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1. HPEAUCJIOBHUE.

B meTomudecknx ykazaHUSX MPHUBOIATCS JIaDOpaTOpHBbIE pabOThI, BHIOIHSIEMBIC

[P OCBOEHUHU TEOPETUYECKOTO Kypca AUCHUILIMHBI "OTOorieHue".



JIABOPATOPHAS PABOTANe1.

OIIPEAEJIEHUE KO®PUIIMNEHTA TEIJIOIIEPEJAYU YYI'YHHOI'O
PAJIMATOPA «BbPHU3 - 500».

1. IEJb U 3AJJAYH PABOT.

JlabopaTtopHasi paboTa MPOBOJUTCSA B TEUEHUE 2 YAaCOB 3aHATUUA C ILIEJbIO
U3YyYEHHUS OCHOBHBIX ()aKTOPOB, OTPEACIIAIONINX BEIMUNHY KO3(DPHUIIHEHTa TETLI0-

nepecaadn OTOIIUTCIbHOTI'O an/I6opa.

2.TEOPETUYECKHUE ITOJIOXKXEHMUSI.

2.1. TpeOoBaHus, NpeabsBIAsieMble K OTONMTEIbLHBIM IPHOOpPaM.

K oronurenbHbiM nipudopam MpeabsIBISIOTCS CAEAYIONUE TPEOOBAHNS:

1. caHUTapHO-TUTMEHUYECKUE - OTHOCUTENIBHO MOHWKEHHAsI TeMIlepaTypa
MOBEPXHOCTH; OrpaHUYECHUE IUIOMAIU TOPU30OHTAIHLHON MOBEPXHOCTU MPUOOPOB
JUUIS. YMEHBIIICHUST OTJIOKEHUS TBUIH; YJI0OCTBO U IOCTYMHOCTh OYMUCTKU OT TBUIH
MOBEPXHOCTU MPUOOPOB U MPOCTPAHCTBA BOKPYT HUX;

2. DKOHOMHUYECKHE - OTHOCUTEJIbHO MOHWKEHHasi CTOMMOCTh MpUOOpa;
HPKOHOMHBIN Pacxo]l MeTaJljla Ha MPUOOpP, 00ECIIEYNBAIOIINIA TTOBBIIIICHUE TEIIOBO-
rO HaIpsHKEHUST MeTajlia mpuoopa;

3. apXUTEKTYPHO-CTPOUTENBHBIC - COOTBETCTBHE BHEITHETO BUa TPUOOPOB
WHTEPhEPY MOMEIIECHUHN; COKpaIlleHNe TUIOIA I MMOMEIIEHUH, 3aHUMaeMOoil proo-
paMu.

4. mpoU3BOJICTBEHHO-MOHTAKHBIE - MEXaHU3alUsl U3rOTOBJICHUS U MOHTa-
Ka MPUOOPOB JIS TIOBBIMICHUS TPOU3BOAUTEIBHOCTH TPyAa; JOCTaTOYHAs MeXa-
HUYEeCKasi MPOYHOCTh MPUOOPOB.

2.2. Koapdunuent Tenionepeaayu 0TonuTeTbHOro npudopa.

MeToauka onpeaeieHus.

[lepenauy TEMIOTHI OT TEIUIOHOCUTENSI B MOMEIICHUE MPOUCXOAUT Yepes
CTEHKY OTOMUTEIHHOTO MpuOopa. HTEHCUBHOCTH TEIJIOBOTO MOTOKA XapaKTepH-

3yeTcst KoappuuueHTom termonepenadn Ky,



Koaddummentom Temionepenadyn OTOMMUTENIBHOIO MpUOOpa HA3BIBACTCS
BEJIMYMHA, YUCJIEHHO paBHAs TEIUIOBOMY IOTOKY B BaTTax, MPOXOISALIEMY YEpE3
1M® BHeIIHE} TOBEPXHOCTH PHOOPA TIPU PA3HOCTH CPEIHEH TEMIIEPATypPhI TEILIO-
HOCHTEIIA U Bo3yxa nmoMemenus B 1°C.

KoadduimenT temnonepenayn 3aBUCUT OT BUAA TETNIOHOCUTENS U €ro Ta-
paMeTpoB, THIA OTONUTEIHLHOTO MPUOOpa U Crocoda ero MPUCOSTUHEHUSI K CUCTe-
M€ BOJSTHOTO OTOIUICHHS, pacxoia BOJABI 4yepe3 MmpuOop, crnocobda YCTAaHOBKH U
Ipyrux (paxkTopos.

IIpy MOBBIIIEHUM Pa3HOCTH CPEAHEN TeMIIepaTypbl TEILIOHOCHUTENS U OK-
pPY’KaloIlero BO3/lyXa BO3pacTaeT Iepeaya TeIyIoThl B MOMEIIEHUE, KaK KOHBEK-
uel, Tak U Jy4eHCIlyCKaHUEeM, a, CJIE0BATEIbHO, YBEIMUUBaeTCA U Kodhduuu-
€HT TeIIonepeaaun npudopa.

VY opebpeHHbIX TPUOOPOB TeMIlepaTypa pedpa B HAIPaBJICHUH €r0 HapyK-
HBIX I'PaHULl YMEHBIIAETCS, MO3TOMY KO3(DPUIMEHT TeryIonepeiayl Takoro mpu-
O0opa MEHbIIIE, YeM TIIaJKOrO0.

VYMmeHsblieHne ko3pPuiMenTa Tersonepeayu Juist TaakuxX 1 OpeOpeHHbIX
TpyO, YCTAaHOBJICHHBIX B HECKOJIBKO PSAJIOB, 00BSICHIETCS B3aUMHBIM OOJTYyYEHHEM U
YMEHBUIEHUEM Y BBILIENEKAIUX TpyO mepenaga TeMIepaTyp TEIJIOHOCUTENS U
BO3/yXa, YK€ [MOJ0IPETOr0 HUKEJIEKAIIUMU TPyOamH.

KonuyecTBO cekumii B Uyr'yHHOM paguaTope TaKXKe BIIMAET Ha BEIIUYUHY
Koa¢pdunueHTa temionepenayr. [Ipy MeHbIIEM KOJIMYECTBE CEKLMH W MPOYMX
PaBHBIX YCIOBHSIX OH BO3pacTaeT.

D10 00BACHSAETCA TEM, YTO MepeAadya TEIIOThl U3ITyYeHUEM MPOUCXOIUT B
OCHOBHOM JIMIIb KPalHUMH CEKLIUAMHU. boJblIast 4acTh U3IyYEHUs C IOBEPXHOCTH
OJIM3KO PACHOJIOKEHHBIX U B3AMMHO 3aKpPbIBAIOIIMX JIPYT JIPYra KOJIOHOK CPETHUX
CEeKLIMM HE MOIaaaeT B noMeunieHue. [Ipu MeHbIleM KOJMYECTBE CEKIMU MOBEPX-
HOCTh KpalHUX CEKITUI COCTaBJISET OOJIBIINI MPOIEHT OT BCEH MOBEPXHOCTH OTO-
NUTEIBLHOrO MpUbopa, M03TOMYy Bech Npubop OyAeT uMeTh OosbIIni KO3PPULIU-

CHT 3a CUCT TCINIOOTAAYH JIYUCHCITYCKAaHNCM.



YMenbmaT ko3 QUIMEHT Terionepeaayn pa3ivudHble EeKOpaTUBHBIC
pEIIeTKH Y TPUOOPOB, YIYUIIAIOIINE HHTEPhEP MMOMEIIECHUS, HO CHIKAIOIINE KOH-
BEKTUBHYIO U JIYYHCTYIO COCTABJISIIOIIME B TIEpe/iaue TeIIOThl OT MPUOOPOB B MO-
MEILICHHE

N3noxeHHoe BBINIE TTOKA3bIBACT, YTO MHOTO(AKTOpPHAS 3aBUCHMOCTH KO-
srbdunrienTa Temonepeayd OTONUTEIBHOTO MPUOOpa 3HAUYUTEIHHO 3aTPYIHSIET
aHAJIMTUYECKOE €ro OMpeIeNIeHne, TOATOMY KOA(PGUIIUEHT TEIIoNepeaayt Kaxm10-
ro HOBOTO MpUOOpa OMpeAessieTcs] SKCIEPUMEHTAIBHBIM IyTEM TPHU OIpeieieH-

HBIX YCJIOBHUSAX C YYETOM O0JIACTH €ro 3HaYeHUM JIJIs OTACIBHBIX BUIOB (puc. 3.1).

K. Bt/M2K
///H:///
105 i
' W
7 e
35 Bl
0

20 40 645 80 Attt °C

Puc. 1.1. OGnactu 3HaueHUH KO3 (UIMEHTOB TEIJIoNnepesadyd OTONUTENbHBIX NMpHOOpoB:1 -
[JIaJKOTPyOHbIE IPUOOPHI; 2- MaHEeNIbHbIE PAIUATOPBI; 3- CEKIIMOHHbBIE PaIUaTOPBhl; 4- KOHBEKTO-

pBI U peOpHCTbIE TPYOHI.

OTkIIOHEHUE KOHKPETHBIX YCIIOBUN JKCIUTyaTalldd OT CTAaHIAAPTHHIX Y4H-
THIBA€TCS BBEJACHHUEM MPH pacyeTe MOMPaBOYHBIX KOA()(PHUIIMEHTOB Ha OCTHIBAHHE
BOJIbI B TPYyOOTIIPOBOJIaX, CIIOCOO YCTAHOBKH, PACXOJ BOJBI Yepe3 MpHOOp, YHCIIO
CEKIIMH B paguaTope.

B o0mem ciyyae ko3@uIMEHT Temionepenayd JaHHOro npubopa mpu
BOJSIHOM TEIUIOHOCUTEIN 3aBUCUT OT PAa3HOCTH TeMIIEepaTyp TEIJIOHOCUTENS B

npubdope ¥ Bo3Ayxa B MOMEIIEHUH U pacxoja BOJbl Yepe3 npuoop:



B, = flt, —t.,G) (1.1)

B naGopatopHoii paboTe cTaBUTCS 3a/laya YCTAaHOBUTH 3aBUCUMOCTb KO3 (-
dunueHTa TemIonepeaadr TOJIbKO OT MEPBOro MapaMeTpa AJis paauaTopa OToIuIe-
HUS 4YYTYHHOTro ceKIMoHHOro «bPM3-500» , mpeaHa3Hau€HHOTO AJI MPUMEHEHUS
B CHCTeMaxX BOJSHOTO OTOIUICHMS KHWJIbIX, aIMUHUCTPATUBHBIX U OOIIECTBEHHBIX
snanuid. Paguatoper ceptudunupoBansl B cucteme 'OCT P® u cOOTBETCTBYIOT
I'OCT 8690-94. Cekuuu paadatopa U3rOTOBJIEHBI U3 BBICOKOKAYECTBEHHOTO JIM-
TeHOTrO uyryHa. TexHudeckue JaHHble : pabouee nasinenue 1,2 Mlla ; ucneita-
tenbHOE naBieHuel,8 Mlla; makcumanbHas temmneparypa temtonocutens 130 °C;
HOMUHAJIBHBIN TEIUIOBOM MOTOK oAHOM cexunn 150 Br.

Ecnu npeneOpeusr uMHepuueil mpu mepeaayu TEIIOThl OT TEIJIOHOCHUTEIIS
npubdopy, a OT HEro BO3JyXy MOMEIIEHHUs, TO MPU YCTAHOBUBILIEMCS CTallMOHAp-
HOM PEeXHME TeIIoBor moTok (Q1), OTHaHHBIA B MPUOOPE BOIOM, 32 HEKOTOPHIN
MOMEHT BPEMEHHU paBeH TEIJIOBOMY MOTOKY (Q,) mepemaHHOMY TPHOOPOM TIOMeE-
HICHUIO.

TeroBoil MOTOK, MepegaBaeMblii BOJAOKH MPUOOPY, MOMKHO OMPENEIUTH IO
dbopmyie

Q]_ =G (tex _teblx) (1-2)

rae G-pacxon BoJbI 4epe3 mpuodop, KI/c; c- yAenbHAs TEIMII0EMKOCTh BOJIBI,
c=4190 IIx/(xr K); t, - t,,, - TEMIIEpaTypa BOBI Ha BX0JIe B IprbOp U BbIxoje, °K
unu °C. TennoBol MOTOK, MepenaBaeMblii MPUOOPOM B MOMEIIEHUE, OMpejie-
JISIFOT C TOMOIIBKO OCHOBHOTO YPaBHEHUS TEILIONEPEAaAUH

Q2 = Konnp(tnp _te) (13)

rie K,, - KkodduuueHt Termionepesadyd OTONMTENBHOrO IpHOOpa,
B1/(M°K), F,, - IIomans BHENIHEH OBEPXHOCTU IPUOOPa, OMBIBAEMOI BO3yXOM,
OOBIYHO MCKYCCTBEHHO PAa3BUTOM C IOMOIIBIO IPUIMBOB, OPEOPEHU M T. II., ), -
CpeIHss TeMreparypa Bojisl B ipudope, °C,

typ = (tex +leux) /2 (1.4)

t,- TeMnepaTtypa Bo3ayxa B nomenieHuu, °C.
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N3 paBeHcTBa TeIIoBbIX MOTOKOB Q;=Q; MOXHO omnpeneauTs ko3¢ duiiu-

€HT TEeIUIoNepeIaun

_ <Gltgy —tgpx) (1.5)

K =
e e pltp —tg)

3. OBBEKTbBI UCCJIEJOBAHMUAI.

3.1. CxemMa ONBITHOM YCTAHOBKH.

Ha puc.2.2 npuBenena cxeMa ONbITHOW YCTAHOBKH.

Puc. 2.2. CxeMa OIBITHON yCTaHOBKHU.

B otonutensHbIN ipubop 4 ropsiyasi Boja MocTynaeTr u3 crosika 1 cucremsl
OTOIUICHMS 3[aHUs TIOCJIe OTKPHITUS BeHTHIeH 2 u 3. 3 MepHoro 6aka 7 Bojaa 1o
TpyOonpoBoay 9 cOpackiBaeTcsi B KaHanmuzaiuio (cMm. puc.3.2). PerynupoBanue
pacxoja BOJbI yepe3 Npruoop Mporu3BOAUTCS KpaHOM O.

3.2. MeToauka u3MepeHui.

B xone nabopatopHoii paboThl HEOOXOAUMO U3MEPHUTh:

1. TemmiepaTypy BOJbI Ha BXOJIe U BbIXOE U3 Tipubdopa t,,, L,

2. TemnepaTypa Bo3ayxa B MOMeIIeHUH t,;

3. Pacxon Bojwl uepes npubop G;

4. IInomaas BHEIIHEH TOBEPXHOCTH MpHOOpa.
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Temniepatypsl Boabl t, U i, U3MEPSIOTCS C MOMOIIBIK PTYTHBIX TEPMO-
METPOB 5, YCTAHOBIICHHBIX B 3aIIUTHBIX TUJIH3aX, KOTOPBIC TMPEIOXPAHSIIOT TEPMO-
METpBI OT MOJIOMKH. Temneparypa Bo3ayxa BHYTPU MOMEIIEHUS ONPEEISETCs 110
CyXOMy TepMOMETpY mcuxpomerpa. Pacxoa Boawl ompezensercs Haubosee mpo-
CTBIM M JJOCTaTOYHO TOYHBIM CIIOCOOOM C MOMOIIBIO HETIOCPEICTBEHHOTO OTpe/e-
JICHUS! KOJIMYECTBA BBITEKAIONIEH U3 TPYOONpPOBOAA KUAKOCTH 32 €IUHUILY BpeMe-
HU. /{71 9TOM 1enr UCTONIB3YIOT MEPHBIN 0aK 9, 00beM KOTOPOTro 3apaHee M3BeC-
ter: V; = 0,0041 m°. OGBsi3ka MepHOro Gaka BBINOJHEHA TAK, YTO HPH OTKPBHITOM
MIPOXOJIHOM KpaHe 8 BoJia B Oake HE CKAIIMBAETCsI, OH 0€3 BOJIbI.

[Ipu m3MepeHun pacxojia 3aKphIBaeTCS KpaH 8 W OJTHOBPEMEHHO OTKPBIBA-

eTcs kpaH 6. Onpenensercs pacxo BoAbI uepes mpudop mo Gopmysie

Gpp = (V5 /T) ) (3.6)

rae G,, - pacxon 4yepe3 mpubop, KI/c; 7- BpeMs HallOJTHEHUU MEPHOTo Oaka,

C; p- IUNIOTHOCTH BOJIBI MpH Temnepatype t,,. (puc. 2.3.), Kr/M°.

335

330
365
380

375

970 N
95
960

355
20 30 40 50 60 70 80 30100 ¢ <c

Puc.2.3. I'papuk 3aBUCUMOCTH MIIOTHOCTH BOJIBI OT TEMIEPATYPHI.
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Hanonnenne mepHoro 0aka ornpesenseTcs HauajloM IepenuBa BObl yepes
MEePEropojKy, yCTAHOBJIECHHYIO B 3TOM Oake.
[Lnomane BHEIIHENW TOBEPXHOCTH

Fup =nf (2.7)

TJie # - KOJMYECTBO CEKIWH, 1T; f; - miomans BHemHel moBepxHOCTH 1

2 2

cekiuu npuodopa, m*, f =0.29 m°.
Pesynbratel u3MepeHuil 3anuchiBaloTcs B Tabmuiyy 3.1 sKcrepuMeHTalb-

HBIX 1 PACUYCTHBIX HAHHBIX.

Tabmauna 2.1

Ta6J'II/IHa OKCIICPUMCHTAJIbHBIX U PACUCTHBIX TAdHHBIX.

Temnepartypa, o°c G A

3
T,C p, KI/M

Howmep Howmep t
t Kr/c -1,

pexuMa | 3amepa

tl'lp Knp '
°%C | Br/(M’K)

t@x tB blX

WN -

Cpenuee
3HaUCHUE

1

2

2 3
Cpennee
3HAUCHUE

1

2

3 3
Cpennee
3HauUEHUE

4. 3AIAHUE HA PABOTY.

Bo Bpems paboThl ciietyeT BBITIOJHATH TpeOyembie 3aMephl M, 00pabaThi-
BaTh JJaHHbIE HAOJIOJIEHUI, TOCTPOUTH HEOOXOIUMbIE TpadUKy.

5. HOPAJOK BBIITIOJIHEHUSA PABOTBI.
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3amepbl BBINOIHSIOTCS 3BEHOM CTYJIEHTOB 3-4 uenoBeKa MpU pPa3IMYHbIX
3HAYEHUAX PAcCX0/a BOJbI, KOTOPhIE U3MEHSIOT C IMOMOIIbI BEeHTHIA 6. B KoHIE
JabopaTopHO#l pabOThI CTYJEHTHI OOMEHUBAIOTCS PE3YJIbTaTaMHU U CTPOSIT HEOOXO-
JTUMBbIE TpapUKH.

JIaGopatopHasi paboTa MPOBOAMUTCS B CIAECAYIOIIEM MOPSIZIKE.

1. 3a 15-60 muH. 10 Hayana pabOThl BKIIOYAIOT OMBITHYIO YCTAHOBKY, MPHU
3TOM YCTaHABJIMBAETCA MUHUMAJIBHBIA PACXOJ BOJIBI.

2. Cpa3y nociie Hauaja 3aHsITHH 3aMEpSAIOT YKCIIEPUMEHTAIbHBIC IaHHBIE T,
ter, U 1, Ha IEPBOM PEKUME PaOOTHI, IPU STOM MOKa3aHUs MPUOOPOB PUKCUPYIOT
TpH pa3a uepe3 1-2 MUH., TOJIyYEHHbIE PE3YJIBTATHl YCPEIHSAIOT U BCE MOCIEAYIO-
IIME€ PacyeThl BBIMIOJHSIOT ISl CPEJAHMX 3HAYCHHUM OMBITHBIX JAaHHBIX (TabyuIla
3.1).

3. IlpenonaBarenp WM JJAOOPAHT U3MEHSIET PEKUM PaOOThI, yBEIMUHUBAs
pacxo/1 BOJIbI Uepe3 Mpuoop.

4. Yepes 20-25 MUH NpoU3BOAAT 3aMeEpP MAPAMETPOB HA BTOPOM PEKHUME U

T.AO.

6. YKASAHUSA 11O OPOPMJIEHHUIO OTYETA.

Otuer 0 1a00paTOpHOIl pabOTE NOJKEH BKIKOYATh CIASAYIOUINE pa3/ebl.

1. Ilenb paGoTHI.

2. CxeMa ONbITHOHN YCTaHOBKH.

3. O6paboTKa pe3ynbTaTOB U3MEPEHUI IO CBOEMY PEKUMY.

4. Tabnuia SKCIIEPUMEHTATIBHBIX M PACYETHBIX JaHHBIX TI0 BCEM PEXKUMaM pabOThI
YCTaHOBKH.

5. I'padux 3aBucumoctu Ky, = f(4t).

7. KOHTPOJIBHBIE BOITPOCHI.

1. Kakue TpeboBaHus MPEABIBISIIOTCA K OTOMUTEIBHBIM ITpUOOpam?

2. YUrto HaspiBaeTcs K0P GUIIMEHTOM Teruionepeaaun’?
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JIABOPATOPHAS PABOTANe2

WCCJEJIOBAHUE PETYJUPYIOIIEH CIOCOBHOCTH BO3JVIII-
HOI'O KUIIAITAHA KOHBEKTOPA.

