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BBEJAEHUE

Fujpasauka — nayka, uSyyaiOllas 3aKoHbl PaBHOBECHA W ABH-
MEHHS XKHAKOCTH, a TAKNKE METOALI [IPAKTHYECKOTO MPHMEHeHHs ITUX
S3KOHOB. 3aKOHHl 'MAPaBJHKH HCNOAL3YIOTCA HPH NMPOEKTHPOBAHHH
K CTPOHTENBCTBE THAPOTEXHHUECKHX COOPYIKEHHHl, TijpaBiugeckuX
Mampin, pacdere TpyOGONPOROAOB H T. 1. .

flepBoie, ouenb BakHble pe3yabTATH HCCJaeNoBaHUil B 0GIacTH
PHAPAB/IHKH CBA3aHEL C HMEHEM JpPeBHErpedecKoro yuenoro Apxumend
(287—212 rr. sio H. 3.), OTKPHIBIIETO 3aKOH © paBHOBECHH Teqa, [o-
TPY#XEHHOIO B XMAKOCTb. OnHAKO noc e ApxmMmena Ha npoTskeHud
mourn 1700 ser rujpaBanka He NOAy4YMIA 3aMETHOTO pa3BHTHA.

Hosuiii 5Tan B pasBuTun ruApaBIHKH HACTYNHA B S[0XY BO3POK-
ReHus. 3Jech CjeAyeT oTMeTHTb paGoThi FOJAAHACKOTO yueHoro Cre-
BuHa (1548—1620 rr.), aaswero npaBuia onpeneneHus CHIL A3BJe-
HHSl Ha [JHO M CTEHKHM COCYIOB; HTaJbSHCKOro yuenoro Toppuuensd
(1608—1647 rr.), HCCJeNOBABIIErD CBOICTRA TeKyIeH KHIAKOCTH H
OTKPLIBLIETO 3aKOH HCTEUEHHS JKHIKOCTH U3 OTBEPCTHA B COCYAE:
(ppammysckoro marematuka n (usuxa [lackaas (1623—1662 rr.),
COPMY/THPOBABLIETO 3aKOH O Nepejaue MKUIAKOCTHIO AABJCHHS, OKA-
SBIBAEMOr0 HA €e MOBEPXHOCTE.

B XVII—XVIII BB. Ot ycTaHOBJeHs! BaKHeliHe 3aKOHBI
rugpovexanuky, OTKpBITHE 3aKOHOB MexaHWKH HblotoHoM (1643 —
1727 rr.) co3nano neoGXoauMylo 6asy AJisi H3VUEHUs 3aKOHOB JBHIKE-

Hua Xkuaxocreir. Heioto paspaforan ocHOBH TEOPHH BHYTpEHHErQ

TPeHUsl >KUAKOCTEH, PasBUTOH B NaJbHEHIIEM €ro MoC/JAeN0BATENSMM,
B TOM uucje pycckuM yuensiM H. TI. Ilerposemm (1836—1920 rr.).
PaspaGotannasi uM TeOpHs NOJY4YHJI4 HasBamiue PHAPOAMHAMHUECKOT
TEOPHH CMAa3KH.

Bentuxue yuensie — Jleonapa Sinep (1707—1783 rr.) u Hanuusd
Bepaynnu (1700—1782 rr.) — VCTAHOBMJ/H OCHOBHBIE 3ALOHBI H
BBIBEMIH BaXKHeHiune ypaBHenus ruipomexannku. Crenver, oaHaKo,
OTMETHTL, 4TO ypaBHeHus Bepuyanu w Diliepa HOCAT IMaBHEM 06-
PAa30M Teoperuyeckuil XapaKkTep H OTHOCHTCS K HACAMbHON MUIKOCTH.

B XIX 8., 8 nepuon OypHOro pasBHTHH TeXHUKH, CHAPABJIHKE
PaSBHBaeTCs riaBubiM 0o0pa3om Kak MpuKAagnas Hayka, KOTOpas

CTPOHT CBOH BBIBO/IbI HA OCHOBE PACCMOTPEHHSI YHPOLUIGHHBIX CXeM

THApaBHueCKHX ABAeHHI. B Xofe COOTBETCTBYIOUMX IKCOEPIHMEHTOB
i* 3




B TEOPETHRECKHE YDABHEHHS IHAPOMEXAaHHKH OHJIH BBENEHH SMIHe
PHYECKHE MONpaBOuYHbe KOI(QHUHEHTH (paGoTH Hapcn, DBasena,
Beiic6axa n gmp.).

Konen XI1X m mavano XX BB, osmamenoBanm (popmupoBannem
H YCTanoBJICHHEM 3aKOHOMEDHOCTEH JABHIKEHHS JKHAKOCTE:l. Baxuyio
POJib CHIpanH TPYIBl aHTJHICKOro rufipomexanuka O. Peiinoasica
(1842—1912 rr.), ycraHosuBmIero 3aKOHOMEPHOCTH JIaMHHAPHOTO
B TypOYJEHTHOIO  XapakTepa JBHIKEHHs JKHAKOCTH, padoTHl
H. E. )Kykosckoro (1847—1921 rr.) B pasinyHBEIX o6racTaX rHApo-
MeXanuku. Baarogaps paGoram W. Ilpamaras (1875—1953 rr.)
B O6JIacTH THADOAHHAMHKH THADABJHKA Kak Hayka XX B. npespa-
THJI4Ch B 0G4CTh SHAHHI, B KOTOPOH TEOPHS H ONHIT TeCHO CBA3AHEL
H B3anMHO oforawmaior Apyr Apyra,

B passutie compemensoii TUAPABNHKH GOJLIIOH BKAAL BHECH
coserckne ydennie: B. T, Hlyxos, A. H. Kpruos, H. H. ITasnos-
cknit, W. W. Arpockun, B. JI. Ampmyas, JI. T. Jlofinanexui,
A. A. VYruumuye u gp.

Ofmas TennoTexHuka saHHMaercs H3YYEHHEM 32KOHOB mpeobpa-
SOBANHsI XHMHYECKOH SHEPTHH TOMMHBA B TEMJIOTY, MEXaHHUECKYIO
PabeTy 1 SMEKTPHUECKYIO SHEPTHIO, @ TAKIKE CBOFCTE pabounx BeliecTs,
KOHCTPYKUHH MallMH H aNnaparoB, NPHMEHSEMBIX B SHEePTreTHYeCKH X
YCTAHOBKAX.

Teopernueckie OCHOBHI TENIOTEXHHKH paspatorannt M. B. Jlo-
MOHOCOBBLIM (1711—1765 rr.), orkpuBmuM B cepennne XVIII B,
SAKOH COXpaHeHHs MaTepHH. JIOMOHOCOB OTBEpr roCNOACTEOBABLIVIO
B TO Bpemsl «T€OPHIO TEMIOPONa», NPOTHBONOCTABHE €l MOLINHHO
HayuHyio TEOpHIO, COIVIaCHO KOTOPOH TEmJIOTA SIBASETCS pPesyibTas
TOM BHYTDEHHErO JBHXKEHHS MenbuafillinxX yacTull BeulecTsa. B nain-
HefieM mecnefoBanus Maitepa (1814—1878 rr.), Joxoyng (1818—
1889 rr.), FeasMromsma (1821 —1894 IT.) B APYIHX YYEHHX Yray6umau
SHaHnd SAKOHA COXpaHeHHs >HepruH. Ppanuysckuii yuenmii Cajm
Kapuo (1796—1832) nucaa, uro BCloAy, rie paboTra ucuesaer, Bo3-
HUKaer Tensiora.

Boaswas sacayra 8 passutin TEOPETHYECKUX OCHOB TENJIOTEXHHU-
KW TNDHHANIeXHT pycckuM ygensim: M. @. Oratory, U. A. Bem-
Herpanckomy, J1. M. Menneneesy. Baxkupie ucesienoBanns mno Bomn-
pocam tennoobmena nposemu A. . Cromerop, M. B. Kupnuues,
A. A. Tyxman, M. A. Muxees, A. B. JInikos n Ap. B nayuenne
CBONCTB peajblbiX Ta30B H BOLSHAIX napos BHecau GoJbILGH BraIap
M. I1. Bykamosus, U. U. Hosukos, B. A. Kupuannn u ap.

Hauano paseutns npaxruueckoro HAMPAB/IEHHS B PAasBHTHH Tel-
JI03HEPTeTHKH OBIJIO NONOXKEHO PYCCKHM usobperarerem M. M. IToa-
SYHOBLIM, TOCTPCHBIINM B 1775 r. nepsyio mapoByio MallHHY, 4TO
O3HaMeHOBaNO COGOH mepexon K MpoOHSBOACTRY M OpHMEHEHHTO Temn-
JIGBRIX JABMraTe/ed, AHANOTHUHYIO MAmPHY HECKOABKO NOSAHEe
nocrpona B Anrann Jxefime Yarr. Nampueifimne paGoTel NpHBENH
K CO3MaHMIO nOpIUNEBLIX ABHraTenell BHYTpeHHEro Cropanus i napo-
EBIX TYypOuA. .

4

=

Ho XX B. Tensosbie ABHIATENH HCHOMB30BANHCh KAK HCTOYHKKH
MeXaHu4eCKOH PasoThl Al HENOCPEACTBEHHOrO NPHBOLA B JeicTBHE
patogquX OpraHOB MAllHH H arPeraToB. DHEPruio TeNJOBbIX ABHraTeNel
HEBO3MOKHO OBIVIO liepeAaTh Ha GOMbLIOE PACCTONHHE — OT MecTa po-
H3BOACTBA K MECTYy ee morpeGieHusi, Dta npobiema Owlia pemrena
C H300peTeHHeM S/EKTPHUYECKHX MallluH (3/1€KTpOreHepaTopoB M
SMEKTPONBHTaTeNeli), NpeobpasyIouX Mexannyeckyio paGoty B saek-
TPUUECKYIO SHEPrHIO, & S/IEKTPHYECKYIO SHEPTHIO B MeXaHHYECKYIO
paboty. B.Poccun nepsas snekrpocTamumusi mommoctsio 505 kB
Obuta moctpoena mnoa [lerporpazom. BeijaomuMcs ROCTHKeHHeM
OTCYECTBEHHON SHepreTHKH Obia mocTpoiika B 1918 r. pyccxkam mnu-
senepom P. H. Karacconom nepsoii B mupe /IEKTPOCTAHIHH, paboTas-
weil Ha Topde.

[Tocie Beankoit OKrsa6pbCKON  COLHAMHCTHUCCKOM pesoJIionuy
Hauajia IIHPOKO pasBHBATECS NPOMBILIICHHAs sHepreTHka., Hauunas
¢ Jlenunckoro miana FOAJIPO, 3a10:#KHBLIErO OCHOBY pa3BHTHS 3Hep-
FETHKH B Halledi CTpane, 3Ta OTPac/b HAPOJHOTO XO3SACTBA Henpe-
PLiBHO paspuBaercs, B ¢OcHOBHBIX HampaBaeHHAX SKOHOMHYECKOTO
i conunanvhoro passurina CCCP na 1981—1985 roabst u ma nmepuox
Zo 1990 roma» sanmucano: «B SMEKTPOIHE PreTHKe JOBeCTH Bbipa-
GoTky snektposmeprin B 1985 rogy go 1550—1600 MDA, KO-
BaTT-4Y4C0B...»

B Omukaitmne roasl ocHoBHas uacTb SJCKTPO3HEPTHH Oyaer
BLIDA0ATHIBATECS HA TEIVIOBBIX SMEKTPOCTAHLNAX. OTIHYHTCIBHON
OCOOEHHOCTLIO COBPEMEHHLIX TemJOBbiX IEKTPOCTAHIUK ABAAESTCH
KOHUEHTPAUHS SHEPTeTHUECKOH MOWHOCTH Ha OLHOM SIEKTPOCTANILIH.
B nansueitinen takake npeaycmorpeno CTPOHTRNBLETBO TEIIOBHIX SJ10K~
TpocTakumil Momnoctbio 4000—6000 MBr ¢ suepretuusckuvu Gao-
KaMi, COCTOSUIHMH H3 KOTVIOB, NapOBEIX TYPGHH M 3/IEKTPOreHePATO-
PoB mommuocteio 500, 800, 1000 m 1500 MBr, Ha Koctpomckoit
I'PSC yme ycranosnen nepsuii B Hamei CTpaHe 3HepreTHYECKHIT
Gnox momuocteio 1200 MBr.

Byproe pasBuTHE NPOMBILICHHOCTH CBS3AHO C yBeJIHYEHHEM [0-
TpeGreHns SneKTpUYeCcKoil sHepruu, Tpebyioulei PE3KOro yBelHYCHH
ROOEMH NPHPOJHOTO TOMMHBA. B CBA3H ¢ 3TuM ocoGoe BHUMaHue
YAensercst GoJiee MHPOKOMY HCHNOAB30BAHUIO AAs NPOH3BOACTRA
SACKTPOSHEPTHH neweBoro yras Ixibacrysckoro n Kauexo-Auuy-
CEOTO MCCTOpPOMAEHHUIL.

OfHako sanacst npHpoAHOTOC TOMAMBA OrpaHuyeHbl, NOITOMY 3a-
Adua cocTonT B HanGo/ee SPHEKTHBHOM €0 HCNOAL30BAHAH, H, B Ya-
CTHocTi, B yBeanyenun KIIJ npoueccos npeoSpaszoBanusi TemaoTsi
B SaekTpuueckyo suepruio, B CCCP nocTpoeHa H HaxoiuTes B npo-
MBIUIEHHO-ONBITHOM SKCITYaTalUi TENN03CKTPOCTAHIHA MOULHOCTHIO
25 MBrt, Ha Kotopoit SHEPI'HST NPHPOAHOTO TOMIHBA Npeobpasyercs

. HENoCpencTeBeHHO B SJAEKTPHYECKYIO, MHHYA NpHHEHATHIE HA Typﬁnn-

HEX SAEeKTPOCTAHUMSIX CTaguu OpeBPAlieHNs XUMHYECKOH SHEpruu
HPHPOI{HOI‘O TONAIIBA B TGI'I.TIU'i'}", TENMA0OTEI — B Mexalmqecuyfo pa-
6oty, a nocaenueii — B SJICKTPHYECKY0 3Hepruio. Takoill merorn
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TPON3BOLCTBA SNEKTPOSHEPTHH No3Bosier yBeauuuth KIIZ saextpo-
CcraHunn Gonee yem Ha 30% no cpasnennio ¢ KI1J1 ryp6unHbix saexTpo-
CTAHLAI,

B paiionax, yaanennniX or sanacos NPHPOJHOTO TOIJIHBA, HJET
CTPOMTEILCTBO aTOMHBIX 3sJiekTpoctaniuii (AC). ASC umeior orpowm-
Hoe snagenne s paseutus Bocrounoi Cubupn — Axyrun, Koavive
I Ap.

Baxroe snauenue s sHepreTHkn CTpanB HMEIOT THAPABAHUECKHE
saekrpocranunn (F9C). Ha pgomio T'SC npuxomutes okomo 12%
BCell BhipabaTeiBaemMofi B Haeli CTpaHe 3MCKTPO3HEPTHH, OPH 3TOM
SKOHOMHTCS GOAbIIOE KOJIHYECTBO NPHPOAHOIO TOMJIHBA. Kpynneii-
mne I'SC nocrpoenst wa [Huenpe, Boare, Kawe, Anrape, Enucee
H JPYTHX KDYIHBEIX peKaX. DTH CTaHUHH OCHALIEHBI COBPEMEHHLIMH
arperataMi MOLIHOCThHIO Gosee 300 MBr.

Passutue ruaposuepreriki B CCCP oCymecTBiseTcs KoMIAeKcHo.,
Hanpuwep, Cpenneasnarckue n Cesepo-Kaekasckne I'SC seisiores
HPPHTANHOHHO-SHEPTETHICCKUMH  y3iamu. ToKTOryasckuit ruppo-
yser Ha pexe HapuH nNosBOJIHT perynupoBaTh CTOK pekn Cripnapen
H OpOCHTL 3emuio Ha nuomaan 900 Teic. ra. Boabuioe 3magenye nMmeet
Hypexckas I'3C ¢ naoruuoii sricoroli 315 M, Gaarofapsi KoTopoi
ofpasyercs BOROXPaHH/INIIE Ce30HHOTO PEryJNHpOBaHAA EMKOCTLIO
4,5 mapa. m® Boaul. Ananormunple sanavn pemanrca npu HCHosb-
SOBAHHH THADOPECYPCOB APYTHX DAaiiOHOB CTpaHbi.

B CCCP noctpoentr n nepere THAPOAKKYMVYJTHPYIOLLHE SJeKTPO-
craniun ('A3C): Kuesckag momuoctsio 225 MBT i 3aropckas Moll-
ioceteio 1200 MBr. Ha stux cranuusgx YCTAHOBJEHBI TAK HAa3hIBae-
Mbl€ OOPATHMHE THAPOTYPOUHEL, CHOCOOHEIE B MNEPHON MaKCHMANBLHON
Harpysku paGoTaTb B pexuMe OOLIMHBIX TYpPOGHH M BhIpaGaTuiEaTh
S/IEKTPOSHEPTHIO, @ B MEPHOA MHHHMANbHONH Harpy3kH — B pexnme
HAaCOCOB M mepexayHBaTh BONY M3 BOJOGMA NOCJE NAOTHHE OGPaTHO
B NpHIVIOTHHHOE BOAOXpanumuuie. Bawno, yro npu srom ypaerca
cOepeyb GOMbUINE 3eMENbHBIE ' MAcCHBLI, MPHTOAHLIE A BO3JACNLBA-
HHSI CeNLCKOXOBSIICTBEHHBIX KYJABTYP, KOTOPbe HPH CrPOMTE]ECTRE
kpymipix I'SC wacro saransmpanmuce.

B CCCP sesiyrcst paGoTel mo nenomb3oBanuio APYrUX HCTOYEHKOB
SHCPTHH — TEMVIOTH Tre0TepMajbHbiX BOX, 9SHEPTHH MOPCKHX MNpH-
JIEBOB.

Boabline HaneXAL HA paspeumenne npodiem SHEPTETHYECKHX HC-
TOUHHKOB BOSIAraioTCsi Ha BEJIYUIHECS W y HAC, H 33 PYGeKOM pasoTLt
00 OCYWIECTBJAEHHIO YNPABIAEMBIX PEAKHHII CHHTE3a sAflep Teaus ua

Hep NeHTepHst H TPHTHSH, MPH KOTOPLIX BHUIEASeTcs OrpPOMHOE KOJIH-
YECTBO SHEPrHH. «CHIPHEBLIMY HCTOUHHKOM JUISI 5THX Peakiuiil Moxer
CAyXHTE BOAQ, 3aNIaChl KOTOPO# B MPHPOAE NPaKTHYECKH 6E3rpaHHTHEL

S S

Fnmasa |

OCHOBBI THAPABJIUKH

§ 1. ®Pusuueckne cBoiicTBa KUAKOCTH

BaxuefiuMn CBOACTBAMH JKHAKOCTH  SBJISLIOTCS NJIOTHOCTB,
CHHMAEMOCTb, CINOCOGHOCTb PACTBOPSHTL a3kl H BAIK: 7

NAoTHOCTBIO KHAKOCTH HA3BIBAIOT (husHYeCKYIO BeAMUHHY, WHG-
JEHHO paBHYI0 Macce EAHHHUBI 00BeMa IKHIKOCTH:

{1:'%:—, (l)

FAe m — macca, Kr; V — ofbem, e,
{%&H'Hﬂlleﬂ nnoTHOCTH B Mexaynapopsoii cucreme (CH) ssaserca
Kr/»®,
Beauunny, o6patayio nnoTHOCTH, HASHBAIOT YAeAbHBIM 00BEMOM, U,
M/ kr:
v
U= e (2)
Bec emunums ofvema Bemecrsa masmBaior YASTbHEIM BECOM Be-
mecrsa, Ecnn Beo V m® Bemectsa pasen G H, 1o YAENBHEIA BEe 3TOro
BeuiecTBa, H/um®:

P=-r 3

Mexny yienbHEIM BeCOM H MIOTHOCTBIO CYHECTBYeT TaKkad ke
CBi3b, KaK MEXJy BECOM M Maccoll: G = mg, rae g = 9,81 wm/c? —
yckopenue cBoGosnoro magenust, Orkyza

Y = pg. )

OGbeM KHAKOCTH CYIIECTBEHHO 3aBHCHT OT TeMIepaTypsll MpH
€€ MNOBRILUEHHH YBEJHYHBAETCH, TemneparypHoe usMeHeHne ofbema
HMHULAKOCTH ONPENeNSETCS TeMIEPATY pHEIM Ko3(hpunuentoM obnemuoro
paciiupennsa PBr, K1

1 AV
Pr=-27> ©)
The AV =V — V, — passocts o6bemos nocre RO H3MeHeHHs:
TeMuepaTypu Ha Beanuuny AT, Temneparypuetiit Ko3ddumuent 06
EMHOTO pacwmpenis nokaswmsaer, Ha KaKyio 4acTb OT MepBoHAYAb- *
7




HOro COCTOAHHA H3MEHSeTCSs O6LEeM JKHAKOCTH NPH H3MEHEHHH TeM-
nepatyper Ha 1 K. Bocnoussosasmucs smpawennem (5), MoxHO
NOKa3aThb, YTO MJAOTHOCTh KHAKOCTH

m

= < = (6)
Vi+AV — Vi(I+prAT) — T4 pral "

fit
{]:_-F—‘_—

H3 dopmynn (6) CHelyeT, UTO M0 Mepe HATpPeBaHHsA KHIAKOCTH
VE€/IHUYHBAETCH ee OﬁT:EM H YMeHEIlIdeTcd IVIOTHOCTR; HCKJAIOYeHHe Co-
CTaBAA€eT BoAa, oObEM KOTOPOH HAaHMEHBHIHIl, a MJIOTHOCTH H VIeNhb-
Hblii Bec HanGoabline npu Temneparype -4 °C.

Mpimep 1. Onpeneants nioTHOCTL MEIEPaILHOTo Macia npA Temneparype 380 K,
ecan nph Temneparype 300 K ouna pasna 0,803 xr/u?, Teuneparypuuii Koahdumnent
oGbemioro pacmmpenns Macaa Br = 0,0076 K *,

o dopuyae (6) noayuaem

p= —rﬁj—aw = 0,842 rr/m3

CxumaemocTs — CBOHCTBO  KHIKOCTH yMmeHbllate o00meM non
AEHCTBHEM OKa3biBAEMOTO Ha Hee jJaB/IeHHs.

Jlaaﬁgﬂue ONPERSTISIETC OTHOIIECHHEM CHJIbI, PaBHOMEPHO pachpe-
ASJICHHOH MO HOPMAaNBHOH K Heif NOBEPXHOCTH, K MJOCILAAH STOI
noBepxnoctu. B Mexaynaponnoit cucreme emmHun (CH) naBnenne
Bhipaxaercs B nackansx [1 [la = 1 H/m®l.

CKHMaeMOCTh  KHAKOCTH Xapaxkrepusyercsi 00bEMHOH CikHMae-
MocTeio, [la~1:

by =— 730 (7)

rae V — navaneueii o6vem; AV — usMenenpe o0beMa KUAKOCTH
OpH_ M3MENEHHH JaBieHus mHa Ap,

IMockoanky ob6vem V sceraa MONTOKHATENEH, OTPHUATENLHBIH 3HAK
B BeIpaxenuu (7) ykasuipaer Ha 1o, uto AV u Ap umeior NPOTHBONO-
AOKHbIC 3HAKH, T. e. yBeauuenue nasnenus (Ap & 0) OPHBOANT
K YMEHBUICHHIO oObema (AV < 0).

Obbemnasn CKHMaeMOCTh MOKA3LIBAET, HA CKONBKO H3MEHAeTCSH
NEPBOHAYANLHEIH O0BEM KHAKOCTH NPH W3MEHEHHH OKA3LBAEMOro
Ha nee pasnenus Ha | [la. Beanuuny, obpartuyio o6beMHOR CkiMa-
€MOCTH, HaselBalOT MOAyJeM obwveMHOro cixkatus, Ila:

1
E3=E" &)

O6nemHas CKHMAEMOCTb JKHAKOCTH SaBHCHT OT ee TEMIEPATYPH 1
OKaspipaeMOro Ha Hee JaBienus. OJAHAKO NpH AaBJAEHHSX, Haubogee
94CTO  mpumeHseMBIX HA MpaKkTHKe, 0ObEMHAf CIKHMAEMOCTh OYels
Mald H B OCLYHBIX THADABAHYECKHX pacueTax eio npeneGperaior,
CUNTaA KUAKOCTL HECXKHMaeMmoH. Hampumep, npu aasmeHuu 6 Mlla

8

o0beMHasT CIKHMAEMOCTb BOAR paBHa 4,75-10°1 [Ta~!, CixnmaeMocTs
HHAKOCTEH YYHTHIBAIOT TOBKO B OCOOHIX cayuasx, HanpusMep, npH
pacuerax InApONPHBOAA H THADOABTOMATHKH, MPH pacuere rHApaB-

JAHYECKOTO yAapa ¥ T. 1L

Mpumep 2. Macno sakmoveno npH atMocepHOM papieHin B MACCHBHEIL TOq-
cToCTeHHBI MUAHHAD ¢ BHYTPeHHNM Juamerpom d = 20 mm u aammofl [= 5 M,

Onpejeants H3MEHEHEe 00EBEMA Mac/a MPH YBOMIYEHUH AABASHHS B IIHHAPE
na 20 MIla. Monyaes oGsemuoro carus Macia By = 1,33- 109 Ia. Hedopmannei
CTEHOK MHMHEApPA npeHeGpeus.

OnpesennM o6beM Macia B DHIHHpE:

2 .0,022
po i, a0 oo
3 3
Ha ocuosamun (7) u (8) moayns obvemnoro cmaria Ex = —ApV/AV, orryaa
npupamerne ofteva AV = — ApV/Ey. B mamem caysae Ap= 20 Mlla=
= 90-10° a,
2010000018 1 o
AV = — i T —0,000024 w3,

Bee kupkocTn 06/1a5aloT €nocoGHOCTBIO PACTBOPSTH rassl. ST1a
CNOCOGHOCTL pasuyHA Yy DasAHUHBIX JKHAKOCTEeHl H 3aBHCHT Kak OT
COCTOAHHA MKHAKOCTH, TAK M OT BHla DacTBOPSIeMBIX B Heil rasos.
Hanpuuep, pacTeopnMocTh BO3AYXa B MHHEPANLHBIX Macaax yBeJIi-
HHBAETCA C NOBBINENHEM TeMneparypel Macia. MHTeHCHBHOCTH pact-
BOPEHHSA rasoB B XHAKOCTH 34BHCHT OT NOBEPXHOCTH CONPHKOCHOBE-
HHS MHILKOCTH € rasoM; npH .B36aJTEIBAHHY XKHIKOCTh YaCTO BCIIEHH-
BaeTcs, NPH 3TOM MOBEPXHOCTb CONPUKOCHOBEHHS MKHAKOCTH C TasoM
SHAYHTE/NLHO YBENMYHBASTCH H BPEeMs HACBHIIEHHS JKUIKOCTH TasoM
MOXKET YMEHbIIATHCH A0 HECKOMBKHX MHHYT.

[Ipn nomwxennu AaB/ieHHS WM TeMmePaTYPhl KHAKOCTH raa,
PAcTBOpEHHLIN B Heil, HaunHaeT OYPHO BLIAENATLCS B BHE MY3HPHKOB,
00pasys MexaHHYeCKYIO CMech rasa ¢ KHAKOCTBIO, KOoTopas OTpHua-
TEIBHO BAHACT Ha pabOTy rHAPABANYECKHX CHCTEM W THAPONPHBOAA
BCJAEACTBHE YBENHYEHHS CIKHMAeMOCTH pafouefl 3KHUIKOCTI.

BaskocTblo HA3BIBAIOT CHOCOGHOCTH KHAKOCTH OKA3HBATH COmpo-
THBICHHE OTHOCHTENILHOMY MepemMellieHHio (CABHTY) ee caoeB. Sto
CBOHCTBO OOYC/IOBJIGHO BO3HHKHOBEHHEM B ABHRYIIEHCH KHIAKOCTH
CHJl BHYTPEHHET0 TPeHHs!, KOTOPLIE He MOTYT GhITh 06HAPYIKEHEl B MO-
KOSUEHCH KUAKOCTH, HOO OHH NPOABJSIOTCS TOJABKO NpH ee IBHKEHHH
GJIarofapst HaJdHUHIO CHJ CIEeNJIeHis MexJy ee Monexynaamu. Cuuaa
BHYTPEHHEro Tpenusi KacaTelbHa K IVIOCKOCTH OTHOCHTENLHOTO mepe-
MEUIEHNS CJI0€B MKHAKOCTH W CO3JaeT B KMAKOCTH KacaTelbHoe Has
npsikenue T, Ila:
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Tle P, — cuna BHYTPEHHErO Tpeunsn, H, mexay caogMu xumkocrn,
OTCTOAMHMH Ha (ecKOHEUHO MaJoM paccrosHun dn (puc. 1); S —
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OJoUlaflb  CONPHKOCHOBEHHA STHX c/oes, M2 doldn — rpaguedT
CKOPOCTH, XapakTepu3yIOWuii npupalleHne OTHOCHTENBHON CKOPOCTH
fipH NEPEXOoNe OT OAHOrO CJIOS K APYTOMY B HANpaBACHHM, NEpIieH-
AHKY/JISIDHOM CKOPOCTH, € %; 1 — kosdduument NponopuUHOHAABHOCTH,
HasbiBaemelil AMHAMUUYECKOH Bs3KOCThIO, [la.c.

Hunavmudeckas BASKOCTe XapaKTEDH3YeT KacaTeibHOE Hanpsi-
JKEHHE, CO3AABACMOE CHJOH BHYTDEHHErO TDEHHS MEXAY CAOSMH
KHAKOCTH, OTCTOSLUHMH [0 HOPMANH Ha paccrosmme | M HpH OTHO-
CHTeNLHON cKOpocTH HX casura 1 wlc.

B ruspasauxe raxxke ynoTpebasioT MNOHATHE KHHEMaTHYECKON
BASKOCTH, KOTOpas MPEACTaBJseT co60ii OTHOIIeHHE AHHAMHYECKOM
BA3KOCTH XKHAKOCTH K €€ MAOTHOCTH, MY/c:

|
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BsI3KOCTb JKHAKOCTH 3aBHCHT OT MHOFHX (haKTOPOB: yMeHbIIaeTcst
pH NOBLILEHHH TEMIEPATYDPHI JKHAKOCTH, YBEJHUMBAETCA MOPH 1I0-
BRILLCHHH TEMNEPATYPLI H YBeaHYeHHH 00bemMa PacTBOPEHHOTO B Hed
BO3AyXa H YBEJNHYHBACTCA NDH [IOBBILEHHN OKA3HIBAEMOrO Ha Hee
AaBaennA. B rujpaBamyeckux cHcTeMax, B KOTOPBIX KHAKOCTb He
H3OMHPOBAHA OT BO3AYXa, NPOSABJAIOTCS GOJEE CIOKHBIE SABHCHMOCTH,
MOCKOAbKY 0DH NOBBIUEHHH JAaBJEHHS B TAKHX CHCTEMaX o0BeM
PaCTBODEHHOIO BO3JlyXa YBENHUYHBAETCH, NPH STOM BA3KOCTH IKHAKO-
CTH ymenbwaercs. [Ipuuem ymeHblienHe Bsi3KOCTH BCJEJICTBHE yBe-
AUYEHHST KONHYECTBA PaCTBOPEHHOIO BO3AYXa NPOHCXOAUT Gosee Hil-
TCHCHEHO, YeM 5TO NO/KHO Obiio Ghl MPOHCXOAWTL B PE3YABTATE TO-
AIbKO TIOBBILEHNS NaBJIeHHS. B CBASH ¢ 3THM B HEH30AHPOBAHHEIX THA-
POCHCTEMAX NPH NOBBIIEHHH [AaBJAEHHS BASKOCTh KHAKOCTH OBBMHO
yMEHbilaeTcs.,

BssiocTs MHOrHX Macen ymenbmaercst Takke B pes
TOKPATHOTO €ro APOCCENHPOBAHUA YePe3 TOHKHE OTBEp-
CTHR W WMENH DASNHYHBIX SJEMEHTOB THAPOCHCTEM.

Kunemaruueckyio Bsaskoers xunxocrs H3MEepAIoT
BHCKO3uMeTpamu (puc. 2). Dro U-obpasmas TpyOKa,
B KOJIEHO [ KOTOpofi Bnass anmaasp 4. [lpn usme-
PEfti BASKOCTH ONDENENAIOT BpeMs T, €, NpOTeKa-
HHS HCCAGNYEMONl MHAKOCTH u3 pesepeyapa 3 (or
merku M; A0 metkn M,) uepes Kanuanap 4 B pac-
mupetine 5. Tpy6ra 7 u otpoctok 6 CAyWar QA Ha-

;
u+du Puc. L, K NouATHIO BASKOCTH MHAKOCTH
S
. Puc. 2, Buceosumerp BMK-2:
| — wonero; 2, 3 — pesepsyapsi; 4 — Kanui-
5T u AAp; 4 — pacl@ispenue; 6 — OTPOCTOK AAA 3=
noaMeHAR BHCHOJHMETP:; 7 — TpyOHy
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NOAHEHHS BHCKO3IMETpa HCCHeAyeMOl JKHAKOCThIO. KuHeMaTHuec-
KYlO. BA3KOCTh V, H3MEPIEMYIO C IOMOWbIO BHCKO3HMETpa, Onpehe-
Aa10T no (gopmyne

rae @ — NOCTOSHHAA BHCKO3WMETpa, M*/c® (npuBenena B nacnopre
npubopa); g — YCKOpeHue cBOGOJHOIrO MajeHHs B MecTe H3MEepEeHHs
psakoctH, M/c*; 9,807 — yckopenne cpoGoanoro majeHus ma reo-
rpajuueckofi mmpore 45°,

JJis M3MepeHHs BASKOCTH MKHAKOCTH OPH PasiAHYHOf TeMneparype
BHCKO3HMETD TNOMEmaioT B TEpMOCTaT (HanmpuMep, B MaCJsHYIO
6aHi0).

Jas yopolleHHs TEOPeTHYECKOTO H3YYeHHS SaKOHOB MOBENEHHS
HKHAKOCTEH B IHAPABJIHKE NOMb3YIOTCS MOHATHEM UOeanbras audKocme.
Hox mpeanbHOl NOHAMAIOT BOOGPAXKAEMYIO MHUIKOCTS, XapakTepuay-
eMyio abCOJIIOTHOI HECXKHMAEMOCTBIO W MOJHHIM OTCYTCTEBHEM BSS-
KocTH. Jlna pacnpocTpanenus Ha peasibHble FKHIKOCTH TeOpETHYECKHX
BLIBOJLOB, NOJYYEHHLIX ISl HACAAbHLIX JKHAKOCTeil, BBOAAT NONpPaBKi
HIH KO3((HIWENTH, MOyYeHHBIE B XOAE WCCAENOBAHHS peanbHHX
IKHAKOCTEH.

KOHTPOJILHBIE BOMPOCHI

1. Yro TaKoe NNOTHOCTH, YACALHEN OOTEM i yEembiuit Bec Kunkoctu? B kakmx

eANTHIIAX OHH H3MepAlTCH?
Uro xapaktepEsyer temmepatypunii kos(duimuesT obneMuoro paciipenns

E o6temuasn cxumaemocth? Kakos dmsngecknil cmeien stnx Kozdduunenton?

3. Or xagux QakTopoB sasmncut pPacTBOpPUMOCTb I'asos B uixocrax? Kak sam-
10T HAa cBOfcTBa paGovelt MuAKOCTH PacTBOpEHHEE B Hell rasm?

4. Kaknmn gaxtopami oGycaoBJIENa BE3KOCTb JKHAKOCTH?

5. Kaxiymy nprGopamy B B KaknX elximiax HIMEPACTCH KHIIEMaTHYECK AR BHS-
KOCTh KUAKOCTH?

§ 2. OcHoBBl ruapOCTATHKH

Tuppocratika — pasfea rujpaBauks, B KOTOPOM H3Y4alorcs 33-
HOHBEI DABHOBECHS MKHIAKOCTEH, HAXOASIUHNXCH B IOKOE.

Punpocrarrveckoe paBaenne. Ha sxugkocts, HaxoNdAmyocs B no-
HO€, JEHACTBYIOT MacCoBble H NOBePXHOCTHRIE CHJIB. MacCOBLIMH SBAg-
HTCA CH/BI, AEHCTBYIONHE HA BCE YACTHIL paccmatpuBaeMoro o6nema
JUAKOCTH. STO CHABI TSXKECTH H MHEpUMH. MaccoBLie CHJL nponop-
HHOHAMLHB MaCCe JXUIKOCTH, @ AN ORHOPONHOH JKHAKOCTH, MAOT-
HOCTB KOTOPOH BO BCeXx Toukax ONHHaKOBa, — oObemy. [lostomy
MacCoBbie CHJB HA3HBAIOT elle oOBbeMHEMH, K NMOBEPXHOCTHBHIM ©T-
HOCATCSl CHJIbI, JEHCTBYIOWHE Ha MOBEPXHOCTH JKMAKOCTH. DTO, Ba-
fipuMep, aTMocjepHoe Aapienue, HAEHCTBYIOUICE HA KHAKOCTE B OT-
KPHTOM COCyZie, HAH CHJB TpeHHSN.

Ha saementapubnii o6nenm MHAKOCTH, HaXoASIUEHCHS B moKoe,
NOTYT HeHCTBOBATE HOPMaJbHEE (CHKHMAIOUHE H pacTsirpBaioLi e}
H KacatenbHbie NOBEPXHOCTHLIE CHAbL, Tak Kak ¥ KHIKOCTH COIpo-
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THBJEHHE DACTAMEHHIO He3HAYHTENBHO M MOj BO3NLHCTBHEM MaJjei-
IIHX PacTATHBAIOIMUX CHJ JKHAKOCTD MOXKET HauaTh NEePeMellaThCs,
a B NOKOAUEHCS KHUIKOCTH CHJBI BHYTPEHHETO TPeHHA OTCYTCTBYIOT,
TO MHAKOCTb MOXKET HaXOAHTLCH B MOKOE MOJ BO3AEHCTBIEM MaCCOBhIX
CHJ It HODMAJIbHBIX CXKHMAIOUHX NOBEPXHOCTHRIX CHA. DTH CHJAB Co-
SAAIOT PEsyJIBTHPYIOULYIO CHJLY, MONYYHBINYIO Ha3BaHWE THAPOCTATH-
YeCKOii,

[loxosiasica kugkocTs noA Bo3geficTBHEM THAPOCTATHYECKOH
CHJILI HAXOMUTCH B HANPSIKEHNOM COCTOSHHH, XaDAKTEDPH3YeMOM THA-
POCTaTHYECKHM JaBleHneM. Bhiiequm B nokosiefics uAKOCTH Mpo-
H3BOJIbHEL o6beM (puc. 3). Mbicenno pasfenuM 5TOT 00BeMm NpoH3-
BOJIbHON maockocteio II. Boigennv na o0pasoBaHHOM CeueHHH To-
4Ky A u Hekoropylo miomans AS Bokpyr sToil Toukd. Uepes nosepx-
HOCTh I mepenaerca pasmenue co croponst wactn [ na wacts //.Cuaa
AP, neficteyomas Ha paccMmaTpuBaeMyro naoilans AS, u ecTk cuaa
rEjpocratuyeckoro papnennst. Cusna AP no orHouenuio k uactu /1
AIBJIACTCA BHEUIHEH, I MO3TOMY MOXKHO CKas3aTk, 4T cuia AP — pas-
HOXEHCTBYIOWA BHEWIHHX MOBEPXHOCTHLIX CHJ, ACHCTBYIOMHX Ha
naowanky AS. Ornowenne pg, = AP/AS HashBaioT cpenuny rug-
pocTaTnuecKuM Aasiennem. Mcrunnoe napieHné B pasnuuHblX TOY-
Kax ceuenus Il wmomxer OLiTb pasmTHYHBEIM,

FuapocraTuyeckuM JaB/ieHHeM B TOYKE IKHAKOCTH HASHBAIOT
NPELes, K KOTOPOMY CTPEMHTCSI CpefiHee THAPOCTATHYECKOe AaBICHUE,
KOria nJaomanb MJOWAAKH CTPEMHUTCA K HYJIO!

Fnapocratuueckoe nasaenue sceraa HAnpaBJ/eHo no BHYTpeHHed
HOpMaJH K NVIOLL@/IKe, Ha KOTOPYIO AefiCTBYeT, i BEJIHYHHA €r0 B Npo-
H3BOMLHON TOYKE He 3ABHCHT OT OpHEHTAUHH B NPOCTPAHCTEE MIO-
WanKy, Ha KOTOPYIO OHO [AeiicTBYeT.

[Ipennonoxum, 4T rUAPOCTATHUECKOE AABIECHHE HANPAEJICHO He
no BHYTPEHIIBﬁ HOpMAaJdH, a ,HEI‘TIC'I'BYET 004 NpOH3BOJbLHEIM YIJIOM
K HeH, Torna €ro MO’KHO pasyioxKNTE Ha JBe COCTaB/IsIIOIIH E: o4y
HaUPaBJCHHYI0O N0 BHYTPEHHEH HOPMajiH, H APYTYIO — nepresiu-
KyAAPHO K HeH (TaHTeHUHanbHyio). TaHreHUHATbHAS COCTABAAIOUAY
HEH30eHHO BLI3OBET nepemelllenne xunkoctw. Ho Tak kak mox neii-
CTBHEM THAPOCTATHYECKOrO NABJEHHS MKHIKOCTH OCTACTCH HEMOMABIH K-
HOfl, TO H MPEANONONEHHE O HANPAB/JCHHH THAPOCTATHYECKOTD JNaB-
JieUHs HEe NO BHYTpeHHeR HOpPMaun HesepHO.

IlpexcTaBum Teneps, 9TO BHYTPM JKHAKOCTH BHASTEHA NPAMAs
TPEXrpaiinas NpH3MAa BECbMAa MaablX pasmepos (puc. 4) H nPeANnoJo-
#HUM, YTO Ha ee rpaHi ACHACTBYeT pasiuymoe ruIpPOCTATHYECKOE AaB-
nenpe. OGosHaynM HE3AWTPHXOBAHHLIE TPaHH NpU3MbI: BePTHKa/b-
HY10 = @, TOPHSOHTA/IbHYIO — @ U HAKNOHHYI0O — b. YCAOBHEM pas-
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Pue, 3. K onpegenentio THApOCTATHYE Z
CKOTO JABACHHSA

Pre, 4, K AOKASATENBCTRY He3aBHCHMO-
ETH BEIHYHHB THADOCTATHYECKOTO [aB-
ACHAA OT OPHEHTANHH NACMAAKH, HA KO-
TOPY®W oHo JeiicTRyer

HOBECHS NPH3MBI SIBJSETCS PABEHCTEO HYJIO BCex HeHCTBYIOIINX Ha
HEE CHJI. CHJI THAPOCTAaTHYCCKOTrO JABJMEHHS H Beca KUIKOCTH B 06HeMe
NpH3MEL. BecoM XHIKOCTH NpH JAOKa3aTENBCTBE MOMKHO npexnebpeus
BBHAY MaJOCTH 0GbeMa npusMel. CHABI THAPOCTATHIECKOTO llaBJIeHus,
ACHCTBYIOUHE HA 3alITPHXOBAHHLIE TPaHH, PaBHEI MO BeJHYHHE I
NPOTHEQMNOMNOXKHEl 1O Haupas/nenuio. [lostomy yesoBnem paBHOBecHs
MPHSMEl MOXKET ObiThb DAaBEHCTBO HYJIO CYMMBI NpoeKUuid Ha OCH ¥

Wz CHI THADOCTATHYECKOTO JaBJIEHHA, ACHCTBYIOWMX Ha TpaHH 4,

buc.
Cymma mnpoekuuii Ha och x .

PaAS, — py AS, sinp =0, (11)

rae AS, # p, — COOTBETCTBEHHO MJIOMAND TPaHH @ H OKaskBaeMoe

Ha Hee THApOCTaTHYecKoe aasuienne; AS, H p, — COOTBETCTEEHHO

IIOMaZb FpaHH b H OKasbiBaeMOe Ha Hee M'HIPOCTATHUECKOE JaBJIeHHe.
Cymma npoekumit Ha ocp 2z

Pe AS& cosf — Pe AS:: =0, (12)

rae AS, n p. — COOTBETCTBEHHO MIOWANDL IDaHU ¢ H OKa3BIBAEMOE Ha
HEE THIDOCTATHYECKOE JHaBJeHHe.

Tax kak AS, sin p = AS, u AS, cos p = AS,, 10 ycaosue pas-
HOBECHSI MOXHO mepenucats B  Bule p,AS, — DAS, =) g
PAS, — p.AS, = 0 wm (Pa — pp) AS; = 0 u (ps — p,) AS, = 0,
JTO BOSMOXHO HPH p, =p, H p, = p,.. Torna p, = Pp =P,
Takum o6pasoM, okaswBaercs, 4TO BeTHUHHA THAPOCTAaTHYECKOro
JaBJICHHSI HE 3aBHCHT OT MOJOMKEHNS IVIOMAIKH, HAa KOTOPYiO OHa
AeiictByer. Jloka3aTenbCTBO MPOBEREHO IOPH AONYUIEHHH, OCHOBAHHOM
Ha MaJocTi paccmotpennofi npusmel. Ho ecan ata npusma Geckoreuno
Mana, T. €. «CTAHYTa» B TOUKY, TO Pe3YAbTaThl JOKA3ATEILCTEA MOKHG
HOMHOCTBIO OTHECTH K CBOMCTBY MHADOCTATHYECKOTO NaBJEHHS B TOUKE.,

Ocnosnoe ypasnenue rugpoctatHku. 3akon [Mackans. Boaeanm
B ONHODONHON XMHAKOCTH, HaXONsluelics B nokoe, anement AV B suge
NPAMOYTONBHOro napajiesenunesia ¢ MJONIAABI0 FOPH3OHTAJBHOTO
OcHoBanua AS u suicotoii H (puc. 5). PaccMotpum yc/ioBHS paBHo-
BECitst BhIZeeHHOrO ssiemenTa. I1ycTh naBjenwe Ha NMAOCKOCTS BepX-
HEFO OCHOBaHMS p;, 4 HA MIAOCKOCTh HHIKHETO OCHOBaHns p. Cuanl
AdBaenus Py, P;, P;, Pj, peiictByioupe Ha BEPTHKaAbLHbBIE TPaHl
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B3AHMHO YypaBHOBEWIHBAOTCA KaK paBHLie
10 BeTHYHHE H  [POTHBOMOJONKHLIE [0
Hanpasnennio. Ha rpauu Beylesennoro sae-
MEHTA B BePTHKANLHOM HANpPABACHHH Aeii-
CTBYIOT CHJIBI JaBAeHHS: Ha Bepxuoio p,AS
H Ha HWKHIOW pAS. Ha shiterenusiii anesment
AEACTBYET CHJIA THKECTH KHAKOCTH B 0OhEeMe
napajnnenenunena, pasnas pghHAS. Yeaosi-
€M DABHOBECHS 3JIEMEHTA JKUAKOCTH OTHOCH-
: TenbHO ocH A ABASETCH paBeHcTBO HYJMHO
P CYMMBl JEACTBYIOUIHX HA HEro CHJa:

PAS — pAS— pgHAS = 0,

s R

Pac. 5. K smsony saxoma
Hackans OTKyIa

P = 1+ pgH (13)

[oBepxuocts, no koropoit smakocts TPDAHHYHT C OKpYyKaiouLeH

e rasoo0pasHoil cpenoii, HASHBAIOT CBOGONHOI. Ecn BepXHAA rpaHb

PaccMaTpUBaEMOro 3JeMEHTa COBOALAET CO CBOOOAHO# MNOBEPXHOCTHLIO

KUpKocTH AB, Ha koropyio NefiCTByeT naBieunue p,, TO ypaBuesiie
(13) mpumer Bua

P = po + pgH. (14)

9T0 OCHOBHOE YpaBHEHHE T[HAPOCTATHKH. 3Jech p — JlaBaeHue
BHYTPH MKHAKOCTH Ha raybuHe H; p, — paBjieHne Ha €BOOOLHYIO MHO-
BEDXHOCTD; O — MJIOTHOCTD KHAKOCTH; & — YCKOpPEHHe CBOGOAHOrO
OafeHHs .

Hrak ruapoctaTHueckoe JaBaeHHE B TOUKe BHYTPH MOKosumelcs
MHAKOCTH PAaBHO CyMME /aBJieHns Ha CBOGOAHYIO NOBEPXHOCTH H NaB-
JIEHHsl CTO/0a KHAKOCTH BEICOTOH, PaBHOH rayGuue OOTpyKeHus
Toukn. Ha oOcHOBaHMH OCHOBHOTO ypaBHeHUS THADOCTATHKH MO-
®eT ObiTb CHOPMYAHPOBAH 3aKoH [lackais: BHeumHee JaBJeHue,
NpOH3BOJAHMOE HA CBOGOAHYIO MOBEPXHOCTb HOKOSILLEdCs KHAKOCTH,
MEPENACTCS  OAMHAKOBO BCEM e€e TOYKAM MO BCeM HanpasJe-
HHAM.

Cnaraemoe pgH B ypapuennu (14) ects daBJienie, oKashiBaeMoe
cronbom f1 MKHAKOCTH MJIOTHOCTBIO p. Takuwm obpasom, nasjeHue,
B TOM QHCJIE H THAPOCTATHYECKOR, MOXKHO ONUPENENHTL BHCOTON H
cToa6a COOTBETCTBYIOMICH MKHAKOCTH C IJIOTHOCTDIO p- Hanpuwmep,
HOpMAJbHBIM aTMOCIEPHBIM UJIH GapOMETPHYECKHM CUHTAIOT laBjie-
HHE, DABHOE JABJICHHIO, OKASLIBAEMOMY CTOJIGOM DPTYTH. RPCOTO
760 mm. 3Hast, 9T0 mAOTHOCTE pTyTH npu 0 °C paBHa 13 bL. Kr/m3,
toayuum, 4TO STO JaBJ€HRE cooTBeTcTBYeT pgH = 13 600-9,8 X
X 0,76 = 101 290 Ila ~ 1013 rlla.

AHaJOrHyHO NOACYHTHIBAIOT AAB/ICHUE, OKA3LIBAEMOE CTONGOM BOIBI,
COHPTAa 4 JADYTrHX KHIAKOCTEH.

Mpuneep 3. Bogonasu npu nogreme SATOHYBIINX CYAOB paGoTaid B MODE Ha Tay-
Gine 50 m. Onpenenurs nasaenne sogs Ha 3710ll TAYOuHE H CHAY HAABACHES Ha CKa=
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danap pogonasa, ecaw nAOmMans ero nosepxnecrn pasHa 2,6 M. Armocteproe nas-

Jenne cunrare HopMadbunim (1013 rila),

Pa= 1,013-10° Ila; pgl = 1000-9,8-50 = 4,9.10% Ma. Corsacuo (14) noay-
sam:  p=1,013: 10°+4,9. 105= 591.10° [Ta~ 0,6 MIla; P = pgHF =
= 4,9.10°:2,5= 147 xH.

Puppoctaruyeckhe mammub. CpoiicTsa HHUIKOCTH NepelaBaTh
DpOHSBOMNIMOE Ha Hee NaBJeHue 6e3 H3aMeueHus HCITOIL3YeTCs B pas-
JUYHBIX THAPOCTATHYECKHX YCTPOHCTBAX: THAPABJMYECKHX npeccax,
AOMKpATax, TUADOAKKYMyJAsiTOpax H Ap.

_ Tudpasauneckut npecc npennasnaven A co3fiaHus  GOABIIAX
YCHIHH, HEOOXONHMBIX B Psifie IPOM3BOJACTBEHHBIX npoueccos. Ha
puc. 6 nana cxema ruApaBJIHYECKOro npecca. [Ipusuun ero paGoThi
caeayiowuil. B paGounii umansap 2 nopumem / macoca nojlaercs
NOR papjeHneM pabouas MKHUKOCTE, Hanpumep wMacao. [lasiense,
cosnasaemoe nopuiem I: p = Py/S,;, rae P, — cuua, LeiicTBY10-
mas wa nopiiess /; S; — naoumans ero MONepeyHoro ceyenns. Pa-
Gouas KHAKOCTh mepeaer PasBHBaeMOe nopiuHem / AaB/ieHue nopiuRio 4
patouero unaunapa 3. Cuna, paspusaemas nopiuHeM 4: P, = p§,,
rae S, — NAoWaib AONEPeuHOro CeueHus nopinksg 4. Orkyna p =
= P,/S,. Torna P,/S, = P,/S, nau

Py= Py 52 =S, (15)
T. €. cuia P, BO CTONLKO pa3 GoJbuie CHJIL Py, BO cKo/IBKO pa3 nao-
mans nopwiHs 4 GoJblie naomagy nopiuHg 1.

B nelicteurensrocty cuaa, pa3BHBdeMas MPeccoM, HECKOALKO
MEHBLIE CHJIEI, ompelensiemoli o dopmyae (15), us-sa HeficTBHE CHA
TPEHHs, BOSHUKAIOUHX B JABHKYIMHXCH 9acTsx npecca, a Takke
YTCUCK JKHAKOCTH. ITH NOTEPH YUHTHIBAOT KO3(ppHIEeHTOM ToJe3-
Horo neficreus (KITH) v npecca, KOTOpHIH paeed 1 = 0,75...0,85.
Tostomy neficTBuTenbRAS CHJ/Ia, pasBuBaemas fnpeccom: P = 28,

I"udpoaxkymyasmop npeanazuauen ANA HAKOWVIEHHA (AKKYMYJH-
POBanisi) SHEPrHy ¢ TeM, 4T06 OTAATH ee NpH HEOOXOAHMOCTH BHINOJ-
HHTbL KpaTkoBpeMmeHHyio paGoty, Tpebyiomyio Goabmnx YCHIHER,
Tuppoakkymyastops IIHPOKO NPHMEHSIOT B COBPEMEHHEIX MOMIHKIX
THIDABIAHYUECKHX NpeCcax, B MalIHHAX AT JHTbY NOA JaBacHueM
fIpH ODHHYAHTENLHOM SANONHEHHH PAaCHAABACHHBIM METa/lIoM JIH-
TeHHEIX (opM, B YCTPOHCTBAX MpPHBOAA JBHIKEHHS CTBOPOB I'MAPO-
W030B # 1. A, [Npurnun paGorer ToT e, uTo W Y THIAPaBIHYECKOrO
npécea.

Hé'puce. 7 nokasan TPYS0BOH THAPOAKKYMYJATOD, COCTOSILIHI H3
uRIHEADA 2, BHYTPH KOTOPOro mepeMemiaercs nayuxep 1. [lo 1pyGo-
IDOBOAY 4 HACOCOM MONAeTCH IKHIKOCT (06biuHO Macso) B UHIHHAD.
Inymwep Bmecre c TPy3amu nopHumaercs Beepx. [locie AOCTHiKe-

BHsl BepxHell KpaiiHeii TOYKR Hacoc 4BTOMATHYECKH BBIKIIOUAETCyy,

B nonoxenun, npu KOTOpOM rpy3 nofus/Ics Ha BHICOTY H, sanac
NOTEeHIHATbHOT SHEPTHH THAPOAKKYMYJIsiTopa paBeH mgH, rne m —
Macca naymxepa ¢ rpysamn. [lpu s1oM papienne BHYTDH UHAHHApa
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) Pre, 6, Muapasamuecknit npecc
LLAAS, LA s ‘.]‘

Puc, 7. Fuppoagkymyrarop:
I — nayumep; 2 — LHAMHAD:
4, 4 = TpyGonpoRosu

p = mg/S, rae § — nJOWANL NOMEPEYHOTO CeyeHns nJayHicepa.
[Mon Takum ke NaBieHHeM MKHUAKOCTH NOALTCS uepes TpyGonposon 3
K HCOONHHTENbHBIM MaIllHHAM H MEXaHH3MaM.

Taxum ofpasom, ucnonbsys suepruio HaKOWIEHHYIO, THAPOAKKY-
MYJATOPOM, MOKHO PAa3BUTh OYeHb GOMbIIHE KPATKOBPEMeHHEIe YCHIAHS
OPpH HaJNYHH HAacoca CPaBHHTE/ILHO ManoH MOIIHOCTH:

B MallHHOCTPOCHHH I NOJAYyYeHHsa Goabuinx JaBJIeHui, HanpuMep
B JIATEAHBIX MamHHaX, NPHMEHSIOT NHEBMOTHADOAKKYMYASTOP b
(puc. 8, a). B saxpuirom COCyZAe Hall MOBEPXHOCTHIO MHAKOCTH (Macso)
HaXOIHTCs ra3 (B JAUTEAHBIX MallMHaX—a3oT), KOTOpPHIH NpH nogaye
B COCYA KHAKOCTH CIKHUMASTCS. an 3TOM NOBRIILAETCHA NaBJeHHe ra3sa,
@ CNIelloBaTeIbHO, AaB/IeHNe, OKa3HBaeMOe Ha NOBEPXHOCTD K HAKOCTH.
K xoruy sapaaku AKKYMYJIiTOpPa HAcoC, HAKaYMBAIOULHA B HErO Kuj-
KOCTb, BBIK/IIOUECTCSI; AaB/eHie Ta3a B aKKyMy/asTOpe NpH STOM Hai-
Gonbinee. .

C nomMowmplo CnennasbHOro YCTPOlicTBa (KPaHOBOTO WJH 230/I0THH-
KOBOTO pacnpepennTeis) KuAKOCT: NpH HeOGXOAMMOCTH H3 aKKyMy-
JATOpa MOLaercsl K FHAPCHABHTaTENI0 NON AaBJAeHHeM CXKaToro rasa
B akkymyJsitope. Bo nabexanne pactopenus rasa s paboueii xuaKo-
CTH B l’]liBBMOI‘I-IJ.{pOa'KK}’My.FIHTOpE HHOTOa HOPHMEHAIOT CHEH.PIBJ‘IE:HY[O
pasienurensuyio auagparmy I (puc. 8, 6), SaKPenVIeHHYI0 B KOp-
nyce 2. M B sToM cayuae gasienue rasa nepejlaeTcst Ha II0BEPXHOCTh
JKULKOCTH, KOTOpasi B pesyJ/bTaTe STOr0 HaXOAWTCs 110J TEM e NaB-
JIeHWeM, 4TO H ras.

Hamepenne pasaenns. [lasnenne, onpeaeasemce mo topmyne (14),
HASBIBAIOT MNONHBIM WIH abconiotaniM. OHO COCTOHT u3 AaBJACHHA P,
Ha cBOOOAHYIO NOBEPXHOCTb H AABAEHHS pgH, coanaraemoro croatom
#uaxoceTi. Ecan coeya, B kKoropom HaxoanTes HHAKOCTD, OTKPHITHI,
TO NlaBaeHue py = p,, TAE p, — aTMocdepHoe Aasnenne. Has xau-
HOrO cayuasi aGCOMIOTHOE AaBieHue p = p, -+ peH.

Pasnoctb Mexay aGCOMOTHBIM H arMocepHBIM AaBJACHHEM HAa3bl-
BaloT H30LITOYHLIM JaB/eHHEM.

Hasnerne B COCYAE MOMKET Gbith Hinie arMoc(epHOro, HanmpHmep
BO BcacwizaiomuX TPYGONPOBOAaX Hacocos, B KOHJEHCATOPAX fa-
POBBIX TypGun. B sTOM eaywae rosopsr, uro B cocyie Bakyym, Ba-
KYyMOM HA3RIBAIOT COCTOAHHE 3AK/I0UEHHOMO B cocy/l rasa, HMEIOIEro
AB/ICHHE SHAYATEIRHO HHMKE aTMocepioro, T, e. Paas = Ps — Pasar
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Puc. 8. Muesmorujpoasxymy-
AATOPB:
I = puadparma; 2 — Eopnye

Pre. 9. Npesomerp

K uenoanuimenstomy
Mexawuzmy

a) 7)

Hasnenne HaMepPsOT KUAKOCTHHIME | OPYXHHHEIME MaHOMETP aMH,
4 TAKXKe Nbe3oMeTpamu.

[Ivesomempon wuamepsior nasnenue MKHIKOCTH BHICOTOH cTOA0A
TO# e xuaKocTH. On npeicTasaser co6oi OTKPBLITYIO CBEPXY TPYOKY,
II[JHCOE,ILHHEHHYIO HHMHHM KOHIOM K MECTY H3MCDEHHHA JABJAEHHA
(puc. 9). Kunkocts B [IEE30OMETPE MOAHHMAETCH (ecnH JaBJIeHHe
B MECTE HIMEPEHHs GoJblle arMocdepHOro) Ha BeICOTY f1,, Ha3piBa-
EMYIO TbE3OMETPHYECKOH BhICOTOM. [IpH 5TOM AaBneHHe B TOYKe H3-
MEPEHH CKIANbIBACTCA M3 JABJEHHA p; HA CBOGOJHYIO MOBEPXHOCTH
HHLKOCTH, 3aKMOYEHHOR B COCYA, M J[aBJAeHHS cronba HKHIKOCTH
BhicoTol . Ono ypaBHOBemmBaeTcs NaBieHHeM B nbesomeTpe g, -+

- PgHy py + pgH = p, + pgH,,.

Orkyna Hi—H=—(py—p) wm
H, —H— s (16)
eg

Takum o6pasom, wen GoJIblile PA3HOCTH AABJNEHHA HA CBOGOLHYIO
NOBEPXHOCTb JKHAKOCTH, 34KMOYSHHON B COCyA, M armocdepHoro
A2BJEHHs, TEM GOJIbIUE PA3HOCTH BLICOT YPOBHEH KHUAKOCTH B 0bLE30-
MeTpe M B cocy/e.

: _Hbes_omerpamu. H3MEPAIOT JaBJICHHE JKHIKOCTH, B UACTHOCTH BOIEI,
HE3HAUNTeILHO OT/IHYaloWeecs: o arMocepHoro, Tak Kak Gonbluie
H3OLITOUHBIE JaBIeHHS MOTYT GhITb yPaBHOBELIEHbl JHIUb JABACHHEM
CT0/10a BOABI GOMBIION BHICOTLI.

Hpyxcunnoinu Maromempary U3IMEPSIOT 3HAYATEAbHKEE NABICHHA
HHUAKOCTeH W rasos. Cxema takoro MaHOMeTpa mokasaHa Ha pue. 10,

H COCTONT H3 cnHpanbHol TpyGKH /, omum KoHen KOTOpO¥ 3anass,
8 JAPYrolf, OTKpPBITHEI, KoHer coofLlaeTcsi ¢ cOCyAoM, B KOTOPOM H3-
MEpsoT nasnenue. PaGouee Teno OKasblBAeT JaBjeHHe p HZ BHYTPEH-
HIDIO HOBEPXHOCTE TPYOKH. Ha sremnmiow ee [OBEPXHOCTD JEHCTBYET
AaBretue p, HapyxHoro o3nyxa. [Tog aeifictsuem pasHOCTH AaBjeHHi

BT L A BV TSR omIAeTCs) Tew Cno-
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fee, deM Goabie sta pasHocTs. K sanasHHOMY
KOHLLY TPDYGKH HpHKpenieH MeXaHH3M, noBopa-
UHBAIOWHA HA COOTBETCTBYIOLLUI yron ykasa-
TEIbHYIO cTpenky 2.

Takum 00pa3oM, ¢ NoMOLLbIO MaHOMeTpa Ha-
MEpsIOT He abCoJOTHOe AaBjeHHE BTCOCYZE, a
H3OLITOYHOE JAaBjieHHe B HeM. AGCOMIOTHOE JaB-
JIeHHe B cocyle

Pese = Puan ~+ P (17)

Parc. 10, Mpymannufl ma-
HOMeTp:

Fio hytien: 2 s EpadRL L fin Puanr — AaBJIEHHE, KOTOPOE MOKA3HBAeT
MaHOMETP.
Baxyymmemps npuvensior s namepenns pakyyma. A6coior-

HOE JaBleHHe Cpels!, H3IMEPEHHOe BAKYYMMETPOM:
Pase = Pa — Paax. (1 8_)

Kudrxocmueie U-obpastee Maromemper (puc. 11) npumensior mng
MSMEDEHHS ManblX AaBieHu#t. Msmepsievoe naBnenme zasuent or
DJIOTHOCTH NPHMEHSEMOH B MaHOMETPe JKHAKOCTH, HO3TOMY TIPH [OJb-
SOBAHMH JKHIKOCTHEIMH MAHOMETDAaMH CJeLyeT OroBapHBaTh, Kakas
KHAKOCTb ynorpebasercs. HanGonee 4acTo B 3KHIKOCTHLIX MaHOMeT-
Pax HCIOJL3YIOT PTYTb, BOAY WJH CIMpT.

Jlast uaMepeHus MaJbX JNABACHHH ¢ BHICOKOR TOYHOCTBIO mpHMe-
HAIOT muxkpomaromempeor (puc. 12). Taxoi MHKPOMAHOMETP COCTOHT
H3 pesepByapa / M HAKJOHHOH TPYOKH 2 co mkanofi. B pesepeyap
HAJIHTA KUAKOCTh (Yalle BCEro COUPT), 4 OAMH KOHe:n TPYOKH BXOAHT
B pesepByap, o0pasysi ¢ HHM COOBIAIONI Hecs cocynel. Ilpu naBnenun
P = Py — p; Ha KHAKOCTb B COCY/E, OHAa MepEeMelLaeTcs B TpyOKe
H 3anHMaer Ha wkane noJoxenue L. Ilpu yrae o HakjaoHa TPYOKH,
AABJICHHE, H3MEpsieMoe MHEPOMaHOMETPOM, ONpemessiorT Mo dopmyne
P = pgL sin a.

[TpuGop montupyior B KOpmyce, yCTaHABAHBAEMOM C HOMOULBLIO
PETY/IHPOBOYHBIX BHHTOB CTPOrO 1O YPOBHIO.

Hns uaMepennst pasHoCTH faBieHHE B ABYX pesepByapax Hau
B ZIBYX TOYKaX OLHOTO TPYGONPOBOAA YACTO NPHMEHSIOT TAK HASLIEA-
embie dugdeperyuansnnte Maromempor. Cxema npHcoOeaHHEeHH T TAKOro
MAHOMETPA K M3MEDACMOMY OGLeKTy moKasaHa Ha pue. 13, I[Tycrs
Ha [OBEPXHOCTH JKHAKOCTH MJOTHOCTBIO p B cocyne A pasnesne p,,

Pue, 1L Meakoctrsid U-obpas-
HEIl manoMerp
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Puc, 12, Mikpomanomerp:
4 — pesepeyap; 2 — nakaonnan TpyGKa

v

Puc, 18, Auddepen- Puc. 14. K onpeserenmn THAPOCTATHMECKOTD HAMO=
EHANTBHBEIL Manomerp Pa, ACACTBYWOMErD Ha RAOCEYD CTeHKY

Ha NOBEPXHOCTH JKHAKOCTH C TOH e MIOTHOCTHIO P B cocyne B —

AaBreHue pg. Ecai MaHOMeTD 3anosmeH JKUAKOCTBIO, MAOTHOCTH
KOTOPO#H Py, TO MOMHO 3a0HCATD CACAYIOLLEE PABEHCTBO:

Pa=Ppghy = py+ pghs + pyaugh.

Yuuroas, yro hy —h, = —h, NOAYYHM Py — pPp = (D yay —
— p) gh. Taxum o6pasoM, pasHocTs napjeHui OTpelleIAeTCA paszHo-
CTBIO YPOBHEH XHAKOCTEH B KOJeHax RH(PEPEHNHATLHOIO MaHOMETPA
H PasHOCTBIO IVIOTHOCTEH KHAKOCTeH B MaHOMeTPEe H H3MmepseMbIX
pesepsyapax.

Jlapenne KURKOCTH HA MIGCKYIO U UHAHHAPHYeCKYIo cTenky. [Ipu
pacuere OOJBLINX pe3epBYapos, namb, MAOTHH U APYruX FHAPOTEXHHU-
HECKHX COODYMEHHE HEOOXOAMMO SHATH NOMHOE AABACHHE IKHIKOCTH
Ha CTCHKH COOPYXCHHH, BENHYHAY W TOUKY MPHAOKEHHS pasHOJIeii-
CTBYIOIIEH CHJBI JaBAEHMS.

{1aockas cmenxa. Tlpeanonoxum, uto B COCYNl C MAOCKHMH CTEH-
KaMi rayGHHON H HamuTa XKUAKOCTH MIO0THOCTHIO p. OnHa u3 crenok
HARJIOHEHA K TOPHIONTY foA yriom ¢ (puc. 14). Haiigem CHJITY
FHIPOCTATHYECKOrO JaBieHHs, NelCTBYOWEro Ha 3Ty CTeHKY, H
TOUKY MPHJIOKEHNS 3TOH CHab. Boinesum ua NOBEPXHOCTH HAKJOHHOMH
CTEHKH SJeMEHTAPHYI0 maowaaky AS B Buje y3KO# moAockH, na-
PajieabHol CBOGOAHON MNOBEPXHOCTH KHAKOCTH o PacHoNomKeHHOH
Ha paccrosinuy h or nee. Onpenennm CHJIY H3ORITOYHOTO JABJSHMN,
OKa3bIBAEMOr0 JKHUUKOCTHIO HA BeIOpaHHyl0 nosocky AS, Tak kak
ATMOCEPHOE AaBlieHKe, KoTOpoe NEpejaercs KHAKOCTBIO H AeficTByer
Ha CTeHKYy cJsieBa, ypaBHOBemuBaercs arMocepHBIM  laBIeHAEM,
AeHicTBYIOIM Ha CTeHKY cnpaBa. Cusia H3OHITOUHOTO NaBieHus AP =
= pghAS, vO h = ysin o, nosromy AP = pgy sin gAS. Tloanyio
CHIY THAPOCTATHIECKOIrO AaBACHHS, OKA3bLIBAGMOrO HA BCIO 1OBEPX-
HOCTH CTeHKH, HaiijgeMm, CYMMHDYS s/ieMenTapubie cunnt AP, aeficTBy-
iouue Ha SNEMEHTADHbLIE NJOILALKHA;
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3nech ZyAS——craﬂmecr{nﬁ MOMEHT mIOIIAAH S OTHOCHTENBLHO
S

JHHHH nepeceyeHusd CBUGO.HHUFI HOBEpXﬂOCTH HKHAKOCTH € IJIOCKO-
CTBIO CTEHKH! :

X yAS =y, (20)
IA€ Y — PACCTOAHWE B MJOCKOCTH HAKJOHHON CTEHKH OT HeHTpa

raxectd C stoil nnomam no cBOGOAHOH TIOBEPXHOCTH,
Hoacrasasisn Bmpamkenne (20) B (19), nmoayuum

P = pgys S sin g, (21)
HO Yo sin @ = he, Toraa Bhipaxenie (21) OPHMET BHA
P = pghS = pS. (22)

Ecau na nosepxmocrs xupkocts AEACTBYET NaBJEHHE p,, OTJHU-
HOE OT aTMOC()EPHOTO, TO T'MAPOCTATHYECKOE NABJICHHE B HEeHTpe TH-
HECTH CTEHKH p¢ = p, -+ pghe W nonmas cuaa THIPDOCTATHIECKOTO
Jaenenns, H:

P = pcS = (po+ pghc) S. (23)

Tonuas chna rugpocratueckoro AaBjenus XKHAKOCTH Ha MJIO-
CKYIO CTEHKY DaBHa NPOH3BEJEHHIO CMOYEHHON MJAOIAAM’ CTEHKH Ha
THAPOCTATHYECKOE HaBJieHHe Pc B €€ HEeHTpe THAMKECTH.

®opmyna (23) npurogHa Takmke I Onpele/eHHs MOJHOH CHJEL
rla,upocramqecxoro JAdBJAEHHA Ha FOPDH30HTAJEHOE JHO cocyna:

Pi=(po+pgH)S, (24)

rie H — BhicoTa croa6a KHAKOCTH Hal AHOM; S — NJIOmAakk NOBEPX-
HOCTH AHA. i

Ha euipamenna (24) CACAYET, YTO CHJIa THAPOCTATHYECKOTO JaB-
JIeHH, IEACTBYIOULAs Ha IHO COCYAA, HE 3aBHCHT OT €ro ¢opmet (puc. 15),
8 SaBHCHT TOJIBKO OT MVIOTHOCTH MHIKOCTH, BEICOTH €€ cTON6a H mJ0.
Wajgd AHa cocyja.

[lonuas cuna nasnenuss P = Po + pghc HOpMaJbHA K creHKe,
Touxy D ee npuaoKenus HashBaior UEHTPOM HNaBjenus. Ilas ee on-
PEACNCHUS HCMOMB3YIOT TEOPEMY TEOPETHYECKONH MEXAHHKH O MOMEHTe
PaBHOJCHCTBYIOMEH (MOMEHT PaBHOJICHCTBYIOMIE! CHJIBI OTHOCHTE/IBHO
HEKOTOPOH OCH DaBHSETCH CYMME MOMEHTOB COCTAB/SIOMHUX CHJ OT-
HOCHTENIBHO TOH e ocH)., OTHOCHTENbHO OCH X (cM. puc. 14) sty

TEOpEMY MOJKHO SamHCaTh B CJeLylOmeM BHAE: Ypghy AS = pghoSy,.
Tak kak h = y sin @ # A=y, sin g, no.nyq;ms Y pgfAS sing =
= pgyc Y,Ssin @ uan pgsin ¢ Yy® AS = og sin; Yctle S. Topenns
obe wacTi noCJeAHEr0 YpaBHemns Ha pgsin @, nomydwnM

§ Y AS = yey,S,
20

_ f;&h'ﬂpb # napananeinua 00pasylomum CTeHKH, 10 cocrasadionias P, = 0.

il

HA A2

Prc. 153. K onpeneacuu® ruapocra-
THUSCKOT0 MABJCHHR HA TOPHIOH=
Tansioe AHO cocyja

Prc. 18, K onpeiedennio rHApocTa-
THHECKOT0 HAmopa, nefcTBYWWEro Ha Y
UHAHEAPHYECKYI0 CTEHKY

rAe ) ;*AS =] — momenr HHEPIHH MJ0LIAAH CTEHKH OTHOCHTENBHO
3

ocH x.
Creposarensuo, yey,S = I. Orkyna Yy, = I/y.S.
Ecau pacemarpubar MOMEHT HMHepPUHH NJIOWANH S OTHOCHTEJLHO
OCH, NPOXOAALLEH YePes UEHTP THKECTH CTEHKH, TO MOMHO 3aMHCATS:

I = 1.+ y:S, rorna

4 .
S+ 1 o fip
L C!.fgs C=ya % ‘_!!——G(:S . (25)

Crenosarensno wentp nasaenusi D PacnosioxeH HHXKE HeHTpa
TANECTH cTeHKH C Ha Benuunmy [o/y,S.

B gactuom cayuae UEHTD THMECTH BEPTHKAJILHONH NPAMOYIOJbe
HOM CTEHKH WIHDUHOM b, MOTPYMEHHOR B KUAKOCTD HA ray6uny H,
PACHONIO/KEH Ha DACCTONHHH Yo = H/2; MOMEHT HHEepUHH TaKoR
CICHKI OTHOCHTEJBHO OCH, NpOXOIsmel uepes ee HEHTP THKECTH]

10 — —11§ bH®, cvmouennas niomans crenxn S — bH. [lostomy uenrtp

HaBJACHHA BepT‘IIKaJII:HUﬁ HOrPYKEHHOH B MKHAKOCTh CTCHKH pacnc-
JOMEH OT NOBEPXHOCTH KHIKOCTH Ha PaccrosHuy

Pae i arils VRN AT S
w=H  mmr =+ 5 H=7H.

Lurundpuweckan cmenxa. Cums FEAPOCTATHYECKOrO JaBJCHHS HA
KPHBOIHHEHHYIO CTEHKY HMeloT {asNHIHbIE HanpaBAeHHA, TaK Kak
B K&XCIOH TOYKE OHH HOpPMaJbHLI K NOBEPXHOCTH B JaHHOH TO4Ke,

OITOMY HEJIL3A 3apanee yrasarhb HanpaejeHUu® paBHOAeHCTRYIOWEH P
BCex cuni. Onpenennm cuny THAPOCTATHUECKOTO JIABJEHHS HA LHIUH-
APHYECKYIO CTEHKY B KOOPAHHATAX xyz (pHc. 16): ocir z — Bepri-

- KanbHag, y— mapanneniua O0pa3yioWHN NHINHAPE, X—NEPReHay-

SYaRpHa ocsiv 2 u y. Tak Kak ciuanl AaBIeHHs HOPMaJbHB K CTeIKE,
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Pesyastupyiomyio cany P moxuo NONYUHTH TEOMETPHYECKHM CJI0JKe-
HHEM cocTaBasiomiuXx P, u P,:

PV PITPL (26)

s onpepenenyis cocrasasomeii P, BHOepeM Ha NHAHHAPHYECKOI
nosepxuocth ABCD  snemenraphyio UHJHHAPHYECKYIO MJIOWAAKY
abed. HopmaneHo x stofl paomanke NPHJOXKEeHa 3JIeMeHTapHas CHJa
AP = /AP FAPL Cocrapasiomas AP, = AP cosa. Tak Kak
AP = pAS, to AP, = p AS cos «. Ho AS cos & ABISETCS NPOEK-
auedl nomanku AS Ha NJAOCKOCTH 2, Y; AS cos @ = AS,,, nostomy
MOXHO sanncate AP, = pAS,,. 3unauenne P, MOXHO TN0J1YUHTB,
TPOCYMMHDOBAB BCe 3/eMEHTapHHe cocTapasiomue AP,: P, =
= XpS,, = pY¥AS,,. 3necn YAS,, — npoexuus Bcell MOBEPXHOCTH
AMIWHAPHYCCKOH CTEHKH HA DJIOCKOCTh 4z, T. €. YAS,, = Sy
TosTomy

Px =psyz' (27)

Taxum 06pasoM, ropH3OHTANBLHAS COCTABASIOMAN CHI I'HAPOCTE-
THUECKOTO AaBNeHHS P, DaBHa NPOUSBENEHWIO CHAB THAPOCTATHNC-
CKOrO J3BJIEHHS] TAKOTO Ke CT0A6a XKHAKOCTH HA MPOEKUHIO [HJAII-
APHYECKOf CTENKH Ha MAOCKOCTH, MEPHEHMKYNAPHYIO K OCH X, T. €.

Px == Pgz;, T‘Syz: (2}‘)

TA€ 2, , — paccTosinne OT CBOGOAHOH NOBEPXHOCTH IO HEATpa Tsi-
HMECTH MPOEKIHH S,

BepriuxanbHas cocraBasiomas cuib THIPOCTATHYECKOTO JaBAEHN T
€CTb DaBHOAEHCTBYIOMAA CHJBI THMKECTH, IeficTByomeli Ha Bce sae-
MEHTHl OOBEMA KHAKOCTH, HAXOAAINCHCS Han paccmaTpHBaeMoi Kpi-
BOauNefinofl cTenko#, T. e. pasna Becy Xuuxocts oowemoM V, pacno-
JUIKEHHOH Hal CTEHKON:

P,=pgV. (29)
Ha OCHOBaHHH q;‘opmy."llﬂ {26) NoJTyuHM pBS}-’Hle'IPY}UUlym CHIY
P = Pg l’f Zi, TS_r_;z + K

Touky npunoxenns PaBHOREHCTBYIOWER cHALI P K KpHBOJHHEI-
HOH CTEHKEe CPABHHTENbHO MPOCTHMH METONAMH MOXHO HAHTH JHILL
Anst YACTHBIX CJIy4Yaes.

llpumep 4. Hafita caay, AefCT8YOULYIO Ha IroTHHy (puc. 17) B FOPH30NTANBHOM
Hanpasienu, €caH ypobewb Bopw neped maotHmoll Hy= 10 M, a 8a naornsod
Hy= 2w, pnaua mnotnas L = 100 u,

Cuny mapienus, JeficTByiomyo ua [IOTHAY B TOPHSOHTAALHOM HanpasJaeHuH,
onpejeans no popuyre P =pg(H;y +S;i— Hyg oS,), rze Higg = H/2 u 8;=
= HL; Hep.o= Hyl2; S;= H,[, Iostomy

P =10%.98 (—129- 10- 100—-—;2. 104}).3 47.10% H = 47 MH,

_ﬂan.ﬂenue HWHAKOCTH Ha CcTenkH T1py6. JKHAKOCTh TOA BANAHHEM
ACHCTBYIOWHX Ha HEe CHJ JAaBHT HA CTEHKH Tpy0, B KOTOPHX CHa Ha-
B

7

Bl
BN

2y C I

Puc. 18, Cuan rugpectaTHueckoro gas-
AeHnA, ACCTHRYIOMME M3 sHYTpoHNHe
CTCHEH rpyfist

XOMHTCA, MOSTOMY TPYGOMPOBOAB AOMKHBI GBITb H3rOTOBJIEHE TaK,
YTOOB BOSHHKAIOWME B HHX HANpPsKeHHS HE MPHBOAHIH K paspy-
IEHHIO.

Pacemorpam pacnpocrpanenssti cayuaii NpHMEHeHHA UHJIHHAPH-
YeCKHX TPYO A1A TpyGONpPOBONOB M OMPEAEIM HaNpsKeHHS B HX
crenxax. llon nefictBuem Buyrpemmero pasmenus P Tpyba Moxer
pasopBaTeCs, Hanprmep, no AuamerpanbHoll niockoetr AC (puc. 18).
Onpepenum cuay P, CHAPOCTATHYECKOTO AaB/eHHs, AeHCTBYIOMLIYIO
Ha UHIHHIDHUECKYIO HOBEpXHOCTb abe (unw adc). Cuaa P, pasma
CHJE AABJICHHS!, NEHCTBYIOMWIEr0 HA BEPTHKANBHYIO NPOCKIHIO LHJHH-
APHNECKO# N0BEpXHOCTH abe (Win ade), siBAAIOMYIOCS AHAMETPAabHLIM
cegennes Tpyoni: P, = pdL.

Hoc:fo.:;bxy CH/Ia CTDEMHTCA pasopsatb TPyGy B ABYX MeECTax:
Y TO9€K @ H ¢, TO npH pacyere TpyS HA Pa3peiB APHHHUMAIOT paspbiBa-
iomylo cuay, pasuofi P,/2. Bosnukaiomee HampsikenHe B KamIoil
NOBEPXHOCTH BO3MOMKHOTO MECTa pasphisa

o=tz __pdl.  pd (30)

Puz, 17. K npumepy 4

Hna obecneuenns npounoctu TPYO ACHCTBUTENLHBIE HANPSKEHHS
Op HE JO/UKHBL npeBbiwarh monycrumsie [o,], T. e. 0, < o, l.
l'[ga'rou.y TONIHHAA CTEHOR
: d
8> 02, 31
Blo,] (31)
Ha npakruke nomssyiores ana onpenesenuss HeoGXOAMMOR TOA-
[HHBL CTCHOK TPYOul caeayiomel hopmynoi.:

5=§r—%—1+a. (32)

Tae o = 3...7 MM — fononHHTeNbHE 3amac IPOYHOCTH.

fpumep 5. Onpereauts Tomumny cremox HepTeNpOBONa At mepexaukd HedTH
Tog Aasaennenm 2,5 MITa. Buyrpenuni Anametp Tpy6u d == 600 MM, gonyckaemoe ua-
bpsxenue [op] = 137 MIIa, Hpanats o = 4 uu.

o dopuysne (32) rommnna crenox

2,5.10%.06
6= ~5.137- 107 T 0:004 = 0,0055 - 0,004 = 0,0095 M =95 ym,
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Pacuetnl nogasusator, uto BEPOATHOCTL paspheiBa TPYO B nonepey-
HOM CEYCHHH HAMHOrO MeHbIe BepOATHOCTH paspylleHdsi no obpa-
SyiOleH UHAMHAPA MOA AeHCTBHEM NABACHHS HKHAKOCTH, Haxons-
medcs BHYTPH TpYyOsl. [lostomy npH pacyere TpyO ONpeNesIsioT
TOALKO BOSMOXKHOCTH paspylienus HX no o6pasyomeil.

Haasauwe Ttea. 3axon Apxumena. Paccymorpum peficTeie cHa Ha
TEJI0, NOMHOCTRIO NOTp Yy KeHHOE B 3KMIKOCTS. [lpencrasum, 9To apaMas
IPAMOYTOJIEHAS MPH3MA MOTPYXKaeTcsl B JKHAKOCTH (pPHC. 19). Cunwt
TRAPOCTATHYSCKOTO MaBjieHHs, JNefCTBylOlMe Ha GOKOBBIE rpaHu,
PABHEL TI0 BENHYHHE H NPOTHEONONOXKHBI N0 HANpPaB/eHHo, No3TOMy
OHH ypasuopemeHsl. Cusibl )Ke rHAPOCTATHYECKOTO AABJCHHS, JICHCT-
BYIOImHe 112 OCHOBAHUSA NPH3MbI, HEOAHHAKOBEL. Ha Bepxuee ocropanne
AEHCTBYET CUAQ, HANPABACHHAA BHH3: P, = p,gH,S. Ha nuxnee
OCHOBaHHE JeHCTBYeT CHJIA, HanpaBJjeHHas BBEPX: Py = pS =
= Pxg (H, + H) §. 3ra cuna Goasule cHAL Py, tak Kak H, -+~ H >

(- Pasnojeficreyionas cuaa FHAPOCTATHYECKOrO JIaBJcHHA Ha-
npaBjieHa BEepX H paBHa

P = P2 s Pl = p'xKg‘HS' (33)

Hponseenenne SH = V — ectb o6mem norpyxenHoro tena. Ipa-
Basd 4acTe Qopmyint (33) mpeicrasaser cofoil Bec oGnema JKUAKOCTH,
pPaBHOro 00BeMYy NOTPYIKEHHOro Tena. TakhMm 06pasoM, Ha meao,
noepydkeHnoe e gcudxocmo, Oeldcmayem pasrodeliemeyou@s  cuaa
eudpocmarmudeckozo  Oagaerus, KOMopas cmpemumes  66iroiKHY Mo
MEAD GOEPX, U PABHAA GeCY HCUOKOCMU 6 06TeMe NOZPYNEHHOO meaq.
StoT sakon ycramoBnen Gosee 2200 mer Hasan TPEUECKHM YUEHEIM
Apxumenom W HOCHT HA3BaHKE 3aKOHA Apxumena.

HAna KpatkocTH HazoBem PABHOJICACTBYIOULYIO BBITAJKHBAOULYIO
CiHJY HDPOCTO BHITAJKHBAIONEH CHJIOI,

3akon ApxuMmela cnpasejTHB LA Ted NpOH3BOMBLHON dopMEL, a
TaKME LU TeN, HacTHYHO MOTPYIKEHHBIX B KHAKOCTh. Bens Teno
OGO (POPMBI MOXKHO NPEACTAaBHTH COCTORILHM H3 GOJIBLIIOrO wHCaa
OPAMBIX TPH3M C MajbiMH OCHOBAaWHSIMH, AT KaKIOH H3 KOTOPBIX
copaselus sakon Apxumena. Crenosatensno, on 6yier CIPaBejanB
i AJIA BCEro Tesia NPOM3BOJBHON (OPMEL. ButankuBsaiomas cuna,
ACHCTBYIOIIAS HA YACTHYHO NHOTPYIKEHHOE B KUIKOCTH T€JNO, paBHa
BeCy KHAKOCTH B OOBEME TOTPYKEHHOH YacTy Teja.

Bec rena G = p,gV, NOSTOMY /st IIaBaHHsA Tena HeoGXOAMMO,
4TOOHl BHITaJIKHBalOIlas cuja Gblia paBHa Becy Tesa:

PugV = p.gV, (34)

I Py = Py To € UTOOH IVIOTHOCTL Tesa GbINa Gl paBHA MACTHOCTH
xunkocti. U3 popmyast (34) eaenyer, uro ecan Ps > Py TEJIO BCNJIRI-
Baer, a eclIH Py > P, — TENA0 TOHET. i

Hast obecriedeHNs paBHOBecHs TeJa, MOrpyXeHHOro B JKHIAKOCTB,
HENIOCTaTouHO pPABEHCTEA Py = p., Ecnu NOTPYKEHHOR B KHAKOCTH
TEI0 OHOpomHO, TO UEHTP THIKECTH COBnanaeT ¢ TOUKON NPHIOKEHHS
BLITANKHBAIOMEH cuael P (pue. 20, 6). Jlas HEOAHOPOAHHIX Tes 3TH
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Puc. 19, K paccmortpenno 3a- Puc, 20. Reilcrene cua ma NOTrpyKeHHLIe B Mug~
HOHA Apxumeja KOCTS Teja:
G; 0 — HEORHOPOAHHES: 8 = oAuopoaHOE

TOUKH He coBnajaior. s paBHOBECHS HEORHOPOAHBIX Ted, nerpy-
MEHHBIX B ZKHAKOCTB, HEOOXOLHMO, YTOOBl NpH BRIBENEHUH H3 BEPTH-
KaJIbHOTO TOJIOKEHHs cHaa TsaxectH G M BhITajJKHBaiowas cuna P
00pa3oBanH mapy, CTpeMsiLyiocs NOBEPHYTH TEJNO B YCTOHYHBOE NO-
aoxenne (puc. 20, @), npH KOTOPOM TOUKH OPHIOKEHHsT 00eHX CHA
JIEKAT HA BEPTHKANLHOH MPSMOH, NPHYEM HEHTP TSIKECTH DACHONO-
HECH HUIXKE TOYKH NPHJIOXKEHHS BHITAJKHBAIOLICH CHJBL LEcan HEHTD
THMECTH TE/IA PACMIOIOKEH BILIE TOUKH NPHIOKEHHS BEITANKNEAIOLLOH
ciasl (puc. 20, 6), TO NOJOKEHHE TOTPYKEHHOTO B IKIAKOCTH Tea
HEYCTOHYHBOe, TAK KaK NPH OTKJOHEHHH €ro or BEPTHKAMRHOTO M0-
JOXeHnst cuabl G u P obpasyior napy, CTPEMALYIOCH MEPEBLPHYTH
8TO TeJo.

_Tlpumep 6. IMpauoyroasnan Gapwa ammoft L = 60 u, HIpHECH H= 8 m u
BLICOTON 4.5 M, HarpyXenmam neckow, nnasaer mo pere. Bapxa smecte ¢ rpyaom
BFC_ET 31% J:-:H. Onpegennts ocairy oa P#AH 8 BOAOHSMEIUEHEE NPH NPEALAbIOI ocanke
? Ha' Yeaosus niasauns (34) 6apxn samumen: G = PxgV, rie V — ofven norpy-
eHHON uacThH Gapmu. Tak kak GapiKa NpAMOYTOALHAR, TO ryGHHEA NOrpyXKenus

14,100
4= m = 2,98 M.
Ipi geanxe y' = 3,5 M 06Ben norpyzxennoil qacta V,, = 60-8-3,5 = 1680 m®
I MaccoBoe mojgousMemenne Gapmn M = PV = 103. 1680 = 16,8 MH,

KOHTPOJILHBIE BOMPOCHI

1. Uro nayuaer rmgpocrarnka?
2. Kak dopmynnpyercs sakon [Mackans?
3. Kag yerpoen u pabtoraer rEApanaHYecKuil npeccy
ONPENCNTE CHIY IHAPOCTATHYECKOTO AaBaenns, AelCTBYIOWYIO Ha TI0-
CKYIO U UHJMHADHIECKYIO CTEHKH?
5. Kax opuyaupyercs saxon Apxuvena n B uem ero CYIHOCTE?
6. Kaxosu yenosns PABHOBECHA MOrPYMEHHOTO B JKHIKOCTH Te/ia?

§ 3. OcnoBb ruppoausamuxn

 OcnoBunie nonsitug n onpenenenns. I'aponnzavukoil HaswBaloT
Paspen ruzpasankn, s ROTOpOM H3ydaercsi ABHIKCHHE JKHAKOCTH,
©6ycaoBnentoe eiicTien NPHJIOMKEHHEIX K Heil BHEWIHHX CcHJ.




Coctosnne peanpHOR ABUKYmefich
KUJKOCTH B Ka#/OH €e TOYKe Xxapax-
TEpH3YeTCHd He TOJNBKO MACTHOCTBIO H
BAZKOCTBIO, HO H BeJAHYHHOMH H Hanpas-
JEHHEM CKOPOCTH HacTHIl MKUAKOCTH, a
TAKKe THAPOIHHAMHYECKHM JABJCHHeM,

! ITox wactuumeit B rumpommzamuke
;};ﬁ;‘,ﬁ’;,,’f““u‘?}ff“"’ O BHANX REE- o HUMAIOT YC/IOBHO BRIIeIeHHBIR 00BeM

AKHAKOCTH, KOTOPBI HAacTOJNBLKO Maii,
9TO MOXHO mpeHebpeyb H3MEHEHHEM er0 (JOPMBI HPH ABHIKEHMH.

[Ipn usywenun saxomoB gBumenus PeanbHOH KHIKOCTH HeoOXOo-
ANMO yYHTHIBATB €€ BSSKOCTB, YTO YCAOXKHSET pelleHHe aanay FHAPO-
AMHAMUKH. PaccMOTpHM BHauane ypaBHeHHS ABHKeHHS HjeanbHORA
ZKHAKOCTH H 34T€M BHECEM B HHX TONDABKH, YUHTHBAIOUWHE BAZKOCTS
PeanbHBIX KHIKOCTel.

OcuoBueM o6bexTomM uaywenus THAPONHHAMHKH SHBISETCH MOTOK
HMHAKOCTH, NOA KOTOPHIM MOHHMAIOT ABHIKEHHE MACCH MKHIAKOCTH,
OTPAHHYCHHOH MOMHOCTBIO HJM HYaCTHYHO KAKHMH-NHGO [OBEpPXHO-
crami. Orpannvusaomasn NOBEPXHOCTb MOXET OHITh TBephofi, Ha-
IpUMED, CTeHKH TPYO, Gepera H JAHO PEKH; MOKET GHITh HOBEPXHOCTH
Paspena Mexny XHAKOA H rasco6pasHolt ¢asofi u 1. 1.

HBuKeHHe KHIKOCTH MOMKET 0BT  YCTAHOBHBUIHMCSH (cTamuo-
HAPHEIM) H HEYCTaHOBHBIUHMCS (HecTauHOHapHLIM). Y CTAaHOBHBmINMCS
HA3LIBAIOT ABHIKEHME, HPH KOTOPOM AABJEHHE H CKOPOCTE IKHAKOCTH
B JIOOOH TOYKE 3aHSTOro ero IPOCTPAHCTBA C TEYCHHEM BpPEMEHH He
Himenstiores. [lpu HeycranoBuBlieMCS ABHIKEHHH B KaxJaoH Togke
OPOCTPAHCTBA, 3aHATOrO JKHAKOCTHIO, AABJEHHE H CKOPOCTb H3MEHH-
forcs ¢ TeveHuem spemend. [lpumepom ycrasoBuBmerces IBHXKEeHH S
MOZKET CJYXKHTb JIBHIKEHHE Hepes KOHHYECKYIO TPYOKY XKHUAKOCTH,
HCTEKAIOMIEH H3 cocy/a, B KOTOPOM YPOBEHb NOJJEPKHBAETCH HOCTO-
anubM (pue. 21). Ckopocts ABMMKEHHS MKUAKOCTH B Pa3HYHEIX ce-
GCHHSIX KOHHYECKOHA TPYGKH Das/iuyHa, HO B KaXKAOM CEyeHuH OHa
HE MEHAETCA cO BpemeHeM. IIpu HenocrosmHuOM YPOBHE B cOCyJie ABH-
MEHHE KHAKOCTH B TOH K€ KOHHYECKOH TpyOke HecTanmoHapHOe,
TdK KaK JaBjieHHe # CKOPOCTh JXKHAKOCTH B KAMKIOM CEUYSHHH TPpYOKH
CO BpeMeHeM M3MEeHSIOTCH.

HBHiKEHH® KHIKOCTH MOMKET GHITH PABHOMEDHLIM H HepaBHOMeEp-
HBIM. PaBHOMEDHLIM HasBIBAaIOT ABIZKEHHE, TIDH KOTOPOM CKOpOCTH
B CXOACTBEHHBIX TOYKAX ABYX CMEKHBIX CEYEHHIl [OTOKA KHAKOCTH
pasHbl Mex1y coGoit. B mporxBHOM ciyuae aBukeHne HepaBHOMepHoe,
Ouesnano, asmxenHe uepes KOHUYECKYIO TPYOKY MKHIAKOCTH, HCTe-
Kaiollell H3 cOCyna, B KOTOPOM YPOBEHDb MNONIEPIKHBACTCH MNOCTORH-
HbIM (CM. PHG. 21), MOXKET ClyxuTE NPpHMEPOM HEPABHOMEPHOrO [iBH-
MEHUsT KUIAKOCTH. Eeau samenurs KOHHUYECKYI0 TPYOKY UHAHHADH-
HECKOH, TO JBUIKEHHE 3IKHIKOCTH Oyzer paBHOMEPHBIM.

HBuxenne KHAKOCTH GhiBaer HanmopHeIM H OGesHanopusiM. Ecusn
CTCHKN OOMHOCTBIO OrPaHHYHBAIOT nOTOK WKHIAKOCTH, TO HABHIKEHHa
HHAKOCTH HA3LBAIOT HATOPHBIM (nepememenne XHUAKOCTH MO [OJg-
26

Puc. 22. Jlumun soxa

3

2 ' (i )4
/"A ;;_
Pue. 23, Tpybua toxa

HOCTEIO 3aNOJINEHHEIM TpyGam). Ecan ke orpanmuenne notoxa ua-
CTHHHOE, TO JABIKEHHE JKHAKOCTH HA3bBalOT Ge3sHanopHHM (ABIKEHNe
MUAKOCTH B Kananax, pekax # 7. n.). Hanopume norokn mmoraa
HA3BRIBAIOT CIVIOLIb SanoOJHEeHHBIMM, 2 6esHanopuble — OTKpHTEIMH
pycaami.

Xapaxtep ABHKENNs JKHAKOCTH MOMKHO GBI Gt H3yuarth, npocJe-
ANB JIBiReHNe Kaxcaoi vactHubl. OfHako cyants o NOBEICHUH BCelt
HAKOCTH MO TPACKTOPHSIM BCEX HACTHI OBIIG Ghl HEBEPOATHO CIOIKHO,
H TAKOH METOl He NpHMEeHSercs.

Ecan nasecrun Bennuuna n HanpaBneHue CKOPOCTH, T. €. pacnpe-
AENEHNE CKOPOCTEH JKHAKOCTH B TOTOKE W 3aBUCHMOCTH 3TOrO pac-
HPEACNICHHS BO BpeMEHH, TO ABHMEHHE MKHIKOCTH MOMKHO CUHTATD
HOJHOCTRIO onipenesenusiM. Hanpaenenwe ckopocrelr B motoke xa-
PAKTEPH3YeTCH auunel Toka, Jluuns roxa — BooOpaxaemas KpuBas,
OPOBEACHHAS BHYTPH NOTOKA HKITKOCTH TAKHM 00pAa30M, YTO CKOpPOCTH
BCEX HACTHIL, HAXONAUWMXCA HA Heli B NaHBBI MOMEHT BpeMenH, Ka-
CaTeNILHLl K STOH Kp#uBoOit (pHe. 22). Jlunna toxa otn Huaerca OT Tpa-
EKTODIIH TEM, 4TO NOCAeNNAs H30GpaXkaer OyTh Kaxkof-nubo omgmnof
HACTHIEL 32 HEKOTOPBIH MPOMEIKYTOK BPEMeNH, TOra KAK JHNHS TOKA
ABTACTCT XAPAKTePHCTHKON WAnpaBaeHust NBHKONNs COBOKYRHOCTH
HaCTHIL MHIKOCTH B HAHUBIH MGMENT Bpemenu. Ilpy yeranomusmemcs
ABHAEHHE JHHHY TOKa COBmAfaloT c TPAGKTOPHAMH JBHKEHHS ua-
CTHIL JKHAKOCTH, -

Ecan B nonepeuron cevennn noroxa KUIKOCTH BBIAGTNHTH SjeMeH-
Taphyio nmowanky AS u mposectn HEPE3 TOYKH ee KOHTypa JINHIA
TOKa, TO OOMyMHTCH TaK HaselBaeMmast Tpy6ka toxa (puc. 23). JKux-
KOCTh, Haxonsuiascd BHYTPU TpyGku TOKa, obpasyer snemenrapuyio
CTpyitKy. EE;I:Q.@‘?_E_'E_I:{,&KOCTH MOJKHO paccMaTpuBaTh KaK COBOKYMHOCTb
BCEX ABIDKYLIINXCS S/IEMEHTAPHBIX CTPYEK.

JKHBLIM ceuennem SJIEMEHTAPHOI CTPYARH HAZLIBAIOT NOBEPXHOCTH,
HOPMAVIBHYIO K BEKTODY CKOPOCTH, T. €. K JHHHH ToKa. CroOpoCTh
ABHACHHA YACTHI JKUAKOCTH BO BCEX TOYKAX OIHOTO CeUEHUS 3/IeMeH-
TapHOH CTPYHKH MOKHO NPAKTHYECKH CUHTATE OAWHAKOBOMH BBHAY
HESHAYNTENLHBIX pasmepoB CEUEHHA, a caMO CeyeHHe — CUHTATH
IJIOCKHM.

Kusoe cewenne nortoka OLDPEIENAIOT Kak CYMMY JKHBBIX Ce-
HEHHE  S/IeMeHTAPHBIX CTpyex. CleoBarenbHo, XHBOe ceubHie mo-
TOKa npexcrasasier co6oi MOBEPXHOCTh, BO BCEX TOYKaX KOTOPO#

--tK_é)po'C'-'rH HACTHI KAAKOCTH HOpMAaJbHE K SJEMEHTaM 3TOM NMOBEpX-

‘HOCTH.

ﬂfmmﬂ CONpHKacanusg HHILKOCTH C TBEDALIMH CTEHKAMH, OrpaHi-
SIOILHMHE NOTOK B AaiHoM MUBOM CEYEHHH, HA3LIBAIOT CMOUEHHLIM
@‘3 HM

eTpom. OrtHounenye NACINANK KHBOIO ceyeHHA HOTOKa S K AnkHe
a




CMOYEHHOTO [iQplIMQTIJ[‘I X Ha3bIBaloT rIIﬂ!)ﬂB,-'II{I{E'C][Ifrs'T Pﬂ;f,l::,"*
COM
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X
Has 1py6 kpyraoro CEUCHHUSI, 3ANONHEHHBIX JKHAKOCTBIO, THAPAB-
AHYECKHH panuyc onpejensior mo Gopmyse
da ;
R=-2. (36)

Anazorigno OHNDPEACJSIOT I'HADABAHYECKHE paxuyc Tpy6 IPYTHX
CEYCHHI:
AT SITHOTHYECKOH TPyOGbl ¢ OCAMH a H b

ab
s : T
-E—[a—,—b)—l ab

A TPYGH B BHJE PAaBHOCTOPOHEETO TPEYIOMBHHKA CO CTOPOHO# a

a

| =

413’
Al TpyOel ¢ ceueHHEM B Buae KBaJlpara co CTOPOHOH @
& 5
R = - T!
Al TpyGbl B BHIE HPSIMOYTOMbHHKA €O CTOpOHaMu a, b
ab
R~ 20z +0)
O6pem (macca) KHNKOCTH, NPOTEKAIOWIEHi HYepes JKUBOE CeyeHua
I0TOKA B E€AHHHIY BPEMEHH, Ha3BLIBAIOT OOBEMHBIM Q, M¥e mau a/o

(MaccoBLIM m, Kr/c) PacXofOM IKHAKOCTH. Obvemublil pacxon ceazan
C MACCOBEIM DacXollom Bulpaxeruem Q = m/p.

IlnoTHoeTs 3KUAKOCTH MOMSET GbITh PAa3JIHYHOH B PAsNHYHbLIX yyacT-
Kax MOTOKA M Jake B PasJAHYHBIX TOYKAX JKHBOIO CeueHus, Hanpumep,
H3-32 HEPABHOMEDHOCTH pacrpeeesns TeMneparypet. B obmem cary-

Hd€ HENOCTOSAHHOH HBAAETCA H CKO-

i DOCTh MHIKOCTH B PA3JIMUHLIX TOYKax

o 3, |z MHEOTO CEYEHNA NOTOKA: B UEHTpe [10-

L ‘}\_N TOKa OHa OOLIYHO GoJiblne, Y CTEHOK,

;’; }/)1‘:’ OrpanHYHBAaOmMNX NOTOK, — MeHbiie

. 7 (puc. 24). B cBAsu ¢ sTuM BBORSAT

v v TIOHATHE cpenueli ckopoct moToKa,
Vanax | Vimizg IOL KOTOpO#f nomumaior uwacthoe OF
F ) ACNEHHS pacXola Ha NJIOMLALEL JKHEOLO

Pre. 24, Pacopenedensue cxopocres COMEHHA MOTOKA:

MO0 WuEBOMY CceueHHIO TPH ABMKCHIN @ o
NOTOKA MiAKocTH: i o= = (‘5?)
G — AaMHiSpHOM; O — TypOysedTa

HOM; [ — ¥Yuacrox AaMHIAPHOTO ABH=

seninst; £ — TypbyacutHoe AAPO OTK}’)I& Q =S
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PaccmotpnM nOTOKH, XapaxtepHsyeMmsle ycioBHEM Hepa3pHIB-
HOCTH — B /000N MOMENT BPEMEHH pacxoj JKHAKOCTH NOCTOSHEH

BO BCEX CeUEHHSX:
0S; = 1,8; = ... = v, (38)

FA€ Uy Uy, ..., U — COOTBETCTBEHHO CPEIHHE CKOPOCTH MOTOKAa B
Pa3HHX CeueHHsX. 2

Pexcimbl 1BHXeHHs peatbHbIX KHAKocTed. CymecTsyior pa pe-
JHMa ABIDKCHHA JKHIKOCTEH: NAaMHHADHBIA H TYpPOYJAeHTHHI. Ipu
JAMHHADHOM DEXHME OTAE/IbHBIE CTPYAKH HJIH CJIOM JKHAKOCTH IBH-
HYTCS NApalJNensHO, HE CMENIMBAACh, NPH TYPGYJNEHTHOM — ya-
CTHIEL MHAKOCTH ABHXYTCA GECHOPHANOYHO MO DA3HOOGPASHEIM He-
OHPEAC/ICHHLIM TPAEKTOPHAM, a CaMO JBHMKEHHe COMPOBOXKIAETCH
TONEPEYHEIM MEPEMELICHHEM KHAKOCTH H XapaKTepH3yercs nyJbca-
HHEH CKOPOCTH H JaBjenus.

Hcenenosanus O. Peftnoasica NOKasaMH, 49TO PEeXKHM IBHIKEeHHS
HULKOCTH B OGIIEM C/1ydae 3aBHCHT OT CKOPOCTH IBUKEHHS, PasMEPOB
NOTOKa, MJIOTHOCTH H BSI3KOCTH XKHAkocTH. Komniexe VKa3aHHEIX Be-
JHAHH, XapAKTEPHIYIOWHX PEXKHM JBHIKEHHS KHAKOCTH, HA3LIBAIOT
uiicaom Peitnonbaca:

Re=£%, (39)

e R — ruzpasnuveckuii paguye NOTOKA; | — AHHAMHYECKAs BA3-
KOCTb.

Yncno PeitHonbica — semnuuna GeapasmepHas,

Tak kak cornacno dopumyae (10) p/p = v, To opmyay (39) MoxHO
2anucatb B Buje

Re= -vi (40)

@opuyny (40) npumensior nph onpenenennu unesna Pefinonbaca
ANIR 0OTOKA moGoro ceuennst, Jas Kpyrawix UHIHHAPHUECKHX TPYy6
€ BHYTDEHHHM JuameTpoM d

i
Red=":'v—. (41)

Hockonsky mast taxux TPYO runpaBaugeckui papuyc R-= 4d, to
- Re = 4Red.

Ppaniusr cymecrsosanns PEXHHMOB ABUIKEHHS KHAKOCTH Onpele-
JAOTCH  ABYMA  KPHTHYECKHMHU SHAYEHHAMH uHCMa Pefinoasica;
HIDKHEM Re,, o Bepxaum Res. Tlpn Re < Re,;, Habmionaercs ycroii-
YHBBIH JIaMUHAPHELT PEXUM TeueHus mupkoctd, npu Re > Regp, —

: §WMHE TYPOynentHeiii pesknm. B nureppane unces Peiinonbaca

€ > Re > Re,, pewum tevenis KHAKOCTH HeYCTOHUHBEIG: fa-

MUHADHHI pewxcum nerko OePEeXOAHT B TypOyJeHTHHIH,
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B macrosiuee BpemMs NPUHHMAIOT HEKHee KPHTHUECKOE UHC/O
Peiinonpaca pasusim Re., = 250 ... 500; pas UHIHHAPHYECKUX TPYG
Req xp = 1000...2000. Tlpn nposepennu rupaBauuecKHX pacueTos
OueHb 4acTo mpHHUMAIT Rey, = 575 u Rey . = 2300.

Ha npaxruke uaumie nabmonaercs Typ6y/eHTHBI peRUM TedeHus
KHAKOCTH, HANPHMED, NDH JBHIKeHHH BOALI B Tpy0aX H3-3a ee cpas-
HHTEJbHO MAMOA BASKOCTH H GOJIBIIOH CKOPOCTH TeHeHHs. ITpu nBu-
HEHIH BASKHX MHAKOCTEH (HedTH, mMacna A fp.), a Takxe NpH ABH-
MEHHH KHIKOCTEH ¢ Majlol Bi3KOCTBIO, HO ¢ HEGOJBLLION CKOPOCTLIO,
HaO/IoAaeTCsA JIAMHHAPHbBI PEXKHM TeYeHus.

JlavnHapHOMY H TYPOYJNEHTHOMY PEXKHMAM ABHMKEHHS KHIKOCTH
COOTBETCTBYET H PasjMUHOe pacnpeieeHne CKOPOCTell Mo KHBOMY
ceueHuio notoka. Ilpu namuHapHOM pexkuMe TeUeHHS KUIKOCTH
no TpyGe (puc. 24, a) MaKCHMAaAbHYIO CKOPOCTh HMEIOT YACTHIb K-
ROCTH, ABHMYIIHECH 1O OCH TPYOBl. Y CTEHOK TPyOBI CKOPOCTH CTpE-
MHUTCA K HYJIO, TaK KdK YACTHIB KaK Obl NPHAHNAIT K BHYTPeHHeil
NOBEPXHOCTH, O0pasysi TOHKHH HenoABWIKHEI cuofi. Hecnenosauus
OOKA43bIBAIOT, 4YTO OpH JAMHHADHOM pesKuMe [ABMMKEHHS KHIKOCTH
H3MEHEHHE CKOPOCTH B MOOEPEYHOM CeYeHHH NOTOKA MPOMCXOAUT
no napaboNHYecKOMY S3aKOHY.

[Ipn TypOyneHTHOM pekHME TEUeHHS KHIAKOCTH pacnpejesienue
CKOpocTeil Go/ee paBHOMEpHO® (CHJOWHAS JHHHA Ha puc. 24, 6)
MO CEeYCHMIO NOTOKA, YeM NpH JaMHHAPHOM pexuME (WITPHXOBAS Ji-
HH#A). OT0 DPOHCXOANT BCAEACTBHE NepeMelmnBaHH OpH TYpOyJeHT-
HOM DEKHME YaCTHI, ABHKYIIHXCS € PASHHYHBIME ckopocTaMu. [lpu
TypPGY/IeHTHOM DEXHME CJIOH, NPHJEraioiiHe K CTeHKaM TpyOsl, ABH-
HKYTCs ¢ MaJOH CKOPOCTBIO, H PeXKHM JABHIKEHHA 3JIeCh JaMHHAPHBLI.
Mosromy, crporo roeops, uucro Typ6ymnentHoro peRHMa JBHKEHHSA
HUAKOCTH He cymecTByer. OfHaKO TOMMMHA JaMHHAPHOIO CJIOs MaJja
B CPaBHEHHH C TOJIIMHON OCHOBHOTO MOTOKA KHAKOCTH, H TAKOH pe-
HHM TEUEHHS MHAKOCTH NPHHATO CHHTATh TYPOYJEHTHBIM.

Hpumep 7. Onpefenuts peKHM ABHIKEHES HeTH B TpPyGONpoBoje AHAMETpOM
d =0 gU{!]Oggd I'I{H ckopoern asuenna v = 0,13 w/c. Kunemaruneckas Biskocts v =
=LA C.

o (opmyne (41) onpeseanm uncao Pefinosspca:

vd _ 0,13.0,4

Rea = < =gg100w = 173

Tax xak Reg < Regp = 2000, ro gpmkenue sedru samnnapioe.

Ypasnenue BepHysin naa mMUAKOCTH NpH YCTAHOBHBINEMCH ABH-
mennn PaccmoTpum ypasrerue Bepryasm ais 3JIEMEHTADHOMU CTP Y KH
nieanbHol wugkocru. lipemcrasum, uto ywactok Takoi CTPYHKH
saiiiioued MEeXNy ABYMS OJOCKHMH HOPMA/JbHBIMH K OCH CTPYiiku
ceveruamMd /—I u 2—2 (puc. 25). ITnomane nonepeuHOro ceuermus
I—1 §,, cKOPOCTb XHAKOCTH B STOM CEYEHHH U; H JAABJEHHE P, B ce-
YeHHH 2—2 COOTBETCTBEHHO S,, vy, p,.

Mz seiBona ypasenus Bepuyaaw gomycras, uto 3a Mamsiii npo-
MeXYTOK Bpemenw AT OOBEM KHAKOCTH, 3aK/IIOYeHHBIH MeXAy ceye-
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- YpaBHeHHs Ha At, noayuum

g

CunamH I—1 W 2—2, nepeme- M N
CTHTCH u3 podoxedus AB B
noaoxenne A'B’. Tlpu stom
ceuenne /—I NepeMecTHTCs Ha
MaJjioe paccrosnne Al = v,AT,
ceyenne 2—2 —Ha Al,=u,Ax.

[lps ycTAHOBHBHIEMCS JBH-
JKeHHH KHAKOCTH CcnpaBeiuB
BaKOH HEDAa3PLIBHOCTH CTPYH:
0,S; = ,S,. =

YMHOXHUB 00e 9acTH 5TOTO

€2

v;S;AT = y,S,A7. (42)

Ho v;8,A1 = AV, u 0,S,A1=
= AV,, 1orma coraacso (42)
AV, = AV, = AV. g : g
Mﬂcca mﬁMEHTapHOI‘ O  Pnc. 25. K smisony ypasmenus Bepuyaan u ero
obveMa AV wujaKocTH mor-  TeOMeTPHeckoR miTepmperammn
HOCTBIO p paBHa Am = pAV.
Hafinem namenenwe kmmermueckof SHEPTHH BHIGPaHHOrO o6bemMa AV
NP €ro nepeMelleHnd M3 nogoxenns AB B nonoxkenune A'B’ u
PaboTy CHAI, MPHJIOMXKEHHHX K STOMy OOBEMy Ha YKa3aHHOM nepeme-
mennn. HMavesenne xunernueckoi SHepran A9y = 3. a5 — Fpap,
Tie 3.1_.}'5- o CMHETHYECKAs SHEpPrisi o0beMa MeXIy ceueHusMH
A—A"1 B'— B3, »5 — xanerivecxas SHEPTHA O0beMa Mexay
Seicrumit A —d 1 B=Bi'D, 4p = 3, 41p - Sxee; iap =
= ‘91* AA'+3K A’Bs TDI‘JJ,B dax == '91; A'.B+ SKBB’_SK AA’_SE A' B =
= Jupp—3 aa-, T. e. a3, = &’;w% — m;”? = pAV -ti;ﬁ
Onpenenum Tenepb palory cHa, AeHCTBYIOWMX Ha BRIOp aHHBIH
M TIPH €ro nepeMemeHuH H3 NOJ0KeHus AB B moJsoxkerue A'B’.

Tlon meiicterem ma BLIOPAHHELT OGBEM CHJ THKECTH 0Gbem AA’ ne-

PeMecTuTcs B nonoxenne BB’ (o6vem A'B ocraercs Ha mecre). Iojs-
SYACh TA4KOH YCNOBHON CXeMoi, MOXKHO SanHCaTh BbIpa)keHHe and

PaboThl CHJI THXeCTH:

Ay = Amg (2 — 2z) = pgAV (2, — 2,). (43)
_ Onpenennm patory cua THAPOIUHAMHYECKOTO AaBaeHus. B ceue.

HUH I—1 cunw, ACACTBYIOIHE CO CTOPOHbI OKPYMKatOmes MHIKOCTH,

4 B ceyeHun 2—2 OpensTCTBYIOT
i nepemMeleHHio
HKHIKOCTH, HOSTOMY paGora PaBHOnEHCTBYIOmER STHX CHA

| & = PiSi0L — p,S,AL = (p, — p,) AV. (44)
Ha _OCHOBSHHH TCOPEMBEI 0 TOM, YTO HaMeneune KHHETHYEeC Kot

ml}flc.ﬁu_ HHAKOCTH Ha HEKOTOpOM NepeMelleHHH PaBHO cymme
- HA10M e nepemelenyy eex CHJL, NpHACKEHHBIX K 9TOl Macce,

al




p ek
NPHPAaBHACM H3MEHEHHE KHHETHYECKOH SHEepruu BolGpaHHOrO 06hema
MHAKOCTH cymme paboT AefcTByioumMx Ha Hero cuia. Toraa

pAV S — 0o AV (5 — 2) + (o — pa) AV.

2

(45)

Paspenus oGe wactn ypasnerus (45) Ha pgAV, monyuum
s % e: Rl e fi—Ps
e

HJIH 1I0CJIE HEKOTOpOro mnpeobpasocBaHHs
U ey BIERRE, TIY . (o (45)
T g Tas gty ta
Tak xak ypasuenue (46) BHIBefeHO A1 l'J]JDHSBOJEbe!"x’ C{N{EHI:H
CTPYHKH, TO OHO CNPaBEATHBO I/ JIOGOTO ceuenns CTpyiKi, H ero
MOKHO 3anucatb B O0WleM BHJE:
p Bk s (47)
— - — = const, 7)
% sy
Ypapuenne Bepuyanun (47) npeacraBiser co?oﬁ B4lHCE 3aKOHa
COXpAaHEHHA MeXaHHYECKOH JHEPIHH, OTHECEHHOH K eIMHHIE Beca
G = pgAV nepememaromeiics naeatbHON HHAKOCTH NP yCTAHOBHB-
memcsi ABHKeHHH. YUnen v*/2g siBisercs mepofi KHHETHYECKOH SHep-
PHH CIMHHIB! Beca, T. €. YAeALHOH KHHETHYECKOH SHepruu ABHICY -
WeHcs XKUAKOCTH, H60, NOMHOXKHB v*/2g Ha pgAV, noayunm Amu*/2,

Cymma —P—--|-z ABJIACTCA MEPOH HOMHOH NOTCHUMANBHOH 3HEPrHH
rg

€IHHHILI Beca, T. €. -MOJIHOH YHENbHOH NOTEeHNHAABHOMN sueprieii
ABHAKyUlelicH KHAKOCTH. Tak Kak npousseenne pgzAV npeﬂuam;le/ T
COGOH NOTEHIHAILHYIO SHEPTHIO NOJOMKEHHS BEIOpaHHOro oGbema 4
NONHATOrO HA BBEICOTY 2 OTHOCHTENBHO HEKOTOPOH MICCKOCTH cpaniie-
HuA O—0 (cM. pic. 25) 1 crocoGHOro COBEPIINTD PaGoTy MO AefCTBHEM
CHJIBL THIKECTH, TO 2 — NOTeHNHANbHAS SHEPTHS EAMAHILI Beca (yJ:Le.rzLa_-
Hasl NOTEHIHANbHAS SHEPTHA MOJOKEHHS) OTHOCHTENLHO MJOCKOCTIH
g 0—0. L 1
cpaggg?aéfme plpg ABnsieTcas MepoH noTeHuHANbHON Sueprun jei-
CTBYIOUHX CHJI NaBJCHHS Ha eUHHIY Beca, T. €. YASAbHO SHepruei
AaB/eHHsA JKBAKOCTH. IlpeictaBum, uto B HCCTIEAYeMYI0 HHAKOCTD,
HaXOIsULYIOCs MON AaB/ICHHEM p, noMelieH nbesomerp. Ilog yKasaHHbIM
AABJICHHEM XKHULKOCTh B NbE30METPE NOAHHMAETCs HA BCOTY A

#KHAKOCTH, TO NpH 5TOM coBepuiaercs pabota 4 = —pgh, AV;

pgfig AV
a3 pg AV

A
Haa SHEPrusd eIHHHNE Beca ¥HIKOCTH pasHna pz AV

~hg, 1. €. plog = h,.

Taxum o6pasom, COlepXaHHe ypasHeHHS Bepuynnm nns srren«!;_;
TaPHOH CTPYHKH npH yCTaHOBHBILEMCS ABHIKEHHH MOIMKHO chopmy rH= S8
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plog. Ecn Ha Takyo BHICOTY nmojHuMaercs BhIOpaHHLIH 00BeM Alg
o0 Ha |

CTOJILKO Ke BO3pacTtaeT H ero noTeHuHanibHad SHEpPrHi, Ilorenuuans-

POBATh TaK: yleMbHAA MEXaHHUeCKas SHEPTHA NPH ycTaHOBHBIIEMCH
ABHXKCHHH SMEMEHTAPHOH CTPYIKH HieansHof HHUAKOCTH, npencras-
Jasgoman cofol cymmy yAenbHOl NOTEHIHANLHOH SHEPTHH MOMOKeHiT
H A4BIeHHA H YNAeALHOH KHHETHUECKOH SHeprum, ects BeJIHYHHA [10-
CTOSHHAA.

Bee unens! ypaBuenns Bepaynmu (47) H3MEPMOTCA B JTHHEAHbIX
EXHHHIAX.

B runpasnuke wnpoko npumensior TEPMHH HANOp, NoX KOTOPHIM
MOHHMAIOT SHEPTHIO KHIAKOCTH, OTHECEHHYIO K eQHHile ee peca. Be-
auaany v¥/2g nasmBaior CKOPOCTHEIM (KHHETHYECKHM) HanopoM, mo-
KA3BIBAIOIHM, HA KaKyI0 BBICOTY MOMKET MNOZHATHCS ABMKYIAsnCA
MHIKOCTL 33 CYeT ee KHHeTHYeCKOil SHepruu. Bemwunny h, = plog
HA3LIBAIOT NLE3OMETPHYECKHM Hanopowu, TOKa3bBAIOWEM, HA KaKyio
BBICOTY NMOAHUMAETCS IKHLKOCTL B NBLE30METPE MOJ AEHCTBHEM OKazsi-
BAEMOrO Ha Hee NMaBJeHHS. Bemnunny z nasmsaior FeOMETPHIECKHM
HANOPOM, XapaKTepHIYIOWHM NOJOMKEHHe OEHTPA THIKECTH COOTBET-
CTBYIOWIErO ceuenusi ABHKYILefics CTPYHKH JKHAKOCTH Hap yCJ0BHO
BRIODAHHON MI0CKOCTHIO CpaBuenus. CymMmy z + p/pg nasmiBawor
foTeHUHANbILIM Hanopom H ,, a CYMMy NOTEHUHANLHOTO H CKOPOCT-

p v? : ‘
HOro manopos 3‘1—‘@"?“55 HA3HIBAOT NOMAHLIM Hamopom H..

Hanop takke HIMEDAIOT B JHHEANBIX eANHNUaX, uro [03B0/15eT
AaTh reOMeTPHYECKYIo HHTEPIIPETALHIO ypaBHEHHIO Bepuyanu u ero
Cocrapasgiownm. BriGpas POHSBOJIBHYIO [IOCKOCTH CpaBHenus O0—0
(em.. puc. 25), ornoxuM no BEPTHKANH 3HaYenus TEOMETPHYRCKOTrO,
MBESOMETPHYECKOrO M CKOPOCTHOrO HAanopoB 1is coOTBETCTBYIOMMK
ceueHnit crpyitku. Mo ocu CTPYHKH mpoiiger mumus, Kaxaas Touka
KOTOPO# OTCTOHT OT MJOCKOCTH 0—0 na paccrosune Z, Xapakrepi-
8YIOllee  reoMeTpHYeCKHH Hanop B coorBercrByiomeM  ceuemus
erpyfikn. Jlunuio K—K, xaxnas touka KOTOpOH xapakrtepuayer
Nbe30MeTpuuecknil nanop gas COOTBETCTBYIOWIEr0 CEUSHHSA CTPYHKiL,
Ha3bIBAT Mbe3oMeTp uueckol].

Ha puc. 25 namecena TaKke Hanopuas auwuus MN, kamnaa

TOUKa KOTOPOil-cooTBeTcTBYyer HoIHOMy Hauopy H| B COOTBETCTBY 10+
LeM CeYeHud CTPYIKH HAeambHON MHAKOCTH. Jluuug MN naparn-
MENbHA NJIOCKOCTH CPaBHeHHs, uTo CBHIETEILCTBYET O TOM, 4TO npH
ABHIKEHHI MACANLHON MKHAKOCTH NOJHLI Hanop ONHHAKOB AMA Jio-
Goro cevemus crpyifika.
- Ilpn asuxennn PeaNbHOM RHAKOCTH, Bedencrie €€ BA3KOCTH,
ReficTBy 10T PHIpAB/IHYECKHE CONPOTHBACHNS, Ha NPEON0/IeHHE KOTOPHIX
SaTpauuBaercs sueprus. Sra SHEPrus npespamaerca B TEeNJIOTY H
-Ei;ceunae'rcs{ B laabHeHeM NBHKymefics KUAKOCTBIO. YpaBHeHHa
HYMAH Ana cTpyiiku PEANBHON XuaKOCTH HMeer BH]

']

g _ui i U —-—.EE., Pa
3 g T og Ta=gtottath, (48)

4

ae PF; — MOTepH manopa wa Ydacrtke aaunoit L Baonas ocy CTPpy#HKH
AByma - CEHCHHAMM,

Eropyuisnu B. B, u gp,
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& B cooreercrBun ¢ Bhpamennem (48)

T M I N rpajuueckoe H3oOpaXkeHHe ypaBHEeHHS
N vi/2g AE Bepryans ans cTpyfiku peanbHON xua-

- % K U‘wd" KOCTH (puc. 26) orauuaercss OT aHafo-
THYHOTO rpadHka ajas HACAABHOH JKEI-

s S kocrd. [lockoneKy ans peanbHOil Xua-
3 i | e e KOCTH MOJHBIE Hanop BHOJB CTPYHKH
QN 2 HE MOCTOAHEH, a y6hiBaeT Mo HanpaBje-
A= ;L HHIO TEYEHHS MHIAKOCTH, TO €ro U3MEHEHHEe
»‘;N"— N0 JNHHE CTPYAKH H3oOpaskaercs He ro-

¢ Ny Y , PHSOHTAJbHOH JHHHEN, 4 HEKOTOPOH KpPH-

Puc. 26. K reomeipuscckod mi- BOH ME.

WepRpeTanRn eBrennn B T
20 paw pearsionl mumrocTer [Tapenne Hanmopa Ha ejuHHUe AIHHBI

SNIEMEHTAPHOH  CTPY#KH, H3MepeHHOMH
BAOAL OCH CTPYHKH, Ha3blBAIOT IHAPABAHYECKHM YKAOHOM
£ dH, dhy
S s (49)

I'napasausecknfi yxaoH moJOXKHTENeH, ecau HanopHas JHHHH
CHIIKAETCA MO TEHEHHIO MUAKOCTH, Y4TO Beerja GhIBAaeT nNpH yCTaHO-
BHBIIEMCH ABHIKEHHH.

[a#k npakTHueCKOro HCMoAL3OBAHHS ypasueHusa bepnyanu neot-
XO/IHMC pacnpoCTPaHHTh €r0 Ha NOTOK PeabHOH JKHIKOCTH!

a7 7y (R Pa 1 !
—_— —_— = — -t h = 50'
g - g +2 g g 2+ hy (50)

The a,, &y — kosppuunentet Kopuoauca, yuurbiBaiomue pasanuse
CKOPOCTEH B Da3HBIX TOYKAX CEUEHMS! MOTOKA PealbHON KHAKOCTH
(0, H v, — cpellnHe CKOPOCTH KHIKOCTH B COOTBETCTBYIOIHX Ceue-
nusx). Ha npakrake o, = @, = a: ang JEaMHHAPHOTO PemHMa
TEUCHHA MHNKOCTH B KPYrJHIX Tpybax o = 2,0; anst Typ6yJIeHTHONO
pexuma « = 1,04...1.1.

llpakTHYeCKOe NpHMeHeHWe ypasHeHus Bepuynmm. VYpaesnenne
Bepuyanun — ocuoBHOe ypaBreHue CHAPOAHHAMHKH — NPHMEHSIOT
A7 PEIICHHA MHOTHX TEOPETHYECKHX H NDAKTHYECKHX 3ajad: npH
FHADAaB/IHYECKOM pacuyere TPYOOIPOBOJOE, HACOCHHIX YCTaHOBOK,
THAPABJAHYECKHX TYPOHH M T. A. YpaBHenne Bepuyann gexar tamxe
B OCHOB€ mpHHOMDA pacuera pasJiNuyHBIX H3MEpHTEeJ BHBIX ﬂpHﬁOP(JH,
E HacTHOCTH NpHOOPOB A5 H3MEPeHHs CKOPOCTHOrO HANOPa M pac-
AONKE HKHAKOCTH.

