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1 HEJb U 3AIAYU JUCLHUILINHbBI

Hear aucHumiumHbl — cHOPMHUPOBATH Y CTYACHTOB YCTOWYHUBHIC
MPEICTABIICHUS O TMPAKTUYECKOM MPUMEHEHUU TEOPETUYCCKUX, TEXHUUYECKHX W
TEXHOJIOTUYECKNX OCHOB TEPMOJMHAMUKH W TEIUIOTCXHHUKH, TaTh JCHCTBEHHBIN
anmapar JUis TOATOTOBKH, TPHUHATHS W pealu3alud SHEpProdPQPeKTUBHBIX
IPOEKTOB.

B mpomecce n3ydeHus] TUCIUTIIMHBI CTYIEHTHI TOJKHBI MMOHSATH U YCBOUTH
mpolecchl MpeoOpa3oBaHMsl, TEpelayd U MCIOJIb30BAHUS TEIJIOTHl B TaKOH
CTENEHU, YTOObI OHHM MOTJM BBIOUPATh U OKCIUTyaTUPOBATh HEOOXOIUMOE
TEMJIOTEXHUYECKOE 000pYyJ0BaHUE C MAaKCUMAIbHON 3(()EKTUBHOCTHIO, SKOHOMS
TOTUTMBHO-PHEPTETUYECKHE PECypChl, BBISBISATH W HCIOJIH30BaTh BTOPUYHBIC
SHEPropPECYPChI, 3aUTUIIATH OKPYKAIOIIYIO CPELy.

3ajauM JTUCUUIINHBI:

" U3ydYeHHe OCHOB MPEOOPA30BAHHS YHEPTHH, 3aKOHOB TEPMOIHHAMUKI 1
TEIIoNnepeaur, TEPMOAMHAMUYCCKAX  TPOIECCOB M ITUKIOB, CBOWCTB
CYIIECTBEHHBIX IS OTpaciu pado4yux TeJ, CIoCOOOB TEII00OMEHa, MpPHUHIUIIA
JENCTBUA U YCTPOUCTBA TEIIOOOMEHHBIX allapaToB, TEIUIOCHIOBBIX YCTAHOBOK U
JPYTHX TEIIIOTEXHUYECKUX YCTPONCTB, IPUMEHIEMBIX B OTPACIIH,;

dbopMHpOBaHHE YMEHUS PACCUUTHIBATH COCTOSIHHS pabouMx Tell,
TEPMOJIMHAMUYECKHE MPOLIECCHl U IMKIIBI, TEIJIO00OMEHHBIE TPOLIECCHI, anmnapaThl
U JIpyTHE OCHOBHBIE TEXHUYECKUE YCTPOUCTBA OTPACIIH;

" (opMHpOBaHME HABBIKOB pacyera U aHadm3a  3(QPeKTUBHOCTHU
TEPMOJIMHAMHYECKHUX TPOIECCOB HEPTETa30BOTO MPOU3BOCTBA, HABHIKOB pacuéTa
IPOIIECCOB KOHBEKTHMBHOTO TEIJIO- M MAaccOolepeHoca, Tepenadud  Teria
U3ITy9CHUEM U MOJIEKYJISIPHOU TETUIOMPOBOIHOCTRIO, BEIOOpA TEIJIOBOM 3aIUTHI U
OpraHU3aIMHA CUCTEM OXJIAKICHUS, IPOBEICHUS TeINIOTEXHUYECKUX U3MEPCHHUM.

2 MECTO JJUCHUILIUHBI B CTPYKTYPE OBPA3OBATEJIBHON
INPOI'PAMMBI

Huciumuinaa  «TepMoaMHaMMKa U TEIJIOTEXHUKA»  OTHOCUTCS K
oOsa3aTenbHOM vactu Onoka bl «/lucuumniauuel (Moxynu)» y4eOHOro IUiaHa H
ABJISIETCS 00SA3aTENBHON ISl U3yYEHHUS.

[IpepexkBU3UTHl TUCHUIUIMHBI (MOZYJs): OasupyeTcss Ha AMCHUILIMHAX
y4eOHOro IUlaHa TOATOTOBKM OakajaBpOB, MPEIIIECTBYIONIMX YKa3aHHOU
nucuurinae:  «MartemaTtukay, «®usuka», «MartepuanoBeaeHue», «OCHOBBI
HedTera3oBoro aenay, «ConpoTHBIEHNE MaTepUaIOB» U JIp.

[TocTpeKBU3UTHI AUCHUIUIMHBL: SBISETCA 0a30il UIsl U3yYEHUS U OCBOCHHUS
mucuuiuinH - «Pa3zpaboTka  HETSHBIX M Ta30BBIX  MECTOPOXKACHHUIN,
«Okcmmyartansi HEQTSHBIX M Ta30BbIX CKBaxuH», «HedterazonpomeicioBoe
o0opynoBanue», «IIpoexktupoBanue ra3oHeQTENPOBOAOB U Tra30HEPTEXPAHUITHUIID,
«OcHOBBI pabOTOCIIOCOOHOCTH TEXHUYECKUX CUCTEM» U JIP.



3 ®OPMUPYEMBIE KOMIIETEHHOUMU N HHIAUKATOPBI HX
JOCTHUKEHUA 11O JINCHUITJIMHE

Koambi Coaepxanue Kon 1 HauMeHOBaHHe HHANKATOPA JOCTHKEHHUS
KOMIIeTeHIIUH KOMIIeTeHIU KOMIIeTeHIIUH
OIIK-1 Crocoben pemats | OIIK-1.1. Mcnosib3yeT OCHOBHBIE 3aKOHBI TUCLHUILINH

3aaud, OTHOCSIIAECS
K mnpodeccuoHaIbHON
JeSITeITbHOCTH,
PUMEHSS METObI
MO/JICITUPOBAHUS,
MaTeMaTH4eCKOro
aHamm3a,
€CTeCTBEHHOHAYYHbIE
u  oOIIeHH)KEHEPHbIE
3HaHUS

MH)XEHEPHO-TEXHUYECKOTI0 MOTYJIs
OIIK-1.2. Hcnons3yer OCHOBHBIE
€CTECTBEHHOHAYYHBIX JUCITUILINH,
MOCTPOEHUS TEXHUYECKUX CXEM U UepTEex)ei
OIIK-1.3. 3Haer mnpuUHIUIUAIBLHBIE OCOOCHHOCTH
MOJICTTUPOBAHUS MATEeMATHYECKUX, (PUINYCCKUX H
XMMHYECKUX TMPOIECCOB, MpEIHAa3HAYCHHbIC IS
KOHKPETHBIX TEXHOJIOTHYECKUX MPOLECCOB

OIIK-1.4. YuactByer, co 3HaHWEM Jiela, B padoTax
1o COBEPILIECHCTBOBAHUIO MIPOU3BOCTBEHHBIX
MPOIECCOB C HCIOJIb30BAHUEM JKCIEPUMEHTATBHBIX
JIAaHHEIX U PE3YJIHTAaTOB MOJCINPOBAHMS

3aKOHBI
npaBuiia

4CTPYKTYPA U COLEPKAHUE JUCIHUIIJINHBI
4.1 CTPYKTYPA JUCIUIIJINHBI

OO6mass TPyIOEMKOCTh JUCIUILIMHBI (MOIYJsl) COCTaBiseT 3 3ayeTHbIC
equuuibl (108 akageMUIecKuX 4acoB).

[POBEJICHUE TEKYIIUX KOHCYJIBTAIMI IO MOArOTOBKE K JIEKIIMOHHBIM U
nabopaTopHbIM pabotam, UPC

TpynoemMKkocCTs,
Bun paGotsr akKaJl. 4acoB

3 CemecTtp BCETO
O06masi TPYA0€eMKOCTh 108 108
KonTakTHas padora: 60 60
Jlexiuu 18 18
[IpakTHyeckue 3aHsSTHS 36 36

Konraktnass pabora B mepuon Tteopernuyeckoro oOyuenust (KountTO): 5 5

ITpomexxyrounas arrectanus (KonTlIIA) 1

CamocTosiTeJibHasi padoTa:

22

22

CaMOIIOATOTOBKA (MpOopaboTKa M MOBTOPEHUE JEKIIMOHHOTO MaTepuana u
Marepraia yaeOHHKOB 1 yueOHbIX mocoouit, [OCTos, TY, CII)

TEPMOIWMHAMHKH,

IIOJIC3HOI'O  JICHCTBUA,

M3Y4YeHHE OTACNbHBIX TeM pasnenoB (nuddepeHIanbable ypaBHEHUS
TEPMOJIMHAMUYECKHUE
TEPMOJMHAMUYECKUE NPOLIECCHl C BOASAHBIM IapOM, HCTEUYCHHUE Trasa
yepe3 Cy’KHBarolleecss comio W comio JlaBanmsd, CKaykv YIUIOTHEHHS,
aHaJIM3 HEOOPAaTUMBIX IIUKJIOB C IMOMOIIBI0 CHUCTEMBI KOd()PHUIIMEHTOB
SHTPONUUHBIA M DKCEPreTUYECKUH METOJIbI
aHaln3a, TeIUIOBOW M AKCEePreTUYEeCKUil OalaHChl TEIUIOPHEPTeTHYECKUX
YCTaHOBOK, BTOPHYHBIC DHEPTCTHICCKHIE PECYPCHI)

IOTCHIUAJIbI,

NOAT'OTOBKA K MPAKTHYCCKHUM 3aHATUAM

MMOATOTOBKA K HTOTOBOM aTTECTAL[UU

Kontpoasn

26

26




42  PACHPEJEJEHUE BHWJAOB PABOTHI H WX
TPYTOEMKOCTH IO PA3JEJAM JUCIHATIINHBI
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4.3 COAEP’)KAHUE PA3JAEJOB JUCHUIIJIMHbI

Paznen 1. Tepmoagunamuka

Tema 1. OCHOBHBIE TOHATHA M  3aKOHbI  (PEHOMEHOJIOTHYECKOI
TepmoguHamukm: [Ipeamer, Meron wuccnegoBaHUsT M 00JIaCTb MPUMEHEHUS
(eHOMEHOJIOTUYECKOW ~ TePMOJAMHAMHUKUA.  TepMoJIMHaMH4yecKass  CHUCTEMa.
[TapameTpbl W ypaBHEHHUsI cOCTOAHMSA. MneanpHbIl M peaybHbIM rassl. Cmecu
uaeadbHbIX Tra30B. TeminoeMkocTh razoB u ux cmecei. [uddepennuanbabie
ypaBHEHHSI TEPMOAMHAMHUKHU. TepMOIMHAMHUYecKHe TNoTeHIuanbl. (OCHOBHbIE
3aKOHBI TEPMOJUHAMUKH.

Tema 2. TepmogunaMuveckue Mpouecchl: TepMoauHaMUUeCcKHe
IIPOLIECCHl C HACAIBHBIM Ta3oM. TepMOIMHAMUYECKHE IPOLECCHl C BOISHBIM
napoM. BraxHbIi BO31yX.

Tema 3. Pabounii npouecc B TypOMHe uM Kommpeccope: IMneanbnHas
ra3oBas TypOMHa W HJI€aJIbHBIM KoMIIpeccop. MHOroctyneH4arble KOMIpPECCOPHI.
Pabora u ko3(dPuIMEHT TOJIE3HOTO JIEUCTBUS PEATbHBIX KOMIIPECCOPOB.
[IpunnunuanpHas cxema ra3oTypOMHHON yCTAaHOBKHU U IIPOLIECCHI B HEH.

Tema 4. Tepmoaunamuka ra3zoBbix noTokoB: ComoBoe u auddy3opHoe
TedeHue. 3akoH oOpalieHus Bo3AeicTBui Ha moTok. dopma kaHajIoB comen U
muddy3opoB. HMcreuenune raza yepe3 CyKHUBArolleecss COIUIO U coruio Jlapas.
Ckayku yIIOTHEHUS.



Tema 5. LHukibl TenJiodHepreTHYeCKUX ycTaHoBOK: [Ipsmbie u oOpaTHbIe
KpPYToBble Mpouecchl (IUKIbI). L{UKIbI TEMIOCUIOBBIX YCTAHOBOK, XOJOIUIbHBIX
MalMH U TemoBelXx HacocoB. Iluxi Kapno, Teopema Kapno. O0oOuieHHBIE U
SKBUBAJICHTHbIE LMKIbI KapHo. L[MKIBI NMOPIIHEBBIX JBHUraTeiacii BHYTPEHHEIO
cropanus. llukael ra3oTypOuHHBIX [Buratened. L{MKIBI MmaposHepreTudecKux
ycTaHoBOK. OOpaTHBIE IUKJIBI.

Tema 6. TepmoguHaMuYecKnil aHAJN3 TEIUIOTEXHUYECKHX YCTPOWCTB:
Bropoe Hauano TepMOOMHAMHKH JJii HEOOpaTHUMBIX IPOILIECCOB. 3aKOH
BO3pacTaHus »HTponuu. HeoOpaTuMOCTh M TPOU3BOACTBO PabOTHL. DKCEprus.
AHann3 HEOOPAaTUMBIX IUKJIOB C TIOMOIIBIO CUCTEMBI KOA((UIIMEHTOB MOJIE3HOTO
JNEUCTBUA. OHTPONMMHBIA M DKCEPreTUYECKHA METOABI AHAINM3a. [EIUIOBOM H
AKCEpreTUYEeCKui  OanaHChl TEIUIOPHEPreTUYECKUX YCTAaHOBOK. BTopuuHbie
SHEPreTUYECKHUE PECYPCHI.

Paznen 2. Teopus TensiooomMeHa

Tema 1. Teopus TensionpoBognoctu: [Ipouecco Termooomena. OCHOBHBIE
MOHATHUS ~ TEOPUM  TEIUIONMPOBOAHOCTH.  TEMIONPOBOJHOCTh  MaTEepUaJIOB.
HuddepennnanpsHoe ypaBHEHHE TEIUIONMPOBOJAHOCTU. YCIOBHUS OJHO3HAYHOCTH.
PacripocTpanenue TEIUIOTHI TEIIONMPOBOJHOCTBIO B IUIOCKOW U LWJIMHAPUYECKOU
CTEHKaX MpPH CTAIMOHAPHOM PEKUME (TPAHUYHBIE YCIOBUS IEPBOIO POAA).

Tema 2. KonBekTuBHBI  Temioo0MeH: OCHOBHblE TIOHSTUA U
onpexaenenus. [uddepeHunansupie ypaBHEHUST KOHBEKTUBHOTO TEIJIOOOMEHA.
[lomobue ¢usnyeckux sBiaeHud. [uapomexanmdeckoe mnomodue. TemmoBoe
nojaooue. YpaBHeHUs no100us KOHBEKTHUBHOTO TEII000MEHa.
DKCNEepUMEHTAIIBHOE N3YYEHUE KOHBEKTUBHOT'O TEINIOOOMEHA.

Tema 3. Tensi000MeH 1npH BBIHYKACHHOM M CBOOOAHOM JABM/KCHUM
TeIUIOHOCUTeJel: BhIHYK/IeHHOE JBIKEHHUE XKUAKOCTH B TpyOax. Teroornaua
IpU BBIHYXKIECHHOM JBW)XEHUM >KUAKOCTH B TpyOax. OcoOGeHHOCTH pacuera
kod(dduIeHTa TEIUIOOTAaYM MPU TMONEPEUHOM OMBIBAaHUHU Iy4Ka OpeOpPEHHBIX
Tpy0. Temmoornaya mpu cBOOOJHOM JBIKEHUH. TeriooOMeH Mpu KUIIEHUU
KUIKOCTH. TeriooTaaya npyu KOHACHCAlMHU apa.

Tema 4. TensioBoe usaydyenume: OOmMe cBeAeHUs. 3aKOH MOTJIOIICHMUS.
OcHoBHbIe 3akoHbI m3mydeHusi. Cepoie Tena. 3akon Kupxroda. M3nydenne razos.
TermooOMeH Wu3MydYeHHEM MEXIy JABYMsS TelaMH. 3aluTa OT TEIUIOBOTO
U3JIyYEHUS C IIOMOIIBIO YKPAHOB.

Tema 5. Tensionepenaua: CnoxHblii TerooOMeH. Temnonepenaya depes
creHkd. TeroBas uzonsanus. Kputnueckunii niumaMetp U305 1HH.

Tema 6. Tunbl  Tem1000MeHHbIX  anmaparoB:  (Cxembl  TOKa
TerioHocuTeneil. TernoBoi Oananc Term1ooOMeHHOro anmnapara. TemneparypHbli
Hanop. TeruioBble pacyeThl TEMJIOOOMEHHBIX amnmnapaToB. ['mapoaMHaAMUYECKUN
pacyeT TerI000MEeHHBIX anmnapatoB. TemnoBbie TpyObl U TEPMOCU(OHBI.



4.4 TEMBI U IIJIAHBI IPAKTUYECKHUX 3AHATUI

3ansatue 1. Tema «OcCHOBHBIE TepMOAMHAMHYECKHE MapaMeTpPbI
COCTOSIHUSA Ppadoyero Tejaa

3aganme. Pemenne 3axau.
1.1. ManomeTpuyeckoe jfapjieHne B naposom kotae p_ = 1 MIla npu 6apo-
METPHYECKOM JABTeHHH Py, = 735 MM PT. ¢T. Kak namMenurces ManoMeTpuieckoe

JddBJjcHHe, ¢CIH MMOKa3daHHe ()&lpUMC'l'pi:l IMMOHH3HTCH 10 pﬁn[‘: = 450 MM PT. CT., a4 CO-
CTOAHHE I1apa B KOTJIE OCTaAHeTCH llpC}RHl'IM?

Omeem: p,. = 10,38-10° I1a.

1.2, [ThnepMaTiyecKuii npece, nopiieHb Kotoporo uMeet auamerp d = 400 mmM,
HoKen aeiicteopats ¢ cunoii F= 50 kH. Kakoso gomgno 66 abcomnoTHoe qas-
JieHie BO3/yXa B IIHJIHHJIPE NPH aTMochepHOM JaBieHun pg, . = 750 MM pT. cT.7

Omesem: p_. = 14-10°Tla.

1.3. K abiMoxoay napoBoro KoTJa [JJis H3MEpPeHns PaspeskeHns 1pucoeii-
HeH TATOMep (CM. cXeMy), yToJ1 HakaoHa Tpyokn kKoToporo o = 30°. JLanna cTon-
Oa BOJBI, OTCYMTAHHASA 110 HAKJIOHHOH mKkane, [ = 200 M.

MaH

[asnoxon

Onpegennte abcomoOTHOE TaBIeHHE TA34a, €CITH MOKa3anie pTyTHOTO HapoMe-
Tpa Py, = 745 MM pT. cT. npu Temneparype croanda pryru ¢ = 25°C.
Omeem: p_,. = 0978-10° I1a.

1.4. Bosayx maccoit M = 5 kr sanumaer odbem V = 2,7 m*. Oupegennre
VEeABHBIT 00BEM ¥ IIOTHOCTB BO3/[VXA B 3TOM COCTOSHHMN.
Omaem: v = 0,54 M*/kr; p = 1,85 kr/M>.

1.5. ¥ruekucastii raz maccoit M = 5,4 kr nupu remuneparype t = 15°C u pasie-
i p = 1-10° Ila sanumaer obbem V = 3 mM°. Onpeaennte yaenbHbiii oObeM
W TLTOTHOCTD YTJIEKHCJIOTO Tasa MPH 3a/IaHHbIX YCITOBHAX.

Omeem: v = 0,555 m*/kr; p = 1,8 k1/M°.

1.6. YeTraHoBJeHHBIH Ha CMA304YHOI CHCTEME aBTOMOOW/IBHOIO JABHIATE/IA
MaroMeTp MokaspiBaet gasaenve p, = 2,3-10° Ta. Onpeaenante abGeomoTtioe
JABJIEHUE CMA3KN TTPH HapOMeTPHYECKOM JaBIeHnn p, = 720 MM pT. CT.



1.7. Onpeaesnre, kKakoi obbeM 3anumalor 1,3 Kr BO3yXa 11pH JIaBJIeHnH p =
= 1-10° ITa u remneparype T =373 K, ecom npu p = 1-10° [Ta n T = 288 K naor-
HOCTB Bo3ayxa p = 1,19 kr/a’,

Omeem: V= 1,415 M.

1.8. Kakoii o0bem 3anuMaloT 3 T BO3/1yXa IPH HOPMaIbHBIX (PU3HYECKUX YC-
NnoBUsIX?

Omeem: V = 2320 m°.

1.9. Kakosa Macca 42 1 kucsaopoia upu HOpMaibHBIX (PU3HYECKUX YCAOBUAX?

Omeem: M = 0,06 xr.

1.10. Kakosa macca 100 1 raza, MMeIONIeTo TIOTHOCTE 25 Kr/M?
Omeem: M = 255 xr.

1.11. Onpejennre BAKYYM B KOHIEHCATOPE, €C/H aDCOMIOTHOE JLaBileHne p, .,
= 0,049 MIla, a bapomerpuueckoe pasienue p.. = 750 MM pT. CT.
Omeem: p,, . = 0,051 MIla.

1.12. lasaenue 8 Gannoune p = 0,025 MIla npu GapoMeTpuueckoM aaBieHnu
Py = 690 am pr. cr. Kakoso Oyzer nokasanue Manomerpa, ecan armocdepuoe
A@BJICHUE TOBBICHTCS! 10 P, = 773 MM PT. CT.7

Omeem: p,,, = 0,0147 MIla.

1.13. Tsaromep, sanosnnennsiii criuproM (p = 0,8 r/em?), nokassiBaet paspe-
Kenue B rasoxofie p,. = 50 My cn. ¢1. Onpesennre abeomoThoe JaBjaenme jibl-
MOBBIX 'A30B, CCJIM NMOKasanue dapoMeTpa, npuee/entoe K remneparype £ = 0°C,
COCTABJISIET P, = 127 MM PT. CT.

Oap e

Omsem: p, .. = 0,0955 MIIa.

:’mp

1.14. Onpeaenure cuny, AeHCTBYIONYIO Ha TTOpLIeHb AuaMeTpom d = 150 mMm,
eciu flasenne B nnmnape p = 49-10° Ia. Bapomerpnueckoe gasienue pg, =
=750 MM pr. CT.

Omeem: F=9 .

1.15. Paspexkenne B apimosoii tpy6e p, = 30 My BOjL. eT., atmocdeproe as-
nenne p,. = 763 mm pr. or. npu temneparype ¢ = 30°C. Onpegennre abcomor-
HOE JIaBJIeHHe J(bIMOBBIX I'a30B.

Omeem: p... = 0,101 MIla.

1.16. Manomerp nokasbiaet fasienme p = 800 MM Boj. ct. npu dapomeTpH-
HeCKOM JaBiienuut pg = 780 My pr. e1. [pu apyrom HabmoaeHHN MOKa3aH st 1PH-
Oopos okasainck cootsercTserto p. = 600 MM BOA. CT. 1 pg = 795 MM pT. CT.
Kak uamenmioch abcomoTHoe jasienne?

Omeem: nasnenne p... = 0,112 Mlla He naMeHn10Ch.

1.17. B mammnno-koreasioMm otjenennu (MKO) eyana pasaenue no sojs-
HOMY MaHOMETpy pf'f:o = 120 mM Boa. c1. BapoMerp na nanybe nokasbiBaer
Do~ 750 MM pr. er. [lo nokasanusiMm MaHoMeTpa Ha Kotie pabouee JaBjieHue
O e S i / - PR pp—— . R p— " - KL —
cocrasisier pl. = 3,0 Mlla. Pd.?.p(_’)i{u—ll-lt. B KOHJICHCATOPE 110 BAKYYMMETPY prit
=610 mum pr. cr. Onpejgennre adcoJIOTHBIE JABJICHHA B MAIIHHHO-KOTEIbLHOM
OTJACJEHHH, KOTJLIE 1 KOH/IeHcaTope.

Omeem: pM*© = 0,101 MIla; pZ = 3,08 MIla; pXet = 0,0196 MIIa.

o
A0



1.18. Onpenennre abconioTHOE JaBiaeHne B TPYOOIPOBojE (CM. cXeMy), ecin
pasHoOCTb YPOBHEIl PTYTH B MaHOMeTpe coctasisier i, = 515 MM, a BblcoTa CTOJ1-
Ga Bojbl, HanuToll nosepx pryru, i, = 50 mm. [lasienne okpyxkatoueii cpebt
p,.= 0,106 MIIa.

Omeem: p = 1,75-10° I1a.

1.19. Cyano na osayunoii nopymke umeer pasmepst L = 20 M, B = 5 M, mac-
ca cyana M = 4 1. Kakoe u3bbITOUHOE JaB/IeHIe B MIUTHMETPAX BOJAHOTO CTOJI-
Oa IOUKEH CO3/1aBATh BEHTHIATOP, YTOOBI OHO ONMHPATIOCH HA BO3AYIIHYIO TI0-
JVIIKY?

Omsem: p, . = 40 MM BoJL. CT.

1.20. Oupegennte Maccy BO3/yXa, 3aKMI04eHHOT0 B 6asuione emkocTsio 400 i,
ec/I IJIOTHOCTH BO3/yXa ITPH HEKOTOPBIX JIaBJIEHHH U Temiiepatype p = 28,6 kr/m’,
Omaem: M = 11,44 xr.

1.21. Macca 1 »' mMeTana npu onpeeneHHbIX YeaoBHAX coctapasger 0,7 kr.
OnpeaesauTe IJI0THOCTE M YAeAbHBIH 06beM MeTala IIPH 9THX YCJIOBHSX.
Omeem: p = 0,7 kr/M* v = 1,429 m*/kr.

1.22. [InoTHOCTh BO3AYXa IPH ONpEAeICHHBIX yeaoBusax p = 1,293 kr/m’.
OnpepenanTe yaeabHblil 06beM BO3ILYXa IIPH 9THX YCIOBHAX.
Omeem: v = 0,773 m?/kr.

1.23. B cocyze oobemom 0,9 m? maxoanres 1,5 kr okuen yraeposa. Onpene-
JUTE YACTHEBIH 00BbeM H IIJIOTHOCTh OKMCH YTICPOJIa TIPH VKa3aHHBIX VCIOBHSX.
Omeem: v = 0,6 m*/kr; p = 1,67 K/,

1.24. [lapaenue Bo3ayxa 110 pryTHOMY OapoMeTpy Paap = 770 MM pT. CT. IPH
remueparype pryru ¢ = 0°C. Beipaaure 910 JaBjieHHe B IACKA/X.

Omeem: p;,, = 102 660 11a = 102,7 kI1a,

1.25. /lasaenne Bosjyxa, U3MEPEHHOE PTYTHBIM GapomerpoM, p;, . = 765 Mu
pr. cT. npu Temneparype pryvri ¢ = 20°C. Beipazute 910 japienue B nackassix.

Omeem: p;, . = 101 640 lla = 101,6 xIla.



1.26. Onpeaenure abcomoTHOE JABICHHE B COCYAE (CM. CXEMY ), €C/IH I0KA3a-
HIE NPHCOEIMHEHHOTO K HeMy PTYVTHOro ManoMetpap, = 66,7 klla (500 MM pr. c1.),
a arMocteproe faBiaenne 1o pryraoMy oapomerpy p. = 100 xkI1a (750 mm pr. cT.).

iap

" g e - - ot
Temneparypa Bo3jyxa B Mecte yeraHoskn npubopos £, = 0°C,

l.‘i

Omesem: p .. = 0,1667 MIla.

1.27. Onpepermmre abcoM0THOE ABICHHE B TAPOBOM KOTJIE, €CTH MAHOMETP
nokaseisaer p, = 0,245 MIla, a armocdepHoe aasienue 1o pryrHomy Hapome-
TPy coctaager p,, . = 93 325 Ila (700 MM pr. c1.) ipH TemmepaType pTyTH ¢ =
=20

Omsem: p_.. = 0,338 MIIa.

1.28. Kakas sbicora Bogsanoro crojda coorsercrsyer 10 ITa?
Omeaem: h =1 MM,

1.29. Kakas sbicota prythoro ctonda coorsercreyer 100 klla?
Omeem: h = 750 mMm.

1.30. Onpepenure abcomoTHOE JaBIeHHe B KOHACHCATOPE APOBOI TYPOM-
HBI, €CJIH TIOKA3aHNe MPHCOeIMHEHHOTO K HEMY DTYTHOTO BaKYYMMeTpa p . =
=94 xIla (705 MM pr. CT.), a MOKazaHue PTYTHOTO DAPOMETPa, MPHBEICHHOE
k Temneparype ¢t = 0°C, cocrasasier p; - = 99,6 klla (747 mm pr. c1.). Temnepa-
Typa BO3/lyXa B MecTe yeTaHoBkH npudopos ¢, = 20°C.

Omeem: p,.. = 60 klla. '

Yka3aHue K BbINOJHEHHUIO 3aJaHUIO.

JIns peuieHus 3aj1ad HY>KHO BOCIIOJIB30BATHCS JIEKIIMOHHBIM MAaTepUAIIOM U
MarepuaioM, MNPUBEACHHbBIM B UCTOYHMKE «TerurorexHuka. IIpakTukym» mnon
penakuueii B. JI. Epodeena, A. C. [Ipsxuna, c. 13 — 17. JInsg nomomu CTyAeHTY
HIKE MPUBOJATCS IIPUMEPHI PELICHUS 3a/1a4.

[Ipumep 1.1. Onpenemire abCoMOTHOE TABICHHE B KOHJICHCATOPE, €CITH BAKYYM-
METP, YCTAHOBJIEHHBIH Ha HeM, NI0Ka3biBaeT paspeskenue p = 660 mm pr. crT.
[Tokazanue Gapomerpa p. = 744 MM pr. CT.

i

Pewenue. AbcomoTtnoe JAaBIenHe HaXo M 110 [1)()1’)]\1}’;711'_‘!

Pase = pﬁ:ap = pp:u'up'



Takum obpazom,
744 - 660
P ™ 7 5026107
Omsem: p_. = 11 196 Ila.

=11 196 (IIa).

Ipumep 1.2, Cronbkum rpaaycam mkasinl [enscus coorsercreyer remiepa-
Tvpa 100°F u ckonskim rpagycam mkaas Dapenreiita cooTBETCTBYET TeMIepa-
typa 3°C?

Pewenue. JIna nepecuera 3HaueHHIl TeMIIEPATYP BOCIIOJIB3VEMCA COOTHOLIE-
HUSIMH, TTPUBE/ICHHBIMHA B Taba. 1.2;

t=(T.-32)/1,8-(100-32)/1,8 =378 CC);
Ti= 18t +32=1.8:5+32=41(F).

Omeem: 100°F = 37,8°C; 5°C = 41°E

IIpumep 1.3. Onpenennre Maccy Bozayxa B Oasnone odsemom V= 10 1, ec-
JIH €T0 INIOTHOCTh cocTassier p = 2,56 kr/m’.

Pewenue. Maccy Bozayxa Haxoaum 1o dopmy.ie

M= Vp;
M =0,010-2,56 = 0,0256 «r.

Omesem: M = 0,0256 kr.

IIpumep 1.4. Onpejennte uaMeHenne yieabHoro odbeMa KHCI0pojia, cojep-
Katterocs s bawnone odvemom V=50 i1, nocae uapacxogosanus AM = 10 kr, ec-

JIW niepBoHaYanbHaA Macca raza M, = 40 xkr.
Pewenne. Koneunaa Macca KHCTOPOIa

1\']2 = ﬂ}fl — AM =40-10= 30 kr.

Hawanpuoiil yaeasHsii o0beM Kieaopojia

V0,050 g,
o= M, 10 0,00125 (M’ /kr).
Koueunbiii yieabnbiii odbem
I_.-’ E
iy 2O 01667 i ).
M,

Mamenenye yaeannoro odbema
Av=1u, -, =0,001667 — 0,00125 = 0,000417 (m3/kr).
Omeem: Av = 0,000417 m*/kr.

3ansaTue 2. Tema «CBsA3b MexkAy MapaMeTpaMH COCTOSTHUS. Y PABHEHUS
COCTOSIHMSA UAEATbHBIX ra30B)»

3aganue. Pemenue 3agaud.



2.1. Onpegennte odbem V, 3aHnMaeMblil yIJIEKUCIBIM Fa30M Maccoit M = 5 Kr
upu remneparype ¢ = 17°C u gasiaennn p = 0,147 Mlla.
Omeem: V = 1,86 M”,

2.2, Onpeaesnre Macey Bozayxa B bawione emxoctbio V = 400 a1, ecnn pas-
Jenne no manomerpy p = 1,5 Mlla, a remneparypa t = 27°C. Bapomerpuuec-
Koe pasjenue pg = 740 mm pr. cT.

Omesem: M = 7,3 kr.

2.3. Onpenennre gapaenne B Oannone emxocteio V = 100 1 npi Temnepary-
pe t = 15°C, ecain B HeM copepxkutea V= 0,5 M* kucjopoaa npyu HOpMaJIBHBIX
(huamyecKnx yciaoBmsx.

Omeem: p = 0,514 MIla.

2.4. Kaxoii o0beM 3aHuMaeT Bo3yX Maccoit M = 2 kr npu aasienun p = 4,9 MIla
u Temneparype ¢ = 20°C?
Omeem: V = 0,0343 m”,

2.3. Ipw kakoit Temnepatype azot Maccoil M = 10 kr mmeet 06nem V =30 1, ec-
s ero fasenne p = 14,7-10° I1a? BapoMerpiuueckoe JaBiernie Pap = 760 MM pT. CT.
Omeem: t = —123°C.

2.6. Kakyio TeMrniepatypy umeer KMcJaopoj, cxatsiii jgo p = 1,275 Mlla, ecan
ero Macca M = 30 kr zanumaeT obbeM Vo, =(),5 M*?
Omeem: t = 85°C.

2.7. CKOJbKO KIJIOrPaMMOB BO3/1YXa H3PACX0/10BAHO HA IIVCK JIBUTATE/S, eclIH
Aapxenye B damnone eMroctwio V =400 1 causinocs ¢ p, = 2,94 no p, = 2,45 MIla?
Omeem: M = 2,78 Kr.

2.8. Kak uaMennrcs 00beM MPOVKTOB TOPEHHA TOILUTHEA, €C/TH TEMIIEPATYPA
cHuzures ¢ £, = 1500 no ¢, = 500°C npu HEM3MEHHOM JIABJIEHHH ?
Omeem: B 2,3 pa3za.



2.9. O6bem rasa upmn temuneparype ¢, = 15°C pasen V= 0,8 m*. Kakum Gyner
00BEM ITOrO rasa, ec/in TEMIeparypy noBeicHThb 10 £, = 30°C, He namensis j1as-
JeHus’?

Omeem: V = 0,84 m”,

2.10. Boauyx obwemom V = 100 M* npu remueparype ¢, = 30°C narpepaior
B BO3/IVXOMOJ0rpeBatene 1o temmepatypol £, = 90°C npu noctoannoMm gaBie-
Huu. Kakoii odbem OyvaeT 3aHnMaTh HArpeTblil BO3AYX?

Omeem: V = 120 m°.

2.11. Bo ckosbko Pa3 YMCHBIIHJICAH ﬂﬁ'h{?.\i rasa IpH NOCTOAHHOH TeMiepary-
pe, ecsiv laBienne yeernunaocs ¢ p, = 0,196 no p, = 0,49 MlIla? bapomerpuye-
CKoe JaBjaeHue p, = 735,6 MM pT. CT.

Omeem: B 2 paza.

2.12. I'az ob6vemom V = 4 M CHKUMAIOT 11PN NOCTOSIHHOIN TEMIIEPATYPE OT P, =
=2.94-10° lla no p, = 6,87 - 1(° Ila. Kakos KoHe4HbII oObeM raza? bapomerpu-
Yyeckoe JiaBjaeHHe pﬁ_?p = 750 MM pT. CT.

Omeem: V = 2 m".

2.13. B peaeppyape eMkocTbio V = 2 M? HaXOAHTCS BO3IYVX MPH TEMIICPaType
t = =3"C. Bakyymmerp nokassisaet paspexkerue p = 200 mm pr. cr. Bapomer-
PHYCCKOE JAaBICHUE P = 740 mm pr. cr. Onpegesnure Maccy Bo3ayxa.

Omeem: M = 1,94 kr.

2.14. Kakoe jpapaenwe OyeT TMOKasuiBaTh MaHmOMETp, YCTAHOBJICHHBIN Ha
baone eMkocTbio V =40 11, eciin 6a/1/10H HANOTHUTD a30ToM Maccoil M = 1,13 kr
npu TeMmneparype ¢ = 20°C? bapoMerpuueckoe gapienue p, = 765 MM pT. CT.

Omeem: p = 0,231 MIIa.

2.15. B pesepsyape emrocteio V= 20 MY HAXOIHTCH CMECh Ta30B, COCTOSIIAT
13 N, = 0,6 mons yranexkucioro raza u N, =1,3 Mo azora. /laBneHune no maso-
MeTpy p,,, = 0,15 MIla. Bapomerpiieckoe napnenne p,, = 745 Mm pt. 7. Kako-
Ba Temieparypa cMech?

Omeem: t = 38°C.

2.16. /IBa HannoHa 0HHAKOBOH eMKOCTBIO 3alI0JHEHbl OJIMHAKOBOH Maccoi
PA3TMYHBIX TA30B: METaHa ¥ KUcaoposa. Temneparypa 000MX ra3os 0jJHHAKOBA.
O MHAKOBO JIH JlaBJeHie B OaioHax?

Omeem: nasnenne B GAII0HE, COAEPKRANEM MeTaH, MPHOTH3NTE b0 B 2 pa-
3a 60.-’[bl].l€. HeM B 63.’1.’10]1&, colepaalleM KMCIOPOL,

i

2.17. Yemy pasen ofbeM azoTa npu gasaenun p = 0,589 MIla u temnepaty-
pe ¢ = 40°C, ecan npu remueparype ¢ = 0°C u pasnenun p = 0,196 Mlla ou co-
crasisier V =3 m??

Omeaem: V = 1,145 m°.

2.18. Kak u3MeHHTCH IJIOTHOCTL BO3/IYXA, €CJIH ero abco/ioTHOE JIABICHHUE
po3pacTeT B 2 pasa, a TeMiepatypa noseicures ¢ £, = 5°C no t, = 100°C?
Omsem: yeennuurca B 1,49 pasa.



2.19. B bamnone HaxoauTcs ras nmpH Temmepatype t, = —15°C u papiaenun
p, = 4,12 MIla. Kakum Oyzaer napiaenue B 6aI0He, €CJIH €10 [EPEHECYT B OMe-
LleHHe, [Je TeMilepaTypa rasa oBbicuTes Ao &, = 30°C? bapoMerpuyeckoe gas-
JIeHHE [IPH HTOM He OCTAETCS HOCTOSHHBIM M PABHO P, = 750 MM pT. CT,

Omeaem: p = 4,86 Mlla.

2.20. 1o rpybouposoay uporekaer V. = 4 M7 /MUH KHCJAOPOAA LPU JaBIEHHH
p = 1,47-10° [Ta u remneparype ¢ = 17°C. Kakas macca raza npoTeder B Te4eHHE
T =20 Muu?

Omeem: M = 156 kr.

2.21. 3a xaxoe Bpemsi Komipeccop, BeacnBawomuii V. = 3 m*/mun Bozayxa,
3aMOMHUT pesepByap eMkoctoio V= 1,5 M* 10 nasaenusi p = 3,92 10° [1a? Tem-
neparypa Bo3ayxa B pesepsyape nosoimaercs ¢ £, = 10°C go ¢, = 70°C. bapome-
TPUYECKOE JIaBenne p. = 765 MM pT. CT.

Omeem: t = 1,49 mun.

2.22, B 6annone emkocTwio V= 20 1 naxoanTca azot Maccoit M = 2,62 kr npu
temmepatype £, = 20°C. Kakas Macca raza BHIyIeHa u3 0aamona, ecyim lapie-
HHe TTOHU3NI0Ch B 2 pa3a, a TeMIlepaTypa yiaia 1o t, = 5°C?

Omsem: M = 1,24 kr.