1.IEJIb Y 3AJIAUH.

[enbto pabOTHI SBISETCS 3HAKOMCTBO C MHIAMBUAYAIbHBIM PEryJIHMpPOBaHU-
€M TEIUIOBOM MOILIHOCTU OTOIUTENBHOIO MpUOOpa 0€3 N3MEHEHUs pacxo/ia TeIio-
HOCHUTEJS U KOHCTPYKTUBHOM CXEMOW OJHOTPYOHOTO CTOSIKA MPH YCTAHOBKE KOH-

BekTOopoB "KomdopTt-20"; 00bACHEHHE TPOUCXOISIINX MTPOIIECCOB.

B pabote uccnenyercs peryinupyronasi CiocCOOHOCTh BO3YIIHOTO KJlanaHa

HacTeHHOTO KoHBekTopa "Komdopt-20".

2. TEOPETUYECKHUE IT0JIOKEHUA L.

TertoBoi peXuM OTATUTMBAEMBIX 3IAHUM U TOMEILICHUHN ONPEIEIISIETCA KaK
pe3yibTaT COBMECTHOTO BIIMSIHUSI BHEIIHMX W BHYTPEHHUX BO3MYILIAOIIUX BO3-
neicTBuU. BiusHue BHEIIHUX BO3MYyHIAOMMX (aKTOpOB (TemmepaTypbl Ha-
PYXXHOTO BO3/1yXa, CKOPOCTH M HamNpaBJICHUS BETPa, HHTCHCUBHOCTH COJHEYHOM
pagualii W BIQKHOCTH BO3/yXa) YYUTHIBACTCS PA3IUYHBIMH CIIOCOOAMHU pe-

Ir'yJInpOBaHHA TEIUIOBOM MOIIHOCTHU CUCTEMBbI OTOIIIICHUA.

B cucremax BOISHOrO OTOIUIEHUS NPUMEHSETCS KAa4eCTBEHHOE M KO-
JMYECTBEHHOE PETYIMPOBAHUE TEIUIOBOM MOIIHOCTH MO TEIUIOHOcHuTeno. Ka-
YECTBEHHOE PETyJIMPOBAHUE MOXKET OBbITh LIEHTPAJIBbHBIM - Ha TEIJIOBOW CTaHIUH,
rpynnoBbM - B LITII u mectHbiM - B UTII 31aHus1, a KOTMYECTBEHHOE, KPOME YKa-
3aHHBIX BbIIIE MECT, UHIUBUAYAIBHOE - Y OTOMUTEIbHBIX IPUOOPOB.

KauecTBeHHOE peryiMpoBaHUE TEIJIOBOM MOLIHOCTH CHUCTEM BOISHOIO
OTOILUICHHUS MIPOBOJSAT IO OCHOBHOMY BO3MYILAIOIIEMY BO3JAEHCTBUIO HA TEIJIOBOU
PEXKHUM MOMEIIEHUN - TEMIIEPATYpE HAPYKHOrO Bo3ayxa. JUIsi OTAENbHBIX YacTein

CUCTEM, OPHCHTHUPOBAHHLIX II0 IIPOTHUBOIIOJIOXKHBIM CTOPOHAM TIOPU30HTA, HJIN
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NpeHa3HAYEHHBIX JI OTOTUICHHS Pa3JIMYHBIX 30 U OJIOKOB 3IaHUM YUUTHIBAIOT
JOTIOJTHUTENbHBIC BHENTHUE (aKTOPBI - BO3CHCTBHE BETpa W COJIHCYHOMW pajua-
LIAH, T.€.0CYUIECTBIIOT PETYJIHPOBAHUE MO IPUBEICHHOW TEMIIEPATYPE HAPYKHO-
ro BO31yXa.

Bopa, HanpaBnsiemasi B CUCTEMBI OTOIUIEHUS, LIEHTPAIM30BAHO HATPEBACTCS
JI0 TeMIepaTrypbl, HEOOXOAMMOW Il KOMIIEHCAllUU TeIonoTepb. B cucremax
OTOIUIEHUS, PUCOEAUHIEMBIX K HAPYKHBIM TEIJIOBBIM CETSM IO 3aBUCUMOU CXe-
M€ CO CMEUIEHUEM, KaUECTBEHHOE PETYJIMPOBAHUE OCYIIECTBISIOT IIyTEM HU3MEHE-
HUSI COOTHOLICHMS MEXIY pPacxoJaMy BBICOKOTEMIIEPATYPHOU M OXJIAXICHHOU
BOJIbI. [Tpu He3aBHUCHMO cxeMe MpuOeraoT K U3BMEHEHUIO Pacxo/ia BEICOKOTEMIIE-
paTypHO# BOJIbI, IPOITyCKAEMOM uepe3 TeINIO0OOMEHHUKH, WU K CMEIICHUIO YacTH
OXJIQXJIEHHOM BOJbI U3 CHUCTEMbI OTOIUICHHUSI C BOJOW, HarpeBaemMoul B TEII000-
MEHHUKAaX.

B roponackux kBapranax B HACTOAILIEE BpeMs NPUMEHSIOT KaYECTBEHHOE
pPEryJIMPOBAHUE TEMIIEPATYPbI TOPSTYEN BOJIBI B IEHTPAJIbHBIX TEIUIOBBIX IMYHKTAaX.
[Ipn TakoM peryaMpoBaHHM TEMIIEPATYPhI TPEIOIIEH BOJBI JUIsl TPYIIbl 3JaHUN
TPYJIHO M30€kKaTh HEPABHOMEPHOTO MTPOTPEBA OTETBHBIX 3[IaHUM UM UX YacTed U
TpeOyeTcss TOMOJHUTEIBHOE MECTHOE KOJMYECTBEHHOE PpEryJMpOBaHHUE, HamlpH-
MeEp, C MOMOILBI0 CMECUTENBHBIX: HAcOCOB L[BLI viu aneBatopoB ¢ peryaupyeMbiM
COIUIOM, T.€. MECTHOE KOJIMYECTBEHHOE PETYJMPOBAHUE NMPUMEHSAECTCS KAaK JOMOJI-
HUTEJIBHOE K [IEHTPAJIBHOMY KaU€CTBEHHOMY.

BrnusHre BHYTpEHHUX BO3MYIIAIOUIUX BO3JCHCTBUN (TEIUIOTHI, BBIJEISEC-
MO TIPU MPUTOTOBJCHUHU THUIIU, OT BJIECKTPUUECKUX OBITOBBIX M OCBETHUTEIBHBIX
puOOPOB, HEMOCPEACTBEHHO OT JIFOJIeH) YCTpaHSeTCs WHAMBUIYaTbHBIM KOJIH-
YECTBEHHBIM PETYJIMPOBAHUEM TEIJIOBOM MOITHOCTH MTPUOOPOB.

NuauBuayanbHOE KOJIMYECTBEHHOE PETYJIMPOBAHUE MO TEIUIOHOCUTEIIO
MOET OBITh PYYHBIM M aBTOMATUUYECKHM. [[J11 pydyHOTO pEryJupoBaHUs B CHC-
TeMax BOJSHOIO OTOIUICHUS MpH TemIiieparype temnoHocutens 10 105°C ucnomns-
3YIOT: B OJHOTPYOHBIX CHCTEMaxX - PETYJIUPYIONINE KpaHbl C TMOHMKEHHBIM TH]-

PaBIMYECKUM COMPOTHUBIICHHEM; B JBYXTPYOHBIX CHCTEMax - PETYJIHUPYIOIIUE Kpa-
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HBl C TMOBBIIIEHHBIM THUIPABINYECKUM COMPOTHUBICHHEM. [[1s1 aBTOMaTHYeCKOro
PETYIUPOBAHUSI TT0 OTKJIOHEHUIO TEMITepaTyphbl BO3AyXa MOMEIICHUS OT 3aJaHHON
MPUMEHSET PETyJISTOPHI MPSMOTO JACHCTBYSI KaKk HanboJiee JCmeBbie U TPOCTHIC B
0OCTy’KWBaHUH, YCTAaHABIIMNBAsI UX HA TIOJIBOJKE K OTOMUTEIBHOMY MPUOODPY.

Cy1iecTBEHHBIM HEOCTATKOM WHIWBUIYAIBHOTO KOJIHYECTBEHHOTO PYd-
HOTO WJIM aBTOMATHYECKOTO PETYJIMPOBAHUS TETUIOBOW MOIIHOCTU MPUOOPOB SIB-
JSETCS CHUKCHUE HAMCKHOCTH Pa0OTHI CHUCTEMBI. Y CTaHOBKA PETYIUPYIOIIHX
KpPaHOB MJIM aBTOMATHYECKH JCHCTBYIONIUX PETYIATOPOB Ha MOABOJKAX K MPHOO-
Py OPUBOJUT K 3HAYUTEIHHOMY YBEIMUYECHHUIO MECT BO3MOKHBIX T€UEH B CHCTEME
(pe3pOOBBIC COCAMHEHUS, CATPHUKOBBIE YIUIOTHEHUS). Kpome TOro, yCaoKHSIETCS
YCTPONCTBO CUCTEMBI, BO3HUKAET HEOOXOAMMOCTh MOHTAXa 3aMbBIKAIOIINX y4acT-
KOB, YTO MIPUBOJAMT K JIOMOJTHATEIHLHBIM 3aTpaTaM MeTajlia v TpyJa.

3acimyXuBaeT BHUMaHHUS BTOPOW CIOCOO WHIWBHIYAIBHOTO PETYIHPOBA-
HUS TETUIOBOM MOIIHOCTH - ITyTE€M M3MEHEHHS BEJIMYMHBI KOHBEKTUBHOTO WM JTY-
YUCTOIO IMOTOKA, MOCTYMAIOIIET0 OT OTOMHUTEIBHOTO IMpuOopa B oOOrpeBaeMoe
nomenienue. Jlyuncras coctapisitoiias TEIJIOBOTO OTOKA OT MpruOopa U3MEHsIETCs
YCTaHOBKOM dKpaHa, KOHBEKTUBHAS COCTABJISIONIAS - K3MEHEHHUEM Pacxo/aa BO3/Y-
Xa, OMBIBAIOIIIETO TTOBEPXHOCTH Mpubopa. Takoi cmocod MCoap3yeTcs B KOHBEK-

topax "Komdoprt - 20",

3. OBBEKTbBI UCCIEJOBAHUA, OBOPYIOBAHUE, IITPUBOPLI.

3.1. YcTpoiicTBO M TeXHHYECKAs XapaKTepUCTHKa KOHBeKTopa '"Kom-
dbopT-20".
VYBenuueHne IMOBEPXHOCTH CTANBHBIX TPYO TIUIACTHHAMHM W3 CTalH WM
ATIOMUHUS TO3BOJISET TMOJYYUTh OTOMHUTENbHBIE MPUOOPHI - KOHBEKTOPHI, KOTO-
phI€, KaK ¥ CTaJbHBIC PAAHUATOPhl, UMEIOT 3HAYUTEIIHHO MEHBIIIUNA PACX0]] METaJIjIa.

MertaninoeMKoCcTh CUCTEMBI OTOTUIeHUsI ¢ KoHBekTOpamu "Komdopt-20' B 2,5 paza

HWKXC MCTAJUIOCMKOCTU CUCTCMbI C YYT'YHHBIMHU paiaTOpaMu, IIpHU 3TOM MCTAJLIIO-
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€MKOCTb OTOIUTEIbHBIX MPUOOPOB B MepBOM ciydyae coctaniseT 40 %, a Bo BTO-
pom 80 % MeTamI0eMKOCTH CUCTEMBI.

Bce Tumbl koHBEeKTOpOB ¢ KokyxoM - "Kompopt-20", "Putm", "UzoTepm"
u KB (koHBEKTOpBI BBICOKHE JIJIs1 OTOIUICHUS JIECTHUYHBIX KJIETOK) - pa3paboTaHbl
cornacHo TpeboBanusaM ['OCT 20849-75 "CranbHble KOHBEKTOPHI C KOXKYXOM'" U
npeaHa3HaYeHbI JIsl paboThl B CHCTEMAaxX OTOIUIEHUS C TeMIlepaTypoi Boabl 10 150
°C u u30biTouHBIM pabounm naBienueMm ao I Mlla (maBmenue wcmbiTanus 1,5

MIIa).

133
X 278
a-B

2G|

160

Puc.2.1. HacTeHHbIN KOHBEKTOP C KoxKyxom "KomeopT-20"

Konsektopsr "Komdopt-20" (o603HaueHne Ha yepterkax KH20 - 0,65 K:
20 - muameTp TpyOOK, 0,65 - moBepXxHOCTH HarpeBa, K — KOHIIEBOI) - 3TO CTaIbHBIC
HACTEHHBIE oTONUTEIbHBIE TPUOOPHI. KouBekTop (puc. 6.1) cocrout u3 AByXTpyoO-
HOTO HarpeBaTeNIbHOTO AJIEMEHTa | C TOPU30HTAJIBHBIM PACIOJIOKEHUEM TpPYO
nraMmeTpoM 20 MM, OOKOBBIX CTEHOK 2 ,BO3JIYIIHOTO KJarnaHa-3acjOHKU 3 , Ha-
pyXHOW maHenu 4 M BO3IYXOBBITYCKHOHM pemieTkd, oOpa3oBaHHOM nByms II-

00pa3HBIMU JETAISIMU 5.
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KoHcTpykuust neraneil kKoHBeKTopa pa3zpaboTaHa ¢ yd4eToM OOecedeHHs
€r0 MPOYHOCTU TIPHU TPAHCTIOPTUPOBAHUH, U MOHTAXKE : OOKOBBIE CTCHKH M3TOTOB-
JIEHBI U3 CTAJIA TOJIIMHOW 2 MM, JETald KOXyXa U MpodUIMpoBaHHON BO3MYyII-
HBII KJIaMaH - U3 CTaldu ToJauuHou [ MM, mmactunsl opedpenus - 0,5 Mmm

[TpuGopbI BRIMYCKAIOTCSI B KOHIIEBOM U MPOXOHOM (JIJ1s1 IPUCOETUHEHHUSI B
LEMOYKY HECKOJbKUX MNpUOOpOB) HcmnoiHeHusx. [laTpyOKuM KOHBEKTOPOB MOTYT
MMETh IIIaJKUE KOHIBI ISl PUCOCINHEHUS K TOJBOJIKAM CUCTEMBI HA CBAPKE WIIH

pe3b0y. B Tabnuiie 2.1 npuBeneHbl TEXHUYECKUE XapaKTEPUCTUKU KOHBEKTOPOB.

Tabmuma 2.1
TexHnyeckue xapakTepucTuku KOHBeKTOpoB "Komdopt-20".

Temnosas

MOIIHOCTD
O6o3nauenue | [ToBepxHOCTH fpu 0

At=64,5 Pazmepsi, MM Macca,
KOHBCKTOpa HarpeBa C

G= 300 Kr.

Kr/4, Bt
KH20-0,65K | 0,71 0,65 | 329 200 340 300 140 5,6
KH20-0,9K 1,06 0,9 456 300 440 400 240 7,15
KH20-1,1K 1,42 1,1 581 400 540 500 340 8,68
KH20-1,4K 1,77 14 127 500 640 600 440 10,24
KH20-1,7K 2,13 1,7 872 600 740 700 540 11,75
KH20-2,0K 2,48 2,0 1018 700 840 800 640 13,32
KH20-2,3K 2,84 2,3 1163 800 940 900 740 14,87
KH20-2,6K 3,19 2,6 1309 900 1040 1000 840 16,39
KH20-2,9K 3,55 2,9 1454 1000 1140 1100 940 17,94
KH20-3,2K 3,9 3,2 1600 1100 1240 1200 1040 19,51
KH20-3,5K 4,26 3,5 1745 1200 1340 1300 1140 21,02

[lepecTaHOBKOM Hapy>KHOM MAaHENIX W BO3AYIIHOIO KjanaHa (1 ya1oocTBa

OUMCTKH KJIallaH OOJDKCH OTKPBIBATHCA K CTGHC) MOJKHO ITIOJYYHUTHb KOHBCKTOP C

IMPpUCOCAMHCHUECM CJICBA U CIIpaBa.

Ha 00kx0BBIX CTEHKAX KOHBCKTOpa UMCIOTCA KpOHIHTCﬁHBI, C IIOMOIIBIO KO-

TOPBIX OH HABEITUBACTCSA HAa KPIOKU - IUIACTUHBI, TIOCTABJISIEMbIe B KOMIUIEKTa. Ta-
KO€ pelleHUe HapsJle C MPOCTOTON MOHTaka 00eCTIeYBAET KOMIIEHCAIUIO JIMHEH-
HBIX TEMIIEPATYPHBIX U3MEHEHHI MPU YCTAHOBKE KOHBEKTOPOB B IIEMOYKY 3a CUET

BO3MOXKHOT'0 TIEPEMENIEHUS Ha KPOHIITEHE B npeaenax 15 - 20 MM
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KonBekTopbl He TpeOYIOT YCTAaHOBKHU PEryJIUPOBOYHON apMaTyphl, Tak Kak
BCE MPUOOPHI UMEIOT KJamaH JUisl peryJMpoOBaHus TEIUIOBOM MOIIHOCTH MO BO3-
nyxy". biarogaps 3ToMy CTaHOBUTCSI BO3MOKHBIM MTPUMEHEHHUE MPOTOYHBIX OJTHO-
TPYOHBIX CTOSIKOB CHCTEM BOAsSHOro oTorieHus. Knaman nMeer puxcupoBaHHBIE
MOJIOKEHUS], OCTATOYHAS TEIIOBAas MOUTHOCTb IPU 3aKPBITOM KJIallaHE, IO TAHHBIM
ONBITHBIX UCIbITaHUN paBHa 30 %.

DKcIutyaTaluus KOHBEKTOPOB CBOAUTCS K PETYJIMPOBAHUIO TEILIOBOM MOIII-
HOCTH C TIOMOIIBIO BO3JAYIIHOTO KJIallaHa W MEePUOJMYECKON OYHMCTKE HarpeBa-
TEJbHBIX 3JIEMEHTOB OT IBUIM, YTO OCYILECTBIISICTCS IIPU CHATOM NAHEIN U OTKPHI-
TOM KianaHe. B neTHee Bpems KiamaHbl JOJKHBI OBITh 3aKPBITHI JJIs 3AIUTHl Ha-
I'PEBATENIbHBIX 3JIEMEHTOB OT IIBUIH.

3.2.CxemMa IKCHIEPUMEHTAJIBHOM YCTAHOBKH.

JUtst vcciienoBaHusl PEryaupyromeid CrnocoOOHOCTH BO3IYIIHOIO KianaHa
KOHBEKTOpa CMOHTHPOBaHA dKCIICPUMEHTAIIbHASI YCTAaHOBKA (pHc.2.2).

B koHBekTop 5 mo nmoparoniemMy TpyOonpoBoAy 3 ropsiyas BoJa NOCTYHaeT
U3 CTOSIKA CUCTEMBI OTOILIEHUS 34aHus | mociie OTKpbITUs BeHTWwIeH 2. 13 MepHo-
ro 6aka 9 Boja o Tpy6omnpoBoay 11 cOpackiBaeTcsi B kKaHanu3aiuio. Peryiuposa-

HHE Pacxo/ia BOABI yepe3 MpUOop MPOU3BOIUTCS KPAHOM 8.

7 BKOHOAVM3ALMIO

Puc 2.2. Cxema SKCIEpUMEHTAILHOM YCTAaHOBKH JIJISI ONPEACICHUS PETyIUpYIOMei
CIIOCOOHOCTH BO3AYIIHOTO KJlamaHa KOHBEKTOPA.
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3.3. Meroguka u3mMepeHui.
[Tpu BeIMOTHEHUH TA00PATOPHOUN PAOOTHI U3MEPSIOTCS CICTYIONTUE BETUIHHBIL:

1) TeMriepaTypa BOJbI Ha BXOJI€ U BBIXOJIE U3 KOHBEKTOPA - toy , Lypn;

2) TemnepaTypa Bo3JyXa B IOMEIICHUHU - t;;

3) Bpemsi HallOJIHEHUS MEPHOTO Oaxa.

Temmneparypa BoIbl U3MEPSIETCS C MOMOILIBIO PTYTHBIX TEPMOMETPOB yCTa-
HOBJICHHBIX B THJIb3aX, IOMEIIICHHBIX B MMOTOK JABUXKYIIEICS MO TpyOOIpPOBOY BO-
Ibl. /{5 ynydiieHus: Teronepeadyn oT BOJbI K pe3epByapy TEPMOMETPA HUKHSS
YacTh T'MJIb3bI 3aMOJIHAECTCS MAllIMHHBIM MacJIoM. BepXHsis 4acTh r'Miib3bl 3allIHIIA-
€T TEPMOMETP OT MOJOMKH.

Pacxon BoJzibI 4epe3 KOHBEKTOP OIPEACNIeTCsS C MOMOIIBI0 MEPHOTO Oaka
9, 06bem kotoporo uzsecteH (Vgy = 0,003 m®). O6BsI3Ka MEpHOro 0aka BBHITIOJIHEHA
TaK, 4TO IIPU OTKPBITOM KpaHe 10 Boxga yxomuT B KaHanuzauuto. [Ipyn m3mepenun
pacxojia BoJibl uepe3 npudop 3akpbiBaeTcs kpaH 10 ¥ 0JHOBPEMEHHO BKJIFOUACTCS
cekyHsioMmep. [lo BpeMeHH HaroJIHEHUS MEPHOTO 0aKa MOKHO ONPEETUTh PacXol
BOJIbI (KI/4) uepes mpudop:

3600V, p
T

Gy (2.1)

TJIe T - BpEMs HAIOJHEHUSI MEpHOTO 0aka, C; p - TUIOTHOCTh BOJAA TIPH TEM-
nepaType Ha BBIXOJIC U3 KOHBEKTOpa, Kr/M (cM.puc.1.3 , ma6.padota Nel).

