DHIreJbCCKUM TEXHOJIOTUUECKUN HHCTUTYT (uira)
denepanbHOro roCyAapCTBEHHOTO OI0JKETHOTO 00pa30BaTEIbHOTO YUPEKICHUS
BBICIIETO 00pa30BaHuUs
«CapaToBCKUl rocyapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET
umenu ['arapuna 10.A.»

Kadenpa «Texnonorust u o00pyoBaHNE XUMHIECKHX, HE()TETa30BhIX
Y MHIIEBBIX MTPOU3BOIACTBY

U3YUEHUE PABOTHI
NAPOKOMIIPECCUOHHOM
XO0JIOINJIBbHOU MAILIMHBI

Meroanueckue ykazaHus K BBIIOJHEHUIO Ja00OpaTOPHOI paboThI
10 TUCHMIUIMHAM « TeraoTeXHUKa,
«TexHndeckass TepMOAMHAMHKA U TETJIOTEXHUKA»

JUISL CTYJIEHTOB HaIlPaBJICHUHN

15.03.02 «TexHOIOTrHYECKHE MAIIMHBI U 000PYI0BaHHUEY,
18.03.01 «XuMuueckass TEXHOJIOTHS

21.03.01 «Hedrerazoroe meno»

OYHOM, 3209HOM, 0YHO-3a09HOU (HOPM 00yUEHUS

Ourensc 2024 r.



Leap padoThbl — TEOPETUYECKOE U AKCIEPUMEHTAIIBHOE U3YUYEHHUE TEPMOIU-
HAMUYECKUX OCHOB pabOThl MApOKOMIIPECCUOHHOW XOJOAWJIBHON MAallUHbI
(ITKXM). O3HakoMJIEHHE ¢ KOHCTPYKTUBHOM CXEMOM, MMPUHIIUIIOM JACHCTBUS U Me-
ToAUKON TeroBoro pacuéra [IKXM, skcniepuMeHTAIBHOE ONPEACIICHUE TTapaMeT-
POB XJIaJIar€HTa B XapaKTEPHBIX TOUYKAX C MOCTPOCHHEM pabOoyero IMuKjia yCTaHOB-
ki B IgP-h-muarpamme. OrieHKa TEOPETUUECKUX U JCHCTBUTEIBHBIX MOKa3aTeleH
s pexTuBHOCTH HcnbITaHHOW [TKXM.

1. OCHOBHBIE TOHATHUA

OCHOBHBIM Ha3HAYEHHEM XOJIOJUIBHBIX MAIIIUH ABIISETCS BHIPAaOOTKA HCKYC-
CTBEHHOT'O XO0JI0JIa, TO €CTh OTBOJ| TEILUIOTHI OT OXJIAXKIAEMOr0 00ObEKTa B OKpYyKa-
IOLLYIO CpeAy, UMEIOIYI0 00Jiee BEICOKYIO TEMIIEPATYPYy.

CorylacHO BTOpOMY 3aKOHY TE€PMOJMHAMHKH, TEIUIO, OTBOAMMOE OT Teja C
0oJjiee HU3KOU TeMIlepaTypoi, HE MOXKET caMO MEPEXOIUTh K OKpY’Kalollel cpene,
uMeroniei 6osee BbICOKYIO TeMieparypy. [loaTomy npou3BoACTBO X0J10/1a B XOJI0-
JTWIBHBIX MalluHaX JIIOOBIX THIOB BCEr/la COMPOBOXKIAETCS 3aTpaTaMy SHEPTHH.
Pabouee Teno X0JIOAMIBHBIX MAIIMH HAa3bIBACTCS XJIAJare€HTOM.

[To Bumy xyamareHTa X0JI0IUIbHBIC MAIIIMHBI OBIBAIOT Ta30BbIC U TTAPOBHIE.

B ra3oBbIX XOJOAWJIBHBIX MAIIMHAX XOJOJ IOJYy4aeTCs B IPOLIECCE PACIIU-
pEHUS ra3a BBICOKOTO JIABJICHUS C HAaYAJIBHOW TEMIIEPATypPOH OKPYKAKOIIECH Cpebl
Y KOHEYHOW TeMIepaTypod HHKE OKpYy’Karolle cpeasl. Pacimpenue raza npoBo-
JST B CHEHHUAIBHBIX PACIIMPUTENBHBIX MAlIMHAX — JE€TaHJepax, YTOObl MOIYYUTh
MaKCUMalbHbIA 3PPEKT OXITaKACHUS.

B mapoBbIX XOJIOJWIBHBIX MAIIMHAX XOJOJ MOJYyYaeTcs 3a CYET APOCCENH-
pPOBaHUs HACBIIIEHHOW >KMJIKOCTH XJIaJareHTa (T.e. )UAKOCTH, UMEIOIEN TeMIiepa-
Typy KHUIIEHUS TIPU JTAHHOM JIaBJICHWH) C BBICOKHM JIABJICHHEM U TEMIIEpaTypoil,
pPaBHOM TeMIepaType OKpy»Karollen cpensl. B mponecce apoccenupoBaHus JaBiie-
HUE JKUIKOCTH ITOHWXKAETCS. OTOMY IOHM)KEHHOMY JIaBJIICHUIO COOTBETCTBYET
MEHBbIIIEE 3HAYCHHUE TEMIIEpaTypbl KUIIEHUS U, CIIEI0BATEIIBHO, B IMPOLIECCE APOCe-
JIMPOBAHHUS JKUIKOCTb CTAHOBUTCS NEPETPETON M 4acCThb €€ MTHOBEHHO HCHApPSETCs
(moyyaeTcst HachIlllEHHAs! MapOKUIKOCTHAsI CMECh MPH JaBJIeHUH, OJIU3KOM K aT-
Mochepromy). Ha ¢a3oBblii iepexo B cUCTEME PAcXOyeTCsl 3HAYUTEIBHOE KOJIU-
YECTBO DIHEPTUH, U B PE3YIbTATE CUCTEMA OXJIAKIAETCS HUKE TEMIIEPATYPBI OKPY-
YKAIOLLIEH CPEIbL.

