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JlabopaTtopnas padora Nel
HN3mepenne cpeaHein 00beMHONH M300apPHOM TEIVIOEMKOCTH BO3IyXa

1. Heanb u 3agaum padoTbl

[TIpu mpoBeaeHUH pabOThl CTYACHTHI 3HAKOMSATCS C 3KCIEPUMEHTAIbLHBIM
METOZOM M3MEpEHUsl cpenHell H300apHOW OOBEMHOW TEIUIOEMKOCTH BO3yXa,
MOJTy4atoT HaBBIKK B OOpAICHUH C H3MEPUTEIHHBIMU TPUOOpPaMH, 3HAKOMSITCS C MX
KOHCTPYKLIMEH.

CryneHTaM HEOOXOAWMO OIICHHUTh OIMMOKM HM3MEPEHUH, a TakKe H3y4UTh
croco6 00pabOTKH IKCIEPUMEHTAIIBHOTO MaTepHuaa.

2. OcHOBBI TEOPHH
KomnuectBo Temna dg, moaBeAeHHOE K OAHOMY KHJIOTPaMMy Tela B KAKOM-

100 Mpoliecce, YacTO BhIpaXaloT uepe3 MpUpaileHue TeMnepaTypsl 3Toro tena d7:
dq, =cdT (1)

501041

CII—Z,x = J.deT , (2)

rje WHTEerpan Oepercs OT HayalbHOTO COCTOSHHS | 110 3aJlaHHOTO KOHEYHOTO
COCTOSIHUS 2.

Mmuoxutens C, Ha3bIBAIOT YIEIBHON TEINIOEMKOCTHIO WA TEMJIOEMKOCTBIO.

Tak Kak KOJIMYECTBO TEIJIOTBHI ;. 3aBUCHT OT XapakTepa Iporecca, TO
TEIUIOEMKOCTh CUCTEMBbI C, TaKKE 3aBUCUT OT YCJIOBHI MPOTEKAHMS IMpolecca U
MPEACTABISET CO00M (DYHKIINIO TapaMeTPOB COCTOSIHHS Tela.

Takum oOpa3zoM, yzelbHas TEMJIOEMKOCTh MPEACTABISIET COO0N KOJIUYECTBO
TEeIUIa, KOTOPOE HY>KHO IMOJIBECTH €AUHULIE TEJa JJISl MOBBIIIECHUS €r0 TEMIIEPATYPBI
Ha 1 K B manHOM miponecce.

B pazmuunbix nponeccax BenuunHa C MOXKET UMETh CaMble Pa3lIMYHbIC
3Ha4YeHUs (OT HYJSI JO +90), KpOME TOro, TEIUIOEMKOCTh B PEalbHBIX MpOlleccax He

OCTaeTCs MOCTOSIHHOM, @ MEHSIETCSI COOTBETCTBEHHO TEMIIEpaType.
B TepmoanHaMuke pa3nuyaroT cIeayroUIre BUIbI TEIUIOEMKOCTEH: MacCOBYIO,
00BEMHYIO U MOJIBHYIO.

Yoenvnan (maccoeasn) mennoemkocms cx - BEIMUWHA, PaBHAsI OTHOIICHHIO
TEIUIOEMKOCTH OJIHOPOJHOTO Tela K ero macce. EnuHUIIA M3MepeHUs: MacCOBOM
tertoeMkocTH - JIx/(kr K).

Oovemnoii menioemkocmvlo ¢’y Ha3bIBAIOT OTHOIIEHUE TETIOEMKOCTH
pabouero Teina K €ro o0bemMy IpH HOPMAJIbHBIX (DU3UYECKUX YCIOBHSIX, T.€. MpHU
napienun 101325 Ila u temneparype t = 0 C. Ennnnna U3MEpPEHUss 00bEMHOM
termoemkocty - Jix/(m° K).



MaccoByto TEIIOEMKOCTb TeNa AJIs H300apHOro mnpouecca ooo3Havaror — C,, a
st u30XopHOTro — C,. COOTBETCTBEHHO O0OBEMHBIE TEMIOEMKOCTH 0003HAYAIOT Yepes
C’, u C’,. ITockonpKy Macca Tea paBHa €ro 00beMy, YMHOKEHHOMY Ha IIJIOTHOCTS p,
TO:

1
CV :_C/v
p b
1,
Cp = ;C P 3)

Monsapnou  mennoemkocmeilo €,  Ha3bIBAIOT  BCIWYHHY,  PaBHYIO
IIPOU3BEACHUIO MAaCCOBOM TEIUIOEMKOCTH BEIIECTBA HA MOJISIPHYIO MacCy 3TOro
BemecTBa. EquauIeit n3MepeHuss MOJSIPHON TETUIOEMKOCTH siBiisieTcs - JIx/(Moms K).

OueBuiHO,

Cpu = HC, JTx/kmonbK,

C,, = HC,, Jlx/kmonsK (4)

TennoeMKoCTh B MpoLecce ¢ MOCTOAHHBIM JABJIEHUEM BBILIE, YEM B IIPOLECCE
C IIOCTOSIHHBIM 00BEMOM, T. K. B ClIy4ae NOCTOSHHOIO 00beMa MOJBEICHHAs TEIIOTa
pacxoayercss TOJILKO Ha IOBBLIIICHWE BHYTPEHHEH OHEPrHM, a IPH IOCTOSHHOM
JaBJICHUH COBEPINAETCS JOIOJIHUTENIbHAsA pa00Ta paclIMpEeHHs Ta3a.

Tennoemkoctu C,u C, CBA3aHbI COOTHONIEHUAMMU:

c,—¢, =R

9

. 5)

rae R — razoBast mOCTOsSIHHAS,
k — 1oxasaresp agnadaTsl.
[Ipy mnpakTMYecKux pacyerax IMOJb3YIOTCS CPEIHEN TEIIOEMKOCThIO B
3aJJaHHOM MHTEpBAJIE TEMIIEPATYP. ITa TEINIOEMKOCTh ONPEIEIIAECTCS 3aBUCUMOCTBIO
‘ L, 4,
T _ ’
T, -1,

rje q,., — Temora nporecca 1 — 2 (puc. 1), nporekatotiero ot 7; 1o 1.



Puc. 1. I'paduaeckoe npeacTaBieHne CpeIHel TEMI0EMKOCTH.

COOTBETCTBEHHO, €CIIU M3BECTHA 3apaHee BennurHa C B 3aIaHHOM JIMana3oHe

TEMITIEpATyp, TO TEILIOTY MPOLECCA MOXKHO OMPEAETUTH KaK
4, =¢ % (T, -T).

OCHOBHBIE ONBITHI IO OMPEACIICHUIO YJIETbHBIX TETIOEMKOCTEN MPOU3BOASATCS
MpyU TEPMUYECKU TIOJIBEICHHON SHEPrur B OOJACTH KOMHATHBIX TEMIIEpaTyp.
N3mepenne HM30XOPHOM  TEMJIOEMKOCTM C  BBICOKOM  CTEIEHBIO TOYHOCTHU
3aTPyIHUTEIIBHO, MOATOMY Il omnpeneneHus C, TMOIb3YIOTCS MNPEUMYLIECTBEHHO
KOCBEHHBIMU METOJIaMU, UCTIOJNB3YsI CBSA3b U30XOPHOM M M300apHOM TETNIOEMKOCTEH.

OmHUM U3 METOJNOB ONPEICICHUS TEIUIOEMKOCTEW  SIBISETCA  METO]
MPOTOYHOTO  KajopuMeTpupoBanus. K TOTOKy rasza, MNpOTEKAOUIEro 4epe3
KaJOPUMETP, MOABOJAUTCS C MOMOUIIBIO HArPETOM AJIEKTPUYECKHUM TOKOM CHUpPAIU
HEKOTOPOE KOJINYECTBO TEIUIOTHI. [[py yCTaHOBUBIIEMCS TEIIIOBOM PEKUME CUCTEMBbI
Y MOCTOSTHHOM PAacXOJi€ BO3JyXa KOJMYECTBA TEIUIA, BBIACICHHOE HArpeBaTElIEM U
BOCIIPUHUMAEMOE BO3JIYXOM M DJIEMEHTAMHU YCTAHOBKH, HEU3MEHHO BO BPEMEHHU.
TeMreparypa UCTEKAIOLIETO ra3a Mpyu 3TOM IMOCTOSIHHA.

N3Mepsiss ¢ MOMOIIBIO Ta30BOrO0 CUETYHMKA WIIM APOCCEIBHOrO YCTPOMCTBA
pacxoj rasa, pa3HOCTb TEMIIEPATYP HA BXOJAE B KaJOPUMETP U Ha BBIXOJE U3 HETO, a
TaK € AJEKTPUUYECKYI0 MOILIHOCTh HArPEBATEIIS, ONPEACISAIOT BEINUYMHY CPEAHEN B
HEKOTOPOM MHTEpBaJie TeMIiepaTyp 00beMHON N300apHON TEMIIOEMKOCTH:

1Ty _ Q
"IN V(T -Ty)

Cc

(6)

T
rone € p le — CPCOHAA 00beMHAs TEMIOEMKOCTh BO3ayXa IIpU MMOCTOAHHOM

JABJICHUU B UHTEpBase TeMneparyp ot 1; 1o 15;
() — KOIIMYECTBO TEILIOTHI, IIOJIBEICHHOE K BO3/IyXY JJICKTPOHArpeBaTeIIeM;



V, — o00beM BO3ayXa, MPOTEKAIOIIEro 4Yepe3 KaJOpUMETp, MPUBEIACHHBIN K
HOPMAJIbHBIM (DU3UYECKUM YCIIOBUSM;
T, , T, — TeMepaTypsl BO3yxa Ha BXOJE U Ha BBIXOJI€ KAJIOPUMETPA.