Temneparypa Bo3yxa B MOMEIICHUHN OMPEIEISAETCS M0 MOKAa3aHUI0 CYyXOro
TEPMOMETpA IICUXPOMETPA.

3amepbl TeMIepaTyphl BOJIbI CJIEIYET BBIMOJHATH TOJIBKO MPH CTAIlOHAP-
HOM TEIUIOBOM pEeXHUME, KOT/Ia TIOKa3aHUs TEPMOMETPOB OYIyT MOCTOSHHBIMU. Pe-

3yJIbTaThl U3MEPEHHM 3aITUCHIBAIOT B Ta0M. 2.2.

Tabawna 2.2
BKCHepI/IMeHTaHBHBIe JaHHBIC.
Ne Ne omsl- | Tlonoxkerne  BO3AyII- Temmneparypa, 0 C
,c

pexnMma | Ta HOTI'O KJIalaHa tex, 0C tBBIX, 0C te, 0C

1 [ToTHOCTBIO OTKPHIT

2 OTtkpsiT Ha 600
1 3 OtxkpsIT Ha 300

4 3aKkphIT
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3.4.MeToanka 00padOTKMN ONBITHBIX JAHHBIX.
TenaoByr0 MOIIHOCTh KOHBEKTOPA MPU MOTHOCTHIO OTKPHITOM BO3AYIIHOM
KJIalTaHE Ha OCHOBAHMUM TMOJYYEHHBIX SKCIEPUMEHTAIBHBIX JAHHBIX MOXXHO pac-

CUMTATh MO (hopmyIie

Q:ticx(tex_teblx) (2.2)
3.6
[Ipu npuKpHITUM BO3IYLIHOTO KJIallaHA YMEHBIIAKTCS KOHBEKTUBHAS COC-
TaBJOIOAaA B TCINIOIICPCAAYC OT TCINIOHOCUTCIIA K BO3AYXY U 06111&51 TEIJ10Bas
MOIITHOCTh ITproOpa.
Tak kak TerioBas MOIIIHOCTb HpI/I60pa IIpU OTKPBITOM BO3AYIIHOM KJalla-

HC paBHa CAMHUIC MOXHO PACCUYUTATL OTHOCUTCIIbHYIO TCIINIOBYIO MOIIIHOCTL KOH-

BEKTOpa IpH JIF0OOM IPOMEKYTOUYHOM TOJIOKEHHUH KilarnaHa:

Q'
== 2.3
» Q (2.3)

DKCnepruMEeHTAIbHbIE JAHHBIE TO3BOJISIIOT pacCUUTaTh KOA(PHUIIMEHT Ten-

Jorecpcaadin KOHBCKTOpPaA:

Q
el ) o0
rne Ky, - koapdunuent tennonepenaun KOHBEKTOpa, Br/(M*K); Q - Ter-
JI0Basi MOLIHOCTb KOHBEKTOpA IIPU JAaHHOM pEXUME U omblte, BT; F - muomans
HarpeBaTeIbHON MMOBEPXHOCTH KOHBEKTOPA, M2; nis kouBekropa KH 20-2,6K Fnp —
319 M7 t,, - cpenHss TeMmmepaTypa TermoHocutens B mpuoope, °C, (em.¢.3.4
na6.padota Ne3); t, - TemnepaTypa BHyTpeHHETO BO3tyxa rnomenienus, °C.

Pe3ynbTaThl pacueToB cBOAST B TaOnHIly 2.3.

Tabmuma 2.3
PvaeTHBIe BCJIMYMHBI
Ne  pe- | Ne G, Q, top, | (tmp- tB), Kmp,
JKAMa ombITa | K/ | BT ® oC 0C Br/M2.K

1

2
3
4
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4. 3AJAHUE HA PABOTY.

Bo Bpems paboThl ciielyeT BBIOJHATH TpeOyemble 3aMephl U, 00padbaThi-

BaTh JIaHHbIC HAOIIOACHU, TOCTPOUTH HEOOXOAUMBIE TPAdUKH.

5. HOPAAOK BbINIOJIHEHU S PABOTBI.

JlabopaTopHasi paboTa MPOBOJUTCA NPHU HECKOJIbKHX PEKHUMax padOThI
KOHBEKTOpa. PexxuM paboThl onpeensercs: pacxoJa0M BOJIbI uepe3 KoHBekTop. Ha
KKJIOM pEXUME MPOBOJUTCS UCCIIEIOBAHUE TEIIOBOM MOIIHOCTH MpUOOp, a npu
pa3HOM CTEMEeHU OTKPBITHS BO3AyIIHOrO Kiamana (o = 90° 60° 30° , 0 °).3amepsl
BBITIOJIHSIFOTCSL 3B€HOM CTYJICHTOB B 3-4 uenoBeka. [1o pe3ysnbrataMm BCEX OIBITOB
CTPOSITCA HEOOXOAUMBIE TPAPUKH.

JlaGopatopHas paboTa IPOBOJAUTCS B CIAEAYIOIIEM MOPSIKE:

1. 30 MuH 10 Hayana pabOThl BKIIOYAETCS ONBITHAS YCTAHOBKA MPU MaK-
CUMAJIBHOM Pacxo/ie BOAbI YEPE3 KOHBEKTOP U MOJHOCTHI) OTKPHITOM BO3JAYLIHOM
KJanaHe KoHBekTopa (yroua oTkpsitus a = 90 °)

2. Tlocne Hayana 3aHATHN OPOU3BOAATCA 3aMEPhl  IKCIIEPUMEHTAIBHBIX
TAHHBIX T, {yy, tox, {; ¥ BO3IYIITHBIN KJ1allaH MPUKpPBIBaeTCs (Yroa oTKpeITHS 60 ©).

3. Ilocne BbIXoJa MpuOOpa HA CTAIMOHAPHBIN PEXKHUM, KOT/Ia TeMIlepaTrypa
BOJIbI HAa BBIXOJI€ M3 NMPUOOpA U3MEHATHCA HE OYIET, IPOU3BOAATCS 3aMEphI IKCIIE-
PUMEHTAIBHBIX JAHHBIX.

4. 3ameps! moBTopsiorcs mpu yriaax otkpsitist 30° u 0° mocite wero m3me-
HSIOT PacxXojl BOJbI uepe3 mpudop, BO3AYIIHBIN KianaH MOTHOCTHIO OTKPHIBAIOT U

MpOAO0IKAIOT UCCIICA0OBAaHHC.

6. YKASAHUS 1O OPOPMJIEHHUIO OTYETA.

Otuer o mabopatopHoii paboTe JOMKEH BKIIOUAThH CICAYIONINE Pa3/Iebl.
1. Llens uccnegoBanus,
2. CxeMa ONBITHON yCTaHOBKH.

3. MeTouka u3MepeHU 1 Ta0IuIa SKCIICPUMEHTAIBHBIX TaHHBIX.
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4. Metonuka 00pabOTKH ONBITHBIX TaHHBIX U Ta0JINIIA PACUETHBIX BEJINYMH.
5. I'paduk 3aBHCUMOCTEH OTHOCUTEIBHOM TETIOBOW MOIIHOCTH MTprOOopa
OT yrjla OTKPBITUS BO3QYILIHOIO KjalaHa U rpauk 3aBUCUMOCTU Kod(dduimeHra

TeIuIonepeayl KOHBEKTopa oT pazHoctu Temnepatyp o=f (o) u K= f( t;,-t,).

7. KOHTPOJIBHBIE BOITPOCHI.

1. Yro Takoe pacyé€rHas TEnIoBas MOIIHOCTh CUCTEMBI OTOIIEHHUS, OTOIH-
TeJIBHOrO mpudopa’?

2. Kakue BHemHue BO3MyIIatoue (hakTopbl YUUTHIBAIOTCS MPH OINpeese-
HUH TEIJIOBOM MOIIHOCTU CUCTEMBI OTOIIJICHHUS ?

3. Kakue cnoco0bl peryinpoBaHusl TETJIOBOW MOIIHOCTH CUCTEMBI OTOILIE-
HUs 3Haere?

4. B KakuxX MecTax MOKET OCYIIECTBIIATHCS PETYIMPOBAHHME TEIUIOBON
MOIIHOCTH CUCTEMBI OTOIUICHUSA?

5. Kakue BHeEIIHHME W BHYTPEHHHE BO3MYILAIOIIME BO3JACUCTBUS HA TEIUIO-
BOM PEKUM IOMEIIECHHS YUUTHIBAKOTCS UHAWBUAYAJIbHBIM KOJIMYECTBEHHBIM pEry-
JMPOBAHUEM TEIIOBOI MOIIHOCTH OTOMUTEIBHOTO Mprudopa?

6. IloueMy B OIHOTPYOHBIX CHCTEMax BOASHOTO OTOIUIEHHUS HEIEIeco00-
Pa3HO UCMOJIb30BATh KPaHbl IBOWHOW PETYJIUPOBKU?

7. Kakas perynupymomas apMarypa UCIOIb3yeTCs 1JIsl PyYHOTO UHAUBUTY-
QJIbHOTO KOJIMYECTBEHHOT'O PErYJMPOBAHUS TEIJIOBOM MOIIHOCTH OTOIUTEIBHBIX
npuoopoB?

8. Kak ocymiecTBisieTcsl HHINBUAYAIBHOE PETYIMPOBAHUE TEIJIOBOM MOIII-
HOCTH OTOIUTENBHOTO Nprubopa 0e3 U3MEHEHHS PacXo/1a TeIIIOHOCUTES?

9. Kakue BHUIbI OTONUTENBHBIX TPUOOPOB Bl 3HaeTe?

10. [Toyemy OTOMMUTENBbHBIA MPUOOP, COCTOSANUN W3 TPyO HEOOIBIIOTO
JIaMeTpa C JONOJHUTENbHBIM OpeOpeHreM IIaCTUHAMM, Ha3bIBAETCSl KOHBEKTO-
pom?

11. Pacckaxkute 0 JOCTOMHCTBAX KOHBEKTOPA C KOXKYXOM.
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12. B ueM KOHCTPYKTHBHOE OTJIMYME KOHIIEBBIX M IPOXOJHBIX KOHBEKTO-
POB C KOXKYXOM?

13. Kakyto KOHCTPYKTUBHYIO CXE€MY OJHOTPYOHOTO CTOsIKa CIEeIyeT Ipu-
MEHSTh MpU ycTaHOBKE KOHBEKTOpOB "KomdopT-20"?

14. TToueMy BO3IyNIHBIN KiTamaH KOHBEKTOpa 'KompopT-20" 10/DKeH OBITh
3aKpBIT B JIETHEE BpeMs?

15. Kak paboTaeT sKkciepuMeHTalIbHAsl YyCTaHOBKA?

16. Kak onpenenuTh pacxo/i BOJbl Yepe3 KOHBEKTOP?

17. Tlo xakoil (popmyse MOKHO pacCUUTATh TEIJIOBYIO MOIIHOCTh KOHBEK-
Topa?

18. Uto HazpIBaeTcs K03(h(PUIIMEHTOM TeIUIonepe1adl KOHBEKTOpa?

19. Kak paccuutath K03 (PUIMEHT TeIionepe1ayd KOHBEKTOpa?

20. IIpoananu3upyiite nocrpoeHHblie rpaduku 3apucumocteit o=f (o) u K=
f( top-ts).

8. JUTEPATYPA.
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2. Cocnun [O.I1., bByxapkun E.H., Opnos K.C., Camycs O.P. nxkenepHsbie cetu u
obopynoBanue 3nannii U coopykenuit: Yueonux/ E.H.byxapkun, K.C. Opios,
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JIABOPATOPHAS PABOTA Ne3

NCCIEAJOBAHUE HECTAIHMUOHAPHOI'O TEIIJIOBOI'O PEXHUMA

YYTI'YHHOI'O PAIMATOPA

1. HEJIb U 3AJIAYU PABOTBI

JlabopaTopHas paboTa IpOBOAUTCS B TEUCHHE 2 YaCOB 3aHATUH C IEJIBIO M3y4e-
HUS 3aKOHOMEPHOCTEH MPOTEKAHUS TEIUIOBBIX MIPOIECCOB B OTOMUTEIBHBIX MPUOOpaAx, a
TaK)Xe IKCIEPUMEHTATHHO-aHATUTHICCKOTO HCCIEAOBAHMS TEIJIOBOTO PEKUMa UYTYH-
HOTO pajuaTtopa B TMEPHOJ €ro pa3orpesa, T.€. JO BBIXOJAa B CTAIMOHAPHBIA PEKUM
paboTHI.

2 TEOPETUHYECKHUE NOJIOKEHUSA

2.1. Terui000MeH HA BHYTPEHHEl U HAPYKHO MOBEPXHOCTSX PAAHATOPA.

Kosa¢puuueHr Tensionepexaqu.

Koaddumuent TermooTnaun y BHyTpEHHEH MOBEPXHOCTH OTOMUTEIHLHOTO IIPH-
oopa o, onpenensieTcss B OCHOBHOM CKOPOCTBIO JBHKEHUS U TeMIepaTrypoil Bojsl. B
EMKHX YYTYHHBIX pajuaTopax Iepefada TeIUIOThl Yepe3 MOTPAaHWYHBIN CIION OOBIYHO
MIPOUCXOJIUT MPHU HE3HAUUTEIBLHON CKOPOCTU JBUKEHHUA BOJIbI - okojo 0,001 m/c. Takoi
CKOPOCTH COOTBETCTBYET JIAMUHAPHBIN pexuM TeueHus Bosl (Re < 2320).

KoaddumumenT tenmnootaaun y BHyTpeHHEH MOBEPXHOCTH CTEHKH paauaTopa Mpu
9TOM ONPECIIACTCS M0 YPaBHEHUIO MOA00us 13 paboTsi [|]

Nut = 0.17xRe>® = Pr®® xGr®t x( Pry/ Pro)®? xe (3.1)

rae uncia Hyccensta Nut, Pefinonbaca Rer, [lpanatns Pry u I'pacroda Grr on-
peAeINsIIOTCS TI0 CpeHel TeMIiepaType TeIUIoHOCUTeNs B ipubope t;, a yucio Pr. - mo
cpeaHel TeMriepatrype CTeHKH npudopa tc;

€- TIOTPABOYHBIA KOA(P(OUIIMEHT, YUYUTHIBAIONIUN OTHOIICHWE JJIMHBI KaHaya, 1Mo
KOTOPOMY JIBMDKETCS BOJIa B IPHOOPE, K €r0 SKBUBAJICHTHOMY JHAMETPY.

Tak xak 6e3pa3zmepnbie komiiekesl NU;, Rer, Pry, Pr. u Grr umeror Bua
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ag xd v+ xd v v
Nup =822  Rer=—"_2: pe=—T:pr,=-"C;
T T=7, T c=7
T T ar c
Bt <9 a5 (t t )
_ Prxgxdy <ty —te
(3.2)Gr = 5
T

TO, TpUHAB Temreparypy cteHku t.=0,95t, m mompaBouHBIM KOdDPULIUEHT € s
YyTr'yHHOTO pajuaTopa paBHbIM 1,25, BeipaxkeHue (3.1) oTHOcUTENbHO Kod(dduimeHta
TEIIO0TAAYH a,, BT/(M?K), MOKHO MEPENUCaTh B BUJIC
ag = pp V33 (3.3)
B Beipakenusx (3.2)-(3.3) ucronb30BaHbl ClIeAyOmue 0003HAYCHHS

d,- SKBHUBAJCHTHBIH BHYTPCHHHU IHAMETp paauaropa, M; Vr U V¢ -KO3((UIUCHTHI
KMHEMaTUYEeCKOW BS3KOCTU BOJBI COOTBETCTBEHHO IMPH TEMIIEPAType TEIUIOHOCUTENS U
cTeHKH, MY/c; At - KOO(QHIHEHT TemIonpoBoaHOCTH Boabl, BT/(M°K); Vr - cKOpPOCTH
JIBUKEHUS BOJIBI B pajuaTope, M/C; a, U d. - KO3 (GUIIUEHTHI TEMIIepaTypOIPOBOIHOCTH
BOJIbI COOTBETCTBEHHO MPH TEMIIEPAType TEIUIOHOCHTENS H CTeHKH, M2/C; fr - K03ddu-
[IMEHT TeMIIEpaTypHOro pacimupeHus Bojibl, 1/K; g - yCKOpeHHe CUIbl TSHKECTH, M/C; ¢

- KOMIUIEKCHBIM TMapaMeTp, YYUThIBAIOUMN (U3MYECKUE CBOMCTBAa BOABI B MPUOOpE

(Tabn.l).

Tabnura 1. ®usnyeckue CBOMCTBA BOILI

t, P, QT t, P, oT

°c Kr/m3 °C Kr/M3

18 998,9 550,5 50 988,8 740,0
20 998,6 556,9 52 987,9 748,7
22 998,2 582,0 54 986,9 757,1
24 997,8 596,4 56 985,9 765,2
26 997,3 611,0 58 984,9 773,2
28 996,8 624,1 60 983,8 780,7
30 996,3 636,9 62 982,7 788,6
32 995,7 648,0 64 981,6 796,4
34 995,1 659,3 66 980,4 803,4
36 994,4 670,7 68 979,3 811,2
38 993,7 682,3 70 978,1 817,1
40 993,0 691,8 72 976,9 824,5
42 992,2 702,5 74 975,9 831,4
44 991,4 7114 76 974,4 836,4
46 990,6 721,4 78 973,1 844,0
48 989,7 730,2 80 971,8 849,8
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KoadduimenT tennootaaun y Hapy>KHOU MOBEPXHOCTU OTOMUTENIBHOTO MpUdopa
a,, MOXXHO TIPEJICTABUTH B BHJIE CYMMbI KOI(P(UIIMEHTOB KOHBEKTHBHOTO OH" M JIy4H-

CTOI'O (X,HH TEIUIOOOMEHA:

KoHBeKTHBHBIN TerI000MeH MpU CBOOOIHOM JABIKEHHH BO3IyXa OOYCIIOBIIMBA-
eTcsl TeMIieparypHbiM HaropoM. KoadduimeHT KOHBEKTUBHOTO TEIJI000MEHa ompee-

JISICTCS 110 YPaBHEHHIO 1101001 13 padoThI [1]

Nu, = £ % (GrB xPrg )1/3 (3.5)

rae Ko3ppuuueHT B 3aBUCUT OT MOJIOKEHUS MOBEPXHOCTU OTOMUTEIBLHOIO Npudopa B
npocTtpancTBe, a unciaa Nug, Grg u Prg HaxoasTcs mpu Temmneparype Bo3ayxa B Mome-

mieHuH {g.

ITpu temmeparype Bo3ayxa, paBHoi 20 °C, BeIpaKCHHE Ui ONPEACICHUS &, ,

B1/(M°K), 3ammiercs B BUze

/3
Ot}{f=12,2><ﬂ,<><('[c—tB)1 (3.6)

JIlyqucTsIil TEIII000MEH 3aBUCUT OT MaTepuasia U (OpMbl OTOTIUTEILHOTO MPUOO-
pa, pa3MepoB, TeMIlepaTypbl W B3aWMHOTO DPACIOJIOKECHHUS TPHOOpa W OKPYKAFOIIMX

noBepxHocTeil B momernenn. Kosdurment tyancroro Temmoodmena ¢, Br/(m°K),

omnpeaesieTcs mo hopmylie

4
tc +213) [ tg+273
100

100

4

i
ag =Coténp X PR

S ] ~Cpx By x[08L+0005x i ~tp )] (3-7)

rae co - KodpuuueHT u3mydeHus abCONIOTHO YEPHOTO Teja, MPUHUMAETCS PaBHBIM
2 . .
5,67 BT/(M°K ); € p - NPUBEIECHHBIM OTHOCUTEIbHBIN KOIDDUIMEHT U3ITYyICHUS; ¢y p -

K03 purreHT 00IyYeHHOCTH ¢ TIOBEPXHOCTH PaJraTopa Ha OKPYXKAIOIUe MOBEPXHO-

cru; tr - paguanvonHas Temneparypa nomeuienus, °C; g, - KOIQOUIMEHT, yIUTHI-
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BalOIIMi Marepuan u GopMy paauaropa, pa3Mepbl, TEMIIEPATYPy U B3aUMHOE PaCIOo-
KEHHE MpUOOpa W OKPYKAIOMIMX TOBEPXHOCTEH; B JaOOpaTopHON paboTe MOKHO

OPUEHTUPOBOYHO MPUHATE S ;; ~0,45.

ComnpoTHBieHHE TeIIoNepenade OTONMUTENBLHOrO Ipudopa Ry, ckiaansiBaeTcsa n3
CONPOTHUBIIEHUS TEIIOOTaYe Y BHYTPEHHEW MOBEPXHOCTH CTEHKH npubdopa R;, compo-
TUBJICHUS TEIUIONPOBOAHOCTH CTEHKU R, M CONPOTUBIEHUS TEILIOOTIAYE Y HAPYKHOU

MOBEPXHOCTH TIpudopa Ry.