2.23. TlpousBojuTenLHOCTE KoMupeccopa npu aasienun p = 00,0981 MIla
i TeMmneparype t, = 10°C papna V_ = 250 M*/4. 3a kakoe BpeMs KOMITPeCCOp Ha-
TOJTHHT BO3JIVXOM pe3epByap eMKocThio V = 25 mM* npH MOBBINIEHHH JTaBJIeHHAS
¢ p, = 0,049 no p, = 0,49 MIla? HsamenenneM TeMrepaTypbl BO3IyXa npeHe-
Opeyn. bapoMmerpudeckoe jgapienue Piap = 136 MM PT. CT.

Omeem: © = 27,2 MuH.

2.24. OrkpriTeiil cocya (cooduieHHBIH ¢ aTMOCHEPHBIM BOZIYXOM IPH JIaB-
nennn p, = 0,1 Mlla u temnepatype ¢, = 17°C) emroctsio V = 2 M* HarpeBaioT
no t, = 400°C, nocae vero pazodmaiot ¢ arMocdepoii 1 oxmakzaoT. Kakoe ko-
JUYECTBO BO3/IyXa BRITEKJIO M3 cOCY/Ia TpH Harpesannn? Kakoe gasrmenve yera-
HOBHTCH B COCY/IE, KOT/a TEMIIEPATYPA BO3/LYXa B HEM CTAHET PABHOH IepBoHa-
4aJIbHOIT?

Omsem: M = 1,37 kr; p, = 0,043 MIIa.

2.25. banioH, colepiKantinii KHCaopoj1 moj aasaenneM p, = 12,75 MIla, nve-
et Maccy M, = 35,1 kr. B pesysbraTe BRITyCKa YacTH Taza Macca Oaniona cTama
parnoii M, = 33,2 kr, a aBienue cHH3WIOCH 710 p, = 7,36 MTTa. Kakoe napnenwe
VCTAHOBUTCA B GAJLIOHE, €CJIM U3 HETO BBIIYCTHTD ente AM = 0,85 Kr Kucjiopo-
na? TeMmneparypa rasa Bo Bcex VKa3aHHbIX cayyaax ojuMHakopa 1 pasia ¢ = 15°C.

Omaem: p = 4,95 Mlla.

2.26. B umnnnape anamerpom d = 0,6 M copepxures V = 0,41 M* Boaayxa
npu gasnern p = 0,25 MIla u remneparype ¢t = 35°C. /lo kakoii TemnepaTypbl
JOJFREH HATPEBATHCA BO3VX TPH MOCTOAHHOM JaBICHWH, YTOOB JIBUAKYIIIHITCSA
6e3 TpeHHA NOPILIEHE HojHAIcA Ha = 0,4 M7

Omeem: t, = 117,6°C.



2.27. B muanHApHIECKOM cOCy/ie, UMelolieM BHyTpeHHUi auametp d = 0,6 M
W BRICOTY /i = 2,4 M, HaXOMUTCA BO3AYX npH Temnepatype ¢t = 18°C. /laBnemnue
Boziayxa coctasager p = 0,765 MIla. bapomerpuyeckoe napaenune (pHBeieH-
Hoe K Hy/ o) p,.. = 101 858 Ila. Onpepennre Maccy Bosayxa B cocyje.

Omeaem: M = 7,04 kr.

2.28. Bannon ¢ kucaopojaom eMkoctsio V = 20 i1 naxoaurest 1o/ gasiednem
p, = 10 MIla npu remuneparype t, = 15°C. [Tocae uapacxogoBanuns 4acTu KHCL0-
pojia aBjeHue NoHuaunocs o p, = 7,6 MIla, a remneparypa yuana o ¢, = 10°C.
OmpefennTe Maccy H3pacxo0BAHHOTO KHCJIOPOJIA.

Omaem: M = (0,606 xr.

2.29. B cocyne obbemom V = 0,5 M¥ HaXOUTCST BO3AYX 110/ AaBICHHEM P, =
= (0,2 MITa npun remneparype ¢ = 20°C. CKo/bKO BO3/yXa HA/0 BBIKAYATh 13 CO-
cyaa, utoOol paspeskenue B HeM cocTapuino p,. = 56 klla npu yeaosum, uto Tem-
nepaTypa B cocyie He HaMeHnTea? ArMocdeproe 1apaenne mo pryTHOMY Oapo-
MeTpy p,.,, = 102,4 kIla npn remneparype prytu B Hem £, = 18°C; paspexenne
B COCY/Ie M3MEPEHO PTYTHBIM BAKyYMMETPOM NPH TeMIepatype pryTH ...~
=20"C.

Omeem: M = 1,527 xr.

2.30. Pesepeyap obbemom V = 4 M” 3anoiten yriaekncabiM razoM. Onpese-
JIUTE MACCy M CHJIY TS3KeCTH (Bec) raza B pesepByape, e/ H30bITOMHOE JaBJie-
mne rasa p, . = 40 kIla, remneparypa ero ¢ = 80°C, a 6apomeTpHuecKoe asie-
nue sozayxa p, = 102,4 klla.

Omeem: M = 8,64 kr; G = 84,8 H.

YkazaHue K BbIIIOJHEHHUIO 32JaHUIO.

JIns pemenus 3aa4 HY>KHO BOCIOJIB30BAaThCS JIEKIIMOHHBIM MAaTE€pUajIoM U
MaTepuagoM, IPUBEACHHBIM B HCTOYHHKE «TermorexHuka. IIpaktukym» mnon
penakiueit B. JI. Epodeera, A. C. Ilpsixuna, c. 23 — 24. JIns MOMOIIU CTyACHTY
HIDKE NIPUBOIATCS IIPUMEPBI pELICHU 3a1aY.



Mpumep 2.1. Kakoso jasienne B pesepsyape emkoctbio V = 0,5 Mm% ecan
B HeM copepxutea M = 0,945 kr pogopona npu remnepatype £ = 25°C?
PEHJEHHE. ,.E[EI.BJI('HHC HU..']UI'}U,LLH HaxoJgumM 13 ypauucuuﬁ COCTOHAHHWA

MRT 0945-4124.298

= —— = 23.4 ‘105 l] .

P V 0,5 ' (1a)

rie R = 4124 [Ix/(kr- K) — razosas nocTogsHHas BOJAOPO/IA.
Omeem: p = 23,4-10° [a.

Mpumep 2.2, Kakoit 00beM 3aHHUMAET CMECH, COCTOATIAA 13 N, = 0,8 monei
oanoro raza u N, = 0,4 Mons gpyroro rasa npu gapgenun p = 2,94 -10° I1a u Tem-
neparype t = 45°C?

Pewenue. Yucio MoJieH cMecH rasa

N=08+04=1,2 mons.

W3 ypasHeHus cocrosinust juist N Mosteit raza onpejieisieM odybeM cMecH:
_ 8314NT  8314-1,2-318

— =1, Y.
» 5 91.10° 0,78 (m”)

1!

Omesem: V= 10,78 m*.

[pumep 2.3. Yemy paBia MI0THOCTD HAeaTbHOTO Tasa mpu p, = 11,76 - 10° [1a
nt, = 60°C, ecotn ipu p, = 294-10°[1a u £, = 10°C ero n1oTHOCTb COCTABISIET
p, = 4 kr/m*?

Pewenue, 3uag, uro v = 1/p, 3anmniieM ypaBHeHHe COCTOAHWA JIJIA TTEPBOTO

H BTOPOIO COCTOSTHHIT:

p,=pRT;;
P, = poRT,
[Tocsie nowIeHHOTO ACIeHHs IPABBIX H JICBBIX HACTEH HOJIYYHM
BBt
Py P Ty

OTKV/1d OIpeacHM INTOTHOCTD I'd3d

Omsem: p, = 13,6 kr/m’".

[Ipumep 2.4. basnou ¢ poaayxom npu gasiaennu p, = 12,26 MIla u Temnepa-
Type £, = 25°C umeer maccy M, = 36,12 kr. B peay/ibrare BplllycKa 4acTH BO3j1yXa
Macca crasa pastoit M, = 35,21 kr. /lasnenne Bosayxa cunsniocs 1o p, = 8,83 M1la,
a Temneparypa — 0 £, = 15°C. Kaxum Oy/er nasienne B 6ajioHe npu temiepa-
Tvpe t, = 25°C, ecin U3 Hero BuIYCTUTL eme AM , = 0,5 kr Boanyxa?

Pewenue. Macca 6a/iona M, um Bozyxa B Hem M| B HAYaILHOM COCTOSHUY

M,= M, + M,, = 36,12 (k).



Maccea 6':1.'].;‘10[121 C BO3/IVXOM ITOCJIC BBINTYCKA ll(_‘pHUﬁ I](]plLH H BO3/IVX4
M,= M, + M,, = 3521 (xr).

BriuuTas M3 nepsoro ypaBHeHHsi BTODOe, ONPEAEJHM MAacCy BbIITYIIEHHOM
NEePBOi NOPLMH BO3yXa:

AM = M, — M, = 36,12 — 35,21 = 0,91 (xr).

Menobaysa ypaBHeHHe COCTOAHNSA, HAXOJAHM BBIpaKeHHe /U pacieTa oobe-
Ma Oa/LIoHa

T 5 R | 208 " 288 | 287" = 091 (xn).

I p .
OTCIOIIR HaXoOJIHuM eMKOCTE 63‘71.710"33
V=0,025m =25
Macca Bosayxa B Oa/LI0HE [10CJIE BBIIYCKA YaCTH BO3AYXa
p,V  883-10°-0,025
2" RT,  287-288
Macca BO3Iyxa 1oc/e J0IOJIHHTE TEHOIO BRITYCKA 0.5 KI
M, =M, -05=267-0,5=2,17 (xr).

[pl pg]fz['lz,zﬁ__@] 108

i

= 2,67 (k).

il,.':i]‘l..’lL‘l[lr‘lL‘ BOGAYXd B 9TOM CIYVHac
MRT, 217-287.298 _ . -
=Ty T 05108 A idla)

Omeem: p, = 7,43-10° I1a.

3ausarue 3. Tema «CMecH naeajJbHBIX I'a30B»

3aganue. Pemenue 3agaud.



3.1. OnpesienTe MACCORBIIT COCTAB W MACCY TA30BOI cMecH B OaIoHe eMKo-
crbio V = 33 11, ecan nasinedne emecu p, = 1,2 MIla, a remneparypa ¢ = 40°C.
ObnbemubIil cOCTaB CMeCH: T, = 15%; 1y, 8%‘/: o= 205,

Omeem: m, = 0,216; my, = = 0,763; m, = 0,021; M= 0,462 kr.

3.2. [IpunuMas, 4TO CyX0il BO3AYX cocTONT U3 21 oObeMHOI YacTH KICI0PO-
Ja u 79 odbeMHBIX 4acTeid a30Ta, olpe/le/IiTe MacCOBBII cOCTAB BO3/YXA, €ro ra-
30BYIO MIOCTOAHHVIO, KAKYIIYVIOCA MOJEKYIAPHYIO Maccy M IVIOTHOCTDb [IPH HOP-
MaJIbHBIX VCJIOBHAX.

Omeem. my, = 0,232; m, = 0,768; R, = 287 [Ix/(kr-K); p, = 29; p, =
= 1,293 xr/m>.

3.3. Cmeck raza coctont U3 Ny = 4 moaeit asota, N, = 2 Moneit YTJIEKHCT0-
ro rasa U N, = 2 Moeii KHCI0poa. OnpeleiTe 00BbeMHbI 1 MACCOBbIi CocTa-
BBI CMCCH 11 €e razoByIo MOCTOSAHHYIO.

Omeem: ry, = 0,5, e, = 0,25, 15, = 0,25; my, = 0,425; mc, = 0,333; m, = 0,242;
R =253 Ix/(kr-K).

3.4. [Ipu cropanun 1 krxuakoro Toiinsa obpaayercs 20 Kr AbIMOBBIX Ia30B,
MMEIOLMX Cleyouunii 00beMublii cocras: 1, = 8%; r, = 13%; ry, = 79%. On-
pele/IuTe Maccy Kas/10r0 KOMIIOHEHTA AbIMOBbLIX razoB npu cropanun 100 kr
TOILINBA.

Omesem: M, = 12,8 xr; M, = 13,9 kr; My, = 74,3 xr.

3.5. B cocyne obowemom V=1 M* nipu gasnennu p = 0,195 Mlla naxoaurcesi
CMECh a30Ta ¥ YIJAeKHesIoro rasa npu remneparype ¢ = 50°C. Macca asora B co-
cyiae My, = 1,5 kr. OnpejiesnTe MaccoBbie H 00bEMHBIE JTOJIH H MACCY VIJIEKHC-
JIOTO Ta3a.

Omesem: Ny = 0,735; Tco, = 0.265; My, = 0,638; M, = 0,362; M, = 0,85 kr.

3.6. B pesepsyape obbemonm V= 20 m® Haxoautesi cmech raza, odbeMHBII CO-
CTaB KOTOPOil — e, = 13%, 1y, = 7%, 1y, = 80%. CMmeck HaxoAuTCS O paspe-
Kennem p = 250 MM pT. €T, npu remnepatype ¢ = 20°C. Bapomerpuueckoe gas-
nenue pg = 740 My pr. c1. Onpegennte Maccy CMeCH ra3os B pesepsyape.

Omeem: M = 16 kr.

3.7. Kakoit odwem OyyT sannmars 10 Moseit ra3oBoit eMecH, HMeroniein 00nem-
Hblit coctai ry, = 40%, rey = 35%, 1o = 15%, ry, = 10% TpH BN p = 0.3 MIIa
n temnepatype ¢ = 90°C. ()npe:[emtre TAKKEe MACCOBBII COCTAB, TA30BYIO MTOCTO-
SHHVIO ¥ KaKYIYIOCS \-l()JIEKVJTHp"VI{) Maccy CMecH.

Omeem: V = 100,5 »*; my;, = 0,059; Meyy, = 0,418; m., = 0,314; m,, = 0,209;
B, = 13.4; R = 620 x/(xr- K). )

3.8. Toproyuii raz, cocTosAMI 13 BOIOPO/IA M METAHA, [IPH JLamn:'HMu p=005MIla
H Temnepartype ¢ = 25°C HaxoauTcs B cocyjle eMKocTeio V=25 v, Tazosag no-
crosgHHas roprodero raza R_= 2000 /Tx/(kr- K). Onpenesnnte Mmaccosnie, ofbeM-

HbI€ 10JI1 1 MACCY Ta3a B COCY/IE,
Omsem: my;, = 0,396; m.,; = 0,604; ryy, = 0,165; royy, = 0,835; M = 0,64 kr.

3.9. B korse npu cropanuy TONIMBaA 00Pa3yOTCS JIBIMOBBIE Ta3bl CJIEYIONIE-
ro COCTaBa 1Mo 00beMY: I, = 12%; 1o = 1,5%; 1, = 7%; 1y, = 79,5%. Onpenem-



Te IJIOTHOCTh U YJIeJbHBIH 00beM JIBIMOBOTO ra3a, ecliM ero temieparypa t =
= 250°C, a nassenne p = 720 MM pr. cT.
Omeem: p_, = 0,565 kr/m* v, = 1,77 M° /K.

3.10. B Hamnone odbemom V= 30 J1 HAXOAUTCA rOPIOYMIL ra3 CIeAVIONIEro Co-
crasa o o0wemy: ry = 15%; 1oy = 20%; 1o = 5%; 1y, = 60%. Jlapnenne raza no
maHometpy p, = 1,2 MIla, temneparypa t = 5°C. bapomerpuyeckoe jaBieHue
P, = 749 MM pT. cT. Hacosoil pacxoz ropiovero rasa na ropeaxy M, = 0,30 kr/u.
Onpegenure Bpemst paboThl Ta30B0i TOPEIKH.

Omeem: 1= 11,2 u.

3.11. Kakosa o6beMHast 1015 a30Ta B VXO/SIIMX rasax JABMIaTe/isi BHYTPEH-
HETo Cropaiyd, ecin 00BeM OCTATBHBIX COCTABJSIONIHX BHITTYCKHBIX Ta30B cie-
AVIOWMIL ¥, = 13,5%; 1, = 6%; 1, = 1,0%. Onpenennte MaccoBble 1011 KOM-
MOHEHTOB CMECH, Ta30BYI0 MOCTOAHHYIO W KaKVILYVIOCA MOJEKYJIAPHYIO Maccy
VXOMSAUIMX a308.

Omsem: 1y, = 0,8; my, = 0,749; m., = 0,009; mq, = 0,189; m, = 0,063; p, =

g 2 :
=-3032% R .= = 275 JUx/(kr - K)

3.12. IIpupoanblii ra3, uMelonnii 00beMHbII cOCTaB reyy = 93%, ry = 5%, 10~
Jaetcda mo TpyDOTPOBOIY B TA3TORIEPR], B KOTOPBIX OH COXpandAeTcs 1ol Jas-
JgedueM 0,12 MIIa npu temneparype ¢ = 25°C. OnpejlennTe Maccy rasa B ras-
TOJR/ICPAX | eTO TTOTHOCTE.

Omeem: M = 208 kr; p,,, = 0,830 xr/nm*,

3.13. l'enepatopublii ra3 UMeeT cJaeayIOIMi MacCoBLIil cocTas: my, = 62%;
M = 30%; meq, = 5,5%; my,, = 2,5%. Onpe/eauTe MapiHaTbHbIe TABTEHHST KOM-
NOHEHTOB CMECH 1 €€ ILIOTHOCTD, €CJ11 FeHePaTOPHbII ra3 HaXOANTCs 101 1aBJie-
uuem p = 2,15 MIla npu temnepatype t = 50°C.

Omeem: py, = 1,05 MIla; p., = 0,51 MIla; py;, = 0,58 Mlla; e, = 0,06 MIIa;
P = 17,3 kr/M>.

3.14. OnpenenuTe razoByl0 MOCTOAHAYIO, TUIOTHOCTH H YACTBHBIH 00BeM
CMECH Ta30B IIPH HOPMAJIbHBIX (DH3HYECKNX YCI0BHAX, €CAH KaKyagcs MoJe-
KyJspHast Mmacca cmecu p = 20.

Omeem: p,,, = 0,895 xr/M? v, = 1,12 M* /kr

3.15. [lo kakoro jap/jeHusa Halo CKaThb cMech maccoit M, = 16 kr cMmecn,
MMEIOILYIO 00BEMHbII cocTas 1o, = 6,0%, 1, = 15%, ry = 79,6, 4TOOBI IPH TEM-
nepatype ¢ = 250°C ee obbem 6b11 V = 6 M7

Omesem: p_, = 0,392 MIIa.



3.16. Oupegennre IWIOTHOCTL H FA30BYIO OCTOMHHYIO CYXHX JbIMOBBLIX I'a-
30B TIOCJIE KOT/A TIPH Temrepatype ¢ = 300°C i paspeskeHii B razoxojie ™
10 MM PT. CT., €M UX 0ObeMHbLA cocTaB CAeAYIOWMIL: 7o, = 13,5%; req =
1,5%: 1, = 5,5%:; 1y, = 79,5%. bapometpnyeckoe nasnenne p = 745 MM pT. CT.
H:—lﬁ.’ll-l'f(? Take Il..'IOTIIOC.Th JABIMOBRIX I'a30B [IPH HOPMAIBHBIX ('l')l-lSlrl‘-IQC.[-(l-l}{ yC-
JIOBHAX.

Omeem: p_, = 0,63 kr/ MS; = 1,355 kr/ M*; = 274 x/(xr- K).

3.17. l'azoBas cMech, COCTOALLAA W3 VIJIEKHCA0IO Ia3a U a30Ta, UMeeT Kaxy-
YIOCA MOJEKYAAPHYI0 Maccy p,, = 34. OnpeneanTte MaccoBRIi H 0OBeMHBII CO-
CTAaBbl CMECH, Ta30BYIO MOCTOSIHHYIO W [JIOTHOCTh CMECH T1PH JIaBICHHH p =
= 0,11 MIIa u remneparype t = 120°C.

Omeem: me 0, = 0,485;my, = 0,515, 7, = 0375, 1y, = 0,625; R, = 244 [T /(kr- K);

= 1,10 kr/m>,

3.18. CMmech rasoB COCTOMT TI0 Macce M3 eTRIPeX YacTel BO3/IyXa 0 0IHOH Ya-
CTH OKHCH vIviepojia. Onpejeinte MaccoBbie M 0ObEMHBIE JIOJIH, KajKYILYIOCH
MOJIEKYJISPHYIO MAccy, ra3oBYI0 MOCTOAHHYIO, TNIOTHOCTh W MApPIHATbHBIC JaB-
JIeHHs KOMIIOHeHTOB npu jasaenun emecu p = 0,15 MIla u remneparype £ =
=25 L.

Omeaem: m. = 0.8, mo, = 0.2, r, = 0793 oo = 0,620 = 012 MIlasp., =
= 0,03 MIla; p,, = 28,8; p,, 1,70J Kr/M%; =290 [Ix/(xr- K).

3.19. Pewyre npeablyuyio 3aiaqy, ecjii CMeCh COCTOMT U3 TPeX YacTeii Bo-
JIOpPOJia W JIBYX YacTel MeTana.

Omeen: my = 0,158, meyy = 0,842; 1y = 0,6; 1y = 0.4; pyy, = 0,09 MITa; pyy =
= 0,06 MITa; p_ = 7,6;p_, = 0,455 KT/M1 R. = 1090 H}K/(Kr K).

3.20. Cmech a30Ta 1 YIJIEKHCI0TO Fa3a [PH HOPMaibHBIX (DU3HYCCKUX YCII0-
BUSIX HMEEeT VJeabtblii 00bem v, = 0,65 M*/kr. Onpegesnnre odbeMuble 1 Macco-
BbIE JL0JIH KOMIIOHEHTOB, Fa30BYI0 HOCTOAHHYIO W KGKYLLYIOCH MOJACKYISAPHYIO
Maccy CMecH.

Omesem: my, = 0486; m, = 0,014,y = 0,597, 1., = 0,403; R, = 242 [T/ (xr- K);
“‘nl % 34-’4‘



3.21. I'azoBas cmech COCTOMT M3 2 MOJIEH VIJIEKMCIIOTHL, 2 MOJIel KHCJ0pojia
1 4 momeit azora. Onpegennte 0ObEMHBIE H MACCOBBIE KOMIOHEHTBI, TA30BYI0
HOCTOSIHHVIO H KAKYUIYIOCS MOJICKYJISIPHVE) MacCy CMecH.

Omesem: 1., = 0,25, 15, = 0,25; ry = 0,9, me, = 0,243, m, = 0,424; my, = 0,333,
R, = 252 JIx/(kr- K); um =83,0.

3.22. B muavHIp ra3oBoTO JBUTATENS MOJAeTCA CMECh TA30B, cOCToANIas U3
N, = 1 mond renepatoproro raza (R, = 315 [Ixk/(kr-K)) u N, = 1,3 Mo/ Bo3-
navxa. /lapnenwe B konne scacerBanus p_ = 0,096 MIIa, remneparypa cmecn ¢ =
= 80°C. OnpeaeanTe Maccy cMecH, NOJAHHON B LIWJIMH/LP, €CJN JIHaMeTp HHJINH/L-
pa D = 250 mm, xon noprmaa H = 340 M.

Omeem: M = 0,0154 kr.

3.23. l'azoBasi cMech, COCTOsIAS U3 VITIEKUCIOT0 ra3a, a3oTa U KHCI0Po/a,
HaxoAuTes B peaepsyape noja pasiaenunem p, = 0,5 MIla npu remueparype ¢ =
= 40°C. llapinanbible aBieHnuss KOMIOHEHTOB CMeCH: P = 0,05 Mlla, p, =
= (0,38 MIIa. Onpegenure coctas cMecH B 0ObEMHbBIX 1 MACCOBBIX JI0JIAX U [L10T-
HOCTB CMECH.

Omeem: r¢, = 0,10; ry, = 0,76; r,,, = 0,14; m,, = 0,146; my, = 0,706; m, =
=0,148; p,,, = 5.8 Kr/m>,

3 24 ,{1_1() KAKOro JAaBJICHHA 110 \li‘UlOMCTpV IIC()()K()AHM() CHKATh Td30BYIO
CMECD, COCTOALYI0 U3 KHeaopoaa Maccoil M, = 20 kr, azora maccoit My, = 38 kr,
YIJIEKHCA0T0 Ta3a Maccoilt My, = 10 kr u chum TOLO 1'a3a Maccoi Mm 2 kr,
4TOOBI MAPIHATBHOE JaBIeHie KHCIOPOo/1a B CMECH COCTaBHIIO Po, = 0,147 MIla?
KakoBbl napiya/ibiblie 00beMbl KOMIIOHEHTOB IIPH TeMIieparype cmecH ¢ = 50°C?
bapomerpiieckoe nasrenne Bosayxa pg,, = 750 MM pT. CT.

Omaen: p,,, = 0,595 MIla; V,, = 2,42 M V,, = 0,88 M Vi, = 7,96 M%; Vi, =
= 0,12 »°, ‘ :

3.25. OnpeaenuTte MJIOTHOCTb BJIAKHOTO BO3JYXa, PAacCMATPHBAasA €ro Kak
CMECh CYXOTO BO3/IYXa H BOJISTHOTO mapa, mpu TeMnepatype ¢ = 25°C n gaBaennn
p = 760 MM pr. cr., eciu B obbeme V= 1 m? copepmurest BoAsSHOI nap Maccoii

"o = 8 1. Kakoso napuuaibHoe jJasjieHue BOASHOIO Hapa BO BJIaKHOM BO3/LY-
xe? Boasnoii map B JaHHOM ¢ayvae MOKHO CHHTATh WIEAThHBIM Ta3oM.

Omeem: p,,, = 1,18 kr/M% py, o = 7,3 MM PT. CT.

3.26. B 6amnone emkoctbio V= 1 M? naxoaures Bo3/yx npH JaBjeHuH g, =
v T LT | >
= 0,2 MIla u temneparype ¢t = 20°C. Ckonbko Hajo HaKa4aTh B OaLI0H a30Ta,
utodbl Aasaenne B Hem jgocrurao p, = 1,0 MIla npu remneparype ¢ = 20°C?

Omsem: M, =9 kr.

3.27. Penn--rTc MPEeIBIIYILYIO 3a/1a9y, ec/ii aasaenne B Oantone p, = 0,5 MIla
u Temneparypa ¢t = 60°C.
Omeem: My, = 4,3 xr.

3.28. l'azoBasi cMech, cOCTOsIIIAs U3 a30Ta M KMCJI0Po/ia, HAXOJAUTCS B HasL1o-
ne noa aapaenrem p = 0,25 MIla npu Temnepatype ¢ = 27°C. Onpenenure co-
CTaB CMECH B MACCOBBIX J0JISX M NAPIHAJIBHBIC JABJACHUSA KOMIIOHCHTOB, €Ci
[ZIOTHOCTb CMECH TIPH 3a1aHHBIX YCI0BHAX P, = 2,91 kr/M”,

Omgem: my = 0,708; m,, = 0,292; p, = 0,177 MlIla; p,, = 0,073 Mlla.



3.29. Pemmrre npeasyiyuiyio 3ajaqy, ecau aasnenue B daone p = 0,5 MIla,
temueparypa £ = 117°C u yuensnsiii oovem v, = 0,22 m?/kr.
Omeaem: m,, = 0,6; mg, = O,Ai;pw, = 0,3 MllIa; Po, = 0,2 MIIa.

3.30. B cocyne oobemom V= 2 M* HaxoauTes BO3jLyX Maccoil Mmm = 5 Kr upu
remmeparype ¢ = 40°C. B cocya BBejien yriaekucisii ras maccoit My, = 2 kr.
Oupenenurte 0GbEMIBIC H MACCOBBIC JI0JIM KOMIIOHCHTOB TA30BOIl CMECH 1IOCJIE
BBeJeHUs yriekueoro rasza. Hackonsko Bo3pociio qasiaedue B cocyie?

Omeem: m, = 0,166; ry, = 0,548; m., = 0,286; r, = 0,166; ry, = 0,626; r, =
=0,208; Ap = 0,06 MTTa.

Yka3zanue K BbIIOJTHEHHIO 32/1aHHIO.

Jlns perieHus 3a7a4 HY>KHO BOCIOJIB30BAThCs JICKIIMOHHBIM MaTepUaIoM U
MaTepuajoM, IPUBEACHHBIM B HCTOYHUKE «Temmorexnuka. IIpaktukym» mox
penakuueii B. JI. Epodeera, A. C. [Ipsxuna, c. 30 — 31. Jlnsg momomu CTyAeHTY
HIKE [IPUBOIATCS IIPUMEPBI PELICHUS 3a1a4.

[Tpumep 3.1. /lpiMoBbie rasel, YXOaANHe W3 KOTAa, HMEIOT CJAeAYIONIHIT co-
crae 1o obbemy: CO, = 14,5%; O, = 4,5%; CO = 2,0%; N, = 79%

Oupejennte Maccosbie J10JIH, Fa30BYI0 NOCTOAHHYIO, KAKVILVIOCA MOJEKY-
JSPHYIO MACCY W MJIOTHOCTD JIBIMOBBIX Ta30B IpH TeMnepartype ¢ = 220°C n gaB-
aeHuu p = 716 MM pT. CT.

Pewenue. OnpejessieM KaKyLULYIOCH MOJEKY/HPHYIO Maccy cMecH 110 dop-
MyJie

= ¥(ur) = 44-0,145 + 320,045 + 28.0,02 + 28-0,79 = 30,5.

On [PeIc/IsICM MaCCOBbI it cocTan ABIMOBBIX I'd30B!:

t\(

m 44
Teo, =T, s =045 572 =0.209
1 32
=y P _g045. =0,047;
ﬂl_:_l r.).! Z(u'r_) 30,5
Meg = Teco~o, . v u(“ \ '28~=0'018:
2( ) 305
28
s t—=(,79-——=0,726.
My, =1, 2(}’1 5 -

IIposepra:
Mo, + Mg, + e, + my = 0,209 + 0,047 + 0,018 + 0,726 = 1,0.
lazoBas nocTosiHHAs ALIMOBLIX [A30B OLPELEIACTCH U3 YPAaBHEHUS
8314 8314
Reu = Moo 305
[TmoTHOCTE ABIMOBBIX Ta30B HAXO UM MO hopmyie

- pc Y]
- Rl’!.l T‘

= 273 (JIx/(xr-K)).

P

rae p ., — daBjleHne CMeCcH, IIa;



716-1-10°
Peu™ 750
~096-10°
P ™ 7973493
Omsem: mq,, = 0,209, m, = 0,047; m, = 0,018 my, = 0,726; R =
=273 Ix/(xr-K); p, = 30,5; p‘ = 0,710 kr/™?,

= 0,96- 107 (11a).

= 0,710 (kr/m?).

Ipumep 3.2. Cyxoii reHepaToOpHBbII ras H3 aHTpaiiTa cocTouT U3 Ni, = 12 Mo-
Jell VIeKHesIoro rasa, h{ o = 64 Moumeit oknen yraeposa, Ny, = 24 MoJeii Bojo-
pona u N = 120 moneii azora. Onpenenure 00BEMHBIE H MACCOBBIE JIOJTI H TTap-
[HaIbHBIe 00LeMbl KOMIOHEHTOB TIPH TemTepatype ¢ = 27°C W JaBienuy p =
= 0,118 MITa.

Pewenue. Yncao Momneit cMecH ompefiesideTcs Kak CyMMa SHCen MoJeil KoM-
MOHEHTOR:

N,, = Neo, + Neo + Ny, + Ny, = 12 + 64 + 24 + 120 = 220.

CM

OOBeMHBIIT cocTap renepaTopHoro rasa.

_ Neo, _ 12 _
r('ZD-,: T NC“ - 220 o 01055&
N b4
Yco ™ ]\;‘:J = 2'2'0 —AE20;
oy = = 22 = 0,109
TN, 2207
—_— ‘Nf\z _@=O545
TN, 2200

M

KBJK}'II[EIHCH MOJERYVIIAPDHAA Macca CMeCcH

2w =0,055-44 + 0,291-28 + 0,109-2,016 + 0,545- 28 = 26,15.

“CH =
NIHCC()BIJII‘-'JI COCTaB FEHEPHTUPH(]FD rasa:
My, =Teo, Peo, _ 0,055 ‘?4_=0,096,
3w 26,15
Moy = 1oy PO 20201200312,
> (wr) 26,15
My, = 1y, e =0,109-2218 _ ¢ 908,
Z(um 2615
28
= — 0,545 —=— =0,584.
T Z(u,r.) SERTT-T

Hﬂ[)LLL‘lEl.I‘IbIIblC 00bEMbI KOMIIOHEHTOB CMECH OHpele/J40Tcd 13 YpaBHCHHA



PV, = 8314NTT,
OTKY/a

8314N,T

I}C.\l

]

Taxkum obpazom, moayIaeMm

8314N ., T 8314.12.; .
_ co, ! 8314-12 3{]0—254 ():

Cily pm 1,18 ; 105
- 8314Neol _8314-64-300 00 (o)
p.. 1,18-10°

8314N,, T 8314.24.

5 T _8314-24:300 oo oy

-' p., 1,18-10°
8314N, T : : .
_ v _8314:120-300 _, 0.0 oy

i P 1,18-10°

Omeem: 1., = 0,055; 1, = 0,291; ryy = 0,109; ry = 0,545; m, = 0,096; m, =
=0,312; m,; = 0,008; m, = 0,584; Vi, = 254 m*; Vo = 1360 m°; V; = 508 M,
Vy, = 2540 v,

[Tpumep 3.3. B cocyne naxoantes cMech KHCI0POJIa W a30Ta NPH TeMIIepaTy-
pe t = 50°C. ILiorHocts Kueaopoaa B emecn p = 1,81 kr/m”. Onpeaennre mwior-
HOCTb CMECH FA30B U JlaBJIeHIe, 110/l KOTOPLIM HAXOJAHTCS CMECh, ec/ii ee 00beM-
HBIH COCTaB Caeyronmit: 1y, = 0,6; ry = 0.4



Pewenue. llapunansioe JasicHie KHCJI0poa
Po, = Po o, T = 1,61-259,8-323- 10-% = 1,52-10°% (MIIa).
Jarnenne cMecn
Po, 1,52:107° . |
P = H =T 06 2,04-107 (MIIa).

K-EI}K}"LLLHHCH Mﬂ.;'l["l:(}u’.,'lﬂpl'laﬁ MacCd CMEeCH
}"l-.'s.l o Z(rf "‘la) e rﬂz”’ﬂ: T T.Nlu "‘"h’: = Ovﬁ '-32 + O,"—fl 28 = 3014
lazopas nocTosHHAS CMECH

o . 83148314
cM "l:-;-.: 3014
[TnoTHoCcTs CMecH

= 2?3,5 ("TI‘H{;*'(KT & ]{))

_p 254107
P ™ R_T 273,5-323
Omsem: p_, = 2,88 kr/M% p_ = 2,54-107 MIIa,

= 2,88 (kr/M?).

IIpumep 3.4. ['azosag cMech, cocTogmaa U3 JBYX KOMIOHEHTORB, HAXOIHTCH

B cocyie obbemom V= 2 m' noj pasnennem p = 0,5 MIla npu temneparype ¢ =

= 17°C. Onpejgennre Maccy cMecu B cocyjie. Onipejiesiure TakiKe, U3 KAKHX KOM-

MOHEHTOB COCTOUT CMECh, €CJIM OITHHM M3 KOMIOHEHTOB SABJISETCH OKHUCh VTJle-

posa. IlapiuanbHoe JaBieHne OKHCH YIiepoja p,, = 0,3 Mlla. Kaxymasca Mo-

JeKyJ/sipHas macca cmecu g = 17,6.

Pewenue. I'azosas noctossHuas cMecu

R 8314 8314

oM "l;-.\l 1?,6

[Mapimanbioe gaBaenne HEM3BECTHOTO Ta3a
p.=P.— P 300 =02 (MIla).

ObObeMHbIe JOUTH KOMITOHEHTOB!

= 472,3 (JIx/(xr- K)).

p. 0’3 5
k.
gl heiang



MouiekyiApHasg Macca HEM3BECTHOTO Ta3a
_ }'LL'M = ,-CD“L'CJ _ 1715 - U,EEH
T 0,4

A

M, S
ITo 3HauenH0 MoJeKyIApHoii Macen B = 2,0 onpejlesisem, YTO BTOPBIM KOM-
IOHEHTOM ABJISCTCH BOJIOPOJL.
Macca eMecH Ta3os
- r _.-
pq'““ru:'.“ 5'1{] .‘r12

M- R-’.'.'.:T B 4?2,329[1 - T!B {K]'},

Omeem: M = 7.3 kr; emecs CO + H.

3anartue 4. Tema «Tem10eMKOCTH ra3oB M HX cMece»

3aganue. Pemenue 3agaud.
4.1. Ollp(.‘-,."lt'.‘..fll-l'['(.‘. OG'bCMH}’IO TeIVIOCMKOCTE a30Ta llpl‘l NOCTOAHHOM J1aBre-
HHH, CUYHMTAH €¢ He SHBI'IC.}IIII,Cl.i oT 'l'(_‘.MlleEl'['}'phl.

Omeem: ¢, = 1,2987 k[l /(m*- K).

4.2, BeraucanuTe cpeiiion MacCOBYIO TEILTOCMKOCTh KHCIOPO/Ia B HHTEPBAIC
temmepatyp ot £, = 300°C yo ¢, = 1000°C npu noctogHHoM o0beMe, CUHTAS 3a-
BHCHMOCTB TETJIOEMKOCTH OT TeMIlepaTypbl KpnBoanneiinoi. Onpenennre oT-
HOCHTEJIBHYIO TOTPelIHOCTb, eCJH CYHTATh TeIVIOEMKOCTh He 3aBHUCSINEeH OT
TeMIEePATYPBIL.

Omesem: c, = 0,8301 x/x/(xr-K); 6 = 21,2%.

4.3. BeruueauTe cpefion MacCoBYIO H CPEIHION 0OBEMHYIO TElaoeMKO-
CTH OKHCH YTJIepo/a PH MOCTOAHHOM 00bheMe B HHTepBae TeMTepaTyp oT f, =
=0°C o ¢, = 1200°C, ecm m3BECTHO, YTO AAA OKHCH yraepoaa (e, )™ =
= 32,192 x/Ix/(xmonb - K). ComoctaBsTe mosydennbie pesyabTaTsl ¢ JalHbIMH
npua. 4.

Omsem: (c,,,);*" = 0,8566 x/lx,/(xmob- K); (¢,)5™" = 1,0659 &/Uk/ (v’ - K).

4.4. Bocnoawsosasinces GopMmyiioit st AMHeHoH 3aBUCHMOCTH OT TeMile-
paTypbl M300apHOI MOJSIPHOH TEIIOEMKOCTH a30Ta, ONpefeinTe HCTHHHYIO
MaccoBy Ha00apHyIo0 TeloeMKocTb npu temneparype t = 1000°C. Cpasaure
HOJAYYEHHOE 3HaYeHne ¢ TabInuHbIM,

Omeem: Gy = 1,1101 x/Lx/(kr- K).

4.5. HaiiguTe 06BeMHYIO H30XOPHYIO TEIVIOEMKOCTD OKHCH YIJIEPOIA, CUUTasA
e He 3aBUCALICH OT TeMIIepaTyphbl.
Omaem: ¢, = 0,9260 k/Ix /(M- K).

4.6. Haiimnre n30b6apryio MacCcoBYIO TETLTOEMKOCTH Ta3a, ec/IH H3BeCTHA ero
razosas nocrogiHaa R = 208,2 /lx/(kr- K) u usoxopHas MoJagpHas TEILIOeM-
KocTh pe, = 12,55 k/Ix/(kmoas - K).

Omeem: ¢, = 0,022 x/Ix/(kr- K).



4.7. BoruncanTe sHaveHHe MCTHHHOI MOJBLHON TENJIOEMKOCTH KHCJI0POJa
IPH NIOCTOSIHHOM JlaBieHuu /st Temnepatypol £ = 1000°C, cunrras 3aBHCHMOCTD
TEIZIOCMKOCTH OT TeMIepaTypsl Jiuneinod. Haijiure ornocuTebnyio norpent-
HOCTD 110 CPABHEHUIO ¢ TaOAMYHBIMHU JIAHHBIMH.

Omeem: pc, = 36,55 k/lx/(kmoun - K); 6 = 1,79%.