Hanmepenue cxopocmmnozo nanopa. HanGonee OPOCTEIM H pacnpo-
GTPAHEHHLIM NPHOOPOM AN H3MEPEHHS CKOPOCTH ABHIKEHHS HOLLKO-
eTn ABagercs Tpy6xa Iluro J, wsormyras non NPSMEM YIJIOM H OT-
KpuiTas ¢ 000HX KOHUOB (pHe. 27). Tpy6xy Iuto ycranasausaior B no-
TOKE€ OTKPBLITEIM CYXMEHHBIM KOHIOM NPOTHB JBHMKEHHHA HHIKOCTH,
HACTHULI KOTOPOH Y BXOMHOTO OTBEpPCTHS TEPSIOT CBOIO KAHETHYECK VIO
SHEPTHIO H NPOH3BOAAT AOMOJHHTENbHOE AaBJEHHE HA HENOABHIKHYI0
HHAKOCTh B TpyOKe. B peayasrare storo YPOBEHb JKHAKOCTH B TpyOKe
4

HlfTo CTaHOBHTCA Ha HEKOTOPYIO BhicoTy [, GOMbLIE YPOBHA B MHE30-
merpugeckon tpyoke 2. CaenvBatensno, 1py6ka Iluto nossosser
ORpPeleNUTD MOJHOE FHAPOAHHAMHYECKOe AaBJjieHHe B JAHHOH TouKe
potoka xunkoctn. CkopocTHOH Hanop
ot i
H, = 2 = H, — H,, (1)
W3 3710ro ypasHeHHA MOKHO HAHTH CKOPOCTh B TOUKe MNOTOKA
KHAKOCTH

= V!- le:'fl.:-

- Onpedeaenue pacxoda sudrocimu. Pacxon xuaxocta 8 tpyGomnpo-
BOlaX ONpPEeAeIAIOT pacxofomepami. PaccMOTPHM OpHHIHM IefcTBUs

- pacxogzomepa Beurypu. [lpuGop cocrour us ABYX KOHMYECKHX nat-

PYOKOB, COEAMHEHHLIX HHIMHADPHYECKUM MATPYOKOM, AHaMerp Korto-
poro MeHblle auameTpa TpyGonposoga (puc. 28). Ilpu npoxoxaennn
JKHAKOCTH Yepe3 CYKAMHACA KOHWYeCKHil maTpy6oK 4acTh ee no-
TEHUHATLHOA IHEPIrHH npeobpasyerca B KHHETHUECKYIO. IIpH aBie-
HHE JKHAKOCTH Yepes paclupsiomuiicss narpyGOK NPOHCXOAUT 06-
parnoe fABaeHHE, PasHOCTE NMOKA3aHHH YCTAHOBJCHHBIX B CEYEHHSK
I—I 1 2—2 nbesomMeTpoB NO3BOJSET ONPEACTUTD CPEAMION CKOPOCTH
MULKOCTH, a CJASJOBATENbHO, U €e Pacxon.

Ha ocroBauuum ypasuenus Beprysau, nonaras mis NPOCTOTHL,
9TO 0y = @y = |, 3anmwenm caexyiouee paBeHCTBO LAA cedenmuit /—/
K22

- Obosuaunm sesyo uacts ypasuennsn (52) uwepes H, moaydus
- TMoassysice ypaswenmnem HEPA3PHIBHOCTY MOTOKA, Samiiien
o= L,

%;,S;.KS.'.::—_ COOTBETCTBEHNO MMOmANA ceueHuil /—[ u 29—2,

! H Eene ot i
vy “

Sy, ||

Puc, 28, Pacxogomep Beutypu




[loacranas smipaxenwe mnsn v, 8 ypasuenwe (53), noaywnm

2gH85

=5 (S’ ) Otkyna o, Si—37

2gHd®
HIH Op el =i >

rae D u d — pnamerpnl ceuennii /—1 u 2—2.
Teopernueckuit pacxoz

JgHd
Q=u5,=5 V—Di%?- (54)

Ins npaktiuecknx pacueroB dopmyay (54) ynpomaior, samenss
BCE NOCTOAHHbIE BEJHUHHBI KO3ddHIHEnTOM , HA3HBaeMBIM TOCTORH-
HOMl pacxofiomepa, uMeloweli Ad AaHHOrO nNpHGOpa BHOJHE OMpeas-
JIENHOE 3HAYEHHE!

V Zgd*
R M=l

Torpa ¢opuyaa (54) npumer Bug

Q=pYT. (56)

lotepu namopa B pacxofomepe YUHTHIBAIOT KOMGHIHEHTOM pac-
xona npubopa ¢. Toraa peilcTBuTesbHEI pacxoa Q = qp)/ H.

ABHeHHe KHLKCCTH W rHApaBIRYECKHE conpoTHeaenua. [1pn apu-
MEHHH JKHAKOCTH MO TPyOOmpoBOjaM AeHCTBYIOT TIHApaBiIHYECKHE
CONPOTHBJEHHHA, NPHBOAfLIME K norepaM Hanopa: hy = h, + h,,
rae h; — notepu Ha TPEHHE KHAKOCTH N0 AJHHE Tpxﬁonponona; h, —
NOTEPH HA MNPeojoIeHHe MEeCTHHIX COMpPOTHBJEHHI,

lotepu manopa na Jamne TpyGompoBoAa npH JaMHHAPHOM pe-
HCHME TEYEHHS MKUAKOCTH B KPYMJIONMJIHHAPHYECKOM TPyGOmpoBoje
GHINH HecnenoBaubl JokTopoM Meaunuusl JK. Ilyaseiinem, namegmnm
€AENYIONYI0 3aBHCHMOCTS:

p=msS, (55)

32v g

hy = Ry il (57)

rie v — KHHEMaTHYecKas BASKOCTb MUAKOCTH; I 1 d — JAHHA W Ana-
MeTp TpyOONpoBOja; U — CKOPOCTH ABHIKEHHS JKHAKOCTH.

[IpeoGpasyem Buipaxkenne (57), yMHOMKHB YHCAHTENb H SHAMEHA-

Teib NpaBoi uactn Ha 2v. Tloayunm dopmyay Japcw — Beiic6axa:

118 §1op8 I p =
hf=54 REd_tfdg:AT-Q?' (DS)
rae A — Ge3pasMepHbE TuApaBAHuecKnil KosddunHEHT TPEeHHA:
64
h = Teas (59)
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Ilpu namugapuoM pexkume IABHXKECHHA MKHAKOCTH THAPABJIHYECKAHE
KosdduunenT TpeHus A ABasercs (yEKmEed uHcaa Pefinonsaca
A = j(Re,) ® npaMo nponopiuionasey ckopoctH. Popmyaa (58)
COPABEANNIBA TAKKE H /15l TYPOYJICHTHOTO PEIIME ABHIKEHHT JKHIKO-
crd. [Ipn 3TOM peXkHMe TeYeHHS KHIKOCTH KO3(QuLHeHT A 3aBuCHT
HE TO/IbKO H HE CTO/BKO OT uncena PefiHonbaca, ckoapko ot pasmepos
H QopMbl HEPOBHOCTE! HA BHYTPeHHeH noBepxHocTH Tpy6. Jdas pac-
GETOB BBOASAT NOHATHE 00 3SKBHBAJEHTHON LHIepOXoBATOCTH K, MM,
EOTOpasi MpeACTaB/sieT co00H YCAOBHYIO popmMy wepoxosartocTH, pas-
Mephl KOTOPOH TaK e BJHSIOT Ha XapaKTep ABHIKEHHF KHIKOCT
B TpyGe, KaK H peasjbHble HEPOBHOCTH B Heil.

Tonuuza TORKOro JIaMHHAPHOTO CI0S Y BHYTPEHHET [0BEPXHOCTH
TPYO npH TYPOYJNEHTHOM DexcHME TeUeHHsA IKHAKOCTH YBEAHYNBAETCA
OpH ymeHslienn# wucna Peiinonbaca. Ecan uucao Peiinonnaca ta-
KOBO, 4TO TOMILHHA JaMHHAPHOTO C/10A GOJBLIE BHICOTLI BEICTYNOB
Ha BHYTPEHHEH NOBEPXHOCTH CTEHKH TPYD, TO Takue TpyGsl NpPHHATO
Ea3sIBaTh THAPABIHYECKH TJIAaXKHUMIU, Tonmuny namunaproro caos 8
B IHADABIHYECKH  IMAAKHX TPY6axX KPYIioro CeueHms npun Re, <
< 10° moxuo mopcyutaTh mo CHefyomeil aMnupuYeckoil gopmyne:

& =62,8d Reg™®, (60)

rie d — BuyTpeHHuil xnametrp TpyGHL
 OHaueHMe § NOCTHIAeT BCEro HECKOJBKHX oMl MHJIIHMETpA,
¥ ruspasnugeckn TAALKHX CTEHOK 10 Mepe yBeiuueHius uncaa Peii-
HOJILACA BCE TOHBILIE CTAHOBHTCSH JIAMHHAPHLIE CJI0H H B GObLIeI Mepe
MPOSIBIAETCA HX LIEPOXOBATOCTB. BricTymel, KOTOpHE paHblie mox-
HOCTBIO DACnOJIaraftich B NAMHHADHOM CJI0E, HAYHHAOT BLICTYNATE
B TYPGY/ICHTHYIO 30HY. Crenosarensio, ofina 1 Ta e CTCHKA B 33BH-
CHMOCTH OT uHcaa Peiinoasaca Re, moxer 6uits B oamom clyyas
THAPAaBNHYECKH TAANKOH, B ApyroM — mepoxosatofl. Onun H Te xe
pasmepsl EePOXOBATOCTH OKA3LIBAKT GOMbLICE BAWAHHE Ha Xapakrep
TCHEHHSA JKUAKOCTH B NOTOKAX Majibix HONEPeuHbIX pasmepos, uem
B OOTOKAX ¢ GOJABUIHMH CeYEHHAMH. [Tosromy nna XapaKTepHCTHKH
BAHAHUA WEDOXOBATOCTH HA THAPaB/HYeCKoe CONPOTHBACHHE B rug-
(€ BBENCHO NOHATHE OTHOCHTENLHAS WEePOXOBATOCTL  Kay/d.
10 BeAwuuRy d/K, HashlBAOT OTHOCHTEALHON TIalKOCTHO
aKHM 00pa3oM, KOSPOHUHEHT ruzpaBINYeCKOro Tpe-
! THOTO peixuMa B 00IleM ciiygae ssasercs DyHK-
HHOMBACA H OTHOCHTENBHON r/alKOCTH NOBEP XHOCTH:
R d/K,).
1a6n. | namn smavemus IKBHBANICHTHON [epOXoBATOCTH AAA
A3MUYHBIX Matepuanos. Ha puc. 29 npusegena HoMorpamma
Peleenns kosduunenta A THAPABIHYECKOr0 TpeuHs NPH
9HEIX ghenax Peitnoanaca i oruomenisx d/K,. Ha nomorpamme
eHB TPH OGmacTH:
—— O0JIaCTb THAPABAMYECKH TAALKHX Tpy6. B sroit obaacru iue-
CTb TPYOb He OKa3bBACT BAMSHHA Ha XapaKkTep TeyeHUA
Heit, ITorepu Hamopa Ha Tperue no ATHHE NPAMO MPOMOP-

37

XHOCTH,




£
bris iy R III 1 [T
0040 N T A
. — \ ] o
WS
RS P N B 5
202 NS R ._ 7w
EEEL N WAS 750
TN N 280
8030 HHH NN A 250
3 -
SRS i
S
ﬂﬂﬁ == ] r “::::,__ n 28 : - Qﬂﬂl ﬂ;w
I NN A 700
9620 S — 1000
3 % sS SR . T renn
S T [0 -,__;E:_‘__ EE.‘:?.W
75 o 4000
L F i : 4 50600
T = 10000
_ T e
eore 1]
456 01015225 &5 781015225 456 87015 225 %56 070Re
W M A A

Puc, 20, Homorpamma jas onpeielesus s;:a@wﬂuﬂwrd A (no
F. A. Mypany)
LHOHAAbHLI CPEANe CKOPOCTH TEYCeHHS JKHAKOCTH B crenenu 1,75;
KO(QUIOHEHT A 3aBHCHT TOMBKO OT uHcaa Peiinoabsca;
/] — obnacTh KBAAPATHYHOLO CONPOTHBACHHMS IUEPOXOBATHX PY-
ceq. B sroit obnacTs norepH Hamopa HA TPeHHe O AAHHE [PAMO

Tadanna 1

TpyGa CoctoaBRe TpyOn Ko mp

].I,EJ]I:HOTEIII)’T&E ctanvpan | HoBas, we Ouswas s SKCANYaTaluu 0,02—0,1
Burymuzuposansas lo 0,04
Bojonposoauas, Gusmas B SKCIJyara- 1,215
mH
Ouumennas noche MIOrnX aer paboru 0,04

Heapnoceapras Hosan nan crapas B xopowes cocroanng 0,04—0,1

Crassnasn Hosas Gurymusuposanuas 0,05
Co ciicem pasnomepuoit Kopposun 0,15

Yyrynuas Hosan 0,25—1.0
AchansTuposannan 0,12—0,3
Bogonposognas, 6uemas s IKCTLAYATa- 1.4
iy

Berounasn DKCTIyaTRpyeMan npu CPEgHHX yCao- 25
BASX

AcGectonenenTias Hosas 0,06—0,1

Kepamuveckas Taasyposannan 1.4

a8

MPONOPIHOHANBHE KBANDATY €pexHefdi CKOPOCTH: kosdumuent b
He 3aBHCHT OT 4nc/1a Pefinosb/ca (sce sinuuy Ha pua. 29 napaniensas
00N abcuHee) H 3aBHCHT TOABKO OT OTHOCHTeBHOH HIePOXOBAaTOCTH
BHYTDEHHEH NOBEPXHOCTH TPYOHI;

[f] — nepexojHas 06N1acTh, PaclONOKeHHAA MeNAY YKA3aAHHEIMH
obaactsiMi. Jta 06/1acTs LOKBaAPATHYHOIO CONPOTHBACHHS, B KOTOpO#
fioTeps HAaNoOpa no JJIMHE NPONOPLNOHANbHA CpejHell CKOPOCTH B CTe-
merd m (2 > m > 1,75); kosdduusent i saBucHT u or umcaa Peir-
HOMBACA, H OT OTHOCHTE/JBHOH IIEPOXOBATOCTH.

Ilpu npakruueckux pacderax, onpesenss kosbbuunent A rag-
PABIUYECKOrO “TPeHHUA NpH TYPOYJAEHTHOM DeXHMEe IBHIKEHHT MKHj-
KOCTH, HCTOJB3YIOT Pa3jiHUABIC SMIOHPHUYECKHE H MONYSMOHDHYECKHS
@opumysbl. Tag, A rHApaBMHYECKH Taankax Tpy6 npH 4. 10% <
< Re, < 10° gosdpdunuent A onpenensior no gopmyae Bnrasuyca:

A= 0,3164 Re%™®, (61)

B nepexoxnoit o6nacti npu 10° < Re, < 9,2-10° 4 onpeae/sior

@0 ¢opmyne Aabrmiyas:
: ,23 .
A=0,11 (-%‘-—}-——Effd)n : 62)

KOTOpad Aad 0GJ4cTd KBAADAaTHYHOTO 3aKOHA COMPOTHBJEHHA NPH
Re; > 9,2-10° npueogurca k dopmyne Ulugppuncona:

A=0,11y/K/d. (63)
Ms dopmyast (58) cuenyer, wro ruapasauseckmi YKJI0H

= Aot

“"‘;:"“Tg_g' (64)

: _Hﬂ COracHO (33) CKOPOCTB NBAIKEHHS MHAKOCTH B TpyGe v ==
= Q/S, rie Q — pACXOR KHAKOCTH B STOR TpyGe; S — naomians
Tionepednoro cevenns TPyGH, pasuas S = nd*/4. [loxcrasus B (64)
m" POCTH 0, BHpamenHoll gepes Q u d, nomyunm

5 &, Qr

el i (68)

Cureniosatensio, runpasnueckue NOTEPH Hanopa eyIecTBEHNO

 OT pacxona (mpsme mpomopuHOHAMbHE @Q®) R or guamerps

4THO NPOTIOpUHOHANbHLL d°).

PH, CBA3aHHLIE ¢ npeofonemneM MecTHLIX COnpPOTHBAGHHA,
L PE3KHM H3MEHEHHEM CKOPOCTH BenecTAHe BHESAMHOIO

*H% W CYMENHS KHBOrO cedeHns, usMeHEHHEM HAmpane-
A NOTOKa H 1. m. [pw peilenHy npPAKTHYECKHX 3anad
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TaBnrnunna 2

; : Kozdhdwanenr Mecrt=
MecTHoe CORNpPOTHBAEHMe ’ Dexus QACOHNBHE YacTei | yoro conpoTHDAENER
Bxon B 1py6y: N 7 _
NpPH OCTPHX KPOMEax , ., , . . ._._j_’_.;; 0,5
npi SaKpYrieHHHX KPOMKax 7 i 0,06—0,2
L]
Koneno: i
npe R> 2d 0,5
open R~ (3 ..7d 0,3
[lepopor yronehnkoM | gpe i1
sk |
SappnkKa Ha Kpyraoi TpyGet :
NOANOCTHIO OTKPHITAS == 0,07
oTKpuTas Ha %/, TR 0,26
oTkphiTas na Y3 7 2,06
Beutnas npu cpenwem OTKPHITHR L SE 1—-3
e N
Bcacupaiomufi Kaanas ¢ ceTeel na 5—10
EXOJ€ B BOXOMpoBOANYyio TpyoOy

DOTEPH HANOPA Ha MECTHBIX CONPOTHBJEHHAX ONpeAeasioT no Gopmyae
Beijicbaxa:
u?

h}- e Ei o5 (bﬁ)
rie §; — GespasMmepHulii  K03(dHIlHEHT MeCTHOTO COMpOTHBJIEHHA
(raba. 2).

M3 suipaxenus (66) caeayer, 9TO NOTepH HANOpa Ha NpeofoneHHe
MECTHEIX CONPOTHBJIEHHH TaKiKe GYUIECTBEHHO 3aBHCAT OT CKOPOCTH
ABHXeHHS (UPSIMO NPONOPUHOHAABHE v%, a CJAENOBAaTeJbHO, H Q3
JKHAKOCTH [0 3TOMY CONPOTHBJ/EHHIO.

fipumep 8. Onpesieants NoTepn Hanopa B HOBOM CTATLHOM TPYGONpPOEONE Amas
werpon d = 200 MM B AaEBEOH I= 2 gu, ecan pacxof TpaHCTIOPTHpYeMol Mo Hemy
Boan @ =200 afc. Ha TpyGonposope ycramopfenbi JBe B3aABHMKKH, 3aKpPHITHE
ua 1/4, n yroasnux (90°). Ilpuests paa sonm v= 107 m/c.

Ilorepn nanopa CKIaIBIBAIOTES U3 foTeph Ha TPeHHe no AAHHE TPYOH Ay u noteps
Bancpa Ha Npeojloienne MECTHHX COnpoTmBAERuE fiy, T. € hf = Wi+ hy.

40

3 %:;}wﬁ Gozee 1000 M. Ecoi novepn ma mecr-

OnpeleanM CEOPOCTh TEUCHH] BOAM B Tpyfe
Q- 024
S 31402

f

= 6,3 m/c.

6,3:-0,2 Gt 4
Yneao Pefinonsica Req = = = 1260 000,

[To Ta6a, 1 HaXoAHM AJA HOBLIX HEALHOTAHYTHIX cTaabuux Tpy6 Ks= 0,1 mwm.
Ornowenie d/K>= 200/0,1 = 2000. Ilo nomorpamme na puc. 29 ‘naiifem wosdds-
HHEHT THAPaBIHTECKHX NOTeph A = 0.0[9.I'lorepl_omnanopador TpeHHa no LiHHe

o 2000 6,38
TpyGel onpeseanM 1o hopmye (58): Iy = 0,017 03 m = 344 n,

TloTepio Hanopa Ha NpeofofienHe MECTHBIX CONPOTHBJeHNI onpefesum no dop-
wyae hy = (28;+ &) 0*/2g. IMo 1abn. 2 nafifieM KO3DMHIHEHTE MECTHEIX CONPOTHR-
penpit: pag sansmirn £y = 0,26, ana yromsunka & = 1,1, Torna hy = (2-0,26 +-

6.3? .
- 1,1) .98 7~3,27 M u ob6mne morepn Hamopa B TpyGe hf = Az-- hy = 344 -
¥

o 397 ~ 347 u,

flonsTHe 0 THEPABAMYECKOM pacyeTe npocroro Tpydonposojaa.
Ilpoereiv HasLBaloT TPYGONPOBOJ C NOCTOSHHBIM JHAMETPOM N0 JJIHHS,
He HMEIOUIHH OTBeTBJEHHH 10 NyTH ABHIKEHHS MKUILKOCTH,

[Ipu pacuere Tpybonposoia B oOileM Ciydae ONpeneNsioT OAHY
H3 CAeAYIOIHX TPEX BEMIHYHH: PacXOf KHAKOCTH Q, najenue Hanopa H
HJIH TUIOIIAMb TONEPEYHOro cegeHuss TpyOR MO ABYM APYTHM H3BeCT-
HBIM BeTHIHHAM.

[ycrs aBa peseppyapa: HanopHeiit / ¥ pacXomuulil 2 — coelnHenw
MeKAy coboii npocthiM TpyGonposofom (puc, 30). Hdasa yposHeit mua-
KOCTH B YKa3aHHBIX COCYAaX MOXKHO 3anucarth ypaeHenue bepmnynaau:

] v} v3
iAot ath
TAe /iy — THAPABJANYECKHE NOTEPH Hanopa B TpyGonposoje.
- llockombky p; = p, = p, u ckopocTH ABHMKenus YPOBHEI npe-
HeOpeXHuMO Majlel, T.e. v, —p, = 0, T0 H — 2, — 2, = h.

Takum obpasom, manop pacxomyercs ma mpeoponene THAPaBJAH-
HECKOrOo CONpOTHBJICHHSA MEKAY pe3epByapaMi B COEMHHSAIOUIEM 1X
npocToM TpyGonposoje.

Ilpu pacuerax tpySonposonos PasnuYaloT AJHHHHEE H KOPOTKHE
Tpy6onpoBoas. JAHHHLMHE CYHTAIOTCS TPYOONPOBOJE!, Y KOTOPHX
NOTEpH Hanopa Ha Tpedne no AJuHe TPYOHI
SHAYRTE/IBHO NPEBLINAIOT NOTEPH Ha MECTHBIX
conpotiaenuax. B stom ciyuae nmpu pacue- 7f—— ::T

Tax auGo npeneGperalor notepsimu Hanopa Ha  [—

MECTHEIX CONPOTHBAEHHSX, U0 YBeTHYHBAIOT =
Ha 5—10% notepn nanopa na TPEHHE MO JJH- JEEE

!

il

|
LI

Zz

He. Hanpumep, a1 sononposogos AHAMETPOM
MM € TYPOYJNEHTHEIM DeKHMOM Teye-

HHSL BOIBI JAMHHLIMH  cuuTaioT BOIAONPOBOAK g g

ong . 30, -
=K CONPOTHBIICHISNX CONIMEDHMEL C TIOTEPAMI | rvore” - cphoonscsorn.
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Hanopa Ha TPEHHE Mo AJAHHAE, TO Takue TpyOonpOBOABI NPHHATO Ha-
ShIBATh KOPOTKHMH.

B {)CHOBY FH}IP&BHHH@CKDFO pacgeTa IIHHHOTO Tp}fﬁUﬂpOBUI['ﬂ no-
aoxena popmyna Japci—Beiicbaxa (58), B KoTopoH AHAMETP TpyOnl d
samerieH THAPABAMYECKHM pamuycom R coraacHo Qopmyne (36):

L o* -
®opmyny (67) MOXHO HPHMEHATH OPH pacuere TPYO nxzﬁoﬁ thop st
B orauune or popmys (58) Japcu—Beiicoaxa, 1o KOTOpO#A pacCHHThE-
BAIOT TOJIBKO TPYOBI KPYIVIOTO CeueHHsd. g

Hexons w3 (67), onpelennm CuapaBandecKuil YKAoH Tpy6Gonposoia

Jioforo CeYeHHA

hf F SR
-1~ ®R%"
Orkyna
o= ByR (68)
O0o3Ha9uB B Bhipamenud (68)
_1/ % 69)
c-VE (
noayuum dopvuyay Llesu:
v=CJ) Ri (70)

Kosdduunent [lesy € sasucut OT ruapaBinyeckoro panuyca
LIEPOXOBATOCTH MOBEPXHOCTH TP YObLL.
TACKOH MWMUR (OCTH
Q=Suv=SCYRVI, (7
rie S — paomane AONEPEeYHOro cedeHud TpyGompoBoja.
Obosnauns 8 dopmyae (71) €S V R = K, nonyuum dopmyay ans
onpelesieHida pacxoia KAAKCCTH B :MeAVIodeM 3iiael
Q=KVi (72)
rae K — MoayJab pacXofa, NpeAcTaBIAOMINI cob0f pacXol XKuIKOCTH

npH THAPABAHYECKOM YK/IOHE, DaBHOM eRHHHIE.
Bripasum H3 gopmyast (72) ruapaBiHdyecKuil YKIOH

2 e IR :

I = F’ . (?d)

Ha ocnoBanui BhipaxkeHusa (73) onpeeniuM MOTepH THApaBiHye-
CKOTO Hafopa Ha TPEHHE HO AauHe:

k;=fL=L%—. (74)
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@opuyan (72) B (74) oueHs npocThl B YACTO NPHMEHSIOTCA IS
BPAKTAYECKHX PacyeToB NPH TYPOYJeHTHOM DEKHME NBHIKEHHS IKHA-
XocTd B OONAcTH KBaJPATHYHOIO CONPOTHBJEHUS, Y4TO OGHIYHO GuiBaey
ppu GonbinuX sHaueHHaX Re. Beuay Toro, 910 Takne ycaoBus HaGmo-
AaloTcs B BOAONPOBOAAX, ¢opmyanl (72) u (74) HasnBalOT HHOTAA
€BONONPOBOIHBIMHUY .,

B cnenpaapHbix Tabnuuax [22 ] npusenens smavenusi THApaBJi-
YECKOrO YKJ/IOHA, CKOPOCTH JBHIKEHHS JKUAKOCTH B TpyGax H3 pasiiuy-
HEIX MATEPHANOB C PasJUYHON IJIOMalblo CEYEHHA NPH PasIHUYHEOM
pacxone.

Npumep 9. Craasnas TpyGa auamerpom 150 MM coenwnseT ABa peseppyapa ¢ Do
crofREEIME yposuamy Hy = 12 m uw H; = 2 v, B tpyGonposoge fannof 45 M, nmewo-
uen ofnn moBopor Ha 90°, ycrasosimena salBiDKKa, OTKpLITan Hanolosrpy. Onpejes
JIHTB PACXOL BOMH uepe3 TPYOy, Mpuuss CONPOTHBAenne BXoJa TpyOH B pesepayap

pux — 1.

Tlagenne #anopa pioms TPYGONPOBOAA PAaBHO PasHOCTH YPOBHell BONL B pesep-

Byapax: h= llj— Hy= 10 m. C gpyroii cq;opouu.z 5TO majleHHe Hanopa MOWHES
- U

BHpasiTh caenyonm obpasom: h=A— o +—2g YE, rae ) B — cymma

ROSHUNENTOs BCeX MeCTHRIX conpotusaennd, Orkyfa naiijem CcKopocts BofM

B Tpyle
”zl/ I!égh '
17'+}:’::f-

Kosbdmmmenta MECTHETX conpoTHBIeHNI onpelenuM o Tata. 2: Ha BXole B TpY6Y
Eax = 0,5; nosopora na 90° (npamoe koneno) & = 1,5; senrnag Ep = 3.0; Bresan-
NE

HOTO pacinipenns (PLX0A 13 TpyOe B peaepsyap) = = |. Takum obpasom, XE;
=05+ 1,54 3,0+ 1,0= 6,0. g : :

Hans onperenenus A nofcumraem uucio Pefinoabaca: Rey=—= —=—"—"" —

= 6,1-10°. M3 womorpammiz wa puc. 29 maiizem npu Rezy= 6-10° ;

: _ _ i : of H OTROMIEHNH
Ksld = 0,15/160 = 1073 g oBnacta KBafipatnunoro conpotusienua A = 0,02, Tlpu-
GAH3HTEMLHO 5TO e anauenne ) noaydaerca npn nogcuere no Gopmyae IHudpun-

] 4
cola (63) A= 0,11 /1078 = 0,0196. Taxun 06pa3oM, CKOPOCTE BOJAH B TpySe v =

2-9.8.10
" TR T (i 4,06 m/c; pacxon Boam no TpyGe Q =uS— gl =
0,0196 5= +-6 4

I : |
-‘3'_4—4- 0,15%4,06~ 0,072 m%/c =72 a/c.

.. Hocaenosaressioe u napassessnoe coexnnenss TpyGonpoBonoe.
Hocaenosarensusm sassBaior coequnenye TpyOonpoBoaos, npu Ko-
fOPOM KHAKOCTL NPOTEKaeT Mo TPy6aM pasHIHONO CeueHusi, COeLH-
MEHHEIM NIOC/IEA0BATENBHO B OAHY HUTKY (pHe. 31, a). [lotepu nanopa
B T4KOM TpyGOmpoBose pasuu Cymme NoTeph Hanopa Ha pas’aHYHLIX
JUACTKAX Hy = Ay + hy +...+ h,. C yuerom (74) norepio Hamopa
MOXKHO ONpEAenNTs 1o caenyiomes GopMyde:
af L L e
M@+ g+ + ) (75)
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[lpu napaafepHOM COefuHE-
uuH TpyGonposodos (puc. 31,0)
WKUNKOCTb, MOCTYNas K Touke A
¢ onpeleneHHbIM pacxoiom @Q,
pacnpeensieTcs [0 BeTBAM TaKuM
oDpa3oM, 4YTO PAacXojd B KamJIOil
peTBi o6paTHO NPONOPHHOHAMEH

Pug, 31, Mocacosateasiioe (a) u napasneans THAPABJIHYIECKOMY COnpoOTHBJIE-
w09 (6) coepunenus TpyGonposojosn HHIO B HeM. }KHJ].KOCTB CO BCex

BeTBell 3aTeM cobupaercs B TOY-
Ky B ¢ cymMapHBEIM PacXxofioM, pPaBHBIM CyMMe PacXOfOE B OTAeIbHBIX
BetBAX. OueBuAHO, YTO MOTEPH HANOpa BO BCEX BETBAX PaBHBI MEXKAY
coBoil H paBHBI noTepe Hanopa mexay Toukamu A u B.
HMs ypaBueuus (74) Ans KBajpaTHUHOTO 3aKOHa cieayer

a=KY 15 =6 ..

er = K.u -l/f% » {TG}

rae Ky, Koy ooy Ko u Ly, Ls, ..., L, — COOTBETCTBEHHO MOAYJIH pac-
X044 H AJIHHA OTASALHEIX BeTBeil nent, CIoKUB JIEBYIO M MPABYIO 4acTH
ypassaenus (76), Haiinem

X .= G (3 . _Kn
Q=‘Q1+Q2"IF —E-Q”=1’: hy (l}\{: + V{\E il iy I‘L—r;)
(77)

MNpumep 10, Cranpuofi TPyGONPOBOL HMEET YUAaCTOK € ABYMA Mapam/iefbibiMiu
persamu. O6utuil pacxox Q@ = 3,2 a/c. Oupeneants pacnpcge.rgemu: pacxofia 1o BeTBAM
# H3MeHerne manopa [, MEHKAY TOHKAMI PA3BETBJACHHA. Hanua sersell u Moayas
pacxofa tpyl pasisl coorsercrseddo: Ly = 40 m; K; = 14,9 ale; Ly= 90m; Ky =
= 6,1 alc.

Hamenenne sHanopa MexAy TOMEaMH padseTaiedua onpeienum ro Gopmyne

Q2 3,22.1078

Ke [ L4910 G;I-l{)“‘)
VL_1+VL_2) ( VH V@

3= 1,14 m.

Hl—:= K,

Pacxons B BefBaX cetH oupefeaum no dopsmyaam (76). [Nockomsxy nameneuwne
manopa AJA oGeHX BeTBeil 0luHaKoOBO W pasuo Hy_,, Hailfiem

1,1 L
Q, = 149 V’Tg‘ =251 afe; Q=61 thi =069 afc.

Q6w pacxol Q = @y Q= 2,514 0,69 = 3,2 a/c, Kax suiuo, nogcuer
npapuJsHE, TaK KaK obwEd pacXol MOAYYMJICH paBHBIM 3afaHHOMY,

MousaTue 0 rHapasanueckom ymape. [Ipu GLICTPOM 3aKPBHITHH 3a-
nopHLIX ycTpoficts (KAamaHos, KpaHOB M T. 1) B HamopHHIX TpyGo-
NpOBOJAX BC/EJACTBHE PE3KOTO H3MEHEHHS CKOPOCTH ABIKCHHS MKuA-
KOCTH JaB/ieHHE MOBBILIACTCS RO SHAYEHHH, B HECKOIbKO Pas npesbi-
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- JKyKoBCKuii BhiBen dopmyay aas

WAIOIHX HOMAHAILHOE 14aB/IeHHe B THIPOCHCTEME. DTO SEACHHE HAIM-
BaloT IHAPaB/AHYECKHM yAapoMm. [mapaBauveckuil yaap secema ona-
CeH JJisi THAPOArperaToB H TPyGONpOBOJOB H MOXET BLI3BATb HX pas-
pyuieHne.

Teopusi rHAPaBAHYECKOro ylapa paspaborana H. E, JKyxoeckum
H NOJNYYHJIa NPH3HAHHE H ILIHPOKOE pacCOpoCTPaHEeHHe.

PaccmoTpuM mnpocToil TpyGONpOBOA HOCTOSHHOrO AHamerpa d
AnuHOA L, NPHCOENHHEHHBIH K HANOPHOMY pe3epByapy H HMeOulni
Ha KOHIE 3aJBHXKKY (puC. 32). [Ipn OLICTPOM 3aKPHITHH 3aABHIKKH KH-
HETHYECKAs SHEepIruf BCEH Macchl KHAKOCTH, ABINKYIIEHCA co CKO-
pocThio v, mpeoGpasyercs B SHEPTHIO Aapaenns. Beaeacreue ynpyroetn
JKHJKOCTH H Matepuana TpyOnl yepes HeKOTOPHI, BecbMa MaJklil npo-
MEXYTOK BpEMEHH (HCUMCAAEeMBIHl HHOTAZ THCAYHBEIMH AOJASMI Ce-
KYHJIE) NOCJ€ 3aKPHITHA 3aJBUXKKH NPOH30MAET NOJHAA OCTaHOBKA
0 caxartne OnuKanniero K Heit ¢J1ofl KHAKCCTH NOA AeficTBHEM CHJBI OC-
TaNnbHOH MAaCChl ABHMYIEHCS XHAKOCTH. Y 3aABHKKW B 3TOM cJaydae
AaBJEHHE TOBBICHTCH O MaKCHMaJbHOrO 3HaYeHus, OPOH3OHAET noJ-
Ebii THApaBaHYecKnii yaap. B caenyouui npomexxyToxk Bpemenn nag-
JeHHEe YBEIUYHTCH B CASAYIOULEM CJIOE KHAKOCTH, a MIOTOM B CJIEAYIOUEM
H T.n. Takum oGpasom, noBuiIleHHe AaBACHHA PACOPOCTPANSIETCS
B BiJle ynapHOW BONHE K Hawady TpyGonpososia (MpsMofi rHApas/H-
HECKHH yHap) cO 3HAYHTENLHOR CKOPOCTHIO U,. Boaxa noemliennoro
AdBJeiIHA AOCTHTAET pesepByapa 3a Bpems T = L/v,, Tak kak nasie-
HHE B pesepByape B 3TOT MOMEHT MeHblile, 4eM B TpyGonpoBoae (orpa-
HEHHBIH FHAPaBINYECKHH yAap), TO XKHAKOCTh HAYHET Tedb u3 TpyGo-
NpOBOJAA B pesepsyap, a OT pesepsyapa K 3aasmkke Gyfer nepe-
MEIlaTeesl BOJMHA NMOHWMIKEHHOTO NABJEHHS C TOH Xe CKOPOCTHIO vy,
Bpems, B Teuenne KOTOpOro ygapHas BOJHA MOHMMKEHHOTO HABACHHS
JAOCTHraeT pesepByapa H OTpaKeHHasl BOJHA NMOHHMKEHHOro NABJEHHA
BO3BDAINaeTcs K 3ajiBHIKKE, COCTaB/seT hasy rHAPABIHYECKOrO yAapay

2L
T i (78)
3arem no TpyGe B HanpaBJeHHH OT 33JBIXKKH K pesepByapy pac-
TPOCTPAHAETC OTPAXKEHHasi BOMHA MOHWXKEHHOTO AaBleHus. B pe-
3yJIbTaTeé AaBjeHHe B TpyOe CTAHOBHTCA MeHblIE MEpPBOHAUAILHOTO.
Yepes npomexyrok Bpemenn 1’ = 3L/v, BOMHA TOHHIKEHHOTO A4B-
JIEHHS ICCTHTHET pesepByapa. JKHAKOCTb U3 pe3epByapa BHOBb yCTpe-
MHTCH B TpyOy. Takum oGpasom, B Tpy6onpoBoje BHOBL CO31AIOTCSH
YCAOBHA JIs pacnpocTpaHeHHs
NOBBILEHHOTO NaBJEHHS.

onpeenenns MaKCHMAaAbHOTO

YBeJIMUEHHS NaBJIeHHS B TpyGax b
BCAENCTEHE  THADPaBJIHYECKOTO i l ™
ipa (mosiHorD rmipaBamuecko- | — L oy
YAapa) e
- Apax = po,0. 00) DS © TTIMES Eymanmsac:
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3neck vy, — CKOPOCTh PACNpOCTPaHeHHs YAApHOH BOJHBL

LN St

o e A ——
y ]/p s
Vl—[_lfﬁ

rae E, — MOAY/b OOBEMHOTO CXATHS KuAKOCTH; £ — MOAY/Ib yi-
pyrocTi martepuana Tpy0; 6 — tommuHa creHok TpyO. [Ipu 0ObIuHO
NPUMEHSIEMBIX HA NPAaKTHKE OTHOMEHHAX d/8 CKOpOCTh U, MOXKET OHITD
npuHATA AJs craabheix Tpyo 1000 m/c, aas ayrysusix 1200 m/c.
Jlas ocnabaenns THAPABAMYECKOTO YAapa 3anopHbie NpHCHOCOG-
JICHHS CJAEAYeT 3aKphiBaTh MeLJIeHHO. Eciu Bpems 3aKphITHA ¥ D>
B> 2L/vy, TO NoBHILUIEHHE XABJEHHS HE AOCTUTALT MAKCHMAJBHOTO SHA-
YeHHsi, TAK KaK YACTHYHO AAB/IEHHE NPH STOM NOCTENEHHO racHTCs
OTpaXKeHHOH BOMHOM (HemoiHulfl ruapasauuecKuil ynap). IloBsuuerne

OABJICHHS [OpH [OCTENEHHOM 3aKPLIBAHWH 3aJABHIKKH (HENOJJHOM
CHAPABJHYECKOM YAape) NpuOIHKEHHO ONpeiensiorT no gopmyae
T
Ap = poyo—. (80)

ﬂJIFI apenynperxaeHnsa BO3HHKHOBEHHS THAPABJAHYECKON0 Viapa
OPHMCHSIOT MEAIEHHO 3aKPhIBAIOLIHECH 3AABUNKY, BeHTH/AN, BO3AYII-
HB€ KOJNaKH, HPeﬂOKPaHHTEﬂbHI:}B KidlaHbl,

fMpumep 11. Craneuofl TpyGonposod mamuoft L = 1200 m saxpusaerca B Te-

i /
uepne T= 2 c. Ckopocrb IBMKeNns BoAH B TpyGompopose v = 3 w/c. Oupegenurs

yBeAHUeHUEe JADJeHHS.
Haiinem dasy rugpasandeckoro yiapa no opuyae (78):

2.12060
Lo S

=2 .
oo — ¢

Tak kak T< T, 1o ysequtenne Xapjennd JOCTHTACT MaKCHMATbHOTO SUATRHUT,
onpenensemoro popuy.oit (80). Lna cranbunix TpyG vy == 1000 m/c, nostomy Apmax=

— 2% 1000-1000-3 = 3,6 MITa.

2,0

Kapuranus., B RHAKOCTH M0 PasHBIM NPHYMHAM MOXET BOSHHKHYTH
pa?speme}me: ECJIEICTBHE €€ 3aCacChiBaHNfl HaCcoCaMu, MNpH BﬁhICTpOM ee
obrexaHuu TEEpPABIX nopepxuoctedt u T. n. Ilpu HexkoTopo# (KpuTHUe-
CKOI1) CKOPOCTH AaBJeHHE BHYTDH MHAKOCTH CTAHOBHTCH HHMKe JIaB-
JieHus HaCHLIIEHHOTO Mapa npH AaHHOH Temnepartype. B pesyantare
aToro B Hell HAPYINARTCs CHOJAOUIHOCTL CPelhl H 0Dpa3yioTes MmoaocTH
(nycToThl), KYAa YCTPEMJASIOTCA Napel M rasbi, paCTBOPEHHLIE B 7K~
KOCTH. D70 SIBJIEHHE HAShIBASTCH KaBHTamueH (0T JaTHHCKOIO Kasu-
rmac, 4To O3Ha4YaeT NonoeTh). Kaxpaas nomocts okpyxeHa KuAKOCTHIO,
OKaswiBaioulel Ha MOJOCTB OrpomMHOe NaBienne Gaarofapsi NelicTBHIO
mosekyaapueix CHA. TIoR AeficTsuem Bricoxoro AaBJeHHs MOJIOCTH
JIONAOTCH, a B MECTe HX HCHE3HOBEHH MPOHCXONNT PE3KOe YBEIUYeH e
JlapJeHns — BO3HHKAeT CBOEGID pona rujpasjudecKuil ymap. A Tak
KaK 5THX HOMOCTed, OCOORHHO B GLICTPO ABHKYMiefcs KHUAKOCTH, 06-
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pasyercsi MHOXKECTBO H BCe OHH CO BpPEMEHEM «3aXJIONMBIBAIOTCHS,
T0 B TaKOH JUAKOCTH BOSHHKAET MHOXECTBO IHAPABJIHYECKUHX YAApOB.

slBnenne KaBHTaUHH HaGMOAAETCS B TPyGONPOBOAAX, HAXO/ S UL} XCsI
THOJ NOHMJKEHHEIM JaBJIEHHEM, OHO Halmonaercsi NpH pabore OLicTpo-
XOAHEIX HEHTPOGEXHEIX HAcoCoB, paGounx KOJEC THAPOTYpOHH, J0-
nacTed BHHTOB, Y KDBHUIbEB CYJIOB HAa NOABOAHLIX KPBWIBAX, H T. /.
Kapuranns okasbiBaer Bpeanoe JeficTsue Ha paGoTy MaliMB H TpyGo-
NPOBOAOB: YBeNHUYWBAIOTCS NOTEPH SHEPrHH HA TPeHHEe, NOHHIKACTCH
KI1J, passupaiorcs onacHsle BHGDALHH M NPOMCXOAMT TaK Ha3LBae-
MAs KABHTAUHOHHAA KOPPOSHS METAJLIOB, T. €. Pa3pyileHHe MeTaslna
EC/I/ICTBHE Pa3BHBAIOMIHXCA MHOTOYHCJAEHHLIX FHAPAaBJHYECKHX yja-
poB. Brauane ¢ moBepXHOCTH MeTajia, NOABEPraeMOTO KaBHTALMOH-
HOIl KOpPOSHH, BEIKPalIHBAlOTCH OT/Ie/IbHBIE KYCOYKH, a 3aTeM npo-
necc ObICTPO pacnpocTpaHsercs B IyGb METasila, OXBATHIBAS CBOHM
paspywaiomnm jeiicTBuem Bce Cosbiine yuactku. B pesyasrare me-
TajJl CTAaHOBUTCS PBLIXJIBIM, Iy0YaTHIM H B KOHIE KOHIOB COBCEM [ja3-
pyuiaercs. Hacto K KaBHTauHOHHON KOPPO3HH HOGABASETCS XM MHYe-
CKasg KOpposus, W MPONECC paspylueHus MeTaaaa emie Goablle YCKO-
psiercs. Bo usGexanne kaBHTANHOHHEIX SBJCHHN HJIH C HEBIO YMEHB-
IWeHHs X OTPHIATeJLHOrO AEHCTBHS NPHXOAUTCH OrPaHHYUBaTL Ya-
CTOTY BpalleHHsi palouuX KoJeC I'HAPaBAUYECKHX MalluH, BUNTOB
CYAOB, YMEHBINATB CKOPOCTh ABUIKEHH A CYROB Ha MOABOAHBIX KPBUIbSX,
HSTOTOB/IATL KOJIECA, BHHTH, KPhUIbA H3 GHTHKOPDO3HOHHLIX 0C060-
NPOYHLIX MaTepHaJiOB ¥ DNPHAEBaTh MM CHeHHadbHbLe, Nopoll BechMa
CAOXHER, (GOpPMbL. :

Hereuenwe muakocTn m3 orsepcrus. Msyuweume storo sompoca
uMeeT GOJIbIIOe MPAaKTHYECKOE 3HAaUeHHe, TAK KAK ¢ HHM OPHXOLHTCH
€TAJIKHBATLCS NPH pelieHnn 3ana4y 00 ONOPOKHEHHH Pa3/IHYHBIX eMKO-
€Teil — JKENe3HOAOPOMHEIX IMHCTEPH, MOJIOKOBO30B H GEH30BO30E,
BOAOHANOPHEX 0akoB u T. I.

Hemedernue u3 nesamonaennozo omeepcmus. PaccMOTPHM HCTeye-
HHE XKHAKOCTH H3 MaJIOro He3aTOMIEHHOI'O OTBEPCTHs B TOHKOM CTenke
pesepayapa. MansiM OTEEPCTHEM HA3BIBAIOT OTBEPCTHE, BEPTHKAJbLHHIIL
pasmep KoToporo (emicota, Auamerp) He Goasme 0,1 H (H — Hanop
Haj UEHTPOM TAXecTH oreeperhs). Hesaronnennrsiv nassisaior otsep-
CTHE, H3 KOTOPOTO JKH/IKOCTb HCTEKEeT B atMocdepy WM APYTYIO razo- -
BYIO Cpexny.

F'oBOp# 0 TOHKOII cTenke, HMeeM B BUAY, YTO OTBEPCTHE B Heil HMEeT
OCTPEIE Kpasl, a JuHeNNbI pasmep orBepcThst [ (Hanpumep, puamerp)
H ToNMmuHEa cTeHKn O cBsisaum 3aBucuMocThio & < 31,

Tlpu ucreuennn us Majoro orsepeTHs C OCTPEIMH KPAsiMH CTPYs
JKHIKOCTH Ha HEKOTOPOM PacCTOSHHH OT CTEHKH CxKuMaercs (puc. 33).

ABNeHAE 00BACHACTCH HHEpUHEN YACTHIL XKHIKOCTH, NBHKYIIEHCS
SIPH NOAXONe K OTBEPCTHIO O KPHBOJIHHEHHEIM TPaekTopusM, KOTOpEie
SIHIIL Ha HEKQTOPOM PaCCTOSIHHH 33 OTBEPCTHEM JBIKYTCA NaPaIenh-

HO ApyT Apyry.

4K NOoKasknBaeTr ONbLIT, Al KPYIJOro OTBEpPCTHI nanbonee cxartoe

CEYEHNE CTPYH HAXOMMTCH 32 CTEHKOH HA DACCTOSIHWH, PABHOM NpH-
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mepuo 0,5 nuamerpa orsepctua. Or-
HOIUGHHE MJIOMAali 3TOro cedeHHs S,
K miomagd orsepcTds S, Ha3bIBaOT
KOS(puilneHTOM CXKaTHA CTPYH NpH HC-
TEYEHHH!

Lt S g I | (=
: sshon iy (=054 0

I s onpeneneHus HCTeHeHHS HHE-

Pac, 82. HMcresenne WHLKOCTH H3 He- KOCTH H3 MaJoro orsepctHa B BEPTH-

ST S KaJABHO! CTEHKe B aTMocepy HpH mo-

CTOAHHOM HAMOPE BOCTIONL3YEMCH Ypas-

nennem Bepuyann. Hpoeenem niaocckoeTh cpasHerus 0 —0 qepes uedTp

TAKECTH CeyeHus cTpyu. Tak kKak niomans cevenus [—/J 3HAYHTENBHO

npesnlmaer naomans ceuenus [/—J//, To CKOpPOCTHIO JKHAKOCTH B

ceuennu [—J/ MoxkuO mnpeHebpeus. Torna ypasuenue Bepayaan npi-
MET BHJ

PR S Tl R 2
h’EI_I_Fgu_—pg"—Qg}hft (8)

rie H, — reomerpuveckuii namop; p, — AaBjeHu#e Ha CBOGOAHYIO
OBEPXHOCTh; P, H Uy — JIaBJieHHE M CpelHfs CKOPOCTh MKHAKOCTH
B ceueHuu [[—I[; hy — ruapaBnAHUeCKHe MOTepH Hanmopa, KOTOPHE
AJid MAaJIOTO OTBEPCTHS B TOHKOH CTEHKE ONpefe/IsiioTcs TOJNbKO MecT-

2
HBIM conpoTuBiaeHueM: h; =h, = §2ig-. Torpa ypasnenue (82) npu-

MeT BHZA 3 :
i Uz
Hygoclo: oo Po o B0 g le (83)
o+ e pg'i"zg—l 2
Econ pabnenue B cedenuu [/—IJ [ mano orsangaercd oT aTmocep-
HOTO W JaBjeHust B ceyeHHn /—J, MOKHO NPUHATE P, = Py.
Torna ypasuenue (83) sanmuuem B BijIe

Hy=(1+4%) ;;g . 8%
Orkyaa 0= V' 2gH/(1 +5%), wm v,=o9) 2gH, tre ¢ =
= (148" % — xos(duument ckopocTH, npeicTasaziomuil CcoGof

OTHOLUGHHE AEHCTBHTENLHOHN CKOPOCTH HCTEYCHHS PeaNbHOM XKHIKOCTH
K CKOPOCTH HCTEYCHHS HACA/bHOH KHIKOCTH, AN Kotopodl & = 0
u @ = 1. [1o3TOMY CKOPOCTb HCTEYeHHA MAEANbHON MKHIKOCTH onpe-
zensior no opmyne Toppuueniu:

CoorsercTByiomuii € pacxon naeaJbpHOH KHAKOCTH, BHITEKAIOLIe:
3 OTBEPCTHS ¢ MJIOWANBIO XuBoro ceuenus S, @, =S,V 2gH,.
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T ¢
PRHE, 35, Pacnomomenue orsepermfl, werewcnme Ko KOTOPWX mpefcTas- o 7]<%

JeficTsuTeNbHBIH PACXON peaNbHOU uie:g

MHUAKOCTH, BRITEKAIOLICH H3 TaKoro | £=f(Fea) | w=f(Reg)
= 7.0 — T | T v - Fraghs
JK€ OTBEpCTHSHA, . Bon ey i Lis
L : as 1 o i(( -
Qn = 05, = Seep V 2gH, = osl | I D8

1
W IR
T el | |
I F(R2q)

A=

=pS, V' 2¢H,, 86)

0,8 5
rae P, — Koaduumest pacxoga gspLf ; I I
OTBEPCTHSA, KOTOPHIH OPEACTAaBAAET M_f__ o< | | !
€000l OTHOUICHHE ACHCTBHTEALHOTO E |
pacxoja K TEODeTHYeCKOMY OpH HC- w: @t RY w0t R

TeHeHHH MMHIKOCTH H3 OTBepCTHA: Puc, 34, 3auncumocTH g, ¢ B U OT WHCHA
B = &0 = Q/Qy. Leear s Ao sy
Boinosinennsie B nocjefHee Bpe-  mo)

MS  MCCJIC0OBAaHHA TNOKasadi, YTo

KOS(PPHIHEHTbl HCTEUECHHS €, ¢ M |, CYILECTBEHHO 34BHCHT OT BH3-
KOCTH H XapaKTeépa ABHKEHHHA KHAKOCTH. Ha ocroBaHuu oGpaGorku
GO/BLIOTO YHCAA ONBITHBIX AAHHBIX JUIS MCTEUEHUS JKHAKOCTH M3
KpYIJoro oTeepeTHa B ToHko#l cterke A. JI. AnpTmiyis nocTpomix
8aBHCHMOCTH €, @ H W, OT yHcaa Pefinosbzaca (puc. 34), ¢ nomoumpio
KOTOPHIX MOXKHO ONPENENHTh KOI(PPHLUHEHTH HCTEUeHHs AAA pas-
JIHHHBIX ZKHAKOCTEH, IBHAKYIUAXCA C Pas3HBIME CKopocTsivu, [Tpu Here-
HEHHH, HanpuMep, BOALI H3 HeGOMBLIOro KPYIVIOro OTBEPCTIS B TOHKOM
CICHKE IHaMEeTp CKaToro ceyenusd dg, = 0,8d, rae d — auamerp
orBepcrusi. Otciona xosdpuunent cxatus e = S, /S = 12/ =
= 0,64. Kosdpuuuent ckopocTi npu STOM MPHHHMAIOT PABHEIM @ =
= 0,97, Toraa Kosdduuuent pacxoza i, = ep = 0,64.0,97 =
= 0,62. Oru xe 3navenus oGLIYHO NPHHHMAIOT W AJS OpAMOYroib-
HBIX OTBEDCTHI.

Cikatue cTpyu OblBaeT pas/iMYHBIM B 3aBHCHMOCTH OT MecTa pac-
HOJIOZKEHHS OTBEPCTHS, M3 KOTOPOTO MPOHCXOAWT HCTEYEHHE, OTHOCH-
TENBHO CTeHOK cocyna. CaKaTHe CTPYH HA3LIBAIOT COBEPHIEHHBIM, €C/IH
OTBEPCTHE YNaJNeHO OTHOCHTENbHO CTEHOK H JHA COCYAa HACTOMbKO,
9TO QOCTeAHHE HE OKA3LIBAIOT HAlPABASIONIETO BIAHAHHS HA YACTHUM
FKHAKOCTH, NOATEKAIOUNE K OTBEPCTHIO. OnbiThl NOKA3LIBAIOT, YTO CKa-
THE FABASCTCA NOMHLIM COBEPLIEHHBIM, €CJH DAaCCTOAHHE OT KPOMOK
OTBEPCTHS L0 OCTAMBHBIX CTEHOK M 1HA cocyda Gosblie yTpOeHHOro
fIONEpeaHoro pasmepa orsepcrus. s Kpyrjaoro oTBepeTHst 3TO pac-
CTofHNE OOJIbLIE TPEX NHAMeTPOB; VIS NPAMOYTOMBHOTO orsepcTHa [
(puc. 35) I, > 3a; 1, > 3b. [lpu sTOM CXKaTHe CTPYH NPOHCXOXHT
€0 BCexX cTopon orseperus. [Ipn coBepiueHHOM CXKATHH 3HaYeHHS KOSG-
Gutmentos cxatis e u pacxosia p, — HaHMEHbLINE,

' COBeDUieNNDe caTue; 2 — MONHOS HeCOBEpUIEHHOR CMCATHO, I = r‘-—f
10NHOe CHcatne = 3
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Ecau oTBepcTHe B CTEHKE HJH JHE COCyAa PACNOIOXKEHO TaK, 4TO
OCTAJbHEIE CTEHKH OKA3LIBAIOT BJHSAHHE HA HCTEYEHHE JKHIKOCTH H3
OTBEpPCTHS, TO MPOHCXOJsililee B 3TOM C/iyyae cKaTHe CTPYH HasuBaloT
NOJMHBEIM HecoBeplleHHEM. Takoe cxkarne cTpyd HaGmioAaercs, Koraa
OTBepCTHE B CTEHKE pACMOJOKEHO OTHOCHTENbHO KaKOH-HuOYAb
ApYTOi CTEHKH WJIH JHa OMime, 4eM yKkasaHo panee (oTBepcThe 2).
[1py NOJHOM HECOBEPUIEHHOM CHATHH KOSQPHIHEHT CIKATHA HECKOIBKO
Gonbiie, YeM NPH NOJHOM COBEPIIEHHOM, NOSTOMY H KOS(QHIHEHT
pacxoaa OCoJblue.

B npakTnke BCTpeyaloTcs CAy4aW, KOrla OTBEPCTHE, H3 KOTOPOrO
NPOHCXOJANT HCTEYEHHE HENOCPEACTBEHHO NPHMBIKART K APYTOH CTeHKe
1 aHy cocyna (oTBepcTHe 3). Y Tako# CTEHKH CXKaTHs CTPYH HE mpo-
HCXOANT H OHO HA3LIBAETCS HENOJHLIM,

B rufpoTexHHYECKHX YCTPOHCTBAX MoNepeuHbie pasMepsl OTBEp-
cTHii OOBIYHO HE TAaK V3K Majibl B CPaBHeHHH ¢ HanopoM. Takrue OTBEp-
CTHsi NPHHATO HaswBaTh Gonbuiumu. DoabuminMu OTBEPCTHSIMH, Ha-
NPHMEP, CUHTAIOT OTBEPCTHA, NHHEHHBIE PasMEpPhl KOTOPBLIX (AnaMmerp,
Bbicota) Gossiie 0,1H. HcenenoBanus nOKa3LIBalOT, 4TO 3aKOHOMEp-
HOCTH HCTeueHHs H3 OOJbLIOr0 OTBEPCTHSA B BEPTHKANLHON CTEHKe 3Ha-
UHTEABHON TOMIHHE HaMHOPO CJAOXHEH, YeM H3 Majoro OTBepCTHA.
D10 CBst3aHO C CYILIECTBEHHBIM pa3/IHuHeM HAmnopa B pPasHEIX YacTsX
crpyu. B wacTHOCTH, BEpXHAA 4aCTb CTPYH JABHIKETCH MOX MEHLIIHM
nanopoM, ueM kA, ORHAKO pacyeTH MCTEYEHHS Kak M3 GoAbIIHX
OTBEPCTHH, TaK M M3 MajbiX NPOBOAST MO OAHHM (OpMyJAaM, HO
xoa(QduiHenTH CKOPOCTH, CXKaTHsd M pacXoja HMET Jpyrue sHa-
YEeHHA.

KosgbuuuenTsi pacxofa npn HCTCUEOHHH MHAKOCTH M3 PasiHYHBIX
orBepcTHil, Kotopeie pekomengosannl H. I1. Tlasnosckum aast npudan-
JHEHHHEIX pacyetroB, HMEHOT cJelyloline 3HaueHu:

Manpie OTBEpPCTHS C COBEpiieHHEM cHarwem . . . . . 0,60—0,62
OrBepecTEA CPeAHNX Pa3MEPOB C COBEPIIHHLIM CHATHEM 0,65
Bosibliiie OTBEPCTHA C HECOBEPIIEHHEIM NOMHRIM CXa-
SN I REOS R EL ) Tt ORI DT L 0,70
Boabline OTBEpCTHA € YMepeHHEIM GOKOBBIM CHKAaTHEM,
GERCIMBTHR. TOLRIY it nd s i it o e e S i s 0,80
OrpepcTus TPH SHaunTenbHOM GOKOBOM CxMartnu, Gea
CIRATEG O RN A o=l R S el SR ey Sl 650,70
Oreepernn Ges cxaTHg 00 ANY C NAABHLEMHE GOROBEIMH
BORXORANE kvt vy ol sl B Bloibe T swta o DiB0—=0,80

Mpsmep 12, Onpepeanth CKOPOCTb HCTEUEHHA H PacXoll BOAH Hepe3 Kpyraoe
oTREpCTHE B TOHKOH CTEHKe pe3epeyapa, eclld Hanop Haj UEHTPOM oTeepernn H =
= 10 m, pnamerp orseperns d = 100 mm.

CI(OGpOCJ'}‘b HCTeYenns onpepenny no gopmyse v= ¢} 2gH = 0,97V 29,8 10=
= 13,6 wic,

Pacxon
Q = p SV 2H = 0,62 ﬂ;@_lj_ V39810 = 0,068 u?/c = 68 ajc.

Hemesenue muOKOCMU U3 3GMONACHH020 OMEEPCmui. 3aTonien-
HbLIM HasbIBAIOT OTBEPCTHE, W3 KOTOPOro HCTEKAeT MHJKOCTh, pacmo-
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JOXMEeHHOe HHXKE YPOoBHA XKuiKocTH (pHc. 36). [Ipamepom takoro BuAa
HCTENECHUA ABJACTCH paﬁo'ra IIJI030B, OYHCTHBIX CDOPYI‘KEHHﬁ NpOMBILIT-
JIEHHEIX CTOKOB, HedrenoBywexk u T. n. a4 onpejesenus CKOPOCTH
HCTEUEHHA CTPYH H3 3ATOIMIEHHOIO OTBEPCTHsl COCTABHM YpaBHEHHE
DBepHY/IH A8 JBYX CEuUeHHH: HaYa/JbHOro, COBMEIEHHOr0 CO CBO-
QONHOH MOBEPXHOCTLIO OHTAIOUEr0 BoAOeMa, W KoHegHoro [—I,
COBNANAIOLIETD €O CKAThIM cedeHueM cTpyH. CkopocTs MHIKOCTH Ha
¢BOOOIHOA NOBEpPXHOCTH nNpeHeGpexMUMO Mafa [0 CPABHEHHIO CO CKO-
POCTLIO HCTEHEHWA M3 3aTOMaerHoro oreepetusi. JlapaeHue B ceve-
gun /—I pacnpenensiercs 1o 3aKOHAM THAPOCTATHKH. YDasHeHue
BEPH}"J]JIH AJI 3TOro ciay4das HMEET BHA

i, o ,
0 | pg S pg+2g1 (87)

rie p, — JlaBjieHne B LEHTPE TAXKECTH OTBEPCTHH HCTEUSHHA! p; =
= py + 0g2,.

C yueTom paBeHCTBa 2z, 4 2, = Zz W o0603HaueHHA 2z, — 2z = AH
OONywHM (OpMyJay JAAst ONpPEAeNeHHS CKODPOCTH HCTEHenHs: v =
= V?g“AH, ananorHyHyio gopmyie (85), Ho snece AH — paznocts
YpOBHEH B BOIOEMax.

Iipn onpenenesny CKOPOCTH HCTEUEHHs PeasibHOH JKHAKOCTH HOJIY-
Yaem Gopmyny, aHagornunyio gopmyne (83), HO ¢ yueToM CleaaHHO
OTOBOPKH.

Pacxox RHIROCTH N3 3aTOIIEHHOTO OTBEPCTHS MOMKHO ONPELeTHTS
no gpopmy.ie (86), B KOTOpyI0 BMECTO H; C/IEAYET NOACTABUTE PAsHOCThH
YPOBHEH B BOLoeMax.

Hemeuernue scudkocmu npu nepemenson Hanope. 3TOT BHA HCTede-
HHS KUAKOCTH HAGMIONACTCH NPH ONOPOKHEHHH PasIMYHbIX pesep-
BYapoB € BONOH, HETENPOAYKTaMH, LLTIO30BEIX KAMEpP MHIPOCOOpPYHe-
Bii 11 ap. Ilpu onopoxueHns Takux pesepsyapos HENPEepPLIBHO YMEHb-
WAETCsl THAPOCTATHHECKHH HAMOP XHIKOCTH, YTO MPHBOAHT K HEmpe-
PHIBHOMY YMEHBIICHHIO CKOPOCTH MCTEUeHHS KHAKOCTH U3 OTBEPCTHS.
Has yopolwlenns 3a7gui NPEANOJIOKHM, YTO MJIOWANL [MONEPEYHOro
CeyeHus pesepByapa S, oAMHAKUBA 0O BCell €ro BHICOTE H HACTONLKO
BE/LIKA N0 CPABHEHMIO C MJIOHIANBIO CEUEHH OTREPCTHA HCTeueHns S,
9T0 CKOPOCTBIO IBIXKEGHHS MOBEPXHOCTH MKHAKOCTH B pesepByape
MOKHO npeHeGpeus.

Ecuin onopoxusiemstit pesepsyap (puc. 37) manonnen 0o Buicots H,
10 H3 HErO AO/KEH BHLIHTBCH o6bem V = S H. Pacxoa XHAKOCTH
3 OTBEPCTHHA HCTEeHHsi cornacHo ¢opmyne (86) Q = p S}/ 2gH.
Eca TH MPHTOK JKHAKOCTH B PE3epByap 3a BPEMs ero ONopOMKHeHnHs OT-
WB}TB‘T, TO 3a 370 BpeMs Hamop yMEHBUIHTCS OT HaYaJbHOTO SHa-
Seaus 10 Hyss B KOHIE omopoxuenus. Bumecre ¢ tem yMeHBUINTCS
H PACXON KHAKOCTH Yepes OTBepCcTHE HeTeyenust OT SHAUCHHs Q

MO Hymsi. Monaras kosdidbunnent pacxofa i, HOCTOFHHBIM HA NPOTHIKE-

HHE BCEro BpemeHH HCTeueHUs (B neficTBATENLIOCTH KO3 tieAT pac-
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Fo
s k-
_—
Biks s 7 N e R
N R RN N
Prc. 36. Hcredenne EUAKOCTH Puc, 37. Hcregenne EHAKC-

CTH H3 OTBCPCTHN OpH Nepe-
MEHIOM HAanope

W3 3aTONJCHHOTO OTEEPCTHR

X0fia, 3aBHCAIMA OT pacxona, Takie uaMeHsercs), HaifijeMm cpeauuii
pacxon Q, MHAKCCTH H3 OTBEpCTHS:

Qep = (10,50 V ZgH + 0) = - .S, 1/ 2gH. (88)

Epema onopomxmHeHus pesepByapa
SpH 28, V H

=, (89)
% wsSo V' 2gH usSol 2

T =

Pacxon XMAKOCTH M3 3aTONJVIEHHOTO OTBEPCTHSI NMPH HCTENEHHH
113 ONOpPUXKHAEMOTO pe3epByapa C NepeMeHHLIM HanopoM B DEe3epByap
¢ NOCTOSHIBIM YPOBHEM onpejensior Tarke no dopmysne (€8), ToabK0
BMECTO HayasisHOro Hanopa H NpHHHMAKT HAYANBHYIO Pa3HOCTh YPOB-
Hell muakoeTn AH nepel M 3a OTBEPCTHEM.

fpumep 13. Onpenennts BpeMs ONOPOXKHEHAR KaMEPH L1034 uepe3 OTBEPCTHA

(kANAKeTI) B BOPOTAX NPH CASAYIOMNX RanumX: AJTHHA Kameper 150 m, mupana 30 M,
pasnecTbh YpoBHell BOALI B KaMepe H B DeKe TocJe ULT03a B Havaneueil momenT M =
= 5 M, pasmepu oreepernii 1,2 X 1,0 m, wicao oreepernit 6, xoapdumuent pacxosa

ps = 0,6,
: Inowane kameps S = 150 X 30=4500 n*. Cymmapuas nioimaab oTeepernil ne-
tesenna S = 6-1,0:1,2 = 7,2 M, Ha ocuosasnn qopmyaer (89) Bpema onopoxnesns

KaMep!
== mv_rj: = 1052 ¢ = 17,6 man,
06-7212.98

Hcreuenne mupKocTH M3 Hacaakes. Hacapkom paspipaioT Kopor-
Kuii naTpy6oK, NPHCOEIHHEHHBII K OTBEPCTHIO HCTEUEHHS MHAKOCTH
E pesepsyape.

Hacalkn DpHMEHSIOT A8 OpPHAAHHS HCTEKAlomeH cTpye HeoGXo-
AHMOH CTPYKTYDHI, H3MEpEHHsl pacXoja JKHIAKOCTH, YBeJH4YEHHs mpo-
nyCKHOMN CNOCOOHOCTH OTBEPCTHI, YBENNYEHHS CHILI W AaJbHOCTH HO-
J€Ta CTPYH, CO3JAHHA BaKyyMa B 3)KEKTOpax M HHIKEKTOpax, B BOAO-
CTpyiinmiXx Hacocax ® T. X. Jlnuna Hacagka oObiuHO paBHa (3...4)d,
rae d — puaMeTp OTBEPCTHS B CTEHKE.

Hacaakn nonpasiensiioTes mo pacmosoXKeHnio Ha BHEINHHE H BHY-
TpEHHNE, 4 1O ¢opMe — Ha HUAHHAPHYECKHE H KOHHYECKHE (CXOis-
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Puc, 38, Hacapeu:
4 — UHAsUZpaYeckifi; 6 — Homudeckull cxOAAULHicA; 0 == KOUOMAAALH kL]
2 — KoHugecKill pacxoammmitcs

miwecs: H pacxopaamuecs). OCHOBHEIE THMNL HAaCaAKOB MNOKA3aHH! Ha
puc. 38.

[lpu HeTeuennH H3 UHJIHHAPHYECKOro Hacajnka (pHc. 38, a) cTpys
MHUAKOCTH BHAyale CXKHMACTCs, a 3aTéM NOCTENEeHHO pacuIHpsercs,
SAM0HAET HACca/loK H HCTEKaeT M3 HEro MOJHLIM ceyeHHeM. BHyTpu
Hacallka B MecTe CxkaTus cTpyH oOpasyercs paspexenue (0,7...0,8) A.

Tak kaK ucTedeHHE XKHAKOCTH H3 OTBEDCTHA NPOHCXOLHT B pas-
PEXEHHYIO CPEAY, TO HANOp BHYTDH HacajiKa yBelnyuBaercs. B cy-
JWEHHOM CeYetHH CKOPOCTb CTPYH YBEIHYHBAETCH, B pe3yabTare yse-
JIHYMBACTCSH MPHTOK MKUJKOCTH B HACANOK, a CJAENOBATR]AbHO, €r0 1po-
OyCKHAs CMOCOOHOCTL. IDTO NPHBOAMT K OOlIeMy YBeMHYEHHIO Ko3(-
@uiHenTa pacxona 1o CPaBHEHHIO CO C/AyYaeM HCTeYeHHS H3 OTBEPCTHS,

llpu Boixoie n3 UMAHHADHYECKOrO HacafKa CXKaTHA CIPYH e
APOHCXONHUT, H Ko3(duunent cxarus ¢ = 1, CregoBarensio, |, = @.

Cpensee 3suaueHHe KO3(DPHUHEHTA CONPOTHBICHHS UHAMHADHYE-
€Koro Hacanka § = 0,5. Coorsercrsyiomee 3HaueHne Kospduuuenta
CKopocTH

! I

VIgt - Vigop

— 0,82.

=

CpasuuBas sHaueHnsi KoO3(HUHEHTOB pacXoia NI HHTHHADH-
HeCKOro Hacalika i OTBePCTHH, BHAHM, YTO Hacanok YB&JIHYHBAET pac-
xon B cpeanem B 1,32 pasa. B 1o e Bpems BeaejcTBHE pacuuupenus
B Hacajike CKOPOCTb HCTEYEHHS CTPYH MEHbIIE CKODOCTH HCTeUeHHH
H3 OTBEpCTHS.

B konuueckux cxojauiuxcs Hacafkax (puc. 38, 6) ysemuuuBaercs
HE TOJILKO Pacxofl, HO W KHHeTHYecKas 3HeprHs CTpyH. B 3Tux Hacai-
KaX Taloxe MPOHCXOMHT CXKATHE CTPYH, HO MeHble, YeM B UHIARHAPH-

‘gecknx. Kosduuuentsl @ u p, B 3TOM c/yyae 3aBUCAT OT yria Ko-

HycHocTH o. HaunGoabmue snavenus ¢ = 0,96 u p, = 0,96 coorser-
CTBYylor yray o = 13° 24'. 3nauynTeNbHO MeHblIE COMPOTHBICHHE CY-

. Maoluuxcs HacajKoB, BHINOMHEHHsIX N0 dopme cTpym (puc. 38, 8).

HacaJKu Has3hIBAIOT KOHOHAAJBLHEIMH.
~ Konugeckue cxonamuecs Hacajkn npHMEHSIOT NpH HEOGXOXHMOCTH
HONYSHTL CTP Y10, 061a4aI0IYI0 GONbUION KMHETHUeCKOH SHeprueit u

€OXpaksiomyio hopMy Ha 3HAUMTENLHOM PACCTOAHHH, HANPHMED, B Ka-
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%eCTBE CONJM [MAPOMOHHMTODOB K FuApoTYpOHH, B NOXADHHX Opan-
IenohTax B oT. I

OcoGeHBOCTEI0 HCTEYEHHS JMKHAKOCTH Yepe3 KOHHYECKHE pacXops-
muecs Bacauxu (puc. 38, &) sBasercs o6pasoBaHHe B OGJMACTH CKATHA
CTPpYH MDH BXOAE B HAECAZKOK SHAYHTENLHOIO pasperKeHHs, [OYTH BABOS
Goabmmero, 4eM B HHJAHKEADHYECKHX HacajlkaX, 210 NPHBONHT K SHAYH-
TEALHOMY YBelH4eHHIo pacxoliia. B To ke Bpems BBHJLY YBEJIHYEHHSA
BRIXOAHOTO CeyeHHa H ¥osPdHNHeHTa THAPABAHYECKHX CONPOTHBJE-
HWA CKCDOCTh BRIXOA& MS PACWIHPAIONIEroCs Hacalka CpPaBHHTENLHO
HeBesnka. Takue H8CaKH DpHMEHHAIOT B CTPYHHMX HacocaX, Juddy-
sopax M T. 1.

Npnmep 14. Oupeneanth AAs JeA0BHA nNpuMepa 12, HAcKOJbKO YBEJHINTCS Page
ROl BOAH MPH HCTEYEHHH Yepes KOHHYecKRfl CXOJ].H]J.LHfICH HacajoK € MHEHMAIBR-
BHM NMpONYCKHRIM CEYEHHEM TOTO ME JHameTpa.

Pacxox moaw onpezennd no gopmyae

Q= S V 3gH =0,96 21201

i Y 2-9.8-10 = 105,8 afec.

Caejopateibio, PacXoX yseanunsaerca Ha 37,8 a/c, nau na 54%.

KOHTPOJIBHBIE BONPOCHI

1. Y7o msyuser rugpolmHaMuKar

2. Kaxoe AsmmeHue MHAKOCTH Ha3bB2IOT YCTANOBHBIINNMCH, PAaBHOMEDHEM, Ja-
MHHAPHEM, TYPOYJeHTHRM?

Yro npencrasaser cobofi wucao Peitionsaca?

4. Sannuinte ypasuenue Bepuyansn u oOGbscunuTe Quandeckni cumbicd Kamjoroe
€r0 4iena.

5. Kak ppaxtuuecks mcnoabayercs ypasnenne Bepuyanu?

6. Kax onpeieaurs noTepH Hanopa KnJxocTH TPH ee ABWKeRAnA no TpyGam?
F&X yunTHBATE MECTHHI® CONPOTHBJIESHHS TDPH CHPENENENHN FHAPABIUIECKHX MOTEpD?

7. Iovemy BosumKaer rujipasiuveckuil yxap? Kax npenotspartutt min ymeHb-
1IBUTE ero ReilicrBue?

8. B uwew cyuHOCTh SB/JENHS KaBHTAallny, TAE OHO BCTPEYAeT(s, KaKoe BReinoe
AciicTEHE OHO OKasHBaeT?

9. Kag onpeiefyth pacXof MUIEOCTH, HCTCKAOMEN H3 Majoro oTBepCTHS?

10. Insn sero caysar Hacajru?

R

Fnasa 2

THAPABJ/IMHMECKHME MAUIHHbI

I'impafsmmecuue MAaIUHHBL A€JATCH HA HACOCH 4 rgJipasjigeckKue
Apuratenan (ruapozsuratenn). Hacocel npeoGpasyor MexaHHuecKyio
paboTy B SHEPTHIO NOTOKA xHAKocTH. ['mipoasBuratesu npeobpasyior
SHePruio NoToKa KHAKOCTH B MEeXaHHUYECKYyio pabery.

Hacocul w rujapoiBuratens SBJSOTCH COCTABHOH 4YacTbio Tex-
HOJTOrHYECKOT0 000pyAOBaHKS U PuAponpuBota. Mx apuvenaior B sHep-
reTuKe, aasa BOJlOCHa0MKEHHA H KanaJu3aldyd NPOMBILJICHALIX H Cellb-
CKOXO3AHCTBEHHBIX NpeinpusiTHH, TOPOJOB H HaceJeHHbIX NYHKTOS,

§ 4. Hacocwi

Hasuauenme u xnaccupukauns. Hacocasmy HA3LBAIOT MALIHHE,
OpelHasHadeHHsle A Co3Manus NoToka xunkoct. [lo KoucTpyxiuu
M OpHHUKEDY paGoTsl HACOCH NOAPA3NEAAIOT HA AHHAMUYECKHE H OObheM-
Hbi€. Y HacOCOB 3THX BHAOB Pa3/iHYHEE pabouue KaMeps! H HX COOG-
HEHHE CO BXOAOM H BHIXOIOM Hacoca. ,.."IHHCMIH‘M(‘KILM Ha3LIBAIOT Ha-
COC, B KOTOPOM JKHAKOCTL [epeMellaeTcs (104 CHJAGBBIM BO3IRHCTBHEM
Ha Hee B kamepe, NOCTOSHHO CoOOUAOIEHCS CO BXOROM M BHIXGAOM
Hacoca. O0vemibis HasLIBAIOT HACOC, B KOTOPOM Pabouast MHAKOCTH
NEpeMellaercs BCACACTBHE [EPHOAHYECKOTO H3MEHEeHHs ODBEMA 3aHH-
MaeMOfl €10 KaMmephl, NOmEPeMeNHO COOOMAILEHCT CO BXOAOM U Bhi-
XOnoM Hacoca,

B 3apucumocTd oT Xapaxtepa cma, AeHcTBYOWHMX Ha pabouyio
WMIUAKOCTD, MOHHAMUYECKHE HACOCHl [OAPA3ALNAIOT HA JIONACTHEIE,
SJIEKTPOMAarHHTHBIE M HACOCH TpeHusi. B aonacmubix Hacocax muAKAS
cpena nepememaerca nyrtem obTexanust jgonacrefi. K rakum nacocau
OTHOCHTCS UEHTPOﬁe}KHh{{-} U OCEBBIE Hacochl, B FACKIMPOMACH UMHBLX
HACOCAX KHIKOCTb NepeMEllaeTcs Moj BO3NeHCTBHEM 3JeKTPOMarHuT-
HBEIX cia. B nacocax mpenus MuakocTh nepemeimnaercs noj Bo3jefict-
BHEM cuat TpeHusi. K HuM oTHOCsTCs, Hampumep, BuXpeBnie, BHOpa-
UHOHHEIC H CTPYHHEIE HACOCHI,

K o6semnom otHocsiTCs Caeqyomue BHAB HACOCOB, OT/IHIAIOMHECH
X3PaKTepoM ABHXKEHHH DPaGOYHX OPraHOB: BO3BPATHO-NOCTYNATE/lb-
HEE, KpEUIbYATEE H POTOPHBIE.

B 80sspamuo-nocmynamensroix Hacocax paboyde OpraHel cosep-
HIAIOT npsiMOvIHHeiiHEE B30BPATHO-NOCTYNATENbHEE ABHIKeHHs He3a-
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BHCHMO OT XapaxTepa ABHIKEHHs Beaymero spena Hacoca. K Hum or-
HOCATCHA MOpUIHEBHIe, MIYHIKEPHbie, AHagparMeHHEe HACOCH.

K poiavuamere HacoCHl — 3T0 HACOCH ¢ BO3BPATHO-NOBOPOTHLIM ABH-
meHneM paboynX OpPraloB HE3aBHCHMO OT XapaKTepa JIBHXKEHus Bely-
Ilero 3BeHa Hacoca.

Pomopreie HaCOCHl — 3TO HACOCH! C BpallaTeIbHbIM HIH BpailiaTelb-
HLIM M BO3BPAaTHO-NOCTYNATENbHBIM JBHzKEeHHeM pabouuX OpraHos
HE3aBHCHMO OT XapakTepa ABHXKEHHS Belyulero sBeHa Hacoca. K Ha-
cocaMm 3TOr0 BHEA OTHOCSTCH paAHANLHO-TIOPIIHEBEE, dKCHANBHO-
NOPIUHEBLIE, NJAACTHHYATHIE, IIECTEDEHHBIE H BHHTOBBIE.

B 34aBHCHMOCTH OT YCJOBHII pabOTEI HACOCH! BBRIMOJHFAIOT C Y4eToM
cnenuanpHiix TpeboBanni. OnHu GbIBAIOT repMeTHYHEIE — A1 HCKJIO-
UEHHA KOHTaKTa MOAaBaeMOH MKHIKOCTH ¢ OKpYxKawule# cpenoi, gy-
TEpOBaHHLIE — AJs1 NOJaul arpeccHBHHIX xulixocted. Marortosasior
MaJIoUIyMHbIE HAacOCH, NpH pafoTe KOTOPBIX WIYM He HpeBslnaer 3a-
AAUHLIX HOpPM, oforpepaeMble H OXJaxkIaeMble HACoCH (B NPOTCYHOI
YacTH HMeloTcsi oOorpeBateNH HJH OXJaAalollne ycTpoHeTea).

STOT JaneKko He MOJHEI NEpeuyeHb CBHAETENLCTBYET 0 MHOrooOpa-
SHH HacoCcOoB, OTIHYAIOMHXCA KaK KOHCTDYKTHBHO, TaK u (QyHKLEHO-
HaJbHO,

Hacocnaa yemarogrka npeicTaBaser co00d HACOCHELH arperar ¢ KoM-
nAeKTylomHEM 000pyLOBAHHEM, CMOHTHPOBAHHEIM MO OfpeNeTeHHOoM
cxeme, obecnegnBaromeii padory nacoca. Ha puc. 39 nzo6paxena cxema
HACOCHOIl YCTAHOBKH, COCTOsILlEH H3 Hacoca J, BcacHBamoumero 7
1 nanoproro 4 tpyGonposofoB. B 3afopmoil uacTH BCacHIBAIOUIETO
TpybonpoBona uMmelorcs ceruateli (UARTP 9 H BcacHBapOUHHA Kiaa-
nan 8. Ha nargeratesibHOM TPyOOIPOBOAE YCTAHOBJISHBLI BEHTHAL 5
1 o0paTHRIH KjanaH 3, NPefoTBPAMIAIOUIMI MNOCTYMVICHHE MKHAKOCTH
ofpaTHO B pesepByap npH npexpamenun pabortki Hacoca, Hacocuas
ycraHoBKa ofopy/loBaHa HW3MEPHTENbHEIMH TPHOOpaMH: BaKyyM-
METpOM 6, YCTaHOBJAEHHLIM HA BXOJE B Hacoc AMA H3MEpPEHHA co3fia-
BaEMOTO paspeKeHus, H MaHoMmeTpom 2 Ha Hanopiom TpyGonposone,

OcHoBHbIE napameTpbl HacecoB. PaboTa HACOCOB XapakKTepH-
ayercs oOLeMHOIT MOfayesi, BEICOTOH BCACKHIAHHsI, HAMOPOM, MOULHOCTBIO
n KII.

Ob6wsennoii nodauedi Q Ha3BBAIOT OGLEM KWAKOCTH, NOAABAEMOI
B exununy spemenn, OOneMHyio nopauy usmepsior B m%/c mum alc.

Beuicoma scaceiearniua. Tlpn pabote Hacoca Bo BcachBalouied JHHUH
CO3/laeTCH pa3peKeHHE, B NepeKaunBaeMasn KHAKOCTb MOCTyN4eT B Ha-
coc Gnraropapsi pasHOCTH AaBJIeHHS p, HA MOBEPXHOCTH IKIAKOCTH
" p; — B ceuennn I—1I: (p, — p;)/pg. OnHako nocnennee BLpakenie
eule He ONPENEeNsieT reOMEeTPHYECKYH BBICOTY BCacHBAHMA, T. €. Bhl-
COTY, Ha KOTOPYIO MOMKET NOAHATLCS KHIKOCTh 10 BeackiBalolel Tpyoe,
TaK Kak B [POLECCE BCACKHIBAHNS YaCTh Nepenaja AaBJeHus TPATHTCH
Ha TPeoNoJCHHE PaSHHYHLIX THADABAWYECKHX CONPOTHBJACHHH Mf ..
Ha TpeHHe XKHAKOCTH NPH ABHXEHHH MO BcackiBawllel Tpyde, na 1nou-
HfITHE BCACHIBAIOLIETO KAalaHa u cooblleHHe BCaChIBAEMOIl KHIKOCTH
onpeneNeHHoON CKOPOCTH vy, Ilas onpenenenusi reoMeTpHYECKOH BHI-
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‘cotHl BecacwBanna H,, coctaBuM ypapuenue Bepuyann aas ceuenxfl
J—! n 0—0 oTHOCHTENLHO NJIOCKOCTH CpaBHEHHH, Npoxoismel: de-
pes ceuenne 0—0:

p p1 v
?;'=E+_2§'+an+hfnci (90)
OTHYHA
Pa— v
HB==‘—G-!_,‘€—'D-1-—-2—;'—}1,M. [91)

Takum oﬁpaaom, TEeOMETPHHUECKaS BhICOTa BCACEIBAHHSA TEM GOJIblHB,
HEM BLIINE NABJEHHE HA MOBEPXHOCTH XKHUIAKOCTH H 49€M OHO HHMKE NpPH
BXOJAE B HacoC, HeM MeHblle CROPOCTb ABHIKEHHA JHAKOCTH BO ECa-
CHBaloLel JHHHH H 9E€M MEHBIIE THApaB/JHYECKHE NOTEPH HA JHHHA
BCacChIBaHHA.

HNpumep 15. BcacuBaioman TpyGa macoca zuamerpom 250 MM m ganmoi 20 m,
W3rotoBJjena us uyryna. TpyGa Hmeer ofjno KoJieHO, Ha Bell yeTasoBJeHa SaiBixKa
OTKpHTAA Ha */y, a Ha KoHUE ycranoB/JeHa mpmemmuas cerka, Hacoc mopaer 60 /o
pojil. Ha kakylo BHicOTY oOT CBoOOAHOH MOBEpXHOCTH BOAOEMa NOJEKMaeTCH EOJNA
npn paGote Hacoca, eclii JdamJeniie nepex BXogoM B Hacoe pasno 40 kITa? Armocdep-
Hoe ZaBlesne TpHuATh pasHuM 100 klla.

Onpejenum rHApasauyeckne notepn no Gopumyme

2
130 = (Eaas -+ B+ boax -+ Ero + 3 =) -

Koabdumnentel mecrupix conporusiennit nafiem no 7aba. 2, rae Esas = 6 — co-
BPOTHEMCHNIE BX0/Ja BO BCackiBalomyio TpyGy NpH HaAuunn NPHEMAOH cetku, By =
= 0,4 — conporusieune KoJaeHz; Easan = 2,0 — conporussienne saisnscki, 1punen
COTPOTHRJIEHNE BCACHIBAIONIETO Matpyoka macoca Ege = 0,1, [To nomorpamme (cm.
puc. 29) u a6, 1, noacuntas Rey, onpenennm A = 0,03.

/ Q-4 0,06-4
Cpeznsa cropocTs ABmKeHus Boipl v = @ 3005 1,22 wm/e,
Hopcrasup noayyennwe peayabratn B dopmyay (91), uaiinem
(1—0,4)-10%
Hyg="— 1"
=< 10%.9,8
20 1,222
—(64-04-12, 0,1 0,03 —— -
(6404420014003 o35 +1) 5oz ~52 u.

Hanopom nacoca nasmsaior yaeannyio SHEpTrHio, cooliaeMyIo M
nepeMeinaenon Xuakoi cpene.

s onpenenenns Hamnopa Hacoca 3amHILeM B COOTBETCTBHH C ypaB-
HeHueM Deprynyin yAenbHYIO SHEPTHIO JKHAKOCTH B CeueHusux [—/
{G:u puc. 39), rae ycranonaen Bakyymmerp, u //—I 1, rie ycranosaen
MaHOMETp, OTHOCHTEJIBHO MJIOCKOCTH CPaBHEHHS, MPOXOLALLE uepes
OCh nacoca C—C:

= N ) 9 ., Pa v3
e el b ok g

j‘e Py B p, — abconotnoe Aapienue B cevenuax [—I w JI—]I;
Uy M Uy — CKOpOCTH JKHAKOCTH B TeX JKe CeueHHsX.
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Ilo onpenenenuio
2 __ ol
He=pg—e="2"0_ J-71L 1,
el Pg 2g +
99

Ho cormaceo (17) u  (18) py =

=p,+ Pyn B P1 = Pa = Paam
NO3TOMY

Hue

-.;; Puan -+ P v — vt
_ _Puan Bar g e :
= Lontio A2 4 g (93)
Hanop
“2? H Pran -1 Paan + z [94)
¥ 3 Pg

HA3BIBAOT MaHOMETDHYECKHM.
Tagum oGpasoM, Halmop HAacoca paseH
cyMme MaHOMETPHYUECKOIO H CKOpOCTHOTO

Puc. 20, Cxema wacocnoit ycra-
% 0BKH!

I = nacoe; 2 — masoMerd; J ~=

ofparumifi KjNamaH; 4 — vanops HanopoB.

Eul TPYSONPOBOA; 5 — BeHTHIL] B nponecce paGoThl HAcog¢ mOxaer

6 — BARYYMMeTD; 7 — BEACKEARI0=

mmit TpyGonpoBos; & — Bcacel= JKHAKOCTE Ha TCOMETPHYECKYIO BbICO~
1 L9 & A

s ezl py H,.. JJIs €e OnpeneNeHus SamHineMm

ypaBHenne epHYJANH I CedeHHi
II—IT u K—K orHocuTelbHO MJOCKOCTH CpaBHEHHA, HPOXOAAlLled
Mo oCH Hacoca,

G TR S 4 F 95
pe + 2g ! o og i'— 2g + Hnr 1 nfm*' @ )

OTKYyAd
05— % (96)

Pe— P
B 003 15 e
CrefoBaTenbHO, FEOMETPHYECKan BhicoTa TeM OoJblle, 4eM GoJbiire
faBJicHie, PA3BHBAEMOE HACOCOM, H 4eM MeHbllle NMPOTHBOAAB/IEHHUE,
OKAa3LBAEMOe HA MMAKOCTh B cedennn K—K, uem Gosblue CKOpOCTh
MHIAKOCTH HAa BRIXOJE H3 HacoCa H 4UeM MEHBIIIe FPIRP&BJ{H‘I{;‘CKHE co-
OPOTHBACHUA B HAMOPHOH JHHHH.
[Mosctasus B ypasuenue (92) Bupaxenns p,/pg u py/pg, naineunsie
3 (90) u (95), moayunm

H=‘£§-‘J§&+Hur+Hao+hfuc+hfﬂr' {97}
CYMMY HH:- -+ Hnu

nogvema H.

Takuy 0o0pasoM, HDOTepH Hamopa Hacoca COCTABJSIIOT MNOTEPH Ha
npeoiosienie NPOTHBOAAB/IEHHS B HATIOPHOM TpyOonpoBsoie, NOAHsTHE
WMHAKOCTH Ha MOJMHYIO FEOMETPHYECKYIO BhICOTY NOABEMA H NPEOAOJIe-
HHEe THAPABAWYECKHX CONPOTHBJCHHI B TpyGONpOBORAX.

68

+ zZ— hf upe

HASHIBAIOT NOMHOH TEOMETPHYECKOR BHICOTOH

fipumep 16, Onpesenurs Hanop Aacoca, ecan ero ofreMHan nopasa Q = 20 2/a
poAl, [NOKa3aHNA BaKYYMMETDa Pgac = 36 xlla, nokasanns MaHoMerpa 5™
= 0,4 MIla; z= 400 mM; AnamMeTpnl HarHeTaTeJLHOTO TpyGonpoBojia an= ;E?Oumu,
gcacusaomero — dy = 300 mm, =

Haiijlem manomerprueckuii namop no hopmyae (94):

Pruan - Prax __04-105-1-36-108
pg +Z— 10‘*'9,8 ";“0:4“‘—_ 44,59 M.
OnpefieM CKOPOCTH BOAHI B HArHETATENBHOM M BCACHBalOUeM TPYGONpPOSOLAE
4Q 4.0,02
U= T Ao LB
4.0,02
== -iQ— = 0,283 m/c.

U= mdr T 3140,

Cxopocrrofl Hanop

v —vi

= 0,408* — 0,283
2g 2.98
Hanop nacoca cordacuo (92)
H = 44,89 0,05 = 44,94,

= 0,00 m.

Mowriocme nacoca. Pasawuaior mowHocts N, notpebasemy 10 Ha-
€OCOM NpH ero pafore, H NOJE3HYIO MOLIHOCTE Hacoca Ny, BT, coobmae-
MYIO HacOCOM NOAaBaeMoil JKHAKOCTH H OUPEASISeMYI0 3aBHCHMOCTEIG

N, = Qp, (98)

rae Q — oGbenmHasi mopaua, M*/c; p — jpaBaeHue Hacoca, Ila.
3asucumocts (98) MOXKHO 3amHCaTh B Bule

Ny = pgQH, (98a)

rue !lfj—uanop, € KOTOPHIM NONAETCS JMHAKOCTb NNOTHOCTBIO p.
: KI1Il nacoca — orHouienye M0Je3HOH MOIHOCTH K MOLIBOCTH Ha-
coca:
o Ny
N="F> (99)

Ms3-3a pasauunnix noreps, HMEIOUHXCs npy paboTe Hacoca n yup-
ThiBaeMeiX coorsercTByiomumu KIIJL (ruzpasmiyeckum, o6beMibM W
MEXaHHYeCKnM), Bcerja N > N .

-« Ludpagauneckud KITJI 1, — OTHOLIEHHE NOME3HON MONIHOCT) Ha-
€OCa K CymMe NOME3HOH MOUIHOCTH H MOWHOCTH N,, saTpaueHHoii Ha
ipEoNlONIeN e FPHAPABANYECKHX CONPOTHBJEHHN B Hacoce:

N

Ak TRy a (100)

. Eeau sxuaxocts nozaercs noa mamopom H, To Hanop, pa3subae-
MEUT HacocoM, Goabwe A na H,, m rugpasangeckuii KITJ Hacoca

pgQH H

| e
k= PR+ H,) ~ HEH

(101)
5%




Takum o6pazom, ruapaBanveckuit KII[I macoca npeicrasaser
co00fl OTHOUIeHHe HAnopa, NOJ KOTOPBIM MOJAETCH NepeKadynBaeMan
HKUIKOCTE K HAamopy, PAa3BHBAEMOMY HACOCOM.

Ub6vesnnwd KIIA w, — oTHOWEHHe noje3HOH MOUHOCTH Hacoca
K CyMMe moJIe3HOH MOLLHOCTH H MOIGHOCTH N, CBSI3AHHOH C MOTEpAMH
WKHAKOCTH H3-3@ PA3JHYHLIX yTeyek B Hacoce:

Np ¢

Ecnu nacoe mopaer Q m*/c KHIKOCTH, TO 4Ye€pe3 HEro OpOXOAHT
(Q + Q,) m®/c xumkocTH, rae Q, — YTEYKH KHJIKOCTH 3a CEKyHAY
B HemsoTHOCTAX Hacoca. Cymmy Q + Q, HashlBaOT MAEANbHOH N0Aa-
4eil, a or"owenune Q/(Q + Q,) — kosdupHUHEHTOM NOAAYH Hacoca,

3asucumoctb (102) moxkHO sanucarh TaK:

vt pglH pefl Q 03
Y= PgQ+QWH ~ T+’ (103)

T. e. oobemunifi KIIJ nacoca npeacras/iger coboil OTHOIIEHHR MOAA4H
K HIeanbHOH mojaue, !

Mexarnuueckuit KI1J[ nacoca yuHThblBaeT MeXaHHYeCKHE MOTEpH
MOIILHOCTH, CBA3aHHBIE C TPEHHEM PasaHuUHbLIX JleTaneil Hacoca: B noj-
WHOHAKAX, B OHAHEAPAX H T. 1. Mexannueckud KIII n,, xapakre-
PH3YIOIHE OTHOCHTEABHYIO AOJI0 MeXaHHUeCcKHX MOTepb B HAacoce,
npeAacraBifer co60i OTHOLICHHE OCTABLIEHCA 1OCAE NPEOAONEHHS Me-
XaHHYeCKHX CONMpPOTHBJEHHHA MowHoctH N, K mommuoctd nHacoca N:

e =NJIN =pg (Q + Q) (H+ H,)/N.

[1o onpenenennio KITIL Hacoca q = N,/N. Iloxacrasue 3HayeHud
N, u N, naiigem

p2QH My Qe _
0= T QU FHy — Mol (104)

Takum o6pasom, KIIJ Hacoca paBeH mpoH3BElEHHIO OOBEMHOrO,
THAPABAHYCCKOIO H MEXaHHYEeCKOro KO3¢¢?HHHQHTOB NnoJiesHoro Jgeu-
CTHHA,

Mpumep 17. Hacocuan ycranoBKa 3a 4 4 paboTel NOAHHMAET H3 cKBamuunl 18 M3
sofst, [Monunwiit nanop, passuBaempiii nacocom: H = 3000 m. Onpepeants noJesnyo
somnocTs Hacoca i ero KI1JI, e MOLHOCTD NPHBOAAMIETO 3JeKTPOABHT AT Ny =
= 55 kBr.

Pa3spnBaemoe mnacocom Rasienne p = pgH = 1000.9,8.3000 = 29,4 MIla.

1 B
[Tonessan momuocts Ny =pQ=29,4.10¢ 173600 = 3,67-10% .BT = 36,7 kB,

Ni 367
A 0,67.

Lenrpobexublit Hacoc, LlenrTpobexubiM HA3LIBAKT JIONACTHOM
HACcOC, B KOTOPOM XHAKOCTH mepemeiaercsi 4epes pabouee KOJIECO or
geHTpa K nepudepui.

Y

KIJ ycranoskin n=

@AHHOH OTJNUBKH H3 YyryHa WJIH

Ha pne. 40 nokaszana cxema ropu-
B0HTaNLHOIO HEHTPOGE)KHO]"O Hacoca,
OcHOBHBIMH 9aCTHMH Hacoca SBadIoT-
€f Kopnyc, paGouyee Rojieco 6, Ha-
CaKEHHOe Ha Ban 2, Bpamamwouiuiics
B nmopumnnHukax 3. PaGouee xonaeco
BBIOOJIHEHO B BHJAE JBYX AHCKOB, MEXK- 2
AV KOTOPHLIMH HAXOAATCA JONATKH.
OGBIYHO KOJIECO H3TOTOBJASIOT B BHAE !

Gponsul. Kopnye wnacoca BHDoJ-
HAIOT B BHIE COUPAJbHOH Kamephl,
B KOHUIE KOTOPOH ycCTaHOBJIeH Aud- _
C}J)’HDP 9. = Puc, 40, Cxema uentpodemnoro macoca:
JKuaKocTh nocTynaer Ha padouee BCACHBAIOMER TpYGa; 2 — Bt § =
T ~OC ~“eROM - S TMOAMENHEK; 4 — BcachBamowmil natpy-
KOJIECO HACOCA B OCEBOM Hanpasje-  §oml el o o
HUH 1O BcacelBaionieii tpybe [ He-  meco
pes BcacoiBaompil nmarpybox 4 u

Hanpasisiercd B Kauanasl, o0pasoBanmnbie jonactamu. [Ipu Bpamennn

KoJIeca JKHAKOCTH coofiiaercs Bpallare/]bHOE ABHKEHHE W MOA Aefi-
CTEHEM HEHTPOGEIKHBLIX CHJI OHA NEpeMellaercs B PaiualbHOM Hanpas-
JIEHHH 1 BLITATKHBAETCA B CONpaibuyo kamepy. [Ipu stom B nenTpans-

‘HOH uacTH Kojleca CO3JiaeTcs pasperkeHHe, HeoGXOANMOe IS BCach-

BaHHs XHAKOCTH B Hacoc. Co6HpaeMas B cupasbHOf KaMepe KHUIKOCTh
€0 3HAYNTENILHOIl CKOpoCThiO mocTynaer B mudibysop 5. B cnupanshoil
Kamepe u Juddysope, BCAEACTBHE YMEHBIIEHHS CKOPOCTH JBHKEHHH
H B COOTBETCTBHM G ypaBHeHueM Bepuyanm, npomcxoant npeocGpaso-
BANHE KHHETHYECKOH SHEPIHH KHAKOCTH B SHEPTHIO NABICHUS, H NPH
HOBBIIIEHHOM JaBJCHHH MO HANOPHOMY TPYGONPOBOAY KMAKOCTH MO-
Jaercsa moTpeGHTeNAM,

Hns sanycka B pafory meHTPOGEKHOTO HACOCA HEOGXONHMO 3a-
NOJHHTE XHIKOCTEIO BCIO BCACHIBAIOILYIO JIHHHIO H pafouee Koseco;
YTOGBI NPH STOM JKHAKOCTH He BHITeKaja H3 Hacoca, B HHKHEH 4acTi
Ha BCcachiBaolleil TPyGe ycTaHOBJIEH OOpaTHbifi Kiaanad.

Octiognoimu  napamempayy UEHTPOGEKHBIX HACOCOB  SIBJASIOTCS
0Gbemuas nopada Q, nanop H, momuocrs N, KIT1J1 1 M 4actora Bpa-
IMEHHA n padovero koseca. ITH napamMerpel BIaNMOCBH3aHB, W H3-
MCHEHHE OAHOTO M3 HHX HEH36exKHO BJjeuer 3a cololl H3MeHeHue apy-
niX. Tak, HanpuMep, ecan NpH NOCTOSHHON yacToTe BpalleHHs1 poropa

- YBeMHUNHTH NOJAuy HAcoCa, TO CO3AABAGMBI MM HaANoOp YMEHbLIIHTCH.

B nacnopre nacoca o6muno YKasulBaloT mapaMerpel Hacoca, cooT-
BETCTByIONlHE YCAOBHAM, mpH Koropeix KIIIL nanBonemuii, JeficTBu-
TeJNbHBIE yCJIOBHA SECniyatauuu MOTYT CYLIECTBEHHO OTJIHYaThCA OT
PEROMEH0BaHHLIX. UTOGE! OnpenesnTs napaMerpul Hacoca B pasiHy-
HHIX ycnoBHAIX €ro paGoTh, NpPH 34BOACKHX HCHOBITAHHAX CTPOST

XApaKMepucmuKy Hacocos, YCTAHABANBAIONIHE B rpa@uueckoil gopme

CBAsITMexay Q u H; Q u n; Q u N npu noctosuHoil uacToTe Bpamenns

KoJieca n = const (puc. 41), ITo ykasannbM xapakTepHCTHKAM MOKHO
6l
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Puec. 41. XapaskTepHCTHEN HeHTPOoDEEHOrD nacocH Pue. 42, XapaurepncTuau Tpybo-

npopoxa H = f () w nHacoca

TAK/E YCTaHOBHTb BLICOTY BcacmiBaumus Hacoca. Ha xpusoit OH (Q)
noKazapa pabowQs 4acms Xapaxmepucmukd Hacoca (BOJHUCTOH 4ep-
TOM), B Mpefiesax KOTOPoil pexoMeHayercs ero npumenenne. Menoabao-
Banne XapaKTepHCTHK Hacoca obserdaer BeIOOP Hacoca. Ha:'lpﬂjﬂep,
IJIsl Onpelie/IeHHst NOAdYM, PH KOTOPOH HAcOoc co3jlaeT Tpebvembll Ha-
nop H (monycrum, 35 M npH uepekauyke BOABI), OTK/AAALIBAIOT Ha XapaK-
TEpHCTHKE Hacoca 3uavenue 3Toro mamopa. Ms mnoayueHHoil TOUKH
NPOBOAAT TOPH3OHTANBHYIO JHHNHIO A0 mepeceueHus ¢ kpusod /H(Q)
B touxe A. M3 1ouk# A npoBOAAT BepTHKaJALHYIO JHHHIG IO OCH alc-
LHCC ¥ OlIpellesisioT HCKOMYIO nojady Hacoca Q. E(ax BUAHO, NPH nepe-
K44Ke BOJbL HANOP Hacoca pasen 30°M npu 0GbeMHOH nojaue Q=
= 41 a/c. o Toukam nepecederust LITPHXOBON BEPTHKANBHOH JHHUH
¢ kpussiMi N (Q), 1 (Q) # Hy (Q) Onpeleasiior cOOTBETCTBEHHO MOUL-
socth (26 kBt), KITII nacoca (78%) ¥ monycTiumMyio BRICOTY BCAChiBa-
HHA (6 M).

XapaxkTepucTHKH HacocoB, npiBeicHHble Ha puc. 41, nocrpoernt
Ljst yacToThl Bpawenus # = 24 ¢ L Jlna Apyrux 4actoT BpamleHHs A,y
KOJIeCca NapaMerpsl Hacoca MOIKHO NepecuHTarb NO CRSAYIOULHM (op-
Myaam: ; 03 G

Q= QL H,—:-H(T‘-) N1=N(T) ; (105)

Honyekaercs pabora Bacoca npH NOWKEHHOH 4acTOTe BPAINECHHS
patouero Koseca. [Ipu sTom nomycrumas BhICOTa BCACBIBAHHS yBERYHU-
paercsl. OfNAKO yMmeHbleHHE 4ACTOTH BpaumieHHa Bana GoJee, uem
BaBOE, He pekomenayercsi. PaGora ¢ noBHIIEHHOH YacTOTO! BpalleRus
nonyckaercst B npegeaax 10—20%. Ilpn 3HauuTeABABEIX H3MEHEHHAX
yacrorul Bpamenns KIII macoca ymenbmaercs.

ITpu nopbope Hacoca HEOGXOAMMO YyUWTHIBATH YCJOBHS €ro paborhl
¢ HanopHBIM TPYGOOPOBOfOM. [ns 3TOr0 COBMELLAIOT XaPaKTePHCTHKY
Tpy6onpoBoja u pacoca (puc. 42). [Ipu TakoM NOCTPOCHHH YCTAHAB/H-
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BaloT pabounii pemM HAcOCA W ONpene/sioT ero padoune napamerpLl
pr Aoy Ny, 1. d
apamepncmxa Tpyoonposoia YCTaHaBAHBAET CBH3b MEXAy Ha-
ROPOM H PacXOA0M JKHAKOCTH N0 AaHHOMY TpyGonposoay.
Coranacuo (97) npu p, = p, Hanop Hacoca

H=H+k, (106)

rae H, — nonnasi reoOMeTpHYecKas BEICOTA NMOABEMA, a h; — rugpas-
JIHUECKHE [OTepH B TPYGONPOBOAAX.

[lpu TypGyJseHTHOM ABHXKEHHH KHAKOCTH THAPAaBAHYECKHE NOTEPH
BPONOPUHOHANbHAI KBAAPATY CKOPOCTH ABHIKeHHS KHIKOCTH HJIH KBa-
JApary pacxoja:

hy = aQ® (107)
Toraa
H=H,+ aQ (108)

Ipaguk gynxnun H = f(Q) — napabonnueckas KpHBas, Hasbi-
BaeTCsl XapakTepHCTUKOH Tpybonposoaa. las onpenesenus paGouero
pexiMa Hacoca, NOJdIOMEero MHUAKOCTb B NaHHBI TPYOONPOBOJ, OTHIC-
KHBAIOT TOuky A Ha nepeceyeHHH XapakTepHCTUKH Hacoca H (9]
B XapagTepHcTHKH TpyGonpoeoga H = f(Q). 1o pabouas Touka Ha-
coca. Opaunara 310l TOuKH — paGounii Hanop H, a aGeuncca —
Dpefensnan cbpemuag nojgaya Qp Hacoca B JIaHHE TpybonpoBon npu
JIOJIHOM OTKPLITHH 3aABUIKKH H NOCTOSHHOI 4acTOTe BPalleHHs KoJeca.
Ilposens us 10ukH A BepTHKaJbHYIO NpAMYyI0 A0 NepeceyeHls ¢ xa-
paxtepucTnkamMu  N(Q) u n (Q), onpenensior COOTESICTBEHHO [O-
TpebisemMyo MOWHOCT M pabounit KIIJL N, Hacoca,

Peryanporanne nopaus macoca. Ipocreiimuii cnocob peryaupe-
BAHHS 38K/II044CTCSl B yCTANCBKE B HAaNOPHON JUAHH PETYIHPYEMOro
BeHTH/A. Taxoii cnocob peryanpoBakiia HeBHIOLCH, TaK KAK OPHKPH-
THE BEHTHJIS! PABHOCUNILHO BBEJCHWIO B HAMOPHYIO JUHHIO ACHOJMHH-
TEABHOTO conpoTHB/ennst. OAHAKO BBUAY TOTO, YTO UEHTPOGEIKHKIE Ha-
COCHl MAIE BCETO NPHBOAATCS B ACHCTBHE 8CHHXPOHHLIMH 3JIEKTPO/ABH-
TaTeJsIMIE ¢ HeperyaHpyemoi 9acToToll BpalleHns Baja, a Takxke 6ja-
TONdpsi HCKJNIOUHTENLHOH TNPOCTOTE OCYINECTBJAEHHS, TAKOH CHoco6
PEryJHpOBaHAs noJydusl HPOKCE NPHMEHEHHE Ha HeGOABIIMX Ha-
COCHBIX ycranoBkax. Tam oH moxer GmTh onpaBja, HECMOTpR Ha
YyMeusiuenne npu stom KIIII macoca.

Bonee ciomubiv, HO 1 Goslee SKOHOMHMHEIM B SKCITyaTanuH $B-
JSIETCS pery/iMpoBanye Hacoca myTeM H3MEHEHHS YACTOTHI BpalieHHd
Padouero kosmeca. B stom C1yuae He BO3HHKAIOT JOMNOJHHTENLHEIE M0-
T€pu Hanopa, KITI nacoca ocraercs OPaKTHYECKH HEeH3MEeHHEIM B [HH-
POKOM pHanasone peryaupoBarus. 10T METO PEry/IHPOBAHHA MOMKET
ObITE OcymecTeien NpH Ha/lHYHN OPHBOJHOTO 5JEKTPOABMIaTeNs IC-
CIOAHHOrO TOKA HJH SJEKTPOABHIATENs. € HECKOJBKIMH CTYIICHIMH
CKOPOCTH, §pH HaMHYHH CHEHHAJLHBIX SJIEKTPO- HJH THAPOMYdT

T, 1T,
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Pac. 43, Napaaneassioe (a) u nocacgosa-
TennHoe (G) coelnHeHHMA HACOCOB B CHCTeMe

MapannensHoe W NOCHERORA-
TeAbHOE COEMHEHHE  HACOCOB,
COE,E[RHEHI-IE ABYX HJAH HECKOAb-
KHX HacocoB B arperare M03BO-
JiSleT HaMHOTO pacmupHTs 00/1aCTh
nDpUMEeHeHHs UEeHTPOOeXNHBIX Ha-
cocoB. Hacocs MoryT OBITH BKJIIO-
ueHbl B CHCTEMY [apaaJiesbHO

~ TaMmil OCeBOro Hacoca ABJIAOTCA paGouwee koneco I, ykpensennoe ua
Bany 4. Ban oceBoro Hacoca MOKeT GbiThb PacroJiONeH ropH30HTANBHO

wan seprukanbHo. Hacoc ocnamen manmpapasiomum annaparom 2y
PAaCnoIOKeHHNM B UHIHAADHYeCKOA TpyGe 3. Hanpasasnomuit anna-

. PaT CAYXKHT A5 BBIIPAMJICHHAS NOTOKA )KMAKOCTH MPH BHIXOJE €€ H3
= padouero xouseca. Ilpa stom wacrs kuuernueckof 3HEPruu KHIKOCTH
- npeoGpasyercs B 3Hepryio Aasjenns. Pabouee ko/meco umeer monacTs

- (OT Tpex JIo WIECTH). ITH JONACTH MOTYT GbITh KECTKO 3aKPEMAeHs! Ha-

(puc. 43, @) u noclenoBaTENbHO
(puc. 43, 6). [IlapannenbHoe CcOSJHHEHHE HAcOCOB OPHMEHSIOT
rA4BHLIM O6pasoM s yBeaudeHus nojaud, Ilpu stom manop, cospa-
BaeMslil arPEraToM, COCTOAULHM H3 HACOCOB ¢ GIH3KHMH XapaKTepHCTH-
KaMH, OcTaeTcsd npakTHYeckd HenameHHbiM. OjHaKO Jonyckaercs
BKJIOUEHHE HA4COCOB € HECKOJNBKO OTIHYHEIMH XapaKTepHCTHKaMH,
B stom ciydae Hanop, co3jaBaemblii TAKHM arperaToM, OnpeaenseTca
B OCHOBHOM 0GOJIBIIEM HAMOPOM, KOTODhIH CO3JaioT HACOCH! NPH OTASAb-
HO#i paboTe ¢ OAHAM # TeM e TpyGonposojoM. [lapannensuoe coenu-
HeHHE HACOCOB B arperate MO3BOJSNET YACTHYHO pEIUHTh npobaemy
PEryJAHpOBaHHA NYTeM OAHOBPEMEHNHOrO BK/QUEHHA B paboTy OAHOTO
HJIH HECKOJBbKHX HacOCOB.

IMoc/ienoBaTeNEHOR COEAHHEHHE HACOCOB NPHMEHAIOT, KOrja npH
HeH3MeHHOH nojaue arperara HEOOXONHMO CO3/ath Hanop, KOTOP.Li
He MOXEeT CO03/aTh OJHMH HACOC.

Jna nonaydenust GoNblUHX HAMOPOB NPH OTHOCHTENBHO MAJOH MO-
Aaye UeHTPOGEKHBIE HACOCH BHINOJHAIOT MHOTOCTY NeHYaThMH. B 5THX
HACOCAX XHAKOCTh MPOXOAMT MOCJAENOBATENBHO 4€pPes HECKOJbKO KO-
Jiec, YKpPenaeHHbIX Ha ofHOM Baxy (puc. 44). Ilo cneunanbusiM coean-
HHTE/NbHBIM KaHa/laM XHIKOCTh MOCTYMaeT H3 HAMOPHOH 4acTH OAHOMH
CTYneHH BO BCACHIBAIOMLYIO YacTh APYTOil H Takum o0pasoM B KAKAOM
CTYneHH NPOHCXOAHT mocrenennoe ysenndyenue wuanopa. Hanop
MHOTOCTYTEHYaTOro Hacoca moxer focrurath 100 m u Gosaee.

Ocesoii Hacoc. OceBEIM HA3LIBAIOT JIOMACTHOH HACGC, B KOTOPOM
KUAKOCTH MepemMeulaercs 4epes pabouee KONECO B HAaNpaB/ieHHH ero
ocH. Cxema Takoro Hacoca nokasana Ha puc. 45. OcHOBHLIMH 37eMeH-

Puc, 44, Cxema MHOTOCTYNeHYATOro ueHTpodemHoro macoca

Puc. 45. Ocepoil macoc:
! — paGowee xoAeco; 2 — Hampasnsomuf aanapar; § = 1pyla; 4 — pan

. CTYNHIE Kojeca (KecTkoJomactHoil Hacoc). Jlomactu KPVIOHBIX OCe-

~ BBIX HACOCOB JEJIaloTCA MOBOPOTHBIMHU (MOBOPOTHOJNONACTHOH Hacoc),

- HTO MO3BOJIACT PEry/IHPOBATh NOAAYYy HACOCA NPH NOCTOANNON YacToTe

. BpallieHusi Bana 6es ymenbuwenns KITJI.

'~ Ocesnle HacoChl MOTYT OBITH OIHO- M MHOroctynenuarsimi., Ony
* XapaxTepHsyioTcs COJIbLIOH nojiaued, CpaBHHTENBHO MalOH BHICOTOM
- BeacwiBanust (10 3 M) u MansM HanopoM (10 20 ). KII/I oceBsix Haco-
- coB jocrrraer 90% . Takue Hacocsl yenemno paGoTawor npu nepexKayu-

- BANMH 3arp ASHEHHBIX KHAKOCTEHl H HCIIOMIB3YIOTCA B OPOCHTE/ILHBIX CH-

CIEMAX, a TAKIKe Ha NepeKkayuBaioUUX CTAHIHAX KaHA/I0B C IPUHYLH-
“TEJILHEIM THOABEMOM BOMHI,
llopuisesbie Hacoch. [TopIiHEBRIM Ha3wIBAIOT OOBEMHBI Hacoc,
‘B KOTOPOM pabouue Oprambl, BHINOJNEHHbIE B BHAE HOpIIHedi, cOBep-
LAIOT ApsAMOJIHHEHHBIE BO3BPATHO-NOCTYNATebHEE ABHIKEHHS He3a-
‘BUCHMO OT XapaxTepa ABHIKEHHS BeJlymero 3BeHa.
- [Nopmnessie nacocst Moryr GuiTh OAHOCTOPOHHErO H JIBYCTOPOHHEro
Aeiictud. [IopuIHeBBIM HACOCOM ONHOCTOPOHHETO AEHCTBHS HA3LIBAIOT
- BOSBPATHO-MOCTYNAaTe/bHBIA HACOC, Yy KOTOPOTO IKHIKOCTb BHITEC:
HACTCA U3 BAMKHYTON Kamepel PH ABHKEHHH Paouero opraua B Oy
cropony. Ta_uoﬁ Hacoc (puc. 46) cocTouT H3 UHAMHAPA 4 ¢ MOpLINEM

8 " padoueii xamepul A, HMeolLei BCACHIBAKMINA 5 M HArHETATENb-

ﬁ:: eﬁﬂganaﬁm.ﬁ Ha scacsisaiomem tpyGonposose 6 nacoca umeercs
OpHe CTPOHCTBO, €O
S i ma“gﬂapz » COCTOsALIEE H3 CeTYaToro (uasTpa 8 u obpar-

e Hpunuun paGotsl nopisesoro macoca OHOCTOPOHHErO JAeHCTBHSA

.‘:&éﬁ-_x_aaﬂcsiqs caenyiomem. [lpu asmkeHnn nopuius Bupaso B pato-

=4 KaMepe A cosxaercs paspexenne. Alox peiicTsuem pasmocTH pas-
~ /IeHUS B Kamepe H atMocdepHOro aapienns WUIKOCTh NOCTYMHAeT Mo
E:Chm_.ﬂlOIlr_{.&M-y TPYGOMPOBOAY 6, NOAHHMAET BCAChLIBAIOMHI KAANAH 5
AnoJHACT padouyio kamepy. Ilpu aBuxennn nopmua BieBO B pa-

KaMepe cosfaercsi H3OHLITOYHOE NaBjeHHe, B pesyabTare uero
_ milgrué:u Iimanau SaKPBIBAGTCH, a HArHeTATe/NbHBIN Kjaanad 2

- RCARRCH. LIPH STOM JKHAKOCTB M3 pafoueil KaMephbi BHITECHAETCH
PHBIH TpyGonposon .

) UIHEBBIM HACOCOM JABYCTODOHHErO JeHCTBHS HA3LIBAIOT BO3-
._._?QETynaTenﬁan‘-'r Hacoc, y KOTOPOro KHAKOCTH BhITECHARTCHA

48 Kamepe! MpH ABHKEHHH paGouero oprana B 00€ CTOPOHAL
mi’i Hacoc IBYCTOPOHHEro JeficTBus (puc. 47) HMeeT ABe pa-
Kamepul A u b, B Kax/0ii H3 KOTOPBIX yCTaHOB/EHE! BCACHIBaIO-
= (L #7) u narneratenpusie (2 u 6) kaananst. [Ipu ABMAeHHH

gi‘“??ﬂtiﬂm B. E. ap. 65
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Puic. 47. Nopunesod wacoc Asy=-
croponnerc BefcTBHA:

Au B —paGouue kameps; 1, 7 —
BeACHEBAOmMEE Kaanauk; 2, 6 —
HATHETATENbEER KAANAHL; 3 —
nopwent; 4 — panopREf TpyGO-
npoBod; § — URIARNAP

Puc, 46, Nopwsesoit nacoc opna-
croponBers peficreus:

A — paGouan uxamepa; [ — na-
nopusit TpyGonposof; 2 — BHa-
THeTaTenbENi Knanam; & — nop-
melb; 4 — UHAUHAP; 5 — BCachi-
BAIOUIMA KASMAN, § — BCACHEAD-
waii TpyGonpovos; 7 — oOpaTnui
Knanag;, & — cerdarhill $uALTP
nopuiHs 3 BNpaBo B UHJAWHAPE § NpH yCraHoBHBLIEHCA paGoTe Hacoca
NPOUCXONHT BCACHIBAHHE MKAAKOCTH 4epe3 Kaanad / B pabouyio Ka-
Mepy A H HATHETAHHE XIAKOCTH Yepe3 Kianau 6 u3 paGoueit kamepsl 5
B Hanopuutit TpydonpoBon 4. Kananausl 7 ¥ 2 B 370 Bpemsi 3aKpHITHL.
Ipu peuxennn nopiuHs BjeBo B palouell kamepe b NpoHCXOAHT BCa-
cHiBafiie uepes Kaanas 7, 4 B kamepe A — HACHETAHHE MKUAKOCTH
uepes kaanan 2. B 370 Bpems 3aKpHiTHl Kjananul / u 6.

Hacocsl ABYCTOpPOHHEro AEHCTBHS CJOXKHEE MO YCTPOHCTBY, HO
obecneunBaior GoJjiee PABHOMEPHYIO MOAauy MKHAKOCTH, YEM HAacOCH
OJIHOCTOPOHHEr0 AeHCTBHA,

Jnst HopMansHO# paGoThl NOPIIHEBOTO HACOCA BaXKHO, YTOOH! CKO-
POCTH ABHMKEHHS MOPLIHA B UHIHHADE PABHANACH CKOPOCTH ABHKEHHSA
(B AeM uakocTH. Ecan ckopoeTe nopiing 604blie CKOPOCTH XHAKOCTH
npé BCAcBIBAHUH, TO HPOH3OHJAET OTPHB MKHAKOCTH OT NopiuHsi., ITO

fBJIeHHEe KpadHe onacHo, ubO, KOTAd MKHMJKOCTh BHOBbL <«HOIOHHT?
NOpIlieHb, MOMKET NPOH30HTH THAPABIHYECKHH yAap, KOTOpLli pas-
pYIMHT NOPLIEHb WJIH ADYrHe snemeHTH Hacoca. OTDHB XKHAKOCTH
BO3MOXKEH TaKike mpH odedb OOJMLUIHX BHICOTE BCACHIBAHHA MHAKOCTH
H THAPaBAHYECKHX COTPOTHBJEHHAX, a8 TaKke NpPH SacackiBAHHH To-
paAuel MKHAKOCTH. »

['eOMeTPHYECKYIO BhICOTY BCACHIBAHHA H NOJAYl MOPIIHEBHIX Ha-
cOCOB onpelesiioT coorBercTBenHo no dopmyaam (91) u (96). Oanaxo
npH OnpejeieHHH FHAPABAHYECKHX NOTePh HEOOXOAHMO YYHTHBATE
noTepH A, pe U Mty ury CBA3AHHLIE ¢ ACHCTBHEM HHEPIHOHHEIX CHI, BO3-
HHKAIOULHX COOTBETCTEEHHO BO BCACHLIBAIOHIEH H HANOPHOA JMHHAX H3-
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ABHOMEPHOTO JBIIKCHHS JKUIKOCTH BCJCACTBHE HEpaBHOMEp-
{ OBHIKEHHS TOPLUIHA.

‘Teoperuyeckasn 00beMHas nojaua, m*/c, MOPIWIHEBOrO Hacoca OA-
OPOHHEro ACHCTBHA :

Q.= Shn,

S — nnoulaib cedeHHs MOPIUHA, M*; i — XOA nopmHA, M; n —
ABOMHBIX XONOB MOPIIHA B CEKYHAY.
‘Teopernyeckas oObemHas MOAava Hacoca ABYCTOPOHHETO neicr-
; = (28 — §) hn, Tae § — NAOIAAb CEHEHHSN INTOKA NOPIUIHNE.
JeifictBATenbHAA N0a%a NOPIHEBEIX HACOCOB MEHBIUE Teoperuye-
| W3-32 3anasiLBaNAf OTKDPHTHA H 3aKPLITHS KIamaHoB, BCAER-
#e Hero NPoHCXOAHT OOpaTHas YTEYKa KUAKOCTH Hepes KiaanaHsl.
: KA HCUJKOCTH MOTYT OHITE TaKike NpH HaJWIHH HEMJIOTHOCTEH
B COGRMHEHH X, CANBHHKAX H T. M. Y MEHbIICHHE NOAAUH, KPOME TOTO,
#34HO C [POCadMBAHAEM BO3AYyXa B IIWIHHIP HACOCA YEPEs HEIOT-
H | BBEIJIEJIEHUEM M3 JKHIKOCTH PACTBOPEHHOrO B HEl BO3AYyXa 1pH
chiBanny. Bce atH noTepu RuUAKOCTH yunThiBawTesd obbemusi KL
jcoca 1, KOTOpHi obbuso pasen 0,85 ... 0,98. ‘
© O6muM HefOCTATKOM BCEX HACOCOB C BO3BPATHO-NIOCTYNATENbLHHIM
" NBHIKEHHeM OCHOBHOTO OpraHa—HOpIUHS — SBJAETCA TO, YTO CKO-
'Th ABHKEHUSA MHUIKOCTH B HAaNMOPHOM H BCACHBAOUIEM TPYGONPOBO-
JIAX BaBUCHT OT CKODOCTH NBHYKEHHS NOPIIHA, KOTOpad SBJIACTCH Be-
JIHYAHOM nepeMeHnoN H B KPalHHX NOJIOKEHHAX NOPIIHS pdBHA HYJHO.
Hoaromy nOTOK KHAKOCTH B TPYOONpPOBOAZX NEPHONMYECKH OCTaHaB-
Jmpaerca. Ilpu 3TOM MOTYT BO3HHKaTh THAPABIHYECKHE YNaphi.
jpomMe Toro, AMd NMPHBEAECHHA NOTOKA XKHAKOCTH BHOBb B /BHIKEHHE
pebyercs NOMONHETENbHAs 3arpara sHeprun. Jlas cmsruenud ru-
HYECKUX YAapoOB H YMEHbIIEHHH HEpaBHOMEDHOCTH NOA&YH BO
% BIBAIOINEM ¥ HAMOPHOM TpyOONpeoBOHaxX HacOCa YCTaHABJHBAIOT
HAPOAKKYMYMATOPsl (cM. puc. 8). Bo Bpems Xoja nopuins
HATHETAHWH KHIKOCTb MOCTYNAeT OJHOBPEMEHHO B HANOPHLIH
ONPOBOA H 3amofHfAer MNHEeBMOTHAPOAKKYMYJAATOpP, CKHMAT Ha-
icA mapx ueit po3ayx. Korpa mopmens 3asepmnt (asy Harxe-
XKHAKOCTH TOJ AaBJEHHEM CIKATOrO BO3AyXa OYAeT elie HeKO-
BPeMs 1oCTynaTth B HanoOpHblH TPYGONPOBOA H3 MHEBMOTHIPO:
pstopa. Baaropaps stoMy ylaercs 3HaTHTENbHO CHHBHTE KOJIe-
CROPOCTH ABHMKEHHA KHIKOCTH B TpyGOonpoBoAdx DpH nojaLe
HEBEIM HAacocoMm.
HAAOTHUHYIO DYHKUHIO BLINONHAET MHEBMOTHIPOAKKYMYASTOD,
HHBIH BO BcaceBalomieM TpyOonpoeofe Hacoca.
MOPHIHEBHIX HACOCOB PEryAHPYIOT HyTeM H3MeHeHns XoAa
I0B MOPHIHA B exuuuiy Bpemeny. [Ipu mannun# NpHBOA
ODIAIIHOTO MeXaHH3Ma 3TO JOCTHTaercs nepecTaHoBKON
' 4 H H3IMEHEeHHeM UacTOTHl BpaleHHA KDHBO-

Qﬁkm!'h cpenunii ofnemuniit KIT[ nopHEeBOro Hactoca nsy-
SANONHAOWETO MePHLIA Gax 0TLCMOM V=15 " 3a We,
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ecan HIsecTHL Anamerp nopmna D = 0,2 m, xon nopmaa h = 0,3 M, Anamerp wroKa
d= 0,04 m n wactora Bpantesns Bajia n= | -3,
Onpegemin TeopeTHveckyio Tojauy Hacoca 1o (opMyJie

Q=3 @D—amn =22 (2.0 004503 = 00185 v

Cpennsis ZleficTBATeNMbHas o6Lemuas nofada Hacoca Q@ = 1,5/90 = 0,0167 m%/c,
O6semnuit KI1I1 nacoca
Q 00167

Yo =g, T 00185~ %

Topuinessle Hacochl MPHMEHSIOT AJS MOAAYH BOAB H3 OTKPHTHIX
BOJIOEMOB, IUAXTHLIX H GYPOBLIX KOJOAUEB. JTH HACOCH MOTYT HAa4aTh
patory Ges nmpeaBapHTE/JLHOTO 3afONHEHHS JKHAKOCTbIO, Nojaya HX
He 3aBHCHT OT cospaBaemoro Hanopa, a KIIJl mocriraer 50—60%,
Hecmorpa na psaa HefocTarkoB, CBA3aHHBIX C TPYAHOCTSMH OCYILECTB-
J€HHs TPHBOAA, CIOXKHOCTBIO peMOHTa H OGCJyKHBaHHS, OLICTPOM
H3HalHBAEMOCTb0, MOPUIHEBLIE HACOCH! LIHPOKO MPHMEHAIOT B Cellb-
CKOXO35IHCTBEHHOM BOJOCHAGKeHHH, OCOOEHHO TaM, rae HeoOXOAHMO
OCYLLIECTBHTD NOJBEM BOJEI ¢ GOJBIUKX [1yOHH, & TAKIKe B NPOMBILILIEH-
HOCTH H CTPOHTENLCTBE.

CpaBuuBas nenTpoGeKHbE M MOPUIHEEHIE HACOCH, CIELYET OTMe-
THTB, YTO HEHTPOOEKHbIE HACOCH! MPH OAHHAKOBOU mojaue ¢ nopiie-
BRIMH HMEIOT MeHbIlIHe rabapuThl 4 Maccy, OHH NPOLIE B 3KCIJIyaTainy,
o0ecneuHBalOT HENPEPLIBHYIO H PaBHOMEPHYIO NOAauy KHAKOCTH, MO-
T'YT HEMOCPEJACTBEHHO COENHHATHCA C SJEKTPOABHUTATENEM HJIH TYpPOi-
HOH 6€3 NpPOMEXYTOUHOTO MEXaHH3MA;, OHH MeHee TPeB6oBaTebHEL
K 4YHCTOTe meperauuBaemofl xuakoctn. K memocrarkam ueHTpobes-
HBbIX HAaCOCOB. CJIe[lyeT OTHECTH HeOOXOAHMOCTh 3a/IMBKH B HHX KHI-
KOCTH nepei nycxom, a taxxe ymenbinedne KITI npu ymenbiiennn
nojayd W yBeJHUYeHHW Hamnopa.