Tak xak

Fap . o L

RB = )
anFB Ay

a BeJIMYMHA R, 1 4yryHHOTro paauaTtopa MpeHeOpeXKuMO Maja, TO BhIpaXKEHUE IS
ompezneneHus kodpdunmenTa temnonepenadn npuodopa Ky, Br/(M*K), MoxHO 3anmcaTs
B BUJIC

1 1 (3.8)

Kpyp = =
1P
RHP

apg XFB ag

rae Fnp, Fy - momans HapyXKHOM M BHYTPEHHEH NMOBEPXHOCTEH paanMaTopa, M ; B

nabopaTopHOH paboTe ciexyeT npuHUMars Fq, = 2,093 M2 F,=1,61 M°.

2.2. HecTanuoHApHBIN TEIUI0OBOI pe:KUM paguaTopa

HecranyonapHplii TEMJIOBOM PEXUM OTOMUTEILHOTO TPHOOpa  ONMUCHIBACTCS
cucteMoil nuddepeHIuanbHbIX YPAaBHEHUN TETUIOBOTO OanaHca, KOTOPhIE B KOHEYHBIX

PA3HOCTAX UMCIOT CJ'IGJIYIOIJ_II/Iﬁ BUA: AJI1 TCIIIIOHOCHUTCIIA

(CP CP tr 7 -t X(

_ CP cp)
CTXGHPXIBX_tBle)_mTXCTX 7 +ag xFg xlty" -t~ (3.9)
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JUTsl CTEHKHU TIprbopa

CP _.CP CP_.CP 7 e’
T C
anFBx(tT —-tc )+aH><FHP><(tB -1t )=mc ><CC XT (310)

rae C; - yaenbHas TEIIOEMKOCTh BOIbI, puHUMaeMmas paBHoU 4190 Jx/(xrK); Gy, -
pacxos BOABI 4Yepe3 OTOMHUTENBbHBIN TPHOOpP, KI/C ; lgy, tgpix - TemmepaTrypa BOABI
COOTBETCTBEHHO Ha BXOJI€ U BbIXOJE U3 paguartopa, °C; M- Macca BOJABI B paJiuaTope,

KI, AZ - paC4eTHBIN UHTEPBAJ BPEMEHH, C;

M, - Macca CTEHKM paauaTopa, NpuHuMaeTcs paBHou 57,6 kr; C. - yAeabpHas TEIJI0EM-

kocTh uyryHa, C.= 482 JIx/(xrK).
Macca BoJipl B paiuaTope pacCUMThIBaeTCs Mo (hopmyia
M7y =Vp *Pr (3.11)

rae Vnp- 00beM BOJBI B paauarope, B pabore mpuanMaercst Vi, 1,001 X 102 ™% p, -

IJIOTHOCTH BOJBI IIPU TeMIieparype t;, Kr/M>; pUHUMAaETCs 1o Tadn. 1.
PacueTHblii HHTEPBa BPEMEHHU OIIPEAEIISAETCS U3 BBIPAKECHUS

AZ =60 (Zxor ~Zpay ) (3.12)

Nupexcer "cp", "koH" u "Ha4y" 03HAUYAIOT, YTO MapameTpbl MPUHUMAKOTCI COOT-
BETCTBEHHO JIJISI CEPEJIMHBbI, KOHIIA M Hadajla pacyeTHOTO MHTepBajia BpeMeHu. [lpu
ATOM TMapaMeTpbl, MPUHUMAEMBbIE JIsI CEPEAMHBI PACUETHOTO HWHTEpBajia BPEMEHH,
OTIPEIEISIOTCS KaK CpeHre apru(PpMETHISCKHE 3HAUEHUs ATUX MapaMeTpoB sl Hadasia

M KOHILIA JaHHOT'O BpEMCHHOI'O MHTCPBAJia.

Pemas coBmectHo ypaBHenus (3.9) u (3.10),momyunM BhIpaKEHUS IJIS OTpese-

JIeHNs KOHEUHBIX TeMIepaTyp CTeHKM paguatopa (X m Temmomocurtens B mpubope

té“”, °C, B pacu€THOM HHTEpBAJIC BPEMEHHU:
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72XCTXG”P><A—H 2x M +1(x|2xtsF + 2xMc =1 |xt/" +72XMT><(2><tTCP —tCH)
A, A, A A

B H

/X,X(zxMT +1JX[2><MC +1j+ 2xM,
B

B H AB

t é(nn —

AB H B B B

o :{A—HX(ZXMC +1J+1:|><té<0H —[j\\—Hx(ZXMC - j—l}xté“q —bj\&xtgp ~t*(3.14)

rae Ag, Ay - TOKa3zarenu TEmiooOMeHa COOTBETCTBEHHO HAa BHYTPEHHEW W HapyKHOU
IOBEPXHOCTAX paamaTopa, B1/K; At,,- TemneparypHslii nepenasn B mnpubope, °C; M,
M - mokaszaTenu TEIUJIONOIVIOIIEHNsI COOTBETCTBEHHO TEIUIOHOCUTENSI B IpuOope U

cTeHOK npudopa, BT/K.

IToka3arenu TenminooOMeHa OIIPCACIIAIOTCA KaK IIPOU3BCACHHC KOB(l)(i)I/IHI/IeH-

Ta TCIJIOOTAa4M1 Ha ITOBCPXHOCTHU an/I6opa Ha 1j1omaab 3TOM IMOBCPXHOCTH:

Ap=apgxFp; (3.15)

TeMmrepaTypHbIil Tiepernaj npeacTaBiIseT co00i pa3HOCTh CPEIHUX 32 PACUCTHBIN

NEepPHUOJI TEMIIEPATYp TEIUIOHOCUTEINS Ha BXOJE U BBIXOJIE€ U3 Mpudopa:

CcpP .CP

[TokazaTenu TErIOMOIIONIEHUSI PACCUUTHIBAIOTCS IO (hopmyiaMm

m_ xC
M =—L T (3.17)
T AZ
m~ xC
c”**C
M~ =—2—=
C AZ

Torna cpenuuii TEMIOBOM MOTOK OT TETUIOHOCHUTENS K CTEHKaM MpuOopa B Kax-

JIBIN pacUYeTHBIM UHTEPBAT BPEMEHHU MOXKHO ONPEACIIUTh 10 hopmyJie
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CP
ar = CT XGHP xAtHP (318)

Cpennuil 3a pacueTHbI MHTEpBaJ BPEMEHHU TEIUIOBOW MOTOK OT Mpubopa B Io-

MCHICHNC HAXOAUTCA U3 BBIPAKCHUA

CP CpP .CP
qP = A, <[P —SP) (3.19)3.

OBBEKTbI UCCJUIENOBAHUA
3.1 .Cxema ONBITHOH YCTAHOBKH

['opsiuast Boga mocTymnaer B OTONUTENbHBIA MpUOop 6 M3 cToka 1 cucTemsl OTO-
IUIEHUA 3[aHUs 10 MarucTpajibHOMY TpyoOorpoBoay 4 (pucyHok 3.1). M3 oTonurenbHO-
ro npudopa ocThIBLIAs BOJA MO CTOSIKY 7 MOCTyHaeT B MepHbIil 6ak 10 uepe3 Bopopas-

OopHbIl KpaH 9. I3 MepHOTo Oaka Bojia cOpachIBaeTCsl B KaHAIM3ALIMIO 110 TpyOe 12.

C nenpro IpeaBapUTEIBLHOTO NMPOrpeBa MaruCTPaIbHOrO TpyOomposoaa 4 mnepen
HA4aJIoM JJabOpaTOpHOM paboThl ropsyas BOJa HAMpPaBIAETCS B 00XOJ OTONMHUTEIBHOIO
npudopa no tpyodorposoay 13. Ilpu 3ToM npoOKoBBI KpaH 3 OTKPHIT, @ BEHTUJIb 5
3aKpbIT. B MOMEHT Hauana u3MepeHuil MpPOOKOBBIM KpaH 3 3aKpbIBAETCS, BEHTUIIb 5

OTKPBIBACTCS M BOJIa HAIPABJISIETCS B OTOMUTEILHBIN Mprubop 6.

.
X5
Mo 4 |2
0,
9 o PP
0 5 53

12 6 kaHasuzayuw

Puc.3.1 Cxema 1abopaTopHOi yCTaHOBKH



31

3.2. MeToauka nu3mMepeHui

SKCHepI/IMCHTaJIBHOG HCCIICAOBAHUC CBA3dHO C U3MCPCHHCM CIICAYIOIIUX BCJIIN-

YHH:

1) remnepaTyp BOBI Ha BXOJE {gx U BBIXOE tyy, M3 pasiaTopa;
2) TeMIiepaTypsl BO3yxa B IOMEIICHUH 1g;
3) BpeMeHH HAITOJIHEHUST MEPHOTO 0aKa T.

Temmeparypa BOJBI U3MEpSETCS C MOMOINBIO PTYTHBIX TepMoMeTpoB 11, ycra-
HOBJICHHBIX Ha TOJIBOJKAX K pamuaropy. [Ipu n3mMepeHnH TeMIiepaTypbl BOJbI CIICTyeT
coOroAaTh 0COOYI0 OCTOPOXKHOCTh, TaK KaK Il OOJIETYCHHS 3aMEpPOB 3allUTHBIC
THJIB3BI C TEPMOMETPOB B Hadayie pabOThl CHUMAIOTCS. TeMmmepaTypy Bo3ayXxa U3Mepsi-
IOT 10 OT/ACIBLHOMY PTYTHOMY TEPMOMETPY HIIM 10 CYXOMY TEPMOMETPY IICHXPOMETpa.
Bpemst HanosmHeHUS MepHOTO Oaka m3MepsieTcsi ceKyHaomepoM. C 3TOH 1EeNblo 3aKphI-
BaeTCsl NMPOOKOBBIA KpaH 6 W OJHOBPEMEHHO BKIIOYACTCS CeKyHaomep. HamonHeHwme
MepHOTOo Oaka OmpeAessIeTCss HadajloM IeperBa BOABI Yepe3 MepPeropoaKy, YCTaHOB-

JICHHYIO B 3TOM Oake.

[To n3mMepeHHOMY BpeMEHHU HamoJHEHUs 0aka T OMpeaesaeTcs pacxo/1 BOIbI yepe3

paguarop Gy, Kr/c, o Gpopmyie

\
Gp =—E><p (3.20)
T
rae Vg - 00beM Oaka, Vg=0,0041 MS; p - TUWIOTHOCTb BOJBI, KF/MS, MPUHUMAETCS T10
TEeMITepaType Ha BBIXOJIE U3 paanaropa t,,, .

Pe3ynbpTaTel m3MepeHuit 3anmrchIBaloTCs B Ta071.3.2.

Tabnuna 3.2 DxcrnepuMeHTaIbHbIE JaHHBIC

Z T, th, tBBIX, tB,
MUH C °c °c °c

© o wo
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4. 3AIAHUE HA PABOTY

Bo Bpems pabGoTra HEOOXOIWMO BBIIOTHHUTH TpeOyeMble 3amepbl, 00paboTaTh
OTBITHBIE JAHHBIE, TOCTPOUTH Tpa@uKu U CHOPMYIUPOBATH BHIBOJABI MO MOTYYEHHBIM
pe3ysbTaTaM HCCIIETOBAHUS.

5. MOPAJOK BBIIIOJIHEHUS PABOTBI

DKCIepUMEHTAIBHOE UCCIIEA0BAHUE OCYIIECTBIISIETCS] OpUragaMu CTYJIEHTOB U3 2
- 3 yenoBek. B xoxe paboThl CTyACHTHI 0OMEHUBAIOTCS MOTYYCHHBIMU PE3yIbTaTaMH.
W3mepenust TeMiiepaTyp BOJBI U BO3AYyXa IPOBOAITCS KaXKble 2-3 MUHYTHI, 3 BPEMEHS
HATIOJTHEHHsSI MepHOTo Oaka - 2 - 3 pa3a B TeueHHE Bcell paboThl. 3a pacyeTHOE BpeMs
HAITOJIHEHHSI MEPHOTO 0akKa T MPUHUMAETCS CpelHee apu(METUYECKOE U3 MOITYUEHHBIX
3HaueHuil. CurHaiaoM o0 OKOHYAaHMU 3aMEpOB SIBJISIETCS BBIXOJ pajuaTropa B CTAlMO-
HapHBIA peXUM padOThI, T.€. HOCTOSHCTBO BO BPEMEHH TEMIIEPATYpP BOABI U BO3ayxa. B
Hayajie 3aHATUN CTYAEHThl 3HAKOMATCS C METOAMKOW BBIOJHEHUS padOThl U TOTOBST
Ta0JMILY SKCIIEPUMEHTAIbHBIX JaHHBIX.

JlaGopatopHasi paboTa MPOBOJIUTCS B CICAYIOIIEM TOPSIIKE:
1) 3a 30 - 40 MmuHyT 10 Hayana pabOThI BKIIOYAETCS OMBITHAS YCTAHOBKA, BOJa HAIIPaB-
JsieTcs B 00Xoja paauaTopa mo Tpyoe 8 (mpoOKOBbIA KpaH 9 OTKpPHIT, BEHTUIb 13
3aKpBbIT);
2) [Is IPOBENIEHUS 3aMEPOB BOAOPA30OPHBIM KpaHOM 4 yCTaHABIMBAETCSI MUHUMAJb-
HBIM pacxoj BOABIL, 3aT€EM 3aKpbIBAa€TCs MPOOKOBBINA KpaH 9 M OTKphIBaeTCS BEHTWIb 13,
B pe3yJbTaTe 4Yero ropsyas BoJa HAYMHAET MOCTYINaTh B paguaTop. OJHOBPEMEHHO C
TUM HM3MEPSIOTCS TEMIIepaTyphbl BOJABI U BO3AyXa B HayalbHbII MOMEHT BpeMeHH (Z
3) Kaxzable 2-3 MUHYTBI 3aMepbl TEMIIEpaTyp BOJbl U BO3/AyXa MOBTOPSIOTCS, Mapa-
JIEIBHO € ATUM U3MEPSETCS BpEMs HAIOJIHEHUSI MEPHOTO 0aka;
4) Mo OKOHYAHWHU 3aMEPOB OTKIIIOYAETCS JTAOOpaTOpHAasl YCTAHOBKA M CTYJIEHTHI MpPHU-

CTyIaroT K MaTeMaTUYECKOM 06pa60TI<e IMMOJIYUYCHHBIX OIIBITHBIX JTAHHBIX;
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5) o6paboTka pe3yabTaTOB PKCIIEPUMEHTAa HAUYMHACTCS C OnpeaesieHus: KodduireHTa

2
Teronepenadn paguaropa Ky,, Br/(M°K), B cTanmonapHoM pexume ero paboTsl IO

bopmyie
CcT CcT
K _CT xGpp xAtpgp (321)
N N
1P
rae AtCT -TeMITepaTypHBIN HAIOp AtCT = t]%TJ -ter, °c; AtI%T) -TeMIieparypa npuoopa,

CT— * CT CT 0 . n n
Atpp =0,5*( At py TAL BbLX)’ C; magekc "cr" ykaspIBaeT Ha TO OOCTOATENIBCTBO, YTO

BEJTUYMHBI IPUHUMAIOTCS JIJISl YCIIOBUM CTAIIMOHAPHOTO PEXXUMa pabOThl paiuaTopa;
6) no momyueHHomy 3HadeHHIO K, paccuuTbiBaeTcsi KO3((GUIMEHT TEIUIOOTIA4YM Ha

HAPYKHOI OBEPXHOCTH paanaTopa o, B1/(M°K), o dopmyie

1 (3.22)

Kpp apxFp

aHZ

rae kodp@uIMeHT Teryonepenayd Ha BHYTPEHHEW TIOBEPXHOCTH paaudaTopa Oy,
2 .
B1/(Mm°K), onpenensiercst mo opmyne (3.3), B KOTOPOH CKOPOCTh BOJABI B TIPHOOPE V),

M/C, IPUHUMAETCS 110 (hopMyIie

o 0.205 (3.23)

T
TEeMIIepaTypa TeIUIOHOCUTEIS tr IpUHUMaeTcst paBHOH tr=t,,”;
7) o dopmyne (3.7) paccuuThiBaeTCS KOI(PPUIMEHT JIYIHCTOTO TEIIOOOMEHa Ha
HAPYXKHOM MOBEPXHOCTH mpubopa a,”, Br/(M°K), mocie dero u3 Beipaxenus (3.6) ¢
yaeToM GopmyJibl (3.4) HAXOAUTCS 3HAUYCHUE IMITUPUIECKOT0 Kod(pduieHTa By;
8) pe3yabTaThl MOCIEAYIOIIMX PAacYeTOB 3aHOCATCS B TaOJIMIy PACUETHBIX JIaHHBIX
(Ta61.3.3) pu 3TOM BCE BETMYUHBI ONPEACIIAIOTCS ISl CEPEANHBI pACUETHBIX UHTEPBA-

7oB BpemeHu. [Ipu pydHom pacuere nomyckaeTcss KodPOUIIMEHThI TETJIO0TIAYN Ol U Ol

INPpUHUMATDb IIOCTOAHHBIMH B TCUCHHUC BCCTO IIpOLECCCA, T.€.11.7 CTYACHTBI HC BBIITOJIH-
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10T. CieyeT OTMETUTh, 4YTO KO3(PQPUIMEHTHl TEIUIO0OMEHa MPH ATOM TMOJYyYarOTCs
HECKOJILKO 3aBBIIMNEHHBIMH TI0 CPAaBHEHUIO ¢ (DAKTUYECKUMH 3HAYCHHSIMU;
9) N0 OKOHYAHUM PACUETOB CTPOSATCA Tpaduku U HOPMYIUPYIOTCS BBIBOJIBI [0 PE3YJib-

TaTtaM paboThI.

Taomuna 3.3. PacueTHrle qaHHBIE

TerutoBou
Temneparypa, o°c MnoTok, BT
Zp, | Gup,
MUH | KT/C
tBch tBblxcp Atﬂp thp ‘tCHaq tCKOH tC tTHaq tTKOH tT qT qu
15
4,5
7,5

6. YKAZAHUS 11O OPOPMJIEHUIO OTYETA

Otuet 1o 1abopaTopHON pabOTE AOTKEH BKIIOUYAThH CIAEAYIONIME MATEPUAIIBIL:

1.Ilenb paboThI.

2.CxeMy ONBITHOM YCTAaHOBKH (110 YCMOTPEHUIO MPEMIOAABATEIS ).

3.00paboTKy CBOUX PE3YIbTATOB U3MEPEHUM.

4. TaGauIel SKCIEPUMEHTAIIBHBIX U PACYETHBIX JTAHHBIX T10 BCEM 3aMepaM.

5. I'paduku 3aBUCHUMOCTEH 1y, wux= T (2);

qT,np:(P(Zp),
Ha rpadukax BbIIenuTh XapakTepHbIE ATarbl pabOThl YCTAHOBKH.
7. KOHTPOJIBHBIE BOITPOCHI.

1 .UTo Ha3bIBaETCS CTAIMOHAPHBIM M HECTAIIMOHAPHBIM PEKUMaMU PadOTHI OTOITHTEIb-
HOTO TIpudopa’?
2.Kakne ¢akTopbl OKa3bIBaIOT BESIHUEC HAa MHTCHCUBHOCTH TEIJIOOOMEHA Ha MOBEPXHO-
CTAX
OTOMUTEIBHOTO TIpudopa’?

3. UTo BKJIIOYAIOT ypaBHEHHU TEIJIOBOTO OaaHca AJisl paguaropa’?
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4.Kak pabortaer nabopaTopHasi yCTAaHOBKA BO BpPEMsl MOJATOTOBUTEIBLHOTO M paboyero

epUOa0B?

5.Kaku IMOYCMY U3MCHAIOTCA BO BPCMCHH TCMIICPATYPA BOALI U TCIIJIOBBIC MOTOKH?

6. Kak onpenensiercs no rpagukamM BpeMsi BBIXOJa panaTopa B CTAIIMOHAPHBIN PEKUM

paboThI?

JIABOPATOPHAS PABOTA Ne4.
HNCCIEIJOBAHUE PABOTBI PAIMATOPHOTI O Y3JIA

1. HEJIb U 3ATAYM PABOTBI.

JlaboparopHas paboTa IPOBOAUTCS B TEUECHHE 4 YaCcOB 3aHSATUN C ILIEJbIO
MPAKTUYECKOTO U3YUYEHHUsI OCHOBHBIX (DAKTOPOB, BIUSIOMIMX HA KOADPHUIIUEHT 3a-
TEKaHMUS BOJBI B OTONMMUTEIIBHBIN MPUOOP B PaIMATOPHOM y3JI€ CO CMEIICHHBIM 3a-
MBIKAIOIIUM YYaCTKOM, a TAKXKE C LEIbI0 ONPECICHHS 3aBUCUMOCTH THJIpaBInye-

CKHX COHpOTI/IBJIeHI/Iﬁ paaruaTOPHOIO y3Jia OT pacxXoada U CKOPOCTH BOALI B CTOSKC.
HCCJ’IGI{OBaHI/IG IMPOBOAUTCA I ABYX CXCM IIHMTAHHA HpH60pa:

1) Boga nBMXKETCSA MO CTOSIKY CBEPXY - BHM3, UTO XapaKTEPHO ISl OJHO-
TpyOHOUH CHCTEMBI OTOIUICHHS C BEPXHEW Pa3BOAKON WM ISl OMYCKHOW 4YacTu

CTOSIKa OJTHOTPYOHOM CHCTEMBI OTOTUJICHUS C HUXKHEH pa3BOJIKOM;

2) BoJia ABMKETCS MO CTOSIKY CHU3Y - BBEPX, YTO UMEET MECTO B MOIBEM-

HOM 4acTu CTOsIKa OHOTPYOHOM CHCTEMBI OTOIJIEHUS C HUKHEHN pa3BOAKOM.
2.TEOPETHYECKHUE INOJIOKEHUSA
2.1. Koa¢pdunueHr 3aTekaHus BOJAbI B Paguarop.