4.8. Olll)[?g‘_],[?.l'll‘l'l’ﬁ CPCAHKOK MACCOBY K TCILIOCMRKOCTD BOJAAHOIO Hapa IpH 110-
CTOAHHOM JIaBJAeHUN B UHTepBaie temnepatyp t, = 200°C no ¢, = 1000°C, cun-
Tast 3aBHCHMOCTE TETIOEMKOCTH OT TEMITePAaTYPLL: @) MPAMOJHHEITHOI; §) KpH-

BO/IHETIHOM. Olpeje/inTe OTHOCHTEILHYIO NOIPEIHOCT.
Omeem: a) ¢, = 2,261 k[lx/(xr- K); 6) ¢! ¢, = 2,276 k/lx/(xr- K); 8 = 0,66%.

4.9. Ucnonbays hopmyiry st cpejHeil MoabHOH n300apHoil TeIIoeMKOCTH
B(.')a,"_l“y'}ia “'Cp" BBIBCIAWTC 3aBUCHMOCTDL 06'].1(‘-1\11'101‘;1 H.'SOX'UPHOH HCTHHHOH TEILIOCM-
KOCTH OT TEMIepaTyphl ¥ onpeaeanTe ee snavenne mpu ¢ = 1000°C.

Omaem: ¢, = 0,915 + 0,0001209¢; ¢, = 1,0359 x/Lx/(M*- K).

4.10. Onpepenure cpeiHion 00LEMHYIO TEILIOEMKOCTh OKHCH YIJepoja
B unreppasie temneparyp or ¢, = 300°C no &, = 900°C npu nocrosnnom jgane-
HUH, CYUTASA 3aBHCHMOCTE TETIOEMKOCTH OT TeMIMepaTyphl KPHBOJTHHEHHOI.
Borgmeinre norpeiiHocTh onpejieseHHs TeIOeMKOCTH, eC/IH: a) 3aBHCHMOCTh
TEIJIOEMKOCTH OT TEMIIEPATYPbI PAMOJIMHEITHAA; ) TenJI0eMKOCTh He 3aBHCHT
OT TEMIIEPATYPHI.

Omeem: ¢, = 1,446 xJlx /(- K); a) & = -0,12%; 6) & = 10,2%.

4.11. Oupenenure cpeaHION MacCOBYI) TEIIOEMKOCTh KHC AI0PONA MpH. Tio-
CTOSIHHOM JIABJICHMH B UHTepBasie temueparyp or {, = 350°C po ¢, = 1000°C,
CUMTAsl 3aBHCHMOCTb TEIMJIOEMKOCTH OT '1‘cM[wpa'ryph1: a) hpnBo.ru-uwi-'mui—i;
0) NPSMOJIMHEITHOI.

Omeem: a) ¢, = 1,077 xJlx/(xr- K); 0) ¢, =1,085 k/lx/(kr- K).

4.12. Haiigure usobaphyio 00beMHYIO TEILIOEMKOCTh W H30XOPHYI) Mac-
COBYIO TETJIOEMKOCTH aMMHaKa, ecli 3ajlaHa ero rasoBas mocTosHHas R =
= 488,3 k/1x/(kr-K).

Omeem: ¢, = 1,511 k[lx/(M*- K); ¢, = 1,467 k]l /(kr- K).

4.13. OnpeneniTe CpeHion H30XOPHYIO MACCOBYIO TETIIOEMKOCTh CMECH Ta-
30B B HHTepBajde Temnepatyp ot ¢, = 0°C no ¢, = 300°C, cunras 3aBUCHMOCTH
TEIVIOEMKOCTH OT TeMIICPATYPhl KPHBOJHMHEITHOMN, ecaiu Jan ciaeayonmii o0bem-
Hblii cocTas eMecH: 1, = 0,13; r, = 0,043; r, = 0,007; r, = 0,82.

Omeem: ¢! = 0, 8122 K,[Lﬁcf{rcr ]{) '

4.14. Ananua NpoayvKTOR cropaiusa TOILIMBA, Ilpt’)LﬂBEJEllllhlﬁ ¢ [OMOLLBIO
XHMHYECKOTO r.:ut:randﬂmclTnpm MOKAZAT WX CACAYIONTH COCTaB: I, = 12,3%;

= 7,2%; ry, = 80,5%. Onpeaeante UCTHHHYIO H300apHYIO TEILIOEMKOCTh
1 KMOJTS CMECTH npu temnepatype ¢ = 600°C.

Omeaem: (puc 34,49 x/x/(kmonsb - K).

jJ}L‘-L
A.45. [Las yeaosuit npeibiy e 3aj1aum onpejiesnTe MoJsipHyio H30X0PHYIO
TEIVIOEMKOCTD HPOAYKTOB CrOPaHMs.

Omeem: (pc,)., = 26,18 x/lx/(xmonn- K).

M



4.16. Boixsonnsie raspl ABUraTe/s BHYTPEHHETo CropaHus [OCTYIaloT B ra-
30X0J] VTHIH3aIHOTHOTO KoTaa, uMmesa Temnepatypy ¢, = 300°C. Temmepatypa
ra3oB B KOT.Jie yMeHblaercs 1o &, = 200°C, OOBeMHBIH COCTAB ra3os: Tco, ™ 11%:;
To, = 6%; 1y o = 8%; 1y, = 75%. OnpefennTte KOJIMYECTBO TEMIOTHL, OTAABAEMOI
BBIXJIOIIHBIMM raszaMu B Tedenune 1 u, ecim pacxon raza M_= 1,7 kr/c. llponece
nepeayn TeroThl H3odapHsblii.

Omeem: Q =1 251 000 k/Lx /.

4.17. Berancanre KOJIHYECTBO TETLTOTH, HeoOXOIMMOI 1A H300apHOTO Mo~
porpesa sosayxa maccoid M, =1 kror i, =300°C go ¢, = 1000°C, ecii cunrarh
3aBHCHMOCTD TETTOEMKOCTH OT TEMIEPATYPEI: a) KPHBOJHHEITHOIT; 6) TpIMoIH-
HEeHHOM; B) HE 3aBUCSILEH OT TeMIICPATYPhIL.

Omsem: a) g = 785,95 k/lx/xr; 6) g = 780,0 /i /xr; B) ¢ = 702,0 /[ /KT

4.18. Yepes posgyxoHarpesaTe/b, YCTAHOBACHHBIL HA 11APOBOM KOTJIE,
IPU HOPMAIBHBIX (PU3NYECKUX VCIOBUSIX MPOXO/NT BO3/LYX, 4aCOBOI pacxoj Ko-
toporo cocrasisier V= 4500 a* /4. Temneparypa Bo3ayxa Ha BXOJE B BO3AYXO0-
nogorpesartens ¢, = 20°C, na Beixone ¢, = 200°C. Onpenenute pacxoj rasa, oT-
AAIOLLETO TEILIOTY, €CJIH ero Temiieparypa ymenbuaercs ot ¢, = 400°C qo ¢, =
=200°C, a 00beMHBII COCTAB TA30B CAETYIONWIL: 1o, = 12051, = 7% 1, o = T%;
ry, = 74%. JlaBienns rasos n BO3/lyXa OCTAI0TCS HEH3MEHHBIMH.

Omsem: V__ = 3900 v’ /4.

4.19. [Ipoayxre cropanus Henzuna maccoil M = 1 Kr umMeloT caeayomuii co-
cras: N, = 0,464 moust apyxaTtoMHbIxX razos, N, = 0,071 mona yraexkucnoro rasa
u N, = 0,75 mous napos Bojsl. Onpejesnre CpeAHIon MOJIAPHYIO H30X0PHYIO
TEMJIOEMKOCTD TTPOJLYKTOB Cropaniis B HHTepBase temnepatvp ot f, =0°C not, =
= 1500°C. TenioeMKOCTb JABYXaTOMHBIX FA30B IIPHHATE PABHOI TEILIOEMKOCTH
asoTa.

Omsem: puc, = 27,6 k/Ix/(xmoan - K).

4.20. B rasoBbIXJI0ITHOH TPAKT JIBUraTe ieil BHYTPeHHEro CropaHHs Cy/10B Ha
HOABOHBIX KPBUILAX [I0/IAI0T BOAY € LEJIbI0 YMEHBIICHUS] TEMIIEPaTYphL 0Tpado-
TaBIINX razoB. Kakoe KoMuecTBo BO/Ibl NCITAPHTCS IPH CHIGKEHUN TeMIlepaTypbl
BlLycKHbIX ra3os ot ¢, = 380°C no ¢, = 8°C, ecau s Menapedus Bo/ibl Maccoi
M = 1 kr HeobXoxuMo nojiBecTH TemaoTy Q = 2260 k/x? Pacxoa BHIXJIOMHBIX
razop M_ = 1,5 kr/c, o0beMHBIH CcOCTaB 110 Peay/ibTaTaM FasoBOro aHaJu3a cJe-
MY e, = 0,135 1, = 0,043, 7., = 0,007, 1y, , = 0,025y, = 0,80. Ilportecc ot-



BO/1d TCILTOTERL HTPOHCXOAHT III.)I'I HOCTOAHHOM JIdBJCHEH. SHBHCHJ\-IUI{.'Th TCILTTOC M -
KOCTH OT TEMIIEPATYPLI IPHHATL KPUBOJIHHEHHOI.
Omeem: M_ = 76,5 Kr/u.

Rkl

4.21. bannon ¢ kucaopogoMm Maccoit M = 5 Kr Haxoauics B IoMeleHHH
c remnepatypoi £, = 20°C. ITpn moasegennn TenaoTs TeMIepaTypa KHCJ0po/ia
noseicuaack a0 £, = 380°C. Onpejesnnte KOJIHYECTBO 10ABEJAEHHONH TeILIOTHI,
CYHTAS 3aBHCHMOCTD TETIJIOEMKOCTH OT TeMIepaTypsl KpHBoanneinoi. Jo ka-
KOI'O 3HAYEHUS [IOBBICUTCS TEMIIEPATYPA KHCI0Poia B Oa//I0HE P H0/BEIeHHH
ATOTO KOJHYECTBA TEIJIOThI, €CJAH 3aBHCHMOCTb TEILTOEMKOCTH OT TeMIepaTypbl
CUMTATD JIMHEHHOIH?

Omeem: Q = 1269 x/lx; ¢, = 380,4°C.

4.22. Azor obbemom V= 0,4 M* Harpesaior ot temnepatypsi £, = 20°C 10 Tem-
nepatypwl t, = 470°C npu maaenun p = 0,245 MIla. OnpesesnTe KOJIHYECTBO
TEIJIOTHI, 3ATPA4Y€HHOIl HA HarpeBaHue a30Ta, CYNTad 3aBUCHMOCTD TEIJIOEMKO-
CTH OT TeMNEePaTyphbl KpUBOANHenoi. OnpejeanTe TakKe MOTPENIHOCTh TPH
OIpeleJJEHIH ROJIHYeCTBA TEILIOTEL, eCJH HPHHATE TEILVIOEMEOCTE MOCTOSIHHOIL,

Omeem: Q = 543,0 x/lx; Q' = 528,1 k/[x; 6 = —2,7%.

4.23. Yraekucibiii raz oobemom V = 255 M* HarpesaioT npu JaBjieHun p =
= 0,3 MIla or Temnepatypsi ¢, = 20°C 1o remneparypsl £, = 680°C. Onpenenn-
Te KOJHYECTBO TEIJIOThI, 3aTpPa4eHHONH Ha HarpeBaHHe, CYUTAs 3aBHCHMOCTh
TeTJIOEMKOCTH OT TeMTIePaTVpbl KpHBOJAWHEH oI, OnpefeanTe Takxe, 10 KaKoi
BEJIMYHMHBI IOBLICHTCH TEMIIEPATYPA ra3a IPH [10/1B0OJIE TOTO JKe KOJIHYecTsa Tell-
JIOTHI, €CJTH CYMTATH TETUIOEMKOCTE: 4) HE 3aBHCATICH OT TeMIepaTypsr; 0) 3aBH-
csauleil 0T TeMIIEPATYPbI IPSIMOJIHHEIHO.

Omeem: Q = 9360 x/Ix; a) t; = 884°C; 0) I =697 .C.

4.24. Pemnre npejasyiyiiyio 3ajaqy pH H30X0PHOM HOABOJAE TEILIOTHL.
Omeem: Q = 7700 x/Ix; a) t; = 945°C; 6) ¢, = 700°C.

4.25. Tonoyusle razbl NOCTYIAIOT B ra3oxo/l KOTJa [IPU TeMueparype t, =
=1200°C, a seixoaar npu temnepatype ¢, = 700°C. Anaans npoyKTOB cropa-
HHS, IPOM3BEICHHBLI C IIOMOIIBIO FA30aHAIM3ATOPA, 110KA3al CJIeVIOIMIl co-
CTAB TOTIOYHBIX TA30B: 1, = 12%; 1, = 3%; 1 = 3%; 1, o = 6%; 1y, = 74%. Ompe-
AENUTE KONMYECTBO TEIVIOTHI, TEPSEMOil TONOYHBIMH razamn obbemom V=1 a®
MPH HOPMANBLHBIX (PUIHYECKNX YCIAOBHAX, CYUTAs 3aBUCUMOCTD TEILIOEMKOCTH
0T TEMIEPATYPbL KPUBOJIMHEHHOI.

Omeem: Q = 831,5 kJlx/ M.



4.26. JIng ycaosuid npeaplivileid 3aja4yi BeIYMCIHTE 1HOIPEeIHOCTE IIPH 011-
peaeSTeHH KOHYeCTEa TeTLTOTH, Tepﬂemoﬁ P HOPpMaJILHBIX (bI'I.'}I-'I‘-IECT{I}-TX yC-
JIOBHAX TOINOYHBIMH I'a3aMH Oﬁ'bCMOM ‘-"r = 1 M:], CCJIH HPHHATBE! ﬂ) JABHCHMOCTE
TETLMTOEMKOCTH OT TEMIIEPATYPLI np;rmnm-meﬁnoﬁ; 6) TEMTOEeMEOCTE TTOCTOHH-
HOH.

Omeem: a) & = —0,75%; 6) & = 29,5%.

4.27. B cocrase TOHOYHBIX Aa30B UMEETCH a30T, o0beMHas 1018 KOTOPOro

= 0,75. KoauyecTBo TETIOTRL, OTAABAEMOI a30TOM B TEYeHHe Yaca, COCTaBIg-
l:'l Q =1 675 000 /1 /4. Temneparypa rono4yubix razos ¢, = 360°C, remnepary-
pa okpysKatonei cpen £, = 20°C. OnpexennTe 0OBEMHBINT PACXO/ TOMOYHLIX Ta-
30B, IPHHUMAS TEMJI0EeMKOCTD: a) He 3aBUCSIIe 0T TeMuepatypbl; 0) saBHes e
OT TeMIIEPATYPbl JIMHEHHO, B) 3aBUCALLEH OT TeMICPATYPbL IPAMOJIHMHEHHO.

Omeem: a) V., = 5060 M°/4; 6) V_, = 5000 M*/u; B) V, = 4920 M*/u.

4.28. B ujieaibHOM KOMIIPECCOPHOM JIBHTATE /1€ BHYTPEHHETO CrOPaHus 10/1-
BOJ] TETIJIOTE TPOM3BONTCS B TPOIECCE TTPH MOCTOSTHHOM Jarnennn. [Ipn atom
TeMneparypa pabouero temna noseinaeres ot £, = 350°C go £, = 1000°C. Pacxon
pabouero Tena M_= 0,5 kr/c, rernora cropanns toimsa QF = 41 868 k[l /kr.
Pabouee Teno odnagaet coifcTBaMit Boaayxa. OnpeenTe YacoBoli pacxo/1 Ton-
JIMBA, CYUTasA TEILIOCMKOCTD 3aBHCALLEI OT TeMIlepaTyPbl KPHBOIMEEHHO. YcTa-
HOBHTE ITOTPELIHOCTE BHIYHCIEHHI YaCOBOTO PACcXo/ia TOILINBA B CJIyUae: a) JiH-
HEHHOM 3aBHCHMOCTH TETVIOEMKOCTH OT TeMNepaTypsl; ) MOCTOSHHOH Tero-
EMKOCTH.

Omeem: B =316 kr/4;a)6=127%:;:06) 6 = 11,1%.

4.29. Pewnre npeibLayiiyio 3ajauy, C4uTad IpoLece 1oABo/a TelioThl H30-

XOPHBIM.
Omeem: B = 23,5 xr/u; a) 8 = 1,27%; 6) & = 14,9%.

4.30. B pesynbrare cikatisi BO3JYXa B IEPBOi CTYIIEHH KOMIIpeccopa ero
remieparypa nosplcniaacs ot t, = 20°C po £, = 260°C. B npomekyrouHoM Xo10-
AWUJIBHUKE BO3AYX M300apHO OXJIaMaaeTcs 10 IepBOHAYAILHOI TeMIlepaTyphl,
nepeaBas TerioTy OXJaAJIaoNnel Bojie, TeMIepaTypa KoTopoil MOBBIIACTC Ha
Af = 25°C. Onpejiennre 4acoBoi pacxo/l BO/bI, €CJIH IIPOH3BOHTEIBHOCTh KOM-
peccopa IpH HOPMaIbHBIX (puznueckux yeaosusax V' = 650 m/u. 3asucu-
MOCTb TEIUIOEMKOCTH OT TeMIEePaTrypbl NMPUHATH Npsamoanneiinoii. Temnoem-
Koctb Boabl p, = 4,19 k/Ix/(kr- K).

Omeem: M = 1980 kr/u.

YkazaHue K BbIIOJTHCHHUIO 32 JaHUIO.

JIns pemeHus 3aa4 HYy>KHO BOCIOJIB30BAaThCS JIEKIIMOHHBIM MAaTEpUajIoM U
MaTepuaioM, IPUBEACHHBIM B HCTOYHUKE «Temnorexnuka. Ilpaktukym» mon
penakiueit B. JI. Epodeera, A. C. Ilpsxuna, ¢. 39 — 42. JInsg moMomy CTyAeHTY
HIDKE IIPUBOJATCS IIPUMEPBI pELICHU 3a1aY.



IMpumep 4.1. Onpegennre anadenye 0ObeMHOH TEIIOEMKOCTH TeHs IIPH 110-

CTOAHHOM 0OBEME, CUHTA, UTO TETIOEMKOCTE Ta3a He 3aBHCHT OT TEMITEPATYPEL.
Pewenue. Jlns onnoaromubix rasos pc, = 12,477 k/lx/(kmoub - K).
CreloBaTesibHO,

, kG, 12,477 _ g
G= 994 0,556 (k/lx/(m°-K)).

u
Omesem: ¢! = 0,556 x/lx/ (M- K).

Mpumep 4.2. Onpegennrte KOIMYCCTBO TEMIOTHL, OT/aBAeMOi JIbIMOBBIM ra-
3oM Maccoit M = 1 kr npu ero uzobapuom oxaaxaenun ot f, = 1300°C no ¢, =
= 300°C. Maccosbiii cocTas rasa: meo, = 18%; m, = 7%; my = T4%; my , = 1%.
[1pn pacuere npuHATH KPHBOJHHEIHYID 33BHCHMOCTD TEILIOEMKOCTH OT TEMIIE-

paTYphL.
Pewenue. OupenensieM KOJTHUECTBO TEILIOTHL 10 (hopmye

q= (Epﬂ)rm‘f! - (Epl)nltl-‘

rae (C,,)., ¥ (C,)., — CPelHle MAacCOBBIE TETIOEMKOCTH CMECH Ta30B COOTBETCT-
BEHHO B HHTepBase TeMneparyp ot £, = 0°C o t, =300°Cwort, =0°C no ¢, =

=1300°C.
TermnoeMkocTs cMecH rasoB B uaTepBase Temnepatyp ot 0 1o 300°C

S Z(m,.(_:},,.) =0,18-0,9487 + 0,07-0,9500 + 0,74 -1,0488 +
+0,01-1,9192 = 1,2074 (x/1x/(kr- K)).
TennoemkocTk cMecu ra3os B untepsasie Temueparyp or 0 go 1300°C
(G Z(W,Ep,) =(),18-1,166 + 0,07-1,0680 + 0,74-1,1447 +
+0,01-2,2429 = 1,3528 (x/Ix/(kr-K)).

Kosinuectso oTaadHON TEILIOTHL

lg| = 1,3528- 1300 — 1,2074-300 = 1396 (x/Ik /kr).
Omsem: |q| = 1396 k]I /Kr.



pumep 4.3. Mcrionbsya dhopmyiiy i cpeHeil MoJsSpHOiT H300apHoil Ten-
JIOEMKOCTH KHCJIOPOJIA, HAlUTe MCTHHHYI0 M30XOPHVID MACCOBYIO TeIUIoeM-
kocTs ipu 1000°C.

Pewenue. Ecin cpeinsis MoasipHas n300apHas TEIIOEMKOCTE

pe, = 29,2080 + 0,0040717¢,
TO MCTHHHaA n3odapHas TemIoeMKocTs OyaeT
ue, = 29,2080 + 0,0081434¢.
[Toasaysace hopmynoit s reroeMrocti, K1/ (kmoabs - K),
ue, = pe, — 8,314 = 20,8940 + 0,0081434¢,
HaitjgeMm TeiLioeMkocTb, KK/ (kr- K),
pAC,

7 20 8940 + 0,008143¢
G, =—— = —7 = 0,6029 + 0,0002545¢.
n 3
[Ipn ¢ = 1000°C nouyunm ¢ = 0,9074 &/lx/(kr- K).
Omeem: ¢ = 09074 /T /(xr- K).

Ipumep 4.4. B sakpbirom cocyne obbemom V=100 11 Haxoaures BO3AVX PH
napienun p, = 0,5 MIla u remuepatype ¢, = 10°C. Kakoe koin4ecTBO TEILIOTbI
HeoOX0AHMMO [OABECTH, HTOOLI TEMIIEPATYPa BO3/1yXa NoAHAaack 1o &, = 200°C?
Perte 3agauy, NIpUHUMasA TEIUIOEMKOCThL BO3/yXa [IOCTOSAHHOIL, a TAKKe VuM-

ThIBa#l .l'lllll(.!i-ill}']() JABHCHMOCTE TCILTOCMRKEOCTH OT T(_‘l\‘lllt‘.pi:l'l'}’pb]. O]Ip(.‘,;'l,(.‘."ll'i'l'ﬂ
()'l'll()(_'.l-l'l'(_‘..flblly]{) (]l]ll-i()l(}', ||0..'1yqac,\|y1{) B IIL‘.pB()M CJI}”—IHL‘..
PE-’HJEHH@. Ollp{.‘.,ilt‘-.fl}l(.‘.l\f[ Ma(.'(_'}’ BOS,’[}'XH, HaXOJAMerocsd B L'-UL‘-}:’,"[(.‘.Z
Vp  100-0,5-10°
" RT  287-283
C'—IHTELH TEILIOEMEOCTE IIOCTDHHHOﬁ, JUTA JIBYXATOMHBIX T'a30b
uc, = 20,93 x/Ix/(xr- K).
h"lﬂ(_‘.(_‘()ﬁa}i 1'1302(01)112151 TeIL10eMKEKOCTL BO3,U,}-'XB
ue, _

S = (0,7226 / K
.= - 28 96 (k/Ix/(kr-K)).

=(,616 (kr).

K().rll'i‘i(.‘-CTBO Il(),"lB(.‘-,".lCllllOl‘-i TCILOTLI
Q= Mc,(t, — t,) = 0,616-0,7226- (200 — 10) = 84,6 (x/1x).

TenaoeMKoCTh BO3AYXA ¢ YHETOM JHHEHHOI 3aBHCHMOCTH TETIIOEMKOCTH OT
TeMmepatypsl (eM. Tabm. 4.3)

¢, = 0,7084 + 0,00009349¢ =
= 0,7084 + 0,00009349- (10 + 200) = 0,728033 (/LK /(xr- K)).

OTtHOCHTETbHAS OMHOKA



c,—c¢, 07226 —0,7280
- 0,7226

O = = —{),007,

C

rl
HJIH
& =-0,7%.

Omsem: Q = 84,6 k/Ix; & = —0,007, noam & = —0,7%.

3ansaTtue 5. Tema «IlepBoe HA4Ya/I0 TEPMOAMHAMMKH IJIsl 3aAKPBITOH M
OTKPBITOH CHCTEM))

3ananue. Pemnenue 3aaadv.

3.1. IMaccaxupekuii noesy, copepliaionuii peiics ey Mocksoii u Cankr-
[letepbyprom (pacctosmne — okoso 650 ka), et co cpeneii ckopoctbio 100 kM4
MownocTs anepreruyeckoii yveranosku N = 1850 kBr, ee KIL/I n, = 30%. Kakoe
KOJIMYECTBO TOIVIHBA HE0OX0JMMO B3ATh Ha TEIJIOBO3, YTOOBI €70 XBaTHJI0 Ha

Bech pefic? Termora cropanns Tormsa QF = 41 800 k/[x /kr.
Omeem: M = 3462 kr.

3.2, Ilpy CTeHAOBBIX MCHBITAHMSIX JIBUTATENs] BHYTPEHHETO CropaHus ero
npuxoantest saropmaskusars. st aroro enoabayercs ruaporopmos. Bo usbe-
JKaHUE HarpeBa TOPMO3ZHOTO VeTpolicTBa ero oXJakjaaioT Bojoil. OnpejrennTe,
Kakas 1014 Telljla YHOCHTCA © OXJIaA/1al01eil BoLoMH, ec/ii MOLHOCTD JBUraTe-
asg N = 220 kBT, yacosoii pacxon soasl B = 3000 kr/4. TennoeMxocTh BOABI €, =

= 4,186 x/Lx/(kr-K). Havanbnas temneparypa sojas ¢, = 15°C, koneunas —
t,=60°C.
Omeem: T1%.

5.3. lloesn maccoit M = 2000 T ocTaHaBIMBAETCA TOJ JEHCTBHEM TOPMO30B
IpH CKOpocTH 72 kM/u, OnpegennTe, KAKOe KOJIHYECTBO TEILIOThI BhIIEJIHIOCH
IPH OCTAHOBKE 110€3/14.

Omeaem: Q = 400-10° k/x.

5.4. Oupeaennre KITJL asurarens momnocteio N = 37 kB, ecain pacxon ben-
suna na 1 km vt coctasasget 320 r npu ckopoct 40 kM /4. Tennora cropanys
bensuna Q7 = 43 000 w/Lx/Kkr.

Omeem: n, = 0,242,

3.3. /lsuraTeneM aBTOMOOHIIS TIPH CKOPOCTH JIBILReHNA 530 KM/ pacxoyeT-
ca Ha 1 kM nyti 500 r Hensnna. OnpeseanTe MOMHOCT, PA3BHBAEMY IO JIBUTATE-
0/

aeM, ecan ero KILJI n, = 28%.
Omeem: N = 81,5 kBr.

5.6. Onpenennre KoJHYeCTBO BOBL, HEOOXO0AHMOE 115 OXJTasKACHHA IHIHILL-
pa IBUTATENs BHYTPEHHET0 CTOPAHHA, eCTH IIMIHIpoBas Montiocte N = 73,5 kBT,
KIL/ neuratens v, = 0,38, oTHocHTeIbHAA MTOTEPS TETLIOTH ¢ OXJIAMKAI0E BO-
JI0H B TEILI0BOM DajlaHce JIBUraTe s COCTAB/ISeT q, = 0,28. Temneparypa oxmax-
Jawlei Bojsl Ha Bxoae ¢, = 15°C, Ha Beixoje £, = 60°C. TemioeMKocTb BOjIbI €, =
= 4,186 &/l /(xr- K).

Omeem: M = 1035 kr/u.



5.7. I1py MCTTBITAHWN JIBUTATENS BHYTPEHHETO CrOpanisa ObLI0 HaliIeHo, uTo
vieapiniid adbexTrBrbiil pacxox rornmea g, = 231 r/(kBt-4). Onpenenure ad-
cdextusnpiii KILJ[ atoro asurarens, ecan Tennora cropaHua toisimea Q!
=41 000 &Tx/Kr.

Omeem: v, = (,38.

2.8. B koreapnoii asiekrpoctanini 3a spems t = 104 comameno M = 100 1 ka-
MEHHOTO YT ¢ TenaoToit cropanmsa QF = 29 300 k/Ux/xr. Haitmnre komiect-
BO BRIpabOTaHHON TenmoBoil aneprun (KBT-9) W cpeHion MONHOCTL CTAHITIH,
ecan K11/ npouecca npeodpasoBaHig TEIUIOBOI SHEPIHN B OJ€KTPHYECKYIO CO-
crasiasger n = 20%.

Omgem: Q = 8,145-10° kBr-u; N, = 16,29 10° xBr.

3.9. 3a kaxoe BpeMs oObeM Bojibl V = 2,5 11 Harpeercs 10 TeMIIEPaTYPbl KH-
HEeHHs ¢ HOMOLIBIO JIEKTPHYECKOT0 KHIATHIBHHKA MoHocTbio N = 450 Br?
TennooOMmen ¢ BHemmel cpeaoii oTeyTeTBYeT. Havanmbras TeMmepaTypa BOAbI
t, = 20°C. Tenmoemkoctsb Boanl ¢, = 4,186 k/Lx/(kr- K).

Omeem: © = 31 MMH.

3.10. [lng narpepanud Bojwl obwemom V = 3 1 ot Temueparypwl ¢, = 10°C
1o Temneparypsl £, = 80°C pacxoayercs anextpoaneprusa @ = 1 kBr-4. Onpe-
AE/UTEe 0J10 [0Teph TeILIOThl BO BHEIIHIOW cpedy. TennoeMKocTb BOAbL ¢, =
= 4,186 x/Ix/(xr- K).

Omaem: v, = 75,5%.

J.11. B razosoii rummre pacxoj raza ¢ reiniotoid cropanus QF = 41 800 k/x/Kr
coctapiseT B = 6 r/MuH. 3a Kakoe BpeMsa MOXKHO HarpeTh o0neM Boabl V =5 1
1o TemnepaTypsl kKunenns, ecan KIT e n, = 50%? Havansnas temmepa-
typa Bojpl £, = 10°C. TennoemkocTs Boapt ¢, = 4,186 k/lx/(xr- K).

Omeem: 1 = 15 Mun.

3.12. Beneaersue 110xoil ¢Ma3KU MallUHBL IPOUCXOJHT HAIPEBAHHE CTAN
maccoit M = 150 kr 3a Bpema t© = 30 Mmun Ha temmeparypy At = 50°C. Ompene-
JIUTE BBI3BAHHYIO 9THUM HOTEPIO MOLIHOCTH MallUHbL TermoeMKocTs cranu ¢, =
= 0,46 x/lx/(xr-K).

Omeaem: AN = 1,92 kBr.

5.13. Iaposoii Mosor Maccoit M, = 2 T najaer Ha ctaabHyio DOJIBAHKY Mac-
coiil M, = 10 Kr co ckopocTbio B MOMeHT yiaapa 3 M/c. CKOIbKO pa3 A0JuKeH
yIacTb MoJIoT, 4ToOBI TeMIepaTypa OoaBaHku noaHamacs na At = 55°C? Ilpu-
HATH, YTO BCSA TETUIOTA, BRIJIETHBINAACS TIPH YIape, HIeT Ha Harper O0JBanKH.
Tennoemkocts cranm ¢, = 0,46 k/lx/(kr- K).

Omeem: = 6 pas.

3.14. CeuHoBLIIT Wap najgaer ¢ BeicoTbl i = 100 M HA TBEPAYIO HOBEPXHOCTD.
B peayabTarte nmajenns KHHeTHYeCKas 9HePTHs Mapa MoJHOCTLIO TPeBPaniaeTcs
B TewoTy. OnHa Tperh 00pasoBaBIUeiicsa TEIVIOTH [EPelaeTes OKPYKAIOLICH
cpejle, a IBeé TPETH Pacxo/yIOTca Ha HarpesaHue mapa. TelnoeMKocTh CBHHIA
c,, = 0,126 x/Ix/(xr- K). Onpegennre, Ha KaKyo BeJIHYHHY IMOBBICHIACH TEMIIE-
paTyphl mapa.

Omsem: At = 5,2°C.



5.15. B mamune BeaecTBHE I10X05 CMA3KH TPOUCXO/IUT HATpeBaHue CTanu
Maccoit M = 200 kr na AT = 40 K B revuenne t = 20 muu. Onpegenure Boiasai-
HVIO 9THM IOTEPI0 MOUHOCTU MalliHbl. TelnioeMKocTh ¢Taild HPUHATL ¢, =
= 0,46 x/I:x/(kr- K).

Omeaem: AN = 3,07 xBr.

3.16. Omnpenennre YacoBoi pacxojl Mac/a, M0JIABAEMON0 Ha OXJIAXK/IEHHe
HO/IITHITHHKA CKOJTBKEHHS, eCIH TEMIIEPATYpa Macia mossimaercst Ha At = 35°C.
Ban anamerpom d = 70 Mm Bpataetcst co ckopoetbio 1, = 250 o6/Mun u japut
Ha noamiHuK ¢ cunoii F =196 000 H. Koapduument tpenus k= 0,02; ren-
noeMkocTh Macaa ¢, = 2,1 k/lx/(kr- K).

Omsem: M_= 5,6 xr/c.

3.17. Ha ckoibKO rpajilycoB HATPEETCA BOJIA [IPH HA/IeHHH ¢ BICOTHI i = 214 M,
ecaH Best paboTa TPH MaJleHHH pacXojiyetca Ha ee Harpesanne? TenmmoeMKkocTsb
BOwI ¢, = 4,180 &/Ix/(xr- K).

Omesem: At = 0,5°C.

5.18. Onpenennre KIIJ] BoasgHOi TYpOHHBL, €CTH BBICOTA TTa/IEHHA BOJILI i =
= 300 M, a Bce norepy TYpOMHBL 3aTPAauNBAIOTCS HA HAIPEBAHUE BOJABL, KOTOPOE
cocras/sier At = 0,2°C. Tennoemkocts soasl ¢, = 4,186 k/Ix/(kr- K).

Omsem: n_ . = 71,5%.

3.19. Yepes kakoe BpeMs B 3aKpbITOM noMeweHun obbemom V=25 M? tem-
nepatrypa noctiruet &, = 23°C B ciiy4yae ero oToilieHHA 21eKTPOHarpeBaTe/ieM
montaocTeio N = 0,8 kB1? Koaddmiment nenonsszosanng varpesarens k, = 0,7,
Hauanbnas Temneparypa Bos/lyxa B nnomenenun £, = 15°C, 1015 norepb Te1iors
B OKpyKaouyio cpeay coctasasier 20%. HauansHoe pasinenne Bo3ayxa B nome-
utennu p = 760 MM pT. CT.

Omesem: 1= 12 mun,

5.20. Kakas temmepaTypa Bo3yxa Oblia Obl B TEPMETHYECKH 3aKPBITOM KO-
TeJILHOM OTAeHeHHH cyiaia odbemom V= 420 m* yepes spemsa © = 1 4 nocie na-
yajia padoThl KOTJIA PH OTCYTCTBHH BEHTUIALMM, €C/IH A0/ 1OTEPh TEIIOTh
KOTJIa OT HApYKHOTO oTpaskienns coctasiger 1,6% oT TenmoTel cKUTaHHs TOT-
muBa? B tonke cxuraercs 1000 kr Tommea B yac ¢ Teriotol cropanns QF =
=41 800 k/lx/kr. Hauanbhas Temueparypa Bo3/lyxa B KOTEJBHOM OTACHEHHM
t,= 5°C, pasaenne p, = 760 mm pr. cr. JJoas noTeps TEII0TLL KOTEJbHLIM OT/1e-
JEeHHeM B OKPYKAIONLYI0 cpey coctasisierT 95%.

Omeem:.t = 95°C.

B/

5.21. Onpegennre JaBaeHye Baaa Ha MOAMMITHUK, €CJIH YacoBOI Pacxo/1 Bo-
Jbl Ha ero oxaaxienne cocrapiser M_= 100 kr/4, a nopeiuenne reMiepaTyphbl
Bojtet A = 40°C. Yacrora pamenns Bama n, = 300 06,/ MuH, ;mamerp Baad = 110 m.
Koaddmrment tpenna k= 0,1. Tenmoemkocts Bojwi ¢, = 4,186 k/Lx/(kr- K).

Omagem: P = 26 932 H.

5.22. [1pu Boixoje Ha opONTY UCKYCCTBEHHBIH CIIYTHUK 3€MJIH JABHAKETCH CO
ckopoctbio 29 000 km/u. Yepes Hekoropoe Bpems IOC/Ae 3allycKa CKOPOCTb
CIYTHHKA YMEHBIIACTCs, CIVTHHK BXOJAUT B OoJiee 1ioTibie cion arMocepsbl
u cropaet. Onpejesnnre, KAKoe KOJHYECTBO TEIIOThI Bblje/stercst Ha 1 Kr Macchbl
CIYTHHKA IIPU CHIZKeHHH ero ckopoctu 10 20 000 ks /u.

Omeem: Q = 17 000 x/Lx/kr.



5.23. K oxucu yriaepoja Maccoii M = 3 kr nojaseaena temnora Q = 41,8 k/x,
B PE3VJIBTaTE Yero coBepmena pabora L = 58,7 k/lx. OnpenennTe, Kak naMen-
Jachk TeMiepaTypa raza. TelioeMKocTh ra3a CHMTATD [IOCTOAHHOM,

Omesem: At = 7,5°C.

9.24. K kucaopoay maccoit M = 2 kr noasejena reiviora Q) = 290 k/Ix. On-
peaesnTe, Kakoe KOJHYeCTBO TeI0ThE MO0 HA M3MeHeHHe BHYTPeHHel aHep-
IHH M Ha BHENTHIOW PadoTy, ecv B Pea3y/ibTaTe COBEPHICHHS TePMOJHHaMHYec-
KOTO IIpoliecea TeMieparypa ra3a sodpocia ot ¢, = 10°C go t, = 166°C.

Omeem: AU = 204 x/lx; L = 86 x/[x.

2.25. Haiijiure naMeHeHne BHYTPEHHEH DHEPIHH 5 KI' BO3/IVXa, €CJIM ero Ha-
yagbHoe coctosane p, = 0,5 MIla, V, = 2 M", a koneunoe — p, = 0,3 MIla, V, =
=1,3 Mm%

Omeem: AU = 1490 x/1x.

9.26. Ha cxxarune azora maccoit M = 5 kr aarpaunsaercs pabora L = —98 k/lx,
IPH 3TOM BHYTPEHHSS sHeprus rasa yeennuniack Ha AU = 208 k/Lx. Onpeje-
JIUTE KOJIMUECTBO TEIJIOThI, M3MEeHEeHHe TeMITePaTVPbl H 3HTAIBITHN B 3TOM Tpo-
Hecce.

Omeem: Q = 110 x/{x; At = 55,7°C; Al = 292 x]{x.

5.27. Tlpn ABMIKEHHH ra3a Yyepes HPOTOYHYIO YacTh TYPOMHBI COBEPIIAETCS
Texundeckas pabota [ = 195 k/Ik/Kr, 1 B TO JKe BpeMs 0T rasa OTBeleHa yJeNh-
nas rerora g = —21 k/a/kr. Onpegenure CHUGKEHHE TEMIICPATYPbI I'asa B Typ-
OGune. PaboToii ciil TsKecTH 1 MAMEHeHHEeM cKopocTi ra3a npededpeun. Teruio-
€MKOCTB I'a3a CUUTATh [10CTOAHHOI 1 paBHoil ¢, = 1,04 k/Lx/(kr- K).

Omeaem: At = 208°C.

3.28. Onpepenure H3MeHEHHE BHYTPEHHEH HEPTHH H 3HTATBITHH A30T4 Mac-
coit M = 5 kr, ecan temueparypa ero sozpocia or £, = 100°C go t,= 300°C. 3a-
BHCHMOCTb TEILI0EMKOCTH OT TeMIEPaTypbl KPHBOIUHEITHAs.

Omaem: AU = 750 /1x; Al = 1040 x/1x.

2.29. Kucaopoa maccoii M = 10 kr sanumaet odwsem V| = 10 M* ipn gapaenyun
p, = 0,2 MIla. I1pu cxxaTtun Kucjaopoia 00bEM YMEHBIIACTCH JI0 Vo 5 M?, a nas-
JIEHHE BO3PACTAeT 10 p, = 0,8 MIla. Oupezgennre n3aMeHeHHE IHTAIBIIHH U KO-
JIHYECTBO TEILIOTHI, €CJIH Ha cxaTHe 3aTpadeHa pabora L = —880 k/Lk.

