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BBenenue

YuebHoe mocoOue mpeaHa3HAYEHO JIsl M3YUYCHHS JUCIIU-
mauHbl "Terno- u xjaagoTrexHuka' oOydaronmuMucs (pakylbpTera
arpOTEXHOJIOTUM U JIECHOTO XO3SMCTBA IO HAIPABJIEHUIO MOATO-
ToBKH 19.03.02 IIpoayKThl NTUTAHUA U3 PACTUTEIBHOTO ChIPhA. 110
COJICP’)KAHUIO OHO TOJIHOCTBIO COOTBETCTBYET paboueil mporpam-
Me.

N3ydenue aucuUIIMHbL (HOPMUPYET CIEIYIONIUE KOMIle-
TEHIIUU:

— CITOCOOHOCTHIO MPUMEHUTDH CHEIUATU3UPOBAHHBIC 3HAHUS
B 00J1aCTH T€XHOJIOTHH ITPOU3BOJICTBA MPOIYKTOB MUTAHUS U3
PACTUTEJILHOTO CHIPbS 1711 OCBOCHUS MPOPUIBHBIX TEXHOJIOTHYE-
ckux gucuuiuivH (I1K- 4);

— CMOCOOHOCTHIO HMCIOJIb30BaTh B MPAKTUYECKOM JEsATEIb-
HOCTHU CIEIMATU3UPOBAHHBIX 3HAHUM (PyHIAMEHTAIbHBIX pasje-
J0B (U3UKHA, XUMUU, MAaTEMAaTUKU JIJI1 OCBOCHUS TeIopu3nye-
CKHMX TPOIECCOB, MPOUCXOASAIINX MPU MPOU3BOJICTBE MPOIYKTOB
MUTAaHUS U3 pacTUTeNbHOTrO chipbs (ITK-5);

— CIMOCOOHOCTH paboTaTh ¢ MyOJaUKAIUsAMH B Mpodeccro-
HaJbHOU MEPUOJUKE, TOTOBHOCTh IOCEIIaTh TEMATHYECKUE BBI-
CTaBKU U nepenoBwie nmpeanpusitus otpaciu (I11K-9).

B wactu nepBoil yueOHOro mocoOusi KOMIIAKTHO H3JIOKEH
MaTepuas Mo TEXHUYECKOW TePMOJMHAMUKE U TEOPUH TEII000-
MEHa, SIBJIIONTUNCS OCHOBOM XJIaJOTEXHUKH.

Bo BTOpOif yactTu BechbMa MOJAPOOHO MPEACTABICHBI MMPUH-
IUIBI U CIOCOOBI MOJYYEHUS] HU3KUX TEeMIepaTyp; MpOoaHaIU3M-
POBaHbI IIUKJIBI HAMOOJIEE UCIOIb3YyEMbIX XOJOAUIbHBIX MAIIIVH;
00JIbIIIOE BHUMAHUE YAEJIEHO XJIaJareHTaM U UX CBOMCTBaM; pac-
CMOTPEHO TEIUIOTeXHUYECKOE 00eCIeueHE 0ObEKTOB XpaHEHUS
U TIepepabOTKH CEIbCKOXO03UCTBEHHOTO CHIPHSI.

YuyeOHOe mocoOue B MPECTaBICHHOW KOMIIOHOBKE I1O3BO-
JIUT CTyJeHTaM 0oJiee TIIyOOKO OCBOMTH MaTepHall JUCIUILTUHBI.



Yacrse 1. TenuiorexHuka
Pa3nen 1. OCHOBBI TEXHMYECKOH TEPMOIUHAMUKHA
I'naga 1. 3axkonvt mepmoounamuxu
1.1. Hcxoonwvie onpedenenus u noHsamus

TepmonuHamuka — 3To HayKa 0 HauboJiee OOIIMX CBOMCTBAX
MaKpOCKOMMYECKUX (PU3UYECKUX CHUCTEM, HAXOJSAIIUXCS B CO-
CTOSIHUM TEPMOJMHAMHYECKOTO PAaBHOBECHS, U O Mpolleccax Ie-
pexoaa MeXy S TUMH COCTOSTHUSIMMU.

Tepmonunamuka, sIBISACH pa3eioM TEOpeTUUeckoil (husu-
KM, TIPEJCTaBJISIET COOON OJHY M3 CaMbIX OOIIMPHBIX OOJaCTel
COBPEMEHHOTO E€CTECTBO3HAHUSA — HAYKy O IPEBPAILCHUSX pa3-
JIMYHBIX BUJOB SHEPTUH IPYT B ApYyra.

1.1.1. TepmoanHammn4eckasi cucrema

Mamepuanvnoe meno, 6vloeleHHOe & Kauecmge 00bekma
UCCNIe008aHUSL  MEPMOOUHAMUYUECKUM MEMOOOM, HA3bLIBAEMC S
MmepMOOUHAMUYECKOU CUCTEMOL.

Bce, 4yT0 HE BKJIIOYEHO B CHCTEMY, HO MOXET B3aUMOJCH-
CTBOBaTh C HEWl (0OOMEHUBATLCSI PHEPIUEd U BEUIECTBOM), MpPE-
CTaBIIIET CO0OU okpydcarowyto cpedy. lloBepXHOCTH paszzaena
MEXIYy CHUCTEMOM M OKPYXKAKIIEH CPEelOW MNPUHATO HA3bIBATh
KOHMPOJIbHOU NOBEPXHOCMbIO.

Tepmogunamuyeckasi cucrema (GOpMUPYETCS B COOTBET-
CTBUM C pemraeMou 3amadeit. [IpocTpaHCTBEHHBIE pa3Mepbl Tep-
MOJMHAMHUYECKON CUCTEMBI U BPEMSI €€ CYILIECTBOBAHUS MPEATIO-
JIArarTCs JOCTATOYHBIMU IS NIPOBEAEHUS n3Mmepennit. [Ipume-
paMu TEPMOJMHAMUYECKUX CHCTEM MOTYT CIY>KHTh: ra3 B IH-
JIMHJIPE TIOPIIHEBOTO KOMIIPECCOPA; MPOIYKTHI CTOPAHUS B TPaK-
T€ Ta30TypOMHHOIO JBUTATENs; XJaJarceHT B arperatax mapoBoi
KOMITPECCOPHOM XOJIOWJIBHOW MAIVHbI U T.J.

B 3aBUCMMOCTH OT BO3MOXHBIX CIIOCOOOB M3OJISILIMU CUCTE-
MBI OT BHEIIHEW Cpelbl Pa3INYyalOT HECKOJIbKO BHUJIOB TEPMOIM-
HaMHYECKMX cHUcTeM. Ecim TepMoauHamMuuyeckas cuctemMa oOme-
HUBAETCS C OKPYKAIOLIEU CpeAOM BEIIECTBOM, TO TAKyI0 CUCTEMY
HA3BIBAOT OMKpuIMoU. Y 3aKPBITHIX CUCTEM OOMEH BEIIECTBOM
oTcyTcTBYeT. Cpeau 3aKphITBIX CHUCTEM BBIJICISIIOT 3HEP2OU30-



JIUPOBAaHHble — TAKUE, KOTOPbIE HE OOMEHHUBAIOTCS C OKPY KArOIIEH
Cpenor HUKaKMMH BUAAMHU dHepruu. Kpome TOro, 3aKphIThIE CH-
CTEMBbl MOTYT OBbITh aduabamuviMu — OHU HE OOMEHMBAIOTCS C
OKPY>KaIOIIeH Cpeaoi SHEPTHEH TOJIBKO B (JOpME TEIIIIOTHI.

Tena, BXomdmme B TEPMOAMHAMUYECKYHK) CHUCTEMY, MOTYT
HaXOJUTHCSI B TBEPAOM, KUJIKOM, ra3000pa3HOM U MOHU3UPOBAH-
HOM (Da30BBIX COCTOSTHUSX.

Boo6mie roBopsi, n00yH0 TEPMOJWHAMHYECKYIO CHUCTEMY
CIeAyeT paccMaTpUBaTh Kak COBOKYIMHOCTbh MHUKpOUYAcTHI] (arpe-
raToB MOJIEKYJ, MOJIEKYJI, aTOMOB, 3JIEKTPOHOB U T.1.). Bce ya-
CTHUILIbI HAXOJIATCS B COCTOSIHUY JABHWXKEHUSI, U MEXKAY HAMU CyIIe-
CTBYIOT CHJIbI B3aUMOJICUCTBUS. Y TE€JI B TBEPJAOM COCTOSIHUM CH-
JIbl B3aUMHOTO MPUTSKEHUS MOJIEKYJI OYEHb BEIIUKH, BCIEACTBUE
4ero TeJI0 UMEET OmpeeTeHHYI0 (GopMy. Y Tel B )KUJIKOM COCTO-
SHUU MEXMOJICKYJISIPHBIC CBSI3M OCJA0JIEHBI O TaKOMl CTENEHH,
YTO TEJIO MPUHUMAET POpPMY COCYJla, B KOTOPOM OHO HAXOJIUTCH.
B razoo0pa3HbIX Tenax MOJIEKYJIbl HAXOJATCS HAa CTOJb OOJIBIINX
pPacCTOSIHUSIX APYT OT APYra, 4YTO MEKMOJIEKYJISIPHBIE CUJIbI BECh-
Ma Malibl, U1 TIO3TOMY a3 CTPEMUTCS K OECHpENeIbHOMY pacllu-
PEHHUIO.

CoBOKYIHOCTh (hPU3UUYECKUX CBOMCTB, MPUCYIIUX paccMmar-
pUBaeMON CUCTEME, HA3bIBAOT cocmosiHuem cucteMbl. O003Ha-
yeHUs (U3NUYECKUX BEJIMYUH U UX €IMHUIBI U3MEPEHHUS NPUBEIE-
Hbl B TabOn. 1 [lpunoxxenus. Benuuunsel, Xxapakrepusyromme ¢Gu-
3UYECKHUE CBOMCTBA, UMEHYIOT MapaMeTpaMU COCTOsAHUSA. B 3aBu-
CUMOCTH OT Ccroco0a ONpeeNICHUs] UX YUCICHHBIX 3HAYEHUW Ma-
paMeTpbI COCTOSAHUSL AENATCS HA mepmuyeckue u Kalopuieckue.

K TepMuueckuM OTHOCST T€ MapaMeTpbl COCTOSIHUS, KOTO-
phIE OINPENEIISIIOTCA MyTEM U3MEPEHUI.

Kanopuueckne mapamerpbl TaKKE OIMUCBHIBAIOT COCTOSIHUE
CHUCTEMBI, HO UX 3HAYCHUS ONPENCIAIOTCS TOJIBKO PACYETHBIM ITY-
TeM. OCOOEHHOCTBIO KaJOPUYECKUX IMapaMeTpOB SBIISIETCA TO,
YTO UX U3MEHEHUE 3aBUCUT TOJBKO OT HAYaJbHBIX U KOHEUHBIX
COCTOsIHUM cucTeMbl. [0 3TOM NMpUYMHE KaJOpUUECKUE MapaMeT-
PBI COCTOSIHUS €111€ HAa3bIBAIOT (DYHKYUAMU COCMOSHUAL.

1.1.2. Tepmuyeckue napaMmeTpbl
K TepMuueckuM mapaMeTpaM COCTOSIHHSI OTHOCST memne-
pamypy, oasienue, 00vem, Maccy.



Temneparypa

[TonsTHEe TeMmepaTypbl SBIAETCA ONHUM M3 BAKHEUIIUX B
TemnoTexHuke. C MOJIEKYJIAPHO-KMHETUYECKOU TOYKH 3pECHUS
TEMIIEpAaTypa XapAKTEPU3YET UHTEHCHUBHOCTb ABHXKEHHUS CTPYK-
TYPHBIX YaCTHUL[ CHUCTEMBL.

Temnepamypa — 5mo mepMOOUHAMUYECKULl napamemp,
onpeoensaouull meniogoe cocmosinue cucmemvl. Hucnennoe 3ua-
yenue memnepamypul A6IAemcsi Mepolt OMKIOHEHUS COCMOAHUS
OaHHO20 mena Om Meni08020 PABHOBECUSl C OPYUM MENOM, CO-
CcmosiHue Komopo2o NPUHIMO 3a HA4auio omciemd.

Temneparypa CUCTEMBI U3MEPSIETCS C IIOMOUIBIO PA3JIUYHBIX
[0 TPUHLMUITY JCUCTBUS TEPMOMETPUUYECKUX YCTpPOUCTB. Ilpum
ATOM Ha MIKaJdax 3TUX YCTPOUCTB PETUCTPUPYETCS HE MHTECHCUB-
HOCTh TEIUIOBOTO JBUXEHUS MHUKPOUYACTHIl, & U3MEHECHHUE (PU3U-
YECKOT'0 CBOMCTBA YYBCTBUTEIBLHOTO 3JIEMEHTA, HAXOMSIIETOCAd B
TEIIOBOM COIPUKOCHOBEHHUM C CUCTEMOM, HAIIPUMEDP, U3MEHEHUE
o0beMa KUJAKOCTH WJIU Ta3a MpU HarpeBaHUU; 3aBUCUMOCTD DJICK-
TPUYECKOTO COMNPOTHUBIICHUS MeETala OT TeMIepaTypbl U Ap.
[[Tkama TakuxX YCTPOMCTB MUMEET TEMIEPATYPHYKO T'PaIyHpPOBKY.
['pagynpoBKa POU3BOIUTCS IyTEM JEJIIEHUA PA3HOCTH IOKa3a-
HUW yCTpPOMCTBa B JIBYX MPOHM3BOJIBLHO BBIOPAHHBIX MOCTOSHHBIX
TEMIICPATYPHBIX TOYKAX HA HEKOTOPOE YHCIO PABHBIX YACTEW,
Ha3bIBAEMBIX epadycamu. Tak Kak BbIOOp MOCTOSTHHBIX TeMIIepa-
TYPHBIX TOYEK MPOU3BOJIEH, TO CYIIECTBYET HECKOJILKO TeMIIepa-
TYpHBIX IKad. JlJIi YMCIEHHOTO ONpPEAEICHHS TEMIEpPaTyphl B
equannax CM ycTaHOBIIEHO ABE TEeMIEpaTypHBIEC LIKAJbIL: mep-
moounamuveckas n Meoswcoynapoonas npaxmuueckas (MIITII) c
OJMHAKOBOU IICHOM JIEJICHUS KAl — FPALYCOM.

B tepMoanHamMuuecKoM TEMIEpPATypHOM IIKajIe 3a HAdajlo
oTcyeTa npuHuMaercss HamHuzmas temrieparypa, Npu KOTOPOHU
BO3MOKHO ITOJHOE MPEKPAIICHHUE TETUIOBOIO IABUXEHHUS MUKPO-
4acTUI. JTa TOYKA OTCYETAa HA3bIBACTCS aOCONIOMHBbIM HYleM
TeMmnepaTypbl. TepMoauHaMudeckass TeMIeparypa 0003HadaeTcs
T, 3a eMUHUILY TEMIIEPATYPHI TPUHAT KelbBUH (K).

ITo MIITII 3a Hynp OoTCUE€Ta MPUHUMAETCS TEMIIEpaTypa
TPOMHOW TOYKHM BOAbI; 3a 100 nejieHUN MIKAIBI — TeMIlepaTypa
TOYKU KHUIICHUS BOJAbI. JTa TPagyUpPOBKa COOTBETCTBYET TEMIIE-
paTypHOM IIKaje, NpeaaokeHHoN B 1742 r. mBeackum Gu3ukom

10



A. lleascuem, 1Mo KOTOpOM TeMmrepaTypa oOO3HayaeTcs ¢ U 3a
eauHuily npuauMmaercs rpaayc Lenscus (°C).

CBs13b MEXKIY TEMIIEpaTypaMH IO YCTAHOBJICHHBIM IIIKajam
UMeEET BUI:

T'=t+273,15 (1.1)

[laBiieHmE

Jlasnenue — guzuueckas enuuuna, xapakmepuzyrowas uH-
MEHCUBHOCHb HOPMATbHLIX CUT, C KOMOPbIMU OOHO meno Oell-
cmeyem Ha NO8EPXHOCMb OPY2020.

B raszax m KMIKOCTSIX JaBJIEHHUE CO3Ja€TCA B PE3yJIbTaTe
BO3JICUCTBUSL CTPYKTYPHBIX YacTHI[ HAa KOHTPOJIbHYIO TOBEPX-
HOCTh CHCTEMbl. BennunHa faBieHUs OIEHWBACTCS CHIIOH, MPHU-
XONISIICHCS HAa €IUHUIlY MOBEPXHOCTH, MPU YCIOBUHU, YTO CHJIA
PAaBHOMEPHO paclpe/iesieHa M0 MOBEPXHOCTH W HaIpaBiieHa II0
HOpPMaJv K HEH.

HaBienue o0o3Havaetrcs p, 3a ero enuHuy B CU npunsr

nackans (Ila). Ilackanb
S c paBEeH JaBJICHUIO, BBI3bI-
BacMomy cwmion 1H, neu-
Puse CTBYIOIIEH Ha IIOBEPX-
. * HOCTb 1 M? .
JlaBneHue B cHCTEME,
c**  OTCUMTHIBAEMOE OT HYJIe-
péap SRR BOT'O 3HAYCHUsS, HA3bIBACT-
csi abconomuviM U 000-
P a6c 3HAYACTCA Puse. AOCONMIOT-
HOe aTtMocdepHoe aBle-
HUE, UMEHYIOT bapomem-
Puc. 1.1 pudeckum (Peoqp). JlaBnenue B
cucteMe, mpesblmaoiee aTMocpepHoe (OapomMeTpruueckoe), Has3bl-
BAIOT U3061MOYHBbIM (Dusg), @ HEIOCTAIOIIEE 10 aTMOC(PEPHOTO —
paspscenuem (Ppas). Ha puc. 1.1 HarnsagHo npeacTaBieHa CBS3b
yKa3aHHBIX gaBieHuii B cucreMe C, TO€ P “a6e> Poap., U B CUCTE-
mMe C*, rae p ase< Poap. OTCrOMA

p*aGC: Pw6 T Poap U p**a6c: Po6ap— Ppas - (1.2)

MHorma ucronb3yroTcsl BHECUCTEMHBIC CIMHMITBI JTaBICHUS:
O0ap; MM PT.CT.; MM BOJI. CT.; TeXHHUYecKasi armocdepa (at); pusu-
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gyeckas atMocdepa (at™m ). Hmke BHeCHCTeMHBIE €IMHUIIBI BBIpa-
KEHBI Yepe3 MacKalb.
16ap=1-10°Tla=1-10°H/m?* 1 MM pr.cT. = 133,3 Ia;
1 mMm Boa. ctT. = 9,81 Ila; 1 6ap = 750 MM pT. CT.;
lat =1 kr/cm? = 735,6 mm prT. cT. = 0,981 - 10° ITa;
latm = 1,033 kr/cm? = 760 MM pr. cT. = 1,013 - 10° I1a.
VY 1eabpHBIA 00BEM
Yoenvuoiit 06vem — ¢huzuueckas eeruuuna, pasHas. OmMHo-
uieHuro obvema cucmemul K ee macce:
v =V/m,
7€ V — yAENbHBIA 00beM, M> /KT;
m — Macca, Kr.
[IJI0THOCTB
Ilnomnocmov — uzuueckas seruuuna, pasHas OMHOUEHUIO
Maccol cucmemvl K ee 00vemy:
p =m/V,

r7e f — IJIOTHOCTb, KI/M>.

O4YeBH/HO, YTO IJIOTHOCTh CUCTEMBI — BEJIMUMHA, 0OpaTHAs
ee yAeJIbHOMY 00bEMY.

Maccy cucteMbl B ee 00beM, KaK MPaBWIIO, HE OTHOCAT K
IapaMeTpaM COCTOSHMSA, HO OIPEAEICHHBIE C X TOMOLIBIO V H p
ABJIAIOTCS TEPMUIECKAMH TAPAMETPAMH.

1.1.3. CocTosiHuEe TEPMOAUHAMUYECKOH CHUCTEMBI

CocTosiHME TEPMOJIUHAMHYECKON CHUCTEMBI OIMCHIBACTCS
COBOKYMHOCTBIO TEPMOJMHAMHUYECKUX U KAJIOPUUECKUX MTapaMeT-
POB, IO KOTOPBIM MOKHO OTJIMYUTH JAHHYIO CUCTEMY OT JPYTHUX,
a TaKXe MPOCICINTh 38 U3MEHEHUSIMH, BOSHUKAIOIIUMHU B CUCTE-
M€ TIPU €€ B3aUMOJCUCTBUU C OKPYKAIOIIEU CPEIOM.

Eciu TepmoauHaMuyecKas CUCTEMA 3aKpbITasi U YHEPTrOU30-
JMPOBAaHHAs, TO C TEYCHUEM BPEMEHH BHYTPHU CHCTEMBI MEKIY
Pa3IMYHBIMM €€ YacTsIMU IMpeKpallaeTcss oOMEH SHEpruei u Be-
MeCTBOM, OAJHOMMCHHBIC ITAPpAMETPbl BO BCCX TOYKAX CHCTCMBbI
MPUHUMAIOT OJMHAKOBOE 3HAYCHHUE. Takoe COCTOSIHUE CHUCTEMBI
Ha3bIBACTCA pasHosecHbiM. IIpy HEBBIIOJHEHUM YKa3aHHBIX
YCJIOBUHM COCTOSIHUE CUCTEMBI SIBJISIETCSI HEPABHOBECHDIM.

Ilonsgtue PaBHOBCECHOI'O COCTOAHHA HUI'PACT B TCPMOIAMHA-
MHKE YPE3BBIUYANHO BAXXHYIO POJIb: TOJIBKO PABHOBECHBIE COCTOSI-
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HUS TEPMOJMHAMUYECKUX CHUCTEM U WX HU3MEHEHHUS MOTYT ObITh
KOJINYECTBEHHO OIMUCAHBI METOJAMH TEPMOJIHMHAMHUKHU.

Jlns 3aaHusl COCTOSIHMS TEPMOJIUHAMUYECKOM CHCTEMBbI
MHOT/Ia UCIOJIB3YIOT TaK Ha3bIBaeMbI€ ‘‘HOpPMaJIbHbIC (PU3UUECKHE
ycinoBuga” (HO®Y) wim “HOpMalibHbIE TEXHUYECKHE YCIIO-
Busi’(HTY). Ilpu HopMaibHBIX (u3nueckux (arMochepHbIX)
YCIOBUAX 3HAYECHUSI TEMIEpPaTypbl U JABIICHUS PaBHbI COOTBET-
ctBeHHO =0 °C, p = 760 MM pT. cT. [Ipy HOPMAJIBHBIX TEXHU-
yeckux ycinoBusix t=15°Cu p =735,6 MM pT.CT.

Kak oTnenpHbIE, TaK BCE MapaMeTpbl CUCTEMBI MOTYT U3MeE-
HATHCS. BCsikoe M3MEHEHUs, TPOUCXOISIIEE B CUCTEME U CBS3aH-
HOE C M3MEHEHHMEM XOTsI Obl OJIHOTO U3 €€ MapaMeTPOB COCTOSI-
HUS1, Ha3bIBAETCS MEPMOOUHAMULECKUM NPOYECCOM.

[Ipouiecc M3MEHEHHSI COCTOSIHUSI CUCTEMBI, KOTOPBII MOXKET
MPOUCXOJUTh B Cllydae KaKOro-JinOoO B3aWMMOJCHCTBUS C OKpY-
KAIOIIEeH Cpello, MpeACTaBIsieT cO00M OTKIOHEHUE OT COCTOSI-
HUs paBHOBecus. Eciu mporecc M3BMEHEHUs! COCTOSIHUSL CUCTEMBI
MPOTEKAET TaK MEJICHHO, YTO B CUCTEME B KaXXJIbIi MOMEHT Bpe-
MEHH YCIIEBAET YCTAHOBUTHCA MPAKTHUYECKH PABHOBECHOE COCTO-
SHHE, TO €ro MOYKHO HAa3BaTh KBA3UPABHOBECHBLIM NPOYUECCOM.
CreneHb NpUOIMKEHUS KBAa3UPABHOBECHOI'O Mpoliecca K YHUCTO
paBHOBECHOMY OyJeT TeM OOoJibllie, YeM MEIJICHHEE W3MEHSCTCS
COCTOSTHUE CUCTEMBI.

PaBHOBECHBIE TIPOIIECCHI U3BMEHEHUSI COCTOSTHUSI XapaKTepH-
3YIOTCA ONPEAECICHHBIMH 3aBUCUMOCTSIMU TEPMOIUHAMUYECKUX
apaMeTpoOB U TO3ITOMY JIOMYCKAIOT Ipaduueckoe n300pakeHUeE.

3amkuymsie (WM Kpy2o6vle) MPOIECChl ITO Te, MPU KOTO-
PBIX CHCTEMA, MPOM Yepe3 pAJl MOCIETOBATENbHBIX COCTOSIHUM,
BO3BpAIlACTCS B HAYAJIIbHOE COCTOSHUE.

1.1.4. DHeprusi TEepMOAMHAMUYECKON CUCTEMBbI

ITonsTHEe 3HEpPruM HEPa3pbIBHO CBA3aHO ¢ Marepueil. Bee,
YTO HAC OKPYXkaeT, UYTO BOCIPUHUMAETCS YEJIOBEKOM M CyLIE-
CTBYET HE3aBUCHUMO OT HETO0, 3T0 Marepud. Heo0xoaumsIM ycio-
BUEM CYIIECTBOBAHUS MAaTEPUU SIBIIAETCA ABMKEHUE. W ecim mac-
Ca CIYXHUT KOJIWYECTBEHHOM XapaKTEPUCTUKOM MATEPUU, TO
SHEPrus ABIsieTCsl GU3NYECKON MEpOl ee JBUKEHUS.
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OHepaus — 3mo 00wasn KoaudeCcmeeHHAas Mepa 08UNHCEHUS U
83aUMOOEUCMEUsL 8CeX 8UO08 MamepUull.

HcTopuyecku ke CI0KUIOCh TaK, YTO SHEPTHUIO CTaIU KJac-
cupunmpoBarh o ¢opmam JBHKeHUs. MexaHnuueckoil dopme
JNBH>KEHUS COOTBETCTBYET KUHETUUYECKASI SHEPTUSI; COCIUHEHUIO U
PAa3I0KEHUI0 MOJIEKYJ — XUMHYECKas YHEPrus; MEPEMEIICHUIO
AJIEKTPOHOB B MPOBOJIHUKAX — BJIEKTPUYECKask SHEPTUs U T.1. Ta-
KO€ pa3/ielICeHHe YHEPTUM Ha BHUABI YIOOHO NJIsi MCCJIEIOBAHUS U
aHAJIN3a SABJICHUWA IIPUPO/IBL.

Besikas TepMonuHamMudeckasi cucTteMa o0iajaeT ompene-
JICHHOM 3HEprueul, KoTopas, HE3aBUCUMO OT KOHKPETHBIX (opm
nposiBiieHus, 00o3Havaetcs E. 3a enunuity suepruu B CU npussT
Oorcoynb (M) — Mpor3BOIHAS €IMHUIIA, OIIpeIeIIsieMasl 4Yepe3 Oc-
HOBHbBIE€ BEJIWYUHBIL. J[)KOYJIb — 3TO 3HEprusi, 3aTpavyeHHasi CUCTe-
MOM TIpU TIepeMEIICHUU TOYKHM TpuioxkeHus cuibl 1 H Ha pac-
CTOsiHME | M B HampaBiieHUU JeUCcTBUSA cribl, T.€. 1k = 1H 1 m.

Beruncaute abCOMIOTHOE 3HAYEHUE YHEPTUH TEPMOIUHAMHU-
YECKOM CHUCTEMbI HEBO3MOKHO, HET HYJISI OTCUETA SHEPTUU. Takoe
MOJIOKEHUE HE UTPAET CYIIECTBEHHOM POJIU JJI1 MPAKTUKH, MMOTO-
MY YTO TIPH UCCIIECIOBAHUM YHEPrOOOMEHa BaXKHA HE aOCOJIFOTHAs
BEJIMUMHA DHEPTUM, a €€ u3MeHeHue. [ oTaenbHbIX ke Gopm
SHEPrUU C LEIbI0 KOIUYECTBEHHOM OIIEHKHM WX H3MEHEHUU B
MPOLIECCAaX YCTAHABIMBAETCA YCIOBHOE “‘HA4Yajao OTCYeTa .

B o0mieM ciydyae sHeprusi TEPMOAMHAMHYECKOU CHUCTEMBI

E Bxmrouaer B cebs KHMHCTHUYCCKYK) JSHCPTUKO MCXAHHYCCKOI'O
ABUXKCHUA TCJIa NN TCJI BHYTPH HCC EK, IOTCHIUAJIbHYIO
OHCPrur0 CUCTCMbI BO BHCUIHCM IIOJIC (FpaBI/ITaHI/IOHHOM, JJICK-
TPOMArHUTHOM, CHJI JaBJICHUS) Ey U 6HYympenHo0 SHEPTUIO (CBS-
3aHHYIO C SHEPTrUeil MUKPOUYACTHI] TEJ, BXOASAIIUX B CUCTEMY) Ej:
E=E.+E,+E,. (1.3)

B Texumueckon TCPMOAMHAMHUKE, KAK IIPpaBHJIO, paCCMAT-
PUBAIOT HEMOJBWKHYIO B OKPYXKAKOUIEW Cpelle TEPMOAMHAMUYE-
CKYIO cHCTeMy, opMa U pa3Mepbl KOTOPOH MOTYT HU3MEHSTHCS.
OI[HaKO MOXCT HMCTb MCCTO H IICPCMCIICHUC TCJI HIIN TCJa

BHYTPHU CHCTEMBI CO CKOPOCThIO €. B O0NBIIMHCTBE CilyyaeB rpa-

BHTa]_[I/IOHHOﬁ n SHGKTPOMaFHI/ITHOﬁ COCTaBJIAIOIINMMU IIOTCHIIH-
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anbHOM ’Heprum npeHeoperaroT. CylIeCTBEHHOM B TaKUX CHUCTE-
Max OyJeT MOTEHIUAJIbHAS SHEPTHUS B MOJIE CUJI TaBJICHUS,

KOTOpasi BBIPAXKACTCS Yyepe3 00bEeM U JaBJICHUE:
E,=pV. (1.4)

Bennunna pV npejacrtabnsier co0Ol AHEPrur0, KOTOPYH HYKHO
ObLJIO 3aTpaTUTh AJIS TOrO, YTOOBI BBECTH Telo 00bemMoM V BO
BHEIIHIOIO CPENY, UMEIOLILYIO OBCIOAY OAUHAKOBOE IABIICHUE P .

BHyTpeHHIOI0 3HEPTUI0 £y B TEXHUYECKOU TEPMOJIMHAMUKE
obo3Hayvarot U.

Takum o6pa3zoM, SHEPTHS CUCTEMBI, pacCMaTpPUBAEMOMN TEX-
HUYECKOU TEPMOJIMHAMUKOW, paBHA KUHETUYECKOU YHEPTUH, T10-
TEHIMAJIbHOM SHEPTHH B I10JIE CUJI JABJIICHUS U BHYTPEHHEN DHEP-

THH: EZm% +pV+U. (1.5)

[ToHsiTHE BHYTpEHHEN SHEPTUM CUCTEMBI CBS3aHO C MHUKPO-
CKONIMYECKAM CTPOCHUEM MOCHEAHEU. DTO 3HAYUT, UTO CHUCTEMY
HY>KHO pacCMaTpuBaTh KaK COBOKYIHOCTh OOJIBIIOTO YHUCIa
CTPYKTYPHBIX 4YacTull (MOJIEKYJ, aTOMOB, MOHOB W T.1.). BHyT-
PEHHSISl SHEPTUs BKIKOYAET B CE0s1 SHEPIrUI0 XaOTUYHOIO (TEIIO-
BOI'0) JIBUKEHHSI BCEX MHKPOYACTHUI] CUCTEMBI, SHEPTUIO B3aUMO-
JNEUCTBUS ATHUX YACTHUIl, YHEPTHIO AJEKTPOHHBIX 00OJOYEK aTo-
MOB. B TepMOIMHAMHUYECKON CUCTEME, COCTOSIILIEN U3 UACATTBHOTO
ra3a, Y4YWTBIBAETCA TOJBKO TEIUIOBAsI HSHEPrUs MUKPOYACTHI],
BKJIIOYAIOIIAasl SHEPTUIO MOCTYIATEILHOTO, BpAIaTEIbHOTO U KO-
1e0aTeIbHOrO ABUKECHUI.

1100 sHympenneii sHepeueli NOHUMAOM KANOPUYECKUll na-
pamemp, Xapaxmepusyiouwuil COB0OKYNHOCHb IHEP2UU MeENI08020
0BUIHCEHUSL MUKPOYACMUY CUCMEMBbL.

3a eqUHULlYy BHYTPEHHEU SHEPTUM MNPUHST KOYJIb.

B ypaBuenuu (1.5) BHyTpeHHsst 3Heprust U ¥ NOTEHIMAb-
Has SHEpPrusi B MOJE CUJ AaBIICHUS pl xapakTepu3yroT (punyec-
KO€ COCTOSIHHE CUCTEMBbI, JOMYCTUMO UX OOBEIUHUTH U MPEACTa-
BUTh B BHUJIC HEKOTOPOH (DYHKIIUM COCTOSIHUS — SHMANbAUU.

Kanopuueckuii napamemp mepmoounamuyueckou cucmemst,
PABHbBLUL CYMMe BHYMPEHHell IHep2UlU U IHep2UU 8 NoJe CUl 0asie-
HUSl, HA3bIBAEMCSL IHMANbNUELL.

Ontanenusa odo3Havaercs [. CoryiacHO OIpeIeNICHUIO:
I1=U+pl. (1.6)
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3a eAMHUILY SHTAJIBIUYU IPUHST JKOYJIb.
C ydetom BeipakeHus (1.6) ypaBHEHHE SHEPrUU TEPMOIU-

HaMMUYE€CKOM CHUCTEMBI 3aIMUIIIETCS B BHU/JC:
2

E=1+m % (1.7)
Ecnn cucrema HENMOABUKHA, TO JHTAJBIIMS PaBHA MOJHOM
SHEPIrUU CUCTEMBI 00beMOM V, HaxoAsIEN sl TIO/1 IaBJICHUEM p.
OHTaNbNUs ABJISIETCS OJHOM M3 BCIOMOTATEIbHBIX (DYHK-
AW, UCTIOJIb30BAHNE KOTOPBIX 3HAYUTEIBHO YIIPOIIAET TEPMOIN-
HaMHU4YecKue pacueThl. OHa HE MOXET ObITh U3MEpPEHA HEMOCPe/I-
CTBEHHO, a ONPEAEIACTCSA, KaK W BHYTPEHHSISI DHEPIUsl, TOJIBKO
PaCUETHBIM ITYTEM.

1.1.5. Temuiora u padora — ¢popmbl IHeproooMeHa

OOMeH sHeprueil Mexay 3aKpbITOW TEPMOJIUHAMUYECKOUN
CHUCTEMOM M BHEIIHEW CPENOU WM MEXKIY TEJIaMU BHYTPH CHCTE-
Mbl MOXKET OCYILIECTBIISITbCA IOCPEACTBOM JIBYX KAa4ECTBEHHO
pazauuHblx Gopm. OmHa popma oOMeHa PHEpPrue MPOUCXOIUT
0€3 BUJIUMOTO MEPEMEIIECHUS TE€JI U CUCTEMBI B LIEJIOM, Apyras -
COIIPOBOXK/IAECTCS U3MEHEHUEM €€ Pa3sMEPOB WM PACITOJIOKECHUS
€€ TeJ B IPOCTPAHCTBE.

Jlng mpoueccoB, U3y4aeMbIX B TEXHUYECKOU TEPMOJIUHAMU-
K€, MEPBBIN CMOCO0 Mepenadyn YHEPTUU MOXKET ObITh peain30BaH
TOJIKO TNPU XAOTHUYECKOM, HEHAIPABJICHHOM JBWXKECHUU MHUKPO-
YacTHUIl BHYTPY HEPABHOBECHOW CUCTEMBI WJIM IPU OOMEHE SHEp-
TUEU TEPMOJUHAMUYECKOM CHUCTEMBI M OKPYXKAIOILIEH CpENBI,
UMEIOIIUX pa3Hble TeMnepaTypsl. Takyto (opMy Ha3bIBAIOT men-
006 MeHoM. [1119 KONMYECTBEHHOM OIIEHKHU TEINIOOOMEHA BBEICHO
TIOHATHUE MENnJI0mbl.

1100 mennomoii noHumaom Koau4ecmeo dHepeuu, Komopou

MepMOOUHAMUUECKAsl CUCeMa 0OMeHUBAemcs: ¢ OKpyicaouell
Cpeooll MUKPOCKONUYECKUM nymem (menjioooMeHoM).

OOMeH sHeprueid B popme TeTUIOTH BO3MOXKEH U MEXKIY Te-
JaMU BHYTPHU CHUCTEMBI.

TennoTa 371ech MOHUMAETCSl TOJBKO Kak (hopMa mepegayu
SHEPIruM, U HEBEPHO TOBOPUTH, YTO OHA BBIPAXKAET CBOMCTBO CH-
CTEMBI, TeM 0oJjiee COACPKHUTCSA B cuUcTeMe. MOXKHO TOBOPHUTH O
TEMJIOTE, IOJABEICHHOM K CHCTEME HJIM OT HEe OTBEJCHHOMN, HO
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HEJb3sl TOBOPUTH 00 YBEJIIMYECHUM WJIM YMEHBIICHUH TEIUIOTHI B
TOW WJIM UHOW CUCTEME, T.€. HE CIEAYET MyTaTh TEILUIOTY U BHYT-

PEHHIOIO TEIJIOBYIO SHEPTHIO.

Tenory o6o3nHauator (. 3a €OUHUIYY TEIUIOTHI MPHUHST
JOKOYJIb. B TepMOaMHAMUKE MOJBOIUMYIO TEIJIOTY MPUHATO CUU-
TaTh MOJOKUTEIbHONU, OTBOAUMYIO — OTPULIATEIILHOM.

Bropas ¢opma nepenaum sHepruu cBsizaHa ¢ U3MEHEHUEM
o0beMa CUCTEMBI U TIEPEMEILIEHUEM €€ B OKPYXAIOLIEH cpesie Mo
BO3JICHCTBUEM PA3JIMYHBIX CUJIOBBIX IMOJIEH — IPaBUTALIMOHHOTO,
yOPYrOCTHOTO, MarHUTHOTO; TOJISI CUJl JaBieHus U Ap. Takas
dbopma sHEprooOMeHa, peanuzyemas MAaKpPOCKOIIUYECKUM ITyTEM,
Ha3bIBACTCS paboOmoli.

Ilo0 pabomoti nonumaiom KOAUYECME0 SHepuu, KOMopou
MePMOOUHAMUYECKAs. cUcmema 0OMeHUBaemcs ¢ OKpyicaiouel
cpeootli 8 pe3yibmame MAKPOCKONUYECKO20, YHOPAO0UeHHOZO,
HanpaeieHHo20 O8UNICEHUS.

Pabota ob603HavaeTcs L, enuHUIIAa U3MEPEHUS — JIPKOYJIb.

B TtepMoauHamuike padoTy, COBEpIIAEMYIO CHUCTEMOW IO
MPEOAOJICHUIO BHEIIHUX CUJI, IPUHATO CUUTATh MOJIOKUTEIHHOM,
a COBEpPUIAEMYI0 BHEUIHMMM CHJIAMH HaJ CUCTEMOUN - OTpHIla-
TeabHON. PaboTa, CBsS3aHHAsl C yBEJIUYEHUEM OOBEMA CHCTEMBI,
Ha3bIBaeTCs paboToil pacmupeHus (Lpacw.); ¢ YMEHBIIEHUEM 00b-
eMa — pabortoit cxkaTus (Lex.).

Pabota nporiecca

B o0miem cinydae TepMOJMHAMUYECKAs CUCTEMA MOXET CO-
BEpIIaTh OJHOBPEMEHHO PadOTy MO YBEIUUYECHUIO CBOETO 00BHEMA;
paboTy MO MPEOJOJICHUIO BHEIIHMX CUJI JaBJIEHUS, padoTy MO
MPEOAOJICHUIO BO3JICUCTBUSI TPABUTALIMOHHBIX, MArHUTHBIX H
npyrux nosed. Torna rexuuueckas (moJiesHasi) padoTa CUCTEMBI C
y4E€TOM TIpaBUJIa 3HAKOB MOKET ObITh BhIpa)KEHA B BUJIC:

Liex = Lpacm - Lz[ - Zlfnp 5 (1 8)
. 5 - 1ae Liex — TEXHHUYECKAS
L — —L pabora cucTembl; Lpscur—
— : ! —e—
—— b —— padoTa pacimpeHus;
P —’—.‘_4— P, CoP e pr
< >E L e Pn L—pabota 1mo mpeojo-
—h— ! | ——
— e P e JIEHUIO IIOJISI CHJI [aB-
R JICHUS,
1 -

Puc. 1.2
1

~N



> Lup — cymMma palboT 1O MPeOI0JICHUIO TPaBUTALIMOHHBIX,
MAarHUTHBIX U MIPOYUX MOJIEH.

Bripazum paboTy depe3 TepMOIMHAMHYECKHE MapameTphl.
[IycTh cuctema OyneT 3a1aHa B BUjie 00beMa raza, HaXo s IIerocs
B LWJIMHJAPE IO nopuHeM, puc. 1.2. JlaBnenue raza HaJ nopii-
HeM pi. Ilpu maBneHMU OKpyXarowmiei cpeasl py , PABHOM pi,
nopiieHs Oyaer HemoaBmwkeH. I[Ilpm OECKOHEYHO MEIJICHHOM
YMEHBIIEHUN JABICHUS CPENBI OT Py O Py IOPIIEHD IEPEME-
CTUTCA M3 MoJIokeHus 1 B monoxkeHue 2. [Ipousoiiaer paBHOBEC-
HBIM TPOIIECC PACIIMPEHHS Ta3a C COBEPIICHHEM paboThl. Diie-
MEHTapHOE 3Ha4Y€HUE 3TOM paboThl OyAET paBHO CHUIIE, IEUCTBY-
IOIIEH Ha MOPIIEHb pf, YMHOXCHHOU HA MEPEMEIICHUE TTOPIITHS
dh, T.c.

dLpacu =pF dh,
rae F'— miomaas mopIHs;
P — JAaBJICHHUE Ta3a, UMCIOLIECE BEJINUMHY p;=> P> po.
Tax xak F'dh = dV, 1o dL pacw = pdV.

[IpouHTETpHUpPOBAB MOCIEIHEE BRIPAKEHNE OT HAYAIBHOTO

COCTOSIHHS IO KOHEYHOT0, TTOJTYYUM:

2
Lpacm :Il pdv. (19)

[Ipu yBenmuueHnn o0beMa CHCTEMBI He BCS paboTa paciim-
PEHHMs TOJIE3HO HCIIOJIB30BaHa, YacTh €€ 3aTPauycHa Ha BBITECHE-
Hue cpenbl. Jig Toro, 4ToOBl BBECTH cHCTEMY 00BbeMOM V B
OKPYKAIOIYIO CPEIyY C JAaBIECHHEM p, HEOOXOIMMO 3aTPAaTUTh Pa-
60Ty IO HPEOJONICHHUIO TONS CUJI JaBJICHUS CPEMbI, PaBHYIO pV.
Jliist paccMaTpHBaeMoro IpuMepa 3ta padbora OyJeT paBHa:

La=p Vo= p'V.
Tak Kak Ipu PaBHOBECHOM IIPOLIECCE Py =PI U Py = P2, TO
Ly=p2V>—piV; :Ilzd(pV). (1.10)

Jlnst cucteMm, paccMaTpUBAEMbIX B TEXHUYECKOW TEPMOIU-
HaMUKE, BEJIMYMHOU ) Lp B (1.8) MoOxHO mpeHeOpeus, Torna
TeXHUYecKass paboTa OyJeT paBHA PA3HOCTH MEXIy padoTou
pacipeHust ¥ paboToM Mo MPEOI0ISHUIO MO CUJT JABIICHUS:

Liex = Lpacm — L.
Hcnonb3ys Beipaxenus (1.9) u (1.10), monyunm:
Lipex=—]"vap. (1.11)
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Oo6patumcs k BoipaxeHnuto (1.8). Ecou cymma pabot mo
MPEOAOJICHUIO TPABUTALIMOHHBIX, MAarHUTHBIX M MPOYMX IOJIEH
MPUHATH PABHOM HYIIO, TO pabOTa CUCTEMBI IIPU MEPEXOJIE U3 O1-
HOTO COCTOSIHUS B JIPYTO€ €CTh paboTa TEXHUUECKA.

[IpaBbie wactu Bbipaxkenuit (1.9) u (1.11) mpencraBusror
co00i onpenieIeHHbIE UHTETPaJbl HEMPEPHIBHBIX U MOJIOKUTEIIb-
HBIX BHYTpHU NpomexyTka 1-2 ¢pyHkumil. Takue nHTErpaibl uMe-
IOT IPOCTOE TEOMETPUUYECKOE UCTOJIKOBaHME. Tak, MHTErpana BUuaa

2
L p(V)dV ducieHHO paBeH IUIOIAAM MOJA KpuBo QyHKIuU p(V),
n300pakeHHOM Ha rpaduke, puc. 1.3, rae Mo ocu opJaUHAT OTJIO-

2
KEHO JIaBJICHUE, a TI0 OCH abcuucc — o0beM. MuTerpan —L V(P)dp

1
= j ,V(p)dp Taroke YMCICHHO PAaBEH IUIOLIA/H MO KPUBOi, HO yiKe

byukiuu V(p), nzobpaxxkeHHoit B koopaunartax pV, puc.l.4. Ot-
Crojla paboTa pacUIMpPEHHs] YUCICHHO paBHA IUIOLIAAHN, OTPAHU-
YEeHHOM KpuBOM mporiecca 1-2, opauHatamu V1 u V> u ocbro adc-
LHUCC, T.€. Lpacn = F12-Vv2-Viel. Vi

p A P A

<vy

Puc.1.3 Puc. 1.4

Texnuueckas paboTa YHMCICHHO paBHa IUIOIIAIHA, OTPAHU-
YEeHHOM KpHUBOM mpouecca 1-2, abcuuccaMu p1 U p2 U OCbIO Opu-
HaT, T.€. Lyex =L 2-p2-p1-1.

PaGora mporecca 3aBUCHUT HE TOJBKO OT MapaMeTpoB
Ha4yaJbHOTO U KOHEYHOTO COCTOSIHUW, HO U OT TOTO0, MO KaKOMY
MyTH OCYIIECTBIAETCA 3TOT npouecc. Kak Bugno wu3 puc.l.5, pa-
O0oTa pacumiupeHusi u padbotra TeXHHYECKas OyJIyT CYIIECTBEHHO
paziauyarbcs B Ipoueccax 1-a-2, 1-0-2 u 1-c-2. Otcrona padbora
KaK TePMOJMHAMUYECKAs BEIMUUHA €CTh, MPEXKJIE BCETO (PYHKIIHS
npolecca.
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TenmoTty u paboTy, OTHECEHHBIE K Mac-

P4 C€ CHUCTEMBbI, Ha3bIBAIOT NPUBEOEHHLIMU

Win yoenvuovimu. 1IpuBeieHHas TEIIoTa

a g ¥ TIpuBEACHHAs paboTa / BRIpaKaroTCs

' B JIK/KT ¥ BBIYUCIIAIOTCS C ITOMOIIBIO

COOTHOIIIEHUH
? g=0/m wm [=L/m.

: YuureiBass 310, BblpakeHus (1.9) u
(1.11) 3anumuryres:

Puc.1.5 Ipacm =

["pdv wt fyer =~ v,

A 4

1.2. Ilepsvlu 3aK0H MepMOOUHAMUKY

OCHOBY TEpMOAMHAMUKH COCTaBJISAIOT (yHIAAMEHTaJIbHbIE
3aKOHBI MPUPOBI, CHOPMYIHPOBAHHBIE HA OCHOBaHUHU 00001IIe-
HUS pe3yJIbTaTOB MHOYKECTBA OIBITHBIX MCCIIEIOBAHUNA U OTKPHI-
TUi. W3 3THUX 3aKOHOB, TPUHUMAEMBIX 32 AKCUOMBI, JIOTHYECKUM
MyTEM IOJY4YEHbI BCE IJIaBHEHIINE CIIEICTBUSA, Kacarouuecs pas-
JUYHBIX TEPMOJAUHAMUYECKUX CUCTEM, KOTOPbIE UMEHYIOTCS
HayaJlaMu WA 3aKOHAaMH TEPMOJMHAMUKHU.

AOCOIOTHBIN MO CBOEMY CYIIIECTBY, OJIUH U3 Haubosee 00-
IIMX 3aKOHOB MPHUPOABl — 3AKOH COXPAHEHUs U NpespaujeHusl
snepeuu. COTJIACHO 3TOMY 3aKOHY, SHEPrus 3aKpbITOH CUCTEMBI
npu JOOBIX TMpoLEeccax, MPOUCXOMSIIMX B CHUCTEME, OCTAeTCs
HEU3MEHHOU. Ilpu 3TOM 3HEpPrus MOKET TOJBKO IPEBPALLATHCS
U3 OJJHOI (POPMBI B IPYTYIO.

llepguiti 3aKk0H mepMoOUHAMUKY SBIISIETCS. YACTHBIM ClIyYa-
€M 3TOT0 BCEOOIEro 3aKOHa M MPEACTABIsAET COOOM €ro Mmpuio-
KEHHUE K MpoleccaM B TEPMOJMHAMUYECKUX cucTteMax. OH ycra-
HAaBJIMBAE€T BO3MOXHOCTH MPEBpPAIICHUS Pa3IMYHBIX (OPM SHEP-
TUU JIPYT B ApYyra U ONpPEIENsaeT, B KAKUX KOJIUYECTBEHHBIX COOT-
HOIIICHUSIX 3TU B3aUMHbBIE MPEBPAILECHUS OCYIIECTBIISIOTCSI.

N3meHeHne 3Hepruu nporu3BOJILHON HEU30JIUPOBAHHOU CH-
CTEMBbI MOKET IMPOUCXOIUTH B OOLIEM CiIydae TOJBKO 3a CYET
IBYX (popM 3HEProoOMeHa — TEeIIOTHI U PAOOTHI:

AE=0Q-L, (1.12)
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rae A £ — u3MEeHEeHue SHEPTUU CUCTEMBI,

QO — TerioTa, NOABEICHHAA K CUCTEME;

L — pabota, coBepilieHHas HaJl CUCTEMOM.

CornacHo ypaBHeHuto (1.12), u3sMeHeHue 3HEPruv TEPMO-
JAHAMHAYECKOU CUCTEMBI BO3MOXKHO 34 CYET MOABEIECHHOU K CH-
CTEME TEIUIOTHI U COBEPIIICHHOMN HaJl CUCTEMOM pabOTOM.

VYpaBuenue (1.12) npencrasnsier coboil ollee aHAIUTHYE-
CKO€ BBIPAKEHHUE NIEPBOTO 3aKOHA TEPMOJIUHAMUKH. Bripazum ero
yepes3 mapameTpbl COCTOSIHUSA CUCTEMBI. MI3MeHenue sneprun AE
MOJYy4YUM U3 BeipakeHus (1.7):

AE =Al+ m (%_"17).

JI1st TepMOIMHAMUYECKON CUCTEMBI, B KOTOPOMl Pa3HOCTHIO KMHE-
TUYECKON SHEPrUuUd MOXKXHO MpeHeOpeub, U3MEHEHNUE PHEPTUU CHU-
CTEeMbI OyJIeT paBHO U3MEHEHMIO SHTaIbINU, T.€. AE = Al. Torna
¢ yuetoMm BeIpakeHuid (1.11) u (1.12) monyuum ypaBHEHUE mep-
BOI'0 3aKOHA TEPMOJMHAMUKH B BUJIC:

O=Al+ Lyex (1.13)
TemnnoTa, mojaBeACHHAs K CUCTEME, UJIET HA U3MEHEHUE DHTalb-
MU CUCTEMBI U COBEPIIICHUE CUCTEMOMN TEXHUYECKON PaboTHhI.

3amenum B ypaBHeHuH (1.13) uzmenenue sutansnuu Al u3z-

MEHEHuEM BHyTpeHHeM sHeprun AU u, ucnonb3ys Beipaxkenue (1.
6), OTy4UM:

QO =AU+ L pacu. (1.14)

VYpaBuenust (1.13) u (1.14) mpexncraBisitor coOoil MHTe-
rpaJibHYI0 (POpMY 3alUCH IEPBOTO 3aKOHA TEPMOIUHAMUKH.

N3 Beipaxkenus (1.13) crnemyer, yTo TexHuuyeckas padoTa
MOXET OBITh COBEpIIICHA TEPMOAMHAMUYECKON CUCTEMON 3a CUET
YMEHBIIIEHUS SHTAIBIIUKA U TTOABEICHHON TenIoThl. Eciu mporecc
kpyrosout, To Al = 0, cneqoBaTeapbHO, B MOCTOSIHHO JEMCTBYIO-
IUX MallMHaX (B HUX MPOIECChl U3MEHEHUSI COCTOSIHUS KPYTo-
BbI€) ISl TIOJTYYECHUSI TEXHUYECKONU PabOThl HEOOXOUMBIM YCIIO-
BHUEM SIBJISIETCA MOJIBEJICHUE TETUIOTHI.

AHaJIOTHYHOE PACCYXKJICHUE MOKHO TTPOBECTH U MO ypaBHE-
Huwo (1.14). TepMoaumHamMudeckas CHCTEMa MOXKET COBEPIIUTH
paboTy pacHIMpeHusl TOJbKO 32 CUET YMEHBIICHUS CBOEH BHYT-
PEHHEN DHEPTUM WM 3a CUET MOJABEIECHHOM TeIuIoThl. Ecin B pe-
3yJbTaTe MPOLIECCAa BHYTPEHHSSI IHEPTUSI CUCTEMBI HE U3MEHSIETCS
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(Harpumep, B CUCTEME HE U3MEHSETCS TeMIIepaTypa), TO BCS Tell-
JI0Ta, MOJIyY€HHAasi CUCTEMOM OT OKPYXKAIOIIEW Cpelnbl, UACT Ha
COBEpIICHUE paOOTHI:
Q =L pacui-
DTO BbIpaXEHUE TO3BOJIAET JaTh clieaytomue (popMyiu-
POBKH IIEPBOr0 3aKOHA TEPMOJIUHAMUKHU:

lIpu neusmenHolU 6HympenHeu dHepeuu Cucmemvl menioma u
paboma 3K8UBANEHMHDYL.

Beunuwiii 0suecamens nep8o2o pooa Hego3MoiCeH.
[Ipennonaranock, 4TO BEYHbIA JBUTATENb MEPBOTO POAA JOKEH
TOJIbKO COBEpILIaTh pabOTy HaJl OKPYKAIOIIEH Cpe/lod, HUYEro He
noJiyyasi OT Hee.

J1o cux mop paccMaTpUBAIMCH CUCTEMBI IPOMU3BOJILHOU Mac-
cel. s aHanu3a ymoOHee MOJIb30BAaThCS BEIWYMHAMU, TPUBE-
JEHHBIMM K €IMHUIIE MAcChl BEIECTBA. 3allUIlIEeM YpaBHEHUS
(1.13) u (1.14) nna 1 kr maccer:

q =Ai + Lyex; (1.15)
q=Au+ by (1.16)

Ucnonb3ys Beipaxkenus (1.9) u (1.11), 3anuiem nosryyeH-

HbIC YpaBHEHUS B qudpepeHuairuoi hopme:
dq = di - vdp (1.17)
dq = du + pdv (1.18)

VYpaBuenus (1.17) u (1.18) mpeacraBnsaioT coOoi pa3HO-
BUJIHOCTh MAaTEMaTHYECKOW 3alKCH MEPBOTO 3aKOHA TEPMOIMHA-
MUKHU B 1u(PepeHnanbHoin hopme.

3Ha4YeHue MepPBOro 3aKOHa:

BO-TIEPBBIX, OH (OPMUPYET MNPUHIUIT YCTPOMCTBA TEILIO-
HSHEPreTUYECKUX YCTAHOBOK U CUCTEM;

BO-BTOPBIX, OH OOBICHAECT (PU3MYECKYIO CYIIHOCThH MpPOIIeC-
COB, ITPOUCXOJIAIIUX B TETUIOBBIX MAIIMHAX;

B-TPETbUX, OH HUCIOJB3YETCSl MPU pacueTrax TEPMOJUHAMH-
YECKUX MPOIIECCOB U MO3BOJISIET OLIEHUTh SHEPreTUUEeCKUM OaslaHc
TEIJIOBBIX MAIIIHH.

1.3. Bmopoii 3axoH mepmoOuHamuKu

IlepBblil 3aKOH TEPMOANHAMUKH, SABIISISICH YACTHBIM CIIy4aeM
3aKOHAa COXPAaHEHHS W MPEBPALICHHUS SHEPTrUH, pPacCMaTpPUBAET
TOJIBKO €r0 KOJIMYECTBEHHYIO CTOPOHY, 3aKJIOUYAIOIIYIOCS B TOM,
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YTO MPU U3BECTHOM M3MEHEHUU PHEPTUU CUCTEMbl COOTHOIICHUE
MEXy TETUIOTON U paboTON CTPOTO OMPEAEICHHO. DTOT 3aKOH HE
YCTAHABJIMBACT HAIMpaBJICHUNA M TOJHOTHI MEpPeNaudl IHEPruu
MEXK]ly TE€JaMH, HE OMPEAEISIET YCIOBUM, MPU KOTOPHIX BO3MOXK-
HO TMpeoOpa3oBaHUE TEIUIOTHI B pabOTy, HE JeiaeT pazInyuuid
MEXK]ly UX TIPSIMBIMU U OOpaTHBIMU NpeBpalnieHusiMu. Eciu ncxo-
JUTh JIIb U3 TIEPBOr0 3aKOHA TEPMOJMHAMUKH, TO MPABOMEPHO
CUMTATh, YTO JTFOOOU MBICTUMBIA MPOIIECC, KOTOPBIH HE MPOTHUBO-
PEUUT 3aKOHY COXPaHCHMS SHEPTUM, MPUHIIMIHUAIBHO BO3MOXKEH
U MOT ObI UMETh MeCTO B mipupojie. OTBET HA MOCTABJICHHBIE BO-
MPOCHI AAET 8MMOPOU 3aKOH MEePMOOUHAMUKY, KOTOPBIN MPEICTAB-
Js€T CO00M COBOKYIHOCTh IOJIOKEHUM, 0000IIAOIINX ONBITHHIC
JTAHHBIE 0 KAYECTBEHHOM CTOPOHE 3aKOHA COXPAHEHUS W MpeBpa-
HICHUS DHEPTUHU.

MHoroo6pa3rue 0COOECHHOCTEW B3aUMHOIO IIPEBPAICHUS
TEIJIOTHI ¥ pabOTHhI, @ TAKXKE PA3IUYHBIC aCMEKThI, B KOTOPBIX 3TH
MpEeBpaIICHUsI pacCMaTPUBAIOTCS, OOBSICHSIIOT HAJTUYHE HECKOJIb-
KHX, TI0 CyTH 3KBUBAJICHTHBIX, ()OPMYIUPOBOK BTOPOTO 3aKOHA
TEPMOJIMHAMUKH.

OCHOBHBIE TIOJIOKEHUSI 3TOrO 3aKOHA OBUIM BBICKA3aHBI
dbpaniy3ckum umxkernepom C. Kapuo (1824 r.). KapHo npuien k
BBIBOJY, UTO JJIsl IPEOOpa30BaHus TEIUIOTHI B padOTy HEOOXOIu-
MbI JIBa UCTOYHHMKA TEIUIOTHI C pasHOW Temrieparypou. Camo ke
Ha3BaHue “BTopoi 3aKOH TEPMOJMHAMUKHU W UCTOPUUYECKHU TIep-
Bas ero ¢popmynupoBka (1850 r.) mpuHamnexar HemMenkoMy (u-
3uky P. Kimaysnycy:

“Tenntoma mooxcem nepexooums cama coOOU MOILKO Om
2opAaue20 mea K X0J100HOMY, 051 00pamuo2o nepexooda Haoo 3a-
mpamums pabomy”.

N3 3TOTO yTBEpXKIECHUS CIAEAYET, YTO JJI MEepexojia TEeTio-
ThI OT T€Jla C MEHBIIIEH TEMIIEPATYPOH K Tely ¢ OOJbIIEH TeMIe-
paTypoil 00s3aTeIbHO HEOOXOAUM MOABO SHEPTUU OT BHEIIHETO
UCTOYHMKA B Kakou-mubo dopme, Hanpumep, B popme padboTel. B
MPOTUBOIOJI0KHOCTh 3TOMY TEIUIOTA OT Teja ¢ OOJbIIEH TemIe-
paTypoi caMomnpoU3BOIBHO, 0€3 3aTpaT KaKux-Iu00 BUIOB SHEP-
T'UH, IEPEXOJUT K TeIaM ¢ MEHbBIIEH TeMIlepaTypoi. ITo 03Hava-
€T, B YACTHOCTH, YTO TEIJIOOOMEH MPU KOHEYHOW Pa3HOCTHU TEM-
neparyp IpeacTaBiIsieT co00H CTpOro OJHOCTOPOHHHH, HeoOpa-
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THMBII TTPOLIECC, U HAIIPABIIEH OH B CTOPOHY TEJ C MEHbIIEH TEM-
IEPaATYpPON.

BTropoi 3akOH TEpMOJIMHAMHUKH JIEKUT B OCHOBE TEOPHUU
TEIUIOBBIX JBUTAaTeNiel. TennoBOW ABUTaTENb IMPEICTABISIET CO-
00l HEMpEepBHIBHO JIEUCTBYIONIEE YCTPOMCTBO, PE3YIHTATOM JICH-
CTBUSI KOTOPOTO SIBJIIETCSI MPEBPAIIEHUE TEIIOTHI B padboTy. Tak,
4TOOBI CO3/JaTh TEIUIOBOW JBUTATENbh, HEMPEPHIBHO MPOU3BOJISA-
Ui padoTy, HEOOXOIUMO, TIPEXKIE BCETO, UMETh TEJO, SIBIISIO-
mieecs MOCTaBIIUKOM SHEpruu B ¢opme TemioTel. HazoBem ero
UCTOYHUKOM TEILIOTHL

OO0s13aTeNIbHO HAJIWMYKME W JAPYTroro Tejaa, KOTOPOE BOCIPH-
P A HUMAET OT IIEPBOTO SHEPIUIO B
¢dbopmMe TEIIOTHI, a OT/IAET €€ B
dbopme paboThl. DTO Tak Ha3bI-
BacMoe pabouee meno. Ero
pOJIb  BBIMOJIHSET KakKasi-uoo
ynpyras cpena (ras, nap). I[loa-
BOJI TeIula U TpeoOpa3zoBaHuUE
€ro B pabOTy COIPOBOXKIAETCS
M3MEHEHHEM COCTOSIHUSI pabdo-
yero tena. Ha puc. 1.6 mno-
Ka3aHO 3TO U3MEHEHUE YCIOBHO

Puc. 1.6 KpuBOW mporecca 1-a-2.

3/1eCh U3MEHAIOTCS TTapaMeTPhbl COCTOSIHUS U, TIPEXKE BCETO,
o0beM paboyero Tena, YTO MPUBOJUT K COBEPUICHUIO PaOOTHI
pacmapenus. sl moydyeHus HEMPEepbIBHOW padOThl TpeOyeTcs
pabodee TeJIO0 BEpHYTh B MIEPBOHAYAIHLHOE COCTOSIHUE TIO MPOIIeC-
cy 2-0-1. Takum oOGpa3om s HEMPEPHIBHOTO MPeoOpa30oBaHUS
TEIUIOTHI B pabOTy HAJIO MOCTOSIHHO OCYIIECTBIISITH ATOT 3aMKHY-
TBIA KPYTOBOM MPOLIECC UIIHA LIUKII.

Kpyzoevim npoyeccom, unu yuxiom, Hazvigaiom cOB0OKYN-
HOCMb  MEePMOOUHAMUYECKUX NPOYeccos, 8 pe3ylbmame ocy-
wecmeiieHus Komopulx paboyee mejyo 80368PaAWAEMCs 8 C80€ nep-
80HAYANILHOE COCNOAHUE.

YtoObl 3aMKHYTHb IMKJ, TpeOyeTcs 3aTpaTUTh HEKOTOPOE
KOJIMYECTBO PHEPTUHM, B JAHHOM ciydae B (opMe pabOThI CxKATHS.
Ota paboTa cxkaTus AOJKHA ObITh KOMIIEHCUPOBAaHA MMYyTEM OTBO-
Ja OT pabodyero Tejla PKBUBAJICHTHOTO €M KOJMYECTBA TEIUIOTHI.
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CrnenoBaTelibHO, HEOOXOIUMO TPEThE TEJI0, KOTOPOE BOCIIPUHUMAET
3Ty KomIieHcalnto. HazoBem ero terionpueMHUKOM. YToObI Ter-
JIOTIPUEMHUK BOCTIPUHSJT HEKOTOPOE KOJUYECTBO TEIUIOTHI, €ro
TEeMIIEpaTypa J0HKHA OBITh HUKE TeMIIEpaTyphl TEIUIOMCTOYHUKA.

B pe3ynbrare BHINMOIHEHHOTO TAKUM CITIOCOOOM ILIHMKJIa
1-a-2-0-1, u3o6pakeHHoro Ha puc.1.6, TOJIBKO YacTh TEIIOTHI (1,
MOJIY4YEHHON pabo4uM TEJIOM OT TETUIOUCTOYHHUKA, TPEOOPa30OBbI-
BaeTcs B paboTy, Apyras e 4acTh 3TOM TEIIOThl (> 0053aTENBHO
OTIAETCS TeTUIONPUEMHUKY.

Hauano dhopmbl

B paccMmoTpeHHON cXeMe HENMPEPBIBHO JAEHUCTBYIOLIETO TEII-
JIOBOT'O JIBUTATEN OJHO M TO € padoyee TeJIO MOCTOSIHHO y4acT-
By€T B KpyroBOM Ipoiiecce. B nuknax peanbHbIX ABUraTeNeH pa-
Oouee BEIIECTBO NEPUOAUYECKH OOHOBIISAETCS, T.€. 3AMEHSET PaB-
HBIM KOJIMYECTBOM ‘‘CBEkero’” BemiectBa. C TEpMOIMHAMUYECKOM
TOYKH 3pPEHHS 3aMEHa pabouyero BENMIECTBA MOXKET paccMaTpu-
BaThCs KaK BO3palllEHUE paboyero Tejaa B UCXOJJHOE COCTOSIHUE.

Takum oOpaszom, JjIsi HEMPEPHIBHOTO MPEeOOpa3OBaHUs TEIl-
JOTHI B pabOTy HY>KHBI: HICTOYHHUK TEILJIOTHI; paboyee Telo U Tem-
JIOTIPUEMHUK, UMEIONTUH 0oJiee HU3KYIO TeMIlepaTypy, 4eM Tell-
aoucTo4HUK. OTBOJ HEKOTOPOW YAaCTU TEIUIOTHI B TEIUIONPUEM-
HUK SIBJISIETCA O0O0S3aTEeNbHBIM YCIOBHEM (DYHKIIMOHUPOBAHUS
TEIUIOBBIX JIBUTATENEH. JTO YCIOBHE H3JIOKEHO B CIEAYIOIIUX
dbopMyIMpPOBKaxX BTOPOTO 3aKOHA TEPMOJIUHAMUKHU:

“Hes03M021cHO nocmpoums nepuooudecKu 0eucmeayouyo
MAWUHY, KOMOPAas He npou3eoo0um Huie2o opy2020, Kpome pabo-
mul u oxaadxicoenuss ucmounuxa meniomst’” (B. Tomcon).

“Bce ecmecmeennble npoyeccvl A6AAIOMCL NEPexo0oM Om
MeHee 8epOSIMHbIX K OoJiee 8epOImMHbIM COCMOAHUAM ™
(JI. boapuman).

“Ocywecmsnenue euno2o osuzamens 6mMopo20 pood He-
sozmoocro” (B. OcBanbn).