OmHMM W3 OCHOBHBIX 3JIEMEHTOB CHUCTEMBI OTOILICHHS SIBISIFOTCS OTOIH-
TeJbHbIE MPUOOPHI, MPEHA3HAUCHHBIE [T TTepeAayu TEIJIOTHI OT TETJIOHOCUTEIS
B momereHue. CyIecTBYIOT pa3IuyHbIe CXEMbl MPUCOCIUHEHUS OTOMUTEIBHBIX
npuOOpoB K OAHOTPYOHOMY CTOSIKy. B HacTosiiiee Bpemsi HauOosbliee pacrpo-

CTPaHCHHUC IIOJy4dYHJIa CXCMa PAJUATOPHOIO y3jla CO CMCHICHHBIM 3dMBIKAIOIIHUM
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Y4aCTKOM. IToTox TenaoHOCHTENA Y TaKUX paauaTOPHBIX Y3JI0B pacCHpCACIIsACTCA

IO ABYM IApaJUICIIbHBIM BCPTHKAJbHBIM HAIIPABJICHUAM: paavaToOpy M 3aMbIKAlO-

memy y4dactky (puc.4.1)

! Gt
!. Gn T E J“l & s » VP
| ¥®,s.,,6,_____m_.. e}
2 [ t 6,.'
b Syy a =
Oyy ’ Q - Gy
vl P} ot
Gt | L
A) b)

Puc.4.1Cxema paguaTopHOro y3ja:a) Mpu JBUKEHUU BOJBI CBEPXY BHU3, 0) MpHU JBU-

JKCHHUU BOABI CHU3Y BBCPX.

OtHowmeHne pacxona BOABI 4epe3 OTONUTENbHbIM mpudop Gy, k pacxomy

BOJBI B cTOsIKe G, Ha3bIBaeTCs KOI(DPUITMEHTOM 3aTEKAHMS :

G (4.1)

[Ipn H30TEPMHUUECKUX YCIOBUAX MOTOK TEIUIOHOCHUTENSL paclpenensieTcs

110 MMapaJuICJIbHBIM Y4aCTKaM IIPONMOPHHUOHATIBHO UX ITPOBOJUMOCTH

Suw _%ur (4.2)
G,y oy
WA

(4.3)

2 _ 2
SHP XGHP = S3y X S3y

'€ GOpp, Ozy -IIPOBOAMMOCTE COOTBCTCTBCHHO OTOIIMUTCIIBHOI'O an6opa C

12
MPOBOJIANIMMU TPyOaMu M 3aMbIKaromiero ydacrka, kr/(a I1a™), mokaseiBaeT pac-

XOJ BOJIbI WJIW TIOTEpH J1aBieHus Ha ydyactke 1 Ila;



37

Sip 1S5y - XapaKTEPUCTHKA CONPOTUBIIEHHUS COOTBETCTBEHHO OTONUTEIBLHOIO
npubopa ¢ TMOABOIAIIMMU TpyOaMu U 3aMbIKaomero ydactka, kr/(u Ila’

1,2
), [TOKa3bIBACT MOTEPIO JABJACHHS Ha y4acTKe IIPH pacxoje BoAbll Kr/4.
G,y = (1-0)G; -pacxos BOIBI B 3aMBIKAIOLIEM YJaCTKe, KI/d.

N30TepMUYECKMMH HA3bIBAIOTCS YCJIOBUSA ,IIPU KOTOPBIX TEMIIEPATYPHI
MOMEIEHUS U TEINIOHOCUTENS B MPUOOpE PaBHBI, T.€. TEIIOOTAa4a OTOMUTEIHHO-

ro rnpubopa paBHa HYJIIO.

KOI)(b(bI/II_[HeHT 34aTCKaHUsA BOJABI B 3TOM CJIy4aC MOKHO OIIPCACIINTL H3

ypaBHeHwus (5.3) ¢ yuetom (5.1)

Ay = ———— (4.4)

B obmiem ciyyae (mpu U30TEPMHUYECKUX YCIOBHIX) KOADOUIIMEHT 3aTeKa-

HUS 3aBUCUT OT MHOTHX (DAKTOPOB, @ UMEHHO:
1) oT pacxoaa Win CKOPOCTH ABHKEHHS BOJBI B cTOSIKE(G.ry Vr);
2) OT TEIIOOTIAaYM OTONMHUTEIbHOTO Iprbopa(Q);
3) OT cxeMbI paIuaTOPHOTO Y3714,
4) OT IJIMH ¥ AUAMETPOB MOABOJIOK K PAUATOPy U 3aMBIKAIOIIIETO YYaCTKa;
5) ot BeICOTHI OTONTUTENBHOTO TIprbopa(h);
6) OT HaNpaBJICHUS JBMKEHUS BOJBI B CTOSKE.

VYpaBHeHue, CBI3bIBAIOIIEE MEPEUNCICHHBIE (DAKTOPHI U XapaKTEPHU3YIOIIee
JIaBJICHHE TTOTOKOB BOJIbI B PAAUATOPHOM Y3JI€, MOKET OBITh MPEJICTABICHO B BUJIC:

S,»xG2, =S,, xG2, + AP,
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riae APe - ecTecTBEHHOE IUPKYJISIIMOHHOE JaBJICHNE, BO3HUKAIOIIEE B Ma-
JoM Kojbile mupkyisinuna abcd (cm. puc.4.1) u3-3a pa3HOCTH IUIOTHOCTEH BOJBI B

OTOIIMTCIIbHOM HpI/I60p€ N B 3aMBIKAIOIICM YYaCTKC, I1a.

EcrecTBeHHOE NUPKYISALIMOHHOE NABJICHUE NMPUHUMAIOT CO 3HAKOM IUIIOC
IpU JIBUKEHUU BOJBI CBEPXY BHHU3, KOTJa OHO CIIOCOOCTBYET 3aT€KaHHMIO BOJBI B
paguaTop, ¥ CO 3HAKOM MHHYC ,KOTJja OHO IIPEMSATCTBYET 3aTEKAaHHUIO BOJBI B pa-

AATOP.
Ecnu nmpeneOpeus oxmiakieHUEeM BOJBI B TpyOax, To:

AP, =hx(py =y )x g =hxbx(T, —t,,)x g =05xhxb(T, -t,)xg,

4.6
[APE =hx(pyp —p3)x g =hxbx (T, -t,,)xg=05xhxbx(T, -t)xg ] ( )

rae t ,,=0,5( T1-ty ), [t up = 0,5(T2- t1)] -cpemnsist Temneparypa BOAbI B IpHU-

6ope,’C ,h-BbicoTa paguaTopa, M;
b- TemmepatypHbit kosdduuuent, kr/(m° °C).

Pmop 1Psy “INIOTHOCTH BOABI COOTBCTCTBCHHO B paauaTOpPC M 3aMbIKAIOIIEM

3.
y4acTke, Kr/ M".;
g -yCKOPEHHE CHJIbI TSDKECTH, M/C?;

T1 u t- TemnepaTypsl BOAbBl COOTBETCTBEHHO Ha BXOJE B pPaJuaTOPHBIM

y3€Jl ¥ Ha BBIXOJIC M3 pajraTopa MpH MUTaHUU CBepXY - BHM3, °C ( puc. 4.3);

T, u t;-TeMriepaTypbl BOJIbl COOTBETCTBEHHO Ha BXO/I€ B PaJIMATOPHBIN y3€

Y Ha BBIXOJIC M3 pajiaTopa MpH MUTaHUU CHU3Y - BBepX, °C ( puc.4.3).

31ech U B adbHEUIIEM B KBAaJIPATHBIX CKOOKaX MPUBEIACHBI (DOPMYIIBI JIsI

CiIydas ABMKCHUA BOAbI CHU3Y - BBEPX.

Pemienne ynpapnenusi(4.5) OTHOCUTENBHO O 3aTPYJHUTEIBHO, TO3TOMY B
JAHHOW J1labopaTtopHO padoTe K0ID(UIMEHT 3aTeKaHWsS MOXKHO OIpPEICIUTh U3

YpaBHEHUS TEIJIOOTIauu paguaTopa.
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1 1
Q:%XCXGUPX(Tl_tz):%XCXGCT x(Tl—TZ), BT,

1 1
[Q :EXCXGHP x(T, _tl):EXCXGCT x(T, _Tl)], Br, (4.7)

0
r7ie c-TeroeMKocThb Bojibl K/[x/(kr “C); oTKy1a

TZ_Tl

(04 = a = .
HEN3 Tl _ t2 [ HEN3 T2 _ tl ]

(4.8)

B Hamem ciaygae b= 0,64 kr/(m® °C); h=0,5 m.; c=4,19 xJIx/(xr °C);g =9,81

M/c”.
2.2 I'mapaBan4ecKne CONPOTUBJICHHUS PAUATOPHOIO y3Jia.

B o0uiem ciyyae (IIpy HEM30TEPMUUECKUX YCIOBUAX) THIPABIUYECKUE CO-

IIPOTUBJICHUA PAAUATOPHOIO Y3Jia OIIPCACIIAIOTCA 110 (bOpMyJIe:
APHEH3 = SHP x azEm x GCZ‘T u APE = S3y (1_ aHEI/B)Z X GCZ‘T ) ITa (49)

3HaK MMHYC IPUHUMAETCS TIPU IBUKEHNUN BOJIBI CBEPXY - BHU3, ILIIOC - IIPH

JABHJKCHHH BOAbI CHU3Y - BBCPX.

Xapakrep CONPOTUBIIEHUS Sy, U S,y 3aBUCAT OT JJIMHBI U AUAMETpa Tpy0o-
MIPOBOJIOB U CYMMbI KO3(PUIIMEHTOB MECTHBIX COMPOTUBICHUN HAa y4acTKax, a

npu OOJBIIMX CKOPOCTAX BOJBI U OT €€ pacxoja. M3 ypaBHenus (9) cnenyer, 4yto

+ -
Sup = % , Ha/(kr-u 1)2;
@ ez X Scr
AP .
S,, = M8 Tla/(xr-y 2, (4.10)

(1_ QA rEns ) x Gy

I'mppaBinyeckue CONPOTUBIICHUS PAIMATOPHOTO y3Ja IPU U30TEPMU-
YECKUX YCIIOBHSIX ONPENEIAIOTCA 1o bopmye:

AP, =S Xali? XG;T =3y X(l_am )2 XGéT =Sy XGE‘T Jla (411)
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Toma XapaKTCPUCTUKHN COIIPOTHUBIICHUSA PAAUATOPHOIO y3Jia paBHaA:

AP,

2
CcT

, Ma/(xkr-a™)?, (4.12)

SPy =

B nmocjicaHee BpEMA C OCIIbIO HHAYCTPpHAIN3aIUHU 3arOTOBUTCIBHO-
MOHTAaXHBIX pa60T CTOJIKHN B CUCTCMaX OTOINIICHU CO6I/IpaIOT N3 OTACJIBbHBIX 0J10-

KOB- 3TaXXECTOSAKOB (puc. 4.2).

n 7

“l
o
T

Puc.4.2. Cxema 3TaxkecTosKa.

['mopaBnnyeckre COMPOTUBIICHUS TAKOTO 3TAXKECTOSAKA B U30TEPMUUYECKUX
U HEM30TEPMHUUECKUX YCIOBUAX MPEJCTABISIOT COOOM CyMMY COMPOTUBIIEHUHN pa-

JUATOPHOIO y3JIa U YaCTH CTOSKA.
Ver xp
AP, ., =AP+Rx(27-h+l, +1,)+ ZCEOTB X o Jla (4.13)
rae- AP -rumpaBindeckre COMPOTHBICHHS PaIHaTOPHOTO y3Jia COOTBETCT-

BCHHO B U30TCPMHNYCCKUX U HCU3O0TCPMHUUCCKHUX YCIOBHUAX, Ha,

R-ynenpHOoe majeHue NaBlieHWS HAa TpPEHUE, NPUHUMAEMOE MO Tpaduky

(puc.4.5), Ia/m;
Y Eors~ CYMMapHBIA KOADPHUIIMEHT MECTHBIX COMPOTUBIECHUN OTBOJIOB;

(chr x p)/ 2 -TUHAMUYECKOE ABJICHUE BOJIbI B CTOSIKE.
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VCZTXp_ (4xGe ) xp _ 16
2 2% (3600x px rxdZ)?  2x3600°x p*x 7> xdZ,

xGl, = AxGZ, , I1a,(4.14)

132
A- ynenpHOE JUHAMHYECKOE JaBlIeHHE B cTosike, I1a/(kr-4™)” , BOBHHKAIO-

Iee mpu pacxoze Boabl 1 Kr/4.
B HamreM ciyuae Y Eor=2; A= 3,18:10" Tla/(xr-u™)?
XapakTepucTUKa COMPOTUBIICHHUS ATAKECTOSIKA OIpeesieTcs no popmyie

u3
Ao Ma/era)?, (4.15)

S3—CT -
CT

rac Apa_CTHS -THAPABINYCCKUC COIIPOTHUBIICHUA 3TAXKCCTOAKA B U30TCPMHUIC-

CKMX yCIOBUSX, [a.

Hcnonb3ys MOHATHE NPUBEIECHHOTO KO3(P(PUIMEHTa MECTHBIX COIIPOTUBIIE-

Hul, popmyny(13) MokHO nepencaTh B BULE:
X
Py cr Z§0TB CT /3 = 9 CT XAXGCZ'T , Ia, (416)

rae &, -TIPUBEAECHHBIH KOI(DPHUIUEHT MECTHBIX COMPOTUBIICHHUIN JTaXKe-
CTOSIKA, NOKAa3bIBAET IMOTEPIO AABJICHUI B MECTHBIX CONPOTHBIICHUAX, BBIPAKEH-

HYIO B JOJIIX JUHAMHYECKOTO JTaBJICHHSI.
Otkyna

P _ AP37CT

9-cT — 2 "
AxG,

(4.17)

3.OBEKT UCCJIEJOBAHMUAL.

3.1. CxemMa ONbITHON YCTAHOBKH.

Ha puc.4.3 npuBegeHa cxema ONbITHON YCTaHOBKU. B oTonuTtenbHbINd Ipu-
O0op 6 ropsiuas BoAa MOCTYIMAET U3 CTOSIKA 1 CUCTEMBbI OTOIUJICHUS 3AaHUsS MOCIe

OTKpbITUsI BeHTU s 2. 13 mepHoro Oaka 11 Boga mo TpyOomnpoBoay 14 cOpackiBa-
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eTCsl B KaHaju3aluio. PerynupoBanue pacxoja BoAbl yepe3 Mpuoop MpoOU3BOIUTCS

KkpanoM 10.

[Ipy ucnbpITaHUU PaAUATOPHOTO y3ja MO CXEME JIBUKEHUS BOJABI CBEPXY -
BHU3 BEHTWIU 3 U § 3aKphITHI , a KpaHbl 5,13 oTkpeiThl. Toraa Boja no tpyoomnpo-
BOAY 4 OyneT nmoctymnath B paguaTop 6 cBepxy B HarnpaBieHuu BA. [lanee, npoiias
yepe3 MepHbIil 6adok 11, Bojia cOpachiBaeTCsi B KaHAIU3AIMIO IO TPYOOIPOBOIY

14,

[Ipu uccnenoBaHuM paguaTOPHOIO y3J1a MO CXEME JBUKEHUS BOJbI CHU3Y -
BBEpX KpaHbl 5,13 3aKpbIBAOTCS , @ BEHTWIH 3 U 8 OTKpBIBaloTCA. B aTOM cityuae
BOJIa 110 TPyOOIpOBOAY 4 MPOXOIUT Yepe3 BEHTUJIb 3 U B OTOMMUTEIBLHOM CTOSIKE

JBUKETCS B HampaBieHUd AB u naneiie yepe3 BeHTW b 8§ B MepHBI Oavok 11.

4 ~
1
N
7 X5
C —H 6
B 2
5 Tor
10 15
Py
]
== g
Vi 7 A
+ Ve
m 6 kawasuzayuw

Puc.4.3. Cxema OnbITHON yCTaHOBKU
3.2 Meroanka u3MepeHui
DKCIEpUMEHTAIIbHOE UCCIIE0BAHUE CBSI3aHO C U3MEPEHUEM CIICIYIOIINX BEJIUYHH:
1)pacxona Boapl B ctosike G,
2) remnepatyp BoabI T, ty, Ty, 13

3) majeHus AaBIEHUS B paAUaTOPHOM y371€ AP ey,
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Temneparypst Boasl T; ty, Ty, t, U3MEpsIOTCA ¢ TOMOLIBIO PTYTHBIX TEPMO-
METPOB, YCTAaHOBJIEHHBIX B 3alIUTHBIX THJIH3aX, KOTOPHIC MPEIOXPAHIIOT TEPMO-
METpBI OT MOJOMKH. {151 ynmydilieHus TerIo0TAa4Yu OT TUJIb3bl K pe3epByapy Tep-
MOMETpa, 00pa3yIoIINiCs B TMJIb3€ KOJBLEBOW 3a30p MEXIY PE3EpByapoM U €€

CTCHKOM 3aIl0JIHISTCS MAIIMHHBIM MacCJIOM.

Pacxozpl BOJbI ONpeAesstoTCs ¢ MOMOILIBI0 MepHOro 0auka 8, 00beM KOTo-
poro 3apaHee u3BecTeH U paBeH V. OOBs3ka kaMmepHOro 0aka TpyOoOmpoBogaMu
BBINOJIHEHA TaK, YTO MIPU OTKPHITOM IPOXOJHOM KpaHe 13 Boja B 6ake HE CKariu-

BaeTcs, OH 0€3 BOJIBI.

IIpn m3mepeHuHn pacxona BOABI 3aKpbIBAaeTCA KpaH 13 M OIHOBPEMEHHO
BKJIIOYaeTcs cekyHaomep. [1o BpeMeHn HanoJHEeHHsI MEpHOro 0avyka MOXHO OIpe-

JACIHNTDb 4acOBOU pacxoa BOAbI B CTOSAKCE I10 @OpMYﬂe

~3600xV,

T

Ger x p, Kr/4, (4.18)

rac T — BpCM:A HAIIOJHCHHUA MCPHOI'O 63‘-11(21, C, p — INIOTHOCTHL BOJLI IIPpH

temmeparype T [T1] (eM.prc.3.3, 1a6.pa6. Ne3), kr/m°.

Hanonnenne MepHoro 0avka ornpeaensercs HayajloM IepeanuBa BOJIbI Ye-

pe3 MeperopoJiKy, yCTAHOBJICHHYIO B ’TOM Oauke.
['mopaBnnyeckoe CONPOTUBIEHUE PAAUATOPHOTO y3na AP, u3mepsarorcs
BOJIOBO3IYIITHBIM MaHOMETpOM 14 u omnpeAenstorcs mo Gpopmyrie

X
AP, =(H pAH)xgo—o'g—Rx(lBA “1,),Tla (4.19)

rac H — nokazanus BOAOBO3AYIIHOI'O MaHOMCTpPA, MM,

AH — nompaBka, y4YuThIBaroOIIas pa3HOCTh TEMIIEpATyp BOJbBI B TPyOKax BO-
JOBO3YIIHOrO MaHomeTpa Ha ydyacTke CJl n B ydacTke Mexy TOYKaMH 3aMepa,

MM,

5
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Ig., |ag - paccTosiHEE OT TOoueKk 3amepa JABJICHUH J0 paaHaTOPHOTrO y3ima (
puc.3), M.
Touku 3amepoB A u B paBHBI B CEUCHHSIX TIOJHOW CTaOMIIM3AIIMN TTOTOKOB

Ha OIIPCACIICHHBIX PACCTOAHUAX OT MCCTHBIX COHpOTHBHeHI/Iﬁ.

BGJ'II/I‘II/IHy IIOIIPaBKH AH CICcAyCT OIPCACIIATH IIOCJIC BBIIIOJIHCHUSA BCCX
3aMCpPOB 110 IMOKAa3aHWAM 3TOI0 K€ BOJOBO3AYIITHOI'O MAaHOMCTpa IIOCJIC ITOJHOI'O

3aKpBITHSA BEHTWIA 9 U NPEKPALEHUS HIUPKYISIIUN BOABIL.

[Ipu pabote paaMaTOpHOrO y3ja MO CXEME CBEpXY BHM3, BEIMYMHA IIO-
npaBku AH B popmyne (3.19) npunumaercs co 3Hakom munyc. [Ipu pabore pa-

AUATOPHOTO y3JIa I10 CXCMC CHU3Y BBCPX 9Ta IIOIIPAaBKad KMCCT 3HAK ILIIOC.

Pe3y.]'IBTaTI)I H3MepCHI/Iﬁ 3aIIMCBIBAIOTCA B Ta6J'II/II_[y OKCIICPUMCHTAJIbHBIX

JnaHHbIX (Tabi.3.1).