Omeem: () = 3960 x/Lx; Al = 6450 k/1x.

3.30. IlenTpodesKEIii BeHTHAATOP TOAAET B TOTIKY TAPOBOTO KOTJIA BO3AYX,
yacoBoii pacxoj kotoporo coctasager V. = 6500 m*/u npu remueparype ¢ = 30°C
1 tasaennn p = 150 mum pr. 1. Bapomerpuueckoe jasnenne p, = 760 mm pr. cr.
Huamerp Boixofnoro natpydka sentuasTopa d = 300 mm. Onpenenurte mMor-
HOCTL, HoTped/seMy 0 BeHTHIsiTopoM, eciu ero KILA n = 0,7.

Omeaem: N = 4,8 kBT.

YKa3aHue K BBIIIOJTHEHHIO 32JaHHIO.

JUts pemieHus 3a1ad Hy>KHO BOCIIOJIb30BaThCs JIEKIIMOHHBIM MAaTE€pUAIOM H
MaTepualioM, IMpUBEIECHHbIM B HUcCTOYHMKE «TemnorexHuka. [IpakTukym» mnox
penakuueii B. JI. Epodeera, A. C. [Ipsxuna, c. 49 — 51. Jlnsg nmomomu CTyAeHTY
HWKE NPUBOJATCA IPUMEPHI PELICHUS 3a1a4.



Hpumep 5.1. [accakupexuit noess wiet co ckopocteio 20 km/u. Kakosa
MOLIHOCTb €r0 9HePreTHYeCKOH YCTAHOBKH, ecan Ha 1 kM nyTu pacxojayercs M =

= 25 Kr JIM3eJIbHOT0 TOILIHBA ¢ TersioToii cropanns QF = 42 000 k/x/kr? Koad-
(OUIMENT TTONE3HOTO JIEHCTBHA JHEPTETHHeCKOH yeTanoBkK 1, = 40%.
Pewenue. Yacopoii pacxo/1 Tomimsa
B = 25-20 = 500 (xr/4).
HacoBoe KOJHYECTBO TEIUIOTH, BeIZIeHBIIEcs oT cropanua 500 kr tonamnsa,
Q = BQ" =500-42 000 = 2,1-107 (k] /u).
MommHocTs aHepreTHIecKol YeTanoBKH
. 21300048 - -
N=3600" 3600 2% (xBD).
Omeem: N = 2333 xBr.

Mpumep 5.2. K Bosayxy Maccoit M = 5 kr noaseaena renaorta Q = 83 k/lxk,

B peav/ibTaTe Hero BOSIVEOM COBCPIICHA p::lﬁﬂ'l"cl L =49 l{;r_l}i{. Kax IIpH 3TOM H3-
MEHIJTACD VIEIbHAM BHYTPEHHAA DHEPTTA BUB,-‘I}’XEI?

Pewenue. MiaMenenue BHYTPEHHEH SHEPTHH 5 KT BO3/YXA
AU=(Q - L =835 - 49 =345 (xIx).
Namenenne yeabHOH BHYTPEHHEH dHEPIUH

% _M_I_:*]«ii,ﬁ_ﬁg_ _
o= v -5 6 (kL /xr).

Omeem: Au = 6,9 K/l /Kr.

Hpumep 5.3, Onpegennrte TeXHUUECKYIO paboTy, KOTOPYIO MOKET COBEPIIHT
HOTOK (puc. 5.1), ecan HeMY IOABOJUTCH VAe/JdbHaA TeILoTa § = 21 kJIxk /Kr.
YaenpHas sHTANLINA Taza B pe3yabTare TIpollecca YMeHBITHAach Ha Al
= —62,5 k/Ix/Kkr. MaMeHenneM CKOPOCTH MOTOKA MOXKHO [IpeHedpeyb.

= | I —
q I,
QT A
W, w,
i iy

W, = 'y
Puc. 5.1. PacueTHas cxema K npuMepy 3.3

Pewenue. I/ICI'IDI[I)I]}{H VpaBHeHHE TTepBOTO 3akoHa TEPMOJIHHaMHWKH 714 110~
TOR:, OHPCAC/ACTCA TEXHHYCCKaA paﬁo'ra

[ =q—Ai=21 - (-62,5) = 83,5 (xIx/Kr).
Omeem: |, = 83,5 k[l /Kr.



Ilpumep 5.4. B KoTenbHOH aJieKTpHYecKoH cTaHiiuu 3a BpeMa T = 10 ¥ ciku-
raercss M = 30 T kaMenHoro yriad ¢ temsotoil cropanna QF = 27 800 k/lx/Kkr.
Onpejiesinte cpejHION MOIHOCTE 2J1eKTPOCcTaHIMH, ecsin 20% TenioTsl, Bblie-
JHBIICHCS ]T_pH Cl"()_]')?.l"l'll‘l _yl"ﬂ}'[, l'[_pCB_pHII[CHO B ?)»’ICKT_}')H‘-ICCK_YH) ?Hll’_‘.‘]')l"lfﬂ[).

Pewenue. KUJIH‘-IEC.TB[) TelL10ThI, llpEBpElLLLEHH[Jﬁ B AJIEKTPHUYECKYH) GHEPIHK)
ga 10 u paborst, cocTaBur

Q = 30-1000-27 800-0,20 = 166 800 000 (x/1:x).

JKBHUBAJIEHTHAA JAHHOMY KOJHYECTBY TEIMIOTHI AJIERKTPHYECKAA JHCPTHA
HJIH pHEiUT‘cl

L = Q/3600 = 166 800 000 : 3600 = 46 333 (kBr-u).
Cpeansig 3JeKTPHYeCKas MOIHOCTD CTAHITHI
N =L/10 =46 333 : 10 = 4633,3 (xBr).
Omeaem: N = 4633,3 kBr.

3ansatue 6. Tema «TepmMoamHamMHUYecKHe NPOLECCHI € HAEATbHBIM
razom»

3aganue. Pemenne 3agau.

6.1. Yraexkuenntii raz maccoit M = 0,2 Kr HAXOAUTCS B TePMETHUECKOM COCY-
ne emkoctbio V=120 n nipu remnepatrype ¢, = —15°C. Ilocne narpesanust jasie-
HUe Taza B cocyjie Bospoco o p, = 1500 mym pr. er. Onpegesnte KoaMYecTBo
HoABeACHHOM K ra3y Tennorsl. M3obpasure npouece na auarpammax po u 5.

Omegem: Q = 42,5 x/x.

6.2. B BozjiyXoXpaHHJIHIIE KOMIIPECCOPHOIT cTaniiun emkocTbio V=10 m? co-
JlepauTes Bo3ayx npu aasienun p = 0,665 Mlla. B revenue ausi B peayibrare
00JIyYeHHs COMHIIEM TeMIlepaTypa BosjyXa sospacrer ot £, = 20°C no ¢, = 32°C.
Oupeapenure, Ha CKOJAbKO HM3MCHHTCSH JABJCHHE M KOJHYCCTBO BOCHPHHATOM
temnoTel. TemnoemMkoeTs npuHaThL nocrosaHoil. M3odpasure npouece Ha jna-
rpammax po u 15,

Omeem: Ap = 0,0264 M1la; Q = 655 x/lx.

6.3. dasnenue B kueaopojnoM Oanione, HaXo/BSIEeMes Ha CKIaj1e pu TeM-
neparype t, = 15°C, cocTtaBnser p, = 11,9 MIla. Onpejennre, kKakoe gaBiacHue
HNOKAKCT MAHOMET], €M DALIOH BHECTH B IOMEUICHHE ¢ TEMIEpaTypoil { =
= 50°C, 1 Kakoe KOJIMYeCTBO TeIOThL Oy/1eT NoABeIeHO K Kucaopoay. EMxocTs
H6asona V= 40 1. TennoeMKocTs NpHHATDL HocTosHHOH. M306paszure npouece
Ha JHarpaMmax po u 15,

Omsem: p, = 13,23 MlIla; Q = 266 x/Ix.

6.4. Ot 3 kr okucu yriepoga u3oxopuo orogures temwnora Q = —448 k/x.
Onpeaennte KOHEYHOE JABJACHUE Iasa, €CIH €ro HadalbHAs TeMmieparypa f;, =
= 400°C n HavaneHoe pasienue p, = 5,9 Mlla. 3asucumocTs Tel10eMKOCTH OT
TEMIIEPATYPBI TPUHATL KPUBOJAWHeITHOIL. M300pasnte npoece Ha auarpaMmax
pou Ts.

Omsem: p, = 4,2 Mlla.



6.5. Ilpy M3rOTOBACHUN FEPMETHYECKHX PE3EPBYAPOB HX II0JIBCPIAT HCIIh-
TAHMUSIM Ha JeHCTBHEe BHELIHero JaBJIeHns, /U Yero BO3/lyX BHYTPH pesepsyapa
HArpeBaloT, 3aTeM cocy/l pazoduaiT ¢ atMocgepoil 1 Ja0T BO3AYXY OXIa/IHTh-
ca. 1Ipn aToMm aBneHne B pedepByape YCTAHOBHTCS HIGKe arMocpepHoro. Onpefe-
JINTE, /10 KAKOT TeMTIECPATYPBl HY/KHO HATPETh BO3/YX, KAKOE KOJIHYCCTBO TCTLTOTE
OV/IeT OTREJEHO TTPH OXTKCHHH W H3IMEHEHIH 3HTPOTTHH, eCTH KOHEUHOE JTAB-
aenne p, = 0,039 MIla n remneparypa oxpysxatouiero sosayxa ¢ = 4°C. bapome-
TpHUeckoe Aasienue p; = 770 MM pt. c1. O0bem pesepsyapa V= 10 m*, Teno-
eMKOCTh HPUHATL NocToAaHHoil. MsobpasuTe npoilece Ha auarpamsMax po u T5.

Omsem: t, = 452°C; Q = —1570 xJIx; AS = -3.4 xllx/K.

6.6. B mmumnpe kapOiopaTtopHoro JIBUTATENs B KOHIE cxKaTus pabouasi
cmech umeet napamerpsl p, = 1,37 MIla u ¢, = 330°C. B npouecce ropenus roii-
JBa BeIeaseTes TernoTa QF = 586 kK /Kr, KoTopas niepeaaercs padouemy Te-
Jy, obJajiaionieMy cBoIiCTBAMH BO3jlyXa, 1pH v = const. Onpenesnre napamer-
PHI B KOHIIE TOJBO/IA TETJIOTH W HAMEHEeHHe AUTPorHH. TenmroeMKocTh TPHHATD
nocroannoil. MU3o6pasure npoueccel Ha auarpamMmax po u 15,

Omeem: p, = 3,24 MIla; v, = 1,26 M*/kr; £,= 1148°C; As = 0,612 x/Tk/(xr- K).

6.7. B 3akpeiTOM pesepByape COAEpPKUTCS YITIEKHCbIiT ra3 Maccoil M = 1,5 kr
npu temneparype ¢, = 22°C » pasnenun p, = 0,782 Mlla. [Tocne narpesanms
JasjieHue B pesepsyape Bo3pociio B 4 paza. Oupejennre odbem pesepsyapa, Ko-
HEUHYIO TEMTIEPaTypy VIACKHCTOTo Taza W mojBejenuyio Temnory. Temmoem-
KOCTb IIPHHATH NoctoAanHoi. M3obpasure npouecco Ha auarpamMmax po u 15,

Omeem: V = 0,106 m* ¢, = 907°C; Q = 755 w/Ix.

6.8. B zakpoitom cocyie emkocthio V= 300 11 HaxoanuTca BOJIOPOL IPH HOP-
MaJbHBIX (pusnyeckux yciaoeuax. OnpegennTe, Kakoe KOJIHYECTBO TETLIOTHI
JAOJLKHO GpITh cO0OIIEHO rasy, 4ToOb! TeMIlepaTypa ero Bospocia jao £, = 300°C,
KOHCYHOE JIaB/IeHUE U IVIOTHOCTD. LI pUHsTh KPpUBOIHHEHHYIO 3aBUCHMOCTD TETI-
JI0EMKOCTH 0T Temuepatypbl. Haobpasure npouece Ha guarpammax po u Ts.

Omeem: Q = 83,1 x/Ix; p, = 0,213 MIla; p = 0,09 kr/nm°.

6.9. K pabouemy ey B H30XOPHOM I1POILECCE OABOJMTCA V/ie/bHasd TelioTa
q = 755 k]l /xr. [Tpu aToMm masaenne pabodero Tena sospactaer ot p, = 2,94 Mlla
a0 p, = 6,86 MIla. Onpejenure KoHeuyHYI0 TeMiepaTypy pabodero tesa, oba-
JIATONIET0 CBOICTBAMM BO3/IyXa, H H3MeHeHHe 3HTPonHH. Ten1oeMKocTh CHHTAaTh
noctosiHHoil. M3o0bpasnTte nponece Ha quarpaMmax po u 15

Omeem: t, = 1559°C; [Is = 0,612 x/Ix/(kr- K).

6.10. K azory, HaxojsumemMycsi B 3aKpLITOM COCY/e [1PH TeMmieparype f, =
= 25°C, mogasoautea Temnora Q = 628 k/Ix. B peayabTate nojgBoga TemIOTH
Japjiedue soapocio ot p, = 4,9 MIla 1o p, = 11,8 MIla. Onpezpenure odbem co-
cyna. TermnoeMKocTh MTPHHATE MocToAHHON, M306pasiTe mporece Ha auarpam-

Max pv u Ts.
Omesem: V = 0,036 m™.

6.11. B u30Xx0opHOM npouecce yieabHasi BHYTPEHHSSL SHEPrHs BO3/1yXa BO3-
pocia Ha Au = 692 k/lx/kr, a nasaenue yseauuniocs 8 2,2 pasa. Onpepesnure
KOHCUHVIO TeMIEPaTypy H M3MEHCHHE 3HTpolun. TeloeMKocTb IPHHATL [10-
croannoii. Maobpasure mporiece ma quarpaMyax po u 15,

Omeem: t, = 1502°C; As = 0,562 g/[x/(kr- K).



6.12. YennHada BHYTPEHHAA DHEPTHA OKHCH YIJIEPoja B NMpolecce TpH ¢ =
= const yseanuyuBaercd Ha Au = 188 k/lk/kr, autanenna — Ha Al = 440 k/x,
a nasnenue cranosutes p, = (0,196 MIla. Hawanenas remnepartypa ¢, = 15°C.
Ornpegennre KOJIMYECTBO Iaza, YYACTBYIOUETO B HPOLIECCE, JABACHHE M 00BEM
cocyaa. Maobpaaure npolece na guarpammax po u 15,

Omeem: M = 1,66 kr; p, = 0,104 MIla; V= 1,36 m*.

6.13. Yieapnad suTpONNsA KHCAOPOJA B H30XODHOM TPOIECCe BO3pOcia Ha
As = 0,838 k/lx/(kr- K), a yieabnaa puyTpennsas aveprud — Ha Au = 336 k/Lx,/kr,
Havasbhoe rapaerne p, = 0,1275 MIla. Onpesenire KoHewHOE TaBIEHHE 1 TEM-
nepatypy. TermoeMkocTs npunsiTh noctosinioil. Maobpasure npoiece Ha jgna-
rpammax po u 13,

Omeaem: p, = 0,462 MIla; t,= 1329°C.

6.14. B uzobaprom npoiecce npoussenera pabora L = 235 k/Ix, npu aToM
BHYTPEHHASA dHEPTHA padodero tega usmennmack Ha Au = 251 xJIx/kr, a ero
00beM — B 2,2 paza. Jlasnenne p = 0,49 MIla. Pabouee Teno — azor. Onpenenn-
Te KOHEYHBIE TapaMeTpbl. TermmoeMKocTh TpHHATE nocTtogannoi. Maobpasure
HPOLECe HA uarpaMmax po u 15,

Omsem: t, = 350°C; v, = 0,886 m*/kr.

6.13. YienbHast aHTAABIMA VIVIEKHCJIOIO I'a3a B IPOLECCe [MPH NOCTOAHHOM
nasaenun p = 0,293 MIla ymensumaacs na Ai = —124 x/x/Kkr, a BHYTpennss
aneprusa — Ha AU/ = —628 k/lx. Temneparypa npu aroM uamennsiack B 1,6 pasa.
OnpenemuTe KOHEUHbIE TApaMeTpPel W MaMeHenne aaTponun. TemmnoeMKocTh
NPUHATE HocToAHHOIL M300pasuTe npouecce Ha auarpammax po u Ts.

Omegem: t, = 22°C; V, = 1,185 m* AS = 2,31 x/Ix/K.

6.16. K renmio B npouecce npu nocrosinaoM gasiacHuu p = 0,343 Ml1la non-
Bejtena rerora Q = 923 k/Lk, B peayibrare yero copeplieda yienbiast pabora
[ =165 k/[x/kr. [LnorHocTs rejius ymenbiiniacs 8 1,25 pasa. Oupenenure Ko-
HevyHble mapaMeTpnl H H3MeHenHne aHTponmui. TenmoeMKOCTh TPHHATH TOCTOSAT-
noii, Maobpaaure npouece na guarpammax po u 15,

Omsem: t, = 127°C; V, = 5,33 Mm% AS = 0,675 xIx/K.

6.17. IIpu uzobapHoMm cxaTik azoTa mMaccoil M = 1 Kr npu JasjieHuH p =
=(),196 MIlIa ot raza oreoantcs Ternora Q = —73,3 x/[ik. Havansnasa temnepa-
typa raza ¢, = 135°C. Oupeaennre KOHEYHYIO TEMIEPaTypy H 00beM rasa, a Tak-
JKe M3MEHCHUE ero BuyTpenueil aneprum. TenmoeMkocTh CUHHMTaTh MOCTOAHHOI.
Mzobpasure npouece Ha guarpammax pe u Ts.

Omeem: t, = 65°C; v, = 0,511 M*/kr; Au = —52,3 w/[x /K.

6.18. OHoaToMHBIH a3 B IipoLecce pu p = const coepiumn padoty L = 147 k/x.
OnpefennTe KOAMYECTBO MOJBEIEHHON TEMI0TH. TenmoeMKoCcTh TIPHHATD T0-
cTOAHHOIL. 306pasuTe npoiece Ha auarpamMax po u T,

Omsem: Q = 368 x/x.

6.19. B npouecce npu p = const U3MEHCHHUE IHTAIBIHH OKHCH YIVIEPOJA CO-
crapuio Al = 335 k/lx, yieabHoil BHyTpenHeil aHeprun Au = 104,05 w/Lxk/kr,
a yvieabHas aurponust Bo3pocia Ha As = 1,045 k/xk/(kr- K). Onpenenure na-
YaTLHYIO TEMTIEPATYPY rasa u paboty mpornecca. TernnmoeMKocTh TPUHATE MOCTO-
sunoil. M3obpazuTe 1npouece Ha juarpaMmax po u T5.

Omeaem: £, = —19°C; L = 96 kI x.



6.20. B npomexyTouynblii 0XJaJguTe/ b KOMIIPeccopa HocTyIaeT CKaTbii 10
p = 0,686 Mlla Bosnyx, rae oxnaxgaerca jgo £, = 25°C. IlpoussojurenbHocT
xommpeccopa V.= 350 m*/u npu £ = 0°C u p = 757 mm pr. cr. Pacxoj oxmakna-
iotei Bojibl yepes oxnaaurens M= 1000 kr/u npu nepenaje remneparyp At =
= 15°C. Onpegenure TeMieparypy Bo3jayxa Ha BXOAE B OXJAIHTENb, VAE/IbHbLE
00BEMBI Ha BXOJIe H BBIXO/IE U3 OXJaauTess. TernmoeMKocTh TPHHATD TTOCTOSH-
Hoii. MzoOpasuTe npoiecc Ha juarpaMmax po u T5.

Omeem: t, = 176°C; v, = 0,219 v’ /xr; v, = 0,145 m*/xkr.

6.21. B rasoxojax napoBoro KoTia ABHKYTCS ILIMOBBIC Ia3bl, HMEIOUME cJie-
aytouuii cocras no odwemy: CO, = 10,3%; O, = 7,8%; N, = 75,3%; H,0 = 6,6%.
Onpegesnnre KOAMIECTBO TEILIOTHL, oTgasaemoii 1 M” gpiMoBOro raza npu nop-
Ma/IbHBIX YCJIAOBHAX Ha YYACTKE Fa30X0/d, Ha KOTOPOM TEMIICPATYPA €ro CHIZKA-
ercs ot £, = 800°C no £, = 400°C. Onpenennre, Kak H3MEHHTCS CKOPOCTb Ta308,
eCJIM CeYCHUE Tasoxojld 110 BCEMY YYACTKY O/AMHAKOBO. Y4e€CTbh 3aBHCHMOCTD
TEILIOEMKOCTH OT TEMIIEPATYPbl, CUHTAsl ee KPUBOIMHeiHOIL. H3obpasnTe npo-
Hece Ha quarpammax po u Is.

Omeem: Q = —620 x/lx/M% w,/w, = 0,625.

6.22. Cocras rasza Ha BbIXOJE W3 JABUTATES BHYTPEHHETO Cropatus 10 00be-
my: CO, = 6%; O, = 13%; CO = 1,0%; N, = 80%. ['azbl uMel0T TeMueparypy t, =
= 375°C upu pgasnenuu (1o Manomerpy) p,.. = 200 mm Bog,. cr. 'as oxnaxkaer-
CHA B YTH/IM3ALMOHHOM BOJOIPEHOM KOTJIe 40 Temiepatypbl £, = 175°C npu no-
CTOAHHOM JaBiaeHuu. Oupeie/iuTe KOJAUYeCTRO NepeadiHoi BOJIe TeIIOThL M 1a-
METP ra3oxo/ia 110cje KoTJ/a, ec/ii CKopocTh rasos w = 8 m/c. Pacxon raza M, =
= 2500 kr/4. TeloeMKoCTh HPHHATE NOCTOsAHHOI. BapoMmerpuyeckoe janJie-
Hue pg,. = 750 MM pT. CT. MsobpasuTe npolece Ha AHarpaMMax po u 15.

Omeem: Q = 520 000 x/Lx/u; d, = 455 mm; d, = 380 mm.

6.23. Kucaopoa maccoit M = 10 xr cxkar B nununape o p = 0,98 MlIla npu
temueparype ¢ = 20°C. [locne HarpeBaHns 1IPU HOCTOSIHHOM JIABJICHHUH Ia3 3aHU-
maer o0bem V= 1,94 m’. Oupegennre KOAMYECTBO TEILIOTEL, IOJYYCHHOI Ta30M,
M3MEHEHHE BHYTPEHHEI HePrun i COBepUIeHHY 0 razoM padbory. [lpunsts kpu-
BOJMHEITHYO 3aBHCUMOCTD TEILIOEMKOCTH oT Temuiepatypsl. Hazobpasure npo-
Hece Ha auarpamMmax po u 1s.

Omeem: Q = 2650 xIx; AU = 1930 x/x; L = 720 x/x.

6.25. Hauanwpuble mapamerpsl pabodero tema, oduagaonero cBoicTBaMu
Boaayxa: v, = 0,6 m*/kr u ¢, = 500°C. Onpegenure KOHEYHbIE TAPAMETPBI IPH
noasoje ternotel Q = 754 k/lx/Kr, naMeHeHne BHYTpeHHeI sHepruu i padbory,
eCJIN TEILIOTA MOBOANTCS H30XOPHO, H300aPHO, A TAKIKE eCJIH;

a) 75% TeIoTel HOJBOANTCA [IPH ¢ = const, 25% — upu p = const;

0) 50% remnors nogBoauTes npu v = const, 50% — nupu p = const;

B) 25% TemwnoTsl 1oABOANTCS pU © = const, 75% — upu p = const.

TenmoeMkocTs TPHHATE MOcTOgHHON. M300pasuTe nponeccsl Ha auarpam-
Max po u Ts.

Omeem: cm. Tabm. 6.1.

6.26. K azoTy Maccoii M = 3 Kr noJiBoAMTCA TeNJI0Ta CHaYaa B 1IpoLecce NpH
P = CONst 1 3aTeM NP ¢ = const. MameHenne BHYTpeHHell DOHEPTHH B KaX/10M H3
npotieccos coctapager 502 k/Ix. Onpeneste 0OIILYIO MOABEIEHHYIO TEILIOTY H T1a-



Tatnuya 6.1
Oreer Kk 3a1a4e 6.25

Bapuanrn
[TapameTpmt | © = const p = const
a 6 B
AL S, 1550 1250 1477 1401 1326
P Mlla 87,0 — 74,8 62,0 49,6
Au, k]l /xr 754 237 700 646 292
I, kI /kr — 217 54 108 162

pameTpbl B KOHIE H30XOPHOTO 1IPOLecca, ec/ii Hayasbhas Temneparypa ¢, = 30°C,
a 00beM B KoHIe nzobapioro pacumpenns v, = 0,2 m*/kr. TenmoeMkocTs npu-
HTB MOCTOSAHHOI. M300pasuTe nponeccs! Ha uarpaMmax po u 5.

Omeaem: Q, o= 1205 x/lx; p, = 1,114 MIla; ¢, = 478°C.

6.27. B usoxopHom npouecce K OKMCH yriepoja Mmaccoi M = 2,5 kr noaso-
aures temora Q = 587 /[, 3aTeM B M3006apHOM HpoLecce NTPOUCXONT YBEJIH-
YEHWEe AHTATBITHH, PABHOC U3MEHCHHMIO SHTATBITNH B Ipollecce MpH © = const.
OnpeenuTe MOJABEIEHHYIO TETUIOTY 1 padoTy, a TAKKe HAYATLHEIE TAPAMETPHI,
ec/M B KOHIE Ipolecca npu p = const gasiaeHune coctasiasiio p, = 0,88 Mlla
u o0bvem 7, = 0,313 m?/kr. Tenoemxocts npunsite nocrosiunoil. Maobpasure
Mporecesl Ha guarpaMmax po u 1s.

Omeem: Q, , = 1405 x/lx; L, ; = 234 x/lx; p, = 0,426 Mlla; ¢, =25°C; v, =
=0,131 n*/kr.

6.28. [Ipu nzobapHoM CKATHH M HOCTEAYIOLIEM H30XOPHOM OXJIAMKIEHHH
BHYTPECHHSISI 9HCPrusi KHC10poaa maccoit M = 2 kr uamensierest Ha AU = 920 x/1x
u 3arpaunsaercs pabora 150 k/lx. B konue npoueccos jasnenue cocrapasier
p,= 0,049 Mlla, yenpubtii obbem v, = 0,53 m*/kr. Onpejenure KoJauuecTso ten-

3 J 3
JIOTBL, VHACTBYIOLLEH B IpoLecce, M Haua/lbHble napaMeTpsl. TeloeMKoeTh npH-
wiATh nocrosuuoil. Maodpasure npoueccst na juarpammax po u Ts.

Omsem: Q, , = —1070 x/lx; p, = 0,0945 MIla; t, = 725°C; v, = 2,14 m*/kr.

6.29. B nporecce mzodaproro cxartusi odbeM Bozayxa maccoi 1,945 kr
VYMeHbllIaeTess B 2 pasa, 3aTeM B M30XOPHOM IpoIlecce JIaBaeHHe YMeHbIaeTcst
B 1,5 pasa. Hayasnbnoe pasnenme p, = 1,47 Mlla, koneunas temueparypa t, =
= 20°C. Onpejennre KOJAHYECTBO TEIUIOTHI, YYaCTBYIOLLCH B lIpoLeccax, HaMe-
HeHHe BHYTPeHHe aHeprid U KoHedHbii odbeM. TemmoeMKocTh TPHHATL TO-
cTosHHON. M3obpasuTe mporjecckl Ha iHarpamMMax po u T,

Omsem: Q, ,= —1155 k[lxk; AU = —908 k/Ix; v, = 0,086 M*/Kr.

6.30. K kucaopoay maccoit M = 2 Kr noABoAMTCs TEILIOTA CHAYAMA H30X0P-
HO, 3aTeM u300apHo, IpudeM p,/p, = v,/v, = 2. Oupejgesnre N0ABEICHHYIO TCI-
JOTY, COBEPIICHHYIO padoTy W HaMeHeHHe BHYTPEHHeH SHeprif, a Takke Ha-
YaJbHble JaBiedie 0 TeMIepaTypy Knciaopojaa. B Kowile naoXopHoro npoiiecca
p,= 0,782 MIla u v, = 0,12 »’/kr. TernoeMKocTh HPUHATH HocTOAHHOIH. M3006-
paszuTe [pouecchl Ha auarpamMMax poe u 15

Omeem: Q, ,= 1130 x/lx; L, ,= 188 x/lx; AU, , =942 x/lxk; p, = 0,392 MIIa;
L =87C.



YkazaHue K BbIIOJTHEHHIO 32JaHUIO.

JIns pemeHus 3aa4 HYy>KHO BOCIOJIB30BAThCS JIEKIIMOHHBIM MAaTEpUaJIoOM U
MaTepuagoM, IMPUBEACHHBIM B HCTOYHUKE «TermorexHuka. IIpaktukym» mnon
penakuuei B. JI. Epodeena, A. C. [Ipsxuna, c. 57 — 63. Jlns nomomu CTyAeHTY
HUKE MIPUBOJATCS IPUMEPHI PELICHUS 3a1a4.

Ipumep 6.1. B repmernueckom cocyie emxocteio Vo= 3 m* copepaures
OKHCB yraepojia npu aasiaennn p, = 0,3 MIla n temneparype £, = 25°C. B pe-
3yJbTaTe I10/IBOJIa TEILIOThL TeMIlepaTypa Bospocia jo t, = 75°C. Oupepenure
KOHEYHOe JlaBjienue H NojBeeHnyo Temnory. TenioeMKocTb NpHHATE 0CTo-
siHHoil. M3o0pasuTe npouece Ha auarpamMmax po u Ts.

Pewenue. Ha puc, 6.2 nzobpaxken H30X0PHBIH Tpoliece Ha IuarpaMmMax po u 15,

P i

L4 5
Puc. 6.2. lnarpammsel pv 1 Ts k npumepy 6.1
Maccy rasa B cocy/ie onpeennm mo opmyne
M= p1_1,
RT,’
rae R — razosas nocrosiias oKMCH yriepoja (npunuMaetcs no npui. 1);
3-10°-3
~ 297-298
I130xopHas MaccoBast TeILIOEMKOCTD ra3a
_pe, 20,8

= 10,15 (k).

J
A

C, m Eg ={,75 (Kﬂ:ﬁf(hr]{))
KoHeuHoe jaBjieHue
f i 348 _—
Py =P, T =0,3- 798 0,35 (MIIa).

K(L‘l HYECCTBO ll()ﬂB(‘,.'J.(‘HHUi:‘l TEelNOThL
Q= Mec(t, —t) =10,15-0,745-(75 — 25) = 379 (x/1:x).
Omeem: p, = 0,35 Mlla; Q = 379 x/lxk.



Hpumep 6.2, [Ipyu HopMaibibiX GUIHYCCKHX VCIOBHSX K a30Ty 00beMoM V=
= 3 M uzoxopro noaseaena teraota Q = 800 k/lx. Onpenenute KoHeuHoe JjaB-
JeHNe a30Ta, e ero navanshoe gasienne p, = 0,2 MIla npn remneparype £, =
= 40°C. 3aBUCHMOCTB TEIIOEMKOCTH OT TEMIEPATYPBI PUHATL KPUBOJIMHEH HOIL.

Pewenue. laBnenne B KoHle rpoiecca onpejessiercs 1o popmyiie

.
pE ek 1 i T1 '

KOHEYHasA TEMIEPATypa asoTa — M3 YPaBHeHHs
L= VC.-'-(tz - J-Ll)-

[MockonbKy 3HaYeHHE KOHEYHOI TeMIIePaTypbl, HEOOX0AUMOE TaKKe /1S Ha-
XOMJAEHUS CPe/He TeIIOEMKOCTH, HEU3BEeCTHO, 3a1auy CAelyeT PelarTh MeTo-
JIOM [I0CIEA0BATENLHBIX TPUOJIMAKEHIII.

[IpuHUMas TEIIOEMKOCTD IIOCTOAHHOM, B 1EPBOM IPHOJIMKCHUH, HMEEM

. S -
€= gy = gpg ~ 0935 (<llk/( - KO).
Torna
Q 800
=, + — = 40 + ———— = 325 (°C).
Lty g ez TR0

[To Tabumiam TenaoeMKOCTH /U1 a30Ta IIPH TEMIIEPATYPE £, ONPEeHM 3Ha-
J 2
YyeHHe cpeiHeil 00BeMHOH TeIIOEMKOCTH:

_(©)oyts — (60 fy 09423325 — 0,9285-40

o — — - 3,
@, 7 = 0,946 (s/lx/ (™ K).
Temmneparypa t, BO BTOpoM npuOAHKeHHH
Q 800
Lo il o e LY,
= V(S -y 3-0,946 GE2

Tak kak norpemnocTs npu onpefenennn ¢, ne npesbimaer 3°C, T.e. 0KoJ0
1%, MOKHO NPHHATH MOJYYEHHVIO TeMIepaTypy 3a pacuernyio. Ecan B pesyiib-
TaTe ONpe/IeeHHs TeMIepaTypa oTandaiack Obl Hosee yem Ha 3%, To notpedo-
Ba/I0Ch OBl M0 AHAJIOTHUHOMY METOJY HAXO/AUTb f, B TPeTbeM MPHOIHKEHHN
u 1.4. Jlo Tex nop, noka HorpeiHoCTb MY JABYMS [0CJe0BaTe/IbHbIMH [IPH-
OJoKeHusiMU He Oyaer MeHblie 3%.

Koneunoe jagiaedue azora

Ty 595
== =102-— =038 (MIla).
Py =Dy 1 0, 313 0,38 ( a)

Omeem: p, = 0,38 MIla.

ITpumep 6.3. B nzoxopnom npoitecce yiaeabHas SHTPOITNS TeTHs VBeTHIHBA-
eTca Ha As = 1,26 g/lx/(kr- K), a ynenwnas sutansnusa — Ha At = 1560 k/1x/kr.
Koneunoe masnenue renus p, = 1,2 Mlla. Onpegennre KoIH4eCTBO MO/BEIEH-
HOH yAeJbHOH TelIoTh H HavaJbHble napameTpol. TeloeMKoCTh cHHTATh He
sapucdAlleil ot remneparypsl. MaobpasuTe npoiece Ha auarpamMmax po u Ts.



Pewenue. Nzo0Opaznm nponecce na auarpammax po u 15 (puc. 6.3).
g r
|2 S
} /

- -

v 5

Puc. 6.3. Inarpammsl po u Ts k npumepy 6.3

TennoeMKOCTb reJIng

ST
oie B o 129 - qg e oy

Pasnoctb Temiepatyp B Lpolecce Olpeie/ iM U3 BhlPaKeHus

rjae
- 208 _
€, = o P S 3,23 (xkx/(kr- K)).
r mn 4
Torna
Al 1560
t,—t,= — = —— =300 (°C).
2 1 Tp 5‘23 ( )
OTHOWEeHne TeMIIepaTyp Hailjiem 13 ypagHeHus
1 L
L g nTl.
I, As 126
In0 = — = — =(),404;
T €. 213
L 5
T e

Jlist onpejesieHust 3HAYCHUS KOHCYHOH TeMIIepaTypbl CACAYeT PEIHTh CHC-
TeMY VpaBHEHNH

Ly,

|
L, —T,=300.
[Tomyunm
1,50, —F =300
300
1= ——-—0‘5 = 600 (K);

T, = T, + 300 = 600 + 300 = 900 (K).



Hasjaenue B Havane npoiecca
600
900
KomnuecTBo no/iBeieHHON yIeAbHONH TeIJIOTh
g =c,t,—t;) = 3,13-300 = 940 (xx/xr).

Omeem: q = 940 x/lx/xr; p, = 0,8 MIla.

Ilpumep 6.4. Buyrpennsas aneprua asora, sanuMaiomero oosem V = 3,2 m°
npu gasaerHun p = 0,3 Mlla u remneparype ¢ = 37°C, B nporecce npu nocTosiy-
HOM JaBjeHnn Bospocia na AU = 755 k/Ix. Onpenenure KoHeuHbli 00beM a3o-
Ta. TellloeMKOCTh CHUTATh IIOCTOAHHOM.

Pewenue. KonmecTso a3oTa, VHaCcTBYIOLIETO B IPOIECCE, ONPEJE]IHM U3 YPaB-
HEHHS COCTOSHUS WCATBHOTO Ta3a:

p, = pl-if =12 = 0,8 (MlIa).
1

PV,  3-10°-32

M=t~ 297.310 ~ 104 (D).
Temueparypy rasa B KOHIle 1IPOLECCa HANJEM U3 YPABHEHHS
C
AU = ME2 @, - ¢,);
H
AUp 755-28
L= i B S & R (o 8
Y Muc, 10,4-20,8 g

Pabora B uzobapuoM npoiecce
L=MR(t, - t)=10,4-(135 — 37) = 297 000 (x/Lx).
Komneunstii o6beM onpegaeanm 13 (hopmy s
L=p(V,— V%
o Loy, - 297000
P 3-10°
Omeem: V,= 4,19 M.

Ipumep 6.5. Boanyx Maccoit M = 3,24 kr naobapio oxaamaaior 10 o0neMa
BIBOE MEHbIIE NePBOHAYAILHOTO, 2 3aTeM B H30X0PHOM I1POLEecce HAIPEeBaloT 10
HayaIbHOH TemMneparypbl. MunumanbHas temneparypa ¢ = 25°C. Makcu-
manbHoe gasaenue p = 1,0 Mlla. Onpenennre HauaabHbIe TApaMeTPhI, TEILIO-
TV, padoTy, uaMeHenune BuyTpenneii snepruu u antponun. Maodpasure nponec-
Cbl HA JuarpaMmax po u T1s.

Pewenue. Maobpasnm nporeccsl Ha qHarpamMMax po 1 15 (puc. 6.4).

P Th

dT =0 ""yf
2

2 1

+ 3,2 = 4,19 (m*).

o 5

Puc. 6.4. [Inarpammet po u Ts k npumepy 6.5



B paccua'l‘plmacm bIX Mpoleccax Touka 2 od1@as 1 UMeeT MUHUMAITBHYIO TeM-
neparypy, r.e. t . =, = 25°C. MakcumaiibHOe /IaB/IeHHEe COOTBETCTBYET jlaBJie-
HUIO B TOUKE 3 e pe =pr= 0 MIE

I"IC"U.-'II)B}"H 3ABHCHMOCTE MCHIY TlapaMeTpaMi B HIOXOPHOM TTpoliecce, oll-
peneJinM JaBJeHHe B TOYKES 2

T,
Py =Py
T,

4 - - - £ STt o » = T T =
lNax kak no yenosuwo v, /v, = 2, a B nsodapuom npouecce v/v, = T,/T, = 2

TO 35 =13 W

p,=1,0-= = 0,5 (MIla).

|
2
Vieasnsrii odbeM B Touke 2

RT, 287 2‘38
- =0,172 (»*
y T 10° = 0,172 (m*/xr).

Tax kak npouecc 1—2 usodapbiii, TO
p, = p, = 0,5 (MIIa),

a TeMriepaTypa B Havase H300apHOTO Mporecca

r"g e

)
T, = Tzz—.' = 298-2 = 596 (K);

t, =323 (CC).
Mamenenne BHYTpeHHeIl 9Hepruu B iporeccax 7—3
AU, _,=MAu, ,= M(Au, ,+Au, ) =Mlc (t,-t) +c(t;-t,)] =0.
Tenunora, yuacTByiolias B npoiecce,
Qs =Mg_,=M(q, ,+q, )= M| c,(t,-t)+c,(t,—t,) |=
20,8 ]

- {” n )+ HS B, -, )}=3,24[§(25-323)
m 29
=278 (x/I:x).
Pabora B nporeccax 1—3
L =M _,+1,.)=M[R(t, —-t)+0]=2324[0,287(25 - 323)] =
= —278 (k/1x).
HMasmenenue JHTPMIHHK B IIPOHECCAX 1—3

AS,_ =AS, ,+AS, =MPeinle pgWo T
w1 n Tz
29. 298 20,8, 596
=3,24—In—+3,24——In——=-0,635 K
29 596 29 298 (kx/K).
Omsem: p, = 0,5 MIla; t, = 323°C; Q, , = —278 xlx; L, , = —278 k/IX;
AU, ;= 0; AS; o= —0,630 xllx/K.