Tlopiuuessie nacockl cBOGOANB OT yKa3aHHBIX HEJOCTATKOB, MOTYT
NojaBaTh KHAKOCTE €O CPABHUTENBHO OOJBIIHX rYyGHH, CO3JaBATh
NPAKTHYECKH HEOTpaHH4YeHHBIH Hanop. Bce 3aBucut Jwms 0T Mou-
HOCTH NPHBOAALIErO ABHTATENA H NPOYHOCTH JAeranell Hacoca. On-
HaK0 OHM TpeOylOT CHENHANLHOTO MeXaHH3Ma M[PH HCNOJb30BAHHH
BAIEKTPOJIBHTATENS. :

Kpoiapuateiit sacoc. KpowibuaTeiM HaseiBaloT 00LeMHEN! Hacoc
€ BO3BPATHO-NOBOPOTHHIM IBHIKEHleM paGounx 'OpPraHoB HE3aBHCHMO
OT XapakTepa ABHKEHHS BeJYHIEro 3BeHa Hacoca.

Ha puc. 48 nokasana cxema KpblibyaToro macoca. B HHAHHAPH-
QeCKOM Kopiyce 9 nMeercs HenoABH KHas neperopoixa /1, Ha KOTopoii
YCTaHOBJEHbLI BCACRIBAIONIHE Kaananwl 2 u 10. PaGouum opranoM Ha-
coca fABJAETCH KPblAbYATKA 4, NJOTHO NpUJEraomas K CTeHKaM Kop-
nyca M yxpenjieHHas Ha Bany 3, Ha KpblibuaTke HMEIOTCH ABA HaTHe-
TaTeNbHEIX KJIanana J u 8. Hacoc umeer pyunoit npueos — pyKosTky 7,
coegunennyio ¢ Banom 3. Ilpu nosopore pykosTxu ciesa Hanpago npo-
HCXOQJIHT BCACHIBAHHE JKHAKOCTH H3 BCACHIBAIOIIEro Narpybka [ ye-
pes kaanau 2 B nosiocte A. B nonoctn B jaBaeHue NOBHILaercs.
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48, Kpuapsatuii macoc:
| ot narpyGok; 2, §, 8, !0 — knananw; & — Baj; 4 — KpRABYATKE;
sREfl natpyGox; 7 — pykosTKa; 9 — Kopnye; [/ — neperopogka

G -

. 48, Portopuusil pagnanwno-nopuikesoii Hacoc:
MOPUIEHDB] 2 — porop; 3 — crarop; 4 — uandennslit pacopeAeantedb; 5 — Ban

JKuakocrs uepes kianan § nepetexaer B BEPXHIOW MOJOCTb WH/IHHADA,
o 3 JIEBOH 4ACTHLIO KPHIILYATKM HarHeraercda B natpy6ok 6. [lpu
OBOPOTE KPHIILYATKH B OGPATHOM HANPABJIEHHWH NMPOHCXOAUT BCACHL-

HHE B nOs0CTH B W NeperekanHe KUAKOCTH H3 MoJocTH A. qubIJIh-
 Hareie HacOChl NPHMEHSIOT As NepeKauykd YMCTLIX JKHIKOCTEH: BOABI,
3{HA, JIETKHX Mmaceq H Jp.

anop, cosnaBaeMblil 3THMH HACOCAMH, HE IPEBHINIAET 40 M.
ITOPHBIE HACOCHI. PaduaabHo-nopuiHessts HasbBIBalOT  POTOPHO-
2BOH HAacoc, y KOTOPOTrO OCb BpaligHHs pOTOpa NEpHeHAHKY-
OCsM pafouHX OPraHoB WJH COCTaBJAfeT ¢ HuMd yroa Go-

4 pajHafNbHO-MOPLIHEBOr0 HAc0oca OJHOKPATHOroO JAeHCTBHA
. Ha puc. 49. On cocrout H3 cTaropa J, B KOTOPOM 3KCHEHT-
HO Bpaumtaercss porop 2, eCTKO coeluHeHHbH ¢ BaJdoM 5. B po-
! HH/MHAPDHYECKHE NOJOCTH, B KOTOPBIX COBEpLIAIOT BO3-
I0-HOCTyNaTeIbHOE ABHKEHHE nopwHH /. Yucao nopliHed 06bI9HO
—9, HO Ha puc. 49 Ans NPOCTOTH NOKAa3aHbl TOALKO TPH NOPIL-

HOM Hariensom pacrnpenennrene 4 HMeeTcs crnenranb-
4, pasiaensiionlas MoJjoCTH BcachiBanust b W HarHera-
BIM TO/BeNeHbl COOTBETCTBYMOUIMe KaHame!. [IpuHOHD
- 3aK/ouaercs B caexyiomenm. [Ipy Bpamennn poropa
TPOOEKHBIE CHJIBI, BBIHYKIAMIHE MOPIIHH ABHTaThCH
Lipn 5T0M B paGounx Kamepax, pacnoJosKeHHBIX Bhille
OOBEMBI KaMep YBENHUHBAIOTCA OT HYJs 10 MAKCHMAJIbHOTO
IHT BeackiBanue xKuAKocrH. O6GpaTHO, B CTOPOHY
)AWATCA Gaarojaps peakUHH CTATepa, H M3
69




HHJIHHADOB, HAXONSIMHUXCHA HH-
e OCH G—a, MHAKOCTL BH-
TECHAETCH,

Teoperuueckyio nopavy pa-
JHanbHO-NOPILHEBOTO ~ Hacoca
OnpeieasioT no gopMmyJe

Q.= -f—d’-?ezn.‘

|74 77\

e e — 3KCLEHTPHCHTeT, M
(2e — moaiHBIA XOA nOpluHs);

:""'@ d, 2 — COOTBETCTBEHHO Amua-
e |

METP H YHCJO NOpIUHeH; 11—
YacToTa BpalleHHs pPOTOpa Ha-

i coca, ¢ (ILJIH CORpEMEHBHIX
jill nacocoB n = 16 ... 32 ¢™).
Puc, 50, Poropumit axchaaeuo-nopuuenofl ua. Hamenan SKCHEHTPHCHTET
coc: p .
1 = pacnpefieantenbHul gucK; 2 — DPYHHRE; FRBOTD = RAER) - MRSGIE PNty
d — porap; 4 — nmopuiens; 5§ = wakaownmit  JIHPOBATH €T0 nOojauvy. COBpE-

e MeHHbIE Pa\HaAbHO-NOPIIHEBEE

HACOCHl JOTYCKAIOT H3MeHEeHHE
HE TONLKO BeJHUHHEI SKCUEHTPHCHTETa, HO H ero -3naxa. [lpu
9ToM B pabouyHX Kamepax, TAe NpOMCXOAMAC BcachiBaHWE, Oyner
NPOHCXOAXTb HArHETaHHE, YTO NPUBEAET K M3MEHEHHIO HANDPABACHESA
NOTOKa KHAKOCTH.

AKcuasbHo-nopturessin  Ha3LIBAIOT POTOPHO-NOPINHEBOH  Hacoe,
Y KOTOPOro ocb BpalleHHsi poTopa napajnjienbHa ocAM pafouuX opra-
HOB HJIH COCTABJISIET C HUMH yroJ meHee 45°,

Ha puc. 50 noxasana cxema aKCHaAbHO-TIOPUIHEBOrO HAcOCa ¢ Ha-
KJOHHBEIM JHCKOM. PaGoune xamepn B nHacoca o6pasoBasbl paGounMu
NOBEPXHOCTAMH HHAHHAPOB, B KOTOPHX PAacnojoxeHsl NOPIHH 4.
IMpyxunamy 2 nopiIHn NOAKATH K HAKACHHOMY IHCKY 5. B pacnpene-
JHTENILHOM AHCKe | HMeloTes AyrooGpasHbie okHa A H B, coellnHeHbie
C BXOJOM H BeIXOAOM Hacoca. ITpunuun paborsl Hacoca sakmioyaercs
B caeayomem. Bpaumenwe or Bana Hacoca nepenaercs portopy S.
B pesysprate HakjaoHa AHCKa 5 NOPIIHA COBEPILAIOT (JIOKHOE ABHKE-
HH€: OHH BpamaloTcsi BMECTE ¢ POTOPOM M JABHIKYTCH BO3BPaTHO-NO-
crynarensno. PaGoune Kamephl, pacnoJioXxeHHuble ciesa or ocd 0—0,
COE/IHHEHE! CO BCACHBAOMuM OKHOM A. B 3THX Kamepax nopuns isu-
JKYTCA B HanpaBleHHH OT pacnpefenureasHoro aucka [. O6vem
Kamep YBeJHYHBAGTCA OT HyAA A0 Makcumyma. I[lpu stom B
Kamepax CO3Jdercs BakyyM™, H MOA JeficTBHeM nepenaja AaBleHWH
OHH  3aNoNHAITCH  pabouedl  MHAKOCTLIO. Tak  NPOHCXOAHT
npouecc  BcachiBanmsi. B paGounx xamepax, pacnosomeHHBIX
copaBa or ocH (—0, MOpWHA ABHXYTCA B HANpaBieHH# K pac-
OPEAENHTENIBHOMY JAHCKY H BHITECHSIOT padouyio XHAKOCTb uepes
okHO B Ha BEX0] Hacoca, Tak DpOHCXOAHT mpouece BHTeCHeHus (Ha-
I'HETEHEH). i -
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I H3MEHeHHH YIJIa HAKJIOHA NMCKA § M3MeHseTcs Xoa nopurHed,
BbHO, nopaua Hacoca. nﬂllaqy aKCHaﬁbHO-ﬂGpﬂlHEBHK

)COB Ompeieasior no Qopmysne
Q=L wb1gy,

d, D — RuaMeTpsl nopuiHs H OKPYMKHOCTH, HA KOTOPOH pacnofo-

OCH UHJHHJAPOB; 2 — YHCJO UHJAHHAPOB (2 = 7...9); ¥ — yroa
4y OCBIO UMIHHAPOB W NEepNeHAHKYJAAPOM K HaKNOHHOA waiGe
= 20°). Ilpouzsenenue D tg y onpeieasieT XOX nopIIHEH

AacMLEHYQMsLM HA3HLBAOT WHOEPHbI Hacoc, paGoYHe OpPraHbl KOs
7O BRITIONHEHb B BHAe naacTHH, Cxema nJIacTHHYATOrO Hacoca
(paTHOrO JeiicTBHSA 10KasaHa Ha puc. 51. B crarope [/ Hacoca
pIKEH IKCIEHTPHUHO POTOp 2, HacaxeHHHIH Ha Baa 4. B nasax
pasMelleHbl NACTHHbL 3. B G0KOBBIX KPBILIKAX HACOCE HMEIOTCA
06pasubiXx okHa A H B, coefiHEHHLIX C BXOJOM H BBIXOJOM
Hlppuna nepeMblukH @ HE JOJ/UKHA OPEBHIIATh PACCTOAHHSA
; COMEXKHBIMH TJIACTHHAMH. :
& [lpH Bpaumenuu poTOPa MO YACOBOIl CTPENKE MJIACTHHBI, PACMON0-
HuKe JUHHH 6—06, BRIABHIAIOTCH MOJ ACHCTBHEM HEHTPOGEHK-
cHJI, yBenuunBas obbeMbl pabouHX KaMep H CO3/aBas paspee-
3 OKHe b, Kyla ycrpem/asercs sacachiBaeMas KHAKOCTBE H3 BCa'
el moJsioctH. [lo mMepe mepemerieHHs COOTBETCTBYIOHHX Ija=
| BhillIE JIHHUY 6—6 YMEHBIIAIOTCS! 00BEeMbl MEXKAY CMENKHBIMH M2~
1, W uepes pyrooGpaszHoe OKHO A KHAKOCTb BhITECHAETCH HA
Hacoca. ;

DPETHYECKYIO MOAAYY MJIACTHHHATHIX HaCOCOB MOMKHO MOLCHH=

Q, = 2eb (nD — 82) n,

» SKCHEHTPHCHTET Hacoca; b — IHPHHA mjacTHHb; D — jgua-
TOpa; O — ToMUMHA RJACTHHBI; Z — YHCJAO IJIACTHH.
HaTRIE HACOCH NPHMEHHIOTCA B CHCTEMaX THAPONPHBOAA,
IKYYMHOH TeXHHKe.
HA3BIBAIOT 3yGUaTHIl Hacoc ¢ pabouHMH OpraHaMu
H, 06ecnegnBaioNliX -FeOMETPHUECKOR 3aMbIKAHHE pas
M neperaiomux kpytsauiuii Momenr. HlectepenHbie Ha-
¥X-, TPeX-, MHOTOIIECTEDEHHBIMA C BHEIIHHM H Bily=
eHHEM 3Y0bes.
52 mOKa3an WwecTepeHHbI HACOC C BHEIIHHM 3aIETICHHEM,
[T H3 ABYX 1uecTépeH, BXOAAUIHX B 3aUerJieHHe H
- obmem xopnyce 2. Illectepus / sBasercs Bepyiued
He ot gsurarenn. llecrepun 4 — sepoman. HCHI-
MOJOCTH A nepemeliaeTcs Mo BiajHHaM MEXLY
Kopnyca B HANOPHYIO NOJIOCTE 5, @ 34TeM BhITECs !
Hacoca. [lojaua KUAKOCTH ILECTEPEHHOrO Hacoca
p. AMmauTysa # 4acToTa nyJbeaiHit
2 7t
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Puc. 51; MaacTuHuaTmit pacoc: Puc. 52, lllecrepennbiit nacoc:
i — craTop; 2 — poTop; d — | ne, ;
DD} H — BEAYUEN  lOecTepHSA; 2 —=
naacTHHa; 4 — Ban Kopnye; 4 — pan; 4 E— BEJOMAR

lwecTepHa

8ABHCAT OT pasMepoB 3YGbEB (a CJENOBATENbHO, H BNAalHH MEXKIY
HHMH) UIECTEPeH M YacTOThl MX BpPalleHHS.
[IpHOniKenHO MOAAYy IIECTEPEHHOTO HACOCA MOMKHO ONpeme/liTh
no gopmyne
Q = 2xn (z + 1) m®by,,

Tle n — 4acTora BpamleHHs INecTeépeH, ¢ %; m, z — COOTBETCTREHHO
MOJLy/Ib U YHCJIO 3yObeB LIeCTepeH; b — mnApHua 3y6a, M; 1), — 06BeM-
Heril KIT/. gyl

Ilecrepenubie macock cnocoGHBI cO3AaTh JaBJeHue Gosee 15 MIla
KITI stux macocoB nocruraer 90%. '

Ilecrepennbie HacOCHl HIHPOKO NPHMEHSIOT B MeTasio006pabarhi-
BalonliX CTAHKAaX, B THADOCHCTEMAX JHTEHHBIX MamHH Jas obecne-
ueHns padoThl THAPOAKKYMYJNATOPA, B CHCTEME CMa3KH aBTOMOGHJeE
H TPAKTOPOB.

Monrax u skcnayarauus sacocHoro obopynosamus. [Ipasuaa
KOTOPEIMH HEOOXOJHMO PYKOBOACTBOBATLCH MPH MOHTaMKE M sxcn.uya:
TauHH HacoCHOTO 000PYIOBAHNS, MOAPOGHO H3/I0MKEHE! B CENHANBHAIX
PYKOBOJACTBAX U CNPABOYHHKAX, IOITOMY PACCMOTPHM JIHILL HEKOTOPhIE
BONPOCE 3TOH TEMBHL.

Monrak HacocHOro 06OPYAOBAHHSA BKJOUIET clenyioliHe paboThi:
NOAroTOBKY paGodero Mecta ANd yCTAHOBKH 0GOPYAOBaHHS H NPOBEPKY
HaNeKHOCTH TPY30NONALEMHBIX MEXAHHAMOB; POBEPKY KOMIVIEKTHOCTH
H TEXHHYECKOTO COCTOAHHS MOHTHPYEMOro 060PYAOBAHHS (YACTHUHYIO
pasGopKy, 4HCTKY, CMasKy); pasMerky paGodYero Mecra yCTaHOBKH
Oﬁ_op}j,[[()BaHH_H; MOATOTOBKY HHCTPYMEHTA H MOHT4:KHBIX NPHCNOCOG-
JIeHHH; cOOpKY, YCTAHOBKY H KpenngHue o0opyaoBaHHS; CMasky
PeryaupoBKy, 0GKATKY YCTAaHOBJEHHOTO 06OpYyAOBaHHS, HOJII‘OTOBK);
€ro K sKcnJyarauHH. ;

Bce sti paGoThl BEIIO/AHSIOT C/I€CAPH-MOHTAXKHHKH NOA PYKOBOA-
CTBOM MexaHHKa. :
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8 GonblIMHCTBE CIyuaeB HacocHoe o0Opy/lOBaHHe, mMpHMeHAseMoe
neperaykH BOAH, YCTAHABJNBAIOT HA (yHAAMEHTE H 32aKpen/sior
pHpMi Goaramn u3 craan Crd wau Cr4.

H MONTaXe MeHTPOOeXKHLIX HAacocoB HeoOXOJHMO CTPOTO Cie-
32 COOCHOCTBIO MX BaJIOB ¢ Bajsamu japurateneii. Cmeulenne ocel
OB AONYCKaeTcs He toaee 0,2 mm.
cachiBaiomast Tpy6a no/mkHa ObiTh Ge3 meperufos; AHaMETp 3TOH
Bl foken GbITh PaBeH WM HECKOJIBKO GOnblie NHaMeTpa BCachl-
pmero narpy6ka Hacoca. Ilmomanb ceueHHs OTBEPCTHA NPHEMHOTO
jeTBa J0MIKHA OhiTh B 2 pasa GosblUe NJIOULaJH CeueHsl BCachl-
puiefi TpyOul. BeackiBaouyo TpyOy YCTaHABIHBAIOT BEPTHKAJILHO
. 4ro6bl NpHEMHOE YCTPONCTBO GhIIO. MOTPYKEHO B JKHAKOCTE Ha
| M HHzKe ypoBHs Bojoema. Jluaverp HanopHoi TpyOsl IOJUKEH ObITh

WAH HEMHOTO MeHbILIE jHaMeTpa HATHETAaTeJqbHOro narpyoka
a, Ha panopnoit Tpy6e ycTaHaB/JIHBAlOT BeHTH/b J/15 Bhinycka
yXa W3 Hacoca W 3aJIHBa ero Bojofi mepes nyckom. Ecau Hacocs
OUEHB! NapPaJJIeNbHO B OiHY CHCTeMY, Ha HanopHOH TpyGe Kaxaoro
X YCTaHABIMBAIOT OOPATHBIA KJanaH, 4T0 HCKJIOYaeT nonajanne
qEBAEMOil JPYTHMH HacOCaMH KHUIKOCTH B HepafOTaloWiuii Ha-

: $F Jxenayaranna oGOPYAOBAHHSA CBOAMTCA K NPABHJIBHOMY TYCKY,
~ OCTAHOBKE HAcOCOB, KaXKIOJHEBHOMY YXOAYy, NEPHONHUECKOMY OC-
- MOTpY §l CBOGBpEMEHHOMY PeMOHTY Bcero ofopyaopanus. Ilepea mye-
" KOM HpPOBEPHIOT NMPOYHOCTh GOJTOBLIX COEAMHEHHI, HaJuuHe Macja
| MACJIAHBIX BaHnax H NONUNNHHKAX, HCOPaBHOCTh CAJIBHHKOBBIX Y-
THEHIL, 1erkocTh BPaleHus Bana oT PyKH, 3aTeM HacOCH 3a/IHBaOT
JIOK J0 MOJIHOrO yAamenust M3 uuX BosAyxa. IIyck UEeHTPOOEKHEIX
0B 1 HACOCOB aHa/JOTHYHBIX THIIOB MPOM3BOAST NPH 3aKPHITON
Ot 3aaBHHKE (IPH 3TOM YMEHBIUACTCS NYCKOBOH MOMENT 3JIEK-
raredqs).
pouecce paboTsl HaCOCOB KOHTPOJHPYIOT TeMneparypy Kopny-
HOAMINNHAKOB, CJAGAAT 3@ NOKasaHWAMH BakyyMMeTpa M MaHoO-
3, 33 WCNPABHOCTBIO CANbHHKOBOTO YmJoTHeHH:. Jlonyckaercs
HHe BOAL uepes calbiHK, HO He Goaee 30 kaneab 3a

y Hacoca OCyLWeCcTBASs0T NpH 3aKPBITOM HarHeTaTeJgbHOM
1€ (ApH OTCYTCTBHH OOPATHOrO Kjanana B HanopHOM TpybHo-

DHTAKE W SKCI/yaTauni HacocHOro o6opylOBaHHs 1e0GXo-
O cobaiofiaTh NMpaBHJAa TEXHHKH GE30macHOCTH.

Hacoca fo/izKeH GhiTh OrpakieH, KOpPNYChl 3JIEKTPOJABHIA-
I HACOCA HANEXKHO 3a3CMJIEHbBI, SJEKTPOLIUT ¢ PyOHIbHHKAMH,
i MYCKATeNsIMH M TIPeJOXPAHHTENSIMH 3aKDBIT.

MEKIY 3JEKTPHYECKHMH MpPOBOJaMH H BONOTNPOBOA=
JOMKHO ObiTh He menee 30 cm.

1 HO YXOIY H PEMOHTY HacOCOB HPOH3BOAAT TOJBKO
A SJEKTpPOJiBHTaTesel] oT saexTpHueckoid cetH. M3
| BHIHYTH NPEJOXpanuTeH (ECTABKH), a Ha pyOujib-

73




HHKAX BHBECHTb TaGMHUKY C ueTkol Hagmuchio: «He BrouaTs, pa-
Gotaior moan». CHUMATB TaGAHYKY MOTYT TOJNBKO JHIA, €e BhIBECHB-
e,

KOHTPOJIbHBIE BOTPOCHI

l. Kakosil ocnossnie pafoune napaMerpsl HacOCOB H Kak OHH ORpeleaoTcs?

2. Kak yerpoen u paboraer uenrpobexanii sacoc? Kakue mapaMerpal UenTpo-
GemHOro Hacoca MOMKHO ONPEJENHTH 0 €70 XapaKTepHCTHKAM?

3. Kak ycrpoeusi n paGoTaior ROpHINestie HACOCH OJHOCTOPOHHETO H ABYCTO-
POHHEro AeHCTBHA?

4. Kaxoso nasmauense MHEBMOTHAPOAKKYMY/JATODOB B NOPUIHEBHIX HACOCAX?

5. Kakne cnocofisr pery/mupoBanna rofaun HAacocos BH 3uaete? Kakosel AX Ao
CTOHNCTBA H HEJOCTATKH? .

6. Kax yerpoenst u paforalor oceBhie, KpHAbUATHE, PaAfalbHO-MOPIITERHIE,
AKCHAMLHO-NOPIIAEBLIE H [IECTEDeHHLIE HACOCHI?

7. Kaxne saxueiimne npasuta Ge3onacHocti HeoSXoANMo coBa0AaTh OpH MOft-
Tae | IKCIJIYaTauuNl HacoCcHOro oBopyaoBanum?

§ 5. lMouarHe o ruapaBaHYecKOM NPHBOIE

Hasnauenne, KnaccHpHKauus, NPUMEHEHHE [HIPABIAIECKOTO NPH-
Bosa, O0%emusim eudpasiuteckum npusodom (euOponpusodos) Ha3bi-
BafOT COBOKYMHOCTH YCTPOHCTB, B YHCAO KOTOPHIX BXOMHT OXHH WJIH
HECKO/IbKO OOBEMHBIX THAPOJBHTaTeN e, HpeHasHaueH YO M NpH-
BEACHNA B JBHKEHHE MEXAHH3MOB H MAILMH MOCPENCTBOM paboueii
WKHAKOCTH NOA AABJACHHEM.

B o6vemubIX ruaponpuBojax OGBMHO HCMOJABL3YIOTCH POTOPHLIG
HACOCLI: POTOPHO-MOPHIHERLIE, ITACTHHYATHIE, BHHTOBEIE, HIECTEpEH-
HblE,

O6veMubie ruaponpHBOAs MOAPA3AEMOT: MO MCTOYHHKY MOAAuM
padouedt MKUIAKOCTH — HACOCHBIC, THAPOAKKYMYJIATODHLIE H Mar-
CTPanbHbIe; MO XapakTepy MABHIKEHHS BHIXOLHOTO 3BEeHA — PHAPO-
UPHBOJLL MOCTYMATENBHONO, MOBOPOTHOTO H BPAMIaTEAbHOTO ABHIKE-
HUH; N0 BOSMOXHOCTH DeryiHPOBAaHHS — DEryHpYeMbie H Heperya-
pyemuie; 10 UHPKYASUHNE padodel MUAKOCTH — ¢ 3aMKHYTOH H pasom-
KHYTOH UHPKYJASIIHEH,

Fuxpasnudeckne npuBOAB NPHUMEHSIOT B CTAHKAX M npeccax,
CaMoJleTax H cyaax, CTPOHTEJNbHBIX MalIHHAX, TPAKTOpPaxX H aBTOMODH-
asix. llupokoe npHUMeHenHe ruapoONpHBOja OOBSICHSETCH MAaJLIMH ra-
GapuTamH, CnocoGHOCTBIO nepeiaBarh OOJbIUHE MOMIHOCTH, CpPaBHH-
TeJIBHOA MPOCTOTOR npeoGpasoBanus MeXaHHYECKOH SHepru# B SHep-
THIO NOTOKA XHUAKOCTH (M HaoGopor), a takxke Buicokum KITJ. Tnas-
HOe JIOCTOHHCTBO THAPONPHBOAA — BO3MOKHOCTB MOJIY9aTh BHICOKO-
TOYHEIE OBICTPOAGHCTBYIOUWINE CHCTEMB! GOMBINON MOUIHOCTH, YTO 0CO-
GeHHO BAXKHO B CBHSH C PA3BHTHEM ABHAMMH, PAKETO- H CYAOCTPOCHHA.
BuierpogefictBre J106OTO NPHBOAA BO3PACTAET ¢ YBEJHUEHHEM YAENb-
HOrO ycHJHS, PA3BHBAGMOTO ABHTaTeNIeM, H YMEHbIIEHHEM OTHOIUCHH
MOMEHTA HHEPUHH (HJIH MACCH) NOABHIKHLIX uacTeil MPHBOLA K KPyTs-
memMy MOMeHTY (W/IH YCHAHIO), passuBaevmomy ABHraTesieM. Y AelbHoa
ycuiHe SJeKTPoABHTaTeNeH coctasaser scero 0,5 Mlla, B ruaponpu-
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— no 40 MIla. Kpone Toro, oTHOmI€HHE MOMEHTa HHEpUHH NOJ-
‘gacTell ¥ KPYTAUIEMY MOMEHTY B THADONpHBOJE NPHMEPHO
a3 MeHbine, YeM B aaexktponpusose. Ilosromy, Korja TpeGyercs
uTE BHICOKOE€ OBICTpOZEHCTBHEe H (oabiloe YAe]bHOE YCHMHE, TO
[TeHHe OTJA0T THAPONPHBOAY.

PONPHBOA 00/1a/12eT GOMBLIOH MEXAHHYECKOH JKECTKOCTbIO (Ma-
HTEAbHOE H3MEHEeHHE NOJI0XKEeHHs BBIXOJHOr0 3JIEMEHTa UOJ
M BHEHNIHHX YCHJAHI), OTAHYaeTcs [JaBHOCTbIO paboThi, a
BO3MOXMKHCCTBIO OCYILlecTBJIeHHs O(ecCTyNeHyaToro peryanpo-
CKOPOCTH JBHXKEHHS BHIXOJHOTO 3BeHa; npeoGpasoBanns 0e3
HIeAbHLIX YCIPOHCTB BpallaTeNbHOTO JBHKCHHS BeAYUIETO
| MOCTYNATeAbHOE JBHMKCHHE BEJOMOr0; OCYUIECTBACHHS 2BTO-
B AHCTAHMOHHOTO ynpaBieHus mammnsamy. aaponpuson
BLICOKOH Halle)KHOCTHIO, JIETKO TIOAJ4eTCsi HacTpofike H pe-
BKE.

raTKkaMu THAPONPHBOAA CleIyeT CUHTATh 3aBHCHMOCTL €ro
HCTHK OT BA3KOCTH pabodes KHAKOCTH, H3MeHsnomeHcs
ie HensOeKHBIX KoseGauuii TemMnepaTypnl B npouecce pagoTsl
IPHBOJA, 4 TAKXKE PACTBOPHMOCTH BO3/lyXa B paboded KHIKOCTH
0CTL yTeuek paGoueil XKMAKOCTH Yepe3 COe/lHHEHHA C HeAO-
repMeTH3anHeH.

RO M NPHHEUHN AeficTBHS 00bEMHOro rHEpoNpHBOjA pac-
Ha npHMepe HacOCHOIO THAPONPHBOJAA.

(BIM HA3BIBAIOT 00BeMHbLIA PHAPONPUBOJN, B KOTOPOM pabouast
b fioflaercsi B 00BeMHBIH THAPO/BHTaTeIb HAaCOCOM, BXOAALLHM
TIPHBOJA.

‘4B HacOCHOrO I'MADONDPHBOJA BXOJAAT HACOC (HCTOYHHK FH-
KOH 5HepPruu) H THApOABHTaTelb (MPHEMHHK THApaBJHYE-
DrHH), coejHHEHHble TPYOOMpPOBOJaMH, @ TaKMme rHApoail-
ynpasasoomas paboTol TrUAPOApHBOAA. )
HHn jefictBua O00BEMHOrO THAPONPHBOAA OCHOBAH HAa MAa/lOH
“TH pabouedl XHUAKOCTH H ee CNocOGHOCTH mepellaBaTh OKa-
Ha Hee japaenue (sakou [Tackans). M3 Tpex BHI0B MeXaHil-
PTHH JKHAKOCTH /s 0GBEMHOro rHAPONpHBOAA HAHOOJB-
HMeeT Mbe3oMeTPHUECKHIl Hamop p/pg, KOTOPHHA C no-
HBIX THApPOABUraTesiell npeobpasyerca B MEXaHHUYECKY!O
BALHON SHeprueil NnoJoKeHus M YAeAbHOH KHHETHYECKOH
OCTH npH pacuere OOBEMHBEIX THAPONPHBOAOB NpeHedpe-
OHH CyUIECTBEHHO Majbi B CPaBHEHHH C HAanopom p/pg.
NOKasaHa npHHUHTHAIbHAA cXema OOBLEeMHOTO IHApO-
1 sacacuiBaer paGouylo KHAKOCT W3 THIPOGAKE 6
[penesuTens 3, HanpaBaAAOmHil KHAKOCTh B Pa3HbIE
npa 4. Ecau pacnpefennreib HaxofuTCs B fOJKO<
Ha puc. 53, a, To KHAKOCTb HanpasJjseTcs B Nop-
H NOA ee JaBjeHHeM [OpIleHb NepeMellacTes
H3 IITOKOBOH nOAOCTH b MHAKOCTb ClUBACTCH
2 oTBepcTHE B pacnpependren]e B THApoGaK.
pacnpefenureas (puc. 53, 6) KHAKOCTL HOA
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AaBICHHEM MOCTYNaer B INTOKOBYIO [O-
J0cTh 5 ¥ BHTaeT nopiueHs BJeBO. Britec-
HsieMasi H3 mojocTH A JKHIKOCTb CTEKaeT B
rujpobak. [lns peryaHpOBaHHS CKOPOCTH
NOCTYNJIEHHA JKHAKOCTH B THAPOIHJIHHAD
CTYIKHT Apoccens 2, a Anas NOAAEpIKaHus 3a-
JaHHOTO JaBJeHHS—Mepe]uBHOH Kjaanad 5,
yepe3 KOTOPbIH YacTh XKHAKOCTH HEMpephIBHO
caHBaercs B ruapobax.

O6beMHbIH THAPOABHraTeNb. 2To obmiee
HasBaHue OOBEMHBIX T'HAPOMAILHH, Mpelna-
3HAYEHHBIX I MpeoOpasOBAHHA 3HEPrHH
noToka patoyedl KHAKOCTH B 3SHEPTHIO IBH-
Ay “é’x exa obsemmore  MKEHHT BBIXOJHOrO 3BeHa.
runponpueoa; [To Bumy nBUKeHHS BBIXOJHOTO 3BeHa
;:g:gg;:emn:;; Iﬁpoccgni:‘ (wrToka, Bana) FHADOABHTATE/NH noApasie-
THADOUMANNAD: & — mepe- WIRIOT HA THAPONUJIHHADEHI, MOBOPOTHBIE PHI-
Gan o8 Kaanal; 6 — ruApO  DONBHTATENM H THIPOMOTOPHL.

Tudpoyurundper. TuapounNHHAPAMH Ha-

3bIBAIOTCSI OOBEMHBIE THAPOABHTATENM C MO-

CTynaTeqbHbIM JBHXKEHHEM BLIXOJHOro 3BeHa, Ilo npuHUMnY neii-
CTBHS THAPOUM/IHHADE ObIBAOT ONHOCTOPOHHETO H ABYCTOPOHHEro
Ae#cTBHSA. B rHApPONHAHHAPAX OAHOCTOPOHHEro ACHCTBHA (puc. 54, a)
ABHMKEHHE BLIXOJHOTO 8B€HA MOJ JeficTBHEM pabodelt KHIAKOCTH BO3-
MOKHO TOJbKO B OJHOM Hanpasiedud. B o6paTHoM HanpasieHuu
BBIXOAHOE 3BEHO ABHIKETCA MOX ACHCTBHEM CKUMAEMOil MPYKHHB HJH

-
-

o -

8)
I = o
?——mﬁmﬁ =

g) : e)

Pue, 54, Cxemsl ruapomninHipon:

@ = OfHOCTODOHHEro RellcTRis; 6 — gsycropomuers Aeicrsis;
¢ =~ C QBYCTODOHHHM MITOKOM; & == NAyHMEpPHbI; 0 — Auas
tparmennbili; ¢ = cuabbosAMA
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reus (puc. 54, 6) IBUXEHHE BHIXONHOTO 3BeHA TIOA MAeiicTBHEM
efi ;KHMAKOCTH BOBMOMXKHO B ABYX DPOTHBOMOJIOMHEIX Hanpak-
":m.onpnaonax NPHMEHSIOT NOPUIHERBIE THAPONMAKRHARE C OL-
porHEM (PHC. 54, a u 6) u AsBycroponENM (pHc. 54, 6) IITOKOM.
HUE NPHMEHSIOT AN NMONYYEHHS OJAHHAKGBHIX YCHAHH H CKO-
off NBHIKEHHS NOPIIHA B ONOHX HAMPABIAEHHAX.
Tlonarasi, 9TO AHAMETpPEl ITOKOB MO 06e CTOPOHH NOPIIHA OXHHAKO-
MOAHO ONPEACINTL CKOPOCTh ABIJKEHHS NCPINNA U, M/C, M pa3su-
oe ruaponnaraipom yemmue P, H, no gopmynam

0= 40— i P =5 Bp (0 — @) Ny

B d — COOTBETCTBEHHO JHaMeTphl MOPUIHA H INTOKOEB, M; Q —
iblii PACXOA MHUAKOCTH, M*/c; Ap — nepenaj Aas.eHHs KHLAKOCTH
€ CTOPOHBI MOPIIHA; ¥yex — Mexanuueckud KILIL rugponu-
a, 3aBUCSLLAN [MIaBHBIM 06Pa30M, OT CHJEL TPEHHA B YilJOTHH-
X SJIeMeHNTax NOPHIHA M INTOKA; 1), — oOwvemunii KIT.
THAPONPHBONAX TDPHMEHSIOT TAKKe MIYHKEepHsle (pHc. 54, 2),
HHBIE (puc. 54, d), cuabponHbie (puC. 54, e) H Apyrue rHApo-
bl,
-wgpomume 2udpodeusameay — 910 OOBEMHBIE THAPOABHTATENH
HHUMEHHBIM YIVIOM MOBOPOTa BhiXOAHOIO 3BeHa. [losopoTemie
" PHAPOABHraTeNl OLIBAIOT NAACTHHYATHIMH (LIHGEPHI BHIIONHENb B BUAS
TNACTH) U nopliHeBLIMH (padoyre Kamephbl 06pasoBaHbl PAtouHMH MO~
~ BEPXHOCTAMH KOPUYCOB H mopuisedl — pue. 55).
i PpHE. 56 nokasaH NAACTHHYATHEIA NOBOPOTHLIH THAPOABHIATIE.
KOBBIE KPEIIIKH 4 BMECTe ¢ MJACTHHON 2 06pa3yioT B IHAPOABHIAE-
: noqoct A 1 B. [loBopoT BEIXOAHOTO BaJa POHCXOIHT B Pe3yiib-
HOUBPATHO-TIOBOPOTHOTO JABHXKEHHS OTHOCHTENBHO Kopmyca 3

a60uas KHAKOCTb, NEPHOAHYECKH NOCTYNaonas To B NOJ0CTb
‘nonocts B. OxnoBpeMeHHO B

bHAR  YrAOBasi  CKO-
Bajla nJjacTHHYATOro

P

Puc. 56, [aacTuawaTtsil NO3OPOTHBIA TH=
APOUABHTATEAb:
I — nan; 2 = ARECTHHA] J = KOpNYo)
4 = GOKGBLIC KpHUIKE
o 77




TIOBOPOTHOIO THAPOABHrATENA M pa3BHBaeMbl BM MOMeHT cua M,
H-m, moxHO onpefennts o ¢opmyaam

’ : 3

e=NGwm— T M= -;— Apzb (R? — 1*) Nyexs

rie Q — pacxon XKHIKOCTH Ges yueTa nepereuek, M%/c, z — gHCIO nAa-
CTHH; b — LIHPHHA NJACTHH, M; R H r — COOTBETCTBEHHO PajHyC Ha-
PYXHOH M BHYTDEHHEH NOBEPXHOCTH KOPHyca THAPOABHTATeNs H
ero Baja, :

Kpyrawmnit moment M MOMXKHO yBEJHUNHTb, YBEJAHYAB YHCAO OA4-
CTHH, HO NPH 3TOM YMEHbIIATCH YI/0Bas CKOPOCTH M Yroa MCEOpOTa
Bana.

JloCTOHHCTBAMM NJIACTHHYATOrO TNOBOPOTHOTO THAPOABHraTesIA fB-
JAIOTCA KOMIOAKTHOCTh M BhiCOKHE oOwveMmuniii KITH, onpepensiembiit
MaabiMH OepeTeykamH XHAKOCTH M3 OfHOH mojocTH B Apyryio. Ox-
HAKO NOBOPOTHBbIE [JIACTHHYATHIE THAPOJABUraTelH HE NPHMEHSIOT
B rHApOnepeAaudx ¢ BLICOKHM JaB/eHAeM XKUJIKOCTH H3-3a JiehopMailnd
GoxoBbIX Kpeiuex. Kpome TOro, npH BBHICOKOM JABNEHHH Bajl OKa3bi-
BaeTCA CHABHO HATPYKEHHBIM PAAHANBHEIMH YCHIHAME H3-38 HEPABHO-
MEPHOTrO pacnpejeneHns AaBJeHHs Ha OCHOBAHWE NJACTHHH (CM.
puc. 56). Peaynsrupyiouas cu JaBaeHus HANPaBieHa BHHS, H NPHMKH-
MaeT Baa K onope. Takas Harpyska nmpHBOXHT K GOMbLINM NOTEPSAM
MOUIHOCTH HAa NpPeojoNeHHe TPEeHHH.,

T'udporomopsr — 310 06BEMHBIE THAPOABHTATENH C HEOrPaHHYEH-
HBIM BpaulaTe/IbHBLIM JIBHMKEHHEM BBIXOJHOrO 3BEHA.

B saBHCHMOCTH OT BO3MOKHOCTH pery/npoBaHus pa6ouero o6brema
(cymnbl n3MeHeHnH paGouux Kamep 3a OAHH 0GOPOT BHIXGAHOTO 3BeHa)
THAPOMOTOPSI NOJAPA3ASIAIOT HA HEPEryIHpyeMble H peryaupyemnie.
Econ BBIXOZHO® 3BEHO MHAPOMOTOPA MOIMKET BPAliaThCs TOABKO B OJHY
CTOPOHY, TO TAKOH FHAPOMOTOP Ha3BIBAIOT HEPEBEPCHUBHHIM, @ €CNH
B 00€ CTOPOHBI, — PEBEPCHBHBIM.

B MamuHoCTpOeHHH B K4uecTse TI'HAPOMOTOPOB HCHOAB3YIOTCA
OGLIYHO POTOPHBIE HACOCH!, O6/MafaloulHe CBOHCTBOM OGPaTHMOCTH —
MpH TOJBOJE K HHM JKHIKOCTH MOJ AaBjeHHeM HX POTOPH HAYHHAIOT
BpaulaTeCs.

B o6iem cayuae mownocts N, Br, v kpyrsunit moment M, H-wm,
pasBHBaeMble THAPOMOTOPAMH, BRIPAXAIOTCH CAEAYIOUWHMH 3aBHCHMO-
CTHMH

1
N =ApVang M= 55— ApTy.s

rae Ap — nepenaj AaB/leHHs HA BXOAE M BhIXOAe rHapomoropa, [Ta;
V — paGouuii o6beM FHAPOMOTOpPA, M®; n — 4acTOTa BPALIEHHS Bhi-
XOAHOTO Bana; €% Ny — Mexanuueckufi KII/ (ans coBpemeHnbx
THAPOMOTOPOB MNyex = 0,92.,.0,96).

Tunpoannaparypa. [T'wdpoannapamom uHaskBawT  YCTPOHcTso,
npeAHasHaueHHOe AJA H3MEHEHMS WM NOAAEDKAHHH 3aLAHHOTO Mo-
CTOsIHHOTO 3HAYEHHSA JABACHHA HAu pacxofa padouel XKHLKOCTH Juo
AN H3MEHEHHs HampaBlieHH: €e noToka.
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Puc. 57. FnapoannaparThb:

a — KnanaupHble; 6 = JONMOTHRKOELIE, & — KP&NOBHEIE

OCHOBHEIM 3JIEMEHTOM BCeX FHApOannapaTtoB fBJseTCH 3anopHO-
" PEryAHpYIOUHA SAEMEHT — NOABHXKHAs JeTalb WJH rpynna jeranei,
" §pH nepemelieHHU KOTOPO#H YaCTHYHO HJIH [OJHOCTBIO NEPeKpHIBAETCA
. pabouee mMpOXOJHOE ceueHue ruapoannapara. B saBHCHMOCTH OT KOH-
. CTPYKUMM 3aNOPHO-PEryJHpPYIOUWEroc 3/1EMEHTa rHapoanfaparsl Obl-
 BaioT kaAanaussie (puc. 57, @), 30J0THHKOBBIE (PHC. 57, 0) H KpaHOBbIC
~ (pue. 57, 6) B KOTOPHIX 3aN0PHO-PErYAHPYIQUINE S/IEMEHTH! BEINOIHEHDI
COOTBETCTBEHHO B BUJe KJamnaHa, SsOJIOTHHKa W Kpana. .

Ecnu rujpoannapar H3MeHSeT napaMeTpsl notoka paouelt muA-
KOCTH MyTEM YACTHYHOTO OTKPLITHA HJW 3aKPLITHS pabouero npoxof-
O Ceuenus, TO OH sBaAgercd perynupyiomusM. Ecnu xe ruapoanna-

Cfi HanpasJAOIIHM.
Io npuuuuny AeficTBus rufipoannaparsl noApasaensior Ha THAPO-
HaHel ¥ rujpoannapaTbl HEKJAnaHHOIro AGHCTBHSA — THAPOAPOC-
H THApOpacnpeeauTeiu.

ludpoksananom HaseiBalOT THApOANnapar, B KOTOPOM BenHdHHA
PhiTHSI paGoyero NpoXoAHOTO CedYeHuss H3MEHACTCH OT BO3JIeiCTBHA
' pabouell JKMAKOCTH, TMPOXOAslEH yepes rujapoannapar.

HAPOKJIanaHs ObBaioT peryJupyiollHe (HanopHble H peAyKUHOH-
M Hanpasasiomue. Hanoproim HASHBAIOT THAPOKAANAH, NPEAHAS-
Il Vi orpaHH4eHHs JaBJeHHA B MOABOAHMOM K HEMY HOTOKE
xuakoerH, [lo Hasnauennio 3TH rHAPOKIananbl NOAPasaensioT
panuTeNbHEE H nepenuBHble. ITpejoXxpaHuTeIbHBIE KIanaHEL
HAIOT THAPONPHBOA OT AaB/iCHHs, NPEBbIIAIOUIErQ yCTaHos-




Pue. 58, Ilpegoxpanntensisie wapukosnii (a) B kowycHslfi (6) H nepeausHofl (¢) kaanaubi:
I—kopnyc; 2—3anopHO-pPeryAupyoOmuil SneMeHT; JF—npysmuua; 4 — peryiupyoumii BunT

JeHHoe (fomyctumoe) sHauenue. [lepenuBHBle THAPOKAANAHB npef-
HASHAYCHBI 151 MOANEPXKAHHA 3aQaHHOTO NABJEHHS NYTEM HempephB-
HOTO csiuBa pabodell KHAKOCTH BO BpeMsl PadoTHI.

[Tpununn paors Bcex HaNOPHBIX MMAPOKAAMNAHOB OXHHAKOB H OC-
HOBaH HA yDaBHOBELIHBAHHH CHJIbl IaBJeHHA pafiouell JKUAKOCTH, Aeil-
CTBYIOUIEH Ha 3aNOPHO-PEryAHPYIOWAH 3JeMeHT, H YCHJIHA DY HKHHEE
HIM APYTOTO NPOTHBOAefiCTBYIOWero yeTpoiicrBa. Korna aasienwue p
(puc. 58) npeBbliaeT 3ajaHHOE 3HAYEHHE, 32MOPHO-PEryAHPY IO Ui
S/IEMEHT OTKPLIBART MPOXOX padoueil xuakoeTu Ha eaus, [llapukosbie
(puc. 58, @) u KonycHsie (puc, 58, 6) KAanaubl, HANEKHO patGoratonue
NPH SUHSOAHYECKOM AEHCTBHH, NPHMEHSIOT OGBLIYHO B KauecTBe mpe-
AOXpaHHTEJNbHBIX IHAPOKAANaHOB. B KayecTBe nepeqnBHEIX K1ananoB,
AJIA KOTOPEIX XapaKTepHO HenpephiBHOE ABHIKEHHE 3aN0PHO-DEry/IH-
PYIOULEr0 SJIEMEHTA, NPHMEHSIOT 30/I0THHKOBbIE K/IanaHsl (puc, 58, g).
Bee knananel, nokasannsie Ha puc. 58, cOCTOAT H3 Kopnyca /, 3anopHo-
PErYIHDPYIOWEro 8jieMeHTa 2 (IapHKa, KOHYca, 30JI0THHKA), PeryJH-
pyioutero suHTa 4 ¥ UHIAHHAPHYECKON nPyKUHH 3. Bo Beex STHX Kaa-
NaHax BEIHYHHA OTKPHITHA patoyero NpoXoJHOrO cedeHHsT HAMEHSeTes
B PESY/bTATE HENOCPEICTBEHHOrO BO3JEHCTBHA MOTOKA paboueil HA-
KOCTH Ha 3aN0pPHO-PEryIHpyIOWHiA 3/IeMEHT, NOSTOMY OHH HA3bIBAIOTCS
THAPDOKJANaHaMH NPAMOTO JeHCTBHA.

B ruapocucremax, paGoramouiux B ycqoBHAX BBICOKOTO JNaBEHHH,
MIPHMEHSIOT THAPOKIaNaHel HENPAMOro AHCTBHS, B KOTOPHIX BEIHUHHA
OTKDHITHSA PaGOYero NPOXOAHOTO CEYEHNST H3MEHSIETCS B Pe3yAbTare Bos-
ASHCTBHSA NOTOKA Paboueil KHUAKOCTH Ha BCMOMOraTe/IbHOe ycTpo#icTso,

Pedyrkyuonneim eudpoxsananom HAIHBAIOT pEryAHPYIOMHA TH-
Apoannapar, NPEIHASHAYEHHBIH /s NOMNEPIKAHHS B OTBOAMMOM OT
HEro noroke paGovel KHUAKOCTH NaBJeHHs p, GoJIee HHIKOTO, YeM Jas-
JIEHHE py B NOABOAHMOM NOTOKe. PenyKumonHbne KAanaHbl YCTAHABIH-
BA3IOT TaM, I'le OT OJHOTO Hacoca paGoTaloT HECKOJbKO IHApPOABHra-
Te/1eil ¢ pa3HbIM JaBJIeHHEM. TH KJanaHsl AB/AIOTCA CTAGHIH3ATOP aMy
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Puc. 59, PelyKuMoHHLIA HIanaw:

§ — perynupyomwui euaT; 2 — npy-
muwa; 3 — sanopHo-peryanpywomni
aeMenT

Puic. 60, OGparuuiii xnanas

paboyero JAaBJEHHHA, NONIEPKHBAIOMIHMA JaBJEHHE p; NOCTOAHHBIM
[P PASAHYHBIX 3HAYEHHsX Py > p,. Ha puc. 59 nokasan PEAYKIHOH-
HBII KJanaH npAMoro AeHCTBHA. Banop}zo-perynnpy;oumun 3JIEMEHT 3
B BHJE KOHyCa HMSET HanpasJsiolHH LHAHHIpHYecKuf noscok. C no-
MOIIBIO PEery/nMpoBOMHOTO BHHTA [ NOAGHPAIOT Takoe ycuane mpy-
JKHHBL 2, yTOOLI OHO BMECTE ¢ JaBJeHHeM p;, JeHCTBYIOWIHM Ha 38110PHO-
PEryJiHpOBOYHBIA 3J€MEHT B MOJOCTH A, YPaBHOBECH/O HaBJEHHE py
B nosoctu 5. Ilpn sTOM Mexay KOHHUECKOH MOBEPXHOCTbIO H CElJIOM
CO3MaeTCH APOCCEeNMpYIOas Iieab, obecneunBalonas CHHMKEHHe pa-
Gouero JaBJeHHs p, 10 3HAUEHHd p,. Ecnu naBaeHue p, yMEHBIIHTCH,
TO paBHOBECHE YCHJHI 1O 06e CTOPOHBI 3aMOPHO-PETrYIHP YIOUIErO 3Ae-
MEHTa HapyIUHTCA, i OH Aajbllie OTOHAET OT Cefiyla — APOCCeTHD yiolan
Higab YBEAHUMTCH, 4 CAEN0BATEIbHO, YMEHBUIHTCH THApPaBAHYECKOe
conporuBaenie. B peaynaerare penyunpoeaHHOe AaBlieHHE p, HOBbI-
CHTCS 0 MepBOHAYANBHOTO 3Havenusa. Ecan ke B noncern b nasaeHue
VBEAHUHTCH, [0 3an0OpHO-PEryJHPYIOWHI 3M€MEHT NPHKPOET Apocce-
Jaapyiowyo wens. Ilpu sToM rujpaBanueckoe cOnpoTHBIEHHE yBe-
JIHYUTCA, @ IaBJICHHE Dy YMEHBIIHTCH A0 NePBOHAYAIBHCIO SHAYCHHA.

Obpamneism 2udpokaanaqdom HasHIBAIOT HATPAaBJAIOIKA  THAPO-
anpapar, npeAHasHAYEHHBIH INA NPONYCcKaHust paboueil KHAKOCTH
B ofHoM HanpasjaenuH. [IpHHUHN AeficTBUA 0OpaTHOTO KiaanaHa sa-
Kniodaercs B caenyiomen (puc. 60): B HanpaBaeHuH, yKa3aHHOM CTPE-
KaMH, 3afMOpHBIH 5JeMEHT 0ecnpensiTCTBeHHO MPONYCKAET KUAKOCTh;
HDH u3MeHEHHH HanpaBJeHHst NoTOKa Kaanau sakpeiBaercs. Oopar-
HbI€ K/IanaHbl JOMKHBI GBITh a6CO/TIOTHO TEPMETHYHBL B 3aKPHITOM [10J10~

CMEHMM H JOJKHbLL 06/1a]laTh MUHHMAIbHLIM FHApaBJIHYECKHM CONpoO-

THUBNIEHHEM OOTOKY B OTKPBITOM MNOJOMXEHHH. '
Sanupanue pa6ouero NPOXONHOTO CedeHHs OCyUeCTBAACTCH pabo-
MEH XHAKOCTBIO, TeKyweli B O6pPaTHOM HampaB/JeHHH, H caaloi mpy-

| XHHOH NOCTOAHHOTO YCHJIHS, CNOCOGCTByIOmEN NAOTHOH Nocaake

S4NOpPHOTO 3JeMEHTa B celje.
-'--__Euapodpocceﬂm HA3bIBAIOT PETYNHPYIOLLMKH rHApoannapar, Npea-

HasHaueHHEI 1715 HOANEepKaHKHA 3aaHHOTO pacxoja B 3aBHCHMOCTH OT
HE€Penana nasseHwil B nOABOAHMOM M OTBOAMMOM MOTOKax paCoued
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sud?  THAPABAMYECKOE CONPOTHB-
JeHne, ¢ NOMOIBIO KOTO-
B poro  cospaercs nepenan
- JlaBJieHHH, OT KOTOpOro 3sa-
BHCHT PACXOJl »KHJAKOCTH ye-
pes Apoccen.,

[Tpocreitwnii Heperynu-
pPYyeMElii Ipoccesb NpeicTaB-
JIS€T COOOH NMHHHBIA TOH-
KW Kanuaasip, BTYAKY HAH
mandy (puc. 61). ConpoTHBAEHHS, CO3JABAEMEE TAKHMH JpoccensiMH,
S4BHCAT OT Nmamerpa H IAuHBl kanana. Ha puc. 62 n 63 nokasanm
CXEMEI pEryTHpyEMBIX rHApoApoccenedi. [ipoccens nepeMeHHON A/HHEL

(puc. 62) coctouT H3 OuAHREApPa [ ¢ BHHTOBOH KaHABKO#, Kopryca 2
H PETYTHPOBOYHOTO BHHTAa 3. lloBopaumBasi BHHT, HSMEHSIOT MIHHY
KaHAaBKH, MO KOTOPOH KHAKOCTH NMPOXOAHT OT oTBepeTHs A 70 O7-
Bepctda b. Ha puc. 63 nokasan peryaspyemsifi uroasuatsifi Apoc-
cenb. Ilpu oceBom nepememiennyu uras /, HANpPHUMEp, BIOPaBO YMeHb-
waerca pabouee NPOXOAHOE CeuYeHUE MeXAY HIIOH H OCTPEIMH KpOM-
KaMH OTBEPCTHS OCHOBaHHA 2. B pesynbrate HameHsiercsi pacxof
JFHAKOCTH Yepe3 APOcCeb.

I'udpopacnpedenumenes HA3BIBAIOT rHApPOANTIAPAT, npennasHa-
YeHHBIA JUI# M3MEHEHMS HANPaBJCHHS NOTOKa PaGouel IKHIKOCTH
B ABYX HJIH GOnee PHAPOIHHUAX B SABHCHMOCTH OT BHEIIHETO Ynpas-
JISHIOIETO BO3ZAEHCTRHS.

B ruaponpuBojax yaile BCero NpHMEHSIOT 30JOTHHKOBHE H Kpa-
HOBBIE MHApOpacnpenennress. Bosee mupokoe npHMeHEHRE NOAYYHIH
PacnpeiesinTeNIn ¢ UHIMHADHYECKHM 30JIOTHHKOM, OTJIHYAIOHIHECS
PHAOM AOCTOHHCTB: pPasrpyKeHHOCTbIO 30JOTHHKA OT YCHJAHHA, CO3Aa-
Ba€MLIX NaB/ieHHEM paboued KHIAKOCTH, MajoH YYBCTBHTENBHOCTHIO
K 83arpAsHeHHIO paboueil JKHAKOCTH H HAJIEIKHOCTBIO PabOTHI.

ITo uucay OUKCHPOBAHHBIX MO3HIHIE 3aM0pHO-PEryJAHPYIOUIErQ
SJAEMEHTA IHAPOPACHPENICMHTENH MOTYT ObiTh ABYX-, TPEX- H YETHIpEX-
NOSHOHOHHBIE; MO YHCAY BHEMHUX FHAPOJNHHAH — JBYXJAHHEHHLIMH,
TPeXJHHEHHBIMH H T. 1.

Ha puc. 64 mokasana cxema uernipexanuefinoro TPEXNO3HIHOH-
HOTO S0/I0THHKOBOTO rHApopacnpenesnutenss 4/3, noARIIOYEHHOTO
K ruApounnuuapy L. Pa6ouee npoxoanoe ceueHne B pacmpesenTene
00pasyercsi Mexay OCTPBIMH KPOMKaMH [OSICKOB 30JIOTHHKA | W

-

v ey
77777

a) ) &)

Puc, 1. Bpoccesn nocTORHROro Cedeniin:
4 — Kanuaaap; 6 — BTyara: & — mafiGa

NNES

UHIHHADHYECKHMH pacroykaMu Kopnyca 2. K_OI‘JI& S30JIOTHHK

7 .2 Pre. 62, Peryanpyempii

3R ApPOLCERn nepenmen o
Y

¥ _L\ 7 { — uBANNAP C BUHTOBO

\ 7 KapaBROA; 2 — Hopnye;

B '—_—"_&—\—'“ 8 — peryaupoBounslil BHAT

¢ < N Puc, 63, P yemuifl

i\;},n \\\\\\:1\\ NN ol b bt

ceuenun:
A f l & I = uIJa; 2 = OCREOBAHHE
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Puc, 64. TuupopacnpesennTeds € OHAHHADHYECKNAM 30M0THREOM:

a — 30A0THEK B Hefirpankios (Wyncsom) rnojosmenun; J — S0A0THAKS
2 — gopnyc; 6 — 30A0THRK cMemien Baeno (x < 0)

"'Ipuc. 64, a) HaxoauTcs B HYJEBOM (cpejHeM) noJoxeHuHd, pabouue

‘eiH SOMOTHHKA NepeKphiThl, H HarHeraemas pabouasi XKHIAKOCTH HE
‘monagaer B noaoctd A W B ruppourauniapa. [losromy nopiuedb ru-

‘ ";;WOEHJIHHJJ.[JE OCTAETCA HEeNOJABHIKHBIM JaXKe NpH NPHA0KEHHH K HEMY

'BHEIGHHX CHJL.

~ Ilpu cmeuwenid 3010THKKa, Hanpumep, BJesc (puc. 64, Q) OTKPHI-
BAIOTCH OKHA, COSNHHAIIIHE NOJIOCTh HATHETaHHs, B KOTOPOH MOAAED-
JKHBAETCSA JABJCHHE Py, C NIONOCTHIO A THAPOURAKEAPA, 2 nON0CTE b —

¢ HOJIOCTBIO HH3KOTO A4BJeHHS. B pesyabrate STOTO NOPLIeHb FHAPO-

~ HUAHHIPA nepeMecTHIcs BNpaBO, NPH 3TOM HKHIAKOCTh HB3 NOJAOCTH b5

i

- cauBaerca B ruapoGag. @ [lopumieHs TrHAPOLHAHHADA NEPEMECTHTCH

'BJIERO, €CJIH 30JI0THHK ABHKeTcH BnpaBo. [IpH 3TOM moncCTh HArHETa-
" HHSI COSIHHHTCS ¢ NONCCTRHIO B, a noaocts A — ¢ NONOCTBI0 HH3KOIO

JAaBjeHu.
. Ha pnc. 60 nokasaHa cxemMa KPaHOBOIO pacnpejiesiiTeNia ¢ noBo-

 DOTHBIM JBH:KEHHEM KpaHa. PacnpesieluTeNh cocTOMT M3 kopmyca [,

HMEIOmero oKna, H KpaHa Vil pacTOouK4aMH Ha LlliJIHHﬂ.pHT-IECKOﬁ no-

- BepauoctH. IllupHHa NOACKOB HA NHAKHAPHUECKOH NOBEPXHOCTH KPaKa
" paBHa IHpHHE OKOH B Kopnyce pacnpefenntens. CKBO3HbBIE OTBEPCTHH
' KOpnyca, noKasaHHBIe LUTPAXOBRIMH JHHHAMH, COGLHHSIOT MPOTHBO=

. DOJIOXkHEE palouHe NOJOCTH THAPOPachpefesuTens.
3o, TOJH

- Pabora KpaHOBOTO pacnpefeluTe]si B CYMHOCTH HHYEM HE OT/IH-

M3e7csi oT paboThl 30/I0THHKOBOTO pacmpejie-

~ JHTEAS C NOCTYNaTenbHBIM JABHKEHHEM 30- 1 <= 4
- JloTHuKa. ' @-ﬂ;@‘o &
Ilpu msroroBaenuy pacnpejpennTenci ‘gg’f/ &
~ ONeHb TpynHO A0OHTHCs, YTOGB MOACKH 30- 3 {;Q?}:@?JQE\
 VIOTHHKOB B TOYHOCTH OBLIH DPABHHL PacToY- ( N %j&,ﬁ/}a \ﬁ‘
] B koprmyce. Ecan 571 noscku GyayT He- " 77 %

bKO Yoke pacTOukH, TO B 30JOTHHKE
a Oyner nabmonaTeca yreuka paGoueis
0CTH. [TosTOMY Ha NPaKTHKE 30JOTHHKH
I9I0T ¢ nosckam#, HemHoro Godee

i, 4eM pacTouka B kopnyce, Tarue

Puc. 65. Kpasossil Thapopac-
NpEeAnTENb:
| = Kopnyc; 2 == Kpan
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MH C NOJIOXKHTENTHHEIM MEPEKPHITHEM OKOH B OTAHYHE OT 30JOTHHKOB
€ paBHOll IMPHHOH NOSCKOB H PacToYeK, KOTOPEIE HA3BIBAIOT pac-
UPEASTHTSIAMH C HYJIEBbIM NepeKpuiTHeM. Pacnpeneanteny ¢ wupu-
HOH DOSICKOB MEHBIIE WIHDHHEI DPACTOYKH HA3KIBAIOX PAaCNpeNeaHTeNs MU
C oTpHHATeIbHEIM neperputieM, Huorma rmapopacnpeneantenn
H3TOTOBJIAIOT C NOJNOXKHTENLHLIM NEPEKPLITHEM CO CTOPOHBI HAarHETa-
HHA KHAKOCTH, T. €. CO CTOPOHE OOJACTH BHICOKOrO HABJACHHS, W
C OTPHUATEJIBHHIM MEPEKPLITHEM CO CTOPOHLI HH3KOTO JABJEHHI.
K ycrpolicteam ynpasaenns otHocsTCs TaKke THAPONPHBOJEL €O
CTPYHHON TPYGKOH H C CONMaMH H 3acHOHKOI.

Yemanosku co cmpydnod mpy6Koil WHPOKO NPHMEHSIOT B CHCTe-
Max npOMEIUNEHHOR aBToMaTHKy. Ha puc. 66 npuBesena cxema crpyii-
HOll TpYGKH, NOAK/IIOYCHHO K ruppounanaapy. CrpyiHas Tpy6ka I
NpeicTaBaser coboi TpyOKY ¢ KOHHYECKHM HACaKOM Ha KoHme. Ha-
TNIPOTHB 3TOTO HaCajKka pacrmosioXkeHa IJHTa & € ABYMA OPHEMHLIMH
Kananamu. KoHHYeCKHN HAcalok OKpYKeH KOAnaykoMm 2. Tpybka [
SaKpen/iena MapHUPHO H MOXET NOBOPAYHBATLCA HAa HeGOBINOM Yrog
OTHOCHTeNIbHO OCH O B IVIOCKOCTH YepTekKa NOJ AeHCTBHEM BHEUTHHX
YCHInil, HANPUMEDP OT S/IEKTPOMEXaHHYECKOro npeobpasoBaTes, Hpu
CMeWennn TpyOKH, HapuMep, BJEBO XKUIKOCTb NOCTymaeT Gomes uH-
TEHCHBHO B NOJOCTb A THAPOUMAHHAPA, H NOPIICHs 4 nepeuemaercs
Brpaso. [Tpu 3ToM M3 monocTH B KHIKOCTb BLITECHIETCS MOL KOMMa-
Yok 2. Ilpu HanpaBJeHuH CTPyH, BHITeKaiomied W3 CTpYHHOM TpyOku
B IPYrOH KaHaJ, MOPLIeHb MHADOUH/IHEADA [EPEMEmAeTcs: B PITHRO-
NONI0KHOM HanpaBieHud. Ecin ke mopoGpate TaKoe mnodoenue
TPYOKH, NPH KOTOPOM BHITEKAIOWAS CTPYS NPHXOAKICA Ha cepeanHy
NAaCTHHEL 3, TO MOPUIEHE NEPEMEIATECS He BGYJeT, TAK KaK NaBjeHue
HKHIAKOCTH 1O 06e CTOPOHE! HOPIUHS ONHHAKOBO. HamemHOCTh erpyii-
HOH TPYOKM 3aBHCHT OT KAuecTBa CTPYH, BHITEKAIOMEH W3 HACANKA.
Ecnu Obl cTpys BhITeKaJa B BOSAYMIHYIO CpPeiy, TO OHA Merko Gt
ApoGuaach, Tepsst npu 5ToM GopMy M KHHETHYECKYIO 3HEPTHIO HeTe-
YEHHA 1 YBJIEKas € coGoil Bo3ayx. [Tostomy crapatores ucteraromyio
CIPYiO YTONHTE NOA MKHAKOCTb HJH HACaZ0K OKPYKAIOT CMELEAMsHEM
KOIMaKoM.

Conao-sacaonka npepctaBaser coboii yeTpoiicTBO yHnpasmenus,
npeaHasHayeHHoe NI CO3AaHHs PEryNHPYEMOro MHAPABAHYECKOTO Co-
NPOTHBJEHHA. ITO YCTPOHCTBO COCTOMT M3 comaa [ u WapHUPHO 3a-
KpenJienHolt sacionkn 2 (puc. 67). XKuakocTs moA JaBaeHneM ucTe-
KaeT U3 conna, BCTpedas Ha NMYTH HCTEYEHHA SaCAOHKY. Pacxon xuj-
KOCTH H3 COIJIA 3aBHCHT OT PasHOCTH A4BACHHW p; — p, U THAPaBIH-
4ECKOTO CONDOTHBJIENUS, 3aBHCAUIEr0, B CBOIO OYEpelb, OT paccrosi-
HHSI MLy comjioM H sacaoukoi. Ilpu ymenbiuesun sroro paccros-
HHA PacXOL XKHAKOCTH M3 COMJIAa YMEHbUIAETCs, H HA060POT.

B ruJponpnBonax COMJIO-3aCHOHKa OCmuHO paGoTaer ¢ nocienc-
BATEJbHO BKJIOYEHHBIM TOCTOAHHBLIM THADABAMYECKHM COTPOTHRJE-
HueMm (apoccenem) 5. Takoe couerauue nosposser NErko YOpaBasiTh
JaBJeHueM KHAKoCTH B paboueit nonocTty ruapoasurarens. Ha puc. 67
noKasana cxeMa yCTpOiCTBa COMa-3aCHOHKH ¢ NOAKAIOUCHHBIM THIpO-
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Puc, 68, Crpyfinan TpyGra, cocfin~
HeHHAA C FHAPOLHIAHHADOM:

I = cTpyfiRas TpyGxa; 2 — kont-
nagoK; 4 — OAETA € NPHEMHBIMH
Kaganamu; 4 — nopuwens IHApo-
UHAHHAPA

Puc. 67, Conao-sacaonka:

1 — conno; 2 — sacaoHKa; J —
Apy#HHa; 4 — [popmens; § —
TRIpOApOCCEN b

i Hazwemanue

JIMHAPOM ofHocTopoHHero Aeiictus. [lens mexay comtom I u 3a-
OHKOW 2 SIBJISIETCs MEepPeMEHHBIM THAPABJIHYECKUM COUPOTHBJICHHEM.
i MOABOJE HAa BXOJ YCTpOHiCTBA JKHIKOCTH NMOJ JAABJIEHHEM p, OHA
CCeIMPYETCst Ha Jpoccede 5 i CONPOTHBJEHHH, 00pa30BaHHOM con‘-
£ B 3acjoHKofl. Eciu 3a30p MeXIy HHMH PaBeH Hy/Ai0 (3aCJA0HKA
"@PHIKATA K COIIY) M NMOPIUEHb THAPOLMIUHAPA SATOPMOXKEH, TO B 10-
JIOCTH YCTpOICTBA AABJEHHE DABHO NaB/eHuio p,. Ecln yBel1HYHTH
‘paccTofuNe 2, TO JaBJIeHHe NMOCTENEHHO YMEeHbIIHTCs 10 SHa4YeHHA py.
Hexortopbie cxembl 00beMHBIX THAPONPHBOJIOB. 06‘1161\:{1{]:18 rujapo-
NPHBOIBL MOAPA3AENSIOT Ha PHAPONPHBO/IbI C 3aMKHYTOH U Pa3OMKHY-
T0# nupkynsuueii paboueil xuakoctu. [1py pasoMKHYTOH UHPKY/ISA-
i (puc. 68, a) xunkocTh M3 ruapomoropa M causaercsd B THAPO-
B, otkyna no eackiBaiomieli THAPONHHAH OHA BHOBb 3aCaChIBACTCA
oM H u nogaercss B HamopHywo rugpoaunuio. Ilpu 33MKﬂy"foH
Kyasupn (puc. 68, 6) xuakocTh W3 ruapomorTopa M mocrynaer
pENCTBeHHO B Hacoc 1. YTeuky KHAKOCTH BOCIONHAIOTCS NOA-
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KauHBaOWKM HacocoM H2; us-
OLITOK KHAKOCTH  CAHBACTCH
E | yepes MNpefoXpaHHTeJIbHLI #

zﬁ
e — — NEePeNHBHON KAANaHEI 110 CIHB-
: * ’ HOH THAPOAHHHHM B  ruapo-
A 3

6ak 5.

3aMKHYTas CXeMa CJGHKHee
PasoMKHyTOH, B HeH Tpyauei
OCYUIECTBHTE OYHCTKY H OXJ14K-
Aeine pabouefi KHAKOCTH, HO
oHa OoJjiee KOMHOAakTHZ M HC-
‘ HNoMb3yeMass B HEH KHAKOCThb
MEHbIIE NOABEpIKEeHA OKHCJIe-
Huw. Kpome roro, npu samk-
HyTOH cXeme paboyass uj-
KOCTb II0flaeTcss B HACOC TOJ
H30LITOUHEIM JaBJIEHHEM, YTO
HCKJIOYAET HABJEHHE KaBHTa-
LpH, B HacOC MOXET HOpManbHO palotaTh ¢ Goabllell YACTOTON
Bpamienus. HesaBucuMo 0T Bufia UMPKYASUHH BCe THAPONP HBOJIEL
OCHALUEHB! APEHAXKHBIMH THAPOAKHEAMH, IO KOTODHM YTEUKH H3 COe-
AMHEHHI M APYTHX S]1EMEHTOB PHAPONPHBOAA OTBOANTCS B rejapobak.

B mamunocTpoenun mupoxo NPHMEHSIOT CaAEidAlle IHAPONpH-
BoAbl. CAE]AUHM HASHBAIOT Peryanpyemuiii THAPOIPHBOA, B KOTOPOM
CKODOCTb ABHIKEHHS BBIXOZHOIO 3B€Ha 0OBEMHOrO TIHAPOJBHTATENS
H3MEHAETCS N0 ONpEleNeHHOMY 3aKOHY B 3aBHCHMOCTH OT 33aIONlEro
BO3JCHCTBHSA, BEJHYHHA KOTOPOTO 3apaHee HeH3BecTHA. TakuM obpa-
SOM, CACAAIMM THADONPHBOAOM SBAAEICS PETYAHPYEMufi THAPONPH-
BOA, B KOTOPOM BHLIXOJHOE 3BEHO MMAPOABHTATENs] BOCMPOH3BOAUT (07-
CAKHBAET) 3aKOH JABHIKEHHA yNPAaBJISIOUIEr0 SJEMEHTA.

HAas caeasuiero ruaponpueoaa XapaxkTepHO HaIMYHe KECTKOH
oOpatHO#l CcBA3M.

PaccmoTpum npurusn nefictis caesuero rujponpuBoja (puc.69).
Ilpu nepememennn pykostks ynpasaenua 2, HalnpuMep, Brpago
TAra | Takke nepeMecTHTCA BNpaBo. Tak Kak CHJa, TPOTHBOIEH-
CTBYIOWAs CMEEn IO NopUIHs 4 B THAPOLHIHHEAPE 5, HAMHOTO 60/iblie
CH/IbI, TPOTHBOAGHCTBYIOUIEH CMEUIEHHIO 30JOTHHKA 3 pacmpejenu-
Teis, TO ToYKa b B Hauasie nepeiBHKenus pyKOSTKH 2 HENOIBHKHA.
INostomy BMecTe ¢ Tsirofi / ¢ nomompio pblaara 6 nepemeniaercs Bnpa-
BO H SOJOTHHK pacnpejeantens. B pesyanrare cmemenns 3oM0tiika
OT HEATPANLHOTO HOMOMKEHHS JKHIKOCTh NOJ AaBJCHHEM HNOCTYHHT
B NOPIIHEBYIO NOMOCTb rHApOHAURApa. Tlopuienns 4 cmectuTes BJeso,
@ CefloBaTeNIbHO, W TOUKA 5 NEPEMECTHTCS Ha paccTosmme, nponop-
UHOHANbHOR OTKJIOHEHHIO pyuku 2. Korja nsmxenne pyuxu npeKpa-
THTCSA, TO ABIDKYUIHHCSA TOpuieHb 4 coofuuT yepes puuar 6§ sonor-
HHKY 3 nmepeMelieHne, NPOTHBONOMNOKHOE TOMY, 4TO OH HONYHHJ A0
STOTO NPH CMEWEeHHH PYYKH ympasienus. Ilpn stoM mead somor-
HHK4 IIOCTENEHHO MEPEKPOIOTCH, OOBEM KHAKOCTH, MOCTYHAomei B
6 ;
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Puc. 69, Caexsmuil rapponpuro,:

I — TATa; 2 — pYKOSTKa ynpasdeHus: § —
BONOTHHR, 4 — nopuwens; § — THAPOLUMAKEAD;
6 — pumar
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MeTANLI0- Puc, 71. Caecpamnfi rHAPONPHEBOR KOMHPOBAAL
'. I‘;ml:gnnm (peaeprOro CTAHKA:

THAPOL % by J =
3, - 2 = nop~ I — rupponuanuAp; 4 — SNEKTPOABRTATENR =l
3 jﬂc’:"‘;il_’. 4 = puqa?: npymuua; 4 — cTaHuHA; § — DYHOATKA; 6n ru-

: aApofak; 7 — Hacoe; § — NpeAOXpAHHTeAbHEA EKaa

pacopenennTenb; 6 — Apocs
7 — npemoXpaHuTCALHLIN
36} 8 — macoc

1 9 — puastp; 10 — Konup; [J — POARK-IOYDS
?;EL iDﬂﬂﬁlIlK: pf.‘i — cros; 4 — ofipaGaTnindenan

Aetanaw; [5 — ippesa; 16 — KapeTRa

IHEBYIO NONOCThL WHAHHAPA, TOXKE YMEHBIIHTCH, H Nopilenb 4 oc-
HTCS NIPH HEATPATBHOM NOJIOXKEHHH 30JOTHHKA Pacnpefe/quTe/d,
Ecau pyxoaTky ynpapiesus 2 nepeMecTHTb BJIEBO, TO M 30J0T-
3 nepemMecTHTCs BJEBO, H BCE SJAEMEHNTH CHCTeMbl OYAYT ABH-
si B 06paTHOM HampaBJIeHHH.
fa puc. 70 noxasama cxema THADPONPHBOAA, NPHMEHTEMOTO BO
X METa/Topexymux crankax. Hacoc 8 mogaer paGouyio Xui-
8 rugpounaunap /. [NocTyniene KHAKOCTH B COOTBEICTBYIO-
f00CTh FHAPOUHIHNAPA Y NPABJSETCs PacHpPeieHTENeM § U CBf-
M C HUM peuarom 4, KOTOPbifi yCTaHaBANBAeT S0MO0THHK B HYXK=
‘nonoxenne. Korja mopmwent 2, ABHrasch Cle€Ba HanpaBo BMECTE
HBOAMMBEIM WM pabounm CTOJAOM &, 3aiiMeT KpaiiHee npapoe nojo-
8, SOJIOTHWK pacnpefenutens 3aiiMer Taxoe e NOJOKEHHE,
|STOM OTKPHIBACTCS AOCTYN paGosell HUAKOCTH B NPaBYI0 NONIOCTD,
DpUlieHs 2 NBHIKETCS CNPaBa HaJeBO, BRITECHNS H3 JIEBOH MOJIOCTH
KOCTH B ruapofak. Jlpoccenb 6 n nepemusHOl Kiaanad 7 peryau-
pacxon ¥ JaBNEeHHE JKHAKOCTH B THADOLHJIHHAPE, a CJaeloBa-
, H CKOpOCTh MepeMmeileHHs B HeM MOpIHI, a BMECT2 ¢ HHM H
ero croJa.
prc. 71 npusenena cxXema CJAASUEro THAPONPHBOAA KOMHPO-
(ppeseproro cranka. B TakoM craHke croa /3 nepemeraeTcs
HTaAbHO, 4 Kaperka /6 ¢ ¢pe3oii /5 — TONMBKO BEPTHKANBHO.
JNEeHHLIH Ha cTanwHe 4 CTaHKa caeisuiiil FUAPONPHBOL HMEET
€BOH pacnpenennTeNs, FiJib3a KOTOPOTo XecTKo CBs3aHa
i /6. Ilpyxuna 3 npukHMaeT 30JM0THEK [2 pacnpeleduTens
myn 1/ x xomupy [0, ykpensnennoMy na CTOJM€ CTAaHKA.
fatenb 2 Bpamaer Hacoc 7, KOTOpEIH TORAeT 4epes
abowyo XMuAKOCTs u3 rugpobaka 6 B pacOpeleNHTelb ;




THAPOUHINAAD. YCTaHOBNEHHbIH NepeluBHON Kiaman &8 NOAEPIKH-
BAeT NasjeHHe NMojaBaeMoili paGoyell KHIKOCTH.

Ilpn nBmxenun pabouero crona cranka POJNHE-ILYT, JABHTasCh
N0 KONHPY, nepeMellaerT BBEPX HJH BHH3 30JIOTHHK PacnpeienuTens,
OTKpbIBas NpH 3TOM JHOCTYN MKHIKOCTH B Ty HJH APYTYIO NOJA0CTH
ruapounannapa I. IUTok ruppoum/auHipa Tak NepeMelaeT Kape-
TKY 16, uTo (pesa «caeauT> 33 MONOKEHHEM 30J0THHKA pacnpeneiu-
Teas, T. €. Ppe3a nveer oBpaTHYIO CBA3h C 30JOTHHKOM H Gaaro-
Aapsi sTomy ob6paGaTeiBaeMast [eTajb BOCHPOH3BOJLHT npopuas Ko-
nHpa.

[lpn HeoGXoanMOCTH (PE3EPOBIHK MOMKET BMEIIATLCH B paboty
CHAEAANLH CHCTEMBI H C NOMOUIBIO PYKOSATKH § YNPaBAsSTh N0 CBOEMY
YCMOTPeHHIO pacnpenennTeleM.

PaSoune muIKOCTH AAS rHAPONPHBONOB. Patouas MHIAKOCTH fB-
JsieTcs pabounm TEIOM THAPONPHBOLA, NOSTOMY OHA JOMKHA OBITh
ManocHMaeMoH, HOO TONLKO MPH STHX YCJAOBHAX OHA MOXKeT sdipex-
THBHO Nl€pelaBaTh OKA3blBaeMOe Ha Hee JaBienne. PaGounme kuaKOCTH
ROJUKHEL OBITL OAHOPOAHBI, HE CONEPIKATh BONY, KHCJOTY H IEA0Yb,
TaK KaK 3TH BEHIECTBA BBHI3BIBAIOT KOPPO3HIO MeTa/ja H BClIeHUBaHHE
JKHAKOCTH.

Bo usbexanie nepenosHeHHs THAPOEMKOCTH H PEIKOTO MOBKIle-
HUA AAaBJE€HHA B FHADOJHHHAX H IDYTHX CHCTEMAX BCJCLCTRHE Ha-
TpeBa JKHAKOCTH 1IpH paboTe IHAPONPHBOAA HEOOXOMHMO, 4TOGH TeM-
nepaTypHbiii KOI(HUHEHT OGLEMHOrO pACIIHPENHs KHAKOCTH OLT
N0 BO3MOXHOCTH MEHBILHM.

PaGoune xuaKOCTH BHINOJHAIOT B THAPONPHBOAAX H (hyHRIUH CMa-
SBIBAIOLIETO W OXJaxKpaiouiero aredra. OHU NOMKHBEL 06/1aaTh NpOTH-
BOM3HOCHBIMH CBOHCTBAMH, 3aBHCSAILINMH OT YMCTOTHI CaMOil 3Kl
KOCTH, OTCYTCTBUA B HeH abpasHBHBIX MEXaHHYECKHX NpuMeceil W oT
BA3KoCTH. [lpoTuBOH3HOCHBIE CBOMCTBA KUAKOCTH HAHAYUIIHE, €CIH
8aBHCHMOCTE ee BSI3KOCTH OT TeMIeparypsl HaHMeHbIIad.

Boapioe BanstHue ma ymenplnexne muznoca leraneil rHAPOIpH-
BOLa OK43LIBAET CMashlBaloOWas CnocobHOCTb JKHAKOCTH, Ompenedse-
Masi MpoUuNocTbio 06PA3yeMbIX KUAKNX MACHOK HA TPYLHXCH NOBEPX-
nocraX. I1pounocTb XuAKON NJeHKH OuEHHBAETCS YAEMBHOM Harpys-
koii (B [la), KOTOpYIO MAICHKA MOXKET BBIIEpIKATH 6e3 paspylienus.,

PaGoune XuAKOCTH THAPONPHBOAA AOMKHEL O6/MaAaTh OOJbLION
VABNBHOH TEMJIOGMKOCTBIO H XOpOIeil TenJaoNnpoBOANOCTbIO, NGO OT
STOTO 3aBHCHT OXJa)/AIOllasi CNOCOOHOCTE JKHAKOCTH, ONpeesio-
lias B 3HAUHTENLHON Mepe TeMNIepaTypHblii PeXXHM PadoThl THAPOND H-
BOJla H €ro JIeTajleil, a Takxe TeMnepaTypy, BA3KOCTb H Apyrue cpoit-
CTBA CaMOH MHUIKOCTH, )

[TpuvensieMbie B rHAPONPHBOJE MKHAKOCTH IOMKHLL HMETh HH3KYIO
Temneparypy 3aMep3aHus H BLICOKHE TeMnepaTypsl KHIEHHs H BCbII-
K. PaGoune >KHAKOCTH JOMKHEI 06/anaTh GU3HYECKOH H XHMHUYECKO!
CTabHIBHOCTBIO, T. €. CMOCOGHOCTBIO HE HAMEHATH NePBOHAYANBHEE du-
3HYECKHE H XUMHYECKHE CBONCTBA B YCJOBHSIX NMPHMEHEHUs, Xpane-
HHf H TPAHCHOOPTHPOBAHHS.

&3

Goune MKUAKOCTH JAOMKHB 06nanaTh BBICOKHMH AHSJEKTpHYE-
41 CBOMCTBAMH; OHH HE JO/NKHEI ObITh TOKCHUHBIMH, OKasHIBATb
oe B paspylaiouee JeficTBie Ha METaMILl  yMJIOTHHTEIbLHEIE
fepuaibi, B YACTHOCTH PE3UHY, H3 KOTOPOH OYeHb HaCTO H3TOTOB-
YOAOTHHTENbHbIE NPOKAAAKH.

Jamme Bcero B KauectBe pafouelt KHAKOCTH THAPONPHBOAOB
NOMB3YIOT MuHEpajbHbie Macaa (MHAyCTpHAZbHOE, TypOHHHOE,
.10 u ap.). Jas paGoThl npu HH3KOH TeMmneparype HCTIOMB3YIOT
JuiEe TJAHIEPHHO-CTHPTOBEIE cMecH. B ruapocuctemax, paGoras
x npu Temneparype seinie 150 °C, npuMEHAIOT CHEUHANLHBIE CHH=
weckue 110MHMepHEe KIIAKOCTH, TaKie XuIKOCTH MOJKHO HCHOMS-
Th (B 32KPHITHIX CHCTEMAX) NPH TeMneparype 370 °C. Temnepa-
‘ux sacteianus pocruraer —90 ...—100 °C, knHemaTHYECKas
SKOCTE NPH CHHJKEHHH TeMmepaTyphl yBejanuupaercs B 5...6 pa3s
Iie, 9YeM Y MHHEpamnbHBIX Macesd, OIHAKO CHHTETHYCCKUM KHAAKO-
PHCYILH Cepbe3Hble HEIOCTATKH, OTPAHHYMBAIOUHE HX NpHMe-

W3alHIO THAPOCHCTEM, PACTBOPSIIOT MJIACTH(HKATODHI PE3HHEI,
PE3HHOBLIE NPOKTAAKH TBEPILIMH ¥ XDYNKHMH, CHJIBHO BCHE-
I0TCSl H TIJIOXO CMa3hIBAIOT IOBEPXHOCTH MaTepHaios.

ce paGoune KUAKOCTH B G0MbIIeH AN MeHblleH CTEeneHH CKJAOHHLL
Tepalliy, T.e. 3apallluBaHyIo C TeYeHHeM BpeMEeHH MaJjkiX npo-
IX OTBEPCTHI W KaHaJOB B peayiabpTaTe aiacopOuun nos1pU30-
HBEIX MOJIEKYJl HA CTEHKaX KaH4/MOB B BHJE TBEDABIX C/0EB TOJIILH-
| COM3MepHMOil ¢ pasMepaMm CaMuX NpOXOmHEIX cedednil. Beaen-
[BHE 5TOr0 YBeJHUHBAIOTCH CHJIBL TPEHHA H yxgnu_lalomﬂ XapakTe-
THKH peryJnpyIomuX u yrnpasasomux ycrpoucts. las yerpane-
- gbauTepaiiy HEOOXOAHMO CHCTEMAaTHYECKH 3aMeHdTh pabouyio
OCTH THAPOCHCTEM. YMeHblieHue oO6auTepanun IOCTHIEETCA
€ cosjaHueM HCKyccTBenHoli BuOpanuu MOABHIKHLIX Opranos

KOHTPOJIbHBIE BONPOCHI

Kax yerpoens: u paGoraior npeloXpaHuTeNbHLIE, PelyKilioHHLIE, oOpaThue
Bl H 30J0THHKOBLIE THAROPACTPee/HTEIH?

Kax paborator crpyiinasn TpyGKa i CONI0-3aCHOHKE?

- Pacexamuire o npuHImine feficTBAs rIPONPHBOLOE, NPHMEHACMEX B METAMLIO-
CTaHKax.




Fnasa 3
OCHOBBI TEXHHUYECKOH TEPMOAUHAMUKH

§ 6. I'azoBbie 3akoHB

Haeaasubie u peanshbie rassi. IlpeBpauienne TenoThl B MEXAHH~
9eCKYI0 paGoTy B TENJIOBHIX YCTaHOBKAX MPOMCXOAHT 1IpH YHacTHH
paGouero Tesla, KOTOPHIM SBJSETCSH I'a3 HJIM nap. I'asel, kortopsie
BCTPEHAIOTCS HA NpPakTHKE, HA3LIBAIOT pealbHBIMH. Monexyastl sTux
[430B HMEIOT KOHEYHBLIH 00beM, MeXKAYy HUMH CYWECTBYIOT CHJILI MPH-
TAMEHHA, CYUIECTBEHHO BJHSIONIHE HA HX napamerpul. Moaeryn
Fasd, 3aKMIOYEHHOT0 B COCYA, HAXONSTCA B HENPEPHIBHOM XAOTHUG-
CKOM ABmxeHun. Ilpu sTom omu craaxusaiores Apyr c JApyroM # co
CTéHkamu cocyna. Takum o6pasom, MoAexyabl 06JafalOT KHHETHYe-
CKOH IHEeprHeit XaOTHYECKOro ABHIKEHHSA. A TaK Kak MEXKIY MOJEeKy-
JAMH CYWECTBYIOT CHJBL CUEMNeHHS, TO OHM 061ajalor eme o onpe-
AGNEHHOH NOTEHNHANBHOH 3SHepruei B3aMOJNEHCTBHA, KOTOpas 3a-
BHCHT OT paccroauus Mexay mumu. JIJs npOCTOTH H3YYeHHs CBONCTB
rasooGpasHoro paGowero Tesa BBENEHO MOHSTHE — udeanbHolll 2a3.

Uneansnniv HasbBaioT BoOOpamaeMblil ras, B KOTopom MOJIEKYJTBE
PACCMATPHBAIOTCA KaK MartepuajbHbie TOYKH (06aafalouime Mmaccoii,
HO Hie AMelomue 00bema), MEKLY KOTOPBLIMH OTCYTCTBYIOT CHJIBI B3aHMO-
AeHCTBHA.

[Ipu Gonbuinx oGweMax m Maabix AA4BJIEHUAX, KOTa pAacCTOAHHE
MEKLY MOJIEKYJIaMH BO MHOI'O pa3 GoJibllie COBCTBeHHbIX pasMepos Mo-
JIEKYJl, & TaKike NpH BLICOKHX TEeMNepaTypax, KOTAa HHTEHCHBHOCTE
X30THYECKOTO NBHIXKEHHS MOJEKY. Beanka H NMO3TOMY MOJEKY/IbE
€120 B3aHMOREACTBYIOT MeXAY coboli, CKIaABLBAIOTCS YCAOBHS, npH
BOTOPHIX peasibHBlll ra3 MOXHO C HEKOTOPHIM NPHO/IHAKEHIEM CUHTAT
HACAAbHBIM. JTO MO3BONSET BECTH PACYETHl S pealibHbIX raz0B 1o
YPABHEHHSIM, BRIBEACHHBIM I/15t HACABHLIX 2308, UTO YRPOWALT CaMit
PacueThl 0 MOHUMAHHE CYIHOCTH NPOLIECCOB, NPOTEKAMHX B rasax.
B caa3u ¢ sTHM H3ydYeHHe TEPMOAHHAMHYECKHX CBOHCTB HAEaNbHbIX
T430B MMEET HE TOJILKO TEOPETHHECKOE, HO H GO/IBILOE NPAKTHUECKOR
3HAUeHNHE,

OcxosHble napamerpisi padouero teaa. Hangosee BAMHLIMH Oapa-
METpaMH, XapaKTEPH3YIOUIMMH Tas000pasHoe BemlecTso, sBJflOTCH
AaBnenye, TEMNEPATypa W YASHbHENT 00beM. DTH napameTpu B3aumo-
CBA3ANLI, U 3HAHHE ABYX M3 HHX NOSBOJSIET ONPEASTHTH TPETHiL,

Hasrerue. B pe3yibTate XaOTHYECKOTrO ABHIKCHHS MOJIEKYJILI ra3a
CHCTeMaTHYECKH YAAPSIOTCA O CTEHKH BaK/MIOYAIOMIEro HX COCYa.
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spHOE HEiCTBRE BCEX YNapAlouluXCcs MOJMEKYJ Onpenejiser nas;
o rasza Ha CTeHKH cocyAa. JlaBaeHue rasa M3MEPsiOT TAKHMH ;«
amu ® B Tex xe eaununax (Ila), yro B AaBjenue ncu.auo: 1:0
Teunepamypa. Cpenuss KuHeTHUECKAs sHepris xa:_lmuqe; T(;H ;
euiisi MOMEKYJA XapakTepusyer Temneparypy rasa. Uewm u -~
efi NBIXKYTCH €ro MOJIEKYJbl, T. €. yem Ooapine mgngec )
§ XA0THYECKOID ABHXKEHNS, TEM BhILIC TeMOeparTypa. emn;r
anoi ciacrene (CH) B KauecTBe €AMHMUB! TEMNEpaTyphl upuue“
i (K). Tlo TepmonuHAMMHECKOH WIKAIE OAMH KeIbBHH pa:c :
15 wacTs Tpo#HOH TOYKH BOAbl. TpPOHHO# TOYKOH HaSH?aeKa
ne'pa'rypa, npu KOTOPO# BCe TPH (pashl BEIUIECTBA (TBEPAAst, KHAKAN
3000pasnas) HAXOAATCA B PABHOBECHH. i Sk
Jlonyckaercs K NPHMEHEHHIO MEXKyHapOAHas u;;aggmﬁcx Ki:} N
parypHasi mkana Lleabcusi ¢ ueno# Renena 1 -Ll OCKOJ T}(:
{ na TepMoxuHamuveckoil uikane pasen 1 °C na mkane EJIbCHH,Oﬁ
eMOepaTypa, BHPaKEHHAA B KeILBHHAX, CBA3AHA C TEMNEPAaTyPOH,
pazennoii B rpanycax lleabcusi, caeayiwoimeil 3aBHCHMOCTBIO:

T = 273,15 + 1.

; H ANS KHAKOCTH.
%ﬁt lLLfi'rz‘tumu'am;nmmm. B Texinyeckoil TepMOAHHAMHEE Ya-
j0 HCHOML3YIOT NOHSATHE KIJIOMOMb (KMOJIB), T. €. KOJIH4Y€eCTBO
ECTBA B KMJIOrPaMMaX, HHC/ACHHO DaBHOE €ro MOJEKYJApHOH
e. Knaomonb Belectsa ¢ MOJEKYJSPHOI Maccoil j paBeH p KT,
a M xr conepmut M/p xkmoneii.
: %-:i gagucoﬁsgeaapo .11.'}151 uleaMbHBIX Ta30B 3aKAOUaeTCs B CAEAYIo-
 HieM: BCe Tashl IPH OJWHAKOBOM JABJIEHHH H TEMIeEpPAaType COAepHKaT
T aBHBIX OOBEMAX ONHHAKOBOE WHCAO MOJeKyJ. Ms storo sakoHa
- mnyer, YTO MAcchHl ABYX paBHBIX OOHEMOB pasHYHLIX IasoB C Mi}lle—
~ KYAADHBIMH Maccami [, B W, pasubr coorsercrsenno M, = mN u
"M, = myN, te my ¥ my — COOTBETCTBEHHO Macca OHOH MONEKYJIH
5 Q'ma'rpunaemux raso; N — 4HCIO MOJEKY/l BO B3fTOM ofimem&
~ Macch MOJIEKY IPONOPUMOHANBHEL MONIEKYNAPHEIM MaccaM: m; =
| =2py; My = 2fy, THAE 2z — KOSOOHIHEHT NPONOPUHOHANLHOCTH,
- torpa M, = 2Ny, w My = zNp,. Orkyna
Rels:- = (109)
=y

OB, TI03TO MY, phsne.ams YHCIH-
YpasHenusa Ha obbem, noJayunMm

3 (110)

(111)
1




T. €. NMPOHSBEJEHHE YNENLHOrO 06LeMa Ha MOJEKYJSPHYIO Maccy mo-
CTOAHHO ]I BCEX rasoB, HAXONSLIHXCSI NPH OAHHAKOBBIX YCJAOBUSIX
(RaBaennu u Temnepartype).
: HO.EbeiyﬂCb ypaBuennem (111), serko onpegmennts o6bem, sammu-
MAeMBIH | KMOJIEM rasa npH HOpMaasHbIX yeaosuax (T = 273 K
= ]
p = 101 325 IIa). s :
Monekynsipnas macca, manpumep, KHCJ0poaa i = 32, mAOTHOCTH
0P HOPMAlbHBIX yca0BHAX P = 1,43 kr/M® W yjensmbili oGnem
= l/p = 1/1,43 = 0,7 wm%kr, Toraa Vo= vy = 0,72.32 =
= 22,4 m*/kmoab. Jlna asora aHaNoOrHuYHO nosayyaem vp = 0,8.28 =
= 22,4 m*/kMoNb.
YpaBHenue cocTOSHHS W1EaNbHOTO rasa. YPaBHeHHe COCTOSHHA
HLANBLHOTO rasa HMEeT BHJ

i

. 7— = R = const, (112)
rlle R — rasoBasn nocrosigHasn.
Has 1 xvons rasa ypasuenue (112) umeer Bug
PVy = R,T, (113)

rae V, —oGbeM | KMONS npH JaHHBIX YCAOBHSX; R, — yuusep-
Ca/bHAs rasoBas NOCTOsSIHHAS, OAMHAKOBaA A5 | KMOJA J11060r0 raza:

Ry = 8,31-10® IIx/(kmons- K). (114)

Has npoussoabHO#i Maccel rasa M o MOJIEKYIAPHOH Maccoit
BolpaxkeHue (113) MOKHO npelcTaBHTh B BHE

M

rae V — oGbem, aanumaemsiit M Kr rasa; M/p— uncno kmoaei rasa,
Ypasuenue (115) moxHO 3anucaTe Takke B BHIe

pV = MRT. (116)

”FESOBaH NoCTofAHHadA ¢BfA3aHa C ymmepcanbﬂoﬁ ra3oBOH MOCTOSAH-
HOH COOTHOILLUEHUEM

R=-—0 (117)

Ypasuenus (115) u (116) HassBaior XapaKTepHCTHICCKHMH, no-
CKOJIBKY C HX MOMOIIBIO MOXKHO XapaKTepH30BaTh COCTOSHHE Hiealb-
HOro rasa.

Mpumep 19. Onpesennts Maccy KHCAOPOAE B 6aANoHe eMKOCTHIO 75 am3 aB-
aeunn 9,8 MI1a u remneparype 20 °C. st ol
M3 xapaxrepHcTHYeCKOro ypasHeHua (115) noayuum

pV 9,8.10%.0,075
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Cmech ra3os. B TpPOH3BOACTBE HYacTO HCNOJB3YIOT pasiHuHLEe
i ra30B, HANPHMEP BCEBO3MOXKHBIE TOPIOYHE raskl, NPEACTaBSAIO-
000ii CMech YIJIEBONOPOJIOB: MeTaHa, nponaHna, GyTana, nenrana
J.; MPOAYKTH TOpeHHs, ABAAIOUIHECS CMECBIO YIVIEKHCIIOIO rasa, -
, KHCJIOPOAa, OKHCH YIVIEpOAa; BO3NYX, COCTORULHI TAKMKE U3
uHBIX Tra3oB. PaccMOTPHM 3aKOHOMEPHOCTH, KOTOPBIM MNOAUH-
oTCH Ta30BHIE CMECH. :
Baxon Marvmorna. Ecnu pasnuuHbie KOMIOHEHTH! Fa3soBOH CMECH
CTYNAIOT B XHMHUECKHE PEakUHH APYT ¢ APYTOM, TO KaKIblif Ta3
giMaeT Bech 00BeM cocy/d, B KOTOPOM NOMEIIeHa CMeCh, PABHOMEPHO
enpefensiach B HeM. [laBaenHe, KOTOpOe OKa3bIBA€T KaNbIA ra3
\cMecH, HA3BBAIOT napuHaabHBM. Ero MoKHO ONpeleniTh MO TeM-
parype H 00beMY CMECH HA OCHOBAHHH XapaKTepHCTHYECKOTO ypas-
i (116) ans panHoro rasa.

ILTOH OTKPBLI 3aKOH, COIVIACHO KOTOPOMY [aBlIeHNe, OKaskl-
MO€ CMEChio, PAaBHO CyMMe MapUHanbHLIX AaBJIEHHH OTJAENBHBIX
, BXOJAAIINX B COCTAB CMECH:

D= gpz-

"Cwmech rasoB Bejer ceGst KaK OANOPOJHBIA ras, W €e COCTOfHWE
DABHON CTeNMEHH MOKIO ONHCATh CJEAYIOUHMH XapakTepHCTHYE-
_ MH ypaBHEHHAMH!

" pv = RT — pas 1 Kr rasoBod CMecH;

- pV = MRT — pas M Kr cmecu;

- pV, = R,T — mns 1 KMoJs CMecH.

! ﬁ MepBLIX ABYX ypaBHEHUX HEH3BECTHOH ABJfETCs rasopas no-

gﬁﬂ;m}maﬂ, 4 B TpeTheM ypaBHeHHH — 00BbeM KaxA0ro KHJIOMOJS ra-
it cvecn V. Ero MOKHO onpejesuTs mo gopmymne
Vy = up. (118)
51 3TOTO HEOOXOAHMO 3HATBE CPelHIO MOJMEKYASpPHYH0 Maccy
It, KOTOpas CBfA3aHa C asoBOH NOCTOSIHHOM CMeCH SaBHCH-

10 (117):
i UR = R, = 8,31 xJlx/(kmoab- K). (119)

aKko B H R 3apucsaT OT KOJHYECTBEHHOIO H KayeCTBEHHOIO CO-

ermae easogoti cmecy. KonwuecTBeHHLIH COCTA4B TasoBOH CMeCH
m-‘aaxan B MaccoBLIX M 00LEMHBIX f0as#X. B neppom cayuae
TCH "OTHOCHTEAbLHOE MAaccoBOe cCoiepikaHie OTAeNbHBIX rascs
"Ecan 8 M xr rasosoii cvecu comepxutes My, My, Mg, .oy
A3/IHYHBIX ra3oB (OTHOCHTENLHOE MacCcOBOE cOepiKaHie nep-
my = M,/M, Broporo rasa my, = My/M; n-ro rasa m, =
JJISi TA30BOfi CMECH MOKHO 3amuCaTh

+ My + M, Tity 1= iy~ ¢ 40 =+ My = L. (120)
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Tlpu onpenenenuu cocrasa rasopoii cMecH 1o oGbeMy HCOONB3YIOT
saxon [lanbrona. INapunanbuoe naBaenne HAXOAAT H3 YPaBHEHHH ra-
3080ro cocroanns. COCTOSNHHE OTAENBHBIX Fa30B B CMECH XapaKTepa-
3yeTcst CASAYIOMHUMH NapameTpaMu:

pll Vi T:
Pas Vi T

LIRS et e T

pﬂi VI Tl

rae V — oGwem rasosoit cmecn; 7' — Temmeparypa cMecH; Dir Do seos
Pr — NAPUHATLHOE JABJIEHHE OTAENbHLIX ra3oB.

Jlnst conoctaBnenns 06BEMOB OTAEABHEIX ra30B HEOGXOLNMO npu-
BECTH mnapuuanbHbie 00bEMbl K OAHHAKOBOMY AaBienmio. [Tox map-
OHAJILHBIM OOBEMOM NOHHMAIOT TAKOH OGBEM, KAKON 3AHUMAN Obl
Kax/(blll KOMTIOHEHT rasOBOfl CMeCH, ecH Ghl OH ONWH COAEPHAACST
B COCY/E NpH AaBJASHHH, PaBHOM JIaBJICHHIO CMEeCH.

a ocuoBauun ypassenus (112) moxuo sanwucars caeayioume
ypaBHeHnus:

p1V=ﬂV1:
pV = pVy; (121)
an 53 pV 2
OrHoenus
4 v Ve
r1=—i}-; fy=—jiess3 fn= g3 (122)

* BRIPAXKAIOT DGBEMHBIE JOMH OTASMLHBIX ras3os B cmeck. U3 paeescrsa
(121) cnemyer

VI_—_V%; V2=V-‘;i;...: V,=vi,

Torna cornacuo 3akony [Hansrona nonyunm

V1+Vs+"' _{..,Vn:Vpl_f’Pe‘t“"‘i"Pu:V.

Cﬂeﬁoaare.nbﬁo,%—{—-%l—[- .-..{_%’i:l HAH Fyd-ry4- oo

£ =
Mexay OOBLeMHBIMH H MACCOBBIMH JOMSIMU, COCTABNRIOMWAME CMEch
rason, CYLIECTBYET CBH3b:

My ¥y p
TSN vl e (123)

TAE Py H gy — COOTBETCTBEHHO MJIOTHOCTH OTAENLHOTO KOMNOHEHTA
M CPeAHAR NAOTHOCTH BCEH CMECH rasos.
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Ha ocHoBasHH 3aBHCH-

\ Kax .f.L-: :: s TO ;= E}':!;‘r;.
=
1 (117) mc:;mo sanucats R, po, = Ry - Rq- OTKYy 4

Ry — Beuy
Reu B
R i Bpyinbly, oot G0

s kadiy TRLINGAY

coorHowenus (124) umeem

Rimy . e EM,
i e Z:Or‘ - R

RCM e 2 Rimi- (126)

; 8,310 :
Hs gopuyan (119) caenyer, 4TO R, = = xJUx/(xr K). Tlog
9710 sHauenHe B Buipamenne (125), nmoayaum

Re, = 8,31 E S w o (sr-K); (126)

N SRRy O e (127)
Pow= Rcu ] E Rim‘ ﬂ
i B

menus (126) u (127) cayxar pas onpeieneHus rasoeo n;;
i R, H Kaxyueficai MOJEKYJSPHOIl MacCH [iq, TasoB
i M3BECTHE €€ MAcCoBHIl COCTaB H MOJEKyJAspHas Macca

cMecH ra3oB 3ajlaH OOBEMHEIMH JOJISIMH KOMIOHEHTOB.
ysick GopmyJoil (124) ans rasoBoH CMeCH, NOJYYHM

Eﬁ#:
X my= (128)

How = X Felbee (129)
ypasrenuii (119) u (129) moxuo sanucars

(130)
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o f‘;"’fﬁf’? 2&) B :Bpg,;g'.xﬁx cr%%ag‘;%a éogepmmn no obGsemy COy — 12,294
v 170, = ] = Lhats I Kkros
Cropanus, cperuoio MOJIEKY S PHYIO Maccy ?rp iﬁiﬁg}; ﬂiﬁi%iﬂyfoofm ol

PCO; =44; po; =3 32; !LCO =28; !J.Nl = 28.
Mo dopmyne (129) nafizem ey = Y ratte = 0,122-44 -1 0,071-32+ 0,004 %
7

X 284 9.803-28 = 30,2; Torga mrotHoCTs eMeck (mpu 273 K u 101 325 [1a)

_ Mew 302
b= R T o B

On
PENENRM MaccoBIfl COCTAB NPORYKTOB CropaHus u3 coorwomeHua (124):

44
Moo, = N5 0,12 =0,175; Meg = 0,004 = 0,0037;

28
302
M, = -2 0,071 = 0,0752; -

on =0z V071 =00752; my, =2 0,808 =0,745.

HS Bﬂpa)ﬁellﬂﬂ llg 3
cligayer, urt
‘ ( ) 71 § ¥ 0 rasoBan NOCTOAHIIAS Aag f KI' CMecH Rc"

e 303 = 0,272 gllx/(kr-K),

Mpumep 21, o xaxera JaBJeHHA cﬁe
21, AYeT NOBECTH 5 Kr ras
mero cocrasa: COy — 18%, Na— 70% u O 1
: g — 12%, urof e}
oHa 33:1:‘{:;!33:?3??0 3-1- }Ts (rasoa?ial 6(!M€Cb 3ajata oéheunbrzlgﬁnn-g?;ﬁsmype g
J ouTeHHA <HO 3 = :
Aenenns Rey Bocnoabayemes qupmyn)a:ﬁm(lli?QPjaE”ﬁlQT;]:p Tl e
B BIL 831
S 01441 0,7-8 10,1237 ~ 02 kllk/xr-K).
i

OBOIl CMeCH caeayio-

Oxonuatenbuo moayuum p = 0,5-5:0,280- 10% 350 ~= 245 kIIa

KOHTPOJILHBIE BOMPOCH!

1. Kakoii ras n
rasa?

g. g HEM 3aKJIOUASTCS CYIUHOCTL 3aKoHA Asoranpo?
; LI:;;B; XapaKTePHCTHYECKO® YPABHEHHE razad
aBHa YHHBepCalb :
s y P Hafm TasoBas NOCTOAHHAA W B KaKHX eIHHHLAX ce
tE: g qem. CyuHocts 3akona Hdanstona?
g K;zorsaaxqe !lapiuanbioe AapieHne u Napuiatbusii o0hem raza?
" CBA3h MEKAY OOBEMHBIMU H MACCOBMMH AOMAMI rasoBof caecH?

8. Kak Bhipax: oc
e 4€TCA rasoBast
ragosolt  cmecu? MOCTOMHHAA W CPeNHAA MOJeKYANPHAA Macca

PHHATO CUHTaTh HAeadshLM? Yem on orandaerca or peaiibHoTO

§ 7. Mepswiit 3akon TEPMOAHHAMMKH

PaBHOBECHOE W HEPABHOBECHOE COCTONHMS rasa. Cocrosun
CTeMbl ra3a MOMET ObiThb PABHOBECHBIM HJK HEPABHOBECHBIM Pe .
BECHLLM CUMTAIOT COCTOANHE, NPH KOTOPOM napamerpsl rasa ( : ]?GH'I?-
OCTarTCA l“{EHBMEHHbM' CKOJb YFO_J(HO JOJTO, NoKa xaxne-nugc; B i }
HHUE BO3ACHCTBHS HE BHIBEAYT CHCTEMY M3 STOIO COCTOSNHA (npe},:leulg-
96 3

OTCyTCTBHE MOTOKOB Mace, TenJoTsl # Ap.). Ilpumepom pas-
OrO COCTOMHHA MOMKET CJAYXKHTh CHCTEMAa H3 BOILl H napa, no-
Hasi B SAKPLITHI TEIOH30HPOBaHHBIA COCYA. PaBHOBecHOH
ABJISieTCHA TaKke ras, Haxopsumuiicd B TeNIOH30JHPOBAH-
MHEApPE MO MOpIUHeM, Ha KOTOphIH JeHCTBYET MNOCTOSIHHAaRA
o ras, Haxoisuuiics B UHJIMHADE C MONABHIKHBIM MOPIUIHEM,
lepeiiTH ¢ HEKOTOPOil CKOPOCTLIO H3 OAHOTrO COCTOAHMS B APY-
ApHMEP PACUIMPHTHCA HJIH CHKATBCHA. [Ipun pacmiupeHud ras,
jOlLHIT HENOCPEACTBEHHO K MOPHIHIO, HAXOAHTCA nNOJ MEeHb-
j4BJIEHMEM, YeM B JPYIHX HacTAX HUJAHHLDA; NPH CHdTiHH, Ha-
ero nasnenue y nopumus Buume. Ilostomy cocrosaunne rasa
cnyuae Hepasrosectoe. 'as TakxKe HaxXOAUTCHA B HEPABHOBEC-
SAHUHE, €caH K HUJIHHAPY NOABOAHTCH HJH OT HEro OTBO-
[10Ta, NOCKOJMLKY TeMmnepaTypa CJ0eB, NpHJeramomux K He-
y TEMmJOThl, OTJHYaeTcs OT TeMNeparypst rasa B APYrHX 4a-
IHAHHAPA.
10€ PaBHOBECHOE COCTORHHE CHCTEMBI MOXKHO H300pasHTh B CH-
KOOpAUHAT OJHOH TOYKOH, KOOpPAHHATEL KOTOPOH YyKasLIBaloT
eHHOE 3HAYeHHEe MapaMeTPOB CHCTEMBL
ATHE O TepmoIMHamuueckoM mnpouecce. ITocaeroBaTesbHOCTD
HUS TEPMOJIMHAMHYECKOTO COCTOfIHHS CHCTEMbl HA3BBAKOT
Qunamuueckum npoyeccom. OH CONPOBOKAAETCS B 00UIEM Cayyae
{feM BceX HJIM 4acTH napameTpoB cHcTeMbl rasa. Ecan tepmo-
YECKHil Tpomecc OCYUIECTBJSETCS HACTOJNBKO MEANEHHO, 4YTO
Thi0 NAPAMETPOB B PasjIMUHBIX HACTAX CHCTEMbl MOXKHO Hpene-
HA BCeMm NpOTsKeHud mepexoja oT OAHOTO cOCTOAHHS B JIPY-
TAKOW Mepexoji MOMHO CHHTAaTh COCTOSIUIHM H3 HellpPEepPLIBHOrO
'PABHOBECHLIX COCTOSHHH (PABHOBECHBIM TEPMOIHHAMHYCCKHM
ccom).
JIHO [pH nepexoie raza us OfAHOro COCTOAHHA B ApPYroe C Ko-
KOPOCTBIO He cOOMOAAeTCA PaBEHCTBO MapaMerpos rasa B pas-
X 4acTAX CHCTEMBI M IPOIECC STOT He ABJSETCH PABHOBECHBIM.
OBECHEIl NPOLECC MOMKHO NPEACTaBHTB B MNPAMOYTOJBHOM
KOOPAMHAT B BHJE JHHHH, T. €. COBOKYOHOCTH TOYEK, KaXnasn
IX mpesicTaBasieT co6oil onpeAeNeHHOe PABHOBECHOE COCTON-
(pHc. 72). Bee peansHble mpoIecchl, MPOTEKAOIHE C KO-

(Pr-"'r}
- Peayaprate TepMOAHHAMHYECKOTO ;
(HasoBem ero mpsivMbiM) CHCTeMa me- (90,12
fHuA 1 ¢ napamerpamu py, Vi, 3

2 c mapamerpamu p,, Vy, T,
il mpouecc, npuBOASLILHE CHCTE-
2 B cocTosinue I, HasLIBAIOT
HMED, €CJIH pacuiHpeHHe CuH- V
HPOIECCOM, TO CXKaTHe — Mpo-

Pac. 72, Tpagax pasHo-
BECHOTO mpouecca

97




TepmoaunamMuyeckue npoueccs MOTYT ObITh OGPATHMEIMH H je-
OGparéMpimi. OGPAaTHMBIM HA3LIBAIOT PAaBHOBECHBIH HPOLECC, KOTO-
Pl DpoTeKaeT B OPAMOM H OGPATHOM HANPABACHHAX qepe’3 OAMH
H TOT € psii PaBHOBECHLIX COCTOSHHM, HEe BI3HBAs H3MEHEHHIl B ca-
MOM rase H B TeJaX, OKpyawomux cucremy. HepaBmosechme npo-
Leccsl HeoGpatumil. Bee helicTBHTesbHEe Npolecehl, BCTPeYaIOlLEecs
B TEOJIOTEXHHKE, NMpakTHYecKH HeoGpaTuMel. Msyuenne sTHX nponec-
COB MOXET ObiTh NPHBEACHO DPH HEKOTOPHIX YCAOBHAX K H3Y4YEHHIO
O0paTHMBEIX NPOLECCOB ¢ AOCTATOYHOMN JJisl NPEKTHKH TOYHOCTDIO,

PaGora rasa. Ias, maxomsmuiics B cocyge, IPH NOBHILCHHOM
AGBJICHHH CTPEMMTCH PaCIUMPHTLCH, T. €. YBEJAHYHTL SAHHMAaeMbIil
HM 00BeM. M ec/lH 5TO He BCET/a OCYIIECTBARETCS, TO NPHIHHA TOMY —
BHELINUE CHJBI, BO3JEHCTBYIOUME HA a3 H NPERATCTBYIOUIHE STOMY
pacuiipenuio. Ecau, HECMOTPA HAa NPensiTCTBYIONiEe BHEUIHHE CHALI
Fd3 yBenHuuics B 00beMe, TO NPH ITOM rasy NpHILAOCH cosepmlml
PaboTy no npeojoeHHI0 STHX Cui. AHAJOPHYHO NPH CIKATHH Ta3a
HAXOAAMErocs B COCYA€, NPHXOAHTCS COBEpIIATh PabOTy Mo npeono:
JEHNI0 JaBJeHHs rasa.

HTo06 onpeennTh. pabory CHATHA HIAH pacilgpeHus rasa, npea-
BE;D}KHM, HTO HEKOTOpOEe KOJAHYEeCTBO rala HaXOAHTCH B mumn,u;pe
i NOPUIHEM, CKOJBL3SIHHM §e3 Tper 110
it i P peHusi, K KOTOpOMY HpPHJCKEHA

Iycre B pesyabrare 101BOJa TEIIOTH ra3 Paciiy PHJACA TaK, 4TO €r0
ABJICHHE OCTANOCH HEHIMEHHEIM, & NOPIUEHD NEPEeMEcTHACa BBEPX Ha
HeKoTopoe paccrosue Ah. Ilpn sTOM ras cosepuna pa6ory, paBnyio
NIPOH3BEACHHIO CHJALI HA HOPOHJCHHEIH ODyTh. Ecau paBnense rasa
#, @ DAOELL NONePeYHoro CeyYeHHs NOpuiHsa S, TO CHAA HABJAECHHS
paBHa pS, a cosepuiaemas rasom paota AL = pS Ah. Ho nposns-
Befenne S AR ecTb sneMenTapHoe HaMeHeHNe o6vema AV, samumae-
moro rasoM. Takum ofpasom: :

AL = p AV. (131)
B o6uwem caysae npu onpeaenensn paGoTs rasa, KOTOphHHI B pe-

SyJALTate TEPMOAHMHAMHYECKOTO mpouecca (puc. 74, a) nepemea ua
coctosnua / ¢ napamerpamu py, V, B cocTosinie 2 ¢ napamMerpamy p,,

b
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Pue, 73, CmaTtme rasa B MBAMHApe
Puc, 74, Tpaguuccuoc onpeAeaenie Paloru TepmomnnaMNWEcKoro mponecea
i : oue

o pasbuth KPHBYIO MEpeXoiHOro o
ga BOJbILIOE YHC/IO ATeMEeHTaPHBIX

, HA KaKJOM H3 KOTOPBIX naBieHue
caurats newsmenmmiM. Ha sunemen-
ysactie paborta rasa AL =p AV.
a KpUBOil GECKOHEYHO GOMBLIOE THCIIO
yHACTKOB, TO RaxAsiR ygacTok AV
GeCKOHEUHO CYKEeH, H BMECTO AV MoXK-
weath dV, aBmecto AL —dL, Torza
pHas pabora

dL = pdV. (132)
tyast (132) cmenyer, 49TO KOTA2 -
uimpsierca (dV> 0), cosepinaercs pa6oTa Mo NPeoRoJieHHIO
1X CHM H oHa mnojoxurenbHa., Korjaras cauMaercs (dV<0),
cOBepIIAETCSl Hajl Ta30M BHENIHHMH CHIaMH H OHA OTPHIA-

Pnc, 75. 3asucumocts palo-
Thl OT XAPAKTEPA NPOTEHAHWA
TEPMOAMHAMHYCCKOTD npo-
Hecca

. KaK JlaBJieHne p MOXKET GHITh MEPeMEHHBIM, TO AIA OMPErese-
HO#t PaGOTH HYKHO NPOBECTH CYMMHPOBAHHE SJIEMEHTAPHLIX
ecnM M3BECTHA 34BHCHMOCTb JaBJIEHHH OT o0bema, T. €. ecid
¢pyukunn p = f (V). B sTom cayuae

\ Va

L= YpAV uan L= j pdV.

Ve

(133)

aguuecku paora na muarpavme p, V' usoGpamaercs NIOWAanso
xHOCTH Mexxay kpusoit p = f(V) H abGcuuccamu V,n V, (na

6 3alWTPHXOBAHA).
4 N0 NPEOJOJIEHHI0 BHEIIHHX CHJI 3aBHCHT HE TObKO OT Ha-

PO W KOHEYHOro COCTOSIHHH, HO M OT myTH, N0 KOTOPOMY CO-
27 ppouece. [lnomaab, orpanHvenHHasn KpHBOi i fl{V}
amu V, u V,, He paBHa NJOWaJH, OrpaHHYEHHOH KPHBOH
V) u temu e abcunccamu (prc. 75). He pasnbt Takxke u pa-

piaemule r'a3om B STHX MpOUECCax.
efupuieli paGoThl M 9HEPTHH HBANETCA NHOYAB ().
CHl NpHMEHeRHe BHECHCTEMHOH EAMHHIB — KHJOBATT-44Q
! kBr.a = | kBT-3600 ¢ = 3,6-10° x/lx = 3,6 MIlx.
qusin sHeprus rasa. Mouekysn rasa oGrajaioT KHHSTH-
eff XAOTHUECKOTO ABWKEHWH W MOTEHUWAIbHOH 3SHEP-

pasi. CymMma BHYTpeHHEH KHHeTHUECKON H HOTeH-
rufi HasmBaeTcs BHyTpeHHefi suepruefi rasa U. B 06
BHYTDEHHSH JHEprus rasa 3aBHCAT OT JaBJICHHA H 34
o6pemMa (a ciefoBaTeNBHO, H TEMMEpaTyph) H MOSTOMY
el cocTosiHMA rasa, [1pu mepexope rasa H3 COCTO#-
) B cocrosune 2 (py, Vi, Ts) BHYTpeHHSA SHEPTHN
= Uy— U, rze Uy, Uy = COOTBETCTBEHHO BHY-
ia B HAYAJMBHOM H KOHEYHOM COCTOSTHHAX. l_»!*x—
HE 33BHCHT OT XapakTepa mpoHecca, a saBHCHT
. o




TOJBKO OT 3HAYeHHH SHEPTHH B HAYANLHOM M KOHEUHOM COCTOS-
HHSAX.

Cywnocrs nepsoro sakosa tepmoaunamuxu. IlepBeiii 3akon TepMo-
AMHAMAKH npeicTaBiferT cO00H 3aKoH COXpaHeHHs! SHEPTHH MpHMe-
HHTEJBHO K TEPMOAHHAMHYECKHM npoueccaM: SHEPrHs He Hcyesaer
H HE BOSHHKACT U3 HHYETO, a JIMUIb ePEeXOINT H3 OJIHOTO BHAA B Apy-
rofi B SKBHBANEHTHLIX KoJHYecTBaxX. [IpiMepoM MoxkKeT cayxuTh nepe-
X0A TEMJIOTHI B MeXaHWYecKyio pabory, H HaoGOpOT.

Ecait k M kr rasa, sauumaioutero npu temneparype T oGsem V m?,
NIOABECTH MNPH MOCTOSIHHOM JABJEHHH HEKOTOPOE KOJHYECTBO Tel-
JoTe dQ, TO B pe3yibTare 3TOr0 TeMmneparypa rasa NOBBICHTCS Ha
dT, a oGvem — na dV. IloBhienne Temneparypsl CBSI3aHO C yBeH-
UCHHEM CpeJlHell KHHETHUYECKOH SHepPTrHH XaOTHYECKOTO ABHIKEHHS MO-
neKys1 dK. YBenuuenne xe 00bemMa NPUBOAHT K YBETHYEHHIO PACCTOS -
HHA MEXLY MOJIEKYTaMH, a clefiloBaTesibHo, K H3MEHEHHIO NOTeHIHalb-
HOW 3MEPriH B3aumopeAcTBus Mexxay wumu dH. Bmecre ¢ Tem, yse-
JW4uBas CBOH oObeM, ras coBepluaeT padory dL no npeojosieHHIo
BHEIIHHX CHJL.

Ecan, kpome yKasaHHBIX, HHKAKHX HHBIX NPOLECCOB B paloyem
TeJI€ He NPOUCXOAHT, TO HA OCHOBaHHH 3dKOHA COXPAHEHHs SHEPruH
MOKHO 3aNHCaTh

dQ = dK + dH + dL. (134)

Cymma dK -+ dH npencraBaser coGoil H3MeHenue BHYTpeHHe
SHEPIHH CHCTEMbI MONEKYJ dU B pesyibTaTe NoABOAa TemnoThl. Toraa
Gopmyary (134) moxHO mepenncarh CJAeAyIOLHEM OGpPasoM:

dQ = dU + dL (135)
HaH
dQ = dU + p dV. (136)

Has naeanbnoro rasa, MEXKAY MOJIEKYJAaMH KOTOPOTO HeT B3aHMO-
LeiCTBHA, U3MCHEHHEe BHYTpeHHeli suepriu dU NOJHOCTHIO onpejye-
JAACTCH H3MEHEHHEM KHHETHUECKOH SHEPrHu XaoTHUCCKOTO ABUMKEHIS
MOJIEKYJI, a H3MeHenHe oObeMa XapakTtepHsyer pafoTy no mnpeoicae-
HHIO CHA BHEIHEro AaBJeHus.

Ypasnenue (136) npeacrasisier cofoii MaTeMaTHUeCKOe BhIpame-
HHE NEpBOrQ 3aKOHA TEPMOAWHAMHMKH: KOJHYECTBO TemJorh dQ, noj-
BOAHMOE K CHCTeMe rasa, 3aTpaudBaeTcsi Ha M3MEHEeHHe ee BHYTpeH-
Hel sueprun dU u cosepiedne BHeliHell paGorh dL.

Yenosro cumtalor, uro npu dQ > 0 temaora coobulaeres paGo-
uemy reay; npu dQ < 0 Tenaora orHuMaercs or Teaa: npu dU >0
BHYTPEHHAS SHEPIHA TeJla yBeanuuaercs; npu dlU < 0 BHYTpeH-
HAs SHEPrus TeAa yMeHbluaercs; mpH dL > (0 cucrema cosepuiaer
pabory (ra3 pacumpsercs); npn dL < 0 paGora cosepmaercs maj
CHCTEMOH (ra3 ciKHMaercs). N o

Ilpu noasoje KOHEYHOTO KOJIHYECTBA TensoTn Q K raay Ha ocio-
Banun gopmyast (135) MoxHO sammcars Q — U, — U, + L. Tax
KaK L 3aBHCHT OT XapakTepa npouecca, mpH KOTOPOM ras nepelel
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woaina I B cocTosnne 2, TO, QUEBHHO, H (2 3aBHCHT OT Xapak-
TOTO ecca.

;oﬁué:::on TEPMOAHHAMHKH HMEET eule OAHY I:t)OpM}"JIHROBKY:
@ P30JMPOBAHHON TEPMOAHHAMHUECKOH CHCTEMbl OCT4eTcs n_er:-
0il He3aBUCHMO OT TOrO, KaKie npoLecchl B Heil npmexame.
53MOKHO MOCTPOHTH BEuHbIH ABHIaTeNb nepsoro poia, T. €.
yecky JACHCTBYIOULYIO MallHHY, KOTOpas cosepilaja 6ul pa-

3aTparhl SHEPTHH,
| KOHTPOJIbHBIE BOIPOCHI

Kakie TepMOAHHAMIYECKHE NPOLECChl HA3bIBAIOTCA PABHOBECHBIMH H HepasHo-
 oGpaTHMBIMH H HEOOPATHMEIMH? =

Kak onpefensercd paboTa rasa H B KakKnx efnnniiax Hsmepne'r;_n.

Ugo Taxoe BHYTPEHHSS SHEPLHsl ra3a H OT YEro OHa 3aBHCHT

B uesm cyuntsocth HEPBOTO 3aKOHA TEPMOAHMHAMUKH H KAKOBO €ro Maremaru-

Bhipaeie?

)/ § 8. TemsoemMKoCTh rasos

ATHE O TemIoeMKocTH. UToGHl NMOBBICHTH TEMIEPaTypy. elu-
KONWYecTBa BeulecTBa Ha dT, HEOOXOAHMO COOOUHTE €My Tem-
g. Ornowenne 2
' =t (137)
dr
T YAenbHOM TEemJI0eMKOCTBIO. Ona noxassiBaer, Kakoe KO-
BO TenJOThl HEOOGXOAUMO MOJBECTH K CAHHHUE KOJAHYECTBA Be-
A narpesanus erona 1 K. B saBrcumocTs or BeIOpaHHOI
KOJHYECTBa BEIIECTBA PasiHYal0T MaccoBYIO ¢ (OTHECEHHYIO
KHJIOMOJIbHYIO e (OTHECEHHYIO K 1 KMOJW) U OGBeMHYIO
ennyio k 1 m%) yreasnbie Tenaoemkocri. B CH ennnuua
it maccoBoit tensoemkoctH JUk/(xr- K), KujaoMoabnoi —
+ K), obnemuoit — Lk/(m* K).,
Hasl TErJIOEMKOCTb rasa 3aBHCHT OT CrocoGa Noasoaa K uemy
. Heficteutenbno, sa ocuopanun (136) u (187) moxkuo 3anu-

dg du--pdo _ du pdu 138
S T~ e L (138)

' p du/dT uaswiBaioT yjaenbHOW paGorofi, Ona moxassl-
paﬁO‘l‘y COBepLIaeT eHHHIA KOJHYECTBa rasa npH nosbl-
Temneparypst Ha 1 K. |

BOJIE K rasy TenJIoThl 3aHHMaeMplil HM 00BeM ocTaeTes
= const), 10 dv = 0 u yzenbHas TENJQEMKOCTb &, =

du = ¢, dT. (139)

TOABOAE K rasy TemyioThl €ro AaBJeHHe OCTaeTcs
‘= const) (sanpumep, ecnu ra3 HAaXOAHTCA B HH-
7 10t




JHHAPE NOJ NOJABHIKHLIM MOPIUHEM, HA KOTOPH AefCTBYeT mOCTosH-
Has BHEUIHAA CHAA), TO Ha ocHopaHuu (138) u (139) yaeabHas Tenao-
EMKOCTB :

d
=+ L. : (140)

CrepoBatenbno, yhenbHas TeIVIOEMKOCTb TPH NOCTOSHHOM A2B-
JiEHHH GOJibllIE YAEJbHOH TEnJOeMKOCTH ApPH NOCTOAHHOM 00beme Ha
yAeabnyio pa6ory. [lpoxmddepenunpoeaB ypaBHeHHE COCTORHISA
po = RT npu p =const pdv= R dT nonyyum BHpakeHHE yAEJb-
HOH paGoThl AJsl HJeaNbHBIX rasoB:

'

d .
E—=R. (141)

Ora dopmysa NOMOTaeT YACHHTh QU3AYECKHE CMBICH rasoBoil no-
croanno. OHAa nokashBaeT, Kakyio paGoTy COBEPLIAET eHHHNE KO-
JIHYECTBA Tasa NpH HarpeBanuu Ha 1 K, ecan Temwnora nojBojusiach
NpH NOCTOAHHOM JAaBJEHHH.