3. O0BbeKT M cpeacTBA UCCIeT0BAHUSA

3 6

8

Puc.2. Cxema ycTaHOBKH JIJIs1 OTIPECIICHUS] CpeTHEN N300apHOI
TEIUIOEMKOCTH T'a30B

Cxema yCTaHOBKH JUIs ONpeAesieHUsl 1300apHOM TEIJIOEMKOCTH MpeICcTaBleHa
Ha pUC. 2. YCTaHOBKA COCTOUT U3 MPOTOYHOI'O KAJIOpUMeETpa 1, B KOTOpOM pa3MelleH
aJIeKTpoHarpeBaTesb. Ha BXoje B KaJOpuMETp M Ha BBIXOZAE M3 HEr0 YCTAaHOBJICHBI
TEPMOMETPHI 4 U 7, U3MepSAIONIMEe TEMIIEPATYpy HccieayeMoro rasa. Mccienyembim
ra3oM B OIbITaX SBIsIETCA BO31yX. Pacxon rasa uepe3 KallOpUMETPUUYECKYIO
YCTAaHOBKY  M3MEpAETCS C  MOMOIIBK0  JPOCCEIBHOrO  YCTpoiicTBAa 2 W
muddepennraabHoro mMaHomerpa 3. MoiHocTh, mOTpebisiemMas HarpeBaTeleM,
MU3MEPSAETCA BATTMETPOM 8.

Jlnst onpeneneHusl TEIUIOBBIX MOTEPh K3 NPOTOYHOIO KaJlopuMeTpa Ha
BHEIIHEH IOBEPXHOCTU KAJIOPUMETPUUECKOW TpyObl YCTAHOBIEH TEPMOMETP
CONPOTHUBJIEHUSA S5, NPU IOMOIIA KOTOPOTO W3MEPSIOT CPEAHIOI TEMIIEPATypy
MIOBEPXHOCTU. M3MepeHue Takke NPOU3BOAUTCA C IOMOIIBK) MOCTAa ITOCTOSTHHOI'O
TOKa U MUKpoaMmIiiepmeTpa. Y craHoBKa «0» MpOU3BOAUTCS MOTEHLIUOMETPOM 6.

N30bITOYHOE  JaBlICHME B  KaJOPUMETPpUUYECKOM  TpyOe  u3MmepsieTcs
muddepeHunanbHpiM - MaHOMEeTpoM 3. B ucmonb3yemoil  3KkcnepuMeHTalbHOU



YCTaHOBKE yKa3aHHOE H30BITOYHOE JIaBJICHHE OUYEHb MaJl0 W IMPU pacyeTax €ero
CJIEAYET NPUHSATH PABHBIM HYJIIO.

4. Tlopsizok BBITIOJIHEHHUST PA0OTHI

1. Ilepen BKIIFOUEHHEM YCTaHOBKH HEOOXOAMMO YCTAHOBHUTH PETYJIATOP HAIPSIKCHUS
naboparopHoro Tpanchopmaropa (JIATPa) B HyneBoe mosiokeHue U yOeaIuThCs, YTO
BBIKJTIOUCH TyMOJIep MUTaHUS dJICKTPOHATPEBATEIIS.

2.BkiounB  HampsDKEHHE — TUTAHUS,  yCTAaHABIMBAIOT  BpAIICHHEM  PYYKU
MOTEHIIMOMETPA CTPEJIKYy MHKpOaMIiepMeTrpa B HYJIEBOE IOJIOXKEHUE, 3aTeM
perynsitopom HanpsbkeHus JIATPa ycranaBnuBaioT BIOpaHHBIM pacxoj rasa uepes
KaJIOpPUMETPUYECKYIO YCTAHOBKY, MOCJIE€ YETrO BKIIOYAIOT TyMOJIEp 3JIEKTPUUECKOTrO
HarpeBaTels U MPUCTYIIAIOT K PErHCTPAIK IMOKa3aHWd TPHOOPOB.

3. Tlokazanus mpuOOpPOB 3aNMUCHIBAIOT B TaOmUIly | depe3 Kaxabple 5 MHHYT [0
YCTaHOBJICHHSI CTAIlMOHAPHOTO PEKUMA, T. €. KOT/Ia MTOKa3aHus ¢ TEYCHHEM BPEMEHU
HEe OyIeT M3MEHSThCS (HEOOXOIUMO 3apeTUCTPUPOBATh HE MEHEE JABYX OJMHAKOBBIX
BO BPEMEHU MOKa3aHUi MprUOOPOB).

Tabnuma 1
Ne Temneparypa Pacxon Momnuocts | Temmneparypa | Ilepenax | AtmocdepHoe
n/m raza, K rasa, AJIEKTpOHArpe- | MOBEPXHOCTH, | aBICHUS JaBJIeHUE,
Ha Ha M/c Barens, Bt K Ha MM.PT.CT.
BXOJIe | BBIXOJE Ipoccere,
MM.B.CT.

4. Tlocne cHATUS TMOKa3aHUM M3MEPUTENBbHBIX MPUOOPOB HEOOXOIMMO BBIKIIIOUUTH
YCTAaHOBKY, [UIsi 4YE€ro CHayajJa BBIKJIIOYAIOT 3JIEKTPOHArpeBaTellb, 3aTeM
ycTtaHaBIuBalOT perynsarop JIATPa B HyneBoe MOJI0KEHHWE W BBIKIIOYAIOT NMUTAHUE
YCTaHOBKH.

5. Omnpenenstor BeJWYMHY NOTEPh TEIUIA B EAUHUI]Y BPEMEHH, BBI3BAHHBIX
KOHBEKTHUBHBIM TEIJIOOOMEHOM C HapyXKHOH TIOBEPXHOCTH KaJIOPUMETPUUECKON
TpyOBI Ha y4acTKe MexIy TepmomeTpamu 4 u 7 o ¢popmyie (7):

Qk - ak (];zoe. o ];Kp.)SOXJl. s (7)

. 2
rae o, - KodQpuuueHT TeroooMeHa Npy eCTECTBEHHON KOHBEKINH, o.,.=5 BT/MK;

S o, - IJIOIIAIE TEMIOOTAAOIIEH TOBEPXHOCTH TPYOHI;

T,,s— TeMneparypa TeII00TAAIOIIEH TOBEPXHOCTH;

T, — TEMIIEpATYpa OKPYKAIOIIEH CPEJIBI.
5. Tlo 3aBucuMoCTH (8) ONPEAEIAIOT KOJIUUECTBO TEIMIOTHI, IIOABEAEHHOE K BO3ILYXY
B €IMHUIY BPEMEHHU:

Q=W-0Qx, (8)

rae W — MOLIHOCTB DJIEKTPUUECKOTO HArpeBaTes.
6. Jlna mpuBeneHus o0beEMa INPOTEKAIOIIETO Ia3a K HOPMAIbHBIM (PH3MYECKUM
YCIIOBHSM MOXHO BOCIOJIB30BAThCS YPABHEHUEM COCTOSHMS MIEaIbHBIX Ta30B (9),
OTKyJ1a BbIpakarot V, :




rvV _pV,

; )

T T
rae JeBas 4yacTh ypaBHeHUs (9) mIpelncTaBisieT MapaMeTphl ra3a Ha BXOJE B
KaJIOpUMETp, TpaBas — 3HAYCHUS NApPaMETPOB MPU HOPMAIBHBIX (PU3MUECKHUX

YCIIOBHUSIX.

7.1lo 3aBucuMoctd (6) MPOM3BOAAT TOACYET CpeAHEH O0O0BeMHON H300apHOMH
TEIUIOEMKOCTH BO3]lyXa ¢ TOUHOCThIO A0 0,01.

8. Ilomyuyennoe 3HaueHWe OOBEMHONW H300apHON TEIMIOEMKOCTH BO3yXa IO
dopmynam (3) um (4) mnepecumteiBator B MaccoByto C, m wmomapayio C,,
TETJIOEMKOCTH.

Cpennsist MOJIeKyJIsIpHast Macca Bo3myxa M, =28,98 Kr/kmModb,
IUIOTHOCTB BO31yXa P, =1,29 KT/M-.

9. TabnuuHoe 3HAYEHUE CpEAHEW M WHTEepBaja HAOJIOAAEMBIX B OIBITE

temneparyp ot 7; u T, tennoeMKkoctd C,p, ONpenensercss 1Mo NPUBEIACHHBIM
TaOJIMYHBIM JaHHBIM (Tabmuia 2) C TIOMOIIBIO HM3BECTHOW B TEPMOJIWHAMHUKE
3aBucumoctH (10):

273 273

T1 T:—T1 (10)

T Cp| 2 T2—Cp | T1
ol =

i i
273 273

ot 273 K no T; u ot 273 K no T, yaenbHOW MaccoBOM M300apHOM TEIJIOEMKOCTH
BO3/yXa.

rae Cp ulp

TaOJIMYHBIC 3HAYCHUS CPEJHEN B MHTEpPBAJIaX TEMIIEpaTyp

Tabmuma 2
Cpenuss B untepBaiie remnepatyp ot 273 K no 7T ,K
yJielibHas MaccoBasi 1300apHas TEIJIOEMKOCTh Bo3ayxa, KJx/krK.

T, K 273 293 313 333 353 373

T
co | 273 1,0036 1,0039 1,0043 1,0048 1,0054 1,0061

10. OmnpeneneHHyto B pe3yiabTaTe MTPOBEACHHOIO ONbITA BEJIMYUHY MacCOBOMU
temioeMkocTd C, HEOOXOJMMO CPAaBHUTb C U3BECTHBIM U3 PE3YJIbTATOB TOYHBIX
ONBITOB TaOMUUHbIM 3HA4EHUEM Cp4p, B ONPENENNTh OTHOCUTENBHYIO BEIHUHHY
OIMMOKH TAOOPATOPHOTO OMPEEICHUS TETUIOEMKOCTH B % 1m0 3aBucuMOCTH (11):

c —c
Ac =-_Lpmaon 100% (11)

p
¢ pmabn



S. KoHTpobHbIE BONPOCHI

I.
2.

nali e

\© 00 N oL

B ueM paznuune n300apHOI U U30XOPHOM TEMIOEMKOCTEH?