H]JHMEP 6.6. KHE{UL‘ KOTHYECTBO TeIIOTEI IIUUE]IX(HI,HML'I OTBCCTH OT MACCHI
M=3 kr YVIJCKHCIOrO rasa, ‘ITGIF!I:-I cro Hﬁ'h(‘.‘h‘[ YMCHBUIMIICH B 5 Pas, a TeMITCa-
Typa ocTajach HeM3MeHHOH ¥ paBHoii { = 30°C?

Pewenue. B HSU'I'E]JM HYECKOM [Ip[lll,l'.‘l'_‘l'_‘l'_‘ TCILIOTA paBHa ]JHGU’I'L‘:

v,
J=L= MRTInT—: = 3-ﬂ,189-303-lné
i3
Omesem: () = -276 k/x.

= =276 (k/x).

3ansaTue 7. Tema «BaaxHblid BO31YX»

3apanue. Pemenue 3aaau.

?.1. OII]JC.II.CJIHTC E"I'EJL'_'U.I'I IOTHYIO BIAAHOCTh HUH,!LY‘I,"XH. cCUTH IIH]J]ll-ﬂaJIbIlUC JdaB-
Jenue cogepaaiterocs B nem napa p, = 0,02 Mlla, remneparypa pozayxa t =
= 100°C. AtmocdepHoe qapienue p = 745 MM PT. CT.

Omeem: p, = 0,1165 xr/m",

7.2. C noMOolbI0 IICHXPOMETPA IIPH ONpelde/eHHH BAAaXKHOCTH BO3/yXa 3a-
(ODMKCHPOBAHO, YTO <«CYX0il®» TepMOMETp NOKasbiBaeT Temneparypy ¢ = 20°C,
a «MOKpEIiT» — ¢ = 15°C. Onpeaennre BrarocoepKanne, OTHOCHTENBHYIO BJIAK-
HOCTh, 3HTAJIBIINIO U TEMIIEPATYPY TOUKU POCHL 1151 BO3LYXA.

Omeem: d = 9,2 r/kr; @ = 62%; i = 43 kJlx/kr; k= 126°C.

7.3. Temneparypa Baamuoro soziayxa ¢ = 30°C, otnocuTebHast BAAKHOCTD
¢ = 0,8. bapomerpuueckoe gasienne py =745 MM pt. c1. Onpeje/nre napuuain-
HOE JIaBJIeHHE Tlapa B BO3JIYXe U €T BIarocojepranme.

Omeem: p, = 0,0033 MIla; d = 31 r/kr.

7.4. Kakopo coctogHue Boajyxa 11pu temuneparype £ = 53°C 1 napuuaibioM
JMaBjaennn napa B nem p_ = 70 MM pT. cT.7?
Omeem: p_= 118 mm pr. CT.

7.5. BaaskHblil BO3/1LyX HMEET cJleAyIolHe napaMeTpsl: TeMneparypy ¢ = 25°C
H OTHOCHTENBHYIO BAaKnocTs @ = 0,8. Armoceproe narenne p = 99 325 Ila
(745 MM pr. c1.). Onpegenure NApUUAIBHOE JABICHUE IAPA B BO3/yXE U €r0 BJIa-
rocojiepranme.

Omeem: p, = 0,0025 MIIa; d = 16,3 r/kr.



7.6. Onpegesure OTHOCHTENLHY) BJAAMKHOCTb, BJAArOCOACPKAHHE H ILIOT-
HOCTE BJAAJKHOTO BO3/yXa NMpH 3aganioM coctosauun: £ = 80°C, p, = 0,015 Mlla.
bapomerpuyeckoe gasnenne p., =845 MM pT. CT.

(SRR

Omsem: ¢ = 31,7%; d = 108 r/xr; p= 0,9 kr/m>.

7.7. Boaayx, nmeiownii remnepatypy ¢, = 20°C u pnarocogepsxanne d = 6 r/kr,
ojorpesaeTcs 10 TeMuepatypsl £, = 43°C. Onpejgenure 0THOCHTENLHYIO BJakK-
HOCTh HAPYKHOTO W MoJ0TpeToro Bosjyxa. Bapomerpudeckoe nasienne pg, =
= (0,1 MIla.

Omesem: @, = 41,7%; ¢, = 10 %.

7.8. Boauyx, nmeiowmii teMmnepatypy ¢, = 25°C u saarocogaep:kanue d = 6 r/kr,
Harpesaetca a0 Temmnepatypwl £, = 30°C. Onpesenure 3HaYeHWA Havda bHOH
M KOHCYHOH OTHOCHTEIBHOH BAAKHOCTH BO3AYXa. bapoMmeTpiyeckoe jasnenne
Pep = 0.1 Mlla.

Omeem: ¢, = 0,3; ¢, = 0,05.

7.9. O maTepuasia, HOMENIEHHOTO B CYIIHJIKY, HY’KHO OTBECTH BO/LY MaCCOI
M = 3000 xr. Temmeparypa napyxnoro sozayxa f, = 10°C, ornocurennnas
BaaxHocTh @, = 0,4, [Ipn Bxoae B cymMIKY BO3AYX HOJ0IPEBACTCS M BBIXOUT
M3 Hee 1npu remneparype £, = 40°C i oTHOCHTEILHOI BraxHocTH @, = 0,85. On-
pelesTHTe KOJTHYECTRO BO3VXa, KOTopoe HeoOXO0IMMO TPOTIVCTHTL depes cy-
HIHJIKY.

Omasem: V, = 64 500 ",

7.10. [Lna cymkn MaTepuaia HCIOJIb3YeTCsl BO3IYX MPH TeMieparype §, =
= 25°C u orHocuTenbHOI Baaxuoctn ¢ = 50%. B BoanymnoMm nogorpesarese
BO3/YX HarpepaloT Jo TeMnepatypsl £, = 90°C n nHanpasisior B CYMIWIKY, OTKY-

7a OH BRIXOANT NpH Temmepatype ¢, = 35°C. OnpesennTe pacXojsl TEIIOTEL
M BO3AyXa Ha 1 Kr McapeHHoil Baar.

Omesem: q = 3070 k/Ix/kr; G = 45,5 Kr cyX. Bo3/I.

7.11. CocrosAnue BiamxHOTO BO3AVXa OLPELEIeH0 CAeVIONMMI apaMeTpa-
M ¢ = 25°C, ¢ = 0,6. OnpeaennTe napiHaJ bHOe JaBleHHe BOASHLIX MapoB
B BOGIVXE TIPH TTOMOTITH Tad Il BOJTHOTO TTapa.

Omeem: p,_ = 1,90 klla.

7.12. Temueparypa TOYKH POCHI BIAMKHOIO BO3LYXA, HAXOAAUETOCS IIPH TEM-
ueparype ¢ = 20°C, cocrasasier £, = 0°C. Oupenennre OTHOCUTEIBHYIO BIIAK-
HOCTB, BJIATOCOIEPKAHNE W SHTAIBITHIO BIAKHOTO BO3AYXA.

Omeem: ¢ = 52%; d = 7,8 r/xr; i = 40 kI /Kr.

7.13. B cymmmannoii yeTanopke TPOH3ROANTCSA TTOACYITKA TREPIOTO TOTLTHRA
¢ IIOMOILBIO BO3AYXa 11pu arMocgeprnom pasnenun. Havanbroe coctosanue Bo3-
ayxa: remnepatypa &, = 20°C, orHocuTesibHaA BaaxkHocTsh ¢ = 40%. IlpeaBapu-
TeJIBHO TOAOTPeTHi 10 TemmepaTypsl ¢, = 80°C Bo3myx wanpapisercs B Cy-
WHABHYIO KaMepy, Lie B [IPOLecce BbICYUIHBAHUA TOILIMBA OXJaK1aercs 0
temneparypsl £, = 35°C. Paccunraiite HeoOX0MMOe KOJIMYECTBO TEILIOTHL § /Ui
Harpesanus 1 Kr Bo3/yxa, napaMeTpsl BO3/yXa Ha BLIXO/E U3 CYIIHIBHON KaMe-
PbI U KOJIHYECTBO BO/Ibl, KOTOPOE 0TOHPAeT KakIblil KHJIOTPAMM BO3/IyXa OT TOII-
suBa. CYnTaTh, YTO TEILVIOBLIE HOTEPH OTCYTCTBYIOT.

Omeem: g = 61 x/I:x/Kr cyx. Bozj1. C KaxkAbIM KHIIOTPAMMOM CYXOTO BO3/yXa
yxoaut 18,0 r Boge. Ha BeiXoge n3 cynmmsHON KaMepsl TapaMeTphl BO3TVXa
caeayioume: d = 23,9 r/kr cyx. Bosi., ¢ = 66%, i = 96 k/[K/Kr cyx. Bo3/L.



7.14. Baaknbiil Bo3yX ¢ napaMerpaMi Ha4aJbHOIO COCTOANMSA PH aTMO-
cheprom pasnenun £, = 25°C, ¢ = 70% oxnaxpaerca po remieparypol £,= 15°C.
OnpenenuTe, CKOMBKO BJATH BRIMAIET M3 KaAKI0T0 KHIOTpaMMa BO3/IyXa.

Omeem: Ad = 3,4 T/Kr.

7.15. Ilapamerpsl BiaakHoro Bosjayxa: ¢ = 200°C, p = 0,2 Mlla, d = 40 r/xr
cyX. Boza. Oupegennre ero yaeapHblil 00beM.
Omeem: v = 0,695 m*/kr.

7.16. ITapameTps BaaxHoro sosayxa: p = 0,4 MIla, t =70°C, d = 20 r/kr. On-
PEIESTUTE €70 DHTATBITHIO.

Omeem: I = 121 xJIx/Kr.

7.17. B nmponecce c;katusa Bo3ayxa ¢ napamerpamu ¢, = 15°C, p, = 0,1 Mlla
ud, = 10 r/xr ero napamerpol uamensiores: t, = 60°C, p, = 0,7 MIla. Onpeneinn-
TE OTHOCHTEILHYIO BJAKHOCTD BO3/IYXa B KOHILE 11POIECca CKaTHS.

Omeem: ¢, = 35%.

7.18. B snmnee Bpems Temnepatypa Hapy:Horo sozayxa f, = —10°C, a cre-
nenb ero naceimenns y, = 0,8, Ilepea nogayeit 8 xKu10e noMeleHne HapyKHbli
BO3/LYX HATPEBAETCS, a 3aTeM, C 11eJIbI0 CO3/laHHs KOM(OPTHBIX VCJIOBUH, YBJIAK-
HAETCS MyTeM BOPBICKHBAHHA BOBI, MMetoteil Temnepatypy £, = 10°C. B pe-
3VJABTATE ITUX JIBYX NPOIECCOB (HarpeBanus ¥ VBAAKHEH WS ) CTeleHb Hachie-
HUS BO3/yXa craHoBHTCs pasHoil v, = 0,8, a remueparypa — t,= 20°C. Onpene-
JIUTE, 10 KaKoil TeMIlepaTypbl 10/bKeH ObITh HarpeT BO3AYX Iepejl BIPLICKIBa-
HHEM BOJIBI, 4 TAKKE KAKOEe KOJHYECTBO TETLTOTH JOKHO OBITH TTOBEICHO HA
1 Kr cyxoro Bo3ayxa, 3ajaqyy pemTh npu noMoun Id-gnarpammesi.

Omeaem: t = 43°C; g = 51,1 x/lx/kr.

7.19. HavanbHoe cocrosinne BiaaxHoro sosayxa — ¢, = —40°C, y, = 0,5. Ily-
TEM BAYBaHN BOJAHOTO Mapa mpu arMocdepHoM JaBaedni BO3VX JOBOIHTCS
JIO COCTOAHMA HACBIICHUS IIPH TOI e Temneparype. Oupejeamre cocTosanme
BOJIAHOTO 11apa M KOJIMYECTBO 1apa, HeoOX0AUMOT0 JUIS HACKIIIEHH:A | KT CyXOro
BO3/IYXA. 3a/1a9y PeniuTh pi moMouu ld-marpaMmet.

Omsem: nap BJAaKHbli co crenenbio cyxoeru x = 095; d = 25,3 r/kr.

7.20. B kamepe cMenmeHus YCTAaHOBKH I KOHJIMITMOHHPOBAHMS BO3JyXa
IPOU3BOJAMTCA CMeleHHe BO3AYXa, IOABOLUMOrO M3 IOMELEHHs, HMEIOLIEro
Temmiepatypy ¢, = 20°C u oTHocHTeIbHYIO BaaskHOCT @, = 40%, pacxonom V, =
= 3000 m*/u, u cBexKero Bo3yXa ¢ mapametpamu £ = 5°C, ¢, . = 70% u pacxo-
aom V= T7000 m? /u. Onpegennrte OTHOCUTEIBHYIO BAAMKHOCTD, BIATOCO/LCPIKA-
HHE W TEMIEPaTypPy BO3/YXA, BBIXO/SIIErO W3 KaMepbl CMELIeHHs, CUUTAs! 11POo-
1ece emerrennst agnabatapiv. [JaBienne NpHHATD paBHBIM p = 745 MM PT. CT.

Omeem: t = 9,3°C; d = 4,4 r/kr; ¢ = 60%.

Ykazanue K BBIIOJHEHHIO 321aHHIO.

Jlnst perieHust 3a7a4 HY>KHO BOCIOJIb30BAThCS JIEKIIMOHHBIM MaTepUaIoM U
MaTepuanoM, MPUBEACHHBIM B HCTOYHUKE «TemmorexHuka. [lpakTukym» mon
penakiueit B. JI. Epodeera, A. C. Ilpsixuna, c. 91 — 98. Jlns moMoniu CTyAeHTY
HWKE TIPUBOJIATCS IPUMEPHI PELICHUs 3a]1a4.



Mpumep 7.1. Onpegennre abCOMOTHYIO BIAKHOCT BO3IYXA, CCJIH TaPIIHATb-
Hoe jgasiaenne napa B vem p, = 0,014 Mlla, a remneparypa ¢ = 80°C. bapomeTpu-
4eckoe JlaBienne pg, =760 MM pT. cT.

Pewenue. Temueparype ¢t = 80°C coorsercrsyer JaB/eHHe HACBILEHHA P, =
=0,04736 MIla. CrepoBatensio, npu naprpaisiosM aasaennn p,. = 0,014 Mlla
nap neperpert. ITo Tabaunam neperperoro napa aas p = 0,014 MIla npu temie-
patype t = 80°C yaenwnbrii oobem mapa v = 11,61 M?/kr, Torna aGcomoTnas
BJAKHOCTD

p,=— = —— = 0,086 (kr/m?).

Omeem: p, = 0,086 kr/m".

Ilpumep 7.2. OmpeaennTe BAarocojepskanve BO3AVXa ¢ OTHOCHTEIBLHON
piaaKHoCTbIO ¢ = 60% npu Temieparype ¢ = 60°C u atmocdepHoM Jap/ieHHn p =
=750 mm pT. CT.

Pewenue, 113 hopMyJibl 115 olpejlesieHHs OTHOCHTEIbHOH BJIAKHOCTH

I
p H
HaxXoJHuM IapiiajLHOe JaBJeHne BOJANOTO [Mapa:
p n = p u(p-'

rjie p, — JaBJAeHUe HACBIIEHUs BOAAHOIO [1apa [IPH TeMIePaType CMeCH 1pu ¢ =
=60°C (upun. 10), p, = 0,02 MIlIa;
p, =0,02-10°-0,6 = 0,012 (MIIa).

JlaHHOMY COCTOSIHHIO COOTBETCTBYCT V/ebHblil o0bem v = 12,78 m? /kr.
ADCOMIOTHAs BIaKHOCTD

1 1 :
= —_—= e — = o] i
P, > 1278 0,0783 (kr/m”).
[TapnHanbHOe aBaeHne CyXoro Bo3/jyxa

750
?]l.'.ﬂ:p_p]'l: 7356

:9,81-10" - 0,012-10% = 0,088 10° (MITa).

[11oTHOCTDL CYXOro Bo3/lyxa
_p.,  0,088-10°

ag W
RT ~ og7.333 0922 (Ki/M).

Pe.w



Torna
Py _ 0,0783
Pea:  QEIZ

d = = 84,2 (r/xr).

Omeem: d = 84,2 r/xr.

Ipumep 7.3. Bosnyx ¢ navanbusivm mapamerpamu ¢, = 20°C, d = 8 r/xr, p, =
= 993,3 I'lla caxumaercs aanabatao no gasnenus p, = 0,6 Mlla n satem oxmak-
jgaercs. Onpegenure, IPH KAKOH TEMIEPATYpe HAYHETCS BBIJICICHHE BJIATH U3
aToro Bo3ayxa. s pemennst sajaun Bocnodibayirech TabiMIaMH BOJSIHOTO Ta-
pa (pun. 10).

Pewenue. 1o Id-gnarpavmMe onipesieInM, 4TO OTHOCHTETbHASA BIAKHOCTD (0 =
= 34%. CaenoBate/ibHo, NAPIHAILHOE JaBJeH e BOAAHBIX 1APOB

p. = op, = 0,54-0,002345 = 0,001263 (MIla),

rae 0,54 — anayerue orHoCHTEIbHON BiaaxHocTH (npui. 10); 0,002345 — anave-
HUe JasjaeHns HacoieHus (npua. 10).

Tak xak mapiuaabHoe JaBrenie BOJAHBIX MTapok OVIeT VBeTHIHBATLCS TPO-
NOPIHHOHAIBHO 00IEMY JaBJeHHI0 BJIAKHOTO BO3AYXA, TO IapIHaIbHOE JaBJie-
HHe poganoro napa npu p = 0,6 MIla coctaput

p= JOOL2SD8 _ 4 06763 (MiTa).
0,09933

ITO jaBieHne BOASHOLO apa COOTBETCTBYET TeMIICPaType Hachluenus £ =
= 40,6°C, npn KOTOpoil HAYHETCS! BBINA/ICHUE BO/IbI U3 BO3/IVXa.

Omegem: t, = 40,6°C.

IIpumep 7.4. OnpegesnTe MAOTHOCTE BAAKHOTO BO3IYXa MPH MapameTpax
t=320°C, p= 0,3 MIla, d = 30 r/kr.
Pewene, HaxoanM razoByio ocToAHHYIO BAKHOTO BO3/LYXA:

R = ml‘.liR{Z.H + m[lRll;

1 1
= = = (}971:
Mo 1%d 1+003 7
d 0,03
" ivd 1+003 D0

R=0971-287 + 0,029-461 = 292 (x]lx/(xr- K)).

[L10THOCTE BAAAKHOTO BO3VXA OTIPEIEIAeM H3 VPABHEHHS COCTOSHHS WIeah-
HOT'O rasa:
P 0,3-10°

il e BT oy gag rrty
P=RT ~292.593 1733 (KT/AMT)

Omeem: p = 1,733 kr/m>.

IIpumep 7.5. /Lng eyimkn MCnoap3yiorT Bo3jyx npu remueparype £, = 25°C
H (p = 60%. On npeaBapuTe/IbHO NoJOrpeBaeTes B Kanopudepe 10 'I'C\IIIL‘[JHTVPIJI

= 90°C un Hanpas/isercs B CYWMIKY, OTKY/a BLIXOJAUT IIPH TeMileparype I,

—40 C. Onpefenute KoHedHoe BAArOCOACpKAHNE BO3AYXA, PACXON BO3LYXa
W TEILIOTEL HAa Mciapenne 1 Kr Biaarm.



Pewenue. 1o puarpamme Id (puc. 7.6) onpeaensiem touky K Ha nepecedennm
JuHuu t, = 25°C u @ = 60%, a rakxe d, = 12 r/kr, i = 56 gLk /Kr.

1, kK 240
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60 o, c ‘

\
d = const
S (oo
)
i

20 30 40

Puc. 7.6. Jinarpamma Id x npumepy 7.5

[Iposoaum aunnio d, = 12 r/Kr 1 HAXOAMM Ha [IEPECEYCHUH €€ ¢ H30TEPMOI
t, =90°C Touky L, XapakTepH3VIOIIVIO COCTOSHHE BO3/IyXa [1OC/e BBIXO/a ero 13
kamoprdepa. M3 Toukn L mpoBomM JTHHHIO § = const JIo nepecedenns ¢ H3oTep-
Moii t, = 40°C, rjie Haxomm Touky M, XapakTepH3yIoNLy 0 COCTOSHIE BO3/LyXa Ha
BIXOJte H3 cyumiaku, Touke M coorsercrBywor d, = 32 r/xkr, iy, = 124 k][l /kr.

Takum oGpazoM, Ha 1 K cyXoro Bo3jiyXa H3MeHeHHe BJAKHOCTH COCTABJSICT

Ad=d, - d =32 - 12 = 20 (r/xr).
Jlns uenapenus 1 kr siaaru norpebyercs
1000 : 20 = 50 (kr)

CYXOTO BO3/IyXa.

Pacxopa rernorsr B kanopudepe Ha 1 Kr Bozayxa

Ai =i, — i, = 124 — 56 = 68 (x/[x/kr).
Pacxop TennoTsl Ha 1 KT Mcnapenyst Biaarn
g = 68-50 = 3400 (x/x/xr).
Omsem: d, = 32 r/xr; Ai = 68 k/lx/xr; g = 3400 /DK /K.



3ansTue 8. Tema «Kpyrosbie npouecco! (mukianl). uka Kapuo»

3aganue. Pemenue 3agaud.
8.1. Yemy pasen tepmuueckuii KILL npkna, ecan pabouee Teno cosepiiiaet
pabory L = 130 k/l:x 3a LHKI 1 OT Tesa OTBOAHTCS TEIoTa Q2| = 40 g /L.
Omeem: v, = 0,767.

8.2, OnpenennTe napaMeTpil pabouero Tela kB XapakTepHBIX ToUKax 1HKTa Kap-
HO, a TakKe paboty u repmudeckuii KITJI, ecoin MakcuMalibHble faBieHie p =
= 10 MTIla u remnepartypa ¢, = 700°C, a munumaneieie gasiaenve p_ = 0,1 MITa
n remneparypa t_. = 30°C. Paboyee Teso — Bo3jyx.

Omeem: p, = 10 MIla; 2, = 0,0279 M3 /KT, t,= 700°C; p, = 6 Mlla; v, =
= 0,0465 m*/kr; t, = 700°C; p, = 0,1 MIla; v, = 0,87 M /xr; £, = 30°C; p, = 6,7 Mllz;
v, = 0,521 M3/kr; t, = 30°C; [ = 98 k/Ix/kr; n* = 0,69.

8.3. llocrpoiire rpadguk 3apucumoctu repmideckoro KIJL nukna Kapuo or
TEMIEPATY P TEILIOOTAATYMKA [, KOTopad uamerseres B npegenax 200—-1200°C.
Temnepatypa TeiionpueMumka ¢, = 20°C.

8.4. IToctpoiite rpadmk 3apncumoctn tepmudeckoro KILJ nukaa Kapho ot
TEeMIEPaTypPhl TEIIONPHEMHWKA £, KOTopast HaMeHseTcs B npejaenax 20—8007C.
TeMnepartypa TeILIOOTAATYHKA HOCTOsIHHA 1 pasHa £, = 1200°C.

8.5. Pabouee Teso coBepraeTt 1k Kapho, mosy4ast TeIoTy oT TEMI00T/aT-
uHKa, TeMieparypa kotoporo £, = 630°C. Kak namennrca tepmuueckuii KILJ
LMKJIA, €CIH TeMIEPATYPa TeILIOOTAATUHKA M TeILIONPHEMHIKA IOHH3UTCH HA
200°C?

Omeem: yeesimunTes B 1,28 paza.

8.6. B mporecce El,ﬂ,HHﬁE!TH(Jl"C) cRATHA 00BeM EHCTOPOIa, COBERINAIOINIETro

unka Kapho, ymenbimaerca B8 5 pas. Onpeaenmre repmudecknid KITT nuxia.
Omeem: n' = 0,475.



8.7. Ilpn nzoTepMudeckoM pacmipenun BO3/IyXa, coBepiaionero nuka Kap-
HO, 0ObeM Bo3pacTaeT B 4 pasza, a B ajnabaTHoM 1potecce — euge 8 8 pas. Onpeje-
mre KI1J] mukna Kapao n paboty, ecamn teMnepatypa terooraarynka f, = 600°C.

Omeem: 0~ = 0,564; [ = 195 x/Jlx /K.

8.8. Oupenennre pabory u repmudeckuii KILT wnkina Kapuo, ecan remiepa-
Typa TelooTAaTyiKa pasHa ¢, = 400°C. Obvem pabouero Tesa, odiaLalonero
CBOICTBAMH BO3/IyXa, B KOHIlE H30TePMHYECKOT0 PACITUPENHsA H H30TepMHYeC-
KOro cskatus ojnHakos. KoawdecTso nojseaednoit temaornl g, = 376 k/lx/kr.

Omesem: X = 0,54; [ = 203 x/x/xr.

8.9. Onpenenure pabory u repmuueckuii KIL nukna Kapuo, ecan remnepa-
Typa TemaonpueMHiKka pasia t, = —13°C, a naBnenie Bo3ayxa B Havane ajama-
OaTHOrO paciMpenn 1 ajnadaTHOro cKaThs onuHakoso. KouecTso oTBeneH-
HOW TemoTs |q,| = 62,9 k/IxK/Kr.

Omeem: 0¥ = 0,215; 1 = 17,2 xJIx/xr.

8.10. Oupepennre tepmuueckuit KILJ u pabory nukna Kapuo, ecan npu
HO/IBOJIE TeI10Thl 00beM pabodero Tesa (a3or) Bo3pacrtaet B 4 pasa, a pabora, 3a-
TpaveHHast IPH H30TEPMIYECKOM CKaTHH, paBHa paboTe aamadaTHoro cRaTHs.
MunumanbHag remneparypa s uukie ¢ = 20°C.

Omesem: n* = 0,357; [ = 66,5 xJlx /K.

8.11. Tepmuueckuii KIT/T uuxia Kapuo n® = 0,6, yaeasnas pabora upkia co-
crasjsier [ = 176 &/lx/kr. [Ipn nsorepmuyeckom cxkarum padovero rea (Kuc-
J0poa) Aasienune BospactaetT B 6 pad. OnpemeanTte HAYATBHYIO H KOHCYHYIO
TEMIIEPATYPhI.

Omeem: t, = 358°C; t, = -31°C.

8.12. OupejiennTe NOJABEJIEHHYIO W OTBeJeHHYIO Temorty, pabory n KIT/]
nuita Kapro, ecan B nipouecce aguabarioro paciumpennst oobem pabouero te-
na (Bo3ayx) BospacTaeT B 7 pa3. Hanbonbmmii oowem muknaz, = 1,1 M*/kr, Ha-
nmMenbiee aasnenne p = 0,0785 MIIa.

Omsem: q, = 408 x/{x/Kr; q2| = 187 x/Ix/xr; [ = 221 x|k /kT; 1]:" = (),54.

8.13. Oupexenure, Ha CKOJBKO yBeanuntest pabora B nukiae Kapuo u KIT/
LHKJIA, €CJH B KOHIE aanadaTHOro cxkatud padodero reia (a3or) JaBieHue Bo3-
pactraer ¢ p, = 1,175 MIla no p; = 1,76 MIla. B npouecce naorepmuyeckoro pac-
mHpenss B 000uX caydaix odbeM Bozpactaet B 4 pasa. KommiecTBo oTBOIIMOI
TenioTs |q,| = 104,5 kIl /Kr. MunnMansisii oobem B ke o, = 0,12 M®/kr.

Omeem: Al = 33,3 x/lx/xr; Anf = 0,144,

min

8.14. Ha ckoanko sospacraer KIL uukna Kapho u cosepaemas B uunkie
pabora, ecan Handosbinnii 06beM paboyero Tesa (KHCJI0PO) YBEJIHYHBACTCS
co,. = 06w /xr oo, = 075w /kr. B nporecce H30TePMHYIECKOTO pacuinpe-
HIST TABJIeHHe yMeHbItaetcs B 5 pa3. Hanmennimee gagnenne mnkmap = 0,1 MIa.
Haunbonemee pasrenne p = 2,5Mlla.

Omsem: Al = 112 x]{x/xr; AnX = 0,06.



8.15. Padora, noayyaemas pu M30TEPMUYECKOM pacliupeHdn B ke Kap-
HO, YHCIeHHO paBHa paboTe agnadatioro paciupenns. OObeM B KOHIE H30Tep-
Mudeckoro ckatus v, = 0,22 M?/Kr, naBaenne B KoHie aanadaTHOTO paciiipe-
musg p, = 0,113 Mlla. B mporecce agmabaTHoro pacuipenusi jJaBierue
ymenbiaetcs B 12 pas. Onpenennrte Tepmudeckuii K11/ mnkna Kapro u cosep-
maemyio pabory. Pabouee Teio — 0KHCh YIJIEPOJIA.

Omsem: 0% = 0,51; [ = 116,5 x/lx/kr.

8.16. Onpegesante oTHOMIEHNE MAKCHMAJBHBIX H MUHUMAIBHBIX 00BCMOB
u pasaenuii B iukae Kapno n KIL nnkia, ecin B KoHile H30TePMHYECKOTO pac-
nnperns 00beM BO3pAcTaeT B 3 pa3 H locTHraer 3Havenns v, = 0,8 m?/kr. B koH-
11e H30TEPMHYECKOTO CKaTust 00beM cTaHoBHTCS paBHbiM v, = 0,4 M*/kr. Pabo-
yee Telo, 00IagaIee CBOHCTBAMH BO3/IYXA, OTIAAeT TEIUIONPHEMHHKY TEILI0TY
lg,| = 125,5 xJ{x/xr.

Omsem: v, /0. = 12,5, p ../ P = 18; mF = 0,31,

8.17. Onpenenure padbory u repmudeckuii KIT/1 obobmennoro unkna Kap-
HO, COCTOSILIIETD M3 JIBYX M30TCPM H JIBYX H300ap, eciiM H3BECTHO, YTO TeMIlepa-
Typa Terootaatdnka ¢, = 700°C, remneparypa Tenstonpuemnnka £, = 50°C, a ot-
HOTIEHHEe MaKCHMATBHOTO JIABICHHS K MHHUManbHOMY p__/p = 16. Pabouce
TEJI0 — A30T.

Omeem: [ = 534 x/lx/xr; nf = 0,668.

8.18. Yemy pasna pabora u repmuuecknii KIT/I mkna Kapro, ecoim nssectho,
YTO Toj(Be/leHHas TeryoTa coctapager ¢, = 168 k/lx/kr. llpu nsorepmmuyeckom

CHKATHH yjlebHast aHTponust pabouero Tesa uamenutes va As = 0,356 k/xk/(kr- K)
1PH OCTOSIHHOIT Temneparype ¢ = 9°C,
Omesem: | = 67 x/1x/xr; n* = 0,4.

8.19. Yemy pasna pabota Bozayxa Maccoil M = 1 Kr, COBEPIIAIOIIETO IIHK.I
Kapno, ecin Temneparypa tennootaatynka ¢, = 880°C, remmnepaTypa Temaionpm-
emuuka t,= 20°C, a yaeabHas aHTPONMSA B IPOLECCEe H3OTEPMUYECKOrO pacilu-
penus pospactaeT Ha As = 0,306 k/Ix/(kr- K).

Omeem: | = 263 ]Ik /kr.

8.20. Onpejennre padory u repmuueckuii K11/ obodmennoro nukna Kap-
HO, COCTOSILLETO U3 JIBYX M30X0P M JBYX H30TCPM, €CJAH 3HTPOIHS KHCI0POIA
IPH M30XOPHOM HOJBOjJE TelnoTel Bozpactaer Ha As, = 0,314 x/Lx/(xr-K),
a TPH M30TEPMUYECKOM TTofiBojie TertoTel — Ha As, = 0,428 x/[x/(kr- K). Tem-
nepatypa Tertonpuemnnka t, = —10°C.

Omesem: | = 69 x/Tx/kr; n* = 0,382,

8.21. Oupenenure pabory u repmudeckuii KIT/ nmkia, cocrosinero ua apyx
M30TePM M JIBYX H30XO0P, ec/Ii MaKCHMaJIbHas Temiepatypa iukaat, = 1400°C,
MunIManbias — ¢, = 30°C, a oTHOmMenne MaKCHMATLHOTO 00beMa K MHHH-
MajabHomy ¢, /o, = 6,5. Pabouee Teno — asor.

Omeaem: | = 760 x/lx/xr; n, = 0,819,



8.22. Onpenenure pabory u tepmuueckuii KITJ] nukna, cocrosimero nz asyx
M30TEPM U JIBYX MOJHTPON ¢ NoKazaTensMu n, = 1,3 (moanTtpona pacuimpenns)
un,= 1,7 (noaurpona cxarua), B uurepsane temneparyp or £ = 400°C 1o
t .= 20°C v napnennii ot p_ = 10 MIla no p_, = 0,12 MITa. Yemy Gyayr pas-
1ol Tepaideckuit KITJL w pabora immkna Kapho B ToM jke HHTepRAJTE TEMITEPATYP
1 papnaennii? Pabodee Teso — posnyx. Msobpazute lnKibl Ha uarpaMmax po
1 15, COBMECTHB COBIIALAIIIHE TOUKH.

Omeem: [ = 85,5 k/Ix/kr; , = 0,147; [, = 102 x/Ix/xr; n* = 0,58.

8.23. Kucaopoa maccoit M = 1 kr coepmaer unkn Kapuo mexny tero-
OTJATYNKOM ¢ TeMnepatypoii £, = 350°C u TennonpueMHnKoM ¢ TeMmnepatypoii
t,= —10°C. Haubousmee pasiaenue B uukiae p = 9,0 Mlla, nanmenpiee —
P = 0,08 Mlla. Onpepennre pabory n repmudecknii KIL mnkna. Onpenenn-
Te Takke pabory u tepmuuecknit KILJ] nukia B ToM ke MHTEpBaie TEMIIEPATyp
H JIaBJEHMIl, B KOTOPOM ajnadaTHoe pacliMpeHHe 3aMEHEeHO IOJMTPOIHBIM
c nokaszaresnem n, = 1,25 n axnadbaTHoe cKaTHE — MOJMTPOIHBIM € OKA3aTe/1eM
n, = 1,55. M3obpasuTe 1UKIL Ha AnarpaMMax pv u 15, COBMECTHB COBNAAI0-
ILHE TOYKH.

Omeem: [, = 94 x[Ix/xr; nf = 0,56; [ = 72 /x/xr; n, = 0,38.

8.24. Oupepesnnre padory u repmudeckuit KIIJT nukna Kapho, ecan npu
H30TEPMUYECKOM paciiupernn odbeM padouero teso (OKHCh VIviepo/ia) Bospac-
taer B 1,8 paza u npu agmadarnom pacumpennn — 8 9 pas. Hanmensimas remume-
patypa uukiaa £ = 15°C. Hemy Ovaer paBHa pabora uukia n TepMUYeCKHil
KII/1, eciin n3oTepMuIecKie mpoleccs 3aMeHnTh H300apHBEIMHI B TOM JKe HHTep-
pasie Temueparyp? Maobpaszure na quarpammax po i 15 oTaHYne [HKIOB, COBME-
CTHB COBIAAAIOIINE TOUKH.

Omeem: [, = 55 xllx/xr; nf = 0,582; I = 41 x/lx/xr; n, = 0,36.

8.25. Onpepeanre pabory u tepmuueckuii KITL nnkaa Kapio, cosepinaemo-
ro reaueM Maccoit M = 1 kr. O6beM paboyero Tena B KOHLE M30TePMUHYECKOro
paciIHpeHHA M CKaThA oiuHakoB. HaumMenbluad TeMiepatypa Uukiaa f . =
= 25°C, KOITMYECTBO OTBEACHHON TernoTsl |¢,| = 120 k/Ix/kr. OnpegennTe pa-
ooty u repmuyeckuii KIT/[ unkna npu paseHerse o0beMOB H B TOM e HHTEPBa-

Jle TEMITEPATYP, €CIH 41HA0ATEl 3aMEHUTD HOJIUTPOIIAMH PACHIHPEHNS ¢ T0KA3a-
teneMm 7, = 1,0 v ckarua ¢ nokasarenem n, = 1,8, Msobpasure umkiabl na
auarpamMax po u 15, COBMECTHE COBIIAJIAIONIHE TOYKM.

Omeem: [,, = 67 x]Ix/kr; nX = 0,48; [ = 36 x/Ix/xr; n, = 0,37.

Yka3aHue K BbINOJTHEHUIO 32/1aHUIO.

JIns peuieHus 3aj1ad HY>KHO BOCIIOJIB30BATHCS JIEKIIMOHHBIM MAaT€pUAIIOM U
MaTrepuaioM, NPUBEICHHbBIM B UCTOYHHKE «TerorexHuka. [IpakTukym» mnon
penaknueii B. JI. Epodeesa, A. C. [Ipsxuna, c. 104 — 105. [{nsg momomu cTyAeHTY
HIKE NPUBOJATCS PUMEPHI PEIICHUS 3a]1a4.



[pumep 8.1. Oupenennre napamerpsl pabouero Tea B XapakTePHbIX TOUKaX
1ka Kapuo (puc. 8.1), paboty u tepmudeckuii KIL, eciu 1K1 copepiiaeTcs
B WHTepBase Temmepatyp ot ¢, = 700°C no ¢, = 50°C; MakcHMasbioe TaBienie
ikna p, = 7,0 MITa u munusmansioe — p = 0,06 MI1a. Pabouee 110 — BO3IYX.

Pa T4

il

oy

Puc. 8.1. Jlnarpamysl po u Ts kK npumepy 8.1

Pewenue. Touxu 1, 2, 3 u 4 ua puc. 8.1 — 310 XapaKkTepHble TOUKH MK/, T.C.
TOUYKH [EPECEUCHU KPUBLIX CONPSKEHHBLIX [IPOLECCOB.

M3 nocTpoenns 1HKIa Ha AHarpaMMax po U 1§ crienyer, 4To 3a/laHHBIMH 51B-
JIAIOTCA CACAYIOUHE [IAPAMETPLL AaBJCHHA P, = p W P, = P_. . 4 TAKKE TeMIIe-
patypul I, =T, n T, =T,

[Mockoasky i Kapao orpannyen aBymsa usotepMamu, 0003HAYHM TeMITe-
paTypy M30TCPMBI, 110 KOTOPOI NMOABOJANTCS TeloTa, yepes T, a TeMnepatypy
H30TEPMBI, 110 KOTOPOH TeIioTa orsoauTes, — yepes T,, BHe 3aBUCHMOCTH OT HH-
JIEKCOB, 0003HAYAIONTHX TOUKH.

OnpegenuM ocTalibHbIC TAPAMETPhI HK/IA B XaPaKTePHBIX TOYKAX.

Touka 1. /lapnenne p, = 7 MIla, remnepartypa ¢, = 700°C.

ITo ypaBHEHHMIO COCTOAHMA HIEAJBHOTO Ta3a HAXO0MM YIeJAbHbII 00beM:

RT, 287.973

v, = = — =0,0398 (m*/kr).
P, 7-10°
Touka 2. Temneparypa £, = 700°C, Tak kaxk To4Ka 2 JeKNT Ha TOI e H30Tep-
Me, UTO W TeMTepaTypa t,.
M3 cooTHONEnNs mapaMeTpoB B agHabaTHOM mpoliecce 2—3 MoayyaeM JiaB-

JICHHE!

b

ol : 1.4

T -1 973 14-1
==L =0,06 =2 82 (MIla).
P ™ Py TJ 1(323] (Mlla)

2
Vaenbubtii 00beM HAXOAHM M3 COOTHOLICHHA [IAPAMETPOB B H30TepMUYeC-
KoM miportecce 1—2:
p1 7 % 106 e s
v, = ,— = 0,0398- ———— = 0,099 (m°/kr).

Dy 2,82-10°
Touka 3. /lapnenne p, = 0,06 Mlla, temneparypa t, = 50°C.
M3 ypaBHeHHs COCTOSHUS HAXOJAUM V/eJIbHbBIIT 00beM:

B RT, B 287-323
Yopn o 0,06-108

U

= 1,54 (M3 /kr).