Ha ypasurennsa (140) caenyer ypasuenne Maiepa;

Cp— =R, (142)

Has 1 xMons MOXHO samucath: He, — pe, = B (6, —'¢) =
= uR = R, = 8,31:10® IIx/(kmons: K).

Jlns mpeansHOTro rasa ¢, H ¢, NOCTOSIHHLI, NOTOMY H OTHOLIElHE
¢Je, = R TaKxe NOCTOSHHO.

Harpesas naeanensiii ras or Temneparypu 7 2o T, npH nocrosu-
HOM oObeMe, HEOOXOAHMO MNOMABECTH KOJHYECTBO TeMJOTH ¢, =
=¢, (T3 — T)), a pis HarpeBaHus ra3a npH NOCTOSHHOM JAaBje-
u g, =c, (T, —T)).

3aBucHMOCTH TENVIOEMKOCTH OT Temnepartypul. Hcrumuas u cpep-
HAS TeNJOEMKOCTb. Y e/bHas TeNJOeMKOCTh PeajbHbIX I'asoB B OT/H-
4ie OT HjAeaNbHBIX ra3oB 3aBHCHT OT JaBJEHHS H TeMmnepatypsl. 3a-
BHCHMOCTBIO YN€NLHOH TENJIOEMKOCTH OT JaBJeHHs B MPaKTHYECKHX
pacuerax MoxHO npenebpeun. Ho 3aBHCHMOCTE yAeNbHOH TenJoeM-
KOCTH OT TemMneparypbl HeOOXOAHMO Y4HTLIBAaThb, TAK KaK OHA O4eHb
cyulecTBeHHa. Mceaenopanus noKaseiBaior, YT0 YAeNbHAs TenJsoeM-
KOCTb peajbHBIX rasoB sBAAETCA CJOMKNOH (QYHKIHEH TEMNepaTypsi:
¢ = f(T). Us sroro caepyer, 4To B pasiuuHBIX TEMNEPATYPHHIX HH-
TepBaNax ANs HArpeBaHHs €AHHHULI KOauyecTsa rasa Ha 1 K rpe-
Gyercs pasanuHoe KOJaHyecTBO Tenaothl. Ho ecam BmiGpats accra-
TOUHO Y3KHH TeMNepaTypHLIi HHTEPBaJ, TO ANd HEro MOMKHO NPHHSATDH
YAENBHYIO TENJIOEMKOCTh nocTosinnoil. OueBnano, ecam Temneparyp-
Hblli HHTEPBaJ CTPEMHTCA K HYJIO, YAEALHAS TeNJIOEMKOCTb COOTBET-
CTBYeT HCTHHHON YACNbHON TEMJIOEMKOCTH rasa IPH AanHoii Temnepa-

TYype:

P Rpra-tit .
c=1im <= WOk oo s BNIKSAS g ~—c T,
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_garpesaHyi rasa or Ty no T, HeOGXOAMMO 3aTPATHTH KOMH-
30 TenJIOTHl
: Ty
= g = j cdT,

7
MPAKTHYECKOM DEleHHH Te[JIOTeXHHYeCKHX 3afaY Moas-
noHATHEM Ccpeaneil yIOeJMbHOH TEeNJ0EMKOCTH B NAHHOM TeM=
piom unTepsaje. Iloj cpeiueil yACJbHOH TENJIOEMKOCTHIO (em)
MAIOT KOJMYECTBO TEenJoThl, KOTODOE B CpelHeM HaJo 3aTpaTHTh
peBaHi eNHHHIE KoaHyecTsa rasa Ha 1 K B fannom remnepa-
 HHTEpBAJe. ; p 3
NPHUJOKEHHH NPHBEACHE! SHAYCHIS CPEAHEH KHIOMONLHOK Terl-
0CTH IS PA3NHYHBIX Ta30B B nHTepBane Temneparyp 273...T K,
BIMH MOJB3YIOTCH NPH TENJIOTEXHHYECKHX pacyerax.
yueTOM BBEJICHHOTO NMOHSATHs CPelHEHd YIeJAbHOH TENJIoeMKOCTH
ECTBO TEnJIOTH!, HEOGXOAMMOE V1A HArpeBaHus eNMHHILL KOJH«
rasa Ha AT =T, —T,, :
g = Cpy (Ty — 273) — Cp, (Ty — 273). (143)

eAbHAS TenJoemKocTh raszosoil cmecn, [Toa yaensHofi Maccosoil
SMKOCTBIO Cyy JL2/(KT+ K), T230BOH CMECH MOHUMAIOT KOJIHUE-

AMOTHI, HEOOXOAHMoe Ais HarpeBanus 1 kr cmecn nHa 1 K.
HO, 5TO KOJHYECTBO TEMJIOTH MOXKHO MOJYYHTE NYTEM CyMMHe
§ KOAMYECTBA TEINIOThl, HEOOXOAUMOIQ AN HATPEBAHHA KaM=
MIOHEHTa, BXOASLUIETO B COCTaB CMECH,

Coue = 23 Ciftly, (144)

= YyiennHas mMaccoBas TEILIOEMKOCTE [-TO KOMMOHEHTa CMECcH]

©ro MaccoBas KOHUEGHTPAUMA (10J5). :
IOTHYHO y/eabHas oObeMHasn TenaoemMxocts evect, o/ (a* K)

Cou= X Ciri, (145)

— yhensHas OOBEMHAs TeMJOEMKOCTb KOMUOHEHTOB, r; —
KOHUEHTPauuy (IOH) KOMIIOHEHTOB CMECH.
KHJOMO/AbHAA  TEMJIOEMKOCTh  I'a3oBoi

Beulay == 2 WiCilgy “45’
i

%&mbﬂaﬂ KHAOMOJMbHAR TENJ0EeMKOCTh KOMIIOHEHTOB ra-
; i, — MOAGKYASIPHAA Macca KOMNOHEHTOB; r, — OObeM-
[HH CMecH.

WIb3YsCh JaHHLIME NPHJOKEHHT, ONPENeNHTh KOJNHYECTBO Tefks
per NP NOCTONHHOM RaBAeHn 2 K, rasosoft cmecw,
O, 75% Ni 1 6% H;O or — nauaAsHoll Temmiepatypsl

i Temneparyper 1473 K (1200 °C).
‘ 03

cmecH,

R G




ToTpe6uoe xomuvecTso TEMJIOTH HafifeM 1o dopmyne
Q=M[e,, (Ty— 273) — Com: (T —273)]-

Ins onpenenenus CPEIHETO SHaueHus yHeasHOH TenJOEMKOCTH CMECH B Témmepa-
TypHOM nuTepsane 273...1473 K (0 °C...1200 °C) nafizem cpeamion yIeTbHYIO Temlo-
EMROCTE OTJAEJABHEIX KOMNOHEHTOB B TOM JKe HHTEpBaJle TeMnepatyph. YJelnnas
Maccopas TeNIOEMKOCTL MeHbLe KHIOMOJbHON TEMTOMKOCTH B [L pa3 ([ — MoJexy-
aspnas Macca). ChlefiopaTelibHo, MOAL3YACh MPHAOKEHHEM, noiy4HM

50,740 <
CpmsCos = R 1,153 x]Jlac/(rr+K);

: 33,633
o W L 1,051 xMIx/(xr-K);

31,832

cﬂ’nﬂNg = T = 1,137 K‘H)KK(KT.K);

39,825

ComsH:0 = & o 2,213 wllx/(xr-K).

3uauenne yaeasHoil Maccosoil Tém1o
: JIOEMKOCTH OTASIbHLIX KOMIOHEHTOR B TEMIepa-
TypHou nhrepsade 273...1173 K (0...900 °C) onpegennm amamornuno; s

ComiCOs = -4% = 1,104 glim/(xr-K);
Comi0, = 3§§3 = 1,026 kIx/(xr-K);
ComaNg = 9—(12%2—4 = 1,104 &llx/(kr-K);
om0 — j_@_i(éﬂ = 2,111 xHdx/(xr-K).

Ha ocnopannu (144) cpeaunsa ylesbnan Te
IJICEMKOCTh CMECH: B TEMIE
Buteppane or O po 1200 °C S fi

Cpmpeny = 0,12:1,154~ 0,07+1,05- 0,75-1,14 - 0,06-2,21 ~
== 1,19 gJlx/(kr-K);
B TemnepatypHoM HHTepsade ot 0 go 900 °C
Cpmyen = 0,12:1,1 - 0,07-1,02 4 0,75-1,10 4 0,06-2,11 = 1,15 wllx/(kr-K).
OxonuaresbHO NOAYHIM
Q= 2(1,19-1200 — 1,15-900) = 786 x]Ix.

'KOHTPOJIbHBIE BOMNPOCHI

1. Yro nashBaercsi YAeNbHON MaccoBoil, ofbeMuoil, KHJIOMONbHON Tensoeu-
KOCTHIO Ta3a M KaKkafl CYDIECTBYET CBASh MEMAY WHMHP

2. Or uero gaBHCHT YACHbHAN TEIJIOEMKOCTH Tasa?

3. Kaxan pasuuna MeKAY YAEALHBIMH TErWIOEMKOCTAME :

" : - rasa npu n :
JaBJeHHH N NpH HocToAHHOM oOneme? PH. NOCTOHHEOM
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§ 9. OcHoBHBIE TEPMOJHHAMHYECKHE MPOLECCHI-

Msyuenue TePMOIHHAMHYECKOIO MPOLECCa 3aKJIOYAETCA B ompe-
gepHH paGOTHl, COBEPLICHHOH B JaHHOM mpouecce, H3MEHEHHS BHY-
‘ppeHHE/l SHEPTHH, KOJNMYECTBA TENJIOTH, 4 TaKkwke B YCTAHOBJIEHUH
CBA3H MeXKIy OTAENbHHIMH BEAHYHHAMH, XapaKTepH3YIOUHMH COCTOS-
HuKe rasa. Y
" M3 Bcex BO3MOKHBIX MPOIECCOB HAaHOOJbIINA HHTEpeC NpeiacTas-
| JI910T H30XOPHGI, H30GapHBIH, H30TEPMHYECKHH H ajpuadarsulil npo-
LECChH.

H3oxopHbiii mpouecc. M30XOpHBIM Ha3bIBAIOT TEePMOAHHAMHHECKHH
| ppotiecc, NPOTEKAIOUWHH TPH NOCTOSHHOM o6weme. Tako#h npouece
MOJKET COBEpIIATBCS NPH HAarpeBaHHH rasa, NOMEUIeHHOro B 3aKph-
| geii €ocyA. I'as ke B peaysibTaTe MOABOAA TENJIOTHI Harpesaercs H
.~ paBjenue B eoeyjie NOBbLILIAGTCS. KonuuecTBeHHBIE XapaKTepHCTHKH
" H30XOPHOTO Mpolecca YCTaHABIHBAIOTCA H3 YypaBHEnud COCTORHNH
% pV = RT, orxyna p/T = R/V. Ilpn V = const
o

3 i 2 A K 2
- . -7—,_(:0115’[, T =Ty (147)

s -

7. e. naBjeHye, OKasplBacMoe JaHHOH Maccoil rasa Ha CTEHKH Cocyaa
NPH M30XOPHOM mpolecce, APSAMO NPONOPUHOHANBHO aGcomorHoi
Temneparype (saxon Hlapas).

o B nmarpamme p, V uzoxopHmifi npouecc nsoGpaxaercs npamoii
mpwWed, napasnenbnoil ocn opanHat (pHC. 76), [oJy4yHBlIell Hasga-
‘HHe H30XOpHL.

. Tax xax ans M30XOpHOroO mpouecca V = const u dV = 0, 10 pa-
Gora dl. = p dV = 0. @u3ndecku 3TO O3HAYaeT, YTO B H3OXOPHOM
Mpoliecce He COBEPLUIAETCS HUKAKOH padoTel 10 OPEOf0aeHHIO BHELI-

" umx cun, W3 ypaeuenns dg = du + p dv ciepyer, 4To npH du =0
dg = du; ws pasencrsa (139)

dg = ¢, dT. (148)

Dro 03nay4eT, 4TO BCS NOABEJEHHAs TEmVIoTa PAacXoiyercs Ha yse-

" Jwuende BuyTpenueil sueprum rasa. Tak Kak yAeabHAasA TENJI0EM-
~ KOCTh PeasibHOTO rasa ¢, 3aBHCHT OT TeMMepaTyphl, TO KOJHYECTBO

. TenJoTH, MOABOAMMOE K ra3y npH W3OXO0p-

~ HOM mpolecce: 91

~3
-

4?= g — ly; = [ dl = Com, {Tﬂ - 273} T

— Ly, (Ty — 273),

rae Com, H Com — COOTBETCTEEHHO CpeAHne
Yﬁ&_'l_i_bﬂue TeNnJ0eMKOCTH NPH MOCTOAHHOM —-

7
ME B TemnepaTypHBIX HHTEpBAZAX OT L L
g0 T, K u or 273 po T, K. b

=

fapnwii NpORECCb!

i

T T S

= 108,

et A




Mprmep 23, Bamnon ¢ xucnopanom ofzemom 70 au® npr mamtenmn 9,8 MMla
MIepenocAT C yaunk, rae remnepatypa Ty= 266 K, B nomemenie, rae Temneparypa
Ty = 300 K. Yemny pabHo naBrenne rasab Kaxroe xoan4ecTso TeNI0Ts NoAYSH Ta3?

W3 coornomenna (147) moayumu

T
p,=ai—f:;=9,a-1m_23gs_? ~ 11 MTa.

-

TMockosbKy Temneparypa Mensjach He3HAYHTEABHO, MOXKHO MPHESTH YACTbHYIO
MaCCOBYIO TRILIOEMKOCTb mocTonnnofl. Torla no fanmsiM NpHAONeHHS NOAYUHM

Oy == 295?374 ~ 0,91 glx/(kr-K); cpg=1c;,—R;
Ry 8,31
R = T:'T = 0,26 Ix/(kr-K); ¢5=0,91 — 0,26 = 0,65 xilx/(xr-K}.

I'a3 Maccofi 1 Kr modydaer KoNHYECTBO TEMIOTH § = g (Ta — Ty) = 0,65:37 =
= 24 g/Iw/xr. Canras ras, Haxomsursiics B Gallione, HACAALHEIM, MOAYYHM H3 Ypas«
HeHus cocrofuus pV = MRTq

M= pV _ 9,8-108.0,07
- RTy  260-263

== !010 Kr.

Bece ras noayunr kosmuectso Tengorsl Q= Mg= 10,0-24,0 = 240 x[Ix.

Haodapumit npouecc. MsobapubiM HA3HIBAIOT TepMOAMHAMHUECKUT
mpornece, mpoTeKaroumui MpH nocTosHHOM AaBjeHHu. Takoi mpoueca
MOXXHO OCYUIECTBHTb, TIOMECTHB ra3 B OJOTHBIH UHIHHAD C NOABHIK-
HbiM OOPHIHEM, HA KOTOPHIA AefiCTBYET NMOCTOSHHAS BHEIUHAS CHJA
npH NoABENCHHH HJH OTBOJE TENJOTH (cM. pHe. 74). Ilpu marpesanuu
TEMNepaTypa rasa MOBHILIAETCSH, H OH, PACUIHpPsIsch, BHITAJKHBAET
nopiueHh W3 unauugpa. [Ipu orsoxe rensioTs: Temneparypa rasa no-
HHMAeTCs, H OOBEM €ro yMeHbllldercd, a NopIieHb NOrpyKaeTcs B [H-
JHHAP MOA JAeACTBHEM BHEWIHEH CHJBL

Ha ocropanuu ypasnenns (112) npu p = const umeem

Vi Vq

L—mmt HIH —— =
e A iy

L(MQ)

310 03Ha4aeT, UTo B U300apHOM npouecce 0ObeM, 3aHHMAaeMbIl faK-
HO#l MacCOH rasa, npsiMo NPonoOpuHOHAJEeH abCOMOTHOH TeMneparype
(saxon [eii-/lioccaka). MaoGapruiii npouecc B Koopaumatax p, V
Asobpaxaerca B BHIE npsMOil, napanneisHoll ocH abeuHee — H3Oo-
Gapo#t (cm. pue. 76). Pabora 1 Kr rasa npu u3oGapxom npouecce

Uy
= I pdv=plvy —u,),
oy
Ha ocHoBaHHN yPaBHeHHS COCTOSRA py, = RTy u puy = RT,.

[Mostomy
=R (Ty—T). )_4150)
Yaeavuan paGota H306APHOrO mPOueEcca OnPeACASETCH Bbipane-
Hitem (141).
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_ KoanuecTso TenoTel H306apHOr0 npouecca ¢ y4eToM 3aBHCHMOCTH
Py --f'y,uuihnoﬁ TEIVIOEMKOCTH pealbHOrO rasa OT TeMNeparypul MOMKHO
~ paiiTy 0o Gopmyse
-4 7y

| g= | CodT = Cym, (T2 — 273) — cy, (T, — 273),

" ple Cpm, H Cpm, — COOTBETCTBEHHO CPEAHHE yJelbHble TeNIOEMKOCTH

" ppH NOCTOSHHOM JAABJIeHHH B TeMNEpAaTypHBIX Hutepsanax or' 273

g0 T, Kuor27d no T, K. :

5 MameHenne BHYTpeHHeH 3IHWEeprud rasa B H300apHOM mpouecce

TAKOE Ke, Kak H B H30XODHOM [pOLIECCe.

\ B usofapuom mpomecce OAHOBPEMEHHO ¢ HArpeBaHHeM NPOHCXORHT

. paciumpense rasa. B sTom cayuae ML HesHAYHTENbHAA YacTb Ted-
JIOTH, NOJABEJCHHOA K rasy, uier Ha copepmenne paGorwl, JefictBu-

. TeabHO, H3 ypaBHenHs dg = du + dl nmeem

N3 i d—”}lnil-f‘—f——l———cvdq‘:I—L-
: % g " T dg dg — cpdT k

1

Hns pByxatomMemix rasoB A= 14 u -g-:;— =] s 0,285,

" Bro anaunt, uTO0 TOALKO 28,5% KOMHYECTBA NOABEACHHOM TEN0TH

; " pacxojlyeTcst Ha COBepIIeHHe paSOTH NPOTHB BHEWHHX cill, a 71,5 %. —

Ha yBeaHueHHe BHYTDPeHHeli SHEpPrHM, T. €. Ha NOBBILEHHE TeMmepa-

- TYPHL

PaccMOTpHM BECEMAa BaXKHYIO TEPMOAHHAMHYECKYIO ¢YyHKUHIO —

suTanbnoumio. B ypasuenne dg = du -+ p dv mpumenutenbHo K 1 xr

rasa roacTaBuM BeawunHy pdv = d (pv) —vdp. Toraa noayunm

" dg =du+ d (pv) —vdp wau dg =d (u + pv) —vdp. Ecau 06o-
SHAYHTD

b | u+ pv =i, L(—lm)

S dg = di — v dp. (152)

— @yukumo (151) HAa3LBaIOT SHTaNBNHEH.

IlockosibKy § 3aBHCMT OT BHyTpenneii smeprun (du = c, dT),
. 0ofbema H AaBJeHHSA rasa, TO OYEBHIHO, SHTAJIbNHA €CTh QYyHKUUS CO-
~ CTOfHHSA, 3aBHCALLAA JUIS HAEANbHBIX Ta30B (nonobHO BHYTpeHHEeH
}} 'SHEPrHH) OT TeMnepaTyphi. JHTANbNHIO Ha3bIBAIOT HMHOrAA «TENJIOBOH
~ dyHKuuei» (CNOBO ¢SHTAAbNHSA» FPEYECKOTO MPOHCXOXKACHHT H OyK-
' BalbHO 03HAUAET «HATPEBAIOY). ”
- Tlpu usoGapHOM NOABEACHHH TENJOTH K CHCTEME BeluunHa U 4p
- B Bupaxenun (152) o6pamaercs B Hyab. Torna dg = di, 7. €. H3MeHe-
* HHe SHTaNbNuH XapaKTepH3YeT KOMHYECTBO TeNnJIOTH H306apnoro npo-
3, YT0' ONpAaBALIBACT €€ Ha3BaHMe, Spranknua 1 kr pabouero Tenaa

bHas suTaabnus) uamepsiercs B kJUK/KT. R




Vismenenue sHTA/NbIHH 433 OPH H3MEHEHUH €ro COCTOSHHS OMpe-
Zendior no gopmyJae .

T,

J- g
Ty

l'-_-‘;-—l.‘ -

4 s peanbHOro rasa
iy — iy = Cppyy (T2 = 273) — Cpm, (T — 273), (153)

TI€ Cym, U Cpm, — COOTBETCTBEHHO CPENHUE TENOSMKOCTH rasa B TeéM-
neparypupix nHTepBanax or 273 go T, K u or 273 po T, K.

Npumep 24. B wninnape o6vemom 0,3 M ¢ NOABAMKHLIM NOpIUHEM HAXOAHTCH BO3-
Ayx npu pasaennn 1,96 MIla m remmeparype 292 K (19 °C). Onpefenuts KoNHYECTBO
NOABE/ICHHON TENJIOTH, KOHeUHEI ofkeM 1 paGoTy, COBEpUICHHYIO BO3AYXOM, €/l ero
KOHedHad TeMmueparypa focruraer 400°C.

Kouauuectso nofBefienioll TeNJoTs MOKHO ONpesieNiTs mo (opMye

Q= M{e,,, (Ty—2718)—c,,, (T,—273)]-

Ha ocropanun HanubX NPHIOMKEHHHE HaXoLIM
— Mpom .

!J. ]
Maccy M onmpestesnm 3 ypasenus cocrosaus (115)
pV  28,96-1,95-108.0,3

€y Com, = 1,03 kIx/(kr-K); ¢ = 1,005 x[a/(xrK),

prt

M=bRT = 83100 =0
Toraa @ = 7,0 (1,03-400 — 1,005+ 19) = 2750 w/lx.
Koueqnuit o6bem Haiiiem ma cootnowenns (149):
== T, ik 673 3
Vz HV{T‘-_— —0,3@,«* 0,69 S

Pa6ota, copepuiestas BO3AYXOM NPH €r0o pPacimHpeHit,
L= MR (T, — T,)= 7,0-0,287 (673 — 292) ~ 765 x/lx,

H3orepmuyeckuii mpouecc. MaorepmuueckHM Ha3bBAOT TepMO-
HHHAMHYECKHH (polecc, NPOTEKAUHA NpPH HEH3MEHHOH Temnepa-
rype. llpakTHYeckH OCYIIECTBHTH H30TEPMUUECKHI MPONECC ¢ rasom
BeCbMa TPylHO. Beap anst Toro, 4TOGE! B mpouecce CKaTUA WM pac-
LIHDEHHs TeMIepatypa rasa OCTaBa/iach HEH3MEHHOH, HEOGXOAHMO,
yTo0bl 332 BpeMs fepexoja MeKAY ABYMA Majno OTAHYAWUWHMHCH CO-
CTOAHHAMH Ta3 ycnesa OTAaTh OKpyXKawuwed cpeie WA NOJY4YHTH OT
HEE OmpeneneHHOe KOJIHYeCTBO Tenaotsl. M3 ypaemenus (112) npu
T = const noayuaem

Lua*;)

pV = const nau p,\V, = p,V,,
T. €. NpH NOCTOAHHOH TeMnepatrype AAs AaHHON Macchl rasa NpoH3-
BeJeHHe NABJCHHA rd3a Ha ero 00beM noctosinuHo (3akoH Boilia—Ma-
puorra). YpasueHue (154) ecrs ypasmenue mzorepmmueckoro mpo-
ueeca, rpaguyeckoe H3oOpakenue ero B KoopAuHatax p, V (u3o-
Tepma) — runepbona (pHE. 77), Jlna n30TEpMHueCKOro mpowuecca
103

._::'..dU = Mc,dT = 0; U = const, 7. . BHyT- 2

. rasa HeOOXOAHMO OTBOAMTB TemJIOTy B KO-

| peHHsia SHEPIHs HACANbHOTO rasa GCTaeTes
. HEHWSMEHHOH, H NPH H3OTEPMHYECKOM CIKATHH
JYecTBe, SKBHBaJleHTHOM paboTe, 3aTpa- pV=const
yeHHOHl H3BHE HA cxarne: dQ =dL =pdV.
Pagora 1 kr rasa npH H30TEpMHUECKOM
mpolecce OnpefesierTcs BhIpaXKeHHeM

-_' . v

1= | pa. a7 Koman wsorcoun
Uy ]
Hs ypasuenus (116) cnenyer, uto p = RT/v. Tlopcragus snaue-
L
RE; 510 gL v
‘Hue p, noayuuM [= j ——4v=RT ln? =,.c-._‘z,'.ghl%--plu1 lﬂ‘;:"-
th

Ho -2 = IL cnexoBate/bHO,
U Pa

[ S iz 6
I—-=plvlln£—:=pgygln-‘7:-_RTln “xk

Hrax, pa6ora 1 Kr rasa npH H30T€PMHYECKOM npouecce

= Lrg..-—- U_5= ,11"-I'—3-= : ik lllﬁ‘-=
l=RTIn s In R e L i

—=poinft — -4 O 155
= p,In = RT In B (155)

YuutsiBas CBA3b, CYWECTBYIONYIO MeXAy HATypPajibHEIMH H Je-
catnanmmi gorapudmamn (In N = 2,3 Ig N), moxuo gopmyay (155)
fiepenucaths B cJefyioueM BHJIE:

Sl ol
i = 2,9RT lg vy

=2.3pv,lg E—‘: = 2,3pv; Ig 2—: —

- P, :
=2,3p0, lg - =2,3p Ig 7o =2,3RT lg 7L ((156)

Flpwmep 25. H3otepmuueckoMy cxKaThio NMopsepraiorcs 8 Kr yIVIEKHCAOrO rasa

npn pasaennn 245 lla w temnepatype T = 293 K, B peayabrare Yero oGbeM rasa

- ymenbaescs B 1,5 pasa. Onpegeantp HaualibHble H KOHEWHHE NapaMeTphl, SaTpateH-
" HYIO pa0oTy ¥ KOJHYECTBO OTBEACHHOH TEIVIOTHI.

Ha prenns (154) naitzem p, = piV1/Va, Ho no yeaosmio Vyi/Vs= 1.5, TOrAa
S 245-??,5= 368( Kﬂ)a. Has o?lpeneienna HavaJbHoro o6beMa BOCMOJb3YemMcs
~ ¥pabuensem cocroanus (116):

MRT .- p_Re _ 833VI0 189 ixj(xr-K);
l’,l.= 1 » —-T-— T = I/ ( )
_ 8.189-203 ¢ v ooy RS e
T T et SO it ¥ M . 2

TS e ———

£ e e SRES




Vs

{
= . L Q- —_—
Fo=23 + 8,0 - 0,189.203 g 1

Hatfigem paGoty L =23MRT Ig

= — 180 rllx.
Tax kak jgam nsorepmutieckoro mpouecca AU =0, to Q= L = —I80 xllx.

ApuaGarasifi npouecc. AnnabaTHEIM Ha3HBAOT TEPMOJHHAMHYE-
CKHfi mpouece, npoTexatouinii 6es renaoo6MeHa pafodero Tea ¢ OKpy-
Kawowei cpenoii. [logo6Ho H3oTepMuYecKoMy, OCYIIECTBHTL Ha Opak-
THKE ajHadaTHbii npouece OYeHb cAOMHO. TaKkofi npouece Momer
npoTekark ¢ padouuM TeJOM, MOMEUEHHLIM B cocy], HANPHMEpP B LH-
JAHBAD € NOpPLIHEM, OKDPYEHHBIH TOJCTHIM CJOEM BLICOKOKddYeCTBEH-
HOIO TenJAOH30AAUNONHOTO MaTepuana. Ho u Takue matepnann oGna-
JA3ioT, XOTA H MaJoH, HO BIOJHE ONpeiesJeHHOH TenJoNPOBOAHOCTHIO,
B peayasrate Hefo/blOE KOMHUECTBO TENNOTH OyieT MPOHHKATH 4Ye-
pes cTeHKH CoCyAa OT pafouero Tela B OKPYIKAIOULYIO Cpely HJH Ha-
o6opor. Takofi TeNnnOH3OMHPOBAHHLIA COCYJN MOMXHO PaccMaTpBBaTh
TONBKO KAk NPHOAU3UTENIBHYIO Moleab aauabatHod cpenst. Onmako
MHOTHE TEPMOAHHAMUIECKHE [POUECCHl, OCYIUIeCTBJAseMbie B TEHo-
TEXHHKE, NPOHCXOAAT O4eHb OLICTPO, H 32 BpeMs HX MPOTEeKaHHS pa-
fouee Tel0 HE ycnesdeT oOMEHATHCA TENJOTON ¢ OKpysKatolied cpe-
noit. Tlostromy 5TH npoHecchl .¢ H3BECTHON TOYHOCTBIO MOTYT pace
CMATPHBATECA KaK apHabatubie. JIns BhiBona ypaBHEeHHs, CBA3BIBAIO-
uiero gassende o oosem | kxr rasa B aguaGarHoM npouecce, sannlueM
ypaBHeHHe MEepBOro 3aKOHa TepMOAHHAMHKH: dg = du + p dv. Tax
KaK ana aguabatnoro npouecca dg = 0 u du = ¢,dT, TO MOXHO

sanHcarhb
& dF 7 ndop=10. (157)

lipoandpepenunposas ypaeuenwe pv = RT, noayuum p do -
+ vdp = R dT. Bripasam orciopa dT u noacrasum B (157). INocae

NEePErpynnupoBKH OOAYYHM pdu (—‘:—Q‘l— -+ 1) u %’ vdp =0,

C yuerom ypasnenus Maitepa R = ¢, — ¢, noc/iensee BHpaKenie
MOXKHO nepeniicarb B BHJE % (ot ¢p —c) + -%f_—"cﬂ- vdp=0.
Orkyna c,p dv + codp = 0. Paspgenus nocneanee BoipaceHHe Ha
Cy PU NOJTYYHM -{% -d;’—-{—d—; = 0. O6oznauus -%2- =k H OpOHH-

o
TerpuposaB npH k = const, samuweM In o* 4+ Inp = const wau
la pv* = const. Oxopuarenso

pok = const wan pyi = pk. ] (158)

Ypasuenne (158) ectb ypamHenue ajguabataoro mpoiecca, B Ko-
TOpOM k — AOKa3aTenb agHaGarsi.

[ponenas HecaOkHbe npeobpasosanus ypasuenus (158), moxuo

yBA3aTh MexAY COGOM B AipyrHe napameTpsl B agnabaTHOM mpolecce
H noKasatb, 970 _

. k—1
() =g m (&) F =T
Yy T; Py Ts
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" el npolece B KOODAHHATAX p, U, Hashl-
" pator azuabatofi (pmc. 78). Tax kax B
- poipaxennn (158) & > 1, 10 npu u3Mene-
| mun o6beMa B anuaGaTHOM mpolecce i3-

" jo, uwem B usorepmuueckoM. [losTomy
" annpabara mopHuMaercs Goaee KpyTo, YeM 1

X - msorepma (puc. 78). 2
"= G, dT + p dv, OTKyJa ¢, dT =—p dv. Puc, 78. Haorepma (npusan /) u

Kpusyio, usofpaxaiwomyio aanabar- p|

MEHEHHE JaBJeHHs HAeT Gojee HHTEHCHB- i

Ilpn amuabatHom npomecce 0 =

Vv
O710 03HAuaeT, UTO BHEIHAA paboTa NPH  aguaGata (xpusas 2)
annabaTHOM MNPOLEcCe NOJHOCTHIO BHINOJ- g

HsieTcss B pe3y/bTaTe H3MEHEHHs BHYTPEHHCH SHEPTHWH rasa: npH
paciiApensd rasa dvp> 0 yMmeHbIIaeTcd BHYTPEHHsis SHEPTHS, UTO
APWBOAUT K NOHHKeHHwo Temneparypsi dT° < 0, a mpu cxaruu rasa
dv <50 ero BHYTpEHHSS 3HEPIHsA YBEJHYHBACTCA, YTO NPHBOAHT K

nopuiuenuio Temneparypu d7° 0. ;

PaGora aauabGaTHoTO npouecca [ = — i du = ty — Ug, WIH
1
Ty

I' SR jcu dT. Tlonaras €y == COl‘lSt, MNOJTY4HM
T,

l = ¢ (Ty— To). (159)

Jlas peaNbnBIX rasoB

Pa6oty 1 Kr rasa npu aauabaTHOM NPOLECCe MOXKHO MPEACTaBHTHL
B uHOM BHAE. IToCKONBRY ¢, — ¢ = Ruc,= R, TO RCy — €y =
= R. Orciona ¢, = R/(k — 1) n gopmyay (159) MOXKHO nepenHcathb

B Bige | = = (Ty — Ty). Ho
RT, = pyv; B RT; = pyv,.

Torsa | = ﬁ (pivy - pyvy) HAH

;_—_ﬂ(l_ T!)_ﬁﬂﬁ.(j_ﬁ _Jﬂ_(l_ﬁg‘_’_&_)_

k—1 Ty /] k—1 Ty k—1 Py
N
] [
Tak kax Py (.?_!_) H - b (ﬁ)
Py Pg -, Uy Py .
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OxkoHuaTeAbHO NOJAYUHM

b= gt o= po) = 20 [1—(2)] =

1 0y

172 b
e Pty [1_(&) k ].
k—1 Py
Mpumep 26. 10 kr azora, sanuMalomero oosem 0,85 M* npn Temneparype 293 K,

paciiipsiioTes aflHabaTHO A0 KoeeuHoro fJasienns 196 klla.

Onpefennts HadadbHOEe AaBJeHHEe, KOHEUHHIl oGbem, Temneparypy H paboty,
COBEPLUSHHYID Ta30M.

HauansHoe gasnienne p; onpefeauM no ypasHeHHIO cocrosua (116), cumtas ras
HIEANIBHEIM:

(160)

MRT 8,31
h= 5. B - R =T ~ 0,297 Kﬂ.}ﬁ!(xr- K}:
10-297-293
,01=————0 085 2 ~ 10,2. 103 Ila.

Koneunmii ofbem onpefeluM H3 YpDaBHEHHS:
L0
P\ %
Vo=V (—) .
- £ P2
Tak kax xas AsyXatoMHOrO rasa (asora) k= 1.4, to

1

10,2-105 \ 1.4
V, = 0,85 (——1 s

Koueunyo temnepatypy Ta Hafiiem us cootnomenns (112):
T. — paVaT4 s 1,96-10°.2,77.293
" V4 10,2-10%-0,85

~ 2,77 M5,

= 183 K.
Pa6ora pacunpeinnn

1
L=7—1 (nVi—nVs) =

= T]ié' (10,2:10%-0,85 — 1,96-105.2,77) = 8,1.108 [lx.

Hoantponusiit npouecc. [lomutponueiM Ha3wBalOT MHOroo6pas-

HbIH Tepmonnﬁamuqecmﬁ npouecc, KOTOphIﬁ ONHCHIBAETCA YpaBHe-
HHEM

pV"™ = const. (161)
3iech n — MOKasaTelb NOAUTPONB, —00 <G n < oo
Bt (162)

TAe ¢ — yAeabHad TENMOEMKOCTb rasa B MOJHTPONHOM MNpOLECCE;
lf-‘p H Gy — COOTBETCTBEHHO yﬂeﬂbﬂﬂﬂ TEINJIOEMKOCTb rasa HpH MOCTOSIH-
HBIX JaBJeHHH H 00neMe.
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o’no CNONUTPONHBIHY TPEYECKOr0 NPOUCXOMKAEHHS H O3HA4YaeT
oodpasbifi. U3 ypasnenus (162) mmveem

- c
ne — ne,=c¢—cp; (h— l)c=:w,,-—c—;c,,;
n—1Dc=Mn—Fk)c,

n—#k <
C=——="1¢

e (163)
‘Ecan B dopuyae (163) n = 0, 10¢ = ¢,k = c,, a ypasuenne (161)
umer Bux pV°® = const mam p = const, T. e. ypaBHenue u3obap-
ro mporecca.

[IpeoGpasyem Bripazenne (163):

¢ n—=Fk £ 1

=.n_—._:.._@-—1‘

5 W=k iy u n—1 i
orAa npH n = oo NOAyuuM cle, —1 =0; ¢ = ¢,.
Taxum oOpasom, NpH 7 = oo Mbl HMEEM YpPaBHEHHE H30XOPHOr)
cea.
au u3 obeux uyacrell ypasHeuus (161) ussiedp Kopeub n-i cre-

1
p"V = const,

fPHHSITD 1 = 00, TO MOJYUHM YPABHEHHE H30XODHL
. Ecan B ¢opmyne (163) n =1, 10 ¢ = oo; n3 dopmyast (161)
Aydaem ypaBHeHHe u3oTepMuieckoro mponecca pV = const. [lpn

b= n—
= k yﬂeﬂbﬂaﬁ TENJOEMKOCTD C =m Cy/== 0' a 3TO oO3Hayaer,

enoo6MeH OTCYTCTBYeT, HAET aguabaTHEI MpOLece, ypaBHeHHe
oporo pV* = const.

M3 ypasnenus (163) creayer, uto yAeabHas TemI0eMKOCTs MO-
OHITH H OTPHHOATENBHOH, Hanpumep, ecau £ =>n > 1 (an1s monu-
, PACTIOJIOKEHHBIX MEXAYy H30-

# § aguabaroii, puc. 79). Tor 24 <9
T, YTO yAenbHAs TEIJIOEMKOCTh
[pHIlaTeNLHA, 03Hauaer, 4to dg
B BBHIpaKEHHU ¢ = {;% HMEIOT
€ 3HaKM, T. e. HeCMOTps Ha
IEHHE TensoThl, Temmeparypa
nagaer. 3rto sBAeHHE, HA
B3rIAgA Kakylieecsa mnapa-

IBIM, CTAHOBHTCS SICHBIM, 5 A=
PACCMOTPETb YpaBHEHHE S k>n»f
N i = uﬂ_f‘us"l"l- n=+o00 n=K
F |, TO mpu pacumpe- : Y

2 Puc, 79, B pAChoIOKEHHE WOMAN~
PaboTa COBEPIIACTCA HE  1pon, posomwiuNE %epea oxmy Tousy

vl e e —

e s




TOAbLKO Oaarogaps DOABOAMMONH TennoTe, HO M B pe3yAbTaTe yOLIH
BHYTPEHHEH SHepTrHH (us <t ), 4TO BAEUET 3a COOOH MNOHHIKEHHE
Temueparypsl (Ty < 7y). Ilpn cxatus rasa paGora npespaiiactcs
B TEIJIOTY, 4aCTb KOTODOH OTBOAMTCS, @ Apyrasi— pacxopyercs Ha
VBeJNHYEHHE BHYTPEHHEH SHEpruH, BhI3bBag TEM CaMBIM TOBBIIEHHE
TeMnepaTyps.

Tax xak ypasnenne (161) nosmrponHoro npouecca AHANOIHUHO
ypasueniiio (158) agnaGathoro mpouecca, To H Bce GOPMYJb Onpe-
JeJleHHsl mapameTpoB H paboOTel rasa npH MOJHTPONHOM INpolecce
TaKkue e, Kak # QA aiHabaTHOro, ¢ TOH TOJBKO pasHHIEH, YTO
BMECTO NoKasaress ajuabatel £ 3AMHCHIBAIOT NOKA3aTeb MOJHTPONE 7.

daevenrapHas pabora npu NOJHTPONHOM npouecce dl = nTRl dT.

B 3aBHCHMOCTH OT noKasaTenst NOMMTPONH, NPHHUMZIOMErO 3Ha-
Y€HHA OT —o00 J0 --00, MEHAETCs M BHJ KPHBOH, XapakTepH3yiouiei
NoAnTPONHLIA npouecc. Ha puc. 79 nsobpakena cCOBOKYMHOCTE Mpo-
XOAALLMX Yepe3 OfHY TOYKY DNOJIMTPON C pAa3IHYHLIMH 3HAYEHHIAMH
noxasareneii, Iloantponnl aas n = oo nn = 0 npeacraBasioT coboit
DpAMBIE THHHH, sl oo B> n > 0 — runep6oan (W3oTepma, aauatara);
AJsl MOJNHTPON C NOKA3aTeNaMH R P> ©>1 TenJoeMKocTh OTpHua-
TeapHa. [lonutpona, nocrpoennas B KoopAauuarax p, V, TeMm xpyue,
yeM Ooaplie 3HaYEHHE €€ NOoKa3aTens fl.

KOHTPOJIbHBIE BONPOCHI

1. KakoR nponecc Ha3sIBaeTCH H3OXOPHEM H KaKHe NapamMerpsl Ta3a HIMERaoTes
npH M30XopHOM Npolecce?

2. Karoil npouecc Hasmpaerca nsoGaputM? Kak onpejensiores rennora u paGora
rasa B msoGapHOM npoHecce?

3. Kaxkolf npouecc Ha3mBaeTCs H3OTEPMHUCCKHM H KaKOBA 3aBHCHMOCTD MEMAY
HIMERTIONIAMHCA T1apaMeTpaMi Tasa NPH H3OTEPMHYECKOM Tpolecce?

4. Kaxoil nponecc nasuipaerca agnaGaTHEM, Kak ero Tpadmuyeckn usofpaxaior
B KoopAuHatax p, ¥?

5. Kaxoii TepmofnHaMudecknfl NPOHECC HASHBaETCs NOAHTPONHEIM?

6. Yro Taxoe SHTaNLINA TA3a U KaKoBa PHIHYECKaA CYNIHOCTD ITOH TEPMOLHBA-
MuuecKol QynKuau?

§ 10. Bropoii 3akoH TepMOjHHAMHKH

TlonsTHe o kpyrosom mpouecce. B kakjom asurartese, B KOTO-
pOM TEnJIoTa npesBpallaeTcs B paboty, paGouee TedAo AOMKHO pacuis-
partecsa. IlponomxnTenpHoe i GesocTaHoBOMHOE jJeliCTBHE ABHTATEAs
ANl mony4Yerus GOJbINOTO KONMYECTBA SHEPTHH TpebyeT Henpephis-
HOTO NOBTOPEHHA paGoYuM TEIOM MpoUEcca pacliMpeHHs. 310 BO3-
MOXHO OCYIIECTBHTb JByMsA nyTamu. [lepBmit nyts 3akmousercs
B TOM, 4TO pafouee TeNo paciuHpsercss W yAaasercs H3 ABHTaTeas,
a B3aMeH €ro H3 HCTOYHHKA NOCTyNnaeT HoBas nopunus paGouero pempie-
€TBa, KOTOpoe BHOBb pacmimpsercs. Bropoit nyTb CBOAHTCA K Tomy,
470 paboyee TEIO MOCJAE pacIHpeHHs BO3BPaulaeTcs B HCXOJHOE CO-
CTOSSHHE NYTEM CKATHH, 4 3aTeM BHOBb paciinpsercH.
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B nepeoM caydae HYKHO HMETh BCE HOBHE P
HoBble TOpIiHH pabouero peniectsa. Bo BTO-
pOM CJAyYae MOXHO AJHTENLHOE BpeMs o6Xo-
: gn"r'bcs: OfHUM M TeM e palouuM Teaom, HO
4 ero cxKaTHe LO/DKHA TPATHTLCA pabora BHem-
x cui. Yto6bl NONYYHTh OT TAKOH MaIlHHBI
noviesnyo paboTy, CUEBHAHO, HA CXKATHE He-
XONUMO 3aTpayuBarb MeHbIue paboT, Yem
pepluaetr pafoyee TEeJO MPH PAacliHPEHHH.
HsvereHHe cocTodHs paboyero Tea B0 BTOPOM
caydae rpaduuecki MOXKHO MPEICTABHTh B KO-
- opAunarax p, V B Bule 3aMKHYTOW KPHBOIl
- ACBDA (pnc. 80). PaGouee TeJio NpH 3TOM MonepeMeHHO pacuinpsercs
| M CKHMaeTcsi, BO3Bpalllafich KaXALlf pas B nepBOHauYaIbHOE COCTORA-
- pue. Taxoil 3aMKHYTHIA NPOLECC HA3WBaeTCA KPYTOBBIM [POLECCOM
. HJIH [HKJIOM.

- Ha yuactke ACB ot neTogHHKA K | Kr paGouero Tena noABORHTCH
| KOAWYECTBO TENIOTHl ¢y, OPH STOM BHYTpPEHHsS SHEPTHs H3MEHAETCH
.~ Ha Aw, u coBepuiaercsas pabota [;.

i Ha yuactke BDA ot paGouyero tesa (rasa) OTBOAHTCS KOJHUECTBO

TENNOTHL ¢, BHYTPEHHAS SHEPTHsi NpU 5TOM yMmeHbiiaercs Ha Aus,
‘2 s BO3BpAlLIEHUA Ta3a B HCXoAHOe coctosthne A HeoOXOAMMO CoB2p-
- mmT> padot/ I.

Taxkum o6pa3oM, COTJIACHO NEPBOMY 33KOHY TEPMOAHHAMHKH s

. mpomecca pacmupeHust Ha yuactke ACB ¢, = Au, + I, 4 Ans cka-

- THa "a yvactke BDA ¢, = Au, + [,. PasnocTs KONHYECTBA NOABE-
JEHHOH H OTBEEHHON TENAOTHI

Puc, 80. Fpadudeckoe on-
pesenenne paboTel  3am-
KHYTOr0 HOHKAa

g=qy — = My + 1, — Aty — L5,

[TockoabKY mocJ/ie BO3BPAIeHHS B HCXOAHOE COCTOSHNHE apaMeTpal
.~ paGouero Testa Te ke, uTo W BHawame, Auy = Aus H ¢y — ¢ = I, —
o — L, = [, tne | — paGota 3aMKHVIOrQ UHKRA, PaBHAas pPAasHOCTH
abor pacuupenus Ha ydactke ACB n cxarus Ha yuacTke BDA,
H OonpejeiseMas JOILAAbo 3awTpuXosanuofl nopepxuocts ACBDA.
Ouesunno, [ >0, ec1n HanpasJenue 00X0ia KpHBOH Nporecca acy-
WECTBAETCS MO YacoBOH CTPeAKe NPH NMOMOXKEHHH OCeH, YKasaHHOM
~ Ha puc. 80, u [ <0, ecin Hanpasjienue 06xoxa NPOTHBONONOKHO.
- Yeaosue [ 0 cootsercrsyer palore Tensoporo aeurateasi, a [ <d
<< U — paGoueii mamiHRbl, B KOTOpOii paboTa COBEPIIAETCH BHEIUHHMH
SaMEKHYTHIl OpONECC MOKET OhiTh O0GPATHMBIM M HeoOpaTHMBIM.
{KJBI, COCTOSIHE TONMBKO H3 OOpaTUMBIX OPOURCCOB, SBAAIT-
)ATHMBIMH, B NPOTHBHOM CJyuae OHH Ha3blBaioTCA HeoOpaTH-

€HeHb HCTIONB30BAHUS TEINIOTHL B [IHKIIE ONpeACASETCH repuq'm@-
KO3(ppunyeHTOM nONE3HOro AeiicTBHA TV, UPSACTABJASIOMAM
13 {15
Ll 2




Puc.- 8§1. Huxa Kapuo:
a — npamoil; 6 = ofparnui

OTHOLIEHNE KOJMHYECTBA TEMJIOTHI, NpeBpaluleHnoli B paGoTy, K KoJu-
HECTBY 3aTPauyeHHOH TEMJOTHI: '

— !
B i, =, (164)

e 4y 1

Unxn Kapno. Ha Beex nHKJIOB, BCTpeyaioOUIiXCsT B TEPMOAHHAMIKE,
ocoboe 3HaueHHe MMEET Tak HaswiBaeMelll muka Kapwo. dror upeans-
HBIIT IHKJ TEIUIOBOrO ABHTATeNs OblI NPEIIONKEH (PaHIY3CKUM HHIKe-
Hepom Caan Kapuo B cBA3H ¢ HeCen0BanKeM PaGOTLl NAPOBLIX MALUNH.

UTo6k nocTponTh Takoll uuKa, BOOGPasHM, 4To | K& waeaspHOro
rasa, B3fATOTO B KayecTBe paGoyero Tesid, HaXoAHTCH B TEMJIOH3CHHDO-
BaHHOM HHUJMHIPE C NOABHXHLIM NOPUIHEM, mpudeM pabouee Telo
MOMET NepHOAWYECKH COOOIATHCH TO C TOPSIYMM OCCKOHEYHBIM HC-
TOMHHKOM TeMJIOTH!, HMEIOUWMM NOCTOAHHYIO Temnepatypy T, To ¢ Xo-
JIONHEIM OECKOHEUHBIM TEIOM, HMEIOHMM TeMmneparypy Ts H BLINON-
HAIOWAM pOJIb XoJOoAuabHMKA. Ilycrh cocrosHue pabouero Tesa
B Touke I (puc. 81, @) py, vy, Ty. Ilonyuas ot HCcTOUHMKA HekoTOpoe
KOJIHYECTBO TENJOTH ¢y, F'a3 H30TEPMHUECKH paclIMpsiercs 10 COCTOs-
HUsA 2, KOTOPOMY COOTBETCTBYIOT NapaMeTphl p,, vy, T,. [locae storo
NeaBejcHHe TemIOTH K pabouemy TeNy mpekpauiaercsi, HO a3 mpo-
Ao/Kaer ainabaTHO pacuiuparhes (yxke He moayuas TemsioTs!) 10
COCTOSIHHSA 3, B KOTOPOM €ro JiaB/ieHHe PAaBHO Py, 0OBEM Uy, a TemMmepa-
Typa T, << T,. B TOuKe 3 Haunnaercs H30TEPMHYECKOE CIKATHE rasa,
KOTOpOE NpojoiKaercs Ha BeeM yuacTke S—4. [lpu stom naenenpe
YBETHUHBACTCA 1O py. UTOObI OCYLIECTBHTL H3OTEPMHUYECKOE CIKaTHE,
HeoOXOIHMO OT paGodero Tela OTBECTH H MEPefaTh XOMONHILHHKY
onpelle/IeHHOe KOJNHYECTBO TEIJIOTHI ¢, SKBHBAJEHTHOE paboTe, 3a-
TPaYeHHOH Ha M30TEPMHYECKOE CKaTHe, B Toyke 4 XOMOAMIBHHK OT-
COENHHSACTCS OT CHCTEMBI, OTBOA TEMVIOTH! NPEKPAMAETCs, H NPH Aailb-
HejillleM CXKaTHH a3d MaBJIeHHE H TeMmneparypa ero yBeliIYuBaiOTes
2o 3navenni py H Ty, a o0beM yMeHbllaercs 1o MEPBOHAYAMLHOrO
SHAYeHHS !y. i,

‘TaknuM obpa3oM, MH NOAYYHAH nuka [—2—3—4—1, coctosmui
U3 aByx nsorepMm: I—2 ¥ 3—4, u apyx agmabar: 2—3 u 4—1.
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fe=1— T2, (165)

1. e. repmuyecknit K1 uukna Kapno saeueut TONBKO OT Temmepa-
gypst ucTouHnKka T; H XonoauabHuka Ty, npuueM 3HAYCHHE 1), TEM
Goablire, yem Oonpiie Ty B menbiue T

Pacuersi NOKa3LIBAIOT, YTO €C/IH TeMIepaTypa XoaoauapHuKa Ty =
= 283 K, T0 B 3aBUCHMOCTH OT TéMOepaTypbl Harpesaresis TepMpye-
ckuit KI1[1 nuxna KapHo npuHuMaer CAEAYIONIHE 3HAYCHH:

T K v =0 e g S 5000 700 900 1100 1300/ 1500
My . . ... 04 06 069 074 078 0,8l

[MoayunTb suauenue 1, = | mMoxuo auuib npu Ty = 0 uan T; =
= oo, HO HH TOTO, HH APYrOro UPHHIHIIHAJBHO MOCTHTHYTh HEMb3A.

bBoaee Toro, Kapuno joxasan B cBoed 3HAMEHHTOH TEODEME, HTO
HEBO3MOKHO MOCTPOHUTH NMEPHOAHYECKH NEHCTBYIOMHI TENJIOBOH NBH-
rateNib ¢ UAKIOM, HMewlum Goaee Buicokui Tepmuvueckuin KITH, uem
KIIJ muxna KapHo npH OAMHAKOBBIX HAYalbHBIX H KOHEYHBIX TeM-
mepatypax. B arom cmeicne KTl nmuxaa Kapro ecte TOT mpejed,
K KoTtopoMy Moxker npubausnteest KITJ wikna moboi TenJOBOH Ma-
niunsl. ITostomy ¢ menpio noesiineHns 3G(heKTHBHOCTH HCNIOAB30BAHUSA
TENJIOTH B pealbHbIX TEMJIOBBIX MalIHHAX CTPeMATCs N0 BO3MOXHOCTH
NOBLICHTH [1apaMeTpbl HarpeBartess H MOHH3HTb MapaMerpnl XoJo-
AHALHAKA.

B cBs13u ¢ obpaTnMocTbio HuKaIa KapHo MOXKHO NPOBECTH €ro B Ha-
NpasJeHny, NPOTHBOMOIOKHOM yKasaHHOMY Ha puc. 81, a. B stom
cnyuyae (puc. 82, 6) or Tena, umeiouiero remnepatypy T,, oTHHMaeTCH
KOJIHYECTBO TEIWVIOTHl ¢y M OTRAETCS ADYroMmy Tely, HMEOIEMY Ten-
neparypy Ty > T,. Tak Kak TenjaoTa OT TeJa C MEeHbUei TeMIepary-
Poit caMonpou3BOJILHO HE riepefiaerca Teny ¢ 6oJee BHICOKOH Temnepa-
TYpoi, TO IJs1 NPOTEKAHHST STOr0 npouecca HeoOXOAMMO 3aTPaTHTb
onpeneneHuyio pabory. [Ipuuem, eciu OT XOJOAHOTO Te/la OTHHMAETCH
KOJIHYECTBO TEMIOTH (5, TO O0JIee ropsiueMy Tejy mnepefaerca KOJH-
YECTRO TEOJAOTHL q; > (3!

q =g + L (166)

Oo6patuuiil nuka Kapro sBasercs HAeadbHBIM LHKJIOM XOMOAH/b-
HOHl matuinusl. g ouenKH 5PHEeKTHBHOCTH XOJIOAM/IBHOH YCTAHOBKH
BEOMUTCH XOJOAHJIBLHBEIA KO3(ppHIHERT

s a3
H— =2, 16
t 41— 14 ( 7)

Xomonuapnetit koshdunuent obpatHoro uuxkna KapHo 3aBHCHT
TOJBKO OT TEMIEpaTypsl Teja, Yy KOToporo salupaerca Tem/1oTa, H
Te&Jla, KOoTopoMy Tel/IoTa Mepejaercs:

T,
R:-'-Tle;;'- (168)
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B ormiune or repmuseckoro KITI 1), XoMoRHMbHE Ko3(un-
€HT % Bcerja OoJblie eAHHHIL.

CymnocTp BTOpPro 3sakona repmopmsamuku. Ilepsmit sakom Tep-
MOAHHAMHKH YCTaHAB/KBACT CBs3hL MEMAY HIMEHEHHSIMH BHYTPEH-
Hell SHEPrHH CHCTEMEl, KONHYECTBOM TEemJOTH NPOIECCA W KOMWUECT-
BOM pabOThl, NPOHCXOAALIMMM NPH B3aHMHBLIX NPEBPAILEHHAX pas-
JHYHBIX (JOPM SHEPIrHH, HO HE HO3BOANET PElINTh BONPOC O BOSMOK-
HOCTH H HaODABJCHHH NPOTEKAHHN TOTO HJAH HHOTO TEPMOAMHAMHYE-
CROro nmpouecca. Mexzay Tem 10T BOmpoc mMeeT GOAbLIOE NpaKTHYE-
Ckoe 3nauenne. OOnYHO mpespauleHue paGoThl B TENJIOTY He BeTpe-
Ya€T HHKAKHX 3aTpyAHEHHH W orpanuuenuit. Hanpumep, pabora cun
TPEHAA HAH paboTa MO CXKATHIO Ta3a MOKET NOJHOCTBIO NEePeXcAHTh
B reniory. Muave oGCTOHT JeNlo ¢ NpeBpauleHHeM TenaoTs B pabory.
B npsimom nskae Kapuo e s noiseesHas Tensora npespailaercs
B palOTy: 4acTb €€ He MCHO/b3YEeTCH M NePefaeTCsi XOJMOAMJMBHHKY.
Jpyroi npuMep: TenjioTa oT KarpeToro Teia K boaee XOJOJHOMY Hepe-
XOIHT cama CO0OH, TOrAa Kak OGpaTHHA HPOLECe HEBOSMOMKEH 663
AONOAHUTEILHOR 3aTpaThl paGoThHL.

Bce 314 0coGeHHOCTH NPONECCOB YCTAHABAHBAIOTCH BTOPLIM 34KO-
HOM TEPMOAHHAMHKH. BriepBbie OCHOBHLIE HICH, JEXKALIHE B OCHOBE
BTOPOrO 3aKoHA TEPMOAHHAMMKH, OHIM BERICKasans B 1824 r. Caau
Kapro. B patore «Pasmpiuienns o JABHIKYIIEH CHJIe OTHSA W O Malliu-
HaX, COCOCKEIX pasBHBATh STy cuay» KapHo nucaa, yTo noscioay, rie
HMEETCS PA3HOCTb TEMNEPATyp, MOMKET NPOHCXOAHTH BOIHHKHOBEHHE
ABHMCYUIEH CHABL. JIBHXKYIas CHAA TENJAOTH He 3aBHCHT OT arenTos,
B3ATHIX s €€ Pa3BHTUA, H €€ KOJHYECTBO ONPEAENsuercs HCKIOUH-
T€JBHO TEMNEPATYPOH Tesl, MEXAY KOTODHIMH B KOHEYHOM CUETe mpo-
M3BOAHTCS NEPEHOC Tel/IOTH. Temnepatypa rasa A0/xHa ObTbL nepBo-
HaualbHO KaK MOXKHO BhlNeE, YTODBL NONYYHTh 3HAYHTENLHOE Pa3Bu-
THE ABHAYILeH cuabl. ITo Toil ke npuunHe oXJaxAeHHE AOIKEO ObiTh
Kax moxHO Gonbie. Hennss HageaTscs XoTs 6bl KOraa-aubo HCNOAb-
30BaTh BCIO JABHXYILYIO CHJY TONJIHBA.

B s10ii GopMmysnupoBKe (paKTHYECKH BCKpHITA CYUIHOCTh BTOPOro
SAaKOHA TEPMOAWHAMHKH, YKa3aHbl YCJAOBHA, NPH KOTOPhIX BOIMOXKHO
NIpEBpAllieHHe TEMVIOTEI B paloTy, W OTMEYEHO, OT HEero 3aBHUCHT -
(eKTHBHOCTL 3TOr0 npeBpamennsi. Ona yKasnlBaeT TakKe HA HEBO3-
MOKHOCTL MOJHOIO HCNOJNB3OBAHKSA TEIJIOTH AAA NOJYYeHHs! paboTH,
T. €. Ha HEBOSMOMHOCTb NOCTPOEHHS BEYHOIO ABHTaTelst BTOPOroO
pOAa — JBHraTens, cosepmaioulero paGory Gaaroaaps Juib ORHOMY
HCTOYHHKY TEMIOTH.

BTOpO¥ 3aKOH TEPMOAHHAMHKH HMEET elle HECKOIbKO dopmyanpo-
BoK. Bor ¢opmynnpoBka, KoTopyio nan asraufickuii ¢usuk Tomcon
Keavpii Yunpsay (1824—1907rr.): seanss nocTpouts nepuoaHuecky
AEHCTBYIOULYIO MallWHy, BCe JeHCTBHS KOTOpPOH CBOIMJNCH OBI TOJLKO
K NPOH3BOJACTBY MEXAHHYECKOH PabOoThl H OXJAKACHHIO OAHOTO HCTOU-
HHKa Temnotel. U3 atolt GOopMyIHPOBKY caeayer, Y4TO TENJA0Ta, Coob-
maemast paGoueMy TNy, HE MOMNET NOMHOCTBHIO NMPEBPATHTHCH B pa-
6ory, 4T AJis OCYULECTBACHNS 3TOrO NPeBpalleHHs HEOOXOAHMO UMETH
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; "-‘itpoue parpesatens eme H XOJOAHJBHHK, TEMAEPATypa KOTOpPOro BCe
| ppeMs [O/KHA OCTaBATbCR HHXKE TeMmmepaTyphl HarpesaTens.

. Hewmenxuii ¢usur Kaaysuyc Pynonsd (1822—1888 rr.) copmy-
upoBal BTOpOfl 3aKOH TEDMOJAHHAMHKH B BuJE MOCTYJaTa: Tem/iora

HEe MOXET MepexXofuTb OT XOJNOJHOI'O Tenma K Oonee HarperoMy cama

- cobofl.

[MpuBenennbie GOPMYTHPOBKH BTOPOTO 3aKOHA TEPMOAHHAMHKH OT-
© jugatorcsd no dopMe, HO CYIUIHOCTE HX OAHa, OHH JHIIE NOAYEPKIt-

. BaioT pAa3JIHYHLIE CTOPONE MPOSBJEHHS 3TOrO 3aKoHa.

MHousitHe 00 snTponun. BBegem eime oauH napametp pabouero
Tesa, uMeiomuil Gosblioe NPpaKTHYECKOe 3HaueHue A objerdedus
PellieHUsT MHOTHX TeMJIOTEXHHYECKHX 3alla¥, — SHTPOMHIO. ITOT napa-
MeTp He uMeeT (PHSHUECKOro CMmICja, BBeleH (GopMalbHO HA OCHO-
BaHHK MaTeMaTHUeCKHX coofpa>keHHH NPHMEHHTENbHO K HARANMb-
HOMY rasy. :

PaccmoTpuM 3/1eMeHTapHEIH TepMOAHHaMHUECKHH npouecc, B Xone
KoToporo K | Kr rasa noaBofuTcs (RJIH OTBOAHTCA) TaKoe Heﬁonbmga
KOJI{YECTBO TEMIOTH dg, 4TO ero TeMneparypa T’ ocTaercs HEH3MEHHOI,
Ha ocHoBanuu MepBOro 8akOHA TEPMOLHHAMHKH MOXKHO 3alHCaTh

dg = du + p dv.
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PasnenuB o6e gacTH 3TOro ypaBHenus Ha T, mosyynm

dg _dr , pdo 6
=t (169)
OfioaHayuM OTHOMIEHHE
4 2 — ds. (170)

Jumponus s — BeAHYHHA, U3MEHEHHE KOTOPOo# ds B 3mementap-
- HOM Tpomecce paBiHO OTHOWEHHIO 3/EMEHTAPHOr0 KOJHYECTBA Ter-
~ JoTel dg, y4YacTBYIOUIEi B 3TOM mpoilecce, K NOCTOSHHON TeMmnepa-
Type 7. CnoBO «9HTpONHSAY» TPEYECKOE H B MEPEBOAE 03HAUAET Mpespa-
lenie, _
Ypasrerue (170) na ocnoanun (139) u (112) sanuwem B cheayios

oieM spae:

g, mdl s g
dS——T——— 7 +R i

[IpounTerpupoBas mocnenHee BLIPaXKeHHE, MOAYIUM C TOYHOCTHLIO
fl0 NOCTOAHHON HHTErpHPOBAHHUS '

s=¢InT+ Rlnwv
e ﬁponatiad:epenuupyem ypasuenne pv = RT: pdv + vdp =
- = R dT. Bwipasum orciona p dv u noucrasum B ypasuenue (169}

. = dT dT dp
- i d5‘r=£'a—?.—--f—R—-!-"—-U—T"- il

(171
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Tax kax 0/T = Rlpn ¢, + R = ¢,, 10ds = ¢, dT/T — R dplp.
Tlocsie unTerpupoBaHusi ¢ TOYHOCTLIO JI0 NOCTOAHHON HHTErPHPOBAHHA
MOJIy9HM 3

s=c¢,InT—RInp. (172)

Ecin B pesyibTate KaKoro-au60 KOHEYHOro Npoiecca HAeasbHlil
ras nepeiles1 13 coCTosiHus / B cocTosinue 2, TO Ha OCHOBaHUH Bhipa-
xenui (171) u (172) MOKHO 3aKIIOUHTH, YTO SHTPOMHS H3MEHHTCS HA
BEIHYHHY

sg—slscnln%l—i—f?ln—gm=cp In g2 +RIn 2. (173)
1 1

Hamenenne surponun pabouero Tema, a He ee abCOMIOTHOE 3HAaue-
HHE B KAKHX-THOO COCTOSIHHAX XapaKTepH3YeT KOJHYECTBO TEeNJIOTE,
Y4acTBYIolled B TePMOANHAMHYECKOM NPOLECCE. [lostomy npu Tepmo-
AHHAMHYECKHX pPacueTax He HMEET 3HAUEHHS, OT KAKOTO HCXOAHOTO cO-
CTOsiHHS paboyero Teia MPOM3BOAHTCA OTCYET SHAYECHMUID SHTPONNH.
O0b9H0 B TeXHUYECKOH TepMOAUHAMUKE NpH pacuerax TemIOBHIX ABH-
rate/ieil IPHHATO OTCUNTHIBATE SHTPONHIO OT 3HAUCHHS, paBHOro HYJ/0
AJIA COCTOSIHHA Paboyero TeJla, HaXOASWEroCs APH HOPMAVILHEIX YCJI0-
Busx (7' = 273 K, p ~ 100 kIla).

M3 Bripamenns (173) CIelyeT, YTO H3MEHEHHe SHTPOIHH 3aBHCHT
OT TNapaMeTpoB rasa B Ha4aJbHOM H KOHEYHOM COCTOSHHSIX H He 3a-
BHCHT OT npomecca, no KOTOPOMY H3MEHSETCR 3TO cocrosiuue. Ilo-
STOMY SHTPONHIO MOJXHO PacCMaTPHBATL KaK IapaMeTp COCTOSHHS pa-
Gouero Tena.

Tennesan anarpamma T—s. Tak Kak Kau oMy COCTOSIHMIO Teqa
HIH CHCTEMEI Tel COOTBETCTBYET ONpEAe/EHHOE 3HAUeHHe TeMmnepa-
TYPH T ¥ SHTPONHH S, TO KaxA0€ PABHOBECHOE COCTOANHE ero MOMKHO
n306pasuTb rpaduuecki B Koopruxatax T, s TOYKO#, a o6paTHMEI
NpolUece H3MEHEHUs COCTOAHUS — aunHueld (puc. 82).

[Lromane snementapworo npamoyroisnuka, paBuasa T ds, naer
8Hauenie TemIoTs dg, NONBEACHHOI UK OTBeNeHHON oT 1 Kr rasa. 310

T
2
T4
vy =const vp=canst
T %2 '
1!
¥
T. s > _Jt'rdr
! : |
- AN
s A5 SIS 5 A

Puc. 82, TepmojnniMuvecknfi npo-
Hece v

Puc, 83, Haoxopu
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ONPHBOANT K H3MEHEHMIO 3SHTPONHH Ha GECKOHEYHO Manyl Beld-
9

uuHy ds. A nioulaae noa Kpusoil /—2, paBHas J T ds, npeacrasasier
1

KOJMHYECTBO TEIWIOTHL ¢ mpollecca, H3obpaxkenHoro Kpusoid I—2. Tlo-

STOMY JAuarpaMmy, NOKasaHHYI0 Ha puc. 82, Ha3LIBAIOT MENA0EOIL.

Sy AuarpaMMy HIHPOKO NPHMEHAIOT NMPH TEINIOTEXHUYECKHX pacye-

TaX W BCerga cTpoAT Anad 1 kr paGouero tesa. Tak kak T >0, 10

H ds IMEOT OJMHAKOBLIE 3HAKH, A 3TO 3HAUHT, 4TO NOABEAEHHE

* pemioTH (dg ©>0) yBenuuupaer sutponuio (ds ©>0), a 0TEOA TennoTH
(dg << 0) ymensmaer ee (ds <: 0).

OcHOBHBIE TePMOJAMHAMHYECKHE TIpoueccel B auarpamme 7—s.
Haoxoprei npoyece (v = const). M3 ypasuenns (171) caenyer, uto
H30xopa B Anarpamme T—s (puc. 83) usobpakaerca Jaorapupmnue-
ckoit kpupofi. Ilnomans nox m30Xopoit XapaxkTepusyer KOJAHUECTBO
TENJIOTE U30XOPHOTO Npolecca, PABHOE H3MEHEHHIo BHYTpenieli sHep-

2 2

UM g = j T ds = j ¢, dT. HM3oxopel, cooTBeTcTRYIOUIHE GOMbLLINM
1

1
sHaueHuaM v (v, B> v;) Ooaplie yaageHel OT OCH OpAnHat, 0o, Kak
caeryer M3 ypasuenusa (171), mpu yseanuennn v yBelHuHBaeTCs i

| saucHue s, Msvenenue suTponuu B H30XOPHOM npoiecce

& S In%:?,Bcvlg%. (174)

Hsobapueii npoyecc (p = const). Us Beipamenns (172) caenyer,
4To u3obapa Takke nszobpaxaercs HA Anarpamve T — s Jdorapugmn-
yecKoil KpuBoil (puc. 84), HO TaK KaK ¢, ©> €y, TO Haoﬁgpa ABJAACTCA
Gonee noJoroil KpHBOH, 4eM H30Xopa, NPOXOoJfAliasd ¢ Hel Yepes oaHy
To4Ky. [laowans mox H}aoﬁapoﬁ )éam' B HEKOTOPOM MaciiTaGe namene-

HHUe SHTaALNUH ¢ = _[T ds = jc,, dT = i, — is.
i i
Ha anarpamme T — s n3obapa, cooTsercTBymoulas GosblieMy 3Ha:

.~ genuio aaBjeHHA (P, B> pi), pacnoiokeHa GJHIKE K OCH ODIAMHAT: H3
~ Bupaxenus (172) caepyer, 4T0 NpH YBEJHYEHHH p 3HAYEHHE S YMEHDL-
laercs. Mamenenne sutponun B u3006apHOM mpouecce

T T
Sy — 8 = In f‘—: = 2,3c, 1g T:: : (175)

Hsomepsuseckuti npoyece (T = const). M3otepma na Anarpamye
" — s w3oGpaxcaercs npaAMoil, napaaneapnoil ocu abeuuce (puc: 85).
Iiomans nop stoit npsMoit B HekoTopoM MaciutaGe onpeneasel Ko-
- JINECTBO TEnJIOTH ¢, MOABENEHHOE K rasy (HH OTBEJEHHOe OT HEro)
HIPH H3oTepMuuecKoM npoiecce, ITa e NJIOMAL onpeleser padory
121




T
T4
v=const §* ‘a -
1
L P2 :’ Py T 7 '
p=const /
; 77

] Aieizi {: EpdT

T‘? mm '2

7 F g |
- T > 52 8 5 5

Puc. B4, Basaumuoe pacnoRoienne Puc. 85. Haorepmugecuuil Puc. 86. AamaGarnmid
n300apLt H HIOXoP! M ABYX W3obap npowece npoecc

rasa B H30TEpMHYECKOM npoiecce. Hamenenue SHTPONHKH Tasa npd
H30TEpMHUYECKOM npoiuecce

Sg—'SlL—-Rln—:i:Rln_f}l.=
1 |

=23Rlg = =23RI1g L, (176)
; Uy Pa

Aduabamneul npoyece (dg = 0). Ha yeioBuit ds = % noJayuaem
s = const. B cBA3# ¢ 9THM axuabaTHELL NPOLECT HA3LIBAIOT elle HHOAA
H303HTpONHiHEIM. Anuabara wusoOpaxaercs B Koopauuarax T, s
BEDTHKANILHOA npsamoit (puc. 86). IMaowaas nmox amuaGartoit paBHa
HYJIIO. -

Kpyzosoti npoyecc. Kak B xoopawuatax P, Uy TaK 0 B KOOpAHHA-
Tax T, s Kpyrosoil nporecc H300paxkaeTcsi 3aMKHYTOH KpuBoii. Pac-
CMOTPHM KpYroBo#i mpomecc oGuero Bupa (puc. 87), npu KoTopoM
Ha ygactke A BC ras moJyuaer KOJHYECTBO TElIOTH Gy, OTIPENIETACMOR
miomansio ABCC'A'A, a ua yuactke CDA' oTHaeT KOMHYECTBO Ter-
JIOTH ¢, paBnoe nuowaau ADCC'A'A. Ouesunno, uro g =g, — g
usobpaxaercs maomansio ABCDA u onpepeasier paGoty, KoTopas
COBEpIIACTCH 32 OAHH UHK/. JTa paboTa NOJOKUTENLHA, €C/IH HATIPaB-
Jenne o6Xofa KOHTYpa COBNafaer ¢ HanpaB/eHHeM BPAlLEHHA Haco-
BOil CTPEJKH, H OTPHUATENBHA NMPH MPOTUBOMONOKHOM HalpaB/IeHH
ofxona. B mepsom cayuae — tensopas MallliHa, BO BTOPOM — XO-
AOAHAbHAS,

KT kpyroBoro npouecca mosmo BeIpasuTh Qopmynoi

-t _ _Sascpa
b gy Bce'A’AB | Ty
Jaa o6paTHMOro 3aMKHYTOro npouecca H3MeHeHHE 3HTPONUH
ds = 0. las samgryTOro obparumoro npouecca KI1J1 moboro mikia
BCErla MCHbLIIE €NMHHUB!, MO0 BO3BpalleHHe Tena W3 COCTOsHuA C
B cocTosiiine A HeH30EKHO CBASAHO ¢ OTAa4eH TenJOoThl g, KOTOPAR
pasHsijiach Obl HYJI0, €CAH 6ni 0o0paTHbIi OPOLECC OCYIECTBAAACH 1O
Kpusoit C'A’, T. €. npu TeMuepatype 7 =0, pocTimenne KOTOpOil He-
BO3MOMCHO,
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Puc, 87, Kpyroeoli npouecc Puc.-88. Buxa Kapno

O6patumuiit nuuka Kapuo, cocrosmuii M3 ABYX H30TEDM H JABYX

,_;".annaﬁa'r, usobpaxaercs B KoopauHatax T, s B BHI€ NPAMOYroJb-
" mnxa ABCD (puc. 88).

Tepmuuecknit KI1JL nukaa Kapro, Kak 970 c/IeAyeT H3 AHATPamMMLl

S . T, (sp— 51) Ty
s Sy Dy (Mmoo g R e,
e b e ¥,

" w10 coenanaer ¢ Qopmysoi (165).

KOHTPOJNILHBIE BONPOCHI

1. Kak nportekaer UnKJ B TeNJOBOM ABHIaTeNle; KaK ONpeieasieTcd TePMEYECKHH

~ KIUL wikaz?

2. M3 gagux mpoueccos cocToRT wika KapHo B KaK Buipamaercs TepMHYECKWH

KI1L sroro umkaia?
S 3 Yro rlpe:l..c;‘snﬂﬁer eoGoil obparnuil nuka Kapho? Uro HashBaeres X0A0AuIb-

- BuM KosdHIHERTOM B KaK OH BhpaKaeTca?

4, B uem cympotTh BTOPOTO S4KOHA TEPMOAHHAMHKH?

5. Kak Belpamacrca M3VMEHEHHE SHTPONHH WAEaJbHOTO Ta3a?

6. B xaxux KoopiunaTtaX CTPOHTCH TeNJoBas AHarpamma?

7. Hro xapaktephsyer niowaib NojA KpHBOH, H300pamaiouiell TepMoHHaMBTYe-

\exuil npoiece B TenAoBol JHarpamme? 2
8. pl?ax naobpamalores rpaduueckd B xoopiusataXx T, s nsoxopunil, nsobap-

B, wsorepmuyeckull, aanaCaTnumft DpoUeccH?




T'nasa 4

BOJISIHOH NAP

§ 11. OGwue ceoiicTea

Bonsmoii nap, npuMensmeMbii B COBpEMEHHOH TenJoTexnunke,
G/IH30K N0 CBONCTBAM K peajibHbIM rasaM.

Jorst mpakTuuecKHX pacueToB COCTAB/EHB! TAGHIEI 3aBHCHMOCTH
MapaMeTpos BOAAHOTO Napa OT TeMnepaTrypsl M ZaB/eHHS B [HPOKOM
HHTEpBage Temueparyp (a0 1273 K) u zasaenus (zo 10° Ia), a Takxe
TNIOCTPOEH| | ANarpaMMbl BOASHOTO Napa, KOTOPLIE NO3BOIAIOT BBICTPO 011~
PEIeNIATE ero napamMerpsl H pelllaTh MHOTHE TENJIOTeXHHIeCK e 3a1auH.

Mpouecc napooGpasosanus. Boja B :KHAKOM arperaTnom cocTosi-
HIIH MaJONpHrojHa B KadecTse DaGOuEro Teda A NpEBpPAlICHHS
TEMUIOTEl B MEXaHHYECKYIO padoTy. O6IuHO BOly BHAYAME NPEBPALAIOT
B Map B NapoBblX KOTJIAX NMPH NOCTOSIHHOM AaBjeHHH. [las paccMo-
TPEHHA nporecca napooOpA30BaHUSA NPH NOCTOSHHOM JABJEHHH Mpei-
CT4BHM, 4YTO B UMJIHHAP HOJ MOPIIEHb, HATPYKEHHbIl MOCTOSHHOM
cu/iol, momemen 1 xr Bogsl npu 0°C. Tak Kak Boja mpaxTHUECKH
HECHKHMaEMa TIPH A4BASHWAX, NOPHMEHSEMBEIX B TEMIOTeXHHYECKHX
YCTaHOBKAX, CYHMTaeM, 4YTO ee yAeabHbii o6vem ©v = 0,001 m¥/kr.
CocTosinie BoAbl MPH STHX YCAOBHSX 0GO3HAYHM TOuKOH a (phc. 89).

Harpeem Bosy B umanuipe, noiBofs K Heli TemnoTy H3BHe. Tlpn
HEHSMEHHON HArpy3Ke HA MOPIHICHL (HEM3MEHHOM AaBJeHMU) MOBEL-
LICHHE TeMIepaTypel NPHBOAHT K YBEAHUYEHH:O YAENLHOrO ofbema
i surponun. Ilpy Hekotopoil Temmeparype, saBHCAIlEl OT A4BJACHIS,
MPEKpPATATCHA MNOBHILEHHE TEMNepaTyphl, HECMOTPHA Ha HansHeiiles
nojiefieH e Ten1oTsl. Bola HAYHET KUNeTh U HHTEHCHBHO HCNAPATHCH;

-0603Ha4YMM COCTOSIHHE BOI:l B MOMEHT 3aKHIAHHA a.

Ilo mepe nambHefillero nojBeNeHHA TEMAOTH KOMHHECTBO BOAHL
YMEHLIUACTCHA, 4 KOJHYECTBO Napa yBenHuHBaercs, YJeNbHBHI 0GneM
W SHTPONHA paGoyero Tena O4YeHb GBICTPO YBeJAHUMBAIOTCH. Y BEMHY-
Bas KOJHYECTBO NOABENEHHOH K UHIHHAPY TEMIOTH, MOMKHO JOGHTHCH
NOJIHOTO npespainenis Beedl Boin 8 nap. Coctoanme paGouero tena
npH 3THX YCJOBHsX 0603HAauHM a”.

B npouecce napooSpasoBanus Mexay Touxamu a’ u a” pacouee
TEI0 HAXOAMTCA OAHOBDEMEHHO B [ABYX arperarHslX COCTOAHHAX:
HUIKOM H napooGpasHom. Kaxuomy o6nemy, sanuMaeMoMy paGogim
TE/IOM, NPH STOM COOTBETCTBYET ONpefe/eHHOS KOJIHHECTBO napa u
BOAB. B 5THX COCTOAHHSIX KHIKOCTb M nap HAXOAATCA B AHHAMHYE-
cKoM pasroseciil. [IpH STOM Cko/BKO MOMeKyN B eTNHHUY BpeMeHH

124

Puc. 89. Npoyecc napooGpasopanius

MIETAET H3 AHIKOCTH B NPOCTPAHCTBO, 3aHHMAEMOE NapoM, CTONLKO
€ MOJIEKYJI BO3BpallldeTcs H3 napa B KHAKocTb. [lap, naxopsmumiics
AHHAMHYECKOM PaBHOBECHH C JKHJKOCTBIO, H3 KOTOPOIl OH 0B6pazo-
CH, HA3LIBACTCH HACHUUAIOWIM HIH HACHIUEHRBIM.

Teuneparypy HacHIIENNOro mapa, paBHYIO TEMIEPATYPE KHOCHHA
TOYKe @', HAasLBalOT TeMnepaTypoil HACHIENHS T, Temneparypa
| HacHumeHHs 3aBHCHT OT Jasxenus (puc. 90), .

. Msorepunueckoe ymenbntenie 06LeMa HACHILEHHOIO mapa npu-
BOJNT K YaCTAYHOf KOHJCHCANHH ero, OGIIEe KOMHUECTEO napa yMeHb-
. IIEeTCH, HO €r0 MJOTHOCTH M J4BJEHHE He H3MEHHIOTCH. Haotoepor,
| H30TepMHUECKOe YBeiHueHHe 00beMa BEI3LIBACT JICHAPEHHE JOMOJIHN-
- HNTeJIBHON NOpUMH BOJABI, YTO NPHBOAMT K YBEJIHUYEHHIO KOMHYECTEA
- napa. Opnaxo, Kak H npi yMEHBIIEHHH OGBEMA, €T0 MAOTHOCTL M
- AABJIEHNE OCTAIOTCH HEH3MEHHBIMIL.

~ Touka a” (cm. puc. 89) coOTBETCTBYET COCTOSHHIO, NPH KOTOPOM
BCS JKHAKOCTD npeBpatuaack B nap. Hacwunennsii nap, ne copepxa-
| BJlaru npu TeMnepaType HACHIIIEHHA, Ha3biBalOT CYXum Hacoi=
| WjEHHbL MIH CYXUA TIEPOM. g
 Yuactky a’a” COOTBETCTBYeT TaKk HashIBAEMBI 8AQICHDEL nap,
PEACTABASAIONIHI  COGOMl  cMech, KHMANeR -
KOCTH 1 cyxoro napa. Ilpn srom mewpy £ 70272
JIKOCTBIO H DAPOM MOXKET He ObITh Pe3KOoi [
HHULI, @ KAneNbkH JKHAKOCTH OpoHH- Z00——= I

OT @map BO B3BELIEHHOM BHJE. 15
MaceoByio gomo cyxoro napa Bo Baa- /

HasuIBAlOT cmeneroo cyxocmu X. Ions 100

BO BJIaXKHOM Tape, HaswiBaemas cTe- 7 ,J/

BJaxKHOCTH, paBHa 1—X,
3JIEHHE W TeMNepaTypa Hacemueuns g
ONPEAeNRIOT COCTOSIHNE BJAAXKHOIO 400 500 600 ;
Ka4yecTBe NONONHHTENLHONO napa-  Pue. 90, 3amncHMocts

IPHMERSIOT CTeneHb cyxoctH X,

|

oT pasenns

¢

PATYPM  DACLIICHHOTO napa -




Ecau uops 1 kr Bofsl, B3sgToft npu 0 °C, noMecTHTh NOA NOpPIIEHD
OHARHIpPa npH 6oJiee BRICOKOM AdBJIeHHH, UYeM Mpex/e, TO ee yjeab-
HEIF o0neM ocraerca pasHeiM v = 0,001 m%/kr. B koopaunatax p, o
(puc. 89, a) HOBOE coCTOsIHME onpeaensercs Toukoi b, abcumcca Ko-
TOpoii coBNaaaer ¢ abeuuccoi ToukH a. B koopausarax T, s (puc. 89, 6)
TOYKH @ H b COBNajaloT, NOCKOJNBKY NPH JiIo0OM HaBJ/ICHHH 3HTPONHIO
soget npu 0 °C nprEHMaloT paBHOH HyJMO.

C noBbimeHneM faBJeHis BOJA 3aKHNaeT npu Go/ee BBICOKOH TeM-
neparype, o6beM, 3aHHMAEMElHl €10 B MOMEHT KHMEHHS, H SHTPONHSA
TaKKe yBeJqHYHBaloTCH. 210 cocrosuue oboznauum b'. Ilo mepe noi-
BeJleHHA TENJAOTH K KHNAUIEH BOJe B UHAHHIAPE 06pasyercs BJIAXHBI
nap, KOTOphiil 3aTeéM mpeBpallaercst B CyXoif. 10 coCTOAHHE 0003HE-
uum b”, Touka b" aexur Ha rpaguke JAesee TOYKH a”, TAK KaK mJOT-
HOCTh HACHILEHHOTO Mapa C NOBLIUEHHEM TeMmepaTyphl YBeJHYH-
BaeTcs, a ylelbHHH o6beM H SHTPONHS yMEHBLIATCH.

Ecnu paccMaTpHBaTh Kambli pas npouece napooOpasoBaHHid npH
Gonee W GoJee BHICOKOM AaBJEHHH, TO TOYKH, XapakTepH3yiouiHe
cocrosune Boasl npu 0 °C, pacnosoxarcs B KoopaHHaTax p, v Ha nps-
mo#i- [, napanjiesbHOH OCH OPJAHHAT, a B KOOpAHHaTax T, § COMBIOTCA
B OJIHY TOUKY @, Jie/Kaulylo Ha ocH opAuKar. ToukH, COOTBETCTBYOLLHE
COCTOSIHAIO KHOEHHA BOJBI, 06pa3yioT TAK HA3LIBAEMYIO HIKHIOW
AOTPaHHYHYIO JIHHHIO 2, a8 TOYKH, XapaKTepH3ylomiHe COCTOAHHE cy-
XOro napa, — BepXHOW norpasnunyo kpusywo 3. Ha Huxued no-
rpaHiYHOH KDHBOH BCE TOUKH XapakTEePH3YIOT COCTOsIHHE pabodero
Tena, /i KOTOPOro crenenb cyxoetd X = 0, nostoMy €8 HA3hBAIOT
Kpupoit pasnoit cyxoetn X = (. CoorsercTBenno BepXHAf porpa-
HHUHAA KpHBas ABJASIETCSt KpuBOH pasHoH cyxoctn X = L.

Ilpu HexOTOPOM AaBAEHHH TOYKH C OXHMM H JABYMs IMTPHXAMH COB-
nagaior (royka K). 310 3HAYNT, UTO MPH HEKOTOPOM AaBJeHHH HET
NPSMOMIHHEHHOIO y4acTKa nepexoAa KuixocTH B nap. B touxe K
HHEJAKOCTh H CyXod nap ofaafaoT OAHHAKOBHIMH IapaMeTpaMH.
ITy TOYKY Has3LIBAalOT KPHTHYECKOfl H BCe mapamMeTpbl, XapaKkTepH-
sylomne pabodee TeJO0 B STOH TOuke, — KpuTHueckuMH. [las BOABL
KPHTHYECKHE mapaMeTpel: p,, = 22,129 MIla; T, = 647,31 K;
Uy = 0,00326 m¥/xr,

Ecau K cyxoMy HACHIIEHHOMY napy NpH MOCTOSHHOM JaBJeHHH
NPONOVIKATL NOABOLMTE TeNJOTY, TO €ro Temmepatypa, YAeAbHBbli
oGbeM H SHTPONHA yBedHuatcs. [ padur H3aoGapHOTO NOABEACHHA
TEnJIOTHE [IPH 3TOM H300Pa3HTCH B KOOPAHMATaxX p, v OPAMOMH, napad-
neasHof ocH aboumee, a B koopauuarax T, s — KpHBOil, Becbma
61H3KOA K JIOTapHQMHUYECKOH.

[Tap, Temneparypa u ypeabHbiit ofvem koroporo GoJasle, dem
Yy Cyxoro, HasHBalOT nepezpemsin. HaoTepmuueckoe HIMEHEHHE
00bEMa NEPETrPeTOro napa NPHBOAMT K H3MEHEHHIO €ro NaBJCHIis,
On He HacHl@eT MPOCTPAHCTBO, B KOTOPOM HAXOAHTCH, HO3TOMY
HA3LIBACTCS! HEHACHILUEHHBLA. ;

Bepxias U HHUNKHHAS MOrpaHuvyHbie KpusBbie OpH P > p, (Cu.

pue. 89, a) nensT AMATPAMMY Ha TpH HACTH: CeBa OT HHXKHe# morpa-
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Euanoll KpuBOH — 001ACTb XKHIKOrO COCTOSIHUSA, CIpaBa OT Bepxued
gorpaHHyHON KPHBOI — 00J1aCTh NEPETPeToro napa, a MexAy HUMH—
‘pOJacThk BJAAXKHOIO napa.
To avarpamme T—s (puc. 89, 6) MOXKHO ONpeJeNHTb KONHYECTEO
maoTe Kaxjoro npounecca. Hanpumep, niomans nof Kpusoit ab’
XapaKTepH3YeT KOJMHYECTBO TEIJIOTH, HEOGXOAMMOE sl HarpesaHus
1 kr soas or 273 K 70 TemnepaTyphl KHNEHHS, COOTBETCTBYOLiEH
‘onpenencunomy nasnenwio. Ha yuacrke b°'0" msoGapa cosnagaer
HIOTEpMOii, H MVIOMLAb NMOJ STHM YYaCTKOM XapaKTePH3YeT KoJHue-
' CTBO TENJOTHI, HeODXOMHMOE ANf npeBpameHHst 1 Kr kKunanlefi sofs
CyXoli nap mpH TeMneparype HachllleHHd, T.e. NPeACTaBlsier coboit
Je/bHYIO TENJIOTY napoobpasosanus r. Ilnomans nog Kpusoi 56"
apaKTepHsyeT KOJNHYECTBO TEIVIOTH, 3arpayeHHOe Ha neperpes 1 kr
YXOro napa o mekoropoi Ttemmeparypul [Ty > Tyl ¢ (T, — T),
"Fle C,, — CPEAHAA TENJIOEMKOCThb 1apa B TEeMNEpaTYPHOM HHTep-
e T, ... T,
- OcHoBrble napameTphbl BOALI B BOASHONO napa. [1i1s npakTayeckoro
_onpejesenns napaMeTpoB BOASHOTO Hapa nNpH PeulieHHH TeNJoTeXHH-
YECKHX 3ajau HCNOJb3YIOT TAOMMYHBIE HJH NOJAYYEHHBIE H3 AHATpaMM
~ janpme. OCHOBHEIMH NapaMeTpamMH ABJSAIOTCA YAeNbHBIH 00BeM, yienb-
' Had 3HTaabns, yAeJNbHAA SHTPONHA H BHYTPEHHAA SHEPTRA.
* PaccmorpHM KpaTKO OCHOBHBIE CBSI3H MEXAY napamerpamu pabo-
. HEro Tena B pasyIMuHBIX COCTOAHHSAX.

Boda. ¥ nenvumii o6bem Bousl npH 273 K u mo6oM npakTHueckoM
‘sHagennd Jasnenus v = 0,001 M*/kr, YIeNbHYIO SHTANLIHIO H yJeNL-
‘Hyio surponuio mpu 273 K ycioBHO NPHHHMAIOT DAaBHLIMH HYJIO.
Tlo mepe narpeBanus yAeJbHHIH 0GBEM BOAHL yBenuuliBaercsa. Y aeisb-
BEIH o6bpeM KHNgUleH BOALI 3aBHCHT OT AaBJeHH.

YTo6e BCKHOATHTE 1 Kr BOJB UpH OOCTOSTHHOM JABJIEHHH, HEO6-
“Xomumo coobmuTe eit ¢° kk Tennotu, onpejensemoll no dopmyae

k= ‘ g = o (T — 273), (179)

" A€ C,, — CPEANsA yleAbHAS TENJAOEMKOCTh NPH NOCTOSHHOM J4B-
= JIeHHM B MHTEpBajze TeMmneparyp L 1 B RS (G

- Tenxora pacxoiyercs Ha yBeAHueHi€ BHYTPeHHeH 3Heprum Au
© B copepuienne paGoTH, T.€. ¢ = Au + p (V' —v;). Tak kak pas-
.~ HOCTH U' — U, OYE€Hb MaJja, TO NPaKTHYECKH MOXXHO CYHTATH, Y4TO BCH
_ ¥ensoTa MJET Ha M3MeHeHHe BHYTPeHHeil SHEepruHu.

~ Ilpn 273 K BHYTPeHHIOIO IHEPrHI0 NPHHHMAIOT PABHOH MYJMIO

¢ = u'. Yaenbnywo suranbnhio kunsulell BoAul i’ onpesensior no

myJie
i'=u' + pv'. (180)

Tak xax npn pasaenun 10.,.20 MIla sropoe cnaraemoe sHavH-
SHO MEHbINE [EPBOro, MOXKHO NPHOIHIMEAHO NpHHATH, 9T0 i =
= g¢'. Hosenenne | Kr BOAM RO KHNEHHs npH NOCTOAHHOM
27




AABJCHUH BJACHET 38 COGOH H3MeHeHHEe €€ JSHTPOMHH Ha Ben-
YHHY

i‘“ll’.

§= j AT
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Cyxoii nap. Cocrosmue CyXOro HacChIEHHOTO Mapa Kpaiine mHe-
YCTOHUHBO, TaK KaK HEe3HAYHTEALHBIH OTBOJ, TEMJIOThI OT HEro npH
MOCTOSIHIIOM JaBJIeHHM CBfi3aH C mpeBpalleHHeM CyXOro mnapa BO
BJAXKHDLIT, @ HE3HAYHTENBHBIH NPHTOK TEMJIOTS NPEBpallaeT ero B nepe-
TpeTsid nap. B cBsaAsH ¢ 3THM OonbiTHOE Onpejlle/ieHHe yIeabHOr0 00%-
eMa uv” CyXoro mapa AOBOJIBHO CJOKHO. Y IeAbHHI OFneM v" cyxoro
napa spasercss QyHKUHed nasaenus v” = f(p).

YIeIbHYI0 3HTAABOMIO CYXOro napa i" onpeensilOT MCXOAA H3
CACLYIOWEr0 yCJOBHS: H3MEHeHHe A/ UHC/IEHHO PaBHO Tem/IoTe H30-
Gaproro npouecca. IIpumenurensuo K H306apHOMY mnpoleccy mnpe-
Bpalenns 1 xr kunsueil Bogs B cyxoil nap MOXHO S8anHCaTh r =
=" — {', orRyaa

S (181)

YIenvuylo BHYTpeHHIOW 3HEPrio CyXoro mapa u" onpejensior
no copmynae
u" = i" — pv”, (182)
HMamenenne ynensnoii sHTponuu cyxoro napa s"—s' = r/T,,
e s — SHTPONHsSL CYXOro napa; s’ — sHTponust Kunsumedi BOJBL;
Ty, — aGcomoTHast TeMnepaTypa HACHILEHHA, Otkyna sHTponus
Cyxoroc mapa

o oo (183)

Baaxcnodi nap. ¥ penbuslii 0GbeM BJAAXKHOLO napa vy €O CTeneHbio
cyxoct X onpeaensior, yduThBaAg crenylomse yeiosada. Eenn
00beM cyXxoro mapa v” ¥ B | kr BaaxHoro napa co CTeneHsio cy-
XocTi X conepxkutes X wacreil cyxoro napa, TO 00bEM, 3aHHMaeMBlil
HM, cocrasasger v’X. Ocraapmyio wacts (1 — X) sanmmaer Boaa,
oGbem Koropoit pasen v’ (I — X), rae v’ — yennHH 0GBeM BOJLL
Takum oGpasom, yaensHBIi O6LeM BJAZKHOTO napa

ix =0v"X + v (1 — X). (184)

Tax kax mpu 1 > X > 0 o6siuno v” > v', To MOXHO 3anucaTs

vy = v'X. (185)

Jnst MOMYYEHHA NPH NOCTOSHHOM HaBieHHH | Kr BAAKHOTO napa
€O creneHbi0 CyxoctH X Heo6xoaumo | Kr Bombl, B3ATOIl npu 0°C,

HOBECTH JI0 KHMEHHS H X wacTeii ero npespatuTh B map, Ha 4r0 no-
Tpedyercd KOJHYECTBO TEMJIOTH

ax = q' sRIEX (186)
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il HOTO
MUH BJaxKHOro mapa. JeficTBUTENbHO, SHTAJBIHA 1 xr Baaxk

i Jib=
'K stomy ke BHIBOAY MOXHO OPHHTH HCXONAl H3 NMOHATHA IHTA

g i . e iy =

MMe SHTAJbMHA CYXOH ero yacTd ¥ BOMSI, T,
‘Epie;iﬁﬂﬁ Fly— X). Tak kak no ¢opmyne (181) i*=4i +r, 0
k=iX +rX+i—iX=1i+rX (187)

A ro
IMepexon X gacteii BOABI B CYXOH Nap HIMEHHT au'rpommsﬁx(élr?m
Kujorpamma Boast Ha rX/Ty. Orciofa AN BAAKHOTO Napa p

X 1
Sx=8" ;.“- (188)

BayTpeHHIOI0 SHEPrHIO BJIAXHOro mapa ONpeieanioT no cpop:ll);;e;
Uy = ix — pux.

[epezpermpiii nap. Ilasi meperperoro mapa ylenpHad SHTAABAUA

iy =11+ Cpm Ty — Ty, (190)

npu
rie C¢,» — CpeaHdaf yaeapHasd TENnJN0eMKOCTb neperp’;tmro {'113?3 [J__
IIOCT‘Op;HHOM JaBjeHHHd B HHTEpBaJC TeMIepatrypsl mwoeee 4m i

TemMeparypa mneperpesa. e
Y;ﬂmbyupan Tena0eMKOCTh BOASHOrO napa CYUIECTBEHHO 32

uge-

ot TeMnepaTypsl H AaBjieHus. [IpH COCTOsIHHH, ﬁnnsxmla_l Ka:ffgarecrm

CKOMY, YAe/bHAf TEMJI0eMKOCTb ¢, napa oqEHboBE:(l)};zz?{e cha g

d4HTEJbHOT

HayaeT, UTO MoJBeieHHe 3H g
?{Topa%i:qemy %e.ny NpHBOAMT JHIIb K HE3HAUHTEIbHOMY NOBRILIEHH

o e el efeanrbh no QopmyJe

AuTponuio Neperperoro napa s; MOKHO OUPEN

Ty

dT 1
sn=sw+ j cn'r‘r' » (19)
T
. _— a HACHIIeHHSA;
rae s" — suTponusA cyxoro napa; Ty — Temneparyp

— a neperpeea. g

s KOE?{‘Q&?B&J YTPEUJIOTE, ﬁm‘peﬁﬂoe aast nonyuenns | kr meperpe

TOro napa:

5’u=?'+f+f«'pm (Tn_Tﬂ)- {192)

BuyTpeHHIO0 IHEPTHIO MEPErperoro mapa MOKHO HAHTH M3 BHPA-
HeHus

Uy = u" "i_ Com (Tu g TH) s (Uu — Ty), (193)

rAe u" — BHYTDEHHHd SHEprus CyXoro mnapa.
3nauenus napamMeTpos v, i, § V1A BOJABL H Nep
napa npuUBeASHHI B CHEIHAJbHBIX TabiHIax. e
Auarpamma [—S BOASHOro napa. Ilpu nom‘poeﬁ foimoed 20577
i—s BOAsHOrO mapa BHAYaje HeOOXOAHMO HAHECTH 00€ ﬁbsonasmm:b
Kpusme: X = 0 u X = 1 (puc. 91). laa 370r0, BOCHO e
TabauuaMy AAs BOASHOrO napa, HAHOCAT 3HAYGHHA [, 59
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s An/xe Bl CTBYIOHIHE HIKHeRA morpauny-
oo I+ £ §| Hoii KpuBOit 1, m i", 5" — co-
g-‘? /s \m{ OTBETCTBYiOUHE BEPXHEi mo-
3200 5y 5 rpanuunoit kpusofi 2. Kpurn-
Y - YECKOMY  COCTOSIHHIO  napa

Y& K A% COOTBETCTBYeT To4Ka /.
2400 S 1 Ha auarpamme i—s B 06-
45 JAactd [/ BraxKHOrO mapa Hao-
: i Gapsl H H30TepPMBI COBNAAAIOT H
e -x 0 aa_ﬁ" 2 H300pa<aloTcd NpAMBIMH  JIH-
5 A i HusaMH. B o6aacte I neperpe-
800 4 TOTO napa H306apbl H H30TEPME!
pacxoiarcs H NpeACTaBfIOT
co0oji kpuBuie quHAH. [lo Mepe
4 yaaneHua ot 006/4CTH HACH-
B0 40 80 skdeet)  ewys B oGnacts neperpesa
Puc. 81, Auarpamma i—s moamsoro napa H30TEPMEI aCHMOTOTHYECKH
NpUOAHKAIOTCH K TOpPH30H-

TAJLHBIM NIPSIMBIM, @ H300apBl NPHHMMZIOT BHA JOTapHPMHYECKHX
kpHBuX. Taxoii xapakrtep usoGap H30TepM B 06JacTH neperpesa
OOBACHSETCS TEM, YTO MO MEpe VAAJEHUS O6IaCTH HACHIEHHA CBOJ-
CTBEA BOASHOTO mapa NPHOMHKAIOTCH K CBOACTBAM HIEaNbHEIX TasoB.

Ha puarpamve i—s oGpartumbiit axmaGaThbri npoiecc #3obpa-
JKAETCS OTPE3KOM BEPTHKAABHOH npsAMofi (s = const), a kKoamuecTeo
TEeNJOTHl B H300apHOM npolecce — npoeknuef OTpeska H306aph
Ha ocb opanHar. Ha auarpamme i—s nanecenn KpHBbIe paBHoil cyxo-
CTH (WTPUXOBHIE JIHHHH).

Ha puc. 91 nokasan oGmuii Bun AuarpaMMbl i—s BOASIHOrO mapa.
OnHako Ha npaKTHKE AHArpaMMy i—s CTPOSAT JIHIib 4151 YacTH 06nacTh
HacellleHHs, NpHOMHKaAOWeEHcs K o6Jacty neperpesa.

Npumep 27. Hayanvhoe cocrosuue Mapa XapaKTEPHIYETCsH CASAYIOUIHMA [Mapa-
merpami: py = 980 kila; X = 0,7. IMoassysck AnarpaMMmoll i—s, OnpelesnTh, Ka-
KOE KOHYUECTBO TEMIOTHl HEOGXOAHMO MOABECTH K napy NpH MOCTOSHHOM OOBEME,
4T00H TEMMepaTypa mapa Bo3pocda mo 573 K.

B uaoxopHoM npouecce KOMYECTBO nojBencHioll TEMIOTE = Uy — Uy Uy =
= b Pl U= L — pys

Tak xak ty=1v; =10, T0 9= i, — i1+ (0 — pe) ©.

Fipoexrtupys Touky nepeceucsuns 1300apLl py H THEHE pasHolt cyxocty X = 0,7
Ha ocbh opiuHar (pne. 92), mafigem i = 2000 wk/Tu/kr,

Uepes ynoMaHYTYIO TOUKY HPOXOLHT Haoxopa v = 1,16 v kr. [Nogsesenne Ten-
JIOTHL K Ta3y NPHBOAUT K NOBHIICHHIO TeMneparypel H surponuu. [lpHrasck pioas
r3oxopu v = 1,16 M¥xr 10 ee neépecevenns c nsorepmoli T = 573 K u npoextupys
STy TOUKY Ha OCh OpARHaT, nojyunm iy = 3072 k[lk/kr. Uepes o1y Touky mepecete-
Hist H30XOPL H H3OTEPMbl npoxoaut msobapa p, = 2,2 Mlla, w toraa g = 3072—
— 2000+ (9,8 — 22,0)- 10%.1,16 ~ 1058 w/Ixc.

Fipumep 28, Onpenieninte KoMHYECTEO OTBEREHNOM TENJIOThl, 3aTpayeHnyin pabory
i n3Menenle BHYTPERHEll nepriun, ecan | Kr mapa npn MOCTORHHOM AABACHHH p ==
= | Mila cxumaercs or yjesbuoro o6bema v, = 0,21 MY/Er Ao vy = 0,14 ad/xr.

KoaiuecTso TeNAOTH #3o6apHOTO MPOLECCa XAPAKTEPHIVETCS M3MEHOHUEM SH.
TANBINE § = iy — by, 18 naxompenus iy n i MPOEKTHPYEM TOUKH Hepecevenns uao-
Gaput p= 1 MIla ¥ H3oXop v, = 0,21 w®/kr u va= 0,14 &*/kr Ba ocb OpE uHar
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5L, kw2 i, Klxjez

ngfﬁn%i Py =2, 2M0a

-~ Vi R
=f : 5, RAK/(k2K) ¥ mr/rﬁz-x)
: l?m: 82, K npumepy 27 . Puc. 93. K npumepy 28
/e

{,nam/ne -
v=024/Kk2 py

i,=3040

f-;_!_=.¢ 500

52=%79  SpudnfiKeK)
Puc. 84, K npumepy 29

(prc. 93), [oayaum iy = 2840 ru/kr; iy = 2248 xlw/kr. Kosnsecrso orsejentiol
o e B e e 14 — 0,21) = — 70 kllx. Ha-
Barpauenuas pabora [ = p (v — vg) = 1000 (0,14 — 0, ozsaxona Iepa.iomqt-
Meiere BHyTpenHell SHEPrHN ONpPEJeVIAeM WS YPaBHeHH: Nepson
Bamuxn: Ag=g—I!=—>592 L 70 =—522 s/ Kr. ' B s it
Mpumep 29. Ilap ob6pesom | M? ¢ HadadbHpiMH napadeTpami gy = 1, i
H crenenbio cyxoern X = 0,95 pacumupsercs H30TEPMHYECKH JO nauﬂcnuﬂelp: >
= 0,1 Mlla. OripefiesinTh KOTHYECTBO nonaeunermoﬁ K l1apy TenJoThl, Npou3BeieHHy
1apOs H H3MEHenue ero BHYTpeHHeH SHePruH. L i
nml‘éom?logso nogneentioll TensoTH onpejegaum 1o opuyte @ = MT {523 eces:ll;:
Snauenust SHTPOUHN $y MOJNYUHM, NPOCKTHDPYH Ha ociaécigucc TD%‘H ?151 .
rﬁ!ﬂ-uanﬁapm p}= 1,2 MI1a n aunun pasuoil cyxoetn X = 0,99 (puc. 94). [loay
s (

Puc. 95. K npumepy 30

' ; = 460 K. /Lna naxomae-
= 6,38 gJIx/(xr- K). Yepea toury / npoxonnt n3otepya T A
':.*ma'le[:l{l{!r Sy cnpo)e:{mgyem Ha TY Xe och 'ro:ixy‘z ne&&}:ceue:-um STOH H3OTEPMEL H
= 0,1 MIla. Tloayuum s, = 7,79 xlx/(xr-K). i
Mp:(r?napa M onpesteaum no Gopuyae M = Viv. Hepes -rgqxlyﬁr{iﬂg li’;lc%rg:
: HT msoxopa vy = 0,162 a?/xr. Crenosarensso, M= 1/0, 62 e
Q= 6,17-460 (7,79 — 6,38) = 4000 gawx. Torza mawesenne BHYTPEHIEE P
W= Uy — Uy= M (iy — iy — pyos+ pyoy) £

B

o 5, xwc/(xep




B nannom cayuae P14 =F PuUs, TAK KaK B COCTOSTHAN | Tap HacHIeHnHil, a B co-
crofiny 2 — neperpernii. [lia onpenenesns i; H i; COPOEKTHPYEM Ha OCh OPAHHAT
cooTReTCTBeHHO TouKH [ 1 2. Tlonyunm iy = 2680 kIk/kr, i; = 2852 xllx/kr. Uepes
TOYKY 2 npoxoaur msoxopa vy = 2,15 m¥/kr, caepopatensuo, AU = 6,17 {2852 —
— 2680~ 1200-0,162 — 100-2,15) = 994 x[Ix.

L= Q— AU = 4000 — 994 = 3006 wllx,

Npumep 30, [Nap, naxouswmiics npu Bavanpnom fasiaennn 1,27 Mila n TeMnepa-
Type 573 K, pacmmpsierca afmabarno 0 KoHeusof Temnepatypu 368 K. Onpegennrs
KOneYHLe napamMeTps napa u paboty pacliupennd.

Haxomitm Touky 1 nepecesenns uaoGaphl p; = 1,27 MIla n nzorepmsr T; =
= 573 K (puc. 95). Uepes nee npoxomur usoxopa vy = 0,2 M*/kr. 3uas, yro B KOOPAil-
varax i, s afinaata usobpaxaercss BEPTUKaJLHOH Npsmoil, NposoauM 3 ToukH [
BEPTHKa]b A0 nepeceuenus ¢ udorepmoil T, = 368 K, coBnajawuieli B ofsacTn Hack-
wennn ¢ usobapoit py = 0,08 MITa. Touxy nepecevenns amuabatel ¢ H3oGapoit o6o-
snaunm 2. Yepes sty TOUKY MPOXOAHT H3OXOpa vy = 2 mYxr,

JHasi onpejenenns paGOTH BOCHOJNB3YeMES CAELVIOUIHM ycaonuen: npu apgnabart-
HOM pacuinipeHin paGoTa COBEpIIAeTCH B Pesy/bTaTe HIMENenus BHYTPeHHed Shep-
THR, T. €. [ = Uy — Uy} Uy = iy — Py0y; Uy = iy — pyvy. CnpoexTHpoBaB Touk: [
M 2 Ha OCh OpPIHHAT, Hafgem i, = 3040 kI[K/kr: iy = 2500 x/Lx/kr; uy = 3040 —
— 1270-0,2 = 2786 k[lx/kr; wuy= 2500 — 80-2 = 2340 kilw/wr; = 2786 —
— 2340 = 446 x[uc/xr.

KOHTPOJIBHBIE BOMNPOCH

1. Kaknmm apJennsivi conpoBOXIaeTes NpeBpanienne BOAN B neperpersiil nap?
Hiso6pasure rpauueckn B Koopaunarax p, v u T, s nporece napoofpa3oBalug, npo-
TEKAMNEE NPH MOCTOAHHOM JaABJEHHN.

Kakofi nap naselBaercs HacHINENHEIM, OT YErO 3aBHCHT TEMIEPATYPA HACH-
mennsa napa?

3. Kaxoil nap nashiBaeTcsi BJXHBIM; UTO HASBIBASTCH CTENEHLIO CYXOCTH?

4. Kakonpl ocofieHHocTi cocrosiusa paGouero tedia B KPHTHYECKOH Touke?

5. Kax onpefensiorcs yaeabusiii o6bem, SHTaNLIUA M SHTPONHS BOAH M BOJE-
HOro napa?

6. Kak nocrpouthb Xuarpammy i—s Ais BOLAHOrO mapa?

§ 12. Hcreyenne ra3oB M napoB

Muorue tensiopbie ABATAaTENH HMEIOT CHelHadbHble COMJIa, B KOTO-
PHX NPOHCXOAHT MpPEBPALIEHHE BHYTPEHHEH SHEDPruM rasa WiM napa
B KHHETHYECKYIO SHEPriio ero ncrevenus.TakoBel napoBbie H Ta30BHE
TypOHHbI, peakTHBHbIE ABHTATeNH H AP.

51 Paccmorpum  noapobHee  mpoilecchl,

2 - CONMPOBOKAAMUIHE HCTEYEHHE rasa HIAH
g napa, a Takyke KOHCTPYKUHH coma s

nauoodsiee 3qxpeKTHBHOTO HCHOJB3OBAHUA
sHepruu pabouero teaa. Jlas sroro npen-
NOJIOIKHM, 4TO B peaepByape (puc. 96)
HAXOAHTCA ra3 MOA JAaBJeHHeM p, npH
Temueparype T,. Ilyers u3 pesepsyapa
sa 1 ¢ ucrekaer | kr paGouero Tena.
Torpa moa neficteuem pasnenus p, nop-
wekb 2, 0A0WANL KOTOPoro S,, 0Ny THTCHK
Ha paccTofHnue s;. Padora cunn papienna

1 Sz

P2,52

Puc. 96. MHcreuchne rasa ms
tenaa:

1 w= pesepeyap;: 2 == NOPLIEHB
132

3 U, = 715151 = pvy- Herexas w3 consa, ras cosepruaet pfifmfy
fl0 NPEONONICHHIO CHJIBI J@BICHHS BHeliHed cpeasl —/ = —szab:\ =
= —p0,, rae Sy — MJOWAAb BbIXOAHOrO OTBEPCTHA COmJIA. Hcre-
fMe rasa 4epes COMIO NPOHCXOAHT ¢ GO/bILOH CKOPOCTHIO. I-[.pﬂ
STOM H€ YCneBaeT NPOH30HTH TenaooGMeH rasa ¢ OKpYIKalouleH cpe-
oit. ITosTomy paciuupenue rasa npu HCTRUGHHH yepe3 COMJIO CYHTAIOT
aguabatrbiv. PaGota ajnaGaTHOro pacuiupedus rasa I3 (pOHCXORHT
B pesy/ibTaTe H3MEHeHWsl BHYTPEHHE SHepruw, T. e. [3 = 43 — sy
[He U, W U, — BHYTpeHHss 3Heprus 1 Kr paGodero Teia A0 BX0Aa

‘B COMJIO M [OCAe BLIXOJAa H3 HEro COOTBETCTBEHHO.

' Taxum oGpasom, noauas padora ! ucrewenus l kr paGouero rena
= t o t]_ -[- {3 N 12 i plvl _:' iy — u-z T p-zvz-
e 3 [lpn scTeweHuH W3 COMAa ras NpHOOpeTaeT KHWHETHHECKYIO SHED-
o C%/2, rae C — CKOPOCTb HCTEUCHHS rasa. :

Io saxkony coxpaneHus suepruu C*2 = [, HaH

i c2

& 5 = Pl Uy — e — P (194)
&

Ho tax kax pwv, - #; = i, — 9uTAALNHsA padouero Tena npH
'BBIXOJE B COTVIO, pPoUy |- Uy = iy — SHTaNbNHA padouero Tesid mocae
BBIXOAA M3 COMaa, TO MOXKHO samucarh ¢%/2 = i) — iy, OTkyza

= V2, —i). (195)

Paanocts i, — i HA3LIBAIOT PACNOJATaEMbIM TEIIONAACHHEM.
@opmysoit (195) yao6HO NO/IB30OBATHCA JUISL ONpEAeaeHHs CKO-
POCTH WCTeuelnst BOAANOrO napa H3 coivla, TaK Kak f; H {3 MOXKHO

‘B3ATh W3 TaGAHUBI HJW AHATpaMMBl {—s mapa.
PacemoTpuM 3aBHCHMOCTb CKODOCTH HCTEUEHHs rasa oT mepenana

JRaBnenuss p, — p,. o dopmyne (160) paBora amnuabarHOro mpo-

Hecca
by = o (P10 — Pata) = thy — U, (196)
[loacrasuB 310 Bhipawenue B paserctso (194), nonyuum
Ik At o Pala
C: =25 (o, — pw) =251 Py (1— Sk ). @9

Jns onpefeaenus OTHOIIEHHS U,/U; BOCHOJIL3YEMCH YypaBHeHHEM
1

(—i’ ) . [Tloncrasuy mnosyueHuoe BbipaKeHHS
3

Vs
), oTkyaa J-

(197):

h—1
- ko A_Pi_‘*_].
CE?&TT‘”“[’ (o)
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Orkyna

1
o=V o koo [i-(2) 7 |

21
CexyHAHBIE MaccoBLif pacxoa H3 couaa

M=SCp,—=CS-L,
Uy

rie § — naowais CeueHHs YCTbsi CONJAA; Uy — YACAbHHE ©0fbeM
raaa OpH BhiIXOAe H3 cOnaa.

1

P \%

M3 ypasuenus (158) noayuum v, = v, —) . ITogcrasue B (199)

% 2
Bapnennoe pupazkenne v, u C y3 (198), naigem

e Pa ;% / k - Pa k;_l i
M=S— ()" 2=1pu |1 — (&) (200)

Uy 1

HJIH

(201)

2 k+1
m=sV aztea] (o) - (2)7]
b—1 oy 151 1

Takum o6pasom, cexkyRAHbIi MaccOBbil PacXOj rasa, BLITEKAlO-
Iero W3 coma, 34BUCHT OT OTHOWeHus py/p,. Tak Kak & > 1, 10
npu pelpy > 1 M — muumoe uucno. ®OH3HUECKH 3TO 03HAUAET, UTO
HCTEUEHHE rasa npH p, > p, (M3 Cpeanl ¢ MeHLIUNM JaBACHHEM B Cpeny
€ OOJIbIINM A3BJCHHEM) HEBO3MOXKHO. Ecau py/p, = |, T0 3 Gopmyasl
(201) cnenyer, uto M = 0, t. e. OpH PABEHCTBE NABJICHHS HA BXOJE

B COMJO H Ha BHIXOJE M3 HEro HCTEUCHHS ra3d He NPOUCXOMHT.
[lpn ymenbimenun oTHomenus py/p; or | cexymameli pacxop
rasa pospacraer. Oauaxo npu p,/py = 0 u p; > 0 cexyuaumii pac-
xof M = Q. Tlonryyaercs, 6yaTo ncreyenne H3 06MACTH MOBLILLIEHHOTO
Aasnenus B cpely abCOMIOTHOrO BaKyyMa HEBO3MOXKHO, YTO, KOHEYHO,
DPOTHBOPEYHT 3APABOMY CMBICAY H MPakTHYECKOMY OTNHTY. Takoe
npoTHBOpeune 00BLACHICTCA TeM, YTO B ACHCTBUTENLHOCTH CEKYHIHLIHR
Pacxoll yBEealuMBaeTCsl OT Hyasl HpPH py/p, = | 10 onpenerensoro
Mk MaKCHMYMa, a 3aTem ?CTHETCH NOCTOAHIEIM
HE3aBHCHMO OT JaNbHEHINero YMEHbIICHH py
(pue. 97). Oruomienne p,/p,, npH KOTOpOM
CeKyHJHBIN pacxon M MakcumaneH, Ha3bl-

BAIOT KPUTHYECKHM: V., = (—E%)Kp. JlaBae-

HHE B yCThbe COMAa M CKOPOCTb HCTEYEHHs
> B 3TOM CJY4Yae Takie HasHBAOT KPHTHYE-

L -
o (pz/pr)np  Paffr ckumn: p., w C,,.
Puc. 97. 3aswenmocTh ce- [locToseTBO CeKYHAHOTO pacxoia paco-

10w N, #33 M
b nf ol B el Y€ro Tesa W3 CONJA NPH YMEHBIIEHHH Bleil-
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- =Y 9.2t pr,

0 HAaBJAEHHA HHUKe OnpeleneHHoro ypoBHHA 00BACHALTCH ycra-

aeHHEM B YCTHE COMMA MNOCTOSTHHOPO KPHTHYECKOTO JaB/eHud,

saBHCAILIEro OT BHemHero aasaenns. IlpogudupepeHUHpOBas BHI-
pne (201) no p W NPUPABHNB HYMO PE3yAbTaT, MOXKHO onpeje-
KPHTHUYECKO® OTHOLUCHHE JABICHHH:

M _ d * w
e TR

o Lok '}:2’_‘ 41 fp !‘T—H_l 0
T(“ﬁ:') Al (Tl) e iy
95—k &
)T -
9 =
PES "(ﬂ:) i
.
o= ()= () o

Ha ocuoBaunu (203) ans xsyxatomusix rasos (k = 1,4) Haxoaum

v, = 0,528; mns neperperoro mapa (k = 1,3) v,, = 0,546; aaa
3 ngpx‘n-o BOJASIHOrO napa (k == 1,135) Vip = 0,577 3HaueHHe KPHTH-

geckol CKOpOCTH HcTedenust €, MOXKHO ONPENENHTb, NOACTABUB

B Qopmyny (198) BmecTo p,/p, Bhipasenue (203):

L oV B (- )= V e -

o, (204)

Henossys gopmyay (203), onpejenuy MakcHManbHbL CEKYHAHbIR

aq X0 u3 comaa:

2
b 2 \k=i Py
an:s]/? k+l(k+l) v

- CnenoBatensho, B cyxaouxes connax (puc. 98, a) Henonb3yercH
: nepenaj AasjeHHsi p; — p,, H COOTEETCTBYWOIMas 4acTs Tei-
APEBPAlIAeTCSi B KHHETHUECKYIO 3HEpPruio pacouero rtena. Ile-
AaBNEHUA P, —py U 3HAUHTE/IBHAA Y9aCTh TENJOTH B NoACOHBIX
He HCMOAL3YIOTCS, TaK KAk paciiupende pabodero 1€1a 10
A Py, MPOHCXOAALLEE 33 [IpejieiaMd COnna, CONMpOBOIKAAETCH
HUEM BHXPEH M NepexojoM KHHEeTHYeCKOH sHepruH B TEIIIOTY.

NOMB30BAHNKSA SHePTHH BLITEKaloweii CTpyy rasa uau napa
‘Mepenaja aaBsieHHA) U NN YCHOBUH Py <L Pyy KOTAS 2E€Aa-
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TeNbHO TOJYYHTH HCTEYEeHHE €O
CBEPXKPHTHYECKHMH  CKOPOCTAMH,
HEOOX0AHUMO MPHMEHATL confa apy-
rofi  KoHcTpykuuH (puc. 98, 6).
Takyio xoHCTPYKIHIO CONia npeasio-
JKHJT IBENCKHI HHXeHep JlaBans.
3 &) HanGosee yakoe ceueHune aToro con-
z“:;lp::s' Conaa pan  umcresieHMsa rasa Jia (I'OpJIOBHI-Iy) paccyHThIBAIOT Ta-
& ey e B e SRR T 06pasoM, uToBH PACXOML B HEM
OblJl MaxkCHMaJbHBIM, a €KOPOCTH
E HCTeYEeHHS] — KPHTHYeCKOH, 3a rop-
JIOBHHOH HaYMHAETCH pacliHPsIOUIaiACsd YacTbh COMmJa, FAe ras uiau
nap NOoCTeneHHO paclIHpsercss RO JNaBJeHus Cpeisbl, B KOTOPYIO mHpo-
HCXOINHT HCTeueHHe. Tak kak pacxop oCTaercs NOCTOSIHHBIM, YEBe-
JHYEHHE YAEJIbLHOrO 00beMa padodyero Tesla NPHBOAMT K yBeAHYye-
HHIO CKOpOCTH ero ucredeHus. Connta JlaBans HasnBaloTCd KOMGH-
HHPOBaHHLIMH,

Bo nsbexanue oTphiBa CTPYH rasa HAM Napa OT CTEHOK Conaa
npH GOMBUIHX CKOPOCTAX HCTeYeHHs W oOpazoBamyus BuXpell Heo6Xo-
JIMO, 4TOGLl Yros paciiipeHus COmjia o HAXOAWICH B npelenax
8—12°, Tlpn BuiGOpe cOMNa MCXOAAT H3 CAEAYIOLIErO YCJOBHS: npin
MajlbiX nepenajax AaBjeHHH, T. e. xoraa 1 > py/p, > v, caexyer
OPHMEHATDL OPOCTHIE CyIKAIOLIHECS cOmia; npu Gosbinux pnepen‘azxax

. s (P
JABJIEHUH p—:< v,‘p) — conna JlaBaas.

#d
7
Z

ﬁpmelp 31, Bonsiol nap, wmeiownil navambume mapaverps p; = 980 xila

n T;= 623 K, surtexae :
e ; cxopocn.' i T scamoctpepy Yepes npocroe cysaiomeecn conac. Onpene-
eiug C H CeKyHInml pacxof M, ecan niomans ceuen =
xoﬂ“ﬁfo oTBeperis comda 8 = 10 coum®. ’ : 5 i

0 TalJuuaM A8 Hapa il No narpaMse i—s

3 —§ YCTaHaBAHBAEM, 4TO Na Kasan-
T UBP{EE‘{}%?B spJisiercd neperpersim. g meperperoro napa vygp = 0.54%;ypup =
== p,x-ﬂp = J—E},546 = 535 rlla. Tak Kax py< Pyps TO B YCTbE cOMJIA VCTanaBli-
PAIOTCH KPHTHUECKOE JaBjeHle H KpuTnueckas ckopoerk. Io qopmyae (204) noay-

uiM Cyp = 2 Tt RTy. Ilna neperperoro napa k= 1,33;
_ Ry _ 831-10°
R = TzT = 4,62.10% HMJ’(K‘T'K);
1.33
Cu-p-‘—"- V2 "2—33—'4962'10!'523 = 572 MICo |

Has onpepenenns txp MOKIO i
p HCNOJL3OBATE NHATPAMMY § — S W TPOBECTH amu

H3 TOUKH NepeceseHus uzobapw py; = 980 klla u nsorepunt Ty = ](:'523 K nonnea{f:c?f
:':HIE 34133{;1?‘?5?33:13@: 535 Kln'la. Yepes nodyHeHHYID TOYKY NPOXOAMT H3OXOpa

p= U . MakcHManbHell cexyuIHBIE pac
o eno (168 VHll pacxoj napa 4epe3s Conjio CoriacHo
10-%.572

0,45

B tensioTeXuHYECKHX yeTaHoBxkax Ha myTi pabouero Teaa (mapa

Bl raﬁa) K ABHIaredio HJH HIMEDHTEABHOMY Hpﬂﬁﬂpy YCTaROBACHLE
126

Mup = =1,27 Krjc.

aiMuHBe BEHTHJH, 3acJOHKM, HMelomue
‘manoe npoxonHoe orsepcrHe. lipu mpoxox-
gemuu patouero Tena mo TakomMy TpyGo-
pBOAY, HMMewoliemy cyxenue (puc. 99),
MCXOMUT CHUIKEHHE JABJIeRHd OT p, ne-

CysenHesm 10 p, TOCHE HEro. TaKOE s - oo
eHHe JaBJeHHs rasa WJAH napa npH

XOMICHHH Uepes CYKeNnHe HasbiBaercsl APOCCe/IHpOBaHHEM.
OnHOBpEMEHHO C MOHHIKEHHEM JaBJeHHN NPOHCXOMHT H H3MeHeHHe
opocti. EciiH 10 cy#eHNs CKOpPOCThb N0TOKA oui1a C,, a nocye nero—
0y, TO, OUEBHHO, KamLlfl KHJIOrpaMM paGouero Teaa, npoefiero
yepes Cy:KeHiue, HM3MEHMJ CBOWO KHHETHUECKYIO SHEPTHio Na BeJi-

i 9
.-2’—~ s Ecan npu 3T0M npeanooxuTh, YTO ApOCCeTHpOBa-
e mporexaer 0e3 TenJiooGMena, TO Ha OCHOBAIIHH (OPMYJIhL (195)
1 C'J C')!
1 t u : - -
Ho sanncath — — =i, —lp Ecamn Gy~ Gy T0 i iy,

7. 8. KOHEUHOe 3HAYeHHe SHTaJbNHH B Pe3yabTare ApOocCeNHDOBaHUA
PaBHO HauaNLHOMY.
‘Tark Kax 3HTaJbOHA NACAJBHOrO rasa 3aBHCHT TOJMLKO OT TeMmne-
parypsl, TO B pesyabrare APOCCENHPOBAHHA €r0 KOHEYHad Temnepa-
a paBHa HadaabHoli. JlpoccesHpOBaHHE K€ PEaJNbHLIX TrasoB

B OONBLIMHCTBE CJy4YaeB NPHBOAMT K TOHHKEHHIO TEMIEPaTypH.
pesyssrate APOCCEIHPOBAHHS BOASHOTO mapa Hapslly CO CHHe-
HHEM ero TeMnepaTypsl NPOMCXOAMT yBeJHYEHHE CTEneHH CyXocTiH,
H BJI)KHEI Map MOMKET HE TOMBKO CTATh CYXHM, HO 1aKe H NEPErpeThin.
- JHpocceauposariye — THNHYHBIH peoOparuMelii mpouece, H €ro
~ MOXHO TOJBKO YCJAOBHO W300pasiTh Ha Kakof-nu6o Auarpamme.

v&‘o 06CTOATENLCTBO CJAEAYET NOMHHTH, HCHOAb3YA AHArpaMMEl DpH
~ pelleHni sajau no JPOCCeNHPOBAHHUIO,

5

KOHTPOJILHBIE BOMNMPOCHI

_l. YUro pazusacTcd KPHTHIECKHIM JaslieHHeM H KpllTil‘{ECKDﬁ CEOPOLTLIO Jlicre-
na?
2. B KaKux cayuasx NpHMEHSIOT CYKalOULIECH Conla i KOMGHHEPOBalHbIe conia

Jn?
3. B uem cymuocth fBJeiHA JpoccemipoBaHifA TajoB H napos? Kakumm npo-

i CONPOBOMAZETCH 5T0 SBJEHHE?

§ 13. HpeanvHblit LUK AapoCHIOBOH YCTAHOBKH

Cxema napociaosoi ycranosxu. [TapocH/oBast ycTaHOBKA COCTOHT
toria 1 (puc. 100) ¢ naponeperpesatesiem 2, naposoit TypOHHE 3,
BHCATOPAa 4 W BCOOMOTaTeibHBIX YCTPOMCTB: UHPKYJ/IALHOHHOTO
5, nuTaTeNBHBIX HACOCOB 6, 7 M NHTaTenbHOro Gaka 8

NaPOBEOM KOT/IE BOJA NpPeBpaliaeTca B CyXofi HachlUEeHHRl nap,
aponeperpepare/ie 5TOT nap neperpeBaercst A0 BbICOKOH TEMnE-
137




patypsl, B naposoil TypOuHe nap HCHOMs-
3yerca B KadecrBe paboyero veqga, BO3-
AelCTBYyOUEero Ha padoyee KOJeCo, Ipit-
BOAs ero Bo Bpaumiende. B xouzencarope
oTpadoTaBiuil B TYPOHHE Nap KOHUEHCH-
pyercs # obGpawaercs B Boay. as storo
UHPKYAAHHOHHLIE HACOCH [IPOKa4HBa0T
4epes KOHAGHCATOP OXAaMKAANULYIO BOLY
43 pexkH uaW rpajaupsH. Iluratensiisie
Pac, 100. Cxema napocwacsoli  YCTPOMCTBA NpeAHA3HAYAIOTCH N4 NOAAYH
T ot Koren: 2 — mapo. OOP@J0BABLIETOCH KOHICHCATA B NapoBoil
neperpesarens: § — naporastyp- KOTEA. 14Kasg [APOCHJAOBAA YCTAHOBKA
Guna; 4 — wougeHcatTop; § — uup- g L
Kyrausonuml nacos: & o 7 ..  HA3BIBACTCS KOHACHCALHOHHOM.
Rl Bl e Cocrosude BOAK B KOHAeHCATOpE

onpeaeadercsd Temneparypoit Ty, u pas-
neuiieM p,. C mOMONIIBIO nHTATENBbHLIX HACOCOB BOAa NOAAeTCH B
goted. Jlas 3TOoro HeoOXOANMO, 9TOOL HACOCH NOJAHANH JlaBJeHHE
BOAL! MO KpaiHe# mepe o AaBaeHus B korse p,. B xkorie Buaa nopo-
TPeBaeTCA A0 KHIOCHUN U ApeBpailiaeTcs B Meperpersiil nap ¢ Temie-
parypoft Ty npu jaaBiensu p,. PacuipsasAck, meperpersiit map copep-
a2etr patbory B TypOHHE, mPU ITOM €ro napaMeTphl HIMEHATCS OT p,
T, no py, Ty, T. . A0 3HAYEHHIT, COOTBETCTBYIOMHX NTAPpamMeTpaM B KOH-
Aencarope.