[Ton “BeyHbIM” IBUTATEIEM BTOPOTO POJA MOAPA3yMEBAET-
Csl TaKOM TEIJIOBOW JIBUTATENh, KOTOPBIM MOT OBl COBEpIIATh He-
MPEPBHIBHYIO PabOTy, UMEsI TOJIBKO OJMH MCTOYHHUK TEIIOTHI. M3
BTOPOTO 3aKOHA TEPMOJUHAMHUKHU CIIeTyeT, YTO KaKou Obl MO Be-
JUYMHE TEIJIOBOM »Heprueil Hu oObjiajiajia cucTema, MpU paBeH-
CTBE TEMIIEPATyp TEJI CUCTEMBI 3Ty DHEPTUIO HEJb3s Ipeodpa3o-
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BaTh B paboty. Ilo 3ToM mpuynHE OKa3aJIuCh OECIUIOIHBIMH ITI0-

NBITKA ThICSY HM300peTarenell “BeUHbIX JBUTATEIICH.
Pacnipenenenue  sHep-

MU, TOJYYEHHOW OT TeIUIO-

WCTOYHUKA, B TEIJIOBBIX JIBU-

raTeisix CXeMaTU4YHO IMOoKasa- q: Pa*ee oo

HO Ha puc. 1.7. Ilone3nas pa- Pa6oTa

0ota, coBepiiaemas 1 Kr mac-

Chl paboyero Tejia 3a UK,

UcTOo4YHUK Tenna

paBHa pa3HOCTH pPaboOT pac- q:

IIUPEHUA [pacry U CHKATUSA [ox

T.C. TennonpuemHuK
lu:lpac_lcofc.

KonmuecTBeHHY IO CBS3b

MEXKY TEIIOTOM U paboToM s Puc. 1.7

1 kr pabouero Tena B mpoueccax
pactupenus 1-a-2 u cxarus 2-0-1 (cm. puc. 1.6) Ha OcHOBaHUU
NEPBOT0 3aKOHA TEPMOJANMHAMUKHU 3aIUILIEM YPAaBHCHUSIMU:
QIZAu]-a2+lpacw 141 QZZAMZ—@]—'_ZCM, (119)
r1e€ i — KOJIMYECTBO TEIUIOTHI, MOABEIECHHOIO K 1 Kr padbouero
T€Ja OT TEIJIOMCTOYHUKA;
(2 — KOJMYECTBO TEIUIOTHI, OTBEAEHHOIO OT | Kr pabouero
TeJa K TEIVIONPUEMHHUKY;
Auj.a2 M Aurs.1 — UBMEHEHHUE BHYTPEHHEN dHEPruu 1 kr
pabouero Tena B npoieccax 1-a-2 u 2-6-1, COOTBETCTBEHHO.
Briutem BTOpO€ ypaBHEHHE U3 MIEPBOTO U MOTYUUM:
qi— 42> — Au jg26.1 + (lpacm —1 cofc)-
Tak kak paGoyee Teyno BO3BpAIAETCS B MCXOJHOE COCTOS-
HUE, TO W3MEHEHHE BHYTPEHHEW SHEpPruu 3a LUKI OyAEeT paBHO
HYJIO, T.€. AUj4-2-6-1= 0. B utore ¢ yuerom Beipakenus (1.19) mo-
JTYy4YUM:
ly=q1—q> (1.20)

N3 (1.20) cnenyer, 4To, BO-NIEPBBIX, pabOTa LMKIIA COBEP-
IaeTcss TOJIBKO 3a CYET TEIJIOThI M, BO-BTOPBIX, paboTa IMKJA
paBHa TEIUIOTE, MOJIBEICHHON OT TEIJIOMCTOYHMKA, 32 BBIYETOM
TEIUIOTHI, OTBEJICHHOM K TEIUIONPUEMHUKY.

JI01r0 TONIE3HO MCTIOIB3YEMOM TEIUIOTHI OLICHUBAKOT mep-
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muveckum KIIJ] mukia, KOTOpbIA 0003HAYAIOT 7 ; .

1100 mepmuyeckum KII/[ nonumarom omuouienue menuo-
mol, npeobpPA306aHHOU 8 NOJE3HYI0 pabomy YUKld, KO éceu noo-
8e0eHHOU meniome:

ni= 0 um p=1-% (1.21)
9, 4

N3 naHHBIX BBIPAXKEHUM CIIEAYET, UTO YEM MEHBIIE TEIIO-
Thl TEpeNaeTCs TEIJIONPUEMHUKY, TEM OOJIbIIIE 3HAYCHUE 1)t ITO
O3HAYaeT, YTO MPOUCXOAUT O0Jiee MOJHOE MPeoOpa3zoBaHUE Tell-
JIOTHI B padoTYy.

BBuay HE0OX0AMMOCTH MepenaBaTh YacTh SHEPTUU B (popme
TEIUIOTHI TerionpueMHuK Tepmudeckuil KII/ noboro nukia He
MOXET OBITh PAaBEH €AUHUIIC.

Takum oOpazom, BTOpOW 3aKOH TEPMOJWHAMHUKHA YCTaHaB-
JIMBAET MOJHOTY MPe0oOpa30oBaHus TEIUIOTHI B padoTYy.

KpoMe TOro, oH yka3bIBaeT Ha Kauy€CTBEHHOE pa3inyue
MEXIy TeraoTor u padotoil. Ecau pabota MoxeT Bcs 6e3 ocTat-
Ka MpeoOpa3oBbIBATHCS B TEIUIOTY, TO TEILUIOTA HUKOT/A IMOJHO-
CTBhIO HE MOXKET OBITh MpeoOpa3oBaHa B paboTYy.

VYHUKabHBIM HaYYHBIM JOCTHXKEHHEM SIBUJIOCH BBIPAXKCHUE
3TOr0 Ka4e€CTBEHHOTO Pa3inyus KOJUYECTBEHHOW BEJIMUMHON
SHTpNUEN. “ODHmponusa’ B EPEBOJIE C TPEYECKOTO O3HAYAET “‘TIO-
BopoT” miu ‘“‘mpeBpainieHune’”. CHavana MOHSATHE SHTPONMUHU OBLIO
BBe/ICHO B HayKy GopmanbsHo. P. Knay3uyc (1854r.) moka3zai, 4To
JUIs. TEPMOJIMHAMHUYECKOW CUCTEMBI CYLIECTBYET HEKasl (PYyHKIIMS
$' , OpupalieHue KOTOpOor OMPEAEAETCS BEIPAKEHUEM

_4do
ds == (1.22)

OH nHa3Ban 3Ty (pyHkumto s3uTponuei. [Tozxe, npu paccMoT-
peHur OOJIBIIOro YKCcia 3a7ad, ObLIO BBISBICHO (DPU3UYECKOE CO-
Jep>KaHuE SHTPOIUHU.

Tak kak HTpONUS HE MOJJAETCS MPOCTOMY UHTYUTUBHOMY
MPEJICTABIICHUIO, TONBITAEMCS YTOYHUTH €€ CMBICI IyTEM CpaB-
HEHMS C AHAJIOTUYHBIMU BEJIMYMHAMHU, 00Jiee JOCTYMHBIMU IS
HaIller0 MOHUMAaHUs. 3aluIlleM BbIpaXXe€HHUe padOThl PaCIIUPEHUS
B muppepenumansHoit popme: dLpgen = p dV.

31ech JaBIICHUE p SIBIISIETCS BEIUYUMHON HeoOX00umou, HO
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He 0ocmamoyHou I coBepliieHns: paboThl. M3meHneHnne xe 00b-
eMa TpuBeAeT K padore pacmupenus. O0beM B MPUBEICHHOM
YpPaBHEHUU BBITIOJIHSAET CBOMCTBO docmamoyHo2o napametpa. Ta-
KM 00pa3oM, CYJIUTh O TOM, UYTO COBEpIIEHA padoTa pacuimpe-
HUS WUIH CKaTUS MOYKHO JIMIIb 110 U3MEHEHUIO 00beMa.

Tenepsp 3anuiiem Boipaxenue (1.22) B Bune: dQ = T dS.

371ech TemiiepaTrypa SBIISICTCS BEIMUMHON HeobXxo0umou, HO
eIe He 0oCcmamouHoU IJig TOTO, 9TO OBl TOBOPUTH O TOM, TTOIBO-
JTUTCS TEIJI0 K CUCTEME WJIM OTBOAUTCS oT Heé€. Tak, B aamadar-
HOM IIPOIECCE CUCTEMa HE OOMEHHMBAETCS TEIUIOTOM C OKpYIKaro-
e CpelloN, a TeMIeEpaTrypa U3MEHAETCS CylecTBEHHO. OcTaeT-
Csl OIMH TapameTp, KOTOPBIM JOKEH 00JagaTh CBOMCTBOM 0oO-
CmMamoyHocmu, U 3TOT TApaAMETP — IHTPONUA. TOJIBKO MO U3MeE-
HEHHUIO DHTPONUU MOXHO CYJUTh O TEIIOOOMEHE CHCTEMBI C
OKpyxarouien cpenor. OTcroga MOKHO BBIPAa3UTh CMBICI SHTPO-
1907078

OHmponusi ecmb Kalopuueckuu napamemp COCMOSAHUSA
MepMOOUHAMUUECKOL CUCEMbl, XapaKmepusylowui Hanpasie-
HUe NpomeKauusi npoyecca menioooMeHa MeHcoy CUCmemMou U
BHelHell cpedoll.

Bripaxxenue (1.22)aaeT BO3MOKHOCTh YCTAHOBUTH €IUHHUILY
sHTponuu, kKotopas paBHa [[x/K. [IpuBeneHHoe 3Hau€HUE YHTPO-
i 0003HavaroT uepes s = S/m, ¢ eqununen x/K-kr.

Bonpocsl 1j1s1 CAMOKOHTPOJIS

1. OmnpeneneHve TEpMOAMHAMUYECKON CHCTEMBI, XapaKTEPUCTHKU
CHCTEM.

2. JlaBneHue KaK nmapaMeTp COCTOSTHUSL CUCTEMBI.

3. Temnieparypa kak napaMmeTp COCTOSIHUSI CUCTEMBI.

4. PackpoiTe CYIIHOCTh MOHSITUS SHEPTUU U €€ COCTABJISIIOIIMNX IS
TEPMOANHAMUYICCKON CHUCTCMbI

5. Kanoprueckue napaMeTpbl COCTOSIHUSL CUCTEMBI.

6. Uro B TepMOAMHAMHUKE MOHUMAETCS MOJ TEIUIOTOM U padoToi
npouecca? Mx 0003HaueHUs U eTUHUIIBI U3MEPECHUS ?

7. IlpoaHanu3upyruTe aHATUTUYECKOE BBIPAXKEHUE IEPBOrO 3aKOHA
TepMoAnHaMUKH. [IpuBeauTe nmpuMepsl €ro NpUMEHECHUS.

8. 3anuImmuTe aHATUTUYECKOE BBIpaXKEHUE BTOPOTO 3aKOHA TEPMOIU-
HaMHKHU U ITOSACHUTEC BCINYHNHBI, BXOAAIINUE B HETO.

9. Uto nonumarot nox tepmuueckum KIIJ[, kakue morepu oH yuu-
ThIBa€T?
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I'nasa 2. Ceoiicmea cucmem u npoyeccovl 8 HUX
2.1. Pabouee meno meniogvix MauiuH

2.1.1. MpeanbHblil ra3 Kak padoyee TeJ10

Brimie Ob110 MOKa3aHO, YTO JJISI HEIPEPHIBHOTO B3aUMHOTO
npeoOpa3zoBaHus TEIJIOTHl U Pa0OThI HEOOXOAUMO UMETh, KPOME
MCTOYHHUKA TEIJIOTHI ¥ TCIUIONPUEMHHUKA, BCIIOMOTraTeJIbHOE TEIIO,
KOTOPOE BOCIIPUHHUMAET SHEPTHIO B OJJHOUM (DOpME U B pE3yJIbTaTe
KPYTOBOI'0 Ipoliecca Mpeodpa3zyeT €€ HEKOTOPYIO YacTh B JIPYTYIO
dbopMy. DTO BCIIOMOTaTeIbHOE TEJIO PacCMaTPUBAIOT KaK TEPMO-
JTWHAMHUYECKYIO0 CUCTEMY U Ha3bIBAIOT padoUUM MeNoM.

B kadecTBe paboumx Tea TEIUIOBBIX MAIIWH HEOOXOJIUMO
HCIIOJB30BaTh BEIECTBA, OO0JIANAIOIINE CBONMCTBOM CIKHMAaeMO-
CTH. DTO TpeOOBaHWE BBITEKAECT M3 TOTO, YTO ITMKJIBI TEIJIOBBIX
MaIllMH 00s3aTeIbHO BKIIIOUAIOT IPOIECChI, CBSI3aHHBIC C H3MeE-
HEHHEM 00BbeMa pabouero Tesa, HampuMmep, pacuiipeHue MpoayK-
ToB cropanus B JIBC, cxxatue ¢ppeoHa B KOMIIPECCOPE XOIOAUIIb-
HOM MaIluHbl U T.11. B Ta6m. 2 [Ipunoxenust npuBeeHbI CBOMCTBA
HEKOTOPBIX Ta30B, UCIOJIb3YEMbIX B KaU€CTBE pabOUMX TEJl.

PabouuM TeroM COBPEMEHHBIX TEIJIOPHEPTETUUECKUX yCTa-
HOBOK SBJISIFOTCSL OJHOPOJHBIA I'a3 WJIA Ta30BbIE CMeCU. B psge
CJIy4yaeB MPOTEKAHHUE MPOIIECCOB CBI3aHO ¢ PabOYMM TEJIOM MHO-
roda3oBoro cocraBa. Tak, Hanmpumep, B UCHApUTENIC XOJOINUIIb-
HOW MAalllMHBI XJIAJATE€HT HAXOAUTCSA B MAPOKUIKOCTHOM COCTOSI-
Huu. Pabouee Teno yacTo BKIIIOYAET BEIIECTBA, CIIOCOOHBIE BCTY-
nath JAPYr ¢ APyroM B XMMHUYECKHE peakiuu. B oOmiem ciydae
(da3oBbIe MEPEXOJbl U XUMHUYECKHE PEAKIIMU COMPOBOXKIAIOTCS
TETUIOBBIM U MEXAHUYECKUM B3aUMOJICMCTBUEM C BHEIIHEU Cpe-
JOM, TOATOMY JUISI MX aHaJIM3a MCIOJb3YIOTCS OOIIME METOJbI
TEPMOJUHAMUKHU. PacyeTsl IUKIOB JHEPTETUYECKUX YCTAHOBOK
CYLIECTBEHHO YHPOIIAKTCS, €CIIM pEAIbHbIA ra3 pPacCMaTPUBATh
KaK HJicaJIbHbBIM.

1100 uoeanvHviM noHuMaom 2az, 8 KOMOPOM CULbL MENCMO-
JIEKVISIPHO20 83AUMOOELUCMBUS OMCYMCMBYIOM, A CAMU MOJIEK)JIbl
paccmampusaromcs KaKk MamepuaibHble moyKu.

Bce peanbHbie Tas3bl MPU BBICOKUX TEMIIEPATYpax U MaJIbIX
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IABJICHUSX IIOYTH MOJHOCTHIO MOAXOAAT IO MOHSATHUE HIEAIHLHO-
ro rasa, v 1o CBOMM CBOMCTBaM MPaKTUYECKHA HE OTJIMYAIOTCS OT
Hero. Beenenue nmoHSATHS HI€aIbHOIO T'a3a MO3BOJIMIO MOJTYYHUTh
MPOCThIE MATEMAaTUYECKHUE 3aBUCUMOCTH MEXIy MapaMeTpaMu
COCTOSIHUSI M CO3/1aTh CTPOWHYIO TEOPHUIO TEPMOJMHAMHUYECKUX
IpolieccoB. PaccMOTpuM HEKOTOpPhIE CBOMCTBA I'a30B M ra30BBIX
cMeceH.
YpaBHEHUS COCTOSHUS NACAJIILHOIO ra3a

OYHKIIMOHATBHYIO CBSI3b MEXAY TEPMOJNHAMUYECKUMHU
napamMeTpaMu HJICAIbHOTO ras3a BIIEpBbIE MOayuua B 1834 T.
dbpanmnysckuit puzuk b. Knaneipon: 0a4 evlbopannozo cocmosnus
npoussedeHue 0asieHus Ha yOelbHbulll 00beM, OelleHHoe HA abco-
JIIOMHYI0 MeMnepamypy, eCmov GeUYUHA NOCMOAHHASA, M.e.

pv
— =R, 2.1
a 2.1)
Bennunny R Ha3bIBaAIOT 2a30601 nocmosnHoOU N U3MEPSIOT B

Jx/(kr-K).

Haiinem uncioBoe 3HadeHHe ra30BOM ITIOCTOSIHHOU R M BBI-
SBUM €€ (DU3NYECKYI0 CYIIHOCTh. [ 3TOro obGpaTumcs K eIle
OJTHOM 3aKOHOMEPHOCTH IOBEJACHUS Ta30B, HKCHEPUMEHTAIBHO
yCTaHOBJIIEHHON B 1811r. utampstHckuM ydeHbIM A. ABOraapo.

Ilpu oounaxogvix 0asneHusx u memnepamypax oOUHaKoswle
KOIUYeCcmea pasiuyHblx 2a308 3aHUMAarom 00Ul u mom dice 00b-
em.

B CH 3a enuHuily KOJIMYECTBa BEIIECTBA MPUHAT Moib (M).
Monbs paBeH KOJHMYECTBY BEIIECTBA CHUCTEMBI, COJAEpKallei
CTOJIBKO € CTPYKTYPHBIX JIEMEHTOB, CKOJIBKO COJICP>KUTCS aTo-
MOB B yriepojae — 12 maccou 0,012 kr. YcraHoBieHo, uto B 12 1
yraepoaa coxepxkurcs 6-10%° atomos. Takoe KOJIMYECTBO CTPYK-
TYPHBIX 3JIEMEHTOB B JIOOOM JIPYrOM BEIIECTBE MUMEET APYTYIO
Maccy. Moiib — pacyeTHasi €IMHHUIIA, U 3TaJIOHA JJIsl €r0 BOCIPO-
U3BEJICHUS HE CYIIECTBYET.

Maccy oaHOTO MOJIS BEIeCTBa HA3BbIBAIOT MOIAPHOU MAC-
cotl. MosipHy10 Maccy 0003HaJdaroT yepes (. Eaunuiia MoisipHoi
Macchl — KI/MOJb. [Ipy YMCI€HHOM BBIpaKEHUHM MOJISIPHON MAcCChI
pPa3IMYHBIX BEIIECTB MHOTJA 32 €IMHUILY KOJWYECTBAa BEIIECTBA
npuHumarot 1000 mouneit — 1 kMob.

30



Benumuunabl, XxapakTepu3yoIe KOJIMYECTBCHHYIO €IHMHUILY
BEIIIECTBA B MOJISIX, YCIOBUMCS 0003HA4YaTh 4epTOd CBepxy. To-
ra 00beM MOJIS KaKOro-Iu0o rasa v Oyaer paBeH IPOU3BEICHUIO
yIEIBHOr0 00beMa Ta3a Ha €ro MOJSIPHYIO MacCy, T.€. V= v /.

CorsacHo 3akoHy ABOrajapo, JJjisi pa3juyHbIX Ta30B MpPHU
OJIMHAKOBBIX YCIIOBHUSAX OyJeT UMETh:

VI =V2U2=VU. (2.2)

OKCHEPUMEHTAIBHO YCTAHOBJCHO, YTO NPH HOPMAaIbHBIX
bmsnueckux yciaoBusx (1o = 273,15; po= 760 MM pT. cT. 00bEM

OJTHOTO MOJIs Jiro6oro rasza Vo= 22,41 m>/mons.
N3 onpenenenust ra30BO NOCTOSIHHOM CIIEYET, YTO
M
T
YMHOXHMB 00€ 4acTH ITOTO PaBEHCTBA HA L U MOJICTaBUB
YUCJICHHBIC 3HAYEHUSI o, V, U 1), MOTyIUM:

R =

_pV, 101325 .-22,41
a T, 273,15

= 8314 [Ix/(monb-K).

Bennunny pR o6o3Hauaror R u HaseIBAIOT yHusepcanvhoil
(MOJISIpHOI) ra30BOM MOCTOSTHHOM.

YHuBepcalibHasi ra30Basi MOCTOSHHAS JJIsI OJJHOTO MOJISI BCEX
ra3oB, HE3aBUCHUMO OT MX MPHUPOJIbI, ABISETCS BEIUUYUHON MOCTO-

sHHOM M paBHo: R = 8314 JIx/(monb K). OTcrona, ra3osas Io-
CTOSIHHAs | KT KOHKPETHOIO ra3a BbIYUCIIAECTCS KakK
8314
R —

y7;
I[Hf[ OJHOT'O U TOI'O XK€ I'a3a, B 3aBUCHUMOCTH OT €I'0 MACCHI,

YPAaBHCHHUC COCTOAHUA MOXKCT OBITH 3aITHCaHO MMO-pasHOMY:

msilkr pv=RT (2.3)
mssmikr pV=mRT, (2.4)
JIS OTHOTO MOJIA pI7 =RT (2.5)

YDaBHCHI/IC COCTOAHUIA PC€AJIBHOI'O I'a3a

Bce IMOJIYYCHHBIC BbIIIC YPABHCHUS COCTOAHHA CIIPpABCIJIN-
Bbl TOJIBKO IJId HMACAJIBHBIX I'a30B. CocrostHUSA pPCAJIbHBIX T'd30B
MOI'YT OIIMCBIBATBCA O9TUMH YPABHCHUAMH TOJIBKO HpI/I6HH)K€HHO,
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MTOCKOJIBKY 3/1€Ch HE YUUTBHIBAKOTCSI CHJIbI B3aUMOJICHICTBUS MEXKTY
MOJIEKYJIaMH B 00bEMBI CAMHUX MOJICKY L.

3a mpoleaIme A8a CTOJETUS Pa3IUnYHBIMU aBTOPaMHU OBLIO
MPEIJIOAKECHO 3HAYMTEIIHOE YUCIIO YPABHEHUH COCTOSIHUSI Peaslb-
HOTO raza. HanbonpIiee mpuMeHeHHE B HACTOSIIEE BPEMS UMEET
ypaBHEHHE, MojiydeHHoe B 1873 r. rommanackum ¢uzukom Bah-
nep-Baanbcom:

(0 +-5)(v-b) = RT, (2.6)

rae d u b — NOCTOAHHBIE JIsI KOHKPETHOTO ra3a BEJIMYUHBI.

DuU3NYECKUI CMBIC MOMPABKU b COCTOUT B CIEAYIOMIEM. Y
pEaIbHOTO ra3a MOJIEKYJIbl 3aHUMAIOT OIPEIEICHHBIA 00beM, U
MEXKJly HUMH CYIIECTBYIOT CWibl B3aumopeuctBusa. [lpu Hop-
MaJIbHBIX COCTOSIHUSIX 3TH CUJIbI MPOSBISIOTCS KaK CHJIbI MPUTSI-
YKEHUSI, BO3PACTAIOIINE C YMEHBIICHUEM PACCTOSIHUS MEXIY MO-
nekysaMm. Ho Takasi 3aKOHOMEPHOCThH 3aMeuaeTcsi 10 ONpeAcsieH-
HOTO CcONMMkeHus: MoJieky. [lpu nmanpHelIeM YMEHbIICHUU pac-
CTOSTHUSI M@Ky HUMHU BO3HUKAIOT CHJIbI OTTAJKUBAHUS, BEIUYU-
Ha KOTOPBIX TeM OOJble, YeM OJIMKE MOJIEKYJBl IPYT K APYTY.
OHU CTaHOBATCS TaKMMH OTPOMHBIMHM, UYTO HHUKAKUE ABJICHUS
Jajee He CIIOCOOHBI YMEHBIITUTh 00beM raza. BennuuHa b u ecTh
HAaUMEHBIINI 00bEM, O KOTOPOTO MPEACTaBISAETCS BO3MOKHBIM
CoKaTh Tas.

[ToripaBka Ha J1aBJ€HUE BBITEKAET U3 CIEAYIOUIUX COOOpa-
XKEHHI. Y peasbHbIX ra30B MEXKYy MOJIEKYJIaMU CYHIECTBYIOT CH-
el nputsikeHus. [lo 3Tol mpuUyMHE JaBjieHHWE peaJbHOro rasa
UMEET MEHbIIIee 3HaYCHHEe, YeM JIaBJICHUE HJCaIbHOTO ra3a mpu
OMHAKOBBIX p U T ,Ha Benuuuny Ap:

P=yo AP

Bennunna Ap nponopuuoHaigbHa KBaApaTy 4MCiaa MOJIEKYJ
B eAuHUIEe o0beMa. [ToCKOIbKY MOJIEKYJIBI peaIbHOTO raza 00Ja-
JIA0OT MAacco, TO Ap TNPONMOPLMOHAIBHO KBAApary IJIOTHOCTH
WM O0paTHO MPOMOPIMOHAIBHO KBaJpaTy YAECIbHOTO oO0beMma.
KoaddurmentoM mponopuroHaIbHOCTH SBJSETCS BEJIMYMHA d,
Torga Ap = a/v’. BennuuHbl a ¥ b OTHOCATCS K UHOUBUOYANbHBIM
MOCTOSIHHBIM M 3aBUCAT TOJBKO OT MpHUpoabl raza. OHU MOTYT
OBITH OMPE/ICICHBI KaK TEOPETUUECKHU, TAK U OMBITHBIM ITyTeM. X
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YHCIIEHHOE 3HAYCHUE, HATIPUMED, JUIS a30Ta CIEAYIOLIee:
a=0,135H mY)/xr> u b=0,386 10" m*/kr.

2.1.2. I'azoBBIC CMecH

B GonbpmIMHCTBE CiydaeB B KauecTBE pabOYMX TElI TEPMO-
JTAHAMUYECKUX CUCTEM MCTOJIB3YIOTCS HE OAHOPOJIHBIE Ta3bl, a UX
CMECH, HAIPUMEP, BO3YyX, MPUPOIHBIA Ta3, MPOJYKThl CTOpaHUS
TOILJINBA U T.[I.

lazo6vimu cmecsamu HA3bl8AIOM MEXAHUYECKUE CMeCU OMm-
Oe/IbHbIX 204308 NPU VCIOBUU OMCYMCMBUSL 8 HUX XUMUYECKUX pe-
aKyutl.

JInuTenpHOE N3yYeHUE ra30BbIX CMECEH MO3BOJIMIIO YCTAHO-
BUTh UX HEKOTOPHIE OCOOECHHOCTH:

— Ka)KJIBIHA Ta3, BXOJAIIUN B CMECh, 3aHUMAET BECh €€ 00b-
€M U UMEET €€ TEMIIEPATypPy;

— KaXXKIbIX a3, HaXOASIIUMCSI B CMECH, TTIOJYUHSIETCS CBOE-
MYy YPaBHEHHIO COCTOSIHUS;

— Ka)KJBIH Ta3, 3aHUMAaoIui 00beM CMeCH M UMEIOIITUH
TEMIIEPATypPy CMECH, IPOU3BOJUT COOTBETCTBYIOIIECE NHAUBHUTY-
albHOE JaBJICHUE HA 000JIOUKY cOCy/ia. DTO JTaBJCHHUE Ha3bIBACT-
Cd NaApYUAIbLHBLIM.

YtoOsl onpenenuTs mapaMeTpbl Ta30BON cMecH, HEOOXO0I1-
MO 3HaTh KOJMYECTBO KaXKJOI'0 I'a3a, COCTABISIONIETO CMECh, T.€.
3HaTh cocTaB cMecu. COoCcTaB CMECH MOXXET OBITh 3aJlaH MmapIlu-
aJbHBIM JIaBJICHUSIMU, MACCOBBIMU MJIN OOBEMHBIMH JOJISIMH.

3ajjlaHle CMECH NaplUMaIbHLIMU JABICHUSIMU

[TapimanbHOe AaBiieHHWE OOO3Hauyaetrcss yepe3 pi. Eciau B
CMECHU HaXOJUTCS 1 Ta30B, TO CyMMa MX MapIUaJIbHBIX JTaBJICHUN
paBHA JABJICHUIO CMECH:

Pew=p1tp2 T ... tpn= ;p,., (2.7)
DTO paBEHCTBO HOCUT Ha3BaHUE 3aKkoHa JlaabToHA.
3ajlaHre cMeCH MacCOBBLIMHU JIOJISIMHA
Maccoesotui Ooneil nazvieaemcs omHOUEHUE MACCbl OAHHO20
2asa K macce 2az0601tl cMecu.
MaccoBas o151 0003HaUaeTcs yepe3 gi U ONpeesaeTcs 1Mo
BBIPKCHUIO:

g i=mi/Mey . (2.8)
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CymMa MacCoBBIX J0JIEH paBHA €IMHUIIC:

Z?:Igi = Zf:lmi = Do =1.
m m

M M

3ananue cMecu 00bEMHBIMU AOJISIMH.

ObvemHOl Oonell HA3bLIBAEMC OMHOUEHUEe NPUBCOCHHO2O
0Ovema 0aHHO20 2a3a K 00vemy 8celi CMeCu.

[Ton mpuBeAeHHBIM 00BEMOM MOHUMAIOT TaKOW 00BEM, KO-
TOPBIA 3aHMMan Obl WHIWBHUAYaJIbHBIH Ta3, WMES JaBIICHHC WU
TeMIIEpaTypy CMECH.

O06BeMHYIO JOJTF0 0003HAYACTCS Yepe3 #; U OMPESIIeTCs 110
BBIPAKEHHUIO:

ri=VilVeu, (2.9)
rae V; — npuBEACHHBIN 00BEM.
CyMMa 00BEMHBIX J10JIEH paBHA €UHULIC:

n

i=1

CooTHouICHUS MCIKIY IIapuuaJIbHbIMU JABJICHUAMHU, MACCO-
BBIMU U O0OBEMHBIMHU HdO0JIIMHN UMCIOT BU/ .

vo=r 4rytetr, =1,

Pi~=ViPcu- (210)
ﬂCM
i =gi , 2.11
i=gi, (2.11)
_ P M.
i_ l el em . 2.12
pi=g (2.12)

30€eCh ey — MOJISIPHASE Macca CMECH.

Iloo  p ., nonumaom MOAAPHYIO MACCY YCI08HO20 2A3d, )
KOMOpOo20 8 Macce m, pasHOU Macce CMecCu, COOEPHCUMCS YUCTO
moneu M, pasnoe uuciy mognei 8 2a3080U cCMeCU.

BripaxkeHust 1151 BRIUMCICHUS MOJISPHOM Macchl CMECH Ta-
30B MOHO NoJtyuuTh U3 (2.10) u (2.11), umeHHO

Mooy =200 HT s (2.13)
.2 2.14)
o P '
1
lucM _n—gi' (215)

i=l1

H;
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2.2. Tennroemrxocms 2a308

2.2.1. IlousiTHE TEMJIOEMKOCTH

DKCIEPUMEHTAIBHO YCTAaHOBJICHO, YTO BEJIMUWHA TEIJIOTHI,
HEe0OXoauMast JIJIs U3MEHEHHUS TeMIIepaTypbl KOHKPETHOTO KOJIH-
YeCTBA BEIIECTBA CUCTEMBI, IPOMOPUUOHAIBLHA PA3HOCTH KOHEY-
HOW ¥ HAYQJIbHOM TEMIIEpATyp:

Q=C(T>-Ty),

rae C — kodpGUIMeHT NponopIuoHaIbHOCTH.
B oOmem ciyudae xoadduiment C xapakrepusyeTr (Huanyeckoe
CBOWCTBO CUCTEMBI, KOTOPOE HA3bIBACTCS MENI10EeMKOCMbIO.

Konn4yecTBEHHO TEMIOEMKOCTh paBHA TEIUIOTE, KOTOPOU
OOMEHHMBAETCS C OKpY’Karollel cpeoil cucreMa Impu U3MEHEHUU
€€ TEMIIEpPATyphbl HA OJVH KEIbBUH. AHAIUTUYECKHU ATO ONpPELE-
JICHHUE 3aIMCHIBACTCS B BUJIC

dQ
C= T (2.17)

3a equauniy TemtoeMkoct mpuHAT /K.

TenmnoeMKoCTh, OTHECEHHYIO K KaKOM-TU00 KOJIUYECTBEH-
HOI eIMHUIIE BEILleCTBA, HA3bIBAIOT yoenbHOoU. J1Jid ra30B IMIHUPOKO
UCIIOJIB3YIOTCSI MAacCOBasi, MOJISIpHasi 1 0ObeMHas yJeIbHbIC TETI-
JIOEMKOCTH.

Maccosas mennoemkocms YUCTIEHHO PABHA KOJIUUECMBY
meniomuvl, He0OX00UMOMY OJisl UBMEHEHUST MeMNepamypvl 00HO20
KULO2PAMMA 2a3a HA OOUH KelbBUH.

O003HayalT yAEIbHYI0 MAacCOBYIO TEIJIOEMKOCTh CTPOUY-
HOM OykBoM ¢ u BbIpaxkatoT B J[x/(kr- K).

TennoeMKoCTh OJTHOTO MOJISI ra3a Ha3bIBAIOT MOAAPHOU TETI-
N0EMKOCTBIO 0603HauatoT C U BhIpaxaroT B Jix/(Moib-K).

TenmoeMKoCTs €IUHHIIBI 00beMa Taza NPU HOPMAaJbHBIX
(bU3UMYECKUX YCIOBUSAX HUMEHYIOT 00beMHOU TEII0EMKOCThIO. Ee
0003Ha4aroT ¢’ 1 BeIpaxaror B JIx/(m> -K).
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MaCCOBaﬂ, MOJsIpHAA " 00BbEMHAs TEIJIOEMKOCTH CBSI3aHBI
COOTHOIICHUEM:

(2.18)

c c
¢ = )
s P
rae 4 — MoJsipHas Macca rasa;

p —TUJIOTHOCTD ra3a Mpu HOPMaJbHBIX (PU3HUYECKUX YCIOBUSIX.

YucneHHoe 3HAYEHHE TEIJIOEMKOCTH Ta3a TakK K€, KaK U
TEIUIOEMKOCTb TBEPJBIX U KUJIKUX TEJ, 3aBUCUT OT €r0 MPUPOJIbI
Y YPOBHS TEMIEPATYPbI, IPU KOTOPOW OHA OMPEEIAETCS.

OnHako KapAWHAIBLHBIM OTJIMYMEM TOHSTHUS TEIJIOEMKOCTH
raza OT TEIUIOEMKOCTHU >KUJIKUX U TBEPABIX TEJ SBJISIETCS TO, YTO
Ha BEJIMYMHY TEIUIOEMKOCTH Ta3a crenuduueckoe BIUSHUE OKa-
3bIBAET XapaKTep MpoIriecca, B KOTOPOM OHa BhIUMCIseTcs. Tak, B
aaunadbatHoM mpouecce, rae dQ = 0, TemI0eMKOCTh paBHa HYJIIO.
B mponecce ¢ nocrostHHOM Temmiepatrypoil (1I' = const) Temioem-
KOCTh paBHa OECKOHEYHOCTH (¢ = £ 00). TemnoemMkocTh raza, Ipu-
CYIIYI0 TOMY WJIM UHOMY IPOIECCY, MPUHATO 0003HaYaTh UHIEK-

COM, XapaKTEPU3YIOIMM KOHKPETHBIN ITPOLIECC.

2.2.2. Tenji0eMKOCTH Cp 1 Cy

B tepMmoinHaMuKe MUPOKO UCIOIB3YIOTCA JBE TEIIOEMKO-
CTH — ¢, (B Ipoliecce IpH NOCTOSHHOM JIaBJI€HUM) U ¢, (B IIpolLiec-
ce MpU MOCTOAHHOM 00beMe). [Ipoanann3upyeM ux 0COOCHHOCTH.
C aTOl 1eBpI0 MPEACTaBUM JIBa IUJIMHJIpA C MOPUIHIMHU (pHC.
2.1). B nunuHapax HaXoguTCs 1O OJHOMY KHUJIOTPaMMYy OJHOTO U
TOro ke ra3a. [leppoHayanbHbIC 3HAYCHUS JABJICHUS U yIECIHHOTO
o0beMa B IWJIMHAPAX OJIMHAKOBBI. [lopilieHs B TepBOM HUJIUHAPE
3aKpeIieH, a BO BTOPOM — MOXKET CBOOOJHO mepemenarhes. [1o-
CTaBUM 3aJlady: U3MEHHUTh TEMIIEpATypy rasa B KaKJIOM LIMJIMH-
JIpe Ha OJHY U TYyKE BeUUUHY d 7.

T

/ dqv v=const f dgp p=const

Puc. 2.1
Hna numueapa 1 3anumeM ypaBHEHHME IEPBOrO 3aKOHA
TEPMOJVHAMUKU B BUJIE
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dq, = du + pdv.
Paznenum ero Ha d71 u, npuHUMAas BO BHUMaHuE, 910 dv = (), mMo-
JTY4YUM:
dq , du

dT  dT’

OTKyJa
du
al "~
HNurerpupoBanuem ypaBHeHus (2.19) or HayambHOro 10
KOHEYHOI0 COCTOSIHHS MIPOLIECCA MOTYYHM CBSI3b MEXKIY U3MEHE-
HUEM BHYTPEHHEU YHEPTUU U TEMIEPaTyphl:
Au=c, AT. (2.20)
[IponenaB aHamOTHMYHBIE ONEPALlUU C YPABHEHUEM IEPBOIO
3aKOHA TEPMOJMHAMUKU JJISI ra3a, HaXOASIIErocsi BO BTOPOM IU-
JUHJpE, TTOJTYUYUM:

Cy =

(2.19)

di
Cp=— -
Otcroa ciienyeT COOTHOIICHHWE MEXAY U3MEHCHUSIMU 3H-
TaJbIINU U TEMIIEPATYPbI B BUJE
Ai = ¢, AT. (2.22)
TemioeMKkoCcTH B mporeccax MpH MOCTOSIHHOM JIaBJICHUU U
MOCTOSIHHOM 00BbEeME MMEIOT HE TOJBKO pa3jIudyHbIe MaTeMaTHye-
CKHE BBIPAYKEHUS, HO U PA3JIMUYHbIE YMCIIOBbIE 3HAUeHus. Tak, J0-
Ka3bIBACTCA, YTO Cp >Cy. DTO BHJIHO U3 CPABHEHUS YpaBHEHUU
(2.20) u (2.22). ITockonbKy MpU OAUHAKOBOM HM3MEHEHUU TEMIIe-
paTypsl BenuuuHa di > du, TO, CIEA0BATENBHO, Cp > Cy.
OOpamasch K pacCCMOTPEHHOMY MTPUMEPY, MOKHO MOSICHUTH
MoxHO onpeaenuTh, Ha CKOJIBKO Cp > Cy. JJIs1 3TOTO BBIUTEM
u3 (2.22) Beipaxkenue (2.20) u, yuutbiBasi cootHomieHue (1.6),
MOJTYYHM:

2.21)

_di—du _ d(pv)
PTYT ar T odr
Hudbdepenupyst ypaBHEeHUE COCTOSIHUS AJisl 1 Kr ra3a, 0y-

JIEM UMETh:

d(pv) = R dT.
Otcrona cp—cv = R. (2.23)
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Bripaxxenue (2.23) HaswiBaercs ypaguenuem Maiiepa. OHO
MOKA3bIBAET, YTO JJIA JIFDOOTO ra3a pa3HOCTh MEXKY TEIIOEMKO-
CTSIMH TIpU p = const ¥ v = const YUCIIEHHO paBHA BEJIUYUHE Ia30-
BOW MOCTOSIHHOM 3TOr0 rasa.

OTHOILIEHUE TEIUIOEMKOCTEN Cp U ¢y HA3bIBAIOM NOKA3ame-
Jlem aouabamuol 1 0003HAYAIOT OYKBOH K, T.€.

K=" (2.24)

A4

BenuunHa x 3aBUCUT OT HNPUPOJIBI Ta3a U BCerja OOJIbIIE
eauHulbl. [10 M3BECTHBIM 3HAYECHUSIM R W K MOYKHO BBIYHCIIUTH
KaK Cp, TaK U Cy, UCTOJB3Ys CIEAYIOIIUE BbIPAKECHUS:

K 1
Cp — x R nu Cy—= Z R.
2.2.3. 3aBUCHMMOCTDb TEIVIOEMKOCTH OT TeMIIePaTypbl

TeopeTnyeckue MccienOBaHUsI U OIBITHBIE JaHHbIE MOKa-
3BIBAIOT, YTO MPH MOBBIIIICHUU TEMIIEPATYPHI ra3a KojaeoaTeIbHbIC
JNBW)KCHUS aTOMOB B MOJICKYJIE€ CTAHOBSTCA WHTEeHcuBHee. [Ipu
TOM [IJI1 TIOBBIIIEHUS] TEMIEpaTyphbl Ta3a Ha KaXXIbId Tpaayc
HE00X0UMO Bce OOJIbIlIee KOJTUYECTBO PHEPTUU B (hOpMe TEIIo-
Thl. TakuM 00pa3oMm, TEMJIOEMKOCTh rasza IpeJCTaBiIsieT COO0OoM
dbyHKIMIO Temieparypbel. B oOiiem ciiydae 3aBUCUMOCTbH TEILIO-
€MKOCTH Ta3a OT TEMIIEpATypPbl MOXHO MPEJICTABUTh B BHUJE CTeE-
MIEHHOTO psija

c=cotat+BL+yr+..., (2.25)
€ co — 3HaueHue remnoemkocty npu ¢ =0 °C;
o, B, y —uncioBsie KOAHPUIUEHTHI.
3Ha4eHus ¢ o, O, B, ¥ ONPENENAIOTCS SIMIUPUUECKUM MYTEM.

B kadecTBe mpumepa NpuUBEAEM KBAAPaTUYHYIO 3aBUCH-
MOCTb MOJIIPHOW TETUIOEMKOCTH a30Ta OT TEMIEPATYPHL:
cp=29,02+0,00531¢ +0,000000127 ¢ 2, xJIx/(moib: K).
B nmnana3one temrneparyp, UMEIOIMNUX MECTO B COBPEMEH-
HBIX TEIUIOBBIX MAlIMHAX, 3aBUCUMOCTb TEIUNIOEMKOCTH OT TE€MIIE-
paTypsl € TIOCTATOYHOW CTENEHBbED TOYHOCTH MOYKHO CUUTATH JIH-
HEWHOW. JTO 3HAYUT, YTO B YPAaBHEHHH (2.25) MOKHO yYUTHIBATH

TOJILKO J[Ba MIEPBBIX ClIaraeMbIX, T.€.:
c=cotat (2.26)
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TennoeMKoCTb, COOTBETCTBYIOIIYIO JTaHHOW TEMIIEPATYpE,
Ha3bIBAIOT UCMUHHOU. W BBIUHUCISIIOT MO ypaBHEHUIO (2.25) unm
(2.26).

B TemnoTeXHMYECKHUX pacueTax 4acTo BO3HHKAET HEOOXO-
TUMOCTb 3HATh cpedHee 3HAYEHUE TEIUIOEMKOCTH B OIPEIECIICH-
HOM MHTEpBAaJe TEMIEparyp.

CpenHenl TEIIOEMKOCTBIO Ccp JAHHOTO IPOIECCa B MHTEP-
BAJIE TEMIIEPATYP OT 1 A0 f> HA3BIBAKOT OTHOLIEHUE TEILIOTHI MPO-
q 12

11eCCa ¢1-2 K pa3HOCTH TeMIeparyp f — 11, T.C. Cep = L.
27 h

2
[Tocne mMOACTAaHOBKM 3HAYCHUH (12 =L cdt v ¢ u3

(2.26), nomy4yum:

t, +t,

Cep =Co+ oclT (2.27)

B cmpaBoyHOUN JsmMTEeparype NPUBOIATCA TEIIOEMKOCTH
TOJIBKO I OTHAEJBHBIX Ta30B, B TO BPEMsS KaK MPU TEIUIOBBIX
pacyerax MpUXOAUTCS BCTPEUAThCS C ra30BbIMU CMeciaMu. Huxe
IIPUBEICHBI BBIPAXKEHUS JJIS1 BBIYHUCICHUS TEILUIOEMKOCTU CMECHU
ra3oB, €CJIM OHa 3aJlaHa MapUUAATbHBIMU TABJICHUSIMH, MACCOBBIMU
UM 00BEMHBIMU JTOJISIMHU.

2 i Co M L Co D,
Cp cM - L2 ’ CV CcM — Z l ; (2.28)
ﬂC/leCM ﬂCMpCM
o= 2uiCp8in Cven= 2008, (2.29)
r _\" 1, 1 _\" 1

CPCM - Zi:lcpiri . CVCM - l‘:lcviri . (230)

VYpaBHenue Maiiepa jj1s1 cMecu Ta30B OyJIeT UMETh BUJ
Cpem — Cvem =R cme (231)

2.3. Tepmoounamuueckue npoyeccol

2.3.1. IlousiTHE TEPMOAMHAMHUYECKOI'0 MPOLIEcca

Tepmoounamuueckuii npoyecc — 2mo onpeodeieHHas nocie-
008amMenbHOCMb USMEHEHUS. NAPAMEMPO8 COCMOSAHUSL PAO0Ue20
mena cucmemol.

TepmoguHaMU9YecKre MPOIECCHl MOTYT OBITh PAaBHOBECHBI-
MH ¥ HEPAaBHOBECHBIMH, OOpaTHMBIMH M HeoOpaTHMMbIMHU. Ecim
U3MCHEHUE COCTOSIHUS TEPMOJIMHAMUYSCKOW CHCTEMBI ITPOTEKAET
C HapylIICHHEM €€ BHYTPEHHErO PaBHOBECHS, TO HMEET MECTO

39



HEPAaBHOBECHBIN TEPMOJMHAMUYECKUN TIpolecc. PeanbHbie mpo-
LECChI, HAOIIOJaeMble B IIPUPOJIE, B IKCIEPUMEHTE, B MAIIUHAX,
SBJISIIOTCS HEPAaBHOBECHBIMHU, UX ONHCAaHUE METOJaMU TE€PMOIU-
HaMHUKHU HEBO3MOKHO.

C 1enpio 3y4eHUs OCHOBHBIX CBOMCTB CUCTEM MpPU OOMEHE
SHEPrUEH C OKPYXKAIOIIEH CPEIOW HCIIOJIB3YIOT MOJAXO0 HAYYHOU
aOCTpaKUuU, UICATM3UPYIOT PeabHbIE MPOLIECCHI, MPUHUMAsT UX
32 PABHOBECHBIE.

TepMoguHaMU4YecKuil poIiece, MpoTeKaromuil ¢ OECKOHEU-
HO MaJlbIM OTKJIOHEHHEM COCTOSIHHSI CUCTEMBI OT PaBHOBECHOTO,
Ha3bIBACTCS PABHOBECHBIM.

JInss paBHOBECHOM TEPMOAWHAMHUYECKOM CHUCTEMBI CBS3b
MEXIY TEPMOJAMHAMUYECKUMHU MapaMeTpaMHu YCTaHABIUBAECTCS
YpaBHEHUEM COCTOSIHUS HuieanbHOro rasza. CieaoBaTesnbHO, 3TO
ypaBHEHUE CIPABEJIMBO U JJIsI PABHOBECHOTO TEPMOJMHAMUYE-
CKOT'0 MPOIECCa HE TOJIbKO B HAYaJIbHOM U KOHEUHOM COCTOSTHUSIX
CUCTEMBI, HO U B JIIDOOM MPOMEKYTOUHOM €€ COCTOSTHUU.

B o0memM ciayuyae B mpolecce MOTYT HU3MEHSTbCS MPOU3-
BOJIbHO (HE3aBUCHMO) JIBA TEPMOJMHAMUYECKUX IapameTpa W3
Tpex. M3yuyeHue pabOThl TEIUIOBBIX MAIIMH IOKa3bIBA€T, YTO
HanOOJIBIINKM MHTEPEC MJIA MPAKTUKU MPEACTABISIOT KOHKPETHBIC
TEPMOJANHAMUYECKHUE IPOLECCHl, 3 UMEHHO W3MEHEHHUS COCTOS-
HUS, IPOTEKAIOIINE MPU MOCTOSHHBIX JAaBICHUHU, OOBEME, U TEM-
neparype, a Takke 0e3 TermooOMeHa ¢ OKpyKarouien cpeaoit. x
XapakTepHON OCOOCHHOCTBIO ABJISIETCSA TO, YTO BEJIMYMHA TEILIO-
€MKOCTH Ha BCEM MPOTSHKEHUU MPOIIecca OCTACTCS] HEM3MEHHOM.

B TepMoaumHaMKKe MIMPOKO HCHOJIB3YIOTCS TrpaduuecKue
METOABl aHajin3a mporeccoB. [Ipu 3TOM ynoOHEe MCHOJIB30BAThH
HE MPOCTPAHCTBEHHBIE TPEXMEPHBbIE M300paKeHUsl JMHUM, OIHU-
ChIBaeMbIX (QyHKIUEH f(p,v,T), a UX IBYXMEpPHBIE MPOEKIUU Ha
OJIHY M3 TPEX KOOPJMHATHBIX MIockocTer. Kak mpaBuiio, HCHoJib-
3yerca rpaduueckoe M300paxeHWe TEPMOJUHAMHUYECKUX MPO-
LIECCOB B KoopAuHaTax pv u Ts, a B 0COOBIX CiIy4yasx — B KOOPAU-
Hatax 1s; p i; 1d u ap.

B pv u Ts — xoopaunarax Ha puc.2.3 u 2.4 noka3aH Mpou3-
BOJIBHBIM TEPMOJIMHAMUYECKUM MPOLIECC U3MEHEHUS MapaMeTpOB
oT coctossHusA 1 o cocrostHus 2. Ha puc. 2.3 miomanb, orpaHu-
YeHHasi KpUBOM mporiecca 1-2, ocbto abCIUCC U KpaHUMU OPJIH-
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HAaTaMu @ ¥ b YUCIIEHHO paBHA pabOTe pacIIMpeHUs, a IIOIIaIb,
OTPAaHWYCHHAsA KPUBOW IPOLECCA, OChIO OPAVMHAT U KPANHUMU
abcuuccamu ¢ u d, — Texuuueckor padore. B Ts - koopauHaTax
IJI0IA/b, OTPAaHWYEHHAs KpUBOH mporecca 1-2, ocklo adcuuce u
KpallHUMH OpJIMHATAMU a U b, BBIPAXXaeTCsl HHTErPaJOM:

2
Fai2-6 :L Tds

2
[Tockonbky dg = Tds wnm q = f] Tds, 10 Fa1.2-6 YACICHHO

paBHa MOJIBEICHHOMN TEIUIOTE B Mpoliecce.
Tak kak yka3aHHbIE TUIOIIAIX 3aBUCAT OT XapakTepa Mpo-
1[ecca, To TeIoTa U paboTa ABJISIOTCS €r0 QYHKIUSIMU.
HezaBucumo oT 0cOOCHHOCTEH MpOIECC UX aHAM3a MPOBO-
JIUTCS B OTIPEJICIICHHON MOCTIEI0BATEILHOCTH, 3aKITFOYAIOIICICS B
CJIETyIOUIEM:

Puc 2.3 Puc. 2.4
— YCTAHABJIMBACTCS XapaKTCp IpoIlecca, Ha3HAYACTCs IIO-

CTOSIHHBIN mapameTp;

— C HCIOJIb30BAaHMEM IMEPBOTO 3aKOHA TEPMOJMHAMHUKHA U
KOHKPETHBIX OCOOEHHOCTEN MPOLECCA BBIBOJUTCA €TI0 YPABHEHUE;

— W3 ypaBHEHHMS Tpoliecca U YpaBHEHUS COCTOSHUSA MOJY-
Yal0T COOTHOILLIEHUS MEXAY TEPMOAUHAMUYECKUMHU MMapaMeTpaMu

— YKa3bIBa€TCs CIOCO0 MOCTpoeHus rpa)ukoB B KOOpAHHA-
Tax pv u Ts;

— OIpeaensieTcs U3MEHEHUE BHYTPEHHEH 3HEPruu, YHTalb-
MU U SHTPOINHUU paboyero Tena;

— 3aMKUCHIBAIOTCS BBIPAKEHUS IS paOOThI pacIupeHHUs; pa-
OOTBHI TEXHUYECKOU U TEIJIOTHI MPOIIECCa; — YCTAHABIMUBAETCS KO-
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JUYECTBEHHOE COOTHOIICHHE MEXAYy TEIIOTOW, H3MEHCHHEM
BHYTpPEHHEHN SHEPruu U paboToil B mpolecce.

Hcnonb3yss yKazaHHYIO IIOCJEI0BATEIHbHOCTh, IPOBEIAEM
aHalin3 00O0OIIEHHOr0 JJISI BCEX BO3MOXKHBIX TEPMOJMHAMHUYE-
CKHX IPOILIECCOB — NOJIUMPONHOZO.

HosmTponHbIi npouece

OnpeneseHnue nporecca

Tepmoounamuueckuii npoyecc, NpomexkaOwjuti nNpu Heus-
MEHHOU Meni0EMKOCMU, HA3bl8AemCs NOAUMPONHBIM.

Ha3zBaHune “noauTpOnHbIN TPOUCXOIUT OT TPEYECKUX CIIOB
“ronm” — MHOTO M “TpOIoc” — HampasJIeHUE, IyThb. B mmoauTpor-
HOM MpoIiecce B OOIIEM CIy4ae MOTYT U3MEHSTHCS BCE TEPMOIU-
HAMUYECKHUE U KaJOPUYECKUE MapaMeTPbl KPOME TEIIOEMKOCTH,
KOTOPYIO0 0003HAYAIOT Yepe3 Cy -

BriBoa ypaBHEHUs Opoliecca.

JIns BBIBOJIa YPABHEHUS HMCIOJb3YEM BBIPAXKEHUE MEPBOTO
3aKOHA TEPMOJAWHAMUKH, 3aMUCAHHOE YEPE3 PHTAIBIIUIO U BHYT-
PEHHIOIO SHEPTHUIO:

dg=di-vdp w dq=du+ pdv.

BripazuB 4epe3 TEMIOEMKOCTH 3alMCAHHBIE BBIPAXKECHUA,

MTOJTYYUM:

cxdl =c,dT—vdp u cxdT = c,dT + pdv.
Otcrona

(cx—cp)dT =-vdp u (cx—cy)dT =p dv.
Paznenum nouneHHO IEpBOE YpaBHEHHUE Ha BTOPOE:

¢, —¢, B Vdp
c.—c, - pdv’
JleBy10 4acTh paBeHCTBa 0003HAYUM Uepe3 7 , T.€.
Sy (2.32)
c.—¢

« 6
[IpoBenst pa3aeneHne NePEMEHHBIX, MOTYUUM:
dv _ dp
v D
[Tocne uHTErpUPOBAHUS TOTO COOTHOIIICHHS B TIpeieiax oT
Hayajga 0 KOHIla Mpoliecca W aHTwiorapupmupoBanus, Oyaem
UMETD: pivi" =pav".
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Otcroza cienyer, 4To
p v" = const. (2.33)
Boipaxenue (2.33) Ha3bIBaCTCS ypagHeHuem noaumponHo2o
npoyecca. OHO YCTAaHABJIMBAECT CBS3b MEXKIY IapamMeTpamu Co-
CTOSIHMSL B IIPOLIECCE C TEIJIOEMKOCTBIO ¢ = const. Ilokazarens
CTEIICHU 7 B YPaBHEHUU HA3BIBAIOT HOKA3amenem HNOJIUMPONDL.
OH npuHHUMAET IS KaXJO0TO Cx KOHKPETHOE YKMCIOBOE 3HAUYCHUE
U, KaK U300pa)K€HO Ha pUC.2.5, MOXKET MEHATHCS OT - 00 JI0 +00.
34eCh 3aBUCUMOCTDH TEIUIOEMKOCTH IMOJUTPOMHOTO IPOLECCa OT
nokasarelsis # nojaydeHa us3 (2.32) B Buje

n—K

(2.34)

n (- ) 0

Cx
(- o)

Puc.2.5
COOTHOIIIEHUE MEXKIY TEPMOIUHAMHUYECKUMHU IIapaMeTpaMu

Ucnonb3ys ypaBHeHus (2.3) u (2.33), moay4uM ClIeayroIme

COOTHOIIICHUAAA .
p v ' V) 4] .
2oL 5 —==l=1"; 2.35
V2 vaj Y [pzj ( )
n n-1
P T, el 7, _(sz 8
Bz y 2o 220 2.36
by (TIJ T P ( )
5 _(w)" v (1)
71—[‘}2} 51 " [TJ . (2.37)

VYpaBuenus (2.35) — (2.37) nipu 3ajaHHOM TTOKa3aTele Io-
JUTPOTBI # ¥ U3BECTHOM OJTHOM M3 COCTOSIHHUU MpOIlecca MO3BO-
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JSIOT OMPEACNIUTh JI000e APYroe COCTOSIHUE, €CIM B HEM H3Be-
CTEH XOTs ObI OJIMH U3 apaMeTPOB.

[Ipu aHanm3e MPOLECCOB YacTO BO3HUKAIOT 3aJayd Ompeesie-
HUS TTOKA3aTelis MOJIUTPOIIBI IO TTapaMeTpaM JIByX U3BECTHBIX CO-
CTOSTHUM. BbIpakeHue 1Sl BBIUUCICHUS #  TMOJYyYUM U3 YpaBHeE-
Hus (2.33) B BUJE:

m2 wmP D
D> T,
n= —£2= FY A (2.38)
In -2 mf2 p 2
v, P21y Vi

['paduueckoe n3o0pakeHue mpoiecca
['paduueckoe m300pakeHUE MOJUTPOMHOTO TIpollecca B
KOOpAWHATax pv WK TS Ha3bIBACTCSA NOAUMPONOU,
ITocTtpoeHnue KpuBOM Mpoliecca B KOOpAUHATAX pV IMPOBO-
JIATCS C UCTOJIb30BAHUEM YPABHEHHUS (%33), 3alMCAaHHOIO B BUJIE:
pi=pV iy (2.39)

i

r€ p; U Vv, — TEeKyIIUe 3HAaUCHUS JIaBJICHUS U YJEIbHOTO 00beMa;
p1 M Vi— HCXOJHbIC 3HAYEHUS YKA3aHHBIX TapaMETPOB.
Jna mocTpoeHus mporecca B KoopauHartax Ts, puc. 2.7,
UCIIOJB3YIOT YPaBHEHHE BTOPOTO 3aKOHA TEPMOJUHAMUKH, TaK
_@_deT_c n-—xdl
T T "n-1T°
HNHuTerpupys JaHHOE BhIpaXEHUE B IIpeenax ot 1 10 1, moIydyum
-k, Tt
o In T (2.40)
CrpaBeIJIMBBI U CIIEAYIOIIUE BHIPAKECHUS:
si=s1tec,InTi/T1—RInpi/pr n si=s1 +cInTi/T/+RInvi/v
Pabota nporiecca
Hcnonb3ysi ypaBHEHHE MOJUTPOIIBI, BbIpasuM pabOTy pac-
mupenus (1.9) depe3 HauvanbHbIE U KOHEUYHBIE MapaMeTphl MpO-
necca

ds

§i= 81T Cy

2 2 n 2
v A [ av
lpac]_]_[: .[pdv:J‘pl_ndv:plvl J‘_
1 1 v 1
[Tocne uHTErprUpPOBAHUS U HEKOTOPBIX MPeoOpa3oBaHUi MO-

JTYYUM:
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hpacu=— 1, 1_[%?J” | (2.41)

[IpoBoas Te Ke onepanyu, 4TO U IPHU BBIBOAE /pucu, TIOTYIUM
ypaBHEHHUE JJIsl TEXHUYECKON pabOThI B BUJIE

[ n T
— = -2
Dnex = - !vdp 1RTI(I : j

NN

n—1

__n (p2)
lmex_ an 1 (plj . (242)

CpaBHuBas Bbipaxkenus (2.52) u (2.53), BUAUM, 4TO TEXHHU-
yeckas paboTa B n pa3 0osblie paboOThl pacIupeHus, T.€.

Imex = 1 lpacm-

Temiora npoiiecca

TenmoTy MOJMUTPOITHOTO MPOLIECCA BBIPAXKAKOT YEPE3 TEILIO-
€MKOCTb, JIMOO HCIOJB3YIOT JJIsl 3TOTO BBIpAXEHUE MEPBOTO 3a-
KOHA TEPMOJIMHAMHUKH:

q=cn(T2=T) = CV%(Tz -T,),

R
q =Au + lpacw = Cy (TZ_TI) - H(TZ _Tl)a

q:Ai-l-Zmex:Cp(Tg—T])— e R(TZ—T]).

n—1

COOTHOIIIEHHE MEXTY TEIIOTOM, pa0OTON ¥ BHYTPEHHEN DYHEPTHUEN
g OLEeHKM IOJU TEIUIOThI, 3aTPAYEHHOM HA W3MEHECHUE
BHYTPEHHEW DHHEPIUU, B TEPMOJMHAMUKE IIPU MCCIEAOBAHUU

MKJIOB BBOJAT KOA(QPUIHUEHT o, KOTOPbIM 0003HAYAIOT OTHOIIE-
HUE

_& (2 43)
a q . .

oo Temna, pacXoAyeMyl0 Ha COBEpIIEHHE padOThI pac-
HIMpeHusi, 0003HAYAIOT Yepe3 ¢, Tornaa

lacm
&= pq wm &=1—«. (2.44)
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BripazuB nuamMeHeHMe BHYTPEHHEN SHEPTUM U TEIUIOTY Yepe3
TEIUIOEMKOCTH, MOJIYYHM:

Au c AT n-—1 _
=— = 151 le—azl X
n—

a:

g ¢ AT n—«x (2.45)

Takum o0pa3oM, pacrpejielieHue TeIUIOThl MEXAY BHYT-
pPEHHE# 2Hepruei u paboTol B MPOIECCe MOKHO OICHUTH IO M3-
BECTHOMY IMOKA3aTEIO MOJIUTPOIIHL.

2.3.2. M3onmapamMeTpuyecKue Npouecchl

B 1mukiiax TEmioBBIX JBUTATEIEH U TETUIOBBIX MAIIUH UCIOJIb3Y-
IOTCSl TaK HAa3bIBAEMBIE U30Napamempuyeckue TPOLECChl: H30-
OapHbIi, N30XOPHBIN, H30TEPMUUECKUN U aANa0aTHBIN.

Tepmoounamuyeckuii npoyecc, NpomeKarwuiL. npu nocmo-
SAHHOM 0a8JeHUl, Ha3vl8arom U300apHLIM.

H30x0pHbIM UMEHYIOM MEePMOOUHAMUYECKUU NPOoYyecc OCy-
wiecmensemvlil Npu Heu3MeHHOM obveMme.

H3omepmuyeckutl — 5mo maxkou mepmooOuHaAMUYecKuil npo-
yecc, 8 KOmopom memnepamypa noCmMosIHHA.

Aouabamubim  Ha3zvLI8AOM MEPMOOUHAMUUECKUL Npoyecc,
npomexarwuil 6e3 menjioooMeHa ¢ OKpyicaouiel cpeooll.

Pe3ynbTaThl aHanm3za H30MAPAMETPUYECKUX MPOLECCOB
npejacTaBieHbl B Ta0. 2.1.

B 3aBHCUMOCTH OT AHEProoOMeHa CUCTEMBI C OKPYKaIOIIEH
CpPeAOoU MOJUTPONHBIE TPOLIECCHI PACHIMPEHUS] MOXKHO Pa30UTh HA
TPHU XapaKTEPHBIC TPYIIIIHIL:

I rpyniia — ¢ mokazatesem mpoiecca n ot - o0 1o 1;

II rpynma — ¢ mokazarenem mponecca n ot 1 10 K;

III rpynma — ¢ mokasaresnem mpoiuecca n oT K 10 + o0.
Pacnpenenenue npoueccos 1o rpynmnam B pv U Ts — KoopAnHATax
MOKa3aHo Ha puc.2.6 m puc.2.7 coorBeTrcTBeHHO. [Iponeccsl, Je-
YKaIlEe BBIIIE U30TEPMBI, MPOTEKAIOT C YBEIUUECHUEM BHYTPEHHEHN
SHEPruM, HWXKE — ¢ ee ymeHblneHueM. K mporeccam, pacmolio-
YKEHHBIM HaJl aina0aTou, TEII0Ta NOABOAUTCA, O aanadaToi —
otBoauTcA. IIporiecchl pacuiupeHus jexaT cipaBa OT H30XOpHI,
cKaTus — CJeBa.
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n=

I epynna

n=1
Il epynna

n=k

Puc. 2.6
n=k
n=
n= -0
I epynna

Il epynna

Puc. 2.7
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114

Tabnuya 2.1
H3onapamMeTpruuecKue MpoIecChl

Honumponnutii H3zobapHulii H3zoxopnutii Hzomepmuueckuii Aouabammnuti
cx = const Cx=Cp Cx=Cy cx= t oo ex=0
pv" = const p = const v = const py = const pv™ = const
n—k T T T _ P1 =
As=c,— In-2 As =cpln =2 As = ¢yIn =2 As=RIn— As=0

n-1 Tq T4 T4 D2

n="% n=0 n=+o n=1 n=K
Cx— Cyp

p p T
1 2 p ’ 2T 2 P 1 T 2 p 1 T 1 5 1 1
2 2 °2 | 2 <
> > > > > > > v S
S Vv S Y S \' S
-1 v k—1
&=(2)".ﬂ=<&)"7 non BTy h_% () T ()
p2_ \vy/ ‘T, P2/ V2 2 P2 2 z ! . p2_\vy) 'T, P2/
Y (p_z)T Ip=p(vz-vi)= L=pW2—vi)= I, = RT,InPt = RT,In 2 L (p_z)T
P P1 R(T: - T; R (T -T)) P2 vy {J—— 1
RT, . I = RTlln& = RTlln? - o
lT—nE[l—(a) ] lT=0 lp=0 D2 1 lT—nE 1—(;) ]
g=com—Ty-Ty | 1=6T-TD=b-i | q=c[1-T)=u -, q = T1(sz—51) ds=0; dg=0
n—1

a=21, o =X a=21; =21 a=1; ¢=0 a=0; ¢=1 Au+1,=0
n—kK n—kK K




Bonpocs! 1151 caMOKOHTPOJISA

1. 3anumuTe W MOSCHUTE YPABHEHUE COCTOSHUS HJICAJBbHOTO rasa
JUISL IPOU3BOJIBHOM MACCHI.

2. Packpoiite 0COOEHHOCTH Ta30BbIX CMECEH U MOSICHUTE, KaK MOKHO
BBIYHCIIUTH MOJISIPHYO MacCy CMECH ra3oB.

3. Jlaiite ompenereHUEe TEIJIOEMKOCTH U TOSICHUTE OCOOEHHOCTHU
TEIJIOEMKOCTH Ta30B.

4. O0BsicHUTE OCOOEHHOCTHU TETUIOEMKOCTEH €y, U Cp .

5. Honyunute ypaBHEHUs AJ1 MOCTPOCHUS MOJUTPOILI B pv U 15 —
KOOpJIMHATAX.

6. [TokaxkuTe, KaK OMpeeseTcs MoKa3aTelb MOJIUTPOIBI MO U3BECT-
HBIM TEPMOJAMHAMUYECKUM MTapaMeTpaMm Ipoliecca B ABYX TOUKaX.

7. N300pa3ute B 7s — KOOpAMHATAX M30MapaMeTPUUECKUE MPOIEC-
CBI.

8. 300pa3ute B pv — KOOpAMHATAX U30MAPAMETPUUYECKHUE MPOLIECCHI.

9. IlosicHuTe 0COOEHHOCTH pacHpeeleHUs] SHEPTHH B XapaKTEPHBIX
rpymnmax TepMOAMHAMUYECKUX MPOLECCOB.
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I'nasa 3. Tepmoounamuka osuxcyuyezocs 2aza
3.1. ¥Ypaeuenus u napamempor nomoxa 2aza

B paccMOTpeHHBIX BBIIIE MPOLECCAX HE YUYUTHIBAIACH KH-
HeTUYecKas sHeprus pabouero tena. OIHAKO B TEIUIOTEXHHUKE
IIMPOKO PAaCOPOCTPAHEHBI SHEPrE€TUUYECKUE YCTAHOBKH, B KOTO-
pPBIX MpeoOpa3oBaHUE IHEPTUM OCYIIECTBISETCS B JIBHXKYILIEMCS
raze. Takue mporecchl MPOUCXOASAT B TypOMHAX, PEaKTUBHBIX
JIBUTATEIIAX, JIOMMATOYHBIX U CTPYHUHBIX KOMIIpECCOpax M T.IL

PaccmoTpuM ypaBHEHHSI TEPMOAMHAMUKU IJIs1 CTAILMOHAP-
HOTI'0 OZJTHOMEPHOTO MOTOKA UICATBHOTO ra3a.