Kakum oOpa3zom wu3MepsieTcsi pacxoll BO3JyXa 4Yepe3 KaJOpUMETPUUYECKYIO
YCTaHOBKY?

Yro npencrasiser codor quddepeHnnanbHbli )KUIKOCTHBIN MaHOMETp?

C kakoil 1enbl0 M KakuM 00pa3oM H3MEpSIeTCs TeMIlepaTypa MOBEPXHOCTH
MPOTOYHOM YaCTH KaTopuMeTpa?

Kaxk onpenensitor KoaM4ecTBO N3JIy4aeMOro HarpeBaTesem Teria’?

C noMo1uIb10 4ero u3MepstoT N30bITOYHOE 1aBJIEHUE BO3/1yXa B KaJlopuMeTpe?
Kak paccuuThIBaOT CpeHIOI 00bEMHYIO H300apHYIO TEMIIOEMKOCTh?

Ot kakux (akTOpOB 3aBUCUT BEJIMYMHA TEIUIOEMKOCTH raza?

Kakue BubI TEMI0€MKOCTH ObUIM PacCUUTaHbI B JaHHOM pabore?

10



JlabopaTtopHast paGora Ne2
JKCIepUMEHTAJIbHOE ONpe/aAeIeHHe MOKAa3aTe s MOJIUTPOIbI

1. Hean u 3agaum padoThl

CrtyaeHTsl yriayOsioT U 3aKpeIUIIOT 3HAHUS 110 pa3aelly padodux MPOIECCOB
B TCINIODHEPTETHYECKUX YCTAaHOBKAX, TEOPETHUYECKH M3y4aloT BO3MOXKHBIC
MOJIUTPOTIHBIE TIPOILIECCHl M MX YAaCTHBIC CIIy4aul — HU30XOPHBIN, HU30TECPMUUYECKHM,
1300apHBIN U auadaTHIECKUi.

[Ipu BbIMONMHEHUH PAOOTHI CTYIEHTHI 3HAKOMSITCS C HKCIEPUMEHTAJIbHBIM
METOJIOM U3MEPEHHUS MOKa3aTeNsl MOJUTPOITHOTO Tpoliecca.

2. OcHOBBI TEOPUH

B TexHuke uaie BCTpeyaroTcs IMPOILECCHl, B KOTOPBIX pabouee Teno (ras)
4aCTUYHO OOMEHHMBAETCS TEIUIOBOUM 3HEprueu ¢ okpyxaroiieil cpenoii. 3meHnenue
SHEPruM paboyero Tena BCISACTBHE TEIII0O0OMEHA 3aBUCHUT OT Pa3InYHBIX (PaKTOPOB:
CKOPOCTHU MPOTEKAHUS MPOLECCOB, COBEPIIEHCTBA TEPMUYECKON U30JSILUU U IPYTHUX.
[TapameTpsl mporecca, TPOTEKAIOWEr0 MPU HAIWYMU TAKOTO TEIJIOBOIO KOHTAKTa
pabodero Tenma ¢ BHEIIHEH CpEeNoH, OTIMYAIOTCS OT MapaMETPOB HICAIbHBIX
MPOIIECCOB — aInabaTUIECKOTO, MTPOTEKAIOMIETO MPU UJICaTLHOW TETUIOBON U30JISIINN
pabodero Tena, ¥ U30TEPMUYECKOTO, IIPU MTOJIHOM OTCYTCTBUH TEILIOBOW M30JISLIUU B
YCIIOBHSIX MTOCTOSIHCTBA TEMIIEPATYphl paboyero Tena.

AnnabaTuyeckoe pacliupeHue, XapakTepu3yeMoe OTCYTCTBUEM TEIIOOOMeHa
MeXIy pabo4yuM TEJIOM M BHEIIHEH cpeioi, mpeacTaBieHo kpuBoi 1 Ha puc. 1. Ilpu
TaKOM pPacIIMpPEHUU JABJIICHHE NMAJAaeT HE TOJbKO BCJEACTBUE YBEIMYECHHUS 00bEMa,
KaK B CIIy4ae M30T€PMHUYECKOTO paclIMpeHus (KpuBas 3), HO M M3-3a CBSI3aHHOTO C
3TUM oxJaxaeHus. KpuBas, Ha3biBaeMas «aauabaToi», CHajaeT, TakKuM 00pa3oM,
Kpy4e, 4eM U30TepMa. Y PaBHEHHUS 3TUX MPOLECCOB UMEIOT BU/I:

- anabaTu4ecKoro PV* = const

- U30TEPMUYECKOTO PV = const

rae P — naenenue, V — ynenbHbI 00beM, k — mokazarenb aanadaThl, R — razoBas
MOCTOSTHHAsT pabodero Ttema, 7 — TIOCTOSIHHAs TeMIlepaTypa H30TEPMHUYECKOTO
mporiecca.

11



A%

Puc.1l. PV — nnarpamMma T€pMOIMHAMUYECKUX MPOLECCOB PACIIUPEHHUS:
1 — 0e3 TemIooOMeHa; 2 — ¢ YaCTUYHBIM TEIIOOOMEHOM; 3 — ¢ MMOCTOSIHHOM
TEeMIIepaTypoil paboyero Tena.

[Ipn pacumpeHnn, COMPOBOXKIAIOIIEMCS TEIJIOOOMEHOM C OKpYyKarolen
CpelloH, ra3 OXJaXKJ1aeTcs He TaK CHUJIbHO, KaK MpHU aJnadaTH4ecKoM paciivpeHuu. B
CBSI3U, C YEM KpHUBasi Takoro paciupenus (puc. 1) pacnonaraercs Mex1y aaunadaron
1 U30TEPMOM.

Cpean TepMOJIMHAMUYECKHX MPOILIECCOB, JISI KOTOPBIX XapaKTEpPHO HaM4We
TEIJI0O00OMEHa MEXJy paboyuM TeJIoOM U OKpyXKaloled Cpefoi, BBIIETSAIOT
MOJIMTPOIIHBIC TPOIECCHI, MPOTEKAIOIUEe TaKuM O00pa3oM, YTO B TEUYEHHE BCETrO
IIPOIIECCA BO BHYTPEHHIOKO YHEPTHIO MMPEBPAILAETCS OJTHA U Ta K€ J0JIA IMOJBEICHHOM
TeryoThl. Takue mporecchl TakkKe Kak aaunadaTHYecKuii W H30TEPMHUUYECKH,
ABJISIFOTCS. MICATU3UPOBAHHBIMU, HO K TOJMUTPOMHOMY IPOLECCY C ONPEACICHHOU
MOTPENTHOCTHIO CBOJISITCSI MHOTHE, XapaKTEPHBIE JIJIsl TEXHUKHU, pa004He MPOIIECCHI.

VYpaBHeHHE TOJUTPOIHOTO MPOIEcCa MOXKET OBbITh TMOJIYYEHO CIEAYIOIIUM
oOpazoM. Eciu ¢ — TemnoeMKOCTh MOJUTPOMHOrO MPOIECcca, TO BIEMEHTapHOE
KOJIMYECTBa TeIia dg, TIOJIBEICHHOE B 3TOM IpoIlecce K paboueMy Tey:

dg = CdT,
Y YPaBHEHHE MEPBOrO 3aKOHA TEPMOJIMHAMHUKH JIJIA 3TOTO IPOLECCA IPUMET BU/L:
CdT = C,dT + PdV ()
WU
(C —C,)dT = PdV (2)
YuuthiBas, 4To
T — PdV + VdP
R

’

ypaBHeHue (1) mpeobpaszyeTcst kK BUY:
(C—C,)PdV+(C—C,)VdP =0

HaTerpupys nonydyeHHOE ypaBHEHUE, IMOJYyYUM YPABHEHHUE TTOJIUTPOIIBI
12



C-Cp

PVec-<cv = const 3)
O0603Ha4as moka3areib MOJUTPOIIBI Yepe3 11, TOTyIUM
PV"™ = const 4)
C—-C
pPyn =—F% (5)
C—GCy

VYpaBHenue (4) Moka3bIBaET, YTO MOJUTPOIMHBIM IMPOLIECCOM SIBISETCS TaKOU
TEPMOJMHAMHYECKUNA IMPOLIECC M3MEHEHHUs MapaMeTpOB COCTOSHUS padouero Ttena,
IIPYX KOTOPOM B TE€YEHHUE BCETrO IIPOLIECCa I0Ka3aTelb IOJUTPOIBI 71, MOTYIIIMM UMETh
M000€ YMCIEHHOE 3HAaYeHHUE B Mpeeax OT -00 10 +00, 0CTAETCS MOCTOSIHHBIM.

[lomuTponHelii  mpomecc NpPU  ONPENEICHHBIX  YCIOBUAX  SIBIIAETCS
000OmIatoOMMM 1O OTHOIIEHWI0O K M30XOpHOMY U aauabatrHomy. Ha puc. 2
N300paXEHO 3HAYEHUE II0Ka3aresdsl IOJUTPOIBI B 3aBUCHMOCTH OT XapakTepa
IIPOTEKAIOLIETO IIPOLECcCa.

Ecnu wm3BecTHa KpHBas MOJIUTPOIHOTO IIPOLECCa, TO IIOKA3aTellb
HOJIUTPOIIBI MOKET OBITh OIPEIEIIEH 110 3HAaU€HUAM IapaMeTpoB P u V B IByX ToUKax
HOJUTPOIBL. B COOTBETCTBUM € ypaBHEHUEM (4)

PIVJ'-]‘?.:PEVEH. (6)

H30X0pa

N\ | n3o06apa

n=+O0

annabara

coKaTue pacuupenue \V4

Puc.2. ObnacTi BO3MOXHBIX MOJIUTPOITHBIX MPOIIECCOB
[Tocne norapupmMupoBanus JaHHOTO ypaBHEHUS
lgP, + nigV, = IgP, + nigV,

IMOKa3aTCJIb IIOJUTPOIILI OIPCACINUTCA B BUAC OTHOIICHUSA

n=-—y; (7)

13



3. O0beKTHI U CPeACTBA UCCJIEI0BAHUSA
CxeMa yCTaHOBKH JJIsi OCYIICCTBJIICHHS IPOIIECCOB PACHIMPCHHS Traza IpH
pPa3IMUHBIX PEKUMax HCTEUCHMs TOKa3zaHa Ha puc. 3. B kauectBe pabouero Tena
WCITOJIB3YETCS BO3YX.
YcTaHOBKa COCTOUT M3 CIIEIYIONTUX OCHOBHBIX 3JICMEHTOB:
1— GaJUTIOH JJIS CXKATOIo rasa;
2— snekrpornHeBmokianan (O11K);
3— mrynep DIIK ¢ apoccenbHOM m1aindoit;
4— Hacoc;
5— BEHTUJIb;
6— 00pa3110BBIi MAHOMETD JIJIS1 U3MEPEHUS U30BITOYHOTO JIaBJICHUS Ta3a B OajuioHe 1.