Lan onenxyd sdpdexTaBHOCTH patoThl 0apPOCHAOBEIX YCTAHOBOK
C TePMOANHEMHUECKOH TOUKH 3peHis OrPaHUYHMCA pACCMOTPEHHEM
HACAMBHBIX TEPMOAMHAMUYGECKIX IHKJIOB. VIeansHsiM UHKIOM Napo-
CHAOBOH YCTAHOBKH #BJAAETCA uuks Penxuna, B KOTOPOM npemiiona-
raercd, 4TO BCE VIEMEHTHI YCT4HOBKM paboTaloT HAealbHO, T. €. 0e3
noTeps TeMJOTHI.

Huxn Peuruna. Ha puc, 101 B koopaunarax p, v u T, s nogasan
HASANLHBI OAK/ N4apOCHAOBOf YCTAHOBKH, MOJAYYHBIIHA HasBanue
unkna Penxuna. Touka 5 CoOTBETCTBYET COCTOSHHIO KOHIAGHCATA OpH
BBIXOJE H3 KOHIeHcaropa. Tax K4k KOHAEHCAT MMEET TeMneparypy

g

.7

£z

a

Puc. 101, Huxa PeRgnsa 8 moopassarag:
A= p, U 0= Ty8
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. pacuunenns T, COOTBETCTBYIOULYIO R4BACHHIO Napa B KOHNEHCATOpE,
30 TOUKa 5 AEKUT Ha HILKHe[ norpanuunoil KpuBoi. Ilpouece cxarna
BOALI B Hacoce H3-33 HECHHMIEMOCTH KHUAKCCTH H HEH3MEHACMOCTH
geMpeparyphl 3TOr0 HPOUECCA MOXKHO CHHTaTh H30XOPHLIM H H3OTED-
mnuecknM. KoHeunoe cocTosHHe BOAbLI B pesyJ/bTare TOro npounecca
. pnpefensieTcs JaBienueM p; B KOTJE, YlelbHbM OOBEMOM Uy H TeM-
meparypoii  HachlUleHHA T, u usobpaxaercs B KoopamHarax p, U
woukoil 6. B xoopaunatax T, s Toukd 6 ¥ 5 coBnajaior, nOO TeEMNe-
. i,p'asypa W SHTPONHS BOAH B Pe3yJbTaTe CXKaTHaA B Hacoce OCTAlOTCH
 pepsmennbivMi. HMi3006aprsiil nojorpes BOALI 10 KHMEHHS (IHHHS 5—3),
5..-ﬁp'ouecc napooGpasopannsi (1uHHg 3—4) U neperpes NOJAYHEHHOTO
- papa jo Temnepatyphi T, OCYyLIECTBASIOTCS B KOTJe. [leperperniii
§ap, COCTOfHHE KOTOPOro XapaKTepusyercs TOUKOH 1, noctynaer
B TypOuny, rie annabatHo pacuipsiercs A0 AaB/€HHA p, B KOHLEH-
leatope (annabara /—2). Tax kak nap B pesyabrare paciiupenus cra-
MOBMTCH BJAXKNEIM, TO TOYKa 2 JIOKHT JeBee BEpXHEeH NorpanuyHoH
3 'kpaaoi’i. Konjencanus napa, npoHCXoAsUlas OPH HEH3MEHHOM AaBJjie-
. Juu B Kougencatope, usobpasutcst Jumneli 2—5. Tak xak obbeM
| gounencara, oGpasoBaBLIErOCs H3 Napa, SHAUMTENbHO MeHblie 00b-

eMa [OCASlHEr0, TO ¥acTo 06BeMOM BOJIbI penedperaor.

Ilomeanas paboTa UHKAA H300PA3HTCS IVIOULAABIO Sisgeaqr.

Ha pmarpavmbel T—s BHAHO, YTO KOJHYECTBO TEMNJIOTHI, Beobxo-
MMoe anst moayuenns | Kr napa ¢ Temmepatypoii meperpesa Ty,
onpenensiercss cymvoil mmomanei (pue. 101, 6): g, = Sssatss
“+ Saurss + Suea

KomHuecTBo TEMIOTH gy, 0TBEAEHHOE 0T | Kr pabouero Tena B Kol-
- lencartope, usobpaxaercs naomapio Sgyscs. [lone3no HCMoJB3yemast
TeNJI0Ta §y—(, ONpeleNisieTcs NJOMaieplo, OrpanHyeHHOH KOHTYpaMi
- AHarpamMMbl. JTa MUOMmans MOKeT ObIThb BHIpaXKeHd Kak pasHOCTb
‘miomaneit Syssuigr M S7soyrgr. 11MOmAaAb Syssaicor MOXKHO INpEACTa-
BHTb Pa3HOCTBIO i; — i7, @ MAOMAAb Srsyror— PA3HOCTBIO iy — i7.
Taium oOpasom, pasHOCTh STHX NVIoMmafeil MOXeT GbITh MPeACTAB/IeHA
K iy — i; — iy + i3 = [y — iy, TAE i; — SHTAJBOHS TeEPerpercro
mapa nepej TypOuHHOIN; i, — 9HTaAbNHA paboyero Tena B KOHHE ajia-
GatHOrO paclIHpeHnst, T. €. nepel BXOAOM B KOHAEHCATOp. UC ApY-
TOil CTOPOHBI, §; MOXHO BHIPA3HTh KaK pa3HOCTh NJOMIANeH: ¢y =
= 'S;rsgqn'm . Sasfg?r, HAH { — g — i+ i = i1 — t5 CHE 15—
HTaNLONs KOHAEHCATAa NMPH BHIXOJE H3 KOHJAEHCATOpA,

Tepmuueckuit KI1JL uukaa B jpannom ciaydae
s Srayd, . G i —Jia. (208)

1 ly—ip

=

i Bee Bestuunnbl, BXOASLLEE B 5TO Bhipakenue, JErKko onpeaeIsiorcs
) abauiam H JuarpaMmaM BOASIHOIO napa.
B Qopmyane (206) i, npunsTo 0603Ha4aTh I3:
F A
1 =112, (207)

rl—-—;'_,

']
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OG sxoHOMUYHOCTH HMKAA NAPOCHNOBOM YCTaHOBKH NO3BOAAET Cy-
AUTL YACIBHBIH PAacXofl Napa — pacXoj NApa B KHAOrPaMMAX, Mpit-
XoaAUHiiCs Ha BBpaGoTKY | KBT-u snepruu, Tak Kak Kamanii Kusio-
Tpamm napa coBepliaeT B nAaeainbHOM ABHraTene (i, — i) kllw/sr
pabotsi, To yneavHbil pacxoa napa, r/(kBr-u),

i sl (208)

by — iy

Mpumep 32. Onperenuts repuntieckuit KIIJL m ypeavumit pacxox mapa mapo-
CHYIOBOH YCTaHOBKH, paGoraiomuil o UaKAY Pelkuua, ciil HadaldhbHOe COCTOSHHE
Iapa Xapakrepuayercs HasiesneM py = 2,47 MIla u Temueparypoii 73 = 623 K.
Llasneune B xougencarope p, — 9.8 klla.

Haxonum na gmarpamme i — s TOUKY NEpeceueHHs u306apst py u nzotepms Ty,
310l TOUKE COOTBETCTRYET 3HAUCHHE SHTANBIINE iy = 3140 k[lx/xr. Hs nauanshoi
TOHKI NPOBOXIM afnabaty A0 nepeceverus c uzobapofi p, = 9800 [Ta. IMoayuennoit
TOUKE, XaparTepH3YiOumIell COCTOANHE Napa B KoHUe alHaGaTHOrO pacHiipenns,
COOTRETCTBYET SHTanbNuA {3 = 2244 x[lx/kr. [Mo Tabmamuan LU NACBLINEHNOTO Napa
npi pp = 9,80 klla maxomum i = 189,8 x/lw/kr, o dopuyne (207) oupepeanm tep-
mudeckuit KIIIO n, = M = 0,304, no dopuyae (208) — yAembHblit pac-

3140 — 189,9
3

Xol napa d= =4 kr/(xkBt-4).

3140 — 2244

Myrn nossiwenns KIJ| napocuaossix ycranosok. KT napocu-
JIOBO¥ YCTAHOBKH, KaK # JI0GOH Tem1osoii MaliHHBl, 3aBHCHT OT Ha-
Ha/ILHBIX W KONEYHHLIX NapaMeTpoB pabouerc Tena.

Hosouuerue navarenvix napasempos. Pacuerst MNOKAa3eBaloT, 410
€C/n, HanpuMep, NpH HeH3MEHHOM HaYaablioM AaBACHUH napa p, =
= 9,8 MIla u xoneusom gasJjeHHH ps = 390 klla yseanunts nayais-
HYIo Temneparypy mapa ¢ 600 po 900 K, to KIT ycranosxn VBeJi-
autca ¢ 40,2 no 44,8%. Tak xe nzvenntes KILI YCTAHOBKHM, eciu
NOBLICHTD HAYa/lbHOE NaBaeHue napa. Tak, €C/H HavaabHas Temme-
patypa napa T, = 673 K, a KoHeuHnoe 1aBACHHE €ro Pa = 3,9 Ila,
TO PR TNOBBIUCHWH HAYAIBLHOTO AaBienus napa or 1,96 MIla pils]
9,8 MIla KII[ ysemuuutcs ¢ 35 no 41%.

Taxum oGpasoMm, yBennuenne HauyagbHBIX HapaMerpoB mapa npu-
BORMT Kk noseunennio KIII napocuniosoil ycTaHOBKH. DM 0Gbsic-
HHAIOTCA TCHACHIHH COBPEMEHHON TEeMIOTeXHHKH K HCNOJb30BAHKIO
flapa BLICOKUX M CBEPXBEICOKHX napamerpos. Onnako upu sroum pe3Ko
VYMEeHbIIaeTcy NPOYHOCTH MeTaJ/1a, H3 I(DTO[)OFO H3TOTOBJEeHE napo-
CHJOBEIE VYCTAaHOBKH. ;

Monusnerue Konednozo dasrerus Pactiuper U pUBOAHT K yBeau-
9eHUIO paboThl UHKAA, NOCKONBKY PasiocTs i, — Iy MPH 3THX yciao-
BHAX HAMHOTO MPEBLULAET HE3HAUHTEALHOE VBedHuenue KOAHYECTBA
TEI/IOTE!, MOTPEOHOro /i HarpesBa pafiouero tena JI0 napamerpos
B Touke / (puc. 102). Pacyernt MOKASBIBAIOT, 4TO €CJI CHU3HTD KOHEY-
HO® JaBjeHHe OTPAGOTABHIETO Mapa npH HepameHHbIX HAYaMBHEX
napamerpax, paBHBIX, HaupuMmep, p, = 294 M[la u By =673 K,
KT unxna Penxuna ysemwuntes ¢ 35,5% IPH KOHEYNOM NaBJeHHH
P2 = 9,8 klla go 36,7% npu py = 3,9 klla, Onuako 0YeHb CHABHO
140

(/] s
Puc. 102. Hsmesenne v uMKaa

Penknna B SADHCHMOCTH ©T KO-
HEYHOTO JABJcHMs napa

a CTH OTpa=
Pac. 103, 3a8HCHMOCTE BAAXHO "
GoTaBmero Napa OT €50 HAMAJILIOTe A&P

AEHHA

YMEHBLIATD KOHEUHOe NaBjeiNe p, Heab3s, TaK KakK OTpaﬁo"rao%mg:i
B yCTaHOBKE Nap — HAachllleHHBIH, H TeMneparypa, 1o Kog?gwmna_
MOJKET OXJIaK1aThCs, HE MOMKET ObiTh HHMKE "relx.m.c-.paTypm{lj T
jouteil BonLl B KonjeHcatope. Ilostomy Temmepatypa oTpa 0}'; iy
napa pocturaer 300 ... 301 K, 4To COOTBETCTBYET naaneuzﬁneﬂmx
wenns p, = 3,9 klla. Kpome Toro, mpu OueHb Manmf‘oﬂn sttt
PesKo yBeqHuHBAeTC YACAbHHIH 00beM mapa, u Ans eOBK}Ip(‘-m)::Tei‘I
NPUXOANTCS 3HAYHTENBHO yBEJI}—['-I})[BaTb pasmephl ycTaH
OuHBI, KOHJEHcaTopa H T. 1.).

Typﬂpu.ueﬂeuue npomesxcymotrozo nepeepesa napa. C YBfeﬂHILq}{eH;i::
HauaJILHOTO AABJACHHS H NPH HEH3MEHHOM KOHEUHOM AaB i
JHYHBAETCA BJaXHOCTH oTpaboTaBuiero napa, Bh{IJ\O,IIHHJ,E;(;T HH'I%H-
Ounn (puc. 103). INoBblnexHass BJIaXHOCTb napa BHShIBq i
CHBHbIA H3HOC TYPGHHBI H NOTEPIO SHEPTHH HA TPeHHe Hapa. o i
JIPH NCTNONB30BAHHN Napa BHICOKHX AABICHHH npnmeﬂﬂ}oll‘()}; s
€ NPOMEKYTOUHLIM [OBTODHBIM NE€PErpeBoM mnapa (%Hc. : .n'ocry—
w3 kotna K Hanpasasercs B naponeperpepateds /111, oTKyR =
maeT cHauada B MHAMHAD [ BLICOKOrO JAaBJEHHS Typﬁuum; pa <
PSeTcs B HEM JIO HEKOTOPOrO NPOMEKYTOYHOTO COCTOsiHMUS, unuaxwﬂ
K COCTOAHMIO HAChHIleHusi, W oTpaboTABUINH B HEM nap;};}};’m}lr 2
B crneluadbHBIH TMPOMEXYTOUHBEIH MaponeperpesaTenb S Il

Tenaube

a) 6)

P cBoM ©apa:
- PHE, 104, Napocwaopan YCTANOBKA € ROBTOPHBIM NPOMEKYTOUHLIM TEPETDP

cXema; 6 — unka *




nopsepraercst mostopromy mneperpesy. [locie sroro map manpas
JAAETCH B UMAMHAP /] HM3KOro faBjenus TYpOHHBI, TA€ NPOMCXOAHT
OKOH4aTeqbHOE pacmiHpeHue X0 jpapiaeHus B Komujencatope K. Hs
Konjgencaropa oOpasoBaHublfi KoHIencat ¢ mnoMompbio Hacoca I
nogaetcs 8 Korea. Liuka Tako# yeranoBku usobpaxen Ha puc. 104, 6.
Kpusas [/—2 xapaxtepusayer mpouecc aauabaTHOTO pACUIHPEHHS
napa B UHJIHHADE BHICOKOIO MAaBJeHusi, Kpusas 2—I° — mpouece
MOBTOPHOrO H300apHOro meperpesa napa B MPOMEKYTOUHOM [14pO-
neperpesatene [1{1{1 po HauanabHoii Temneparyper T, kpupas ['—
2" — nponece axpnaGartHOro paclUMPEHHR B UMJIHHADE HH3KOTO JaB-
JieHH#, KpuBas 2'—3 — upollece KOHJIEHCAUWH Tnapa, Kpupas J—
5—I1 — npouecc uzobapHoro napoolpasoBanus B KOT/IE u neperpesa
mapa B maponeperpesarene f///1. Bnarogaps TakoH cxeme YCTaloBKi
YAaercs HCNoJb30BaTh NAp C BHICOKMMH HavalbHLIMH Napamerpams,
noayuate BeICOKMH KILI W moaiepxusath CpaBHUTENbLHO BBICOKYIO
crefieds CyXocTH oTpaboTasilero napa.

Tennogpukayuonronl yusa, B KOHACHCAUHONHBIX YCTAHUBKAX 3Ha-
YHTEALHOS KOMHYECTBO TEMVIOTHL VHOCHTCS OXJarKAaioluen BoHoi,
KOTOpas HE MOXKET HCIOJb30BATLCH [JIf TRMJIOCHAGHKEHHa NoTpedH-
TeJIell, TaK KaK TemmepaTypa TenJoHOCHTeNs HeBbicoka (okomao 300 K
apyd pasiedns B KoHAeHcarope okoao 4 klla). ObwiuHo puas Tenao-
cHabxens HeoOXoluma Oonee BBICOKas TemMaepaTtypa, UYTO JOCTH-
raercsd YyBeJHUEHHeM JaB/ieéHus B KouleHcatope. [lpu 3tom noBer-
maercs TeMneparypa oTpaboTaBiiero napa M OXJA&KAaomed KoH-
Aercatop Boabi. Takas ycranosxa, Bhpa0aThiBasi 3JIEKTPOIHEPTHIO,
moxer obecneunts morpebuteneii n rensoroil. Lluka, no xoropomy
OHa pafoTaer, NOAYYH/] Ha3BaHHE TeIOPHKANHOHHOTO, A SMAEKTPO-
cranuus, paGoraiouias mo Takoii cxeme, Hasmisaercs T3l (remao-
SACKTPONUEHTPAND).

Ecni uenons3opatsh oX/1amaaioilylo KOHASHCATOP BOAY AAS OTOIl-
JeHH#,; TO HeoOXxomumo, 4ToOHl ee Temneparypa Obia okodao 373 K.
Temneparypa ox/amaeMoro napa joJokaa ObiTh Bhile Ha 20—30 K,
Y4TO COOTBETCTBYET JaBJAECHHIO HACHIIEHHS B KOHIEHCATOpPEe Bhiule
atvoctheproro. [lostomy ycranoBku, paboraioulne no Takoil cxeme,
Ha3b[BAJOTCH YCTaHOBKAMH C [IPOTHBOAABJCHHEM (MJH YXYAIIEHHHIM
pakyymom). H nmockosabky pasienue orpaGoTaBiuero napa B Temso-
¢HKAIHOHHOH YCTAHOBKE BHILE, UEM B KOHICHCAMHOHHON, KOJHUE-
CTBO paboTHI, MoAydaeMoil OT 1 Kr napa B neppoil yCTaHOBKE, MEHbILe,
gyeM BO BTopod. OaHako HCAMIL30BAHHE TEIJIOTH B LEJIOM B TEno-
¢uKaluHOHHOH YCTAHOBKE YJIyYILaeTcH.

MownocTs TYypOuHbl, padoTaiomiell ¢ yXyAIeHHbIM BaKyymoM,
8aBUCHT OT TENVIOBOH HATPY3KH, MOCKONLKY OT HEe 3aBHCHT KOJIHue-
CTBO napa, NPOXOAAIUEro 4epes TypOuny. Mexny Tem rpadpuxu Ten-
A0BOIl W SMEKTPHYECKOH HATPY3OK MOryT ne cosnajath. [lostomy
TYpOHHLI C YXYAWEHHHM BaKyYMOM HMEIOT OrpaHHueHHOE NPHMeHe-
#dye. DBmecTo HHX NPHMEHSIOTCS  TennodHKAUHOHHBI® TYPOHHEL
{pmc. 105) c orGoOpoM H3 MPOMEKYTOUHLIX CTYHEHEH ONPexeNeHHoro
KOMUYeCTBA YaCTHYHO OTPAbOTaBUiero B wuAuHAPE BHICOKOTO jas-
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genus YBZl napa pjisi ero nojaun
norpedurensin  tenyiorel  T/I.
QcTaBLiasica 4acTh [apa npojoi-
JKaeT pacliupATbCs B YacTH TYyp-
Gumbl nu3Koro jasiaenus YHJI
JI0 KOHEYHOrO Japjenns B KOH-
jiericarope K, KOTOpOe MOMICPIKH-
paerTcs ocTatodHo HusknM. O6-
pasyemblit B KOHJAEHCaTOpe # Y
HoTpeduTe el TENJIOTH KOHACH-
car BO3B}).3HLECTCH B [1apoB0oH KO- Puc. 105, Cxema 1.'eII..'m;?1;};1:}:;};::1':;1::::}'::
gen Ans 1apoobpasoBauusl M B gomkE € Bery Ry e
JapoileperpeBaresb 111, orkyaa

map nocrynaer B TypOGumy. Takas cxema nospouser Gosee cBobof-
0 peryaupopaTh pacnpeiefienne napa, B3aToro u3 komia [JK ana
YA SIEKTPO- M- TENJoCHaGxenus.

LiyK/ibl YCTAHOBOK € MATHHTOTHJPOJIHHAMHYECKHM TEHEPATOPOM.
VeTaHOBKH ¢ MarHUTOrMApOiMHaMuuecknM reneparopom (MIIl-reme-
patopoM) OCYUIECTBJASAIOT npsivoe npeoGpasoBanye TENJOTH B 3JIEK-
TPHYECKYIO 3HEPTHIO (3 NPOMEKYTOUYHbIX 3BEHbEB, KAKHMH AB/TIOTCI
japoBoil KoTen, NapoBas TypOuHa H 3JexTporenepatop. PaGora
M [I-renepatopa ocHOBana Ha sipjennu BosuuknoseHus JJIC B mo-
FOKE MOHH3MPOBAHHOIO ra3a mpH nepeceyeHud UM MarHUTHOrO noasd,
CO3]ABAEMOr0 3JIEKTPOMarHHTaMH, IIHTAEMBIMH TTOCTOSHHLIM TOKOM.
Snavenne DC Tem Goawuie, yem 6oJibllle CKOPOCTh Ta30BOTO NOTOKE,
eTemeHs HOHM3AHHH ra3a W HanPsDKEHHOCTh MATHUTHOTO MOJIA.
Honnzanus ra3a COCTOHT B paculenyieHHH €erc MoJeKyJ Ha HOHBL
Heobxopumana cTeneds HoHu3auuu, ofecneyuBamoulas BBICOKYIO 2JEK-
TPONPOBONHOCTE 1333, 3aBHCHT OT €ro (PM3UYECKHX CBOHCTB H JIOCTH-
raerca npu Temnepatype 4000 K. [oGaeneHnem K rasy MeJ0uHbLIX
MeTanJ 0B (Kaaps, HE3Hs H JApP.) CHHKAIOT TeMIEPaTypy HONH3ALEH
no 2300—2900 K. Takoit ra3 HaspiBaioT HH3KOTEMIEDAaTypPHOH nJas-
MOH.

Tlpocrefimas cxema ycranopkin ¢ MIJl-remeparopoM npHBejena
Ha puc. 106. Armocdepunlii BO3AYX, CxKaTHA B Komnpeccope 1 no
aasnenus 0,3—0,4 MIla, nomaercss B Kamepy cropaHus 2, Kyaa
ONHOBPEMEHHO NMOCTYNAIOT TOMANBO M J00aBOUHBLIA KHCJODOA. Cuecs
cropaer u o6pasyiorcs rassic remneparypoii 4000 K. Tocae npucankn
HIEIOYRKIX METaN/IOB Ta3k HanpaBJsiioTCs B pasroHHoe comiao 3,
Ha BHIXOLE H3 KOTOPOTO JABJEHHE MX CHHXKAeTcs A0 aTtMocgepHOro,
‘femnepatrypa — no 2300 K, a cxkopocth yBennunBaercs A0 CBEpX-
8ByKoBOH., C TAKHMH napaMmerpaMy HHU3KOTEMIepaTypHas MJjasMa
BXOAUT B pacmmpsiiomuiica kasan MI'JI-resepatopa 4, rae nepece-
'Kaer MarnuTHOE 1oJie SAEKTpoMarauToB 6. B niasve BOSHUKAET SJCK=
TPHYECKuH TOK, KOTOPLI NPH 3aMKHYTOH 3/JEKTPHYECKOH Ieni HEPes
EKTPOABl 6 HampaBasieTcst K moTpednTenio 7.

~ Bruixopsuwne w3 MI[l-remeparopa rassl, Hmeiouine eme AOBOABLIO

‘BRICOKYI0 Temneparypy (&~1500 K), nocrynaior B naporeﬂepaq‘opifé
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Toanuto

Bosdyx

1 1t 3

fﬂc. _ll)ﬁ. Cxema maporazosoil ycrawosum ¢ MU -reuepa- Puc. 107. Waxa naporasosnd
DPOM: yctanosgn © MO -renepatos

I — xomnpeccop; 2 — KaMepa Cropasuf; 3 pom
< + - — pasrGHHOS

aonao; 4 — xasan MI [ -reHepaTopa; § — SAeKTpPOMATHHT

0 =~ 3meKTPOZA; 7 = pOoTpeluTesb SNEKTPOFHEDTHE; & —

maAporeHepaTop; 9 — naposad TypOaHAa; [0 — sgaeKTpore-

Heparop; [/ — KomfAeucarop; [2 — Hacoo

rae ofpasyercs neperpersii nap. [lpm Temmeparype 390—400 K
rassl BoiOpaceiBaiorcs B atMmoctepy. [leperperniii map mnoctymaer
B napoByl TypOHHY 9, MpHBOISALLYIO BO BpAallleHHE 3JeKTporeHepa-
Top {0 u Komnpeccop I, a 3aTeM B KoHJeHcaTtop [/, U3 KOTOpPOro KOH-
gexcar HacocoM I2 nojaercss o6paTHO B naporeH€eparop

HUneansubiit uuka ycranoBku ¢ MI[-reneparopom B KoopAuHa-
taX 7T, s npuBened Ha puc. 107. Bepxusas cryneds uukia /—2—35—4
apeacTaBasier coGoi uaeabHbIA MK ra30Boi yCTAHOBKH, rae 1 —2 —
anuabaTHBIN Opomecc C}aTusi BO3AYXa B Komnpeccope; 2—3 —
H300apHoOe HarpesaHHe rasoB B KaMmepe cropaHus OT CKHLCAaHHA Toli-
iu-ma; J—4 — anuabaTHoe pacliWpeHHe rasoB B Pa3sTOHHOM COIIE;
¢—] — u3obapHoe oXxJaxaenwe rasos, nokugamomux MI-renepa-
Top. Huxnas cTynens mnpencTasBisieT uuka PedHkuHa, wjiowans
KOTOPOro S;4s COOTBETCTBYET MOJE3HO# pabore, coBepluaeMoit
B pesyJbTaTe YTHUAM3aNUH TemJoThl rasos, noxkupawomwux M-
regeparop.

KI11 ycranosku ¢ MI'[-reneparopom nocruraer 55—60%.

KOHTPOJIBHBIE BOHPOCHI

1. HaoGpasure nuka Peuguna B _Koopamnatax p, o n T, s
2. Kak supamaerca tepmuuecknfi KIT[ napocnaosoil ycranopgu?
2. Eaxue BaMm nzBectHe! nyte nosuimienus KILI napocufosuiX ycrationok?
. Kax ocymecrs/ifercd npespalieHle TenjoTnl b 9ae ey :
o ML retende boh KTDHYESCKYIO 3IHEPTHID

Cnasa 5
OCHOBBL! TEMNJMONEPEJAYMU

§ 14. OcnoBHbie BHAbI TemIooGMeHa

~ Muorue TenIoBble YCTAHOBKH MpPEACTABJIAIOT coboft TeryioobMer-
fble annapatel, T. €. YCTPOHCTBA, B KOTOPHIX OAHO TEIO (x¢uAKOCTB
Jau ras) OTRaeT TEmIOTY APYroMmy. Paora Takux anmnapartos ([Iapo-
BBIX KOT/IOB, KOHAEHCATOPOB, OTONHTEJBHBIX Garapeit W T. m.) BO
MHOTOM 32BHCHT OT YCJIOBHI, B KOTOPHIX TEIJIOTA OT OAHOTO Tera MK

@ro ydactka nepefaercd K ApyroMy.

'  Ha npakThHKe BCTpedaloTcs Apa caydad: 1) HeobxonuMO MepeAarto

OF ONHOTO Tena APYroMy ONpele/eHHOe KOJHYSCTBO TEILIOTH co
| 8HAuMTeNbHON CKODOCTDIO, HANPHMEP TEMJI0Ty, [OJYyYEHHYIO MpPH
| CKHraHdHd TOTJIHBA, OpicTpee mnepenatbh KHIKOCTH, HaxoiseHcs
B KoTae; 2) N0 BO3MOMKHOCTH YMEHbLIHTH HHTEHCHBHOCTH TeI000-
. MeHa Mexy Teiamu, HanpHMEp YMEHBIUHTD HENPOH3BOAHTENbHbIE
" poTepH TeMmJIOTHL B OKpYykalomyio Cpely [apompoBOdaMi. Yro0bt
HMETh BO3MOMKHOCTH DEryJaHpOBAaTh 3TH SIBJEHHS, Heo0X0AHMO 3HATh
3aKOHLI Mepefayd H PAcnpoCTpaHEHHA TENVIOTHl H YUHTHIBATL dak-
TOpLI, BJHSIIONHE Ha HHTEHCHBHOCTH TemI000MeHa.
Pasnuualor; TeNaonpOBOAHOCT, KOHBEKTHBHBIH Tenaoo0MeH H
| SiyuucThifi TensooGMernt.
"~ Tenaonposodnocmb — NPONECC PACTPOCTPAHEHHA TEHIOTL BHYTPH
. Tena myTeM B3aUMHOTO CONPHKOCHOBEHHS HacTHI. Ilpn 3TOM KHHETH-
| geckas SHEDrHs XaOTHUECKOTO JABHIKEHHs MOJEKYJ Gonee HarpernX
 Y4aCTKOB 4YacTHYHO MEpefaercs MOoJeKyJ/au MeHee HarpeTrhiXx Yyua-
~ CTKOS.
B TeepAbiX TenaxX pacnpocTpaHeHue TEroTel OT GoJsiee HATPETHIX
YYACTKOB K MEHEEe HarpeThiM BO3MOMKHO TOJAbKO TEIVIONPOBOAHOCTBIO,
K Kak B HHX NpH pacnpocTpaHeHHH TEMJOTh OTCYTCTBYET mepeme-
L mieHHe KOHeuHIX Macc. PaccMoTpHM pacnpocTpaneHue TENJIOTh
"B OIHOPOJIOM TeJie B BHE CTEHKH, OrpaHuueHHOH ABYMA Hapallie/b-
IMH [JIOCKOCTSIMY, MJ0WANb KaxA0H H3 KOTOPBIX S (puc. 108).
WTaeM, 4TO BeCh MOTOK Temjortst Q, NOABOAHMON K OJIHOH noBepx-
T CTeHKH, uMelouledl TemnepaTypy 7y, TPOXOAMT 4epes TEJA0
QAT HAPYIKY Uepe3 NPOTHBONOIOKAYIO MOBEPXHOCTD, HMEIOULYIO
patypy Ts. Ecan 3TOT NOTOK TEMJIOTHE CO BpeMeHeM He BLI3LIBAET
His TEeMHepaTyphl BHYTPH CTEHKH, TO OH HA3LBAETCHA CTAHO-
§M [IOTOKOM TerjioThl. HecTauuoHapHbI NOTOK TeN/IOTHl HEWI-
npusener au6o K Harpesatuio, auGo K oxJaAeHID CTeHKIH.
145
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Pue, 108, Nepepana tendotw TENIONPOBOANOCTRIO YEPe3 NIVZHYID
CTEHKY

B stom cayuae remmeparypa B KaXaoil TOUKe CTCHKIH
MEHfIETCa CO BpeMeHeM. OFPHHH'-{HMCH paccMoTpe-
HHEM CTAUHOHAPHBIX IOTOKOB TEMJIOTH,

Tenaonposopnocts wepes nuockylo W UHIMEZ-
pHyeckyio crenkd. OnulT noxaswipaer, YTO NpH CTa-
LHOHAPHOM MOTOKE KOMHYECTBO TENMOTH @, Apoxo-
AL HEPE3 MJIOCKYIO CTEHKY B eIMHHILY BPEMEHH, OPSMO NPONop-
LHONANLHO MJI0MANH NOBEPXHOCTH CTEHKH S, pPasHOCTH TeMneparyp
nosepxHocred T) — Ty, u 006paTHO NPONOPIIOHANLHO TOJUIHHE
crenku 6:

o=1s Lzl (209)

1o gopmyna Pypee. 3peck A — KO3(MpHUHEHT TenJA0NpOBOA-
HOCTH, (QH3HYECKHUIT CMBIC/ KOTODOFO JIETKO BLISICHHTE, €CJIH ApHHATH
G=1m S=1Tw 7, —T, =1K Kospdnunent renaonpono-
HOCTH TIOKA3pIBACT, KaKoe KONHYECTBO TeN/I0TEl MPOXOAMT 32 | ¢ yepes
ONHOPOJAHYI0O MJIOCKYIO CTEHKY TOJMMHHOA 1 M, eciam ee nJomanr
pasHa 1 M* u pasmocts Temmeparyp Mexay MOBEPXHOCTSMH COCTAB-
ager 1 K. B CH enunnnefi xosdppuunenta TEILTONPOBONBOCTH A
asasiercss B1/(m-K). Kosdduunenr remnonposonnoctn A 3asHCHT OT
MaTepiana crenku (tabn. 3) m ee Temneparypsl.

Ecan npenebpeyr 3asucumoctsio X03(pPHUHEHTOR TENJNONPOBO/-
HOCTH OT TeMOepPaTYphI, TO NOCAEAHAS BHYTPH MNJOCKOH ORHOPOAHOIT

Tabanua 3

Marepnaa A, Briim. K) | MaTepuan Ay Br/(m-K)
I
Meranan; Jepeso (Blonk Bonokna) | 0,35—0,7
cepefipo 410 ICCOK PeuHoH CyXoil 0.3—0.4
MEAB 380 Hsoanpyiomue marepua-
CTalb JlernpoBanian 17—45 B
CTanh yraepojucras 45—60 actecr 0,10—0,2
uyTyH KH3enbrypoBan macca  [0,006—0.02
AMOMHHI 200—230 unnTa us npoGrm, sofi- | 0,04—0,12
AATYHD 100 noka, Topda
Crpoyrensisie  marepua- OUHARH 0,07
AL Paanuunwe tepame mare-
fieron 1,3 pHaTE;
KNpnuyHafs Kragea 0,25 KOTEIRHAR HaKHIIL 0,728
Kaafxa GyroBas 1.3 Yrons. 0,12—0,2
WAMOTHBIH KHPIHY 0,14—0,18 UaK KoreapHuill 0,
KapOopyHAOBLH KAPMHY 11,0 Cuer:
CTEKAC OOBIKHOBEHHOE 0,75 CHEMEBRITAB I 0.1
WITYKaTypKa ; 0,7—0,9 ynaoTHennLi 0.5
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Puc. 109, fepepana Tenioria
Yepres HUHARBAPNUCCEY 0 CTERRLY

Prc, 110, Tlepepaua TEMAGTHL
Yepes MHOMOCACHHYIO CTEHRY

¥ eTH K it H3Me-
Kil MPH lepeMelieHiH OT OAHOH MOBEPXHOCTH K APYTOH us

ercA 10 JIHHEHHOMY 3aKony. A
KoauuecTso TEmsOThl, MEpeiaHHOil B CAMHHIY BPEMEHH HEp

v A
HOPOIHYIO HUAHHAPHYECKYIO CTCHKY, Hanpumep qe!)ea CTEHKY TDPY
‘Gonposoja MIMHOH [, ONpeAeasioT Mo dopmyne

" + To—Ty
Q—=2nih 2Tt — 0,87nih 22—, 210)
{5 il lg %
;' dy dy

i"-ﬁe dy, dy — BHEIIHHA H Buy'rpem_mﬁ AHAMETE; T?ﬁmﬂ T
 pemmepaTypa BHEUIHEH W BHYTPEHHEH noﬁepxigz;ez; '{I?ee_r S 5N
Nre 3 UMARHAPHIECKYIO ]
Tlepenaua TenJOTHl Yepes UHAHIAD . b
i MHODHE TeloTeXHHuecKue arp
PpaKTHYECKOE 3HayeHHe, TaK Kak <
gem sJEMEHTH B BHAEe UMJIHHAPHYECKHX prﬁ;;xggfil:iqe?a{izom-
'BHCHMOC TPHYECKUX [10BE , pac
BUCHMOCTb TeMnepaTyphl KOHUCHT sl
~ KEeHHLIX BHYTPH un.r[mmp]-mecméiq )creuxn, npencrasaser coboil
' 109).

npMHYECKYIO KpHBYO (pHC. = o
3 ¢Tcnnonpononuucn yepes MHOTOCJOHHYHO CTEHKY. Haoggakoam
‘4acTo HCNOJAbL3YIT MHOrOCHAOHHBIE CTEHKH. Hanpumep, y;:aroca
| KOT/Ia COCTOMT M3 CJIOSi OTHEYIOPHOTO KHpHHYa, conpﬂxagifgglapac_
‘¢ nanbo/iee PACKATEHHEIMH JaCTMA TOTKH, H HapYKHOTO o o i

ro kmpnuua. Metaanuyeckie TPyObl ¢ pasiHYHBLIMA s
TedsMil MMEIOT C BHEIIHEeH CTOPOHBI CJOH TenJoH30/AlH ;HaytOLL{YlO
 waounii HENnpoH3BOAHTENbHOE paccesHneé TEeNJIOTH B oxpgf iy
ggeny [lpy AJWTENBHOM HCHONb30BaHWH TPYO Ha HMX BHY pﬂﬁ =

Kax ofpasyetcs CJOH HaKumH, CYMECTBEHHO Bmmimc e

TenaoobmMer TPyOm M JKMIAKOCTH, TEKYHEH MO HEH. D CBi
MMOT;)HM TEMIONPOBOAHOCTD MHOTOCJAOHHOH CTEHKH. S noRie
~ [lyerb yepes creuKy, COCTOAULYIO M3 TpeX cgo;ﬁn"rpo‘;';uémmm .
1 Ten

enno 6,, 6, 8; c xospunHeHTaMH | st
» poTeKaeT B ;\EIRHHHH,Y BpeMeHy CTalHOHAPHbLH NOTOK T€ Q

. 110). Hapyxubie NOBEpPXHOCTH HMEIOT TeMnepaTypy COMB*:;




cteenno Ty u T,, a na rpanune paznena T u T%. Ha ocnopamum (209)
SaniiieM aas  Kaxcaoh crenxn Q = MS (Ty — T1)/6; Q = A.S X
X (T1 — T3)/83; Q = AsS (T3 — T,)/8;. Otxyna

o @al } ' i Qﬁz 5 ¥ Qﬁs
Tl“"Tl—JuSa Tl_T2_EBT= TQ_T?'“.TS.—S_'
COXKHB JIeBbIE W NPaBbe YacTH NOCAEANHX YypaBHeHHH, noayyum

er ()

by
Orkyna
Ti—Ts 2
= S. 211
e T g
; S e

Has muorocaoiino UHJTHHAPHYECKOH CTEHKH, HMewomeil 1 CAoes,

Q— 2l (Ty—T,)

NEET d, 1 ISR 1 Wi =

0.87nl(Ty—T,)
1 d i d 1 d
g Rt e Sy LD s gy
’Ll g dl +?\n g dﬂ J J ?Ln Ig d

n

(212)

Tpumep 33. Onpenennts, Kakoe KodnuecTso TEMJIOTH HellPOH3BONHTEALNO T0-
PACTCA B OKPYIKAIOMYIO Cpeny uepes | m® oOmyposki KOTJ0arperata, Cocronmen us
€109 WAMOTHOTO KilpnHYa ToautiHod 8; = 400 mu 1 ciros KPacHoro KHpPMi4a TodAmH-
;;gg‘i }t?:g = 250 mw, ecan Temmeparypa BHYTpenuell o6myposkn 1173 K, a Hapy#noi

Hoanaysies Ta6a. 3, nattzen KO3qXpHLITEHTEE TENAOMPOBOANOCTH HIAMOTHORD KHp-
niva Ay = 0,16 Br/(M-K) u kpacuoro Kupnuda Ay = 0,25 Br/(m-K). ITo fop-
uyae (211) uaiigem

1173 — 335

e : S
=15 S = B
0,16 ' 0,%

Mpumep 34, Cramuoii Haponposoj, RapyKHbil AHamerp xotoporo dy = 160 um,
a BHyTpenunii d; = 120 mM, noxput ABYXcAofiHoll naoJsiniedl, cocrosmeil u3 acbeera
Todun Eofl 60 My i Boilioka Touwmol 20 My, Kos(guunent TEIVIONPOROAHOCTH TPYOR
hy= 58 Br/(m:K). Teuneparypa Buytpeniei NOBEPXNOCTH naponpoeoja 1=
= 673 K, a Bhewmmneii nopepXuocT niodimumt Ty = 323 K. Onpegenurs teniopme
norepu 1 M naponposona u MaRCHMATLHYIO TEMACPATYPY BHEUIHETO CJOA HIOJHILIMN.

[o yenosmo sagaun dy= 0,16 wm; dy = 0,12 »; dy= 0,16 0,12 = 0,28 »;
dy= 0,28-}: 0,04 = 0,32 m. B coorperersun ¢ Popuyaoii (212) koanuecrro TENJAOTH,
NEPEAAIOMENCHA HEPE3 MHOTOCAONHYIO CTEHKY OT BHYTPEHHCH NOBEPXHOCTH Naponpo-
BOL3 B OKPYMAIOUYIO Cpefy:

T —T
= D7 1 2 .
s Tz._l_] Eai_-i_ L % |yt
l.] dl 7‘«2 dg 3 iy
d, 0,16 d 0,28 d 0,32
== =in——— & 020y A, V<O 3 s b
In 4 In 0.12 1 4, In 0.16 0,56; In s n 025 710,13,
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v =
. 3 maxofum suavenna xos(GiuuneHros TENAOMPOBROAROCTH! Ry
e e e 01105 Br/(n- K; 7 == 0,046 Br/(u-K)-

673 — 323
Te[xa Q =2.3,14-1 0,29 0.56 ! 0.13 ~ 269 Bt.

58 0,105 * 0,046

Jlna Dieiero CAOS K30AALNN NPH CTALUOHADHOM NOTOKE TEMAOTM MOXKHO

T.—T
Qmﬂﬁf}\.s it S diq .
iﬂd—’
QlIn dy i3
T oy HROROAS T B
Ta=Ted .e::m.: =3B+ 33 1.00%

KoupekTHBHBI Tennooomen. KoHBeKTHBHBIH TenaooOMeH npizl[(;
piisieT coOOH TemnooOMEeH MexJAy TBEPALIM TeIoM H }Kungggmo
4 £a30M), CONPOBOKAAIOUIHHACS OXHOBPEMEHHO TETONPOBOL
eil.

.K%f;‘;g:;l; TEeNJI0NPOBOAHOCTH B MHAKOCTH, KaK H B TBEPAOM };rsche&
HOCTBIO OTPENeNAeTCs CBOACTBAMU CaMOHl JXHAKOCTH, B :ac;
KOS((HIHERTOM TeIJIONPOBONHOCTH H IDAAHEHTOM TeMnepa cﬂ:[e.eao—
~ [Ipu KOHBEKUMH [EPEHOC TemJIOTHl HEPa3PHIBHO CBA3AH £l Eoc-ru
ICOM KHIKOCTH. ITO YCIOKHSAET npouegg; :::H ]é?agﬂgzpe:emnamﬁeﬁm.
' Xapaxkrepa H NPHPOALI 'y
aﬁ?ﬁgzxﬁ; cagﬂcmpmnnxocm, dopMsl H pa3MepoB MOBEPXHOCTEH

' HT L Z
m%ﬁi?u;?gﬂm cayyail IpOTeKaHHA OKOJO TBEpJOoH ca'reHK:: ;{;ie{ﬁ::::-
TH, TeMmepaTtypa KOTOpO#H HiKe (MM Bhille) 're:nme}:t6 Télp Hepexozi
€AY IKHAKOCTBIO H CTEHKOM MPOMCXOAHT TEIJIOOOMEH. sosies
@MUIOTHI OT CTEHKH K KHAKOCTH (Hii 00paTHO) Has0BeM TEINIOOTA 'rcs;
BIOTOH NMOKa3aJl, YTO KOJIMYECTBO TennoTsl Q, KOTOPBIM 05MEHHB&IDT
WAy Co60it B eNIHULLY BpEMEeHH CTeHKa, HMelollas Temnepagggg’maz
FHAKOCTb, HMeollas TeMnepatypy T, UpsMoO nponopu iy
asnoctn temnepatyp T — T W OJOIEAH MNOBEPXHOCTH p
 kocrozenust S:
3 Q=aS (Te =1,

— HEeHT TEMIOOTHAUM, KOTOpHIl MOKAa3hiBaeT, KaKuy
'gaec'r:t?;dxf:#mm B TEYEHHE ORHOH CeKYHJHI 06MEHHB&I?I}:(H_
AKOCTH M CTEHKA, ecd PasHOCTb TeMOEparyp MERLY lH:sz Clri'
nAcmans NOBEPXHOCTH, OMBIBAEMOIl JKHAKOCTHIO, %a':??n?i-l() 5 s
ueit xosdduiuenta TEMIOOTAAUH ABAAETCH kg .nepaym
WMEHT TenyiooT[aun o 3aBHCHT OT ﬁm ¢akTOpOB,

)eNlb OT Xapaxkrtepa MBHIKEHHS HCHIKC : o
; Ypﬁyﬂeﬂ'rgomy 121 JlaMHHAPHOMY JABHIKEHHIO )Kﬁlli:{ﬂc;af;! Bc}(::;zf;‘
pasauupblit XapakTep HepeAadn TemaoThl. lip .




ABHIKEHIH TEIVIOTA PACTIPOCTPAHACTCS B HANPABJCHUH, nepresInKy-
JSIPHOM NEpEMELIeHHIO YacTHIL JHHAKOCTH, TAK JHe KakK u B TBEpAOM
TEAE, T. €. TenJONpoBOAHOCTEIO. Tak kak Koa(duuient TEIIoNpoBo-
HOCTH JKHAKOCTH HEBENHK, TO pacnpocTpaHsiercs: Tenaora npH JaMmu-
HAPHOM TEYEHHH B HANDABJEHHH, MEPHEHIHKYIAPHOM NOTOKY, OUEHB
cnat6o. Ilpu TypOynenTHOM ABMKeHuY caon HUIAKOCTH (6onee n menee
HarpeThié) TNepeMelInBaloTCA, M Tena0oGMeH MEXIY KHIKOCTLIO H
CTEHKOH B JAaHHBIX YCJOBHSX HAET GoJee HHTEHCHBHO, YeM MpH Ja-
MHHAPHOM Teuenuu. B norpanngnom cioe Kuakoctn (y cTenox TpYyOR)
TENJI0Ta nepenaeTcss TOJALKO TeNJIONPOBOAHOCTRIO, ITostomy norpa-
HHYHBIH cJ0H npeactasiser coboii Goabiioe CONPOTHB/CHNE NOTOKY
TENJIOTH, W B HEM NMPOHCXOANT HauGonblias rnoreps TEMIEPATYPHOrO
Haropa.

[omumo xapakrepa aBmenus, Kosppuunent rensooraaun sa-
BHCHT OT CBOHCTB MHAKOCTH H TBEPJOTO Tea, TeMIepaTypsl KHAKOCTH
n T. 1. Takum o6Gpasom, Teopernyeck ONpeNeNTE Kos(hpuuuenT
TENJNOOTAAYH AOBOJNLHO cnoxHO. Ha ocHoBaum Gosbinoro IKCHepu-
MENTANLHOTO MarTepHalia HaiileHE CJACAYIOLIHE 3HAYEHHH Ko3(phu-

IHEHTOB Tennooraasu |8 Br/(v*-K) ], nas pasanunwix CAY4aeB KOH-
BEKTHBHOI'O TenJyooOMena:

Ecrectennan KOHBeKLHS rasos STt el TR 58-347
HBuscenne razos B Tpy6ax unu MERAY HuiH . 11.6—116

Hsnxenne ponnnoro napa s TpyGax oy 116—2 320
Ectecrsennas Konsexiuis BOIR SRR MR 116—1 160
Jpuncenae Bonw no TPy Gau A e s T 575—11 600
Kunenwe soam . | | 2320—11 6060

Kenpencanns nmapa | 4650—17 500

B ocHoBHOM KOHBEKTHBHBIN TennooGuen TIPOHCXOAMT NMPH NPOACIL-
HOM BLIH YAICHHOM TEYEHHH XKHAKOCTH, HanpuMep TenaoobMmen Me Yy
CTEHKaMH TPYOBl H XKHAKOCTbIO, TEKYILEl 110 Hell; NONePEeYHOM BhIH YK~
ACHHOM OOTEKaHHH, HANPHMEpP TEMJI00OMEH NpH OMBIBAHHH ¥MHILKOCTRIO
IoNepeyHoro nyuxka TpyO; cBOGORHOM ABHIKEHHH, HanpuMep Temio-
O0OMEH MEKAY KHAKOCTBIO H BEPTHKANLHOH MOBEPXHOCTBIO, KOTOPYIO
OHA OMBIBAET; USMEHEHHH arperartioro coCTOsHHS, HanpHMEp TemIo-
06MEeH MeXAy MOBEPXHOCTBIO M KUAKOCTHIO, B pesyabTarte KOTOpOro
IKHAKOCTb 3aKHIIAET HAH MPOHCXONNT KOHIEHCAIMS ee napos.

Jysncroii  TenaooSmen. Jlysuctsiv TenacoSuenroM Ha3LIBAIOT
APOLECC NEpeNayH TEmIOTHl OT OJHOTO Te/la K APYTOMYy B dopme ny-
4UCTOH SHEPrHHM. B Ten/oTexfiuke B YCAORMAX BLICOKIX TeMneparyp
TENIO0OMEH M3/IYYEHHEM HMEET NepBOCTeneHHoe sHauenue. [Tosromy
COBPEMEHHEIE TeN/IOTEXHHYECKHE arperaThi, PaCCUNTAHNbIC HA BLICO-
KHE TEMINEPATYPHL, MAKCHMAALHO HCHOMB3YIOT STOT BHA TemnooGMena.,

Jlwoboe Tedno, TEMIEPATYPA KOTGPOro OTANYHA OT abCoMOTHOrO
HyJsist, H3JYYAeT SNEeKTPOMArHHTHEIC BOAHLL Mx 3HEPTHIO CIocobHO
NOT/IOTHTE, OTPA3HTh, & TAKXKe AponycrHTh uyepes cebs Kakoe-i1n6O
apyroe teno. B cBoio ouepens, sto teno rame H3JIyuaeT sHepruio,
KOTOpas BMeCTE C OTPAMEHHOR H nponymen:oil JHepryues monapaer
Ha OKpyxaioliHe Teia (B TOM YHCIe § g IepBOE TEJI0) W BHOBb ROTN0=
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28 —Boasumada):
. OeHn aGcomotHoii Temmeparypsl (3akon Credana Boasi )

sec. 111, Pacnpepeneune ayancroll oHepruiH, mamaomefl Ha NIOCKOE Teno ;] FE
Lohdd ]

!;aae.TCH‘ oTpaxKaerci uMH # T. A 3 seex a:nempomag— i
mﬁ!liﬂﬁ Jaydgeil HauOOAbUIIM TCIJIOBBIM AeHCTBHEM 00- [a, |
| fapaoT HHQpaKpactple W BHANMEIE JY4H C JIHHOH BOJ- |

fpt 0,4—40 MEM. DTH Jy4s [a3biBAIOT TEN/IOBLIMH. !
qm 0, ,
. B pesy/bTarte NOrJOWIEHHS H H3AYYEHHs TeJaMu \ a,
© AyWiCTOH SHEPTHH [POHCXOAUT TernyoobMen  MexLY

UM :
FﬂKQﬂH‘I@CTBO TENAO0TH, MOIJIOUIaeMOe TEJIOM B pesyabrate ;li'} ::::
©T0r0 TEn000MeHa, PaBHO PA3HOCTH MEXAY SHEprued, naiaouled

i : s, €CJN

" gero, # uaayuaemoil um. Takas pasHOCTb o;ﬂﬁuﬁ(?m?;{ élyjlly:m(:“roﬁ
Tem BO B3aUMHO!

. gemnepatypa Ted, Y4acTBYIOWLHX 4

FE !ﬁeprgeﬁ? [;Jaams!ma. Ecan temumepatypa Tel OAHHAKOBA, TO BCs CHC

JeMa HAXOZNTCS B MOJBHKHOM TeIIOBOM pasHosecun. Ho n B 3TOM CaY-

. gae Tena no-npeiHeMmy H3JIyEal0T H HOIJOHLAIOT JAYYUCTYIO SHEPTHIO.

SHEPruio, H3AYUaeMylo elHHHUEH NOBEpPXHOCTH Tead B efHHulY

BpeMenH, HasLIBaloT €ro H3JIyYaTeNbHOH CcnocoOHOCTbio. Eanuuua
i : ;

‘psayuatensHoil cnocobnoctn Br/vi.
3 %cnu Ha TeJo B eIHHALY BpeMeHu majaeT Q, smepruy (puc. 111),

LY TO
" Qg otpaxaercsi, Qp NPOXOAUT Yepes Hero, Qu MOIMOUIALTCA MM,

: Q Qr _
Q-+ %=0 H+F+te=1

rae Q,/Q, = A — norJolaTebHas CNOCOOHOCTL Ted; Q/Q, =10§L;
Mpan&da’reﬂhﬂaﬂ cnocobuoctb Tena; Qp/Qy = D — nponyckaiouls
YHOCTh Teda.
pnmﬁ{)ci:HOCA =1, to R=D =0, T.e. BCcA [aiaiomas SHEPIud
orio TCH
HOAHOCTBIO TorJomaerca. B sTom cnyqa; mscgm'r, 61?0 ';e;;(l;ﬁ:;l;;{m
abcoaiotHo wepHbM. Ecan R ’ A
ayueii pasen yray orpawenus. B sTom caydae Teqo aﬁc%mgze“
3epKaJbHO, a4 €cly OTpaxenHe paccesHHoe [paBHOMEpl—f;)E_l.'lR e
ﬁanpaaneﬂuﬂm) — a6comorno Oeqoe. Ecnu D = 1, Tgc [;;m iy
W Teno abconoTHo Opo3paukoe., B npupoge Her nu a OH-;{ Pea:lb-
HBIX, HH aBCOMOTHO OesbiX, Hi abCOJIOTHO PO3PAUHBIX Tel. i
HEe Teaa MOTYT JHIIb B KaKOH-TO Mepe npubausnTbes K OAHOMY
W3 TAKHX BHJOB TeJ. 4 %
[MoraomaresbHas CHOCOOHOCTb PA3NHUHBIX TEN Pa3nnyHa; tzrii'lr)(l,ia
TOro, OAHO H TO Ke TeN0 N0-pasHOMY [OIJIONIaeT 3HEePruio pasiu il
-.Enm;- posia. OnnaKo ecTb Teda, A8 KOTOPHIX B OfipelencHHOM mi} ﬁpu
BaJjie JJIHH BOJH HOTJIOLLATeAbHAS CIIOCOGHOCTD MaJlo 3aBHCHT OT A“m:e )
Boambt, Takue Tesla NPHHATO HASHBATH CEPBIMA JUISL NAHHOTO :;H'reg-
. Basa puuH BoaH. [IpakTuKa NoKaseBaer, 94TO NPAMEHHTENBHO K“e e
oy Y JTHH BOJIH, HCNOJb3YEMBX B TEIMIOTEXHHKE, OYeHb MHOT

~ MOMGHO CuMTaTh CEephIMHU.

i uep-
. Dueprus, Msayuaemas eAUHHIUEH TOBEPXHOCTH aﬁcol;n;o:gg CTE-
HOMO Tefa B elfIuIy BPEMEHH, TPOMNOPIHOHAALHA HETBED -

151




Ey, = 0;T*, rne g; — KoHCTaHTa H3JAyueHns
aGcomoTHo 4epHOro Tena: gy =
= 5,67-1078 Br/(m*- KY).

Hacto 3TOT 3aKOH 3anNHCHIBAIOT B Buje

Ey=0, (55) s (213)

TAe Op — KO3(pHUHEHT H3AYyYeHHs abco-
JIOTHO HYEepHOro Tena; o, = 5,67 Br/(M*- K*).
Muorue 3aKOHEI HANTYYEHUS, YCTaHOBIEH-
HBle At a0COJIIOTHO YEPHOTO TeTa, HMEeIT
OrpOMHOE SHaYeHHEe NI TemJIOTEXHUKH. Tak, NOJOCTb TOMKH KO-
TENLHOH YCTAaHOBKH MOXHO DPacCMaTpHBATh KaK MOJAENs abCoioTHO
seprioro tena (puc. 112). TIpuMEHHTENbHO K TAKOH MONENH 33KOHLI
U3NYYEHHS aGCOMIOTHO YEePHOTO Tena BHNOMHAIOTCH ¢ GOABLION
TOuHOCTEI0. OfHAKO NMOJNB30BATBCS STHUMH 3aKOHAMH NPHMEHHTEABHO
K TENJIOBLIM yCTAaHOBKAM CJELYeT ocTopoxHO. Hanpuwmep, aas ce-
poro tena sakoH Credpana—Boasnvana umeer BHJ[, aHaJOrHYHHKH
qopmyre (213):
T \4
E=U(m) ¥

The 0 = 0,. OTHOWeHNe 0/0, HA3LIBAIOT CTENEHbIO YEPHOTH & (& TeM
Goaniue, uem Gosblie paccMaTpHBAEMOE TeJAO OTAHYAETCS OT abco-
JIOTHOTO YyepHoro, Tatiu. 4).

Dopmyay (213a) ucnoxssyior ais onpeseneHus H3IYYaTenbHOM
CIOCOOHOCTH TOMOK, NOBEPXHOCTH CJOS TOPSIIETO TOMANBA H T. .
STy ke PopMyJTy MPUMEHAIOT MPH yyeTe TEMIOTH, nepeaanHoil uaay-
9EHHEM B TOMOYHOH KaMepe, a Takike SHEMEHTaMH KOTAoarperara.

Tena, sanonusiomue BryTpeHnee mpocTpancTsBo TONKH, Henpe-
PBIBHO H3/1yYalOT W MOrJOWAIOT SHepriio. OIHAKO CHCTEMA STHX Ten
HE HAaXONUTCs B COCTOSIHHH TENJIOBOrO PABHOBECHS, TaK Kak HX TeM-
T€PaTypa pasiiHuHa: B COBPEMEHHHX KOT/IAaX TeMmieparypa Tpyd, no
ROTOPBIM NPOXOAAT BOAA M Map, 3HAUUTENLHO HHXKE TeMIeparypsl To-
HOYHOrO MPOCTPAHCTBA U BIYTPeHHel noBepXHOCTH Tonku. [Ipu sTux
YCNOBHAX H3AyyaTeNbHas CrnocoBHOCTL TPY® 3HAYHTENLHO MeHbie

Puc. 112. Mogean afcomioriio
YEPHOIO Teaa

(213a)

Tabanuma 4

Matepuaa E;::_e&::' e Marepuan I;;‘ :‘E%"‘E g
‘:;:D a:{-::nl"’:ﬂ“ BEpOs el Ooﬂg; Macasnan kpacka 100 0,95
Boxa 0—100 | 095— | Cram okucnennas | 200— | 0,74—

E}.Qﬁ 600 0,80
Kupnuu gpacuii 20 0,88 | Yroas lgg(T 0'8;‘“‘
0,98 049

T T 1900 0.59 Ulrykarypxa 10—90 0,91
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JaTenLHOI CnocoGHOCTH TONKH 1 ee cTeHoK. [TosTomy Tennoobmen
: eHHEM, TMPOXOASUIHIT MEXIY HHMH, OCYIIECTBJIAETCH TIaBHBM
pasoM B HanpaBJeHuil Mepejaun SHEPruH OT TOMKH K IOBEPXHOCTH
y0. .
Tlpu ayuuctom TemiooOMeHe MexmIy IBYMs NapaeNsHEIMH r:;
HXHOCTSIMH CO CTENelsIMH YepHOTHI & H &, HMEIOUlHMI COCTB
gHo Temnepatypy T3 B Ty, KOJIHYECTBO SHEpriH, KOTOPOH OHH
eHHBAIOTCS, ONPeieasiorT mo QopmyJe

0= sou [(22)' ~ (28) ] @

3 " S
S — naoniagb NOBEPXHOCTEN; Oy — TK Ha3hBaeMbli np]]-;g_e~
sl ko3(guuuent usayuenus, B1/(m*-K'), mas paccmatph

JOT0 CAyyas:

RRPIREY..| SEyon 215
Opp == i—-—l . (215)
? £y

£,

" Ecuan Tena, MexAy KOTOPHIMH NPOHCXOAHT JYYHCTHIA Temicoomed,
‘orpaHnyent NopepxHocTsMH S; u S, PacNoNOKEHHBHIMH BHYTDH
~ ApyT Apyra, TO NPHBENEHHHIA KOIPOUUHMEHT HINYUEHHS Onpeieasior

o ¢opmyae

g
o=y g ( s 1)
1 Sy \ &
Mpumep 35, OnpejenTs KOMHYECTBO TENJIOTH, KOTOPHM OOMEHHBAIOTCH B Teel;a;
pie | u Kaawii KBaJpaTHEI METp NOBEPXHOCTH KHPNHYHOTO CBOJA TONKH, HM :
“mero remneparypy 1273 K, ¢ 1oBepXHocThIO CTaILHEX TPYD KOTAA, TEMAepaTypa Ko
Topax 573 K.

 Jlos pemienus 570il 3aflayn BOcHoJb3yemcH dopmynanu (215) u (214). _Ha 'r?g.':i. 4
HaXOJiM CTENeHb YepHOTH OTHEYTopHOTo Kipnuya &; = 0,6 1 oxucienHodi cra

. - 1pybu &, = 0,8, Torza

5,67
Gup ™= 75 i
T

== 3 Br/(m2-K%);

Q = 3600-3 (12,73' — 5,73%) = 172 MJIx/(m2-u).

NouaThe o cioxnonm Tensoodmene. Ha npakTHke oTACNBHEE BRIN

anpuvep, B KOTEJbHOI YCTaHOBKE Mepejaya TEMJIOTE OT packaneil-
X ra30B M MOBEPXHOCTH TOMKH K HApPYXKHOH MOBEPXHOCTH KOTAA
JOHCXOAHT OXHOBPEMEHHO H3Jy4YeHHWeM H KOHBEKLHeH, nepenaka
JOTHl YEpe3 CTeHKY KOT/Ia — TeMnJIONpOBONHOCTBIO H, 1131{0145;3
100TAa49a OT BHYTPEHHEH CTEHKH KOT/a KHAKOCTH, HaXOASULEH

B KOTJie, npOHMCXOJIMT I/IaBHBIM OOPa3OM MyTeM KOHBEKILAH. ]
- Pacemotpum npoiece Temsionepeaun OT OXHOH KHAKOCTH K ét;:g'“
OTAeNeHHofi OT neprofi TOCKOi meperopoikofi. Temsoo

OM Cay4yae oCYUIECTBJAAETCHA: 4) KOHBEKTHBHO — HA rpaum;:.
i




rpeiodiLa —
HIt))C e i:} ﬂ” HHAKOCT — NOBEPXHOCTH neperopoAkH; 6) Tensonpopos-
2 KOHBEK?I'};B%KHPDCTI)&HQHHH [IOTOKA TENJIOTH 49€pes Meperopoaxy;
: O — Ha TpaHHUE [OBEPXHOCT arpe-
Baloulefica MUAKOCTH. ¥ e
Ilasi cTauMoOHapHOrO NOTOKA TEN/OTH MOMNHO 34HHCATS
1 __Tg

Q=o,S(Th—ThL): Q= ASE&T_S__;

Q=S (T —T1), (216)

;ﬁfux (z):(c;_. — KOS((HUMEHT TenJoOTA24M HA  rpaHmie rpeouas
mpo,ax;bl—- T%ep,uoe TEJO; S — HOBEPXHOCTb Pa3NeAUTedbHOM nepe-
e i H 0 — COOTBETCTBEHHO KOS(HUHEHT TEmIONPOBOAHOCTH
. PHala TIeperopoaky H ee TONNHHA; oy — KOIDHIHEHT Temo-
Tizll,a!m Ha TpaHHUE CTeHKa—XOMOAHAaf XHAKOCTH; T, T.,, T
e : . i » Ty cTr
: oném : &1rﬁsrgfﬁeﬂﬂo TEeMNepaTypa ropsyeit JKMAKOCTH, MOBEpX-
cre CO CTOPOHBL TOPAYRH H XOMOAHOMN JKUIAKOCTH H TeMnepa-

Typa XONONHOH MHIKOCTH. e

[Tpeofipasys mpemmiayimiie BRIpaeHus, MOy 4HM

T)]K'_ i'[: -—[ i i 1 8
il Q @S ) TCT-—- LT:QK; (2{?)

Tc|:1—T>li= :

Oy

Hna muorocaoinoil ;
= NEPEropoiKy BTOpoe ypasueHue (217) umeer

il e N
T ““QZ.,‘;L,-T' 218)

IlpocymmuposaB sieBoie u npassie gacty ypasrennit (217) u (218)

MOJNY9HM
T}s L& TU £l j b,‘ 1
u (a,S+ZRES+a§)'
Orciona
Q=1S (T —T%), ©19)
rae & — ko3(pPHUHENT Tensonepenaun;
b= — :
% 3 " (220)
a E L

lpumep 36, Onpenenure Eosbduunent e i) e,
: e ; TIonepeaun yepes odmypo KY mapo-
BOT'O KOTJ14, OMBIBACMYIO HIHYTDH Qb g Lbe B 4 *
i MOBBIMH Fa3amu: ¢y 22,2 Tf’(u’-l{), a CHapy®y

p3fiyxoM: oty — 8,9 Br/(m*-K). O6MypoBKRa cOTTONT H3 ABYX CJOEB: WaMOTHOTO Kup-
= 200 mm n Kpacuoro knpmuda O, = 250 mm.
Tlo 7aba. 3 maxominm Ay = 0,16 Br/(u-K); A, = 0,25 Br/(m-K). TNoxcranns unc-

" jostie suavesns B Gopuyay (220), nomyun
1
SR
929 % 16 025 " 89

o
W

Fos = 0,41 Brj(m®-K).

KOHTPOJIbHBIE BOTMPOCKI

1. Tlepeunic/uTe OCHOBHLIE BH/AL TEMIOOOMEHE.

"~ 9. Hanuuuire gopmyay Gypee s oaHOCHORTOMN OANOPOAHOA MIOCKOR CTEHKI.
3. Kaxoil pusnuecknit cMpica HMeeT Ko3(pdUILEeRT TENIONPOBORHOCTH H B KaKnx

EHmIILAX O H3MepseTcs?
: 4, Kak HOACUNTATH KOJIYECTBO TEMIOTHI, NEpefiapaeMoe TelIONpoBOAHOCTLIO

yepea OHOPONHYIO HAJUHAPHUECKYIO CTEHKY?
5. K4k HOACUNTATh KOJHUECTBO TEINOTHI, TNepejiaBaenoe TENNIONPOBOLHOCTLIO

gepes MIOTOCHOHHYI0 TVIOCKYIO H HHAHHADHIECKYIO CTEHKY?
6. Hanmunte gopmyay HbioroHa Ads KOHBEKTHBHOTO TendoobMena MeMAY Mik-

KOCTLIO ¥ CTERKOil, OMbIBaeMOil 5TOH JKHAKOCTHIO,
7. B uem cymuocts sakona Crepasa—Boabunmana?

§ 15. IMonaTne o TenJoOGMEHHOM amnnapare

' Buasl TemiooGMeHHBIX annapatom. TenjyiooOMeHHBE annapathl
 (rennooGMEHHHKH) NOAPAa3fendioT Mo HasHAYEHHIO, KOHCTPyKIHH
"y ppmmusny peiicTBua. Ilo npuHUUITY AGHCTBUS PasiuudioT PERy=

llepaTHBHLIE, pereHepaTHBHbIE H CMECHTEJIbHEIE TenmooOMeH HHKH.
< B pekymepaTHBHLIX TEIVIOOOMEHHHKAX Nepenaud TEIJIOTE OCYLie-
s crBasercsl HenmpephBHO OT TPerllero pabodyero Tejia HATPEBAEMOMY
Tey, NPOTEKAIOUIEMY ONHOBPEMEHHO C TpEIOMM [0 annapary, —
5TO KOTJIH, KOHAeHcaTophl u Ap. PaGoune Tella paspenser nepero-
pOiKa, HasbiBaeMasi NOBEPXHOCTbIO HArpesa. [Tnomaiib OOBEPXHOCTH
Harpepa uMeer OoJbluoe 3HaueHUe B Mpouecce tenjioo6Mena, Tak Kak

: OF Hee 3aBUCHT 3(PeKTHBHOCTH HCHOJ/b30BAHIA TENJIOTHL B TEIl10-

obveHHNKE,

B perenepaTHBHBIX TEMOOOMCHHHKAX O/HA H T4 ¥e MOBEPXHOCTH
HarpeBa OMBIBA€TCS! MOMEPEMEHHO TO HArpeBaeMbiM, TO OXJaxiae-
MBIM BEIECTBOM (pereHepaTopsl MapTEHOBCKHX H CTEKJIONIaBHJIBHEIX
neueii u Ap.).

B cMecHTeNbHLIX TenjooOMEHRMKAX TemjoTa nepegaercs B Mpo-
© Hecce CMEIEHHs OXJIAKaeMOro i Harpesaemoro BemecTs (rpamipHs,
© Jfeaspatopel M T. IL).

—'P.-  Pexynepatuprble TensiooOMeHHBIE annaparsl MOAPAsieNfFIoT 1O
 HanpaeJeHHIO NOTOKOB TeNJIOHOCHTedel Ha TemooOMeHHuKH C Npa-

Muv ToKOM (puc. 113, a), nporusoTokom (pue. 113, ), nepexpecTHEIM

fpuc. 113, 6) u caoxumum (puc. 113, 2, 0, e, %) TOKaMH.

3 Pacyer mobepxHoct¥ Harpesa. PacCMOTPHM MeTOA onpejesienus

Dioilany neoOXonnmMOH MOBEPXHOCTH Harpesa npocTeiiero TenIo-

‘obMennnKa Tpy6a B TpyGe ¢ npsivbiM TokoM (puc. 114) Ajis nEpElLati

KoAugectBa TenaoTs Q ot rpeiouiell KUAKOCTH HarpepaeMo KiKOCTH.
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Puc. 114. Hameueumne TEMOCPATYPIL
TeOAOHOCHTRASHE B TCOAOOOMEHNWX

t‘ E
=
— — — —_—
Tax:
| —— -1—1 I @ — OPH NAPAAACALUOM TOKE; 0 w—
npi POTHBOTOKe
&)

S

a)

[lyers B CAMHHLY BpemeHH uYepes TennooOMEHHHK NpoTeKaer m’ kp
TPCICUICH JKHAKOCTH' C YNEJIbHOH TEMJIOEMKOCTEIO ¢ | Temnepartypoit
Ha BXOLe B TennooOMenHuk Ty n Ha Beixoae T;. OnHospemen:no ye-
Pe3 Ten006MeHHHK NpOTeKaeT /m” K HarpeBaeMoil JKIIAKOCTH C YAe/b-
HOM TEMJIOEMKOCTBIO ¢" H TEeMNEpaTypoil Ha BXOAE B TeNI000MeHHIIK T{
H Ha BLIXOAE 3 Hero Tj. Mexay KHAKOCTAMH HPOHCXOMHT TEnao0s-
meH. Ecan npuuath xospopunuent TerVIoNepeaayn £ MNOCTOAHHEIM
AJil RaHHOTO anmnapara ¢ MOBEpPXHOCTLIO HArpeBa S, TO B eMMHHIY
BPEMEHH OT rpelollieil XHAKOCTH NepeflaeTes HarpesaeMoil caenyiomed
KO/HYeCTBO TENNOTHL:

Q = kSAT,, (221)

rie AT, — cpeusis pasnocTh TeMmnepaTyp paGownx Ted.

Crentosarenbno, A/st onpenesenus miomann MOBEPXHOCTH Harpesa
Heo0XoauMo sHate Q, k&, AT.,. N pasiuuMbiX Tena006MEeHHiX
annapatos KOIQQHIHEHT Tenonepenadn & 3aBHCHT OT CBOFCTB JKHIKO-
CTeil, XapaKTepa M HaNpaBJeHus HX ABHIKEHHS Yepe3 Ter1000MeHHHK,
TEMIIEPATYPBI AKHIAKOCTEH, CBOICTB MaTephana pasienuTesbHoH nepe-
TOPOAKH H KA4ecTsa ee o6paGoTku. Bmauenne k BhGHpaOT 17 pas-
JHYHBIX MATEPHANOB H TEMIOOOMEHHHKOB N0 CHeUHAMLHBIM TatMiLas.
Ilpu onpenenenun cpexueii pasHoctn TEMOepaTyp CAeiyeT HCXOMHTh
H3 TOTO, YTO TEMOEPATYPA KHAKOCTH B TemJOOOMEHHIKE MEHAETCS no
CHOKHOMY 3aKOHY.
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" Ecsiy, HanpuMep, mpousBenenne ¢'m’ = w', Ha3nBaemoe BOJS-
M SKBHBAJEHTOM Tpeiollell KHAKOCTH, GOJbll€ BOASHOrO 3KBH-
enTa HArpeBaeMoil XHAKOCTH ¢'m” = w", TO H3MEHEHnHe Temne-
2rypBl  BIOJB TENJMOOOMEHHHKA COOTBETCTBYET [OKasannoMmy Ha
c. 114, a. Xapakrtep H3MEHEHHS TeMnepaTyphl TEMJIOHOCHTENEH
# NPOTHBOTOYHOM JBHXKEHHH HX B TemooGMeHHMKe MOKasaH Ha
114, 6. Takum oOpa3om, NpH NPOTHBOTOKE MOJY4YHM Harpesae-
) JKHIAKOCTb C Gojee BHICOKOI TEMIEpaTypoi, uemM npy napaJieb-
{ TOKe (MpH OJAMHAKOBHIX HaYalbHBIX 3HAYEHHAX TeMnepaTyphl
cpolictBax ofenx kuakocrei). [TosTomy Tennoo0OMEHHHKH C NPOTH-
BOTOKOM TNOJYYHJIM HanGoabliee NPHMEHEHHE.

Wecnenopanua MOKaskiBAlOT, YTO HOPH YKAa3alHOM XapakTepe H3-
‘MEHeHHA TEMIepaTyp TEMVIOHOCHTENeH CPEHiolo pasHOCTb TeMme-
'patyp MOXKHO ONpeleNuThb Mo dopmyse

AT —AT, Ti—Ti—(T3=T) Ti—=Ti—(Ta—Ts

.‘»-nTcp‘_‘ Y L3 7 A 7 R
AT, e 2,31g ——
TQ_TZ Tg—'TQ

(222)

Mpumep 37. B tennoofueHHOM annapare ¢ MapalIe/IbibiM TOKOM NPOTEKAET Xani-
wac 1200 ax® ropsved KuAKoCTH naoTHOCTHIO = 1100 Kr/M® 0 TENJIOEMKOCTHIO
= 203 kllk/(kr-K), Havaspnan ee temmeparypa Tj= 383 K, xoueunas Ty =
= 353 K. Onpegennth niomalb NOBEDPXHOCTH HATDEBA I KOHEHHYIO TeMNEpatypy ¥ird
Harpesaemoll BOME, TMPOTEKalOWIEH uepes annapar, eciH 3a KauKALH Yac NpoTexaer
3 nemy 0,8 u® BoAsl € HauaibHol Temneparypoit Ha sxofe T1 = 293 I§ Koshduuuenr
Tennonepefiaus JanHoro TendoobMennuka npunsth £ = 1,04 kBt/(M3 K).
BanHimeyM ypasiuedne Tensoporo GalaHCa AN TAKOro TeNIOOOMEHHHKa:

Voe(Ty—T3) = Vieye; (T3 —To)-

- Orryna
. Voe (Ty—T5) 1,2:1100-2,93-30 .
=T ——= e A K,
K Fy Vet 293 -+ 5 5-1000-4,18

 KoJuuecTro TemjioTh, NepelaHHoe Tpelowiell MHAKOCTBIO BOJE:
Q = 1200- 1100-30-2,93 ~~ 116 028 rllx/a = 32,2 wllwlc,

Ha ocrosanun dopuya (221) n (222) nonyunm

kATep k[T, —T;— (T5—T5)] To—T,
32,2 383 — 293

= 0,67 M2,

1,08 [383 — 293 — (353 —327)] " 353 —327

KOHTPOJILHBIE BOMNPOCHI

Tlepeunicante ocHOBHEE BHAW TenaooGMeHHEX annapartos.
AKOBB! NPElMYNIecTBa TeNN00OMEHHHKOB C NPOTHBOTOKOM NEPER Tennoocum-_
C NapanjiesibHEIM TOKOM? ;
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Faasa 6

TONJIUBO U KOTEJIbHLIE YCTAHORKMU

§ 16. Tonaueo H ero ropeuue

Tonausom NasbiBaOT ropioune BelleCTBA, NPHMEHSEMbE AJIA [0-
JYUCHHUA TEmI0TH 0pd  uX cxurannd, OXHAKO TOMIHBOM CYMTAIOT
TOMBKO TE TOpIOYHE BEUIECTBA, KOTOPHIE YAOBJETBOPSIIOT BCEM CJe-
AYIOIHM YCAOBHAM: |) NMpH cropalnu BLUEASIOT AOCTATOYHO GOJbLIOE
KO/IHYeCTBO TEMJNOTH; 2) HE AIOT NPOAYKTOB CTOpaHHs, ryOHTEIbHO
HAEHCTBYIOMMX HA OKPYMKAIOUWHHA PACTHTENABHBI H IKHBOTHBI MHD;
3) BCTpeuAoTCA B GO/LUINX KOMHYECTBAX B MPUPOLE HAM JIETKO MOTY-
HawTcA Opu nepepalboTke ApYyriux BeinecTs; 4) Jerko Ao0OLIBAIOTCS
H TpaHCTOpTHPYiOTCA ma Gosbtide pacctosinus; 5) GmCTpo Bochmaa-
MEHS]IOTCH.

Tonsmuso, noGbisaeMoe U3 HEIP 3eMJH B rOTOBOM BHIE, HA3BIBAIOT
€CTECTBEHHBIM, 2 NIONyYaeMoe nyTeM nepepaboTKH rOpIOYHX BEliecTs
H OPHPOAHOTO TOIJIHBA — HCKYCCTRBEHIBIM,

Kak ecrecTBentioe, TaK H HCKYCCTBEHHOE TOTTMBO MOAPA3AESIOT
Ha TBepHOe, KUAKOE n rasoobpasmoe (rabia. b).

[lo HasnayeHuio TONMMBO NE/sT HA SHEPTETHYECKOe W TeXHOJOIH-
ueckoe. K sHepreriyeckoMy OTHOCHT BCe HH3KOCODTHHIE TOMAWBA,

Tabaunwma 5

EcrecraeBnoe

Tpya-
?1"'5“ BHIE TONAKBa

HekycerTaeiHoe

I Toepnoe Hcronaemsiil yroas, | Koke, nmoaykoxe, nusesyfiuoe Tomauso,
ropioune caanubl, | OPUKETHl, HpeBecHbill yrods

Topd, nposa, or-
XOAbl  CELTKOXO-
3SHACTREHHOID nNpo-
H3BOACTBA

Il HMaakoe | Hedms Benaus, Kepochs, Tswmesoe uedraHOe
TOINIHBO (AH3EALHOE TOMAMBO, razoiiib,
COMADOBLIC MACAA, MOTOPHLIE TOMAHBA),
MazyT # KOTENbiioe TOMIHBO

111 T'a3006- Mpuponnmit B | [a3s: cBeruibuuii, KoKcoBHE, HoMes-
passoe npomuicaoBaifi £az | ueil, reseparopuwii, cMemANHLI, rassl
nedrenepepabarLiBAOMUE  3apoxop @
MO3EMHON  rasudHKAUHA  HCKONACMBIX
yrae# o T, 0.
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| KOTOpHIE MOIKHO CHHFaTh Ha 3JEKTPOCTARUHAX, B NPOU3BOACTBEIHO-
| GMTOBHIX H APYFHX TeNJOBHIX YCTaHOBKAX B HAaTYPasibHOM BHJAE HJH
_jocae nepepaGoTki. 3TO aHTPALMT, HEKOKCymomuecs caabocnexa-
" jompecs ¥ Oypbie yrau, TopQ, NpHPOAHBIA ras, a TAaKME€ NPOAYKTH
" pepepaboTKuH APYTHX TOIJIHB. K TtexnosornyeckoMy TOINIHBY OT-
. HOCAT BHICOKOCOPTHOE TOIVIHBO M KOKcylomnecss yrad. [lo meropy
| goOuiM 1 noTpeG/ieHHs pasANYaAlOT MECTHOe M NPHBO3HOE TON-
 JIHBO.
Jlo nejasHero BpeMenn norpebHocTh B TONJIHBE Hallla CTpaHa yaos-
" jerBopsJia B OCHOBHOM 3a CYeT HCKomaemblx yrjeid. B nocaepnee
Bpevsl B CTPYKTYpe TOI/IiBHOro 0a/jianca mpoM30UIIH CYILECTBEHHBIE
M3MEHENHs, MPOANKTOBAHHLIE SKOHOMHUECKHMH cooOpaxennamu. Bee
6OALIIYI0 poib B TOMJANBHOM Oallance MrpaioT HeQTh, NPHPOA-
HBIH ras.

CocTaBHble 4acTH TOMJMBA. TOMJIHBO COCTOMT H3 OpraHHYecKoH

@ MHHEpaJbHOH uacTef.
5: Opear u4ecKkyIo 4acmy MonaAuea COCTABJNIOT CIeayIoHe XUMHYECKHE
 smeventsi: yraepoa (C); somopon (Hg); kucaopox (O,); asor (N5)
. g cepa (S). TonIHBO MOXKET COCTOATH M3 CMECH BCEX ITHX 3JEMEHTOB
Man gactH pXx. Tak, OPraHHYECKYH MacCy KOKCa H JPEeBeCHOro yrid
‘B OCHOBHOM COCTABJISIET YI/IEPO/; HepTH U NPOLYKTOB ee nepepaCoTKH,
‘a Takxke Tasoo0pasHBIX YIVIEBOAOPOAOB — YIVIEPOL H BOJOPOJ;
PA3JNUHBIX BHIOB NPHPONHBIX TBEPJbIX TONJAHB — YIVIEPOA, BOLOPOA
H KHCTOPOZ.

Haubonee nenmble u3 NEPEUHCAEHHLIX 3JEMEHTOB — YTJIEpOl H
Boziopon. Conepxanne yraepoga B tommnse 50—90% aas Teeproro
1 85—87 % nas xuproro tonauea. On ABJAsieTCs OCHOBHBLIM TOPIOUHM
SJIeMeHTOM OPTaHHYeCKOoH YacTH TON/IHBa, TAK KaK NMpH ero CropaHuH
BHIESETCs HanboJibliee KONHYeCTBO TemaoTe. Doabumioe KoAHYECTEO
TENJOTH NpPH CTOpaHWM TOMIWBA BLIUIENSIET TaKKe BOAOPOA, HO €ro
‘B TONVIMBE COREPIKHTCA 3HAYHTENbHO MeHblie (10 6,5% B TBEpLOM H
Bo 25% B xunkom TomamBe), Kuciaopona B HUAKOM TOMJIHBE COAEp-
xuTes 10 2% . a B TBepaoM — 1o 42% . OH HE ropUT, a CIeA0OBATENBHO,
HaJuule KHCJIOpPOJa B TONJNHBE HemeaaTelbHO. TO Ke OTHOCHTCA
"~ H K asory, CofiepiKaHHe KOTOpOro B OTAe/IbHBIX BHAAX TON/IHBA M0~
xouut fo 3%. KucaopoA u asor ABASIOTCS BHYTPEHHHM O6aniactoM
Tonausa, Cepa, coliepKaHue KOTOPOH B TONJHBE JIOCTHraeT HHOTAA
'14%, npu cropanuu BuAeasier temnory. OfHako HajaHyHe ee B TOM-
 JINBE HeXXeNaTeNbHO, TaK KaK NpH ee CropaHuu 06pa3yercs CepHHCThIil.
- Ta3 W cepHas KHCJOTa, KOTOphIE BEIZEIBAIOT CHALHYIO KOPPO3HIO Me-
.\ TamnoB ¥ ryOHTebHO AEHCTBYIOT HA OKPYKAOWHA >KHBOTHHH M
PACTHTEIbHBI MUD.

- Munepaarsnyio uacme monausa COCTABASIOT BOJA2 H MHHEpaJbHEE
. PPHMECH, KOTOpLIe SBJASIOTCH BHemHed 0anlacTHOR 4YacTbio {BHell~
- HEM Gannactoy) TonsuBa.

Copeprkanne 6annacTHOR YACTH B TOMIMBE OYEHb HEKEIATENBHO,
- TaK Kak, yBemnyupas OOLEM TOMANBA, OHA yMeHblIaeT €ro TenJo-
~ BYIO LEHHOCTh,
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Bnara B TBepaoM TomimBe comepxurca B Buae BHemnedr (W,,)
H BHyTpeHHelt, uay rurpockonuueckofi (W,). BHeurHe# HaswmBaioT
BJAry, KOTOpas 3anofHfeT nopsl Tomauea. Onpefensior ee comep-
JaHHE BLICYIIHBAHHEM TOM/IHBA HA BO3NYXe A0 TeX Mop, MoKa He mepe-
CTAHET YMEeHLIIATbCS €ro Macca. BHyTpeHHdas BJara 3amnofHseT CBO-
GomHbie NPOMEXKYTKH TonAnBa. Ee cofepikanue ONpelessioT BhICYUIH-
BaHHEM TOMIHBA B CyIIHAbHOM wiKadgy npu Ttemmeparype 378—
383 K o Tex mop, MoKa Macca He MepecTaeT yMeHbLIAaThCH.

BnaxuocTs TOmMHBA MNPENCTABJsieT COOOH OTHOIIEHHE MacChl My

BJlarH K Macce a BJIaz<HOTO TOIJIHBA, %:

W = 2= 100.
a

3Has BHEUIHIOID W BHYTPEHHIOW BJAAYKHOCTb, MOMHO MOACYHTATDH
pabouyio BAAKHOCTD TOIUIHBA 1O (hopmyae

Wy Wy T2l (223)

MunepanbHbie COCTABJSIOUIHE MOCJE CXKHTAHMSA TOI/IMBA JAAIOT
TBEpIbI OCTATOK — 301y, COAEpIKaHUEe KOTOPOil OMPeNesioT Cxura-
HHeM B my(enbHOH neud 1—2 r W3MeNTbYeHHOrO TOMJIHBA MPH TeM-
neparype 1073 K. Otsoienne macchi 171, 30JI61 K Macce @ MOPUHH TOM-
nuBa npenctasdasier cooit 3o0abHOCTD, %:

A= Z=100. (224)

[Ipu HarpeBaHuH TBEPAOTO TOIJIHBA NPOMUCXOAMT €r0 TEPMHUYECKOR
pasyioxenne, COMPOBOMAAIOUIEECs BbIAEJEHHEM Tra30B H Napos, KO-
TOpBIE BMECTE NOJYYHJIH Ha3BaHMe JIETYYHX BeliecTs. TBepAblil oCTa-
TOK, Ha3biBaeMbIl KOKCOM, COCTOHT B OCHOBHOM u3 yriaepoja. Conepika-
HHE JIETYYHX BEIleCTB M KOKCa HMeeT GoJibllloe NpakTHYEeCKoe 3Hage-
H#e IUIsi OlLIeHKH KayecTBa TBEPABIX BHAOB TOIINBA, OCOGEHHO HCKO-
NaeMaiX YIJeit.

Tonnuso, nocTynmaoinee NI CHKUTAHNHA, HA3HBAIOT paboyuM.
YpaBHenne Matepuasabioro tananca paGouero TONAHBA MOMKHO 3allu-
cath B BHJE

CotHy+0,+ N, + S, -+ A, + W, — 100%, (225)

rae C;, H;, Op Ny, S;, A,, W, — COOTBETCTBEHHO NPOUEHTHOE
MaCCOBOE COflepKaHHe yriaepoia, BOAopoaa, KHCJA0poaa, asoTa, CepHl,
30/16l, BJAard B paboueM TOMNJAHBE.

Ecsin u3 TONJIMBA MOJHOCTHIO yladeHa BJiara, TO OHO Ha3bIBAeTCA
CyxHM. 3anumieM ypapHeHne marepnaiabHoro Gasamca JJIsl CyXOro
TOIMJIHBA:

Ce+Ho+0, - Ng 4+ S, 4+ A, = 100%. (226)

B Cyxom TOINJIHBE MNPOLIEHTHOR CojepiaHue Kaxaoro JieMeHTa
Gonplie, yem coAepKaHHE ero B pabGouem tonause, B 100/(100 — W)

160

a3, CneloBaTeibHO, MEKIY CONEpKaHHEM COOTBETCTBYIOUHX 3Je-
JHTOB CYXOro H pabouero TOMAHBA CYIIECTBYET CBA3L!

100 ¢
cf.‘l. e CP 100 — "VD " {227)

100
Awnanornyno Hy = Hpm HT. A

il

" Fcau w3 TomAMBAa YAAJHTh 301y H BJAAry, TO OCTaioliHecs 3/e-
| MEHTHI COCTABAT TAK Ha3bBaéMyI0 TOpIOYYI0 Maccy TonauBa, AAdA
'KOTODOIl ypaBHeHHE MaTepHajbHOro GamaHca HMeeT BHA

Ce+ H, 4+ O; + N 4 5. = 100%. (228)

100
Osesunuo, C, =G, ymo—w—a. "

BripasuB Ha OCHOBaHHH (2:?7) Al;, uepes A, u nojicraBus B (228),
MOAYYHM

160 100 999
3 G =G W Too—Ac el
~ - AHanOrHYHO
g
2 100
- Hr‘sz'Loo—AD—wp’
3 L 100 100 930
- uan H.=H, 50— W, T00—A, T A (230)

- Cywnocts mpolecca ropeansi. 'openne ecTh OKHCJIEHHE rOpIOUHX
SAeMEIITOB TOM/HBA KHCJIOPOAGM, CONpOBOXKAAIOUIEECS BhUACTCHHEM
TemoTH. B 3aBHCHMOCTH OT CKOPOCTH DAacnpocTpaHeHH:A MJIaMEHH
'PA3NUHAIOT HOPMANBLHOE FOPEHHE i TOPEHHE CO B3PBIBOM. [1pu HopMasib-
HOM TOpEeHHH CKOPOCTb PAaCnpOCTpaHeHus mJIaMeHH paBHa 15—25 w/c,
a npu B3peiBHOM ropennn 2000—3000 wm/c. YToGs! TONJINBO HAYAN0
roperb, ero HeoOXOAMMO Harperb 1O ONPENETEHHOH TEMIOepaTypHl,
Ha3bIBAEMOll TEMMepaTypoil socnaameHenus (radm. 6).

CXeMaTHUHO NPOHECC TOpeHHs MOKHO MPeACTABHTb CASAYIOLIHM
oGpasom. [Ipn HArpeBaHWH TOINTHBA 1O TEMNEPaTyphl BOCIVIAMEHCHHA
TabGaxrma 6

Temneparypa Temnepatypa
Tonauso BochiaaMcHe- Tonaunso DD’CHIIEH:.‘I‘[E'
wun, °C nua, °C

Kamennsift yroas 225375 | Densun 415

~ Bypuii yroas, Aposa 350—450 | Benzon 520
~ Cyxoit Topd 225—300 | lenepatopusiit ras 700—800
~ [pesecipit yronb 360—375 | Meran (CH,) 650—700
OKC W auTpauut 650—700 | Oxucs yraepoza (CO) 650—720
- Kepoeun . 380 Vrnesosopoisl Takenee | 600—800

merana (CpHpm)

6 Eropywsus B. E. u ap. 161




HaSHnaeTcd pacnaj ropioveil MacCh Ha COCTABHLIE SJEMEHTH, KOTODHIe
S4TEM OKHCARIOTCH KHCJAOPOAOM M BLIEAAIOT Tenaoty. OT BhylefeH o
TEIJIOTHL HarpeBaeTcsi Macca OGJH3/Jexaulero Tonausa, B KOTGPOM
HAYHHACTCH TaKXKe pacnaj ropioyeii MacChl Ha COCTABHBIE SJIEMCHTLL
Takum ofpasom, Bcs Macca TONJHBA, HAXOAMALIETOCH B TONKe, Hadu-
HaeT ropets.

VIHTEHCHBHOCTD ropenus, T. e. PeaKUHH OKHCJEHHS, CYLIECTBEHHO
SaBHCHT OT KOBUEHTPALKM BEINECTB H HX TEMneparyphl. Ilpu HEakux
TEMIIEPATYPAX B PEaKUHIO OKHC/ICHHS ECTYNAeT HEGO/BLIOE KOJNYe-
€180 Mmosiekys. Koraa ke pearupyiomue pemectsa HarpepaiTCa
AC TEMIEPATYphl BOCIJIAMEHENHs, peakuHs OKHCJIEHHS HAET HHTEeH-
CHBHO,

Jing HenpepuIBHOTO ropeHHs TOMAHBA NOCAE BOCIIAMEHEHHS He-
o6xoanmo, uToGhl TeMmeparypa ropenss Oblla He HHXKE TeMmnepa-
Typhl BoCniamenenns. B npoTuBHOM cayuae npomece ropenus no-
CTETIEHHO [PEKpaTHTCH.

Topenne moxer GLTb NOMHEIM B HenoiHbM. [ToaHEM ropeHnem
JTA3BIBAIOT NMPONECC OKHC/EHHS TOPIOYHX 3/]1€MEHTOB TOMJIHBA KHCJO-
POAOM, NpH KOTOPOM BBUAE/ISIOTCS MPOAYKTH, HE CHOCOGHbBIE ropers
E Janpuefimem. Hanpumep, noanoe ropenue yriiepoAa, BOAOpOAA
1 CEPLI HAET NO CAEAYIOMHM peaKkuHaM:

C + 0, = CO, + 33 900 xIx/xr C:
2H, 4 O, = 2H,0 + 125 000 k dx/xr Hjs

S + O, = SO, - 10885 xllx/xr S.

Tarum obpasom, npu nosmom CropaHHH yrJaepopa, BOAOpONa H
€CPhl BHIAGISIETC TEMVIOTA M AOJYYAIOTCH YIVIEKHCHLIH TIa3 (CO,),
Boaa (Hy0) n cepructhii ras (S0,).

HenonnnM ropenyem HaswBaIOT NPONECe OKUCACH Y FOPIOYHX 3Je-
MEHTOB TOIJINBA KHCAOPOAOM, NPH KOTOPOM NOAYYAIOTCS NPOLYKTH,
CrocoGHBIE TOBTOPHO CTOpaThb, NPH HAAHYHH KHCJI0POJa, ¢ Bhiiee-
HHEM CPaBHHTENbHO GOJBLIONO KOMMUECTBA TemmoTh. Tak, Henoasoe
TOpesne yraepoza nier no peaxiunn 2C + O, = 2CO + 9900 kIx/xr C,
T. €. IpH TOPEHHHM BHIENIAETCH B 3 pasa MeHbIUe TENJAOTHI, YeM npH
TNIOAHOM ropennd. B cBasn ¢ sTHM Ha npakTHke npouece CKHraHHS
TOMAREA CTPEMATCA BECTH Tak, YTCOL CTOpaHHe €ro ropioyeii Macchl
OBLIO MOJIHEIM.

OnunM 3 yCAOBHIT NOJHOTO Cropanus aBAseTCs NOJABOA K TOIVIMBY
TAKOI'O KOJINYECTBA BO3AYXa, COAEPKAHHE KHCI0pOa B KOTOPOM Ji0CTa-
TOUHO 27351 TIONHOTO OKHC/ICHHA €rO TOpIoYHX 34ementoB. Ecan K Tom-
JIUBY MOABECTH BO3AyXa SHaYHTENBHO GoNblue, ueMm HeOGXOAMMO AAS
NO/HOTO OKHCJEHHSA €ro rOPIOYHX SA€MEHTOB, TO npoitece ropenus
NpOTeKaeT NpH NOHHKEHHOH TEMNEPaType W HHTEHCHBHOCTD ropenus
yMEHbINAeTest, Tak Kak GOAbILOE KOMMYECTBO TensioThi 3aTpaunsaercy
Ha Harpes H3JMIIKA NMOABEAEHHOTO K TOMIMBY BO3AYyXa.

Konvuectso BO3RYXa, HeoOXonMmMoe Als BOJHOrO CropaHHsa 1om-
JBa. KoJsHuecTBO BO3AYXa, HeOGXOHMMOE AN NOJHOLO Cropany
162 y

g3, ONpeisdnTh nogonbﬂa JIeTKO, ecily M3BECTHO COofepiKaHue
Sacmiall: :
2K Kzixli?r:nmapn Macéa yraepesa 12, a Kucnogo.lxa“i{% 1T20 Lf;lc‘f
eHUS W3 YIJIEpPOJa YIJIEKHC/IOTo rasa CO; Heo xonmmn g
yacTeil yraepojia COeMHHT ¢ 32 MacCOBLIMH qac32“2 gy
(#a | MaccoByi0 4acTb YIJIEPOAa MPHXOAUTCH = Cp,KI’
-eomoil gacti kueaopona). Ecau B 1 kr Tonausa conepxm2 by 7
; ofid, TO s 8r0 OKHCJACHHA g CO, HEoOGXOAHMO HMETH 2, ﬁ =
0 oyja; anajoruuHo Aas oxucaeHus Hgf xr Ssomr)'pggausa Sgo
xomuMo 8H, Kr Kuciopoja; Ans OKMCHeHHs S, K cope = SO,
eGyerca S, kr knciopona. Tak kak B 1 Kr B(l)snyx::mﬂﬁgg i
939 KI KHCJAOPOAA, TO JJIA MNOGJHOrO CHCHTanud 1 KO T :

MO KMETh BO3AyXa, KIi
267Cp +8Hp +Sp—Op

231
e = 023 (231)

:"€ H.. S., O. — COOTBETCTBEHHO MACCOBOE COJepKaHue yrie-
2, Bonopona, ce) *JIOpOfia B TOTIHBE. :
BOAOPONA, CEPE H KHCIOPOJ |
ak JEI(aI:: IpH HOPMAJBHBIX YCJAOBHSX MJIOTHOCTE BO3AYXa pasTg:

993 kr/M%, To oOneM (M®) TeOpeTHIeCKH HeOOXO0MHMOro KOJTHYEC
M2, )

yXa sl OONHOTO cropahus 1 Kr TomauBa
2,67Cp 4 8Hp 4+ Sp—Op __ 2,67C, +-8Hp +Sp—Op

(232)
V" = 0,232-1,293 0,30

HTh no caepyiomied gopmyne:

1 o, 233
F&- ¢ :' + 5C8HR ‘1“ Gctﬂs *f" 6‘5(:41_110 ‘I— T ‘i“ Cr;-Hm Oz- ( )
il H, CO, CH, ... C,H,, — cocTasasiomye rop:o4ero rasa s ofneM-

NpoIEHTAaX. :

HpE CIKMTaHHN TONAMBA YacTh KHCAOPOAa sg;ayxfﬂ:i:eﬂ Sﬂfﬁﬁg
nosTomy ans obecne

[IUTb B PEAKIMIO OKHCMEHHS, : o

auns 'rg]u.imsa HEOOXOAHMO K HEMY NOABOANUTH BO3AYX C HEK;:H.

;M H3GBITKOM NO CPABHEHUIO ¢ TEOPETHUECKH HEeOGXOXUMBIM ;( -

rgoM. OTHOMmIEHNe  HAERCTBHTENLHOTO KOJHYRCTBA BO3AYX A

TeOpeTHYeCKH HEeOOXOAMMOMY V. HA3HBAIOT KOIPQUUHEHTOM H3-

Xx. (234)

rfa o > 1. Ha npaxTuke npanumaior cjaepyollue 3Hat:)%m;;;£’;z
IHBIX COPTOB TOM/IMBA: I MNBIIEBHAHOTO H razo 1‘p pin
@ =1,05...1,15; paa XHUAKOro TOMIHBA (Maiyl,s 53
@ = 12...1,25; pra teBepaoro TomaHBa & = 1,9.. ;53

¥, —0,0476 HEO 1 oCH, + 3CH, + 35CH +4.5GH + il




Tennota cropamms Tonamea. YcjoBHOE TOMAHSO. Baxneiuei
¥apaKTEDUCTHKON TOIVIHBA SBJAAETCH €10 MENAOMA C20PARUS — KO-
AMYECTBO TENMOTHI, BBIACJAHBLUGHCS NPU NOAHOM CPOPAHHH €XHHMIL
KOTHYECTBa ToM/HBa (1 Kr TBEpOro u Kuzkoro, | m® ra3oo0pasHoro),
‘Pasnuyaior BHCIIYIO H HH3IYyi0 Tenynory cropanus. Brcued tenne-
TOH cropanust Q, CYHTAIOT TemJIOoTY, BBIIEJISIEMYIO OPH HOJNHOM CTOpPaHHy
CHMHHIBL KONHYECTBA TONJIHBA, B Pe3yibTaTe Kortoporc ofpasyemas
BJlara KOHACHCHPYETCSH H BHUIGNAETCH B BHJE XUIKOCTH H3 HPOLYKTOR
cropanusi. Ecnu B pesyaprate noanoro CrOpaHHsl eJUHHIIE KOJHYECTBA
TOIJIHBA o0pasyemas BAara ocTaercst B NPOAYKTaX Cropanus B Hapo-
006pa3HOM COCTOSHHH, TO BRIAGNAEMYIO NPH 5TOM TEJIOTY CYHTAIOT
Hu3INeR TEmIOTOH CrOPaHHs TOMIHBA Qu- Ora BenHunHA MeHBIUES
EBICIIEli TeNJIOTEl CTOPaHHA TONJHBA Ha TEVIOTY NapocOpazoBaHus
(KOHAEHCANNH) BJAATH, 06Pa3yeMOll NMPH CIKHTARMH EIHEHIL KOJHYE-
CTBa& TONnJaHEA.

Tennory cropanus Tonnusa, KIDx/kr, moxwuo ONpeneanTk ONbIT-
HEIM DyTEM HJIH pacyeroM (mo Qopmydam Menjeneera), ecan nspecten
SJIEMEHTApHEI COCTaB TOMJIHUBA;

JUIE TBEPJAOTG TONJHEA

Q, = 339C + 1250H — 108,85 (O — S); (235a)
EAfl MHAKOrO TONJIHEBA
Qu A= Qn =t 25,‘ ngp + th (2356)

Fig €, H, O, S n W, — cooreercreenno NIPOLEHTHOE cojepiaHne
YIAIEPOLa, BOJOPOAA, KHC/IOPOAA, CepHl W BJarn B paGoueM TOMIHBE.
Tennory cropanust Tonauea ONPENENSIOT ONLITHBIM MNYTEM npH
CIHHIaHHH ero HeCoJBlION NOPINK B COeHAaNbHOM npubope — KaJo-
pumerpe. [lpu sToM Best BRgeTHBmascs MPH CXKHTAaHWH TONJHBA Ten-
JI0Ta HACT Ha Harpesadie BOAR. 3Has Maccy cropesuiero TOTJIHBA,
Maccy Harperoii BOLBI H pPasHOCThb TEMNOEpaTyp BONH A0 M HOCJ]e Ha-
FPEBAHNAA, NOACYHTHIBAIOT TENJOTY CropaHug, K]I#/xr, wanpumep,

MHAKOTO TOWIHBA NO (dopmyne
FER.__geep )

A r xon
0~ (1+q),

(236)

rae A — macca Boms, kr; TSh, n Tydx — cpemnsin TeMnepaTypa
HarpeTon u xonoxHoi ponwl, K; @ — macea conoxennoro TOIJIHEA, K}
@ — CPEAHAS NONpaBKa HA OTK/IOHEHHE TEMNePaTypsl OTXOMSILLHYX
rasoB Ty ras OT TEMOepaTypul  Bosayxa Tues; @ = 0,0012 X
X (Tg‘?x sl Tma)'

Huswywo Tennory cropanus Cyxoro rasoo6pasHoro TomIKEa
MOXHO ONpeleNiTs Nno dopmyne

@ = 127,3CO - 357,4CH, - 563C,H, - 636C,H, -
-+ 912C;Hg - B90C,H, - 1400C,H, - 233,7H,S - :
-+ 108H, + 707C,H,,, (237)
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.ﬁos CH!! C‘ZHZt CEHss C3I_ISt CQH!, CGHﬁ! C;IHﬂh HES H }‘Ia -
Hbie KOHUEHTPAMHH OKHCH Yriepoja, coorse'rcrayromng yr.mab-l
7105, CepoBoiopofa u cBoOoiHOro BOAOPOAA B rasoobpasio
0.

i:f:’;:»au::qem pacxoja TOIJIHBA, a TaKxKe TOTJIMBHBIX pecypcos
yioTcsi TOHATHEM YCA06HOE MONAuso. IT0 pealbHOE TOIVIIBO,
ota cropanus Koroporo pasua 29 300 kx/kr, uan 29,3 M/ kr.
nepeBosia MoGOro TOMINBA B YCJAOBHOE NOJL3YIOTCA TENJIOBBIM
ANCHTOM, KOTOpHI MOJAyYaeTcst OT AeneHHs TenaoTsl Qp «

: 3 o S
yauus pansoro romiusa ma 29 300 kI&/kr, T.e. 3 = 5

0
i Topda 9,:%-——0,29. CrnepoBatensio, 1 T Topda
soeil TerioBofl nedHoctn pasronenHa 0,29 T yCJOBHOTO TOIIHEA.
MIepaTypa ropeHiisi TOMJHBA H ee OnpelejeHHe. ,C.ne,aye"r é}::-
TEOPETHYECKYIO M JIefiICTBHTE/LHYIO TeMmeparypy rope %
Mugeckol nemnepamypoi 20peHis HA3BBAIOT Ma KCHMaJ'IbII-IIngf
paTypy, KOTOPYIO CrocoGHO AaBaTh AaHHOE TOMIHBO np:; s
Cropanii C TEOPETHYECKH HeoOXOAHMBIM KOJHYECTBOM BO3AYXa.

“ofipeaensioT no opmyae

n
Qp, = (140, +1aCs -+« + ) T=T £§1 n.Ce

(238)

T ] O[’l. 1] A

m

3 ngeq

i==1

B 1aba. 7 npusejensl 3HadeHUd TEOPeTHYECKOH 'remnepawpme;g
HA 1715 HEKOTOPhIX BUAOB TOIJIHBA B 3aBHCHMOCTH OT Kosun

: BO3AYXA.

.-'e:;;mnqun omnpefeNenHasg TeMnepaTtypa TOpeHHA TOMIHBA :
a BhILIe AeACTBHTE/ALHOH, TAK KaK NPH BBIYMCJICHHM HE YUHThI-
i-‘aime, cHuMKawiHe ee GaKTOphl, KAK NOTEPH TEMNJIOTHL JIYIeHcy-
oM, WaOHITOK BO3AYXa NOPH CHKUTAHWH, HEI;IOJI‘HOTa croPaH[;{H
ga. IlosToMy Ha nNpaKTHKE _NOJIB3YIOTCS ,uencmme.rmﬂog 'r:am-
poii ropeHns, onpene/seMoil C MOMOMBIO Pas3/IHYHAIX MPH opy :
eCKUX H PanHAUHOHHEIX HHPOMETPOB, TEPMOIIEKTPHUCCKHX

TaGawnuwa 7

T °C npn o T°C npu =

Tonaunec

EE T O fror s e fiag

2270 | 1845 1665/1300] [Tpona 1855 L??S }43582 :égg
1875 1159014251 1501 Masyr 1125 |1 4g e e
L700{1510{1370]1110] Caparosckuii raa | 2000|1744 10T
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Kparxas xapakrepuctuka vonamsa. Hpeeecurna B CCCP yrparina
CBOC SHAYCHHE KaK TONAHBO NPOMLIILIEHHEIX DPEANDHATHE H 3nepre-
THYECKHX YCTaHOBOK, 4TO 0O0bAcCHSeICs €€ BHICOKOR CTOMMOCTLIO,
nebonbwoi Tensotoli cropanus (1200 kMx npu BaaxisocT 30%)
W IEHHOCTBIO €€ KAK CTPOHTENbHOTO MaTepHalId.,

Topgp npencrasasier coboii NPOAYKT HEHOJHOIrO pasiomeHna Ge3
AocTyna Bo3ayXa O0N0THON W AyroBoil pacTHTeAbHOCTH. Pasamuaior
TOPd: HH3NHHEIA, BepXoBOl W mepexonubii. Hu3nEELL TOpd HMeer
HOBLILEANYIO - 3obHOCTE (8—23%). 3onbhocTs Bepxosore Topda
cocrasaner 2—4%, nepexommoro 7%.

Coerar ocnosHEIX copros Topda BechMa pasinHueH W 3aBHCHT OT
CTENERN pasAoKenHs PacTHTEAbHBIX OCTATKOB. B cpeamem ropiouas
Macca Topga, copepmur: C, —57,8%; H, —6%; N, — 2,5%;
S, —0,3%; O.— 33,4%.

Aas  topda xapakrtepHa BLICOKAas BJIAKHOCTD (aocTiramoman
B chipom pune 90%), koTopas jerxo cumkaercs (10 25—30%) BuLi-
cywnBanneM Topda Ha Bo3pyxe.

Fusiasn tennora cropauws topda npm Baaskmoctn 33% woueS-
JIETCS1 B WIHPOKHX npenenax: or 8800 no 14 600 x/lm/xr. Bricokas
BADKHOCTL (Ootee 40%) sHaunTenbHO CHIDKAET NEHHOCTD Topdha Kax
TOBJAUBA, -

Ha cospevennux xpynupix SHEKTPOCTanHHAX Topd CKUTalOT
B BiJe KPOWKH (TaK HasbiBaeMblil ¢pesepusiii Topd). Jas cxuranng
B MEJTKHX KOTeBHBIX H B OBITY HCHOJIL3YIOT KYCKOBOGH TOpd mau ero
6puKers.

BaxnefwnM npoMpiuenBEM TONANBOM  GOJBIIHHCTEA CTpaH
ABJACTCA uckonaemoul yeoab — MPOAYKT pasiomenus 0€3 nocTyna
BOJLYXa PasNuYHLIX JKHBHIX OPTAHH3MOB: BRICOKODA3BHTHIX PAcTeRHil
(rymycoBnie yraum) W BORREIX MHKDOOPTAaHH3MOB (canponeiesne
yram),

Hoa aeitctBuem BHICOKHX Temneparyp, oOyCNOBAEHNAIX BoasimM
AJBJICHHEM, KOTOpOE CO3MAET TOJCTHIT CAON OTAOKEHHIT, HAKONeNTL X
5a COTHH MHAMHOHOB JIT, L0 NOCTENEHHOE YIVIOTHEHHE PasJIioiib-
INXCA MacC C yMEHbIICHHEIM COJEPIKAHNEM B HUX BOAOPOAA M Kuc.Jo-
POAd R OTHOCHTENbHO YBEAHUEHHHIM COAEPKAHHEM YLNCPORd. 70
NPHBEJIO K 00pa30BaHNI0 BECEMA IJIGTHOI MacChl — HCKONAEMbIX yraei,

HanGonee «mononrv» seasercs Oypelii Yroab, CaMBIM APEBIHM —
AHTPAINT,

Tepd, Oypuii n xamennmii yroas, auTpanuT NPeAcTaBIAIoT cololl
OAMH FEHETHYCCKHH DRAJ pasiMyHLIX cTapyil IPEBPALICHUST OCTATKOB

PACTHTEABHOCTH B HCKOMAeMOE TOMANBO, COCTaB M TEmJIORLIE Kaye-
CTBa 5THX BMAOB TONNHBa NPUBEAEHEHl B Tald, 8.

B saBucuMoOCTH OT eBoiicTB HCxomHOro MarepHana M XapakTepa
HPERpallCHis QRHOTO Billa TOMJIMBA B APYroil MEHSJAUCL H €BOICTBA
KOHEYHBIX NPOAYKTOB. 3T0 SBUAOCH APHINHOI 0OPA30BaHHS GOAbIIONG
KOMUMECTEA PAIIHYHEIX COPTOB HCKOMAaeMHLIX Yriaeil,

Topiotue crariypt O RPONCXOMASHWIO 1 EOCTOAHHIO ropionei
MECCH EXORNLI € HCKONAEMBIMI YIIAME, NOSTOMY HX YaCTO HA3LIBIOT
166

TaGagus 8
Coer Tensaora | Teamora
uncc:,B ;&ﬁ.m@f [T Baam-| ¢fopamus cmguuu;
HOCTh ROCTH mp'n":ﬂ P:'mg::.
O+ | Bp: % | Wy % g’m i
¢ 2 LM * Peit
Cr He +5; whm/er | o iKe
4 5 26 30 20 28 400 14 200
B85 45 | 105 10 6 35 160 25 200
094 2 4 8 4 35 b00 31 300

piMH yrasud. Dodsivas BA2XKHOCTD (11—22%) n s0/ibHOCTB
0%) ABAAIOTCA NPHYHHOH HH3KOH TEMJIOTH CropaHua (6300—
wllx/xr). TlosToMy roproyue CA4HIBl HCAOMBSYHOT TOJ'II:K(?)/ KaK
oe TOIJMBO. Doabimoe cojepxanue sonopona (7—9,6%) wu
oKnil BLIXOA JETYYHX BemlecTs Ha ropiouyio Maccy (70—80%)
GAAIOT IIMPOKO HCHOMH30BATL TOPIOYHE CJAaHIB B KauyecTse
51 1U15 TasH(pUKAUNH C UebI0 NONYHeH s TOPIOYHX rasoB H ChiPbH
KOH NpOMBHIIEHHOCTH.
:Heﬁﬁqgcﬁpasosagram B pPESYAbTATE CJAQKHOTO H AJHTENLHOrO
PONECCA PA3JNOKCHHS PACTHTENBHBIX M OKHBOTHEIX OPTaHH3MOB.
ll-ﬁ g4 HMeeT NocTOAHHGI, XapaxrepHbifi 1713 GONBUIHHCTEA MECTUPOXK-
uit cocras: 86% C; 13% H; 1% (O + N + S). Hedrs npeacras-

Jimer coboii mHAKOCTh Gyporo 1Bera, XOTd BCTPEYAIOTCS H TAK Hashbl-

Baemsie cserapie nedru. [lnormocts HedTH, KaK MPaBHAO, MEHbIIE
‘eunnns. Hedrp ofnagaeT HHUTOXION 30JLHOCTHIO, BAANHOCTHIO
i BHICOKOII TeNAOTOR cropanust (42 000—46 000 g Jix/xr). 210 oueHb

. HeHlOe XHMHUECKOe CLIPhe, W B HenepepaboTanioM BHAE KaK TOMIHBO

He ynorpebasercs. O6huHO HedTh HAlpABJAAIOT Ha He(;rrenaapepaézﬂcﬂ;
BAIOIIHE 3aBOJB!, TAE NYTEM NPAMOT AePErOHKN HIH KPeKUHT-NPONEC
M3 Hee BLIAEASIOT ropioYNe BEIiecTBa, B TOM uucae GeHsuH, KepOCHH,
3eBHOe TOMHBO, THKENBe MOTOPHLEE H KOTe/IbHEIE TONJIHBA, NPH-
seMbie A ABHTaTenefl BHYTPEHHero Cropanas, KoTelbHsEX ¥ Apy-
T CTAHOBOK.

?axBT?ogil;;eg spemsi Bce Gosiee MIMPOKOE NpHMEHEHHE HOMydaer

 2az006pasnoe monauso. Ta3006pasHoe TOMAKBO OLIBAET CTECTBEHHBIM

MCKyCCTBeHHBM. EcTecTseHHBIAi (mpupomuuif) ras poGhiBaercs w3

YHCTO rasoBBLIX H Ta3’oHeTAHBIX MECTOPOMIAEHHH.

[Mpumepusiit coctas npupoOAHOro rasa, % n('fl obbemy:

- Oll....-........-....‘.--...M_ ;
moncpom Twenee metana (CoHg: CoHg map) .. . . 210
Am..‘--- ® @ 5 B 8 & & 8 8 8 @ 8 8 s 2 " 9

Yraexuchufi ras , . .

Conepxanue MeTaHa B HEKOTOPHX rasax .uocmram; 97% w Betme,
fjee KoJMMuecTBo BCeX yraesompoponos — 99,25%. [IlnorHocts
167




NPHPOLHOTO Ta3a NpH HOPMaNbLHBIX YCHOBHAX KONEGNeTcs B npenenay
0,40—0,75 &r/m.

l'opioune rass 4ncTo rasoBbx MECTOPOXAEHHH OTJIHYAIOTCS Cpap-
HATEILHO NOCTOSIHHBIM COCTABOM, TOMAa KAaK COCTAB TOPIOYHX T330B
Ta30HePTAHBIX MECTOPOMIEH Il 3aBUCHT OT DPHDPOAE! HedTH, ee cocTapz,
yeaoBuil pasiesienus HedrerasoBuix cMeceli H T. II. Conepxanue Ta-
KEILIX YrACBONOPOAOB TaKHX, KaK STaH, nponas, GyTaH, neHTaH,
B rasaX TrasoHeTAHBIX MECTOPOMACHHH SHAYHTENLHO GoJiblue, Yem
B Pasax 4HCTO rasoBbiX MECTOPOMAEHHI, MOSTOMY OHH HMelOT GoJee
EBICOKYIO Tennoty cropakusi. Tak, cpenssis 1enaota cropammns rasos
4HCTO TasoBeiX mectopoxaennit 31 400—36 800, a nmomytumx rasos
e TaHbIX MecTopoMAeHH T 34 500—50 240 kT/M®.

Hapsiny ¢ npupoansm razom GOALUIYID PONb HTPAIOT HCKYCCTBEH-
HEIC Tadkl, KOTOPLIE B SABHCHMOCTH OT CHOCO6A HX MONYYeH) s ofpasyioT
Ave rpynnsl. K mepsoii rpynne otnocstes rassi, MoJyqyaeMeie IpH BH-
coxoremneparyproit (1o 1270 K) umn cpenHeTemMneparypHoi (no 770—
870 K) neperoiike TBEpAOrO HAM KHAKOTO TONAHBA. DTo rashl KOKCO-
XHMHUECKHX, KOKCOTasOBbiX, rasOC/AaHIEBEIX, claHue- i Hegrenepe-
pabatpiBalomux 3aBonoB. Bropyio rpynny ofpasyior rasel, nojygae-
MBI€ HATDEBAHHEM TOMIHBA C YaCTHYHBEIM €r0 CKHIAHHEM B TOKE BO3-
AyXa HIH HX CMEcell ¢ napaMu BoIsl. STO AOMEHIHE Tashl | ra3sl, NOJY-
HACMLIE B CHEUHANbHLIX YCTAHOBKAX — rasorenepatopax, a Takke
Taspl TION3EMHOH TasupHKaUHH HCKONAEMBIX YrJieil.

Baxnefimee nocrontcrso ra3o00pasHoro TONJIMBa — BO3MOXKHOCTB
€ro NOJHOrO CXKHTaHHsi (€3 OCTATKOB, BHICOKAS TEMJIOTAa cropanusi,
OpOCTOTa YCTAHOBOK JIIA €0 CYMCHTAHMA H T. 1.

O6biuto rasoobpasnoe Tomanso TPAHCTIOPTHPYIOT OT MECTa NOOLIYH
K MECTy moTpefIeHHsl MO CHeIHalhHbIM rasonpoBoaaM. MHorne raswe
JETKO CKIDKAOTCS, H NOITOMY HX MOKHO TPaHCMOPTHPOBATH B Che-
HHAJMBHEIX GaanoHax.,

Fopioune rasel ¢ yenexom npuMensior B KauecTse TONAMBA B KOTeJs-
HLIX YCTAHOBKAX W JABHTATeNaX BHYTpenmero cropanus. IlopoGHo
HeMYTH NPHPONHEIA Ta3 ABJIAETCH HEHHBIM XHMHYECKHM CHIpbeM, H3
KOTOPOTO MOMKHO NoJIy4atb CHHTETHYeCKHEe MaTepuanl, OGJ]EUIEIOLLIHQ
UEHHEIMH CBOBECTBaMH, 5

flepepaSorka TBepaoro tomamsa. EctecTpennoe TEEPJIOe TOMJIHBO
NEPepabaTLIBAIOT AJI5% NOBBLULUEHHS €0 KaYyecTsa, NOJAYYEHRS TOPIOYHX
BEUIECTB H ChIpbSl A XHMHYECKOH NPOMBILIEHHOCTH, a TaKiKe AJs
YAOOGCTBA TPaHCHOPTHPOBAHHA M Xpanenna. HauGosee pacupocrpa-
HEHBl MEXaHHYECKHI M TEPMHUECKHI CHOCOOLI nepepatoTKu.

Mexaruseckuii cnocot nepepadomKu meepdozo monAusd BRIOY2ET
OpiiKeTHPOBaHue, APOGIEHHE H NPHTOTOBACH e NBTEBHAHOTO TOMVIKBA.

DpukernpoBanue faer BO3MOXHOCTH NPEBpaTHTh HEeCTOHKHE mpo-
THB MCXaHHUECKOTO paspymieHHsi BuAbl TBEPAOTO TONAHBA B Godee
CToiikHe H YyAOOHOCKHTaemue. g OpHKETHPOBAHHA valle BCEro
HCNOML3YIOT KAMEHHOYTOMBHYIO Mesoub, (pesepHult Topd, OTXOIKE!
ApeBecuHEl (ONUAKH, CTPYIKKY H T. 1.), KOCTPY, NOACONHEYHYIO JNY3ry
B Ap. -
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JpoGaenue NPOu3BOMSAT C UETLIO NONYHEHH KoyijKé)és ggg;;i}l{sﬁeoggi
HHBIX pasMepoB, ofecrneuneaoiux Gonee 1 : b e
3, JLlng sTOro KpYnHEIE KYCKH TBEPILOro TolIHBa Ap yalefes et
LX APOOHJIbHBIX YCTAHOBKAX, a 3aTeM COPTHPYIOT N0 Be.
Hp?rommenne NBICBHJHOTO TOIUIMBA 3aKJAIOY4eTcsa B eq&::;tj
gy H3MeJbYeHHH Ha chneHaJ bHbIX MPJ[E-HIiIla’X MQ'JIKGI‘D Tgylloro
YeMOT0 TBEPJOTO TOILINBA (TOPMSHOH KPOUIKH, néi.:;:gi 4 %E’mee
@HHOrO YIJifl, aHTpauHTa, WTHOAa U Ap.) BJAXKH o
0% c NOCERYIOWEM IpONyCKaHHEM 4Yepe3 PpeLieTo, ui
cTuit Ha 1 cm®, .

ﬁiﬁecmﬁ cnocob nepepaﬁon}xu meepdozo rﬁomusa“ 3&3};;:}141::-

B HarpeBaHHu ero J0 BbICOKOH TeMIepaTypul. p;l; .:rao. p
' CYXYIO NMEPercHKy W rasuuKanuio TBEPAOro TJ;}:B ;&5 bt
Cyxas NeperoHKa sak/ii09aeTcs B HarpeBaHUH TON g
myxa, 6narofapsi 94eMy H3 TBEPAOTO TOMIIBA BEIAEIA i
HOM COCTOAHHMH BOJAa pasfoieHHs, a 3aTeM pasnarae ! é}n :
Kast 4acTh TOMJINBA C BHIJEJIEHHEM Ta3000pasHbIX “p‘m;“,, ke
ethix BeiectB. (Ocraercs TBepAOe BEUIECTBO, coc'romu;g Lo
M H3 YTJ€pojia: APeBecH il yrofb ¢ TENJIOTOoH Cropanus .
00 Ilx/xr, TOphAHON KoKC (npu KOKCOBaHHH) H HOJIYK q:ﬂnfmﬁ
OKCOBAHHH HCKOMAaeMbix yrief). l"opr?que I'ileI, 'r()[iI o
KaMeHHOYTOJNbHBIH PBIXJILIT HECHeKIIHHCH KOKC H noa'y e
Jb3YIOT KakK BHepFETHlIECKGe H H[Z}OMBILU.,"IEHIIDE TONOAHBO; q};ﬁlu
ihIil yrosib SIBASETCS XOPOIIHM Tas0oreHepaTopHbIM H }{wy:ige ch};
BOM; IJIOTHBIA COEKHIHHACS KOKC, MONyUeHHLI 13 K(?j:‘;yﬂ JI;{:‘ e
Jieil, UCTIONb3YIOT B META/TYPrHYeCKOH NPOMbIIJICHHOC e
jaBKy MeTaIoB u3 pyl. VM3 npesecuoii u TOpCpHH?H BOIRI pne o
H CMOJBI BHpa0aTLIBAIOT CNHPT, NapaduH, BOCK H npyg}m Mg
=\ HpH nepepaﬁm*xe CMOJ KOKCOBaHHSA H HOHYKOI(COBE; .
}’I‘JIEI'"i noay4aior MOTOpHOE H KOTe/kIICE TO'IIJIHBO, M gy
3, aHWJIMHOBBIE KPacuTead, BellecTsa AJsd napQomepHoi np
' ';;i;';om;%pgrggxy roproulx CJaHUes BeAyT MpH Temnt:ip?;y]};?
K. OcroBHEIMH NPOAYKTaMH SBJIAIOTCHA CJAEHIEBRIC cmonmﬂ Mo'r]:) '
i ras. Criannesyio cMosy nepepabaThiBaloT /b nonynemm Heoiﬁ'r-
0 TOMAHBa (GeH3uH, AH3eIbHOE TOMINBO) H ,u;?yrnx Beeué?[cnné 0
AMbLIX B HapojHOM Xo3sificTBe (MXTHOMA, MEKa, TeOKp "ra L sz)
Oro JaKa, CMasOYHBIX H NMPONHTOYHBIX MAces, gc:p;._m:_ i p:-,
HCMOMB3YIOT B KAUECTBE TOM/INBA, & TBEPILbIH ocra'; K: =5 ny.n
MEUSIIOT ApY H3TOTOBJICHIH LIEMENTA, r;:-rpowr@.rn-,m:_tr.céd s K;; . ngé
TasuduKanEs ABI9€TCE OAHUM H3 METOAOB NEpepao :oqﬁg i
Ba, NPH KOTOPOM BCSI TOpiouas Macca NepexoiuT B rop g
TOTO HCTOMB3YIOTCH ClenalibHble YCTAHOBKH, ﬁaamaaenzigom_&
atopamu. Teepioe TONMKHBO, 3arpyMeHHOE B IaxTy e:m ik
opa, MOAXKHraloT H CHH3Y NpoAyBaloT Bosnyx. [Ipu rop . Hc?;i A
ihsi OKHCJeHnsi, B PE3YJAbTaTe Yero obpasyiorcs YIIEKHC) |
BOJA © BHAEACHHEM TENJOTH, KOTOpas HarpeBaer Tonnml;;;




Tagauma 9

Cocras rasa, % Tenaora cropa-
las H#n Q
co H, CH, CO; N, ® I
Bosayusii 30—32| 1,0 {Okomo 1,6 1-—2 63—65 377 §
- - . }-—'
Cuyewsagnsill 26—30/13—16] 2,0 -5 H0—54 4 451)—?5 ?Sj'g
Bogasnoi 36 —40{48—57 0,5 Oxono 5| Oxono 6,5 | 10 120—13 120

Haxojfeecs: B Kamepe rasoreseparopa. B pesyabrare sepxuue ciou
TOO/IHBA OPOXONAT HOACYIIKY H CTANMIO CYXOH NEPeroHKH ¢ 00paso-
BaHWEeM MNOACMONbHON BOABL, CMOA M YTV, TEMIEParypa KOTOporo
B0A#3N 30HB ropenus gocruraer 1170—1370 K. O6pasoBasuinecs
B 30HE FOPEHHA YIAEKHCALIH ra3 U napu BOAL HPOXOAAT CAOH packa-
ACHHOTO YA, Y IJIeKUCAb a3 B3auMOACHCTBYET C YIA€poIoM H BOC-
CTaHABNHBAETCH [0 OKHCH YIAIEPOAA, 4 BONA PA3Naraercs Ha BOJAOPOL
KHCAOpOA. BOJOPOXA, 4acTuuHO B3aHMOZeACTBYS C yr/iepogom, ofpa-
3YeT METAH, A KHCAOPON — OKHCb yruiepona. B pesyasrate ofpasyercs
BO3AYLUHLIA TeHepaTopHuid ras. Ecau BMecTo Bosayxa uepes rasorene-
pAaTOp HPOAYyBaTh CMeCh BO3AYXa M MAapoB BOIH, TO HOMYHYAETCH CMe-
LidtHblid a3, 8 eCJAH TONbKO NAPHl BOILI — BONSHON ras. DTH rasznl
OTIHUAI0TCs COCTABOM H TEMJIOTON Cropatna (tadn. 9). enepatopubi
ras O4YMLLACTCS U HOAAeTCH K MECTY HOTpebaenis.

DHHHHH&]H ¢ 1932 r., 8 Hamel cTpare BeayTCs PaboTsl N0 HOA3EM-
HOH rasu(uKauHl HCKOUAeMBIX yraed. CYWHOCTb €6 3aK/II0MAETCS
B caenyomem. C NOBEPXHOCTH 3€MJIH HA BCIO FIyGHHY YrOABHOrO
0AACTa NPOGHBAIOT ABE WTOMBHH, KOTOPHIE MEXLY COOOI CORAMHAIOT
oressiM WTpekoM. OraeBoll WTPEK 3anoAHAIOT ACTKO BOCHAAMEHSIIO-
HiHMCH BELUECTBOM, KOTOPOe 3aTeM MOUKHIZIOT SJCKTPHYECKHM 34-
OaAbHIKOM. {Eo OAHO U3 ITONEH B OTHEBOH WTPEK HOAAIOT BO3AYX
oﬁeramezfﬂmu TEXHHYECKHM KHCAOPOAOM, a HO APYro#H mTo/ibHe 06[53:
S0BABLIMACA a3 BLIBOLHTCH HA NOBEPXHOCTS 3emid. [lpouece raampﬁ-
Kalih (pOTeKaeT TaK jke, Kak u 8 rasoreseparope. [lomumo Bosxyus-
HOTO HAyTeAl MOMHO NpHMEHSTH NapoBosiywnoe. B pesyastare o6pa-
3yercs cmMewannsiii Ta3 ¢ GoJee BHICOKOH TEI/IOTON Cropamus.