Touka 4. 1o yeaosuio ¢, = £, T.c. MUHMMA/IbHAA TEMIIEPATYpa B paccMaTpH-
BacmoMm 1kae Kapno £, = 50°C.
13 cooTHONIEHHS MapaMeTpoB B ainadaTHOM npoiecce 4— 7 onpeienm 3Ha-
yeHHe JaBIeHHs:
&

, . 14
T, 1 323\ 141
T ks =7 ={),149 (MTIla).
Py Pl(T‘] [973] ( a)

Vaensustit 06beM HAXOAUM M3 COOTHOIICHUS IAPAMETPOB B M30TCPMHYCC-
KOM nipotecce 3—4:

P 4 0,06-10"

U= r_.'jﬁ—4 =1,54- —0,149- e 0,618 (ar’/xr).
IlapameTps! B XapakTepHBIX TOYKaxX 1uKaa KapHo npeacrasnens: B Tabmn. 8.1.
Tatnuua 8.1
[lapamerpsl B XapakrepHbix Toykax nukiaa Kapno
fﬁfﬁ::;?:‘:; p, Mlla o, M* /KT il
1 7,0 0,0398 700
2 2.82 0,099 700
3 0.06 1,54 50
4 0,149 0,618 50

OIIpL‘JLL‘JIHEM KOJTHHCCTBO I[[}_JLBL‘,;‘LL‘HHUI‘& TCILTOThRIL

v, .
g, = RT, ln;;— =0,287-9731n 0.0398 = 254 (k]Ix/Kr).
Haxo/ MM KoJM4ecTBO OTBEICHHON TEIIOTh:
/) ;
|g,| = 4’{1!"21r1—"1 =0,287-323In = 84 (k[ /Kr).

vy 0.618
PaboTa nukia

L=gq,—|q) =254 — 84 = 170 (x/Ix/Kr).

Tepmuuecknit KITJI nukaa

Pty 8 sem
i 7, 9554
HJ1LH



Omeem: napaMeTpbl B XapakTepHbIX TouKax 1ukia Kapuo em. 8 tabn. 8.1; [ =

=170 x/Lxk/xr; n X = 0,668.

Tpumep 8.2. Onpenenure Tepmuyecknii KITJI nukna Kapro, B KoTopoM mpH
ajnadaTHOM paclIMpeHny jasieHne uamenserca B 10 pas. Pabouee Teno — resmi,

Pewenue. [\na onpenenennsa repmudeckoro KILJ mmukna Kapro agocratouno
3HATH OTHOLWEHHE A0COMIOTHBIX TEMIIEPATYP TEILIOOTAATYHKA H TEILIOIPHEMHH-
Ka, KOTOPOE MOKHO HAIITH U3 COOTHOMIEHHS MEHKLY MapaMeTpaMi B ajiHadaTHoM
npouecce:

&
5— & ﬂ'-i_ 1

T‘ P2 101'?:;;1

w ) I,

Taknm obpaszom,

T,
nF=1- ? =1-0,397 = 0,603.
1

Omeen: n} = 0,603.

Ipumep 8.3. Oupenenure padbory u repmudeckuii KILJ{ obobuennoro nmk-
na Kapwo, cocrosiiiiero W3 ABYX W30TepM M JIBYX M300ap, €cJH H3BECTHO, YTO
vieJabHas aHTPOIMs padoyero Teja yMeHbIIAeTcs 1PU M300apHOM CHKATHH Ha
As = 0,5 k/Ix/(xr- K), a mpn mzotepmuyeckoM cikatii — Ha As = 0,9 k/Ix/(kr- K).
Temneparypa TemooTaaTynka pasta t, = 260°C. Paouee Tesio — azor.

Pewenue. Vizobpaznm 1k na quarpammax po u T (puc. 8.2).

Tak kak n3obapet 4— 1 1 2—3 ABAAI0OTCSA SKBUANCTAHTHBIMI KPUBBIMH, TO 34-
IWITPUXOBaHHble Ha Auarpamme 15 mnomaaku 4—1—4" u 3—2—3' paBusl, a cieno-
BaTeAbHO, Iomais 1—2—3—4 pasna mwiomamn 1—2—3'—4', t.e. paboty nuKIa
MOKEM OLPELEIHTD U3 BhIPaKeHUA

i= qy — |(f2| = (T1 = Tz)(sz B Sl)'
] ’ T A

oy

o 3
Puc. 8.2, Anarpammst pr u Ts k npumepy 8.3
BeaeicTere sKBHIHCTAHTHOCTH H300ap

S, =83 =8, =8,



T.€.

[MO3aToMy
I= (T, - T)As, ,.
Temueparypy T, onpeienum ua ypasaenust uzodapsl ta guarpamme Ts:

T, |As,,| 0,5

Erh L e i
In A 29.0 0,482
m 28
T
— = 1,62.
Torna
T 933
s A LICY,

162 162
Y nenwuas paboTta 1uKIA
I=(T, — T)As, ,= (533 - 330)-0,9 = 184 (x/I:x/Kr).
Tepmuueckuii K11/ obobmennoro nukiaa Kapuo
ity 90 s
nr :l'l] 533 R *

Omsem: [ = 184 x/lx/xr; n, = 0,38.

IIpumep 8.4. Onpenemnte repmudeckuii KILL ukna, cocrosmero u3 n3oxo-
pbl 1—2, anuabarel pacinpenus 2—3 u uzorepmsl cxatua 3—7 (puc. 8.3). Cre-
leHb cKaTHaA € = v,/v, = 5. Pabouee Teso — sosayx. Onpegennre TepMudeckuii
KIL/ nukna Kapno, KoTopblil coBepiiaerest B TOM e HHTCPBAIE TeMIeparyp.
M3zobpaznre uukIibl HA Juarpammax po v 15,



Pewenue. 11o nzoxope 1—2 noiBoguTCsa TEMIOTA

P T4 3

ril

Puc. 83. Inarpammel po 1 Ts k npumepy 8.4

5

o U30TEpMe 3 —1 or BOAHTCA TCILTOTA

d g
g, = m;]nf = RT, lnf.

1 (1

Tepmuueckuii KITJ nukaa

RT,In " Rln "
n =1_|q'3|=1_ I"'1 N ty ;
g ¢,(T,-T)) [ L ]
c,|=-1
L

Ornomenne TEMIICPATY P MOMHO OHPEeJIe/IHTE H3 COOTHOIEH A MEX IV Iapa-
MeTpaMi B H,TII-‘IEIGHTHOM nmporecce.
T o0
_‘=(_~‘ -5ld-1m 19
T, \uo,

Taxnum obpazom, repmuuecknii K11/ mikna

iy 0,287-In5
= ——IH m ] — # =()“
n,=1 7 50.8 0,283.
ue, _2_1} S (19=1D
w7 J '
Tepmuuecknit KI11J1 nukna Kapuo
T 1
n; =1—T—f=1—1—§=0,474
1 L]

Omeem: 1, = 0,283; n* = 0,474.



Mpumep 8.5, Lk coctonTt w3 aanadarul cxaTd 1—2, MOJHTPOTIBL paciim-
perust 2—3 u uzoxopet 3—7 (puc. 8.4). Oupenenure repmudeckuiit KIT u pabo-
TY IMKJA, ec/in TeMiepatypa s Hauate ckatus £, = 0°C, temneparypa B KoHie
pacuupenus £, = 400°C, crenens cixarust € = 5,3. Pabouee teno — sozayx. Mao-
OpasuTe MK HA AMarpaMMax po u 15,

Pewenue. B qnarpaMme pv cOeJJMHNUTD TOYKH 2 U 3 MOXKHO 1oJHTponamMH |
u IT rpynun. B auarpamme 75 aTu Ke TOYKHM COeAMHAIOTCA NOJUTponaMH |
w 111 rpynm. CremoBaTeasHo, MOKHO TPHMEHHTE TOJUTPONY TOJMBKO [ rpymims,
YTO B JaJIbHEHIIEM MOKHO IIPOBEPUTD 110 HAMIAEHHOMY [10Ka3aTeI0 [10IHTPOIIDL.

r 3 T4 3

7

Puc. 8.4. Jinarpammsl po u Ts k npumepy 8.5

oy

'l'emuepa'rypy B TOYKe 2 olpele/JiM H3 COOTHOIEHHA 1apaMeTpos B a/la-
OaTHOM Hnponecee:

k-1
T,= TI[ETE] = T,e*' =273.55"" = 540 (K).



IlokazaTenn HOJTHTPOIBL Hiiﬁ,‘]EM H3 COOTHOHIEHHA ITapaMeTpoBs B [IPOIeCc-

ce2—3:
T_) B Z'13 0 ]_ .
T, ,z’z] e
OTKV/Ia
ln? lnﬁfiu
n=1+—2=14+—913 g7,
Ing In5,5

T.e. KaK M NPe/oarajiu, NoJay4YHIn MoJauTpony [ rpyinsl.
IMockoabKy TensoTa B LMK MOABOJAUTCH B HOJHUTPOIIHOM lipouecce 2—3,
olpejeuM ee 110 hopmyJie

n-k
208 0,87 14
“" 99 T087-1

OTeesiennas TenoTa (M30XOPHBIH Hpolecc)

(673 — 540) = 389 (k/[:x/kr).

20,8
14,1 = (T, ~ T) = S5 (673 — 273) = 286 (xlLx/xr).

Pabora mukia

I=q, - |q,) = 389 — 286 = 103 (k/l:/kr).

Tepmuueckuii KITJ mukna

I’ 286
el

q, 389
Omeaem: n, = 0,265; [ = 103 x/Ix /K.

n,= = 0,265.

3ansarue 9. Tema «BTopoe Ha4Ya/I0 TEPMOAUHAMMKH VI HEOOPAaTHMBbIX
npoueccoB. 3aKOH BO3PACTAHUS FHTPOIUM»

3ananue. Pemnenue 3aaav.

9.1. AauabaTHO M30JHPOBAHHAA CHCTEMA COCTOMT M3 JBYX TeJ, HMEIOIIHX
pastbie TemiepaTypbl. OT nepsoro tena temneparypoii T, = 1500 K nepenaercsa
reriora @ = 600 k/Ix reny remneparypoii T, Onpegesnnte npupailenye SHTPoO-
IHH CHCTEMBI BCJIEACTBHE TEPMHYECKOH HeobpaTumocTH, ecan T, = 1200; 900;
600 1 300 K.

Omeem: AS. = 0,1; 0,27; 0,6 n 1,6 k/Lx/(xr- K). [Ipupamenye anrponun cuc-
TeMBI TeM DOJTLINe, YeM OOJBINe PasHoCTh TEMIIEPATYD, & CJIeIOBATENBHO, H CTe-
nerh HeohpaTHMOCTH TIPOTIECCa.



9.2. B peredeparuBHOM BO3AVXONOAOrpeBaTeie ra3orypOMHHON YCTaHOBKH
TeiioTa B Kostmdectse Q = 220 k/IK/Kr nepegaercs oT ra3os, 0TpadOTaBLIIMX
B ra3oBoil TypOuHe, K Boaayxy. Cpeauss remneparypa rasos I, = 440 K, Bos-
ayxa T, = 360 K. Onpesenire npupaiienue SHTPOINMN CUCTEMbL BCIEACTBUE
HeoOPATUMOCTH TeII000MeHa IIPH KOHEYHOI Pa3HOCTH TeMIIePaTyp.

Omeem: As = 0,167 k/Lx/(kr- K).

9.3. Oupepennre U3MEHCHHE SHTPOIINN CHCTEMBI, COCTOSILEH M3 IBYX O/HO-
POAHBIX TEJI, B IpoLecce BelpaBHUBaHuA X TeMueparyp. Ilepsoe reno maccoit
M, = 5 kr umeer temneparypy £, = 20°C, sropoe reso maccoit M, = 2 kr umeer
Temnepatypy £, = 1000°C. Maccosas rennoemxocts obonx ten ¢ = 0,1 k/Iax/(kr- K).

Omeem: As = 0,114 x/[x/(xr- K).

9.4. B mimnpe IH3e18 TOTIHBO CTOPACT TIPH OYEHh BRICOKOH TeMIepaType
(t, = 1800°C wu BBIIE), MO3TOMY CTEHKH IHJIHHIPA OXJakKIAI0TCA ¢ BHEIIHEH
cToponbl BOj0il. Temneparypa ropadeii Bojlbl Ha BBIXOJIC M3 JBUTATENs £, =
=80°C, a npu sxoae — £ = 70°C. Tlocaeanas noaydaerca nyrem nojMeniMsa-
HHH K ropsadeil Boje Bojibl, OXJakeHHoi 10 Temuepatypsl £, = 40°C. Onpese-
auTe TpedyIoLHecs COOTHOMIEHHS MeXK/LY KOJIHHecTBOM ropsyeil M| 1 oxJak-
JeHHoH M, BOAB JUI8 NOJYYeHHA 3aJJaHHOH TeMIepaTypbl cMmecH ¢
1 Bo3pacTatue aHTponun AS, 0T HeoOPaTHMOCTH CMellleH s IIPH KOHeYHOIT pas-
HOCTH TEMIIEPATyp B pacyeTe Ha 1 KT X0/10/1HOH Bo/ibl. TelioeMKOCTh BOJBI IIPH-
HATE ¢ = 4,19 k/Ix/(kr- K).

Omeem: M__ /M, =3 xr/xr;AS, = 1872 x/lx/K.

9.5. /lBa Ganona coeiMHEHBI MEKAY co00ii TpyOKoil ¢ KpaHoM, npeBapu-
TEJIBHO 3aKPLITRIM. B IepBoOM 61‘1JL?10H(:‘, EMKOCTE KOTOPOTO B 2 Pasa ﬁﬂ.ﬂ.hllle BTO-
POro, HaXOJHUTCHA BOSJIVX IIPH HCRKOTOROM ITPOH3BOJIBEHOM JIABJITCHHH. Mz BTOPOID
Oanmona BOIYX yaaTeH 0 moanoro sakyyMa. [ocie oTKpRTHA Kpana BO3IYX
HEepPEeTEKAET BO BTOPOIil HaJLI0H 10 110JIHOTO BhlpaBHUBaHUA daBienuii. Onpene-
JIHTE TPHpANien e SUTPOIHH 1 KT Bo3IyXa 0T HeoOpaTHMOCTH TTPOIecca paciii-
penus Hes npoussoictsa padoTel. TerooOMeHOM ¢ OKpysKawLieil cpeaoii npe-
Hedpeb.

Omgem: AS = 0,1165 x/Ix/(xr: K).

9.6. Yraexucnrii raz Maccoit My, = 22 kr v Boznyx maccoit M, = 48 kr, Ha-
XO[MBLIHECA NPEABAPHTEILHO B OJIHHAKOBOM TEPMOJHHAMHYECKOM COCTOAHUH,
CMCIIHNBAIOTCH HPH HHOCTOAHHOM JaBJACHMH. Olll}C,-'_LC.fll-l'l'C HpUpalicHHe SHTPO-
ITHH OT HCU(J]JEI'I'I‘IMUC'I’L‘I nponecca CMCHICHHS, CYHTAA 063 rasa ujcalbHbIMH.

Omegem: As = 9,71 x/Ix/(xr-K).

9.7. Bopa maccoit M, = 12 xr remneparypoii £, = 90°C cmemusaercd ¢ Bogoii
Mmaccoit M, = 8 kr temneparypoii £, = 10°C. OnpenenuTe npupaiieHie SHTPOIHH
cHeTeMbl AS,, npuHuMas TeroeMkocTs Bofbl ¢ = 4,19 k/Ix/(kr K). Haiiaure
MPHPAILeHNs SHTPONHH AS, 1 AS”, nosryyaoumecs npu nepeade COOTBeTCTBEH-
HO llL‘I]HUﬁ H BTUpﬂﬁ IMOVIOBHH TCILTOTERIL. (]G'b}IEHHTL‘. [movyeMy 1oc/JaciHHe 1B Be-
JUHHHBI HEe OKA3ATHCE PABHBIMHE TIPH YVCITOBWH, 9TO KOJIHYECTBO ]'IE]'JE‘,-‘IF_IBHEMUﬁ
TEILIOTh] OJIHO H TO JKe,

Omsem: S. = 0,604 xJ1x/K; AS! = 0,458 x/lx/K; AS!" = 0,146 w/Ix/K.



9.8. B kore/ibHOM BO3/1yXo10/0rpeBaTeie K BO3/AYXY [10ABOUTCS TeIU10Ta OT [a-
3000pa3HbIX NPOAYKTOB CrOPAHUs TOILHBA. TeMiepaTypa BO3/1yXa U3MEHSICTCS OT
b1 = 29°C ot = 125°C mpu cpesreit TenoeMKocTH ¢, = 1,_0()9 k/x/(kr- K).
Temneparypa razos uamenserca ot £, = 400°C no ¢, = 305°C. Onpeaenure
CPEIITHE TeMTEePATVPRl TTOJIROAA W OTBOMA TETIOTR M TIPHPANICHHA SHTPOTTHN
BCJIEJICTBUE HeoOPaTHMOCTH Tpolecca As, JUIsl CHCTEMbL «BO3AVX — IPO/LYKTHI
cropatmsi» B pacuere na 1 kr soaayxa. [lorepsamu B okpyxaouyio cpeiy npeue-
Opeub. llpug_‘slTh Qs ~ G- N

Omsem: T, = 347 K; T. = 623 K; As_ = 0,1291 x/lx/(xr- K).

LLEN |

9.9. Onpenenute axcepruio TenaoTel Q = 1000 k/[:x npy pasanunbix Temme-
parypHbix norennuanax: 2000, 1000 1 500 K. Temneparypa okpy:Kaioieii cpeibl
T, =293 K. IlpeacrasbTe 1714 BeeX CIyYaes SKCepPruio TEMAOTH Ha AnarpaMme 75
B caeavioieM macmrtabe: Temnepatypa — 1 mm = 40 K; antponusi — 1 Mmm =
= 0,05 x/Ix/K.

Omeem: Ex = 833,53 k/Ix; Ex = 707 x/Ix; Ex = 414 xJx.

9.10. Onpenenute dKCEPruio TEILIOTLI, BhLAEIAIOLIEHCA 1IPH IOJHOM cropa-
HUH TOTIIHBA Maccoil M = 1 Kr, npu caeVIonIHX VCIOBHAX: TeII0Ta Cropanus
Q = 32000 x/l:x/kr, cropanue nporcxoaut npu remneparype ¢, = 1100°C B at-
mocepnsix yenosusix py, = 0,1 MIla u {) = 27°C. [loanywo TernoeMkocTs npo-
JIVKTOB CTOpanus | Kr TOMJIMBA NPUHSATH NTOCTOSTHHOI.

Omesem: Ex = 18 380 k/x nan 57,4% Tennorsl cropanng tomsmea, Ocraib-
neie 42,6% npecTaBagioT HeMpeBpaTHMYIO TETTOTY, TepeaBacMyTo OKpY Kalo-
nieii cpejie.

9.11. Tennora Q, = 600 k/[x nepegaercest 0T HCTOYHHKA TEILIOTHI TEMITEpaTy -
poii T, = 900 K k teay remneparypoii T, = 600 K. Temnepartypa oxpy:xaiomei
cpeant T, = 300 K. Onpejeanrte notepio aKCePrud U NpecTaBbTe BEJIHYHHY 110-
Teph rpathideckn na aHarpamme 75,

Omeem: AEx = 100 k/Lx.

9.12. B ABYXKOHTYPHOM KOTJIE C PA3HBIMH JIABJICHUAMM 1TAP KOHACHCHPYETCH
PH MOCTOARHONH TeMmnepatype ¢, = 310°C, a Bojja BTOpOro KOHTYpa HCTIapsAeTcs
pu remunepartype t, = 200°C. Kosmuecrso nepegantoii ternotel = 1000 k/Lx.
OnpenesnuTe MOTEPIO AKCEPTHH TETIIOTHI, €CJH TeMIIepaTypa OKpy:Kaloniei cpe-
abl £, = 10°C. [loTepsiMu TEIIOTHL B OKPYKAIOLLY 0 Cpesy npeHedpeub.

Omeem: Aex = 113,2 kJIx /Kkr.

9.13. Onpenenure MOTEPH SKCEPTHN TEIIOTEI B TAPOBOM KOTJIC TIPH CJIE/LYI0-
IMX JAHHBIX: CpejiHast TeMueparypa rasos s kotrie £, = 800°C; cpeanns remne-
paTypa BO/bl M Iapa, OJYYAIINX TCILUIOTY OT IPOAYKTOB cropanust, £, = 250°C.
Temmeparypa okpyxatomeit cpeant £, = 17°C. KomiuecTBo TEMIOTHI, TOABO/IH-
Moii K 1 Kr Harpesaemoii cpejibl, ¢ = 2800 k/Lx/Kr.

Omaeem: Aex = 796 wJLx/Kr.

9.14. Onpenenure NOTEPH IKCEPTHH TETJIOTHI TP KOH/IEHCAIIHH 1apa, OTpa-
Oorasiiero B cyaoBoil Typoune. Temneparypa napa 1npu KoHjeHcaumu £ =
=42°C, cpemnsa TeMmepatypa oxaaikjaatonieii soaer £, = 20°C. Temneparypa
OKpyskaloleii cpennl (3adopTHoii Boawl) £,= 12°C. KoauyecTBo 0TBOAHMOI Tell-
aorbl g = 2400 g/ /kr.

Omeem: Aex = 160 &/ /Kr.



9.15. B ronke naposoro kota temora () = 1000 k/[x nepenaercs ot razon
remueparypoit T = 1500 K & Boge remueparypoit T, = 500 K. Temuneparypa ox-
pyaxkatouteit epejst T, = 290 K. Onpegenure akcepruio TeIioTsl /10 epexoja ee
K BOJIE, 1IOCJIE IEPEX0/Ia K BOJE U IOTEPK) IKCEPrHuH BCIEACTBHE He0OPaTHMOCTH
TennooOMeHa TpH KOHEYHOIH Pa3HocTH TEMIIEPaTyp.

Omeem: Ex_= 806,7 x/Ix; Ex, = 420 x/Ix; AEx = 386,7 x/Ix.

9.16. Yriexkucablii ras HaxoauTes B noroke npu gasaesun p, = 1,0 MIla npu
temneparype T, = 600 K. Onpeaennre ero skceprmio (na 1 kr), ecan jasnenmne
okpyxatoueii cpeant p, = 0,1 MIla u temneparypa T, = 293 K. Ilpeacrasste aK-
cepruio rpaiyecky na guarpamme T3,

Omeem: ex = 212 xJI:x /Kr.

9.17. Bosayx ¢ napamerpaMu oxpyxatoweii cpeast p, = 0,1 MIla u ¢, = 2°C
TOCTYTIAET B KOMIPECCop, T/Ie CKUMaeTces 10 abeomoTtaoro aasnenns p_. = 1 MIIa.
ITpu aTom ero Temnepatypa okassiBaetcs paproii £, = 200°C. Onpeaesanre npu-
palleHie IKCEPIUH MOTOKA BO3/AYXa B KOHLE CKATHA M B CJIy4ae €ro OXJax/e-
HIA TTPH MOCTOSHHOM JIaBJIeHHH /10 HadaabHoil Temnepatypol. [peactagnre ok-
cepruio exemarnyeckn Ha guarpamme 5. Ternoemkocers ¢, = 1,01 &1k /(kr- K)
CUMTATH MOCTOSHHOI.

Omeem: NOCKOJILKY COCTOSHHE HEPe]] CKATHEM OTBEYAET COCTOSHHIO OKPY-
AKAIOLICH CPejibl, TPHPAILEHNE IKCEPIiH PABHO SKCEPIHH BO3/VXa B KOHIE CKa-
HA: ex = ex = 234 k/Ix/xrnpu ¢ = 200°C; Aex = ex = 194 x/Ix/xr npn ¢, = 20°C.

9.18. Bosiyx, nocrynaionpii us okpyskatonieit cpe/ist npu fasnenun p, = 0,1 Mlla
u remueparype f,= 20°C, aguadarHo cikumaeTcst B KoMmipeccope 1o abco 10 THO-
ro gasnenusa p. .. = 0,6 Mlla. Onpegennte npupaiierne sSKCepPriy MOTOKa BO3AY-
Xa B mporecce cxkatua. HaiiauTme morepio akceprum B npoiecce OXJaJIeHns
CIKATOrO BO3/LYXa JIO TeMIIepaTypbl OKpyIKawei cpejbl. Kakoso cooTHomeHne
MEKIY 3aTpadeHHoH paboToil 1 BeJNYHHOI SKCePriH CKATOTO HEOXTAK/IeHHO-
ro sosayxa? TemnoeMkocTb c, =1,01 k/Lx/(kr- K) cuprrars nocrosHuoii.

Omsem: ex = 196 k/x/kr; nociae oxnaxaenusa ex = 151 g/lxk/kr; Aex =
= 45 K/ /Kr.

9.19. OrpaboTapiiye raspl H3ETA TePe] BHIMYCKOM HX W3 IIJTHHIPa HMEIOT
Temmepatypy ¢, = 460°C npu masaenun p, = 0,4 MITa, OnpepennTte ux sKcepruio
[iepe/l Ha4aa0M BBIIYCKA W [10TEPI0 3KCEPrUH B [PoIlecce BBIIIYCKA BCIACACTBHE
pacumpenus Oe3 NPoM3BO/ICTBA paboTEL (IPOCCETNPOBAHNE) /10 IABJICHUS OKPY-
satoueit cpest py = 0,1 MITa. Temneparypy oxpy:saionieit cpejibl IpHHSITL Pas-
Hoii £, = 20°C, ¢, = 1,02 k/lx/(kr- K). Ilpeacrasbre npouece Ha anarpamme 15
U HOKQKMTE Ha HEH 9KCEPIHIO ePe/l HayaloM BBIIIYCKA, [10C/Ie BLIIIYCKA H 110Te-
PIO 9KCEPTHH.

Omeem: ex = 291 k/lx/kr; Aex = 116 w/x/Kr.



9.20. B pereHepaTHBHOM BO3/YXOIIOJIOIPEBATEE rAa30TYPOHMHHON YCTAHOBKH
BO3/IyX Harpesaercs ot Temneparypsl £, = 140°C g0 remneparypwr ¢, = 270°C.
OtpaboTaBiiiie rasbl, HepeAaloniue TEIIOTY BO3YXY, OXIaMKAAI0TCS OT TeMIepa-
Typbl £, = 340°C no remneparypsi ¢, = 210°C. I'az obnanaer cpoiictsamu Bosy-

Xa M UMeeT OJHHAKOBLIH ¢ HHM MaCCOBDII pacxo/l. DllpEHEJIHTE NOTEPH aKCED-
rin Ha 1 krrasa v sxceprernyeckuii KILT. TennoeMkocTs cHUTATh MOCTOSHHOM.
TernnoBEIMH H MHJIPABJIHYECKHME HOTEPAMH IIPeHeOpeys.

Omegem: Aex = 10,3 /I /kr; n,, = 0,83.

Yka3aHue K BbINOJHEHHUIO 32 JaHUIO.

JIns peuieHus 3aj1ad HY>KHO BOCIIOJIB30BATHCS JIEKIIMOHHBIM MAaTepUAIIOM U
MarepuaioM, MNPUBEACHHbBIM B UCTOYHMKE «TerurorexHuka. IIpakTukym» mnon
penakuueii B. JI. Epodeesa, A. C. [Ipsxuna, c. 116 — 118. /{1 momomu cTyaeHTy
HIKE NPUBOJIATCS IIPUMEPHI PELICHUS 3a/1a4.

Ipumep 9.1. Heobpatumstii nuka Kapoo (puc. 9.2) cosepuiaercst B npeje-
aax remuneparyp ¢, = 477°C u t, = 27°C. Temwoodmen mexuy pabounm tesom
W HCTOYHHKAMH TETJIOTHI COBEPHIACTCA NMPH KOHEYHOI PasHoOCTH TeMIepaTyp =
= 80°C. Mamenenune coctosanns padoyero Teja NpoOMCXOAHT BHYTpelHe oOpaTH-
mo. B mukare mogasoautes temsora Q, = 600 x/x. Onpegenwre: 1) anavenne wi-

dQ
Terpana Knayauyca CJDT 2) npupaiieHne sSHTPOIMUH CHCTEMBI,

Pewenue
1. JIna nukaa Kapro uarerpan Knaysuyca
5922, 2
r 1 T
o)
F i Q
T
T, =750 T, = 680
/ 2
T, =380
4 I
T, =300
T‘f
A, AS, S K ).1;{{{;17;
AS.

Puc. 9.2, Inarpamma Ts k npumepy 9.1

3naxn Q, u Q, onpe/iesdAoTes 3/1ech o oTHOMennio K paboyemy teny, T, n T,
CYLIECTBEHHO HOJOMUTENbHDL, OITOMY

Q/T >0
LA,

Cravana naxoaum Henspectnyio sennuuny Q, yepes KIL nukna. Las rep-
MUYECKH HeoOPaTHMOTr0 HMKJIA, IPH TOM 4T0 pabouee TS0 U3MEHSeT CBOe CO-
crosiiie BHyTpedHe oOpatumo, KILL unkia n, Beipaxaercs yepes remueparypbl
pabouero Tesa Ty w T, npn nojBojie 1 OTBOJLE TEILIOTHL.



[To yeaosnio sagaun (puc. 9.2)
T!=T,—T=750—-80 =670 (K);
T = 1, +T=300+ 80 =380 (K)-

CrenoratebHo,

-1 H 1 300—{)433
e T gin ~r

KosimuecTBo 0TBeACHHOI TenoTsl (110 abCoII0THOI BEJIHYHHE)
1Q,] = Q,(1 —1,)=600-(1 — 0,433) = 340 (x/Tx).
3uauur,
Q, = —-340 (x/Lx).
Torpa unterpan Knayauyca
_({Q_ B fﬂ) N 340

S = 0,333 (I /K).
§T 740 300 KRl

2. OuTponud ecTh GVHKINA COCTOAHNSA, TOATOMY ee TIpHpaiierne 1is pabo-
YeTo Tesla, COBEPIIAIONIETo KPYToBoil mpoltece, pagio uymmo. [lpupanienie anT-
p()lll-ll'l TCILTOOTAaTYM KA, OT K('J'l'(')p()l'() TeIL10Ta OTBOJAMTCH (Ql = U')',.

as =2 090 g0 K
T " 750~ 0800 (KIK/K).
K remnonpueMnuky remnora noasoaures (Q, = 0), noaromy
s Q. 20 1,133 (x/Ix/K
AS, = T, =300 b (x1x/K).

[Ipupalenne sHTPOIMN CHCTEMbI
AS_ = AS, — AS, = —0,800 + 1,133 = 0,333 (xIx/K).
Takum 06pa3oM ycTaHOBJIEHO, YTO BCJIEACTBHE HEOOPaTHMOCTH IIpOLlecca,
KaK 1 Ipeio/araioch,

dQ
el h
d7 <o
AS. = 0.

Omeem: qS%Q = -0,333k/lx/K; AS. = 0,333 x/lx/K.



Ipumep 9.2, AnpadaTHo H30JMPOBAHHASA CHCTEMA COCTOMT M3 JIBYX TeJl OJIHA-
koBoii Mmaccel M = 10 Kr, Ho pa3Hoii TemiepaTypbl. OT LEPBOro Tesa TeMilepary-
poii T = 1000 K nepenaercs renora Q = 920 k/Lx sropomy Tesy Temieparypoii
T} =500 K. ¥ 1e/ibHble TEIIOeMKOCTH 0JIMHAKOBLL U pasHbl ¢ = 0,46 k/x/(kr- K).
Oupenenire npupaiieHHe SHTPOIMN CHCTEMbI BCIEACTBHE TEPMUYECKOil HeoDpa-
tumoctu. Kakoso 6bL10 b1 IpupalieHue aHTpoiuu, eciu Obl Tesia odJiajiaiu Ter-
JIOEMKOCTBIO ¢ — * 00,

Pewenue. Temueparypy Tes B KOHLE lLpouecca olipeleisem 10 (opmy.ie
(€ COOTBETCTBYIOLUMI HHIEKCaMM )
¥R i o g
Mc
Tax kax /s nepsoro tesa Q = —920 k/Lx, To

0
T: = 1000 + ——— = 800 (K).
- 10-0,46 )

g sroporo tena Q = +920 k/xk, u

2500+ —20 _700(K
2 =0T 10.0,46 (k)
HPI'IPHHICTII-{C BIITPOITHH TICP'B()TO TEIIA

e

800
I = 1 - —2 = ) . —_— fl
AS' = Mcln T 10-0,46 lnl(](][] 1,028 (k/1x/K).

[Tpupalenue auTpoIMy BTOPOro Tea
r

7 700
AS" = Mclnz, = 10-0,46-In _— = 1,549 (x/I/K).
1 500

1
ﬂpnpameﬂ HE GHTPOIHH CHCTEMEI

S =AS' — AS" = 1,028 + 1,549 = 0,521 (x/lx/K).

Ecau OBl TenaoeMKocT! Test ¢ — £00, To TeMIepaTypa Teq impH oTBoAe U NojL-
BOJIC TEILIOTHI He uaMensaack Obl. B aToM cayvyae naMenenne anTpornnm onpeje-
asierest 1o dopmyie

Q
AS = =,
T
,.'ELT[FI nmeproro 1 BTOPOTO TETa HO.TI}"[H.T[" 61'1] COOTEBETCTBEHHO
-920
AS' = —— =-092 (x/Ix/K);
1000 (x/lx/K)

ast =220 _ 84 K
500 ~ 54 (KAX/K).

ITpupaiienune sSHTPOIIHH CHCTEMBI
S =AS - AS" =-0,92 + 1,84 = 0,92 (xIx/K).
Omeem: AS, = 0,521 x/Ix/K; AS. = 0,92 x/[xx/K npu ¢ — +oo,



5 TEMbI JUCHUMIIVIMHBI JJA CAMOCTOATEJIBHOI'O
N3YUYEHUSA

l. Kputuueckuii  pexum TEUYEHUS, KpPUTHYECKHE apaMeTphl.
CBepxkputnueckuil pexxum ucreuenus. Coruio JlaBans.

2. PeanbHbIe Ta3bl, X CBOMCTBA. YpaBHEHUE cocTosiHuE Ban-nep-Baanbca.

3. Hukn Penkuna, ero tepmuueckuid KIIJ[. BnusiHue OCHOBHBIX
napameTpoB Ha KIIJl nukna Penkuna.

4. Meroap! ananu3a 3 (HEKTUBHOCTH ITUKIIOB TETUIOCUIOBBIX YCTaHOBOK.

5. 22. KonBekTuBHbIi TemiooomeH. 3akoH HeroTona-Puxmana.

6. Tumnbl Ternm00O0MeHHBIX anmnapatoB. OCHOBHBIE PACUETHBIC YPABHEHUSI.

7. Buabl U XapakKTEpUCTUKHU TOMIUB. OCHOBBI TEOPUU TOPECHMUSI.

8. Kotenbuble ycTaHoBkH. OxpaHa OKpY’Kalolleld cpeisl OT BBIOPOCOB
KOTEJIbHBIX arperaros.

9. OO0uwme cBeneHUs O TEIUIOCHAOKEHNH.

10. DHeprocOeperaroniye TeXHOJIOTHH. BUAbI U UCMIONB30BaHUE BTOPUYHBIX
TEIJIOIHEPTETUUECKUX PECYPCOB.

Bonpocsl 1j1s1 CAMOKOHTPOJIS.
PA3JAEJI 1. TEPMOANHAMMUKA

Tema 1. Teopus TenyIonpoBOAHOCTH.

I. B wuyemM 3akio4aercs CYIIHOCTh TEPMOJMHAMUYECKOTO METOAA
uccienoBanuii? KakoBbl 001acTH €ro NpuMeHEHUs ?

2. Kakume CymiecTBylOT mlapaMeTpbl COCTOSIHUSI HJEAJIBHOrO Trasza?
3anuiuTe ypaBHEHUS! COCTOSIHHUS.

3. Kakue cymectByioT Buabl B3aumopeiictBusi? Kakue ¢duznueckue
BEJINYMHBI OTHOCSITCS K MOTEHI[MAIaM, a KaKue — K KoopauHaTam?

4. Yro Takoe TeIuoeMKocTh pabodero tena? OT Kakux (aKTOPOB OHA
3aBUCUT?

5. Kakme cymecTByloT cmocoObl BBIYUCICHHS TeruioeMkoctu? J[laiTe
MOSICHEHHUS K Ka)KJIOMY CIOCO0Y.

6. HazoBute TepMoaMHaMUYECKHE MOTCHLMAIBI, UX (PU3UUYECKUI CMBICI,
BO3MOXHOCTH HCIIOJIb30BaHHUS.

7. Kakue cymecTByIOT QYHKIIMH COCTOSHUA U GYHKIIUH mporiecca?

8. IlosicHuTe, 4YTO BKIIOYAETCS B TMOHATUSA «paboyas» M «TEIIOBasH
JarpaMMel.

9. B uyem 3akimoyaercs CYIIHOCTh NEPBOrO Hadyala TEPMOJAMHAMUKH?
3aMUILINUTE €0 BhIPAKEHUE JJIs1 3aKPBITON CUCTEMBI.

10. B wem 3akmodaercss (QU3MYECKH CMBICA  TEPBOro  Hayaia
TEPMOAVUHAMHUKN JJI1 OTKPBITOW CHUCTEMbI? YKaXKUTE€ CHUJIbl U COCTaBIISIIOLINE
paboThI MOTOKA.

11. YkaxuTe KaueCTBEHHbIE XapaKTEPUCTUKHU SHEPTHUU.

12. Kakue Tpu poaa npeBpamnieHus SHEPTrUuu CyIIECTBYOT?



13.B  uwem 3akmrovaercss (U3MYECKHH  CMBICT  BTOPOro  Hayaia
TEPMOJUHAMUKHA?

Tema 2. TepMmoauHaMH4YeCKHE MPOLECCHI.

1. VYkaxure ycioBUs TPOTEKAHUS PABHOBECHBIX U HEPAaBHOBECHBIX
nporeccoB. B uém 3aximrogaetcs 1enecoo0pa3HoCThb MOA00HOTO pa3aesieHus?

2. KakoBel 00mHe TNPUHIUNBI W JTambl HWCCIEAOBAHMS YaCTHBIX
TEPMOJUHAMHYECKUX MTPOLIECCOB?

3. 3anumure ypaBHEHHE aauadaTHOTO MpOIEcca B CUCTEMax KOOPAUHAT
PV u TS.

4. . Yro Takoe MOJUTPOMHBIE Tpouecchl? B 4éM 3akiroyaeTcssi CMbICI KX
Jorapu(MUYECKOro npeacTaBICHuUs?

5. VYkaxuTe Tpu Tpynmbl MOJTUTPOIHBIX MpoIleccoB. KakoB mopsiok ux
uccnenoBanus? [IpuBeauTe cxeMbl MpeoOpa30BaHUs SHEPTUH, & TAKKE paboUyI0 U
TEIJIOBYIO IUarpaMMy 3THX ITPOIIECCOB.

6. JlaiiTe ompeneneHrue TEPMUHAM «CTAaTUYECKOE pPAaBHOBECHE» U
«JIMHaMH4YeCKoe paBHOBecuey». M300pazute GpazoByro quarpaMmy Jist BOJIbI.

7. MWN3obpaszute is-guarpamMmy i BOABI U BOJASIHOTO mapa. Kak mokasaTh
Ha JuarpamMMe YacTHBIE ITPOLIECCHI C BOJOW U BOJISIHBIM MapoM?

8. Jlaiite omnpeneneHWe TEPMUHAM  «TeMIepaTypa TOYKH  pPOCBHI»,
«a0CcoM0THAS BIAXXHOCTh BO3AYXa» U «OTHOCUTEIbHAS BIAXKHOCTH BO3AYXa.

9. KakoBa ¢Qu3uka mpoIeccoB CMEMICHUS, OXJAXACHUS W TOJ0TpEBa
BJIQYKHOT'O BO3/yXa.

Tema 3.Padoumnii npouecc B TypOMHe U KOMIIpeccope

1. OObsicHuTe npupony mnpeoOpa3oBaHHe PHEpPruM B TypOuHe (Ha Oaze
aHajM3a NepBOro Havajga TEPMOJMHAMUKH JJI1 OTKPBITON CUCTEMBI).