3aMepBI mapamMCTpOB CICAYCT BLIIIOJIHATL TOJIBKO IIPpHU CTAIIHOHAPHOM TCII-

JIOBOM IIpoI1iecce, Korja nokaszanust repmomeTpoB Tp T, it OyayT mocTossHHBIMH.
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Puc. 4.5 I'paduk 3aBucumoctu R oT pacxomia BosI B cTosike, d=20Mm
PeBy.TIBTaTBI pacdyeToB 3allMCBIBAIOTCA B Ta6JII/H_Iy paCYCTHBIX AdAaHHBIX

(Tabm.4.2).
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Tabmnura 4.1
No NolNo . Temnepatypsi, °C ;;[ ﬁ;', ron
pPEKUMOB | OIBITOB | C T, T, 7] t BOL. oT. | cT.
1 2 3 4 5 6 7 8 9
1
2
! 3
cp
1
2
I 3
cp
1
2
Il 3
cp.
DKCNEPUMEHTAIbHBIC JJAHHBIC
Tabmnuma 4.2.
PacuetHrie JAHHBIC.
Ne Hewuzorepmuueckue  ycno- | M3orepmud. yci. Sy, Syer
pe- P, Ga, | R, BHSI IMTa/(xr | Ia/(xr
KU- kr/m | kr/ | Ila/ |a| Gy | APe | AP | Q, [ & |a | Gy | AP | &, |- :
MOB 3 9 M L] , L] B (:TrI ] ] CTrI q_l)z LI_1)2
kr/ |Ila |IMa |T |P kr/ | Ila |°?
q q
1 2 3 |4 5/6 |7 |8 |9 (10 |1 |12 |13 (14 |15 16
1
|
I
Il

4. 3AIAHUE HA PABOTY

Bo Bpemst paboThl HEOOXOUMO BBITIOJIHUTH DKCIIEPUMEHTATHHOE MCCIIEI0-

BaHHUE PAJUATOPHOrO y3ja, 00paboTaTh OMBITHBIE JTAHHBIE U MOCTPOUTH HEOOXO-

JTUMBbIE TpadUKH.

5. HOPAOK BBIIIOHEHUSA PABOTbBI
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HccnegoBanue paiuaTopHOro y3ijia OCYIIECTBISIETCS Ha 3-4 pexuMax ero

paboThl. Pexum paboThl y3i1a omnpenenseTcss pacxoaoM Boabl B cTosike. Ilepexon

Ha ﬂpyroﬁ PCKHUM ITPOU3BOAUTCA UIBMCHCHUCM PACX0dad BOJAbI C IIOMOIIbIO BEHTUJIA

HCCJ’IGI{OB&HI/IG pa6OTI>I PadruaTOPHOI'O y3Jila Ha KAXKIAOM PCKHUMC OCYILICCTB-

JsieTcst Opuraaoit cTyieHToB u3 3-4 yenoBek. B koHIe nabopaTopHoi paboThI CTY-

JIEHTHI OOMEHUBAIOTCSI PE3yIbTaTAMHU U CTPOSAT HEOOXOAMMBIC TPAPUKH.

JIaGopatopHast paboTa MPOU3BOAMTCS B CIEAYIONIEM MOPSIKE:

1) 3a 35-40 MuHyT 10 Ha4ano pabOTHI BKIIFOYACTCS OMBITHASL yCTa-
HOBKAQ, [TPY 3TOM yYCTAHABJIMBAETCS MUHUMAJIBHBIN pacxo]l BObL;

2) cpa3sy e IOCcIie Havaia 3aHsITUH MPOU3BOJATCS 3aMephl dKCIIe-
pUMEHTaNbHBIX JaHHbIX T, T1 Tot; 1, H Ha nepBom pexxume pabOThI pu TOM
MOKa3aHUs MPUOOPOB HEOOXOAUMO (PUKCUPOBATH TPH pa3a uepe3 1-2 MuHy-
ThI; MOJYYEHHBIE 3HAYEHUS YCPEOHSIOT U BCE IMOCIEIYIONIUE PacUeThl IS
CPEIHUX 3HAYCHHUH ONBITHBIX JaHHBIX (Ta011.4.2)

3) nmpenoaaBaresb WU JTA0OPAHT U3MEHSET PEKUMBI paOOTHI, yBE-
JMYMBAs PaACXOJ BOJIbI B CTOSIKE;

4) uepe3 20-25 MUHYT TPOU3BOJISATCS 3aMEPhI TApaMETPOB Ha BTO-
POM peXUME U T.1.;

5) omnpenensercs nonpaska AH.

6. YKASAHUE 110 O®OPMJVIEHUIO OTHETA

Otuet no 1abopaTopHOt paboTe JOJIKEH BKIIIOYATH CIAEAYIOIINE MATEPUATIbL:

1. [enb paGoTHI.

2. (Cxema OIBITHOM YyCTaHOBKH.

3. OO6paboTka pe3ynbTaTOB H3MEPEHUH IO CBOEMY PEKUMY.

4.  TaOuuIil SKCIEPUMEHTAIBHBIX M PACUCTHBIX JTAHHBIX 110 CBOUM

pexumam paboThl yCTaHOBKH (Tadi. 4.1, 4.2).
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5. TI'paduxu 3aBUCHUMOCTEIA.

a,;=1Gy); v = (0<GCT) - ISl M30TEPMHMYECKUX ¥ HEM30TEPMHYECKHUX

YCJIOBHI.

7. KOHTPOJIBHBIE BOITPOCHI

1. UYro HaspiBaeTcs KOAXPGUIIMEHTOM 3aTeKaHUS U OT Kakux (ak-
TOpPOB OH 3aBUCHUT?

2. Kak ompezaensieTcsi eCTECTBEHHOE JaBJICHHE B MaJlOM KOJbIIE
HUPKYJISUU U KaK OHO BJIMSET Ha paboTy paauaTopHOro y3ia?

3. Kak onpezensercs ruipaBIuuecKoe COIPOTUBICHUE paguaToOp-
HOTO y3J1a IPU U30TEPMHUYECKUX U HEU30TEPMUUYECKUX YCITOBUSX?

4. Yro Ha3bpIBaeTCsl NPUBEICHHBIM KO3(PPHUIMEHTOM MECTHBIX CO-
IIPOTUBJIEHUN?

5. Kak paboraer nabopatopHas ycTaHOBKa IPU ABMKEHHUU BOJbI B
PaguaTOPHOM Y3JI€ CBEPXY - BHU3 U CHU3Y - BBEPX?

6. Kaxk onpenensercs nonpaBka AH u uto oHa yuuthiBaet?

7. Tlodyemy 3amepbl mapaMeTpoB Mpou3BoAsITCs uepes 20-25 MuHyT
IIOCJIE U3MEHEHUS pacxoaa BOAbI?

8. Kak B mabGoparopHoii paboTe ompeaemsieTcss pacxoi BOIbI B

crosike?

8. JUTEPATYPA
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48

JIABOPATOPHAS PABOTA Ne5.

HUCCJIEJOBAHUE HA MOJEJIIH PABOTHbI BEPTUKAJIBHOHN JBYX-
TPYBHOM OTOILVIEHUS C HUKHEM PA3BOJIKOJA.

HEJIb U 3AJIAYM PABOTHBI

JlaboparopHas paboTa IPOBOAUTCS B TEUCHHE 2 YAaCOB 3aHSTUU C IIEJIBIO
MPAKTHYECKOTO U3YYCHHUS YCTPOMCTBA CHCTEMbI OTOIICHUS, 3aTIOJHEHHS U ITyCKa
CHCTEMBI B pa0boTy, yAaJICHUs BO3yXa U3 CUCTEMBI IIPH ITyCKE U BO BpeMs paboTHI,
W3MEPCHUS M pacueTa MUPKYJISAIUA BOJBI B CUCTEME, IKCILTYaTaI[MOHHOTO PETyIIH-

POBAaHHA MOITHOCTHU CUCTCMBI OTOIIJIICHUA.

2. TEOPETUYECKUE ITOJIOXKXEHUA

2.1. CucremMbl OTOIUICHHS € eCTeCTBeHHOM unMpkKyasuuei. Ilpemmyuecrsa u

HEA0CTAaTKMU.

Cucrembl BOJSHOTO OTOIUIEHHS C €CTECTBEHHOW LMPKYJSIMENA BEChbMa
yAOOHBI JUIsl OTJACIBHBIX 3JaHUN, TTOTYYaAOIINX TEIUIOTY OT COOCTBEHHOW KOTEIb-
HON YCTAHOBKH WJIM TEINIOOOMEHHHKA IPH HE3aBHCUMOM IPHUCOCTUHECHUHN CHCTE-
MBI K TETUIOBOW CETH. DTU CHUCTEMbI HAJICKHBI, OCCITYMHBI, MPOCTHI B KCILTyaTa-

IIUHU, HE TPEOYIOT 3aTpaT JIEKTPUUECKON IHEPTUU Ha MIPUBO]T HACOCA.

K nemocTaTkam cHUCTeM C €CTECTBEHHOW LUPKYJISIIIUEH CIIeyeT OTHECTU
HeOopIo paauyc nevictBus ( 10 30 M ) U MOBBIIEHHBIN pacxoj MeTasuia, 3a-
MEJIJIEHHBIN MPOrPEeB CUCTEMBI a TIEPUOJ MTyCKa U BO3MOKHOCTh 3aMep3aHus BObI

Ha OIIACHBIX YY4CTKaX H3-3a MaJiou CKOPOCTH OABHUKCHUA.

[Ipu ecrecTBeHHON IUPKYJISALUM Hanbojiee IeaecooOpa3HoO NMPUMEHEHHE
BEPXHEHN PA3BOJIKM MOAAOIINX MATUCTPAIbHBIX TEMJIONPOBOAOB , HUKHSSA Pa3BOI-
Ka MPUMEHSETCS B OCHOBHOM B T€X ClIy4asX, KOT/Ia OTAllJIMBaEMOE 3JaHUE UMEET
Oecuep1auHoe TTOKPHITUE WU TTOABAJ, TPOXOASIIUN MO BCEM 3[aHUEM U JTAr0ITUi
BO3MOKHOCTh TPOKJIJBIBATh MAruCTpajdbHbIE TPYOOIPOBOJBI 6€3 JOMOTHUTEb-

HBIX 3aTpaT Ha COOPYKCHUC IMOAIIOJIbHBIX KaHAJIOB.
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JIByXTpyOHBIE CUCTEMBI OTOIUIEHUSI ¢ HWKHEH pa3BOAKOW o0nanaroT ciie-
JOYIOIIMMH TOJIOKUTEIBHBIMIA CBOMCTBAMHU: MOHTAXK U IIyCK CHCTEMBI MOXET IIPO-
W3BOJUTHCSA MO3TAXKHO IO MEPE BO3BEACHMS 3/IaHMs; YMEHBUIAKOTCSA MOTEPHU TEIl-
JOTHI TIOJIAIOIIUMHI MaruCTPaIsIMK; IO CPAaBHEHHUIO C ABYXTPYOHBIMU CHUCTEMaMU C
BEPXHEN Pa3BOJAKON, 3TU CUCTEMBbI UMEIOT OOJIBIIYIO T'HJIPABIMYECKYIO YCTONYH-

BOCTb.

OnHuUM U3 HEIOCTATKOB TAKUX CHUCTEM SIBIISIETCS HEOOXOAMMOCTh YCTPO-
CTBAa CHEUMAJIBbHON BO3QYIIHOW JIMHUM U1l yIAJICHHUS BO3/1yXa U3 CUCTEMBI B [IEPHU-
OJ1 €€ IyCKa M dKCIUTyaTalluy. BO3MyIIHYIO JIMHUIO TPOKIAIABIBAIOT MO/ ITOTOJIKOM
BEPXHETO 3TaXka 3/1aHUs. Y CTAHABIMBAEMbIE BMECTO BO3AYIIHOW JIMHUHA BO3IYXO-
BBIITYCKHBIE KpaHbl Ha KaXKJIOM K3 MPUOOPOB BEPXHEro 3Taka TPeOYIOT MEePUOIH-
YeCKOW MpoBEpKU MyTeM 00Xxoja Bcex nmomenieHuid. Kpome toro, nis npucoenu-
HEHUs pacIIUPUTEIBLHOr0 0aka HeoOXoauMa MPOKIIAIKa COCTUHUTEILHOTO U U -
KYJSILIMOHHOTO TPYOOIPOBOJOB 3HAUUTENIBHO OOJBIIEH MPOTSHKEHHOCTH, YEM B

CHUCTEME C BEPXHEU Pa3BOJIKOM.

Pacxon Tpy0 Ha cuctemy ¢ HUXKHEW pa3BOJIKOUM MpH yAaJIeHUU BO3yXa ue-
pe3 BO3YIIHYIO JIMHUIO Ha 5% OombIle, a Mpu yIaJeHuu BO3AyXa uyepe3 BO3MyIIl-
HbIE KpaHbl — Ha 5% MEHbIIIe, YeM Ha JIBYXTPYOHYIO CUCTEMY C BEpXHEU pa3Boj-

KOM.
2.2. 3anoJiHeHUE CUCTEMbI OTOIICHHUS BOAOM. Y 1ajieHue BO3ayXa.

Cucrema OTOIUIEHUS 3aIlOHAETCS BOJOM M3 BOJONPOBOAA WJIM TEILUIOBOU
cetu. Enu naBieHue B BOAOIPOBOAE HE JOCTATOYHO, TO UCIOJIB3YIOT PYYHOU Ha-

COC WJIN HACOC C JJICKTPUICCKHUM IIPUBOAOM.

Ha monenu ( cM. puc.5.3 ) 3amoiaHeHue CUCTEMbl TPOU3BOJIAT C TTOMOIIIBIO
cocynalQ myTem ero MemJIEHHOTO MojbeMa. MeaJieHHOe 3amOJTHEHUE CUCTEMBI BO-

01 oOecreunBaeT MOJHOE YAAJICHUEC BO31yXa U3 CUCTCMBIL.
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B cucrtemax BOJSIHOTO OTOIUIEHUS CKOIUJIEHHE BO3/yXa HAPYIIAIOT LIUPKY-
JSIUUIO TEIJIOHOCUTENS M BBI3BIBAIOT KOPPO3UI0 MeTaiia. Bo3ayx B cuctemy oTo-
IUICHUS TIOTMAJaeT JBYMs MYTAMH: YaCTHYHO OCTAaeTCsl B CBOOOJHOM COCTOSTHUU
IIPU 3aM0JIHEHUH MX TEIUIOHOCUTENEM WM BOJOW B MPOLECCE 3aIOJHEHUS U JKC-
IUTyaTallud B pacTBOpeHHOM BHe. KonmnuecTBOo cBOOOAHOrO BO3/1yXa, OCTArOIIE-
rocst B TpyOOINpoBOAax U MpuOOpax MpH UX 3aloJHEHUH, HE TTO/JIaeTCs yUeTy, HO
3TOT BO3AYX B MPABUJIBHO CMOHTHUPOBAHHBIX CUCTEMAX YCTPAHIETCS B TEUEHUE He-

CKOJIBKHUX ,ZIHGfI OKCINTyaTalluu.

KonnyecTBO pacTBOpEeHHOTO BO31yXa, BBOJUMOTO B CUCTEMY INPU MEPHUO-
JTUYECKUX J100aBKax BOJABI B MPOIIECCE DKCILTyaTalliH, 3aBUCHT OT KadyecTBa HC-
xonaHou BoAwl. [Tonnmurounas Boga coaepkut cBbiiie 30 Mr. Bo3ayxa B 1 KT BOJBI,

MOANMTOYHAS A€a’dpUPOBAHHAS BOJA W3 TEIUIOBOU CETH — | M.

KonmuaecTBo pacTBOPEHHOTO BO3AyXa, MEPEXOJSIIETO B CBOOOJHOE CO-

CTOSIHHE, 3aBUCUT OT TeMIiepaTypsbl ( Ta061.5.1) u naBaeHust BOAbIL.

Tabnumua 5.1.

3aBUCHUMOCTh PACTBOPUMOCTH KHUCIIOPO/Ia BO3AyXa
OT TeMIIepaTyphbl YUCTON BOJBI TPU ATMOCHEPHOM JTABJICHHH.

Temmneparypa,’C 5 30|50 709095

PactBOopuMocTb kuciaopoaa Bo3ayxa, mr/kr | 33 2015|115 |3

N3 Tabmuipl 4.1 BUAHO, YTO MOBBIIMICHUE TEMIEPATYPhl BOJIBI COMPOBOXK-
JaeTCsl 3HAUUTEIBHBIM MOHMKEHUEM COJICPKaHUsI B HEM PaCTBOPEHHOI'O KHUCJIOPO-
J1a, TIEPEXOIAIIETo MPU 3TOM B CBOOOIHOE cocTosiHue. s yaaneHust Bo3ayxa u3
CUCTEMBI JIOJDKHBI OBITh TPEIyCMOTPEHBI CHENHAbHBIE YCTpoiicTBa. Tak Kak
IJIOTHOCTh BO3JyXa MEHbIIIE TUIOTHOCTU BOJBI, MY3bIPhKU BBIJAEISIONIETOCS BO3-
JlyXa BCIUIBIBAIOT U CKAIUIMBAIOTCS B BEPXHUX TOUKAX CHUCTEMBI. B cucremax c
BEpXHEW pPa3BOJKON IMOJAIOIIME MAruCTpaad MPOKIIAIBIBAIOTCA C HEOOXOIUMBIM
ykionoM ( He mere 0,002 ) s duxcaruu BepXxHUX TOUEK cOOpa BO3ayXa U yna-
JeHusi ero B arMocdepy. B 9Tux Toukax ycTaHaBIMBAIOT BO3IYXOCOOPHUKH; U3

KOTOPBIX BO3AYX YIAJSIOT YEPE3 PYUHBIE CIIYCKHBIE KpaHbl WJIM aBTOMAaTHYECKHE
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BOBI[YXOC60pHI/IKI/I. B cucremax ¢ H>XKHUM PACIIOIIOKECHHUEM MaFI/ICTpaJIGﬁ OTBOJ,

BO3ayXa MOXCT OCYIICCTBIIATLCA ABYM: crioco0amMu:

l. C moMompr0 py4HBIX M aBTOMAaTHYECKUX KPAHOB, YCTAHOBIICHHBIX B
OTOMHUTENBHBIX MpHOOpax BepxHEro »Taxa. [Ipu ncmnonb3oBaHUM PYyYHBIX KPAHOB
Ui 00ecrieueHNs Ha/le)KHOCTU pabOThl U YMEHBILIEHUS YaCTOThl y1aJ€HUs BO3TY-
Xa paJuaTopbl, HECMOTPS Ha yMEHbIlIEHHE K0P UIIMEHTa TeIUIoNepe1adn, peKo-

MEHyeTCsl MPUCOEAUHSATh IO CXEME «CHU3Y-BHU3» (puc. 7.1).
. 1 ' I
oL '

- |
. ;1:.—&
gE

Puc. 5.1. Cxema npucoequHeHNs] OTOMUTEIBHBIX MPUOOPOB BEPXHETO ATaka B ABYXTPYOHOI

CUCTEME OTOIUIEHUSI C HWKHEHN pa3BoAKoi: 1 — oTonuTeNnbHbIN NpUOOp; 2 — BO3AYILIHBIN KpaH.

KoHcTpyKins pydHOro BO3AyIIHOTO KpaHa He JOJDKHA JIOMYyCKaTh pa3dopa
BOJbI U3 CUCTEMBI OTOIUIEHUS NIl OBITOBBIX Liesied. [lomyunin pacnpocTpaneHue
BO3/AyIIHbIC KpaHbl THa MaeBckoro win CTJI (puc. 5.2) —kpaH ¢ TOBOPOTHBIM
UTOJIBYATHIM IITOKOM, a TaKk)Ke 0oJiee MpocTas KOHCTPYKIUS KpaHa B BUE OONTH-
Ka C OCEBBbIM M paJualbHbIM CBEPJICHUEM, BBOPAUYUBAEMOI'O B BEPXHIOIO MPOOKY
panuaropa. B mocnenHeM ciyyae BBITYCK BO3JyXa OCYILIECTBIISIETCS TOCJE TOTO,
KaK IIPYU BBIBEPTHIBAHUU 00JITA U3 NPOOKU MOKAKETCA paguanbHoe oTBepcTHe. [lpu

ITOABJICHHUHN BO/JbI 0OITHK 3aBOpPAYUBACTCA B HAYAJIbHOC ITOJIOKCHHC.

M 12x1,75

Puc. 5.2. KoHCTpyKIIMs pyYHBIX BO3AYIIHBIX KPAHOB.
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2. lleHTpanu3o0BaHHO Yepe3 CleHAIbHYI0 BO3AyIIHYI0 JuHuio 11 (puc. 4.3).

B sTtom cnywyae moparomme CTOSIKM OOBEAMHSIOT CIENHUAIbHOW TOPU30H-
TaJbHOW BO3AYIIHOW JMHUEH 11 M IPUCOETUHSIOT €€ K COeTMHUTEILHOMY TpyOo-
MIPOBOJTY 3 pacHIUPHUTEILHOTO 0aka 4 ¢ mMoMOIIbIO meTau 12, koTopast obecrieunBa-
€T PACUETHBIM TUAPABINYECKUI PEKUM CHUCTEMBI, UCKIIOUAs LUPKYJISIIUIO BOJIbI
MEXIy CTOSIKaMH IO BO3YIIHOW JUHUU. BbicoTa meTin 0KHA OBITh HE CIMII-
KOM MaJIOH, 4YTOOBI 00ECTIEUUTh «OTCEUKY» HUPKYJISIIIUNA MEXKy BCEMH CTOSAKAMH,

HO U HE CIUIIKOM OO0JBIION, YTOOBI BEpXHUE MPUOOPHI HE 3a0MBATIUCH BO3TyXOM.

i ciaydasi, Korja B 34aHUM HET PACIIMPUTEIBHOrO Oaka, BO3AYX yJauls-

eTCsI uepe3 BO3AYIIHYIO JTHHHUIO H BO3TyXOCOOPHHUK.