Cnofoﬁu CHMTaAHHS TONAHBA. B KoTeabHOH DpakTHKE H3BECTHH
CA0EBOH, anxe.ﬁrbHuﬁ H BHXPEBOH cnocolbl CHKHTAHUS TOMHEA.

Cacesolil cnocod coacuzanus monausa (puc. 115, a) sakmwuaercs
B CAeAyiolleM. 3arpyxesHoe B TONKY TOMIHBO pacopenensercs pos-
HbIM CJI0€M 110 KOJIOCHHKOBOH DEILETKE, 4Yepe3 KOTOPYi0 NPOXOAHT
BOAYX, BCTPLHAIOIMH Ha CBOGM MYTH HENOABUKHBIN K ABHKYULHACH
caoH ropsaulero ronausa. Ilpu B3awmomeficTeun ¢ TonauBoM BO3AYX
fpeBpaulaeTCa B rasoBOSAYMIHEIA NOTOK, KOTOPBIH, BPOfAs TououHOe
APOCTPAHCTBO, BEIXOJHT Hapyky. :

Has n30emaHys yHOCA TONMNBA HEOOXOAHMO, YTODK BEC YacTiueK
rousiusa Obiil GOALUIC CHALL FA30BO3AYINHOTO GOTOKA. Opuaxo npi
170 .

Tonaubo, -
fosdyx Bo3dyx

Mulxud waak

6)

Fue. 115. Cnocofe cmuranng TONAHEA:
8 — caoceboii; 6 — dakcabnnfi; ¢ — BuXpenoil

WiKoM GobIIUX pasMepax KYCKOB 3aMeAJfeTCa NPOHecc ropens u
aetcs KOAHYECTBO TeIIOTsl, NOJdyuaeMoi B equHHIY BpeMelil.
Onmimansiniil pa3mep Kyckos 20—30 mm.

- OCHOBHBIM JIOCTORHCTEOM CJIOEBOrO crmoco0a CxKHranus TBEPAOTO
1Ba SIBJISETCH Hajlnyle Ha KOJOCHIKAX 3allaca ropsaImero Toinea,
€4}BAIOIEr0 YCTORYHBOCTL NpoTeKaHns npouecca. Cyniecrser-
HEAOCTATKOM 3TOFO CHocofa sBisercs HeoOXOANMOCTb HCIOAb30-
f WSl TEEPIOrO TOMJIHBA C ONTHMAALHBIMH PasMepami KYCKOB, 4TO
| . fyer NpeNBapHTEBHON HX COPTHPOBKIL.

: gaxeﬂbﬂwi cnocob cacuzatus monausa (puc, 115, 6), B orau4He OT
BOTO, SakJIO4aercss B TOM, YTO YacCTHIbLI TONAMBA ABHIKYTCS
€ ra30BO3AYIIALIM MOTOKOM B TONOYHOM npocTpanctee. [Tostomy
4 4acTHIL A0/KHA GLITE KAK MOIKHO MeHbIIe H OHH JOJKHE Yiep-
'Cfl B [a30BO3AYIIHOM MOToKe. IJTHM 00ecneyuBaeTCsi OvYeHb
pHOE TIEpeMEmHBaHNe YacTHYeK TOMJHBA C BO3AYXOM, HHTEH-

HX ropemde, noayuaercs Gosee OAHOPOAHBIA, YCTOHUMBLIR
| TOPEHHS i1 MPONCXOAMT HanboJiee NOJMHOE BLITOpaHHe roplodiix
4TOB, COCTABJASIOUHX TOplodyilo Maccy TonJjusa. [lostomy npw
1bHOM crnocofe NPUMEHSIOT TBeploe TOMJIHBO B BUJE OUEHb MEi-
. qacTHYEK (MBIK), pa3Mepsl KOTOPLIX COCTaBASIOT COTHIC AGIA
[HMETpa.

VHIECTBEHHBIR HEROCTATOK TAaKOro cnocofa — malada CKOpoCTh
KaHHS YacTHIl TOMIHBA Ta30BO3AYLIHLIM [OTOKOM, KOTOpas He
30JIAET SHAUHTeALHO YBENNUHTh HHTEHCHBHOCTL TOpPeNnd, a Takme
a5 YYBCTBHTENBHOCTE K H3MEHEHNIO pesKinMa paboThl, NOCKOALKY
HOM NPOCTPaHCTBE B 000N MOMCHT HAXOQHTCS OUYEHb Madbifl
Tonniea, [losromy peryauposaHue npouecca ropeHus BOAMORHO

JHOM H3MEHEHHN MOJAuH TOMJIHBA M BO3JLYXa.
cnoco6 cacueanus monauea (puc. 115, 6) saxaouaercs
I B TOMOYHOM OpOCTPaHCTEe Buxp#, Omarogaps KOTOPOMY
0, TlocTynajoniee B TONKY, MOAXBaTHBAETCA TasoBO3AYIMIHBIM
Ilf ABHIKETCA BMECTE ¢ HHM 11O OMpelencHHOH TPackTOPHH AL
BHIFOPaRiA TOPIOYNX SJIEMEHTOB B3 Toptouefi Macce. Buxpenoe
_TONAHBA B Ta30BO3AYIIHOM NOTOKe cnocobeTBYeT Gonee
HaXOMAEHNHIO TONJNB3 B TONOYHOM NPOCTPAHCTBE, 410
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CO3TAET YCMOBUSA A UOJNHOTO CrOPaHHS YACTHIL pazvepoM 3—5 wm
H A5 nonyueHus Gojee yCTORYHBOrO ropeHns, yen npH (pakeabHOosM
crnocobe CiKuraHug.

KOHTPOJIbHBIE BOMPOCHI

1. Yro massiBaeTcn TONMHBOM m Kak oHO Kaaccudnunpyerca’?

2, Haiite XaPaKTePHCTHKY OCHOBHBIM COCTABARAIOUIHM YACTSM TOMTHBA.

3. Yro maswiBaercs Temaorofi CrOpanus TOMINBA H KaK OHa onpejensercs?

4. B uem cymuocts nponecca ropesns?

5. Kak onpefesuts TEOPETHUECKYIO U ASHCTBHTE/AbHO HEOGXOAUMYIO Maccy
BO3AYXa IJIA NOJHOTO CHKHTaHuA TOMINBA?

Uro Taxoe kosdbunuent naburia Bo3fyxa? Kakopn ero asauenus nis paa-
JHYHEIX BHIOB TOMARBA?
7. Hro nonumaior moj ssicimedl n mnzmedl Tenaotol cropanng Tomnmusa?
. Uro monumaior noa TEMOEPATypoi rOpPeHist TONJHBA H KaK ee onpejeanTs?
9. Kak meperectn mofoe tonnso B ye/0BHOE?
10. Oxapaxrepusyiite KpaTtko TBEpaoe, #ilAKoe W rasoofpasHoe Tonauso,
Il. Kakue cymecrsyior crocoGsl nepepaboTKH TBEPAOrO TONAHBA H B uYeMm 3a-
KNOMERTCH KamIBlil H3 HHXP

12, Tlepeuncanre cnocofbl CAUTEHNA TONAUSA H PacCKaKuTe, B YeM eyuiHOCTh
Ka ®J0rQ 13 HHX.

§ 17. OGugne cseneHus o KOTeaBHBIX YCTaHOBKax

Komenaouod yemarnoskod Haswisaor COBOKYNHOCTh YCTPOICTB A/
MPOHSBONCTBA TENJIOTHl 1 Napa 3aJalHeIX aPaMeTPOB U B Tpedyemom
KOJMHYECTBE.

B saBucumocTH or Hasnavenus KoreapHbie YCTaHOBKH Noapasje-
JAIOT HAa SHEPreTHYeCKNe, o0ecHeuHBAoUe NapoM MapoBhie JBHra-
TeMn (napoBble TYPOHHBI U MAUIHHL); [IPOH3BOACTBEHHO-TEXHOJOT ]~
YECKHE, BHIPA0AaTLIBAIOLLIE NP AJAA TeXHOJOTHYECKUX HYJKA W 0TO-
MACHASA, a TAKKE OTONHTEIbHbIE, O0ECHEUHBAIOLUIHE TeMIOTON OTOMN-
TEIDHBIE U BEHTH/IUHOHHEIC YCTAHOBKH H YCTAHOBKH TOPSIYEro Bojo-
cuabxeHus,

JHEPTeTHUECKHE KOTeALHBIE YCTAHOBKH BLIDA0ATHLIBAIOT meperpe-
ThIfl [1aD HHU3KOTO AaBJeHus Ao 3 M[la, cpeanero — 10 MIla, Beico-
koro — o 14 MIa u ceepXBHICOKOTO NaBienus — 10 25,5 MIla; npo-
H3BONCTBEHHO-TEXHOJIOTHYECKHE KOTeMbHBIE YCTAHOBKH BhIpabaThi-
BAlOT Nap HHU3KOro jasienus or 0,3 MIla po 0,7 Mila pexe no
1,3 MIla; oronuTeabHbie KOTeabHbE YCTaHOBKH Bbipa0aThiBaioT nap
C H3OBITOYHBIM AaBJEHIEM OT 0,13 MITa a0 0,3 MIa.

Koreabnas ycranoska (puc. 116) coctont us KOTeIbHOIO arperara
H pAla BCIIOMOTaTeNbibLiX yCTpoHceTs. KoTedbublii arperar ABJsercs
OCHOBHOH 4aCTbIO KOTEILHOM YCTaHOBKH. B ero cocras BXOIAT TONKa 4,
B KOTOPOH CHHFA@TCH TOMIHBO; KOTeT 5, naponeperpesarens 7, cay-
Mauwi A1 npespalienns nocTynaomei B Hero BOIB! B HACKHIIEHHEL
Map, SKOHOMAH3€p & AAs NOAOTpeBa MUTATETbHON BOZBI; BO3NYXOMo-
Jorpeparens 9 ana nojorpeBa BO3AyXa, MOCTYNaloliero g TOOKY;
AYTHEBOf BEHTHJISTOD 13, nonaiownii rosnyx B BO3AYXONOAOrpeBates
H lanee B TONKY; OOMYPOBKA, KOTOpas OTAe/NseT TONOWHYIO Kamepy
H Ta30X0JLl OT OKPYMKAIOMErO MPOCTPAHCTBA H YMEHbIIAST TENA00T-
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116, Cxema woTeawsnoil YCTAHUBKH: ‘
MaxTHas MenbHHUE; 2 — TONAHBHLI ﬁyaneg: 3 ;Ep?r?e"p'l?faggﬁg?eaYfgiﬁu:
B0, 4 — : 5 — Koten; § — naponposol; 7 — 2 3

T ;i:ep: ;uﬂt‘;‘uaiymnnnurpesa'rm b M0 — somoyaoBnteds; 1i — AwmmoBan TpyGaj
12 — aniMococH; {3 — RYTheBOll BeRTHARTOP

MY B OKPYKAIOULYIO CPENY; apuMatypa M rapuuTypa, gpen{:ranngz
1€ coGoil psia npHcnocobaennil, HeOOXOMUMbIX AAS O6CaYA1IBaHHS
GesonacHoil paGOTH KOTEJLHOTO arperara. .
'%I;Ii?;gr?amp%ﬁme yCTpoiicTBa BKJIIOYalOT B celst CKaal TOMJIHER;
MBONOLAIONIEE YCTPONCTEO 3; TOMJHBON PHIOTOBHTEIbHbIC yc*rpon;
@ (1pOOHJKH, CYNIMJIKH, MEJbHHLE!, GYHKEPH, mHTaTeNn H T, ;16-
1 NOATOTOBKH MOAAYH TONANBA B GyHKep 2; yCTpPOilcTBa A :g;l)mﬂ
17aKOY LA Ienye; BOJOMOATOTOBHTENbHOE YCTPOICTBO JUIs yAanetus
yGe3BpeKHBANA NPHMECEi, CONEpPKAUNXCS B MUTATEAbHOH BOXE;
MOCOCH 12 B ABIMOBYIO TpyGy [, yAansmouue ALMOBLE Tassl u3
Moarperara B armocdepy; AyTbeBhie BEHTHAATOPH /3, C MOMOMLLbIO
OpBIX HarHeTaeTcs BO3AyX B Tonky. Kpoue Toro, x BcnoMoratess-
| YeTPOiiCTBAM KOTeNBHON YCTAHOBKH OTHOCSITCS BOJAOMPOBOMH,
ONpoRoiL 6, somoyaosutenn [0, KOHTPOJLHO-H3MEpUTENbHAH M
i arvna,
) ylﬁii;:a ::ailag}pgppaﬁmaer caeaytournym, oGpason. Tonaneo
4 B TONJIMBOMPHTOTOBHTENLHOE YCTPOHCTBO (a B xt:;
- Majioit MOMIHOCTH HenocpeiCTBeHHO B GyHkep 2), a 3arel
yio Meapnuny I u B TONKY, KyA4 OAHOBPEMEHHO n}g.namxé
TpeTHit B Bosayxonoforpesatene jo 420—470 K. Tal <3
BO CrOpaer, H ropsiuie ALIMOBLIE Ta3hl HarpeBalor KOT@J}{,C 'IE-!_B i?eu
BaTe/h, IKOHOMalidep n Bo3nyxonoorpeparens. [lofae i




ARIMOCOCOB H €CTECTBEHHOM TAMH OHM BBIXOAAT B atMochepy uepes
AbiMoByio TpyOy. [lutatensnas sopa monaercst HacocaM# B SKOHOMaii-
3€p, H MOoCJe NOAOTPEBA B HeM AOCTYnaeT B KoTea. B korne Boja npe-
Bpallaerca B HACBILUENHLIA Nap, KOTOPHEA MOCTYIIaeT B maponeperpe-
BaTeJb, 4 3aTeM NCPETPeThid Map HanpaBisercs B NAPOBYIO TypOuny
Ui K APYTHM notpefuTtensM.

besasapniinocTs paGoThi, Jerkoe peryanposaHue, BEHCOKasn fpo-
H3BOAMTENPHOCTE, MHHHMAJbHAA CTOHMOCTH Napa — BOT OCHOBHE®
TpefoBanus, NpelbsBIAEMEE K KOTENLHON yCTamoBke,

OcroBABIME NOKa3aTe/IAMH, XapaKTePH3YIOMHUMH 3KOHOMHUHOCTE
paboTel KOTeLHOTO arperarta, ABASIOTCA TEMIOBON GalaHe H Ko3dhdu-
UHEHT [OJE3HOTO HAeHCTBHS.

| Tenaceoli Gararc yCTAHABIMBAET COOTHOUIEHUE (PABEHCTBO) MEMNY
KO/ITYECTBOM TEMJIOTEI, NOCTYNUBUIEH B KOTEAbHBIH arperar, u CyMMoii
NOJIE3HO UCHONBbIOBAHHON TENAOTH (3aTPayenHol Ha NOJAYYEHHE 1apa)
H HeH30EXKHHIX TeHJOBBIX NMoTeph. OOLUHO KOANYECTEO TEIIOTH, [N0-
crymuBiiel B arperar B pacuere na 1 kr uan 1 m® paGowero Tonausa,
NPHHUMAIOT paBHEIM paGovedi Tenote cropakust Q, , Toniusa. Yacrs
STOM TemI0Tsl Q) HCHOAB3YeTCs MOJIE3HO, OCTaAbHAS 9acTh @, Tepsiercs
C YXOAAUWHMH ALMOBBIMH FasaMi, BCAENCTBHE XUMHUSCKON (Qy 1 Mexa-
HUYSCKOA (; HENOMHOTE CrOPaHHA TONANBA, TEPALTCH B OKPYHKAIOULYIO
cpeay Q;. Takum oOpasom, TennoBofi Ganaic KOTEALHOTO arperata
MOXHO OpPEICTaBHThL pPAaBEHCTBAMH

Qp.ﬂ = Qi+ Qs + Qs + Qq + Qﬁ (239)
Ql + Q + Qs + Q4 G B Qa = 100%. (240}

PaceMoTpum BAMAHNE OCHOBHEIX HOTEPH HA IKOHOMHYHOCTH PaGoTsy
KOTeNILHOTO arperara.

fTomepu menaomosi ¢ yxodsuyumi 2a3amu 32BHCAT OT HX OBLEMa U
TEMNepaTypsl. 310 camble 3HAYNTENbHLIC NMOTEPH, TAK KAk Temnepa-
Typa rasos, MOKHAZIOWHX TeNJIOBYIO YCTaHOBKY, Beicoka. [lna ymens-
WeHHs TAKHX TMOTEPb B COBPEMEHHEIX KOTeJBHHIX YCTAHOBKAX Crpe-
MATCS yMEHbIINTL HX Temnepatypy no 390—410 K, ysemnunpas ko-
HEUHLIC NMOBEPXHOCTH HATPEBA KOT/JA NYTEM YCTAHOBKH B ra3’oXoiax
5KOHOMAH3€pOB M BO3AYXOMONOTrpeBaTeNell, a TAKKE TEINIO0OMEHHH-
KOB HH3KOTO AaBMeHNs NS HarpeRamusl BOIL, HCHOMb3YeMOR mis
OTOMHTEJILHBIX H TEXHOJOrHYeCKnX ueneii. OXHAKO upesMepHoe 0X/1a-
HASHHE NLIMOBLIX Ta30B HEXKENATeNbHO, TAK KaK NPH MOHWKEHHH TeM-
NEPaTypLl rasoB HMXe TOYKM POCH BHAENSCTCH KOHAEHCHPOBAHHAN
Brara, COAEpKallancs B HUX, KOTOpas, OCelas Ha TpyGax, BHILIBaeT
X kopposnio. Kopposust ycusmsaercs manwuuem B npoaykrax cro-
pasusi SO, KOTOpHIi, B3ammoneiicTsys ¢ Bnaroft, o6pasyer cepHyio
KHCJIOTY. -

ITomepu menaombt OM XUMULECKOU KeNOAKOMbL C2OPAHIS MONALEA —
pe3ybTaT HEYAOBACTBOPHTENLHOTO HCNOAL30BAHNS BO3AYXA HAM ero
HeOCTATKA NPH CTOPAHHH TONIHBA. DTH NOTEPH ONPEALTSIOTCH Cofiep-
#auuem CO B JBIMOBBIX Td3aX W 33BHCHAT INaBHHIM 06pasoM OT cre-

ir4:

HJIH

1)

pepeMelIHBalst TOMJINBA C BOSAYXOM B TONOUHOM NPOCTPAHCTEE,
jepaTypsl B TONKe, 3anONHEHus (axeJoM TOMKH NPH KaMepHOM
aHWH W TOJAMIMHE CAOS TONAWEA NPH CAOEBOM CHHTaHHE TONJIHBA.
" [lomept MENAOMbL OM MEXAH UHELKOLL HENOAROIMBE C20PAar Us MONAUEE
jcAT OT BHAa TONJINBA M €ro CBOHCTB, enoceba CXHraHud, Tina
HOFO yCTPOlCTBa, Cnocoba yaaneHus maaka i YCAOBHH SKCnaya-
g, O6HiHe NOTEpPH TEIJIOTH OT MEXaHHYEC KOH HENOJIHOTH Cropating
mBa cocrapasior 2—14%.
Jlomeps menaomel 6 OKpyocatouiyio cpedy Tem Goabiie, HeM Bhillie
mepatypa OOMYDOBKHM KOTI2 H TENJIOBOH H3O0J5LHH ME,MEHEIOB
5HOH YCTAHOBKH, KOTOpPbI€ H3JAy9aloT TenaoTy B Bosayx. llo-
gy 1MOAGHPAIOT TakHe Buibl OOMYPOBKH H H30JSLHOHHHE MaTe-
, 4TOGBI TEMIIEPaTypa BHEUIHHX [OBEPXHOCTE KOT/A HE MPEBL-
343 K npu mOpMaJjbHONA TEMIEPATYpPe OKPYIKAIOWEro BOSAYX4.
PYMHBIX KOTEALHBIX arperatax noteps TENMOTbl B OKPYMAOHLYO
W cocrasaser or 0,3 no 3,5%. i
- Jlns XapaKkTepHCTHKH SKOHOMHYHOCTH KOTENbHOTO arperata BEO:
HOHATHE O Opymmo-Kosputuerme NOAEsHO020 OUCMBUA VopyTro,
bifi NPEACTABASET OTHOWIEHHE NOAE3HO HCNOAL30BANHOH Ten-
B KOTEALHOM arperate Ko BCeil 3aTpaveHHoH TenJaoTe:
& 241)

K. 8 s
%PYTTG Qll- ¥

5 K. & Bs €
B cymecTBylOMHBX KOTeAbHBIX YCTaHOBKAX Mopyrro = 0,7...693.

KOHTPONILHBIE BONPOCHI

}. Kakono naanatenne KOTeIbHBIX YCTAHOBOK? ;

2. Kax wxaaccnuiupyloTcs KOTCHbHbIE YCTAHOBKH! : :
- 3, [lepeunciiTe SJIEMEHTH!, 03 KOTOPHX COCTOHT COBPEMERHAS KOTEAhLAA yCTa-
KaKOBO UX maspaueHme? )
Sanumre Tennopol GalaBc KOTelbHOFO arperara m Jalite XapaKrepuCTiRy
i cocTanasionieil TendoBoro Gallanca.
Uro nasumpaerca 6pyrro KILI koTelnHore arperara?

5

§ 18. Tonouubie ycrpoicTaa

B sasncumocti ot cnocofa CuTanus TOMINBA TONOYHLIE YCTDOii-
Ba (TONKM) NPHHATO MOAPA3AEMTh Ha CHOEBbIE H KamepHeie,
Cacessie monku, B KOTOPLIX TOMVIHBO CHKHraeTcs B CJloe Ha Koaoc-
OBOii pemieTke, MORPA3AENAIOT HA YCTPOHCTBA CO CUTAHUEM TON-
4 B HenogBwAKHOM W ABMmcymemcsi choe. K mepBomy Thny eorno-
[Cff TONKH C NAGCKHMH KOJIOCHHKOBLIMH PEIIETKAMH C PY4HOil nan
annvecKoil 3a6pocKoil TOTMiBa Ha PELETKY; KO BTOpOMY — HIBXT-
MOAYMeXaHNUeCKNne TONKH € HAKJIOHHBIMU CTYNEHaThiMil KONOC-
KOBHIMU pemerxKan, TONKH ¢ UENHBIME PEIeTKaMH | Ap.
Kanepnoie monxu, B KOTOPHIX TOTWIHBO CIUTaeTcs B TOMOYHON Ka-
BO B3BEIIEHHOM COCTOSHHH, B 3aBHCHMOCTH OT BHA2 CHHIaeMoro
npeanasHayeHb! AAA TEEDAOTO, RHAKOTO H rasoobpasnoro
175,
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tonauBa. Kamepupie TONKH ANS CHKHPAHMS TBEPAOTO TOMJAKBA MO-
PasAeasioT B 3aBHCHMOCTH OT HPOLLECCA CXKHIaHHA TOIVIMBA Ha (akess-
Hbl@ H BHXpesBble (UMKJOHHBIE), a B 3aBHCHMOCTH OT crnocoda yaase-
HHA — Ha TONKH C TBEPABIM M MHIKHM HIJIaKOYaJeHUueM.

dxpannposanue Tonok. Tonka aBasercs Kak TONIHBOCHKUI AIOLUIH M,
TAK M TEVIOOOMEHHEIM annapaToM, B KOTOPOM TENJOTa Mepenaercs
OOBEPXHOCTAM HarpeBa OAHOBPEMEHHO H3JYUSHHEM H KOHBEKLHeil,
Konu4ecTso TenyoThl, nepegaBaeMoil H3JAyueHHeM H KOHBEKUHeil, He-
ONMHAKOBO: YeM Bbille TeMnepaTypa rasos, TeM GoJbLIe TeVIOTH Hepe-
Raercs u3ayuenueM. IIpH CHMXKEHHH TeMNepaTyphl rasoB YBeXHdH-
BAaeTCA JoJiA TEIVIOTHI, lepeaaBaeMOH KoHBekunedi. B romounom mpo-
CTpaHCTBe TeMmmeparypa rasoB HauOonee BwicoKass (1770—1870 K
B OCHOBHOIl 30He ropenus # 1170—1470 K B soHe jpoxuranus), n ko-
JIMYECTBO TEIVIOTH!, NepelaHHoil H3JyYeHeM ra3amMy 3JIeMeHTaM KoTaa,
HauGoabiiee. [Ipu 3TOM B TOnmOuHOM mMpocTpaHcTBe Hauboaee HHTEH-
CHBHO CHHIJKAETCH TeMIepaTypa ALIMOBBLIX 'a30B.

CrnencreueM BLICOKOf TeMIepaTypul B TONKe SBJASETCH NJIaBJACHHE
30/l ¢ 00p@30BaHHEM XKHAKOIO LITaKa, KOTOPHIl, 3a/1HBas OTBEPCTHH
MENAY KOJIOCHHKaMH, SaTpyAHSAET JOCTYN BO3AYXa B TONOYHOE ApPO-
CTPAHCTBO M HAPYIIAET HOPMAJbHOE TEYEHHE NPOLIECCa Cropaius Tomn-
/1HBA B CJIOE Ha KOJOCHHKOBOM peilerke. B KaMepHBIX TonKax XuAKUI
UIAK OCEaeT HA CTEHKAX TONKH, HMEIOUHX 6oJjee HH3KYIO Temnepa-
TYPY, YeM TeMOepaTtypa TJIaBJeHHS 30Jbl, H, OXJaXJIasCh Ha HHX,
o0pasyer miTaKoBbie HapocThl. [1o Mepe YBeTHUeHHs TOMUHHEBL MI1aKA
TEMJIOOTHAYa CTEHOK YXYAWIAETCH H TemiepaTypa WX BO3pacTaer.
Kak T1os1pK0 TEMIepaTypa CTEHOK JOCTHIAET TEMNepAaTyphl MIABIEHHSA
lWNaKa, OH PaskKHUIKAeTCs H CTEKAeT no crenkaM, OX/1aKAasnch HibKe-
JEKAUHMH CTEHKAMH, WJIAK NPUIHNAET K HUM, 3aTBepeBaeT H obpa-
3YET CTeKNOBHAHYIO TBEPAYIO MacCy, KOTopasi B AajbHeflueM omsTh
[A4BATCA, H NPOLECC NOBTOPSETCS BHOBL H BHOBb, YCH/HBASICh BO Bpe-
MeHH. PacniiaBiennbie YaCTHIB! 1I14Ka, KOTOPHIE YHOCATCS ABIMOBBIMH
rasamMH H3 TOMOYHOTO HPOCTPAHCTBA, OCENAIOT HA CTEHKAX ABMOXONOB
H, 3aTBep/ieBasi, 3alIAKOBBIBAIOT HX. [IpH 3TOM NMpoxoiHbe cegeHis
YMEHBILAIOTCS, ABHXKEHHE ABIMOBBLIX [a30B 3aTPYAHSETCH, HApYUIAeTCH
PaBHOMEDHOCTb Harpesa TelJIOOOMEHHLIX MOBEPXHOCTE, CHHKACTCS
NaponpoH3BOAHTENIEHOCTL KOTENbHOIO arperara, NOABJAAIOTCS MeCT-
HbI€ HEPerpeshl H TENJOBbIE MEPEHANDAMNKEHHS, NPHBOASILHE K aBa-
pusm. [l npenoTBpAllieHHs IIAAKOOOPA3OBAHMS a3kl B TO-
MOYHOM MNPOCTpaHCTBE (NPH ylajeHnu ULIaka B TBEPAOM Bije)
[epell BLIXOXOM HX B Ias0X0Abl ACNKHBI ObiTh OXJ&MKIAEHB HHKE
TeMNEPaTyphl sarBepieBanua liaka wa 50—100 K. Tlpu Bhicokoit
TeMnepatype TOMOYHOIO MpOCTPAHCTEA TeMnepaTypa CTEHOK B OT-
AenbHbix 30HaX mocturaer 1870 K w Bbime, yto ymembiraer cpox
cayk6ut 0OMYPOBKU.

UTo0s! CHH3HTE TEMIEPATYPY ra30B B TOMKE H HOBBICHTH naponpo-
H3BOIUTEJILHOCTD KOTEIBHOrO arperara, yBequyuBaioT PagnaHoHHyIO
(ry9eBocnpHHHMAIOULYI0) MOBEPXHOCTb KOT/A, T. €. MOBEPXHOCTH
KoT/1a, o0palieHHyio B TONOYHOE NpocTpancTao. Kpome 1oro; Gombiuuy-
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COBPEMEHHBIX KOTEAbHLIX arperartoB HMEOT 3Kp31—!lip033’l—ll!ﬁe
T. €. M0 HX CTEHKaM YCTaHaB/IHBalOT AONOJHMTEILULIE pajna-
HBie MOBEPXHOCTH — SKPaHbl, NpeAcTaBIAlolue CDﬁOl‘I_.‘ qame
0, FAanKue TpyGnl Auamerpom 10 83 mum. Hacto MOBEPXHOCTH a'rf:sx
6 BLIBOAAT uepe3s OOMYDPOBKY Hapyxy. HuxHie KOHUBI Tg{} -
aHOB NPHCOENHHSIOT K KOJJIEKTOpaM, a BepXHHe — K Gapabany
na. KoaaexkTopnt OnyCKHBIMH TpyOaMu COoeinHeHbl C ﬁapaﬁauom.
giM 00pasoM, SKpaHbl BXOAAT B MOBEPXHOCTb Harpesa KomiId, €O-
17 KOHCTPYKTHBHO OOWLYIO HHPKYJAUHOHHYIO CHCTEMY. Harpe-
sKpaHax BOAa B BHJE NapOBOASHOMN CMECH MOCTYNAET B 1apOBOe
TPAHCTBO KOTJA, U3 BOAAHOTO MPOCTPAHCTBA KOTOPOro BOAA MO
CKHBLIM TPY6am NOCTYHaeT B KOJJEKTOPHI, & H3 HHUX B TPYOBt
Yi?rﬁimnxa SKpPaHOoB JaeT BO3MOKHOCTh, NOMHMO CHHZKEHHS Temne-
bl TONOYHOTO NPOCTPAHCTBA, MOBBICHTE NAPONPOH3BOANTENLHOCTD
fia Ges yBeanueHns rabapuToB KoTesbHoro arperara. B TO-
{BIX YCTPOHCTBAX COBPEMEHHBIX KOTEJBHBIX Arperaros s pas-
BUTHH HX pajMalOHHOH NOBePXHOCTH YCTaHABAHBAIOT HECKOABLKO
: ﬁgﬁnume XapakTepucTHKH padoTsl Tomok. OCHOBHBIMH MOK&3a-
AMH, XapaKTepH3youuMy pabory TONOK, siBAAIOTCS BHAHMOE Tei-
j0€ HanpsiZkeHHe KOJOCHHKOBOH peLIeTKH (ma1s1 CIOEBBIX TOMOK)
MO€ HalpA»KeHHe TONOYHOTO NPOCTPanCTBa.
BAMMOE TEN/JOBOE HANpsAXKEHHE KOJNOCHHKOBOH pELIETKH, 'ro:
goro yerpoiictsa, kIx/(M*-4), upencrasaser cobof OTEI?IIIGHIiL
OTHI, BLIIENUBLISICK B Tonke B Tedenue 1 4, Q, K maomaiu Ko-
DCHHKOBOH pemeTku S M

‘P

S Mpe (242)
CHEEREE
M — macca TonamBa, cxkuraemoro B Ttonke sa | 4, Kr/u,

« — HH3IIAA TemIoTa cropatus padouero tomnusa, KJLx/kr. )
Bumumoe Tensosoe Hanpsukenne tonku [2,9...4,9 [hx/(w*-u)]
HCHT OT KauecTBa CKHTaeMOro TOMVIHBA H KOHCTPYKTHBHBIX 0Co0ei-
el TOMKH. g
TennoBoe HanpsKeHHe TONOYHOIO MPOCTPAHCTBA, kdx/(m?-q),
OTHOIIEHNEe KOMHYecTsa TenioThl Q,, BhIIEJEHHOH NPH CrOpPaHUI
nuBa B Tedenue | u, Kk o6vemy V TOMOYHOrO MPOCTPAHCTBA!

MQp..u

43
p (243)

Le .
v

oe manpmxenne [0,83...1,25 [Lx/(v*-4)] 3asucur oT
PYKIHK TOMKH, KaYecTsa TOM/IMBA M cnocofa ero CKHTaHus.
as paGora COEBBIX TONOK XapaKTepH3yercs KaK BHAHMBIM
HanpasKenueM KOJIOCHHKOBOH pewerku, Tak H BHAHMBIM
eHUEeM TONIOYHOTO IPOCTPANCTBa, 2 KAMepHLIX — OAHHM TOABKO
TEMAOBBIM HAUPAKEHHEM TOMNOYHOrO . NPOCTPAHCTad,

ATT




Tonkn ¢ wenoaBMEHEIM
Cli0eM TOIIHBA AJAN CROEEOrO
CHHFAHHA TBEPUOro TONAWEA.
Tonku ¢ naockoit Kojoc uko-
80l pewemroill MoryT 6hith ©
PY4YHOH H MEXaHH3HPOBAHHOM
3arpy3Kof TOIIHBa.

Tonxa ¢ pyunoi 3arpyskoii
TonsauBa (puc. 117) cocrour
H3 KOJOCHHKOBOH pelleTkn 5,
TOIOYHOrO rpocTpaHcTea 4 ¢
HBJAYUAEMBIMH H  nepemeliae-
MBLIMH  TENJIOH3OJHPYICLLHMA
cBOfaMH J, 30AbHWKA 6, 3a-
FPY309HOTO OKHa ¢ ABepuei 2,
ycrpoiiersa [ Aas Hopaun Bos-
nyxa. Tonanso uepes sarpy-
304HOE OKHO = HEPHOANYECKH
i i saﬁpac:bm”afm BPYUYHYIO Ha pac-

' KaJeHHHH CJAoH ropsuero Toi-
JIHBA, HAXOLMILErocs Ha pe-
metre. llonorpesasics, cpemxas
NOpLUHSG TONAHBA CHEpBa NOA-
CYIUHBAeTCsH, a 3aTeM H3 Hero
HAYHHAI0T BLIAGNATHCA TFoOpIo-
UHe JIeTygie Beulecrsa: MeTaH u Goiee TsKensie YIeBONOPOAH, KO-
TOPLI€, NOAHHMASACh H CMEIIHBANCL C JYThEBHIM BO3AYXOM, Cropalor,
obpasys naams. [To Mepe ynanemns JeTyuuxX BemiecTB H3 TONJMBA
OHO NOCTENEHHO NpeBpallaeTcs B KOKC, KOTOPEHIH AOrOpaer, 0cTaB/issi
Ha KOJOCHHKOBOH pelrerke sosy. 3oia NAaBHTCH NOJ BO3EHCTEHEM
BEICOKOH TeMNepaTypH, CTeKaeT BHu3 1 3acTmBaer. O6pa3oBabmnics
TBEDABIH HINAK YAATAKT BO BpeMs WYPOBKH H YHCTKH TOMKH,

Hau6onee nonnoe nenoassoBanne TensmoTs, Briaensiomeiics ApH
CRUTauRH TONJHBA, NONyYaeTcs NpH Tomuune cros Oypeix yraei
40—70 mm, antparura 100—200 MM, Topda n JIPOB B CpEEHEM ©OKOJA0
700 M.

HecToRRCTBOM PYYHEIX TONOR ABISETCS NpoCTOTa KOHCTPYKILHY 1
CPaBHHTEABHO NOAHOE CFOpaHne Tonauea. CynecTRENHKMA HELOCTaT-
KaMH dBJsieres HeoOXOAMMOCTH Ya-
croro (uepe3 8—12 mun) sabpackBa- <=
N CBEXKeA NOpuUMM TOMJIHBA, He-
paBHOMEpPHLIA NPOLECC TOpeHIs TOM-
ANBa N TAXENLE YCNOBHA TPyAa o6-
CAYKHBZIOMEro Nepeonana.

Hns obneryenns Tpyma obcay-
JKNBAIOMEro NEPcoRana (kKouerapos)
MPHMEHRIOT CHENAANbHEIE KOAOCHH-
KOBLIE penieTEH € Kadalomumucs
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Pre. 717, Tonsa c pyunoll sarpyssoil Tenamna:
! — yeTpoficTiO BNS NOZSYH BOSEYRE B TONKY:
24 — ABepHa  39TPYSOYHOIOD OKHE; 8§ — Tenao-
U30AUPYIDInNE CHOALL TONKE; 4 — TONGINQE BpO-
£TPARCTEO; § — KOJOCHUKOBAES peluerka; 6 —
SORLRHRE

Pue. 118, Tonka ¢ BAnAOmMUMEER Hossc-
HiskaMIr i ik

a
Pnc. 119{ Cxema MEXAHHSNPOBANHHX ClocofoB 3ZrPYIKH TORAHBAL
au 6 — sexannueckae; § — nHeBMaTnieckuil; & — nnefuguexa:m:
geckill; | — Rosupymigee ycrpoilerso; 2 — MeTaTenbs — paz
roEHAS NAWUTA

pukamu (puc. 118). IlepHoaudeckee HOKaYHBAHHEC KDJlOCHHKGB-
OEAT BPYUHYIO WM Mexamuueckum npusofom. [ mexzﬁg
AHHOH 3arpysKH TOMJIHBA NPHMEHSIOT MEXaHHYeCKHEe (pHC. S
6), nmesmatmueckue (puc. 119, 8) H nHEBMOMEXaHHUECKHE
: 3a0packiBATENH.
Li;eelonxg NPUMEHSAIOTCS TOJBKO B KOTEMbHBIX arperarax napo-
JsofuTebHOCTI0 8—12 T/4. AT
i HXYBMMCHS CcroeM Teijausa A
";10:(:! T%Iﬁlﬁiﬁa?{?ﬂﬂxmﬂbie noAYMEXaH UHecKue Monku (pl:'IC. 120)
MEHSIOT JUIR CHHTaHHs OOBEMHCTHIX H BJAXKHBIX TONJHB! xycxo;
Topda, APOB, APEBECHHIX OTXOAO0B H Ap. Tonaueo us GYHKEP?(O-
HOANYECKH TOJ@eTcs B WAXTy & W, OOYCKaACh HO HAKIOHHBIM
KaMm 6, TOCNeAoBaTENbHO 0CBOGOXKAAETCA OT BA4rd H JETYHHX.
109HOM NPOCTPANCTBE JETYUHE CMEIINBAIOTCA € BO3AYXOM, MOCTY-
i wepes pemeTkH u3 moanyBad 2 u 3, a NOPAUIUH KOKC MOCTy-
Ha TOPM3OHTAMbHLIE KOJOCHUKOBBIE PeleTkd 7 ¥ §, rie uHTed-
JOrOpaeT HpH AOCTATOYHOM KOJNHYECTRE BOSAYXA, MOCTYNAio-
p B3 noaayeana {. Ocrasuiniica NMITAK H 307y YAAMAIOT H3 TOTIKH
i I}Gy;gimoe AyTee BO3nyXa obecneunBaeT CxKuranue Topda npu me-
yoM Koshumuente uaGHTKaA Bosayxa (o = 1,3) u ¢ MaALIMu Io-
AMH TeNJIOTH OT HenondoT cropains. Hexocrarkamu X aBAfOTCA
plliHe MOTEPH TEMIOThI B OKPYIKaioliee NMPOCTPAHCTBO, TPOMO3A-
b {1 GOMBIIME 3ATPATH TPY/a Ha yAaJleHHe H11aKa | 3045l
Mexanuseckue monku ¢ yentsimu pewemram (puc. 121) Hauﬁone-e
[POCTPAHEHE B COBPEMEHHLIX KOTeIbHLIX arperarax. B Takon
Ke Bce Onepalii no o6CAYHUBAHKIO [OHOCTIO MEXaHH3HPOBANLL.
10THO 2 PEeTKH COCTOMT M3 OTAeJbHHIX KOJOCHHKOB, YRpenJeil-
Ha CHeHmanbHLIX 0ankax, HashiBaeMblXx Oumcamu. BuMCHl Kpe-
Ha GECKOHEYHHIX MAPHHPHLIX NENsiX, HAJeTHIX HA JiBe naphl
ouex 3, Hepeiuss W3 KOTOPHIX NPHBOAHTCSA BO BpallleHHE SJCK-
puratenem. CKOPOCTb ABHIKEHHS PELIETKH MOMKHO H3MEHATb B 3d-
i OT KOJIHUECTBA H KayecTsa CKMraeMoro Tommusa. Tonauso
Ha LENHYIO pelieTky u3 Oyukepa 6. ToauinHy €ro cnog
BAMBAIOT nepevellenvieM mubepa 5. Bosayx, HEOOXOAMMEL
peHusi TONMUBA, NOABONHMTCS NOA pereTky no 3omaM I ¢ pa3-
M PErynupoBaHHeM H NOCTYNAeT B CJI0il TonuBa Hepes 3aau[::




MEXLY KOJNOCHHKamH pemeTku. B navasne pemerkn tomnuso nporpe-
BA€TCs, a 3aTeM IOPHT € Ma/IniM u30biTKOM Bo3jyXa. Ilo mepe npoxpi-
MEHHA NO TONKE H YMEHbILEHHH TOMMIHHE C/A0S TOMJIHBA B CBS3H € €ro
BLIFOpaHHEM H3OLITOK BO3AVXa yeenuumsaercsi. B koume peileTKi
OCTABIINACS BBUKIKEHHBI ILJIaK YIaAseTcs B WAAKOBbl OyHKep maa-
Koctinmaresaem 7. Ilpexpauenne momaum Tonausa Ha KOJIOCHHKOBYIO
PEIIETKY OCYLIECTBNSAETCH 3aTBOPOM 4.

HT0GBl NpEAOTBPaTHTD NPOBAN TOIIHEA gepes pelerky, B IeHnHBIX
TONKaX IHPOKO NPHMEHAIOT GECIPOBANbHBIE KOJOCHHKOBHE PelieTKiI
(puc. 122). Takas pemieTka HMEeT yemyiiyaTbie KONOCHHKH 2 ¢ Kap-
Maluamu, ykpenJesuble Ha OeckoHeunnlx uensix 1. [Iposanusmmuecs

2 .,- Pue. 122, GecnpoBalibiidf EOAGCHHKOBAR DelIeTHA:
METKHE YacCTHUR TONAHBA COGH]JEIPOTCH B KapmaHax H cﬁpacuaamca 5 - e e e

B OyHKep, OTKyAa BHOBb BO3BDALIAIOTCH HA KOJOCHHKOBYIO pELIETRY .
Hasi oGecnedenns onTHMa/ LHON TEMOEPATYPBl IOpeHusi, Npenot-

C TOMNJINBOM, Ha3bIBAHOT NEPBHYHBIM. B Kamepe TOMJAHBO BGC-

BPAlICHHS 3a0HBAHNUS KOMOCHHKOBOMR PeIeTKH MEJI0uBI0 H npeaynpe- _ MEHSIETCH 1, CMELLHBASChL CO BTOD HYHBIM BO3AYXOM, T. €. BO3LYXOM,
HMAECHHA HENOMHOTO CrOpaHis TONuBa pasMepsl KYCKOB TONNEA [BaeMbIM OTAENBHO OT TOTJIHBA Yepes OTBEpPCTHE §, COpaeT B Biie
AOMKHEL ObiTh ONTHMaAbHBEIMH. [las 3Toro npeiycMaTpHBaioT cheltt- 5. [1aXTHO-MENbHRYHEE KaMepHbie TONKH NPHMEHSIOT B KOTe/lb-
aJbHBlE MENLHHYHLIE YCTAHOBKH. TONKH ¢ HeNmHLIMH pelleTKaMy npH- ] ‘-.iarperaTax NaponpoH3BOIHTENLHOCTRI0 Ko 230 T/4,

MEHSIIOT OOBIYHO B KOTENBHEIX arperaTtax NaponpoH3BOAHTENBHOCTHIO : B oo JAOCTOMHCTBAMH TaKHX TOMNOK SBJSIIOTCH NPOCTOTA
2o 35 T/u. : . TDYKUNH W BOSMOXKHOCTb CIKHFAHHS BO B3BEUIEHHOM COCTORHIH

Kamepnbie tonkm mas cxurauus TBepaoro Ttenamsa. [Haxmuo- : Rna rpyboro noMosa, a HefoCTaTKOM — YHOC MOTOKOM HLIMOBBIX
MEADHUYHbIE KamepHole monku (puc. 123) npumeHsIOT Aasi CKHTAHHS j OB HECTODEBLIHX OYeHb MeJKHX UaCTHI TOMJHBA (TOHKOM NELIM),
(PPE3EPHOrO Topda, GYPHIX 1 KaMCHHLIX Vrieil ¢ GombumM Coxepsika- ' | IPUBOJMT K SHAYHTENBHBIM [OTEPSIM OT MEXaHHUECKO! HENOMHOTE:
HilEM JTeTY4HX. . yauua tonausa u cuuzkenuio KIIJL tonkw.

Tonnneo ns Gyukepa 5 no pyxaBy 4 NoCTYHaer K nuTATEIO J, xo- ; B oo monicu (C BEPTHKAJNBHBIM H TOPH3OHTA/TBHEIM PACHO/IO-
TOPEI MOR3ET ero B HEOOXOAHMOM KONMYECTRE Yyepes OTBEpPCTHE a [HeM HMUKJIOHHBIX KaMep) NPHMEHSIOT AN CHKHTAHHSA PasJIHYHBIX
B MEIbLHUIY [, Tle OHO PasMallBIBAETCS 10 KYCKOB pasmMepoM 2—10 mu. 08 TBEPJIOrO TOMLINBA, Pa3APOGIEHHOTO 10 KYCKOB pasmepos 0,5—

[TonBenentsM K MenbHHLE FOPSYHM ‘vum, Ha puc. 124 npusejeHa cXema HHKIOHHOH TONKH C TOPH30H-

BO3YXOM TOMJHBO BLITECHSETCH B
WaxTy 2, rje OHO TNOACYIIHBAETCS . { ;

W, HBHTAsiCh BEepX yepes amGpasy- : : RO
py 6, nonajaer B Kamepy 6 TONKH. BN .
Bosayx, nocrynalomuii B Kamepy ' j j
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. -H:i?.. WaxTio-meapuismnan Kamep~ Puc, 124, Upsaonnan Tomxa:
e § — MUKAOHHAR Kameps; 2 —YJ/HTOYHAR TQ=

Prc, 120. HaxThas nosymexaknye- Prc. 121, Mexanudeckin Tonka c wennod ' g } 2 — waxrta; J —nurtas  penka; 3 — conas; 4 — ropaOBHEHAa; § —Kas

el o PR 2 ; KRB, 5 — TOAUBH A GyH=  Mepa OXAAKASHHR: 6 — TPYOGa 9_"&‘;“.: 7;‘:

1, 23 4 — nopaysand; 4 — Tonans- ! — sonn A NOABONA BOsmynas 2 e ONOHNAA KAMEDA; @ —OTHep-  Kameps JOMHPAKEA; § — jleTKa; ¥ —wma

naft Gynkep; § — maxTa; § - na- NOAOTRO peuerki; J — sBeafouru; 4 — | MOfady TONAKBA B MEABHHNY;  KOCGOPHHK y

HAOHNEe HOJOCHHKORHE PelleThu; 3aTBOP; 8§ — milep; 6 — TonAuBER U3YPAL 8 — OTBEpPCTHE AN 110+

7 1 8 — ropnzonTajbike HONOCHN- Gynrep; 7 — WAAKOCHUMAT N : OPHIROrO Ba3ty

KODLE PemeTki 5 I8k
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TaIbHEIM  PACHOIOWEHHEM HHJAHHADHYECKON UHKRIOHHOI Kamepr
(npearonku). Pasapobaentoe Tonaneo smecte ¢ HepBHYHEIM né3ny;;oq
BEOLNTCS B yJIHTOUHYIO FOPeAKY 2, a 3aTem B HPEATONKY. Tyna e ge-
PE€3 Taurenuuanbubie Conia 3 BAyBasTcs co CKOPOCTHIO, npeBh:wa}omeii
100 m/c, Bropuwauwii Bosayx. Tonauso noy4aeT BpaulaTesbsHoe JBH-
’KeHlie, TWATEIbHO NepeMeiHBaeTcs ¢ BO3AYXOM M Cropaer B npex-
TOMKE BO B3BEIIEHHOM cocTosknn. ['a3el ¢ neoropesimmy lIaC’l'lmi’l:-l\i
ToNTHBA, HArPETHIE O BLICOKOH TEMNEPaTypL, BHIXOAST yepes mu.rlmlf
m‘my 4B Kamepy ROXHTaHna 7, Tjle aCTHYKH TonauBa )IGFG]JE:H)T.p38-
;ﬁ]a;ﬁ;g{’ npgu;.m Mexny Tpybamu 6 skpawa, Hoctynaior B Kamepy
X Hd 9, OTRAIOT TEIJIOTY 5KpaNaM M ADPYTHM MNOBEpXHOCTSIM
HATPEBA KOTEJLHOrO alperata i 00 rasoXofaM BLIXOJST B aTvoce
O6pasopaeiuniicss MuAKIEG HAAK CTEKeT B HIDKHIOW HacTb Kamepy-
AOMUTEAHHS | 4epe3 JeTky & B waakocGopHuk 9. g
“365:1}:10;3;;; ::H{igi cm])cgsﬁuai ;]))aﬁoram C ManbM KoapdutesTom
P * = LUW=1,1), uro cmmxaer norepu tenaorm
£ MI Ta3aMmi; HECNOKHO H NPHTOTOBJECHE (1pobnenne) Ton-
Henoctatki ux: tpyasocts cxuranug Yraeii BHICOKO# BJIa<HOCTS
e MB.HHIM'J}BHKOROM JCTYHHX, CPAaBHHTENBHO GOALIIHE NOTEPH TenioT :
(Ooaee 2%) co mAakoM 1 NOBBICHHLI PACXON 3HEPIrHH Ha AyThe >
PHYEHOIO BO3nyXxa. s i
Heracyeononeie monku (puc. 125) ornocates x {akenbHLIM TOnKam
faﬁg;rzﬁp{% I?eé)go&':'}og;mao B BUJIE Ouenb TOHKOH num (¢ paamepar.u;
o 0,3 M KHTACTCA BO B3BEIICHNOM cocTosHuM. B tonou-
¥ MEpY 4 ropenxoit I NOJAeTCH TONAWBHAS NBLIb BMECTE ¢ pe
BHUHBIM BosAyXom f18. OpHospemento K roprosuie FOpenKn n-.tzuz(aeréJ .
BPEABAPHTENLHO HATPeThIH BTOPHYHLIG Bo3ayx BB. Tonmmeopos: mﬂ
Had CMECh, NOCTYNHEIIAs B TONOYHYIO Kamepy Bocrma'\.nepme'nﬁcnr :
cropaet, ofpasya AannHB daken. Pacnanennﬁm raau‘uarpeaﬁmf:

::.;:;m:igs'}uw. tha- Prc. 126, Crema mm ¥ woll

; n: YeTanopEm ¢ nponemym-mu;u 5;;1‘;;:m:
— ropeaKs; - 2 — J — vonnnEanh 6

: 5, YHKED; 2 — Becm: § — -

:?y!f:-n};u: SKpan; -pf;: ;n'!_u:‘;": — ﬁapagaang-mspo:;:‘:;eibnxflg;

Pu; 4 — FORGLES Re- it o W M b

:gpn_ o_.nra' ” 40 — wpewoswf nwratene; 1) — nem:.;p'-

btoconn Tlopomns:  Somar 14 o eaeRyonaS ropeTE: 13 -

nKa; Jj4 — sl &=

9 — wmnaxobasn J.uax-ré = bz
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. HMPKYJHpYOUYID B
yOuaTEIX 3KpaHax 2 oT KoJ-
opos 8 H 10 K KOJJNEKTO-
w 3 # 6, asarem K Gapabany
pOBOTO KOTJAa H OOpaTHO B
KTOpEl 8 ¥ /0, 4aCTUYHO
napTCs W, nOpolias ra-
5 pmapoBOro KOTJa, Bbl-

p armocgepy. Ocras-
51 OCJ€ Cropatus TOIJIH-

Puc. 127, [asosan ropeaka OPIP3C:

ma QACTHYHO BLIHOCHTCH C 1 — HEPATPANBHAR UBAMHAPHYOCKAR  TpyOus:

e : 2 = BOD XOAYBRA-YARTHA; d — KoHyc-pac-

IREIMOBLIMY TazaMi B arTMoce- 2 o Foo Ry Eoy e ONCSHRI; 8 — HitypBen
YOpaBiesud

, 4 YACTHYHO MpEeBDaliaeTcs

SRIAKHI 1aK, KOTOPHIH CTe-
8 ILTAKOBYIO BOPOHKY 7, I/le 3aTBEPAEBAET H CChIIALTCs B iaXTy g,

TonAuBHYIO [bLTh NPHIOTOBJISIOT B crelpaabusix Gapabanuo-
APOBBIX MEAbHHLAX N0 HHAUBHAYANBHOH CXeMe H CXeme C IIPOMEKyY-
gipM GYHKEPOM. YTOAbHas Mblib, MNOMYYEHHAR N0 HEAHBHAYA/b-
cxeMe, HEnoCpPEACTBEHHO H3 MEeAbHHIH [OCTYNaeT B TOOKY.
:Xeme ¢ NPOMEKYTOUHbIM OyHKepou (prc. 126) mpeayemoTped 3anac
LHOH OBUIH, HTO CHOCOOCTBYET GoJee HalexHOH padoTe TOMKH.
Tounuso (yroas), sarpyxeusoe B Gyaxep I, nof cOOCTBEHHOH T~
BCTBI0 ONYCKAeTCs BHU3 H, MPOXOAA Yepe3 ABTOMATHYECKUE BECH 2
flafaeT HAa NUTaTedL 3, a U3 Hero — B meapnuuy 4. llo Bospyxo-
oBoay 14 mocTymaer BO3AYX, APOAYBAIOWHHA METbHHIY H BBIHOCSH-
it 43 Hee YroAbHYIO NMbidb. CMech BO3AyXa W NbiH HAPaBAALTCA
cenaparop 5, TA€ OHA 3aBHXPSETCH H OT HEe NOA AEHCTBHEM HEHTPO-
HBIX CUJ OTAENAIOTCH HacTHllbl KPYOHOIrQ NOMOJa, KOTOpbIe Ha-
saAsorcss obpaTHO B MeabHuUy. M3 cenaparopa nbeiieBO3AYLIHAN
5 3aCACLIBAETCS] BEHTHASTOpoM [] W Hanpasisercs B UHKAOH 6,
Kyfa BBOAHTCA a3PONbiib, NOJYyuaiouias BPAINATENbHOS JBHIKEHIE.
0 ACHCTBHEM UEHTPOGEKHBIX CHA GOJbllias 4acTe Huan {10 90%)
e1aeT Ha CTEHKH NukjaoHA. [lajee wacTb NLLIM, MPOHAs Hepes Kia-
HBl 3aTBOpA 7, HANPABJSETCS CHeUHalbHbiM HIHCKOM 8 B IPOMEKY-
quLIf OyHKep 9, rle XpaHUTCH HECKOJNLKO 4ac08. 3acachiBaHue aspo-
# 13 CenapaTopa M NOAaua ee B [HKJIOH OCYMEeCTBIRIOTCH BeHTHIs-
popos /1. Heocepuias nbiib B WHKJAOHE B CMECH C BO3/LYXOM HarHe-
A K TomouHoii ropeaxe /2, Kymna u3 OyHkepa 9 OAHOBPEMEIHO
aercH [IHEKOBLIM nuTaTeneM /U OcHOBHaa Macca NOBIEBHAHOTO
fOnAHREa W HEOOXOJAHMOE KOJHYECTBO BTOPHUHOTO BO3AYXa, B3STOrO
‘Bosayxonposona /4. Obpasyercsa MbIEBO3AYILHAS CMECh, KOTOPadA
NoNafaeT B PacKajeHHYIO TONOYHYIO Kamepy /3 W cropaer B Heil.
 Jlas OBUTEYTONLHBIX TONOK Yacto mpumensior ropeaky OPI'PIC
(puc. 127). Asponsuib BMECTE C NEPBHYHBIM BO3AYXOM MOCTYUaeT
UEHTPaNBHYIO TPYOKY I, [0 BLHIXOfie H3 KOTOPOi KOHYCOM Pasdpachi-
i€TCH B CTOPOHB! pacceKareneM 3 # [ogxBaTuiBaeTcs BTOPHUHLIM BO3-
nocTynapuuM B HapYKHYIO LuIHHAPHICcKYi0 TPYGY U3 BO3-
yeici-yauTin 2. CMeCh a3ponsuin ¢ Bo3nyXoM (OCTYNAeT Hepes
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KOJNBUEBOE  MPOCTPAHCTEO,
KoTOpoe ofpasyercs Hako-
HeuHHKOM 4 H 0O6MYpPOBKOIT,
B TOHNOYHYIO KaMmepy, [le
Bocnamenserca. Cxopocrs
BLIXOZA NBLIEBO3IYILIHOM
CMECH H3 TOPeJIKH B TONKY
perynupyercs  nepemeile-
HHEM pacHBUIHTeNd BAOJL
: OCH Kopfiyca, 4TO JAOCTHTA-
€1C NOBOPOTOM WTypBana ynpasnenis 5. [Tneyronpuue ropeniki
pacnonaraior B TONKAX KOTJIOArperartoB cpemmeii naponponsBoiu-
TeNbHOCTH (pouTampHo (pue. 128, @) u serpeuno Apyr K Ipyry
{puc. 128, 6); a B TONKaxX KOTJOArPETaToB GOMBIIO naponpoussc-
AHTENLHOCTH — noA yryioMm (puc. 128, g).

BaxnefituinMu J0CTORHCTBAMN CIRUTAHAS TBEPJLOTO TOIVINBA B Mbijie-
BHIHOM COCTOAHHH SABJISHOTCH DGQCHEQEHHE COoBepIIeHHOrO npoTexKa-
HUS TIpOLECEa CXKHTaHus TOMIHBA NPH MHHUMaAbHOM Kos(duinenTte
n36biTKa BO3NYXa; Hajexuan paboTa, Jerkoe peryJiupoBaHHe H yupa-
BIIEHHE paCoToll TONKH B 34BHCHMOCTH OT HATDPY3KH, BO3MOMKHOCTS
NOJHOH aBTOMaTH3alliH ynpasjenns. Bee sto Cnoco0CTBYET MiHpo-
KOMY HCIOJIb30BaHHIO TAKHX TONOK B KOTEALHBIX VCTAHOBKAX GOJbLILON
MOIHOCTH C naponpoHsBoanuTensHoctsio 1o 200—300 1/4. Onnaxo
B HHX npuMeHsercs GoJiee AOporocrosiice 06OpYIOBaHHE, HEMKEMT
B CJOCBLIX H KaMEPHBIX TONKAX; GOMBLINOE KOJNHUECTBO 3016l YHOCUTCS
B ABIMOBYIO TPYOy H aTMoctepy, sarpsisusia OKPYIKalolii BO3NVX.
Jas ynasauBanus 30451 NpHXOAHTCS NPUMEHATE Joporocrosiiee 060-
pyrosanue. Kpome Toro, asponbutb mnpexcrasaser co6oii B3DHIBO-
ONIaCHYIO CMech, a mostomy ofpaineHue ¢ Heit Tpebyer cobmofcHus
CTPOrHX Mep NpeNcCTOPOKHOCTH,

Kameprbie TONKH Jas CKuMramws xuaxoro n razoobpasnoro Ton-
aupa. Ilo KOHCTpYKuuW KamepHble TONKH Ans CKEranus HHAKOTO
H Ta3006pasHOro TOMJHBA He OTJHYAIOTCS OT TOMOK AMS CIKUTAHMHS
TBEPAOTO NLIEBHAHOTO TOMN-

JIMBA; B TONKaX Qs CXKH-
raiuusl JKHAKOTO M Ta3006- 3

Pauc, 128, Naan pacnosomenma FOpENoOK B TONKe:
G ~ $pouTaAnLNOe; § — BCTpEdHOE, 6 — Yriokoe

pasHOro TOmJHBa OTCYTCT- Pz BN
% - ey e ————d
BYIOT IITaKOBLIE BODOHKH,  —foih——=the—
i B = o
Hunkoe TomAMBO Cxn- AT
] 4 L "
TaeTcA B TONKAX B pachel- fa  pfte

JIEHHOM BHJE, JJA 4ero
NpHMEHAOT [apoBkie, Me-
XaHHYECKHE W BO3AYIIHEE
(popcynxu. Hanbonee pac-
NpoCTpaneHH MapoBkbie gop-

Tonpuflo

Puc, 129, Naposas gopcynkas

- 1 — ronnuBOnOABOAmMUI narpytox; 2 — .

CYHKH, B ](OTOPHX TONMHBO BOARWHH NAaTPYGOK; § — KOpRye: 4 — mg:ﬁ;g:,:;
pacneuisiercs: CTpyel napa. B e ONbUEB0E WA D HIECKOE TDOCTDAHCTEO; G —
ILHJY HYECH! .

Taxas ¢opeynka (puc. 129) 52 koisuesan no.mfrgh; g np‘;*;,ﬁg;‘,‘ e
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pUT H3 Kopmyca 3 ¢ napo-
asgmuM - natpyGrom 2,
TPH KOpTyca pasmelldercs
nuHEeas 4, BJOAL KOTOPOTO
OXOANT BHYTpPEHHHH LNJIHH-
€CKHA KaHanl 0, COeiH-
[BEIl NPOPE3bIO 2 C TOIH-
jofBOAsILHM naTpyGkom [,
(Iy LITHHAENEM H KOPIIyCoM
JpCYHEH 06pa3oBaHO KOJb-
pBOe  ILHJIHHADHYECKOe Mpo-
HCTBO @, BRIXONdAlee Ha- Pic. 130. Taszosas OecnaaMeHHAn ToHHelbam
Ky (OPCYHKH YSKOH KOMb-  ropemd: . ;
i kittio, oopasonammall ¢ e weseey o e
geCKHMH KOHIAMH IINKH-

H Kopnyca (OpCYHKH,
onauBO (MasyT) B Takoifft (POPCyHKE M3 TOMJIHBOMNOABOASLIETO
ppyOxa NoCTynmaer B KOJbHEBYIO MOJIOCTD &, 3aTeM Yepe3 npopess 2
HYTpeHHIH NUIHEADHYECKHH KaHa/l O INHHLEISE U BLIXOIUT Ha-
v. [lap nox pasnennem po 1 MIla yepes nojBofsimuH narTpyoox
TaeT B KOJbIEeBoe IHJAHHIPHYECKOE [IPOCTPAHCTRBO @, 4 H3 HEro
bIIOI CKOPOCTHIO BHIXOLNT YePe3 KOJLLEBYIO Llelb B TONOUHYIO
iepy, yBaekas BMecre C CoGOH H pacmelinBas TONJIHBO, BRIXOAsSmES
‘KaHana nuHnens, Pasmep KOHUYECKOH MHIeMH H CKOPOCTH HCTe-
sl apa MOXHO DEryJiHpoBaTh NOBOPOTOM MIMHHAEIS KOpnyca
wynku. Konuuecteo TonsinBa M ‘Napa, MNOCTYNAOMETO B Qop-
, PETYJHPYIOT BeHTHIAMH, YCTAHOBJCHHBIMH Ha MOABOAAULLX
yOKax.
IpoussonuTeNbHOCTL MApOBHX  (hopcyHOK moctHraer  300—
 xr/u masyra npu pacxope mapa 0,3—0,5 xr Ha 1 Kr masyra.
- B mexannyecknx (opcyHKax TOMIMBO PAaCrbiisieTcs C TOMOIILIO
EMaNBHOrO Hacoca ELICOKOrO JlaBlieHHf, a B BO3AYIIHEIX — CiHia-
BOSJLYXOM,
TasooGpaadoe Tonineo nofaercs B TONKY C MOMOINBIO Chenuans-

T430BHX TOPeNoK (KOMbLEBLIX, 9XKEKTOPHBIX, OecrniaMeHHbiX
HHEJBbHOTO THHA H Ap.). JocTaroyHo COBepIIeHHOH MOXKHO CUHTAThH
HNaMEHHYIO FasoBYIO TOPEIKY TOHHENLHOrO TUNA JJIs HH3KOKajao-
HOTO JoMeHHoro rasa. Cxema Takofi TopeJKM NpuBejieHa Ha
2. 130, Ona coctout N3 cMecHTens J, COeIMHEHHOTO MOCPEACTBOM
TenbHOH TpYORH 2 ¢ (opkamepoit /, BHIXOASIMIEH B KAMEPY TONKH
JIAMH-TOHHEJIAMH @, BEIIOXKeHHBIMH H3 OTHEYIOPHOI0 Kupnnia.
CHTENb MO OTAENBHBLIM TPyGaM NMOABOAMTCS Tas # BosayX. I'aso-
CMECh HaNPaBASETCsl B CMECHTeNbHYIO TPYGy, B KOTOPOH
a cmeceobpasoBanue, a oTTyna — B Qopxamepy M

ToEHeNu. B Qopxavepe cmech BOcI/IaMeHsieTCs W Hac-

cropaer. OkoHuaTeqbHOE JOTOpaHHE TOMIHBA NPOHCXOAHT B
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KOHTPOJILHBIE BOHPOCH

L. Yem orunamorcs ciaoessie ToOnoumnie YCTPOACTBZ OT KAMEPHBIX?P

2. llng uero NpoMSSBOMAT SKPAHHPOBANHE TONOK?

3. Hro Takoe BHAHMOE TemIOBGE HanpsiKenne TONOYHOrO NPUCTPancTRa?

4. Kax ycrpoentt u paGoTaior TONKE AR CHETAHU TBEPAOrO TOnAHBAP

5, Kakue TonKH NpUMEHSIOT RS CAHIanng Topdia?

6. [lns sero npumensior iukaoasse Tonku? Kak OHH YCTPOSHM H KakK palortaior?

7. Kak paGotaer nhuieyroasnas Tonka? Kakue ropeixn B nefi npuMensiorcs?

8. Kak ycrpoens u paGoraior TOTKH L5 CRUTARHA HKAAKOTO TOMAHBAP

9. Kakwe ropekn npumensiior A8 ckuranus razoo06pasHoro TONIEBA B TONKAX
KOTeJIbHEIX arperaros?

§ 19. Maposrie wotab1 (maporeneparTopsi)

[Taposoit kotea npescrasnser codoii TENAOOOMEHHHK, B KOTOPOM
NPOHCXOAHT NMpeBpaillenne BOALI B nap.

[lpocrefimui mumuuapuseckuii naposofi kKorten npeacTaBiasn coboii
unpauHAp (GapaGaH) ¢ BBINYKIBIMH JHHMAMH, 3aMypOBaHHLIA B KHD-
nuunylo knanky. Harpepanne u npespamenue sogs B map, sanoJts-
1o H# GapabaH, OCYWECTBAAIOCH 1P CrOPAHKHA TOMAHBA B TONKe, pas-
MeHerioH noR Gapatauom. Takue KOT/IB NPH CPABHHTENBHO GOJBMINX
rabapuTax u 06beMax BOXb HMEIH MaaYIo IOBEPXHOCTE HArpeBa, OMpl-
BAEMYIO ILIMOBEIMH Fa3aMu, MaJyiO 1apONpPOH3BOAHTENBHOCTD, HPOH3-
BOLAHME Tap ¢ HUSKuMH napamerpaMu. OHd He MOTJIH YAOBACTBOPHTS
norpeGrocTeli 6ypHO PASBHBAIOWENCS MPOMBILICHHOCTH.

Crpemienne yBeanunTs N0BEPXHOCTs HATPEBA C LEBIO yBEeAHUEHHA
TAPONPOUSBONUTENLIIOCTH NPUBEAO K CO3AAHWIO KOTIOB Gosee cogep-
WEHHLIX KOHCTPYXnuii. Komnoctpoenne passusaioch B HanpasJdeHyu
YBEIHUCHNT BHYTPelHUX MOBEPXHOCTEH HATpEeBa KoTia, 4To npHuBeno
K co3aanuio B Hawase XX B. razorpy6usix xomnos. Ho n oH# oka-
sammce manospdexTunubivy. B cepeamue mpomaoro croserds Gou
CO34aH BOAOTPYOHEI KOTeN, B KOTOPOM HaHGOJIEE PA3BUTHIMA CTAJI
BHCUIHHE NOBEPXHOCTH Harpesa. BojoTpyOHbie KOTAB $BASIOICH OC-
HOBHEIM THOOM KOTJ0B COBDEMEHHBIX TEMJIOYHELIETHUECKHX YCTa-
HOBOK. '

Hupkyasumus Boanl B mapoBsiX koraax. Ilox LUPKYASiHHEH N0HM-
MATOT BENPEPLBHOE OPrafu30BaHHOE NBHXKEHHE BOIbI # Napa B Napo-
BOM Kowie. B pesyawrate umpxyasusn soms OPOHCXOAHT HHTEHCHB-
lblll IEPEHOC TeNNOTH OT NOBEPXHOCTEl Harpesa, 4To YAyHILgeT yeao-
BHsl Tenoo0OMeHa; 3aTPYAHAETCs OTACKEHHE Ha NOBEPXHOCTAX HA-
TpeBa cosedl (HakMiu), yXYAAiomux TenaooOGMed.

Pasnnuaior ectectsennyio u OPHHYAHTENbHYIO UUPKYASLHIO.

Ecmecmaeanas yupryasyus ocymecTsagetcs BCJIEJICTBHE Pa3HOCTH
nAOTHOCTEH BOAE H NapOBOAAHOM CMECH, 4 TAKMKE KOHBEKTHBHBIX T0-
K08, 06pa3yeMblX Apu narpepanuu Boast. Ha puc. 131 nokasana ynpo-
WeHHas CXeMa ECTECTBEHHOH WUPKYMSIUHH B SaMKHYTOM KOHTYpe
KOT/1a, KOTOPHIH 0GPA3YIOT coeAutentble ¢ 6apabanom 3 H KOLACKTO-
pom [/ KunATHUILHEE TPYOL 4, HaXONsW#ECs B TOUOYHOH Kamepe, u
onyckunie TpyOsl 2, pacnosoxentbie cuapyxu. Kunatuapnue TpyOui
188

1581, Cxema ecTecTRCHNON OHPEYRRUNN B 3aMKHYTOM KOHTYDe
v

(OIACKTOP; 2 — onyckpas TpyOa; & — GaspaGan Keraa; 4 — Kil-
ppHas Tpy0a

epraioTcs yCuaeHHoMy o0OTpeBy, B TO Bpemd 4
onycknble TpyOnl we oborpesatorcs. INostomy B 5
prpepaeMblX Tpy6ax ofpasyercs MapoBoisuas l
p, HMEIONMIas MEHbIIYIO MJOTHOCTb, 4YeM BOAA B
xHbIX TpyOax. B pesynsrate B TpyOaXx cospaercH
JKYilas CHJIA, BHISHBAIOWAs UHPKYASIHIO BOABI
KHYTOM KOHTYpe: KHNATHIbELE TPyOni — Ga- &
H — ONYCKHEIE  TPYOBl — KOJJIEKTOD — KHIIA- 1 A
bHbIE TPYORI.
};ph‘:myggmeﬂbnm YupKyA24us BOALE NIO HENAPHTENLHOMY KOHTYPY
MECT/ACTCS CHEeHHatbHLMH NHPKY/IAIHOHHEIMY HACOCAMIL.
BorotpyGHbiii KOTEN MPEACTAaBAAET coboit HapabaH HAH HECKONRKO
HOB, CO@NHEHHBIX cHereMoit Tpy0 HeboJbIOro JiaMerpa.
BHXeTCs B TpyOaX, OMBIBaeMbIX CHAPYXKH ABIMOBHIMH rz;samn.
OTpYyGHEE KOTILl GBIBAIOT FOPH3OHTANBHBIE H BEpTHKz}.{Ilbf!H :
Fopusonmarsro-scdompybrei komea cucremst B. T'. Hlyxosa co-
#3 O\HOTO WY HECKOABKHX OapabaHOB-napocOOPHHKOB H NyH-
, KEngTHALHLIX TpYG. Harpepasics B KunsTuAbHBIX Tpybax, Boia
fenelHo HCnapAeTcs, ! NapOBOASHAS CMECh MOCTYNAET B KOMMEK-
a 3atemM B GapaGaH-napocOopHRK, FAE NPONCXOANT OTAGNEHHC
a ot Boanl. OTAenenHan or napa BOAJ CMEIINBaeTcs ¢ NOAMHTOY-
BONOH H 1O ONYCKHLIM Tpy6av BHOBb HampasisieTcs JJis Harpesa
3 KHMETHALHEE TpyODnl. JIBmienne rasoB B KOTAE Hanpasiaercs cne-
JABHEIMH KHDIHYHLIMH TEpEropoiKaMy.
l(or'gfm ijiosa HMETH (?TRH,EBPTHSOB&HHH& y3JIbl B J€TanH, H3
BPEIX MOHTHPOBaJNCh OTAenbHBIE cexuun. B 1937 r. otH Ko"rm,_:
11 ycoBeplieHcTBOBaHE DBepanmbiM, oRH cTann Gosee npomsBoiH
bHEIME H SKonomuunsni. OnraKo OHH e YROBJAETBOP AN 3anpocoB
O3HEPTeTHKH, W Ha C€MEHY UM NPHRILIH BEPTHKaJIbHO-BOAOTPYO-
KOTJABE
Bepmuraasro-s000mpy6rsie KOmavt XapaKTEpHbl MOUTH BEPTHKAIL-
ONOKEHAEM KHARTUIBHBIX TpyO, BBAIbIOBAHHHIX HEnoepes-
eHHo B Gapaban. ORW JHIIENEl TPYLOEMKHX B H3TOTOBJIEHHH B JOPO-
AKX COEANNHTENLHLIX KaMep H KOMJIEKTOPOB, MacCa KOTOP.IX
LHOHHBIX KOTAaX coctaBasaa 30—40% wmacen Beeii mapoobpa-
eit cucremsl. Bepruransuoe nonoxenne Tpyo, a TAKKE OTCYTET-
: KaMep M CeRuMil CrnocoGeTByer YAYHIICHHID UHPKYAZURH BOJBL
~ BepTuKaibHO-BOAOTPYGHbIC KOT/In HaleKNH B pabore, B nux Gonee
IBHTHl [OBEPXHOCTH HATPEBA, YTO JdeT BOIMOXKHOCTb HOELIEHTh HX
ONPOH3BOANTETLHOCTD H AaBlenne napa. [losTomy B pacrosmee
32BOHLI BHINYCKAIOT TOJMLKO BEDPTHKANLHO-BOAOTPYOHEIE KOTJL,
[OBHOM € eCTeCTBeHHOi nupKyasunei sons. Ha nepBhiX 3Tanax
CTPORIN € NATHIO, YETHIPBMS 1 Tpems GapaGanamn (pnc. 132, ,,:;:

I
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Puc, 132, Cxemu BEPTHEAABHO-BOJOTPYOHBIX KoThos:

@ — nATHGApaCAREE; 6 — veTnpexGapadanunil: & — o
Huil; ¢ — AByxGapabanuunii; d — ognoGapabaning Tpemapadﬁ-ﬁ

6 u 6), a 3atem uuc/a0 GapaGanos ObLIO YMEHBIIEHO N0 ABVX H OQHOrO
(puc. 132, 2 u 8). Cospemenusie BEPTHKAABHO-BOAOTPYOHEIE KOTJIhE
(puc. 133) cpenmeit u GoJbuiofi 1apONPOH3BOAHTENbHOCTH CTPOST
'rom%m "ONHOTPYOHBIMH C OYeHb Pa3BHTON CHCTEMO KHOATHALHBIX
;§¥p e](;aa;'{panon), KOTOpHIE ABASIOTCA 3QPeKTHBHLIMH OBEPXHOCTSAMH

XosofHast BOJA MO0 OMYCKHEIM Tpybam 6 onyckaercst K AByM KoJ-
ACKTOpaM 5, B KOTOPLIE BBAIbUOBAHBI MOLLEMHLIE TpYOHl 7, rae uger
HHTEHCHBHOE NapO0OPa30BaHHE OT TEMVIOTH H3IYYeHUs naamesn TONKH
H KOHBEKTHBHOTO TeN/006MeHa C TONOYHBIMU rasavi. [1ap cobupaercs
E MapoBoM mpocTpaHcTse GapabaHa [, a H3 HETO MO NApPONPOBOAY Ha-
TpaBAACICH B naponeperpesareb 2 u K norpebutensm. Boja, colpan-
Hasd B BONSTHOM NPOCTpaHCTse GapataHa, CMEMINBASTCH C MUTATENbHOM
BONOH, MOCTYNHBUIeHd H3 SKOHOMaii3epa &, W no ONYCKHLIM TpyGam
NOCTynaeT B KOJMICKTOPLI §, @ H3 HUX O6PATHO B MOALEMHDLIE 7 H KHllsi-
TiJbHbe 8 TPYOB KOHBEKTHBHOTO My4Ka H T. A,

JevoBste rasst 1o nyTa K BHIXOLY B ABIMOBYIO TPYOY oTHaioT Ten-
70Ty Tpybam SKpaHnoB H KOHBEKTHBHOMY MyYKY Tpyod, naponeperpe-
BaTeso, SKOHOMaHsepy, BOsAyXonogorpesatenio 4 u JAPYTHM Temvio-
obmentukam. Korainl ¢ ecrecrsennoii UHpKY/ALHel paboTaT npu
Adsaenni napa He Boie 19 MITa. [Tpu BeICOKHX H CBePXBHICOKHX 1as-
JACHHAX [IOTHOCTH N1apa NPUOMHIKACTCS K IVIOTHOCTH BOJLL, H OCYILECT-
BHTb B STHX YCJOBHAX HaIEKHYIO €CTECTBEHHYIO
[QHPKYIALHIO BecbMa caoxHo. Kpome Toro, aHa-
HUTE/JIDHO yBeNHYMBAETCA CTOHMOCTh Oapabaka. B
CBASH C STHM I pabOTBI [IPH BLICOKHX H CBepx-
BICOKHX AABJCHHSX NPOMBIIICHHOCTb BhIYCKaeT

EgEElOTO‘]HHE KOTJIBI C AP HHYAHTEALHOM HHPKYAdA-
H.

Puc. 133, Cxema coppemennoro BEPTHEAALHG-BOADTPYOMOIO KovHa:
1 — GapaGan; 2 — maponeperpenateab; 3 — sEonomafisep; 4 —

BO3AYKONOROr PEBATEND; § — KOANEKTOPS; 6 — oUycHible -
7 — nopnesHbE TPYOL § — KOMBeKTHOHLA rpyﬁn:n nyq%xrwﬁu'

TlepBLiit B MHPE NpAMOMOtHblL Ko- % us
BHICOKOro: fapyieHus M Oonaplnof [ :
JOMSBOJANTENLHOCTH  (Ha JaBie- £
13,75 MIla ¢ neperpesom mapago ? — s
G, [aponpoN3BOAHTENLHOCTRIO 2 \_/]
' 2
gric) cicrensl J1. K. Pamsuna Goia \?\;‘3 . =i i
TpoeH B Halliell cTpaHe W BCTYOHJA B p —s
spayarannio B 1933 r. Taxoi korea =1 fodx
ictaBasieT cofoit cHcTeMy Hempe- ===

40 HarpeBaeMbiX FOPsYUMH ra3aMH
OBATENbHO PACTONOIKEHHBIX
(3MeeBHKOB) KOHBEKTHBHOIO 3KO-
jisepa 6, (pnc. 134), sKpaHHBIX
6 I, panuannoHHOro 2 H KOHBEK-

7 NP

Puc. 134. CxeMa DPaMOTOUHOTG uei-
na KoHcTpykEn Ji. Q. Pamsauna:

1 — sHpanunie TpyGn; 2 — pamgua-
HHOHHA® HACThL MNapomneperpesarTens;
3 — KOHUBEKTHBH#S Y8CTh NEPONEpEe=
rpesaTens; 4 — NepexoiHas S0HaS
5 — BOBAYXONOAOrpeBaTenk; § —
KOHBEKTHBER 3KUnOMaHsep

Boza or HacocoB uepe3 KOHBEK-
il 9KOHOMAIi3ep nNoCTynaer B
BUK sKpanumx 1py6 [. Ilomnu-
b MO 3KPaHBLIM TPYOaM, BOAa MOCTENEHHO HarpeBaercss 0 TeM-
TYpE KuneHus M ucnapsercs. [laposoasinas cmech (HpH coep-
B napa 70—75%) moctynaer B mepexoiHyio soHy 4, rae Boja
YaTebHO HCOAPsieTcsl C BhIMAJCHHEM H3 HEe MHHEpaJbHEIX CO-
— HakuneoGpasoparteneii. B 310l 30He BhinafeHue cojel d OT-
e HAKHOH Ha cTenkaX TpyD MeHee oOmacHo, 4YeéM B 3KPaHHLIX
6ax I, TaKk Kak Tempeparypa sliech HiKe, 4eM B Tonke koria. M3
ORHOM 30Hbl HACBUNEH LI Nap NoCTyn4aeT B pajiHalHOHHBIH 2, a
M B KOHBEKTHBHBEIH 8 naponeperpeBatesid i K norpebutenam. Ta-
i 00pazonM, B NPSIMOTOMHLIX KOTJIaX Bech MpollecCc OT Hadyanaa no-
MAeH)s BOJALI B KOTeN H Ji0 BELAYH Ieperperoro napa norpedute-
iM OCYILECTB/AAETCH NPSIMbIM TOKOM, T, €. C KPATHOCTBIO LWHPKY ISR
bl, paBHON ejuHuue. Jlig NUTaHHA NPIMOTOUHBIX KOTJIOB NpunMe-
P KOHIEHCAT, a ecTecTBeHHas yOblIb BOALI KOMIEHCHPVETCH XH-
JECKH YHCTOH BOJOI, YTOObl NPELOTBPATHTL BO3MOMKHOCTH 06pa-
AHHI HAKHTIH.
CCCP past TenIoBEIX (napoTypOHHHBIX) 3ASKTPOCTaR Uk € MOLl-
pi0 sHepreryeckuX arperatos jo 200 MBT npumensior gaime
ero Oapabannbie KONMLAbL € eCMECMBEHHOL MHOZOKPAMNOL YUPKIAS-
, a2 TaKme NPSAMOTOUHBLIC KOTJIHL.
B nocaennue roas Bce Gosbliee pacnpoCTpaHeHHe HONYYaloT nps-
[OUHEIE KOTENbHEIE arperatsl ¢ 3aKpUTHYECKHMH NapamMeTpaMu napa
‘MIla u 570°C) naponpoussofuTenbHOCTLIO 266 kr/c ais  GAoK:
pOuuoil MomsocTsio 300 MBr, 440 kr/c — nas Groka 400 MBr,
| Kr/c — nas 6aoka 800 MBr, Jlannueiimee pasentie KOTJIOCTPOE-
1 NPEAYCMATPHBAET Pa3paboTKy M BHEAPCHHE KOTEIbHLIX arpera-
A 6JI0KOB MOIUHOCTEIO 1500—2500 MB7t, a Takike BHEApeHHE
COBEPIIEHHLIX METOJOB CIKHTaHHA pazjnuHBIX BHAOB TONJIHEE,
Hanpumep, CHKHUraHHe HCKONAeMBIX yriiell B «KiN#LIEM CJOe».
BTOro METOAa 3aKJIIOYAETCS B CHeAVIOnIeM: noj CJoil YroAbHOl
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Pnc. 135, Beprasassmad NAPONSPETPLBATENG:?

{ — pacnpeienurensanil  Konnexrop; £ — cofiupatensuml wogs
ACKTOP

KPOIIKH nopaeTca cuabHas CTPYs BO3AYXa, KOTO-
pas NPHBOAHT CAOH TONJINBA BO B3BELICHHOE CO-
croanue. Henpepuisroe Asmxenne uactun Tonanea
B BO3NyXe obecreuuBaeT mx OhICTPOE Cropaxue u
HHTGHCHBHYIO0 TensooTAagy, 49T0 HO3BONAET HON-
ABPHKUBATL TEMIEPATYPY B CHOE HHIKE TEMuEpaTy-
P5I PAa3MATYCHUS S0JI6I H CHEKAHHS HECTOPAEMEIX
YACTHIL TONAWRA.

Hononuutensusie MNOBEPXHOCTA Harpesa u
ECriomorateasnsie yerpoicrea. ITaponepeepesarne-
Al COCTOAAT #3 GOJBILOTO YHCAA 3MEEBHKOBLIX
CTAMLHLIX TPYO HEGOALUIOrD AHAMETPA, COENHHEHHHX B ONHO HENOe
¢ NOMOHILIO KOAJIEKTOpoB. Hanbonbmee pacnpocrpanenne NOMYUHIH
BEpTHKA/MbHEE naponeperpesatean (puc. 135). B Hux HachmeRHsH
f1ap U3 HapPOBOTO KOT/IA MOCTYNAET K PACHPENSTHTENTLHOMY KOMMEK-
TOpy 1, a satem, npoiing cuctemy TpyO, meperpeTsifi nap BLIXOAHT B
cobrparensaslii Konsextop 2. '

B 3amucuMocTn or pasmemenns no 3omaMm KotembHoro arperara
MIApONEPErpeBaTen NOAPA3NNAIOT HA PANMAIMOHHES, KOHBEKTHBHbE
i KOMGHHHPOBaHHLE, Pagnauuonuse NaponeperperaTens pasmelaior
B TOMNOYHOM MPOCTPAHCTBE KOT/AOArperara, rie TENAOOOMEH MEXAY
TOPAYHMA Ta3amu W cTeHKamu TpyG maponeperpesaTens OCYuiecT-
BAHETCS TJaBHLHIM o6pasom usayuenvem. KOHBEKTHBHEE naponepe-
TPEBATENH Pa3Meiaior B rasoXo/lax KOT/oarperara, Tie OCHOBHON Tef-
MOOGMEH OCYHIeCTBARETCS KOHBEKuwWeii, B COBPEMEHNHLIX KOTeAbHLIX
arperarax BBICOKOTO H CBEPXBLICOKOTO JABJEHHS NPHMEHAIOT KOMOH-
HUPOBaHuLie MapoHarpeBaTeau, B KOTOPHIX Nlap BHauade NOCTYMAer
B KOMBEKTHBHYIO, 2 3aTeM B PaJHANHOHHYIO YacTH,

B sasuchmocTw or manpasaemns mortokos napa ¥ ALIMOBBIX Ta308
flaponeperpesareny NOAPASALAAOT HA NPOTHBOTOUHEE (prc. 136, a),
npAMoTounste (puc. 136, 6) i KomGuRUpOBaHHEE (pHC. 136, 8).

B nporusotounom naponeperpesarene 03P HArpeBaeTcs JuMO-
BLIMH rasaMi cO BCe BO3pacTaloulell remmeparypoii, 410 criocoBeTayer

fMap flap Nap flap  fMap Aag
-1

mﬁtx&\\ X m AT

—— —] —— w——

e ——— —_— ; —_——

a) gy 8

Puc, 136, Cxema psmieHMA Faso8 o napa o naponeperpesateac:
@ — NPOTHBOTOK; 6 — NPAMOTOK; @ — CMewaNHLA noTox
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Pre. 137. Zrononalisepbi:

a — craasuail; 6 — wyryanmi;
118 — ronneRTOpE; & — TPYOH

> IOAHOMY HCTIOMB30BAHNIO TeIIOTHE ALIMOBHIX FasoB. Oxpako npu
nocaennMe M0 XORY napa 3MEeeBHKH-TPYOBI CHABHO meperpe-
€51, MTO OTPAHHYNBAET NPHMEHeHHe TAKHX Naponeperpepareied
OTeJALHBIX arperarax c Temneparypeoit neperpeBa mapa He Bhile

B npsmoTounoM naponeperpesatene nepeuie BUTKH TPYO (mo Xxoay
€HuA Mapa) OMHIBAIOTCS Hanbosee ropsunMH ABIMOBEIMH rasami,
My B Havale naponeperpesareis Co3jaercs Hanbosbmian pas-
, TeMmeparyp rasa W mapa, 2 B Komne — Haumesbmas. Ilpu
CHapeHnn BJAard U3 HacLIEHHOrO mapa CoXepiKaillnecs B NeM COJH
'KAALIBAIOTCST B MEPBHX BHTKaxX TpyO, 4TO NPHBOAHT K NOBHILIEH-
Y HaKnICOTIOKEHUIO H MEPEXOry NEepeiHUX BUTKOB Tpy6 napo-
rpesaTens.

Srn naponeperpepatein Gosee MHPOKO NPHMEHSIOT B KOTENBHEIX
ArperaTax ¢ Temneparypoit neperpesa napa Goaee 720 K.
IKOHOMGII3Epel NPUMEHSHIOT JUIA NPEABAPHTELHOTO Harpesa nuTa-
IbHOM BOALI YXOAMHMH M3 KOTJa JALIMOBLIMH Fa3’aMu. JKOHOMali-
Phl OLIBAIOT CTaJNLHBIMH M YYFYHHLIMH: cTagsHOR (pue. 137, a) —
OHT 113 3MEEBHKOB TPYO 2, COeLHHEHHEIX ¢ KoaJjexTopamu I B 3;
TyHHhi (puc. 137, 6) H3TOTOBASIOT H3 OTAGIbHLIX YYTYHHEX TpYyO 2,
1Ile ¢ TOHKHMH KPyTALiMB pebpamu. TpyGul coenusent Mexay coboii
IOMOLILIO 9YTYHHEX Kosert. CHapyxu TpyObl OMBIBAIOTCS AbIMOBHIMH
3aMil, a BEYTPH NPOKayuBaeTcs BOAA. IJKOHOMail3ephl yCTaHaBgu-
33 MOCJAEIHUM IaloXo/loM KOTJa.

B saBucuMocth oT cTeneHn Harpesa BOAbI Pa3THYAIOT HEKHOsIIKE
nnsupe sKonomahiseper. B mexnnamux skonoMaiisepax Harpen
dTeILHON BOJH NPOKHSBORHTCH 0 TeMmnepaTyph Ha 30—40 K nuxe
EpaTyPEl KHIOEHMHS B KOTJIE, B KUNSIIHX — MPOHCXOAHT He TOJBKO
OTpeB, HO H ncnapenue 15—20% poael. CrajbHBIE 5KOHOMAH3EPLL
MEHSIOT B KOTEeAbLHLIX arperaTtax CPeAHEro H BHICOKOTO AaBJEHNS;
HbIE — TOALKO B KOTEABHHIX arperatax HH3KOre AaBJ€HHA
) MITa).

9HEe SEOHOMalisepa cHUMKaeT pacXoi TOMJIHEA Ha 5—10% n
bHO NOBHILAET IKOHOMMYHOCTh BCEr0 KOTeJbHOFO arperara,
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Bogf;ﬁyxir;oioep:mmem npenHasHaueHsl AAa MOAorpesa AYTLEBorn
pody s, 1aBAEMOTO B TONKY YXOAAILHMH JIBIMOBRIMH Frasamu,
Ay XOMOOrpeBateIH NONPA3NCNSIOT HA PeKYnepamusisie W pezerie-
p;musuwe. B pexynmepaTuBHBIX Temuiora OT ABIMOBHX T[asoB He;lp;!-
gre?[io n%pf(nz:_mﬂ BO3AYXY HYepes pasfe/uTeNbHYI0 MEeTANIHUYECKYIo
o Ty. ,532 o 16?)03ﬂyx0noxorpena'renh (puc. 138) cocTout M3 cTank-
HES Bﬁ}mngﬁ ;Ibmogo JaMeTpa, 3akpemvieHHbIX KOHUIAMH B Bepx-
ek St TPpyOHBIX JocKax. [Ipomexyrounsie neperopoaku 5
penyckHuie Kopoba 4 o0pa3yioT HeCKOJBKO XOOB [ BO3AYXa
no BeICOTE BO3AyXonoporpesarenst. JHIMOBbIE Trashi onycxamayﬁa
TPyOaM, KOTOpHIE OTAQIOT TENJOTY OMBIBAIOMEMY HMX CHApYXKH BO3-
Ayxy. Bosayx Bxoaut uepe3 Kopol 6, npOXOAHT NOCJAENOBATENBHO 1O
Bce&é TPeM 30HaM H BBEIXOAHT B Kopob /.
i F;ferf%e.ri?;:f;m:x BO3]ly XONOJOrpeBaTe/sX ALIMOBEIE ra3bl Harpe-
PR | " VIO HacajxKy, KOTOpas 3aTeM Mepenaer Temory
Ayxy. DBospyxononorpesatenb npeacTaBAsgeT cobofl MeeHHo
Bpawaiomuica porop / (puc. 139) ¢ maduskoi 4 H3 TOHKHX TODPHPO-
BalHbIX CTAJAbHBIX JIMCTOB, 3aK/IIOYEHHBIX B CTAJLHOH KOXKYX 5 i)( ﬂ
KYXY NpPHCOCIHHEHE! NaTpyoKu 3 A Bosayxa v 2 — :uu?lr nhiuo:smo;
razos. lIpu BpalleHHH DPOTOP NOOYEPENHO HEPEXOAHT TO uepes‘ raso-
BbiH, TO 4epes BO3AYWIHBbIH noTOK. [lpoxoast yepes rasoBplii MOTOK
po;ioffmtlarpesaerca TENJIOTOl ABIMOBBIX Ta30B, a NPOXOAs Yepes B03-
?yeaa'r (:1 MOTOK, — OTAZeT TEMmIOTY BO3AYXYy. PerenepartusBumii mogo-
ogeub x utj,,a?:;:;onsg%ﬁﬁm Maccy, YeM peKkynepaTHBHBIN, HO Tpebyer
i
e VOJIOTHEHHA BO H3fexKaHWE Neperoka BO3NyXa
'TH['DBLIE YCTPOHCTBA 00ECTIeYUHBAIOT HENpepuiBHLI NPUTOK BO3-
AyXa B 30HYy rOpeHHs TOIVIHBA H OTBOJ JALIMOBHIX ra30B IyTeM CO3ia-

HuiroBsie 2a:
e J*}’ lass Bozdgx:

b

Puc. 188, Pexyneparusswiii
y Pue. .
;g{ﬁ;«;rua ?:nn.uomii BO3- x:nu;jrietﬂﬂﬁ?mnmm ity
) AOTPESATCAL: ;
¥ i I — potop; 2 —n
I BHIXOQHON KopoB;, 2 — OB MOBBIX Prasun; ; rﬂyr?g:‘pyg:

TpyGul, J — BepxHAs TpyG- 5

LaR JocKa; 4 — ncl:ienycg:ﬂ fcnm;:mxa. % = Un(dica & =
ropol: § — OpoMemyToduan

neperopoina; 6 — nRogHOH

Kopos; 7 — HUMHAR TPYOHAR

AuCKa
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TpebyemMoro paspexeHis. Tsra MOXKeT GbITh eCMecmseHHOd H UCKYCr
naeHH 0L
" EcrecTBeHHasi TATa CO3/AeTCA YCTPOACTBOM, MpeACcTaB/Ia IO HM
fi neiMoBbie TPYGhI BBHICOTOH 30—40 M (MeraaaHuecKue) H 150—
| M (KUpHHYHBE H skeesoberonnbie). Cosnanue TATH OOYC/IOBIH-
§ pasAHYHON MJOTHOCTBIO ABIMOBBIX rasos, 3anoJHAIOMHK k-
wio Tpy6y. Cuna Taru Tem GoJbuie, 4eM BhIIC ALIMOBAS TpyGa H
“Goablle pasHoCTh MEXAY TeMmepaTypoil ABIMOBEIX Fa3oB H OKpPY-
onero po3nyxa. EcrecTBenHas Tsra npocra B yeTpoHCTBE H SKC-
saratuy, HO He o0ecneunBaeT MHOMYHEHHE TaTH OOJBINONH CHJIBI;
(MEHSIETCSl B KOTENbHBIX Masiofi MOILHOCTH.
MckyccTBenHas TATA CO3JlaeTcs B KOTEIbHRIX cpeaneit u GONbLIOH
mHocTH. B KadecTBe TATOBOIO ycTpoHCTBa MPHMEHSIOT ABIMOCOCH,
foTaloulie Mo NPHHIHIY BEHTHAATOPOB, npucnocobieHHBIX K YC/0-
M MOBBLIIICHIBIX TEMNEPaTyp H 3anblICHHOCTH rasos Jeryuei 30-
fi. TlbIMOCOC 3aCaCHiBAET rashl M3 JIBIMOXOOB KOTCJLHOTO arperata
BLITECHSET HX B JLIMOBYIO TpYOY.
" Jlymovecoe ycmpoticmso NPEACTABAAET cobofi LeHTPOOEKHLIIT BEH-
siTOp, MOAAIOLLM BO3AYX N0 BO3NYXOBOLaM H pacnpeneuTe b HEM
OHCTBAM, a OTTY/A K KOJOCHHKOBBIM pelleTKaM TOITKH U HeHoCpei-
eHHO B TOMOYHOE [POCTPaHCTBO (Broprunbiit Bo3nyx). Kpome Toro,
031y X NOJAeTCs B MEMbHHUIE /151 MOACYIIKH H NOAatH TELIH B KaMep-
TOINKY.
IuTareapHble ycTpoficTBa M BOAOHNOATOTOBKA. JLns numad usd KoT-
BONOfi TPHMEHAIOT [EHTPOOEXKHBIE AW  NOPINHEBLIE (nns
oft mouocTy) macockl. KorteapHbie YCTaHOBKH ofopyayioT
epBHBIMH MapoBbLIMH HacocaMy ofuiefi NMPON3BOAHTENLHOCTSIO,
O YCTAHOBJEHHOR MOIIHOCTH KOTJIOB Ha cnydaid OTKIIOMEHUA
KIPOSHEPrHH.
- Bodonodzomoska CBOXMTCA K npejsapuTebHOR 06paGoTKe muTa-
'bHOfi BONLI A/ NpWAaHMst efi KayecTs, MpPH KOTOPBIX oGecmeuu-
5 BHICOKOMPOM3BOXMTE/NbHAS H BHICOKOI(PEKTUBHANL patora
bHBIX arperatos.
Tlpuponsasi BOjAA COAEPKHT PaCTBOPEHHEIE Taskl, MHHEpadbHLIe
opraHHYecKHe BEmecTBa H TBEpIBIC MexaHHuecKHe YacTHIBL.
TBOpeHHBIe rashl (KHCAOPOA H YIJIEKHC/IBIA T23) BHISBIBAIOT MOBbI-
SHHYIO KODPO3HIO MeTa//ia, MeXaHuueckue npHMecH 3arpAsHAT
YTPEHHIOI NOBEPXHOCTb KOT/IA H YXYAWAIOT TENJIONEpEaaty, a pac-
peHHbBIe MHHEpATbHBIE COMH KaJbLHA W Maruils npH HarpesaluH
Bl BLINAAAIOT B OCaloK, 00pasys Ha MOBEPXHOCTH KOTAA TPYAHO-
Vbiil TBEPALHT CJI0M, HasbBAEMBbl HAKHObLIO. Hagunb, mHMes
Ma/lyio TeIJIONPOBOAHOCTb, YXYAUAET Nepepauy TemaoTh Ha-
emoii BOIE.
) kosugecTse cotedt Kanabuua u Maraus: Ca (HCO;),, Mg (HCOs)s,
, MgSO,, CaCl,, MgCl, u np., coiepxaumuxcs B BOIE, CyasT
JKECTKOCTH, ONPeeNsioT XHMHUECKUM aHalH30M H BRIp@KAIoT
paMM-5KBHBATEHTAX Ha | J1 (1 Mr-SKB/JI COOTBETCTBYET co-
10 20,04 yr Ca nau 13,16 mr Mg B 1 &1 BOABY). ;
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Jas ynanenns u3 mHTaTeNbHOA BOAM KHCJAODPOAA M APYTHX rason
NPOHSBOAAT ee Jeaspaluio (HanpuMep, NOAOrPEB BOAbL A0 KHOEHHS) K
DTBOAAT BHIEASIONIHECH H3 Hee rasni. Jlag yAaneHns MeXaHHYeCKux
npHMecefi BOAY OTCTAHBAIOT W NPOMYCKAlOT 4epes (GHbTPL ¢ KBapie-
BbIM [TECKOM, MPAMODHOH KPOLIKOil, MEJAKHM rPaBHeM H ApP.

JKECTKOCTb BOAL! YMEHbINAIOT TEPMHYECKHM HJH XHMHUECKHM CrO-
cobom. Ilpu Tepmuueckom cnocobe (Aucruansmuu) BORa HCHAPSETCs
B CneNHaJbHEX HCIAPHTENbHLIX YCTaHOBKAX ¢ MOCJASRYIOUWEH KOHeH-
canpedl. ITHM CHOCOGOM FOTOBST NHTATEABHYIO BOLY AAS NPSMOTOY-
HEIX KOTJIOB, @ TaKxe KOTJIOB BLICOKOIO H CBEPXBBICOKOIO AaBJeHMHs.
HanGonee pacnpocTpaHenBHM SBIASETCS XHMHYECKOE YMATYEHHE BOMLI
METOZIOM KaTHOHHpOBauus. [IpH KaTHOHHPOBaHHH BOAY HPOMYCKAOT
4epes (QHABTPLI, 3aNOIHEHHHC KATHOHHTAMH, B KaueCTBE KOTOPLLX
NPHMEHAIOT KATHOHHTOBYIO CMOIY B BHAE FPaHYA MM CYJI(OYrodn
(Oyphift yrosib, obpaboTaunuiii AmMsulel cepHofl KueaoTod). B pe-
syJibTaTe COMN KajibUus H MarHus, HaXoAsMHeCs B BOAe, NpeBpa-
WAIOTCSL U3 MAJOPACTBOPHMEIX B XOPOWIO PACTBOPUMBIE COMH HATPHI,
KOTOpLIe He BHNAJAIOT B ocajok. Takoll cnocol ymaryenus BOAbI Ha-
3pIBAIOT JIOKOTJIOBBIM.

B komnax muakoro masaesua (go 1,5 Mlla) pacHpoCTpaHend yMsir-
UEHHE BOABI HENOCPEACTBEHHO B NAPOBOM KOTJE, /s Y4ero B BOAY BBO-
AAT ChOelHalbHEIE€ BEUeCTBa, HA3HBAEMbIE AHTHHAKHOUHAMH, AHTH-
HAKHITHHB BCTYNAIOT B PEAKIHIO COSIIHEHNA C COTAME JKeCTKOCTH BOMbI
H BRIBOAST HX B OC3AOK, KOTOPHI BhINafaer B BuAe WwaaMa. [Ipu npo-
AYBKE KOTAA UMM yhandioT. B kauecTse aHTHHAKHNHEOB NPHMEHSIOT
eaxnii satp (NaOH), tpunarpuiidocdar (Na,PQ,) u ap.

H podyexy naposoeo Komaa OCYWIECTRASIOT A YAAACHHA B3 KOTAA
HCKOTOPOH YacTH KOTIOBOH BOJBI C PACTBOPEEHEIMH B HEH COMSMH H
M3MHINKEH Ineiouu, HakonmmBiefics B Boie. Ilpoayeka mnosBossier
NOARCPKHBATD KEJTAEMOe KaYeCTBO KOTMOBOH BOIH M GOpOThLS € 3a-
TPASHEHNEM HACLIMIEHHOTO Napa. Pasnuvalor Henpepodnyio n nepuodu-
HeCKLYo NPORYBRY.

Henpepugnyio npofyBRy nNpuMEHsIOT A/ YAANEHHS H3 KOTAOBOM
BOJIbI H3GEITOUHOI WENIOuH, KOTOpas CHOCOGCTBYET PpasBUTHIO MEXKp -
CTANIHTHOH KOPPO3HH METANIA H BO3MOMHOMY «3aNeHHBAHHIOY BOJLL
B kotne. Henpeprishas NpPOAYBKa 3aKJION4€TCH B HENPEPHIBHOM OT-
BOJE KOTJIOBOH BOJBI W3 fapoBoro koria. [Ipn sToM KOIHYECTBO 1po-
AyBaeMOH BONEL cocTaBaser okono 1,5% naponpoHsBOHTEALHOCTH
kotaa. OTGOp BOMK H3 KOTHIA NPH HEAPEPLIBHON IPOAYBKE APOH3BOAST
Y 3€praja uHCOapeHusi, TAe KOHUEHTpANHd MeJO0YH HaAHGOALILAs.
HenpepuiBaYIO NPOAYBKY NpPHMEHSIOT B KOTAAX cpenseli n GosibLLoO
naponpoR3BOARTENbHOCTH.

OcHopHas NeJb NepHOTHUECKOH MPONYBKH — VAahAenHe H3 Koina
mJamMa ¥ KOTNOBOH BOAM ¢ HauGobiuMM cofecolepxanueM. Mecta
0T0Opa BOLBl — CaMBie HiXKHHE TOuKH Kotra. [1poRyBKY npouseoisT
npu RapneHdd He Bmume 0,3 MIla. Koauwuectso Bomm, pacxomyemoil
NpH NepHOLMYECKOH mpoayeke, He npesbuuaer 1,5% maponpouaco-
IMTENbHOCTH KOTAa,
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Prc. 140, Cenapanmontoe ycrpofictso OPTP3C:
I — KosmpeR; 2 — BogHuCTHA AupeaTEfl Auer; § — craabroll
JHET; 4 — naccEufl pHpYsTHA aECT

- Jlas npejoTBpalieHHs YHOCA KOTJOBOH BOALI napoM B mporecce
o6pasoBauisi M YCTpaHeHUs €ro 3arpASHenus MHHEPATLHLIMH
MA M APYIUMH HENE[aTeNbHBIMH [PAMECAMN OCYIIECTBJSIOT
pauuo napa. Tlpomecc napoofpasoBanys B NMapoBOM KOTAE CO-
OMOEETCS BLIHOCOM MEeMKHX YaCTHueK BOAbLI, COAepKamieH He-
moe KOM{uUecTBo COJsel, KOTOpHe, [OCTENEHHO OTKIaluBasch
BHyTpenrell NMOBEDXHOCTH naponeperpesarens, obpasyloT cnoh
I, MpHBONAMEH K MOBPEHALHHIO €ro Tpyook. Kpome Toro,
Nb OTKJAagmiBaetcs Ha paboumx JonaTkaX WapoBoll TypOHHE,
NPHBORHT K YXYIUIERWIO yCaoBu#t paGoTsi TypOHHEl, CHHIKEHHID
momuoct # KILI.
Bo natexanne paHoca GobIIOre KOAHYECTBA Kalenek BOAH B na-
ODROE NPOCTPAHCTBO BHYTPH €ro YCTaHABINBAIOT HanpaBAgIOUIHH
anbofi muct 3 (puc. 140) 1 BOAHHCTHIA ALIPYATHIT JNCT 2 ¢ K03Bipb-
{. Tlynscaunst NOTOKA NapOBOAAHOH CMECH, MOCTYNAIOWEH B fHapa-
, HWECKOJIbKO BLIDABHMBA®TCH, H 3€PKaJ0 HCNApeHH: Aeaaercd
ee «crioKofbMy , [Tap nepea nocTynnenyes B napoBoe NpoCTPanCTEO
OXOIUT Uepes OTBEPCTIS B BOJNHICTOM ABIPYATOM JHCTE H OCBODOXK-
si oT Baarn. Bogee moanoe oCBOGONERNE Tapa OT YACTHIL BOALL
HECTB/SETCs TPH MPOXOMe Napa Yepes AmpuaTuifi ANCT 4.
Cmynexuamoe ucnaperue Komaosod 6odst ¢ GOMBIIHM COAEPIKaHHEM
32KMOYAeTCH B MOCAELOBATEbHO CTYNEHYATOM TPOXOMACHIH
| B 6apaGane, pasjenentom neperopofkamu. B nepsoi mynaa;
aHas 4aCTb BOAH! HCHAPSETCs, a OCTABIIAACH BOAA C MOBHINCHHON
guentpauueii coneli MOCTYMaeT B NOC/eAyIOHe CTYNeHH, m; npo-
ConuT Janbueiiee ee nenapenne. OCTaTOK BOMMI ¢ GOMBUIO KOH-
hapedl coqeii yransercst npu obmieli NPoLyBKe KOTJA. C’fynga-l
Weriapenne BOJbl HO3BOAHET HCIOJML30BATH mmy C HECKONbKO
fi JECTKOCTbIO, YMEHLUINTh NPOAYRKY H mossicuTe KI1 Kot-
rata, :
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HasnauerneMm xapixaca anngercs KpensieHHe S/1EMeHTOB KOTJ1a,
On BocnpuHUMAET OT HUX UAT[Y3KH, BO3HHKAIOUIHE npu pabote arpe-
rara. Kapkac npenacrasasier cofoil CTaTLHYIO KOHCTPYKIAIO, OmHpaio-
myiocq Ha ¢ynaament. Yacts wapraca, BOCOPHHAMAIOMYIO Bec 6apa-
GaHa ¥ MOABEMICHHOH K HeMy cucTeMbl TpY6 H SKPaHOB, AENAlOT Golee
MouHofi. 3aiHas YacTh Kapnaca BOCHPHHHMaET BeC 3KoHOMalidepa n
BO3JIyXONOAOTPEBATEN .

O6.uyposka npencranasier coboii HADYIKHBIE H BiYTPEHHHE CTEHL
TOTIOUHHIX KaMep H rasoXOfloB KoTjoarperata. ¥ KOTJIOB Majoll u
CpeiHel NaponpousBoAHTENHOCTH (1o 30 T/4) BHewHOL 006MYpOBKY
BLINOMHSTOT A3 KPACHOI'G KHPIHYA, BHYTPEHHIO — H3 OTHEYHOPHOro
mamoTHore Kupnnyga, CTeHb! BHKIaLREBAIOT TOMIIHHON B 1,5—2,5 xup-
nuga. O6MYPOBKY KOT/OS GOMBILON NapONPOHSBOMUTENBHOCTH AeAIOT
TPEXCJOHHOMH! BHYTPEHHU{ CJOA BHIKNAJBIBAIOT H3 LIAMOTHOTO KHp-
nnyYa, Cpeinuii — W3 NHATOMHTA M HapYKHEINT — H3 COBEIHTOBBIX
naut TomupHoi 30—50 MM, Crapyxu 06MYpOBKY YAJOTHSIIOT 06-
INHBKOH M3 CTANBHBIX JIICTOB TOJILIMAOH 2—3 MM.

Apmarypa, uIMEpHTeA:HbIE yctpoiictBa M rapHHTYpa NapoBhiX
KOTJOR.

Hpedoxpanumenvreii Kranan CAYRUT LIS CUTHANH3ALAE W ABTO-
MaTHYECKOIO BLIIyCKa H3 KO W3MHIUKOB Napa TPH NOBBILIEHHH
Aap]enns B HEM Beuue sapannoro. Ha kaxawei naposoii Koten yera-
HABJIBAIOT HE MEHee JIBYX NPEAOXPaNHTeNbHBIX KMaNaHOB: pabounii
H KOHTpoAbHbli. OTperyanpoBaHb OHH Ha cpaGaTuBanue npyu Jarie-
HuH, TpeBbliuatonieM Ha 3—10% pacuernoe.

Obpamubiti Kaanan CHYUT JA% TYCKA BOAM B NapoBoil KoTen u
NPELOTBPALICHHSA CAHBA BOALI B MUTATEAbHYIO TPYSY NpH BHIKIIOYEHHH
NHTATEJILHOTO HACOCA. YCTAaHAB/MBAIOT €ro HA BOASHON MaruCTpasu
KotJa,

Haposanoptivie eenmuiu u sadsusciy passEHRAIOT NpH HEOBXOAU-
MOCTH KOTell H naponpoBoA. Mx ycraHaBiuBaloT Ha naponpoBoje
MEXAY MApUBLIM KOTIOM, naponeperpesateleM H norpebureneM.

Maromemper RaIOT BOSMOXKHOCTB KOHTPOJIMPOBATh LABJEHHE napa
B KOTJIE 1l €r0 sneMenTax. Mexiy MaHOMETPOM H KOT/IOM YCTAHABJIH-
BAIOT TPEXXOAOBOH KpaH, NO3BOJMSIOMNI NPOBEPATL NPAaBMILHOCTL
HOKa3aHiHA paGoIero MaHOMETpa ¢ MOMOWBIO KOHTPOJILHOTO.

Bodoyrasameau cny:kar pas KOHTPOJs 33 YPOBHEM BOAHI B napo-
BOM Kotnte. IIpuMensior BOjOyKasaTenn ¢ KPYIJALIMH HAN MIOCKHMH
pHPAEHBIME CTERJIAMH.

[Tpobusie Kpanbt RaOT BO3MOKHOCTD KOHTPOJNHPOBATh HAHBLICHIN
H HIDKHHH BONYCTHMBIA YDPOBEHb BOAKI B KOTJE.

K eaprumype korna oruocsarcs WHOEPE!, J1a3bl, ABEPUL H JIOKH-
raslenKn B 0OMYPOBKe, OGAYBOYHEE H ApDYTHE YCTpOHCTBa, obaer-
yalonne ofCayKHBaHHe H DEMOHT KOTaoarperara.

donoypanerte, 30A0YIABAHBAHME M OCYHCTKA JILIMOBMLIX TIAa30B.
Ilpn cropanuu TBEPAOTO TOMAHBA 803 TOMBKO HACTHYHO OCAMKLAETCS
B Tonke; GO/bUIAs €€ YacTh YHOCHTCS ABIMOBHIMH Ta3amu Hapyxy,
yepes anivoBylo TpyOy, Tak, yHOC 30JLI B KaMEPHEIX TONKax ¢ TBED-
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aKOynaJNeHneM CoCTapaser 85—00%, a ¢ HKUIKHM mnari{oygfi;
— 50—60% . B cjoesbiX Tonkax I{OJIQEBHD?CTBO 30JILI, YHEC:
1 razamu, cocraBasier oxosao 20%.
333?:33. 3osa H3 TONKH YylaJsieTcss B BHe LIJaKa B %ngu::
e 1114 KOBBIE BODOHKH, @ OTTyAa — B Gynkeps. Bo BTOpo OB)I{:IX
_pocTymaeTr 30/1a, YAaJseMas 30JOYNOBHUTEIAMH H3 ,III:L:IHqu_
s, Vjajenue 306l W 1J1aKa H3 OYHKepOB MpOH3BOAAT MeX s
rUAPAB/IHYECKHM, MHEBMATHYECKUM H nﬂesmo-rnnpagngqﬂxe -
obamu. IlpH MeXaHHYECKOM criocofe 30Ja H INJaK H ycnop_
KAIOTCA B BarOHETKH HJH TPaHCHNOPTEphI, KOTOPHIMH 'rpanl T(;:)H
7 HA CBAJKY HJH Ha CrelfyabHble 3aBOAbl, TAE HCNOMb3Y 2no-
W3COTOBJIEHUS] CTPOUTENbHBIX MaTepHa/oB. Mexaﬂaqecxﬁmﬂ .
NPHMEHSIOT TONBKO AJIA MalbiX KOTEIbHBIX ycranosok. Ilp Lios
[HEECKOM CTI0cO0e 301a | mIaK u3 OYHKEpOB BbIMb[BamTCS;\fH z;m
e NyABIBl (CMEeCh 30/Ibl H MIJIAKa C BOZOI), a 3aTeM Ha(l:_([:rcﬂ-. . o
ach, MONASTCSl Ha CrennaibHo o0opyAoBaHHBEIM OTBAM. Lip amﬁe-
Ke BOibI HAH TEPpPHTOPHH JJIg OTBana npm-leHm%T nHeBaM]'IOCT :
% emoco6. [Tpu nHeBMAaTHUECKOM criocoGe 1Ak 3 yl-mepﬁ e y.
Ha 11,1aK0pOGUIIKY, a H3 Hee CXKATEIM BO31YXOM nﬁo:uaegca : ;;g
DOBOJ, Ky/ia OZHOBPEMEHHO MOJAeTCs H 3073 H3 )HI; px'a i
— B UMKJIOH, FAe HIJIK H 30J1a BLINAJAI0T H3 NOTOKA BO3AY gl
aioT B cGopustil mukaoH. OTTYA 30J10-MI/1aKOBaA cmec:hﬁnoc gemm
eNIe3HO0POKHBL Baron. ['iponnesyaTiueckuii crocob yia it
¥ maaKa npeicraBiaser cofoil coueTaHne nmpanmmecxoj K
FATHIECKOTO Croco60B;: IINTaK YAaAAI0T THAPABINYECKHM, a 301y
M CMocoboMm.
Sggﬁjjgfjaauue. BuiHocuMmas ABIMOBBIMH Ta3aMH 3:.?1&:) : (?K?IM::
P BpenHoe AefiCTBHE Ha OKDPYIKaloulyo Cpeay. Kpome 1 33, Lﬂe-
%%t TA30XONB M ALIMOCOCH!, OHa MPHBOAUT K OLICTPOMY HX P gg{r =
 (ocoGedHo JIONATOK H KOpnyca nsmvococos). IlosTomy B H o
BpEMsl KOTe/bHbE YCTaHOBKH oBGopynyioT zonoynaaﬂuaamm{)&m
{CTBAMM, YCTAHABJHBAEMBIMH, KaK TNPAaBHJIO, MEPENL m}x;q b
. Ha puc. 141 noxasana cxema CyXOTo HHEPIHOHHOIO 30J0Y
— IHKJIOHA.

3 B;arongpﬂ TAaHreHIHANLHOMY TIONBOAY uepes yaAuTKy [ K D;{cgg :{IEC?;
HUKJIOHA [ALIMOBBIE Ias3bl COBEPIIAIOT BpallaTeabHOe LB e
yrcs BHu3. TBepAble YacTHIb 30JIbl NOA AEHCTBHEM ueHTﬁpo .
cus oTGpacHBaiOTCs K CTEHKAaM Kopmyca n najaiT B OyH E:
BIMOBLIE Fashl MO ACHCTBHEM CHJI TATH MEHSIOT HAanpaBJIeHne AL
gt Ha 180° # mocTynalT B BHIXOAHOH Narpy0OK H Yepe3 ALIMOBYIO
6 XOAT B aTMOC g
Yme)ipoi HHEPHHDHEJSEIYSOJIOYJIOBHTEJIE KOHCTPYKIHH Bcec:;r;);-
renaoTexuuueckoro uneruryra (BTH) (puc. 142) nHMOBIﬂ% r -
nasi B naTpyGoK I B NPOXONs yepes NpyTKOBYIO PEIIETKY <, :g .
0 BOJO#, OCTABJASIOT HAa HEl YacTHYKH 30Jbl. 3aTeM NpH BEH ;1;3
nyc 5 AniMoBble rashl NOMYYalOT TAHTEHLMAJbHOE ,:LBmKKBO:
KH 30J1bI, OTOpacHBasACh K CTeHKam Koprnyca, npi{ﬂﬂl'ial{;f e
NeHKe, NoKphiBaioulefl BHYTPEHHION noBepXHOCTb KOPMY ,lg?

5

0




!

Puc. 141. Uninon HHHOTA3:

! — nogepepgsuuil nartpyCou- 5
KOPOYe UHKIOHE i e L gos

Faz

Y

Pue., 142, Mospuil @u " '
BENTeRbL CHETEMEL B‘ﬂl:wn . T

] — narpyGok; 2 — NpYTROBAA pemerxa;

‘| 3 u 4 — bopeyuEn; § — Kopnye

;!’u
& / #
2 {n 3
3 =
7 - 44
z i 1
fTynbna \2
d)

20;;:;{2;1}329&;1, BIPBICKHBaeMO# dopcyEravu 3 u 4, cMEBaOTCH
i PEIETKH, 4 TAKKE CO CTEHOK K
: : opnyca U YAAAAIOTCH H3
izi%ygﬂ?gireﬂji Hapyxy. Omlmgﬂume JABIMOBBI€ Taskl BEIXOLST yepe3
o HYFO pydy B atmocdepy. Mokphie HHEPIHOHHEE 30J0YJI0BHTENH
.n'naap AHEL 4151 KOTENILHLIX, B KOTOPHIX CHHUTAIOTCH CEPHHCTHE TOI-
HBa, TaK KaK 00pasyiomascs CcepHas KHCAOTA BhiSHBAET KOPPO3HIO

METaAJa.

Mefanﬁﬂnbmym CTenenb OYHCTKH JBIMOBBIX Ta30B ofecneunBanoT
Omozpocbtmmpm. TpyGuatnii xopnyc ! saekrpoduabTpa sBaAgETCSH
peMeHHO  ocaguTenbHHIM saexTposom  (puc. 143). Buyrtpum

Pue, 145, 2neTpofHinTp:
! — xopoye; 2 — NPOBO~
Jofa; J — OTKIIYEI0-
maa sacnonKa; 4 — OpH=
cnocoGnenue JAa% ofeTy-
KHBRHUSE; § == OynKep

‘FO8

HEro npoTsiHyTa nposodoka 2 guamerpoM 1—
3 wmu. DBxomnofi B BHXORHOR maTpy6ORM
MMEIOT OTK/IIOYAIoMiAe 33c/IoHKE 3. Bnertpo-
(TP paboTaer OT CeTH MNOCTOSHHOID TO-
Ka Hanpswennem 35—70 kB, Kopnyc(pr-
6a) moaygaer NoJIOMKHTEbHL, 8 IPOBONOKE —
OTpHUATEAbHBH Sapan. IBMOBRIe Taswl, npo-
XOls B SJEKTPHYECKOM HOJEe BHICOKOTO Ra-
npsoKenns, HONRIHPYIOTCSE, H YaCTHYKH 3045l
zapsKaioTcs orpunatenbro. Baaumoneiictyn
€ NONIOXKHTEBHO BapsiAEHHLIM KOpIycoMm, yac-

, THYUKH 30/1bl OCEJAOT Ha €ro BHYTpPeHHH [10-

sepxHoct. [Ipn nepronuveckom sakpurum or-
RIMOYAIOMAX 3aC0HOK § C OHOBpEMEeHHEIM BhI-
KTI0SeHeM S0JI0YIOBHTENSE OT 3JeKTPHIECKOH

‘ceTdH H OOCTYKUBaHWH KOPRYCa npucnocofie-

HueM 4 YacTHUKH SO0JEl OCHINA
HOTCS
it _ €O CTeHOK

33 CAOXKHOCTH YCTPOHiCTBa, TPOMO3LKOCTH H ‘BHICOKOH CTOH-
HX OPHMEHSAIOT TONbKO B BHICOKOMNPOH3BOAHTE/IbHEIX KOTE/b
ycTaHOBKAX.
qucmKa Ooiro6six 2as08, TIpH CKUTaHHW TONJHBA C GonbIINM CO-
HHEM Cephi C JBIMOBLIMII Fa3aMH BbUISJIAETCH BONBLIOE KOJH-
CepHHCTOrO aHTHAPHAZ S0Q,, koTopHill ry6uTedbHO AeHcTByeT
ciBbie OpraHn3Mbl B pacTeHHs. OuncTKy AHMOBHIX Tra308 0T SO,
30 MPOM3BOAUTL AMMHAKOM. [Ips STOM CepHHCTHIT AHTWAPHAL
jaeT B peaknHio ¢ aMMHaKOM, 06pasysi CepHHCTEIE COEMMHEHMU,
koTOpbie WHPOKO MPHMEHAIOTCH B XHMHYECKOR MPOMBILIIEHHOCTH.
" ABTOMATHHECKOE YNpaBieHKe KOTEALHEIM arperaTtom H cHCTema
ATHl. YTpaBieHNe KOTeJbHEIM arperatom OCHOBaHO Ha aBTOMa-
2CKOM pEryaipoBaHii BaXxHEANX pabounx NpOLECCOB, CHCTEME
6MOKMPOBKH H CHTHANH3ALHH. Heo6x0aHMOCTh aBTOMATHYE-
0 perynupoBanus TEXHOJACTHUYECKUM npoleccoM [pOH3BOACTBA
a AuKTyeTcs GOMBIIOA CKOPOCTHIO MPOTEKAHHA 3THX MNPOLECCOB,
KOTOpOil J0CTHUb CTaOHIbHHIX PEXHMOB paGoTel arperata npH
gHOM YNpaBJeHHH HEBO3MOXHO. ABTOMaTHUECKoe peryaupoBaHue
quiBaeT Ge30nacHOCTb, -HAAEKHOCTD, IKONOMHUHOCTS paboTst
aTa, NO3BOJNET PE3KO CORPATHTH KOAHEECTBEO o6CTY KHBAKOLIETO
onana. B cospemeHHBIX KOTeTbHEIX arperatax Goabuioll 0apo-
ABOAHTENBHOCTH NPUMEHSIOT 2BTOMATHYECKOE peryaupoBaHie
oBHy Bojinl B Gapafane, mpoiuecca ropenns, TeMIepaTypsl Heperpe-
napa, CoJecoepKanus KOTJOBO{l BOJBI, pasperKeHus.
OBpeMeHHBIE KOTeJbHbie arperarhbl 0GOpYNOBaHbl CHCTEMOH 3a-
. B nee BXOAST npejOXpaHuTE/bHbIE KJalaibl, ycTaHnaB/HBae-
Ha GapaGane ¥ BBLIXOAHOM KOJJIEKTOpE maponeperpeparess; ycr-
CTBa, aBTOMaTHYECKH H aBpapufiHO OCTaHABJHBAIOLLINE paboty KOTJIa
yMeHbIlIEHHH YPOBHS BOALI B Gapabane WAH NepenuTKe KoTad, NpH
pLIBE KHTATHIbHBIX HJIH SKPAHHLIX Tpy6 m T. A. B rasoxoaax xor-
¢ KaMePHBLIMH TONKAMH H B BEpXHEH 4aCTH TONKH yCTaHaBJIHBAIOT
nankl, CpaGaThBalOLUE DA MOBBIHEHUH AaBJCHNI B TOMKE B pe-
TaTe BCMBILLEK HMAH XJONKOB, MPOHCXOAAIUIMX HHOTAA OPH NyCKe
KH, OTpbiBe NJaMeHH H T. 1.
CoBpeMeHHble MOIHbe KOT/Ib 0GOpYyAOBAHbI cucTemMoit CHTHamIU-
Hi — 3BYKOBOil M CBETOBOH, npeAynpexialoie obcay KuBaouni
coHan 00 MMelouXcs HapyllenHsiX HOpMajibHOro pexuma
Thi YCTAHOBKH, 3710 CrnenualbHBIC CHPHAJAN3aTOPH Mpeieb:
yposneii Boin B OapaGate, npefelbHOl TeMmepaTyphl Mepes
A4 Mapa, MEHHMATLHOTO Hanopa nUTATeNBHON BOALL B Marucrpasnu

.
OMBIIWHCTBO ABTOMATHYECKHX YCTPORCTB GJOKHPOBAHEI TAKHM
30M, 4TO HCKJIOYAeTCA BO3MOXHOCTh HApYMWEHHA [oCJIe0BaTeNb>
OnpejieNeHHEIX Onepauui. Hanpumep, HE MOXET npOH30HTH
MIECKOr0 OTK/IIOUEHHA AnMococa 6e3 npeisapHTe]bHOro OT=
W5l AYTLEBOTO BEHTHAATOpPA (MpH OTCYTCTBHH 3afacHOro mna-
bHO paborampouiero AHMOcOca), a TaKke cucTeMbl TOMJIHAO-

mnsouonrmsxn W T. M.
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ynpl:ggg;oﬁ COBPEMEHHOTO KOTE/IbHOTO arperata ynpaBJgioT €O WHTa
i iﬁ;;%g?;:;:;a 1{30T0p0M COCPEeIOTOYEHbl H CMOHTHPOBAHLI HEO6-
-H3MEpHTenbHbEle npHOOpLl, MHOTHE H3
camosanucuBaomue. Ha mnurte y i " o
3 yCTanosaeHbl OEPEKJIoYaTeNH, € n

0.