Haubonee pacnpocTpaHEHHBIMU U JOCTUTIIMMHU B KOHCTPYKTHMBHOM OTHO-
IIEHUN BBICOKOM CTENEHU COBEPIICHCTBA U DKOHOMHUYHOCTHU SIBIISIFOTCS MapOBBIE
KOMIIPECCUOHHBIE XOJIOAMIbHbIE MaIuHbl. [IpuHimnuaneHas cxema [IKXM noka-
3aHa Ha puc. 1.

Kommpeccop ciyKUT i1 CKaThsl IapoB XOJIOAWJIBHOTO areHTa, 0TCachblBae-
MOI'0 W3 UCHApUTENA U cemaparopa (OTaenuTens *KUJaKocTH). CkaTue mapoB CO-
npoBoxkaaercs ux neperpeBoM. B IIKXM ucnonb3yroTcss 00BEMHBIE KOMITPECCO-
PBI, KaK IPaBUIIO0, IOPLUIHEBBIE OAHO- U IBYXCTYIIEHYATOT O CYKATHUS.



Puc.1. IlpunnunuanbpHasi cxema MapoKOMIIPECCHOHHOM XOIOAUILHONU YCTaHOBKH.
O6o3nauenus: | — kommpeccop; |l — konaencarop; |1l — nepeoxnanurens KoHACHCATA;
IV — npoccenbHbiii BeHTHIB; V — cemapatop; VI — ucmapurens; 1', 1, 2, 3, 4', 4, 5 — rpannvnbie
TOUYKH XapaKTEpPHBIX TepMOIMHaAMUYeckuXx mpoieccos nukia [IKXM, nokazanHoro Ha puc.2

B KoHJeHcaTope OCYLIECTBISETCS KOHIEHCAIUsl CKAaTbhIX MApOB XOJIOJUIIb-
HOTO areHTa ¢ oOpa30BaHHEM KOHJEHCATa — HACBIIIEHHOW JKUJKOCTU XJIaJareHTa,
IIPOLIECC COMPOBOXKAAETCS. OTBOJAOM TEIUIOTHI K OKpyXKarolmen cpene. B xomoauie-
HbIX YCTAHOBKAaxX KOHIEHCALUs MPOUCXOIMT MPU OXJIAXKIECHUU MapOB XJaJareHTa
10 TEMIIEPATypbl OKPYKAIOIIEH Cpeabl BO3YXOM (B MallbIX XOJIOJUIbHBIX Mallu-
HaX) WK BOAOW (B CPEJHUX M KPYIHBIX XOJIOAWJIBHBIX MarinHax). Bo3myurHsrii
KOHJIEHCATOp TPENCTaBIsAeT cOO0N TPYOHYIO TaHEe b WM 3MEEBUK CHAPYXH 00Te-
KaeMblid CBOOOIHBIM (€CTECTBEHHAs KOHBEKIIMSI) WM HAINPaBICHHBIM (BBIHYXKICH-
Hasi KOHBEKIUs) MIOTOKOM BO3yXa. BoJsiHOM KOHJIEHCATOp OOBIYHO MpPEICTaBISET
co00l KOXKyXOTpyOuaThlii TEMJI0OOMEHHBIN ammapar, Iie BHYTpU TpyO IBHXKETCS
OXJIQXK/IAI0IIasi BOJA, & B MEKTPYOHOM MPOCTPAHCTBE KOHICHCUPYIOTCS Mapbl XJjia-
JlareHTa.

B apoccenbHOM BEHTUIIE MPOUCXOIUT PETYIUPYEMBII MPOLIECC APOCCETUPO-
BaHUS HACBILICHHOM >XUIKOCTU XJsajgareHTa. Uem Oomblie majeHue NaBlICHHS Ha
JIPOCCETBLHOM BEHTHUIIE, TEM HIKE TeMIlepaTypa XJiaJareHra.

CemnapaTop CIIyKUT AJI pa3AesICHAs TapOXKUIKOCTHOM CMECH IOCIE APOCCe-
TUPOBaHUS. DTy (PYHKIIUIO MOTYT BBITIOJIHATH PA3IMYHbBIC aNMapaThl — OTACIUTETN
KUIKOCTH, PECUBEPHI.

Hcnapurenb CIyKUT 1151 UCTTAPEHUS HACBIIIIEHHON KUJIKOCTH XOJOANIBLHOTO
areHTa npu Hu3Kkom temmeparype. [Ipu 3ToMm Temnora OTBOAUTCSA OT OXJIAXKIAAEMOU
cpensl K xjaaareHTy. KoHCTpyKTHBHO HCHIapuTelb MpeACTaBiseT co00W MOBepX-
HOCTh TEIJIOOOMEHA, TPyOUaTyIo WM MHYIO, PACIOJIOKEHHYI0 BHYTPU OXJIaXKae-
MOTO 00BEKTa (TEXHOJOTUYECKOr0 MOMENIEHUS, KaMephl HIIX arlrapara).

B IIKXM B kauecTBe XJIQAAareHTOB HCHOJIB3YIOTCA KUIKOCTA C HU3KUMHU
TeMIepaTypaMu KHUIEeHus (P JaBJICHHUSIX, OJIM3KHX K aTMOC(hEpPHOMY): aMMHaK,
(G peoHbl, YIIIEeKUCI0Ta, CEPHUCTBIA aHTUAPUI U Pl APYTHX areHTOB.



Haubonee pacnpocTpaHEHHBIM XJIAJAr€HTOM B KPYMHBIX M CPEIHUX IPO-
mblnieHHbIX [TKXM siBnsierca ammuak NH3 , Tockosibky oH 00J1ajaeT HaMITy YIIM
COUeTaHHEM TEPMOJMHAMHYECKHUX, TEIJIOPU3NUECKUX U JPYTUX CBOMCTB KakK XJja-
nareHt. OQHaKO Mapbl aMMHaKa B3pPbIBOOMACHBI U SA0BUTHL. [l03TOMY MpOMBIII-
JICHHbIE aMMHUAYHBIE XOJOJUJIbHBIE YCTAaHOBKH TPEOYIOT CIEIHAIIbHBIX Mep 0e3-
OMAaCHOCTH.