+07
o DIk
Gl 3

Puc. 3. Cxema ycTaHOBKHU
HakaunBanue OayiyioHa OCyIIECTBISIETCS TpHU OTKphITOM BeHTHie 5. [locrme
JTOCTHXKEHUS HEOOXOAMMOTO IaBJICHUS IITYIIEP 3aKPbIBACTCS.
Bxonsamuii B cocraB ycranoBku OIIK mo3BoJsieT MTHOBEHHO OTKPBIBATH U
3aKpbIBaTh MAaruCTpaib sl UICTCUCHUS rasa.
Paznuynbie CKOPOCTH MPOTEKAaHMs MpOIECCa PaCHIUpPEHUs O00eCIeurnBaOTCs
JPOCCENIbHBIMU 11aii0amMu ¢ OTBEPCTUAMHU PA3TUYHOTO AUAMETpa.

4.11opsinoK BBINIOJIHEHUS PA0OTHI

1.BkimtounTh yCTaHOBKY B CE€Th M yOeauThcs, uro TymOiep nurtanus OIIK
HaXOAMUTCS B HEUTPaIbHOM MOJIOKEHUU.

2. Ilepen HayasioM M MOCJ€ MPOBEAEHUS ONbITA ONPEAEIUTH IO OapoMeTpy M
TEPMOMETPY JABJICHUE U TEMIIEPATYPY OKpPY>KaoIlEel Cpelibl B pabodyeM IMOMEIIECHUH.

3.OTKpBITh BEHTWIb 5 U C NOMOLIbIO Hacoca B OaJUIOH HaKadaTb BO3AYX 10
naenenust P,,, YykazaHHoe pykoBojuTeiaeM paboTel, HO He Oonee 0,2 MIla.
Heo0xoaumMo y4uTHIBaTh, UTO MPY HAKAYMBAHUH BO3AYX HArPEBAETCS, B CBSI3U C YEM,
Opy W3MEHEHWHW [IaBICHUs, JOJDKHA OBITh oOecreueHa BBIJACPKKAa BPEMEHH,

14



HeoOXoauMasi Il BRIpAaBHUBAHMS TEMIIEPATyp, MOCJE Yero BEHTWIb 3aKpbITh. [Ipu
HEO0OXOIMMOCTH U30BITOK BO3/TyXa MOKHO cOpOCUTh ¢ TomoIibio IIIK.

4.01kpeiTh OIIK u HaOmogaTh 3a MOPOLECCOM MCTEUYEHHUS BO3AyXa II0
MaHOMETpy 6. B MoMeHT, korja JaBjieHHE YIaJeT Ha BeluuyuHy AP, paBHYIO
1/5....1/10 navanbHOro mamieHus mpouecca P,,, DIIK 3akpeiTh, nmpekpaiuas Tem
caMbIM HCTeuYeHHUsI Bo3ayxa. DUKCHpPYs KOHEUHOE 3HAUCHHE JIaBJICHUS HCTCUYCHUS
BO3/Ayxa U3 OajioHa Pp; clienuTh 3a MOBBIIICHUEM JaBJIEHUS BCJIEACTBUE HarpeBa
OT CTCHOK OajyIoHa, OXJIAJWBIIETOCS IMPH PaCHIMPEHUH BO3ayXa, M (HUKCHPOBATH
yCTaHOBHUBIIIEECS JAaBlieHWE Pr;, COOTBETCTBYIOIIEE IMPOIECCY H30TEPMUUECKOTO
pacIIMpeHus Mpy TeMIepaType OKpy>Karole cpeibl.

5.BHOBB HakauyaTh BO3AyXOM OaJUIOH 10 JaBieHus P,,, U 3aTeM OCYIIECTBUTh
UCTeUeHHe 10 AaBieHus P, oTaudaromee oT HadaiabHOro Ha 2AP. 3adukcupoBath
cooTBeTcTBYIOIIEee Pr;. OnbiT moBTOpstoT 5-10 pas, oOCymIECTBISAS TMEPEBOJ
MOTy4YeHHbIX 3HaueHuil Py; u Pr; (en.) B cuctemy CU (I1a), ncmnonb3yst COOTHOIIEHUE
100 ex. = 1,6 10° Ia.

6.110 ypaBHEHUIO N30TEPMBI

PV = RT = const
paccuMTaTh 3HAYEHUS YACIBHOTO o00BemMa V;, COOTBETCTBYIOIIHUE JIaBIICHUSM
M30TEPMUUYECKOrO mporecca Pr;:
V. — R.T

TL P

Ti

rie R, — rasoBas TOCTOSIHHAasi BO3/yXa, OIpejesseMasl YHUBEPCAJIbHOM Tra30BOM
nocrossHHoi R, = 8314,4 Jlx/(xmonb K) u MonekyisipHOM Maccodl Bo3oyxa W, =
28,98 Kr/kmMob;

Mz

Halinennple 3Ha4YeHUs! yAEIbHBIX OOBEMOB HM30TEPMHUYECKOro Impouecca Vr;
MO3BOJISIIOT  ONPEJEIUTh COOTBETCTBYIOIME 3HAYEHUS YIEIbHBIX 00beMOB Vi
HCTEUCHUS BO3JyXa U3 Oa/uioHa, T. K. IPU MOBBINICHUU AaBieHus oT Py 1o Pr B
KaXIOW TOUYKE I BCIEJACTBUE HArpeBaHHs BO3AyXa €ro macca B OajsioHe M 00beM, a
CJIEIOBATENILHO U yJI€IbHBIA 00BEM, HE U3MEHSIJIUCD.

7. Paccuurarh 3HayeHue naBiaeHusA Py;; , COOTBETCTBYIOLIEE IaBJICHUIO
annabaTUYECKOr0 paclIMpeHHsl BO3/yXa, UCHOJb3ys 3aBUCUMOCTh (6). Iloka3arens
aauabaTel Bo3ayxa k =1,4.

8. Ilo 3aBuCMMOCTH 7 ONpPEAENIUTH MOKAa3aTelb MOJUTPONBI 71 JUIsl PA3IMYHbIX
YYacTKOB KpHUBOM pacIIMpEeHMs] BO3AyXa IpPU HCTEUEHHM M3 OaljloHa M 3aTeM
paccuuTaTh cpefHee apupMETHUEeCKOe 3Ha4yeHHE IIOKa3aTensl MOJUTPONbl Jis
JAHHOTO IIpolecca.

9. IlonmyueHHbIe pe3yabTaThl 3aHECTU B TaOIMILY 1.
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Tabmuma 1

Ne onbrra PH, el. PU, MlIla PT, ell. PT, MlIla VT, M/KT PAﬂ, n
Mlla

10. [TocTpouTh KpUBbIE U30TEPMUUYECKOTO, aIMaA0ATUIECKOTO U TTOJIUTPOITHOTO
npoueccoB B koopauHarax P(V).

5.KOHTpPOJILHBIE BONIPOCHI
1.Kakue TepmoariHaMUYeCKUE TPOLIECCHl HA3BIBAOT ITOJIMTPOITHBIMHA?
2.Iloyemy mpH MONUTPOITHOM HMCTEUEHUHM BO3AyXa M3 OajulOHA JaBIICHHWE TaaaeT
MEHEe MHTEHCHUBHO, YeM MpH aauabaThuyecKkoMm, HO 0ojieeé MHTEHCHUBHO, YEM IPHU
MU30TEPMUYECKOM?
3.Kak omnpenensiercst abconmoTHOE JaBieHHE B 6amnone?
4.Kak 3aBHCHT MOKa3aTejb IOJHUTPONBl HCTEUEHHUS BO3AYyXa OT TEIIOU30JIALUN
BHYTpPEHHEH OBEPXHOCTH OasioHa?
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JlabopaTtopnas paGora Ne3

OnpenesieHue napaMeTpoB UCTeYeHHUs CTPYH BO3yXa U3 0a/UIOHA

1. Hean padoTsl

[enpro manHO#M pabOTHI SABISIETCS OMPECIICHUE 3aBUCUMOCTEN CEKYHIHOTO
MacCOBOTO pacxojla M CKOPOCTH HCTEUEHHUsI BO3JyXa U3 OauloHa dYepes
CY’KMBAIOIICECS COIUIO MPU PA3IMYHBIX COOTHOIICHMSIX JABJICHUM B OajyioHEe U
cpene.

2.AcxoaHble JaHHBbIE

JlaBnenue B 6ayone p; = 8Mlla;
JlaBieHue okpy»aromieu cpeasl p, = 0+8 Mlla;
[Toka3zarenb anuadatel it Bo3ayxa x = 1,4;
[Tnomans KpUTHYECKOro cevenus coma F,, =30 MM,
e
ke K
Temneparypa B Oamione 7,K B BapumaHTax HMHAMBUIAYAJIBHOTO 3aJaHUs
BBIJIAETCS MPETIOIaBaTEIICM.

["a3oBas mocTosiHHAs 1715 Bo3ayxa R=259,82

Onpenenuts: @ - CKOPOCTh, m -CEKYHAHBIA MaCCOBBIN pacxo/ rasa.