:4(;::1;;31]&010]33}; yrupasJieHHe NepeBoAUTCS € nﬂcmnuuomroro,na aB-
KO€ H KOTOphI€ MO3BOMSAIOT MALIHHUCTY KOT/NAa BMEUIMBATHCH

B paboTy peryaHpyio '
o PEryTHPYIOUHX HPHOOPOB H BHOCHTL HEOOXONHMbIE KODPEK-

KOHTPOJIbHBIE BOMPOCHI

1. Kax ycrpoen [
: H paboTaeT COBpeMeHHHH BOAO
: TRYOHR p 7
o pogu Eupﬁynnum: BO/lsl B COBPEMENIHOM KOTJe. b epeprs Paccuimpare
2. Kakora oTJHUHTENbHA
A g ocobenHocTe ycTpoicTBa M paGoTH MPAMOTOYHEIX
E. Eﬁ!;oggrgagi;:{mm: H ycTpolicTeO maponeperpesaren?
; a1 SHOHOMalizepul u BOSAYXOMNojor ?
g. ﬁ 4eM 3aKJOUAETCH BOACMOATOTOBKAP : g
. Hdig 9€ro npoH3BOMAT npo
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§ 20. Komnpeccopst

M

Bo MHOPHX OTPacJifaX NpPOMBIILICHHOCTH IIHPOKO NPUMEHSAIOT CXKa-
{{ BO3JYX H JPYTHe CKaTble rashbl. JInst cxKaTUs 1 NepeMelllen s rasos
KaT MAlIWHB!, HaspBaeMble KOMIPECCOpaMH. YBemiuenne MOTEH-
MaNbHON SHEPTHH Ta30B B KoMmpeccopax MPOUCXOINT B pe3yJqpTare
exanpuecKoil paboThl ABHTATENH, NPUBOASLIEro B JeHCTBHE KOMUpEC-
PasnualoT nopiliHeBue, OCEBLIE, penTpobexHbe, POTANHOHHEE,
finbie KOMOPECCOPLL.
Ciatne raza B Komnpeccope. PacCMOTPHM paBounii mpoiece 0JHO-
TYNeNyaToro NOPLIHEBOrO KoMMIpeccopa (puc. 144). B nuinunpe 1
pOBEPIIAET BO3BPATHO-NIOCTYNATENBHOE ABHIKEHHE nopinenb 4. [1p4
" pmiKeHHH TOPIIHS BNPaBo B pe3yabTaTe pasHOCTH HapyXKHOrO Aap-
. JeRpst ¥ Japnenust BHYTPH UUJKHAPa OTKPBIBAETCS BCACHIBAIOMLY
Janad 3, H B UHJIHHAP [OCTYMaeT Bo3ayX uan ras. [Ipa oGpaThoM
ie MOpIIHA BCACHBAIOULH Kranad 32K puiBaeTCA W ras B WHIWHAD:
‘exumaercsi. [1pa IOCTHKEHHH ONpPEACTICHHOrO JABMEHHS OTKPBIBAETCH
" marmeraTebHBII KJanan 2, H ras IpH NOCTOAHIOM JABJIEHHH BHITAAKI-
ercs MopiuHeM M3 HHJIHHApA. 3arey AaBJeHue B IHVIHHADPE MaAacT,
pesyabTare 4ero Mol neiicTHeM NpYyAKHHBL HarHeTaTeNbHbIl Kranad
‘sakpeiBaetcsi. Bce mpoiecchl MOBTOPSIOTCA. Ma-3a CJA0KHOCTH NPO-
[eccoB, MPOTEKAIOUHX B pealbHOM KOMIIpeccope, paccMoTpuM Tak
HaspiBaeMblil HEaIbHbIA ROMOpeccop, B KOTOPOM BC€ MPOIECChl paBHoO-
. BecHble, OTCYTCTBYIOT NOTEPH AABJICHHS NPH NPOXOXKAEHHH Ta3a uepes3
| Knana, yTeUKH rasa, TpEHHE MEXKAY MOpPUIHEM H MJIHHIPOM, 8 TAKKE
| BpejHoe NPOCTPAHCTEO, T. €. MOPIICHb B KpafiHeM NOJOXKeHHH MoA-
IHT K MJAOCKOCTH KPBILUKH (roNI0BKH) UH/IHHADA BIVIOTHYIO. '
" [Ipouecc BcachiBaHus rasa B HACaJbHOM KOMMpeccope B KOOPAH-
Harax p, V usobpaxen nunneit 4—I1 (puc. 145). Stor npotecc npoTe-
€T NPH TOCTOSHHOM JaBJeHHH p;. Jluanusi I —2 COOTBETCTBYET PO~
Cy CIKATHA rasa J0 AaBJeHud Pa. [lpouecc cxKaTus B 3aBHCHMO-
OT KOJIHUYECTBA OTBECHHOH TEMJIOThHI MOKET BLITH H30TEPMHIECKHM,
OMIUTPONHBIM MK aAnabaTHBIM (cooTBETCTBEHHO JHHHH 1—2', 1=2%
—2), IMpouecc narneranus n3obpaxeH nuHuelt 2—3. Ilanenne AaB-
Ul OT p, 10 p; B KOHIE HarHeTaHus COOTBETCTBYET YC/AOBHOMY
eccy 3—4. [lnomanb Sygse AMATPAMMBI COOTBETCTBYET pabore, o=
slemMoil  KoMmnpeccopoM. I1a paGora — Haupmenblias MPH H30-
geckoM cikatnh. [Ipouecc cxaTis H3oTepMHUECKHi, €CIH ‘KOqi~
: 201




¥ 4 24
[ i
@\fé« /777%5;77777777,
f 2’2"z
2 3 “
J
4 1
=Y
0 v 5 6 V

Puc, - 144, Txema i

i npoCTEiwers
ONHOCTYNEHYATOTO mnpec:;;l:
! — mnameap; 2 — marneraTent-

Hu#l Kmanauw; 3 BOH
— ChrB aongud}
KJanan; 4 — nopliedb -

Pac. 145. lnarpamma O
HOrO NOPTINHEROTO !wp:sﬁm;xma-

gec
s ;{ig ?];alfnumoﬁ TENJAOTH 3KBHBANEHTHO pafoTe cxkaTusd, 410 BO3
i BEChMA HATEHCHBHOM OXJani ' 4
€HHH KOMHpEeC
i ! copa. -
ﬁz}‘eé::::& Tgsorepummemoe CHaTHE B KOMMpeccope HF:: gaogmrgegi:
ABHLIH TPOUECC CKATHA B K :
e oMnpeccope oORYHO SIBAAETCS
Onpenen
i R s i S i o
fi. Jra paborta BeIpa)caercs
Sio3s AMATPAMMBl U MG KET OHITH HPEACTARJ g g
g e €Ha KaK anrebpanyeckas
i % JKATHA, HaTHETAHHA H BCACKIBAHHA: Spgy = S
o052 — Oyag- Pabora BcachiBaus (S,,..) cosepiia s el
JaBHeHiieM H paBHa P " g i
S Pivy. PadoTa ckatia (Siese) ANA TOAHTPOOHOI G
npo noKasaTtefeM TOAHTPONBL 7. ONpPEleNAeTcs ypaBHe-HHEI;[

1
low = R, 7 (pvs — pyv,).
PesyabTpylomas paGora, notpebisemas KOMOpECCopos:

T P
ly= P (Psvs — pyty) + pave — pyoy = (1 4 l )(pﬁﬁﬂ ==

n—1
n
L (.02 — pyvy). (244)
¥ Py
Fi i
S o 5=, (27, oo @4 e o
0 OPEeACTaBHTL B BHue

— o) =

: a1
.
3 %;tgo;;,pﬁrggbeﬁaséuan KOMIpeccopoMm MpH ;::63: :_T X'
—rtena| (87 1]
L == W . (246)

Puc. 146, Cxema n aunarpamma paboTsl ABYXCTYNEHYATOTO ROpI-
HCEOr0 KoMOpeccopa:

| — DITERAP BESEOTO RaBlennfi 2 — ppomekyrounnft xamo=
IuAsNuK;, & — DEARBELP BLICOKOTO AABJACHHE

= Tlpn usoTepMAuECKOM CKaTHH pabora, norpefaseMas KOMIPECCo-
fpoM, papna padore H30TEPMHYECKOTO CIKATHA!

Iy = Lo = 2,303p0, lg%—. (247)

" Paccuarpupas B popmynax (245)—(247) obnem V; KaK nMpon3BOit-
LHOCTH KOMIpeccopa B MY/c, noaydum paBoty, norpebisaemMyo KoM-
eccopom 3a | c.
PaGounii BPOLECC MHOTOCTYNEHHATOrO KOMOpECcopd. B oxmocTy-
[gaTHIX KOMMpeccopax CTeneib HORLUIEeHHS AaBJeHHs Orpanuiesa
e Gosiee 800 klla). Jlas nomyuenus Gosee BHICOKHX LABJEHHI CaKATHE
30B NPOH3BOLAT B MHOTOCTYHNEHUATHIX Komnpeccopax. s nomi-
R TeMmepaTypsl rasa n npHO/IKeHsHs npoiecca CKATHA K H30-
BPMHUECKOMY a3 OX/IaKAAIoT B CHenuaJBHBIX XOJOAMAbHHKaX-TEM=
oOMennnkax. Cxema JABYXCTYHeH4aTOro KOMIpeccopa i Teoperute-
# HarpamMMa ero paGoTn u3oGpamkenst Ha puc. 146. Ilpu paBaeHiid
) P23 3aCacCHBAETCA B IMIHHAD HHIKOTO nasnenns [ (kpusas [—Z2),
KAMaeTcst B HeM N0 AABACHNHA pa (kpupas 2—3) W HanpaBaseICa
XonoauabHuK 2 (kpusas 3—4). B X010ANIBHAKE ras OpA HOCTOfH-
NABJEHUE Py OXAAKLACTCH JIO TEMNEpaTyphl Hadala cikaTHs B -
HEApDE HHU3KOrO AaBjieins, NpH 3TOM ofbeM Tasa yMenbilaercs. Jared
32CACHIBAETCA B HWHIMHAP BBHICOKOTO AABJEHHHA 3 (xpusas 4—35),
MaeTcs B HeM 0 AaBJAeHUA Py (KpHBAs 5—6) u Harneraercs B cne-
ibEBI 620 (kpuBas 6—7). lIpomexyTouHoe oxJ@KjeHHe rasa
ebuIaer paboTy, moTpefuseMylo KoMmnpeccopou, Ha BEARYAHY,
BETCTBYIONLYIO DJOMAMH . Sgag’ gs-
Yerpoiicreo u paloTa NOPUIHEBBIX KOMMpeccopos. QOpuuM M3 HEAO-
TKOB NOPIIHEBLIX KOMIDECCOPOB #ABAACTCA orpaHuuensocThb CKO-
ABUIKEHHs MO H3-3@ HANMYNS HHEPIHONHEIX Cill. TToaTomy
{EPECCOPEl GO/IbINOH NPOH3BOAMTENLHOCTH HMEIOT 3HAYHTEAbHBIE
depui nmansgpos. Ha puc. 147 nprBelen [POACTbHBI paspes
HTANLHOTO OJHOCTYNEHYATOr0 NOPLIHEBOTO Kommnpeccopa ABOW-
ficraust, B sToM KoMmpeccope 0Ge HOJIOCTH quausApa 7 si-
paGodnmu. CaefloBaTe/ibHO, BpH KaWIOM xone TMOPHIHS B Ofi-
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Puc. 147, TopulonTaintsiil ogHocTynennaTnii popmnenoll xomnpeccop gsoiinoro
AclcTRmA:
1 — gpueownnm 2 — maTyH; § — nNonsyH, 4 — HanpaRasomad; 5 — WTOK, § —
CANBHHKOBOE YINOTHEHHS; 7 — DUAHEAP; § — MopileHb; § —NopllieBoe KONLLO;

10 — pyGauwKa oxsamIacHHS

HOl NOJOCTH UHJAMHApA NPOHCXOAUT BCAChIBaHHE rasa, a B Apyrofi —
OJIHOBpEMEHHO NPOTEKAloT NPOLeCchl CXKaTHA W HarHeTtann#. [lopmens
8 mosyyaeTr IBHXKEHHE OT JABHIATEeNIs MPH [OMOLLY KDHBOLIWMHO-INA-
TYHHOTO MeXaHu3Ma. OCHOBHbIE YaCTH KDHBOLUHMIHO-IIATYHHOrO Me-
XaHu3Ma cleLyouiue: WToK 5, Wwarys 2, noA3yH 3, COeAuHAIOMW AN 1ap-
HUDHO HITOK C HIATYHOM H ABHXKYINHHCH B HANpaBJgiomHuX 4, KPHBO-
wyn /. [lna npenoTBpalleHls mepeTeyek rasa uepes 3a3op Memay -
JIHHAPOM H MOPIIHEM B KaHABKaX MOPILHS YCTAHOBJIEHK! YINIOTHAIOUINE
Konablia 9. B Mecte npoXxofa WToKa B HUJIHHAPE HMEETCs CANBHUKOBOE
yninotnenue 6. IuaauHAp oxpyxeH BoasiHOH pybawukoit 10. B npefict-
BHTEIbHOM KOMIODPECCOPE MpOTeKalollHe MNPOLECCH HEePaBHOBECHBI.
Kpome Ttoro, B KOHIe mpomecca HATHETAHHA B 3TOM NPOCTPAHCTEE
OCTaeTcs HEeKOTOpas YacTh CKATOTO BO3AYXA WM rasa (BpeaHoe npo-
cTpaHcTeo). BcacriBanue raza B UWJIHHIAP HAUHHAETCS TOJALKO HOCTEe
p ;s paciliMpeHHA OCTABIIErocsi BO BPEIHOM
£, MPOCTPAHCTEE ra3a 0 AABJCHHUS BCACH-
i 3 BaHud. Jluarpamma peaqbHOTO KOM-
npeccopa mokaszaxa Ha puc. 148. Pac-
Hpedne OCTaslerocsa EO BpeIHOM
fIpOCTPAHCTBE rasa H300paxkeHO KpH-
ol 4—1. B nefictBuTesisHOM KOMOpec-
cope KJanansl 1 TpyGonpoBOAEI CO3AAIOT
% Vi V. CONpPOTHBJIEHHE IBHIKEHHIO rasa, BeJel-
CTBHE Yero BcachiBaHHME Fasa MpowHC-
XOANT MPH AaBJEHHH HECKOJBKO MEeHb-
- E==—=———= lieM, YeM p,, a HarHeTaHue — NpH Jap-
JIRHHH HECKOJbKO GOJbIIEM AaBIEHHsA
, KOHUA cxarnsa p,. Orauuue nelicTBH-
TEIBbHOK HHAHKATODHOH AHATpaMMbL OT
1;71 mﬁxe—anbnoﬁ B ONpEINeNeHHOH cTenenu
Pue. 148, JlefictBuTcaAbHa s nll:ll‘lﬂll: 00YCJIOB/IE€HO COTIDOTHB/IEHHEM COOTBET-
:l:p;ea.’lhuom AopWHEBOTrO KoMnpec: CTB]I’FOH[“K KJIANAHOB B MOMEHT DTKDH"
204
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| HX WHEPUHOHHOCTHIO B MOMEHT SaKphITHI. HMupukatopHyio
arpamMMy JAeHCTBHTENbHOrO Komnpeccopa M0JYy4aloT NpPH TOMOLLH
piKaTopa Ha pafoTaionleM KOMNPeCccope.
Hluannipsl  KOMIPECCOpoB  MOryT OLITE PacloJiozKeHkl ngru-
IbHO W TOPH3OHTAJBHO HJH MOJ YFJIOM APYT K APYIY. Haa Gonee
oMuuHOfl pafoThl KOMOPECCOPOB MPOH3BOAHTCH HCKYCCTBEHHOE
aiymHOe WAH BOASHOE OXA&XJEHHE IWIHHADOB, a TaKKe Trasa
| POMENKYTOUHBIX OXJaHTENSAX. BosayniHoe oXJaxJAeHue MNpHMe-
a4 06LUHO B MEPefBHXKHEIX KOMIpeccopax HeGoabIIOH NPOH3BO-
bHOCTH. ﬂ,ﬂﬂ 3TOr0 OHJHHAPE HMEHT CHapyiKH CrnenHanbHLIe
Opa, yBe.nurmﬂanmue HOBEPXHOCTD oxnaxJeHHusdg, a nepel HHJAHH-
Ml YCTAHAB/IUBAIOT BEHTHAATOD. Yailie npaMeHsIOT BOASHOE 0X/d-
eHHG [HJHHAPOB, KOTOpHIE CHAGXKAIOTCS B 9TOM CIyHae BOASHOH
jyGautioii. [1poMesyTOUHLIE OXMANUTENH KOMUPECCOPOB C MHOro-
eHUATEIM CIKATHEM OOBLIYHO HMEIOT Cheayollee YCTPOHCTBO: B Me-
JAHTECKOM Kopnyce yKpenagerca nydox Tpy0, MO KOTOPHIM JBH-
q oxaamnaoulas sofa. CHapy:xu TpyObl OMBIBAIOTCS OXJazkiac-

30M.
n;gHSBOAHTMBHOCTh, momnocts ¥ KIJI komnpeccopa. IIpouzeo-
TeBHOCTL MOPUIHEBOTO KOMIPECCOpa NMPOCTOro JAEHCTBHSA Ompeie:
no ¢gopmyne

e V= nyShn, (248)

e S u h — COOTBETCTBEHHO MJIOWAL M XOJ MOPLIHA KOMIPECCopa;
—_ yacToTa BpalleHHs KOMNPeccopa (YHCJO ABOMHLIX XOLOB MOPIITA
cexynny); Ny — Ko3QuuHenT Noaaun, KOTOPHIH IpeAcTaB]faer Co-
it oTROWEHKE (haKTHYECKOfl 0ObeMHOIT OJlaun KoMnpeccopa V K Teo-
‘pernueckoi Vi, paBHOili 006beMy, OMHCaHHOMY MHOPLIHEM.
" MomuocTb, noTpebasemMylo KOMNPeCcCOpoM, ONPEeAesioT HCXOAA
_cpeaHero WHAHKaTOPHOTO AABJIEHHH p; [1a, koropoe HaXoAdAT IO
1HKaTOPHOH AHarpamme:
S; 9

Pi= T (249)
e S, — naomaib HHAHKATOPHOH AMATPaMMEL M*; I, — AJuHA
arpammbl, M; m — macmitab nasaenns, m/Ia. : |
WuanKkaTopas MOUHOCTb, KBT, OAHOUHIHBAPOBOTO KOMIpeccopa
POCTOrO AeHCTBHA
3 Nl E (250)

1000

TepmoanHaMiIeCKOe COBEPIIEHCTBO PaboOTH KoMmIpeccopa xapak-
M3YeTcH H3OTePMHYECKHM WM ainabaTHLIM HHAHKAaTOPHEM KI1.
epMUYeCKHI HHAUKATOPHbIH KITJ npeacrasisieT co0oil OTHOMIE
MOWHOCTH, NOPTPEGASIEMOli KOMIPECCOPOM NPH HAealbHOM HSO-

iigeckom npouecce cxatha Ny, K IefCTBHTENbHOA HHAHKATOPHOH

Nus. (251)
: 905




Hsorepmu
Pk A li: c*!gc&ﬁl;i'f KIT/1 npumensior 418 OUEHKH KOMIPECCOPOB, pa-
oxnamamnenug s :gaenuem. Jas komnpeccopos, paboTaiouHX Ges
i : ma 00pasioBblil NPHHAMAIOT AAHAGATHRIA Npoiecc i
COBEPILEHCTBA pabOTLl OLEHHBAIOT aAuabaTHRIM HHAHKATOD-

wuiv KIT:

n:5= ﬁj\;? *

C aﬂﬂﬂi@mﬂﬁ coGoil oTHO
H'] : [eHue HHI{L{K&I{}pHOﬁ MOILHOCTH K MDHIHDCIH

=, (253)

Ha BaJy HasbBalOT MOJHLL
m KII > f
e J1 kommnpeccopa. [Tonueifi n3oTEpAHK-

N, y
M= Ng: =-'q:‘3-r|“:

(254)
moJuai aguabarami KITI

(255)

Nag
Tlan e -F:— - qun"

Cpennne aHaueHH
# noansx KT nopmwres '
= 055..0,75; 1 = 0.75...0.85. A ke mo g o
0
namul:lalrlimrllgg:‘"ril [:(;?)prf poficT P;Tauﬁonaue 2 555 s i
/eTpoiictBy. Hanbonee pacnpoc I
Tpa -
ﬁ;g;iHSHEPI;.E;;‘;iHHaTHe KOMIIpPECCOpHl (pHC. 145). Bpuﬂfﬂ:;;éi?pi?;;
€A SKCHEHTPHYHO PacHONOKEeHHEIN ’
‘ Bl potop 1. :
pmlqlpaugsoﬁo.uﬂgocxonbam CTalbHbE MJACTHHL! 4.p et/ e
Bpaw.gﬂn l:mrz) Tpoa TH KOMOPECCOpA S2KJIIOUALTCs B CJIEAYIOLIEM. Ipn
- fm i pB pa nJacTHHsl NOA ASHICTBHEM LEHTPOGRKHBIX CHJ nepe-
IIHJIHHmlea = a?:czfaxx H TPIKHMAIOTCH K BHYTPeHHEH INOBEpXHOCTH
Eepxaocm' unmiunpa: rﬁﬁg{::mop ylajleH OT BepXHeH BHYTpeHHe# rno-
THHBI BHIIBUTAIOTCSH
ofpaTHO B MeCTax I'JIE; nose T
XH
il g i PXHOCTB poTOpa NpubaHKaeTca K Nopepx-
I'a3 nocTynaer B UnAn
IpoCTpARCTNS R kY tlllu HAp uepes matpyGok 6 H 3anoaHseT
T0pa N0 YACOBOH CTpen Jnmou Hleppmoﬁpopu. Eps. =pIeuN' po-
HUMH TaCTHHAMH B e e e
, TOCTENEHHO YMeHbllaeTcs, ras Cikuma

otipene.nenﬁoro JlaBJICHHS H 3aTeM BH’I‘&JIKHB&&TE& 1:133 HJHH B e
Hd’l‘gzggl( 5. JlaBneHHE CXXaTHA B ONHOM UMJIHHApE naacrnrf:q::g$3
por HHOrO KOMIIPECCOpa MOKET AOCTH ) 2
- p AGETREETD 0,4 MIla. Poraunonnuie

Oxaaxdanuas Boda
N &

Puc. 149, PoTanuonnsid paa- Puc. 150, UenTpofemubil KoM~

cTHRuaTH KOMApeCcop: npeccop:

1 — poTop; 2 — uHIuHAPS 1 — pxoplo# natpybok; 2 — Ba-

3 — Kopmyc; 4 — HOACTHHE; npaBasomu i annapaT; § — noj-
mannHE; 4 — nabupuarace yos

5 — Biaixonnodl narpyGok;

§ — Bxomnoil NaTpyGoK aorpenue; § — paiouce HOJGCO;

5 — BEXOABCH narpyfok

0T NOpIIHEBHIX PaBEOMEPHOCTHIO

IMIpEeccoprt BHITOIHO OTJIHuaTCs
OCPQJICTBEHHGI'D uxX CoeluHEHHSA

aui raza ¥ BO3MOMHOCTBIO HEM
BeKTPOABHTATEISIMH.

" llenTpobexHbie B OCEBHIC KOMIp
yayuuan GoablLoe pacnpocTpaHeH
Ophl, HasbiBaEMue TypOOKOMIPECCOPANH.

o NpHBOAHATCS B jeficTBie TypOHHOH.
" Pa6ounii npoilecc BRAIOUaeT ABE crannu. Buagase rasy coolinaeTes

zoTOpas KHHETHUECKad gHepTHs, KoTOpas 3aTeM npeobpasyercs
‘SHEpTHIO JaBJeHHs rasa. B 3aBHCHMOCTH OT CO3/1aBaeMoro Aas/IeHis
muator TypOoKoMIpeccopbl, co3Aaole NaBacHue gonee 0,3 Mlla,
. TypOOBO3LYXOLYBKH (Typﬁorasonysxﬁ). C)KMMalomiHe BOAYX W/IH
pyroii ras a0 AaslieHHs 0,3 MI1a. Komnpeccopsl, KaK NpaBHJO, HMEWT
pisHoe, oxaakpenne. B typGorasofyBKax OXJaMIeHHEC BO3lyXa HE
OHSBOAHTCA, TAK KaK €ro TemnepaTypa npu CxaTHi o0bIUHO HE
pppunaet 470 K.
LlermpoGedcHbttl KOMNpPeccop (puc. 150) cocTOUT U3 Kopmyca ¢ BXOA-
M | B BHIXOLHBEIM 6 narpyOKamH, palouux KoJeC 5, HATIPABJAICULHK
mnaparos 2. Kopnyce BLLTOJHFAIOT YYTYHHBIM C FOPH3OHTAMBHEIMA WA
YTHKAMAEHBIMH pasbheMaMi. PaGoune Kojeca, yKpen/ieHHbIE Ha BaJy,
pasyloT poTop Komnpeccopa. Potop Bpaiiaercst B HOAMIHIEHI Kax d.
MecTax TpoXoja Baja B KOpHyce HMeloTCs NabupUHTHEEE Y IMIOTHE
4. PaGouee KOJECO COCTOMT H3 JIBYX JHC KOB, COSAMHEHHBIX MEHLY
JomaTKaMi, KOTOphie 00pasyioT.B npocTp AHCTBE MEXY AHCKaAMH
i KpHBOJHHEHHEIX xananos. PaGouee KoJeco H HanpapJsiont
mapat 06pasyioT OfHY CTynelb KOMIpeccopa.
Taa sacacLBaeTcs uepes BXOJHOH natpy00K B KOALUEBYIO KamMepy—
P (wan cnenpaTbHbit HanpaBJAs oA annapar), TAe noJrydaer
TOpoe ycKopenue, H nanee mocTymaer B nepeyw cTyneHb KOM=
pa. I'a3 npn Bpamenny padouerc Kojieca OTOpachiBacTCa HOR
jeM LEeRTPOGeKHbIX CHII OT UEHTpa K pepudepui. B HEHTpAL:

eccopul. B COBpeMEHHOR TEXHHKE
e neHTpobexibie i OCEBhiE KOM®
D1H  KOMIIpECcophl




HOfl 9aCTH KoJjeca coslaercs pas-
pekenHe, a Ha nepugepun na-
BJIEHHE HECKOJIbKO MOBBILAETCH,
Taxkum obpasom, mexaHHHeCKas
3HEpPrus, NOJBOAHMAS K KOJIECYy OT
ABWrarveJs, npeobpasyercd B Ku-
HETHUECKYI0 M NOTEHHHAJLHYIO
sHepruio rasa. B manpasasioiem
U annapare JaBJEHHE rasa MNOBLI-
113ETCH 3@ CYET ero KHHETHYECKOH
anepruu. [locpencTeomM Hanpas-
JSIOMIEF0 annapata  OCYLIECTB-
JIsIETCH MOABOMA rasa K CjaeAyoueii
CTYNEHH WK BBIXOAHOMY naTpys-
ky. Tak xak B Kaxpoii crynenn yseﬁaqeme nasnenﬂﬂargaa acg;:-
HHTENBHO HEBEJHKO, TO M/ 3HAUMTENbHOrO MOBLINEHHSt MHaBJe-
Ifi::e;rpeﬁye'rca Gosbuioe 49ueao cryneneit. [1pu Gompuiom gicie cry-
pos).H KOMIOPECCOPHl HacTo HMEKT HEeCKOJLKO KOpnycoB (HWJIHHA-
[Ipon3BoANTEIbHOCTE KOMIPECCOPA SABHCHT OT YACTOTH BpALeHs
potopa, nnameTpa paGoYyHX KoJIeC M HX KoHCTpYKiuu. OXnaxaaercs
ra3 B TPOMEKYTOUHKIX OXJAJHTEedsX. '
na‘rB ggeso}ﬂ Komnpeccope (puc. 151) ras noxsoawtcs yepes BxoaHoil
pyGok I K KOnbUEBOMY KOH(iysopy 2, npenHasHayeRHOMY 1Jisi YCKO-
PeHHsA 1IOTOKA rasa, H saTeM uepes HaNpasJswOUIMA annapar J nocty-
NaeT B CTyNeHH KoMmnpeccopa. Potop komnpeccopa MpeacTaBisieT co-
CGoit nycrorensiit 6apadan, Ha KOTOPOM YKPENJIAeTcs HECKOALKC PSAoB
pabouux J0TaTOK 4. B kopnyce 3akpenJieHs! HeMOABHKHLIE HAMP aBJs-
omue gonatku 5. Taxk Kak creneHb yBenuueHus AaBJeHHS B OZHOM
CTynenu oOblMHO He npesbmuaer 1,45—1,5, T0 ocessie Komnpeccopst
HMeIoT 00J/IbIlIOe YHCAO cTymenedl. PaGouuit npouece B CTyNeHH oge-
BOr0 KOMIPECCOpa MOKHO NPEACTABHTL KaK o0palleHHBIH 00 OTHOllle-
HHIO K TIpOLeccy B CTYNEHH MapoBOH HJH rasoBol TypOuun. Ha pato-
UHX JIOMaTKaX CTYNEHH K rasy NOABONHTCH MeXaHHueckas SHeprus
npeobpasyemas 4aCTHYHO B KHHETHYECKYIO H YaCTHYHO B NOTeRINab-
HYIO 3HePTHIO CKATOro rasa. |
B kananax, o6pasoBaHHLIX HANPaBASIOUIMMH JIONATKAMH, BCJEA-
cTBHE AH(PPY30pHOro 3(hPeKTa YacTb KHHETHYECKOH 3HEPTHH 'npea a-
aeTcs B 3Hepruio Aasaenus. M3 nocrenuein crymenu xomnpeccrf a
;a: qz;;lgse CHpAMIAIONLHE annapar 6 NocTynaer B KOJbLEBOH nm(pqaysgp
il ﬂrasa.n BhIXOfHOH naTpybok 8. B nudpdysope npononkaercs cxa-
Ocesble # UEHTPOOEKHBIE KOMAPECCOPH HMEIOT PsJ NPEHMYILECTB
nepej NopIIHEBEIMH: NPOCTOTA H KOMIAKTHOCTh KOHCTPYKUHH, OTCYT-
CTBHE BO3BPATHO-NOCTYNATENBHOrO ABHIKEHHS qacTed, paﬂnouépﬂogrb
nogauu rasa, OTCYTCTBHE 3arpsisHEHHS rasa MacjioM, BO3MOXKHOCTD
HEroCPECTBEHHOrO CORAHHEHHA KOMIpeccopa ¢ ABATAaTeeM, yA06CTBO
H npocTOTa SKCILTYATAIHH, :
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Puc, 151. Occeolt womupeccop
! — Bxoguofi narpylor; 2 KoHED

; 4 — ysDp;
& — panpasgsioumii annapar; 4 — p.aﬁou:?ﬁ
JIONATKE; § — AanpPaBIRICILAR AONaTKa; 6 —
cnpaManownd annapat; 7 — Konabuesoil grd-
Gyaop: & — BuXOAHON naTpydok

KOHTPOJIbHBIE BOIMPOCHI

|, Kax paGoTaerT OAWOCTYNeHYaTHil NOpIUIHEBOH Kommpeccop?
© 9 Kagoli mpoluecc CXatnd rasa B KOMIpeccope HanfoJee DHIOJSH H Motuemy?
" 3 [lng gero NpHMEHSIOT MHOrOCTyneHuaroe oxarne? Haofpasute npouUecchl MHO-
HeHuATOTO CKaTHR HOEalTbHOTO KOMMpeccopa B JrarpamMue.

4, Kagoe pasnnune MRy HIealbHuIM H peajlbHBIM KOMIpeccopami?

5. Kak ycrpoesst n paGoTator pOTALHOHHEIH, UeHTPOOEKHLIA H ocepolt KoMmpec-

21. MuesvaTHyeckuii M NHEBMOTMAPABIHYECKHH NPHBOMbI

B cospemeHHOH TexHHKe Hapsly C obBeMHBIMH THAPOIPHBOAAMH
HPOKO NPHMEHSIOT 00beMHbIe MHEBMONPHBOLBLL. O0BeMHBIM NHEBMO-
pusodos HA3BIBAIOT COBOKYNHOCTH yCTPOICTB, B YHCIO KOTOPLIX
XOIUT OHE HIIH HECKOJILKO NHEBMATHYECKHX ABHTATE/ICH, NPEa3Na-
SueniblX /TS PHBEEHHs B ABHIKEHHE MEXaHH3MOB H MaliuH NOCpen-

goM Cxkaroro rasa. Tak Kak pafounM TenoM B THEBMOTIPHBOLC

qeTCH CIKATHI ras (Bo3ayx), TO pacyeT ero OCHOBHIBAETCA Ha
KOHAX TepMO- H TasofHHaMHKH.
[1HeBMONPHBOJ, HafexKeH U JOArOBEHeH; GbicTpo AelicTByeT (cpaba-
aer); NPOCT H SKOHOMUYEH B SKCNAYyaTaUunH, Tak KakK oTpaboTaBLINH
BOSHYX BBHIXONHT HENOCPeICTBeHHO B atmocdepy; HCIOJb30BaHKE
‘BO3fyxa B KauecTBe paGouero TeJia OTAHYACTCH 60JbLION JlellIeBH3HOi;
CKOpOCTb JBIDKEHHs PalouiX OpPraHoB SHAUHTEILHO GonbLie, Hem
y runponpusoxa. Hejpoctarkamu nHesMONpHBONA sIBJAIOTCA KOHJEH-
canns BONSHLIX NApoB, CojepiKalluxcs B BO3AYXE, HELOCTATOGHAS
MEBHOCTL M TOYHOCTb Xoja Oes CrHelHalbHBIX JOTONHATEIBHBIX
yerpoiicrs; Hesbicokuit  KILJL.

CokaThlll BO3AYX AN MHTAHHs NHEBMaTHYECKOro NpHBOAd Bripaba-
THBaeTCsT KOMIOPECCOPHOH YCTAHOBKOH, ofcnyuBaolleii MaliHLL
Cero NpeAnpHsITHS WIH ONpeie/eHHyI0 rpynny Marinh,

" [lo KOHCTPYKIUHH 1 HpHHUMMY paGoThl S/1EMEHTHl THEBMATHIECKOTO
. mpuBoja nofoGHLl (34 HCKJIIOUEHHEM HCTOUHHKOB MUTaHH5A) COOTBET-
| CTBYIOIHM 3JIEMEHTaM THAPABJIHYECKOTO MPHBOAZ, 4 yacTo B 00OHX

[IPHMEHSIOTCS OJHH H Te e 5JeMenThl. Bee saeMenThl MHEeBMONpHBOAA
| JiessiTCs Ha JBE OCHOBHBIE FPYIIbi (MOMHMO KOMTIPECCOpOB): MHEBMATH=
" yeckue ABHraTeaH (NHEBMOJABHTATeNH) H ynpas/siomne yCTPOHCTBA,
" [Inesmamuueckue dsueament, TpeHasHAYEHNEIE LIS 1DeoOpa3oBa-
s SHEPTHH CIKATOrO BO3AyXa B MEXaHHHECKYIo pabory, Ilnesmo-
[BHraTeJH MOTYT ObITh BpalidTeJbHOTO (nHEeBMOMOTOPbI), NPAMOMHHEH-
Oro (MHEBMOLMJHMEAPLL H MeMODAHHBIE annapath) W NOBOPOTHOIO
HIKEHHS. ,

[THesmoMomopst AeNATCs Ha MJIACTHHYAThIE H luecTepeHdaThie.
auGosce LIMPOKO NPHMEHAIOT B MAllHHOCTPOGHHH nNJaCTHHHATHE
eBMOMOTOPE!, [1HEBMOMOTOPAMH OCHALIAIOT pYUHLIe Ape/H | pyHuHbBIE
ICOKO0GOPOTHEIE wrdoBaNbHbie MamuHbl, OCHOBHEIMH JAOCTOHH-
BAMM HHCTPYMEHTOB C [/IACTHHYATHIMH NHEBMOMOTOpaMHU SABJASIOTCSH
ONECHOCTh WX 9KCIAYaTallHH, MPOCTOTA KOHCTPYKIMH, CPaBHH-
eNIbHO HH3KAS cTOMMOCTb. UaCTOTY BpallleHns poropa NHEBMOMOTOpa
209




pPETYNHPYIOT H3MEHEHHEM pacXxofa CKATOro BO3AyXa € NOMOLIBIo
Apoccesis, KOTOPHIHA BKJAOYAETCS B NOABOAALULYIO MATHCTPAJDb, a KpYTa-
HIHIT MOMEHT — M3MCHEHHMEM JAaBJECHHS, OCYILECTBASEMOr0 peryasnTo-
poM naBJeHHS (PeAYKTOPOM).

[THesmoyusundpti OOBIYHO HCTIOABIYIOT ANS NOMYHYEHHS JHHERHLIX
HaH HeGOJMbIIOH BEJHYHHLI YIVIOBHIX nepememenuii. Ecau Tpebyerca
noay4yaTh BO3BPAaTHO-MOBOPOTHEIE ABHXKEHHS NPHBOAHMBIX Y3J0B Ha
yroJ, menbiunii 360°, To mHOrAA NPHUMEHAIOT MOMEHTHEIE (JIONACTHEE H
HOpIIHEBbie) NMHeBMOLMAHHIDE.

Ha puc. 152 nao6paxen nHEBMONPHBOJ METAJIOPEKYLIETO CTAHKA
JJis noJayuerng GoNbILOTO X043 mToKa. B muanHipe 4 nepemeiiaercs
nopuieib 4 ¢ OAHOCTOPOHHHM IITOKOM 5, YNJOTHEHHBIM 3JaCTHUHOH
memGpanoit 2 n3 macnoctoiikoil peawnnl. Ilox naeaenmem cxaToro
BO3jyXd, NMOCTYNAIOIIEr0 B HHAHHAD, HOpIIEHAb BMECTe €O HITOKOM,
NPeoioJeBas Culikl CONPOTHBICHHS CXXHMaeMoll NpyXuuH [, nepeve-
1igeTcsi BHPapo, BO3AEHCTBYS HA COOTBETCTBYIONMI pafouni opran.
Ilpu npexpailesiH MOAaYd BO3AYyXa B HRJAKHAP MOPIIeHb BMECTE CO
HTOKOM [OA YCHJAHEM NMPYHHHL BOZBpaaeTCH B HCXOAHOE NOJOMKEeHHE
(BneBo). Takoil NHEBMOIHIHEAP NO3BOJAET NOJYYATE NPAMOJHHEHHOE
nepeMeltene IUTOKa, paBioe TpeM AHaMeTpaM LHJAHHAPA.

Menbparnsie anngpanisl WHPOKO HCNOAL3YIOT, Korja Tpebyercs
HeGONLIIOHN X0 HCHOJAHHTENBHLEIX MEXaHU3MOB NPH MaAoM AaBIeHHH
(no 1 MIla), Onu BEINOMHSIOT POJIb KAK HCHOJHHTENBHEIX MEXaHHSMOB,
TaK ¥ QYBCTBHTENbHLIX -9/IeMeHTOB. B cucremax npoMsunJgeHHoil asto-
MaTHKH OHH SIBASIOTCH B OCHOBHOM HEMETANVIMYECKHMH (PEe3HHOBBIMH,
NAACTMACCOBLIMH) MeMOpaHaMH M OTIHYaIOTCH [POCTOTOR yCTpofcTBa
U BO3MOXKHOCTBIO O0ecrmeyeHHsi MOJMHOIM repMerwuroctTn. Ha puc. 153
NpHBEHEHS ﬂpOCTEﬁHjaﬂ CxeMa MeMﬁp&HHDF(‘I HCMOJHHTeNBHOIO Mexa-
HH3Ma € nJocKoli mMemOpaHOifi,

[Inesmamuseckue ynpasa aotiue yempoicmsa NPERHASHAYEHB N4
pacnpefie/icHua NOTOKa BO3JYyXa H YNpaBJCHHSN NHEBMATHYECKHMH
jgeyrarensMi. B kauyecrse ynpaBAsOmHX MHEBMaTHUYECKHX YCTPONCTB
IHPOKO NPUMEHAIOT pacnpelieqiTe/IbHbIe KAaniakbl, CTpyiHbie TPYGKH,
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Pue. 152, Cxema CHAOBOID RUCTMOUMAWHARA Puc. 153. Mpocveii-

¢ oAnOCTODOHINM W MeMOpaHHLIM YynioTie- wasn cxema memOGpan-

BHeM MOpWHEN: nore wcn s
2 — memGpana;

1 ' TO MEXAHHIMA C© DJ0-
I — ppymuns;
meua;pﬁ — UANHEAP: & — mWToK exoll MemSpanoft

8 -—ﬁup-
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o sacAONKH H 3oa0THHKH. [IpHHNENHAAbHBIE CXEMbl YCTPOHCTEA
5a60Thi MX Te e, UTO H B THAPONPHBOAE, M JHIb B OTACIBHBIX
mafX NPUMEHSIOT JONOJHHTENbHLIE CPEACTBA 1A NOBLIEHH
eTHUHOCTH M OOECTeYeHHs CMA3KH NOBEPXHOCTEH TPEHIs.
Pacnpedeaumerstivie KAQRAH6. NPHMEHSIOT LIS pacupeaeneHus
sayxa. [1o npuBuuny AEACTBHA HX HOAPASICANION Ha KJanausl
nO3AUHOHEEE H ABYXTOSHUHOHHEE; [0 CNOCOGY BKIIIOYEHHS —
pYHHBIM, SJEKTPOMArRHTHBIM H 9JEKTPONHEBMATHYECKHM  BEJIIOUe-
eM: B SaBHCHMOCTH OT BOSAEHCTBHS BKJICUAIOUUMX YCTPOHCTE ——
gmoro H HenpaMoro AeiicTisi. OJAHONOSHIMOHHBIE KAaNaHLl HpH-
\HFIOT AAS NHEBMOIHJIHHIPOB OAHOCTOPOHHETO, a IBYXUO3HIHOH-
— pasi THEBMOUHJHHADOB ABYCTODOHHErO AGHCTBHA.
Cmpytintie mpyGku OOBYHO NPHMEHAIOT B HEeBMATHIECKHX np#-
1ax HeGOMbLION MOUIHOCTH H CPaBHHTEABHO HEBRHICOKOTO GLiCTpO-
-C"[.OB;{;:I‘-BGCJ?OHKH. [PHMEHAIOT B NHEBMATHYECKHX NPHUBOJAX, pato-
X PH BHICOKHX Temniepatypax pabodero 1e1a (0Geiuno rerepa-
WOro rasza). 210 OOYC/]OB/HBACTCS NOHHMKEHHOU 4y BCTBHTEE-
OCTBIO CONA-34C/AOHOK K COJEPXKAHWI0 TBEPABIX YacTHIl B Ta3ax.
3040MHUKY — HAWTY4lIHe YNPAaBASIOWEE YCTPOHCTBA MHEBMA-
yecKWX NPHBOJAOB, B KOTOPHIX B KauecTbe pafouero Teaa HCHOJMb-
Lavercs: uncThift BO3AyX. I10f00HO THAPABAHYECKHM, MHEBMATHACCKIE
 SOAOTHUKH MOTYT GBITb HHJAHHAPHYECKHMH H IIOCKHMH, OAHO-, ABYX-
"§ ueTmpEXeNEBBIMH, C PYYHbIM, HHEBMATHHECKHM, 3JAEKTPHYECKHM

| i SAEKTPONHEBMATHUECKHM YNPaBAEHHEM.
' [inesmaTHuecKHe ApuBOAb. PasjinyaioT JBYXNO3HIHOHHBE H MHO-

[HO3UUMCHHBE TTHEBMONPHBOMEL
sy xnosutyuontbu nuesmonpusod XapaKTepeH TeM, 4TO WTOK
HCMOMHHTE/IBHOTO TOPMIHA MOXKET 3aHMMATh TOJABKO ABA KPAHHHX
® nosoxeuns. Ha puc. 154 usobpaxkena cxeMa ABYXiO3HIHOHHOIO
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~Prc. 154. Cxema TIEBMATHYECKOrO NPHBOAS HOKHNL pan peIEH

YrOAKoB: 4
} — ¢xoGa: 2 — NOpmeHs; § — DUSBMONLNARUAP;  — yr?.n;:ii 5“!.
11 — nuesmomMarwcipaan; 6 u 12 ; g}g:r:z: x;ma;g:;’rp_ P
HIEAbHE 3 & — 3
mm“mf::;ﬁnnﬂﬁ;?eﬁg = oGpatiinifl Kaanau; I3 — ogromenenoi
JONOTHEE




NHEBMONPHBOMIA HOMHHUIL 4151 Pe3KH YronkoB., OCHOBHEIMH 3JeMEHTaMu
TAKOro NpHBOAA SABJSIIOTCH NHEBMOLMJAHHAD 3, BHINOJHEHHBI 43
HECKOJIDKHX NOCJef0BATEIbHO COeNHHeHHAX HUINHAPOB MaJioro ama-
MEeTPa, YTO MO3BOJISIET H30eXKaTb YPe3MEepHOTO YBEJNHUYEHHs ero jJua-
METpa; mopmienb 2, Ha KOTOPOM 3aKPENJeHO OLHO Je3BHE HOXKHUL,
BTOPOE JIE3BHE 3aKPENJIEHO Ha cKobe /; ueThIpeXIenesoi pacnpenenu-
TeAbHBIA 7 W OAHOLIeNEBOH ynpasasiomuii /3 30J0THHKH, NHEBMo-
AKKYMYJATOD O, CriaKHBaiollHii NYJALCALMIO NABJEHHS CKATOrO
rasa, QUALTD § s OUHCTKH BO3NyXa W obpaTHeii kaanan 10,

Paspesaembiii yromok 4 nOMEWAIOT MeXAY Je3BUSIMH HOKHHUL,
a 30JIOTHHK /3 — Ha PacCTOsHHH, PABHOM JUIHHE OTPE3AEMOro YroaKa.
3areM yro/ioK HoAaioT 10 YNOpa 30MOTHHKA i COOBIIEHHS eTo LUHJAHBADA
C MarucTpaneio 1/, a yepes Hee — ¢ armocdepoil. B pesyasrare storo
AaBJieHHE B MONOCTH A majaer, u cuja pasKaTHs NPYKHHE 6 nepe-
MellaeT 30JI0THHK 7 B N0JI0KenHe, B KOTOPOM OH MOKasal Ha puc. 154,
Toraa mosmocTe B yepes mMarucrpans 5 § KOJBILEBYIO NPOTOYKY 3QJ0T-
HHKA COEJMHSACTCA C aTMOCHEPOH, a CxaThiil BO3NYX H3 KOMIpeccopa,
npoins obpaTHeIH Knamau [0, NHEBMOAKKYMYJATOD 9 U GuabTp 8,
nonajieT B moJocTh 5 nueBmouuausapa 3. [lopmens nox aasmenues
BO3JlyXa NepemMellaeTcs BBEpX, H HOXKHULL OTPE3al0T YTOMOK, KOTOphIfi
MajaeT BHU3, @ SO/MOTHAK 13 O ReHCTBUEM CHJI PA3IKATUS NPYKHHB /2
EO3BpalllaeTcs B HCXOAHOE NoJokenue. Brixon Bo3nyxa us nosoetn A
B aTMOC(epy mpeKpamlaeTcs, 30M0THIK 7 nepeMelaercs BEepx, paso6-
ias MaruCrpaib ¢ arMmocepof,, H B nomocTe 5 nojaua CiKaToro
EO3lyXa npexpauiaercs. [lopimenp 3annMaer HCXOQHOE MOMOKEHHE,

JBY XN03HUHOHHEIH MHEBMONPHEOA MIHPOKO NPHMEHSIOT B METa-
Ji000pabaThiBalOMX CTAHKAX AJMA 3aXKHMa JeTatell, AAS 1N01auu
FOJIOBOK (HanpuMep, CBEPJHJBHBIX CTAHKOB), AMf MHepeMemenus
CYNNopTa TOKapHOro CTaHKa H T. J.

Credawgud nresmonpusod. B ciensiueM nueBMonpusoge (puc. 155)
BLIXOJHOI LITOK MOXKET 3aHHMATh /M0060e 3a1anHoe noJaoxenne, OCHOB-
HBEIMH 3JIEMEHTaMH MPHBOAA ABJSIOTCA COIIIO 2 ¢ Konupom I; nHesmo-
UMAHHAP 5 ¢ HOpIIHEM 6 H OAHOCTODOHHMM IITOKOM, COENNHEHHBIM
C pesuenepxarteneM §; apoccens 3, Komip kecrko sakpensen na
CTanuHe 4 CTaHKa, a IHIHHAD — Ha Kaperke 7. CxaTelif Bo3ayX
NOCTYNaer B nonocTb 5 nHesMounannipa 5. OpHOBpeMenHO, Mpoills
U€pe3 HeperyMupyeMbiil Apoccesb 3, CxKaThiii BO3AYX NOJAETCH B O-
a0ctb A nuanHApa # K conay 2. [pu NMepeMeleHNH KapeTkH 7 cTaHka
BMECTe C Hell nepeMelaioTcs UHAHHAD 5 U comdo 2. B saBucmmocty
OT 3330pa MEXAy COMJIOM H KONHPOM H3MEHSETCS COMpOTHBACHHE
BRIXOAY BO3/yXa H3 CONJIa, YBEJUYHBAACH NPH YMEHBIIEHHH 3a30pa M
yMeHbIIasCh NPH €ro ypeandenud. ONHOBPEMEHHO H3MEHAETCH NaBJe-
HHE B NOJOCTH A UMJIMHADA, 8 AABJEHHE B noaocTH B 0cTAETCS Mo-
crosHHbeM, [lpn yMEHbIIEHHH XaBAeHHS B nonoctH A NOpPILEHR CO
LITOKOM NepeMellaeTcs B CTOPORY Konupa I, yBaekast ¢ coboi pesne-
Jepxatejh 8§ B HanpaBJieHWH OPHOMMKEHHs pesla K OCH 06pabaTei-
Baemoi sarotoBku 9. C yMEHbLICHHEM 3330pa MEXKAY COMIOM H KOMi-
POM NaBjienie B N0JOCTH A UHJINHAPA BO3PACTAET, NOPIICHE CO ITOKOM
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Puc. 155, Cxema nHesMaTHYeCHO-
ro Caeanmeroc OPpHBOA# Komupo-
BAARHO-TOKAPHOTO CTANKAD

I — wonup; 2 — CcOTAD; g —
fpoccent; 4 — CTAHHAS; § =

NASBMOLUAHRAP: 6§ — MOPILERDB CO
WTOKOM; 7 — wapertal § — pes-
Hejlepcaten; 9 — 3aroToRKA

| o 1 CXcema NuesMOorHADaBaAHTS 0 AW HOr l:lﬁﬂl'lcl’ﬂa MET4ALa0-
(1]
ne. 156, M B A CHOT HuUM ¥

pesmynero cranka; N e
- + 7 — pacnpefeanTenbHnil Kpau;
:men:gxﬁ::;p' 5 HDS ﬁpm'mm:: 7 — [HeBMOTHAPABAuTeCKuil MuAMHAD
A d i

| gaupHaeT MEpeMelaThCcs OT Konupa ! JIB!LgaHG p;ag:g\ig;xfsgebpﬁ
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HOC { uobpeTtaer 0 ] :
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HEIX annapaToB M CHCTeMaX ympapJeHus Apyrux .Mamm .us el =
 [Inesmoruipapinueckue npueoas. PaccmMOTpUM OANY = poi'icma
X CXeM MHeBMOrHAPaBIHYECKOTO MPHBOAA SaKHMHOTO (__ ncp 150
e ers W anones neEMOREAEAD 4
] 3 HTAMH TAKOTO ! p 4
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© muaunap 7 ¢ nopmHeM 6 M IITOKOM 5; pacmpeaenuTeqab sl M‘am,m':
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. ycuaweM, 9To0Bl MOMHO GLIIO H3MEHHTh ee IOJOoXeHHe, a :
3 ﬁgog[jgwg;ﬂe?a-sapuTeJ:bHoro samarTH JeTaju p?c%pe;gznggedr;;réﬂz
e Han}H e c}?(a?;rn?ggéggof? nl%ggc;znne'ﬂﬂeu cKaTOro
& n I’ coelHHEeHbI ; 3
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" Birteciss JKHIKOCTb H3 mojocTH B B moaocTs [, a u3 Hee Lurcla)xow :
‘moaocTs HHAWHApa 7. B pesynbTaTe nopuleHb 6 BMECTE"(;O oy ena;aaﬂ
hépemec*rmcn BJIEBO (K&K MOKasaHO HA PHCYHKe CTPEJKOH), T}; e
CHJHE 323KMMHOMY YCTpOHCTBY CTaHKa, KOTOpOe MPOH3BEAET NP
D1 JKaTHE AeTalH.
BTE:;}:;E ?I?)UBGPKH NpaBUABLHOCTH YCTAHOBKH JIeTas Eyﬁ@;{;r;g
npeie/HTeNLHOTO KpaHa 2 N10BOpaunBaioT B nonox{e‘gne,ﬂg)ﬂmﬁ %
CKAThIl BO3AYX MOXKET MOCTYNaTh B NOJOCTH I'u ‘o?uy ot
o-npexHemy cooOliaercs ¢ armocgepoii. baarogaps Sggjxeﬂae e
nepevelaeTcsi BrpaBo, CO3AaBas JOMOJHHTENBHOE JLTb et
" HWITOK & Ha MemOpany [, a CJIeJ0BATE/NbHO, H Ha XHAKOCTD, ;

10 B nOJI0CTh uuaungpa 7. Jlapienue Ha mopiueHb 6 Bospacraer ;(;




CTO/ILKO pas3s, BO CKOJMbKO pa3 mjomans nopmas 4 Goabie naonmann
nopuwHd 6. Bo cTONbLKO ke pa3s yBeaHYHTCS B CHJAA 3axaTusa o6padarh-
BaeMoH JeTalH.

Hasi ocBoGomAEHNsT jAeTaseil H3 3aHMOB PYKOSITKY pacmpenen-
TenLHOro KpaHa 2 yCTaHABJAKBAIOT B NOJ0KEHHE, IPH KOTOPOM C3KAaThIil
BO3AYX noctyman Ow B nodocte B, a noaoctu I’ u A coobmianuch
¢ atmocgepoii. Toraa pasaenye B nonocts [ ynager Ao armocgepHoro,
a CxaThlH BO3JAYX, NOCTyHawmuit 3 noaoctu B B JE€BYIO NOJMOCT
pabouero nHAMHApa 7, AEpeMecTHT NOPIEHbL 6 €O MTOKOM J BOPABO,
0cBo0OX1as NPH STOM JleTalb H3 32XKHMOB,

KOHTPOJIBHBIE BOTIPOCHI

1. MMepeuncnnre SMeMeHTH, COCTaA/SIIOUIE NHESMATHYECHRH NpHBOA, ANR Hero
OHH MPeAHasHAYSHH?
Hasoente JOCTOHNCTBA H HENOCTATHR HHESM3THMECKOFQ NpPMBOZE.
3. Kaxora koHCTpYRUns 0 paGota miesMouniinapos?
4. Haveprate npocreilnyo cXewy NHEBMATHYSCKOrD OphEOJa M paccKakiTe
0 efo JeilcTBEA.
5. Urto npeacranaser cofoft nuesMorHApapindeckuii npunof?

§ 22. Benruastops

BeHTHAATOPE — 3TC MAalIHHK, MpeIHA3HAYCHHLIE AAS nepemeite-
HHS BO3AYyXa 0Ol JEHCTBHEM Bpaulamiierocs pabodero Kodeca,
3aKMOUEHHOT0 B KOKYyXe. CremeHb NOBRILEHUS NABACHHS BeHTHJSN-
TopoB He Oosee 1,1. [IpH TakoMm DOBRILGHUH NaBACHHS CIRATHE BO3Myxa
HE OKA3bpIBAET CYIECTBCHHOIO BAHSHHS Ha paloumil npouecc, w npu
HCCJIENOBAHUH pabOThl ¥ pacyeTe BEHTHASTODOB BO BHUMAHHE HE
D HHAMAETCH,

B ocHOBY KaacCHQHKAUHH NOJOKEHA ORICTPOXOAHOCTH BEHTHJIS-
TOpa, KoTopas BeIpa)Kaerca 6Ge3pasMepHLIM YHCIOM

i Tl
n,— 4,83 ‘pq—h o”n, (256)
rae V, — npou3BOaNTENBHOCTL BeHTHJsTOpA, MY/C; p — HaBaenue,
Ila; p — naoTHocTh rasa, Kr/m®; n — yactora BpaieHus, OG/MHH.

B 3aBuCHMOCTH OT OBLICTPOXOAHOCTH BEHTHJIATOPHI NOAPAa3feAfoT
#a OpicTpOXOjHBE, cpeaHeli OLICTPOXOAHOCTH, THXOXOMHBIE H BechbMa
THXOXOAHBIE,

Hanbonee GhicTpoxOAHEIME SBASIOTCA OCeBhle BEHTHASTOPHL. Mx
NDHMEHSIOT A5 oA yueHHA GOAbIHX nofay npH MaluX Hanopax. Tun
BEHTHAATOPA BEIGHPAIOT HO CRRUHANBHOMY KaTa/ ory B 3aBHCHMOCTH OT
Ha3HAYCHHH, ‘

BenTH/ISATOPEL Pad/indalof TAKKe N0 Co3ZaBaeMoMy AaBACOIo:
penTHASTOPHE HH3KOTO (Ao 1 kila), cpennero (1—3 kIla) u Bricogoro
(cBaiue 3 klla) paBACHHA. i

[lo kouCTpYyKUNHE Ppabouero KoJieca W poTopa pasAHyaloT BEHTHs-
TOPBE UeHTpoOeKHBE ¥ OCEBHE. :

Al

NeBoza Bpawenur

:
T

H H
Puc. 157, MNonomenne Eopnycon uenTpobemmELx mr-n‘mpm;ﬂ

J — nesoce; 1 — npasoe; B — Bepxmes; H — wumHeE; =
fcpxul:ea NCHoE; HJ:'P— amikHee Jepoe; Bl — BepxHee npasnos;
Hil — unwuse npasoe

B 3a2BucHMOCTH OT HANPABN€HHs BpameHus pabouero Komeca
| senTHAATOPH MOTYT OHITH MPABOTO M JBOr0 BpALICHHS (ECAH CMOTPETh
g2 BeHTHAATOP CO CTOPOHBI NPHBOAA). T1pH 3TOM NOJOKEHAE KOKYXOB
pxcer OTh pasaudsnmM (puc. 157).
= Tlo cnoco0y coeAmEenKs ¢ ABHTATE/IeM BEHTH/ASTOPE HMEIOT pas-
muuupe cxemul menomuesmsn (puc. 158): a — palouee Kojeco Haxo-
| auTcs Ha Baay Asurartens (cxema l); 6 — paboyee KOJIECO COEAHHEHO
L ¢ BANOM ABUTATENs C MOMOmbIO My@TH (Cxembl 4 H §); B — pabouee
| XoJleco CoeMHHEHO C ABHTATe/ieM PeMEeHHOH nepejaveH (cxemut 2, 3, 6
L 31 7). CyuiecTyeT HeCKObKO CepHil i HOMEPOB BEHTHJIATOPOB. Cepuio
| COCTABAAIOT BEHTHAATOPH ORHOTO THNA, HO PasHLIX HOMEPOB.
. B naponnom Xx03siicTBe, U B YACTHOCTH B MAlIHHOCTPOCHHH, HaH-
| fonce UINPOKO NPHMEHAIOT NEHTPOGEXKHBIE H OCEBEE BEHTHARTODBI
ofuiero Ba3HauyeHHd.
A Cxema yCTPOWHCTBA M MPREUKI AEHCTBHUA UeHTPoOeKHLIX H OCEBBIX
" penruasTopos. LlenmpoSescreul eenmuaamop COCTOMT H3 Kopryca 1
(puc. 159, a) ¢ noaBoOAHBIM 2 # OTBOAHLIM 3 matpyGxaMu B pabouero
oneca (puc. 159, 6) ¢ sonaTkamu 5. Kopnyc cnnpanbHOH dopMmL Cay-
JKHT A5 NpeodpasoBaHus YacTH AHHAMHYECKOro MOTOKA rasa, mocTy-
| maloulero ¢ JOMaToOK KoJeca, B SHepruio AaBaenusd. BrixogHOH maTpy-
G0k KOyXa UPHCOSJHHEH K HamOpHOMy TPYOOUpOBOLY GosbLioro

Pac, 158, Cxemu CcOSAMHCWUNA BOHTHAN~
TOPOR € jBHrarTeseM
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ceyeHns nocpeaAcTeoM audpysopa, s
KOTOPOM NPOROJIKaeTcs npeobpaso-
BaHHe JIHHAMHYECKOTO Hamopa B
IHEPTHIO JIaBJIEHHS.

Jlonatkn pabouero koneca us-
FOTOBJSIOT BMECTE “C KOJIeCOM M/
KpensTcs K JAuCKaM 6 Kojeca. Bu-
CoTa JonaTtok HeBosabuas. B saBucy-
c':"i'oéf.ﬂ}nuﬁiy';!’°g°5"§a(iso:§?i’éﬁﬁﬁf MOCTH OT PACnoJIOKEHHA BHIXOOHOH
1 — xopiye (kowyx): 2 — momsonmor KPOMKH pasyiuyaior pabodue Jonart-
narpyGoK; § — oTsogHO#R narpyﬁafx: 4 — KH TpeX THIIOB (]JI{C. 160)

B L TMORE. MRS B BeHTHASITOpAX wualle npuMe-

HAOT KoJieca ¢ JonaTkdMu, 3aruy-
TRIMH BIiepej, 4To NMO3BOJSET CO3/1aBaTh ONpe/le/IeH B Hanop nNpy Hau-
MEHbIIEH OKPYKHOM ckopocT. Ha BeHTuaaTOpax 60ABIION MOMIHOCTH
HauboJsiee IKOHOMHYHO YCTAHABJIWBATH JONaTKH, H3OTHYTHE Hasaj.

Oceevie sermunamoptt (puc. 161) nepemewlalor ras BAOAB OCH.
Kopnye Bentnasropa cocTont 13 oGeyaiiku 8 UHINHAD HYECKOH GOpMEI,
BXO/JHOTO Ko/uierkropa I u pupysopa 6. PaGouee KOJECO COCTOMT H3
BTYJIKH 2 C yKpenJenHnMu Ha Heidl aonatkamu 4. [lepexr paboumm
KOJIECOM H 33 HHM yCTaHaBJInBawT obtexatenn 3 u 5. Pabouee Komeco
uamle BCEro YKPemIsioT HENOCPeACTBENHO Ha Baay JABurarens 7.
B HEKOTOPHIX BEHTHJSITOpAX 32 PaGoYUM KOJECOM YCTAHABIHBAIOT
COpAMASIOMNH annapar, a nepea pabousM KoJMecoM — HanpaBAsIonHe
anmaparsl.

Mapamerpnt u XapaxkrepucTHku Bentnastopa. Jaérenue 6030yxa,
Ila, cosnaBaemoe BEHTHJIATODPOM, ONpPeAEAsioT no GopMyne

P = ponsu’. (257)

31ech p — mIOTHOCTL BO3AyXa, paBuas o = 1,2 xr/m% @ — ko3ddu-
[IHEHT 3aKPyUHBAHUS, 3aBHCHINHUIT OT HOpMEI JIonaTok paloyero koseca
BEHTHJATOpA (njs paGouuX KoJjiec C JIOMaTKaMi, 3arHYTHIMH Brieper,
¢ = 1,1...1,35; n1s paauanbHeIX J0MATOK ¢ = 1, nag Jn0Darok,
sarHyThix Hasan, ¢ = 0,5...0,8); m, — nomnmit KITJ[ Bentuas-
TOpa; u — OKPYKHasi CKOPOCThb, M/C:

A<90° =90° A>90°

a) 7) 6) Wi,
Puc. 160, PaGouwe nonarkm: Puc. 161, Cxema ocesoro senuastopa:

@ — sarpyTee Bnepef; 6 — pagnansuo Has 1 — BuogHON KONMNeKTOp; 2 — BTyaka; & —

npaBllenlble; § — JaTHYTHE Haszapm nmepepuul oGTeKatenb; 4 — jonacTe: 5 —
saanuli obTexatens; 6 — Andidyaop; 7 —

SHERTPOABHTATEN] & — Oﬂe‘ing’;?a
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TOpa, KBT:

re v, — CHAPaBIHYECKHH (as

u = nD.n, (258)

‘rne D, — nuameTp pabouero KoJjeca BEHTHAATOPA, M; n — gacrora
s o
 BPALIEHHS paGouero Kojeca, C .

[ poussodumenbroctne BERTHI AIHOHHOH YCTaHOBKH
V == 5¢,

(259) l/

¥ - 1%
" e S — nuomanb Cevenus BO3AYXOBOAR, M7 ¢ — CKOPOCTH BO3/ly X4,

el V%).

[Tompebasesas MOWHOCMs WM MOUHOCTD HA Bagy BEHTHJIS-

Noudi ke (260) V

10001,

HMoaneii K11 senTHAATOPA
TNy = Ny Nus (261)\/

pomunamuyecknit) K[, y9nTEBaOMIH
B pabouem KoJece W MPOTOYHOH HacTH BEHTHIATOPA;

joTepH Hanopa ) : %
I:W —l-}-Gﬁ'bEleb!I?{ KI1Jl, yuuThBaomuii o6beMHBIE MNOTEPH; Ty

mexanugecku# KILIL. :
H]JH H3MEeHeHHH 4acTOThH Bpal.ﬂ.elil»‘lﬂ BEHTHATOPA H3aMCHAIOTCA

pasBiiBaemMoe AaBJEHUE H [pOX3BOAHTENBHOCTD, & CJICIOBATENLHO, :
MOmHOCTL. IlepecyeT OCHOBHBIX NapaMeTpoB paGoThl EQHTHJIEH;I:IU]])O_
npH H3MEHEHHH YaCTOTH BPAIIEHWs BBINOMHSIOT, KaK H ,I]iTéfé HeHT]
GexNBIX HAcOCOB, Mo (opmysaM NPONOPIHOHANBHOCTH (105).
VKa3aHHbIE 3aBHCHMOCTH CIpaBe/JiuBLl NIPH NOjaue BEHTHASTOPOM
ONHY M Ty e CeTh, :
Bos?é?w?megugmumf genmuaimopa mpefcrasasior coboil rpadmve-
CKHe 3aBUCHMOCTH MEXKY ero napameTpami: HaBIeHHEM, Momﬂocgbio.
KII[l # npon3BOANTENbHOCTBIO TPH MOCTOAHHOH dYacToTe BpAlil }E’,'ff
paGouero koseca. HanGoubliee 3Hau€Hue A5 ﬂpaKT}‘lKH'HMQE:I_Ba(V)
CHMOCTH ME)(iy AABICHHEM M NPOH3BOAHTEILHOCTDIO: P = sfann-
(puc. 162). IITpuXoBLIMH JIHHHAMH MOKa3aHLL TEOPETB'-IECKE B
CHMOCTH pAa3BHBAEMOrO AaBNEHUA Py OT npDHE!BOJIHTEJIhHOCT:; St
astopa. [lapameTpsl BERTHJISTOPA NP HHUMAIOT OLI;]TH Maﬂbflﬁtzl?’(;
NpH OnpeeNenHoll ero npOH3BOAHTENLHOCTH M(Fpuc. A
W17

va 0

7) o

MOCTH

Prc, 162, PaGouse XapaKTcpPHCTHKH BEATRAAATOPA: ru.a‘pc;n ’I‘sa. 3:1:}!!:1! o*”

a—Pp >090% 6~p=90%¢—p <90° g ‘o'Tpn m,:“e aBOLH-
TeapHOCTH

= ey




Peryanposanue npoussoamtensuocty BEHTHASATOpPA B OCHOBHOM
AHAJIOTHUHO DPEryaHpOBAHHIO 1EHTPOOGEKHKIX HacocoB. OAHAKO Aas
PETYMHPOBAHHS BEHTHAATOPOB yacTO NPHMEHSIOT CHemHaAbHbE Ha-
Npas/fIoMmMue annaparsl, YCTAHABIHBAEMBIC NEPed PaboYHM KOMECoM.
OPPEeKTHBHOCT METOAZ peryanposanus CVIIECTBEHHO 3aBHCHT oOT
THTIA BEHTUAATOPA M pexuMa €ro paboThl.

[on06HO Hacocam BEHTHASTOPH MOTYT GHTB BKAIOYEHH B cHCTEMY
3pa/IIeNBHO H  NOCTIEAOBATEABHO: MapaNJieIbHO — KOTAA HYIKHO
MOBBICHTD IPOH3BOAHTENBHOCTD, 8 MOCJAENOBATENbHO — KOrl4 Heo6Xo-
AHMO YBEIHIHTDL Pa3BHBAEMOE /laBACHHE BEHTHASUHOHHON YCTAHOBKH,

[Tondupaior BEHTUAATOPH € yueToM obJaacTeli HX NpHMEHeHHUs no
CoeunanbHeM TabaunaM W rpadukam HAH Tabanuam H XapaKkTepucTy-

Kam. Ilpn nopGope BeHTHIATOPOB HeOOGXOANMO, 4T0OH KI1J[ Oba me
aixe 0,9 HOMHHANBHOTO 3HAYeHUs.

KOHTPCGHBHBIE BOMPOCH!

l. Yro npencranaser cobofl sentuantop?

2. Ilna kakux nedeil B Hapoisom xossiicTae UPUMERAIOTCA BEHTHIATODLI?

3. Kax ycrpoess u paGoraior HeHTPOOEKHE H OCeBON BEHTHARTOPE?

4. ?Kaxcfi napaMeTp NpPHHAT AN OUCHKH ONTHMANLHOTO PEXAMA PaGoTh BeHTH-
JATOpA?

5. Karne crocoSu peryanposanus

NPOH3BOANTENLHOCTH BeHTHAATOPOR Bu
8Haere?

Tnasa 8

TENJIOBbIE ABHUTATEJIU
M XOJIOAUJILHBIE YCTAHOBKH

§ 23. Mopmuesnie ABATATENH BHYTPEHHEr0 CropaHnd

flpunusn AeiiCTBHS NOPUIHEBOTO JBRraTess Bﬂy;ﬁ?ﬁ;z ;;;_
" panus. Ha puc. 164 npuaegleuaﬁcxea;iyniggzziolr{;immﬁ gl
TP auug. lLlAauHAP O CBE : X .
;ﬂeeﬁﬁ‘"?oﬁg‘?mﬁ. B Eonon;(e HMEIOTCS 1113; c?;?gpoc:;:;,c;: giﬁ?;?jﬁ
7 M BHITYCKHBIM 4 KaalasamH, e a-
‘«jﬁﬁﬁﬁ%&ﬂm 3Y{B am3ene) nJaH coedn aamuranuaﬂ g Kapn%:ggya;ggr
"poM aBuraTesne). Uepes BIYCKHOE OTBEPCTHE B IH lﬁo{f&pnsura-rene}
'latm].yx(a An3ese) WAK ropioyas cMech (B kapBiopaTop LBu i un:
- CxiHOe — BHXOAAT oTpaGoTaBime raskl. BayTpu U
B saone: aeTest NOpIeHb 7, COSANHEHHBI MOPIIHEBLIM NAALIUEM
3 mnmp?f pﬂaosp:i?uﬂla"ryﬂ HHIKHHM KOHIIOM {rmzoaxoi}i) mapHHPHO co_ez'llu-
ﬁ:ﬂmg EJE.T)FHHOFL wefikoll KOJI€HYaToro BaJa !ZA, lfc‘rr;)p‘rb;s:u ﬁg,:;::
KOpeHIEIMH IEfKaMu B KOpEHHbIX nOMIIHIHAKAX Ka?u@iqa’roré e
cBoGOHO B HuX BpamlaTeca. Ha mepenseM KOHUE KOJCE ATae B
tepus /4, HaxXOAsmARCH B MOCTORHHOM Sall i
saxpenneﬂaumjeic acnpeesIHTeIbHoT) Bajaa 16, PacnpepenuTeabHbiid
. wecgagfliggﬂgyg KynauKaMyd Ha TOJNKATeIn 17, wa wranta I8 #
-:i;bm,{cha 2 B onpejeaenHoe BpeMsa OTKPEIBAET Bngﬁm;ain:nﬁgil
\:‘l'lyCHHblB knanansl, Ha samHeM KOHIE KOJEHTATOrO e blmxl;ﬁ '
maxosuk 0. Kaprep Il ppurareliss CHH3Yy SaKPHIT KP

L MOH TOAIOHOM,
Msgggi}mﬂ rOJIOBKA aTyHa ABHIKETCH BMECTE C MOPUIHEM UHAHHIpaE,

: I Bo2JeficCTBYSt Ha IIATYHHVIO [I€iKy, 3aCTaBJ/feT
'EJ?S:?ETJEJ;%TTKEE)BOpaI'LJrlBaTb);ﬂ BOKPYT OCH B KODCHHBIX :gf]él]?n;i:
2 ' { LATYHAAs WefiKka NOBOpAYHBACTCH H OTHCHE pY>
| e aTmom JapHEM AapHe KpaBommna. Koraa ocd BepXHEW H
nocmegai}gggm; IIJJ_IETYHa i OCh KOWNEHHATOro BAJA JewaT B OAHOH
--f.ﬂ:}ff{élm, nopieHb B [HAHAAPE HAXORHTCS B Kpal-IHEE.I\f; :rec?}:atéf)n‘i]:de.r:g
b sinen noaoxennn (puc. 165). Tipu Buixoie us kpail spe
: LKIEro ROJMOXKEHHs NOPLIEHs MEHRET HanpabJienue B
" m”f;HHe [OJIOXKeHHST NOPMIHA B HUIHHAPE, B KOTOPHIX MEHACTCS
HanK'I;]:J[IEHHe [BUKeHHd, HA3BIBAIOTCs MEPTBEIMH TOYKAMH K(n;.ﬁ;gé
B o epxHee — BepxHell MEPTBOfi TOuKO#H (B. M. T.), 2 KD?
| s anHei’i MepTBOA TOUKOM (B. M. T.). Paccrosiie, KOTOPO&
B npo XOAHT B UHJAHADE OT OAuOH MepTBOft TOYKU IO APYTOH,

"omeHb S (opiiiig, XOA HOPuiHg 3aBUCHT OT AJIHHBEL KPHEBO-

HasbBaeTCs XOAOM NOP i i

™




Puc, 164, Cxema OAHOUHANKAPOROTO NOPINHEBor,
ABHTATeNn BHYTDEHHETD CropaHMs:

!/ — ronoBRa uuausgpa; 2 — KOpOMEICTa; 3 —
dopeynka; 4 — BHOYCKHOR Kaanan: § — BIYCR-
HOH Kmanad; 6 — OHAMHAP; 7 — NOPHEHB: & —
nopmHEBoOR naneun; § — maryn; JO — MAXOBHK;
11 — waprep; [2 — RojengaTeifi Ba;: 13 —
NOAROH Kaprepa; /4 — mecTepHs KOAeHYATOro
nana; /I§ — mecTepus pacnpejcaNTeNbHOTO Bazna:
16 — pacnpeXejinTentAnf Ban; 17 — ToaKarens.
I8 — mTanra

[IMNa H YHCJAEHHO paBeH ABOHHOM
ero aaure. Kamxjomy xofly nopmus
COOTBETCTBYET NOBOPOT KOJIEHYATOro
Ba/la Ha non-o0opora, T. e. Ha 180°.
[Mosmnsi oBopor koseruyaToro Basa
BOKDYIF OCH paBeH ABYM XOmam
nopuwHg. [lepememenne mnopmus
U3 OIHOE MEPTBOM TOUKH B APYryio
HA3EIBAGTCA TAKTOM. B CBH3H ¢ 3THM
ABHTATeNH MOrYT ORITh YeTHIpEX- M
IBYXTAKTHRIMH.

Hauvenbuufi o6bem LUHIHHAAPA,
KOrJia opnieHb HAXOAUTCH BB, M. T.,
HasbIBaeTCsi 0OBEMOM KamepH Cixa-
Tha. Ilpy NBIGKEHHH NOPmHA OT B. M. T. J0 H. M. T. OPOCTPAHCTEO
COOTBCTCTBEHHO YBEIHYHBACTCH M CTAHOBHTCst HauOOMBIINM TOTia,
KOrjla mopiieHs HaXOJHTCH B H. M. T.

Haubombumit  ofpem UHAHHpa HasLBAIOT MNOJHLIM O6DBEMOM.
ITpocTpancTso B nuaunape, 0cBOGOKIAEMOE TOPIITHEM NPpH ABHKEHHH
€ro oT B. M. T. 0 H. M. T., Ha3bBAIOT paboYyuM 06BEMOM HHIHHApA.
Pabounii o6beM UMJHHIPA NOACYHTHIBAIOT KAK NPOU3BENEHAE [0~

HiaAn, OrpaHHYHBaeMON BHYTPEHHEH OKPYIKHOCTBIO UHAHHADPA, HA X0/
MOPLIHSA:

Vi = -%— D?h, (262)

rae D — nnameTp umamnapa, M; A — Xox NOPIUHSA, M.

QUBEM

Puc. 1656, Ocuosnbie MOAOKCHUA NOPLUHN B UHAMHADe
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apficpaTopHoro ABHTa-
166, MNpuuounaaasyas cxema paGoTsl WeTEIPEXTAKTHOrO gapiicpavop

.'-'nnycx; 6 — caaTHe; 8 — pACUIHpeHne; 2 — BHIIYCK

Cymmy pabounX oBeMOB BCEX HHIHHAPOR JIBHraTeNisi ONpefensior

Lo dopmyae
no ¢op 20 ':,L D, (263)

1 1 11 Birartenad.
- e { — YHCA0 BHAUHAPOB I
B Oreomenne noaHoro ofseMa IHJAMHIpa K 06LeMy KaMephl CIKaTHA

. '.-RaﬂlﬂBaEﬂT CcTeneHblo CHaTHH!
Va = Vi chc’ (264)

V{! H v e

o —

¢ THA. _
e Vex — 0B6BeM KaMephl CxKa
5 H;)C:Huun paGoThl 4eTHIPEXTAKTHBIX W JABYXTAKTHLIX m’.:}pmnenw;
" mBurateseil BHYTPEHHEr0 CropaHMsi. B “emolpeXmaKmuom 08uzamen
E. % X TAKTOB.
oUHil HWKJ COCTOMT M3 YETHIpE
paﬁn e pL]; Wi TaKT— BOycK (BcaceBanue). [Topmens ABHKETCA
or B. M. T. (puc. 166, a). B unaunape Hax NOPIIHEM naaneuBHe :;azg:
" BuTCH HMKe aTMOoCc(epHOro, T. €. CO3MaeTcs paspemi:g:\(:. K.m?nazov
- TBEPC BIBAEMOE BMNYCKHBI M,
. Tate 5TOTO ue€pe3 OTBepcTHe, OTKP K
; ;aun.ummp nogTynaeT ropioyas CMech HJH 9HCTHIT BO3LyX. Koraa
| HopmweHb JOCTHTAET H. M. T., BOYCKHOH KJamaH 3aKphIBaeTcs.
: pB TOPpOH TakKT— CKaThe, [Topueb JABHMKETCA OT H. M. T.
"k B. M. 1. O6a knanana (BNyCKHOH H BHITYCKHOH) 3aKPHITH
i '(pnc.. 166, 6). OGbeM URIHAADPA HAJ MOPIIHEM yMEHbIIACTCH, c.nBeﬂeoaI?{;
" TenbHO yMenblaercs ooneM paboueit CMeCH UaH BO3AYXa, & gaﬁ JIMH .
, ¥
; MOMEHTY MPHXOAA NMOPIIHS B B. M. T.
W Temneparypa BoapacraioT. K H 0
paﬁouaspcmegh NOJKATaeTCst SJAEKTPHYECKOH uekpoi. Ecan Bc:;{a::nc;
j"tlvz:unae]:nrzw,Tcn upCTEI BO3AYX, TO K MOMEHTY NPHXOAA MOPIIHA nB-aeTE :
8 LWINHAD MONAeTCH TOMANHBO, KOTOPOE TIATEIbHO MEpeMeil i -
c 3oéﬂ.yxcm # Bocniiamensiercs Gnarogaps BBEICOKOH TeMmnepaTyp i
" toro po3ayxa. B pesy/ibTaTe Cropanus TOIHBA TeMneparypa H AaB
_ ume B LUMJMHADE BO3PACTAaT eme Goubile. e
| Tperni TakT— paCHMpeNHe mpOXykro cropanud. TIop-
'. [eHp ABHMKETCA OT B. M. T. A0 H. M. T. (%nc. ;BBS'; :3:).6035; [)l:_;lmr:mﬁ:l
3 KThI CrOpaHKs, pacluupasce, X
| BaKpHITHL Ipony P 4




Pue. 167. Npunuwnmanssan cxesa paboTs ABYXTAKTHOIC AH3IEABLHOTD EBRMIATEAR:

A — APOAYREKa; § — CIKETHE; & — BOCTLIAMEHENWe] 2 @ 4
GAY } € — pacwupense; | — BETYCKYH
Knanan; 2 — OpoAyBoduble OKHAa; I — HArHeTaTedb 4 p ' i

Ha NOPHIEHb, KOTOPHIH NPHBOANT B ABHIKEHNE KOJNEHYATHIA BaJ JABHra-
Tens;. IlosToMy TpeTw#i TakT NPHUHATO HA3WBaTL pabouum xodom.
Ilo mepe npuGnHKEHHS NOPWHA K H. M. T. 066eM APOLYKTOR CTOPaHHS
YBEMHYHBACTCS, a4 TEMNEepaTypa M AaBACHHE [OHHKAIOTCS.

HerpepToifi TakT—BHOYCK NPOAYKTOB CTOPAHHS.
B RoOHHE TpeTbero TaKTa, nepexy HPHXONOM NOPIWHA B H. M. T.
(puc. 166, 2), Bumyckuo@i kranam orkpmsaercs. [lodocts muamEIpa
Haj popuHeM coofmaercs ¢ aTvocgepoi, Tax kaxk FaBACHEE B my-
JUHAPE BRIme aTMOC()EDHOr0, OCHOBHAs MacCa NMPOAYKTOB CrOpaHHs:d
{(orpaGoTaBinX rasoB) uepes OTKPHITHI BLINYCKHOH KJanad BEIXOAUT
B atmocgepy. [Ipu ABH:keHHH nopuwisia OT H. M. T. K B. M. T. OCTaB-
IiHeCA MNPOAYKTH CrOpaHNA BHITANKHBAIOTCS NOPIIHEM W3 HUAHHADPA
B armocepy.

[lpu moaxoge k B. M. T. OTEpHBAETCH BUyckHOl KianaW, # npu
CACAYIOUEM ABHXKEHHH MOPIHA OT B. M. T. A0 H. M. T. ONATH Ha4n-
HaeTcd BOycK. LlgKn moBTOpmeTCH CHOBA W CHOBa B TeYEeHHE BCero
Bpemerd paGoTel ABUTATENS.

Takum 06pas3om, B YETHIPEXTAKTHOM ABMIATENE 33 uETHpPE Xoja
nopuEA, T.e. 3a ABa 000POTA KOMEHWATOTO Bana, COBEpAercs
TOABKO OAuH paGounis xoi. B Odsykmaxmuom Oeuzamese paGounii
LHKJI COCTOMT H3 ABYX TAKTOB,T. €. COBEPLIAETCH 33 ABa XOAa NOPUIHA
HAY 32 OXuH 000POT KOJCHYATOTO BaJja.

Paccmorpum pabounil WuKA ABYXTAKTHOrO AM3EILHOIO ABHTATENA.
JlonycTuM, 4T0 NOPIEHh HAXOAHTCH B NOJOKEHHH, NOKA3IHHOM HA
puc. 167, a. TIpn 3TOM NOAHOCTHIO OTKPHTH NPOAYBOYHHE OKHA 2
M BHINyCKube Kaanansl /. [IpoucxoiuT npoayBka HAMHHEAPA B 3anoJi-
EeHHE €0 CBEXHM 3apsiioM BO3JyXxa, MoAaBaeMilM HarCHeTaresem J.

[Tepssrfi Taxr. [lopess ABIKETCH OT H. M. T. K B. M. T.,
TNPOAO/IKALTCS MPOLECC NPOAYBKH M 3aNONHEHNHE MHAMHADA CBEXKHM
sapsijlomM Bo3iyXa. Kak TONbKO RMOpmeHs cBoRHl Bepxweli KPOMKOIi
nepexpoeT MpofyBouHLie OKHAa (pHc. 167, 6), nocTynaenue Bosayxa
B uwuuHAp npexkpamaercs. Ilpu jocTmiemus mopmsem B. M. T.
(puc. 167, 6) B 30HY CHKATOTO BOSAYXA NOX GOLIUHM AABACHEEM BP5I-
CKHB2eTCsl TON/IHBO, KOTOPOE TINATENBHO NCPLMEIIHBARTCH € BOSAYXOM,
BOCOAAMEH#EeTCH H HAYHH3ET TopeTh. :
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Bropoit Taxk T [Ton AasaenieM pacuipsioOUHXCs NPOLYKTOB
opausi NOPIUIEHb ABHIKETCS OT B. M. T. K H. M. T. (puc. 167, 2). I1pn
JXOJle TOPIIHA K NPOAYBOYHEM OKHAM JaBJICHHE B LHIHHAPE CHH-
ercsi. B 3TOT MOMEHT OTKPHLIBAIOTCH BEUIYCKHBIC KJIaNaHl, H Hpo-
UIYKTH CropaHHsi BHIXOAST Hapyxy. JlaBnemue B LHAHRADE pe3KO
1aer. Kak ToabKo OHO cTaHeT Ou3KHM K aTMOCHEpPHOMY, OTKPBI-
JOTCst IPOAYBOYNbIE OKHA, H HaYHHAETCs MPOAYBKA IUIHEAPA BOSY-
* xom. TTopimeHb NOAXOANT K H. M. T. (€M. puC. 167, a), B uuKJI NOBTO-
pAETCA BHOBb.

_ Kpome pacCMOTPEHHOTO B ABYXTAKTHOM AH3EJILHOM ABHTaTENe

NPHMEHS 0TCS nonepeuno-menesoit  (puc. 168, a) u nerTieson
suc. 168, 6), a B KapOOParTopHOM — KpiBOUIHNHO-KAaMEPHAIH
sc. 168, ¢) cnocoOsl NpPOAYBKH HHJIHHIDOB. [Ipn 3THX cnocobax
MPOAYBKM BHIIYCKHBIE KJANanbl OTCYTCTEYIOT. Bumyck  orpabo-
" gaBmMX TNPOAYKTOB CTOpamHA OCYH[ECTBAACTCA 4Uepe3 BHYCKIILIE
OKHA. A

Taxsm 00pasom, B ABYXTaKTHOM IBHTaTe/e BIyCK FOPIOUCH CMECH
pau BO3AYXa H BHINYCK NPOAYKTOB CrOpaHis HE sBJAIOTCA Camo-
crostenbueMy TakTayu. OHH OCYUIECTBJSIOTCS B TO BpeMs, KOrid
S NPOUCXOAAT OCHOBHKIE TAKThl CHKATHS W PAaCUIHPEHHS, MOTOMY BECh
| pabounii KA ABYXTAKTHOTO JBHraTe/d COBEPIIACTCA 32 ORUH oGopot
'-lmnenqa'roro BaJa.

MOmHOCT: JABYXTAKTHOTO MOPIIHEBOrO JABHIATE/is BHYTPEHHETO
cropafnHs 3HaYHTEJBHO Oonbme, 9eM qe’rmpexramﬂm‘o npH ogHHa KO-
' BuIX pa3mepax HHJIHHAPOB, XOA€ OOPIHS H HaCTOTE BpalleHHs KOJICH-
" sartoro paaa. ONHAKO OXHAAEMOE YBEJHYEHHE MOIHOCTH B 2 pasa Ha
| [paKTHKE PeaH3yeTes YBeHueHHEM MOMHOCTH TOIbKO Ha 60—75%.
L Do oOBACHASTICH CASLYIOHIHMH oBCTORATENLCTBAMH: B JBYXTaKTHOM
. JBurartese He HCOOAB3YeTCs Bech pabodnit X0 JVIA COBEPIICHNS NONE-
Hoit paGoTsl, T. €. Ta YacTh, KOTOPAA HaYHHAETCS OT MECT2 PACHOJOME:
B BEUTYCKHBIX H NPORYBOYHHIX OKOH H HHKE ee; BCJIEICTBHE 3arpis-
peins cpexero sapsAa oTpaboTaBmMMH rasaMp NpeLIYiero naK1a
-.y'KleﬂJaK}’ICH yeaosd Cropabds TOMWInBa; OpUXOAHTCH 3aTpavdHBaTb
| Nactb MOUIHOCTH ABMIATENs Ha NMPHBOX NPOAYBOUHOFO Hacoca (Harue-

| TaTens). _

Teoperwyeckue URKAL NOpmi-
HEeBHX REHraTenedl BHYTPEHHErO
" cropania. CoBepmieHCTBO NHKNA
| mopmHEBHIX ABHraTesell BHYT-
\ peHHero Cropaiusg - OIEHHBAIOT
" DyTem COMOCTAaBACHHS C APYTHMH
| mukaavu, Haubonee GAMSKUME O
apaxTepy TOABOAZ M OTBOja
" TepaioTHl K J@RCTBHTENbHLIM JABH-
" rateasm: ¢ wsoxopumm (V = .
b = const), usoBapurinv (p = cONSE)  Puc. 168, Cxewur nponysox asyxraKTEME
T co cyemanusy (V= const # ASREaT Sl

= ; & — monepsuno-niencnas; ¢ — DETABRANA; 6 —
= const) nogsoaavn TEMAOTHL.  KpuBouRmHO~KamepHas
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Pl ri p=canst

dg=0
4 V=const

4 V=const gz

[ ¥
a vV .4 ¥ =0
a) d) )

Puc. 169, TeoperndecKye LHKIB NOPUIHEBBIX ABHTATCACH GHYTPCHHETO CTOPANMS  C© HOX-
BOAGM TCNAOTI!

@ — H3OXOPIHIM; 6 — HSQGBPBHM: 8 — CMellaRHbIM

=y

OtBoj TenyioThl /st BCEX HHK/AOB — H30XOpHHI. PabouyuM Tesom B
IBHTATENAX #ABJASETCH a3, o6pasyIomuica npH CKUTAHHH KHIKOTO
HAH Ta3000pa3sHoro TOMJIUBA B CMeCH C BO3AYXOM.

Hccnenosanne TEOpeTHUECKHX MHK/IOB JABHraTesell BHYTPEHHEro
CTOpaHMs! TIPOBOAAT MHPH CJAESAYIOMUX AOMNYHIEHHSX! BCe IPOUECCHI,
npotexKainue B JABHTATeAsiX BHYTPEHHEro Cropamnus, OOGpaTHMEL,
IHK/ TIPOTEKaeT C INOCTOSHHBIM KOJHYECTBOM ONHOTO H TOTO K€
pafouero Tena; XHMHYECKHH cocras paboyero Teja OCTaeTcst MOCTOSIH-
HLIM B TEUEHHE BCEro IMKJ4, TAK KaK Npeinosaraercs, 4o TOIIHBO He
cropaer B IMINHADE, a TEINIOTa MOABOAMTCA K paloueMmy TNy H3BHe
H yacTh €€ MepefaeTcss NOIVIOTHTENIO TENAOTH (XOJOAHIBHHKY);
npoueccst ¢xkaTusi pabouero Teya W €ro paciMpeHus anuabaTHbi;
TenoeMKocTh pabouyero Tesia He 3aBHCHT OT TeMnepaTyphl.

Luka ¢ usoxoprem nodeodom menaomot (yuxka Ommo). Ha
puc. 169, a nokasaH TEOPeTHUECKHH MMK/I XBHraTe/]si BHYTPEHHEro
CrOpaHusl C H30XOPHBIM NOABOAOM TemaoTel. Touxa I COOTBETCTBYET
coctosuuio 1 xr pabodero rena mepej CKaTHeM C napamerpami pi,
vy, T1. Pabouee Teno aguadarro (KpuBas 1 —2) CXHMaeTCs, U B ToYke 2
ero napamerpH Py, Uy, Ty. 3atem K pabouemy Teny H30XOpHO (KpuBas
2—38) nopBOAMTCS TEMJIOTA ¢y, B PE3Y/AbTATE YEro €ro 1aBJeHHe pe3ko
NOBLILIAETCH A0 p5, Temmeparypa — o Ty, a 06beM OCTaeTcs paBHBIM
v,. B Touke 8 nopsox Tena0TH npexpauaercs. PaGouee Teso aguabaTHO
pacmupsiercsi (kpusas 3—4) jo mapamerpos p,, Ty, v,. Haxomen,
H30xopHo (KpuBasi 4—I) OTBOLMTCS TEMAOTA ¢p, HE NpEBpAlIEHHAA
B pabory. Takum oGpasoM, TeopeTHdecKu#i HuKA OTTO COCTOHT H3
aByx anmabatr: /—2 u 3—4, u mByx usoxop: 2—3 u 4—I.

Onpenenay Tepmudecknit KIIJ| nukaa ABHrartens BHYTpEHHero
CropaHus.

Hcxonst u3 ofulero ompeferesus v. = l/g = (g — q2)/gy =
= | — qy/q,. Tak KaK /s paccMaTPHBAeMOro HLHKJa

gy =06y (Ts— Ta}; Ga=co(Ts —T1), (265)
TO
Ty—T
T fp=1—2F =78 (266)
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1
o [
N=1— ———L—’%ﬁ—-—) (267)
Py ( - 1)
Ilns annabaTHbix npoueccoB I —2 u 3—4 npu /¢, = R MOXHO
| sammcarh

T =Ty (268)
Tk =T (269)
Pasjenns noyneHHo STH ypasHerus, moayyum TyT, = Ty/T,.
Torna OKOHYATENLHO: o
Th=1— 'T—l' 2 (270)
2

M3 H3/10/KeHHOrO CJAELyer, 4T0 TepMHYECKHHA KIIO v, tem
Gosplue, 4eM BhIE TEMMeparTypa B Hayase ajuabaTHOro pacliupeHus
(K KOHIy MOABOAA TeMJOTH) M ueM HUKE Haua/jbHAs TEMHeparypa
paGouero Tesa mepel afnaGaTHBIM CiKaTHEM.

Ha ocuopanuu ypaBuenus To/T; = (vy/05)*"' MOxHO 3ammcath

vy \ A1 .
m=1—(52)" . @71)
Uy

OTHOLIeHAEe U;/Uy = e HashiBalOT creneHbio cxatusi. [locrasuB
5T0 OTHOLIEHHe B ypaBheHue (271), mosayuum
' 2 ©272)

ak——l

‘]1'=1'_

Caegosatenbro, Tepmuueckuit KIT wukaa ¢ 130X0pHelvM DOABOLOM
TeNIOTH YBEJIHYHBAETCH € POCTOM CTENEHH CXKaTHi W MOKasares
anuabathl .

Huka ¢ usobapuwim nodsodos menaomer (yuxa Juseas). Ha
prc. 169, 6 n3oOpakeH TEOPETHUECKHI LUK/ Jlusens, COCTOSIUA H3
neyx aguadar: 1—2 u 3—4, uso6apet 2—3 H H30OXOPhHI 4—1]. B rouxke |
napameTpsi 1 Kr paGouero tena p,, vy, Ty. B pesyaprate annaGatsoro
CKaTHsi JaBJEHHE MOBBICHIOCH A0 py, 4 Temmeparypa mo Tj, obbem
yMEHbLIHJCS A0 U,. Tlocie nsobapHOro MOABOAA TEMVIOTH g TEMIIE-
patypa paGouero Teaa noBbicHIaCh 10 Ty, 00BEM YBEMHHHICH JIO U,
JaBJEHHE 0CTA/IOCh PABHLIM py. B KOHIe agnabaTHOrO pacIIHpertid
3—4 napaenue crano pg, remneparypa Ty, a oObem vy, Ilocae H30X0p-
HOrO OTBOJA TeMJIOTH g, Temneparypa ynana fo T,, AaBjieHHE NOHH-
3HJOCH [0 Py, & O0LEM OCTajcs vy.

C yuerom, 910 ¢y =G (T —Ty) u g, =6, (Ty — Ty), TepMi-
yeckuii KITJ ungaa

0= 1 G _ 1 (Ts—T,) (273)

i = e (Ts—Ty)"
Ws ypasnennsa aauabars [—2 TolTy = (v/v,)*! = g1, OTKyZAa
TQ —_ Tlﬁk_-l.
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M3 ypasnenus usobapsl 2—3 Ty/Ty = vsfv, = p, Ti€ OTHOWIEHNE
0,/U, = p Ha3LIBAIOT CTENEHbIO NpeBAPHTENLHOTO PacliipeHHs.

[Tocae npeo6pasoBanHA NONYYHM

Ta=Tp—= pTlek"'.
I’i‘is ypaaneu{m an?aﬁa'?h! pacimupenun T /Ty = (vg/v)* 1.
aK Kak vyfv; = (vs0,)/(ug0,) = ple, T0 T = /e)k-l =

= pTI (Bk']pk_I}fE-k"" i T|p"‘? 1 3 (P )

[Tonctaeass noayuennsie sHagenus s Gopmyay (273) u yunTeiBas,

(274

ato &/c, = 1/k, nonyunm
Taor—.T [
] 1P 1 T o 1 pt—1
v blpT" 1 —TFp' Y l 1 k(p—1 "~ (275)

Kak Bupno, Tepmuueckuii KITJl unkna psurarens BHYTPEHHETo
cropanus ¢ #300apHBIM MOABOIOM TEMJIOTH BO3pacTaeT C YBEJIHYEHHEM
CTENeHH C3KATHA € H YMEHbIIeHHEeM CTenend NPeaBapuTeIbHOro pacii-

R
peHus p (Tax KakK npu k> 1np>1 —k-p—(_—'"h—;]> l).

Tepmuweckuit KITJL murna JIusens mimmae'rcs; OT TEPMHUECKOTO
KITI uukna Orro noCTOSHHBIM MHOKHTENEM %*-_1{_}> 1. Tlo
ITOMY 1|, MUKJI2 ¢ W300apHBIM HOABOAOM TENJIOTH 6%11::111& Ny MHKIA
C HM30XOPHBIM MOABOAOM TEMJIOTHI, €C/AH CTEHeHb CXRATHA IEPBOTO
sHauuTeNbHo Oogbme BToporo. Ho npn ONHHAKOBHIX 3HAYGHHAX e
ApeuMYyIeCTRO Ha cropone nukaa Orro.

C:‘-temaﬂumi ks, CrpemaeHne NOBEHICHTh 3KOHOMHYHOCTh JABHTE-
TeNell BHYTPeHHero cropaHus W npuGansuth Tepmuuecknid KITJI
uwkna [Jlusens K sHaueHHio 1, Aas uukaa OTTo npH OAHHAROBOII
CTeMenH CKATHA MPHBEJO K CO3JaHWio ABHraTens, paboramomiero no
cMelranHoMy wHKay (puc. 169, g). DT0T HMKI COCTOHT H3 aiMaGathl
carus 1 —2, usoxopsl 2—3 u nzobapet 3—4, N0 KOTOPEIM HOABOAHTC A
TenJoTa K paGouemy Teny, afuabaTsi paciunpeHHs 4—35 U H30XOpb!
5—1, no KOTOpO# TEMmJIOTA OTBOAHTCS OT pabouero TeJa.

Tepmuuecxuii KIIJI Taxoro nuk/ia

E R ?'.p""—l 3 |
w=l—rgme—n 1

(276)

rae A = ps/p, — CcTeneHb yBENHYEHHR [AaBJAEHHA MPH H30XOPHOM
MOABOJIEe TENIOTH,

Tepuuueckufi KI1/] cmemannoro HHKAA PacTeT C YBEAHYEHHEM CTe-
MeHH CKATHS H YMEHLIIEHEM CTENIeHH PEABAPHTEAbHOTO0 PACUIUPEHUS .

JieiicTBUTeNbEble LHKALI ABHraTeaeid. [leficTBHTe/IbHbIE (paboune)
IIHKJI6! TOPIHEBHIX ABUTaTe/NeH BHYTPEHHEr0 Cropanns OT/HYAIoTes oT
TEOpEeTHYECKHX H3-3a HEBO3MOXKHOCTH COGJIONEenus YCJAOBHH, ApH-
HEMaeMBIX NPH paccMoTpeHnn rocaegnux. Hanpumep, mponecch
B AeACTBHTENHLHOM HHKIE Heo0paTHMbl i PA3OMKHYTH, TAK KaK XUMH-
yeckiil cocras pafouero Tena (ropiouedl cmecH) H3MEHAETCH TOJbKO
B OFIHOM HanpaBJeHHH, B pe3ay/bTaTe 4ero oOpPA3yiOTCs NPOAYKTLI
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ropanis, KOTOphIE HE MOTyT nepefitn 0OpaTHO B TOPIOYYIO CMECK,
poce paciiipenns BuOpachiBaloTcs U3 uRARHApPa B aTtMocdepy.
JleficTBNTENLHBIA HKJA COCTOHT H3 pealbHEIX (neficTBUTENLHBIX)
EDOeCCOB, MPOTEKADIMEX B WHIHHAPE ABUTATENS NPH nepeseHnof
JIOEMKOCTH BO3AYXa H MPOAYKTOB CTOpAHH. BenejgeTaie cropanus
‘TonNMBa XHMHYECKHIH COCTaB, da CAeA0BAaTEILHO, H (H3ngecKue cROfi-
a paGouero resia, CyHECTBEHHO namensiorcs. KomuuecTso pabouero
A HE 0CTAETCS MOCTOSHHEIM Ha MPOTSKEHHN BCEro npouecca CxKaThs
'§ pacuIHpeHHsi, TaK Kak OTKPHITIE H 3aKpPHLITHE BOYCKHOTO H BHIMYCK-
‘joro K/amaHoB, KaK MPABHJIO, HE COBNAalaior ¢ HAXOQWKJIEeHHEeM MOpPIIH
s 8.M.T. 4 #.M.T. Kpome TOro, B UHAUHAPE JABHTATE/A [(IPOHCXOANT
HHTeHCHBHEL TENI0006MEH MEXIY pabounM TeJIOM, CTeHKaMH HATHHADA
QOPIIHA W HMEIOTCS BCeBOIMOXHBIE rHAPaBJHYECKHE MOTEPH.
*  Ha puc. 170 B woopauHaTax p, V npuseneHbl WHAHKATOPHBIE
| quarpaMmbl AefiCTBHTEbHBIX HHKAOB neurareneii, padorajouiux ¢ H30-
& XopHbiM, n300apibiM, a TAKKE CMEIIAHHBIM  NOABOAaAMU  TenJ0ThH
S (cropatns TONAHEA).

B nyc K coBepuiaercs fpH OTKPLITOM BMYCKHOM KJanaHe W ABH-
& kemiy MOpIIHSA OT B. M. T. K H. M. T. BeneacTsHe yBennyenns obnema
B8 unannape cosjaercs paspexenue, H B MHJAHHAD HO BAYCKHOMY
= TpyOonpoBOAY uepes OTKPBITHIA BOYCKHOf KJanaH MocTynaer ropio-
& gaa cmech (B ABHraTese ¢ NPHHYAHTENbHLIM 3aMUTAHNEM) HAW BO3MYX
~ (B ABuratenec caMoBOCIIaMeHeHHeM TOMVIHEE). B cBs3H C CONPOTHBIE-
‘gHeM, BO3HMKAIOUHM OT TPEHHSA ropiouei cmMecH (Bo3MyXa) O CTEHKH
| BmyckHoro Tpy0OonpoBoia B UMIHHADE HA NpPOTSIKEHNH BCEro Npouecca
- Bnycka (Mo KpHBO#H ] —2) noajepXHBACTCA NABJEHHE HHIKE arMocdep-
~ moro (pasuoe 85—95 kIla). Kpoume Toro, ropiouasi CMech (BO31LY %)
garpesaercst OT TOPSIYNX CTEHOK ABHIATEIN. B pesyabTate CONpOTHE-
AN BIYCKHOTO TPYGONpPOBOAA H HAPPEBAHHA ropioueil cmec (BO2AY-
X4) NPOHCXOAAT HX paculiperue i yMeHbileH e MaCCL CBEKEro 3apsia.

Ha crenedb HANOJHEHHH IHJAHHAPA CBEMHM 3apAA0M 3HAYUTEALIIO

BANAIOT TaKKe ha3bl rasopacnpesesenis, T. €. MOMEHTEL I NPONLOIIKH-
08. BnyckHoil k1anan o0bl4HO

TelBHOCTh OTKPLITHS H 3AKPBITHSA Kallal

el
Vi
)
Puc. 170, Hupnuatopliule auarpamsib npefiersuTensipx Apadounx) uniaow noguRcHEx

a ¢ NOABOAOM TenjoThl:

" aeMrareach sRyTpelnero cropasi
) g — CMelsHEbIN

@ — usoxopnumM; 6 — inaobapauiM;
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OTKPHIBAETCS C OMEPEeXEHHEM, T. €. N0 NMPHXOAA NMOPHIHA B B. M. T.,
4 3aKphIBaercs ¢ 3anasibiBaHUEM, T, €, MOCJe NPOXOXKIEHHS TOpLIHEM
H. M. T. OTKpHITHE BNIYCKHOIO KJanaHa ¢ ONEPEKEHUEM NaeT BO3MOK-
HOCTb rOploueii CMECH HJIH BO3AYXY MOCTYnaTh 4epes Gosbliee ceueHne
KaHaja H yJAy4YlllaeT NpoiyBKY (OUHCTKY) Kamephbl CropaHus OT Opo-
LYKTOB CropaHusi (OCTATOYHEIX rasoB). 3anas/biBaHHE 3aKpPLITHSA
BOYCKHOTO KJanaHa yJaydilaeT 3anojHeHne UHJAHHIpa ABHIaTels
CBEeKHM 3apsiloM, TaK KaK NpH JABHMKEHHH MOPIIHS OT H. M. T,
K B. M. T. IPH OTKPHITOM BNYCKHOM KJaNaHe B TEYEHHE ONpeleNIeHHoro
BpeMeHH B UHJHHAP NPONOJIKAET MOCTYNAaTh CBEXHMA sapsj MOA AeH-
CTBHEM CHJI HHEDPIHH NpH JaBJeHHH B UHJIHHIADE, PABHOM HJIH Jaxe
HECKOJIbKO OoJbiieM aTMoCQepHoro.

CxaTue B ACACTBHTENILHOM HUK/JE NPOTEKaeT No JuHEN 2—3,
KOTOpas sIBJAeTCs NOJAUTPONOH, a He aanabatoii, KAK B TEOPETHYECKOM
[HHKJIe. ITO OOBSCHSIETCS T€M, YTO B NPOIECCE CKATHS MPOHCXOLHT
TEMJI000MEH MEXIY CXKHMAEMBIM CBEXKHM 3apaioM M CTEeHKami UH-
aungpa W nopwHs. B Hawase cxaThs Temnepatypa CTEHOK BhIlle
TEMIIEPATypPhl CBeXKero sapsija, a NpH JAadbHeHINeM CXKATHH Temme-
patypa sapsia MOBBIUAETCs, CTAHOBACbH BbILIE TeMIlepaTyphl CTEHOK
UMJHHAPA H TMOpIIHA. B nepBoM caydYae CBeXHH 3apsil NpHHHMAEET
TeNnJaoTy OT CTEHOK IHJAWHAPA U HOPLIHS, @ BO BTOPCM — OT/aeT ee HM.

Jnst moBHIIEHUs 3¢heKTHBHOCTY JeACTBUTENBHOIO LHKIa HE0OXO-
JIMMO NPAaBHJIbHO BHIGpaTh CTeneHb CxaTHi €. Yem Bhiue CTeleHb
CIKaTHsl IBUTaTens, TeM noj GoMblLIKMM JaBIeHHeM CIKHMACTCS CBEXHUI
3apsil W TeM BblllIe ero Temneparypa B KoHie cxatus. B asuratensx
¢ BOCHJIaMEHEHHEM OT NOCTOPOHHEr0 HCTOYHHKA HeoOXOAMMO CXKHMATD
roplo4y1o CMeCh Tak, 4T00b ee Temrneparypa Obl1a Ha HECKOJbKO Ipa-
JyCOB HHXKE TEMNEPATYPH camMoBocndaveHenust. [IpakTHueckn crenenn
caTHs BBIOHPAIOT B 3aBHCHMOCTH OT BHAA TOIJIHBA, Ha KOTOPOM
J0JKeH paboTaTh ABHTATeNMb, TaK KaK pasJMYHOE TOMJHBO HMeEeT
pasnuyHYylo TeMNepaTypy Bocmiamenenus. ITostomy cremenb cxkartis
JJ15 ﬂBl-iI'aTeHEI:I C BOCHJIAMEHEHHEM CMECH OT NOCTOPOHHETD HCTOYHH KA
cocraBasier Aas paboraromux Ha GeusuHe 6—12, ma rasoobpastom
tToninee 5—9, MeHbllIHE 3HAYEHHS CTENEHH CXATHS NPHBOAAT K CHH-
wenuio KITJL aeiicTBHTENBHOTO UKKAA, a GoabllHe — K [IpexAeBpe-
MEHHOH BCHBLIIKE CMECH HJH JETOHAlHy (B3PLIBHOMY I'OPEHHIO), UTO,
noMumo cHikenust KITL oukaa, NpUBOANT K YCKOPEHHOMY H3HALIHBa-
HHIO M COKPAalleHHIO cpOKa cayx0bl ABHTaTeNs .

B apurateqsx ¢ CaMOBOCIIJIAMEHEHHEM TOMJIHBA CTENEHb CXKATHS
noMKna Haxoputbes B npenenax 12—I19. [pu & < 12 we rapanTtupo-
BAHO CaMOBOCIIaMeHeHHe cMecH, a npu & > |9 passBuBaercs oueHb
fonplloe JaBjeHHe Moc/e CropaHus TonauBa. B o0OHX ciayuasx
spauenne KIT neficTBUTENBHOTO OHKJIA MEHbINE ONTHMAaJbHOTO,

Cropanune paGouel KHIKOCTH NPOTEKaeT C JAOBOJbHO GO/Mb-
(i0fi, HO KOHEYHOH CKOPOCThIO. B cBsA3u ¢ 5THM npoHCXoauT TenIoo0MeH
Mexay MpOAYKTaMH CTOPaHHus M CTeHKaMu HIHHAPE H NOPILIHSA C OfHO-
speMeHHON OTAa4€H TeMNOTH JeransMi ABUTATENs OKPYXKajomemy
po3nyxy. Kpome TOrO, cropanie B ABMUTaTeIfX € BOCIVIAMEHEHHEM
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| pabouefi cMecH OT MOCTOPOHHETO HCTOUHHKA MpOTEKaeT npH yse.numé:
| gajomemcs ofbeve, 4TO MPHBOANT K CHIKEHHIO M?Kcumanbﬂorol %}SBJ‘; ;
Hus MPOAYKTOB CrOpaHis Ha MOPIICHD (kpuBas -3-—8} ia p;:)r;e i
Uto6kl MPOIECC CropaHus B ABHTATE/IE nporekan HanboJee aqa.np o
4 9TOOLI CO34aTh MAKCHMa/IbHOE AaB/ICHHE HA nopiueHb K H yopmna
wero xoia, Heo6X0oAUMO NOJIKUTATh pabouyio cMech 10 OAXO0AA anﬂEH'
B B. M. T., T. € C HEKOTOPRIM onepexeHueM. Yron nosogma e
4aToro BaJja, Ha KOTOPBI OH JOJ/UKEH noBepHyTbCsA, 4TOOB MOP e
jowes A0 B.M.T., Ha3LBalOT YyrJIOM onepexennsd 33}[“{;31;“32}«1«11?3-
oriepeKaioeM 3aXUranin Cropatie nc;[::élx g,rxﬁ?“raaﬁg:nmaﬂbuom :
OHHEro HCTOYHHKA
ﬂ;gﬂﬂ({:’iﬁﬁ;l[gfzfa.pﬂOﬂSMeHﬂIDllLeMCﬂ ofbeMe, No3TOMY NpoUece Cropatus
: K H30XOPHOMY. 3
npﬂlgﬂi;x;ff;;:;nﬂx c cam%ﬁocgaameﬁermem pabouen CMECI;I HBBOKOSE?)
cKaTus B HUAHHAD MOA RaBﬂe{meﬁxfxr:ap%E:}lf::sﬁx:c;og IIHJI.HHR])E
mepeMelunBaeTc ¢ BOSAYXOM, a T B
e MpebUIYIEro HuKJa MPOAYKTAMH CrOPaHHA
Egg;w) Flinzlanirosncmameuﬂerca pnaropapd BblCGK;)H :eﬁgﬁg:gggg
gl Camoaocn.na;teﬂu; ipéieélepﬂiizci%ﬁémgoro BpeMeHH,
[oc/e Hadaga MofadH TOMAMEA, i
3:{: KOTOpOE: TOIJIHBO T].I.I.B';;E.IHJI_IO nc?pe;iiuﬁ?wa;;;?n;aﬁglfgﬂiog 1{1 -lr.:{)pﬁc:ﬁ
WT CTAANIO XUMHYECKOH MOATrOTOBK . !
ioiliomemﬁr MOXX0AA MOPIIHS K B. M. T. CMECh 3arc;paeqna§:b,pz 613111];;{0
misape yeTaomnlose MaKOINATRCY TERTCILL ' eromops
xona, HeoOXoAMMO BIPLICKHBA D S e
onepexeHHeM, BHIPaXKaeMBIM B rpagycax yraa nosop s
HA3LBAIOT YIJIOM OfepexeHus BMPHICK
Baﬂ%' ;I,:?i;{;;b}!;{l;?i] ﬂEHFaTe.HHXypaCHbMEHHe TONMBA ocyufé:l;r:g;[egcf_
MEeXaHAYECKH ClEHaJbHBIM HACOCOM, KOTOPhIH oA nallze i
150 MIla nporankuBaer TOMIHBO quTeC?nfl):igghBMualf;::;p B i
popeysky. [Tpi 3TOM BIPLICKHBALN 7nB2 Hesdinit s
€O 3HAUNTE/BHBEIM OMNEpEeHueM H NpoAOJIKAeTCS st
TOTO, KaK MOPII€Hh MUHYET B. M. T. B pesyapTare B It p
gg;ﬁ:;orcs ycnosnﬂ?npn KOTOPBIX CrOpaHue To%mﬁa ?cg ;éi;’;ﬂnﬂoﬂfgcof{
st uaox%pﬂp (; : 4"%0}{1{? pee Sl;ﬁﬁngzgﬁ;? C’ﬂfgl_uIaHHOE cropaHue
no uszobape 4—4), T. €. ) : ‘ :
?ﬁﬂﬁﬂsg, B ILefiCTgHTE-.T[bHOCTH mpouece cropanus He s:(m::;zt;szé irgo;g
ropops, H30XOPHLIM HJIH Haoﬁapﬁu}n paBHO KaK 31?0 ien e
qBJsIeTCsA M30XOpPOH, a KpHBa# 4—4 —1130631;.»01{. A e e
TeM, 4TO 32 BpeMsi TOpeHHusi Ton/InBsa NpOAYKTHI CropaHt o i
TenJioTH WHAMHAPY M MOpUIHIO, 2 3aTeM neTaaMH ﬂcﬂ W
TenjoTa nepeiaercs B armochepy. DTHM XKe oﬁbﬁcriggl“maaméemﬁ
MOLLHOCTh H SKOHOMHHYHOCTH NeACTBHTEMbHBIX UK B
Gonee HU3KOM, 4eM OMH3KHX K HUM TeopeTHIECKHX uTef]ﬁBHYTIJEH--
PaciupeHHe BACHCTBUTENLHOM umfﬂe?;aanr-a_ )‘np“ phLis
Hero cropaHus NpoTeKaer no KpuBoit 4—5 (pHC. 1 'la’cm[f}ﬁ e 3
yyy mopwHa OT B.M.T. K H.M.T. (BniycKHOM H BRIMY

C . aeT BAHAHHE,
aK € olecca oKaspiBd
HpH ATOM Bdl\prTb!). Ha I'IPOTEKHHHE NPOoLL i oo




RKpOMe OXJIaXJI€HHs U HeGOJIBIIOro YMeHbINEHHS KONHYeCTBA PacIlHp -
IOLUK XCs1 TA30B (H3-38 yTEUeK 4epe3 HeMJOTHOCTH NpHJeranns NopiiHs
K UAMHHAPY W KJAAUAHOB K ceinaMm), ABJEHHE JOTOPaHHA TONJIHBA.

B npouecce pacuinpenus Joropaer To TONJAKBO, KOTOpOE He ycneno
CropeTb NpH HAXOKIACHHH MNOPIIHS B B, M, T. BCAEACTBHE HECOBEp-
HIEHCTBA MePeMEelIMBAHNS C BO3JYXOM HJIH H3-34 HEJMOCTAaTKa BPEMEHH.
Ha pasauunbix yuacTKax paciiupenus Joropanye TOMIHBA NPOTEKAeT ¢
pasyHyHOA CKOPOCThio: GoJlee HHTEHCHBHO — B [epBOIi YacTy npouecca
paciHpenns 1 IOCTeNeHHO 3aTyXaeT ¢ NpHOAHKeHHeM NOPIIHSA K H.M,T,

Creness oxJajienns pacliipPAOMUXCS TAa30B 3aBUCHT B OCHOBHOM
OT IWIOWEAH MOBEPXHOCTH OXJAXAeHUsd, PasHOCTH TeMmoepaTyp H
BpPEMEHH.

¥mMmenplieHHe KOJHYECTBA PACIIHPSIOLIUXCS T[a30B B pe3y/bTaTe
yTeUKH HMX H3 UHJIHHAPA Yepe3 HEMJOTHOCTH OpPHJIETAHWS MOPIIHSA
K LHJIHHAPY H KJI4NaHOB K CelVlaM TAKIKEe HEOAHHAKOBO ANS Pas/HYHBIX
y4aCcTKOB XO/1a NIOPIUHSA, TaK KaK JaBJeHie i YTeUKH ra3uB HenpephieHo
yMeHbLIAloTCs N0 Mepe yhajieHHs NOpLIHA OT B, M, T.

Bce 310 06ycaioBsiBaeT npoTekaHue npouecca pacuiipenns B gefi-
CTBHTEJNbHOM LHKJE He M0 aiuabaTe, KaK B TEOPETHYECKOM MMKJIe,
a 1o noJjuTpone.

Boinmyck mnpoiykros cropanus (orpaGoTaBluMX rasoB) mpo-
HCXO[HT C HEKOTOPLIM OflepexKeHHEeM, T. €. BBINYCKHOH KIanaH OTKpHI-
BdeTcd N0 NPUXOAA NOPLIHA B H. M. T., KOTAA AaBJEHHE B UHJIHHAPE
SHAaUMTEJNLHO BhIe aTMocdepHoro. 310 Aesaaercs M TOTO, YTOOHI
4acThb [POLYKTOB CrOpPaHHMS ycHejaa BLIATH M3 UMAHHApA JO MPHXOHa
MOpIIHA B H. M. T., a JaBJeHHe B LUJIHHApE yCheno OpubIH3HThCH
K atmoctepHomy. B npornsHOM ciiydae otpaboraBiuiie raskl CO34anyT
GoJiblI0e NPOTHBOJABICHHE ABHKEHHUIO MOPLIHA OT H.M.T. K B.M.T., Ha
NpeojioJieHle KOToporo norpebyercs 3aTpaTHTb SHa4HTEAbHYIO pabory.

Has nydmel OYHCTKM UMAMHAPA OT MPOAYKTOB CrOpaHHs BHINYCK-
HOfi KJanaH 3aKpbiBaeTcs C HEKOTODLIM 3ala3/ibiBaHHEM, T. €. IOoCJje
MpHXOJa NOPLWIHA B B, M. T. B 3T0 BpeMs BNyCKHON KJana# TOMXKe HAX0-
AHTCS B OTKDBITOM MOJOXKEHHH, 4TO NO3BOJNSET MPOAYKTaM CTOPaHHHA
BBIXOJHTH B aTMOC(epy Mo HHEepUuH, KOrja noplleHb HauHHAET nepe-
MelaThCAd OT B. M, T. K H.M.T. Yroi 3anasjbiBaHusi 3aKpbITHA
BLINYCKHOTO KJanaHa He Jo/uKkeH OnTh Gojblue OpefiefbHOro 3Have-
Husl, TaK KaK B NDOTHBHOM CJ/Iy4Yae yBeJHYaTCs NOTEPH CBEXKEro 3apsiiia
(roptouefi cMecH HJIH BO3AYXa) H YXYAWHTCH HaNOJHEHHE WHIHHApDA
B [pOIEcce BITyCKa. _

CmeceoOpasosanue B NOPUIHEBBLIX JABHrATENsX BHYTPEHHErO Cro-
panua. B Odsucamenix emewrnezo cMeceobpasosanusi roprouas cMmech
ofpasyercss BHE UMJMHADAa ABHTaTeéls — B creunanbHoM npuGope,
Ha3LBaeMOM KapOiopaTopoM HJH cMecutenem. TonausoM st Takux
Apuratenell AB/AfeTcs OEHSHH, JHTPOMH M IDYTOe Jerkoe HehTaHoe
TOMJIHBO HJIH TOpiOYMe raskl. B mepsom cayvae ABurarenu npuHsaTO
HaspiBaTh KapOlOpaTOPHBIMM, BO BTOPOM — ra3OBhLIMH,

KapGiopaTop MNpeICTaBAAET COGOH JAOBONLHO CAOMHBL
npubop, npHroTOBASIOUIHE TOPIOYYI0 CMECh CTPOTO ONpeieNeHHOro
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Puc. lﬂ'a:l:l:‘ ;—- nonAaBROGER  KaMmepd; i3 - _urg:.rEw;;:cii_
! — O ronsBHRl 6aK; § — TONJHBONDOBOL; L i
e 3a;::1cmlm- 7 — cMecHTenbHan Kuue_pa, ;8 _;'giz-i,nymﬂaﬁ
;eﬁlfr?;;rﬁxa pacn'mmneﬂﬂ'. 10 — MUKACP; —_
ascnonxa; 12, 18 — TpyfonpoBoiL

paboTbi ABHTATENSA (Harpyskou H

qacToTOH BpalleHud KOJIeHUATOro Baja). LA T i
Cxema TpOCTEHILEro kapOiopaTopa MpH bt e
TONAMBHOTO 6aKka 4 TONJIHBO MOCTYHaeT B TOIL

é i HIoab4aToro
i OIbIO MOIVIABKA 1
a. B KOTOpoH ¢ MOM : sl
xapﬁmpa?pné enphmaptomero oTBEpCTHE TONKBONPOBOAA 9, a i
s HOCTOSIHHBIM 3ajianubfi ypOBEHD TO

nojjiepKHBaeTCs g
;I;q?cgu—l 53'21?;? HHKe BEpXHEH KPOMKH quyﬁxu pacn;?:s?;f:mycxa-
, 'c{ona TONAMBA W3 MOMJABKOBOH Kamephl 1O o
mepe piohbqamﬁ KJianan OTKPHBaeT BIYCKHOE OTBEpCTHE, HHOCTU}'—}H-
ﬂcab:mauoro GaKa TIONOJHSAET TONIABKOBYIO KaMmepy noHH adee!
Eere ro yposHs. TIpu JOCTHKCHUH 3a7laHHOro ypOBt o
I;g;gf?ai?l};ll(:m ﬁepeprmaéfr BIYCKHOE OTBEPCTHE, H [oCTyH
Ton/uBa B MOMJIABKOBYIO Kamepy npehpam}:{ic%g.ﬂ?‘.op AT
[Ipu TakTe BHYyCKa HS atmocdeps! B I oﬁy o
gepes TpYOGOIPOBOA 12 nocrynaer ¢ 50.1'}1::1].1 B ol et
Baarojapsi SToMYy B NOJOCTH nuhdysopa yo s S
auTens 9 cosfaeTcs paspexenne, npsiMo nponnfj{‘ne a4
skeHHs Bosiyxa. TOIJHUBO, npoias X pg i B
e 10. uctexaer u3 TpyOKH pacnuuTens J B i ki
mifé)mu? rﬁe [oAXBaTHIBAETCH [OTOKOM Bosuyxa,aiﬂpg P;';?J?oqeﬁ
T
i nogTy;lagl"ng% L?rl};.tg? OrKpeiBas HIH npuﬁpﬂsaﬂ'npoggg;;
Siapver Bxy 6. MOMHO yBeJHUHBaTH HJH yMeHblLaTh I\OJ!HCIECTBO
st Bafmﬂegu ‘noc'rynatomeﬁ B NUAUHLD [ABHTATENH. Kom:hﬂo -
Ly cc'cT [4IOMETO B CMECHTEbHY IO KaMepy, 4 cnenoaaTenM =
Boiﬂgxaéﬂie BYI'IOJIOCTH auddyasopa peryaupyorca yBeJHUeHHE
yiue%bmemem OTKPHITHA Bosnymuog:o Szﬁg;H:cHHamen o
Kpome TOrO, coBpeMeHHbll KapOiop

i HYIO pa-
HHBYIO H sKoHOMAY
yUBAIOUHMHY YCTOH
yc'rpoﬁcmam, s e PUHBIX peXMHMaX: Ha XOA0CTOM Xony, ng;:




J’?IJG;?JM}M:?E Puc, 172, Cxema cMeceofpasoBauns B rasoBoM ABHraTene:
monraube

[ —Tra3onofBofAmuil 1 BOIAYXONOAROAS UM TPYOoH poBOLE: 2 — apoe-
cefbilbie IACA0HKH; § — cMecurenb; 4 — BrycKuoft Knaman; 5 — ceegs
JauUranua; 6 — punyckHoll xKaanam; 7 — UEAHHAD: § — nopmwens

MaKCHMa/JbHOH H ONTHMAJALHON Harpyskax, a Takxe
YCTPOACTBaMH, OGECeUYRBAIONIEMH DPEe3KHil nepexoj
ABHTATEJ OT peXKHMa MEHHUMAE/IbHOH K MAKCHMaNbHOT
Harpyske. Bce sTi yeTpoiicTea BRIIOYAIOTCS H BLIKJIIO-
HalOTCH aBTOMATHYECKH 10 Mepe H3MEHEHHs pexuMa
paGoTel ABHTaTed.

CMecuTenb ras’oBOro AsHratens paboTaeT Ha
TOM K€ NpHHIHIE, 4To H KapGiopartop. Tonausom B
ITOM CJIyUae ABJIAETCA CAKMIKEHHBIH, CXKaThI HIH Cce-
TeBoii ras. CkuKeHHBIH ra3 npejcTaBiser co6oi npo-
nanOyTaHoBYIo cmech. Takoi ras cnocobeH npu AaB-

/. mennu 1,0—1,6 MIla u HOpMaJaBLHON TemnepaType Ie-
S PexXoMiTh B MHAKOE COCTOSIHHE, a npu GoJee HH3KOM
AaBJEHHH — B rasoofpasHoe cocrosHue. CKaThi

ras paxe mpu nasnenwn 20—30 MIla maxomurcss B rasoo6pasHoM
cocrosnnu. opioune raspl A5 ABUraTe/ell COAepPKATCS B CHEIHAJb-
HbIX OanIoHax. .

Haa cHuKenws AaBJeHHs1 Ta3op (CIKHIKEHHOTO U CIKATOIO) nepej
CMeCHTeJeM YCTaHAaBJUBAIOT CHElHAJbHOE VCTPONCTBO, Ha3bIBaeMoe
perykropom. [lis npuroToBiennsi ropioueil rasoBosAYmMHON CMecH
NPpAMEHAIOT CMECHTeAH M CMECHTeNbHBIE KJaanaebl, Ha pue. 172
NpHBEJeHa CXeMa FasoBOTo IBHrAaTessl ¢o cMecuTeaeM. B cmecurtens 3
1O OTAGJBHEIM TPyOaM / nocTynaer ropiounii ras u sosayx. I[Tpu Buycke
rasoBO3JyIIHAas CMeCh, MPOXOHs BHOYCKHOW kaanaH 4, 3anofHsger
unannap 7. TpeGyemoe coOTHOIIEHHE MEXAY KOJIHYECTBOM FOPKYEro
rasa M BO3JyXa B Ia30BO3AYILHOI CMeCH PEryIupyercs sacJoHkamy 2.
CMecHTeNH TPHMEHSIOT B MaJOMOUIHBIX OBICTDOXOIHBIX ABHUTATENSX,
rae OoablIHe CKOPOCTH BO3AYXa H POPIOYEro rasa oGecneunBalor xXopo-
mee HX CMeUIeHHe H pacnpeje’qeHHe rasoBO3AYIIHOH ropiodeii cmecu
Mo UHAHHAPAM ABUraTens. B iBHraTenax cpenne H 6010 MOMHOCTH
IIHPOKO NPHMEHSIOT CMECHTE/IbHbIE KJIaNaHbl, KOTOPBIE YCTAHABIHBAIOT
OTASNBHO Ha Kax b NUJAHHAD. KoHCTDYKUMS OIHOrO H3 TAKHX Kiana-
HOB NpHBeJeHa Ha puc. 173. [Tpu BoszeiicTBiM KOpOMBIC/Ia 8 NPHBOAHOTO
MeXaHH3Wa BHaUaJIe ONyCKaeTcs KAanas /, B WHAHHAD NOCTYNAeT BO3-
RyX. 3aTeM ynop 6, pacnoJoxeHHblll Ha WITOKe KAanana [, onyckaercs
BMECTE CO ITOKOM, HaXKHMaeT Ha rasoBblil KJanan 5 W onyckKaer ero.
B unauHAp ABHraTeNs YCTPeMJSIeTCs ras, cMelliBalomuics C BO31y-
XOM npH mpoXoje B unaniaAp. Bosspar knanmanoB B mexonHoe noao-
MKEHHE W TpHXKaTHE HX K CeMlaMm 2 u 4 NpPOHCXOAHT MOA BO3Aei-
CTBHEM pa3KHMAWIIHXCs] OPYHKUE 8 1 7.