JIns ra3oBOro MOTOKa B JIIOOOM CEYEHUU CIPABEIUBO
YPABHEHHE COCTOSAHUSA, 3aIIMCAHHOE Yepe3 IIIOTHOCTD:

p = pRT, 3.1)
rJ€ p — IaBJICHUE B pACCMATPUBAEMOM CECUCHUU;

p — IUNIOTHOCTH ra3a B 3TOM CEUCHUH;

R — ra3oBas 1mocrosiHHasi;

T-TepMoaHAMHUYECKasl TeMIepaTypa (Temieparypa, KoTo-
PYIO TTOKKET B JAaHHOM CE€UYEHUU OE3BIHEPIIMOHHBIA TEPMOMETP,
NEepEMEIIAIOINICS CO CKOPOCThIO Fa30BOTO MOTOKA).

B tepmoanHaMuike BEIMYMHY CKOPOCTH MOTOKA ra3a 000-
3HAYalT C U U3MEPSIOT B M/c. HacTo ¢ 1eJIbI0 KOJTMYECTBEHHOMN
OIIEHKH BEJWYHUHBI CKOPOCTH IOTOKA €€ CPaBHUBAIOT CO CKOPO-
CTBIO pacIpOCTpaHEHHUs ciabbIX BO3MYLIEHHUN B cpeje ra3a. [lpu
BBIBEJICHUU T'a3a U3 PABHOBECUSI B KaKOM-JIUOO MECTE€ B HEM BO3-
HUKAET JBWKCHUE YACTHUI. OJTH BO3MYIIECHUS TEPENaroTCs IO
BceMy Ta3y (MOJBM>KHOMY M HEMOJIBUKHOMY) C TaK HA3bIBAEMOU
ckopocmuio 368yka. CKOPOCTh 3ByKa 0003HAYAETCS d, U3MEPSAETCS
B M/C U BBIYUCIISIETCS MO U3BECTHOM U3 Pu3uku hopmyiie:

a=~kRT . (3.2)
Ecnu ¢ < T0O MOTOK O3BYKOBOM, IIPHU C > AL — CBEPX3BYKOBOM.

3.1.1. YpaBHeHue JHepruu
B aBmwxymemcs raze (Puc. 3.1) Beigenum ceuenusiMu 1-1 u
2-2 y4acTOK MOTOKA.
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|
—> —
wl >
|
Puc. 3.1

Ha ocHoBaHMM TMEpBOTrO 3aKOHA TEPMOJUHAMUKU IS
HHEPrOM30JMPOBAHHOIO MOTOKA (JJaHHAsI cUCTEMa HE OOMEHUBA-
€TCsl TETUIOTON M PabOTON C OKPYXKAIOIIEH Cpeaoii) MOKEM 3aIlu-
catb E; = E,. Orcrona nns m = 1kr raza ypaBHenue (1.7) B ceue-

HHUAX IIOTOKA 6YI[€T HUMCETDb BU/T:

2 2
.o,
[ +— = I, +—=

2 2

910 03Ha4acT, 4TO AJIA JF000T0 CeueHMs ITOTOKA Ta3a CyMMa

SHTAJILIIMU U KUHETUYECKOU OHCPIUun OJMHAKOBA, T.C.

2
C

| +— = const
i 5 const (3.3)

Bripaxxenue (3.3) Ha3bIBAIOT VpasHeHuem 3IHep2uu TOTO-
Ka ra3a. M3 Hero cineayeT, 4To U3MEHUTh CKOPOCTh I'a3a B MOTOKE
MO>KHO JIMIIH TOJIBKO 33 CUET U3MEHEHUS SHTAJIBITHH.

VYpaBHeHHE HHEPrUu MOKHO 3alucaTh B JPYroM BHJIE.
[Iponuddepenunpyem Boipaxkenue (3.3) u nonyuum: cdc = - di.
W3 nepBoro 3akoHa TePMOJIMHAMUKH, 3alTUCAHHOTO B BUJIE
dq =di-vdp, npu dq =0 caexyer, uto di=vdp. Torna

cdc=-vdp. (3.4)

DTO ypaBHEHUE YCTAaHABIMBAET CBS3b CKOPOCTU C JABJICHU-

em. U3 Hero crepyer, uTto ana yBenuueHust ckopoctu (dc > 0)
HeoOxoaumo cHuxkenne aasieHus (dp < 0) 1 HaoOOpoT.

3.1.2. IlapameTpbl TOPMOKEHUS

Ecnn Ha myTH OBMXKYyIIErocs ra3a MmoCTaBUTh MPETPAAy, TO
B CEUECHHUH, I'JIe TTOTOK MOJHOCThIO 3aTopmo3utcs (¢ = 0), mapa-
METpHI Tra3a Ha3bIBAIOT napamempamu mopmodicenus. Ix o6o3Ha-
qarot pg, 1o, po. JJist 3aMKHYTOro 00beMa ¢ HEMOIBUKHBIM Ia3oM,
IapaMeTpshl ra3za COOTBETCTBYIOT ITapaMeTpaM TOPMOKEHHUS.

OnpenenuM napaMeTpbl TOPMOKEHHS JBHKYIIETOCS rasa.
s 3TOro 3anuieM ypaBHEHUE SHEPIUU IS ABYX CEUCHUI: B
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OJHOM ra3 ABHXKCTCS CO CKOPOCTBIO €, a B APYIroM — IOTOK 3a-

TOPMOKEH:

2
C

i+7:io.

BripazuM sHTAIBIINIO ra3a 4yepe3 TEIUIOEMKOCTh M TeMIIe-
patypy-

2

C
CpT + 3 = CpT(') .
N3 5TOr0 BBIpaKEHUS ONPEACIUM TEMIIEpaTypy TOPMOXKE-
HUSL:
C2
I, =T 1+
2cpT ’
K
Tak kak ¢, :—K—lR u a=~kRT  to:

k—1¢c
TO - T 1 + —2

a

rae a — "MecTHas" CKOpOCTh 3BYKa (B CEYEHHUU C TEMIIEpaTypou
T).

C
OtHomieHne — 0003HAYAIOT 4Yepe3 M, u UMEHYIOT YUCIOM
a

Maxa.
B okxonuatensHOM BuUZe (hopMysia TEMIIEpaTypbl TOPMOIKE-
HUS UMEET BUI:
k-1

T0=T(1+—M§j. (3.5)

K

Hcnonb3yst aanabaTHYIO CBSI3b MEXKAY TEMIEpaTypoud u
JABIICHUEM, MTOTYy4YUM (HOPMYITY ISl TaBJICHUSI TOPMOKECHUS:

k=151
Py =p(l+7M§j . (3.6)

3.1.3. YpaBHeHHE CKOPOCTH JABHKEHUS ra3a

YpaBHEHHE CKOPOCTHU JIBHKEHUS Ta3a B IPOU3BOJIBHOM Ce-
YEHHUU MOTOKA MOJYYUM U3 YpaBHEHUs dHepruu. IlycTe ra3 BbiTe-
KAaeT U3 €MKOCTH, TJ€ €ro CKOpOCTh OblIa paBHa Hyqw. Tornaa
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YPAaBHCHHUC SHCPIrUun JIA IMMPOU3BOJIBHOI'O CCUCHUA ITOTOKA ra3a U

11 ceuenus, rae ¢ = 0, OyaeT UMeTh BH:

2
C

Otcrona

Ecnu oTHOmIEHWE TeMmeparyp 3aMEHUTh OTHOUICHUEM
JIaBJICHUU, TO

2K K
——RT,|1—-| £ . (3.7)

€7y x—1 Po

N3 BeIpaxenus (3.7) cienyer, 4To BEIMYMHA CKOPOCTH rasza
B paccMaTpUMBAEMOM CEUECHHUHU MOTOKA 3aBUCUT OT IMPUPObI rasa,
OT MapaMeTpPOB B €ro UCXOJHOM (3aTOPMOXKEHHOM) COCTOSIHUU U
OT JIaBJIEHUS ra3a B pacCMaTPUBAEMOM CEUCHUHU.

3.1.4. YpaBHeHue pacxojaa

TepMonrHaMuKa ra30BOro MOTOKAa B OCHOBHOM paccMar-
pUBAET cmayuoHapHoe IBUKECHUE ra3a. ITO O3HAYAET, YTO YEPE3
BCE CEUCHHUS KaHajia B J000H MOMEHT BPEMEHHM MPOTEKAET OJHO
U TO K€ MAacCOBOE€ KOJW4YecTBO raza. O0o03HaUaeTcsi CEKyHIHBIN
MAaCCOBBIN pacxof i, KOTOPbIM U3MEPSIETCS B KI/C. YpaBHEHUE
IJIS. BBIYMCJIEHUSI CEKYHJIHOTO MAaCCOBOTO PAacxXojia BBIBOJIUTCS B

mucruminae “I'azosas nuHamuka”. OHO UMEET BU:
m = cFp (3.8)
Bripa3suMm CeKyHAHBIM MAacCOBBIM pacxol 4epe3 mapameTrphl
3aTOPMOKEHHOTO Ta30BOTO MOTOKA, JJIS 4ero B BbIpakeHue (3.8)
BMECTO ¢ TOJICTaBUM €ro 3HadeHue (3.7), a IIOTHOCTh MpeAcTa-

BHUM B BHUJEC
1

Py | P «
P=——"1—"1.
RTO{poj

Torma

JRT, |[x-1 ») \p (3:9)



3.2. Teuenue caza 6 kananiax

Kananbl, B KOTOpBIX Ta30BbI IMOTOK YBEJIMYUBAET CBOKO
CKOpPOCTb, Ha3bIBAKOTCA conaamu. KaHalbl, CKOPOCTh B KOTOPBIX
YMEHBIIIAETCS, UMEHYIOT Juggyzopamu. I'eomerpruyeckas popma
comesl MOXKET ObITh Pa3IMYHOM. ITO 3aBUCHUT OT TOI'0, KaKOBO
BHEIIHEE BO3JCHCTBUAE HA TA30BbIN MOTOK.

B 1948 r. mpodeccop A.A. Bynuc nonyuuna 3aBUCUMOCTb,
BBIPAXKAIOIIYIO CBSI3b TEOMETPUU COIIA C XaPAKTEPOM BHEIIHETO
BO3JCHCTBUSL HAa MOTOK. J[JIsi HEIHEPTrOU30JIMPOBAHHOIO JIBUKE-
HUS ra3a 3aBUCUMOCTb Bynuca umeeT BU:

dec dF dm k-1 1

(Mf—l)c = dg——dl,,.. (3.10)

31ech MepBOE ClIaraeMoe MpaBOM YaCTU YpPaBHEHHS BbIpa-

KaeT TeOMETpUYecKoe 8030elicmaue Ha ABWKYIIUNICS ra3, BTOpOe

— Maccosoe, TPETbE — MeNni080e U YETBEPTOEC — MeXaHUyecKoe.

VpaBuenue (4.10) sBasercs MaTeMaTHUYECKUM BBIpaKCHUEM

NpuHLOKNA OOpalleHHs] BO3JCUCTBUS, CYTh KOTOPOTO COCTOMT B

TOM, YTO XapakTep BIUSHUS KaXJOTO BO3JCHCTBHUS HA ra30BBIN

MOTOK MPOTUBOIIOJIOKEH MPU CBEPX3BYKOBBIX U JI03BYKOBBIX Te-
YEHUSIX rasa.

[IpoaHanu3upyeM JUIb FEeOMETPUUECKOE Bo3JelcTBUE. B
3TOM citydae u3 ypaBHenus (3.10) cnenyer:

(az,? —1)%:%, (3.11)

[Tpu mo3BykoBOM TeueHuu raza (M, < 1) 3HaAKH y BETUIUH
dc/c u dF/F npoTuBOMNOJIOKHBI. ITO 3HAYUT, YTO B CYKAIOIIEMCS
kanane, rne dF < 0, raz Oyzaer pasronstecs, T.e. dc > 0, a B pac-
mupstoriemcs, rae dF > 0, — topmosuthes, 1.€. de< 0.

[Ipu cBepx3BykoBOM noToke raza (M >1) 3Haku y BenuuuH dc/c u
dF/F onunakoBbie. CienoBaTeNbHO, ISl YBEIUYEHUS] CKOPOCTH
HEO0OXO UM PaCIIUPSIONNNA KaHal, a JII1 TOPMOKCHHS - CY)Karo-
HIACS.

Taxkum oOpa3om, sl pa3roHa ra3oBOro MOTOKA JO CBEPX3BYKO-
BOM CKOPOCTH KaHAJI JOJKEH OBITh Cy)Karolle-pacIIupsIFOIIAMCS
Y UIMETH BU/I, PEICTABJIECHHBIN HA puC. 3.2.
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Puc. 3.2
BnepBrie kaHanm Takol (opMbl MPEIJIOKUI IBEIACKUN WH-
keHep JlaBanb, B €ro 4eCTb TaKM€ KaHaJbl UMEHYIOT CONJIAMU
Jlasans.

HpI/I ABHIKCHHUHN PCAJIbBHOI'O Ira3da B KaHaJIC ¢ MCCTHBIMH CO-
IMPOTUBJIICHUAMU BO3HUKAKOT CHGHH(l)I/I‘-ICCKI/IC HU3MCHCHUA €TI0 IIa-
PaMCTPOB. 3TO SABJICHUC HOI[pO6HO pacCMOTPCHO B I'JIaBC 7.

Bomnpocs! 1J11 cCaMOKOHTPOJISE

1. IlpoaHanu3upyiiTe ypaBHEHHUS SHEPIMM B TEIUIOBOM M MEXaHU4E-
CKOM (hopmax.

2. IlosicHuTe, Kakue mapaMeTpbl HA3BIBAKOTCS IapaMeTpamMu TOPMO-
YKEHHSL.

3. Kakne mapaMeTpbl CUMTAIOTCS KPUTUYECKHMMH M KaK OHU BBIYHC-
asrotes’?

4. BeiBenuTe M NMPOAHAIN3UPYUTE YPABHEHUE CKOPOCTH JBHIKECHHUS
raza B KaHaJle IEpEMEHHOTO CEYEHUs.

5. O0bsicHUTE, YTO MOHUMAETCS MMOJ CKOPOCTHIO 3ByKa M KaK OHa
BBIYUCIISAETCS.

6. 3anumuTe M NPOAHAIU3UPYWUTE YpPaBHEHHME MACCOBOIO Pacxoa
rasa 4yepes KaHal.
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Pazneu I1I. OcHOBBI TEOpPUH TENMJI000MEHA

OmHUM W3 caMBIX PacHpPOCTPaHEHHBIX SBJICHHH IIPUPOJIBI
SBJISIETCS CAMOIIPOM3BOJIBHBINA MPOIIECC MEPEHOCA TEIUIOTHI B TIPO-
ctpadcTBe. Ilox “mpomeccoM mepeHoca TEmIoThl. 31eCh U B
NajJbHEHIIIeM MOHHUMAEeTCs Mpolecc oOMeHa sHeprueil B dopme
TEIUIOTHI MEXKTy DJIEMEHTaMU CUCTEMBI UJIU CHCTEMaMH.

Vuenue o npoyeccax nepenoca menna 8 npocmpaHcmee
HA3bl8A0M meopueti menioooMeHa.

I'nasa 4. Tennonpoeoonocmew
4.1. Tepmunonoeuss meniooomena

Tennoobmen— 3mo camonpou3BoibHblll HeoOPaAmuMblll NPo-
yecc nepeHoca menjiomol 8 NPOCMPAHCMBE C HEOOHOPOOHLIM NO-
JleM memnepamypeol.

Temnepamyphuvim nozem HaA36l8aOM COB0OKYNHOCMb 3HAYE-
HUU memnepamypuvl 80 8CexX MOUKAX PACCMAMPUBAEM0O20 Npo-
CMPAHCMBA 8 HEKOMOPBIU PUKCUPOBAHHBLL MOMEHN BDEMEHU.

N3 omnpeneneHus TeMnepaTypHOTrO MOJISI CIEAYET, YTO B
oOIeM ciiydyae OHO MMEET MPOCTPAHCTBEHHO — BPEMEHHOM Xa-
paKTep, 3HAUCHUS TEMIEpPaTyp B KOTOPOM 3a1at0Tcsl QYHKIIUECH:

T=f(x,yz71), 4.1)
1€ X,Y,Z — IPOCTPAHCTBEHHBIE KOOPANUHATHI;
T — BpewMsl.

Ecnu B 3a1aHHBII MOMEHT BPEMEHH B TOUYKaxX pacCMaTpHUBa-
€MOTI'0 MPOCTPAHCTBA TEMIIEPATypPa UMEET HEOAUHAKOBBIC 3HAYE-
HUS, TO TaKOE T0JIE TEMIIEPATYP HA3BIBAIOT HEOOHOPOOHIM.

[lo yucny KoopAMHAT, OT KOTOPBIX 3aBHUCHT TEMIIEpATypa,
pa3IM4aroT Tpex-, AByX- U OTHOMEPHOE TEMIIEPATYPHBIE TOJIS.

Ecnu temmeparypHoe mosie MMEEeT HEU3MEHHBIE 3HAYCHUS
TEMIIEPATyp BO BPEMEHH, TO OHO HA3bIBACTCS CIMAYUOHAPHBIM.

B paccmarpuBaeMbiii MOMEHT BPEMEHU B IIPOCTPAHCTBE
TEMJI000MEHA HMEIOTCA TOYKHM C OJMHAKOBOM TeMMepaTypoil.
['eoMeTprUuecKOoe MECTO 3TUX TOYEK 00pa3yeT MOBEPXHOCTh, KO-
TOPYIO0 Ha3bIBAKOT U30mepMudeckou TOBEPXHOCTHIO. llepeceue-
HUE M30TEPMUYECKHUX IMOBEPXHOCTEN IJIIOCKOCTBIO JAET HAa 3TOU
IJIOCKOCTU CEMEMCTBO U30TEPMUYECKUX JIMHUW — uzomepm. Tak
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KaK B OJTHOM W TOM K€ TOYKE HE MOXKET OBITh JBYX Pa3IUUHBIX
TeMIepaTyp, TO U30TEPMHUYECKUE MOBEPXHOCTA M U30TEPMBI HE
nepecekaroTca. Ha puc. 4.1 mokazaHbl U30TEPMBI, TPOBEICHHBIC
4yepe3 TOYKH, TEMIIEPATyPhl KOTOPBIX OTiM4aroTcs Ha A T. Brosb
U30TEPMBI TEMIIEpaTypa OCTACTCsl OCTOSHHOM, B JTIOOOM JIPyTroM
HarpapjieHUU oHa u3MeHsiercs. Haubosnbiee n3MeHEeHHEe TemIie-
paTypsl OPOUCXOIUT B HAMPABICHUHA HOPMAIIH K U30TEPMUYECKOMN
MOBEPXHOCTHU. MIHTEHCUBHOCTh MU3MEHEHUS TEMIIEPATYPHI OLICHU-
BACTCS MeMnepamypHviM 2paoueHmom, KOTOPbIH 0003HaYaeTCs
grad T u umeet egunuily uamepenus K/m.

I paouenm memnepamypwvi ecmv 8eKmop, HaNPAGLEeHHbIU NO
HOpMAU K U30mMepMudeckou NO8EpXHOCMU 8 CMOpPOHY yeenuye-
HUsL memMnepamypvl U YUCIEeHHO PABHbIU YACMOMHOU NPOU3BO0-

HOU om memnepantypsl nO MOMY HANPAaAeGIeHUIo.

. AT _ 0T
grad T = Al}gloA—n =1, Tn (4.2)

rae /i, — €IMHUYHBIA BEKTOp, HOPMAIbHLIM K HM30TEPMUYECKON

IIOBEPXHOCTHU U HAIIPABJIICHHBIN B CTOPOHY BO3pacTaHus 7.
oT

-~ 94CTHas IPOH3BO/IHAA TEMIICPATYPHI 10 HOPMAI.
n

Puc. 4.1

B npoctpaHcTBE ¢ HEOJIHOPOIHBIM TEMIIEPATYPHBIM IOJIEM
TEIUIOTA PACIPOCTPAHACTCS OT U30TEPMUYECKUX NTOBEPXHOCTEU C
OoJblIEH TeMIlepaTypol K MOBEPXHOCTSIM C MEHBILIEH TeMIiepa-
TypOM.
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Konuuecmeo menjiomal, npoxodﬂmee 6 e()uHuuy 6PDEMEHU
uepes UsomepmudecCKyro noeepxHocnivb, HA3bleAONT Nenloesblm
noOmoKomMm.

TemnoBoii moTok 06o3HayaoT O , 38 eAUHHUIY IPHHST J[K/C
WJIA BatT.

Tennosoti nomok, omueceHHvlll K eOuHuye niowaou no-
BEPXHOCMU, UMEHYIOM NJIOMHOCHbIO MENI08020 NOMOKA.

O603HaYal0T MJIOTHOCTh TEIUIOBOTO MOTOKA ¢ , C €IUHULEH
Bt/Mm2.
. _ 9
q = (4.3)
Ucxons u3 pusndeckoii CymHOCTH Mpoliecca TeIIoo0MeHa,
pa3IMYaroT TPH dJEMEHTAPHBIX CITOCO0a IMEPEHOCA TETIOTHI: TEIl-
JIOTIPOBOTHOCTh, KOHBEKITHIO M TETUIOBOE U3TyUYeHHE.
Tennoobmen nocpeocmeom menjio8020 OBUNCEHUS MUKPO-
CMPYKMYPHBIX YACMUY 8eujecmea (MOaeKyl, amomos, J1eKmpo-
HO8, UOHOB) 8 CNIIOUIHOU Cpede HA3bl8A0Mm MeNnIonpo80OHOCHbIO.

4.2. OcHoBHOU 3aKOH MEeNIONPOBOOHOCMU

Ucnonb3ys GHEHOMEHONIOTHUYECKUA TyTh HCCICAOBAHMS
npoliecca paclpoCTpaHeHUs TeIla B CIUIOIIHOM cpeae, (ppaHiry3-
ckuil yueHbil b. @ypre B 1822 r. BIIBUHYJ THIIOTE3Y, KOTOPAs B
NOCJIEYIONIEM OblLIa KCIIEPUMEHTAIIBHO MOATBEPKICHA U TOTY-
Yyuiia Ha3BaHUE OCHOBHOI'O 3aKOHA TEIUIOMPOBOJHOCTH.

Tennogoti nomox, npoxooawuii yepes s1emMenm uzomepmuie-
CKOU NOGEPXHOCU, NPONOPYUOHATIEH 2PAOUEHINY MeMNepamypol.

dQ=—Aqrad T dF , (4.4)
rie A — Kod(phUIMEHT NPOnOPIHOHATBHOCTH.
_d0
N3 Beipaxenus (4.4), yautsiBas, 4to 9= F > hoayduM:
- oT
] =— A1, —
q P

CienoBaTenpHO, IVIOTHOCTD ITIOTOKA €CTh BEKTOP, HAIIpaB-
JICHHBIN 10 HOPMAJIU K U30TEPMUUYECKON OBEPXHOCTHU. Ero mo-
JIOKUTEJIbHOE HAIIPaBJIEHUE POTUBOIIOJIOKHO HAIIPABIECHUIO
grad T.
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CkansipHasi BeJIMYMHA BEKTOpA MJIOTHOCTU TEIJIOBOTO MOTO-
Ka OyJeT paBHa

q=-4 o (4.5)

VYpauenus (4.4) u (4.5) ABAAOTCI MaTEeMaTUYECKUMU BbI-
PaXEHUSIMH OCHOBHOTO 3aKOHA TETIONPOBOAHOCTH.

Ko>(pQUIMEHT NPONOPIUOHAIBLHOCTH A yYUTHIBAET BIIMS-
HUE (PUBMYECKUX CBOMCTB BEIIECTBA HA MHTEHCUBHOCTH PaCIpo-
CTpaHEHHUS TEIUIOThl B HEM, €ro Ha3bIBAIOT Kodghduyuenmom
menjaonposoonocmu. 3a eguuuiy A npunsat Bt/(M - K).

Yucnosoe 3Hauenue ros3pguyuenma menionpoeooHOCMuU
onpeoesiem Koaudecmeo meniomol, Npoxoosuell uepe3 eOuHuyy
U30MEPMUYECKOU NOBEPXHOCMU 8 eOUHUYY 8PEMEHU, NPU VCI08UL,
ymo grad T = 1.

Benmnurna A 3aBHCHT OT XHMHMYECKOrO cocTaBa, (pu3Hye-
CKOT'O CTPOCHMSI M COCTOSIHMS BellecTBa. /[jig OonbIIMHCTBA Ma-
TEepUaJIOB 3HaYeHHUE KOAI(P(DUITMEHTA TETUIONPOBOIHOCTU OIpeie-
JICHBI OTIBITHBIM ITyTEM U TIPUBEJECHBI B CIIPABOYHBIX TAOIUIAX.

TenmonpoBOAHOCTh B razax W mapax oOyciosiieHa auddy-
3MOHHBIM TIEPEHOCOM KHHETHYECKOW DHEPTHUU JBHKEHHUS MOJIC-
KyJ, TO3TOMY KOA((PHUIIMEHTHI TEIIONPOBOAHOCTH AJIS Ta30B H
napoB Maibl. Tak, HarpuMmep, 11 azota 4 = 0,02 Bt/(Mm - K) nipu
T = 273 K. KoappuimeHT TenaonpoBOIHOCTH ISl Ta30B yBEIU-
YUBACTCS C TOBBIIICHUEM TEMIIEPATYpPhl, a OT JABJICHUS MPAKTU-
YECKU HE 3aBUCHT.

B &KUIKOCTSAX MEPEHOC TEIIOTHI TEIUIONPOBOIHOCTHIO OCY-
HICCTBISICTCA MyTeM YIPYrux koyiebanuii. Tak Kak CKOpOCThb pac-
MPOCTpaHEHUs] KOJeOAHUM 3aBUCUT OT IJIOTHOCTH, a TMOCTETHSISA
YMEHBIIIACTCS C MOBBIIEHUEM TEMITepaTypbl, TO IS KUIKOCTEH
A ¢ pocToM TeMmmeparypbl mamaer. VICKIIOUYEHHE COCTaBIISIFOT
TIIAIIEPUH M BOJA, JUIS KOTOPBIX A C POCTOM TeMIIepaTyphl yBe-
JTUYUBACTCH.

B TBepabIX Tenax WHTEHCHUBHOCTH MEPEHOCA TEIJIOThI OTIpe-
JEsAeTCsl CKOPOCThIO TU(P(dy3un CBOOOIHBIX 3JEKTPOHOB (IpO-
BOJTHUKHU DJICKTPUUECKOTO TOKA) M aMIUTUTYJA0M KoJieOaHUs aTo-
MOB B y3JIaX KPUCTAJUTMUYECKUX PEIIECTOK. BiusHue TeMmepaTypsl
Ha A 3aBUCUT OT XMMHYECKOTO COCTaBa M CTPYKTYPHI TBEPIOTO
tena. C yBenumdyeHHEM TemmepaTypbl KOA(DPHUIIMEHT TEIIONpo-
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BOJHOCTH Yy HEKOTOPBIX MATEpHUaJIOB BO3pPACTAET, a JPYyTUX —
yMEHbIIIAeTCs.

Jlns MeTamnoB A CyIIECTBEHHO BBIIIE, YEM JUIS KHUIKOCTEH
u ra3oB. Tak, y cepebpa npu t=0°C 4 =410 Br/(m - K).

Ha xo03¢duimeHT TemionpoBOJHOCTA CTPOUTEIBHBIX U
TEIUIOU30JISIITUOHHBIX MAaTEPUAJIOB OKA3bIBACT BJIMSIHUE HEOJIHO-
POAHOCTh MAaTEPUATIOB, UX TOPUCTOCTb.

OnpeneneHne KOMMYECTBA TEIUIOTHI, MEPEIAHHOM TEILIO-
MPOBOJHOCTHIO YEPE3 E€IUHUILY IOBEPXHOCTU IO YPaBHEHUIO
(4.5), cBOAMTCS K HAXOXKJACHUIO TpaueHTa TemmepaTrypbsl. B 00-
IIeM CiIy4ae 3Ta 3ajiladya TpeOyeT pelieHusl ypaBHEHHUS

or _ 82T+ o°T +62T
oz o oy o ) (4-6)

VYpaBaenue (4.6) umenyercs oughgepenyuanvhvim ypashe-
HUuem menionpo8oOHOCMY NIl TPEXMEPHOTO HECTAIIMOHAPHOTO
TemmepaTypHoro moyisi. OHO yCTaHABIWBACT CBSA3b MEXKIY Bpe-
MEHHBIMU M MPOCTPAHCTBECHHBIMU M3MEHEHUSIMH TEMIICpaTyphl B
110001 TOUKE Tea.

A
Benmmuuny 4 :—,0 _ Ha3bIBAIOT Koahpuyuenmom memne-
p

pamyponpogoonocmu. KodapduimeHt teMneparypornpoBOIHOCTH
XapakTepusyeT (U3NYECKOe CBOMCTBO BEIIECTBA M UMEET €IMHHU-
1y M%/c. B HecTanpMOHApHBIX TEILUIOBLIX HpoLeccax d yCTaHABIIU-
BacT CKOPOCTh PACHPOCTPAHCHHSI H30TEPMHUYCCKHUX ITOBEPXHO-
creii. Yem Oousbiie KO3(PHUIMEHT TeMIEpaTypONpPOBOIHOCTH,
TEM WHTCHCHBHEE M3MEHSSTCS TeMIieparypa B Teie. UHCIIeHHOe
3HAUYCHHE ( 3aBHUCUT OT XMMHUYECKOTO COCTaBa M COCTOSHHS Be-
IIeCTBa, a TaKXke Temmeparypel. Hampumep, KUIKOCTH M Ta3bl
00Jia1atoT OOJBIIION TEIIOBOM HWHEPLHMOHHOCTHIO M, Clie/IOBa-
TEJIbHO, MaJIbIM KO3()(PHUIIMEHTOM TEeMIIepaTypONPOBOIHOCTH.
Mertabel mporpeBaroTcsi ObICTpee, TaK KaK OHU UMEIOT OOJIbIIee
3HaueHue d. OmnpenenstoT KodOPUIMEHT TEMIIepaTypOIrpOBO/I-
HOCTH DKCIIEPUMEHTAIBHBIM MTyTEM.

VYpaBuenue (4.6) onuchiBaeT MpOLECC U3MEHEHUS TeMIlepa-
TYpBI B CUCTEME B caMoM o01ieM Buje. [Ipu nHTerpupoBaHuu ero
BO3MOKHO OECUHCIIEHHOE MHOECTBO PEIICHUM, YIOBIETBOPSIO-
IIMX 3TOMY ypaBHEHHIO. UTOOBI MOJYyYUTh U3 MHOXECTBA peEIlie-
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HUW OJIHO YaCcTHOE, HAJI0 3HATh OCOOCHHOCTH SIBJICHUS, T.€. UMETh
JOTIOJTHUTEIIbHBIC CBEICHUS O HEM.

DOTH JONOJIHUTENbHBIC YCIIOBHUS, KOTOphIE BMecTe ¢ audde-
PEHIIUATILHBIM YPABHEHUEM OJTHO3HAYHO OMPEICISIIOT €AMHUYHOE
SIBJICHUE, HAa3bIBAIOT VCI0BUAMU OOHO3HAUHOCTIU.

YcaoBus 0THO3HAYHOCTH BKIIFOYAOT:

— TEOMETPUUECKHE YCIOBUS, XapakTepusymwiiue Ghopmy H
pasMmep TeJa WU CUCTEMBI;

— (puznueckue ycaoBus, KOTOPBIMU 00Jaal0T TeJla JaHHOM
CHUCTEMBI (IIJIOTHOCTb, TEINIOEMKOCTh U T.11.);

— BPEMEHHBIE YCJIOBHUA, XapaKTEPHU3YIOIIUE MPOTEKAHUE
mpoiiecca B Ha4aJlbHbIi MOMEHT BPEMEHHU;

— TPaHWUYHBIC YCJIOBHs, KOTOPBIE XapaKTEPHU3YIOT B3aMMO-
JNEUCTBUE CUCTEMBI C OKPYKAIOIIEN CPEAOH, T.€. YCIOBUS MPOTE-
KaHMS Ipoliecca Ha TPaHUIIe Tela.

['panmgHbIC yCIIOBHS MOTYT OBITH 3aJaHbl YETHIPHMS CIIOCO-
0amu.

['panuynoe ycnoBue nepsozo (I) p o0 a. Ilpu sToM ycio-
BUM CUMTACTCS MU3BECTHOW TeMIIepaTypa Ha MOBEPXHOCTH Teja B
1100011 MOMEHT BPEMEHH,

['panuynoe ycnoBue emopoco (II) p oo a. 3nech 3anaet-
csi 7151 TI000T0 BPEMEHU 3HaY€HHE TUIOTHOCTU TETUIOBOTO MTOTOKA
B KOXJIOW TOYKE MMOBEPXHOCTH TEIa;

['panuynoe ycioBue mpemwveco (III) pooa. B »s1tux
YCJIOBHSIX M3BECTHBI TEMIIEpATypa TETUIOHOCUTENS (OKpYyKaIoIeH

Teno cpenpl) —Tm ¥ Ko3hPUIIMEeHTa TEII00TIaYu O MEXIY IO-
BEPXHOCTBIO TEJa U TEIUIOHOCUTENEM. I'paHUYHOE YCIIOBUE Tpe-
TBEr'0 POJIa 3aMHUCHIBAETCA TaAK:

a (T, —Tcm):—z(a—TL.

on

['pannuHoe yciaoBue wemeepmoeo (1Y) p o 0 a mpenanona-
raeT HaJluuue Mpoliecca TeII00OMEHa Tela C OKpY Karoliei cpe-
JIOW MO 3aKOHY TEIIONPOBOAHOCTH. CUUTAETCS, UTO MEKAY Te-
JJaMU UMEETCA UJICATbHBIN KOHTAKT M TEMIIEPATyphl COIpUKacae-
MBIX ITOBEPXHOCTEW OJMHAKOBBI. B 3TOM ciiyyae uMmeer MecTo pa-
BEHCTBO TEIUIOBBIX IOTOKOB, MPOXOJAIINX YEPE3 MOBEPXHOCTH
COIIPUKOCHOBEHHS, T.€.
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A(Z_Tj _ ﬂz(a_Tj |
n cm 1 an cm:2

HuddepenimanbHoe ypaBHEHHUE W TPUBEICHHBIE YETHIPE
YCJIOBHSl OJTHO3HAYHOCTHU OMPEACIAIOT KOHKPETHOE CAMHUYHOE
siBiieHue. J{7s HecTalmoHapHOW TEIIONPOBOJHOCTH (TeMIepa-
TYpHOE TOJIE CUCTEMbl HECTallMOHApHOE M KOA(DPUIIMEHT TemIe-
pPaTypoOINPOBOAHOCTH 3aBHCHUT OT TEMIIEPATYyphl) OIpeaeIcHUE
rpajJdeHTa TemMmnepaTypbl Tpedyer ucnonb3oBanus IBM. Cramnu-
OHApHBIC 33/1a4U PEIIAIOTCS MPOIIIE.

4.3. TennonposooHocmb 0OHOCIOUHOU NIIOCKOU CHEHKU

NcxonubiM ypaBHEHHMEM JJiId aHalid3a CTAllMOHAPHOW Terl-
JIOIIPOBOJIHOCTH IIJIOCKON OJHOCIONMHOM CTEHKH SBIseTCS Aud-
dbepennuanbHoe ypaBHeHHe (4.6). PaccMoTpum criemyronmx
YCJIOBHUS OJTHO3HAYHOCTH.

['eomeTpuyeckue ycaoBUs: 3ajJaHa IJIOCKash CTEHKA TOJIIIHU-
HOM O, puc. 4.2. [Inockoil Ha3bIBAIOT CTEHKY, KOTOpasi UMeeT Oec-
KOHEYHO OOJIbIIINE JJIMHY U IIHUPUHY 1O CPABHEHUIO C TOJIIMHOM.
[Ipu »TOM yClOBUU TeMIlepaTypa o y U Z MOCTOSIHHA.

duznueckue yciaoBHUS: MpUHUMaEM KOIG(UIIMEHT Terio-
MPOBOJHOCTH MaTepualia CTCHKH He3aBUCUMbBIM OT TEMIIEPATYPHI,
T.€. IOCTOSIHHBIM TI0 €€ TOJIIIHUHE: A = const.

BpemeHHbIe ycioBuUs: TeMrepaTypa JI000M TOYKU CTEHKHU
HE MEHsIeTCsI BO BpeMeHu, Toraa 07/0t = 0.

['panuyHbIe yCIOBUS: IJIA PEIICHUS JAHHOW 3aJayd HC-
nmoJjap3yeM rpannunsbie yeioBud [ pona, r.e. ipux =0, T = T 1
npu x =90, T = Tem 2.

HeoOxoauMo ormpenenuTs XapakTep U3MEHEHHsS TeMIepa-
Typbl B IUIOCKOW CT€HKE, T.e. T = f(x) U MOIy4uTh Popmyiy
MJIOTHOCTH TEIJIOBOTO MOTOKA.

Ucxonnoe ypaBHeHue (4.6) npu yCIOBUSX OJTHO3HAYHOCTHU
OyJleT UMETH CIICTYIOIINN BUI:

=0 4.7)
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[lepBoe uHTErpUpOBaHUE YpaBHE-

oT
Hus (4.7) naet 5, G- [Tocne BTOpOro

unrerpupoBanusi: T = Cix + C, (4.8)
3necy C; u C, — IOCTOSIHHBIC, KOTO-
pBI€ ONPEACISIIOTCA U3 FPAaHUYHBIX YCIIO-
Buil. Tak, npu x = 0, 7' = T 1 TOCTOSAH-
| Hast C> = Tem 1 ipu X = O, T= Tem 2, OT-
Temaf =7~ 77177 croga Ci = (Tcm2 — Tem 1) /3.
| [ToacTaBnsis 3HAUEHUS] OCTOSIHHBIX
C; u C, B BeIpaxenue (4.8), moaydunm
ypaBHEHUE, YCTaHABIMBAIOIIEE W3MEHE-
X’Hne TEMIIEPATypPhl MO TOJIIUHE MIOCKOM
CTECHKHU I caydas Tem 1> Tem 2:

T = Tcml _Tcmz
Puc. 4.2 =l X (4.9)

Tcm.1

dx

N3 ypaBuenus (4.9) cienyer, 4To nNpu MOCTOSHHOM KO3(-
buleHTe TeIIONPOBOIHOCTH TEMIIEpaTypa B CTEHKE M3MEHSECT-
Csl MO JIMHEMHOMY 3aKOHY; B KoopAuHatax 71 x oHa U300pa3uTcs
psaMoit TUHHUEH OT T 1 10 Tem2, (CM. puc 4.2).

Jlnst ompezeneHus MIOTHOCTH TEIJIOBOIO MOTOKA, MPOXO-
JSIILETO Yepe3 CTEHKY B HAINPABIICHUU OCH X, BOCIOJIb3yEMCS 3a-
KOoHOM Dyphbe, COrJIaCHO KOTOPOMY

oT
.__,90T
q o x-
3amenuM OT/0x 3HauenueM Cj, MOTYUUM:
. A
q=g(Tcm i 2). (4.10)

Ananu3 ypaBHeHusi (4.10) moxasbIBaeT, 4TO KOJHUYECTBO
TEIUIa, MPOXOASIIEE YEPE3 CAUHUILY TOBEPXHOCTA CTECHKH B €U~
HULY BPEMEHU, NPSIMO MPONOPLUHOHAIBHO KOA(P(UIIMEHTY TeTI-
JIOTIPOBOJAHOCTH M PA3HOCTH TEMIEpATyp Ha HApYy>KHBIX MOBEpX-
HOCTSIX CTEHKU U 00OpaTHO MPOMOPIIMOHAIEHO TOJIIIUHE CTEHKHU.

JI1s1 MHOTOCIIOMHOM CTEHKH, COCTOSIIEH U3 n cloeB, (op-
MyJia TNIOTHOCTH TEIJIOBOTO MOTOKA OYJIeT UMETh BUJL:
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22

Bonpocsl 1J11 CaMOKOHTPOJISA

1. Yro moHumaetcsi moja TermiooOMeHoM? OOBSICHUTE W3BECTHBIC
Bam Buzbl TeriooomeHa.
2. IlosicHuTe, YTO MOHUMAETCA O] TEMIIEPATYPHBIM MOJIEM?
3. [aiiTe ornpeneneHue TeMIEpaTypHOTO rpaiueHTa.
4. 3anummTe OCHOBHOW 3aKOH TEIUIONPOBOJHOCTH M  IMpPOAHAIU3U-
pyWTE €ro.
5. Packpoiite (pu3ndeckyro CymHOCTh KOI(PPHUIIMEHTOB TEILIONPO-
BOJAHOCTH U TEMIIEPATYPOIPOBOAHOCTH.
6. ChopmynupyiTe yCI0oBUs OJHO3HAYHOCTH.
7. losicHuTe 3aBUCMMOCTh M3MEHEHHs TEMIIEpaTyphbl MO TOJILIHUHE
IIJIOCKOM OJHOCJIOMHOM CTEHKH IIPU CTALlMOHAPHOM TENIONPOBOIHOCTH.
8. 3amummuTe BBIPAXXCHUE JUISI BBIYMCIICHHS IJIOTHOCTH TEILJIOBOTO
IOTOKA ISl TIJIOCKOW MHOT'OCJIOMHOM CTEHKH.
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T'naea 5. Koneexmuenotit meniooomen

5.1. OcHoeHOU 3aKOH Menioomoayu

1100 mennosoii koneekyuel (om nam. conviction — nepeme-
wenue, 00CMABKA) NOHUMAIOM MENnj000MeH, 0CYWecmansemblil
MAKPOCKONUYECKUMU INeMEHMaMU HCUOKOU UTU 2a3000paA3HOl
cpeobl npu Ux nepemeujeHuu.

B Temuionocurene ¢ HEOQHOPOAHBIM MOJIEM TEMIIEPATYP IIPU
BBIHY)KJICHHOM WJIM E€CTECTBEHHOM IEPEMENICHUU MAKPOCKOIIH-
YECKUX AJIEMEHTOB Haps/ly ¢ KOHBEKIMEW MPOUCXOJUT MPOIIECC
IIEPEHOCA TEIIA TEILIONPOBOAHOCTHIO.

CosemecmHuwiii npoyecc nepeHoca meniomvl KOH8eKYUul u
Menjionpo8oOHOCHbIO HA3bI8AIOM KOHBEKMUBHbIM Meniooome-
HOM .

KoHBEKTHBHBIN TEMI000MEH MPOTEKAET KaK BHYTPU TEILIO-
HOCHTEJS, TAK U HA TPAHUIIAX €70 COMPUKOCHOBEHUS C TOBEPXHO-
CTSIMU OOTEKAaE€MBbIX TElL.

Koneexmuegnuiti mennoobmen medcoy menioHocumenem u
HOBEPXHOCMbIO 00MEKAeMO020 meid Ha3bl8arom menioomoayell.

OOBIYHO B MHXKEHEPHOW MPAKTHKE HCCIAEAYIOT TEII0O0T/a-
4y, KOHBEKTUBHBIN XK€ TEINIOOOMEH BHYTPHU TEIJIOHOCUTENS MPU
3TOM HE PacCMaTPUBACTCH.

TemnoBoW MOTOK MHpU TEIUIOOTAAY€ BCETAA HAIPABIIEH B
CTOPOHY MEHBIIEN TeMmIeparypel. B mpomecce Ttermmoornadn
IJIOTHOCThH TEIUJIOBOTO MOTOKA, COTJAacHO 3akoHy HproToHa, mps-
MO TMPOMNOPIUOHAIBHA TEMIEPATYPHOMY HAMNOPY MEXIY TEILUIO-
HOCHUTEJIEM U TTOBEPXHOCTHIO TEMI000OMEHA, T.€.

g=a AT, (5.1)
raie o — Ko3(PQUIMEHT NPONOPIUOHATILHOCTH, HA3bl8AEMbllL
K03 puyuenmom menioomoayu,

AT — temriepaTypHbIN HAMIOP.
Ipu T >Tem 310 AT = Ty - Tem ; €ciid T > Ty TO AT = T - Tin
3nech uHACKCOM "m" 0003HaUeHa TeMIlepaTypa TEIIOHOCUTEIS,
WHJIEKCOM "cm" — TeMrnepaTypa MNOBEPXHOCTH TEILNIOOOMEHA
(cTeHkn).

Jng npou3BONBHOW TOBEPXHOCTH OpU 1, > T¢p 3aKOH
HproToHa 3anuiiercs B BUAE:

O=a(T, T, )F. (5.2)
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5.2. Koagpguyuenm menioomoayu

3navenust F, T, u T, B ypaBHeHUU (5.2) HE OTpaKarOT
YCIIOBHIT TEIUIOOOMEHA, BIMSIOMMX Ha BeandnHy O . 31ech o He
SBJISIETCSl (PU3MYECKON MOCTOSHHOW, MPUCYIEH JAaHHOMY TEeIIo-
HOCHUTEJIO, a 3aBUCUT OT MHOXKeCTBa (DaKTOPOB, (HOPMUPYIOITUX
KapTUHY TEUYEHHUS OKOJIO CTeHKU. [Io 3TOM mpuumHE mpocToTa
ypaBHeHUs (5.2) mpeacTaBiseTcs Kaxyliehncs, U 0COOCHHOCTU
€ro MCIOJb30BaHUS 3aKIIOYAIOTCS B CIIOXKHOCTH ONpPEAECIEHUS
kod(duimenta temwiooraaun. Beanunna kosdduiineHTa Temio-
OTIA4YM XapaKkTepU3yeT MHTEHCUBHOCTh KOHBEKTHBHOIO TEILIO-
oOMeHa Ha TpaHUIe ‘“TEIJIOHOCUTENb-CTCHKA .

Yucnenno Koappuyuenm menioomoadu paseH menio8omy
HOMOKY, NPUXOOAUWEMYCS HA eOUHUYY NOBEPXHOCMU NpU memne-
DPamypHOM HaAnope, pasuvlil eounuye, m.e.

a=-2
FAT
Orcrona xe caeayer u exuauna o — Br/(m? - K).
KoadduumeHTt TenaooTaaun uMeeT BechMa IMUPOKUM Jua-
Ma30H YHUCJICHHBIX 3HAUCHMH, Ta0d. 5.1.

Tabnuya 5.1
3Ha4YeHUS 0 IPU HEKOTOPHIX BUJIAX TEIUIOOTIAYH

Buaer renmnootrnaun a, em /(Mz K)
EcrecTBeHHast KOHBEKLIMS Ta30B 6...40
BoeIHyXI€HHOE ABM)KEHUE Ta30B 12...120
BrinykeHHOE ABM)KEHME nTapa B TpyOax 110...2200
EcrecTBeHHass KOHBEKIMS BOJIbI 110...1100
BriHyXI€HHOE ABM)KEHHE BOJIbI 500...11000
I1y3BIpbKOBOE KMIIEHHUE BOJBI 8500...18000
Konnencauus BogsHOro napa 4500...22000

Ha Benmnuuny ko3 duirerTa TErIo0TIauu BIUSIOT, TPEK-
JIe BCETO, TeIIO(U3NYECKHEe CBOWCTBA TEIUIOHOCUTENS, ero (a3o-
BO€ COCTOSIHHE, BHUJ JBW)KCHHUS (CCTECTBEHHOE WMJIM BBIHYXKICH-
HOE) U pedicum meyenus: TeIoHocuTeNs. PaznuuaroT ramunap-
Hblll, NePexoOHbIU U MYPOYIEHMHBIU DPeHCUMbL MeYeHUS.

[Ipu namuHapHOM (CJIOMCTOM) pPEXKHUME MAKPOUYACTUIIBI

KUIKOCTU ABHIKYTCS, HC IICPECMCIINBAACH, IIAPAJICIbHO OMbIBA-
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E€MBbIM CTCHKaM M TPaeKTOPHUSM APYTUX YacTHUIl. B criry BHyTpeH-
HEro TPEHUS CKOPOCTh TEIIOHOCHUTENS TEpeMEHHA IO CEYCHUIO
HOPMaJbHOMY K MOBEpPXHOCTH. Tak, JIs KaHajia KPyTJIOro cede-
HUS 3MI0pa CKOPOCTH UMEET nmapadbonndeckyro ¢popmy, puc. 5.1, a.
[lepenoc Terura mpu JaMUHAPHOM PEXKUME IABMKCHHS TPOUCXO-
JTUT B OCHOBHOM 3a CUET TEIUIONPOBOAHOCTH TEIJIOHOCUTENS U
€CTECTBEHHON KOHBEKIIUHU.

[Ipu TypOyJeHTHOM peXUME MAKPOYACTHIHI TIEPEMEIIAI0T-
Csi MO CJOXHBIM TPACKTOPHUSAM, HE COBMAJAIOUIUM C OOIIUM
HalmpaBJIeHHEeM MoToka. VX IBM)XEHHWE HEYMOPSIOYCHHOE, Xao-
TUYHOE. DII0pa CKOPOCTH UMEET BHUJI YCEUCHHOM Mmapadoibl, (CM.
puc. 5.1, 6). TemnooTnaua npu TypOyJICHTHOM PEXKUME TCUCHUS
TETJIOHOCHUTEJISI OTJIMYAETCS] HECPAaBHEHHO OO0JIbIIIEH MHTEHCUBHO-
CTBIO, YEM TP JITAMUHAPHOM PEIKHUME.

Kak npm mamuHapHOM, Tak B OpH TypOYJIEHTHOM PEKUMax
JIBUKEHUSI CKOPOCTh TEIJIOHOCUTENIS HETIOCPEICTBEHHO HAa CTECHKE
paBHA HYJIIO, & C YBEJIUYCHUEM PACCTOSIHUS IO HOPMAJIA OT CTCH-
KA OHa BO3pacTaeT.

S SR QDOS \D”D

. ., — _S

_ Re <2300 \ . Re > 10000 ‘

N e R PR

I - D ¢ O
a 5}

Puc. 5.1

Kak npm mamuHapHOM, Tak B TIpH TypOYJIEHTHOM PEXHUMax
IBIKCHUS CKOPOCTH TETUIOHOCHTEINS HETIOCPEICTBEHHO Ha CTEHKE
paBHA HYJIIO, & C YBEJIUYCHUEM PACCTOSIHUS 10 HOPMAJIA OT CTCH-
KA OHa BO3pacTaeT.

Croii TEIJIOHOCHUTENISI OKOJIO IOBEPXHOCTH Teja, TIAe CKO-
POCTb U3MEHSIETCS OT HYJISI O BEJIMYMHBI, TpUMEPHO paBHOU 0,9
CKOPOCTH HEBO3MYIIIEHHOTO MOTOKA, HAa3bIBAIOT 2UOPOOUHAMUYE-
CKUM TIOTPAaHUYHBIM CJIOEM M 0003Ha4ar0T OYKBOM O, pHC. 5.2.
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Puc. 5.2
Kpome Toro, HeoOXOJUMO OTMETHUTh, YTO B TypOYJICHTHOM IIO-

IPAHUYHOM CJIO€ HEMOCPEICTBEHHO y CTEHKHM HMEETCS OYECHb
TOHKHW CJIOU KUJKOCTH, IBUKEHUE B KOTOPOM UMEET JJaMHUHAP-
HBI XapakTep. ITOT CJI0H HA3bIBAIOT BSI3KUM, WJIH JIJAMUHAPHBIM
MoJIciIoeM M 0003Ha4aroT o, (puc. 5.2, 0).

Ecnu Temneparypbl CTEHKH M TEIJIOHOCUTENS HE OJMHAKO-
BbI, TO BOJIU3U CTEHKH 00pa3yeTcs TEIIOBOW MOTrpaHUYHbBINA CIIOHN
Or (puc.5.2,8). B Hem temmneparypa uzmeHnsiercs oT Temao = T,
T.€. BC€ U3MEHCHHME TEeMIIepaTypbl MPOUCXOJAUT B CPABHUTEIBHO
TOHKOM CJIO€, HEMOCPEICTBEHHO MPUWJIETAIONIEM K MOBEPXHOCTHU
TEIUIOOTAa4u. 3HAUYCHUS TOJIIIUH Oy U Or B OOIIIEM Cllydae HE paB-
HbI, COOTHOIIICHUE MEXJy HUMH 3aBUCUT OT pojia KuJAKocTH. OJ1-
HAKO U3MEHEHUS B Oy MPUBOJAT K U3MEHEHUSIM Or. C yBEIMYECHU-
€M CKOPOCTH TEIUJIOHOCUTENS 3HAUYCHHUS TOJIIUH Oy Or U Oy
YMEHBILIAKOTCS.

[Ipy BBIHYXJEHHOW KOHBEKIIMU PEXKUM TEUEHHUS OIICHUBA-
I0T TI0  0e3pa3MepHOMY KOMIUIEKCY, HAa3bIBAEMOMY Kpumepuem
Petinonvoca. J11si uAMHIPUYECKOTO KaHala Kputepuil PeliHOmb-
JIca UMEET BUI:

cd

Re = .
1%

r1€ C— CKOPOCTb TEUECHUS TETLIOHOCHUTEIIS,;

d — nuameTp KaHana,;

V — KO3 PUIIMEHT KHHEMAaTUYECKOM BA3KOCTH,.

TeuyeHue TEMIOHOCUTENS B TPyOaxX MPUHSATO CUUTATH JaMU-
HapHbM 10 Re < 2300. B aunanazone 2300 > Re < 10000 Habro-
JaeTCsl IEPEXOAHBIN PEXXKUM TeUeHHS (OT JaMUHAPHOTO K TypOy-
nentHomy). [Ipu Re > 10000 Teuenue TypOyJIeHTHOE.
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Jlnst Toro, 4TOOBI KaueCTBEHHO OIICHUTH BIIMSHUE PEKHMa
TEUEHHS TETUIOHOCUTEIS Ha KOA(D(PUIHMEHT TEIIOOTIaud, 3arlu-
IIeM YpaBHEHHUE TeII00TAa4Yu B 1uddepeHimanbHoi Gopme.

JIs1 cosi TEIUIOHOCUTEN HEMOCPEJICTBEHHO Ha MOBEPXHO-
CTH TeII000MeHa 1Mo 3akoHy Dypre cleayer:

: oT
q=-A —
on vy
C apyroit CTOpOHBI, COrIacHO 3akoHY HbloTOHA,
g=aAT.

[IpupaBHUBas MpaBbIE YACTU ITUX YPABHEHHUH, ITOTYUUM:

_Afor
AT\ O n

n=0

VYpaBHenue (5.3) BeIpakaeT yCIOBUS TEIIOOTJAYU Ha rpa-
HHUIIE “‘TBEpAas CTCHKA — TETIJIOHOCUTEIb .

Yem Oouibllie CKOPOCTh JBMXKEHHSI TEINIOHOCUTENS, TEM
MEHBIIIC TOJIIIUHA TMOTPAHUYHOTO CJIOSI, TeM OOJbIIE TPaTUCHT
TEMIIepaTypbl U, CIAEAOBATEIBHO, 0O0JbINE KOADPUIMEHT TEIIo-
otaauu. Yepes TONIMMHY MOTPAHUYHOTO CJIOS Ha ¢ BIUAIOT (op-
Ma ¥ pa3Mep MOBEPXHOCTH TETIO0OOMEHa.

BenmnunHa ko3duuneHTa TemiooTAauYd 3aBUCUT OT (PU3U-
YECKUX CBOMCTB TemIOHOCHUTENsS. C yBEIMYEHHEM IIJIOTHOCTHP,
TEIUIONPOBOJHOCTU A, TEMJIOEMKOCTH Cp Y YMEHBIIEHUEM BS3KO-
CTH V KO3 (PUIIMEHT TEMI00TIa4u BO3PACTAET.

Bnusaue temneparyp 7, v T.n Ha @ CKa3bIBACTCA YEPE3 UX
BO3JICHCTBHE HA (PU3NUYECKHUE CBOMCTBA TEIJIOHOCUTEIS.

Takum oOpazom, B camoM 00111eM BUe KO3 UITUEHT Tel-
JI00TAauH sIBJsIeTCS (DYHKIIUEH MHOTUX (haKTOPOB:

a=fX,D,Lc,v,p, N, Cp, T, Tem, -..), (5.4)
rae X — XapakTep ABMXKEHHUS TEIUIOHOCUTES;

® — (hopMa MOBEPXHOCTH TETIIOOOMEHA;

[ — XapaKTepHBbII TECOMETPUUYECKUIN pa3Mep;

C — CKOPOCTb JBH>KECHUS TETIIOHOCHUTEIS.

s onpenenenus koddduiimeHTa TEMI00TAaYN B 3aBUCH-
MOCTH OT IIOCTAHOBKHM 33Ja4M MOTYT HCIIOJIb30BaThCS CIEAYIO-
M€ METOJbI: SKCIIEPUMEHTAIbHBIN, aHAUTUTUYECKUN U METOJ
aHATUTUYECKUM U METO/]T TEIIJIOBOTO MOA00HUS.

(5.3)
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YucTo 3KCepUMEHTANBHBIN METOJT OnpeeaeHus Kod(d-
dulMeHTa TEIUIOOTAaud BechMa MPOCT W JOCTOBEPEH, TaK Kak
TpeOyeT ONMBITHOTO U3MEPEHUS TOJIBKO TpeX BeNUYUH: ¢, Tt Tep.
Orcrona
_ g

T -T

cm

(94

DTOT METOJ IIMPOKO HCIOIB3YETCS TPH HCCICAOBAHUH
BIIUSTHUS PA3JIUYHBIX (PAKTOPOB HA MHTEHCHBHOCTHh TEILIOOTAAYH
B (YHKIIMOHUPYIOMHKX TEIIOOOMEHHBIX ycTaHOBKax. (OHAKO
IKCIIEPUMEHTAIBHBI METOJ MMEET CYIICCTBEHHBIN HEIOCTATOK,
COCTOSIIUI B TOM, YTO MOJIYYEHHOE 3HAYCHUE O HE MOXKET OBIThH
PEKOMEH/IOBAHO [IJIsSI MCIIOJIb30BAaHUS IIPH pacyeTax yCTPOMCTBa,
XapaKTEPUCTUKU KOTOPOTO XOTS Obl HE3HAYMTEIHLHO OTIMYAIOTCS
OT XapaKTEePHUCTUK OMBITHON YCTAaHOBKH.

AHaIMTHYECKUE METOABI OCHOBAaHBI Ha TEOPUH TMOTPAHHY-
HOTO cJ10s1. CyITHOCTh 3THX METOJIOB COCTOMT B COCTABJICHHUHM 3a-
MKHYTOH CHCTeMBbI AudepeHINaNbHbIX YPaBHCHHH, OMMCHIBAIO-
IUX MPOIECC KOHBEKTHBHOTO TETUIOOOMEHA B JABMIKYIIIEMCS TEII-
JOHOCHUTEJIC M MOCIIEAYIOIIEM PEIICHUH 3TON cuctembl. udde-
pEeHIIMANIbHBIE YPaBHEHHS, ONMCHIBAIOIINE KOHBEKTUBHBINA TEILIO-
oOMEH, yCTaHABIMBAIOT CaMyl0 OOIIYIO CBSI3b MEXIY BEIMYHHA-
MH, XapaKTEepHBIMH JJis 3Toro mporecca. CiaemoBaTrenbHO, 3TH
mudpepeHImanbHble YpaBHEHUS SBISIOTCS MaTEMaTHYECKON MO-
JEIBI0 TIEJI0TO KiIacca MpOoIEeccoB TemoooMenHa. JIs momydeHus
JaCTHOT'O PEIICHUS ATH YPaBHEHUS JOIMOITHSIIOTCS YCIOBUSIMH OJ-
HO3HAYHOCTH.

B OonpmmHCTBE cilydaeB, M3-3a CJIOKHOCTH MaTeMaTHde-
CKOT'O OIMHUCAHUS TPOQHUIST CKOPOCTH B IMTOTPAHUYHOM CJIOE€, Pellle-
HUS, YIOBICTBOpstomue auddepeHnaaIbHpIM YpPaBHCHUSAM H
YCJIOBHSM OJTHO3HAYHOCTH, BECbMa TPYI0EMKH.

B HacTosiniee Bpems 1iisl onpenesienus KodppuireHTa Ter-
JI0OOT/Ia4d B OCHOBHOM HCIIOJIb3YETCSA METOJ] Menio8020 No0oous,
KOTOPBIN OOBEAUHSCT B ce0e MOJIOKUTEIBHBIE CTOPOHBI DKCIIe-
PUMEHTAJILHOTO U aHAJINTHYECKOTO METOJIOB.

5.3. OcHosbl meopuu menyiosoz2o nodooUs.

TQOPM}Z Mennioeo020 no0ooUst — Mo CUcmemda NOHIMULL U
npaesuJ, 0686’716‘{1/{6&}01/{41/{)(? 603MOICHOCMb nepeHoca pesylbma-
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MO8 IKCNEePUMEHMO8 NO ONPeOeleHUI0 KOIPDhuyuenmos menio-
omoayu ¢ 0OHUX 00bEKMO8 Ha Opyaue.

[Iporiecchl KOHBEKTUBHOI'O TEIUIOOOMEHA, MPOTEKAIOIINE B
Pa3IUYHBIX CUCTEMaX, MPU BIIOJHE ONPEIEICHHBIX YCIOBUIX MO-
I'yT ObITh TOJOOHBI. DTH YCJIOBHS TEIIOBOTO Moao0ust popmMyiu-
PYIOTCS B BUJIE TPEX MPABHIL.

1. ITomoGHBIE TIPOIIECCHI JOJDKHBI OBITh KAYECTBEHHO OJIH-
HAKOBBIMH, T.€ JIOJDKHBI UMETh OJMHAKOBYIO (DM3UYECKYIO MPHU-
POy M OMHMCHIBATHCS OJMHAKOBBIMU N (pdepeHIINATIbHBIMA ypaB-
HeHusaMH. Tak, Hampumep, MPOIECChl HArpeBa BOJbI B 3aKPHITOM
COCYJle M HarpeBa JBWXKYILEHUCS BOJABI MO TPyOE HE MOTYT CUHU-
TaThCsl MOJOOHBIMM, TAK KaK OMUCHIBAIOTCS pa3IMYHbIMU AudPe-
PEHIIMATILHBIMU YPaBHECHUSIMHU.

2. YcioBUSL OJJHO3HAYHOCTH TOJIOOHBIX MPOILIECCOB JOJIXK-
HbI OBITH OJIMHAKOBBHI BO BCEM, KPOME UHCJICHHBIX 3HAYCHHUM I10-
CTOSIHHBIX, COJICPKAIIUXCS B 3TUX YCIOBUSX.

3. Jliist mogoOHBIX NPOLIECCOB JIOKHBI UMETh OJITUHAKOBYIO
YUCJICHHYIO BEJIWYHWHY OJHOUMEHHBIC Kpumepuu menjiotozo No-
000us.

1100 kpumepusamu menio6020 no0oOUsLT  NOHUMAOM Oe3-
pasmepHble KOMNIEKCbl, COCIMABNEHHBIX U3 ONPeOeNeHHbIX KOM-
OUHAYULL BeTUYUH, ONUCBLIBAIOWUX MOM UIU UHOU NPOYecc menio-
omoauu.

Takum 00pa3oM, TpeThe MPaBWIO JaeT BO3MOXKHOCTh pac-
MPOCTPAHUTH MOA00ME Ha MHOKECTBO MPOIIECCOB TEIJI00OMEHA,
OTIMYAIOIINXCA IPYT OT Apyra BeIUYMHAMH C, [, V, A, p, Cp U T.1.,
HO MMEIOIINX YUCJICHHO OJTMHAKOBBIC MX KOMOWHAIINH.

[Tepexom oT OOBIYHBIX (U3UYECKUX BEIUYHH K KPUTCPHIM
o100M s, KOTOPhIE COCTABJICHBI U3 T€X K€ BEJIIMUMH, HO B IPYTHX
COUCTaHMIX, CO3JaeT BakHbIe mpeumyiecTa. [Ipexne Bcero,
JOCTUTAETCS YMEHBIIICHUE YKCJIa HE3aBUCHUMBIX TIE€PEMEHHBIX,
Y4acTBYIOIUX B (POPMYITUPOBKE pelIeHUs paccMaTpUBaeMoOM 3a-
na4yu. DTO MO3BOJISIET cucTeMy nuddepeHInalIbHbIX YPaBHEHUH,
OMMKCHIBAIOIINX TEIJI0O00OMEH, 3aMEHUTh ()YHKIIMOHAILHOU CBSI3HIO
MEXIy KpUTepusMu noaoousi. Kpome toro, 3Ha4eHHs] KPUTEPHUEB
o001 MOTYT OBITh MOJYYEHBI KaK Pe3yJIbTaT MHOXKECTBA pas-
JUYHBIX KoMOWHanui BeawuuH. ClenoBaTrenbHO, (PUKCHUPOBAH-
HBIM 3HAYEHUSM KPHUTEPUEB COOTBETCTBYET HE OJHMH MPOIECC
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TEIJIOOT/Ia4uH, a 1[eJlasi COBOKYIHOCTh MOJI00OHBIX MPOIIECCOB. ITO
O3HAYaET, YTO €CIM (DYHKIIMOHAIBHYIO CBSI3b MEXKY KPUTEPUIMU
IPEACTaBUTh B BUAC KPUTEPHAIBHOTO YPaBHEHMS, MTOJTYUYEHHOTO
B pe3yibpTaTre 00pabOTKH PKCIEPUMEHTAIBHBIX JAaHHBIX TEIIOOT-
a4, TO 3TO ypaBHEHHE OyAeT CINpaBeIJIMBO U IS APYTUX IO-
JTOOHBIX MPOIIECCOB MEPEHOCA TEIJIa B TOTPAHUYHOM CJIOE.

Takum oOpazom, METOJ TEIJIOBOrO MOAOOHUS J1aeT BO3MOXK-
HOCTh M3 IU(PdEepEeHINATBHBIX YPAaBHEHUN U TPAHUYHBIX YCJIO-
BUM, OMHCHIBAIOIIMX TEIJIOOTAAYY, CO3/1aTh TEOPETHUECKYIO OC-
HOBY JIJI MIOCTAHOBKHU OMBITOB U 00pabOTKHU PE3yIbTaTOB DKCIIC-
PUMEHTOB TPU MOTYUYECHUH KPUTEPUATBHBIX YPaBHEHUH.

Hwkxe npuBeneHbl KpUTEPUH TETUIOBOTO TIOJI00MS, KOTOPBIC
HanboJiee pacmpoCTpaHEHbl B TEOPUU KOHBEKTHBHOTO TEIIO00-
MeHa. Kputepuun mpuHSATO Ha3bIBaTh (pamMuiIMell y4eHOTO, TIPe/-
JIO’)KHUBIIETO JAHHBIA KOMIUIEKC, U 0003HaYaTh JIATHHCKUM IIpUd-
TOM JBYMSI TIEPBBIMU OyKBamMu (haMIIIHH.

al
Kpurepnii Hyccenpra: Nu = PR

riae o — Kod(pUIMEHT TeIIO0TaauH,
[ — XapakTepHbII TEOMETPUUECKUI pa3Mep;
A — K03 PUIIMEHT TETUTOPOBOIHOCTU
Kpurepuii Hyccenbra XxapaktepusyeT TEmI00OMEH Ha Tpa-
HUILIE CTEHKA — TEIUIOHOCUTEIb U YCTAHABIMBAET YUCIEHHOE OT-
HOILICHUE MEXKJIy WHTEHCHUBHOCTBIO TEIUIOOTIAYUd M TEIUIOBOU
MPOBOJUMOCTBIO (4 / ) TETIIOHOCUTEIISL.
Kpurepuii Peitnoabaca, Re = %l
I1€ € — CKOPOCTh TEMJIOHOCUTEIIS;
vV — KO3((HUIIMEHT KNHEMATUYECKON BSI3KOCTH.
Kpurepuit PeitHOonpaca XapakTepu3yeT pPEXKHAM TEUCHUS
TEIUIOHOCUTEIISI U YCTAHABJIMBAECT COOTHOLICHUE MEXKIY CHIIAMHU
WHEPLUHU U CUJIAMU BSI3KOCTH.

Kpurepui llpanaras, Pr = iy
a

rae a — Ko3pUIMEeHT TeMIepaTyponpoOBOAHOCTH.