B Manbix XONMOAMIBHBIX MAalIWHAX OBITOBOTO W TOPTOBOTO HA3HAYCHUS W C-
noJib3ytorest hpeonsl (ximamonbl — Refrigerant). ®@peonsr 310 GoJibIasi rpymmna Be-
IIECTB, TOJYYCHHBIX M3 MPEACIbHBIX YIJICBOIOPOJOB MYTEM 3aMEIICHUS aTOMOB
BoJiopoda aroMamMu OpoMma, ¢ropa U xjopa. C 3TUM CBsS3aHa U UX MapKHUPOBKA.
HawnGosnbiiee pactipocTpaneHne B XOJIOIUIBHON TEXHUKE TTOTYYrian hpeors R-12,
R-22 u ap. OCHOBHBIM JTOCTOMHCTBOM (hPEOHOB, MPUMEHSIEMBIX B XOJIOAUIBHOMN
TEXHUKE, SIBISICTCS B3PBIBOIIOXKAPOOE30MACHOCTh W HESJOBUTOCTH B OTIUYHE OT
aMMUaKa, a TakKe MHUPOKas BapuadeIbHOCTh TEPMOJAMHAMUYECKUX U TEIUIO(DU3HU-
YECKUX CBOMCTB 3TOM rpymnibl BemiecTB. CienyeT 3HaTh, YTO psia (PpeoHOBBIX XJjia-
JITaT€HTOB HETaTUBHO BJIMSIET HA cTpaToc(epHbIN 030HOBBIN ciioi 3emid. [loaTomy
B COOTBETCTBHHM ¢ MOHpeEasbCKUM MEXIYHApOJHBIM MpPOTOKOJIOM 1986 T. paspe-
meHHbIMU (030HOO€30macHbIMU) (ppeoHamu siBisiOTCS R-123, R-134a, koTopsie u
PEKOMEHYIOTCS JUIsl IPUMEHEHHUSI B XOJIOUIBHON TEXHUKE.

Puc.2. [Iuka ogHOCTYNIEHYATOM MapOKOMIIPECCHOHHOM XOJIO0IMIIBHOM
MaiuHbl B IgP-h- muarpamme xsanarenrta

[uknuueckne mpouecchl, TPOUCXOASIIME C XJIAJAr€HTAMU B XOJIOJWJIBHBIX
MallliHaX, U300pakaroT B JUarpaMMax COCTOSIHHSI 3TUX BEIIECTB (TIapOBBIX Tva-
rpammax). Hanbonee mpumeHseMoi st aHanm3a paboThl U pacu€TOB XOJIOIMITb-
HBIX MaIllMH SBJISETCS dHTaIbluiHasA |g-h-muarpamMma, mMOCKONBKY TEILUIOTa H30-
OapHOTO TIpollecca U3MEHEHHsI COCTOSIHUS XJIaJareHTa M300pakaeTcs B HEHl -
HOW COOTBETCTBYIOIIEro OTpe3ka Ah, jerko ompeaenseMoro mo SHTAIbIHHAHOM
HIKaJe.

Ha puc. 2 cxemaTn4HO MOKa3aHbl TEOPETUUECCKUM 1 TEHCTBUTEIBHBIN IUKJIIBI
omHocrymneHuaroir [IKXM, nmoctpoennsie B IgP-h-nmuarpamme xmagarenra.



3a TeopeTndeckuM UK coBpeMeHHor [TKXM npunst nukn 1-2-3-4-5:

1-2 — oOpatuMblii mpoliecc aauadaTHOro ckatus (S=const) B macalbHOM
KOMIIpeccope clerka MeperpeThix (HEmoCPEeICTBEHHO B CUCTEME UCTIAPUTEINS WU B
CTCIIMAILHOM arrapare) mapoB XJaJlareHTa OT JaBJICHUs ucmapeHus Po=P1 u TeM-
nepatypsl t1, 10 naBIeHus: KOHAeH AW P, = P, ¢ UX MeperpeBoM 10 TeMIepary-
pbl Lo;

2-3 — u300apHOC OXJIAXIECHHE B KOHJCHCATOPE IEepPErpeThIX IMapoB XJjaja-
TeHTa JI0 COCTOSHUS CYXOTO HACKHIIIEHHOTO Tapa ¢ OTBOJOM TEIUIOTHI (, B OKpYyXKa-
IOIIYIO Cpeay;

3-4’ — moyiHas KOHJEHCAlMs MapoB XJaJareHra ¢ oOpa3oBaHUEM HACHIIICH-
HOM HUJIKOCTH C OTBOJIOM TEIUIOTHI (; B OKPYKAOIIYIO CPENy;

47 -4 — nepeoxilaxaeHUE KOHJIEHcaTa 0 TeMiepaTypsl 4. [lepeoxnaxaenue
KUIAKOTO XJIAJareHTa OCYIIECTBIISETCS HETOCPEACTBEHHO B KOHJICHCATOPE WIIH
CIEIMaILHOM arapare;

4-5 — W303HTATBITUUHBIN MPOIIECC TPOCCETUPOBAHMS XJIalareHTa Ha PETyJIN-
PyEMOM APOCCETHHOM yCTPONCTBE (HapuMep, BEHTWIE) ¢ TIaJCHUEM JaBIICHUS 10
Py u temnepatypsl 110 to ¢ MOJIy4eHHUEM BIIAXKHOTO HACBIIIEHHOTO Mapa co CTere-
HBIO CYXOCTH X,

5-1" — uzobapHOE UCHapeHUE KUIKOTO XOJOJMWIHHOTO areHTa B UCTIapUTENe
JI0 COCTOSTHHUS CYXOT'0 HACBIIIEHHOTO Tapa 3a CUeT OTBOJA TEIUIOTHI (jo OT OXJIaXK/a-
€MOU Cpeibl;

1~1 — HeOoIBIIIOM MEperpeB MAPOB XJIaJareHTa nepea KOMIPECCOPOM.