3. OcHOBBI TEOPUH
CkopocTb aanabaTHOrO NCTEYEHUS UIEAIBHOTO ra3a ONPEAeIsIeTcs o
3aBHCUMOCTH:

K P, |~
2 v |1—-] —
P » , (1)

=

CKOpOCTB UCTEUYEHMS T'a3a 3aBUCUT OT COCTOSIHUSA r'a3a IPU BXOJIE B COILIO U OT
JABJICHUS P, HA BBIXOJE.

MaccoBblii  CeKyHAHBIN pacxon ra3a (Kr/cek) IIPU  HCTEUYEHUM Trasa
OIIPENEIIAETCS U3 YPaBHEHUS:

rae F- mioniaab BIXOJIHOTO CEYEHUS KaHANa;
- CKOPOCTb UCTEUEHHS],
V- YIEIbHBINA 00bEM ra3a B BBIXOJHOM CEUCHUU KaHaa.
[Tpu aqnabaTHOM HCTEUEHUH UJCAIBHOTO ra3a

v, =vi(p/p, )l/k

Torma MacCOBBIM CEKYHAHBIA PACXO] UACAIBHOIO T'a3a
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F\/Z[k /(k=1)p,v, ){1‘(1’2 /P )“}

m = 1 HIIN
Vl(pl / P, )E
: 2 (K+1)
m=F |2k /(k=p, /v, ) (p, 7/ p)x =(p, 7 p,) & |. 2)

MaccoBblil CeKyHJIHBI pacxo]l HUACAIBHOIO Ta3a 3aBUCUT OT IUIOIIAAU
BBIXOJIHOTO CEUEHHsI KaHaja, HayaJbHOIO COCTOSIHUSI Tra3a M CTEIEeHH €ro
pacIIMpeHus.

CkopocTh Traza, KOTOpasi yCTAaHaBJIMBA€TCd B  BBIXOJHOM  CEUCHHUU
CY’KHMBAIOUIErOCs COIUIa NpPU HCTEYEHUH B OKPYXAIOLIYI0 Cpely C JaBICHUEM
paBHbIM WM HIKE KPUTUYECKOTO, HA3bIBACTCSI KPUTHUYECKONM CKOPOCTHIO.
Kputudeckyro cKkOpocTh @y MOXKHO ONPEAEIUTh U3 ypaBHeHU (1), mOJACTaBUB B HETO

P,

BMECTO p,o/p; 3HaueHue pfi=[2/(k+1 )]k/(k'“, rae ,Bk:p_ 3aBUCUT  TOJBKO OT
1

nmokasatens aauabatel k, TO €CcTh 3aBUCHUT OT MPUPOJLI pabodero Tena W s
JIByXaTOMHBIX Ta30B ¢ k=1,4 paBen f;=0,528.

Torma wy, = \/2[k /(k+1)]p,vl :\/ZkRTO /(k+1). Kpurnueckass ckopocTs Ipu
UCTEUCHUH HJEAIbHOIO ra3a 3aBUCUT TOJIBKO OT HayalbHBIX IapaMETPOB MU €ro

MIPUPOJIBL.

[Ipu KpuTHYECKOM JaBleHUU (py=Pf;*p;) B BBIXOJHOM CEUCHHUM KaHaJa
YCTaHABJIMBAETCA MaKCUMAJIbHBIN CEKYHIHBIM pacxoj ra3a, KOTOPbIH Ompenesnsercs
W(k-1
13 ypaBHeHHs (2) Py 3aMeHe p./p; Ha 3Hauenue fi=[2/(k+1)]"*" .

[Tocne cooTBETCTBYIONIMX MTPe0oOpa30BaHU MOTyYaeM:

Mmaszmin \/z[k /(k + 1)](pl / Vl )[2 /(k + 1)]2K( K .

MaxkcuMasbHBI CEKYHIHBIH pacXxoj rasa BIIOJIHE ONPEACIIICTCS HadalbHbIM
COCTOSTHHEM Ta3a, BEJMYMHON BBIXOJHOTO cedeHHs F,;, W MPHUPOJION ra3a, TO eCTh
moKasarejieM aauadarsl k.

4. Ilopsinok pacuera
1. ITo 3aBucumoctu (1) onpenenutb CKOPOCTh UCTEUEHUS BO3AyXa M3 OajuioHa MpHU
Pa3IMYHBIX 3HAYCHUSX P).
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2. Tlo 3aBucuMoOCTH (2) ONpEAEIUTh 3HAUEHHE MACCOBOIO CEKYHJIHOTO pacxoja Mpu
Pa3IUYHBIX 3HAYEHUSIX Py.
3. Pe3ynbTarhl pacyeToB 3aHECTHU B TAOJIMILY.

P,, Mlla 0 8

(6]

m

DPA/Pi

4. Haittu 3Hauenue fi=p,/p; , Ipu KOTOpoM m OyAeT MakcumanbHbIM. [lanee, npu

YMEHBIICHUU LER OyAeT NpuHUMaTh MOCTOSIHHOE 3HAY€HHUE, PABHOE
P

MakcuMaigbHOMY. VcTeuenue OyAeT MPOUCXOAUTH C KPUTHUUECKON CKOPOCTHIO, a,

CJIEIOBATENbHO, CKOPOCTH JBIKEHUS Ta3a (Bo3ayxa) OyleT MOCTOsTHHA.

5. IlocTponuTh 3aBUCUMOCTH CKOPOCTH MCTEUEHMS U CEKYHIHOI'O MacCOBOI'O pacxoja
OT Iepernaaa AaBJICHUs p/p; .

5. KoHTpo/abHbIE BONPOCHI

3anucartb ypaBHeHue (1) ¢ ucnonap3oBanueM mapameTpoB R u 7.

Kak 3aBuCHT KpuTHUECKasi CKOPOCTh OT JaBJICHUS raza?

Kak 3aBuCHT pacxo]l oT JaBieHus ra3a’?

JlaTh onpeiesieHue KPUTUUECKON CKOPOCTH.

Vka3ath Ha rpaduke o0macTv, rjae HCTEYEHUE raza IPOUCXOIUT C YUYETOM
MOJTHOTO MEPENA/Ia TaBICHUM, a TJI€ - C KPUTUYECKOU CKOPOCTHIO.

SN =
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JlabopaTtopHast paGora Ne4
OnpenesieHue TePMOAUHAMMYECKUX TIAPAMETPOB
NP TeYECHHUH ra3a 1o comiy

1.Hesan padoThl
L{enbo aHHOM pabOTHI SBIAETCS OCBOEHUE METOJUKH pacyera
TEPMOJIMHAMHYECKHUX [TapaMeTPOB rasza fnpu J03BYKOBOM M CBEPX3BYKOBOM TEUEHUHU.

2. UcxoaHble TaHHDBIE

3HadYeHUS mapaMCTpOB Ha BXOAC B COIVIO B BApHAHTAX HMHAHNBHUAYAJIBHOI'O
3aJaHHU BBIJAKOTCA IIPCIIOaBaATCIICM.

[aBnenue Topmoxkenus rasza Py, Mlla;
Temneparypa Topmoxenus raza Ty, K;

IToka3arens aguadarel k=1,4;

I"azoBas nmocrostaHas R =287 JIx/(kr-K);

ITnomans kpurudeckoro ceyenus comna F, =10 M

3. TeopeTnueckue cBeieHNsI

IIpn nBWXEeHMM Tra3a TEIUIOTa pPacXOAyeTCs HE TOJBKO Ha W3MEHEHHUE
BHYTPEHHEH 3HEPrUM U Ha COBEpIICHHE BHEIIHEH paboThl (MIPOTUB BHELIHUX CHII),
HO ¥ Ha U3BMEHEHNE KUHETUYECKON YHEPTUHU ra3a MpH €ro NEPEMELICHNH.

[ToaToMy ypaBHEHHE MEpPBOrO 3aKOHA TEPMOJAMHAMHUKUA JJs |1 Kr rasa B
muddepennmanbHON popMe UMeeT CIeNYIOMUNA BU/T;

dq=du+dl +dw?/2, (1)

rae dq - noxBeneHHas TEIIOTa OT BHENIHUX MCTOYHUKOB TEILIA;
du - U3MeHEeHNEe BHYTPEHHEN SHEPTUU T'a3a;

dl - paGora mpoTuB BHEmIHMX cHII, Ha3bIBaeMas paGOTOIl IPOTAIKHBAHKS (OHA
He paBHa paboTe pacmmpenus raza dl );

2 o o
dW /2 - IBMCHCHHC BHCITHCH KHMHCTHYCCKOH S3HCPIUHU pa60qero TCJla

(pacnonaraemasi pabota).

[Ipu BBIBOJE STOTO YpaBHEHHUS HE YYMUTHIBAIOCH BIMSHUE TPAaBUTALMOHHBIX
CHJI, @ TAK)KE€ CUMTAIIOCh, YTO Ta30M HE COBEPIIAETCS TEXHUYECKas paboTa.

M3MeHeHrne KUHETUYECKOM SHepTun pabovero Tena MOKET MPOUCXOIUTh KaK B
TpyOax TMOCTOSHHOTO CEYEHHUs, TaK W B CIEHUAIbHBIX KaHallaX MEePEeMEHHOTrO
CEUeHHs1, Ha3bIBaEMbIX COIUIaMU U AudPy3opamu.

Ecnu mpu mepemenieHnu rasa mo KaHaldy HPOUCXOAUT €ro paclidpeHHe ¢
YMCHBIIIEHHEM JIaBJICHUS W YBEJIMYECHHEM CKOPOCTH, TO TAaKOW KaHall Ha3bIBACTCS
COTLJIOM.

