTOB; CHCTEMa IMPOTrPaMMHOTO0 KOHTPOJIS U aBTOMAaTH-
3aIU TEXHOJOTHYECKUX TPOIIECCOB.

buosHepretuueckue yCTaHOBKHM BBITOJHO CTPOUTH CEIIBCKOXO35M-
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CTBEHHBIM TmpeanpusTusiM (cBunodepmam, gepmam KPC, nruuedadbpu-
KaM, PaCTCHUEBOIUECKUM XO35MCTBAM) U MepepadaThIBAOIIUM TIPEATPHS-
TUsIM (TMBOBApPEHHBIM, CIIMPTOBBIM 3aBOJIaM, CaxapHbIM 3aBOJlaM, MSICO-
KOMOMHATaM, COKomNepepadaThIBAIOUIMM NPEANPUITHSIM U T.II).
[Ipumepom OHOra3zoBOW YCTAaHOBKM MJii (pepMEpPCKOTO XO3sICTBA MO-

KET CIYKUTh YCTAaHOBKA, CXeMa KOTOPOU mpejicTaBieHa Ha pucyHke 20.2.

Puc. 20.2. Cxema OMOrazoBoi yCTaHOBKH JI1 (PEPMEPCKOTO XO3SIICTBA;
1- peaktop, 2- OyHKep ISl 3arpy3Ku cyOcTpara, 3- oK ISl J0CTyMa B
peakTop, 4 -BOJITHON 3aTBOpP, O- BRITPYy3Has TpyOa, 6- oTBOJ Omorasa
K ra3roJibJiepy
[TpousBoacTBO OMoOraza Ha OMOra3oBbIX YCTAHOBKAaX CIIOCOOCTBYET pe-
IIEHUIO HACYIIHBIX MPOOJIEM IMUBWIM3AILMKN — SHEPreTUYECKOM, HKOJIOrnYe-
CKOH, a TaK’K€ KOCBEHHO MPOJIOBOJIbCTBEHHOM, MTOCKOJIBKY OMOTa3 MpOU3BO-
JUTCSl HE U3 MUIIEBBIX NMPOAYKTOB, a U3 OTXOJIOB, 1 MOOOYHBIM MPOJTYKTOM
Ha OMOTa30BbIX YCTAHOBKAX SIBJIIECTCS BHICOKOA((PEKTUBHOE YI00pEHUE.
[Ipy HaNMMYMU U TOCTYMHOCTH COOTBETCTBYIOIINX PECYPCOB SKOHOMHU-
4ecKu 3(PPEKTUBHBIM SABISIETCS] UCIOJb30BAHUE M€OTEPMAIIBHON IHEPIUH,
SHEPrUU NPWIMBOB, MOPCKUX TEUEHHUIN U APYTUX BO30OHOBIISIEMBIX UCTOY-

HHUKOB 5HCPI'HH.
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Cnenyer oTtMeTuTh, 4TO POCCUSA CYIIECTBEHHO OTCTA€T OT BEMYIIHX
CTpaH B MCIOJIb30BAaHWU BO30OHOBJISIEMBIX UCTOUHUKOB SHEPTUU, UMES B
ATON 00JIaCTU JOCTATOYHBIE PECypchl U MOTeHImaa. HecoMHEeHHO, 3TUM
BOIIpOCaM TpeOyeTcs yAeNsITh OOJibllle BHUMAHUS, MOCKOJbKY IIUPOKOE
HCIIOJIb30BAaHUE BO30OHOBIIIEMbIX UCTOYHUKOB SHEPTUU — OJUH U3 OCHOB-
HBIX MyTEH PEIICHUS] SHEPTreTUUECKUX U IKOJOTUYECKUX MPOOJIEeM COBpe-

MEHHOI'0 00IIIeCTBA.

Tecmoesle KOHMPpO./iLHbIE 80NPOCHI U 3adaHusa

1. KakoBbI HEIOCTATKH TETUIOIHEPTETUKH, OCHOBAHHOM HA CKUTAHUU HCKOIae-
MBIX Opranndeckux TorminB? 2. KakoBbl OCHOBHBIE ITyTH CHUYKEHHSI HETATUBHBIX I10-
CJIEACTBUN UCTOJB30BAHUS JIJI1 MPOU3BOJCTBA TEILJIOTHl UCKOMAEMbIX OPraHUYECKUX
torumB? 3. Uto co0oil mpeacTaBisitoT BO3OOHOBIISIEMbIE MCTOUHUKHU dHEPrUu? 4.
Uto cobo¥i mpenCcTaBIsOT BTOPUYHBIE IHEPTOPECYPCHI, U KAKOBBI BO3MOXKHOCTH MX
ucnonb3oBauua? 5. Ha3zoBuTe OCHOBHEBIE JOCTOMHCTBA BO30OHOBIISIEMBIX MCTOYHHU-
KOB sHepruu. 6. [lepeuncnure HeTOCTATKU BO30OHOBISIEMBIX UCTOUHHUKOB SHEPTHH.
/. Kakue cymiecTBylOT cocoObl U BO3MOKHOCTH MCIOJIb30BaHMS COJTHEUHOMN pajiua-
nuu? 8. llpuBeauTe cxeMy reIMOyCTAHOBKHU JIJISl TIOJYYEeHHS] HU3KOMOTEHIIMATIBLHOM
TEIUIOTHI. 9. YKaXuTe Ha3HAYEHUE OCHOBHBIX 3JIEMEHTOB T'€IMOYCTAHOBKHU JJISI MO-
JTy4eHUs HU3KOMOTeHIIMaIbHON TerioThl. 10. UTo co00l Mpe/CcTaBIsIOT COTHEYHBIC
ANIEKTPOCTAHIIUU, PAOOTAIOIINE C HCIOJH30BAHUEM TEPMOAMHAMUYECKOTO IHKIA?
11.YTo coboit npencrapisier 6uosnepretuka? 12. Uto Takoe Ouoras u KakoBbl BO3-
MOKHOCTH €ro Hcnoiab3oBanus?. 13. OnuimnTe OCHOBHYIO TE€XHOJOTHIO MPOU3BOJ-
ctBa Ouora3a? 14. Ha3oBute oCHOBHBIEC 3J€MEHTH OMOra3oBoil ycraHoBKu. 15. B

YeM 3aKJII04aeTCsl IONOJHUTEIbHOE MPEUMYIIIECTBO MPOU3BOJICTBA Onorasza?
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