[Tpocreiimmii ki [TKXM (mpouecest 1+2-3-4~5’) He BKIIIOYaeT mpolec-
COB TEPEOXJIAXKACHUSI KOHACHCATA Tepea APOCCETUPOBAHNEM M TEperpeBa Mapos
XJIaJlareHTa Tepea KoMIlpeccupoBaHueM. [lepeoxnakaeHne KOHACHcCaTa Iepen
JPOCCETUPOBAHUEM SIBIISICTCS JICWCTBEHHBIM MPUEMOM YBEITUUCHHUS XOJIOIOTIPOU3-
BOJAMTEIIBHOCTH MAIlIMHBI ¥ TIOBBIMICHUS €€ TePMOAMHAMUICCKON 3(PPEKTUBHOCTH,
YTO MOATBEpXkaacTcs Tpaduueckum aHamm3zoMm Iwkna [IKXM B T-s- u IgP-h-
ararpaMmmax.

HeticrButenpubiii ki [TIKXM (mporneccsl 1-20-3-4-5) ornuyarcs ot Teope-
THYECKOTO HEOOpaTHUMbIM mporieccoM (AS>0) MOIMTPOITHOTO CHKATHSI TAPOB XJ1a/1a-
reaTa 1-20 B peaqbHOM KOMIIpeccope. ITO MPUBOANUT K JTOTIOJHUTEILHBIM 3aTpa-
TaM pPabOThI Ha TPHUBOA XOJIOAMIBHOTO KOMIIPECCOpa, KOTOPHIC YUYHUTHIBAIOTCS

BHyTpeHHUM oTHOcuTtenbHbIM KII/[ kommpeccopa.

| N

Mo = = ®
| Id Nd

rae b, , N, — TeopeTnyeckue yaeapHas paboTa U MOIIHOCTh KOMIIPECCOPa;
I, , Ny — melicTBUTENBHBIC YICIIbHAS pad0Ta U MOIIIHOCTH KOMITpECccopa.
[ToCcKOJIbKY XapaKTEPUCTUKHU XOJOAMIHLHON MalIWHBI MOAJICKAT U3MEHEHUIO
IPU AKCIUTyaTalMu XOJOAWIbHBIE KOMIIPECCOPHI M arperatbl MPUHITO XapaKTepu-
30BaTh XOJIOJOMPOU3BOUTEIBHOCTBIO Qo oy U MOTPEOISIEMON MOIIHOCTBIO Ny TIPH
CTaHJIAPTHBIX YCIOBUAX IKCIUTyaTaIUH.
Jns mepecuera xosogonpousBoautenbHoctu Qo Bm, Ha paboune ycioBus



SKCIUTyaTaruu (Mpu pabodnx 3HaYeHMsIX b, 1 o ) MCTIOIB3YIOT COOTHOIIIEHHE:
QO — hl — h4' QOcm (hl‘ — h4') (2)
QOCm hl'cm B h4'cm ¢ ’
rae C - koHCTaHTa i Teoperndeckoro 1ukiaa [IKXM ¢ xmagarentom R-22
(6e3 yuéTa neperpena rapa B UCMApPUTENIE U NMEPEOXITKICHUS KUJKOCTH B KOHJICH-
carope), paBHast C= Ny, — Nae - 31€CH M TaJICE 3HAYCHUS SHTAIBITHIA B COOTBET-
ctByromux Toukax 1ukina [IKXM onpenernstor no IgP-h-auarpamme.
Jlanee mpUBOANUTCS METOUKA ITOBEPOYHOTO PaCcUETa XOJIOMILHOW MAIIUHBI
C TEOPETUYCCKUM U JCUCTBUTEIHHBIM ITUKIOM Pa0OTHI, IEIhI0 KOTOPOTO SIBIISCTCS
OTpe/ieNieHNue XapaKTEPUCTUK paOOThl MAIIMHBI Ha 33JJaHHOM PEXHME IKCIUTyaTa-
ITUH:

- Q=

- yIIeTbHasi MaccoBas XO0JI0I0IPOU3BOIUTEIBHOCTD, KJ[K/KT:
Go =My —hs ; (3)
- MACCOBBIM pacxo]l XJlajareHTa (MaccoBas MPOU3BOJUTEIBHOCTh KOMIpPEC-
copa), Kr/c:
M=Qy/qp; (4)
- ynenbHas, O, kKx/kr, u nomHas, Q,, kBT, Termora Ha meperpeB mapa
XJaJareHTa B ucrapurTere:
Uun = hl _hl‘; Q.. =Mxq,, ; (5 a,0)
- yaenbHas paboTa, 3aTpaynBaeMasi Ha CKaTHeE Mapa XJiaJlareHTa B KOMIpec-
COpe, TEOpPETUYECKas U ACHCTBUTEIIbHAS:
Ly =P —hys 1y =hy—hyy; (6 2,0)
- MoIHOCTh, N, 3aTpaunBaeMasi Ha MPUBOJI KOMIIpECCOpa, TEOPETHIECKas 1
nercTBUTeNnbHad, KBT:
N,=MxIl, N;,=Mxlj; (7 a,0)
- yeJibHas TeIJI0Ta, OTBOAMMAs OT XJIaJareHTa B KOHJIEHCATOpe, TeopeTuye-
CKas U JeUCTBUTENIbHAs, KJK/KT:
d, =h, —hs; d, =h,, —hy; (8 a,0)
- TMOJIHAs TEmjIoTa, OTBOAMMAs OT XJIaJlareHTa B KOHJIEHCAToOpe (TeruioBas
Harpy3ka KOHJEHCATOpa) TEOPETUYECKas U IeUCTBUTEIbHAS, KBT:
Qm:Mqu; QOZMXq(); (9396)
- ynenbHas ., KJK/Kr, u nonHas Q.. KBT, TemioTa Ha mepeoxyiaxacHue
YKUJIKOTO XJIaJlareHTa B KOHJeHCaTopeE:!
Qe = h4' - h4, ;o Q. =Mxq,,.; (10 396)
- XOJOIUJIbHBIA KOAPPUIIMEHT TEOPETUIYECKOTO U IEUCTBUTEILHOIO IIUKJIA:
En=0o/l, ., &5,=0y/l, (11 a,0)