Comno JlaBans (puc.l)  mpeaHazHaueHO Ui HMCIHOJIB30BAHHUS OOJBIINX
MepenagoB MaBlICHUS W M TOJYYEHHUS CKOPOCTEH HCTEUYEHHS, MPEBBIIIAOIINX
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KPUTHYECKYIO WX CKOPOCTh 3ByKa. OHO COCTOMT U3 CYXKAIOIIErocs J03BYKOBOIO

Y4acCTKa U paCHIupAomerocss CBCPX3BYKOBOI'O yHacCTKa.
dmx"i

Pﬁ:’ijg? ¥

o=8=12Y

Puc.1

st ompenencHUss pabOTHl MPOTAIKUBAHUS PACCMOTPUM  CTallMOHAPHOE,
aguabaTtHoe (T.e. 63 0TBOJIa U MOJIBOJIA TEIJIOTHI), OJTHOMEPHOE TEYEHHE B KaHAJIe.

I1

Puc.2

[Ipenmnonoxkum, 4TO MO KAaHAILY MEPEMEHHOIO CEUYEHHUs IEPEMEIIAeTCs Ta3
(puc. 2). Boeigenum ceuenusimu I-1 u 1I-1I anemenTapuyro maccy raza. B ceuenun I-1

Ha ra3 geiicteyer cuna pF, a B ceuennu 1I-11 cuna (p +dp)(F+dF) | neiictByromas

npoTuBONONOKHO cuiie B ceueHuu I-I. O0e cunbl B ceyenusix I-I u II-11 coepmator
paboTy; anreOpawdeckass cymMma 3THX paboT Oyaer paboTol, 3aTpayeHHON Ha
IPOTAIIKUBAHUE DJIEMEHTAPHOU MacCChI rasa.

DJeMeHTapHyl0 paldoTy MPOTAJIKUBAaHUS ra3a Ha OECKOHEUYHO MaloM MyTH
Mexay ceueHusamu I-1 u II-11 3a ogHy ceKyHay HaXOAUM U3 YPaBHECHUSA

dl. = (p +dp)(F+dF)(w +dw) — pFw |
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PackppiBast ckoOKkM 1 0TOpachiBasi OECKOHEYHO Mallble BEJTUYHHBI BTOPOTO U
BBICIIICTO TIOPS/IKA, ITOTydacM

dl. = pd(Fw) + Fwdp. (a)

VYuuteiBasg, uro mv =Fw ,
r7ie m - CeKyHJIHasi Macca rasa, IpoTeKarollero uepes Jiro0oe ceyeHne KaHaa,
V — yaenbHbIN 00beM raza, v=1/p,
3aMeHsisl BenuurHy Fw B ypaBHeHuu (a) Ha mv, oxy4aem

dl. = m(pdv + vdp),
WA dlvT = md(pV)

Takum 00pa3om, snemMeHTapHas padoTa MPOTAaJKUBAHUSI HA €IUHUILY MAaCChI
paBHa

dl. =d(pv). 2)
WIH B UHTETpaIbHON opMe paboTa MpOTAIKUBAHUS paBHA
I, =p,v, =p,v;.

VYpaBHeHUE MEpPBOro 3aKOHAa TEPMOAMHAMUKH B nuddepeHiuanbHon popme
JUISI TIOTOKA ra3a MPUHUMAET BUJL

dq=du +d(pv) + W7/,

2
— dq:d(u+pv)+dwé.

Benvunna B ckoOkax (U + PV) SIBJISICTCSI DHTAIBIINEH, CIe0BaTEIbHO,

. 2
dq:d1+dWA. (3)

2 2
1501051 q:iz_il"'(wz_wl%‘

VYpaBHeHue (3) MOKa3pIBa€T, YTO MOJBENCHHAsS TEIUIOTAa B IpOLIECCE MpHU
T€YEHUM rasza (WM >KUAKOCTH) PACXOAYETCS Ha H3MEHEHUE €ro SHTaJbIIUU H
BHEIIHEW KHHETUYECKON SHEPTHUH.

B ciydqae anmabaTtHOTO Te€4YeHUS, T.€. KOTJa OTCYTCTBYET TEIJIOOOMEH MEXIY
pabouyuM TEJIOM U OKpYIKaloIel cpeio, ypaBHeHUE (3) MPUHUMAET BUI:

di+dw?/2=0
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Korzma HauanpHas cKOpocTh padoyero Tena paBHa 0, Toraa CKOpOCTh TEUEHHUS

onpenensercs Gopmyion
=2, -1,), 4)

rlIe 1; ¥ 1, —HaYaJIbHOE ¥ KOHEYHOE 3HAYCHUE DHTAIBIINH.

DHTaNbuA SBIsSETCA mapaMeTpoM ((HYyHKIIMEH) COCTOSHUS Tra3a, e U3MECHEHUE
OTIpEeeNsIeTCS HAaYaIbHBIM U KOHEYHBIM COCTOSIHUSIMU paboyero Tejia U He 3aBUCUT
OT MPOMEKYTOUHBIX COCTOSTHU.

VYuuteiBas, yto i=c, T=kRT/(x-1),

2kRT
2xkR _T) = 0 1_T
K—1 T, )’

W=

rae To- Temneparypa Topmoxkenus (mpu W=0).
[Tockonbky B aanabaTuueckoM mpoiiecce
K

& _ £ k-1

T Po ’

CKOPOCTb UCTEUEHUS Ta3a onpeessieTcs o popmyiie:

k-1
2kRT, |- IV K
W=1"k1 Po) |- )

m=pWF=WF/v.

MaccoBbli pacxof rasza

YuuTteiBas, 4To
1/x

v=vo(po/p) ",
IJI€ Vo, Po — YAEIbHBIE 00bEM U JIaBiieHUE Ta3a npu W=0,

CEKYHJIHBIA MaCCOBBIN pacxoj onpeensercs no Gopmyse

k-1

k
2kRT, | [P )" g
k-1 Po
m= T . 6)
& k
Vo
p

BenuunHa CEKyHIZHOrO MaccOBOIO pPacxoJa 3aBHUCUT OT COOTHOILICHHUS
JaBJIEHUN p/py, B YACTHOCTU C YMEHBUIEHUEM P pacxoj yBenuuupaeTcs. OJIHaKo, Mo
ONBITHBIM JAaHHBIM CEKYHJHBI MACCOBBIM pacxoJ YBEJIWYHUBAETCA TOJIBKO M0
ONPENIEIICHHOTO 3HaYEHUsI p/py, OCIIE YETO OCTAETCS NOCTOSIHHBIM.
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OTHoIIEHHE [aBJIE€HUM, NPU KOTOPOM JOCTHraeTCs MAaKCHUMAJIbHBIA pacxop,
Ha3bIBACTCS] KPUTUUECKUM OTHOUIEHUEM JABJICHUM.

[IpupaBHuBas Hy/I0 NEPBYIO MNPOU3BOJIHYIO OT BhIpaxeHus (6), MOIy4uM
BEJIMYMHY KPUTUYECKOT'O OTHOLLIEHUS JaBJICHUMN

Pip 2kt
p k+1

CkopocTh, COOTBETCTBYIOIA KPUTUYECKOMY OTHOILIECHUIO JAaBJICHUIA,
HA3bIBAETCA KPUTHUYECKON CKOPOCTHIO. KpuTHueckas CKOpOCTh MpPU UCTEUECHUU ra3a
W3 COIUJIA 3aBUCUT TOJIBKO OT HAYAJIBHBIX TAPAMETPOB T'a3a U OT €r0 MPUPOIBI.

(7)

KpI/ITI/ILIGCKaH CKOPOCTDb paBHa CKOPOCTH PACIIPOCTPAHCHHA 3BYKaA B I'a3c.
BBIpa)I(eHI/Ie ML CCKYHAHOTI'O MACCOBOI'0 pacxola B KPHTHUYCCKOM CCUCHHH
COIlJIa UMECT BUA:

1
2 Yt [ 2k FrpPo
M=k +1 k+1 JRT, - (8)

3HaUYCHWE CTATHYCCKON TEeMIepaTypbl Tra3a OIpeaeseTcs I0 YpPaBHEHHUIO
aana0aThl:

k.
k-1

T=T,| R

p
WX 9CPEC3 3HAUCHUC CKOPOCTH Ia3a
{ k-1 w2
T=Ty |~ . 9)

k+1 2k RT,

k+1

3Ha4YeHHE CTaTHUYECKOM IIOTHOCTHU rasa HaXOIUTCA 110 YPABHCHHUIO COCTOSHHA:
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4.ITopsipok pacuéra

1.3anaBasice psimom 3Hauenuit P;= 0,9P,..., Po= 0,1P, omnpenensitorcsi 3HaueHUs
IO TMPOXOAHOTO ceueHus F; comma, maBieHne B KOTOpOM paBHO P; 1o

3aBHUCHUMOCTU:
e
2 k1 k-1
k+1 k+1
2 k+1
k

Kp' i
Pi P; k
o) (o
2.0mpepenstorcs 3Ha4eHHs] ckopocTeil W; M 3HaYeHHe CKOPOCTH B KPUTHYECKOM
ceyeHnu comna W, mo 3asucumoctsm (5) u (7).
3.0mpenensercs 3Ha4eHUE CEKYHIHOIO MAaCCOBOIO Pacxoja My, 1o ¢opmyie (8).
4. Onpenenstorcs 3HAaY€HUs CTATUYECKHUX TeMmIiepaTyp rasa T; no Beipaxkenuto (9).
5. OnpenensroTcs 3HaYeHUs1 CTATUYECKUX IIOTHOCTEMH ra3a p; 1o BeipaxkeHuto (10).
6. Pe3ynbraThl pacuera 3aHOCSATCS B TaOiuiLy 1.
7. Ilo pe3yabTaram Tabnuubl 1 cTpostces rpaduKu pacpeeieHns TepMOJuHaAMIYeC-

kux napametpoB (P;, Ti, p;, Vi ) B 3aBUCHMOCTH OT COOTHOIIECHHUSI CTAaTUYECKUX
JaBJeHUN 1 HadaiabHOTro AaBienus (P; /Py ).

i_

Tabnuua 1 — Pe3ynbratel pacuera

Pi/Py 09 | 08 |07 |06 | 05|04 | 03] 02| 0,1

5. KoHTpo/abHBIE BONIPOCHI

1. YpaBHeHue nepBoro 3akoHa TEPMOJIUHAMUKH JIJIs IOTOKA rasa.
2. Kak onpenensercst padoTa mpoTaJIKUBaHUS?
3. ®opmyna onpeaeseHus CKOPOCTH UCTEUEHHUS ra3a.