[Ipu 3amoTHEHUN CUCTEMBI BOJION BO3AYX OYAET yAAISITHCSA Yepe3 BO3AYIIHYIO JIH-
HUIO B PACUIMPUTEIBLHBIN 0aK /10 Te€X MOp, MOKa YPOBEHb BOJIBI B COCIUHUTEIHLHOM

TpyOONPOBOJIE HE CTAHET BBILIE TOYKH MPUCOECTUHEHHUS ETIIN.

IIpu BbIIEIIEHMH BO34yXa B IIPOLIECCE HKCIUIyaTallMM €TI0 JABJICHHUE B BO3-
IOYIIHOM JIMHUK OyneT ucnapsrbes. [Ipu naBieHnn, 60JabIIEM THAPOCTATUYECKOTO
JIaBJICHUS BOJBI B TOYKE MPUCOCIUHEHMS METIIH, OyJIeT MPOUCXOIUTh «IPOOYyIIb-

KHBAHHE» «HU30BITOYHOT0 BO3yXa.

Puc 5.3 Cxema OnbITHOM yCTaHOBKH
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2.3.1lupkyasinus BOAbI B CHCTEMe OTOIJICHUS.

B I[BYXTPY6HOﬁ CUCTCMC BOAHOI'O OTOINICHHA YHUCIO HUPKYJIIALMHOHHBIX

KOJICH PaBHO YHCIIY OTOIIUTCIIbHBIX HpI/I60p0B.

[IpuurHOV BO3HUKHOBEHHUS €CTECTBEHHOTO (TPaBUTALMOHHOTO) LMPKYJIS-
IIMOHHOT'O JIaBJICHUS B CUCTEMaxX BOJASHOTO OTOIUICHUS SIBJSIETCS CBOMCTBO BOJBbI,
KaK ¥ BCAKOTO (PM3UUYECKOTO TeJa, H3MEHATh 00hEM MPU U3MEHEHUU TEMIIEPATYPHI.
[110THOCTB ropsiuel BOABI BCET/Ia MEHBIIIE NIOTHOCTU XOJOJHOU BOJbI, B PE3YJIb-
TaTe 3TOr0 M3-3a JEHUCTBUS TPAaBUTALIMOHHOTO TOJISI 3€MJIM BO3HUKAET Pa3HOCTH
JaBieHu# (LUPKYISIIIMOHHOE JaBJeHHE), OIarogapsi KOTOpoi MPOUCXOAUT JABUKE-

HHC BOABI B TCINNIOIIPOBOAAX CHUCTCMbI OTOIIJICHHA.

BennunHa eCTECTBEHHOTO HUPKYJISILTUOHHOIO JJABJICHUS 34 CUET OCTHIBAHMS
BOJbI B TPUOOpaxX paBHA PACCTOSHUIO IO BEPTUKAIU OT CEPEIMHBI HAarpeBaTesis J10
CEpeIMHbI OTOMUTEIBLHOTO MPUOOpPa, YMHOKEHHOMY Ha IpaBUTAllMOHHOE YCKOpe-

HHC 1 Ha pa3HOCTb IUIOTHOCTEH OXJ'I&)KI[@HHOﬁ )51 I"Opfl‘-ICfI BOJBI.

Taxk, nis KoJel MpoXOASIINX Yepe3 MprOOPhl pa3HBIX dTAkKEH HUPKYIISIU-

OHHOE JaBJIEHHUE OMpeIeNsIeTcs 0 GopMyiam
ApIm:thgX(po—pl—), (5.1)
APy =h2><g><(,00—pr), (5.2)

rae hy m hy - paccrosiHre MEXAy IEHTPOM 3JIEKTPOKOTIA U IIEHTPOM IPH-
O6opoB1-TO 1 2-TO ATAXKEH, M;

g — TPAaBHTALMOHHOE YCKOPEHHE, M/c’;

pr U P — IUIOTHOCTH BOJBI MPU TEMIEpaTypax B MaJarolied U oOpaTHOM
MarucTpamsix, Kr/m° (puc. 5.4).

N3 puc. 5.3 BUAHO, YTO B HUPKYJISALHUOHHOM KOJIbIIE, MPOXOSAIIEM UYepe3
npubOp BTOPOTO 3Ta)Ka, €CTECTBEHHOE JaBJICHHE OyneT OOJbIle, YeM B KOJBIIE,
IPOXOJSAIIEM uepe3 NpuOop BTOPOro 3Taxa, Ha BeNu4uHy hg(po-pr  rae h=hy-hy,

M.
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C >TuM 0OCTOSITEILCTBOM CBSI3aHBI TPYAHOCTH THAPABIMYECKON YBS3KH
MUPKYJSIIUOHHBIX KOJeIl, MPOXOIALINX Yepe3 MPUOOPHI Pa3HBIX dTa)KeH, a Takke
HAJIMYUE BEPTUKAIBLHOW pa3peryMpOBKH, TUAPABINICCKON U ,KaK CJIEICTBUE, Te-
IJIOBOM HEYCTOMYMBOCTHU. [IpH BBIMONIHEHUHM TMAPABIMYECKOTO pacyeTa HE0O0Xo-
TUMO OOUTHCS, YTOOBI MOTEPU JABJICHUS B KOJIbLIE, IPOXOSAIIEM uepe3 mpuodop
BTOPOTO 3Taxka a-2-a (cM.puc.3) ObutH OOJBINNE MOTEPH MO HaIpaBlieHHWIO a-1-6 Ha
BEJIMUMHY JOMOJHUTEIBHOTO €CTECTBEHHOTO IUPKYIISIIUOHHOTO JaBJICHUS, BOSHU-

KaruIicro n3-3a paBHOCTI/I BBICOTHBI YCTaHOBKI/I HpI/I60pOB Hall BHCKTpOKOTJIOM, T.C
RI+2), ,,=RI+2Z),, ;+(h,—h)xgx(p, —p;)x5, (5.3)

rae b - koapdunuent, onpeaensomuil 1010 MaKCUMaIbHOIO TpaBUTAIU-
OHHOT'O JaBJIEHUS, KOTOPYIO LEIECO00PAa3HO YUYUTHIBATH B PACUETHBIX YCIOBUSX;

JUTst IBYXTpyOHBIX cucteM b=0,4...0,5

[Ipu BBITOJIHEHUH pacyeTa YacTo MyTEM YMEHBIIEHUS TUaMeTpa HE yJIaeT-
Csl IIOJIHOCTBIO HCIIOJIb30BaTh PACIIOIaracMblil nepenaja JaBjieHui. JlOMmoIHUTENb-
HOE CONPOTHUBIIEHUE B KOJIbIAX MPOXOMSIIUX Yepe3 TprUOOPsl BTOPOIO ITaxa CO3-

JAeTCsl KPAaHOM JABOMHOM PETYIUPOBKH NPU MOHTAKHOU PETYJIMPOBKE CUCTEMBL.

CucTteMbl ¢ HIDKHER pa3BOAKON 00y1aatoT OOMbIIEH TUAPABINYECKON YyC-
TOMYHMBOCTHIO IO CPABHEHHUIO C CUCTEMaMH C BEpXHEH pa3BOJKOM, TaKk Kak OO0Jb-
nieMy IUPKYJISIUOHHOMY JaBICHHIO COOTBETCTBYET M OOJIbINAsl JIJTMHA KOJIbIIA,

IPOXOJIAIIECTo Yepe3 MpUOOpsl BepXHero sTaxa (puc. 5.3).

BepTtukanbHas rugpaBiandeckas pa3peryJaupoBKa B 3HAYUTEIBHONW CTENEHU

YCTPAHACTCA B HACOCHBIX CUCTEMAX ITPH IMOBBINICHHBIX PACX0AaX TCIIJIOHOCUTECIIA.

Tak kak BoJa OCTBIBA€T HE TOJIBKO B OTOMMUTENIbHBIX MPUOOpax, HO U TPY-
O00mpoBOAAX , TO TMOJHOCTHIO €CTECTBEHHOE LMPKYISIIMOHHOE NaBjeHHE OyIeT
pPaBHO CyMMe JaBJIeHHH, BOSHUKAIONIIMX M3-3a OCTHIBAHUS BOABI B iproope ( AP,,)

1 Tpy6onpoBoaax ( AP,) :

AP=AP,+AP,,, (5.4)
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EctectBeHHOE HUPKYISIHAOHHOC AaBJICHHEC, BO3HUKAIOIICC KM3-3a OCTbIBA-

HUA BOABI B pr6onp0Boz[ax, IMPUHUMAIOT I10 CIIPABOYHBIM JAHHBIM.

OrnpeneneHue €CTECTBEHHOTO MAAaBJIEHUS C TOYHOCTBIO, JOIMYCTUMOW ISt
WHXCHEPHBIX PACUETOB, MOKET OBITH ympoIleHo. Eciu mpaByro 4acts GoOpMyIIbl

(7.2) yMHOXXUTD U pa3/ieTUTh Ha 3HAUYCHHUE Nepenaaa teMiepatyp t-ty, meicTByro-

mero B CHCTEME, U BBECTH O0O3HAUCHHE f3= %, TO  MOJy-
rto
qmm AP, =hxgx227Pr (t _t )=hxgx BxAt, (5.5)
r— o

rae B — yneiabHoe U3MEHEHHUE MJIOTHOCTU BOJIbI IIPU U3MEHEHUHU €€ TeMIIe-
paTypsl Ha OJWH Ipagyc B IpeAesax HeOOJbIIOro, HO BIIOJIHE OINPEAEIEHHOTO

nuanasoHa temmeparyp, kr/(m°.K).

3HayeHue P Ui mapaMeTpoB TEIJIOHOCUTENS, IPUHUMAEMbIX B MPAKTHKE

CTPOUTEINIBCTBA, IPUBOIUTCA B Ta011.5.2.

Tabauna 5.2
3HaveHue 3 B 3aBUCUMOCTH OT ITApaMETPOB TCTNIOHOCHUTEIIS.
3HadeHHe mapameTpa TeronocuTenst | B, kr/(m°-K)
25-65 0,60
95-70 0,64
105-70 0,66
115-70 0,68
130-70 0,72
150-70 0,76

2.4. DKenJyaTauMoOHHOE PeryJJupoBaHue MOIHOCTH CHCTEeMbI OTOIJIEHUS.

PacueTHas TemyioBas MOIIHOCTh CHUCTEMbI OTOIUICHUS paBHA HEHOC-
TaTKaM TEIUIOTHI B 3JaHUH, KOTOPBIE ONPEAEIIAIOTCS IIyTEM COCTABIEHUS TEILIOBO-
ro OajmaHca BceX MOMEUICHUH MPHU PacuyeTHOM ISl MPOEKTUPOBAHMS OTOIJICHUS
TEMIIEpaType Hapy>KHOTO BO3IyXa, paBHOW CpelHEel Temieparype Hambojee Xo-

JIOJHOM IISITUIHEBKE.
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HC,Z[OCTaTKI/I TCIJIa B 3JdaHHUHW KOMIICHCHPYIOTCA CHUCTEMOU OTOIIJICHUA,

MOIITHOCTh KOTOPOW TMPH BOASHOM TEIUIOHOCHUTENIC MOXET OBITH OIpeaesieHa 10
bopmyie

1

‘35 (5.6)

Q :chx(tF ~t,)
rae Q — pacueTHas MOIIHOCTb CUCTEMBI, BT;
G — pacueTHBIN pacxoa BOJbI B CUCTEME, KI/4.;
t. 1, pacueTHble mapaMeTphl BOABI B MO0l 1 00paTHONW Marucr-
pamsx, °C;

C - TEIUIOEMKOCTb BOJIbI, paBHas 4,19 kJ[x/(kr.K)

Tak kak gakTopbl, OnpeaesaIoNnue TEIJIOBONU PEXUM 3/1aHUs, - TEMIIEpaTy-
pa Hapy»KHOTO BO3yXa U CKOPOCTh BETPA, COJIHEUHAS pagualys, TEIJIOBbIICICHUS
B TIOMEIIEHUS- SIBJISIIOTCSI IEPEMEHHBIMU HE TOJILKO B T€UEHHUE OTOMMUTEIHHOTO Tie-
puoaa, HO U CYTOK ,TO HPH 3KCIUTyaTallid CUCTEM OTOIUIEHUS JOJKHO PETYIUpO-

BaTbCiA KOJIMYCCTBO HOI[aBaCMOﬁ B 3JaHUEC TCIIJIOTHI.

PerynupoBanue mMoxeT ObITh IIEHTpajIbHBIM (B KOTenbHOU miau Ha TOLI),
MECTHBIM (Ha BBOJIE B OTAIUIMBAEMOTO 3/IaHUs) U MHAUBUIYATbHBIM (C TTOMOIIBIO

PETYIUPYIONIUX KPAHOB, YCTAHOBJICHHBIX Y OTOMHUTEIBHBIX MPUOOPOB).

TCKYH_IEISI TCIIJIOBAsA MOIIMHOCTB CHCTEMBbI OTOIJICHUA OJIA YCHOBHﬁ, oT-
JIMYHBIX OT PAaCUYCTHLIX, OIIPCACIIACTCA 110 YPABHCHHUIO

1

Q'=Gxcx(t, —'['B)><3’—6

, (5.7)
W3 ypaBHeHwus (5.7) BUIHO, YTO TEILIOBAsk MOIIHOCTh CUCTEMbI MOXKET pe-
I'yJIMPOBATHCS MYTEM U3MEHEHUS PACX0/A BOJBI B CUCTEME - KOJIMYECTBEHHOE pe-
IyJIMpOBaHUE, TEMIIEpATypa BOJbI- KaUECTBEHHOE perynupoBanue. [Ipu coBmect-
HOM IIPUMEHEHUHN KAYE€CTBEHHOI'O U KOJWYECTBEHHOI'O PETYIMPOBAHUSA MOJy4aroT

CMEIIAHHOE PETYJIMPOBaHUE.
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Puc 5.4 I'paduk 3aBUCIMOCTH TUIOTHOCTH OT TEMIIEPATYPHI

[Ipy mapoBOM OTOIUIEHUH IPUMEHSETCS PETYIUPOBAHUE "TIPOITYCKAMH .

B nactosiiee BpeMsi OOLIEIPUHATHIM MPU BOJSHOM TEIIJIOHOCUTENE SIBIIS-
€TCSl LICHTPAIBHOE KaYE€CTBEHHOE PEryJIMPOBAHUE, KOTOPOU OCYIIECTBISIETCA W3-
MEHEHUEM TEMIEPATYpPhl TEIUIOHOCHUTENS B TEIJIOBOM LEHTPE CHUCTEMBI TEIUIO-
cHaOxenusi. KauecTBeHHOE peryanpoBaHUE MPOU3BOIUTCS IO CIICIHAIBHBIM Tpa-

(uKaMm OTITyCKa TEII0Thl HOTPEOUTEIISAM.

I'paduik MEHTPATBEHOTO KAYECTBEHHOTO PETYJUPOBAHUS CHCTEMBI OTOILIC-
Hus 115 1. Tynbl ipeAcTaBiieH Ha puc. 5.5. ['paduk coctasieH s pac4€THOM Ha-
pyxHOU Temmneparypsl b, =-27°C npu t,= 18°C , t,= 95°C , t,= 70°C. U3 rpaduka
BHJIHO,YTO C TIOBBIIICHHEM TEMIIEpaTypbl HApY>KHOTO BO3ayXa HEOOXOIUMO
YMEHBIIATh TEMIEPATypy BOJABI B TMOJAIOIICH W OOpaTHOM MarucTpayisix, yMEHb-
IIaeTcsl TaKKe W Pa3HOCTh ITUX Temmeparyp. M3MeHeHue pa3sHOCTH TeMIepaTyp
MPUBOJINUT K U3MCHEHUIO INIOTHOCTH BOJIBI, & CJICIOBATEIBHO, K CHHKCHHUIO €CTECT-
BEHHOTO IHUPKYJISIIMOHHOTO JTABJICHHS, YTO ABTOMATHYECKU MPUBOIAUT Y YMEHb-

IICHUIO pacxoJa BOALI B CUCTEMC. 910 O3HAa4acT, 4YTO B CUCTEMEC BMCCTC C KaUCCT-
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BCHHBIM PETYJIHUPOBAHUCM IIPOHUCXOAUT W KOJIUMYCCTBECHHOC CaMOPETYJIHMPOBAaHUC.

Takoe siBJICHHE B CUCTEMaX C €CTECTBEHHBIM HO6y>KI[CHI/IeM.

Lrts

95

S0

g0

70
&0

__)El__.._ i

50

el cnne Do Wi wwm be wees e w——

40 p,
P
30 17

o £

10

0 i -
16 108 0 -10 2027 ¢,

procem:  ghaun el e B B

Puc 5.5 I'paduk TemnepaTypsl BOABI B OJAIOLICH 1 0OpaTHOM MarucTpaisx
CUCTEMBI OTOTUICHUS

3. OBBEKTbBI UCCIEJOBAHUA

3.1. Cxema ONBITHOH YCTAHOBKH

Ha puc. 5.3 npuBenena cxema onbITHOM YCTaHOBKHU. Bosa u3 35ieKTpoKoTIIa
| mo nmomaromielt MarucTpaiu 2 ABUKETCS B MOJAIOIIMI CTOAK 5 W MOCTYIMAET B
OTOIUTEIbHBIE TPUOOPHI 7, a OXJIAXKACHHAS BOJA U3 KAXKIOTO MpUOOpa OTBOIUTCS
B 0OpaTHBIN CTOSIK 8 B 00paTHYIO0 MarucTpaib. B ycTaHOBKE UMEETCSl yCTPOMCTBO
10 mns 3anosiHeHHs CUCTEMBI BOAOW. Bo3gyx uepe3 cHCTeMbl yAaysieTcsl 4epes
BO3JIYIIHYIO JTUHUIO 11, mpucoeAMHEHHYIO K COEAMHUTENIbHON TpyOe 3 pacmupu-
TEJIBHOTO 0aka 4 ¢ MOMOIIBIO0 BO3AYIIHOM NeTin 12, KoTopas CIy>KuT Ui obecre-
YEHHUsI PACYETHOIO TMAPABINYECKOTO PEKMMA CUCTEMBI, UCKIIIOUYasi BOABI MEXIY

CTOSAKaMMU I10 BO321YHIHOI>1 JIMHUH.
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3.2. Meroguka u3mMepeHui.
B nporecce sxcriepruMerTa HE0OOXOAMMO U3MEPUT:

1. Temneparypy BOJibl B HOJAOIIEH U 00paTHON MarucTpaysx i, to; s pazmuy-

HBIX 3HAYEHUN HANPSKEHUS B DJIEKTPOKOTIIE;
2. Temnepatypa Bojbl t; u {, u3MepsieTcst ¢ MOMOIIbIO PTYTHBIX TEPMOMETPOB;

3. ECTECTBEHHOE MHPKYJISPHOE IaBJICHUE B KOJbIAX MPUOOpPOB 1-ro m 2-r0

dTaKEM.
4. TaOmuma 5.3.

SKCHepI/IMCHTEUIBHI)IG " paCUYCTHBIC JaHHBIC

No Hampsoxenue | Beicota ot | Temnepary- Ilepenan IInotHOCTB upkynsuon-

omnbiTa | B cetu, B LIEHTpa pa,°C® Temnepa- BOJIBI, KI/M" HOE JIaBJICHUE,
KOTiaa [0 Typ,°C ITa
LIEHTpa [ 1, At Pr Po AP, AP,
npudopoB,
M

1 20

2 40

3 60

4.3AJAHUE HA PABOTY

B xone BeimosHeHUs: paboThl TpeOyeTcs HCCAeA0BaTh MPUHIUI PaObOTHI
JMBYXTPYOHOW CHCTEMBI OTOIUJICHHUSI C HIDKHEH pa3BOJKOW, 00paboTaTh dKCHEepH-

MCHTAQJIbHBIC JAHHBIC U ITOCTPOUTDH H€06XOI[I/IMBIC I’pa(bI/IKI/I

5. HOPAOK BBITTOJIEHUSA PABOTbI

3a 40 MuHYT 10 HaYaJIa 3aHATUNA HEOOXOAMMO MPOBEPUTH 3aMOTHEHUE CUC-
TEMBI BOJIOM, BKITIOUUTH DJIEKTPOKOTEI B AJIEKTPHUECKYIO CETh uepe3 Tpanchopma-

TOP, YCTaHOBUB Harpsbkenne 20B.

HccnenoBanue paboThl CUCTEMBI IPOBOUTCA MPU HAMIPSKEHUU B DIIEKTPO-

kotne 20,40,60 B.
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JlabopaTopHasi paboTa IPOBOJUTCS B CIEAYIOLIEM MOPSIIKE:

1. Omyckas cocyn 10 HE HWXXE noparommx moaBoAoK K MpuoOo-
paM BTOpOTO dTa)ka U MEIJICHHO MOJHMUMAsl €ro BBEpX, HAOIIOAATh yjase-
HUE BO3JyXa U3 CHUCTEMbI; MPU JAJbHEUIIIEM IMPOBEICHUHN SKCIIEPUMEHTA
HaOJII0IaTh YJaJIeHHE BO3AyXa U3 paboTaroeid CHCTEMBI.