2. OObsicHUTE IPUPOAY MTPeoOpa30BaHUS SHEPTHH B KOMIIPECCOPE.

3. B Kakmx ciaydasx M C KAaKOM LEJIbI0 IPUMEHSIOT OJHOCTYIIEHYaThle H
MHOTOCTYIIEHYAThIE KOMIIPECCOPHI?

4. B uéMm 3akirodaercs paziMuue MEeXIy aJIuadaTHOM M M30TEPMHUUYECKOM
KIT?

5. W3o6pa3ute NpUHIMIHATIBHYIO CXEMY ra30TypOUHHBIE YCTAaHOBKH.

Tema 4. TepMOI[I/IHaMI/IKa ra3oBbIX ITIOTOKOB.

1. OObsicHUTE NPeoOpa30BaHUE DPHEPIUU B MOTOKE YHPYIrOW KUIKOCTH
0e3 MPOU3BOICTBO TEXHUYECKON PabOTHI.

2. Kakue cymecTByroT nmapaMeTpbl TOPMOKEHHUS?

3. Haiite 00BsicHeHHE NPUPOAE MPeoOpa3oBaHUsl PHEPIrUU B COIUIAX U

muddy3opax (Ha nmpuMepe UCCIEAOBAHMS NEPBOrO 3aKOHA TEPMOAMHAMUKH IS
OTKPBITOM CUCTEMBI).

4.  Kakue W3BECTHBIC THIIBI YHEPTETHUYECKUX BO3JCHCTBUI Ha TOTOK
yIPYTOH KUIKOCTH?
5. Kakue cymectBytor Qopmbl kaHamoB comen u nuddy3opoB mpu

T€OMETPUYECKOM BO3JEHCTBUU HA TOTOK?



6. KakoBo Ha3HaueHue cora JlaBansa?

7. JlaliTe ompejaelieHHEe 3aKOoHa OOpalleHusT BO3JCHCTBUS Ha IOTOK.
[IpuBenuTe CXEMbI COCTAaBJISIOMIMX comen. B uéMm 3akimovaroTcss 0COOEHHOCTH
paboTHI coTeN MPU HEPACUETHBIX MapameTpax?

8. UTo TaKo€ CKa4YKU YIUIOTHCHUA?

Tema S. [IMKJIbI TENJIOIHEPreTUHYECKUX YCTAHOBOK.

I. YUto Takoe NUKI TEMIOIHEPreTUYECKUX YCTaHOBOK? YTo sBisieTcs
MOKa3aTesieM UX dHepreTuieckon 3ppexruBHOCTH?

2. Uto mnoHUMAIOT NOJA OOpaTHBIMU LUKJIAMHU XOJIOJWIBHBIX MAalluH U
TEIIOBBIX Hacocax? Kak oHM mpencTaBiiAIOTCS B paboyeil M TEIIOBOM CHCTEMax
KOOpJAUHAT?

3. UYro rtakoe uwmkn Kapuo? Kak OH mpencraBiseTcss B CHUCTEMAxX
koopauHaT PV u Ts? VYkaxure ocHOBHbIE cBoiicTBa 1ukina KapHo u ero
Ha3HAYEHUE.

4. UYrto Takoe WHAMKATOPHBIE JAWArpaMMbl JIBUTATEJIE BHYTPEHHETO
cropanusi u wunaukatopubit KIIJI? 3anummre dopmyny npns omnpeneiaeHus
naaukaropuoro KIIJI.

5. Kakum 00pa3oM OCYIIECTBISIETCS MEPEX0]l OT pealbHbIX UHIUKATOPHBIX
nuarpamMm K uaeanbHbiM mukiam JIBC? Kakwe nomymenus u kakou KIIJI,
YUUTBIBAIOIIUM 3TOT MEPEX0I, IPUHUMAIOTCS?

6. M3o0pasute cxemy u 3anummure KIIJ[, yuuteiBatoniie npeoOpazoBaHue
SHEPTUU OT MEPBUYHOTO UCTOYHHKA (TOTIIMBA) 0 KOHEYHOTO TOTPEOUTEIS.

7. Boimonnutre BbeIBoA  QopMmynbl  Tepmudeckux KIIJ[  wpeanmbHbIX
uukioB(Otro, duzens, Tpunknepa, CtupiauHra).

8. Kakue cymecTByloT LMKIbl Ta30TypOMHHBIX yCTaHOBOK? YTO Takoe
pereHepanus TeIIOThl, €€ Ha3HaYeHUE?

9. BbINOMHUTE CpPaBHUTENBbHBIN aHanu3 uacanbHbIX HUKIOB JIBC u I'TY
IIPU IOCTOSIHHOM CTEIEHU C)KATHS U B 3aIJaHHOM MHTEPBAJIC TEMIIEPATYP.

10. M300pa3ure uaeasbHbIM UK MapOIHEPreTHIECKON YCTAHOBKU — LUK
Penkuna. [{aiiTe ero onvcanue.

11. Kakue cymectByror HampasieHus: noBbimieHus KIIJ[ nukna Penkuna?
Uro Takoe TeroGpuKannOHHbIA [TUKIT?

12. KakoBbl ~TIpe/iesibl  TOBBIMICHHUS] JHEPTreTUYecKod dPPEeKTUBHOCTH
TEIJIOBOIO JIBUTATEIIS B 3aJJTaHHOM MHTEPBAJIE TEMIIEPATYP U NaBICHUMN?

Tema 6. TepMoaHAMUYECKHUN AHAJIN3 TEIIOTEXHUYECKHX YCTPOMCTB.

1. Kak d¢opmynupyercs 3akoH BO3pacTaHUsS DJHTPONHUH B CIIEICTBUE
HEOOPATUMOCTH JIFOOOTO PeaibHOTO Tpoiiecca’?

2. KakoBa cBsI3b MeXaAy HEOOPAaTUMOCTBIO W MPOU3BOJCTBOM PaOOTHI:
IIPUYUHBI, MEPA, CIEICTBUE?

3. 3anumure opmyny ['rou — Crogona.

4. OObBsICHUTE MPUPOAY OSHTPONMHUHNHOTO W DHEPreTUUYECKOTO METOOB
aHain3a HeoOPaTUMOCTH.

5. B uém 3akimoudaercsi pa3HUILIA MEXAY TEIUIOBBIM M 3KCEPreTUYECKHM



OanaHcaMM TEIJI0IHEPTeTUYECKUX YCTaHOBOK?

6. UYrto Takoe «BTOpHUYHBIE IHEPrETUUECKUE pecypch»? B uém 3akirouaeTcs

WX BIHMSHHE Ha TOBBIINICHUE SHEPreTuueckol A(PGEeKTUBHOCTH TEIJIOBOTO
nBUraTens’?

ITOJIA.

PA3JIEJI 2. TEOPUSA TEIVIOITPOBOJHOCTMN.

Tema 1. Teopus TemJI0ONPOBOJHOCTH.

1. Kakumu criocobamMu MOXKET Mepe1aBaThCsl TEIUIOTa?

2. B uyem cocTouT puzmyeckas CylHOCTh Mpoliecca TEIIONPOBOIHOCTH ?

3. Hamumwure ypaBHEHHE CTAIMOHAPHOTO OJHOMEPHOTO TEMIIEPATYPHOTO

4. Yto Ha3BIBAECTCS TEMIIEPATYPHBIM T'PAIUECHTOM?

5. B kakyro CTOpOHY HalpaBlIeH BEKTOp IPaJAMEHTa TEMIIEPATYP?
6. Ha uTo yka3sIBaeT 3HaK «MUHYC» B ypaBHeHUH Dyppe?

7. 4TO Ha3bIBAIOT KOA((PUIIMEHTOM TEIIONPOBOAHOCTH?

8. Kakuwe gomymieHuss MNOpUHATHI TpU  BbIBOAE JuddepeHnnanTsHOro

YPaBHEHHUSI TEMIOMPOBOJHOCTHU ?

pona.

9. 3auyeM HyXHbI YCIOBUS OJTHO3HAYHOCTH?

10. Kakue BenTuYuHbI 33/1aI0TCS MPU TPAHUYHBIX YCIOBUSX NEPBOIo poAa?
11. Yro BKIIIOUAIOT B c€0sl TpaHUYHBIE YCIOBUS?

12. 3anummre 3aKoH oxnaxaeHus HproToHa.

13. Maitte MmaTreMaTH4eCKyt0 (POPMYIUPOBKY IPAHUYHBIX YCIOBHI TPETHErO

Tema 2. KoHBeKTHBHBIN TeNJ1000MeH.

B uém pazHuiia Mex1y KOHBEKIIMEH U KOHBEKTUBHBIM TEIIJI00OMEHOM?
YTto Ha3BIBAETCS TEIIOOTAAUCH?

Uto BIUSIET HA pacnpeAeiCHUE TEMIIEPATYP B OTOKE?

YTo Tako€ MOTPAHUYHBIN CIION KUJKOCTH?

5. 3anumuTe  OCHOBHOE  pPAcYETHOE  YpPaBHEHHE  KOHBEKTUBHOIO

el S

TermIoo0MeHa.

6. Uto HazpiBaeTCs KOAPHUIMEHTOM TEIIIO0TAaqH?
7. OT KaKuX OCHOBHBIX (DaKTOPOB 3aBUCHUT KOIPDUIIUEHT TEIIIO0TAAUN?
8. Kakue ypaBHeHUS BXOJAT B cUCTeMy Au(depeHInaIbHbIX YpaBHEHUH,

OIMIKCBhIBAIOIMX KOHBEKTHUBHBINA TEIJIOOOMEH?

9. Uro siBasieTcs TeopeTUYEcKoi 0a30i1 COBPEMEHHOIO SKCIIEpUMEHTA?
10. IIpu kakux yCIOBUSIX HOHSITHE O MOAOOUU MOKET ObITh PACIPOCTPAHEHO

Ha QU3HYECKUE TPOLECCHI?

11. Yro HeoOX01MMO 3HAThH NMPHU MPOBEICHUN SKCIIEPUMEHTA?

12. KakoBbI MpakTUYECKHUE CICACTBUS U3 TPEX TEOpPEM MOA00uUs?

13. [IpuBeauTe OCHOBHBIE KPUTEPUH TUIPOMEXAHUYECKOTO MOA00US.

14. I[IpuBeauTe OCHOBHBIE KPUTEPHUH TETIIOBOTO MOI00US.

15. O6bsicuuTe duznueckuit cmuici kputepueB Pelinonbaca u ['pacroda.
16. ITouemy kpurepuii HyccenbTa siBIsieTcst onpeenseMbim?



17. 3anumure 00U BHA KPUTEPUATBHOTO YpaBHEHHUS sl CBOOOIHOM
KOHBEKI[MHU B CTAIIMOHAPHOM PEXKHUME.

18. Uto Ha3bIBAECTCS ONpPEEIAIONICH TeMIIEpaTypo?

19. YUto Ha3pIBaeTCs ONPENETAIONIUM F€OMETPUUECKUM pazMepom?

Tema 3. Temnoo0MeH NpH BbIHY:KIEHHOM W CBOOOJTHOM JIBHMKEHUM
TEIJIOHOCUTEJIeH.

1. Yto Ha3bIBaeTCs YYACTKOM THAPOJIUHAMUYECKON cTabuIn3anun?

2. Yemy paBHa JUIMHA y4YacTKa TEIUIOBOM CTAOWIM3aLMs MPU JIBHKEHHH
MIOTOKA B IPSIMBIX TIIAJIKUX TPyOax?

3. Ha3zoBure 1Ba pexuma T€UEHHsI IPU JaMUHAPHOM MOTOKE YKUIKOCTH.

4. WN3o0pazure pacnpeneseHue CKOpOCTe Mo CEUYEHUIO IpU TypOyIEHTHOM
peXUME TEUECHHUS )KUJIKOCTU B TpyOe.

5. YTo y4uThIBaeT B KPUTEPUAIBHBIX YPAaBHEHUAX OTHOIICHHE KPUTEPHUEB
[IpanaTiis, B3STHIX IPU TEMIEPATYpax MOTOKA U CTEHKHU?

6. Kak yuuThIBaeTcs M3MEHEHHE TeMIlepaTypbl Uisl KOPOTKUX TpyO Mo
CPaBHEHUIO CO CTAOMIIM3UPOBAHHBIM TOTOKOM?

7. W300pa3uTe M3MEHEHHE JIOKAIBHOTO O M CpeaHero o K03 UIIMEHTOB
TEIJIO0TAA4HU 0 JAJIUHE TPYOBI.

8. Uto HEOOXOIUMO YUUTHIBATH MPU TEMIIEPATYPHOM PaCUETe 3MEEBUKOB?

9. B kakux ciyyasx NpoBOAAT pacyeT 3KBUBAJIECHTHOIO TUaMeTpa?

10. [Touemy B 1000BOM TOYKE TPyOBI TpPHU TMOMEPEUYHOM OOTECKAHUH
Kod(ppuIeHTa TEII00TIaYl MaKCUMaJIeH?

11. M3o6pa3ute n3meHeHne Kod(puimeHTa TErIo0TAaYr 0 OKPYKHOCTH
LWJIMHpA IPYU Pa3IudHbIX ynuciax PeliHonbaca.

12. 3a cuér yero mpu MOMEPEYHOM OOTEKaHWHM BoO3pacTaeT Kod(hduineHT
TEIJIO0TAA4YH Ha ThUIbHOW CTOPOHE TPYObI?

13. M300pa3ute cxeMy pacroyiokeHusi TpyO B KOPUIOPHBIX U IIAXMATHBIX
My4Kax.

14. [louemy uisl MIaXMaTHOrO My4yka TpyO TEMIOOTAAaYa BbIIIE, YeM IS
KOPUJIOPHOTO?

15. B 4éM coCTOUT OCHOBHOE MPEUMYIIECTBO KOPUAOPHOTO MycKa TpyO?

16. Kak paccuuTbiBaeTCsi CKOPOCTh ITOTOKA /ISl TyYKOB TPyO?

17. YUto sdABnsieTCs ONPEAENSIONIUM TIE€OMETPUYECKUM pPa3MepoM IMpHU
CcBOOOJHOM JIB’KEHUHU TIOTOKA B0 BEPTUKAIbHON CTEHKH?

18. Uem 00BsICHSICTCS BBICOKAS TEIUIOOTAa9a IMPU KUTICHUH JKHIKOCTH?

19. B uém 3axmrogaeTcsi 0cCOOCHHOCTh IICHOYHOTO PEXXUMA KUTICHUS?

20. Ha3zoBute = OCOOEHHOCTH  KOHBEKTMBHOI'O  TEIUIOOOMEHAa  IpH
KOHJIEHCAIlMU Hapa.

Tema 4. TensioBoe u3j1y4eHue.

1. Kakume mnpeoOpa3zoBaHus SHEPrUM MPOUCXOAST MPU  TEIIJIOBOM
U3IIy4YEHUN?

2. HazoBuTe 0OCHOBHOE MPEUMYIIECTBO JIYYUCTOTO TEIIO0OMEHA.

3. Yro Takoe quarepmuyeckoe Tena’?



Kaxkue peanbHble Tena OJIM3KUX aOCOTIOTHO YEPHOMY Teiry?
Kaxkue Tena Ha3pIBaAIOT CEPHIMU?
HazoBuTe 0CHOBHBIE 3aKOHBI U3TyUYCHUS.
Uro ycranaBiuBaeT 3akoH Kupxroda?
Bce nu ra3sl ciocoOHbBI U3ITy4aTh U MOTJIOMIATH TEIJIOBYIO YHEPTUIO?
9. Yro Takoe TMHEUYAThIN CIIEKTpP MOTJIOICHUS?
10. B ué™m cocTouT MexaHu3M MapHUKOBOTO dPdekra?
11. Bo ckombko pa3 yMEHBINAETCs TEIJIOBOE H3IyYeHHE IMPU YCTAHOBKE
3alIUTHBIX SKPAHOB?

X NN B

Tema 5. Tensionepenaya.

1. Yro Ha3pIBaeTCA MPOLIECCOM TEIIONEepeIaun?

2. Yro SIBIIIETCS Ka4yeCTBEHHOU XapaKTEPUCTUKOU rporecca
Terionepeaadn’?

3. Kakue BeaMYMHBI 33J1al0TCSI MPU TPAHUYHBIX YCJIOBHUSX TPETHErO poja
JUISL TIpoliecca TEIIONEPEIaun Yepe3 CTEHKY ?

4. B uém pazHunma Mexay —kKodpduiueHTaMud — TEIUIOOTAAadd |
Terionepeaayun’?

5. 3amumure Gopmyny K03pdUIIMEHTA TEIIonepeadn 11 MHOTOCIOMHON
IJIOCKOM TUIEHKH.

6. Kakas BeauurHa Ha3bIBAETCS MOJHBIM TEPMHUYECKUM COIPOTUBICHUEM ?

7. Ilpoanamusupyiite Qopmyny kodpduimeHTa Teronepenadyn s
OHOCJIOMHOM IIJIOCKOM CTEHKH C LIEJIBI0 ONPEACIICHUS ITyTEH €ro yBEIUYECHUS
MOBBIIIEHUE (MHTEHCUBHOCTH TEIJIOOOMEHA).

8. Kakune marepuansl UCIIONIB3YIOT AJISI TETUIOU3O0JISILUMN ?

9. Ot 4ero 3aBUCUT KPUTHUECKUN TUAMETP U30JIALUN ?

10. K 4yemy  MOXKET MNpPHUBECTH  MCIIOJIB30BAHUE  YBIIAJKHEHHOTO
U30JISIIUOHHOTO MaTepuana’?

Tema 6. Tensi000MeHHbIE aNINAPATHI.

1. Kakum crocobom kiaccuUIMPyIOTCS TEIJI00OMEHHBIE amnmaparhl 10
crocoOy repeayu TeraI0ThI?

2. Kakue ypaBHEHUs JIeaT B OCHOBE TEIJIOBOTO pacueTa TerI000MEHHBIX
arnmaparoB?

3. IlpuBeguTe OCHOBHBIE CXEMBI TOKA TEIJIOHOCUTENEH.

4. Jlnsg Kakodl cXeMbl TOKAa CPEIHHMH JOrapu(pMUYECKUd TeMIepaTypHBIH
HaIlop MaKCUMaJIbHbIN?

5. B Kakux TEmIOOOMEHHBIX ammaparax cXeMa TOKa HE HMeEeT
NPUHIMITHAIBHOTO 3HAUECHHUS ?

6. C Kakoll CTOpOHBI TIOBEPXHOCTH TEIUIOOOMEHA YCTaHABIMBAETCS
opeOpenue?

7. Kak TMOBBICUTH CKOPOCTh TEUEHHUS TEIUIOHOCUTENSI B MEXTPYOHOM
MPOCTpPAHCTBE?

8. K 4demy mpHBOAUT MOBBINIEHUE PEKOMEHAYEMBIX 3HAYEHUU CKOPOCTEM
JBVYKEHUS TEIJIOHOCUTEIS?



9. KakoBbl 0COOEHHOCTH pacuera TEIUIONEpenayu MPHU CIOXKHBIX CXemax
IBWKCHUS TEIIOHOCHUTENEH?
10. B pe3ynpraTe 4ero MHTEHCU(ULIUPYETCS MPOLECC IMEPEHOca TEMIOTHI B
TepMocu(OHAX U TEMJIOBBIX TpyOax?
11. B uéM cOCTOUT MPUHIUIHAIBHOE OTINYHE TEPMOCHU(POHA OT TEIJIOBOH
TpyOBI?

6 OBPASOBATEJIBHBIE TEXHOJIOI'TU

Ne | HaumenoBanue | Buabl yueOHbIX
. Oo0pa3oBaTte/ibHbIE TEXHOJOTHHI
n/n pa3aenaa 3aHATHH
BBognas nekuus — Oecega € MCMOJNIB30BaHHEM
Jlexmus BUJICOMATEPHAIIOB, CIIAWIOB, OJIOK-CXEM, TaOJIUIl 1
PUCYHKOB, KOMMEHTHPYEMBIX JIEKTOPOM.
Pa3sBepHyTast Oecema ¢ HCIOJNB30BAaHUEM METOJA
[IpakTuueckas «MO3roBOM  aTaku»  (MO3rOBOTO  IITypMa),
pabora W3yYeHUE  METOJAMK  TPOBEICHHUSI  PaCUETOB,
penieHne TUIOBBIX 33]1a4
Jlexkuimst —  Oecema ¢ HCMIOJIB30BAHHEM
Jlexuus BUJICOMATEPHAIIOB, CIAI0B, OJIOK-CXEM, TaOJIUIl U
PUCYHKOB, KOMMEHTHUPYEMBIX JICKTOPOM.
PasBepHyTast OGecena ¢ HCMONB30BaHHMEM METO/A
[IpakTnueckas «MO3TOBOM  aTakw»  (MO3roBOro  INTypma),
pabota W3yYEHUE  METOJAMK  HPOBEICHHUSI  pPaCyeToB,
peIIeHre TUIOBBIX 3a]1a4
Jlekuss  —  Oecema € HCIONB30BAHHEM
Jlexkmusa BHJICOMATEPHAIIOB, CJIAI0B, OJOK-CXeM, TaOJIUIl 1
PUCYHKOB, KOMMEHTHUPYEMBIX JIEKTOPOM.
Pa3BepHyTast Oecena ¢ HCIOJIB30BaHHEM METOA
[IpakTrueckas «MO3roBoi  arakuw»  (MO3rOBOTO  IITypMa),
1. |Tepmommmammxa pabota U3yYEHUE  METOJMK  NPOBEIECHHUS  pacyeToB,
pelieHre TUIOBBIX 33]1a4
Jlexkuss  —  Oecema ¢ HCIOJNb30BAHHEM
Jlexuust BUJICOMATEPHAIIOB, CIIANUIOB, OJIOK-CXEM, TAOJIHIl 1
PUCYHKOB, KOMMEHTHUPYEMBIX JIEKTOPOM.
PasBepHyTast Oecema ¢ WCIOJIB30BAHUEM METOJIA
[IpakTuueckas «MO3roBOM  aTaku»  (MO3rOBOTO  IITypMa),
paborta W3y4yeHHe METOJAMK TPOBEICHMUS]  PACUYETOB,
pelieHre TUIOBBIX 33]1a4
Jlexkimst —  Oecema ¢ HCMIOJIB30BAHHEM
Jlexuust BUJICOMATEPHAIIOB, CIAWI0B, OIOK-CXEM, TaOJIUIl U
PUCYHKOB, KOMMEHTHUPYEMBIX JICKTOPOM.
PasBepHyTast Oecena ¢ HCIONB30BAaHHMEM METOMA
[IpakTrueckas «MO3TOBOM  aTakw»  (MO3roBOro  INTypma),
paborta W3yYeHUE  METOJAMK  IPOBEICHMUS]  pPaCUYETOB,
pelnieHre TUIOBBIX 33]1a4
CamocrositenbHasi | KoHCynIbTHpOBaHHE UM TOMOIIb  CTYJIEHTY B
pabota BBIOOpE aHANM3UPYEMOro IMpoLecca, H3Y4YCHHE
HarJSIAHBIX ~ MAaTEpUalioB, HM3YyYEHHE  CIIMCKa

PEKOMEHIyeMOM JIUTepaTyphl, HOUCK HHPOPMALUH
B ceru MHTepHEeT, NpoBEepKa MPOMEKYTOUHBIX




pe3yNbTaTOB PabOThl MOCPEICTBOM 3JIEKTPOHHOM
MOYTHI, TECTUPOBAHMUE, MOATOTOBKA K
IPOMEKYTOUHOM aTTeCTallH

Teopus
TEIUI00OOMEHA

Jlexus

Jlekmus —  OGecema ¢ HMCHOJB30BaHUEM
BUJICOMATEPHAIIOB, CIAI0B, OIOK-CXeM, TaOJIHUIl U
PUCYHKOB, KOMMEHTHPYEMBIX JIEKTOPOM.

[TpakTnueckas
paboTta

Pa3zBepHyTas Oecena ¢ HCHOJIB30BAHHMEM METOAA
«MO3roBOM  aTtakuw»  (MO3roBOro  HITypma),
U3y4EHHE  METOOUK  TPOBEACHHUS  PACUETOB,
pellleHre TUIOBBIX 33]1a4

Jlexknus

Jlekmus —  Oecema ¢ MCIOJIB30BaHUEM
BHJICOMATEPHAIIOB, CJIAWIOB, OJOK-CXEeM, TaOJIUIl 1
PUCYHKOB, KOMMEHTUPYEMBIX JIEKTOPOM.

[IpakTnueckas
pabora

PasBepHyTast Gecena ¢ HCMOIB30BaHHEM METOMA
«MO3roBoi  arakw»  (MO3rOBOTO  IITypMa),
U3y4YeHHE  METOJUK  TMPOBEACHHUS  PACUETOB,
pelieHre TUIOBBIX 3a]1a4

Jlexus

Jlexkius —  Oecema ¢ HMCIOJB30BAaHUEM
BHJIEOMATEPHAIIOB, CJIAiI0B, OJOK-CXEeM, TaOJIUIl 1
PUCYHKOB, KOMMEHTHPYEMBIX JIEKTOPOM.

IIpaxTrueckas
paborta

Pa3BepHyTast Oecena ¢ HCIOJIB30BAaHMEM METOAA
«MO3rOBOM  artaku»  (MO3roBOr0  IITypMa),
U3yuyeHHEe METONWK  TPOBEICHHS  paCUeTOB,
peleHrEe THUIOBBIX 3a/1a4

CamocTosiTenbHas
pabora

KoncynpTupoBanue ¥  momollb  CTyJIEHTaM,
U3y4YEHHE HAIVBIAHBIX MAaTepUalIoB, H3Yy4YEHHE
CIIUCKAa PEKOMEHIYyeMOW JUTepaTyphbl, IOUCK
uHpopmMauuu B ceTH UHTepHeT, NpoOBepKa
IIPOMEKYTOUHBIX pe3ynbTaToB paboThI
IIOCPEACTBOM JNEKTPOHHOU MIOYTBHI,
KOHCYJIbTUPOBAHHUE IO MPOUIEHHOMY MaTepuaiy ¢
npernojaBaTesnieM, IOArOTOBKA K HUTOTOBOM
aTTecTaluu

7 OHEHOYHBIE CPEIACTBA (MATEPHUAJIbBI) JJISA TEKYIIET'O

KOHTPOJISI YCIIEBAEMOCTH, TIPOMEXKYTOYHOM ATTECTAIIUU
OBYYAIOIIIUXCA ITO AUCHUITJIMHE

I[J'IH TCKYHUICIO KOHTPOJI MOTYT HNPUMCHATLCA TCCThI, COOTBCTCTBYIOIIUC

COJICP)KAHUIO TEM pa3JeiOB WM JOKIAIbl MPE3CHTAIlMM 10 HWHIUBUAYATbHBIM
3aJaHUSAM.

IIpumep TecTa 1 TEKYIIEro KOHTPOJISI YCIIEBAEMOCTH CTYIeHTA

1. TepmomuHamuyeckuit

METOJlT ~ WCCIICIOBaHMS  3aKIH0YaeTCs
YCTaHOBJICHUH HauOoJiee 00X CBONCTB MaTepUAIbHBIX TEIl B MPOIIECCE...

a) pU3NYECKUX MPEBPAIICHUIA;

0) XUMUYECKUX TPEBPAICHUI;

B) IpeoOpa3oBaHre OJTHOTO BHJIa SHEPTUH B JIPYTOM.




2. DHEpPreTH4ecKoe B3aUMOJCHCTBHE TEPMOJIMHAMHYECKOM  CHUCTEMBI
MPOUCXOJIUT MEXKY...

a) CUCTEMOM 1 OKPYKaIOIIEeH Cpeioi;

0) cucteMoit U paboYrM TEIIOM;

B) DJIEMEHTAMH CHCTEMBI.

3. B oTKpBITON TEPMOIMHAMUYECKON CHUCTEME OTCYTCTBYET OOMEH. ..
a) TEIIOTOM;

0) Maccoii;

B) paboTOii.

4. AnuabaTHO M30JIMPOBAaHHAs CHCTEMA — 3TO CHUCTEMa, IJie¢ HET OOMeHa C
OKPYKaroIEH CPELOM. ..

a) Maccou;

0) TEII0TOM;

B) MEXaHUYECKOMN YHEPTUECH.

5. TlapameTpoM cocTosiHuSI sBisieTcs (DYHKIHS, HE 3aBUCANIAs OT BHJA
nporecca — 3T0:

a) yJenbHas pabora;

0) ynenpHas TEoTa;

B) YACJIbHBIN 00BEM.

6. IlapameTpom COCTOSIHUS SIBJISIETCS:
a) yJIeTbHbI 00bEM;

0) laBJICHUE;

B) TEMIIEPATYPA;

I') ra3oBas MOCTOsTHHASI.

7. DHTambIUg — 3TO CyMMa NOTEHIIMAIbHON YHEPTUU JaBJICHUS U ...
a) ra30BOM MOCTOSIHHOM;

0) TeMIiepaTyphl;

B) BHYTPEHHEH YHEPTUH.

8. YpaBHEHHUE COCTOSHUS CBSA3BIBAET ra30BYIO TOCTOSHHYIO. .
a) ¢ paboToii;

0) C TEII0TOM;

B) C MapaMeTpaMu COCTOSIHHMSI.

9. dopmyna Mailepa ompenensieT Ta30BYIO IOCTOSHHYIO B CBSI3H C
U30XOPHOH M M300apHOH TETNTIOEMKOCTSAMHU KaK HX...

a) CyMMYy;

0) pa3HOCTB;

B) OTHOILICHUE.



10. TIlepBoe Hayano TEPMOJAMHAMHUKH JUISi  3aKPBITOM  CHUCTEMBI
yCTaHaBJIMBAET OAlaHC MEXKY...

a) laBJICHUEM, TEMIIEPaTypOil, SHTAIbINEH;

0) TerI0TOM, paboTON U U3MEHEHUEM BHYTPEHHEH SHEPTHH;

B) Ta30BOM IMOCTOSTHHOM U MapaMeTpamMu COCTOSHUSA.

Texkymuii KOHTPOJIb 3HAHMII CTYIEHTOB: MPUMEPHbIEe HHANBUIYATbHbIE
3aJaHusl.

I. TemnoBble CBOWMCTBA IUIACTA: TEIIOEMKOCTb, TEIMJIONPOBOIHOCTb,
TEMIIEPATYPONPOBOIHOCTh. OT YEro 3aBUCAT JaHHBIE MPOLIECCHI U KaK BIIMSIOT Ha
nporuecchl GUIbTPALMK B TIACTE.

2. Pacckaxute 0 TEIIOBBIX METOJax OOpabOTKM milacTa U MpU3ab0HHOM
30HBI, @ UMEHHO O MeToAax yJaneHus napapuHa u achaibTO-CMOIUCTHIX BEIECTB
C MOMOIIBIO 3aKa4KHU Topsiueit HepTH, mapa, MpUMEHEHHUs AJIEKTpOHArpeBaTesel u
TEPMOAKYCTHYECKOT0 BO3AECHCTBUS.

3. TloBbimenuss HedTEOTHAYM IJIaCTa MPUMEHEHHUEM BHYTPHUILUIACTOBOTO
TOPEHUSL.

4. OOmue XapaKTepUCTHUKU TBEPAOTO M JKUJIKOIO TOIUIMBA, OCHOBHBIC
NIOJIOKEHUS] TEOPUU TOPEHUS, ONIPEEIICHUE SHTAIBIIUU IPOIYKTOB CTOPaHUSI.

5. CucrteMbl cOopa MPOAYKIMHU, 3aBUCAIINE OT (PUIUKO-XUMHUUECKUX
CBOMCTB CKBAKMHHOM MPOAYKIMH, TPUMEHEHUE MTOAOrPEBA ISl TPAHCIIOPTUPOBKHU
IPOIYKLHUH.

6. IlyreBble mogorpeBarenu HepTH: YCTPOICTBO, MPUHLIMI PaOOThI, 3a1a4n
pacyera myTeBbIX TOAOrPEBATEIIEH.

7. Heusorepmuyeckoe TeueHHUE CKBAKMHHOM KUJKOCTU B cUCTeMax cOopa
NPOJIYKIMK CKBAXKHH, 3aJa4M pacueTra HEU30TEPMHUYECKOro IBMKEHUS HeTU B
TpyOOIIpOBO/IE.

8. TepMOXMMUYECKHE YCTAaHOBKM AJISI MOATOTOBKM MPOIYKIIMU CKBAKUH.
Onucanue npolecca U N3MEHEHUE TAPAMETPOB ITPOIYKLIHUH B XOJI€ TOATOTOBKH.

9. llpuMeHeHue  TEINIOOOMEHHHKOB s  IOJATOTOBKU  AMYJIBCUU
CKBOXXMHHOW mnpoaykuuu. OnucaHue Impouecca M HM3MEHEHHE MapaMeTpoB
OPOIYKLUUHU B XO/I€ MOATOTOBKH.

10. TenmooOMeHHbIE  anmaparbl  NPSMOTOYHBIE W MPOTUBOTOYHBIE.
CpaBHHTENbHAS XapaKTEPUCTHKA U OMKUCaHUe npouecca padboThl TEMJI000OMEHHHUKA.

11. TenoBoM  pacueT MarucTpajibHOro He(TenpoBoAa: Ha3HAUYECHHE,
NOPSIAOK pacyeTa, U3MEHEHUE MTapaMeTPOB MPOAYKIUH B XOJE TPAHCIIOPTUPOBKH.

12. ITpumenenne TeroBod wu3onAnuu. OnpenesieHue ONTUMAIbHOU
TOJILIMHBI U30JIALIMM MAaruCTPalIbHOrO0 HEPTENPOBOA.

13. [lepexauka BBICOKOBSI3KMX U 3aCTHIBAIOIIMX HE(TEH 110 MAarucCTpaaIbHOMY
TpyOONPOBOY, ONMKHCAHNE HEOOXOAMMOTO 000OPYAOBAHMS VISl IEPEKAUYKH HEPTH U
MU3MEHEHHE MMapaMeTPOB NPOAYKIUHU B XOJ€ NEPEKAUYKH.

14. TpancnoptupoBanue HepTH U HEPTEHPOAYKTOB B IKEJIE3HOAOPOKHBIX
IIUCTEPHAX C MApPOBOU «pyOarmikoi». CxeMa, omrcaHue mporecca.

15. TlogorpeB HedTH B TOBApHBIX pe3epByapax, omucaHue o0OpyAOBaHUS U



npolecca MmojorpeBa, U3MEHEHHE MapaMeTPOB MPOAYKIMH MPU MOJIOTPEBE.

16. Onepaniuu, 0O  TPEABAPUTEILHOMY  IPOTPEBY  MarucTpaibHOrO
TpyOomnpoBoAa mepesa 3amnoiaHeHueM ero HedTbio. OmnucaHue cXeM IMOoJI0TpeBa,
U3MEHEHHE MapaMeTPOB CUCTEMBI «TPYOONPOBOA-TPYHT» B XOJI€ TOIOTPEBA.

17. HeobxoauMoOCTh OXJAXJECHHMsSI Ta3a Ha KOMIIPECCOPHOM CTaHIIMH.
Onucanue npoiecca, U3MEHEHHE NapaMeTPOB MPOAYKLNHU IPU OXJIaKICHUU.

18. OcobenHOCTH TPyOOIIPOBOIHOTO TpaHCIIoOpTa CHKMKECHHBIX
yIIeBOJOPOAHBIX Ta30B. OmucaHue mpoliecca TPaHCIOPTUPOBKH U HU3MEHEHHE
napaMeTpoB MPOIYKIIUH MPU TPAHCIIOPTUPOBAHUU.

19. IlimactoBble naBneHUWE M TeMIepaTrypa, Kak OHM HM3MEHSIOTCA B XOJI€
pa3pabOTKU MECTOPOXKIEHUS W KakK IpPU 3TOM HM3MEHSAIOTCS XapaKTEPUCTUKH
MJIACTOBBIX (PITFOUIOB.

20. I3MeHeHre JaBji€HUs NOPUPOJHOrO Ta3a MO [JIMHE Ta30MpoBOJa,
oMuCcaHWe TMpoliecca MaJeHUs AaBICHUS, OMNPENEICHUE CPEAHEro IaBJEHUS IO
JUTMHE TPYOOIpoBoOIa.

21. 3menenue temriiepaTypbl IPUPOAHOrO rasa o AjJuHE TpyOompoBoa,
OMKCaHMUEe MPOIECCa UBMEHEHUSI TEMIIEPATYPBhI.

22. TexHOJOTUSI U30TEPMUUYECKOTO XPAHECHHSI CKUKEHHBIX Ta30B, OMHCAHHUE
HEo0X0aMMOro 000pyA0BaHUA U TIOKa3aTesel mpolecca.

23. Xpanenune He(TH U He(TENPOIAYKTOB B JIbJIOTPYHTOBBIX pe3epByapax,
MOKa3aTeJy Mpolecca XpaHeHHU .

24. IIpouecc cxkumxenue npupoanoro raza (CIII'), onucanue nponecca u
U3MEHEHUS TapaMeTPOB MPOIYKIUH MPHU CHKIKEHUH.

25. [Iponecca coxkmkeHHusl yriaeBoaopoaHbix razoB (CVYI), omnwucanue
IpoIecca U N3MEHEHHUS MTapaMeTPOB MPOTYKIIUHU TPU CHKIKEHUH.

26. KoMrpuMupoBaHue  OPUPOJHOIO  rasa,  ONHMCaHUE  IpoLecca
KOMIIPUMUPOBAHUS U U3MEHEHUS TapaMeTPOB MPUPOJTHOTO Ta3a.

27. PenynupoBaHue MPUPOJHOTO Trasza, HEOoOXOAUMOCTb PpPeIylUpOBAHMS,
onKcaHue U3MEHEHHUS MTapaMeTPOB MPUPOJTHOTO rasza.

28. Anmapatel IS OXJAXJECHHMs Ta3a Ha KOMIIPECCOPHBIX CTaHIUSX,
OMKCaHUEe KOHCTPYKIMU OXJIAXKIAIOIIEr0 armapara, ¥ W3MEHEHHUs MapaMeTpoB
IPUPOJIHOTO raza.

29. Ilpoueccyl mepBUYHON mepepaOOTKM HEPTH, OMUCAHHE MPOILIECCOB
nepepaboTKU U U3MEHEHHS TapaMeTPOB HEPTH.

30. [Ipomecchl BTOpUYHOW TMepepabOTKu HEPTH, OMHCAHUE IMPOIECCOB
nepepaboTKU U U3MEHEHHSI TapaMeTPOB HEPTH.

KonTposabHble Bompochl /sl TPOBeeHUsl HTOrOBOH aTTecTaAlMU
(3x3amMeHna):

I. Tlonstue o pabouem Ttene (PT). Tepmomunamuyeckas cucTema.
OcHoBHble napameTpbl. Y aenbHblii 00beM PT. Enununel uzmepenus. [laBnenue
n30bITOYHOE, BakyymMHoe, arMmochepHoe naaBieHue. Temmneparypa. [lkans
TEMIIEPATYP.

2. Tlonstue 00 uaeanbHOM rase. Peanbnslii ra3. 3akonsl boitns-Mapuorra,
['eii-JIroccaka, [lapns. 3akon ABoraapo. YpaBHEHHUE COCTOSHUS UACATBLHOIO rasa.



["a3oBast mocTosiHHAS, €€ (PU3NYECKUN CMBICIT U €TUHULIBI U3MEPEHUSL.

3. IloHaTHe O TEPMOAMHAMHYECKOM IIPOLIECCE, BHYTPEHHEW SHEPIuM,
pabore, temnote. [lepBhiif 3aKOH TEPMOJUHAMUKHU. AHATUTHYECKOE BBIPAKEHUE
nepBoro 3akoHa TepMoauHamuKku. [loHsitue 00 »sHTambnuu. OOpaTumbie U
HEeoOpaTUMBbIE MPOIECCHI.

4. WccnenoBaHue M30XOPHOTO Tpollecca: YypaBHEHHE, Trpauueckoe
n3o0paxkeHue B jguarpamme V-P, cooTHomeHwe MeXIy mapaMeTpamu,
onpejefiecHue HM3MEHEHHs] BHYTPEHHEW SHepruu, paboThl, OMpeJesieHne
KOJIMYECTBA TEIUIOTHI, IPUMEHEHHE IIEPBOr0 3aKOHA TEPMOJAUHAMUKM.