Kpurepuii [Ipanaris xapaktepusyeT (U3NYECKUE CBOMCTBA
KUJIKOCTH, SIBJIIETCS MEpOW TMOJ00Ms TeMMepaTypHBIX U CKO-
POCTHBIX TIOJIeW B MOTOKe TeruioHocuTend. [Ipu Pr = 1 tonmuasl
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TEIMJIOBOTO M JTMHAMUYECKOr0 IMOTPAHUYHBIX CJIOEB PaBHBI, T.C.
Om=0r -
3
Kpurepuii I'pacropa, Gr = g'g‘%ﬂ )

I/I€ g — YCKOPEHHUE 3€MHOTO MPUTSIHKEHUS;

B — ko3 PunmeHT 00BEMHOTO PACITUPEHUS TEIIIOHOCUTEIS;

AT — pa3HOCTh TEMIEPATYP MEXKIAY TECIJIOHOCUTEIIEM U CTEH-
KOM.

Kpurepuii I'pacroda xapaktepuszyeT KHHEMaTHYECKOE IO-
n00ue npu CBOOOAHOM JIBUKEHUM TEIJIOHOCUTENS M yCTaHABIIU-
BAE€T COOTHOUIEHNE MOABEMHON CUJIbI, BO3HUKAIOIIECH BCIEACTBHE
Pa3HOCTU IUIOTHOCTEM KUIAKOCTH M CHIIBI MOJEKYJSPHOrO Tpe-
HUSL.

B psag kputepueB nomoOusi BXOAUT XapaKTEPHBIM TeOMeET-
pudeckuii pasmep. B kadecTBe XapaKTepHOrO BBIOMPAIOT TOT
Tr€OMETPUUYECKUN pasMep, KOTOPBIM OMpeaessieT pa3BUTHUE MPO-
1ecca TEeYEHUs TEIUIOHOCHUTENSI OKOJO MOBEPXHOCTU TEIIOOTIA-
4qi. DTOT pa3Mep HA3bIBAKOT ONpeOensiomuM.

Jl1st TpyO KPYTI0TO CEYEHUSI TAKUM OTIPEACIISIONINM pa3Me-
pOM SIBJISIETCS BHYTPEHHHUU nuamerp TpyObl. [[ns kaHamoB He-
KPYTJIOTO CEUCHHS B KAaYECTBE ONMPEETAIONIETO pa3Mepa BhIOUpa-
€TCs DKBUBAJICHTHBIM UAMETP, KOTOPBIM BbIYUCIACTCS 1O (op-
MyJI€:

_4F
e = s
rae [ — miuomnaaps MornepevyHoro CeYeHus KaHaia;

[T — cMOYeHHBIN IEpUMETP HOPMAJILHOTO CEYEHUSI KaHaIa.

[Ipu monepeuyHoM 00TEeKaHUU TPYOBI U MydKa TPyO B Kaue-
CTBE OMPEACIIAIONIETO pa3Mepa OepeTcss HAPYKHBIN JUAMETP TPY-
Obl, a TIpU OOTEKAHWM TUIUTHI - €€ JIJIMHA 10 HAMNpaBJICHUIO JIBU-
YKEHHUSI TTOTOKA.

Bxopdiue B KpuTepuu Moj00us BEIUYUHBI, XapaKTepU3y-
fomue (GU3NYEeCKue CBOMCTBA TEIUIOHOCHUTENS, B 3HAUUTEIHHOMN
CTEIEHU 3aBUCSIT OT €ro TemmepaTrypsl. Temmeparypa ke Tero-
HOCHUTEJISA B IMPOIECCE TEIIOOTIaud MEHSAETCS KakK MO TOJIIWHE
MOTPAHUYHOTO CJIOS, TaK M BJOJb MOBEPXHOCTH TEIIOOOMEHA.
[ToaTOMYy BaXXHO YCIIOBUTBCS, KaKyl0 TeMIIepaTypy MpUHUMAThH B
KauecTBe onpedensaiowel s BbIOOpa GU3NUECKUX TTapaMeTPOB.

(5.9)
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B nHXEHEpHOW TPAKTUKE 3a OMPENCISIFONIYI0O MPUHUMAKOT
Ty TEMIIEpaTypy, KOTOpasi B TEXHUUECKUX pacyeTax ObIBaeT 3ajaa-
Ha WJIH JIETKO MOKET OBITh OMPEeiIeHa B SKCIIEPUMEHTE. ITO JIU-
00 TemmepaTypa B SApe MOTOKA TOrO CEYEHUS, JJII KOTOPOTO BbI-
qucisieTcs: KOdPPUIUEHT TeIIO0TAauH, TUOO0 CPEIHSS 1O IJIMHE
KaHaJIa TeMIepaTrypa TEIJIOHOCUTEIIA.

Teopust TemynoBoro mogoOusi MO3BOJISIET ONPEACTUTh BEIH-
yuHy K03 (UIIMEHTa TEIJI00TIa4u MPU MTOMOIIM COOTBETCTBYIO-
IIETO KPUTEPUATLHOTO YPaBHEHUSI.

Kpumepuanvnvim nazvigarom ypaenenue, Komopoe 3a8UCU-
MOCMb  MedHCOY  BeNUYUHAMU, ONUCLIBAIOWUMU KOHBEKMUBHbLIL
meniooomer 6 oughgepenyuanvrol uiu 0py2ou gopme, npeo-
cmasnsem 3a8UCUMOCMbBIO MeHCO0y Kpumepusimu meniogo2o No-
000us.

Tak, Hanpumep, (yHKITMOHAIBHAS CBSI3b

Nu = f (Re, Gr, Pr) (5.10)
pEACTaBIsSET COO0M KpUTEPUAIBHOE YPaBHEHHE B OOIIEM BHJIE.
JI1s KaKIoro BUJIa TETUIOOTAAYH 110 pe3ysibTaTaM MHOTOYHC-
JICHHBIX OIBITOB MOJY4YE€HBbl KOHKPETHBIC KPUTEPHATbHBIC ypaB-
HEHUS.

EcrecTBeHHasi KOHBEKIUSA

JIJisi BepTUKAIBHO PACIIONIOKEHHOIO0 LUIMHpA B OOJIBIIOM
o0beMe TEIUIOHOCUTEIISI CpeAHee 3HaueHue Kod(duimeHTa ten-
JIOOTIauM MPU €CTECTBEHHON KOHBEKIIMU C JOCTATOYHOM CTere-
HBIO TOYHOCTH BBIYUCIIACTCS 10 KPUTEPUATHLHOMY YpPaBHEHUIO:

Nu,,=015(Gr, P, )3(Pr,/Pr,, (5.11)

p,l
VY xpurepueB Hyccenbra u I'pacroda mpoctaBieHbl J1BOM-
Hble MHJAEKCHI. MHIekc ,, cp “ 03Ha4YaeT, 4yTo 3a ONMPEIEIISIONIYIO
TeMIIEPaTypy NPUHATA CPEAHAS B MOTPAHUYHOM CJIO€ TEMIIEpaTy-
pa, T..tep=05(tm+1tcm).
HNupekc ,, [ “ yka3bIBaeT, UTO B KAUYE€CTBE ONMPEACISIONIETO
pa3Mepa npuHsITa JJIMHA TAJTAHAPA.

cp,l

Bbiny:x1eHHAsi KOHBEKIUHN

Jlamunapnuotii _pesicum. 1Ipyn m1aMuHapHOM JBUKEHUH HEOO-
XOJIMMO YUYHUTHIBATh BIUSHUE €CTECTBEHHOW KOHBEKIMU. Hanmmuaue
€€ MEHSET 3aKOH PaCMpe/IeSICHUs] CKOPOCTH B CEYEHUH, YTO CKa-
3BIBAETCSl HA MHTCHCUBHOCTH TEIJIOOOMEHa.
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s onpeneneHust kKodpuimenTa TermIo0TAauud Py JaMu-
HApHOM TE€UYEHUHU TEIIJIOHOCUTEIIS B MPSAMBIX TJIAJKUX TpyOax mpu
(1/d)>50 ucnonwp3yercst kpuTepuaibHOE ypaBHEHUE Muxeena:

Nu,, =015Re”” Pr " Gr%, (Prcp/Prcm )0’25 (5.12)

cp,m

3nech UHAEKC ,,cp‘‘ y KpUTepHeB 0003HAYaeT, YTO B KaueCTBE
ONPEAEIISIONICH TEMIIEPATYPHI IPUHATA CPEAHSS MO IJIUHE KaHa-
Ja Temreparypa temionocurens. Kpurepunit xe Pre, onpeaenseT-
CA JUISL TETUIOHOCHUTEJNSI MPU TEMIIEPATYpe CTEHKU. Onpenersro-
MM Pa3MEPOM B 3TOM YPABHEHUH SBISIETCS SKBUBAJICHTHBIN
muametp. Otnomenue Prq,/Prq, B ypaBHenusx (5.11, 5.12) yuu-
THIBAET BJIMSHUE HA TEIUIOOTJAa4yy HAIMPABICHUS TEIJIOBOrO MOTO-
Ka. Tak Kak BenuuuHa Kpurepus lIpanarTid s )XKUAKOCTER C
YBEIIMUCHUEM TEMIIEpaTypbl YMEHbIIAETCS, TO TpU T¢pn>T, OT-
HoueHnue Pre, / Prey, Oyner 0omnbiie equHuubl, B ciaydae 7,> Tem
ATO OTHOLIEHHE MEHbIIE equHUIIBl. OTCI0J1a TPU MPOUYUX PABHBIX
YCIOBHSIX TEIUIOOT/Iaya WHTEHCUBHEE B CiIydyae HampaBJICHUS
TEIUIOBOTO TMOTOKA OT CTEHKU K TEIUIOHOCUTEI0. JTO SIBICHUE
MOXHO OOBSICHUTh MEHBIIEH TONIIMHON TEMJIOBOIO MOrPAaHUYHO-
ro CJIOS BCIICACTBUE BJIWSIHUSI TEMIIEPATYpbl HA BSI3KOCTh TEIIO-
HOCHTEJIS.

Typoyrenmuwii pescum. Ilpu TypOyJIE€HTHOM pEKUME JBU-
YKEHUS TEIUIOHOCUTEIIb B KAHAJIE BEChbMa MHTEHCUBHO MEPEMEIIIHN-
BAETCSI, U €CTECTBEHHAs KOHBEKIMSI HE OKA3bIBACT BJIMSHUS HA
Terootaauy. g onpenenenus cpenHero kosdduuuenta Ten-
JIOOT/Iauu TIPU Pa3BUTOM TYpPOYJIEHTHOM JBHMKEHUHU MOBCEMECTHO
UCIIOJIb3YETCsl KpUTEpUaIbHOE ypaBHEHNE MuxeeBa

0,2
Nu,,, =0,021Re%, Pr%*(Pr, /Pr,, )™’ (5.13)
Jlis Bo3myxa oTa (hopMyJia YIIPOIIAETCs:
Nu, ,=0018Re,, (5.14)

13

NHpaexkchl y KpUTEpUEB TEIJIOBOTO Mojaoous ,, cp“ u ,, d
MOKA3bIBAIOT, YTO 3a OINPEICISIONIYI0 TEeMIIepaTypy IpUHSITA
CpedHsia TeMIepaTypa TEIUIOHOCUTENS MO JIJIMHE KaHalla, a ompe-
NEJAOINN pa3Mep — SKBUBAJICHTHBIM JUaMETp KaHalla. Y paBHe-
Hug (5.13) u (5.14) npuMeHUMBI 7151 IPAMBIX TIaAKUX TPYO mpH
(I/d)>50 B npenenax Re=1-10*...5-10° m Pr=0,6 ... 2500.
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st nepexoonozo pexcuma (OT TaMUHAPHOTO K TYpOYJICHT-
HOMY) HaJIC)KHBIX KPUTEpHUAIbHBIX YpaBHEHUU HET. s ompene-
JICHUSI TPUOIMAKEHHOT0 KO3 (UIIMEHTa TEIJI00TIauu B 3TOM 00-
JIACTU MOKHO HCTO0JIb30BaTh YPABHEHUE

Nu,,=K Prc%“(Prcp/ Pr, )0’25, (5.15)
rae K ompenensatoT u3 tadi. 5.2.
Tabnuya 5.2
3aBucuMocTh K oT Re

Re 2300 2500 2700 3000 3500 4000
K 3,6 4.9 5,9 7,5 10 12,2
Re 5000 6000 7000 8000 9000 10000
K 16,5 20 24 27 30 33

[Tpu nBMKXEHUH TETUTOHOCUTENS B U30THYTHIX KaHanax (0TBOAAX,
KOJICHaX, 3MEeBUKaX ) HEM30€)KHO BO3HUKAET IIEHTPOOCKHBIN (-
deKT, XapakTep IBIKCHHS HApYIIAeTCs: TOTOK TEIIOHOCUTEIIS
OT)KUMAETCS K BHEIITHEH CTEHKE, OTYETO B IMOMEPEYHOM CEUCHUU
BO3HHMKAET TaK Ha3blBaeMasi BTOpUYHAs MUPKYJIALUs, puc. 5.6.
DTO IPUBOAUT K 3HAYUTEIIb-
HOMY TOBBIIIIEHUIO KO3 DHu-
[IMEHTA TEIJIO0T/IauH 10
CpPaBHEHHUIO C €T0 3HAYCHUEM
JUTSL TIPSIMBIX KaHAJIOB.
TermnooTnaya B Takux KaHa-
JaX  PacCUMTBIBAETCA  TIO
dbopmynam s TPSMOJIH-
HEMHBIX KaHAJIOB C IOCIEIY-
IOIMM YMHOXXEHHEM Ha TI0-
MPaBOYHBIA KO(DPUIHUEHT ¢,
st 3MEeBUKOBBIX TPYyO
3HAUCHHE ER OMNpPEICIIeTCS
0 AMITUPUUIECKOHN hopMmyTie:

Puc. 5.6

£ :1+1,77%.

rjae d — qruaMeTp TpyOsI;
R — pannyc KpUBU3HBI KaHaa.
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Bonpocs! 1151 caMOKOHTPOJISA

1. Uto Takoe KOHBEKTUBHBIN TEINIOOOMEH?
2. I[losicauTe, 4TO MOHMMAETCS 1101 TEIUIOOTAAYECH.
3. 3anuiuTe U NpoaHaJIu3UPyUTe OCHOBHOW 3aKOH TEIUIOOTAAUH.

4. PackpoiiTe (PU3UIECKYIO CYITHOCTh KO3(PIHUITMEHTA TeIIIOOTAAYH H
NosiICHUTE (DAaKTOPBI, BIUSIOIINE HA HETO.

5. 3noxuTe CyuiHoCTh TEOPUH TETIOBOTO MOI00US.
6. UTo moHMMaeTCs 101 KpUTEepUaAIbHBIM YpaBHEHUEM ?

7. Hanuiure BBIPpAKCHUA U 00BICHUTE CYIIHOCTb H3BCCTHBIX Bam
KPUTCPHUCB TCIIJIOBOT'O HOI[O6I/IH.

8. HOHCHI/ITC, KaK BBIYHMCJIACTCA KO3(1)(1)I/IHI/I€HT TCIJIOOTOAa4H.
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I'nasa 6. JIyuucmotit mennooomen. Tennonepedaua

6.1. Jlyuucmuiii meniooobmen

6.1.1 3ax0HOMEPHOCTH JIYyYMCTOI0 TeNJI1000MeHa

JlyuucTeiii TEMI000MEH — CaMblii PaCIIPOCTPAHEHHBIM B MPUPOJC
MPOILIECC MEPEeHOCca TEIUIOTHI. VCKITFOUUTENbHAS POJIb MPUHAJIIIC-
KUT 3TOMY BHAY TeIiooOMeHa B pa3BUTHU (PIopbl M (hayHBI Ha
HallleW TJIAHETE W 3BOJIIOLMU BceenenHou. PacdeT JiyducThIX mo-
TOKOB MPOBOJUTCS B KAMEpax CrOPaHHs SHEPTETUUECKUX YCTAHO-
BOK M B CHUCTEMaX TEIUIOCHAOXXEHUS psA/la 00BEKTOB CEIbCKOXO-
351MCTBEHHOTO IPOU3BOJCTBA.

TerioBoe HU3Iy4eHHUE — 3TO MPOILECC PACIPOCTPAHEHUS Ya-
CTH BHYTPEHHEW SHEPTUM M3TYyYaIOIIEro Tejaa NOCPEACTBOM JJICK-
TPOMAarHUTHBIX BOJIH €O CKOpOCThiO okoJio 300 000 km/4. Bo30y-
JTUTEIISIMA 3JICKTPOMArHUTHBIX BOJIH SIBJISIFOTCS 3apsKEHHBIC Ma-
TepualibHble YacTullbl. M3mydenue oOjiaiaeT HE TOJBKO BOJIHO-
BBIMH, HO U KOPIYCKYJISIPHBIMU CBOMCTBaMU. KopmyCKyJISIpHOCTB
COCTOUT B TOM, YTO JIYYUCTasl SHEPTrUsl UCITyCKAETCS W MOTJIONIA-
€TCs TeJIaMU HE HEMPEPBIBHO, & OTJCIbHBIMUA JUCKPETHBIMHU MOP-
MUAMH — KéaHmamu uina gomonamu. Vicmyckaemsbiii poToH 3TO
4acTUIla MaTepuH, 00JIaJaroiasl SHEPTruel U IEKTPOMATrHUTHOM
Maccoi. BOJIBIIMHCTBO TBEPABIX M KUIKUX TEJI CO3NACT HEIpE-
PBIBHBIA CHEKTP JJIMH BOJIH B Auamna3zoHe A = 0 0., u3 KOTOPOro
CYIIECTBEHHBIM B TEIJIOOOMEHE CUUTAETCS MHPpakpacHbld (A =
(0,8 -107°...0,8 -1073) m.

Tennoobmen nyuucmoii snepeue mexcoy meiamu CUCmembl
UIU cUCmeMamu Ha3vl8aiom JYYUCMbIM Meni000MeHOM.

TemnoBoe HU3ilydeHUE CBOMCTBEHHO BCEM TeJlaM, U KaXI0e€
TEJI0 M3JIy4aeT W MOIJIONMIAeT YHEPTUIO MPHU JII000M TemIieparype,
naxe OMu3KOoW K aOCONIOTHOMY HYJIO. MIHTEHCMBHOCTBH H3IIyye-
HUSI 3aBUCUT OT IIPUPOIBI TEJIA, M0 TEMIIEPATYPHI, JIMHBI BOJIHBI,
COCTOSIHUSI MOBEPXHOCTU. Hempo3pauHbie TBEpJbIC Tela U KHUI-
KOCTH TOTJIOWIAIOT M HM3JYYaOT YHEPTUI0 CBOEM MOBEPXHOCTHIO;
MOJYITPO3PAYHBIE TEJIA, & TAKXKE Ia3bl U MAPbl XapaKTEPU3YIOTCS
00BbEMHBIM XapaKTePOM U3ITyUCHUS.

IHepeusi usny4eHusl, UCNycKaemas npou3eoabHOU NOBEPXHO-
CMbl0 8 eOUHUYY BPEMEHU NO 8CEE03MONCHBIM HANPAGIEHUAM U HO
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gcem OAUHAM BOJIH cnekmpa, Hassleaemcs NOJIHbIM JIYYUCNTIbIM
nomaoJiKom.

[TonHbBINM, WU UHTErPATbHBIN, JTYYHUCTHIM MOTOK 00O3Hay4a-
ercs uepe3 O, 3a eIMHUILY TyYUCTOrO MOTOKA MPUHST BaTT.

HNHTEerpanpHblil TyYUCTBIN MTOTOK, HCITYCKA€MBbIN C €IMHULIBI
MOBEPXHOCTH, HOCHUT HA3BAHUE U3AYUAMENbHOU CHOCOOHOCTMU

mena:
do
E= T (6.1)

rae E — uznydarenbHas cnocoOHOCTD Tena.

Kaxxnoe teno cnocoOHO HE TOJMBKO M3y4aTh, HO U TOTJIO-
1aTh JYYUCTYIO SHEPTUIO; IPU 3TOM HEKOTOPOE KOJIUYECTBO JTy-
JYYHCTOTO MOTOKA MOYKET OTPA’KaThCs OT TeJa, a HEKOTOPOE —
IIPOXOJUTH CKBO3b HETO.

[lycTh U3 majaroIiero Ha Tejao JyducToro noroka @ 4vacth
noryomaercs (Pa), yacte orpaxkaercs (Dr), a HEKOTOPOE KOJIU-
yecTBO (Pp) NpOXOaUT CKBO3b Teno (puc. 6.1), Torna

(D:CI)A+(I)R+(DD.
Paznenum paBeHcTBO Ha @ u, 0003HaUUB DA/D =A; Or/D =R;
Op/®=D, nonyunum: A+ R +D = 1.

Benuunnaslt A, R u D xapakre-
pU3YIOT, COOTBETCTBEHHO, MOTJIONIa-
TEJbHYI0, OTPAXKATEIBHYIO U TIPOITyC-
KaTeJbHYI0O CIIOCOOHOCTH Tejla W
Ha3bIBAIOTCS KOodpuyuenmamu  no-
2NIOWeHUsl, OMPAXCeHUsi U Npo3pay-
HOCMU.

Paccmarpusarorcest Tpu npenesb-
HBIX CITydas: \ o

D

Puc. 6.

a) A=1 (R =0; D=0)— Bca nagaromas Ha TEJIO JTyIUCTaAs
SHEPrus TMOTJIOMIACTCS; TAaKOe TEJIO HAa3bIBACTCS aOCOIIOMHO Uep-
HBIM;

06) R=1 (A =0; D =0) — nyuucras sHEeprus MOJHOCTbIO OT-
paXkaeTcsi; B 9TOM CJIy4ae TeJI0 Ha3bIBACTCS AOCOIOMHO OenbiM,
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B) D=1 (A =0; R=0)— q1y4ucThlil HOTOK BECh TPOHUKAET

4yepe3 TENO; TAKOE TEJIO Ha3bIBAIOT a0COIIOTHO IPO3PAUYHbIM.

Benuuunsl A, R u D 3aBuCAT OT npupoabl T€a, €ro TeMIie-
paTyphl U IJIUHBI BOJIHBI TETJIOBOTO U3JIYyUYEHHUS.

3akon Credana-boabumana. ITOT 3aKOH yCTaHaBJIMBAECT
CBSI3b M3JIy4YaTeIbHOM CIIOCOOHOCTH aOCOJIFOTHO YEPHOTO Teja ¢
temnepatypoid. B 1879 r. demickuii yuensiit 1. Ctedan skcrnepu-
MEHTaJbHO, a B 1884 r. aBcTpuiickuii ¢husuk JI. bonbiMan Teope-
TUYECKU YCTAHOBUJIA 3aKOHOMEPHOCTb:

T 4
Eo =Co(ﬁ) R (62)

rae Eo— u3nyyarenbHas CIOCOOHOCTh a0COJIFOTHO YEPHOT'O TENa;
co— nocrosauas Credana-bonbimana, co = 5,67 Br/(m? - K%);
T — TeMriepatypa U31y4aeMoro Tena.
3akon Credana-bonbiiMana MoxeT ObITh MPUMEHEH K Ce-
pbIM TeslaM. B 3ToMm ciiydae UCToJib3yeTcsl TTOJIOKEHUE O TOM, UYTO
y CEpBhIX TEJI TaK K€, KaK M Yy YEPHBIX, COOCTBEHHOE H3JIyUCHHE
MPONOPIIMOHATBLHO a0COIIOTHOM TeMIlepaType B UETBEPTOM CTe-
MIeHH, HO M3JIy4yaTesibHasi CHOCOOHOCTh CEPhIX TeJl MEHBIIIE, YEM Y
a0COJIFOTHO YepHBIX. {7151 cephIX TeNl 3TOT 3aKOH 3alUCHIBACTCS B
T 4
BUJIC: E=c¢c¢ (ﬁ) : (6.3)
N3 cpaBHeHust ypaBHeHud (6.2) u (6.3) npu OgUHAKOBOU
TeMIEpaType NOJIyUUM:
€= E_o , (6.4)
BennunHy € Ha3bpIBalOT cmenenvio uepnomsl Tena. Huc-
JIEHHO CTENEHb YEPHOTHI KAKOTro-JIMOO Tejla paBHAa OTHOIIEHUIO
€ro U3Jy4aTeJIbHOW CIOCOOHOCTH K U3TydaTesIbHON CIIOCOOHOCTH
a0COJIFOTHO YEPHOTO TeJIa MPU TOU K€ TeMIleparype.
CreneHb YEpHOTHI 3aBUCUT OT (PU3UUECKUX CBOUCTB Tela, U
JUISl CEPBIX TEJI OHA BCEra MEHbIIIE €AUHUIIBIL.
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6.1.2. JIyuncreplii TeN1000MeH MexXAy TeJIaMH,
pa3aejeHHbIMU MPO3PAYHON cpeaoi
[Ipu TermmooOMeHe U3IyUYEHUEM MEXAYy TelaMu Heo0Xo-
TUMO YYWUTBIBATh PE3yNbTUPYIOMINN A(DPEKT H3IydaTeNbHOU U
MOTJIOMIATEIbHOM CITOCOOHOCTEM ATUX Tel. [IOTHOCTh pe3ybTH-
PYIOIIETO JTYYUCTOrO TEIJIOBOIO MOTOKA MEXIY TelaMH 0003Ha-

yaroT uepes ¢, u m3mepawor B (Br/m?). Benmumna ¢, Mexmy

TBEPJBIMHU TEJIaMU 3aBHCHUT OT UX Ma-
5 Tepualia, TEMIIEpaTypbl, B3aUMHOIO
pacroJyIOKEeHUs, OT CBOMCTB CpEIIbI,

T,

E;

4, LA .  HaxoJIedCs MEXMy TENaMH.
. z PaccmorpuM nyducTBIA TElI-

,\/ JOOOMEH MEXAY IUIOCKUMH Mapai-

4 E: JCNBHBIMU CTEHKAMH, IUIOMIAIN II0-

E;  BEPXHOCTEM KOTOPBIX JOCTATOYHO
4;  BEJIMKUA MO CPABHEHUIO C PACCTOSIHU-

Ex(1-A1) /(<
- > ) eM mexay HumH, puc. 6.2. Cpena

o (L MeXIy CTeHKamMu aOCOJIOTHO IIpO-
- — — 3padHa, MPO3PAYHOCTh K€ CTCHOK

Hynesas, T.e. D = 0. CTeHkn xapak-
Tepu3yroTca BenmnunHamu Ei, A, Ty

Puc. 6.2 u Eo, As, Tz, cooTBeTcTBEHHO. U3y~
YEHHUE KaXJOW CTEHKHM YACTUYHO MOIJIOIIAETCS COCEIHEH CTEH-
KOM, YaCTUYHO €K OTPAXKAETCS, MPUYEM 3TOT MPOLECC MHOTO-
KpaTHO IMOBTOPSETCA M MMEET 3aTyxaromui xapakrtep. Omnpene-
JUM (n 1pu ycaoBuu Ti > To. Ecau oT mepBor CTEHKHU HA BTO-
pyIO MOCTyMaeT KoauyecTBo 3Heprun Ej, To yacth ee (E1A2) mo-
IJIOTUTCS BTOPOW CTEHKOM, CJIEAOBATEIIbHO OTPA3UTCS U Hampa-
BUTCA K nepBou cteHke BenuunHa: E; — E1Ax = E(1-Az). Touno
TaKO€ K€ PACCyKJICHUE MOKHO NMPUBECTU OTHOCUTEIBHO HU3JTy4e-
HUSI BTOPOM CTEHKH. Torjga TEmIoBOM IMOTOK MEXIY CTEHKaMHU
IIpU OJTHOKPATHOM OTPaKCHUU OYyJIET paBEeH:

q'(lfz)JZ = [El +E2 (1_A1 )]_[Ez +E1 (I_AZ)]:EIAZ_E2A1'

Hcnonb3ys 3akon Credana-bosibiiMana 1 yduThIBas, 4To
A= €1 1 Ay= & IOIIyYUM:

o 7Y (1Y
q(]*Z)ﬂ - gnp Co 100 100 5 (65)
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/1€ € np — IPUBEICHHASA CTENEHb YEPHOTHI CTEHOK, € np = € 1€ 2.
IIpy ydyere MHOTOKpPAaTHOTO OTPAXEHHUS W MOTJIOLICHUS
DHEPIrUM CTECHKAMHM BEJIWYMHA MPUBEJACHHOW CTENEHH YEPHOTHI
CTEHOK I0JIy4aeTCsl PABHOM:
£,

&,y = . (6.6)

& +&, —&,&,

VYpaBHeHue (6.6) UCMONB3YeTCS U NPU BBIYUCICHUHU IIJIOTHO-
CTH JIYYHCTOT'O TEIUIOBOTO ITOTOKA MEXIY TEJIaMH, KOTJa OIHO
TEJIO OKPYKEHO JpyruM, puc. 6.3.

IIpu T1>T> u F»>F; npuBeaeHHas creneHb Y4epHOTHI OyI€T UMETh
BUJ:

= F(1 1
B N I
g K&

C yMEHBIIEHUEM MTOBEPXHOCTH
BHYTpEHHETro Tena (F;), II0THOCTh
JYYUCTOTO TEIJIOBOT'O TOTOKA BO3-
pacrtaer. OT0 0OBSICHSAETCS TEM, UTO
Ha MOBEPXHOCTH Tesa 1 OyjeT momna-

JaTh BCE MEHbIIAS IO JTyYUCTOU
SHEPTUU Tena 2.
Puc. 6.3

6.2. Tennonepeoaua

6.2.1. YpaBHeHue Temuionepeaauu

B TennoTexHWMYECKMX pacyerax 4acTo MPUXOJIUTCS HUMETh
JIEJI0 CO CJIOKHBIM TETUIOOOMEHOM mennionepeoayeli.

1100 mennonepedaueli noHumarom npoyecc nepeHoca men-
JIOMbl OM 00HO20 MENJOHOCUMENSL K OPY2OMY uepe3 pasoeisiio-
WYH0 UX CINEHKY.

[Ipu Tenmonepesaue UMEIOT MECTO BCE BUIBI TETIOOOMEHA!
KOHBEKTUBHBIN, JIYUUCTBIM U TEIUIONMPOBOAHOCTh. TEmIoBOM mO-
TOK HampaBJjeH OT TETUIOHOCUTENS ¢ OOJbIIeH TeMrepaTypon Je-
pe3 CTEHKY K TEIJIOHOCHUTENIO C MEHblIen Temneparypou. [Ipu-
HSTO MHJIEKCOM ,,1”° 0003Ha4YaTh BEJIWYMHBI, OTHOCSIINECS K BBI-
COKO - TEMIEPATYPHOMY TEIUIOHOCUTEIIO, a UHJECKCOM ,,2”° — K
HU3KOTEMIIEPATYPHOMY.
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B CTAlMOHAPHOM PCKUMC IUIOTHOCTH TCIIJIOBOT'O IIOTOKA
MCIKAY TCIUIOHOCHUTCIIMU IIPONMOPHHUOHAJIbHA PA3HOCTH HUX TEM-

neparyp:

q:K(Tm _TmZ)a (67)
rie K — Ko3(QUIMEHT NPONOPIHUOHAIBHOCTH;
Ti, T2 — TEMIEpaTypbl TEIULIOHOCUTEIIEH.

Boeipaxenue (6.7) BOIUIO B TEOPHUIO TEIMIOOOMEHA MO/
Ha3BaHUEM “‘ypaBHEHuUe menionepeoauu’’.

KoaduiineHt nponopimoHaIbHOCTH K XapaKTEPU3yeT WH-
TEHCUBHOCTh IEPEHOCA TEIUIOThl OT OJHOTO TEIJIOHOCUTENS K
IPYromy; €ro UMEHYIOT K03 guyuenmom menionepeoau.
3a equauny x npuaar Br/(m? - K).

YucieHHo K03(p(OUIIMEHT TEIIoNepeiayd PaBeH KOJIMYECTBY
TEIJIOTHI, NEPEAAHHOMY OT OJHOIO TEIUIOHOCUTENS K APYromy
4yepe3 €IMHUIYY PA3IAEIAIONIEd UX MMOBEPXHOCTH B €AUHUILY BpE-
MEHH MPU PA3HOCTH TEMIEPATyp TEIJIOHOCUTENEH B OJAUH KEJb-
BUH.

6.2.2. Tensionepegaua yepe3 MJIOCKYI0 CTEHKY

B 3aBucumocTu OT (QOpMBI M pa3MepoOB TEILIONEpEAAIOIIEH
CTEHKH BBIPa)XEHUS JJI1 BBIYMCIEHUS KO3(DPUIMEHTa TEonepe-
JIa4¥ UMEIOT PAa3HbINA BUJL.

[Ipu crauroHapHOU Teronepeaade yepe3 MmIOCKYH OJHO-
POJHYIO CTEHKY (puc. 6.4) TOMMMHON & U KO3P(PUIIMEHTOM Ten-
JOTPOBOJHOCTH A. TUIOTHOCTH TEIJIOBOTO MOTOKA OT MEPBOIO
TEIJIOHOCUTEIIS K CTEHKE, YepPEe3 CTEHKY U OT CTEHKH KO BTOPOMY
TEIJIOHOCUTEIIIO OJIMHAKOBA!

. . A .
q=qQ (Tml_ cmz)- q:_(TCHﬂ_TC‘mZ); q:a2(Tcm2 _Tm2)

; o
Otcroga BeIpa3uM TEMIEPATyPHBIE HAITOPHI:
1 .0 1
q_:Tml_Tcml , q_:Tcml_ cm?2 ; q_:Tcm2_Tm2.
a, A a,
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IIpocymMMHpOBaB JIEBbIE U MPABBIE YACTU NOJYYEHHBIX pa-
BEHCTB, MOJIYYHM:

1 o 1
T‘ Q(_ _ _J:Tml _Tm2
o, a,
Tui WJIN
Tcm.I Yy — 1 T -7
q i é L ( ml m2)
o, a,
o — 1 CoMHOXHU-
1 o 1 -
1 o 1 remp y pas
o, A «, HOCTH TEM-
Tons reparyp 51
€CTh KOA(phUIMEeHT Teruionepeaa-
Ty 9yl JUIS  IUIOCKOM OJHOCIOWHOH
CTCHKHM:
> (6.8)
P Oem. % X Puc.6.4

B utore nioTHOCTh TEIIOBOTO MTOTOKA MPH TEIUIONEpEaaUYe Yepes
CTECHKY

é[:K( Tm1—Tm2). (69)
Jlig OIHOPOAHOW NMIIMHAPUYECKOM CTEHKUA C BHYTPEHHUM JIMa-
METPOM d; U HAPYKHBIM d>. IPU YCTAHOBUBILIEMCS TEILJIOBOM pe-
KM€ U U3BECTHBIX Tmi, Tmp, 0l U 0O TEIJIIOBOM MOTOK, OMHECEH-
HblU K JIJIMHE CTCHKH, 3aIIMIIETCS KaK

q, =k7(T, —T,,)
1
R SR TP S
ad 24 d, a,d,
JI711 MHOTOCIIOWHON LIMIIMHIPUYECKOU CTEHKHU BEJIMUMHA K
YMEET BU:

b

TIe Ky =

KZ:

) : (6.10)
I +z'1maﬂ+ I
a,d =24 d. a,d

n+l
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6.2.3. IlyTu uHTeHCHM(PUKALMH TeIIoNepeaYn

[Ipy pelieHMM NPAKTUYECKUX 3a7ay [0 TEIUIoNepeaade
MOXET BO3HUKHYTh HEOOXOJMMOCTh KaK B MHTEHCU(UKAIIUU Tie-
pelauu Teria, Tak U B €€ CHUYKCHUHU.

[Ipu pemeHnu Bompoca no yBEJIUUYCHUIO Mepeaadyu TeILIOThI
4yepes3 pa3AcIIsoUy 0 TEITIOHOCUTENIN CTEHKY, ITPEXKIE BCETO,
HE00XO0IMMO MPOAHAIM3UPOBATH YpaBHEHUE TEIJIONEpEIayuu, 3a-
MMCAHHOE JJISI TEMJIOBOTO MOTOKA B BUJE:

O=xF(T, -T,k,) (6.11)

N3 Beipaxkenust (6.11) ciemyer, 4To OIHUM U3 (PAKTOPOB
BO3JICHCTBUSI HA TEIUIOBOM MOTOK SBJISETCS IUIONIAb MTOBEPXHO-
ctu Teronepenayn F. DTo MOXHO clienath MyTeM YBEIUYEHUS
pa3MepoB KOHCTPYKIIMH TEIJIO0OOMEHHHUKA, JIMOO OpEOPEHHEM €ro
Hapy>XHOU MoBepxHOCTU. OTHAKO PTOT MyTh HE BCEr/a palroHa-
neH. bonbiiero a¢gdexra MOKHO AJOCTUYL MYyTEM BO3JCHCTBUS Ha
koddduiment termnonepenaun. C yBenuueHueMm KoddduimeHnrta
Tertonepenayun (6.8) yBenuuuBaeTcsa TerioBoi motok. Koaddu-
IUEHT TEIUIoNepeaayu BO3pacTaeT C YBEIUYEeHUEM KOdDpuUIreH-
Ta TEIUIOOTJA4d CO CTOPOHBI 'TOpsiYero" TEIUIOHOCUTENS; C
YMEHBIIIEHUEM TOJIIIMHBI TEIJIONEPEA0NIeH CTEHKH; C yBEInYe-
HUEeM K03 @duIMeHTa TEIIONPOBOAHOCTH MaTepuajia CTEHKH; C
MOBBIIEHHEM KO3 (DUIIMEHTa TEMJIOOTAA4YN CO CTOPOHBI '"XOJIO-
HOT0" TEIUIOHOCUTENA. AHAIN3 TOKA3bIBAET, YTO JJISI YBEIUUCHUS
ko3 dulMeHTa Teronepeaayu Npexae BCero yMeHbaTh 00b-
1iee 3HauYeHue cllaraeMoro B 3HameHarese gopmyisl (6.8).

Bonpocs! 1151 CAMOKOHTPOJISA

1. [TosicHUTE, YTO MOHUMAETCS MO/ TYYHUCTHIM TEIIOOOMEHOM.

2. IlpuBeauTe 3aBUCUMOCTH M3JIy4aTeIbHOM CIIOCOOHOCTH OT TEMIIE-
paTypsl 17151 aOCOJIOTHO YEPHBIX U CEPBIX TEJL.

3. Kak BbIYMCISETCS JIYUYHUCTHIN TETJIOBOM MOTOK MEXKAY TEJIaMU, pa3-
JIEJIEHHBIMU MPO3payHOi cpeaon?

4. N300pa3uTe U MOSCHUTE XapaKTep U3MEHEHHS TEMIIEPaTyphl OT OJ-
HOT'O TEIUIOHOCHUTENS K APYTrOMY 4epe3 pa3AelAIollyl0 X IUIOCKYHO CTEH-
KY.

5. 3anuiiuTe U NpoaHaJIu3upynuTe ypaBHEHHUE TEIUIONEpEIayun.

6. ITokaxxure n3BecTHBIe BaM crmocoObl MHTEHCU(DHUKAIIMK TETUIONEepe-
Jayu.
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Yacrte I1. X1agorexnuka

Pazngeu II1. CucreMbl X01010CHAOKEHUA
Tnaea 7. Oxnaricoenus cucmem
7.1. Ipunyunel oxnaxcoenus

B paznudHOro poja TEXHOJOTHYECKHUX MPOIEccax, B OBITY
BO3HMKAET HEOOXOJIMMOCTb CHIKATh TEMIEpaTypy CHUCTEM 0
3HAYEHUN HIKE TEMIIEPATYPhI OKPYKAIOIIEH CpeIbl.

Ilpoyecc cHnudcenusi memnepamypvi Cucmemvl HA3bIBAIOM
OXTLAAHCOCHUEM.

OxnaxaeHue — 3TO, COIIaCHO BTOPOMY 3aKOHY TE€pPMOJIUHA-
MUKH, CAMOIIPOU3BOJIBLHBIN MPOIIECC TIepeHoca YHEPTUH B (popme
TEIUIOTHI OT Teja C ONpPECICHHON TeMIepaTypou K Teiy ¢ 0osee
HU3KOM TemmepaTypoi. [lepeHoc sHepruu MOXKET MPOXOJUTh
TEIUIONPOBOJHOCTHIO (TpaHuuHble ycioBusa IV pona), Termoorna-
4yell M JIy4uCThIM TeruioooMeHoM. CiieoBaTeNbHO, IS OXJIax/Ie-
HUS 00BEKTa HEOOXOJMMO HMETh OKPYKAIOIIYIO €ro Cpeay C
TEMIEPATypOl HMKE TEMIIEPATYPHI ITOTO OOBEKTA.

B 3aBucumoctd OT TpeOyeMoOW KOHEUHOW TeMIIepaTyphl
OXJIAXKJIAeMOT0 00BEKTa MOXKHO MOA00paTh COOTBETCTBYIOIIYIO
Cpedy B €CTECTBEHHBIX ycioBusix. Hampumep, CHUKEHHUE TEMIIe-
paTypsl oxJaxaaroliei xuakoctu B paguarope JIBC npoucxoaut
B MPOIIECCE TEIUIOOOMEHA C OKPYXKAIOIIUM BO3yXOM; JJIsl OXJia-
XKJEHUSI HEKOTOPBIX MPOAYKTOB MUTAHUSI B €CTECTBEHHBIX YCIIO-
BUSIX HCIIOJIb3YIOT BOJYy CKBa)XMH, BOJOEMOB, pa3MEIlICHUE B 3a-
IIyOJICHHOM TPYHTE W T. 1. JIJIs OXJaXkKACHUS U XpaHEHUs MHIIe-
BBIX MPOJYKTOB PaHEE UCIOJIb30BAIM JIEAHUKHU (Torpeda), 3amo-
HEHHBIC 3arOTOBJICHHBIM 3WMOW JbJIOM. M3-3a orpaHudeHHOMN
JUTUTEILHOCTH TIporiecca (JieJ] MEHSIET CBOE arperaTrHoe COCTOS-
HUE U TEPSIET OXJIAKJAIOIIYI0 CIIOCOOHOCTH) M OOJIBIIION TPYI0-
€MKOCTH 3arOTOBKH JIbJIa JAHHBIM CIIOCO0 TEPSIET aKTyabHOCTb.

HuszkoTtemieparypHyto cpeny MOXKHO CO37aTb U HCKYC-
CTBEHHO. K HMCKYyCCTBEHHBIM OTHOCHUTCS OXJaxICHHUE ''Cyxum"
JBJOM, C TIOMOIIBIO CXKIKEHHBIX Ta30B, TEPMODJIEKTPUUCCKUM
CIIOCOOOM, P MOMOIIN XOJOAUIBHBIX MAIIIUH.

TepMonnekTpruueckuil cnocod oxiakJAEHUsI OCHOBAH Ha U3-
BecTHOM 3(dexte [lenpThe. Mcnonb3ys ToT ¢dakT, 4TO pasinud-
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HbIE TPOBOAHUKHU (M MOJYNPOBOJHUKH) SJIEKTPUYECKOTO TOKA B
3aBUCUMOCTH OT COCTaBa MaTepuaia HMMEKT Pa3IMYHOE YHUCIIO
CBOOOHBIX 2JIEKTPOHOB, IlenbThe co37an yCciaoBue i UX MHepe-
menieHusa. CoopaB U3 IBYX pasHOPOIHBIX MPOBOJIHUKOB U UCTOU-
HUKa TIOCTOSIHHOTO TOKa 3aMKHYTYIO Iienb puc.7.l1, oH oOHapy-
KWI, 4TO CHad MPOBOJHHUKOB MMEIOT PA3HBIE TEMIEPATYpPHI: IO
CPAaBHEHHIO C OKPYKAOUIEHW CPENOU: OMH '"TOpPSAYHAMN" , 4 IPYrou
"xomomubii". Eciu OT ropsdero cmnas IMOCTOSSHHO OTBOJIMTH TEM-
JIOTY, TO XOJOAHBIN criaii OyAET BBINOJHATH POJIb OXJIAXKIAIOIICH
cpeapl. B aToM ciiydae 3aMKHYyTast LIENb IPEACTABIISAET CUCTEMY, B
KOTOPOW JJIEKTPUYECKUU TOK MEPEHOCUT IHEPTUIO OT XOJOIHOTO
VMCTOYHHUKA K TOpstyeMY. MOIIIHOCTh TAKOTO XOJOJAWIIBHOTO arpe-
rata Oy/JIeT B OCHOBHOM ONPEAEIATHCS KOJIMUYECTBOM CMAaeB U CH-
JIOM DIEKTPUYECKOTO TOKA. MI3MEHEeHne MOJAPHOCTH TOKA MTPUBO-
JUT K iepeMeHe QyHKIMN craeB.

BUCMYT

t, t,

cypbma

Puc. 7.1

JIOCTOMHCTBOM TE€pPMOSJIEKTPUYECKOTO CIocoda Co3JaHus
HU3KOTEMIIEPATypPHON CpeJbl SBISETCS TO, YTO OH DKOJOTHYEH,
OecrrymMeH, KOMIIAKTeH, MPOCT B aBTOMAaTH3aIlud U OOCITyKHBa-
HUM, OJIHAKO MO CTOMMOCTH €IMHHUIIbI XOJOJIWJIbHON MOIIHOCTH
yCTyHaeT XOJIOIWJIbHBIM MallliHAM.

CamMbIM  pacmpOCTpaHEHHBIM HMCKYCCTBEHHBIM  CIIOCOOOM
OXJIAXKJICHUE CHCTEM SIBJISIETCA CIOCOO0 C MPUMEHEHHEM XOJIO-
TUIBLHBIX MAIIIHH.

Mawuna, ocywecmsansarowas UCKYCCMBEeHHOe OXaNCOeHUe
00veKma u noodepIcanue e2o memnepamypol Huxdce memnepa-
Mypol OKpyAHcaroujels cpedvl ¢ NOMOUbI0 NOOBOOUMOTU SHEP2UL,
Hazvieaemcs Xoa00unvHou mawiunou (XM).

[TpuHIUI pabOTHI XOJIOAMIBHBIX MAITUH BCEX THUIIOB MOYKHO
MOSICHUTh CXEMATU4HO, puc. 7.2.
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Ecin Ttemmeparypa oxiaxaae-
MO0 CHUCTEMBI MEHBIIE TEMIIEpPa-
TYpPbI OKPYXKAIOIIEH Cpeabl, T.€. Tx

T, < T¢p., TO HENIOCPEICTBEHHBIN IIE-

PEHOC TEIUIOTBl OT CHUCTEMBI K
Tep. cpene HeBo3MOXKeH. HeoOxoaum
JOTIOTHUTENbHBIA ~ OOBEKT, Tak
Ha3bIBaeMoe pabouee meno (P.T.),
KOTOpPOE CIOCOOHO MNPUHSTH TEIl-
JOTY (2, @ 3aT€M IPU ONPEEIICH-
HBIX YCJIOBHUSX IEpelaTh TEIIOTY

g | OKpY Karollen cpeae.

q 4

do

Puc. 7.2
B KAauyCCTBEC pa60qer0 TCJIa MOKXHO HUCIIOJIB30BATH BO3-

IyX, TUOKCHUJ YIIIepoJia, aMMHUaK, TPUPOIHBIE YTIIEBOAOPO/IbI,
HMCKYCCTBEHHO TOJYYE€HHBIE Ta3bl HA OCHOBE YIJIEBOJOPOJIOB
(¢peonsl) u aAp. cM. Tab1. S u 6 Ilpunoxenus.

Ncnonb3yss n3BeCTHBIE CHOCOOBI (CM. HIDKE) CHIDKAIOT
TeMIiepatypy padouero tena 10 ycsaoBus 1'pm < T.

B TermnooOMEHHHMKE OT OXJIaXKIaeMO CHCTEMBbI pabdoye-
My Tely NepefacTcs TEIUIOTa B KOJMYECTBE (2, IIPU ITOM

temuneparypa P.T. ocraercs Heckoyibko HUXKE 7. Janee,
P.T. momxHO mepenars IOJYUYEHHYIO SHEPTUI0 OKPYKAKOIIEH
cpeae. s caMmompou3BOJIBHON Tepe/ladyd TEeIIOThl HE00XO-
JMMO UMETh TEMIIEPATYPY pabOUYero Tela BhIIIE TeMIEPaTyphbl
OKpy>Karomeu cpeasl, T. €. 1" pm > Tep.

IToeimenne Temneparypsl P.T. BO3MOXHO IyTeM ajua-
O0aTHOTO CXaTus raza (B KOMIPECCOPHbIX XM) MU TEIIOTHI
Jo, TOABOJIMMOM OT KaKOIr0-Iu00 UCTOYHHKA (aOCOPOIIMOHHbBIE
XM). IIpu tremneparype 1", TemnaoTa B KOJIUYECTBE ¢; B TEM-
JTOOOMEHHHKE MEPENIET CaMOIPOU3BOJIBHO OT padoyero Tela
K OKpPY’KaroUIEH cpeie.

Takum 00pa3oM OCYIIECTBISETCA OXJIAKICHUE CUCTEMBI
J0 TeMIeparyp HUXKeE 1¢p. .
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7.2. Cnocobvl nonudiceHuss memnepamypuvl pabouezo mend
7.2.1. IlpoccenupoBanue

lpoccenposanuem

Hasvledarom npoyecc NOHUNCEHUA 0as-

JIEHUA 6 2A3060M NONIOKE npu npeodOﬂeHuu MECMHO20 conponue-

JIEHUA 6 KAHAJIE.

[Ipu nmpoccenrpoBaHuM raza MPOTEKAET HEOOpAaTUMBINA Mpolecce
CHWDKEHMS JIaBJIeHUs1 0e3 COBEpIlieHUs] BHENTHEW padoThl. Eciu B
KaHaJle UMEETCS MECTHOE COIPOTHUBJICHUE B BUJIE PE3KOrO CyXkKe-
HUSI BUJA IEPETOPOJKH C OTBEPCTHEM, 3aJIBUKKH, KJIallaHa U T.IL.,
TO Ta30BBIM MOTOK MEPECTPAUBAET CBOK I'€OMETPUUECKYIO (op-
My, KaK J0 CY>E€HHUsI, TaK U nocie Hero. [lepectpoiika hopmsbl mo-
TOKa U TIEPETEKAHKUE Yepe3 caMO CYKEHHUE CBSI3aHO ¢ 00pa30BaHU-

€M BHXPEBBIX JIBUKCHUM
raza. YacTtp KHHETHYECKOU
SHEPruM TNOTOKAa HUJET Ha
oOpa3oBaHue BUXPEH,
4acTh — Ha MPEOJO0JICHUE
CONPOTUBJICHUS]  TPEHHS.
3aTpadyeHHasi Ha ATO DHEP-
rus HeoOpaTUMO mpeBpa-
nlaeTcss B TEIUIOTY, KOTO-
pas BOCIpPUHMMAETCS Tra-
3oM. lloaTtomy pnaBiieHue
MOCJE€ MECTHOrO0 COIpOo-
TUBJICHUS HE BOCCTAHaBIIU-
BAETCS JI0 MEPBOHAYAIBHO-
ro. M3mMeHeHue aaBJIcHMS,
CKOPOCTH U TEMIIepaTyphl
MO JJIMHE KaHalla MpuBee-
HO Ha puc.7.3. CxopocTb
raza mpu NPOTEKAHUHU €ro
4yepe3 Cy>XeHHWe BO3pacTa-
€T, YTO BBI3BIBAET CHIDKE-
HUE JaBJICHUS W TeMIepa-

=
| » » | »
oy L Ty
—> — Y > —
i i
p1 IC1 T1 —I_—I_ p2 c2 T2
(o]
p
o
<4
Tex>Tuus
T Tex=Tuns
TBX<Tuus

Typhbl. [locie cykeHus CKopocTh

IIOHMKACTCsA, HO JaBJICHUC,

Puc.7.3

BCJICACTBHUC YKA3aHHBIX ITPUYHUH HC BOCCTAHABJINBACTCA N0 IICPBO-

Ha4dYaJIbHOTIO.
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CreneHb CHWXEHHS JABJICHHS Ta3a MPU JTPOCCEITUPOBAHUU
3aBUCUT OT IPUPOABI T'a3a U €ro COCTOAHUS, OTHOCUTEIBHOU BE-
JUYUHBI CYyXEHUs, CKOpOoCTU raza. O003HAYUM CTENEHb CHUXKE-
HUS JABJICHUS Yepe3 ¢ ; TOT/la €€ BeJM4rHa OyJeT paBHa:

P
p
rae Ap — BeJIMYMHA CHUKEHUS JABIICHUS,

P — IaBJICHHE HA BXOJE B CYXKCHHUE.

B sHepreTnuecknx yCTaHOBKax JIPOCCEIMPOBAHUE HEXKENa-
TEJIbHO, T.K. MPU NAJCHUM NABIICHUS CHHIXXKAIOTCA DJHEpPreThde-
CKME BO3MOYKHOCTH ra3a. Ho mHOrma apoccennpoBaHue SBISIETCS
HEOOXOJMMBIM M CO3JA€TCSI UCKYCCTBEHHO, HAaNpUMeEp, B PEAYK-
TOpax, PeryyisiTopax u T.IL

[Ipu TepMOAMHAMHYECKOM aHaJM3€ OCOOEHHOCTEW MpoIllec-
ca IpOCCEIMPOBAHUS 1I€JIECO00PA3HO UCTOIB30BaTh O0IIEE YpaB-
HEHUE DHEPTUMU:

9

o
1+— = const.
2

B xanaje M0kHO 00€eCII€UnTh ¢; = ¢ , TOrAa i; =i, M3 yero
CIEIYyET, 4YTO JHTAIBIIMSA Tra3a B MPOLECCE IPOCCEIUPOBAHUSA
OCTAaeTCsl MOCTOAHHOM. DTOT BBIBOJ CITPABE/JIMB KaK IS UICAIb-
HBIX, TaK ¥ U1 pealibHbIX Ta30B. [Ipu apoccenupoBanus uaeanb-
Horo raza T; = T> , HOCKONBKY i; = i2 . DTO 3HAYUT, YTO ISl HUJIE-
aJBbHOTO Ta3a TeMIleparypa IocCie APOCCEIMPOBAHUS PaBHA TEM-
repaType Ha BXOJI€ B IPOCCEIIb.

JIg peallbHOrO ra3a M3MEHEHHWE TEMIEPATYpPhl IMPU €T0
JIPOCCEIUPOBAHUM B OTIMYHUE OT UJCATBHOTO ra3a UMeeT CBOe00-
pa3HbId Xxapaktep. Kak moka3pIBarOT ONBITHI, TEMIIEpaTypa pe-
aJbHOTO ra3a B PE3YyJIbTATE APOCCEIUPOBAHUS ITOBBIIIACTCS, MO-
HUKAETCSl WIM HE U3MEHSETCS. ITO CBOMCTBO BIIEPBBIE OOHAPY-
K yyensle J[. Jxoyns u Y.TOMCOH, MO3TOMYy OHO HOCHUT
HazBaHue aghpexma [coyns - Tomcona.

Ucnonb3ys nuddepeHinaibHble ypaBHEHUS, CBSI3bIBAIOIINE
1, S, p u T, MOKHO MOJYYHTh JUIS ra3a, MOAYMHSIONIErOCs ypaB-
HeHNI0 BaH-nep-Baanbca, cienyonyro 3aBUCUMOCTb:

2a
dl rT
dp o

(7.1)

P
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OTtHomieHue 0ECKOHEYHO MaJIOT0 U3MEHEHHS TeMIEPATyPhI
K OECKOHEYHO MajoMy HM3MEHEHMIO JABJICHUS TMPHU JAPOCCETUPO-

BaHUU Ha3bIBACTCS Opocceltb - aghhekmom u 0003HaAYACTCS
a=dT
dp
Tak xak npu gpoccenupoBanu dp < 0, a ¢, — BEIMYUHA T10-
JIOKUTEIbHAs, TO 3HaK 0 OyJeT 3aBUCETh OT 3HAKa YMCIUTENS
BoIpakeHus (7.1).

IIpu 5TOM BO3MOKHBI TPH CIy4das

2a 2a

——-b < < = > <0:;
a) I 0O (npuT T ), Torma o >0, T.e. dT<0;
6) 24 p >0 (mpuT > 22 <0, 1e. dT>0:

o7 pu 7 )» Torma 0.<0, Te. ;

2
B) —-b =0 (nmpu T= R—Z), torna a=0, t.e. dT=0.

N3menenue 3Haka apoccenb - dpdekra o Ha3bIBACTCS UH-
gepcuell, a TeMiieparypa, npu kotopot d1’' = 0, Ha3bIBaeTCA Mmem-
nepamypou ungepcuu ¥ 0003Ha4aATC Ty -

2a
uns = o (7.2)

[lonsiTe TemmepaTypbl MHBEPCUU OCOOEHHO IIMPOKO HC-
MOJIB3YETCS B XOJIOAWJIBHON U KPHOT€HHOW TEXHUKE.

Kaxaplil KOHKPETHBIA ra3 UMEET UHAUBUIYAIbHYIO TeMIIe-
parypy uHBepcuu. Tak, Hanpumep, s remas Ty = 50 K mna
Bostopoaa 1. = 204 K; nnst Bozayxa Ty = 603 K;

Jns yCTaHOBIIEHUS TEMIIEPATYPhl PEATBHOrO Ta3a MOCHE
npoccenst HeooxoaumMo cpaBHUTh Tex ¢ Tuws .Eciiu Temmneparypa
raza Ha BXOJIE B JPOCCENb paBHA €ro TEMIIEPATYpPE UHBEPCUU, TO
IIOCJIE APOCCENST OHA BOCCTAHOBUTCS 110 IIPEXHEro 3HayeHus. 11pu
Tex< Tuus TEMIIEpATYpa ra3a MOCIE IPOCCEI YMEHBILIUTCA, a IIPU
Tex> Tuws OHa BO3pacTeT. XapakTep W3MEHEHUS TEMIIEPATYPHI
IIPU APOCCEIUPOBAHNM NIOKA3aH HA puc. 7.3.

7.2.2. AnnadaTHoe paclIMpeHue

[Tpu agrabaTHOM pacIIMpPEHUH JaBJICHUE U TeMIiepaTypa ra-
32 YMEHBIIAKTCS. JTa 3aKOHOMEPHOCTb UCIIOJIB3YETCs B JCTAH]IE-
pax — YCTPOWCTBAaxX JJI JIONOJHUTEIIBHOIO OXJIaXKIeHUs ra3a. Ha
puc.7.4 mnpencraBieHa cxeMa IOpPIIHEBOro Jeranzaepa. Ilpu
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HAXOKJICHUH MOPIIHS 1 B KpailHEM JIEBOM IOJIOKEHUH BHYTPH 11~
JMHJpa 2 4epe3 BIIyCKHOM KJlalaH 3 BBOAMUTCS MOPLUA ras3a C BbI-
COKMUM JiaBjeHueM. [TopliiueHs moa I1eMcTBUEM CUJIbI, CO31aBAEMOM
JaBJICHUEM TEPEMEIIAETCA U COBEpPIIAET padoTy, KOTOpasi BOCIIPH-
HAMAETCA KPHUBOLIMITHO-IIATYHHBIM MEXaHU3MOM 5, IpU 3TOM
o0BEM ra3a yBEIMYMBAETCs, a TeMIeparypa ymeHsbluaerca. Oxmia-
KIEHHBIM a3 BBITAIKABACTCA MOPIIHEM W3 LUWIWHIPA YEPE3 BBI-
IyCKHOM KJ1anaH 4 B cucremy. Eciim BMECTO NOPIIHSA UCTIOIB30BATh
TypOUHY — MOJyYUTCS TypOOAEeTaHAEp, MPUHIIUI TEUCTBUS KOTO-
pOT0 aHAJIOTUYEH.

3
IR

7z
i

27

i 1 3

Puc. 7.4

JIns BBIUMCICHHUS KOHEYHOM TeMIeparypbl MpU paciliupe-
HUM MOKHO MCIIOJIb30BAaTh BBIPAXKEHUS CBSI3U TEPMOJUHAMUYE-

CKHX IMapaMeTpoB B aJiabaTHOM Ipoliecce,
K—1

Do, (Beon) ¥ (@)“‘1
Thau. Prau Vikon. .
7.2.3. BuxpeBoii 3¢ eKT OXJIaKIeHUA
JInst oXJa)AeHUsl Ta30B B PAJIEC CIIy4aeB MPUMEHSAIOT BUXPE-
BbIe TPYOBbI, BUXpEBOU 3P(HEKT B KOTOPBIX ObLT OTKPHIT U UCCIIE-
noBaH ¢uzukamu K. Pankom u P. Xunsmem (3¢gdext Panka -
Xwuibiia). Y CTpoOUCTBO BUXPEBOU TPYOBI ISl OXJIAKICHUS BO3TY-
Xa MpeACTaBIeHO Ha puc. 7.5. Bo3gyx mpu temrmeparype OKpy-
XKarmiehd cpeapl 1 U30BITOYHOM JABJICHUU MOCTYNAeT B IIMJIMH-
npudeckuil crakan 1 yepes3 comio 2. Bo3ayx, IBUTAIONIUKACS MO
KacaTeJIbHOW K BHYTPEHHEW MOBEPXHOCTU TPYyObl 00pa3yeT CBO-
OOJHBIN BUXPb, YIJIOBask CKOPOCTh KOTOPOTO BEJIMKA OKOJIO OCH U

YMEHBIIAETCA MO paauycy KaHaima. llpum nBuwxeHun BoO3ayxa
BJIOJIb TPYOBI YIJIOBasi CKOPOCTb MEXAY CIOSIMHU IOTOKA BCIIE-
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CTBHE TPEHUSI BBIPABHUBAETCS, KHHETUYECKAsA SHEPTUs BHYTPEH-
HUX CJIOeB IMepenaerca mnepudepuiitHpiM. B pesynbrare moTok
BO3/1yXa

!

Puc. 7.5
OJIKe K OCH KaHaja uMeeT 0ojiee HM3KYIO TeMIIepaTypy, YeM Yy
ero creHKU. OXJIaKIECHHBIN BO3/IyX BBITEKAET Yepe3 OTBEPCTHE 3,
a HarpeThld — 4epe3 1elb knanana 4. B Takon BUXpeBOM Kamepe
TEMIIEPATyPHOE PACCIOCHHE MPOUCXOIUT 3HAUUTEIBHO OBICTpEE ,
YEeM YCTaHABJIMBAECTCS TEPMHUUYECKOE paBHOBecue. Tak u3 [S] mpwu
JABIICHUU BO3ayXa Ha Bxojie B Tpyoy 0,3 — 0,5 MIla u temnepa-

Type 20°C 06pasyercs XOmoAHbIN MOTOK ¢ # = -10... -50 °C, a ro-
psumii £,= 100... 130 °C.

Bonpochl 111 CAMOKOHTPOJIA

1. OObsicHUTE HampaBleHUE MPOLIECCOB MEpEeHOCca TEIUIOThI MPHU OXJia-
JKJIECHUU TEJI CUCTEMBI.

2. Ilepeuncnute n3BecTHbIE BaM eCTECTBEHHBIE U UCKYCCTBEHHBIE CIIO-
COOBI OXJIAXKICHUSI.

3. IosicHUTE CYIIHOCTh TEPMOAIEKTPUUECKOTO CIIOCO0a OXJIaXACHHUS.

4. Ilpyn Kakux YCIOBHAX IPU IPOCCEIUPOBAHUHU ra3a CHUIKAETCS €ro
Temrmeparypa’?

5. Kak Beluncnsierca Temneparypa rasa fnpH ero aquadaTHOM pacliupe-
HUAN?

6. [losicaure a¢dext Xunbie-Panka.
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T'naea 8. Xnaoazenmeot u xnaoonocumeiu
8. 1. Xnaoaceumuwl u ux ceoticmea

N neanbHBIM IUKJIOM XOJIOJUJIBHBIX MAaIIWH SIBISETCS 00-
patubiii Mk KapHo. Paboudee Tenno XM UMEHYIOT XJ1aJJar€HTOM.

Xnaoazenm (refrigerants): eewecmeo, cyuwecmsyiowee 6
HCUOKOU U/UNU 8 2A3000pA3HOU CMAOUAX, UCHOTb3YIOWeecs 0
nepernoca meniomol 6 xonoounvHvix cucmemax (I'OCT P MCO
17584-2015).

OO6mre TpeOoBaHUS K XJIalareHTaM:

— JKOJIOTHYecKasi 0€30MacHOCTb;

— HHA3Kasi CTOMMOCTb IIPOU3BOJICTBA;

— MaJiasi INIOTHOCTh U BSI3KOCTB;

— MHUHYCOBYIO mo mkayie Llenbcusi Temreparypy KUICHUS
pu aTMOCHEpPHOM JIaBJICHUY;

— HHU3KOE JIaBJI€HUE KOHACHCAIINH;

— MaJIbli yAeIbHBIA 00hEM B ra3000pa3Hoi (ase;

— XUMHYECKYI0 TMAaCCHUBHOCTh K METa/llaM M MaTrepuaiam
U30JISLINH;

— XMMUYECKasi CTOMKOCTb;

— HErOPHOYECTb;

— MaJjasi CloCOOHOCTh MPOHUKATh YePe3 HEMJIOTHOCTH;

— CIIOCOOHOCTDH PAcTBOPSATH BOIY U T.]I.

B 3aBucMMOCTH OT Ha3HAYE€HUSI XOJOAWIHHON YCTaHOBKH,
ee MpUHIMIA JIEUCTBUSI, BBIOPAHHOIO XJIaJareHTa 3TU TpeOoBa-
HUS YJIOBJICTBOPSIIOTCS B TOM WJIM UHOM CTEIICHH.

MexnynapogueiMm crangaproM MCO 817 «Oprannueckue
XJIQIAr€HThD» YCTAHOBJICHBI IU(PPOBBIE 0003HAUYEHUS XJaJarcH-
TOB B TEXHUYECKOMW JTOKYMEHTAIIUW Ha XOJIOJWJIbHOE 000pya0Ba-
HUE, XJIaJJareHThI, Maca, Tapy, IpUOOPHI.

CrangapT JOMyCKaeT HECKOJIbKO O0O3HAYEHUM XJIaJareH-
TOB:

— YCJIOBHOE (CMMBOJIMYECKOE, Hanpumep, R 22);

— TOProBO€ (Mapka, HaIpuMep, XJIaJ0H 22);

— XUMUYECKOEe Ha3BaHue (IudTopxiopMeTan),;

— xumuueckas popmyia (CHF,CI).

VYcnoBHOE 0003HAUCHHE COCTOUT W3 CHUMBOJIA (JIATHHCKOM
OykBbl R — refrigerant — xjagareHT) U OMpeNEAIONIEro YKCa.
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s ppeoHoB (X710p-PTOP-YIIEBOJOPOIOB) OMPEACISIIONICE YHC-
JI0 yKa3bIBaeT KOJIMYECTBO aTOMOB xJjopa, ¢Topa M yriepoja B
XUMUYECKON opmyiie, IJisl IPYyTUX XJIaIar€HTOB — YCIOBHO IPU-
HsATasg nudpa.

PacmiudpoBka o003HaveHuss GpeoHoB

YcnoBHOE 4KCIIO 11 PPEOHOB TPEX3HAUHOE.

[lepBas 1mudpa — 3TO KOJIMIECTBO aTOMOB yIJIepojia ¢ mpubasJie-
HUEM €IUHULbI (TP JBY3HAYHOM MApKUPOBKE CJIEBA OT 3HAYa-
e nudpel He TPOCTABIACTCS HyJb, Hampumep, BMecTo R022
3anuchiBaloT R22).

Bropas mudpa — KOIMYECTBO aTOMOB BOJIOPOJA, 32 BBIUETOM
CUHUIIBI.

Tpetbs mudpa — KOMMIECTBO AaTOMOB (PTOPA;

KosnuecTBO aTOMOB XJIOpa MOJCYUTHIBAETCS 110 OCTATOYHO-
My TIPUHIIMITY C YYETOM BaJICHTHOCTU YIJIEPOJia, PAaBHON YEThI-
peM.

Hanpumep: 3anumem xumudeckyro ¢popmyiy ¢peona R22.
R022: C=0+1=1;H=2-1=1;F=2; Cl1=4-3=1. Orcro-
Ja CHFzCl.

ITo yucny aromMoB yriepojaa BUIAHO, KaKOM YIJIEBOJOPO.
npuHsAT 3a ocHoBy, aia CHF,Cl — sto CH4 — Metan, B KOTOpoMm
JIBa aTOMa BOJOPOJA 3aMEIIeHbl aToMaMu (Topa, a OJWH — aTo-
MOM XJIOpa.