B dsuzameanx ¢ eHympennuM emeceobpasosan uem ropwouas cmech
ofpasyercss HETOCPEACTBEHHO B UHANHApE (Kamepe cropanus). Bo
BpeMst TaKkTa BIYCKa B HHAHHAP 2 (puc. 174) nocrynaer aTMochepHniii
BO3AYX, KOTOpbIA CHHMAETCsi A0 OO/iee BLICOKOTO -JAaBJeHHH, ue)
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digx

174, Cxema JABHraTeas
BHICOKOTO AABACHHR © BHY-
bl TpeHHEMM CMeceoDDasOBAHMEM:

Puc. 173, Cxema kaapaHa-CMecH- UL,

! — BoagymEEiT Kaenasg; 2 —
cefno BoSAYUIHOTO KAanana; 3 —

H#a rasoBoro Knanana; 4 — : ) i p:
ggn);)‘énraaosnrn Raanamna; § — ra- menh; 4 — thlepa“\.m;m:;u__
soBRIT Knanae; 6 — ynop; 7 — 5 — rONOBKA HHABRHAPAS

- e

NpYyXuEHA BOIAYINHOIO KABNAHA] dopeysKra
8 — KOpPOMBICAO MNPABOAHOTG Me=
XAHH3IME

JISIX ¢ BHEHIHHM cMeceofpasoBaHHeM. [ToaToMy Temnogiégﬁg
BO3yXa 3HAYHTENLHO MPeBhIALT TeMnepaTypy camoagt{:}g;u;n;wmm
TON/NBa. B KOHIIE TAKTA CKATHS TOMIHBO C MOMOILBIO Ha icoRorD
jaBnenus ! nopaercs K Qopcynke 6, Kotopas nol naB.r::E:m =
170 MIla BnpbICKHBaeT €ro g MEJIKOM pigllzx‘;r[:::é{ogé ngggmaemﬂ "
rfe oHO GRHICTPO H T
f}?{%ﬁb&i?@iﬁlﬁcﬁ HﬂcaMOBOCﬂﬂaE{eHHET:Hﬂ;i Taxue ABUTATENH TPUHATO
iraTejisgMH BEICOKOrQ CXKa 2 3
Hasﬁﬂsﬁrzgﬁ{ C BHYTPEHHHM cMeceofpa3oBaHueM MOTYT 01::-1'1:; :a EeHJ?s;s
goro cxatus. Bosayx B HUIHHIDE 3 (pmc. 175) Takoro Aj ki
CIKUMAETCd [0 AaB/aAeHus, TPH KOTOPOM ero TeM negaT}rpaC:gczpB i
TeMrepatypy CaMDBOCHﬂwe}{em];;:?:{?;ﬁzbga ;;?;Hbmm e
3KATHS] 7 BOCHJIAMEHSETCH 0T
l(gizopuaaTopa), YCTAHOBJIBHHOTO Hoa; prec;*lac:;ren ;;I[IJ_.II‘;:{HHDIE‘lpa ﬂii;;rggeniié
Ilepen nyckoM KaJjopu3aTop pas ) :
T T e o, mutrmaih
TeMmepaTypa KaJopusaTopa noiiepx J '1<ano 'nsa'rop-
aembsM TomJuBoM. Takue ABHTATeNH Ha3HIBAIOTCA p
fal;?a}:n. KanopuszaropHeie JABHIAaTENH Ma.ﬂDBKUHOM;IeHHII;I(;JI l;?{a.};fgmy
MUPOKOTO PACTPOCTPAHEHHS B HacTosAUee BpeMst i nab;ra’rea'm.
MapameTpbl, XapaKkTepHaymouiue nencrnuregbﬂuu u"6oﬁ e o
Cpednee unduxamoproe dasieHue TAKIA NPEICTaBJALT CO 4 g“ aﬁOTE’I
[HOCTOSIHHO AeHcTByomee H3OLITOUHOE AaBleHue, NpH KOT l:’ii]:(a'l[‘)opﬂ.oﬁ
ra30B, COBEpILUEHHAS 3a OJMH XOI MOPUIS, paBHa Ii{H}_L o
paGoTe 3a HUKJ. JT0 LaBJECHUE OMpPENEAIOT 10 WHAHKAT f;pmoma,ma
rpaMMe, PaGora paciunpeHis rasos paBHa sam"rp}fxonam{g : “nauuom
S puarpaMubl (puc. 176). Tlaomans, pasMeierHasi m-m{K.I;HBaHEHTM
caydae BO BHHManue He NpHEKMAETCS, TaK Kak oHa 3

e ! s ‘11 1 BLITECHEHIUE
3 : auBAEMON HA BOYCK [OPIOYeH cuec
pafore rasos, 3aTpadiBa o

/ — HACOC BLICOKOTro Rapjes
Hig; 2 — UHANEAD; 3 — mop-

B ABHTaTE




otpabor
HHE!,HKaTaUBpH!:Ilﬁ; ;‘:1:?3 W3 mHanEApa. UncaenHoe sHAueHHe MIOMAMN
Haiizennylo nioma pmgmr MOIKEO DUPERGARSE FIAE BRNETPEPOBAHHEM.
nPHMOYI'éﬂi:u;.;I'aééL: VM) Hpmsekar B i pasEORRHLOr
SpaNoy ras e HOBAHHEM, PaBHEIM XOAY MOPIIHS i MM H BRICOTOH
; eM BBIYHC/ISIOT CpejiHee WHAHKATOPHOE NaBJeHHe
S

2 e hn 3

hp (277)

rjie | — TApHPOBOUHBEIH KO3(hd
B — HUOHEHT HHAHKA !
Bbap;:»haﬂ MaclitTa® JaBJeHus. s s e L o
B}]Baﬁfumsmopﬁaﬂ MOWHOCMY Ogleamens — 3To MOULHOCTL, BT, pas-
: mu_oaﬂ rasaMd BHYTPH UHJIHHAPOB ABUTaTeJs. Patora ’F£3OB
s M uagum,mpe 3a udkn l, = (1/4) p, o,D%h, rae D — puamer
apa. Tak Kak (n/4) D*h = Vi — pabounii o6beM ouIaHApPE, T];
; “'u =P cpvh- (278)
e n::;ﬁoﬂgazﬁtjlmx LMKJIOB, COBEPLIAIOINHXCS B UMARHADE IBHraTe/]s
4 —'ltmc.uo Tr; :';oréli n] — 4acTOTa BPALUEHHA KOJEHUATOTO Baja, ¢ L
C; T — TaKTHOCTb ABHT4 TEIpEX-
TaK’ll;H(il'O JBHTaTeNs T = 4, a Aas nsyxraxﬁ‘norcoriﬂi (g;m e S
a e -
uummz(;za :3305 %T, B 1 ¢, T. e HHINKATOPHAS MOULHOCTH OHOTO
i = 2p; .x,Vin/t; A8 MHOTOUMJHHADOBOTO ABHPATENs
i ‘i
Ni = —1:-19, chhm, (279)
rue P;’ —;qucno UHAHHADOB JABHTATENs.
pacxoﬁf fﬁﬁfgglﬁi: ydeavoill pacxod monausa NPEICTABISAET CoBOH
eIHHHIY HHIUKATOPHOM N
gl p tomHocTH 3a 1 u paGorsl
e g =Gy/N,. (280)
- ;{linxg}(:l?;;:: yn;giguﬁopg%cxon TONJINBA paBeH: AJs KapOiopa
s — ] 4
Kr/ :
R i ; ; (kBr-u), maa musens 0,165 —
Huourxamoprewn KI1/1 HAa3bBAIOT OTHOIIEHUE KOJHYECTBA TENAOTE!
3

NpeBpaleHHoN B MEXaHHYECKYIO
HHAHKATOpH
HOMY KOJIHYECTBY TeJOTHI. et m Tt o o

§ 2 .PHC‘ 176, Cxema cmeceobpa-

;{;ﬂﬂlﬂ!ﬂ BBHTATEAR [IHAKOID
BACHHA c BHYTPEeHHHUM

cMeCeolpaIoBaneM:

! — ganansRafl  wap; 2 —

KaMepa ° CHaTHA] 4 — um-

THHAP

P PRty
; %
&

2

>
7
)

Puc. 176. Noctpoen o
WAAN APAMOYFONLHMEKA, pa-
§  noBEAMKOTC DOJE3HON nAoms- h 1]

A ey ey %//////’//////f “:I

AdS  ONpeledieHNN  CpegMerc
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HHAMKATOPHOrC AABAEHN

_ Fcny W3BeCTHH TemJiora Cropadua H yAebHBLH WHAMKATOPHEIA
& pacxol TONJHBA, TO pEaukatopunit KITIL moxHO MOACUHTATH MO
- popmy.te 3
3 " 3,6+ 10
4 ap. uly

B rae 3,6¢10° — sKBHBAJCHT | kBr-u, &/ (kBT -9); Qpu — pabouas
& tepsioTa cropasusi TOMJIMEA, g JIx/KT.
o unpukaropuomy KITIL MOXHO CYAHTB O TEIJIOBLIX NOTEpAX
p apuratene. tem BhillE HHAMKaTOPHBLH KI1[, Tem MeHbule TeNJIOBhIE
goTepd 4 TeM SKOHOMHUHEE paGotaer ABHTATEJb. WnauKaTopHbi
KI1/L ppuratened pasiuiHbix THMOB NpH HOPMANLHOH HArpyske: Ui
KapO1opaTOpPHBIX 0,28—0,35; ausenei 0,38—0,48 u rasoBHIX JBHrare-
e 0,28—0,38.
_ Mapamerpsl, XapaKTepH3ylOUIHE paGoTy ABMraTeas. 3 ppexmus-
woil  mouyocmelo Oeueamens Ha3HBAIOT MOLI[HOCTb, pasBHBaeMylio
pBuraTeJeM Ha KOJEHuUaToM Bauay H HCTIOAB3YEMYIO /ISl COBEPLICHHA
 nosesHoft pabotel. DdpexTHBHAS MOLIHOCTD BCErjia MeHblle HHAHKE-
TOpHO#, TaK Kak 4acTb HEJHKATOPHOM MOIIHOCTH PacXojyercd Ha
peono/ieHie TPEHH: MEKIY AeTallsimi, MeKAy ABHIKYLLMMHCA JETa-
asMy  (MAXOBHKOM, LIATYHOM, KOJleHUaThIM BajioM) H BO3LYXOM,
2 Takke HA NpHBEJEHHe B JeliCTBHE BCTIOMOraTe/bHbIX YCTPOUCTB
(Hacoca, BEHTHAATOPA H T. n.). Bce 5TH noTepn OUEHHBAIOTCA MOLL:
HOCTBIO, PaCXOAyeMoi Ha npeopoJieHHe TPEHHS N,. Tagum ob6pasom,
PAasHOCTb MEXJY WHANKATOPHOH MOIIHOCTBLIO N, # MOINHOCTbIO HA
ppeojiofienne TpeHud N, npejcTaBager coGoi 9((heKTHBHYIO MOULHOCTD

(281)

N‘,-——‘NI—NI. (282)
CoOTBETCTBEHHO COOTHOLLIEHHE MeXILY Cpeﬂ,HHMH ﬂaBﬂeHHﬂMH
Pecp = Picp — Pr. ap* (283)

Tak Kak cpejnee 3pPeKTHBHOE AABICHUE Pe cp npeicraBaser coboi
yC/I0BHOE TTOCTOSHHOE JaBJEHHE, TOL JeficTBHEM KOTOPOro Ha NOopleHb
B TeueHue XOJla PaCIIHpeHns pasBUBACTCA sdexTHBHAS MOULHOCTD, TO
4HAJOTHYHO MHIUKATOPHOH MOMIHOCTH MOXKHO noacunTath 3pGeKTHB-

HYI0 MOLIHOCTB 0O dopmyJie

2 e
= P cpvhn'i-

£ 0% (264)

SppeKTHBHYIO MOIHOCTL MOXHO Onpese/Th, €C/AH HSBECTHEL
HHARKATOpHas MOUHOCTD H vexanuueckuit KI1, OUEHNBAIOMKN MeXd-

HUUECcKHe moTepH B JABHraTejne:
N = %j* (285)

3 B cOBpEMEHHBIX MOPUIHEBEIX ABUTATeNAX BHYTPEHHETO cropatus
Ny = 0,7...0:9.
CjieoBaTellbHo, 3aaBIIHCh MEXAHHHECKHM KI1[l, MOXKHO HOM-
cuutaTh 3ppexTHBHYIO MOLIHOCT ABHratens no ¢opmysie
N,= Ny (286)
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IpakTHuecku sthbe
SKTHBHYIO MOUIHOCTE ONpene
x I
Hlmagmnral‘em Ha TOPMO3HOM CTenjie et ol
. . :
pemusHvism yoeavreim pacxodom monausa, Kr/(KBt-4), Hasm-

(287)

napﬁl?e?gﬂlcm 3@43;1{7;{13:{01"0 VIeNbHOTO pacxoja TOMJIHBA Pa3/IHYHBIX
2 s B{{a[;_J ;gpa’ropﬂmoxgzzgﬁura"reneﬁ BHYTPEHHEro CropaHus
{ Jlesiax 25 ... 0,475 -4); i
0,210 ... 0,285 kr/(kBr-u). S BELERE W Al —
npef[;g;ﬁ;ﬁ{tgf?b;u aq)fc(pﬂﬂ Geueafrz(eﬁﬂ HA3hpBalOT OTHOLIEHHE TEeMJOTH
eKTHBHY10 (noJieanyio) pab ‘
YeCTBY H3PAacXOAOBAHHON TEMJIOTH: e ey
3,6-10°
Ne = —=——.
£ Q'p.ug.e

HHH,ELJ:]FI rgpomszeBb(l}xgiédpﬁlopaT{)pHHK IBHTATENeH BHYTpEHHero cropa-
‘ ,20...0,29, nnsi Grictpoxonnmrx gusenein 0,30...0,40
;[.nﬁﬁ"aaosmx 0,23...0,28, e
i ;IaﬁH hﬂrgo;gg;?ogsfgmféazz?s}eﬁnaz HH}::HI:ITBIBE!IOT Ha ChenHaJbHBIX
HCTILITAHNH, CTPOSIT XapaKTepHCTHKH iIB]'Il"élTE‘leHT:{HME“ HOJII%’I?EHHHX or
HYIO0 XapaKTepHCTHKY CHAMAIOT MpPH Topmome;um s i il
4ACTOTY BpAalleHHs KOJEHYATOro Baja 1{6 3Haqeﬂﬁuﬂmarmﬂ’ forepos
elte BO3MOMKHA ycToHumBas pabota ABHraTens 151[;51’3!{%})“ i
] HArpyxa
premes Rein soicopnousswep. Fi Kyt N, = ()

i S e Ki: A — MakCHMANbHAS MOMUIHOCTD
ﬁgl;;a::;l;{éﬁﬂiﬂ KMDLH,HOCTB, [PH KOTOPOH JOCTHTAET CBOErO MaKCHMA/b-
b pyramuit moment M, ,.; C—MOUIHOCTB, KOTOpas Co-

YeT MHHHMAaJBEHOMY YIeJLHOMY pacXoiy Tonyusa, 3a toukoh A

o, Mo ge MOIHHOCTb  YMEHBIIAETCs, TaK K4k

f YXyAuIaeTcst HanoJAHEeRNe UHAHHAPOB

ropioueli CMechio H pe3Ko BO3pacraoT

MOTEPH MOUIHOCTH Ha MpEeoAoJenHe
TpeHH4.

Tennosoit Gansanc pBHraTend.
Tennora, BLgenuBmasics npu cropa-
HUH TOOJIHBA, HE MOXKEeT ObITh MOJ-
HOCTBIO MpeBpaiieHa B MOJe3HVIO
paboTy; COTacHO BTOPOMY 3dKQHY
TEPMOANHAMHKH 9acTh 3TOH Ter-
JIOTHl JIOJKHA OBITh nepefaHa Teny
HONVIOIAIOUIEMY TEIIOTY (xono,uﬂ.ni,:
HUKY). B peanbHoM paBuratene ten-
Jd0Buie norepn Oodbite. Koapuect-
BEHHOE pacrnpeleeHne TemIoTs cro-
PEBILETO B UMAHHIDE TOMIMBA HA 10-

(288)

ME max

Fusgns 1T, mﬂflf

Puc. 177, CropocTHAR
CTHEA AN3eTLAOro ABNraTERA
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LapARTepR-

" Tennosoii 6ajaHC JABHT

pu B JIBHTATEJE Ha3LBaoT TENJO0BBEIM faJiaHCcOM.
aTeld MOAHO ['ll)E‘.,[LCTaBHTb B BHJE ypﬂBHEHHH
(289)

Ae3nyio paoTy u nore

Q - Qs + Qw "i_ Ql‘ﬁa T Qa. ¢ "l" ro'n
adcs npu cropaHuu TOMJIHBa B UHJAHHADE

ABUTATEN]s 32 SAMHHUILY BPEMEHH, kJLK; Q. — TenoTa, SKBHBAJCHTHAH
noJiesHol adacbexmsﬁoﬁ paboTe JBHIATEJ; Q. — TemJoTa, OTBELSH-
Has OXJAaMaaloliyM BelecTBOM (Bofio#, BO3AYXOM H Ap:); Qras—
TenJoTa, yieamas ¢ orpaboTaBiIHMH TasaMu; Q.. ¢ — TemuoTa,
poTepsHHAs OT HEMOJIHOTHI cropaHus TOIJHBA; Q4eq — OCTANIBHBIC
floTepH TENJIOTHI, He BOWEAUIHE B nepBLIC YeThIpe YiIeHa npaBof YaCTH
ypasuenus (289).

B ypaBHeHHH TENJIOBOr0 fanaHca 0
foTepH TEIVIOTH HA TpeHue, TaK KaK

CB53aHO € OOMbIIHME TPYAHOCTAMH.
TenJsopoil 6ajaHC ABHTaTE/s] MOKET 6LITh COCTABJIEH Kak pacuer-

HEIM nyTeM (OpUeHTHPOBOYHO), TAK H MO JAHHLIM, NOJYYEHHEIM B pe-
3y/apTaTe HCMBITAHHS ABHIaTE/ (6oviee TOUHO). Bropoi cnocol caa3an
O 3HAYATETBHLIMA TPYAHOCTSMH, OSTOMY OMBITHBIC JlaHHbIE TENJIOBOr0
fanaHca ABHTATEIS ABJAITCH TAKMKE UpHEHTHPOBD‘I‘HbIMH H CJIymat
JJs mosyueHus o6Wero MpeicTaBieHis 0 pacnpe]e/IecHHH TelIoThl
B ABuratese, uTo JaeT BOSMOKHOCTb YCTaHOBTL COBEpPIIEHCTBO €ro
KOHCTPYKIMH H ONEHHTh €ro SKOHOMHYHOCTD 10 CPABHEHHIO ¢ JABHra-
TenaMu APYTHX THMOB. B 5THX cayHaaX BHIpaXKEHHs COCTABJISIONIHX
TerJioBOro OajlaHca NPHHATO NPHBOAHTH HE B eIHHHLAX TEeNI0Thl,
a B MPOLEHTaX Mo OTHOLICHHIO KO el pacnoJjiaraeMoii TenioTe, KoTo-

pas npuHEMaeTCs 32 100%:

rie Q — TenyoTa, BBIGAHBII

TCYTCTBYET UJIeH, BHIP 2K AIOULHA
€ro MpaKTHYECKOe OnpejeleHne

q=4. "I" w + (raa —+Guc +locr — 100%, {290)
31ecCh
g =2 100%; go= L 100%; Gras = Less 1004,

Qoo —2E100%; uer = 5= 100%.

O pacnpefiefieHHH TEnJoTH, MOJTyYEeHHOH NpH CTOPAHHH 1uliHBd
B [UAMHApAX ABHraTeNs, MOMKHO CYIHTL MO JaHHBIM TEMNa0BOro
Gananca, npHBeieHHBIM B TallI. 10.

HauGobinee KOMHYECTBO TENJIOTH NPEBPAILACTCS B TOJE3HYIO
paGoty B AH3€/sX, H NOSTOMY AUSETH spasioTced Haubojee 3KOHOMHY-
HLIMH B 3KCIIyaTalluH.

CriocoGsi nossiuienus mouoctd 1 K nopunessix ABHraTesaci
pHyTpEeHHero CropaHusd. VBeJMYHTL MOLLHOCTh JABHTATEJsi MOMHO
myTeM yBeJHUEHHS PpasMepoB H HHC/a UU/AHHIPOB, YACTOTH BPAULCHHT
KOJIEHUaTOro Baja HiIH nyTeM nepexoja c YyeTHIPEXTaKTHOrO Ha ABYX-
TaKTHHH OHKA paGoTHL.

OjHaKO OYEHb JacTo NPH CO3AANMH ABUTaTe/s BHYTpeHHEro cropas

[isi mepe)l KOHCTPYKTOpam¥ CTaBHTCS 3ajaua noayueys BOSMOKHO
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TaG6anrua 10

Tenaora, %, %A% JgeAEratened
COoCTABRNAINGA YpaADHEHER
Tenjaoeoro Ganafca
AH3eABHER kaplioparop- rasoBER
HEX
Tennora, sksuBanenTnas nonesnoil pa- 29—42 21—30 23—28
Gore, g, = =
Tennora, oreBereunas  oxAAKAAOMAM 15—35 12—20 20—25
BEMECTHOM, (y,
Tennora, novepannas ¢ orpaGoTaRmn i 25—45 30—55 35—45
. Tasami, Qg

Tennora, norepaunas 3a cyeT HENONHOro 0—5 0—45 0—5
CrOPanHA TOMANBA B CMECH, (u.c
Ocrarounnit waen Temonoro Ganaica 25 3—6 5—10
qOCT

Gombiell MOIHOCTH B WHAHHAPE NpPH 3ajanHbix pasmepax. Kax noka-
34/ UCCAENOBAHUA W NPaKTHKa, HauOOAbINKH 3¢DeKT faeT npumene-
HHE HANJYBA: CBEXHH 3apsai (ropioueit cmecu B KapOIOPATOPHLIX ABH-
ratesax HJIH BO3AYyXa B AH3ENsX) CIKHUMAETCH B CNeNHATbHOM HarHeTa-
Tene (komnpeccope) no 250—350 klla, BeneacTere yero yseHyHBaercs
Macca 3apsiia B UHAHHADE, 4TO A4€T BO3MOXHOCTH B TOM ke ofbeme
UUTHHAPA cXKeub Oojblue TONJAHBA, NONYUHTH OOJbLIE TEmJIOTH H
yBeIHYHTL MOWHOCTh ABuraTtens B 1,0—2 pasa. Hapays mmpoxo
NpUMEHsTIoOT B (u3easnX. OCYWeCcTBASIOT ero NOPIWHEBLIME H POTALHOH-
HEIMH OOBEMHBIMH KOMIIpEeccopaMu, a TAKKe UEHTPNOKHBIMH Harse-
raTefaMu. KoMmnpeccopbl W HarneTaTe[lH OpPHBOMAT B ACHCTBHE OT
ABHTATENA HWJH WCMONb3YdA KHHETHHECKYIO 3HEpruio orpaboTaBiinx
B JABMraTesie rasoB Ias paboThl rasosoit TypOunnl. Hamays, nopn
KOTOpOM JJIsSi NPHBOAA KOMIPECCOPA HCHNOML3YETCH KUHETHYECKAd
3Heprus 0TpaboTaBIIMX TrasoB, HA3BIBAIOT ra3oTypOUHHLIM. DToT
HaJyB TpeGyeT 3HAYMTeNbHO MEHbIIE SHePTiH, YeM KOMIIPECCOPHBIH,
NOSTOMY OH 0oJiee SKOHOMHYEH H NOAYYHJI MHPOKOE PACHPOCTPAHeHHE
Ha 4eTHIPEXTAKTHEIX IH3ESIX.

Kaacendmxauns u obsacTu npHMeHeHHs MOPUIHEBBIX ABHraTENEH
BHYTpPenuero cropaunus. [loplunessie ABHrare/in BHYTPEHHEro eropa-
HHA KAACCHOHUHPYIOT N0 CALAYIOMAM NPH3HAKAM: N0 BHAY TOMJHBA —
I430BbIe, JKMAKOrO Jerkoro Tonjusa (OeH3uH, JErPOHH H KEPOCHH) H
TSIKE/IOT0 TOTIHBA (AH3eAbHOR TOMIHBO, COJNAPOBOE MAcJo, MasyT i
Ap.); MO UHCAY TAKTOB, COCTABANIOMEX PAGOUHA WHEK/, — HeThIpeX- H
ABYyXT4KTHbIE;, MO cnocoly NpPHrOTOBJEHHs ropioueil cMecH (cmece-
06pasosamnns) — ¢ BHEWINUM cMeceobpasosanuem (KapGiopaTopHbie H
Fa3oBhi€) H ABHIATEJH C BHYTPEHUNM CMeceobpasoBanuem (nu3enbHsie);
no gucny HOHAHHAPOB o OHAHO-, ABYX- H MHOFONHWIMHAPOBLIE; [0
pPacnogoKeH o oCeH HHAHHAPA — pHjAHBE BepTHKAaJAbHEIE
(puc. 178, a), psannse ropusonrambhsie (puc. 178, 6), -ofpasnbie
(puc. 178, 6) n 3sespoobpasunie (puc. 178, 2); no wacrore BpaLIeH s
KOJICHYaToro Bana W CKOPOCTH ABHIKEHHS NOPIIHA — GLICTPOXOAHEIE i
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Puc. 178, Cxemsi OTHOCHTCABHOTD PACMOAGHERIR UMARHAPOE ABHTATenn:
— pHAHOC BEpTHEANLHOE] 6 = pARHOE ropnad ATanbHOe; & ~ V-o6pasioe; & = apesfo=
a

oGpaanoe

JKHBIE.
THXOXONHEE; 10 NpHMEHEHHI0 — CTAlHOHAPHLE H '?e:;::émg i
C’rau'norzapﬁ’me ABHTATENN OPHBOAAT B JAEHCTBHE pa{ 2}% BO’FR}'Y:O-
MAIIHE H MEXauH3MOB. (KOMIpeccopos, HAacoCoB -[-mm)“dl'le;;erxm‘imuue
JVBOK, BEHTHJASTOPOB, OYPOBHIX YCTAHOBOK H T, zL 51 {1:er1.1i0503-
ABATATENH NPHUBOAAT B neficTBIe TPAHCIOPTHEIE MAIIH o 7
Hble, CYAOBBIe, dBHALUOHHLIE, ABTOMOOHABHEIE, TPAKTOPHLIE, KO!

L] - * :

BHE 1T AP.). : G
HO m_.,mﬁﬁ }ﬂpﬂmennm nOpIIHEBEIe ABHTATENH BHyTpe{Hi}iLr_;;;; gw
HHS. OcOGeHHO Ha TPAHCIOPTHBIX MAIHHAX. Oﬁbﬂcmerc;:“:;em ma‘nylo
oun'Moﬁmhﬁm, CPaBHHTEILHO nemeabgelgf%ﬁmsomme,_ MeioT

HO BBICOKHI : T
METaJIJIOEMKOCTE U JLOBOJB : i

OcHOBHbiE MEXAHH3MBI W CHCTEMBI nopuiHeBsiX RBHEZ;::."?, 113?;-

ennero cropanusi. Ocmos Qsuzamers — HETOBIKHA e
:I;TEHﬁ Ha KOTOPO# KpemsiTcs Bee ero ysJol. Y Mou;:{ab\[:; : zéof-mo-

e i — [ Has WAM cTranbHasd 1 : :

(X JBUrartejiel — 3TO0 UYryH anb! ! i
ggpxasihm{ NOJUIOHOM /i Macaa H CTaHHHOH, KoTopad ;ﬁyﬁl’.{:a?eneﬁ
pandeM JUIs KpPEMJIeHHsi UHJIHNAPOB; ¥ ﬁbzc"rpoxonﬂilomnmﬁ oy
Masiofi M cpenHed MOUIHOCTH -— UyTYHHBIH KapTep, > leLHJTHH'Tlel
3aKpHT NMOAJOHOM Il Macaa, a CBEpXY Ha HEM HKaPBi?;a é:“oﬁ ﬁﬂm?o.m'

H l obmieil OT/IBEE, HAS A AA0IO)

AMKABIH B OT/leILHOCTH WIH B s dlgesier e
Ei}fﬁaﬁcnopﬂﬂ“x ABHraTeNsx Kaprep OTJIHBACTCS BMEL;?{ ; 211;&%_
puuegpos. Cpepxy UAMHHADEH MAOTHO 3aKPHITH! Kamkl 1

; i -TOJIOBKOH.

ofu WJH OBWell KpBIIKO# BAT
;8 Kpu&omunuo—mamyuubza Mexaruam npeoGpasyer Hsﬂo:::gg e
C'T_\,-'na"reﬂhﬂoe JiBMIKEHUE MOPUIHA BO ppauare LHoe 1B o Boénim-
yaToro Baja. OH BKJIIOUAET B cebs mopulenb 7 (cum. pug'epbmr;oe e

= H ofecneuHBatolHy HEM e
HUMAIOULHH 1aBJeHHe TasoB H ( : s
Henme ofbeMa WHARHIpA, HEODXOMHMOTO JIs mymecms:m KOJ]E"H‘IR'
yero npouecca, waTys 9, mepepaiouinil ycuiaune OT nopi mui'i%rmp-
'r(imy paqy 2, MOpIIHEBOH nanen &, WAPHHPHO coe,ummoﬂmnmném
[eHb C [aTyHOM, KOpeHHBIe (pamnbie) MOUUHITHHKH, ﬁﬂB(;pIIJE‘”b =

a, Maxosuk 10, BLIBOASULHH _
aMH KOJieHuaToro Band, e
f@;gam Toqex #, Gaaroxaps GOMBUIOMY MOMEHTY HHEPLUH :
fi 3anyck JABHraT&Nsd. = el
uamlglagpnmpﬁaemmmbuoui MexXanuaa ocyuiecTsisier CBOEBP




HJI CTOI O 4
m;asué»i;arsu[:l:.u‘Yam-mccpepuoro BO3NyXa (B XM3€Je) H BHINYCK H3 HHX
. '{E'IhlpEXTaI:{‘Tlr:jiffIf&B COOTBETCTBHH C MOPALKOM paboThl ABHraTe s
1 2 BHUrateaax NpHMEHAIOT, Kak :
HBlIH rasopacnpeieuTe bHbl : : 7 e
JIBHBI MEeXaHu3M, COCTOSIIIHHA
g ; ) HIHH H3 BOYCKHOTO 5
: panc:;m;},;g;?rf KJIandHoB, KOpoMbicna 2, wiranrd 19, Tonia"renn 18
: nocmlzlﬁﬁou ;3;1;:;{2“ BaJla /7, luecTepHs KOTOPOro HaXONHTCS
3 JEHUH C wecTepHeil 15 xkon
2 ” enuatoro Baja. [l
ﬁgrri:;)eblfdé.npeﬂemalcnbnuro BaJla pAcHoJIOKEHEl KYJa9KH qacnc:
X COOTBETCTBYET YHCJIY BBITYCKE 7 ’
et o y YCKHBIX M BOYCKHBIX KJalaHOB.
s KOJeH4aThlH Ba/d, TO BMeCTe
! ‘ ] i C HHM Bpallae
pacupenenntensueifi Bad, H ety
: eTTHTe: . Hpu naGeramun KyJ/auka
NoCAeHUH nepeMeniaerc { : eiitho Hoe.
! s BBEPX; uepe3 LITAHTY
s nep X; Yy H KODOMBICJIO nepe-
HU??Ie:uB:;j t.ooraercmyroumu K/lanaH, KOTOPBIH OTKPEIBaeT Bnygx-
pacnphéﬂe.:'lld'll'-tt‘}‘fb}:zg'?) c:)sTaB.:pccTHe B uuaungape. Ilpu cGeranuu kymaauka
J a ¢ ToJIKaTelts KiaanaH 1o i
PasxuMalolel opyKUHLL 010 cllisrtriaineng
TH ’
pazs y OTHO 3aKPHIBAET COOTBETCTBYIOLIEE OTBEp-
mnf&fggwﬂm NUMAKUA MPUTOTOBJAET TOPIOUYIO CMeCh, COCTOSIIYIO H3
J 1 BO3[yXa CTPOrO ONpeneseHH e
; H
K OHJAHHAPAM JBHTATENs. ! A R i
maz?mlfgczismg(;g;iml MHTaHHs BXOAAT BO3AYXOOUHCTHTENb, OYH-
I bl BO3AYX OT HaCTHYEK MhIIH; i
MpeAHA3SHAYeHHBIH AJA CO3 e
3aHus 3anaca TOMIHBA
BpeMms paboTLl ABUTATENS; T z el e i
; TOIVIHBHBIH HACOC HU3KOTO
Hacoc y KapOlopaTopHOTO i
H MOJKa4YHBAIOUlasi OMMOA ¥
JABHTATENA), NOLAKOMHE TO g Bar iy
[JIHBO U3 TOMIUBHOTO 6ar 6
(y xapbiopaTopHOTO ABUTATE RO TR
/i) WAH K HACOCY BBICO :
(y An3edst); TOMIUBHBIE (QHIABT s il B
PEl, OUUIIAOLHE TOMVIMBO OT 34
WHX npumeceil; gapbiwo Vo
partop, (PHTOTOBJAIOWLKI
ONPENENEHHOr0 COCTaBa B ot st henn
3aBHCHMOCTH OT pexuMa pab
TOMJIMBHEL HACOC BEICOKOIO o
AasneHus (y Amseneil), nmoparlHi 9
KA Heob-
gﬁgi;?é;eﬂﬁgﬁ}éqecm% ﬁrﬁwaa K QopcyHkam, KOTOiniE BHprCKI{Ba(:(?i
aBJeHHEM 4 W BBIlE B MEJK
ME@JIKOPACIBIIEHHOM COCT
B MMUIHHADLL JH3eNs; TO o
JiS1; MVIHBONPOBOABI, COEXHHSIO :
CHCTEMBI ITHTAHHA; BOYCKHOM 0 ’ ol il
] H TpyOonpoBog (KOMIeKT! i
TOpICYYIO CMeCh HJH arMocde 2 0p), MOABOAALLMF
¢ €PHBIA BO3AYX K LHJIHH :
BLINYCKHOH Tpybonposol (K E ot S e
bl I (KOJJeKTOp), OTBO! § 0
rdd% OT NHJHHIDOB ABUTATENHA. p) il OTanOTaBUJHE
e ug{nggm cMasKu npejHasHaueHa Ajs NOAAYM Macia K TPYLHMCs
: }’MDEHL‘-H.I; SIM JleTajled  paGoTaolWero ABHraTeNs, uTO NPHBOAHT
g KHHKJ SaTpaT MOLIHOCTH HA MPEOOJNEHHE TPEHHS H H3HOC
perasedl. Kpome Toro, Maclo OXJa)jaer JeTald H CMBIBAeT C
MOBEPXHOCTH METaJHYCCKHE 4acTHLbl H3HOca. [ cMaskn )lBura;‘IX
- . B I
;;te;ic ONPHMEHAOT KHAKHE MHHEpanbHhle Macuia, BupaﬁaTmBaewje
HOBHOM H3 He(TH W 00/afaioUlle XOPOLIMMH CMAa3OYHEIMH c‘ i
CTBaMH. .Mac.no 3aluBaeTcs B MNOANOH KapTepa WJAH CheunnHa gt
MACASHBIA pesepByap H MOAAETCA K TPYLWHMCH NOBEPXHOCTAM ;Ibmf!j
noa Jlasjieduem, co3gaBaeMbiM MaCadHbIM HAaCOCOM HJIH paaﬁ_pi;‘a}fm
Ba-
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auem BHYTpH Kaprepa, Ilpu paGoTe Mac/lo 3arpsi3HAeTCs NPOAYKTaMH
W3HAIIMBAHUA JleTaneil ABHraTeas, Harapom, CMOJIHCTBIMH COEHHE~
HisiMi ¥ T. A. YToOBI OT 5TOrO HE YXyAauch cMa30uHble CBOHCTBA,
MACJIO OUHINAETCS!, NPOXOMA Yepes PHALTPEL rpy6oil # TOHKOH OUHCTKH,
BXOJSIIIHE B COCTaB CHCTEMbl CMa3KH. [Ipu CAHIIKOM BHICOKOH TeMire-
paType Macio GhiCTPO TEpSET CBOH KagecTBa, MO3TOMY TEMNEpPatypy
ero BOo BpeMsi pabOThl JABATATEJA Heo6XOIMMO TIOANepKHBaTh ONTH-
MalpHOf. 2Ty poJib BHIIOJIHAET Mac/IfAHbIH pajHarop, 4epes KOTOPBIH
MPOXOANT MACJO MPH MPEBRILCHHN ONTHMAALHOH TeMmepaTypH.

Cucmema o0xaqocOerus TNpeiHasHaueHa Ajs OTBOLA TEmIoTsl OT
CHAILHO HArpeBaeMbIX JieTasied ABHTaTe/s. B 3aBHCHMOCTH OT OXJaXx-
Jalolllero BellecTBa pas/nuaior BO3AYNMIAYIO H JKHAKOCTHYIO CHCTEMBL
oxsaxnenus. B aBaraTefsx ¢ BOSAYIIHBIM OXJaxIeHHeM IIH/THHADEI
06yBal0T CHapyXH MOTOKOM BO3AYXa, co3/1aBaeMbiM BEHTHJIATOPOM.
Ilns yBeJuueHHst TemiooTAadH MMIUHAPL HMET M0 HAPYXKHOH
nosepxuoctH pebpa (cM. pHC. 164). BosayliHoe OX/axAeHHe HMEIOT
npenMyIecTBEeHHO TPaHCHIOPTHLIC JBHTATEIH.

B JKHAKOCTHON CHCTeMe OXJaxJeHHs OXJIaNJalomast HUAKOCTD
npoxoAuT uepes pyOGalIKy OXJakAeHH ABHraTeNs, NPeACTaB/AIOMYI0
co6oil mPOCTPAHCTBO, 00pa3oBAHHOE cTeHKaMu OJ0Ka H HHJIHHIADPOB,
a TaKie CTEHKaMH TOJOBOK G/IOKa ¥ KaMep cropanus. JKunkocTHad
cHeTeMa OXJaKIeHUS MOXKET OBITh npoOTOYHOH H IHPKYJsIHOHHOH.
B npoTouHOH CHCTEME OXJIAKACHUHA oxJaxaanas KHAKOCTb HOR
HAMOPOM, CO31aBaeMbIM HACOCOM, IPOXOAUT yepes pybailky OXJaxue-
HHsl BCEro JHIIb OHH pas u cOpachBaeTCs B KaHanusanuio. B WHpKy-
JISLAOHHOM CHCTEMe OXJaXICHHs OXJamaallias #PJKOCTh MHOIO-
KpaTHO BO3Bpallaercs B pyGaiiKy OXJaX/eHus nocie OXJaxKIeHHs ee
B OXJajuTene.

Cucmena saocuzanus. Pabodas cvech B LHJIHRIPAX gapbioparop-
HOTO U Fa3oBOro ABMraTteaei mojxuraercd of 51eKTPHYECKOH HCKPBI,
obpasyeMoil MExAYy 3/EKTpOAaMH cBeul 3a)uraHps, BBEpPHYTOH
B OTBEpPCTHE TOJOBKH OJ0Ka HHIHHAPOB. Jlas 3TOr0 K 3JEKTpojaM
CcBeud HeoOXOAMMO MPHJOXKUTE HANpsKEHHE 12—14 kB. Cucrema
sakuranus npeofpasyer TOK HU3KOTO HanpAXKeHHs (6—12 B) B TOK
BLICOKOTO HANPSKeHHs M pacnpeie/aer ero o UIHEIpaM B COOT-
BeTCTBHM C TOPSAAKOM pafOoTHl JABUraTed.

PasaHuaioT 3aKuranne 6atapeiiinoe u OT MarHeTo BRICOKOTO Hanps-
senus. barapeiiiioe 3axuranue B OCHOBHOM HMEIOT aBTOMOOH/IbHBIE
KapGiopaTopHble JIBHTATENH. ABuanuoHHLIE, MOTOIMKJIETHbIE H CTa-
uuOHapHEIE KapOlopaTOpHEIE ABHTATENH HMEIOT CHCTEMY 3aMKHTaHHA
oT MarHeTo BBICOKOrO HAaNpSKeHHs, MPeiCcTas/siolero npubop, KOTO-
phiil BolpabaThiBaeT TOK HHSKOTO HampsKeHUs, Npeobpasyer ero B TOK
BEICOKOTO HAMpsKEeHHsi W HaNpaBiseT ero K csedaM 3a)KuraHus.

Cucrmema peeyauposanus 00ECHEUUBAET MOCTOTHHOE cOOTBETCTBHE
(paBeHCTBO) MEX1Yy MOLHOCTBIO, passuBaemoii jBuraTeseM, H BHEHE
HUMH HArPy3KaMH, KOTOpbIE 0/DKEH NPEOLONEBATD peuratednb. Coxpa-
HeHHe MOCTOSTHHOTO CKOPOCTHOro peKHMd paGoTel ppuraTess AOCTH:
raeTcsi yMEHbIUEHHEM HJH YBENHICHHEM noctynjenus B WHITHHAPSL

9 Eropyuwxus B, E, u ap. i




ABHTATeNs KOAWYECTBa ropioueil cmecH uaH Tonausa. s storo mna
JBHTATENAX YCTAHABJUBAIOT aBTOMAaTHUECKHe peryaaropel. IllHpoxo
NPHMEHSIOT MEXaHHIeCKHe LeHTpoGexHue PEryjaaTopul. ¥ kapliopa-
TOPHEIX JABHraTeJell NpH H3MEHeHHH HArPYZKH H YaCTOTH BpalleHHA
KOJIEHUATOrO Bajia peryasTop Bo3feHCTBYeT Ha APOCCRNbHYIO 3aCHAOHKY
kapbiopaTopa, a y JAH3eJbHHX JBHraTe/ledl — Ha PEHKY TONJIHBHOIO
Hacoca BHICOKOTO NABJIEHHH.

CyuiecTByIOT Tpu cnioco0a peryiHpoBaHHSA MOUIHOCTH JABHTATEN!
KOJHUECTBEHHEIH, KaveCTBeHHHIH H CMEaHHBIH,

KonuuecTBenubH cnocol peryupoBalus 3aK/04aeTcs B H3MeHe-
HHH KOJHYECTBa ropiouell cMecH YCTAHOBJIEHHOTO COCTaBa, IIOCTyNaio-
meil B nuAHEApHE ABHraTens. COCTaB CMECH, a C/IefloBaTelbHO, KO3(hdu-
muedT u3OLITKa BO3AYXa, HE u3MeHsioTcd. ITo cnocobeTByer Gonee
NOJHOMY CrOPaHHIO TOIIHBA NPH JI00LIX Harpyskax. KonyecTBeHHEIH
cnoco6 pery/aipoBaHusl NPHMEHSIOT B KapOOpaTOPHBIX ABHraTesiX.

Ilpu kauecTBenHOM crocobe peryanpoBaHus H3MEHNAIOT KOJHIECTBO
BOPHLICKHBAEMOrO TONJIHBA B IMIHHAD ABHTaTe/]si NPH H3MEHEHHRA
Harpy3Kd ¥ HeusMeHHOM oObeme BosjiyXxa. IlosTomy npH H3MEHEHHH
HArpy3KH M3MEHSIOTCS KOJHYECTBO TONVIHBA B TOploYei cMecH H
koshunuent usbuTKa Bo3gyXa. Takoit cnocob peryaHpOBaHHA
OPHMEHTIOT B JIH3eAbHLIX JABHCAaTeNsX.

Cuemanssiii ¢nocob peryanpoBaHus oObeAnHsAeT B cebe Ko/aHUe-
CTBEHHEIH W KauyecTBeHHEHi, Ilpn GoabminX Harpyakax MpPOH3BOAAT
KaYyeCTBEHHOE pETYJHPOBaHHE, a NPH MajhlX — KOJHYeCTBEHHOE.

KOHTPOJIBHBIE BONPOCHI

1, Kakos npuanpn paboTs AByXTAKTHOTO H YETHIPEXTAKTHOTO NMOPLIHEBOTO ABH-
rare]s BHYTPEHHEro CropaHus?

2. PacckamuTte O TEOPETHUECKHX HMK/aX ABHraTesed BHYTPEHHETO CTOpaHud.

3. B uem pasanune MeXIY TEOPETHYECKHM U ACHCTBHTEIbHEIM DHKAOM ABHTraTeds
BHYTPEHHEr0 CropasHsa?

Kak ocymecraanerca cMeceobpasoBaHue B JABHTaTelsiX C BHEIIHHM Cuece-
obpasopaniem (KapSlopaTopHHIX  Ta30BBIX) H BHYTpeHHHM CMeCeoOpasoBaHHEM (Au-
gensnx)?

5. Uro xapaktepusyer MHAMKaTOpHaf AuarpaMma?

6. Hanuwnre ypassesue Temiosoro Gananca u pacCKamuTe O Kamaod ero co-
crasasouteii.

7. Kakue cymectsy:or criocoOH DOBHIIEHHS. MOUHOCTH NOPINFEBLIX JABHraTe/ell
BHYTPEHHEr0 CFOPaHHA H KakoH U3 MHX Hanbosee SHbexkTHBHLIA?

8. Kak KnacendunupyioTes ABRTATENH BAYTPEHHEro CropaHia, KakoBhl 00/acTH
HX TPHMEHEHHN?

9, I3 kakiXx MeXaHH3MOB H CHETEM COCTOMT MOPLIHEesofi ABHraTelb BHYTPEHHErO
cropanns? Kakopo nasnaueHne Kaxaoll u3 HHX?

§ 24. MNapoBbieé H rasoBbie TYpOHHBI

I[lapoBbie H rasoBble TYPOHHBI SIBASIOTCS OCHOBHBIM THIOM JBHTa-
TeNs HA COBPEMEHHBLIX TEMJIOBBIX SJeKTpocTanumMsX. TypOuHH HmeioT
pPaA ﬂp&ﬂM}‘ﬂleCTB nepen APYTHMH TENJAOBLIMH ABUTaTeAAMH. [aBHBIE
H3 HHX — KOMIAKTHOCTh, BO3MOMKHOCTb NOJNYYEHHS GOAbUIHX MOLIHO-
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Kuuernueckass 3HEPrHsi Napa HCHOOAL3YETCH NOJNHOCTBIO, €C/H
g, =0, T.e. npu ¢ =2, Torna

ule, = 1/2. (294)

Tak kak B TypOuHAX CTPYs Mapa HampapjeHa NOA HEKOTOPLIM
YIJIOM o K [JIOCKOCTH BPALIEHHA JIONaToK, TO, KaK NOKa3bBaloT pac-
ueTHl, HauGosiee BEITOJAHO OTHOLICHHE

EA T o, (295)

COOTBETCTBYIOUIER 3SHAUCHHAM 0,45—0,49. Kpome Toro, XoTs BHIXOAHAA
CKOpOCTh Napa ¢y A0/MKHA ObITh MHHHMAJbHOH, OHA HEe MOXeT ObiTh
paBHOI HYJIIO, H MO3TOMY OTHOLIEHHE ulc, eile MeHBIIE,

CKOpOCTh HCTEUEHHs Napa 3aBHCHT OT PACcloJiaraeMoro Teryionaae-
uust. [Ipi NpHUMEHeHHH Napa BHICOKHX NapamMerpoB CKOPOCTH HCTEHe-
Hs Napa OYeHb BEJIHKH, C/IEJOBATEIbHO, NO/IKHEI OHITb QUEHb BEJHKH
H OKDYXHbIE CKOPOCTH BpalleHHs AHCKOB TypOunsl. IIpu sTom B Ma-
TepuaJie IMCKA BOSHHKAIOT GOJbLIKE HANpPsXKeHHs, CBASAHHLIE C BO3-
HUKHOBeHHeM GOJLINHX HEHTPOOEKHBIX CHIL.

Mamenenue ke nanbosnee BHIFOIHOTO OTHONIEHHS #/C; BbI3BIBAET
peskoe ciuxkenne KIT TypOHHEL. 3HaguT B OAHOCTYeHyaTol TypOuHe
MOJKHO HCHOJB30BATh JHIUL HeGoMblune TemsonaaeHusi. Kpome Toro,
6O HHCTBO MAIIHH, IPHBOAKMBIX B JeficTBue TypOHHAMH, TpebyoT
yacTOTH Bpamenust e Gosmee 50 ¢, TlosTomy TYpOMHBI MOIIHOCTBLIO
npumepro 1 MBT n Gonee uMEIOT HECKOABKO CTyINeHed JaBJaeHHs,
a HEpeJIKo M 2—3 CTyNeHH CKOpOCTH.

Crynenn gasaeHusi. B mHOrocTyneHuarbix TypGHHAaX Bech NPONECC
pacIUAPEHHs Napa pasjesien Ha YacTH HJIH CTYNeHH, B KA A0H HCTIO/Ib=
ayercst HeGOJIBMION Nepenaj AaBJeHHH. Ecsii pa3jienuTb pacnofarae-
MBI nepenajl AaBA€HHH Ha YHCJIO CTYMNeHeH z TaKuM obpasoM, uTOSkI
B KaskJ0il CTYMeHH HCIO/Ab30BATh PaBHLIE TEN/IONAeHHs, TO CKOPOCTH
McTeueHHs mapa B KaxaoH cTynenu Oyaer B |/ 2z pa3 meHbile, 4eM
B OJHOCTyNeH4aTo# TypOlHe, HCTIONbB3YIOLIeH TO 3Ke TelaoNaleHue.
IeificTBHTE/IBHO CKOPOCTb HCTEYEHHS B ONHOCTYNEHYaTOH TypOuHe
¢, = l,4lg Vi, — is, THE ¢ — CKOPOCTHOMH KO3(hHUKEHT CONJIa,
KOTOpHIfl MOKA3bIBAET, BO CKOIbKO pa3 CKOpPOCTb Ha BHIXOAE H3 cornia
MeHblile CKOPOCTH o6paTHMoro uerederns. [lis CONJ MapoBbix TYypOHH
@ = 0,90 ... 0,96. B Kaxnoi CTymeHH MHOTOCTYIIEHUaTOi TYpPOHHBL
HCTIOMB3yeTes: Tenaonanenue (i, — fy)/z, N03TOMY CKOPOCTE HCTEYEHH S
H3 KaXXI0H CTYIEHH

o =141V (i; — i)z (296)

Ha puc. 182 nan cxemaTHYeCKHH paspes TPEeXCTyneHuaToH AKTHB:
Hoit TYpOuHBL, TpaduKH AaBIEHHT H aBCcoMIOTHOM cKopocTH Mapa. Kop-
nyc TypOuHbLL pasjie/ied AnapparMaMu Ha TPH OTAEMbHBIC kamepsl. [1ap
W3 [aponpoBOJA IOCTyNaeT B KOJAbUEBYIO Kamepy A. B conaax I,
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Pacno/ioxKeHHBIX N0 OKPYXKHOCTH KOMBIEBON KaMephl, Nap paclups-
- €TCst 0 AABJACHHS py, NpUOOPETaeT CKOPOCTL €; H MOCTYNaeT Ha patoune
| nonatku 2 nepsofi crynenu. [locae nepBoii cTynerH ckopocTh mapa

YMEHbILAETCA A0 C;. B comaax 3 BTopofi c1ynens, pacuofomeHHBIX
L B juadparve, nap onATh pacliMpseTcs M MOCTymaeT Ha paGouue
aonatkd 4. AHasoTHUNBHI NpOHECC NpOTEKaeT B Tpersell cTynewn,

KOTOpOil map pacuiupsiercsi A0 AABAEHHS B BLUTYCKHOM NaTpy6ie,
COel{HEHHOM C aTMoctepoil HIH KOHZeHcaTopoM. B coBpemenHmix
TypOHHaX YMCI0 CTyneHeil laBleHHs focturaer 20 ¥ Gonee, CKOPOCTH
B KaXAOH cTynenu noaywaiorcs neGoabumamu. [lpuuem Gonbwne
nepenajibl JaBJeHnH OCYINECTBAAIOTCS B NMEpPBOH H Nocjeneil cryne-
HAX. 3T0 CnocoGCTBYET MOHHMKEHHIO [aBNEHHS W TeMMNepaTyps mapa
NocJie NepBoil CTYNeHH H YMEHbIIEHHIO BLICOTH JIOMATOK B MOCAEAHHX
CTyneHsx.

Crymenn ckopocTh. AKTHBHAs CTYNEHD IaBACHHA MOJKET GLITh pas-
Jenesa Ha Ase (WHOTJa Ha TpW) CTymeHH ckopoctu. Ha puc. 183
1I0Ka3aH paspes aKTHBHOH TYPOMHEI C ABYMS CTYNCHAMH CKODOCTH.
Tlap npu zaBenun p, noctynaer B comio 2, BhTexas co CKOPOCTRIO ¢,
| H3 COmJIa, Map HoCTynaeT Ha HepBHlil psi paboumXx Jomatok I, rae
YaCcTHYHO HCIOJBL3YETCHA ero
KHHETHYeCKan sHeprus. Boixo-
51 €O CKOPOCTBIO €2 C NMEPBOro
psaa paGouHx fonarok, mnap
nomajaeT B HaNMpaBJsIONui
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Puc. 183. Opmocrynmenuaran ak-
. i THEHAA TYPOHMHA € AByms cTyne-
7 — consa neproft crynenn;  — paboume  MAMH CHOPOCTH

AonaTKy nepEofl crynenn; § —eonas n%l
crynenn; 4 — paGouie MONATKR BTOPOMl CTY~
nedn

4, 4 — pasaune son pBoi
" ‘I!Cpgl m'un;“' L B
‘2 — conao; Hanpaj .

g_u'm § — sunycxuofl narpy~

 ywenbmenis KHHOTHUeCKO SHEPTHH, Npeobpa3oBaHion

pAT K3 HENOABHMHHLIX JONATOK 4,
OpHIil MpennasHaueH IS M3MEHEeHis
anpaBacHHs ABH¥ennd napa Ges CHgKe-
g7 ero jaBjexlsi. BcreicTBHe mNOTepb
HANPABJSAIOMHK JIONATKaX CKOPOCTD na-
pa Hecko/lbKo yMesbinaeres. C 310ii cxo-
 pOCTBIO (3 Nap BXOAWT HA BTOPOH paA
pafiounx JIonaTok 4, TAe HCOOJb3YeTcs
. eme uaCTb €r0 KHHeTHYECKOH SHEpTHH.
 C He3sHauuTeAbHOH CKOPOCTHIO ¢2 Map Mno-
. crynaer B Bmnyckuoii natpyGok 5. Ilo-
ZoOHBe TYpOHHB HEGOABUIOH MOIHOCTH
NIPHMEHSIOT A5 NPHBOAA UEHTPOGEKHBIX
HACOCOB, BEHTHJAATOPOB H T. M. her
CryneHy CKOPOCTH MO3BOJAIOT HCNOIb-
som?’ ﬁonbmuepnepenam napjennil npu :::;&s:inﬁ"’::yﬂﬂ;“ﬁ.“ .
. MeHbIIHX 4YacTOTaX BpAUIEHHS POTOPA, ; _ conao; 2, 4 — patowme no-
gem MpocTas CTyNeHb JaBJeHHs. (}ne;E: naTki
YacTo JiByXBEHEYH CTyneHb AaBJl
np Hme}ixmzr B xaqecyu-[:e nepeoit (peryaupyolued) CTyneHH Mxormryne:&
gaTsIX TypOUH. 3HaueHue SToi CTyMeHH 3aK/I09ALTCA B TOM, 9T0 B Km—
HCTIONB3YETCs SHAUHTEIbHA UACTh TeIONaleHH, d STO Zaet nozéuo
HOCTb CHH3WTh JABJEHHE H TemmepaTypy napa B Kopuyce TypOHHL,
YMEHBLIHTh YHCIO nocne;[y!gmnx cryneneli H TEM CaMBIM YMEHBLIHTE
MEepH H VAeleBnTh TypOHHY.
paSPegumn:iﬁ npnuunnygeic'rnn napoBoil TYPGHHbI. B peakTHBHBIX
TypOMHAX Nap JNlllb YACTHYHO PACLIHPAETCS B CONIaX. Ougﬂqmm:g::
pacmmpenye mapa NPOHCXOMMT Ha pafounx Jonarkax. acmnpﬂm
napa B MEXJONATOUHBIX KaHalaX CONpOBOMKAAEICA ero ycKopel
0 OTHOWEHINO K paGOUHM JONATKAM, BCIECTBHE Hero nap OKashiBacT
Ha JIOTATKH TYPOHHE, KPOME aKTHBHOTO JaBJIeHNs OTKIOHEHHH CTpYH,
ewe W peAKTHBHOE [aBjeHHe. PeaKkTHBHOE IaBJEHHE uar:)pﬁanneio
[POTHBONOMNOAKHO CKOPOCTH BHITEKAIOULEH CTPYH. _Taknm piar'::-?m:
TypOHHE!, HA3HIBAEMBIE PeaKTHBHBIMI, obkuno paboTaoT H 10 pea ]
M MO aKTHBHOMY NPHHIHTY. %
limlll)‘t]a prc. 184 nao%paguena cXeMa MpoToUHOMH llac‘mI peaKTHBHOMR :
cryneuu gasaenns. [lap roj naBienneM p Hepes COnJIo uomone;’i;t;.:
K pabousm jonarkam 2 u 8. B comie map 4acTHHHO pacmu%ﬁomm,l
CKOpOCTb €ro BospacTaer 1o ¢,. B kanaze, ofpa3oBaHHOM pa e
JlonaTKaM#, CTPYf Napa H3MeHseT CBOe HanpaBJeHHE. B pesyanta 2
3TOro noj AEiiCTBHEM [EHTD cuJal CTPYH JIONaTKa ucmmnz:a 3
CyMMapHOE YCHAHE, KOTOPOE MH obo3uaunM Poq. Oqeang. i
HANPABJICHHE CHJIBL Py 32BUCHT OT (QOPMBI JOMATKH. Tak kaK
KaHaia Mexay JOnaTkaMu yMeHbllaercsd B HanpasJEAHN xom
CTpYH, TO Nap paciiupsieTcs, AaB/SHHE ero najaer A0 Koxll;; 1
AauHofi CTYMeHH 3HAYEHHA P OTHOCHTEJBHAA CKOPOCTE T
CTaeT or w; A0 W,, a abcoNTHAA — yMeHbluaerca A0 &g _




B pesyabTaTe ycKopeHHs CTPYH Napa B KaHaJe MeXAy JIOMATKaMu
BO3HHKAIOT peaKTHBHBIE CHJIbI, KOTOpHIE AaiyT PaBHOAEHCTBYIONILYIO
Pp..x, HamnpaBjieHHE KOTOPOH@IaKike 3aBHCHT OT (POPMBI JIOMATOK.
CioxuB CHABl Py U Ppoage, TONY4HM 0GIYIO PABHOAEHCTBYIOMLYIO
cuay P. Kpome Toro, B peakTHBHOMH CTYMNEHH BO3HHKAET B pesyjbTare
Pa3HOCTH JiaBJEHHH p; H p, Mapa ¥ BXOJA4 H BEIXO2 H3 MEXJ/0MaTou-
HOro KaHaJia j06aBoYHOe oceBoe (aKcHadbHOe) ycuane P,... [lostomy
Ha JIOMaTKy JeHCTBYyeT cuaa P, paBHas cymme Cul P H Pg,.
Hanpaenenne P,,, OTKJIOHZeTCs OT INIOCKOCTH JBHXKEHHS JONATOK
B CTOPOHY MOCJEAYIOIHX CTyNeHeH HU3KOoro AaBjeHust. DTHM 06yCa0B-
JIMBAETCH BO3HHKHOBEHHE OCEBOTO YCHJIHS, NeHCTBYIOLNIEro Ha POTGP.

CreneHbIo peakunn CTYIEHH P HA3LIBAIOT OTHOLIEHHE TeNJIONaAeHH,
NPHXOAALIErOCs HAa YaCTh Mpolecca, MNpPOTeKAwUlero Ha paGounx
ﬂor}za"rf);, K oflleMy pacmoJjiaraeMoMy TemIONafeHHuio CTynesn hy =
= 2:

p = hof(hy + hy), (297)

rae hy U by — 9aCTH pacmoflaraeMoro TemJIonajeHusl, NPHXOAANIHECH
Ha paboyne JONaTKH H COnJa (HampaBAsiOUHE JONAaTKH) COOTBET-
CTBEHHO.

B MHOrocTyneH4aThIX PEeakTHBHBIX TYpOMHAX COMJIOBHIE KaHAaJbl
00pasyoTcs BeHaMH HEeNOLBHIKHBIX (HANPaBASIoULIX) JONATOK, YKpen-
JIEHHHIX B Kopnyce TypOunel. PaGouune (nmoaBuzcHbIE) H HanpaBAgiomiue
JIONATKH HMEIOT OAHHAKOBHIH NPOQHIb.

Ha puc. 185 mnokasana cxeMa peakTHBHON MHOTOCTYNEHUAaTOW
TypOunel. Potop 7 Typ6GuHE BEINOJHEH B Bujie 6apabaHa, Ha KOTOPOM
ykpensiensl paboune jonaTtkd 2 ¥ 6. Hanpasasiowpe jonatkn 1 u 5
yKpenJienbl B Kopnyce 4 TypOuHbl. 11 KOMMEHCALlHH NeHCTBUs Oce-
BOTO yCHJIHA P, CAYXHT pasrpysouHsii nopmens 8. CoenuHHTENb-
HEH TpyGonposoa 3 cooflmaer NPOCTPAHCTBO NEpel pasrpy304HBIM
NOPIIEEM € BEINYCKHEIM maTpyOKoM. BcaencTBue pasHocTH pasienuil
mnapa no o0eHM CTOpOHaM MOpPLUHSl MOCJEIHHH HCOBITHIBAGT VCHIHE,
YpaBHOBELIHBAIOLIEE OCEBOE YCHJ/HE, pa3BHBAIOUICECH B MNPOTOYHOMH
gacTd TypOMHBEI U HANPaBJIEHHOE B CTOPOHY JABHKeHUsA Napa. Tak kak
B peakTHUBHLIX TYpOHWHAX HMEeTCsi pa3HOCTh NaBJEeHHH ¢ 00eHX CTOPOH
pabouHX JIONAaTOK B KaXJOll CTyNeHH, TO Heu3GexKHEl YTEUKH napa
gepes 3a3opbl Mex1y paboYyHMH JIONMATKAMH W KOPOYCOM MEXAY
HanpaBJsIOMAMH JONAaTKaMH H pOTOpoM. A yYMeHBbUIEHHS Pa3HOCTH
AaBJeHUi, a CJeloBaTebHO, H YTEUeK rapa pacnoJsiaraeMelli nepenaj
AABJEHHH JNEJAT Ha OOJbIIOE YHCIO CTymeHef, MOSTOMY MOULHEIE
peaKTHBHLIE TYDOHHEI HMEIOT SHAUNTENBHOE YHCJIO CTYNEHel HaBaeH il
(nnorpa no 100).

PaGounii npouecc B comiax Typ6unm. PaGounii mpouecc B napo-
BOii TypOHHE MOXHO Pasje/iuTh Ha JABa OTAeJbHBIX mpouecca. [lepsuiil
H3 HHX, 3aKJi04aiomuics B npeoOpAasoBaHHM TENJOTH Mapa B KHHeTH-
HEeCKYiO SHepTrHio, OcyllecTsasercs B comaax. Ilpu otcyrcrBun tenno-
ofMeHa ¢ OKpyXKawlleH CPeAOH SHTAJbNHA Napa MOHHIKAETCH Ha
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Puc. 186. [Mpouecc pacimHpeHHSs

yaroil 1
Puc. 185. Cxema peaKTHEHOH MHOTOCTYNEHYa D e s bt i s

TYpOHEE:

! n 5 — Wanpaerasiouse Jonatks; 2 m 6 — pado-
wHe JONATKH; § — coellMENTenbHsifl TpyGOnpoBOMN;
4 — Kopnyc; 7 — porTop; § — pasrpysodHui nop-
HeHb

hy = iy — iy, TAE io — 3HTAJbNHA napa nepex COMJOM; [y — IHTaJb-
nuA napa nocje pacuIHpeHds B COIIE. :

PaccMOTpHM 3TOT MpoLecc B KOOPAHHATAX i, S (puc. 186), Tlpu
HAUAMLHBIX MapaMeTpax napa p, H Ty HauaJbHOE COCTOSHHE ET0 NEPEL
consiom onpenensercs Toukofi O nepeceueHns 1306apHl po 1 H30TEPMEL
T,. Tlpu amuaGaTHOM paCIMpeHuH mapa A0 AaBJICHHI Dy pacrzgna-
raemoe TemIoNaseHne H306pasuTCst Ha AHarpaMme OTPE3KOM alHaLaThl
OK = hy. 3a cuer 3TOro TemJomajeHus mnap, MOAXOASIHH K conny
CO CKOPOCTBIO Cy, MOJydaeT NpHpPALIEHHE KHHETHUECKOH HEPTUH

ho = (cl: — €0)/2. (298)
KouneyHasi CKOPOCTb Tapa Ha BEIXOJE W3 COmJa MpH STOM
e =141V hy+ca/2. (299)

Bcaencreue BpeAHBIX COHpOTI-IBJIEHHﬁ B COMJIOBOM KaHaJje ILEHCTBH:
TeJhHafi CKOpOCTb Mapa Ha BhIXOJ€e H3 COIlJia MEHBLIE TEOpeTHYECKOH

H paBHA €; = @Cyr, WIH

¥’cq =f e
6= 1,41 ]/hu(?g_l_—ﬁ"q: 1,41 h—}———g—, (30[})

rae h = hyp* — LefiCTBHTENbHOE  TEMJONAACHHE, Hcnoab3yemoe
p conae; ¢ = 0,9 ... 0,96.

[lotepy B CONJax BOSHUKAIOT BCJEJCTBHE TPEHUsI HaCTHIL napa
‘0 CTeHKH consia H Apyr o gpyra. OHH 3aBHCAT IVIaBHBIM obpa3oM 0:
CKOpOCTH Napa, PasMepoB, KPHBH3HBEI H LI€POXOBATOCTH no:atﬁ'.p;'f:lﬂlilri;a.l
conna. PaGoTa TpeHus 4acTHI| Mapa APYr o APyra u O CTEHK €O
NPUBOJAHT K NOBHILIEHNHIO SHTAJILIHH [apa. CaegoBatesbH O
TEpHAETCs HEKoTOopas 0/ KHHETHYECKOM SHEpIHH, ;(ompz;gm)ﬂmpa
maercsi B TEMJIOTY H NOBHIUAET KOHEUHOe 3Ha4YEHHE ménna'-uomno
SuTponuu napa. [losTomy cocTosiHKe Iapa npH BEIXOAS K3 comJ .

0, B COMie
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npencTaBuTh Toukoi A Ha guarpamme i—s. Kpupas OA npuGmikenuo
H300pa3uT Npouece pacIIMpenus napa B comde. Beauuuna h ssasercs
ACHCTBHTENbHEIM TEIJIONafeHHEM, KOTOpoe npeobpasyercs B KHHETH-
YeCKYIO SHEPTHIO BLIXOAAIIEro H3 COMIA mapa.

[MoTepu W pacxon napa B mapoeoit TypGume. Mommocts n KINJ
TypOuHbl. Pabounfi npouecc TypOHHBl CONPOBONKAAETCS HEH3OEK-
HEIMH noTepsivi. [ToTepu npuHATO pasnensTs Ha BHYTPEHHHE H BHEIl-
Hue. BHyTpennue noTtepH — 3TO MOTEPH BHYTPH Kopmyca TypOiiibi,
OHH YMEHbLIUAIOT HCnmoAb3yeMulli Tenstonepenan. Kpome noteps B con-
JaX K BHYTPEHHHM MOTEPSIM OTHOCATCA MOTEPH B KaHalax pabounX
JIONATOK, BO3HHKAIONIHE BCJENCTBHE YAaDOB YaCTHIL 11apa O KPOMKH
JIONAaTOK U TPEHHS YacTHI[ Napa o NOBep XHOCTH JONATOK # APYT 0 Apyra
(norepanHas SHEPTHS TAKIKE NPEBPAUIAETCH B TEMJIOTY, MOBBIIAsN
SHTAJLIHIO MApa); NOTePH OT BJAXKHOCTH Hapa B NOCAEAHHX CTYNEHAX
TYPOHHBI, BO3HHKAIONHE BCJAEACTBHE TOTO, YTO YaCTHILI BJATH B nape
ABHXKYTCA MEJICHHEE CyXoro napa (ocoGeHHO BpegHO paspyluainee
AEHCTBHE YacTHI[ BJAarH Ha BXOAHHE KPOMKH paboyHX JOHATOK,
HO3TOMY CTeneHb CYXOCTH Napa B MOCJELHHX CTYNEHAX He NOMIKHA
Goith Menee X = 0,77 ... 0,90); norepu, cBsi3aHHbBIE C yTeUKaMH napa
4epes 3a30pel MEXAY AuadparMaMu u BaJOM HJH padouHMH JonaTKaMu
H KopnycoM (y peakTHBHHIX TYPOHH); BHIXOAHEIE TIOTEPH, O0YCAOBACH-
HBIE TeéM, UTO Nap Mo BeiXOAe u3 TypOHHEI 00/1ajfaeT ellle HEKOTOPoi
KHHETHYECKOH 3HEprHef.

BuyTpesnHe noTepH NPHBOAAT K YMEHBLIEHHIO HCMOJL3YEMOTO
B CTyneHn pAaBjieHus TenJsonepenajna. OfHAKO B MHOrOCTYNEHYAThIX
TYPOHHAX 9aCTh TEIJIOTH!, COOTBETCTBYIOULIEH MOTEPAM H YBEJAHUHBAIO-
Ulefi SHTAJLMHIO Napa, HCNOAL3YeTCH B TOCASAYIOUIHX CTYNeHsX.
Kpowe Toro, B MHOrOCTyNeHYaTEIX TYPOHHAX MOKET OBITh HCHOMb30-

8 BaHa B HOCJeNyroliell CTyneHH 3Ha-
AL YHUTeNbHAs YaCTh 3HEPTHEA BBIXOAHOH
CKOpOCTH mapa.
| JAsi HaxomAeHHs Ha Auarpam-
Me i—S TOUKH, COOTBETCTBYIOULEi
AefiCTBHTENLHOMY COCTOSIHHIO Mapa
nocne CTyneHH JaBJeHHsi, HeobXo-
IUMO OTJOXKHTL Ha TEOPETHYECKOH
aauabate pacwmpenus AB norepn
SHEePrHH, KOTOPHIE MOBHILAIOT SH-
TaJBIIHIO 1apPa, a 3aTeM CIPOeKTHPO-
BaTh NOJYYeHHBIE TOYKH Ha u3obapy
KOHeqnoro jpasaenns (puc. 187).

Koneunoe cocrosuue napa 3a
JaHHOMN CTyneHbio XapaKTepusyercs
Toukofi K. Mcnoab3osanssiii B CTY-
NeHH HaBJeHHs Tenyonepenaj

: = Iy = ho — (g +
o B mia gy + e s+ 1y), (301)

250

€y

by

i

rae h, — norepu B comnax; h, — morepu Ha paboyuX JoNaTKax;

By » — noTepu Ha Tpenue; h, — BHIXOLHLIE NOTEPH.
CTHOMIEHHE HCNOAL30BAHHOTO B CTYNEHH Temjomepenajaa K pacuo-
AaraeMoMy TeIlJonepenajly HasbBaeTcss OTHOCHTEJNBHLIM BHYTPEHHHM

KITI crynenu:
No; = Ny/Ro. (302)

OueBu/1HO, YTO HCNOMb3YEMbIH B MEOTOCTYNeHYaTol TypOuHe TENnAo-
mepenaj NpeACTaBAsSeT CYMMY HCOOJb30BaHHBIX TENJONependjios BO

BCEX CTyneHAX!

Hi = X h{.
Buyrpennuii orHocuteasuniii KITL TypOHHSI
Nor = H;fHo- (303)

Ecai pacxof napa Ha TypOuny coctasasier G Kr/d4, pacronaraemoe
tennonanenue H, k[x/kr, Buyrpennsnit orHocnTeabus KI1I 1o, TO
TeIoTa, NpeBpalleHHas BO BHYTpPeHHOI pabory, paBHa HyGng;.
CrienoBaTe/pHO, BHYTPEHHIOIO MOMHOCTb TypOmHBI, KBT, MOXKHO
BhIpasuTh GopmyJaoi

Ny = 555 HoGnor. (303)

K Bremnum norepsM TypOHHB OTHOCATCA MEXAHHYECKHE NOTEPH H
noTepH OT YTEYKH Napa 4epe3 KOHIEBbie YIJIOTHEHH.

MexaHuyeckue NOTEPH — 3TO 3aTPaThl SHEPruH Ha MPEOACJICHHE
TpeHusi B NONUMIHHKAX H NPHBOJ BCHOMOraTeibHHX MEXaHH3IMOB.
Onn yuntsiBaorest mexannyeckum KI1ZL TypOunbl, KOTOPHIH npe,nﬂa;—
AseT coboit oTHOmeHne 5heXTHBHON MOIHOCTH Ha Baay TypOuHL N,
K €e BHYTpeHHEeH MOUIHOCTH:

= Ne 305
| e Nl * ( )

Jlas kpynusix Typ6us v, = 0,98 ... 0,99, nas TypOuH HeboJILIIoR
momnoctH 1, = 0,94 ... 0,95. £

Ortuocurenbusiii sddexrusrrit  KIJ| 1n, npeictasiser cobo
OTHOIIeHHE JeficTBHTeAbHOH (3ddeKTHBHOM) MOIILHOCTH TypOunn N,
K ee TeopeTHueckoii Momuocti N, onpejeisemoi 10 pacnonaraeMomy
remionagennto H, nepes TypOHHON H N0 KOJMHYECTBY napa, HOABOAH=

1
MoMy K TypOune, N,= 5565 GHy;
Toe = NE‘INT‘ (30’6)

T MOIIHOCTH TYpOHHEI, €e KOHCTPYKILHHE H OT
3HaueHHe 15, 3ABHCHT 0O i1 yp odyrale

napamerpos napa. Jlasi KPYnHBIX TYPOWH 1o =
Typbun cpeanei mowmuoctu 1 = 0,79 ... 0,8,




Ec/ii M3BecTHa MONIHOCTb HAa Kjaemmax remeparopa N, To KIII
TypOorenepatopa, B LEJIOM Ha3hBA€MbIH OTHOCHTEILHBIM 3JIEKTpU-
geckum KIIJI, onpenensercs OTHOWIGHHEM

Nos = Ny/N, (307)
HITH

Nos = MNoe"le = Moz MMy (308)

rae n,. — KI1Jl renepartopa, 3aBHCALIHA OT MOWIHOCTH TeHEpPaTOpa;
- = 0,94 ... 0,99.

XapakTepHCTHKOH SKOHOMHUHOCTH TYpOMHBI HBJAfeTcH TaKike
yaenpHBIH 3¢ ¢eKTHBHEIH pacXo[ napa, T. €. pacXxoj napa Ha elHHHLY
3(peKTUBHON MOIHOCTH TYpOHHBI, Kr/(KBT-u):

g=2 (309)

Pacxon mapa Ha BeipaGoTky | KBT-u ssexkTpuueckoH 3HEepruH
OOBIYHO HA3BIBAIOT YJEJbHbLIM 3JEKTPHYECKHM pacxoloM napa,
Kr/(kBT-u)

G
&= (310)

Jas TypOuHH cpeiHei MOIHOCTH YASABHEIH PacXo/l napa COCTaB/seT
5—6 kr/(kB1-4). 9T0T pacXoj CHHKAETCH NPH YBEIHYEHHH MOUIHOCTH
TypOHHBI, a TakKe NpPH BBICOKHX HavyaJbHBIX NapaMerpax mapa Jo
3,8—4,5 kr/(xkBt-u).

I1puBeerHbe HOPMYJIEI CIPABEAINBEL L5t TYpOHH, ¥ KOTOPHIX nap
pacuipsercs 10 AaBJeHHA B KOHAEHCaTOpe H BCA TEIJ0Ta NApa HCo/b-
ayercs AJdA BRIpaOOTKU sJeKkTposHepruy. Taxue TypOHHBI HA3BIBAIOT
KOH/IeHCallHOHHBEIMH .,

HomitanpHofi MOIHOCTBIO TYpOMHEI Ha3biBAlOT MAKCHMa/bHYIO
MOLIHOCTL, KOTOPYIO TypOHHa cnocofHa pasBHBaTh AJHTENLHOE BpEM.
Ha ocuoranun pacueroB ¥ HCOBITAHWH TYpOHH H3BECTHO, YTO NPU
H3MeHelHH Harpy3KH MeHsieTcs KakK oOmMiA pacxoj napa Ha TypOHHY,
TdK H €ro YIeJbHbli pacxol.

DKOHOMHYECKAsT MOLIHOCTh TYpOMHBL N, COOTBETCTBYET PERMMY
ee paboThl, NPH KOTOPOM YAEJbHBIN PACXOJ Napa g., ABJIAeTCS MHHH-
MaJbHBIM,

Ha puc. 188 nokazana saBucuMocTb pacxofa napa G oT Harpysku
N. Pacxon napa Bospactaer oT MHHHMAJBHOro 3HadeHus G, , npu
XOJI0CTOM XOJIe /10 3HaueHnsA Gy, NpH HOMHHAJBbHOH MOIHOCTH TYpOHHEL,
3aBucuMocTb MeXKAY Gy, x H Gy BHIPAXKAGTCS PaBEHCTBOM

G;, .= xG,, (311)

rae x — KO3(p(HUHEHT XOJOCTOrO Xona.
O6uiuno N, = (0,8 ... 0,9) Ny, HO npuGIHKEHHO MOXKHO mpH-
HsTh, YTO HOMHHAJBHLIA pacxon napa
Gy = ZoulVye (312)
262

Peryanposanune napoBbix TypCuH. &

CucTeMa peryJanpoBaHHst HENPEpPhIB-
HO MOJJEPIKHBAET PABEHCTBO MEXKIY
MOIIHOCTbIO, pa3BuBaeMOH TYpOH-
HOW, W HATpPY3KOfl reHeparopa, 4To
pMmeer GoJinioe sHauyeHHe AJsd HOP-
MaJbHO! pPaboThl 3JMEKTPOCTAHLHA.
B 3aBHCHMOCTH OT KOHCTPYKUHH
(tuna) napopacnpee/IuTeabHOTO
YCTPOHCTBA  PasJinyaloT ApoCcCelb-
Hoe (KauecTBenHoe), conyopoe (KO-
JIMYECTBEHHOE) M OOBOAHOE PEryJH- fiy
poBaHUe MOIIHOCTH NapoBLIX TYpOuH. a([ .

[Ipn JapoccesbHOM PpEeryaHpoBa- Nog Ne

HHH TNapOPACTPEJENHTENBHBIM YCT-. o ool L ackons napa
poitcTBOM siBAseTCs KJAalaH OOMb-  or marpyskm Typounm
woro JMaMerpa, KOTOphIH IIpH H3-
MEeHeHHUH BeJNWYHHBI OTKDHITHS H3MEHSIET KOJIHYECTBO CBEXKETO mapa,
nocTynaiouero 8 Typ6uny. OXHOBpeMEHHO NPOHCXONHUT APOCCETHpPOBA-
HHE napa W CHH;KeHHEe ero napamerpos. OueBH/HO, UTO Map MOCTynaer
K comJiaM 6e3 ApocceNupoBaHUs TONLKO MPH MaKCHMAJbHOM Harpyske
TypGunsl. HeNOCTATKOM TaKOrO Pery/iHMpOBaHHA sIBASETCS HH3Kas
SKOHOMWYHOCTb NPH HEIOrPY3KaX TypOMHbL B pe3y/bTaTe yMeHbUICHHS
pacnoJaraeMoro TenJionazeHus. : :

[IpH cONJIOBOM DEry/IHpOBaHHH COMJIOBOH annapar nepsoH (pf:ry-
Aupylole) CTyneHi pasOHT Ha HECKOMBLKO TpyIm, NEpel KKJAOH 13
KOTOPHIX pa3Melaercss OTAe/IbHas Kamepa € BOYCKIHLIM KJAlaHOM;
Ka)Iplil KaalaH OTKPBIBAETCS MOCJAEe/0BATENBHO OAHH 34 ApYTHM.
Tak Kak OTKpLITHE HJH 3aKPEITHE Kax/0ro noc/eiyiomero Kiaanaha
HAYMHASTCS TMOUYTH MOCJE MOJHONO OTKPBITHA HJH 3aKPBITHA MPENL-
AYIIero, To APOCCENHPOBaNHeE Napa NPOHCXOAHT TOJLKO B ONHOM KJa-
naHe MpH NOJHOCTBIO OTKPBITEIX H 3aKPBITHIX BCEX OCTA/bHBLX. Taxkoe
peryauposaHie Gonee SKOHOMHYHO H, HECMOTPSI Ha CPaBHHTEILHYIO
CJIOKHOCTD KOHCTPYKLHH, TOJYYHJO LIHPOKOE pacnpocTpaHenie
B COBpEMEHHbIX MapOBLIX TYpOHHAX.

B Typ6usax GOJNbLIHX MOUIHOCTEH MOJHOE OTKPLITHE BCEX KJand-
HOB, MOABOASIIHX Map B IePBYIO PEryJHpYyeMYIo CTyelb, HE obecrneun-
BaeT MOJyueHus noJnof MoumHocTH. [losToMy NMpH nepexole TypOuHH
HA MOJNHYIO MOIUIHOCTb NMPOH3BOAAT A00aBOYHBIH BIYCK CBEXKErO Napa,
MHHYS €PBYIO CTYNeHb, HENOCPEACTBEHHO K OHOH HJIH HECKOJILKHM
POMEXXYTOUHBIM CTYMEHsAM uepes crelHaibHbie 0GBOAHbIE MOCAEA0BA
Te/bHO OTKPBIBAMIHECs KanaHbl. Takoe pery/inpoBaHie Ha3sBACTCH
0OBOLHEIM.

Kpome OCHOBHOI! CHCTEMBI PeryiupoBaHus TypOiHbl BCerld npen-
yCMAaTpUBAETCsl HaJHuHe elle OJHOrO PerynaTopa — npeloxpasnTelb-
HOro BEIKJIOUATeNsl, Ha3LBAEMOro TaKxke peryistopom GesonacHOCTH
WIH aBTOMaroM Ge3zomacHocTH. HasHauenwe peryJsTopa Gesonac-
HOCTH — MIHOBEHHO 3aKphiTh AOCTYN napy B typ6uny, €clii 4acTord




BpameHus Bania TYpOHHBI NPEBLILIAET HOMHHAJbHYIO BEJHUHHY (Ha
10—12%). 3710 cBA3aHO C TEM, YTO HEKOTOPhHIE BPAlIAIOMHeECs AeTaau
TypOHH, Jawxe NpH HOpMaJ/JdbHOH CKOPOCTH BpallelHs Baja, pafoTaior
C HanpaxenHaAMH, OGNH3KHMH K npefeibHO jgonycTHMBIM. Iloatomy
3HAUMTENbHOE NPEBLILIEHHE YaCTOTH BpallleHKHs Bajda TypGHUB! MOXKeT
OpPHBECTH K aBapHH.

KoscTpyRura napoenix typOus. ObGulee ycTpolcTBO TYpOHHE pac-
CMOTPHM Ha MpPHMepe MHOTOCTYNEHYaTOi aKTHBHOH KOHIEHCAIIMOHHOIM
Typbuuel (puc. 189). Kopnye 2/ TypOumbl BHINOJHEH DPa3beMHbIM.
Onopamu 1J1a Hero cayat QyrnaameHTHbIe paMa 3 4 6aaka 19. B kop-
nyce ycraHoBJeHk! auadparmel [/ ¢ connamu {2, TypOuna umeer /2
AKTHBHBIX CTYNeHel JaBjenus. Bas TypOHHBI € 3aKpen/IeHHBIMH Ha HeM
AucKamu [4 u paboymumu Jgonatkamu I3 Bpawaercs B DOAWHNHAKAX 6
u 16. OnopHo-yNOpHLIA NONMHIHAK 6 oGecrneduBIET onpejesesHoe
noJioXKeHue poropa TYpOMHBEI MO OTHOIICHHIO K CTatopy. B Mecrax
BLIXOa Bajla H3 KOpPNYCa PaCIOJIOXeHE! JaOHPHHTHbIE YIJIOTHEHHA 7
H 15. [TocpencTBom 4epBsiYHOM nepefad 5 OT FAaBHOro Basa { TYPOHHE
 MPHBOASATCA B JiBHXKeHne 3y6uaThiil Mac/aHbIH HacoC U BaJjl peryasTopa
TypOunnt 4. TypOuna nMeer comjoBoe peryJHpOBaHHE NepBOH pery-
aupyioleit crynedn /0. I'pynnoBbie Kaanaksl 8 NOAHKMAIOTCS KyJjay-
KamH 9 pacnpefieinTeIbHOTO Baja, KOTOPHIH MOBOPAYHBAETCA MacJd-
HBIM cepBoMOTOpOM. B HHKHe#i gacTH kopnyca TypOHHBI HaXOAATCHA
natpyOKu 2, N0 KOTOPLIM OTBOAHTCH Map H3 NPOMEXYTOUHBIX CTyNeHeH
Jsi pereHepaTHBHOTO MOJAOrpesa nuTare]bHOH Bojel. OtpaboTaBumiui
nap yXOAWT B KOHAEHCATOP MO BHIMycKHOMY mnatpybky 20. Baa [
TypOUHBI COEAHHCH C BaJOM pOTOpPA 3JeKTporeHeparopa YHpyro#
mydToii 17. TypOuna umeer noBopoTHOe ycTpoHcTBo [8, KoTOpoe
npefiHa3HayeHo AJs MeAEHHOro BpaillleHHa poTopa, o0ecnedHBaioLero
€ro paBHOMEPHEIHA Nporpes nepes NyCKOM ¥ paBHOMEpPHOE OXJax/eHne ‘_ ] _ :
noc/ie OCTAHOBKH TypOHHBI. DT0O YCTPOHCTEO COCTOHT M3 3JEKTPOABHU- ¥ - '\
raTe/si, KOTOpHIl NOCPeACTBOM 4epBAuNOH H 3y0O4aToi nepenad Bpa- ' Ny 5 );,/l\\“““.&;r_
HiaeT COCAHHHTeNBHYIO MydTy poTopa.

KonaeHncaukousne ycrpoiictsa naposbix Typénun. Kongencauuon-
HOE YCTPOICTBO MNpejHasHayeHo /s CO3/laHua BaKyyMa B BhITYCKHOH
YyaCTH TYpOHHBEL, a TaKKe A1a KOHJeHcauuu oTpaboTaBiiero B TypOHHE
napa. OueBnzHO, 4TO yeM GoJbile paspexkeHHe B KOHAEHCATOpPE, TeM
GoabiiHi Tenionepenaj MoxceT OpThb HCHONb30BaH TYpOHHOH npu
ONHHX M TEX JKe HaualibHBIX napaMerpax napa. [losTomy crannoHapHbe
TypOHHBL HMEIOT KeHJIeHCAIHOHHEBIE YCTPOHCTBA, CO3AaomHe Iy 00Ku i
BakyyM. JLJist napoBbiX TYpOMH NPHMEHSIOT KOHAEHCATOPbI, B KOTOPHIX
nap He CONPHKACAeTCs C OKpYKaiouieh Bojoi. O6pasoBaHHbl KOH/leH-
¢aT HCnoab3yeTcs /I NHTaHWsA napoBux koriosB, Ha puc. 190 aana
cXeMa YCTPOMCTBA M0BEPXHOCTHOIO KOHAEHCATOpa. DTOT KOHAEHCATOP
npesicTasaseT coboil CTalbHOH cBapHoii Gapabau (kopnye [) ¢ AByMSA
KpuiukamMn 4 no topuam. Ha xoHuax GapaGana mocpeacTBoM ABYX
BePTHKANBHEIX JIHCTOB 2 HA3HBAeMBIX TPyOHBIMH AOCKaMH, OTIE/eHb!
BOJstuLIE KaMepsl 5 OT napa. BojisiHbie KaMepsl, B CBOIO OYepefib, 9acTo
paszensiorcs neperopoiiKaMi Ha JBa WM HECKOJIbKO OTJeNeHHi.
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5 — depnsy-
16 — aaguufl

18 — noBgpoTHOE YCoTROHETBO
fi  narpyGox;

5 — DAGUPHHTHEE

KJaanaH; # — Ky-
11 — nuatgparma;

14 — puck;

TYTIeHb;

4 — pan perynaropa;
20 — BHIYCKHO

it nopwunuyK; 7 w1
fl perynuponoguni

— TIEpPenHil

GKH OTROAHN Hapa Ha NPOMeMYTOUHMX cTynes-
fouasn JOnaTKAa;

pa
17 — yopyraa mydra;

Dynmu

MerTHAER Ganka;

1) — nepBas perynupyeman ¢
; I8 -
19—

0
.

Puc. 189, OpnoumanHAPOBAA KOBAeHCANHORNIAA ARTHIHAR rypinua:

nefi: 3 — GyunaMenTHAA PaMa;
21 — wopnye TypORus

YHAOTHERNA; 8 — TPynnoso

] — Bax: 2 — narpy
. nAvuDK;

‘ma@ nepenava; 6

L
DOAMHIENLK




Puc. 180, MosepXxHOCTRBIA KOHgeHCATOP:

1 — ropnye; 2 — TpyOHEle ADCKH; & — TPYOHH; 4 — KpPbllIKa;
5 — BojlfiuBle KaMepb; § — cOopuuk; 7, 8§ u I0 — narpyOku;
9 — ropaoBHEAa

B TpyOHbIX JlocKaX 3aKpernJeHbl FOPH3OHTAJbHBIE JATYHHBIE TPYOKH 3.
Uneno TpyGOK MOXKeT NOCTHraTh HeCKOMBKHUX Thicad. Oxaakpalolnas
BOJA MONBOAMTCS MO HATPYOKY 7 K HHIKHEMY OTAENEHHIO BOISHOI
KaMephl, NPOXONHT MO TPyOKaM BO BTOPYIO KaMepy, 3aTeM NPOXOAUT
B oOpaTHOM HanpaBJ/eHHH IO TPyGKaM B BepXHee OTAeTEHHE nepBoi
KaMephi, OTKY/a HANPABJSIETCH M0 NaTpyoKy & Aaa OXJaxKIeHus.

Ha puc. 191 n3oBpaxkena cxema KOHAEHCAIHOHHOM yeTaHoBKH. [Tap
H3 BhIMYCKHOTO naTpybka TypOHHBEI BXOAHT B KOHAeHcaTop 3 4epes
ropJioBuHy 9(cM. puc. 190) n, npoTekas cBepXy BHU3 MeXAY OXJAaxXKAai0-
IuMH TpYyOkamu, Kongencupyerca. Kongencar cobupaercs B cG0pHHEKe
6, OTKyla OTKAYMBAETCH CHelHaJbHBIM KOHIEHCATHHIM Hacocom 4
(cm. puc. 191). LHpKyTAUHOBHBELA HACOC 5 NOLAET OXJIAXKIAMOILYI0 BOLY
B TpyOKH KOHJeHCaTopa. JkeKTop I (00BUHO NapocTpyHHbId) 0TCaCk-
BaeT yepes natpyobox 10 (cm. puc. 190) Bo3nyX, npOHUKIIUHA B KOHJEH-
cartop BmecTe ¢ HeGOJBIIHM KOJUYECTBOM HECKOHISHCHPOBABIIEIOCH
napa. [lpu norepe Bakyyma B KOHJIEHCATODE Map MOMKET BhIMYCKATHCH
B atmocdepy no tpyGe 2 (em. puc. 191). B konpencatopax mapoBbix
TypOHH noznep:kuBaerca JjasaeHue 3,0—4,0 klla. laabueiwuii
BAKYYM NPHBOAUT K 3HAUHTEJbHOMY YBEJHUCHHIO Pa3MepOB KOHJEHCa-
TOpa, MOULHOCTH HACOCOB H MO3TOMY SKOHOMHYECKH HeBHITOJEH.

==

J;’?/;? ////f/ _

Puc. 101, Cxema KOHJEHCAHMOHHOA YCTAHOBKN:

1 == 3IKEKTOP; 2 == BHIYCKHAH TpyOa; § — KOHAGHCATOD;
4 = KOHZEHCATHHA Hacoc; § — DAPKYARUHOHHEA Hacog
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Puc. 102, TasoTypOWHHAS YCTAHOBKA CO CTOpPaHHEM ADH MOCTOAHHOM AAR-

JeHHN: .
1 — TypGuHa; 2 — Kommpeccop; & — ronanBRd Hacoc; 4 — dopcyHKay
5 = KaMepa cropanufl; 6 — conao; 7 — paGo4se JIONATKH

Cxema u pabGouuii mpouecc rasoTypOMHHON YCTaHOBKH CO Cropa-
HHeM DpH TMOCTOAHHOM JABJEHHH (pu= const). PaGoumm TesoM raso-
BO#l TYpOMHE fBJASAETCS a3, KOTOPbIH, BHIXOLA C 60JbII0H CKOPOCTHIO
W3 COma, MoNajaeT Ha JOMaTKH pabodero Kojeca TyPOHHL! H, Bpaulas
ero, copepmaer pafory, OrpaGoTaBunii ras 4epe3 BHITYCKHYIO TpyOy
BrGpackiBaercs B aTMochepy. I'as obpasyercs npy CropaHui TONJIHBA

_ B Kamepe CropaHus I‘BBOTYpﬁHHHOII"i YCTAHOBKH, TAE OHO CXHIraercd

0pH MOCTOSHHOM IaBJIEHHH (HenpemeHo).

Cxema mpocteiiiieil ra3oTypOHHHON YCTAHOBKH CO CrOpaHHEM npy
[OCTOSTHHOM AABJEHHH NpHBeeHa Ha puc. 192. Bospyx H3 OKpYHKalo-
el CpeAbl 3aCachBAETC KOMIIPECCOPOM 2, apunabaTHO C3KHMMaeTcs A0
TpeGyeMoro aB/eHus U NOJaeTCs B KamMepy Cropanus 6, Kyjlla HacocoM
3 uepes ¢opcyHKy 4 mojaercst TOIIHBO. O6pa3soBapLiascs CMeCh
TOMJIMBA € BO3AyX0oM cropaer. IIpopyKTh cropanus (ras) npu NocTOsEH-
HOM JaBJEGHMH IOCTYNaloT depe3 comio 6 Ha paGouune JONATKH 7
pabounx AMCKOB TYpOuHbL /, @ 3aT€M Yepes BEINYCKHYIO TpyOy BHIXOAAT
B atmocdepy. . :

[Tpoiecchl, COBepIIAIONIiecs B TaKo# rasorypOuHHOMH yc’rauomée,
#306paxatoTcs B KOOPAHHATAX p, U CJAEAYIOUHM obpasom (puc, 193).
Boaayx sacaceiBaeTcsi H3 aTMocephi B
KoMmnpeccop mo u3obape 5—I1 H MOA- p A : lq,.

Bepraercs afuabaTHOMY CKaTHIO OT g 3

NaBJIEHHS py 1O JAaBJeHus p, (aanabarta
1—2). Tlpu mNOCTOSIHHOM JaB/e€HHH |
ps OH HATHETAETCA B KaMepy cropa-
Husi, B KOTOPOH CIKHUTAETCH TOIIHBO

s e
(noasox TemIOTH g, — H3obapa 2—3). 5 % By n
3arem oGpa3oBaBliyiecs rasbi pH TeM- < ik
nepatype 1000—1100 K B cranuonap- v

TypGuamoil yora=
EoX # 1100—1200 K B aBHAUHOHHBIX  Puc. 193, ks rasosRicers il

Typ6HHAX MOCTYNAIOT B-COMIO. PaciiM-  pasaeunn =

%
1...
15
il




pHBIINCH B HeM (anuabata 3—4) no armocdepHOro JaB/ieHHdA p,, OT-
paborasumue rassl BeiOpachiBaioTcs B atmocdepy (u3obapa 4—35).

- Tarum o0pa3oM, HA€aJbHEI UMK/ Tra3oTypOHHHOH YCTaHOBKH
C MOABOJOM TeMmAOTH NPH NOCTOSHHOM JaBJeHHH [PEACTaBAAETCH
KpYroBeIM mponeccos: [—2—3—4, cocrodilluM H3 JABYX E300ap
(2—3 u 4—1) n aByx aguabatr (I—2 n 3—4). Tepmuuecxuii KIIJ
HAEANbHOr0 MHKAA TasoTypOMHHOH YCTaHOBKH, NPHBEACHHOTO Ha
puc. 193 cornacio ofuiemy OnpefeneHuIo;

1
. :'__a_ﬂ‘: {313)

rjae [, — pafora, KoTopyio cosepmaer | kr pabouero Tena B rasoBoi
Typbune, k[x/kr; [, — paCora, saTpauynBaemas Ha cxkaTthe | xr
BO3NyXa B KOMIpeccope, kK JDK/KT: ¢ — KOJHYECTBO TEMJIOTH, fOABE-
ZeHHoil k 1 kr paboyero Teja B Kamepe cropanus, kJImx/Er.

Tepmuuecknsi KIIJL mnaeaZbHOrO HHKAa He YYHTHEIBAeT MOTEpH,
pMelompecss B rasotypOuHHBIX yeranosBkaX., [lockonsky mnosaesnas
pabora rasoTypOHHHEON YCTAHOBKM 3aBHCHT OT paboThl, coBepuiaevoi
TypGuHOil, u pabothi, morpebasemoii xommnpeccopom, 1o KIIII ycra-
HOBKH B uenoM 3aBucut ot KIIJl Typ6GuHEl B KOMmIpeccopa, a TaKme
OT NOTepb, uMenxcs B HuX. CunTaeM, YTO NPOUECCH CHKATHS B KOM-
npeccope ¥ pacmiHpeHus B TypOuHe nporekaior aguabarno. B nefictBu-
TeJLHOM HHKJIE CXKaTHE B KOMIIPECCOope OCYIeCTBAAETCA N0 NOJHTPOIE,
H NONYUYEHHE TAKOH e CTeNeHH CXKaTHfA, Kak u NpH anuabaTHOM Cxa-
THH, norpebyer saTpaThl Goabiued paboThl; B TypOHHE B pesyabTare
pacuirpeHus rasa TemnepaTtypa Ha BLIXOAE 3 Hee OyAer BLiu€, yeM
ApH aguabaTHOM paClIHPEHHH, a CJelOBaTe/IbHO, H COBepllaeMas €lo
pabora Gyner Menbiueii. Cielyer eile y4ecTb MOTEPH Ha NPEOfoaeHHE
TPEHMUs Ta30B O JIONATKH H B COmJax TypOuHEl. Toraa HHANKaTOPHLIA
KI1/1 aeficrBrHTensHoro {peansHOro) NyK/ia rasoTypOHHEOA YCTEHOBKH
onpegensercs: Gopmyaoi

= (314)

rae ly, M. I w M, — coorBercTaenno pabora u KIIJ Typ6unn u
KOMOpeccopa.

Cymecrsennoe Bausune Ha KILJL rasorypOunHO# ycTaHOBKH
okasbiBaet KI1J1 komnpeccopa 1),. 10 00BSCHAETCA TeM, YTO KeMnpec-
cop notpebisier nourn 75% pasBuBaemMoii TYpOHHOH MOILHOCTH
[losTomy HesHaunTeasHoe ymedbuiesne ero KI1 cessano co 31{314;1:
TeNbHLIM CHIDKEHHEM [O/e3HON MOHIHOCTH, OTJA4B2eMOH B LIEJIOM.
Tak, cuinxenue KI1JL komnpeccopa ¢ 85 o 75% npu creneny cxaTus
¢, = 6 NpuUBOANT K YMEHbLIUEHHIO HHAHKATOPHOrO KII ycranoBku
Ha 40% . OTciona BHOJHE TOHATHL H ONPaBiaHbi BHCOKHE TpeGoBaHus
npeibsBAseMble K KOMIDECCOpaM, KOTOPLIE NPUMEHSIOTCH AJis raso-
TYpOHHHLEIX YCTaHOBOK.
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Wunukaropauit KI1J| eme ne xapakTepusyeT MoOJE3HYI0 paborty,
CcoBepLiaeMyio rasoTypOMHHAGH YCTAHOBKOH, TaK KaK OH He yUHTHIBACT
MeXaHHYeCKHX TOTepb, CBS3aHHLIX C TPeHHEM B MOAUIHNHHKAX Baja
TypOnHBI, KOMOpeccopa H BCIOMOTaTe/bHOro obopyaoBaHus. ITH
moteps yunTHBaioTcst MexanngeckuM KIIJL v, paBHBM A5 COBPEMEI-
HBIX ra3orypOummbix ycranosok 0,98—0,99. SppexTuBHbli KITA

Ne = NNy (315)

Jlas cOBpPEeMEHHBIX rasoTypOHHHLIX yCTaHOBOK, paGoTaioiuX €O
CTeNeHpIo YBeNHYCHHA AABJACHHS €, = D ... 7 W TemnepaTypoll rasoB
ua sxole B TypOuny, pasmoit 920—2270 K, n, = 0,20 ...0,25.

[IpakTuKa noKasulBaeT, 4TO TeMnepaTypa rasos, BHIXOASUIHX M3
ra3oBoit TypOHHbI, BCErjia BLILE TEMOepaTyphl BO3AY XA, MOCTY NAIOUIETo
B Kamepy cropanusi. OT0 MO3BO/ISAET COBEPUICHCTBOBATL NPOLECC Mpe-
BpAULCHUS TEMJIOTh B MEXaHHUECKYIO paGory myTeMm nepeiavyH TEmJOThE
oTpaGoTaBIMX Ta30B BO3AYXY, BHIXONsUIEMY H3 KoMnpeccopa it
noCTynaiolieMy B KaMepy CropaHus. STOT rTemIoobMeH MeXAy OTpa-
6OTABIIMMH Ta3aMH H HATHETAEeMBIM BO3AYXOM OCYIIECTBAETCH B Cre-
[HAJLHOM perenepaTope TpyGuaToro 1/ NAacTHHIaTOro THIld. ITpume-
HEeHHe peremepaTopa JaeT BO3MOXHOCTH J0BECTH sppexrunubiit KITL
rasorypGunnof ycraHosku xo 0,31 Bmecro 0,20—0,25 (Ges pereme-
patopa).

KOHTPOJILHBIE BONPOCH!

1. Kaxoa MpHILHN jeficTBES NapoBOil Ty pOHIH?
2, Kakos pafiounii npoliecc ofHOCTYneydaroil aKTHBHOI MapoBofl TypOHuL?
3. Upo jaer BBejleHle B KOHCTPYKIMIO MapoOBHX TypOHH crynesefl AaBAeHus H

cTyneuefl cKopocTH?
4, Kaxie TYpOHIE Ha3HBaIOT PEAKTHBHEIMA? PaCCKaXKHTE O CYMHOCTH pabouero

npolecca peaxTHBHON TYPOHHEL

5. Kakue moTepu HMEIOTCH B naposoil TypOHHE u HeM OHH BhI3BAHBI?

6. Kak nogcuntath suytpenuiclo N; u 3bdexTHBHYIO N, Mournocth napoBofl
TypOuHE, oTROCHTENEHE sddexTuaubIl KL Mge TypOHHE, YASABHBH sibbeRTHBHELH

ge pacxoA mapa?
7. Kak peryJupyercsi MOUIHOCT: NapOBOH TYpOHHL?
8. KagoBO HasHadeHHe, KaK YCTPOEHo H Kak JelicTByeT KOHJEHCAUHOHHOE YCT-

poficTBO MapoBLIX TYPOHH?
9. Kako paGounii mpoiecc ra3oTypOHHHON YCTAHOBKH CO CTODAHHENM TDH p=

= const.
10. Hanummure 1 obsacuure dopmyas LAg onpefeleHud HIAHKATOPHOTO H 3=

texrusnoro KIT/ rasoTypOHHHOH yCTAHOBKH.
11. KagnMi TOKa3zatelsiMH NOJOKHTETbHO OT/AHYAOTCH TasoBHIe TypOuHL OT

JApPYTHX TENJOBHX ABHTraTenei?

§ 25. XosoauabHbie yCTAHOBKH

[IpumMeHeHHe X040 B HAPOAHOM X035iiCTBE. Muorse oTpacad Ha-
poAHOrO X035CTBa HYXKAAWTCsl B X0Jaoje AjiA CBOEro HOpMaJibHOro
(YHKIHOHHPOBAHHKS, Xoaoa HeobXoAHM NpeAnpHATHAM nHIEeBoR
NPOMBILIIEHHOCTH JJIst XpaHeHH: CKOPONOPTALLHXCH IPOAYKTOB, HA
MsAcokoMOHHATaX, KoHAMTEPCKHX (abpukax u AP. OcoGoe 3HauCHHE




HMEEeT XOJOA AJS 3aMOPaXKI'BaHH#A, MOCJEAYIOIero XpaHeHHs CKOpo-
NOPTAIHXCA NPOAYKTOB H TPAHCHOPTHPOBAHKUS HX OT MECTA 3arOTOBKH
K MecTy notpeCieHus, AJAs Yero NPUMEHAIOTCS CKJaibl-, BATOHHI-,
Cyla-, aBTOMOOHJM-XOJIOAHJIBHHKH, a TaKkKe BCEBO3MOXKHLIE WIKadul
Ha cKnagax, ©Oasax, MaraspHaX, CTOJIOBEIX H T. 4. XoJaox
HCTIOJIb3YeTCH TaKkKe B OLITY ANA XpaHeHHs HeGOJBbIIHX 3a[HacoB
CKOpOMNOPTAIAXCA NPOAYKTOB, OXJAXKJEHHSI HANHTKOB H JPYTHX
neJiei.

lanGonee spexTHBEH L5 STOTO HCKYCCTBEHHBI XOMO], KOTOPHIH
MIEPOKO NPHMEHSIOT B XHMHYECKOH HDOMBIILIEHHOCTH NPH IPOH3BOJ-
CTBE B3PHIBYATHIX BEIIECTB,aHHIHHOBBIX KpacHTeIeH, CHHTETHYECKOro
Kayuyka u T. A. McKycCTBeHHEIH X0/10]] NPHMEHSIOT M PEryaupoBa-
HUA XHMHYECKHX peaKIHH, CONPOBOKAAIUIMXCH BEIIEIEHHEM TENIOTEL,
B MEIHUHHE NMPH NPOH3BOACTBE HEKOTOPLIX CJAOXKHEIX OMepauui, Tpe-
Oy:OlHX NOHHXKEHHS TEMIepaTyphl Tela GONLHOTO; B MaTepHa/oBese-
HHH JJisi IDOBEJICHHS HAYYHBLIX HCC/IEA0BAHHE H OTNpeesieHHs] CBOHCTB
METaJ/VIOB M JIDYI'HX MarepHajJoB B YCJIOBHAX HH3KHX TEMIEpaTyp;
B Oopb0e ¢ rPYHTOBBHIMH BOAAMH (TJIBIBYHaMH), AJAS 3aMOPaXKHBAHUS

TPYHTOB IPH NPOXOAKE WiaXT, TOHHeNeH. YCTAHOBKH HCKYCCTBEHHOTO
X0JI0/1a NPHMEHSIOT TaK:Ke 1A KOHAHIHOHHPOBaHHsl BO3/yXa (moanep-
JKaHHUsl NOCTOAHHOH TEMNEpAaTyphl W BJAMXKHOCTH), HMelollero 6oJbliuoe
sHa4yeHHe I OHOIMOTEK M KHHTOXPAHHMJHIN, TAE XPAaHSTCH [EeHHLle
PYKONUCH H KHUIH; st METPO; GONbLUKX KHHOTEATPOB M KOHNEPTHHIX
3aJI0B; Na/laT Mep H BeCOB; PsiAd HHCTPYMEHTaAbHbIX [IEX0B, B KOTOPEIX
H3TOTOBJAAIOT TOYHLIE MEPHTEJbHLIE HHCTPYMEHTH, W T. A. KoHau-
IHOHHDOBZHHE BO3AYXa NPUMEHSIOT B COBPEMEeHHLIX CaMOJIeTax, B Ja-
00paTopHsiX HCKYCCTBEHHOrO KJAHMaTa H T. 0. C npHMeHeHHeM ycTa-
HOBOK HCKYCCTBEHHOrO XOJIOAa YAAJ0Ch NOJYYHTh OYEHb HH3KHE
TeMneparypol, 6aarogaps dyemy GbIH OOHAPYKEHbI M M3YY€HBl TAKHE
CBOACTBA BEUIECTBA, KAaK CBEPXTEKY4eCTb, CBEPXNPOBOAHMOCTD H JAp.

HenpepbiBHOe noJry4eHHe Xo/0/a C NOMOLIBIO XOJOAUILHLIX MAlIHH
CBOAHTCH K Mepejlade TemIOTEl OT OXJIaMKJaiouleii cpelsl Cpeie, uMelo-
uieii Gosree BLICOKYIO TemnepaTypy. CorsiacHo BIOpoMy 3aKOHY TEpMO-
AHHEMHKH TAKOH NPOHECC HE MOXKET NPOTEKaTh CaMONPOH3BOJABHO.
HrtoObl nepesaya TemJIOTHL MOIVIA OCYLLECTBHTLCS, HEOOXOAHMO COBEp-
WHTb paboTy, KOTOpas B Npollecce Mepejayn TEmIOTHl TaKKE NMpeBpa-
IaeTcs B Tenjory. Jra paboTa | COBEPIUACTCH XOMOAHALHBLIMH MAllH-
HaMH. B Hacrosimee Bpemsi A/ OPOM3BOACTBA XOJ0Ad TPHMEHSIOT
YCTaHOBKH pas/iHYHLIX THIIOB.

IlapoBbie KOMNpeccHOHHBIE X0JOAHJBHEIE MalIKHHB. PaboTa Xodo-
AMJIBHBIX MalllMH 3TOTO THNA OCHOBaHa HA MPEABAPHTENBHOM CXKATHH
NapoB JIETKO /IeTYYMX KHAKOCTeH, 0OpauleHHH HX B KHAKOCTb NpPH
Temnepatype Gosnee HH3KOH, YeM Y OXJaxalolledl cpeisl, ¢ noc/aenyio-
II{HM €€ HCNapeHHEM H OTHATHEM TENJIOTH Y oXxJakAaemoit cpeasl. s
BEINOJIHEHKS cBOeH (YHKIHK MapOBLE KOMIIPECCHOHHEIE XOMONHIIbLHbE
YCT2HOBKM HYKJIal0TCsl B MPOMEXYTOYHOM paboueM TeJle, NOJyIHBLIeM
Ha3Banue Xamgnarenta. B KadecTBe xJlajarenTta B XOJOAUABHON TEXHHKe
NPHMEHAIOT aMMHaK, YIVIEKHCJAOTY H (PPEoHH.
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Paccmotpum paGory mnapoBOi KOMIpec-
CHOHHOfI XONOAMABHOW YCTAHOBKH, CXEMa
KOTOpO# mnpuBeJeHa Ha PHC. 194. Komnpec-
cop 3 BcachiBaeT [PH MOCTOAHHOM IaBJICHHH
W3 ucrnapuTeas 2, NpeicTaB/isiollero cobo#
TenJI00OMEHHHK, PacnoJIOXKeHHBIH B OXJaX-
7laeMOM NPOCTPAaHCTBE, BJIAXKHBIH Nap XJaja-
renta ¢ KO3((UIHEHTOM CYXOCTH, GIH3KUM
K enpHune. B JarbHeHeM 3TOT map NOYTH
annabatio cCxkumaercs. baarogaps STOMY R A
paGouee TeJO MNEPErpeBaercs H B TAKOM CO-  jiu, oy’ yeranoska:
CTOAHHM, T. €. NPYU TOBBILEHHOM NABACHHH o coon: 2 — ucnspr-
u TeMmnepatype, IIal‘l[)ElB{IﬂBTCFI B KOHJEH- -:*{%::j?e“ia-;c;uunpeccop,
catop 4, TAe meperpersid xnagﬂgilé"r Hr;gg:
ppanlaercss B KHAKOCTh, I ;
xgnﬂlmo OTBOAWTb OT HEro TEmJOTy mneperpesa H Tegﬁogc ;fg;c;%}ﬁ{
30BaHMs. JTO JNOCTHIAeTCs NPONyCKaHHeMm Hepes KOHA

s Ede
(B HEKOTOPBIX YCTAHOBKAX MPHMEHSIOT BO3/yLIHOE OXJaNKJeHHe)

i T NpH
KiM 00pa3oM, B KOHIEHCATOpe MoJyHaercs }Kﬁ;ﬁiﬂ xéic?(f‘é?rlt{:my?n :
aType Hachl } -
MOBHILECHHOM JaBJIEHHH H TeMIlep g
£ BHIXOA H3 KOHJEHCATOp
meil stomy pmasienuio. [locae s 4
occenp | B mcnapuTesb <. LIp
XJaJaredT npOXOAHMT Yepe3 Ap i
' epne ¢ 00pasoBaHHEM
MPOMCXOAUT YacTHUUHOE HCHap e
; CYXOCTH, 3HAYHTEJIbLHO
IKHAKOCTH ¢ KoahpHIHEeHTOM ) s
/poil HU3KOH, YeM IPH BRIXOAE H3
[bi, ¥ TeMmeparypoii 6osee ; Rehe
Oxnajienye XJaajarenTa 10 Temnepatypsl Gojee HHBI;OIE; Beﬂgﬂﬂb
JIaX1aeMOTo TNpPOCTPaHCTBA NPH gro NpOTEKaHHH Yep ‘
oyero Telna.
OCHOBAHO Ha JPOCCENMPOBAHHH pa
B wucnapurene XJafareHT HHTEHCHBHO ycnapsercs C?J;gmﬁj}ﬁ
NPHTOKY TEIJIOTH OT OKPYKaIOUIEro HCNapuTe/n npocTpaH g
0e [pH 3TOM OXJaxjaercs. -
P B ipynuux XOJIOAMJbHBIX YCTAHOBKAX HCHNAPHTEb, yczak,{r(;m(l;il
MBI B CHenHalbHOM pesepByape, OMbIBaercd C Bﬁemﬂguc al::*mo-
KaKuM-THO0 BCHOMOTATeJbHBIM manogocn’re.nemz Hf;ﬁ;fxfcai AT
1). [locnenHui,
oM TOBAapeHHO# COMH (paccoJoN 2
gTGHKaMH MCHapuTesi, OXAaMAaeTcs H C NOMOULBIO m{?:ﬁgﬁ!ugngf;_
HAaCcOCOB NNpOTOHsieTCS N0 Garapesm TpY6, yCTaI;aaBﬁ.III{I;)f:;T Tén.nory x
( Mepax paccodl
XraeMeIX Kamepax. B 3THX KaMm it
oKpyxkawouleil CpeAbl, HArpeBaerCsi W HanpaBJAeICs B g;ef;z];m)émp
C HCITApUTENEM, OTAAeT eMy TEmJIOTY U BHOBD Hanpaame'rc::l)mb s
Takas OpranH3alus OPOU3BOACTBA XOJIOAA JAET BO3MOKH  SoKpS
THTb KOJHYECTBO XJajareHTa u obecrneunsaer npH KOHH%%EPELL e
B paccone, paBHoil 20—22 %, nonyyenue TeMnepaTyphl ( 3 i
BIOJHE AOCTATOUHOM JJisi COXPaHEHHS CKOPOMNOpTsiLnXCs nrpo i}éxd'rb:
NpOH3BOJCTBA Jbjid H T. 1. Takoii Meron yaoGen emie TEM,K‘; s -
pble XJafiarenThi, HanpHMEp aMMHaK, u3-3a CBOErO saalifepm s o
CBOICTB, BOOGILE HexelaTeNbHO NPOMyCKaTh 4epes K , B KOTO-

HBaHue
K Kax C.FI}"I&ﬁHOE rnpocaunBal
PBIX XpaHsaTCi NPOAY KThl OuTaHHA, Ta 5




€ro uepes Kakue-HHOYAb HEMJIOTHOC-
TH NpHBEAET K NOpYe NPOAYKTOB,

B pesyjbrate ucnmapenusi, mpo-
HCXOASLEro NpH NOCTOSHHOM JlaBJe-
HUH, CTeneHb CYXocTH paboyero Te-
Jia YBeJHYHBAeTCS [MOYTH A0 elH-
HHIBI, H B TakoM BHAE XJaJareHt
BIOBb 3aCaChiBaeTcs B KOMMpeccop.

Luka KomnpeccHoHHOH  XoJo0-
auasholt  ycraHosku. MasoGpasnm
9 - POIECCH, MPOHCXOAsUIHE B XOJIO-
Puc. 195, fmarpamma T—s padorst xoy. AHJIBHON YCTAHOBKE B KOODAHHATaX
npeccHOnHOol XOAOARABHON YCTAHOBKN T, S (pHC. 195) AK — nwmans

HOrpaHWYHAsl KpuBas XJaJareHTa;
KB — Bepxusisi norpanuudas KpuBasa. Touka [ xaparrepusyer
cocrosnne pabouero Tesa npu BXofe B Kommnpeccop. Kpusas [—2
npeacTaBaser coboi npouece ainabaTHOrO CXKATHS XJalareHTa B KOM-
npeccope; 2—2' — npouece noTepu neperpesa M 2—3 — mpoiece
KOH/EHCAUHH, OCYUIECTBIsIOMMeCs B KoHjeHcarope. [lanee, npu
MPOXOKNCHHH XJIaJdreHTa Yepes JApOoCCeab JaBJeHHe H TeMmneparypa
napaior. Ilponece ApoccenupoBanus NpUBOAUT, Kak JA1060f HeoOpaTH-
Mbifi mpoliece, K yBeJHYEHHIO SHTPOMUH N Ha AuarpaMMe MoxeT ObiTh
H300pazKeH TOMbKO YCAOBHO (wuTpuXoBas Jaunus 3—4F). Touka 4
X4paKTepHsyer CocTosHHe pabouero Teja NPH BXOAE B HCNAPHTEb.
[lponcxonsimee B HeM u300apHOe NOABEJEHHE TEMIOTH K XOJCHHJb-
HOMY areiTy 3a CYeT TeMm10Thl, OTHATOH Y OX/JaXKAaeMOro npocTpas-
€TBa, H3o0pa;Kaerca npamoi 4 —1.

Tarum o0pasoM, UHKA NapoBOHl KOMNPECCHOHHOM XOJOLUAbLHON
YCTaHOBKH COCTOMT M3 apuabatnt [/—2, AByX u3obap: 2—2'—3 m
4—1 u usosnTanbnuiiHOf KpHBOH 3—4.

Ha yuacrxe 4—/ pnaxusiii nap nonyuaer B ucnapurene KoJHIECTBO
TeMAOTl ¢y = §; — I, KOTOpOMY COOTBETCTBYET MJIOWARL Sigrgr.
XaparedT OTA2eT B KOHAEHCATOPE KOJNHUECTBO TENMAOTH ¢ = iy — iy,
Xapakrepusyemoe NIOIMAAbI0 Sygees. PaboTa, 3aTpauerHasi Ha CoBep-
IIEHUE ORHOrO UHKJAA, [ = ¢, — g3 = Sgyses3— Sig 11 = Szar-n1ams
BAR L= i — iy — iy iy Tak kag (3 =i 100 = iy — i,

Taxum gﬁpaaom. 3atpauyennas pabora wuKaa pasHa pabore,
COBEPUIEHHONH KOMIPECCOpoM A5l anHabaTHOro CiKaTHs XOJAOAHJABLHOTO
areuTa.

[nsi CUEHKH KauecTBAa XOMOAMALHOH MAIIHHEI BBEAEM MOHSTHE
XON0HNbHOrO KoshpHUHEHTA

<

x=—r-=£'_‘. Toiem——, (316)

A6copOuHOHHbBIE XONOAMALHBIE YCTAHOBKM MOTPEGJISIOT B Nponecce
cBoefl paboThl He MEXaHHYECKYIO padoTy, a TemloTy. 3TO MOKeT GhITh
Temiora orpafoTaBiier0 Hapa HIH BLIXJAONHLIX FasoB jABurarenei
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BHYTPEHHErO CTOPaHUs HJAH TeNJIOTa ABIMOBHIX
ra3oB KOTEJAbHHIX YCTAHOBOK H T. I

AGcop6unoRHas XOONHJIbLHAN YCTaHOBKA
COCTOMT TJIaBHEIM 00pasoM H3 COBOKYNHOCTH
TenI00OMeHIEX anfaparos. B nei nouTys oTCyT-
CTBYIOT MEXaHH3Mbl C ABHKYIHMHCSA HacTAMH,
B CBA3H C YeM 0TnajaeT HeoOXOIUMOCTD €€ CMa3-
kM, ee paboTa HE CONPOBOXKAETCS H3HOCOM
TPYWHXCA HacTeil, IYMOM, XapaKTepHhIM 4
KOMIIPECCHOHHBIX XOJIOAKIbHBIX MauriH. Bee 3o
# BO3MOMKHOCTH HCTOJb30BaHHA COPOCOBOH Ten-
JI0Thl PA3MHYHBIX TEXHOJIOTHYECKHUX MPOLECCOB
APOMbIL/IEHHEIX NpPeAnpHATHi  OOYCAOBHIH o o0 SR
Ooqbillol HHTEpeC K JaHHOMY THOY XOJOAW/ib- :g:o;ﬁx‘:;:fm?;u;g%ﬂ:f
HEIX YCTAaHOBOK. Rl e e,

B aﬁcopﬁuHDHHbIK XONOIHJABHEIX YCTaHOB' ne[:c;Tip:m:fr_aSH;ﬂ{Qu;cc__
KaX B KauecTBe pabouero tesia NPHMEHSIOT BOA- o3l acuaa’ | Kamepas
HBll pacTBOp ammmaka. B Takoil CMeCH aMMHAaK & — abcopBep; 7 — Hacoe
ABJSIETCSt XJ4JareHToM, a BOAa CAYXKHT abcop-

GeHTOM, TaK KaK XOpOLO MOIVIOUaeT Haphl aMvuaka ¢ o6pasoBanuem
HalIATHIPHOTO COHPTA. - y

Ha puc. 196 npusenena cxeMa BOJAOAMMHAYHOH abcopOLHOHHO#M
XOJMONHJILHOA YCTAaHOBKH, KOTOpas COCTOHT H3 KOHACHCATOpa 2,
HCmapHTenst 4 C PEryHpYIONlUM BEHTHIeM 3, HO B OT/IHUHE OT KOMIpec-
CHOHHON XOJOAHJABHON YCTAHOBKH HE HMeer koMnpeccopa. Ero QyHK-
[LUH BHUTOIHSIOT BA TeIIOOOMEHHEIX annapara: reaepatop I u abcopGep
6, a TaKoKe HeBoABLIOA HacoC 7, NOAAIOMHUIl BOAHBIH PacTBOp AMMHAKA
B reneparop. B aGcopGuHOHHBIX XOMOAWIbHHKAX MJIsi CHKATHS MapoB
aMMHaka, MOJYYCHHLIX B HCTIapUTeJIe TIPH aBASHHH Py, A0 AABJIEHNHA D,
mpH KOTOPOM TeMmiepaTypa HachINEHHs, COOTBETCTBYIOMAN STOMY
NaBJeHNIO, BHILE TeMmepaTypel OKpyysaiouled Cpein, NpHUMEHSIOT
TEPMOXHMHUECKYIO KommpeccHio. OHa 3akMioyaeTcs B NOBHIUEHHH
JaBJeHHs XJajareHTa HarpeBaHHueM, Ajis 4ero HeoOXOAHMO NOABOLUTE
K HEMY TEmJoTy.

A6cop6unonHas XONOAW/bHAs yCTaHOBKA paboTaeT CJAEAYIOUIHM
o6pasom. B rexepaTop C MOMOLIBIO HACOCA MONALTCSt KOHIEHTPHPOBAH-
HBI BOAOaMMHaunbill pacTsop. 3/€ch B pesy.abTaTe NOABEASHHA TEM-
JIOTH OT KAKOro-au60 HCTOUHHKA OH HAYHHAET KHNETh NpU AaBJAEHHH P
GOMBbLIEM, YEM py, H3 HErO BLUIEIAIOTCA MIABHEIM 00pa30M Napel JErko-
KHISILIEr0 KOMUOHEHTa -— aMMHaka, OTH napbl 3aTeM KOHAGHCHPY=
[0TCSI, 4 BHUAESIONAsCA TENJI0Ta OTBONMTCH MPOTOUHOM BOAOH (uan
BO3ZAYXOM MPH BO3AYLIHOM oxnaxneunn). Kuarun XOJIOAHIbHBIH
aredT npH AaBJEHHH p HANPAB/ASETCs! B HCNAPHTEb, MPOXOAs HEPES
Apoccenb 8, B KOTOPOM B pe3yJbTaTe ApOCCENHPOBaHHA €ro JaBJIeHHe
MOHUKAETCH A0+ py, 4 TEMOEpaTypa CTAHOBHTCH HIKE TemrepaTypsl
ucnapurens. OTHHMAA Y HCOAPHTENA TEN/IOTY, aMMHaK Iicnapnemogé;_
ero Mmaphl HanpaBasOTCs B abcopGep, rae norJouiAloTCs PaHee of u:
HeHHbM B reHepartope pactBopoM. IIpomecc pacTsopeHus Rapos a263




TPUJIOKEHHUE

Cpeansis KHAOMONBHAR TENJAOEMKOCTH ra3oB NPH NOCTORHHOM RABIEHHH |Cpm,
x L/ (kmoan- K) 8 unrepsane 273 ... T K

MHAKa B BOJE MJIET C BHIIE/NEHHEM TemJOTH, KOTOpas OTBOAHTCH OT
abcopGenTa NpOTOYHOMH BOAOH, MPONYCKaeMOi MO 3MEEBUKY, Pacmoso-
KeHHOMY B abcopOepe. OOCorameHHBH BOZOaMMHAYHBIA pacTBO

HaCoCOM BHOBB MOJlaeiCs B reHeparop, a OTTYAa oOeAHEeHHbH pacmng

HanpasJsgercss obpar I
B KgTOPDM I{amegjeﬂgri ?I%CHOI?}I?EI;:FC: ol el e T, K - W= < = s TR
. Ao AaBJeHHS B abcopGepe. ' w="12 | BT, @=20 | =20 | g | =60 |0 I

Takum ob6pasom, ¢ nomouisio aGeopGepa OCYIECTBISIETCS BCACKIBA-
HHE, a C MOMOLILIO Hacoca H reHepaTopa — cxkaThHe paboyero Tena

A6copOuHOHHAs XOJOAHIbHAA YCTAHOBKA MOTPeIsieT Js paﬁl:l)Tbl
HEZHAYHTENbHYI0 MEXaHHYECKYIO SHEPIHIO, HEOOXOAUMYIO TOMbKO AJs
NPEBOAA KHAKOCTHOro Hacoca. OCHOBHYIO 3HEPTHIO 3TH yc*ra‘nmaxu
noTpedasAoT B BAAE TEMIOTHL.

273 29974 | 29,019 | 20,123 | 35,860 33,499 38,85 29,073
373 29538 | 29,048 | 29,178 | 38,112 33,741 40,65 29,152
473 29,931 29,132 | 29,303 | 40,059 | 34,118 42,33 29,299
573 30,400 | 29,287 29,517 | 41,755 | 34,575 43,88 29,521
673 30,878 | 29,500 | 29,789 | 43,250 35,090 45,22 29,789
773 31,334 | 29,764 | 80,099 44,573 | 35,630 46,39 30,095
873 31,761 30,044 | 30,425 | 45,753 | 36,195 47,35 30,405
973 32,150 | 30,341 30,752 | 46,813 | 36,789 48,23 30,723
1073 32502 | 30,635 | 31,070 | 47,763 37,392 48,94 31,028
1173 32,825 | 30,924 | 31,376 | 48,617 | 38,008 49,61 31,321
1273 33,118 | 31,196 | 31,665 | 49,392 | 38,619 50,16 31,598
1373 33,386 | 31,455 | 31,937 | 50,099 39,226 50,66 31,862
1473 33633 | 31,832 | 32,192 | 50,740 | 39,825 51,08 32,109

KOHTrOJIbHBIE BOMPOCHI

1. Kax ycrpoena H Kak p20oT4erT KOMOpPECCHOHHAM XOJONHIBHAS VCTAHOBKAP

2. HaoGpasure B XKoo T, s nus i
il p pannatax T, 8 OHKI KOMIDECCHOHHOH X0J0AHJbHON ycras

3. Haueprute cxemy u o0bacHHTE, KaK paGoraer abcopOUHOHHAS XOAONHJIbHAS

FRIAmEne. 1573 | 33’863 | 31941 | 32427 | 51,322 | 40,407 2 39243
1673 | 34076 | 320163 | 32:653 | 51,858 | 40,976 = 32,565

1773 | 34’982 | 32302 | 32.858 | 52,348 | 41,525 = 32774

1873 | 34474 | 320565 | 33,051 | 52,800 | 42,056 = 39,967

1073 | 34’658 | 32740 | 331231 | 53,218 | 42,576 = 33151

2073 | 34834 | 32917 | 33402 | 53,604 | 43,070 i3 33319

2173 | 35.006 | 33,080 | 33,561 | 53,959 | 43,539 & 33,482

9073 | 35160 | 33231 | 33,708 | 54,200 | 43,995 X 33,641
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WanatenscTBo «MamnHOCTPOEHHED

HOBBIE KHHUTIH
Buimycka 1982 roxa

Konpaxos JI. A, PaGoune XHIKOCTH H YIJOTHEHHSA THApaBIHYe-
CKHX CHCTEM.

B KHHTe paccMOTPeHO COBPEMEHHOS COCTOSIHHE XHMMOTOJOITT
pabo4nx HHAKOCTEH THAPOCHCTEM H yn.norumeﬂbﬂofl TeXHUKH, OnH-
¢aHB KOHCTPYKIHH H TEXHOJOTHA H3TOTOBJICHHA ynaorHeru#. Boabmoe
BHAMaHHe yAeleHo ()H3HUECKHM OCHOBAM mpoLeccos B SJeMeHTax H
obbACHeHUIO MEXAHH3MA yl'I.’IDTHBTB-ﬂhHOI'D JI.E[':ICTBHH. ﬂpOlJ.ECCQB B napax
TpeHHs, CTADEHHHA, H3HANMBANHA. [IpuBefientl XapaKTepHbe MPHMEPH
XHMMOTOJOTHYECKOTr0 aHalH3a mnpocumem, NpHMEPH pacuera H MpoeK=
THPOBaHHA }']'I.I'IDT'HBHHﬁ, a Takme CTI]J&BO‘IH]J]B JaHHHE.

Knura npeiHasnayeHa Lid HHKeHepHO-TeXHHYEeCKHX paboTHHKOB

MalHHOCTPOEHHS .

fMonos 1. H. HecrauuoHapHuE THApOMEXaHHYECKHE Npoleccsl.

B KHHreé H3JI0KEeHH TEOPHA H pacuer HecTallHOHAPHBIX THAPOME-
XaHHUECKHX TPOLECcCOB, BOSHUKAIONHX B CHCTEMaX NPHBOJOB, MAWHIAX
H annapaTax B npouecce HX SKCIyaTalliH. [IpHEeneHsH METOAL aHaIH-
THYECKHX M KCIEDHMEHTAJbLHBIX HCCJIeNOBAHMI HECTAIHOHAPHEIX TeHe-
HWil MHAKOCTH M rasa B HANMOPHHIX CHCTEMAX.

Kuura npensasHayeHa JJs HHKeHePHO-TeX HHYECKHX paGoTHHKOB,
3aHHMAIONHXCH HCCAEJOBAHNAMH, PAacueToMm H MPOeKTHPOBAHHEM THI-
PaBIHYECKHX CHCTEM,

Cwpunmn T. A. HalexHOCTb THIPO- H MHEeBMONPHBOJA.

B kuure paccmoTpenkl )aKTopel, BAHAIONHE Ha HaeXKHOCTh, MO-
neiH OTKAa30B, TPHBEAEHBl METOJB! pacuera KOJHUECTBEHHHIX MOKada-
tenefl HAJlEXHOCTH M TEOPETHUECKHE OCHOBHI TexHHUeCKOil AHArHOCTHEH
FHApPO- H NHEBMONPHBOROB, M310KeREl METOE] HOPMHAPOBAHHA noKasa-
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