2. CuaATh moKa3aHusi TepMOMETpoB 13 Ha mopgaromieit u oopaTHOM
MarucTpajisx MpH JaHHOM pekuMe paboThl CHCTEMBI, HaOII0AaTh 3a opra-
HU3alWE HUPKYJIAIUU BOJBI.

3.  YcTaHOBUTH Ha pEryaupyromeM TpaHchopMmaTope CIeayroliee
3Hauenue HarpsokeHus: (U=20B), yepe3 10 MUHYT CHSTh TTOKa3aHHUE TEPMO-
METpPOB; OBTOPHUTH dKCTIEpUMEHT npH HanpsixeHnn 40 u 60 B;

4.  OTKJIIOYHUTH 3JEKTPOKOTEN OT CETH, HaOIIOAaTh 3a MpeKpalle-
HUEM LUPKYJISIUN.

Pe3ynbTarhl 3KCIEpUMEHTOB CBOZSATCS B Tadnwuie 5.3.

6.YKA3AHMUSA 110 OPOPMJUIEHNIO OTYHETA

OTuer 0 1abopaTtopHOil paboTe TOKEH BKIIOYATh CIASAYIOUINE Pa3/Ieibl:
1.Ilens paboTHI.

2.CxeMa OIBITHON yCTaHOBKH.

3.00paboTka pe3yabTaTOB U3MEPEHUM TI0 BCEMY PEKUMY.

4.Ta6Jmua OKCIICPUMCHTAJIBHBIX W PACUCTHLIX JAHHBIX 110 BCEM PCKHMaM

paboThl ycTaHoBKH (Ta0.5.3).

5.I'paduku 3aBUCUMOCTH

{ t. = f(U) { Ap, = f(U)
to =f(U) (Ap, = f(U)

7.KOHTPOJIBHBIE BOITPOCBHI

1.Kakue crcteMbl OTOMIEHUS! HA3bIBAIOTCS IBYXTPYOHBIMU?
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2.Kak npoucXoauT yAaJIeHUE BO3/1yXa U3 CUCTEMBI OTOILICHHUS ?
3.Haznauenue pacumupuTesbHOro 6aka?
4.1Touemy BO3HUKAET HUPKYJISALMS BOJbI B JAHHON CUCTEME OTOIICHUS?

5.IIpeumyriecTBa M HEAOCTATKUA JBYXTPYOHOW CHCTEMBl OTOIUICHHS C

HWKHEN pa3BOAKOMN?

6.Kakum 00pa3zom OCyIIECTBISETCA PETYJIUPOBAHUE MOLIHOCTH CHUCTEMBI

OTOIUICHUA?

8. JUTEPATYPA

1. CxanaBu A.H. , Maxos JI.M. Oronnenne/A.H.Ckanasu, JI.M.Maxos. — M. :
NznarensctBo ACB, 2002. — 576 c.:u. .- bubmmorp. B korne kH.-ISBN 5-93093-
161-5:192.00.

2. Cocnun [0.I1., byxapkun E.H., Opnos K.C., Camycs O.P. nxkenepHsie cetu u
o0opynoBanue 31anui u coopykenuii: Yueonuk/ E.H.byxapkun, K.C. Opios,
O.P.Camycs u ap.; [Tox pen.}O.I1.Cocauna.-3-¢ u3a., ucnp.-M.:Beicur.mk., 2009.-
415 c..:un.- bubmuorp. B koH1e kH.- ISBN 978-5-06-006141-3 : 927.00.
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JIABOPATOPHAS PABOTA Ne6.

OIIPEJAEJIEHME IIOTEPH JTABJIEHUS HA TPEHUE U B MECTHBIX
COITPOTUBJIEHUSAX

1. HEJIb U 3AJIAYU PABOTbI

JlabopatopHas paboTa MPOBOAUTCS B TEUCHHE 2 YACOB 3aHSATUM C IIEJIBIO
MPAKTHYECKOTO M3YUYCHHSI 3aBUCUMOCTH TIOTEPh JaBIICHUSI HA TPSHUE M B MECTHBIX

COIIPOTHUBJICHUAX OT pacxoaa UiIn CKOPOCTHU ABHKCHHA BOJbI.

Jlnig uccnenoBaHus NpUHATAa HauOoJiee pacIpOCTpaHEHHas! B CUCTEMaX BO-
JISTHOTO OTOIUIEHWS apMarypa: BEHTHJIb, IPOXOJIHOW KpaH, KpaH JABOMHOM pEryu-

POBKH .

2. TEOPETUYECKUE ITOJIOXKXEHUA

JIBukeHue BOJBI B TPYOOIPOBOJAX MPOUCXOAUT OT CEUECHUU C OONBIINM
MEHUEM K CEYCHUSIM C MEHBIIINM JlaBjicHUeM. JlaBiieHre TepseTcs He MPEo10JIeHUE

COTPOTHUBJICHUS TPEHUSI 11O JUTUHE TPYO U MECTHBIX COMPOTUBIICHUH.

[Tanenue naBieHus Ap, BbI3BaHHOE TPEHUEM BOJIbI O CTEHKHU TPyOOIpoBoOIa

N MCCTHBIMH COITPOTHUBJICHUAMU, OIIPCACIIACTCA 110 (1)OpMy.]'Ie

p=bp, +hp 6.1)

riae Ap,,p - NIOTEpH AaBieHas Ha Tpenue, Ila;

Ap,.c - TOTEpU NABJIEHUS B MECTHBIX CONTPOTUBIICHUAX, [1a.

2.1. I'mapaBianyeckne CONPOTUBJICHUS TPEHUS

[Torepu naBnenus Ha TpeHue Ap,, Ha ydacTke TpyOOIpoBOAa, OMpenes-
totcs 1o popmyiie Jlapcu- BelicOaxa, momydenHoi B XIX Beke sSMIUPUYECKUM Y-

TCM.:
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Apmp:AI/d V2p/2 =RI, (6.2)

rae A- Oe3pasMepHbii KOA(GGUIUEHT THAPABINYECKOTO TPEHUS, WIH CO-
KpAIlleHHO - KOA(PPHUIIUESHT TPEeHHUS;

|- nmHa TpyOoTpoBOIa, M;

d- nmametp TpybOTIpOBOIA, M;

V -CKOPOCTbH JIBUKEHUS BOJIBI, M/C;

p- IUNIOTHOCTH BOJIbI, KF/MS;

(V°/2) p - nMHAMHIYECKOE TaBICHHE MOTOKA, I1a.

Benuuuna R B 0011eM citydae 3aBUCUT OT CKOPOCTH JIBMXKCHHS UJTH PacXo-

Jla BOJIbI, TUaMETpa TpyOONpoBO/Ia, a TakKe OT KodduiimeHTa TpeHus A.

Jlnia onpeneneHusl 3aBUCUMOCTH BeIMUYUHBI R 0T pacxona Boabl B TpyOo-
MIPOBOJIE 33JaHHOTO JUaMeTpa HeoOXOaUMO M3MEpHUTh pacxoi Boabl G u motepu

naBieHus Ap,,, Ha IPSIMOIMHEHHOM yJ4acTKe JUIMHOM .

Torna
R=Apmpll = f(G):go(v), (6.3)
TaK KakK

v =4G /3600 17d°p , (6.4)

2.2. MecTHBIE CONPOTUBJICHUS

[ToTepu naBneHUs B MECTHBIX COMPOTUBIIEHUAX ONPEACISIIOTCS M0 GOpMYy-

ne Beiicbaxa, momydenHoit B XX Beke SMIUPUUECKUM MTyTEM
Ap =& v2p/2 (6.5)
mc '

riae & - ko3hUIMEHT MECTHOTO CONMPOTHBIICHHUS, BEIMYMHA Oe3pa3zMep-

Has;
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V - CKOpPOCTB BOJBI IIOCJIC ITPOX0OJa YE€PE3 MECTHOEC COIIPOTHUBIICHHUE, Mm/c.

Koaddumment & xapakrepusyer TruipaBIndyecKre OCOOCHHOCTHU pa3iidy-

HBIX MCCTHBIX COHpOTHBHeHHﬁ.

I[J'ISI OIIPCACIICHUA K03(1)(1)I/IHI/I€HT3 MCCTHOT'O COIIPOTUBJICHUA HGO6XOI[I/IMO

3HATh MaACHUC JJAaBJICHUA B MCCTHOM COIIPOTUBJICHUHU U CKOPOCTH BOABI:

&=2ApMC/V2p, (6.6)

3. OBBEKTBI UCCJIEJOBAHUA

3.1. Cxema oNbITHON YCTAHOBKHU

Ha puc. 6.1 npuBeneHa cxema ONBITHOM yCTaHOBKH. Boia U3 BoAONpoBoOI-
HOU uHuU 1o TpyOe 1 mocTymaer B HanmopHbI O0ak 2, 000pyJOBaHHBIN MEpPEIUB-

HO TpyOo# 3, obecrieunBaroONUii MOCTOSIHHBIN YPOBEHDb BOJIbI B HAIIOPHOM Oake.

ITo TpyOe 4 Boga u3 6aka ¢ MOCTOSIHHBIM HAallOpOM IOCTYMAET B MCHBITHI-
BaeMbIil TPyOOIIPOBO/I, B KOTOPOM MPOXOJUT Uepe3 MpsIMOJIMHEHHBIN ydacTok AB,
BEHTWIb 6, TPOXOAHOM KpaH 7, KpaH IBOWMHOM PETYJIUPOBKH 5. 3aTEM BOJA MOCTY-

naeT B MEpHbI 0ak § 1 uepe3 pakoBUHY CITyCKAeTCsl B KAaHAIU3AITHIO.

Pacxon Boabl MOXHO perynupoBaTh BeHTHNIEM 9. [l n3mepenus neperna-
JIOB JABJICHUM Yy HUCIIBITBIBAEMBIX JJIEMEHTOB YCTAaHOBJICHBI BOJOBO3IYIIHBIE Ma-

HOMETPBHI.

['unpaBnuyeckue cONpOTUBIEHUS TPYOOTPOBOAA OMIPEACIAECTCS PA3HOCTHIO
MOJIHBIX JIABJICHUH U Ha ydacTke. B JaHHOM ciydae TuaMeTphl BCEX YU4aCTKOB CETU
OJIMHAKOBBI, CJIEIOBATEIHHO, TUAPABINYCCKUE COMMPOTUBIICHUSI MOTJIO ONIPEACIISTh

1O Tepernay CTaTUYeCKUX JaBJICHUMN.
3.2. MeToanka u3mMepeHui

9KCHCpI/IMCHT2LHBHOe HCCIICAOBAHNEC CBA3aHO C M3MCPCHHUEM CIICAYIOIINX

BCINYHH:
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1.IToxazarenu manometpa Ahy, Ah,,Ahs,Ah, , MM. BOJ. CT.

2.Pacxon Bogwl B TpybOomipoBosax, G, kr/4.

M3mepenune mapaMeTpoOB ClI€AyeT IPOU3BOAUTH IPH YCTAaHOBHBIIEMCS
JIBM)KEHUH, KOT/Ia YPOBCHb BOJBI B HAIIOPHOM Oake yCTAHOBHUTCS Ha MaKCHMaslb-
HOW OTMETKE M 4Yepe3 MepeuBHYI0 TpyOy OyaeT MpOXOAUTh HEKOTOPOE KOJIHYECT-
BO BO/Ibl. B Tpy0ax BO3IyIIHBIX MAHOMETPOB YPOBHHU BOJIbI JTOJDKHBI OBITH HEOJ-

BIKHBIMU. BuOparuu ypoBHEN HEAOIYCTUMBI.
[Totepu naBneHus Ha TPEHUE CIAEAYET ONPENEIATH 110 GopMyJie

Apmp =9.81Ah, (6.7)

rae Ah; -mokazaHue MaHOMETpa, YCTAaHOBJICHHOTO Ha TpyOompoBoae AB,

2
MM BOJ.CT., UTO YHUCJICHHO PAaBHO IMOTCPSAM HABJICHUA B KIr/M”.

yI[CJ'IBHBIC IMOTCPH NaBJICHHA HAa TPCHHUC

R= Apmp Iy, (6.8)

rae l;- nuHa ygactka Tpyosr AB, m.
[ToTepu naBiieHUsI B MECTHBIX COMPOTUBIICHUSIX ONPEAEIAIOTCS Mo GpopmyIie

Ap . =9.81Ah-2RI, (6.9)

riae Ah - mokazaHa MaHOMETpa, MM BOJI.CT.;

R - yaenbHble noTepu JaBieHMs], ONPEIEICHHbIE IPU JAaHHOM PEHHUHE B pe-
3yJbTaTe UCIBITAHUA MPSAMOIMHEHOTo yuacTka AB, [1a/m;

|- mmHA TpyOOompoBOIa MEXIY TOUKaMU 3aMepa, M (0e3 JJTUHBI MECTHOTO
CONPOTHUBJICHHUS).

Pacxon Bozibl onpesiensieTcs: ¢ MOMOIIbI0 MEPHOTO Oadka 8, 00beM KOTOPO-
ro mBecten: V = 0,003 m°. O6BsI3Ka MEPHOro Gadka TPyOOMPOBOIAMH BBIOIHEHA
rak, 4To MpU OTKPHITOM MPOXOJAHOM KpaHe 11 B Oake BOJja HE HaKalJIUBAeTCsl, OH

0€e3 BOJIbI.
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[Ipu m3mepenun pacxoma BOAblI 3aKpbiBaeTcs KpaH 11 ¥ 0HOBPEMEHHO

BKITIOYAETCSl CEKYHIOMED.

[To BpeMeHU HAIOJHEHHS MEPHOrOo 0ayka MOYKHO ONPEACIUTh YacCOBOM
pacxon Boabl G B TpyOompoBoaax mo Gopmyiie

G =3600 (V.o /7), (6.10)

r7ie T- BpeMsl HalloJIHEHUs 0adka, C;
p- TUIOTHOCTB BOJIBI, KI/M.
Hamonaenune meproro 6004ka ompenessieTcsi HadyajaoM IepenBa 4epe3 Ie-

PEropoJiKy, yCTaHOBJICHHYIO B 9TOM OaukKe.

KoaddummenT MecTHOTO CONpOTHBIICHUS ompeaessercs mo ¢popmye (6.6),

a CKOPOCTh JIBHYKCHUS BOJIBI - 110 hopmyiie (6.4).

Pe3ynbrarhl n3MepeHui 3amuceIBarOTCs B Ta0uily 6.1 sKkciepuMeHTaIbHBIX

JaHHBIX.
Tabnuma 6.1
DKCHEepUMEHTAIbHBIC U PACUETHBIC JJAHHBIC
Howmep | Ilokazanue Bogo- | JnnHa yyactka, M | T, G, v, R, & | & &3
peXHMMa | BO3AYLIHOTO MaHO- c | kr/u | m/c | Ila/m
MeTpa,
MM BOJI.CT.

hi | ha | hs | hs |l | 2| 13] l4

3amepsl MapaMeTpoB CIIEIyeT MPOU3BOJAUTD MPU PA3JIMYHBIX pacxodax BO-

ITBL.

4. 3AJAHUE HA PABOTY

Bo Bpemsi paboThl HEOOXOAMMO BBIMOJHUTH SKCHEPUMEHTAIBHOE HCCIIe-
JIOBAaHUE 3aBUCUMOCTH MOTEPH JABJICHHUI HA TPEHUE U B MECTHBIX CONPOTUBIIECHUAX
OT pacxojla Wil CKOPOCTU JIBUXKEHHUS BOJIbI, 00pabOTaTh OMBITHBIE JaHHBIE U T1O-

CTPOUTH HEOOXOAMMBIE TPAPUKH.
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S.ITOPAJOK BBIITIOJIHEHUSA PABOTbI

I/ICCJ'IGIIOBE[HI/IG 3dBUCHUMOCTH IIOTCPb MAAaBJICHUA Ha TPCHHUC M B MCCTHBLIX
COIIPOTUBJICHUAX OT pacxoda UK CKOPOCTU ABUKCHHA BOJAbI OCYHICCTBIICTCA IIPpU

YeThIpeX peknuMax padoThl yCTAHOBKHU.

HccnenoBaHue Ha KaKJIOM PEXUME OCYIIECTBIISIETCS OpUTalof CTYIEHTOB
U3 TPEX YEJIOBEK: OJUH CTYAECHT CHUMET MTOKa3aHHUsS MAaHOMETPA, MMOAKIIOUYEHHOTO
K MECTHOMY CONPOTHBIICHUIO, JIBA CTYJEHTA 3aMEPSIOT pacXo/bl BOAbI, KPOME TO-
ro, OAVH U3 HUX IO MEpPE CHATHS MOKa3aHWK BEHTHIIEM 9 U3MEHSET pacxXo/1 BOJbI B

TpyOOIPOBOIAX.

B kon1ie nabopatopHoit paboThl CTYJEHTH 0OMEHUBAIOTCS pe3yJibTaTaMU U

CTPOSIT HEOOXOAUMBIE TPAPUKH.
JlabopaTopHasi paboTa IPOBOJIUTCS B CIECAYIONIEM MOPSIIKE:

1. I[IpoBeputh BETBb TPYyOONPOBOAOB, OOPATUB BHUMAHHE Ha WCIPABIECH-
HOCTb BO3JIYLIHBIX MaHOMETPOB, U YIOCTOBEPUTHCS B TOM, YTO BCE UCIIBITHIBAC-

MBIC KpaHbl OTKPBLITEI.

2. OTKpbITh BEHTWIb 12 Ha XOJOJHOM BOJAOIPOBOJE W HAIMOIHUTH BOJOMU

HAIOPHBIN OaK.

3. OTKpBITh BEHTWIb 9 TMOJHOCTHIO U YCTAHOBUTH TAaKOW PEXKUM PaOOTHI
YCTAHOBKH, YTOOBI NP MAKCUMAJILHOM PAcXO/Ie BOAbI YEPE3 UCIBITHIBAEMBIC dJIe-
MEHTHI 10 TIEPETMBHON TpyOe 3 BBITEKAJO HEKOTOPOE KOJIMYECTBO BOABI (>Kena-

TCJIBHO MI/IHI/IMaJ'IBHOC) H YPOBCHb BOAbI B HAITIOPHOM 0ake OBbLI ITOCTOSTHHBIM.

4. OTKIIIOUYNTHh BCE MECTHEIC COIIPOTHUBJICHUSA WU CHATH ITIOKA3aHUA MaHOMCT-
pa, TOAKIIIOYCHHOI'O K Y4aCTKy AB, 3aTCM OTKPBITH BCHTUJIb U CHATH ITOKA3aHMS

BTOPOro MaHOMCTpa.

5. 3aKkpbITh BEHTWIb 9 M OTKPBITH MPOOKOBBIA KpaH, CHATh MOKa3aHUs

TPCTHCTO MAHOMCTpPA.
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6. 3aKkpbITh NPOOKOBBIM KpaH, OTKPHITh KpaH JBOWHON PETyJIHPOBKH U

CHATH MTOKa3aHUs Y€TBEPTOr0O MAHOMETpA.
7. I3MepuTh pacxol BOJbI.

B Takon MMOCJICAOBATCIIBHOCTU IIPOBOIATCA IIOCIICAYIOIONUC HCIIBITAHHA.

[Ipm 5TOM KaKIIBIM pa3 pacxoJ BOJBI B CUCTEME YMEHBIIAETCS.

IIo OKOHYaHUM ONIBITOB XKEJIATEIbHA IPOBEPKA MAHOMETPOB IIyTEM ITOJIHO-
ro 3akpbiTusg BeHTWIA 9. Ilpn 3TOM KaKIbl BO3IYLIHBIA MAaHOMETP HE JOJDKEH

IIOKAa3bIBATh PA3HOCTHU HaBHeHHﬁ.
2

12

Puc.6.1. Cxema ONBITHOM yCTaHOBKH

6. YKASAHUSA 10 OPOPMJIEHUIO OTYETA

Otuer no 1abopaTopHO paboTe JOJKEH BKIIOYATH CIAEAYIOIINE Pa3Ieibl:

1. Ilenb paGoThI
2. Cxema OMbITHOW YCTaHOBKH

3. O6paboTka pe3yabTaTOB U3MEPEHUH IO CBOEMY PEKUMY.
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4. Tabauiia SKCIEPUMEHTATIBHBIX U PACYECTHBIX JTAHHBIX MO BCEM PEKHMaM
paboThl YyCTAaHOBKHU
5. I'padukn 3aBucumocteii R=f(G), &= f(G) , cpaBHEeHME MMOIyUYEHHBIX

3HAQUCHUM CO CIIpaBOYHBIMHA JaHHBIMH.

7. KOHTPOJIBHBIE BOITPOCHI

1.Kak onpenenstoTcs NoTepu JaBJICHUs HA TpeHUE?

2.Kak OIIPCACIIAIOTCS IMOTCPHU AABJICHUSA B MCCTHBIX COIIPOTHBJIICHHAX U OT

Yero OHU 3aBUCST?
3. Uto xapakTtepu3yeT KO3(PPUIIUEHT MECTHOTO CONPOTUBIICHHUS?
4. OT 4ero 3aBUCAT yAEIbHbIE IOTEPH JIABICHUS HA TPEHUE?
5. Ot 4ero 3aBUCHUT KOIDPUITUEHT TpeHUs?

6. Kak paboTaer nabopaTtopHasi ycTaHOBKa?
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