[Ipu Hanuuuu y peoHOB U30MEPOB, HAMOOJIEE CUMMETPUY-
HBII U3 HUX 0003HAYaeTCs ONMPENECISIONIMM HOMEPOM, a y TocJie-
OYIOIINUX, BCE 00Jie€ HECUMMETPUYHBIX, K HOMEPY 100aBIISIIOTCS
OyKkBbl @, b 1 T.1I.

B coctaB (ppeona moxkeT BXoAuTh Opom, Torja mocie oc-
HOBHOT'O HOMepa cTaBUTCs OykBa B, a 3a Heil yuciao atomoB Opo-
Mma: CF,B;2 — R12B2.

B kauectBe paboyuX TEN MUCHOJB3YIOTCA a3€0TPOMHBIE CMe-
CH, COCTaBjsieMble U3 JIBYX (peoHoB. Hampumep, a3zeoTponHyro
cMech, coctosiyro u3 48,8% R22 no macce u 51,2% R115 Hazsbi-
BAIOT XJIaloHOM R502.

XJlagareHTaMm HEOPTraHWYECKOrO MPOUCXOXKACHUS (aMMUAK,
BOJIa, BO3AYX M JIp.) MPUCBOEHBI HOMEpPA, paBHbIC UX MOJISIPHOM
Macce, yeennueHHou Ha 700. Tak o6o3HaueHue Boasl R718, B03-
nyxa R729.
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B Tabaumax 5 u 6 [Ipunoxenus npeacTaBieHbl XIagareHThl
MPUPOJHOTO U UCKYCCTBEHHOTO MPOUCXOXKICHHUS.

[IpakTHYeCcKOEe HCHOJb30BaHUE (PPEOHOB OCOOBIX CII0XKHO-
CTEH HE BBI3BIBAET: OHM HETOKCUYHBI, Heroproune. OaHaKko, npu
paboTe ¢ HUMU HEOOXOAUMO COOJII0/IaTh MEPHI MPETOCTOPOKHO-
CTH:

— IUIOTHOCTH ()PEOHOB BBIIIE MJIOTHOCTH BO3AYyXa, OTCIOJA B
3aKPBITHIX TIOMENICHUSAX Mapbl (peoHa BBHITECHSIOT BO3AYyX, YTO
MOXET MPUBECTHU K YIYIIBIO;

— COMPUKOCHOBEHHUE MapoB (peoHa C OTKPHITHIM IJIAMEHEM
WM TOPSIYENM METAUIMYECKOM MOBEPXHOCTHIO INMPHUBOJIUT K €r0
Pa3JIOKEHUIO C BBIJICJICHUEM TOKCUYHBIX Ta30B;

— KOHTAaKT HE3allUIICHHON KOXEH 4YeIOBEeKa C KUJIKUM
(GbpeoHOM BBI3BIBAET 0OMOPOKEHNUE;

— HEJONMYCKAETCS HarpeB W MOBPEXKJCHUS OAJIOHOB MpHU
MEPEBO3KE U XPAHEHUU (PPEOHOB.

[Ipu mpousBoacTBE (HPEOHOB U MCIOJB30BAHUM B XOJIO-
JTUIBHBIX CHUCTEMaxX IMPOUCXOJAT UX YTEUKH B aTMmochepy. Us3-
BECTHO, YTO B aTMocdepe CYIMEeCTBYeT O30HHBINA CIIOM, KOTOPBIH
CII’KHUT IIUTOM OT KOCMUYECKHUX JIy4el BCEro >KMBOr0 Ha 3emuie.
B 80-¢ ronapl OBUIO OTKPBHITO pa3pyllaroliee BO3JACHCTBUE aTO-
MapHOTO XJiopa Ha 030H B atMocdepe. [locie yero ObUI0 MPUHATO
pAl MEXAYHApPOAHBIX COTJIAIICHUM, MPU3BIBAIOIINX 3alpPETUTh
npuMeHeHue xjopcoaepxkamux ¢peonoB (R11, R12, R113,
R502); xnagarentsl R22, R124, R142 pa3penieHsl B kauecTBe Tie-
PEXOAHBIX JIJIs1 3aMEHbI 3aIIPEIICHHBIX.

B HacTosiiee BpeMsi B 3aBUCMMOCTH OT Ha3HAYE€HUS XOJIO-
JTUJIBHOW CHUCTEMBI HCHOJIB3YIOTCSA XJIQJAreHThl KakK MPUPOJIHbIC
R729, R717, R718, R50, R170, Tak u cuHTe3upoBaHHble R22,
R32, R124, R125, R134,, R143,, R404,, R507,, R600, u ap.

8.2. Daszosvle nepexoovl X1aoa2eHmos, ux OUazpammobl COCMOSIHUSA

B mporneccax mukia XoJOAWJIBHONW MalIuHbl (PEOoH Haxo-
TUTCS MO0 B KUJAKOM, JUOO B razoo0pa3HOM cocTosiHuu. Kak
MOJTyYCHHE Mapa 13 KUJIKOCTH, TaK U MOJyYEHUE KUIKOTO BeElle-
CTBa M3 r'aza OCYIIECTBIISIETCA B pe3yibTare (Da30BBIX MEPEX0JI0B.
N3BeCTHBI YEThIpE arperaTHbIX COCTOSIHUM BeIllecTBa: TBEpias,
JKUJKasi, razoo0pa3Has (asel u miazma. Kaxnas daza npejacras-
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JsieT co00¥ OAHOPOIHYIO CUCTEMY C OJIMHAKOBBIMHU (DHU3UUECCKUMHU
CBOMCTBaMHU BO BCEX €€ YaCTAX. XapaKTePHOHl 0COOEHHOCTHIO ar-
pPEraTHOrO COCTOSIHUS BEIECTBA SIBJISETCS HAJIMYME T'PaHUI], OT-
JESIONMX JaHHYI0 a3y OT CONPUKACAIOIIUXCS C HEK JAPYTUx
da3. [Ipu onpeeIeHHBIX YCIOBUSAX BEIIECTBO MOXKET MEPEXOIUTh
13 OJTHOU (pa3bl B APYTYIO.

[Iporecc mepexoma BemecTBa U3 TBEPAOH (pa3bl B KUIKYIO
HOCUT Ha3BaHue nrasrenus. OOpaTHBIN Nepexo] UMEHYIOT Kpu-
cmaniuzayueti. B HEKOTOPBIX YCIOBUSIX TBEPJOE BEIIECTBO MO-
JKET IIePeXOIUTh Cpa3y B ra3000pa3Hyro (pazy, MUHYS KHUIKOE CO-
crossaue. [Ipomecc mepexoma TBepnaod (as3pl B raz000pa3HYyIO
Ha3BIBAIOT cyOaumayuetl, a OOpaTHBIA MPOLeCC— decybaumayuel.
[Ipouecc mepexoaa BEUIECTBA U3 KUJIKOTO COCTOSIHUSA B ra3000-
pasHOE UMEHYIOT n1apoobpazoéanuem, U3 ra3000pa3HoOro B KU-
KOC — KOHOeHcayuell.

Paznuuaror ¢a3oBbie nepexoanl 1-ro u 2-ro poaos.

K ¢azoBbiM mepexomam 1-ro poma OTHOCAT MpeBpalleHUs,
COIIPOBOK/IAIOIIMECS MOTJIONICHUEM WM BBIACICHUEM TEIUIOTHI ¥

U CKayKoOOpa3HbIM H3MEHEHUEM YJIEJIbHOro o0bema V , T.C.
dg # 0;r#0 ndv#0. K pa3oseiM nepexomam 2-ro poja OTHO-
csat npesparenns npu dg = 0 u dv = 0. B aToM cirydae nmpoucxo-
JUT CKa4KOOOpa3HOe N3MEHEHHE TETNIOEMKOCTH.

['panuna mexay aBymst pazamu npu Jir00bIX (a3oBbIX IMEepe-
X0Jax MPEACTaBISIET COOOM MOBEPXHOCTh paBHOBecus (a3, Ha
KOTOPOM T'PaAVEHTHI NABJIICHUM U TEMIIEpATyp paBHbl HyIto. Ile-
peceyeHrue TMOBEPXHOCTH PABHOBECHUSl IUIOCKOCTHbIO, COOTBET-
CTBYIOIIEH (UKCUPOBAHHOMY 3HAUYCHHUIO OJHOTO U3 MapaMeTpOB
COCTOSIHUSI, JAa€T KPUBYIO PAaBHOBECHS, NU300paXKEHHYIO B KOOPIU-
HaTax Jpyrux mnapamerpoB. Tak, HAIpUMeEp, KPUBbIE PAaBHOBECHS
BOJIbI MOXKHO TMPEACTaBUTh B KOOpAuHATaxXx pl B OMUCHIBAEMBIE
ypaBHEHUEM:

ar (v —v) (8.1)



rje v U V' — yJeldbHbIe 00bEMBbI BEIIECTBA B HAYaje U KOH-
11e Ga30BOro nepexojia COOTBETCTBEHHO;

r — TerioTa (a3oBOro nepexoaa.
Havano xoopaunar 3ana-

€TCsA TakKuM, 4T0 Ha moie pT - p A

auarpaMmbl  MOXKHO — pasMme- B

CTUThb  COCTOSIHUSI  TBEPIOH, Teeppaas P
KUJIKOM W Ta3000pa3zHOu (a3 P® | ~Gasa \ T~
KaKoro-1100 BEIEeCTBa. P1 =77 5

PaBHOBECHOE COCTOsSIHME
OTOTO BELIECTBA, & TAKKE PaB-  p3 - ——
HOBECHBIC COCTOSHUS (Pa30BBIX D F a3006pasHas
IIepexX0/IoB N300paKaroTCs thasa

TOYKaMH. To4yka, B KOTOpPOWU
HaxOoJsTCS B PaBHOBECHOM CO-
CTOSIHUU TPH (a3bl OAHOPOTHOTO Puc. 8.1

BEIIECTBA, HA3bIBACTCS MPOUHOU MOUYKOU.

TpoitHas Touka SIBJISIETCA HA4aJIoM KpUBBIX QpyHKIN p=f(T)
1St Pa30BBIX MEPEXOJ0B: TBEPJOE BEIIECTBO — KUJIKOCTh, YKU/]I-
KOCTh — Tap, TBEPJOE BELIECTBO - Map. XapakTep 3TUX KPUBBIX
omnpeaenseTcs BepaxkenueM (8.1).

Ha puc. 8.1 npeacrasiena kauectBeHHas pl — auarpamma
BOJibl. TpoitHas Touka Boabl A uMmeeT naiaenue p = 0,0061 Oap
(610 ITa) u temneparypy t = 0,01° C. IIpu nepexoae BOIbI U3
KUJIKOTO COCTOSIHHS B Ta3000pa3HOE YJIENbHBIM 00bEM €€ BO3-
pactaet (V">V'), a Teruiora $a3oBOTO MEepexo/ia KMEET MOJIOKH-
TenpHOE 3HadyeHue ( r > 0); Torma u3 ypaBHeHus (8.1) cienyer,
YTO C YBEJIMYEHUEM JIaBJICHUS TemIeparypa (pa3oBoro mnepexoma
oyner pactu (kpuBasi AC) HepaBeHCTBO >V CHpaBEUIMBO U
npu cyOoJuMaIuu jbja B Tap, MO3TOMY C YMEHBIIICHUEM JaBJiie-
HUS TeMmIieparypa cyonumanuu najgaet (kpusas AD).

[Ipu mepexone u3 TBEPJOrO0 COCTOSHUS B KUIKOE IS
OOJIBIIMHCTBA BEIIECTB V' >V, cienoBarenbHo, dp/dT>0. OTo 3Ha-
YUT, YTO JABJICHUE TJIABJICHUS C YBEJIMYEHHUEM TEMIIEpATYPhI pac-
TeT. OHaKO yAeabHbIA 00bEM BOJBI NP TUIABJICHUU JibJa UMEET
MeHbIlee 3HadeHue (v'<v'), u moaromy dp/dT < 0, T.e. ¢ yBenu-
YEHUEM JaBJICHUS TeMIepaTypa IJIaBJICHUSI YMEHbIACTCs (JTUHUS
AB ). Eciu BelecTBo B TBEpAOM cocTosiHUM (Ha puc.8.1 Touka 1)
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HarpeBaTh MPU MOCTOSHHOM AaBJIEHUU Pi, TO OyJeM HUMETh Clie-
JIYIOIIUE MPOLIECCHI:

1-b — HarpeB 1m0 TemmepaTypbl IUIABICHUS W TMEPEXO] B
XKUAKYIO (a3y;

b-c — HarpeB *KUIKOCTU 10 TEMIIEpaTypbl KUIICHUS U Tepe-
X0/ B Tap;

C-2 — meperpes napa 10 Temmeparypsl 1s .

Eciu B35Th COCTOSAHME 3 C IABICHUEM P3, TO MPU HArPEBE
TBEPAOTO BEIIECTBA MOJYYUM MPOLECCHI:

3-d — HarpeB TBEpAOro BEIIECTBAa IO TEMIIEpaTyphl CyOIu-

MaIluy;
d-4 — cyGnumanus u meperpes mnapa g0 TemnepaTrypsl Ty .
Kpusas mapoodpazoBanuss AC 3akaHUYMBAETCA KPUTHUECKOU

toukoil K,. Ha muarpamme 5 IlpunoxeHust B 1-S Ope/iCTaBiIeHA

JriarpaMMa COCTOSTHUSL BOJISTHOTO Tapa.

CrnenyeT 3aMeTHTh, 4TO Il (PPEOHOB AHAJOTUYHO BOJE C
YMEHBIIICHUEM JIaBJCHUSI YMEHBIIAETCs TeMIepaTypa (pa3oBOTo
repexo/ia U3 KUAKOCTH B ra3, cM. Tadi. 7 [IpunoxeHus.

IIpu Temmeparype, paBHOW KPUTUYECKOM, B3aUMHBIE IIpe-
BpaIllCHUs Tapa U >KUJAKOCTH MPOUCXOAAT 0€3 MOTJIONICHUS WIH
OTBOJIa TeIJIa U 0€3 CKAYKOOOPa3HOTO U3MEHEHUS IJIOTHOCTH.

TepMoaMHAMUYECKHE TTAPAMETPHI XJIAAAT€HTOB, KOTOPHIE B
XOJIOJUIBHBIX MaIlIMHAX MEHSIOT CBOM (Da30BbIE COCTOSHUS,
MPOULIE ONMPEAECHUTh 0 UX AuarpaMmam. /[marpammsl COCTOSHUS

pabouuX Tej CTPOSITCSA B Pa3IUYHBIX KOOpAWHATAX: pV, 1S, 1S, pi

U Op. Jdns GppeoHOB MIMPOKO UCTIONB3YIOTCS IMArpaMMBbl COCTOS-
HU B KoopAauHatax In p — 1, nuarpammel 2 u 3 Ilpunoxenust.

Ha puc.8.2 B cucreme KOOpAMHAT JABJIEHUE — SHTAJBIUSA
MPEJCTABICHBl XapaKTEPHbIE TOYKU MU OCOOCHHOCTH COCTOSHUS
XJIaJJar€HTa B apOBO KOMIIPECCOPHOM XOJIOAUIBHONW MAIIIMHE.

Ha none rpaduka >xupHoit nunueir A-Kp-B Boiznenena rpa-
Huia (a3zoBeix nepexonoB. CBepxy Haja Junued A-Kp xmagareHt
HaXoJUTCs B )KUAKOM coctosiHuu. Han nunueint Kp-B crpapa da-
30BO€ COCTOSHUE XJIaJareHTa — MeperpeTsii nap. BHyTpu JIMHUU
A-Kp-B Haxoaurcst cMech HaCHIILIEHHOTO TIapa U KUIKOCTH.
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Tennota, nepegaHHas OKpyxatowen cpeae

daBneHune
A

OxnaxgeHue B KoHaeycaTope

KoHpeHcauus
HacCbILLEHOrO NapB B
XWUAKOCTb

Harpes B ucnapurene

A
|
! PaboTa, 3aTpayeHHast
TennoTa, NPUHATas OT OXNaXAAEMbIX TeN Ha CKATHE OHTanbNs
Puc. 8.2

Nuorna xuakuii GpeoH mnepeoxsaxnaror (mpouecc 3-3°).
TennoTy, nepegaHHYI0 OKPYX AIOUIEH Cpe/ie BBIYUCISIOT MO pas-
HOCTH DHTaNBINHN ¢; = I2 - i3'. IIporecc mpoccenrpoBaHus H30-
SHTaNbNHBIN (MuHUS 3'-4). B ucnaputene oT oxXJiaxk1aeMbIX TE K
bpeoHy camMOmpPOU3BOJIBHO TOJABOJIUTCS TEIJIOTA, MPOUCXOJAUT
npolecc kunenus (muuug 4-1), a uHoraa u neperpes napa (/-17) .
[IpunsaTas GpeoHOM TEmI0Ta BEIUUCISACTCS KaK ¢ 2= 1]-14.

HanexxHocTh paboThl KOMIIPECCOPHBIX XOJOAUIBHBIX MAIlIUH
TpeOyeT BBEACHUS B XJIaJareHThl cMazounsix macen. Ilpennomna-
raeTcs, YTo MaccoBas a0 Maciya coctapiasgeT oT 10 1o 20%. Oc-
HOBHOM (h)YHKIIEH Maces B XOJOAMIHHBIX MaIlIMHAX SBJISICTCS
cMasKka TPYIIUXCS map, repMeTU3aIus KianaHoB U KaMep, OTBOJ
TeTUIOTHI.

K kommpeccopHbIM MaciaMm JUisi XOJOAWJIbHBIX MAaIlWH
IPEeAbIBIAIOT crienuuueckue TpedoBaHusi, 00yCIOBICHHbIC He-
MPEPHIBHBIM KOHTAKTOM CMAa3bIBAIOIIEI0 MaTepualia ¢ XjajgarcH-
TOM, a TaK)X€ MOCTOSIHHBIM U3MEHEHHEM TEeMIIepaTyphl U JaBJe-
HUS cpeabl. [ KoMIpeccopoB XOJOAUIBLHBIX MAIIMH PEKOMEH-
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yETCS MPUMEHITh MUHEPAJIbHbIE U CHHTETUYECKUE Macia ¢ JI0-
CTaTOYHO HHU3KOM TEMIIEPATYpPOM 3aCTHIBAHUS W BBICOKOW XHUMU-
yecKo cTabuiabHOCThIO. [lo XUMUYecKkoil CTaOUIIBHOCTBIO TIPU-
HATO MTOHUMAaTh CKJIOHHOCTh MAcCeJl K B3aUMOJCUCTBUIO C XJIaJa-
T€HTOM Ha OCHOBE TaJIOT€HOIIPOU3BOJHBIX YIJIEBOJIOPOIAOB XKHUP-
HOT'O psiJia P NOBBIIICHHBIX TEMIEPATYPax U JIABJICHUMU.

BaxHenmmMu 3KCIuTlyaTallMOHHBIMU XapPaKTEPUCTUKAMU XO-
JIOAUJIBHBIX MACEJl SIBIISFOTCS:

— UX CIIOCOOHOCTb K B3aMMHOMY PACTBOPEHHUIO C XJIaJOHAMU;
— TEMIEpaTypa, Ipyu KOTOPON U3 paCTBOPOB BBINAJAK0 XJIOIbS
napaduHa.

Heo0xoauMo Takke KOHTPOJMPOBATh arpecCUBHOCTh CMe-
Cel XJIaJareHTa ¢ MacjaoOM IO OTHOIIEHUIO K METaiaM U APYTUM
MarepualiaMm, IPUMEHSIEMbBIM B XOJIOIMJIbHBIX MAIIMHAX.

JIns KoMIIpeccopoB XOJOAUIBHBIX MAIIMH MPUMEHSIOT Mac-
na cepun XA u XD B coorBerctBun ¢ ['OCT 5546- 86:

XA-30 — cMech AUCTHUIUIATHOTO M OCTaTOYHOTO HE(PTSIHBIX
Mace,

X®D12-16 — HepTAHOE MaACIO C AHTUOKUCIUTEIBHOW MpU-
CaJIKOM;

X®22-24 — HedTAHOE 3aryIieHHOE MAaCJIO;

XD22C-16 — CUHTETHYECKOE MACIIO C AHTHOKHUCIUTEIbHON
IIPUCAIKOU.

JI71s1 XOJOAMIIBHBIX MAIlIMH, pa0OTAIOIINX B JUAMa30HE TEM-
nepatyp — 50...+ 150 °C, MOXKHO IPUMEHSATH CHHTETHYECKOE MAC-
1o BHUHWHIT XC-40, a takxke HedTsaHOoe Macio XM-35.

B Ilpunoxenuu cM. Tabj. 8 MpUBEAEHBI XapaKTEPUCTUKU Ma-
CeJI 11 KOMIIPECCOPOB XOJOAUIIBbHBIX MAllVH.

8.3 Xnaoonocumenu

XH&I{OHOCHTCHHMI/I HA3bIBAIOT BCUICCTBA, C ITIOMOIIBLIO KOTO-
pBIX TCILIOTA OT OXJIAKIAACMbIX 0OBEKTOB nepeaacTes XjagarcH-
TY. HpI/I 9TOM XJIAAOHOCUTCIIN HC U3MCHAIOT CBOCI'O arpCraruoro
cocTosiHusA. B XOHOI[HHBHOﬁ TCXHHUKC XJIAJOHOCHUTCIIN HUCIIOJIb3Y-
0T B TCX CJIydadX, KOriaa 1o pasjiMiHbIM IIPUYHUHAM IPUMCHATDH
CUCTEMY HCHOCPCACTBCHHOI'O OXJIAXKIACHUA KaMCp HCHCHGCOO6-
pa3Ho. Takumn IMpUYnHaMH, KaK IIPaBHJIO, ABJIAKOTCA: 3HAYUTCIIb-
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Hasg YJAJIEHHOCTh XOJOJHWJIBHBIX KaMe€p OT MAallWHHOIO OTAEje-
HUSI, HU3Kas TeMmIeparypa KUIEHUs XJIaJloHa B Ucnapuresie (Bo3-
TyXO00XJIagUTENE), OXJIAXKIECHUE OJTHUM XOJOAUIBHBIM arperaTom
HECKOJIbKMX Kamep ¢ OOJIbIIIMM pa3jIuyueM TeMIepaTyp B Kame-
pax u T.II.

OcHoBHbBIE TpeOOBaHUsI, MPEABSIBISEMbIE K XJIaJOHOCUTE-
JISIM

— HM3Kas TeMmIeparypa 3amMep3aHusi, OHa JIOJKHA OBITh HIDKE
TEMIIEpaTypbl B UCIIAPUTETIC HA 5-8 TPalyCoOB;

— OoJIbINIasl TETNIOEMKOCTh U TETJIONPOBOHOCTH;

— MaJiasi BA3KOCTb U IJIOTHOCTB;

— XMMHYECKasi HEUTPAIbHOCTh K KOHCTPYKIIMOHHBIM MaTEpu-
anam;

— XUMHMYECKasi CTOMKOCTh U O€3BPEIHOCTD;

— HEBBICOKAasi CTOUMOCTbD U JIOCTYITHOCTb;

CaMblil TOCTYIHBIN XJIaJOHOCUTENb — Boaa. Ho Tak kak Tem-
neparypa 3amepsanus Bbicoka (0 °C), To mcmome3yercsa Boxma
TOJIBKO B CHUCTEMAaxX KOHAWIMOHUPOBAHUSA BO3/lyXa U TEXHOJIOTHU-
YECKHUX Mpolieccax MpU MOJOKUTENbHBIX Temneparypax. [Ipu ot-
pHULIATENIbHBIX TEMIEpaTypax IMIUPOKO MCIOJIb3YIOTCS BOJIHBIC
pactBopsl coseit NaCl, CaCl, u MgCl, — paccoubl.

Tennodusnueckre CBOWCTBA PacCcoJIOB, B TOM YHUCIIEC U TEM-
neparypa 3aMep3aHusi, 3aBUCIT OT KOHLIEHTPAIIUU COJIU B PACTBO-
pe. [loa KoOHIEeHTpaerd MOHUMAIOT YUCJIO MACCOBBIX YaCTEW CO-
v, npuxoasmuxcs Ha 100 maccoBbix yacter Bojabl, C yBenuye-
HHAEM KOHIIEHTPAIMUA IO OIPEACIEHHOTO Mpeaesa TeMIeparypa
3aMep3aHus paccoia MOHUKACTCA. Ha pUC. 8.4 1oKazaHa 3aBUCH-
MOCTh Temmeparypsl 3amep3anusi pactBopoB NaCl u CaCl, ot
KoHIeHTpaluu. Hambosiee HU3Kast TeMreparypa 3amep3aHus pac-
cona — 21,2° C npu xkonuentpanuu 23,1 kr conu Ha 100 kr pac-
tBOpa M 30,1 xr conu Ha 100 kr Boawl, a paccoma CaCl, — 55°
C npu koHuenTpanuu 29,9 kr conu Ha 100 xr pactBopa. nnu 42,7
coin Ha 100 kr BOJBI.
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HemocTaTkoM paccosioB SBISICTCS HX KOPPO3UOHHOE BO3JICHCTBHE
Ha METaJIIbI, KOTOPOE PE3KO YCHIIMBAETCS B OTKPBITHIX CHCTEMax
M3-3a KOHTaKTa Bo3jayxa (KHUCJIOpoja) ¢ paccojoM. Jlisi yMeHb-
IICHUST KOPPO3UH K paccosaM J00aBIISIFOT BEIIeCTBa, KOTOPHIE

HAa3bIBAIOT naccugamopamu. ITO XpOMaT HATPUI C E€IKUM
HaTtpoM. s monyyeHus

£ TEMICpaTyp HIKE —
g #k § i 55°C HCITOJIb30BATh
-1 % a@*\ Al d | paccoiisl Hellb3s1. B aTom
70 % ’ ClIy4ae B Ka4ye€CTBE IMPO-
“21_}'0'“‘“ 1 % MEKYTOUHBIX  XJIAQJIOHO-
-4 LN Ji CUTEJEA  HCIIOJb3YIOT
iy 1 ¥ | BOJHBEIM pAacTBOp OTH-
-5 5?—----—-;—- g - JIEHTTIUKOJIS (anTH-
775 20, 3 %0 pn3), dpeon R3O,
~—— Mall 231 299 ciupthl.  Temmodusuue-
—_— fall, Lons ﬁﬂﬂﬂmfﬂﬁﬁ 1 CKHE CBOMCTBAa HEKOTO-
PBIX XJIaJIOHOCUTENIEN
Puc. 8.4 MPEJCTaBIEHBI B Ta0J.

9 u 10 IIpunoxenus

Yucteiit stunenrinukoiib CoH4(OH)2 umeeT Temmneparypy 3a-
Mep3anus Bcero —17,5°C. 11oaToMy NpUMEHSIFOT BOJHBIE PaCTBO-
PBI ATUJIEHTJIUKOJIS, TEMIIEPATYPhl 3aMEP3aHUsI KOTOPBIX 3aBUCSIT
OT MacCOBOM JOJM STUJICHIJIMKOISA. PacTBOPBI 3THICHTIUKOISA
MPUMEHSIOT B IUana3oHe temmeparyp kuneHus ot — 40 no —60°C.
OTUNIEHIJIMKOIb OKAa3bIBAET 3HAYUTEIILHOE KOPPO3MOHHOE BO3-
JEeUCTBUE Ha METAJUIbI, TIOATOMY JUIsl YMEHBIIIEHUSI TAKOTO OTPH-
1ATEJIbHOTO BO3/IEUCTBUS B pAaCTBOP JO0ABIISIIOT BEIIECTBA, HA3bI-
BaeMbl€ MMaCCUBATOPaMHU.

braromaps nuszkoit temneparype 3amep3anus (—96°C) u ma-
JIO BA3KOCTH IIMPOKOE MPUMEHEHUE B KaUYECTBE XJIAJOHOCHUTENS
nonyunia R 30. Ero npumeHstoT B quanazone temmepatyp ot —40
10 — 90°C. CriupTel UMEIOT 0o0Jiee HU3KHE TeMIIepaTyphl 3amep-
3aHUS: ATWIOBBIN CHUPT (s = — 117°C), mponuiioBslid cOUpT
(tzav= — 127°C). MeTuynoBsll CUPT (tzay = — 97,8°C) s10BUT U
MPUMEHSTh €r0 B Ka4eCTBE XJIAJIOHOCHUTENSI HE PEKOMEHIYETCs.
YuuteiBasi HEKOTOPBIE OTPUIIATEIIBHBIE KaueCTBAa PaccojoB, yye-
HbIE TMOCTOSIHHO BEIYT MOWCKH HOBBIX BHJIOB TEIUIOHOCHUTEJCH.
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OnHUM U3 TakKUX TEIJIOHOCUTENEH SIBISETCS OUXJIOPMETAH, UME-
IOIIMMA Majyr0 BSI3KOCTh II0 CPABHEHUIO C BA3KOCTBIO paccoia
CaCl,. Juxmopmeran (CHCly) mpu BBICOKHMX TemIepaTrypax
(20—30°C) ouenpb yetyd. OgHAKO €ro MIMPOKOE MPUMEHEHHUE B
XOJOOWIBHOW TEXHUKE CIIEPKMUBAETCS BBICOKOM CTOMMOCTHIO. B
HEM, KaK U B CIIUPTAX, COAEPIKATCS JIETyYHE MPUMECH, BPEIHBIC
s genoBeka. [loaromy R30 u ciupThl IPUMEHSIOT B 3aKPBITHIX
F€PMETUYHBIX CHCTEMAX, A MOMEIIEHUS MHTEHCUBHO IPOBETPU-
BatoT. Ternmodu3nueckre CBOMCTBA XJIAJOHOCUTENCH MpEe/ICTaB-
nensl Ta01. 9 u 10 [punoxenus.

Bonpocsl 1J11 caMOKOHTPOJISA

1. Uznoxure TpeOoBaHus K paboueMy TeTy XOJIOAMILHON MalliHEL.

2. CocraB ()peOHOB U X YCIOBHOE 0003HAUCHUE.

3. Kak mo mapke ¢peoHa onpenenuTs ero XuMH4YeCKui cocTan?

4. Pacckaxutre 00 0COOCHHOCTSX (Da30BBIX MEPEXOJ0B PabOUYMX Tel
XOJIOIUITBHBIX MAIIVH.

5. TlosicHuTe, Kak OIpPEACNAIOTCS MapaMeTphl XJIaJareHra Mo Jua-
rpaMma COCTOSTHUS?

6. Kakue TpeboBaHUs MPEABABISIOTCS K XJIAJJOHOCUTEISIM?

7. Kakuie XJ1aJOHOCUTENN Ha OCHOBE 3TUJICHTIMKOJIEBOTO cripTa Bam
W3BECTHBI?
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T'naea 9. Il{uknvl X0100UNBHBIX MAUWIUH

B nacrosiiiiee BpeMsi HU3KUE TeMIepaTypbl B OCHOBHOM CO-
31AI0TCS MCKYCCTBEHHBIM ITyTEM C 3aTparou 3Hepruu. MammuHa,
OCYILECTBJISIONIAsE UCKYCCTBEHHOE OXJIAXKJICHUE C TOMOIIbIO MOA-
BOJIMMOM SHEPTUM, HAZBIBACTCS X0100UNbHOU MAUUHOLL.

B XomoamiabHBIX MallMHAX OCYIIECTBISETCS IMepexoi Tel-
JOTBHI OT TeJl, MEHEE HarpeThiX, K TeaaM, 0ojiee HarpeThiM B pe-
3yJbTaTe€ OCYIECTBJICHUSI OOPATHOrO IMKJIA. XOJOJWIbHBIE Ma-
IIUHBI  XapaKTEPU3YIOTCS CIACAYIOMUMH IMOKa3aTeIsIMH: X0.J10-
OUNLHBLU Ihhexm, XON0OUNbHASE MOUHOCb, XOJOOULbHBIL KO-
agpuyuenm.

XonoounvHulll 3gpghexm — 3mo Koauwecmeso meniomol (q3),
OmMBOOUMOE OM OXNAAHCOAEMO20 00bEeKMAa OOHUM KULOSPAMMOM
xnaoazenma.

Konuuecmeo mennomol, omeooumoe om oxnaxircoaemoz2o
00bexma 8 eOUHUYy 8peMeHU, Ha3bl8A0OM X0A00UIbHOU MOWHO-
cmuio.

O0603HaYaIOT XOJOAMIBHYIO MOITHOCTE Ny, BRIPAXKarOT B
Barrax (BT).

g onpenenennst Ny UCOJIb3YIOT BbIPAKECHUE:

N, = qz- m, (91)
I7€  ¢2 — XOJOAWIbHBINA 3PeKT,

M — CEKYHJHBIA MacCOBBIN pacxo/] XJiaJarcHra.

XonoaunbHbIH KO3 GHUIIMEHT yCTaHABIMBACT JHEPreTHUE-
CKYI0 3()(PEKTUBHOCTH XOJIOAUIBLHBIX YCTAHOBOK W YHUCIICHHO pa-
BEH OTHOIICHUIO KOJWYECTBAa TEIJIOThI, OTBEAECHHOIO OT OXJa-
KITAeMOro Tejla, K KOJMYECTBY 3aTpPayeHHOM Ha OXJIaKJICHHUC
SHEPIUH.

O0o3HavaroT XONOAWIBHBIN KO3((PUIUEHT €, U3 Ompenaese-
HUS

=1z (9.2)
lo
9.1. Lukn 6030yuiHol X0100UNLHOU MAUUHDL

Hcnonp30BaHuEe B KaueCcTBE XJaJareHTa BO3AyXa IPU BCEX
€ro TEPMOJMHAMUYECKUX HECOBEPUICHCTBAX (OTCYTCTBUE JHEP-
roéMKUX (Pa3oBBIX MEPEXOJ0B, HEBBICOKAS TEIIOEMKOCTh U Jp.)
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MPUBJIEKAET JOCTYIMHOCTHIO, O€30MaCHOCTHIO (B TOM YHCJIE U KO-
JIOTUYECKOM), BO3MOKHOCTBIO HEMOCPEACTBEHHOM IMOJa4d B
OXJIAXKJIJaeMO€ MOMENIECHUE (T.€. peaiu3alui OTKPHITOTO LHUKJIA).

B BO3aymHbix xonoawibHbIX MamuHax (BXM) B cienctsue
HEBBICOKOW TETUIOEMKOCTH paboyero Teja HEOOXOJAUMO HMETh
3HAYUTEIbHBIE €r0 MaccoBbIe pacxoabl. OTcroga B cxeMax BXM
OPEANOYTEHNE OTAACTCA JTUHAMUYECKMM Kommpeccopam. s
CHUXEHUS TEMIEepaTyphl paboyvero Teja MpoIie BCEro UCHOIb30-
BaTh 3G (PEeKT apoccenupoBaHus, OJHAKO 00Jiee BHICOKOE 3Haye-
HUE XOJIOAWJIBHOTO Kod(duimenta obecreuyrnBaeT MpPUMEHEHHE
TypOOIeTaHACPOB.

Ha puc.9.1 npeacrasinena npuHuunuaibHas cxema BXM ¢
OCEBBIM KOMIIPECCO-
pom (K) u TypOone-

q4
tagaepom (7). U3
00BEKTa OXJIAKICHUSA
3 o 92 BO3/lyX C JaBJeHUEM
\l/ p1 U TEMIepaTypou
T moctynaer B KOM-

pekynepaTop

npeccop. B Hem 3a

CUeT IIOJIBOAUMOM
/

Y @ SHEPTUH OT DIIEKTPO-

ABUTATENs M TypOO-

ﬁ" JeTaH/iepa JaBJICHUE
1

U TeMIlepaTypa BO3-

> — ayXa  TOBBIIIAIOTCS

—®  OOBEKT OXJIAXKICHUS q —> 0 p2 U T>. HqueM

2

I — CTENICHb TTOBBIIICHUS

—» —>

> — JaBJICHUS] B KOMIIPEC-

COpe€ OJI’KHA OBITh

Puc. 9.1 TakoBOM, 4T00 7> mpe-

BBIIIAJIA TEMIEPATyPy OXJIAXKIAIOIIEro TerioHocuTensa Ha 20 —
30 rpaxycos. Ilocne TenooOMenHuka Bo3ayx ¢ 73 < T, Hampas-
aseTca B TypOoaeTtaHaep, Ii€ NpH PACIIUPEHUH CYLIECTBEHHO
cHIKaercs ero temneparypa. Jinga BXM npaktudyeckuid 1uarna3ox
temneparypsl T4 ot 0 o — 120 °C.

Ha puc. 9.2 npeacrasnen uuki BXM ¢ TypOoaeTaniepoM B

T-s koopauHaTax, rae
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1-2 — aguabara cxaTusi BO3ayXa B KOMIIPECCOPE;

2-3 — n3o0apa OXJIaXKJAEHUS B PEKyNepaTope;

3-4 — agnabaTa pacimpeHus B TypOoieTaHiepe;

4-1 — u3zo0apa MoaBOJA TEIUIOTHI K paboueMy Teily B OXJja-
’KIaeMOM OOBEKTE.

XonoaunbHbI KodbduuueHt aas takoro tumna BXM BbI-

qucisieTcs o BeipaxkeHuto (9.3)

_ T1—Ty
E= (9.3)
Tr)—T1 -T3+ Ty

\
\

Puc. 9.2 Puc. 9.3

Ha puc. 9.3 npencrasinen uukia BXM B 7-5 koopauHarax c
IPOCCEIIEM, THE

1-2 — aguabara cxkaTusi BO3yXa B KOMIIPECCOPE;

2-3 — u3o0apa OXJIAKICHUS B PEKyIepaTope;

3-4 —M303HTANBIIA CHUKECHUS TEMIIEPATYPHI B IPOCCEIIE;

4-1 — u3o06apa MojBojAa TEIUIOTHI K paboueMy Teay B OXJa-
KJAeMOM OOBEKTE.

XonoauiibHbId KodbduuueHt aaa takoro tuna BXM BbI-

YUCJIIACTCA 110 BLIpa)KeHHIO
T1—-Ty

T,— Ty

€= (9.4)

9.2. [{ukn naposoti KoMnpeccopHOU X0100UTbHOU MAUUHDBL

Pabouum Tenom IMapOBbIX KOMIIPECCCOPHLIX XOJIOAUJIbHBIX
MalllMH ABJIAIOTCA IIapbl PAa3JIMYHBIX BCIONCCTB: aMMMAKaA, YIJIC-
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KHUCIIOThI, CEPHHUCTOrO aHTUApHUaa, (PpeoHOB. YaelbHas XOJo-
JIWJIbHAS MOIIHOCTh TAKUX BEIIECTB BBICOKAS, UTO MO3BOJSET BbI-
MOJHATh XOJOAWIbHBIE MAIIMHBI KOMIAKTHBIMU U YJOOHBIMU B
skcrutyaTanuu. OcoOEHHOCTBHIO IMKIIOB JaHHBIX XOJIOAWIBHBIX
MAIlIUH SIBJISIETCS TO, YTO MOJBOJ TEIJIA K XOJOAUIBHOMY arceHTy
MPOTEKAET B MPOIECCE €r0 KHUIIEHUs, a OTBOJ — B OCHOBHOM B
npouecce kouaeHcauuu. Ha puc. 9.4 npuBeaeHa npuHUUNUAIIb-
Has CXeMa IapOBOM KOMIIPECCOPHOW XOJIOJWJIBHOM MAallWHbI
(ITKXM). 3aech cyXxoil HaCBIIICHHBIN T1ap XJIaJareHTa ¢ JaBJICHHU-
eEM p;, TEMIIEpaTypou 1, CTENEHBIO CYXOCTH X = | BcachIBaeTCs
komrpeccopom K u aanabaTHO c:kxumaeTcsl.

Cyxol HacChIIICHHBIN Nap XJaJareHTa ¢ JaBJICHUEM p;, TEM-
neparypou 1, CTENEeHbIO q:
cyxoctd x=1 BcachkIBaeT- 4 J
ca kommpeccopom K u
annabaTHO CHKMMAETCS. ‘;’.3 e [

Crenedp  MHOBBIIIEHUSA x=30 3 / 2| T
JaBJICHUSI B KOMIIPECCO- T — b
pe JOoKHA O0ECICUHTH 1 K\_ R
MIPEBBIIIEHUE TEMIIEpPA- -

Typbl XJIaJareHTa Haj
TEMIIEPATYpOU OKpYxKa-
IOIIEH CpENbl WM TEM- ?-: 4 -\/WWW\,——1 ‘;:
[epaTypor  OXJIAXKAAro- =

Iero  TeMJIOHOCHUTEIS. 9

Puc. 9.4

Ha cxxarue 3atpaunBaercs padora /.

N3 xoMnpeccopa neperpeTbiii nap ¢ AaBJICHUEM P2 U TEMIIE-
parypoiil 7> noctynaet B TerioooMeHHUK T (KoHIeHCcaTop), B KO-
TOPOM TEIUIOTA (i CaMOIPOU3BOJBHO MEPENACTCS KAaKOMY-JIHOO
TermoHocuTento. [Iponecc oTBoja Temia UAET MPU MOCTOSTHHOM
JABJIEHUU p3=p2, TIPU 3TOM TEMIIEpATypa YMEHBIIAETCS 10 TEM-
reparypsl HaceleHust 13 = 7, U map MOJIHOCTbIO KOHACHCUPY-
ercs, x = 0.

N3 xoHaeHcaTopa XJIAMareHT NOHACTCS B IPOCCEIIbHOE
ycrpouctBo . B apocceine naBiaeHue XJagareHra CHUXKAETCS 110
BEJIMYUHBI P4, YTO MPUBOAUT K CHIDKCHHUIO €0 TeMIlepaTypsl da-
30BOr0 mepexona. CTerneHp ApOoCCEeTMpPOBAHUS yCTAHABIUBACTCS
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TOKOBOM, 4TOOBI 14 ObLTa MEHBIIIE TEMIEPaTypbl OXJIAXKIaeMOTO
Tena. YKe B JPOCCEIBLHOM YCTPOMCTBE XJIaJareHT HAuYMHAET 3a-
KHTIaTh.

Jlanee mapoKUIKOCTHAsE CMECh (BJIAKHBIM XJaJareHT) Mo-

ctynaetr B ucnaputens WM. B wucnapurene k XjamareHTy nOpu
HEU3MEHHOM €Tr0 JIaBJICHUU MOABOJUTCS TEIIO OT OXJIAXIAEMOro
tena. Temmeparypa xJiajjareHTa He U3MeHsieTcs (MPOUCXoauT Qa-
30BBIM MEPEX0]I - BHIKUIACT XKUJKas (ha3za BO BIAXKHOM Mape) 10
COCTOSIHUSI, KOT/Ia CTEMEHb CyXOCTH Napa JOCTUTHET BEIUYHUHbI

x =1. O6pazoBaBmuiics nap npu pi= ps U T1=74 BHOBb 3acachiBa-
€TCSI KOMIIPECCOPOM. U IUKIT MOBTOPSAETCH.

Ha puc.9.5 nzobpaxkeH uaeanbHbIN UK TApOBOM KOMIIpEC-
COPHOM XOJIOJWJILHOM Ma-

A 2 IMHBI B 1S-KOOpAWHATAX.
OH COCTOUT U3 MPOLIECCOB:

3 / ' 1-2 — agmabarHOE CXKa-
\

THE T1apa B KOMIIPECCOPE;
2-2' — n300apHOE OXJja-
\ KJICHUE TIEPErPETOro Imapa
1 \ 1 B KOHJIEHCATOPE;
% 2'-3—KoHJeHcalus napa;
- 3-4 — u3osHTaNBNA IPOC-
CEJINPOBAHUS;
S 4-1 — uzoTepMa noaBoaa
Teria K BJIaXXHOMY Hapy
Puc. 9.5 OT OXJIAXKJIAE€MOI'0 T€JjIa B HUC-
napuresie. JlaBieHue B 3TOM MPOLECCe HE N3MEHSIETCH.

XOHOHHHBHBIﬁ KOC—)(I)(bI/IHI/ICHT paccMaTpuBacMOro MHKJIa BbI-

d

qucisiercs no hopmyie:

qZ il _i4
& =— &=
3 WJIN i =i (9.5)

rac qq = i1- i4; 10: iz—il .
I[JIH IMPOCTOTHI BBIYHUCIICHUA XOJIOAUJIBHOTO Koa(l)(l)I/IHI/ICHTa
Ha IIPAKTHUKC UCITIOJIB3YIOT pi-I[I/IanaMMBI XJI1agdarCHTOB.
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Ha puc. 9.6 nuzo0pakeH UK TapoOBOM KOMIIPECCOPHOM XO-

\ JONWIIPHOM MAaIIWHBI B Pl -
KOOpJIMHATAX.

1-2 — agmabara cxaTus pa-
O0ouero Teia;

2-2'— un3obapa OXJIaKICHHS
MeperpeToro mnapa;

2'-3 — n3obapa oTBOAA TEIIa
IIpY KOHJICHCAIINH;

3-4 — w3odHTaNBNA JpOcce-

X=0

-y

gz |l JINPOBAHMUS,
4-1 — n3o0apa moaBoO 1A
Puc. 9.6 TCIUIOTHI B MCHApHUTEIIC.

[IpeumyiiecTBO M300pakeHUsI LMKIA XOJOAWIBHO YCTa-
HOBKH B Pi-KOOPJAMHATAX COCTOUT B TOM, YTO U3MEHECHUE DHTAJIb-
Nuid B Mpoleccax HU3MEpSeTcs OTpe3kaMHu Ocu adcuucc. XoJo-
TUIBHBIN KOA(DPUIIMEHT, ONMpEeACICHHBIM C TOMOIIBIO pi- aua-
rpaMMbl, 3aMUIIETCS KaK

i,—i, ba

&= (9.6)

i,—i, ¢b
9.3. L{ukn abcopObuuoHHOU X0100UNbHOU MAUUHDBL
PaccMoTpuM 1IMKIT XOJOAMJIBHOM YCTaHOBKH, B KOTOPOU
3aJICMICTBOBAH Mpolecc abcopbyuu (MOTIIOLMIEHUE TMApOB XJaja-

reHTa BCEM OOBEMOM JKHJKOIO PACTBOPUTENSI C OOpa30BaHUEM
ounapHoi cmecn). [lepenan

TABIICHUS I [UPKYJSIITUN
XJIaJlareHTa CO3J]aeTCs B pe- L
3yJbTaTe Impoueccos  ab-
copOnmu W BeIMapuBaHus B T |3
JIOLOJIHATEIBHOM KOHTYpE,

a TIOHIKCHHUE TeMIIEPaTyPhI
paboyero Tejaa MPOUCXOJUT

B IMPOIECCE IPOCCETUPOBA-

HUA. p4| 4
P07t WA
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HauOonbiiee npuMeHEeHHE MOJYYUIN BOJIOAMMHAYHBIE XO-
JOAWIIbHBIE MAIIMHBI, B KOTOPBIX aMMHAK SIBJISIETCS XJ1aJareHTOM,
UMEIOIUM O0Jiee HU3KYI0 TeMIepaTypy KHUIIEHHs, a Boja — al-
copberTom. Cxema abCOpOIMOHHON BOJI0AMMHAYHON XOJIOIMIIb-
HOM MAallWHBI NpuBeneHa Ha puc. 9.7. 3 ucnapurens U ammuak
c Temneparypoi 7; U JaBJICHUEM p; MOCTyIaeT B abcopOep A.
Boga, ucnons3yemasi. B kauecTBe abcopOeHTa, MOrjIoaeT aMMHU-
aK C BBIJCJICHUEM TEIUIOoThl. UTOOBI HE yMEHbIANacCh MOTJIOTH-
TeJIbHAsl CMIOCOOHOCTh PAacTBOPA, TEIIOTa AOCOPOIIMH ¢3 OTBOJIUT-
csi u3 abcopbepa KakuUM-ITHOO TeruioHOcHUTeneM. [lomydeHHBI
KPENKUM BOJI0-AMMHUAYHBIA PACTBOP
nepekaunBaercs HacocoM H B maporeneparop I, rae B mpouecce
MOABOJIA TEIIOTHI ¢p MPOUCXOJAUT BhIIIAPUBAHUE U3 PACTBOPA aM-
Muaka. B maporenepatope AaBiIeHUU p, CO3/Ia€TCS TaKUM, YTOOBI
TeMrepaTypa aMMHAYyHOTO Tapa MpEeBbIIIaa TeMIepaTypy Tel-
noHocurens, oxyaxaaromero konaeHcatop K. Ilpomecc oxia-
XKJEHUS U KOHJICHCALMY XJIAIareHTa MPOTEKAET MPU MOCTOSHHOM
nasiaeHud. B npoccene [, BCIEACTBUE YMEHBIICHUS HABJICHUS,
aMMHaK HaYMHAET KUIIETh, €r0 TeMIepaTypa CHIxaercsa. B ucna-
puUTelie 3a CUET MOJBOJAA TEIUIa g2 OT OXJAXIAEMOro Teja Mpo-
noJpKaeTcs (pa3oBBIM MEpPeXxo/1 XIaJareHTa U3 KUJIKOTO COCTOSHUS
B razoo0pasznoe. /lanee nuki nosropsierca. B KoHType HUpPKyIIs-
uuu abcopOeHTa yCcTaHOBJEH Jpoccenb o il MOHMKEHUS JaB-
JICHUSI BOJBI JI0 p.

[Hukn abcopOIMOHHON BOJOAMMHAYHOU XOJIOJIMJIBHOW Ma-
IIMHBI TIpeacTaBieH Ha puc. 9.8. IIpoueccel, nmpoucxoasmue c
aMMHakoM B abcopOepe u B mapo-
reHepaTope, JOIMYCTHMO 3ame-
HUTHh YCJIOBHBIM IpoLeccom 1-2,
OJM3KuUM K n3oxope. B aTom mpo-
1ecce TMOBBIMIAIOTCS  JaBIICHHUE,

A
T

/
S \ , TeMmIiepaTypa M pacTeT SHTPOIHS.
¥ \4 ¥ [Ipy TakoOM JOMYIIEHHH IUKI CO-
, CTOHMT M3 IPOLIECCOB:
\
> 1-2 — wu30xopa TMOBBIIICHUS

TEMIIEPATYpPhI U JaBJIICHUS;
2-2'— n300apa oTBOJIA TeIIa
Puc. 9.8 B KOHJEHCATOPE A0 TEMIICPATyPhl
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KOHJICHCAllUM aMMHAaKa;
2-3 — u30TepMa KOHJICHCAIIMH XJIaJar€HTa;

3-4 — “303HTANIBIIA JIPOCCEIIMPOBAHMUS;

4-1 — n3oTrepma KUIIEHUA AMMHAKa.

XosmoauiibHass MOIIHOCTh BOJOAMMHAYHOM  XOJOAUJIBHOMN
MAaIIMHbI Ny ONPEACIAETCS KaK

Ny=qy My, (9.7)
/i€ ¢ 2 — TEIJIOBas Harpy3Ka UCTIapUTEIIs;

M x — MaCCOBBII PacXoJ aMMHAKa.

TennoBas Harpy3ka ¢» BXOJIUT B ypaBHEHHE TEILIOBOro Oa-
JaHca abCOpOITMOHHOM MaITUHBI

q1 93 =q2+ qo+ Iy, (9.8)

rae [, — ynenbHas paboTa, 3aTpayeHHasi Ha MPUBOJI BOASHO-

ro Hacoca. Bennunna /,, He3HaUUTENbHA, U €10 B pacdyeTax oObId-
HO TIpeHeOperaroT.

CreneHb SKOHOMUYHOCTH pPabOThl aOCOPOIMOHHON XOJ0-
TUIBHOM MaIIUHBI XapaKTEePU3YETCI KO3 uyueHmom ucnoib-
308aHUs meniomsl €, PaBHBIM OTHOIICHUIO TEIUIOBOW HArpy3Ku
UCIIAPUTEIIS ¢ > K TIOJABEICHHOM TEMJIOTE B MAPOTEHEPATOPE (-

49,
do
9.4. L{uxn mennosozo Hacoca

& (9.8)

B npouecce paboThl XOMO0AUIBHON YCTAHOBKH MPOUCXOAUT
TpaHcpopMalus TETUIOThl OT HU3KOTEMIIEPATYPHBIX TEJ K BBICO-
KOTEMIIEPaTypHbIM. DTO MO3BOJSET UCIOIB30BATh XOJIOAMIbHBIN
IUKJT B IEJISIX OTOIUIEHUSA. XOJOIUIbHBIE YCTAHOBKH, HUCIOJb3Y-
eMbIe ISl HarpeBaHUsI O0BEKTOB, UMEHYIOT Menl108bIMU HACOCA
MU Ul mpanchopmamopamu meniomel.

Tennosvim Hacocom HA36LIBAIOM YCMAHOBKY, NPU NOMOWU
KOMOPOU 0CYWeCmasemcs nepeHoc IHepeuu 8 oopme menia om
OoJee HU3K020 K Ooslee 8blCOKOMY MEeMNepamypHOMy VPOBHIO, He-
00X00UMOMY OJIS1 MENJIOCHADINCEHUSL.

JIJIsi OCYIIECTBJICHHsI TEIUIOHAHOCHOTO TIpoliecca HEeoOXo-
IMa 3aTpara BHEIHEN 3Hepruud. OT BUAA UCIOJIb3yEeMON 3HEP-
I'MH TEIUIOBBIE HACOCHI KJIACCU(PUIIMPYIOTCS HA KOMIIPECCOPHbIE,
abCopOIMOHHBIE, CTPYUHBIC, TEPMOdJIEKTpUUeckue u ap. Mcrou-
HUKOM TEIUIOTHI HU3KOM TeMmmeparypsl ISl TEIUIOBOIO Hacoca
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CII’KHT OKpY>Karolllasi Cpeia, Halpumep, BoJa PEK, 03€p U JApy-
I'MX BOJIOEMOB, a B KadecTBe pabouero Teia OObBIYHO HCIOJIb3Y-
10TCSl (DPEOHBL.

Ha puc. 9.9 npuBenena cxema TermioBoro Hacoca. B ucnapu-
Tesib Y mapoXUaKOCTHAsE CMECh MOCTYNAET IPU HU3KOU TeMIlepa-
Type. B mporiecce mojiBojia OT BHEIIHEN CpeJibl TEIIOTHI g2 (pe-
OH TOJIHOCTBIO UcHapsieTca U nocrymnaer B kommpeccop K. Cxa-
THE Ta3a B KOMIIPECCOPE JOJKHO OCYUIECTBIISIETCA 10 TEMIIEpa-
Typbl, MPEBBINIAIONICH TEMIIepaTypy HarpeBaemMoro oonekra. B
pekyneparope (kouaeHcarope PK) sneprus B popme temna g; ot-
BOJIUTCSI HU3KOTEMIIEPATYPHBIM -
TEIUIOHOCUTEJIEM K TEIJIOBBIM
npudopam TII B mnomemenwue. "\/VVVV\(*
CKOH/ICHCUPOBaHHBIN  (PpeoH
MOCTyTaeT B JPOCCENb, IIE €ro
NABIICHUE W TemIleparypa Io-
HUKaroTed. Jlanee nukin noBTo-
psaercs. IlorpeOutens TEMIOTHI
MOJIy4yaeT, TakKuM o0pa3om,
KpoMe“TapoBOM™ TEIUIOTHI (2,
MEPEHECEHHON OT OKpYy’XKaro-
e Cpelibl, TaKXe TEIUIOTY,
SKBUBAJICHTHYIO  3aTpayC€HHOU
pabote [y .

B koopmunarax 7s UMK
TEIUIOBOIO Hacoca H300paxka-
eTcs nmoaooHo rukiry [TKXM.

DKOHOMUYHOCTH IIUKJIA Puc. 9.9
TEIJIOBOT'O HACOCA XapaKTEPU3YyeTCs
K03 puyuenmom npeobpazosanus meniomsl UiU KodIG@uyuen-
mom mpaucgpopmayuu,

_%_%"’lo_
HE T e 9.9)

[Ipu ko3ddunmente nmpeoOpazoBaHus TEMIOTH W = 3...4
NOTpeOUTENb MOJYYHUT TEIUVIOTHI B TPU — YETHIpE pa3a OoJblIe,
YeM IMPU OOBIYHOM JJIEKTPOHArPEBE.

TennmoBbie Hacochl HanboJee 11eIeco00pa3HO UCTI0JIH30BaTh
JUTsl 00eCIieyeHrs MOCTOSTHHOM TEeTIOBOM HArpy3Kd MpU HAIMYUU
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MCTOYHHMKA, CIOCOOHOTO COXPaHsATh HU3KUM YPOBEHb TEMIIEpaTy-
PBI TPOJOIKUTEIIBHOE BPEMSI.

BOHpOCbI AJI CAMOKOHTPOJISA

1. O6bsicauth mpuHLUI padoTs! [IKXM.

2. N3o0pazure nuki [IKXM B Ts - koopauHaTax.

3. Uto noHUMaeTcs o1 XOJ0IUIbHBIM K0P PUIIUEHTOM?
4. Kakyto (pyHKIIUIO BBITIOJIHSET APOCCEIb?

5. Kakyto pyHK1IMIO BBITIONHSAET KOMIpeccop?

6. M3o0pazute nuxin BXM B p v - KoopiuHaTax.

7. llosicHUTE MpUHLMI pabOThI TEMJIOBOIO HACOCA.
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I'nasa 10. Komnpeccoput
10.1. Tunvr komnpeccopos

CkaTple Ta3bl MIHAPOKO HCIIOJB3YIOTCA B CEIBCKOXO35M-
CTBEHHOM IPOM3BOJICTBE KaK B KAYECTBE YHEPrOHOCUTENIEN, TAK U
pabouero Teina B pa3IMYHbIX TEXHOJIOTHYECKHUX Mpoleccax. Ma-
IIMHBL JUISl CO3/JaHUSl JaBJICHUS M MOJayu Ta3a MOTpeOUTENIo
Ha3bIBAIOT GEHMUNAMOPAMY, B030YXO0YBKAMU, KOMNPECCOPAMU.
Kommpeccopsr co3naroT n3dsitounoe nasienue ot 0,15 Mlla u
0oxee; HarHeTaTeM B Hacockl — OoT 0.02 go 0.2 MIla; BeHTHIATO-
PBI TOBBIIIAKOT AaBiieHue razoB 10 0,02 MlIla.

[Io mpuHUKNY HNEUCTBUS KOMIIPECCOPBI AEIATCS Ha JIBE
IpyIIbl: OObEMHBIE U JUHAMUYECKUE.

B 00beMHBIX KOMIIpEeCcCOpax IMOBBIMICHUE JTaBICHUS JOCTH-
raeTcs COKaTUEM ra3a IyTeM COJMKEHHSI OTPAHMYMBAIOLIMX €rO
cTeHOK. OOBEMHBIE KOMIIPECCOPBI MOAPA3AEIAIOTCS HAa MOPIIHE-
BbI€, POTAIlMOHHbBIC, BAHTOBbBIC, CIIUPAIbHBIE, MEMOpaHHBIE.

B auHamuyeckux kommpeccopax ra3y IEepBOHAYalIbHO CO-
00II1aeTCs HEKOTOpasi KUHETUYECKas
DHEprus, KOTOpas 3aTeéM B CIICLH-
albHBIX KaHamax (auddysopax)
npeoOpaszyercsi B MNOTEHIMAIbHYIO
DHEPrur0 AaBiicHUs. /[[nHaMudeckue
KOMIIPECCOP MOJAPA3AEISAIOTCS Ha
JIOIIATOYHBIE U CTpyiHHbIE. Ha puc.
10.1 mpexacraBiiena cxema MOpIIIHE-
BOTO OJHOCTYIIEHYATOr0 OXJIaXIa
puc.10.1 eMoro komrpeccopa. B nmmnaape 1
MOPUICHb 2 TEPEMEIIACTCS KPHUBOIIUITHO-IIATYHHBIM MEXaHU3-
MoM. Ilpu JABMXKEHMM TIOpIIHS CJIEBA HAIMPaBO OTKPBHIBACTCSA
BITYCKHOM KJIalaH 3 W UWJIUHIApP 3anosHsercs ra3oM. [Ipu obpar-
HOM JIBM)KCHUU MOPIITHS BITYCKHOM KJIalaH 3aKphIBaeTCs, 00beM
raza B LWIMHIPE YMEHBIIAETCS, a HABJIICHUE YBEIWYHUBACTCH.
JlaBiieHME Ha BBIXOJI€ U3 KOMIIPECCOPA YCTAHABIMUBAECTCS PETYJIIN-
POBKOMW BBIITYCKHOTO KnaraHa 4. [Ipu OoTKpbITUM MOCIEAHETO a3
BBITAJIKUBACTCSI TIOPIITHEM W3 IIJIMHIpA M MOJAETCs MOTpeOuTe-
JX0 ¢ AaBlicHUeM HarHeTaHusd. C LeNbl0 CHUXEHUS DHEPruu, 3a-
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TpauynBa€MOM Ha CXKATHE Ta3a, MUIUHAP OXJIAXKIACTCA TEIJIOHO-
CUTEJIEM 3.
Cxema poTalmoHHOr0 KOMIIpeccopa Imokaszana Ha puc.10.2.
B kopmyce 1 3KCHEHTPUYHO pacIiONOKEH POTOP 3, B Ma3ax KOTO-
poro cBOOOJHO CKOJB3AT MacTuHbl 2. Ilpu BpamieHun portopa
MOJ JIEUCTBUEM LEHTPOOCKHBIX CHJI TUIACTUHBI TUIOTHO MPHKU-
MAKOTCSl K KOPILYCY, NPEIMATCTBYS NEPETEKAHUIO ra3a U3 OOHOU
f noioctu B Apyryro. llomasmias

MEXKIy IJIaCTUHAMU MOPIIMS Ta-
Beesedmves 7 % :

p S ¥ 3a TI0 XOJy BpalleHHs] POTOpa

_ “\\k R ﬁ Hoehemai?  y\eHpIIaeTCs B 00bEME, 3a CUeT

\%“‘“" H.. i

.-"J""

Yero 1 IOBBIIIACTCSA JABJICHME.
Puc.10.2

Ha puc. 10.3 npencraBinena cxema BUHTOBOTO KoMIIpeccopa. B
Kopryce 3 Ha NMOAIMINNHUAKAX 1 1 4 yCTaHOBJICHBI IBA POTOpA: BE-
oy 7 v BeIoMbIi 6. JIIst mpeIoTBpalieHusl yT€UKU Ta30B I10
BaJIaM POTOPOB YCTAHOBJICHBI CIICIIUATIbHBIC YIIIOTHEHUS 2.

L. £
;s L g P ; = 3
..-E""-._:l_'.'_-' e
f;’.ﬂ'-l' *’f# o n l:l'"
//«5 ﬂ"‘“ a{\
r:'..r'.'
A A RS ..,
NN 1
xx\.\m“xm
i)
LD
r
Serpatfasiorg L.’f'.
Puc. 10.3

CHHXpOHHOE BpalllEHHE POTOPOB OOECIEUMBAETCS IIECTEp-
HSMHU CBsI3U 5. B kopiyce uMmerorcsi naTpyOKu JJisi BCAChIBaHUS U
HAarHeTaHMs ra3a ¢ OKHAMU ITPOTUB TOPIIOB POTOPOB.

[To Mepe TOro Kak poTophl JeJaloT OJUH 000POT, BCACHI-
BAlOIllE€ OKHO MEPEKPHhIBACTCS 3yObsIMHM, @ MOCTYNUBILIAS MOP-
Y ra3a, nepeMelasich B10Jab poTopoB. 3yObs BeIyLIEro poTo-
pa BXOISAT B COOTBETCTBYIOIIUE YIIIyOJIC€HUS B BEIOMOM POTOPE,
B pE3yJIbTaT€ Yero 00bEeM ra3za yMEHbBIIAETCs, a aBJICHUE yBe-
nruuBaetrca. K mpoTUBONOI0KHOMY TOPIY POTOPOB ra3 MmocCTy-
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MaeT B CKATOM COCTOSIHUM WM BBITAIKHABAETCS B HArHETATEIIbHOE
OKHO.

CxeMbl JTONaTOYHBIX KOMIPECCOPOB mpuBeAcHbI Ha puc.10.4
u puc. 10.5. B nenrpobexnom kommpeccope (cMm. puc. 10.4) B
Kopityce 1 BpaImaercst JuCK 2, BBIMOJHEHHBIN ¢ pabOYMMHM JomaT-
KaMH{ B BUJIE KaHAJIOB 3.

. . ) "
Ea'.m‘." PPy FiLt IHIJ'.!'ﬂ'

!

. il
5, q’””iﬁ ﬁnﬁﬁﬁ]ﬂlt ! #
N \‘sL

\1.““ )

Deslmimin
ol w&:ﬁﬁ%
) ) /
d g

Puc. 10.4 ' Puc. 10.5

["a3, MOCTYNMUBIINIA B MEKJIOMATOYHbBIE KaHaJIbI, 0OTOpachIiBa-
€TCsl IIEHTPOOCKHBIMUA CHJIaMH K Tiepudepur 1 momnajgaet B Aud-
dy30psl 4, TONATKH KOTOPBIX YKpEIUIeHBl B Kopiyce. B muddy-
30pax MPOUCXOIUT MpeoOpa3oBaHNe KMHETUYECKOW DHEPTUH Tra3a
B TMOTCHIMAIBHYIO DHEPTUI0 JaBiieHHs. Yepe3 HarHeTaTelbHbIN
naTpyOOK CXKAThIN T'a3 MOCTyNaeT MOTPEOUTEIIO.

B oceBom komrmpeccope (cm. puc. 10.5) HanpaBieHue IBU-
KEHHUS raza COBMaJaeT C OChbl0 poTopa. PabGoune momaTku Kowm-
npeccopa 1 3akperieHbl B KOJBIEBBIX MPOTOYKax poropa 6, 00-
paszys dopmy auckoB. OceBoe pacCTOSHUE MEXAYy JUCKaMU
oOecreunBaeT pa3MelieHne B KOPIyCce S5 JIOMAaTOK 2 CHpsSMIIsIO-
IIEro arnmapara, BRIIOJHSOMEro posib nuddy3opa. Kanan, odpa-
30BaHHBIN JIOMATKaMU OJIHOTO JIMCKAa W TOCJIEAYIONIETO 3a HUM
COPSIMJISIIOIIETO arfmapaTa, Ha3bIBalOT CMYHEeHblo KOMIIPECcopa.
Crpsimisironue JIOmaTku nepBoro psiga 3 u koHddyzop 4 obdec-
MIEYMBAIOT OCEBOE HAIIPABJICHUE BXOJAIIETO B KOMIIPECCOP BO3-
nyxa. [Ipu BpamieHun poTopa KMHETHYECKas DHEPrus ra3a B Ka-
Hajax MeXAy paOoduMU JIOaTKaMU CTAHOBUTCS CYIIIECTBECHHOM.
["az0BBIl TOTOK, mpoxoAs nanee auddys3op 7, mpeobdpaszyer.
KMHETUYECKYIO0 DHEPTHIO B SHEPTHUIO CUJ JaBlicHus. [laBieHue Ha
BBIXOJI€ M3 KOMITPECCOpa OMPEESIeTCS] KOJIMYECTBOM CTYTICHEH.
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K nokaszarensim KoMIpecCOpHBIX MAIITUH OTHOCST:

— TUII KOMIIPECCOPa;

— YUCJIO CTYNEHEH, Z;

— cmenetb NOBblUeHUsl 0ABIeHUs 8 KOMNpeccopa 3mo om-
HOUleHUe OA8JIeHUsl HA 8blX00€ U3 KOMNpeccopa K OdGNeHUI0 Ha

gxooe, T.€.
_ Psex |
= 2%
pBX ]
— 00BbEMHYIO TTOauy KomIpeccopa, V, Mm>/c .
1lo0 06vemHOU noodaueli noHUMArOM KOIUYecmeo Kyouue-
CKUX Mempo8 2a3a, BblX00sAwe20 U3 KOMNpeccopa 8 eOUHUYY
BPEMEHU U NPUBCOCHHO20 K OABIEHUIO U MeMnepamype Ha 6xo0e

8 KoMnpeccop.
10.2. llopwnesoti komnpeccop u e2o nokazamenu

10.2.1. deiicrBurteabubii nukia OIK

B onHoctynenuarom mnopitHeBoM komrpeccope (OIIK) 3a-
BUCHMOCTb JABJICHUS ra3a BHYTPH IIUIMHIpPA OT 3aHUMAEMOT0 UM
o0beMa OMNpeACISIIOT ONBITHBIM ITyTEM C ITOMOIIBIO TpHOOpa,
UMeHyeMoro uxnouxamopom. Ilogo0HYI0 3aBUCUMOCTh, HAMPH-
Mep, u300pakeHHyr0 Ha puc.10.6, Ha3bIBAIOT UHOUKAMOPHOU
ouazpammori WK JeHCTBUTEIBHBIM
mukioM OIIK. 3xech

4-1 — mpolecC HAMOIHEHHS  p2 2
HWJINHIPA «CBEXKEN» MOPIMEN rasa.
OTOT IpOUECC HE SBISIETCS TEPMO-
TUHAMHUYECKUM, TaK KaK OH OCy-
IICCTBJISCTCS C HapacTaHWEM Mac-
Chl Ta3a, MPAKTHUYECKH C HEU3MEH-

pA

HOU TEMIIEPATypON U NEPEMEHHBIM : 4 1

JTABJIICHHUEM, vd V' Vae \7
1-2 — mpouecc MOBBIIEHUS e >

naBleHus. B oroMm mporecce Ha p Ve .