4. Ot kakux (akTOpPOB 3aBUCUT BEIMYMHA YHTAIIBITUN?
25



5. Kak omnpenensiercs v OT 4ero 3aBUCUT KPUTUYECKAs] CKOPOCTh ra3a’?
6. [Ins yero npeaHa3sHa4eHO U U3 KAKUX YYACTKOB COCTOMUT coIuIo JlaBas?
7. Kak U3MEHS0TCS TEPMOJAMHAMUYECKUE TTapaMeTphI ra3a 1o JJIMHE coria’?
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JlabopaTtopHas paGora NeS

OnpenesieHue napaMeTpoB U1€AJIbHOT0 IMKJIA
MOPIIHEBOT0 IBUTATEJIS

1. Heab padoTsl

[{enpto pabOTHI SBISIETCS OCBOSHHWE METOJHMKH pacueTa TePMOIUHAMUYCCKUX
MIPOIIECCOB H/EaJbHOIO IHMKJIA IOPIIHEBOTO JBHUTATelis C IOABOJOM TeIUla TMpH
MOCTOSHHOM 00OBEME.

2. UcxoaHble JaHHDBIE

— JIaBJIEHHE B HavaJie uKIa py, [la ... 1-105;
— CTCIICHD CHKATHS € ..ottt eaaaaeeenns 4,0,

— CTENCHb MOBBIIICHUS JABICHHUA A ....oovviiiiiiinnennnnn, 4,0;

— Ta3oBas moctossHHas padodero tena R, Jx/(xr-K) .......... 287,
— TIOKa3artelb aguadatsl padouero rena k ...................... 1,4;

— TeIJIOeMKOCTh pabouero tena ¢, KJx/(kr-K) ............... 0,72.

TeMnepaTypa B Ha4YaJIC IIHUKJIa Tl, KB BapHUAHTAX MWHAWBUAYAJIBHOI'O 3aaHUA
BbLIACTCs MPCIIOAaBaATCIICM.

3. TeopeTnueckue cBeeHUs

NneanbHpli TEPMOJIMHAMUYECKUM [UKJI JBUTATENISI ¢ U30XOPHBIM MOJBOJIOM

Puc. 1

TEIUTOTHI COCTOUT M3 JIBYX M30X0pP U IBYX aauadar.

Ha pucynke 1 mnpeacraBieH TEepMOIWHAMHYCCKHA ITUKI JIBUTATENs C
WU30XOPHBIM IIOJIBOJIOM TEIUIOTHI B pV-TUarpamme, KOTOPBIA OCYIIECTBIISICTCS
CICAYIOIIUM 00pa3oMm.
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WNneanvHplli Ta3 ¢ HadaJdbHBIMH ITapaMeTpaMu p;, Vi, U T; CKUMaeTca 1o
aguabate 1-2 ngo Touku 2. [1o uzoxope 2—3 paboueMy Tesry cOOOIIACTCS KOJIMUECTBO
TerioTel ;. OT Touku 3 pabouee Teno pacuupsercs no aguadare 3—4. U, Hakoner,
mo uzoxope 4-1 pabGodee Teno BO3BpAIacTCs B IMEPBOHAYAIBLHOE COCTOSHHE, TPU
ATOM OTBOAMTCS TEIJIOTA (p B TETUIONIPUEMHUK.

XapakTepuCTHKAaMH LUKJIA SBJISIIOTCS: CTEHEHb CXKATHS €=V,/V, W CTCICHb

TIOBBILICHUS TaBICHUS A = P3 /P, -

Onpenenum tepmudeckuit KII/I aToro nukia, nosiaras, 4To TEMIOEMKOCTD Cy U
BCIMYMHA K TTOCTOSHHBI.
Tepmuueckun K111 nukia

n =(a—9)/q; =1-(a,/q,)-

KonnyecTBO MoABEACHHOM TEIIOTHI
q, = CV(T3 - Tz)v

a KOJIMYECCTBO OTBGI[CHHOﬁ TCIIJIIOTHI
q2 = CV(T4 _Tl)'

[Tose3Ho nMcnoib30BaHHAs TEIJIOTA PAaBHA paBHA PAa3HOCTHU KOJMYECTBA
HOABEJICHHON U OTBEJICHHOM TEIJIOT.

Torpa tepmuueckuii KITJI nukna

c \T,-T
Nt :1_((12/(11):1_ﬁ:1_ﬁ4 ~T)/(T, - T,).
PaboTa pacuupenus paBHa

M= [1/(k_ 1)](p3v3 _P4V4)-
A = [1/(k_1)](p1V1 _pzvz)-

[Tonesnas pabota onpenenseTcs: Kak cyMMa padOT pacIIUpPEHUs U CHKATHS.
[TapameTpsl paboyero Tesa BO BCEX XapaKTEPHBIX TOUKaX LIUKJIA PABHBIL:
B TOYKE 2:

PaGoTa cxxarus paBHa

v, =V, /€ P, :P1(V1/V2)k :p18k; TZ/TI :(Vl/Vz)k_l =€ T, :Tlgk_];
B TOYKE 3:

Vi=Vy=vi/e; py=ph=piehs Ty /Ty =ps /p, =k Ty =TA =T A;
B TOUKE 4:

Vi =V Py :p3(v3/v4)k :P3(V2/V1)k :P3/8k =piA;
Ty/Ty =(v3/vy )k_] = ("2/"1)](_1 =1/ T :Tlgk-lx(l/gk_l):Tlx-

IloncraBiigss HalIEHHBIE 3HAYEHHsI TEMIIEPATYP B YPaBHEHUE TEPMHUYECKOIO
KITJ nukia, noxydaem
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e =1-[(T,-T)/(T, - T,)]=1- [(le -1 )/(Tl*'”:l<_l7L ~Te""! )]: 1- (1/8k_1 )
Tepmuueckuit KIIJ[ nukina ¢ moaBOAOM TEIJIOTHI MPU MOCTOSHHOM OOBEME

paBeH
N, =1- (l/sk_l).

N3 nocnennero ypaBHeHus cienyeT, uto tepmudeckuid KIIJ[ takoro mukia
3aBHCHUT OT CTEIIEHU CXaTHsl € U MoKa3aTelns aauadaTsl k uinm ot nmpupoasl padbodero
tena. KITJ[ yBennuuBaetcs ¢ Bo3pactanueM € U k. OT CTEIIeHU MOBBILICHUS JaBJIEHUS
A tepmuueckuit K11/ He 3aBucHT.

4. Ilopsigok pacuera

Pacuer Benem Ha 1 kr pabouero Tena.
1.Omnpenenuts mapameTpsl padodero tena (p, v, T) B XapaKTepHBIX TOUKAX IUKJIA.
2.0mnpenenuTh Nojie3Hyo padboTy HUKIA.
3.0npenenuTs NoJae3HO UCIOJIb30BaHHYIO TEIUIOTY.
4.0Onpenenuts Tepmuueckuil KI1/1 nukna u cienates €ro mpoBepKy.
5.0npenenuts Tepmudeckuit KI1/I nukna KapHno no naHnHsiM 3a1aumn
n =1-T,/T;.

5. KoHTpoO/bHBIE BONIPOCHI

1. laTp onvcaHue MHAMKATOPHOM AarpaMMbl IOPLUIHEBOTO ABUTATEIS CO CTOPAHUEM
TOIUIMBA MPU MTOCTOSIHHOM 00bEME.

2. Kak 3aBucut KII/I nopmHeBoro aBuraTens OT CTENEHU CKaTUA?

3. OOBSCHUTH pa3IUUYUE MEXKAY CTENEHbIO CXATUS M CTENEHbIO IOBBIIICHUS
JABJICHHUS.

4. Kax 3aBucut KII/[ mopuiHeBOro nBuratesns OT CTENEHU HOBBIICHHS JaBJICHUSA?
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JlabopaTtopHast paGora Ne6

OmnpenesieHue napaMeTpoB HACAJIBLHOIO IIUKJIA
ra3oTypoOMHHON YCTAHOBKH

1. Heab padoTsl

[{enbto pabOThI SBISETCS OCBOCHHE METOAUKH pacdyeTa TEPMOJIUHAMUYECKUX
MPOLIECCOB UJICATbHBIX HUKIIOB Fa30TYPOMHHONW YCTAaHOBKHU.

2. Kparkue TeopeTuvyecKkue cBeieHUs
Luxn I'TY ¢ noosodom mennomel 6 npoyecce p= const

Ha puc.1 npencraBneH uaeaabHbI UK Ta30TypOMHHOM YCTAaHOBKH Ha pv-
aygarpaMMe ¢ TOABOJOM TEIJIOThI TpH p=const. Pabodee Temo ¢ HavYaIbHBIMH
napamMeTpamu p;, v; 1; cxumaercs mo aguadare 1-2 go Touku 2. OT TOukHm 2 K
paboueMy Telny MOABOAMTCS HEKOTOPOE KOJWYECTBO TEIIOTHI ¢; MO m300ape 2-3.
3atem pabouee Teno pacmmpsercs mo amuabare 3-4 10 HAYAIBHOTO JABJICHUS U
BO3BpaIaeTcs mo mzobape 4-1 B nmepBoHAYAIBHOE COCTOSIHHE, P 3TOM OTBOJUTCS
TETIoTa ¢>.