5. HccnepmoBanume wu300apHOTO TMpoliecca: ypaBHEHHE, Trpaduueckoe
n3o0paxkeHne B auarpaMMme V-P, cooTHomieHwe MexIy MapaMeTpamu,
ONnpeJeNeHue M3MEHEHHs BHYTPEHHEW 5SHepruu, paldoThl, ONpeneJeHUue
KOJIMYECTBA TEIUIOTHI, IPUMEHEHHE MEPBOT0 3aKOHA TEPMOJAMHAMUKH.

6. HccnenoBanue M30TEPMHUYECKOTO MpoOIEcca: ypaBHEHHUE, rpaduyeckoe
u3o0paxkeHue B jguarpamme V-P, cooTHomieHwe MexIy MapaMeTpamu,
omnpenereHue M3MEHEHHs BHYTPEHHEW dSHepruu, paldoThl, ONpeleseHue
KOJIMYECTBA TEIIOTHI, IPUMEHEHHE MEPBOr0 3aKOHA TEPMOJANHAMUKHU.

7. WccnepmoBanwe aauabaTHOrO TMpolecca: ypaBHEHHE, Tpaduueckoe
u3o0paxkeHue B jguarpamme V-P, cooTHomeHwe MexIy MmapaMeTpamu,
ONpese/ieHue HM3MEHEHHUs] BHYTPEHHEW SHEepruu, paboThl, OMpe/esieHne
KOJIMYECTBA TEIUIOTHI, IPUMEHEHHE IIEPBOr0 3aKOHA TEPMOJAUHAMUKM.

8. HccnemoBanue NOTUTPOMHOrO TMpOLIECCa: ypaBHEHHE, Tpadudeckoe
n300paxxeHne B auarpamMMme V-P, cooTHomieHwe MexIy MapaMeTpamu,
OmnpeleNeHue M3MEHEHHs BHYTPEHHEW 5SHepruu, paldoThl, ONpeneseHUue
KOJIMYECTBA TEIUIOTHI, IPUMEHEHHE IIEPBOr0 3aKOHA TEPMOJANHAMUKH.

9. ®opMynmHMpOBKM  BTOPOro  3aKkoHa TepMoAuHaMHKU.  Kpyrosbie
TEPMOJIMHAMHUYECKHE TMPOLIeCChl: MpsIMO M 00paTHbId. [IpsAMOl LMK TEMIOBOTrO
nBuratens. TepMuyeckuid KO3(PPUIUEHT MOJIE3HOr0 NEUCTBUS IMKJIA TEIIOBOTO
JBUTATEIIS.

10. O6parHble UUKIBI. XOJOAWIBHBIA U OTOMHUTENbHBIH KOA(DPUIIMEHTHI
00paTHBIX IIUKIIOB.

11. [Ipssmoit u obOparubiii 1ukiael KapHo. Ourponus. Juarpamma S-T.
OcHoBHBIE TepMOAMHAMHUUYECKUE Tpoluecchl B auarpamme S-T. Ilpamoit u
oOpatueiii mukisl Kapuo B mmarpamme S-T, temnota, paborta, kKodhdHUIIHEHTHI
TEPMOANHAMHYECKOH 3(PPEeKTUBHOCTU ITUKIIOB B nuarpamme S-T.

12. HazHaueHnue, NOpUHLMIO JEUCTBUS W KIacCU(PUKAIUs KOMIIPECCOPOB.
[lonsiTue 00 wuaeanbHOM Kommpeccope. TepMoAMHAMUYECKHE MPOLIECCHl B
UJCAIbHOM TMOPIIHEBOM OJHOCTYyIEHYaToM Komripeccope. IIpuHiun paboTsl
MHOTOCTYNEHYaToro komnpeccopa. M300paxeHue nporueccoB MHOTOCTYTIEHUATOTO
KoMIpeccopa B n1uarpamme V-P.

13. [lonssiTue o0 XoJNoAWIbHBIX MamuHax. Jluarpamma i-lg p, S-T
XOJIOOUIBHBIX areHToB. OCHOBHBIE TEPMOAMHAMHUUYECKUE MPOLIECCHl B JUAarpaMmMme
i-lgpu S-T.

14. ITapoBass xonoAwibHAas MalllMHA: MPUHUUINHAIbHAS CXEMa YCTaHOBKH,
paboraromieit o nukiry Kapro, nzobpaxenue nukia B auarpammax V-P, S-T, i-lg



P, XOJOAWIbHBIN K03(QduuueHt. TeopeTHuecKuil LUK NapoBOM XOJOIUIBHOU
MaluHbBl:  cxema, wu3o0paxkeHue B jguarpammax V-P,  S-T, i-lg p,
XOJIOAOTPOU3BOJUTEIBHOCTD LIMKJIA.

15. llonstue JABC. Ux knaccudukaius. JIByXTaKTKHBIC, YEThIPEXTAKTHbIE
JBC, teopetnueckue nukibl JJBC. OCHOBHBIE y37Ibl K CUCTEMBI.

16. Bunbl mepenaun TEIJIOTHI W WX oOmIas XapakTtepuctuka. llonstue o
MEXaHU3Me Ipolecca.

17. OcuoBHble ToHATHSA. 3akoH Dyphe. KoadduimenT TermionpoBoIHOCTH,
ero (M3MYECKU CMBICIT, YUCIICHHBIC 3HAUCHHSI IJISI PA3TUYHBIX TSI U 3aBUCUMOCTh
oT pasznuuHbIX (akTopoB. [lepenaya TemnoTsl yepe3 IUIOCKYIO OAHOCIOWHYIO U
MHOTOCJIOMHYIO CTEHKH. TemIonpoBOAHOCTh MUIMHIPUYECKOM OJHOCIOWHON H
MHOTOCJIOMHOW CTEHKH.

18. ®uznyeckas CyIIHOCTh TEIIOOOMEHAa KOHBEKIMHU. 3akoH HproToHa -
Puxmana. KoadduimeHt TtermiooTaayu, €ro 4YucieHHble 3HadeHus. DakTopsl,
BIIUSAIONTUE HA KOA(PDUIIMEHT TEII00TIauH.

19. Ilonstne o temnonepenade. Ilepemaya TEMmIOTBI Yepe3 IUIOCKYHO
OJIHOCJIOWHYI0O M MHOrocjoiHble cTeHku. Koadduiment rermnonepenaun, ero
dbusnueckas cynHocTh. Teruionepenaya yepes MWIMHAPUIECKYIO OJTHOCIONHYIO U
MHOT'OCJIOMHBIE CTEHKHU. TerutoBas n3onsuus. Kputuyeckuid nuamerp HU30JSLHH.
Temnonepenada yepe3 opeOpEHHBIC TOBEPXHOCTH.

20. TermmooOMeHHBIE — ammapaThl, WX KiIacCU(PUKAIUSI, YCTPOHUCTBO W
npuHuun naeictBud. OmnpenelieHre TerionepepadaThiBalONIEd MOBEPXHOCTH
TEII000MEHHBIX armaparos. Brruucnenue KOHEYHBIX TeMIeparyp
TEIJIOHOCUTENEN.

Ipumeuanus: B npusedennvie KOHMPObHBIE BONPOCHL MOCYM OblMb BHECEHDL
HeKomopbvle UBMEHeHUs, Npu YCI08UU, YMO OHU He OyOym Nnpomueopeyums
CO0EPIAHCAHUIO OUCYUNTUHDL.

8 CUCTEMA OLEHUBAHMUSA IIVIAHUPYEMBIX PE3YJIbTATOB
OBYYEHMUSA

dopMa KOHTPOJIS 3a oany padory
MuHum. Makc. Bceero
0aJ1J10B 0aJLJ10B
TeKkymmii KOHTPOJIb:
Nn0020MOBKA K NeKUUOHHBIM 3AHAMUIM 0,5 6anna 1 6ann 8 bannos
BbINOJIHEHUE U 3aUUMA NPAKMUYEeCKUX pabom 1 6ann 2 bannos 32
banios
NPOMENCYMOYUHAsL ammecmayusi (mecmuposanue ¢ loann 12 bannos | 12
cobecedosanuem no umo2am mecma) 0ann08
Wrorosas arrecranus 1 6ann 48 48
bannos
HToro 3a ceMmecTp(3K3aMeH 10 JUCHMUILIHHE) 52 100 100
bannos




9 YYEBHO-METOINYECKOE n NH®OPMALIMOHHOE
OBECHHEYEHME JNCIUIIJIMHBI

9.1 OcHOBHAasI JIUTEpPaTYypa

Epodees, B.JI. Temmorexnuka B 2 T. Tom 1. TepmoguHaMuka U Teopus
TErI000MeHa : y4eOHUK [UJIsi CpenHero mpodecCHOHAIBHOTrO o0pa3oBaHus /
B. JI. Epodees, A. C. Ilpsaxun, II. JI. Cemenos ; nox penaknueir B. JI. Epodeena,

A. C. Ilpsixuna. — MockBa : HW3znarensctBo IOpaitt, 2023.— 308 c. —
(ITpodeccuonanpHoe obOpazoBanue). — ISBN 978-5-534-06945-7. — Tekct :
anekTpoHHb // OOpazoBatenpHas matdopma FOpait [caiit]. — URL:

https://urait.ru/bcode/516581

laxyp, A. A. Temmotexnuka. Teronepegaya 1 TEPMOJAUHAMUKA : YUEOHUK
/ A. A. Taxyp. — Mocksa, Bonorna : Unadpa-Unwxkenepus, 2023. — 312 ¢. —
ISBN 978-5-9729-1174-5. — Tekcr : onektponHeii // Ludposoit
oOpa3oBaTeIbHBIH  pecypc IPR SMART : [caitT]. —  URL:
https://www.iprbookshop.ru/132884.html

URL: https://www.iprbookshop.ru/131597.html

9.2 JlonoJIHUTEJIbHAS JIUTEPATYPA

AxkcénoB, A. K. TemnorexHuka, TepMOJMHAMUKA M TeEIUIONEpeaada
yuebHo-MeToauueckoe nocooue / A. K. Akcénon, C. B. buprokoB. — Mockaa :
MUCU-MI'CY, OBC ACB, 2022. — 50 c¢. — ISBN 978-5-7264-3070-6. —
Tekcr : snextponnslii // LudpoBoit oOpazoBarenbvHblil pecypc IPR SMART :
[caliT]. —

Tennorexnuka. IlpakTukym: ydyeOHOe mocoOue s OakanaBpuara u
maructpatypsl / B. JI. Epodees [u np.] ; mox penakuueit B. JI. Epodeena, A. C.

[Ipsxuna. — Mocksa : UznarensctBo IOpaiit, 2019. — 395 ¢. — (bakanaBp u
Maructp. Axkagemudeckuit kypc). — ISBN 978-5-9916-6992-4. — Tekcer
anektponnbit  //  OBC  IOpaitit  [caiit]. —  URL: https://www.biblio-
online.ru/bcode/433464

9.3 Ilepuoanyeckue U31aAHUSA

OunaiiH-KypHaI «Cubupckas HEeDTHY. Pexum
noctyna:https://www.gazprom-neft.ru/press-center/sibneft-online

Hayuno-texuuueckuii xypHan «leomoruss Hedptu u rasza». Pexum
noctyna:https://www.oilandgasgeology.ru

Ananmutnueckuil xypHan «HedrerazoBas Beprtukanb». Pexum noctymna:

http:/ngv.ru
NudopmanmonHo-ananutuyeckuid  OroyuiereHb«BectHuk  TOK».  Pexum

noctymna: https://media.lawtek.ru/media/vestnik

HayuHo-TexHuueckuii U OPOU3BOJCTBEHHBIM  KypHall  «l'a3oBas
[TpomermuieHHOCTHY. Peskum noctyma: http://neftegas.info/gasindustry

HayuHo-TexHudeckuii W MPOW3BOACTBEHHBbINM  kypHan  «Hedtsnoe
x03scTBOY. Pesxum nmoctyma: http://www.oil-industry.ru

Hayuno-texauueckuit  xypHan «Mwup  HedTenpoaykTtoB. BecTHuk
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https://www.iprbookshop.ru/131597.html
https://www.biblio-online.ru/bcode/433464
https://www.biblio-online.ru/bcode/433464
https://www.gazprom-neft.ru/press-center/sibneft-online
https://www.oilandgasgeology.ru
http://ngv.ru/
https://media.lawtek.ru/media/vestnik
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Hedranpix Komnanuii». Pexxum noctyna: http:/neftemir.ru

Kypuan «Hedts Poccun». Pexxum noctyna: http://www.oilru.com

Kypnan  «Oxonommka wu TOK  ceromus». Pexum — goctyna:
http://www.rusoil.ru

Kypnan «Oil & Gas Journal Russiay». Pexxum noctyma: http://ogjrussia.com

Hayuno-texanueckuit xypHan «l'eonorust HedTu u raza». Pexxum nocrymna:
http://www.geoinform.ru

Anamutndeckuit  kypHan «Hedprs wu  Kammram»y. Pexum nmoctyma:
http://www.oilcapital.ru

Kypnana Gasworld.ru. Pexxum noctyna:http:/ www.gasworld.ru

Henosoit xxypHan Neftegaz.RU.Pexxum nocryna: http://www.neftegaz.ru

NudopmanmonHo-ananutuueckuii xypHan «Hedts, raz u Ousnec». Pexum
noctymna: http://ngb.gubkin.ru

Hayuno-texuuueckuit xypHan «Hedts. ['a3. HoBamum». Pexxum noctymna:
http://neft-gaz-novacii.ru/ru. Apxus xypHaioB «HedTs. ['a3. HoBanum» nHay4Ho-
TeXHUYECKUH xypHas. Pexxum nocryna: http:/neft-gaz-novacii.ru/ru/archive

DOnexkTpoHHBIA Hay4HbI *KypHan «HedterazoBoe nemo». Pexxum nocryma:
http://www.ogbus.ru

Kypnan «Hedts U ras EBpazus». Pexum Jocryna:
https://www.oilandgaseurasia.com/ru. ApxuB xypHana«Hepts u raz Epazus»
Pexxum noctyna:https://www.oilandgaseurasia.com/ru/oge pdf archive

Kypnan «bypenue 51 HeTHY.Pexxum JOCTyIIA:
http://burneft.ru/archive/issues
Kypnan «HedTrerazossie TEXHOJIOTUID. Pexum JOCTyIIA:

http://ogt.promzone.ru

Hayuno-texuuueckuit >xypHan «TexHomoruu HepTH u raza». Pexum
nocTyna: http:// www.nitu.ru

Kypnan «mxenepnas [Ipaktukay. Pexxum noctyna: http://glavteh.ru/mag

Kypnan «Teppurtopus HE®DTEI'A3». Pexum JOCTyIA:
http://www.neftegas.info/neftegas.html
Kypuan «HedrecepBucy. Pexum Jnocryna:

http://www.indpg.ru/oilfieldservice

OTtpacneBoii nHGOpMAITMOHHO-TeXHUYECKHH KypHal «Cdepa HEDT U Ta3».
Pexwum noctyna: http://www.s-ng.ru/magazin/0

HayuHo-TeXHMYECKUI >KypHan «OJKcrno3uuus HePpTh U Tra3y. Pexum
nocryna: http://runeft.ru/archive

Hayuno-texuuueckuit u mnpousBoacTBeHHbIH <«OKypHan HedTerazoBoro
CTpOUTENbCTBa». Pexxum noctyna: http://mag.npngs.ru

Kypuan «Hedreras Internationaly. Pexxum JoCTyIa:

http://neftegazint.ru/node/10
Kypnan «ROGTEC» Russian Oil & Gas Technologies.Pexxum nocrymna:

http://www.rogtecmagazine.com/about-us-russian.php
Kypnan «Hedrerazopas reomorus. Teopus u npaktuka». Pexum mocryma:
http://www.ngtp.ru/jornal.html
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9.4 IIporpammHoeobecnieueHne

Windows 10 Pro
WinRAR
Microsoft Office Professional Plus 2013
Microsoft Office Professional Plus 2016
Microsoft Visio Professional 2016
Visual Studio Professional 2015
Adobe Acrobat Pro DC
ABBYY FineReader 12
. ABBYY PDF Transformer+
10. ABBYY FlexiCapture 11
11. TIporpammuoeobecneuenue «interTESSy
12.  Cuopasouno-npaBoBas cucrtema «KoncynbranTllnroc», Bepcus
«OKCIIEPT»
13. TIIO Kaspersky Endpoint Security
14. «Awntunnaruat.BY3y» (uHTEpHET - Bepcus)
15. «AHTUIUIaruaT- UHTEPHET»

e A - e

\O

9.5IIpodeccnonasibibie  0a3bl  JAaHHBIX MW HHGOPMAUMOHHBbIE
CIIPABOYHBIE CHCTEMbI COBPEMEHHBIX HH(POPMALIMOHHBIX TEXHOJIOTHH

1. CripaBouHO-TIpaBOBAs cucremMa «KoHcynbTant [Tmroc»
(http://www.consultant.ru);
2. DIIEeKTpOHHAs OoubMoTeuHast cucrema eLIBRARY.RU

(http://www.elibrary.ru);
3. DnexTpoHHass OMONMHMOTEYHAss CUCTeMa «YHHMBEpPCUTETCKash OMOmmMoTexa
onaitny (https://biblioclub.ru);

4. DneKTpoHHO-OUOIMOTeUHAs cucrema BIBLIO-ONLINE.RU
(https://www.biblio-online.ru);
5. DneKTpoHHO-0MOIMOoTeYHAs cucrema IPRBOOKS

(http://www.iprbookshop.ru).

6. Caiit Petrolibrary.ru. Knuru u cratbu mOCBSIIEHBI T€OJOTHH, OYpPEHHIO
CKB&)XHH, pa3pabOTKE MECTOPOXKICHUH, MOObUEe W TPAaHCIOPTY HePTH W Tasa,
TEXHOJIOTHSIM HE(TETa30BOM OTpaciu.

7. OCHOBHBIM 3apyO€KHBIM MCTOYHUKOM HMH(GOPMAINH TI0 KYPCY SIBISIOTCS
cratbi U pecypcel  OOmectBa  uHXeHepoB-HepTsHHKOB  (SPE) -
https://www.spe.org/en/ (JPT, Oil and gasfacilities u np).

8. bubnuoreka https://www.onepetro.org/ (IocTyn K OMOINOTEKE CTYICHTOB
u wieHcTBO B SPE GecruiatHoe).

9. becrutatHast OuOnMoTeka TexHHMUYECKOW murepatypel «Hedtp m ra3z —
n3bpanHoey». Pexxum nocryna: http://nglib-free.ru.

10. Pecypc studmed.ru siBnsercst 001 10CTYTHBIM JIJISl BCEX MOJIb30BATENCH.
3/1eChb HAaXONATCS KHUTH, CTaThbU, KOHCIEKTHI JICKIIUH, METOJIUYECKUE MOCOOUs U
yKa3aHUsi ¥ MHOTOE JPyroe, MOCBAIIEHHbIE NHGOPMAIINH TI0 Pa3IUYHBIM pa3eiiaM
He(dTera3zoBoi OTpaciH.

Pecypc http:/www.edu.ru/ - denepanpHBIE TOPTAT  POCCHUUCKOTO
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obOpazoBaHus. HopmaTtuBHBIE MaTepualibl 0 00pa30BaHUI0, Y4EOHO-METOANUECKUE
MaTepHaJIbl M PECypChl IO BCEM HAIPABJICHHUSIM, CIICIIHAIIBHOCTSIM.

10 OBECIIEYEHHUE OBPA3OBATEJIBHOI'O MNPOHECCA JIAA
JIMI] C OI'PAHMYEHHBIMHN BO3MOXHOCTSIAMHU 310POBbA H
HNHBAJIM10B

Y4eOHble W y4yeOHO-METOJUYECKHE MaTepHalibl ISl CaMOCTOATEIbHOU
paGoThl OOyYaIOIIMXCS W3 YHCJIAa WHBATWAOB U JHUI[ C OrPaHUYECHHBIMU
BO3MOXHOCTSIMU 3710poBbs (OB3) npenocraBistorcst B popMax, alaiTHPOBAHHBIX
K O'paHUYEHUSIM UX 3JJ0pPOBbs U BOCHPUATUS HH(DOpMaALUK:

s cenbix ¥ CaboBHASAIINX

JIEKIIUU OPOPMIIIOTCS B BUC JIEKTPOHHOTO JIOKYMEHTA, IOCTYITHOTO C
TIOMOIIBIO KOMIILIOTEPA CO CIENUATM3UPOBAHHBIM IIPOrPAMMHBIM 00ECIIEYEHHUEM,;

NMUCbMEHHBIE  3aJlaHUsl  BBIMIOJHSAIOTCS  HAa  KOMIIBIOTEPE  CO
CIICIMAIM3UPOBAHHBIM IIPOTPAaMMHBIM 00€CTICUCHHUEM, I MOTYT OBITh 3aMEHCHBI
YCTHBIM OTBETOM,;

) o0ecreuynBaeTcs WHIMBHUIYATHbHOEC PAaBHOMEPHOE OCBEIIEHHUE HE MEHEee
300 mrokc;

" IS BBINOJNHEHUS 3aJaHUS npu HEOOXOAUMOCTU MPEAOCTABISAETCS
YBEIIMYUBAIOIIEE YCTPOMCTBO; BO3MOXKHO TaK)K€ HCMOJb30BAHUE COOCTBEHHBIX
YBEJINYMBAIOIIUX YCTPOUCTB,;

) MMCbMEHHBIE 33J1aHUsT O(OPMIISIIOTCS] YBETMUEHHBIM IIPUPTOM;

9K3aMEH U 3a4€T MPOBOJIATCS B YCTHOM (hOopMe WM BBIMOJHSIOTCS B
NMMCbMEHHOH (hopMe Ha KOMIIBIOTEPE.

s riryXuX M ¢1a0oCblIanuX:

JeKIUU  O(QOpMIIAIOTCS B BHJIE DJICKTPOHHOTO JIOKyMeHTa, JIn0Oo
MPEIOCTABISACTCS 3BYKOYCHJIMBAIOIIAS arnrmaparypa WHJIUBUTYaJIbHOTO
II0JIL30BaHUS,

) MUCHbMEHHBIE 3aJIJaHMsl BBIMIOJHSAIOTCS HAa KOMIBIOTEPE B MUCbMEHHOMU

(opwme;
" 5K3aMeH M 3a4éT NPOBOMSTCS B IHMCHMEHHOH (hOpME HAa KOMIIBIOTEpE;
BO3MOYHO MPOBEJCHUE B (HOPME TECTUPOBAHUS.
_Jlo1st i ¢ HapYIIEHUSIMH OTIOPHO-/IBUTaTEILHOTO allapara;
JEKIUU OPOPMIISIOTCS B BUE JIEKTPOHHOTO IOKYMEHTA, IOCTYITHOTO C
MOMOIIIBI0 KOMITBIOTEPA CO CIEIIUATU3UPOBAHHBIM IPOTrPAMMHBIM 00ECIICUCHUEM;
" [OHCbMEHHBIC  3ajaHHS  BBIIOJHAIOTCS HA  KOMIBIOTEpPE  CO
CIIELMAIM3UPOBAHHBIM IIPOrPAMMHBIM 00€CTIEYEHUEM,;
9K3aMEH M 3a4€T MPOBOJATCA B YCTHOW ()OpME WIIM BBINOJHSIOTCS B
MUCBMEHHOM (hopMe Ha KOMITbIOTEPE.
[Ipy HEoOXOMUMOCTH TIpPEAyCMaTPUBACTCA YBEIUYCHUE BPEMEHU IS
MOATOTOBKHU OTBETA.
[Ipouienypa mpoBeneHHs] MPOMEKYTOUHON aTTeCTAUU I OOYJArOIIUXCS
yCTaHABIMBAETCA € YYETOM WX  HWHIWBHAYAIbHBIX  MCUXO(PU3UUYECKHUX
ocobenHocteil. [IpoMexxyTouHasi aTTeCTalusl MOXKET MPOBOJUTHCS B HECKOJIBKO



ATaroB.
[Ipy mnpoBeneHUM MNPOUEAYPbl OLCHUBAHUS PE3YyJIbTATOB OOyYEHUS
peIyCMaTpUBACTCS MCIOJb30BaHUE TEXHUYECKUX CPEACTB, HEOOXOIUMBIX B
CBS3U C MHJIUBUAYAJIbHBIMH OCOOCHHOCTSAMH OOYYaIOIIUXCS. JTU CPENICTBA MOTYT
OBITh MPEAOCTABICHb YHUBEPCUTETOM, UM MOTYT HCIIOJIb30BATHCS COOCTBEHHBIC
TEXHUYECKUE CPEACTBA.
[IpoBenenue mpoiieIypbl OLIEHUBAHUS PE3YyIbTATOB 00YUEHHUS JOIMYCKAETCS C
WCIIOJIb30BAaHUEM JUCTAHIIMOHHBIX 00Pa30BATEIHHBIX TEXHOIOTHH.
ObecnieunBaeTcss JOCTYn K WHGOPMAIMOHHBIM ©  OuOIMorpaduaeckum
pecypcam B cetu UHTepHeT s Kaxkmgoro oOydaromerocs B - (opmax,
aJanTUPOBAHHBIX K OTPAHUYCHHSIM MX 3I0POBBSI M BOCTIPUSTHS HHPOPMAIIAH:
JI71s clenpIX U cnaboBUAAIINX
" B eyaTHOH GopMe yBEIMUCHHBIM MPHDTOM;
B (hopMe IIEKTPOHHOTO IOKYMEHTA;
B (popme ayauodaitna.
s Tty XuX M ¢1a0oCblIanuX:
B neyaTHoM opme;
B (hopMe PIIEKTPOHHOTO TOKYMEHTA.
Jiist 00yuaromuxcst ¢ HapyIeHUsIMUA OTIOPHO-/IBUTAaTEILHOTO anmnapara:
"~ B medaTHOi popme;
B (hopMe IIEKTPOHHOTO IOKYMEHTA;
B (hopme aynuodaiina.

YueOHble ayIUTOpPUU IJI1 BCEX BHUJIOB KOHTAKTHOW U CaMOCTOSITEIbHOMU
paboThl, HayuyHass OWMOIMOTEKAa M WHBIC MOMEIICHUS MJii OOy4YEHHUs OCHAICHBI
CIICLMAIBHBIM ~ O0OpYJIOBaHMEM U Y4YE€OHBIMM MECTaMHU C TEXHUYECKUMU
cpeACTBaMH OOy4ECHUSI:

JI71s1 cnenbIxX U cIa0OBHASAIINX

_ st rIyXuX ¥ c1a00CbIIIAIIHX:
aBTOMATU3UPOBAHHBIM PAa0OYMM MECTOM ]IS JIFOJACH ¢ HapylieHUEM
ciIyXa M CcIa0OoCIIbIIIAITIX;
) aKyCTHUUCCKUN YCUIIUTEIh U KOJIOHKH,
Jlnst oOygaromuxcs ¢ HapylIeHUsSIMU OTIOPHO-ABUTAaTEILHOIO anmapara:
) NePeABIKHBIMU, PETYIHPYEMbIMU dproHoMudeckumMu mapramu CU-1;
KOMITBIOTEPHOW  TEXHUKOW  CO  CHENUaJbHBIM  TPOTrPAMMHBIM
oOecIIeYecHUEM.

11 MATEPHUAJBLHO-TEXHUYECKOE OBECIIEYEHUE
TV CTMTILIAHBI

IIpenogaBarens  NOKEH  HWMETh  BO3MOXKHOCTH — JIETKO  yIPaBJIATH
000pyI0BaHUEM ayJUTOPUHU, YTO MO3BOJUT MPOBOJUTH JIEKIUHU, MPAKTHUECKUE U
7ab0opaTOpHbIE 3aHATHS, IPE3ECHTAMU, KOH(PEPEHIIMN U APYTUe BUbI Ay IUTOPHON
Harpy3ku oOy4aronmuxcs B y100HOU U JOCTYIHOM Uit HUX (popMe ¢ TpUMEHEHUEM



COBPEMCHHBIX HMHTEPAKTHBHBIX CPEACTB OOy4YeHHs, B TOM 4YHCIE C
UCTIONB30BAaHUEM B TIpollecce OOYyYeHHsS BCEX KOPIIOPATHBHBIX PECYPCOB.
MynsTUMEANifHAS ayIUTOPUS TaKXKe JTOJDKHA OBITh OCHAIEHA JOCTYIIOM B CETh
uHTepHeT. KommploTepHoe 000pya0BaHHE AOMKHO HMETh COOTBETCTBYIOIIEE
JUIIEH3UOHHOE TIPOTPaMMHOE 0OeCTIeUeHHE.
Texnnueckue cpeacTBa olecrnedeHHs] TUCHUILUIMHBI JJIsl MPOBeIEHUsI
ayJIUTOPHBIX 3aHSITHIA:
" UHTEpAaKTHBHAS JOCKA C JIMIEH3HOHHBIM IIPOrPAMMHBIM O0ECIeUeHIEM
¥ MYJIbTUMEIUAIIPOCKTHPOM;
" MapKepHas I0CKa;
yueOHbIe MaTepHalibl (yueOHble (PUITBEMBI, PE3CHTAIIHH ),
aKyCTHUYECKasi CUCTEMA;
CpeICTBa YIpaBJIeHUs 000PYIOBAHUEM.

MarepuajbHO-TEXHHYECKOe oO0ecneYyeHue AUCHMIVIMHBI VIS JIMI C
OrPAHUYEHHBIMH BO3MOKHOCTSIMH 3/10POBbSI M HHBAJIUI0B

Ayautopusi s JIGKUMOHHBIX 3aHSATUM, ayJauTopus MJis MPOBEACHHUS
NPAaKTUYECKUX 3aHATUN U ayAUTOPHUS JUIsl CAMOCTOSATEIBHON PabOTHI.

OOyuaromuecs U3 YUCIa JIML C OTPAHUYEHHBIMU BO3MOXHOCTSIMHU 370POBbsI
o0ecreunBaroTCs MEYaTHBIMU U AJIEKTPOHHBIMU 00pa3oBaTeNIbHBIMU pecypcamMu B
(dopMax, aJanTUPOBAHHBIX K OTPAHUYEHUSIM UX 370POBbs, a TAKKE TEXHUUECKUMU
CpeICTBaMHU TIepeAauyd HMHPOpMAMM U3 UMEIOUIMXCS HeaJalnTHPOBaHHBIX
pecypcoB.

MarepuallbHO — TEXHUYECKOE O0ECHEYEeHHE JOJKHO OTBEYATh HE TOJIBKO
o0muM TpeOOBaHUSIM, OMNpEeAENeHHBIM B (enepaJbHOM TOCYAapCTBEHHOM
o0pa3oBaTeNbHOM  CTaHAApTE€ BBICIIErO0 O0pa30BaHUS IO  HAIPABJICHUIO
NOJATOTOBKHU (CHEIHAIBHOCTH), HO U OCOOBIM 00pa30BaTENbHBIM MOTPEOHOCTIM
Ka)KJI0M KaTeropuu o0y4aronuxcs ¢ OrpaHuYE€HHBIMU BO3MOKHOCTSAMHU 370POBbS U
WUHBAJIUOB.

VY4yeOHblE ayAUTOPUU OCHAIICHBI CIEUMATBHBIM  00OpY/IOBaHUEM WU
y4€OHBIMU MECTaMU C TEXHUYECKUMH CPEJICTBAMU O0YUYEHMsI AJIs1 00YUarOIIUXCs C
Pa3IMYHBIMH BUJIaMU OTpaHUYEHUH 310poBbs (110 1 — 2 mecTa).

O6opynoBaHME CHELMATIBHBIX Y4EOHBIX MECT MpPEANOaraeT yBEIUYEHUE
30HBI Ha OJHO MECTO C YYETOM IMOAbe3[a M pa3BopoTa Kpecia-KOJISICKH,
YBEIMYEHHMSI [IMPUHBI IPOXOJa MEXY PsIaMH CTOJIOB. B craniapTHON ayauTopun
HIEPBbIE CTOJIBI B PAY Y OKHA M B CPEIAHEM PSIIy MPELyCMOTPEHBI sl 00ydaeMbIX
C HapYILICHUAMHU 3PEHUA U CIyXa, a i1 00ydaeMblX, IepEABUTAIONINXCS B Kpeciie-
KOJISICKE, - BbIAENIEHbl 1 — 2 mepBbIX CTOJa B psAdy y JBEpHOro mnpoema. B
CHeualbHOM ayIuTOpuu OOOpYJOBaHbl MeCTa ISl CaMOCTOSITENIbHOW paloTHhI,
KOHCYJIbTALIMOHHOM W  HMHJMBHAyaldbHOM paboOThl C MpenojaBaTeieM ¢
COOTBETCTBYIOIIMM TEXHUYECKUM OOOPYJIOBAHUEM IO KaXKJAOMYy BUAY HapyLIECHUN
370pOBbs  C JOCTYIIOM K JIOKaJbHOW ceTh YHuBepcurera, HHTEepHEeTY U
AJIEKTPOHHBIM OMOIMOTEYHBIM CUCTEMAM.



B aymurtopusax, rae oOydyaroTcs CTYAGHTBL €  OTpaHUYEHHBIMU
BO3MOXHOCTSIMU  3[I0POBbSI M MHBQJIMJbBI, MPEIyCMOTPEHbI MecTa  JiJIs
oOydJaronmxcst ¢ y4eToM OrpaHUYEeHHM HX 370pOBbi. Y4eOHas ayauTopusi, B
KOTOpOM  OoOydaroTcsi CTYJIEHThl C HapylleHHeM ciayxa o0opyJaoBaHa
KOMITBIOTEPHOM TEXHUKOW, ayJAHMOTEXHUKOW (aKyCTUYECKMH YCUIIUTENb U
KOJIOHKH),  BHUJCOTEXHUKOW  (MyJIbTUMEAUNHBIN  MPOEKTOP,  TEJIEBHU30D),
MYJIbTUMEIUMHON CUCTEMOM, MHTEPAKTUBHOM M CEHCOpPHOU gockamu. OOyueHue
JUI C HAPYUIEHUSMHU CJIyXa MPEANojaraeT HCIOJIb30BaHUE MYJIbTUMEIUNHBIX
CPEICTB M JPYIMX TEXHHYECKHX CpEIACTB Ui IpUEeMa-Neperadyn y4eOHOu
uHbOpMalMu B JOCTYMHBIX (opMax, KOMIUIEKTa JJIEKTPOAKyCTHUYECKOTO U
3BYKOYCWUJIMBAIOIIETO  O0OpPYJIOBaHHWA C KOMOWHHMPOBAaHHBIMU  3JEMEHTaMU
MPOBOJIHBIX U OECIIPOBOAHBIX CUCTEM Ha 0a3e MpodheCCUOHAIBHBIX YCUIUTEEH.

JUist cnaGoBUASIIUX OOYyYAIOMIMXCA B JEKIMOHHBIX U YUYE€OHBIX ayJIUTOPHUIX
IpeIyCMOTPEHa BO3MOXHOCTh MPOCMOTpa YAAJNEHHBIX OOBEKTOB (HAmpUMED,
TEKCTa Ha JIOCKE WJIM Claiila Ha 9KpaHe) NpU MOMOIIM BUACOYBEIUUYUTENICH A
yAalleHHOTo mpocMoTrpa. OO0yueHue Jul] ¢ HapyUICHUSIMU 3PEHHs Tpernoiaraet
UCIOJIb30BaHUE  OpalleBCKOro  JuCIuiess U OpailJIiepOBCKOTO  MPHUHTEPA,
AJIEKTPOHHBIX JIYI, IPOrpaMM HEBU3YaJIbHOTO JOCTyIa K MH(OpMAIUu, IporpaMmm
- CHUHTE3aTOPOB pEUYM M JPYTrUX TEXHUYECKHX CPEACTB I IpUEMa-liepeadn
y4eOHOM nHpOpMAINK B TOCTYIHBIX (OpMax.

Jlist o0ydaromuxcs ¢ HapyIICHUSIMH OIOPHO-IBUTATEIHLHOTO ammapara B
JEKIUOHHBIX ¥  yYEeOHBIX ayIUTOPHUSIX TPEIyCMOTPEHBI  TEpPEABUKHBIC,
peryjiupyemMble  HSPrOHOMHUYECKHE TMapThl C HCTOYHUKOM MUTAHUS A
WHJUBUAYAIbHBIX TEXHUYECKUX CPEACTB, CIEUHAIbHBIE KJIaBUATYpPHl (C
YBEIMYEHHBIM Pa3MEPOM KIIaBMIIL, CO CIIEHUAIbHON HAKIIAJKOM, OrpaHUYUBAIOLLIEH
CllyyallHOe Ha)kKaTHe COCEIHUX KJIABHUIL, CEHCOPHBIE, UCIOJIb30BAaHUE TOJOCOBOM
KOMaH/Ibl); CHEIUaIbHbIE MBIIN (IKONUCTUKH, POJUIEPHI); BHIHOCHBIC KHOIIKH;
YBEJIMYECHHBIEC B pa3Mepax PyUYKH U CIECHMAJIbHBIC HAKJIAJIKK K HUM, [TO3BOJISIONINE
yACpKUBATh PYUYKYy M MAHUIYJIUPOBATH €0 C MHUHUMAJIBHBIMU YCUIHSIMU;
yTSDKEJIGHHbIE (C JOTIOJHUTENBHBIM TPY30M) PYYKH, CHUKAIOUIUE MPOSBICHUS
TpemMopa TpH TMHCbME; YCTpOMCTBAa oOOMeHa Trpaduueckol HHPOpMaLIUEH,
CHelMallbHOE  MporpaMMHOE  oOecleyeHue, MO3BOJIAIOIIEE  HCIOJIb30BaTh
COKpAIlleHHsI, JTOMUCHIBaTh CiOoBa U (pas3bl, UCXOJsi W3 Ha4daJbHBIX OYKB U
rpaMMaTHYeCKOW (POPMBI MPEIBITYIINX CIOB.

[lepeuens HEOOXOAMMOTO 00OPYAOBAHUS:

"~ mepcoHaNbHBIE KOMIBIOTEPHI C 0CTYTIOM B IHTEpHET;

CHelUaNIbHble YYCOHUKH, Yy4yeOHble MOCOOMS U  JUJAKTUYECKHE
MaTepuasibl UMeroTcs B Oubmumoreunoi cucreme [PRbooks (kpymHbiii mpudt u
aynuogaisl);

" MHOTOMYHKIHOHANBHBIH HMHTEpaKTHBHBIN mucruenit Flipbox 3.0.65",
UHD;

BuseoyBennuutenbOptelec Compact Mini World;

nucmeibpaitng ALVA USB BC 640.



YTBEPX/IEHO
[IpoTokoun 3acenanus Kapeapsi
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Ne OT « » 20 r.

JIMCT UBMEHEHUIA

(M3menenus u Ooononnenusi 6 PII/ enocamca eixceco0Ho u ogopmaaiomcs 6 OAHHOU
Gopme. Uzmenenus Hocamcs 3aMeHOU OMOENbHBIX TUCHO8 (CMapblil IUCH NPU IMOM YBEHHBIM
MapKkepom nepeuepkusaemcs, a HOBbll JUCT C USMEHEHUeM CMeniepoM NPUKAIbleaemcs K
pabouell npoepamme (Xpanumcs Ha Kagheope), 8 snekmponuou ¢hopme PII/] donocna OGvimo
AKmMyanusupo8aHHol ce20d, m.e. ¢ GHeCeHHbIMU USMEHEHUIMU.

Ilpu  Hanuuuu O6oONBWIO20 KOMUYECBA USMEHEHUUl U NONPABOK, 3aAMpPYOHAIOUUX
NOHUMAHUe, 803HUKWUX 8 C853U C USMeHeHueM HopmamusHou bazvl BO u Opyeum npuuunam,
nposooumcs noauwiii nepecmomp PII/] (m.e. ewinyckaemcsa noeasn PII/]), komopas npoxooum
8ce cmaouu NPoBepKU U YmeepiHcoeHUs,).

B paboyeii mporpamMmme (Mooysie) TUCUUTUTUHBI wupp «Hazeanue oucyuniunvly

10 HAIPABJICHUIO MTOATOTOBKH (CHeyuaibHOCmu)

Ha 20 /20 y4eOHbIil roa
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