Ha4yaJIbHOM 3Talle K ra3y OT CTEHOK

MAINHIPA ITIOJIBOUTCS TEIUIOTa, 4 B Puc. 10.6

KOHIIE C)KaTus, Ha00OpOT, ra3 HarpeBaeT CTeHKU. JlaHHBINA Tpo-
1[eCC HeoOpaTuMm;
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2-3 — mpouecc HarHeTaHus. OH MPOTEKAET ¢ U3MEHEHHEM
Macchl ra3za, ¢ 3a0pOoCOM JaBJCHUS JJIi OTKPBITHUS BBITYCKHOTO
KJIaNlaHA ¥ HEU3MEHHOW TEeMIepaTypou. DTOT MPOLECC TOKE Ja-
JIEK OT TEPMOJIMHAMUYECKOTO;

3-4 — mpouecc paClIMpeHus ra3a, OCTaBIIETOCS B HWJIMHAPE
MOCJIEC 3aKPBITHSI. DTOMY OPOIECCY MPUCYIIM KaK IMOJBOJ, TaK W
OTBO/I TETJIOTHI.

B peanbHOM NOPIIHEBOM KOMIIPECCOPE NMPU HATHETAHUU HE
BECh ra3 MoKujaeT MuiauHIap. YacTh ero ocraercs B 00beMe Tak
HA3bIBAEMOTO 8pedH020 TPOCTpaHcTBa V) (00beM MEXIy KpbIII-
KOW IWIMHJpA U KpaHHM JIEBBIM MOJIO)KEHHEM mopiuHs). [Ipu
JBUKCHUU TOPIIHS CII€Ba HAIPABO OCTABIIMKCS B MWJIMHAPE Ta3
pacuapseTcs, 3anumas oobem Vy;. O0ObeM HOBOM BcCachlBaeMOU
nopuuu OyJeT paBeH TOJIBKO Pa3HOCTU: V.= Vi — V4.

K noxka3zarensiMm mopuiHeBOro KOMIpeccopa, KpoMe CTENEHU
TTOBBIIICHNS IABJICHAS 7T 1 00BEMHOM Mofaun V, OTHOCAT:

— BEJIMYUHY pabo4ero o0beMa HUIMHAPa V), M3,

— OTHOCHUTEJIbHYIO BEJIIMUMHY BPEIHOTO 00BEMA;

— k03¢ HHUIMEeHT 00BEMHON MO Ja9H

e o
Ay= v, =l—-a : (10.1)

C yBenuueHneM A U T 00beMHas nojava MOPITHEBOTO KOM-
Ipeccopa yYMEHBIIAETCS, YTO HATISAHO IAEMOHCTPUPYETCS PHC.
10.7 n 10. 8.

BennunHa BpeaHOro MpPOCTPAHCTBA OTPAaHUYMBAET W JIaBJie-
nue narueranust OIIK. Tak npu A = 0 3Ha4€HUE Ty, ONPEEIS-

CTCA 110 BBIPAKCHHUIO!

1Y
T ped =(1+— : (10.2)
a
CreneHpb MOBBIICHUS TABJICHUS Y PEATBHBIX KOMIIPECCOPOB
JUMHATHUPYETCS HE TOJBKO OTHOCUTEIBHOW BEJIMYWHOW BPEIHOTO
IPOCTPAHCTBA, HO U TEMIIEPATYPOM ra3a B KOHLE CxKaTuA 1>, KO-
TOpas HE JOJDKHA MPEBBIMIATh TEMIIEPATYP CaMOBOCILJIAMEHECHUS
CMa3Ku. B OJHOCTYyIIEHYaTOM KOMIIPECCOPE C YYETOM pPEabHbIX
3HauYeHUH a, Ay U 7> MOXKHO MOJYUYUTh
T, = 3,75 4,25 (B COBPEMEHHBIX MOPIIHEBBIX KOMIIPECCOPAX O

= 0,025 0,045 u A, = 0,75...090).
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P A P A

3 3 g Dopen 2™
p2 2
3 2
\ . )
Y 0
p1 VRS 1
> p1 o o 0
4 4
Vo BEIVASSIR Y
4Vo; < \YAREYS > :V“BC>
Vo) e Ve > 4\-/> « v >
Puc.10.7 Puc. 10.8

JI714 OLIEHKM COBEPIIEHCTBA PEATLHOTO KOMIIpECcopa Mmpo-
BOJISIT aHAJIN3 €r0 UJICATbHOIO IUKJIA.

10.2.2. Uneanbubiii nuka OIK

3aMEHUM peajbHbI LUK KOMIIPECCOpa WICAJIbHBIM, IJIS
4ero NpuMeM JONYIICHHUS:

— BPEJIHOE MPOCTPAHCTBO B KOMITPECCOPE OTCYTCTBYET;

— IPOLIECCHl BCACHIBAHUS W HATHETAHMS, MPOTEKAOIIHE C
U3MEHEHHUE MacChl ra3a, CdiuTaeM TEPMOJINHAMHUYECKUMU;

— TEIJIOBBIE U MEXAHUYECKHUE MTOTEPU OTCYTCTBYIOT.

Ha puc. 10.9 upeansubiii nukin OIIK uzobpaxen B pV-
KoopauHarax, a Ha puc.10.10, — B T's — koopauHarax.

n>K
Nn=K
n<kK

n=1

v
v

Puc. 10.9 Puc. 10.10

B npunHinune, npoiecc cxaTus MOXET ObITh HM30TepMHUYE-
ckuMm (1-2), annadbatuem (1-2"") wnu nonutponHsiM ¢ n< K (1-2")
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un >k (1-2"7"). [Ipouecc HarHeTanusi cxaroro rasa (2-3) ocy-
mecTBisieTcs n300apHo. Ilpomecc (3-4) — yCIIOBHBIM, COOTBET-
CTBYET MaJICHUIO JABJICHUSI B IUJIMHJpE O€3 BPEIHOTO MPOCTpaH-
CTBa IPU MU3MEHEHUU HAIpaBJCHUS JBIKCHHS MOpuIHsA. Bcach-
BaHME U300paKeHO Mporieccom 4-1.

N3 puc. 10.9 cinenyer, yTo MUHHUMAajbHas paboTa, 3aTpa-
YeHHas Ha CXKaTWe rasa 3a OJWH LMK OyJeT Impu M30TepMHUe-
CKOM TIpoliecce (HauMeHblIas miomaap nukia 4-1-2-3-4). Ongna-
KO, M30TEPMHUUYECKOE CKATHUE ra3a B MOPIIHEBBIX KOMIIpECCcopax
HepeanbHO. Eciu B mpoliecce cxxaTus OT ra3a OTBOAUTH TEILIOTY,
JOTMYCTUM 4Yepe3 CTEHKH LWJINHJPA, TO paboTa cxaTusi OyaeT He-
CKOJIBKO OOJIbIIIE, YEM MPU U30TEPMUUYECKOM MPOIIECCe, HO MEHb-
e, yem npu aaunadatHoM. OTcrojla B pealibHbIX KOMIIpEccopa
MOKa3aTellb MOJUTPOIIBI CKATHUSI HAXOAUTCA B mpeaenax 1<n <k.

3HayeHue paboThl IUKJIA OJYYUM UHTErpUpoBaHue (QyHK-
uuu V = f(p) njist OJIUTPOIHOTO MPoOIECCa, T.€.

n—1

L= " oy [P_j 1l (10.3)

n—1 .

Ananu3 BeipakeHus 10.3 MOKa3bIBAET, UTO IPU HEU3MEHHBIX p; U
V; mnotpebnsiemas pabota Oyaer TeM Oosibliie, yeM OOJbIle 3Ha-
YEeHUS P2 U 7.

10.2.3. UneanbHbIM HMKJI MHOTOCTYIIEHYATOI0 KOMIIpeCccopa

Kak ObL710 CKa3aHO BBIIIE, CYIIECTBYET MpeJiesl CTENEHU T10-
BBIIIICHUS JIaBJICHUS B OJHOM CTYNEHU MOPIIHEBOI'O KOMIIPECCO-
pa. /i1t momydeHus ra3za BLICOKOTO JIaBJICHUS MPUMEHSIOTCSI MHO-
roCTyIleHYaThle KOMIIPECCOPHhI, B KOTOPBIX CXKATHE OCYIIECTBIIS-
€TCs MOCJIEIOBATEIbHO B HECKOJBKUX ITUIUHJIpax (CTYMEHsX) C
OXJIKJACHUEM CKMMAEMOT0 ra3a Mmocjie Kaxa0i CTyIeHHU.

[IpuHnunuanpHas cxeMa JIBYXCTYIIEHYATOrO KOMIIpeccopa
npuBeseHa Ha puc. 10.11, a ero uaeanbHBIM UK B pV—KOOp-
nuHatax — Ha puc.10.12. 3aech nNporeccrl cxkaThus raza 1no Cryne-
HSM u300pakeHsl monutponamu 1-2 u 3-4. M3obapa 2-3 xa-
pakTepu3yeT YMEHbBIIIEHHEe 00beMa ra3a B MPOIecce OXJIaKACHUS
MEXIYy CTYNEeHAMHU Komipeccopa. CTyneH4YaToe C)KaThue C Mpo-
MEXKYTOYHBIM OXJIQXKJIEHUEM MPUOIIKAaeT paboduii Mmpoliecc
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KOMIIpeccopa K Haubojee 3KOHOMHUYHOMY H30TEPMUUYECKOMY
poreccy.

Il cmynenb

?L_’_| rt

—]

Ps3

(=

|||||<‘p|||||

XonodunbHuk

P:

A\
— P4

i .

I cmynexb v

|||||<‘p|||||
Q

Puc. 10.11 Puc. 10.12

Bcest paGota, 3arpaueHHasi Ha MPUBOJ JIBYXCTYIEHYATOTO
KOMITIpeccopa IpH MOJUTPOITHOM CKATHUHU ra3a B KaKJ0H CTYIECHHU,
ompenensercs Iomanapo nukiaa 1-2-3-4-6-0-1. Ecium mpouecc
CKaTHs OCYIIECTBUTH IO MOJUTPOIMHOMY MPOLIECCY B OJTHOU CTY-
NEeHU /10 JaBJICHUS P4, TO 3aTpadyeHHas padoTta OyAeT Oosibliie,
4eM y JIByXCTYNEHYATOTO KOMIIpeccopa Ha BEJIUYMHY, SKBHBa-
JIEHTHYIO miomanu 2-3-4-4'-2.

Takum o00pa3oM, MHOTOCTYNEHYATOE CXKaTHUE YMEHBIIAET
pacxoi PHEPTUX Ha MPUBOJI KOMIIPECCOpa, MOBBIIIAET KOG PuIu-
€HT 00bEMHOM T0JJaYX U MO3BOJISIET MOJTYUYUTh BHICOKHE CTEIICHU
ITOBBIIIICHHUS TaBJICHHUS.

MoXxHO nOoKa3aTh, 4TO IS MHOTOCTYTIEHYATOI'0 KOMITPECCO-
pa HauMeEHbIIIas 3aTpaTa paboThl OYJET B Ciydae, KOrja CTEIEHb
MOBBIIICHUS AABJICHUS B KaXKJI0M CTYIIEHHU OJIMHAKOBA. T.€.

T, =7y =..=7,=Const. (10.4)
Torna: T =T, (10.5)

IJI€ Z — YHUCJIO CTYINIEHEN KOMIIpPECCcopa.
IIpu 3a1aHHOM 3HAYEHUU UYUCIIO CTYIIEHEU OIPEAEISAIOT 110
BBIPAKCHUIO:
_ Inz
Inz

cm

z

(10.6)
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C yuetom cootHotenus (10.6) paboTa ajii MHOTOCTYIIEHYATOTO
KOMIIpeccopa MpH CKATUU ra3a MacCor m KT MOXKET OBITh BBHIYHC-
JeHa o dhopMmyJie:

n—1

p zn
RT BBIX —1
n—1 '\ p. . (10.7)

n

L=zm

10.3. Iloobop komnpeccopos

[Ipy OpoeKTUPOBAHUYN XOJOAWIHHON CUCTEMBI KAKOTO-JTHOO
00BbEKTa MPEXkKJE BCETO MPOBOJUTCS TEIIOBOM pacuer, T.€. BbIsB-
JISIFOTCS BCE TEIJIONPUTOKH, KOTOPBIE JOJKHBI OTBOJUTHCS XOJIO-
IUIbHON MammHOM. Jlamee BbhIOMpaeTcs crmocod OXJaxKJICHUS
00BEKTa, PAaCCUMTHIBACTCS U TMOAOMpPACTCS HEOOXOAMMOE XOJO-
IUIBbHOE 000py/IoBaHUE (KOMIIPECCOPHI, KOHJIEHCATOPbI, MpUdo-
PbI CHHKEHUS TEMIIEPaTypbl, UCTIAPUTENH ).

B mapoBou KOMIIPECCOPHOM XOJOAWIBHOM MAaIlWHE KOM-
MPECCOP BBIMOJHIET OCOOYI0 (PYHKIMIO: OH MpeJAHA3HAYEH HE
TOJIBKO JIJIs COKaTHUs XJIaJareHTa, HO U JIJISl TIOBBIIIECHUSI €r0 TeM-
nepatypsl. [Ipu mogbope xKomIpeccopa HEOOXOAMMO YIUTHIBATH
Ha3HAYEHHUE XOJIOJUJIBbHOW YCTAaHOBKH, €€ XOJOAWIbHYIO MOII-
HOCTb, YCJIOBUS €€ DKCILTyaTaluu, TUIl MPUMEHIEMOro XjagarcH-
Ta, SKOHOMHUYECKHE (aKTOpbl M TMp. AHAIU3 NEPEUYUCICHHBIX
(akTOPOB MO3BOJISIET MPEKIE BCErO BHIOPATH TUII KOMIIpECCOopa.
Ecau 5T0 nopiiHeBoil KOMIpPeccop, TO OH MOXKET ObITh BBITIOJIHEH
B BUJIE CJIEAYIOIINUX KOHCTPYKTUBHBIX UCITOTHEHUI:

— CAJILHUKOBBIN KomIpeccop (puc. 10.13);

— repMeTUYHbIN (OeccabHUKOBBIN) KoMmmpeccop (puc. 10.14).
B nepBoit monenu (10.13) Ban koMmpeccopa Jyisi COEAUHEHUS C
MPUBOJIHBIM MEXAHW3MOM BBIXOJUT 32 KOPIYC 4epe3 CaJIbHHUKO-
BOE YIUIOTHEHHE. B calbHUKOBOM KOMIIPECCOpPE B POJIM MPUBOAA
MOXHO NPUMEHHTH JIFOOOW THUIN JIBUTATENIsl U MNPUAATOYHOTO Me-
XaHu3Ma (IIKUB, My(PTy, PEIYKTOp U Tp.). DTO TMO3BOJSET HC-
MOJIb30BaTh JIAaHHBIE KOMIIPECCOPHI B XOJOAMIBHBIX YCTaHOBKaX
Pa3IMYHOrO Ha3HAYEHHUS (XOJOAUIBHBIX KaMepax, aBTOMOOHUIIb-
HBIX U 5KEJIE3HOJIOPOKHBIX CUCTEMAX KOHAUIIMOHUPOBAHUA U JIP.).
CallbHUKOBBIE KOMITPECCOPHI XOPOIIO ce0s 3apeKOMEHIOBAIN B
XOJIOJUJIbHBIX YCTAHOBKAX, (DYHKIIMOHUPYIOIIUX HA aMMHUAKE.

123


http://www.xiron.ru/content/view/31005/173/

Puc. 10.13 Puc. 10.14

K HemocratkaMm cambHUKOBBIX KOMIIPECCOPOB CIEAYET OT-
HECTH TO, YTO YIUIOTHEHHE HA KOHIIE MPUBOJHOIO Baja HE SBJIS-
€TCS MOJTHOCTHIO TEPMETUYHBIM.

B repmernunom xomripeccope (puc.10.14) Bce aBuxkyuumecs
AJIEMEHTBI U UX OTMOPHI Pa3MENIEHbl BHYTPU T'€PMETUYHOTO KOP-
nyca. Bo3MOXXHOCTh YTEUKM XJaJareHTa OTCYTCTBYET. B 3TOoM
IJIaHE TE€PMETUYHBIE KOMIIPECCOPHI JIYUIIIE, HO UX KOPITYC HE AaeT
BO3MOKHOCTH YyCTaHABJIWMBAaTh BHYTPb arperara dJEKTPOJIBUTA-
T€JIb OOJBIION MOIITHOCTH.

CreneHb NMOBBIIIECHUS JABJICHUSI B MOPIITHEBOM KOMIIPECCO-
pe, a OTCI0Jla MU YMCJIO CTYINEHEH, OmpenesieTCs TeMIlepaTypoi
OKpPY’KaroleW KOHJAEHCATOp cpenbl. XJaJareHT Ha BBIXOAE U3
KOMITIpeccopa JOJDKEH MMETh TeMneparypy Ha 12...18 rpagycoB
BBIIIIE TEMIEPaTyphl OXJIAXKAAIOMIETO TeTNIOHOCUTEIIS.

Bomnpocs! 111 cCaMOKOHTPOJISE

1. ITosicHUTh IPUHIUIT IEUCTBUSA OOBEMHBIX U TUHAMUYECKUX KOM-
MPECCOPOB.

2. Yto Takoe 7y .

3. YUto moHMMaroT 1moj; 00beMHOM 1o1aueii komrpeccopa?

4. Ha uTo BnmsieT BpeIHbIN 00BEM B MOPIITHEBOM KOMITpeccope?

5. Uem orpaHMuMBaeTCs BEIMYMHA JABJICHUS B CTYTICHU?

7. Kak onpenensercsi 4uciio CTyleHen kommpeccopa?

8. 3aueM OXJIAKIIAIOT ra3 MEXKAY CTYIECHSIMH MOPIIHEBBIX KOMIIPEC-
COpoB?
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I'naga 11. Tennooomennuku
11.1. Tennoobmernnvie annapamol U ux Kiaccupurayus

TexHuyeckue YCTPOMCTBA, B KOTOPBIX OCYILECTBISECTCA
MIPOLIECC MEPEIAYM TEIUIOTHI OT OJHOTO TEIUIOHOCUTENA K APYro-
MY, Ha3bIBAIOTCS Meni000MeHHbIMU annapamamu.

ITo cBOEMy Ha3HAYECHUIO U KOHCTPYKTUBHOMY BBITIOJTHEHHIO
OHHM BeCbMa Pa3HOOOpa3HbI, HO MO MPUHIUIY JACHCTBUS UX TMOJ-
pa3nessAoT Ha TPU THUIIA!

— peKynepamueHvle TEILIOOOMEHHbIE amnmapathbl (‘“pekyrie-
pauus’”’ ¢ naT. — “NOJy4YEHHUE BHOBD );

— pezeHepamuséHble TEIIOOOMEHHBIE anmnapaThsl (“pereHepa-

1ys’’ ¢ JaT. — “BOCCTaHOBJICHHUE , “BO3pOXKICHUE”);

— cMecumenbHble TeTI00OMEHHbIE annaparhl.

B pekynepatuBHBIX amnmapaTtax TEIIOTa OT TOPSYEro Tel-
JIOHOCUTENSL TIEPENACTCA XOJIOMAHOMY 4epe3 pasAeisAliomyr0 HX
cTeHKy. K TakuM amnmapataM OTHOCSTCSA paguaTtopbl, KOHIEHCATO-
pBI, TUTACTUHYAThIE TEII00OMEeHHHMKH. CxeMa MpOCTEHIero Ko-
KYXOTPYOHOT'O PEKYINEpPaTUBHOIO TEIUIOOOMEHHHKA IpPUBEACHA
Ha puc. 11.1. KoxyxorpyOHble Temioo0-
MEHHHUKH COCTOSIT M3 Iy4Ka TpyO 3, KOH-
1[I KOTOPBIX 3aKPEIICHBI B CIIEIIUATbHBIX
TpyoHBIX pemierkax 1. Ilydok TpyO pac-
MOJIOKEH BHYTPHU OOIIETO KOXyxa 2,
MpUYeM TEIUIOHOCUTENb | JBUXKETCS Mo
Tpybam, a TtemnoHocutens Il — B mpo-
CTPAaHCTBE MEXKIYy KOXYXOM U TpyOamu
(MEXTpyOHOM MPOCTpaHCTBE). [IBUKEeHME
TEIUIOHOCUTEIISI B TEIJIOOOMEHHBIX arma-
parax OCYIIECTBIIETCSA IO TPEM OCHOB-
HBIM CXEMaM: MPSIMOTOKA, POTUBOTOKA U
IIEPEKPECTHOTO TOKa. B cxeme mpsaMoTo-

Ka TCIUIOHOCHUTEIIM  JBIDKYTCA IIapal- IT
JIEJILHO B OJTHOM HAIIPaBJICHUHU, 4 B CXEME
IIPOTUBOTOKOM — B IPOTHUBOIOJIOKHBIX Puc. 11.1

HarnpaByieHUAX. B cxeMe mepekpecTHOro TOKa JIBUKEHUE OJIHOTO
TEIUIOHOCUTEIISI IEPIICHIUKYJISIPHO ABUKEHUIO JIPYTOTO.
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Ha npakTtuke BcTpeuaroTcsi 0ojee CI0KHBIE CXEMBbI, BKJIIOYalO-
e pas3inuHble KOMOMHAIIMU OCHOBHBIX.

B pereneparuBHoMm TeriooOMeHHuke (puc. 11.2) ogHa u ta
K€ MTOBEPXHOCTh, HA3BIBAEMAS HACAOKOU, OMBIBAETCS MOOYEPETHO
TO TOPSYUM, TO XOJOJHBIM TeIioHOcHuTeneM. [Ipu conpukocHo-
BEHUU C FOPSYUM TEIJIOHOCUTENIEM Hacajika aKKyMyJIMpyeT Tel-
J0, a 3aTEM OTJAET €ro XOJOAHOMY TeroHocutento. [Iponcxo-
JIUT TIEPUOAUYECKAsT PEreHepalus: TO OXJIaXAEHUE, TO Harpena-
Hue Hacajku. EcTtecTBeHHO, 4YTO 4eM OOJibllie TOBEPXHOCTh TEIl-
J000MEHa M TEIJIOEMKOCTh Hacaiku, TeM 3¢ (EeKTUBHEE TEmIo-
OOMEHHUK.

B cmecuTenbHBIX TEIIOOOMEHHBIX anmaparax (puc.11.3),
MPOIECC MEPEHOCA TEIJIOThl OCYIIECTBIISIETCS MPU MEPEMEIINBA-
HAW TEIUIOHOCUTEIIEW C Pa3sHOM TEMIIEpATypou. OTH amnmaparsl
MPOCTHI U KOMIAKTHBI, OHU MPUMEHSIIOTCS TaM, TJe He TpeOyeTcs
NOCJEAYIOIIEe pa3feieHrue TEIIOHOCUTENEN (HalpuMep, HArpeB
BOJIbI BOJSHBIM HapoMm). TUNHUYHBIM MPUMEPOM MOTYT CIIY>KHUTh
paznuuHoro poaa rpaaupHu TOLI.

I

% —

oo e,

+I | / _— —
L—Jﬂ?——] =
+, v

Puc. 11.2 Puc. 11.3

Hecmotpss Ha pazHooOpa3zue KOHCTPYKUMM U oOnactei
NpUMEHEHHs, BO BCEX TEIIOOOMEHHBIX ammnaparax B MPUHIUIE
OCYILECTBIISIETCS] OJIMH U TOT K€ MpOolLIece: mepenaya Teria oT 60-
Jiee HarpeToro TEIUIOHOCUTENSI K MEHee HarpeToMy, o3TOMY OcC-
HOBHBIE TOJIOKEHUS TEIJIOBOTO pacyeTa JUisl HUX SIBISIOTCS 00-
muMu. PaccMOTpuM mocienoBaTeNbHOCTh pacyeTa Ha MpHUMeEpe
peKymepaTopa.
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11.2. Ocnoevl mennogoeo pacuema pexynepamopa

PaznuyaroT mpOEKTUPOBOYHBIM U IMPOBEPOUYHBIA PACUETHI
TerI000MeHHOro anmnaparta. Llenb NpoeKTUPOBOYHOTO pacuera
COCTOMT B ONPEACICHUN BEIUYUHBI paboyell MOBEPXHOCTH [ Ten-
JooOMeHHUKa. [Ipu 3TOM CUMTAIOTCS U3BECTHBIMU KOJHUYECTBO

TIEpeaBaeMoro Teria ¢, MacCOBBIE PACXO/IbI TEINIOHOCHUTEIEH M,

u M, u3MeHeHue ux temnepatyp At u At

O06o03HaunM MapaMeTpbl TEIUIOHOCHUTENIEH Ha BXOJIE B TeEIl-
JT0OOMEHHUK OJIHUM IITPUXOM, a Ha BBIXOJE — JABYMS IITPUXaMHU.
N3meHeHnne TemriepaTyp TEIJIOHOCUTENIEH IS PEeKymneparopa ¢

MPSAMOTOKO MOKa3aHo Ha puc. 11.4 a, ¢ MpOTUBOTOKOM — Ha pHC.
11.4 6.

t“ t;’ t"

n'tgl}l
t _l L ' f
—_— - e — - —... .—.—
m, _i { m, m;
1
2
r,
a §]
Puc. 114

3nech HUKHUIM UHAEKC (1) OTHOCUTCS K TEIJIOHOCHUTENIO, OT
KOTOPOT'O TEIJIO OTBOJUTCS; UHACKC (2) — K TEIJIOHOCUTEIIO, KO-
TOPOMY TETLJIO MO IBOJUTCH.

N3 pucynka crmenyer:at; =t'y - t"1 m At =t", - t'2, nanee
s ipamoToka At' =t'y -ty um at" =t"y - t"2; 1 npoTUBOTOKA
A=t -ty u at"=t" -th
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OueBuaHO, YTO TpU NPSMOTOKE TemmepaTrypa t'"; Bcerma
Mmenble t"|, [Ipy mpoTUBOTOKE XKE TemIeparypa XOJIOAHOTO TEIl-
JIOHOCUTENISI Ha BBIXOJE M3 TEIIOOOMEHHUKA MOXET ObITh BBIIIE
TEeMIIepaTyphbl Topsyero, T.e. t'"> > t"|. IT0 00BsCHAETCS TEM, YTO
IIPY NOPOTUBOTOKE XOJIOJHBIA TEIUIOHOCUTEIh HA CBOEM IIyTH
BOCIIPUHUMAET TEIUIOTY OT rOPsSYEro TEIIOHOCUTEIISI Bce ¢ Ooliee
u OoJiee BbICOKOM TeMmreparypoid. CienoBaTenbHO, MPU OJTHON U
TOM K€ HA4YaJbHOW TEMIIEPATypE XOJIOJHBIM TEIUIOHOCUTEIb B
TEIIOOOMEHHUKE ¢ TPOTUBOTOKOM MOXHO HAarpeTh /10 00Jiee BbI-
COKHX TEeMIIepaTyp. DTO NPEUMYLIECTBO MPOTUBOTOYHBIX TEIJIO-
OOMEHHHUKOB IIUPOKO UCIIOIB3YETCA B TEXHUKE.

[Ipu pacuere pekynepaTUBHBIX TEMIOOOMEHHUKOB OCHOB-
HBIMU YPABHEHUSIMU SIBJISIFOTCSL:

1. YpaBHeHUE TEILIONEPEIAYM:

Q=xF(t1—t) (11.1)
rae K — KodpuiuenT Temionepeaadu;

F — nmoBepxHOCTH TEIUIONEpEAaAYY;

I; u t; — 3HA4YCHUS TEMIICPATYp TOpsSAYCro M XOJOIHOIO
TETUIOHOCUTEIIEH.

Bripaxxenue (11.1) cnpaBenauBo, e€ciii TEMJIOHOCUTEIU
MMEIOT MOCTOSTHHYIO0 TEMIIEPATYypPy, HAlPUMEDP, TP KOHAECHCAUH
Y KUIIEHUU. TaK KaK 3T 3HAYEHUS TEMIEPATyp MO JJIMHE TEIUIO-
oOMEeHHUKA TIepeMeHHBI, TO B ypaBHeHue (11.1) BBoguTCs cpen-
HSIsI IO TETUIOOOMEHHUKY pa3HOCTh TEMIIEpaTyp:

Q=kF At (11.2)
2. YpaBHEHMs TEIJIOBOIO OajlaHca:
Q = mlcpl(t’l -t"1)I/I Q = MQsz(t"z-t'z) (11.3)

rJ€ 711 U 2 — MacCOBBIE YaCOBBIE PACXO0/bl TETUIOHOCUTEIIECH;

Cpl U Cp2 — TEIUIOEMKOCTH TEMJIOHOCUTETIEH.

OTH ypaBHEHHs CIIy’KaT OCHOBOM IIPOEKTUPOBOYHOIO U
IIPOBEPOYHOI0 PACUETOB TEIIIOOOMEHHHUKA.

[Ipy TPOEKTUPOBOYHOM paCUYETE MOBEPXHOCTH TEIIO00-
MEHHUKa onpenensercs u3 ypaBHeHus (11.2). 3nauenue A t ¢
BBOJIUTCSI B pacyeT Kak cpeaHeapuMeTHdecKas BEJIMYUHA TEM-
nepaTypHOIo Harnopa, JIM00 KaK cpeaHenorapupMuIecKas.

At
JIIst mpsAAMOTOKA €CIi 3HAYEHUE Ve 1,7, To B pacuet BBO-

IUTCs cpeaHeapupMeTUUeCKui Harop, T.€.
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[Ipu 3TOM MOrpenIHOCTh pacuera OyJeT HECYIIECTBEHHOM.

!

At
Ecnu e npu npsiMmoToke — > 1,7, To B pacueT He0OXO0I1-
A t"

MO BBOJIUTH cpez[HenorapI/I(bMqu(:KHﬁ TGMHGpaTypHBIfI Hamop B
BUJIC
At — At"

Atepn= A7 (114
In
At"
B temiooOMeHHNKaX ¢ POTHBOTOKOM
(t1-t3')-(t1' —t3)
Atep s T . (11.5)
Ingr—r
1 2

JIast cXeM MEPEKPECTHOrO TOKA M APYIHX 0OJIee CIOMKHBIX
CXEM JBHKXCHUSI TETIJIOHOCUTEJIEN CpeI[HI/Iﬁ TeMHepaTypHBIﬁ
HaIlop BbIYUCIIAKOT C IIOMOIIBIO BBIPAKCHUA!

Atep= e, A tepa,
rae &,— TONpaBKa, KOTopas ompeaensercs u3 rpaduka
(puc.11.5) kak QYHKIMS JBYX BCIOMOTATEIbHBIX BETUYHH:

p=Ltf oy R=lTh
t—t) t, —t)
1o _
’ e ——~
09 \ \\ \\ ~ ~
AR NERNEAN AN
NELDERNEAN N

r440\ 3p\| ko|\| |5\ | 70\o$ ds 44 0

0.7 \ \
\
0,6 \ \
| \
\ L \ P

,5 0,6 0,7 0,8 0,9 1,0

0,5

0,1 0,2 0,3 0,4

Puc. 11.5
[IpoBepOUHBI pacyeT BBIMOJHSIETCA JI TEMII00OMEHHHUKA C
W3BECTHOM BETWYMHOU pabouei moBepxHocTH. Llensb pacuera co-
CTOUT B ONPEACICHUU TEMIIEPATYpP TEIUIOHOCHUTEIEH HAa BBIXOIE
U3 TEII00OMEHHUKA U KOJIMUECTBA MEePEe1aBaeMOoro Teria.
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N3 ypaBHennit (11.2) u (11.3) nonyuum:

t —t',

O- 1 (11.6)
kF  2mycc, 2m,c,
" ! Q .
h=ti——— y =t + ,Q (11.7)
mc, m,C )

Tennonepenaya B TEMI00OMEHHOM arapare 3aBUCUT OT
MHOTHUX (PaKTOpPOB, B YACTHOCTH, OT CKOPOCTU JIBUKEHHUS TEILIO-
HOCHUTENEH, OT POpMBI U pa3MEPOB TOBEPXHOCTH Harpera. @opma
MOBEPXHOCTHU YacTO OMNpPEJENsAeTCsl Ha3HAueHHeM ammapara. Yro
KacaeTcsi CKOPOCTH, TO, Ka3aJloCh Obl, YBEJIUYUBAs €€, MOXKHO KakK
YTOJHO WHTCHCU(DUIIMPOBATH TEIUIONEpeaadyy U TE€M COKPATUTH
pasMepbl TeIT00OMEHHUKA, HO C YBEJIMUEHHEM CKOPOCTH PAacTET
TUAPABINYECKOE COMPOTUBJICHUE, & OTCI0/Ia U MOIIHOCTh, TpeOy-
eMas Ha ero npeojoieHue. [loaTomy BOmpoc 0 KOMIIOHOBKE TO-
BEPXHOCTH HarpeBa, a Takke 00 MCKYCCTBEHHON MHTEHCHU(]UKa-
MU TEIUIONEPEaauu JOJKEH PeIlaThbCs C YUYETOM CBSI3H MEXKITY
MHTECHCUBHOCTBHIO TEIUIOOOMEHA M IOTPEOHOM MOIIHOCTBHIO Ha
10J1a4y TEIUIOHOCUTEJIEH.

CrnenoBaTebHO, B 3ajladyy pacuera BXOASIT TaKXke BBIOOD
ONTUMAJIBHOW (DOPMBI U KOMIIOHOBKHM TOBEPXHOCTEW HarpeBa H
YCTAHOBJICHUE HAWUBBITOJJHEUIIIEH CKOPOCTU JABUKEHUS TEILIOHO-
CUTEJIEN.

B XonoaunbHBIX ycTaHOBKaX MOIIHOCTHIO a0 10 kBT KoH-
JEHCATOPbl KOHCTPYKTUBHO BBIMOJHSIOTCS B BHUJIE PaaUaTOPOB,
Harpumep, puc. 11.6. 3aech miomaas Terionepeaadn (HapykHas
MOBEPXHOCTh TPYOKM) BKJIFOYAET JBAa y4yacTka kaHaia. Ha ydacr-
K€ cpa3y Mociie KOMIIpeccopa MeperpeThiil XJIaJareHT OXJIaxiaa-
€TCs Hapy>XHBIM BO3JIyXOM B HM300apHOM IpoIlecce 0 TemIepa-
Typbl KOHJeHcanuu. g onpenenenuss ko3PuireHTa TermiooT-
Ja4yd HUCTOJIB3YIOT KPUTEpHUAJbHbIC YpPaBHEHHMS CHCTEMBI ra3 —
KUJKOCTh. BenmumHa MoBepXHOCTH TPYOKHM OT Haudajla KOHJICH-
Calliy JI0 APOCCEIISl BBIUUCISIETCS M0 KPUTEPUATbLHBIM YPaBHEHU-
M (pa30BBIX MEPEXOJIOB.

PacdeT moBepxXHOCTH TeIUIONEpeIaun UCTIAPUTENS CIIOXKEH,
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T.K. BHYTPM KaHajla MAET IPOLECC TEIIOOTAAYM NPU KHUIIEHUH
XJIaJIar€HTa, a CHapy>K1 KaHaJl (BECh WJIM YaCTh €r0) MOKPBHIBACTCSA
KOPKOHW 3aMOPOXKEHHOM BOJIbl. KOHCTPYKTUBHOE HCTIOTHEHUE HC-
MAPUTENEH 3aBUCHUT OT HA3HAYEHUS XOJIOJWJIBHOW YCTaHOBKH.
OnuH U3 ucnapureneit npeacrasieH Ha puc. 11.7.

B AR o R B b b b m,:, 4

""" TR RRAA N T —
LL2 0 5 L LT T e e———

Puc. 11.6 Puc. 11.7
Bomnpocs! 111 cCaMOKOHTPOJISE

1. KakoBa kiaccu¢ukanys TeriooOMEeHHBIX annapaToB?

2. O0OBsACHUTE TOCIIEA0BATEIFHOCTh MPOSKTUPOBOYHOTO pac- ueTa pe-
Kyneparopa.

3. O0BACcHUTE TIOCTIENOBATENBHOCT MPOBEPOYHOTO pacyeTa peKyre-
paTopa.

4. Kak BBIYMCISAETCSA CPETHUN TEMIIEPATyPHBIA HAIOP MEXKIY TETIO-
HOCHUTEJISIMU?

5. KakoBa 0coGeHHOCTh pacyeTa TeI000MEHHHUKOB C TIEPEKPECTHBIM
TOKOM?
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Paznea IV. Temnorexunueckoe odecrneueHue 00LeKTOB
XpaHeHHUs U NMePepadoTKH CeJIbCKOX03AMCTBEHHOIO ChIPbS

I'naga 12. Muxkpoxnumam 6 00beKmax XpaneHus
U nepepadomKu ceabCKOX03AUCMEEHHO20 CbIPbA

12.1. Tpebosanus k muxpoxaumamy oo6vbekmos ooumanus

K o0bexTaM XpaHeHUs! U MepepadOTKU CEIbCKOX03IMCTBEH-
HOTO CBIPbSI OTHOCST: ITPOU3BOJICTBEHHBIC MTOMEIIEHHUS; 36PHO — U
OBOIIEXpaHWININA; (QYPrOHBI I MEPEBO3KU MPOIYKTOB CEIIb-
CKOXO3MCTBEHHOIO MPOM3BOACTBA M Ap. Henp3s uckimrouates u
KHUJIbIE, KOMMYHAJILHO - OBITOBBIE OOBEKTHI; COOPYIKEHHUSI TSI CO-
Jep)KaHusl CKOTa W TNTHIBI, KaOWHBI TPAHCIIOPTHBIX CPeaAcCTB. B
ITUX 00BEKTAX HEOOXOIMMO TMOAICPKUBATH ONTUMAIBHBIE YCIIO-
BUS JUIS TIPOM3BOACTBEHHOW MACATEIBLHOCTH M OTIbIXA JIOJCH;
HAWBBICIIEH MPOTYKTUBHOCTH KUBOTHBIX U PACTCHHM; COXPAHHO-
CTH TIPOYKTOB MUTAHUS U CHIPHS.

Co80KynHOCMb YCI08Ull, 00eCneuu8arwux H#CusHeoesmenb-
HOCMb 4eN08eKa U HCU3HECNOCOOHOCIb OpY2UX OP2AHUZMO8, UMe-
HYIOMm 00UMAaemocmsio.

O6uTaeMoCcTh 00BEKTAa 3aBUCUT OT MHOXECTBa (haKTOPOB,
KOTOPBIE BO3MOXKHO CTPYNIHPOBATH B MPHUPOJHEIE, (DU3UUYECKUE,
TEXHUYECKHUE U TICUXO0NOJIOTHYECKHE.

K npupoansiM (pakTopam OTHOCAT: reorpauyeckoe MecTo,
BpeMs rojia, 9acTh CyTOK, METEPHUOJIOTHICCKHUE YCIIOBUS, HATUINC
Pa3IUYHBIX KaTaKJIN3MOB.

®dusndeckre (GakToOpbl BKIIOYAIOT: COCTAaB BO31yXa, €ro
TEMIIEPATyPHO-BIAKHOCTHBIA PEKUM, OCBEIIEHHOCTh OOBEKTa,
BUOpAIIIO, BO3JICHCTBHE aKyCTHYSCKHX M JJIEKTPOMAarHUTHBIX
IIOJIEH.

Texnuueckue GakTopsl: 3T0 Gopma U pasMeEpP COOPYKEHHUS,
CHUCTEMa OTOIUICHHS M BEHTWJISAILMH, CAHUTAPHO-TUTHEHUYECKOE
oOecIieueHre, CKOPOCTh MEPEMEIICHUsST BO3yXa, MHTEPhEP, WH-
dhopMalioHHOE 0OecIeYeHue.

K ncuxobuonornueckuMm ¢akTopaM OTHOCAT: PEXKHUM TpyAa
U OT/IbIXa, MHAWBUIYATbHYIO COBMECTUMOCTD, HAJTUYHE TPHI3YHOB
U Pa3IUIHBIX MUKPOOPTaHU3MOB.
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N3 nepeuncieHHbIX (HaKTOpoB B chepy KOMIIETCHIIUU TeEI-
JOTEXHUKHU BXOJAT HEMHOTHE, HO HEMAIIOBAKHBIE ISl )KU3HEIEs-
TEJLHOCTH YEJI0BEKA U APYTUX KUBBIX OpraHu3mMoB. K HUM OTHO-
CSIT: COCTaB BO3/lyXa M CKOPOCTh €r0 MepeMelleHrs BHYTPpU 00b-
€KTa, TEMIIEPATYPHO-BIAKHOCTHBIN PEXKUM B HEM.

B 3aKkpBITBIX COOPYKEHUSIX COCTAB BO3/yXa MOJABEPKEH CY-
IIECTBEHHBIM M3MEHEHUSIM. TaK B MpoliecCce KU3HEACATEIbHOCTH
YeJ0BEKA, JKUBOTHBIX, MTULl, PACTEHUI, OBOILIEH BBIJICISAIOTCS YI-
JIEKUCIBIN Ta3, aMMHUaK, CEpOBOJOPOT; MPU MPOBEJACHUM pa3Iny-
HOTO pojia paboT B BO3yX MOTYT IOMNAaJaTh COCAUHECHUS XJIOpa,
dTopa, a3oTa; B HErepPMETUYHBIC MOMEIICHHUS MOTYT IOJCAChI-
BaThCS MPOJYThl OKUCIICHUS PA3IMYHBIX BEIIECTB, MApbl Pa3iny-
HBIX JKUJIKOCTEH, MbLIb.

TeMnepaTypa Bo3/lyxa B MOMEUIEHUHU OINPEIEIIETCS YCIIO-
BUSIMU TEIJIOMAcCOTNIEpeHOca B MPOCTpaHCTBE. B mpouecce uzme-
HEHMS TEMIIepaTyphl YYacTBYIOT HarpeBaTelibHbIE MPUOOPHI,
OTpaXKJICHHUsSI COOPY>KEHUW, COJHEYHas pagualus, TEeXHOJIOruve-
CKHE TIPOIIECCHI, BCE )KUBBIE OPTAaHU3MBI U T.]I.

CopneprkaHue Bilard B BO3JIYyX€ 3aBUCUT HE TOJBKO OT Me-
TEOPOJIOTUYECKUX YCIIOBUI. 3HAUUTEILHOE KOJIUYECTBO BOISHBIX
napoB 00pa3yeTrcs Mpu XpaHSHUH U MepepabOTKU 3€pHa, OBOIIECH
U (DPYKTOB; B MPOILIECCE KUZHEAEATCIHHOCTH YEIOBEKA.

TpeboBaHMs K COCTaBy BO3/yXa OOYCIOBJIEHBI (PU3HOJIOTH-
YECKMMU OCOOEHHOCTSIMU OpraHu3Mma 4YesioBeka. JKuBoil opra-
HU3M MOXXET HOPMaJIbHO (PYHKIIMOHUPOBATH TOJBKO IPH YCIIO-
BHUM, YTO €r0 TKAHW M OPTaHbl MOJY4YalOT CTPOTO OIPEICICHHOE,
3aBUCSIIEE OT HArpy3KHu, KOJUYECTBO Kuciopoaa. s obecneue-
HUST HOPMAaJbHOW >KU3HEACSATEIbHOCTH 4YeJOBeKa TpelOyeTcs He
meHee 0,23 i kucnopoa B MUHYTY. JlocTaBka KMCI0OpPOAa TKaHIM
OCYILIECTBJISICTCS TJIaBHBIM 00pa3oM uepe3 JIETKUE B Mpollecce
JBIXaHUS U YaCTUYHO Yepe3 MOBEPXHOCTh KOXKHU.

XUMHUUYECKUH COCTaB CyXOro arMoc(epHOro BO3AyXa Mpe-
ctaBiieH B Ta0:1.12.1. ConeprkaHue yTJIEKUCIIOro ra3a B MoMelre-
HUSIX, TJIe€ HAXOSITCS JIFOJU, MOKET OBITh 3HAUUTENbHBIM. Hakom-
JIEHWE YTJIEKUCIIOTO ra3a B BO3AyXe B OOJIBIINX KOHIIEHTPALUIX U
JUTUTEIbHOE MpeObIBaHUE JII0/ICH B Takoi aTMOc(epe MOXKET MpH-
BECTH K MOSIBJICHUIO TOJIOBHOM 00JIH, TOJIOBOKPYKEHUS, cJ1ab0C-
TH, TOTEPE YYBCTBUTEIBLHOCTH U AK€ MOTEPE CO3HAHUSI.
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Tabnuya 12.1

["a30BBIif cOCTaB CyXOro aTMOC(EepHOTO BO3AyXa

CocTaBHEIC YaCcTH Xumuue- qi— Mac- ri — o0beM- | pi— mapuuasb- HOE
BO3/IyXa cKas coBas IOJsA | Has JOJs naBieHue, 6ap
bopmymna

A3zoT N> 0,7553 0,7808 0,7808
Kucnopon 0)} 0,2314 0,2095 0,2095
Apron Ar 0,0128 0,0093 0,0093
Vriekucnsiii ra3 CO2 0,0004 0,0003 0,0003
[Ipoune razml Ne, He 0,0001 0,0001 0,0001

Hanmnuue B BO31yxe pa3sinuyHbIX IPUMECEN OKA3bIBAET BPEM-
HO€ BO3JICMCTBUE HA KUBBIE OPTAaHU3MbI, 000pYAOBaHUE, MATEPHU-
anbl U TEXHOJOruueckue npoueccel. [lonagas naxe B HEOONbIINX
KOJINYECTBAX B OpPraHM3M 4YEJIOBEKA 4Yepe3 AbIXaTelIbHbIE MYTH,
KOXXY W THUILIEBApUTEIbHBIA TPAKT, Ta3bl U Tapbl BPEIHBIX Be-
HIECTB MOTYT BbI3bIBATh OTpaBicHHE. DU3NOIOTUUECKOE BIUSHUE
BPEJIHBIX MPUMECEN 3aBUCUT OT MX TOKCHYHOCTH M KOHIIEHTpa-
MU B 00bEKTE OOMTAHUsA, a TAKXKE OT BPEMEHHU MX BO3ACHCTBUS.
[lonHoe ynaneHue W3 BO3/AyXa BPEOHBIX BKIIOUEHHUH CBSI3aHO C
OoJbIIMMU TpyAHOCTSIMH. [l03TOMY mpUXOIUTCS AOMYCKATh HeE-
KOTOPOE€ KOJIMYECTBO BPEJIHBIX MPUMECEN B BO3AYXE MOMEUIECHUN.

HopMmbl npenensHo gonmyctuMbix KoHueHTpauuil (ITIK)
BpPEJIHBIX MPUMECEN B BO3yX€E NI YEJIOBEKA PErIaMEHTUPYIOTCS
I'OCT 12. 1.005-88 u onu npuBeaeHsl B Ta0. 4 [Ipunoxenus.

Hanuuue B BO3yXe NbUIM HEXKEIATEILHO WIH JIa)KE OMACcCHO
st yenoBeka. [l oOpaszyercst B pe3yibTare U3MEIbYEHUS U
nojabeMa B BO3AyX€ TpyHTa, MOKPBITUM JOpOr, Mycopa U T.A.
KpoMe TOro mbuib MOXKET BBIOPACHIBATHCS MNPOMBIILICHHBIMU
OpPEANPUATHSIMHA, KOTEJIbHBIMU W T.N. Ilblmb, Haxopsmiascs B
HapYy>KHOM BO3]lyXe, B 001IeM, 001aAaeT TOHKOW AUCTIEPCHOCTHIO
Y Xapakrepusyercs pazmepoM S...10 Mk.

Coueranusi TeMIEpaTypbl, OTHOCUTEJILHON BIIAXKHOCTH H
CKOPOCTH ABWXKEHHUS BO3/lyXa, COOTBETCTBYIOIIME KOMGPOPTHOMY
COCTOSIHUIO YEJIOBEKA B paboueil 30HE MPOU3BOACTBEHHBIX MTOME-
HIEHU, pUBEICHBI B Ta0. 3. [Ipunoxenus.

BuyTpu momenieHusi Bcerga MOKHO OOHApyKHUTh pasiiny-
HOW MHTEHCHUBHOCTU MOTOKHU JIBUKYIIETocs Bo3ayxa. Mx mpuuu-
HOM SIBJIAIOTCS HMCKYCCTBEHHO CO3JIaHHBIE HAMOpBhI, JHOO ecTe-
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CTBEHHAsl KOHBEKIIMS, BOZHUKAIOIIAS IPU U3BMEHEHUU TEMIIEpaTy-
pel o BeicoTe nomemieHuss. ['OCT 30494-2011 ycranaBiuBaet
MpEICIbHBIE CKOPOCTH JBUKEHUS BO31YXa B KUJIBIX U MTPOU3BO/I-
CTBEHHBIX 00BekTax 0,2 ... 0,3 m/c.

12.2. Bnaswchuwii 6030yx
12.2.1. ITapaMeTpbI BJIAKHOTO BO31yXa

Bo3nyx mpencraBiser codoi cmech TazoB Na, Oz, CO2, Ha,
Ar u H,O, npuyeM OTHOCUTENBHOE COJIEp)KAHUE BCEX COCTABIIA-
IOIIMX CMECH, KpOME BOJSIHOTO TIapa, BeChMa CTaOMIIBHO.

Bo3nyx, B KOTOpOM BOJSIHBIE TTApbl OTCYTCTBYIOT, HAa3bIBa-
erca  cyxum. CMech BOJASHOTO Mapa U CyXOro BO3AyXa Ha3bIBAIOT
BILANHCHBIM 8030YXOM.

[TockoyibKy B OOBIYHBIX YCIOBHSIX COCTaB CyXOI'O BO3/yXa
MPAKTUYECKH HE U3MEHSIETCS, TO €r0 MOKHO pacCMaTpUBATh Kak
UjCaNbHBIN ra3, A1 KOTOporo | = 29 Kr/mMoJib;

R =287 Ix/(xr-K); x = 1,4. BoasHol nap Takxe NpeICTaBISIET
co0oi MaeanbHBIN ra3, uMeromuii | = 18 kr/monb; k = 1,33;
R =462 JIx/(kr-K).

B sTOM ciyyae BiIaXHbBIM BO3AYyX AOIYCTUMO paccMaTpu-
BaTh KaK CMECh JIByX HJICIbHBIX ra3oB. Mcnone3ys 3ako Jlanb-
TOHA IS BJIAXKHOTO BO3/1yXa, MOKEM 3aIUCATh:

D = Pct Pn,

TJi€ pc U p, — NaplUHaIbHBIE TaBJIEHUS CyXOro BO3yXa U mapa co-
OTBETCTBEHHO.

KonuuecTBo mapa BO BIaKHOM BO3JIyXE€ OLICHUBAIOT abCO-
JIOMHOU 6aaMCHOCmbI0. 1100 abcontomuou 81axCHOCMbI0 NOHU-
Mmaiom maccy 60051020 napa 6 Im® enasxcrnozo 6030yxa.

N3 omnpenenenus: cienyer, 4To aOCOIIOTHAS BIAXKHOCTh —
3TO MJIOTHOCTH Napa BO BJIAXKHOM BO3JyXE, T.€.

pr=" (12.1)

AOCON0THAs BJIAXXHOCTh MPU JTAHHOW TeMmIiieparype OyJeT Mak-
CUMAaJIbHOM, €CJIA Tlap HACBIIMIEHHBIM. MakcuMabHasl BIAXKHOCTh
0003HaYaeTCs Ph.
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OTHOLIEHHE JEWCTBUTEILHOIO 3HAYeHUsS aOCOJIFOTHOM
BJIQAKHOCTH K MAaKCUMAJIbHO BO3MOXHOMY €€ 3HAYE€HHUIO MPU TOMU
K€ TEMIIEPATypPE HA3BIBACTCS OMHOCUMENIbHO BIANCHOCMDBIO.
O0603Ha4YaI0T OTHOCHUTEIBHYIO BIAXKHOCTD O :

pn pn
=" um g=-= 12.2
o, D (12.2)

Kak npaBuio, OTHOCUTEIbHYIO BJIAXHOCTb BBIPAXAIOT B MIPO-
LEHTAaX, TorAa st cyxoro Bozayxa ¢ = 0%, BiIaXHbII HACHIIIEH-
HbIM BO311yX umeet @ = 100%.

YBenMUeHne OTHOCUTEIIBHOM BJIAXHOCTH BO3[yXa IMPOUC-
XOJIUT 3a cUeT J0OaBJICHUS B HETO KOJWYECTBA BOASHOTO mapa. B
TO K€ BpEMs, €CIU OXJIAXK/JaTh BJIAXKHBIM BO3yX MPU HEU3MEH-
HOM MaplHaJIbHOM JIaBJICHUH BOJSHOTO mapa, TO ¢ OyaeT yBelu-
yuBaThCA BILUIOTH 10 @ = 100%.

Temnepamypy, npu KOmMopou 00cmu2aemcsi COCMOSIHUE
HACLIWEHUs  BGIIAJICHO20 8030yXA, HA3bIEAIOM MeMNnepamypou
moyku pocsl U 0003HAYAIOT 1, .

[Ipu TemnepaType HUXKE £, BO3AyX OyJE€T OCTaBaThCs HACHI-
HIEHHBIM, N30BITOYHAS K€ BJara BhINAJAET U3 BIAXKHOTO BO3yXa
B BUJIC Kameiab BOAbI UM TyMaHa. ITO CBOMCTBO IMOJIOKEHO B OC-
HOBY MPUHIMIA ONPEIETEHUs ¢, TpUOOPOM, HA3bIBAEMbIM THUT-
pomeTpom. IIpu 00paboTke BiIakHOrO BO3ayXa (IOAOTPEB, OXJia-
XKJIEHHUE) KOJIMYECTBO CyXOro BO3/JyXa B HEM HE U3MEHSIETCS, IO0-
ATOMY I1€JIECO00pPa3HO BCE yENbHBIC BEIUYUHBI OTHOCUTH K 1 KT
CyXOro BO3/ayXa.

Maccy sooanoeo napa, npuxooawyrocsa na 1 ke cyxozo 603-
0yXa, Ha3vl8aOM 81a20CO0ePHCAHUEM.

O003Ha4aloT BIArocoJiepxKanue uepes3 d, u3MEPSIOT B T/KT.
N3 onpenenenus ciueayer:

d=— (12.3)

IIpu nomymieHuu, 4TO BOASHOU Map U CYyXOW BO3AYX SIBJIS-
I0OTCSl HJI€AJIbHBIMU Ia3aMU, MOKHO 3aIIUCaTh:

P VH = manTn H Pc Vc = mcRCTC .

[Hounenno pasaciinM Ux U, yduTbIBas OCO6€HHOCTI/I I'a30BbIX
cMecel (Tmap U CyXol BO3JyX 3aHUMAIOT OJIUH M TOT K€ 00BbEM U
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UMEIOT OJIMHAKOBYIO Temreparypy), 1.e. V, = V. n T, = T,.), no-
JTYy4HM:
R 287
d = =< P — Py =0,622 P
R, p. 462 p, P, —P.,

N3 ypaBHeHus (12.4) cimenyer, 4To BiIarocojaep:kaHue Mpu
3aJJaHHOM 0apOMETPUYECKOM JABICHHUH (Pgap) 3ABUCUT TOJBKO OT
NaplyaJbHOrO JaBJICHUS BOAsSHOro mapa. B Beipaxkenue (12.4)
MOYHO BBECTU 3HAYCHHE OTHOCUTEILHOM BIAKHOCTU (: TaK, C
yuyeToM (12.2)

(12.4)

d=062—P (12.5)
p6ap _(Dpn

N3 ypaBuenus (12.5) onpenenum napuraibHOE JaBJICHUE
BOJISTHOT'O Tapa BO BJIAYKHOM BO3JYyX€ YEPE3 BIAroCOACpKaHUE:

p6apd
P, =
(

0,622+d)" (12.6)

12.2.2. luarpamma id BJIa72KHOI0 BO31yXa

Onpeznenenne MmapaMeTpoB BIAXHOTO BO3JyXa U pacyer
IIPOLIECCOB TEIUIO- U MaCCOOOMEHA 3HAUUTENIBHO YIPOILIAETCS MPU
UCIOJIb30BaHUM id — AuarpaMMbl, KOTopas Oblla MpelsioKeHa B
1918r. JI.LK. Pam3unbiM, cm. Jlnarpamma 1 [Ipuitoxenus.

[Ipu moctpoeHun auarpaMMbl 1O OCH OpPJMHAT OTJIIOXKEHA
yJAeJIbHAs SHTAJIBIUS CyXOTo BO3[yXa — I, a IO OCU abCIucc Bia-
rocojiep;kanuu — d. C 1enpl0 pacliMpeHus Hanbosee UCrosb3ye-
MOH 1Ji1 pacdyeToB 0OO0JacTH, COOTBETCTBYIOUIEH HACBHIIIEHHOMY
BIIQJKHOMY BO3JyXYy, YIOJ MEKIY OCAMHU BBIOpaH paBHbIM 135°.
['Opu30HTANIBHO MPOBEIEHA BCIIOMOTATENIbHAS OCh, HA KOTOPYIO
CIPOCLIMPOBAHBI 3HAUCHMS BJIATOCOJEPKAHUS C HAKJIIOHHOM OCH.
XoTs och abclKCC HA AWarpaMMy OOBIYHO HE HAHOCUTCH, H30-
SHTANBIBl UAYT MApPaJUIENIbHO €M, MO3TOMY OHU Ha Juarpamme
n300pakaloTcs HAKJIOHHBIMU TpsiMbIMU. JInHuu d = const mpose-
JIEHBI MMapaJIJIEIbHO OCH OpJIMHAT. 3HaUeHus d = const u i = const
00pa3yloT KOOPAMHATHYIO CETKY, HA KOTOPYHO HAHOCSTCS JIMHUU
MOCTOSIHHBIX TeMmmepaTyp (M30TepMbl) U KPUBBIE JIMHUM OTHOCH-
TeJIbHOH BIIAXKHOCTH ((p=const).
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JIJIsi ToCTpOoeHUsT U30TePM HEOOXOIUMO BBIPA3UTh DHTAIb-
MU0 Yepe3 BIArocoAepkanue. JHTAIbINS BIAKHOTO BO3yXa Kak
CMECH JIBYX r'a30B BBIPA3UTCS KaK

I=1.+1,.
[Togenum BeTWYUHBI JAHHOTO YpaBHEHUSI HA MacCy CyXoro
BO3/lyXa, OJy4YHUM:
=i
mc
Ecnu BTOpOE ciaraemMoe YMHOXUTb U Pa3eiUTh Ha Maccy
napa, To OyJieM UMETh:

mn

i=i + I =i +di (12.7)
mC m}’l

OrcuntsiBas sHTansnuio ot 0°C, Beipaxenne (12.7) MOXHO

3anucarh:
i=cpt+d(ro+cpmt), (12.8)
II€ Cpc U Cpn — MACCOBBIE TEINIOEMKOCTH CYXOT'0 BO3/lyXa M Mapa;

1o — Tertora (a3zoBoro nepexona Bogsl B map npu 0°C;

{ — TEeKyllee 3HAYECHHE TEMIIEPATYPHI.

[Ipu nomymieHrnH, YTO TEIJIOEMKOCTH CyXOro BO3AyXa U Ma-
pa B IMamna3oHe U3MEPSAEMbIX TeMIepaTyp MOCTOSHHBI, s (HUK-
CUPOBAHHOTO ¢ ypaBHeHue (12.8) npeacTaBiseT IMHEHHYIO 3aBU-
cuMocTh I oT d. CrienoBaTenbHO, U30TEPMbI B KOOpAMHATAX [ d
OyIIyT MPSMBIMU JIUHUSMHU.

Ucnonb3ys BeipaxkeHue (12.6) u TabNM4HBIE 3aBUCHUMOCTHU
JABJICHUSI HACBIIIEHHOTO TMapa OT TeMIlepaTypwl p, = f(t), He-
CJIO)KHO TIOCTPOUTH KPUBBIE OTHOCUTEIBLHOW BIAXHOCTU. Tak,
IpU TOCTPOCHUU KPHUBOM JIsi KOHKPETHOTO (0 BBIOMpAIOT He-
CKOJIBKO 3HAYEHHI TeMIlepaTyp, U3 TaOIUI AJIsl HUX OMPEAEIsIOT
pr ¥ 10 (12.6) BoiuncHAOT d. CoeIMHUB TOUYKU C KOOpJIWHATAMU
t,, d; TMHUEN, MOMyYuM KpuByto ¢ = const. JIunuu (¢ = const)
UMEIOT BUJ PACXOSIINXCS KPUBBIX, KOTOPbIE MPETEPIEBAIOT U3-
oM nipu t = 99,4 °C (temneparypa KuIieHUs BOABI IIPU JaBJICHUU
745MM pT.cT), U Aanblie uayT BeptukaibHO. Kpuas ¢=100%
JEIUT TUIOIIAIb AUarpaMMbl Ha JIB€ 4acTu. Bellie KpuBoii pacro-
jaraeTcs o0JlacTh BJIAXKHOTO BO3/yXa C HEHACHIIICHHBIM IMapoM, a
HUKE — 00JIACTh BIIAKHOTO BO3/1yXa C HACHIIIEHHBIM U YaCTUYHO
— C KOHJICHCHPOBAHHBIM mapom. M30TepMbl, COOTBETCTBYIOIINE
TeMmrepaTypaM aanabaTHOTO HACHIIIEHHS Bo3ayxa (ty), Ha Jaua-
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rpaMMme TPOXOAAT MOJA HEOOJBIIMM YIJIOM K HM303HTaNbIIaM U
n300pakeHbl MYHKTUPHBIMU JUHUAMH. OHU U3MEPSAIOTCS '"MOK-
peIM" TepMOMETpOM M 0003HavaroTes ty. Ha xpusoit ¢ = 100 % B
OJTHOM TOYKE MEPECEKAITCS M30TEPMbI CYXOr0 U MOKpPOrO Tep-
MOMETpOB. B HmkHEN yacTtu auarpamMmbl o ypaBHeHuro (12.6)
MOCTPOEHA 3aBUCUMOCTb Pr= f(d) 111 peap = 745 MM pT CT.

[lo id-muarpamme, 3Has nBa JIIOOBIX MapameTpa, MOXKHO
ONPEIEIINTh BCE OCTAIBHBIE TAPAMETPHI BIIAXKHOTO BO3AYXa.

12.2.3. TemioB/Ia:;KHOCTHASI 00Pa0dOTKA BO31yXa
KoHmunuoHupoBanue TmpeaycMaTpuBaeT HarpeB WM
OXJIQXKJCHUE BO3AYXa, €r0 yBIaKHEHUE WM OCYIIKY. M3MeHeHue
COCTOSIHHS BO3/yXa B 9TOM ClIy4ae OCYIIECTBIISETCS 3a CUET MO/I-
BOJla WJIM OTBOJia K HEMY TeIIOThl W Biaru. IlycTsh, Hampumep,
BO3/IyX C HayajJbHBIM CO-
CTOSTHUEM,  XapaKTepHu3y-
fomuMcss Toukod A (cm.
¥s  ¢parmentr id — guarpam-
Y. Mbl, puc. 12.1) ¢ mapamer-
paMu du, i4, L4, P4, TPEOY-
is €TCA JIOBECTHU JI0 COCTOSI-
HUS, XapaKTePU3YIOITUMCS
ip TOYKOU b ¢ mapameTpamu
\ i, dr, i5, t5, Pg.
KomnuuecTBO TENNOTHI,
HEO0O0XO0AMMOE JJIs TTPOTe-
KaHMS Tpoiiecca
Q=m(ig-ip), (12.9)
Puc. 12.1 a KOJIMYECTBO BJIaru
W=m (dg — d,), (12.10)
IrJie M — MaccoBas CEKyHJIHasl I0jilaya Bo3ayxa Ha 0OpaboTKy.

IIpoyecc obpabomku 6030yxa, kKoec0a 0OHOBPEMEHHO NPOUC-
Xo0um npupawjenue uiu nomeps menia U 61acu, HA3bl8Aemcs
Meno6IaANCHOCMHOU 00paboOmKoI.

Ha puc. 12.1 3ToT npouecc n300paxxeH JIydoM, COEAUHSIO-
UM TOYKU 4 u b, XapakTepu3yromnue HaqalbHOEe U KOHEYHOE CO-
CTOSIHUS BO3Ayxa. HakiIOH Jyda omnpenenseTcs OTHOIICHHUEM
npupaienus opauHat Al kK npupanieHuto aobcuuce Ad. 910 OT-

HOIIICHHE 0003HAYAIOT gepes €, T.C.

P

Y

=47

A dg ds d
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Al
VR (12.11)
Benuuuna € npeacrapiisieT coOoi yriioBoil Ko3QumreHT
Jy4a B KOCOYTOJIbHOM CUCTEME KOOPINHAT.
lIpsamas, HakioH KOmMOpoU onpeoensiemcs y2l08blM KoIp-
Quyuenmom &, HaA3bI8ACMCA JIYYOM MENLOBIAHXCHOCIHO20 NPO-
yecca.
Benuunna & u3MepsieTcst B KUJIOKOYISAX HA KWJIOTPAMM BJIArd.
Paccmorpum  HEKOTO-
pple  ciaydYald HU3MCHCHUS i
COCTOSIHMSL BO3JyXa IpH
Pa3HBIX YIJIOBBIX KO3 dU-
HHAEHTax, puc. 12.2.
IlepBblii CayYau.
Bo3nyx, xapakTepu3yeMblid
TOYKOM A, JOBOAUTCI OO
COCTOSIHUSL C MapaMeTpaMHu
B Touke b, IIpu stom BO3-
JyXOM TOTJIOMIAETCS OJHO-
BPEMEHHO TEIJIOTa U BJa-

)

ra, Ipu4eM ip > iAo U dp > d; dc¢  d. da d. d
d4. B aTOM ciiydae Hampas-
JICHHMC UCKOMOTO JIy4ya Puc. 12.2

nponecca OyJIeT XapaKTEepU30BaTbCSl OTHOIIEHUEM M COOTBET-
CTBOBATh HAarp€BaHUIO U YBJIAJKHCHHUIO BO3ayXa. Puc. 12.2.

g,=—2"2.1000 > 0.
dg —dp

Bropou ciyyaili. HauanbHO€ COCTOSIHME BO3JyXa XapakTe-
pU3YETCS TOU K€ TOUKOU A YU TEMHU K€ MapaMeTpaMH, a KOHEUHOE
COCTOSIHHUE — TOUKOW B ¢ mapameTrpaMu ip =i U dp > dy.

Tak kak mpolecc yBIa)KHEHUS BO3yXa MPOXOJAUT MPHU MOCTOSH-
HOW SHTAJBIINU, TO HAMPaBJICHUE JTy4a Mpolecca

g — Ip
— 1000 =0
dg — dj

¥ COOTBETCTBYET M309HTAJIBITHOMY YBJIQKHEHHIO BO3yXa.
Tpetuit ciry4dau.

HauanpHoe cocTosiHMe BO3AyXa TO K€, a KOHEYHOE COCTOSHHE

XapakTepu3yeTcs TOUKOU /' ¢ mapameTpamu ir <ian W dr = dy

T.€. TPOIIECC MPOXOIUT TPHU TOCTOSHHOM BJIATOCOAEPKAaHUH C

€2=
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HarpaBJicHUEM BHH3 OT Touku A. HampaBiienue nyda mporiecca B
3TOM cliy4ae Oyaer

ip — lp
— 1000 = —00.
dr — d, >

YerBepthlii ciyyail. Bo3nyx (Touka /[) oTmaeT TEIJIOTY U
Brary (ign<ia W dg<dy)T.e. IPOXOJIUT MPOLECC OXIIAKICHUS
U OoCyllleHus Bo3ayxa. HanpasieHue ayda npoiiecca

in — ia —Ai

———- 1000 = ——-1000 > 0.

dy — dj —Ad
Tak kak mpupaleHus TeIUIOThl U BIArocojJepKaHus UMEIOT
OTpHUIlaTEIbHbIC 3HAUEHHUSI, TO HAIIpaBJICHHE Jiyua mpoliecca Oyier

OT TOYKU A K Touke /].