2. METOJIUKA 9KCIIEPUMEHTA

2.1. Onucanue J1alOPpATOPHOH YCTAHOBKHU

OcHOBY 1Ta00OpPaTOPHOTO CTEHA, CXeMa KOTOPOro MPeCTaBIeHa Ha puc. 3,
coctasiisier arperat [IXKM, npeacrasistomniuii cooor 3aMKHYTYIO T€PMETHYHYIO
CHUCTEMY, 3all0JIHEHHYIO XJIajlareHToM ppeoHoM R-22 B cmecu ¢ hpeoHOBBIM Mac-

JIOM.
??ff Oxnaxnarommui
BOIYX
1 3 2
[ TpuGopnntit muT 1abopaTOpHOTO CTEHAa
Puc. 3. [IpuHuunuanbHas cxema JlabopaTopHON yCTaHOBKH
ArperaT COCTOWT M3 CIICAYIOIIUX OCHOBHBIX JJIEMEHTOB: MOPITHEBOTO KOM-
npeccopa ¢ anekTpoasuratenem — |; konaencaropa — |l; BeHTHIIATOpA C 3JIEKTPO-
neuratenem — |l1; aBToMaTnuecku peryampyemMoro IpoccenbHoro yctpoicrsa — 1V

pecuBepa — V; ucnapurens — V1. Biok usmMepuTenbHbIX MPUOOPOB (BKITIOUAOITUN
JIBa MAaHOMETpa U TPU MUQPPOBBIX TEPMOMETPA COMPOTHUBIICHHUS) CMOHTHUPOBAH Ha
(GbpOHTATBLHOM IITUTE CTEH/IA.

Komrmpeccop 3acackiBaeT mapsl (peoHa, COKUMACT UX U HATHETAeT B KOHJICH-
caTop, IZle MPOUCXOJUT KOHJEHcalus mapoB. HapykHasi MOBEpXHOCTh KOHJIEHCA-
TOpa OXJIAXKIAETCS BO3/IyXOM IPU MOMOIIN OCEBOr0 BEHTUIIATOpa. Bo3myx, Harpe-
BasiCh, OTBOJUT TEIJIOTY B OKpYyXarolyto cpeny. XKuakuii ppeon mocie KoHAeHCa-
TOpa MPOXOJUT YEpe3 aBTOMATHUUECKU PETyIUPYEMOE JIPOCCEIBHOE YCTPOMCTBO.
[TonyuuBmasics mapoKUIKOCTHAS CMECh COOUpAETCsl B peCUBEPE, KOTOPHI BBINOJI-
HseT QyHKUMIO cemaparopa. M3 pecuBepa *)uIkuil (peoH MOCTyHaeT B HCHapH-
tenb. [locTymaronuii B ucnaputeib PpeoH BCKUIIAET, 3a0upas TEIJIOTy U3 OKPY-
KAIOIIEro BO3/AyXa, CONMpHUKacarolerocs co crenkamu ucnaputens. [laper ¢ppeona
U3 HUCMAPUTENS MO BCACHIBAIOIIEMY TPYOOIPOBOY MOCTYMNAIOT B KOMIIPECCOp, MO-



CJI€ Yero IUKJI TOBTOPSICTCS.

B 1maGopatopHOil XOJOIUIBHOW YCTAaHOBKE HCITOJIB3YETCS aBTOMAaTHYCCKOE
JPOCCEIIbHOE YCTPOUCTBO CHiIb(OHHOTO TUIa. OHO MpEeCTaBIsIeT cO00i TPpyOKy C
KalMWUIAPHOW CTPYKTYPOM, Ha KOTOPYIO OKa3bIBACTCs NMEPEMEHHOE CIAaBIHBArOIICE
BO3JIeHiCTBHE (ITOCPEACTBOM PACIIMPSIONIECTOCS Ta30BOr0 COCyJa — CHIb(oHA, ITo-
IpYKEHHOTO B XJaJareHT), YMEHBIIAIOIIEEe MPOXOHOE CEUCHUE KaUJUIIPOB. ITO
ABTOMATHYECKOE YCTPOUCTBO ¢ OOpPaTHOM CBSA3BIO: IIPH IOBHIIICHUH TEMIICPATYPhI
110 CPaBHCHUIO C 33JIaHHOM T'a3 B CHIL(OHE PACIIMPSICTCS, CIABIMBAIOIICE BO3/ICH-
CTBHE YCHIIMBAETCs, IABJICHUEC M TEMIIEpaTypa XJaJareHra noHrkarorcs. Jlabopa-
TOpHas YCTaHOBKA IMPEIyCMAaTPUBACT KaK 0a30BBIM BHIOOP PEKUMOB OXJIAKICHUS,
TaK ¥ TOHKOE PYYHOE HACTpaWBaHUE MYTEM JIOIOJHHTCIHHOTO OpraHa pydHOTO
BO3JICHCTBHS Ha KaMMILIAPHOE JPOCCEIBHOE YCTPOHCTBO.

Texaudeckas XxapaKTepHUCTHKa KOMIIpeccopa:

THUIT — HU3KOTEMITEPAaTyPHBIN TepMETHYHBIN, Tpou3BoacTBa Aspera, CioBakus;
mapka — NE 2134 E;

XOJIONWJILHBIN are’T — R22;

XO0JIOAOTPOU3BOAUTEILHOCTD, BT: ti= — 25°C, tp=55°C ........ 441.