XapakTepucTUKaMU UK SBIISIOTCS:
- CTETICHb MOBBIIICHHSI TaBJICHUS B KOMIIpeccope f=p./p;;
- CTEeTIeHb N300apHOT0 PACIIUPEHUS P=V3/V;.
KomnuecTBo moiBOAMMOM TEIIOTHI ONpeAeiseTcs mo Gpopmye
q1=c, (T3 —-1T3),
a KOJIMYECTBO OTBOAMMOM TEIIOTHl  q2=C, (14— T7).
Tepmuueckun KIIJI nukna paBen
n=1—-q/q,=1—-c,(Ty—=T;)/c)(T3—T>) =1 —(Ty—T;)/ (T3 —T;) unu

me=1-1/p"%

Temmeparypsl XapakTepHbIX ToueK 75, T3 u T, onpenenuM, BBIpa3uB UX YEPE3
HAYAJIbHYIO Temreparypy 77;:

s aguabatel 1-2  To/T; = (po/p)<""* = p&V% 1= T, p51%;

JUTst U300aphI 2-3 Ty/T> = vy/vo=p; T5 =T p; T;=T; p ﬁ(k-l)/k’.

s aguabatel 3-4  T/Ts=(p/ps)™ " =(pu/p,)* "= 115%%,
T, = T) By B 2Tp,
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P>

A\ A

Puc.1.

PaboTa cxxatus onpenensercs mo GopMmyiie:

Li=pi(vs-v)+[1/k-1)] (p2v2-p1v1);
Pabora pacmupenus

Ly=ps(v3-v2)+[1/(k-1)] (p3v3-p4va).
[Tone3nas paboTa onpeaenseTcs Kak pa3HOCTb Pa0OT pacITUPEHUS U CIKATHS.
Luxn I'TY ¢ noosodom mennomst 6 npoyecce v= const

Ha pwuc.2 wn3o0paxken uacanbHbii nukia I'TY ¢ moaBOAOM TEIIOTHI MPH
v=const, OCYIIECTBISIEMbIN CIEAYIOMIMM 00pa3zoMm. Pabouee Teno ¢ HadaJlIbHBIMU
napameTpamu p;, v;, 1; ckuMaerca mo anuabare 1-2 10 TOYku 2, AaBICHHE B
KOTOPOM ONpEAEsieTCsl CTENEHbIO MOBBIICHUS aBieHus. [lanee nmo uzoxope 2-3 K
paboueMy Tey MOJIBOJUTCS HEKOTOPOE KOJIMUECTBO TEIUIOTHI ¢;, 3aTeM pabodee Telo
paciupsiercs o aguadare 3-4 10 HayaIbHOTO JIaBJieHUs (Touka 4) U BO3BpalllaeTcs B
MePBOHAYAIEHOE COCTOSIHUE 110 n300ape 4-1, mpu 5TOM OTBOJIUTCS TEIJIOTA ¢>.

XapakTepuCTUKaMU LIUKJIA SBIISFOTCS:

- CTENEHb MOBBIIICHUS JABJICHUS B KOMIIPECCOpe f=p./p;;

- CTeTeHb JOOABOYHOT'O TOBBIIICHUS JaBICHUS A=p3/p>.

KonudecTBO moaBOAMMOI TEIIIOTHI ONpeAessieTcs o Gopmyrie
qg1=c, (T5—T3),

a KOJIMYECTBO OTBOJAMMOM TEIUIOTHL: g=c, (T4 —T)).
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Tepmuueckuit KII/] nukna paBeH
n=1-qxq,=1—c,(Ty—T,)/ c(T5—T>) =1 - [K(T4-T;)/(T5-T>)] nin
ni=1 - (k2" D1 B2 -1,

TemnepaTypsl XapakTepHbIX TOYEK 15, T3 u T, onpeiesiuM, BEIPAa3uB UX Yepe3
HavYaJIbHYIO TeMIeparypy padodero tena 7;:

IUIsL aquadaTter 1-2 /T, = (po/p; )(k‘”/ k= ,B(k'”/ k. T,=T, ,B(k’”/ k.
JUIS1 ©30XOpPHI 2-3 Ty/T, =ps/p,=A; T; =To A, T3=T; A ﬂ(k‘”/ k.
s aguabatel 3-4  Ty/Ts=(ps/ps)" " ==(pupip2)"""= 1/(82) ",
T, = Ty 1p2)* %=1, g% ( 1/82)* % w T,=T 2"
Paborta cxxarust onpenensiercs no Gpopmyiie:
Li=pi(vyvi)+[1/k-1)] (p2v2-pivi);
Pabota pacmmpenus
L,=[1/(k-1)] (p3v3-p4vas).
[Tone3nast pabota ompenensieTcss Kak pa3sHOCTh pabOT PacIuPEHUs U CKATHSL.
Hukn I'TY ¢ pecenepayueti meniomsl 6 npoyecce p= const

Nneansubiii mukn I'TY ¢ pereHepanueit TEmoThl noka3aH Ha puc.3 u 4. Ha

OTUX pHUCYHKaX: 1-2 — aamabaTHOe cCKaThe BO3AyXa B KOMIpeccope; 2-5 —
M300apHBIA TOABOJI TEIUIOTHI B pereHeparope; S5-3 — TMOABOJ TEIUIOTHl TIPH
MOCTOSITHHOM JIaBJICHHMM B Kamepe cropaHusi; 3-4 — aamabaTHOE pacuIupeHue

MPOJYKTOB CTOPAaHUSI B COILIaX TypOUHBI;, 4-6 — M300apHBI OTBOJI TETJIOTHI OT ra30B
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B pereHeparope; 6-1 — wm300apHBIi OTBOJ TEIUIOTHI OT Ta30B IO BBIXOJE U3
pereHeparopa TEIIONPUEMHHUKY.

U3omepmeol

1 6 4 y
Puc.3
AT
Y 4
2 8
6
1
>
Puc.4
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Ecnu npennosioxkuTs, 4To OXJIAXKICHHUE TA30B B PETEHEPATOPE MPOUCXOIUT 10
TEMIIEPATYPBI BO3/1yXa, IOCTYIIAOLIETO B HETO, T.€. OT 1y 10 T¢=175, TO perenepamnus
OyJeT moJjHasl.

Huki 12341 uneansubii, a nuki 1273481 — ¢ nmpeaeabHOM pereHepaiuei.

Tepmuueckuit KII/I nukna rmpu nomHou perenepauuu, korna 17,— Tg = Ts — 1>,

HAaXOJUTCS IO YPABHEHUIO n=1-qxq
rae q; = Cp(T3 - T5) = Cp(TS - T4)’ aqr= Cp(T6 - T1)= Cp(TZ - T]),
TOTAAa 7’],=1 —[(Tz— TI)/(T3— T4)]

TeMl'IepaTprI B OCHOBHBIX TOYKaX HUKJIA OIIPCACIIAOTCA TAK!:
=T (p/p)* " =T, T = T, p; T,=Tp.
KIIA uukna #; pe.=1 — 1/p=1 - T)/T},

3. UcxoaHble 1aHHbIE
s uoeanvroix yuxnog I'TY ¢ noosooom mennomsi 6 npoyeccax
npu p=const u v=const

Hauansabie mapamerpsl pabodero Tena (Bo3ayxa) p; 1 T B BapuaHTax MHAH
BUAYAJIBHOTO 33JIaHUS BBIJIAKOTCS IIPEMOJABATEIIEM.

- CTETICHB TTOBBIIIEHHUS JIaBJICHUS B KOMIIPECCOPE PB....ovvvnnnn.... 10;
- MMOKa3aTenb aaradaTel padodero Tema k ...........oooeeiiiiiiiin.i, 1,4;
- remrneparypa B Touke 3 T3 (K) ..o 1000;
- TETUIOEMKOCTh pabouero Tena ¢y, KJK/(kr-K) .............. ... .. 0,72;
- ra3oBas nocrosinHas padoyero tena R, Jx/(kr-K) ............... 287.

Ina yukna I'TY ¢ pecenepayueri mennomwi 6 npoyecce p= const
Temmeparypa B Hauasne nukia T BbIIAETCA MPENOIaBaTENEM.

- CTETICHb MOBBIIIECHUS JIABJICHUS B KOMIIPECCOPE....nnnrrrnnnnn. .. B=5;
- TeMmiepaTypa ra3oB mepex comtamu TypOoussl Ty ((C) ............ 800;
- TETUIOEMKOCTh pabouero Tena ¢y, KJK/(kr-K) .................... 0,72;
- ra3oBas nocrosinHas padodero tena R, Jk/(kr-K) ............... 287;
- MMOKa3aTenb aanadaTel padodero Tema k ........ooooovviiiiiiiiiii, 1.4.

4. Ilopsaok pacuera

1. Ins uneansHoro nukia ['TY ¢ moaBooM TEMIOTHI TIPU p=const U IUKJIA Ta30BOM
TypOWHBI C TTOJABOJIOM TEIIOTHI TIPH V=CONSt OMPEETUTh MapaMeTPhl XapaKTEPHBIX
TOYEK, paboOTy pACIHIMPEHHS, CKATUS M MOJE3HYI0, KOJIMYECTBO MOJIBEACHHON H
oTrBeieHHON TeruioThl, Tepmudeckuii KIIJI mukmna. Pacuer Bectn Ha 1 kr pabouero
Tea.

2.0mpegenuts KIIJI m Temmeparypsl Bcex TOdeK TeopeTrmyeckoro mukia I'TY c
IMOJIBOJAOM TCIIOTHI IpU p=const.
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5. KoHTpoO/bHBIE BONIPOCHI
1. JIaTh onucanue UHAMKATOPHOUN AuarpaMmbl ukia ['TY ¢ moaBOAOM TEILIOTHI B
nporuecce p= const. Ha3zBats XapakTepUCTUKH LUKIIA.
2. JlaTh onucaHve MHAUKATOPHOM AuarpaMmsl ukia ['TY ¢ moaBogOM TEIUIOTHI B
nporuecce v= const. Ha3BaTh XxapakTepuCTUKU LIUKJIA.
3. JlaTh onvcanue MHAMKATOpHOU auarpammbl nukia ['TY ¢ perenepanuen TENIOThI
B mpolecce p= const. HazBaTh XapaKTepUCTUKH IUKIIA.
4. CpaBuauts KIIJI nuknoB I'TY npu p=const u v=const.
5. Ot yero 3aBucut KIIJ[ uuknoB ['TY npu p=const u v=const?
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