[laTeiii ciayuaii. Bosnyx (touka E) otmaet Bnary (de < dy )
MIPU MOCTOSIHHOM SHTAIBIUU (i g = i A ), T. €. MPOTEKAET MPOIIECC
OCYIIKH BO3AyXa IpH momMoiuu abcopoentoB. Hampasnenue nyya

nporecca

£3=

€4=

“~ W 1000 = 0 1000 = 0
dg — dj Cdp — dy, -

Ho Tak kak mpupaiiieHre Biarocojepxanus OyJaeT oTpulia-
TEJIbHBIM, TO HaIlpaBJICHUE JIydya Ipoliecca OyJeT OT TOYKH A K
TOUKE E.

IlecToit cayyaii. Bo3nyx (Touka /K) moaBepraercsi Harpe-
BaHUIO B KaJIopu(epax mpu MOCTOSTHHOM BJIArOCOICPKAHUU
(dw =dy ). Tak KaK ix > i A , TO HalpaBJIEHUE JTy4a IpoIecca
KT A 1000 = + oo.
B sToM ciydae mpupaiieHue dHTaIbIUN MOJIOKUTEIBHOE, OTCIO-
71a, HaITpaBJICHUE JTy4a Mpolecca Oy1eT BBEpX OT TOUKH A.

CrnenoBaTebHO, HAIIpaBJICHUE Jyda HAIJISIAHO XapaKTepu-
3YIOT MPOILECC TEIUIOBIAXKHOCTHON 00pabOTKH BO3AyXa B CHUCTE-
M€ KOHJIUIIMOHUPOBAHUSI.

PacdeT TennoBna)XxHOCTHOM 00paOOTKH BO3AyXa C MCIOJb-
30BaHMeM 1d — nuarpaMMbl YIIPOIIAETCs, €CIIM Ha HEe HaHECEH
TaK Ha3bIBAEMbIU Yer080U Macuimao.

Venosou macuumab — smo nHaumecenmuwlil Ha id — ouazpammy
pacxooswuiics u3 moyku co 3Havenusmu i =0 u d = 0 nyuwox
JUHUL C U38ECTMHBIMU Y2TI08bIMU KOIDDuyuenmamu.

Eg =

€6=
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YToOBI HE 3aTEHATH id — TUarpaMMy, JUHHUH YTJIOBOTO Mac-
mTaba BRIHOCST Ha MOJig quarpamMmbl. Ha ocsix nuarpaMmbl yka-
3bIBACTCS BEJIMYMHA YTIIOBOTO KO3 HUILIMEHTA € .

Bonpocsl 1J11 cCaMOKOHTPOJISA

1. TpeboBaHMS K MUKPOKJIUMATY B 00BEKTaX OOUTAHUS.

2. Yto moHMMAeTcs MOJi OTHOCUTENFHON BIaKHOCTHIO?

3. JlaTb onpezienieHre TeMIepaType TOYKH POCHI.

4. Yto moHMMAETCs MOJ1 BJIarocoaep:kaHuem?

5. OOBACHUTH TPUHLIUII TOCTPOEHUS 1 d — TUarpaMmel.

6. [Tokasarp, KaK OMpEENIIOTCS TapaMeTphl BIAXKHOTO BO3yXa MO 1
d - nmarpamme.

7. [losicHUTH pa3uYHbIE CIy4Yal TEIUIOBIAXKHOCTHON 00pabOTKH BO3-
JyXa B 00bEeKTE OOUTAHUSI.
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T'naea 13. Tennocnaosrcenue

13.1. Ucmounuxu suepeuu

1100 ucmounuxkom sHepeuu ciredyem NOHUMAMb Mamepu-
anbHOe meno, 00/l IHepP2emuyecKko20 NOMeHYuala KOmopoz2o
Modcem Obimb nepedana opyeum 00vbeKmam.

IIpu mpon3BOACTBE CENBCKOXO3SIMCTBEHHON NPOAYKIINH, €€
nepepaboTKe, XpaHEHUU, B 00€CIIEUeHUH OBITOBBIX M TEXHOJIOTH-
YECKUX MPOLIECCOB HCMOJIb3YIOTCS PA3JIMYHBbIE BHUbI IHEPIHUU.
DTO XUMUYECKas SHEPrus TOIJIUB, COJTHEYHAs SHEPTHUs, FIEKTPH-
qyecKasi SHEPTUsi, BHYTPEHHSSI SHEPTHUs OKPYKAIOIIEH Cpelbl U JIp.
dopmoil iepeiaur SHEPTUMU OT €€ UCTOYHUKA K TOTPEOUTENIO SIB-
JsieTcsl B OOJIBIIMHCTBE CIy4aeB TEIIOTA.

W cTouHMKY SHEPTUM B MOAABIISIONIEM CITydae MPUPOJTHOTO
MPOUCXOXKACHUA. HacTh U3 HUX HU3BJIEKAIOT U3 HEAp 3€MJIU HIH
BOJT MHUpOBOro OKe€aHa, WX 3amachl MOCTENEHHO YMEHBIIAIOTCH.
DTO Tak Ha3bIBAEMbIC HEB0300HOGsAeMble UCMOUYHUKU IHEPSUU.
Jpyras yactb OPUPOJHBIX UCTOYHUKOB PHEPIUU HMMEET XOTS U
HEMOCTOSAHHYIO0 KOHILIEHTPAIMIO 110 MECTY U BPEMEHH, HO IMOCTO-
SSHHO 80300HOGJISIEMYI0 IHEPSUID. COJIHEUHOEe U3JyUeHUe, IHePeUsl
08UICEHUSL 80O 8 MOPSX U OKeAHAX, dHep2usl O8UNCEHUS 8030VXd 8
ammocgepe u m.0. K HCTOUHMKAM SHEPrUU HMCKYCCTBEHHOIO
MPOUCXOKJICHUS OTHOCAT BEIIECTBAa CO3JAHHBIE YEJIOBEKOM,
Harpumep, OCH3UH, COUPT, KOKC U Jp.

13.1.1. XuMH4YecKue TOIJIMBA

Tonnueom, cmpozo 2080ps, credyem HA3bIBAMb GEUECMBO
UTU COBOKYNHOCMb Beuiecms, SHepeusl Ce5A3U MUKpOUYdAcmuy Ko-
MOPbIX NOOOAEMCsl 0CB0O0HCOEHUIO.

B TennosHepretuke Hanbojee pacnpoCTPaHEHHBIMU SIBJIS-
I0TCSI XUMUYECKHE TOIUIMBA. [ OpeHHe XMMHYECKUX TOILUIUB
BKJIFOYACT OKHCIUTEIHLHO - BOCCTAHOBUTEIBHBIC PEaKIMH, B pe-
3yJIbTaTe KOTOPBIX MPOUCXOAUT TepepacipeiciCHIe dYHEePreTHYIe-
CKHX CBSI3¢H MEX]Iy JIEMEHTAMH, YIaCTBYIOIIMMH B PEAKITHH.
XHWMHYECKHE 3JIEMCHTHI, IOABEPraroniiecs OKHUCICHUIO B IPO-
I1eCCe CTOPaHMs, MPUHATO HA3bIBaTh TOPIOYUMU. XUMUYECKHE JKE
3JIEMEHTHI, KOTOPHIE B IMPOIIECCE PEAKIIMU BOCCTAHABIMBAIOTCS,
Ha3BIBAIOT OKHCIUTEIISIMH.
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K roprounm snementam otHocst yriaepon (C), Bonopox (H),
amomunnii (Al), outuit (Li) u gp.

K »snmemeHTaM, CMOCOOHBIM BOCCTaHABJIMBATHCS, OTHOCST
kucinopon (O), drop (F), xiop (Cl).

Kak Te, Tak u Ipyrue 3j1eMeHTbl MOTYT BXOJUTh B XUMHYE-
CKHME COEIMHEHUS, 00JIalatole JU00 CBOMCTBAMU TOPIOYMX, JIH-
00 cBoiictBamu okucimuTenei. Tak, stunoBeid ciupt CrHsOH,
BKJIIOYAIONIMKA YTJIEPOJ, BOJAOPOJ M KHUCIOPOJ, MCIOJb3YETCS B
KaueCTBE TOPIOYEro, a BO3AYX, COCTOSIIIMN M3 KHUCIOpoJa U
WHEPTHOIO a30Ta, IPUMEHSETCS KaK OKUCIUTEb.

CosoKkynHocmb 20pioye2o U OKUCTUmMENs HA3bI8Aom XUMU-
YeCcKUM MONIUBOM, A €20 COCMABAIWUe — KOMNOHEHMAaMU.

KoMmnoHEeHTHI TOIUIMBA HE BCEr/a MOXHO MPEACTaBUTh MO-
JeKkyJapHor gopmynoid. OZHAKO BO BCEX CIIy4yasX COCTAaB TOPIO-
4ero, OKUCJIMUTENS WIM TOIUJIMBA B II€JIOM MOXXHO 3a7aTh, €CIHU
BOCIOJIb30BATBCS VCAOBHOU XUMUUECKOU POPMYNOU.

YCIOBHOM €€ Ha3bIBalOT MOTOMY, YTO pPacCMaTpUBACTCA
KOMIIOHEHT WJIM TOIUIUBO C YCJIOBHOM MOJIAPHOM MAacCOU, PaBHOMU
1000 r/monbs. Torma OaWH MOJB PACCMATPUBAEMOTO BEIIECTBA
Oynet paBeH 1kr Maccel. Tak coeJuHEHUE, COCTOSAILEE U3 YTIIepO-
J1a, BOJIOPOa, KUCIOPO/ia, a30Ta UMEET B 00IIeM BHUE YCIOBHYIO
xumuaeckyto ¢opmymny Cb. Hby Ob, Nby. 31echk nHACKC Y XUMU-
YECKOTr'0 3JIEMEHTA 03HAYAET YHUCJIO IPaMM-aTOMOB 3TOTO 3JIEMEH-
Ta B COCIMHEHUH.

Uucno rpamMM-aToMOB b; i-ro 3JIEMEHTa B YCJIOBHOW (opmyiie
ONpPEeEIISIETCS 0 COOTHOIIEHUIO

by ==t 1000, (13.1)

IZ€ ¢; — MaccoBas J0JIs [ -I'0 DJIEMEHTa B XUMUUYECKOM COEIUHE-
HUH;

A; — aToMHas Macca i -TO JIEMEHTA.

MaccoBast 10J1s1 3JIEMEHTAa B KOMIIOHEHTE HaXOJUTCS OIIbIT-
HbIM TTyTeM. Eciiu KOMIIOHEHT 3aJlaH XUMHYECKOU (PopMyJion, To

I OIIPCACIICHUA ¢; UCIIOJIb3YCTCA BBIPAKCHUC

= Aizi
Gi= it (13.2)

A€ Z; — YMCJIO aTOMOB I-T'O 3JICMECHTA B MOJICKYJIC KOMIIOHCHTA.
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Jlist mpumepa xumuueckyo hopmyiny Boabl HoO nepeBenem
B ycIIoBHYIO opmyiry. Mcrions3yst Beipaxkenne (13.2), Beraucanm
MAaCCOBBIE JIOJIA BOJOPOJa M KUCIOPOJa B BOJE.
. Az, 16-1
_ AHZH — 1-2 :0,111 " qo= =
Az, +A4,z, 1:2+16-1 Az +Az, 1.2+16-1

[To popmyne (13.1) ompeaenum 4uciao rpaMm- aTOMOB BO-

=0,889

au

JI0pojJa U KUCIOpoa.
g, -1000 0,111-1000 g,-1000  0,889-1000
= =111 u b,- =
A 1 A 16

H o

by - =55,6.

Orcrona ycnoBHas XuMuueckas Qopmyia BOAbl OyaeT
uMmeTb BUA: Hi11 Osse .

VYcnoBHas xumudeckass Qopmysia BO3AyXa 3alUChIBACTCS
BeIpakeHUEM Ns291 O1445 , a OcH3UHA — C7205 His3 .

[Ipu pacuere ycnmoBHOW (OpMyJBI TOIUTMBA BAXKHO 3HATh
COOTHOIIICHUE MEXAY TOPIOYMMHU U OKUCIUTEILHBIMUA JJIEMEHTA-
MU, KOTOPOE€ YCTaHABJIMBAECTCS CTEXHOMETPUYECKUM KO3 UIu-
€HTOM U K03 (PHUITMEHTOM M30BITKA OKHCIATEINS.

1lo0 maccosvim cmexuomempudeckum Kodghpuyuenmom
HOHUMAIOM HAuMeHbUlee meopemuiecku HeobXxooumoe Koauue-
CMBO KUNOZPAMMOS OKUCAUmens, nompeoHoe 0ns NOAHO20 OKUC-
JIeHUsL 00OHO020 KUNOZPAMMA 20PH04e2o.

O0o03Ha4ar0T MacCOBBIN cTEXMOMeTpuuecKkuil ko3hpuuueHt Ky u
Kr (0K)
Kr (T)

[Ipu cTEeXHMOMETPUYECKOM COOTHOIICHUU IMPEINOaraeTcs
WCIIOJIb30BAHKE TIOJIHBIX BAJICHTHOCTEM XUMHUYECKUX DJIEMEHTOB.

dopmyna s onpeaeneHus Ky uMeeT BU:

v. b.

I7I€ V — BAJIEHTHOCTh 1-T0 3JIEMEHTA, KOTOpasi BLIOMpaeTcs U3
Ttabn. 13.1 ¢ ee 3HAKOM;

b; — 4UCII0 TPaMM-aTOMOB 1 -T'O 3JIEMEHTA B YCJIIOBHOM XU-
MHYECKOU (hopMmylIie.

U3MEPSIOT B ,T1ne (OK - OKHCIUTEND, T - FOPIOYEe).

Tabnuya 13.1
BanentHOCTE 2J1EMEHTOB

OneMeHT H|Na|Mg|Al | C | S| N| O]|Cl|F
BanentHocTh +1 +1 +2 +3 +4 +4 0 -2 -1 -1
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Ecin pelicTBUTENbHOE KOJMYSCTBO OKHCIIMTEINS, MOJaBac-
MO€ JUIsl CropaHusi 1| Kr roproyero, OTIMYAETCS OT TEOPETUUECKH
HEO0O0XOJIMMOTO, TO Takas CMECh OYyJIET XapaKTEepU30BaThCs JICH-
CTBUTEIBHBIM KOY(P(UIIMEHTOM COOTHOIICHUSI KOMIIOHEHTOB,

0003HaYaeMbIM K:
Mok

K:

(13.4)
mr
OTHI/II{I/IC HeﬁCTBHTeHBHOFO COOTHOILIICHUA OT CTCXI/IOMeTpI/I-

YECKOro OIIeHUBAETCS KOI(PPUIMEHTOM H30bITKA OKHUCIUTEN,

KOTOPBIN paBEH
K

a = K_o . (135)

[Ipu a >1 TOMIMBO COACPKUT U3OBITOK OKUCIUTENS, a TIPU
a< 1 — u30BITOK rOPIOYETO.

B nHacrosiiiee BpeMs B TEINIOPHEPIETUKE HIUPOKO HCIMOJIb-
3YIOTCSl XUMHYECKHUE TOIUTMBA COCTaBa: OKUCIUTENIb — aTMocdep-
HBIN BO3/yX; TOproyee — 100bIBa€MbIE U3 HEJIP BEIIECTBA OpPTraHu-
YECKOT0 MPOUCXOXKACHUS, KOTOPHIMH SIBIISIIOTCA YTroJib, HE(Tbh,
MIPUPOJIHBIN ra3.

AHTpaIuUT, KaMEHHBIH U OYpbIH yroJib, Topd, CIaHIbI, APO-
Ba — OTHOCSIT K TBEPJbIM TOPIOYUM €CTECTBEHHOTO MPOUCXOXKIE-
Hus. TBeplble TOpPIOYME HCKYCCTBEHHOI'O MPOUCXOXKIAECHUS ITO
KOKC, JPEBECHBIN Yrojih, OpPUKETHI U3 APEBECHBIX OTXOJIOB.

HedTes — xuakoe opraHMYeCcKOe TOproYee €CTECTBEHHOIO
npoucxoxaeHusa. M3 Heptu mytem ee mepepabOTKH MOJIy4arOT
OCH3WH, KEPOCHUH, Ma3yT | Jp., 3TO OPraHUYECKUe TrOpIoYne HC-
KYCCTBEHHOT'O ITPOUCXOXKICHUSI.

[Ipuponnbie U momyTHbIE HE(TSAHBIE ra3bl (METaH, 3TaH,
nponaH, OyTaH) IpeKpacHbIE OPraHUUYECKUE TOPIOYNE €CTECTBEH-
HOTO TpoucxoxkaeHus. K UCKyCCTBEHHBIM raz000pa3HbIM TOpIO-
YUM OTHOCSITCSI T€HEPATOPHBIEC ra3bl (BO3YIIHOM, BOJASHOW, MOI-
3eMHOM Ta3udukanmm), ToO0UYHbIE Ta3bl (IOMEHHBIN, KPEKHUHTO-
BBINA).

13.1.2. DHepreTnyeckasi OeHKa XUMHU4Y€CKHX TOIIUB

OOBIYHO PHEPTrUs XUMUYECKOTO TOIUIMBA OCBOOOXKIAETCS B
npoiecce roperust B popme TermaoThel. KonuecTBo TenioThl, BbI-
JEUBIIIEECs] MPU CTOpaHWM | KT TOIUIMBA, HA3bIBAIOT TEILIOTOMN
CrOopaHus TOIIMBa, 0003HauaoT O, 1 u3mMepstoT B Jx/kr. Ecnu B

Ka4CCTBC OKHCIUTCIIA HUCIIOJIB3YCTCA BO3AYX, TO BBIACIHBIICCCA
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TEIJIO OTHOCAT TOJBKO K Macce roprouero. B OOJIbIIMHCTBE CITy-
YaeB HE YJAETCS HCMOOJIb30BaTh BCHO TEIIOTY (Jy. TOCKOJIBKY
4acTh €€ YHOCUTCS C IapaMH BOJIbI B TPOJYKTaX CrOpaHUs B BUJE
CKPBITOM TEmOThl apoobpazoBanus Q.. [losTomy Temnorty cro-
panust Qs Hazviearom 6vicuiell, a Ppa3HOCTh

O, = Qs — Qw — HU3WeU meniomou ceopauud. Jns CpaBHUTEIb-
HOM OIIEHKH JHEPropecypCcoB pa3IUYHbIX HCTOYHHKOB BBEIECH
€IMHBIN AKBUBAJIICHT — ycroenoe monaueo (y. T.). PacuernHas
TeIUIOTa CropaHus YCIOBHOIO TorinBa papHa 29,308 MJ[x/Kr.

JI1st mony4eHus TeIIOThl U3 XUMHUYECKUX TOIUIUB UCIIOJb-
3YIOTCS peoOpa3oBaTesid YHEPTUM, TaK Ha3bIBAEMbIE XUMUYEC-
Khe (OTHEBBIE) TEIUIOT€HEPATOPHbI, K HUM OTHOCATCSI:

— TONKH BOJIOHArpEBATEIbHBIX, MAPOBBIX WU KOMOWHH-
POBAHHBIX KOTEIbHBIX YCTAHOBOK;

— KaMephl CrOpaHusl MOPIITHEBBIX, Ta30TypOuHHbIX, J[BC;

— KaMepbl CTOPAHUS BO31yXOIOI0rPEBATENEH;

— OBITOBBIC TIEYU U KAMUHBI.

['openue TonamBa NPOUCXOAUT B TONKAX MEYEl U KOTJIOB, B
Kamepax CropaHus JABUTraTeNeid U BO3ayXxomnoiorpesareneii. Pado-
Ty KaXJ0T0 U3 3TUX TEIJIOT€HEPATOPOB MPUHITO OLEHUBATH CJIe-
JTYIOIUMU XapaKTePUCTUKAMMU.

Tennosasa mowHocms — TEIJIOTA, BBIACIAEMAs B €AUHUILY
BPEMEHH (T — BpeMmsl),

N:=Q/7t,kBr.

Kosgppuyuenm nonnomsr mennogvioenerusi, Wiy MOTHOTHI
TOPEHUSI, XapaKTEePU3yeT MOJIHOTY CTrOpaHUsl TOPIOYEro W Mpea-
CTaBJIsIET COOOM OTHOIICHUE JACHCTBUTEIBHO BBIJCIUBIICHCS TEII-
JOTHI J; K TEOPETUYECKH BO3MOKHOM Q!

0=0./0:.

Koaghgpuyuenm nonesnoco oeticmeuss mennozcenepamopa —
OTHOIIIEHUE TOJIE3HO MCIIOJb30BAHHOW TEIJIOTHI K 3aTPAYEHHOMN
SHEPruu B opMe TEITOTHI:

N = QHOJ‘I / Q3an .
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Tabnuya 2.2

Husmas teriora CropaHus roprodmMx B BO3AYyXC

['oprouee 0w , MIx/kr
Hedrp 40 ... 46
benszun 44 ... 48
JuzenpHoe roprouee 42 ...45
Masyt 39...42
[Tpupoausriii ra3 33...40
I'enepaTopHslii ra3 5...6,5
KaMeHHBIH yrosb 25...27
HpoBa 12...19
Topd 4...12

13.2. Obwue ceedenus o cucmemax OmonJieHus.

Omonnenue — UCKycCmeeHHblll 0002pe8 NOMeWeHUl ¢ Yeabio
B03MEWeHUsL 8 HUX MENJI0BbIX NOMEPL U NOOOEPHCAHUS HA 3A0AH-
HOM YpOo8He meMnepamypbul, omeeyaroujel KOMGpopmHomy 3Hade-
HUIO OJI5l 4el08eKa Ul OPY2UX HCUBLIX OPSAHUZMOS.

TeruioBeie MOTEPU BO3HUKAIOT IIPU YCIOBUH, €CIIH TEMIIEPa-
Typa Cpelibl, OKpy>arImiei 00beKT OOUTAaHUS, CTAHOBUTCSI HIKE
TEMIIepaTyphl BO3yXa BHYTpHU 00BbeKTa. JIJIsl )KMIIBIX TTOMEIEHUM
TaKW€ YCIOBUSI HMEIOT MECTO B 3MMHHM M 4YacTH OCEHHE-
BECEHHETO NEPUOJa BPEMEHMU.

Cucrembl OTOIUIEHHS AEIAT HA UECHTPAIU30BAHHBIE U MECT-
Hble. [Ipy neHTpannM30BaHHON CUCTEME OT KOTEJIIbHOW YCTAaHOBKHU
TEIJIOHOCUTEIIb C BBICOKMM SHEPreTUYECKUM IMOTEHIHAIOM IO
TEIUIOBBIM CETSIM MOCTYIAET B TEIUIOBBIE IMMYHKTHI K TEILNIOOOMEH-
HBIM amnmapaTaM. 37IeCh TEIJIOBasi YHEPrus TpaHcHOPMUPYETCS U
nepegaeTcss ApyroMy TEILUIOHOCUTEII0, KOTOPBIM U UCHOJIb3YETCS
o1 oTorieHuss. OHAKO LEHTPAIM30BaHHBIE CHCTEMBI OTOILIE-
HUS ~ DKOHOMHMYECKM  ONpaBIaHbl sl  OOIIECTBEHHO-
KOMMYHQIBHOW 3aCTPOVKH M MHOTOKBAPTUPHBIX >KUJIBIX JTOMOB.
IIpu paccocpenoTOUeHHOM pPACHOJIOKEHUN OOBEKTOB LIEIECO00-
pa3Hbl MECTHBIE CUCTEMBI OTOIUIEHHSI OT MHAWBUIYAJIbHBIX BOJIO-
HarpeBaTeJIbHBIX KOTJIOB, TEIJIONEHEPATOPOB, TIEUEH U T.II.

B 3aBucuMOCTH OT MCTOYHHMKA MOCTYIUICHUS TEIUIOTHI B TO-
MEILIEHUE Pa3INYyaroT CJIEAYIOIINE CHCTEMBI OTOIUICHHS: BOJS-
HY10, TTAPOBYI0, BO3AYIIHYIO JTYYUCTYIO, TEUHYO0. JIJIsT AKUJIBIX CO-
OpYXEHHI HamOosee pacHpoOCTPaHEHO BOJISIHOE OTOIUICHHE, IS
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MPOU3BOACTBEHHBIX 3/IaHUM, TEXHOJOIMYECKUX IPOLECCOB —
TaKXe 1 naposoe ororuieHue. Ha puc. 13.1 npuBenena onna us
CXEM BOJSIHOTO OTOILJICHMUS.

_ — 6 ) (4
) 1] : I IV
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Puc.13.1. Cxema oTHOTpYOHOM CHCTEMBI OTOIJICHUS C HUKHEHN pa3BOAKOM

TCIIJIOHOCUTCIIA.
1 — mogaromiast Tpy6a; 2 — HarpeBaTeabHble MPUOOPHI; 3 — PEryIUpyIOIINUe BEHTUIH; 4 —
TPEXXOJ0BOM KpaH; 5 — mepeMbIuka; 6 — paCIIMPUTEIbHBIN 0a40K; 7 —TETIO0OMEHHUK;
8 — IIUPKYJIALMOHHBINA HACOC

TermioByt0 MOIIHOCTh CUCTEMBI OTOIUIEHUS ISl KOHKPETHO-
IO COOPYKEHHS OMNpPEIEIAIOT B MPOLECCE MPOCKTUPOBOYHBIX pa-
00T. B 0cHOBE pacueToB MOJIOKEHO YPaBHEHHE TEIJIOBOTO OanaH-
ca. C nenpro moaepkaHus B MOMEIIEHUM 33aJIaHHOTO 3HAYEHUS
TeMIepaTyphbl JOJKHO BBIMOJHITHCS yCJIOBUE OallaHCa TETUIOTHI:
KOJIMYECTBO TEIUIOBBIX IOTEPh Q. JOKHO ObITH PaBHO KOJIMUE-

CTBY MOCTYMAKOUIEH B IIOMEIIEHHUE TEIIOTHI Q5 T-€.

QTH = Qno,/:r (136)

K TennoBbIM MOTEPSAM OTHOCAT OTBOJ TEIUIOTHI U3 MOMEILIE-

HUS TEIUIONEepeaadeil yepe3 orpaxiaeHuss U TeIIOTy, HOTPEOHYIO

Ha HAarpeB BO3/yXa MOCTYNAIOLIET0 B MOMEIICHUE MPU IIPUTOY-

HOM BEHTWJISIMU U UHQUIBTPALMUA Yepe3 OKHA, aABepH U T.1. OT-
croza

QTI‘I = Qorp + QBEH' (137)
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TeruioBass MOIIHOCTh, MOTpeOHAS MJIS TOMJEPIKAHUST KOM-
dbopTHOI TeMIepaTypbl B COOPYKEHHUH, OMPEACISIETCS, MPEkKIe
BCETO, TIPEIHA3HAYCHHEM o0bekTa. B camom o01iiem cityuae

Qno,q Qon + Qﬂy‘{ + QOCB + Z Q)KI/IB opr + Z Q:—m YCT » (13 8)
rie Q,, — TEeILIOBas MOIIHOCTb OTOMMTEIBHBIX Ipu6opos (6a-
Tapel, KOHBEKTOPOB, KAIOPHU(PEPOB, TEIJIOBEHTHIISITOPOB | T. 11.);

Qyy — JYYIUCTBIN TIOTOK COJTHEYHOM SHEPTHH, MO IA0IINH
BHYTPbh OOBEKTA;

Qycg — MOIIHOCTh OCBEIICHUS,

% Quup.opr — TEIUIOTA, BBIAENAEMAs B €IMHHILY BPEMEHH

KUBBIMH OpraHu3MaMu (JIFOJIbMHU, >KMUBOTHBIMH, NTHUI[AMH, MPO-
JTYKTaMH CEJIbXO03IPOU3BO/JICTBA);

2. Qsycr — CyMMapHas MOIIHOCTB BCEX DJIEKTPOYCTaHOBOK
(CTaHKOB, JICKTPOIUIUT, KOMIIBIOTEPOB U T.IL.).

Kak mpaBuio, mpu opraHu3alniy OTOIICHUS 00BEKTa MCKO-
MOM SIBJISIETCS MOIIHOCTh OTOMHUTEIBHBIX MPUOOPOB. Mcnonb3ys
ypaBHEHHUE TEIIOBOro Oananca u3 (6.2) u (6.3) moaydum

Qon = Qorp + Qe _Qﬂyq — Qocs — Z Q)KI/IB.OpI‘ - Z Q:—)Jl.yCT (139)

[Tonydyennas BenmuwmHa (,, TO3BOJSET OMPEACIUTH II0-
BEPXHOCTb TEIUIONEPEaaYr BEIOPAHHBIX TEIJIOBBIX TPUOOPOB.

B 1eHTpanu30oBaHHBIX BOJSHBIX CHUCTEMax OTOIUICHUS
yJ00HEe HCIO0JIb30BaTh MOHATHE UYACOB0U MENN080U HA2PY3KU,

. K/x
KOTOpas o003HavaeTcs Qq_H U HU3MCPACTCA B —. Torga moi-
q

HOCTb OTOIUTENIbHBIX MPUOOPOB Qo_n BbIPA3UTCH 4YE€pe3 YaCOBYIO
TETUIOBYIO HArPY3KY OTOIUJICHUSA Qq_H Kak
Qo = Quy / 3600. (13.10)
IIpu OTCYTCTBUHM MPOEKTHOW MH(POpPMAIIMK YaCOBYIO TEILIO-
BYIO Harpy3Ky OTOIUIEHUSI OTAECIBHOTO COOPYKEHUS MOYKHO OPH-
EHTUPOBOYHO OLICHUTH IO BbIPAXKEHUIO
Q‘-I.H = QOT.XV(tBH _ tHap) a, (13-1 1)
A€ (orx — YJACJIbHAs OTONMWTENbHAs XApaKTEPUCTHUKA 3JIaHUS,
kJx/M g - K
V — 00beM 31aHus [0 HAPYKHOMY 00Mepy, M>
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! n, M lyap — TEMIICpATypa BHYTPCHHETO M HAPY>KHOT'O BO3Y-
Xa, COOTBETCTBeHHO, ° C;

Q - MONPABOYHBIN KOADPUIMEHT, YUUTHIBAIOIIUN OTIMYNE
TEMIIEPATypPbl HAPYKHOTO BO3[yXa OT PACYETHOU, IPUHIATON IIPU
onpeneneHuu ¢y, 3a—30°C.

VY IeIbHYI0 OTONMUTENBHYIO XaAPAKTEPUCTUKY (yrx COOTBET-
CTBYIOILIETO CTPOUTEIBLHOTO 00beMa MOXKHO OINPEACIUTh IO

CIIPABOYHBIM TaOJIMIIAM WU 110 popMmyJie
1,52

qOT.X W "
13.3. Obwue ceederus o 2opsauem 6000CHADICEHUU

B xm3HEemesTeIbHOCTH YelIOBEKa IMOTPEOHOCTh B Topsuei
BOJIC BCE OOJIbIlie yBeIMUMBAETCs. [ opsady0 BOAY pacXoayloT Ha
CAaHUTAPHO-TUTHCHUYECKHUE IPOIEAYyPhI, OBITOBBIE M IPOM3BO/I-
CTBEHHBIC HYXbl. B 3aBUCHMOCTH OT Ha3HAYCHHS €€ MOTPeOIIs-
IOT B CMECH C XOJIOAHOM BOJION MU CAMOCTOSITEIBHO.

I'BC (cucmema copsiue2o 8000CHAON}CEHUS) — COBOKYNHOCHIb
ycmpoticms, 0becnedusarouux Hazpes Xoa00HOoU 800bl U pacnpe-
oejleHue ee no 8000PA300PHLIM NPUOOPAM.

Boay, kak mpaBuio, HarpeBarOT B TEIJIOOOMEHHBIX amIapa-
Ttax 10 temneparypsl 60...75 °C u ¢ TOMOIIBIO HACOCOB MOJAOT
o TpyOOINpoBOJIaM B KUJIbIE, OOIIECTBEHHBIE U MPOU3BOJICTBEH-
Hble 37aHusA. Boja B cucremax OBITOBOIO M IPOU3BOJCTBEHHO-
OBITOBOT'O TOPSYETr0 BOJAOCHAOKEHHUS JOKHA OBITh MHUTHEBOTO
Ka4yecTBa, OHAa HE JIOJDKHA OBITh KECTKOW U arpeCCHUBHOM IO OT-
HOIIIEHUIO K Matepuany TpyO. CoaepkaHue KUCI0pojaa, pacTBO-
PEHHOTO B BOJIE, HE JOJKHO MPEBBIIATH 5 MI/J1, CBOOOIHOM yT-
nexkuciaotsl 20 Mr/i. B Toukax Bogopaz0bopa ropsidasi Bojia J0JIK-
Ha uMeTh Temreparypy He Huxke S0°C. [Ipu nmonp3oBaHuM €10 MO-
TpeOUTEIb MOXKET CHUXKATh €€ TeMIEpaTypy /10 TpeOyemoil, moi-
MEIIIUBasi K HEW XOJIOAHYIO BOAY B CMECHUTEIISIX, YCTAHOBJIECHHBIX
B MecTax Bojiopazoopa. Hopmbl pacxoja ropsiueid Boabl Jjisi Obl-
TOBBIX HYXK]I 3aBUCIT OT Ha3HAueHMsS 00beKTa. JIJIs )KUIIBIX U 00-
IIIECTBEHHBIX 3JaHUM HOPMBI pacxoja MPHUBEICHHI B COOTBET-
CTBYIOIIMX CTPOUTENBbHBIX HOPMaxX W IpaBujiax, pacxo] ropsyei
BOJIbI Ha MPOW3BOJICTBEHHBIC HYXK/IBI OMpEAesieTCs] TpeOOBaHMS-
MU TEXHOJIOTHH IIpoIiecca.

IIpuMeHsI0TCA CUCTEMBbI TOPSYEro BOJOCHAOKEHUS MECT-
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HbIe U IeHTpaJn3oBaHHbIEe. B MecTHhIX cuctemax ['BC B kaue-
CTBE MCTOYHHUKA TEIUIOTHI MPUMEHSIOTCS peoOpa3oBaTeIn dHEP-
TMA MaJIOW MOIIHOCTH, HAIIPUMEDP, BOJAOTPENHBIE KOJOHKH, DIICK-
TpOHArpeBaTeNid, KUMATHIBHUKHA, HEOOBIINE BOJIOTPEUHBIE KOT-
Jbl, ¥ ap. B nentpanuzoBaHHbiX cuctemax Boaa jyis ['BC Harpe-
BACTCSl B TEINIOOOMEHHUKAX TEIJIOBBIX MTYHKTOB JIUOO 3a0upaeTcs
HEMOCPEACTBEHHO U3 TETIJIOCETH.

Cuctemsl 'BC moxHO knaccuuimpoBaTh M0 HECKOJIBKUM
MIPU3HAKAM.

[To oOecnieueHuto qaBieHUS TOPSUYCH BOIBL:

— IOJT TaBJIEHUEM XOJOAHOTIO BOAOIIPOBO/IA;

— IOJT IABJICHUEM TETIJIOBOU CETH;

— [OJ TaBJICHUEM, CO3JaBAEMbIM HACOCOM, YCTAHOBIICHHBIM

Ha XOJOAHOM HJIM TOPSTYEM BOAOTIPOBOJIE;

— MOJI CTaTUYECKUM JaBJIECHUEM, CO3/1aBaeMbIM 0aKoM XO-
JIOAHOM WIIA TOPAYEN BOJIBL.

[To MecTy mpoKIaAKu paclpeieIuTENbHBIX TPYyOOITPOBOJOB
CHUCTE€MbI MOTYT OBITh:

— C HWKHEW pa3BOJIKOU;

— C BEPXHEU pa3BOJKOM.

[To HanmuuuIo U croco0y o0ecTeYeHUs [IUPKYIISLHUN:

— 0€3 MUPKYJISALNH;

— C €CTECTBEHHOM LIUPKYJIALIUEH;

— C HACOCHOU LIUPKYJISALUEH.

[To mpuHIMITY TPUTOTOBIIEHUSA TOPSTYENA BOJBI HEHTPAIU3O0-
BAHHBIC CUCTEMBI JAENAT HA 3aKPBITHIC U OTKPBITHIC.

B 3akpeiTeix ['BC noctymnaromas u3 BOJAONPOBOAA XOJI0AHAS
BOJla HAarpeBaeTrcsi B TEIUIOOOMEHHUKAX WHAWBHUAYAIbHBIX WU
LHEHTPAJIbHBIX TEIUIOBBIX MYHKTOB. /[OCTOMHCTBO 3aKpPBITHIX CH-
CTEM TOpSYEro BOJIOCHAOXKEHHUS — BBICOKOE KauyeCTBO Topsidei
BO/IbI, HEJJOCTATOK — CIIOKHAs CUCTEMA €€ M0a4H MOTPEOUTENIO.

B ortkpeiTeix ['BC ncnosb3yoT TEMIOHOCUTEND, TUPKYJIIN-
PYIOIIUMA B CHCTEME TeTIocHa0XeHusl. Tak Kak TeMrnepaTypsl BO-
JIbl B OJIAIOIIEM M 0OpaTHOM TPyOOIpOBOJAX TEIJIOBOW CETH IO-
CTOSIHHBI W 3aBUCST OT TEMIIEPATyphbl HAPY>KHOTO BO3AYyXa, AJIs
MIOJIYYEHHUS TOPSIYEN BOJABI C HY)KHOU TEMIIEPATYpPOU NMPUMEHSIOT
aBTOMATHUYECKUE CMECUTENH, PEryupyroiiue otoop Bojbl. Ha
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puc. 13.3 npencraBneHa ogHa U3 pacrpoctpaHeHHbIX cxeMm ['BC.

R J B LB LB

I
I

N

Hz TemmoceTnn

-
-

g ————
B tennocetrs

Puc. 13.3. Cxema 3aKkpbITOM HUPKYJISILUOHHON JBYXTPYOHOM C HIDKHEH
Pa3BOAKON CUCTEMBI TOPSTYETO BOJOCHAOKEHUS:
1 — monoTeHIeCYUTENb; 2 — BOJAOPa300pHBIE MPUOOPHL; 3 — MOIAIONINI KOJUICKTOP;
4 — BOIOCOOPHBIN KOJIJIEKTOP; 5 — MarucTpaib XOJIOIHOM BOJIbI; 6 — mpubop yueTa,
7 — TEIUI00OMEHHUK; 8 — IUPKYJISIIUOHHBIN HACOC
XoJl0/iHas BojAA W3 IEHTPAJIbHON CHCTEMBbI BOJIOOOECIICUSHHS T10
MarucTpaid 5, Mpoxojs depe3 MpUOOpHI ydeTa 6, TOCTymHaeT B
TertooomMeHHuK 7. Crozia ke HacocoM 8 uepe3 oOpaTHbIN KilanaH
rnoaacTcsa BOJd4a, HCUCIIOJIb30BaAHHAA HOTp€6I/ITeH€M. N3 temnoooO-
MEHHHKa Harperas BoJa o1 JaBJICHUEM II0 ITOJAIOIIEMY KOJIJIEK-
TOpPY 3 MOCTYIAE€T B MOJIOTCHUECYIIUTENU 1, K KOTOPHIM MOACO-
eIUHEHBI BOJIOpa300opHbIe Mpubopsl 2. OXJIaXKIeHHasl B MOJIOTECH-
HECYIIMTENAX BOJA MO COOPHOMY KOJIJIEKTOPY 4 HampaBJIIeTCS Ha
BXOJl K PEUUPKYISIIMOHHOMY Hacocy. Iloanepxkanue Tpedyemoii
TeMIrepaTypbl BOJIbI Ha BBIXOJEC M3 TEIIOOOMEHHHUKA OCYIIECTB-
JsieTcsl aBToMaTudecku npuoopamu PT.
Bonpocsl AJ11 CAMOKOHTPOJIA
1. ITosicHuTE, YTO MOHUMAETCA MO TOILUIUBOM.
3.UTo nmoHUMaeTCs MO/ CTEXUOMETPUUECKUM COOTHOIIEHUEM KOMIIO-
HEHTOB?
4. Kak onpenensierca Ko3)PUIMEHT U30bITKA OKUCIUTEIS?
5. IlosicHUTE, 4YTO MOHMMAKOT IO BBICIICH M HM3IIEH TEILIOTOM Cro-
paHus.
6. HaznaueHue 1 BUJbI CUCTEM OTOILICHHUS.
7. Kak onpenensiercss moTpeOHas TEIUIOBass MOIITHOCTh OTOTUICHHS ?
8. HazHaueHue 1 BUJIBI CHCTEM TOPSIYEro BOJOCHAOKEHUS.
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I'nasa 14. Benmunauus u KOHOUYUOHUPOBAHUE
14.1. Ha3nauenue u 6u0vt 6eHMUIAYUU

Benmunsayus (om namunckozo «ventilation» npogempueéa-
HUe) — 9Mo pe2yaupyembviil 8030yX000MeH.

B pe3ynbTaTe KU3HEAEATENBHOCTH YETOBEKA U JPYTUX KU-
BBIX OPTaHU3MOB B OOBEKTE UX PA3MEIICHUSI B BO3yXE YMEHb-
IAETCS KOJIMYECTBO KUCIOPOAa, MOABISIOTCS BPEIHBIE Ta3bl, Bla-
ra, bUJIb, @ THOTJIa U M30BITOUYHAS TEII0TA. YEIOBEK B COCTOSTHUU
IIOKOSI B TeueHue |4 BapIxaeT m BblabIXaeT B cpeaaem S00 i BO3-
nyxa. [Ipu qpIxaHuu 4eoBeKa coCTaB BO3yXa U3MEHSETCs, Ta0ll.
14.1. Yxe o coaepKaHUIO KUCIOPOAA YU YIJIEKHUCIOThI B BbLJIbI-
XaeMOM BO3JIyX€ NJisl YeJIOBEKa HEOOXOUM MOCTOSHHBIA BO3.Y-
X000MeH B nomemieHuu. Kpome Toro, opranuzmMom 4esioBeka mpu
YMEPEHHON TeMmIlepaType BO37yXa U HEOONBIIONW (PU3MIECKOM
Harpy3Ke BBIIEISIET KAXAYH CeKyHay 85...120 JIx TermnoTel u
40...75 r/4 BOAEL.

Jlns noniep:kaHusl B MOMEIICHUAX Pa3IMYHOTO0 Ha3HAYECHUS
JOMYCTUMBIX IMapamMeTpoB BO3AYLIHOW cpenbl (cMm. Tabn.3 Ilpu-
JI0’KEHUS ) MPETHA3HAYECHBI CUCTEMbI BEHTUJISALINH.

Tabmuua 14.1

CocraBa BO3/1yxa IIpH JIbIXaHUU Y€JIOBEKa

CocTaBHEBIE YaCTH

Barerxaemoro, %

Brinerxaemoro, %

BO3/IyXa 1o o0BeMy 1o o0BeMy
Kucnopon 20,90 16,40
A3zor 78,13 79,02
Vraekucnora 0,03 3,58
AproH, HEOH U JIp. UHEPTHHIE Ia3bl 0,94 1,01

CucteMbl BEHTWJIALIMU HUMEIOT OCOOCHHOCTH OOYCIIOBJICH-
HbIE HA3HAUYCHHEM IIOMEIIECHUM, XapaKTepOM TEXHOJIOTHYECKHUX
IIPOIIECCOB, BHUJIOM BPEIHBIX BBIJCICHUN, 3aa4aMH, CTOSITUMHU
nepea CUCTeMaMH BEHTIUISIIIUU, W T.I1. He3aBUCHMO OT 3TOTO HMX
MOXXHO KJIaCCHU(MUIIMPOBATH O CJICAYIOMHUM XapaKTEePHBIM TPH-
3HAKaM:

— Ha3HAYCHUIO (BBITSDKHBIC U IPUTOYHBIC);

— cepe necTBus (MECTHBIE U OOIIICOOMEHHBIC);
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— Croco0y co3aHus JaBJICHUs JJisl IEpeMelIeHUs BO31yXa
(C eCTeCTBEHHBIM U MEXaHUYECKUM MOOYKIECHUEM );

— KOHCTPYKTHBHBIM OCOOCHHOCTSIM (KaHaJbHbIE U OecKa-
HaJIbHBIE).

BoITsKHBIE CHCTEMBI MPEHA3HAYCHBI JJIsl YIaJIeHUs U3 To-
MENIEHUN 3arpsA3HEHHOTO Bo3myXa. [IpuToYHBIC CHCTEMBI CITy)KaT
JUISL TIOJJaYd B BEHTUJIMPYEMbIE TMOMEIIEHUS YHUCTOTO BO3yXa
B3aMEH YJIaJIEHHOTO0. JTOT BO3AYX B HEOOXOIUMBIX CIydasiX MOJI-
Bepraercs CrenuaibHol 00paboTke (OYMCTKE, HarpeBaHUIO,
YBJIQKHEHUIO U T. 1.). B 00mem ciydae B MOMEIIEHUU TMpETy-
CMaTPUBAIOTCS KaK MPUTOYHBIE, TaK U BBITSKHbIE cUCTeMBI. MX
BO3JYXO0OMEH JI0OJKHA OBITh COAJaHCHUPOBAH C YYETOM BO3MOXK-
HOCTH TIOCTYIUICHHS BO3JlyXa B CMEXKHBIC MMOMEIICHHUS WIH U3
CMEXHBIX MOMeIIeHU. [l OCyIecTBICHUS BEHTUJISIMHU B TIO-
MEIIEHUH B 1IEJIOM WJIM B 3HAYUTEIBLHON €Tr0 YacTH NMPUMEHSIOT
00I11e00MEHHBIE CUCTEMBbl — KaK MPUTOYHBIC, TAK U BBITSDKHBIC.
OO0111€00MEHHBIC BBITSKHBIE CHCTEMBl OTHOCUTEIHHO PaBHOMEP-
HO YJaJsOT BO3JyX M3 BCEr0 OOCIYXHUBAEMOTO MOMEUICHUS.
OO611e00MEeHHBIE TPUTOUHBIE CUCTEMBI MOJAIOT BO3AYX U pacmpe-
JEJSIOT €r0 M0 BCeMY 00BheMY BEHTWIIUPYEMOTO TTOMEIICHUS.

B kauectBe mpumepa Ha puc.14.1 npuBeneHa TEXHOIOTHYE-
CKasi cxema OOIe0OMEHHON MPUTOYHO-BBITSHKHOW BEHTHIISIUU C
MEXaHUYECKUM TMOOYKICHUEM YETBHIPEXITAKHOTO OOUTAEMOT0
COOPYKEHHUS.
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Puc. 14.1. Cxema 00111€0OOMEHHOM MPUTOYHO-BHITS)KHON BEHTHIISIITUU:
1 — pemieTka; 2 — npuTOYHas MIaxTa; 3 — KianaH; 4 — GuiIbTp; 5 — Kanopudep;
6 — IPUTOYHBIN BEHTUWIATOP; 7, 8 —IPUTOYHBIE KaHAJIBI; 9 — IPUTOUYHBIE PELIETKH;
10 — BeITsKHOM BeHTUWIATOD; 11 — nedaexTop; 12 — BBITSKHBIE KaHATIBL;
13 — BBITSKHBIE PELIETKH.
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ATMmocdepHbIi BO3yX 3aCachIBA€TCS] BEHTHIISITOPOM 6 U
MOXOJUT Yepe3 BO31yX03a00pHYI0 pelieTKy 1, MpUTOYHYIO IIax-
Ty 2, yTeIUIeHHBIN Kianad 3, puiabTpsl 4, kanopudep 5. 13 Ben-
TWISATOPA BO3AYX MOAAETCS 4epe3 KaHaubl 7, 8 U IPUTOYHBIE
peueTky 9 B moMenIeHue. Y JansaeTcs BO3AYX U3 MMOMEIICHUS Ye-
pe3 BbITsKHBIE pemieTku 13, kanan 12 sentunsitopom 10. B naH-
HOI1 cxeMe BhIOpOC BO3/yxa B aTMOC(hepy peayCMOTPEH Yepe3
BBITSDKHYIO AXTy ¢ aedaektopom 11.

MecTHbIE CUCTEMBI BEHTUJIALIMU 00CTY>KUBAIOT OTPAaHUYCH-
HBIC YYACTKHA NOMEIIEHUN. TaK, MECTHBIE BBITSKHBIE CUCTEMBI,
KOTOpPbI€ OOBIYHO HA3BIBAIOT JOKATU3YIOMIUMHU, YIAISIOT 3arps3-
HEHHBIN BO3/IyX OT TEXHOJOTHYECKOTO 000PYI0OBAHUS WU JPY-
IMX UCTOYHUKOB BBIJICIICHUS BPEIHBIX BELICCTB.

MecTHBIE IPUTOYHBIE CHUCTEMBI MOAAIOT BO3AYX B OTHEIIb-
HbIE TOYKH TOMEIICHUs, HAaIpuMep Ha pabodyue MecTa, Ha KOTO-
PBIX HYXXHO CO3JaTh OINPEACIECHHBIE METECOPOJIOTHUYECKUE YCIO-
Busi. OHU BecbMa 3(P(EKTUBHBI, TAK KaK MO3BOJISIIOT YAAISATh
BpEJIHBIC BEIIECTBA HEMOCPEJCTBEHHO OT MECTa UX 00pa30BaHUs
WJIY BBIICJIEHHUS, HE J1aBast UM PaCIPOCTPAHUTHCS B IIOMEIICHUMN.

OIHaKO MECTHBIE CUCTEMBI HE MOTYT PEIIMTh BCEX 3aad,
CTOSIIIMX TEpe] BEHTWISALUEH. Tak HEe BCE BPEHBIC BBIACICHUS
MOTYT OBITh JIOKQJIM30BaHbI, €CJIM OHU PACCOCPENOTOUYCHHBIE HA
3HAYUTEIBLHON TUIOIIAIN WM B 3HAYMTEIbHOM oObeme. [lomaua
BO3/JyXa B OTACIbHBIC TOYKH MOMEIICHUS HE MOXXET 0OECIeUUTh
HEOOXOIMMBIE YCIOBHS BO3IYIIHOMN Cpelbl, €Cik paboTa Mmpous-
BOJINTCS HA BCEH IUIOIIAIN TOMEIICHUS UJIU €€ XapaKTeP CBSA3aH C
MEPEMEIICHUEM.

I[Ipr ecTecTBEHHOW BEHTWIALMM IIEPEMEIICHUE BO3ayXa
MPOUCXOJIUT MO AEHUCTBUEM €CTECTBEHHOTO JIaBJICHHMS, BO3HHUKA-
IOIIETr0 BCIICACTBUE PA3HOCTH TEMIIEPATYP HAPY>KHOTO BO31yXa U
BO3[yXa B MOMECIICHUH, A TAKXKE B PE3YyJIbTaT€ BO3JCHUCTBUA Ha
3nanue BeTpa. CUCTEMBI €CTECTBEHHONW BEHTWISILIUU MPUMEHSIOT
B BUJIC a’pallii M KaHAJIbHBIX TPaBUTAIMOHHBIX cucTeM. Cucre-
MBI €CTECTBEHHOW BEHTWISIIUM TPOCTHI, HE TPEOYIOT CIIOKHOTO
JOPOTOCTOAIIETO 000PYOBAHUS, PACX0/ia AIEKTPUUECKOU IHEP-
TUH.

B MexaHn4eckux cucTemMax MCIMOJIb3yeTCs CI0KHOE 000py-
JIOBaHWE W arperarbl (BEHTUJISATOPHI, DJIEKTPOIBUTATEIIHN, BO3IY-
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XOHarpeBarTelu, NblICYJI0BUTEIN, aBTOMATHUKA U JIp.). DTH CHUCTe-
MBI MOTYT MOJaBaTh W YAAJATh BO3AYX U3 JIOOBIX OOBEKTOB B
TpeOyemoM KomudecTBe. [Ipn HEOOXOAMMOCTH BO3IyX IOABEP-
raloT pas3UyHbIM BHAAM 0O0paOOTKH (OYMCTKE, HarpeBaHUIO,
YBJIQKHEHUIO U T.J.), YTO MPAKTUYECKA HEBO3MOXXHO B CHCTEMaXx
C €CTECTBEHHBIM MOOYKJICHUEM.

CuctemMbl BEHTWISIIIUA UMEIOT Pa3BETBICHHYIO CETh BO3MY-
XOBOJIOB JIJIs1 IEpEMEIIEHUS BO3yXa (KaHAIbHBIE CUCTEMBI), THOO
KaHaJIBl (BO3IYXOBOJBI) MOTYT OTCYTCTBOBATb, HANpHMEp, MPHU
a’pallvu, IpU YCTAHOBKE BEHTUJISITOPOB B CTEHE, B IEPEKPHITHUU U
T.J. (OecKkaHaIbHbIE CUCTEMBI).

Takum oOpa3zom, J1r00ast cCUCTEMa BEHTHIISIIUA MOXKET OBITh
OXapaKTepHU30BaHa M0 YKAa3aHHBIM BBIIIEC YETHIPEM IIPU3HAKAM: 10
Ha3Ha4YeHHUIO, cdepe NercTBUs, crocoOy MOOYyXKIACHUS W KOH-
CTPYKTUBHBIM OCOOCHHOCTSIM.

14.2. Benmunsamopsl u ux Xapaxmepucmuku

B mexaHM4ecKou cucTeMe BEHTWISIUA HUCTOYHUKOM IIepe-
MEIICHUSI BO3AYyXa SBIACTCA BEHTWISATOP. Bewmunamop — 3TO
ruapaBInyecKas MailrHa ¢ pado4YuM OpraHoM B BHJE JIOMATOY-
HOTO KOJjieca, co3faroias HU30BITOYHOE [aBJICHHE BO3JyXa WU
npyrux razoB 10 15 klla. BeHTwisiTopsl mpeIHA3HAYEHBI JJISI T1€-
peMeNIeHus BO3/lyXa IMpPH NPOBETPUBAHUU MOMEIICHUM, IS
TPAHCIIOPTUPOBKU a’pocMecerd u T.4. [lo mpuHUMNY OencTBUsS
BEHTWJIATOPBI JICJISITCS HA OCEBBIC, paAualbHbIE W JIUAMETPaJIb-
HEIE.

[Tpocreiiimii oceBOM BEHTUIATOP M300pakeH Ha puc. 14.2.
OH cocTouT H3 pa-
Oouero KoJjeca 2, 3a-
KPETJIEHHOT O Ha
BTYJIKE W HACaXCH-
HOT'O Ha Baja 3, dJICK-
TPOJABUTATEISA 4;
KoKyxa 1, Ha3Haue-
HUE KOTOPOTO — CO-
31aTh HAIIPABJICHUE
Puc. 14.2 IIOTOKY BO3ayXa.
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OceBble BEHTWISTOPBI IPOCTHI 110 YCTPOUCTBY, KOMITAKTHBI,
CIIOCOOHBI TIepeMearh OoJbmue o0beMbl Bo3ayxa. K HegocTart-
KaM OCEBBIX BEHTWISITOPOB OTHOCST HEBBICOKOE H30BITOYHOE
napienne Bo3nyxa (Huwke 200 Ila) v 3HaUMTENBHAS HIYMHOCTB
padoTHI.

Ha puc. 14.3 npuBenena cxema paauaibHOTO BEHTUIISATOPA
CO CIUPAJIbHBIM KOXXYXOM. B0o31yX uepe3 BcachlBarOIIUi KOJIJIEK-
Top 1 mocTymaer K BpamjaroueMmycs pabouemy koisecy 2. Jlonart-
KamMu 4 BO3yX 3aXBaThIBACTCs, 3aKPYYMBACTCS B HAIPABICHUU
BpallleHUs KoJieca U OTOPACHIBACTCS B CIIUPAJIbHBIN
KOXYX 3.

Kunernueckas sHeprus
1 MOTOKa BO3JyXa U3 KO-
KyXa OIpeenseT Ha-
V4 = op BEHTHIATOpa. Pa-

EE’ | Oouee KoJIeCO HaCaKu-
=IT" Baetcs 10O Ha Bal

N ANEKTPOJBUTATENS, JIU-
] 1 00 Ha OTACHBHBIN Bal
3 ) CO UIIKMBOM, YCTaHOB-

JICHHBIW B NOJIIUITHY -

Puc.14.3 Kax, 3aKpeIJICHHBIX Ha
CTAHMHE WJIU Ha KOXYXE.

Pannanbubie (IEHTPOOEKHBIE) BEHTUIISATOPHI pA3INYaIOT 110
HaMpaBJICHUIO BpallleHUus KoJsieca. Eciim cMOTpETh CO CTOPOHBI,
MPOTUBOIOJI0KHON BXOJHOMY OTBEPCTHIO, TO BEHTUJIATOP, B KO-
TOpOM pabouee KOJIeCO BpallaeTcs M0 YacOBOM CTpeJKe, Ha3biBa-
€TCS BEHTWISITOPOM IIPaBOr0 BpAIICHUS, a MIPOTHUB YaCOBOU
CTPEJIKU — JIEBOT'O BpAIICHHUS.

Koneco BeHTWIISITOpa JOMKHO BpallaThCsl BCErJa MO XOMY
pa3BoOpoTa CHUPAIBLHOrO (YJIUTKOOOpPA3HOr0) KOXKyXa, TaK Kak
npu OOpaTHOM BpaIlleHUWH KoJjeca Tojada BEHTUIIATOpPA PE3KO

"-
o
———

(mpumepHo Ha 70 — 80%) yMmeHbIIaeTCs.

BenTtunsatopy mnpucBauBaeTcs HOMEP, COOTBETCTBYIOLIUMN
Hapy>KHOMY JIHaMeTpy Kojeca B (aeummerpax). Tak, Hanpumep,
BeHTWJIATOp Ne 5 nMmeeT HapyKHbIA quaMeTp pabouero kosieca S5
M (500 mm), Ne 3 — 3 nm (300 Mm) u T.1.
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B HacTosiiee BpeMsi IIEHTPOOEKHBIE BEHTHISITOPHI BBITYC-
KalOTCsl MPOMBIIIJIEHHOCTBIO cepusiMu ¢ Kojecamu ot 200 (Ne 2)
10 1000 mMm (Ne 10) uepes kaxapie 100 mm 1 ot 1000 10 2000 MM
(Ne 20) uepe3 200 mm.

[To co3maBaeMOMy JIaBJICHUIO IIEHTPOOEKHBIE BEHTUIISITOPHI
JEeJATCSA Ha rpymmsl: Hu3Koro aasienus — 10 1000 Ila; cpennero
naBaenusd — 10 3000 Ila; Beicokoro maBaenus — 1o 12 000 Ila. B
CUCTEMax BEHTWISAIMU OoJiee MIMPOKOE MPUMEHEHHE HaXOJST
BEHTWJISITOPBI HU3KOTO JaBjieHus. PaguanbHble BEHTWISTOPHI BbI-
COKOI'0 JABJICHHS UCIOJb3YIOT JJI1 THEBMATUYECKOTO TPAHCIIOP-
Ta ¥ IPYTUX LIETECH.

Cxema naMeTpaibHOrO BEHTUJIATOpA MPEJACTABICHA Ha
puc 14.4. Pabouee koseco 1 BBIMOJIHEHO U3 JIBYX JUCKOB, COEIH-
HEHHBIX KPUBOJWHEHMHBIMM JIONIATKaMu 2 ¢ MaJIoOW Xopnaou. Ban
pabodyero Kojieca yCTaHABIMBACTCS B MOMAMIMITHUKAX, 3aKPEIJICH-
HbIX B Kopryce 3. B BbIXOJHOM
naTpyoke 4 YCTaHOBJICHBI
HamnpaBJAIOMINE TUIOCKOCTH 3,
YCTPaHSIONME 3aKPyTKYy BO3Y-
xa. IIpu Bpamenuu koseca BO3-
JIyX 3aXBaTbIBACTCSl JIOMATKAMU
U3 BXOJHOTO MaTtpyoka 3 u JBU-
AKETCSI B MEKJIONATOYHBIX KaHa-
Jax B UEHTPOCTPEMUTEIHHOM
HanpasiieHuu. [Ipoiias BHyTpeH- Puc. 14.4
HEE MPOCTPAHCTBO PEIIETKH, BO3/IyX BHOBbH 3aXBaThIBACTCS JIO-
naTkaMH KoJieca, MPOXOJUT UX MEXKJIONATOYHbIE KaHAJIbl B IICH-
TPOOESKHOM HAIPABJICHUH U Jlajiee TMOCTYyNaeT B BHIXOJAHOM KaHaJ
4. Bo3nyx HABWXKETCS B IUIOCKOCTSIX, NEPHNEHIUKYISPHBIX OCH
BpAIIICHUS KOJIECA, BCIEICTBUE YEr0 BEHTWISTOPAMHM CO3a€TCs
MJIOCKOMApaAJIIETbHbIA TOTOK. [l03TOMY HaHHBIE BEHTUIATOPHI
MOYHO HW3TOTOBJISITH OOJIBINION IIUPUHBI MPU CPABHUTEIBHO He-
OoJsibiioM auaMerpe. JlomaTku AuMaMeTpalibHBIX BEHTHISITOPOB
BBITOJIHSIOT U3 JINCTOBOTO Marepuana, Yucio JIomaTtok B KOJece
cocTtaBisieT ot 12 o 64.

JlnameTpaibHble BEHTUJISATOPHI HAIJIX IIUPOKOE IPUME-
HEHHE B OTOIUTEIbHO —BEHTUJIALIMOHHBIX CHCTEMAaX TPaHCIOPT-
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HBIX CPEJICTB, B MaJIorabapuTHBIX YCTAaHOBKAX KOHIWIIMOHUPOBA-
HUS BO3/lyXa, B 36pHOOUUCTUTEILHBIX MaIlIMHAX.

PaboTa Bcex TUIOB BEHTUJIATOPOB XapaKTEPU3YETCS Clie-
JTYIOITUMU MTapaMeTPaMH:

V — nogaua BeHTHIIATOPA, M> /4 (M /C);

Ds —IIaBJIEHUE BO3yXa, CO3JaBAEMOI0 BEHTUIATOPOM, [1a;

C — CKOPOCTb BO3/1yXa Ha BBIXOJI€ U3 BEHTUJISATOPA, M/C;

n — 4acToTa BpalleHus padbouero kKoieca, 1/c;

N, — moTpebasiemast MOITHOCTh, BT;

s — KO3 PUIIMEHT TTOJIE3HOTO AcHCTBUSA, Y.

OTH TEXHHUYECKHUE AAHHBIEC ONPENEIAIOT B MPOIECCE HC-
NBITAHUM KaXXJI0H MOJIEIU U3TOTOBJIICHHOTO BEHTUJISATOPA.

Pe3ynbTarel CEpUUHBIX UCIIBITAHUN [0 YCTAHOBJICHUIO 3a-
BUCUMOCTEW MEXIy NapaMeTpamMu BEHTHIISITOpa 00padaThIBarOT-
Csl B BUJI€ TaOJIMI] UJITM HOMOTPaMM, Ha3bIBAEMbBIX a’pOIMHAMUYE-
CKHMHU Xxapaktepuctukamu (cm. Juarpammy 5 Ilpunoxenus).

14.3. Pacuem cucmem eeHmunsiyuu
14.3.1. OnpeaesieHue MoAa4Yu BEHTHIATOPA

[Ipu pacyuere cHCTEMBI BEHTHISAILNH, TIPEXKIC BCETO, OMpe-
JeNseTcs HeoOXoauMasi 00beMHas T10/1aua CBEKETo BO3IyXa B
KOHKPETHBIH 00beKT 06uTanns, V M>/4. BennunHa nogaun 3aBu-
CHUT HE TOJBKO OT 00BbeMa IMOMEIICHUS, HO U OT YHCJIa OpraHu3-
MOB, TIOTJIOIIAOITUAX KUCIOPO (JTFOAeH, S)KUBOTHBIX, IITHIL U . ).
Ha Hee BauseT KOTWYECTBO M3IUIITHEH TETUIOTHI, BIIaTH B BPE/-
HBIX T'a30B.

JIJ1s1 OLIEHKH TTOJa4H 10 COCTaBY BO3AyXa MOKHO BOCTIOJb-
30BaThCsl METOAMKOMW C BBEACHUEM TOHATUS KPAMHOCMU B03-
0yxoobmena.

Ilo0 kpamunocmvlo 6030yx000MeHA NOHUMAIOM OMHOULE-
HUe nooayu ceedicez2o 8030yxa K 00vemy nomeujeHus.
O003HayarT KPaTHOCTh BO3yX000MeHa yepe3 K, u uamepsror
B 1/4, T.€.

%
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[To HOpMaM BO3/yXO000MEHa B JKWJIBIX MTOMEIIEHUAX M01aua
CBEXKEro BO3/yXa Ha OJHOTO YEJIOBEKa JTOJKHA COOTBETCTBOBATH
K,= 3...5, Ho He Menee 30 M3/,

g npyrux o0bekToB oOuTanus BennuuHa K, npuseneHa B
tabn.7 Ilpunoxenus.

3aMeHa BO3/lyXa B IOMEIICHUH U3 YCIOBUH HEOOXOIUMOTO
KOJIMYECTBA KHCJIOPOJA €Ile HE SBIAETCS pEelIeHUEeM MpPOOJIeMbl
M0 CO37aHuI0 KOM(DOPTHBIX yciaoBui. B 00bekTe oOuTaHuss MOTyT
BBIJICISITBCS M30BITOYHAS TEIUIOTA, CBEPXHOPMATHUBHOE KOJWYe-
CTBO BJIar, MHOTO BPEIHBIX Ta30B W MNbUIH. [Ipu opranuzanuu
BO3/IyX000MEHa HEOOXO0IUMO MPETYCMOTPETh U 3TU (PAKTOPHI.

Jlns monjiep>kaHusi B OOBEKTE CTAOMIIBLHOW TeMIepaTyphl
JOJDKEH BBITIOMHATHCS OajaHC TEIJIOThI: KOJWYECTBO MOABOIM-

MOM TEILIOTHI QHO i JOJIZKHO OBITH PaBHO KOJIMYCCTBY OTBG,HeHHOI/I

TeIIOTH Q oy ,T.C. QHOL{ Qyrs. ECIIH B IOMEIICHNH TIOSBUIINC
HUCTOYHUKHU JOTIOJHUTEIbHBIX TEIJIOBBIJCICHUM, TO U30BITOUHAS
TEIIOTA OLMPEICIUTCS KaK Qu = Qnoﬂ Qors-

Heobxonumasi mojaya Bo3myxa s yAJICHUS U30bITOUHON
TEIUIOTHI ONPEACISAETCS MO BHIPAKEHHIO

V= —2u6 (14.2)

P[ gy — iHap] ’
TJ€ p — IUIOTHOCTH BO3/yXa;
igH — OHTAJIBIINS BHYTPCHHCTO BO3/1yXa,
Inap — DHTAJIBITAS HAPYXKHOTO BO3IyXa.

HeoOxoaumasi momada Bo3ayxa JJisl yIaJleHUs] H30bITOUHON
BJIar¥ BBIYUCIISIETCS 10 (hOpMYyJie
. 174 6
I, = = 14.3
B p(dBH - dHap) ’ ( )
rac WH36 — CCKYHAHOC MAaCCOBOC IMOCTYIJICHHUC BJIaIr'v,
dsx — BIIarocogep>kaHue Bo3yxa BHYTPHU ITOMEILICHUS;

duap — BJIArOCOIEPKAHNE HAPYKHOTO BO3/lyXa

HeoOxoaumast momada Bo3yxa JJisl y1aJIeHUsI BpEIHbIX Ta-
30B HAXOJAUTCS 110 (hopMyJie

. mi
o = iy, (144

rIe  m;— CEKyHJHOE MacCOBOE MOCTYIICHHE i-T'0 Ta3a;
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[C;] — mpenenbHO IOMyCcTUMasi KOHIIEHTPAIIUS B BO3IyXeE 1-
I'0 BEIIECTBA;

C; — KOHLIEHTpAlMs i-I'0 BEIIECTBA B MOCTYIAOIIEM BO3Y-
Xe.