2.2. TexHHKA IKCIIEPUMEHTAa

Jns u3Mepenust TemmnepaTyp Ha nmpuOOpPHOM IUTE CTEHJa MPEeayCMOTPEHBI
TPU CTaIMOHAPHO YCTAHOBJICHHBIX H3MEpPUTENbHBIX Komiuiekca DST-20 (Solar-
energy Thermometer), cocrosiiux u3 AaT4uka (TepMOMETpa COMPOTHUBIICHHS, pa-
0OTaroIIEero OT COTHEYHOM OaTaper MpH OCBEIICHHOCTH TTomenieHus > 100 arokc) u
uu@poBoro mokaspiBarolero aHanmuzaropa. CorjaacHO MacHOPTHBIM JIAHHBIM JHa-
nma3oH moka3anuii komruiekca DST-20 ot —50 no +150°C; nuana3oH U3MepeHU OT
—20 ngo +80°C; uysctBuTenbHOCTH 0,1°C; ocHOBHas mpuOOpHas MOTPEIIHOCTH B
npefenax yCTaHOBJIEHHOTO Auarna3ona usMepenuit £1°C, 0CHOBHas MOIPEIIHOCTh B
OCTaJIbHBIX MHTEpPBAJIaX JAUaNa3oHa MoKa3aHWi (3a mpenesaMu auamna3zoHa u3Mepe-
Huit) £2°C; Bpems 3ana3abiBanus 10 cexyHa.

JlaTurky TeMIiepaTyphl XJIaJareHTa yCTaHOBJICHBI B CICIYIONINX TOUYKaX: t; —
Ha BCACBIBAHMM KOMIIpeccopa; f, — Ha BBIXOJIe M3 KOMIIpeccopa (COOTBETCTBYET
TouKe 20 nerctBuTeabHoro mukia ITIKXM); t4 — Ha BBIXO/I€ U3 KOHJIEHCATOpa.

JlaTuMKy TaBJICHMS XJ1alar€HTa YCTaHOBJIEHBI B TOUKaxX P — mocie ucnapu-
Tens (mepesl KOMIIpeccopom) U P> — Ha BBIXOJI€ U3 KoMIlpeccopa (repei KOHAeH Ca-
TopoMm). [ludpoBoe obGo3HAUCHHME BCEX NATUYMKOB HA CXEME SKCIEPUMEHTAIBHOM
YCTaHOBKH, pHC. 3, cooTBeTCTBYeT ToukaMm mukjia [IKXM, mokazanHoro Ha puc. 2

(a, 0).

2.3. TpeOoBaHus1 OXpaHbI TPYyAA

1. K BbINOJTHEHUIO pabOThl JOMYCKAIOTCS CTYIEHTHI, MPOCIYIIABIINE HH-
CTPYKTQX MO TEXHUKE OE€30MacHOCTU W MpaBWJiaM NpOBeJeHUs paboT B yuyeOHOM
1ab0paTopuy TEIIOTEXHUKH, O3HAKOMHUBILHUECS C IIPAaBUJIaMU 0€301IaCHOCTU U Me-
TOJMKOU MPOBEAEHUS IKCIIEPUMEHTA.

2. PaboTa mpoBOAMTCS TOJBKO MOJ KOHTPOJEM MpernojaaBaTess Wi J1abo-



paHTa.

3. [lepen BrIIIOYEHUEM CTEHIA HEOOXOIUMO YOETUTHCS B HAIACKHOCTH H30-
JISLHUHM BCEX TOKOBEIYIIUX 3JIEMEHTOB, UCIIPABHOCTH KOMMYTHPYIOIIMX U U3MEPHU-
TeJBHBIX TPUOOPOB, HATUINH 3a3EMJICHUS.

4. Bo BpeMms MPOBEICHUS OIbITA HENb3d KacaTbCsid METAUIMYECKUX YacTeu
YCTaHOBKH.

5. He pa3pemaeTcss OCTaBIATh BKIIOYCHHYIO YCTAHOBKY 0€3 MIPHCMOTpA.
CryneHTaM 3ampelnraeTcsl MPOU3BOJUTEL JIIOOBIC JCHCTBUSA, HE IPEIyCMOTPCHHBIC
METOJUKOM BBITTOJTHEHUS PaOOTHI.

2.4. Ilopsinok BbINIOJIHEHUS PA0OTHI

1. OcMOTpeTh YCTAaHOBKY M, COTJIACHO CXE€M€, HalTU BCE €€ OCHOBHBIC dJie-
MEHTBI 1 U3MEPUTENbHBIE TPUOOPHI U MECTA YCTAHOBKHU JATUYHUKOB.

2. OueHUTh TOTOBHOCTh YCTAaHOBKM K paboTe: MPOBEPUTH MMOJAKIIOUEHUE
CTEHJla K DJIEKTPUYECKOW CEeTH; MOAKIIOYEHHUE JATYUKOB K IIUTOBBIM MPHOOpaM;
yOeIuThCs B UCTIPAaBHOCTH 3a3€MJICHUS.

3. YCTaHOBUTH MEPEKIIOYATEb PETYIUPYEMOTO IPOCCEIBLHOTO YCTPONCTBA B
OJIMH 13 0A30BBIX PEKUMOB OXJIAXKICHUSI.

4. BKJIIOUNUTB XOJIOJUIBHYIO YCTAHOBKY C IIOMOILBIO BKJIFOUATENSL.

5. [lyTém BpamieHus opraHa py4HOrO YIPaBJICHHUS APOCCENbHBIM YCTPOW-
CTBOM OCYILECTBUTh TOHKOE PETYJIMPOBAHUE IIEPEIAa TaBICHUSI U, COOTBETCTBEH-
HO, TEMIIEPATYPbI OXJIAXKICHUS, KOHTPOIUPYS HIKHEE JaBICHHUE P1 10 MaHOMETpY.
BriOpanHblii TeMIiepaTypHbId PEKUM aBTOMATHUYECKU MOAJEPKUBAETCS HA MPOTSI-
YKEHHUH BCEro dKCIIEPUMEHTA.

6. Uepe3 20 MuHYT MOCIIe BKITIOYEHHSI arperaTta Mpou3BOIAT 3aUCh MOKa3a-
Hul Tepmomnap ty , to, t4 ¢ nuaTepBanom 5 munyT. I[locie nocTrkeHHs CTalMOHAPHO-
ro0 peXuMa, O 4YeM CYJAIT II0 NOCTOSIHCTBY IOKAa3aHUN COOTBETCTBYIOIIMX TEPMO-
METPOB, ITPOU3BECTU OCHOBHOM 3aMep. 3HAUEHUSI U3MEPEHHBIX BEJIMYHUH 3aHECTH B
Tabm. 1.

Tabmua 1
[IpoToKoII pe3ynbTaToB U3MEPEHUM
Homep |4 oc tp, °C t,,°C | P;,MIla | P,,MIla
OTbITa
1
2
3

3. OBPABOTKA PE3VJBTATOB OKCHHEPUMEHTA

3.1. HocTtpoenue nukiaa IIKXM no 3xkcnepuMeHTAJIbHBIM JaHHBIM
WcXxoaHpIMU TaHHBIMH IS TIOCTPOCHUS SIBISIOTCS Pe3yJIbTaThl M3MEPEHUIA
TEMIIEpaTyp M JaBICHUH XJIaJareHTa B XapaKTEPHBIX TOYKaX (PPEOHOBOrO KOHTypa



I[MTKXM. Iukn skcniepumenTanboit [IKXM crpoutces B IgP-h-quarpamme dpeona
R-22 nns wero nmpeasiaraeTcsi BOCHOJIB30BaThCsl KCEPOKOMUEH TuarpaMMbl.

[TocTpoenue 1ukia HEOOXOAUMO JI aHalu3a padOThl MAIIMHBI U OLICHKU
YUCJIOBBIX 3HAYEHUM BCEX HEOOXOIUMBIX JIs JAJIbHEHIIEro pacuera TepMOIUHA-
MUYECKUX TTapaMeTpoB (peoHa R-22 B xapakTepHBIX TOUKAX ITUKJIA.

[Moctpoenne nukia [IKXM B IgP-h-muarpamme (cxema puc. 2) mpou3BOIUT-
Csl B CJEAYIOILEH MTOCIIEI0BATEIbHOCTH:

1. Ha nmuarpamMmy HaHOCST U300aphl py = p2 U po = p1 (OTIOKEHHBIE 1T0 OCH
JaBJICHUI ), iepecekas JieByto x=0 u mpaByto x=1 norpaHu4HbIe KPUBBIC OTPaHUYU-
BaroOIIME 00JIACTh BIAXKHOTO I1apa.

2. Haxomat Toukw miepecedeHus] n300aphbl po C MOTPAaHUYHON KpuBoi x=0
(Touka 1) m uzotepmoii t; (Touka 1). B o6mactu BiaxkHoro mapa u3obdapa po J0JxK-
Ha COBMNAJATh C U30TEPMOHi 1 .

3. 3 touek 1 u 1/ mpoBoAsT ITUHUHM S=CONSt 10 mepecedeHus ¢ n300apoit p;
C TIOJTy9CHHEM TOYEK 2 B 2, COOTBETCTBEHHO.

4. Haxonmat TOYKy mepecedeHus] h300aphl p, C U30TepMOil 1y (Touka 20) u
COEeUHSIOT TOukH 1 u 20 .

5. HaxoasT Touku nepeceueHust u300aphl py C MOrPAHUYHBIMU KPUBBIMU Xx=1
(Touka 3), x=0 (Touka 4’) u u3oTepmoii t, (Touka 4).

6. 13 Touek 4 u 4’BHU3 MPOBOAT BEepTHKAIbHBIC IPSMbIC THHUK h=CONSt 10
nepeceveHust ¢ u300apoii po ¢ MOTYYEHUEM TOUEK D U 5, COOTBETCTBEHHO.

XapakTepHble TOYKH W MpoIecchl NOocTpoeHHbIX HUkiIoB [IKXM noapoOHo
OMHCaHbl paHee MPUMEHUTENBHO K puc. 1 u 2. [locne mocTpoeHus MUKIOB HE0OXO0-
JUMO OTIPEJIEIHUTh IO AUarpaMMe W 3aHECTH B TaOJIUIIBI TapaMeTphl XJIaJareHra Bo
BCEX XAPAKTEPHBIX TOYKAX MOCTPOEHHBIX HUKIOB [TKXM:

- mpocreimniero mukina 1-2 ~3-4 -5

- TeopeTrdeckoro nukia 1 ~1-2-3-4 ~4-5;

- neficTBUTENLHOTO IMKIA 1~1-20-3-4 ~4-5.

[TapameTpsl xnagareHTa Juisi BCEX XapakTepHbIX ToueK HukioB [IKXM 3aHo-
CAT B TaOIM. 2.
Tabmura 2

[TapameTpsl XapakTepHbIE TOUKHU ITUKJIOB

XJIaJiareHra 1’ 1 20 2 27 3 47 4 5 57

CreneHp
CYXOCTH, X

x=1 | x>1 | x>1|x>1 | x>1 | x=1| x=0 | x<0 =? | x=?

JlaBnenue,
P, MIla

Temmnepartypa,
t, °C

OHTAJIBIN,
h, xJ]x/xr




3.2. TermioBoii pacuét mukiaa [IKXM

[IpousBecTy TEMIOBOM pacuy€T TEOPETUUECKOrO U JEHCTBUTEIBLHOTO ITUKIIA
ucnbiTeiBacMoii IIKXM 1o popmyram (2)—(11 a, 6), (1) HCHIOIB3YS TEXHUUECKYIO
XapaKTEPUCTUKY XOJIOAMIBHOTO KOMIIPECCOpa.

TemnmoBoit pacuét npocretiiero mukiaa 1 -2 ~3-4 -5’ npoBecTu caMoCcTosI-
TEJHHO M0 aHAJIOTUH C TPEIBLTYIITIM.