N3 onpenenennbix BenuuuH Vi, Vi, Vo, OoibIinas momava

o0OecrieunT TpeOyeMbIid BO31yX000MEH.

p

14.3.2. Onpenesienne NOTPpeOHOro XaBJIeHUS

JInd KaHanbHOM NMPUTOYHOW CUCTEMBI BEHTWISLIMU, HAIIPHU-
Mep, NOKa3aHHOM Ha puc. 14.1, BO3AyX NOCTyNaeT K BEHTWISTOPY
10 MaruCTPaJIv MOJABOJAA U HACHETACTCA BEHTUISATOPOM B BO3.Y-
X0BOJibl. B 0011eM cinydae sHeprusi, mogBoAuMas K BEHTWIATOPY,
3aTpayMBacTCs Ha CO3/IaHUE Pa3PsIKEHUs HA BXOJAE B BEHTUIIATOP
Y Ha CO3/IaHH€ M30BITOYHOIO AABJICHUS HA BBIXOJI€ U3 BEHTUIISTO-
pa. OTCcroa BEHTWISATOP AOJDKEH CO3/1aBaTh JABJICHHE DPAaBHOE
CyMMe M30BITOYHOTO IABJICHUS U JaBJICHUS Pa3psOKEHHUS, T. €.

Ps = Pus6 +ppa3 .

3HAUYECHUS Pus6 U Ppes BBIUUCIAIOTCS UCXOAS U3 OCOOEHHO-
CTEl Maructpajiei oTBoja W moABoja. B coBokymHocTH 00€ Ma-
TUCTPAI UMEHYIOT BEHTUISALIMOHHOMN CETHIO.

Pacyery BEHTWISALIMOHHOM CETH IPEALIECTBYET €€ TPACCHU-
POBKa: BBIABJICHUE Pa3MEpPOB OTACIBHBIX YYACTKOB, HAJWYHE
KOH(UTypallui BO31yXOBOJOB, Pa3MEIICHUE U TUIl MECTHBIX CO-
MPOTUBIICHUI. DTO JAAET BO3MOKHOCTh MO 33JJaHHOM M0J1a4€ BO3-
yXa, 0 TUILy U T€OMETPUYECKUM IMapaMeTpaM MECTHBIX COIIPO-
TUBJICHUH, IO BBIOPAHHBIM (POpMaM M CEUECHUSIM KaHAJIOB BBIYMC-
JIATH TIOTEPU JIABJICHUS B BEHTUJIALIUOHHOU CETH.

K MeCTHBIM CONPOTUBIEHUSIM OTHOCAT 3JIEMEHTHI BEHTHJIA-
LIMOHHOW CETH, B KOTOPBIX TEPSAECTCS IHEPIUS ABMKYILIETOCS BO3-
IyXa B CBA3U C M3MEHEHHEM €ro CKOPOCTH WJIM HaIPABJICHUS
JBH>KEHUS, 3TO BO3yX03a00pHbBIE, BO31YXOBBIITYCKHBIE, 3aIIOPHO-
pPETYJIMPYIONIUE YCTPOUCTBA, (PACOHHBIC YAaCTH BO3IYXOBOJOB,
(GUIBTPHI, TEIITIOOOMEHHUKH U T.II.

[Ipu BBIOOpE BO3AYXOBOJAOB PYKOBOJCTBYKOTCS KOHCTPYK-
TUBHO — 3CTETUYECKUMU WJIM SKOHOMUYECKUMHU COOOPAKEHUSIMHU.
B kanutanpHBIX 3JJaHUSIX OOBIYHO POJIb BO3yXOBOJOB BBITIOJIHS-
IOT KaHajbl, BCTPOCHHBIE B KOHCTPYKLHUHU COOpPYKEHUA. B psane
CJy4aeB BO3JYXOBOJbI BBIIIOJHAKT MOABECHBIMUA B BUJIE CTAJIb-
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HOTO KOpoOa MIJIM TUTAaCTUKOBOTO KaHasa. CeueHusl KaHaJ0B MOTYT
UMETh Pa3nudyHyro (opMy, HE3aBUCHMO OT ITOTO €ro IJIOIIA/lb
MONEPEYHOro ceueHus: F Beraucisercs no hopmye

rae V — nogava BO3/yXa uepe3 KaHall;

C — CKOPOCTh BO3/1yXa B KaHAJe.

ITorepu naBiieHHUS BO BXOAHOM W BBIXOJHOW MAruCTPaJIsIX
ONPENICNAIOTCS 110 OJITMHAKOBOM METOJMKE, MO3TOMY IPHU OIpeie-
JICHUU JABJICHUS HA BBIXOJIE U3 BEHTWIATOPA B pAcyeT BKIIKOYA-
FOTCSl BCE YYaCTKH M MECTHBIC COIPOTHUBJICHUS BEHTWISLIMOHHOU
cetu. /i pacuera ps, B pEKOMEHIYETCSI BBIPAKECHUE

ps = LIQTAp I+ X5 Apy + X1 APsux)s (14.5)

rae 1,1 — ko3 duurueHT yBeandeHus noTepb AaBICHUS B BEHTU-
JISIIUOHHOM CETH;

Ap — yaenbHbIC (Ha METp JJIUHBI) TTOTEPH JABJICHUS B KaHAJEC
OT TPEHUS;

1 — KOJIMYECTBO YYaCTKOB;

[ — NMHA y4acTKa;

Ap, — IOTEPHU JABIICHUS HA MECTHBIX COIIPOTUBJICHHUSIX;

K — KOJIMYECTBO MECTHBIX COIIPOTUBJICHUM;

Apgiix — IOTEPU AABJICHUS HA BBIITYCKHOW PELIETKE;

M — KOJIMYECTBO BBIITYCKHBIX PELIETOK.

3HayeHUsl MOTPEOHBIX MOJAYM W JABJICHHS TO3BOJISIIOT IO

a’poIMHaMUYecKoil xapakrepuctuke (cm. uarpammy 5 Ilpunoxe-
HUS) MO0OpaTh Il CUCTEMBI COOTBETCTBYIOIINI BEHTUIISITOP.

14.2. Cucmembl KOHOUYUOHUPOBAHUS
14.2.1. CocTaB cucreMbl KOHAMIMOHUPOBAHUSA

KonnununonupoBanue BO3IyXa OTHOCHTCS K HamOoJiee Co-
BPEMEHHBIM U TEXHUYECKH COBEPILICHHBIM CIIOCO0aM CO3JaHus U
MOJIJICPKaHNS B IMTOMCIISHHUIX YCIOBHM KoMdopTa I denoBeKa
U ONTUMAJIbHBIX MapaMeTPOB BO3AYIIHOW CPEIbl JJisi TMPOU3BOJI-
CTBEHHBIX MPOIIECCOB.

Cucmema konouyuoruposanus eozoyxa (CKB) — amo xom-
NJIeKC MEeXHUYeCKUX YCMpoUucms U mexHoa02UYeCKUX npoyeccos 8
HUX, NPEeOHA3HAYEHHBIX OJIs1 00pabomKu, nepemewienus u pacnpe-
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OeleHUsi 8030yXa, a8MOMAMU4ecKo20 pe2yIupo8anusi e2o napa-
Mempos, OUCMAHYUOHHO20 KOHMPOJISL U YNPABIEeHUS.

Cucrembl KOHJIMIIMOHUPOBAHUS PA3ACISAIOT Ha LEHTPaJb-
HbIE U MECTHBIE, KPYTJIOTOJJUYHBIE U CE30HHBIE ([JIs1 TEMJIOr0 HIIH
XOJIOJTHOTO MEPUOJA roja).

B uentpansubix CKB koHaunmonep, rie npouCXodsT BCE
mpoiiecchl 00pabOTKM BO3/lyXa, YCTAHABJIMBAIOT BHE 0OCITyKHBa-
€MBIX MOMEIICHUA W PaCHPENCIICHUE BO3/yXa BEIETCA IO CETH
BO3AYX0BOJIOB. Takue cHUCTEMBI OOCIYKMBAaIOT KakK OTACJIbHBIC
OoJplIIME TIOMENICHUs, TaK U TpyImbl nomenieHui. Ha puc.14.1
npencrasiieHa cxema neHrpansaon CKB.

[lo naHHOUM cxeMe BO BCEX MOMEIIEHUSAX 00bekTa 9 co3na-
I0TCSI OJTMHAKOBBIE KOM(OPTHBIE YCIOBUS B pe3yJIbTaTe (PyHKIIU-
onupoBanusa CKB, koHIMIIHOHEP KOTOPOM pa3MElIEH B OTHEIb-
HOM coopy>keHuu 10. [Tog nericTBreM pa3psKeHUs] HA BXOJE BEH-
TUasATOpa 12 arMocdepHblii BO3AyX MOCTYIAET uepe3 3a00pHOe
yCTpOWCTBO 16 B Kamepy mpeaBapuTenbHOM oOpaboTku 15, rae
MIpU TTOMOIIY KPYIMHOSIMEUCTOI0 CeTYaToro GuibTpa U cenaparo-
pa OYMINAETCA OT KPYMHOAMCIIEPCHBIX TBEPIBIX M JKUIAKUX Ya-
CTHII.

A

.Puc. 14.1. [IpunuunuansHas cxema neHTpaibHoii CKB:
1,2,5,6,7,14,17, 18, 19 — Bo3ayuIHbIie 3aCIOHKH; 3 — BBITS)KHOW BEHTUIISITOD;
4 — BO3AYXOBOJ BBITSKHOU; 8§ — 00BEKT KOHAUIIMOHUPOBAHUS; 9 — BO3IYXOBOJI MIPUTOY-
HbIi1; 10 — coopyXeHue I YCTaHOBKU KOHIUIMOHEpa; 11 — 670K KOHTPOJIS U PeTyIn-
POBaHMsI MPOIIECCOB 00PAOOTKHU BO3AYyXa; 12 — MPUTOUHBIN BeHTUIATOP; 13 — KOHIUIIH-
oHep; 15 — kamepa npeABapUTEIbHOM 00padoTKU BO3ayXa; 16 — 3a00pHOE YCTPOMCTBO

164



Jlanee, mpoxXoisi OTKPBITYIO BO3AYIIHYIO 3aCIOHKY 14, BO3-
IyX TOCTYIIAeT B KOHAMUHUOHEP 13, TAe€ OCYLIECTBISETCS €ro
OUMCTKA, TEIJIOBJIAXHOCTHAas 00pabOTKa, MOHU3ALUA, yIaJCHUE
3arMmaxoB U MUKpOOpraHu3mMoB. KoHTpoJib kauecTBa 00paboTKH U
PETYIMPOBAHUE MPOLECCAMU B KOHIUIMOHEPE OCYILECTBISIETCA
AeKTpOHHBIM OsiokoM 11.ITo mpuTouHBIM BO3yX0BOAaM 9 00pa-
OOTaHHBIA BO3MIyX MOCTyMHaeT K 3acioHkam 17, 18 u 19, koTopsie
PEryJUPYIOT €ro mojady Mo nmoMemeHusM oobekra 8. M3 mome-
IEHUH BO3YX YAAISETCS BBITSIKHBIM BEHTUJISITOPOM 3.

Ecnu B KoHIUIIMOHEpe 00pabaThiBaeTCsl TOJIBKO aTMocdep-
HBII BO31yX (3ac/IOHKHU 2 U 14 OTKpBITHI, a 3aCIOHKA | 3aKphITa),
To Takyto CKB Ha3bBalOT npsmomounou. Ilpu MOJTHOCTBIO 3a-
KPBITBIX 3acNOHKaX 2 U 14 u oTkpeiTon 3acimonke 1 cxema CKB —
3amxkHymas. B 3aBUCHMOCTH OT CTENIEHU OTKPBITUSA 3aCHOHOK 1, 2
u 14 BO3MOKEH BO3BpaT (PELUPKYJISALMS) TOW WIM APYroil 4acTu
BO3/yXa U3 00BbEKTa OOMTaHUS Ha BXOJ B KOHIUIMOHEp. Takue
CKB Ha3bIBatOT peyupKyiayuoHHbIMU.

B MecTHBIX cucTeMax KOHAWIMOHUPOBAHUS BO3/yXa KOH-
JTULIHOHEDP pa3MeNlaloT OOBIYHO B KOHJUIIMOHUPYEMOM MOMEIIE-
HUU B BUJIC TIOJIOKOHHBIX, TKA(PHBIX WK MOJABECHBIX arperaTtoB ¢
nojaueit Bosayxa 10 15000 m*/4. Takue cucTeMbl IPUMEHSIOT B
HEOOJIBIIIUX TMOMEIICHHIX, @ UMEHHO: J1a00paTOpHSX, CITY>KEOHBIX
MOMEILCHUSX, KBaPTUPaX, CAJIOHAX TPAHCIOPTHBIX CPEJICTB U T.II.

14.2.2. O0padoTKa BO31yXa B KOHAMLIMOHEpPaX

Ouuncrka Bo3ayXxa

B atMocdepHoM BO3/lyxe U B BO3JyXE BHYTPU OOBEKTOB
MOTYT COJIEP)KAaThCA Pa3IUUYHBIE HEXKEJIaTebHbIE MPUMECH Kak
€CTECTBEHHOI'0, TaK M MCKYCCTBEHHOTO MPOMUCXOXKJICHUS. ITO
o0yciIaBIUBaeT HEOOXOJIUMOCTh OCYIIECTBJISATh B CUCTEME KOH-
JTUIMOHUPOBAHUSI OUUCTKY BO3JYyXa OT MbUIH, HEMPUATHBIX 3aria-
XO0B, 00JIE3HETBOPHBIX MUKPOOOB, OT TOKCUYHBIX Ta30B U MAapOB, B
TOM YHCJI€ U OT OTPABJISAIONINX BEIICCTB.

CanuTtapHbie HOpMBI Poccun OrpaHUYMBAIOT CPEIHECYTOU-
HYIO TIPEJICJIbHO JIONMYCTUMYIO KOHIIEHTPALMI0 HETOKCUYHOM ITbI-
a1 B atMoc(epHOM BO3AyXe OOBEKTOB OOWTAHUS BEIUYHMHOU
0,15 mr/m>, creoBaTeNbHO, OYMCTKE BO3AYyXa B CUCTEME KOH/IM-
IUOHUPOBAHUS HEMAJIOBAYKHOE 3HAUYCHUE.

165



B 3aBHCUMOCTH OT KOJIMYECTBA U Pa3MEPOB YaCTHUII, OTAEIIS-
€MBIX OT BO3/lyXa, pa3WyaloT TPU CTENEHU OYUCTKHU: rpyOyio,
CPEZHIOIO Y TOHKYIO.

['pybas ouncTka mpumeHsieTcs mpu BbeICOKoil (Oomee 500
MI/M>) HayalbHOM 3aIbUIEHHOCTU BO3IyXa, IPH 3TOM KOHEYHAs
KOHIIGHTpaIlUsl NbUIM HE 3aefaercs. ['pybasi ouucTka sBISETCS
MIPEIBAPUTEIIBHON WA MEPBOU CTYNEHBIO MEPEI CPEAHEN OUYHUCT-
koi. [Ipm rpyOoi ouncTKke M3 BO3ayXa B OCHOBHOM YHAIISIFOTCS
yacTUIlbl KpymnHee | ux.

CpenHsisi O4YMCTKa MO3BOJISIET 3aJ€P>KaTh YaCTUIBI KPYITHEE
100 u, ocTaTrouHasi KOHIIEHTpAIHMS OOBIYHO JOMYyCKACTCS B Tpe/ie-
nax 30 ... 50 mr/m>.

ToHKasg O4YKMCTKA TPUMEHSIETCS ISl YJIABJIUBAHUA CaMbIX
Menkux (paknui neutH. OcTaTodyHash KOHIICHTPAIMS ThUTH —

1...2 mr/M3.
CymiecTByeT OONBIIOE KOJIMYECTBO AIIapaToB, MO3BOJISIO-

X OTJEIUTh TBEPJbIC W JKUJKHE YACTHIIBI OT BO3ayxa. Pazim-
YaloTCAd OHH, MPEXKJE BCEro MPUPOJON CHJ, UCIOIb3YEMbIX MPHU
yAAJICHUH YaCTHUIl, @ UMEHHO: CHJI TSXKECTH, HHEPIIUU U DJICKTPH-
YECKOro TOJig, KPOME TOr0, MOJEKYJISpHOM U TypOyJIeHTHOU
muddys3un. [pu ynaneHus KpynmHOAUCTIEPCHBIX adPO30JIeh Tpe-
MOYTCHHE B MPUMEHEHHH OTIAIOT ITUKIOHAM, ceraparopam, Jia-
OMPHUHTHBIM TBLUICOCATOYHBIM MJIM MarHUTHBIM Kamepam U T.IL;
IIpY CpeIHEN U TOHKOM OYMCTKAX MCHOJIB3YIOTCS (huibmpuol.
Dunemp (om ep. filtrum — 80110K) — ycmpoucmeo 011 pas-
OeleHUsl PA3HOPOOHBIX CUCMEM, COOEePHCAUUX 2A3000pA3HYIO,
JHCUOKYIO U MBepOyIo (ha3bi.
B mpakThke KOHIWIIMOHWPOBAHUS BO3AyXa HamOOJIee pacipo-
CTPAaHCHHBIMHU SIBIITFOTCS TOPHUCThIe (GUILTphl. K mopHCcTHIM
bunbTpaM OTHOCST:

— (UIbTPHl HACBIHBIE W HAOWBHBIC, B HUX (PUIBTPYIOIINI
cJioi oOpa3yeTcs W3 pa3IudHbIX MaTepuaioB (TpaBuii, KOKC, Me-
TaJuIM4ecKas CTPYXXKKa, pe3nHoBas Kpouika, (apdopoBbie wiH
METAJTMYECKUE KOJbIla, CHHTETUYECKUE BOJIOKHA, TOHKAs MTPOBO-
JIOKa U JIp.), 3aChIMMaeMbIX I HAOMBAEMBIX B KACCETHI;

— ceT4aThie (PUIBTPHI, B KACCETHI KOTOPHIX YKIIAIBIBAIOTCS Me-
TaJJTMYecKue nepPopupoOBaHHbBIC JIUCThI, CTATbHBIC MPOBOJIOYHBIE
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CETKH M CETKH U3 CUHTETHYECKUX MaTepHalIOB, HEPEAKO CMAauH-
BaeMbl€ BOJIOM WJIHM CTIEIMAIBLHBIMU COPTAaMU Maced;

— BOJIOKHHUCTBIE (PWIBTPBI, K KOTOPBHIM OTHOCHUT OOJIBIIYIO
rpynmy (QUIBTPYIOMIUX 3JEMEHTOB, CHAPSHKCHHBIX Pa3IMYHBIMU
TKaHSAMU, OyMa)KHBIMU WJIM BOJIOKHHCTBIMM MaTepuajiaMu TpH-
POJHOTO JUOO CHHTETHYECKOTO MIPOUCXOXKACHUSA. BoiokHa B
GUABTPYIONIUX CIIOSAX MPOMMUTAHBI CBS3YIOIIMMHU BEIIECTBAMU
WJIM CBS3aHbl B IPOYHBIM CJIOW B IPOLECCE M3TOTOBICHUA. Bo-
JIOKHUCTBIE CJIOM MOTYT UMETh Pa3INYHYIO CTPYKTYPY — OT OYCHb
IJIOTHOM, TUMa OyMaru Wik KapToOHAa JI0 €/1Ba CBA3aHHOW CTPYK-
Typbl THUINIA BaTbl WK BaTUHA. D(PPEKTUBHOCTH BOJIOKHHUCTHIX
CJIOEB TaK)Ke KOJIEOJIETCSl B OUECHb IIUPOKUX MpeEJIeiax.

[Tbute3anepkuBaromias CrocoOHOCTh OOJBITUHCTBA TOPHU-
CTBIX (DHJIBTPOB OCHOBaHA HAa OCAXKICHUHU U yACP>KaHUHM HAXOIs-
IIUXCSI B BO3JYXE TBEPBIX YACTHUIL NP CONMPUKOCHOBEHHH C TIO-
BEPXHOCTSIMHU DJIEMEHTOB, COCTABJISIOMIUX (PUIBTPYIOIINI CIIOM.
[Ipomecc 3amepskaHusi TBEPABIX YACTHUI[ B MOPUCTHIX (UIBTpax
OOBSCHSICTCS TIPOSIBJICHUEM CIISTYIONINX OCHOBHBIX 3(h(PEKTOB:

— nabupuHTHOTO 3PdeKTa, KOTOPBIM 0OHAPYKUBACTCS MPHU TIO-
BOPOTAaxX 3albUICHHOTO BO3YIIHOIO MOTOKA B M3BHJIUCTHIX KaHa-
nax GUIBTPYIONIETO CIIOS;

— ynapHoro 3¢ @dexra, TpOSBISAIONIETOCS MPU yAape TBEPIbIX
YJaCTHI[ O CTCHKU KaHAJIOB;

— cuToBOTO A(PdeKTa, MPOSBISIONIETOCS B TOM, YTO YAaCTHIIHI,
UMEIOIINE pa3Mephbl OOJIbIlIe BXOJHBIX OTBEPCTHM KaHama, 3a-
CTPEBAIOT;

— DJIEKTpOCTaTUUECKOro 3(ddekTa B3aUMOICHCTBUS 3apsI/IOB,
00pa3yIoluXCcsl Ha BOJIOKHAX MOPUCTOTO (PUIIBTPA, C a3PO30JIAMHU.
3apsKeHHOE BOJIOKHO CO3J1a€T BOKPYT ce0si HEOAHOPOIHOE BJIEK-
TpU4ecKoe 1oJie. YacTHIhI MOISAPU3YIOTCS ATUM TIOJIEM M IPUTSI-
TMBAIOTCS K TOBEPXHOCTH BOJIOKHA. DJIEKTPUUYECKHUE 3apsiabl Ha
BOJIOKHAX B OOJIBIIIMHCTBE CIIy4acB HECTAOMIIBHBI M OBICTPO HCYe-
3a0T BCJICACTBHE IPOBOJUMOCTH BOJOKHA W IO BIHSHUEM
BJIQYKHOCTH.

TeMmepatypa Bo3ayxa Mpu 00pabOTKEe M3MEHSETCS Kak 3a
CUeT TEIUIONepe aun B TEIIIOOOMEHHOM armapare, Tak ¥ 3a cuer
TEIJIOTHl (Pa30BOTO TMEepexoja MPU MCIAPEHUN WM KOHACHCAIIUU
BOJISTHBIX ITApOB.
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B xonaunuonepax pojb TEIIO0OOMEHHBIX ammapaTtoB s
HarpeBa BO3/yXa BBIMOIHAIOT Kajopudepsl. g oXJIakaeHUs
BO3/JyXa MCIOJIb3YIOTCS TEIIOOOMEHHUKH C HU3KOTEMIIepaTyp-
HbIM TEIUIOHOCHUTEJNEM, B OCHOBHOM 3TO HCIAPUTEIN MapOBBIX
KOMITPECCOPHBIX XONoAuIbHbIX MamuH. Kpome [IKXM B KoHIU-
[[MOHEpaX BO3MOXKHO HCIMOJIb30BAHUE U JPYTUX CIOCOOOB CHU-
KEHUS TEMIIEPATYPHI BO3AyXa.

[Ipu 06paboTke BO3MyXa MPU KOHIUIIMOHUPOBAHUM HAMOO-
Jiee CJIOKHBIMU B TEXHOJOTMYECKOM IUIAHE SBJISIFOTCS MPOIIECCHI
OCYILIKU Y YBIIA)KHEHUSI.

OcyIika Bo311yxa

Ounctka BO3JyXa OT MApOB BOJAbI HA3BIBAETCS OCYIIKOM.
[Ipu ocyllike yMEHBIIAETCS BIArocOAEp>KaHWE€ BIIAXKHOTO BO3]Y-
xa. B camom o01iem ciiyyae st OObEKTOB MPUEMIIEMBI JIBA CIIO-
coba OCYIIKHU: EPBBIA — OXJIAKICHUEM BO3yXa A0 TEMIIEPATYPhI
HUKE TEMIIepaTypbl TOYKUA POCHI, U BTOPOU — HUCIOJIb30BAHUEM
BEILIECTB, MOTJIOMIAIOIIMX BOJSHbBIC MAPBHI.

[TepBriii cnioco® peanu3yeTcs B ammaparax KOHTaKTHOTO
TUIA WK C UCIOJIb30BAHUEM MOBEPXHOCTHBIX BO3AYyX0OXJIaaUTeE-
ned. B koHAMIMOHEepax K amnmaparaM KOHTAKTHOI'O THMAa OTHOCST
TaKk Ha3bIBa€Mble KaMepbl opoleHus. WX ¢yHKIIMOHUpOBaHUE
onpenenserca 3agadyamMu 00padoTku Bo3ayxa. Hampumep, B 0j-
HOM M3 HUX HABCTPEUYy ABWKYILEMYCS BO3yXY BIPBICKUBAOTCS
Karull BOJIBI C TEMIEPaTypol HUXKE TEMIIEPATypbl TOYKH POCHI
Bo3ayxa. [Ipy KOHTaKTe C TaKMMHU KaIUIsIMU BO31IyX OYyIET ocCy-
matbces. Ho B TaHHOM cilydae orpaHudeHa riryOnHa ocyliku, Tak,
yTOOBI CHU3UTH BJarocojepkanue Bo3ayxa ¢ 10...12 r/kr no
5...6 T/KT, TemIepaTypa BObI 10KHA ObITH 0K00 0°C.

Ecnu BO3AyX OMBIBa€T MOBEPXHOCTh TEMJIOOOMEHHUKA C

Temneparypoii kak rmpasmito Huke 0° C, To mapsl BOABI M3 BO3/y-
Xa KOHJACHCHPYIOTCS Ha MOBEPXHOCTH U KPUCTAIUIM3YIOTCS, 00pa-
3ys WHEH (OCYIIECTBIISICTCS MPOIECC BBIMOPAKUBAHUSA ).

JIOCTOMHCTBOM PAacCMOTPEHHOTO Ccroco0a sIBISETCS YHU-
BEPCAIBLHOCTh €ro 000pYJ0BaHHUs, 00ECIIEUMBAIOIIETO HE TOJBKO
OCYIIIKY, HO U APYyrue mpolecchl 00padoTku Bo3ayxa. K Hemo-
CTaTKaM OTHOCAT HEOOXOJMMOCTh TOCJIEIYIOIMIETO HarpeBa BO3-
TyXa Opy mojade B 0ObEKT.
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Btopoii ciocod ocymku Bo3ayXa MOXKET OBITh OCYIIIECTB-
J€H copbeHmamu.

Copbenmamu Ha3v18a10MCs 8euecmed, CnoCoOHble npu co-
NPUKOCHOBEHUU C 8030YXOM NO2N0ULAMb U3 HE2O 8 3HAYUMEIbHBIX
KOJIUYeCcmeax 600sHvle Napol.

JIJIst oCyIIKM BO3/1yXa B COPOIMOHHBIX YCTAaHOBKAX MPHUMeE-
HSIOT YEThIPE BU/A MTOTJIOTUTENCH:

1) sxxunkue norjaorutenu (aOCOPOEHTHI) — BEIIECTBA, U3MeE-
HAIOIMKECS (U3NMYECKU WM XHMHUYECKH TPHU OCYIIKE BO3TyXa
(pacTBOPHI XJIOPUCTOTO KAJbIIHS, XJIOPUCTOTO JIUTHS, OPOMUCTOTO
JUTUS, TAKXKE TUITUIICHTJIMKOJb);

2) TBepAbIEC MOTIIOTUTEIHN (a1COPOCHTHI) — BEIIECTBA, HE U3-
MeHsoIecs (GU3NIECKHA B MPOIECCe OCYIIKH Bo3ayxa. K TBep-
IbIM COpOEHTAM OTHOCSTCS pa3HYHble Telu (CHJIMKareb,
aIFOMOT€J1b, (Pepporesb u T.11.), aKTUBUPOBAHHBIA YTOJIb U JIp.;

3) TBEPIOKUIKHUE MOTIOTUTENIN — BEIIECTBA, KOTOPBIE B MIPOIIEC-
CE OCYIIKH BO3JlyXa W IOTJIOIMICHUS BOJbI U3 HETO MEPEXOIAT W3
TBEPJIOTO COCTOSIHUSL B KHUJIKOE (XJIOPUCTHIA KaJIbIUN U XJIOPH-
CThI JuThi). [Iporiecc moromeHuss Bjaru y Takux COpOSHTOB
MPOTEKAET CHavalla, KaK y TBEPHBIX, & 3aTe€M, IOCJIC€ U3MEHEHUS
UX arperaTHOTrO COCTOSIHMS, KaK y KHUIKHX COpOCHTOB. B mpakTh-
K€ KOHIAWIIMOHUPOBAHUSA M TEXHOJOTUYECKOW OCYIIKM BO3IyXa
TBEPJ0KHUIKHAE COPOCHTHI IPUMEHSIIOTCS OYSHBb PEIKO;

4) TUTPOCKONMYECKHE BOJIOKHUCTHIC MaTepHaJIbl.

IIpoyecc nocnowenus enazu meepoviMu cOpoeHmamu Ha3ol-
sarom aocopoyuetl, HcuOKuUMu copbenmamu — abcopoyuetl.

OcoObiMH TpeOOBAHUSAMHU, OTNPEACIAIOMNUMH TPUTOTHOCTH
COpOEHTOB ISl CUCTEM BEHTWISALMU W KOHAUIIMOHUPOBAHUS BO3-
yXa, SBIISTFOTCS

— XUMHYECKass HEUTPAJIbHOCTD K YIJICKUCIIOMY U IPYTHM Ta3am,
KOTOPBIC MOT'YT HaAXOJIUTHLCS B OCYIIIa€MOM BO3/IYXE;

— HEarpecCHUBHOCTHh MO OTHOIICHHWIO K MeTajljlaM, MCKITI0Yaro-
11as BO3MOKHOCTb UX KOPPO3UH;

— HETOKCHYHOCTH, & TAKKE OTCYTCTBHE PE3KUX W HETPHITHBIX
3amaxoB COpOEHTa H €ro Napos;

— JIETKOCTh PETreHEepaluu I BOCCTAHOBJICHUS HadyaJbHBIX
CBOMCTB IOCJIE HACBIIIIEHUS BJIarou.
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Kpome Toro, mpuMeHeHre copoeHTOB SKOHOMHYECKHA MOXKET
OBITH OINpaB/IaHO JIMIIb MPU UX HEBHICOKONW CTOMMOCTH U HE3HA-
YUTEIBHBIX JKCIUTyaTAllMOHHBIX PAacXoJiax, CPAaBHUTEIBHO C JIPY-
TUMH CTI0C00a MU OCYIIICHUS.

Hcxons u3 »tux TpeOOBaHMM, B CHUCTEMaxX BEHTWISILIUU U
KOHJIMITUOHUPOBAHUS TIPU OCYIIKE BO3/lyXa MIMPOKO HUCHOJIb3YeT-
Csl TBEPBIN COPOCHT — cunukazeny.

Cunuxazenv, 8bICYUWEHHbIU 2€lb  NOJUKPEMHEBOU KUCIOMDbI.
[To XMMHUYECKOMY COCTaBY CHJIMKareib — JABYOKHCh KpEMHUSA S;
O, (kpemHe3eM), 0 CTPYKTYPE — BBICOKOIIOPHUCTOE TEI0, 00pa3o-
BaHHOE MEJbYANIINMHU CPOCIIMMUCS CHEPUUECKUMHU YACTUIIAMH.
[TonyyaroT cuiMkareib CHEAYIOIIUM 0O0pa3oM: JACHCTBYIOT Ha
pacTBOp CWJIMKATa HATPUA WIM Kalus (5KUIKOE CTEKJIO) COJISTHOU
WM CEPHOM KHCIIOTOM, a 3aTeM 3aTBEPACBIIHMM MPOIYKT APOOST
Ha KYCKH, ITPOMBIBAIOT BOJIOM, CyIIaT, U3MEIbYAIOT, PPaKIIMOHU-
PYIOT U IPOKAIMBAIOT U1l yaanenus Biaru. O0beMHas Macca Cu-
nukarens konebnercs a npeaenax 640...750 kr/m? J{ns ocyiuenus
BO3/yXa MPUMEHSAETCS CUJIMKAreab ¢ pa3MepoM 3epeH 1...3 Mm.

BaxxHpIM CBOHCTBOM, OMNpPEACIAIONINM  aJCOPOIMOHHYIO
CIIOCOOHOCTb CHJIMKAress, SBJISICTCS €T0 CUIIbHO pa3BUTAas KaIlHI-
asipHas cTpykrypa. O0beM KamuuiIpoB B 3€pHE cocTaBiseT 40 —
50 % ot ero obiiero oobema, a MOBEPXHOCTh KanuuisipoB B 100
pa3 OoJibllle HApY>KHOW MOBEPXHOCTU 3epHA. CTENEeHb OCYIIKHU
CUJIMKATeJIeM BBICOKasi — MOXXET IOHM3UTh BJIATOCOJICPKAHUE
BO3yXa J0 Temreparypbl Touku pockl — 50°C, a 1 kr cunmkarens
MOXeT agcopoupoBars 10 450 T BoasiHbIX nTapoB. [IpuMeHsTh cu-
JUKareyib PEKOMEHYETCs MPU TeMIepaType Bo3ayXa He BhIiie 35
°C (mpu 60Jiee BBICOKHUX TEMIIEpATYpax MOTJIOTUTENbHAsI CIIOCO0-
HOCTh CHUJIMKArelyisl CHIbKaeTcs). Temmeparypa pereHepaiuu Cu-
mukarens 100...120 °C, cpoxk skcruryaranuu — okos10 10 er.

HNoHwuzanus 1 030HUPOBAHUE BO3IyXa

JInst yaydineHuss MUKpPOKJIMMaTa B OOMTaeMbIX OOBEKTax
JKeJaTeJIbHO MCIOJb30BaTh MOHM3AIMI0O M O30HMPOBAHUE BO3-
TyImHOW cpeanl. Bo3ayx, oOorameHHbI JISTKUMH OTpUIlATEelb-
HBIMU MOHaMH, OJIarOMPUSATHO CKa3bIBAETCS HA KU3HEICSITEIbLHO-
CTH YeJI0BEKa, MPOAYKTUBHOCTD KUBOTHBIX U MTHIIHI.

Cyxoil aTMoc(epHBIi BO3AyX HMMEET BeChbMa CTaOWJIbHBIN
XUMHUUYECKUU cocTaB. OTpHUIIATENbHBIE aspouonsl 00pa3yrTcs B
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pe3yabpTaTe 3axBaTa 3JIEKTPOHA IMPU B3aUMHOM CTOJIKHOBEHHUH
HEUTPAJIbHBIX aTOMOB WJIM MOJIEKYJI Ia30B, HAXOISIIUXCS B BO3-
nyxe. 3 Bcex ra3zoB, MPUCYTCTBYIOIIUX B BO3AYyXE, B 3HAUUTEb-
HOM KOHILIEHTPALIUK UMEETCS KUCIOPO, KOTOPBIN CITIOCOOCTBYET B
o0pa3oBaHUU a’POUOHOB.

[Ipu nmepeMelieHUr BO3/yXa MO TPAKTy KOHJUIIMOHEpA ye-
pe3 QuIbTPhI, TEIMII0OOOMEHHHUKH, KaMEPhI OPOIIIEHUS KOHIIEHTpa-
I[Ms1 MOHOB U3MEHSETCS U B OOIIEM CITydae MOXKET OTIMYAThCS OT
TpeOyemoit HopMbl. J1s1 obecredeHus HeoOX0AUMON HOHU3AIUH
Bo3ayxa B CKB ucnonb3yroT pa3iM4yHOTO TUIIA MPOMBIILICHHBIE
MOHM3ATOpPhl. X yCTaHABIMBAIOT HEMOCPEACTBEHHO B KOHJMIIU-
OHEPHI TUOO B BO3yXOBObl KOHKPETHBIX OOBEKTOB.

B CKB B03M0XHBI Tpo1I€CChl 030HUPOBAaHUS Bo3ayxa. O30H
oOnagaeT OOJBIION OKUCIUTEIHLHON CITOCOOHOCTHIO, B PE3YJIbTaTe
4Eero crocoO€H OKUCIUTH Ta3bl OPTaHUYECKOTO MPOUCXOKICHUS U
YHUUYTOXKATh MUKPOOpPraHu3Mbl. O30H MOIYy4YarOT B O30HATOPAX,
rJ€ MPU Pa3sHOCTH MOTEHIUANIOB 6...30 kB Mexay siexkrponamu
MPOUCXOAT TUXUE UM KOPOHHBIC pa3psabl. [Ipoxoasmuii mo y3-
KOMY KaHally MEXIy d3JEKTpoJamMu Bo3AyX o3oHupyercs. Kon-
neHtpanusi o3oHa Ha BbixoAe u3 CKB He momikHa mpeBbIIATH
nopora 3anaxa — 18...20 mr/m>.

HenpusTHble 3amaxy cO37al0TCS Pa3IMUYHBIMU Ta3amu, a
TaKXe€ YaCTUIIAMU TbUJIM WJIU Mapa MEIbYalIluX pa3MepoB (MeHee
0,01 mx). PagukanbHBIM CPEACTBOM YHUUTOXKEHHUS 3a11aX0B SIBJIS-
ercsa 030H. [log BIUMSHUEM 030HA MPOUCXOJUT PA3IOKECHUE WU
OKHCJICHUE HENPUSITHO MaXHYIIUX BEIIECTB, B PE3YyJIbTATE YETO
3amax Mucye3aeT. XUMHUYECKass aKTHBHOCTh O30HA OOBSICHSAETCH,
MPEXJE BCErO, aKTUBHOCTHIO aTOMAPHOI'0 KUCIOPOAA, SIBISIONIE-
rocsi MPOJYKTOM pa3iiokeHusi o30Ha. KpoMe yHUUTOKEHUS 3ara-
XOB, 030H OKa3bIBACT OAKTEPUITUHOE JCHCTBUE.

JIsl YHUUTOXKEHUS 3al1aXx0OB TAKXKE MPUMEHSIOTCS Pa3Jiny-
HbIe (PUIBTPHI, MOTJIOMIAIOIINE HEMPUATHO MAXHYIIME BEIIESCTBRA.
K ux yucnay oTHOCITCS QUIBTPHI U3 AaKTUBUPOBAHHOTO YT, AK-
TUBUPOBAHHBIA YTOJb 0071a4a€T CIIOCOOHOCTHIO MOTIOMIATh HEKO-
TOPBIE OTPABJISIOININE BEIIECTRA.

Mukpoopranu3Mpl, B TOM 4HuCJie OOJIC3HETBOPHBIC, MOTYT
3aHOCUTHCSI B TIOMEIICHUS JIIOJbMHU (BMECTE C Pa3IMUYHBIMHU
npeaMeTaMu, MUIeH), )KUBOTHBIMH M HAaCEKOMBIMH, HalpUMED,
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IpbI3yHaAMH, a TAK)XE MOMNajaTh BMECTE C HAPY>KHBIM BO3IYXOM,
MOJAABAEMbIM CUCTEMAaMH BEHTWISIIUHA WA MPOHUKAIOIIUM Yepe3
HEIUJIOTHOCTH OrpaxkAeHui. MUKpOOPTaHU3MbI CIIOCOOHBI OBICTPO
Pa3MHOXaThCs, MO3TOMY, MPOHUKHYB B MOMEIIEHUE JaX€ B HE-
0O0JIBIIOM KOJIMYECTBE, OHU MOTYT BO3JYILIHYIO CPEy CKOPO Mpe-
BpPaTUTh B ONACHYI0. /(151 04MCTKH BO3/lyXa OT MUKPOOPTraHU3MOB
OUYEHb BaXKEH UX paszMmep. M3BECTHO, YTO HEKOTOPBIE U3 MUKPOOP-
raHu3MOB (BUPYChI) HACTOJIBKO MaJbl, YTO HE 3aJEPKUBAIOTCS
(GunapTpaMu U Jaxe MOTYT IPOHUKATh BHYTPb YEJIOBEKA YEPE3 €ro
KOKHbIE NOKPOBBI. OJTHAKO B BO3AYLIHOW CpPEZI€ B OCHOBHOM CBO-
€l Macce MUKPOOPraHW3Mbl CYHIECTBYIOT BMECTE C MbUIBIO WIH
KaIUIAMU KUAKOCTH (TymaHa). HekoTopble MUKPOOpPraHU3MbI Ca-
MU 10 ce0e UMEKT pa3Mep, COOTBETCTBYIOIINI pa3Mepy 4YacTHL
IbIMa, TyMaHa M Jaxe MbUTH. B CBsI3M ¢ 3TUM OOBIYHBIE CPEICTBA
0 OYMCTKE BO3/yXa OT MbLJIM B TOM WJIM MHOHM MEpPE CIOCOOHBI
OUYHMILATH €0 OT MUKPOOPTaHU3MOB;

XopourMu OaKTepULIMIHBIMA CBOMCTBAMHU 00JIaIa€T YIib-
TpaduoaeToBas pajaualus, B pe3ysibrare AeHCTBUS KOTOPOU MUK-
pOOBI MOrMOAIOT WM MPUOCTAHABIMBAIOT CBOKO JKU3HEACATEIb-
HOCTh. O0e33apa’kuBaHUE BO3JyXa IpPHU MOMOIIU YJbTpaduoe-
TOBBIX JIyuer BO3MOxHO B CKB.

B CKB kxoHIWIMOHEP BBIMOJHICT OCHOBHYIO (DYHKITUIO —
OCYLIECTBIIAET MOJATOTOBKY BO3ayXa Il OOBEKTOB OOUTAHMS:
(GUIBTpaLIO BO3AYyXa, €ro MOAOTPEB WU OXJIAKICHHUE, OCYLIKY
WU YBJIAXHEHUE, NOHU3AIMIO BO3AYyXa, €r0 OYHUCTKY OT 3araxoB
U MUKPOOPraHu3MoB. [[pOMBIIIJIEHHOCTHIO BBIMTYCKAKOTCS KOHIHU-
UOHEPBI Pa3HOOOPA3HON KOHCTPYKUMU M PA3IMYHOIO MpeaHa-
3HaueHusa. Ha puc. 14.2 uzoOpakeHa onHa W3 CXEM OJIOYHOIO
HEHTPaIbHOTO MPSIMOTOYHOI'O KOHAMIIMOHEPA.

BxiroueHrne B KOHCTPYKIIMIO KOHIUIIMOHEPA TOTO WM HHO-
ro Ojoka ompenenseTcs TPeOOBAHUSIMM K KadyeCTBY BO31yXa B
oObekTe obutanus. Jjisi IEpBUYHOTO HarpeBa BO3ayXa B 0OJIb-
IIMHCTBE CIIy4aeB HCIOIB3YIOTCS 3ekTpokamopudepsl. [lpu
HEOOXOJUMOCTH OXJIAXIAEHUS BO3AYyXa MOXHO HCIOJIb30BAaTh HE-
CKOJIBKO TPUHITUIIOB TMOJYyYeHHUs HU3KHX TemrepaTryp. B konmu-
UOHEPaX C PEUUPKYISALMENd Bo3ayxa mocie 010ka 3 ycTaHaBIIM-
BAaIOT KaMepy CMEIICHHS IMOJAaBAEMOr0 U PELUPKYIHPYEMOIO
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Bo3ayxa. Jlms BrakHOCTHOM 00pabOTKM B paccMaTpUBaeMOi
CXEM€ HCII0JIb30BaHA KaMepa OpOIICHUs. 3/1eCh JJI YBIKHECHHUS
BO3/lyXa MpeaHa3HaueHa (popcyHoUHas TOJI0BKa 5.

1
-
L
T

\ 1
Puc. 14.2. CxeMa KOHIULIMOHEPA!

1 — punbTp; 2 — Kanopudep NepBUYHOTO MOAOTPEBa; 3 — TEIIIOOOMEHHUK AJIs OXJIa-
XKJIeHUS Bo3nyxa; 4, 7, 9 — BeHTWIH; 5 — GOPCYHOUYHASI TOJIOBKA MEJIKOUCTIEPCHOTO
pacmbuia; 6 —oaoH; 8 — kamepa opotuieHus; 10 - popcyHoUHas TOI0OBKA KPYITHOIUC-
nepcHoro pacneiia; 11 - kaopudep BropudHOTO TIOI0TPEeBa; 12 — 030HATOP;

13 — nonuzarop.
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___—T|eeee

-

3

11 12

@OpCyHKM BHOPBICKUBAKOT MEJIbYAUIINE KAaIleIbKU BOJBI 10
HaNpaBJICHUIO JIBMKEHUA BOo3ayxa. Kamm ucnapsrorcs u Biaro-
coep)KaHuEe BO3- JAyxa yBenuuuBaercd. [lo curHaimy OJoka
ynpasienuss CKB noxava Boawsl kK (OPCYHOUHOM TOJOBKE pEry-
nupyetrcs BeHTuwieM 4. Ocynika Bo3ayXa MpU UCTIOJIb30BaHUU Ka-
MephI OpOIIEHUS] TPOBOAUTCA Takxke Bojion. K ¢opcyHoUHOIM ro-
JIOBKE KPYIHOJMCIEPCHOTO pacmbuia 10 yepe3 aBTOMAaTUYECKU
YIIPaBJISIEMbIM BEHTWIb 9 momaeTcs BoAa C TEMIIEPATypPON HUKE
TeMIepaTypbl TOYKH POCkl oOpadaTeiBaeMoro Bo3ayxa. KpymnHeie
Karull BOJIbI BBIOpACHIBAIOTCS HABCTpPEUy IMOTOKY Bo3ayxa. Ha
MMOBEPXHOCTAX Kareiab KOHJICHCUPYIOTCA BOJISHBIC Mapbl U3 BO3-
JlyXa, BIIArOCOAEPIKAHMUE KOTOPOTO MPHU 3TOM yMEHbIIaeTcs. Mac-
ca Karejib YBEJIMYMBAETCS U OHU MaJaroT B OAJ0H 6. bioku 12 u
13 mpumensitorcst B konaunuonepax CKB miist 00beKTOB € MOBBI-
IICHHBIMU TPeOOBaHUSIMU K KaU4€CTBY BO3/1yXa.
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Bonpocsl 1J11 CaMOKOHTPOJISA

1. KakoBO Ha3HauY€HHE CUCTEM BEHTUIISIIAN?

2. Kak paccunTtbsiBaeTcst He00OX0auMas MoJada BEHTHIIATOpa?

3. Kak onpenensiercs He0OX0IMMOE JIaBJIEHWE Ha BBIXOJIE BEHTHIISATO-
pa?

4. Kak ocyIecTBISIETCS MOA00p BEHTHIISITOpa?

5. IMoscHuTe crnocoObl OUUCTKUA BO3/yXa B KOHIUIIUOHEPAX.

6. Kak ocyniecTBisieTcsi yBIa)KHEHHE U OCYILIKa BO3AyXa B
KOHJIUIIMOHEpax?
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3aKJII04YeHHue

B yueOHOM mocoOuu ynajioch KOMITAKTHO M3JIOXKUTH T€Ope-
TUYECKHWE OCHOBBI M CYIIHOCTh XJIaJIO-U TEIUIOCHAOXKEHUIO 00b-
€KTOB XpaHEHUs U NMepepadOTKH CEIbCKOXO3SIMCTBEHHOTO ChIPhSI.

OrpaHu4eHHBIM 00bEM MOCOOMS HE MO3BOJIMII PACCMOTPETH
HECTAI[MOHAPHBIE MPOIIECCHI, UMEIOIINE MECTO B TEIJIO- U XJIAJI0-
TEXHUKE, U BO3MOKHOE MCIOJIb30BaHUE HETPATUIIMOHHBIX UCTOY-
HUKOB DHEPTHUHU.

st yroyOsieHHON TpopaOOTKU OTHAENBHBIX TJIaB MOCOOUs
KEJIATEJIbHO BOCTIOJIB30BaThCA PEKOMEHAOBAHHOM JINTEPATYPOM.

[TepcrieKTUBBI Pa3BUTHS TEIUIO- U XJIATOTECXHUKUA MPOCMAT-
pHUBAIOTCS B CIEIYIONIEM:

— BHEJIPEHHE HOBBIX a30HOHEPA3PYIIAOIINX XJIaAareHTOB C
BBICOKOA()(PEKTUBHBIMH TETUIO(PU3NUESCKUMU CBOMCTBAMU;

— IPUMEHEHHE B XOJIOAMIBHBIX MAaIlIMHAX CIUPATBHBIX KOM-
MIPECCOPOB;

— B CHCTEMaxX XOJIOJOCHAOXEHUs UCTOJIb30BaHUE OoJiee (-
(EeKTUBHBIX TEIJIOOOMEHHBIX aIlllapaToB, HAPUMED, IUIACTHHYA-
TBHIX TEIJIOOOMEHHUKOB;

— B aBTOHOMHBIX 00BEKTaX XpaHEHHUS U MepepadOTKU ChIPhs
JUTSI TIPOTYKTOB MMUTAHMS JKEJIATEIIbHO UCIIOIL30BaTh TPUTCHEPa-
IIMOHHBIE YPHEPTETUUECKUE YCTAHOBKH, ITO3BOJISIIOIIUE B OJHOM
KOMIIJIEKCE BBIPAOAThIBATh JICKTPUUCCKYIO SHEPTHIO, ITOTydaTh
TEIUIOTY JJIsl OTOIUICHUS U CO3/1aBaTh MOTOK BO3yXa C HU3KOH
temnepatypoi (cMm. I[Tatent Ha uzodperenue Ne 2369808 «Tpu-
reHepalMoHHas ra30TypOrMHHAs yCTaHOBKa'").
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Ilpunoocenue

O603HauYCHUS ¥ €AMHUIIBI U3MEPEHUS (PU3NUECKUX BETUINH Tabnuua 1
Haumenosanue ° HaumenoBanue 0O603Ha-
BEJIUYHHBI = €AMHUILIBI YeHHe
:5;’ E €AMHULIBI
2 Z
S 5
O a
OCHOBHBIE €TUHUIIBI
Jnuna ¢ | Merp M
Macca m | Kumorpamm KT
Bpewms 7z | Cexynna c
TepMoauHaMuyeckas TeMuepaypa T | KensBuH K
Temnepatypa Llenbcus t | I'papyc Lenbcus °C
KonnuecTBo BemecTsa M | Moas MOJIb
IIpon3BoHbIE €TUHUIIBI
ITnomasns F | KsagpaTHblii MeTp M?
O6bem V| Kybuueckuit MeTp M
Y nenbHbI 00beM v | KyOuueckuii MmeTp Ha KumorpaMm M/KT
[TnoTHOCTH o | Kunorpamm Ha mMetp B KyOe Kr/m*
JlaBnenue p | IMackans ITa = u/m>
I"azoBas nocTosiHHAs R JKOysb Ha KMI0rpaMM KeJIbBUH Jx/(xr-K)
CxkopocTb ¢ | Mertp B cekyHay Mm/c
KunemaTtudeckast BI3KOCTh v KBagpatHelit MeTp Ha CEKYHIY m2/c
MaccoBblii pacxo, MaccoBasi mojiaya * | Kunorpamm B cexkyHny KT/C
m
O0wemHBIH pacxoa, oObeMHas mogayda V KybOuueckuit MmeTp B CeKyHILy m3/c
OHeprus E | Ixoynp Jox
Cuna P | HeroToH H
MoIHOCTh N | Barr Jox/c
PaboTta L | Jlxoynb Jlx
ITpuBenennas pabora [ | J>xoynb Ha KHIIOTpaMM JIx/xr
KonuuecTBo TEMmI0THI O | Ixoynb Jox
IIpuBeneHHas Temiora q | Jxoynb Ha KWJIOIpaMM JIx/kr
BayTpeHHss 3HEprust U | Jxoyab Jx
IlpuBeeHHast BHyTPEHHSS SHEPIHS u | JlKoynb Ha KWJIOTpaMM Jx/kr
OHTaNbIHA I | Jxoynb Jx
Y ienpHasi JHTAIBINS i JKoynb Ha KWJIOrpaMM JIx/kr
DHTponus S | JIKoynb Ha KebBUH Jx/K
Y nenpHas SHTpONUs s JIKoysp Ha KMJIOTPAaMM KEJIbBUH Jbx/(xr-K)
Temnora dazoBoro nepexona r | bxoynp Ha KMJIOrpamMM JLx/kr
TernnoeMKoCTh yelIbHas MaccoBas ¢ | Jxoyip Ha KUJIOrpaMM Kellb- Jx/(xr-K)
BUH
TemnoeMKoCTh yelbHas MOJISIpHAs -~ JI>X0yJIb Ha MOJIb KEIbBUH Jx/(momb-K)
TemnoBoi MOTOK . Barr Bt
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IIpooonsicenue mabauyol 1

TIoTHOCTB TEIIOBOIO MOTOKA . BartT Ha kBajpaTHBII METP B1/™m?
q
TemnepaTypHbIi TpaiueHT grad | KenbBuH Ha MeTp K/m
T
KoaddurmmenT remmonpoBoaHOCTH A | Bart Ha MeTp KebBUH B1/(M-K)
Koaddumment rermnootnaun o | Barr Ha kBagpaTHBIA METP Br/(m?-K)
KeIIbBUH
KoaddurmmenT rermmonepenaun K | BarT Ha KBampaTHBIN METp Bt/(M*K)
KEJIbBUH
Koaddumment remne- patyponpo- a | KBagpaTHblil MeTp Ha CEKYHIY m*/c
BOJHOCTH
JIy4ucTelii TermnoBou @ | Barr Bt
MTOTOK
M3nyvarenpHas cro- E | Barrt Ha KBaJipaTHbIN METp B1/™m?
cOOHOCTB
VHTEHCHUBHOCTD U3Jy-4YEHUS [, | Batt Ha kyOu4eckuii MeTp Br/m®
Yacosas TemioBas 0, | Kunomwxoyns B uac k/x/4
Harpyska
Y aenbHas OTOMUTENb- Jorx | Kunmomkoyms Ha kyou-ueckmii | kJDx/(M*-4-K)
Hasi XapaKTepUCTHKA METp - Yac-KEeJIbBHH
00BeKTa
TemnnoBast MOIIHOCTh N: | KunoBart kBT
YacroTa BpauieHus n, ® | CekyHaa B MUHYC MIEPBOii cTe- c’!
TIeHU
Tabnuya 2
OO0o3HaueHus u OTACJIBHBIC (1)I/I3I/I‘{eCKPI€ BCJIMYMHBI HCKOTOPHBIX I'a30B
Xumu- |Mossipras | ['azoBas ITnot- | TemmoeMKoCTh | K = ¢,/ ¢y
la3 yecKas Macca  |MOCTOSHHAs | HOCThb npu 0 °C pu 0 °C
dopmyna ,kr/kmonb [R,Jx/(kr-K) | p,kr/m3 | ¢,, kJx/(kr-K)
Azor N> 28,02 296,7 1,250 1,039 1,401
AMMuak NH; 17,03 488,3 0,771 2,060 1,336
AproH Ar 39,94 208,2 1,782 0,523 1,667
AnermieH G H 26,02 319,6 1,171 1,612 1,260
byran Cy Hyo 58,12 143,0 2,703 2,146 1.144
Bozmyx (cyxoit) 28,96 287,1 1,293 1,005 1,401
Bonopong H, 2,016 4124 0,090 14,195 1,407
Bopsuoit nap | H.0O 18,02 462,3 0,804 1,859 1,330
(100°C)
I'enuit He 4,003 2078 0,178 5,233 1,630
HAByokuce yrue- | CO» 44,01 188.9 1,977 0,815 1,300
pona
Kucnopon O2 32,00 259,8 1,429 0,915 1.400
Mertan CH, 16,03 318,7 0,717 2,541 1,309
Okucs yrnepona | CO 28,01 296,8 1,250 1,040 1,297
IIpoman Cs Hy 44,09 188,6 2.020 2,116 1,164
Cepuucreiiiraz | SO» 64,06 129.,8 2,926 0,817 1,260
®peoH R-22 | CHF-CI 86,47 96,15 4,706 0,659 1,180
(txm)
dTop F 38,00 218,8 1,696 0,823 1,362
Xyop Ch 70.91 117,2 3,214 0,519 1,360
Otan G H 30,07 276,5 1,356 1,796 1,198
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Tabnuya 3
HopMupyembie onTUMalIbHBIC TapaMeTPhl BO3ayXa B paboueii 30He

f;?g;ﬁ?g;l; ??i%o(?g PIHIC ) Tt nepuoy roza , t =10 °C
[omermenus Karero- T 0 o)
o snanms pust pa- emrie- THOCH- Cro- THOCH- Cro-
GOTHI pa- TeNbHAs Temmepa- | TenbHAs
pOCTb, 0 pocTh
Typa, | BIax- I Typa, 'C | BIax- e
°C HOCTb, % M HOCTb, %
Jlerkas 18...21 — 0,2 22...25 — —
Hpors- Cpenueit
BOJICT- 16...18 | 60...40 0,3 20...23 60...40 0,3
TSKECTH
BOHIRE | Tookeman | 14..16 | — 03 17...20 — —
Kunble u
00I111eCTBEH- — 19...21 60...40 0,3 22...25 60...40 0,3
HBIE
Tabnuua 4
HpGIIGJIBHO JOIIYCTHUMBIC I YCITOBCKA KOHIICHTPAIINH BCIICCTB B BO3IYXC
BemectBo | ®opmy- | IIJJK | Kiace BemectBo Gopmy- | I[TAK Kiacc
na MI/M | OmacHo- na mr/mM> | omacHo-
3 CTH CTH
®peon R | CHF>CI | 3000 4 Cepnas kucnota | H> SO4 1 5
22
Kepocun | - 300 4 Xnop Cl 1 2
bensun - 100 4 dTop F 0,5 1
AmMMmuak NH; 20 4 docren CO Cl, 0,5 1
Ilepexucy | H20: 10 > O3zoH 0; 0,1 1
BOJIOpOJA
A3zoTHas HNO; 5 ) Terpastunceu- | (C2Hs)4P | 0,00 5
KHCJIOTa Hell b
Cnupt CH; OH | 5 bensomnupen CxH;2 0,0001
METHUJIO- 3 5 1
BBIN
Tabnuya 5
«ITpupoaHbie» XIagareHThbl
XnanareHt O603Ha- XuMmnu. U, Tiun , K T, K | Pip, MIla
YCHUE ¢dopmyna | Kr/monb
Boznyx R729 28,96 78,57 132,52 3,79
Bona R718 H>O 18 373 647 22,57
AmMuak R717 NH; 17,03 239,56 405,40 11,39
Jrokcun R744 CO; 44,01 194,75 304,13 7,38
yriepojaa
Meran R50 CH,4 16 111,42 190,51 4,86
Oran R170 CoHs 30,07 184,31 305,33 4,87
Iponan R290 CsHg 44,1 230,77 369,85 4,25
H-0yran R600 CsHio 58,12 272,21 425,16 3,79
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Tabnuya 6

OpeoHsl
O6o3Ha- Xumuueckast W, tiun ,°C p, Kr/m? P> | tep-
YeHUE dopmyna kr/mMonb | (p=16ap) | suak./map | MIla | °C
RI12 CF,Cl, 120,9 298 1427/629 | 4,12 | 111,8
R22 CF,Cl 86,47 ~40,8 1409/4,75 | 4,99 | 96,2
R32 CH,F, 52,02 51,7 1212/2,98 | 5,80 | 78,2
R124 CHCIF-CHF; 137 2132 3,57 | 1222
RI125 CHF,-CF; 120 48,1 1514/6,72 | 3,63 | 66,3
R134a CH,F-CF; 102 226,1 1377/526 | 4,06 | 101,1
R143a CF;-CH; 84,04 472 1166/4,77 | 3,76 | 72,71
R152a CH.F-CH,F 66,51 24 1011/3,38 | 4,51 | 1132
R4014 R22(/§31/?§73/4}§124 0444 | -331 460 | 1080
R22/R152a/R124
R401h 61/11/28) 92,84 -34,7 4,68 | 106,1
R4024 R12(56g1}§%(%/;122 101,55 | -49.2 413 | 755
R404a Rlzsﬁig”;f;”““ 97,60 - 46,5 1306/548 | 3,73 | 72,1
R407c R32(/2I{3}§§j§21)34“ 86.2 436 | 1381/463 | 482 | 873
R410a R32/R125 (50/50) 72,59 51,4 1349/4.89 | 4,95 | 71,8
R507a R125/R143a (50/50) | 98,86 - 46,7 1316/5,58 | 3,79 | 70,9
R600a CH(CH3),-CHs 58,12 11,8 3,65 | 1350
Tabnuya 7
3aBI/ICI/IMOCTB TCMIICPATYPbI KUIICHUA (bpeOHOB OT AAaBJICHUA
t, JaBjienne abcon0THOE, OAp
°C [ RI2 | R22 | RI34 | R404a | R410a | R502 | R507a | R600 | R717
-70 | 0,12 | 0,205 | 0,08 0,26 0,35 0,28 0,28 0,11
Z65| 0,17 | 0279 | 0,12 0,37 0,49 0,38 0,39 0,16
-60 | 023 | 0374 | 0,16 0,48 0,64 0,49 0,50 0,22
-55| 0,31 | 0,494 | 0,23 0,65 0,78 0,65 0,68 0,31
-50 | 0,39 | 0,643 | 030 0,82 1,08 0,81 0,86 0,41
245 0,51 | 0,827 | 041 0,09 1,25 0.86 0,98 0,56
“40 | 0,64 | 1,049 | 0,52 1,32 1,73 1,30 1,39 029 | 0,72
235] 0,82 | 1,317 | 0,68 1,68 222 1,64 1,77 038 | 0,76
230 | 1,00 | 1,635 | 0,85 2,04 2,71 1,98 2,15 047 | 1,19
225 ] 1,26 | 2,010 | 094 2,43 3,35 2,45 2,67 0,62 | 1,55
220 1,51 | 2,448 | 1,33 3,02 3,98 2,91 3,18 0,73 | 1,90
S15 | 1,85 | 2,957 | 1,57 3,57 4,85 3,53 386 | 0,82 | 2,41
S10 | 2,19 | 3,543 | 2,01 4,32 5,72 414 | 454 1,09 | 2,91
C5 | 2,64 | 4213 | 247 5,18 6,85 4,94 542 1,33 | 3,60
0 | 3,08 | 4976 | 293 6,03 7,98 5,73 6,29 1,57 | 429
5 | 3,66 | 5838 | 3,54 7,11 9,37 7,73 7,40 1,89 | 5,22
10 | 423 | 6,807 | 4,14 8,18 10,76 | 7,73 8,51 221 | 6,15
15 | 495 | 7,891 | 4,93 9,52 12,56 | 8,97 9,88 2,62 | 736
20 | 5,67 | 9,099 | 5,72 | 10,86 | 1435 | 10,20 | 1125 | 3,02 | 857
25 | 6,39 | 1044 | 6,71 | 12,50 | 16,00 | 11,70 | 12,94 | 3,54 | 10,12
30 | 745 | 11,92 | 7,70 | 14,14 | 17,65 | 13,19 | 14,63 | 4,05 | 11,67
35 | 853 | 13,55 | 893 | 16,13 | 20,78 | 1498 | 16,69 | 4,69 | 13,61
40 | 9,60 | 1534 | 10,16 | 18,11 | 23,90 | 16,77 | 18,74 | 532 | 15,55
45 | 1125 | 17,29 | 11,57 | 20,51 | 27,70 | 18,89 | 2125 | 6,09 | 17,94

180




Tabauya 8

XapaKTepUCTUKHA MacCeN Il KoMIpeccopoB XM
IToxazarenun XM-35 XA-30 XD12-16 | XD22-24 | XD22C-16 | XC-40
v-106, | 20°C 150 17
Mc | 50°C 32-37 | 28-32 >=16 25-28 >=16 37-42
toen ,"C 180 185 160 125 225 240
tazemua ,°C -37 -38 -40 -55 -58 -48
KwucaorHoe uncno,mr
KOH/r 0,03 0,05 0,02 0,04 0,035 0,02
Tabnuya 9
CBolicTBa XJIaJIOHOCUTEIICH
t, v-109, Cp, A, ,
Hazpane °C m*/c KI[)K?KF'K Br/m-K KI‘F;MS
Boansiit pactBop -21,2 5,861 3,308 0,520 1175
NaCl (21% mo macce)
Bonauslii pactBop -55 22,996 2,659 0,488 1286
CaCl; (21% mno macce)
Bona 0 1,324 4,193 0,586 999.,7
ITHIEHTITAKOIb -15,6 9,741 2,474 0,256 1100,8
Ortanoin (4% BOJIbI) -114.,5 1,834 2,332 0,183 824.4
MertaHon -98 0,833 2,420 0,210 810,0
['nuniepun -18 336,39 2,450 0,281 1250
Huxnopmeran, CH,Cl, -96,7 0,773 1,110 0.165 1374
Bonauslii pactBop 31H- -26 11,302 3,460 0,454 1050
nerriukons (38,8%)
Tocom A-65 -53 4,108 3,101 0,390 1077
Tabauua 10
Tennmoduzndeckue cBoiicTBa xiagoHocurens R-30
t, P, Cp, A, a-109, v -10°, B 10% Pr
C Kr/v3 kJx/(kr-K) Br/(m°K) Mm%/ M%/c 1/K
30 1281 1,193 0,1541 1.008 0,3094 12,09 3,06
25 1289 1,185 0,1549 1,014 0,3230 12,02 3,17
20 1297 1,176 0,1559 1,019 0,3375 11,95 3,31
15 1394 1,168 0,1566 1,025 0,3530 11,87 3,44
10 1312 1,164 0,1576 1,030 0,3694 11,81 3,58
5 1320 1,159 0,1584 1,036 0,3871 11,74 3,74
0 1328 1,156 0,1593 1,042 0,4065 11,67 3,90
-5 1338 1,143 0,1601 1,047 0,4272 11,60 4,07
-10 1343 1,135 0,1611 1,053 0,4480 11,53 4,25
-15 1351 1,130 0,1620 1,061 04713 11,47 4,44
-20 1359 1,122 0,1628 1,067 0,4965 11,40 4,55
-25 1366 1,118 0,1638 1,072 0,5235 11,33 4,78
-30 1374 1,110 0,1646 1,078 0,5528 11,27 5,13
-35 1382 1,105 0,1655 1,083 0,5845 11,21 5,40
-40 1390 1,097 0,1663 1,089 0,6188 11,15 5,68
-45 1397 1,093 0,1672 1,094 0,6559 11,09 6,00
-50 1405 1,084 0,1680 1,099 0,6964 11,02 6,33
-55 1413 1,080 0,1690 1,106 0,7405 10,96 6,72
-60 1421 1,076 0,1700 1,111 0,7885 10,91 7,08
-65 1428 1,068 0,1707 1,183 0,8471 10,84 7,12
-70 1435 1,063 0,1715 1,236 0,8995 10,79 7,28
-75 1444 1,056 0,1725 1,297 0,9845 10,73 7,60
-80 1452 1,051 0,1733 1,350 1,0320 10,67 7,75
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Tabnuya

KoMdopTHBIE yCcIIOBUS M KPATHOCTH BO3yX000MEHa
B 00bEKTAX OOUTAHUA YEITOBEKA

11

OOBeKT oOuTaHus Temmepa- OtHocu-tenbHas | KpatHocTh BO3-

Typa, °C BJIQXKHOCTB, %0 yXO0-

obmMeHa

Ha | vern.
JKuspie KOMHATBI 20...22 60 ...70 3...5
Oducer 19...21 50 ... 60 4...6
Y4eOHble ayAUTOPHH 18...21 50 ... 60 3...6
KiryOHbIe momMemeHus 19...21 50 ... 60 8...10
CnasnbHble IOMEIICHUS 20...22 50 ... 60 2.4
CToJ0BBIE, Mara3uHbI 18...20 65...75 8...12
JymeBsle, Ganu 25...28 75...85 5...10
Tyanets! (ObITOBBIC) 21...23 65...75 10...15
KypurenbHble KOMHATBI 17...19 55 ...65 8...12
Macrepckue 19... 21 65 ...70 6..8
Iapaxu 18...20 65...75 6...10
ITaccaxkupckue BaroHbl 19...21 50 ... 60 3...6
CajioHbl aBTOOYCOB 18...20 50...60 4...8
CastoHBI JIETKOBBIX aBTOMOOMIICH 19 ..21 50 ...60 5..10
CaoHbI BO3IYIITHBIX CYIOB 19...21 50 ...60 5...10
Kabunel aBTOMOOMiel, kombaii- | 18...20 60...70 3...5

HOB
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