Crenatb BBIBOJ U3 CPAaBHEHHSI OCHOBHBIX Mokazareseit padotel [TIKXM mo
TEOPETHUECKOMY, TCUCTBUTEIIPHOMY U TIpocTeimemMy nukiaMm. CpaBHUTh TEPMO-
JTUHAMUYECKYIO (D (PEKTUBHOCTH ATUX LIUKIOB MEXKIY COOOM, a Tak:Ke 00paTHbIM
ukiIoM KapHo B Tex ke TeMIepaTypHbIX Ipeienax.

XonoaunbHbI Ko puimeHT odpaTHoro mukia KapHo onpenenstorT mno
dbopmyiie:

Ep = T ,
TK -T 0
rae 17— abcomoTHas Temiiepatypa, K

(12)

4. COOJEP)KAHUE U O®OPMJUIEHUE OTUYETA 110 PABOTE

OT4eT O BBIMOJHEHHOUW paboTe 0OPMIISETCS KaXAbIM CTYJEHTOM B TETPaIu
1151 1abopaTopHBIX padoT. OH JODKEH COASPkKaTh:

1. Hazpanue mabopatopHoii paOoTHhI, 11eJ1b paOOTHI.

2. KpaTkuii KOHCHEKT TEOPETHMUYECKUX CBEICHWH, BKIIOYas MPHUHIIUINNATH-
Hy1o cxemy [IKXM.

3. Cxemy 1abopaTOpHOM YCTAaHOBKH C YKa3aHUEM OCHOBHBIX DJIEMCHTOB.

4. TIporokon uzmepenuit (tadm. 1).

5. TepmonuHaMuueckue napameTpsl ppeoHa-22 B XapaKTepHBIX TOYKAX MPO-
CTEHIIEer0, TEOPETUIECKOTO U JieHcTBUTENbHOTO 1TMKII0B [TKXM 1o ¢popme Tabdn. 2.

6. TernyoBbie pacyeThl yKa3aHHBIX ITUKIOB U MX CPABHUTEIHHBIN aHAIU3.

8. BBIBOJIBI 110 TIOJTYYEHHBIM PE3yJIbTaTaM.

9. Ciucok UCTOJIb30BAaHHOM JTUTEPATYPHI.

S. KOHTPOJIBHBIE BOITPOCHI

Tepmoounamuueckue 0CHOBbL

1. HazoBuTe crnoco6 mosry4eHus X0J10/ia B MapOBBIX U Ta30BbIX XOJIOAMIBHBIX
MallliHAX.

2. Onuiute cxemy U npuHiun padotsl [TIKXM.

3. Onumure nuka padorer [IKXM B Ig P-h-muarpamme. B uém paznuune
MEXIY TEOPETUYECKUM M JercTBUTENbHBIM Iukiaamu [TKXM. Kak onpenesnsercs
nnaukatopusii K111 xomoaunsHoro kommpeccopa?

4. B uéMm Ha3zHau€HHE MPOIECCOB MEPEOXTIAKIACHUS KOHJIEH CaTa Mepe] Apoc-
CEJIMpPOBAHUEM M NIEpErpeBa rnapa xjagareHra nepej kommnpeccopom? Kak 3tu mpo-
IIECCHI OCYIIECTBIIIOTCS TeXHuIecKH B cxeme [TKXM?

5. Onpenenure NOHITUE XOJOAWIBHOTO areHTa. HazoBute Hanbosee mupoko



ucnosibzyembie B [IKXM xnagareHTsl 1 0COOEHHOCTH UX TPUMEHEHUSI.

6. Kakyto posib BBINIOJNHSIET cenapaTop, Kakoe BIMSHUE OH OKa3bIBAET HA XO-
Joa0npou3BoAUTENBHOCTE [TKXM?

7. CpaBuure teopernueckuit 1uki [IKXM u o6patssiii nukia Kapao. Iode-
MY XOJIOAWIbHBIA KOA(PUIIMEHT MOocaeAHero Beeraa ooblie?

8. [louemy M Kak cxema XOJOJWJIBHOM MalllMHbl MOXKET HCIOJIb30BaThCS B
KauyeCcTBE UJICaJIbHOTO HarpeBaTesisi — TeIIOBOro Hacoca?

IKCnepumMeHmanvHas yCmaHoeKa

9. OmumuTe cxemy JIabopaTopHOU yCTaHOBKHU. Kakue mapamMeTpsl M KaKUMH
puOOpaMu U3MEPSFOTCS?

10. Onumure OpUHOMI PabOThl ABTOMATHYECKOTO PETYIUPYyEeMOro Apoc-
CEJILHOIO YCTPOMCTBA, UCIIOIB3YEMOT0 B 1aOOPATOPHOM YCTaHOBKE.

11. Onumure npuHUMUI pabOThl TEPMOMETPA CONPOTUBIICHUS.

12. HazoBuTe 3HaueHne TeMIiepaTyphl XJajarenra B Touke S u 1 (10 u mociie
UCIIApPUTEIIA) HA CXeMe JIA0OpaTOPHON YCTAaHOBKHU.

13. Kak u3MeHuTh TeMriepaTypy XJaJareHTa, MoCTyHalolero B UCapuTeb
1a60paTOPHOM YCTAaHOBKU?

14. B xakoM COCTOSIHUU XJIaJIar€HT MOCTYIAeT U BBIXOJUT U3 MCHAPUTEIIS
1a60paTOPHOM YCTaHOBKU?

15. B kakoM COCTOSIHUU XJIQJIar€HT MOCTYIMAET U BBIXOJUT U3 KOHJIEHCATOpa
J1a00paTOPHOIN YCTAaHOBKH?

16. B xakoM COCTOSIHMM XJIaJareHT MOCTyHaeT M BBIXOJUT M3 KOMIIpeccopa
71a00paTOPHON YCTAaHOBKU?
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X0JI0AUIbHON MAIIUHbI
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JleGeneBa Onbra AnekcanapoBHa
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OTtBeTcTBeHHBIN 3a BIMyck JleOenera O.A.
Opurunan-maket Jle6enaera O.A.
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